


7. lIponokutenbHocTh EI'D o ¢pusnke
Ha BrimorHeH11e Beell 3K3aMeHalllOHHOII paOdOThl OTBOAUTCS 235 MIIHVT.
[IpnvepHOe BpeMs Ha BBIIIOJIHEHNE 33JaHNIl pa3INYHBIX YacTell padoTh
COCTaBIISICT:
1) ams kaxaoro 3agaHus ¢ KPaTKIIM OTBETOM — 2—5 MIHYT;
2) A7 KaKI0TO 3aJaHUs C Pa3BEPHYTHIM OTBETOM — 5—20 MIIHVT.

8. Jlomo/IHHTe/IbHbIEe MaTePHAJIbI H 000PYI0BAHHE

Hcnonp3yeTcss HemporpaMMHIPYEMBIIl KadbKyIATOp (Ha KaKIOro YUYEHIKA)
C BOBMOKHOCTBIO BBIUNCICHIA TPUTOHOMETpHUYecKnX GyHKOuit (cos, sin, tg)
I1 THEIIKA.

[lepedyeHp AOMOIHUTEIBRHBIX YCTPOIICTB 1 MaTE€PHAIOB, HUCIIOIB30BAHIE KOTO-
pBIX paspemeHo Ha EI'D, yrBep:xkaaercsa PocoOpHam3opoM.



OU3UKA., 11 k1acc

4

Taonuya 1. Pacnpeodeneriie 3a0aHuil
IK3AMEHAUOHHOI padomvl NO Yacmam padomuol

[Ipo1ieHT MaKCHMaIbHOIO
Komu- Makcu- -
& . | mepBHYHOTrO 0ailia 3a 3aJaHHs
lacTp | 4ecTBO | MaIbHBINH v ) .
No - JAaHHOI1 YaCcTH OT MaKCH- Tun 3ananmi
padoTeI | 3ama- [IepBHY- u;
s £ MaJIbHOTO IIePBHYHOIO Oasa
HHUII HBII1 6an 2 :
3a BCKO padoTy, paBHOTO 53
1 | Yacts 1 24 34 64 C KpaTKHM OTBETOM
2 | Yacts 2 8 19 36 C KpaTKHUM H C pa3BepHY-
TBIM OTBETOM
Htoro 32 53 100




)]
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Taonuya 2. PacnpeoeneHiie 3a0aHuil
1O OCHOGHBIM COOEPHCAmeTbHLIM pazoeiam (memam) Kypea Qusuxi

Pazgen kypca (pH3HKH, BKIFOUEHHBII KommuecTBo 3a1aHmil
B 3K3aMEeHAIlHOHHYI0 padoTy Bes paGota Hacts 1 Hactp 2
MexaHuka 9-11 7-9 2
MonekyasgpHas GH3HKa 7-8 5-6 2
DIIEKTPOIHHAMHKA 9-11 6—8 3
KBaHTOBas u3HKa H 371eMeHThI aCTPOPH3HKU 5-6 4-5 |
Htoro 32 24 8




O06o0mennbiii ni1ad BapuanTa KHM EI' 2020 roaa

no PH3HUKE
Vpoenu cnoxcnocmu 3adanuii: 5 — bazoswiii; IT — noeviuermwvill; B — svicoxuil.
Obo- v, MakcH-
3Have- Kome! aneMeHTOB PO | vam-
X Koant BEHbL i
HHE T COTepXaHH » |
[pOBepAEMEIE HTEMEHTE ; ; IpoBeps- | CIIOK
3ama- = 0 KOZH(GHKATOPY damt 3a
sEol COZepKAHHL P ST EMBIX | HOCTH | Lo
Z o7 VMeHHH | 3a7a-
pabote COTepKaHHA g | ECHHE
3aJaHHA
Yacte 1
1 |PaBHOMepHOE NPAMOTHHEHHOE ABHIJKEHHE, 1.13-1.18 1.2.1- b 1
PaBHOYCKOpeHHOe TIpAMOTHHEHHOe 24
JBIDKEHHE, JBHKEHHE 110 OKPYAHOCTH
2 3axoHs! HEIOTOHA, 3aKOH BCEMHPHOTO 121,123-126. 1.2.1- b 1
TATOTEHHA, 3aKOH | VKA. CHJIa TpeHHA 128129 24
3 |3aKkoH COXpaHeHHA HMIIVJIBCA, KHHETHUe- 141-1438 1.2.1- b 1
CKasi H NOTeHIIHATHHBIE 3HEPIrHH, PadoTa H 24
MOIUHOCT CHUIBL, 3aKOH COXPaHEHHA
MEXaHHYECKOH SHEePIHH
4 |VcaoBHe paBHOBECHA TBEPAOIO Teja, 3aKOH 13.1-135, 1.2.1- b 1
Tlackana., cmwia ApxmMena, MaTeMaTHYe- 1.51-155 24
CKHH H NpPYKHHHBIH MAATHHKH. MeXaHHYe-
CKHE BOJIHEL 3BYK
5 MexaHuKa (00wACHeHUe AETeHUl; UHmMep- 1.1-15 24 II 4
npemayusa De3VILIMAmos onLIMos,
npeocmaeneHHLIX & eude Mmaoauysl Ul
spaghuxoe)
6 MexaHHKa (uzmerenue duzuecki 1.1-15 21 b 2
BeMUHUH 8 NPOYLeccax)
7 |MexaHHKA (YCmaHogneHue COOMEEmCMmela 1.1-15 1.24 b 2
Mex¥cOy  cpagukaMu U QUIUHECKUMU
eenuHUHAMU, MexHcay QuzsiHeckuMu
genuHuHaMu U dopryaamiy)
8 Cea3p MeXIy JaBIeHHeM H CpegHeH 2.1.6-2.1.10, 1.2.1- B 1
KHHETHYEeCKOH  JHEprHeldl.  abCo/mOTHAA 213D 24
TeMIIepaTypa. CBA3b TEMIEPATypel CO
cpenHeR KHHETHIeCKOH SHEeprHeH,
vpaBHeHHe Mermeneesa — KiamefipoHa,
H30IIPOLIECCE
9 |Pabora B TepMOOMHAMHKE. IepBEIH 3akoH| 2.2.6.227.229 | 1.2.1- B 1
TepMomHHaMHKH, KIT1] TeII0BOH MAITHHEL 2210 24
10 |OtHOCHTEIBHAA BIAKHOCTH BO3AYXA, 2.1.13,2.1.14, 1.2.1- b 1
KOTHYIECTBO TEILIOTEI 221224225, 24
2211
11 |MKT. TePMOTHHAMHKA (obwacHeHue 2122 24 II 2

RETeHUIl; UHMEPNPEMayua Pe3VIbImamoe
ONBINNOS, NPEICMABIEHHBIX € 8lde MAbAUYL!
wiu zpaguxos)
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MKT, TepPMOIHHAMHKA (uzMeHenlue
QuaUHECKUX — GQMMUH €  NpOyeccax;
YCmaroeneHue  COOmBemCcmens — Mexcoy
cpaguramu U QUANHECKUMU  BEANHUHAMU,
MENCOY  QuBNHeCKUMU  8eMUHUHAMU U
@opryaamu)

o
o
5]
to

[S¥]

13

TIpHHITMIT CYTIPIO3HITHH  3JIeKTPHYECKHX
mojeH. MAarHHTHOE IIOJIe TIPOBOJHHKA C
ToKOM, cHIa Awmmepa. cmia Jloperma,
npasuiio JleHUa (onpedereHue Hanpasane-
HUuA)

3.12,3.14,3.16,
331.33.2334,
345

14

3aKOH COXpPaHEHHA VIEKTPHIECKOTO 3apaaa,
3ak0oH Ky7IOHA. KOHIEHCATOp, CHIA TOKa,
3akoH OMa 1A y¥acTKa LEMH, MOCIeIoBa-
TeIbHOE H IApaLIeTbHOE COEIHHEHHE
IIPOBOJHHKOB, PabOTa H MOINHOCTH TOKA.
3akoH Jlxoyis — JleHna

3:1:1;:3.1.2, 3:1.5;

3:1.9,3:1:11.312:1:

323,324,327~
329

15

IIoToK BEKTOpa MArHHTHOH HHIYKITHH,
3aKOH  JJEKTPOMArHHTHOH  HHIYKIHH
Papames. HHIYKTHBHOCTB, IHeprua
MATHHTHOTO IOJA KATyIIKH C TOKOM,
KOIeOATeIbHEIN KOHTYD. 3aKOHEI OTpake-
HHA H NPEJIOMICHHA CBeTA, XOX JyieH B
THH3E

341.343,344,
346,347,
351.3.6.23.64,
3663638

16

DIEKTPOIMHAMHKA (0OBACHEHUE ABNEHUI,
UHMEPNDEMAYUA  Pe3YTbMAMOs  ONbINOE,
NPeOCmAeIeHHbIX & eude Mmabauysl U
spaguxos)

3136

[S%]

17

JNEKTPOIHHAMEKA (UZMEHEHUE DUILHECKI
8eNHUH 8 NPOYECCAax)

3.1-36

8%

18

OnekTpofMHAMHKA H  ocHoBel CTO
(yemaroeneHue  coomeemcmsus  Mexcoy
cpaguramu U QUBNHECKUMU  8ETUHUHAMY,
MeHCIY  QUBNHECKUMN  BeTUMUHAMU U
@opryramu)

3136
4143

[S¥]

IInaneTrapHas Mogeas aToMa. HyKIOHHAag
MOZETs Anpa. SIIepHEIe peakIH.

52:1:531;
534.536

DOTOHEL. IHHEHYATElE CHEKTPHL, 3aKOH
PATHOAKTHBHOIO Pacnaia

512,522,
523,535

KsauToBas duzuKa (uzmerHenue Quzuteckix
genuHUH € mpoyeccax;  YCMAHOENeHue
coomsemcmeus  Mexcdy cpaguxamu U
@uzuHeckuMU BeMUHUHAMI, Mexcay
@UBUHECKUMU BETUHUHAMU 1 GOPMYIAMU)

51-53

5]

MexaHHKa — KBaHTOBasd (QHIHKa (Memods!
HAVYHO20 NOIHAHUA)

1.1-53

MexaHHKa — KBaHTOBad QH3HKA (Menmodsi
HAYYHO20 NOIHAHUA)

1.1-53

DNmeMEeHTHl  aCTPOQHIHKH:
CHCTeMA. 3Be37bL TATAKTHKH

ConaeuHas

541544

[S¥]
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Yactp 2

25 [MonekymnsgpHas (pU3HKaA, 37IeKTPOIHHAMHKA 24,2.2, 2.6 I1 |
(pacvemmuasn 3aoava) 3.1-3.6

26 |DmekTpoamHaMHKa, KBaHTOBasS  (pH3HKa 3.1-3.6 2.6 I1 |
(pacuemmuasn 3aoaqa) 51-5.3

27 |MexaHuka — KBaHToBas (pH3HKa (xauecni- 1.1-53 2:6.3 I1 3
GeHHA 3(1()(!11(1)

28 |MexaHuKa, MOIIEKYIISIpHAs ¢du3nKa 1.1-1.5 2.6 I1 &
(pacuemnasn 3aoaqa) 21,22

29 |MexaHHKa (pacuemHasn 3a0a4da) 1.1-1.5 2.6 B 3

30 |MomekynspHas (1)3351%) (pacuemmuas 2.1, 22 2.6 B 3
3a0aya)

31 | DiaexkTpoaHHAMHKA (pacuemuasn 3a0a4a) 3.1-3.6 2.6 B 3

32 [DmekTpoamHaMHKa, KBaHTOBasS  (pH3HKa 3.1-3.6 2.6 B 3
(pacvemmuasn 3adaya) .93

Bcero 3aganunii — 32; 3 HHX
10 VPOBHIO cnokHOCTH: b—21:[1-7: B — 4.

MakcHMaTbHBIN TePBUYHBIN 0alT 3a paboTy
OOmiee BpeMs BRIDOTHEHHS PaOOTHI — 235 M1

-353
IH.




Pasnen 1. IlepeueHb 31eMeHTOB CoJeP/KaHHS, IPOBePseMbIX Ha e THHOM
rocyIapcTBeHHOM JK3aMeHe Mo PpH3HKe
B mepBoM cTOI0IE YKa3aH KO pa3ieaa. KOTOPOMY COOTBETCTBYIOT KPYITHBIC
G7TOKH cofepkaHHA. Bo BTOpOM CToI0Ie NpHBEISH KO 37IEMEHTa COAep/KaHHA. 1114

KOTOPOTO CO3TAar0TCA IIPOBCPOUHBIC 3aJaHHA. prTIHBIe O0I0KH COIACPKaHHA par;ﬁnm
Ha 00J1e€ METIKHE 3TEMEHTEI.

Kox
N KOHTPO
Kox AHpY- '
Pa3- | emoro J/IeMEeHTBI CONeP/KaHHA,
1 (20 & I — nposepsemsble 3axanaaMa KM
Ta
1 MEXAHHKA

1.1 | KHHEMATHKA

1.1.1 | Mexaguueckoe IBHKeHHE. OTHOCHTEIRHOCTh MEXaHHUECKOT0
IBIKeHHA. CHCTeMa OTCUeTa

1.1.2 | MarepuanpHasa TOUKa.

Ee paguyc-BekTop:

7(r)=(x(r) (1) 2(2)).
TPAeKTOPHA,

IepeMEIeHHE:

A7 =7(t,)-7(t, )= (Ax,Av,Az),
IyTh.

CroxeHHe IepeMeIeHHIH:

A = Ar, + Ay,

-4 TPaeKTOPHA
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1.13

CKopoCTh MaTepHaIbHOH TOYKH:
- AF -
v=—o- =r'= ( ) N ) B ) B )
r X2 ¥y 2 z I

At At—0 °

Ax
B =Xx,', aHanmoruyHo v, =y,/, v, =z/
At At—0 3 i

Cii0%eHHe CKOPOCTeli: Uy =0, +1,

v

BrrunciIeHHe ITepeMelneHHs 1o rpadHKy 3aBHCHMOCTH V(1)

1.1.8

JIBHKEHHE TOUKH I10 OKPYKHOCTH.

JInHeHHaq H YITI0BasA CKOPOCTh TOYKH COOTBETCTBEHHO: U = MR,
2n

O=—=271V.
T

2

’ e B
LleHTpOCTpeMHTeIbHOS YCKOPeHHe TOUKH: d el R

VcKopeHHe MaTepHATbHOH TOUKH:

AD =
—_— =v/=\a,,a,,a
t Bt Bl
At [ar0 (" ¥ )
Av
%= Ax

J Ar—0

a=

=(Ux),'~ AHATOTHIHO 4, =(v).) L a,=(v,)

TBep,:[oe TeJo. Hocryna're:maoe H BpammaTeJIbHOe JABHKeHHe
TBEPAOro Teja

THHAMUIKA

HHepuuanpHble CHCTeMbl oTcueTa. IlepBhl 3akoH HbproToHa.
TIpHHIHI OTHOCHTEIbHOCTH [amiIes

PaBHOMepHOe IIpAMOIHHeHHOe IBHKeHHe:
x(1) =Xy + Vg, t
v, (t) =v,, =const

m
Macca Tena. ILTOTHOCTS BemecTBa: P = 7

Cuna. [IpHHIHIT CYTePIOSHIHE CHIL Flopy o noner = F +F) + .

PaBHOYCKOpeHHOG npmommeﬁnoe IOBHKCHHE:
2

a,t
2

x(1)=xg + Vg, +
v, (1) =vy, +a,t
a, = const

2
Ulzx_uir zzax(xz —.1‘1)

Bropoii 3akoH HbroToHA: 119 MaTepHaIbHOH To4kH B ICO
F =ma ; Ap=FAt npu F =const

Tpernii 3akoH HpioToHa 111 _ +«—@ @

MaTepHAIbHBIX TOYeK: F, =—F,, F» F5,

CBobogHOe maneHHe. v
VcKopeHHe cBOOOIHOTO &
nageHHd. [[BHXeHHe Tela,

OpOIIeHHOT0 IO YIIOM O o

K TOPH30HTY:

x(1) =Xy + Uy, t =Xy +Vgcosa-t

p) 9
g, Y 1=
y@®) =y, + Ugyt +—5—=y +Vgsma- r—-g,)—

v, (1) =0y, =v,cosa
v, (1) =0y, +g,t=Vsina—gt

g,=0
g, =—g=const

'<V

3akoH BCEMHPHOI'0 TATOTEHHA. CHIbBI IPHTKEHHA MEXIOY

my;m,
TOYeYHBIMH MacCaMH F =G —2%

>

CHIa TDKEeCTH. 3aBHCHMOCTH CHIIBI TSUKECTH OT BBICOTBI 7 Hax
IIOBEPXHOCTBIO IUTAHETHI PATHYCOM Ro:

GMm
mg=——
(R, +h)

1:2:7

JBHxeHHe HeDeCcHBIX Tel H HX HCKYCCTBEHHBIX CIIYTHHKOB.
HepBasI KOCMHYeCKad CKOPOCTh:

GM
Uy =/ EoR = Z,

B'ropax KOoCcMHYeCKad CKOpPOCTh:

f7
Vg Z\/E'le = -glw
0

Cua ynpyrocTH. 3akod ['yka: F, = —kx

Cuna Tpernsa. Cyxoe TpeHHe.
Crla TpeHHT CKOMbXKeHHT: F,, = uN
CHa TpeHHS IIOKOS: F, < uN

KosbhduuueHT TpeHns
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1.2.10 i

Hanerme: p=—- 147 | [oTeHnHATEHAS SHEPIHA:
1.3 | CTATHKA I TIOTEHITHANBHBIX CHI Ay, =By 0 — By = —AE_ o

1.3.1 [ MoMeHT CHIEI OTHOCHTEIHHO OCH IToTeHIHATEHAA SHEPTHA TeIa B OTHOPOIHOM IT0JI€ TLKECTH:
BpAIIeHHA: o Eporey =Mgh
M = Fl, rae | - mreso cuet F TloTeHUHATEHASA SHEPTHS YIIPYTO AeOPMHPOBAHHOIO TEIa:
OTHOCHTETBHO OCH. IPOXOAAIIEH Jepes F E N h_’
To4Ky O NepneHIHKYIAPHO PHCYHKY i

1.3.2 | YcaoBua paBHOBecHA TBeproro Tena B HCO: 148 | 3aKoH H3MEHEHHA H COXPAHEHHA MEXAHHYIECKOH 3HEPIHH:

