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1.001mmue noJioxeHust

KoHTponbHO-OLIEHOUHBIE  CpeACTBAa MpeIHA3HAuYeHbl JUIsl KOHTPOIS U  OLIEHKHU
00pa30BaTEeNbHBIX JOCTIKEHUH 00yJaroUIXcsi, OCBOMBIIUX nporpammy aucturminasl CO.02.01
®dusuka.

@OHJ OLEHOYHBIX CpPEACTB BKJIIOYAET KOHTPOJIbHO-OLIEHOUYHBIE CpEACTBA
IPOBEIEHUS TEKYILEro KOHTPOJIS ¥ IPOMEXYTOUHON aTTecTallui B popMe IK3aMeHa.

Texkymmii KOHTpPOJIb YCIIEBa€MOCTH NPOBOJUTCA B TEYeHHE cemecTpa B (opme
HEPUOIMYECKOTO BBIOOPOYHOIO YCTHOTO ONpOCa MO NPOWICHHBIM pas3jielaM U KOHTPOJd 3a
BBITTOJIHEHUEM 33JJaHUI Ha 1a00pATOPHBIX M MPAKTHYECKUX 3aHATHSIX.

Jiae:

2. Pe3yabTaThl 0CBOEHHS M CHUILIHHBI, MOAJIEKAIIHE TTPOBEpPKe

PesyabTarsl 00yuenust
(ymeHus1, 3HaAHMS1, 001IME
KOMIIETEHIIUHN)

OcHOBHBIE TOKA3ATEJIN
OIIEHKH Pe3yJIbTaTOB

Dopma KOHTPOJIA U
OLICHUBAHHSA

3HATE:

-c(hOpMUPOBAHHOCTH  MPEJCTABICHUN
0O pomu W Mecte (UBUKH B
COBPEMEHHOM HAay4YHON KapTHUHE MUpA,
0 CHCTEeMOOOpa3yroIie ponu (Gpu3NKH
B pa3BUTHUH E€CTECTBCHHBIX HAayK,
TEXHUKU U COBPEMEHHBIX TEXHOJIOTUH,
0 BKJIQJIE POCCUHCKUX U 3apyOeKHBIX
yUeHBIX-(DU3UKOB B pa3BUTHE HAYKH;
(U3HUECKYIO CYIITHOCTH
Ha0JII0/1aeMBIX SIBIEHUH MUKPOMHMPA,
MaKpoOMHpa U METaMupa;

pomn  ¢u3MKK B (HOPMHPOBAHHUH
Kpyrosopa u (byHKIMOHATHHOH
PAaMOTHOCTH YEJIOBEKa JUIS PEIICHHSI
[PaKTUYECKHX 33/1a4;

-Jlatb omnpeeeHue
CII0CO00B MEXAaHUYECKOT'O
JIBMKCHUS. [IpuBectu

MPUMEPHI JJIs1 KaKI0T0 U3
HUX;

- CdopmynupoBath
MOHSTHE CUJIBL,
JNEUCTBYIOLIEH Ha TEJo.
Ykazartb CIMHULLY
n3Mepenus. [lepeuncnuthb
OCHOBHBIE CHUTHI,
JNEUCTBYIOIIME Ha TEJO
MIpY IBI)KEHU;

- ChopmynupoBath 3aKOH

COXpaHEHUsS  HMMIYJbCa.
Hatb omnpeaeneHue
K101 buznueckoit
BCIIMYMHE, BXOJIAINCH B
bopmyy. VYka3arb
€UHUIIBI U3MEPEHUU B

cucteMe CHU. OOBACHUTH
3HAQYCHHE  PEAKTUBHOTO
JIBIDKEHUA Ha IIPUMEpPE
NBIDKEHUA KOCMHUYECKOU

PaKETBL.
Hatb YETKOE
oInpeeIcHue
PaBHOYCKOPEHHOI'O
IIPSMOJIMHENHOTO
JBUKCHHUS TeN u
PABHOMEPHOI'O JIBUKEHHUS
Tedl IO  OKPYXHOCTH.
IIpuBectu IIPUMEPBHI

TaHHOTO BHJA JIBIDKCHUS.
Ymenue cobupaTthb
MPOCTEUIITYIO

SJICKTPHUYCCKYTO OCIIb.

— [leproauyueckuii yCTHBIN
oI1poc

- HaOironeHue 1 OreHKa
KadyecTBa paboOT Ha
TabopaTOPHBIX U
[TPAKTUYECKHUX 3aHATUSIX

— KoHTpomnb
CaMOCTOSITENTbHON PabOTHI.
— DK3aMeH




[Togkmrouate  TIpUOOPHI
napayuienbHO u
MOCJIeI0BATENBHO.
YMeHue IIPUMEHSATH
HEOOXOaUMBIE  (POPMYITBI
JUIL  pacdera OCHOBHBIX
rapaMeTpoB

AJIEKTPUYECKON LIETIN.
[IpuBectun MIPUMEPbI
KoJIe0aTeIbHbBIX
JNBW)KEHU B  MPUPOJE.
[Iepeuncnuts OCHOBHBIE
XapaKTePUCTUKH
K0J1e0aTeIbHOTO
TIBUDKECHUS. Penrtate

3aga4ynu € MPUMCHCHUCM
dbopmyi.

YMeTh:

- pacrio3HaBaTh (u3HYECKHE SBICHUS]
(TIporteccel) U OOBACHATh WX Ha OCHOBE
M3YYCHHBIX 3aKOHOB;

- BJIQIETh  OCHOBOIIOJIATAIOIINMHY|
(bM3MYECKUMH TIOHATHUSMHU U BETTMYNHAMH,
XapaKTepU3yIOIUMHU (buzndeckue
[TPOIIECCHI;

- BIIAJCTh 3aKOHOMEPHOCTSIMH, 3aKOHAMU
1 TeopusaMH  (3aKOH  BCEMHPHOTO
rsrotenns, I, II u III 3akonsr HeioToHa,
3aKOH COXpaHEHUS MEXaHUYECKOH
DHEPruy, 3aKOH COXPAaHEHUS HMITYJbCa,
MPUHIUI CYNCPIO3UIMHU CUJ, MPUHIIUIL
[PABHOMIPABHOCTH HWHEPLHUAIBHBIX CHUCTEM|
0TCUETa,; MOJIEKYJISIPHO-KUHETHUECKYIO0
TCOPUIO CTPOCHUSL BEIIECTBA, T'a30BHIC
3aKOHBI, MEPBBIM 3aKOH TEPMOJUHAMUKH;
3aKOH  COXPAHEHUS  BJIEKTPUYECKOIrO
Bapsana, 3axkoH Kymnona, 3akon Oma s
ygacTka 1enw, 3akoH Oma JuIsl TIOJTHOMH
PIIEKTpUUECKON 1enu, 3akoH Jlxoyns -

Ulenia, 3aKOH 3JIEKTPOMAarHUTHOU
MHAYKIAY, 3aKOH COXPAaHEHHWS JHEPTHH,
3aKOH NPAMOJIMHENHOTO)
[pactipocTpaHeHHS CcBeTa, 3aKOH

OTpaXKCHUS CBETA, 3aKOH TIPEIIOMIICHUS
CBETA; 3aKOH COXPAaHCHUS SHEPTUH, 3aKOH
COXpaHEHUs HMITYJIbCa, 3aKOH]|
COXpaHEHUs  JJIEKTPUYECKOTO  3apsia,
3aKOH COXpPaHEHHS MAacCOBOr0O 4YHUCHA,
ocTynatel bopa, 3aK0H pagnOaKTUBHOIO
pacrana);

- YBCPCHHO HWCIOJIb30BATH 3aKOHBI W
3AKOHOMCPHOCTHU npu aHAJIN3¢

- OIUCHIBaTh M OOBICHATH
¢busznueckue SBICHUS U
CBOMCTBa TeEJI: ABWKECHUE
HeOecHplx Ten u MC3,
pacripocTpaHeHue

AJIEKTPOMArHUTHBIX BOJIH,

BOJIHOBELIE CBOICTBa
CB€TA, I/IBJIY‘-IGHI/IG nu
MIOTJIOLIEHNE CcBeTa

aTomMoM, (hoTodpheKT;

-OTJWYaTh THUIOTE3bl OT
HAy4YHBIX TEOpUH, AeNaTh

BBIBOJIbI Ha OCHOBC
AKCIIEPUMEHTATBLHBIX
JaHHBbIX, HpI/IBO,Z[I/ITI:
TIPUMEDHI,
IIOKAa3bIBaroOmue, qyToO
HaOJIIOAEeHUS u

OKCIIEPUMEHTHI SBIISIOTCS
OCHOBOH IS
BBIIBMOKCHUS THUIIOTE3 M
TEOpUid, MO3BOJISIIOT
MPOBEPUTh  MUCTUHHOCTH
TEOPETHYECKUX BBIBOJIOB,
busnueckas Teopusl JaeT
BO3MOXKHOCTh OOBSICHATH
WU3BECTHBIC SIBJICHUS
MPUPOJBI W Hay4YHbBIC
GbakTel, TNpenCcKa3bIBATh
elrie HE W3BECTHBIE
SIBJICHU, MIPUBOIUTH
MPUMEPBI  TTPAKTUYECKOTO

[lepronruecKkuil yCTHBIN
oTpoc

— HaOnronenne u oneHka
KadecTBa pabOT Ha
abopaTOpHBIX U
[IPAKTUYECKUX 3aHATUIX
— KoHnTtpoib
CaMOCTOSATEIIbHON PabOThI
— DK3aMeH




(bM3UYECKUX SBJICHUIA U TIPOIIECCOB;

- YUUTBIBATh T'PaHUIBI TIPUMCHCHUS

M3yYeHHBIX (QU3MUYECKIX MOJICICH;

- TPOBOJUTH IMpSIMble W KOCBECHHBIC
M3MepeHUs (duzngecKux BEJINYHH,
BBEIOMpAs ONTHMAJTBHBIT CII0CO0|
M3MEpEHUs] ¥ HCIIONBb3ys HM3BECTHBIC
METOIBI OIICHKHU MOTPEeIIHOCTEH

M3MEpPEHM, HCCIEeN0BaTh 3aBUCHUMOCTEH]
(bU3NUECKNX BETMYUH C MCIIOJIb30BaHHEM|
MPSMBIX H3MEPECHUH;

- OOBSCHATH TOJYYCHHBIE PE3yIbTaThl,
MCTIONB3YS (PU3MUECKUE TEOPHH, 3aKOHBI U]
[MOHSITHS, U JISNATh BBIBOJIBL;

-coOMIoaaTh MpaBuiia 0€30MacHOTO TPYa
[pY MTPOBEJICHUM MCCIICJOBAaHUN B paMKaXx|
yIeOHOTO OJKCIEpUMEHTa W  y4eOHO-
MICCIIeIOBATEILCKOM  JICATSILHOCTH (|
MCTIOJTb30BaHUEM U POBBIX
M3MEPHUTEITBHBIX YCTPOWCTB u
TabopaToOpHOTO 000PYAOBAHUS;

- pemaTh pacueTHBIC 3aJadd C SBHO
3aTaHHOMI (huzmueckoit MOJIENbIO,
MCToNb3ys  (pU3MYecCKHe  3aKOHBI 1]
[TPUHIIATIBL,

- IPUMCHATH IMOJTYYCHHBIC 3HAHUA I

OOBSICHEHUSI  yCJIOBUH  NIPOTEKaHMUS
(U3MUECKUX SBICHUH B TPHPOJAE H
NNE TIPUHSTHUS MPaKTUYECKHX
[pELICHHUIT B MOBCEAHEBHOM >KU3HU J1JIs
oOecrieueHus npy|

oOparieHuu ¢ OBITOBBIMH TIpHOOpamMu|

0€301acHOCTH
1 TEXHUYECKHUMM  YCTPOWCTBaMH,
COXPAHEHHUS 3I0POBbS U COOJIOJCHHUS
HOPM 93KOJIOTUYECKOTO TIOBEJCHUS B
OKpY>KaroLLEeu Cpere;

HCIIOJIE30BAHMS
¢buznveckux 3HAHUM:
Pa3IMYHBIX BHJIOB
ANEKTPOMATrHUTHBIX
W3ITydeHUHN I Pa3BUTHUS
paauo- u
TEJICKOMMYHHUKAIIHH,
KBaHTOBOM  (u3uku B
CO3JaHUuU 0 (S0): (0)1
SHEPTETHKH, Ja3epoB;
obOecreyeHus
0e30IMacHOCTH

KU3HCACATCIIBHOCTH B
mponecce HMCIOJIb30BaAHUA

TPAHCIOPTHBIX  CPEICTB,
OBITOBBIX
AIEKTPONPUOOPOB,
CpEICTB paauo- u

TEJIEKOMMYHUKAIIHOHHOMN
CBA3HM, OLCHKH BJIMAHUA
Ha OpPraHW3M 4YeJIOBEKa U
Ipyrue OpraHu3Mbl
3arps3HEHUS
OKpY>Kalollen Cpeibl;




3. KoHTPOJIbHO-0LICHOYHBbIE MAaTePHAJIb]l TEKYIIEero KOHTPOJIsI

B kaduectBe KOHTPOJBbHO-OLUCHOYHBIX MAaTCPUAJIOB TEKYIIECTO KOHTPOJIA UCIIOJIB3YIOTCA:

3.1. llepuoguueckuii yCTHBII ONpoc
Pazngea 1 OcHoBHbBIE 3aKOHBI QU3MKHU

Yro Takoe pusuka?
Urto Takoe metox?
UTto Takoe sKCEepUMEHT?
Kakue Buabl MaTepuu BaM U3BECTHBI?
Urto onpenensier Bpemsi?
Kaxkue enuHuIbl pU3NUECKUX BETHYUH SBISIOTCS OCHOBHBIME B CI?
Yo BBIpaKaAOT GU3UIECKHE 3aKOHBI?
Uto HE0OX0aMMO 3HATH O (PU3UIECKOM 3aKOHE?
CKOJIBKO THIOB B3aUMOICHCTBHUS MPEIOJIaraeT COBpeMeHHas pu3uka?
0. Yto onpenensieT mpoCTPaHCTBO?
Pa3zgen 2 Mexanuka
1. Kakumu OykBamu 0003Ha4aroTCs cleAyronye Gu3ndeckiue BeIMYUHBI: CUJla, CKOPOCTH,
yTh, YCKOPEHHE, Macca.
B kakux enuHUIIAX U3MEPSIOTCS IEPEUUCIICHHbBIE (PU3NYECKIE BETUIIMHBI?
Kakoe nBm>xeHue Ha3bIBa€TCA MEXaHUYECKUM?
Kaxkoe teno Ha3pBaroT cBOOOIHBIM?

2
3
4.
5. CdopmynupyiiTe nepBbiii 3aKkoH HptoTOHA.
6
7
8

=00 NNk~

Kakyro cucreMy oTcuera Ha3bIBalOT HHEPLUAIBHON?

JaiiTe onpeneneHue CUIIbIL.

Cdopmynupyiite Bropoii 3akoH HetoToHa.
9. Kakyto cuity Ha3pIBatOT LIEHTPOCTPEMUTEIBHOMN?
10. Chopmynupyiite TpeTnii 3akoH HproToHa.
11. Kakas ¢hu3udeckas BeIMUHHA SBIISIETCS MEPOH MHEPTHOCTH TeJa?
12. YeMy 4HCIIEHO paBHO YCKOPEHHE CBOOOTHOTO TafeHUs?
13. Kakoe cocTosiHuE Tena Ha3pIBalOT HEBECOMOCTBIO?
14. BocnipousBectu (popMyIHpPOBKY M Hanucarh (hopMyay KHHETHUECKOW IHEPTUH.
15. ChopmynupoBaTh 3aKOH COXpaHEHHsI SHEPTUU M HAUCaTh (GOpMYIy.
16. BocipousBectu (popMyIHpOBKY M Hanucarb (GOpMyay MOLTHOCTH

Pa3nes 3 OcHOBBI MOJIEKYJISIPHON (DM3MKH H TEPMOANHAMHUKH

OCHOBHBIE TIOJIOKEHUS MOJIEKYJIIPHO-KUHETUYECKON TEOPUH
Urto Takoe Monekymna?
Yro Takoe aTom?
Yem 00yciioBIeHO OPOYHOBCKOE JIBHKCHHE?

AN e

Uro Takoe nuddysus?
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Kaxkwue arperaTtHble COCTOSIHHS BEIIECTBA CYIIECTBYIOT?
Kaxkoii ra3 Ha3wIBaOT HacaILHBIM?

HazoBute napameTpbl COCTOSIHUS ra3a.

Yro Takoe IaBicHHC Ta3a?

. Kakumu npubopamu u3mepsioT naBjieHue raza’?
11.
12.
13.
14.
15.
16.

Uto Takoe n30mpouecch?
[lepeuncirure OCHOBHBIE TAPaMETPHI BEILIECTBA.
VYcnoBust MpoTeKaHus: TEPMOJIUHAMUYECKOTO TIpoLecca.
Kaxoit mporiecc Ha3pIBaeTCst H300apHBIM
Kaxkoii mpotiecc Ha3bIBaeTCsi U30XOPHBIM
Hanummure ypaBHeHne MenneneeBa-Kinaiinepona
Pa3nesn 4 OCHOBBI 2JICKTPOAUHAMUKH
Kakast ¢usnueckas BeTUIMHA OMPEEISICTCS OTHOIICHHEM CUJIBI, C KOTOPOU JEHCTBYyeT
3JIEKTPUYECKOE TI0JI€ Ha JJIEKTPUUYECKUN 3apsll, K 3HAUEHHIO 3TOro 3apsaa’
Kak Ha3biBaeTcsi OTHOIIEHHE pabOThHI, COBEPIIAEMON AJIEKTPUYECKUM  TOJIEM IpH
MEPEMEIICHUH TOJIOKUTEIBHOTO 3apsiia, K 3HAYEHUIO 3apsaa’
Kakoe HampaBneHue TNOpHUHATO 3a  HANpPABJICHHE  BEKTOpAa  HANPSHKEHHOCTH
ANEKTPUYECKOTO TMOJs?
M30BITOK UITH HETOCTATOK DJIEKTPOHOB COJICPIKUT MOJIOKUTEIHHO 3apsSKEHHOE TEN0?
MoryT nu CUJIOBBIE JIMHUU TepeceKaThcsi? 3aBUCHUT JIM AJIEKTPOEMKOCTh KOHJIEHCATOpa
OT 3apsija Ha ero oOKIagKax?
B kakux equHuUIIaX U3MEPAETCS MNEKTPOEMKOCTh B cucteme CHU?
Pacckaszath ycTpoHCTBO MPOCTENIIEr0 KOHIEHCATOPA.
Kaxkue konebaHust Ha3pIBAIOT TAPMOHUYECKUMU?
Jaiite onpenenenre 4acToThl, IEPUOa U aMIUIUTY/IbI KOJIeOaTeIbHOTO JBUKECHHUSL.

