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Beenenne

COOpHUK CONIEPKUT METOANYECKHE YKa3aHUS 110 BHIITOJIHEHUIO TPAKTHUECKHUX padoT Mo Gpu3nKe

Lenp HACTOSIIMX METOAMYECKHX YKa3aHUH - JaTh CTYIEHTY HEOOXOJUMBIC METOJUYECKUe
yKa3aHHs 110 OPTraHU3aliU ¥ BBITOJIHEHUIO MMPAKTHUECKUX PadoT B EpHO/]] yUeOHOT0 mpoliecca.

[IpoBenenuto kaxaoil pabOThl MpPEIIeCTBYET KOHTPOJIb U MOATrOTOBKAa K Heil. [ sToro mo
PEKOMEHIyeMbIM Y4E€OHBIM MOCOOUSM, JEKIUSM M HACTOAILIEMY COOPHUKY ClENyeT pa3oOpaTbcs B
COJICpKAHUU 33JaHHOHM MPAKTUYECKOH pabOThl, YCBOUTH OCHOBHBIE IOJIOKEHUS, HEOOXOUMBIE IS €¢
BBITIOJIHEHHS.

CryaeHThl TOJKHBI IPOSIBIISTh HAYYHBIN U NPAKTUYECKUM UHTEPEC K MPAKTUYECKUM 3aHATHUSAM,
CTPOTO BBIMOJHATH YUeOHBIN rpaduk, CTaBUTh MOMCKOBBIE BOIPOCH U 3agaun. Kpome Toro, cTyaeHT
JIOJKEH CaMOCTOATENbHO paboTath ¢ auteparypoit 1 YMK, a Takke KpaTKO M YETKO BhIpa)KaTh CBOU
MBICIIH TIPY 3aIUTE paOOTHI.

B npouecce npoBeeHusi NMPaKTHYeCKUX PaldoT peaju3yOTCH KOMIUIEKCHAsi NPOBepKa

CJIeAYIOIUX 3HAHUI U YMEeHM:

V.1 OnuceIBaTh U OOBSICHATH (PU3UUECKUE SIBIICHUS U CBOWCTBA TeI
OOmsicHsIeT (hU3NYECKHE SBICHUS M CBOMCTBA TEJ C TOYKU 3PCHUS HAYKH

V.2 W3mepsars psa GU3NUECKUX BETUYHH, IPEACTABIIS Pe3yIbTaThl H3MEPEHUH C yU4ETOM
UX MOrPeUIHOCTEN

W3mepsieT pu3nveckre BETMYMHBI TIPU BHIIOJTHEHUH MPAKTHYECKUX PadOT, BHIYMCIISAET
IIOIPELIHOCTH, €JACT BIBOIBI.

OneHka pe3ysIbTaToB BbIIOJHEHHS IPAKTUYECKUX paboT

V3 Jlenatb BBIBOJIBI HA OCHOBE SKCIIEPUMEHTAIBHBIX JTAHHBIX
ITpumensier 3akonbl MexaHuku, MKT, snekTpoarHaMUKH M KBaHTOBOM (DM3UKU IpU
BBITIOJTHEHUH NTPAKTUYECKUX paboT

V4 [TpuBOANTH MpPUMEPHI NPAKTUYECKOTO MCIIOJIb30BaHMS (PU3NYECKUX 3HAHUN: 3aKOHOB
KJIACCHYECKOW, KBAHTOBOW UM PEISTUBUCTKON MEXAHUKHU

[IpuBoauT mpUMEpHl MPAKTUYECKOTO HCIHOJIb30BaHUSA (PU3MUECKUX 3HAHUH Ha
MIPaKTHKE, B OBITY

3.1 3HaeT TOHATHA: MaTepuajbHas TOYKa, MOCTYMATEIbHOE IBWIKEHHE, BpaIlaTeIbHOE
JBUKEHHE, a0COITIOTHO TBEPJIOE TEJO; TEIJIOBOE JBIKEHUE, TEIJIOBOE PaBHOBECHE,
BHYTPEHHSISI DHEPTHs, BEIIECTBO, aTOM, aTOMHOE SIAIPO, UJI€aTbHBIH ra3; JJIEKTPHUIECKOe
B3aUMOJICICTBUE, DJIEKTPUUECKHUI 3apsiji, AJIEMEHTapHbIA DIIEKTPUUECKUN 3apsf,
ANEKTPOMAarHuTHOE MoJie, OJIM3KOAeCTBYIE, CTOPOHHHU CHJIBI, AJIEKTPOABIIKYILAs CHIIA,
MarHuTHas  MHAYKIMUS, MAarHUTHBIA  TOTOK, MArHUTHas  IPOHUIIAEMOCTb,
TEPMODJICKTPOHHAS SMHCCHs, COOCTBEHHass W TPUMECHAs TPOBOJUMOCTH, pP- H-
Mepexo/1 B MOTYIPOBOAHHUKAX, HIEKTPOMArHUTHAS WHAYKIHS, CAMOMHAYKIUS; (POTOH,
aToM, aTOMHOE SI/IpO, MOHM3UPYIOIIee H3JlyueHue; (u3nueckoe siBICHUE, TUIIOTe3a,
MOHU3MPYIOLIEe U3ITyUeHHE, IIJIaHEeTa, 3Be3/a, rajlakTuka, Beenennas

3.2 3HaeT (U3MYECKHE BEIUYHHBI: CKOPOCTh, YCKOPEHHME, Macca, Cujia, HWMITYIbC,
MexaHuueckas paboTa, MeXaHMuYecKas »HEpPrus; MOJSpHAas Macca, KOJIUYECTBO
BCIICCTBA, BHYTPCHHAA DHEPIrusd, a0coroTHas TEMIICpATypa, CPCAHAA KMHCTHYCCKAsA
SHEpPrus YaCTUL[ BEIIECTBA, KOJIWYECTBO TEIUIOTHI; JIEMEHTAPHBINA JJIEKTPUYECKHUI
3apsij, HaINpsOKEHHE, DJJIEKTPOEMKOCTh, CHJIA TOKA, COMNPOTHUBJIEHUE, VYACIbHOE




CONPOTHUBIIEHNE, WHIAYKTUBHOCTh, cuia JlopeHma, cuima Amriepa; IOCTOSHHas
[Tnanka, PunGepra, pamuyc CTallMOHAPHOU KpyroBou op6utsl, bopoBckuii
paanyc; CKOpoCcTb, YCKOpEHHE, Macca, CHujla, HUMIYJIbC, MeXaHudeckas padora,
MEXaHMUYeCKas DJHEpPrus; MOJISIpHAs Macca, KOJIMYECTBO BEIIECTBA, BHYTPEHHSA
9HEeprusi, aOcCoNIOTHAs TemIepaTypa, CpelHss KHHETHYecKas »DSHEpPrus 4YacTull
BELIECTBA, KOJMYECTBO TEIUIOTHI; DJIEMEHTAPHBIN 2JEKTPUUECKUN 3apsi]], HAIIPSDKEHUE,
JJEKTPOEMKOCTb, CHJIA TOKa, CONPOTUBIEHUE, YIEIbHOE  COINPOTUBIICHUE,
UHIYKTUBHOCTD, cuia Jlopenua, cuia Awmriepa; IIOCTOSIHHAs
[Tnanka, Punbepra, paauyc craiuoHapHOM KpyroBoit opoutsl, bopoBckuii paamyc

33

3HaeT 3aKOHbBI: KIIACCHYECKOW MEXaHUKH, BCEMHPHOIO TATOTCHHUS, COXPaHCHHS
SHEpPIrUH, UMITYJIbCa;

MOJIEKYJIIPHO-KMHETUYIECKOM TEOPUHU U TEPMOJANHAMUKHY;

AIIEKTPUYECKOT0 3apsi/ia, JICKTPOMAarHUTHOM MHAYKIIMH, 3aKk0oHa KysoHa, ayiekTpoinusa,
OTpaKEHUsI M MPEJIOMIICHHsS CBeTa, 3akoHa OMa i y4acTKa M Ui MOJHOM LenH U
MpaBWJI TIOCIEAOBATEIBHOTO M MapajuIeNbHOTO  coenuHeHus; ¢Gorodddekra,
MOCTYJIaTOB bopa; Kiaccuueckoil MeXaHMKH, BCEMHPHOIO TATOTEHHSI, COXPaHCHHUs
SHEPIUHU, UMITYJIbCA;

MOJIEKYJIIPHO-KUHETUIECKOM TEOPUHU U TEPMOJTNHAMHUKH;

ANIEKTPUUECKOTO 3apsi/ia, AEKTPOMArHUTHOM HHAYKIMH, 3aKkoHa KysoHa, asekTpoinun3a,
OTpPaKCHHSI M MPEIOMJICHHS CBeTa, 3akoHa OMa il yyacTKa M JUIs MOJIHOM IIeTd U
NpaBWJI  MOCJIEJOBATEIBHOTO M MNapajulejbHOrO  coefauHeHus; (oroaddekra,
nocTynatoB bopa
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Briman poccuiickux M 3apyOeKHBIX YYCHBIX, OKa3aBITUX HaWOOJbIIee BIUSHUC Ha
pa3BUTHUE HAYKU
3HaeT MMEHa U BKJIA] yUYEHBIX, OKa3aBUINX HAOOJIbIIIEE BIUSHIE HA PA3BUTHE HAYKU




Kpurtepun oneHKkn npakTu4ecKux pador:

Iloka3atesn oueHNBAHUS HpaKTI/I‘ICCKOﬁ paﬁoTLI

HaumenoBanue OIIOP | 25 6annos 20 6ans10B 15 6a0B 10 6a/110B
1.Bnagenne  3HaHuAMHU | 3HAET U NOHHUMAET | 3HAET u|B uenoMm | He  packpsiBaet
TEPMHUHOJIOTUU TEPMUHBI U | IOHUMAET IIOHHMAET, HO | coaepKaHue
OIpeeIeHUS TEPMUHBI U | JOIyCKaeT TEPMHHA,
OIlpeJieJIeHus, HO | OLIMOKM B 3HAHUM | HEYMECTHO
JIOITYCKaeT TEPMHUHOJIOTUM U | IPUMEHSET
HE3HAYUTEIIBHBIE | ONPENEICHU, TEPMUHBI
OLINOKHU HCIIPABIISET
110CJIE 3aMEYaHui
2.Pe3ynbTaTUBHOCTh WNudopmanus WNudopmanms CryneHt HNudopmanus
MH(GOPMALIMOHHOTO HalcHa BEPHO, | HailleHa HE | CaMOCTOSITENIBHO, B | HalJicHA HE
IIOMCKa HeOoubIIHe MOJIHAs C | CpOK, C | moyHas c
HEJ0YETHI HETOYHOCTSMH, Hel04YeTaMu HETOYHOCTSIMH,
UCIPABIISAIOTCA KOTOpBIE€ CTYJECHT | BBIIOJIHSET KOTOpBIE CTYAEHT
CTYIEHTOM Cpa3sy, | HCIIPaBISAET 3a/laHus, c | HEe MOJKET
[IOMOTaeT B MOMCKE | CAMOCTOSITENILHO | TIOMOILBIO UCIIPABUTD 0e3
uHpopManuu npenoaaBaress IIOMOUIN
OJIHOTPYITHUKAM JIEJIaeT BBIBOJIbI npenojaBaresns
3.CkopocTh 1 Crynent Crynent Crynent Crynent C
TEXHUYHOCTb CaMOCTOSITENIbHO, B | CAMOCTOATEIBHO, | CAMOCTOSITENIBHO, B | IOMOILBIO
BBITIOJIHEHUS 3aJaHUN CPOK M  BEpHO | B CPOK, C | CPOK, C | mpernozaasares,
BBITIOJIHSAET HEeOOJIbIIMHU HeJ04YeTaMu HECBOEBPEMEHHO,
3a]aHus,  JENaeT | Helo4eTaMu BBINOJIHAET C HEeZ04YeTaMU
BBIBOJIbI, TIOMOTAET | BBINOJIHSIET 3a/laHusl, C | BBIIOJHSET
OJHOTPYIIIHUKAM | 3aJaHMsI, JENAET | OMOIIBIO 3aJ1aHus, c
BBIBO/IbI, npenojaBaTens MTOMOUIbIO
IIOMOTaeT JIEJIaeT BBIBOJBI IpenoaaBaresns
OJIHOTPYIITHUKAM JIeJIaeT BBIBOIbI
4.0¢dopmienue 3ananuil | 3agaHus 3anaHus 3anaHus Odopmiienue He
odopmIisieT odopmIisieT BBITIOJTHSIET COOTBETCTBYET
aKKypaTHO B | aKKypaTHO,  HO | HEaKKypaTHO, CO | TpeOOBaHUAM
COOTBETCTBUU C | UMeroTCs 3HAYUTEIbHBIMU
TpeOOBaHUAMU 3aMevyaHus 3aMeYaHUAMU
npenojaBaTens, B
COOTBETCTBUH c
I'OCT
5.AprymenTtupoBaHHOCTb | B mnuceMenHoil u | B nucemennoii u | IlpuBogur IIpuBogut
CYKJICHHUH, IIUPOTa YCTHOM peuu | yCTHOU peuu | IpuMepHl, pUMEpHI, (aKTHI,
Kpyrosopa MIPUBOJUT MIPUBOJUT OIHCHIBAET OIHCHIBAET
npuMepsl, (HaxThl, | IPUMEPHI, ABJIEHUS, (PaKThl, | ABJICHUS, HE
OIMCHIBAET (baxThl, HO 3aTPYJIHSAETCS B | JI€NaeT  BBIBOJBI,
SIBJICHUS, OTHCHIBAECT JIOTHYECKOM CpaBHEHUS
IIPOU3BOJIUT SIBJICHUS, U3JI0’KEHUH,
CpaBHEHHS, aHAJIN3, | IPOU3BOAUT aHaiuse,
JIENIaeT BBIBOJBI CpPaBHEHUSI, CpPaBHEHUHU,
aHaJu3, JIeJaeT | BhIBOJAX
BBIBO/JIbI, HO




3aTpygHsieTcsl B

MOCTPOCHHUH
JIOTUYECKOTO
U3JI0KECHUS
Martepuaia
6.ITouck, 06paboTKa u Paboraer c | Paboraer ¢ | Hemocrarouno [TpoBenen mouck
MIpeI0CTaBIICHUE JTUTEPaTypO, JTUTEPaTypoi, npoBeJieH cOop U | u cbop
uH(pOpMAIUU TIO ITOMCKOBBIMU IIOMCKOBBIMU o0paboTka uHpopManuy,
H3y4aeMOMYy MaTepuaigy | CUCTEMaMy, CUCTEMaMHU, uHbopMaIuuy, TE€Ma HE PaCKphITa,
MOJITOTOBJICHHAS MOJITOTOBJICHHAsL | IPEJOCTAaBIICHHUE 170031 HE
uHpopmanus uHpopmanus uH(bOpMallMl  HE | COOTBETCTBYET
COOTBETCTBYET COOTBETCTBYET COOTBETCTBYET 3aJJaHHIO
TeMaM 3aJaHus, | TeMaM 3a/aHusd, | TpeOOBaHUSM
MOJTHO  PAcKpbITa, | IOJHO PaCKpHITa,
oTOOpakeHa, TMpH | MPeJOCTaBICHHE
HE00X0AUMOCTH uHbOpMaLIUU HE
COIIPOBOXKAAETCS B TIOJIHON Mepe
HaTrJISTHOCTBIO COOTBETCTBYET
(cxemamu, TpeOOBAHUAM
PUCYHKAMH),
MPEIOCTaBIIACTCS
JIOTHYHO B
COOTBETCTBUH c
TpeOOBaHUAMH,
JIAIOTCSl CCBHUIKM Ha
VMCTOYHUKHU
7.Mcnions3oBanue 3HaeT yCTpOMCTBO, | 3HAET He B monuoii mepe | He B  mnonHOH
yueOHO-1a00paTOPHOTO | Ha3HAYCHUE, YCTPOKCTBO, BJIaJIeeT 3HAHUSMH | Mepe BJIaJICeT
o0opynoBaHUs A METOJIbI paboThl C | HA3HAYEHHUE, yCTPOMCTBA, 3HAHUSAMU
pelIeHns MPaKTUYECKUX | y4eOHO- MeTO/]Ibl pabOTHI C | HA3HAYEHUS, YCTPOWCTBA,
3aja4 (U3MepHUTEIbHbIE | Ta0OPAaTOPHBIM yueOHo- MeToJaMu PalOTHl | HA3HAYEHUS,
MPUOOPHI U 00opyI0BaHUEM, 1a00paTOPHBIM c y4eOHO- | MeToAaMu padOThHI
WHCTPYMEHTHI) MIPOU3BOIUT o0opya0oBaHUEM, | JJaOOPATOPHBIM C yueOHo-
paboThl C | HO JIOTTYCKaeT | 000py/I0BAaHUEM. 1ab0paTOPHBIM
MIPUMEHEHHEM OLIMOKH B | [IpousBoaut 000pyZIOBaHUEM.
y4eOHO- pabote ¢ yueOHO- | paboThI ¢ | [IpousBoaut
1a00paTOPHOTO 1a00paTOPHBIM 3aMeYaHusIMH, paboTsI c
o0opynoBaHus B | 00OpyAOBaHHEM, | COOJIOAET HapylIeHueM
COOTBETCTBUU ¢ | cobmoaaer TEXHUKY TEXHOJIOTHH,
TpEeOOBaHUSIMU U | TEXHUKY 0e30MmacHOCTH MPUHIIMIIOB
TEXHOJIOTHEH, 0€3011acCHOCTH, paboThI, uMeeT
coOmro1aer OepeKHO 3aMeYaHUs o
TEXHHUKY OTHOCHUTCS K TEXHHUKE
0€30macHOCTH, 000pyI0BaHUIO 0€30macHOCTH
OepexxHO
OTHOCHTCS K
000pyIOBaHHUIO.
Moxer OKa3aThb
nmoMmouis B pabdote
OJTHOTPYITHUKaM
8.Bpems Ha BbinonHenue | CoOmoneHue IIpeBblieHue [TpeBbiieHune [TpeBblieHNe
3aJaHHsI BpeMs U | BpeMeHHU BpEMEHU BpEMCHH




MMOATOTOBKH BBLIITOJIHEHHUS Ha | BLIMIOJHEHUS  Ha | BeIMOJAHEHHS Ha 30
3amanusi, cpokoB | 10 % 20% u 6osee %
cIadu 3aJaHuMN.

MeToanka npoBeeHusi KOHTPOJISI 1 KPUTEPUM OLIEHKHU padoT

Kaxxnas mpaktudeckas paboTa BBITIOIHSACTCS CTYJACHTaMH B XOJ€ y4EOHOTO 3aHSTHS WM BO
BpeMsi, OTBEJAEHHOE HA CaMOCTOSITEIILHYIO BHEAyIUTOPHYIO PabOTy CTylIeHTa MO HWHIUBUIAYATbHBIM
3aIaHUSAM MOCJI€ U3YYEHUSI COOTBETCTBYIOIIECH TEMBI.

PabGora ouenuBaercs mo nATHOAIILHON CHCTEME:

Ouyenka 5 (omauuno) BHICTABISICTCS B CIIYYasiX TOJHOTO BHITIOJHEHHS BCero o0bEMa paboThI,
OTCYTCTBHSI CYIIECTBEHHBIX OIMUOOK TPH BBIYUCICHHUSIX M IMOCTPOCHHUSX TPapUKOB H PHCYHKOB,
rpaMOTHOI'O U AKKYpPAaTHOT'O BBITIOJIHEHUS BCEX 3aJIaHUI, HAJTMYMS BHIBOJIA.

Ouyenka 4 (xopouio) BbICTaBISETCS B CIIy4ae MOJHOTO MPU HAJMYUU BBITIOJIHEHUS BCEro 00bEMa
paboThl ¥ HECYNICCTBCHHBIX OIIMOOK MPH BBIYHCICHUSX U IMOCTPOCHHH T'paUKOB U PUCYHKOB, HE
BIUSIONIMX HA OOLIUIA PE3yNbTAT PEIICHUS.

Ouenka 3 (yooe1emeopumesibHo) BbICTABIISAECTCA B CIIy4asiX B OCHOBHOM IIOJTHOTO BBINIOJHEHUS
paboThl PU HATUYUU OMIMOOK, KOTOphIE HE OKA3bIBAIOT CYIIECTBEHHOTO BIUSHUS Ha OKOHYATEIbHBIN
pe3yJibTar.

Ouyenka 2 (HeyoosnemeopumenbHo) BBHICTABISIETCS B Ciydae, KOIrJa JIOMYIIECHBI
MPUHLMIIAATIBHBIE OMIMOKK (mepernyTanbl (popMysibl, HapyllleHa IMOCIEI0BATeIbHOCTh BBIUMCICHUIA,
OTCYTCTBYET nepeBo pusndeckux BeanuuH B cuctemy CU u 1.11.).

B Teuenue Bcero BpeMeHU OOyUEHHMsI CTYIAEHTY MPEAOCTABISIETCS BO3MOXHOCTHh ITOBBICHUTH

pe3yNIbTaThl YCBOCHUS YU€OHOM TUCIUIUIMHBI TyTEM TOBTOPHOTO BBIIIOJIHEHUS JPYTOro BapHaHTa.




IIpakTuyeckas padoraNel mo reme: Buabl IBHKeHU S

Hesas: HayunThcst mpUMEHSATh OCHOBHBIE (POPMYIIBI PABHOYCKOPEHHOTO IBHKEHHS IIPU pacueTe
OCHOBHBIX KWHEMATUYECKUX BEJIMYMH IS PA3JIMYHBIX CIIy4aeB PABHOYCKOPECHHOI'O JABUKCHUS.

Iopsinok BbINOJIHEHHSI PAa0OTHI:

1. BuauMmarenbHO poYUTaTh TEOPETUUECKYIO YaCTh U IIJIaH PELICHMS 3a/1a4
2. PaccMoTtpeTs puMeps! pelieHus 3agad

3. OTBEeTUTH Ha KOHTPOJIbHBIE BOIIPOCHI.

4. [Tony4yuTh ¥ BBINOJHUTH UHAUBUAYAJIbHBIE 33aHUS.

[IpakTnueckast paboTa HamnpaBIeHa Ha OBJIAJICHUE CIAEAYIOUIMMU 3HAHUSMHU U YMEHUSIMH.

B pe3ynprare nzydeHus pasnena CTyACHTbI JOJKHBIL:

3HATD:

- BUABl MEXAHMYECKOTO IBMKEHHSI B 3aBHCUMOCTH OT (DOpPMBI TPAeKTOPHUH M CKOPOCTH
IIEPEMEIICHUS TEIIA;

- IOHATHE TPACKTOPHH, ITyTH, [IEPEMEILICHHUSI;

- pa3nuMyue KJIaCCUYECKOTO M  PEJSITUBUCTCKOTO  3aKOHOB  CIIOKEHUST  CKOPOCTEW;
OTHOCHUTEJIbHOCTh OHATUH JJIMHBI U IPOMEXKYTKOB BPEMEHHU.

yMeTb:

- (QopMynupoBaTh MOHATHS: MEXAHUYECKOE JIBUKEHHE, CKOPOCTb U YCKOpPEHHUE, CHCTEeMa
OTCUETa;

- n300paxkaTh rpadUYecKl pa3TuIHbIC BUABI MEXaHUUECKUX JBUKCHHUIA,

- pemarh 3a7adyd C HUCIOJIb30BaHHEM (OpMyn Al PaBHOMEPHOTO M PaBHOYCKOPEHHOI'O
JIBHKEHUH.

MeToanyeckue yKa3aHHs K BbINOJHECHHIO IPAKTHYECKOH padoThI AJsl CTYAEHTOB:

K BbIMONHEHHIO TpakTHUECKON paboThl HEOOXOAMMO MPHUTOTOBUTHCA O Hayala 3aHsITHS,
HCITONIb3Ysl PEKOMEHOBAHHYIO JINTEPATYPy Y KOHCIEKT JIEKIIUM.

CryneHTsl 00s13aHBI UMETH TpU ceOe JTUHENKY, KapaHaall, KaJlbKYJIsTOp, TETPaib.

[Ipy TOATOTOBKE K TMPaKTUYECKOW paboThl, HEOOXOAMMO OTBETUTh HA MPEATIOKECHHBIC
KOHTPOJIbHBIE BOIIPOCHI.

TeopeTnyeckas 4acTh

B BexTopHOM BHzE

B npoexkuusx Ha ock Ox

B ckanspaoM Buze



PaBHOMEpHOE NPAMOJIMHENTHOE ABUKEHHIE
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JIBIDKEHHE

CpenHsist CKOpOCTb.:

MrHoBeHHas1 CKOPOCTb!

. el

U =uU,tact

v =u, *a t
ypaBHeHI/Ie CKOPOCTH.

v, =y, +a, -t

X 0,

[Tepemenienue:
L a1
Ar =iyl + —
2
12
a. I
Ar, =v, t+—=
‘ 2
‘.FJ
Ar =u, +2
2

Koopaunarta (ypaBHEHUE ABUKEHUSA):
2

a_ -t

X

X =x,+v, 1+
0 0, 7

KpuBosnHelHOE ABUXKEHUE

JIunelHas CKOpPOCTh:

2R
U= =2aRv

T
=R
[Tepuon:

t 1
T =— =—

N o
Yacrora:

N 1
= =—

I T

]_II/IKJII/I‘ICCKaSI 4yacToTa.

(o =— :?_;'n:

leHTpOCTpEMUTENBHOE YCKOPEHUE!

v i
a =— =w R
R

u

10



IIpumepsl pemienus 3ana4y

IIpumep 1.

MotopHas j0/1Ka TPOXOAUT paccTosiHue Mexky A u B 3a 3 yaca, a ot — 3a 12 yacoB. CKoJIbKO
BPEMEHH 3aTPATUT MOTOpHAS JIOAKA Ha OOpaTHBIN MyTh?

Hano:

t1=3 4

tw=12 4

Pewrenue:

Benewm crenytonme o003HaueHUS:

L - paccrosinue mexay A u B,

Vp- CKOPOCTh TEUEHUS PEKH,

V; - COOCTBEHHAs! CKOPOCTD JIOJKU.

to-?

Torna ckopocTh JIOJKHU 1O TEYCHHUIO paBHA (Vp + Vi), IPOTUB TedeHus - (Vp - Vy). Hcmonb3ys

dbopMyIly U ycIIoBHE 3aauH, OJIyYUM:
L

7 (1)
L

t, =

1 vt EF(Z)

t: - i fz:
()

Beipasum u3 (1) u (2) L u npupaBHseM IpaBble 4YaCTH MOJYyYEHHBIX BBIPAXKECHUMN:

v’,‘t}l ) tru' = l:-1 [EJ.'.I' + v‘p )’

v, + v t 12 5
B — 4,3&1&1‘.??, ==
v, ty 3 3

V.— .
Tormauz (3) = toE " (4)

Ms(y=- T S
[ToncraBuM nosyueHHoe BbipaxkeHue 11 L B (4):
3 vty _ E _

tq . - —_ = —

=— Gy,
© 2y, ™M 3 2 2

OtBerT: t2 = 64.

IIpumep 2.

11



IIpu paBHOYCKOPEHHOM JBM)KEHUH TEJIO MPOLUIO B MEPBBIE BA PaBHBIX IOCIEIOBATEIBHBIX
IPOMEXYTKa BpeMeHH 3 ¢ myTh 18 M u 54 M. HaiiTu HayanpHyt0 CKOPOCTb U YCKOPEHHE.

Hano:

t=3c

S1=18m

So=54m

Pemenue:

T
at
5, =1yt + .

(1)

i Vo - HauaJbHas CKOPOCTh JIBHXKEHUS JJIsl IEPBOTO y4acTKa MyTH, V'o - AJI1 BTOPOTO y4acTKa.
Tak kak 3TH YUYaCTKH SABJIAIOTCA I1OCJICAOBATCIbHBIMU, TO V'O)IBJI?ICTC?I OOAHOBPECMCHHO KOHEYHOU
CKOPOCTBIO JUIs S1.

Vo-?

a-?

CiieoBarenpHo 0 ©0 +at. 3)

5,= (v, +at t+£=v t+m‘2+mz
M3Qu@B) = - (v +at)t += o 2

BrrunTas mo4ujgieHHO U3 MMOJIYYCHHOTI'O BBIPAKCHU A (1), noJrydacm:

5, —5; = at

r

a = = = =T
te 3- c=
po=1_ 8 _18 23 _ 4
()= "= & 2 3 2
M
a=4—,v, =0.
OrTBer: e
IIpumep 3.

B nocneaxioo CCKyHOY CB060,Z[H01"O NaaCHUs TCJIO IMPOIJIO MATYHO 4aCTh CBOCT'O ITYTH. C xakoi

BBICOTHI OHO yIajo?
Hano:

ti=1lc

Pewrenue:
Jlnis perieHus 3amgadu BBeneM oOo3HadeHws: H - BbIcOTa, C KOTOpPOW Majgaer Temno, to - Bpems

BCEro MoJIeTa, Vo - HauajabHasi CKOPOCTb JUIsSl y4acTKa IyTH, TPOHEHHOTO B MOCIEAHIOI0 CEKYH Y
12



H-?

[Tpumensiem popmyiy, yuuThIBasi, 4TO Py CBOOOTHOM MaJIeHHH a = g 1 3aMeHsis S Ha H:

g =25

()
H gtz
—=wt+=—,
5 ¢ 27(2)
rnet=1c.

Kpowme Toro, vo MOKHO BBIpa3uTh KaK KOHEUHYIO CKOPOCTb JJIsl y4acTKa IIyTH, IPONHJEHHOIO 3a
Bpems (to - t):

vy = gty —t).

[ToncraBuM nosryueHHOE BbIpaskeHUE B (2):

H
E= H[tn_ tj-

©)
Pemas coBmectHo (1) u (3), 1 yuuThiBas, 4to t = 1 ¢, moiay4yaem KBaJpaTHOE yYpaBHEHUE

t; —1010t, +5 =0 tsr = 9.5¢,t5; = 0,5¢c.

, OTKyz1a

VYcnoButo 3a1auun yI0BIETBOPSIET TOIBKO to1, T.K. t02< t. [logcTaBum 3Hauenue to1 B (1):

g,3-(9,5)%
H=——

=

= 442

Otset: H = 442 m.
1 BapuaHT.
1.Kakyto ckopocTh mpuodperaet aBTo0yc 3a 10 ¢, ecii OH TporaeTcsi ¢ MecTa ¢ yckopeHnuem 1,2
M /c2?
2.JIbDKHUK HAUMHAET CIyCKaThes ¢ ropbl U 3a 20 ¢ mpoxoauT nyTh 50 M. Onpenenute yCKOpeHue
JBDKHUKA U CKOPOCTh B KOHILIE CITyCKa.
3. Ilpu ocTaHOBKE aBTOMOOMJIb 32 TIOCJIEIHIOI CEKYHy ITPOEXall MOJIOBUHY TOPMO3HOT'O MYyTH.
Onpenenure MOJIHOE BPeMsI TOPMOKEHUS.
2 BapuaHT.
1.0mnpenenuTe Kakyro CKOpPOCTh pa3BUBaET BejocureaucT 3a 20 ¢, IBUrasich U3 COCTOSTHUS TOKOSI
¢ yckopenuem 0,2 m/c2?
2. IMoe3n, uaymuid co CKOPOCTbIO 36 KM/4, IPOXOJIUT 10 OCTAHOBKH MyTh, paBHbIN 100 M. Uepes
CKOJIBKO BpeMEHHU oe3]1 ocTaHOBUTCS? C KaKMM YCKOPEHUEM OH JIBUTAJICS?
3. OnpenenuTte yCKOpeHUE JBHKEHUS Tela, €ClU 3a YETBEPTYIO CEKyHAY C MOMEHTa Hayaia

JBHKEHHSI OHO MPOXOJUT NyTh, PAaBHBIN 7 M.

Kuaroun:
1 Bapmant. 1. 12m/c. 2.0,25mc2,5m/c. 3. 141 c.
13



2 Bapuant. 1.4 wm/c. 2. 10 m. 3. 2m/c2.

Kputepuu oneHuBanus:

OreHka 5 CTaBHUTCS, €CIIM yYalllecs BBIMOJIHUIN BEPHO 3 3a1a4M, BEPHO 3alUCAIN YCIOBUE,
3amucalii BCe HEOOXOAMMBIC M JIOCTaTOYHBbIC (DOPMYIBI JUISl PEHICHUs 3a/la4yd, BEPHO IOICTABUIH
YUCJICHHBIC 3HAUYCHHSA, BCPHO IIPOBCJIM BBIYHUCICHHA I10 q)OpMy.HaM U BCPHO 3amucajim OTBET C
CAMHUIIaMH U3MCPCHUA.

OreHka 4 cTaBUTCS, €CIIM BEPHO U MOJIHOCTBIO MPABHIIBHO PEIICHBI M 3aIMCaHbI 2 3a/1a4d, B 3
3ajiaue JOMYIIEHBI OMIMOKY JIMOO B 3alUCH JaHO, JKO0O0 B 3amicH (OPMYI WIH BBIYUCICHHSX, JTHOO B
npeoOpazoBaHny (HOPMYIT UITH 3aIFCH OTBETA C SAMHHUIIAMH N3MEPEHUSI.

Orenka 3 cTaBUTCS, €CJIM BEPHO U MOJIHOCTHIO MPABUIILHO PEIlICHA U 3amucaHa | 3aiada, Bo 2 U
3 3ajavax JOMYIICHBI OMIMOKH JIMOO B 3aIMCH JIaHO, JIMOO B 3anTUCH (DOPMYJT HITH BHIYUCIICHHUSX.

Onenka 2 cTaBUTCS, €CITU B KaX10M U3 3 3a/1a4 TOMYIIECHbl KaKKe-Tu00 OMMOKHY 00 B 3alHUCH

naHo, Moo mpu nepeBoje enuHul B cuctemy CH, n1u6o B 3amucu GopMys Wi BEIYHCICHUSX.

IIpakTuyeckas padora Ne2 no reme: Bzaumoaeiicreue Tes. 3aKOHbI HBIOTOHA
Henab: HayunTthes onpenensTs paBHOACHCTBYIONIYIO CUJT ACUCTBYIOUIMX Ha TEJIO, YCKOPEHHE,
CKOPOCTB, UCITI0JIb3YysA OCHOBHBIC 3aKOHBI IMHAMHWKHU.

HOpﬂlIOK BbIITOJTHCHU A paﬁon:

1. BHuMaTenbHO IPOYUTATH TEOPETUUECKYIO YaCTh U IUIAH PEIICHUS 3a1a4
2. PaccmoTpeTs npumeps! penieHus 3a1a4d
3. [TosnyunTh U BBINOIHUTH HHAUBUAYAIbHBIE 331aHMUSL.

TeopeTnyeckas 4acThb

OcHoBHas 3a/aya JWHAMUKH — ONpEJEICHNE TOJOKEHUsI Tella B TMPOCTPAHCTBE B OO0
MOMEHT BPEMEHH, KOI'/1a U3BECTHBI IEUCTBYIOIINE Ha TEJIO CHIIbI U 33JJaHbl HAYaJIbHbIE KOOPAUHATHI 1
CKOpOCTbH TeJIa.

Cuna — BekTOpHas (U3MYECKas BEIMYMHA, SBIISIONIAsICS Mepoi B3aumojencTBus ten. Cua
XapaKTepU3yeTCsl YHUCIOBBIM 3HAYCHUEM (MOMAYJIEM), HAMPABICHHUEM JACHCTBHS U TOUKOW MPUITOKEHHS
K TEIy.

F

[Ipu nelicTBUU HA TEJIO HECKOJIBKUX CHJT UX MOKHO 3aMEHHUTh PaBHOJEHCTBYIOIIECH CHIION P ,

MIPEICTABIISIIONIEH COO0 BEKTOPHYIO CYMMY THX CHUI:

d n
I:p:I:I +F2 +...+Fn, nJinu P")=ZF,'
i=1
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Macca (nHepTHas1) — ckajisipHas (pu3nyeckas BEIMYMHA, XapaKTEPU3YIOIas CIIOCOOHOCTh Tela
COXPAaHSTh [IOCTOSHHYIO CKOPOCTh, €CJIM TEJI0 HE B3aUMOJEHCTBYET C IPYTMMH TEIaMU WIH AEUCTBHE
JPYTUX TN CKOMIIEHCHpPOBaHO. Macca o01agaeT CleayonMMHI CBOMCTBAMHU:

1) macca Tenma paBHa CyMME MacC BCEX YacTHI, U3 KOTOPbIX OHO COCTOMT.
[Tpu coenvHeHnU ABYX TEJ B OJJHO MACChl 3TUX TEJN CKIIAAbIBAIOTCA (CBOMCTBO aJINTUBHOCTH);

2) gand  JaHHOW  CHUCTEMBI  TeJN  CIOPaBEUIMB  3aKOH  COXPAHEHHS  MacChl:  IMPH
JOOBIX MpoIieccax, MPOUCXOIALINX B CUCTEME TEJ, €€ Macca OCTaeTCs HEM3MEHHOM (IpH L << ¢)

Macca (rpaBUTalliOHHAs)) — CKajspHas (HU3MYecKas BEIWYMHA, ONpPEICIAIoNmas CHILy
B3aMMHOT'0 IPUTSHKEHUS Tell M 00Jiaaroniasi TeMH e CBOMCTBAMU, UTO U MHEPTHAs Macca.

WNuepTHas W TpaBUTAIMOHHAS MAacChl XapaKTEpHU3YyIOT pa3IMYHBIE CBOICTBA TeJ, HO, Kak
MIOKa3bIBAET OMBIT, OHU BCET/Ia SKBUBAJICHTHBI (MHEPTHAS U TPABUTALIMOHHAS MAacChl OTHOTO M TOTO K€
TEJa paBHBI).

OCHOBHBIMU 3aKOHAMHU KJIACCUYECKOW TUHAMHUKU SABISAIOTCS 3aKOHBI HbloTOHA. 3aKOHBI
HploToHa cienyloT U3 OmbITa, B3aMMOCBSI3aHBI APYr C OPYrOM, HE MOAYMHEHBI APYr APYyry H
CIPaBEIUBBI TOJIBKO B MHEPIUAIBHBIX CHCTEMaX OTCUETA.

Nuepumansubie cuctemsl otcuera (MCO) — 3TO cucteMbl, B KOTOPBIX TeO (TPYIIILI TelT), HE
MOJIBEP)KEHHOE JCHCTBHIO CHJI (MM JEHCTBHS CHJI CKOMIIGHCHPOBAHBI), HAXOJIUTCS B TMOKOE WM
JIBYDKETCS] pABHOMEPHO M IpAMOJIMHEHO. CrucTeMa oTcueTa, IBUXKYIIascs OTHOCUuTenbHo nanHoi MCO
PaBHOMEPHO U TPSIMOJMHEHHO, TaKXe SBISIETCS HWHEpHUaNbHOW. CHCTeMyoTcueTa, CBSI3aHHYIO C
3emJiel, ¢ OOJIBIION CTENEHbIO0 TOYHOCTH MOXHO CUMTATh HHEPLHATIBLHOM.

IIepBbiii 3ak0H HpIOTOHA: B MHEPLIMAIBHBIX CHUCTEMAax OTCYETA TEJIO COXPAHSET COCTOSHUE
MOKOS UM PAaBHOMEPHOTO MIPSIMOJIMHEHHOTO ABMKEHUS, €CIIM Ha HeTo He IeHCTBYIOT ApyTrHe Tena, JInoo

HGI‘;ICTBYIOT, HO 3TO JEWCTBUE CKOMIICHCUPOBAHO:

n
F =37 -0
i=1

3Hauut, ¥ =const, ¥ =0.
Bropoii 3akon HerotoHa: yckopenue, nonydeHHoe teaoM B MCO, npsaMo nponopruoHaIbHO

paBHOJIEHCTBYIOIIEN TPUIIOKEHHBIX K HEMY CHJI, 00paTHO MPOIMOPLHUOHATIBHO Macce Tena:
n

~TH

=
[l
W

15



Tperuii 3akoH Hprorona: B MCO cuibl B3aMMOACHCTBHS MEXKIY JBYMS TE€IaMH HWMEIOT
OJIMHAKOBYIO (DM3MYECKYIO MPHUPOAY, PAaBHBI [0 MOJYIIO U HAIPaBJICHBI BIOJIb OJHON TpPSIMON B

IMPOTHUBOIIOJIOKHBIC CTOPOHBI:

F, =-F,,

OTU CUIIbI IPUIIOKEHBI K Pa3HBIM TEJIaM U IO3TOMY HE YPaBHOBEILLIMBAIOT JIPYT JIpyra.

[Ipumeps penienus 3agad

IIpumep 1.

Kaxkoe yckopeHue cooOIIUT 37€KTPOBO3 KEJIE3HOIOPOKHOMY cocTaBy Maccoit 3250t, ecnu ripu
TPOraHuU ¢ MecTa OH pa3BuBaet cuiy Taru 650kH. Cuna conpotunenus asuxenuto 162,5xH.

Hano: C.H. Pemenue:

R
m=3250t1 3250000kr FcFraru =

= > —>
E Fr=650xkH 650000H
Fe=162,5xH 162500H
Il -
a-? F}ﬁ

+= E—
FrarpFc ma

Frarux=Fraru; Fox=Fc; ax=a

Frarn-Fc=ma

a =( Frsru-Fc)/m;

a=( 650000H-162500H)/3250000kr=0,15m/c?

Ortger: a=0,15m/c?

IIpumep Ne 2.

3a Bpems, paBHOe 15¢ oT Hauana aBmkeHHs, Tpakrop mpouien 180M. C kakuM yCKOpEeHHEM
JBUTAJICS TPAKTOP, U KAKOW IIyTh OH NMPOWUJIET 3a BpeMs, paBHoe 30c?

Hano: Pemenne:

t=15¢ S = at?/2; Sx=S: ax=a;
. ) .
—> ” ¥ =0 a=25/t2

_:,
S=180m a=2-180m/(15¢)?=1,6m/c? 5
t1=30c Si1=at1%/2

a-? S1 =1,6M/c?(30¢)42=720m

16



S1-?
Otger: a=1,6M/c%; S1=720m
1 BapuanT.
1. Cuna 60 H coo6miaet yckopenue 0,8 m/c2. Kakas cuna coolmiaeT 3Tomy Teny ycKopeHue 2
m/c2?
2. Tpoc BblIEpKkHMBaeT MakcuMaibHy0 Harpy3ky 2,4 kH. C kakuMm yCKOpEeHHEM € IOMOILBIO
3TOTO TPOCa MOXKHO MOAHUMATH rpy3 Maccoii 200 Kr, 4ToOBI TPOC HE mopBaics?
3.CraproBaBiiasi BEpTUKaJIbHO BBepX pakeTa maccoi 500 kr 3a 5 ¢ moaHsuiack Ha BeicoTy 300 M.
UeMy paBHa CuJia TATH JIBUraTells PaKeThl, €CIIM CPEIHSs CHla COTIPOTUBIIEHUS BO3ayxa paBHa 1,5 kH?
2 BapuaHT.
1. [Mox nmeficTBMEM HEKOTOPOM CHIIBI TEJIO Maccoil 4 Kr mpuoOpeno yckopenue 2 m/c2. Kakoe
ycKopeHue npuodpetaet Teno mMaccoi 10 Kr moj 1eHCTBUEM TaKOM e CUITbI?
2.C noMouipo NOIbEMHOT0 KpaHa MOJAHUMAIOT Ipy3 Maccoil 1T. Onpeaenure cuily HaTSKEHUS
Tpoca B Hadase ABMKEHUS, €CIIU TPY3 JBIKETCS ¢ yckopeHueM 20 m/c2.
3. Onpenenure TOPMO3HOM MyTh aBTOMOOWJIS, €CJIM B MOMEHT Hadajia TOPMOKEHUSI OH MMEI

CKOpocTh 43,2 kM/4, a KOO(PPUIIUEHT TPEHUS CKOJIBKEHUS ObLI paBeH 0,6.

Karoun:
1 Bapuant: 1.150 H. 2 0,18 m/c2 . 3. 18,5 xH.
2 apuant: 1.0,8 m/c2. 2.0,15 m/c2.3. 12 m.

Kpurepun onenuBanus:

OneHka 5 craBUTCS, €CIIM y4allllecs BBINOJHUIM BEPHO 3 3aJayu, BEPHO 3alUCalld YCIOBHE
3ajauu, rnepeBenau BenuuuHel B cucremy CH, 3anucanu Bce HEOOXOIUMBIE U JOCTATOUYHBIE (OPMYJIBI
JUIsL PELIEHUs 3aJadd, BEPHO IOJCTAaBWIM YHMCIEHHBIE 3HAYEHMsI, BEPHO IPOBEJIM BBIUMCIIEHHS IO
dbopMynaM U BEpHO 3amUcaly OTBET.

OneHka 4 cTaBUTCS, €CIM BEPHO M MOJTHOCTHIO NMPABWIIBHO PELIEHBI U 3allMCaHbl 2 3a/1a4y, B 3
3ajayue JOIMyIIeHb! OMMOKHU J100 B 3alUCH JaHO, MO0 MpH nepeBoje enunul] B cuctemy CHU, nubo B
3anucu GopMyJT WM BEIYUCICHUSIX.

OueHka 3 cTaBUTCA, €CJIA BEPHO M MOJHOCTHIO MPABUIILHO PENIEHA U 3anrcana 1 3agava, BO 2 U
3 3ajayax JOMYyIIEHbI OIIMOKY JIMOO0 B 3aMIUMCH JaHO, TMOO MpH nepeBoje eaqunull B cuctemy CHU, nubo
B 3aITUCH (DOPMYJT MM BHIYHCIICHUSAX.

OreHka 2 cTaBUTCA, €CIIU B KOXJOU U3 3 3a7a4 TOMYIIEHbl KaK1e-T1100 OMMOKH OO0 B 3alKUcH

naHo, 1100 npu nepeBoje eauHuIl B cuctemy CH, nubo B 3amucu GopMys WIHA BEIYUCICHUSIX.
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IIpakTuyeckas padora Ne3 no teMme: 3aKOHbBI COXpaHEHUSI B MEXaHUKeE
[enb: 3akpenuTh 3HAHUS MO0 TeME «3aKOHBI COXpAaHEHHS B MEXaHHUKE», CHOPMHUPOBATH YMEHUS
Y HaBBIKW HAXOXKJICHUS (PU3NICCKOM BETUIHMHEI, €€ BHIBOJIA 3 (DOPMYIIBI.

[Topsanox BeIMONMHEHUS PaOOTHI:

1. BHumarenpHO MpoYNTaTh TEOPETUUECKYIO YaCTh U IUIAH PEIIeHUs 3a/1a4
2. PaccMoTtpeTs puMeps! peleHus 3agad
3. [TosryunTh U BBIOJIHUTH UHAUBUAYAJIbHBIE 3a/1aHUS.

TeopeTndeckuii MmaTepuan

Cuna 1 UMITYJIbC:

Mexanuyeckas padora:

MomHoCTb:

Teopema 0 KHHETHYECKON YHEPTHHU: k2 — Eki.

[loTeHunanpHas sHEprus:

3aKOH COXpaHEHHUs SHEPTUHM B MEXAaHMUECKHX IMPOIleccax:

Eki + Ep1 = Ex2 + Ep2.

[Ipumepsl pemienus 3aaay

[Tpumep 1. Teno OGpolieHo BepTUKAIBLHO BBEPX ¢ HayanbHOU ckopocThio 20 M/c. [Ipenedperas
COIPOTHBIICHUEM BO3/1yXa, OMPEIC/IUTh, Ha KaKOW BbICOTEe N KHHETHYECKast SHEPTHUs Teja OyeT paBHa
€ro MOTEHINAJIbHON SHEPTIUH.

Pemenue:

B xauecTBe HyNEeBOTO YpOBHS BbIOEpEM ypOBEHb CBSI3aHHBIN C HAYAJTbHBIM TOJOKEHUEM Tea.
[ToTeHnmanpHast PHEPrUs Tejla B MOMEHT OpocaHWs paBHa HYIIO, TaK KaK TMOTEHIMAJIbHAS YHEPIHs
SIBJISIETCSI byHKIMEH BBICOTHI, KUHETHYECKast SHEPTHUSI paBHa MV?/2.

B uHTepecytomieil Hac Touke KHHETHYECKast YHEPTHUs Tena OyJeT paBHA €ro NOTEHIIMATbHON YHEPTUH
(10 ycioBHIO 331a4N)

Ex = Ep. (1)

3anumieM 3aKOH COXPaHEHUSI MEXaHHMUECKOW SHEPTHH (COTPOTUBIICHUE CPEIBI OTCYTCTBYET)

mv?/2 = Ex + Ep = Ep + Ep = 2E,.
371ech Mbl BOCIIOJIB30BAIHCH (1)

Torga mv?/2 = 2mgh, nmm v?/(4g) = h

[Tocne BhIUMCIICHUS
h =20%(4 x 10) = 10 (m).

OtBert: Ha BricoTe 10 M KMHETHUYECKasi SHEPTUs Tejla paBHA €ro MOTEHIIMATIbHOM.

[Tpumep 2. Teno maccoit m = 100 r magaet cBoOoaHO. OnpeaenuTe 3MEHEHUE UMITYIbCa ITOTO

TeJIa 3a MEePBbIE IBE CEKYH/Ibl Ta/ICHUSI.
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Pemenue:
CB00O1HO Majas Teno yepes 2 ¢ NpuoOpeETET CKOPOCTh
V=Vo+gt=gt
V3MeHeHue uMIynbca paBHO
Ap =mv —mve = mv = mgt.
ITocne BeIuuCIEHUI
Ap=2H xc.
OtBet: Ap=2 H X c.
OOparuTe BHUMaHME, YTO UMIYJIbC — BEKTOPHAs BEJIMYMHA, CHayala HaJ0 HAWTH IPOEKIHIO
BEKTOpa, a yXK IMMOTOM padoTaTh CO CKATSIPHBIMU BETMIMHAMH.
IIpumep 3. Illapuk wmaccoit M1=1 x2.CKOJNIB3UT MO HJEAIBHO IJIAJKOM MOBEPXHOCTU CO
CKOpOCTBIO V1=4 M/c u1 aOCONIOTHO YIPYro CTAJKHUBAaeTCS C TaKUM K€ IO pasMepy IIapuKOM
maccoit my=3 xe. Onpenenute CKOpOCTh LIAPUKOB nocie ynapa?