M +M,+...=0 Exex=Em+Enmsn‘

{]":1 +f-_\ +...=0 B HCO AExex=Anc¢xzewrenn.cm'

1.3.3 | 3akon ITackana BHCO AE,, =0. ecH Ay e senoremy. cax =0

134 | Napnenue B KHAKOCTH, nokosmeics 8 UCO: p = p, + pgh 1.5 | MEXAHHYECKHE KOJIEBAHWA H BOJTHBI

1.5.1 | IapMoHHYecKHe KoTeOaHHA. AMIUIHTYAA H (aza KoreOaHHiH.
KuHeMaTHIeCKOE OIHCAHHE:

x(t)=Asm(ot+¢, ).

v,(D=x,

135 | 3axom Apxumena: Fy, =-Po. .
€CIIH Tel0 H KHAKOCTB NokoATes B HCO, 10 Fy = pglpnec:

VcnoBHE IIAaBAHHA Tel

1.4 | 34KOHBI COXPAHEHWA B MEXAHVKE 5, Yot
14.1 | MMy Iec MaTepHATBHOH TOUKH: D = mi a, (1) =(v, ), =-0"x(0).
142 | Myasc cHcTeMsI Te: P =D, + D, +... HHHAMIIECKOE OMHCAHHE:

2
143 |3axoH H3MEHEHHT H COXPAHEHHT HMITYIBCA: may = —kx . 1ae k =mo

BHCO AP =A(P, + Py +...)= Fpum At + F. AbE DHepreTHYeCKOe ONHCAHHE (3aKOH COXPAHEHHS MEXAHHIECKOH
5 ¢ NS A 2 zemm 2 2 2 2
- [ ostice ) = = my® kx* mol kA*®
BUCO Ap=A(p, + P, +..)=0. ecmt F s + Fopuenm +...= 0 SHEprHH): S o G
144 |Pabora I i (’_ CBA3b AMILTHTYZEI KOTeGAHHIT HCXOTHOMH BETHTHHEI C
A= |F | | |Ar | cosa=F -Ax " F AMILTHTYZaMH Kone?amn‘i €€ CKOPOCTH H YCKOPEHHA:
Ve = WA, Ay =" A
, = 152 2n_ 1
145 M°HK’A°CT” CETRL F TTeproxn u JacToTa Komebammii: I = - 3
F= E| s e ] TlepHony MameIX CBODOAHEIX KONEOAHHH MAaTeMAaTHIECKOTO
: = - l
146 Kimemqec:\ax SHEPIHA MATEPHATEHOR TOTK: MasTERKa: T = 270 J:
Fi = mu- _ p_' 4
HET ST IlepHox CBOOOXHEIX KOJeDAaHHH IIPYAKHHHOIO MAafTHHKA:
3aKOH H3MEHEHHS KHHETHIECKOH SHEPIHH CHCTEMEI R fm
MaTepHambHBIX Touek: BHCO AE, =4 +4,+... = ""\j?

1.5.3 | BemHyxaeHHble KosebaHua. PesoHaHc. Pe30HaHCHAA KpHBaA

1.5.4 | Ilonepeunsle H TIPOAOJIBHEIE BOJIHEL CKOpocCTh

PAaCTIPOCTPaHEHHA H J/IHHA BONHEL A =UT = L
v

Hurepdeperuns H THPAKIHEI BOIH

1.5.5 | 3Byk. CKOpOCTH 3BYKA
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MOJIEKYIAPHAA PH3HKA. TEPMOTHHAMIKA

$H3HKA, 11 xmace

MOJIEKYJIAPHAA $PH3HKA

211

MozeIH CTPOEHHA ra30B. AHAKOCTeH H TBEPIBIX TeT

2132

TennoBoe IBHKEHHE AaTOMOB H MOJIEKYJ BEIIECTBA

2:13

BzauMoaeHCTBHE YaCTHII BEIIECTBA

214

Juddvsus. BpoyHOBCKOE ABHAECHHE

2155

Mogers uaeampHoro rasza B MKT: 9acTHUEI rasa ABHKYTCH
XA0THYECKH H He B3aHMOJEHCTBYIOT APYT C APYTOM

2.1.6

CeA3p MEXIY JABICHHEM H CpeJHeH KHHEeTHYeCKOH JHeprHeH
TIOCTYIATENEHOTO TEIIOBOTO IBHKEHHA MOJEKYTI HISATbHOTO
raza (ocHoBHOe ypaBHeHHe MKT):

=i 2 [‘mgv:'] 2 —

1 - 32 -
i T

AbcomoTHas Temneparypa: 7 =1°+273K

o[t
[l Ll

CBA3p TEMIIEPATypEl Ia3a CO CpeJHEH KHHETHYeCKOH 3HeprHeH
TIOCTYTIATEBHOTO TEIUIOBOTO JBHKCHHSA €10 JACTHII:

()2

By
\ <

219

Vpaererue p =nkl

2.1.10

MozeIs HASATHHOIO Ia3a B TEPMOJHHAMHKE:
{Ypasnexme Megneneesa — Kinaneiiposa
BrIpakeHHe 117 BHYTPeHHeH SHeprHH
Vpaererne Merneneesa — Knaneiipona (mpumMernMEIe HOPMEI
3AIHCH):

pV=""RT =vRT = MaT, p=PRL
u

BrlpakeHHe 1A BHYTDeHHeH SHEPrHH  OZHOATOMHOIO
HIEaTbHOTO ra3a (IpHMeHHMEIE QOPMEI 3aITHCH):

o= 23 3 _3m o o 3
U -5VRT—5MT—;FRT —\C‘,T—?pV

3akoH JlaTbTOHA A1 JABIeHHA CMECH Pa3peKeHHEIX ra30B:
rPp=pi+tpPrt..

Hz0mponecchl B Pa3peXeHHOM ra3e C MOCTOSHHBIM STHCIOM
gacTHI V (C IOCTOAHHEIM KOTHIECTBOM BEIIECTBA V):
m3otepMa (T'=const): pV = const .

u3oxopa (V= const): % =const .

H300apa (p = const): %: const

T'paduteckoe npeacTaBIeHHe H30NpOUEeCccos Ha pV-. pT-u VT-
JHarpaMMax

2.1.13 | HacromeHHBlE H  HEHACHINEHHBIE Napel. KadecTBeHHAd
33aBHCHMOCTh IUIOTHOCTH H JAaBI€HHSY HACBIIIEHHOIO Iapa OT
TEMIIEPaTypEl, HX HE3aBHCHMOCTE OT 00BeMa HACHINEHHOTO
mapa

2.1.14 | B1aXHOCTE BO3AyXA.

OTHOCHTe/I5Has BIAKHOCTE: () = P (7) . @)
7 R 5 [ |

2.1.15 | I3MeHeHHe arperaTHEIX COCTOAHHH BEINECTBA. HCIApeHHE H
KOHJEHCAIHA, KHIIeHHE KHIKOCTH

2.1.16 | MiaMeHeHHe arperaTHBIX COCTOSHHH BeIECTBA. IUIABICHHE H
KPHCTAUTH3AIHA

2.1.17 | ITIpeodpazoBanue 3HeprHH B Ha30BLIX Nepexogax

2.2 | TEPMOOHHAMIKA

2.2.1 | TewioBOE paBHOBECHE H TEMIIEPATYpa

2.2.2 | BHYTpeHHIA JHEPrus

2.23 | Temwromepesada Kak CIOCOO H3IMEHEHHH BHYTPEHHEH JHEPrHH
Oe3 coBepmieHHA paOoTel. KOHBEKIHA, TEILTONPOBOJHOCTE.
HITyIeHHE

2.24 | KoIHvecTBO TEILTOTEL
VaereHaA TEII0EMKOCTS BemecTBa ¢: O = cmAT

2.2.5 | VaensHag TEIUIOTA DapoodpazoBaHud - O = rm
VaensHas TerwtoTa wiasteEns A Q = Am
VaerTeHaf TEII0TA CTOPAHHA TOILIHEA ¢ O = gm

2.2.6 | OmeMeHTapHad paboTa B  TepMOZHHAMHKe: A= pAV
BrraHcIeEHe padoTs! 10 rpad Ky Impolecca Ha pV-auarpaMme

2.2.7 | IlepBEIi 3aKOH TePMOIHHAMHKH:

O =AUy, + 4y = (U, Uy )+ 4
Anmabara:
9,=0= 4,=U,-U,
2.2.8 | Bropoii 3aKOH TepMOJIHHAMHKH. HEOOPaTHMOCTE
2.2.9 | IlpHHIHIE! AeHCTBHA TeILTOBEIX MammH. KITIT:
n= A)am.n — me‘p _lgmzl _ 1_|on:l|
Qsa:p Qnrp le:p

2.2.10 | MakcrMansHoe 3Ha9enne KITIT. ITmor Kapro

max N = Ngzgmo =Tm-;_—rm:‘=l—11_.l
E1p =p
2.2.11 | YpaBHeHHe TeIL10BOro datanca: O, + 0, +Q0; +...=0
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SJIJEKTPOTHHAMHKA

3.1

DJIEKTPHYECKOE IIOJIE

311

DNEeKTpH3aUHA Ted H €€ NPOABICHHA. JIeKTPHUSCKHH 3apal.
JBa BHAA 3apAna. DIeMEHTapHEIH 3MeKTPHIECKHH 3apal. 3aKoH
COXPAHEHHA 3TeKTPHIECKOrO 3apaaa

312

BzamMopercTBHe 3apAaoB. TodewHEle 3apAasl. 3akoH KymoHa:
szl‘hl‘j‘h]= 1 ‘|q1|-!q2|
re dne, 1o

313

3:1ex'rpmec1\'oe nozte. Ero geficTBHe Ha NICKTPHIECKHE 3apAIbl

314

F

G aposess

HanpsmxeHHOCTE JIeKTPHIECKOro MoIi: £ =

TTose Togedsoro 3apana: £, = ki,,
)

OJHOPOIHOE T0Ie: £ = const
KapTHHE THHHE 3THX ITONTeH

TTOTeHIHATEHOCTE 3MEKTPOCTATHYECKOTO HOMA.

Pa3sHOCTL OTEHIHATIOB H HANPIKEHHE.

Ap =q(9 - 92)=—qAo=qU

TIoTeHNHATEHAS 3HEPTHA 3apAaa B IEKTPOCTATHYECKOM IIOIE:
W=q0

>

W
TTotermHan JNEKTPOCTATHYIECKOIO MOMA: (p = —

CBA3p HAOpPAKEHHOCTH IO H Pa3HOCTH INOTEHIHAIOB IR
OJHOPOAHOIO NIEKTPOCTATHIECKOro nnoya: U = Ed

Hp!mn‘!m CVTIEPIIO3ZHITHH NIEKTPHIECKHX TIOJIeH:
E—'=EI+E—'2+..., Q=0 +Qy +...

HPOBOIH{KICK B 3JIEKTPOCTAaTHYIECKOM I10J1€. VecaoBure

DPaBHOBECHS 3apsAIOB: BHYTPH IPOBONEHKA E =0, BHYTDH H Ha
TIOBEPXHOCTH IIPOBOAHHKA () = const

JIH3IeKTPHKH B IEKTPOCTATHYECKOM Ioje. [IH3jeKTpHUecKad
TIPOHHIIAEMOCTH BEIIECTBA £

Konzercatop. DneKTpoeMKOCTs KoHzaeHcarTopa: C = %
: ¢ - £gyS
SMEKTPOEMKOCTS IUIOCKOro KOHAeHcartopa: (' =

=ECO

3.1.10

Hapm'le«'mﬂoe CO€IHHEHHE KOHICHCATOPOB:
ag=q+qr+.... Uy=Uy=...,C,. . =C,+C, +...

napamt
HOCJIC,‘IOBQTC.’IBHOC COE€THHEHHE KOHACHCATOPOB:

s 5 1 1 1
U=Uy+h+qi=q@= m o 'o

mocT 1 2

b

3.1.11 s qL" CU'Z ql
SHeprus 3apAKeHHOTr0 KoOHAeHcaTopa: I, = N
3.2 | 34KOHBI IIOCTOAHHOI'O TOKA
2
e Cma Toka: =ﬂ‘ . ITocTosuHEI TOK: I = const
Ar0
JI14 MOCTOAHHOrO TOKA g = It
3.2.2 | VcaoBHA CYIIECTBOBAHHA 3IEKTPHIECKOTO TOKA.
Hanpsxerre Un 3]IC ¢
2 T
e 3akoH OMa 714 y9acTKa mens: [ = R
3.24 | DmeKTpHUECKOE CONPOTHBIECHHE. 3aBHCHMOCTH CONPOTHBIICHHA
OHOPOJHOrO MPOBOJHHKA OT €0 JTHHEI H CeYeHHA. Y AeIpHOe
l
COIPOTHBIEHHE BEMIECTBA: R = pE
325 |Hcrounnkn Toka. 3JIC H BHyTpeHHee CONPOTHBICHHE
A
HCTOYHHKA TOKa: & = —m;xnm
326 |3akor Owma m19 momHOH  (3aMEHEyTOMH)
nekTpHdeckoR memH: E=IR+1Ir., otkyma &I Rﬂ]
&
I —
R+r
3.2.7 | INapawteasHOE COeJHHEHHE ITPOBOIHHKOB:
I=Il+12+...-, D.I=L'-_)=..._- 1 =L+L+...
Rmpu: Rl Rl
TocrenoBaTeIbHOE COEAHHEHHE NIPOBOIHHKOR!
U=U +Uq o Iy=T3 =20, Rum=Ri+Ry+...
3.2.8 | Pabora aaexTpHYeckoro Toka: A =JUt
3akoH [ixoyns — Jlemna: Q= IRt
>
o MOITHOCTE TEKTPHIECKOTO TOKa: P = ad =IU
At—0
TemnoBasg MOITHOCTE. BELIEIAEMAd HAa PE3HCTOPE:
3 O
P=I'R=—
R
MOITHOCTS HCTOHHKA TOKa: P, = X:m =&l
Ar—50
3.2.10 | CoOoaHEIE HOCHTEMH YIEKTPHYSCKHX 33apSI0B B MIPOBOJHHKAX.
MexaHH3MEI TIPOBOJHMOCTH TBEPIABIX METALIOB. PAacCTBOPOB H
PAaCILIaBOB JMEKTPOIHTOB, ra3oB. IToayTIpOBOJHHKH.
TloTyTIpOBOIHHKOBEIH JHOX
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3.3 | MATHHUTHOE IIOJIE
3.3.1 | MexaHH4YecKOoe B3aHMOJEHCTBHE MArHHTOB. MarHHTHOe IOJe.
BekTop MArHHTHOH HHAYKUHH. IIpHHIHO CYIepPHO3HIHH
MarHHTHBIX modefi: B =5, +5,+... . JIHHHM MarHHTHOrO
nmord. KapTHHA THHHE IOIA MOJIOCOBOTO H IOAKOBOOOPA3HOTO
TIOCTOSHHEIX MarHHTOB
332 |Ommr 3pcreza. MarHHTHOe ©OTe IIPOBOAHHKA C TOKOM.
KapruHa IHHHH IO ZTHHHOTO @PAMOrO IPOBOJHHKA H
3aMKHYTOTO KOJIBIIEBOTO IIPOBOJHHKA, KATYIIKH C TOKOM
333 |Cuaa AMmepa. ee HanpapIeHHE H B&IHIHHA!
F, =IBlsm . rae o — yToix Me&Iy HallpaBlIeHHeM
TPOBOJHHKA H BEKTOPOM B
334 |CuraJloperua. €€ HAPABIEHHE H BEJTHIHHA:
Frop =|q]vB SN, T7e o — YIOJI MeXIY BEKTOpaMH U H B.
JIBHKeHHe 3apaKeHHOH YacTHIE B OJHOPOIHOM MArHHTHOM
moze
3.4 | JIEKTPOMATHHTHAA HHIVKIHA
341 |IIorox BEKTOpa MAarHHTHOH
HHAVKIHH: ¢ = B,S = BS cos U
342 | jiBneHHe JTEKTPOMArHHTHOH HHAVKIHH. 3]C HHAVKIHH
343 |3akoH 37IEKTPOMArHHTHOH HHAVKIHH Papazes:
o AD v
& =—r =-’,
Ar Ar—0 ;
344 | 3]C HHAYKUHH B IPAMOM IIPOBOIHHKE JUTHHOH /. ABHAYIIEMCS
CO CKOPOCTBIO U (17 25y ) B OZHOPOHOM MATHHTHOM
nore B: |$, | =Blusing, rae o — yToI MeXIY BeKTOpPaMH Bu
v:ecmul LB u 51B.10 |&|=BIv
3.4.5 |IIpaeuao JleEna
346 WuaykTHBHOCTE: L = 2 umH & = L]
I
Cavormaykuua. SC caMmoHHAYKIHE: &, =— Ak =-LI,
E At 40
347 2

DHeprui MarHHTHOTO MOJIA KATYIIKH C TOKOM: 77 =
2
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3.5 | SJJEKTPOMATHHUTHBIE KOJIEBAHHA H BOJIHBI
3.5.1 | KoneGarensHeIi KOHTYP. CeoboauEle _L |
IeKTPOMArHHTHEIE KojleOaHHZ B HieamsHoM C ;;L
KOIe0aTeTbHOM KOHTYpE: L
{q(r) = Qe STH(OF + @, )
1(t) = g} = OG g O5(O +Pg) = L cOs(0F + @)
2n 1
L) y1a Tomcona: T =2n+/LC . oTkyaa 0= —=——
e = T JIC
CBA3b AMILTHTY Bl 33pANa KOHAEHCATOPa C aMILTHTYAOH CHIEI
TOKA B KO/IeDaTeIbHOM KOHTYpe: ¢, = Tnac
[0}
3.5.2 | 3aKOH COXpaHeHHT 3HEPIHH B KOIe0aTeIbHOM KOHTYPE:
e +_L1' =Uns _ L _ const
2 2 2 2
3.5.3 | BeHy&IeHHbIE 3TeKTPOMATrHHTHEIE KoteOarna. PezoHaHC
354 |IlepeMeHHEIH TOK. [IpOH3BOACTBO. Ilepejavda H IOTpedIeHHe
JTEeKTPHIECKOH SHEPTHH
3.5.5 | CBOHCTBa 31€KTPOMArHHTHEIX BOJH. B3aHMHad OpHEeHTAalHA
BEKTOPOB B 3IEKTPOMATHHTHOH BOJIHE B BAKYyMe: E | B L &
3.5.6 | IIxama 3TEKTPOMArHHTHBIX BOJIH. IIpumMeHeHHE
TeKTPOMArHHTHBIX BOJH B TeXHHKE H OBITY
3.6 | OIITHKA
3.6.1 | IlpamvoTHHEHHOE PacIpPOCTPAaHEHHe CBETA B OZHOPOIHOH cpere.