. I[lo xakoMy 3aKOHY M3MEHSIETCSI CKOPOCTh, YCKOPEHHUE MPU CBOOOIHBIX TAPMOHHUECKUX

KoJieOaHusax?

. Kakne Mexannueckue KoneOaHus Ha3bIBAIOT CBOOOHBIMU?

. OT 4ero 3aBUCHT MEPHO] KOJICOAHHSI MATEMAaTHIECKOTO, IPYKHHHOT'O MasiTHUKA?
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.

Kakue mexanndeckue KoneOaHus Ha3bIBAIOT 3aTyXAOIIUMU?
Kakune Mmexannyeckue KojieOaHusI Ha3bIBAIOT BHIHYKICHHBIMU ?
Kakoe sBieHrEe Ha3bIBAIOT MEXaHUYECKUM PE30HAHCOM?
Yro npeacraBisieT co00i MarHUTHOE ToJIe?
Uto Ha3bIBAIOT BEKTOPOM MAarHUTHOW MHAYKIIUH?
UTo HA3BIBAIOT JUHUSMU MarHUTHON MHAYKITUU?
Kaxue nomns Ha3pIBatoT BUXPEBBIMU?
ChopmynupyiiTe NpUHIMI CYNIEPIIO3UITUH TTOJICH
Cdopmynupyiite 3akoH Amiiepa
Yto HA3BIBaIOT MAarHUTHBIM IIOTOKOM?
Kaxkas cuna geiicTByeT co CTOPOHBI MAarHUTHOTO MOJIS Ha ABMXKYIIUICA 3apsi?
UTo Ha3bIBAIOT YACIBHBIM 3apsaom?
Kakue yckopuTenu 3apsokeHHBIX YaCTHUI] BAM U3BECTHBI?
Pa3nen 5 Kojieoanust u BOJIHBI
Kaxkue nBrmxeHuns Ha3bIBAIOT KOJeOaTeILHBIMU?
Kakwue konebanus Ha3pIBalOT TAPMOHUYECKUMU?
JaiiTe onpeenenre 4acToThl, IEPHUOIa U aMILIUTY bl KOJIeOaTEeTbHOTO JBUKCHHSL.
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[To xakoMy 3aKOHY M3MEHSETCS CKOPOCTh, YCKOPEHHE MPU CBOOOTHBIX TAPMOHUYECKHIX
KOJIeOaHMIX ?

Kaxue cuinbl Ha3bIBatOTCA KBa3uyNnpyruMu?

Kakune mexannueckue Koae0aHua Ha3BIBAIOT CBOOOTHBIMHU?

OT 4ero 3aBUCHT MIEPHOJ] KOJICOAHHSI MATEMATHIECKOT0, IPYKHHHOTO MasiTHUKA?

Kakne Mmexannyeckue KojeOaHusl Ha3bIBAIOT 3aTyXAIOITUMU?

Kakune Mmexannyeckue KojieOaHUsI Ha3bIBAIOT BHIHYKIEHHBIMU ?

. Kakoe siBneHne Ha3bIBalOT MEXaHUYECKUM PE30HAHCOM?

. Kakum 006pa3om BO3HUKAIOT CBOOOIHBIE KOJIEOAHUS B KOJIEOATETLHOM KOHTYpe?
. Kakue xonebanus Ha3bIBAIOT 3aTyXaOMUMH?

. Uro mpexacrapinseT co0oii aBToKoiedaTenpHas cucrema’?

. Kakue sanexrpoMarauTHbeie KOJIeOaHHs HA3bIBAIOT BEIHYKICHHBIMU?

. Kakoii Tok Ha3bIBalOT IepeMEHHBIM?

. Uto Ha3pIBalOT MTHOBEHHBIM 3HaueHueM Toka? Hanpsokenus? 3C?

. Chopmynupyiite 3akoH Oma AJis e IEPEMEHHOTO TOKa

. UeMy paBHa MOIIHOCTbH B IIETIH EPEMEHHOTO TOKa?

. Kak yctpoen Tpanchopmarop u uem onpeaensercs kodgphuueHt tpaachopmaruu’?
. PacckaxuTe 0 noiyyeHuu, nepeaade u pacnpeelIeHuU AIEKTPOIHEPTUH.

. Kakum 06pa3om Bo3HHKAIOT CBOOOHBIE KOJIEOaHUs B KOJIeOaTeTbHOM KOHTYpe?
. Uro mpexacrapiseT co0oii aBToKoiedaTenpHas cucrema’?

. Kakoii Tok Ha3bpIBaeTCs NEpEMEHHBIM ?

. Kak ocymiectBisieTcs reHeprupoOBaHUE MEPEMEHHOTO TOKa?

. Kak onpenenstorcst 1€MCTBYIONINE 3HAYEHUS IEPEMEHHOTO TOKa?

. Chopmynupyiite 3axkoH OMa AJ1s e IEPEMEHHOTO TOKa

. UeMy paBHa MOIIHOCTbH B IIETIH EPEMEHHOTO TOKa?

. Pacckaxkute 0 mosryueHuu, nepeaadu U pacupeieIeHUH 3IeKTPOIHEPI U

Pa3nesa 6 OnTuka
Kakyro npupony nmeer cet?
Jaiite onpeneneHue QJIMHBI CBETOBOM BOJIHBI.
Urto Takoe cBeTOBOM Jyu?
UTo Ha3bIBAIOT YIJIOM MaJACHUA? YTIOM OTpaKeHUS?
CdopmynupyiiTe 3aKOHBI OTPAKEHUS CBETA, 3aKOHBI TPEIOMIICHUS CBETA.
Yto Ha3BIBAIOT aOCOTIOTHBIM TTOKA3aTeNIeM MPETOMIICHUS?
UTo0 Ha3bIBAIOT YIJIOM MOJHOTO OTPAXKEHUS?
UTto Ha3bIBAIOT NPEAEIBHBIM YIJIOM IOJIHOTO OTPAXKEHUS?
Uro Ha3bIBalOT UHTEp(hepeHueii ceera?

. Kakue BoHBI Ha3bIBaIOT KOTEPEHTHBIMU?

. UTo Takoe onTUUYECKUN U T€OMETPUUECKUM ITyTh cBETa?

. Uro Ha3wIBaroT Audpaknyen ceera?

. O0BsicHuTe TUdpPaKINIO HA OJTHOH TIen?

. UTo Ha3bIBAIOT IUCHIEPCUEN cBeTa?

. Uto Takoe criekTp?

. Kakue cymiecTByroT IMHUM CIIEKTPOB U3JIy4eHUs?

. Kakue BemiecTBa 1at0T CIUIONTHOM CTIEKTP?

. Pacckaxxute 06 nH(ppakpaCHOM U3IIy4YE€HHH U €r0 CBOMCTBAX

Pa3nes 7 OcHOBBI cIeNMAJIBHON TEOPHH OTHOCHTEJILHOCTH



Uto Takoe Teopusi OTHOCUTEILHOCTH?

Pacckaxxure onbiT Malikenbcona-Mo3iu.

CdopmynupyiiTe nepBblii MOCTYIAT OTHOCUTEIILHOCTH

CdopmynupyiiTe BTOpoil OCTYJIAT OTHOCUTEIEHOCTH

Chopmynupyiite PensTUBUCTCKUN 3aKOH CIIOXKESHHSI CKOPOCTEH.

3anumute GopMyay HaXOXKACHUS OTHOCUTEIBHOCTH MPOMEKYTKOB BpEMEHU
OOBbsicHUTE CBSA3b SHEPTUU U MACChI TeNa.

e B o

Chopmynupyiite PenssTHBUCTCKOE COKpallieHNne JTHHBI

Pa3znesn 6 DieMeHTHI KBAHTOBOH (pM3MKH
Chopmynupyiite runoresy [Inanka.
Uro Takoe kBaHT? Uemy paBHa SHEprus KBaHrta?
Yemy paBHBI 2)HEPTrHs, Macca, UMITYJIbC GOTOHA?
Uto Ha3bIBAIOT SBJICHHEM BHEITHETO GoTodddekra?
Chopmynupyiite 3akorsl CTOJIETOBA
OO0mbsicHUTE ypaBHEHHE DHHINTEHHA 17151 BHELIHero (GoTtodddexTa
Kaxoit hoToapdext Ha3piBaroT MHOTO()OTOHHBIM?
Kakwue tunsl poTo37€MEHTOB BaM HU3BECTHBI?
Kaxkue Bunbt hoTodrpdekToB Bam U3BECTHHI?
. Uro Takoe (pOoTOnpOBOIUMOCTD?
. B ueMm 3akmrouaercs siBIIEHHE PAJUOAKTUBHOCTH?
. KakoBa npupoza paainoakTUBHOIO U3Iy4eHUS?
. Hanmummre 3akoH pasinoakTUBHOTO pacnaaa
. UTo Ha3bIBAIOT MEPUOJIOM TOTypacmaia

XN B W=

—t
D W~

—_
9]

. UTO Ha3BIBAaIOT MACCOBBLIM YHMCJIOM?

—_
(o)

. Kak onpenenstror nedekT Macchl U SHEPTHIO CBA3H sapa’

—_
-

. Uro Takoe saepHas peakuus?

—_
[o¢]

. Kakyto sepHyro peakiuio Ha3bIBatOT LEMHONU?
. JlaiiTe NOHATHE KPUTUYECKON MACCHI.

o =
S O

. Pacckaxkute 0 mosryyeHUU U MPUMEHEHUH PaJHMOAKTUBHBIX H30TOIOB.
. Pacckaxkxute 0 mepcrneKTUBaxX pa3BUTHS aTOMHON YHEPIETUKH.

[\
—

Pa3nen 7. BcejleHHasl M ee DBOJIIOUSA
Kaxkoe crpoenue nmeet Hama ["anaktuka?
Kaxk BO3HMKAIOT paguoragakTUKu?
Kak Bl moHMMaeTe OeckoHeuHOCTh BeenenHoii?
Yro Takoe MieuHblil myTh?
UYro uzydaer kocmosorus?
Chopmynupyiite 3akoH Xab0ma
Pacckaxute o Mozienu pacumupsonieics Beenennoit.
UTo Takoe peMKTOBOE U3TydeHUE?
9. Kak npoucxoaur pa3BUTHE 3Be3117

e I A o e

10. HazoBuTe naHeTsl, BXoAsaiue B cocTaB CoOTHEYHOH CUCTEMBI
11. Uznoxwute runote3y odpazoBanus miaHeT COTHEYHON CHCTEMBI.



Kpurtepuu onieHKkH yCTHBIX OTBETOB

KauecTBeHHas o1leHKa
Kpurepun 00pa3oBaTeNbHBIX
pe3yIbTaToB

OTBeTHl Ha BOIIPOCHI JaHbI B ITOJIHOM O6’beMe, BBICKA3bIBaAHU A

CBA3HBIC W JIOTUYHBIC, MCIIOJIb30BaHa HaydHas JICKCHUKa, OTtanuHO

IIPUBEJICHBI IIPUMEPBI.

Bonpoc packpbIT He B TOJHOM 00beMe, BBICKAa3bIBaHUS B
OCHOBHOM CBfI3HbIE U JIOTUYHBIE, HCIOJb30BaHa Hay4YHas

Xopowo

JeKCUKa, MpuBeieHbl mnpuMmepbl. OTBETbI Ha  BOIPOCHI
CUTHAIM3UPYIOT O HAJIMYUU IPOOIEMbI B TOHUMAaHUH TEMBI.
OTBeTpl Ha BONPOCHI B 3HAYUTEIBHOW CTENEHU 3aBUCIT OT
IOMOIIM CO CTOPOHBI IpPENnojaBaTes. Beicka3biBanus

Y 10BIETBOPUTEIILHO
HECBSI3HbIE U HeJlornuHble. Hay4Has 1ekcuka He MCIIONb30BaHa,
IpUMEPHI HE IPUBECHBI.
OTBeTHI Ha BONIPOCHI OTCYTCTBYIOT. HeynoBieTBopuTensHo

bl e

3.2. [Ipumep 3agaHuil KOJUIOKBHYMA

Koninoksuym 1
Bapuant 0

Mexanunueckoe asuxenue. [lepememenune. [1yts. CkopocTs.

PaBHOMEpHOE IPAMOJIIMHEWHOE JBUKEHUE. Y CKOPEHUE.

[lepsriii 3akon Herotona. Cuna. Macca. Umnynbsc

3akoH BcemupHOro Tsarorenusi. HeBecomocts. I'paButanmonnoe mose. Bec. CrocoObr
n3MepeHus maccel tena. Cuibl B Mexanuke. CHIIbl B IPUPOAE: YIPYTrOCTh, TPEHHUE, CHUIIA
TSAKECTH.

WneanwHblii Ta3. /laBiaeHue rasa.

Koninoksuym Ne2
Bapuant Ne0

ITonynpoBoaHuK
3aKOH 3JIEKTPOMArHUTHON MHAYKIIUH.
DJIEKTPUYECKUH  TOK B noynpoBoaHukax. CoOCTBeHHass MPOBOJIUMOCTH
MOJTYTIPOBOJHUKOB. [10yrIpoBOJHUKOBBIE TPUOOPHI
JlelicTBME MAarHUTHOTO MOJIS1 Ha MPOBOJHUK C TOKOM. 3aKOH AMIiepa. MarHUTHBIN MOTOK.
JlelicTBME MAarHUTHOTO MOJIS HA ABMKYIMiics 3apsia. Cuia Jlopenua.

KomnokBuym 3
Bapuanr 0

DNEeKTpOMarHuTHasi MpUpoJa CBETa. 3aBUCHUMOCTb MEXKIY AJUHOM CBETOBOW BOJIHBI U
YaCTOTOMN AJIEKTPOMArHUTHBIX KosieOaHuii CKOpPOCTh CBETA.
OTKpBITHIN KOJIeOAaTETbHBINA KOHTYP KaK UCTOYHHUK AJIEKTPOMArHUTHBIX BOJH
[Ipunmun [roiireHca. 3akoHBI OTPAKEHUS CBETA. 3aKOHBI mpenomieHus. [loaHoe
OTpakeHHE CBETa
KganroBas runotesa [Inanka. KBanToBas npupoza cBeta. JHEprHsl U UMITYIIbC (DOTOHOB.




5. Bwugsl cnextpoB. CrieKTpaibHbIN aHAJU3.

Konnoxksuym Neq
Bapuant Ne0
1. VHBapuaHTHOCTb MOAYJISI CKOPOCTH CBETA B BAKyyME.
2. Tloctynatel DiiHmTeitHa. CBSI3b MacChl M DHEPTUU CBOOOTHON YaCTHIIBI.
3. DKCHepuMEHTalIbHbIE METOABl PETUCTPALMU 3aAPSIKEHHBIX 4YacTUl. EcrecTBeHHas
PaauOaKTUBHOCTD U €€ BUJIbI
4. Snepnas monens atoma. OnbeiTel D. Pesepdopaa.
5. Slnmepnele peaktopel. [lomydeHne paguoOakTHBHBIX H30TONOB U UX IPUMEHEHUE B
MEAMILIMHE, TPOMBIIIIEHHOCTH, CEJIbCKOM XO035HCTBE.

Kpurepun oieHkH KOJII0KBHYMA

85-100% mpaBHIIbHBIX OTBETOB — 5 0AJLIOB;
75-84% mpaBUIIBHBIX OTBETOB — 4 Oaina;
55-74% npaBUIBHBIX OTBETOB — 3 Oaia;
Menee 55% npaBHIIBHBIX OTBETOB — 2 Oasuia.

3.3. OneHka BbINOJHEHHBIX MPAKTHYECKHUX U JIA00PATOPHBIX padoT, KOHTPOJIb
CaMOCTOSITEJILHOM padoThI

OreHka BBINOJHEHHBIX TNPAKTUYECKUX M JA0OpaTOpHBIX padOT BKIIIOYAET OLEHKY
Ka4yecTBa pPELICHMs 3alad M BBIYMCICHUN J1a0OpaTOpHBIX padoT, B XOJE€ KOTOPBIX CTYAEHT
JIOJDKEH TPOJEMOHCTPUPOBATh 3HAHUS TEOPETHUECKUX OCHOB IIpeIUIaraéMbIX —pasJIelioB,
IPOSIBUTH IPAKTUUYECKHE HABBIKK BBIMIOJIHEHUS JJAOOPATOPHBIX padoT U peIIeHus 3a1ad.

Kpurepun onieHuBanus:

— «OTIMYHO» — CTYIOEHT 3HAeT IIOCJIEJOBAaTEIbHOCTh BBINOJHEHMS — 3a/laHus,
BBITIOJIHEHHBIE MPAKTHUECKUE 3alaHUs U J1abopaTopHbIe pabOThI COJEpPKAT BCEM HEOOXOAMMBbIE
YCJIOBHOCTHU U TPEOOBaHMS;

— «XOpOILO» — CTYAEHT 3HaeT TpeOoBaHHS K O(OPMIICHHUIO J1a0OpaTOPHBIX paboT H
pELIEHHIO 3a/1a4, OJTHAKO UMEIOTCSI HE3HAYUTENIbHbIE HETOYHOCTHU IPU X 0()OPMIIEHUH;

— «yIOBIICTBOPHUTEIBHO» — CTYJCHT HMEET MOHATUS O NpaBWIaX peIleHHUs 3axady u
BBINOJIHEHUS JTa0OPAaTOPHBIX PA0OT; BBITOJHEHHbIE PA0OTHI UMEIOT HEKOTOPbIE HETOUYHOCTH U
OLIMOKH MPU BBIYUCIICHHSX.

— «HEYIOBJIETBOPUTENBHO» — IpPAKTHUYECKHE 3aJaHus M JabopaTopHble palbOThl He
COOTBETCTBYIOT TPEOOBAHUSAM BBIIIOTHEHHUS, PACUETHI UMEIOT 3HAYUTEIIbHbIE OIIMOKH.