Pemenue:

— o —
ITo 3aKOHY COXpAHEHHs MMITYJIbca MpH abCOTIOTHO Heympyrom ymape 7ivi +#tVy = (o + my )"
_ o
ox: ™V — (my + m,)v

/ my,
vV=—11 _—lufc.
(ml ‘|'m2)

Ortser: 1 m/c
1 BapuanT.
1.Kaky paboTy coBepliaeT cuiia TSHKECTH IpH NaieHuH mapuka Maccoit 100T ¢ BEICOTBI, paBHOM
0,5 m?
2. VI3 BUHTOBKHM Maccoi 5 Kr BbUIETAET MyJisg Maccoi 4 T co ckopoctbio S00 M/c. Uemy paBHa
CKOPOCTh OTJa4l BUHTOBKU?
3. C xakoil HayalbHOW CKOPOCTHIO Hal0 OpPOCUTH BHU3 MAY C BBICOTHI 2 M, YTOOBI OH
HNOJNPBITHY Ha BeIcoTy 3,8 M? [loTepsimu sHepruu npu yaape npeHeopedb.
2 BapuaHrT.
1.Msuy maccoii 200 r OpolieH BepTHKaIbHO BBEPX U MOiiMaH B Touke Opocanus. Haiinure padboty
CHWJIBI TSDKECTH IIPU JBUKEHUU Msiua BBEPX, €CJIU OH JOCTUT BBICOTHI 3 M.
2.Manpuuk Maccoit 30 kr, Oerymuii co CKopocTho 2 M/C, BCKAKMBAET Ha HEMOIBUKHO CTOSIILYIO
matdopmy Maccoit 10 kr. C kakoi CKOPOCThIO HAYHET JBUTATHCSA MIAaThopMa ¢ MATbYUKOM?
3.Ms14y 6pocuiii BEpTUKAIIbHO BHU3 CO CKOPOCTHIO 5 M/c. Ha KaKyto BBICOTY OTCKOUUT MsIU I1OCIIE
yJziapa o 1oJI, €Clii BBICOTa, ¢ KOTOPOil Opocuiu Ms4, Obuta paBHa 2,5 m? [lotepsiMu 3HEpruu npu yuape

MOYKHO TIpeHeOpeyb.
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Kuaroun:

1 BapuanT: 1.0,5 [Ix. 2. 0,4 m/c. 3. 6 m/c.

2 Bapuanrt: 1.6 JIx. 2. 1,5 M/c. 3. 3,75 m.

Kpurepun oueHuBaHms:

Onenka 5 craBUTCS, €CIIM y4allluecs BBIIOJIHUIM BEPHO 3 3aJauu, BEPHO 3alUCalld YCIOBUE
3ajauu, MepeBena BeauuuHbl B cucteMy CH, 3ammcanu Bce HEOOXOIMMBIE U JOCTaTOYHBIE (POPMYITBI
JUI peIIeHUs 3a/layd, BEPHO IOJACTaBWIIM YHUCIICHHbIE 3HAYEHMs, BEPHO IMPOBEJIM BBIYUCIECHUS 110
(dopMynaM U BEpHO 3aIIUCATIH OTBET.

Onenka 4 cTaBUTCS, €CJIM BEPHO U MOJIHOCTHIO MIPaBWJIBHO PEIICHbI U 3alMCaHbl 2 3a/1a4yu, B 3
3aa4e JOIyIIEeHBl OMMOKHU 100 B 3alMCH AaHO, OO MpH nepeBoae enuHul B cuctemy CU, nubo B
3anuck (popMys1 UM BBIYUCICHUSX.

OneHka 3 cTaBUTCSI, €CJIM BEPHO U IOJIHOCTHIO NMPABUIIBHO PELIeHa U 3amucaHa 1 3a1a4a, Bo 2 U
3 3amavax IOMyIIEHB! OMMOKH JTHOO0 B 3aIKMCH AaHO, 100 MpH nepeBoze eauaui B cucremy CHU, mibo
B 3aITUCH (DOPMYJT MITH BHIYHCIICHUSX.

OneHka 2 cTaBUTCA, €CIIU B KOXJ0U U3 3 3a7au TONYLIEHbI Kakue-1100 OmMOKH 100 B 3aucu

JaHo, 1100 IIpu NMepeBoJc CAUHUL] B CUCTCMY CI/I, 1100 B 3aIIUCH (pOpMy.]'I WK BBIYMCIICHUAX.

IIpakTuyeckas padora Ned4 o teme: Pazmepnl n macca MoJiekyJ1 1 atoMoB. KosimuecTBo
BellecTBa
Iean: Hayuntbcst npuMeHSTh OCHOBHBbIE (GOpMyInbl paszzena «MonekymspHas (u3MKa» Mpu
pacueTe napaMeTpoB COCTOSTHUS UE€aIbHOIO ra3a

HOpﬂlIOK BbIIIOJTHCHU A paﬁon:

1. BHuMaTenbHO IPOYUTATH TEOPETUUECKYIO YacTh U IIAH PEIICHNUs 3a]a4
2. PaccmoTpeTs nmpumeps! penieHus 3a1a4y
3. [Tosry4uTh U BBIMOJHUTH UHAUBUAYAJIbHbIEC 3a1aHUS.

TeopeTnyeckas 4acThb

['a30BbIe 3aKOHBI ONUCHIBAIOT M3MEHEHHE COCTOSIHUSI MJ€albHOro ras3a. WHbIMU clioBaMH,
ra3oBbIi 3aKOH BCEr/la CBSI3bIBAET JPYT C JIPYroM MapaMeTpbl HAYAJIbHOTO M KOHEUHOI'O COCTOSIHUM
UJEANBHOTO rasa.

JI1st uieanbHbIX ra30B CIIPABEJIMBEI CIEYIOIIUE 3aKOHBI:

3akoH boiins — Mapuotta onuchiBaeT M30TEPMUUECKUI TTPOLIECC:

nV, = p,V, npu T =const, m=const

3akon [llapis onucbIBaeT U30XOPHBIN MTPOLIECC:
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).
Pr_ P2 oy V =const, m=const

ORI

3akoH [ eii-JIroccaka onuchiBaeT n300apHBIi MpoIiecc:
V

~L=_% npu p=const, m=const

T

I"a30BBIC 3aKOHBI SBISIOTCS YaCTHBIMHU ClIydasiMu O6T)€I[I/IH6HHOFO Ta30BOI'O 3aKOHa.

Vi G AL

rae p1,Vi, My, Ti— mapameTpsl HA4albHOTO COCTOSIHUSI MJI€AJIBHOTO Taza; p2, V2, My, To —

mapaMeTpbl KOHCYHOT'O COCTOSHHA NACAIbHOI'O Ira3d.

Ecau B mponecce nepexoa OT Ha4aJIbHOI'O COCTOSAHUS K KOHECUHOMY MaccCa ra3a HE U3MCHSCTCS

(M1=mz2), To 0OBETMHEHHBII r'a30BbIN 3aKOH HMECT BUI:

p CMECH

Ta30B:

AL 4 AL

— ypasHenue Knaneiipona
T T,

B O6H_IGM CJIydac BCC ra30BbIC 3aKOHBI OIIMCBIBAOTCA YPABHCHUCM COCTOSHUA:

pV = .%RT — ypaBHenue Knaneiipona — Menneneesa

A

Y4auteIBasd, 4ToO

m
— =v, noayunm pV =vRT;
M y P

z,’ =, MOJIYIHM p= _‘%RT'

[Ipu perieHny HEKOTOPBIX 3a7a4 HEOOX0UMO 3HaHUE (HOpMYIIbI 3aKkoHa J[anpToHA:
- TaBJICHHE CMECH T'a30B Ha CTEHKHU COCYy/la PaBHO CyMMe€ JJaBJICHUN BXOJSIIUX B HETO T'a30B
Tak xak 00beM, 3aHUMaEMbIH KaXKJbIM KOMIIOHEHTOM CMECH, OJJMHAKOB, TO

=P +py +..+p, ITpu »ToM ypaBHeHue Knaneiipona — MeHneneeBa 1l cMecH

¢'Mu'u'v= m*!'*'ﬂ —TL .
p (M, Mt i | RT.

[Tpumeps! pereHus 3a1aq
IIpumep 1.

I"a3 u3oTepmuuecku cxat oT odbeMa 16 11 10 oobema 12 11, JaBIeHUEe MPU 3TOM BO3POCIIO Ha 3

k[1a. [TepBonauaapHOE JaBiIeHne ra3a pasHo...(B [1a).
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JaHo: OCHOBHOE  ypaBHEHHE  MOJEKYJSPHO-

T = const KUHETUYECKON TEOPUHU:
_ P= 1 33

v, =162 = nmyv

v, = 121 .

2 3Hasg 4uciIo ABOraapo, Maccy OIHOU

% T T — 3. 403

AP =3xlla=3-10"1la MOJICKYJIBI Mo BBIPA3UM KaK:

Pemenue: my =+

. ¥4u  momcrtaBUM B OCHOBHOE
1o 3axkony boinsa-Mapuorra:

ypaBHEHHE MOJICKYJIIPHO-KUHETHYECKOU TEOPHH:
P,V = PV,

n—7?
v, 4
Fﬂ:__Pl;"Fﬂ:_Fl
27y, 2~ ;3
[To ycnoButo 3amauu:
P,—P, =3-10°
[Tonyuaem 2 ypaBHEHHUS:
1nuy — 3PN
2 P= T Uy M= j’
{ P: = E'Pl 3N [TEE
1
P,—Py=3" 10° 32810 5.10°* .
- n="————=5"10"%m™°

23-107%. g0
Pemas cucremy 2-X ypaBHEHUH, OJTydaeM:
n=>5-10¥m™?
4 .
E'Fj_ _ Pj_ =3. 103 OrtBerT: .

1
SP;=3-10°

P, =9-10%Ma

— 0. 4n3
OrtBer: P, =9-10 Ha.

IIpumep 2.

CpenHnsisi KBaipaTHUHAsI CKOPOCTh MOJIEKYIT
azorta 600 m/c. Ecnu ero masinenue 0,28 Mlla, o
KOHIICHTpPAIMsI MOJIEKYJT paBHa... .

Hano:

v =600M/c

P =0,28 MIla = 28*10*ITa

pn=23-107°2

Moab

Pemenne:
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IMpumep 3.

B kxomHare o6bemoM 50 M° HaxomuTCs
BO31yX 1pu Temmepatype 20°C u nasnerun 10°I1a.
Ecnu temnepatypa Bo3ayxa nosbimaercs 10 25°C,
TO 4epe3 OTKPHITYI0 (GOpPTOUKY BBIHIET Macca

BO3/yXa, paBHas ... (B KI).

Hano:
V = 40a° Pewenue:
T, = 20°C = 293K Onpenenutp ra3 MOXKHO MO €r0 MOJISIPHOU
T, = 25°C = 298K Maccee.

N3 ypaBrenus Krnanelipona-MeHneneesa
Pemenue:

. MOJIIpHas Macca rasa:
VpaBuenue Kianeitpona-MenaeneeBa s

mRT
BO3/lyXa MPHU JABYX Pa3HbIX TEMIEPATYpPaAX: B~ .
—m, — My
PV = o RT,, PV = - RT, Iloncrasistem
i)
) PVyu : _ PV.E
RT, © R cucreme CU:
BV, 1 1 -7
z R\T, T
_ 16-107%.8,3.385
Am—7 B 1.6-1078.108
Monspaylo  Maccy BO3jlyXa OepeM H3 OrtBet: KHCIOPOLL.

CIIpaBOYHBIX Ta6J'II/II_I

n= ﬂ’ﬂngF/MOHLZ
s a
A — 107-50-0.025 ( 11 ): Lics
g3 253 258 _
OrTBer: Am = 1?{3.
IIpumep 4.

Ecnu ra3 maccoit 16 r npu nasnenun 1MlIla
u temnepatype 112 °C 3anumaer oowvem 1,6 1, TO
KAaKOM 3TO ras.

Hano:

T=161=16+107kr

P =1 MIla= 10°I1a

T=112+273=385K

V=161=1610°m°

3HaA4YCHUA

TCPMOANHAMHWYCCKUX ITaPpaMETPOB, BBIPAKCH HBIX B

~32.1073 2

MOTE
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Bapuanrt 1

1. Kakoii 06beM 3anumatot 50 mons kuciopoaa? (Ilnmoraocts kucmoponaa 1,43 kr/m?).

2. Haiitu Temmepatypy rasa npu gasinennn 100xI]a i koHeHTpamuy Moxekyt 102> v,

3. Kakyro maccy umerot 2-10?* mosiekyi azora?

4. Ornpegenure TeMIiepaTypy rasza, €Ciu CpeIHssl KHHETUYECKas SHEPIusl MOCTyNaTeIbHOrO
JBUKEHHUSI €r0 MoJiekyn 6,21 1072 ITx.

Bapuant 2

1. Onpenenute unciao aromoB B 1M* meau. Monspaas macca paBHa 0, 0635 Kr/MoJIb, TNIOTHOCTH
9000xr/™>.

2. OmnpenenuTte KOHIEHTpAIUI0 MOJEKyl Bojopoxa mpu naeienun 100klla, ecnu cpennee
3HaYeHHE CKOPOCTHU TEIUIOBOTO JIBHXKEHUSI MOJIEKYI paBHO 450Mm/c.

3. IlnotHocTh anmaza 3500kr/m>. Kakoit o0bem 3aiimyT 10?* aTOMOB 3TOTr0O BelecTBa?

4. KakoBa CKOpPOCTh TEIJIOBOTO JIBHKEHHS MOJIEKYI, eciu nipu nasienun 250kI1a ra3 maccoit

8kr 3auumaer 00bem 15m3?

Kpurepumn oneHuBaHmsi:

OmneHka 5 cTaBUTCS, €CIIHM YYallHecs BBIIOIHIIN BEPHO 4 3a/1a4d, BEPHO 3aIHCAINA yCIOBUE
3a/1auu, TiepeBeny BenuuuHbl B cucteMy CU, 3anmucanu Bce HEOOXOIUMBIE U JOCTaTOYHBIE (DOPMYIIBI
JUIS pelIeHUs 3a/laud, BEPHO IOJCTaBWIM YHUCIEHHbIE 3HAYEHHs, BEPHO IPOBEIM BBIYMCICHHS IO
(dopMynaM U BEpHO 3aIIUCaTIN OTBET.

Onenka 4 cTaBUTCS, €CJIM BEPHO U MOJIHOCTHIO NMPAaBUJIBLHO PELIEHBI U 3alucaHbl 3 3a7auu, B 4
3a/1a4ye JAOMYILIEHbl OIMOKN MO0 B 3alMCH J1aHo, 100 npu nepeBoje enunul B cuctemy CU, nubo B
3anucu GopMyJT WK BBIYUCICHUSIX.

OneHka 3 cTaBUTCS, €CJIM BEPHO U MOJTHOCTHIO MPABUIIBLHO PELIeHa U 3aMcaHa 2 3aj1a4a, Bo 3 U
4 3ajayax AONYyLIEHB! OMKUOKK JTUOO0 B 3alMCcH JaHo, 1100 npu nepesoje enunul B cucremy CU, nu6o
B 3anucu (OpMyJT WM BHIYUCICHUSX.

OreHka 2 cTaBUTCA, €CIIU B KaXKJ0U U3 4 3aj1a4 TOMYIIEHbI KaK1e-T1100 OMMOKH OO0 B 3alKUcCH

JaHo, 0o IIpu NMEpeBOJAC CAUHUIL] B CUCTCMY CI/I, 1100 B 3aIIUCH (I)OpMyJ'I WJIN BBIYUCIICHUAX.

IIpakTuyeckasi padora NeS no teme: CBsi3b MeK1Y AaBJIEHHEM M CPeHEel KHHETHYECKOM
JHepruei MoJIeKy. rasa. YpapHeHHe COCTOSIHUS H1eaJIbHOIO0 ra3a
WneanvHblil Ta3 —9mo 2as, e3aumooeticmeue mMexicoy MONeKyIamMu KOmopo2o npeHeopedCumo

mano. (Ex>>Ep)
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WneanbHplil Ta3 — 3TO MOJeNb, MPUAYMaHHAs YYEHBIMHU Ui MO3HAHUSA ra30B, KOTOPbIE MBI
HaO01aeM B npupoje peanbHo. OHa MOXET OonMChbIBaTh HE J00oi ras. He nmpumenuma, xorna ras
CUJIBHO CKaT, KOT/Ia a3 MePeXOo/IUT B KUJKOE COCTOSHHUE

. PeanbHble ra3pl BenyT ceOsl Kak UealIbHBIN, KOTJa Cpe/lHee PACCTOSHUE MEXKIY MOJIEKyJIaMu
BO MHOT'O pa3 OoJibllie X Pa3MeEpPOB, T.€. IPU JOCTATOUYHO OOJIBLINX Pa3peKEHUSX.

CBoiicTBa MA€aIbHOIO ra3a;

1. paccTosHuE MEXKy MOJIEKYJIaMU MHOT'O OOJIbIIIE Pa3MEPOB MOJIEKYII,

2. MOJIEKYJIbI Ta3a OUE€Hb MaJjibl U MPEJCTABIIAIOT COOON yIIpyrue mapbl;

3. CHUJIBI IPUTSKEHUS CTPEMSITCS K HYITIO;

4, B3aUMOJICHCTBUSL MEXKY MOJIEKYJaMHU ra3a MPOUCXOJAT TOJBKO MPH COYAApEHUSIX, a

COYJapeHUs CIYUTAIOTCS A0COTIOTHO YIIPYTUMU;

5. MOJIEKYJIBI 3TOTO T'a3a JBUTAIOTCS OECIIOPSI0OUHO;

6. JBUKEHHE MOJIEKYJ 10 3akoHaM HbioToHa.

CocTosiHEe HEKOTOPOI MacChl ra3000pa3HOro BEIIECTBA XapPAKTEPU3YIOT 3aBUCUMBIMHU JIPYT OT
Ipyra buznuecKuMu BEITMYMHAMU, HAa3bIBACMBIMU TapaMeTpamMu cocrosHus. K HUM
OTHOCSTCS 00beM V, AaBlieHue P U Temneparypa T.

O6beM raza o6o3nauaercs V. Ob6vem raza Bceraa coBagaeT ¢ 00beMOM TOTO COCYAa, KOTOPHIH
on 3annmMaer. Ejnnanma oobema B CU M°.

JlaBnenue — usuueckas eenuuuna, pasnas omuoutenuio cunel I, deticmeyioweti na snemenm
NOBEPXHOCIU NEPREHOUKYIAPHO K Hell, K NI0Waou S 3mozo snemeHma.

p=F/S Enununa nasnenust B CU nackans [I1a]

J10 HACTOSAIIETO BPEMEHH YIIOTPEOIISIOTCS BHECUCTEMHBIE SIMHUIIBI IABJICHIS:

mexnuyeckas ammocgepa 1 atr = 9,81-104 Ila;

Quszuueckas ammocghepa 1 atm = 1,013-105 Ila;

munnumempuol pmymuoco cmonoa 1 mm pt. cr.= 133 Ila;

I arm ==760 mm pr. cT. = 1013 rlla.

Kak Bo3Hukaer naBnenue raza? Kaxnas MoJiekysia rasa, yaapssich 0 CTEHKY COCy/1a, B KOTOPOM
OHA HAXOJUTCS, B TEUCHHE MAJIOTO IPOMEXKYTKA BpEeMEHH JIEHCTBYET Ha CTEHKY C OMPeAeIEHHON CUIIOH.
B pe3ynbraTe GecriopsA0YHBIX YAAPOB O CTEHKY CHJIA CO CTOPOHBI BCEX MOJIEKYJ Ha €IMHUITY TIIOMAIH
CTEHKH OBICTPO MEHSIETCS CO BpEMEHEM OTHOCUTEIIFHO HEKOTOPOU (CpeHell) BeTUYHHBI.

JlaBiieHue rasza gozuuxkaem 6 pe3ynvmame 6eCnopsa0oyHbIX YO0apo8 MOIEKY O CMEHKU cocyod, 8
KOMOPOM HAXOOUMCS 243.

Hcnonb3yst MoJienb UIeaTbHOTO Ta3a, MOKHO BBIUMCIIUTH JIaBJICHHE ra3a Ha CTEHKY COCYy/a.

B nporecce B3auMoeiCTBUS MOJIEKYJIbI CO CTEHKOM cocyna MeXAy HUMHU BO3HHUKAIOT CHIIBI,

NOMUYUHSIONINECST TpeTheMy 3akoHy HbloToHa. B pesynbraTte mpoekius vx CKOPOCTH MOJIEKYIIbI,
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NEPIEeHIUKYIApHAs CTEHKE, U3MEHSET CBOM 3HAK Ha MPOTUBOIOJOXKHBIM, a MPOEKLHUs Vy CKOPOCTH,
napajulesibHask CTEHKE, OCTAeTCs HEM3MEHHOM.

¥

X

OcCHOBHOE ypaBHEHHUE MOJIEKYJIIPHO-KMHETUYECKOW TEOPUH UI€aIbHOTO rasa.

OcnoBuoe ypaBHenne MKT: dasrenue udeanvrnoco 2asza nponopyuoHarbHO NPOU3EEOEHUIO
MAccvl MONIEKYIbl, KOHYEHMPAyuu MOJEKYl U CPeOHeMy K8aopamy cKOpOCMU OBUNCEHUS MOJLEK) L

p = 1/3mon?

Mo - Macca OJIHOM MOJIEKYJIbI I'a3a;

n = N/V — 9ucino Mosiekys B eMHUIe 00beMa, UIIH KOHIICHTPAIHS MOJICKYIT;

V2 - cpesHss KBaJpaTH4HAs CKOPOCTh JBHMKEHHS MOJEKYIL.

Tak Kak cpeaHsAs KHHeTHYEeCKas SHEPIHs MOCTYNATeNbHOT0 ABMKEHH MoyeKyn E = mo*Vv%/2, To
JIOMHOXHB OcHOBHOE ypaBHeHne MKT Ha 2, momyunm p = 2/3* n*(mo v2)/2 = 2/3'E'n

p=2/3En

Hasnenue 2aza pasno 2/3 om cpeowell KUHEMU4eCKOl 3Hepauu NOCMynamenbHo20 O8UNCEHUS
MOJIeKY ]I, KOmopble CO0epAHCAmcs 8 eOUHUUHOM 00beMe 2asd.

Tak kak mo'n = mo'N/V =m/V = p, Tze p — IOTHOCTh Ta3a, To UMeeM P = 1/3+ p* V2

OO0beMHEHHBIN Ta30BLIi 3aKOH.

Maxkpockonuueckue — @eluuuHbl,  OOHO3HAYHO  XaApakmepuzylowjue  COCMOsIHUe — 2aszd,
Ha3vleaom TEPMOJANHAMUYECKUMH TTapaMeTpaMH rasa.

Baoicnetiwumu mepmoounamuueckumuy napamempamu 2aza Aensomces e2o o0beM V, 1aBleHne
p u remneparypa T.

Bcaxoe usmenenue cocmosinua 2eaza naszviéaemcsi TEPMOAMHAMUUYECKAM ITPOLIECCOM.

B n1obom mepmoounamuueckom npoyecce usmMeHAIOMCA napamempul 2asd, onpeoeniouue e2o
cocmosiHue.

Coommnowenue medxncoy 3sHaAYeHUsMU mex Wil UHbLX Napamempos 6 Hauane U KoHye npoyecca
HA3bl6aemcsi Ta30BbIM 3aKOHOM.

lazo6bili  3aKOH,  8bIPANCAIOWULL  CEA3b  MeNHCOYy 6CeMu mpemsa napamempamu  2dsa
Hazvleaemcs 00beAMHEHHBIM Ta30BbIM 3aKOHOM.

p = nkT
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CootHorienne P = NKT cBsA3bIBaOIEe JaBICHUE ra3a ¢ €ro TEMIIEPaTypo W KOHICHTparmei
MOJIEKYJI, TIOJIy4EHO JUIsl MOJAEIU MJICaIbHOIO Ia3a, MOJIEKYJIbl KOTOPOTO B3aUMOJECHCTBYIOT MEXAY
co00i#1 ¥ CO CTEHKaMH¥ COCY/1a TOJIBKO BO BPEMSI YIIPYTHIX CTOJIKHOBEHUN. DTO COOTHOIIEHUE MOXKET OBITh
3aMucaHo B Apyroil popme, ycTaHaBIMBAIOUICH CBA3b MEXYy MAKPOCKOMUYECKMMH TapaMeTpaMy rasa
— obbemoM V, naBienuem p, Temmneparypoil T U KoiaudecTBOM BemiectBa V. Jlis 3TOro Hy»XHO

HCII0JIL30BATh PABCHCTBA

N
n=—
7
IJIe N — KOHIICHTpAIUs MOJIeKyJ, N — o0I1ee 9iciio MoJeKyl, V — 00beM raza
N 4
=—kT p—= Nk
Torpa nomyunm 4 w1
Tak kak mpu MOCTOSIHHOM Macce ra3a N octaercsi HeM3MEeHHbIM, TO NK — MOCTOsSIHHOE YHCIIO,

3HaA4YuT

e
p_ = const

IIpu nocTosiHHON Macce rasza npousBeieHue 00beMa Ha JaBlieHHe, EJICHHOEe Ha aOCOIIOTHYIO
TEMIIEPATYPY Ia3a, ECTh BEJINYMHA OJUHAKOBAs JIJIs BCEX COCTOSIHUMI 3TOM MacChl rasa.

VY paBHEeHHE, YCTAaHABIMBAIOILEE CBA3b MEXK/Ty 1aBICHUEM, 00bEMOM M TEMIIEPATYPOH Ta3a ObLIO
nonyuyeHo B cepenuHe XIX Beka @Qpannysckum ¢usukom b. Knaneiiponom wu uacto ero
Ha3bIBalOT ypaBHeHUEM KiaiinepoHa.

VYpasHenne Knaiinepona MoxHo 3amucath B Apyroit popme.

p = nkT,
y‘lI/ITI)IBaSI, qTo
Ny o Ny
n=s—= = — ¥
¥ ¥ MV
3,[[CCB N — 4YHCJIO MOJICKYJI B COCyaC, V — KOJUYCCTBO BCHICCTBA, NA — TIIOCTOsIHHAas1

ABoraapo, m — macca rasa B cocyzne, M — MonsipHast Macca raza. B urore moxydnm:
m
pV =N kT= ENA;CT‘
IIpoussedenue HOCMOSAHHOU Aesozadpo N4 Ha nocmosannyo Fonvymana k
HA3bl8AeMCsl VHUBEPCAIbHOLL (MOJISPHOL) 2a306801 NOcmoaHHOU 1 0003HadaeTcst OykBoii R.

Ee wucnennoe 3nauenne B C R = 8,31 Jx/moinbs-K

CooTHoIIEHNE
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V= wRT= 2 g
PV =wRT=—

Ha3bIBAETCS] YPAaBHEHUEM COCTOSIHUS UEAIbHOTO rasa.

B monydyennoit Hammu ¢dopme oHo ObLo BrepsBblie 3anucano [l. M. MenaeneeBsiM. [loaTomy
YPaBHEHHE COCTOSIHUA Ia3a Ha3blBaeTCs ypaBHeHueM Kianelipona—Menneneesa.

Jli1g omHOTO MOJIS J1F000T0 ra3a 3To COOTHOIIEHUE NpuHuMaeT Bua: PV=RT

YcraHoBUM (PU3MYECKHI CMBICIT MOJISIDHOW Ta30BOW mocTosiHHOW. [Ipenmonoxum, d9ro B
HEKOTOPOM LIWIMHJpE N0/ MOopIIHeM Ipu Temneparype E Haxogures 1 mounb ra3a, o0bem kotoporo V.
Ecnu Harpets ra3 nzo0apHo (Ipu MOCTOSHHOM JaBieHun) Ha 1 K, To nopieHb NoJHUMETCS Ha BBICOTY
Ah, a 06peM Taza yBenuuutcs Ha AV.

3anuueM ypaBHenue PV=RT s narperororaza: p(V+ AV )=R(T+ 1)

M BBIYTEM M3 3TOr0 paBeHCTBa ypaBHeHue pV=RT , cooTrBeTcTByromee COCTOSHMIO Tasa A0
HarpeBaHus. [lonyunm pAV =R

AV = SAh, rae S — iomaab ocHoBaHMs LuMHApa. [ocTaBUM B OJIy4eHHOE ypaBHEHHE:

pSAh =R

pS = F — cuna naBneHusl.

[Tonyunm FAh = R, a mnpousBenenue cuisl Ha nepemernienue nopins FAh = A — pabota o
NEPEMELIEHUIO TIOPIIIHS, COBEpLIAEMast 3TOM CUJIOW IPOTUB BHELIHUX CHJI IIPH PaCcIIMPEHHH rasa.

Taxum obpaszom, R = A.

VYHuBepcanpHas (MoJIIpHasi) Ta30Bas MOCTOSIHHAS YHCIEHHO paBHA padoTe, KOTOPYIO COBEPIIAET
1 Monb raza npu u3obapHoM HarpeBanuu ero Ha 1 K.

Bapmuanr 1

1. I"a3, npu naBnenuu 750 kIla u Temneparype 293 K 3anumaer 066Em 836 1.

Kakum Oyner naBnenue, eciu TOT ke ra3 npu temiieparype 53 °C 3aimMET 00bem 785 n1?

2. Haiitu 06bEM Bostoposia maccoit 1 kr npu remnepatype 27 °C u nasnenuun 100 xI]a.

3. Cocyn, comepxamuid 5 1 Bo3ayxa npu gasieHuu 100 klla, coenmHAIOT ¢ mycTHIM
cocynom BMecTUMOCThIO 4,5 151. Kakoe naBieHHMe yCTaHOBHUTCA B COCyAaX, €CIM TeMmIeparypa He
MeEHseTCs?

4. ITpu xakoit TemnepaTtype aasienue 250 i1 azorta pasHo 125 klla, ecnu npu HOpMaIbHBIX

YCIIOBHAX 3TOT K€ ra3 3aHuMaeT o0bsem 120 n?

5. Haiitu maccy 5 i1 kucnopona npu nasienuu 250 klla u remneparype 50 °C.
Bapmuanr 2
1. ["a3 3anuman o6wveM 15 1. Ero oxmagunu Ha 35 K, 1 006€M ero cran pasen 13,5 1. Kakoa

ObUTa IepBOHAYANIbHAS TeMIepaTypa ra3a?

2. Haiitn naBnenue BoasHOro napa B 6amwione éMkocthio 10 1 mpu Temmepatype 60 °C.
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3. I"a3, mpu naBnennn 850 kl1a u Temmneparype 293 K 3anumaer 066ém 830 1. Kakum Oyaer
JABJICHHE, €CIIU TOT *ke ra3 mpu temieparype 53 °C 3aiimér 00wem 750 n?

4, Haiitu 066EM Bogopoa maccoit 1 kr mpu temneparype 27 °C u naBnenunn 150 xI1a.

5. Cocyn, copepxkammii 5 1 Bo3ayxa npu aaBiaeHuun 100 xlla, coenwHsIOT C MyCThIM

COCYIOM BMCCTUMOCTBIO 4,5 1. Kakoe JaBJICHUC YCTAHOBUTCA B COCydax, €CJIM TEMIICpaTrypa HE

MEHSETCs?
Bapuant 3

1. IIpu kakoit Temneparype nasienue 250 i azota paBHo 125 klla, eciu mpu HOpMaIbHBIX
YCJIOBHSIX 3TOT K€ ra3 3aHuMaeTr oobém 120 n?

2. Haiitu maccy 5 1 kucnopoaa npu nasinenuu 250 kIla u remneparype 50 °C.

3. ["a3 3anuman o6bem 15 1. Ero oxnagunm Ha 35 K, u 066EM ero ctan pasen 13,5 1. KakoBa
Obly1a epBOHAYAIbHAS TEMIIEpaTypa raza?

4, Haiitu naBnenue BoasiHOro napa B 0amtone EMkoctrio 10 11 npu remmneparype 60 °C.

o. I"a3, npu gaBnenuu 750 klla u Temneparype 293 K 3anumaer 00béM 836 1. Kakum Oyner

JaBJIEHUE, €CJIM TOT ke ra3 npu temrneparype 53 °C 3aitmMer o0néM 785 n?

Kpurepumn oneHuBaHmsi:

OneHka 5 craBUTCS, €CIIM y4allllecs BBINOJHUIM BEPHO S5 3a7ayu, BEPHO 3alUCalld YCIOBHE
3a/1auu, TiepeBeny BenuuuHbl B cuctreMy CU, 3anmucanu Bce HEOOXOIUMBIE U JOCTaTOYHBIE (DOPMYIIBI
JUIS pelIeHUsl 3a/laud, BEPHO IOJACTAaBWJIM UYHUCIIEHHBIE 3HAYEHMS, BEPHO INPOBEIHM BBIYUCIEHHS MO
(dopMynaM U BEpHO 3aIIUCaTIN OTBET.

Onenka 4 cTaBUTCS, €CJIM BEPHO U MOJIHOCTHIO NMPaBUWJIBHO PEIICHbI U 3ancaHbl 4 3a1a4u, B 5
3a/1a4ye JAONYILEHbl OIIMOKM TuO0 B 3alMCH J1aHo, JIN0O0 Npu nepeBoje enuHul B cuctemy CH, nubo B
3anucu GOopMyJT WK BBIYUCICHUSIX.

OneHka 3 cTaBUTCS, €CIIM BEPHO U MOJHOCTHIO MPABUIILHO PELIeHa U 3aMcaHa 3 3aj1a4a, Bo 4 U
5 3ajayax JOMYyIIEHbI OIIMOKY JIM0O0 B 3aMUMCH JaHO, IMOO MpH nepeBoje eaqunull B cuctemy CHU, nubo
B 3anucu (OpMyJT WM BHIYUCICHUSX.

OreHka 2 cTaBUTCA, €CIIU B KOXKJOU U3 5 3aj1a4 TOMYIIEHbI KaK1e-T1100 OMMOKH OO0 B 3alKcCH

JaHo, 1100 npu nepesoje enuHul B cuctemy CH, 11bo B 3amucu GopMys UK BHIYUCICHHUSX.

IMpakTuyeckas padora Ne6 no reme: OCHOBbI TEPMOAUHAMUKH
Hean: cuctemMaTtu3upoBarh 3HaHUS MO pazaeny «OCHOBBI TEPMOJUHAMUKHY», HAYUYUTHCS
MPUMEHATh CUCTEMY 3HAHUN HA pacueT BEJIMYMH, ONMHMCHIBAIOMIMX MEPBBIM 3aKOH TEPMOJMHAMHUKUA U
MIPOLIECCHI, MPOUCXOMASAIINE B TEIUIOBBIX JABUTaTENSIX; MPUOOPECTH OMBIT pEHIeHMs 3aJad Mo JaHHOU

TeMe.
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ITopsinok BbINOJIHEHUSI PadOTHI:

1. BuumarenbHO IpounTaTh TEOPETUUECKYIO YaCTh U IIJIaH PEIICHUS 3a/1a4.
2. PaccMoTtpeTs puMeps! pelieHus 3aau.
3. [Tony4uTh ¥ BBINOJHUTH UHAMBUAYAJIbHBIE 33aHUS.

TeopeTn'{eCKaﬂ 4acTb

BHYTPEHHAA SHEPT A UJEAJIBHOI'O 'A3A.

BHYTpeHHHH SHEPIua NACAJIbHOI'O rada €CTb KUHETHUYCCKAas SOHEPTHUA ABHKCHUA MOJICKYII
.3
Uy, == NKT

BHyTpeHHsa sHeprusi ujaeaibHoOro rasa - 3To QpyHKuus cocrosHus. OHa 3aBUCHUT TOJIBKO OT
COCTOSIHMS T'a3a, a HE OT IyTH, 10 KOTOPOMY OH IPUBEAEH B JAHHOE COCTOSIHUE.

EPBbBII 3AKOH TEPMOJIMHAMUKUA.

3akoH COXpaHCHHA OHCPIruu B IPUMCHCHHNH K TCIIJIOBBIM SBJICHHAM HA3bIBAIOT IICPBLIM 3dKOHOM
TepMOI[I/IHaMI/IKI/I.

KonnuecTBo TemioTel, COOOIIEHHOE CUCTEME, UIET HA U3BMEHEHUE €€ BHYTPEHHEN SHEPrUH U Ha
COBCPHICHUC pa6OTBI HaJd BHCIIIHUMU TCJIaMHU.

Q=AU+A

[IEPBBIA 3AKOH TEPMOIMHAMUMKN ¥ TEPMOJIMHAMMWYECKHE ITPOLIECCHI.

M30XOPHBIN ITPOIECC:

V =const @, =AU

N30BAPHBIN ITPOIECC:
p= const QP -AlT A

IPU 3TOM:
A =pAV
M30TEPMUYECKUH ITPOIECC:

T =const .- A
AJIMABATHBIN ITPOIIECC.

A)II/Ia6aTHI)IM HAa3bIBACTCS IMPOLECC, IIPU KOTOPOM CHUCTEMA HE MOJYUYACT U HE OTAACT SHEPIUIO

MOCpEACTBOM TEILIOIIEpEAAYN, T.CCTh
QH“ = G A - _AU
KILJI TEITJIOBOI'O ABUI'ATEJIA:
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n=—
Q

KII/I peanbHOrO TEIIOBOTO ABUTATENS PABEH

n- @& G,

t

Ql - KOJIMYECTBO TCILIOTHI, OTHATOC Yy HArpeBareiid, Q2 - KOJIMYECTBO TCIJIOTHI, MIEPECAAHHOC

XOJIOIWJIBHUKY.
UJIEAJIbHBIN TEIJIOBOW JIBUTAEJb. [IUKJI KAPHO.

[Tpu ukie Kapuo makcumanbubpiii KI1J[ TermmoBoro aBuraresns BeIYucisieTcs o Gpopmyiie:

T1 - Temneparypa HarpeBartelis, 12 - TeMIepaTypa X0JI0AUIbHUKA B KEJIbBUHAX.
ITIpumepsl permeHust 3a/1a4.
IIpumep 1. Ilpu noaseaeHnu K ueanbHOMy ra3y KojinuecTBa TeIu1oThl 125 kJx ra3 coBepuiaer
paboty 50 k/[x nmpoTuB BHEMIHMX cuil. YeMy paBHa KOHEYHasi BHYTPEHHss SHEpIUs ras3a, €Clid €ro

SHEPTHs JI0 TOABEJACHHS KOJIMYECTBA TEIIOTHI Obl1a paBHa 220 kJHx?
Hano:
U, =220 xIIx
A, =50 Kl
0 =125 kJbk
U-1?

Pemenne:

CornacHo mnepBOMY 3aKOHY TEPMOAHHAMHKH:
AU=4,+0.
INMockonexy U = U, + AU , T0 koHeuHas BHYyT-

PEHHAR IHEpPrys rasa
Us=U,+Q+A, =220+125+50=295 k]x.

Otsert: 295 Ix
IIpumep 2. Kaxoii nomkHa ObITh TEMIIEpATYpa HarpeBaTess, A5 TOr0, YTOObI B IPUHIIUIIE CTAJIO

BO3MOXXHBIM JOCTHXKCHUEC 3HAYCHUA KHI[ TEIIOBOM MAaIlIUHBI 80%, €CJIn TCMIICpAaTypa XOJIOAUIIbH KA

27 0C?
Jlane: Pemenne:

P A

’Iﬂ'-i;ﬁ - 8‘)“,/1'

T, =300 K=310K

T,+"?

31



”.‘u.-.:\ -

I-l.'-lll_T:l.' 100%,
rac TH - TCMIICpAaTypa HAarpeBaTclid, Tx - TEMIICpATypa XO0JOJUIIbHUKA.

g

Mo _ |—

1041%, T
T b4

| Mo
100,

T, 100%

Tooes-n,

3.10° 100 . NPT
Mo K C=15-10"K =1500K
100 - 80

i

BapuanTt 1

1. Ha cKonbkO W3MEHUTCS BHYTpEeHHSs sHeprus reiauss maccoil 300 r mpu yBelWyeHUU
temneparypsl Ha 25°C?

2. CKONBKO HY/KHO CKedb KEPOCHHA, 9T00BI MOTyuntsh 4,6-10° JIxk Temnors?

3. Ckosbko ctanu, B3stoud npu 20°C, moxkHo pacmiaButh B neuu ¢ KIIJ[ 50%, cxuras 2 1
KaMEHHOT0 yIJis?

4. Kaxo#t nmopkHa OBITH TeMIepaTypa HarpeBatels, i TOro YTOObl B TPHUHIIUIE CTajo
BO3MOXKHBIM foctiskenne 3Hauenus KI1/] termoBoi mammnst 80%, ecinu TeMmneparypa XoJIoAuIbHIKa
27°C?

5. OxapakTepu3yiTe MPUHIIUI PaOOTHI ABUTATENsI BHYTPEHHETO CTOPAHHUS.

Bapuanr 2

1. KakoBa BHyTpeHHss sHeprus 15 Mmonb ogqHOaTroMHoro raza npu 17°C?

2. CKONBKO HY)KHO 3aTPaTUTh SHEPTUH, YTOOBI pacIIaBUTh MpU Temmnepartype riaBnenus 700 r
amomuHug? 1,5 kr cBuHIA?

3. Ckonbko nipoB Haao ckeub B nieuke ¢ KIII 50%, uro6st momyunts u3 100 Kr cHera, B3ITOTO
npu temneparype -15°C, Bogy npu temmneparype 25°C?

4. B nunuHape nBUTATENs BHYTPEHHETO CTOpaHus MpU paboTe 0OpazyroTcs ra3bl, TEMIEpaTypa
kotopeix 727°C. Temmepatypa otpabotanHoro raza 100°C. Omnpenenuth makcuManbHbi KI1J]
JIBUTATEJIS.

5. OxapakTepusyiTe TPUHIUT PaOOThI TU3EIIBHOTO TBUTATES.

Bapuant 3

1. CpaBHUTH BHYTPEHHHE PHEPTUHU TEIUs U KUCIOpOa MpU OAMHAKOBOM TeMiiepaType. Maccol

ra3oB OJMHAKOBHI.

2. OmnpenenuTe KOJIUYECTBO TEILIOTHI, HEOOXOAUMOE ISl PEBpallleHus B ap 7 Kr CIUpTa.
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3. B cocyne Haxoaunock 500 T Boabl U Takoe ke KojnuecTBo Jibaa npu 0°C. CkoIbKO BOJISHOTO
napa pu 100°C ObUTO BIYIIIECHO B BOJY, €CITU BECh JIS pacTasiyl U TeMIIepaTypa B COCY/Ie yCTaHOBHIIACH
30°C?

4. B npotiecce pabOThI TEIIOBOM MAaIIMHBI 32 HEKOTOPOE BpeMsi paboyuM TeI0M ObLIO MOJIYYEHO
OT HarpeBaTels KoamdecTBo Temnotsl 1,5-108 I, mepenano xomomumbHuky -1,2-108 x. Berauciante
KII[] mamuHsL.

5. OxapakTepu3yiTe MPUHIIMI JEHCTBHUS MTAPOBON TYpOHUHEI.

Bapuant 4

1. Ha cKkOIbKO M3MEHUTCA BHYTPEHHSS SHEPrusi KUCIOpoja Maccol 128 r mpu yBeIUYeHHH
temneparypsl Ha 15°C?

2. CKOJIBKO HY)KHO CX€4Yb JIPOB, YTOOBI BBIICIHIIOCH KOJMISCTBO TETUIOTHI 45 M/J[x?

3. Beimomssis 1abopatopHyto paboTy, YUeHUK BIIYCTHII B KAJIOPUMETP, coaepskaiuii 350 r BobI
npu 10°C, map npu 100°C. B pe3ynbrare Temneparypa Boasl nojaHsiack 10 42°C. Kakoe 3HaueHue
YIETBHOW TEIUIOTHI IMMapooOpa30BaHUsl TOJYYUTCS IO JaHHBIM JTOTO OIbBITA, €CIM Macca BOIbBI
yBenuuuiach Ha 20 r?

4. Bpluucnure MakcuManbHO BO3MOXHBIM KIIJ[ TermoBoil MamiuHBI, €ciau TeMIepaTypbl
HarpeBaTelisd U XOJIOAWIbHUKA COOTBETCTBEHHO paBHbl 250°C u 30°C?

5. OxapakTepusyiTe IPUHITUN JCHUCTBUS PEAKTUBHBIX JIBUTATEIICH.

Kpurtepun onenuBanus:

Onenka 5 craBUTCS, €CIM y4alllUecs BBIIOJIHWIN BEPHO 5 3aJauu, BEPHO 3alUCAlId YCIOBHE
3a/1a4yM, nepeBesn BeauurHbl B cuctreMy CU, 3anmucanu Bce HEOOXOAUMBIE M IOCTATOUHbIE (POPMYJIBI
JUIsL pellieHusl 3aJayd, BEPHO MOJICTABMJIM YHCIEHHBbIE 3HAYEHMs, BEPHO IMPOBEJIM BBIUUCIECHUS IO
(dopMynaM U BEpHO 3alIUCaTIN OTBET.

Onenka 4 craBUTCS, €CIIM BEPHO U MOJIHOCTBIO NTPABWJIBHO PEIICHBI U 3alMCaHbl 4 3a1aun, B 5
3aja4e JONyIEeHbl OUIMOKHM J1M00 B 3allMCH JJaHO, MO0 Mpu nepeBojie equHul B cucremy CH, nu6o B
3anucu (OpMyJT WM BHIYUCICHUSX.

Onenka 3 cTaBUTCS, €CJIM BEPHO U MIOJHOCTBIO NIPaBUWIIBHO PEILIEHA U 3amnKcaHa 3 3a1a4a, Bo 4 1
5 3amavax JOMyIIEHB! OMIMOKH OO0 B 3alKCH JaHO, MO0 Mpu nepeBoje enunul B cuctemy CH, nu6o
B 3anucu (OpMyJT WM BHIYUCICHUSX.

Orenka 2 CTaBUTCSI, €CITM B KXKJIOM U3 5 3a/1a4 TOMYIICHBI KaKue-TH00 OMIMOKHU KOO0 B 3aiCH

JaHo, 1100 npu nepesoje enuHul B cuctemy CHU, 11bo B 3amucu GopMys HIIH BBIYUCICHHUSX.

IpakTnyeckas padora Ne7 no reme: CBOMCTBA NAPOB, dKUIAKOCTEH U TBEPIAbIX TeJl

Heab: 3akpenuTh 3HaHUS MO TeMe «B3anMHbIE TpeBpalieHus KUAKOCTEN, Ta30B U TBEPIABIX
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Te», cCPOPMUPOBATH YMEHUS U HABBIKM HAXO0XACHUS (PU3MUECKOI BEMYUHBI, €€ BEIBOJA U3 (HOPMYIIBI.

HOpﬂ)IOK BbIIIOJTHCHU A paﬁoTbI:

1. BuuMmarenbHO poYUTaTh TEOPETUUECKYIO YacTh U IIJIaH PEIICHUS 3a/1a4.
2. PaccmoTtpeTs npuMepsl penieHus 3aaay.
3. [Tosry4uTh ¥ BBINOJIHUTH UHAUBUAYAIbHbIC 3a1aHUS.

Teopernueckas 4acTb

1. KonngecTBo TEmI0ThI, HEOOXOAUMOE U1l HArPEeBaHUS Teja:

Q=cm(t2-11), ¢ - ynenbpHas TEIJIOEMKOCTh BEILECTBA

2. KosngecTBo TeoThl, HEOOX0AUMOE ISl TUIABJICHU:

Q = Am (p# t=turasn), (A - yACTbHAS TEIUIOTA TLTABJICHHUS)

3. KonuyecTBo Tem1oThl, HEOOXOAMMOE JIJIs1 TApOOOPa30BAHUS:

Q = Lm (npu t=txun), (L - yaenpHas Teriora napoodpa3oBaHust)

4. KosngecTBO TEIIIOTHI, BBIAEISIEMOE ITPU CTOPAHUU TOIIUBA!

Q =gm, (g - yaenpHas TEIIOTa CTOPAHUS TOILINBA).

[Ipoueccel TemnooOMeHa B 3aMKHYTOM cHCTEME Tell MOTYT HMPUBOAUTH K OXJIAKICHUIO OJHUX
TEJI, HArpeBaHUIO JPYTUX, U3MEHEHHIO (a30BOr0 COCTOSHUS Tea cucreMbl. OnHAKO NpHU JIIOOBIX
mporeccax B TAaKMX CHCTEMax I[IOJIHOE KOJIMYECTBO TeIjla OCTaeTcssi Heu3MeHHbIM. [loatomy
BBITIOJHAETCSI 3aKOH COXPAaHEHHUs OHHEpPruM, Ha3bIBa€MOW B 3TOM CJIydyae TEIUIOBBIM OalaHCOM:
KOJIMYECTBO TEIUIa, OTAAHHOE BCEMM OCTHIBUIMMH TE€JIaMH, PaBHO KOJUYECTBY TeIlIa, MOJYyYEHHOMY
BCEMH HarpeBaroIMMUCS TEIaMHU.

Ecnu B 3aMKHYTOW cHucTeMe y4acTBYIOT B TEIUIOOOMEHE TpH Tella, TO YpaBHEHHUE TeIJIOBOTO
OastaHca B OOIIEM BHJIE 3AIIUIIETCS TaK:

Q1+Q2+Q3=0.

[Tpu peuieHny 3a1a4i HEOOXOJMMO BBLICHHTB, KaKHE Tella OTAAIOT SHEPTHI0 (BBIPOKCHUE IS
KOJINYECTBA TEIUIOTHI OEpeTCsl CO 3HAKOM «MHUHYC)), @ KaKHe MOIy4aroT (KOJIMYECTBO TEIUIOTHI ISl 3THX
Te OEpeTcsi CO 3HAKOM «ILITIOCH).

[Ipumeps! pemenus 3ama4y

IIpumep 1. B xanopumerpe Haxoaurtcsa n€x maccoil 1 kr mpu temmepatype t1 = -40 °C. B
KaJIOpUMETP ITyCKaroT map Maccod 1 kr npu temneparype t2 = 120 °C. Onpenenure ycTaHOBUBIIYIOCA
TeMIiepatypy U ¢a3oBoe COCTOSIHHE CHCTeMbl. HarpeBanuem kamopumerpa npeHeoperute. (¢, = 2,1 ¢
103 JIx/(xr * K), ¢ = 4,2 » 10° x/(xr * K), cn = 2,2 * 103 JIxx/(xr * K), Ay = 3,3 * 105 JIK/KT, 17 = 2,26
108 JTx/xr.)

P e e H u e. [Ipexre ueM cocTaBIsATh ypaBHEHHE TEIIOBOTO Oananca, |Qori| = Qrox, OLIEHHM,
KaKoe KOJIMYECTBO TEIUIOTHI MOTYT OTJaTh OJHH 3JIEMEHThI CUCTEMBI, @ KAKOE€ KOJUYECTBO TEIUIOTHI

MOTYT MOJTYYUTh Jpyrue. OueBUIHO, YTO TeI1o oTnatoT: nap 1) npu oxmaxkaenuu 10 100 °C u 2) npu
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KOHJICHCAIlUH; BOJIa, CKOHJICHCUpOBaBIIascs U3 napa, npu octeisanuu ot 100 °C. Termno nonay4daror: 1éq
1) npu HarpeBaHuu U 2) NpH IJIaBICHUN; BOJA, IOJyuyeHHas U3 JibJa, Harpesaercs oT 0 °C 10 Kakoi-To
Temneparypbl. ONpeaeaum KoJIM4ecTBO TEMIOTHI, OTJaHHON apoM IpHu mpoueccax 1 u 2:

|Qora| = Camy(t2 - 100) + rumy = 23,0 » 10° Ix.