JIya cBeTa

3.6.2

3aKOHEI OTPAXECHHA CBETA.

3.6.3

TTocTpoeHse H300pKEHHH B IVTOCKOM 3epKaTe

364

3aKOHEI IPETOMIICHHS CBETA.
TIpenoMiIeHHe CBETa: 1, Sin0.=n, sinf3

=~ ~ c
AOCOTIOTHEIH NIOKa3aTellb NIPEJIOMIICHHA. Nz =—
v

- n, v,

OTHOCHTETLHEIH I0Ka3aTeN b NPETIOMICHHA: N, = e
1 2

Xox mydeH B IpH3ME.

CooTHOmEeHHE 9acTOT H JUTHH BOJIH NIPH Nepexofie

MOHOXPOMATH9ECKOr0 CBETA Yepe3 IPaHHITY pa3dena ABYX

ONTHIECKHX CPEIl: V; =V,, mA; =n,4,

3.6.5

TTomHOe BHYTpEeHHEe OTPAKCHHE.
IIpeesHEIH YTOJI IOTHOTO
BHYTPEHHETO OTPAKEHHA:

: 1 ,
sina__ = =—
n

n

op

oTE 1
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5 KBAHTOBAA @H3HKA H IEMEHTBEI ACTPOPH3HKH
5.1 | KOPIIVCKVJIAPHO-BOJIHOBOH JVAIH3M
5.1.1 |Tmmortesza M. ITlianka o keanTax. Popmyna [L1auka: E =hv
5.12 i
Porousl. JHeprus dotona: E=hv = % =pc
Hnmyisc doToHa: p LB Y ok
& ¢ ik
5.1.3 | ®orosddexr. Omerrer A I'. CtoneToBa. 3akoHE! poToadderta
5.14 | VpaeHeHHe JfiHmTeiiHa 1714 doTosddekTa:
EQewn ="‘lmx +Em max 7
he he
1€ Egorom =MV ="". Agpom =MV =—0o-,
A A
mrL. _
i =—5==eU,
5.1.5 | BomHOBEIe CBOHCTBA YacTHI. BoaHEs! e Bpoiiaa.
JImiHA BOMHEL ¢ BpoHid ABIKYINeHCS JaCTHIEL A = L (1
p mv
Kopmycky12pHo-BOMHOBOH AyamuaM. JHOPAKUHA IEKTPOHOB
Ha KPHCTALIax
5.1.6 | /IaBieHHe cBeTa. J[aBiIeHHE CBETA HA IIOTHOCTHIO OTPAKAIOIIYIO
TIOBEPXHOCTE H HA IIOTHOCTEIO MONIOIIAKIIYIO IOBEPXHOCTE
5.2 | PH3HKA ATOMA
5.2.1 |IImaserapHas MOZEIb aTOMA
5.2.2 | Ioctynarsl bopa. Uzmyuense u noromenne GOTOHOR IIPH
IIepexofie aToMa C OJHOTO YPOBHA SHEPIHH Ha APYTOH:
hc
AV =m = |E,, —E,,,|
5.2.3 | JIuHeH4aTHIe CHEKTPEL
CrexTp YPOBHEH 3HEPIHH aTOMa BOZOPOIA:
B th0% Ly 0
>
524 |Jlazep
5.3 | PH3HKA ATOMHOI'O AJP4

5.3.1 |HyxioHHas Momems sapa [eiseHOepra — HBaneHko. 3apsazn
Axpa. MaccoBoe 1HcI0 Aapa. FzoTons!

5.3.2 | DOHepru# CBA3H HVKJIOHOB B Aape. JlaepHEle CHIBI

36.6 |CoOuparomHe H pPacCEHBAIONIHE JIHH3EL TOHKag JHH3A.
DOKYCHOE pPAcCTOSHHE H ONTHYeCKAad CHJIA TOHKOH JHH3EL
D

F

3.6.7 | PopMyIa TOHKOMH JHH3EL . d 7T
i 5
d; i H F
VBemueHHe, ;Laaaemoe 1:.\ 7

T f
JHHIOH: [=— =+ I
H d

3.6.8 | Xox ay4a. mpomIeanIero JHH3Y MOA IPOH3BOIBHEIM VIVIOM K €€
IJIaBHOH ONTHYeCKOH ocH. ITocTpoeHHe H300paXKeHHH TOYKH H
OTpe3Ka NPAMOH B COOHPAIONIHX H PACCEHBAOMIHX JIHH3AX H HX
CHCTeMax

3.6.9 |®PoToammapaT Kak ONTHYECKHH NpHOOP. [71a3 Kak ONTHUecKax
CHCTEMA

3.6.10 | Uutepdepenima cBera. KorepeHTHEIE HCTOYHHKH. YCIOBHS
HaOTIOeHHA MaKCHMYMOB H MHHHMYMOB B
HHTepQEPeHIIHOHHOH  KapTHHE OT JBYX  CHH(}a3HEIX
KOT€PEeHTHEIX HCTOYHHKOB
MaKCHMYMEIL A:Zm%\ m=0,%1,+2.%3...

MHHHMYMBL: A=(2m+1)—)’i.m=0.i1._2.4_-3..”

3.6.11 | Judppaxuma cBera. JuOPaKUHOHHAY pEImIeTKAa. Y CIOBHE
HaOTIOZEHHA IIABHBIX MAKCHMYMOB IIPH HOPMATbHOM HaJeHHH
MOHOXPOMATHYECKOTO CBETA C JTHHOH BOJHEI ). HAa PEIIETKY C
nepHogoM d: dsin@, =mh, m=0,£1,£2.+3 .

3.6.12 | TucnepcHs cBeTa

4 | OCHOBBI CHENHATEHOH TEOPHH OTHOCHTETTBHOCTH
4.1 | IHBapHaHTHOCTE MOJY.I4 CKOPOCTH CBeTa B BakyyMe. [IpHHIHD
OTHOCHT&TEHOCTH JHHINTeHHA
42 SHeprus cBOOOIHOM JaCTHIEL: £ — _ ¢
T
ot
HIMITyIBC 9acTHIRL p = Im" -
| oL
VS
43 CBs3b MacCHI H 3HEPIHH CBOOOIHOH JaCTHIIEL:
E? —(pc)? = (me?
DHeprus NoKos CBOOOIHOH JacTHIEL E, = me?

5 TMedekT Maccr s1pa 3 X: Am=Z-m,+(A-Z)-m,—my,

© 2020 Peneparsras cIyxda 0 EaT30py B chepe 05pasoBAHHA H HAYKH

© 2020 Peaepatsnas c1yaba M0 HAT0PY B cepe 0OPasOBAHHT H HAYKH
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5.3.4 | PagHOAKTHBHOCTS.
Amsda-pacman: 4X—43Y + iHe
Bera-pacnan. 3meKTpoHHELH B-pacnaz: ’;X—» z';‘lY - _?e+ Vi
TosuTporHsni B-pacnax: 4X—,AY+ Sz +v,
I'avMa-H3TydeHHE
t
5.3.5 |3aKOH paTHOAKTHBHOIO pacHaja: N(t):No 2T
5.3.6 | AnepHsle peakunH. [lelleHHe H CHHTE3 A1ep
54 | 3JIEMEHTBI ACTPOPH3HKH
54.1 | ComHeuHas CHCTEMa: IUIAHETHl 3eMHOH IPYINIEI H IUIAaHETHI-
THTAHTEL Maisle Teaa ComHeYHOH CHCTEMEL
542 |3Be3msl: pa3HOOOpa3He 3BE3AHEIX XAPAaKTEPHCTHK H HX
3aKOHOMEPHOCTH. VICTOUHHKH 3HEpIHH 3Be31
543 | CoBpeMeHHEIE MPeACTABICHHA O IIPOHCXOXICHHH H 3BOMIOLHH
Comnua H 38€373
544 (Hama Tanakteka. [IpyTHe TaJakTHKH. I[IpOCTpaHCTBEHHEIE
MacIITaOk! HabmogaeMoH BeeaeHHOH
545 | CoBpeMeHHEIe B3NIAAE HAa CTPOEHHE H 3BOMIOHIO BeeneHHOR

Pazzen 2. IlepedeHn TPeGoBaHHI K YPOBHIO HOJTO0TOBKH, IPOBEPSAeMOMY

Ha eTHHOM rocViapCTBeHHOM 3K3aMéeHe o (l)l!?l!l(e

Kox TpebGoBaHHA K YPOBHIO IOATOTOBKH BHITYCKHHKOB. OCBOESHHE
TpeOOBaHHA KOTODBIX NIpoBepseTcs Ha E[D
1 Suamv/IIoHuMamy:
1.1 CMBICT QHIHIECKHX NOHSTHH
1.2 CMBICT QH3HTIECKHX BEJTHIHH
13 CMBICT PHIHIECKHX 3aKOHOB, IIPHHIIHIIOB, IOCTY/IATOR
2 Vvemn:
2.1 OIHCEIBATh H OOBACHATE:
¢duzHTgecKue ABIeHHd, QH3HYECKHe ABJIEHHT H CBOHCTBA Tell
2.1.2 | pe3yIBTaTHl 3KCIEPHMEHTOB
22 OIMHCEIBATh dyHmaMeHTaTBHEIE OIIBITEL, OKa3aBIIHe
CYIIECTBEHHOE BIHAHHE HA PAa3BHTHE GQH3IHKH
23 [IPHBOJHTH MPHMEPH! MPAKTHIECKOrO IMPHMEHEHHd (H3IHYECKHX
3HAHHI. 3aKOHOB (QH3IHKH
24 ONpenenaTh XapakTep GH3IHYECKOro Mpolecca Io rpadHKy.

Tabaume. ¢dopMyde; MPOAYKIEl AAEPHBIX PEaKUHH Ha OCHOBE
33KOHOB COXPAHEHHA NISKTPHIECKOTO 3apAaa H MaCCOBOIO YHCIA
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25

251

OT/IHYATh THIIOTE3El OT HAYYHEIX TEOPHH. JeaTh BHIBOAEI Ha
OCHOBE 3KCIIEPHMEHTATHHEIX JAHHEIX, NPHBOIHTE IIPHMEDEL
IIOKA3EIBAIONIHE, YTO. HAOMOAEHHA H 3KCHEPHMEHT SABIIAIOTCH
OCHOBOH /71 BELIBHJKCHHA THIIOTE3 H TEOPHH H IO3BOJITOT
IIPOBEPHTH HCTHHHOCTH TEOPETHYECKHX BEIBOAOB, (H3HUeCKad
TEOpPHA JaeT BO3MOKHOCTH OOBACHATH H3BECTHEIE HABIICHHA
MIPHPOIE! H HAaVYHBIE GAKTHL NPeACKA3EIBATh €lIe HEH3IBECTHEIE
SBICHHA:

IPHBOAHTH NPHMEPE ONEITOB, HUNOCTPHPYIOIIHX, 9TO:
HAOFOZEHHS H SKCIIEPHMEHT CIyKAT OCHOBOH [UI7 BEABIDKCHHA
THIOTe€2 H NOCTPOSHHA HAYYHEIX TEODHH, SKCHEePHMEHT
[IO3BOIAET IIPOBEPHTH HCTHHHOCTH TEOPETHIECKHX BEIBOIOE;
¢dH3EUeCKad TEOPHA JaeT BO3MOKHOCTE OOBACHATE ABIICHHA
TIPHPOZE! H Hay4uHele (akTel (H3IMYecKad TEOpHA IIO3BOIAET
TIPe/ICKA3EIBaTh ellle HeH3BECTHEIE ABJICHHA H HX OCOOEHHOCTH;
IpH OOBACHEHHH NPHPOJHEIX  #BICHHH  HCIOIB3VIOTCH
¢H3HIecKHe MOJETH. OJHH H TOT K€ IPHPOIHEIH OOBEKT HIH
ABJIEHHE MOJKHO HCCIEJOBaTh Ha OCHOBE HCIIOIB30BAaHHS PAazHEIX
MozeseH; 3aKOHE! GQH3IMKH H (QH3IHYECKHE TEOPHH HMEIOT CBOH
OIpe/IeIeHHEIE TPAHHITE] IPHMEHHMOCTH

H3MEpATh (QH3HYECKHE BEIHYHHEL, NPEICTABIATH Pe3YIIBTATHI
H3MEepPeHHH C VIeTOM HX ITOTPelTHOCTeH

IIPHMECHATE IIOYHCHHBIE 3HAHHA A PEIICHHA (b}BH‘!CCKHX
3aJaq

Hcnoavzosams npuoépemennwe 3HAHUA Il YMEHUA & npakmnuecxofl

OEAMETLHOCIN 1 1106CEOHEGHOI HCUZHI ONA:

33

obecriedeHus 0GE30MaCHOCTH KH3HENEATEIBHOCTH B IIpoLecce
HCIIOTB30BAHHA TPaHCIIOPTHBIX CpPeICTB. OBITOBEIX
3IEKTPONIPHOOPOB, CPEACTB PAZHO- H TEIeKOMMYHHKAITHOHHOH
CBS3H; OLEHKH BJIHAHHA HA OpPraHH3M dYeIOBEKa H JpPYyTHE
OPraHH3MBl 3arpA3HEHHA OKPYXAMMEH CPeIsl; PalHOHATLHOTO
IIPHPOJONOIB30BAHHA H OXPAHEI OKPYKAOMEH Cpeasl

omnpeaeIeHHA COOCTBEHHOH ITO3HITHH 10 OTHOIIEHHIO K
IKOJOIHYECKHM ITPoOIeMaM H TOBEAEHHIO B IIPHPOIHOH cpesie
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JeMOHCTpAIHOBHBIN BADHAHT
KOHTPO.IbHBIX H3MEPHTEIbHBIX MATEPHAIOB
115 mpoBedeHns B 2020 roay eIHHOIo rocyJapcTEeHHOI0 3K3aMeHa
mo PH3HUKE
HHECTPYKIHA 00 BLINO.THEHHI0 PadoThI
JI19 BEIIOTHEHHS 3K3aMEHAUHOHHOH padoTel mo ¢H3HKe OTBOAMTCA 3 Haca
55 MuEHYT (235 MEHYT). PaboTa COCTOHT H3 ABYX 9YacTeH. BKIIOYAIOIIHX B cebf
32 3amaHHA.
B zazammax 1-4. 8-10, 14. 15, 20, 25 1 26 oTBeTOM ABJIAETCA LIEeJ0€ THCIO
HJIH KOHEYHaf JeCATHYHAA Apodb. OTBeT 3alHIIHTEe B IOJE OTBETa B TEKCTe
PaboTEL a 3aTeM IePeHeCHTe 110 NPHBEAEHHOMY HEUKE 00pasny B O1aHK oTBeTa Ne 1.
EQHHHDE H3MEPeHHA (H3IHIECKHX BEIHTHH IIHCATh He HYKHO.

KUM . Bnatk
Omer:__ -2.6 M/c. =255

—_—

OtBeroM K 3amammaM 5-7. 11, 12. 16-18. 21, 23 m 24 ssmgercs
[IOCIEA0BATELHOCTE MHDP. OTBET 3aNHIIHTE B IOIE OTBETA B TEKCTE PabOTEHL
a3aTeM INepeHecHTe 0 NpPHBeASHHOMY HHJKe 00pasly Oe3 mpoOesloB. 3amATHIX
H APYTHX JOMOTHHTEIEHEIX CHMBOJIOB B OJIaHK OTBeTOB Ne 1.

KVM Alb
OtgeT: Bnasx
4|1 4|
OrtBeroM K 3amaEmio 13 #Bngercd ci1oBo. OTBET 3aIMINHTE B IIOJIE OTBETA
B TEKCTe pabOTEL a 3aTeM NEPEeHEeCHTE IO NPHBEAEHHOMY HHKE 00pasny B OJaHK
orBeTOoB Ne 1.
KM -
Omser: __ BNpaso BNPABO Brati

OrtseroM K 3amaEmaM 19 u 22 #Bngr0TCA ABa YHCIA. OTBET 3alHIIHTE B IIOJTE
OTBeTA B TEKCTe PAabOTEL a 3aTeM MEepPEeHeCHTe M0 NPHBEAEHHEIM HEDKe 00pasiaM.
He pa3feqsd uHcaa npoderoM. B O6a1aHK oTBeToB Ne 1.

KAM Maccanoe
3apax aapa THCIIO
z
agpa A
38 94 3894
Omer: (14 £+ 02 )H IlqOIZ Bratx

OtBeT K 3agaEuaM 27-32 BKTIOYAET B ce0 NOAPOOHOE OIMHCAHHE BCETO XO0Ja
BEITOJTHEHHA 33aJaHHA. B OmaEke oTBeToB Ne 2 yKakHTe HOMep 3aJaHHA
H 3aIIHIIHTE €70 MOIHOE PelleHHe.

Ilpr BEMHCISHHAX pa3pelIaeTCA HCIOTB30BAaTh  HENPOrPaMMHpPYEMBIT
KATTBKYJIATOP.

Bcee omanku EI'D 3amoMHAIOTCS APKHMH YEPHBIMH UepHHIaMH. JlomycKaeTcs
HCTIOIB30BAHHE Ne/IeBOH HIH KAMHULIPHOH PYIKH.

© 2020 $enepamsraz cayEGa Mo HAT30py B cdepe 0GPAOBAMHA H EAYKH
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IIpH BHIIOJHEHHH 3aJaHHH MOXHO IIOJB30BAaTBCA TEPHOBHKOM. 3amHCH
B 9YePHOBHKE, 2 TAKKe B TEKCTé KOHTPO.IBHBIX H3MePHTEILHBIX MaTePHAIOB
He YYNTBEIBAKTCA OPH ONeHHBAHHH PadoThL

Bawmel. nmomyueHHEle BaMH 33 BBIIOJHEHHBIE 3aJaHHA, CYMMHpPYIOTCA.
ITocTapaiiTech BBEINOJIHHTH KaK MOXKHO OOIbIE 3aJaHHH H HaOpaTs HaHOOIbIIee
KOJIHYECTBO OALIOB.