Ouenka 3a cemecTp
CeMecTpoBasi OILIGHKa OIpelessieTcsl Kak OKpPYIJIeHHOe A0 IIeJIOr0 4ucia CpeaHee

apuMeTHYecKoe OLICHOK TEKYLIEro KOHTPOJs, IOJy4YeHHBIX B TEUEHUE CeMecTpa.



4. KOHTPOJIbHO-0LIEeHOYHbIE MATEPHAJIbI IJIsl IPOMEKYTOYHOM aTTecTaluu

Y4eOHBIM IJIaHOM 10 AUCHUILTHHE «DPU3NKa» MpelycCMOTpeHa TPOMEKYTOUHAs
aTTectanus B popMme sK3ameHa.

1.1. 3aganus

®usuka (3aganue B popMe TecTAa)
3aoanus 3akpeimozo muna:

B 3a0anusx 1-2 evlopams 00un npasuivhsii omeem.

1. KakoBa macca Tesia, eciM TOJ Bo3deiicTBUeM pe3yiabrupyomeii cuibl 240H ono
npuodpeJsio yckopenue 3 Cﬂz?:

A. 260kr;
b. 65kr;
B. 80xkr;
I. 130kr;
J. 1200kr;

IIpasunvuviti omeem: B

2. Kakoii npoBoAMMOCTBIO 00J121a10T METAJLIbI?:
HOHHOI;

IIEKTPOHHOM;

VMOHHOM U 3JIEKTPOHHOM;

3JIEKTPOHHOM U JILIPOYHOM;

. TIPOBOJIMMOCTBIO HE 00JIA/IAI0T;
IIpasunvuoii omeem: b

DOwe

B 3a0anuu 3 ycmaHoeums coomeenmcmeue.

3. YcTaHOBHTE COOTBETCTBHE MEKIY CTOIOAMH. 1). 3akon Cuemnnyca.

A). JlaBienue, mpou3BOIMMOE Ha KUIKOCTh HIIU Ta3,

nepenaéTcs B MIO0YI0 TOUKY 0€3 U3MEHEHUS.

b). OTHomeHue cuHyca yria najaeHus K CHHYCy yria 2). 3akon Ilackas.
[PEIOMIICHUS €CTh BEINYMHA [IOCTOSIHHASA I IBYX CPEZ. 3). Ilepssrii 3akoH HproToHa.
B). CymiecTByIOT Takue CHCTEMBbI OTCUYETA, OTHOCHTEIIBHO

KOTOPBIX TeJIa MOKOSATCS WU ABUKYTCS MPIMOJIUHENHO U

PaBHOMEPHO, €CJIM HAa HUX HE IEUCTBYIOT Ipyrye Teja WIN

JIEWCTBUE UX CKOMIIEHCHPOBAHO.

IIpasunvuoiti omeem:

A b B
2 1 3

B 3a0anuu 4 ycmanoeums npaguibHyo nocie008amenbHOCMb.



4.0OCHOBHOM 3aK0H AUHAMHUKH MOCTYNATECJIbHOI'0O ABUKCHUSA

(Btopoii 3axkon HeroToHa)

1. macca

2. 00paTHO MPOMOPIHMOHATIEHO
3. yCKOpeHue

4. cuna

5. MposSIMO MPOMOPIUOHATBHO

IIpasunvnoviti omeem:  3,5,4,2,1

B 3a0anuu 5 évibpame 1 unu Heckonbko NpasuibHbIX OMEEemos.

5 Kakoe BbIpa:keHHe COOTBETCTBYET H30XOPHOMY Ipoueccy?:
14
A E= const;

T

. 2= const;
T

B. % = const;

I'. pV = const;

. pV = vRT;

IIpasunvhoiti omeem: b

3aoanus OmMKpblmozco muna.

1.Tesno pa3ronsiercss Ha NPSAMOJINHEHHOM y4acTKe MYTH, IPH 3TOM 3aBUCUMOCTh
NMPOWIEHHOI0 TEJIOM IYTH .§ OT BpeMeHH f UMeeT BU/L:

)

S=4r+r.
CKOPOCTH TeJIa B MOMEHT BPeMeHHU f = 2 ¢ PU TAKOM JIBHKEHUH PaBHA

IIpasunvhoiti omeem: 8 m/c

2. Ha moay sindra, pa3sroHsiioierocsi BBepx ¢ NOCTOSHHBIM YCKOPeHHeM JIEJKHUT TPY3
Maccoi S kr. Bec 3Toro rpysa pasen

Ipasunvroiti omeem:55H

3.PacTaHyTasi Ha 2 CM CTAJbHAA NPYKUHA 00/1a/1aeT NOTEHUNAJIbLHOM YHEePruell ynpyroi
negopmanuu 4 Jlx. [loreHnuanbHas 3Heprus ynpyroi aepopManuu npu pactsizkeHUU
3TOM NMPYKMHBI emle HA 2 ¢cM OyaeT paBHa

Ilpasunvroiti omeem: 16 /o

4. Jledbenka paBHOMEpPHO MoAHUMAET rpy3 Maccoii 200 kr Ha BbIcoTy 3 M 32 5 ¢. MoHOCTH
ABHUTaTeIs1 Jie0eIKN paBHAa

Ilpasunvnwiti omeem: 1200Bm



5. B 3akpbITOM cocye HAXOAUTCH WAeadbHbIH ra3 npu aasjaennu 105750 Ila n
TeMIlepaType, COOTBETCTBYIOIEH cpeIHEeKBAAPATHYHOH CKOPOCTH TEIIOBOI0
XA0THYECKOr0 ABHKeHHUs MoseKy.1 494 m/. IL1oTHOCTH 3TOrO0 ra3a pasHa

. 3
IIpasunvhoiti omeem: 1,3 ke/m

6. B 6annoue o6bémom 1,66 M° HaxoauTes 2 KT MOJIEKYJISIPHOI'0 KHCJI0POJAA IIPHU AAaBJICHHU

10° Ia. Temneparypa kucjiopoaa paBHa

IIpasunvuoii omeem:320 K

7. B HeKOTOpPOM mpouecce HaeaJbHbIN ra3 noJay4n Kojan4ecTso Temaorbl S0 k. Ipu
3TOM BHYTPEHHsIsl JHeprus ra3a ypeanuuniaach Ha 20 /[xx. PaGora, coBepmiénnas ra3om B
3TOM Hpolecce paBHa

Ipasunvnwviti omeem: 30 [

8. IIbLTuHKY, nMeromyo 3apsa 3 MkKii, nepeMemialoT B 3JIeKTPOCTATHYECKOM MOJIe U3
OJHOM TOYKHU MPOCTPAHCTBA B APYry10. Pa3HOCTh MOTEHMAIOB MeKAY 3THMH TOUKAMH
paBHa 3 B. MoayJib padoThl, KOTOPYIO COBEPIIAIT IJIEKTPOCTATHYECKHE CHIIbI IPH TAKOM
nepeMelnieHN U JaHHON NBIJIMHKYA PaBeH

lpasunvuoiti omeem: Imk/ o

9. Cuna TOKa B NIPOBOJHMKeE NOCTOsIHHA U paBHa (0,5 A. Bpems, 3a koTopoe 3apsix 60 Ka
MPOoM/IeT Mo NPOBOJHUKY, PABHO

IIpasunvuoiii omeem: 600Kn

10. JIVHUM MHAYKIUA OJHOPOIHOI0 MATHUTHOTO MOJIS IPOHU3BIBAKT PAMKY ILUI0IIAAbIO 1
M mox yriiom 30° K eé MoBepXHOCTH, CO3/1aBasi MATHUTHBIN MOTOK, paBHbIi 0,2 BO.
Mopaysb BeKTOpa HHAYKIIUM MATHUTHOIO 10JISI paBeH

lIpasunvnwiti omeem:0,4 Tn

11. IlpAMo/IMHeHBIA NPOBOAHUK JIMHOM 0,5 M, 0 KOTOPOMY TeuyeT TOK 6 A, HaxXoAUTCs B
OTHOPOHOM MATHUTHOM noJjie. MoayJib BekTopa MaruHuTHoi unaykuuu 0,2 Ta,

MPOBOJIHUK PACIOJIOKEH MO yIJI0M 30" k BeKkTOpY B. Cuiia, nelicTByIOIIasi HA MPOBOJTHUK
€O CTOPOHBI MATHUTHOTO MOJISI PABHA

IIpasunvnoiti omeem: 0,3 H

12. IIpeamet pacnoJsio:keH Ha paccrossHuu 10 cm ot coonparomeii TMH3bI ¢ GOKYCHBIM
paccrosinueM 7 cMm. PaccTosinue OT JIMH3BI 10 M300pakeHHsl IpeIMeTa PAaBHO

Ilpasunvhoiii omeem: 23,3 cm

13. CuHYyC npeaeJabHOro yrJjia moJiHoro BHyTpeHHero oTpa:;keHus NMpu nepexojae cBeTa u3
BemecTBa ¢ n=1,5 ¢ n =1,2 paBeH



lIpasunvroiti omseem: 0,8

14. Ha pucyHke npeacrasieH ¢gparMeHT Ilepuoaudeckoi cucTeMbl 3J1€MEHTOB
JI. 1. MeneseeBa.

MpasunbHsili omeem: IMKIn

9. Cuyia TOKAa B IPOBOJHUKE NMOCTOsIHHA M paBHa (0,5 A. Bpems, 3a koTopoe 3apsia 60 Kiu
MPOoM/IeT Mo NPOBOJHUKY, PABHO

IIpasunvuoiii omeem: 600Kn

10. JIuHNM MHAYKIHMHA OJHOPOIHOT0 MATHUTHOYIO I10JISI IPOHU3BIBAIOT PaMKY IJIOIAAbI0 1
M’ moxt yriom 30° K e€ MOBEPXHOCTH, CO31aBasi MATHUTHBIN NOTOK, paBHbIi 0,2 BO.
Moay.b BeKTOpa MHAYKIIMA MATHUTHOT'O 110JIS1 PABeH

Ipasunvnuiti omeem:0,4 1Tn

11. llpsiMoTuHeHHBIH MPOBOAHUK J1JINHOIH 0,5 M, 10 KOTOPOMY Te4eT TOK 6 A, HAXOAUTCH B
OJHOPOJHOM MATrHMTHOM moJie. Moayuab BekTopa MarHuTHO# naaykuuu 0,2 Ta,

NMPOBOJHMK PACIOJI0KeH MO YIJIOM 30° k BekTopy B. Cuniia, nelicTByomas Ha NIPOBOAHHUK
€O CTOPOHBI MATHUTHOIO 110JI PaBHA

Ilpasunvhoviii omeem: 0,3 H

12. Ilpeamet pacnoJioskeH Ha paccTossHuM 10 cM oT coOuparomeii JHMH3BI ¢ (POKYCHBIM
paccrosiHueM 7 cM. PaccTosinue OT JIMH3BI 10 H300paKeHUs MIPeIMeTa PABHO

Ilpasunvhuiti omeem: 23,3 cm

13. Cunyc npeaejbHOro yrja moJHOro BHyTPpeHHero OTpaskeHus MpHu nepexoje cBeTa u3
BemecTBa ¢ n=1,5 ¢ n =1,2 paBen

lIpasunvuviti omsem: 0,8

14. Ha pucynke npeacrasJjieH ¢gparmenT Ileproanyeckoil CHCTEMbI 3/1eMeHTOB
O. U. MeHpeneesa.

Ipasunvhoiti omeem: 9mk/ e

9. Cuna TOKa B IPOBOJHMKeE NOCTOsIHHA U paBHa (0,5 A. Bpewms, 3a koTtopoe 3apsix 60 Ka
MPOoW/IeT Mo NPOBOJHUKY, PABHO

IIpasunvroiti omeem: 120c

10. JInHMM MHAYKIMH OJHOPOAHOI0 MATHUTHOIO 10JISl IPOHU3BIBAIOT PAMKY IIOIIAAbI0 1
M’ most yriom 30° K e€ MOBEePXHOCTH, CO31aBasi MATHUTHBIN NOTOK, paBHbIi 0,2 BO.
Moayb BeKTOpa MHAYKIIMA MATHUTHOT'O 110JIs1 PABeH

Ipasunvnwiti omeem:0,4 1Tn



11. IlpaAMouHeHBIH NPOBOAHUK 1JMHOM 0,5 M, 10 KOTOPOMY Te4eT TOK 6 A, HAXoAUTCs B
OJHOPOJHOM MATHMTHOM noJie. MoayJib BekTopa MarHuTHO nHayknuu 0,2 Ta,

NPOBOJAHHMK PACIOJIOKEH 0] YIJI0M 30° BekTOopy B. Cnia, geiicTByomas Ha NPOBOAHUK
€O CTOPOHBI MATHUTHOIO 1OJISI PaBHA

IIpasunvnoiti omeem: 0,3 H

12. Ilpeamer pacnoJsioskeH Ha paccTossHud 10 cM oT coouparomeii JINH3bI ¢ GOKYCHBIM
paccrosiHueM 7 cM. PaccTosiHue OT JIMH3BI 10 H300pakeHHs IPeiMeTa PAaBHO

Ilpasunvroviii omeem: 23,3 cm

13. CuHYC npeaeJbHOro0 yrJia moJJHOro BHyTPeHHero oTpa;keHus NP nepexojae cBeTa u3
BemlecTBa ¢ n=1,5 ¢ n =1,2 paBen

IIpasunvnuiti omeem: 0,8

14. Ha pucyHnke npeacranJjieH ¢gparmenT Ilepuoanyeckoii cucTeMbl 3J1eMEHTOB
J1. A. Menpaeneena.

I 1 11
1|1
H
1,00797
Boaopoa
2 3 415
Li Be B
6,939 9,0122 | 10,811
Jlutni L bepuanui 3 bBop ;
3 11 12|13
Na Mg Al
22,9898 24,312 | 26,9815
1 2 3
8 Harpuii 8 Maruwmii 8 ANOMHHHIA
2 2 2

Yucio 3J1eKTPOHOB B aToMe Oopa B paBHo

IIpasunvnuiti omeem: 5

15. PaGoTa BbIX0a VIS MaTepHAaJIa KaToa BAKYYMHOI0 ¢oTo3jiemMeHnTa pasHa 1,53B.
Karon ocBemaercss MOHOXpOMATHYECKHM CBETOM, Y KOTOPOTro 3Heprusi oToOHOB paBHA
3,53B. 3anuparniee HanpsikeHHe, IPH KOTOPOM (POTOTOK MPEKPATUTCH PABHO

IIpasunvnuiti omeem: 2B



4. KoHTPOJIbHO-0LICHOYHBbIE MaTePHAJIbI JJIsl IPOMEKYTOYHOM aTTecTalnu

Y4eOHBIM TUIAHOM 10 JucHUIUiMHEe «®DPu3nKa» MpeaycMOTpeHa MPOMEXYTOUYHas
aTTecTanus B opMe sK3ameHa.

BapuanTsl 3a1anuii

4.1. 3aganus
[Tpumep 3ananus (6unera):

MHMHHUCTEPCTBO CEJILCKOI'O XO3SMCTBA POCCUNCKON ®EJEPALIUN
JIEIIAPTAMEHT HAYYHO-TEXHOJIOT MYECKOM ITOJIMTUKU U OBPA3OBAHUS
®EJIEPAJIBHOE T'OCY JAPCTBEHHOE BIO/DKETHOE OBPA3OBATEJIBHOE
VYPEXIEHUE BBICILIETO OBPA3OBAHMSI
«JOHCKOU 'OCYJAPCTBEHHbBII ATPAPHBI YHUBEPCUTET»
JIOHCKOI arpapHbIi KOJUIEIK

C0.02.01 ®usuka YTBepKI€HO Ha 3acCeTaHUU
Mertoanueckoro coBera
Kommemxka
CrneunansHocth: 36.02.01 Betepunapus
[Iporoxkom Ne
or" " 20 r.
NHucTpykuus:
1. BHUMaTEIBbHO MPOYTUTE 3a/IaHUE.
2. MecTo BHITIOTHEHUS 3aJaHus: y9eOHast ayTUuTOpHUs
3. MakcumanbHOE BpeMs BBIIIOJTHEHUS 3aIaHUS:  MUH.
4. Bbl MOXeTe BOCIIOJIB30BAThCS: TUIAKATHI KadeAphl, CIpaBOYHAS TUTEPATYPA.

KBAJIMOUKALIMOHHOE 3AJAHUE Ne 0

1. JlaiiTe OTBEeTHI HA CJEAYIOLINE BONPOCHI:

1. Kunemarnyeckue XxapakTepUCTUKU U Tpaduyeckoe OMMCaHue PaBHOYCKOPEHHOTO
MPSMOJIMHEHHOTO IBH>KCHHUSI.
2. Cuna. Cuibl B IpupoJie: YIPYroCTH, TPEHUS, CUJIa TSHKECTH

Hupexrop [JoHckoro
arpapHOro KOJIJIeIKa

(moamuch) (®UO)
[Ipencenarens koMuccuu

(moamuch) (®H1O)
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15.

16.

17.

18.

19.

BapuanTtbl 3agaHui
Bomnpocsl k 3K3aMeHy N0 JUCHHMIVIUHE «DU3HKa»

Bunbl Mexannueckoro ABMKeHUs. OTHOCUTEIBHOCTh MEXAHUYECKOTO IBUKEHUS.
Cucrema orcuera. CKOpOCTh U YCKOPEHHE ITPU PAaBHOYCKOPEHHOM JABH)KEHUU.

Kunemarnyeckue XxapakTepUCTUKH U TpaduyecKkoe OMMcaHle PaBHOMEPHOTO
MPSIMOJIMHEHHOTO IBM>KCHHUSL.

Kunemarnyeckue xapakTepuCTUKU U Tpaduyeckoe OMHCaHUE PAaBHOYCKOPEHHOTO
MPSIMOJIMHEHHOTO IBH>KCHHUSL.

Cuna. Cuiibl B Ipupojie: yIpYrocTH, TPEHHs, CUjla TSXKECTH
Nuepumansubie cuctemsl otueta. [lepBsiil 3akoH HetoToHa. [IpuHnmn
OTHOCHUTENBHOCTH ["anunest

3akoH BceMupHoro tsaroreHus. Bec. HeBecoMocTs.
Nmnynbe. 3aKoH cOXpaHEHUs UMITYJIbca. PeakTUBHOE ABUKEHHUE
[TorenunanpHas ¥ KHHETUYECKasl YHEPTHs. 3aKOH COXPaHEHUs YHEPTHH B MEXaHHKE.

