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MacnoopT

doHaa oLEeHOYHBIX

CpeacTB

CooTBeTCTBHE OLHCHOYHBIX CPEACTB KOHTPOJIUPYEMBIM 3HAHUSIM U YMCHUAM

Kon ITIK, OK  Kona ymennit  |YMenus Kon 3nanuit  3uanus
nK 1.1 vV 1.1.01 PaccunTeIBaTH 31.1.01 Hcnosb3oBaHue CpesicTB
rapameTpbl, COCTABIISATh WH()OPMAIIMOHHBIX U
1 coOUpaTh CXeMbl KOMMYHHUKAI[HOHHBIX
BKIJIFOUEHUS TPUOOPOB TEXHOJIOTUH B pEIICHUN
[IpU U3MEPEHUU 3aja4 ¢ COOII0ICHUEM
[Pa3TUYHBIX TpeOOBaHUI TEXHUKU
AIEKTPUUYECKUX 0e301acHOCTH
BEJTUYHH,
AIEKTPUYECKUX MAIIUH
Y MEXaHHU3MOB
Y 1.1.02 PaccuuteiBath 1 31.1.02 3aKOHBI IOCTOSIHHOTO U
M3MEpPSTh OCHOBHBIC [IEPEMEHHOI0 TOKA,
rapaMeTpbl IPOCTHIX BUJIbI COCTMHEHU
PICKTPUYECKUX U MPOBOIHUKOB. OCHOBBI
MarHMTHBIX LIeTeH. (bu3HYECKUX MPOLIECCOB
Pemats 3amaun Ha B ITPOBOIHHKAX,
OCHOBHBIE 3aKOHBI MOJIYTIPOBOTHUKAX U
AIEKTPOIMHAMUKHI ITUDIIEKTPUKAX
MK 1.2 vV 1.2.01 CoBepiaTth 31.2.01 Vcnionb30BaHue CPeCTB
OCO3HaHHBIN BBIOOP MH(OPMALIMOHHBIX U
Oynymeit nmpodeccun u KOMMYHHKAITHOHHBIX
[peain30BbIBATh TEXHOJIOTHI B pelIeHnun
CcOOCTBEHHEIE 3aJa4 ¢ cOOJII0IEHUEM
KU3HEHHBIC TUTAHbI TpeOOoBaHUI TEXHUKHU
v 1.2.02 BriOupats u npasuisHO3 1.2.02 JIBurarenu
PKCILTyaTUPOBATh MMOCTOSTHHOTO |
AIEKTPUYECKUE, MEePEeMEHHOTO TOKa, UX
AIIEKTPOHHBIE TPUOOPHI YCTPOMCTBO, MPUHITHI
M e cTBUA
PIIEKTPOOOOPYIOBAHKE
OK 01 Yo 01.01 PacnoznaBats 3amauy 30 01.03 ATITOPUTMBI
u/unu npobiaemy B BBINTOJIHEHUS padoT B
npodeccuoHaaTbHOM npodeccuoHanbHON U
W/WTU COITUATTBHOM CMEKHBIX 00MacTsIX
KOHTEKCTE
Yo 01.03 OnpenensTs dTansl 30 01.05 CrpykTypy miaHa s
perIeHus 3a1auu pelieHus 3aaad
OK 02 Vo 02.01 Onpenensarts 3a7a4u 30 02.01 Howmenxkiarypa
TUTSI TIOUCKA WH(OPMAIIMOHHBIX
nHbOpMaIHN HMCTOYHUKOB,
MPUMEHSIEMBIX B
poQeCCHOHATEHOMN

JCATCIIbHOCTH




Yo 02.02 Onpenensrsb 30 02.02 [Tpuemsl
HEe00XO0TUMBbIE CTPYKTYpPHUPOBAHUS
VCTOYHUKH uHpopMaIuu
nHpopMauu
OK 04 Yo 04.01 OpraHu3oBbIBaTh 30 04.01 [Icuxonornyeckue
paboTy KOJJIEKTHBA U OCHOBBI JICSITEILHOCTH
KOMaH/Ibl KOJIJIEKTHBA,
MCUXOJIOTUYECKUE
0COOCHHOCTH JIMYHOCTH
Yo 04.02 BsaumopeiictBoBats ¢ 30 04.02 OCHOBBI IPOEKTHOM
KOJIeraMH, e TeIbHOCTH
[PYKOBOJICTBOM,
KJIMEHTaMH B X0JIe
npodeccnoHaTbHOM
NesITeNbHOCTU
OK 06 Y0 06.01 OrnuceIBaTh 30 06.01 CymHOCTb rpask1aHCKO-
3HaYUMOCTb CBOCH MaTPUOTHYECKON
CTEUATBHOCTH MO3UIUH,
00I11eYeI0BEYECKUX
LICHHOCTEN
Yo 06.02 [IpumensaTs crangaptsl 30 06.02 3HAYMMOCTh
AHTHUKOPPYIMIIHOHHOT O pohecCuOHATHLHON

IMOBCACHUA

JACATCIIBHOCTH I10
CIICHIHMAJIbHOCTHU




Koandukarop KOHTPOJIbHBIX 3aJaHU

DyHKIMOHAJIbHbBIN
MPU3HAK OLIEHOYHOTO
cpencta (TUI
KOHTPOJILHOTO
3a/1aHMs)

MeTton/hopma KOHTPOIIS

Kon
KOHTPOJILHOTO
3aIaHus

[IpoekTHOE 3a1aHKE

Y4eOHblii MPOEKT (KypCOBOH, UCCIIEIOBATEIBCKUM,
o0y4Jaroniuii, CepBUCHBIN, COITUATBHBIN TBOPUYCCKUH,
PEKIaMHO-TIPE3EHTALIMOHHBIN).

Koneunwiii npodyxm, nonyuaemviii 6 pesyiomame
NIAHUPOBAHUSL U BbINOJIHEHUSL KOMNIEKCA YYeOHbIX U
uccredosamensckux saoanutl. I1ozeonsem oyenums ymeHus
00YYaAIOWUXCI CAMOCMOAMENLHO KOHCIMPYUPOBAMb CE80U
3HAHUA 8 Npoyecce peuleHUs NPaKmuyecKux 3a0ad u npooiem,
OPUEHMUPOBAMBCSL 8 UHPOPMAYUOHHOM NPOCPAHCIEE U
Vpo8eHb (hopCcupo8anHOCmU AHATUMUYECKUX,
UCC1e008amenbCKUX HABLIKOB, HABLIKOG NPAKMUYECKO20 U
meopuecko20 mviulienus. Moowcem ebInoIHAMbCA 8
UHOUBUOYATILHOM NOPsIOKe WU 2PYNNOLL 00YUAIOWUXCAL.

PedeparuBnoe
3aJaHKe

Pedepar.

IIpodyxm camocmosamenvHou pabomwl 06yuaWe2ocs,
npeoCcmasisowull cCoO0l KpamKoe UsodceHue 6 NUCbMEeHHOM
8UO€ NOIYYEHHBIX Pe3YIbMamos meopemuyecKko20 aHaIu3a
onpeoeieHHOU HaYYHOU (Y4eOHO-UCCIe008amenbCKOolL) membl,
20e asmop packpuvléaem cymo Ucciedyemou npoo.iemvl,
npUBOOUM PA3IUYHbBLE MOYKU 3PEHUSL, A MAKJCE COOCMBEHHbLe
832718061 HA Hee.

Pacuernas 3amaua

KonTpoabHasi padoTa, MHIUBHIyaIbHOE JIOMAIIHEE 3aaHuE,
nabopaTopHas paboTa, MPaKTUUECKUE 3aHATUS, TUCbMEHHBIN
9K3aMeH.

Cpedcmeo npogepKu ymMeHuil NpUMeHams NOJyYeHHble 3HAHUS
no 3aparee onpeoeieHHoU MemoouKe 01 peueHus 3a0a4 Ui
3A0aHUL O MOOYIIO ULU OUCYUNTIUHE 8 YETIOM.

ITouckoBas 3agada

KounTtpouabHasi pa6ora, HHIMBUyaIbHOE JOMAITHEE 3a/1aHNE.
Yacmuuno pecnamenmuposanHoe 3a0anue, umeioujee
HeCmaHoapmuoe peuieHue u no36oJsitoujee OUAZHOCMUPO8ams
VMeHUsl, UHMe2PUpOo8amsb 3HAHUS PA3IUYHLIX 0Oaacmell,
apaymeHmupoeams co6CmeeHHy0 moyky sperus. Moowcem
BLINOJIHAMbCS 8 UHOUBUOYATLHOM NOPSOKE UTU SPYNNOLL
00yuarowuxcsl.

AHanmuTnyeckas
3a7a4ya

KouTtpoJsbHas paéora, HHANBUyaTbHOE TOMAIITHEE 33/IaHHE.
Cpeocmeo, nossoaaowue oyeHusams U OUAZHOCMUPOBAMD
VMeHUs CUHMe3Upo8amy, aAHAIUSUPOB8AMb, 0000WamMb
Gakmuueckul u meopemudeckuli Mamepuai c
Gopmynuposaruem KOHKPEmHbIX 86180008, YCMAHOBNEHUEM
NPUYUHHO-CIeOCMBEHHBIX CBA3EI.

I'paduueckas 3anaua

KoutpoJsbHas paéora, HANBUyaTbHOE JOMAIITHEE 3a/IaHHE.




Cpedcmeo npogepKu yMeHuil NPUMeHAmMb NOJLYYeHHbLe 3HAHUS
no 3aparee OnpeoeieHHoU MemoouKe 0 peueHus 3a0a4 Uiy
3A0aHUL N0 MOOYIIO ULU OUCYUNTIUHE 8 YETIOM.

3agaua Ha
IPOrpPaMMHUPOBAHUE

KonrponsHas padora, MHauBHAYaIbHOE TOMAITHEE 3aaHUE.

Tect, TECTOBOE
3aJjaHue

TecTupoBaHue, MMCEMEHHBIN YK3aMEH.

Cucmema cmanoapmu3upo8anHblX 3a0aHUl, NO36ONAIOWAS
aA6mMoMamu3uposams nPoyeoypy UsMepeHus ypOoeHs 3HAHULL U
YMeHUull 00yuanuwe2ocsl.

[IpakTrueckoe
3aJaHue

JlabGopaTopHasi padoTa, IpaKTUUECKUE 3aAHSITHS,
MPAKTUYECKHUI DK3aMEH.

Cpeocmeo 015t KOHmMPOAs NPUOOPEMEHHBIX 00VHAIOUWUMCS
npoheccuOHANbHBIX HABBIKOS U YMEHUL N0 YNPABIEHUIO
KOHKDEMHbIM MAMePUAIbHLIM 00bEeKMOM.

Ponesoe 3aganue

JenoBas urpa.

Cosemecmuas oesmenbHOCHb 2PYNnbl 00YYAIOUWUXCS U
npenooagamelis ROO YNPAGIeHUeM NPenoo0asamelis ¢ Yeibo
pewenust y4eOHbIX U NpopeccUOHATbHO-0PUEHIMUPOBAHHBIX
3a0ay nymem ucpo8020 MOOEIUPOBAHUSL PeabHOl NPOOIEMHOU
cumyayuu. Ilozeonsem oyeHusamo ymenue aHaiu3uposams u
pewams munuunvle nPpoghecCuoHaIbHbLE 3a0aUU.
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Hccnenosarennckoe
3a7aHNE

HccnenoBarennckas padora.

3aoanue, umerouee Hecmanoapmmuoe peuieHue u no3osauee
OUACHOCMUPOBAMb YMEHUs, UHMeZPUPO8amyd 3HAHUSL
Pasnuunblx odaacmetl, apeyMeHmupo8ams cOOCMEEHH)I0
mouKy spenust. Modxcem 6binoaHaAmMbCs 8 UHOUBUOYATLHOM
nopsaoKe uiu 2pynnou 00y4aruuxcsi.

11

PaGouas Terpaapb

Jluoaxmuueckuti KOMNJIEKC, npeoHaA3HAYeHHbLU ons
CamocmosimenvbHol pabomvl 00yuaOwWe2ocs U NO380NAIOUWUL
OYEHUBAMb YPOBEHb YCBOCHUSL UM Y4eOHO20 Mamepua.d.
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Hoxmaz, coobmenne

IIpooykm camocmosmenvhol pabomsi 00yyarOue2ocs,
npedcmasiauull coool nyoIuyHoe 8blCmynieHue no
npeocmagieHuio NOJY4eHHbIX Pe3Vibmamos peuleHusl
onpeoeieHHOU Y4eOHO-NPAKMUYECKOU, YYeOHO-
ucce008amenbCKoul U HayyHou membl
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3aganue Ha BKP
JIATUIOMHBINA POEKT

Brinmycknas kBanu¢pukanuonsas padora CI1I0

14

3amanue ua BKP
TUTIIIOMHAs paboTa

Brimycknas kBanu¢ukanmonnas padora CI1I0

15

Cucrema oueHuBaHuA NPodeccHOHATbHBIX 00Pa30BaTeJbHBIX Pe3yJbTATOB N0 BHAaM

ACATECIbHOCTH

Onucanue CHCTEMbI OLICHUBAHUA

IToxa3zarenu oneHUBaHUA

Haumenosanue OIIOP | 25 6a10B 20 6a1710B 15 6anao0B 10 6aa10B

1.Bnagenue 3HaHUAMU 3HaeT ¥ IOHUMAET | 3HAET U B 1iestom He packpsbiBaer

TepMI/IHOJ'IOFI/II/I TepMI/IHBI nu IIOHUMAECT HOHI/IMaeT, HO conepncaHI/Ie
OIIpeEIICHUS TEPMUHBI U JOIyCKAaeT TEPMUHA,




OIpeNieNIeHNus], HO | OLUMOKM B 3HAaHUM | HEYMECTHO
JIOITYCKaeT TEPMUHOJIOTHM U | IPUMEHSET
HE3HAUUTEIIbHBIE | OIIpEeIICHUH, TE€PMHUHBI
OLINOKH HCIIPABIIAET
110CJIE 3aMEYaHui
2.Pe3ynbTaTUBHOCTH WNudopmanus Nudopmanus CryneHt HNudopmanus
UH(POPMALIMOHHOTO HailzieHa BepHo, Haii/ieHa He CaMOCTOSITENIbHO, B | HaliieHa He
MIOMCKa HeboubIIHe IOJIHAS C CpPOK, C II0JIHAs C
HE/104€eThl HETOYHOCTSIMU, HeJloueTaMu HETOYHOCTSMH,
HCIPABIIAIOTCA KOTOpBIE CTYJIEHT | BBIIIOJIHSET KOTOpBIE CTYJIEHT
CTY/IEHTOM Cpa3y, | UCIpaBIIsieT 3aJJaHus, C HE MOXET
IIOMOTa€T B IOMCKE | CAMOCTOSITENIbHO | IIOMOILBIO UCIPaBUTH 0€3
uHpopManuu npenoaBaTens IIOMOILU
OJIHOTPYITHUKAM JIEJIaeT BBIBOJIBI npenoaaBaress
3.CkopocTh 1 Crynent CryneHt Crynent CryaeHt c
TEXHUYHOCTb CaMOCTOSITENIbHO, B | CAMOCTOSATEIBHO, | CAMOCTOSITENIBHO, B | IOMOILBIO
BBINOJIHEHUS 3a/laHUH CPOK 1 BEPHO B CPOK, C CPOK, C IpernoiaBaTels,
BBITIOJIHSAET HEOOJIbIIUMHU HeJ04YeTaMu HECBOEBPEMEHHO,
3aJjaHus, JAeaeT He/loueTaMu BBINOJIHSET C HeJloYeTaMu
BBIBOJIbI, [IOMOTAET | BBIMOJIHAET 3a/1aHus, C BBITIOJIHSET
OJHOTPYINITHUKAM | 33JaHUs, JIelaeT | IOMOLIbIO 3aJjaHus, C
BBIBOJIBI, npernoaaBarens MIOMOUIbIO
IIOMOTaeT JIeNIaeT BBIBOJIbI npernoJiaBaTens
OJIHOTPYIITHUKAM JIEJIaeT BBIBOJIbI
4.0dopmiteHne 3aaaHUH 3agaHus 3agaHus 3agaHus Odopmienue He
oopmisier odopmisieT BBIMOJIHSET COOTBETCTBYET
aKKypaTHO B aKKypaTHO, HO HEaKKypaTHO, CO TpeOOBaHUAM
COOTBETCTBUH C UMEIOTCS 3HAYUTEITHHBIMH
TpeOOBaHUAMU 3aMeyYaHus 3aMeYaHUSIMH.
npernojasarens, B
COOTBETCTBHH C
I'OCT
5.ApryMeHTHpOBaHHOCTb | B nmuceMeHHOM 1 B nucsmennoit u | [lpuBogur IIpuBogut
CYKJIEHUH, IIUPOTa YCTHOM peun YCTHOU peun IIPUMEDBI, MpUMepHI, (HaKThl,
Kpyrosopa MIPUBOJUT HPUBOJIUT OIHCHIBAET OIUCHIBAET
pUMepbl, (GaKThI, | IPUMEPHI, sBIICHUS, (DAKTBI, | SIBJICHUS, HE
OIHCBIBAET GbaxThl, HO 3aTPYIHSAETCS B | ENIAeT BBIBOIHI,
SIBJICHUS, OIMCHIBAET JIOTUYECKOM CpaBHEHHUS
IIPOU3BOJIUT SIBJICHUA, U3JI0KEHHUH,
CpaBHEHHS, aHAJINU3, | TPOU3BOIAUT aHaiuse,
JieNiaeT BBIBOBI CpaBHEHUS, CpaBHEHMH,
aHaJIN3, JIeaeT BBIBOJIaX
BBIBOJIbI, HO
3aTpyaHseTCs B
IIOCTPOEHUN
JIOTUYECKOT0
U3JI0KEHUS
MaTepuaia
6.ITouck, o6paboTka u Paboraer ¢ Pabotaer c HenocraTouno IIpoBenen nouck
IpeI0CTaBIEHUE JTUTEePaTypoOi, JUTEpPaTypOH, mpoBejieH cOop U | U cOop
uHpOpMaIIUU IO MTOMCKOBBIMU MTOMCKOBBIMU o0paboTka uHpopManuu,
U3y4yaeMOMy MaTepually | CUCTEMaMH, cUCTEMaMH, uH(pOpMaIMH, TeMa He PacKpbITa,
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MOJTOTOBJICHHAS
uHpopManus
COOTBETCTBYET
TEeMaM 3aJJaHus,
MIOJTHO PacKphITa,
otoOpaxkeHa, Ipu

HOJTOTOBIICHHAS
uHpopManus
COOTBETCTBYET
TEeMaM 3aJjaHus,
HIOJTHO PacKphITa,
IpeloCTaBICHHE

MIPEOCTaBICHUE
uHpoOpMalU He
COOTBETCTBYET
TpeOOBaHUSM

UJIU HE
COOTBETCTBYET
3a1aHUIO0

HEe0OXOIUMOCTHA uH(popmaluu He

COIIPOBOXKAACTCS B IIOJIHOU Mepe

HATJISTHOCTBIO COOTBETCTBYET

(cxemamuy, TpeOOBaHUSAM

PUCYHKAMH),

MIPEIOCTABIISCTCS

JIOTHYHO B

COOTBETCTBUH C

TpeOOBaHUSMH,

JAFOTCS CCBUIKU Ha

WUCTOYHUKH
7.Mcnons3oBaHue 3HaeT yCTpOMCTBO, | 3HAET He B monnoit mepe | He B monHo#
y4eOHO-1a00paTOPHOTO | HA3HAYCHHUE, YCTPOHCTRBO, BJIaJICCT 3HAHUSIMH | MEpPE BJIaJIceT
0o0opyIoBaHUs st METOJIbI pabOThI C | HA3HAYCHHE, YCTPOMCTBA, 3HAHUSIMH
peLICHHS TPAKTUYECKUX | y4eOHO- METO/bI pa0OTHl | HA3HAUCHMUS, YCTPOMCTBA,
3a/a4 (M3MEpPUTEIIbHBIE | TAOOPATOPHBIM ¢ yueOHo- METOJIaMH pa0dOThl | Ha3HAYCHMUS,
PUOOPHI U 00opyIOBaHUEM, J1a00paTOPHBIM ¢ yueOHo- MeToAaMH pabOThI
WHCTPYMEHTHI) MIPOU3BOIUT obopynoBaHueM, | Ja00OpaTOPHBIM ¢ yueOHo-

paboThI ¢ HO JIOITyCKaeT 000pyJIOBaHUEM. 1a00paTOPHBIM

[IPUMEHCHHEM OIMOKN B [TpousBoaut o0opymoBaHUEM.

y4eOHO- pabote ¢ yueOHO- | paboThI ¢ [TpousBoaut

71a00paTOPHOTO 1a60paTOPHBIM 3aMEYaHUSIMH, paboThI C

o0opynoBaHUs B o0opynoBaHueM, | cOOMOIaeT HapyIeHHEeM

COOTBETCTBUH C coOmromaer TEXHHUKY TEXHOJIOTHH,

TpeOOBAHUSAMH U TEXHUKY 0€30MaCHOCTH. MIPUHITUIIOB

TEXHOJIOTHEH, 0€e30I1acHOCTH, paboThI, UMEET

co0Ouro1aer Oepe’kHO 3aMey4aHus 1o

TEXHUKY OTHOCHTCS K TEXHUKE

0€e30MacHOCTH, 000pyI0BaHUIO 0e30MmacHOCTH

OepexxHO

OTHOCHTCSI K

000pyIOBaHUIO.

Moxer oka3atb

MOMOIIb B paboTe

OJTHOTPYITHUKAM
8. Bpems Ha Cobmoienue IIpeBbinienne IIpeBbinienune [IpeBbrnienune
BBITTOJIHCHHUE 33 JaHHS BpeMs U BpPEMEHHU BpEMEHU BpEMEHH

TOJITOTOBKH BBIMTOJIHEHHUS HA | BBITOJIHEHHS Ha BBITIONTHEHUS Ha 30

3a/1aHusl, CPOKOB 10 % 20% u 6osee %

CcIayd 3aJaHuH.

Kpurepun ouennBanus

KonnuecTBo 6amios

YpoBeHb c(hOpMUPOBAHHOCTH

OrueHka

85-100

OBBIIIECHHBIH

«OTIHNYHO»




70 -84 JIOCTAaTOYHBIA «XOPOITIO»
50 -69 MTOPOTOBBII «yJIOBJIETBOPUTEIBHOY
menee 50 KOMIIETEHIMsI He CPOPMHUPOBaHa «HEYJOBJIETBOPUTEIHHO
Iloxa3aTenu oneHMBaHus Pe3yJbTATOB TECTHPOBAHUS
HaumenoBanue 25 6ass10B 20 6as10B 15 6annoB 10 6aJ10B
onor
1) Bnanenue 3HanusiMmu | 3HaeT ¥ IOHUMAET 3HaeT u B nenom He packpsiBaer
TEPMUHOJIOTMH TEPMUHBI U IOHUMAET IIOHUMAET, HO coJiepKaHue
onpezeneHus TEPMUHBI U JIOITYCKaeT OUIMOKH | TEpMUHA,
OIpeieNIeHus], HO | B 3HAaHUU HEYMECTHO
JIOITYCKaeT TEPMHHOJIOTUH U IPUMEHSIET
HE3HAUUTENIbHbIE | ONpE/eeHuH, TEPMUHBI
OIIMOKHU WCIIPABJISIET TOCIIE
3aMeYaHuil
2) IlpaBunbHOCTH OTBeTbI BEIOpaHbI OtBeThl Crynent c bonpmmHCTBO
BbIOOpa OTBETA WK BEPHO, B CPOK BbIOpaHbI BEPHO, | HEJOYETaMHU U C OTBETOB BHIOpaHbI
OTBETOB ¢ HEOOJIbIIUMU HEeOO0bIIOMN HE BEPHO U
He/l0ueTaMH, 3aJIepAKKON BO HECBOEBPEMEHHO
CBOEBPEMEHHO BpPEMEHU
BBINOJIHSET
3a/laHus
3) ckopocCTh U CryneHt CryneHt CryneHt CryneHrt ¢
TEXHUYHOCTb CaMOCTOSITENIBHO, B | CAMOCTOSITENBHO, | CAMOCTOSITENIBHO, B | IOMOIIIbIO
BBITIOJIHEHHS TECTOBBIX | CPOK M BEPHO B CPOK, C CpOK, C npenoaaBarels,
3a/laHui BBITOJHSET HEOOJIbIINMHU HEeJ0YeTaMH HECBOEBPEMEHHO, C
TECTOBbIE 3aJaHUS HeZ04YeTaMu BBINOJIHAET Hejo4YeTaMu
BBITIOJHSET TECTOBbIE 33JJaHUSI | BBIIIOJIHSIET
TECTOBbIE TECTOBBIE 3aJAHUS
3aJlaHus
4) Odopmiienne 3anaHus 3ananus 3anaHus Odopmnenue He
3aJaHu odopmiser odopmiiser BBINOJIHSIET COOTBETCTBYET
aKKypaTHO B aKKypaTHO, HO HEaKKypaTHO, CO TpeOOBaHUSAM
COOTBETCTBUHU C UMEIOTCS 3HAYUTEIbHBIMU npernojaBaTens
TpeOOBaHUAMHU 3aMevyaHus 3aMeUYaHUsIMU
npernojaBaTesns
5) Bpems na Cobnronenue IIpeBblieHne IIpeBblieHne IIpeBbiienne
BBITMIOJTHEHHE 3a/1aHusl | BpeMs U BpEMEHHU BpeMEHU BpPEMEHHU
MOJATOTOBKH BBITNIOJIHEHYS HA | BBIIIOJIHEHHUS Ha BbINOJIHEHMS Ha 30
3aJ[aHus, CPOKOB 10 % 20% u 6osee %
CIa4y 3aaHUI.
. OO0mee kosuvecTBO BonpocoB npuHumaercs 3a 100%. Ouenka BbICTaBJsIeTCS MO

SHAYCHUI0 COOTHOIICHUA MPAaBUJ/IBHBIX OTBETOB K oﬁmeMy KOJINY€CTBY BOIIPOCOB B MMPOILICHTAX.

Kpurepum ouenok
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Ouenka «5» (otsam4Ho) — o1 85 10 100% npaBWILHBIX OTBETOB;

Ouenka «4» (xopoio) — ot 75 10 84 % npaBUIBHBIX OTBETOB;

1
2
3. Ouenka «3» (ynoBjieTBopuTebHO) — 0T 50 10 74 % npaBUJILHBIX OTBETOB;
4

Ounenka «2» (HeyJ10BJIETBOPUTEJIbHO») — MeHee 50% npaBUJILHBIX OTBETOB

Kpurepun oueHuBanus

KoJsimyecTBo 6a/1/10B YpoBeHb ¢(h)OPMUPOBAHHOCTH Ouenka

85 —100 NOBbINIEHHBIH «OTJIHMYHOY

70— 84 AOCTATOYHBIN «X0pOoLIOo»

50 - 69 NMOPOTroOBbIi «yJ10BJIETBOPUTEJIHLHO)
MmeHee S0 KOMIeTeHIusl He chopMUpPOBaHA «HEYJI0BJIE€TBOPUTEIHHOY

IToka3aTenu olleHUBAHUA YCTHBIX OTBE€TOB

HaumenoBanue OIIOP | 25 6annos 20 6an10B 15 6a0B 10 6a10B
1) Bnagenue 3nanusiMu 3HAeT ¥ IOHUMAET | 3HAET U B nenom He
TEPMHHOJIOTHU TEPMUHBI U [IOHUMAET IOHMMAET, HO pacKpbIBaeT
OIIpeeICHUS TEPMUHBI U JIOIIYCKaeT coJiepyKaHue
OnpeeIeHus, OlIMOKY B TEPMUHA,
HO JIOIYCKaeT 3HAHUU HEYMECTHO
HE3HAYUTENIbHbIE | TEPMUHOJIOTUN | IPUMEHSIET
OLIMOKH Y OIIPENIETICHUM, | TEPMUHBI
HCIIPABIISET
1I0CJIE
3aMEe4aHui
5)AprymentupoBaHHocTh | B nucemenHoi n | B nuceMenHoit u | [IpuBogut IIpuBoaut
CYKJIEHUH, IIUPOTa YCTHOU pedn YCTHOU pedn IIPUMEDBI, [IPUMEPHI,
Kpyrosopa MIPUBOJUT MIPUBOJUT OIHCHIBAET (baxTshl,
MpUMepsl, (HaKThl, | MPUMEPHI, SIBIICHUS, OIHCHIBAECT
OIHCHIBAET (baxThl, (baxThl, HO SBJICHUS, HE
SIBJICHUS, OTIHCHIBAET 3aTpyaHSeTCS B | JeNaeT
IIPOU3BOJUT SIBJICHUS, JIOTHYECKOM BBIBO/JIbI,
CpaBHEHMSI, MIPOU3BOJIUT W3JI0’KEHUH, CpaBHEHHUS
aHaJIN3, JeJaeT CpPaBHEHUSI, aHaJIn3e,
BBIBO/JIbI aHaJu3, IeNaeT | CpaBHEHUH,
BBIBOJIBI, HO BBIBOJIaX
3aTpyaHseTCs B
MIOCTPOECHHUH
JIOTHYECKOTO
U3JI0KEHUS
Marepuana
6) Ilouck, oO6paboTka u Paboraer ¢ Paboraer ¢ HenocraTrouno [IpoBenen
IIPEIOCTABIICHUE JIUTEPATypOH, JIUTEPATypOH, IIpOBEJIeH cOOp | MOMCK U cOop
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nHpopmaruu mo MTOMCKOBBIMHU MTOMCKOBBIMHU 1 00paboTKa nHpopmaruu,
U3y4yaeMoMy MaTepHaily | CUCTEMaMH, CHCTEMaMH, nH(pOpMaIHH, TeMa He
MOJITOTOBJICHHAST | MIOATOTOBJICHHAS | IPEIOCTABIICHUE | PACKPHITA,
uHpopMaus uHpopMaIus nHpOpMaIMY HE | WU HE
COOTBETCTBYET COOTBETCTBYET | COOTBETCTBYET | COOTBETCTBYET
TEeMaM 3aJJaHus, TEeMaM 3aJjaHus, | TpeOOBaHUSAM 3aJJaHHIO
MIOJTHO PACKPBITA, | ITOJHO
otoOpakeHa, IpU | pacKphITa,
HE0O0XO0MMOCTH MPEOCTaBICHUE
COIIPOBOXKAAETCS | MH(pOpMAIK HE
HaTJISTHOCTBIO B TIOJTHOU Mepe
(cxemamuy, COOTBETCTBYET
PUCYHKaMH), TpeOOBaHUAM
MIPEIOCTABIACTCS
JIOTHYHO B
COOTBETCTBHUH C
TpeOOBAHUAMHU,
JAFOTCS CCBUIKH Ha
HCTOYHHKH
8) Bpemst Ha Cobmronenune [IpeBsbiieHNE [IpeBbilieHNe [IpeBpiieHNE
BBITTOJIHEHHUE 33JJaHUS BpeMs U BpEMEHU BpPEMEHU BpPEMEHU
MOJITOTOBKH BBITIOJIHEHUS HA | BBIMIOJIHEHUS HA | BBIIIOJHECHUS
3a/IaHMsl, CPOKOB 10 % 20% Ha 30 u Ooiee
C/Ia4yM 3aJJaHH. %
Kpurtepuu oneHnBanus
KoanuecrBo 6a/s10B YpoBeHnb c(hpopMHPOBAHHOCTH Onenka
85 - 100 NMOBBINIEHHBIH «OTJTHYIHOY»
70 -84 JOCTAaTOYHBIN «XOpouo»
50-69 MOPOTroOBBIH «Y/10BJIETBOPHTEJIbHHOY
MeHee S0 KOMIIeTeHlusl He chopMHUpOBaHA «HEeY/0BJIETBOPUTEJIHLHO»

IToxa3aTenn oneHMBaHNS NPAKTHYECKOH padoOTHI

HaumenoBanue OIIOP | 25 6annos 20 6a/10B 15 6annoB 10 6annoB

|.Bnanenne 3HaHUSAMHA 3HaeT ¥ MOHUMAET | 3HACT U B nenom He packpeiBaer

TEPMHHOJIOTUU TEPMUHBI U MIOHMMAET IIOHUMAET, HO coJepxKaHue

onpeeneHus TEPMUHBI U JOITyCKaeT TEpMUHA,

olpesieNieHus], HO | OUIMOKM B 3HAaHUMU | HEYMECTHO
JIOITyCKaeT TEPMUHOJIOTUHU 1 MPUMEHSIET
HE3HAYUTEIIbHBIE | ONIPENEICHUM, TEPMUHBI
OIIMOKHU
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HCTIPABJIISET
ocCJIe 3aMeYaHuil

2.Pe3ynbTaTUBHOCTD Nudopmanmst Nudopmanus CryneHnt Nudopmanmst
UH(POPMALIMOHHOTO HaliJieHa BEPHO, HaliZieHa He CaMOCTOSITENIbHO, B | HaliZIeHA HE
HIOUCKa HeOouIbLINe HOJIHAs © CPOK, C HIOJIHAs ©
HEJ0YETHI HETOYHOCTSIMH, HEJ0YEeTaMU HETOYHOCTSAMH,
UCIPABJISIIOTCS KOTOPBIE CTYJCHT | BBIIOJIHAET KOTOPBIE CTYJCHT
CTYIEHTOM Cpa3y, | UCHpAaBISAET 3a/1aHus, C HE MOXET
IIOMOTAET B [TIOMCKE | CAMOCTOSATENIBHO | HOMOILBIO UCIPaBUTH 0e3
uHpOopMau npenojaBaTesns IIOMOUIU
OJTHOI'PYITHUKaM JIeJ1aeT BBIBOJIbI npenojiaBaTess
3.CxopocTb 1 CryneHt CryneHt CryneHt CryneHt c
TEXHUYHOCTb CaMOCTOSITENIbHO, B | CAMOCTOSITENIBHO, | CAMOCTOSITENIBHO, B | IOMOILBIO
BBITNIOJIHEHMS 3a/1aHUI CPOK U BEPHO B CPOK, C CpPOK, C IpenojaBaTes,
BBINOJIHSAET HEOOJIbIIIMMU HeJloueTaMu HECBOEBPEMEHHO,
3aJlaHus, JeaeT HeJ04eTaMu BBINOJIHSET C HeJloueTaMu
BBIBO/IbI, [IOMOI'a€T | BBINOJIHSAET 3aJjaHus, C BBINOJIHSET
OJIHOTPYIIITHUKAM | 3aJaHMsl, IEJIaeT | IOMOLIBIO 3aJlaHus, C
BBIBOJIbI, npenojaBaTens MIOMOILBIO
IIOMOTraeT JIeJ1aeT BBIBO/IbI npenoaaBaTesns
OJIHOTPYNITHUKAM JieJ1aeT BbIBOJbBI
4.0¢dopminenue 3amanuii | 3amaHus 3ananus 3ananus Odopminenue He
oopmisier odopmiser BBINOJIHSET COOTBETCTBYET
aKKypaTHO B aKKypaTHO, HO HEaKKypaTHO, CO TpeOOBaHUSM
COOTBETCTBHUHM C UMeITCs 3HAYUTEIbHBIMU
TpeOOBaHUAMU 3aMeyaHus 3aMeYaHUsIMU
Ipenojasares, B
COOTBETCTBUH C
I'OCT
5.ApryMeHTHpPOBAaHHOCTb | B nmuceMeHHON U B nmucemennoit u | [IpuBogur [IpuBoguT
CYXKICHHH, IINPOTa YCTHOH pedn YCTHOM peuu IPUMEPBI, pUMepsI, (HaKTHI,
Kpyrosopa MPUBOJIUT MPUBOJIUT OIHCHIBACT OIHCHIBAET
pUMeEpbl, (GaKThl, | IPUMEPHI, SABJICHUS], (DAKTHI, SIBJICHUS, HE
OIHCHIBAET (baxThI, HO 3aTPYJIHSAETCS B | JIENaeT BbIBOJBI,
SIBJICHUS, OIMCHIBAET JIOTHYECKOM CPaBHEHHUS
MIPOU3BOJIUT ABJICHUS, W3JI0’KEHUH,
CPaBHEHHs, aHAJIN3, | IPOU3BOIAUT aHaJIN3e,
JIeJIaeT BBIBOIbI CpaBHEHMS, CpPaBHEHUHU,
aHaJIN3, ENAET BBIBOJIaX
BBIBO/IbI, HO
3aTpyqHSETCS B
MOCTPOCHUU
JIOTUYECKOT0
U3JI0KEHUS
marepHasa
6.ITouck, 06paboTKa u Paboraert ¢ Paboraert ¢ Henocrarouno [TpoBenen mouck
IIPEIOCTABIIEHUE JIUTEPATypOH, JUTEPATYPOH, npoBesieH coop U | U coop
uH(pOpMaLUHU 1O ITOMCKOBBIMH ITOMCKOBBIMU o0OpaboTka uH(popManuuy,
U3y4aeMOMy MaTepuaigy | CUCTEMaMH, CUCTEMaMH, uH(pOpMaIHH, TE€Ma HE pacKphbITa,
MOATOTOBJIEHHAS MOJIFOTOBJIEHHAS | MPEOCTaBICHHE WIH HE
uHpopManus uHpopManus uHpopMalnU He COOTBETCTBYET
COOTBETCTBYET COOTBETCTBYET 3aJJaHUIO
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TeMaM 3aJaHHus,
MIOJIHO PacKphITa,
OoTOOpaKeHa, pu

TeMaM 3aJjaHus,
IIOJIHO PacKphbITa,
IPEOCTaBIICHUE

COOTBETCTBYET
TpeOOBaHUSIM

HE00X0AUMOCTH uHpopMauu He

COIPOBOXKAAETCS B IIOJIHOM Mepe

HaTJISTHOCTBIO COOTBETCTBYET

(cxemammu, TpeOOBaHUSIM

PUCYHKAMH),

MIPEIOCTABIIACTCS

JIOTUYHO B

COOTBETCTBHH C

TpeOOBaHUSAMH,

JTAIOTCS CCHUIKU Ha

HMCTOYHUKH
7.Mcnonb3oBanue 3HaeT yCTPOUCTBO, | 3HAET He B nonnoii mepe | He B nonHo#
y4eOHO-1a00paTOPHOTO | HA3HAYEHUE, YCTPOKHCTBO, BJIAJICCT 3HAHUSIMH | MEpe BIIaJeeT
o0opynoBaHus AJis METOJIbI pabOThI C | HA3HAYCHHE, yCTPOICTBA, 3HAHUSAMU
pEIICHUS TPAKTUIECKUX | y4eOHO- METOABI paboThl | HA3HAYCHMUS, YCTPOKCTBA,
3a/1a4 (M3MEpUTENIbHbIE | TaOOPaTOPHBIM ¢ yuebHo- METOJaMH paboThl | Ha3HAYCHUS,
pUOOPHI U obopynoBaHuEM, 1a60paTOPHBIM ¢ yueOHo- MeToAaMH padOThI
UHCTPYMEHTBHI) MIPOU3BOIUT o0opynoBaHueM, | 1aOOpPaTOPHBIM ¢ yueOHo-

paboThI ¢ HO JIOITyCKaeT 000pyI0BaHUEM. 1a00paTOPHBIM

MIPUMEHEHHEM OIIMOKU B [IpousBoaut 00opynOBaHUEM.

yaeOHo- pabote ¢ yaeOHO- | paboThI ¢ [TpousBoaut

n1abopaTopHOro 1a060paTOPHBIM 3aMeUYaHUsIMH, paboThI ¢

o0opymoBaHus B obopynoBaHueM, | coOJIrOIaET HapylIeHUEeM

COOTBETCTBHUH C coOumoiaeT TEXHUKY TEXHOJIOTHH,

TpeOOBaHUSIMHU U TEXHUKY 0e30MmacHOCTH MPUHIIMIIOB

TEXHOJIOTHEH, 0€30MacHOCTH, paboThl, UMEET

coOmo1aet OepexHo 3aMeYaHus 1o

TEXHHUKY OTHOCHUTCS K TEXHHUKE

0€301acHOCTH, 000pyI0BaHHUIO 0€301acHOCTH

OepexHO

OTHOCHTCSI K

000pyIOBaHHUIO.