TTocre 3aBepmeHHA padOTEI NMPOBEPHTE, YTOOEI OTBET HAa KAKIOE 3aJaHHE
B 0;1aHKax oTBeToB Ne 1 i Ne 2 OBLT 3amHCaH IO MPABHIBHEIM HOMEPOM.

AKeraem ycnexa!

Hike npHBeZeHE! COPABOYHEIE JAaHHEIE, KOTOPEIE MOIYT IMOHAZOOHThECA Bam
TIPH BEINOTHEHHH PAabOTEL

JecaTu4Hble OpHCTABKH

H o- | Obe Msroszmrens | Hamvero- | Obosmazenne | MuoxHTeT®

BaHHE BaHHE
THTa T 10° CaHTH (s 107
Mera M 10 MHLTH M 1073
KHIIO K 10° MHEKPO MK 107
TEeKTO T 10° HAHO H 10°
JenH I 107 IHKO hid 1072

Kowucmarmot

9HCIO T n=3.14

YCKOpEHHEe CBOOOJHOTO MAZEeHHT Ha 3eMie g=10 i

G=6.7-10" Hadis
R =831 Ix/(vomsK)

TPaBHTATHOHHAA NOCTOAHHAL
VHHBEPCATBHAT ra30Bad IOCTOAHHAA

nocToAHHA% boapiMana k=138- 19'2’ IxK
TOCTOAHHAZ ABOrazpo Ny=6- 10% yom™
CKOPOCTB CBETA B BaKyyMe c=3-10°w/c

1 -
KO3 (HIHEHT NPONOPITHOHATLHOCTH B 3akoHe Kymoma A= e 9-10° Ha/Kr*
MOJTYJTb 33pA1a JEKTPOHA ey
(3meMeHTapHEIH YTeKTPHISCKHH 3apAI) e=1610 1 Ka
nocTogEHAd [lnaHka h=6.6-10" Tx-c
Coommouler e MeXCOy PaTUMHBIMU eOUHUNAM I
TeMIlepaTypa 0K=-273°C

aTOMHAT €JHHHIIA MAaCCHI laem = 1,66-10'2? KT
1 aToMHa% eTHHHIA MACcCHl SKBHBaNeHTHA 931.5 M3B

1 37eKTPOEBOIBT 13B=16107" Jx
1 acTpoHOMHYECKAA e JHHHIA 1ae. = 150 000 000 v
1 cBeTOBOH rox 1 cB.Tox = 9.46-10" M
1 mapcex 1 mk =3.26 cB. roga
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Macca vacmuu
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Yacte 1

Omeemamu K 3a0aHuav  1-24  feéaawmca  ¢1060, uucio  uau
NnoCae006aMETLHOCING UGP WU uuced. Omeem 3anuiuumme 6 nojae omeema
6 mexcme paéomwl, a 3amem nepenecume ¢ B’IAHK OTBETOB Me 1 cnpasa om
HOMEPA COOMEEMCINEYVIOUIECO 3A0AHNA, HAUNHAA C NEPEOTl K1emouku. Kaxcov
CIUME0T NUMININE 6 OIMMOETLHON KIEIMOUKE 6 COOMEEMCIMEUI € NPUEGEOEHHBIMU
6 nanke obpazuamu. EOUHNUbI UBMEPEHUA @QUIUUECKUN 6€TUMUH NUCAMD
He HYMCHO.

37eKTpoHa 91107 k= 5510"aem

MIPOTOHA 1.673-10‘3: kr=1007aem

HeHTpoHa 1675107 kr = 1,008 a.e.m.

Acmporomuveckue ey UHbI

CpPeIHHI PaTgHyC 3eMTH Rz =6370 xM
pamuyc Comsna R, =6.96-10° M
TeMIlepaTypa moBepxHocTH ConHna I=06000K
ITzomwuocmy TIOACOMHETHOTO Macya 900 KT/
BOJEL 1000 xrAL ATIOMHHHEA 2700 sTid
IpeBecHHE (cocHa) 400 m".\tf Kemesa 7800 kr/nd
KEpOCHHA 800 xr/ar PIVIH 13 600 xThd
Yoeavnaa menaoémrkocms

BOJIEI 42.10° Tw/(xrK) amoMHEEHE 900 Tx/(xr-K)
maa 21:10° Ix/(xrK) MeqH 380 Ix/(xx-K)
Kemnesa 460 Ix/(xr-K) 9yTyHa 500 Ix/(xx-K)

CBHHIIA 130 Ix/(xrK)

Yoeavuas menaoma

1ap00GPa0BAHHA BOTEI 2.3-10° Iw/xr
ILTABTIEHHA CBHHIA 2.5-10* Iw/xr
ILTABTERHA THIA 3.3-10° Iw/sr

Hopyaavusie ycrosus:  mapnenne — 10° ITa. temmeparypa—0 °C

Moaapnaa macca

azoTa 28107 Kr/™MoTs TeTHT 4107 Mom
aprosa 40-107° xr/™MomB KHCII0pOJa 32.107° xr/Mom
BOZOpOA 2107 xr/™MoTE THTHS 6107 xr/™MOmB
BO3IYXa 20107 xr/MoTB HeoHa 20-107° Kr/MoTB
BOZEI 18-10% xr/MoTs VIIEKHCIOTO Ta3a 44.107 xr/Mom

© 2020 $enepamsraz c1yxGa 0 HATOPY B cdepe OOPasOBARHA H HAYKH

H3 ABYX IOpOJOB HABCTPedy APYT APYTY C MOCTOAHHOH CKOPOCTBEO IBHKYTCH
gBa aBToMoOHIZ. Ha rpaduke IOKa3aHO H3MEHEHHE PpACCTOSHHA MEXIY
ABTOMOOH/IAMH C Te4eHHeM BpeMeHH. KakoB MOZYIE CKOPOCTH IEPBOTO
ABTOMOOHJIA B CHCTEME OTCYETA, CBA3AHHOH CO BTOPHIM aBTOMOOHIEM?

S, KM
144

[ R

0 60 120 £, MuH.

OtgeT: M/c.

JIBa OJHHAKOBEIX MATEHBKHX IIAPHKA MACCOH 7 KaAJIbIH. PACCTOSHHE MEXIY

LEeHTPaMH KOTOPHIX PAaBHO 7. IPHTATHBAIOTCA APYT K APYTY C CHIAMH. PAaBHEIMH IO
yoxyimo 0.2 mH. KakoB MOZY/IE CHI MPABHTALHOHHOIO NPHTLIKEHHA JBYX APYTHX
IIAPHKOB., €CIH Macca KakZJOTo M3 HHX PaBHA 2, a PACCTOSHHE MeXKTy HX
LIEHTPaMH pPaBHO 277

OtgeT: nH.

MakcHMaTbHAA BEICOTA, Ha KOTOPYIO mafba MaccoH 40 I MOXKET MOZHATHECA IIO

IJIAJKOH HAKTOHHOH IUTOCKOCTH OTHOCHTEJBHO HAYadBHOTO IOJIOKEHHA, PABHA
0.2 M. OnpenerHTe KHHETHYECKYIO SHEPIHIO INAHOE B HAYATHHOM IIOJIOKEHHH.
ConpoTHBIEHHEM BO3yXa IpeHeOpeds.

OtgeT: JIx.

© 2020 Pemepampras cayx6a N0 HAT30PY B cdepe 06pasOBaHKs H HAYKH
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UYenoBeK HeCET IPy3 Ha JETKOH Maike (CM. PHCYHOK). UToOH!
YAep&AaTh B PaBHOBecHH Ipy3 BecoM 80 H. oH mpHKIagsBaeT
K KOHIIY B manku BepTHKambHYI0 cuay 30 H. OB = 80 oM.
Yemy paBHO OA4?

400
A

B TabmHue npeacTaBlAeHB! JaHHBIE O IIOJIOKEHHH INAPHKA. IIPHKPEILIEHHOTO
K NPYyAHHE H KOJeOIIOErocs BIOTL I'OPHIOHTATBHOH OcH OX. B PalTHIHEIS
MOMEHTEI BPEMEHH.

OtserT: M.

t.c ]0.0(0.2(0.4]/0.6/0.8(1.0(1.2|1.4|1,6/1.8(2.0|2.2|12.4(2.6(2.8(3.0|3.2

(5]

xvm|( 0|59 (12]14]15(14(12|1 9 (5|0 |-5|-9(-12|-14(-15(-14

W3 mpHBeZEHHOTO HHJKE CITHCKA BBIOEPHTE JBA NPABHIBHEIX YTBEPAKICHHA
OTHOCHTEIHHO 3THX KOJIeOaHHIH.

1) TloTennHaTbHAfA YHEPrHA NPYAHHEI B MOMEHT BpeMeHH 2.0 ¢ MaKCHMATbHA.

2) Ilepuoa xonedammi mapHKa pasex 4.0 c.

3) Kumermdeckas 3HEPrHA MIAPHKA B MOMEHT BpeMeHH 1.0 ¢ MHHHMATBHA.

4) AMILHTYZa KO-IeOaHHH IMapHKA paBHA 30 M.

5) TlomHas MexaHHYeCKas OHEPrHA MAfATHHKA. COCTOAINEr0 H3 INApHKA H
TIPYXHHEL, B MOMEHT BpeMeHH 2.0 ¢ MHHHMAJIBHA.

omer [T

JlepeBAHHEI IIAPHK IUIABAEeT B CTakaHe C BOZOH. Kak H3IMeHATCA CHJIA TKECTH.
IJeHCTBYIOINAA HAa IIAPHK. H ITyOHHA MOTPYAKEHHA IIAPHKA B KHIKOCTB. €CIIH OH
OyJeT ILTaBaTh B IOJCOIHEYHOM Macie?

JI717 KaKIOH BeJTHIHHEI OIIpeeTHTe COOTBETCTRYIOIIHE XapaKTep H3MeHeHHA

1) yBemrauTCH
2) yMEHBIIHTCH
3) He H3MEHHTCA

3anHmeTe B TAONMHUY BEIOpAaHHEIE UHQPEl A1 KUKIOH (HIHIECKOH BETHIHHEL
ITudprl B OTBETE MOTYT IIOBTOPATHCA.

CHia TAKECTH,
JeHCTBYIOIIAA Ha
IIaPHK

T TyOHHA norpyxeHHI
IIapHKA B AHIKOCTE

© 2020 $enepaTeEai cTyxEGa 0 HAT30PY B chepe OGPA3OBARHA H EAVEH
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ITocne yzapa B MoMeHT f=0 maiba Hadala CKOMB3UTE V
BBEPX 110 IJaAKOH HAKIOHHOH IUIOCKOCTH CO
CKOPOCTBIO Uy. Kak IIOKA3aHO Ha PHCYHKe. B MOMEHT fp

maiida BepHyIach B HCXOAHOE MojIokeHHe. [padmxu A U
H B OTOOpakaloT H3MEHEHHEe C TeUeHHEM BpEMEHH
H3MMECKIX BEMMYHH. XapaKTepH3YIOIHX JBHAKEHHE )
IafObL

VCTaHOBHTE COOTBETCTBHE MEXIAY IpadHKaMH H (QHIHYECKHMH BETHIHHAMH,
H3MeHEHHE KOTOPEIX CO BPEMEHEM 3TH IPaQHKH MOTYT 0TOOPaKaTh.

K Kax70H MO3HIHH IIEPBOTO CTONONA MOJOEPHTE COOTBETCTBYIOIIVIO ITO3HITHIO
H3 BTOPOrO CTOIOLA H 3alHIOIHTE B TaOMHIy BHIOpaHHEIE LHQPE MOJ
COOTBETCTBYIOITHMH OYKBaMH.

X

TPA®HKH PH3HMYIECKHE BEJTMYHHDBI
A) 1) moTHAZ MEXaHMIECKad SHEPrHA Eye
2) TPOEKIHA HMITYIbCA Py
3) KHHeTHYecKad SHeprud Fg
4) KOOpIHHATay
ol L 1
E)
0 o ¢t
1
Alb
Ortsert:

B xoze SKCINEPHMEHTA JABJICHHE PA3pPEXCHHOIO ra3a B COCyAe CHH3HIOCE B 5 pas,
a CpeaHsd 3HEPIrHA TEIUIOBOTO ABHIKCHHA €0 MOJICKYJI YMEHBIIHIACE B 2 paza. Bo
CKOJIBKO pa3 YMEHBIIHIACH IPH 3TOM KOHLICHTPALHA MOJIEKYI I'a3a B COCY,JC?

Oteet: B pas(a).

© 2020 PemepampHaz cayxGa MO HAT0DPY B cdepe 06pa3OBAHKT H HAYKH
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Ha  pHCyHKe  NOKa3aHO  pacIIHpEHHe p.10°TIa
raz000pa3HOro reHA ABYMA crocodamm: 1-2 10 3 4
H 3—4. HaiiouTe OTHOIIEHHE % pabot raza
4
B mporeccax 1-2 u 34 0.5 3
Otser: . 0 1 2 3 4 Va

Ha PHCYHKe TIOKa3aHa 3aBHCHMOCTE
TeMIIePaTypEl MeTAUTHIECKOH JeTamH
MaccoH 2 KT OT IepelJaHHOIo eH KOIHYecTBa
TeI10TEL. YeMy paBHA yaeTbHAT TEILTOEMKOCTE
MeTawia?

100 136 O xlx
OteeT: Ia/(xr - K).

Cocya pa3genéH Ha JBe paBHEIE IO OOBEMY HacTH IOPHCTOH HENOABHAHOH
Ieperopoakod. B HavJaTbHEIH MOMEHT BpEeMEHH B J€BOH YacTH COCYZa
comepiHTCA 4 Moadp remHs. B mpaBod — 40r aproHa. Ileperopogka MoxeT
TIPOIYCKATh MOJEKY/IEl TeHA H ABJIeTCA HEIPOHHUAEMOH U1 MOJIEKYJI aproHa.
TenmrepaTypa ra3oB OJHHAKOBAA H OCTAETCA IIOCTOSAHHOH.

BriOepHTe JBa BepHBIX YTBEPAJIEHHA, ONHCHIBAIOINHX COCTOSHHE Ia30B IOCTE
YCTAHOBJICHHA PABHOBECHA B CHCTEME.

1) KonuenTpanms resus B IpaBoH JacTH COCYAA B 2 pa3a MEHBIIE, JeM aproHa.

2) OrtHomeHHe JaBIeHHA ra30B B IPABOH YaCTH COCYJA K JABJICHHIO Ia3a B JI€BOH
YacTH paBHO 1.5.

3) B mpaBoii JacTH coCya OOIIee THCIO MOJEKYJ Fa3oB MEHBINE, 9eM B JI€BOH
HacTH.

4) BHyTpeHHAA 3HEpPrHi re/HA H aproHa OHHAKOBA.

5) B pe3yisTaTe YCTaHOBJICHHA PAaBHOBECHH JAaBJICHHE B IIPAaBOH YacTH COCyAa
VBEJIHYHIIOCH B 3 pa3a.

oner [T

© 2020 $enepatsEas cIyxba 00 HaT30py B chepe OOPasOBAHEA H HAYKH
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TeMmepaTypy XOJOMIbHHKA TEILIOBOH MammHHE KapHO NIOHH3HIH, OCTaBHB
TeMIIepaTypy HarpeBaTerd npexHeH. KoIM4ecTBO TEIUTOTEL MOTyIeHHOE Ia3oM OT
HarpeBaTe’Id 3a IHKI, He H3MeHII0ch. Kak HaMeHHIHCE IpH 3ToM KILT] TertoBoi
MAIIHHEI H paboTa rasa 3a mHK1?

JI71A KaKQ0H BeTHTHHEI ONpeJeHTe COOTBETCTBYIOIIHH XapakTep e€ H3IMeHeHHA:

1) yBemmmiacs
2) YMEHBIIHIACH
3) He H3MEHHIACh

3amumuTe B TaOIMHUY BEIOpaHHEBIE UHOPH ATA KAKZOH QHIHYECKOH BETHIHHEL
ITudps! B OTBETE MOTYT MOBTOPATHCA.

Pabora raza
33 ITHKT

KII[ TensoBoH
MAIITHHE]

ITomoAMTeNbHBIH TOUETHBNT 3apAa +¢ HaXOOHTCA B IONE IBYX
HENOJBHAKHEIX TOYEUHEIX 3apANOB. MOJOAKHTeNbHOro +Q0
H orpHuartemsHoro —Q (cM. pHcyHok). Kyza HampaeneHo
OTHOCHTEJIBHO DHCYHKA (61pa6o, 61€60, 66€pX, 6HU3,
K Habawoamenro, om HabAwoamens) YCKOPEHHE 3apiaga +q
B 3TOT MOMEHT BPEMEHH. €CIH Ha Hero JeHCTBYIOT TOIBKO
3apaael +Q H —Q7? Omeem 3anuuwiime c106oM (croeamu).

OtgeT:

+
ey

L

+
Q
|
e

|

IIaTe OXZHHAKOBEIX PE3HCTOPOB C coOmpoTHBIeHHeM R = 1 OM coegHHEHE!

B JTEKTPHYECKYIO LIEMb. Uepe3 KOTOPYHo TedeT Tok /=2 A (cM. prcyHOK). Kakoe
HaIpsUKeHHe MOKa3kIBaeT HASATLHEIH BOILTMETD?

B o 3
SR “ o S
THCEY

OtgeT: B.

© 2020 Penepamnaz cyxGa 00 HATOPY B chepe 05pasOBAHES H HAYEH
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JenoHcTpannoHEBGT BapranT EI'D 2020 1.

Ha pHCYHKe MOKazaH TpadHK 3aBHCHMOCTH
MAarHHTHOTO IIOTOKA. ITPOHH3EIBAIOIIETO KOHTYP.
oT BpeMeHH. Ha KakoM H3 y9acTKoB rpaduxa (1, 2,
3 mwin 4) B KOHTYpe BO3HHKAeT MaKCHMATBHAS 110
mozymo 3C HEAYKIHH?

OTBeT: Ha yIacTKe

TlTocKMiT BO3AYIIHEN KOHZEHcaTop eMmrocTeio Cp d
TOIKTIOYEHHEIH K  HCTOYHHKY IIOCTOAHHOIO
HANpAAKEHHA, COCTOHT H3 JBYX METALTHYECKHX @&
IUIaCTHH, HAXOAANTHXCH HA PACCTOSHHH dy APYT OT
apyra. PacCcTofHHe MeXIy ILTACTHHAMH MEHAeTCA CO
BpeMeHeM TaK. KaK [I0Ka3aHo Ha rpaduke.