KonnuecTBO TEMI0THI, MOTYYEHHOM JIbJAOM MpH nporeccax 1 u 2:

Quon = ¢xTx(0 - t1) + Ay = 4,14 « 10° [Tk

N3 pacuéroB sicHO, 4TO |Qora| = Quon. PacTasBimii né€x 3aTem HarpeBaetcs. Onpenenum, Kakoe
KOJIMYECTBO TEIIOTHI HYXHO JOMOJHUTEIBHO, 4TOOBI BOjAa, oOpa3oBaBmiasics W3 Jbaa (my;= Mg),
Harpenacs 10 100 °C:

Q'mon = ¢5T5(100 - 0) = 4,2 + 10° JTx.

CrnenoBaTeibHO, CYMMapHOE KOJIMYECTBO TEIUIOThI, KOTOPYIO MOKET TOJY4HUTh JEN,
nepeuemui B Boy, koropas 3atem Harpenach 10 100 °C, ecTb Quoxz = 8,34 ¢ 10° J>x. MBI BUOUM, 4TO
Qn0n2< |Q0T)1|-

W3 mocnenHero CoOOTHOLIEHUS CIENYET, YTO HE Bech nap OyneT KOoHAeHcupoBaTbcs. Maccy
OCTaBILIETOCs Mapa MOXKHO ONpPEAEIUuTh U3 cooTHommeHus M'y = = (|Qora| - Quonz)/ru = 0,65 K.

OxoHYaTeIbHO B KAJIOpUMETpe OYIyT HaXOAUThCA Nap ¥ BoAa mpu Temnepatype t = 100 °C, nmpu
stoM m'y = 0,65 xr, ms = 1,35 kr.

IIpumep 2. Ha ckonbko TemmepaTypa Bojbl Y OCHOBaHMs Bojonaaa Beicotoi 1200 M Oonblire,
yeM y ero BepumnHbl? Ha HarpeBanue Bojbl 3aTpauuBaercs 70 % BblOenuBILEHCS SHEPTUU. Y IebHAs
TerI0EMKOCTB BOAbI ¢z = 4200 Jx/(xr * K).

PemeHnue. HpI/I yaape Mmajaromed BOIbI Y OCHOBaHHdA BOJOIIala YaCTb MOTEeHIUAIbHON

sHeprun E, = mgh unér na narpesanue Bojbel: nmgh = mcAt, otkyna At =ngh/cs = 1,96 °C.

Ipumep 3.B xomzate o6BéMom V = 120 M®npu t = 15°C oTHOCHTeNbHAas BIAKHOCT
BO3/IyXa P =60 %.. Ornpenenuth Maccy BOASHBIX MapOB B BO3/IyXe KOMHATHI. JlaBlIeHNE HACBIIIIEHHBIX
napoB poIipu t = 15 °C paBHO 12 MM pT. cT.. ManspHas macca BO/bl

M = 0,018 Kr/MOb.
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Hano: CHu

V=120 M3 +273K
t=15°C ¥133,3 I1a
P =60%

Po =12 MM pT. CT.

M = 0,018 xr/mMoib

Pemrenue.
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Bapuanr 1.

1. Bnaxxnocts Bo3ayxa B komHate paBHa 100%. KakoBo cooTHoIIeH1nE TeMIiepaTyp BIaXXHOTO U
CyXxoro TepmomMerpa?

A: tz>te. b: te=tc. B: ta<t. I': Bce 311 cirydan BO3MOXKHBI. JI: cpesiu 3TUX OTBETOB HET IPABUIILHOTO.

2. B nunuHape noj nopuiHeM HaxoJsATCs BOJA M HAChIIeHHbIN nap. Kak u3MeHuTcs naBieHue
napa IoJi NOpUIHEM IpU yMeHbIIeHnH 00béMa? TeMrieparypa HEM3MEHHA.

A: yBenuuutcs. b: ocraercst HeusMeHHbIM. B: ymeHbmmuTcs. I': MOXKET OCTaThCsi HEU3MEHHBIM, a
MOET YMEHBIIUTHCS. [[: MOXKET OCTaThCd HEU3MEHHBIM, @ MOYKET YBEIUYHUTHCS.

3. Kak n3MenuTcs temreparypa KUIEHHs BOJbI ITPU BO3pACTAaHUH aTMOC(HEPHOrO AaBIIEeHUs?

A: nossimaercs. b: nonmxkaercs. B: He uamensercs. [': kunenrne craHOBUTCA HEBO3MOXHBIM. /1
CpeIH 3TUX OTBETOB HET MPABWILHOTO.

4. KakuM U3 HUKE MEPEUMCIICHHBIX CBOMCTB 00s13aTelbHO 001a1aeT 11000 KpucTam?

A: tBepaoctb. b: aHmzorponus. B: npounocts. I
o 3

IIPO3PAYHOCTh. [: Cpeu 3TUX OTBETOB HET MPaBUIIBHOTO.
S5.YkaxuTte Ha JuarpaMMme pacTsKEHHs, Kakas TO4YKa

COOTBETCTBYCT IIpEACITY NPOUYHOCTH JAHHOTO MaTepUualia. A

A:A.b:B.B:C.T:D. I: E.

6. B kanwuisipHO#l TpyOKe XUAKOCTh MOAHsUIAcCh Ha 4 o'

i |

MM. Yemy Oyzaer paBHa BbICOTA MOABEMA KHUJIKOCTH C
OTBEpCTHEM B TpYyOKe B 2 pa3a Oousbliero quaMerpa’?

A: 16 Mm. b: 8 MM. B: 4 mm. I': 2 mm. [T 1 mm.

7. llpu moaBemMBaHUM Tpy3a MPOBOJOKA yaauHuiach Ha 1 cm. Kakum Oyzner yminHeHue
MIPOBOJIOKU, OTIWYAIOMIEHCS OT MEepPBOM B 2pa3a OOJBIIMM CEUYEHHWEM, MPHU TMOJBEIINBAHUHN TOTO KE
rpysa?

A:lcm. b:2cem. B: 0,5em.T: 4 em. [1: 0,25 cM.

8. Ilpu mombéMe W3 BOJBI MPOBOJOYKH UIMHOW 5 cM 00OpasyeTcsi IUIeHKa MOBEPXHOCTHOTO
HaTsDKeHud. [Ipy kakoil HAaMMEHbIIEN CUIIe TPOU30MIET Pa3phIB IUICHKU?

A: 0,72 H. b: 0,36 H. B: 0,18 H. I': 0,0072 H. /I: 0,0036 H.

9. llpn kakux 3HAYEHUAX TEMIEpPaTypbl BO3MOXKHO IIPEBpALICHHE Iapa B KXUAKOCTbH?
Kputnueckas remmneparypa storo Bemectsa 195 C.

A: mensmie 195°C. b: 6onpmie 195°C. B: menbmie 0°C. I': 6onpire 0°C. [I: cpean 3TUX OTBETOB
HET MPaBUJIBHOTO.

10. Kakoil BenuuuHbI cuja MPUIIOKEHA K CTEPIKHIO € TUIOIIA/IBI0 IIONIEPEYHOT0 CEUEHUS 2 KB.CM,

€CIIN B CTEpIKHE BO3HHKIIO HanpskeHue BemmanHoi 107 H/xB.m?

A:2.10"H. b: 2.10%H. B: 5.10°H.T: 5.10°H. [1: 2.10" H.
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Bapuanr 2.

1. BeiABUHETCSI MM MOIJIOIIAETCS TEIUIOTA IIPU KOHJAEH AUy rapa?

A: Boiensercs. b: nornomaercs. B: He Beigensercs u He mornomaercs. [ MoxeT ObITh Kak
IIOTJIOLICHHE, TaK U BbIIEICHHE TeIula. Jl: cpeny TUX OTBETOB HET MPABUIIBLHOTO.

2. B repMeTHYHOM cOCy/Ie HAXOAATCS BOJIAa M HACBHIILEHHBIN nIap. Kak n3MEeHNUTCS KOHLICHTpaus
MOJIEKYJI I1apa [Py HarpeBaHUM cocyaa?

A: yBennuurtcs. b: ymenpmmutcs. B: He usMenutcs. I': MOXET yBEIUYHUTHCS, a MOXKET
YMEHBIINUTHCS.

J1: cpeay 3TUX OTBETOB HET IPABUIILHOTO.

3. Temnepatypa KumeHusi Bojabl B OTKpeIToM cocyne 100°C. M3meHutcs nu Temmeparypa
KUIIEHUS, €CJIU COCY/l FEPMETUYECKH 3aKPBITh?

A: He n3menurcs. b: noseicutced. B: noHusured. I': kunenue craHeT HEBO3MOXHBIM. [I: cpenu
3TUX OTBETOB HET MPABUIIBLHOTO.

4. Kakoe M3 HMXKE IEPEUMCIEHHBIX CBOMICTB KpHCTaljla 3aBUCUT OT BbIOPDAHHOIO B HEM
HanpasJieHUs?

(1-npovHOCTB, 2-3NEKTPHYECKOE COPOTUBIICHHE, 3-TEILUIONMPOBOIHOCTB).

A: 1. b: 2. B: 3. I': a1 ogHo u3 3THX CBOMCTB. /I: Bce 3TH

CBOMCTBA.
5. Ha xakom yyacTke JuarpamMmbl pacTsDKEHUSI BBITTOIHSIETCS
3akoH ['yka?

A: O-A.b: O-B.B: O-C.T: C-D. A: O-E.

\J
6. B xanumuigpHO# TpyOKe >KHUIKOCTb MOAHSIIACh Ha 4 MM. 0 &

Uemy Oyzner paBHa BBICOTA MOJHATUSA KHUJAKOCTH, Y KOTOpPOM IUIOTHOCTH B 2 pasza Oosnbiue?
KoaduimeHT moBepXHOCTHOTO HATSHKEHUS JKUAKOCTEH OJTMHAKOB.

A:1wmm. b: 2 mm. B: 4 mm. I': 8 mm. 1 16 mm.

7. 1lpm mojaBEemIMBaHMM Tpy3a MPOBOJOKA YyIIWHWIACHL Ha & MM. Ha CKOJIBKO ymJIMHUTCA
MPOBOJIOKA, KOTOpas B JIBa pa3a KOpOUe MEPBOM, MPU COXPAHEHUH OCTAJIBHBIX YCIOBUNA HEM3MEHHBIMU?

A:32vm. b: 16 mMm. B: 8 mm. I': 4 mm. [T 2 mm.

8. [1o maHHBIM OmBITa ompenenuTe Kod(h(GUIIMEHT MOBEPXHOCTHOTO HATSDKEHUS PTYTH: YTOOBI
OTOpBATh OT NOBEPXHOCTH PTYTH IPOBOJIOUYKY Maccol 4 r u jymHou 4 cM, HyxHa cwiia 0,08 H.

A: 0,25 H/™m. b: 0,50 H/m. B: 1,0 H/™m. I': 2,0 H/m. JI: cpeau 3THX OTBETOB HET MPABUIIHLHOTO.

9. CpaBHUTE TUIOTHOCTH Mapa U XKUIAKOCTU IPU KpUTHUUecKoi Temrneparype. [lap HacklIlieH.

A: MJIOTHOCTHh Mapa MEHbIIE IUIOTHOCTH >KUJAKOCTU. b: MIOTHOCTH Mapa paBHA MJIOTHOCTH
KUIKOCTH.

B: miotHOCTE Tapa OoJibllie TJIOTHOCTH JKUAKOCTU. I': ObIBaeT mo-pasHomy. Jl: cpemu 3Tux
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OTBCTOB HET IIPABUJILHOTIO.

10. Kakoe HampskeHUE BO3HHMKIO B CTEP)KHE CEUEHUEM 3 cM? IIPU PACTSKEHUM €T0 CUIION
3000H?

A: 1000 ITa. B: 9000 ITa. B: 10" I1a. IT': 0,9 a. JI: 107 ITa.
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Bapuanr 3.

1. Braxxnocts Bo3ayxa B koMHare 50%. KakoBo cooTHOIIEHHE MEXy TEMIIEpaTypaMu CyXoro
Y BJIQXKHOTO TEPMOMETPOB?

A: tz>te. B: te=tc. B: t;<tc I': Bce cityuan Bo3MOXxHBI. JI: cpeu 3TUX OTBETOB HET MPABUIIBHOTO.

2. B nununape o nopiiHeM HaXOAUTCS BOAA U HachlleHHbIN nap. Kak n3menurcs naBieHue
B LIMJIMHJIPE NIPU YBEIMUYEHUU ero o0béma? Temnepatypa He U3MEHSETCS.

A: yBenuuutcs. b: He uzmenurtcs. B: ymensmmTcs. [': MOXKeT ocTaTbCsi HEU3MEHHBIM, @ MOXKET
YMEHBIIUTHCSA. [[: MOXKET 0CTaThCsl HEU3MEHHBIM, & MOXKET YBEIHUUTHCS.

3. Temneparypa KureHus BobI OKa3agach Heckoibko Hike 100°C. Kakoit mpruunHOMN 3TO MOKET
OBITH BBI3BAHO?

A: Hm3K0e atMochepHoe maBiieHue. b: BbICOKOe arMocdepHoe naBieHue. B: odeHb ObICTpoe
HarpeBaHue BoJIbl. [': 0UeHb MeUIeHHOEe HarpeBaHue BOAbIL. J{: HU OJlHA U3 3TUX MPUYHH.

4. Kakoe u3 MNEPCUUCIICHHBIX HUXKC CBOMCTB SIBJISIETCS 00s13aTEIbHBIM JJIA aMOp(bHBIX BeIJ_[eCTB?

A: AHU30TPOIIHS. b: [JIACTUYHOCTb. B:
IpO3pavHoCTh. [': n30TpOnHOCTH. [I: Cpeiu 3TUX OTBETOB HET 4 4
IIPABUJIBHOTO. K
5. Kakas wu3 TO4Yek JuarpamMmsl pacTSDKEHHS AB ¢ b
COOTBETCTBYET MpEJeay MPONOPLHUOHAIBHOCTH JaHHOTO
? e
obpasra? o , 3

A:O.b:A.B:B.T": E. [I: K.

6. XKuakocth B Kanmwiuisipe MoAHsuiack Ha 8 MM. YUeMy OyzeT paBHa BbICOTa MOABEMA APYTOM
JKUJKOCTH B ITOM KamwuisApe, Y KOTOPOH IUIOTHOCTh Ta ke, a KOd(PPHUIMEHT MOBEPXHOCTHOTO
HaTsDKEHUS B 2 pa3a Oosibiie?

A:2wvm. b: 4 mm. B: 8 mMm. I': 16 mm. J1: 32 Mm.

7. Ilpu moaBemMBaHuK Tpy3a MPOBOJIOKA yTMHUIACK Ha 4 cM. Kakum OyneT yanuHeHue ToH ke
MIPOBOJIOKHU TIPH TIOJIBEIIMBAHUY TPy3a B 2 pa3a MEHBIIETO Beca?

A:lTcm. b:2cm. B:4cem. I': 8 em. J: 16 cm.

8. Kakas nmotpebyercs cuma, 4To0bl OT MMOBEPXHOCTH KEPOCHHA OTOPBATH MPOBOJIOYKY MacCcOn
0,1 r u gnuuoM 10 cM?

A: 0,001 H. b: 0,0024 H. B: 0,0034 H. I": 0,0048H. [I: 0,0058 H.

9. Kak Oynmer MeHSATbCS yAelbHas TEIUIoTa MapooOpa3oBaHUs KUIKOCTH NPHU YBEIUYEHUU
JABJICHUS Ha )KHUJIKOCTh?

A: yBemuuuBatrbcs. b: He wu3MeHurca. B: ymenbmatbes. I cpenm 3THX OTBETOB HET
MPABUJIBHOTO.

10. Jleramb nomkHa BeIZepkuBaTh Hanpsokenme 10° H/M? u cmmy 100 000 H. Kakoa
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MUHHUMAJIbHASI TUTONIAIb ceueHus aetanu? (B CMZ)

A:1cM? B: 102 eM? B: 104 em?. T 10%em?. JT: 101 em?.
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Bapuanr 4.

1. Beinensiercss Uy NOTJIOMIAETCS SHEPTUSI IPU UCTIAPEHUN BOJIbI?

A: Beiensiercs. b: mornormmaercs. B: MoxkeT ObITh Kak MOTJIONIEHUE, TaK U BBIICTICHUE TeIlIa.

I': He mornowmaercs u He Beiaenserca. [1: cpenn 3TUX OTBETOB HET MPABUIIBHOTO.

2. B repMeTndeckoM coCyJie HAXOAUTCS HEHACHIICHHbIN map. Kak n3MEeHUTCs KOHLEHTpalus
MOJIEKYJI I1apa Py HarpeBaHuu?

A: yBemmuutcs. b: ymenbmutcs. B: He uamenutcs. I': MOXeT Kak yBEIUUYUTHCS, Tak W
yMeHbIUThCA. J1: cpelin 3TUX OTBETOB HET MPABUIILHOTO.

3. CpaBHuTE TemIiepaTypbl KUIIEHUS BOJbI Ha IOBEPXHOCTH 3E€MIIU U Ha JTHE TTyOOKOM MIaXThI.

A: B maxre 6ombire. b: B maxte menbine. B: onuHakoBsl. [': B maxte Boga KUMETh HE Oy/IeT.

J1: cpenu 3TUX OTBETOB HET MPABUIILHOTO.

4. Kakoe 13 nepedncIeHHbIX HUKE CBOWCTB aMOP(HBIX TEJ 3aBUCHUT OT HANpaBiICHUs?

A: npouHocTk. b: anexktpuyeckoe conpoTusieHue. B: TennonpoBoaHocTs. I': Bce 3TH cBOMCTBA.

J: H1 OJTHO W3 ATHUX CBOMCTB.

5. Kakas u3 TOYeK AMarpaMMbl PACTSKCHUS g \

COOTBETCTBYET MpeJey YIPYrocTH JaHHOTO oOpasia?
A:O0.b:A.B:B.I: C. I E.
ZC D

6. Ilpu morpyXeHUW Kamwuisipa B KUIKOCTh

HHOI'Ja OHa MMOAHUMACTCA, @ MHOT' Ia OITYCKAaCcTCs B HEM.

OT 4ero ATO 3aBUCHUT?

A: or ngmamerpa kamwuisipa. b: ot 0’ (2
Kod(purmenTa TOBEPXHOCTHOTO HATSKEHUS KUIKOCTH.

B: or muotHOCTH XHMIOkocTH. I': OT TeMmmeparypbl KHIAKOCTH. [: cpenn 3THMX OTBETOB HET
MPaBUIILHOTO.

7. Ilpu moaBemwuBaHUM Tpy3a MPOBOJOKA yMiuHMIACH Ha 4cMm. Kakum Oyner yuinHeHue
MIPOBOJIOKH, CACTIAHHOM U3 Ipyroro Matepuaina ¢ Moayiaem FOHra B 2 pasa 6osbiie? Pazmepsl mpoBOIOkK
Y BEC TPy3a HEU3MEHHBI.

A:lcem.b:2cem. B:4em. I': 8 em. [I: 10 cm.

8.UT00bI 0TOpBaTh HEBECOMYIO TPOBOJIOYKY OT ITOBEPXHOCTH BOJIbI, MPUIILIOCH TPUIOKUTH CHUITY
0,0072 H. KakoBa 1ivMHa npOBOJIOYKH?

A:10cMm. b: 5 cm. B: 0,1 cm. I': 0,05 cm. JI: cpeau 3TUX OTBETOB HET MPABUIILHOTO.

9. Kak Oyner MeHAThCS TeMIiepaTypa KUIeHHs 5KUIKOCTH, €CITH MMOCTOSIHHO OTKaYMBaTh map?

A: yBenmuuutcs. b: ymenpmutcs. B: He uamenutcs. [': MmoxeT ObITh mo-pazHomy. [I: cpemu aTux
OTBETOB HET MPABUIHHOTO.

10. KakoBa BeMYrMHA MEXaHHUYECKOTO HAINPSKEHUS: A€Talb CEUCHUEM 5 KB.CM HaXOJUTCS MO
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nercteueM cuisl 1000 H?

A: 200 ITa. B: 0,5 ITa. B: 5.10TTa. I': 2 MIla. [I: cpeau 3TUX OTBETOB HET IIPABUILHOTO.

Kuaroun:

BapHaHT/3ajaHHe 1 2 3 4

1 b A B b

2 b A r B
3 A b A A Kpurtepuu oneHnBanus:

4 b )| r pi

5 )| A b B

6 r b r )i

7 B r b b

8 r b )| b

9 A b B b

10 b B A r
Onenka 5 4 3 2

Banibl 9-10 7-8 5-6 0-4

IIpakTuyeckas padora Ne§ nmo teme: 3akon Kysiona. JiekTpuyeckoe noJe.
HanpsiskeHHOCTD 3JIEKTPUYECKOro TO0JIst

Iesb: cucTeMaTu3upoBaTh 3HAHUS MO pa3leny «DIEKTPOCTATHUKA», HAYUUTHCS HMPUMEHSThH
CHCTEMY 3HAaHMW Ha pacyeT BEIMYHH, ONHCHIBAIOIINX 3JIEKTPOCTATHUECKOE I0JIE; MTPHOOPECTH OTBIT
peLIeHMS 3a/1a4 110 JAHHOW TEME.

ITopsinok BbINoJIHeHUs padoOThI:

1. BHuMaTenbHO MPOYUTATh TEOPETHUECKYIO YacTh U IJIaH PEeLIeHUs 3aau.

2. PaccMOTpeTh MpUMepHI pelIeHus 3a/1a4.

3. Iloxay4nTh ¥ BHITIOJTHUTH MHIUBUAYATbHBIC 33/1aHUS.

Teopernueckas yacTb

3aKOoH COXpaHeHus 3apsja:

B 3amkHyTO# cucTeme anredpandeckas cymma 3apsanoB (Ji, Jz,..., gn,) BCEX YaCTHI] OCTACTCS
HEU3MEHHOI.

g ta,+...+q = const

3akon KyJsona
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Cuna B3aumoneiictBus (F) IByX TOUEUHBIX HETIOABHKHBIX 3apSKEHHBIX TEJ B BAKyyMe MPSIMO

IPONOPLHMOHATIFHA TPOU3BEACHUIO MOYIe 3apsiia ((1 1 (2) 1 00paTHO MPONOPIMOHATIbHA KBaIpaTy

pacCTodHud MCKAY HUMMU.

(”||x

2

T

F=kx |

rae k=9x10° (Hxm?)/K1? — k03 GHUIHEHT IPONOpIHOHAIEHOCTH.
3apsi 37eKTpoHa
e=1,6x10"°Kn

HanpsizkeHHOCTb 3JIEKTPHYECKOT0 MOJIs

— —
HanpsikeHHOCTD 37eKTPUYECKOI0 OIS (E ) paBHa OTHOIICHUIO CUJIBI (F ), ¢ KOTOpOIi 1oJie

JICUCTBYET Ha TOYCUYHBIH 3apsi], K dTOMY 3apsiny ().
L 7
¥
E=—
q
HanpsikeHHOCTb 1OJIs1 TOUEUHOT 0 3apsiia (B BaKyyme)

oo

F =

r*’u|

2

P

[IpuHIUI cyneprno3uiuu nojaen

- — — —3

E=E +E +E +..

I[I/IBJIGKTPI/I‘-I@CK&SI MMPOHUIIACMOCTD

Pabora npu nepemeiieHny 3apsiia B OJHOPOJAHOM 3JIeKTPOCTATHYECKOM IOJIe
Pa6ora (A) mpu nepemenienuu 3apsiaa () B OTHOPOAHOM DIIEKTPOCTATUYECKOM TTOJIe
HanpsokeHHOCThIO (E) He 3aBUCHT OT POpMBI TPaeKTOPHH JBUKEHHS 3aps/ia, a OMpeesaeTcs

BeNnMunHOM nepemenienus (Ad=d>-d1) 3apsiia BIOIb CHIIOBBIX JIMHHUM TTOJIS.

A:f;xEx(f.’.,_,-f.’.])

IMoTenumnanbHas 3Heprus 3apsjaa

[TorenunansHas sueprus (Wp) 3apsiia B 0THOPOAHOM 3JIEKTPOCTATUYECKOM I10JI€ PaBHA
NPOM3BEICHUIO BETMUMHEI 3apsiaa () Ha HanpsbkeHHoCTh (E) mons u paccrosuaue (d) ot 3apsaa 1o
MCTOYHUKA MOJIS.

W =qxExd

[}
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IMoTrenuuan JIEKTPOCTATUHICCKOI'O IMOJIsA

[ToTenuuan (¢) JaHHON TOYKH JIEKTPOCTATUYECKOTO MOJISI YUCIIEHHO PABEH:

1) norenuunanbHoi 3Heprun (Wp) ennHUYHOTO 3apsiaa (() B JaHHOW TOYKE: 1T
2) npousBenenuto HanpsokeHHOCTH (E) mosns Ha paccrosinue (d) ot 3apsiia 10 UCTOYHHKA
nons: ¥ =E %4 (B)

HanpsiskeHue (pa3HoCTh NOTEHIMAIOB)

Hanpsoxenue (U) wim pa3HOCTb TOTSHITHATIOB ((P1-(02) MEXKIY IBYMS TOYKaMH paBHA

OTHOUICHUIO paboThI 1oJis (A) MpH MepeMelIeHNH 3apsiaa U3 Ha4YalbHON TOYKU B KOHEUHYIO K 3TOMY

3apsny (0).
] A
U=p-0,=7
Css3p MCKAY HAIIPAKCHHOCTBIO U HAIIPSAKCHUCM
U
Ad

E=

JIeKTPOEMKOCTh
DnexTpoéMKOCcTh © ABYX MPOBOJIHUKOB — 3TO OTHOIICHHE 3apsija (() OAHOTO U3 MPOBOAHHUKOB

K pa3HOCTH IIOTCHIUAIIOB (U) MECKAY 3TUM IIPOBOJHUKOB U COCCIHUM.

DJIEKTPOEMKOCTH KOH/IEHCATOPa
DIeKTPOEMKOCTD MJIOCKOTO KOHAeHcaTopa © mpsAMO MPOMOPIHOHAIbHA TUTOMIAAM MIacThH (S),
TUDIIEKTPUYECKON MPOHUIIAEMOCTH (€) pa3MENICHHOTO0 MEXAY HUMH AMDIEKTPHKA, W 00paTHO

MPONOPLUOHAIbHA PAcCTOSIHUIO MEXIY MJIaCTUHAMU (d).

|f__‘_r:.‘a-cr:[]h:.‘:'
= =

)
£0=8,85x10712 Kn?/(HxM?) — anexTprueckas MOCTOSHHAS
DHeprusi 3apsizKeHHOT0 KOHAeHcaTopa

Oueprus (W) 3apsykeHHOTO KOH/IEHCAaTOpa paBHA:

XU 2

W

W i _,=f.‘:<{.-'2
2 2= 2
HapaJ'IJ]eJILHOC COCIMHCHUEC KOHACHCATOPOB
Coou=C1+C2+Cs+...+ Cp

HOCJ‘IG}IOBaTeJ'IBHOG COCOIVMHCHHUEC KOHACHCATOPOB
1/Coom= 1/C1+1/Co+1/C3+...+ 1/Ch

ITpumeps! pemieHus 3agau
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IMpumep 1.

Ecan paccrosinue Mexay JByMsi TOUYEUHBIMHU 3apsgaMu yMeHbIIUTh Ha 50 cMm, TO cuia
B3aUMOJICHCTBUS YBEIMUUTCS B 2 pa3a. 3apsibl HAXOATCS Ha PACCTOSIHUM... (B M).

Hano:

r=(r- 0,5) m
F, = 2F,

r

Penrenue:
Cwuita KyJIOHOBCKOTO B3aMMOJICHCTBHS MEXKITY 3apslaMy, HaXOISAIIMMHUCS Ha PACCTOSHUU I

T.9
F1= _:-.2
AMEELT

[Ipu ymenbienun pacctosHus Ha 50 cMm:

q.4q
F, =—"3"—
= 4msEglr— 0.5)
i)

r— 7
Fo_ rr
Fy (r—0.5)*

N3Bnekas KBagpaTHbIA KOPEHb U3 JIEBOM U IIPABOM YacCTH, IIOJIY4aEM:

V2(r—05)=r=r=175um

OtBer: r=1,75 m.

IIpumep 2.

Monynp BeKkTOpa HaNpsHKEHHOCTH IOJIE Ha pPaccTOSHMM 5 M OT 3apsana paseH 150 B/m.
[ToreHnuan 37eKTPUUECKOro MoJisi Ha paccTossHUM 10 M 0T 3TOrO0 3apsaa paseH...(B B)

Hano:

E =150 B/m

rn=>5Sw

r=10wm

Pewrenue:

Wcnonp3ys BeIpaKE€HHUS [UII MOJYJS HANPSDKEHHOCTH W TIOTEHIHANA JIIEKTPOCTATUYECKOTO

3 3

= 1¢J= Iz

AMEE T FMEELT

IoJIs1, C034aBacMoOro TOYCUYHbIM 3apA10M, IMOJTydacM:

Pazngenus MEPBOC BBIPAKCHUC HA BTOPOC, IMOJTYUUM:

p—7

E _ r

& Ty
Otcrona:
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150-52

10

@ = = 3758

Otser: 375 B.

IMpumep 3.

JIBa OJIMHAKOBBIX METaUIMYeCcKuX Iapuka c 3apsaamu - 120 mxKn u + 40 mxKn npusenu B
COIPUKOCHOBEHME U pa3Besin Ha paccTosgHue 10 cm. Cuna B3auMoeicTBYS IIapUKOB paBHa... (B kH).

Hano:

1= -120 mMxKn = -120*10° Kn

1= 40 MxKi = 40*10° Kn

rn=10cm=0,1 m

Pemenue:

Hlapuku oOIMHAKOBBIE, CJIEJOBATEIbHO, OHM HUMEIOT OJMHAKOBBIE €MKOCTM M IOcCie
COIIPUKOCHOBEHUS 3apsA/Ibl Ha LIApUKAX OKAXKYTCs PABHBIMU.

IIo 3aKOHY COXPaHCHUA SJICKTPUYCCKOI'O 3apsaaa:

g, T4, = 2q1
F—7
q= q"jq“ = _HEHD = —40 mxKn

CI/IJ'Iy BSaHMOHCﬁCTBHH HIapUKOB OIIPEACIIUM I10 3aKOHY Ky.]'IOHa:

' ]
_ 5.10°(40.107%)

F (o,1)?

= 1440H

F=144xH

Orser: 1,44 xH.

IIpumep 4.

B onHOponHOM 37eKTpHuUecKoM Moiie ¢ HanpsbkeHHocThio 200 B/M HaxoauTes B paBHOBECHH
neIIMEKA ¢ 3apsaaoM 107 Ko, Macca NBITHHKY B paMMaXx paBHA...

Hano:

E =200 B/m

q=10"Kn

Pemrenne:

Ha 3apsbkeHHYI0 NBUTMHKY B OJHOPOJHOM 3JIEKTPUYECKOM I10JI€ JAECUCTBYIOT JIBE CHUJIBL: CHIIA

F. Fp=mg;F= qE. [TemuHaka Oyner

F,
TSDKECTH ™M | CHJIa CO CTOPOHBI JJICKTPUYCCKOIO IIOJIS.
HaxXOJUTBCS B PaBHOBCCHHU, €CJIX 3THU CUJIbI PABHBI IO MOAYJIIO U ITPOTHUBOIIOJIOKHBI ITO HAITPABJICHUIO.

m— 7
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mg = gE
m=qE/g

HOI[CTaBI/IM YHCJIOBbBIC 3HAUYCHMUA:

m="—"""=2-10"%r
10 _
m=2-10"%r
Bripa3um maccy IMbUTHHKY B T .
a5 . 4n-3
Otser:™ — 2-10 T
Bapuanr 1
Yacmo 1

1. /Iea moueunwvix 3apaoa npumsazusaromcs opyz K opyzy, eciu 3apaoevl...
1) oauHAKOBBI MO 3HAKY U JHOOBIE IO MOAYIIO

2) OAMHAKOBHI MO 3HAKY ¥ MOJIYJIIO

3) pa3auYHbI 110 3HAKY U JIOOBIEC 10 MOIYIIIO

4) TOJIBKO PA3JIMYHBI 110 3HAKY 1 OJUHAKOBBI I10 MOIAYJIHO

2. Hezapsasicennasa Kanuis J#cu0KOCmu pa3oeaunacs Ha 0ge yacmu. 3apao nepeoi +0, a 3apa0

emopoi...
1)0 2) +q 3) +2q 4) -q
3.3axon Kynona evinonnsemcs 0a...
1) nmro0BIX TEN 3) HeMOABMIKHBIX TOYCUHBIX 3aPsI0B
2) 3apsDKCHHBIX TEJ 4) IBUKYIINXCS TOUCUHBIX 3aps/IOB

4.Benuuuna o00H020 u3 3apA006 yeenuuunaco 6 3 pasa, npu IMOM Ccuia

63auUMO0eicmeust. ..
1) yBenmuumiacsk B 3 pasza 3) ymensbmiack B 3 pasa
2) yBenuuuiach B 9 pa3 4) ymensbiuiack B 9 pas

5.Paccmosanue medxcoy 3apaoamu ymeHvmunoce 6 4 paza, npu Imom cuia

63auUMO0eicmeust. ..
1) yBenuuuiach B 4 paza 3) ymeHbIIMIIaCch B 4 pasa
2) yBenuuuiach B 16 pa3 4) ymeHbIIHIACh B 16 pa3

ux

ux

6.Cuna é3aumooeiicmeus 08yx MoYeyHbIX 3aPA008 NPU YMEHbUICHUU 6E€TUYUHBL 00HO20 U3

Hux 6 4 paza u ymenvuieHuUU paccmoanus mexcoy Humu 6 2 pasa...
1) He u3MeHHTCS 3) ymenbIuTes B 8 pas

2) yMmeHbIIUTCS B 2 pa3a 4) ymenbintcs B 16 pa3s
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7.jIea OOUHAKOBBIX MEMAIIUYECKUX mwapa 3apAa3icensvl pasHbiMu paA3HOUMEHHbIMU 3ap;10amu.

llIapuKu npueejiu 6 CONPUKOCHO6eHue u pa3()6unyﬂu Ha npesricnee paccmosaHnue. Cuna

63aumooeiicmeus. ..
1) He u3MeHUIaCh 3) ymeHbIuiIach B 2 paza
2) yBeau4miach B 2 pasza 4) paBHa HYJIO

8.Kakoe mnanpaenenue umeem 6eKmop K)JIOHOGCKOU CUbl, Oelicmeylouieil Ha

nONOHCUMENBHDLIL 3aPA0, NOMEU,EHHDLIL 6 MOUKYy A?

@ ¥ ®

1) 1
2) 2 L — R4
3) 3

4) 4 V4

Yacmo 2

9. Kak é3aumodeiicmeyom 3apaixcennvie mena?

3apsxeHHbIE TeJIa Bua BzanmopaeiictBus
A) 00a Tena IMEIOT OTPHULATEIBLHBIN 3apsiT 1) nputsKeHne
B) o00a Tena UMEIOT MONOKUTEIbHBINA 3aps] 2) OTTaJKUBaHUE
B) oaHO Temo uMeeT MoI0KUTENbHBIN 3apsijl, a 3) B3aMMOEUCTBHUE
BTOPOE - OTPHUIIATEIIBLHBIHA OTCYTCTBYET
A b B
Yacmo 3

10. /lea oounaxoevix wiapuxa ezaumooeiicmeyrom 6 eaxyyme c cunoii 300 mH, naxoosace na
paccmosnuu 0,1 m opye om opyza. Haitoume 3apaov wmwapuxos. Omeem 3anuuiume ¢ mxKn.
Bapuanr 2
Yacmy 1
1./1éa moueunwvix 3apaoa ommanKkueaomcsa opyz om opyaa, eciu 3apaobl..
1) oIMHAKOBHI ITO 3HAKY H JFOOBIE TI0O MOJTYITIO
2) OJIWHAKOBBIC ITO 3HAKY W MOIYJTIO
3) pa3nuYHBI IO 3HAKY U MOJYIIO

4) Pa3JInUYHbI 110 3HAKY U OAUHAKOBEI I10 MOJYJIHO
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2.Memannuueckasa naacmunka c 3apaoom -10e nomepsana uemovipe 3In1eKmpona. 3apao
NJIACMUHKU CIAJI PAGEH.

1) 6e 2) -6e 3) 14e 4) -14de

3.3apsao, pazmepvl KOMOPO20 HAMHO20 MEHbULE NO CPABGHEHUIO C PACCHOAHUEM, HA KOMODOM
ouenuearm ez2o oelicmeue, Ha3vl8Aemc. ..

1) uneanbHBIM 3) ToYeUHBIM

2) MUHUMAaJIbHBIM 4) sneMeHTapHbIM

4. Beauuuna o00H020 u3 3apa006 ymeHvuwiunacob 6 2 paza, npu IMOM CUuld UX

e3aumooeiicmaus...
1) yBenuumiace B 2 paza 3) ymenbluiach B 2 pasza
2) yBenuumiiach B 4 pasza 4) yMmeHbIIUIach B 4 pas

5. Paccmoanue mexcoy 3apaoamu YeeauyuIoch 6 2 paza, HPpU IMOM CUNA UX

ezaumooeiicmeus...
1) yBenuumiace B 2 pa3a 3) ymeHbIIMIach B 2 paza
2) yBenuuuiach B 4 pasa 4) ymensbiuiacs B 4 pasza

6. Cuna é3aumodeiicmeus 0yxX mo4euHvlX 3aPA006 NPU YEeIUdeHUU 6eUYUHbL 00HO20 U3
HUX 6 2 paza u ymeHbueHUU PAcCMOAHUA Medcoy HUMu 6 2 pasd...
1) He u3MeHHTCS 3) ymenbLuTCs B 8 pas
2) yMEHBIIUTCSA B 2 pa3a 4) yBenuuuTtcs B 8 pa3
7. /lea 00uHaKos8vix MemaniuuecKux wmapa 3apaxceHvl PpaA6HbIMU 00HOUMEHHBIMU 3apPA0AMU.
Hlapuxku npueenu 6 conpukocHogenue u pa3z0euHyIu Ha npexyncruee paccmoanue. Cuna
eé3aumooeiicmeus...
1) He U3MeHMIIach 3) ymeHbLIMIach B 2 pasa
2) yBenuuuiach B 2 paza  4) paBHa HYJIO
8. Kakoe mnanpaenenue  umeem - 6eKmMoOp  K)JIOHOBCKOW  CUlbl,  O€liCMEYIO

wiell Ha NOJI0HCUMENbHBLIL 3apA0, nomeuieHHblil 6 mouky C?

1) 42 12)2 3)3  4)4

| [™

_!. 4

Yacmob 2
@ ¥4 @

9. Kak e3aumooeiicmeyrom 3apasicennvie mena?

3apsiskeHHBbIE TeJa Buj B3anmMoaencTBus

A) IBe CTEKIISTHHBIC TAJIOYKH, TIOTEPTHIE O MIEIK 1) nputsokeHne
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B) crexisiHHas nanoyka, moTepTas O IIeJK, U 2) OTTaJKHBaHUE

200HHUTOBAS 3) B3aMMOJEHCTBHE OTCYTCTBYET
Majx0yYKa, MoTepTas 0 MeX

B) n1Be 500HUTOBBIE MATOYKH, TOTEPTHIC O MEX

A b B

Yacmo 3
10. /Iea oounakoewix 3apaxceHnvix wiapuka Haxooamcsa na paccmoanuu 0,2 m opyz om opyza
u npumsazuearomces c cunoii 4 mH. Ilocne mozo, Kax wapuku npugenu 6 CONPUKOCHOGEHUE U PA36eU
Ha npejcHee paccmosHue, OHU cmanu ommaixkueamvca c cunou 2,25 mH. Onpedenume

nepeoHauaIbHLLIL 3aPA0 WAPUKOE. 3anuuiume 3Havyenue eenudunsl 60avuieco 3apaoa 6 mK

IMpakTuueckasi padora Ne9 mo reme: JiekTpuyeckass eMKocTb. Kongencaropsi.
CoennHeHHE KOHAEHCATOPOB. JHEPIus 3apsi’KEeHHOT0 KOHIeHCATopa.
Lesn: cucTeMaTu3upoBaTh 3HAHUS 110 pazaeiy «[I0CTOSHHBIN EKTPUICCKUN TOKY», HAYUUThCSI
MPUMCHATH IMOJYUCHHBIC 3HAHUA JJIA pCIICHUS 3a4a4 Pa3JIMYHbIX THUIIOB.

HOpﬂI{OK BbIIIOJTHCHU A paﬁon:

1. BHumarenpHO NpoYuTaTh TEOPETUUECKYIO YACTh U IUIAH PEIIeHUs 3a/1a4.
2. PaccmoTpeTs npuMepsl penieHus 3aaad.
3. [Tony4uuTh ¥ BBINOJHUTH UHAWBUIYaAJIbHBIE 3aaHHUS.

TeopeTnyeckas 4acThb
Cuna moka
Cuna toka (l) paBHa: oTHOIIEHUIO 3apsiaa (4q), IEpeHOCUMOTO Yepe3 MOoMePeuHOe CeYCHHE

IPOBOJIHHUKA 32 UHTEPBaJ BpeMEHU (Af), K ’TOMY UHTEpBaJly BpEMEHU;
Aq

At
3axkon Oma 04 yuacmka yenu
Cuna toka (l) mpsiMmo mponopiMoHanbHa NpUIoKEeHHOMY HamnpsbkeHuto (U) u o6patHo

IPOTMOPIMOHATIbHA COMPOTHBIICHHIO TIPoBOIHUKA (R)
Lr

R
Conpomuenenue npoeooHuxka

COHpOTI/IBJ'IeHI/IC (R) MMPOBOAHUKA 3aBUCHUT OT MaTCpuajia IpOBOAHHUKA (y,Z[CJ'IBHOTO COIIPOTUBJICHUA p)
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U €r0 FreOMETPUUYECCKUX Pa3MepoB (IIHHBI | ¥ MJI0IIAaN TOTEPEYHOro ceueHus S).

i
H=px_—
t=pX<

R:iﬁi

y,I[GJ'IBHOC COIIPOTHUBJICHUC (p) IIPOBOJHHUKA — BCIWYHNHA, YUCJICHHO paBHasA COIIPOTUBJICHUIO

poBOIHUKA JUIMHOH (|) OMH METP M TIONIA/IbIO MONIEPEYHOr0 ceYeHus (S) OIMH KBaJPaTHBIA METP.

RS
1=
=7

ComnpoTuBIICHUE TOCIICAOBATEILHO COSAMHEHHBIX MMPOBOJIHUKOB
1 a1 ComnpoTuBiICHNE MApAIUICIHHO COSAMHEHHBIX TPOBOTHIKOB
R Zl: E PaboTta nmocrosiHHOrO TOKA
Pabota (4) moCcTOSHHOTO TOKA HA Y4aCTKe IICTIH:
1) paBHa mpousBeneHuto cuiibl Toka (1), Hanpspkerus (U) u Bpemenn (t), B TEYCHHE KOTOPOTO
coBepimanack padora: ‘1= * I xt

2) paBHa Npou3BeACHUIO KBajapaTa cuiibl ToKa (1), comporuBnenus yuyactka uemnu (R) u Bpemenu

;
(®): A=I"xRxt (1St TOCTICIOBATEIHLHOTO COSTUMHEHHS TPOBOIHUKOR)

3) nponopimonanbHa kBaapaty Hamnpsbkenus (U), Bpemenu () u o0paTHO mponopiroHaIbHO

1 2 conpotusienuto (R) yuactka nenu:
ki (71 MapayuIeTIbHOTO COSTMHEHHS TIPOBOTHUKOB)
P e Mownocmos moka
=7
" Mowmocts (P) mOCTOSTHHOTO TOKA Ha Y4acTKe IIEMH paBHA:
A 2
P= ;P:le;f'-"zf KR,

uexkTpoasmkymas cuiaa (31C)
DNEeKTPOABUKYIIAS CUJIa B 3aMKHYTOM KOHTYpe (&) peACTaBISIET COO0M OTHOIICHHE pabOThI
CTOPOHHUX CHJI (A) IpH NepeMeIIeHUH 3apsiia BHYTPU HCTOYHHUKA TOKA K 3apsiny (q).
¢=A/q
CH: B
3axkon Oma 0112 NOAHON Yenu
Cuna toka (I) B monHoit uenu pasHa otHomeHuto I[C (&) nenu K e€ moJHOMY CONPOTHUBIIEHUIO

(BHYTpEHHEMY COTIPOTUBIICHHIO I' U BHEIIHEMY R).
&
r4 B
Ilocneooseamenvnoe coeounenue ucmounuKoe moka

Ecnu nens comep XUT HECKOJIBKO MOCTIEA0BATEIbHO COeMMHEHHBIX 3J1IeMeHTOB ¢ DJIC (&1, &, &3,...), TO
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nosHast DJ1C nenu (¢) paBHa anredpandeckoit cymme 3J1C OTACIBbHBIX 2JIEMEHTOB.
=G+ +ETt ..

Ilapannenvnoe coeounenue ucmouHUK0O8 mMoKa
Ecnu nens coaepKuT HECKOIbKO MapalieIbHO COETUHEHHBIX 3JIEMEHTOB ¢ paBHbIMU DJIC
(&1=E=85=...), To nonnas D/IC nenu (&) pasua DJ[C Kax10ro 1€MeHTa.
¢=61=8=E=.

IIpumepsl pemienus 3ana4y

Mpumep 1.

JIBa MpoBOJHUKA MpU MapalieIbHOM COEIUHEHHH HMEIOT colpoTuBieHue 6 OM, a mpu
MOCIIEI0BATEIHFHOM coeluHeHUU - 27 Om. [IpousBeieHre COMPOTHBIICHUN YTHX MTPOBOJHUKOB PABHO...
(8 Om).

Hano:

Rnap =6 OMm

Rioeai= 27 Om

Pemenue:

[Ipu nocnenoBaTensHOM COEIMHEHUH ABYX MPOBOIHUKOB

R,.=R; +R,=27On

HACT

[Ipu napaynenbHOM COEqUHEHNN

R1R,=?
L_ 1,1 _RR
Rﬁﬂ:ﬁ R'— Rﬂ R'_Rz
b
R,R
BBz e Om
R, +R,

R,R, = 6(R, + R,) = 6R

HoCA

HOI[CTaBJ'If[eM YHUCJIOBBIC 3HAYCHMUA !

R,R, =627 = 162 O’

OtBeT: 162 Oa” )

IIpumep 2.

IIpu ymenbiienuu conpoTtusieHns BHemHen nenu ¢ 10 Om 1o 4 Om cuna Toka, TEKYILEro 4epes
MCTOYHHK, yBenuuuiachk ot 1 A 1o 2 A. 3JIC ucrounnka Toka pasHa. (B B).

Hano:

R1=10 Om

R2=4 Om

lh=1A
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hb=2A
Pemenne:
[To 3akony OMa 1t MOJTHOM 1eNH JJIs IEPBOTO U BTOPOTO CIy4yasi UMEEM:

e=L(R,+r)ie=L(R,+7)

Pa3nenum nepBoe ypaBHEHHE Ha BTOpOE:

R, +r L
—_— = = = E
Rytr I
£=9

[TpousBens anrebpanyeckue mpeodpa3oBaHus, MOTYIACM:

R,+7r=2R,+2r
e=I(R,+2)=1(10+2)=12B

OrtseT: 12 B.
IMpumep 3.

barapes c¢ BHyTpeHHuM conpotuBieHueM 2 Om u JOJIC 6B3amkHyTa HpPOBOJHHUKOM C

conpotuiieHreMm § OM. Kakoe KOJIMYeCTBO TETUIOTHI BBIICTUTCS B IPOBOIHUKE 32 1 CeKyHmy?
Hano:

r=2 OMm

= 6B
R=8 Om

Pemienue:

Komunuecto TCIJIOTHI, BBIACTIAIOMIECCA B IIPO BOAHUKE, OTIPCACIIACTC 3aKOHOM I[)KOYJIH'.HCHL[&I

Q= I?Rt.

[To 3akony OMa 115t IOJTHOM TeTH:

1

- R+r

2

=) R

IloacraBisieM YHCIOBBIE 3HAUYCHMUS:

=]

2=06-8=288 [x

OTtBeT: 2,88 :l*'*‘
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Bapuanrt 1
1. IlnacTuHBl BO3AYIIHOTO KOHJEHCATOpa IUIOLIAJbIO 500cM? OTHANICHBI JIpyr OT Jpyra Ha
paccTostHue 3MM. Mexy HUMH HaxOAUTCS METa/UIMuecKas IJIACTUHKA C TOM JK€ IUIOLIAAbI0 U
tonuHon 1mM. KonaeHcaTop 3apsixeH 10 pazHoctu noreHiuanoB 400B u

OTKJIIOYEH OT HucTouHuKa. Kakyio paboTy HYXHO HpPOU3BECTH, YTOOBI

—

BBITAIIUTH TUIACTUHKY U3 KOHJEHCaTopa? _l Ii
2. Ilnockwii BO3MYIIHBI KOHACHCATOpP 3apsiKEH JI0 Pa3HOCTH

noteHimanoB 100B. kakoBa Oymer pa3HOCTh IOTEHIIMATIOB MEXIY | 1%

OOKJIaJIKaMH, €CJIM KOHJIEHCATOP ONYCTUTh B JKUIKHH JHUAJICKTPUK C l"«! "

JUAICKTPUUECKON MPOHUIIAEMOCTHIO 27 _| Il

3. Bo cKoJIbKO pa3 u3MEHHUTCSA 3apsii Ha KOHACHCATOPE EMKOCTHIO C1
npu Mpo0oe KOHJEHCATOpa EMKOCTBIO C2, eciH c1=C2=21d, ca=c4=4nd.
Bapuant 2
1. K wucrounuky c¢ DJAC & mnomkimoueH IUIOCKHM KOHJIEHCATOp eMKocThio c. Kakyro
MUHUMAaJIbHYIO pab0Ty HY>KHO COBEPLINTH, YTOObI YBEJIMYUTH PACCTOSTHUE MEXAY 00KIIaKkaMu B 2 pa3a?
2. Konpnencaropbl eMkocThio 1MK®D 1 2MKkD 3apspkeHsl 10 pazHocTu noteHimanor 20B u 50B

COOTBCTCTBCHHO. ITocne 3apAAKH KOHACHCATOPLI COCIMHCHBI

OJHOMMCHHBIMH IIOJKOCAMH. OHpG[[GJII/ITI) Pa3HOCTL IMOTCHLIUAIOB I 2
MCKOY O6KHaI[KaMI/I KOHACHCATOPOB IIOCJIC HUX COCAWHCHMHA. Kaxkoe

KOJINYCCTBO TCIIIIOThI BBIACINTCA B pe3yiibTaTe COCIUHCHUA

l’)
KOHACHCATOPOB! I__I

3. batapero mapainensHO COEAMHEHHBIX KOHJEHCATOPOB C

eMKoCTsIMH c1=1MK®D, c2=2MKk®D cHavana NoJCOETUHUIN K HCTOUHUKY C
OJIC 6B. 3aTem KoY MEPEBOAAT B MOJOXKEHUE 2, COeUHSASA OaTapero ¢ KOHJIEHCATOPOM €MKOCThIO
c3=3MkD. HaiiTu 3apsa, KOTOpBIN MOJyYUT KOHAEHCATOP EMKOCTBIO C3.
Bapuanr 3

1. HanpspkeHHOCTh AJIEKTPUYECKOro mojis KoHaeHcaTtopa eMKocThio 0,8Mkd paBHa 1000B/m.
ONPENEIUTh DHEPTUI0 KOHICHCATOpa, €CIM PpAaCCTOSHUE MEXKIY €ro
0OKJIaIKaMu paBHO 1 MM.