Moxer oka3arb

MOMOIIIb B paboTe

OJTHOTPYITHUKAM
8.Bpems Ha BeimonHenue | CoOmroneHue [TpeBsieHme [IpeBbieHme [IpeBsieHue
3aJIaHus BpeMS | BpPEMCHH BpEMEHHU BpEMECHHU

MOATOTOBKH BHITIOJTHEHUS HA | BBITIOJIHEHUS Ha BbITIONHEHUS Ha 30

3aJJaHHs, CPOKOB 10 % 20% u 6onee %

cIayy 3aJlaHui.

Kpurepun onenuBanus

KosmnuecTBo 0a/1/10B YpoBenb chopMUPOBAHHOCTH Ouenka
150 - 175 MOBBIIIEHHBIN «OTJMYHOY
115- 140 AOCTATOYHBbIH «XOPOLIO»
80 -105 NOPOrOBbIN «YAOBJICTBOPUTEIbHO)
MeHee 70 KOMIIeTEeHIIUs He C(h)OpMHpPOBaHa «HEYJI0BJIETBOPUTEJIbHO»
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Ioka3zarenu oueHuBaHusi pedeparos, Npe3eHTANMM

HaumenoBanue 25 d6asioB 20 6ans10B 15 6annoB 10 6an10B
OI110P
1) Bnanenue 3HaeT U NOHUMAET 3Haer u B nenom He
3HAHUSAMU TEPMUHBI U ONPEIETICHUS | TOHUMAET MOHMMAET, HO pacKkpbIBaeT
TEPMUHOJIOTHH TEPMUHBI U JIOITYCKaeT coJiep)KaHue
onpezeNeHus, HO | OUIMOKU B TEPMHHA,
JIOITYCKaeT 3HAHUU HEYMECTHO
HE3HAYUTENIbHbIE | TEPMUHOJIOTHMH | IPUMEHSIET
OLIMOKHU Y ONPEJICTICHHUH, | TEPMHUHBI
UCIIPABIISET
nocie
3aMeYaHuil
4) Ocdbopmienue 3anmanus opopmirsieT 3ananus 3ananus Odopmiecnne
3alaHui aKKypaTHO B odopmiiser BBITOJIHSIET HE
COOTBETCTBHH C aKKypaTHO, HO HEaKKypaTHO, CO | COOTBETCTBYET
TpeOOBaHUSIMU UMEIOTCS 3HAYUTENBHBIMU | TPEOOBAHUAM
npenojasares, B 3aMevyaHus 3aMeYaHUSIMH.
coorBeTcTBUM ¢ [OCT
S)AprymentupoBad | B nucbmenHoil u yctHOH | B nucemennoit u | I[lpuBoaut IIpuBoaut
HOCTb CY)XKJICHHH, peuu NpUBOIUT YCTHOU peun IPUMEPBHI, PUMEPBHI,
[IMPOTA KPyro3opa | MpuMepsl, GaKTHl, MIPUBOINT OIIHCHIBAET (daxThI,
OTIMCHIBAET SIBJIICHUS, npuMepsl, HakTel, | ABICHUS, OTIHCHIBAET
MIPOU3BOJIUT CPABHEHHUS, | ONHCHIBACT (baxTsI, HO SIBJICHUS, HE
aHalu3, JIeNaeT BBIBOJABI | SIBJICHMUS, 3aTpy/AHSAETCS B | AeJaer
MIPOU3BOJIUT JOTHYECKOM BEIBO/IBI,
CpaBHEHUS, U3JI0KEHHUH, CpaBHEHHUS
aHaJIn3, JeJaeT aHaiuse,
BBIBOJIBI, HO CpaBHEHUHU,
3aTpyAHSETCS B BBIBOJIAX.
IIOCTPOECHHUH
JIOTUYECKOTO
U3JI0KEHUS
MaTtepuana
6) Ilowuck, PaGoraer ¢ PaGoraer c Henocratouno | IlpoBenen
o0paboTka u JTUTEpaTypoH, JIUTEpaTypoi, MpoBeieH cOOp | TMOUCK U cOop
MIPEJOCTaBICHUE MOUCKOBBIMU MTOMCKOBBIMU u 00paboTKa uH(pOopMaIuy,
nHpOpPMAIIHA TIO CHCTEMaMH, CHCTEMaMH, nHpOpMAIIHH, TeMa He
U3y4aeMoMy MOJITOTOBJICHHAS MOATOTOBJICHHAST | IPEIOCTABIICHUE | PACKPHITA, UITU
Marepuainy uHpopmManus uHpopmanus nHpopmanuy He | He
COOTBETCTBYET TEMaM COOTBETCTBYET COOTBETCTBYET | COOTBETCTBYET
3aJlaHusl, OJHO TeMaM 3aJaHus, TpeOOBaHUSAM 3a/1aHUIO0

packpbiTa, OTOOpakeHa,
pU HEOOXOTUMOCTH

IIOJIHO PACKpbITa,
IpeaAOCTaBJICHUC
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COITPOBOXKAACTCA
HarisiJHOCTBIO

(cxemamu, pUCYHKAMH ),

MpeaOCTaBIACTCA

JIOTHYHO B COOTBETCTBUH
¢ TpeOOBaHUAMH, JTAIOTCS
CCBUIKHM HA HCTOYHUKH.

nH(popMaIuy He B
MOJIHOM Mepe
COOTBETCTBYET
TpeOOBaHUSM

Kpurepum oueHuBanus

KoJsimyecTBo 6a/1/10B YpoBeHb ¢(h)OPMUPOBAHHOCTH Ouenka

85 —100 NOBbIIIEHHBIH «OTJIHYHOY

70— 84 AOCTATOYHBIN «X0pOLIOo»

50 — 69 MOPOTOBbI «YAOBJIETBOPUTEIbHO)
MmeHnee S0 KOMIeTeHIusl He copMUpOBaHA «HEYJI0BJE€TBOPUTEIHHOY

Kpurepumn ouenox

1. Ouenka «5» (oTin4Ho0) — 0T 85 10 100% NpaBUIBHBIX OTBETOB;

2. Ouenka «4» (xopomo) — ot 75 10 84 % npaBUIBLHBIX 0TBETOB;

3. Ouenka «3» (yaoBjaerBoputTeabHo) — 0T 50 10 74 % npaBUJIbLHBIX OTBETOB;
4, Ouenka «2» (Hey10BJIETBOPUTEJIbHO0») — MeHee S0% npaBUIbHBIX OTBETOB

PexomeHganum mo OeHNBAHUIO PE3YJIbTATOB CAMOCTOSITEIbHON PadoThI CTYICHTOB

B ¢opme coodmenus:

onor 25% 20% 15% 10%

CooTBeTCTB | cojiepKaHue coJiepKaHue JI0KJIajga | copepikaHue coJiepKaHue

ue JIOKJIaja COOTBETCTBYET JIOKJIaJa He JIOKJIaJa He

COJIEpKaHU | COOTBETCTBYET 3asBJICHHOM B MOJTHOCTBIO HOJHOCTBIO

s TEeMaTUKe, | 3asBIICHHOH B Ha3BaHUM TEMATHKE, COOTBETCTBYET | COOTBETCTBYET

oopmieHH | Ha3BaHUM TEMATUKE; | €CTh MOTPEIIHOCTH B | 3asIBICHHOU B 3asIBJICHHOU B

e o opMIIeHO B odopmIIeHUN Ha3BaHUU Ha3BaHUH
COOTBETCTBHUHU C TEeMaTHKe, €CTb | TEeMaTUKe, €CTh
o0ImMMu MIOTPEITHOCTH B | 3HAUYUTEIIbHBIC
TpeGOBaHUAMHU odopmieHnn HECOOTBETCTBHSI B
HaIlACaHUs U oopmiieHnn
TpeOOBaHUSIMU
odopmITeHUS

CrpykTypa, | ©IMeeT YETKYIO MMEeT MOTPEIIHOCTH B | UMEET Nmeer HeuéTKyIO

JIOTHYHOCTH | KOMITO3UITHIO H CTPYKTYpE, HECOOTBETCTBUSI | CTPYKTYDY,

COOOUICHUS | CTPYKTYDY, HE3HAYUTEIIbHBIC B CTPYKTYpE, JIOTHYECKHE
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OTCYTCTBYIOT JIOTHYECKue 3HAYUTENbHbIE | HApYLIEHUS B
JIOTHYECKHE HapyLICHHS B JIOTHYECKUE IpeCTaBICHUN
HapyllIeHUs B IIPEJCTaBICHUN HapyLIeHUs B marepuasia
NpeCTaBICHUN MaTepuaia NPECTaBICHUN
Mmarepuaa marepuaia
Hanmnune OTCYTCTBYIOT MPUCYTCTBYIOT NPUCYTCTBYIOT | IIPUCYTCTBYIOT
pEUeBBbIX, JEKCUYECKHE, HE3HA4YUTEJIbHbIE JIEKCHUYECKHE, qacTele
CTHJIUCTUYE | CTUIIUCTUYECKHUE U JEKCUYECKHE, CTHJIUCTUYECKHE | JIEKCHYECKHUE,
CKHUX uHble oMOKU. Peub | cTunucTUyeckue u Y MHbIE OIINOKHU | CTUIIMCTUYECKHE
OmMOOoK XapakTepusyeTcs WHBIE OIIMOKHU B B TEKCTE Y MHbIE OIINOKH B
SMOLMOHAIBHOM TEKCTe TEKCTE
BBIPa3UTEIHbHOCTHIO
CamocrosT | npeacTaBisieT cOOON | mpeicTaBisieT cOO0OH | MpeAcTaBiIsIeT OTCYTCTBYET
€JIbHOCTh CaMOCTOSITENIbHOE CaMOCTOSITENIbHOE co0oii He CaMOCTOSITENIbHOE
UCCIIE/IOBaH | HCCIIEeI0BaHMUE, UCClIeIOBaHHE, HOJIHOE UCCIIeI0BaHMUE,
ust IpeICTaBICH HEIOCTaTOYHBIN CaMOCTOSITENILHO | HEMPOPaOOTaHHBI
Ka4eCTBEHHbII KayeCTBEHHBIN aHAJIM3 | € UCCIIEOBAaHUE, | i TEKCT APyroro
AHaJIM3 HAWJICHHOTO | HAaHJEHHOTO HEKaYeCTBEHHbI | aBTOpPA (APYrux
marepuaia MaTepuaa i aHanu3 aBTOPOB)
HalJIEHHOT O
Mmarepuasa
O0uee 100 80 60 40
K0JI-BO
Kpurtepuu oneHnBanus
KosmnuecTBo 0a1/10B | YpoBeHb ¢hoOpMHPOBAHHOCTH Ouenka
85-100 MOBBIIIEHHBIH «OTJTHYIHOY»
70— 84 AOCTATOYHBbIN «X0pO1LI0»
50-69 NOPOrOBbIN «YAOBJICTBOPUTEIbHO)
meHnee 50 KOMIeTeHIusi He copMUpoOBaHa «HEY/10BJIETBOPUTEIHHO

B ¢opme npeseHTanmu:

O11oP 25% 20% 15% 10%
®opmynupoBk | ChopmupoBaHa ITorpemnoctu B [Tpobnema [Ipobnema He
a npobnemsel, | mpoliema, bopMyITUPOBKHI chopMmynupoBaH | chopmynrpoBaHa
IIPUYMH. MIPOAHAIM3UPOBAHBl | IPOOJIEMBI, B aHAIN3E a HEesICHO. Csenenus o
€€ IPUYHHBI. €€ PUYNHBI. Pa3po3HeHHBIE | NEATENBHOCTH
IIpoananusupoBanbl | OTCYTCTBYET CUCTEMA | CBEAEHUS O OTPBIBOYHBIE
pe3ynbTaThI ¢ ONMUCAHUs OCHOBHOM NEeATEITbHOCTH
MO3ULIMEN HA JeATEIbHOCTH
Oymymiee
ITocranoBka ITocraBnens! 3agaun. | [lorpemnoctu B Heuetko He packpsiTsl
3a/1a4 YeTko 1 mo3TarHo ITIOCTaHOBKE 3a/1a4, HE PAaCKpBITHI 3a/1a4u 10 TEME,
PacKpBITHI 3a/1a4M 110 | CKOPPEKTHUPOBAHBI 3a/1a4y 110 TEME, | OTCYTCTBYET
TeMe JTaIbl HapyllIeHa JIOTHKA 3TAIoB
JIOTHKA ATAIOB
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CootBerctBue | MiumocTpanuu Henocrarounoe NnmocTparuit Nnmoctparuit
WUTIOCTPAIIMHA | COOTBETCTBYIOT KOJIMYECTBO Mmano. He Bce MaJo, He
COJIEP)KaHUIO | COAEPIKAHMUIO, WJUTIOCTpALIHid, HEe COOTBETCTBYIOT | COOTBETCTBYIOT
JOTIOJTHSIET JIOTIOJTHSIOT COJIePKAHUIO COJICPKAHUIO.
nH(pOpMaITHIo nHpopmaIuio
Odopmnenne | OdopmieHue [TorpemHocTu B Crunb Crtunb He
COOTBETCTBYET | JIOTUYHO, 3CTETUYHO, | 0(OPMIICHUH U OTBJIEKAET OT COOTBETCTBYET
TpeOOBaHUSIM | HE IPOTUBOPEUUT JIOTUYHOCTH, HO HE CoJIepKaHus, COJICPKAHUIO
COJIEP>KaHUIO MIPOTUBOpEYAT pe3eHTalnn pe3eHTaluU
COJICPKAHUIO
Oo6mmee koJ1- 100 80 60 40
BO
Kpurepum oueHuBanus
KosmnuectBo 0as10B Yposenb chopMHPOBAHHOCTH Ounenka
85-100 MOBbIIEHHBII «OTJIHYHOY
70 -84 JOCTATOYHBIN «XOpOIIo»
50-69 MOPOTrOBBI «Y/10BJIETBOPHTEJIbHOY
MeHee 50 KOMIIeTeHIUsI He | «Hey0BJIeTBOPHUTEJILHO»
chopmupoBana

PexomMeHnaannu mo oneHUBAHUIO HTOTOBOM aTTECTAIlMH

OoP | 25% 20% 15% 10%
Bianenne ITOJTHOCTBEO W3J1araet u3JlaraeT Marepual | He
TEPMHUHAMH, n3Jjaraer TEOPETUUECKU HEIOJIHO, JOIyCKAaeT | BBICKAa3bIBac
TEOPETUYECKU | TEOPETUYECKUI Matepuai,l-3 HETOYHOCTH B|T CBOM
M MaTepuaJIioM | MaTepual, OLIMOKH, KOTOpBIE | ONpeeICHUH CYXICHHUS

cBOOOJTHO cam xKe U | IOHSTHH, oo HE
OIIEpUpPYET HCIIPABIISET yInoTpebIeHNH apryMeHTHUD
Hay4YHBIMH TEPMHHOB yeT ux,
TEPMHHAMHU o HENoCJIEN0Ba
JTUCIUILINHE TEIbHO u
HEYBEPEHHO
W3J1araeT
U3y4YEHHBIN
MaTepuan
OCO3HaHHOCTH | OOHApPYXHUBAET HeznauutenbHble HEZ0CTaTOYHO JIOITYCKaeT
CYXKICHHH, MMOHUMaHHe pedeBble HEAO0YETHI | TITyOOKO u | 6onpuioe
JIOTUYHOCTh MaTtepuaia B apryMEeHTHPOBAHO KOJIMYECTBO
MOCJIEZIOBATEIBHOC | BHICKA3bIBA€T CBOU | PEUEBBIX
THU U3JI0KEHUS CYKIEHUS omKnOoK Mpu
U3JI0KEHUU
Marepuaia
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ApPryMEHTHPO | apryMEHTHPYET 1-3 Henmouera mpu | 3aTpyaHSETCS HE  MOXET
BaHHOCTH CBOM  CYXJICHUS; | IPUBEACHUN MPHUBECTH NIPUMEP; | IPUBECTH
cBOOOIHO npumepa MaTepuan H3Jlaraer | mpumep
MIPUBOJIUT HEIOCJIE0BaTENbHO
MIPUMEPBI Ha
3aJJaHHYIO0 TEMY;
Kpyrozop OTBEYaeT Ha 3 | OoTBeWaeT Ha 2 | OTBEYAET Ha | HE  MOXET
JOTIOTHUTEIBHBIX | TOTIOJHUTEIBHBIX | JOMOJIHUTEIBHBIN OTBETUTh Ha
BOIIpOca BOIpoOCa BOIIPOC JIOTIOJTHUTET
bHBIC
BOIPOCHI
O0mee koJa- | 100 80 60 40
BO
Kpurepun oneHuBanus
KoaunuecTBo 0a/1/10B YpoBeHb chopMUPOBAHHOCTH Ouenka
85-100 NMOBBINIEHHBII «OTJIHYHOY
70— 84 AOCTATOYHBIN «X0pOoLIO0»
50 — 69 MOPOTOBbI «YAOBJIETBOPUTEIbHO)
MeHee 50 KOMIIeTeHIUs1 He copMupOBaHa «HEYJ0BJeTBOPUTEIbHO

5. MeToauka npoBeieHUs KOHTPOJISI U KPUTEPHH OLlEHKHU PadoT

Kaxxnas npaktuueckast paboTa BBIMOTHSAETCS CTYACHTAMH B X0JI€ y4€OHOTO 3aHSTHS HIJIA BO
BpeMsi, OTBEJEHHOE Ha CAMOCTOSITEIILHYIO BHEAYIUTOPHYIO pabOTy CTYJE€HTa N0 MHAUBUAYATbHBIM
3a/IaHHSIM TI0CJIE U3YYEHUSI COOTBETCTBYIOIICH TEMBI.

Pabora oneHnBaeTcs mo nATHOAIILHOM CHCTEME:

Ouyenka 5 (omauuno) BHICTABIISICTCA B CIyYasiX MOJTHOTO BBIMOJIHEHUS BCEro 00bEMa paboTHI,
OTCYTCTBHUSI CYIIECTBEHHBIX OITUOOK MIPH BBIYUCICHUSIX M MIOCTPOCHUSIX TPAPUKOB U PUCYHKOB,
IPAMOTHOT'O U aKKYpaTHOT'O BBIITOJIHEHUS BCEX 3aJJaHUM, HAJTMUUSI BBIBOJIA.

Ouyenka 4 (xopowo) BbICTaBISIETCS B ClTydae TOTHOTO MPU HATMYHUH BBITIOTHEHUS BCETO 00BhEMA
pabOTHI M HECYIIIECTBEHHBIX OIMMOOK MPH BBIUMCICHUSXHU TTOCTPOCHUH TPaUKOB U PUCYHKOB, HE
BIIMSIOIINX Ha OOIINN PE3yNIbTAT PEIICHUSI.

Ouenka 3 (yoosenemeopumenbHo) BHICTABISETCS B CIy4asiX B OCHOBHOM IOJTHOTO BBITIOJIHEHUS
paboThI TP HATTMYUU OITUOOK, KOTOPBIE HE OKA3bIBAIOT CYIIIECTBEHHOTO BIIHSHIS HA OKOHUATEIbHBII

pe3yJbTar.
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Ouenka 2 (neyooei1emeopumesibHo) BHICTABIISIETCS B Clydyae, KOraa JOMYIIECHBI
MPUHIMITHATBHBIC OMUOKY (TIepenyTaHbl (GOpPMYITbl, HApyIIEHA TOCISI0BATEIIBHOCTh BRIYUCIICHUH,
OTCYTCTBYET nepeBoa pusuveckux BennuuH B cucremy CU u 1.11.).

B Teuenue Bcero BpeMeHN 00yUYeHHsI CTYACHTY MPEAOCTaBISIETCS BO3MOXHOCTh TOBBICUTh

pe3yNbTaThl YCBOCHUS YU€OHOM MUCIUILIMHBI TyTEM MOBTOPHOTO BBHIOJHEHUS APYroro BapuaHTa.
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MunucrepcTBo 00pa3oBanus u Hayku PC (5)
I'BITOY PC (A1) «JIenckuit TEXHOTOTHYECKUN TEXHUKYM)

0

’(J’ 0(4(2"{‘ .Zg_

KoHTpo/ibHO-0LIeHOYHbIE CpeCTBA IJIl TEKYIIero u pyoe:kHOro KOHTPOJIst
Y4eOHOM TMCUMILINHBI
0/1.11 dusuka
OcHoBHOI1 IpodeccHOHATBHON 00Pa30BaTEJIbHON NPOrPAMMBbI NOATOTOBKH KBATH(UIMPOBAHHBIX
padouux, ciay:kanux no npodeccun
13.01.10 D1eKTPOMOHTEP 110 PEMOHTY M 00CJY;KHBAHHIO 3J1EKTP0000pPY/A0BaHMs (110 OTPACJISIM)

Jlenck 2024 ron
21



KoHTponbHO-o1ieHOUHBIE cpeacTBa ydeOHOW mucturmauabl OJl.11 ®du3uka COOTBETCTBYIOT
pabodeii mporpamMme AMCHUIUIMHBI, pa3paboTaHHONH Ha ocHOBe DenepanbHOr0 TOCYIAPCTBEHHOTO
obpazoBarensHoro crangapra (ganee — ®I'OC) no npodeccun 13.01.10 D1eKTPOMOHTEP MO PEMOHTY H
00CJIy’KHUBAHMIO 3JIEKTPO00Opya0oBaHus (M0 oTpacjsaM), yreepxxaeHHoro Ilpuxkazom MunucrepcrBa

oOpasoBanus u HayKu P® ot 28 anpesas 2023 r. Ne316.

Oprauusanmsi-pa3padoTUnK:

['ocynapcTBeHHOE OrOKETHOE MTPO(ECCHOHATEHOE 00Pa30BaTEILHOE YUPEKICHHUE
Pecryommmku Caxa (SIkyTws)

«JIeHCKUI TEXHOJIOTUYECKUI TEXHUKYM)

PazpaboTumk:

Kavyros Jleounn Binagumuposuy, npenoaasarens [ BIIOY PC(A) «JleHcknii TEXHOIOIMYECKUHA

TECXHUKYMD.

PaccMoTpeHa W pekoMeHAOBaHA MPEIMETHO-IIUKIOBON Komuccuen «O01meo0pa3oBaTeIbHBIX
JHUCLUITINH)

[Tporoxon Ne 9 ot «13» mas 2024 r.

IIpeacenarens I[IK Konocosa M.B.
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1. O0mue mos10KeHUs

Heabro co3nanus KoutpoabHo-oueHouHbIX cpeactB (KOC) sBasercs ycTaHOBIEHUE
COOTBETCTBHUSI YpPOBHS TIIOATOTOBKM OOydaromierocs TpeOoBaHUSAM pabodell mporpaMmbl  y4eOHOM
auctuIinHbl. Kaxkioe olieHoOYHOE cpeicTBO 00eclieyrBaeT MPOBEPKY YCBOCHUS KOHKPETHBIX 3JIEMEHTOB
y4eOHOTr0 Marepuara.

KOCHs! npegnazHadeHsbl Ui ONPEAEICHUS YPOBHS OCBOCHHBIX YMEHMH, YCBOCHHBIX 3HAHUH U
OBJIAJICHUS] KOMIIETCHLUSAMH, T.€. CIIOCOOHOCTBIO 00yYaroMIerocsi MPUMEHATh 3HAHHS, YMEHHS U JINYHbIC
KauecTBa B COOTBETCTBHH C 3aJladyaMU MPo(ecCoHaIbHOM 1eATeIbHOCTH.

O6bexkTtom npumeneHusi KOC sBnsercs W3MEpeHHE YpPOBHSA JOCTIKCHHUS OOYJarOITUMUCS
YCTQHOBJICHHBIX PE3yAbTaTOB OOYyUYEHHs MPU MPOBEACHUHM TEKYIIErO, PYOSKHOTO M MPOMEKYTOYHOTO

KOHTPOJISl YCIIEBAEMOCTH T10 AUCLUILINHE.

2. IMacmopT KOHTPOJIbLHO-0LIEHOYHBIX CPEICTB
2.1. Pe3yabTaTbl 0CBOEHHS YUeOHON IMCIUILIMHBI, MO/VIesKALIUEe IPOBePKe
B pesynbrate ocBoenus yuebHoi aucuuiinasl O/1.11 Meropus oOyuaromuiics 10KeH 001aaaTh
npenycMorpeHHbIMU @I'OC 0CBOEHHBIMU YMEHHUSIMH U YCBOCHHBIMU 3HAHUSIMU.
B pesynpraTe KOHTPOJIS 1O OCBOCHHUIO Y4eOHOW AMCIMIUIMHBI OCYIIECTBISETCS KOMILICKCHAS

IIPOBEpKa CIEAYIOIINX YMEHUN U 3HAHUI, a TaKKe TMHAMUKA OCBOCHUS OOLIMX KOMIIETEHIIMMN:

Kon IIK, OK Kox ymenuii |YMenus Kon 3Hanuii  3HaHus

nK 1.1 vV 1.1.01 PaccunTeIBaTH 31.1.01 Hcnonb30BaHue CpecTB
napameTpsbl, COCTaBIATh WH(OPMAIIMOHHBIX U
M COOMpPATh CXEMBI KOMMYHHKAITHOHHBIX
BKIJIIOUEHUS TPUOOPOB TEXHOJIOTHI B pelIeHNun
MIpU U3MEPEHUU 3aja4 ¢ CoOII0ICHUEM
[pa3IMYHBIX TpeOOBaHUI TEXHUKHU
PICKTPUIECKUX 0e30MmacHOCTH
BETTYMH,

DJICKTPUYCCKUX MAIllNH
M MEXAaHU3MOB

v 1.1.02 PaccunTeIBaTh U 31.1.02 3aKOHBI ITOCTOSIHHOT'O U
M3MEPSITH OCHOBHBIC MEePEMEHHOTO TOKa,
rapaMeTpbl POCTHIX BUJIBI COCIMHEHU I
DICKTPUIECKUX U MPOBOTHUKOB. OCHOBBI
MarHUTHBIX IIETIEH. (U3UYECKUX MPOIIECCOB
Pemiars 3amaun Ha B MMPOBOJ/THHUKAX,
OCHOBHBIE 3aKOHBI MOJIYIPOBOJIHUKAX U
AIIEKTPOIMHAMUKHI MTARJIEKTPUKAX
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MK 1.2 Y 1.2.01 CoBepuiatb 31.2.01 Vcrions30BaHue CpeACTB
OCO3HAHHBIN BBHIOOD MH(POPMAIIMOHHBIX U
Oyayuieit npodeccuu u KOMMYHHKAI[HOHHBIX
[peaan30BHIBATH TEXHOJIOTUI B pEIICHUN
COOCTBEHHEIE 3a1ay ¢ cCOOJIIOIEHUEM
KI3HCHHBIE TUIaHBI TpeOOBaHUI TEXHUKU
v 1.2.02 Bri6upats u npaBuibHO3 1.2.02 JIBurarenu
AKCILTyaTUPOBATh MOCTOSTHHOTO U
DIIEKTPUYECKHE, MEPEMEHHOTO TOKA, UX
AIEKTPOHHBIE TPUOOPHI YCTPOMCTBO, MPUHIUI
)31 EeUCTBUA
AIEKTPOOOOpYyIOBaHHE
OK 01 Yo 01.01 Pacno3naBate 3agauy (30 01.03 AJITOPUTMBI
v/unm mpobiemy B BEITIOJTHEHUS padoT B
npodeccnoHanTbHOM npodeccuoHanbHON U
W/WITHA COLMAITBHOM CMEKHBIX 0071acTsIX
KOHTEKCTE
Yo 01.03 OnpenensiTs 3Tanbl 30 01.05 CTpykTypy IiaHa Jiis
pelieHus 3aaauu peleHus 3aaay
OK 02 Yo 02.01 Omnpenensars 3anaun - 30 02.01 Homenknarypa
JUISL IOMCKa WH(POPMAIIMOHHBIX
nHbopmanuu HMCTOYHUKOB,
MPUMCHSICMBIX B
npodeccuoHambHOM
MesITeTbHOCTH
Yo 02.02 Onpenensrsb 30 02.02 IIpuemsbl
HEOOXOIMMEbIe CTPYKTYPUPOBAHUS
VMCTOYHUKH uHpopMaun
nHpopmanuu
OK 04 Yo 04.01 Opranu3oBbIBaTh 30 04.01 [lcuxonornyeckue
paboTy KOJJIEKTHBA U OCHOBBI JICATEIbHOCTH
KOMaH bl KOJIJIEKTHBA,
MICUXOJIOTUYECKHE
0COOEHHOCTH JIMYHOCTH
Vo 04.02 B3aumozeiictBoBath ¢ 30 04.02 OCHOBBI POEKTHOMN
KOJIJIETaMH, NMesITeIbHOCTH
[PYKOBOJICTBOM,
KIIMEHTaMH B XOJIe
npodecCuoHAIBHON
NesITeTIbHOCTH
OK 06 Y0 06.01 OnnceiBaTh 30 06.01 CyImHOCTb rpaXKAaHCKO-
3HAYMMOCTb CBOEH NaTpUOTHYECKON
CTIEIUATBHOCTH MTO3UITUH,
00111€4eTTOBEYECKUX
LIEHHOCTEN
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Y0 06.02 [Ipumensth cranaaptsl 30 06.02 3HAYUMOCTD
QHTUKOPPYIMLUOHHOT O npodeccnoHanbHOM
MOBE/ICHUS NEeSTeNIbHOCTH 10
CIEIUATTbHOCTH

3a mpaBUIILHBIA OTBET Ha BOIPOCHI MJIM BEPHOE PEIICHHUE 33a4H BBICTABIISCTCS TOJIOKUTEIbHAS
oneHka — 1-0 6amioB, B 3aBUCUMOCTH OT YPOBHS BBIITOJTHEHUS.

3a He HpaBI/IJIbeIf/'I OTBCT HAa BOIIPOCHI UJIM HEBCPHOC PCUICHUC 3a4a4U BbICTABJIACTCSA
oTpuLaTeNbHas oueHka — 0 6ayioBs.

YPpOBeHb OIIEHKN KOMIETEHINH TPOU3BOJUTCS CyMMHUPOBAHUEM KOJIMUECTBA OTBETOB «1a» B
MPOLIEHTHOM COOTHOLIEHUH OT OOILET0 KOJIMYECTBA OTBETOB.

Llxana oyenxu obpazosamenbHbiX 00CMUINCEHU

OneHka ypoBHsI TOATOTOBKU
[Ipouent
Pe3yJIbTaTUBHOCTH OLCHKa OLICHKA yPOBHA
(cymMa GaILIoB) KOMIIETEHINH OCBOCHHUS JUCLUIUINH;
0o0yyJaronmxcs

90 + 100 BBICOKUI OTIIUYHO

70 + 89 MOBBIICHHBIN XOpOLIO

50+ 69 IIOPOTOBBIN YAOBJIETBOPUTEIBHO
menee 50 JIOTIOPOTOBBIH HEYOBJIETBOPUTEIHHO




2.2.