BridepuTe aBa BEPHEIX YTBEpPAICHHA,
COOTBETCTBYIOIIHX OIMHCAHHIO ONEITA. 0 Bof & 4

1) B MOMEHT BpeMeHH f; €MKOCTh KOHIEHCATOpAa VBEJHYHIACh B 5 pa3 IO
CPaBHEHHIO C NepBOHAYaIbHOMH (mpH £ = 0).

2) B HHTepBale BPEMEHH OT f; 10 f33apal KOHAEHCATOPa BO3PACTAET.

3) B mHTepBame BpeMeHH OT f; A0 f; JHEPrHA KOHJEHCAaTOPa DPAaBHOMEDHO
VMEHBIIAETCA.

4) B npoMexyTKe BPEMEHH OT f; JO fy HANPLKEHHOCTh IEKTPHUECKOTO IO
MeAKIY ILTACTHHAMH KOHIEHCaTOpa OCTA&TCs IIOCTOAHHOH.

5) B mpomexyTke BpeMeHH OT f; A0 f; HAIPAKEHHOCTH 3IEKTPHIECKOTO MOJIA
MeAIY ILTACTHHAMH KOHIEHCATopa YOBIBAeT.

omer. [T]

© 2020 $enepaTeEaz cayEGa M0 HAT30PY B chepe OOPA3OBAHHA H HAYKH
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Ampha-gacTHIA JBHKETCA [0 OKPYAKHOCTH B OJHOPOAHOM MAarHHTHOM moixe. Kak
H3MEHATCH VCKOPEHHE aTb()a-JacTHIE! H acTOTA €€ 0OpalleHH . eC/IH YMEHBIIHTE
e€ KHHETHIECKYIO JHEpPrHI0?
JI714 KaKJ0H BETHTHHEI ONPEeJeTHTe COOTBETCTBYIOMHH XapaKTep H3IMEHEHHA:

1) yBemuumTCA

2)  yMeHpmHTCH
3) He H3MEHHTCH

3anmmuTe B TAaOMMIY BHIOpAHHEIE UHQPEl 117 KaKZOH (QHIHIECKOH BeTHIHHEL
ITudps! B OTBETE MOIYT MOBTOPATHCA.

VckopeHHe o-dacTHIE! | YacToTa oOpameHHs

O-9aCTHIIBL

HccaemyeTca 3jIeKTpHYeCKAas ILeNb. COOPaHHAA IO CXeMe.
TIpeACTABICHHOH Ha PHCYHKE.

Omnpegenure GOPMYIEL, KOTOPEE MOXKHO HCIIONB30BAaThH LI
PacYETOB  MOKAa3aHHH  aMIepMeTpa H  BOJBTMETpa.
H3MepHTeIbHEIe TPHOOPE! CIHTATh HACATEHEIMH.

K KaxmoH MOMIHH IIEpBOrO  CTOIOmA  IOAOEepHTe
COOTBETCTEYIOIIVIO ITO3HIHIO H3 BTOPOTO CTONONA H 3aMHIIHTE
B TaOmuuy BHIOpAaHHEIE UHQPEl IOJ COOTBETCTBYIOINHMH
OyKBaMH.

TIOKA3AHMA ITPUBOPOB $OPMYVJIbI
A) IOKAa3aHHA aMIIEpPMETPa 1) ER+R -1)
B) NOKa3aHH:A BOJIBTMETPA &r
) R+R +r
E(R+R)
3 R+R +r
&
Y R+R+r
Al|B
Ortgert:
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Ha pucyHke mpeicTaBieH ¢parMeHT IlepHOTHYECKOH CHCTEMEBI 3/I€MEHTOB
JH. Mernzeneepa. [Tog Ha3BaHHEM KakIOIo 3IeMeHTAa IPHBEJEHE! MacCOBEIE
UHCIA €70 OCHOBHEIX CTaOHJIBHBIX H30TONOB. IIpH 3TOM HIDKHHE HHIEKC OKOIO
MAacCOBOrO YHCIA YKa3blBaeT (B NPOLEHTAX) PACIPOCTPAaHEHHOCTh H30TONA
B IIpHpPOZE.

Li 3| Be 4[5 B
2 | IO T SERTET 500
To3 65 9100 115 10y
Na 11|Mg 12|13 Al
3 |IO| =aem MATESDH ATOMNGET
By [4026125 2T
JK 19{Ca 20| Sc 21
v XA XA CXRAHTE
4 3993 4157 | 4057 44y, 43100
29 Cuf30 Zn| 31 Gal
V MED X TATDH
6350 6531 6449661368]9| 695 7z

VKax#HTe H9HCIO IPOTOHOB H  YHCIO Heirrponon B AOpe caMmoro
PACIIPOCTPAHEHHOI O CTaOHIBHOIO H30TONA JIHTHA.

HCIIO IPOTOHOB Inci10 HeHTPOHOB

B 6aauk omeemos No 1 nepeHecume moavko UlcIa, He Paz0enaa ux nposeiom
A1 OPYZUM 3HAKOM.

Oopasel paTHOAKTHBHOIO BHCMYTa HAXOAHTCA B 3aKPEITOM cocyae. JAapa BHCMYyTa
HCOBITHIBAIOT ({-paclaj ¢ IEePHOJOM IOIypacmaja ITh CyToK. Kakad moms
(B mpoOmEHTax) OT HCXOZHO OONBINOrO HHCIA AAEP 3TOTO H30TONA BHCMYTA
pacmaznércs 3a 15 cyTok?

OtsBeT: %.

© 2020 $exepaeraz cTyxGa 10 HAT30PY B cepe OOPA3OBAHMA H HAYEH
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Ha MeTauTHYecKy:o IITACTHHKY MaJaeT IMydoK MOHOXPOMATHYeCKOro cBeTa. IIpH
3TOM HadmoaeTcs ABneHHe dpororpdekta.

Ha rpaduke A mpeicTaBleHa 3aBHCHMOCTb JHEPIHH (DOTOHOB, NAJAIOIIHX HA
KaTox, OT (H3EYecKoH BeIMYHHEI X;. a Ha rpapEke B — 3aBHcEMOCTB
MAKCHMATHHOH  KHHETHYECKOH 3HeprHH  (DOTOTEKTPOHOB OT  (DH3HMEcKOH
BEJTHHHEI X

Kakas u3 QHIHYEeCKHUX BEIHIHH OT/IOKEHA Ha TOPH3OHTAIBHOH OCH Ha rpaduke A
H Kakad — Ha rpaduxe B?

K Kax7oH MO3HIHH NEpBOrO CTOJIONA MOJZOEPHTE COOTBETCTBYIOIIVIO MO3HITHIO
H3 BTOPOro CTOMONA H 3alHIIHTE B TaOMHIY BHIOpaHHEIE IHOPH IOX
COOTBETCTBYIOIIHMH OYVKBAMH.

TPAPHKH PHU3HIECKAJ BEJTMIMHA x
A) E 1) ZJIHHA BOJHEI
2) MaccoBoOe UHCIO
151 3) 3apsx ampa
) 4) w=actoTa

10;

53

0 X
b) E

0

X
AlB

Ortger:
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ITaket. B KoTopoM HaxomutTcf 200 mai0. MOMOAIUIH Ha BecEl. Bechl MOKa3amH
60 r. YeMmy paBHA Macca OJHOH IIAHOBI IO Pe3yJIBTaTaM ITHX H3MEPeHHH. eCTH
TIOTPeIIHOCTE BecoB paBHA =10 r? Maccy caMoro makera He YIHTHIBATh.

Ortser: ( + )i,

B 6aaHK omeemoé No 1 nepeHecume moavko YN, He PA30enaA UX nposenom
171 OPYSUM 3HAKOM.

VYeHHK H3y4YaeT 3aKOHEI IIOCTOAHHOIO TOKa. B ero
PACTIOPKEHHH HMEETCA IIATh AHAJOTHYHBIX 3JIeKTPHYECKHX

memeif (CM. PHCYHOK) C PpazIHYHBIMH HCTOYHHKAMH H
BHEITHHMH CONpPOTHBICHHAMH. XAPaKTePHCTHKH KOTOPBIX R
yKazaHel B Tabmume. Kaxue JBe IemH HeoOXOOHMO B3ATh

VHUeHHKY A TOrO. YTOOBI Ha ONEITE HCCJIETOBATh 3aBHCHMOCTH

CHJIEI TOKA, IIPOTEKAIOMIETO B LEITH. OT BHENIHETO CONPOTHRICHHA?

Nenmemn | 3/IC HcToYHHKA BryTpennee Bremmnee
£.B COIIPOTHBJIEHHE conpoTHBIeHHe R, OM
HCTOYHHKA 7", OM
1 9 1 5
2 6 2 10
3 12 2 15
4 6 1 10
5 9 1 15

3anHImHTe B OTBeTe HOMepa BEIOPAHHEIX LIeNeH.

omer. [T
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PaccMOTpHTE TaOMHITY. CONEPKAIIYIO CBEAEHHA O APKHX 3BE3JaX.

HamvenoBanue | Temmepatypa Macca Pamyc Cpemaan
3B€37EI TIOBEPXHOCTH, (B Maccax (8 pamHycax | IUIOTHOCTB IIO
K Comnria) Comsna) OTHOIIEHHIO K
IUIOTHOCTH
BOZEI
Ampnebapan 3600 5.0 45 771072
£ Bosgudero B 11 000 10.2 35 0.33
Purens 11200 40 138 2-10"
Cupuyc A 9250 2.1 2.0 0.36
Cupuyc B 8200 1.0 0.01 1.75 - 10°
Comrme 6000 1.0 1.0 14
o ITerTaspa A 5730 1.02 12 0.80

BribepuTe BCce BepHEIE VTBEPAIEHHA, KOTOPEIE COOTBETCTBYIOT XapaKTePHCTHKAM
3BE3].

1) Temmepatypa 3Be3mel o LleHTaBpa A COOTBETCTBYeT TeMIIepaType 3BE3N
CIeKTpaiabHOro Kiacca O.

2) 3pe3a Pureas ABIA€TCA CBEPXTHIAHTOM.

3) Hame CommHie OTHOCHTCA K THTAaHTaM CIEKTPATHHOTO Ki1acca B.

4) Cpexaras m1oTHOCTS 3Be3apl CHpHyC B Gompme, wenm y ComHna.

5) 3Be3ga £ Bo3nmdero B oTHOCHTCE K 3BE37aM INIaBHOH NOCIENOBATEIEHOCTH
Ha gHarpaMMe [epommpysra — Peccerna.

OtseT:

He 3abyovme nepenecmu 6ce omeemvl 6 OIaHK omeemos N2 1
6 COOMEEMCIMEUN C UHCINPYKIUET 110 6b1110.THEH IO PAGOMIDL.

IIposepome, umodvl Kaxcovlli omeem 6vl1 3GNUCAH 6 CIMPOKE ¢ HOMEPOM
COOMEEMCINEYVIOUIECO 3A0AHA.

© 2020 PemepamHas cyxGa 00 HATOPY B cdepe 0GpasOBAHHT H HAYKH
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Yacte 2

Omeemon K zadaruam 235 u 26 2618emMCA UNCA0. MO YNUCTO 3aNUNININE 6 N0.71€
omeema 6 mexcme pabomwl, a 3amem nepenecume ¢ B’ IAHK OTBETOB e 1
cupasa om HOMEPA COOMEEMCINEYION(ec0 3A0AHNUA, HAUNUHAA C NEPEOT
K1emouxu. Kaxcoslli  cuMeéon nmuuume 6 OmMOETbHOU  KIEMOUKe 6
COOMEEMCINGNUN € NPUECOEHHBIMU 6 baaHKe obpazuamu. Eounuusl uzmeperus
PuUNUECKUX 6eTUYUUH NUCAIND HE HYHCHO.

MegHEI NpPAMOH NPOBOJHHK PACcIIONIOXEH B OZHOPOZHOM MArHHTHOM IIOTE.
MOZIY/Ib BeKTOPa MATHHTHOH HHIVKUHH KoToporo paBeH 20 MTa. CHIOBEIE THHHH
MarHHTHOTO IIOJIf HANpPaBIeHBl NEPIeHIHKYIAPHO NPOBOAZHHKY. K KOHIIaM
IIPOBOJHHKA IIPHJIOKEHO HalpskeHHe 3.4 B. OmpeesnTe mIomans MONEPedHOIO
CedeHHA IIPOBOJHHKA. €CTH CHIa AmMIlepa, JeHCTBYIOmIAaZ HAa Hero. pasHa 6 H.
VaeasHOE CONPOTHBIEHHE MEOH PaBHO 1.7 - 10° On- e

2

OtBeT: MM

B ommre mo H3ydeHHI (oToaddexrta (POTOIIEKTPOHEI  TOPMOZATCH
JEeKTPHIECKHM nHodeM. IIpH 3TOM H3MepAeTCH 3alHpaollee HaIpAKeHHE.
B TadIHIe mpeCTaBIeHE! Pe3yIbTaTH HCCAEAOBAHEA 3aBHCHMOCTH 3aIHPAIOIIETO
HanpsuKeHHs U, OT ZTHHEI BOJIHEI A NIAJAIOIIEro CBETA.

3anuparomee Hanpoxerue U, B 04 0.6
JImMHa BOJIHEI CBeTa A, HM 546 491

YemMy paBHa NocTofHHAA [[IaHKA IO pe3yasTaTaM 3Toro 3kcmepmMeHTa? OTBeT
OKPYTJIHTE J0 ACCATHIX.

Ortser: 107 I e

He 3abyovme nepeHecmu 6ce omeéemvl 6 OaaHK  omeemos Ne 1
6 COOMEEMCMENN € UHCINPYKUNEN 110 6bINOTHEHIIIO DAGOINDI.

IIpocepvine, umodsl Kaxcoslll omeem Gvla 3aNUCAH 6 CIMPOKE ¢ HOMEPOM
COOMGEIMCINGYIONIEC0 3AOAHNA.

© 2020 $exepamsran cTy&Ga IO HATIOPY B chepe OOPA3OBAMHA H EAYKH
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daa 3anucu omeemoé Ha 3aoaHus 27-32 ucnoawvsyiime BIAHK OTBETOB
Ne 2. 3ammuume cuavaaa Hovep 3adanua (27, 28 u m. 0.), a 3amem peuierue
coomeemcmeyrouien 3adauu. Omeentvl 3anuCvI6atime YEMKO 1 pazéopuueo.

1 MOTe pa3spekeHHOIO TeaHd YYacTByeT B IHKIHYECKOM IIpolecce
1-2-3—4-1. rpadHK KOTOporo H200pakéH Ha PHCYHKE B KOOpAHMHaTax V-T,
rae V' — o6wéM raza. T — abcomoTHaA TemMmeparypa. IlocTpoiite rpadHK UHKIA B
KoopaHHaTax p—V. rae p — naBneHHe rasa. J — o0®séM raza. Onupadchk Ha 3aKOHBI
MONEKYIApHOH (H3HKH H TepMOJHHAMHKH. OOBACHHTE IOCTPOSHHE IpadHKa.
Ompenennre, BO CKOJIBKO pa3 padoTa rasa B mporecce 2-3 OombIleé MOAYIA
PabOTEI BHENTHHX CHJI B Tponecce 4—1.

V
4 3
2V <
V —— - .. -
¢ /7|1 L-" |2
/ -
////

0 To 2Ty 3Ty 4T, 5Ip 6Io T

IToanoe npasuIvHoe pelierle Kax)cool 13 3aoau 28-32 001XCHO codepxcamby
3AKOHBI 1 YOPMYIBI, NPUMEHEHTE KOMOPHIX HEOGXOOUMO U OOCINAINOYHO O1A
PeUleHUa 3a0auil, a MAKHce MameMamuuecKue npeosépazoeanus, pPacuéml
C YNUCTEHHBIM  OMGEMoM 1 NPU HeoGNOOUMOCINNU PUCYHOK, MNOACHAIU{UI
Pelltenue.

Bpycok MaccoH 2 K ABHKETCH IO TOPHIOHTATEHOMY cToay. Ha Teno aeficTByeT
cu1a F mox yraoM o= 30° K ropuzoHTY (cM. pHCYHOK). KoadpduunenT tpenns
MeKIy OpyckoM H croioM paBeH 0.3. KakoB MOZyiIb CHIBI F.ecmn MOZIYIb CHIIEI
TpeHHA. AeHCTBYIOMEH Ha Telo. paBeH 7.5 H?

S

© 2020 Pexepamsraz cyxGa mo HATOPY B chepe 0GpasOBAHKT H HAYKH
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JBa HeGopIIHX mapa MaccaMd m, =0.2 kT u m,= 0.3 Kr 3aKpeIIeHHl Ha KOHIAX
HEBECOMOI'O CTEPAKHA AB. PacloiI0keHHOIO TOPH3OHTAIBHO Ha omopax C H D
(cM. pucyHOK). Paccrosaue Mexay omopamu [ =0.6 M, a paccrosmme AC paBHO
0.2 M. YeMy paBHA ITHHA CTepP:XHA L. €CJIH CHIIA JaBJICHHA CTEPXKHA Ha onopy D B
2 paza dompme, YeM Ha onopy C? CrenalTe pHCYHOK C YKa3aHHEM BHEITHHX CHIL
JEHCTBYIOIIHX HA CHCTEMY Te «CTepPAKEHb — MapsDy).

A B

m]‘ C‘: D:: ‘mz

Temuii B KONHYeCTBE V=3 MOIb H300apHO CHEMMAKT. COBepmIas padoTy
4 =24 xJIx. Ilpu 3ToM TemmepaTypa rejHs yMeHbmaerca B 4 pasa: T, :%.
3aTeM raz agHabaTHUECKH PACIIHPAETCA. IIPH 3TOM €ro TeMIIEPaTypa H3MeHdeTcs
oo 3HageHH: T =%. Hafinure paboTy rasa 4, IpH agHa0aTHOM PaCHIHPEHHH.

KommiecTBO BemecTBa B MPOIIECCaX OCTAETCA HEH3MEHHEIM.