2. BBYHCIUTE €MKOCTh CHCTEMBI KOHJIEHCATOpPOB. EMKOCTH
Ka)XJ10r0 KOHJIeHcaTopa SMKD.

3. DHeprus IJIOCKOrO BO3AYIIHOTO KoHjaeHcaropa 0,2Mk/Dx. OrmnpenenuTs 3SHEPryio
KOHJIEHCATOpa I0CJIE 3all0JIHEHUS €r0 JUAIEKTPUKOM C JAMAJIEKTPUUECKON MPOHUIIAEMOCTBIO 2, €CIIU
KOHJIEHCATOP OTKJIFOUEH OT MCTOYHUKA MMUTAHUS.

Bapmuanr 4
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1. IIpu coobmennn nmpoBoAHUKY 3apsaa 8MKi ero morennuan cran pasen 200B. onpenenuTsb
€MKOCTb IIPOBOJIHUKA.

2. CKOJIbKO KOHIEHCATOPOB eMKOCThIO S00n®d KaXkblii clIe1yeT COeAMHUTD MOCIIeI0BATEIbHO B
OaTapero, 4ToOBI 0011ast eMKOCTh Oarapeu crana paBHou 0,1HD?

3. DHeprus IUIOCKOTO BO3AymHOro KoHaeHcatopa 0,2Mx/lx. Omnpenenuth 3SHEPrUIo
KOHJIEHCATOpa I10CJIE 3alI0JIHEHUS €r0 JUAIEKTPUKOM C JAMAIEKTPUUECKON MPOHUIIAEMOCTBIO 2, €CIIU

KOHACHCATOP MOAKIIIOYCH K UCTOYHUKY IMUTAHUS.

IMpakTnyeckas padora Nel0 mo reme: IAC ucrounnka roxka. Hanpsikenne. 3akon Oma
JJIS TIOJIHOM LeIu.
Ieab: cucteMaTu3upoBaTh 3HAHUA 110 pa3aeily «I[IoCTOSHHBIN ANEKTPUYECKUN TOK», HAYYUThCS
MIPUMEHSATD MOJYYEHHBIE 3HAHUS JUIsl PELIEHUS 3a/1a4 PA3JIMYHbIX TUIIOB.

Ilopsinok BbINOJIHEHHS PadOTHI:

1. BHuMaTenbHO NpoYMUTaTh TEOPETUUECKYIO YACTh U IUIAH PELICHUS 3a1a4.
2. PaccmotpeTs npumepsl pelieHus 3a1ad.
3. [Tosry4nTh ¥ BBIIOJIHUTE UHAUBUAYAJIBHBIEC 3a1aHHUS.

Teopernueckas 4acTb
Cuna moka
Cuia Toka (l) paBHa: oTHOIIEHHIO 3apsiaa (4q), TIEPEHOCUMOTO Yepe3 MONEePEIHOE CeUeHUE

IPOBOJIHUKA 32 HHTEPBAJI BpeMeHH (A4f), K 3TOMy UHTEpBaly BpEMEHH;

I:&#
At
3axkon Oma 04 yuacmka yenu
Cuna rtoka (lI) mpsmo mpomnoplHoHanbHa NOpUIOKeHHOMY HampspkeHuto (U) um obOpatHo
IIPONOPLMOHAIBHA CONPOTHUBIICHUIO IIPOBOJTHUKA (R)

Lr

R
Conpomuenenue npogoonuKa
Conporusnenne (R) mnpoBogHWKa 3aBUCHUT OT MaTepuajga MPOBOJHUKA (yIEIHHOTO

COIIPOTUBJICHHUA p) " €ro IrCOMETPUUCCKUX pa3MCpPoOB (I[J'II/IHBI | u rmjionmaan mornepeYHOro CCUCHUs S)
i

! 5
d Yoenvnoe conpomuenenue nposoonuxa
H= E A
= VY nenbHOE conpoTUBieHHE (P) MPOBOJAHUKA — BEJIIMYMHA, YHCIEHHO paBHAas

COIIPOTHURJICHUIO MPOBOAHUKA JTUHOM (1) 0TMH METp ¥ MJIoIIAIbI0 TIONIEPEYHOTO ceUeHUs (S) OuH
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KBaJIpaTHBIA METP.

xS
=
==

COHpOTI/IBHeHI/Ie MMOoCJICA0BATCIIbPHO COCAMHCHHBIX ITPOBOJIHUKOB

1 1
R Zl: R ComnpoTuBiIeHNE MTApAIUICIHHO COSAMHEHHBIX TPOBOTHIKOB
PaGoTa nocTossHHOro TOKa
Pabota (4) noCTOSHHOTO TOKA HA Y4aCTKE IICTIH:
1) paBHa mpousBenenuro cwiibl Toka (1), Hanpspkerus (U) u Bpemenn (t), B Te4eHUE KOTOPOTO
coBepimanack padora: =L ¥ I xt .

2) paBHa IPOM3BEICHUIO KBapaTa cuiibl Toka (l), compoTuBienus ydactka nenu (R) u BpemeHu

5
(t): A=I"xRxt (175 mocae10BaTeNIbHOTO COSIMHEHHS IPOBOJHUKOB)

3) nponopimonanbHa kBajapatry Hampsbkenus (U), Bpemenu () u o0paTHO mponopiroHaIbHO

1 2 conpotusienuto (R) yuactka nenu:
ki (17151 mapaIeNnbHOrO COEIMHEHUS IPOBOIHUKOB)
p 2 Mownocmo mokKa
= il
" Mommocrs (P) IIOCTOSIHHOTO TOKa Ha y4acTKe Lenu paBHa:
A 2
P=— ;P:le;P:I XR,

Juextpoasukymas cuiaa (IAC)

DNEeKTPOABUKYIIAsl CUJIa B 3aMKHYTOM KOHTYype (&) mpeacTaBiisieT co00il OTHOIIEHHE PaOOTHI
CTOPOHHUX cuJ (A) TpH TepeMeNIeHUH 3apsjga BHYTPU HCTOYHHMKA TOKa K 3apsaay (Q).
¢=A/q
CU: B

3axkon Oma 011 NOAHON Yenu

Cuna Toxka (I) B monHo# nernu paBHa otHomenuio J/C (&) nenu k e€ moHOMY

COMPOTHBJICHHIO (BHYTPEHHEMY CONPOTHBICHUIO I' U BHeNIHeMY R).

£
4B

I=

IHocneooseamenvnoe coeounenue UCMOYHUKOE MOKA

Ecnu tiens coepKuT HECKOIBKO MOCIeI0BATENIbHO COeAMHEHHBIX 1eMeHTOB ¢ DJIC (&1, &,
&3,...), To monHas DJIC nenu (&) paBHa anredpanueckoit cymme J/1C oTenbHBIX JIEMEHTOB.
¢=61+6+ETt..

Iapannenvhoe coeounenue ucmoUYHUKO8 MoOKa

Ecnu nens coaepKuT HECKOIbKO MapaiieIbHO COETUHEHHBIX 3JIEMEHTOB ¢ paBHbIMU DJ1C
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(&1=E=85=...), To momnas D/IC nenu (&) pasua DJ[C Kax10ro0 7I€MeEHTa.
$=H1=0=3= .
IIpumepsl pemienus 3ana4y

IMpumep 1.

JIBa MpoBOJHUKA MpU MapalieIbHOM COEIUHEHHH HMEIOT CcolpoTuBieHue 6 OM, a mpu
MOCJIeIOBATEILHOM coeluHeHuH - 27 Om. [IpousBenenne conpoTUBIEHUN STUX TPOBOIHUKOB PABHO. ..
(8 Om).

Hano:

Riap= 6 OM

Rioei= 27 Om

Pemenue:

[Ipu nocnenoBaTenbHOM COEAMHEHUHU JBYX POBOJIHUKOB

R, .=Ry+R,=27 Ou

HACT

[Ipu napaynenbHOM COEqUHEHUN

R1R,=?

L_ 1,1 _RR

Rﬁﬂ:ﬁ R'— Rﬂ R'_Rz
b

R,R

R,+R,

R,R, = 6(R, + R,) = 6R

Hoca
HOI[CTaBJ'IfleM YHUCJIOBBIC 3HAYCHMUA !

R,R, =627 = 162 O’

OtBeT: 162 Oa” )

IIpumep 2.
IIpu ymenbienuu conpotusieHns BHemHen nenu ¢ 10 Om 1o 4 Om cuna Toka, TEKYIIEro 4epes
MCTOYHHMK, yBenuuuiachk ot 1 A 1o 2 A. DJIC ucrounnka Toka paBHa... (B B).

Hano:

R1=10 Om

R2=4 Om

li=1A

b=2A

Pewrenue:

1o 3akony OMa U1l MOJTHOM LEeNH I IEPBOTO U BTOPOTO CIIy4asi UMEEM:
e=L(R,+r)ie=L(R,+7)

Pa3yenmum nepBoe ypaBHEHHUE Ha BTOpOE:

R, +r L
= ==2=72
R +r I
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[TpowusBens anrebpanyeckue npeodpa3oBaHus, MOTYIACM:
R, +7r=2R,+ 2r

r=R,—2R,=20u
e=L(R,+2)=1(10+2)=12B

OtBeT: 12 B.
IMpumep 3.

barapes ¢ BuyrpeHHum comnpotuBienueM 2 Om u 3OJIC 6B3amkHyTa HpPOBOJHHUKOM C
conpotusiienreM § OM. Kakoe KOJIMYeCTBO TEIUIOTHI BBIIETUTCS B IPOBOJIHUKE 32 1 cexyHmy?
Hano:

=2 OMm

*= 6B

R=8 Om

Pemenue:

KosuecTBO TEmIIOTHI, BBIACISIONIEECS B PO BOAHUKE, Ollpeaessercs 3akoHoM [xoyisa-Jlenna:
Q = I°Rt.

[To 3akony OMa 1151 IOJTHOM 1eTH:

&

- R+r,

¢
t=9

-(Z)r

HOI[CTaBJ'If[eM YHUCJIOBBIC 3HAYCHMUA !

L]

§=u,69 .8 = 2,88 Tx

2,88 JLx

Ortser:
1 Bapuanr.
1.0npenenute crily TOKa B MPOBOAHUKE 2, €CIIU €T0 CONPOTHBJIEHUE paBHO 9 OMm, U majeHue
HalpsKeHus: B IpoBoJgHUKe | mpu ero compotuiaeHun 6 Om, eciu DJC ucrounuka pasHa 2 B, a
BHYTpEHHee conpoTusieHue pasHo 0,4 Om.
2. Tlo cxeme Ha puc. ompeneauTe OOIIee COMPOTHBICHUE DIIEKTPUUECKOW IIETH, EeCITH

conpotusiieHus 37~ ~~nu paBHbl R1=8 OM R2=20M R3=4 Om R4= 6 Om.
R2

R1
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R3 R4

1 [

3.Kakyio pabory coBepuiaer aBUraTenb MojioTepa 3a Bpems, paBHoe 30 MHH, e€clid OH

notpebssieT B 1enu HanpsbkeHnueM 220 B tok cunoit 1,25 A, a ero KIIJI pasen 80%?
2 BapuaHr.

1.K wucrounuky toka ¢ DJIC paBHoil 4,5 B u BHyTpeHHUM comnpoTuBieHueM 1,5 Owm
IpPUCOEANHEHA IIelb, COCTOSAIIAas W3 JBYX IPOBOAHHMKOB, compoTuBieHneM 10 OwM KaIblid,
COEIMHEHHBIX MapajlielbHO, U TPETHETO IPOBOJHUKA CONPOTUBIEHUEM 2,5 OM, MOACOEAMHEHHOTO K
IIEPBBIM JBYM I10CJIEA0BATENbHO. UeMy paBHa CHIIa TOKA B HEPA3BETBIEHHOM YacTH Lienu?

2.HaﬁHHTC 061_1_[66 COIIPOTHUBJICHHUC ILCIIK, C€CJIHU COIPOTHUBJIICHUA IIPOBOJHHKOB PAaBHBI

coc R1 TBEHHO: F"R4' M R2=2 OMm R3=4 Om R4=1 OmMm R5=2 OmMm R6=1 Om.

[ ] [ ]

R3 R6

R2 R5

— [

3.KonnuecTBO TEIIOTHI, BhIIEIsEMOE 32 54 MHH NIPOBOJHUKOM C TOKOM, paBHO 20 kJDx.
Omnpenenure cuity TOKa B IPOBOJHUKE, €CIIU €r0 CONPOTUBIEHHE paBHO 10 OM.

Kuaroun:

1 BapuanT: 1.0,2 A, 1,8 B. 2. 5 Om. 3. 396 x/Ix.

2 Bapuant: 1. 0,5 A. 2.5 0wm. 3. 2,6 A.

Kpurtepun onenuBanus:

OneHka 5 craBUTCS, €CIIM y4allluecs BBIOJIHUIN BEPHO 3 3aJa4yu, BEPHO 3aIlMCalIM yCIOBHE
3a/1a4yM, MepeBesin BelnuunHbl B cuctemy CU, 3anucanu Bce HEOOXOAUMBIE U JOCTaTOYHBIE (DOPMYIIbI
JUISL PELIEHUs 3aJadd, BEPHO IOJCTAaBUJIM YHMCICHHBIE 3HAYEHMs, BEPHO IPOBEJIM BBIUUCIEHHS IIO
(dopMynaM U BEpHO 3alIUCaTIN OTBET.

OneHka 4 cTaBUTCS, €CIM BEPHO M MOJHOCTHIO MPABWIIBHO PEIIEHBI U 3allUCaHbl 2 3aJa4u, B 3
3aja4e JONyIEeHbl OUIMOKH 100 B 3alIUCH JaHO, MO0 Mpu nepeBoje eauHul] B cucreMy CHU, nu6o B
3anucu GopMyJT WM BEIYUCICHUSX.

Onenka 3 cTaBUTCS, €CIIM BEPHO U MOJHOCTHIO NTPaBWIIBHO pelIeHa U 3anucaHa | 3amava, Bo 2 u
3 3ajayax JOMYyIIEHbI OIIMOKY JIM0O0 B 3aIIUCH J1aHO, TMOO MpH nepeBoae eauHul B cucremy CH, mubo

B 3anucHu (OPMYJ HJIH BBIYUCICHUSX.
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Orenka 2 CTaBUTCSI, €CITM B KXKI0M U3 3 3a7a4 TOMYIICHBI KaKue-1ru00 omuOKH JIN0O0 B 3aIUCH

naHo, 1100 npu nepesoje enuHull B cuctemy CH, mmu0o B 3amucu GopMys UK BEIYUCICHHUSX.

IIpakTnyeckas padora Nell nmo reme: 3akon /[xoy.asi-Jlenua. Pabora u MmomHocTh

AJEKTPUHYECKOI0 TOKA.

Ieab: cucteMaTu3upoBaTh 3HAHUA 110 pa3aeiy «I[IoCTOSHHBIN ANEKTPUYECKUN TOK», HAYYUThCSA
IIPUMEHATH [TOJIyYCHHBIEC 3HAHMsI UIsl PELICHUs 3a/1a4 Pa3JIN4HbIX THUIIOB.

Iopsinok BbINOJIHEHHSI PAa0OTHI:

1. BuuMarenbHO poYUTaTh TEOPETUUECKYIO YacTh U IIJIaH PEIICHUS 3a1a4.
2. PaccMoTtpeTs puMeps! peleHus 3aau.
3. [Tony4yuTh ¥ BBINOJHUTH UHAMBUAYaJIbHBIE 33aHUS.

Teopernueckas 4acTb
Cuna moka
Cua Toka (l) paBHa: oTHOMIEHUIO 3apsiaa (4q), IEPEHOCUMOTO Yepe3 MOMEePEYHOE CeUCHUE

MIPOBOHMKA 32 HHTEPBAJI BpeMeHH (Af), K 9TOMY UHTEpBaly BPEMEHH;
Ag
At

I=

3akon Oma 014 yuacmka yenu
Cuna toka (l) mpsimo mponopiimoHansHa NpuiIokKeHHOMY HarpsbkeHuto (U) u o6patHo

IPONOPIMOHATIbHA COMPOTHBIICHHIO TIPOBOIHUKA (R)
Lr

R
Conpomuenenue npogoonuKa
Comnpotunenue (R) mpoBoHUKA 3aBUCHT OT MaTepHasia MPOBOAHUKA (yICILHOTO COMPOTHBIICHUS )

" €0 reOMECTPUICCKUX PasMEpPOB (I[J'II/IHLI 371 rjionaay nmonepeyYHoro CEUCHUA S)

I
R=px—
i=p &

d Yoenvnoe conpomuenenue nposoonuxa
RE= E A

= YaensHOE cOMpOTUBIICHHE (p) TPOBOJIHUKA — BEMYHHA, YHUCIECHHO paBHAs
COIIPOTHURJICHUIO MPOBOAHUKA JITUHOM (1) 0TMH METp ¥ MJIOIIAIBI0 TIONIEPEYHOTO CeUCHUs (S) OUH

KBaJPaTHBINA METP.

xS
i

p=

COHpOTI/IBHCHI/IC MMOoCJICA0BATCIIBHO COCAMHCHHBIX ITPOBOJIHUKOB
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L
1 z 1
R & E ConpoTHuBieHHE APAJUIETBHO COEAUHEHHBIX TPOBOAHHUKOB

PaboTa nocTosiHHOIO TOKA

Pabota (4) moCTOSHHOTO TOKA Ha y4acTKe ISIH:
1) paBua mpousBenenuto cuiibl Toka (1), Hanpspkenus (U) u Bpemenu (t), B Te4eHHE KOTOPOTO
coBeplianack padora: A=UxTIxt ;

2) paBHa IPOU3BEICHUIO KBaipaTa cuiibl Toka (l), conporuBnenus ydyactka uenu (R) u Bpemenu

.,
(1): A=1"xRExt (TSt TOCTICIOBATEIBHOTO COSIUHEHHSI TPOBOITHUKOB)

3) nponopuuoHanbHa kBaapary HanpsbkeHus (U), Bpemenu () 1 o6paTHO nponopruoHaibHO

A 2 conpotusnenuto (R) yuactka nenu:
S = -
k (1 MapayuIeIbHOTO COSTMHEHHMS TIPOBOTHUKOB)
pU 2 Mowmocmo moKa
" Mommocts (P) IIOCTOSIHHOTO TOKa Ha y4acTke LENH paBHa:
A 2
P=" ;P:le;_:p=f XR1

Auexrpoasu:kymas cuiaa (IC)
DNEeKTPOIBUIKYILAS CHJIA B 3aMKHYTOM KOHTYpe (&) mpecTaBiisieT co00it OTHOIICHHE paboThI
CTOPOHHUX CHJI (A) MpH NepeMeIIeH|H 3apsiia BHYTPU HCTOYHHUKA TOKa K 3apsiny (q).
{=A/q
CUu: B
3akon Oma 0132 ROJIHOIN Yenu
Cuna toka (l) B monmHoit nenu paBHa otHoteHuto IJ[C (&) nenu k €€ moIHOMY CONPOTUBIEHUIO

(BHYTpEHHEMY COIPOTHUBIICHUIO I' M BHEITHEMY R).

__&
_.l'-|—f1’

IlocneoosamenvHoe coeOunenue uCMOYHUKOB MOKA
Ecim riens coepKUT HECKOIBKO TIOCTIEI0OBATEIBHO COSAMHEHHBIX 31eMeHTOB ¢ DJIC (&1, &, &3...), TO
nosHast DJ1C uenu (¢) paBHa anredpandeckoit cymme 3J1C OTACIBbHBIX 3JIEMEHTOB.
=G+t
Ilapannenvnoe coeounenue ucCnmoYHUKO8 MOKaA
Ecnu nens coepKUT HECKOIBKO MapaJyIeIbHO COEUHEHHBIX 3JIEMEHTOB ¢ paBHbIMH J/[C

(&1=E=8=...), To monnas D]/IC nenu (&) pasua DJ]C Kaxm10r0 7I€MEHTA.

c=6=6=8=.
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[Tpumepsl penieHus 3aaa4

IIpumep 1.

JIBa mpoBOJHMKA MpU NAPAICIBHOM COCAMHEHUU HUMEIOT COmpoTuBiieHne 6 Om, a npu

IoCJaea0BaTCIbHOM COCANMHCHHUMU - 27 Om. HpomBez[eHHe COHpOTI/IBHeHI/Iﬁ 9THUX ITPOBOJHUKOB PABHO...

(8 Om).

UCTOYHUK, yBennuuiack oT 1 A g0 2 A. 3/IC uctounuka Toka paBHa... (B B).

Hano:
Rnap = 6 OM
Rioei= 27 Om

Penrenue:

HpI/I MOCJICAOBATCIIBHOM COCAMHCHNU ABYX IIPOBOJHHUKOB

R,,..=R,+R, =27 Ou

HOLT

HpI/I nmapaujicJibHOM COCIHMHCHHUHA

R1R>="7?
1 _ 1,1 RyéRy
Ryap Ry By Ry Ry
i)
R,R
2 =6 0wm
Ry +Ry

R1R2 = E'[Rl + sz = ERHMJ

IToxacraBnsieM 4uCIIOBBIC 3HAUCHUS

R,R, =627 = 162 Oxn°

Orger: 162 0"

IIpumep 2.

[Ipu ymenbiieHuu conpotusienus BHemHen nenu ¢ 10 Om 1o 4 OM cuina Toka, TEKYIIEero 4epes

Hano:
R1=10 Om
R2=4 Om
Ih=1A
hb=2A
Pemenue:

IIo 3aKOHY Owma JUIS TIOJTHOM MM JJIs MEpBOro U BTOPOro cjiydyad UMCCM:

e=L(R,+r)ie=L(R,+7)

Pasyenum nepBoe ypaBHEHHUE Ha BTOpOE:

R,+r I
= ==2=72
R +r I
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[IpousBens anrebpanyeckue npeodpa3oBaHUs, MOTydaeM:
R, +7r=2R,+2r

= R1—2R2=2l_iflm.

e=1(R +2)=1(10+2)=12B

OtseT: 12 B.
IMpumep 3.

barapes ¢ BuyrpenHum conpotuBieHueM 2 Om u 3OJIC 6B3amkHyTa TPOBOJHHUKOM C

conpotubiienreMm § OM. Kakoe KOJIMYeCTBO TEIUIOTHI BBIICIUTCS B MPOBOAHUKE 32 1 cekyHay?

Hano:
r=2 Om
*= 6B
R=8 Om

Pemenne:

KommuectBo TCIIOTBI, BBIACIIAOIICCCA B IIPO BOAHUKE, OIIPCACIIACTCA 3aKOHOM II)KOYJIH'.HGHH&I

Q= I°Rt.

[To 3akony OMa 1151 IOJTHOM 1eTH:

&

- R+r,

€
t=9

-(Z)r

L]

HOI[CTaBJ'If[eM YHUCJIOBBIC 3HAYCHMUA !

£_062-8=238Ix

t

2,88 JLx

OTtBeT:
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BapuanT 1

1. Kakas ¢pusuyeckasi BeJJMYMHA PABHA NMPOU3BEIEHUIO CHJIbI TOKA, HANIPSIKEHUsSI U
BpeMeHH.

A. MomHocTs b. PaGora B. KonnuecTBo TenI0TEI

2. Hajigure padoTy, COBePIIEHHYI0 CHJIAMHM 3JIEKTPHYECKOI0 MOJIsl IPH NMPOXO0KIEHUH

3apsigom 6 MxKu pazHocTn norennuajios 220 B.

A. 1,32 mJIx b. 2,64 m/Tx B. 0,66 m/Ix

3. Omnpegenure KOJIUYECTBO TEIUIOTHI, Bblle/seMoe B IPOBOJHMKE 32 2 MHHYTBI.
Conporuiienne npoBoaHuka pasuo 10 Om npu cusie Toka 5 A.

A. 30 x/lx b. 60 xIx B. 40 xIx

4. /IBa pe3ucropa, uMewuue conporusieHusi 3 Om u 6 Om, BKJII0YEHBI APAJLIETbHO

B LI€¢llb IOCTOAHHOTO TOKA. quy PABHO OTHOLICHHE MOIIHOCTeM JIEKTPUYECCKOI0 TOKAa B 3THX

pe3ucropax?
A.1:1 b. 1:2 B. 2:1
o. Tpu pe3ucropa, umemmme conporusjienuss 3 Om, 6 Om u 9 OM, BKIIOYEHbI

MoC/Ie0BaTEIbHO B IeNb IOCTOSSHHOTO TOKa. KakoBO OTHOIIeHMe KOJMYeCTBA TeEMJIOThI,
BbIIEJISIOIEr0Cs HA ITUX PE3UCTOPAX 32 OAMHAKOBOE BpeMsi?

A 1:1:1 b. 1:2:3 B. 3:2:1

6. J/IBe JJaMIOYKH, MMeKIne HOMUHAJIbHBbIE MoHOCTH S50 BT 1 100 BT, BK/IIOYEHBbI
NOCJIeI0BaTeJbHO B Lenb ¢ HanpsikenueMm 220 B. Ha kakoil u3 Jlamno4yek OyaeT BbLIeJATHCHA
0oJIbIIee KOJIMYECTBO TEII0ThI?

A. Ha nepBoit

b. Ha BrOopoi

B. Briienurcst 0o1MHAKOBOE KOJIMYECTBO TEIMIOTHI

7. Omnpenesmre MOIHOCTL TOKA B JJIEKTPUYECKOW JamIile, BKJIYEHHOH B CeTh
HanpsikenneMm 220 B, eciid U3BeCTHO, UTO CONPOTUBJIEHHE HUTH HaKaJIa Jamnbl 484 Om. (Omeem:
8 A)

8. Omnpenesnre KOJIMYECTBO TEIJIOTHI, BbIAe/sieM0e B POBOAHUKE TOKOM 3a 1,5 MuH,
eCJIM CHJIAa TOKA B 1leNM paBHA S A, a HANpPs’KeHUe HA KOHLax nposoanuka 200 B.

(Omeem: 90 k/lrc)

9. /IBa mnpoBogHuka conporusBjeHueM 10 Om m 23 Om BKIKYEHbI B CeThb
HanpskenueM 100 B. Kakoe ko/1M4ecTBO TeNI0THI BIACJIUTCS 32 1 ¢ B KasKA0M NIPOBOJAHHKE, €CJIU

UX COeTHHUTH NapaieabHo? (Omeem: 1 k/[xnc, 435 /lc)
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Bapuant 2

1. Kakasn  ¢u3snmueckass  BeJlMYMHA  Ompele/sieTci  OTHOIIEHHeM  paloThI
3JIeKTPUYECKOI0 TOKA KO BPeMeHH.

A. KonuuecTBO TEMIOTEI b. MommsocTs B. Hanpsxenue

2. KaxoBa padora, coBepmiéHHAasi CHJIAMM 3JIEKTPUYECKOT0 MOJIsl PU MPOXOKIEHUH
3apsigom 4 MxKu pazHocTn norennuasios 120 B?

A. 0,96 mJIx b. 0,48 m/Tx B. 0, 24 m/Ix

3. Kakoe koJHM4ecTBO TelJIOTHI BbiAejsieTcsi 32 3 MMH B NPOBOJAHHKE, MMeEKIEM
conporuiienne 20 Om, npu NPOX0KIEHUHU 10 HEMY TOKA CHJIOH 2 A?

A. 14,4 x]JIx b. 28,8 x/Ix B. 20 xIx

4. /IBa pe3ucropa, uMewuue conporusieHusi 3 Om u 6 Om, BKJII0YEHBI APAJLIETbHO
B 1lellb MOCTOSIHHOT0 TOKAa. UeMy paBHO OTHOIIIEHHE KOJIUYECTBA TEIJI0ThI, BbI1eJMBIIErOCs HA
ITHX Pe3UCcTOPax 3a OAUHAKOBOE Bpemsi?

A.1:1 b. 1:2 B. 2:1

o. Tpu pe3ucropa, umemmme conporusjienuss 3 Om, 6 Om u 9 OM, BKIIOYEHbI
MOCJIe/I0BATE/ILHO B 1lellb MOCTOSIHHOT0 Toka. KakoBo oTHOIIIeHHEe MOIIHOCTEH 3JIEKTPUYECKOro
TOKAQ Ha 3THX pe3ucTopax?

A.1:1:1 b. 1:2:3 B. 3:2:1

6. J/IBe JJaMIOYKH, MMeKIne HOMUHAJIbHBIE MoHOCTH 100 BT 1 25 BT, BK/IIOYEHBI
NOCJIeI0BaTeJbHO B Lenb ¢ HanpsixkenneMm 220 B. Ha kakoi u3 Jlamno4yek Oyaer BbLACIATHCS
0oJib1IIee KOJMYECTBO TEIIOThI?

A. Ha nepBoit

b. Ha BrOopoi

B. BeiaenuTcs 0IMHaAKOBOE KOJIMYECTBO TEILIOTHI

7. MomHocTh, moTpedasieMasi M3 CeTH J1eKTPOKaMUHOM, paBHa 0,98 kBT, a cniia Toka
B ero uenu 7,7 A. Onpeaenure BeJIMUMHY HANIPSIZKEHUS HA 325KUMAaX 3JIeKTPOKAMMHA.

(Omeem: 127 B)

8. Yemy paBHO BpeMs IPOXOKACHUA TOKA CHJIOH S A 10 HArpeBaTe1bHOMY 3JIEMEHTY
JJIEKTPOBOJAOHAIPEeBATE/IsI, €CJAM IPH HANpPsKeHMH Ha ero koHmax 120 B B mnpoBoanmke
BBIIEJIAIETCS KOJIHYECTBO TEIJIOThI, paBHoe 540 k/:xk? (Omeem: 900 c)

9. OnpeneauTs MOIHOCTD, MOTPEO/ISIEMYI0 3J1eKTPUYECKUM YAHHUKOM, eCJIM B HEM 3a

40 munyT Harpesaercs 3. Boabi o1 20 10 100°C npu KIIJI=60%. (Omeem: 700 Bm)

66



IIpakTuyeckasi padora Nel?2 no teme: IlpumeHeHnne npaBuJia JeBoi pyKu aJjsi

onpeaejcHusl HanpaBJCHUA CUJIbI AMnepa, CHJIBI .JIopeHua H CHJIbI TOKA.

MarnutHoe noJjie. Bekrop marautHoi uHaykuuu. [lpasuio
OypaBuMKa:

e MarnuTHoe noJie: 3to ocobasi opma, IOCPeICTBOM KOTOPOU
OCYILIECTBIISIETCS] B3aUMO/IEHCTBUE
MEXIY ABHKY IIMMHUCSICKTPUYECKHU 3apsHKEHHBIMU
YacTUIIAMU

e BexkTop maruuTHOM nHayKuuu B [Tu]: 5To cunoBas
XapaKTepUCTHKa MarHuTHoro nosist. Hanpasienue B 3to
HaIIPABJICHUE OT I0YKHOTO IOJIFOCA K CEBEPHOMY IOJIIOCY
MarHUTHOHM CTPENKH, CBOOOHO YCTaHABIMBAOIICICS B B S
MarHuTHOM MoJi€ (COBIA/AEeT C HApPaBJIEHUEM MOJOKUTEIbHON
HOpPMAaJIM K 3aMKHYTOMY KOHTYPY C TOKOM). P

o IIpaBuio BypaBumka: eciy HanpaBJIEHUE TIOCTYNATEIbLHOTO — )
JBI>KEHUS OypaBUMKa COBIIAZAET C HAIIPABJICHUEM TOKA B i "'/T
IIPOBOJIHUKE, TO HAIIPABJICHUE BPAICHUS PyUKU OypaBunKa
COBIIAJIa€T C HaIlpaBJIEHUEM BekTopa B.

o Mopayb BeKTOpa MArHUTHOM HHAYKIMH B - 3T0 OTHOLIEHNE
MaKCUMaJIbHOU cuibl Fm, 1elicTBYIOIIENH CO CTOPOHBI MArHUTHOI'O
I10JI HA y4acCTOK ITPOBOJHUKA C TOKOM, K IIPOM3BEICHHUIO CHIIbI
Toka | Ha juny storo y4actka Al :

_F, A
B = TAi

Cuiia Amnepa, 3akoH Ammnepa, NpaBuJIO JIeBOil PYKH:

N

0K

5 TTOK

o Cuua AMmnepa: 310 cuia, AecTByIOLIas Ha MPOBOJHUK C
TOKOM, TIOMEIIIEHHBIH B MArHUTHOE TOJIe

e 3akoH Ammepa: cuiia AMnepa paBHa IPOU3BEACHHUIO MOTYJIS
BEKTOpAa MAarHUTHOM MHAYKIIMHM HA CUJTy TOKA, JJIUHY y4acTKa
MIPOBOJHMKA A/ ¥ HA CUHYC YIJa o0 MEKIY MarHUTHOMN
MHAYKIMEH U y4acTKOM ITPOBO/IHUKA!

Fx = B|I|Alsina

o TPH 3TOM, OYEBHJIHO, UTO €CJIU TOK (TIPOBOHHUK)
MEPIIEHIUKYIISIPEH BEKTOPY MarHUTHOW MHITYKIIMH, TO

o sina =1, u popmyna npuHUMAET BUA:

» F4=B |l| AL sin a

o IIpaBusio JeBoil pyKku: €ciu JEBYIO pyKYy pPacloyIOKHUTh TaK,
YTOOBI MEPICHIANKYIISIPHAS K IPOBOJAHUKY COCTABIISIOIIAS
BeKTOpa B BXOJuJia B JIaAOHb, a quBIpe BBITAHYTBIX ImajJbla 6I)I.]'II/I
HaTPaBJICHBI 110 HAMIPABJICHUIO IBM)KCHUS TOKA, TO OTOTPETHII Ha
90° GoJTbIION TTasIel] MOKaXeT HAIIPaBJICHUE CHITBI, IEHCTBYFOIICH
Ha OTPE30K MPOBOJHHUKA




Cuaa JlopeHua, npaBuiIo JJeBOH PYKH:

o Cuuna JlopeHnna: 310 cuiia, 1eHCTBYIOIAs HA ABMKYILYIOCS
3apsHKEHHYIO YaCTHILY CO CTOPOHBI MATHUTHOTO IT1OJIA:

F;=|g|vB sina
o TPH 3TOM, OYEBHJTHO, YTO €CIIU CKOPOCTh YACTHIIBI
MEePICHINKYIIIPHA BEKTOPY MAarHUTHOW WHAYKIIUH,
o TO sin o= 1, u hopmysa NnpuHUMAET BU/I;
) F_/]zlql vB

o IIpaBuJjio JieBoO# PyKH: €CIIH JIEBYIO PYKY PACIOJIOXKHUTH TaK,
4TOOBI COCTABJISIONMIAs BEKTOpa B neprnenaukyssipHas CKOpOCTH
3apsa BXOAMJIA B JIQJI0Hb, @ YETHIPE BBITSHYTHIX Majblia ObLIH
HAIIPaBJICHBI M0 ABHXCHUH MOJIOKUTEIBHOTO 3apsija (= MPOTHB
JBHKCHUS OTPUIIATENILHOTO 3apsizia), TO OTOTPYTHIA Ha
90° 60:1p1I0# TAJIEI] TIOKAXKET HaNpaBJICHUE JeHCTBYIOIIEH 3apsi/
cuiibl JIopeHia

SIBJIeHUe DJIeKTPOMATHUTHONH MHAYKIMH, MATHUTHBI MOTOK,
MOTOK MATHUTHOM WHAYKIMH:

e JJIEKTPOMATHUTHAS MHAYKIMA: JTO SBJICHUE BO3SHUKHOBEHUS
AJIEKTPHUYECKOTO TOKA B IPOBOISIIEM KOHTYPE, KOTOPBIH 00
MIOKOUTCSI B IEPEMEHHOM MAarHUTHOM I10J1€, TM00 JBMKETCS B
IIOCTOSIHHOM MAarHUTHOM I10JI€ TAKMM 00pa3oM, 4TO YUCIIO
JIMHUI MarHUTHOW MHAYKLMH, IPOHU3BIBAIOLINX KOHTYD,
MEHSETCS

e MAarHuTHbIH NOTOK (=IIOTOK MATHUTHOM MHIYKIHH)
[BO6]: uepe3 moBepXHOCTH IUIONIAIbIO S ATO BEIMYMHA PaBHAs
MPOU3BEICHUIO MOYJII BEKTOpAa MArHUTHOM MHAYKIMHU B Ha
IUIOIIAb U KOCUHYC yIJla MEXAY BEKTPOM B 1 HOpMaJIbIO K
IUIOCKOCTH S:

® = BS cosa

o TIPH ITOM, OYEBUIHO, YTO €CIIU MATHUTHAs MHIYKLUS
MEPIEeHIUKYIISPHA TIOCKOCTH,

o To cos o= 1, u popMmysia IpUHUMAET BU:

= @=BS

Bapmuanr 1.

1. Onpenenyute MarHUTHBIE MTOJIFOCHI COJICHOUAA ,
A. CneBa N, cnpasa S. b. Cnipasa N, cneBa S. B. Cpenu 0TBETOB HET
BEPHOTO.

2. OmnpenenuTe HallpaBlIeHUE UHAYKIUHA MarHUTHOTO T10JIsI IPOBOJHUKA C

TOKOM B TOUKe A, H300pa)keHHOM Ha PUCYHKE. A
A. K Ham. b. IleprieHIuKynsIpHO INTIOCKOCTH pUCYyHKa. B. BHu3. I'. Beepx.

J1. Bopaso. E. Bieso.

3. Onpenenute MHAYKIHUIO OJHOPOIHOTO MAarHUTHOIO MOJIs, B KOTOPOM Ha

TIPAMO#i y4acTOK NPOBOJA JTHHOH 20 ¢M, pacronoKeHHsIH 1oz yriaom 30°
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K JIMHUSIM UHAYKIMH, nerctByeT cuia 0,2 H, ecnu mo npoBOAHUKY
MPOXOJIUT TOK 8 A.
4. Onpenenute HapaBJIeHUE CUIIbI AMIiepa, TeHCTBYIOIEH Ha -

MIPOBOJTHUK C TOKOM. 3 B
A. Beepx. Bb. Brpaso. B. Baepo. I'. Buus. JI. Cpeny 0TBETOB HET @
BEPHOTO. =
5. [IpsAaMOJIMHEWHBII IPOBOAHUK UIMHOM | ITOMEIEH B OXHOPOIHOE o
P POBOI A m JIHOPOA Haiigure:

MarHuTHOE MoJie, THAYKIUS KOToporo B, rmoj yriom o K JTuHUAM
WHIYKIMW; [IPU CUJie TOKa [, TeKkyIiiero B mpoBOHUKE, HA HETO JEHCTBYET
cuna F.

6. Onpenenure xapakTep B3auMOICHCTBUS ABYX MapajlieIbHbIX
MIPOBOTHUKOB, €clid KOHIIbI A U C MOJKITIOUEHBI K KJIEMMaM «IUTIOCY», a B A B
u D — K «MUHYCY» UCTOYHHKA TOKA.

I,eciu1=0,5M B=3
Tn, F=12 H, a=90°

A. llputaruatorca. b. OrrankuBatotcs. B. BzaumoaenctBus Her.

7. OnpenenuTte HapaBJieHUE AEUCTBUS CUIIbI AMIIEpa Ha IPOBOJHUK C
TOKOM B MarHuTHOM IIOJIE. R N @ S 8
A. Bnpago. b. Baeso. B. Beepx. I'. Baus. /1. K nam. E. Ot Hac.

8. HacTuiia BbUIETAET U3 TOYKU A B MarHUTHOE I10JI€ B HAIIPABJIEHUH, KaK
noka3aHo Ha puc. Onpenenure 3HaK 3apsja YaCTULbI, €CIIM OHA JBUXKETCS
MIPSIMOJIMHENHO. g
A. Ilmoc. b. Munyc. B. 3apsaa orcyrcrByer. I'. Cpeau 0TBETOB HET A
BEPHOTO.

9. Slnpo aToMa renus BIETaeT B OAHOPOJIHOE MAarHUTHOE MOJIE C
uaaykimeit 2 Ti co ckopocthio 5*108 M/c mepnenuKynsapHO
HaMpaBJICHUIO0 MarHUTHOTO nouist. Onpenenure paanyc OKpy>KHOCTH, 110
KOTOPO# JBIDKETCS 4acTHIa; 3apsaz pases 3,2*1071° K, macca 6,65%10727
KT.

10. ITo HanpaB/IEeHUIO BEKTOPOB, YKa3aHHBIX Ha PUCYHKE, ONpPEeINTe
HaIPaBJIEHUE CKOPOCTH OTPULIATENBHO 3apsHKEHHOM YacTHIIBI B
MarHMTHOM TIOJI€.

A. Bneso. b. Bripaso. B. Buus. I'. Beepx. /I. K nam. E. 3a ueptex.

B

Bapuanr 2.

1. OHpeI[eJ'II/ITe MAr"duTHBIC ITOJIIOCHI COJICHON 1A }

A. CneBa N, cnpasa S. b. Crnpasa N, cieBa S. B. Cpenu oTBeTOB HET
BEPHOTO.

2. OnpenenuTe HallpaBJIEHUE UHAYKLIIMNA MarHUTHOTO T10JIsI IPOBOJHUKA C
TOKOM B TOYKE A, M300paKEHHOM Ha PHCYHKE

A. K Ham. b. IleprieHIuKynsIpHO INIOCKOCTH pUCYyHKa. B. BHu3. I'. Beepx.
J1. Bopaso. E. Bieso.

3. OnpeaenuTe MHAYKIHIO OAHOPOJIHOTO MarHUTHOTO IOJIs, B KOTOPOM Ha
MPOBOJIHUK C aKTUBHOMU JyiMHOU 0,4 M, paciosi0KeHHBIN
MEPIEHAUKYISIPHO JIMHUAM UHAYKIUH, AecTByeT cuna 1,6 H npu cuite
Toka 0,8 A.
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4. OnpenenuTte HalpaBlIeHUE CHIIbI AMIiepa, IeHCTBYIOIIEN Ha -
IIPOBOJTHHK C TOKOM B

A. Beepx. b. Bopaso. B. Bneso. I'. Buus. JI. Cpeau oTBETOB HET -
BEPHOIO. -

5. TIpsAMOSTMHEHHBIM TPOBOHHUK JJIMHOM | MOMEIeH B 0JHOPOHOE Haitnre: |, ecn
MarHMTHOE MoJjie, HAYKIHS KOTOporo B, moj yriom o K JTUHUSAM B=24 TH' (; — 300
MHIYKIMW; IPU CUJIe TOKa I, TekyIiero B mpoBOJHUKE, HA HETO JEMCTBYET | = 1(’) A F’ ~18 H’
cuna F. ’ ’
6. Onpenenute xapakTep B3aMMOJICHCTBHS IBYX MapajlIeIbHBIX
MIPOBOJAHUKOB, €CIH KOHILIBI A U D MOJIKITIOYEHBI K KJIEMMaM «IUTIOCY, a B
n C — K «MMHYCY» UCTOYHHKA TOKA. C D
A. Ilputsarusarorca. b. OrrankuBatorcs. B. BzaumoaencTsus Her.

7. Onpenenure MOJIFOCHl MarHUTa €CJIU CTPENKa YKa3bIBA€T HAIIPABICHUE
JEUCTBUA CHIIbI AMIIepa. é

A. CneBa CeBepublii, cripaBa OxHbiii. b. CripaBa CeBepHblii, cieBa 8 8
HOxHbIH.

8. HacTu1ia BbUIETAET U3 TOUKU A B MarHUTHOE I10JI€ B HAIIPABJICHUH, KaK
MOKa3aHo Ha puc. OnpenenanTe 3HaK 3apsiia YaCTUILIbI, €CIIH OHA HAUMHAET
OTKJIOHSITHCS BIIPABO. 3
A. Ilmoc. b. Munyc. B. 3apsaa orcyrcrByer. I'. Cpeau 0TBETOB HET A
BEPHOTO.

9. DIIeKTPOH BIIETAET B OJTHOPOIHOE MAarHUTHOE I0JIE, UHTYKIIUS
kotoporo 0,05 T, neprneHANKYASIPHO JIUHUIM UHIYKIIUHA CO CKOPOCTHIO
2*10* xm/c. HaiimuTe pamuyc KpUBH3HBI TPAEKTOPUHM HJIEKTPOHA.

10. TTo HanpaBNIEeHUIO BEKTOPOB, YKa3aHHBIX HA PUCYHKE, OMPEACIIUTE
HarpaBiieHue cuibl JIopeHna, JeNCTBYIOIIEN Ha TIOJI0KUTEIBHBIN 3apsl.
A. Brneso. b. Bnpaso. B. Buus. I'. Beepx. /1. K nam. E. 3a ueprex.

A E

Kiaroun:

Ne Bl B2 Ots. 1 OTB. 2

1 1 2 A b

2 4 r E

3 10 43 025Tn | 5Tn

4 4 A r

5 21 3k 8 A 0,15m

6 1 2 A b

7 1 3 r A

8 3 B A

9 2B 1T 52cm | 2,2
MM

10 2 1 I Ji

Kpurepun onenuBanus:

OueHka 5 cTaBUTCSA, €CIU y4alluecs BEpHO BRINOJIHWIM 9 mim 10 3agaHuid.
Ouenka 4 cTaBUTCS, €CIY yYalIUECs BEPHO BBIMOJHWIN 7 WK § 3a1aHUM.
OueHka 3 cTaBUTCS, €CTIM yYalIUecss BEPHO BBIMOJIHUIN S UK 6 3a1aHUi.

anumecs{, BBIITOJIHUBIINEC MCHBIIICC KOJIMYCCTBO SaﬂaHHﬁ, IMMOJIy4aroT OLICHKY 2.
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IpakTnyeckas padora Nel3 nmo reme: 3aKkoH 3JjIeKTPOMArHUTHON MHAYKUMU. I/C
UHAYKIMUA. CaMOMHAYKIMS. JHEPrusi MATHUTHOTO TOJIS.
Henab: Hayuntbcss npuMeHSATH  OCHOBHBIE  (OpMynbl  pazgena «MarHuTHOE — MOJe.
DONeKTpOMarHuTHasE UHAYKIUS» MpU pacuere NEHCTBUS MAarHUTHOTO MMOJI HA MPOBOJHUK C TOKOM U
JBUKYIIUECS 3apsyKeHHBIE YaCTULIBI; MCIOIb30BaTh 3akoH DMU nns pemenus 3anay

HOpﬂ)IOK BbIIIOJTHCHU A paﬁoTBlZ

1. BuuMarenbHO IpoOYUTaTh TEOPETUUECKYIO YacTh U IIJIaH PEIICHU 3a1a4.
2. PaccmoTtpeTs npuMepsl penieHus 3aaay.
3. [Tosry4uTh U BBINOJIHUTH UHAUBUAYAIbHbIC 3a1aHUS.

Teopernyeckuii Marepuan

Cuna AMiiepa — 3T0 cuiia, IeHCTBYIOIAs Ha IPOBOJHUK C TOKOM CO CTOPOHBI MAarHUTHOTO I10JIS.

F,=AIEBlsina

A - JJINHa AKTHMBHOM YacTH IIpOBOAHHKA, B — MariuTHass MHAYKI U, I — CHJia TOKa, T _ yroua

MEX/1y HallpaBJIeHUEM TOKA U BEKTOPOM MHYKIIMH MarHUTHOTO I10JIS.

Hanpasnenue cuinsl AMinepa onpeaessercs o MIpaBUily JIEBOM PYKH: €CJIM KUCThb JIEBOW PYKU
pacrojIOkUTh TaK, YTO YEThIpE NaJbLIA YKa3bIBAIOT HAINPABICHHE TOKAa B IPOBOJHHUKE, a BEKTOP
MArHUTHOH MHAYKIIMK BXOAUT B IaJ0Hb, TO, OTOTHYTHIH Ha 90° GomnbIIoi nasel, mokaxeT HalpaBJeHHE
CHUJIBL, JEUCTBYIOLIEH HA IIPOBOJIHUK.

Cuna Jlopenya — 310 cuna, IEUCTBYIOLIAs HA ABUKYLIYIOCS DJIEKTPUYECKH 3aPSKEHHYIO
YaCTULY CO CTOPOHBI MArHUTHOTO MOJIS.

F ;=qvEsina

Hamnpasnenue cuibl JIopeHna onpenensercsa o NpaBuily JIEBOM PYKH: €CIIU KUCTb JIEBOW PYKH
PAacIOJIOKUTh TAK, YTO YETHIPE MaJIbIA YKA3bIBAIOT HAIIPABJICHUE CKOPOCTH MOJIOKUTEIIBHOTO 3apsiza, a
BEKTOP MATHMTHOH WMHAYKIHH BXOAMT B JaJOHb, TO OTOrHyTHIH Ha 90° GosbImoii majer MOKaKeT
HanpasieHue cwibl JlopeHna. Jlnsg  oTpuLaTensHOro 3apsAja  HalpaBlI€HUE MEHsSETCS Ha
POTHBOIOJIOKHOE.

MarauTtHbIi OTOK — (pu3NYecKas BEIMUMHA, paBHAs IPOU3BEIECHNUIO MOAYIISI BEKTOpa
MarHMTHOM MHYKIIMH Ha IJIOLIa/lb TIOBEPXHOCTH U HAa KOCHHYC YIJla MEKy BEKTOPOM MarHUTHOM
MHAYKIIMHA U HOPMAJIbIO K TIOBEPXHOCTH.