@®opMbI KOHTPOJISA 110 Y4eOHOM TUCHHUILIIUHE

DJieMeHT y4eOHOM

(I)OprI H METOAbI KOHTPOJIHA

AMCIMILTHHBI Texkyumii KOHTPOJIb IIpome:kyTOUHAS ATTECTAIUS
IIposep IIpoBepsiem
®opMa KOHTPOJISI sieMble dopMa KOHTPOJIS ble
Y,3 y,3
BBenenue 3.4
Pa3zpen 1 Y CTHBIN Onpoc IInceMenHas Pk3aMeHalMoHHas
Mexanuka [TnuceMenHbIi onpoc paborta
[IpakTuueckas padbora Nel
[IpakTuueckas padorta Ne2
[IpakTuueckas paborta No3 31.2.02,
JIaboparopHast pabora Nel 30 02.02, 31.2.02,
JlaboparopHuas pabota Ne2 04.01Y 30 02.02,
NuauBuayanbabii npoekT Nel 1.2.02, 04.01Y
ITpakTryeckas pabora Ne4d Yo 1.2.02,
[IpakTuueckas padora Ne5 02.02, Yo 02.02,
ITpakTryeckas pabora Ne6 04.01 04.01
[IpaxTnueckast padorta Ne7
ITpakTyeckas padora Ne§
JlabopaTtopHas pab6ota Ne3
ITpakTruyeckas pabora Ne9
KonTponbHas pabora Nel
Paznea 2 VYceTHblii onpoc IIncrMmenHas sk3aMeHallnOHHAs
OcHoBbI MoJIeRYAsIpHOIT | [IncbMEHHBIN O1Tpoc 31.2.02, | pabora 31.2.02
¢u3ukyu n [TpakTuyeckas pabora NelQ 30 02.02, 30 (')2° 02’
TePMOANHAMHKH [TpakTrueckas pabora Nell 04.01Y 04 01’ y’
JlaboparopHas pabota Ned 1.2.02, 1 2 02
WnauBuayanbHbiil npoekT No2 Yo Yol 0'2 0’2
[TpakTuyeckas padora Nel2 02.02, 04 0'1 ’
[IpakTuueckas pabora Nel3 04.01 '
ITpakTuyeckas padora Nel4
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JlaGopaTopHas padota No5
JIaboparopHast pabora Ne6
[TpakTnueckas padora Nel5
[TpakTuyeckas pabora Nel6
KontposnbHas padorta No2

Pasznea 3 VYcrHblii onpoc IIncrMmennast 3x3aMeHaloOHHAas
OcHoBBI IInceMeHnHBINM onpoC pabora
3JIEKTPOAUHAMUKH [TpakTuueckas padora Nel7
CamocrostenpHas padora Nel
[IpaxTuueckas padora Nel8
[TpakTrueckas padora Nel9
[IpakTuueckas pabora Ne2(
3 1.2.02,
[TpakTuueckas padorta Ne21 31.2.02,
30 02.02,
JlaboparopHas pabota Ne7 04.01 Y 30 02.02,
JlaboparopHuas pabota Ne§ ) 04.01Y
1.2.02,
CamocrositenbHas padorta Ne2 Vo 1.2.02,
[IpakTuueckas paborta No22 Yo 02.02,
02.02,
[TpakTrueckas padota Ne23 04.01 04.01
JIaGoparophas pabota Ne9 '
CamocrositenbHas padora Ne3
[TpakTruyeckas pabora Ne24
NunuBunyansHbiid mpoekT Nel
ITpakTruueckas pabora Ne25
NunuBunyanbHbIA mpoekT Ne2
KonTtposnbHast pabota Ne3
Paznen 4 VYcrHbIil onpoc 31.2.02, | ITucbmeHHas dK3aMEeHaAIIMOHHAS
i 31.2.02,
OnTuka IInceMeHHBINM onpoc 30 02.02, | paGoTta
30 02.02,
[IpakTuueckas padora No26 04.01Y
04.01Y
[TpakTuyeckas pabora Ne27 1.2.02,
1.2.02,
JlabopaTtopHnas padota NelO Yo
Yo 02.02,
KonrtponbHas pabora Ne4 02.02, 04.01
04.01 '
Pa3zpgen 5 VYcerHblii onpoc 31.2.02, IIncrMmennas s3x3aMeHalnoOHHAas 31.2.02,

ITrceMeHHBIN onpoc

pabora
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DJIeMeHTbI KBAHTOBOI [TpakTrueckas paborta Ne28 30 02.02, 30 02.02,
$pusuku JlaboparopHuas padora Nel 1 04.01Y 04.01Y
KontponbHas padota Ne5 1.2.02, 1.2.02,
Yo Yo 02.02,
02.02, 04.01
04.01
Pa3nen 6 [TpakTrueckas padota Ne29 31.2.02, | [luceMeHHas SK3aMeHAlMOHHAS
i 31.2.02,
IBoonnst Beenennoii 30 02.02, | pabora
30 02.02,
04.01Y
1202 04.01Y
y.o. ' 1.2.02,
Yo 02.02,
02.02, 04.01
04.01 '
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2.3.  OueHka ocBOeHMsI Y4eOHO AUCIUNIHHBI

[TpoBepka 3HaHUi, 00yJaIOMIKUXCS OCYIIECTBIISETCS C TOMOILBIO BHIMOJIHEHUS MPAKTHYECKUX
3a1aHuii, TecToB. [IpuMeHeHne Tecta mo3BoseT pedIIeKCUBHO 3aKPENUTh N3Y4aeMblil MaTepua, Ipu
3TOM M30€KaTh 3aBBIIICHHUS] HTOTOBOH OICHKH.

l. 3agaun TecTHpOBaHM: A(PQPEKTUBHO HCHOJIH30BaTh BO BpPEMsl ypPOKa; BKIIOYHTH B
aKTUBHYIO y4eOHYI0 JesaTenbHOCTh oOyuatommxcst (100%); mOBBICUTH HMHTEpec OOydYaroUIMXcs K
U3y4aeMoOMYy MPEeaMETY U PO(PECCUH B IIETIOM.

. Onenka ypoBHS YCBOEHHs HM3y4EHHOIO MaTepHajia CKJIQJBIBAECTCS M3 COBOKYITHOCTH

OLICHOK BBIINMOJTHEHHBIX IIPAKTUYCCKHUX pa60T.

5.2. KOHTPO/IbHO-U3MePHUTEIbHbIe MATEPHAJIBI
Texkywyuit Konmposno
IMpakTnyeckne padoThl
[Ipaktuueckas padoraNel o reme: Pemenue 3aga4 ¢ npodeccnoHanbHOM HATPABICHHOCTHIO HA
TeMy OCHOBBI KWHEMAaTUKHU
Heab: HayunThcs mpUMeHsATh OCHOBHBIE (hOPMYJIBI PABHOYCKOPEHHOT'O IBHXKEHUS IIPU pacyeTe
OCHOBHBIX KHHEMAaTHYECKUX BEJIMYUH ISl PA3JIMYHBIX CJIy4aeB PABHOYCKOPEHHOT'O JABUKEHUSI.

HOpﬂI{OK BbIIIOJTHCHU A paﬁon:

1. BuuMarenbHO MpoYUTaTh TEOPETUUECKYIO YacTh U IJIaH PEIIeHUs 3a1a4
2. PaccMmoTpeTs npumepsl peleHus 3aaa4

3. OTBeTUTH Ha KOHTPOJIBHBIE BOIIPOCHI.

4. [Tosry4uTh U BBINOJIHUTH UHAUBUAYAJIbHbIE 3a/1aHUS.

[TpakTrueckas paboTa HampaBIeHa HAa OBIAJCHUE CICYIONUMU 3HAHUSIMUA U YMEHUSIMU.

B pesynbrare n3ydyenus pasnuesia CTyAEHTHI JOJKHBI:

3HATH!:

- BUJBI MEXaHUYECKOTO [IBIJKCHHMS B 3aBUCHUMOCTA OT (OPMBI TPAECKTOPHUU U CKOPOCTH
IIEPEMEIICHUS TEIIA;

- IIOHATHE TPACKTOPHH, IIyTH, IIEPEMELIEHNUS;

- pasauyue KIACCUYECKOIr0 M  PEIIATUBUCTCKOIO  3aKOHOB  CJIOKEHHUS  CKOPOCTEW;
OTHOCUTEIBHOCTh MOHATUHN JIJTMHBI U TPOMEKYTKOB BPEMEHU.

yMeTh:

- (QopMynupoBaTh MOHITH: MEXaHHYECKOE [IBIKEHUE, CKOPOCTh MU YCKOpPEHHUE, CHCTeMa
OTCYETA;

- n300pakaTh rpaUUIeCcKu pa3TMIHBIC BUIBI MEXaHUUECKUX JIBHKCHU;
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- pewmarhb 3a7adyd C HUCIOJb30BaHHWEM (OpMyn At paBHOMEPHOTO M PaBHOYCKOPEHHOTO

JBHOKCHUH.

MeToauuyecKue YKa3aHUA K BbBINIOJIHCHUIO HpaKTH‘leCKOﬁ paﬁoTBl AJIA CTYACHTOB:

K BrimomaeHuro HpaKTquCKOﬁ pa6OTBI HeO6XO,Z[I/IMO MMPpUTOTOBUTLCA 10 Ha4dajla 3aHATHA,

HCIOJIB3YS PEKOMEHIOBAHHYIO JIUTEPATYPy U KOHCIEKT JICKIIUH.

CryneHTsl 00s3aHbI UIMETh TIPH cede TMHEHKY, KapaHJalll, KaJIbKYJISATOpP, TETPalb.

[Ipy MOArOTOBKE K MNPaKTHUECKOW paboThl, HEOOXOIMMO OTBETUTh HA MPEIOKEHHBIC

KOHTPOJIbHBIC BOIIPOCHI.

Teopernuyeckasi yacTb
B BexTopHOM BHzE
B nmpoekuusx Ha ock Ox
B ckansipaom BHze

PaBHOMepHOC HpﬂMOJ’IHHGfIHOC JBHXXCHUC

CxkopocTb
- Ar
v =—
At
Ar
vo=—
t
s
v ==
t

Koopaunara (ymnpaBieHue JBUKECHHUS):
X =x,+uvt

PaBHoyCKOpeHHOC HpHMOHHHeﬁHOC

JIBIKEHUE

Cpennsiss CKOPOCTb:

-

v
!

MrHoBeHHas CKOPOCTh:

e b —

(2 :UO+ a-t

X

v, =y, +a, 't

U=y, *xat
YpaBHEHHE CKOPOCTH:

’Ux :on +Clx -t
Ilepememienue:

2
—_ —_— a.r
Ar =vot+—
2

2
a_ -f
Ar, =y, t+———
x 2

2

a-t”

Ar =y, 1 +——
2

Koopaunata (ypaBHeHUE IBUKEHNSA):

—_— X

KpuBonmHeliHOE nBUXEHNE
JIuneliHas CKOpPOCTH:
2R
v =—— =2aRv
T
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[Muknuueckas yacToTa;

2
w Sdd =271
T

LlenTpocTpeMuTeabHOE YCKOPEHUE:

2
v
a =— =w’R

u
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IIpumepsl pemenus 3aaa4

ITpumep 1.

MortopHast 10JKa IpOXOAUT paccTosiHre Mexay A u B 3a 3 yaca, a ot — 3a 12 yacos. Ckoibko
BPEMEHHU 3aTPaTUT MOTOpHAsI JJOJKA Ha OOPATHBIN MyTh?

Hano:

t1=3 4

t=12 4

Pemenue:

Beenem cienyromme 06003Ha4eHUA:

L - paccrosinue mexay A u B,

Vp- CKOPOCTh TEUCHUS PEKH,

Vi - COOCTBEHHAs CKOPOCTb JIOAKH.

t2-?

Toraa ckopoCTh JOAKH MO TEYCHHUIO paBHA (Vp + Vi), MpoTHB TeueHus - (Vp - Vy). Mcnonb3ys

(bopMyiy U yclIOBUE 337a4H, OIYyUUM:
L
" (1)

L

1

vty (2)
R (3)

Beipasum u3 (1) u (2) L u npupaBHsieM IpaBble YaCTH MOJYyYEHHBIX BBIPAXKEHUMN:

v*p ) tn.': = t-1 [v.': + tj’p )’

v, + v t 12 v
—fE=T=—= 4, uruv,, ==
v, ty 3

t, = L_L_E = il
Torma uz (3) = CoE " (4)

th!:l.'.l'.v =tn.1-_d
Uz (l)= F 3,

[ToncraBuM nomyueHHoe BbipakeHue 11 L B (4):
_ 3 v ty, 12 B

tz—z—vj-m-E 2—?—6%

OtBerT: t2 = 6u.

[Ipumep 2.

[Ipu paBHOYCKOPEHHOM JIBH>KEHHMH TEJIO MPOILJIO B MEPBbIE JIBA PaBHBIX IMOCIEI0BATEIbHBIX

IPOMEXYTKa BpeMeHH 3 ¢ myTh 18 M 1 54 M. HaiiTn HaganpHyr0 CKOPOCTb U YCKOPEHHE.
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Hano:
t=3c
Si=18m
So=54m

Penrenue:

z
o

5, = vt +

13
.
2

(1)

T
. at
5, =1:'Dt-l- -

)
/i€ Vo - HauajibHast CKOPOCTh ABUKEHUS JUIsl IEPBOTO YYacTKa MyTH, V'o - UIsl BTOPOTO ydacTKa.

Tak xak 3T Y4YaCTKH ABJAKOTCA ITOCICAOBATCIBbHBIMH, TO V'0sIBIIETCS OJHOBPCMCHHO KOHEYHOM

CKOPOCTBIO JUIs S1.

Vo-?
a-?
CJ‘Ie,I[OBaTeJ'IBHOvE!' = v Tat. 3)
S,= (v, +at)t + 2% = vyt +at? + 22
s Qu3) =" (v +at)t+5- = :

BrruuTas mowieHHO U3 MOJYYEeHHOTO BhIpaxkeHus (1), momyyaem:

a = = = =T
t- 3- o
=, at 1z 4-3
=2 —— == =0
M3 ()= £ 2 3 z
M

OTBeTIa B 4‘*'_“% 0
[Tpumep 3.

B nocnenHo cekyH1y cBOOOIHOrO MaieHHsI TEJIO MPOIJIO MATYIO 4acTh cBoero mytu. C kakoi

BBICOTBI OHO ynano?
Hano:

ti=1lc

Pemienue:

Jlnst pemienus 3amaun BBeneM oOo3HadeHus: H - BpIcOTa, ¢ KOTOpOHM Mmamaer Temo, to - Bpems
BCETO MOJIETA, Vo - HaYaJdbHasl CKOPOCTh /IS y4acTKa MyTH, IPOMIEHHOTO B MOCIEAHIO CEKYHY

H-?

[Ipumensiem GopMyity, yIUTBIBas, YTO MPU CBOOOTHOM MAJCHUU a = g 1 3amMeHsis S Ha H:

33



H=52

¥

2
H _ gr"“
TR
rnet=1c.

Kpome Toro, vo MOXHO BBIPa3uTh KaKk KOHCUHYIO CKOPOCTH JUIS y9acTKa IyTH, TPOMIEHHOTO 3a
Bpems (to - t):
v, = g(t, — t).

[ToxcraBuM nosryueHHOE BbIpaskeHUE B (2):

§=M%—ﬂ@)

Pemas coBmectHo (1) u (3), u yuutsiBas, uro t = 1 ¢, nmoiay4yaeM KBaJpaTHOE ypaBHECHUE

t; —1010t, +5=0 tyy = 9,5¢,t5, = 0,5¢.

, OTKyJa
YcnoBuo 3a/1a4M YAOBIETBOPSET TOJBKO to1, T.K. to2< t. [logcTaBum 3HaueHue tox B (1):

5,8(5,5)"

H = = 442

=

Otset: H =442 m.

3ananue: Pemnre 3aga4un, onupasicb Ha MPUMepPbI pelIeHU .

Bapuanr 1

1.Kakyto ckopocTh mpuodperaet aBTo0yc 3a 10 ¢, eciu oH TporaeTcsi ¢ MecTa ¢ yckopeHnuem 1,2
M /c2?

2.JIbDKHUK HAUMHAET CIyCKaThes ¢ ropbl U 3a 20 ¢ mpoxoauT nyTh 50 M. Onpenenute yCKkOpeHue
JBDKHUKA U CKOPOCTh B KOHIIE CITyCKa.

3. IIpu ocTaHOBKE aBTOMOOMJIb 32 MOCJEIHIO CEKYHAY IIPpoeXall OJOBUHY TOPMO3HOIO MYTH.
Onpenenure MOJIHOE BPEMs TOPMOKEHUS.

Bapmuanr 2

1.0OnpenenuTe Kakyro CKOpOCTb pa3BUBAET Benocuneauct 3a 20 ¢, IBUTasiCh U3 COCTOSHUS IOKOS
¢ yckopenuem 0,2 m/c2?

2. [loe3n, naymuii co cCKopocThio 36 KM/4, MPOXOJIUT 10 OCTAHOBKH IyTh, paBHbIN 100 M. Uepes
CKOJIBKO BPEMEHH 10€3]1 0CTaHOBUTCS? C KaKUM YCKOPEHUEM OH JABUTaJCs?

3. Onpenenurte yCKOpEHUE IBUKEHHS TENa, €CIU 3a YETBEPTYIO CEKyHAY ¢ MOMEHTa Hadaja
JBUKEHHSI OHO MIPOXOJUT IIyTh, PABHBIN 7 M.

Kawoun:

I Bapuant. 1.12m/c. 2.0,25mc2,5wm/c. 3. 141c.

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

Kpurepun oueHuBaHus:
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OueHka 5 CTaBUTCS, €CJIM y4dallydecsl BBIOJIHUIN BEPHO 3 3aJa4M, BEPHO 3alUCAIA YCIIOBHUE,
3anucalii Bce HEOOXOIMMbIE M JOCTaTOYHBIC (POPMYIBI IJIsl PEUIeHUs 33a/Ja4H, BEPHO IOACTABHIN
YHUCJICHHBIE 3HAYEHUS, BEPHO IPOBEIHM BBIYUCIEHHUS MO (opMyJaM U BEpHO 3alHCaIM OTBET C
€MHULIAMU U3MEPEHHUSL.

OueHka 4 cTaBUTCS, €CIM BEPHO U MOJIHOCTHIO MPABWIIBHO PELIEHBI U 3allMCaHbl 2 3a7a4l, B 3
3ajade JIOMyIIeHbl OMIMOKY JINOO B 3alKCH JaHO, J100 B 3amucH (GOpMYIT WIH BBIYHCICHUAX, 00 B
npeoOpa3oBaHuM (GOPMYII WIIM 3aIMCH OTBETA C €AMHUIIAMH U3MEPEHUSI.

OueHka 3 cTaBUTCS, €CIIM BEPHO M MOJHOCTBIO MIPAaBUJIBHO PEILIEHa U 3anKcaHa 1 3ajava, Bo 2 1
3 3ajayax AOMYIIEHbl OMUOKY 100 B 3aIUCH JIaHO, JTMOO0 B 3anKCH (POPMYI UITU BBIYUCICHUSX.

OrneHka 2 CTaBUTCS, €CITU B KaXI0M U3 3 3a/1a4 TOMYIICHBI KaKHe-TU00 OMUOKH JIMOO0 B 3aIHCH
naHo, Moo npu nepesoje enuHul B cuctemy CH, nubo B 3amucu GopMys Wi BEIYHCICHHUSX.

[IpakTuueckas padora Ne2 mo teme: Pemienue 3amau ¢ npodhecCuoHaIbHOM HAIPABIEHHOCTHIO
1o teme 3akoHbl HproTOHA

Heab: HayunThes onpenenars paBHOACHCTBYIOLIYIO CHJI IEMCTBYIOIIMX Ha TEJIO, YCKOPEHHUE,
CKOPOCTb, UCII0JIb3ysl OCHOBHBIE 3aKOHBI JUHAMUKH.

Ilopsinok BbINOJHEHHS PadOTHI:

1. BHumarenbHO IpoYnTaTh TEOPETUUECKYIO YACTh U IUIAH PEelIeHUs 3a/1a4
2. PaccmoTtpeTs npuMeps! pelieHus 3agad
3. [Tosny4nTh U BBIMOTHUTD UHAUBUAYAIbHbIE 3a/1aHUS.

Teopernyeckas yacTbp

OcHoBHas 3ajaya JTUHAMUKM — OIpeEJAETICHUE IOJIOKEHHUs Tella B MPOCTPaHCTBE B JIHO0OOI
MOMEHT BPEMEHHM, KOI'/1a U3BECTHBI ICUCTBYIOIIME HA TEJIO CHIIBI U 33JJaHbl HAYaJIbHbIE KOOPAUHATHI U
CKOPOCTB TeJIa.

Cuna — BekTOpHas (u3nueckas BEJIMUYMHA, ABJSAIOIIAsACT Mepoil B3auMmoneiicteus ten. Cuna
XapaKTepU3yeTcsl YUCIOBBIM 3HaYeHHEM (MOyJIEM), HallpaBJIeHUEM JIeHCTBUS U TOUKON MPUIIOKEHUS
K TEIy.

Tpu eHCTBIM HA TEJIO HECKOIBKHX CHJI HX MOXKHO 3aMEHHTh PaBHOICHCTBYIOIICH cumoil = ',

MIPEACTABIISIIONIEH COO0I BEKTOPHYIO CYMMY THX CHUI:

F,=F +F,+..+F,, wm F,=)F
i=1

Macca (nHepTHas) — cKajsipHas (pu3nveckasi BeIMUMHA, XapaKTepU3yIollas CliocOOHOCTh Teja
COXPAaHSTh NOCTOSTHHYIO CKOPOCTbB, €CJIM TEJIO HE B3aUMOJEUCTBYET C IPYIrMMH TEIAMU WIH JEUCTBHE

JPYTUX TEJl CKOMIIEHCHPOBaHO. Macca o01aaeT CleayoMMU CBOUCTBAMH:
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1) macca Tena paBHa CyMME MacC BCEX YacTUI, U3 KOTOPbIX OHO COCTOHT.
ITpu coenvHEeHUH ABYX T€ B OJJHO MACChl 3TUX TEJ CKJIAAbIBAIOTCA (CBOMCTBO aJIUTUBHOCTH);

2) I8 JAaHHOM  CUCTEMBbl TeJl  CIPABEUIMB  3aKOH  COXPAaHEHMsI MacChl:  IIpH
JTr0OBIX IpoIieccax, MPOUCXOISIINX B CUCTEME TEJ, €€ Macca OCTAaeTCsl HeM3MEHHOH (TpH L << ¢)

Macca (rpaBUTallMOHHas) — CKalsipHas (U3MYecKas BEJIMYMHA, ONpEeNeNsiouias CUily
B3aMMHOT0 IPUTSKEHUS Te U 00J1ajaroIas TEMHU K€ CBOWCTBaMHU, YTO U MHEPTHAs Macca.

WHepTHas W rpaBUTALlMOHHAs MacChl XapaKTEpU3YIOT pas3JIMYHbIE CBOWMCTBA TE€l, HO, Kak
IIOKA3bIBAET OIIBIT, OHU BCETJ]a SKBUBAJIECHTHBI (MHEPTHAS ¥ IT'PAaBUTALMOHHAS MACChl OHOTO U TOTO K€
TeJa paBHbI).

OCHOBHBIMU 3aKOHaMM KJIACCUUYECKOW JMHAMUKU SBISIOTCS 3aKkoHbl HbroToHa. 3akoHBI
HeroToHa crenyroT M3 oOmbITa, B3aUMOCBS3aHbl APYr € APYroM, HE MOJAYMHEHBI JpYyr Jpyry u
CIIPaBEJIMBBI TOJBKO B MHEPLIUAIBHBIX CHCTEMAaX OTCUETA.

Wneprmanehelie cuctemsl orcyera (MCO) — 3T0 cucTembl, B KOTOPBIX TeNO (FPYMIIbI Tel), He
HOJBEPKEHHOE JEHCTBUIO CWJI (MM JIEHCTBHUS CWJI CKOMIIEHCHUPOBAHbI), HAXOIUTCS B IOKOE WU
JBUKETCSI PABHOMEPHO U IPSIMOJIMHENHO. CrcTeMa OTcueTa, JBUKYIIascs OTHOCUTENbHO faHHoi MCO
PaBHOMEpPHO U NPSIMOJIMHENWHO, TakXe sBieTCs HHepuuanbHOM. CHcTeMyoTcueTa, CBA3aHHYIO C
3emiieid, ¢ OOJIBILION CTENEHbI0 TOYHOCTH MOKHO CUUTATh MHEPLUAIBHOM.

IlepBbliii 3aK0H Hbl0TOHA: B MHEPLMATIBHBIX CUCTEMAaX OTCUETA TEJI0 COXPaHSET COCTOSHUE OKOs
WIM PaBHOMEPHOTO NPSMOJMHEWHOTO ABM)KEHMS, €CIM Ha HEro He JEHCTBYIOT JApyrue Tena, Judo

JIEHCTBYIOT, HO 3TO JACMCTBHUE CKOMIICHCUPOBAHO:
— n —
Eum X le=d,
. ‘=1
3Hauut, ¥ =const, ¢ =0.

Bropoii 3akon HeroToHa: yckopenue, nonydennoe tejaom B MCO, mpsiMo MponopruoHaIbHO

paBHOHeﬁCTBYIOHleﬁ MMPUIIOKCHHBIX K HEMY CHII, O6paTHO IMPOMOPHUOHAIIBHO MacCCe TCJia:
Con i
2 F
oo =1
ad = ———

m

Tperuit 3akoH Hprorona: B MMCO cuibl B3auMOAEHCTBUS MEXKAY JABYMs TEIaMH HMEIOT
OJIMHAKOBYIO (U3UYECKYIO MPUPOIY, PABHBI MO MOJAYJIO M HaIlpaBJIEHbl BAOJb OAHOW NHpPSIMOH B

IMPOTHUBOIIOJIOKHBIC CTOPOHBI:

Fw =“F21
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OTU CHIIbI IPUIIOKEHBI K Pa3HBIM TEJIaM U IO3TOMY HE YPaBHOBEILLIMBAIOT JIPYT JIpyra.

IIpumepsl pemienus 3aaa4

ITpumep 1.

Kakoe yckopeHne cooOmuUT 3IEKTPOBO3 KEJIE3HOIOPOKHOMY cocTaBy Maccoit 3250t, ecnu npu
TpOTraHuU ¢ MecTa OH pa3BuBaeT cuity Tsru 650kH. Cuna conporuBienus apuxenuto 162,5xH.

Hano: C.U. Pemenue:

e S
m=3250T 3250000Kr FcFrar 2

E Frar=650xH 650000H
Fe=162,5xH 162500H

I s
a-? Fma

A
W
v

+= —_———
FrareFc ma

Frarm=Frarn; Fox=Fe; ax=a

Frarn-Fc=ma

a =( Frsaru-Fc)/m;

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

Otset: a=0,15m/c?

[Ipumep Ne 2.

3a Bpems, paBHOe 15c¢ oT Hauana ABMKeHHUs, TpakTtop mpouien 180M. C kakuM yCKOpeHHEM

JIBUTAJICSL TPAKTOP, U KaKOW IyTh OH MpOHJIET 3a BpeMs, paBHoe 30c?

Hano: Pemenue:

t=15¢ S = at?/2; Sx=S: ay=a;
. ) .
é W
V=0 a=2S/t?

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

a-? S1=1,6m/c?(30c)?/2=720m
S1-?
Ortger: a=1,6M/c%; S1=720m
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3ananue: Pemnre 3agaun, onupasicb Ha NPUMeEPbI PelIeH Ui,

Bapuanr 1

1. Cuna 60 H coobmaer yckopenue 0,8 m/c2. Kakast cuna cooduiaer sToMmy Teny ycKopeHue 2
m/c2?

2. Tpoc BwlIEpKUBAET MaKCUMalibHYIO Harpy3ky 2,4 kH. C kakuM yCKOpEHHUEM C MOMOIIbIO
ATOTrO TPOCA MOXKHO MOJAHUMATH TPpy3 Maccoit 200 Kr, 4ToOBI TPOC HE MOpBAJICs?

3.CrapToBaBiias BepTUKaIbHO BBEpX pakera maccoit 500 kr 3a 5 ¢ nogusiack Ha BeIcOTY 300 M.
UeMy paBHa cuiia TATH JIBUTaTells PaKeThl, €CIIU CPEIHSS CHIIa COTPOTUBIIEHUS BO3ayxa paBHa 1,5 kH?

Bapuanr 2

1. [Tox meficTBMEM HEKOTOPOM CHIIBI TellO Maccoil 4 Kr mpuodpeno yckopenue 2 m/c2. Kakoe
yCKOpeHHue mpuodperaer Teno maccor 10 Kr moj AeicTBUEM TaKOH e CHIIbI?

2.C moMouipio MOAbEMHOT0 KpaHa MOJIHUMAIOT Ipy3 Maccoil 1T. Onpeaenute cuily HaTsHKEHUS
Tpoca B Hauase IBUKEHUS, €CIIU TPy3 IBUKETCS ¢ yckopeHuem 20 m/c2.

3. Onpenenure TOPMO3HOW MyTh aBTOMOOWJIS, €CJIM B MOMEHT Haudajga TOPMOXKEHUS OH UMeE
ckopocTh 43,2 KM/, a KO3(pPUIMEHT TPEHHS CKOJIbKEeHUs1 ObuT paBeH 0,6.

Kuaroun:

1 Bapuant: 1.150 H. 2 0,18 m/c2 . 3. 18,5 xkH.

2 Bapuant: 1.0,8 M/c2 . 2. 0,15 m/c2. 3. 12 m.

Kputepuu oneHuBanus:

OneHka 5 cTaBUTCS, €CIIM y4alllydecs: BBIOJHUIN BEPHO 3 3a/ay, BEPHO 3amlucalii yCIOBUE
3a/1a4M, MepeBend BelnnuuHbl B cuctemy CU, 3ammcanu Bce HEOOXOAUMBIE U JOCTATOYHBIE (DOPMYIIBI
JUTSL PEIICHUsS 3a/J1a4d, BEPHO TOJICTABMIIM YHCIICHHBIC 3HAYCHHS, BEPHO TPOBEIH BBIYMCICHHS 10
dbopMysiaM U BEpHO 3alUcali OTBET.

Ornenka 4 cTaBUTCS, €CTTH BEPHO U MOJHOCTHIO MPABHJIBHO PEIICHBI U 3alMCaHbl 2 3a/1a4H, B 3
3a/1a4ye JAOMYIIEeHbI OIUOKK TUO0 B 3aMUCH JIaHO, TNOO Mpu nepeBojae enuHull B cuctemy CU, mubo B
3anucu (HOPMYIT WITH BBIIUCIICHUSX.

Ouenka 3 cTaBUTCS, €CIIA BEPHO U MOJIHOCTBIO MPABUIILHO PEIIEHA U 3anucaHa 1 3agava, Bo 2 U
3 3aayax JOMYIICHBI OMIMOKY MO0 B 3aMUCH JIaHO, THOO MpH nepeBoae eauHui B cucremy CU, mubo
B 3anucy (OPMYIT WIH BHIYUCICHUSX.

OreHka 2 CTaBUTCSI, €CITM B KXKJI0M U3 3 3a/1a4 OMYIICHBI KaKue-TH00 OMMOKH JINOO B 3aIMUCH
naHo, MO0 mpu nepeBoje enuHuI B cuctemy CHU, mu6o B 3amucu GopMyn HiTH BEIYHCICHUSX.

JIaGoparopnas pabota Nel NM3mepenue korpduiienTa TpeHus CKOJIbKEHUS

Leas paGorbl: omnpeaenuth KodPHHUIMEHT TPEHHS CKOJBXKEHHSI W HUCCIE0BaTh €ro

3aBHCHUMOCTE OT CBOMCTB IOBEPXHOCTH.
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Oo6opynoBanue: 10CKa, Ba OpycKa, pa3IWYaIOMIUXCS IO TJIAJAKOCTH TIOBEPXHOCTEH, JIHCT

Oymaru, ITaTUB, JIMHEHUKA.

CTOJIa.

Teopus:

Cuna TPpEHUA CKOIBLKCHHAA HAMpaBJICHa B CTOPOHY, MPOTHBOMOTOMHYIO
OTHOCHUTEIIbHOM CKOPOCTH Tel, 1 paBHa: Fr, = uN.
CyMMa cHit, IEHCTBYIOIIAX HA PABHOMEPHO CKOJIb3Aee Tesio (d = 0), paBHa
Hyo: mg + !::Tp +N=0.
B nmpoekuuu na ocu:
{mgsina—ﬁ,_p =0 ﬁ[mgsina =Ky = tga =@
—-mgcosa+N=0 mgcosa =N
= u=tga
Takum oOpa3om, H3MEPHB YTOI, MPH KOTOPOM TEJI0 HAUMHAET CKOIB3UTh MO
HAK/IOHHOH IJIOCKOCTH, Mbl MOXKEM ONMPEACTIUTh KOXPOULHMCHT TpeHust.

=

Xon padoThl:
1. U3mepbTe mumHy 1 nocku.

2. Ha mratuse YKpPCHIUTEC KYCOK IUIOTHOM 6YMarI/I. Hyxnania KOHCL JIHUCTa AOJIKCH KacCaTbCia

3. [lonoxkure nepBbli OPYCOK Ha JIOCKY.

4, O,I[I/IH KOHCI JOCKHU HE NOJIKCH ABHUIATBHCA, IIOOTOMY IIPUKMUTE €TI0 K KaKOﬁ'HHGY,Z[B 0o110p¢C,

HAIIpUMEP K CTOIIKE KHUI'. HaunnaiiTe MeQI€HHO IOIHUMATh HOCKY 34 I[perﬁ KOHCII. 3a(bHKCpr1>’ITe,

Ha KaKoW BBICOTE OYJIET HAXOAUTHCS KOHEI] IOCKH, IPU KOTOPO# OpyCOK HAaYHET CKOJIb3UTh. [IpoBeauTe

Ha Oymare 4epry.

dbopmyie 1 kKod(urmenta Tperus no Gopmyne

5. U3mepsbTe paccrosiHue hy Ha Gymare OT HHXKHETO Kpasi 10 YepThl.
6. I[ToBTOpHTE OMIBIT TPU pa3a.
7. IIpoBeauTe aHaJIOTUYHBIE OIBITHI CO BTOPBIM OPYCKOM M U3MepbTe paccTosiHue ho.

8. Crnenaiite pacyéT OCHOBAHUS HAKIOHHOM IUIOCKOCTH JUIS KaXIOro ciaydas IO

d=JiZ—n? L

9. Pe3ynbrarhl U3MEpEeHU U BBIYUCICHUN 3aHECUTE B Ta0IHILy 5.

Tabruya 5

Homep | 4, cm | hy, cM | Ay, oM | dy, o™ 1y Bip | 92, o™ ny Pacp
onbiTa

10. IlepeBepHuTe OpYyCOK Ha APYTyIO TPaHb U MOBTOPUTE OMBIT. [IpoBepbTe, CYIIECTBEHHO JIH

pas3inyaeTcsl BhICOTA MOABEMA KOHIIA JAOCKH, IPU KOTOpPOW OpycOK HAauMHAET CKOJIb3UTh. Crenaiite

BEIBO/I.
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PesyabTarsl H3MepeHUii H BLIYHC/IEHH A

Ne onbrra Icm hy,cm hy,cm dy, cm dj, cm
1 60 18 31 57,2 51,3
2 60 16 33 57.8 50,1
3 60 19 30 509 52,0
Ne onbiTa hy h,

Hy = d_1 Mz = d_z
1 0,32 0,60
2 0,28 0,66
3 0,33 0.58
cpejiHEe 0,31 0,61
Brisoa

[lonydeHHBIC Pe3yabTATBL SKCICPHUMEHTOB MOKA3BIBAKOT, YTO KOM(PPHIMEHT
TPEHHS CKOJIBIKEHHS 3aBUCHT OT CBOCTB IMOBEPXHOCTH.

[lepBriii Opycok uMen Oonee rIaakyro NoBepxHOCTh. Ero koadpuuueHT TpeHus
ckonexkenns (0,31 + 0,02).

V Broporo Opycka NOBEpXHOCTh Obula 1EPOXoBaTol. Ero kosdduimeHT TpeHus
cxonebixenns (0,61 + 0,02).

[Tpu nepesopaurBanuu nepsoro Opycka Ha rpaHb JPYroi miowaau 3ameps by =
17 cM. D10 fg0Ka3bplBaeT, 4YTO BEJIMYMHA | HE 3aBMCUT OT  IUIOLIAH
COMPUKOCHOBEH WS MOBEPXHOCTEH.

Takum 06pa3oM, BEMHUHHA |l 3aBHCHT OT KauecTBa 0OpaOOTKH CONMPHKACAIOIIAXCS
HOBEPXHOCTEH: yeM fosee LepOX0BAThIE NOBEPXHOCTH, TeM OOMbLLE L.

JlabopaTopnasi paGora Ne2 OnpeneseHue MOAYJIsA YIPYTOCTH Pe3HHBI
Iesan padoThI: ONpenesuTh MOAYIIb YIIPYTOCTH MaTepuala (pe3suHbl) P PacTKEHUU.
Oo6opynoBanue: PesunoBbiii mHyp mmHOU 20 -25 cm, Habop rpy3oB no 0,1 kr, mratus,
HHHefIKa, TAHTCHIUPKYJIb UK MUKPOMETDP.
Onucanue padoTsI
Ecnu x Tenmy Maccoit m, nexanieMy Ha IJiaJIkoi TOBEPXHOCTH, IPUKPENHUTh MPYXUHY (puc.l)
U HayaThb pacTAruBaTh ee ¢ cwioil F, To Teno npuaet B nBuxkeHue. [IpunokenHas cuiia cCOOOIMIUT eMy
YCKOpPEHUE d W HECKOJIbKO YIJIMHUT NPYXUHY — NedopMupyert ee. Beneacrsue aedopmannu npyKuHbI,

B HEl BO3HMKAIOT BHYTPEHHME CHWIIBI, JEHCTBYIOIIHME MEXKIY OTIEIbHBIMU €€ YacTSIMH, - CHIIBI
yIPYrOCTH, HAlIPaBJIEHHbIE B CTOPOHY, POTUBOMOJIOXKHYIO edopmupyromei cuie F . B Tor MoMeHT,
KOIJla CHJIbl YNPYroCTH JOCTUTHYT 3HaueHus F , oHM ypaBHOBecAT [e)OpMHUPYIOIIYI0 CHIY U

pacTsbkeHue TpyKuHbI mpekpaturcs. Cwna F cooOmiaer yckopeHWe MMEHHO TPYKHHE, TaK Kak
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MPUJIO’KEHA HEMOCPEACTBEHHO K Hell. Temno ke moiyyaeT YCKOpeHHE MO IeHCTBUEM CHIIbI YIIPYTOCTH,

NPUIIOKEHHOM K HEMY CO CTOPOHBI IPYrOro KOHIa 1e(hOpMUPOBAHHOM MPYKUHBI.

- I
1, Lo o d

| -

] =6 .

n F

m >

o [» AWWMAS ",
I -l LAl

Puc. 1

Cuna ymnpyrocT BO3HUKaeT Ipu jAepopManuu Ted, T.e. IPU HM3MEHEHUH B3aHMMHOIO
pacCIIOIOKEHUST YaCTHII, U3 KOTOPBIX COCTOMT Teno. Jledopmanus Tenm MPOMCXOTUT IMOJ JACHCTBHEM
BHEUTHUX CHJI, IPUBOJSIINX K U3MEHEHUIO Pa3MEpPOB WK (POPMBI Tefa.