ManeHEKHH INapHK MaccoH m ¢ 3apaaoM ¢ =5 HKIL
TIOJIBEIIEHHEIH K MOTOJIKY HA JETKOH IMETKOBOH HHTKE
wmHOH [=0.8 M, HaXogHTCA B TOPH30HTATEHOM
OZHOPOTHOM 3IEKTPOCTATHIECKOM ITo1e E ¢ MOTyIeM
HANIPAKEHHOCTH Mol £ =6-10" B/M (cM. PHCYHOK).
IITapHK OTITYCKAIOT C HYJI€BOH HAYaTbHOH CKOPOCTBIO
H3 TIOJOXKEHHS, B KOTOPOM HHTH BEPTHKATHHA. B MOMEHT, KOrJa HHThH 00pazyeT
C BepTHKAIBIO yroa o =30°, Moayis ckopocTH mapuka v =0.9 M/c. Yemy paBHa
Macca mapHKa m? ConpoTHBIEHHEM BO3IYXa MpeHeOpedsb.

© 2020 $enepamsEan cTyxGa M0 HAT30PY B cepe OOPA3OBAHHA H HAYEKH
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KBagpaTHasd mpoBOTOUHAA paMKa CO CTOPOHOH
=10 c™ HaXOOHTCH B OJHOPOZHOM
MATHHTHOM Io:Te ¢ HHAyKuHed B . Ha prHcyHKe
H300paKeHA 3aBHCHMOCTH HPOEKUHH BEKTOPA
B Ha NepneHIHKY/AP K IUIOCKOCTH PaMKH OT
BpeMeHH. Kakoe  KOJHYECTBO  TEILIOTH
BELIETHTCA B pamMKe 3a Bpema =10 c, ecmm
COIPOTHBIEHHE paMKH R =0.2 OnM?

PH3HUKA, 11 xmace 20/35

B,

Tn
0.6

04

0.2 \

0
4 [6/18 10 7c
-0.2 \ '

-04

IIposepvine, umMobvl Kaxcovili omeem 06vl1

COOMEEMCINGYIONUIEC0 3AOAHNA.

3anucarn pﬂdo.u € HoMmepom
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Cnpaska 0 nianHupyeMseIX H3mMeHenusax 8 KHM K17 2020 r.

Vuebusbiii npeamer

M3menenust 8 KHM EI)

Maremaruka

Xumus

Buonorus
Hudopmaruka u UKT
JIuteparypa
HuocTpanHblii
(aHrIHiicKHit,
HEMELIKHIA,
(hpaHLy3CcKHii,
MCTIAHCKHIT A3BIKH)

A3BIK

H3meHenuii Her

Pycckuii a3b1k

H3menenns crpyktypsl i cogepxanns KUM orcyrersyior.
VTo4HEHBI KDHTEPHH OLIEHHBAHUSA OTBETOB Ha 3a1aHus 27.

Dusnka

I'eorpadms H3menenns ctpykrypsl u cogepxanns KM orcyrersyior. BHeceHsl H3MEHEHHS B
KPHTEpHH OLICHHBAHHA OTBETOB HA 3a/laHHs C pa3BEPHYTHIM oTBeTOM 31 1 32

Heropus Hamenenns ctpykrypsl  coaepxanns KUM orcyreTByior.
B 3anannn 25 w3MeHeHB! YCIOBHS BhicTaBneHus Oannos no kpurepusm K6 u K7:
Oa/UIBl MO ITHM KPHTEPHAM BBICTABJIAIOTCA TONLKO B CIIy4ae, €CIH MO KPUTEPHAM
K1-K4 BricTaBneHo B CyMMe He MeHee 5 0aios.
IMo kputepuro K6 Moxer ObITh BHICTABAEH MakCHManbHBIi Oann — 3, a He 2, Kak
OBLI0 paHee.

O6wecTBO3HAHNHE H3amenenns ctpykrypsl i cogepxanns KUM orcyrersyior.

%

Jletanuzuposausl GopMymHpoBkH 3ananuii 28, 29 u BHeCEHBI KOPPEKTHBBI B

3anaua 25, koTopas paHee OblUTa NPEJCTaBIEHa B HacTH 2 B BH/IE 33/1aHNUS C KPaTKHM
OTBETOM, TENeph NpeanaraeTcs AAs pPa3BepHYTOr0 pPELICHHs M OLEHHBAETCA
MakcHManbHO B 2 Ganna. Takum o0pa3oM, YHCI0 3aaHHil ¢ pa3BEPHYTHIM OTBETOM
YBEJIHYHIOCH ¢ 5 710 6.

Jlna 3amanus 24, NpoBEpSAIOHIETO OCBOGHHE JIEMEHTOB acTpPO(H3IMKH, BMECTO
BEIOOpa ABYX 00#3aTeNbHBIX BEPHBIX OTBETOB MPEANaraeTcs BHIOOP BCEX BEPHBIX
OTBETOB, YHCJIO KOTOPBIX MOXKET COCTARAATE MO0 2, 1o 3.

KHTaHCKHH A3BIK

B 3K3aMeHallHOHHOH paGOTemm

4acTh.

B pazaene | (Ayauposanue):

— H3MeHeHbl (opMaTel 3ajaHuii: 3agaHue | cTano 3ajaHMEM Ha YCTaHOBJICHHE
COOTBETCTBHA MO3NLMIL, NPEICTARNICHHBIX B JBYX MHOXKECTBaxX; 3ajaHus 2 u 3 —
CTAIH 33JJaHHAMH Ha BBIOOP M 3aNMHCh OJHOTO HJIH HECKOIBKHX MPABHIIBHBIX
OTBETOB M3 NPEANOKEHHOIO NMEPEYHA OTBETOB;

— BBE/ICHBI /IBA IHAIOTHYECKHX TEKCTa,

— YMEHBUIEHO 0 9 KONHYECTBO 3a/1aHuii paszena.

B pasznene 2 (Urenne):

— YMEHBUICHO 10 5 KOIHYECTBO 3a/laHHii pa3aena;

— BBE/ICHBI 3a/1aHHS HAa YCTAHOBJIECHHE COOTBETCTBHSA MO3MIUMIA, NPE/ACTABICHHbIX B
JIBYX MHOKECTBaX, 3aJaHHs Ha BhIOOp M 3aMUCh OJHOTO HJIH HECKOJIBKHX
NPaBHILHLIX OTBETOB M3 MPELI0KEHHOrO NEPEYHs OTBETOR.

B pa3zzene 4 (ITucemo):

— BBEJEHO 3a7aHue 28 Ha HaMHCaHHe JINYHOIO MHChbMA B OTBET HAa MHCBMO-CTHMYIL.
MakcumanbHoe Yica0 0a/UI0B 3a BRINOJIHEHHE JAHHOTO 3a1aHus — 8§ Oa/ioB.
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CHcTeMa OIeHHBAHHA 3K3aMeHANHOHHON padoThl Mo pm3AKe

3azasna 1-24

Bagamns 1-4. 8-10. 13-15. 19. 20. 22 u 23 wacte 1 ® 3amammqa 25 u 26
HacTH 2 OLEHHBAKOTCA 1 OaLToM. 3TH 3aJaHHA CIHTAIOTCA BBEIIOIHEHHBIMH BEPHO.
€CJTH IPABHIIBHO VKA3aHEI TPeOyeMOoe THCIIO, ABa THC/IA HIIH CJIOBO.

3agmanus 5-7. 11. 12, 16-18 1 21 uactH 1 oneHuBaroTcH 2 OaUIaMH, €CIH
BEPHO YKa3aHEI 002 37I€MEHTa OTBeTa; 1 OamwToM, eCIH JOMyIIeHAa OINHOKA B
YKa3aHHH OJHOTO H3 7IeMEHTOB OTBeTa, H 0 OALI0B, €C/IH JOMYINEHO JBE OIIHOKH.
Ecm ykazaHo Gornee JBYX 371€MEHTOB (B TOM THCIIE, BO3MOJXKHO. H MPABHIBHELE),
To craBHTCcA 0 GawioB. 3ajaHHe 24 omeHHBaeTCcAd 2 OaliIaMH, eCIH YVKa3aHEI BCe
BEpHEIE JIEMEHTEl OTBETA; 1 GaIoM. eciH JONyIIeHa OJHA OIHOKA (B TOM THCTIE
VKazaHa OZHA JHINHAY UHQPA HApsIy CO BCEMH BEPHEIMH I€MEHTaMH HIH He
3aMHCaH OJHH 31eMeHT oTBeTa); ( OaIoB, €caH JONVINEHO ABE ONIHOKH.
Baamammax 5, 11. 16 ® 24 mopAok 3amHCH UHGP B OTBETE MOKET OHITH
PATHIHBIM.

Ne 3amagus Otser Ne 3aganns Otser
1 40 14 1
2 0.2 15 2
3 0.08 16 12
4 30 17 23
5 23 18 43
6 31 19 34
T 42 20 87.5
8 2:5 21 14
9 1 22 0.300.05
10 900 23 15
11 25 24 245
12 11 25 1.5
13 BIIPAaBO 26 5.2

© 2020 $enepatsrai cIyxEGa M0 HAT30PY B chepe OOPA30BAHHA H HAYKH
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KPUTEPHH OLIEHUBAHWS BhINTOTHEHWS 3ATAHAT
C PA3BEPHYTBIM OTBETOM

Pemenua 3amammi 27-32 gactH 2 (C pa3sBEPHYTEIM OTBETOM) OLEHHBANOTCH
JKCIepTHOH KoMHCcHeH. Ha 0CHOBe KpHTEepHEB, IPEeCTABICHHEIX B IPHBEIEHHBIX
HHKe TaOJIHIIAX, 33 BBEINOJHEHHE KAXZOT0 33aJaHHA B 3aBHCHMOCTH OT IOJHOTEI
H IIPaBHIBHOCTH JAHHOTO 3K3aMeHYeMBIM OTBeTa BEICTaBIAeTcA oT 0 1o 2 6awioB
3a 3amaHHe 28 1 ot 0 10 3 GawtoB 3a 3aganug 27 u 29-32.

1 MO pa3peXKEHHOrO TIedHd y49acTByeT B IHKIHYECKOM IIpolecce

1-2-3—4-1. rpaduK KOTOpOro H300pakéH Ha PHCYHKE B KoopmHHaTax F-T,
rae V' — oowéM raza, T — abcomioTHas TeMmeparypa. IlocTpoiite rpadHK IHKIA B
KOOPIHHATAaX p—V. Iae p — NaBlleHHe rasa. V — o0BéM raza. OnmHpaAchk Ha 3aKOHEI
MOIEKYIZpHOH (H3HKH H TEpPMOIHHAMHKH, OOBACHHTE NOCTPOEHHE rpadHKa.
OmnpegenuTe. BO CKOJIBKO pa3 padoTa rasa B npouecce 2—-3 OombINe MOZIVIA
PabOTEI BHEITHHX CHII B Iponecce 4—1.

4
4 3
2V :
7 =
: F1 L2
A
///

0 T, 2T, 3Ty, 4Ty, 5Ty 6T, T

Bo3MOKHOe peleHHe
Ay
1. —=3.
|44]
& 3
3po |-
Do | <
) 4
0 " 2V ¥V

2. TlepecTponM IrpadHK IHKIA B KOOPIHHATAX p—V.
IIpomecc 1-2 s#ABiudeTcA H3OXOPHBEIM, B HEM a0COMIOTHAA TEMIIEpaTypa rasa

© 2020 Pemepamras cyxGa N0 HATOPY B cepe 05pasOBAHHA H HAYKH
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YBEAHYHIACE B 3 pa3a, a 3HAYHT. coriIacHO 3akoHy Illapma (%=const)

H JaBJIEeHHE ra3a YBEeJIHIHIOCH B 3 pa3a.
TIpouecc 2—-3 sBiAeTcA H300apHBIM, IIOCKOIBKY ero rpadHK B KoopaHHaTtax V—T

MIPOXOJHT Hepe3 Hadalo KOOPIHHAT (%=coust). B 3ToM mpomecce H OOBEM.

H abCOTIOTHAA TEMIIEPaTypa ra3a YBEIHTIWIHCE B 2 pa3a.

B npomecce 3—4 ra3 H30XOPHO YMEHBIIHT CBOK AOCOMIOTHYIO TEMIIEPATypy H
JaBIeHHE B 3 pa3a. a B mponecce 4—1 H300apHO BepHYICA B HCXOZHOE COCTOAHHE
(CcM. PHCYHOK).

3. H: rpapmka BHIHO, dro pabora raza B mpomecce  2-3
Ay =3p,(2V, -V, )=3p,V,. a MOZyTs PadOTEI BHENIHHX CHJI B mpouecce 4—1

|A41| =po(2Vo =5 )= poVo-

4,
TaxuM 00pa3oM. HCKOMOE OTHOIIEHHE |A-3[ =3.
41
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Kpm‘epml OLE€HHBAHHA BBEIIIOIHCHHA 33aJaHHA Bawter

TIpeacTaBneHO pelleHHe, COOTBETCTBYIOIIEE OIHOMY H3 CIeAVIOIIHX 1
CITyHaeB.
JlaH TIpaBHIBHED OTBeT HA BONPOC 33aHHA. H IPHBEJEHO OOBACHEHHE,
HO B HEM HEe VKa3aHEl JBa #BICHHY HIH (QH3NYIECKHX 3aKOHa,
HEOOXOJHMEIX UL IIOJIHOTO BEPHOI'O OOBACHEHHS.

5M)15¢
VKazaHBEl BCe HEOOXOAHMMEIE 714 OOBJACHEHHA #ABICHHA M 3aKOHEL
3aKOHOMEPHOCTH. HO HMEIOIIHECA PACCYAIEHHS. HaIIPaBIeHHBIE HA
TIOTyIeHHe OTBETA Ha BOIIPOC 33aHHA. He JOBeJeHE! 10 KOHIA.

W
VKazaHEl BCce HEOOXOZHMEIE I OOBACHEHHSA ABICHHA H 3aKOHEL
3aKOHOMEPHOCTH. HO HMEKOIIHECH PpacCykKIEHHA. IPHBOIAIIHE
K OTBETV, COAEPKAT OIIHOKH.

W

VKazaHEl HE BCE€ HEOOXOZHMEBIE V1A OOBACHEHHA fABICHHA H 3aKOHEL
3aKOHOMEPHOCTH. HO HMEIOTCA BEPHBIC PACCYXICHHA, HAIIPABJICHHEBIC HA
PEIIEHHE 330" TH

IIpHBeaeHO MOIHOE NPABHILHOE PelIeHHe. BKIIOYAIONmee MPAaBHIBHEIR 3
OTBeT (B JaHHOM CiTydae: 7. /) H HCUepHEIBAIOIIHE BEPHBIE PACCYAICHHA
C OpPAMEIM VKa3aHHEM HAOMIOJaeMBIX SBICHHH H 33aKOHOB (B JaHHOM
CIOydae: 3aKOHbl UIONPOYECCOS8, ZPAPUHECKUll CMBICT pabomwl &
MepMOJUHAMUKE)

Bcee cayuaH pelleHHA. KOTOPEIE HE COOTBETCTBYIOT BBINEYKA3aHHBIM 0
KPHTEpPHAM BEICTaBIECHHA OLIEHOK B 1. 2. 3 damna

Maxcumanvrulil 6a1 3

JlaH NpaBHIBHEIH OTBET, H IIPHBEJCHO OOBACHEHHE, HO B peIICHHH 2
HMEeTCA OJHH HIH HECKONIBKO H3 CIeTYIONIHX HEeJOCTATKOB.

B 00BACHEHHH HE YKa3aHO HIH HE HCIOMB3YETCH OJHO H3 QHIHIECKHX
SBJIEHHI, CBOMCTB, ONpEeJeNeHHil HIH OZHH H3 3aKOHOB (dopMym).
HEOOXOMMMEIX [ MOJHOTO BEPHOTO OOBACHeHHA. (VTBepKICHHE,
Jekamee B OCHOBE OOBACHEHHA. HE IIOJKPEIUIEHO COOTBETCTBYHOIIHM
3aKOHOM. CBOHCTBOM, SBJICHHEM, ONpeJeIeHHeM H T.I1.)

H (W)
VKazaHEI BCe HEOOXOZHMEIE 11 OOBACHEHHA HBIEHHA H 3aKOHEL
3aKOHOMEPHOCTH. HO B HHX COAEPKHTCH OJHH JOTHIECKHIT HETOTET.

U (M)
B peIleHHH HMEKOTCA [HINHHE 3alHCH. HE BXOJAIIHE B peINeHHe
(BO3MOXHO, HEBEpHEIE), KOTOPHIE HE OTZENEeHBl OT pEINEHHY H He

3a9E€PKHYTHL.

H (W)
B pelreHHH HMEeTCH HETOYHOCTh B VKA3aHHH Ha OJHO H3 (QH3IHYECKHX
SBIIEHHI, CBOHCTB. ONpEIEIeHHH, 3aKOHOB ((HopMyIT). HEOOXOIHMEIX V1L
IIOJTHOT'O BEPHOTO 00BACHEHHA

Bpycok MaccoH 2 KI ABHKETCA IO FOPHIOHTATHHOMY cTody. Ha Termo ZeHCTByeT
cuta F mox yrmom 0.=30° k ropuzonry (cM. pHc.). Kosdpdrusent tpenns

MeXITy OpyckoM H crooM paBeH 0.3. KakoB MOZy:Ib CHIBI F . €CIH MOZIYIH CHIIB
TpeHHA. JeHCTBYIOIEH Ha Teno, paeeH 7.5 H?

Bo3MoxHOE PEIICHHE

Ha 6pycok, kpoMe cia F 1 Frp. JeHCTBYIOT €MIE CHIA TAKECTH /g H CHIA PEAKIHH
omopsr V. ITpoexuns BToporo 3akoHa HeI0TOHA Ha BEPTHKATEHYIO OCh HMEET BHI!

0=N-mg—Fsmo.
CHiIa TPEHHA CKOMbAKEHHA Fr, =N =u(mg + Fsina).

Fp—Wmg  75-03-2:10
usinae  0,3-0.5

J1a HCKOMOH CHUIEI OJTydaeM: F = =10H.
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KPBTCPKH OLICHHBAHHA BEINIOIHCHHA 3aJaHHA Bawe!