=B Scosa

Hopmanb n BEKTOP, MEPIICHINKYISIPHBIA TTOBEPXHOCTH.

Enununa n3amepenus marautHoro notoka B CH: 1 B6 (BeGep).

OJAC uHIyKIMH B ABIKYyLIEMcS MpoBoAHUKE. Ha KOHIIaX NpOBOJHMKA, JBMXKYIIEMCS B
MarHUTHOM  TOJ€,  BO3HMKAeT  pa3HOCTh  moTeHuuanoB, wmun  OJC  uHAYKUIUU:
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) E.
v CKOPOCTh ABHMIKCHMA IPOBOAHHMKA, ~ * - IEPHECHAUKYIIAPHAsA COCTABIIAOIIAA BEKTOpAa MArHUTHOTO

I10JI4, ! — AJInHa IMPOBOAHUKA.

3JICKTpOMaFHI/ITHaSI HHAYKIHA — 3TO SBJICHUC BO3HUKHOBCHHSA BUXPCBOI'O SBJICKTPUYCCKOI'O
I10JIs, BBI3BIBAKOIICIO BHeKTpI/I‘ICCKI/Iﬁ TOK B 3aMKHYTOM KOHTYP€ IIPpU U3MCHCHHUH IIOTOKA MardHuTHOM
HHIAYKIOHUHA 4Y€PE3 MOBEPXHOCTh, OIPAHUYCHHYIO OTUM KOHTYPOM.

3aKOH 2JIEKTPOMAarHUTHOW MHAYKUMHU (3akoH Papanes — Makcsenna). O/AC uHaykuuu B

3aMKHYTOM KOHTYPC YHMCJICHHO paBHA U MPOTHUBOIIOJIOKHA 110 3HAKY CKOPOCTHU U3MCHCHHUA MAarHuTHOT'O

IIOTOKAa qcpe3 HOBCpXHOCTB, OI'PAaHUYCHHYIO 3TUM KOHTYPOM.
p_-h®
Y

[IpaBuno Jlenna. MHIyKIIMOHHBIN TOK B KOHTYPE UMEET TaKOE HAIIPABIICHUE, YTO CO3/1aHHbIN UM
MarHUTHBI IIOTOK Ye€pe3 IOBEPXHOCTb, OIPAHHUYEHHYIO KOHTYPOM, IPENATCTBYET W3MEHEHUIO
MarHMTHOT'O TIOTOKA, BBI3BABILETO ITOT TOK.

WHAYKTUBHOCTH — 3TO (pr3muecKasi BeIMUMHA, paBHAs KO3(PPHUIUEHTY MPOOPIHNOHATBHOCTH
MEXy MarHUTHBIM IIOTOKOM 4€pe3 IUIOIIA/b, OTPAaHUYCHHYIO KOHTYPOM IIPOBOJHUKA, U CUJION TOKA B
KOHTYPE.

¢=LI

e L I

— MarHUTHBIN IOTOK, ~ — MHAYKTUBHOCTb, -~ — CHJIA TOKa.

Enunnna n3amepenus uaayktuBHoctd B CU: 1 T'n (renpn).

WHayKTUBHOCTB 3aBUCUT OT ()OPMBI M pa3MepOB MTPOBOAHUKA. DTO CBOMCTBO MPOBOJHUKA
CO3/aBaTh MarHUTHOE TOJIE.
Camounnaykuus — Bo3HUKHOBeHHE DJIC MHIYKIIMYU B IPOBOIALIEM KOHTYPE IPU U3MEHEHHUH B

HEM CHIJIBI TOKA.

Al
E,=—L—
# Mt

OHeprus MarHUTHOT'O TIOJIS1 KaTYIIKH:
Li®
W, =
IIpumepsl perienus 3a1a4y
IIpumep Nel.
Onpenenuth MOAYJIb CHIIbI AMIiepa, JEMCTBYIONIEH HAa TPOBOJAHUK C TOKOM JIJIMHOM 25 cM B
MarHuTHOM monie ¢ mHAaykuuen 0,04 Ti, ecnmm yron Mexay BEKTOPOM MArHWTHOM HMHIYKIHH H

HanpasyieHueM Toka 30°. Cuia Toka B npoBojgHuke 0,25 A.
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amo:
Al =25 cMm
B=10,04 Tn
a=30°
=025 A
Pewenue:
Ha npoBOHUK ¢ TOKOM B MAarHUTHOM TIOJIE JICUCTBYET CHIa
F4 = BIAl «sin a.
[ToncraBuB 3HaUEHUS BCEX BETMYMH COTJIACHO YCIIOBHIO 337aui, TOTYyIUM
Fi=0,04Tn+0,25A+025m¢0,5=0,00125H=1,25+10°H.
Fi—7?
Orser: F4=1,25+ 102 H.
IMpumep 2.
B conenonje, conepxkamem 1000 BUTKOB, MAarHUTHBINA MTOTOK paBHOMEpPHO yObIBaeT ot 10 1o
6MBO, B Teuenue 20mc. Onpeaenuts 31C MHAYKIUA B COJICHOH/IE.
Pemenue
ei=- N AD/At
®;=10mB6=0,01B6
@, =6 MmB6 = 0,006B6
N = 1000
t=20mc =0,02¢

ei=- ei= ej=1000 - (0,006B6 — 0.01B6) / 0,02¢ =200B ,

er-?

Otser: € = 200B

IIpumep 3.

C xakoi CKOPOCThIO HAJIO TTepeMeIIaTh MPOBOJIHUK, ITTMHA aKTUBHOM 4acTH KoToporo 80cMm, 1o
yriaoMm 650 K JIMHUAM MarHUTHON MHIYKIIUHU, YTOOBI B MPOBOJHUKE BO30yxaanach DJ[C uHIyKIuu —
2,5B, ecnu uHAYKIMs MarHuTHOTO NoJig paBHa 0,4Tn?

Jano
dopmyna
Pemenue

B=04Tn

ei= 2,5B

| =80cMm=0,8 M
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o = 65°

ei=vIBsina

v=ei/lBsina
v=2,5B/0,8m- 0,4 Tx - sin65° =
= 8,62 M/c

v-?

OtBet: V= 8,62 M/c
1 Bapuanr.

1.Camoner 1eTUT TOpu30HTAIBHO cO ckopocThio 1200 kMm/4. Haiiiure pasHOCTh MOTCHIIMATIOB,
BO3HHKAIOIIYIO Ha KOHLIAX KPbUILEB, €CJIU BEPTUKAIbHAS COCTABJISAIONIAs MHAYKIIMM MarHUTHOTO TOJIs
3emiu paBHa 5*10(-5) Tn. Pazmax kpsuibeB paBeH 40 M.

2.B karymke unayktuBHOCThIO 0,01 I'm mpoxomut Ttok cuioit 20 A. Onpepenure I/IC
CaMOMHJIYKIUH , KOTOpasi BO3HUKAET B KaTyILKe [IPU MCUE3HOBEHUH TOKa B Hel 3a 0,002 c.

3.Kako#i 3apsig mpoieT yepe3 MONnepevyHoe CeUYeHUEe BUTKA, COMPOTHUBIICHHE KOTOPOTO PAaBHO
0,03 Om, npy yMEHbIIEHUN MarHUTHOT'O NTOTOKA BHYTPH BUTKa Ha 12 MB6?

2 BApHAaHT.

1.0npenenute MHAYKTUBHOCTb KaTyLIKH, €CIM M3BECTHO, YyTO cuja Toka B uenu 3a 0,02 ¢
BO3pacTaeT A0 MaKCUMaIbHOU 1 paBHa 4 A, co3aaBas ipu 3toM DJIC camounaykuuu 12 B.

2.Karymka, umeromass 100 BUTKOB, HaXOAUTCS B MAarHUTHOM II0J€, MHIYKLUHS KOTOPOTO
ymenbmnack ot 8 Tu 1o 2 Tn B teuenune 0,4 ¢. Onpenenute 3HaueHue IC nHayKIUHU, €CIIU MO
MONIEPEUHOT0 CEUEHMsI KaTymku paBHa 50 cM2, a TUIOCKOCTh BUTKOB TEPIEHIUKYISIPHA CHUIIOBBIM
JIUHUSIM TIOJISI.

3.IlpoBoanuk mmuHou 2 M u conportuBieHneMm 0,02 Om JIBHKETCS B MarHUTHOM IIOJIE CO
CKOPOCTBIO 6 M /C MEPIEHIUKYISAPHO CHUIIOBBIM JUHHSAM ToJis. UeMy paBHO 3HA4eHHE CHUIIBI TOKa,
BO3HHKAIOIIIETO B MPOBOIHUKE. ECiu ero 3aMKHYTh HaKOpOTKO. WHIYKIIMS MarHUTHOTO 1oJist paBHa 10
MTo.

Kuaroun:

1 Bapuant. 1.0,66 B. 2.100B. 3.25*10(-4) Ku1.

2 Bapmant. 1.0,06TH. 2.7,5B. 3.6 A.

Kpurepun oueHnBanus:

OueHka 5 cTaBUTCS, €CIM y4dalllMecs BBINOJHUIM BEPHO 3 3aJadyM, BEPHO 3alUCald yCIOBUE
3a/1a4u, MepeBenu BennuuHbl B cuctemy CU, 3ammcanu Bce HEOOXOAUMBIE U JOCTATOYHBIE (DOPMYIIBI
JUISl pelieHusl 3aJadi, BEPHO TOJCTABIJIM YHCIICHHBIE 3HAYEHUsS, BEPHO IPOBENIM BBIYHCICHHS IO

dbopMynaM U BEpHO 3amUcali OTBET.
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Ouenka 4 cTaBUTCS, €CIIM BEPHO M MOJHOCTHIO MPABUIILHO PEIICHBI U 3aMKCaHbl 2 3a/1a4u, B 3
3ajaue JOIYIIEHb! OMMOKH 00 B 3allUCH JaHO, TUO0 Mpu nepeBoze enuHull B cuctemy CH, nmubo B
3anucu GOpMyIT WM BRIYUCICHHSX.

Onenka 3 cTaBUTCS, €CIIM BEPHO U MOJHOCTHIO MPABMIIBHO pellieHa U 3anucana 1 3amava, Bo 2 u
3 3aayax JOMYIIEHbI OIIMOKY JIMOO0 B 3aMIUCH J1aHO, MO0 MpH nepeBoae eauHuil B cucremy CHU, mubo
B 3aIIUCH (DOPMYJT MITH BHIYHCIICHUSX.

OrneHka 2 cTaBUTCS, €CITU B KaXI0M U3 3 3a/1a4 NOMYIICHBI KaKHe-TUO0 OMUOKY JIMOO0 B 3alHCH

naHo, 1100 npu nepeBoje eauHull B cucremy CH, nubo B 3amucu ¢opMys WA BEIYUCICHUSIX.

IIpakTnueckas padora Nel4 nmo reme: Mexanudeckue koJiedanusi. Boansl. 3Byk
Heas: 3akpenuts 3HaHus 1o Teme «Konebanus u BOIHBI, cHOPMUPOBATH YMEHUS H HABBIKH
HaXOXXJeHUs (PU3NYECKOI BETMUNHBI, €€ BBIBOAA U3 (DOPMYJIbL.

Ilopsinok BbINOJIHEHHS PadOTHI:

4. BuuMarenbHO MpoYUTaTh TEOPETUUECKYIO YacTh U IJIaH PEIICHUs 3aa4
S. PaccmoTtpeTs npuMeps! pelieHus 3agad
6. [Tony4yuTh ¥ BBINOJHUTH UHAWBUIYaAJIbHBIE 3aaHUS.

Teopetuueckas 4actb

Konebanus, paccmarpuBaembie B pasjene «MexaHUKa», Ha3bIBAIOTCS MEXAHUYECKUMH, IPU
KOTOPBIX PacCMAaTPUBAIOTCS U3MEHEHMSI IOJIOKEHUM, CKOPOCTEN, YCKOPEHUNH U 3HEPTUi Kakux-I1nbo
TEJ UK UX YacTel.

Cuny, mnox fAelCTBHEM KOTOPOM MPOMCXOAMT KojeOaTeNnbHBIM MpOIecC, Ha3bIBAIOT
BO3BpALAONICH CUIIOM.

Bunpl koneGanuii: a) CcBOOOJIHBIE, KOTOpPHIE COBEPIIAIOTCS TIOJ JCHUCTBUEM OIHOU
BO3Bpallawieil cuibl (MepBOHAYAILHO COOOIIEHHON »HEeprum); O) BBIHYKICHHBIE KoJeOaHus,
IPOMCXOAIINE O] BO3ACHCTBIEM BHELITHEH TEPHOANYECKON CHIIBI; B) aBTOKOJICOAHUS, IPOUCXOSAIINE
IPU NEPUOJNYECKOM MOCTYIUIEHUU SHEPTUH OT UCTOUYHMKA BHYTPU KOJ€0aTeIbHON CUCTEMBI.

[IpocteitmuM BUAOM TNEPUOIUUYECKUX KOJICOAHUM SIBISIOTCS TapMOHUYECKUE KOJIeOaHwus,

MPOUCXOAAIIHNE 110 3aKOHY CUHYCA UJIM KOCUHYCA.
OTKIIOHEHUS OT MOJIOKCHUS PaBHOBCCHUS HA3bBIBAKOT CMCIHICHUCM, U 00o03HauaeTcs X, a

HauOoJIbIIIee CMEIEHNE Ha3bIBAETCA aMIINTYNOH Kojebauus U 00o3HavaeTcs A.

[leproanueckue kojebaHUs COBEPILAIOTCA LUKINYHO. Bpems olHOro mojHOro kojeOaHus

Ha3bIBACTCs NEPHUOAOM KoJIeOaHMs (O603Ha‘-IaCTC}I T) Eciu Temo 3a BpCM}ItCOBepH_IaCT NITOJIHBIX
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T= il
t

2

KoJIeOaHuil TO A HAa3bIBaeTCA 4acToTol KoyieOauuii. YUucno koieO0aHuil 3a 27

1
,aT

eIMHUL BpEMEHH Ha3bIBaeTCs LIMKJINYECKOM (KpyroBoii) 4acToToi u 0603Hadaercs o: 8= 27w,

MaremaTnyeckas 3alMCh TAPMOHUYECKOT0 KOJICOaHHS:
X = Acos(mt + ¢p) = Acosq
X =Asin{mk + ) = Asinep

p=wt+ p,
rmae — daza konebanus (pusndeckas BEIUYMHA, OMPEICISAIONIAs TOJOKEHUE

K0JIe0aTEeIbHOM CHCTEMBI B IaHHBIM MOMEHT BpEMEHH ),(po — HauanbHast (paza KoneOaHus.
[Ipocreitmumu koaedaTeIbHBIMU CUCTEMAMU SIBIISIOTCS:

a) MaTeMaTUYECKUM MasTHUK — MaTepualibHas TOYKa, I[IOJBEIICHHAas Ha HEBECOMOMU

HepaCTﬂ)KI/IMOf/'I HHUTHU U COBCPLIAOIIAA KoJIcOaHHs noa HeﬁCTBHGM CHIJIBI TAXKCECTHU.

Hepnon KoJe0aHus OIIPCACIIACTCA YPABHCHUCM:

T=211:JE
g .

[lepron T 3aBHCHUT JUIIb OT JUIMHBI MasiTHUKA U MECTOMOJOXKEHHS (YIaIEHHOCTH OT LIEHTpPa
3emMiu WM APYroro HEOECHOTO Teia), KOTOPOE OIpenessieTcsl BEIMYMHON yCKOPEHHUS CBOOOIHOIO
MY

7=
najacHUus 4

0) OpYKMHHBIA MasTHHK — MaTepUalbHAas TOYKa, 3aKpeIuI€éHHas Ha aOCONIOTHO YIPYyrou

IIPYKUHE.

T=2n_ | —
[Tepuon KoJe0aHus onpeaensacTICs ypaBHCHUEM: K

BonHoil Ha3bIBalOT MpOIECC  pACPOCTpPAHEHHUS KOJIeOAaHW B  MTpOCTpaHCTBE. BoHBI

A
h=—
XapaKTePU3YIOTCS TMHOW BOJIHBI U CKOPOCTBIO PacHpOCTpaHEHUs T rne v — cxopocts BoMHBI
(m/c),
A — myuHa BodHbI (M), T — nepuoa konebanus (c).
[Ipumeps! pemenus 3amaqy
IIpumep 1. KakoBa mMacca rpy3a, kosieOmromierocs Ha mpyxuHe xxectkocTsio 0,5 kH/M, ecu ipu
aMIUTUTYyIe KoeOaHui 6 CM OH UMEET MaKCUMAIIbHYIO CKOPOCTh 3 M/c?

Hano:

K =05kHMA — 500 Him.
r=6cM — 0.06 M.

v =3 M/C.
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Havitn: m

Pemenue.

2 2

myv* :k\'::m:k;};:,‘,[-_"}:._

2 2 y

(.06 2
=500 uu-(‘—”‘]

3 mie

OrBer: m = 0,2 k.

Ipumep 2.Ilpu moaBemmBaHWM Tpy3a Maccol | Kr crajpHas MPYXHHA B IOJOXKCHHH
paBHOBecus yanuHmiack Ha 1 cm. C kakuM mepuoaoMm OyneT coBepiiarh KojeOaHUs ATOT Ipy3 Ha
MPY>KKUHE MOCJIE CMEILIEHUSI €T0 MO BEPTUKAIH U3 MOJI0KEHUS paBHOBECHS?

Pewrenue:

Ilon meiicTBMEM CHIIBI yOPYTOCTH HPY:KMHBI Teno Maccoii ' coBepmiaer rapmonuueckue

KOJICOAHUS C TIEPHOOM, OTIPEACIISIEMbIM 10 (hopmyiie

T=2q |2
i

rue ¥ - sectrocTs IIPYKUHBI.

KecTkocTh IMPY>XXUHBI MOXHO HaWTH 110 ee YAJIUHCHUIO IO ﬂeﬁCTBHeM CWJIBI TSAXKECTU I'py3a

maccoii . To 3akony 'yka
{F j,r)x = et .
JUist MOZLyJIst CUIIBI YIIPYTOCTH B ITOJIOXKEHUU PABHOBECUS BBIIIOJIHACTCS PABEHCTBO
o=k =mg
CJIEIOBATEIILHO,

_ Mg
A

IloacraBmsiem TMOJIYUCHHOC BBIPA’KCHNUC B (I)OpMy.]'Iy JJIL BBIYUCIICHUA TIEpUOaa KOJICOaHMIA:

IIpumep 3. Hanummre ypaBHeHUE rapMOHUYECKHX KOJIeOaHU, €Clii aMIUTUTY/1a paBHA 7 CM U

3a 2 MuH coBepuiaercs 240 konebanuit. HauanbHas aza konebanuit paBHa m /2 paj.
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Pemrenue:

X, =007 u | 2= 2,008 (0 2n - 2
:zlﬂﬂc En (0 + %) x=ﬂ.ﬂfms(“l—4ﬂ:+1).
i = L
@y = — pan T=~1 xnﬂ,ﬂ?cm(lmr—]— 2),

2 n
x—7? 2nn
X = X008 Tf+¢u)
1BapuaHnr.

I.Mastauk coepmmn 100 xonebanmii 3a 50 c. Onpeaenure mepuos M 4acTOTy KoJjeOaHHi
MasITHUKA.

2.Yemy paBHa JJIMHA BOJIHBI, PACIIPOCTPAHSIOIIEHCS CO CKOPOCThIO 4 M/C, B KOTOPOIl 3a Bpems
10 ¢ npoucxoaut 5 koaedaHuii?

3. Ilpu ompeneneHNH CKOPOCTH 3ByKa B UYT'YHE Yy OJHOTO KOHIIAa YYyT'YHHOW TPYOBI yaapsiia B
KOJIOKOJI, Y IPYroro KOHIa HabJIroAaTeNb CIIbIILIAI ABa 3ByKa: CHavyaja - OJUH, IPUIIEIIINHN 110 YyT'yHY,
a cnycTs 2,5 ¢ - Apyroi, npuieamuii no Bo3ayxy. JAauna tpyosl pasHa 930 m. OnpenenuTe 0o 3TuM
JAHHBIM CKOPOCTB 3ByKa B uyryHe. CKOpOCTb 3ByKa B BO3JlyXe MpuMHTe paBHOii 340 m/c.

2 BapuaHT.

1. Onpexnenute yncno kojaeOaHUM rpy3a Ha Npy>KUHE 3a BpeMs, paBHoe 20 ¢, eclii 4acToTa ero
kosebanuit paBHa 4 I'1. Uemy paBeH nepuo] KoyebaHmii?

2.Yenosek, crosimuii Ha Oepery mopsa. Omnpenenwmi. YUTO paccTOSHHE MEXIY COCETHUMU
rpe6HsAMU BoJH paBHO 8 M. Kpome Toro, oH moacuutain, yto 3a Bpems 60 ¢ Mumo Hero npouuio 23
BOJIHOBBIX I'peOHs. Onpenennure CKOPOCTh paclpoCTpaHEHHs! BOJIH.

3. Ilpu ompeneneHNH CKOPOCTU 3ByKa B UYI'YHE Y OAHOTO KOHIIA YyT'YHHOW TpyOBl yIapsiu B
KOJIOKOJ, Y PYTrOro KOHIa HaOJIro1aTeNb CbIIall ABa 3ByKa: CHayaia - OJJUH, NPUILIEIIINNA 110 YyT'YHY,
a cimycTs 2,5 ¢ - Apyroi, mpuIe i mo Bo3ayxy. Jdmuna tpyost paBaa 930 m. Onpenenure mo 3Tum
JTAaHHBIM CKOPOCTb 3ByKa B uyryHe. CKOpOCTb 3ByKa B BO3JlyXe NpuUMHTe paBHOM 340 Mm/c.

Kimoun:

1 BapuanT: 1.0,5 ¢, 2 I'm. 2. 8 m. 3. 3952 m/c. 2 Bapuanr: 1.80, 0,25 c. 2. 2,9 m/c. 3. 3952 m/c.

Kpurepun oueHuBanus:

OmneHka 5 cTaBUTCA, €CIM y4YallMecs BBIIOJIHUIM BEpHO 3 3a/auM, BEpHO 3alMCcalu YCIOBHE
3ajauu, rnepeBenau BeauuuHbl B cucteMy CH, 3anucanu Bce HEOOXOAMMBIE U J0CTaTOYHBIE (POPMYIIBI
JUT pelICHUs] 3a/laud, BEPHO ITOJICTABWIIM UYUCIICHHBIE 3HAYCHHWs, BEPHO IMPOBEIH BBIYHCICHHS TI0

dbopMynaM U BEpHO 3amUcali OTBET.
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Ouenka 4 cTaBUTCS, €CIIM BEPHO U MOJHOCTHIO MPABUIILHO PENIEHBI U 3alMCaHbl 2 3a1a4u, B 3
3ajade JOIMYIIEHb! OMMOKY 100 B 3allUCH JaHO, TUOO0 MpH nepesoje exuHull B cuctemy CHU, mubo B
3anucu GOpMyIT WM BRIYUCICHHSX.

Onenka 3 cTaBUTCS, €CIIM BEPHO U MOJHOCTHIO MPABUWIIBHO pellieHa U 3anucaHa | 3aiaya, Bo 2 U
3 3aayax JOMYIIEHbI OIIMOKY JIMOO0 B 3aMIUCH J1aHO, MO0 MpH nepeBoae eauHuil B cucremy CHU, mubo
B 3aIIUCH (DOPMYJT MITH BHIYHCIICHUSX.

Ornenka 2 CTaBUTCS, €CITU B KaXI0M U3 3 3a/1a4 TOMYIICHBI KaKHe-TU00 OMMOKY JIMOO0 B 3aIHCH

naHo, 1100 npu nepeBoje eauHull B cuctemy CH, nub6o B 3amucu ¢opMys WK BEIYUCICHUSIX.

IIpakTyeckas padora NelS no teme: KosedareabHblii koHTyp. Kosle0anus HanpsixeHUs
U Toka. Popmyaa Tomcona.

DJICKTPOMATHHUTHBIMH  KOJICOAaHMSIMM Ha3bIBalOT  I[IEPUOJUYECKUE  B3aUMOCBA3aHHbBIC
W3MEHEHUS 3apsi/ia, CUIIbI TOKA U HAIPSKEHUS.

CB000AHBIMHU KOJICOAHUSIMU HA3BIBAIOT TaKHE, KOTOPHIE COBEpIIAIOTCS 0€3 BHEIIHETO
BO3JICUCTBUA 32 CYET MIEPBOHAYATIBHO HAKOIUICHHOW SHEPIHH.

BbIHY:KIeHHBIMH Ha3bIBAIOTCS KOJeOaHUs B IENU MOJ ACHCTBUEM BHEUIHEH MEpUOIUYECKOil
JNEKTPOABUKYILEH CUIIBI

CBoOoaHbIe 3JIEKTPOMATHUTHBIE KOJIEOAHHMA — OTO IEPUOJUYECKH IOBTOPSIOILIMECS
WU3MEHEHHUsl JJIEKTPOMATrHUTHBIX BEIWYMH (q — 3JeKTpuueckui 3apsa, | — cuna Ttoka, U — pasHocTh
HOTEHIMAJIOB), TPOUCXOoasLIe 6e3 MOTpedIeHHs SHEPTUN OT BHEITHUX UCTOUHUKOB.

[Ipocreiileld 3neKTpUUECKOW CUCTEMOM, CHOCOOHOW coBepIIaTh CBOOOJIHBIE KOJIeOaHus,
apisiercs nociaenoarebHblii RLC-KoHTYp min KoJiedaTeIbHbIH KOHTYP.

KonedaTeabHblii KOHTYpP —3TO CUCTEMa, COCTOSIAs M3 IOCIEIOBATEIbHO COEAMHEHHBIX
KOHieHcaTopa eMKocTH C, KaTyllIKu MHyKTUBHOCTH L 1 mpoBoiHUKA ¢ conpoTuBieHueM R

PaccMOTpuM  3aKkpbIThI  KOJIeOAaTeNbHBIM KOHTYp, COCTOALIMM U3 MHIAYKTUBHOCTH L u

emkoctu C.

|

|-«
[P

UroObl BO30YIUTH KONEOAHHWS B STOM KOHTYpe, HEOOXOAMMO COOOIIUTh KOHACHCATOPY
HEKOTOPBIA 3apsn oT wucrouHuka &. Korma wimrod K HaxomuTcs B mMONOkKeHHH 1, KOHAEHCATOP

3apsbkaerca A0 HampsbkeHus. [lociie mepexiioueHHs Kitoya B IOJIOKEHHE 2 HAuMHAETCs IMpoliecc
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paspsAKu KOHJAeHcaTopa uepe3 pe3uctop Ru karymky wunnyktuBHocTd L. Ilpu omnpeneneHHBIX

YCIIOBHAX 3TOT MPOILIECC MOXKET UMETh KOJIeOaTeIbHbIN XapakTep

&
+|—

!

1
| |« .

IC’
- 2

q
Y A VA VAR VAR VAR VAR VAR Vel
L

CBOOOIHBIC IEKTPOMArHUTHBIC KOJIeOaHUsT MOKHO HAOIIOAATh HA IKpaHe ocmiuiorpada.

[}

it

Kak BugHo wu3 rpadumka KoiieOaHWA, TMOJYYEHHOTO Ha ocIuiorpade, CBOOOIHBIC
AIIEKTPOMArHUTHBIE KOJNEOAHUS SBJSIOTCS 3aTYXAWUIMMHU, T.€. UX AaMIUIUTyJa YMEHbBIIAeTCs ¢
TEYCHHEM BpPEMEHH. DTO MPOUCXOAHUT MOTOMY, YTO YacTh JJIEKTPUUYECKOW SHEPrMM Ha aKTUBHOM
COMpoTHBIICHNH R mpeBpariaercss BO BHYTPEHHIOI YHEPTHIO MPOBOIHIKA (TIPOBOIHUK HArpeBaeTCs pu
MIPOXOXKACHUN IO HEMY JJICKTPHUYECKOTO TOKA).

PaccmoTpuM, Kak TpOMCXOAST KojieOaHUs B KoJNeOATeTbHOM KOHTYpE M KaKUe HW3MEHEHHS
SHEPrUM TpPU STOM TMPOUCXOAAT. PaccMoTpum cHauama cimydaid, KOrja B KOHTYpEe HET MOTepb
anekTpomMaruHuTHO# sHeprud (R = 0).

Ecim 3apsinuth koHmencatop a0 HampsbkeHuss Uo TO B HayalbHBIM MOMEHT BpeMmeHH t1=0 Ha
0OKJIaJIKax KOHJIEHCATOPa YCTAHOBATCS aMILUTHTY/IHbIE 3HaYeHus Hanpsbkerus Up u 3apsina qo = CUo.

Ilonnas SHEPIUa W cucteMsl paBHA SHEPTHUU IJICKTPHUICCKOI'O I10JIA Wt

CU2 q2
0 0
W = WM = =
2 2C
Ecmu I CIIb 3aMBbIKAKOT, TO HAYMHACT TE€Yb TOK. B KOHTYPEC BO3HHUKACT 3.4.C. CAMOMHAYKIIUN
A
e=—-L—
A
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BcenenctBue caMOMHAYKIMM B KaTylIKe KOHACHCATOpP pPAas3psbKaeTcsi HE MIHOBEHHO, a
IIOCTENIEHHO (TaKk Kak, cOorjacHo npaswily JleHna, BO3HUKaIOIMKA WHAYKIHOHHBIA TOK CBOUM
MarHUTHBIM I10JIEM IIPOTUBOAECUCTBYET TOMY U3MEHEHUIO MATHUTHOI'O IOTOKA, KOTOPHIM OH BBI3BaH.
T.e. MarHUTHOE 10JI€ MHYKIIMOHHOTO TOKA HE Ja€T MTHOBEHHO YBEJIIMYUTHCS MArHUTHOMY IIOTOKY TOKa
B KOHTYype). IIpu 3TOM TOK yBenMumBaeTCs MOCTENEHHO, JOCTUTas CBOEIO MaKCHUMAaJIbHOI'O 3HAUY€HUs
lo B MOMeHT Bpemenu t2=T1/4, a 3apsi1 Ha KOHACHCATOPE CTAHOBUTCS PABHBIM HYIIIO.

IIo Mepe paspsaku KOHIEHCATOpa DSHEPrUs SJIEKTPUYECKOrO IIOJIsI YMEHBIIAETCs, HO
OIHOBPEMEHHO BO3PACTA€T DHEPrusi MarHUTHOro mnois. IlomHas sHEprus KOHTypa mocie paspsiaku

KOHJICHCATOPa paBHA YHEPIHH MarHUTHOTO 1O Wy
2
W=W,= ol
2

B crexyrommii MOMEHT BpeMEHH TOK T€YET B TOM K€ HAIIPaBJICHUH, yMEHBIIASCH 0 HYJIS, YTO
BBI3BIBACT IIepe3apsiKy KOHJeHcaropa. TOK He MpeKpamlaeTcs MIHOBEHHO II0CIE pa3psaKH
KOHJICHCATOpa BCIEACTBUU CAaMOWHAYKIUH (TETeph MarHUTHOE IMOJI€ WHAYKIIMOHHOTO TOKa HE JaeT
MarHUTHOMY TOTOKY TOKa B KOHTYpPE MTHOBEHHO yYMEHBIIUTHCS). B MomeHT Bpemenu t3=T/2 3apsn
KOHJICHCATOPa OISITh MAKCHMAJICH U PaBEeH IEPBOHAYAILHOMY 3apsay = (o, HANPsDKEHUE TOKE PaBHO
nepBoHavyansHoMy U = Ug, a Tok B KoHTYpe paBeH Hymo | = 0.

3areM KOHIEHCATOp CHOBAa pa3psKaeTcs, TOK dYepe3 HHIYKTUBHOCTh TEYET B 0OpaTHOM
HarpaBieHuu. Yepes mpoMexxyTok BpeMeHn T cucTemMa NpuxoauT B UCXOAHOE COCTOSTHUE. 3aBepIIaeTcs

IIOJIHOC KOJ'Ie6aHI/I€, IMpoueCC IMOBTOPACTCH.

NIEY:

I'paduk m3MeHeHust 3apsiga U CHIIBI TOKA MPU CBOOOIHBIX SJEKTPOMATHUTHBIX KOJEOAHUSIX B

KOHTYpE MOKa3bIBAET, UTO KOJIEOAHMsI CHIIBI TOKA OTCTAIOT OT KOoJeOaHuii 3apsiaa Ha /2.
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B m060#i MOMEHT BpeMEeHH TTOJTHASI SHEPTHS:

¢ Lt LG 4

W=W,+W, =
2C 2 2 2C
[Ipu cBOOOAHBIX KOJEOAHHSAX MPOUCXOJUT NEPHOIUYECKOE IMPEBPAIICHUE AIICKTPUICCKOMN
suepruu W,, 3armaceHHON B KOHJEHCATOpe, B MarHuTHy0 3Hepruto Wy katymku u Hao6opot. Eciiu B
K0J1e0aTeJIbHOM KOHTYpPe HeT OTePb JHEPTUH, TO MOJHASA FJIEKTPOMATHUTHAS JHEPIrUsi CUCTEMbI
ocTaeTcs MOCTOSTHHOM.
CBoOOaHBIC TIEKTPUUECKHUE KOJICOAHUS aHAJIOTMYHBI MEXaHUYECKUM KoJsiebanusM. Ha pucynke

npuBeneHbl rpaduku u3MeHeHus 3apsaa ((t) konmeHcatopa u cmerneHus X(f) rpy3a OT MOIOKEHUS

paBHOBecHsI, a Takke rpaduku Toka I(t) u ckopoctu rpysa v(t) 3a ouH neproa KoieOaHui.

B OTCYTCTBI/Ie 3aTyxaHI/I${ CBOGOI[HBIG KOJ'Ie6aHI/I$I B SHGKTpI/I‘leCKOM KOHType
SIBJIAIOTCA FapMOHH'—IeCKI/IMI/I, TO €CThb HpOI/ICXOI[ﬂT 110 3aKOHy
q(t) = gocos(ot + @o)

[Tapamerpsl L u C koae0aTeIbHOTO KOHTYpa OMPEISISIIOT TOJIBKO COOCTBEHHYIO YacTOTY

1
O

CBOOOJIHBIX KOJIEOAHUM \IE Y TIepHOJT KoJIeOaHmit T=2nm R - popmyna Tomricona

Awmmuntyza (o M HavajbHast Ga3a (o ONPEACISIIOTCS HAYAJIBHBIMHM YCJIOBUSIMHM, TO €CTh TEM
CIOCO0OM, C MMOMOIIBIO KOTOPOTO CHCTEMa Obljia BEIBE/IEHA M3 COCTOSHHS PAaBHOBECHSL.

Jlna koneOaHuit 3apsiia, HAMPSHKEHUS M CUITBI TOKA MOTYYar0TCs (POPMYIIBI:

JJ1s1 koHaeHcaropa:

q(t) = gocoswmot

U(t) = Uocosmot

JJ1sl KATYIIKY UHIYKTUBHOCTH:

i(t) = locos(wot + 7/2)

U(t) = Uocos(wot + )

BcnoMaNM OCHOBHEIS XapaKTCPUCTHKHU K0J1€0aTeILHOr0 JBWI)KCHUSA .
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Jo, Uo, lo - ammuiuTyaa — Moy HauOOJIBIIIETO 3HAYCHUS KOJICOIOMIEHCS BEIIMUYNHBI

T - mepuoag — MUHUMAaJIbHBIM IPOMEXKYTOK BPEMEHM Yepe3 KOTOPBIM IPOLIECC ITOTHOCTHIO
HOBTOPSIETCS

v - YacToTa — yncio KonedaHuil B €IMHUILY BpEMEHU

o - Hukiandeckasi 4acToTa — YUCIIO KoJeOaHUH 3a 21 CEKYH]T

¢ - (paza Kos1e0aHMii - BeJIMUMHA CTOSIIAS 110]] 3HAKOM KOCHHYCA (CUHYCa) U XapaKTepU3YIOIIast
COCTOSIHHE CHCTEMBI B JIF000OH MOMEHT BPEMEHHU.

1 Bapuanr.

1.Bo3nukaromas B pamke IJIC MHAYKIMUA NpU BpalleHUH B OAHOPOJHOM MArHUTHOM IIOJIE€
usMensiercs 1o 3akony E=12sin100I1t. Onpenenute amruiutyay koiacoanuii DJIC u ee aeiicTByOIICE
3HauEHHUE. A TaKXKe MUKINYECKYIO U IMHEHHYIO YacTOTy, epuo, ¢ha3zy U HadanbHyo (a3y KoieOaHuil.

2.KonebarenbHblii KOHTYp COCTOMT M3 KOHJEHcaropa €MKOCTblo 2MK® U KaTyIIKH
UHAYKTUBHOCTBIO 500 MI'H. OnpeaenuTs 4acToTy COOCTBEHHBIX KOJI€OaHUH KOHTYpa.

3.B konebarenpHOM KOHTYpE HHAYKTUBHOCTD KaTyliku paBHa 0,2 ['H, a aMmnTyaa koaebaHui
cuiibl Toka paBHa 40 MA. HalinuTe sHepruio 3J1eKTpUYecKOro Mol KOHAEHCATOpa U MarHUTHOT'O OIS
KaTyUIKU B TOT MOMEHT, KOI'Jla MTHOBEHHOE 3HaU€HUE CUJIbI TOKA B 2 pa3a MEHbILE aMIUIUTYIHOTO.

2 BapHMaHT.

1.Cuna Toka B menu u3MeHsiercs mo 3akoHy 1=3c0S(100I1t+I1/3). Onpexnenurte amIuIUTyIy
KOJICOAHWI CHJIBI TOKA M €€ JEHCTBYIOIIEe 3HAaYeHHE. A TaKkKe HUKIMYECKYI0 W JHHEHHYIO 4acToTy,
nepuo, hazy u HauanbHyIO (ha3y KoneOaHui.

2.B xonebarenbHbIi KOHTYp BKIIOUEH KoHAeHcaTop eMKocThio 200 nd. Kakyto HHAYKTUBHOCTD
HY>KHO BKJIFOYHMTbH B KOHTYP, YTOOBI NOJIYYUTh YacTOTy KojieOanuil paBHyto 400 x['u?

3.B konebarenbHOM KOHType, TIJ€ HHIAYKTUBHOCTb Karymiku paBHa 0,4 T'H, eMmkocThb
KoHzeHcatopa paBHa 20 Mk®, ammuuTyaHoe 3HaueHue cuibl Toka paBHo 0,1 A. Kakum Oyner
HanpsDKeHWEe B MOMEHT, KOI'/Ia SHEPTHUs 3JIEKTPUYECKOT0 U SHEPrUs MarHUTHOTO MOJst OyAyT paBHBI?
(KoneOanust cUMTaTh HE3aTYXAIOIIUMH).

Kuaroun:

1 BapuanT: 1.12 B, 8,5 B, 1001II pax/c, 50 I'r1, 0,02 ¢,10011t pag,0. 2160 I'u.. 3. 120 mx/Ix, 40
MK/[x.

2 BapmanT: 1.3 A, 2,13 A, 10011 pax/c, 50 I'ri, 0,02 ¢, 100I1t+I1/3 pax. 2. 0,8 mI'H. 3. 10 B.

Kpurepun oueHnBanus:

Onenka 5 craBUTCS, €CIIM y4allluecs BBIOJIHUIM BEPHO 3 3a/aud, BEPHO 3alMCald YCIOBUE
3ajauu, rnepeBenan BeauuuHbl B cucteMy CH, 3anucanu Bce HEOOXOAMMBIE U JI0CTaTOYHBIE (OPMYITBI
JUISL pellieHusl 3a/Jayd, BEPHO IMOJCTAaBUJIM YHCIIEHHbIE 3HAYEHMs, BEPHO IPOBEJIM BBIYUCIECHUS IO

dbopMynaM U BEpHO 3amUcali OTBET.
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Ouenka 4 cTaBUTCS, €CIIM BEPHO M MOJHOCTHIO MPABUIILHO PEIICHBI U 3aMKCaHbl 2 3a/1a4u, B 3
3aJaue JOIYIIEHb! OMMOKH 00 B 3allUCH JaHO, TUO0 Mpu nepeBoze enxuHull B cuctemy CHU, nmubo B
3anucu GOpMyIT WM BRIYUCICHHSX.

Onenka 3 cTaBUTCS, €CIIM BEPHO U MOJHOCTHIO MPABMIIBHO pellieHa U 3anucana 1 3amava, Bo 2 u
3 3aayax JOMYIIEHbI OIIMOKY JIMOO0 B 3aMIUCH J1aHO, MO0 MpH nepeBoae eauHuil B cucremy CHU, mubo
B 3aIIUCH (DOPMYJT MITH BHIYHCIICHUSX.

OnenHka 2 cTaBUTCS, €CITU B KaXI0M U3 3 3a/1a4 NOMYIICHBI KaKHe-TUO0 OMUOKH JIMOO0 B 3aIHCH

naHo, 1100 npu nepeBoje eaunull B cuctemy CHU, n1bo B 3amucu ¢opMys WA BEIYUCICHUSIX.

HpaKTH‘leCKaH paﬁoTa Nel6 mo Teme: EMKocTHOE 1 HHAYKTUBHO€ CONIPOTUBJ/ICHUE

MEPEMECHHOI'0 TOKA.

EmMmkocTHOE COIIPOTHUBJICEHUE B LHEIIH MEPEMEHHOI'O TOKaA

IIpu BKIIFOUEHUH KOHAECHCATOPA B LIEIb IOCTOSHHOI'O HANPSIKEHUS

cuiia Toka [=0, a npu BKIIOYEHUHU KOHAEHCATOPA B LENb HIEpe- ? ¢
MEHHOT0 HamnpsbkeHus cuia Toka | ? 0. CneoBarenbHO, KOHIEHCA- [~
TOP B LIENH IIEPEMEHHOTO HANIPSDKEHUS CO34A€T COIIPOTUBIIEHUE O —2
MEHBIIIE, YEM B LIE€IIH IIOCTOSTHHOI'O TOKA.

-

w="00cos @t
MrHoBeHHOE 3HauCHUE HAIIPSKEHHUS PaBHO .

MrHoBeHHOE 3HaUYCHHE CUJIbI TOKA ’ Uy EL-

[

i=g'= (Cu) = ~CU, wsin @ = I, cos{a¥ + )
paBHoO: 2
Taxkum 06pa30M, KOHe6aHI/Iﬂ HAIIPSKCHUA OTCTAKOT OT KOHe6aHI/II>'I
TOKa 1o (asze Ha /2.

T.k. cornacHo 3akoHy OMa cuia ToKa IpsiMO MPONOPLUOHAIBHA
HaIpsKEHUIO0, TO JIUIsI MAKCUMAJIbHBIX 3HAUEHHUH TOKA U HANPSDKEHUS
UEI UEI

1
TOJNYYUM: al , TJIe @ - emrocmnoe
conpomuenenue.

EMKOCTHOE CONPOTUBIIEHNE HE SABIISETCA XapaKTEPUCTUKON I
IPOBOJHUKA, T.K. 3aBHCUT OT ITapaMeTPOB LIeNH (YaCTOTHI). c

I
HLF!

Yem Oobliie yacTOTa MEPEMEHHOTO TOKA, TEM JIy4Yllle IPOIyCKaeT
KOHJIEHCATOP TOK (T€M MEHbIIIE COMPOTUBIEHUE KOHJEHCATOpa A=
MepEMEHHOMY TOKY).

T.K. pa3HOCTH (a3 MeX Ty KOJIeOaHUSIMU TOKA M HAMIPSHKCHUS
paBHa /2, TO MOIIIHOCTH B 1IeT paBHA (: YHEPTHUS HE pacXoayeTcs, a
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IPOMCXOIUT OOMEH PHEpruel MeXy HICTOUHUKOM HaIPsKEHUS U
€MKOCTHOM Harpy3koil. Takas Harpy3ka Ha3. peakmueHou.

NHayKTHBHOE CONPOTHB/IEHHE B LIENU ePeMEHHOI0 TOKA

B katynike, BKJIFOUEHHOH B LieNlb IEPEMEHHOI0 HANPSKEHUs, cujla
TOKA MEHbILIE CHJIbI TOKA B LIENU IIOCTOSIHHOI'O HAIIPSKEHUS AJIs ATON
e Kartymku. CenoBaTesbHO, KaTylIKa B LIENU IEPEMEHHOTO
HaNpsDKEHUS CO3/1aeT OOJIbIee COMPOTUBIICHUE, YEM B IIETIH MOCTO-
SHHOT'O HalpsKEHUs.
MrHOBEHHOE 3HAYCHHE CHIIBI TOKA: © fysm at

MrHoBeHHO€E 3HaYeHHE HANPSKEHUS] MOXKHO YCTaHOBUTb, YUUTHIBAs,
4TO U = - &, TJIe U — MTHOBEHHOE 3HaU€HUE HANPSIKEHUS, a & —
MI'HOBEHHOE 3HAYEHME H/IC CAMOMHYKIIMH, T. €. P U3MEHEHUU
TOKa B 1lenu Bo3HUKaeT DJ]C caMOMHAYKLINMH, KOTOpas B
COOTBETCTBUM C 3aKOHOM 3JIEKTPOMATHUTHOM MHAYKIMH U IPABUIOM
JleHuia paBHa 110 BEJIMYKHE U IPOTHBOIIOJIOKHA 110 (pase
NPUII0KEHHOMY HAIPSKEHUIO.

g, = —Li'=—La, cos ax

. T
u=Laf cos = cos @ =0, sl @+ —)
CiieqoBaTeIbHO 2

, TAC AMIUIMTY A HAIIPSAXKCHUA.
Hanpsbxenue onepekaer TOk 1o ¢ase Ha /2.

T.k. cornacHo 3akoHy OMa cujia TOKa MpsIMO MPONOPLIMOHAIbHA
HANPSDKEHUIO U 00paTHO MPONOPIMOHATIBHAS

COINIPOTHUBIICHHIO, TO IPUHSB BEIMYMHY ML 3a conpoTuBieHue
KaTYIIKU IEPEMEHHOMY TOKY, TIOJIYYHUM: - 3aKOH OMa Jij1sl 1Ienu ¢
YUCTO MHIYKTUBHOW HArpy3Koil.

X;=€EJ£.

Bennumnaa - MTHAYKTHBHOC COIIPOTUBJICHUC.

T.o. B 1000€ MTHOBEHHE BPEMEHN U3MEHEHHUIO CHJIbI TOKA
nporusoaerctyet JJIC camonnaykunu. 31C
CaMOMHIYKIIUU — MPUYMHA UHAYKTUBHOI'O CONPOTUBIICHUS.

B oTinune oT akTUBHOTO CONTPOTUBIICHHS,

WHIYKTUBHOE HE SIBJICTCSA XapaKTEPUCTUKON TPOBOIHUKA, T.K.
3aBUCHT OT MMapaMeTPOB IeMH (JacTOTHI): 4eM OOJIbIIIEe YacToTa
MEPEMEHHOT0 TOKa, TeM OO0JIbIIIE COITPOTUBIIEHHE, KOTOPOE EMY
OKa3bIBAET KaTYIIIKA.

T.x. pa3HOCTh (ha3 MKy KOJIEOAHUSIMH TOKA W HAMIPSHKEHUS

paBHa /2, TO MOIIIHOCTH B I1enK paBHa (: SHEprus He pacXoayeTcs, a
MIPOUCXOIUT OOMEH SHEPrueil MeKy UCTOUHUKOM HAMpsKEHUS U
VMHJYKTUBHOU Harpy3koi. Takas Harpy3ka Ha3. peaKTUBHOM.
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Bapuanr 1
1. Kakass 3aBHCHUMOCTb HamnpsyKEHUS OT BPEMEHHM | COOTBETCTBYET TapMOHUYECKUM

KoJiebausm?

2. Ha rpaduke (puc.44) npuBeneHa 3aBUCUMOCTb CHIIbI LA
TTA

TOKa B LIENU OT BpeMeHH. UeMy paBeH nepuoj KoieOaHuil Toka? —~ -

Hanumure ypaBHeHHe rapMOHMUYECKUX KOJICOAHUH CHIIBI TOKA, €CIIN

HavajbHas ¢a3za paBHA HYIIIO. 0 1 / 3 tc

3. [Tepuoa cBOOOTHBIX KOIEOAHMI TOKA B AJICKTPUICCKOM ~

KOHType paBeH 1. B HEKOTOpPBII MOMEHT JHEPIHs JJIEKTPUYECKOIO

Puc. 44
noJii B KOHJEHCAaTOpe JOCTHraeT Maxkcumyma. Yepe3 kakoe
MUHUMAaJIBHOE BPEMs [1OCIIE 3TOr0 JOCTUTHET MaKCHUMyMa 3HEPTys MarHUTHOT'O TOJISl B KaTyIke?

4. Omnpenenu KIIJI nonmxkaromiero (B 20 pa3) Tpanchopmaropa, ecinu ot cetu 220 B on
notpebmsier Tok 0,1 A, a uepe3 Harpy3Ky mpu 3ToMm UIET ToK 1 A.

o. Tok B koyie0aTeIbHOM KOHTYPE U3MEHSETCS CO BpeMeHeM 1o 3akony | =0,01cos1000t.
HaliTy HHIYKTUBHOCTh KOHTYpA, 3Hasi, YTO EMKOCTb €ro KoHjaeHcaropa 2-10 - 5.

Bapuant 2

1. Ecin 3neKTpoeMKOCTh KOHJIEHCAaTOopa B 3JEKTPUYECKOM KOJeOaTelbHOM KOHTYpe
YMEHBIIUTCS B 9 pa3, TO KaKk U3MEHHUTCS 4acTOTa KojeOaHuit?

2. B nenbs mepeMeHHOro TOKa BKIJIIOUEHBI MOCIEAOBATEIBHO PE3UCTOP, KOHACHCATOP H
KaTylka. AMIUIMTY/a KoieOaHuil HanpsbkeHus Ha pesuctope 3 B, Ha konaeHncarope 5 B, Ha karymike 1
B. YUemy paBHa aMIuMTy/a KojaeOaHUN Ha y4acTKE LIEMHU, COCTOSIEN U3 ITUX TPEX 3JIEMEHTOB?

3. [To rpaduky, m300pakeHHOMY Ha puUCYHKE 45,

U,B 4
OMNPCACIINTEC AaAMIUIUTYAY HAIPsSKCHUA W TIICPUOI KoJIeOaHHsI.

k
3anuIuuTe ypaBHEHHE MTHOBEHHOT'O 3HAUCHMSI HAIIPSKECHHUS. .
1
1
4. B konebarenbHOM KOHTYpE 3aBUCUMOCTb CHJIbI TOKA /:_\ 0.015
0.005

OT BpeMeHH ONuchiBaeTcs ypaBHeHmeM i = 0,06sin10° nt.