Cunpl ynpyrocTd HMMEIOT IEKTPOMAarHUTHYIO MHPUPOAY U SIBISIOTCS PE3YJIBTUPYIOIIUMU
OTPOMHOIO KOJIMYECTBA CHJI, BO3HHMKAIOIIMMHU MEXIy COCEJHUMM YacTHUIAMU (aToOMaMu MU
MOJIEKYJIaMH) IPU OTKJIOHEHUH UX OT CBOMX PAaBHOBECHBIX 3HAYEHUI.

Yupyras nepopmanus — gedopMmarysi, Ipu KOTOPOIl MOCIe MPEKPAICHUs AeHCTBUS BHEITHUX
CHJI TeJlO HIpPHUHUMAeT IepBOHaudalbHble pa3Mepsl U (opmy. Ilnacrmuyeckass aedopmanus —
nedopmarusi, KoTopasi COXpaHsieTcsl B TeJe Mocje MPEeKpalleHus 1eHCTBHUS BHEIIHUX CHUIL.

HedopMmanun pacTsKeHus1, C2KATHA HCIBITBIBAIOT ONIOPHBIE KOJIOHHBI 3JaHUH U MOCTOB, CBaH,
L[N, HA KOTOPBIX BUCAT MOCTBHI, IPYKUHBI, K KOTOPBIM ITOJBEIIEHBI TPY3bl U T.1.;

Jedopmanuio caBura aetajm npu nuiMdoBke Ha CTaHKe, 10cka, oOpabaTeiBaeMasi pyoaHKOM
UT.H.,;

Jedopmanuio n3ruda MCIbITHIBAIOT IOTOJOYHBIE OaJIKH, KPBIIIKA CTOJIA, MOCT, PEJIbCHI U T.11.;

dedopManuio Kpy4eHHs UCIBITHIBAIOT OTBEPTKA M BUHT, 3aKpPY4YMBAEMBbII €10, CBEPJIA, BAJIbI
aBUraresiei u T...

3akon I'yka

[Ipu BBISICHEHHU CBSI3U MEX1y CHIJION YIIPYTrOCTH U BBI3BIBAIOILEH ee JedopMaliueii 0Kka3aaoch,
YTO CHJIa YIPYTOCTH, BOSHHKAIOUIAs MIPU YIPYTuX AedopMausix Tena, IponopIioHalbHa YATUHEHU IO
Tena Al ¥ HanpaBJieHa B CTOPOHY, MPOTUBOMOJIOKHYIO CMEIIEHUIO YaCTHIL TeJla MpH 1ehopMaliu:

F,,=-KAL (1)

rne Al - wu3MeHeHue UTMHBI Tena (abcomoTHOoe yaiaumHeHue), K — koaddunmeHt
HPOMOPIIMOHATIBHOCTH, HAa3bIBAEMBII KECTKOCTBIO TeJia (IPYKUHbI, CTepkHs ). JKeCTKOCTh 3aBUCHUT OT

pa3MEpoB TCJIa U MaTCpHrajia, U3 KOTOPOIO0 OH U3IOTOBJICH.
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Ecmu teno pactaruBaercs (AL >0), To ynpyras ciiia HarpaBjieHa B CTOPOHY, TPOTHBOTIOI0KHYIO

CMEILCHHIO YacTHL Ipy pactspkenuu (F |, < 0). Eciu Tenio cxxumaetcst

(AL <0), To ynpyras cuiia Tak)Ke HarpaBJieHa B CTOPOHY, IPOTUBOIOJIOKHYIO CMELICHHUIO YaCTHUII

npu cxatuu (F > 0).

ynp

3akoH ['yka ucrnonb3yeTcs Mpu pacueTax MOCTOB, MObEMHBIX KPAaHOB, 0aTIOK, coopykeHui. Jliis
o0ecrneueHus JTUTEIbHON HAZe)KHOCTH M COXPAHHOCTU KOHCTPYKLUN BaXKHO, YTOOBI TP JCHCTBUH CHIT
B HUX MPOUCXOAMIU He3HauuTenbHble (yrnpyrue) nedhopmanuu. Jepopmanuu SBISIOTCS yINIPYyTUMU

TOJBKO TOTJIA, KOTJ]a OHW OTHOCHTEIBHO MAJbl 110 CPABHEHMIO C NEpBOHAYAILHON JIMHON Tena € .
[TosToMy Ha mpakTuke BMecTo abcontotHoro yuiauHenuss Al = € - €, UCIIONB3YIOT OTHOCHTEIbHOE

YajinHenue

g= — (2).

OMBIT MOKa3bIBAET, YTO AOCOIIOTHOE Y/IMHEHUE CTEPXKHS ONpeessieTcss He aehopMUpYyIoen
CUJIOW, @ OTHOLIEHUEM 3TOM CHJIBI K IUIOIIAIM IOIEPEYHOr0 CEUYEHHUsI CTEepKHA. [ XapakTepuCTUKU
3TOTO CBOMCTBA BBEIH (PU3NYECKYIO BETUUMHY — MEXaHHUECKOE HAMPSKEHHE G:

F
=2 (3).
S ©)

Pa3znenus 06e yactu paBenctsa (1) Ha £, ¢ yuetom (2) u (3) 3akon I'yka M0KHO IpeaCTABUTH

B BUJa€:

ST

kl
roe E= ?0 - moayJb FOnra. Mnu:

c =E-tg (4)

[Ipn wmaneix gegopMalMsIX HaOpsDKEHUE TNPSIMO MPONOPIHUOHATIBHO OTHOCUTEIIBHOMY
YATUHEHUIO.

[IpencraBnenue 3akoHa ['yka B popme (4) mMeeT mpeuMyIecTBO, MOCKOIBKY MOAYbh FOHTa
SBIISIETCS XapaKTEPUCTHKOW TOJBKO MaTepHaia, W3 KOTOPOTO M3TOTOBJICHO TEJNO, W HE 3aBHCHUT OT
pasmepoB u (HOpMBI Tena.

CBOIICTBO MaTtc€purajia COIIpPOTUBIATHCA HeﬁCTBHIO BHCIIHUX CHJI HE paspylmiasAcChb, HA3bIBACTCA
€ro MPOYHOCTBIO.

Hanpsixenue, mpu KOTOpOM MaTepHall, MOABEPTHYTHIN nedopMaliuu, pa3pyliaeTcs, Ha3bIBaeTCs

npeenoM npoyHocTH. [Ipeaen npoYHOCTH MPUBOAUTCS B CIIPABOYHBIX TaOINIIAX.
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BoinosiHeHue padoThbl

1. YKpenure pe3uHOBBIN IIHYP B LITaTUBE.

2. Hanecure na CpC€AHEM YYAaCTKE IIHYpPa KapaHAallloM WX YCpHUJIaMH IB€ TOHKNC MCTKHU

Ha pPacCTOSHUU MPUOIN3UTENBHO 20 CM IpYT OT JApyra.

3. M3meppTe HavanbHOE paccTosiHUE [, MEXIy METKaMHU.

4. W3mepbTe auaMeTp LIHYpa MEXAY MeTKaMHM (He CXKHMMas pe3uHbl) M paccuuTaiire

Iomanb S ero MONCPEYHOro CCUCHU .

5. [TonsemmuBas k miHypy rpy3sl Maccoit 0,1 kr, 0,2 xr, 0,3 Kr, ©3MephTE COOTBETCTBYIOIINE

abcomoTHble yunHeHus mHypa Al,, AL, Al; (AL = € - {,) u nuameTp 1mHypa B PacTIHYTOM

COCTOSAHHMU.
6. BpIuncIuTe OTHOCUTEIBHEIC YAJIMHCHUA LIHYPa.

7. Tlo pe3ynbpTatam U3MEepeHMI BBIUUCIUTE MOk ypyroctu E no gpopmyne:

B ?,F
AlS
8. Pe3ynbrarhl m3MepeHuii 3aHECUTE B TAOJIHILY:
Ne m F L A d E
n/m , KT ,H 0> M L, M , M , M? H
MZ
1
2
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9. OueHuTe TOYHOCTD pe3yJIbTarTa:

a) abCOIIOTHAS TTOTPEITHOCTh pe3ybTara:

A E = |E sbiy Emaﬁﬂl
6) OTHOCUTCIJIbHasA HOI‘peHlHOCTB pe3yJILTaTa:
AE
g= - 100 %
mab6a
B) 3aIIUCh OKOHYATCIIBHOI'O pGByJIbTaTa:
E=(E,, +AE) Hm

KonTposbHbIe BONPOCHI:

1. B kakux ciydasx BO3HHMKAET CHUJIa YIIPYTroCTU?

2. 3aBUCHT JIM MOAYJb YIPYTOCTH OT C€UYEeHHUs 00pa3lia U ero JUITMHbI?

3. Kak n3MeHuTCS cuiia ynpyrocTu, ey YAJHHEHUE IPYKHHBI YBEIIMIUTD BIBOE?

4. [Ton neficTBreM Kakoi CUiIbI IpYKUHA, UMeroias koadduuueHt xectkoct 1 000 H/wm,

cxanach Ha 4 cm?

S, Cuna 30 H pactsarusaer npyxuny Ha 5 cM. KakoBa cuina, pactaruaroiias npykuHy Ha
8 cm?

ITpakTrueckas padora Ne3 o teme: Pemenue 3agay no reme Buabl cun

Hean: HayunuThcs onpenensiTh paBHOJACHCTBYIOIIYIO CUJ JIEHCTBYIOIIMX HA TENO, YCKOPEHHE,
CKOPOCTB, HCITOJIB3YsI OCHOBHBIC 3aKOHBI TMHAMHKH.

Ilopsinok BbINOJHEHHS padOThHI:

4. BuuMarenpHO MpoOYNTaTh TEOPETUYECKYIO YacTh U IIJIaH PEIICHU 3a1a4
5. PaccMoTtpeTs npuMeps! pemeHus 3agad
6. [Tosry4uTh U BBINOJIHUTH UHAUBUAYAJIbHbIEC 3a1aHUS.

Teopernyeckas 4acTb
Cuna - BekTopHas BennurHa. HeoOxoauMo 3HaTh TOUKY MPUIIOKEHUS U HApaBIeHUE KaXI0H

cuibl. BaxHo YMCThH ONIPCACIINTE KAKUC UMCHHO CHUJIbI ﬂeﬁCTBYIOT Ha TCJIO U B KaAKOM HaIIpaBJICHUMU.
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Cumna o6o3Hauaercss Kak £, usmepsiercss B HetoroHax. Jlns Toro, 4TOOBI pa3nuyarh CHIBI, UX

- - -

P, E N T E.F, Fouop

LR

-+

0003HAYAIOT CJICTYIONTUM 00pa3oM F”‘F’

Hwuxe mnpenctaBieHbl OCHOBHBIE CHIIBI, JeWCTByromme B mpupone. IlpunymbiBath He
CYIIECTBYIOIINE CHIIBI IIPU PELLICHUH 331a4 Hellb3s!

Cun B mpupojie MHOTO. 37€Ch PaCCMOTPEHBI CHIIBI, KOTOPBIE PACCMATPHUBAIOTCS B IIKOJIHLHOM
Kypce (GU3HKH MPU H3YYCHHH IUHAMHKH. A TaKXKe YIOMSHYTBI JPYrue CHIBI, KOTOpbIEe OYyIyT
PaccMOTpPEHBI B IPYTUX pa3jeliax.

Cuna TsxecTu

Ha kaxnoe Teno, Haxojsieecss Ha IJIaHEeTe, eUcTByeT rpaBuTtanus 3emiau. Cuia, ¢ KOTopoi
3eMJIst IPUTATUBACT KaXI0€ TEJo, OmpeelsieTcs mo Gpopmysie

F - cuna mamcecmu co CRICpONBL JeATn (ﬁm)

PR AGCCO PRESIG

— YVoKopeHlie cecbolnesn HADEHUS

ray

—

F= 'Iﬂg [F]:IH [m]:ls-rz [g]:lﬁg

<

Touxka IMPUIIOKCHUSA HAXOAUTCA B LCHTPC TAKCCTH TCJa. Cuia TSKeCTH 6cezcoa Hanpaeiena

6EPMUKAIbHO 6HUS3.

/LY
y mg ' mg

Cuna tpenus

[TozHakomMuMcs ¢ CHIION TpeHUs. DTa CHJia BO3HUKAET MPU JIBHXKCHHUH TEJI U CONIPUKOCHOBEHUH
JIBYX TOBEpXHOCTEH. Bo3HMKaeT cuia B pe3yapTare TOTO, YTO MOBEPXHOCTH, €CIIM PACCMOTPETh MO/
MUKPOCKOTIOM, HE SIBIISIIOTCS TTIAIKUMU, KaK KaKyTcs. Onpenensiercs cuia TpeHus o GopMmyIe:
F — cuna mperui (ij
ll{"{ —

HoagduyLenm wpeRLa

F — ‘u’f" N — cuna pearyuu onopw
[ ]= 15 [N ] =15 L — Bespai MepHaR

Cuna npusokeHa B TOYKE CONPUKOCHOBEHHUs JIBYX NOBepXHocTed. Hanpaenena 6 cmopony

npomueonol0NCH) IO OBUINCEHUIO.
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;"“

i

Tax kak Teno mpeacTaBisieM B BUJIe MaTepUaIbHONW TOYKH, CHITY MOXKHO M300paxarth ¢ IEHTpa

Cuna peakuuu ornopbl

[IpencraBuM oueHb TSKENBIN MpEeAMET, Jexamuil Ha crone. CToa mporudaeTcs moja TSKECThIO
npeamera. Ho cornacHo TpetbeMy 3akoHy HbIOTOHA CTOJ BO3IEHCTBYET HA IPEMET C TOUHO TAKOH e
CUJION, 4TO U mpeaMeT Ha cToi. Cuila HanmpaBiieHa IPOTUBOIIOIOKHO CUJIE, C KOTOPOU MPEIMET 1aBUT
Ha cToJl. To ecTh BBepX. DTa cuiia Ha3bIBaeTcs peakuueit onopsl. Hazpanue cuiibl "roBoput” pearupyer
ornopa. JTa cuja BO3HUKAET BCEra, Korjaa ecTb Bo3JeiicTBue Ha onopy. IIpupoaa ee BOSHUKHOBEHUS Ha
MOJIEKYJISIpHOM ypoBHe. [Ipeamer xak Obl 1eopMHpPOBaJ MPUBBIUHOE MOJIOKEHUE U CBSA3H MOJEKYJ
(BHYTpH CTOJIa), OHU, B CBOIO OYEpEIb, CTPEMSTCS BEPHYTHCA B CBOE NEPBOHAYAIBLHOE COCTOSHHUE,
"conpoTuBIAOTCS".

AOCOTIOTHO JTI000€ TENOo, JaXKe OYCHB JIETKOe (HAampuMep,KapaHall, JeKaluil Ha cToJe), Ha

MHUKpOYpOBHE eopmupyet ornopy. [103ToMy BO3ZHHUKAET peakiusi ONOpHI.

—+

CriermanbHO# (pOpPMYIBI [T HAXOKICHHS 9Toi CHtbl HeT. OG03HaualoT ee GykBoit &Y, Ho oTa

-+

. F
CHJIa TIPOCTO OTJIEJIbHBINM BUJ CHIIBI YIIPYTOCTH, TIO3TOMY OHa MOKET ObITh 0003HaueHa U Kak = ¥
Cuna nmnpuioxeHa B TOYKE CONPUKOCHOBEHHUs IpenMera ¢ omnopoil. Hampasnena
MEPIEHANKYIIIPHO OIIOPE.

N N

/L

Tax xak Teno mpeacTaBiIsieM B BUJIE MaTepUATbHON TOUKH, CHIIY MOXHO M300paxaTth C [EHTpa

Cuna ynpyroctu

DTO cuiia BO3HUKAET B pe3ysibTrare aedopManuil (M3MEHEHHUs TMEPBOHAYAIHHOTO COCTOSIHUS
BenlecTBa). Hampumep, Koraa pacTsiruBaeM MpPYXKHHY, Mbl YBEIMYMBAEM PACCTOSHHUE MEXKIY

MOJIeKyJIaMH MaTepHaia npyxunsl. Korga cxxumaem npyxusy - ymensinaeM. Korna nepekpyunBaem
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WM caBuraeM. Bo Bcex 3THX mpuMepax BO3HUKAET CHUJia, KOTOpas MPEensTCTBYyeT aedopMaluu - CUia

YIIPYTOCTH.
3axoH ['yka

-+

F— cuna yupyaocmu (ﬁm)
i — MECEEOCRE MAMEPLATA

af (mu .&X)— abconmmnoe yonunenue (cxcanue)

al =1-1, (ax=x—1x)— dnuna meaq nocne dePoprayin [f)

MuEYe dauHe meae do dedopaaynu ()

F—=Fk-

ﬁf‘ [F]=1H (k]=12 [d]= 1a¢

At

Cuia YIIPYroCcTu HallpaBJICHA ITPOTHUBOIIOJIOXKHO I[e(bOpMaI_[I/II/I.

v/

Erp

T

D

Tak kak Te10 npeacTaBIsIEM B BUIC MaTepHaHBHOﬁ TOYKH, CUITY MOKHO 1/1306pa>1<aTI) C OCHTpPa

HpI/I MOoCJICA0BATCIIbHOM COCAUHCHUH, HAIIPUMEDP, IMPYXKUH KECTKOCTb PACCUUTBIBACTCA II0

bopmyne

1 1 1 kk,

_:__I_
ko kK, k +k,

s

IIpu mapannenbHOM COETUHEHUH KECTKOCTD
k=k +k,

XKectkocTh 06paszua. Moayns FOwra.
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K — BOECHIOCHD
E — amdvas Huea
& — RAgads ROREPEYHOI0 CEYERNA

b, — dnuna oBpasya do deoprayi

[;:]:1% [E]:l% [5]=1a¢  [4]=1n

Mopyns FOHra xapakTepusyeT ynpyrue CBOMCTBA BEIIECTBA. DJTO IMOCTOSHHAs BEIMYHMHA,
3aBUCSAIIAS TOJBKO OT MaTepHayia, €ro (PU3MYECKOro COCTOSHUSA. XapaKTEepU3yeT CIOCOOHOCTh
MaTepuanga CONPOTUBIATHCS jAeopMamvvi  pacTSDKCHUS WU CKaTUsA. 3HAUYCeHUE MOy
IOnra TabnuuHoe.

[ToapoGHee 0 cBOKCTBAaX TBEPIBIX TEN 37ECh.

Bec tena

Bec tena - 310 cuita, ¢ KOTOpOU MpEeaAMET BO3AEHCTBYET Ha ONOpYy. BbI CKaxkeTe, Tak 3TO ke cuia
Tsokectu! [lyTanuia mpoucxoauT B CIEAYIONIEM: IEHCTBUTEIIBHO YacTO BEC TEJIa PABEH CHIIC TSXKECTH,
HO 3TO CWJbl COBEpIIEHHO pas3Hble. Cuila TSKECTH - CHIIA, KOTOpass BO3HUKAET B pe3yibTaTe
B3auMoieiicTBus ¢ 3emiield. Bec - pe3ynbTaT B3auMoaecTBus ¢ onopoil. Cuia TSKeCTH MPUII0KEHA B

LEHTpPE TSHKECTH MPEIMETa, BEC e - CUJia, KOTopas MPUIoKeHa Ha oropy (He Ha MpeaMeT)!

Pl= [Fren W

P

dopmyiTsl onpesieienns Beca HeT. OG03HauaeTcs 3Ta CHITbl OyKBoi £

i

ﬁ F'T EEY

Cuna peakuuu ornopbl WIM CUjla YIIPYrOCTH BO3HUKAET B OTBET HA BO3JICHCTBHE MpPEAMETA Ha
MIOJBEC WJIM ONOpY, MO3TOMY BEC Tejla BCETJa YWCIECHHO OJWHAKOB CHJIE YIPYIOCTH, HO HMEET

IMPOTHUBOIIOJIOKHOC HAIIPAaBJICHHUC.
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N

/LN L)
5 mg .
P

Iz

Cuta peakiiy onopsl ¥ BEC - CHJIbI OJIHOW MPUPOJIbI, coriacHo 3 3akoHy HbproTOHA OHM paBHBI
U MPOTHUBOIIOJIOKHO HaIpaBiieHbl. Bec - 3T0 cuia, koTopas JeiCTBYeT Ha omopy, a He Ha Teso. Cuia
TSDKECTH JEUCTBYET Ha TENO.

Bec tena moxeT ObITh HE paBeH cuiie TshHkecTd. MoskeT ObITh Kak OoJbllle, TaK U MEHbIIE, a
MOJKET OBITh U TAaKOE, UTO BEC PABEH HYII0. DTO COCTOSIHUE HA3bIBAETCsl HEBECOMOCThI0. HeBecomocTh
- COCTOSIHHE, KOrJa IIpeIMET HE B3aMMOJEHCTBYET C ONOPOM, HAllpUMeEp, COCTOSHUE IIOJETa: CUia

TSKECTU €CTh, a BEC paBeH HYJIO!

=2

S

o la T
i I

VL LTI VLA T
mg +'p mg *
| P
Onpenenuth  HampaBlieHWE  YCKOPEHHS ~ BO3MOXKHO,  €CIM  ONpeNeNuTh,  Kyna

HaIpaBJieHA paBHOAECHUCTBYIOLIAs CUIIa

OOparuTe BHUMaHuUeE, Bec - cuia, uaMmepsiercs B Helotonax. Kak BepHO OTBETUTH Ha BOIPOC:
"Ckonbko ThI Becullb"? Mbl oTBewaem 50 Kr, Ha3bIBas HE BeC, a CBOX Maccy! B aTom npumepe, Ham
BEC PABEH CUJIE TKECTH, TO ecTh mpuMepHo SOOH!

Ileperpy3ka - OTHOLIEHHE BECa K CUIIE TAKECTH

Cuna Apxumena
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Cuna BO3HUKAET B pe3yJibTaTe B3auMOICUCTBUSA TeJla C )KUIKOCTh (ra30M), P €ro MOrpyKEeHUN
B )KMJIKOCTH (MJIM ra3). DTa CUjia BBITAJIKMUBAET TEJO U3 BOJbI (Ta3a). [loaToMy HanpaBiieHa BEpTHKAIBLHO

BBepX (BhITankuBaet). Onpexaensercs o Gopmyiie:

—+

F — gevmanmuegrowan cune (B cune Apxusedd)
£ — RIOPHOCHL FCLUAKOCHE W 2333

(geiyecea, € KoMmapait WEan HaXaoumes )

g — YVekopeHus ceobodHose Radenua, g = 9,8%
z

V' — obvenr nospymcennot sackul mena

F:p'g'lf [F]:lH [,.9]:1% [V]:]_ME

B Bo3nyxe cuiioit Apxumena npenedperaem.
Ecnu cuna ApxuMena paBHa cuiie TsDKECTH, Teno IuiaBaeT. Ecimu cuna Apxumena Ooiblie, TO

OHO IIOJHUMACTCA Ha ITOBECPXHOCTD JKUJAKOCTH, €CJIM MCHBIIC - TOHCT.

‘xm_dff — M~
— TIT
y : i la
12
@ e -
& & &

IIpuMepsl pelieHus 3aaay
3agaya 1. I'py3 mopHumaror Ha BepéBke. C kKakuM ycKopeHHeM (8) MOJHHMAIOT Ipy3, €CIIH

u3BeCTHBI cuia HaTshkenus BepeBku (T) u macca rpysa (m)?
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Y mg
ITo BTOpOMY 3akoHy HetoTOoHa: ma =T - mg.

3anava 2 K nortonky ABmxkyIerocs audTa Ha HUTU HoJBelIeH rpy3 Maccoit ml. K atomy

rpy3y MpUBs3aHa Ipyras HUTh, HA KOTOPOM MOJIBEIICH rPpy3 Maccoil M2. Cuiia HaTSHKEHUST HUTH

Mexay rpy3amu To. Haiitu cuny Hatsbkenust T BepXHEH HUTH.
7

mig

\
-
i

W3 ycnoBuit 3a1a4n’: yCKOpEHHE Tpy3a PaBHO YCKOPEHUIO JIn(Ta. Y paBHEHUs IBUKECHUS IS
Ka)KJ0ro rpys3a:

mia="T —"Te —mig

moa = Ty — mag
Pemraem cucremy ypaBHeHuUi, Toraa:

T = (m1+ ma)To/m2

3ananue: Pemure 3aga4um, onupasicb Ha NPUMeEpPbI pelIeHU .

1. Kakas ropusoHTanbHas cuiia F HyxHa, 4TOOBI JeXaluil Ha TOPU30HTAILHOM TOBEPXHOCTH
rpy3 Maccoil M Havaj CKOJIb3UTh C yCKOpPEHUEM a?

o1



2.Temo maccoil M IBUIKETCS 110 TOPU3OHTATBHOM MOBEPXHOCTH MO ACHCTBUEM CHITBI F,
HanpaBJICHHOW NOJ YTJIOM K Topu3oHTy. Haiitn yckopenue Tena. [Ipu kakoit cune FO nBmxenue Oyzaer
paBHOMEPHBIM?

3. JIBa Tena maccamMu m1 1 m2 cBsI3aHbI HEBECOMOM M HEPACTSHKUMOM HUTHIO U JISKAT Ha
[JIaJIKOM TOpU30HTAIbHOM oBepXHOCTH. C Kakoil cuioif F MOXKHO TSHYTh IIEPBOE TEJO, YTOOBI HUTH,
CrIocoOHast BBIZICPKATh CHITYy HATSHKEHHS | Max, He obopBanachk? UTo M3MEHUTCS, €CITU CHITY
NPUIIOKHUTH KO BTOPOMY Tey?

4. Ha 6pycok maccoit m1 nocrasiiena rupst maccoit m2. C moMoInp0 HUTH, IEPEKUHYTON
yepes 010K, OpyCOK C rupel CKOIb3UT C MOCTOSHHOM CKOPOCTHIO 10 cTONy. Ha HUTH moiBemeHa
yarka Maccoid m3 ¢ rupeit m4. Haiitu ko3dduitnert tpenus K Mexay OpyCKOM U CTOJIOM.

5. K o1HOMY KOHIly HUTH, IEPEKUHYTOH Yepe3 OJIOK, MoIBeMIeH Tpy3 Maccoit M. C xakoit
cuiioi F Hy»HO TSHYTb BHH3 3a APYroil KOHEIl BEPEBKHU, YTOOBI TPYy3 MOAHUMAIICS C YCKOPEHHEM a7

7

o

F

mgy v

Kpurtepun ouenuBanus:

OueHka 5 cTaBUTCS, €CIM y4dalldecs BBINOJHUIN BEPHO 3 3aJauyM, BEPHO 3alMCaId yCIOBUE
3a/1a4M, MepeBenn BelnnuuHbl B cuctemy CU, 3ammcanu Bce HEOOXOAUMBIE U JOCTATOYHBIE (DOPMYIIBI
IJi1 pe€IICHUA 3aaa4yd, BEPHO IMOACTABHUIIM YHUCIICHHBIC 3HAYCHHsA, BCPHO ITPOBCIIM BBIYMCICHUA I10
dbopMynaM U BEpHO 3amucalid OTBET.

OueHka 4 cTaBUTCS, €CIU BEPHO M MOJTHOCTHIO MPABUIIbHO PEUIEHBI U 3allMCaHbl 2 3a7a4u, B 3
3a/1a4ye JOMYIIEHbI OMMOKK TUO0 B 3alUCH JIaHO, TN0O Tpu mnepeBoje enunull B cuctemy CU, mubo B
3anucu (OpMyJT WIIM BHIYUCICHUSX.

Ouenka 3 cTaBUTCS, €CIIA BEPHO M MOJIHOCTHIO MPAaBUIILHO PENIEHA U 3anucana 1 3agava, BO 2 U
3 3aayax JOMYIICHBI OMIMOKY MO0 B 3aMUCH JIaHO, THOO MpH nepeBoae eauHui B cucremy CU, mubo

B 3a11UCH (I)OpMy.]'I MNIIN BBIYUCIICHUAX.
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Orenka 2 CTaBUTCSI, €CITM B KaXKI0M U3 3 3a7a4 TOMYIICHBI KaKue-11u00 ommOKH JINOO0 B 3aIUCH

naHo, m1uoo npu nepesoje eauHul B cuctemy CU, 1160 B 3amucu GopMys iU BEIYUCICHHUSX.

[IpakTrueckas padota Ne4 o Teme: 3aKOH BCEMHUPHOTO TATOTEHUS
Henab: 3akpenuts 3HaHUS 110 TeME «3aKOH BCEMUPHOT'O TATOTEHHS», CPOPMUPOBATH YMEHHUS U
HABBIKU HaXOXKJIEHUS! (PU3NIECKON BETUIHHBI, €€ BEIBO/IA U3 (DOPMYIIHIL.

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTBlZ

1. BHuMarenbHO IPOYUTATh TEOPETUUECKYIO YacTh U IJIaH PEIIeHus 3a1a4u
2. PaccmoTpeTh npuMeps! perenust 3aa1a4y
3. [Toy4uTh ¥ BBIIOJHUTH UHIUBUIyAJIbHBIC 3a/IaHMUSL.

Teopernyeckas 4acTb
3aKOH BCEMHUPHOTO TIATOTeHUS — (DyHIaMEHTaIbHBIN 3aKOH MPHUPOJbI, COTIACHO KOTOPOMY BCe
MPEIMETHI IPUTITUBAIOTCS MEXAY CO00i. DTO MPOSBICHHUE IPABUTAMOHHOTO B3aUMOACHCTBHUSI.

F =g
2
’..l
FpaBI/ITaHI/IOHHaH nocrosiiHass G SABIISIETCS OHHHaKOBOﬁ U1 BCCX TCJI B IIPUPOJAC U B 000U

Touke Bceneunoii. Ee 3Hauenue:

G=667-10"M/ |
Ke*cC

VYckopeHre CBOOOJHOTO MaJeHHs g B Ipenenax 3eMJId BapbUpPYeTCs B 3aBUCUMOCTH OT
KOOpJIMHAT U BBICOTHI MOABEMA Tela HaJ MOBEpXHOCThIO0. Ha npyrux ruianerax 3HaueHue g Oyner
COBEPIIEHHO UHBIM, TaK KaK OHO 3aBHCHUT OT MacChl U pa3MepOB HEOECHOTO Tea.

[lepBast kocMuYecKasi CKOPOCTb — CKOPOCTh, C KOTOPOW CIYTHUK JOJDKEH JABUTaThCS BOKPYT
3eMiIM WM JAPYroro KOCMMYECKOro 00bEKTa, 4TOObl OCTaBaThCsl HAa opOuTe U He mafatk. [ 3emiaun
3Ha4YeHHE TepBOM KOCMHUYECKON CKOPOCTH paBHO 7,91 km/c.

Bropas kocmuueckast CKOpOCTh — CKOPOCTh, HE0OX0AuMasi JUIsl TOro, YTOObI TOKUHYTh OpOUTY
HebecHoro tena. 3uauenue: 11,2 km/c.

I'paBUTalIMOHHAs HEYCTOMYMBOCTh — (IIYKTyalluu (BO3MYIIEHHS, HEOOJbIINE OTKJIOHEHUS)
IUIOTHOCTU U CKOPOCTH BEILECTBA B MPOCTPAHCTBE MOJ JEHCTBHUEM CHJI TArOTEHUs. |'paBUTallMOHHAA

HGYCTOI\/'I'-II/IBOCTI) SIBIISIETCA HpH‘-IPIHOfI BO3HHMKHOBCHU IraJIaKTHUK, 3BE€3/1 U 3BE€3JHBIX CKOILICHHI.

IIpuMepsl pelieHus 3aaay4

1. 3anaga 1: HaitiTu cuny npUTSDKEHUS MEXY IBYMS TEJIaMU.
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JonyctuM, ecThb 1Ba Tena ¢ maccaMmu 10 kr u 20 Kr, HaXOASIIUECS Ha PAaCCTOSAHUU 2 METpa APYr
ot apyra. [loncrasnsiem 3HaueHus B GopMyIry:

F=G*(ml *m2)/r*=(6.674 x 107'") * (10 * 20) / (2?) =3.337 x 107'* H.

2. 3apmaya 2: OnpenenuTtb, Kak U3MEHUTCS CUJia MPUTSHKEHUSI IPH U3MEHEHUH PACCTOSHUSL.

Ecnu paccrosiHue Mexy TelnaMu yBEIMYUTCS 10 4 METPOB, TO:

F=G*(ml *m2)/r*=(6.674 x 107'") * (10 * 20) / (4*) = 8.335 x 107" H.

Cuna ymeHbIIHIACH B 4 pa3a, 4TO JEMOHCTPHPYET 0OPaTHO MPOMOPIIUOHATBLHYIO 3aBUCHMOCTb.

3aganue: Pemure 3agqa4u, onupasicb Ha NpUMepbI pelIeHMd.

3amaua 1. C xakoi cunoit (MxH) nputaruBaroTcst 1Ba Barona Maccoi 1mo 80 T Kaxabld, eciu
pacctostHnue mexay Humu 1000 m?

3amaya 2. J[Ba OAMHAKOBBIX IIapuka Haxonuarcsa Ha paccrosHun 0,1 M npyr or apyra u
npuTsAruBatoTcs ¢ cuioil . KakoBa macca (Kr) kaxaoro mapuka?

3anava 3. Ha xakoM paccTosiHuu (M) cujla IPUTSKEHUST MEXy IByMs Tenamu maccoil mo 1000
KT Kaxjaoe Oyzaer paaa H?

3amaua 4. Onpenenute yckopeHHe cBOOOAHOro (M/c2) majieHus Ha BBICOTE, PaBHOW pajnycCy
3emiu.

3amaua 5. JIBa OIMHAKOBBIX IIapa paanycoM | M U MOCTOSHHOW TUIOTHOCTBIO CONPUKACAIOTCS
MOBEPXHOCTAMHU. BO CKOJBKO pa3 yMEHBIUUTCS MOIYJIb CHJIBI TPABUTALIMOHHOTO MPUTSKECHUSI MEXKIY
11apaMu, €CJIM OJUH U3 IIapOB CABUHYTH HA 1M BIIOJIb TMHHUH, COEIUHSIONIEN LIEHTPBI HIapOB?

Kpurepun onenuBanus:

OneHka 5 craBUTCS, €CIIM y4allluecsl BBIOJIHUIN BEPHO 3 3aJa4yu, BEPHO 3alUCAIN YCIOBHE
3ajauu, rnepeBenau BeauuuHbl B cucteMy CH, 3anucanu Bce HEOOXOAMMBIE U JI0CTaTOYHBIE (POPMYIIBI
JUISL PELIEHUs 3aJadd, BEPHO IOJCTAaBUJIM YHMCICHHBIE 3HAYEHMsI, BEPHO IPOBEJIM BBIUUCIEHHS IIO
dbopMysiaM U BEpHO 3alUcali OTBET.

OneHka 4 cTaBUTCS, €CIU BEPHO U MOJIHOCTHIO NMPABWIIBHO PEIIEHBI U 3alIUCAHbI 2 3a1a4u, B 3
3ajaue JOIMyIIeHbl OMMOKHU 100 B 3allUCH JaHO, TUOO MpH nepeBoje enxuHull B cuctemy CHU, mmubo B
3anucu GopMyJT WM BEIYUCICHUSX.

OueHka 3 CTaBUTCS, €CIIM BEPHO M MOJHOCTHIO MPAaBWJIBHO PEIICHA U 3anucaHa 1 3ajada, Bo 2 1
3 3ajayax JOMYyIIEHbI OIMOKY MO0 B 3alUCH JAaHO, MO0 MpH nepeBoje enqunull B cucremy CHU, nubo
B 3aITUCH (DOPMYJT MITH BHIYHCIICHUSAX.

OrmeHka 2 cTaBUTCA, €CITU B K&KIO0M U3 3 3a7a4 JIOMyIIEeHbl Kakue-1100 omrOKu 100 B 3alUCH

naHo, 1100 npu nepeBoje eauHull B cuctemy CHU, n1bo B 3anucu GopMys WIH BEIYUCICHUSIX.
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IIpakTuyeckas padora Ne5 no teme: Pemenue 3aga4 no reme 3aKoH COXpaHeHU s
HMITYJIbCa

Hesb: 3akpenuTh 3HAHUA M0 TEME «3aKOH COXPaHEHUS UMITYIbCa», CHOPMUPOBATH YMEHUS U
HABBIKU HaXO0XKJIeHUs! (PU3NYECKON BeTMYUHBI, €€ BbIBO/IA U3 (DOPMYIIHI.