IIpHBeaEHO NOTHOE pellleHHe, BKIIOYAlONIee CIeIyIOMHE JTEMEHTEL: 2
I) 3amMCaHEl [OTOKEHHS TEOPHH H  (H3IMYECKHE  3aKOHEL
3aKOHOMEPHOCTH, IPHMEHEHHE KOTOPEIX HEOOXONHMO I peINeHHA
337aYH BBIOPAHHEIM CIIOCOOOM (B JAaHHOM CIy9ae: BMOPOll 3AKOH
Hylomona, ebipaxceniie 018 Clitbl MPEHUR CROTbICEHIA):

II) mpoBegeHBl HEOOXOOHMEIE MATEMAaTHUECKHE MPEOOpPa3OBaHHA H
PacHETEL MIPHBOAAIIHE K IPABHIEHOMY THCIOBOMY OTBETY (ZOMyCKaeTcs
PEIIeHHe «II0 FACTIMY C IPOMEAKYTOUTHEIMH BEIMHCICHHIMH);

IIT) npeAcTaBIeH MPABHILHEIH OTBET C YVKA3aHHEM €JHHHII H3MEPeHHA
HCKOMOH BEIHIHHEI

IIpeacTaBiIeHBl 3aMHCH, COOTBETCTBYIOIUHE OJXHOMY H3 CJIEIYIONIHX 1
CITyHaes.

IIpaBHWIBHO 3amHCAHEI BCE HEOOXOJHMEBIE IIOJOKEHHA TEOPHH.
(H3EYecKHe 3aKOHEI, 3aKOHOMEDHOCTH. H IIPOBEJEHEI HEOOXOTHMEIE
mpeoopazopaHHa. Ho JomymeHa OmHOKA B OTBeTe HIH B
MaTeMATHIECKHX Pe06pa30BaHHAX HIH BEMHCICHHAX.

W

IIpeacTaBIeHEl TOIBKO IIONOKEHHZ H  (OPMYJIEL  BEIpAaXKaloIIHE
du3ETecKHe 3aKOHEL, IPHMEHEHHE KOTOPEIX HEOOXOAMMO H JAOCTATOYHO
UIA pelleHHd JAaHHOH 3ajadH. 0e3 KaKHX-THOO IpeoOpa3oBaHHH C HX
HCIIOT530BAHHEM. HAIIPABICHHEEIX Ha peIleHHe 3a1a4H
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JlBa HeOompIHX mapa MaccaMu m; = 0,2 Kr # m, = 0.3 Kr 3aKperUIeHsl Ha KOHIIaX
HEBECOMOTIO CTepikHA AB. pacHolIOAKeHHOr0 FOPH30HTATBHO Ha omopax C m D
(cM. pucyHOK). PacctosHue Mexay omopamu [ =0,6 M. a paccrosHue AC paBHO
0.2 M. YeMy paBHA JUIHHA CTeP:KHA L, €CIH CHIA JaBIeHHT CTep&HT Ha onopy D B
2 paza Gomsmre, weM Ha omopy C? CaenaiTe pHCYHOK C VKa3aHHEM BHEIIHHX CHIL
JeHCTBYIOIIHX HA CHCTEMY Tel «CTEPAKEHb H MapED).

A B
ml‘ & :: D:: b m,
Bo3MoOAHOE peleHHe

Bce ciay4aH pelneHHd, KOTODEIE HE COOTBETCTBYIOT BEINIEYKAa3aHHEIM 0
KPHTEPHAM BHICTABJICHHA OIEHOK B 1 mwm 2 dawta

Maxcumansuwiil 6amn 2

© 2020 $enepamsras c1yxba o HAT30PY B cdepe 0OPasOBARMT H HAYKH

1. Ha tBE€paoe Tes10. 00paz0BaHHOE CTEPAHEM H ABYMA IIAPAMH, JeHCTBYIOT CHIIEL
TAKECTH M€ H M,g. TPHIOKEHHEE K NEHTPAM IIAapOB, H CHIEI PEAKITHH OIOp
ﬁ’l H ’C’z ITo TpetheMy 3akoHy HBIOTOHA. MOZYIH CHJI PEAKIHH PpaBHEI
COOTBETCTBYIOIUHM MOMY/IIM CHJ JaBI€HHA CTEPKHA HAa OMNOPHL IIOITOMY
N, =2N, (8 COOTBETCTBHH C YCIOBHEM 3a7aH).

¥y

N

mg

mg
2.B HHepIHMAaTbHOH CHCTeMe OTCu€Ta Ox), CBA3AaHHOH C 3eMIEH. YCIOBHA
PABHOBECHA TBEPIOrO TeJla IPHBOAAT K CHCTEME YPABHEHHH:
N, +N, —m,g —m,g =0 — IeHTp Macc He JBIKETCA BAOIL OcH Oy;
Nyx+N, (1 +x)—m,gL=0—HeT BpameHHs BOKPYT OCH. IPOXoAAImeit
MepHIeHIHKY/IAPHO PHCYHKY Yepe3 TOUKY A.
3mech x=AC =0.2 M— IUI€Y0 CHIBI peakitHu V).
3. C yuéromM ycnoBHa N, =2N, CHCTeMY JOTHIHO IPHBECTH K BHIY:
3Ny =(my +my)g:
(3x+20)N, =m,gL.

TTozeHB BTOPOE YPaBHEHHE HA IEPBOE. MOTVIHM:

© 2020 Pegepampras cayx6a N0 HAT3OPY B cdepe 06pasOBAHI H HAYKH
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ms

2
——=—=x+=I, otkyza:
m, +m, 3

_(1.m). 21)=(1+22}(0.2+2.0.6)-
L—(1+ m, J (x+ 31 —(1+ 0.3} (0.._+ 3 0.6 |=1M.
Otger: L=1M
KpHTepHH OlLIeHHBAHHA BHINOIHEHHA 3aJaHHA Bawts
IIpHBeIEHO MOTHOE PellleHHe, BKIIOUAOIIee CIIAYIONHE JTeMEHTEL: 3

I) 3anmcaHBl ~ [OJTOKEHHS TEOPHH H  (H3HYECKHE  3aKOHEL
3aKOHOMEPHOCTH, IpPHMEHEHHe KOTOPEIX HEOOXOMHMO AT PpeIlIeHHR
3a73a9H BEIOPAHHEIM CIIOCO0OM (B JAHHOM CIYHae: VCI08UA PASHOSECUA
MeEpio20 mena OMHOCUMETLHO NOCMYRAMETLHO20 U 8PAUAMEeTsHO20
Oeusicenull, mpemuil 3arox Hoomowna):

II) cpenaH mPAaBHIBHEIH PHCYHOK C VKAa3aHHEM BHENIHHX CHIL
JeHCTBYIOIIHX HA CTEPXEHb H IAphL:

IIT) ormcaHE! BCe BHOBL BBOJHMEIE B PEIICHHH OYKBEHHEIE 0003HAYECHHA
dmpveckux BenMHIHH (3G NUCKTIOYWEHUEM O06O3HAYeHUll KOHCIMAHM,
VKa3aHHBIX € sapuanme KHIM, o603Ha4eHull eenvun, UCNOTLIYeMbIX €
YVET08UN 3a0a4U, U CINAHOAPMHBIX 0603HAHEHNI 8QTNHUH, UCNOTLIYEMBIX
MPU HATMICAHIU QUUHECKUX 3AKOHOS);

IV) mpoBeneHEl HeOOXOZHMMEIE MAaTEMATHYECKHe IIPeoOpaloBaHHA H
PAacduETEL. NPHBOAAINHE K  INPAaBHIBHOMY  9UHCIOBOMY — OTBETY
(ZomycKaeTcs  pemeHHe  «II0  YacTAM» C  IPOMEKYTOTHBIMH
BEIMHCTCHHAMH);

V) mpeAcTaBiIeH NPaBHIBHEN OTBET C YKA3aHHEM €IHHHII H3MEPEHHT
HCKOMOH BEIHYHHEI

[S¥]

IIpaBHIBHO 3aIHCAaHEI BCe HEOOXOZHMEIE IIOJOXKEHHA TEOPHH,
dH3ETecKHe 33aKOHEL 3aKOHOMEPHOCTH. H IIPOBEJEHEl HEOOXOTHMEIE
npeobpazoBaHHA. Ho HMeeTcs OZHH HIH HECKOJBKO H3 CIETYIOIIHX
HETOCTATKOB.
3amHcH., cooTBeTcTBYomHe IyHKTaM II m IIL mpeacTaBIeHEl He B
TIOJTHOM OOBEME HIIH OTCYTCTBYIOT.

H (WIH)
B pemeHHH HMEIOTCA JHINHHE 3alHCH. HE BXOAAIIHE B peINeHHE,
KOTOpEIE He OTJeJIeHE! OT PEIIeHHA H He 3a9EPKHYTEHL

H (MJTH)
B HeoOXOZHMEBIX MATEMATHYECKHX NTPe0OPa20BAHMAX HIH BEMMHCICHHAX
JONYINEHEl OMMOKH. H (HIH) B MATEMAaTHUECKHX IIpeoOpa3oBaHHAX/
BBEIYHCIEHHAX IPOMYINEHE! JOTHIECKH BaKHEIE IIarH.

H (WIH)

OT1cyTcTBYET MYHKT V., HIH B HEM JOMYIIEHA OIIHOKA

© 2020 $enepamsran cIyEDa 10 HAT30PY B chepe 0GPA3OBAMHA H BAYEH
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TIpeaCTaBIEHE! 3aIHCH, COOTBETCTBYIOIUHE OJHOMY H3 CIEAVIOIIHX 1
CITyHaes.
TIpeAcTaBIeHEl TOMBKO MOMOKEHHA H (QOPMYIBL. BEIPAXKAIOIIHE
¢H3EIecKHe 3aKOHEL NPHMEHEHHEe KOTOPEIX HeOOXOTHMO I pelleHH:
JAaHHOH  3aja4yH. 0e3  KaKMX-THOO INpeoOpa3oBaHHH €  HX
HCIIO/TB30BAHHEM. HANPABJICHHEIX HA PelleHHe 3aJaqH.

HWIH
B pemenms otcytcrByeT OJJHA H3 HeXomHBIX GOpMY/I. HeoOXOgHMAL
19 peIIeHHs DAaHHOH 3afJauH (HIH YTBEepAICHHE. JeXKallee B OCHOBE
PEINeHHA). HO NPHCYTCTBYIOT JOTHYECKH BEepHEIE IPeOOpPa3OBAHHA C
HMEIOITHMHCSA QOPMY/IAMH, HAIIPABIEHHEIE HA PElIeHHe 3a1aqH.

HWIH
B OJTHOM 13 HCXOAHEX GOPMYT, HEOBXOMHMEIX /1 PEIIeHHS TAHHOM
3a7avH (HIH B YTBEPAJCHHH. JIeKalleM B OCHOBE PEellIeHH:). JOIyIIeHa
OMHOKA. HO NPHCYTCTBYIOT JOIHYeCKH BepHBIE NPeoOPa3oBaHHA C
HMEIOITHMHCA QOPMYIAMH, HAIPABIeHHEIE HA pPellleHHe 3a1auH

Bee cIy4yaH pelleHHS. KOTOpEIE He COOTBETCTBYIOT BEINIEYKA3aHHEIM 0
KPHTEPHAM BEICTABICHHA OIEHOK B 1. 2. 3 damwra

Maxrcumansrbiil 6ann 3

Temuit B KOMHYeCTBE V=3 MOMb H300apHO CHMMAIOT, COBepIIas padoTy
4 =24 gJIx. Ilpa 3ToM TeMIepaTypa reaHA yMeHpmaerci B 4 paza: T, =%.

3areM ra3 agHabaTHIECKH PACIIHPAETCHA, IPH 3TOM €0 TeMIIepaTypa H3MEHAETCA
I
0 3HadeHHA T =§1. Hafimure padoTy rasa 4; OpH agHA0aTHOM PACIIHPEHHH.

KomauecTBo BemecTsa B TIpoLeccax OCTAaETCA HEH3MEHHEIM.

Bo3MoxHOe peleHHe

1. TTpu H300apHOM CKATHH HaJ TeJIHEM COBEpIIAeTCA paboTa, MOAY/IbL KOTOPOH

4, =|par]|,

IIe p — JaBJIeHHe TeIHd B 3TOM Iponecce. AJ — H3IMeHeHHe ero 00bEMa.

2. B cOOTBETCTBHH ¢ ypaBHeHHeM Kitaneiipora — MeHzeaeeBa /19 3TOrO IIpoLecca
MOKHO 3aITHCATh:

|pAV|=vR(T, -T,).

3.B ammabatHOM mpomecce (mpomecce ©Oe3 TEII00OMEHa) B COOTBETCTBHH
C TIepPBEIM 3aKOHOM TEPMOAHHAMHKH CYMMa H3MEHEHHA BHyTPeHHeH SHeprHH rasa
H €ro padoTHl PaBHA HYIIO:

3VR(T, ~T,)+ 4, =0.

HPH 3aIHCH MOCIEOHErO COOTHOIIEHHA YVYYICHO BEBIPDAKCHHE LI H3IMCHCHHA
BHV'I.'peHHCﬁ SHEPIHH HICAJIHbHOI'O OHOATOMHOI'O ra3a:
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AU =3R(T, - T,).

IIpeodpazys 3amHCAHHBIE YPABHEHHA C VYETOM COOTHOINEHHH TEMIIEPAaTyp.

33TAHHBIX B YCJIOBHH 3aJa9H, [TOTYIaeM:
Z3WRT - w3
Al—3xRT2, 4, "]”sz-

CrnegoBaTensHO.

Kpmepm{ OLCHHBAHHA BEIITOIHCHHA 33JaHHA

Bawts!

TIpHBeIEHO MOTHOE PellleHHe. BKIIOYAOIIee CAeAYIOMHE JTeMEHTEL:

I) 2amHCaHEl TOMOKEHHS TEODHH H  (QH3HYECKHE  3aKOHBL
3aKOHOMEPHOCTH. IIDHMEHEHHE KOTODEIX HEOOXONHMO A pelleHHT
3aJaYH  BEIOpPaHHEIM crmocoboM (B JaHHOM COy4ae: YpasHeHue
Kaianetipona — Menoenreesa, nepewili  3GKOH — MEPMOOUHAMUKI,
SLIDANCEHUA ONR pabombl 2a3a Npu U306aPHOM mpoyecce U OnA
SHYMPEHHell 3HeP2UN UDLATLHO20 OOHOAMOMHO20 2A3a).

II) ormmicaHE!l Bce BHOBb BBOJHMEIE B PEINEHHH OVKBEHHEIE 000IHATCHHA
GH3MUECKHX BEMHYHH (30 UCKTIOHEHUEM OOO3ZHAYEHUll KOHCIMAHM,
yKazawHulx & eapuawme KHIM, 0603Ha+eHwl, UCnoTs3VeMulX € YCioeul
3a0a4N, U CMAHOGPMIHBIX OOGO3HAHEHUIl BenMUH, UCNOTLIVeMBIX NpU
Hanucarul GuauHecki 3aroHoE),

IIT) mpoBeNeHEl HEOOXOZHMEIE MATeMAaTHUeCKHE IIPeOOpAaz0BaHHA H
PAacYUETEL IPHBOAANIHE K IPABHIEHOMY THCIOBOMY OTBETY (ZOMycKaeTcs
PeIIeHHe «II0 acTAM» C IPOMEAKYTOTHEIMH BEIMHCICHHAMH);

IV) mpeacTaBieH NPaBHIBHEIR OTBET C VKAalaHHEM EeIHHHII H3MEPeHHT
HCKOMOH BETHIHHBI

TIpaBHIBHO  3alHCAHEI BCe HEOOXOJHMEIE IIONOKEHHS TEOPHH.
¢du3EYecKHe 2aKOHEIL 3aKOHOMEDHOCTH, H IIPOBEJEHEI HEOOXOTHMEIE
mpeodpazoBaHud. Ho HMeeTcs OZHH HIH HECKOIBKO H3 CAEIVIOIIHX
HETOCTAaTKOB.

3alHCH, COOTBETCTBYIOINHE NYHKTY II, NpeacTaBIeHEl He B IIOIHOM
00BEME HWIH OTCYTCTBYIOT.
H (IIH)

B pemeHHH HMeIOTCA JHINHHE 3alHCH, He BXOJAINHE B peINEHHE.
KOTOPEIE HE OTJeJIeHE! OT PEIIEHHS H He 3a9&PKHYTEL

H (HITH)
B HeoOXOIHMEIX MATEMATHYECKHX IIPEOOPA3OBAHHAX HIH BEMHCICHHIX
JONyIIeHs! OMHOKH., H (WIH) B MaTeMaTHYeCKHX IIPE0OPa3OBaHHAX/
BBEIHCICHHAX IIPOMYIIEHE! JOTHIeCKH BaAKHEIE IIarH.

U (MITH)

OrcyTcTBYeT IVHEKT IV, HIH B HEM JONVIIEHA OIIHOKA

[S¥]
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IIpeacTaBIeHBl 3alHCH, COOTBETCTBYIOIIHE OJHOMY H3 CIEYIOIIHX 1
CITy4aes.
IIpencTaBieHsl TOMBKO IMOJMOKEHMA H (GOPMYTEL BEIPAKAIOMIHE
¢H3UTecKHe 33KOHEL IIPHMEHEHHEe KOTOPBIX HeOOXOXHMO H JOCTaTOIHO
I peIleHHs JAHHOH 3aJavH. 0e3 KAaKHX-THOO NpeoOpa3oBaHHH ¢ HX
HCIIO/IE30BAaHHEM, HAMPABJICHHEIX HA PEIIeHHe 3aJaqH.
W

B pemenmm otcyrcreyeT OJJTHA H3 HCXOZHBIX (QopMya. HEOOXOmHMAsd
Ind pelleHHs JAHHOH 3aJawH (WIH YTBEpAKICHHE. JeXkKallee B OCHOBE
PeIIeHHA), HO MPHCYTCTBYIOT JOTHYECKH BepHEIE NPeoOpa30BaHHA C
HMEIOIHMHCA HOPMYIAME, HAIPABTEHHEIE HA PEIeHHE 3aJaTH.