OnpenenuTh  4YacTOTy  3JEKTPOMArHUTHBIX  KolebaHMH U
WHAYKTHBHOCTh ~ KATYIIKH, €CIM  MaKCHMalbHas  DHEPTHUs
MarauTHoro mos 1,8-10 4 JIxk.

5. Mouunslit TpanchopmaTop noHmwkaet Hanpspkerue ¢ 220 B o 11B. D¢ dexruBnas cuna
TOKa BO BTopuuyHOU 0O6MoTKe (M3 100 BuTKOB) paBHa 5 A. CKOIBKO BUTKOB B MEPBHYHOW 0OMOTKE?

Kaxkoii B HEll MaKCUMAaIBHBII TOK?
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Bapuant 3

1. M3MmeHeHue 3apsiia KOHIEHcaTopa B KojeOaTeTbHOM LAy
KOHTYpE MPOUCXOJUT MO 3aKoHy ( = 3cos5t (q u3mepsercs B a h
MHKpOKYJIOHAX, t — B CeKyHIaX). AMIUINTyjqa KojeOaHuii 3apsma 1 >
paBHa.... 0 1 // 3t
2. Ha rpaduxe (puc. 46) npuBeneHa 3aBUCUMOCTb CHIIBI
TOKa B IIETIM OT BpeMeHHU. UeMy paBHO JeHCTBYIOIIEe 3HAUCHUE CHITBI Puc. 46
TOoKa?
3. 3HaYeHUE CHJIbI TOKA, U3MEPEHHOE B aMIlepax, 3a1aHo ypasHeHueM I = 0,28sin50xt, rae

t BBIpaXk€HO B ceKyHAax. Onpenennre aMIInTyly CUJIbl TOKa, YaCTOTY U IEPHUOJ.

4. Hanpspokenue Ha oOkiagkax KOHJIEHCATOpa B KoJjeOaTelbHOM KOHTYpE U3MEHSETCS IO
3akoHy U = 50cos10*nt. EmMkocTs kongencatopa 0,9 Mx®. HalfTu MHIYKTHBHOCTH KOHTYpa M 3aKOH
W3MEHEHHUS CO BPEMEHEM CUJIbI TOKA B IIETIH.

S. Ha xakoe HampsbkeHue oJKHA OBITh PACCUMTAHA HU3OJSIIMSL BTOPUYHOW OOMOTKHU
nosebImaroniero (B 10 pas) tpanchopmaropa, noakiarodaemoro k cetu 220 B 50 I'i, B kakoit oOMoTKe
nposos Tonue? [Houemy?

Bapuanr 4

1. Kakoe  BplpakeHMe  ompeaensieT  HWHAYKTUBHOE  CONPOTUBIEHHE  KATYILKH
WHAYKTUBHOCTBIO L B 11eNU mepeMeHHOro TOKa 4acTOTON @?

2. B cxeme, cocrosmeil M3 KOHJIEHCaTopa W KaTyIIKH, HPOUCXOAAT CBOOOHBIE
AIIEKTPOMAarHuTHeIe KoyiebaHus. Ecim ¢ TeueHueM BpeMEHM HadallbHbIM 3apsij, COOOIIEHHBIN
KOHJEHCATOPY, YMEHBIIWJICS B JBa pa3a, TO KaK HM3MEHHUTCS IIOJIHAs OJHEprus, 3alaceHHas B
KOHJIeHcaTope?

3. ITo rpaduky, n300pakeHHOMY Ha pHUCyHKe 47,

I
ONpeAenuTe AaMIUINTYly HanpssKeHus, NepuoJ U 3HAuYeHHE o8
HarpsoKeHus it Gpasbl /3 paj.

4. 3aBUCHMOCTD CHIJIbI TOKa oT BpEMCHU B

o©
g | —
N
o
o
<)
¥

KoJIe0aTeIbHOM KOHTYpC  OIpCACIIAACTCd  YpPaBHCHUCM i =

0,02sin500xt. WunyktuBHOCTH KOHTYypa 0,1 T'H. Omnpenenuts

o Puc. 47
Nepuoj, JJIEKTPOMATHUTHBIX  KOJeOaHUI, €MKOCTb KOHTYpa,
MaKCHMaJIbHYIO SHEPTUI0 MarHUTHOIO U 3JIEKTPUYECKOTO TOJIEH.
5. [Tepuunas obmotka Tpanchopmatopa u3 1000 BuTKOB moakiroueHa k ceru 220 B.

CKOJIBKO BUTKOB JIOJDKHA COJIEpP)KaTh BTOpHYHAsE oOMOTKa st mutanust 10 B mammouku? Onpenenu

MUHUMAaJIbHYIO MOIIIHOCTH TpaHc(popMaTopa, eciiv COnpoTHBIeHHE JaMIibl = 20 Om?
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Bapuaur 5

1. Kakoe BbIpaxkeHME oOIlpenenseT eMKOCTHOE  CONPOTHBIEHHE  KOHAEHCATOpa
anekTpoeMKocTh C B IIeTH IEPEMEHHOT0 TOKa YacTOTOH ?

2. OTHOWIEHNE [EHCTBYIOMIEr0 3HAYCHHS TAapMOHHUYECKOTO IEPEMEHHOTO TOKAa K €ro
aMITIMTY/IE PaBHO....

3. H3meHeHnue 3apsaa KOHACHCATOPa B KOJeOaTEIbHOM KOHTYpE MPOUCXOIUT 10 3aKOHY (
= 10 ~ * coslOnt (Ki). Uemy paBeH TepHOJ 3IEKTPOMATHUTHBIX KojieOaHuii B KOHType (Bpems
U3MepsieTcs B CeKyHAax)?

4, Konpencarop emkocteto C = 5 Mk® NOAKIIOYEH K LEMH

nepemeHHOro Toka ¢ Un= 95,5 B u yacroroii v = 1 k['11 (puc. 48). Kakyto cuiy
TOKa TOK&XET aMIepMeTp, BKIIOYEHHBIM B ceTh? CoONpoTUBICHUEM

amrepMeTpa MOXXHO IpeHeOpeyb.

S. 3apsin Ha 0OKJIaZKaX KOHJAEHcCATopa KojeOaTeIbHOro KOHTYpa
u3MeHseTcs 1o 3akoHy q = 3-10 ~ 7 cos800nt. MnaykTuBHOCTH KOHTYpa 2 I'H. Puc. 48
[IpeneOperasi aKTUBHBIM COIIPOTUBIICHUEM, HAUTHU 3JIEKTPOEMKOCTh KOHJEHCATOpa U MaKCHMajbHbIE
3HAYEHUs SHEPIUHU IEKTPUUECKOTr0 MOl KOHJIEHCATOpa U MAarHUTHOTO 110JIs KAaTYIIKA MHYKTUBHOCTH.

Bapuanr 6

1. KakoB meproa CBOOOMHBIX KOJICOAHWIA B JJIEKTPUYCCKOW IEMM W3 KOHJEHCATOpa
ANIEKTPOEMKOCTHIO0 C M KaTyIIKH WHAYKTHBHOCTHIO L?

2. Haiinute MakcuManbHOE 3Hau€HHE MEPEMEHHOIO HAIPSDKEHHs, €CIM JIeHCTBYIOIIee

sgauenue U =100 B

3. Kakyto pyHK1IMIO BBITTOJIHSAET KOJIeOATEeNbHbIN KOHTYp paiuonpueMHUKa?
4. Karymka nuanyktuBaoctsio L = 50 MI'H npucoenunena
reHepatopy nepemeHHoro toka ¢ Um= 44,4 B u vactoront v = 1 xl'm. L
Kakyro cuity Toka oKaKeT aMIepMeTp, BKIFOUEHHBIN B LIENb?
S, Hampspkenne  Ha  oOkimajgkax —~— KOHJEHcaTopa B
KoTe0aTeIbHOM KOHTYpe MeHseTcss 1Mo 3akoHy U = 100cosl0*nt. e 29
uc.

OnekTpoeMKocTh  KoHzaeHcatopa 0,9 Mk® (puc. 49). Haiitu
MHAYKTHUBHOCTh KOHTYPa U MaKCUMaJIbHOE 3HAYEHUE YHEPIUU MArHUTHOTO MOJISI KATYILKH.

Kpurepun oueHnBanus:

OneHka 5 cTaBUTCS, €CIM ydaluecs BBINOJHUIM BEPHO 5 3a1auM, BEPHO 3alMCAIA YCIOBUE
3ajauu, rnepeBena BeauuuHbl B cucteMy CH, 3anucanu Bce HEOOXOAMMBIE U JI0CTaTOYHBIE (POPMYIIBI
JUIsL PELIEHUs 3aJaud, BEPHO IOJCTAaBUJIM YHMCIICHHBIE 3HAYEHMsI, BEPHO IPOBEJINM BBIUUCIIEHHS IIO

dbopMysaM U BEpHO 3amUcali OTBET.
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Ouenka 4 cTaBUTCS, €CIIM BEPHO M MOJHOCTHIO MPABUIILHO PEIICHBI U 3aMUcaHbl 4 3a1a4d, B 5
3ajade JOIMYIIEHb! OMMOKY 100 B 3allUCH JaHO, TUOO0 MpH nepesoje exuHull B cuctemy CHU, mubo B
3anucu GOpMyIT WM BRIYUCICHHSX.

OreHka 3 cTaBUTCS, €CITM BEPHO U TIOJTHOCTHIO MPABIIILHO PEIICHA U 3alKcaHa 3 3a/1a4a, BO 4
5 3amavax MOMyIIEHb! OMUOKH JKO0 B 3aIMCH JAaHO, 100 MpH repeBoje eauHul B cucremy CH, mubo
B 3aIIUCH (DOPMYJT MITH BHIYHCIICHUSX.

OrneHka 2 CTaBUTCS, €CITU B KaXI0M U3 5 3a/1a4 TOMYIICHBI KaKHe-TUO0 OMUOKY MO0 B 3aITUCH

naHo, 1100 npu nepeBoje eaunull B cuctemy CHU, n1bo B 3amucu ¢opMys WA BEIYUCICHUSIX.

IIpakTnyeckas padora Nel7 no teme: TpancdopmaTtopsbl.

YcTpoiicTBo TpaHncopmatopa.

Puc. 3

TpancpopMarop COCTOUT: M3 3aMKHYTOTO CEpIAEYHHKA, W3TOTOBJICHHOTO W3 CHEIHAIbHON
JUCTOBOM TpaHchopMaTopHOU cTanu. Ha Hem pacmonaratoTcs ABE KaTYUIKU C Pa3MUYHBIM UYHCIOM
BUTKOB M3 MEAHOW MpoBooKU. OgHA U3 OOMOTOK, Ha3bIBaeTCs MEPBUYHON, OHA TMOJKIIOYAETCS K
HWCTOYHHKY  TEPEMEHHOTO  HampsDKEHHUS.  YCTPOWMCTBA,  MOTPEOJSIONIME  AJIEKTPOIHEPTHIO,
MOAKIIOYAIOTCS K BTOPHUYHOM OOMOTKE, HMX MOXKET ObITh HecKodbKo.IlpuHIun nencTBus
Tpancopmaropa. [IpuHIUN AEHCTBUS OCHOBaH Ha 3aKOHE AJIEKTPOMArHUTHOW WHIyKIuH. [lpu
MPOXOXKACHUN TEPEMEHHOT0 TOKA MO MEPBUYHONH OOMOTKE B CEpJCYHHKE BO3HUKAET MEPEMEHHBIN
MarHUTHBIN MOTOK, KOTOphId B030yxaaer DJIC mHAyKuMH B Kaxaoil obOMmoTke. MarHuTHoe moje
KOHIIEHTPUPYETCSI BHYTPHU CEpPJICYHUKA U OJUHAKOBO BO BCEX €r0 CEYeHUAX. MTIHOBEHHOE 3HAUYECHHE
uaaykuuu Ei B 11000M BUTKE U IEPBUYHON, M BTOPHUHON 00MOTOK ouHaKoBo: E1 = E»

[Torepu sHepruu npu padote Tpanchopmaropa:
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. Ha HarpeBaHue 0OMOTOK;

. Ha pacCeMBaHUE MAarHUTHOTO MOTOKA B MPOCTPAHCTBO;

. Ha BUXPEBBIC TOKU B CEPJICYHHUKE U HA €0 IIepeMarHiuuBaHue.

Mepbl, npuHUMaEMbIe AJIs yMEHbIIEHUS TIOTEPD:

. 00MOTKa HU3KOTO HaMpsHKEHUS JieiaeTcs OO0JBIIOro CeUeHUs TakK, Kak Mo Hel MpOoTeKaeT
TOK OOJIBILION CHIIBI;

. CEpJICYHHK JICTAIOT 3aMKHYTBIM, YTOOBI YMEHBIIUTH PACCESIHIE MATHUTHOTO TIOTOKA;

. CEpJICYHHK JIeTIAI0T MJIACTUHYATHIM, YTOOBI YMEHBIIUTH BUXPEBbIE TOKU.

bnaronapst atum mepam KIIJ[ coBpemennbix TpanchopmaTopoB gocturaet 95-99%.

DTO O3HAYAET, YTO MPAKTUYECKU BCS DHEPTUSl TOKA, MPOXOMSIIETO MO MEPBUYHONW OOMOTKE
TparcopmaTropa, MpPeBpaIiaeTcs B SHEPTrUI0 MHIYKIIMOHHOTO TOKA, BO3HUKAIOIIETO BO BTOPUYHOU
oOMoTke. [TockonbKy KaXKIbplii BUTOK MEPBUYHON M BTOPUYHON OOMOTOK MPOHU3BIBAET OJUH U TOT K€
MarHUTHBII TOTOK, TO B HUX BO3HUKaOT oauHakoBbie DJIC, paBuble mo 3akoHy Dapanmes ans
DJIEKTPOMArHUTHOW WHIYKIIMH, TO:

e1=e2=—@

OAC Eiu E: pelictByromue BO Bcel NEPBUYHON WM BTOPUYHOW OOMOTKAX, paBHBI
npoussenenuto JJIC B 01HOM BUTKE €1 UJTU €2 HA YUCIIO BUTKOB B 00MOTKE N1 1 N2

E = e1* M
E> = e2* N2

Brisoa: D/IC, neiictByromiye B 00MOTKaX, IPsIMO IPOMOPIIMOHATIEHBI YUCITy BUTKOB B HUX.

Cuna Toka B NepBUYHOW OOMOTKE TpaHc(opmaTopa BO CTOJIBKO pa3 OoJibllle CHUJIBI TOKa BO
BTOPUYHOM 0OMOTKE, BO CKOJIBKO pa3 HalpsKeHUE B HEl OO0JIbIlIe HANPsKEHUs B IEPBUYHOM 0OMOTKeE:

fl_Uz

fﬂ Ul
Ecmu npeHe6peqL MaaACHUEM HAIIPSAXKCHUS Ha COIIPOTUBJICHUAX 06MOTOK, Koraa COIIPpOTUBJICHUA

MaJibl, TO MOKHO 3aIliCaTh OTHOIICHHUE U VISl HANPSDKEHU Ha 00MOTKaxX TpaHcdopmaTopa

U, _ I

Uy, I

Jlyig aHanu3a 3JeKTPOMarHUTHBIX MPOLIECCOB, MPOUCXOIAIIMX B TpaHC(HopMaTope, pacCMOTPUM
JIBa peKuMa ero paboThI.

Pabora Tpancdopmaropa Ha X010CTOM X0AY
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Puc. 4

Ecnu nepBr4Hy0 00OMOTKY NOJKIOUYHUTE K MCTOUHUKY IEPEMEHHOI0 HAIPSKEHUS, @ BTOPUUHYIO
OCTaBUTH Pa30MKHYTOM, (3TOT pexXxuM TpaHc(hopMaTopa Ha3bIBAIOT XOJIIOCTHIM XOJIOM), TO TOKA B HEH HE
Oyzner, a B MEpBUYHONW OOMOTKE TOSBUTCS CIA0BId TOK, CO3JAIOIIUI B CEpACYHHKE IMEPEMEHHBIN
MarHUTHBIN TOTOK. DTOT MOTOK HABOJUT B KaXJIOM BUTKE 00MOTOK oanHakoByro DJIC, moaromy B/[C
UHAYKIUH B KaX/10i1 0OMOTKe OyJeT nIpsiMO MPOIOPLHMOHAIBHA YUCITY BUTKOB B 3TOH 0OMOTKE.

E~N

[Ipu pa3oMKHYTOW BTOPUYHOM OOMOTKE HampspkeHHe Ha ee 3axkumax Uz OyIaer paBHO
HaBoaumoii B Helt DJIC Es.

Uz = E

B nepBuunoit oomotke D/IC E1 1o uncioBOMy 3HAUEHHIO MAJI0 OTJIMYAETCS OT MOJBOAMMOIO K
31Ol 00MOTKE HanpsikeHust Ui, IPaKTUUECKU UX MOKHO CUUTATh PaBHBIMHU.

Ui = E;

Bennuunna, nokassiBaroliasi, BO CKOJIbKO pa3 AaHHBIM TpaHCc(hOpMATOp U3MEHSET HaIpsDKEHHE
IIEPEMEHHOT0 TOKA, Ha3bIBACTCS KOIQPUIHEHTOM TpaHC(POpMALHU.

[Ipn momaue Ha mHepBUUHYIO OOMOTKY TpaHchopmaropa Kakoro-anbo HampsbkeHuss Ui Ha
BTOPUYHOM O0OMOTKE MBI mosryyaeM Ha Bbixoge Uz. OHo Oyner Oosiblie MEpBUYHOTO, €CIIM OOMOTKA
COJIEPKUT OOJIbIIIE BUTKOB, YEM ITEPBUYHASL.

Urak, ecaim N2 > N1, To Uz > Uz, koaddurment tpanchopmaimu K < 1 u tpancdopmarop
Ha3bIBACTCS MOBBIAIOIINM.

Ecimm N2 < Np u Uz < Uy, To K > 1 1 Tparchopmarop Ha3blBaeTCS MOHMKAKIIUM.

OTH QOopMyIbl CIIpPAaBEUIMBBI, €CJIM HHU TEpBUYHAs, HU BTOPHYHAs OOMOTKM HE cojepar
akTUBHOro conpotuBieHus R. IlepBuunas oOMOTKa, Kak NPaBUJIO, HE COJEPKUT TaKOIro
CONpOTUBIIEHUS, a BTOpas OOMOTKAa MOXET ero cojepxkatb. Eciu oHa Bce € HE COIEPKUT
COIIPOTHUBIIEHUS WM UM MOXKHO HpeHeOpeub, TO HANpsIKEHHE Ha BBIXOJE TaKOM OOMOTKM DPaBHO
HanpspkeHuto U,

Korma Bropnunas oOMoTka Tpancdopmaropa He umeeT conpoTtusieHus Ro = 0, To kg = 100%

Amon = A 3arp, torma Ui lit=Uz ot u U li= Uz 12 To P1=P2
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fl _ Uz lr1 _ Nz

fﬂ Ul u jﬂ 1\t']-l

CICOYECT, YTO
A F o,J

KITT = 2% 100% = 22 . 100% = —272 .100%
ﬂs Pl Uljl

Padora TpanchopmaTopa ¢ Harpy3koi. Eciu Bo BTOpuuHYyHO 1Iemb TpaHcopMaropa
BKJIIOUUTH Harpy3Ky, TO BO BTOPUYHONH 0OMOTKE BO3HUKAET TOK. ITOT TOK CO37a€T MarHUTHBIH MOTOK,
KOTOprfI COIJIaCHO IIpaBUITy .HGHL[a, AOJDKCH YMCHBIIWTL HW3MCHCHHUC MArHMTHOI'0 IIOTOKAa B
CEpJICYHHKE, YTO B CBOKO OYepe/ib, MPUBENET K yMeHbeHU0 DJ{C HHAYKINY B IEPBUYHON 0OMOTKE,
MO3TOMY TOK B IEPBUYHONW OOMOTKE IOJKEH BO3PAacTH, BOCCTAaHABIMBAs HAYalbHOE W3MEHEHHE

MarHuTHOTO MOTOKA. [Ipy 3TOM YBEITHYUBAETCS MOIIHOCTD, MOTpebIisseMast TpaHC(HOPMAaTOPOM OT CETH.
(Puc.5).

I I
"
: —
) T :i! AU
U N T N, i""’r: U. U,
- ] -
1 C-u...__j 1
':““-3 :,,Hf:
e g | - -
L 1.

Puc. 5

Ecnu xe BropuuHas oOMOTKa TpaHchopMaTopa MMEET CONPOTUBICHHWE BTOPUYHONH OOMOTKH
Rz(roBoputcst 0 AnuMHE NPOBOJHMKOB M3 KOTOPBIX H3rOTOBIEHa OOMOTKAa, WM O Marepuaie
IIPOBOJHMKA, WJIM O CEUYEHUHU U JUAMETPe MPOBOJOB OOMOTKH), TO Ha BBIXOJI€ BTOPUYHON OOMOTKHU
nanpskerane Uz’ 6yaeT MeHbIe pacueTHOro HampskeHus Uz Ha BENMUUHY TaAeHHs HanpsokeHus 24U
= |2+ R2 Ha 3TOM cONpOTHUBIIEHUHU M3-3a MOTEPb IHEPIHMM TOKAa Ha JKOyneBo Temsio. Ha Bwixon (Ha
Harpy3Kky) RH "nmoiiner" MeHbl1ee HalIpsHKEHUE:

Us=U;—&U=Uz;—l,*R>

Motepr mHanpsoxenns £U mHaxomsT mo 3akony Owma mus ydactka nemu: £U = lpe Ry,
i
fy=—
&y
OTKya
(Ormeuaem, 4TO TakoM e TOK TeueT W B Harpy3ke RH, Tak kak Rou RH coenuHeHsl
MOCJIE0BATENBHO).
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i =—
Hanpspkenne Ha Harpys3ke mo 3akoHy Owma A ydyacTKa L€ COIPOTUBIIEHHEM Ru
i
TOrJa
b B L N
Uﬂ 1 Uﬂ 1 I

y‘lI/ITBIBaH, qTo 2 MOXKeEM BCeraa HaWlTH HY)XHYIO BCIIMYUHY

HaNpsOKEHUs WK CUJIbl TOKA, KOJMYECTBO BUTKOB B KaTyIIKaX.
r
Ty o, -k
ma=ﬂ-mo%=ﬁ-mo% n:QT-IDD%
4, i, ,rme Am=Uz'eIpet; A3=Ujeliet, 10 1

Hcnoan3oBanue tpancgopmatopoB. TpanchopmMaTopbl UCHOIB3YIOTCSA B TEXHUKE U MOTYT
OBITh yCTPOEHBI OYEHb CIIO)KHO, OJIHAKO HE3bIOJEMBIM OCTaeTCsd MPUHUUN HUX JedcTBus: "
U3MEHSIOIIEeCs] MarHUTHOE T0JI€, CO3/IaHHOE IIEPEMEHHBIM TOKOM B IIEPBUYHOM 0OMOTKE, IPOHU3bIBAs
BUTKU BTOPUYHON OOMOTKH, MHIYLHPYET B HEH NEpEeMEHHbI TOK TOW K€ 4YacTOThl, HO JPYroro

HanpsbkeHus". B COBpEMEHHBIX MOIIHBIX TpaHChOpMATOpaXx CyMMapHBIE IOTEPH HHEPTUU HE

npeBbimaioT 2—3%.

. Ha 3aBoJiax M ¢adpHKax MpH Mojaaue HaNpsHKEHUsS K JBUraTesaM ctankoB 380—660 B.
. IIpH Nepesiaue AIeKTposHepruu mno nposogam ot 100 go 1000B;

. JUISL 3JIEKTPOCBAPKU U JIEKTPOILIaBKY;

. B PaJMOTEXHUKE; U JIp.

3apava. [leppuunas oOMOTKa MOHMXKAlOIIEro TpaHcpopmaropa ¢  Kod3(duuueHTOM
TpaHchopmanuu k = 10 BKiIIOUEHa B CeTh MEpeMEHHOro Toka ¢ HampsbkeHuneM Ui = 120 B.
CormnpoTuBieHue BTopudHoit 00MoTkH Rz = 1,2 OMm, Tok B Helt |2 = SA. Haiitu HanpshxkeHne Ha Harpy3Ke
TpaHcopmaTopa U CONpOTUBIEHHE Harpy3ku. HailiTu umcio BuTkoB Bo BropuuHoii oOMoTKe, eciu

nepBru4Hasg oOMoTka cogepxut 10000 BuTKoB. YeMy paBeH KIiJ 3TOro TpaHcpopmaropa.

MaHo: Pemenne:

k=10 3Has ko3 uumeHt Tpanchopmanuu Tpanchopmaropa k, HaliJleM YUCIIO BUTKOB BO

Ui = BTOprUYHON 00MOTKE N2 “k” Moka3bIBaeT, BO CKOJIBKO pa3 Halll MOHMKAIOIINN

120 B P 7, 1208

R2=1,20m 7 iy =— BTR

Jo =B5A TpaHCcQOpPMaTOp YMEHBIIAET HAPSKEHUE 2 1O k = =12B

N1=10 000 oM

U =7 [

N, = 2 Hanpspxkenue B 00MOTKax MpsiMO MPOMOPLUUOHAIBHO YUCITY BUTKOB B HUX — 2 2
2 =

RH =7 E

Kno ="? orkyna N2 = # (BUTKOB), Tak KaKk BTOpPHYHAs 0OMOTKA TPaHC(OPMATOPA HMEET

AU=2? comnpoTuBiieHne 00MOTKH Rz, To Ha BbIxoa Ry moiiaer HanpsbkeHue A U, U, =Up— &

U = Uz — J:Ry, tiie £ U — nazienue HanpskeHns u3-3a Ha R, IoTeph SHepruy Ha
JDKOYJIEBO TEILIO.
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AT

ITo 3akony Oma Jo= &, otkyna £U = JR2 =5A-1,20m = 6(B) U2' = (12— 6)B = 6(B)

R2 u RH coenuHeHBI OCAEA0BATEALHO, TO J2=JH

1o 3aKoHy OMa JUIsl y9acTKa ey COMPOTUBIICHUS RH:

U Uy, 63

J= ' =>py= 2 =54 = 12 (O

PaboTa Toka Ha 3a)KMMaxX BTOPUYHON OOMOTKHU Aon = Uy Jye
S, = /2

Ja o2 54
e k10

PaboTa Toka B mepBuuHOi 00MOTKEe As = Uy Jy e

KII/[] rpanchopmaTopa KI1/

II ' 0
%'IDD% =M.mg% =126—5'IUU% _ 100%

= 3 Uﬁ "JTI T,

= 50%

Bapuanr 1
1. ITo rpaduky 3aBUCHIMOCTH KOOPAMHATHI KOJIEOIIOIIErocs Tela OT BPEMEHH OIPEIeIINTe
nepuoa u aMIluIMTyay KojeOanuii Tena. 3aTeM BBEIUHUCINTE YaCTOTy U HUKIIMYCCKYIO 4aCTOTY

KOJIeOaHUiA.

2. Kak u3meHnTcst mepro]i KoedaHuid Mpy>KWHHOTO MasiTHUKA, €CIIH MacCy Teja YBEIUYUTCS B
9 paz?

3. EmKocTh KoHJeHcaTopa KolebaTenbHOTo KoHTypa paBHa 10 °®. Kaxoif momkHa GHITH
UHIYKTUBHOCTb KaTYILIKH, YTOOBI IEPHUO]] COOCTBEHHBIX KOJIeOaHUN B KOHTYpe ObLI paBeH 4 MKc?

4. TpancopmaTtop nossiinaer HampsikeHue ¢ 7B no 140 B. Yucno BUTKOB BO BTOPHUYHOM
obmoTke paBHo 5000. Haiinure uncio BUTKOB B IEPBUYHOI 0OMOTKe?

5. KonebGaTenbHbIi KOHTYP COCTOUT M3 KaTyHUIKH MHAYKTUBHOCTHIO 250 I'H m KOHAeHcaTopa
émkocteio 0,1 Mx®. Ammiuryna konebaHuil 3apsaa Ha oOkJaakax KoHjeHcaropa paBHa 50 MK

Hanumure ypaBaenue 3asucumoctu q(t), i(t) u U(t).
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Bapuaur — 2
1. TTo rpacduky 3aBHCUMOCTH KOOPAUHATHI KOJEOTIOMIETOCS Tela OT BPEMEHH OTIPEICIIUTE

nepuoa U aMIluIMTyay KoJIicOaHMI Tella. 3aTeM BBIYUCIUTE YaCTOTy U HUKIIMYCCKYIO 4aCTOTY

KOJIeOaHuiA.

2. Kak m3meHuTCs mepro1 KoJiebaHuii MaTeMaTHIECKOT0 MasITHHKA, €CJTH €T0 JUTHHY YMEHBIITUTh
B 4 paza?

3. Emxocts konpmeHcaTopa KonebaTenbHOro KoHTypa pasHa 10 nd. Kakoif nomkHa ObITH
WHAYKTUBHOCTh KaTYyIIKH, 9YTOOBI epruoi COOCTBEHHBIX Koyie0aHUi B KOHTYpe ObuT paBeH 1 Mkc?

4. Tpanchopmarop nossimaer Hanpspkerne ¢ 200B 1o 10 kB. Unucno BUTKOB BO BTOPHYHON
obmotke paBHo 5000. HaiimuTe 9rcio BUTKOB B IEPBUYHON 0OMOTKE?

5. KonebaTenbHbIi KOHTYpP COCTOMT M3 KAaTYIIKHM MHAYKTUBHOCTBbIO 16 I'H u xoHmeHcaTopa
émkocTthio 1 Mk®. Ammuutyna kosneOaHWil 3apsina Ha oOkiagkax KoHjeHcaTopa paBHa 20 MK
Hanwumure ypaBuenue 3asucumoct (1), i(t) u U(t).

Kpurtepun ouenuBanus:

OueHka 5 cTaBUTCS, €CIM y4dalllMecs BBINOJHUIN BEPHO S5 3aJauyM, BEPHO 3alUCalId yCIOBUE
3a/1a4M, MepeBenn BelnuuHbl B cuctemy CU, 3ammcanu Bce HEOOXOAUMBIE U JOCTATOYHBIE (DOPMYIIBI
JUISL pelieHusl 3aJadd, BEPHO TOJCTABHJIM YHCIICHHbIE 3HAYEHUs, BEPHO IPOBEIIM BBIYMCICHUS IO
dbopmysaM U BEpHO 3aIMCaId OTBET.

OueHka 4 cTaBUTCS, €CIM BEPHO M MOJIHOCTHIO MPABUIILHO PELIEHBI U 3allMCaHbl 4 3a7a4u, B 5
3a/1a4ye JAOMYIIEHbI OIUOKK TUO0 B 3alKCH JJaHO, MO0 Mpu nepeBoje eauHull B cucremy CU, nubo B
3anucu (OpPMYJT WIM BBIYUCIICHUSX.

Orenka 3 cTaBUTCS, €CITM BEPHO M MOJIHOCTHIO MPABUIILHO PEIlIeHA U 3amucana 3 3aj1aya, Bo 4 u
5 3aayax JOMYIIEHBI OMIMOKY MO0 B 3aMUCH JaHO, THOO MpH nepeBoae eaunui B cucremy CU, mubo
B 3anucy (OPMYIT WIH BHIYUCICHUSX.

OreHka 2 CTaBUTCSI, €CITM B KXKJIOM U3 5 3a71a4 OMYIIEHB! KaKue-Tru00 OmuOKH JIN0O0 B 3aITUCH

naHo, 1100 npu nepeBoje eauHuIl B cuctemy CH, nubo B 3amucu GopMys WK BEIYUCICHUSIX.
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IMpakTuyeckas padora Nel8 mo reme: 3aKoHbI OTPaXKEeHUA U MPEJOMJICHUS CBETa
I_[e.m,: YMCThb pelIaTh 3a4a4u Ha 3daKOH OTpaXCHUA W TMPCIIOMJICHUA CBCTA, CBA3BIBATH
[I0Ka3aTeNb MPEJIOMIIEHHSI CBETA CO CKOPOCTBIO PAaCIpPOCTPAaHEHUS B BEILECTBE, IOHMMATh MEXAaHU3M
pacrnpocTpaHeHHUs] CBeTa uepe3 AU(PPaKIMOHHYIO PEHIeTKY W YMETh ONpPENeNsTh JJIMHY CBETOBOU
BOJIHBI.

HOpﬂ)IOK BbIIIOJTHCHU A paﬁoTbI:

1. BuumarenbHO IpoYUTaTh TEOPETUUECKYIO YacTh U IJIaH PEIICHUs 3aa4
2. PaccMmoTpeTs npumMepsl peleHus 3aaa4
3. [Toy4nTh ¥ BBIIOJHUTH UHIMBUIyAJIbHBIC 3a/1aHMUSL.

TeopeTn'{ecm/lifl mMarepuaJ
3akon OoTpakeHust CBE€Ta
Hy‘l nanafoumﬁ, Iy OTpa)I(CHHBIﬁ " HNCPIICHAUKYIIAP, BOCCTAHOBJICHHBIM B TOYKE nnaacHus,

JIEKaT B OJTHOM IIJIOCKOCTH,; YI'OJI OTPaXCHUA PABCH YTy IAACHUA.

o_ «

I
I
I
I 1
I
|
I
I

I/ 77T TT77777

]

3aKkoH npeJIOMJICHUS CBeTa

Jly4 magaromuii, iyd npeJoMICHHBIA U MEPIeHIUKYIISAP, BOCCTAHOBICHHBIA B TOUKE MaJCHUS,
JeKaT B OJHOM TUIOCKOCTH; OTHOIIEHWE CHHYCAa yrila MaJieHus K CHHYCY yria MPeJOMIICHHS eCTh
BEITMYMHA TIOCTOSIHHAS M HA3bIBAETCS OTHOCUTEIBHBIM TIOKA3aTeNIeM MPEJIOMIICHUS BTOPOUM CpeIibl
OTHOCHUTEJIbHO TIEPBOMA:

SN &

sin B

®Ou3nuecKuil CMBICII OTHOCUTEILHOIO MOKa3aTelsl MMPECJIOMJICHUSA 3aKIH0YacTCd B TOM, YTO OH

Fya

paBeH OTHOILEHHIO CKOPOCTEN CBETa B TpaHMYAILMX Ccpelax (3KCIIepUMEHTAbHBIN (aKT):

7Y
Pia=—
Ly
Otcroga cnenyer, 4To
£ L
B=—H M,=—
U #y

JIun3a
JIuH3a npo3padHoe TeI0, OTPaHUYEHHOE ABYMS C(hepuIeCKUMH MTOBEPXHOCTSIMH.

dopmyiia TOHKOHN JTUH3BI

| |
D=—=—+—
i 5

e
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rae D - ontrueckast cunna (u3Mepsiercst B quonTpusix), F - dokycHnoe paccrosuue aun3sl, d uf -
pacCTOSHUS OT ONTHYECKOTO LEHTPa JIMH3BI J0 MpeaAMeTa U H300pakeHHsI COOTBETCTBEHHO.

JAuppakunoHHas pemerka

Jugdpakyuonnas pewemxa - dSKpaH ¢ TapajUICNbHBIMH  IIEISIMH  PAaBHOM  IIUPHUHBL,
pa3le/ieHHBIMUA OJMHAKOBBIMH HEMpPO3pavyHbIMU MpoMexyTkamu. [lepuos pemietku d - paccTosiHHe
MEXly CEpeAMHAMU COCEIHUX ILIEIEH.

MaxkcumyMmbl TU(PPaKIIMOHHON KaPTUHBI OT PEUIETKH JAI0TCS YCIOBUEM:

den =Kkl k=0+1,+2,

IIpumepsbl pemieHust 3aaa4
IIpumep Ne 1. Onpeaenure NoJ0KEHUE U300pAKCHHSI TIPEMETA, HAXOISAIICTOCS HA PACCTOSTHUH

15 cM oT cobuparorieit JIMH3bI C ONTUYECKON CUIION 5 AnTp.

A
- AN\
NI
d=015x [ SNASS
D= Sanmp I r
1
B £E B O F\
| d
f-7 | !
- -
N

®dokycHoe paccTosHue nuH3bl ' = 1/D = 1/5 = 0,2 m 6onble, yem pacctosHue d ot npeamera
JI0 JIMH3BI, MIOTOMY JIMH3a J1a€T MHHMOE, YBEJIWYCHHOE M MPSIMOE H300pakKeHUE ACHUCTBUTEIHLHOTO

npenmera. 13 popmysibl TOHKOM JTUH3BIL:
11 1

“F d f
3nak "-" mepen . oOycnoBien TeM, uTo H306pakenne MEAMoe. OTcIoa
d
S = 1+ Df
0,154

f= =36 10

1+ Sdmmp - 0,154

OTBeT: npeaMeT PacroioKeH Ha pacCTOSTHUU 8,6 CM OT JIUH3HI.

IIpumep Ne2.

N3o06paxkeHune mpeameTa B Tyne HAXOAUTCS Ha pacCTOSHUU 30 CM OT ONITHYECKOTO IIEHTPA JTYIIBL.
Ha xakom paccrossHum (B €M) HaXOAUTCS IPEAMET Mepe]T Yo, eciii ee POKYyCHOe pacCTOSIHUE PAaBHO
9 cm?

Hano:

f=30cmM=0,3Mm

F=9cm=0,09Mm
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Pemrenue:

[Tpumenum popmyy TOHKOH JIMH3BI

1 1 1

F o d f.
1

3HaK «MHHYC» Tepel f CTaBUM IMOTOMY, 4YTO H300paKeHHWE MpeaMeTa B JIylie MHHUMOC.
Beipakaewm d:
d.o

F-f  0.090.3
F+f 0.09+0.3

=007mMm=7cm

OtBeT: 7 cM.

Hpumep Ne 3.

CBer majaeT NepreHINKYIIPHO Ha TUGPAKITMOHHYIO PeIIeTKy. JIMHMS Kakoi JJIMHBI BOJHBI (B
HM) B CIIEKTPE YETBEPTOrO MOPSJIKA COBNAIACT C TMHUEH B CIIEKTPE TPETHETO MOPSAKA, UMEIOIIEH JUTUHY
BOJIHBI 560 HM?

Hano:

k1 =4

kz =3

“12: 560 am

Pemrenue:

Hcnonszyem dpopmyny nudpakiinoHHON pelieTKu

dsing = kA

ECJ’II/I JIMHHUHA B CHCKTan pa3Hor0 nopsmKa COBITaAAKOT, 3TO O3HAYACT, YTO AJISI HUX
@ = Py S, =5MP,

;‘|»1- ?

Taxum o6pazom, & SIN@; = KAy, dsing, = ky 4y ykidy = ky 4y

‘I':Z"FI'Z

2y =
i .
3-360

Ay = . = 420 HM
OtBeT 520 M.

IIpumep Ned.

Jlyud cBera majaeT U3 BO3[yXa Ha CTEKJSHHYIO TJIACTHHKY C IMOKa3arejaeM mpenomieHus 1,73.
Kakum nomkeH ObITh yron nageHus (B Tpagycax), YTOObI yroi npeoMiieHus ObLUT B Ba pa3a MEHbIIIE
yria najaeHus?

Hano:

n=173

- 218
Pemenne:
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sin @
[TpumeHsieM 3aKOH IpenoMiIeHHs: sin B u noacrasmsem & = 2B,

=2cosf

sin2f  2sin fcosf

sin sin 8
a9

»

—n—173—0866
cos,{?—z— 5 =0

IMonyuaem B = arccos 0,866 = 30°
a=28=2-30°=60°
Bapuanr 1

1. Cpena, B KOTOpOIii CKOPOCTH PACHIPOCTPAHEHHS CBETA MEHbIIIE, SIBJISETCS ONTUYECKH...

A. MeHee II0THOM. b. bonee rioTHOA.

2. B crekJie Jiy4 cBeTa majaeT Ha TPAHUIy MeXK1Y CTeKJI0M M Boaoil. Kak Oyaer HanpasiieHn
npejaoMisiionmiics jay4? U3o0pa3urs.

3. ¥Yroua npejsiomiieHue Oyaer...

A. Bceria paBeH yriTy TaJICHUS.

b. Bcerna Gosnblile yria najieHusI.

B. Bcerna MeHsblie yriia naJicHusl.

I'. bosplie WM MeHbIIE yIJia aJeHus, B 3aBUCUMOCTH OT ONTUYECKOMN IDTIOTHOCTH CPE/IbI.

4. Kakoii uu¢poii Ha 3TOM pHCYHKe 0003HAYeH YroJI MpeJIoMJIeHHus ?

Al
b.2.
B.3.
I'.4.

IL. 5.
E.6.

5. Kakue u3 nepeyuciieHHbIX HCTOYHHKOB CBETA SIBJISIIOTCHA €CTECTBEHHBIMHU:
1) Ky4OK-CBETJISUOK, 2) 3B€3/1a, 3) dKpaH AUCIUIes KoMIboTepa?

A. 1,2, 3. b. 1. B. 2. I.3. . 1,2, E. 1, 3. XK. 2,3.
6. CBeT B OIHOPOHOM NPO3PAYHOIi cpe/ie paCIPOCTPAHSIET ...

A. Tonpko B OTHOM HaIPABJICHHH.

b. Bo Bce cTOpOHBI 110 JTFOOBIM JIMHUSIM.

B. Bo Bce CTOPOHBI 110 JIOMAHBIM JIMHUSIM.

I'. Bo Bce CTOpOHBI MPSMOIMHENHO.
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7. Onpenesure 10 PUCYHKY, KAKas TOYKA JIesKUT HA TPaHUIle 00J1aCTH CBETA U TEHH.
Al
b.2.
B.3.

8. Kakoii U3 pCyHKOB WIJIIOCTPUPYET 3aKOH OTPaKeHUs cBeTa?

/7

Al b.2. B.3. I.4. . 5.
9. JIy4 cBeTa majgaer Ha 3ePKAJbHYI0 IOBEPXHOCTh M 0TPAaXkaeTcs. YIoJl OTPaKeHUsl paBeH
40°. KakoB yroJ nagenus?
A. 140°. b. 90°. B. 40°. I'. 130°. M. 50°. E. 20°.
Bapuanr 2
1. CxopocTh pacnpocTpaHeHHUs CBeTA...
A. bosblle B ONTHYECKH MEHEE IIJIOTHOM Cpezie.
b. Bo Bcex cpemax oguHakoBa.
B. MeHbl111€ B ONITUYECKH MEHEE IIOTHOU CPEIE.
2. U3 cTek.1a JIy4 cBeTa Na/iaeT Ha TPAHMILY MeXK1Y CTeKJIOM U BoJoii. Kakoii u3 pucyHkos

NPaBUJIBHO H300paskaeT X0/ JIyqeii?

A. 1. b. 2. B. 3. I'. 4. . 5.

3. ¥YroJ npesioMmienus Oyjer...

A. borbIie uiv MeHbIIIe yriia majeHus], B 3aBUCUMOCTH OT ONTUYECKOM IJIOTHOCTH CPEJIbI.
b. Beerna Gosnblite yria nageHusl.

B. Bcerna MeHbliie yriia najgeHus.

I'. Bcerna paBeH yriny nmajieHus.

4. Kakoii uugpoii Ha 3TOM pUCYHKe 0003HAYeH YroJI npejoMJieHus?
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Al
b. 2.
B. 3.

1. 5.
E.6.

5. Kakue 13 nepe4ucjaeHHbIX HCTOYHMKOB CBETA SBJIAIOTCH €CTECTBEHHBIMHU:
1) )Ky4OK-CBETJISUOK, 2) 3B€3/1a, 3) 3KpaH IUCIUIes KOMIIbIoTepa?

A 1,2,3. b. 1. B.2. I.3. 1,2, E. 1,3. XK. 2,3.

6. CBeT B OIHOPO/IHOM NMPO3PAYHOI cpe/ie PACIIPOCTPAHSICTCS...

A. TonbKO B OIHOM HaIPABJICHUH.

b. Bo Bce cTOpOHBI 110 JTFOOBIM JIHUSIM.

B. Bo Bce cTOpOHBI 1O JIOMAHBIM JIMHUSIM.

I'. Bo Bce CTOpOHBI IPSMOJTMHEHHO.

7. Onpenesnre M0 PUCYHKY, KAKas TOYKA JIeKUT HA IPaHULe 00J1aCTH CBeTA U TCHM.
Al

b.2.

B.3.

8. Kakoii U3 pMCYHKOB HJLIIOCTPUPYET 3aKOH OTpaKeHHus cBeTra?

Al b. 2. B. 3. I.4. J. 5.

9. JIyu cBeTa najiaet Ha 3epKAJbHYI0O IOBEPXHOCTH U OTPAKAETCHA. YT0JI OTPaKEeHUs PaBeH
40°. KakoB yroJs nagenus?

A. 140°. b. 90°. B. 40°. I'. 130°. . 50°. E. 20°.
Bapmnanr 3

1. Jlanbl TpH MNPO3PAUYHBIX Cpelbl: CTeKJI0, BO3AyX M Bojaa. CpaBHHMTE CKOPOCTH
pacnpocTpaHeHHus CBeTa B ITHX Cpelax.

A. Bo Bcex cpeax CKOpOCTb OJIMHAKOBA.

b. B crekie ckopocTh camasi 0obIIas.

B. B Bo3nyxe ckopocTh camasi GosibIasi.
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I'. B Bozie ckopocTb camas OoJsbIasi.
2. B Boae s1y4 cBeTa majaaeTr Ha IPaHULy Mexxay Boaoil m crekJoMm. Kak Oyaer
HanpasJieH npejomisiomuiics jgay4? U3o0pa3urs.
3. JIyu cBeTa, HANIPABJIEHHbIN NMEPNEHIUKYJISIPHO TPaHUIIE pa3/lesa ABYX cpe] ...
A. Tlpenomtsercst o yriom 90°.
b. Ipenomnsercs oz yriom 45°.
B. IIpoxomr, He IPEIOMILIACS.
4, Kakoii uu(poii Ha 3TOM pUCYHKe 0003HAYEH YIoJI peioMJIeHus ?
Al
b. 2.
B. 3.
I.4.

I 5.
E.6.

I
!
!
|
|

|
|
|
1

5. Kakue u3 nepeyucjaeHHbIX HCTOYHUKOB CBeTA SABJAIOTCH UCKYCCTBEHHBIMH:
1) mossipHOE cusiHKeE, 2) AICKTPUICCKas JaMIla HaKaJIuBaHus, 3) KocTep?

A.1,2,3. b. 1 B. 2. r.3. a.1,2. E.1,3. XK 23.

6. ITosryTenb Ha IKpaHe MMOJIY4YaIOT, KOTAA...

A. Pa3mep ucTOYHMKA CBETa MHOTO MEHBIIIE PACCTOSTHUS OT HCTOYHHUKA JI0 KpaHa.
b. Pa3mep uctoyHmKa CBETa CpaBHUM C PACCTOSIHUEM OT MCTOYHHUKA JI0 SKpaHa.

7. Onpeaenure M0 PUCYHKY, KaKasi TOUYKA JIEKUT B 00J1aCTH TEHH.

A. 1.

b. 2.

B. 3.

8. Kakoii n3 prCcyHKOB HJIJIIOCTPUPYET 3aKOH OTPa:KeHusi cBera’?

N

N
N
N
N

N

e -

N

Al b. 2. B. 3. I'. 4. a.5.

9. Kakue yrjbl Ha pUCyHKe M300paKaloT yroJi majeHusi U yroJ OTpaskeHus?

A. 1 — yron nagenus, 2 — yroiu OTpaKeHusl.
b. 1 — yron magenus, 3 — yroJyi OTpaxeHus.

B. 1 — yron nagenus, 4 — yroJi oTpaxeHus.
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I'. 1 — yron maagenus, S — yroi oTpaxeHusl.

. 1 — yron nagenus, 6 — yroia oTpakeHusl.
E. 2 — yron napenusi, 3 — yroma oTpaxeHusl.
K. 2 — yron nagenusi, 4 — yroj oTpakeHus.

3.2 — yroy majsieHus, 5 — yroJyl OTpaKE€HUs.

. 2 — yron naznenus, 6 — yroiy oTpaxeHHUsl.
IIpakTnueckas padora Nel9 no reme: M300pakeHust 1aBaemMoe JINH30i

JInH3a - onTHYeCcKn IIpO3pavYHOC TCIO, OrPaHUYCHHOC IBYMA C(l)CpI/I‘ICCKI/IMI/I IMOBEPXHOCTAMM.

Paznuuaror nBa BUja JIMH3.
1/ 2| 3
# . Beinykiieie u Boruytsie.
# P JIBosikoBbImyKJbIe (1)
[TnockoBbImyKIIBIE (2)

O003HaUEHUS B JIMH3E.

‘&-.&-

Bornyro-Bbinykisle (3)
JIBosikOBOTHYTHIE (4)

[TnockoBoruyTsie (5)

Brinmykio-Boruyteie (6)

o

O = Onrawvackui
UBKIp
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A Ecnu Ha nuH3Yy HampaBuTh MYYOK MapajiiebHBIX

Jy4el, TO MOCIe MPETOMIIEHHS JIyYH IEPEeceKyT ONTHUECKYIO

—r OCb B OJIHOM TOYKe. DTa TOYKA HA3bIBAETCS (DOKYCOM JIHMH3HI.

_"F-— F V ka0 1MH3bI ABa POKycCa- 10 OHOMY C KaX/10H CTOPOHBI.

¢ PaccrossHue oT smH3BI 10 ee (oKyca Ha3bIBAKOT
e (OKYCHBIM paccTOsTHHEM U 0003Ha4Yat0T OYKBOii F.

s Beimyknas amH3a coOupaeT Jy4yHd, UWAYIIUE OT

v UCTOYHMKA, TI0TOMY  BBINyKJas JIMH3a  Ha3bIBaeTCs

coOMparoIIei.

[Tyctum mapajuienbHbIi My4OK Jy4deid Ha BOTHYTYIO

JIMH3Y U YBUJUM, YTO JTIYYH BBIAYT U3 JIMH3bI PACXOAAIIUMCS

nydykoMm. Eciam Takod myd4ok Jyded momajner B Iuiasa, To

Ha6J'IIO,I[aTCJ'IIO 6y,[[eT Ka3aTbCsi, 4YTO OHH BBIIIJINW U3 TOYKHU F.

OTa TOYKa HAa3bIBACTCI — MHUMBIM (I)OKYCOM.

Takyro JIMH3Y Ha3BIBAIOT PACCEBAIOIICH.

Onruueckas cuia JUH3HL.

. D10 Benu4nHa, oOpaTHas ee POKYCHOMY PaCCTOSHHIO.

PaccuuTsiBaercs o popmyie:

D=1/F.

3a eIMHUITY ONTUYECKOM CHIIBI IPUHSTA Ouonmpus (ANTP).

1 nuonTpus — 3TO ONTUYECKAs CHJIA JIMH3BL, (POKYCHOE pacCTOSHUE KOTOPOM paBHO 1 M.