Iopsinok BbINOJIHEHHSI Pa0OTHI:

1. BHuMaTenpHO Npo4YuTaTh TEOPETUYECKYIO YACTh U IUIAH PELICHUS 33134
2. PaccmotpeTs npumepsl peleHus 3a1ad
3. [Tosry4nTh U BBIIOJIHATE UHAUBUAYAJIBHBIC 3a1aHUS

TeopeTnyeckas 4acTb

NMnynbe Tenna — 3TO IpOU3BEIEHUE MacChl TeJla Ha €ro CKOPOCTh:!

p=mv

pP=mV . 3aKOH COXpaHEHMsI UMITYJIbCa YTBEPHKAAET, YTO CyMMa UMITYJIbCOB BCEX TEI B
3aMKHYTOM CUCTEME OCTAETCSI IOCTOSHHOM, €CIIM BHEIIHUE CHJIBI OTCYTCTBYIOT MJIM KOMIIECHCUPYIOTCSL.

[Tpumep: CTOIKHOBEHUE IAPOB B OMILIMAP/IE, PEAKTUBHOE JIBUKEHUE PAKEThI

B ¢usuke u npaBaa HUUEro He MCUE3aET U HE MOSBISIETCS U3 HUOTKYy1a. MiMmynbc — He
UCKJIIOUeHHE. B 3aMKHYTOI M30JMpPOBaHHON cucTemMe (3TO Ta, B KOTOPOH Tella B3aUMOAEHCTBYIOT
TOJILKO JIPYT C IPYTOM) 3aKOH COXPAHEHUs UMITYJIbCa 3BYUYHT TaK:

BozbpmeMm 3aMKHYTYIO CUCTEMY u3 JBYX B3aMMOJECHCTBYIOINX Tel.
Cunel ——F1F1— u —F2F2— - 310 cunbl B3aumoaeiicTBus Mex 1y Tenamu. Tpetuii 3akoH HproToHa
racut, 4yto ——F2=——F1F2—=-F1—. IlycTs Tena B3auMoaeicTBYIOT BO TeueHHe BpeMenH tt. Toraa
MMITYJIBCBI CHJI OMHAKOBBI II0 MOJYJIIO M TPOTHUBOIOJIOKHBI 110 HANPABJIEHUIO, KaK U CAMH CHUJIBL.

—F2t=——>F1tF2t—>=-F1 —t.

ITo BTOpOMY 3akoHY HbpIOTOHA:

—Flt=ml——vl—ml—vl; ——F2t=m1——v2'-ml—-v2F]l->t=mlvl'—-
mlvl—; F2—»t=mlv2'->-mlv2—

3nece ——v1'vl'— u ——v2'v2'— - ckopocTH Ten B KOHLE B3auMoIeicTBUS. COOTBETCTBEHHO,
CKOpoCTH 0€3 MTPUXOB 0003HAYAIOT 3TH BEJIMYMHBI B HAYaJIbHBIII MOMEHT B3aUMOJICHCTBUSI.

W3 3an1caHHOTO BBILIE CIIEAYET COOTHOLICHHE:

ml-ovl+m2—-v2=ml-—vl+m2-—v2'mlvl -+tm2v2—-=mlv]l'»+m2v2'—

3TO0 paBEHCTBO - MaTeMaTH4ecKas (popma 3amucu 3aKoHa coxpaHeHus umiyibca. OHO 03HayYaeT,
YTO CyMMapHbIi UMITYJIbC CUCTEMBI B PE3YJIBTATE KAKOTO-TO B3aUMOJICHCTBUS HE NU3MEHHWIICS.

IIpuMmepsI pemieHus 3aga4

1. Onpenenute Maccy aBTOMOOWIIS, UMEIOIIEro UMIYJbC 2,5¢104 Krem/c U JBUXKYIIETOCS CO

CKOpOCThIO 90 KM/.
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Hano: CHu p=my

p=2,5-10" xrm/c _P
v =90 km/q 25 m/c ¥
35108

m=———=0,1-10* =1
— s (kr)=1 (1)

Omegem: 1 T

2. Tenexxka maccoit 40 Kr IBHXKETCS CO CKOPOCTHIO 4 M/C HaBCTpeuy Tenexke Maccoi 60 Kr,

JIBUXKYILIEHCsS co ckopocThio 2 M/c. [locie Heynpyroro coyaapeHus Telex Ky ABIKYTCs BMecTe. B

KaKOMHaIIPpaBJICHUU U C KaKoM CKOpPOCTBIO 6y,HYT ABUT'aTbCA TEICIKKH?

Hano: L Vz¢ Pewenue:

m, =40 xr my, + m,v, =(m, +m,)v

m, =60 kr >V OX: my, —myv, =(m, +m,)y

Y =-4m/c ‘ 3 v:m,v,—m2v2=40-4-—60-2=0’4(M/c)
v, =2 M/lc X my +m, 40 + 60

v—2 Omeem: 0,4 Mm/c

B cTopoHy nBH)KEHHS MEPBOY TEMEKKH.

3aganue: Pemnre 3ag0a4u, onupasicb Ha NPUMepPbI peLICHUI.

1. HeGonpb11oi aBTOMOOMIIB IBIIKETCS CO CKOPOCThIO 60 KM/4, ero uMmyike paseH 1,5%10%4
kr*m/c. KakoBa macca aBromo0usis?

2. pe3una maccoii 400 KT IBHKETCSI CO CKOPOCTHIO 4 M/C, a HABCTPEUY il cO CKOPOCThIO 2 M/C
enet apesuHa Maccou 60 kr. Ilocne Heynpyroro coyaapeHus Ape3uHbl IBUXKYTCs BMecTe. B kakom
HAIPAaBJIEHUU U C KAKOW CKOPOCTBIO OYAYT ABUTATHCA JPE3UHBI?

3. Teno maccoit m=1 kr ymnano ¢ BeicoTel H=19,6 M. OnipenienuTs n3MeHEHNE UMITYJIbCa Teja 3a
MOCIIEAHIOI0 CEKYH]y JIBM)KEHUS U IMITYJIbC Tena Ha BbicoTe h=4,9 m.

Kpurepun onenuBanus:

OueHka 5 cTaBUTCS, €CIU yYalluecs BBIMOJHIIM BEPHO 3 3a71a4u, BEPHO 3allMCalId YCIOBUE
3a/1auu, epeBesn BenuuHbl B cucteMmy CU, 3anmcanu Bce HEOOXOUMBIE B IOCTATOYHBIE ()OPMYITBI

AJid pCHICHUA 3aa4u, BEPHO MOACTAaBUIIN YHCJICHHBIC 3HAYCHN A, BEPHO IMTPOBEJIN BBIYUCIICHUSA 10

(I)OpMYJ'IaM " BCPHO 3aItucalii OTBCT.
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Ouenka 4 cTaBUTCSA, €CIIM BEPHO U MOJHOCTHIO MMPABWIILHO PEIICHBI U 3aIUCAHBI 2 3a/1a4H, B 3
3aja4e JIOMyIIEeHbI OIMOKH 00 B 3aMKCH JTaHO, THOO0 MpH nepeBoae eaunul] B cuctemy CHU, 6o B
3anucu (HOPMYIT WU BBIYUCIICHUSX.

Onenka 3 cTaBUTCS, €CIIM BEPHO U MOJHOCTHIO MPABHIILHO PEIIeHA U 3anucaHa | 3amaya, Bo 2 U
3 3ajayax AOMYIIEHbl OMUOKK 100 B 3aIIUCH J1aHO, JI100 Mpu nepeBoje eauHull B cucremy CU, nmudo
B 3anmucy (POPMYIT WIH BBIYHCIICHUSX.

Ornenka 2 cTaBUTCS, €CITU B KaXI0M U3 3 3a/1a4 IOMYIICHBI KaKHe-Tu00 OMMOKYU TN00 B 3arucu

naHo, 1100 npu nepeBoje eauHuIl B cuctemy CH, 1o B 3anucu GopmMys WK BEIUUCICHUSIX.

IIpakTHyeckasi padora Ne6 mo teme: Pemenne 3ana4 no reme Pagora u MomHocTh
Heas: 3akpenuts 3HaHUA 10 TeMe «PaboTa 1 MOIIHOCTEY, CHOPMHUPOBATH YMEHUS M HABBIKH
HaXO0X/IeHHs (PU3NUCCKOI BETMYHMHBIL, €€ BBIBOJA U3 (HOPMYIIBL.

Ilopsinok BbINOJIHEHHS PadOTHI:

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

Teopernyeckasi 4acThb

Mexanunyeckas pabota — 3To paboTa Kakoi-HHUOYAb CUIION HAJ[ TEJIOM, B PE3YJIbTATE ICHCTBUS

KOTOpOI\/JI TCJIO ICPEMECIIACTCA.

Pab6ora COBCpUIACTCS, €CIINU CO6J'II-OI[8.IOTC$I YyCJI0BUA:
— Ha TCJI0 HeﬁCTByCT CHJIa,

— OHO MNEpEeMCIIACTCA B HAITPABJICHUN I[GI\/'ICTBI/IH CHIJIBI.

A= Fs cos a

,JTIe:

A (J1x) — mexanndeckas pabora;

F(H) — Moxynb IpUI0KEHHOM CHIIBI,

S(Mm) — mepemernienue (MyTh, TPONICHHBINA MO IEHCTBUEM CUJIBI);

a — Yrojl MeXy HallpaBICHUEM CHUJIbI U ICPEMEIICHACM.

F
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Ennnuna n3mepenus paboTsl — IKOYIb:
1 Tx= 1H *1m.
I'eomeTprueckuii cMbICa pabOTHI:

Mexanuueckas paboTa YMCICHHO paBHa IoIaad Gurypsl moa rpadpukom B ocsax (F,X):

|
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Ecnm Teno Mosxet coBepmuTh padoTy, TO OHO 00amaeT Mexanndeckoi sHepruei E (J1x).
Buael MexaHU4eCKOM S3HEPTUH:

—KUHETUYECKas;

—MOTEeHUHUATbHAs.

Kunernueckas OHCPI'HsA — 3TO SHCPIvsa ABHXXYIIUXCA TCII.

2
Ek=mv
2

V — MOJ1yJIb MTHOBEHHOM CKOpOCTH (M/C).

Byi(H

[ToTenuuanpHas SHEPTUS — SHEPTUS B3aUMOICHCTBYIOIIUX TEJl.
P ,TIe:

h — BeIcOTa, onpeessieMasi OT HYJIEBOTO YPOBHS (MJIA OT HUYKHEH TOYKH TPACKTOPHUH).

Pa6Gora H M3MeHeHRHe KHHETHYECKOH >HepruM (TeopeMa 0 KHHe-
THIECKOo# 3Heprum). Buigod gopmyab. U3 onpeielieHUS MeXaHHUe-
CcKOIi paboThI:

F A =Fscosa; a=0°; cosa=1
— v? — v?
» —_ 0
T F=ma; s=—-"2.
» S 2a
mv® mul
2 2

IpumepsI pelieHus 3a1a4
3amaua 1. Sctpeb, macca kotoporo 0,4 Kr, BO3AYIIHBIM IMMOTOKOM TOJHAT Ha BBICOTY 70 M.

Onpenenute paboTy CUIIBI, MOJHABLIEH NTHILY.

JlaHo: Cu: Pemenue:

m = 0,4 kr 1)A=F-s

h=70m 3nech A — pabora (uro TpeOyeTcst HalWTH B 3a/1a4e);

g =10 H/kr F — cuna, mogusBIIas nruiy,

A=7? S — IMyTh, Ha KOTOPOM JICHCTBYET cuiia (B JaHHOM 3aJ1a4ue 3TO BHICOTA, HA
KOTOPYIO nonuuMaetcs sctped (h)).

2) YtobObl HaAlTH cuily, MOJHSABIIYIO NMTUILY Y4YT€M, YTO 3Ta CHJIa IO BEJIWYMHE paBHA CHUJIE
TAKECTHU:
Frx=mg = 0,4 xr-10 H/xr = 4H
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3) Bocrionw3yemcs popmyioit u3 myHkra 1), 171 HaX0KIeHUsT paboThI:

A = Frcch = 4H-70m = 280 JIx

Otset: A =280 [Ix.

3amaua2. Kakas paGoTa coBepiiaercs NpH IOXbEME MPAMOPHOH IUTHTHI 0ObeMOM 2 M° Ha

BBICOTY 12 M.

Hano: Cu: Pemenue:

V=2 1)A=F-s

h=12m 3nech A — pabora (uto TpeOyeTcst HalWTH B 3a/1a4e);

g=10 H/kr F — cuna, mogHuMaromias miury;

p = 2700 xr/m® S — IyTh, Ha KOTOPOM JIEUCTBYET cuiia (B JaHHOU 3aja4ye 3TO

BBICOTA, HA KOTOPYIO

(TUTOTHOCTH Mpamopa) noauuMatot winty (h)).

A=7? 2) UtoOb!I HalTH CUITY, IOJHSBILYIO IUIUTY, YTO Ta CHJIA 110 BEJIMYUHE PaBHA
CUJIE TSAKECTHU:

Frax = Mg

3) UtoObI HAWTH MacCy IUINTHI, YYTEM, YTO OHA CJIeJIaHa U3 MpaMopa U HaM U3BECTEH €€ 00bEM.
BcenoMuum Gopmyity Uit IIOTHOCTH TeNa, ¥ BBIPa3UM U3 Hee Maccy:

m=p- V =2700 kr/m>-2 M = 5400 xr.

4) Haiiiem cuity TSOKECTH (CM. TTYHKT 2)):

Frox = Mg = 5400 kr-10 H/xr = 54000 H

5) Bocnone3yemces popmysioi U3 myHKTa 1), A7 HAXOXKACHUS pabOTHI:

A = Fraic-h = 54000 H-12m = 648000 [Tx = 648 x/Ix

OtBet: A = 648 xJIx.

3aganue: Pemnre 3aga4u, onupasicb Ha NPUMepPbI PeLICHUI.

1. Yenosek maccoir 60 kr mpoberaer nectHuity BbicoTo 10 m 3a 15 c. Kakyio cpeaHioro
MOIIIHOCTh Pa3BUBAET YEJIOBEK B ITOM Cirydae?

2. Iloe3n maccoit 250 T paBHOMEPHO MOJHUMAETCS co ckopocThio 30 km/4 1o ykiaoHy 10 M Ha

1 kM ytu. Koagppumuent tpenus 0,002. Onpenenuts MOIIHOCTb, Pa3BUBAEMYIO JIOKOMOTHBOM
noeszaa.

3. MomHocTe aBuraresnisa TaHka 368 kBt. C kakoli MakCHMaJIbHON CKOPOCTBHIO MOXKET PaBHO
MEpHO MOJHUMAThLCA TaHK B ropy ¢ ykiioHoM 30°? Macca tanka 15 T.

Kpurepun onenuBanus:

Onenka 5 craBUTCS, €CIIM y4allluecs BBIOJIHUIM BEPHO 3 3a/au, BEPHO 3alMCald YCIOBUE

3aJa4M, epeBenu BenuuuHbl B cuctemy CH, 3anucanu Bce HEOOXOAUMBIE U JOCTaTOYHBIE (DOPMYJIbI
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JUIS peIIeHUs 3aJaud, BEPHO IOJACTaBWINM YHUCIICHHBIC 3HAYEHUs, BEPHO IPOBEIM BBIYMCICHMS IO
¢dopMyaM U BEpHO 3aITUCaIN OTBET.

Onenka 4 craBUTCS, €CJIM BEPHO U MOJIHOCTHIO ITPABWJIBHO PELIECHBI U 3alMCaHbl 2 3a7a4u, B 3
3ajjaue JOMYLIEHbI OIIMOKK JINOO B 3alIMCH J1aHO, J100 Ipu nepeBoae equnul B cucremy CU, nnbo B
3anucH (popMys1 UM BBIYUCIICHUSX.

Oruenka 3 cTaBUTCS, €CITM BEPHO U MOJHOCTHIO MIPaBUJILHO pellieHa U 3anucana 1 3ajaya, Bo 2 U
3 3amavax IOMyIIEHB! OMIMOKH JHO0 B 3aIMCH JJaHO, THOO0 MpH nepeBoje eaquHuil B cuctemy CH, mubo
B 3aIIUCH (DOPMYJI UM BBIYHCIICHUSAX.

OneHka 2 cTaBUTCS, €CIIU B KaKI0M U3 3 3a7a4 JOMYyILEeHbl KaKue-I1100 omrOKH 1100 B 3alUCH

naHo, 11uoo npu nepesoje enuHul B cuctemy CU, 1ubo B 3amucu GopMys iU BEIYUCICHUSX.

IIpakTuyeckass padora Ne7 mo teme: Pemenme 3amauy mo reme «3aKOH COXPaHEHUS
IHEPrum»

Hean: 3akpenuTs 3HaHUS N0 TeMe «3aKOHBI COXPAHEHUS SHEPTHNY», CPOPMHUPOBATH YMEHUS H
HABBIKK HaXOXKJICHUST (PU3MUYECKON BEITMIMHBI, €€ BEIBO/IA U3 (DOPMYIIHIL.

Ilopsinok BbINOJHEHHS PadOTHI:

7. BHumarenbHO IpoYUTaTh TEOPETUUECKYIO YACTh U IUIAH peIIeHUs 3a/1a4
8. PaccmoTtpeTs npuMeps! pelieHus 3agad
9. [TosryunTh U BBINOJIHUTH UHAUBUAYAJIbHbIE 3a/1aHUS

Teopernyeckasi 4acThb.

3aKOH COXpaHEHHWs »JHEpPruu - (yHIAMEHTAJIbHBIH 3aKOH MPHUPOJbI, YCTAaHOBJIECHHBIH
AMIMPUYECKU U 3aKITIOYAIOIIUNCA B TOM, YTO JUISl 3aMKHYTOM (M3NYECKOM CHUCTEMBI MOKET OBITh
BBEJICHA CKaJisipHass (Qu3nyeckas BeNWYMHA, SBISIOMIascs (yHKUMEH [apaMeTpoB CHUCTEMBbI U
Ha3bIBaeMas SJHEPruen, KOTopas COXPaHIETCs C TEUEHUEM BPEMEHH.

E=Ep+Ek=const

Ep — norennuanbHas sHeprus;

Ek — xuHeTHuecKast SHEpTHSL.

IIpuMepsl pelieHus 3a1a4.

3anaua |

Hexkoe Teno nondpocuiy BBEpX BEPTUKAIBHO ¢ Ha4allbHOM ckopocThio 15 M/c. Ha kakyto BeicOTYy
0HO nogHuMeTcs? CONpOTUBIEHUE BO3yXa IIPU PELICHUH 3a/1a4U HE YUYUTHIBATh.

Pemenne: nmomydyeHHas Tnpu  Opocke  KHMHETHYecKas »dHeprus OyneT IOCTENeHHO
peoOpa30BbIBATHCS B MOTCHIIMAIBHYIO SHEPTHIO:

Ep=EKEp=Ek

mgh=mV22mgh=mV22
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T'ne:

M — Macca Tena;

V — HavanpHasi CKOPOCTb;

g — yCKOpeHHe CBOOOAHOTO MaJACHHUS;

h — BeIcOTa MO IBEMA.

[Tocne mpeobpazoBanuii moaydaem GopMyITy JUIsl BBICOTHI TIOIbEMA:

h=V22g=2252x9,8=11,47m

3amava 2
[Ipyxuny pactanyiu Ha 15 cMm. 3BeCTHO, UTO OHA MTOJTy4YHrJIa MOTeHIMabHYI0 sHepruto 24 J[xx. Kakosa
YKECTKOCTb IIPYKUHBI?

Pemenue: ¢popmyiia moTeHIMAIBHON SHEPTHH YIIPYTO 1e(hOPMUPOBAHHOTO TEJIA:

Ep=kx22Ep=kx22

I'ne:

K — ko3 duLmeHT KeCTKOCTH;

X — BeJIMYMHA Je(POpMaIIiH.

[Ipeobpaszyem dopmMyiy ams pacyera:

k=2Epx2=2x24225=213,33H/Mk=2Epx2=2x24225=213,33H/m

OTBeT: ’eCcTKOCTh MpyXuHbI paBHa 2133,33 H/m.

3aganue: Pemure 3agqa4u, onupasicb Ha NpUMepbI pelIeHMid.

1. Kakoii ckopocTbio Oyner obiagaTh Telno Maccoid m = 1 Kr, MNpH BbUIETE U3 NMPYNKHUHHOTO
PYXbsl, €CITH JKeCTKOCTh MpyxkuHbl k = 100 H/ M, a npyxunsbl cxxata Ha x= 10 cM?  OtBeT naiite B M/c.

2. Ha kaxyro BeICOTY nogHUMETCs Teno Maccod m = 0,50 kr mpH BeICTpesie U3 BEPTUKAIBHOTO
NPYKUHHOTO PYXbsl, €CIIM KECTKOCTh NMpyxHuHbl kK = 250 H/M, a cama mpykuHa cxata Ha X =25 cM.
OtBer JaiTe B M.

3. VI3 npyXUHHOTO PY>KbsI BEICTPENMIIN BEPTUKAIBHO BBEPX Iysel maccoi m =100 T, mpu aTOM
Ha BbicoTe h= 10 M ckopocTh nynu cocraBuia v = 10 M/c. Haligute cixaTue npyXHUHBI, €ClIU €€
s)ectkocTh k =3000 H/m. OtBet naiite B MeTpax.

4. Y oCHOBaHHUS TTAJKOW HAKIOHHOW IUIOCKOCTH IIaiiba maccoit 10 r o0iagaeT KUHETUYECKOM
sreprueit 0,04 J[x. Onpenenure MaKCUMalbHYIO BBICOTY, Ha KOTOPYIO IIaii0a MOXKET MOJHATHCS 110
IJIOCKOCTH OTHOCUTENBHO OCHOBaHUS. CONpoTHUBIEHUEM BO3ayXa peHeOpeub. OTBET 1aifTe B MeTpax.

5. MakcumanpHasi BBICOTA, Ha KOTOPYHO maiba maccoid 40 T MOXKET MOIHATHCS MO TIATKON
HAKJIOHHOM IUIOCKOCTH OTHOCHUTEIBHO HA4albHOIO ToJoKeHus, pasHa 0,2 M. Omnpenenure
KUHETHUYECKYIO SHEPIHUIO 11aii0bl B HAYaJIbHOM MoJI0’keHUU. CONPOTUBICHNEM BO3TyXa IIpeHeOpeyb.

Kpurepun ouennBanus:
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OneHka 5 craBUTCS, €CIIM y4allldecsl BBIOJHUIM BEPHO 5 3a/1ayu, BEPHO 3amucalii yCIOBUE
3a/1a4u, MepeBesid BenudrHbl B cuctemy CU, 3ammcanu Bce HEOOXOAUMEBIE H JJOCTATOYHBIC (DOPMYIIBI
JUISL pelIeHusl 3aJadd, BEPHO TMOJICTABWIIM YHMCIICHHbIC 3HAYEHUs, BEPHO MPOBEIIM BBIYUCICHUS 10
dbopMynaM U BEpHO 3aIUCalI OTBET.

Onenka 4 cTaBUTCS, €CIIM BEPHO U MOJHOCTHIO NMPABUIJIBHO PEIICHBI U 3alUcaHbl 4 3a1a4u, B 5
3a/1a4ye JOMYIIEHbI OMUOKK TUO0 B 3aMUCH JIaHO, IN0O Tpu nepeBojae eauuull B cuctemy CU, mubo B
3anucu (HOPMYIT WU BBIYUCIICHUSX.

Onenka 3 cTaBUTCS, €CIIM BEPHO U MOJHOCTHIO MPABIIIBHO pelIeHa U 3anucana 3 3aj1aya, Bo 4 u
5 3aayax JOMYIIEHbI OIIMOKY MO0 B 3aMIUCH J1aHO, MO0 MpH nepeBoae eaunui B cucremy CHU, mubo
B 3armucy (POPMYIT WIH BRIYHCIICHUSX.

Orenka 2 cTaBUTCS, €CIIM B KaXKJI0M U3 5 3a/1a4 TOMYIIEHbI KaKue-11u00 OmuOKH JINOO B 3aIUCH

JaHo, 1100 IIpu NMEepeBoJc CAUHUL] B CUCTCMY CI/I, 1100 B 3aIUCH (I)OpMy.]'I WK BBIYMCIICHUAX.

[IpakTryeckas padora Ne§ o reme: Mexanndeckue KojieOaHusl.
Hean: 3akpenuTs 3HaHUA IO TeME C(HOPMHUPOBATH YMEHUS M HABBIKH HAXOXKJICHUS (HU3NIECKON
BEJIMYMHBI, €€ BbIBOJIA U3 (OPMYJIBI.

Ilopsinok BbINOJIHEHHS PadOTHI:

4. BHuMaTenpHO Npo4YuTaTh TEOPETUIECKYIO YACTh U IUIAH PELICHUS 3314
S, PaccmotpeTs npumeps! peleHus 3a1ad
6. [Tosry4nTh ¥ BBINOJIHUTE UHAUBUAYAJIBHBIE 3a1aHHUS.

Teopernuyeckas yactb

Konebanus, paccmarpuBaembie B paszjaene «MexaHUKa», Ha3bIBAIOTCS MEXaHUYECKUMH, IPU
KOTOPBIX PacCMaTPUBAIOTCS U3MEHEHMsSI MOJIOKEHUM, CKOPOCTEH, YCKOPEHUH U 3HEPrUui Kakux-I1ubo
TEJ WU UX YacTel.

Cuny, mnox pAedCTBHEM KOTOPOM MPOMCXOAMT KojeOaTeNbHBIM MpOIecC, Ha3bIBAIOT
BO3BpaLAONICH CUIIOM.

Bunpr konmeGanuii: a) CcBOOOJHBIE, KOTOpPHIE COBEPIIAOTCS IO JCHCTBHEM OIHOU
BO3BpalIamomeil cuiabl (MEepBOHAYAIBHO COOOIIEHHOW »JHepruu); O0) BBIHYXKJIEHHBbIE KoJeOaHus,
POMCXOAIINE O] BO3ACHCTBIEM BHELTHEW TEPUOANYECKOI CHIIBI; B) aBTOKOJICOAHUS, TPOUCXOIAIINE

pu NEPUOANICCKOM IMMOCTYIUICHUH SHEPIUHU OT NCTOYHUKA BHYTPU K0JIE0ATEIbHON CHCTEMBI.

[IpocteitmM BUAOM TMEPUOAMYECKUX KOJICOAHWN SBISIIOTCS TapMOHUYECKHE KOJIeOaHws,
MIPOUCXOJISIINE IO 3aKOHY CHHYCa WJIM KOCHHYCA.
OTKJIOHEHHS OT MOJIOKEHUS PAaBHOBECHS HA3bIBAIOT CMEIIEHHEM, U 0003HadaeTcs X, a

HauOoJIbIIIEe CMEIIEHNE Ha3bIBAETCA aMIINTYIOH Kojebauus U 00o3HavaeTcs A.
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[leproanueckue koaedaHus COBEpIIAIOTCS HUKINYHO. Bpems oHOro nonHoro koneGaHus

Ha3bIBaeTCs NepuojoM Kosuebanus (obo3naqgaercs T). Eciu Teno 3a Bpems t coBepiIaeT NOIHBIX

KoJieOaHH# TO o, T t M Ha3bIBAETCS YacTOTOM Kosebanui. Yncno koaebanuii 3a 21

eIMHHMI] BDEMEHH Ha3bIBACTCS LUKIMYECKON (KPYroBoii) 4acToToi u 0603Hayaercs o: 0= 2w

Maremarndeckas 3aiuch TapMOHHYECKOTO KOJICOAHHMS:
X = Acos{mt + ) = Acosq
X =Asin{mi+ ¢)=Asineg

p=mt+ g,

riue — ¢aza kosiebanus (pusnyeckas BeIUUNHA, OMPEISIIAIONIAs ITOJI0KEHNE

K0JIeOaTeIbHOI CUCTEMBI B JAHHBII MOMEHT BPEMEHH ),(po — HadasbHas (a3a KojaeOaHusl.
[Ipocreiimmmu koaedaTenbHbIMU CUCTEMAMU SIBIISIOTCS:

a) MaTEeMaTHYECKUN MasTHUK — MaTCpHraJibHasg TOYKa, IIOABCIICHHAA Ha HEeBeCcoOMO

HepaCTH)KHMOﬁ HHUTH U COBCpILIArOIIas KoJe0aHus MO JICHCTBUEM CUJIBI TSKECTH.

[lepuon xonebanus onpenensiercs ypaBHEHUEM:

T=21':Jg
gu

Hepnoz[ T 3aBUCHUT UL OT JJIMHBI MassTHHUKA U MCCTOITIOJIOXKCHUA (yIIaJIéHHOCTI/I OT LCHTpPaA

3eMuti WK Jpyroro HeOECHOTo Teja), KOTOPOe OMPEIeseTCs BEIUYNHON YCKOPEHUS CBOOOHOTO

M
&
HaJcHUs r/

0) OpyKMHHBIA MasTHUK — MaTepUajabHas TOUKA, 3aKperIEHHasl Ha a0COJIIOTHO YIPYroi

IpYKUHE.

T =27, II —
[Tepuon xonebanus onpenensieTcs ypaBHEHUEM: K

BouHoii Ha3bIBalOT MpoIiece pacpocTpaHeHus KojebaHuil B mpocTpaHCcTBe. BomHbI

A

UV=—
XapaKTCPU3YIOTCA JUIMHOM BOJIHEI U CKOPOCTBIO paCIpPOCTPAHCHU A T TAC U — CKOPOCTH BOJIHBI

(m/c),
A — myuHa BosHEI (M), T — nmepuoa konebanus (c).
IIpuMepsl pelieHus 3aaay
ITpumep 1. KakoBa macca rpysa, kojeOmroerocs: Ha npykuHe skectkoctbio 0,5 kH/m, ecnu

IIPU aMIUIUTY/Ee KoJieOaHui 6 cM OH UMeeT MaKCUMAJIbHYIO0 CKOPOCTh 3 M/c?
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Hano:

k =0,5kH/™M = 500 H/m,
x=6cMm = 0,06 M,

v=3M/C.
Havitn: m
Permrenue.
2 2 2 2
P T S o
2 2 v2 A%
0,06 m Y
=500 H/m-| =—— | =0,2 Kr.
3M/c

OrBer: m = 0,2 K.
[Ipumep 2. Ilpum noxaBemmBaHuM Tpy3a Maccod | Kr crajgbHas OpPYKMHA B IOJOXEHUH

paBHOBECUA YIJIMHUJIACH HA 1 cm. C kakum nepuoaom 6yz[eT COBCpIIATH KoJIEOaHHST ITOT rpy3 Ha

MPYXUHE ITOCJIC CMCIICHUS €I'0 110 BEPTUKAIN U3 TTOJIOKCHUA paBHOBGCI/IH?

Pemienue:
[lox neiicTBUEM CuiIbl YyOPYroCTH MPYKUHBI TEJIO Maccou i COBEpIIAECT TapMOHUYECKHUE

KoJIeOaHHUsI C nepuoaom, OIpCcaAcCIACMbIM 110 Q)opMyne

T-2n |2
i

rac k - JKECTKOCTbD IIPY>KUHBI.
KectkocTh IMPY>XXUHBI MOJKHO HalTH MO €€ YAJIIMHCHUTIO IO JEHUCTBUEM CHIIBI TSKECTU Ipy3a

maccoit F17 . TTo 3akony 'yka
(FF) .=~k |

JIyist MOIYJISl CHJIBI YIPYTOCTH B MOJIOKEHHU PABHOBECHS BBIIOJIHSIETCS PABEHCTBO
Fo=kxy=m
¥ & , CIIEZIOBATENLHO,

_ g
A

[ToxcraBnsiem noiay4yeHHOE BbIpakeHHe B pOpMYIy Ui BEIYMCIEHUS Mepro/ia KoueOaHuil:

[Tpumep 3. Hanuimure ypaBHEHUE TapMOHUYECKUX KOJIE€OaHUM, €Il aMIUTUTyJa paBHa 7 ¢M U
3a 2 muH coBepmaercs 240 konebanuii. Hauanbnas ¢aza konebanuit paBHa 1 /2 pa.
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Pemrenue:

x, =007 um [ x= x, cos (o gn - 2
T=120¢ Eﬁs[*’f*ﬂ%‘] x:ﬂ,ﬂ?m(“l_'m, '1).
= 240 Wy = T 20 n 2
) = L
%=?pu ¥ xnﬂ,ﬂ?cm(llm—]— 2),
x—7 2nn
X = X005 Tf—]-%)

3ananue: Peminre 3a1aun, onupasicb Ha NPUMeEPHI PelIeHni.

Bapuanr 1

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

2.YemMy paBHa JJIMHA BOJIHBI, PACIIPOCTPAHSIOIIEHCS CO CKOPOCThIO 4 M/C, B KOTOPOIl 3a Bpems
10 ¢ mpoucxomut 5 xonebaHmit?

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. JAnuna tpyost pasaa 930 M. Onpenenure mo 3Tum
JAHHBIM CKOPOCTB 3ByKa B uyryHe. CKOpOCTb 3ByKa B BO3JlyXe MpuMHTe paBHOii 340 m/c.

Bapuanr 2

1. Onpenenute yucio KojaebaHuil Tpy3a Ha NpyKUHE 3a BpeMs, paBHoe 20 ¢, eciM yacToTa ero
kosiebaHuii paBHa 4 I'i. YUeMy paBeH nepuos KosebaHui?

2.Yenosek, crosmuii 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 CKOPOCTH 3ByKa B UYI'yHE Y OJHOTO KOHIIA YyT'YHHOM TpyObl yiapsuii 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
JTAHHBIM CKOPOCTb 3ByKa B uyryHe. CKOpOCTb 3ByKa B BO3JlyXe NpuMHTe paBHOM 340 M/c.

Kiroun:

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

Kpurepun oueHuBanus:

OmneHka 5 cTaBUTCS, €CIM y4YallMecs BBIIOJIHUIM BEpHO 3 3a/auM, BEPHO 3alMCalld YCIIOBHUE
3ajauu, rnepeBenau BeauuuHbl B cucteMy CH, 3anucanu Bce HEOOXOAMMBIE U J0CTaTOYHBIE (POPMYIIBI
JUIsL pellieHusl 3aJayd, BEPHO MOJICTAaBUJIM YHCIIEHHbIE 3HAYEHMs, BEPHO IMPOBEJIM BBIUUCICHUS IO

dbopMynaM U BEpHO 3amUcali OTBET.
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Ouenka 4 cTaBUTCS, €CIIM BEPHO M MOJHOCTHIO MPAaBUJIBHO PEIIEHBI U 3allMCaHbl 2 3a7a4u, B 3
3aade JOIYIIEHbl OMMOKY 100 B 3alIUCH JaHO, TUOO0 mpH nepesoze enuHull B cuctemy CU, mu6o B
3anucu GOpMyIT WM BRIYUCICHHSX.

Onenka 3 cTaBUTCS, €CIIM BEPHO U MOJHOCTHIO MPABMIIBHO pellieHa U 3anucana 1 3amava, Bo 2 u
3 3aayax JOMYyIIEHbI OIIMOKY MO0 B 3aMIUCH JAaHO, TMOOo Mpu nepeBoje equnull B cucremy CH, nubo
B 3aIIUCH (DOPMYJT MITH BHIYHCIICHUSX.

OreHka 2 CTaBUTCS, €CITU B KaXI0M U3 3 3a/1a4 TOMYIICHBI KaKHe-TU00 OMUOKH JIMOO0 B 3aHCH

naHo, 1100 npu nepeBoje eaunull B cuctemy CHU, n1bo B 3anucu GopMyi WIHM BEIYUCICHUSIX.

Jlaboparopuast pabora Ne3 OmpezneneHue YCKOpPEHHS CBOOOIHOTO TAJCHUS TPH MOMOIIH
MasiTHHKA

Leab padoThl: ONpeaenuTh YCKOPEHHE CBOOOIHOTO MaeHHs MPU TOMOIINA MasiTHUKA.

Oo6opynoBanue: PesunHoBblil muyp amuHoi 20 -25 cm, Habop rpy3oB no 0,1 kr, mrarus,

HHHefIKa, ITAHTCHIUPKYJIb UK MUKPOMETP.

. Yacsl ¢ CeKyHIHOU CTpenKon

. W3mepuTenbHas JeHTa ¢ norpemHocteio - A =0,5 cm
= [[Tapuk ¢ oTBEpCTHEM

. Hutp

= HITatuB ¢ My¢pTOH U KOJBLIOM

Teopernyeckast 4acTh;

Jljia u3MepeHust yCKOpeHHsl CBOOOHOTO Ma/ieHUsl IPUMEHSIOTCS pa3HO0Opa3HbIe T'PaBUMETHI,
B YAaCTHOCTM MAasiTHUKOBblE NpuOOophl. C X MOMOIIBIO yIAETCSI U3MEPUTh YCKOPEHHE CBOOOJHOTO
najieHus ¢ aGCOMOTHOM MOrpentHoCcThI0 nopsaka 107 m/c?.