5 W
B OJHOH u2 HCXOZHEIX QOPMYJ. HEOOXOAHMEIX A4 PEIleHHA JaHHOH
3a7a4H (WIH B YTBEpAJCHHH. JeKalleM B OCHOBE PEIeHH:). JOMyIIeHA
OIIHOKA, HO MPHCYTCTBYIOT JIOTHYECKH BepHEIE IIPe0Opa3oBaHHA C
HMEFOIITHMHECS (OPMYIAMH. HAIIPABTEHHEIE HA PellleHHe 3aJa49H

Bee cayuaH pemeHHs, KOTOPHIE HE COOTBETCTBYIOT BBIIEYKA3aHHBEIM 0
KPHTEPHAM BEICTABJIEHHA OIEHOK B 1. 2. 3 dawia

Maxcumansuvili 6amn 3

ManeHBKHH IIapHK MAccOH m ¢ 3apagoM ¢ =5 HKL

MIOJBEIIEHHEIH K MOTOJIKY Ha JETKOH IIETKOBOH HHTKE
amuHoH [=0.8 M. HaXOJHTCA B TOPH3OHTAIBHOM

1!‘111

al

'
1

OIHOPOIHOM 3/IEKTPOCTaTHIECKOM mote E ¢ MoayaeM :
q.m '

J.

HaNPsDKEHHOCTH noas E =6-10° B/x (cM. pHCYHOK).
IITapHK OTIYCKAKOT C HY/IEBOH HAYATBHOH CKOPOCTHIO
H3 NOJIOKEHHA, B KOTOPOM HHTh BePTHKATbHA. B MOMEHT. KOIJa HHTH 00pasyeT
¢ BepTHKaIG yroa o =30°, Moxyms ckopocTH mapuka v =0,9 a/c. UeMy paBHa
Macca mapHka m? ConpoTHBIeHHEM BO3AyXa IpeHeOpeds.

Bo3MmoxHOE PEIICHHE

1. CucreMy OTCHETa, CBA3aHHVIO C 3eMIEH,
OydeM CYMTaTe HHepIHaTbHOH. Ha mapHk
JefCTBYIOT BEepPTHKATGHAA CHIA THKECTH Mg,
TOPH30OHTATBEHAA cHIa co CTOPOHEI
37IeKTPHYeCKOro oA gE H BIOTH HHTH CHIA eé
HaTsTKerus T (cM. PHCYHOK).

2. Tlo TeopeMe 00 H3MEHEHHH KHHETHYECKOH to
SHEPrHH  MAaTepHATLHOH TOUKH B HCO. l =5
AE_ =4 Pabora cuaer 7 paBHa HyIIO, g

TAaK KaK 3Ta CHIA B TI000H MOMEHT BpeMeHH NepIeHIHKYIAPHA CKOPOCTH IIAPHKA.

BCeX CHI
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Cumsl mg u qE TIOTEHITHATIBHEL, IIO3TOMY HX PaboTa IPH Mepexoe H3 Ha9aTbHOH
TOYKH B KOHEYHYIO HE 3aBHCHT OT BEIOOPA TPAaeKTOPHH.
3. BriOepeM TpaeKTOPHIO NIepexoda B BHIE ABYX MOCIEJOBATEIBHEIX IIAroB:
CHa9YaTa H3 HCXOJHOTO IOMOXKEHHA BBEPX HA PpACCTOAHHE /. 3aTeM IO
TOPH3I0HTATH HA PAacCTOfHHE b B KOHedHoe moioxkemme. Ha 3TOH TPaeKTOPHH
CYMMa padoT CHIBI TAKECTH H CHIIEI CO CTOPOHE! 3IeKTPHIECKOrO IO

A=—-mgh+qgEb, tae h=I(1-cosa), b=Isina.
4. B pe3yabTaTe moIyHaeM:

2

AE =" _G=4

oE ) BCEX CHT

Otcroga:

—mgl(1-cosa)+gElsina.

2 i .5.10°.6.10°.0.8-
me 2gElsina _2-5-10 "-6-10"-0.8 0'5z8.1-10“" -

v* +2gI(1-cosa) T S[I—ﬁ)

)

OtBeT: mn-8.1-104 KT
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KOTODEIE HE OTJEIEHE! OT PelIeHHA H He 3a9EPKHYTEL

U (UIH)
B HeoOXOOHMEIX MAaTeMAaTHYECKHX NPe0oOPa30BAHHAX HIH BEMHCICHHIX
JONyINEHEl OMMHOKH, H (HIH) B MaTeMaTHUeCKHX IIpeodpasoBaHHIX/
BEIMHCIEHHAX IPOITYIIEHE! JOTHYeCKH BAKHEIE IIIarH.

H (WIH)

OtcyTcTByeT IVHEKT IV, HiIH B HEM JONYINEHA OIHOKa

Kpm'eplm OLICHHBAHHA BEINIOIHCHHA 3aJaHHA bawwte

TIpHBEEHO NOTHOE PellleHHe, BKIIOYAIOIIee CIIeYIOMHE JTeMEHTEL: 3
I) 3amECcaHEl [ONOKEHHS TEOPHH H  (QH3HYECKHE  3aKOHEBL
33aKOHOMEPHOCTH, IIPHMEHEHHE KOTODEIX HEeOOXONHMO I PpeIleHHA
337a9H BHIOPAHHEIM CIIOCOOOM (B JAHHOM CIIyHYae: 3GKOH UIMEHEHUA
MEXQHUHECKONl IHEP2UN MAMEPUATLHON MOHKU, GOPMYTBl 0N padomsl
cumsl maxcecn U pabomvl 0OHOPOOHO20 3NEKMPUHECKO20 NONA Npu
nepeMeujer il 3APAXCEHHO20 mena).

1I) omHCaHEI Bce BHOBS BBOZHMEIE B PEIICHHH OYKBEHHBIE 0003HAYEHHA
GH3EYeCKHX BEMHYHH (30 UCKTIOHEHUEM OBO3HAYEHUIl KOHCMAHM,
VrasaHHex & eapuanme KHIM, obosHawerull, uCNOTb3YeMulX € YCIoeuu
300@41, U CMAHOGDMHBIX OBOSHAHEHUIl EQTUHUK, UCNOTLIVeMBIX NpU
HAMICaK Ul QUIUHECKIUX 3aKOHOE),

III) mpoBemeHEl HEOOXONHMEIE MAaTEeMAaTHYECKHE IPeo0pa3oBaHHA H
PAaCcYETEL NPHBOJANIHE K IIPABHIEHOMY THCIOBOMY OTBETY (JOIyCKaeTCst
PEIIeHHE «TI0 FACTAMY C IPOMEKYTOYHEIMH BEIMHCIEHHAMH);

IV) mpeacTasieH NMPABHIGHEIH OTBET C VKA3aHHEM eIHHHI] H3MEpeHH:
HCKOMOH BEJTHIHHEI

TIpeAcTaBIEHEl 3alHCH, COOTBETCTBYIOINHE OJHOMY H3 CIEAYIOMIHX
CITy9aeE.
TIpeacTaBieHs! TONBKO IMOMOKEHHA H (QOPMYIBL  BEIPAKAIOMIHE
¢H3HecKHe 3aKOHEI, IPHMEHEHHe KOTOPHIX HEOOXOAHMO H JOCTATOYHO
I peIleHHsd AAHHOH 3aJadH, 0e3 KaKHX-THOO NpeoOpa30BaHHE C HX
HCIIOTB30BAHHEM, HAIIPABIICHHEIX Ha PEIIeHHE 3aJaqTH.

WM
B pemenru otcyrcreyeT OJTHA H3 HCXOAHEIX (GOpPMYI. HEOOXOMHMAs
U1 pelleHHsd JAHHOH 3a7adu (WIH VTBEpAKIEHHE. JekKallleé B OCHOBE
PEIIeHHA), HO MPHCYTCTBYIOT JIOTHYECKH BEpHEIE MPeodpa3oBaHHA C
HMEIOIMHMHECA QOpMYIaMH, HAllpaBIeHHEIE HA PEIeHHE 3a1aTH.

Wi
B OJTHOM 13 HCXOHEX (OPMYIL. HEOGXOTHMEIX 1% PEIICHHA JAHHOM
3a7a4yH (WIH B YTBEPAICHHH. JeKalleM B OCHOBE PEIIeHHd). JONMVINEHa
OIIHMOKA, HO NPHCYTCTBYIOT JIOTHYECKH BepHEIE NIPeoOpa3oBaHHA C
HMEIOIIHMHECA GOopMYIaMH. HallpaBIeHHEIE HA PElIeHHe 3a1a9H

Bce cayuaH pemeHHA, KOTOPHIE HE COOTBETCTBYIOT BHIINEYVKA3aHHBIM
KPHTEPHIM BEICTABJICHHA OIEHOK B 1. 2. 3 dawia

Maxcumarvruiii 6an

[S¥]

IIpaBHIBHO 3amHCAaHEI BCe HEOOXOJHMEBIE IIOTOKEHHA TEOPHH,
¢du3ETecKHe 3aKOHBI, 3aKOHOMEPHOCTH. H TIPOBEJEHEl HEOOXOIHMEIE
npeodpasoBaHHd. Ho HMeeTcd OJHH HJIH HECKOIBKO H3 CIeIYIOMIHX
HEJIOCTATKOB.

3alHCH, COOTBETCTBYIOIUHE IYHKTY II, NpeACTaBIeHE HE B IOIHOM
00BEMe HIH OTCYTCTBYIOT.
H (WIH)

B PCIICHHH HMCITCA JIHINHHE 3allHCH. HE BXOIAINHE B PEIICHHE,
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BozmoxHOE PEOICHHE

IIpH H3MeHeHHH MArHHTHOTO MOIA IIOTOK BEKTOPA MArHHTHOH HHIYKLHH
®(r)=B(t)S depes paMKy ILIOmAmBIO §=1I H3MeHFETCA. ITO CO3TAET B Heif

3JC HHAYKUHHE €. B COOTBETCTBHH C 3aKOHOM HHAyKUHH Papanes

g 00 AR
At At
3ta 3]IC BEI3BIBAET B paMKe TOK. CHJIa KOTOPOTO ompefesfeTcs 3akoHoM OMa s
3aMKHYTOH IIeIH:
g o ABS
R At R

CormnacHo 3akoHy JIxoymt — JIeHIa 3a BpeMa Af B paMKe BELISIHTCHA KOIHIECTBO
TEILIOTEI

2 52 (ABn)2 14 (ABH)2
=I"RAt= =
¢ R At R At
3a BpeMa Af, =t, =4 C Ha IepBOM ydacTke rpa¢uKa AB, =B, -B;=-1Tx1. a Ha
BTOpOM Yyd4acTke Af,=t,-f;,=6c H AB,=B,-B,=0.6 Tn. mnosToMy
CYMMAapHO€ KOTHIECTBO BEIIE/THBINEHCH TEILIOTE

0=0,+0, R| A = At, |

2

IToxcTaemas Croaa 3HAYEHHS ¢K3H‘!CCKHX BE&JIHYHH, IOy THM:

(0.1)°T1 0367 107 3
0="F5| 3+ |="5(0.25+0,06)=0155.10" Jix.

IV) mpeAcTaBleH NPABHIBHEIH OTBET C YKAa3aHHEM eJHHHI H3MEPeHHHT
HCKOMO# BEJTHYHHEI

TIpaBHIBHO 3aMHCAHEI BCE HEOOXODHMMEIE IIOTOKEHHA TEOPHH.
¢dH3uYecKHe 3aKOHEI, 3aKOHOMEPHOCTH, H IIPOBEXEHEl HEOOXOIHMEIE
npeoOpazopaHHA. Ho HMeeTcis OJHH HIH HECKOIBKO H3 CIeIYIOITHX
HEZOCTATKOB.

3amHCH, COOTBETCTBYIOIIHE NYHKTY II. NIpEACTaBIeHE! He B IIOTHOM
00BEME HIIH OTCYTCTBYIOT.
H (WIH)

B pemeHMH HMEIOTCA JHINHHE 3alHCH. He BXOIAAIIHE B pelICHHE.
KOTOPEIE He OTJeIeHEl OT PEIeHHA H He 3a9EPKHYTEHL

H (IIH)
B HeoOXOOHMEBIX MAaTeMaTHYECKHX MPe0OPA30BAHHAX HIH BEIMHCIEHHAX
JONYINEHE! OIMOKH, H (HWIH) B MAaTeMAaTHYeCKHX IIpeoOpasoBaHHAX/
BEIMHC/IEHHAX MPOMYIIEHE] JJOTHIeCKH BAKHEIE IIIATH.

H (WIH)

OtcyTeTByeT NyHKT IV, HIH B HEM JONVIIIEHA OIHOKA

S+

4 6 2
Otget: 0=0.155 MITx
KpHTepHH OLIeHHBAHHA BEITOIHEHHS 3aJaHHA Bawmst
IIpHBeEeHO MOTHOE pellleHHe. BKTIOYANIee CIeyIOMHE JTeMEHTEL: 3

I) zamHcaHEl [OTOKEHHS TEODHH H  (QHIMYECKHE  3aKOHEL
33aKOHOMEPHOCTH. NPHMEHEHHE KOTODHIX HEOOXOOHMO IUIf pEIIeHH:
3a0aYH  BRHIODAaHHEIM  cmocodoM (B JaHHOM — CIydael  3aQKOH
3MEKIMPOMAZHUMHOT UHAYKYUY, 3axoH Oma, 3axow Jxcoyia — Jlenya; u3
pagura HalideHsl CKOPOCMU UIMEHEHUR NPOeKYNN 8EKINOPA UHOVKYUU
MazHUMHO20 NoaA B, Ha NEPNEHOUKYIAD K NIOCKOCMU PAMKU HA NEPEeoM
U 8MOPOM YHACIKAX);

II) ommcaHE! BCe BHOBS BBOZHMEIE B PEIIEHHH OYKBEHHEIE 0003HAYECHHA
dHIEYIeCKHX BeMHYHH (3@ UCKTIOYEHUeM O0603HA4eHUll KOHCMAHM,
yKazauHLIX & eapuarme KFIM, ob6o3HayeHuil, uCNOTbIyeMblX € YCIoeuu
3a0a4N, U CIMAHOADNIHBIY OBO3HAHEHW GQMUHUH, UCNOTLIVeMBIX NPU
HAMICaK 1L PUIUHECKIX 3aKOHOE),

III) mpoBedeHEl HEOOXODHMEIE MATEMATHUECKHE IIPeOOpa3oBaHHA H
PAacUETEL, NPHBOAANIHE K IPABHIBHOMY THCIOBOMY OTBETY (ZOIMyCKAeTCH
PEIIeHHE «II0 acTAMY C IPOMEKYTOUHEIMHE BEMHCICHHAMH);

IIpeAcTaBiIeHEl 3allHCH, COOTBETCTBYIOIDHE OJHOMY H3 CISAYIONIHX
CITy4aes.
TIpeacTaBIeHE! TONBKO MOMOKEHHA H  (GOPMYIBL,  BEIPAKAMOIIHE
¢H3EYecKHe 3aKOHEIL, IPHMEHEHHE KOTOPHIX HEOOXOMHMO IA PEINeHHS
JaHHOH 337a4H. 0e3 KaKHX-THOO NIPeoOPa3OBaHHH C HX HCIIOIB30BAHHEM.
HAIPaBJIeHHEIX HA PellleHHe 3aJatTH.

W
B pemenmu otcyrcrByeT OJTHA H3 HCXOAHBIX (OPMYTI. HEOOXOmHMASL
I pelleHHd JAHHOH 3aJavH (HIH yTBepAJeHHe. Jekallee B OCHOBE
pEIIeHHA), HO MPHCYTCTBYIOT JIOTHYECKH BEpHEIE MPeoOpazoBaHHA C
HMEIOITHMHCA QOPMYIAMH, HAIIPABIECHHEIE HA PEllleHHe 3a1aq9H.

W
B O,ElHOfr'I H3 HCXOIHBIX QOPMYJI. HEOOXOOHMEIX /UIA PElIeHHA JaHHOH
3a7avuH (HWIH B YTBepAKICHHH, JEKAIEM B OCHOBE PEIIeHHA). JOMYINEHa
OIHOKA. HO MNPHCYTCTBYIOT JIOTHYECKH BEepHEIE IIPeoOpa30BaHHA C
HMEIOMHMHCA QOPMYIaMH, HAIIPABIEHHEIE HA PElIeHHE 3a1a9H

Bce cayuaH pemeHHA, KOTOPHIE He COOTBETCTBYIOT BEINEYKA3aHHBIM
KPHTEPHAM BEICTABJICHHA OIEHOK B 1. 2. 3 damwia

Maxcumanrsrulil bain
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B coorBercTBUn ¢ IlopsgakoM mOpoBeAeHHA TOCYAAapCTBEHHOII HTOTOBOII
aTTeCTallllll 110 00pa30BaTeIBHEIM IIpOorpaMMaM CpPEIHEro OOMEero oOpa30BaHUA
(mpuka3 Munnpocemenns Poccun n PocoOpraazopa ot 07.11.2018 Ne 190/1512,
3apeructpupoBad MuHrwcToM Poccun 10.12.2018 Ne 52952)

«82. <...> Ilo pesyapTaTaM MNEpBOIl 1 BTOPOIl MPOBEPOK SKCIIEPTHI
HE3aBHICHMO JPYr OT Apyra BBICTABIAIOT OaUIbl 3a KaXKIBIIl OTBET HA 3aJaHIA
3K3aMEHaIOHHOII padoThl EI D ¢ pa3BepHYTHIM OTBETOM. <...>

B cinydae cylIecTBEHHOrO pacXoXKIAEHUSA B OallaxX, BBICTABIECHHBIX ABYM:A
KCIEepTaMIl, Ha3HauvaeTcs TpeTha NOpoBepKa. CYIIECTBEHHOE PACXOK/EHIIE B
Oa/tax ONpeAe/IeHO B KPUTEPHSIX OLEHIBAHUIA II0 COOTBETCTBYIOIIEMY YVUEOHOMY
IIPEIMETY.

DKCIEpPTy, OCYIIECTBIAIIIEMY TPEThIH IIPOBEPKY, MNPEAOCTABIACTCA
nHopmamiss o OamrlaX, BBEICTABICHHBIX OJKCOEpPTaMI, paHee IIPOBEPSIBIIIIMII
3K3aMEHALIIOHHVIO padoTy».

Ecnn pacxoxaeHne coctaBisgeT 2 nin 0ojiee 0alia 3a BBIIIOIHEHIIE TF000T0
113 3aJaHUIl 25—32, TO TPETUIl 3KCHepPT IIPOBEPAET TOIBKO T€ OTBETHI Ha 3aJaHI,

KOTOPEBIC BBI3BAJIII CTOJIb CYIIICCTBCHHOC PACXOK/ICHIIC.