ITocTpoenne n300pa>keHus B JIMH3E:

Jlyu, majaronuii Ha JMH3Y NApaUIEIBbHO ONTHYECKON OCH, MOCJE NMPEJIOMIIEHUS UAET 4Yepes3
boKyC JTUH3BI.

- JIy4, mpoxoasmuil uepe3 ONTUYECKUN LEHTP JIMH3bI HE NPEIOMIIAETCS.

- .Hy"{, mpoxoad 4epe3 (I)OKyC JIMH3BI TOCJIC MPCIIOMIICHUA UACT MapalJICJIIbHO OITHYECKOI OCH.
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Ecmu nmpenMer HaxoauTes B (hOKyce, TO N300paKEHUS HET.

Ecmu mpeaMer HaxomuTcs B ABOWHOM (hOKyce, TO M300paKEHHE MOTYYUTCs ACHCTBUTEIBHOE,
paBHOE, TIEPEBEPHYTOE.

A

’_

B B,
2F

zi ¢
5|
)
e

v

Ecnm mpenMer HaxonuTces MexXy POKycoM U JBOHHBIM (POKYCOM, TO H300paKeHNE

HeﬁCTBHTCHBHOC, NEPCBCPHYTOC, YBCIIUUCHHOC.
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Ecnu nmpenMer HaxoauTcs Mexay GOKYyCOM M ONTHYECKUM LIEHTPOM, TO N300paKeHre MHUMOE,

psIMOE, YBEJTMUYEHHOE.

N
Byl
' \\\'\
: \\\\
i NS
) \\\ \\\
: .
~
] \\
s \
d A
|
|
F B F

IlocTpoenue B paccenBaroIIel JIMH3E:

PaCCGI/IBaIOHlaH JIMH3a JAa€T YMEeHbUleHHOoe, MHUMOoe, npsamoe 1/1306pa>1<eHI/1e, KOTOPOC HAXOAUTCHA
IO Ty K€ CTOPOHY OT JIMH3bI, YTO U NPCIAMCT. OHO HE 3aBUCHT OT IIOJI0KCHHS npeaMeTa OTHOCUTCIIBHO
JINH3HEI.

1BapuanT.
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1.0OnTrueckas cuna ma3el D=4 nntp. Yemy paBHO GoKycHOE paccTostHuE 3ToM nuH3bI? Kakas
3TO JIMH3a?

2.Ha mmockoe 3epkaiio majaet Jiyd CBeTa o1 yriiom 25 rpaaycoB. [Tog kakum yriiom OyaeT uatu
OTpa)XE€HHBIN JTy4, €CJIU 3epKajio NoBepHyTh Ha 10 rpaaycoB?

3. IlocTpouTh U300pakeHue MpeAMeTa B COOMparoLIei TMH3E U yKa3aTh €ro 0COOCHHOCTH, €CIIN
peIMeT HaXOAUTCS MEXTY POKYCOM M JTBOMHBIM (DOKYCOM JIMH3HIL.
2 BapuaHr.

1. Onpenenute POKyCHOE pacCTOSIHUE JMH3BI, UMEIoIel onTuyeckyto cwmry D=-2 nnrp. Kakas
3TO JINH3a?

2.Yron najeHus Jiydya Ha IIockoe 3epkaio yBenuuuiu ot 30 no 45 rpagycos. Kak usmenurcs
YTOJ MEX1Y NaJar0lUM U OTPAXKEHHBIM JIydamu?

3. IlocTpouTh U300pakeHUE NMpeAMETa B COOMpAIOIIEH JTMH3E U yKa3aTh €r0 0COOCHHOCTH, €CIIN
peIMeT HaXOAUTCS 33 JBOMHBIM (POKYCOM JTMH3HI.

Karoun:

1 Bapuant: 1. 25 cm, cobuparomiast. 2. 15 umu 35 rpagycoB. 3.cM. mocTpoeHHe n300pakeHUi B
JMH3aX

2 papuanT: 1. 50 cM, pacceuBaromas. 2.yBenuuutcsa Ha 30 rpaaycoB. 3.CM. MOCTpOCHHE
M300pakKeHUI B JIMH3aX

Kpurtepun ouennBanus:

OnenHka 5 cTaBUTCS, €CITU Y4allMecs: BBIOJHUIN BEPHO 3 3a7aui, BEPHO BBITOJIHUIN YEPTEK,
yKa3zanu Ha 4YepTexke YIJIbl MaJeHUs W OTPAKEHHUs, 3allMCald Bce HEOOXOIMMBIE U JOCTATOYHBIC
(bopMyIIBI JTs pellIeHus 3a/1a4H, BEPHO MOICTABUIIN YUCIICHHBIC 3HAYSHUS, BEPHO MTPOBEITH BEIYUCIICHUS
1o ¢popMysiaM ¥ BEPHO 3aMKHCAIA OTBET.

OueHka 4 cTaBUTCS, €CIIU BEPHO M MOJHOCTHIO MPABUIIbHO PEUIEHBI U 3alIMCaHbl 2 3a7a4u, B 3
3a/1a4ye JOMYIIEHbI OMTMOKHU 100 B 3aMKCH JaHO, JIUOO MPHU MOCTPOSHHUH, THO0 B 3amucu (GopMyn wiu
BBIYHCIICHUSIX.

Orenka 3 cTaBUTCSI, €CITM BEPHO M TOJHOCTHIO MPABUIILHO PEIlIeHa U 3amucana | 3aiada, Bo 2 1
3 3a/1auax IOMYIIEHBI OMKUOKH TUOO B 3aMKCH IaHO, TUOO B MOCTPOEHUH, TNO0 B 3anUCH (HOPMYI UITH
BBIUMCIICHUSIX.

OreHka 2 CTaBUTCS, €CITM B KXKI0M U3 3 3a7a4 OMYIICHBI KaKue-Tru00 omuOKH JIN0O0 B 3aIUCH

JaHo, MO0 B MOCTPOEHUH, MO0 B 3aTUCH (POPMYJT MIIU BHIYUCIICHUSIX.

IIpakTnueckas padora Ne20 mo reme: JInH3bI

JIuH3a - ONTHYECKU MTPO3pAvYHOE TEJI0, OTPAHUUYEHHOE JBYMsSI CPepUIeCKUMU TOBEPXHOCTSIMHU.
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O0o03HaveHus B JUH3E.
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Pa3znnuarot gBa BUIa JuH3.

Boinykisie u Boruyteie.

"&.&'&_

JIBosikoBbInyKIbie (1)
[TnockoBbIyKIIBIC (2)
Bornyto-Beimykisie (3)
# JIBOsIKOBOTHYTHIE (4)

[TnockoBoruyTtsie (5)

"Q

L Brinykiio-BoruyTsie (6)

Gob 'F

0 = Onravackui
LENID

Ecnn Ha nuH3y HampaBuTh IYYOK HapajuIeIbHBIX
Jy4el, TO MocIie NPeIoMIICHHS JIyYH IepeceKyT ONTHUECKYIO
OCb B OJJTHOM TOYKE. DTa TOYKA Ha3bIBaeTcs (POKYCOM JIMH3HI.
VY kaxxa0# JMH3BI Ba (POKyca- 0 OAHOMY € Ka)KJ0H CTOPOHBI.

PaccrossHne oT nMH3BI 710 ee (oKyca Ha3bIBAIOT
(OKYCHBIM paccTOsSTHUEM U 0003Ha4ar0T OykBOii F.

Boinykiias nuH3a  coOupaer Jy4H, HWIyUIHMEe OT
UCTOYHUKA, IO3TOMY BBINYKJIasg JIMH3a  Ha3bIBAETCS

coOuparomien.
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Ilyctum mnapajulenbHBIM IMIy4OK JIy4ed Ha BOTHYTYIO

JIMH3Y WU YBUAWUM, YTO JYYU BBIAYT U3 JIMH3BI PACXOAAIIUMCIA

nyykoM. Eciu Takoll mydok Jyded mnomajer B IJia3a, TO

Ha6J'II-OI[aTCJ'IIO 6y,Z[CT Ka3aTbCs, 4YTO OHH BBIIIJIM M3 TOYKHU F.

DTa TOYKa Ha3bIBACTCSI — MHUMBIM (DOKYCOM.

Takyro I1MH3y Ha3bIBAIOT PACCEBAIOLIEH.

OnTryeckas cuia JIMH3bL.

. 9TO BEJIMYMHA, 00paTHas ee POKYCHOMY pacCTOSIHHIO.

PaccuuTtsiBaercs o gopmyie:

D=1/F.

3a eqUHUILYy ONITUYECKOM CUJIBI IPUHSATA Ouonmpus (INTP).

1 nronTpus — 3TO ONTHYECKAasl CUJIa JIMH3BI, (POKYCHOE PacCTOSTHUE KOTOPOH paBHO 1 M.

IToctpoenue n300pa>keHust B JIMH3E:

Jly4, najaronuii Ha JUH3Y HapajUlebHO ONTHYECKOM OCH, MOCie MpEelIoMIICHHUs HUIET depe3
(boKycC ITUH3HI.

- JIy4, mpoxoasimuii uepe3 ONTUYECKUN LEHTP JIMH3bI HE ITPEJIOMIIAETCS.

- .Hy‘l, MMpOXOJs 4epe3 Q)OKYC JIMH3BI ITOCJIC ITPCIOMIICHUA UACT IMapalJICIIbHO OITHYECKOH OCH.

Eciu npeaAMET HAXOOUTCS B (I)OKYCC, TO 1/1306pa>1<eH1/1$1 HCT.
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Ecnu nmpeamer HaxomuTcs B ABOWHOM (hOKyce, TO M300paKeHHE MOMYIHUTCs ACHCTBUTEIBHOE,
paBHOE, IEPEBEPHYTOE.

A

r

B B,
2F F F 2F

v

Ecimm mpenMer HaxomuTcs MeXay (GOKYcoOM | JIBOMHBIM (DOKYCOM, TO H300paKCHHE

HeﬁCTBHTCHBHOG, NEPCBCPHYTOC, YBCIIMUCHHOC.

A

g

—
p—
-

v

Eciu NpeaAMET HAXOOUTCA MCKIY (I)OKYCOM " ONITUYCCKHUM LCHTPOM, TO I/I306pa)KCHI/Ie MHHMOC,

npsiMO€, YBETTMUEHHOE.
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IlocTpoenue B paccenBaroIIel JIMH3E:

PaCCCI/IBaIOH_Iaﬂ JIMH3a JACT YMEeHbULEHHOE, MHUMOE, npimoe I/I306pa)KeHI/Ie, KOTOPOC HAXOOUTCHH
IO Ty K€ CTOPOHY OT JIMH3bI, YTO U NPCIAMCT. OHO He 3aBUCHUT OT MOJIOKCHUS npeaMeTa OTHOCUTECIIBHO

JIMH3HI.

Bapuanr 1.
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1.JIyu cBeTa majaet Ha IIIOCKOMAPaUIENIbHYIO CTEKISTHHYIO IJIACTUHKY Mo yriioM 60 rpaaycoB.
KaxoBa TosnmuHa niacTUHKY, €CIH MPU BBIXOJIE U3 Hee Tyd cMecTuiics Ha 20 Mm?

2. Kakoe yBenmu4eHHE MOXXHO IIOJIYYUTh NMPHU TOMOIIH MPOCKIIMOHHOTO (oHAps, 0OBEKTUB
KOTOpOro mMeeT riaBHoe (pokycHoe pacctosHue 40 cM, eciau paccTosiHue OT OOBEKTHBA J0 dKpaHa
paBHo 10 M?

3.PazHoCcTh XOJa Jiydeil NBYX KOT€PEHTHBIX HMCTOYHUKOB CBeTa C JJIMHON BoJIHBI 600 HM,
CXOJISIIMXCS B HEKOTOPOH TOYKe, paBHA 1,5 MkM. Ycuienue win ocnabienue Oyaer HaOI0IaThCsS B

3TOH TOUKE?

Bapuanr 1.

1.Ha nmnockomnapaiienbHyto IUIACTUHKY ToiamuHoM 10 cM magaer ayu cBeta moj yrioMm 40
rpaaycoB. [Ipoxons yepes muacTUHKY, OH cMmemiaercs Ha 3 cMm. OnpeaenuTe noka3aTesb MPEIOMICHUS
BEIIIECTBA IJIACTHHKHU.

2. Onpenenute riaBHOE (HOKYCHOE PACCTOSHUE PACCEHBAOLICH JMH3BI, €CIM HW3BECTHO, YTO
n300pakeHue MpeaMeTa, MOMEIIEHHOTO Tepel Heil Ha paccTosHUN S0CM, OTy4nIOCh YMEHBIIEHHBIM
B 5 pas.

3. B HEKOTOpYIO TOUKY MPOCTPAHCTBA MPUXOJIAT KOTEPEHTHBIC JIyUH, UIMHA BOJIHBI KOTOPHIX B
Bakyyme paBHa 700 M. PasHocTh X012 Jtydeii paBHa 3,5 MkM. OmipeienTe, yCUIeHUE WiIH 0CJIa0JICHHe
JTydel OyneT HaOIMIOIaThCs B 9TON TOUKE.

OTtBernbI:

1 BapuanT: 1.39 mm. 2. 24. 3. ocnabnenue. 2 Bapuant: 1.1,6. 2. 12,5 cMm. 3. ycunenue.

Kpurtepun ouenuBanus:

OueHka 5 cTaBUTCS, €CIM y4YalllMecs BBIIOJHUIN BEPHO 3 3aJauyM, BEPHO 3alUCalId yCIOBUE
3a/la4¥, BEpHO BBIMOJIHUIU YEPTEXK, 3alucail BCe HEOOXOAMMBIE M JOCTAaTOYHBbIE (HOPMYINBI IS
pelieHus 3a1a4u, BEpHO MOICTaBIIIM YUCIICHHBIE 3HAYSHUSI, BEPHO MPOBETHN BHIYUCICHHS 110 (popMyiam
Y BEPHO 3aIMCau OTBET.

OueHka 4 cTaBUTCS, €CIIU BEPHO M MOJHOCTHIO MPABUIIbHO PEUIEHBI U 3alIMCaHbl 2 3a7a4u, B 3
3a/1a4ye JOMYIIEeHbl OMMOKK MO0 B 3alKCHU JaHO, JHOO MPH BHINOJHEHUH YepTeka, TUOO0 B 3aUCH
GbOopMyJT WIIH BBIYUCIICHUSX.

Ouenka 3 cTaBUTCS, €CIIA BEPHO U MOJIHOCTBIO MPABUIILHO PEIIEHA U 3anucaHa 1 3agava, Bo 2 U
3 3agauax AOMYIIEHBI OMUOKK JTUO0 B 3aMUCH JaHO, TUOO MPH BHIMOJIHEHUH YepTeka, 00 B 3alTUCH
dbopMyIT WM BEIYUCTICHUSX.

OreHka 2 cTaBUTCSI, €CITM B KXXJI0M U3 3 3a/1a4 NOMYIIEHBI KaKue-Ti00 OmMUOKH JIN0O0 B 3aIUCH

JaHo, 00 ITIPpU BBIITOJHCHHUH YCPTEIKA, JIHOO B 3aITHCH (bOpMy.H WNJIN BBIYUCIICHUAX.
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IpakTuyeckasi padora Ne21 no Teme: 3aKOHbI OTPAYKEHUS U MPEJIOMJIEHUS CBETA
3akonvl ompasicenusn ceema.
Ilepswiu 3axon ompadsicenus. 1y4u, TAJAOMIMN U OTPaXKEHHBIH, JIeXKaT B OJHOM MJIIOCKOCTH €
NEePHEHANKYIISIPOM K OTpakarolieil MOBEPXHOCTH, BOCCTAHOBIICHHBIM B TOUKE MAJCHUS JTyyYa.
Bmopoii 3axon ompaxcenua: yroia najeHusi paBeH yri1y OTpakeHus (CM. puc. §).

0. — YroJ najieHus, f — yroj OTpaKeHusl.

NEPNEeHIAUKYIISAP
K ITOBEPXHOCTH

naJalomuH ayy OTPAKEHHBIH JIYY

oTpaxkalonas
[OBEPXHOCTb

Puc. 8.

3akonuvl npenomnenun céema. Ilokazamensv npenomnenus.
Ilepegviii 3axon npenomnenus: NaJarOINN JIyd, IPEIOMIEHHBIN Tyd U IEPIEHIUKYIIAD,

BOCCTAHOBJICHHBIM B TOUKE IMaJICHUS K TPAHUIIE pa3fiena, JeXaT B OJJHOHM TNIOCKOCTH (cM. puc. 9).

NepreHMKyIsIp
K rpaHHLe pasjena

najalounuii nyy

rpaHHLa pasjena
ABYX cpel

NPeJOMIEHHBIH TyY

Puc. 9.

Bmopoit 3axon npenomnenua: OTHOUIEHUE CUHYCA yIIla MAJEHUS K CUHYCY YIJla IIPEIOMIICHUS

€CTb BCJIIMYMHA IMOCTOSAHHAA OJId AIBYX JAHHBIX CPE U Ha3bIBacMasd OTHOCUTCIIbHBIM IMOKa3aTCIIEM
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MPEJIOMIJIEHUS BTOPOU Cpelbl OTHOCUTEIBLHO NIEPBOM.

sin o

— = .
sin 3
OTHOCHTEJIbHBIH MMOKa3aTelb MPEIOMIICHHS TOKa3bIBAET, BO CKOJIBKO pa3 CKOPOCTh CBETA B

HIEPBOM CpeJie OTIMYACTCS OT CKOPOCTH CBETa BO BTOPOIA Cpejie:

I = ==

(A5
(0]

Ilonnoe ompasicenue.

Ecnu cBeT nepexoauT U3 onTudecku 0oJiee INIOTHON Cpeibl B ONTUYECKU MEHEE IIOTHYIO, TO
IIPY BBITIOJIHEHUH YCIOBUS 0L > 0lo, TI€ 0lo — MPEIENbHBIN yrojl MOJIHOTO OTPaKEHUs, CBET BOOOIIIE HE
BBIIZIET BO BTOPYIO cpeny. OH MOJHOCTBIO OTPA3UTCs OT TPaHMLIbl pa3jiesia U OCTAHETCS B IEPBOM
cpene. IIpu 3TOM 3aKOH OTpaXkKeHHUs CBETA JAET CIEAYIOLIEe COOTHOLICHUE:

sin g = —.
n

Bapuanr 1

1. [Tokaxkute Ha YepTeke YIUIbI MajeHus U oTpaxkeHus cpera. ChopMynupyiTe 3aKoH
OTpaXKEHUsI CBETA.

2. Jlyu cBeta majaet Ha TIOCKOE 3epkaio o yriioM 40° K ero moBepxHoctu. Yemy paBeH
yroJI OTpaKeHUs?

3. Jlyd cBeTa majaeT Ha IUIOCKOE 3epKasio. Bo ckobko pa3 yroia Mexxay maJaroiuM JIy4oM
Y OTPa’KEHHBIM OOJIbLIE yTiIa MaieHus?

4, VYron najieHus Ha 3epKaJbHYIO MMOBEPXHOCTH 15°. UeMy paBeH yroj MeXy IaJatoiiuM
JY4OM U MOBEPXHOCTHIO?

5. Kak n3meHuTCs yroin Mexay MaJaroliiM Ha 3epKaJbHYI0 MOBEPXHOCTh U OTPAKEHHBIM

Jy4aMH NpU YMEHBUIEHUH yTjia najieHus Ha 5°7

6. Ilouemy B TeMHOH KOMHAaTe BHUJHBI TOJIBKO TE€ MPEIMEThI, Ha KOTOPHIE B JJAHHBI MOMEHT
HampaBlieH CBEeT poHapuka?

7. JIyud cBera majgaeT Ha 3epKajo Moj yriioM 35° K €ro NoBepXHOCTU. UeMy paBeH yros Mexay
MaJIaloNUM U OTpax€HHbIM JTydamu? UeMy paBeH yrod otpaxxkeHus? Crenante 4epTex.

8. JIyuu ot ConHita 00pa3yroT ¢ ropu3oHTOM yroi 24°. Kak, ucnonb3ys 3epkajio, HalmpaBUTh X
napajuieabHO JIMHUU TOPU30HTA?

9. SIBnsercs mu OTPaXXCHUC CBCTA OT KHHO3KpAaHAa 3CPKaJIbHBIM HUJIN paCCGSIHHBIM?
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10. Kak Ha/1o pacroiokuTh TIOCKOE 3€pKaJio, YTOOBI HK3MEHHUTH HAIIPaBJICHUE COTHEYHOTO JTyda
Ha TOPU30HTAIBLHOE, €CIIH JIYY, POXO0/I CKBO3b MAJIOE OTBEPCTHUE B CTaBHE, 00pa3yeT C TOPHU3OHTAIBLHOM

IIOBEPXHOCTHIO cTOoJIa yroia 50°7

Bapuanr 2

1. [Toxaxkute Ha yepTeke YIUIbI MajeHus U oTpaxkeHus cpera. ChopMynupyiTe 3aKoH
OTpPaKCHHSI CBETA.

2. VYroi oTpaxkeHust CBETOBOTO Jiyda cocTaBuil 45°, ueMy ObLI paBeH YroJi ero najaeHus?

3. Bricora ComnHIa Haj ropu3oHToM paBHa 36 °. HaiiTi yron oTpaskeHus COTHEUHBIX JTydeit
OT BEPTUKAJIbHBIX OKOHHBIX CTEKOJ.

4, Jlyu cBeta magaet Ha miockoe 3epkaio noa yriiom 30° k ero nmoepxHoctu. Kakos yron
MEXTy MMaIAl0IUM JIY9OM U OTPaKEHHBIM?

5. JIyd cBeTa magaeT Ha macTHHKY 1oz yriaom 18 0k nmepnenaukynapy. Haiitu B rpamycax

YroJI MEX/Y MBICJICHHBIM MPOIODKEHHEM MAIAfOIIEro Jyda U OTPAXKEHHBIM JIYIOM.

6. HO‘-ICMy B TEMHOH KOMHATE BUJHBI TOJIBKO TC NPCAMETHI, HA KOTOPLIC B IIaHHI:Iﬁ MOMCHT
HanpaBJieH cBeT (poHapuka?

7. JIyu cBeTa majaet Ha 3epKajio Mmoj yrioM 35° K ero moBepxHOCTH. UeMy paBeH yroy MexIy
HaJaroIUM U OTPaKEHHBIM Jiydamu? YeMy paBeH yroi oTpakeHus?

8. Ilyyok mapauieabHBIX JIyded HJIET W3 MPOCKIMOHHOTO arapara B TOPH30HTAIbHOM
HanpaBieHUU. Kak Hajgo pachoioXuTh IUIOCKOE 3epKajio, 4TOOBI MOCIE OTPAXKCHUS MYYOK MIe
BepTHKaIbHO? Crenaiite uepTek U 00ObSICHUTE OTBET.

9. IloyeMy, HaXO/ICh B KOMHATE, TPYAHO YBUJIETh JIHEM CBOE OTPAKCHUE B OKOHHOM CTEKJIe?

10. TpeOyeTcss OCBETHUTh JHO KOJIOJIA, HANPABHB Ha HEro COJHEYHbIe nyud. Kak Hamo

PaCIIOIOKUTH TIIIOCKOE 3epKaio, eciu Jiyan CoJIHIIA MaaloT K 36MHOU MTOBEPXHOCTHU MO yTiiom 60°7?

Bapuanr 3

1. [Tokaxkute Ha uepTexe Yribl MajgeHus U orpaxkeHus cpera. Chopmynupyiite 3aKoH
OTpaXeHUsI CBETA.

2. Uemy paBeH yrous najieHus Jiyua Ha IJIOCKO€ 3€pKajlo, €CJId yroJl oTpakeHust paBeH 40°7

3. VYron nazeHus ngyda Ha oTpaxarmoulyto mnoBepxHocTb 80°. ITokaxkute 3TOT yrosn Ha
yepTexke; U300pa3uTe Ha HeM OTPaKEHHBIH JIyy.

4, JIyd cBeTa nmajiaet Ha MIIOCKOE 3€PKAI0. YTOJI MEXKy MATAt0IIMUM U OTPAXKEHHBIM JTy4aMHu
paBeH 90°. UeMy paBeH yrona najaeHus?

5. Vron majieHus dyda Ha Iockoe 3epkano ysemuunnu ot 30° 1o 45°. Kak nsmenutcs yron

MEXY MaJA0IIUM U OTPAXKEHHBIM JTy4oM?
6. [Touemy okHa TOMOB JHEM BcCerAa KaxyTcsl 0ojee TEeMHBIMH, Y€M CTEHBI JIOMa, JaXKe €CIln

CTEHBI OKpPAILEHbI B TEMHBIN LIBET?
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7. JIyd cBeTa majaeT Ha 3epKajio nepneHauKyasapHo. Ha kakol yron OTKJIOHUTCS OTpaKE€HHbBIN
Jy4 OT MAaJIaloIIero, €Clid 3epKajio MOBEPHYTh Ha yroi 16°7

8. Ilouemy B cBeTe ap aBTOMOOUIIS JIy’Ka HA ac(alibTe KaKETCsI BOJUTEII0 TEMHBIM MATHOM?

9. Yron Mex 1y maaoiuM 1 oTpakeHHbIMH Jiydamu 40°. Kakum OyaeT yros oTpakeHus, €Cliu
yroJi najieHust ygeauuurcest Ha 10°?

10. ConHeuHble JOy4d COCTaBIAIOT ¢ NoBepxHOCThIO 3emiu yron 40°. Ilox kakum yriiom K
TOPHU30HTY CJIEIYET PACIIOIOKUTh IUIOCKOE 3epKajlo, YTOObI H3MEHUTH HAIIPABJICHUE JTy4a BHYTPb Y3KOH

TPYOBI, BPBITOI BEPTUKAIHHO B MECOK?

Bapuanr 4

1. [TokaxxuTe Ha YEepTEKE YIIIBI MafeHUs U oTpakeHus cera. ChopMynupyiTe 3aKOH
OTpaXKEHUsI CBETA.

2. Jlyy cBera majmaeT Ha IUIOCKOE 3epKano moj yrioM 30° oT mepneHAMKYIspa K ero
MOBEPXHOCTU. YeMy paBeH yroi oTpakeHus?

3. VYroa Mexay najaroliuM JIydoM M IUIOCKUM 3€pKajoM PaBeH YUy MEXIY MaJaloluM
Jy4oM U oTpakeHHbIM. KakoB yron nanenus?

4. Yemy paBeH yroia maJieHHs JIyda Ha IJIOCKOE 3€pKallo, €CIM Yrojl MEXAY MaJaloluuM
Jy4OM M OTpa)X€HHBbIM paBeH 60°?

S. VYron Mexay nagaroluM U oTpaxeHHbIMU tydamu 20°. KakuMm Oyaet yroa orpakeHus,

€CJIM YTOJI TAJICHUs yBEIUUUTCS Ha 5°7

6. OTpakeHHBIN OT IJIaJKOW MOBEPXHOCTH INpeIMeTa IMy4YOK CBETa BCEr/a MEHee SPOK, YeM
nagaromui. [Touemy?

7. Yron mMexay MagalolluM U OTpaKeHHBIM JydamMu coctaBisger 50°. Ilox kakum yriiom K
3epKaly MmajgaeT CBET?

8. CpaBesIuB JIM 3aKOH OTPa)KEHUsI CBETA B Ciydae MaJIeHUs CBeTa Ha JHUCT Oenoi Oymaru?

9. 2/3 yria mMexay MajarolliM M OTPaKEHHBIM JydaMu coctaiser 80°. Uemy paBeH yrou
najeHus ay4a’?

10. Ha creHe BepTUKaJIbHO BUCHUT 3€pKaJIo TaK, YTO €ro BEPXHUN Kpaill HAXOJIUTCS Ha YpOBHE
BEpPXHEH 4YacTH rojoBbl yenoBeka. [imHa 3epkana 80 cM. Bple kakoro pocra 4einoBeK HE CMOXKET
YBHJIETh c€0s1 BO BECh POCT?

Kpurepun oueHnBanus:

OneHka 5 cTaBUTCS, €CIIM ydaluecs BBIIOJHUIN BEPHO 9-10 3ama4, BEpHO 3amucaly yCIOBHE
3aJaud, BEpHO BBIMOJHUIM YEPTEX, 3alUCA BCe HEOOXOAMMBbIE W JOCTaTOYHBIE (OPMYIBI IS
peleHHs 331a4H, BEpPHO MOICTAaBUIINM YUCIICHHbIE 3HAaUE€HUs!, BEPHO IIPOBEIIM BHIUMCIEHUS IO GOopMyTaM

M BCPHO 3alMcalii OTBET.
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Ouenka 4 cTaBUTCS, €CJIM BEPHO U MOJHOCTHIO MPABUIILHO PEILICHBI U 3alucaHbl 7-8 3a1a4, B 9
3a/1a4ye JOMYIIEHbl OMUOKK MO0 B 3alHMCHU JaHO, JTHOO MPH BHITOTHEHUH YepTexka, MO0 B 3alUCH
(bOpMyIT WM BEIYHCIICHUSX.

Onenka 3 cTraBUTCS, €CIIM BEPHO U MOJHOCTHIO MPABUIILHO PELIEHBI U 3allMcaHbl 5-6 3a/1ad, B
OCTaJIbHBIX 33/1a4axX JOMYIIEHbI OMKUOKH 100 B 3alMCU AaHO, TUOO MPH BBINOJIHEHUN YepTexa, JIN0O B
3anucu (HOPMYIT WU BBIYUCIICHUSX.

Omenka 2 cTaBUTCs, €cii B Kakoi u3 10 3a1a4d nomymmeHs! Kakue-mu00 omuoKy JI00 B 3aITUCH

JaHo, 100 IIpHU BBIIIOJHCHHUH Y€PTEKA, JIM0O B 3aITHCHU (bopMyn WJIN BBIYUCIICHUAX.

IIpakTyeckas padora Ne22 no teme: BosiHoBasi onTuka
BoanoBas onTuka

CBeTOBBIE BOJIHBI PAacCCMAaTPUBAIOTCA IO CBOEW MPUPOJAE KaK SJIEKTPOMArHUTHBIE BOJIHBI,
o0Jaiaroniyue BCEMH UX CBOMCTBAMH.

BoJsiHoBasi onTHka — pa3aenn ONTUKU, OOBACHSIOIMI ONTUYECKUE SIBJIIEHUS HA OCHOBE BOJIHOBOM
IIPUPOJIBI CBETA.

BonHoBas onTHKa OMHMCHIBAET TaKUE ONTUYECKUE SBJICHHS, KaK MHTepQepeHius, Aupakius,
noJisipu3anus, JUCIEPCHsL.

HNurepdepenuus cBera

ONeKTpOMarHuTHbIE BOJHBL, KaK M MEXaHMYECKHE BOJIHBI, 00Jaat0T NPUHIUIIOM
Cynepno3uuMu, TO €CTh, €CJIU B CPelie OJHOBPEMEHHO PacHpOCTPaHSAIOTCS HECKOJIbKO BOJIH, TO OHU
pacIpOCTPaHAIOTCST HE3aBUCUMO JApyr OT Jpyra. OnHako, B TeX MeCTax, I/Ie OJHHM KoyeOaHMs
HAKJIaIbIBAIOTCS Ha JIpyrue KoyieOaHMs, MX aMIUTUTYAbl BEKTOPHO cKiajbiBatoTcs. [lpu aTtom moxer
Ha0JII0/IaThCS KaK YBEJIMUYEHUE MHTEHCUBHOCTHU CBETa (KOI/Ia HAKJIAIbIBAIOTCS BOJHBI C OJUHAKOBBIMU
dazamu), Tak U ociaalbleHne MHTEHCUBHOCTH (TIPH CIIO’KEHUH BOJIH C IPOTUBOIOJIOKHBIMHU (hazamn). D10
ABJICHUE TOJIYyYWIO Ha3BaHUE HHTep(epeHIINH CBeTa.

HNuTepdepenuus cBera — 3TO CJIOXKEHUE JBYX M Oojee BOJIH, BCIEACTBHE KOTOPOTO
HaOJIOaeTCsl yCTOMYMBAs KapTUHA YCUJIEHUS U OCIa0JIeHHs CBETOBBIX KOJIEOAHMI B Pa3HBIX TOYKAX
IIPOCTPAHCTBA.

WuTepdeprupoBaTh MOIYT JIHMILIb KOTepPeHTHbIe BOJHbI, T.€. BOJIHBI UMEIOIINE OJUHAKOBYIO
YacTOTY U MOCTOSIHHYIO BO BpPEMEHHU pa3HOCTh (ha3. KorepeHTHbIE HCTOYHUKH B IPUPOJE OTCYTCTBYIOT,
HO OHM MOTYT OBITh MOJy4yeHBbl pa3HbIMU crniocoOamMu. OOUH W3 HUX MOKa3aH Ha PUCYHKE. 3Jech
MIOKa3aHO, KaK C TMOMOIIBIO 3KpaHa D1 C ABYMS Y3KMMHU WIENSMHU IOJYy4YarOT U3 OAHOIO MCTOYHHUKA
cBeTa S Ba KOrepeHTHBIX. IHTeppepeHIINOHHYIO KapTUHY B BUJI€ YEPEAYIOMINUXCS CBETIIBIX U TEMHBIX

M0JIOC HAaOJIIOAAI0T Ha IKpaHe 2.
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$ L

YcnoBue nHTEpHEPEHITHOHHOTO MaKCUMyMa:
A=k

VYcnoue nHTEPPEPEHITMOHHOTO MUHIMYMA.:
A
A=[{2k+1)- X

rie A —reomerpuueckas pa3HOCTb X0/1a BOJIH,

K — mopsiiok MHTEpEepeHInOHHOr0 Max wiau Min.

WuTepdepeHnonHbIe KapTUHBI MOXKHO HAOJIOAAaTh HAa TOHKUX MACIHSHBIX IUICHKaxX Ha
MIOBEPXHOCTU BOJIbl, MBUIbHBIX Iy3BIPSX, KPBUIbAX CTPEKO3, LBETA MOOEXKAIOCTH Ha MOBEPXHOCTU
MeTajula Iocje HarpeBa. SIBieHue MHTEpPEepeHUMH B TOHKUX IUICHKaX HAaXOAMT NPHUMEHEHHe s
OlpeseNieHusl JJIMH BOJH HW3JIy4eHHUs HCTOYHMKOB CBeTa, JUId KOHTPOJS KadyecTBa OOpabOTKU
HOJMPOBAHHOM MMOBEPXHOCTH, ONpeAeNeHUs KOdPPHUIMEHTa paclIMpeH sl Tel IPU HarpeBaHUu H T.J.
CymiecTBYIOT crieniMaibHble TprUOOpbl — HHTepdepoMeTpPhl, IpeIHA3HAYCHHbIE 111 U3MEPEHUS JJINH
TeJ, MoKa3aTeel MPeIOMIICHUS ¢ OOJIBIIION TOYHOCTHIO.

JAu¢ppaknus csera

Judpakuus — 3T0 CIOCOOHOCTh BOJIH OTMOaTh BCTpEUaroIIMecss Ha UX MYTHU NPEnsTCTBUA,
OTKJIOHSITHCS OT MPSIMOJIMHEHHOTO pacnpocTpaHeHus. UToObl HabM01aTh TU(PPAKIINIO CBETOBBIX BOJIH,
HEOOXOUMBI ONPEJENEHHbIE YCIOBUS: JTNOO pa3Mepsl MPEMSITCTBUM (MM OTBEPCTUM) JOJKHBI OBITH
OYECHb MaJIbIMH, JTUOO PAaCCTOSTHUE OT MPENATCTBH 10 HAOII0AaeMOM KapTUHBI TOHKHO OBITh BEJIHKO.
Bo3pmeM Ha myTH Jydel 0T TOYEYHOro UCTOYHMKA CBETa S MOCTaBUM IPErpagy ¢ OYeHb MalleHbKUM
OTBepCTHEM JuameTpa d,Toraa Ha sKpaHe D YBUIUM CUCTEMY YePETYFOIIMXCSI CBETIIBIX M TEMHBIX KOJIEI]

(mpu ycnoBuu, uto d << L, cm. puc.)
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YeM yke OoTBEpCTHE, TEM Ha OOJIBLIMHA Yrosl OTKJIOHSIOTCS JIy4Hd 3a OTBEPCTHEM, TEM OOJbIle
auaMeTp kosen. Eciau BMecTo Kpyrioro orBepcTusi OyAeT y3kas Ienib, TO JU(PpaKIMOHHAsS KapTHHA
OyIeT MMETh BMJI YEPENYIOIIMXCS CBETIBIX U TEMHbIX mojoc. Ilpu ucnonb3oBaHuM O€IOro ceera
JU(pPaKkLMOHHAs KapTUHA IPUOOPETAET paayKHYIO OKpPacKy.

JudpakiuoHHble KapTUHBI HEPEOKO HAOII0AAI0TCA B €CTECTBEHHBIX ycioBHAX. Hampumep,
[[BETHBIEC KOJIbIIA, OKPYKAIOIINE HCTOYHUK CBETa, HAOIIOIaeMbIi CKBO3b TYMaH HJIM Yepe3 3aroTeBIIee
OKOHHOE€ CTEKJIO, WIM NPU PACCMATPUBAHUU SPKOTO MCTOYHMKA depe3 pecHHubl. s HabmoneHus
JU(PPaKLUU UCIIONIB3YIOTCA ClelMaibHbIe TPHOOPHI — AU(PaAKINOHHbIE PeLIeTKH.

JudpakunonHas pemerka (OJHOMEpHas) IpPEICTaBIseT cOO00M CUCTeMy MapauleNbHbIX
PaBHOOTCTOSALIMX APYr OT Jpyra Iueiei paBHOW mmpuHbL. [Ipocteiimas nudpaxiuoHHas pemerka
MOYET OBITh W3TOTOBJIEHA W3 CTEKJISHHOW IUIACTMHKH, Ha KOTOPOH ajiMa3HbIM PE3IOM HaHECEHBI
napaJielibHble LapaluHbl ¢ HEIOBPEKICHHBIMU IPOMEXYTKaMH MEXAY HUMHM (1ensamu). PaccTosinue

MEXKAY COCCAHNMU IICIIIMHA HA3bIBACTCA IICPUOIOM NI MOCTOSSHHOM PCIICTKH d (pI/IC)

a b

I
ol

A VP
d L 2
0 ? ¢
JIHH3A _

-

&
F 3
¥

&
¥

F

P O

I a— PacCTOSIHHE MEXIY COCETHUMH IIEIIAMH,

b — mupuHa meny.

PasHocTh X0ma A jydeil, NpUXOIAIINXCSA B MPOM3BOIBHYIO TOUKY P OT IBYX COCETHUX IHeneit
Oyner:

A=BC=d -sineq

OueBuaHO, KOsIeOaHus B Touke P OyayT ycunuBath Ipyr Apyra, €CiM pa3HocTh (a3 rydeit Oyaer

paBHa 0 WM OTJIIMYATCS HA 27, YEMY COOTBETCTBYET:

A2kt
2

rae k=0,1,2,3..
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Torna ycmoBueM HaOMIOIEHUST MAaKCUMYMOB (yCHJICHUS KOJIeOaHMi) cBeTa OyIeT:
: A
d- sin ¢p= 12k P

rie  k=0,1,2, 3.
BenenctBue audpakiuy TpoMCXOaUT HEPABHOMEPHOE Mepepacipe/ie]ICHIe CBETOBOW YHEPTHH
MCKAY MaKCUMYyMaMH.
JludpakuroHHasi pemieTKa SBISIETCS CIEKTpaIbHBIM TpuOopoM. C €€ MOMOIIBI MOXHO
OpeCACIIATh NJJIMHBI BOJIH B CIICKTPAX U3JIYUCHUA HCTOYHHUKOB (HaHpI/IMep, 3Be3,[[)1
_d-sinegp
—

A

IMoasipusanus ceera
KaK 6BIJIO IIOKa3aHO BBIIIEC, CBET, HBHyHaGMLIﬁ 60.HI)HII/IHCTBOM HUCTOYHHKOB, HpeI[CTaBJIﬂeT

co00H HaJI0KCHHE OrpOMHOI'0 KOJIMYECTBA BOJIH, UCITYIICHHBIX OTACIIbHBIMU aTOMaMH. Tak xKak aTOMBI

H3JTYy4ar0T HE3aBUCHUMO APYyr OT Apyra, TO IMMPOCTPAHCTBCHHAA OpHUCHTAllsI BEKTOPOB E BOJIH pa3HBIX

aTOMOB MPOMU3BOJIbHA. TaKOW CBET HA3BIBACTCS €CTECTBEHHBIM (PHC. a)

—= —*

E[ RN /‘E/H/ !
pHC. a pHC. O

.Hy‘l, B KOTOpOM KoJIeOaHUs BCKTOpPa E MNPOUCXOIAT TOJIBKO B OAHOM HaAIIPAaBJIICHUU (I/IMCIOT

HOH}IpHOCTB), HAa3bIBACTCA IJIOCKOIIOJIAPU30BAHHBIM (I/IJ'II/I HHHeﬁHOHOHHpHSOBaHHBIM) (pI/IC 6)

HJ'IOCKOCTI), B KOTOpOﬁ COBCPUIACT KoJIcOaHus BCKTOD E Ha3bIBACTCA IMJIOCKOCTD

Kkosedanuii. [Tnockocte, B KOTOpOH KojieGieTcss BEKTOp H (nmm B ), Ha3BalIM IUIOCKOCTBIO
TMoNApU3aIKH. YT0J MeXKILY dTUMH TinockocTamu 90°.

EcTtecTBeHHBIN CBET MOXHO NMPEBPATUTH B MOJSPU30BAHHBIA C MOMOIBIO IPUOOPOB KOTOPHIE
Ha3bIBAIOTCS NoJisipu3aTopamu. IIpym maneHMM eCTECTBEHHOIO CBETa HA TPAHMIY paslena cpen, ¢
Pa3HBIMU [TOKA3ATEJISIMU IIPEIOMIICHUS, OTPAXKEHHBIM U IIPEJIOMIICHHBIN JIy4 BCET1a MOJISIPU30BAHBI.

Jucnepcus cBera.

Jucnepcusi cBeTa — 3aBUCHUMOCTb ITOKa3aTelsl MPEIOMIIEHUs (CKOPOCTH CBETa) B cpene OT
JUINHBI BOJIHEI.

Jlucniepcusi — MpUYMHA PA3JIOKEHHsI B CHEKTp Oeoro cBera, KOTOPBI COCTOMT M3 7 1IBETOB:

KOX3I'CD.
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Cser OIHOTO OBE€TAa UMECT ONIPCACICHHYIO JJIMHY BOJIHBI A ¥ Ha3bIBaeTCsA MOHOXPOMATHYCCKUM.

2
Belbli cpeT
K
O
P o
3
r
CTEeIHHASA [IPH3Ma C
D
1 Bapuanr.

1.JIy4 cBeTa majaeT Ha MIOCKOMAPAILIEIbHYIO CTEKIISTHHYIO TUIACTUHKY 1O yriioM 60 rpaaycos.
KakoBa TonmiHa njiacTUHKY, €CIH MPU BBIXOJIE U3 Hee JIyd cmecTuiics Ha 20 Mm?

2. Kakoe yBenuueHHE MOYKHO MOJYYHTh TPHU MOMOIIM MPOCKIMOHHOTO (hoHapsi, 0OBEKTHB
KOTOpPOro MMeeT riiaBHoe (pokycHoe paccrosiHue 40 cM, ecnu paccTosiHUE OT OOBEKTHBA 10 AKpaHa
paBHo 10 M?

3.PazHOoCTh XOJa JIydeil NIBYX KOT€PEHTHBIX HMCTOYHUKOB CBeTa ¢ UIMHOW BOJHBI 600 HM,
CXO/IAIINXCS B HEKOTOPOH TOUYKe, paBHA 1,5 MKM. YcuieHne wiu ociabieHne Oyaer HaOnroaaThCs B
3TOH TOUKe?

2 BapuaHT.

1.Ha miockomapamienbHyl0 IUIACTUHKY TOJIMHHOW 10 cM mamaer ayd cBera mojn yriom 40
rpanaycoB. [Ipoxoas yepes nmiuacTUHKY, OH cMmemaercs Ha 3 cM. OnpenenuTe nokasaTeib MpeoMIICHUs
BEIIECTBA IJIACTUHKH.

2. Onpeznenute riaBHOE (POKYCHOE PACCTOSHUE PACCEUBAIOLIECH JIMH3BI, €CIM HU3BECTHO, YTO
n300paxkeHe MpeaMeTa, IOMEIIEHHOT 0 nepesl Hel Ha paccTosHuU S0cM, MOTy4YnIoch YMEHbBIIEHHBIM
B 5 pas.

3. B HeKoTOpyIO TOUKY MPOCTPAHCTBA MPUXOAAT KOI€PEHTHBIE JTy4YH, JUTMHA BOJHBI KOTOPBIX B
BakyymMme paBHa 700 HM. PazHocTh Xon1a myueii paBHa 3,5 MxM. OnpezienuTe, yCUIeHUe WiK ocialieHue
ay4eit Oyner HabI0aThCS B 3TOM TOUKE.

Kawoun:

1 BapuanT: 1.39 mm. 2. 24. 3. ocnabnenue.

2 Bapuant: 1.1,6. 2. 12,5 cm. 3. ycuneHnue.

Kpurepun ouennBanus:
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OneHka 5 cTraBUTCS, €CIIM y4allldecsl BBIOJHUIM BEPHO 3 3a/a4yi, BEPHO 3amucalid yCIOBUE
3a[aud, BEPHO BBIMOJHUIM YEPTEX, 3alUCATd BCE HEOOXOAMMBbIE M JOCTaTOYHBIC (HOPMYIBI IS
peleHHs 331a4H, BEpPHO MMOICTABUIINA YUCIICHHBIC 3HAYEHUS, BEPHO IIPOBEIIM BHIYMCICHUS IO (POpMYyIIaM
Y BEPHO 3aIMCalId OTBET.

Onenka 4 cTaBUTCS, €CJIM BEPHO U MOJIHOCTHIO MPABWIIBHO PEIICHBI U 3alKCcaHbl 2 3a7a4u, B 3
3aade JOMYIIEHB! OMMOKK JI10O0 B 3alUCH AAaHO, JIMOO MpH BBITOJHEHUU YEpTEXa, MO0 B 3alucCh
(bopMyIT WK BEIYUCIICHUSX.

Onenka 3 cTaBUTCS, €ClIM BEPHO U MOJHOCTHIO MPABIIIBHO pellieHa U 3anucana 1 3amaya, Bo 2 u
3 3agauax AOMYIIEHbI OIIUOKU JUO0 B 3allUCH JAHO, JUOO MPHU BBHITOJHEHUH YepTeka, TMO0 B 3alucu
(bopMyIT MK BEIYUCIICHUSX.

OrnenHka 2 cTaBUTCS, €CITU B KaXI0M U3 3 3a/1a4 TOMYIICHBI KaKHe-TUO0 OMUOKY JIMOO0 B 3aIHCH
JaHo, MO0 MPH BBHIIOJIHEHUHU YepPTeka, JIN0O0 B 3amucu (GopMyIT UITH BBIYUCICHUSX.

IIpakTHyeckast padora Ne23 no Tteme: BHemiHuii u BHyTpeHHni poToddpdext

Heuas: yMeTh pemarh 3aadd Ha MPUMEHEHHE (HOPMYJ, CBS3BIBAIOIIMX SHEPTHIO U UMITYJIbC
($oTOHA ¢ 4aCTOTOM COOTBETCTBYIOIIEH CBETOBOM BOJIHBI; BEIYUCIATH KPACHYIO TpaHully poTtorddexra
Y HEPTrHio (OTOIEKTPOHOB HA OCHOBE YpaBHEHHsI DIHINTEHHA;

Ilopsinok BbINOJIHEHHS PadOTHI:

1. BHuMaTenbHO NpoYUTaTh TEOPETUUECKYIO YACTh U IUIAH PEIICHMS 3a1a4.
2. PaccmotpeTs npumeps! peleHus 3a1ad.
3. [Tosry4nTh ¥ BBIIOJIHUTE UHAUBUAYAJIBHBIEC 3a1aHHUS.

Teopernyeckuit marepual.
Ac

A

h =6,63-10* Jlx'c — mocrosinnas [Tranka, ¢ = 3-108 m/c — CKOPOCTh CBETa B BaKyyMe, A —
JUTHHA BOJTHBI

Pabora BeIxosa 13 MeTasia

Ap= hrciiy

h =6,63-10"* J-c — nocrosinnas [Lnanka, ¢ = 3-108 m/c — CKOpPOCTh CBETa B BaKyyMe, Ao —
JUTMHA BOJIHBI, COOTBETCTBYIOIIAs KpacHOU rpanuiie ¢porodddexra

®dopmyma DiHmTeiHA 11 poTorddexTa
2
mvmax

Be= -
A

M — Macca d3JIEKTpoHa, A— pa60Ta BbIXO/la; V — CKOPOCTH 3JICKTPOHA.

"Kpacnas rpanuna” ¢otorddexra uis JaHHOTO MeTasuia
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A _hc
L |

7\,0 — MaKCuMaJibHasA JJIMHA BOJIHBI HU3JIYUYCHUA, Vo — MHUHHUMAJIbHAAg 4acCTOTa, IIPU KOTOpOFI

Vo=

dboToadekT eme BO3MOKEH

Macca dortona

m, = &fc2 = hvic?

h = 6,63-107* Jlxx-c — mocTosinuas Ilnanka, ¢ — CKOpOCTh CBETa B BaKyyme, hv — sHeprus
dboToHa

Nmmynse hoTona

py=hik

h =6,63-107** JIx-c — nocrosxnas [1naHka, A — JJIMHA BOJIHEI

IIpumepsl permeHus 3a1a4

Mpumep Ne 1.

Onpenenure kpacHyr rpanuily Gorodddexra as metamia ¢ padoToii Bexoaa 2 3B.

Hano:

A=23B=2-1,6-10"" T =3,2-107" [

h=6,6-10""Tx ¢

Aax = ?

Pemenue

W3 ypaBuenus Ditnmreitna (82.4) misa hotosrddexra npu ycnouu B =0 nMeeM

v, = A

Yacrora v CBETAa CBA3aHa € €ro CKOPOCThIO C 1 JJIMHOM BOJIHBI 1‘ BBIPAXKCHUCM

-
v: —

A
W3 31X 1BYX (opMyI Iosrydyaem

h h
A =
A A
6,6-1074.3.10° ;
= M=6,2-10""m

= 3,2:107"

IIpumep Ne 2
Haiinure MakcMMambHYIO CKOPOCTH AJIEKTPOHOB, OCBOOOXK1aeMbIX TipH (oTodPdeKTe CBETOM C
nmuHO# BomHbI 4-107 M ¢ TOBEepXHOCTH MaTepHana ¢ paboToii Bexoza 1,9 5B.