CB00OOTHBIC U BBIHYKJICHHBIC MEXaHUYECKHE KojicOanus. ['apMmoHnueckue
kosnebanus. CMeleHne, aMIuInTy1a, Iepruo/I, 4acToTa, (pasa. 3aBUCUMOCTh TIEpHOAa
KOJICOAHUI OT CBOMCTB CUCTEMBL.

Mexanundeckue BoHbI. [[muHa BosHbL. 3ByK. CKOPOCTh 3BYKA.
Mogenu cTpoeHus ra3oB, KUIKOCTEN U TBEPABIX TEIL.

OCHOBHBIE TOJIOKEHUS MOJIEKYJIIPHO-KMHETUUECKON TEOPUU U UX ONBITHOE
obocHoBaHMe. BpoyHOBCKOE IBIKEHUE.

TemnoBoe nBMxeHUE MOJIEKYI. AOCOTIOTHAs TEMIIepaTypa — Mepa CpeHen
KMHETUYECKON SHEPrUu

Monens uneanbHoro rasa. Csizb MEXAY AABICHUEM U CPEAHEN KUHETUUECKOM
SHEPTUEU MOJIEKYII.

I"azoBbie 3akonbl (Knaitnepona, I'eit-JIroccaka, apis)

WneanpHblil ra3. YpaBHEHHE COCTOSHUS UCATBHOTO Ta3a (ypaBHeHHe MeHeneeBa-
Kianeiipona).

BHyTpeHHss sHeprus u crnocoOsl ee u3MeHeHus. [1epBblii 3aK0OH TePMOAMHAMUKH.
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[TepBrrit 3akoH TepMoarHAMUKH. HeoOpaTuMOCTh TETIJIOBBIX MPOIIECCOB.

[TpuMeHeHre IepBOTO 3aKOHA TEPMOAMHAMUKHU K U30TIPOIIECCaM

Bropoii 3akon TepmoanHamuku. [Hukn Kapao

Tennoseie npurarenu. KIIJ] TemioBeix gBurarTeiei.

DJIEKTpUYECKUH 3apsii. 3aKOH COXpaHEeHUs 3apsiaa. BzauMoaencTBue 3apsiKeHHbBIX
tei. 3akoH KynoHa.

DeKTpUUECKOe MoJIe, ero MaTepuatbHOCTh. HanpsyKeHHOCTh U MOTEHIHA
ANEKTPUYECKOTO TIOJISL.

[IpoBOAHUKY M TUANEKTPUKH B AIEKTPUUYECKOM Mouie. J(uanexTpuueckas
MIPOHUIIAEMOCTb.

[TocTosHHBIN 35eKTpuyecKkuii TOK. CONpOTUBIEHUE yyacTKa 1enu. 3akod Oma jist

ydacTKa LeMu.
[TapamnensHOE ¥ MOCIEAOBATEIBHOE COSAMHEHUE TIPOBOJHUKOB.
DneKkTpoABMKYIas cuia. 3akoH Oma JJis TOTHOU (3aMKHYTOM ) TIETH.

TemnoBoe nerictBue Toka. 3akoH Jxoyns — JIeHna. MOIHOCTb 3J€KTPHUIECKOTO
TOKa.

[TonynpoBonnuku. CoOCTBEHHAs! ¥ IPUMECHAs! POBOAUMOCTb.
[TonynipoBoiHUKOBBIN 1ro. [1oaynpoBOAHIUKOBEIE TIPUOOPHI.

CB00OIHBIC HOCUTEINN HIIEKTPUYECKHX 3apsI0B B IPOBOJIHUKAX. MeXaHU3M
IIPOBOJAUMOCTHU TBEPABIX METAIIOB.

CB00OIHBIE HOCUTEIHN IEKTPUIECKOT0 3apsaa B IPOBOIHUKAX. MexaHu3M
IIPOBOAMMOCTH PaCTBOPOB U PACILIABOB AIEKTPOJIIUTOB

MarnautHoe nosie. ITocToIHHBIE MArHUTEI 1 MAarHUTHOE T10JI€ TOKa. MarauTHas
unaykmus. [IpaBuino 6ypaBunka

JlelicTBrEe MarHUTHOI'O 0JIs1 HA IPOBOJIHUK C TOKOM B MarHUTHOM noje. Cuiia
Awmrnepa. [IpaBuiio neBoii pyku

JIeCTBHE MarHUTHOTO IOJI HA JBUKYILYIOCS 3apsKEHHYIO YaCTUIy B MATHUTHOM

nosie. Cuna Jlopenia
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SIBieHME ANEKTPOMArHUTHOM MHIYKIMH. 3aKOH 3JEKTPOMaraHuTHON uHaykuuu. 31C
MHIYKIHUH B JBUXKYLIEMCS IPOBOIHUKE.

Konebarenpnbiii koHTYp. CBOOOIHBIE dMIeKTpuueckue koyedanus. [IpeBparienue
SHEpruu B KonedarerbHoM KOHType. COOCTBEHHAs 4acTOTa KojieOaHHii B KOHTYpeE.

IlepemennsbIit TOK. 3akoH OMa 171 IEPEMEHHOTO TOKA

DNEeKTpOMarHuTHOE 1oJje. DJIeKTpoOMarHuTHas BojaHa. CBONMCTBA 2JIEKTPOMAarHUTHBIX
BOJIH

[IIkana 3MeKTPOMarHUTHBIX BOJIH. [[ppuMeHeHne 371eKTPOMAarHUTHBIX BOJH B OBITY U
TEXHUKE.

CBer Kak >JIeKTpOMarHUTHas BOJIHA.
Jucnepcus ceera.
HNutepdepennius u qudpaknus ceera. JudpakimonHas pemerka

3aKOHBI OTpaXXE€HUs ¥ IpesioMiieHus ceera. [loHoe oTpaxenne. OnTuyeckue
PUOOPHI

JIunzsl. [TocTpoenue n3obpakeHus: B TOHKOM JinH3e. Dopmyia TOHKON JTMH3HI.
OnTHyeckas cuia JUH3bIL.

doroaddext. OnbiT A.I'. CToneroBa. 3akoHbI poTodddexTa.

Crpoenue atoMa. IInanerapnas Mmoznens u Moaens bopa. Ilornomenne n ucnyckanue
cBeTa aromamu. KBanTOBaHue sHEprum.

Crpoenne atomHoro sipa. [IpoToH u HeUTpoH. B3anMOCBsI3b MacChl U SHEPTUH.
DHeprusi CBA3M sapa.

PapnoaktuBHOCTE. BUbI pailiOaKTUBHBIX U3JIyYEHHN U UX CBOMCTBA

. 3aKOH PaJInOaKTUBHOTO pacraja

SAnepusle peakuuu. JleneHue u CUHTES SIED.



Kpurtepun onennBanus

DK3aMEHAIIMOHHBIN OWJIET CONEPKUT JIBa TEOpeTHYecKuX Bompoca. OleHuBaHUE
MIPOU3BOIUTCS 1O KaXJA0MY BoIpocy Ouseta. OTBEThl Ha TEOPETUUECKHE BOIIPOCHI OLEHUBAIOTCS
CIeIyIOIUM 00pa3oMm:

[IpaBUIIbHBIH, TONTHBIN OTBET, COACPKHUT HEOOXOAUMBIE OTBETHI U TIOJTHOE PELICHUE
3a7a4— 5 0aios;

[IpaBuUnbHBIN, HE TIOTHBIM OTBET, COACPKUT HEOOXOUMBIC PacueThl B 3aauax — 4 Oasia;

He TouHEI, HE MOIHEIIA OTBET — 3 Oajia;

HeBepHbrit oTBET/0TCYTCTBHE OTBETa — 2 Oaa.

Hroromast oleHka MO SK3aMEHY OMpEAENseTCs KaK OKPYIJICHHOE 10 IEJOro 4Yuclia
cpenHee apudMeTHyeckoe OaloB CEMECTPOBOM OIEHKM (TEKYIIET0 KOHTPOJIA) M OauioB IO
Ka)X/IOMy BOIIpOCy Ourera.

5.3apaHus OTKPBITOr0 M 3aKPHITOr0 THIA JIS1 IPOBEPKH OCTATOYHBIX 3HAHUI

3aoanus 3aKpvlmozco muna.

3. KakxoBa macca Tesa, eciim noj Bo3aeiicTBMeM pe3yJabTupylomei cuibl 240H ono
npuodpesio yckopenue 3 :’—2? (BbIOpATh OIMH BAPUAHT OTBETA):

A. 260kr;

b. 65kT;

B. 80kT;

I. 130kT;

I 1200xkT;

Ilpasunvhuiti omeem: B
Kaxkoii mpoBoIMMoCTbI0 00J121a10T MeTAJIBI? (BLIOPATH OJIUH BAPUAHT 0TBETA):
HOHHOI;
AJIEKTPOHHOM;
HWOHHOM U 3JIEKTPOHHOM;
AJEKTPOHHOU U JILIPOYHOM;
. MPOBOIMMOCTBIO HE 00JIA/IAF0T;
IIpasunvuoii omeem: b
3. YcTraHoBHTE COOTBETCTBHE MEXKIY CTOJIOIAMM. 1). 3akon Cuennmyca.
A). JlaBrienne, MpoOM3BOIMMOE Ha JKUJIKOCTh UJIU Ta3,
nepenaércs B M0OYI0 TOUKY 0e3 U3MEHEHHUS.
b). OTHomeHne cuHyca yriia najgeHus K CHHyCy yria 2). 3akoHn ITackars.
[IPEIOMIICHUS €CTh BEIMYMHA [IOCTOSIHHAS IJI ABYX CpeX. 3). IlepBsrii 3akoH HproToHa.
B). CymiecTByI0oT Takue CUCTEMBI OTCUETA, OTHOCUTEIHHO
KOTOPBIX TeJIa MOKOATCS WU ABUKYTCS MPSIMOJIUHENHO U
PaBHOMEPHO, €CIIM HAa HUX HE JIEUCTBYIOT JIpyrue Tea WIn
JEUCTBUE UX CKOMIIEHCHUPOBAHO.
Ilpasunvnuviii omeem:

HOWE s

A b B
2

4.OCHOBHO# 3aKOH IUHAMUKH MOCTYNATEIbHOI0 IBUKEHUS
(Btopoii 3akon HeloToHa) (ycmanosume npasuivHyo nociedo8amenbHOCHb)
1. macca




2. 00paTHO MPONOPLHUOHATIHLHO
3. YCKOpEHHE

4. cuia

5.

MIPOSIMO MTPOTIOPITUOHATHHO
Ilpasunvnwviii omeem:  3,5,4,2,1

6 Kakoe BbIpakeHue CcOOTBETCTBYeT H30XOPHOMY mpomeccy? (BbIOOP OIXHOIO
BAPHAHTA OTBETA):

=

v
— = const;
= const;

= const;

HISNIT Y

pV = const;
pV = vRT;
Ilpasunvnviti omeem: b

3aoanusa omkpwvimozo muna:

1.TeJsio pasronsiercss Ha NPAMOJIMHEITHOM YYacTKe MYTH, IPH ITOM 3aBUCUMOCTD
NPOiiIeHHOT0 TEJIOM IYTH .S OT BpeMeHH 7 umeeT Bux: S — 4 +1°
CKOPOCTH TeJIa B MOMEHT BpeMeHH f = 2 ¢ MPU TAKOM JIBUKEHHH PABHA
M/c

Ilpasunvnuiti omsem: 8

2. Ha moay sindra, pa3sroHsiioierocsi BBepX ¢ NOCTOSHHbIM YCKOPeHHeM JI€KUT
rpy3 maccoii S kr. Bec aTroro rpysa pasen H

Ilpasunvnuviii omeem:55

3.PacTsHyTast Ha 2 CM CTaJIbHAs NPYKHHA 00/1a1aeT MOTEHIMAJIBLHOM JHepruei
yupyroi gegpopmanun 4 Jlx. [loreHnuaabHasi JHeprus ynpyroi aedpopmanuu npu
PACTSIZKEHMH 3TOM NPY/KUHBI emle Ha 2 ¢cM OyaeT paBHa IV

Ipasunvhoiti omeem: 16

4. Jledbenka paBHOMEpHO MoAHUMAET rpy3 Maccoil 200 kr Ha BbicoTy 3 M 3a S ¢.

MomHocTh ABHraTe s JedeAKH paBHa Br

Ilpasunvruviii omseem: 1200

5. B 3akpbITOM cocye HAXOAUTCA HaeaabHbli ra3 npu aasjaedun 105750 [a n

TeMIepaType, COOTBETCTBYIOLIEH CPeIHEKBAAPATHYHOH CKOPOCTH TEIJIOBOI0

Xa0THYeCKOro ABUKeHNs MoJieKyJ 494 m/. ILnoTHOCTB 3TOrO raza paBHa Kr/m’
Ilpasunvnuviti omeem: 1,3

6. B 6a110He 06béMoM 1,66 Mm° HaxoauTes 2 KT MOJIEKYJISIPHOT0 KHCJI0POAA NPH

AaBJICHUH

10° Ia. TeMmepaTypa KHCJIOPO/A PaBHA K.

Ilpasunvnuviii omeem:320

7. B HekoTOpPOM mpouecce UaeaJbHbIN ra3 moJay4ms KoaudecTo Temiorbl S0 x. [pu

3TOM BHYTPEHHSS JHeprus raza ypeaudyuiachb Ha 20 /[:x. Padora, coBepmiéHnas razom

B 3TOM IIpoLecce paBHa .

Ilpasunvnuviii omseem: 30

8. IlbuIMHKY, nMeromyo 3apsaa 3 MkKi1, nepeMenialoT B 31eKTPOCTATHYECKOM 101 U3

OJIHO# TOYKH MPOCTPAHCTBA B APYIyI0. Pa3HOCTH NOTEHUMATOB MEKAY ITUMH

TOuKaMu paBHa 3 B. Moaysb padoThl, KOTOPYIO COBEPIIAIOT JJICKTPOCTATHYCCKHE




CWJIBI IPH TAKOM IepeMellleHHH JaHHOH NbIIMHKYA PaBeH MK /K.
Ilpasunvhwiii omeem: 9

9. Cuiia TOKAa B IPOBOJHUKeE NMOCTOsIHHA M paBHa 0,5 A. Bpems, 3a koTopoe 3apsa 60
K npoiizer no npoBoHUKY, PABHO Ka.

lIpasunvnoiti omseem: 600

10. JInau MHAYKIIUM OJHOPOJHOTO MATHUTHOTO MOJIsl MPOHU3BIBAKT PAMKY
miomaabo 1 M’ moJ yrjiom 30° K eé moBepXHOCTH, CO31aBasi MATHUTHBIN MOTOK,
paBHsbiii 0,2 B6. MoayJb BeKTOpa HHAYKIIMHA MAarHUTHOTO N0JISI paBeH
Ta.

Ipasunvhwiti omeem: 0,4

11. TlpssMoIMHeiHbIA MPOBOAHUK AJUHOIH 0,5 M, 10 KOTOPOMY TeueT TOK 6 A,
HAXOIMTCS B O/THOPOJTHOM MATHUTHOM MoJie. MoayJ/ib BEeKTOPa MATHUTHOM NHIYKIMHA
0,2 Tin, NpOBOAHUK PACIOJIOKEH MO/ YIJIOM 30" k BekTopy B. Cuia, neiictByromasi Ha
NMPOBOJHUK CO CTOPOHBI MATHUTHOIO MOJISl pABHA H

IIpasunvuoii omeem: 0,3

12. Ilpeamet pacnoJioskeH Ha paccTosHuM 10 cM oT coOuparomeii JMH3BI ¢ (POKYCHBIM
paccrosinueM 7 cm. PaccTosiHue OT JIMH3BI 10 M300paskeHu sl peaMeTa

paBHO cM

Ipasunvhuviti omeem: 23,3

13. Cunyc npeaejbHOro yrja moJJHOro BHyTPeHHEro OTpaskeHus MpHu nepexoje cBera
u3 BemecTBa ¢ n=1,5 ¢ n =1,2 paBen

IIpasunvuoiti omsem: 0,8

15. Cuna Toka B IPOBOAHMKE MOCTOTHHA M paBHa (0,5 A. Bpems, 3a koTopoe 3apsia 60
Kua npoiiger no npoBoaHUKY, paBHO K.

Ipasunvhwiii omeem: 600




Bomnpocskl Kk 3k3aMeHy 0 JUCHUIINHE «DU3HKA»

1. MexaHnuyeckoe JBHKEHHE, €ro OTHOCUTEJIbHOCTh. TpaekTopus ABHKEHUS.
IIyTb u nepemerenue. MarepuajabHas TOYKa

Otser:

MexaHu4eCKUM JBH:KEHHEM TeJIa Ha3bIBAIOT M3MEHEHHE €T0 MOJIOKEHHS B IPOCTPAHCTBE
OTHOCHUTEJIBHO JIPYTHX TEJ C TEYEHHEM BPEMEHH.

MexaHu4eckoe IBH:KeHHEe OTHOCUTEJIBHO. /[BI)KeHHE OHOTO U TOTO XKe Tela
OTHOCHUTEIIBHO Pa3HbIX TEJI OKa3bIBAETCS Pa3IUNYHbBIM.

Hanpumep, aBToMo0mIIB ABMXKETCA 1O fjopore. B aBTomoOmite HaxonsaTes moau. Jlroau
JBUXKYTCS BMECTE C aBTOMOOUJIEM 110 jiopore. To ecTh JIIo11 MepeMeatoTcs B
IPOCTPAHCTBE OTHOCUTENBHO AOPOrd. Ho OTHOCHTENBHO CaMOro aBTOMOOMIIS JIFOJIU HE
JIBUXKYTCS. B 3TOM IpOSIBISETCS OTHOCHTEIbHOCTh MEXaHMYECKOIr0 IBUKEHUSI.
TpaexkTopusi - 6goobpadicaemas unu UOUMAsL TUHUS, 8 KAHCOOU MOUKe KOMOPOLL N0ObI8AL0
mejlo 8 npoyecce c80e20 OBUNCEHUSL.