B pabote ucnonp3yercss MpocTeHIINI MasTHUKOBBIH MpUOOp — mapuk Ha HUTHU. Ilpu mManbix
pa3Mepax IIapuKa IO CPaBHEHHUIO C JJIMHOW HUTH W HEOONBIIMX OTKIOHEHUSX OT IOJOXKEHUS
paBHOBeECHsI TEPHO/]] KoJIeOaHHs paBeH 2Ll N
T-2x ;" (5

L
T =2 j—

£

I[J'ISI YBCINMYCHUA TOYHOCTH UBMCPCHUSA IICPUOJa HY?)KHO USMECPHUTH BPCMHA t ocTaTO4YHO OOJIBIIOTO

yucia N momHbeIX kKonebanuit MmasiTHUKa. Torma nepuosn
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T=t/N

N yckopeHune cBOOOTHOTO MaeHUS MOXKET ObITh BEIYHUCIICHO IO (popmyrie

4] N*
BT =

L
IIpoBeeHNE DKCIEpUMEHTA:
. Y CTaHOBUTH HA KPAIO CTOJIA IITATHB.
. VY ero BepxHero KOHIA YKPEIUTh C IOMOIIbIO My(ThI KOJIbIIO U TIOBECUTh K HEMY LIapUK

Ha HUTHU. H_[apI/IK JOJIDKCH BUCCTh HAa PaCCTOAHUN 1-2 cMm oT 1oJa.

- W3meputs JieHTOM 1uHy | MasTHUKA.
= Bo30ynuTh konebanus MasgTHHKA, OTKJIOHHMB IIAPUK B CTOPOHY Ha 5-8 CM U OTIYCTHUB
ero.
. W3mepuTh B HECKOJIBKHUX dKCIIEpUMEHTax Bpems t 50 koneOaHuil MasTHUKA U BBIYUCIUTH
tcp
g -"l"lrzl Ilrh.
i |"_'|:|
i
. BeruucianTs cpeHio abCONMIOTHYIO MOTPEITHOCTh U3MEPEHHSI BPEMEHU U Pe3yiIbTaThl

3aHECTH B TAOJUILY.

A I'r] "'-[.‘F'l : I": ""[ZPl P |-'n- 'rL.‘F|
s .
i [, C Iep, C AfC -'I"""l.’_‘.lf'- C f M
| a9 |
2 (ol (
3 fa() il (il ] 0,56
4 i1 |
5] D Fi
b 2 2
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* BpMUCIUTH YCKOPEHUE CBOOOIHOTO NaJeHUs 1Mo popmyrie

o N 0,56Mm-40°

(e 1
{ép 602 ¢
*  OnpenenuTb OTHOCUTENBHYIO IOTPEIIHOCTh U3MEPEHUS BPEMEHU . £,
A e _
sy ==—=——ux (017
{ Glc

. OHpe,I[CJ'II/ITI) OTHOCHUTCIIbHYIO IIOIPCITHOCTh UBMCPECHUSA JJIMHBI MassTHHUKA

Al

!

Tne =, + Alype

Ay + Mg 0,050+ 0,050
/ C 0,56

g = ~0,18

*  BbIUKCINTH OTHOCUTENBHYIO TOTPEITHOCTh U3MepeHus ¢ o Gpopmyiie

£= G+ 28,125

._-f-jg =5 +26=018120017=02

E A

= OnpenemuTs  Ag = ggp - £, IACATH PE3YIIHTAT H3MEPECHHUS.

Ag = gep - €y = 1,9Tmic?,

Tamwm ofipazos: 9,83m/c? — 1,97mfc? 2 g < 9,83m/c? + 1,9Tm/c? .

BoiBoabl. [lomyuaercs, 4To yCKOpeHHE CBOOOJHOIO MaJEHHs, W3MEPEHHOE MpPU TOMOIIU
MasATHHUKA, TIPHOIH3UTENLHO PABHO TAOIHMIHOMY YCKOPEHHIO cBOOOAHOTO TageHus (2=9,81 m/c?) mpu
JUTMHE HATH | MeTp.

KoHTpoJsibHbIE BONIPOCHI:
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1. MoxHO 1M cuuTaTh, YTO KWHETHYECKas SHEpPrusi Myjiu B Ciy4yae HEyNpyroro ynuapa

MMOJIHOCTBIO MEPCXOAUT B IIOTCHIUAJIBHYIO SHECPIUIO MasTHUKA?

2. [ToueMy MOXHO CUCTEMY "MasATHUK-IIYJIS" paccMaTpUBaTh KaK 3aMKHYTYIO?

3 Ha xakux 3akoHaX OCHOBaH JMHAMHUYECKUN METO]I OTIPEAETICHUS CKOPOCTH ITyJu?

4, Kaxoit ynap Ha3pIBaeTCsl aOCOJIIOTHO HEYIPYTUM?

) Ot yero 3aBUCUT yOBUTb KMHETHYECKOH SHEPTHMU CHCTEMBI B pPe3yJbTaTe HEYNPYroro

ynapa?

[IpakTrueckas padorta Ne9 Pemenue 3amad mo reme MexaHUUeCKHE BOJTHBI
Hean: cucteMaTu3npoBaTh 3HAHUS M0 TeMe «MeXaHUYECKUE BOJTHBIY), HAYYUTHCS IPUMEHSITh
CHUCTEMY 3HAaHMI HA pacyeT BEJIMUMH; MPUOOPECTH OMBIT PEIICHUS 3a/1a4 10 JaHHOM TeMe.

Ilopsinok BbINOJTHEHHS PA0OTHI:

1. BHumarenbHO IpouuTaTh TEOPETUUECKYIO YACTh U IUIaH PEIICHUs 3a/1a4.
2. PaccMoTtpeTs npuMeps! peleHus 3aau.
3. [Tosry4nTh M BBINOJHUTH UHAUBUAYAJIbHbIE 3a/1aHUS.

Teopernyeckasi 4acThb

Jl51s Toro 4ToObl BO3HUKAJIA BOJIHA, HEOOXOAMMO HAIMYUE KOJIEOMIOIIErocs Tejaa — UCTOYHHKA
BOJIHBL. VICTOYHHMK BOJHBI OCYIIECTBIISIET KoJjeOaTelbHOE [BHKCHHE, TE€M CaMbIM jaedopMupys
OmKaiive K HeMy CJIOU cpefibl (CKUMAET, pacTSITUBAET, CMEIAET).

B pesynbrare BO3HUKAET cuiIa YOPYrOCTH, KOTOpas IEHCTBYET HAa COCEIHUE CIOU CPElbl U
3acTaBIISET X COBEPILIATh BEIHYKCHHbIE KOJIeOaHUs. DT CIO0U JePOPMUPYIOT CIIETYIOLIUE CIION U TaK
Janee, MoKa Bce CIIOM He OyAyT BOBJIEUEHBI B KoJieOaTeNbHOE IBUXKEHHUS. TakuM o0pa3oM BO3HUKAET
MeXaHWYecKasl BOJIHA.

Heo6xoanMbIM yca0BHEM BOSHUKHOBEHUS BOJIH SIBJISIETCS HAJTMUKE Y CPEbl YIPYTUX CBOMCTB.

Bubl BOJH 110 OTHOIIEHUIO K HANIpaBJIEHUIO KoJeOaHU yacTUll Cpeibl:

[IpononbHblE — 3TO BOJHBI, B KOTOPBIX YaCTHUIIbl CpeAbl KOJEOIIOTCS BIOJIb HAINPaBJICHUS
pacnpocTpaHEHUs BOJIHBI.

[ToriepeuHble — 3TO BOJIHBL, B KOTOPBIX YaCTHIIBI CpPeAbl KOJEOIIOTCS MEepHeHIUKYISIPHO
HaIpPaBJICHUS PACIIPOCTPAHEHUSI BOJIHBI.

B xuaxoii v ra3o00pa3Hoil cpefiax BOZHUKAIOT TOJIBKO MPOI0JIbHBIE BOITHBI.

B TBepmoii cpesie BOSHUKAIOT KaK MPOJI0JIbHBIE BOJHBI, TaK U MONEPEYHBIE.

XapakTepUCTUKN MEXaHUYECKHUX BOJIH

OcHoBHBIE onpeeneHust, 0003HaueHMs, €AMHUIBI U3MEPEHUS:

JlJIHa BOJIHBI — 3TO PAcCTOSHUE MEX]Ty IBYMS OJMKaNIIMMU TOYKaMHU, KOTOPbIE KOJIEOIIOTCS

B oAMHAKOBBIX (pa3zax. OO03HaUaeTCs A, U3MEPSETCS B METpax(M).
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[Tepnox — 3TO Bpems, 3a KOTOpOE COBEpIIACTCS OAHO MojHOe Konebanue. O6o3Havaercs T,
u3MepsieTcs B CeKyHaax (c).

AMIUIATyqa —  3TO  MakCHUMaJbHOE  CMEIIEHHEe  KOJeONomencss  TOYKH  OT
paBHOBECHOTrO noJjioxkeHus. O6o3HauaeTcst A, u3MepsieTcsi B MeTpax (M).

CKOpoCTh — 3TO CKOPOCTh, C KOTOPO# pacrpocTpansercs BoiHa. Obo3HauyaeTcs V, uamepsiercs
B METpax, JICJICHHBIX Ha CEKyHY (M/C).

Yactora — 3TO KOJMYECTBO MOJHBIX KoJieOaHUM 3a enuHuily BpeMeHu. OOo3Hadaercs v,

u3mepsiercs B repuax (I'm).

[NapameTpbl BOMHbI

Jomma sosner |
e——»

A

I'pedens

Yacrora %

Am u.irry;m

Bnamma

* AnuHa [Hm]

* Yacrora [u]

* Amnautyaa [aB)

* MMepuoa konebaHuma [Hc)

VYcioBUs OSABIICHUS U CYLLIECTBOBAHUSA:

KonebarenbHoe NBUKEHUE IEepenaeTcsi He MCHOBEHHO, a ¢ omno3aaHueM. [loaToMy ckopocTb
pacupocTpaHeHNs BOJIHBI KOHEYHA.

HcTouHnk MeXaHMYECKUX BOJH — 3TO KoneOmromeecs Teno. [Ipu pacmpocTpaHeHUH BOJHBI
KOJIe0aHUs YaCTHUI[ CPEIbl — BBIHYKJIEHHBIC, [TOATOMY YacTOTa KOJICOaHHH KaXKI0M YacTH CpeJIbl TaKas
K€, KaK 1 4aCToTa KoeOaHUi UCTOYHHMKA BOJIHEI.

MexaHnyeckne BOJIHBI HE PaCIIPOCTPAHSIOTCS B BaKyyMe.

BonHOBOE 1BUKEHME HE COIIPOBOKIAETCS IIEPEHOCOM BEILECTBA.

[Ipu pacnpocTpaHeHUHU BOJIHBI IPOUCXOIUT MEPEHOC SHEPTUU.

Baxneiimee cBOWCTBO BOJTHBI — MEPEHOC YHEPTUN O€3 TTepeHOoca BEIIeCTBa.

Bce mapameTpsl BOJIHBI CBSI3aHBI MKy COOOM U BhIpa)kaloTCs Yepes3 CaeAyIoUIe YpaBHeHHS:

[Tepuon:

T=t/N wmu T=1/v, roe

t — BpeMs pacnpocTpaHeHus,

N — KOJHM4YeCTBO KOJICOAHMI,
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T — mepwuon,

V — 4acroTa.
Yacrora:

v=N/t unu v=1/T
CxopocCTh:

V=MT nmu V=\v, rae

A — IUIMHA BOJIHEI,

VvV — CKOPOCTDb BOJIHBI.

JlnvHa BOJIHBL:

2=VT unu A=V/v.

IIpumep penreHus 3axa4m.

Breraucnure MacCCy rpysa rnoABCIICHHOI'O Ha IIPY>KUHE KECTKOCTHIO 250 H/M, C€CJIM OH COBCPIIACT

20 xoneOauwuii 3a 16 c.

Ananu3 ycnoBusi. KonnuecTBeHHast CTOpoOHA 3a/1auu - JaHO BpeMs 16¢ u uucio konebanuit 20.

Koadunuent sxectkoctu npyxunbl 250 H\M.  Beruuciauts Maccy rpysa. KauectBenHas cropoHa

3aJa4u — Hp}/')KI/IHHHﬁ MajATHHK COBCPIIACT KoJe0aHusl.

AJNTrOpUTM pELICHHUS:

. [TpyXMHHBIN MasTHUK COBEPIIAET KOJIeOaHUs C ONPEIEICHHON YacTOTON U MEPUOJIOM
. 3Has nepuo/ KosuebaHus npyKMHHOro MasitTHuka (Popmyny ToMcoHa) MOKHO BBIpa3UTh
maccy rpysa.
Jano: Pemenue:
K =250 H/m 1.v =N/t, T=l/lv
t=16¢ m
2. ®opmyna Tomcona T=2n | —
N=20 Py Vk
. 1 m
Hanrtu 3. llpupaBusieM — — 27, |—
m-? | 4 k

4. YtoObl u30aBUTHCA OT KOpPHS BO3BEIEM
JeBble W  TpaBble 4YacTM B  KBajpar

(e
v k

5. Bepazum wu3 ¢opmynsl  Maccy rpysa
m=1*k/v?4r®

6. IloacraBinser yucna W CUMTAEM
v=N/t=20/16=1,25I'u, m=1-250/1,25> 4-3,142
=250/1,56-4-9,86=5kr
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| OtBer: 5 kr

3ananue: Pemnre 3ag1a4n, onupasicb Ha MPUMeEPHI PellleHUil.

Bapuanrt 1

1. Paccumraiite mepuoa KoyieOaHWW WIJIBI, €CIM BaJl 3JIEKTPHYECKOW MIBEHHOW MAaIIWHBI
Bpamaercss ¢ 4actoroii 920 06./MuH. 3a oIuH OOOPOT Bajia WIJla COBEPINACT OJHO BHIHYXKICHHOE
Kosie0aHue.

2.1rna mBeldHON MalIMHKA COBEPIIAET TApMOHUYECKUE KoJiebaHus 1Mo 3akoHy X= 20 sin 7t .
Onpenenure aMIUTHTYAY, IEPUO KOJIeOaHUS U 4acTOTY.

3.BerurcnuTte 4acToTy CBOOOMHBIX KOJeOaHWU Tela Ha MpyKuHE, ecau Teno maccoit 200 T.
coBeplIaeT KkojebaHus Ha MPYKUHE, )KECTKOCTh KOTopoi 2 kH/m.

4.BplunciuTe JUIMHY YJIbTPA3BYKOBOTO I'€HEpaTopa B aJFOMHHHH, €CIIM 4acTOTa YJIbTpa3ByKa

paBHa 3 M I'1y, a ckopocth B amomuann 5,1 10% m/c

Bapuanr 2

1. Bpluncnure 4yacToTy KoyieOaHUSI WIVIBI MIBEHHOW MaIIWHKU, coBepuaBiiel 30 MOITHBIX
Kosiebanwmii 3a 60 c.

2.Wrna mBeiiHON MaIIMHKK COBEPIIAET rapMOHHYEeCcKHe Koebanus 1o 3akony X= 100 sin 27wt .
Ornpenenure aMIUTUTYRY, IEPUOJT KOJIECOAHUS U YaCTOTY.

3.Boruncnute mepruoa cBOOOIHBIX KojeOaHWN Tena Ha MpYyXHHE, ecau Teno maccoit 500 r.
coBepIIaeT KojaebaHus Ha MPYKHUHE, )KECTKOCTh KoTopoir 5 kH/m.

4.BpluncnuTe AIUHYy HH(pa3Byka B BO3yXe, €CJIU CKOPOCTh 3ByKa B Bo3ayxe paBHa 340 m/c

Kputepuu oneHuBanus:

OneHka 5 cTaBUTCS, €CIM y4yalluecs BBIMOJTHWIN BEPHO S 3aJaud, BEPHO 3alHCalHd yCIOBHE
3a/1a4M, nepeBenu BeanuuHbl B cucteMy CH, 3ammucany Bce HEOOXOIUMBIE U JTOCTAaTOYHBIE (hOPMYIIbI
JUISl pelIeHusl 3aJladd, BEPHO TOJCTABWJIM YHCJICHHBIC 3HAYEHHWS, BEPHO IMPOBEIH BBIYUCICHHUS IO
dbopmysaM U BEpHO 3aITUCAIHA OTBET.

Ornenka 4 cTaBUTCS, €CITU BEPHO U MOJHOCTHIO MPABUIIHHO PEIICHBI U 3alucaHbl 4 3a71a4uu, B 5
3a/1a4ye JAOMYIIEeHbI OMMOKK THO0 B 3alKCU J1aHo, JTUOOo Tpu mepeBoje enunuil B cuctemy CU, nubo B
3amuc (POPMYIT WA BBIYUCITICHUSX.

Onenka 3 cTaBUTCS, €CJIM BEPHO U TIOJTHOCTHIO MPABUIIHHO PeIlieHa ¥ 3amrcana 3 3a/1a4a, Bo 4 u
5 3aayax JOMyIIeHbI OMMOKY OO0 B 3alMCH JaHO, JIUOO Mpu nepeBoje enuHull B cuctemy CH, nu6o
B 3anucy (YOPMYII WM BBIYUCICHUSX.

OreHka 2 CTaBUTCS, €CITM B KXKI0W U3 5 3a/1a4 TONMyIIeHBI KaKUe-TH00 OMMOKHU JTHOO0 B 3aITHCH

naHo, 1100 npu nepeBoje eauHuIl B cucremy CU, nu6o B 3anucu GopMyi WM BIYUCICHUSX.
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IIpakTnueckas padora Nel) Pemenne 3anau no reme Ocnopsl MKT
eas: 3akpenuTs 3HaHUS 110 TeMe, CHOPMUPOBATH YMEHUS U HABBIKU HAXOXKJICHUS (HU3NIECKON
BEJIMYMHBI, €€ BbIBOJIA U3 (POPMYJIBI.

Iopsinok BbINOJIHEHHSI PadOTHI:

10.  BHuMarTenbHO MPOYUTATH TEOPETUUECKYIO YACTh U IUIAH PEIICHUS 3a/1a4
11.  PaccMmoTpeTh NpUMEpHI peLICHUs 3a1a4
12.  Tloay4uTh ¥ BBIIOJHUTH UHAMBUAYAJIbHBIC 3aaHUS

Teopernyeckasi 4acThb.

WneanbHbIil Ta3 — 9mo 2az, 83aumoodelucmaue mMexcoy MOJIeKVIAMU KOMOPO2o NPeHeOpesCUMO
marno. (Ek>>Ep)

WneanbHplil Ta3 — 3TO MOJeNb, MPUAYMaHHAs YYCHBIMU JUIS MMO3HAHUS Ta30B, KOTOPbIE MBI
Habmo1aeM B mpupoje peanbHo. OHa MOXKET OMHCHIBaTh HE N00Oi ra3. He mpumenuma, koraa ras
CWJIBHO CKaT, KOI'Jla ra3 NepexoIuT B XKHUJIKOE COCTOsiHUE. PealibHble ra3bl BeAyT ce0sl Kak UealIbHBbIi,
KOI'Jla CpEeJHEE PAcCTOSHHME MEXKIy MOJEKyJlaMH BO MHOIO pa3 Oonblle HUX pa3MepoB, T.€. IpU
JIOCTATOYHO OOJIBIINX Pa3pPEKEHUSX.

CsoiicTBa HACaJIBbHOI'O I'a3a:

1. paccTOsiHUE MEXly MOJIEKYJIaMU MHOTO OOJIbIIE pa3MEPOB MOJIEKYJ;

2. MOJIEKYJIbI Ta3a OYE€Hb MaJibl U IPEJCTABISAIOT COOOM yIpyTUe maphl;

3. CHUJIBI IPUTSDKEHUS CTPEMSATCS K HYIIO;

4. B3aMMOJEHCTBUS MEXKIY MOJEKYJaMHU Ta3a MPOUCXOAIT TOJBKO NPH COyNapeHHsX, a

COY/apeHUs CUUTAIOTCS A0COITIOTHO YIIPYTUMHU;

5. MOJIEKYJIBI 3TOTO Ta3a JBUTAIOTCS OE€CTIOPSI0UHO;

6. JBUKEHHE MOJIEKYJ 1Mo 3akoHaM HpioToHa.

CocTosiHEe HEeKOTOPOil Macchl ra3000pa3HOrO BEIIECTBA XapaKTEPU3YIOT 3aBUCUMBIMU JIPYT OT
Ipyra GU3NYECKUMHU BEIMIMHAMHE, Ha3bIBACMBIMU ITapaMeTpaMu COCTOSHUSA. K HUM OTHOCSTCS 00BheM
V, naBieHue P u Temreparypa I.

O06mwem raza obo3naqaercs V. Obvem raza Bcerja coBNalacT ¢ 00beMOM TOTO COCY/Aa, KOTOPBIii
oH 3aHnMaeT. Equanma o6sema B CU M°,

HaBnenne — ¢usuueckas éenruuuna, pasHas omuoweHuro cuvl F, delicmsyroweii na snemenm
NOBEPXHOCU NEPREHOUKYIAPHO K Hell, K N1owaou S 3mozo d1eMeHma.

p=F/S Enununa nasnenust 8 CU nackans [I1a]

J10 HACTOSAIIETO BPEMEHU YIOTPEOISIOTCS BHECUCTEMHBIE €IMHUIIBI TABJICHHUS:

mexnuueckas ammocgepa 1 at = 9,81-104 I1a;

Qusuueckas ammocgepa 1 atm = 1,013-105 ITa;
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munnumempol pmymuoeo cmoada 1 mm pt. cr.= 133 Ia;

1 arm = =760 mm pt. cT. = 1013 rlla.

Kak Bo3HukaeT nasiieHue raza? Kaxnas Moisiekyna rasa, yiapssichb O CTEHKY COCy/ia, B KOTOPOM
OHa HaXOAMTCs, B TEYEHUE MAJIOT0 IIPOMEXKYTKA BPEMEHHU JICHCTBYET Ha CTEHKY C OIPEAEICHHOM CHIION.
B pe3ynbraTte 6ecriops104HBIX YAApOB O CTEHKY CHJIa CO CTOPOHBI BCEX MOJIEKYJI Ha €IMHUILY MJIOLIa 11
CTEHKH OBICTPO MEHSIETCS CO BPEMEHEM OTHOCUTENIBHO HEKOTOPOHl (CpeiHEel) BEIIUYMHBI.

JlaBieHue rasa goznukaem 6 pe3yiomame 6eCnopsa00uHbIX YOapo8 MOAEKYl O CHEHKU cocyod, 8
KOMOPOM HAXOOUMCSL 243.

Hcnonb3ys MoJelb UAeanbHOTO ra3a, MO>KHO BBIYMCIIUTG JaBJICHUE Ta3a HA CTEHKY COCy/a.

B nponecce B3auMoJIeHCTBUSL MOJIEKYJIbI CO CTEHKOM cocy/la MEXAy HUMU BO3HHMKAIOT CHUJIBI,
NOMUYUHSIONINECST TpeTbeMy 3akoHy HbroToHa. B pesynbraTre NpoeKius vVx CKOPOCTH MOJIEKYJIbI,
HEepIEHIUKYIIIpHAs CTEHKe, U3MEHsET CBOW 3HAaK Ha MPOTHUBOIMOJIOXKHBIM, a MPOEKIUs Vy CKOPOCTH,
napaesibHasi CTeHKE, OCTaeTCsl HEM3MEHHOM.

Y

X

OcHOBHOE ypaBHEHHUE MOJIEKYJIIPHO-KMHETUYECKON TEOpUHN UAECATIBLHOTO rasa.

OcnoBHoe ypaBHeHue MKT: oasnenue udeanvrnoco eaza nponopyuoHarbHO NPOU3EEOEHUNO
MAccol MONEKYIIbl, KOHYEHMPayuu MOJEeKYl U CpeoHemy K8aopamy CKOpOCMuU O8UNCEHU MONEK) L

p=1/3mon?

Mo - Macca OJTHOM MOJIEKYJIbI I'a3a;

n = N/V — gucio MoJekyl B eAMHHIE 00beMa, HITH KOHIICHTPALHS MOJICKYIT;

V2 - cpeHss KBaJpPaTHUHAS CKOPOCTh JBIKEHHS MONEKYIL.

Tak Kak cpeaHas KHHeTHUeCKas SHEPTHs MOCTYTATeNbHOT0 ABIKEeHNS MoneKyl E = Mo*Vv?/2, o
JIOMHOXHB OocHOBHOe ypaBHeHne MKT Ha 2, momyuum p = 2/3* n'(mo V2)/2 = 2/3-E'n

p=2/3En

Hasnenue easa pagno 213 om cpedueil kunemuueckol sHepeuu NOCMYNamenrbHo20 OBUNHCEHUS]
MOJEKY, KOMopble COOePAHCAMCSL 8 eOUHUYHOM 0DBbeme 2a3da.

Tax kak Mo'n = Me'N/V =m/V =p, Tze p — IIOTHOCTH Ta3a, To uMeeM P = 1/3 p* V2

O0OBeqUHEHHBIN Ta30BbIA 3aKO0H.
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Maxkpockonuueckue eenudunsl, 0OHO3HAYHO XApaKmepuzyloujue coCmosiHue 2asd, Ha3vleaom
TEPMOJIMHAMUYECKUMHU ITapaMeTpaMu rasa.

Baoicnetivuumu mepmoounamuueckumy napamempamu 2aza asisomes e2o oovem V, naBieHue
p u Temneparypa T.

Bcaxoe usmenenue cocmosnus 2aza Hazvlgaemcs TEPMOAMHAMUYECKUM MTPOLIECCOM.

B n106om mepmoounamuueckom npoyecce usMeHAIOMCA Napamempul 2asd, onpeoeisuue e2o
cocmosiHue.

Coommnowienue medcoy 3HAYEHUAMU MeX UIU UHBIX NapamMempos 6 Hauale U KOHYe npoyecca
Ha3vl8aemcs Ta30BbIM 3aKOHOM.

T'aso6vlii 3aK0H, 8bIPAdNCAIOWULL CB5A3b MENHCOY 8CeMU MPeMs Napamempamu 2a3a Ha3vleaemcs
00BbETMHEHHBIM Ta30BbIM 3aKOHOM.

p = nkT

Cootnomienne p = NKT cBs3bIBarolee JAaBJICHUE ra3a ¢ €ro TEMIEPATypOil M KOHIIEHTpalneH
MOJIEKYJI, TIOJIy4Y€HO JUIsl MOJENIU HA€aJbHOrO ra3a, MOJEKYJIbl KOTOPOTO B3aUMOJIEHCTBYIOT MEXIY
c000M 1 CO CTEHKaMHU COCYy/1a TOJILKO BO BpEMsl YIIPYTUX CTOJIKHOBEHUN. ITO COOTHOIICHHE MOXKET OBITh
3aMucaHo B Jpyroil oopMe, ycTaHaBIUBAIOIICH CBA3h MEX1Yy MAaKPOCKOIIMYECKUMH MapaMeTpamMu rasza
— obveMoMm V, naBneHuem P, Temreparypodl T U KoiuyecTBOM BemiecTBa V. [lisi 3TOro HyxHO

HCII0JIb30BAaTh PAaBCHCTBA

N
n=—
7
rjie N — KoHIeHTpauus Mojiekyn, N — oOmiee yrciio mosekys, V — 00bem rasza
N ¥
=—kT p—= Nk
Torpa nomyunm 4 w1

Tak kak npu mocTossHHON Macce ra3a N ocraercs HemaMeHHBIM, TO NK — IOCTOSIHHOE YHCIIO,

3HA4YUT

74
p_ = const

[Ipu mocTosiHHOM Macce rasza mpousBeeHne o0beMa Ha JaBlIeHUE, JIEJICHHOE Ha a0COIIOTHYIO
TeMIepaTypy rasza, €CTb BeJIMUMHA OJIMHAKOBAs JUIsl BCEX COCTOSIHHUM 3TOW MaccChl rasa.

VYpaBHEHHE, yCTaHABIMBAIOIIEE CBA3h MEXTY JIaBICHUEM, 00HEMOM U TEMIIEpaTypoOil raza ObLIO
nonyueHo B cepenune XIX Beka ¢dpanmysckum ¢uszukom b. KrnamelipoHoOM u 4acTo ero Ha3bIBalOT
ypaBHeHueM Kiiaiinepona.

VYpasuenue Knaitnepona MoKHO 3amucaTh B Apyrou hopme.

p = nkT,

YUYUTBIBaAsA, 4TO
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N Wy o Ny
)3:_:

vV MV

3neck N — uncio MoJsieKyn B cocy/ie, V — KOJIMYECTBO BeulecTBa, Na — mocTossHHas ABorajapo, m

— Macca rasa B COCyIc, M — MOJISIpHAas Macca rasa. B urore IMOJIYyYHUM:
2
V=N kT =N (kT

IIpouseeoenue nocmosinnou Asoeaopo N4 na nocmosunylo borvymana K naszvieaemces
VHUBEPCANLHOU (MOAAPHOU) 2A30801 NOCMOSAHHOU N 0003HaYaeTcst OykBoi R.
Ee uncnennoe 3nauenne B C R = 8,31 JIx/mons K

CoOoTHOIIEHHE
V=9RT= . RT
pV=wRT=—7

HA3bIBAETCS YPAaBHEHHEM COCTOSIHUS UCAbHOTO rasa.

B nmonydennoit Hamu ¢Gopme oHO Obuto BrepBble 3amucano J[. 1. MengeneeBbim. [ToaTomy
ypaBHEHHUE COCTOSIHUS T'a3a Ha3biBaeTcs ypaBHeHueM Kianeiipona—Menpaeneena.

J51s omHOTO MOJIS JTF0O0T0 Ta3a 3TO COOTHOIIeHHEe TpuHuMaeT Bua: PV=RT

YcTaHoBUM (PU3UYECKHI CMBICT MOJISIPHOM Ta3oBoM moctosiHHOW. [lpenmonoxum, 4To B
HEKOTOPOM LIMJIMH/APE MO/ NOpIIHEM NpHu TemnepaType E Haxonutes 1 moib raza, o6bem kotoporo V.
Ecnu marpets ra3 uzo6apHo (Iipu mocTossTHHOM JaBiieHnn) Ha 1 K, To mopiieHb moJHUMETCSI Ha BBICOTY
Ah, a 06beM raza ysenuuutcs Ha AV.

3anuimem ypasaenue PV=RT mis Harpetororaza: p (V + AV ) =R (T +1)

U BBIUTEM M3 3TOrO paBeHCTBa ypaBHeHHE PV=RT , cOOTBEeTCTBYyIOIEE COCTOSIHHIO Ta3a 10
HarpeBanus. [lomyuum pAV =R

AV = SAh, rae S — momaap ocHoBaHMs LuMHApa. [ocTaBUM B IOJIy4eHHOE ypaBHEHHE:

pSAh =R

pS = F — cuna naBieHusI.

[Tonyuum FAh = R, a npousBenenue cuisl Ha nepemerenue nopimns FAh = A — pabGorta no
NEPEMELIEHUIO TIOPIIIHS, COBEpLIAeMast 3TOM CUJION MPOTUB BHEUIHUX CWJI IIPU PaCIIUPEHHUH rasza.

Taxum obpaszom, R = A.

YHuBepcanpHas (MoOJIIpHasi) Ta30Bast MOCTOSIHHAS YMCJIEHHO paBHA paboTe, KOTOPYIO COBEPILIAET
1 monb ra3za npu n3o0apHoM HarpeBanuu ero Ha 1 K.

IIpuMepsl pelieHus 3aaay.

IIpumep 1. bamnon c razom, nasnenue koroporo pi1 = 2,84 MIla, Haxoauiucs B

HEOTaIUIMBAEMOM MMOMEIIIEHUH, TAe Temieparypa Bozayxa t1 = 7 °C. [Tocne Toro kak HEKOTopoe
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KOJIMUECTBO ra3a ObUIO U3pacx0/10BaHO, OAJIJIOH BHECIH B MIOMEIIEHUE, TJe TeMIlepaTypa Bo3ayxa t2 =
27 °C. Onpenenute, Kakas 9acTh Ta3a OblIa U3PACX0I0BaHa, €CITU TOCTE TUTEILHOTO MPEOBhIBAHUS
OaJJIOHa B OTAIJIMBAEMOM I[TOMEILEHUH JaBlIeHUE ra3a B HéM ctaio P2 = 1,52 MlTa.

Hano:

p1=2,84 MITa=2,84 - 10°IIa

T1=280K, T=300 K

p2=1,52 MIla=1,52 - 10°Ia

my — m;

L

Pemenue: Ecnu npeneOpeds TEMIOBBIM paclIUpeHUEM OallJIOHA, TO €r0 BMECTUMOCTh HE
u3MeHsiercs. 3anuiieM ypaBHenue Kianeipona—MenzaeneeBa i1l HAYAJIBHOTO U KOHEUYHOT'O

COCTOSIHUM rasa, cuuras €ro unacaJlbHbIM:

m, m

P
V= —RT V= —RT
Py VA Pz YRS
OTKyJa
P, VM p,VM
.'"'."'.'1 = ."'."'.'2 =
RT, , RT,
Torna
m[&-&}
my-m,  RAT, T _1_5’2T1
my VMp, pyTs
RT,
my, — M 0% Mg .
1 2 _ |- 152 106 Ma-280K - 050
my 2,84-10°MNa-300K
my =1,
= (0,50
Omeem: ml

[Tpumep 2. OnpenenuTe MIOTHOCTh TA30BOM CMECH, COCTOSIIEH U3 Bogopoaa Maccoir my = 8,0
I' ¥ KHCIIOpoJIa Maccoii My = 40 T, eciti JaBIeHHe U TeMrepatypa cMecr p = 1,27 - 10°Tlaut=7 °C
COOTBETCTBEHHO.

Hano:

m=8,0r=8,0- 107 kr

m2=40T=4,0 - 10 2 xr

p=1,27-10°Ila
T=280K
p—7?
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Pemenue: IIOTHOCTL ra30BOM cMeCH

m
P==

rae m = mz + mz — macca cMmecu, V — 00bEM cmecH. [1ockosibKy BOAOPO ¥ KUCIOPOA MTPU
HU3KUX TEeMIIEpaTypax XUMHUYECKH HE PEarupyroT, TO MOXKHO BOCIOJIb30BaThCs 3akoHOM [lanbToHa: p
= p1 + p2, TI€ p1 U p2 — NapUUATIbHBIC TABJICHUS BOJOPOJIa U KHCIOPOJa COOTBETCTBEHHO.

Hx MoxHO OIpe€aAcCINTb, BOCIIOJIb30BABIINCh YPABHCHUEM KﬂaneﬁpOHa—MeHz[eneeBa:

_ myRT _ MyRT

pq= Py=
MV LR MY
-3 Kl -7 Kl
M;=2,0-107 — M,=3.2-107" —
rIe MONE u MOk — MounsipHBIE Macchl BOJIOpOa M KUCI0pOaa
COOTBETCTBEHHO. TOraa JaBJieHUE CMECH
_RT[My M V=RT m1+m2
VM M, , a €€ 00BéM p My M,
[ToncraBuB 3HaueHust Maccbl M cMecu U e€ 00béma V B hopmyiy (1), momydnm:
B (my+ms)p
m m
RT| —% + —=
IIwl ME
o= (8,0-107kr+4,0-107%kr)-1,27-10° Ma oo KO
] -3 ] =2 ! 37
8,31 —Mﬂﬂ}:_K 280K —2219 T +,0-10 - .
2,0-1073 —  32-107F —
«r MONE MONE
p =050 —
Omeem: M~ .

3aganue: Pemnre 3agqa4u, onupasicb Ha NPUMepPbI peLICHUI.

Bapuanr 1

1. I'a3, mpu maBnenun 750 kIla u Temmnepatype 293 K 3anumaer 066ém 836 1.

Kakum Oyzer gaBiieHue, eciii TOT ke ra3 npu temmeparype 53 °C 3aitmMer 00bém 785 n1?

2. Haiitu 06béM Bomoposaa maccoit 1 kr mpu Temneparype 27 °C u naBnenuu 100 xI1a.

3. Cocyn, comepxammii 5 1 Bozayxa npu aasiaenun 100 klla, coequHsioT ¢ MycThIM
cocymoM BMecTHMOCTBIO 4,5 1. Kakoe maBneHHe yCTaHOBUTCS B COCY/ax, €CIIM TeMIleparypa He
MeEHseTCs?

4. [Tpu kakoit Temneparype nasiaenue 250 1 azora paBHo 125 kIla, ecniu mpu HOpMaJIBHBIX
YCIIOBUSX 3TOT Ke Ta3 3aHumaet 0obém 120 n?

5. Haiiti maccy 5 i1 kucnopoa nipu nasierunu 250 kI1a u remmeparype 50 °C.
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Bapuanr 2

1. ["a3 3annman o6weM 15 i1. Ero oxmammmm va 35 K, 1 006EM ero cran pasen 13,5 1. Kakosa
ObLJ1a MepBOHAYATBHAS TEMITepaTypa raza’?

2. Haiitn naBnenue BoasHoOro napa B 6amione émMkoctbio 10 1 mpu temmnepatype 60 °C.

3. I"a3, mpu naBnennn 850 kI1a u Temmneparype 293 K 3anumaer 06b6ém 830 1. Kakum Oyaer
JABJICHHE, €CIIU TOT ke ra3 npu temieparype 53 °C 3aiimér 00wsém 750 n?