Hano:
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A=4-10""m
A=1,93B=3,04-10"" i

Vipax — 7

Pemenmne:

Jlyis penieHust 3a7a91 BOCIIONIb3yeMCsl ypaBHEHHEM DUHIITeHHA Uit GoTodPdeKTa, MoJICTaBUB

2
Py
E - Ta
B HETO BBIPAKEHHUE 2 s MaKCUMATBHON KHHETHUECKOI SHEPIUHU DJICKTPOHOB:
my2 o my? he
hv=A= max’ ==, max _ 7 o4
v 2 v A 2 A 4
vmax =
. _34. . 3
zw_ 2-3,04-107°
b = 4-10 T e~ 6,5-10° mc
2 2
pve 4o Wmae € MViax _ he iy
- - 3 - 3 -
2 A 2 A
he
2——-24
Vmax = 2
m
-34 2
6,6-1077-3-10 _19
2-2 — —-2-3,04-10
v, = 410 - e~ 6,5-10° aic
9.1-10
ITpumep Ne 3

C xakou CKOPOCTBIO NOJIPKCH ABUI'ATHCA 3JICKTPOH, YTOOBI €ro HUMITYJIBC OBLI PaBCH UMITYJILCY

dboToHa ¢ JTHHOM BOJTHBI S20HM?
Jano: me=9,1-10 3! kr,
A=520 HM,
h=6,62-10"* Jlx*c
Haiitu:v="?
Pemenue.
Nmnynse ¢potona: ph=h/A
Hmnynbe s5ekTpoHa pe=mv
[Tonydaem ypaBHeHue: mev=h/A
orcroga umeeM: v=h/(A-me)

IloacraBmsem 3HA4YCHUA, ITOJTydIacM
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v=6,62-10-34/(520-10-9-9,1-10-31)=1399 m/c

OtBet: 1399 m/c
Bapuanr 1

1. Kakyro MakcUMaJIbHYI0 KHHETHUYECKYIO SHEPIHIO UMEIOT 3JIEKTPOHBI, BBIPBAHHbBIE U3 OKCHJIA
Oapwsi, mpu 00JydeHUH CBETOM yacToToi 1 MI'?

2.K xakoMy BHJy CIIEAYET OTHECTH JIy4H, SHEpIrus (OTOHOB KOTOPhIX paBHa 4140 >B?

3.Haiftu yacToTy M JUIMHY BOJHBI M3IIy4eHHs, Macca ()OTOHOB KOTOPHIX paBHA Macce MOKOS
3JIEKTPOHA.

4. Ha MeTAJUTMYECKYIO IUIACTUHY MaJaeT MOHOXPOMATHYECKUI CBET MIMHOM BOJIHBI (0,42 MKM.
@DOTOTOK TpeKpamaercs npu 3aaepkuBatonieM HampsbkeHun 0,95 B. Onpenenuts paboTy BbIXona
JIEKTPOHOB € IOBEPXHOCTH IJIACTUHBI.

Bapuant 2

1. Kakoit kuHeTHueckoi sHeprueit 001aJatoT 3J€KTPOHbI, BBIPBAHHBIE C TOBEPXHOCTH MEIH, ITPU
00JTyYEHHH €€ CBETOM ¢ 4acToToi 6 ¢ 106 I'n?

2.KakoB umnyibc GoToHA, IHEPTUS KOTOPOro paBHa 3 3B?

3.0npenenuTb AJUHY BOJIHBI JIydeil, )OTOHBI KOTOPBIX HMMEIOT TaKyl K€ 3HEpruio, UTo U
3JIEKTPOH, YCKOPEHHBIH HanpsbkeHneM 4B.

4. Ilpu poroaddexre ¢ MOBEPXHOCTH cepedpa 3aIepKUBAIONIUI MTOTCHITNAT 0Ka3aJICsl PaBHBIM
1,2 B. BBluuciauTh 4acToTy MaJlaloliero cBeTa.

Bapuant 3

1. Haiitu paboTy BBIXOJa 3JIEKTPOHA C IOBEPXHOCTH HEKOTOPOro MarepHaia, €Cild IpH
00IydeHnH TOT0 MaTepHana >KelThIM CBETOM CKOPOCTh BHIOMTHIX dIeKTpoHOB pasHa 0,28 « 10° m/c.
JlnuHa BosIHBI JxenToro ceeta paBHa 590 HM,

2.3Has, YTO JIMHA >JIEKTPOMArHMTHOTO U3dydeHus 5,5 ¢ 10 =7 M, HalfTu 4acToTy M HEPIHIO
¢dorona (B [Ix u 3B).

3. Kakoii JMHBI BOJIHBI CBET HAJ0 HAaIPaBUTh HA MOBEPXHOCTb LIE3MsI, YTOOBI MaKCHUMaJIbHas
CKOPOCTb (POTORJIEKTPOHOB ObLIa 2 MMm/c?

4. PentreHoBckas TpyOka pabotaer moa HampspkeHuem 60 xB. Ompenenuts MakCHUMalbHYIO
SHEPIHUI0 (POTOHA PEHTIC€HOBCKOTO U3IYUYEHHUS M MAKCUMAIIbHYIO JUIMHY BOJIHBI 3TOTO M3JIy4SHHS.

Bapuanr 4

1. OnpenenuTh HaMOOJBIIYIO CKOPOCTh 3JIEKTPOHA, BBUIETEBILETO U3 1IE3Us, IPH OCBEILIEHUH €TI0
CBETOM ¢ AJIMHOM BOaHBI 400 HM.

2.0mnpenenuTh SHEPTUI0 (POTOHOB, COOTBETCTBYIONIMX Hanboee UIMHHBIM (760 HM) 1 Hauboee
KopoTkuM (380 HM) BoJTHAaM BUAMMOMN YacTH CHEKTpA.

3. HauOosnpias yiHA BOJIHBI CBETA, IPU KOTOPOH MpoucxoauT ¢potodd ekt A Boiabdpama,
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0,275 mxM. Haiitu paboTy BbIXOJa DJIEKTPOHOB M3 BOJIb(pama; HauOOJIBIIYI0 CKOPOCTh AJIEKTPOHOB,
BBIPBIBAEMBIX U3 BOJIb()pama CBETOM C JUIMHOM BOJIHBI 0,18 MKM.

4. Eciiu moouyepeIHO OCBEILATh TIOBEPXHOCTH METAJIIIOB U3IYyYEHUEM C JUIMHaMHU BoJiH 350 u 540
HM, TO MAaKCUMaJIbHbIE CKOPOCTH (POTOIIEKTPOHOB OyayT OTIAMUYATHCS B JiBa paza. Onpeaenuts padboTy
BBIX0/J1a 3JIEKTPOHA JJIsl 3TOT0 MeTaslIa.

Kpurepuu onenuBanus:

Onenka 5 craBUTCS, €CIM y4alllUecs BBIIOJIHUIM BEpHO 4 3a7aud, BEPHO 3aIllMCAIM YCIOBUE
3aJjaud, BEPHO BBIMOJIHWIM YEpTEX, 3aIMCAIM BCE HEOOXOAMMBIE M JOCTaTOYHbIE (OPMYJbl AJIS
peLeHMs 3a1a4K, BEPHO MOICTaBUIIN YUCICHHbIE 3HAaUE€HUS, BEPHO IIPOBEJIU BBIUMCIICHUS 110 pOpMyIiaM
Y BEPHO 3aIIMCAJIA OTBET.

Onenka 4 craBUTCS, €CIIM BEPHO U MOJHOCTBIO MPABUIBHO PELIEHBI U 3alucaHbl 3 3a7auu, B 4
3ajjaue JOMyLIeHb! OMMOKHM MO0 B 3allUCH JaHO, JUOO MpPU BBIIOJHEHHUU YepTexa, JIU00 B 3alucCU
(bopMyI1 WM BBIYUCIICHUSX.

Onenka 3 cTaBUTCS, €CJIM BEPHO U MOJIHOCTHIO IPABUIILHO PEIICHbI U 3alMcaHbl 2 3a7a4u, B 3 1
4 3aagax MOIMYIIEHBI OMMOKY MO0 B 3aIIMCH JIaHO, OO0 MPH BHIMOJIHEHUH YepTexka, TM00 B 3aIucu
(bopMyI1 WM BBIYUCIICHUSX.

OneHka 2 cTaBUTCS, €CIIU B KaKI0M U3 4 3a7a4 I0MyIIEeHbl Kakue-1n00 omKnOKy 1100 B 3alUCH

JaHo, 0o IIpU BBIITOJHCHHUH YCPTEIKaA, 1100 B 3alUCH (1)OpMy.H WNJIN BBIYHCIICHUAX.

IIpakTuyeckas padora Ne24 no reme: EcrecTBeHHasi paiHOAKTUBHOCTh. 3AKOH
PaAuOAKTHBHOIO pacnaja.
Heab: yMeTh OmpeAensaTh MPOAYKTHI SJIEPHBIX PEAKIMH HA OCHOBE 3aKOHOB COXPAaHEHHS
ANEKTPUYECKOTO 3apsia U MacCOBOTO YHUCIA, SJHEPreTUYECKUN BBIXOJ AJIEPHBIX PEAKIUH, IPUMEHITh
MpaBHJia CMEIleHus Ipu anbda u OeTa-pacnaaax.

ITopsinok BbIMOJHEHHS PadOTHI:

1. BHuMaTenpHO NpoYMTaTh TEOPETUUECKYIO YACTh U IUIAH PEIICHMS 3a1a4.
2. PaccmotpeTs mpumeps! peleHns 3a1ad.
3. [Tosry4nTh M BBINOJIHUTE UHAUBUAYAJIBHBIE 3a1aHHUS.

Teopernueckuit marepuan

COCTOMT U3 HYKJIOHOB:

npotonos (p umu 1'H ) n

HeiTpoHos (o!n)

JTi060ii >1eMeHT TabuIbl MeHIeneeBa MOKHO HPEICTaBUTh: 7/ X
Z -9310

MOPSAAKOBBIM HOMEp 271eMeHTa B Tabiauue MeHeneesa;
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YHCIIO MPOTOHOB B sjape (3apsa sAApa aroMa paBeH MPOU3BEICHHUIO 3JIEMEHTApHOTO
AJIEKTPUYECKOTO0 3apsijia € Ha ero MOPSAKOBBIA HOMED Z: q=€Z;

YHCJIO 3JIEKTPOHOB B aTOME (aTOM B LIEJIOM 3JIEKTPUUECKU HENTpaseH)

A - 310

MaccoBoe Ynciio (B Tabnuiie MeHeneesa);

o01iee Ynclio HYKIIOHOB B sfpe: A = Z + N, rae N -- Yiclio HSUTPOHOB B sipe

SnepHble peakiuu - MPEBPAIICHUs OJJHUX aTOMHBIX SIZIEp B APYTrue MpH B3aUMOICHCTBUU UX C
3JIEeMEHTAPHBIMU YaCTULIAMU WU APYT C IPYTOM.

PannoakTUBHOCTh - CHOCOOHOCTh aTOMHBIX SiIEp HEKOTOPBIX 3JIEMEHTOB CIOHTAaHHO
pacnazaThCs, IpeBpallasich B Aapa JPyroro 3JeMeHTa.

3aKOH COXpaHEHMs 3apsA10BOr0 Yuclia (3aKOH COXPAaHEHUs 3apsa): CyMMa HUKHHUX MHAEKCOB
YaCTHIl, BCTYMHUBIIUX B AEPHYIO PEAKINIO, paBHA CyMME HUKHHX HMHAEKCOB YAaCTHII, MOJYUYEHHBIX B
pe3ynbTaTe peakiuu.

3aKOH COXPAHEHHUs MACCOBOIO YHCJa (3aKOH COXPAaHEHUS MacChl): CyMMa BEPXHUX MHJEKCOB
YaCTHII, BCTYNMUBIINX B PEAKIIMIO, PaBHA CYMME BEPXHUX MHACKCOB YaCTHII, TOJTYyYEHHBIX B pe3ybTaTe
peaxIuu.

JledexT maccol siapa

Am=2Zmp+ (A-Z)mn-m,

DHeprus CBA3M aTOMHOTO spa

A Ee = A l'IlCZ

DHeprus AepHOU peakluu

AE=4m931,5MsB

Anbda-gactunsl () - 510 aapa atoma remus: 2*He.

.A)
bera-uactuisl (/ ') - 5T0 MEKTPOHBI, JETAIIIE CO CKOPOCTBIO, GIIM3KOM K CKOPOCTH CBETA: V =

0,99¢:.1% .

INamma-kBaHTHI ( /) - )KECTKOE 3JIeKTPOMArHUTHOE M3MydeHne C amuHoi Bomuas! (7 =107 : 10
12 M)
IIpaBuio cmemenus npu £ -pacnane
A v 3 ; A-4
s X He+, Y

)
HpaBI/IJ'IO CMCHICHUA TTpU /) -pacmanac

A v 0 Ay
X et )
3aKOH paMOaKTHBHOIO pachaia
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I
N=Np2 " unu
N=Nye™,
A=271828

[Iepuon nonypacnana T- BpeMs, B TeUeHHME KOTOPOTO pacnagaeTcs MOJ0BUHA HATMYHOIO YUCIA
PaAMOAaKTUBHBIX aTOMOB.

IIpumepsl perienus 3ana4y

[Tpumep No 1

Brruucnure sHepruo cBs3u sapa atoma aeitepus.Pemenue

n, =1,00728 a.e.M.
m, =1,00866 a.e.m.
MQH =2,01410 a.e.m.

1
m, =0,00055 a.e.m.

AE-?
DHeprus cBA3M sijipa paBHa
AE = Amc?

rac 'é'm - Pa3HOCTb CYMMbI MaACC CBO60I[HLIX YacTull, BXOAAIMUX B COCTaB AApd, U MaACChI
P
1

Am=1,00728a.e.m.+1,00866 a.e.m.—2,01410a.e.M. +
+0,00055 a.e.m =0,00239% a.e.m.

Am=m +mn—mx=mp+mn—[M3H—mg];

AApa,

o la.em =1,66 10 xr

H , IO3TOMY

Am=0,00239.1.66-10 kr=3967 -10 " kr
o AE=3,967-107°.9.10" [T =3,57 107" [

_3,57 107 ke

=2,23-10°3B = 2,23 MaB
-10 FoK
3B

AE
1,6-10

IIpumep Ne 2

Brrunciure 3HEpPreTHUYECKUil BBIXOT IEPHON PEaAKIUU
| 3 4

sLi+] H =3 He+5 He

Pemenue:

JIs1 BBIYUCIICHUST SHEPTETHYECKOTO BBIXO/A SAESPHOM peakiuu He0OXOJAMMO HAWTH pa3HOCTh

MacC 4aCTull, BCTyHaromunux B pCakKnuro, U 4aCTUILl - TPOAYKTOB pCAKIIUU
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MéL. =6,01512aem
—=Li

3
MIH =1,00782a.e.m.

I
M, =3,01605a.eM.

EHQ

M, =4,00260a.e.M.

—He

2
AE-?

AFE= Amc2,

Am=Mg +M, —M, -M, ;
§L;' IH iHe iHe

Am=6,01512 a.e.m. +1,00782 a.e.m.— 3,01605 a.e.M. —
—4,00260 a.e.m.=0,00429 a.e.m.

M»>B
a.e.M.

AE=0,00429 a.e.m. - 931 =4,0 MaB

IIpumep Ne 3.

B pesynbrare 3axBara anbga —yacTuibl aapoM uzorona azota7 N14oOpasyercss HeM3BECTHBIIM
3JI€MEHT U IpoTOoH. Hanucats siAepHyI0 peakiuio U ONpeeInTh HEU3BECTHBIN 311€MEHT. Perenue.

3anuiiem siACpPHYIO PEaKIIHIO:
—* 147N+42Hel780+1lp

[TockoabKy CyMMBI /17151 MACCOBBIX YHCEIT M 3apsAI0B B IPABOU U JIEBOM YACTAX 3TOI'O BBIPAKEHUS
JOJIKHBI OBITH PaBHBI, TO

14+4=1+A4,7+2=1+Z, otkyna

A=17,7Z=8.

Cre/1oBaTeNbHO, TONYYEHHBIH 3JEMEHT MOKHO CHMBOIMYECKH 3ammcath B Buje ' gX . W3

Ta6J'II/H_[I>I MeHnaeneeBa Haﬁ,[[eM, 4TO 2TO U30TOII KUCJIOPOda 17 0.

Bapuanm 1
Yacme A
1. SIBeHMe PaMOAKTHBHOCTH, OTKPbITOe bekkepesneM, CBHAETEJbLCTBYET O TOM,
4To...
Bce BemiecTBa cOCTOAT M3 HENETUMBIX YaCTHI-ATOMOB.
B cocraB aroma BXOAST 3JI€KTPOHBI.
ATOM UMEET CIOXKHYIO CTPYKTYpY.
DTO sSBIIEHNE XapaKTEPHO TOJIBKO JIJIsl ypaHa.

KT0 npenioxua siiepHyIo Mojejb CTPOCHHs aToma?

>N 0w ow e

bekkepens. b.  Teizenbepr. B. Tomcon. I.  Pesepdopa.
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3. Ha pucynke u3zo0paskeHbl cxeMbl 4eThIPéX aToMOB. UépHble TOYKM- JIEKTPOHBI.

Kaxkas cxema cooTBercTByeT aTtomy 2*He?

e@aet

~ -

4, B cocTaB aToma BXOIAT cJieayONIHe YACTHIbI:

A. Tonbko poTtoHbl. b. HyKJIOHBI U 3J€KTpOHbL. B. mpoTtonsl u HelUTpoHbL. ['. HelTpoHsl 1
JJIEKTPOHBI.

o. YeMy paBHO MACCOBOE YHCJIO siIPA ATOMA Mapranna 25>°Mn?

A.25. Bb.80. B. 30. T.55.

6. B kakux U3 ciieIyl0IUX peakiuii HapylleH 3aK0H coXpaHeHus 3apsaa?

A. ”0—1'H+g*0.  B.3°Li+1'H—2*He +2°He.  B.2°He +2°He— 2*He + 1'H +1'H.

I. 3’Li + 2*He — 5B + oIn.

1. ATOMHOE S1/IPO COCTOUT U3 IPOTOHOB U HEMTPOHOB. MKy KAKMMHU NapaMM YaCTHIL
BHYTPH f1/Ipa AeHCTBYIOT si/IepHbIE CHJIbI?

A. Ilporon- nporon  b. IIpoton- Heititpon.  B. HeiiTpoH- HEHTpOH. I'. Bo Bcex mapax A-

8. Macchbl IPpOTOHA M HEHTPOHA...

A. OtHocsrcs kak 1836:1.  b. IlpubnusurtensHo onuHakoBsl.  B. OTtHOCsTCs Kak 1:1836.

I'. ITpubnu3nTENBHO PaBHBI HYJIIO.

9. B sape atoma kaabnus 20°°Ca comepxures. ..

A. 20 meiitponoB u 40 npotoHoB.  b. 40 HeiTpoHoB u 20 371€KTPOHOB.

B. 20 npotonos u 40 snextponoB.  I'. 20 mpoToHOB 1 20 HEUTPOHOB.

10. B xaxoMm npudope ciex ABUKeHHs ObICTPOH 3apPSKEHHOM YaCTHIBI B ra3e J1eJaeTcs
BUUMMBIM (B pe3yJibTaTe KOHJAEHCAIIUM MepechbIIIeHHOr0 apa Ha HoHaXx)?

A. B cueruuke I eitrepa. b. B kamepe Bunbcona.  B. B COMHIMIIIIIMOHHOM CUETUYHKE.

I'. B my3eIpbKOBOIi Kamepe.

11.  Onpegeautsb BTOPOii mpoaykT X B simepHoii peakmuu: 132’ Al + o'n —112Na+X.

A. Anbda- vactuma. b. veiitpon.  B. mpoton. I anekTpoH

12. Kakoii BHI pagMoaKTHBHOIO H3JIY4YeHUs] HauOoJiee OMaceH IPH BHEUIHEM
00.,Iy4eHHH YesoBeKka?

A. bera- u3nyuenue. b. ramma- uznydenue. B. Anbda- uznyuenue.

I'. Bce Tpu Buja uznyueHus: aiabda, 6era, ramma.
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13. Ilpu anbda- pacnage aTOMHBIX f1€p...

A. Macca siapa ocTaercss IPaKTUYECKH HEU3MEHHOM, I0ATOMY MAacCOBOE YHMCIIO COXPaHAETCs, a
3apsi] yBEIMUMBAETCS HA €AUHULLY.

b. MaccoBoe uncio ymeHbIaeTcs Ha 4, a 3apsij] OCTaeTcsi HeM3MEHHBIM.

B. MaccoBoe uncino ymeHnbiaercs Ha 4, a 3aps/1i yBeJIM4MBaeTCs Ha 2.

I'. MaccoBoe uncio ymeHbIlaeTcs Ha 4, 3apsi/i TaKKe yMEHbIIaeTcs Ha 2.

14. KakoB cocTaB atoma?

A) TlonoxxuTenbHO 3apsKEHHBIH OO0BEM C AJIEKTPOHAMU BHYTPU HEro, CyMMAapHBIM 3apsii
3JIEKTPOHOB I10 BEJIMYUHE PAaBEH MOJOKUTEIBHOMY 3apsy.

B) [lonoxurenbHo 3apsiKeHHas: YacTHIlA, COAEPIKAIAsi TPOTOHBI U HEUTPOHBI.

C) Cucrema u3 3J€KTPOHOB, YUCIIO KOTOPBIX PaBHO MOPSAKOBOMY HOMEDPY DJIEMEHTA.

J1) HelitpanpHas cucteMa, coaeprKaiiasi TOJIbKO JIEKTPOHBI.

E) HeliTpanbHas cuctema 13 MOJI0KHUTEIBHO 3apsHKEHHOTO Spa U JIEKTPOHOB.

15. OcHoBHast uaess Mojeim aroma Pesepdopaa cocTouT B TOM, YUTO MOJIOKUTETbHBIH 3aps/
aToma

A) OTKIIOHSIETCS MIPH BCTpeUe ¢ allb(pa-yacTUIICH.

B) onuH u TOT ke 171 BCeX aTOMOB.

C) paBeH oTpULIATETLHOMY 3apsiay.

J1) pactipeieni€éH paBHOMEPHO 10 00BEMY.

E) ckoHLIEHTpHUpOBaH B LIEHTpE.

16. Kakue onbiThl nocay:xuiau Pesepdopay ocHoBanueM 1JIsl CO3aHNUSA SIACPHOM MOEJIH
atoma?

A) Xumnueckue peaxium.

B) HabGmroienust 3a ciekTpamMu U3JIydeHus: aTOMOB.

C) SAnepHble peakiyu.

J1) OnbITHl MO KUCCIEIOBAHUIO BOJBTAMIIEPHBIX XapaKTEPUCTHK pa3psijia uepe3 mapbl PTYTH C
MCIIOJIb30BaHUEM METO/a 3a/1€P KUBAIOIIETO MOTEHIIMANIA.

E) OmnbIThl 0 paccesHuio anbha-4acTuil METAIITUIECKON (HOJIBIOM.

17. Dn1eKTpPOHBI B aTOME:

A) MOT'YT OBITh 3apsIKEHBI U MTOJIOKUTEIBHO U OTPUIATEIHHO

B) HaxoasTcsl HA HEKOTOPOM PAcCTOSTHUU OT Spa

C) cBs13aHbI C HUM MOCTOSIHHO

J1) o6namaroT GOMNbIIEeH Maccoi YeM sipo

E) 3apskeHbl MOJI0KUTETBHO.
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18. Kakue omepanmum HY:KHO NpPoJeIaTh ¢ KPyNulled BellecTBa, 4TO0bI Y3HATh eé
XUMHUYecKHuil cocTaB?

A) Cpenu npenoKeHHbIX OTBETOB HET IIPABUIIBHOTO.

B) OcBeTuTh MOUIHBIM JIy4OM U U3YyYUTh CIEKTP MPOUJEHHOIO CBETA.

C) Harpetb ra3 0 CBETUMOCTH U U3YUUTH CHEKTP.

1) O6y4nTh ra3 peHTTCHOBCKUMHU JTy4aMH ¥ CHATH PEHTETEHOTPAMMY.

E) IlomecTuTs ra3 B MAarHUTHOE IOJI€ U U3YYUTh PE3YJIHTUPYIOIEE MOJIE.

19. IlouTHn Bech 00bEM BelIeCTBA 3AHUMAKOT:

A) anekTpoHsl M ipoToHbl. B) mpotonsl. C) myctora. [I) HelTpoHbl. E) 351eKTpOHBI.

20. CKOJIBbKO 2JIEKTPOHOB COJAEPKUTCS B JJIEKTPOHHOI 000/104Ke HEHTPAJIbHOI0 aTOMa, B
aTOMHOM siipe KOTOPOTI'0 COAePKUTCH 7 NPOTOHOB U 8 HEHTPOHOB?

A) 1. B)5. O)8. ) 7. E) 15.

21. Kakoe u3 yTBep:KIeHUl HEBEpHO?

A) Macchl IPOTOHOB U 3JIEKTPOHOB OJJUHAKOBBI

B) B HEeMOHM3MPOBAaHHOM aTOME 3apsij] IPOTOHOB PAaBEH 3apsiAy 3JIEKTPOHOB

C) non0XKUTENbHBIN 3apsi/l aTOMHBIX ep 00YCIOBJICH UX MPOTOHAMU

J1) Bce mPOTOHBI UMEIOT OJMHAKOBBIN 3apsij

E) 3apsan npoToHa paBeH 3apsy IEKTPOHA, HO IPOTUBOIIOJIOKEH 10 3HAKY.

22. ATOMBI U MOJIEKYJIbI B HOPMAJBLHOM COCTOSIHUH

A) aneKTprYecKu HEHTpaidbHbl  B) 3apsKeHbl OTpULIaTeIbHO

C) MoryT OBITh 3apsHKEHBI MO0 OTPUIIATENBHO, THO0 TOIOKUTEIBHO

J1) NOHU3UPOBAHBI E) 3apskeHbl 0JI0)KUTETBHO

23. IlpuMepHO BO CKOJIBKO pa3 paguyc aroMa 0oJiblie pajnyca aTOMHOro siapa?

A)102 B)10 C)10%  J)10°.  E)10%

24. Kakoii 3HaK MMeeT 3apsi]l AaTOMHOIO AApa?

A) Y pazubix saep pasnuuHbelii.  B) Bo Bcex sapax oquHakoBeiid.  C) 3apsiq paBeH HYJIIO.

1) OTpuniatensHbIN. E) IonoxuTtenbHBIM.

25. Kakmue onepanuu Hy»KHO IPOJeJaTh € ra3oM, YTOObI y3HATH €€ XMMHYeCKHil cocTaB?

A) TlomecTuTh ra3 B MArHUTHOE TIOJIE ¥ U3YYHUTh PE3YIbTUPYIOIIEE MOJIE.

B) OcBeTuTh MOUTHBIM JIy4OM U U3YYUTh CIEKTP MPONUJEHHOIO CBETA.

C) Cpenu nipeyioKeHHBIX OTBETOB HET MPABHIIBHOTO.

1) O6ny4uTh ra3 peHTTeHOBCKHUMHU JTy4aMH M CHATb PEHTETEHOTPAMMY.

E) Harpets ra3 70 CBETUMOCTH U U3yUYUTH CIEKTP.

26. Kakoii 3HaK HMeeT 3apsii aTOMHOTO siApa?

A. ITonoxutensHbiid. b. Otpuniarensusbrii. B. 3apsi paBeH HyI0.
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I'. V pazubix sigep paznuunsbiid. JI. Cpeau otBeToB A—I' HET MpaBUIIBHOTO.

27. CKOJbKO JIEKTPOHOB COAEPKUTCS B 3JIEKTPOHHOI 000/104Ke HEHTPAJIBLHOr0 aTOMa, B

aTOMHOM siipe KOTOPOro coaepxkutcs 16 nporoHos u 15 HeliTpoHOB?

A.0.b.1.B. 15.T. 16. 1. 31.
15 . CKo0JIbKO NPOTOHOB Z U CKOJILKO HeiiTponos N B sape n3oTona kuciaopoga;0?
A.Z=8,N=17. b.Z=8, N=9.B.N=8,Z2=17. I".Z=9, N=8. ]1.Z=8, N=8.

28. CKOJIbKO JIEKTPOHOB COAEPKUTCS B 3JIEKTPOHHOI 000/104Ke HEHTPAJIBLHOr0 aTOMa, B

ATOMHOM siJIpe KOTOPOIo COAEPKUTCH 7 MPOTOHOB U 8 HEUTPOHOB?

A.0.b.1.B.7.T.8. . 15.

29 . B atomHOM siape coaep:kutcs 25 npoToHoB U 30 HeiliTpoHOB. KakuM no/10KuTeIbHbIM

3apAA0M, BBIPA’KCHHBIM B 3JIEMEHTAPHLIX JJEKTPHYCCKUX 3apsaaax +e, 06J1a):[aeT 3TO ATOMHO€

sapo?

A) +5¢;
b) +30e;
B) +25¢;
I)o.
30. U3 kakux 4acTHIl COCTOSIT 1APa aTOMOB?
A) U3 MPOTOHOB;
b) u3 HelTpoHOB;
B) u3 npoTOHOB, HEUTPOHOB U AJIEKTPOHOB;
I') u3 mpoTOHOB U HEUTPOHOB.
Yacrs B
1. OnummTe cocTaB aToMa ypana 235gU

24797BK

2. Hanmumure peakuuu anbda- u 0era- pacnana 6epkius
3. Onpenenure CTpoeHUe sJiep TepMaHus U pajaus.

4. B pe3ynbTaTe CEpHH PaJHOaKTHBHBIX PAacIaioB ypaH 2°g; U npepamtaercs B Topuii 2% Th.

CKOIIBKO O B B pacaaoB OH IMPU 3TOM HUCIIBITBIBACT ?

5. Ilpu GomMOapaMpoBKe O - YacTULAMH AITIOMHMHHS 00pa3zyeTcs HOBOE SAPO M HEUTPOH.

Hanummure snepHyro peakuuto. [lomydyeHHoe siapo ucnoeiThiBaeT (- pacnaa. Hamummre siiepHyro

pEeaKIHIO.

6. Hanmmnre sepHple peakuyu:
X (p, 211 Na) o, 56,5 Mn (X, *Fe) n

7. Hannmnre ypaBHEHUS CIEAYIOINX SAEPHBIX PEaKIU:

amomunwmii (°'13A1) 3aXBaTHIBAET HEHTPOH M HCITYCKAET 0-4aACTHILY;
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azor (¥4

7N) OomMOapIupyeTcst 0-4acTUIIAMU U UCITyCKaeT MPOTOH.
8. 3aKOHYMTE ypaBHEHUE ATACPHBIX PEAKIIHI:

BCl+on - Lp+2

134C + 1yp — 2

Li+lp—27?

0B + 4%He — Lon +?

24,Mg + % He — 214Si + ?

%6,6Fe + 1on — BsMn + ?

IIpakTnueckas padora Ne25 no teme: Slnepubie peakuuu. PagnoakTuBHbie nNpeBpamnieHust

Lens:

. chopMynMpoBaTh MpaBuia o- U - pacnana, 3aKOHbl COXPAaHEHUs MAacCOBOTO YMCIA U
3apsja IpU paJuoaKTUBHOM IIPEBPALLCHNH;

. pa3BUBAaTh MBICIUTEIBHYIO JI€ATEIBHOCTh Y4YalIUXCs, YMEHHE CaMOCTOSITENbHO
paboTaTh, aHaJTU3UPOBATH TAOJIULIBI.

Ilocne otkpeiTus PesepdopaoM aroMHOro siijpa  MHOTOYMCICHHBIE — HKCIEPUMEHTBI
MOATBEPAMIIN, UTO sJIpa aTOMOB, TaK K€, KaK U CaMH aTOMBbI, UMEIOT CIIOXKHYIO CTPYKTypy. OnHuM U3
IIOATBEPKJIECHUEM JTOIO, SIBIISECTCA €CTECTBEHHAs PaJMOAaKTUBHOCTb, O KOTOPOM MBI I'OBOPWJIM Ha
IPOILJIOM YpOoKe. BCIIOMHUM, 4TO pajinOaKTHBHOCTHIO MBI Ha3BAJIM CIIOCOOHOCTh aTOMOB HEKOTOPBIX
XUMHUYECKHX 3JIEMEHTOB K CAMOIIPOU3BOJIBHOMY U3JIYy4YEHHUIO.

BTopelM MNOATBEpKIACHUEM TOTO, 4YTO AaTOMbl XMMHWYECKHUX DJIEMEHTOB HMEKOT CIIOKHOE
CTPOEHHE, SBWJIOCH OTKPHITHE PAAHOAKTHBHOIO pacnajaa. Tak Ha3plBalOT NPEBPALECHUS] ATOMHBIX
fiep OJHOI0 XHMHYECKOro 3JJIeMeHTa B sApa aTOMOB /[pPYroro XHMHYECKOI0 JJIEMEHTa,
CONPOBOKAAIOLIEeCH UCIIYCKAHUEM YaCTHIL.

[IpumMeuaresnbHO, YTO siZIEpHBbIE PEaKIUH OBUIM OTKPBITHI 10 TOTO, Kak OBLIO YCTaHOBJIEHO
cymectBoBaHue aToMHbIX saep. Emé B 1903 roxy Opnect Pesepdopa n ero moMOUTHUK, aHTJIMACKUAN
xumuk @Openepuk Coanu, oOHapyXWJU, YTO B pe3yjibTaTe oO-pacrajga paAHuOaKTUBHBINA paauii

MpeBpaIacTCs B HOBBIM XUMHUUYECKUN DIIEMEHT — panoHx.
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22%Ra — 23ZRn + 3He

[Ipu 5TOM 00a XMMHUYECKUX dIIEMEHTa HE UMEIOT HMUYEro oOIIero APyr ¢ APYroM: paguil — 3TO
MeTallJl, KOTOPBIA MPH HOPMAIBHBIX YCIOBUSX HAXOAUTCA B TBEPJAOM COCTOSHUU, a PAlOH — 3TO
WHEpTHBIM Ta3. [lomMmuMo 3TOro, aToMpl OOOMX 3JIEMEHTOB HMMEIOT Pa3HYK0 Maccy, 3apsji sapa u
KOJIMYECTBO SJICKTPOHOB B AJEKTPOHHOM 0Oosyouke. [Imtoc kKo BceMy, OHHM MO-pa3HOMY BCTYIAIOT B
XUMUYECKHE PEAKIIHH.

Bckope ombIThl, TpOBeAEHHBIE ¢ APYTUMU PAJAMOAKTUBHBIMU 3JI€MEHTAaMH, MOKa3ald, YTO He
TOJIEKO TIPU O-WU3JIyYE€HUHW, HO W MpHU [-pacraje MPOUCXOTUT MPEBPALMICHUE OJHOTO XHMHUYECKOTO
aJieMeHTa B Jpyroi. OqHako MexaHW3M O0OMX IMPEeBpAIICHUH He ObUT OHATEH BIUIOTH 10 1911 rona.
Jlumbe mocne Toro, kak Pesepdopmom Obuta mpennokeHa siepHas MOJAETh aTOMa, CTall0 TMOHATHO,
YTO MMEHHO SIAPO NpeTepneBaeT U3MEHEHHUs NPH PAJIMOAKTHBHBIX NPEBPALICHUsSIX.

Ha camom nene. Kak Mbl 3HaeM, a-M371ydye€HHE — 3TO MOTOK aTOMOB TeJus, MOTEPSIBIIMX 00a
CBOMX DJIEKTPOHA, U MX HET B JJIEKTPOHHON 000yI04YKe aTomMa. A TpU [-H3JIy4€HUU HCITYCKAIOTCS
3JIEKTPOHBI, HO YMEHBIIIEHHE YUCa 3JIEKTPOHOB B aTOME IIPEBPAILAET €r0 B MOH TOTO K€ JIEMEHTA, HO
HE B HOBBIN XUMUYECKUH SJIEMEHT ¢ APYTUMHU (PU3HUECKUMU U XUMUYECKUMU CBOMCTBAMHU.

[TocmoTpuTe, Kak 3amUCHIBACTCS peakius alib(a-pacmaaa sapa aTroMa pagusi ¢ MpeBpalieHueM

€ro B S/IPO aTOMa PaJIoHa:

22%Ra — Z%ZRn + 3He

Yucno, KOTOpoe CTOUT BBepXy mnepel OYKBeHHbIM O0O03HAYEHHEM SI/IPa, Ha3bIBaeTCs

MacCCOBBIM YHUCJIOM, a BHU3Y — 3apAA0BbIM YUCJI0M (H.]'IH ATOMHbBIM HOMep()M).
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MaccoBoe unciio siapa aroma o003HadaeTcs 00JbiIoi OykBoil A. OHO ¢ TOUHOCTHIO 10 1EJIbIX
yHuceJ PABHO YHCIY ATOMHBIX €IMHMI[ MACCHI, COJep:KAIIMXCS B Macce s/ipa JaHHOTO
XHMHYECKOro 3JIeMeHTa.

OaHa aToMHasi eIMHULA MACChl — 3TO BHECUCTEMHAs €JMHUIIA MACChI, KOTOpas IPUMEHSIeTCS
JUT Macc MOJIEKYJI, aTOMOB, aTOMHBIX SIep M 3JIeMeHTapHbIX yactull. OHa omnpexensercs kak 1/12
4acTh Macchbl CBOOOIHOT0 MOKOAIEr0csl aTOMa yrJjiepojaa.

3aps10BOE YUCIIO siipa aToMa 0003HAYACTCS OOJIBINON JIATUHCKOH OykBOii Z. OHO paBHO YHCTy
3J1eMEHTAPHBIX JIEKTPUYECKHX 3aps/I0B, COAepPKALIUXCHA B 3apsijie siApa JaHHOT0 XHMHUYEeCKOI0
3J1eMeHTA.

HamomamM, 4YTO 1O 3JIeMEHTAPHBIM  3apsiioM Mbl NOHMMAaeM  HAaMMEHbIIUH
IJIeKTPUYECKHUIT 3apsi/l, PABHBII 110 MOIYJIIO 3apA1y JIEKTPOHA.

. B ¢usuke npuHITO BRIIEIATH 1Ba BUJA PAAHOAKTUBHOIO paclaga — 3TO o- U B-pacma.
JaBaiiTe paccMOTpUM HEKOTOpBIE UX cBoWcTBa.lTak, MBI y)ke 3HaeM, YTO (i-pachaj XapaKkTepu3yercs
BBUIETOM sijipa aroma renus. CienoBaTellbHO, IPOJIYKTOM pachajia MaTepUHCKOTO sijipa OKa3bIBAETCS
AJIEMEHT, 3aPsI0BOE YKCIIO KOTOPOTO Ha 2 €IMHUIIBI MEHBIIIE, 8 MACCOBOE YMCIIO Ha 4 €IMHUIIBI MEHBIIIE,

49eM Y MAaTCPUHCKOI'O AApa. W3 ocobeHHocTEH O-paciiaga BbIACINM CICAYIOIIHNEC:

29X — 473Y + 3He

Bo-niepBbIx, 0H HaOMr01a€TCS 115l HPUPOAHBIX s/IEp, 3aps/I0BOE YUCIIO KOTOPBIX OobIie 83 (310,
TaK Ha3blBaeMble, TSKENBIE AApa, MOCKOIbKY UX aTOMHast Macca 6ombiue 200 a.e.M.).

A BO-BTOpPBIX, JHEPTHH 1 CKOPOCTH UCITYCKAEMBIX 0-4aCTHUI] B Ty4YKe OYEHb OJIN3KU JAPYT K APYTY.

Kax Mbl roBopmiIM Ha MPOIJIOM ypOKe, -M3IydeHHUE SBIISIETCS MOTOKOM 3J1eKTpOoHOB. HBIMU
cJIOBaMH, IpH OeTa-pacrajie siipa CaMOIpPOU3BOILHO HCIYCKAIOT IEKTPOH. B pesynbrare oOpasyercs

HOBOC 41pO0 C TCM K€ CaMbIM MAaCCOBLIM YHCJIOM, HO C aTOMHBIM HOMCPOM Ha CAUHHUILY OoJbIIIe.
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N3 ocobennocTeit B-pacnana BBIISIUM TO, YTO OH HAOJIFOIACTCS JUTS TSHKEIBIX U CPETHIX

AOEP, a CKOPOCTHU BJICKTPOHOB CUJIBHO pa3IM4aroTCs MO BEJIMYMHE.

WnTepecHo, uro u3yuyeHue P-pacnazaa Mmokasano, 4To B HEM Kak-Obl HapyIAIOTCS JBa

(dyHIaMEHTAFHBIX 3aKOHA: 3aKOH COXPAHEHHUs SHEPTUU U MMITylIbca. B CBS3M ¢ 3THM, mIBEHIIapCKUit

¢u3uk Bonsdranr Dpucr [laynu nmpeanonoxui, 4to npu B-pacnaie poskaaeTcs enié Kakas-To YaCTHIIa,

KOTOpasa U YHOCUT YaCTb DHCPIUr U UMIIYJIbCA. A uTanpsSHCKHI (bI/I3I/IK 3HpI/IKO CDepMI/I IIOKa3aj, 4To

9Ta 4JaCTuia HeﬁTpaanaﬂ U UMCCT HUYTOXHYIO MACCy. OH Tak xe JaJlI Ha3BaHUC JTOH qaCTuucC —

HEUTPHUHO.

33Kp€l’l.ﬂ€l—ll/lﬂ MaTtepuaJja.

3apava 1. HanuwuTe agepHyIo peakuuio, NPOUCXOAALWLYIO NPU a-pacnaje aApa aToMa BUCMYTa.
Kakoi anemeHT 06pa3yeTca Npu Takow peakumm?

PEWEHME

209Bi — 49X + 3He

3aKkoH coxpaHeHus 3apana: 83 =72+2 =7 =83 -2 = 81.

3aKoH coxpaHeHus maccosoro yucna: 209 = A + 4.

CnepoeartensHo, A = 209 — 4 = 205. v

HeussecTHbili anemenT: 4X = 233l

Torpa 223Bi — 235T1 + 3He. e

OTBET: B pe3ynbraTe a-pacnaaa “3;Bi o6pa3syerca aapo Tannma 25;Ti.
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Japaya 2. PagnoakTWBHBIA 3N1eMeHT MCNbITan f-pacnag, B pesyneTate koToporo obpa3loceanocs agpo
nononua 219P1 . 3anuwunTe peakuuio pacnaaa w onpejenuTe, AAPO Kakoro 3NemMeHTa pacnanocs.

PELLEHWE

aX — 210p1 + %

3akoH coxpaHeHua sapaga: Z = 84 + (—1) = 83.

3aKoH coxpaHeHua maccoeoro yncna: 4 = 210 4+ 0 = 210.
HeuzpecTHulid anemenT: 49X = 213Bi.

Torpa 219Bi — 230P1+ Y.

OTBET: p-pacnag npeTepnenc agpo atoma *}1Bi.

Bapuanr 1
10
1. JInst HeHTpasbHOro aroma 6opa =2 ONPENEIHMTE YMCIO HYKJIOHOB, IPOTOHOB,
HEHUTPOHOB U 3JIEKTPOHOB.
210
2. [Tononuit 84" ™ pcobIThIBAaET a-pacnajl. 3alMIIUTE PEAKLHUI0 3TOr0 PaJuOaKTUBHOTO
pacnaja.
239
3. Snpo atoma turyronus 94 ucnbIThiBaeT 3 a- u 2 B- pacnagoB. Kakoe sapo
MOJIYYHJIOCH B pe3ysbTaTe? 3aMUIlIUTe PEaKIUH.
Bapuanr 2
27 Al
1. JIns HeHTPaTbHOTO aToMa AMOMHHHS 12 OIpedeluTe YMClO HYKIOHOB, IPOTOHOB,
HEUTPOHOB U AJIEKTPOHOB.
210
2. [Momonuii 84" ™~ mcmeIThIBaeT B-pacnaja. 3anHIINTe PEAKIHI0 3TOTO PAJAUOAKTHBHOTO
pacmaza.
239
3. Snpo atoma turyroHus 94 ucnbIThiBaeT 2 a- u 3 B- pacnagoB. Kakoe sapo
MOJYYHMIIOCH B pe3ynbTaTe? 3anuImuTe peaKium.
Bapmuanr 3
64
1. Jns He#TpampbHOro aroma memum 29 u OTIpeNIeIUTE YHUCIO HYKIOHOB, IMPOTOHOB,

HEHUTPOHOB U 3JIEKTPOHOB.
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239

2. [Inyronunit 94 ~ ucneiThiBaeT B-pacnaj. 3aluIIdTe PeakiUio 3TOr0 PajuOaKTUBHOTO
pacmaza.
210
3. Snpo aroma mnomoHus 84 ucnbIThiBaeT 3 a- u 4 B- pacmamoB. Kakoe siapo

MOJIYYUJIOCh B pe3yibTaTe? 3anuIlIuTe PeaKiiH.

Bapuant 4
39

1. JInst HeWTpanbHOTO aroma Kamust 19~ ompejenuTe YHCIO HYKIOHOB, IPOTOHOB,

HEUTPOHOB U 3JIEKTPOHOB.
239

2. [Inyronuit 94 ~ ucmbIThIBaeT a-pacnaj. 3alMIIUTe PEaKIUI0 3TOr0 PaJu0aKTUBHOTO

pacnana.
210
3. SAnpo aroma mosoHust 84 UCIBITEIBaCT 2 a- u 5 fB- pacmamoB. Kakoe smpo

MOJIYYHJIOCh B pe3ynbTaTe? 3alMIINTE PEAKLIUH.

Kpurepun oneHuBaHusi:

Onenka 5 cTraBHUTCS, €CIM y4Yallldecs BBIMOJHUIM BEPHO 3 3aJayu, BEPHO 3alUCaId yCIOBUE
3a/1a4¥, BEPHO BBIOJIHUIN YEPTEXK, 3alHCATN BCE HEOOXOAMMBIE M JOCTATOYHBIC (HOPMYIBI IS
pelIeHHs 3a]1a91, BEPHO TIOICTABWIIA YHMCIICHHBIC 3HAYCHUS, BEPHO IPOBEIIN BBIYUCIICHUS 110 PopMyIamMm
Y BEpPHO 3aIMCau OTBET.

OueHka 4 cTaBUTCS, €CIIU BEPHO UM MOJHOCTHIO NMPABUIIbHO PEUIEHBI U 3alIMCaHbl 2 3a7a4u, B 3
3a/1a4e JOMYILEHbl OMMOKM MO0 B 3alMCU J1aHO, MO0 NPH BBINOJIHEHUU YepTeka, JU00 B 3alucu
bopMys WM BBIYUCICHUSX.

OueHka 3 cTaBUTCS, €CIIM BEPHO M MOJHOCTHIO MPAaBUJILHO PEILIEHA U 3anKcaHa | 3ajava, Bo 2 1
3 3agauax AOMYIIEHBI OIMUOKK JMO0 B 3aMUCH JaHO, TUOO MPH BHIMOJIHEHUH YepTeka, 00 B 3aIUCH
bopMys WM BBIYUCICHUSX.

Orenka 2 cTaBUTCS, €CITM B KaXKJI0M U3 3 3a7a4 IOMYIIEHBI KaKue-11u00 OmuOKH JIN0O0 B 3aMUCH

JAaHo, 6o IIpU BBIITOJIHCHHUHU YCPTEKa, 00 B 3aIIUCH (1)OpMyJ'I WJIN BBIYUCIICHUAX.

139



140



Hcnonb3oBaHHas JauTepaTypa:

1. HAmutpuesa B.®. ®duzuka g npodeccuii u creruaibHOCTe TEXHUUECKOTo IpouIs. —
M., 2019.

2. Hmutpuesa B.®. 3amauu no ¢pusuke: yued. mocodue. — M., 2019.

3. HmutpueBa B.®. ®uszuka 11 npodeccuii U CHEIUATBHOCTEH TEXHUYECKOTO MPODUIIS:
yueOHUK /U 00pa3oBaT. yupexkaeHui Had. U cpel. mpod. obpazoBanus — M., 2019.

4. Kabapaun O.®., Opnos B.A. DxcnepuMeHTaIbHbIe 3a1aHus o ¢pusuke. 9—11 kmaccor:
ydaeOHOe TTocoOue I yJalmxcs 001eo0pa3oBaTelbHbIX yupexaeauii. — M., 2009.

5. Camoiinenko IIL.M. ®wusuka mia npodeccuii W CHENUAIBLHOCTEH  COIMAIBHO-
HKOHOMHYECKOTO U TyMaHuTapHoro npoduieit. — M., 2012.

6. KacbsinoB B.A. ®usuka. 10, 11 k1. Temarndeckoe U moypodHoe IUIaHUpOBaHHE. — M.,
2008.

7. JlabkoBckuit B.b. 220 3a7a4 no ¢usuke ¢ pemeHussMu: kaura uist ygammxes 10—11 k.
00111e00pazoBaTeNbHBIX Yupexkaenuid. — M., 2009.

8. OdenepalibHBIE  KOMIIOHEHT TOCYJApCTBEHHOTO CTaHaapTa oOmero ooOpasoBaHus /
MunucrepcTBo oopa3zoBanus PO. — M., 2009.

9. I'enpenmreiin JI1.O., Iuk FO.W. ®usnka. YueOuuk mis 10 k1. — M., 2008.

10.  Tenpenmreitn JI.O. luk F0.1. ®usnka. Yueonuk mis 11 ki — M., 2008.

11. I'pomoB C.B. ®uszuka: Mexanuka. Teopuss OTHOCUTEIBHOCTH. JIEKTPOIMHAMUKA!
YueOuuk s 10 k1. o61meodpa3zoBaTenbHbIX yupexaeHuid. — M., 2008.

12. I'pomos C.B. ®usuka: Ontuka. Temossle siBneHus. CTpoeHUE U CBOMCTBA BEIIECTBA:
VYuebnuk 11 11 k1. oOeoOpa3zoBarenbHbIX yupexxaeHuid. — M., 2009.

13.  KacesHoB B.A. ®msuka. 10 win.: Y4eOHUK Ui 00meoO0pa3oBaTeiIbHBIX YUeOHBIX
3aBeneHuii. — M., 2008.

14. KacbsnoB B.A. ®wusuka. 11 xn.: YueOHMK it oOmieo0pa3oBaTeIbHBIX YUEOHBIX

3aBenennii. — M., 2009.

15.  Cawmoiinenko I1.1., CepreeB A.B. CoopHUK 3a/1a4 1 BOPOCHI IO (hU3HKE: yueld. mocodue.
-M., 2010.
16.  Cawmoiinenko I[L.U., CepreeB A.B. ®usuka (a1 HETEXHUUYECKUX CIELHUAIBLHOCTEH):

yuebHuk. — M., 2009.