Jnuna mpaexkmopuu Hazvliéaemcs npoudeHuvim myTeM. Obo3Hauaercs /. (TpaekTopus —
cle, yTh — PAcCTOSTHUE)

[Ipoiinennsiii myTh / paBeH JUIMHE TPACKTOPUH, IPONHICHHON TEIIOM 32 HEKOTOpOe BpeMms t.
IIyTh — ckajsipHas BeJTHYHHA.

B CHU enununa usmepenus nytu: 1 m .

IlepeMeieHueM Tes1a HaA3bI8AIOM HANPABLEHHBIU OMPE3OK NPAMOU, COEOUHAIOWULL
Ha4anbHoe NOJIOdHCeHUe meid ¢ e20 NOCIe0YIOUUM NOJIOHCEHUEM.

Tpaexmopun
Iepemenienue

IlepemelnieHue BeKTOPHAS BeJMYHHA. (TIEpEMEIICHIE — BEKTOP, MOYJb TIEPEMEIICHHS —
CKaJIsp)

O6o3HauaeTcs S, U3MepsieTcss B MeTpax.

MatepuanbHoii TOUKOH Ha3vieaemcs meno, pazmepamu KOmopo2o 8 OAHHbIX YCI0BUAX
MOMCHO npeHebpeyb.

2. XapakTepucTHKH MeXaHHUYeCKOI0 IBH/KEHHS: MlepeMellleHue, CKOPOCTb,
yckopenue. KunemaTnyeckne ypaBHeHH s, CBSI3bIBAKOIIHE NepeMellleHle, CKOPOCTb U
YCKOpeHHe B BeKTOPHO# ¢opme

Otser:

IlepeMeleHue Tejia - 910 HANPABIEHHBII OMPE30K NPAMOLL, COCOUHAIOWUL HAYATbHOE
HOJOJCEHUEe MeNd C €20 NOCIe0YIOUWUM NOJLOHCEHUEM.

IlepememneHue BeKTOPHAsI BeJJMUYHHA. (TIEpEMEIICHIE — BEKTOP, MOYJIb IEpEMEIICHHS —
CKaJsp).

O6o3Hauaercs S

Ennnnna usmepenns nepementenns - metp [1 mj.

CKopocTh pABHOMEPHOT0 NPSIMOJIMHEIHOT0 ABHKEHUS] — 2710 8eKMOPHAA (usuieckas
8eUYUHA, PABHAS OMHOULEHUIO NepeMeljeHuss mena S 3a 10601 NPOMEeNHCYMOK 8peMEH K
3HAUEHUIO IMO20 NPOMENHCYMKA L:

v=S/t

CKOpOCTh MTOKa3bIBACT OBICTPOTY H3MEHEHHSI KOOPAMHATHI: Vx=(X-Xo)/t=AX/t.




Ennnnna usmMepeHusi CKOpPOCTH - MeTp B cekyHAy [1 m/c]

YckopeHue — 9mo 6eKmMopHast pusuieckas eTUdURd, XapaKxmepuszyouas Oblcmpomy
U3MeHeHUs1 CKOPOCTU, YUCTIeHHO PABHAS OMHOUEHUIO USMEHEHUS CKOPOCMU K NPOMENCYMKY
8peMeHlU, 8 medeHue KOMopo2o Mo USMEHEHUe NPOUZOULILO.

YcKkopeHne MOKa3bIBaeT, KaK OBICTPO H3MEHSETCS CKOPOCTh Tena. Ecnu yckopeHue
MOJIOKUTEITFHO, 3HAYUT CKOPOCTh TeJIa YBEITHUUBACTCS, IBIKEHHE YCKOpeHHoe. Ecim
YCKOpEHHUE OTPHUIATENLHO, 3HAUYUT CKOPOCTh YMEHBIIIACTCS, IBI)KEHUE 3aMEJIEHHOE.

Ecnu ckopocTh H3MEHSIETCSI OIMHAKOBO B TCUCHHE BCETO BPEMEHHU JBIIKEHHS, TO TAKOE
ABHUIKCHUC HA3bIBAOT PABHOIICPCMCHHBIM.

Torna yckopeHue MOKHO PacCYUTaTh 1Mo GopmyIie:

. ('U:'u: o UD.‘{)
ay =
'3

O603HaueHUs:
Vy— KOHEYHAasi CKOPOCTh TeJIa MPU PaBHOYCKOPEHHOM JBH)KEHUU IO MPAMOM

Vgy— HauaJgbHas CKOPOCTh TeJla

a — YCKOpEHHE Tena

t — BpeMms ABIDKEHUS Tena

Enununa nzmepenus yckopenusi B CU [m/c?].

Y ckopeHue u3MepsIOT akceaepomempoM.

YpaBHeHHe PABHOMEPHOT0 ABUKeHHs (TIEpEeMeIeHre Tea MPU PaBHOMEPHOM
JIB)KCHUN ):

S=vt

KunemaTnueckoe ypaBHeHHe CKOPOCTH IIPU PABHOYCKOPEHHOM JIBUKEHHUH 110 MIPSIMOIA:
Uy = Uz + Azl

KunemaTnueckoe ypaBHeHHe NepeMelIeHUs] TIPY paBHOYCKOPEHHOM JIBHXKEHHUH 110
MPSMO: i

Sz = vzt + = 2,-

O06o3HaueHus:
Sz — [lepemenienue Tena npyu paBHOYCKOPEHHOM JIBUYKEHUH 110 IPSIMOM

Uz0 — HavanpHast CKOPOCTh Tella

Uz — CKOpOCTB Tela pu paBHOYCKOPEHHOM JIBHKCHHUH IO IPSIMOMN

Uy — YckopeHue Tena

{ — Bpewms nBmKeHUs Tena

3. IIpsimosinHeliHOe paBHOMepHOe aBUKeHne. CkopocTh. I'paduueckoe

NPEACTABJICHUE IBHKCHUS.

Orser:

PaBHOMepHOe MPSIMOJIMHEITHOE TBHKEHUE — 3110 maKoe 08udicenue, npu

KOmMopom meno 3a a0dvle 00UHAKOBbLE NPOMENCYMKU 8PEMEHU NPOXOOUN 0OUHAKOBOE
paccmosiHue.

CxopocTh pABHOMEPHOI0 MPSIMOJMHEHHOT0 IBUKEHHUS — 9710 8eKMOPHAs uzuieckas
6eUYUHA, PABHAS OMHOULEHUIO nepeMeujeHus mena S 3a 11000U NPOMENCYMOK 8peMeEH K
3HAYEHUI0 IMO20 NPOMEICYMKA t:

=S/t

O603HaueHus:

Vx - IPOEKIIHSI CKOPOCTH Ha OCh X

S - nepemernenune

t - Bpems

CKOpOCTh TTOKa3BIBACT OBICTPOTY H3MEHEHHMSI KOOPIAUHATHI: Vy=(X-X)/t=Ax/t




Ennnuna usmMepeHusi CKOPOCTH - METP B ceKyHay [1 m/c]

I'paduyeckoe npeacraBjieHue paBHOMEPHOI'0 NPSAMOJIMHEHOI0 IBUKEHUA
MexaHnuyeckoe IBHKEHHUE MPEACTABIAIOT rpadUyecKuM crocodoM. 3aBUCHMOCTD
(¢u3nUeCKUX BETUYMH BBIPAXKAIOT MPH MoMoIIU ¢yHKuui. O603HAYAIOT:

V(1) - ©3MEHEHNE CKOPOCTH CO BpEMEHEM

S(t) - u3MeHeHue nepeMenieHus (IMyT1u) co BpeMEeHEM

a(t) - "3BMEHEHNE YCKOPEHUS CO BpEMEHEM

3aBHCHMOCTD YCKOPEHHs OT BpeMeHHU. Tak Kak npu paBHOMEPHOM JBH)KEHUH YCKOPEHHE

pPaBHO HYIIIO, TO 3aBUCUMOCTS a(t) - mpsAMas JUHUS, KOTOpas JEKUT Ha OCH BPEMEHHU.
a

a=~0
3aBHCHMOCTH CKOPOCTH OT BpeMeHH. Tak Kak Tello IBHKETCS MPSIMOIHMHEHHO U
paBHOMEpHO (V=const), T.e. CKOPOCTb CO BpEMEHEM HE U3MEHSETCS, TO rpaduK C
3aBHUCHUMOCTBIO CKOPOCTH OT BPEMEHH V(?) - IpsAMast TUHUS, TapaJljIesIbHas OCH BPEMEHHU.
v, MfC
|
V=0

V=0

[Tpoekuust nepemenieHus Tejia YUCICHHO paBHa IUIOMIAAH MPSAMOYTOJIbHUKA O] TpaduKOM,
TaK KaK BEJIMYMHA BEKTOpA MEPEMEIICHHSI paBHA TIPOU3BEICHUIO BEKTOPA CKOPOCTH HA
BpeMsl, 3a KOTOpOe ObUIO COBEPIIIECHO MepeMEIICHHUE.

¥ = const

I'.i
S

IIpasuno onpedenenus nymu no epaguxy v(t): Ipu NpIMOIUHEHHOM PaBHOMEPHOM
JIBI)KEHUHM MOJIYJTb BEKTOPA MEPEMEIICHHUS paBeH IUIONIAIN MPSMOYTOIFHUKA IO
rpauKOM CKOPOCTH.

3aBuCHMMOCTD NepeMenieHus OT BpeMeHH. [ 'paduk s(t) - HaKJIOHHAS JTUHUS




S=vt
S b
S
V—:-tg«
t, -9
o ..
O t, 1
3aBUCHMOCTh KOOPAMHATHI OT BpeMeHH. [ paduk x(t) - HaKJIOHHAS TUHUSA:
X = X+ Vit
x = Vi
X
V—"l-tg«
t, -9
o ..
O t, 1
U3 rpaduka BUIHO, YTO MPOEKIIUS CKOPOCTH paBHA:

vw=S/t=tga
PaccmoTtpeB a1y popmyiry, MbI MOXKEM CKa3aTh, YeM OOJIBIIIE YTOJ @, TeM ObICTpei
JBUKETCS TEJIO U OHO MPOXOAUT OOJBIINIA MYTh 32 MEHBIIIEE BPEMSI.
IIpasuno onpedenenus ckopocmu no epagpuxy s(t) u x(¢). Tanrenc yria HaksioHa rpaduka K
OCH BPEMEHH PaBEH CKOPOCTHU JBUKEHUS.
4, PaBHonepeMeHHoe IBHKEHHE. YPaBHEHHSI CKOPOCTH U NepeMellieHus Ipu
paBHoNepeMeHHOM ABH:KeHHU. ['paduyeckoe npeacraBijieHue paBHONEPEMEHHOT0
JABUKEHUS.
OtBet: /[guoicenue mena, npu KOMopom e20 CKOpocmbv 3a to0bie paghbie NPOMENCYMKU
8pemenU uUsMeHsemcsi OOUHAKOBO,
HA3b16a0N PABHOYCKOPEHHBIM WIH PABHONEPEMEHHBIM IBHKEHUEM.

CxopocTh NP PAaBHOYCKOPEHHOM JBMKEHUH 10 MPAMOH — 3TO Ha4yaJbHasi CKOPOCTh
TeJa IUII0C YCKOPEHUE JAHHOTO Tejla YMHOKEHHOE Ha BpeMsl B yTH
Ur = Uz + Azl

Ilepememmenue Nnpy paBHOYCKOPEHHOM JIBHKEHUH MO MPAMOM — 3TO PACCTOSIHUE
MIPOMICHHOE TEJIOM I10 TIPSIMOM (PacCTOSTHUE MEX Ty HaYaJIbHOW M KOHEYHON TOUKaMH
JIBHKEHUS )
.S_,- = l'_,-Ut T+ —*2—

Ob6o3HaueHus:
Sy IIepemenienue Tena npyu paBHOYCKOPEHHOM JBHUKEHHUH I10 IIPSIMOiL
Uz0 — HavanmpHasi CKOPOCTh Tejia
Uz — CKOpOCTB Tela U PaBHOYCKOPEHHOM JIBHKCHHUH IO IPSIMOMN
Uy — YckopeHHe Tena
{ — Bpewms nBmKeHUs Tena

I'paduueckoe npeacraBiieHe HEPABHOMEPHOT0 MPAMOJIUHEITHOT0 IBHKEHU S
MexaHnuecKoe IBIKEHUE MPECTABISIOT rpaduuecKkuM criocodoM. 3aBUCHMOCTh




(GU3UYECKUX BEIMYHUH BBIpAXXAIOT TP rioMony GyHKuid. O003HaYaIOT:

(1) - usmeneHue CKopoCcmu co 8pemeHem
S(t) - usmenenue nepemewenus (nymu) co spemeHem
a(t) - usmenenue YCKOpeHus co 8pemeHem
3aBHCHMOCTH YCKOPEHHS OT BpeMeHH. Y CKOPCHHE CO BpeMEHEM HE H3MEHSIETCS, UMEeT
MOCTOSTHHOE 3HaueHue, rpaduk a(t) - mpsmas IMHUS, TapaJUIeTbHAsS OCH BPEMCHH.

ax, o N\
tax =0

o
W

Lc

iy <0

3aBHCUMOCTb CKOPOCTH OT BpeMeHH. [Ipu paBHOMEpPHOM ABMKEHUU CKOPOCTh
M3MEHSIETCS, COTJIACHO JIMHEMHON 3aBUCUMOCTH . I'padukom sBisieTcst
HAKJIOHHAs JIMHHUSL.

A

RHIERHEE o8

V=V, +a
IIpasuno onpedenenus nymu no epaguxy v(t): IlyTe Tena - 370 Tiomaas TpeyroabHUKa

(umu Tpamnenuun) moja rpaduKoM CKOPOCTH.

Iz
5y = il

Vi,

ﬁ|g

v=uat

1
S:z 7 -r-ﬂfmT

a N




2
8y = Wil + ﬂzt

"

t

L
-
c

fe

IIpasuno onpedenenus yckopenus no epaguxy v(t): YCKopeHue Tela - 3T0 TaHT'eHC yTia
HakJIOHa rpaduKa K ocu BpeMeHu. Eciiu Testo 3aMeuisieT IBUKEHHEe, YCKOPEHUE
OTPHIIATENIBHOE, YT rpaduKa TYMOH, TOATOMY HaXOJUM TAHI'CHC CMEKHOTO YIJIa.

YouopeHHO? ABHKEHHE JameaneHHOS OB
LN Av M
¥, ¥y Vy, — M
[= ﬂ-; = m = ‘H o g
A
ax. @ N
ay >0
o =
0 - f.c
Al le
iy <0

3aBucUMOCTDH YTH OT BpeMeHU. [Ipu paBHOYCKOpPEHHOM JIBU)KEHUU MYTh U3MEHSETCH,

COTJIACHO KBaJPaTHOI 3aBUCUMOCTHU . B koopauHaTax 3aBUCUMOCTh
at?

r=x g +—

UMeEeT BUT 2 . T'paduKoM sBISETCS BETKA IapaboIbL.

s

120 ;
105 |
90 ;
75 |
60 |
45 |
30

15 |

5. B3anmopeiicreue Tei. Ilonsitue cuibl. Ilpuanun cynepno3nnnu. Cuiia
YIPYIOCTH, CHJIbI TPEHHS.

OrtBerT:




JKvi3HEHHBII OMBIT TOKA3bIBAET, YTO CKOPOCThH TeJIa MEeHsIeTCs TOJIbKO B pe3yJbTare
JAelCTBHS HA HEro JAPyroro teJja.

Jleticmeue men Opye Ha Opyea Ha3bIBAIOT B3aMMOJAEHCTBHEM.

Ecnu yenoBek, cuasmuii B JIOAKE, OTTAIKUBACT OT c€0sl APYTYIO JIOAKY, TO IPOUCXOIUT
B3aumoieiicTBue. O0€ TOAKU MPUXOIAT B ABHUKCHHE.

Y,
w

B noBceHeBHOM KHU3HU MBI IOCTOSIHHO BCTPEYAEMCsl C Pa3IMYHBIMU BUJAMU
BO3JICUCTBHUI OJTHUX TeJ HA Apyrue. UToObI OTKPHITH IBEPh, HY)KHO «ITOJIEHCTBOBATHY Ha
Hee PYKOM, OT BO3JCHCTBUS HOTH MSY JIETUT B BOPOTA, JaXKe MPUCAKUBASICh HA CTYJI, BB
JICUCTBYETE HA HETO. B TO %e BpeMsi, OTKPBIBas IBEPh, MbI OLIYIIIAEM €€ BO3/ICUCTBUE
Ha HaIly pyKy, IeHCTBHE MsS4a Ha HOTY OCOOCHHO OIIYTHMO, €CIIU BBl UTpaeTe B pyTdoI
0OCHKOM, a IEHCTBHE CTYJIa HE MTO3BOJIIET HaM YIacTh Ha MOJI. TO eCTh IeWCTBHUE BCET A
SIBJISIETCS] B3AaMMOJICUCTBUEM: €CJIH OJTHO TEJIO ICUCTBYET Ha APYTrO€, TO U IPYTrOe TEJI0
JIEHCTBYET Ha TIEpPBOE. DTH MPUMEPHI MOATBEPHKAAIOT BBIBOJI YYEHBIX O TOM, YTO B
MPUPOJIE MBI BCETJ]a UMEEM JIEJIO C B3aUMOJICCTBUEM, a HE C OJHOCTOPOHHHUM JICUCTBUEM.

Bennuuny, xapakTepu3yromyo B3auMOCHCTBHE TN, Ha3bIBAIOT CHJIA.

Cuna — gusuueckas senuduna, Komopas onpeoeisem mepy 6030elUCmausl 00H020 meid
Ha opyeoe.

F - o0o3HaueHuE CHIIBI
Cuiia — BeKTOpHAasi BeJIMYNHA;, OHA XAPAKMEPU3yemcsi.

. Mooynem (abcontomuou 8eIUdUHON),
. HanpasieHuem,
. MOYKOU NPUTOHCEHUSL.

 —

F

W3mepsieTcs cuiia mpu MOMOUIN PUOOpa «OUHamMomemp».

Enununa n3amepenus cuisl B MexxayHapoaHoii cucreme equnui (CH) - Huromon,
o6o3nauenwue [H].