4. Haiitu 06bEM Bomoposa maccoit 1 kr pu Temneparype 27 °C u naBnenuu 150 xlla.

5. Cocyn, comepkamuii 5 1 Bo3zmyxa npu gasiaeHuu 100 xlla, coemuHsIIOT ¢ MyCTHIM

COCYAOM BMCCTUMOCTBIO 4,5 1. Kakoe JaBJICHUC YCTAHOBUTCA B COCydaxX, €CIM TEMIIEpaTypa HE

MEHSETCs?
BapuanT 3
1. [Tpu xakoii Temnepatype aasnenue 250 1 azota paBHo 125 klla, ecnu npu HOpMaIbHBIX

YCIIOBUSX 3TOT ke Tra3 3aHumaet 0obém 120 n?

2. Haiitu maccy 5 1 kucnopona npu gasnennn 250 kIla u remnepatype 50 °C.

3. ["a3 3arnman o6weM 15 1. Ero oxmammmm Ha 35 K, 1 006EM ero cran pasen 13,5 1. Kakosa
ObUIa TIepBOHAYANIbHAS TEMIIepaTypa raza?

4, Haiitu naBnenue BoasHoro napa B 6amnone émMkocteio 10 1 mpu Temnepatype 60 °C.

5. I'a3, mpu naBnenun 750 xI1a u Temneparype 293 K 3annmaet 006ém 836 1. Kakum Oynet
JaBJIeHWE, €CJIM TOT ke ra3 npu temreparype 53 °C 3aimer o0vem 785 n?

Kpurtepun onenuBanus:

OmeHka 5 ctaBUTCS, €CITU yJalrecs BbIMOJIHWIA BEPHO D 331a4K, BEPHO 3aMCall yCIOBHE
3aJ1a4u, TIIepeBel BeTMInHbI B cucteMy CH, 3amucanu Bce HEOOXOIUMBIE B JOCTATOYHBIE (DOPMYJIBI
JUTSL PEUICHHUs 3a7]a9¥, BEPHO TOCTABUIIM YHCIICHHBIE 3HAYCHHUSI, BEPHO MTPOBEIIN BBIYMCICHHS 10
dbopMynaM U BEpPHO 3aMucalv OTBET.

Ornenka 4 cTaBUTCS, €CITM BEPHO U MOJHOCTHIO MPABUIBHO PEIICHBI U 3aNMCaHbI 4 3a1aui, B 5
3a/1a4ye JOMYyIIeHb! OIMOKY JINOO B 3alKCcH JaHo, IN0O MpH nepesojie eauHul B cuctemy CHU, nubo B
3anmucy (popMyI HITH BBIYHCIICHHUSX.

Ornenka 3 cTaBUTCS, €CITM BEPHO U MOJHOCTHIO MPABIIILHO PEIIeHa U 3aMucaHa 3 3aja4a, Bo 4 u
5 3ajauax AOMyIIEHbI OMKOKHU MO0 B 3alMCH 1aHO, IMO0 Ipu nepeBoje eaquHull B cucremy CU, nubo
B 3anUCH (DOPMYJT HITH BBIYHCIICHUSX.

OreHka 2 CTaBUTCS, €CITH B KaXI0H U3 5 3a/1a4 TOMYIICHBI KaKHe-TH00 OMUOKY JIN0O B 3aIHCH

JaHo, 0o IIpu NMEpeBOJAC CAUHUI] B CUCTCMY CI/I, 1100 B 3aIUCU (I)OpMyJ'I HJIW BBIYHUCIICHHUAX.

IIpakTnyeckas padora Nell Pemenne 3anau
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Hean: 3akpenuts 3Hanus Mo TeMe «OcHoBel MK T u TepMogmHamMukuy», chopMupoBaTh
YMEHHMSI U HaBBIKM HaXOXKJIEHUs (PU3HUECKON BEIMINHBI, €€ BEIBOIA U3 (DOPMYIIBI.

HOpﬂ)IOK BbIITOJTHCHUA p360T]:pI:

1. BHuMaTenbHO MPOYUTATh TEOPETUUECKYIO YacTh U IJIaH PEIICHUS 3a]1a4.
2. PaccmotpeTs mpuMepsl peieHus 3a1au.
3. [ToayuuTh ¥ BBIIOJIHUTG UHIWBUAYAIbHBIC 3aaHUSL.

IIpumepsl penieHus 3aaay.

3agaya Nel. Cpennsis KBajipaTuiHasi CKOPOCTh MOJIEKYJI U TeMIepaTypa

Ycnosue

[Tpu kakoii TeMIiepatype CpenHsst KBaJApaTUIHAs CKOPOCTh MOJIEKYI KHCIOPO1a OOIbIIe UX
HauboJee BeposiTHON ckopoctr Ha 100 M/c.

Pemenue

Haxomum paszauily ckopocteid, HCHOIb3ys POPMYIIBI ISl CpeiHel KBaIpaTUYHOM U Haubosee

BEPOSTHON CKOPOCTH MOJIEKYJI:

3RT  [2RT RT
A _ (32
K \/M \/M (v3-+2)

M

OTcroz1a BeIpaXkaeM TeMIIeparypy:

7= Av© JR{
B2
/4
100°  0.032
(\/3‘, _\5) 8.31
Otser: 121 K.

3anaga Ne2. M3omporeccsl

VcaoBue

Ha muarpamme V — T u300pakeHbI MpoIecChl epexo/ia UaealbHOro ra3a MoCTOSTHHOTO
KOJINUECTBA U3 COCTOSAHUSA 1 B cocTosiHue 3. KakuM COOTHOIIIEHHEM CBSI3aHbI KOHEUHOE AaBieHue P3 u
HadajgbHOE maBieHne P17

Pemenue
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To 3 T

[Ipu u3oxopHOM Mpoliecce:

p /1, =p, /3L,;p, =3p,

Jlanee 1pu U30TepMUYECKOM:

p,*3V,=pV,.ps=3p,=9p,

Otser: P3=9P1

3anaua Ne3. [Ipupamienue s3HTponuu

Ycnosue

HaiiTu npupaiiienue 3HTpoINny Ipu Nepexo/ie Macchl m=8 I yIiIeKUCIIoro raza oT oobema
V1=10 1 npu temneparype t1=80° C k o6bemy V2=40 1 npu temneparype t2=300° C.

Pewenue

PaccmoTtpumM nporece nepexoaa Mexay COCTOSIHUSIMU BHaydaje 1o

H30X0peC, a 3aTCM 110 U30TCPMCE:

dQ =mC,dI' /| M
Q=mRTIn(V,/V,)/ M

COOTBGTCTByIOH_II/IC HU3MCHCHMUS IPU KaKJIAOM IIPOLCCCE:

mC;,

AS. = dT/T_—l Lt
1 I o B
A52:Q/T:len(V'2/V'l)/M

B cymme nonydaem ob1iiiee n3MeHEHNE SHTPOIUU:

8-5:8.31 8-8.31
=2~ 2 In(573/353) +——In(4)=3.9
2-44 44

Otsert: 3,9 JIx/K.
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3anaua Ne4. Monsipaast macca

VYcnoBue

KaxoBbl Macca 1 MoJisipHasi Macca OJIHOM MOJIEKYJIbI BOJIBL.

Pemenue

Mornekyna BoAbI COCTOHUT U3 JIByX aTOMOB BOJIOPOJIa M OAHOI0 aToMa Kuciopoja. Mx
OTHOCHUTEIIbHbIE aTOMHBIE Macchl OepeM B Tadnuie MeHjeneesa, a 3aTeéM BBIYHCIIIEM OTHOCUTENBHYIO

MOJIIPHYIO MacCy MOJIEKYJIbI:
M, =2-1.00797 +15.9994 ~ 18

MOJ'IHpHaSI MaccCa BOABI:

M =18-107Ke/

YrtoObI HAUTH Maccy OJIHOM MOJICKYJIBI, pa3ACJIMM MAaCCy MOJI BOJAbI Ha KOJINUYCCTBO MOJICKYII,

coJIepXKaIuxcst B HeM (4ucio ABOraapo):

M 18'10—3 -26
m = = R K2

N, 6.02-10%

4

Otser: 3*10”"-26 k.

3anaua Ne5. OCHOBHOE ypaBHEHHUE MOJIEKYJISIPHO-KUHETUYECKON TEOpUU

Ycnosue

KakoBo maBieHne raza Ha CTEHKH COCYa, €CIIM U3BECTHBI CPEHUN KBAJAPaT CKOPOCTH €T0
Moutekya (2*1076 m2/c2), koHteHTpaus Mosekyn (4*10724 1/m”3) u macca 0THOW MOJIEKYJIbI
(3*10"-25 kr).

Pemenue

Hcnonszyem ocHoBHOe ypaBHeHne MKT:

1 5
= —m.nv-
P 30

p_l
3

Otset: 800 kI1a.

.3-107%-4-10**-2-10° =8-10° Ia

3ananue: Pemure 3aaun, onupasichb Ha MPUMePbI pelIeHn .
1. B 3akpbITOM cocyze eMKocThio 2 M3 HaxoauTces 1,4 xr azota u 1,6 kr kucnopona. Haiitu

JIaBJIEHUE Ta30BOM CMECH B COCY/JIE, €CJIM TeMIepaTrypa cMecH paBHa 27°C.
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2. B cocyne oovemom V1 =2 nm3 HaxoauTcs ra3 o nasienuem 2.105 Ila, a B cocyne
o0vemoM V2 =4 nm3 - noxg nasnenuem 3.105 I1a. Onpenenuts, Kakoe naBieHue OyneT UMETh ras,
€CJIM OTKPBITh KpaH, COeIUHSIONIMI 00a cocya.

3. B xonbe o6bemoM 5 nm3 coaepxutcs ra3 moa nasiaenueM 0.5 [Ta. Ckobko MoJieKysI ra3a B
KoJ0e, eciu Temmneparypa raza 0°C?

4. B cocyne oobemom 25 11 cogepxurcs 20 r azora u 10 T yriiekuciaoro raza npu Temieparype
300 K. Onpenenure: MOISIPHYIO MacCy CMECH, JaBJICHUE B COCY/IE, IABJICHHE MOCIIE HAaIrPEBAHUS
cMmecu 1o 500 K.

5. I'a30Bas cMmeck, cOCTOsIIAs U3 BOAOPOJA U Iellvs, HaXOAUTCs B Oaiione noj AasieHueM 10
[Ta. Cunras, 4To Macca BOAOPO/a B IBa pa3a O0JIbIIe MacChl TEIHs, ONPEICTUTh MapIHalbHbIC
JIaBJICHUS BOJOPOA U TeIIHsl.

Kpurepun oneHuBaHusi:

OrneHka 5 cTaBUTCS, €CITU y4allliecs BBIIOIHIIA BEPHO 5 3a/1a4u, BEPHO 3aMKcalii yCIOBHE
3a/1a4u, MepeBeid BeTnauHbl B cucreMy CH, 3amucany Bce HEOOXOAMMBIE U IOCTATOYHBIE (POPMYJTBI
JUTSL PEIICHUS 3a]1a49H, BEPHO IOICTABUIIN YMCIICHHBIC 3HAYCHHUS, BEPHO MTPOBEIIM BBIYUCIICHUS 110
dbopMynaM U BEpHO 3aMucalld OTBET.

Onenka 4 cTaBUTCS, €CITM BEPHO U MOJHOCTHIO MIPABUIIBHO PEIICHBI U 3aIIMCaHbI 4 3a71a4i, B 5
3a/1a4e JOMYIICHBI OMTUOKY JIMOO B 3aIMCH JaHO, JIN0O MpH repeBoie eauHull B cuctemy CHU, 6o B
3anucu (GOPMYIT WU BBIYUCIICHUSX.

Ornenka 3 cTaBUTCS, €CITM BEPHO U MOJHOCTHIO MPABUIIBHO PEIIeHa U 3anucaHa 3 3aja4a, Bo 4 u
5 3a/1ayax JOMyIIeHbI OMHOKH TUOO0 B 3allMCH AaHO, TMOO MpH nepeBojie enunull B cuctemy CU, nmubo
B 3arucy (YOPMYIT WITH BBIYHCIICHUSX.

OreHka 2 CTaBUTCS, €CITH B KaXI0H U3 5 3a/1a4 TOMYIICHBI KaKHe-TH00 OMMUOKY JIN00 B 3aIucH

naHo, 11ubo npu nepesoje eauHul B cuctemy CU, n10o B 3anucu popmyi WK BEIYUCICHUSX.

JlaGopaTopHas padora Ne4 OnpenesieHue 4nc/jia MoJieKyJ B KaOuHeTe GU3NKH
Henab: sKCrIepUMEHTAEHO ONPEIEIUTh MAacCy BO3/IyXa B KJJACCHOM MOMEIEHUHN
Onucanne noc/ie10BaTeIbHOCTH BHINOJIHEHUSI 32 JaHUS:

1.IloBTOpUTE TEOPETHUECKHUIT MaTepuall IO TeME MPAKTUYECKOH paboTHI.
2.0TBeThTE Ha BOIIPOCHI IS 3aKPEIUIEHUS TEOPETUYECKOTO MaTepHaa.
3.BemonHATE 3aaHUS.

4.0¢opmuTe 1abopaTopHyIO (IPAKTUYECKYIO) pabOTy B TETPaIH.

Teopernyeckue 0CHOBbI TeMbI:

Macca BO3/1yXa B MIOMCIICHUH MOXKCT OBITh ornpeacicHa ¢ IOMOIIBIO
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——RT

ypaBHeHust Menneneesa-Knaneiipona: p -V= [I7]

pVI[7]

Orkyzna nonyynm: m = RT

rze p - AaBineHue Bo3ayxa B [la, uamepennoe 6apomerpom;

- 00beM KOMHATEI B M2, a, b, ¢ - JUIHHa, BEICOTA, IIUPUHA KOMHATHI B M;

M =0,029 xr/momb - cpeHsisi MOJISIpHAS Macca BO3/1yXa;

R =8,31 [Ix/(monb K) - yauBepcaibHas ra3oBasi IOCTOSTHHAS;

T =t+ 273 - aGconroTHas TeMIiepaTypa Bo3ayxa, t - Temreparypa o mkaie Llenbcus,
U3MEpEHHasi TEPMOMETPOM.

OobopynoBanue: 1) 6apomeTtp; 2) TepMoMeTp; 3) U3MEpUTEIIbHAS JIEHTa; 4) TeTpaab s
71a00paTOPHO - MPAKTHUECKHUX PadoT; 5) pyuka; 6) yepTexKHbIe IPUHAUICKHOCTU: KapaHJalll, INHEHKa,
JacTUK; 7) KalabKynsaTop; 8) pabodas TETpaJb C TEOPETUYECKUM MATEPUAIOM (KOHCIIEKTHI JICKIIHIA).

TexHuka 0e30MacHOCTH:

1) Bo Bpemsi 1abopaTopHOii paboOThl HY)KHO OBITh MPEICILHO BHUMATEIBHBIM,
JTUCIUILIMHUPOBAHHBIM, OCTOPOXHBIM, TOYHO BBITIOJHSAThH YKa3aHUS YUUTEIIS.

2) Pacnioarats nprOOpbI Tak 4TOOBI, MATEPHAIIbI, 000PYIOBaHHE HA paboyeM MecTe
COJIePKAJIOCh B TIOPSIZIKE, HAa CTOJIE HE TOJKHO OBITh HUKAKUX MTOCTOPOHHUX MPEeaMeToB. Pasmemaiite
puOOpPKI, MaTepuaibl, 000pyI0BaHNE HA CBOEM paboyeM MECTE TaKUM 00pa3oM, YTOOBI UCKITIOUUTD
UX MMaJIeHNe WU ONPOKH IbIBAHHE.

3) He npuctymnaiiTe K BEIIOTHEHHUIO padOTHI 0€3 pa3pelieHus mpernoaaBares.

4) Ipu poBeICHUH OTBITOB HE JOMYCKAaWTE MPeIeIbHBIX HArPY30K H3MEPUTEIBHBIX
puOOpOB.

5) [IpaBunbHO ompenenuTe 1eHy AeleHus mpudopa: bapomeTpa U TEPMOMETpA.

6) He co3maBaiiTe JUIIHUI [ITyM B KJ1acce, IIyM OKa3bIBAET OTPHUIIATEILHOEC BO3ICHCTBUE Ha
BaIlle 3/I0POBbE.

7) He yxonuTte ¢ paboyero mecrta 6e3 pa3pelieHus mpenoaaBaTes.

Ilopsinok BbINOJIHEHHS PA0OTHI

3aganue Ne 1

1.3anonHuTH TAOHILY

Bennunna [Tpubop s Ennnuna
U3MEPECHHUS M3MEPECHUS
Ha3Banue O6o3HaueHue N3mepurensHoro | B
npubopa CHUCTEME
cu
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JaBneHnue

JlmmHa

[upuna

Bricota

0O0BeM

Temneparypa

YHI/IBepcaHBHaH ra3zoBas
IIOCTOAHHAaA

Monsipnas macca

2. IIpu momoru GapoMeTpa omnpeAeInTe AaBIeHHE BO3yXa B KIaCCHOW KOMHATe (HOpMaibHOE
arMocdeproe nasinenne p=10° ITa).

p =...... MM PT. CT.

Bripasute naBnenue p B [lackansix, BOCIOIb30BABIINCH COOTHOUICHUEM

1 MM pt. cT.=13311a.

p =...... [1a. 3aHecute nmokazaHus B TAOIHILY.

3. Ompenenute TeMiepaTypy BO3[lyXa B MOMEIICHUU MPpU ToMoIlu Tepmomerpa. [lepeBeaute
temrneparypy no mkane Llenscus B aOcomioTHyro TemmepaTypy 1o 1mkaine KenbBuHa (1o
popmyne T=t°C+273K).

t=..%Cu nepeBenute B mkany KeneBuna — T=1t+273, T=...K

3aHecuTe MOKa3aHUs B TAOIHILY.

4. JIns onpenencHus: 00bEMa OMEIICHHUS, U3MEPhTE JUTUHY 8, IUPHUHY D 1 BhIcOTy C KaOuHeTa.
U BeraucauTe 066EM o Gopmyne: V =a-b-c, (m3).

a=.., b=.., c=... 3anecure nmokazaHus B TaOIUILY.

5. Ilo pe3ynbTaTaM U3MEpEeHUH 3aoIHNUTE TaOIUILy

JlaBnenue p, [la Temneparypa T, K Jimina - a, m; | Hlupuna - b, M; Bricota-c,Mm | O6bem V, M® Macca m, kr

7. Beraucnure 06bEM 1o popmyne: V =a-b-c, (M°).
V=a'b-c, rze a, b, c-UTHHA, IMHPHUHA, BEICOTA KIACCHONH KOMHATHI.
V=... M3, Banecute pe3ynbTaT BEIUMCIEHHS B TAOMUILY.
pVI[7]
8. Beruucaure maccy mo popmyne m= R7" | m =.xr. 3aHecure pe3yabTaT BHIYUCIECHHS
B TaOIUIy.

m N

9. OmpenenuTh YUCIO MOJIEKYJ BO31yxa B KoMHare U ux KoHieHtpanuio (N = MNa, n =V =

1 m

V' M Nap).

10. Omnpenenuts Maccy BO3AyXa, YHMCIO MOJIEKYJ] M HMX KOHLEHTPALWIO NPH HOPMaJIbHBIX

ycioBusix: po= 760 mm prt. cT., t0=0°C unmu T = 273K.
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8. CpaBHUTB NOIY4YECHHBIE PE3YJIBTATHI U CACIATh BBIBO.

IIpakTnyeckas padora Nel2. Pemenue 3aga4 nmo Teme YpaBHeHHe COCTOSIHUS UA€aJIbHOTO
rasa

Iesb: 3akpenuTs 3HaHUS 110 TEME, CHOPMUPOBATH YMEHUS U HABBIKU HAXOXKJICHUS (PU3NUECKOM
BEJIMYMHBI, €€ BbIBOJIA U3 (OPMYJIBI.

Ilopsinok BbIOJHEHHS padOThI:

1. BnHuMaTenpHO NPOYUTATh TEOPETUUYECKYIO YACTh U IIJIaH PELICHUs 3a/1a4.

2. PaccMmoTpers mpuMepsl peleHus 3a1a4.

3. Ilomy4uTb M BBINOJIHUTH HHIUBUIYAJIbHBIC 3aJaHUS.

Teopernyeckasi 4acThb.

CocTosiHME ra3a 0IHO3HAYHO 3a/1a€TCsl TPEMS MAKPOCKOIMYECKUMHU ITapaMeTpaMu: JaBICHUEM,
o0beMOM U TemnepaTypoil. Mbl 3HaeM, 4TO TOpsAuYMil Bo3ayX moiHuMaeTcs BBepX. C yBequdeHUEM
TEMIIEPATYPbl OH CTAHOBUTCS JIETYE — YMEHBUIAETCS IUIOTHOCTD, YBEJINYMBACTCS PACCTOSHUE MEKIY
MoJieKyaamMu. To eCTh MPOUCXOAUT paclIMpeHne — yBeandeHne oobemMa. MOXKHO ClIenaTh BBIBOJI, YTO
o0BeM U TemIrieparypa rasa cBa3anbl. Eciy c1aBUTh BO3IYIIHBIN IAPUK, TO BHYTPH HErO YBEIMUUTCS
nasiieHue. To ectb 00beM Trasza Takxke cBs3aH c JaBieHueM. Ilomywaercs, yTo AaBieHHe, 00beM U
TeMIlepaTypa ra3a cBs3aHbl Mex1y co0oil. Ilonpobyem noHsTh, Kak UMEHHO.

Mpsl paboTaeM ¢ MOJEIBIO WACATHHOTO Ta3a, KOTOpas OMHCHIBAET PEaJbHBIN ra3 JOCTATOYHO
TOYHO I pCHICHUSA MHOIMX 3ajad. M1 YKC€ IMOJIYUYUIN I UACAJIBbHOI'0 rada OCHOBHOC YPaBHCHUC
MKT, ¢ noMo11b10 KOTOPOTo CBSI3aJIM JaBJICHUE C MUKPOIIapaMeTpaMH — MacCOM U CpEeHEN CKOPOCTBIO
OJIHOU MOJIEKYJIBIL:

R
P = EIH‘HDU‘

OT0 ypaBHEHHE — pEIlIEHUE 33/1a4ll B MOJEIN MEXaHUKHU. MBI MPHUHSIIM, YTO ra3 COCTOUT W3
XAaO0TUYHO JBMXKYIIMXCS MOJIEKYJ — M BBIYMCIIMIIN, KAK OHU ACHCTBYIOT Ha CTCHKY, KAKOE JaBJICHUE
CO3/aI0T, KOI'1a C HEW CTaNKUBArOTCA. HO MBI HE M3MepsieM CKOPOCTH U MAacChl OTAEIbHBIX MOJIEKYII. Ha
MaKpOypOBHE Mbl YMEEM HU3MEPATh TEMIIEPATYPY, KOTOPYIO MBI CBS3AJIA CO CPENHEW KMHETHYECKOU

SHEpPruer MOJIEKYJ, a 3HAa4uT, U C MHKponapaMeTpaMH: Maccol M CpeIHEH CKOPOCThIO OJHOM

MOJIEKYJIBI:
3 MAU°
—kr=—2
2 2

IloacraBuB KHHCTHYCCKYIO SHCPIrviO U3 OAHOI'O YPAaBHCHUA B APYTrocC, IMOJTYUUIIN:

p = nkT
B TakoM BHJIe IPUMEHATh YpaBHEHHUE IS PEIICHUS 3a]1a4 BCe ele He yao0Ho. [t u3mepenus

JABJICHUSI Traza CYIIECTBYIOT pa3linyHble NpHOOpHl (MaHOMETPBL, OapoMETphl), Ui HU3MEPEHUs
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TeMIepaTypbl — TepMOMeTphl. HO MBI HE MOKeM HaNpSAMYIO0 U3MEPATh KOHLIEHTPAIMIO — KOJIHYECTBO

yacTull B eaunuie odwrema. [Ipeobpasyem ypaBHeHue a0 yaoOHoOro Buja. KoHueHTpamus — 3T0, 1O
J"ll-

OIpe/IeNICHUIO, V!

NkT
p=—
v
A KOJIM4eCTBO MOJIEKYJI y100HEee MPeICTaBUTh Yepe3 KOJIMUECTBO BellecTBa. Mbl IOMHUM, YTO
B 0HOM MoJie BemecTsa V4 monexyir. 3uaunt, V = VN
vN kT
p=—7
v
I[OFOBOpI/IMCHI YTOOBI K&)KIILIﬁ pas3 HC NEPEMHOXKATb ITOCTOSAHHLIC BEJIMYNHDBI NA Ha k, caciiacM
3TO OJMH pa3, a IPoU3BeJIeHre 0003HAUYUM R,
23 AN 2 _. Ao
R=kN,=138-10"° —-6,02-107 monz 1 =831 ———
K Moak- K

DTO0 3HaYCHHE HA3BAJIM YHHBEPCAJIbHOM ra30B0i NOCTOSIHHOM, I0YEMY — CTAHET ITOHSATHO YyTh
no3:xe. YMHOXKUM 00€ 4acTu ypaBHEHHS Ha 00bEM U MEePEIUIIIeM:

pV =vRT

[Tonyuniin ypaBHEHHE, KOTOPOE CBA3BIBACT TPU MaKponapaMeTpa HACaIbHOrO raza, KOTOpbIe
JIETKO U3MEPHUTH: 00beM, TeMIepaTypy U AaBieHue. M eciu B3sSTh KaKoe-TO ONpeAeIeHHOE KOTHYECTBO

rasa V’ 9TU TpU IapaMe€Tpa OAHO3HAYHO 3aJaAyT €ro COCTOSHHUEC, HCHU3BCCTHBIX B YPABHCHUHU HC

ocranercs. [loaToMy 3TO ypaBHEHHE Ha3BaJd ypPaBHEHHEM COCTOSIHMSI MIeaJbHOr0 ras3a, Wiu
nHaye ypaBHenneM MenneneeBa — Kinaneiipona. A Ha ciydaii, eciiu HaM HEYIOOHO TMOJIb30BAThCS

KOJIMYCCTBOM BCIICCTBA B MOJIAX, MOXXHO €TI0 BBIPA3UTHh YEPE3 MACCY BCIICCTBA:

v="Rr
PY = u

MIMEHHO B 7TOM BHJE €ro 4Yalle BCEro M 3alUChIBAIOT. Mbl Hayanu C ABMKEHUS MOJEKYI,
NPUIyMaId HHCTPYMEHTHI JUI €ro ONMCAHHsA, a B MTOTe TONYYMIIM YPaBHEHHE, KOTOPOE CBA3BIBAET
TIOIAONINECS HETIOCPEICTBEHHOMY H3MEPEHHIO MAaKPOIIapaMeTphL.

IIpuMepsl pelieHus 3aaay.

3agaua 1.

Kucnopon Haxomurtes B cocyae BMectmMocThio 0,4 M° mox maBmermem 8,3-10° Ila u mpm

temneparype 320 K. Uemy paBHa macca kucinopoaa? Momnsipaas macca kucinopoza 0,032 kr/mMonb.

HaHo: Pemenue.
V=04 M N3 ypaBHenus Menneneesa — Knanelipona Haxoaum
P=8,3-10°Ia Macca KHCIOopoJIa.
M =0,032 kr/moib PV="RT
T=320K _mpy
R =8, 31 Jix/ (Monb-K) M=
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3agaua 2.

_ 0,032 kr/mMonb- 0,4 M3-8,3-10° Ia
= T = 4xr.
8,31——"—320K

(Mosb-K)

OtBeT: M= 4kr.

Aot maccoit 0,3kr npu temneparype 280 K oka3pIBaeT gaBjieHHe Ha CTEHKH cocy/a, paBHoe 8,3

-10* ITa. Yemy paBen o6beM raza? MonspHas Macca a3ota 0,028 Kr/MOJIb.

Hano:

m =0,3xr

R =8, 31 Ix/(monb-K)
T=280 K
P=83-10*Ila

M =0,028 xr/mo1n

V=?

3agaua 3.

Perenue.
m
PV = —RT
M
_ mRT
MP
0,3kr 8,31—2%_.280 K
— MO0Jib-K — 3 M3.
0,028——8,3-10% Ila >

MOJIb

Orser: V= 0, 3 M°

B 6annone BMeCTUMOCTEIO 1,66 M° HaXOMUTCS a30T MAcCOM 2 KT npu aasnennu 100 klla. Yemy

paBHa Temriepatypa 3toro raza? MonspHas macca azota 0,028 Kr /MoJIb.

Hano:

V=1,66 m*

m =2 kr

R =8, 31 Ixx/(monb-K)
P = 10°Tla

M =0,028 xr/mo1n

T=2?

3agaua 4.

Pemenne.
PV=2RT
M

_ PVM

mR

10°Ma-1,66M3-0,028 Kr/MoJb
T= /MO _ 280K.

2 kr-0,028 xr/MoJb

Otser: T=280 K unu t =7°C

[pu Temmepatype 240 K u naBrenmu 166 klla mioTHOCTH Tasza pasHa 2 kr/m°. Uemy paBHa

MOJISIpHAsI Macca 3Toro rasa’?
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Hano:

T=240K Pemenne.
P=166- 10°ITa PV = %RT
p=2xr /M

R =8, 31 JIx/(mo16-K) RT
M= 5= P
M =? PRT
M=—
P
Brruucienus:
_ 2 kr /m3:8,31 Jlx/(Monb-K)-240 K oy -3 _Kr_
- 166:103 1a =24-10 MOJTD
Otser: M =24- 1073 — = 0,024 —

MOJIb MOJIb

3ananue: Pemure 3agaun, onupasicb Ha MPUMeEPbI pellleHn .

1. UneanbHbIi 0THOATOMHBIH Ta3, HaxoAsmuics npu Temnepatype +327 °C, umeet 0066ém 0,083
M3 u naenenue 120 klla. B pesymbrare agmabatudeckoro mpoiiecca TeMIeparypa 3TOro rasa
ymenbiminack Ha 50 °C. Kakyro pa®oTy coBepim ra3 B 3Tom npoiiecce? OTBET MPUBEIUTE B HKOYIIAX
U OKPYIJIMTE JI0 IIEJIOTO YHUCIIA.

2. WneanbHbli OTHOATOMHBIN ra3, Haxopasmuics mpu temieparype +327 °C, umeer o0béM
0,0166 M3 u napnenue 150 kIla. B pe3ynpTaTe aquabaTuueckoro mpoiecca 3TOT ra3 COBEpIInI padoTy
498 JIx. Ha ckonpko rpagycoB (mo mkaie KenbBuHA) M3MEHMIIACh TEMIlEpaTypa ra3a B pe3yibTare
ATOTO Tporecca’?

3. Hunuaapuyeckuil cocy pa3feséH HENOABMXKHOW TEIUIOM30JIMpYIoLleld mneperopoakoi. B
OJIHOW YaCTH COCY/la HaXOAMTCS KUCIOPOJ, B APYroll — BOJOPOJ, KOHUEHTPAIMU Ia30B OJUHAKOBBI.
JlaBneHue kucimopoaa B 2 pasza Oolnblie AaBlIEHUs BOJOpoja. UeMy paBHO OTHOIICHHE CpenHen
KHHETHYECKON SHEPTUH MOJIEKYJI KUCIOpOoAa K CPeTHEM KHHETUIECKON IHEPTUU MOJIEKYJT Bojopoaa?

Kpurtepun ouenuBanmusi:

OneHka 5 craBUTCS, €CM y4yalluecs BBIMOJIHWIN BEPHO S 3aJaud, BEPHO 3alKCalH yCIOBHE
3a/1a4d, repeBenu BednduHbl B cucteMy CH, 3amucany Bce HEOOXOIUMBIE U TOCTATOYHBIE (hOPMYIIBI
JUISl pelieHusl 3aJladd, BEPHO TOJCTABWJIM YHCIICHHBIC 3HAYEHHWS, BEPHO IPOBEIHM BBIYUCICHHUS IO
dbopmysamM U BEpHO 3aITUCAH OTBET.

Omnenka 4 cTaBUTCS, €CITU BEPHO U MOJHOCTHIO MPABUIIHHO PEIICHBI U 3alucaHbl 4 3a71a4uu, B 5
3a/1adye JAOMYIIEeHbI OMUMOKK TUOO B 3alKCU J1aHo, JTUOO0 Tpu mepeBojae enunuil B cuctemy CU, nubo B
3amucu OPMYIT WA BBIYUCTICHUSX.

Orenka 3 cTaBUTCS, €CIIM BEPHO U TIOJTHOCTHIO MPABUIIHHO PeIlieHa ¥ 3amricana 3 3a1a4a, Bo 4 u
5 3aayax JOMyIIeHbI OMMOKY OO0 B 3allMCH JaHO, JIUOO Mpu nepeBoje enuHull B cuctemy CH, nu6o

B 3a11UCH (I)OpMy'J] WX BBIYUCIICHUAX.
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Orenka 2 cTaBUTCSI, €CIIM B KXKJIOM U3 5 3a/1a4 IOMYIICHBI KaKrue-T100 OmMOKH JIMOO B 3aIMUCH

naHo, 11uoo npu nepesoje eaunul B cuctemy CU, nu0o B 3anucu popmys Win BEIYUCICHUSX.

[IpakTrueckas padota Nel3 Pemenue 3agau mo teme ["a3oBbie 3akoHbI. M30mporniecchb

Heab: 3akpenuTs 3HaHUS 110 TeMe, CHOPMHUPOBATH YMEHHSI U HABBIKK HAX0XKIEHUS (PU3NYECKOM
BEJIMYMHBI, €€ BBIBOJA U3 ()OPMYIIBL.

Iopsiaok BbINOJIHEHHS PA0OTHI:

1. BuuMaTenbHO IPOYUTATh TEOPETHUECKYIO YacTh U IIJIaH PEIICHUs 3a/1a4.

2. PaccmoTpeTh nmpuMepbl petieHus 3a1ay.

3. [TomyuuTh ¥ BBIMOJHUTH WHIANBUIYIbHBIC 3aaHHUS.

Teopernyeckas 4acTb

Ha mpomnuiom ypoke Mbl yke chOpMyIHpOBald TaK Ha3bIBAEMOE YPAaBHEHHE COCTOSHUSA
UJCabHOTO Ta3a — 3aKOH, CBSA3BIBAIOIIMN MEXAy OO0 TpH MakpOCKOMMYECKHX MapameTpa rasa:

TeMIIepaTypy, JaBJICHUE U O0BEM.

[P-V=v-R-T|
HJIN XKEC

P-V
_:\-"R

T

To ectb, kakuM Obl HU OBUT TIEPEXOJl OT OJHOTO COCTOSHUS K JAPYromy (4To, COOCTBEHHO, U
MoJIpa3yMeBaeTcs Mo ra30BbIM MPOIECCOM), COOTHOIIIEHUE MEXAY TpeMsl MapaMeTpamMu He MEHSeTCs
(ecTecTBEHHO, MPU HEM3MEHHOM KOJINYECTBE BEIIECTBA PACCMATPUBAEMOM MTOPIIMH ra3a).

Tenepp ’xe pacCMOTpUM HE TPOHM3BOJBHBIE MPOIECCHl, a OOJee YacTHBIE CIIy4dau, KOTJa
HEM3MEHHOM BEJIIMYMHON ABISIETCS OAMH W3 MAaKpPOCKONMMYECKUX mnapameTpoB. Hauném c
M30TEPMHUYECKOTO MpoIIecca.

OUM3oTEepMUYECKU MPOIECC — MPOIECC MEPEX0/Ia UACATBHOTO Ta3a U3 OJIHOTO COCTOSIHUA B
Ipyroe 6€3 H3MEHEHHsI TeMITepaTyphl. 3aKOH, OTTUCHIBAIOIIUH CBSI3b METy TTapaMeTpaMHu T'a3a Py TAKOM
npoiiecce, Ha3bIBaeTcs 3aKOoH boinsg-MapHuoTTa B 4eCTh BYX YUEHBIX, IPAKTUYECKU OJIHOBPEMEHHO
BBIBE/IIIUX €ro: aHrnyannHa Pobepra boiins u ¢paniy3a 3ama Mapuorra (puc. 2). 3anuiieM ero:

Jlst Havayia 3amuiineM YpaBHEHHsI COCTOSIHHS WJIEATBHOTO Ta3a MPU MOCTOSHHOM KOJIMYECTBE
BEleCTBA:

P-V=v-R:-T
= const , T = const

A Tenepb yunTbiBas: ¥
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PIIV:L:PZ.L!E = s

[Tonyuaem: JUTSL TIOOBIX Pa3IMYHBIX COCTOSIHUM Ta3a, WK K€ MPOCTO:

P -V = const _ 35¢0n Boitns-Mapuorra

M3 3T0ro 3akoHa OYEBUAHO CIIEAYyeT OOpaTHO NMPONOPLUOHANIBHAS CBSI3b JABJICHUS U 00BEMA:
IpU yBEIIMYEHUH 00BEMa HAOMIONAeTCs YMEHbIIEHHE JaBjieHus, U HaoOopot. ['paduk 3aBucuMoOCTH

MCHAIOIIUXCS BEIMYWH B YPABHECHUU, TO €CTh Pu V, nuMmeer CHC,Z[y}OHII/Iﬁ BUJ 1 HAa3bIBaCTCA I/ISOTCpMOﬁ

U3oTepmuyeckumn npouecc
(3akoH bowuns - MapuorTa)

P p - V = const

P1+ -

Po+--

- } >V
0 Vv, Vs

Omnpenenenne. M300apublit (au ©300apudecKuii) mpoIiecc — MpoIece Mmepexoa HacalbHOro

ra3a M3 OJHOTO COCTOSIHHUS B JPYroe Mpu MOCTOSHHOM 3HA4Y€HUU JaBlieHus. BriepBrie Takoi mporiecc
paccmoTtpen gpaniry3ckuid yuéunbiit XKozed-Jlyu I'eli-JIroccak (puc. 4), m0o3TOMY 3aKOH HOCUT €T0 UMSL.