Ecnu Ha Teno ogHOBpEeMEHHO AeHCTBYIOT HeCcKobko cui (Hampumep,F1,F2 u F3) To mox
CUJIOH, JEUCTBYIONIEH Ha TE0, HY’)KHO IIOHUMATh PABHOAECHCTBYIONIY 0 BCexX
cun: F=FI+F2+F3

IIpuHUMND cynepno3UIIUM CHJI: ey Meo 83aUMO0eticeyen 00HO8PEMEHHO C
HeCKOIbKUMU MeLamil, mo pe3yabmupylouias cuia, 0eticmeyiowads Ha OaHHoe meio, paéHa
6E€KMOPHOIL cymMme cuil, OeliCm8YIoWUX Ha MO MeJlo cO CMOPOHbL 8CeX OPY2uX mel.

JI1st 3apsiKEHHBIX Te:




OcHOBHBIC BHbI CHJI: CHJIA TSHKECTH, CHJIA TPEHUS, CHJIA YIPYTOCTH.
IIpy CONpUKOCHOBEHUH IBYX ABUXKYIIUXCS TEJI BO3HUKACT CUJIA, HAIIPABJICHHAs IIPOTUB
JABHKEHHUS U NPENATCTBYIOIIAs IBUKEHUIO - CHJIA TPEHMUS.

N o

mg

Cuiia TpeHus - 9mo cuna, 603HUKAOWAS NPU OBUINCEHUU 0OHO20 Meld NO NOBEPXHOCHU
OpPY2020, NPULONCEHHAS K OBUNCYUEMYCSL NETLY U HANPABTIeHA NPOMUE OBUIHCEHUSL.

Cuna TpeHus - 3TO CHJIa JIeKTPOMATHUTHOM NMPUPOAbI.

Bo3HuKHOBEHHE CUITBI TPEHHS OOBACHSICTCS IBYMS IPUYHHAMU:

1) [llepoxoBaTOCTHIO MOBEPXHOCTEH
2) IIposiBneHnEM CHUII MOJIEKYJISIPHOTO B3aUMOIEHCTBUS.

Cunbl TpeHHS BCET/1a HAIIPABIICHBI 10 KAacaTeNIbHOM K COMPUKACAIOIINMCS TIOBEPXHOCTIM
Y MOAPA3ACISIIOTCS HA CUIbl MPEHUs NOKOS, CUbl MPEHUSL CKOTbICEHU, CUbL MPEHUs.
KayeHusl.

Frp = Mm*N, r1ie M — ko3¢ purent Tpenus , N — cuiia peakliiu OIMopBl.

Cuuia ynpyrocTu — cuiia, KOTopasi BO3HUKAeT Ipu J1r000M Buje nedhopMaliuy Tel u
CTPEMHTCS BEPHYTD TEJIO B IEPBOHAYAIBHOE COCTOSTHHE.

Fynpy = - k*x, riae k — s)xectkocts Tena [H/M], X - abcomoTHOE yTMHEHUE Tea.

Cuna ynpyrocTs nepreHAauKy/IsipHa MOBEPXHOCTH B3aUMOICHCTBYIOIMINX TE U
HampaBJieHa BCerJa MpoTHUB JiehopMalnu.

I'paBuTanmoHHbIe CWJIBI JEHCTBYIOT MEXKY BCEMU TEIAMH — BCE TEJa IPUTATUBAIOTCS
Ipyr K apyry. Ho 3To mpuTshkeHne cymecTBeHHO JTUITL TOTa, KOT/Ia XOTs ObI OHO U3
BBaI/IMOI[eI‘;ICTByIOH_II/IX CHJI TaK K€ BCJIMKO, KaK 3€MJI$I N JIYHa.

DJIEKTPOMArHUTHBIE CHJIbI JICHCTBYIOT MEXIY 3apsOKCHHBIMU YacTUIlaMu. B aromax,
MOHeKyJIaX, KHUBBIX OpFaHI/I3MaX NMCHHO OHHU SBJIAIOTCA I''IAaBHBIMUA.

OO6macTh siiepHBIX CHJI OYCHB orpaHudeHa. OHM 3aMETHBI TOJLKO BHYTPH aTOMHBIX S7CP
(1.e. Ha paccrostum 1072 cm.)

Caa0ble B3auUMOAeCTBUSA MPOSIBIISIOTCS HA €II€ MEHBIINX PAacCTOSHUAX. OHU BBI3BIBAIOT
IpEBpAICHUE DJIIEMEHTAPHBIX YaCTUIl APYT B Apyra.




6. 3axonbl HbroTOHA
Otser:

OCHOBY AMHAMMKH COCTaBJISIFOT TpHU 3akoHa HbroToHa:

Ilepsblii 3ak0H HproTOHA - CyIIECTBYIOT TAKUE CUCTEMBI OTCYETa, OTHOCUTEIBHO
KOTOPBIX MOCTYNATENbHO JBUKYIIEECS TEJIO COXPAHSAET CBOIO CKOPOCTh MOCTOSIHHOM, €CITH
Ha HEero He JeHCTBYIOT Apyrue Tena (Win JeicTBUe IPYTUX TeJl CKOMIEHCHUPOBAHO).

R=0; v=const

R - paBHOZEWCTBYIOIIAS BCEX CHJI, TPUIIOKEHHBIX K TETY

V - CKOPOCTb Teja

Bropoii 3akon HeroToHa — YckopeHue Telia mpornopiyuoHaIbHO CUjle, JEHCTBYIONIEH Ha
TEJO0 ¥ 00PATHOMPONOPIIMOHATHFHO MAcCe ITOTO TeNa.

F
1L =—
m
F — Cuna nelicTByromias Ha TeJNo
m — Macca Tena
a — YckopeHue Tena
Tpernii 3akon HewToHa - Tena deticmgyrom opye na Opyaa ¢ cunamu, HanpaeieHHbIMU
800716 OOHOLL NPAMOT, PABHLIMU NO MOOYIIO U NHPOMUBONOIONCHLIMU NO HANPABILEHUIO.

F1— Cuna neiictBytomas Ha 2 TeJo

F2— Cuna neiictByromas Ha 1 Teno

F1=-F2

OTH CUJIIBL:

- IEMCTBYIOT BAOJIb OJTHOU MPSIMOI;

- HaIpaBJICHbI B MPOTUBOIOJIOKHBIE CTOPOHBI;

- PaBHBI 110 BEJINYMHE;

- IPUJIOKEHBI K Pa3HbIM TeJIaM, IO3TOMY HE YPaBHOBEIIUBAIOT JIPYT APYra;
- OIMHAKOBOW MPUPOIBI.

7. Cuna TsxecTd. 3aKOH BceMHMPHOro TaArorenus. Bec tesa. HeBecomocTn.
Otser:
Cuiia TSIZKeCTH — cula, ¢ KOmopou meia npumsa2usaomces K 3emie, cuna npumsiceHus
ecex men K 3emiae 0u3u ee NOBEPXHOCU.
Fosoe = mg

m - Macca Tefna

g=9381 Mt — YCKOpEHHE CBOOOHOTO MaJACHHUS Ha TTOBEPXHOCTH 3eMJIH.

Cuna msagcecmu 5mo 2pasumayUoOHHAA CUIA, NPUTONHCEHHAS K YeHmpy mena u
6cez0a Hanpaenena K yeumpy 3emau. (BEpTUKAIBLHO BHU3 K TOBEPXHOCTH 3E€MIIH )

3axon ecemupnozo mazomenus. Bee Tejia MPUTATUBAIOTCS APYT K APYrY ¢ CHIOM,
MO/1yJIb KOTOPOii NPSIMO NMPONOPIHOHAJIEH NPOU3BEAEeHHIO HX MACC U
00paTHONMPONMOPUMOHAJIEH KBA/IPATY PAcCTOSIHUS Mexkay HUMHU. (OTKpbIT Y. HproTOHOM
B 1682 roxy)




]

pogt
» - 3aKOH BCEMHUPHOT'O TATOTCHHUS.

G — nmocTOsIHHAsE BCEMUPHOTO TSATOTEHUS WU TPABUTALIMOHHAS IOCTOSTHHAS.

G=6,67 10" Hm/kr?

Cuity TSDKECTH ¢ KOTOPOM TeJla MPUTATUBAIOTCS K 3eMiie, HYy>KHO OTJIMYaTh OT Beca Tena. B
OTJIMYME OT CUJIBI TSDKECTH, SIBJISIOLICHCS TPAaBUTAIMOHHOM CHIJION, MPUIIOKEHHOM K
TEIy, BEC — 210 YNpy2as CUid, NPULONCEHHAs K Onope uiu noogecy (T.e. K CBS3H).

Bec Tesa — smo cuna, c komopoti meno 6 pesyromame npumsKiceHus K 3emie oeticmayem
Ha onopy uiu noosec.

O6o3nayvarot P, ex. n3mepenust HproToH [ 1H].

Ecnu Teno HemoABHKHO OTHOCHTEIBLHO ONOPBI UJIM NOABeca, To P=F,,=mg, TO eCTh BEC
TeJa paBeH cuiie TskecTd. Ho 3Tu cuiibl NpUJI0sKeHbI K Pa3HbIM TeJiaM!
Ecnu onopa BHKETCS ¢ yCKOPEHUEM a BHU3, TO BeC TeJIa, JBUKYIIEr0Ccs ¢ YCKOpeHHeM
BHU3 YMEHbIIAETCH.

5‘r-in 'y j-,_:r
alan ¥ 4-
mg P

ma = mg - N - BTopoii 3akoH HproToHa

N =mg - ma
P=N=m(g-a)
P<mg

Ilaoenue men 6 akyyme 6e3 HAUANbHOU CKOPOCU HA3bIAEeM sl CBOOOTHBIM MaJeHHEM.
[Ipu cBoGomHOM MageHun a=g u3 Gopmynsl P=m(g - g) crnenyer, uro P =0, T.e. Bec Tena
OTCYTCTBYET. [ OBOPSIT, UTO TEIO HAXOOUMCS 8 COCMOAHUU HEBECOMOCHLU.

HeBecoMocThb - cocmosnue mena, npu Komopom OHO 08UNCEMCSL MOJILKO NOO Oelicmeuem
CUTIbL MAHCECMU.

8. Umnyasc Teqa. UMnyJibe cuiibl. 3aKOH COXpPaHEHUS UMITYJIbCA
Otser:
HNmnysbcoMm Tenna Hazwlearom 6eKMOpHYIO 8eIUUUHY, PABHYIO NPOU3BEOEHUI0 MACChl med

Ha e2o ckopocmbsb:
=

p=m-10
8
i UMITYJIbC TeJIa, KT M/C

m - Macca Tela, Kr
—

U . CKOpOCTh Tefia, M/C
Hmmynsc Tena HanmpasJieH B Ty 7Ke CTOPOHY, YTO M CKOPOCTh TeJia.

-

7] p
O e

Enununeii usmepenust umnynsca B CU ssisercs 1 kr-m/c.




Dusuueckas 6ejudUra, pasnasi npous‘ee()eﬂuio CUJIbl HA 6pemsl ee 0612017161/[}1,
Ha3bIBACTCA UMITYJAbCOM CHJIBI:

—
F i
NMnynibC CUITBI TaKKE SABISETCS BEKTOPHOM BeJTMYMHOIA.
HNmnyJibe cuIbl paBeH U3MEHEHUI0 UMIYyJabca Teda (/1 saxon Horomona 6 umnynvcrou

- — —
F-At=m-09, —m-0
3aKOH coOXpaHeHHUs UMITYJIbCA.
my 0 +my 9, =my -9, +my- 9,
B 3aMKHYTOIi cuCTeMe BeKTOPHAasi CyMMa HMITYJILCOB BceX TeJl, BXOASIIUX B CHCTEMY,

0CTaeTCsl MOCTOSTHHOM MPH JIIO0bIX B3aMMO/IeiiCTBUSAX TeJ ITOM CHCTEMbI MeKIY c000ii.

mj,m; - MACChl B3aUMOJICUCTYIOLLUX TEJ, KT
- -

U 1 U 2 - CKOPOCTH TeJI 10 CTOJKHOBEHMS, M/C
-

v

¢opme):

-
1, U »' - CKOPOCTH T€J TOCJIe CTOJIKHOBEHUS, M/C

9. Mexann4eckasi padora 1 MOIHOCTh. EquHuIbI M13MepeHHus1 padoThI U MOITHOCTH.
Orser:
Mexanun4eckasi padboTa — 5mo CKanApHAs 6eIUYUHA, PABHAS NPOUEEOEHUIO MOOYIS CUTbL,
Oeticmsyrowell Ha meio, Ha MOOYIb nepemMeuieHUs U Ha KOCUHYC Y2id Men#coy 6eKmopom
CUTbL U BEKMOPOM nepemewjenust (Unu cKkopocmu).
A = Fs cos a
O6o3HaueHus:
A - Mexanudeckas pabora
F - Cuna, neiicTByroiast Ha T€JI0
S - Ilepemelenre, KOTOPOE TEIIO COBEPIIAET MO ACHCTBUEM CHJIIbI
a - YTOoJI MeX 1y HallpaBJIe€HUEM JEHCTBUS CUJIbI K BEKTOPOM IMEepEMEIICHUs
Pabora sBnsieTcs ckansipHON BenmMYMHON. OHa MOXKET OBITh KaK MOJIOKUTETIbHA
(0° <0 <90°), Tak u otpumnarenbHa (90° < a < 180°). IIpu a = 90° pabota, coBepiiaemas
CUJIOW, paBHA HYIIIO.
B cucreme CU pabora uzmepsiercs B xaxoysasix (1x).
[1 dx=1 H-Mm]
PaGora cuibl, coBepiiaeMasi B €AMHUILY BPEMEHHU, HAa3bIBACTCSI MOIIHOCTHIO.
MomHoctb N — ¢uzuueckas eenuuuna, pasHas omHoweHuio pabomol A K pOMeNCymKy
8peMeHU t, 8 meueHue KOmopo2o cogepulena sma paboma:
N=A/t
B Mexnaynapoanoii cucteme (CH) eauHMIIa MOIIIHOCTH Ha3biBaeTcs BaTT (BT).
Buecucremnas eqununa momuoctu 1 i1.c.=735 Bt

10. Kunernueckasi 3Heprus. [loreHnuaabHasi SJHeprus TeJjia MOJHATOrO HAJl
noBepxHocThI0 3emuin. [loTeHnuanbHast 3Heprus ynpyro 1eopMHUpOBAHHOIO TeJia.
3aKoH coXpaHeHHUs NOJIHOI MeXaHN4eCKOH JHepruu.
Otser:

Mexannuyeckasi JHEPIrusl TeJa — MO CKANAPHAS BeIUYUHA, PABHAS MAKCUMATILHOTU
pabome, Komopas modxcem 6bimb CO8EpULeHA 8 OAHHbBIX YCI0BUSX.

O6o3nauaercs E.

Ennnnna sueprum 8 CHU [1/1:x = 1H*Mm]

PaznuuaroT ABa BUIa MEXaHUYECKOMN SJHEPTHHU — KUHeTHYecKas Ex 1 moreHuuaJabHas
Ep sHeprus.

ITonHas MexaHn4ecKasl YHEPIUs Tejla PaBHA CYMME €TI0 KHHETUYECKOW U ITOTEHIIUATIbHON




suepruii E =Exk + Ep

Kunernueckasi 3Heprusi — 3T0 SHEPTUs Tena, 00yCIOBICHHAS €r0 ABMKCHHEM. JTO
duznyeckas BeIMUMHA, paBHAs OJOBUHE MPOU3BEACHUS MACChl Tela Ha KBaJpaT ero
CKOPOCTH.

m - Macca Tena
- CKOpOCTb Tena
IMoTeHnmnanbHas SHEPIUs — SHepeus meda, 00yCl081eHHAS B3AUMHBIM PACNOLONCEHUEM
83AUMOOEUCMBYIOWUX MeHcOY cOO0U mel Ul Yacmell 00H020 meid.
IloTeHnmanbHas 3HePrus Tejia B MoJe CHJIbI THAKeCTH (TIOTEHIMAbHAS YHEPTHs Tea,
TIOJHATOTO HaJ 3eMJIEH ):
Ep =mgh
m - Macca Tena
g - yCKOpeHHe cBOOOHOrO NMaiCHUs
h - BBICOTA TIOAHATHS TeJla HaJl HYJIEBBIM YPOBHEM (HaJ] MOBEPXHOCTHIO 3eMIIN)
[ToTeHnunanpHas 3HEprus ynpyro aeopmMupoBaHHOTO Teja:
kex’
H b ?
k - k03 dUMeHT ynpyroct ()KeCTKOCTb Teja)
X - abcomroTHasa Aedopmarus (yaIMHEHUE Tea)
3aK0H COXpaHEHHsI JHEPTrUM B MEXaHUYECKUX IIPOLECCAX: CYMMA KUHEMUYECKOU U
NOMEHYUANLHOU IHepeUU mell, COCMABIAIOWUX 3AMKHYMYI0 CUCmeEM) U
83AUMOOEUCMBYIOWUX MeHCOY COOOU CUNAMU MALOMEHUS U CULAMU YRPY2OCIMU, OCIAENCsl
HeU3MeHHOLL.
E =Ek + Ep = const
IHonHast MexaHUYeCKas JHEPIrus 3aMKHYTOM CHCTEeMbI TeJl, B3aUMOJCHCTBYIOLIHX
MexKAy c000i TOJHbKO KOHCEPBATHBHBIMHU CHJIAMHU, MIPH JIIOOBIX IBUKEHUSAX ITHX TeJl
He usMeHsiercst. [IpoucxoasiT ML B3aUMHBIE NPeBpalieHUs] NOTEH M AJIbHOM
JHEPIHM TeJl B X KHHeTHYECKYI0 JHEPIruI0, © HA000pOT, HJIH NepPexo IHEPruM oT
OJHOTO TeJIAa K APyromy.
Pa3BepHyTbIii OTBET
Ecnu teno cnoco6HO coBepnTh paboTy, TO TOBOPST, YTO OHO 00JIa1aeT SYHEPTrUEH.
MexaHn4yecKasi JHEPIrus TeJIa — 510 CKANAPHAA BEIUYUNHA, PABHAS MAKCUMATbHOU
pabome, Komopas Modicem Oblmb COBEPULEHA 8 OAHHBIX YCTIOBUSIX.
O6o3navaercs E Egununa sneprun 8 CU [1Jx = 1H*Mm|
Mexanu4yeckasi paboTa ecTh Mepa H3MEHEHHUsI JHePIruy B Pa3JIMYHBIX Ipoleccax A
= AE.
PaznuuaroT ABa BUIa MEXaHUUYECKOMN SJHEPTHHU — KUHeTHYecKas Ex 1 noreHuuaJabHas
Ep sHeprus.
ITonnas MmexaHu4ecKast YHEPIUs Tejla PaBHA CYMME €TI0 KUHETUYECKOW U ITOTEHIUAIbHON
SHEprui
E=Ex+Ep
Kunernueckasi 3Heprusi — 370 3Heprus Tena, 00yCIOBIEHHAS €ro ABMKEHHUEM.
Dusuueckas eerudUuHa, pasHas NOJI08UHe NPOU3BEOEHUS MACCHL Meld Ha K8aopam e2o
cKOpocmu, Ha3vleaemcsi KHNHETHYEeCKOM YJHepruen reJia:

Kunernueckas OHCPTI'US — 3TO SHCPTHUA NABUIKCHUS. Kunernueckas SHCPTIHUA TCIIa Maccoit m,




—
JBUKYIIETOCS CO CKOPOCThIO ' paBHA paboTe, KOTOPYIO JOJIKHA COBEPILUTH CHIIA,
MPUIOKEHHAs K MOKOSIIEMYCsI TeTy, YTOObI COOOIIUT €MY 3Ty CKOPOCTh:
mv®
A= == .

Hapsiny ¢ KHHETHYeCKOH 3Hepruei nin sHepruei NBHKeHNs B GPU3UKE BAXKHYIO POJIb
UTPAET MOHATHE MOTEHIHUAJBHON JHEPTrUM WIK SJHEPIUU B3aNMOACHCTBUS TeJl.

IHoTeHuuanbHasI JHEPTUS — dHepeUs meid, 00YCl06IeHHAS. 83AUMHBIM PACNONOHCEHUEM
83aUMOOCUCMBYIOWUX MedHcO) co00lU men Ul yacmeti 00H020 meJd.

IToHsATHE MOTEHIIMAILHOM SHEPTUU MOYKHO BBECTH TOJIBKO I CUJI, pA00Ta KOTOPBIX He
3aBHCHUT OT TPACKTOPUHM IABHKECHHUS TeJIa U OINpeeisieTcsl TOJbKO HAYaJIbHbIM M
KOHEYHBIM MO0JIOKeHUsIMH. Takue Cuiibl Ha3bIBalOTCS KOHCePBATHBHBIMH. PaGoTa
KOHCEPBATHBHBIX CHJI HA 3AMKHYTOH TPAaeKTOPHHU PABHA HYJIIO.

CBOICTBOM KOHCEPBAaTUBHOCTH 00J13/1al0T CHJIA THKECTH U CUJIa ynpyrocTu. s stux
CHJI MOKHO BBECTH IOHATHE IMOTEHINAIBHON SHEPTUU.

IMoTeHunanbHAas JHEPrus TeJia B MOJIe CHIIbI TSKeCTH (IIOTEHI[MAIbHAsl SHEPTUsl TeNa,
MOHATOTO HAJT 3eMJIEH ):

Ep =mgh

Omna paBHa pa0boTe, KOTOPYIO COBEpILAET CHJIa TSHKECTH P ONYCKAaHUU Tejla Ha HYJIEBOU
YPOBEHb.

[ToHsiTHE TOTEHIIMATIBLHON YHEPTUM MOKHO BBECTH U VISl YHPYIO#l CHJIBI. DTa CUjla TaKKe
o0JaaeT CBOMCTBOM KOHCEPBAaTUBHOCTH. PacTaruBas (Win CkKUMast) IPYKUHY, Mbl MOKEM
JIeNIaTh 3TO Pa3IMYHBIMU CIIOCOOaMH.
rze k — ®KecTKOCTb MPYKHUHBI.
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IMoTeHnnanbHas 3Heprus ynpyro 1e)opMIUpoOBAHHOIO TeJIa pasHa pabome Cuibl
YApYy20Cmu npu nepexooe Uz OGHHO20 COCMOAHUSA 8 COCIOsAHUE ¢ HY1e60lU deghopmayuell.

Ecnu tena, cocraBisromuye 3aMKHYTYI0 MEXaHHYECKYI0 CHCTEeMY, B3aUMOJICHCTBYIOT
MEXIy COOOH TOIBKO CHJIAMH TATOTEHHS U YIPYTOCTH, TO paboTa 3TUX CHJI paBHA
M3MEHEHUIO NMOTEHIINAIBbHON SHEPTUU TEI, B3ITOMY C IPOTHUBOMNOJI0KHBIM 3HAKOM:

A =—Ep2 - Epl).
[To TeopemMe 0 KHHETUYECKON PHEPTUHU ITa paboTa paBHA M3MEHEHUIO KUHETHYECKOU
SHEPIUH TEII:
A =FEk2 — Ekl

CnenoBatenpHo Ek2 — Ekl =—(Ep2 —Epl) wm Ek1 + Epl = Ek2 + Ep2.

CyMMa KMHETHYeCKOH M MOTEeHINAJIbHOM IJHEPTUHU TeJl, COCTABJSIIOIINX 3AMKHYTYIO0
CHCTEMY M B3aMMO/IEeliCTBYIOIINX MeKAY CO00H CHIIAMM TATOTEHHS] M CHJIaAMU
YIPYTrOCTH, OCTACTCH HEU3MEHHOI.

DTO yTBEPKIACHUE BBIPAXKAET 3AKOH COXPAHEHUA IHEP2UU B MEXAaHNYECKUX MPOLIECCax.
OH sBsgeTCA CJIICACTBHUEM 3aKOHOB HreioTona.

Cymmy E = Ek + Ep Ha3pIBalOT 0JIHOW MeXaHUYeCKOM IHeprueil.

IHonHast MexaHU4YeCKas JHEePIrus 3aMKHYTOM CHCTEeMbI TeJl, B3aUMOJCHCTBYIOLIHX
MexKAYy c000i TOJHbKO KOHCEPBATHBHBIMHU CHJIAMH, MIPH JIIOOBIX IBUKEHUSAX ITHX TeJl
He u3MeHsercs. [IpoucxoasT Jub B3aNMHbIe MPeBPalIeHUs MOTEHNATbHOMI
JHEPIHM TeJl B X KHHeTHYECKYI0 JHEPIrHI0, © HA000pOT, HJIH IEpPexo IHEPruM oT
OJIHOT0 TeJIa K IPyromy.

E =Exk + Ep = const




11. Mexanuveckue koJjieoanus. [lapamerpsol Ko/1€0aTeILHOIO IBHKEHNUsI. YPaBHEHHE
rapMOHHMY€ECKOro KoJieOaHusl.

Otser:

Mexanndeckue Kojedanusi — IEPUOANMUECKU MIOBTOPSIOLIEECS EPEMELIEHUE MAaTEPUATIbHON
TOYKH, ITPH KOTOPOM OHa JABMXKETCS MO KaKOM-THO0 TPaeKTOpUU MOOYEPEIHO B ABYX
MMPOTHUBOIIOJIOXKHBIX HAITPABJICHUAX OTHOCHUTCIIBHO MMOJIOKCHU A yCTOﬁ‘IHBOI‘O paBHOBECHA.
'apmMoHuYeckne KoJIe0aHUsI — TIPOCTEUININE TEPUOAMYCCKUE KOJeOaHUs, PH KOTOPBIX
KOOpJIMHATA TeJla MEHSETCS 10 3aKOHY CUHYCa WJIM KOCUHYCa:

x=Asin(@i+@,) n  x= Acos(wt+ @, ),
I7le X — KOOpJWHATA Tejla — CMEIIEHHE Tella OT MOJIOKEHUS PaBHOBECHS B JaHHBIH MOMEHT
BpeMeHH; A — ammiuutyna konebanuid; ot+0 — daza konebaHMiil; ® — IHUKINYECKas
yacTtoTta; 0 — HavaybHas ¢aza.
AMIUIUTYAQ KoJieOaHMii — MOJyinb HAWOOJIBIIET0 CMEUICHHS Tela OT IOJIOKEHHS
paBHOBECHS.
O6o3nauenue — A(Xmax), eAHHHUIIBI H3MEPEHUS — M.
da3a KkoJieOaHMii — 5TO BEIWYMHA, KOTOpas OMNpPEAENseT COCTOSHHE KOJIeOaTeIbHON
CHCTEMBI B 060 MOMEHT BpPEMEHU.
O06o3HaueHne — @, CAUHUIIBI U3MEPEHUS — paj (paauaH).

®da3a konebaHWl — 9TO BEIMYMHA, CTOSIIAs IO 3HAKOM CHHyca WiH KocuHyca. OHa
MOKA3bIBAET, Kakas  4acTh  [epwoja  Mpolmula  OT  Hadaima  KojeOaHui.

¢0 — HavyanmpHas ¢a3a KoueOaHui.
IMepuon koedanmii — 3TO BpeMs OHOTO TIOJTHOTO KOJICOaHMSI.
O6o3nauenue — T, eqUHUITBI U3MEPEHHSI — C.
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Yacrora Koae6anuii — STO YHCIIO MOTHBIX KOJEOAHU B €MHUILY BPEMEHHU.
O6o3HaYeHHE — V, eAUHAIB! BpeMmenn — ¢ | win ' (Tepi).
[lepuon u yactoTa Kone6aHMii — B3aMMHO OOpaTHBIC BEIUYHHBIL:

1 1
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1% I
Hukanyeckas 4acToTa — 3TO YUCIIO0 KoseOaHuit 3a 2n CEKYH]I.
O06o3HaueHne — M, CIUHUAIIBI U3MEPESHUSI — PaJI/C.
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12. MaTremaTHuyecKHUii M NPYKMHHBbIH MassTHUKH. [lepuoabl X KojiedaHUH.
IIpeBpanieHne 3Hepruu NP MeXaHMYECKUX KOJIeOaAHUAX.
Ortser:
MaTtemMaTH4YeCKHIl MAITHHK - 3110 Mel0 HeOOIbUWUX PA3MePO8, NOOBEULEHHOE HA MOHKOL
HEPACMANCUMOU HUMU, MACCA KOMOPOU NPEHEOPEHCUMO MAA NO CPABHEHUIO C MACCOU
merna.
[Tepuon kosebaHut MaTEMaTUYECKOTO MAsITHUKA:

21 {
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Hepnoz[ KOJIEOAHMIT MAaTEMATHYECKOI'0 MAaITHHUKA 3aBUCHUT OTJJIMHBI HUTU U OT YCKOPCHUS




CBOOOJHOIO Na/IeHUs TOM MECTHOCTH, TJI€ YCTAaHOBJIEH MAATHUK.

IIpy:kMHHBI MAATHHK - 5710 2PY3 HEKOMOPOU MACCbL M, NPUKPENIEHHbLI K NPYHCUHE
arcecmrocmu k, 6mopoii Koney KOmopou 3aKpenien HenoOBUICHO.

Ilepuoa 7T rapMoHHUYECKUX KoJeOaHUH Tpy3a Ha MPYKUHE PaBEH

T_Eﬂ:_g e
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[Tepuon xonebanmii MPYKUHHOTO MAITHUKA 3aBUCUT OT MACCHI IPy3a U OT KECTKOCTH
PYKHUHBIL.
IIpu rapMoHnYeCcKUX KOJIe0aAHUAX MPOUCXOIUT MePHOUYECKOe NPeBPallleHue
KHHETHYECKOI YJHepIruu B NOTEHIHAJIbHYI0 M Ha000poT. Eciiu B kostebaTenbHOM cucTeme
OTCYTCTBYET TPEHHE, TO MOJHAS MeXaHUYeCKasi JHEPrus NP MeXaHNYEeCKUX
KO0JICOAHMSAX 0CTAETCS HEM3MEHHOM.
JJ1s MaTeMaTH4eCKOro MassTHUKA MOJHASI MeXaHNYeCKasl JHePrusl paBHA:

P??'Ug

E=Ek+EP=T+mg}=

[Tpy MaKkcUMaJILHOM OTKJIOHEHHWH TeJa OT MOJ0XKEHHSI paBHOBECHS €r0 CKOPOCTh, a
CJIEIOBATENLHO, 1 KMHETHYeCKAas JHEPrusi paBHbI HYJIK0. B aToM

MOJIO’KEHUHU NMOTEHIHAJBHAS IHEPTHA KOJIEOIOLIErocs Tejla J0CTUraeT MAaKCUMAJIbHOI0
3HaYeHUs. B MonoxeHnn MakCUMalIbHOTO OTKJIOHCHHUS MOJIHASI JHEPTrusl
MATeMaTH4YeCKOro MATHHKA PABHA MOTEHIHAJbHON JHEPIruH TeJa, NOJAHATOro Ha
BbICOTY h:

(& =mgh,

p:'mﬂx
3neck h,, — MaKcUMalbHas BBICOTA [TOAbEMa MasiTHUKA B TIOJIE TSTOTEHUS 3eMIIH.

Korpna Teno npu cBoeM BHKEHHH MPOXOIUT Yepe3 MOJI0KeHHe PABHOBECHS, €T0 CKOPOCTh
MaKcHUMaibHa, 3HAUUT, B 3TOT MOMEHT OHO 00JIaJlaeT MAKCUMAJILHOM KHHETHYeCKOil
3Heprne171. Temo HaxXoJUTCA Ha BBICOTC HYJICBOI'O YPOBHS, 3HAYUT, B 3TOT MOMCHT OHO
00Jy1ajacT HyJ1eBOM MOTEHIIMAJIbHOM IHeprueil. YBeInueHe KHWHETUYECKON dYHEPTUN
MMPOUCXOOUT 3a CHCT YMCHBIICHUA HOTGHHH&HBHOﬁ SHCPTHUHU.

[Tpu npox0KaECHUH MOJ0KEHHSI pABHOBECHS TTOJTHASI SHEPTUSl paBHA KUHETUYECKOM SHEprun

TCia:
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Teno nmpockakuBaeT MOJIOKEHUE PaBHOBECHS 110 3aKOHY uHepuuu. [Ipu nanpuenmem
JBM)KEHUHM HaUMHAET YBEJIMYMBATHCS OTEHIMAIbHAS SHEPT U 3a CUeT yObUIN
KUHETUYECKON IHEPTUH U T. [I.

311eCh X, — MAKCUMAJIBHOE 3HAYE€HUE OTKJIOHEHMSI MAATHHUKA OT MOJIOKEHUS
paBHOBECHS, V;,, — MAKCUMAJIbHOE 3HAYEHUE €TI0 CKOPOCTH.

13. Mexanudeckue BoJiHbI. [lonepeunblie U mpogo/ibHbIe BOJIHBI. [loHsiTHe dpoHTa M
JUTAHBI BOJIHBI.

OTtBeT:

[Iporecc pacrpocTpaHeHus KOJIeOaHMI B YIIPYro# cpene,

Ha3bIBACTCSI MEXAHUYECKOM BOJHOM. A Teja, KOTOPhIE BBI3BIBAIOT PACIIPOCTPAHSAIONIUECS B
cpene ynpyrue MexaHM4eCKre BOIHbBI, Ha3bIBAIOTCS HCTOYHUKAMM BOJIH

B 3aBucHMOCTH OT HanpaBJIeHUs1 KOJIeOAHUI YaCTHUIl CPEJIbl OTHOCUTEIHHO HAIIPABIICHUS




pacnpoCcTpaHEHUs BOJHBI, pa3/IMYaloT MoNepevYHble U NPOA0JIbHbIE BOJTHBI.

IlonepeuHoii BOTHOM HA3bIBAETCS pacIpOCTpaHEHUE KOIe0aTeIbHOTO TIpoliecca B Cpe/ie,
MIPU KOTOPOM YaCTHUIIBI CPEJIbI KOJIEOIIOTCS IEPIICHIUKYIISIPHO HATIPABJICHUIO
pacrpocTpaHeHus BOJHBI. PaccMoTpeHHbIN TpuMep KoJieOaHU IITHYpa SBIISETCS MOJEBIO
BO3HUKHOBEHHMS M PACIIPOCTPAHEHUS MONIEPEYHON BOJTHBI.

IIpomosbHOM BOJIHOI HA3BIBACTCS PACIPOCTPAHEHUE KOJIEOATEIHPHOTO MpoIlecca B Cpee,
MIPH KOTOPOM YaCTHUIIBI CPEJIbI KOJIEOIIOTCS BOIb HAPABIEHUS paCPOCTPAHECHUS BOJIHEI.
[IprMepoM NMPOIOJIBHBIX BOJIH MOXKET CIIY>)KUTh PaclpOCTpaHEHUE KOJIeOaTeIbHOTO
rpoiiecca BAOJb Psijia MAPUKOB, KOTOPbIE CKPEILJIEHBI IPYT C IPYTOM OJIMHAKOBBIMU
MpYKUHKaMHU.

Bua BOJIHBI 32aBHCHUT OT BHAA AepopManuu

cpeasbl. [IpogoabHbIe BOJIHBI 00YCIIOBICHBI AedopMalueii pacTsizKeHUsI U CKaTHs, momne
peunble — Aedopmanuei caura. [IosTtomy B razax U *KUIAKOCTAX, B KOTOPBIX YIPYrUe
CWJIBI BOBHUKAIOT TOJBKO IIPU CIKATUH, PACIIPOCTPAHEHUE ONEPEYHBIX BOJH HEBO3MOKHO.
A TpoA0IBHBIE BOJIHBI MOTYT BO3HUKATh M PACIIPOCTPAHATHCS B BEUIECTBE, HAXOAAIIMMCS B
J000M COCTOSIHHH: TBEPJIOM, KHIKOM U Ta3000pa3HOM.

BoJine npucymm Bce XapakTepUCTHKHU, KOTOPBIE COOTBETCTBYIOT KOJeOaTeIbHOMY
JBKEHUIO: aMILUTUTYA, ePHOJ KOJIeOAHUS 1 YACTOTA.

AMILTHTYIa — 3TO MaKCUMAaJIbHOE CMEIICHUE TeJla OT MOJIOKEHUSI PAaBHOBECHSI.
[IpoMexyTOK BpeMeHH, B TEYEHHE KOTOPOTO TEJI0 COBEPIIAET OHO MOJIHOE KojiebaHue —
3TO NMEePHOL.

A gucio konebaHui B eAMHUITY BPEMEHH HA3bIBACTCS YACTOTOM KOJIeOaAHMIA.

Wnu anmHa BOJHBI — 3TO PAaCCTOSTHUE MEXY ABYMs ONMMDKaHIIMMU TOYKaMH Oeryiiei
BOJIHBI, KOTOPBIE KOJIEOIIOTCS B OJIMHAKOBOH (hase.

B Tom, 9TO 3TH /1Ba BapraHTa OMpeielieH s JJIMHBI BOJHBI PABHOIIPABHBI, JIETKO YOSIUTHCS,
MIPOAHAIU3UPOBAB PA3BUTHE BOJIHOBOT'O MPOLIECCA, TPEACTABICHHOTO HA PUCYHKE.
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Ecnu n3BecTHBI Iepuo1 U CKOPOCTh PAaCHpOCTPAHEHUS BOJIHBI, TO, COTJIACHO TIEPBOMY
BApUAHTY OINpPEEIICHHUS, IJIMHBI BOJIHBI paBHA MPOU3BEACHUIO €€ CKOPOCTH U MEPUOa.
OJIMHAKOBOM YaCTOTHI C TOCTOSTHHOM Pa3HOCTHIO (ha3.

14. Ocnosnblie noyoxennss MKT. {uddy3us nu 6poyHOBcKOe IBHKEHHUE.
OrBer:




OcHoBHbIMU TT0J10keHUAMU MKT sSBIIOTCS Clienyromue Tpu yTBEPKACHUSA.

1. JItoGoe BemecTBO COCTOUT U3 MEIbYANIINX YACTULl MOJIEKYN U aToMOB. OHH
PacIoJIOKEHBI B MPOCTPAHCTBE TUCKPETHO, TO €CTh HA HEKOTOPBIX PACCTOSIHUSX APYT OT
Apyra.

2. ATOMBI WJIK MOJIEKYJIBI BEIIECTBA HAXOSATCS B COCTOSIHUM OECTIOPSA0YHOTO
JBUKEHUSI(3TO ABUKEHUE HA3bIBAETCS TEIIJIOBBIM JIBHXKEHHEM ), KOTOPOE HUKOT1a HE
MPEeKpaIaeTcs.

3. ATOMBI WJIK MOJIEKYJIbI BEIIECTBA B3aUMOJICUCTBYIOT APYT C APYTrOM CHIIAMH MPUTSKEHUS
U OTTAJIKUBAHUS, KOTOPbIE 3aBUCAT OT PACCTOSTHUI MEXKy YaCTUIIAMHU.

SApxum noareepxkaeHueM nepsoro nonoxernst MKT ciayxuT takxke ougghyzus —B3aumMHoe
MIPOHUKHOBEHHUE COMPHUKACAIOIINXCS BEUIECTB JIPYT B Ipyra.

Emie oqauM 10Ka3aTebcTBOM BEUHOTO Xa0TUUECKOTO JIBUXKEHHSI YaCTHUIL BEIIECTBA
ABIISIETCS OpOYyHOBCKOe OsudiceHue. Tak Ha3bIBaeTCsl HEMPEPHIBHOE OECOPSI0UHOE
TBUXKECHUE OPOYHOBCKUX Yacmuy — TMHUTMHOK WU KPYIMUHOK (pa3Mepamu 10° - 10-4CM),
B3BEIICHHBIX B UJKOCTHU WU Tase.

15. UpeanbHblii ra3, ero 0CHOBHbIEe CBOMcTBA. /laB/ieHHe Tra3a, eIUHUIbI JaBJICHUS.
OTger:

IIpu n3ydeHun CBOMCTB PEAIbHBIX I'a30B MOJIB3YHOTCS YIPOIIEHHOW MOJENBIO — UACAIBHBIM
ra3om.

NneanbHBIM ra30M Ha3bIBAIOT TAKOM a3, s KOTOPOTO MOKHO MpeHeOpedh pazMepamMu
MOJIEKYJI, CHJIaMH MOJIEKYJISIPHOTO B3aUMOJCHCTBHUSI; COyJapEHUS MOJIEKYJI B TAKOM Ta3e
MPOUCXOMASAT MO 3aKOHY COYIapeHus YIPYrux mapoB. B sHepreTnyeckoM OTHOILIEHUN
MOJIEKYJIbI HIeaIbHOr0 ra3a 001a1al0T KHHETUYECKOM SHeprueil 1 mo4Tu He 00J1aJatoT
MOTCHIIUATBLHOM.

PeanbHble Ta3bl BenyT ceOst MOI00HO UeaTbHOMY Ta3y MPH JOCTATOYHO OOBIINX
Pa3psLKEHUSIX.

CocTosiHME HEKOTOPOI Macchl ra3000pa3HOro BEUIECTBA XapaKTEPU3YIOT 3aBUCUMOCTh JIPYT
oT apyra (U3NYeCKUMH BETMYMHAMH, HA3bIBAEMBIMHU TTapaMeTpaMu cocTosiHus. K HuM
OTHOCSTCSI 00BeM V, 1aBieHue p U Temmeparypa T.

Enunnna o6bema B CU — 1 M [VI=1 M.

JlaBnenue raza — usznueckas BeIMYMHA, paBHAs OTHOIICHUIO cuilbl F, aeiicTByromeit Ha
AJIEMEHT MOBEPXHOCTH HOPMAIBHO K HEH, K TJIOMAAN S 3TOTO 3JIEMEHTa

Emnnuna nasnenusa 8 CU — nackans. 1 H/M? =1 Tla.

BHecHCTEMHBIC ¢IMHHIIBL TeXHIUecKas atMocdepa lar = 9,81%10* ITa;

®usmueckas armochepa larm = 1,013*10° ITa;

16. DaexkTpudeckuii 3apsii. 3aKOH COXpPaHEHHS IJIEKTPUUYECKOIr0 3apsaa. 3aKoH
Kyona.

Otser:

Inekmpuueckuit 3apad — 310 puznvecKas BeJINYMHA, XapaKTepHu3ywouasi CBoOiCTBO
YaCTHIl WM TeJ BCTYNATh B 3J1eKTPOMATHUTHbIE CUJI0BbIe B3aUMO/IelCTBHS.
DnekTpudecKkuit 3aps1 00bIYHO 0003HavyaeTcst OykBamu g uiu Q.

COBOKYIMHOCTh BCEX U3BECTHBIX IKCIIEPUMEHTANBHBIX (DaKTOB MO3BOJISIET ClIEaTh
CJIEYIOINE BBIBOJIBI:

. CymectByeT [1Ba poJa JJIEKTPUYECKHX  3apsloB, YCIOBHO  Ha3BaHHBIX
MOJIOKUTEITHHBIMU U OTPHUIIATEITHHBIMHU.
. 3apsapl MOTYT IepenaBaThCsi (HampuUMep, MPU HEMOCPEACTBEHHOM KOHTAaKTE) OT

OJIHOTO Tejla K ApyroMy. B oTinmume oT macchl Tena 3JEKTPUUYECKUN 3apsii HE SIBISETCA
HEOTHEMJIEMOM XapaKTEPUCTUKOW JaHHOro Teja. OMHO M TO K€ TEJO0 B Pa3HBIX YCIOBHSIX
MOKET UMETh Pa3HBIN 3apsii.

. OnHOMMEHHBIE 3apsbl OTTAIKUBAKOTCS, PA3HOMMEHHBIE — NPUTATUBAIOTCA. B 3TOM




TAKXKEC HpOHBH}IeTC}I HpI/IHI_II/IHI/IaJII:Hoe OTJIN4YHneC SHGKTpOMaFHI/ITHBIX Cull oT
IPaBUTAIMOHHBIX. [ paBUTAIIMOHHBIE CHIIBI BCET/IA SIBISIIOTCS CUJIAMU TTPUTSKEHUS.
O,Z[HI/IM nu3 Q)YHHaMeHTaHBHBIX 3aKOHOB HpI/IpO,Z[BI ABIISICTCA E)KCHepI/IMeHTaJIBHO
YCTaHOBJICHHBIN 3AKOH COXPAHEHUA INEeKMPUUECKO20 3apAaod.

B n3o0mpoBaHHoili cucTeMe ajredpanyeckasi CcymMma 3apsiioB BceX TeJl 0CTaeTCs
MOCTOSTHHOM :

g1 +q2+ g3+ ... +q, = const.

3aKOH COXpaHEHUs IEKTPUUECKOTO 3apsia YTBEPIKIAET, UTO B 3AMKHYTOM CUCTEME TEJ He
MOTYT Ha0JII0AAaThCS MTPOLIECCHI POXKACHUSI UITU MICUE3HOBEHUS 3apSAA0B TOJBKO OJTHOTO
3HaKa.

Ha ocHOBaHMM MHOTOYHMCIIEHHBIX ONBITOB KyJIOH YCTAaHOBUII CIEAYIONIUI 3aKOH:

Cuiibl B3aUMO/1€iiCTBUS HENMOJABUKHBIX 3aPS/10B MPSIMO NPONOPLHHOHATbHBI
NPOU3BeIeHUI0 MOyJeli 3apsiAoB U 0OPaTHO MPONOPUHOHAIBHBI KBAIPaATy
PACCTOSIHUS MKy HUMM:

|f3'1| ) |Q'2|

rE

F=k

3axoH KysoHa cpaBeiuB A1 TOUEUHBIX 3apskeHHbIX Tel. [Ipaktnuecku 3akoH Kynona
XOPOILO BBIMOJHAETCS, €CTIM pa3Mephl 3apsSKEHHBIX T€JT MHOI'O MEHBIIIE PACCTOSHUS MEXY
HUMU.

Koaddurnment nponoprimonanbHocTH k B 3akoHe KyltoHa 3aBUCUT OT BBIOOpA CHCTEMBI
enunull. B Mexaynaponnoii cucreme CU 3a equnuiy 3apsaa npussat KyJaoH (Ki).

Kynon — 510 3apsia, npoxoasiiui 3a 1 ¢ yepe3 nonepevyHoe CeYeHne MPOBOAHUKA IIPU CUIIE
Toka 1 A. Enununa cuiiel Toka (ammep) B CU siBisieTcst HapsiAy ¢ eAMHULAMU JUTHHBI,
BPEMEHU 1 MACChl OCHOBHOW eIMHMIIE U3MePeHUs.

Koadduuuent k B cucreme CH 00bIYHO 3aITUCHIBAIOT B BUJIE:

_
4rmeg
2
En
5 =6,85107°——
H-m
rac — deKmpuviecKasa noOCmosAHHaA.

17. HanpsizkéHHOCTD 3JIeKTprU4Yeckoro moJsi. [IpuHumMn cynepno3uiuu 3JeKTPUIecKux
noJieil. I'padpudeckoe n3o0paxkeHue ieKTpUIeCKUX mosei. CBoicTBa JUHUMT
HANPSAKEHHOCTH JJIEKTPUYECKOr0 MOJIsl.

OTtBeT:
=L
q

HanpskeHHOCTD - 6ekmopHas usuueckas 6erudund, YUCieHHO paeHas OMHOULEHUIO
cunel, oeticmeyrowell Ha 3apsio, NOMEWeHHbIL 8 OAHHYI0 MOYKY OAHHO20 NOJs, K 6elUdUHe
9Mo2o 3apsaoa.

HanpsbxenHOCTh B JaHHOM Touke nosist paBHa 1, ecniu Ha 3apsia B 1 Kit, nomenieHHbIi B




3Ty TOUKY, neicTByeT cuia B 1 H. (HanpspkenHocTh paBHa 1, eciid MEXTy TOUKaMH
AJIEKTPOCTATHYECKOTO OIS, HAXOAITUMHUCS Ha PACCTOSTHUHM | M IpyT OT Apyra,
CYIIECTBYET Pa3HOCTh MoTeHnanoB 1 B).

TpuHIUN CyNePNO3ULUH MOJIel: HANPIHCEHHOCMb NOJISL, CO30AHHO20 CUCTEMOTU 3aPs008
PABHA 2e0MEeMPULECKOL CYyMMe HANPSAHCeHHOCmell NOJlel, CO30AHHbIX KANCObIM

3aps0oM. T.€. HaNPSHKEHHOCTH CKIIABIBAIOTCS

E=D.E =E +E,+E,+..

I'padmueckoe npeacTaBieHue JIEKTPOCTATHYECKOTO MOJIS.

Cunoebie tunuu (JUHAU HANIPSIZKEHHOCTH) - HenpepbIBHbIE (BOOOpakaeMble) JUHUH
BEKTOP HANMPSKEHHOCTH KacaTeJleH K KaxKI0i ToUKe KOTOpPbIX. Croco0 onucaHus ¢
MOMOIILI0 CHJIOBBIX JIMHUI BBeleH Papaneem.

18. IlonsiTHe MATHUTHOIO MOJIsA. MarHUTHAs HHAYKUMS, TUMHUUA MATHUTHOMI
HHAYKIMH, UX CBOIiCTBA.

OTtBer:

Maenumnoe none — ocobas popma mamepuu, nOCPeOCmMEOM KOMOPOU OCYWeCmeEIsAemcs
83aUMO0elcmaue Mexcoy OBUNCYUUMUCS DEKMPUYECKUMU YACMUYAMU.

CujioBasi XapakTEPUCTUKA MATHUTHOTO IIOJIS — 6eKmop maznumuou unoykyuu B” . Moxynb
BEKTOpa MArHUTHOW MHIYKLIHMHM PAaBEH OTHOLIEHHWIO MAaKCHUMaJIbHOTO 3HAYEHHUS CHIIBI,
JIEHUCTBYIOIEH CO CTOPOHBI MArHMUTHOTO TIOJII Ha TMPOBOJHHK C TOKOM, K CHJIE TOKa B
npoBoanuke | u ero nnune 1:

ImMax
O6o3nauenue — B~ , equanna usmepenns B CHU — tecna (Th).
J1is omipesieNieHnss MAarHUTHOM MHTYKITUU HECKOJIBKUX TOJICH UCITOJIb3YETCS IMPUHIAIT

CYNepIO3HIHH:
505 S
B=5B+ 5+...

Jlunus maeHumuou UHOYKyuu — 3TO BOOOpakaeMast TMHUSA, B JTI000H TOUKE KOTOPOM BEKTOP
MAarHMTHOM MHAYKLIMHU HAIIPABJICH M0 KAaCaTEJIbHOW K HEU

19. SIBsienne BHemHero potodddexra. 3akonnl A.I'. CTos1eToBA 1)1 BHELIHET 0
dborodrdpdexra. YpaBHeHue A. JiiHITEHA 11 BHemIHero ¢gorodddexra
OrtBer:
doto3ddexT (WH TouHee — BHEIIHU (poT03¢deKT) - 9m0 sa61eHUe 8bIpbIBAHUS
IIEKMPOHOB U3 8ewecmea noo Oelicmsuem naoarue2o Ha He2o céema.

3akonbl porodrddexra:
1. MaxkcuManbHasi KHHETHYECKast SHEPTUsl (POTOAIEKTPOHOB JTMHEHO BO3PACTaLT C
YBEJIMUEHUEM YaCTOTHI CBETA V U HE 3aBUCUT OT €r0 MHTEHCUBHOCTH. Yncio
(OTOAIEKTPOHOB, BEIPHIBAEMBIX CBETOM U3 KaToja 3a 1 ¢, mpsMo MporopiuroHaIbHO
WHTEHCUBHOCTHU CBETA.
2. Kunernueckas sHeprusi pOTOIIEKTPOHOB HE 3aBUCUT OT MHTECHCUBHOCTH
MaJarolIero CBETa, a 3aBUCUT OT €ro YacTOTHI.
3. J11s KaXKJ0T0 BEIIECTBA CYIIECTBYET TaK Ha3bIBacMasi KpacHas TpaHuIla
dhoTodrddekTa, TO €CTh HAMMEHBIIAS YaCTOTA Viin, IIPU KOTOPOHU €111e BO3MOKEH BHEITHUI
dbotorddexr.
4. dororddexT mpakTrueckn 0e3bIHEPIIMOHEH, (OTOTOK BOSHHUKAET MTHOBEHHO TTOCTIE
HayaJia OCBEIICHUS KaTo/la MPH YCIOBUH, YTO YaCTOTa CBETA V > vmin.




mu

hv=A__ +
YpaBHenue JiinmreiiHa s porodrddexra: <
]’lV - OHCPIrUA KBaHTa 3JICKTPOMArHUTHOT'O U3JIYYCHU A
V - 4aCTOTAa 3JIEKTPOMAarHUTHOTO U3ITy4YEHUS
Ao - pa60Ta BBIXOJIa JIJIs1 JJAaHHOT'O BENIECTBA
U’
2

- KHHETHYEeCKast YHEPTHUsi (OTONIEKTPOHA
20. CTpoeHne aTOMHOIO siApA.

Ortser:

Kak y»xe orMedanoch, aToM COCTOUT U3 TPEX BUAOB MIEMEHTAPHbBIX YaCTHIL: IPOTOHOB,
HEUTPOHOB U JIEKTPOHOB. ATOMHOE IIpO — LIEHTPAJIbHAS 4aCTh aTOMa, COCTOSIIAs U3
IPOTOHOB U HEUTPOHOB. IIpOTOHBI 1 HEUTPOHBI UMEIOT O01IIee HA3BaHUE HYKJIOH, B AIpe
OHM MOTYT NIPEBPAILaTLCS APYT B ApyTa

Yucno nNpoToHOB B SAApPE COBIANAET € MOPSAKOBBIM HOMEPOM djeMeHTa B llepuonuyeckon
CUCTEME, CyMMa YHUCJIa IPOTOHOB U YHCJIa HEUTPOHOB PaBHA MAaCCOBOMY YHCITY DJIEMEHTA.
Cymma gncen npoTtoHoB (Z) u HeWTpoHOB (N) B arome (HYKIIUJE) HA3bIBACTCS MAaCCOBBIM
guciaom (A):

Yucno npoTOHOB B aTOMax OJHOTO M TOTO K€ XMMHUYECKOI0 2JIEMEHTA BCETrJa ONMHAKOBO U

paBHO 3apsny sapa. B r. anrnmiickuii ¢pusuk I'. Mo3nau ycTaHOBHII, YTO 3aps] sipa aToMa

BCErJja YUCIEHHO PABEH MOPSAAKOBOMY (aTOMHOMY) HOMepy 3ieMmeHTa B llepmonmueckoit

cucreMe:

3apsi siApa = YMCJI0 MPOTOHOB B siipe (Z) = 4ucJI0 3J1eKTPOHOB = NMOPSAAKOBBI HOMeEP
3JIeMeHTA.
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