3armmeM 3TOT 3aK0H

CHoBa 3anunieM 00bIYHOE YPAaBHEHUE COCTOSIHUS: P-V=v-R-T
A Tenepp yuntbiBas: ¥ = €0nSt y P = const
n_n_
Honysaem: T+ T JUIs TFOOBIX Pa3JIMYHBIX COCTOSTHUH ra3a, MM JKe MPOoCTo:

v
— = ronst o
T - 3axoH I'eli-JIroccaka

W3 3TOT0 3aKOHA OYEBHIHO CIIEIYET MPSIMO MPOTIOPIIMOHATIBHAS CBSI3b MEKIY TEMIIEPaTypOi U
00BEMOM: IIpH yBEJIMYEHUM TeMIEepaTypbl HabIogaeTcs yBennyeHue o0béMa, u HaobopoT. ['padux
3aBHCUMOCTH MEHSIOIIMXCS BEJIMYMH B YpaBHEHHM, TO €cThb 1T M V, MMeeT ClIeayloluid BUA U

Ha3bIBaeTCs u300apoi (puc. 3):
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"

L]
=

L'*""* -
T

I'paduku n306apHBIX MPOIIECCOB B KOOpAMHATaX V-T

Crnenyet oOpaTuTh BHUMaHHE Ha TO, YTO, MOCKOJIBbKY MbI pabotaem B cucreme CH, To ecThb ¢
a0COIOTHOM IIKaJION TeMmeparyp, Ha rpaduke MPUCYTCTBYET 001acTh, OJU3Kas K a0COTIOTHOMY HYJIIO
TEeMIIepaTyp, B KOTOPOH JaHHBIA 3aKOH HE BBIMOJHsETCA. [loaTOMy mpsimyto B ob6sactu, OIU3KON K
HYJIII0, CIIeyeT u300paxaTh MyHKTUPHOM JTMHUEH.

W30X0pHBIi (MM H30XOPUYECKHIA) MPOIECC — MPOIIECC MePexo/ia UIACaTbHOTO ra3a U3 OJHOTO
COCTOSIHUS B JPYro€ MpH MOCTOSIHHOM 3HaueHuu o00béMa. [Ipoiiecc paccmMoTpeH BrepBbie (hpaHIly30M

Kakom Hlapnem (, mo3TOMy 3aKOH HOCHUT €ro ums. 3anuuiem 3akoH [llaps:

CHoBa 3anuieM o6braHOe ypasHenue cocrosus: £V = VR T
A Tenepp yuntbiBas: ¥ = €0nSt y V = const
hh_FB_
Momygaem: T+ T JUIS1 TFOOBIX Pa3IMYHBIX COCTOSHMIA ra3a, Wi 5Ke IPOCTO:

j=
— = ronst
T - 3akoH [lapms

N3 »TOro0 3aKoHa OYEBHUIHO CIEAYET NMPAMO NMPONOPLHOHAIBHAS CBS3b MEXKIY TEMIIEPAaTypOr U
JTAaBJICHUEM: IIPU YBEJIMUEHUH TEMIIepaTyphl HAOII0JaeTCsl yBeJIMUEHHE AaBJIE€HUs, U Ha000poT. I'paduk

3aBUCHUMOCTHU MCHAIOIHNXCA BECJIMYNH B YPABHCHHUH, TO €CTh Tn P,

A

I'paduk 3aBUCUMOCTH UMEET CIENYIOIINI BUI U HA3bIBAETCS U30XOPOH.
B paiione abcomoTHOrO Hysl Ui rpadMKOB M30XOPHOTO MPOLECCca TAKXKe CYHIECTBYET JIMIIb
YCIIOBHAs 3aBUCUMOCTb, [I03TOMY IPSAMYIO TaK)K€ CIEAYET JOBOIUTH 10 Hayaia KOOPAUHAT IIYHKTHPOM.
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Crout 00paTuTh BHUMaHHE, YTO MMEHHO TakKas 3aBHUCHUMOCTh TEMIEpaTyphbl OT AABJICHUS U
00BéMa TIpH M30XOPHBIX M M300apHBIX MPOIECCaX COOTBETCTBEHHO ompeaensieT 3((HEeKTHBHOCTh U
TOYHOCTb U3MEPEHUS TEMIIEPATYPHI C TOMOIIBIO Ta30BBIX TEPMOMETPOB.

WNurtepecen Takxke TOT (HakT, 4YTO HUCTOPHUYECKH TMEPBBIMU OBUTM OTKPBITBI HMEHHO
paccMaTpuBaeMble HAMU H30MPOLECCHl, KOTOPbIE, KaK MbI MOKa3aJId, SBJSIOTCS YaCTHBIMH CIy4asMu
yYpaBHEHUSI COCTOSIHMS, a Yxe moToM ypaBHeHus Kuaneiipona u MenaeneeBa-KnamneiipoHa.
XpOHOJNIOTHYECKH CHayaia OBUIM WCCIEAOBAaHBI TPOIECCH, MPOTEKAMIINE TMPU MOCTOSHHOMN
TEeMIepaType, 3aTeM MpU MOCTOSTHHOM 00bEME a MOCIETHUMU — U300apUyYeCKue MPOIECCHI.

IIpumepsbl pemenus 3aaa4

3amauda 1. Bo ckoJIBKO pa3 U3MEHHUTCS AaBJICHHUE Ta3a B IIIJIMH/PE, €CIIU €r0 00bEM YMEHBIINTH,

1
IPOJBUHYB IOPILICHL HA & BHICOTHI I_II/IJ'II/IH,I[pa? TeMnepaTypa ra3a HC MCHACTCA.

Tak kak TeMIiepaTypa HEM3MEHHA, TO 3alMIlIEeM 3aKoH boinsa-Mapuorra:

MWV = pals

O0bem raza yMeHbIIMIICS:

1 2
Vo=V - -V =-1
2 1 o ¥l 3 1
Tornma:
o Va
2 N |
Pt 2V 2
P2 N Vl 3
Pz _ 2 _ 1 7
Torma 71~ 2 L5

OtBer: naBneHue Bo3pacter B 1,5 paza.
3amaga 2. VaeanpHBIA ra3 pacdpsSOT U30TEPMUYECKH TaK, YTO OOBEM raza HM3MCHSCTCS
—1 . A — 9 o
=14 pasa, a JaBlicHHE — Ha Ap = 2 g1m. Haiftn HauanbHOe 1aBlIeHHe rasa.
Tak Kak TeMIieparypa He MEHSETCA, TO 3anuiIeM 3aKoH boinsg-Mapuorra:
mVi = mhs
O6beM raza yBeInMunBaeTCs:
V59 =nl)
Ecnu 06vem yBenuumuBaeTcs, TO JaBICHHUE, OUYEBUIHO, TIA/IaET:
P2 =pm —Ap
Torna
mWi = (m — Ap)nW
m=(p1— Ap)n

94



P —npr = —ndAp

p(l—n)=—-ndAp

p(n—1)=nAp
nAp

n—1

M=

HO,[[CTaBI/IM qucjia:

1,4-2.10°  _ 105
M= = | -
1 0,4

OtBeT: 7 aTM.

— i . - E
3amava 3. Ilpu maBnenun F = 2+ 10" a upeansueii ras sanumaer o6vem V = 5 1. B

pe3yibTaTe U30TEPMUUECKOTO PACLIMPEHHs ero o0beM yBeanmumics Ha AV = 1 1, a KoHueHTpanus

[]E[i

o — 2 R _ .
MOJICKYJI cTaya paBHo# ' = 3,62-1 M—3, [Ipu Kakoi TemnepaType npoTeKal 3TOT mporecc?

mVi = mhs

mWi
Py = —
Vo

OO6beM rasa yBEITUUHNBACTCS:
Vo =1 + AV
mWi
Pe= 01—
1+ AV

CoryiacHO ypaBHEHHIO COCTOSIHUS MeanpHoro raza ! = T kT \owem sammcars:
p2 =nkT
H 1',1
P kT
i+ AV
_ piVi
nk(Vi + AV)

IToacraBuMm uncna:
- 2.100.5.107
~ 3,62-1026-1,38-10-2 5. 10

— = 333,6°

Wnu, Beipaxas B rpanycax Llenbcus, t = 333,6° — 273" = 60,6° ¢,
Otset: 60° C.

3aganue: Hcnmoub3ysi TeopeTMYecKMH MaTepuas OTBeTbTe Ha BONPOCHl. BapuaHThI

pacrnpenesisieT mpenoaaBaTesb.
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3amaua 1. ByThIIKy 3aKkpbUIM TIPOOKOMH, IUIOMAIh CedeHHs KOTOpOH paBHa 2 cM’. UTOGHI
BBITAIIUTH MIPOOKY, HY)KHO mpuinoxuTh crry 10 H. Jlo kakoiif TemrepaTypsl Hy’)KHO HarpeTh OyTBUIKY,
9T00BI IpOoOKa BhUIeTeNa? HauanpHas Temmeparypa B Oyreuike paBHa 20 °C.

3anaua 2. [Ipu remneparype -23 °C napiienue raza B 6aione paBao 1,8 MIla. Eciu naBnenue
B Oamione npesbimaer 2 Mlla, aBromaTnueckuii KjamaH OTKPBIBA€TCS M BBITYCKaeT 4acTh rasa.
CKOJIbKO MPOIICHTOB r'a3a BBIAET 13 0aIOHA, €CITU TEMIIEpaTypa B TOMEIEHUH o JHuMeTCst 110 27 °C?

3agaua 3. CpaBHHTE 00BEM TAaHHOM MACCHI HICATBHOTO T'a3a B COCTOSHUAX | U 2

3anaua 4. ITocrpoiite rpaduku mpoiecca, MPOUCXOMALIETO C UACATBHBIM Ta30M (CM. puC. 5), B
koopauHatax V, T wm p, T. Macca rasa mnocrosHHa. YdacTok Trpaduka 3-4 COOTBETCTBYET

M30TEPMUYECKOMY IIPOLECCy.

i
P2

L

3agaua 5. Bo ckonbKO pa3 oTJIMYAKOTCS CPEeIHUE KBaIpaTUYHBIE CKOPOCTH MOJIEKYJ KUCIOpOAa
M a30Ta B Balled KomHaTe?

Kpurepun onenuBanus:

OreHka 5 cTaBHUTCS, €CIM y4Yalldecs BHIOJHUIN BEPHO S5 3a1a4yu, BEPHO 3alUCAIHA yCIOBUE

3aja4u, epeBenu BenuyuHbl B cuctemy CH, 3amucany Bce HEOOXOAUMBIE U JOCTaTOYHBIE (DOPMYIIbI
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JUISl pelIeHUsl 3aJladd, BEPHO TOJICTABWJIM YHCJICHHBIC 3HAYEHUWs, BEPHO IMPOBEIM BBIYMCICHHS 10
dbopMysiaM U BEpHO 3aIUCAII OTBET.

Ouenka 4 cTaBUTCS, €CJIUM BEPHO U MOJTHOCTHIO MPABUJIBHO PELICHBI U 3alMcaHbl 4 3a7a4u, B 5
3a/1aue JOMYIIEeHbI OMIMOKHK OO0 B 3alMCH AaHO, JIMOO MpH nepeBoje eaunuil B cuctemy CU, nmubo B
3amucu OPMYIT W BBIYUCIICHHSIX.

Onuenka 3 cTaBUTCS, €CJIM BEPHO U MOJHOCTHIO MPAaBUIILHO PEILICHA U 3amucana 3 3aj1aya, Bo 4 u
5 3aayax JOMYIICHBI OMUOKY JIMOO B 3aMTUCH JIaHO, TMOO MpH nepeBojae eaunui B cucremy CU, mubo
B 3amuCcH (HOPMYJI WJIH BBIYUCIICHUSX.

OreHka 2 CTaBUTCSI, €CIIM B KKJIOM U3 5 3a71a4 TONYIIECHBI KaKue-11u00 omuOKH JINOO0 B 3aIUCH

naHo, 11uoo npu nepesoje enuHul B cuctemy CU, 1ubo B 3amucu GopMys iU BEIYUCICHUSX.

IIpakTuyeckast pabora Nel4 Pemenne 3agaq

Leab padoThl: MOKa3aTh MPUMEHEHNE B 3HAHUN MPAKTHUUECKUX 3aAadax. O000MUTh 3HAHUS 110
IIPUMEHEHHUIO.

1. Pemmntes 3amaun, monw3ysach INpUMEPAMHM PEIIEHWM aHANOTMYHBIX 3aaad. IIpumepsl
pemieHuil He nepenuceiBaTh. [lpy pemieHny 3agauvl NPUBOJUTH IMOJHOCTHIO BCE MOSCHEHUS K
EHUCTBUSIM.

2. [lepenectn Tabnuiy B TeTpaab M 3alOJHUTH €€, TIOJIB3YSICh MPENTIOKCHHBIMU
TEOPETHYECKUMU CBEICHUSMH.

3. BBITIOIHUTE TECTOBOE 3alaHUE.

4. JlaTb moapoOHbIe OTBETHI Ha KAUE€CTBEHHBIE 3aJ[auH, TOJITBEPXK/1asi OTBET CBEACHUSAMH U3
TEOPHH.

3agaHue: pemIMTh 3a/1a4M.

1. IIpu U30TEpPMUUECKOM CKATHUH 0OBEM OJJHOrO MOJISI MI€aJIbHOTO raza yMmeHsIuics Ha 0,5%.
Ha ckosbko MpoIeHToB n3MeHMIIOCh ero AasieHre? OTBET (C TOUHOCTBIO JI0 AECATHIX J0JIeH MPOLIEHTA)
MOATBEPANUTH BBIYUCIICHUEM.

2. Tlpu n3obapuyecKkoM OXJAXKIACHUM TeMIlepaTypa rasa yMeHblImiach OT 3HadeHus T1 1o
3HayeHus T2, npu 3ToM 00bEM Tra3a yMeHbIIMIICS Ha BeinuuHy AV. HaiiTi koHeuHbIi 00bEM rasa.

3. B cocyne noa nokosnmmcs NOpIIHEM, HUKHSS IUI0CKas IOBEPXHOCTh KOTOPOI'O COCTABIISIET
¢ Topu3oHTOM yroi o = 30°, HaXoauTCsA BO3AyX. BO CKONBKO pa3 M3MEHUTCS O0BEM BO3IyXa MO
MOPIIHEM, €CJIM Ha HEro MEJUIEHHO HACBINATh Mecok mMaccoi m = 20 kr? Macca nopuiHst paBHa M = 5
KT, MJIOMAAb MOMEepeYHoro ceueHus cocyna S = 20 cm2, atmochepuoe masienue p0 = 105 Ila.
Cuwraiite, uto g = 10 M/c2 1 TpeHUs HET.

4. JIBa mouist renus ripy noctostHHOM JaBiieHnu p0 = 10 atm oxnaxaatorest Ha AT = 1 K Tak, uto

OTHOCHUTEIIbHOE YMEHbIIIeHHe 00bEMa raza AV/V0 cocraBnser o = 0,25%.
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1) Ha ckonbko TuTpoB yMeHbIIUICS 00BEM ra3za?

2) Haiftu HauanpHyIO TEMIlEpaTypy rasa.

5. Monb renusi HarpeBaercs npu MocTosHHOM 00béMe VO = 400 i1 Tak, 9TO OTHOCHUTEIHHOE
yBenuueHue ero nasieHus coctaBuio Ap/p0 = a = 0,4%. 1) Ha ckonbko yBenuumiach Temmneparypa
rasa, ecim ero HayaimbHas Temmneparypa TO = 500 K? 2) Ha ckoibko aTMocdep yBeTUIMIOCH JaBJICHUE
raza?

Kputepuu oneHuBanus:

OneHka 5 craBUTCS, €CIIM y4allldecsl BBIOJHUIN BEPHO 5 3a/ayu, BEPHO 3alucalid YCIOBUE
3aja4n, epeBenu BelIuyuHbl B cuctemy CH, 3amucanyu Bce HEOOXOAUMBIE U JOCTaTOUHbIE (POPMYJIBI
JUISL pelleHusl 3aJladyd, BEPHO IMOJICTABWJIM YHCJICHHbIE 3HAYEHUs, BEPHO MPOBEJIM BBIYMCICHHS IO
(dopMysiaM U BEpHO 3alMcalli OTBET.

Onenka 4 cTaBUTCS, €CTTU BEPHO U MOJIHOCTHIO MPABUJIBHO PEIICHBI U 3alUCaHbl 4 33134y, B 5
3aja4e IOMyIIEHbl OUIMOKU MO0 B 3allMCU aHO, MO0 Mpu nepeBoe equHull B cucremy CU, nmu6o B
3anucu (HOPMYIT MU BBIYUCIICHUSX.

Orenka 3 cTaBUTCS, €CITM BEPHO M MOJHOCTHIO MPABUIILHO PEIlICHA U 3amucana 3 3aj1aya, Bo 4 u
5 3aayax JOMYyIIEHbI OMIMOKY MO0 B 3allMCH JAaHO, TMOO MpH nepeBoje eaquHull B cuctemy CU, nu6o
B 3anucy (OpMYII WIH BHIYUCICHUSX.

Orenka 2 cTaBUTCS, €CITM B KXKJIOM U3 5 3a71a4 IONMYIIEHBI KaKue-11u00 omuOKH JIM0O0 B 3alUCH

JaHo, 1100 Mpu nepeBoje eauHuIl B cuctemy CHU, nubo B 3anucu GopMys WK BEIYUCICHUSIX.

JlabopaTopnasi padora NeS M3smepeHue BJIaKHOCTH BO31yXa

Henap paboTbl: 3aKpenuTh MOHATHE O BIAXKHOCTU BO3AyXa M crHoco0ax ee H3MEpeHHus;
OTpeAeUTh a0CONIOTHYIO U OTHOCUTEIIbHYIO BJIYKHOCTh BO3/lyXa, TOUKY POCHI;

HAYYUTHCS MOJIB30BAThCS CIIPABOYHBIMU TaOIHUIIAMHU: «/]aBJIeHIe HACBIIIIEHHOT'O BOJSHOTO Mapa
M €ro IUIOTHOCTh TPHU Pa3TUYHBIX 3HAYCHHSX TemrepaTypb», «llcuxpoMerpuueckas TaOmuIa»
npubopaMu JJi1 U3MEPEHUS BIAKHOCTH BO3yXa — ICUXPOMETPOM.

Oo6opynoBanue: Ilcuxpomerp, TmcUXpoMeTpudeckas TaOnuma, Tabmuma «JlaBneHne u
MJIOTHOCTh HACBIIIEHHOTO BOJISIHOTO Mapa MPH pa3IMYHbIX TEMIIEpaTypax».

Teopernyeckas yacrb

B armocdepe 3emmm Bcerma copgepkarcs BOIsHBIE Tapel. X comepkaHue B BO3JIyXe
XapaKkTepU3yeTcs: aOCOMOTHONW U OTHOCUTEIIBHON BIIAKHOCTHIO.

AOGCOTIOTHOM BIIaXKHOCTBIO BO3/[yXa Pa - HA3bIBAETCS MNIOTHOCThH BOJISIHBIX APOB, HAXOIAIIUXCS

B BO3/lyX€ MPH TAHHOMN TEMIIepaType.
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p _ msoz)m—moeo napa [ﬁ) ]_ Ke

= 0 =—
a

¢ V 6030yxa M

OtHocuTenbHas BJIAXKHOCTH BO3ayXa (¢ TIIOKa3bIBACT CKOJIBKO IIPOOCHTOB COCTABJIACT

a0COJIFOTHAS BJIQXKHOCTH OT IIJIOTHOCTH HaCbIIICHHOI'O BOJAAHOIO I1apa IIpH HaHHOﬁ TEMIICpATYpPE:

o =L .100% lo]=%

Lo

/i€ Po-IJIOTHOCTh HACKHIIIEHHOTO BOJISHOTO Mapa MpH AaHHOM TemIepaType U OnpeaesseTcs Mo
tabmuie «J/laBneHre HaCHILIEHHOTO BOJSHOIO Tapa W €ro IUIOTHOCTh MPH Pa3IMYHBIX 3HAUYCHUSX
Temreparypbl» Takum o00pa3oM, OTHOCHUTENbHAs BIIAXKHOCTh XapaKTEPH3yeT CTENEHb HACHIIECHUS
BO3/lyXa BOJISIHBIM ITapOM.

Jlis >KUITBIX TIOMEIICHUH HOPMAaJIbHOM BIIQYKHOCTBIO CUMTAETCS] OTHOCUTENIbHAS BJIAKHOCTD,
paBHas 40 - 60 %. O BIaXXHOCTH BO3yXa MOXKHO CYIAUTh TOJBKO IO OTHOCUTEIHHOM BIIAXXHOCTH, TaK
KaK TpU OJHOW M TOM k€ aOCOJIIOTHOW BIIAKHOCTH B 3aBUCHMOCTH OT TEMIIEPATypPhI BO3IYX MOXKET
Ka3aThCsl UJIU CYXHM UJTU BJIaYKHBIM.

OTHOCUTENBHYIO BIQXKHOCTh BO3AyXa MOXKHO OIPEAETUTH C MOMOIIBIO ICUXPOMETpA.

[IcuxpomeTtp mim ncuxpomeTp ABrycra (CM.pUCYHOK) COCTOUT U3 IBYX TEPMOMETPOB: CYXOI'0 U
yBII&XXKHEHHOTO0. Ha mapuke yBIa)XHEHHOTO TEPMOMETPA 3aKpeIuieH (PUTHIIb, KOHEI] KOTOPOTO OITYIIEH
B Yallleuky ¢ BoJloi. Bona, ucnapssices ¢ purnis 3abupaet oT TepMoOMeTpa TeIjio, HO3TOMY IOKa3aHUs
YBIIQXKHEHHOT'O TEPMOMETpa HIKE, 4eM y cyXxoro. [1o mokazaHHio CyXxoro U pa3HOCTH IMOKa3aHUI CyXoro
U YBJIIQKHEHHOTO TEPMOMETPOB C MIOMOMIBIO MICUXPOMETPUIECKOHN TaOIUIIBI HAXOJUTCS OTHOCHUTEIIbHAS
BJIQXKHOCTb BO3/1yXa.

Temmneparypa, npu KOTOPOW OXJIaXJIEHHBI BO3YX CTAHOBUTCS HACHIIIEHHBIM BOSHBIMU
napamu, Ha3bIBaeTcsi TOUKOM pockl T

[Tpu TOUKe pockl a0COMOTHAS BIAXKHOCTH BO3/IyXa paBHA IUIOTHOCTH HACHIIIEHHOTO T1apa Po= Pa

3armoTeBaHue XOJOJHOTO MPEIMETa, BHECEHHOTO B TEIIYI0 KOMHATY, OOBSCHSETCS TEM, YTO
BO3/IyX BOKPYT MPEIMETA OXJIAKIACTCS HIKE TOYKH POCHI M 9YaCcTh UMEIOIIUXCS B HEM BOISTHBIX MTApOB

KOHJICHCHPYETCS.

99



ne II 11 III ||J|| ||L|| ||| e IIIII ||| IIIII e IIII
ne Il 11 Ill ||1|| llrlllll e IIIII III IIIII e Illl

Hauy
o

g

Pucynok «Ilcuxpomerpbn»
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Ilopaoox evinonnenusn pabomoi:

1. CHSTb [TOKa3aHUA ICUXPOMETPA B PA3JIMYHbBIX YACTSIX Kilacca.

2. [Tonp3ysch NCUXPOMETPUYECKON TaOiuIEed onpeAeauTb OTHOCUTENbHYIO BIIAKHOCTh
BO3/yXa.

3. PaccunTath abCOMIOTHYIO BIAXKHOCTH BO3[yXa M ONPEACITUTH TOYKY POCHI MCIIONB3YS

Tabiunny «JlaBjieHue U IIIOTHOCTh HACBHIILIEHHOTO BOJSHOTO Mapa MpY Pa3IMYHbIX TEMIIEPATypax».

p = Q- Py
a
100%
4. PesynbTars! B Ta0nuy:
S o
2 o S
= = 2
S e ) -
=3 IS et g = 3)
o = = 2 o =] o2
» o = o = = s
E ) E = = % =}
) S % § ) - § ™ =
= e s a = = = = S
= > = S © 8 o g = =
= W > 2 g = = N b
= % © o e © a . ® & -
= S ® ® = = = S 3
2 : s | =5 2 5 S| ES 2
o = = s = - = e = =
2 2 2 28 8% s | 8¢g = 2 5
z 3 2 = g == =8An = S X =
- o e o S 2 = S & = 2 S 2 o
Z = =g = £ & A 5 C = < & =
1
2
3
5. Cnenatp BBIBOIBI 11O padoTE.
6. OTBeTUTH Ha KOHTPOJIBHBIE BOIIPOCHI.
KoHnTpoJsbHbIe BONIPOCHI.
1. [ToueMy moka3aHusi BJIIaKHOTO TEPMOMETpA MCUXPOMETpPa MEHbIIE MMOKa3aHUH CyXOro
TepmoMeTpa? [Ipu kakoMm yclIoBHUM pa3HOCTh MOKa3aHUN TEPMOMETPOB HauOoJIbIIas?
2. Temreparypa B IOMEIIEHUH TOHUKAETCS, @ A0COTIOTHAS BIIAYKHOCTb OCTAETCs IPEKHEH.
Kak u3mMeHuTCs pa3HOCTh NOKa3aHUM TEPMOMETPOB IICUXpOMETpa?
3. [Touemy mocie >xapkoro Hs poca ObiBaeT 6osee ooupHa?
4, OtHocuTenpHas BIaXHOCTh Bozayxa mpu 200C paBHa 58%. Ilpu kakoii TemmepaTtype
BbINIAJIAeT poca?
5. OtHocuTenbHAsT BIAXHOCTh Bo3ayxa npu Temmeparype 293 K pasna 44 %. Yro
ITOKa3bIBAET YBJIAXXHEHHBIN TEPMOMETP ICUXpOMETpa?
6. B xomuare o6séMoM 150 m° mpu temmeparype 300 K coaepsxurcs 2,07 KT BOASHEIX

napoB. OnpenenuTe OTHOCUTEIBHYIO U a0COJIIOTHYIO BIQYKHOCTh BO3yXa.
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JlaGoparopHasi padora Ne6 OnpenesieHre NJI0THOCTH TBEPAOTo TeJia

Lean padoThi:

HayuuTbcs ompenensats MIOTHOCTb TBEPJAOrO Telda C IOMOILBIO BECOB M H3MEPUTEIHHOTO
HUJIUHAPA.

[Tpubops! 1 MaTepuab:

Becbl ¢ pa3zHoBecamu, M3MEPUTEIbHBIM LWIMHAP (MEH3ypKa), TBEPAOE TEJO, IUIOTHOCTD,
KOTOpOT'0 HAJI0 OIPEIEIUTDh, HUTKA.

TeopeTnyeckas 4acTb

1. OOGBIYHO BelIECTBO HA3bIBAIOT TBEPIBIM, €CIM OHO COXPAHSET CBOIO EI
dbopMy 1 00BeM, T. €. BHEIIIHHE TPU3HAKH.

2. B (usuke mox TBepABIMU TEIaMHU MOIPAa3yMEBAIOT BEIIECTBA, Y KOTOPBIX
MMEETCS KPUCTAJUIMUECKOE CTPOCHHUE, T. €. «JalbHUN MOPAI0K», B PACIOI0KEHUN
€ro 4acTHL.

B 3aBHCHUMOCTH OT CTPYKTYpBI Pa3IM4aIOT Tella KPUCTAIUTMYECKIE U aMOp(HEIE.

Kpucrammuaeckue Tena

MOHOKpHUCTAIITBI— OJMHOYHBIC [TonukpHCcTaIIIBI— MHOTO KPUCTAJUIOB (METAILIHI,
KpUCTaJUTBI (KBapll, aiamas). caxap, oBapeHHas COJIb).
CgoiicTBa

1. Temneparypa riaBiaeHus to;=const.
2. Kaxxioe BEIecTBO UMEET CBOIO TEMIIEpaTypy IUIABJICHUSI.

AHM3OTpONIUA— N3orponms—
3aBHCUMOCTh (PU3UYECKUX CBOMCTB OT OJIMHAKOBbIE (pU3MUECKUE CBOMCTBA MO BCEM
HallpaBJICHUs BHYTPU KPUCTAILIA. HaIlpaBJICHUSM.
Mexanudeckas IPOYHOCTh, OITUYECKUE, |Y MOJUKPUCTAIIIOB aHU30TPOIIHs CBOMCTBEHHA IS
JIIEKTPUYECKHE, TEIUIOBBIE CBOMCTBA. KQKJIOTO KprcTauia. Tak Kak KpUCTAIIIMKH
PacCIIOJIOKEHBI IPYT OTHOCUTEIIBHO APYra XaOTUYECKH,
TEJO B LEJIOM U30TPOIIHO.

AMop¢dHbIe Tena

CrocoOHBI
EPEXOINTH
He umerot pexol
o He umerot Tonbko B
HOCTOSIHHOM O0magaroT "
KpucTautmiaeckoro | M3oTporHbl ONVKHUH | KPUCTAILTHY
TEMIIEPATYPhI TEKY4YECThIO
CTPOEHUS MOPSII0K €CKOE U
[UIABJIEHUSA
JKUIKOE
COCTOSIHUE

Tuner KpHUCTaJlJIOB
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UoHHbIE Amomubie Memannuueckue  Monekynsipuote

Kpucrammmueckas ¢popma Beniectsa 6osee ycToldynBa, 4eM aMmopdHasi.
Hedbopmarus. Bunbsl nepopmanym
ynpyras < Jlepopmarus — mniaacTudHas

Bune! nedhopmaniuu
Pactsxenue Cxatue Cnsur N3rub Kpyuenue
Tpocsl ABTOMOOHMIBHBIN
DyHAaMEHT banxn
Kanater Bal
CTPOEHUSA AcdanbsT noporu [IepexpbrTus
Bepesku Hedbopmarius
Onopsl MOCTOB Oanox
HE3HAYUTEbHA

3 i Lo 5=
l [ - .
! - CD ﬁ HE&mpan{,:bld cnoi -——j
F o 7z Y
Mexanuueckoe HanpspkeHne(o)
- o~F
li=
6 o~—[7 g=EF
S S

H

F 2
Bripaxxaercs 6 BM | wum B [1a.

Ha rpaguke BugHO: 4em > yroi HakJIOHa, TEM YIPYTrHe CBOMCTBA MaTepuaia Bbllle, T. €. Ex>E;.

3axoH ['yka
Ll [Tycte |— koneunas mnuHa;lo— wHavaneHas pgnuHa; Al— abcomoTHOE
lp ( Al _.
Al WU3MEHEHUE JJINHBI, fo — OTHOCHUTEJIbHOE U3MEHEHUE JITTUHBI.
F 6 E,>E F S
oc=— k~ R
£ [Ipu wmameix  gedopMmanusx S, o, Jlua
S
- L,
nepexoma K 7 ¢ DaBCHCTBY k u BBEJEM K03 dULIeHT

MIPONOPUMOHANBHOCTH E, KOTOpBI Ha3bIBaeTCd MOAYJIEM

IOnra(monyns  ympyroctd — MaTepualia),XapakTepu3yIOIIMi  ympyrue  CBOMcCTBa  MaTepuala.
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S
CrnepnoBarenbHo, 0 (k03¢ (HUIHEHT )KECTKOCTH 3aBUCUT OT JUIMHBI Tella, OT TUIOIIAIN, OT JUIMHBI U
Mmarepuaia ).
k|All  ES|Al|
=g =5~ B

Tak kax F=k|Al|, To 0

Takum 00pa3oM, BHIHO, 4TO MPH MAJIBIX Ie(OpMAIHIX G IPSIMO MPONOPLHHOHANIbHA €, T.e.0=E|g|
— 3akoH ['yka.

JlnarpaMmMa pacTsKEHUs MaTtepuana

Ecian B34Th IPOBOJIOKY, 3aMepsTh €€ UIMHY W IUIOINAJb, YBEJIWYMBAs HArpy3Ky, TO IOCIE

BBIYHUCIICHUA © U € B KAXIOM COCTOSAHHUH IIOJIYyHaCM AUarpaMmy pacCTsKCHUA.

66 / F 1. HanpsbkeHueoy;, BblllI€ KOTOPOrO  HA4YMHAETCS  HapyIlICHUE
n o o

B JIMHEHHOM 3aBUCUMOCTH G OT €, Ha3bIBACTCS TPE/ICIIOM YIPYrocTH(TOUKa A).
6y” N A D

J1o oyn BeIONIHAETCS 3aK0H [ 'yKa.

0 3 2. Yuactok AB: € pacTeT HENPONOPLHUOHAIBHO.

3. Yuacrok BD: € pacreT — cTepKEeHb pacTATUBaeTcs; 6—CONSt— HaOIoaeTcs TeKy4ecTh
Marepuaa.

4. Tlpu yBenudyeHuu nedopmaluu € pacteT, B TOuke E mocturaer makcmmyma — oOpasery
paszpymaercs.

[Ipenen MpOYHOCTH Gr— HAPSDKEHUE, IPU KOTOPOM CTEPKEHB pa3pymiaeTcs.

3anac npoYHOCTH

OrHomeHne npeaciia NpoYHOCTH BCIICCTBA, U3 KOTOPOTO CACIAHO TCJIO, K HAIIPAKCHUIO IIPU

n — O-HH'
KOTOpPOM paboTaeT TeJo HA3hIBAIOT 3arac MPOYHOCTH. o
MexaHn4eckre CBOMCTBa MaTEpUAIOB
[InacTuyHOCTH— CBOMCTBO MaTepuana TMpH HE3HAUUTENbHBIX Harpy3kax HpuoOpeTaTh

0CTaTOYHYIO Aedopmanuio (CBHHEII, BOCK).

XpYIKOCTh— CBOMCTBO MaTepualia pa3pymarbcsi npu HeOosbmux aedopmanusx (CTEeKIo,

dapdop).

Ykazauus K pabore:
1. IToBTOpUTE o y4eOHUKY § 22 "IInoTHOCTH BelecTna'.
2 N3mepbTe Maccy  Tena Ha Becax (cm. 1abopaTOPHYIO paboty Ne3).
3. HWsmeppTe 00BEM TeEna C TOMOIIBIO MEH3ypkH (cM. jabopaTopHyio paboty No4),
4. Paccuuraiite o dbopmyre p=mVp=mV IJIOTHOCTh JTAHHOTO Tena.
5 Pesynbrarsl U3MEPECHUIN u BBIYKCIICHUN 3aHECUTE B TaOIHILY 10.
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MaoTHoeTs BemecTRA p

Haznaume Macea Tena Of0Lin Tona
BEMIECTRA m, T ¥V, cm? T KT
et M

[TnoTHOCTH BemecTBa HAXOMUTCS MO clieAyromed Gopmyne p=mVp=mV, r1e p — IIOTHOCTb
BEIIeCcTBa, m — Macca, V — 00béM. To ecTh HaM HaJ0 3HATh Maccy W OOBEM Teia, TOrJa MOXKHO
BBIUHCIIHUThH MJIOTHOCTbD.

[TepBoHayanbHO HaiiieM Maccy Ten (aTIOMUHUEBBIN U MEAHBIN OPYCOK) HCIOIb3YsI BECHI KaK B
nabopaTopHoit padote Ne3. CoOCTBEHHO MacCy HaXOUM ITyTeM MO00pa TaKoro Habopa rupb, KOTOPHIi
OyayT oOecrieunBaTh paBHOBECHE PHIYArOB BECOB MPHU YCIIOBUH, YTO HA OJHOW Yalike OyayT THPH, Ha
BTOpOH OyzieT u3mMepsieMoe TeJo.

Jlanee HaxoauM 0O0bEM Tena.

OOBeM BBITECHEHHOH JKHJIKOCTH U3 €MKOCTH B KOTOPOE TOJTHOCTHIO MOTPYKEHO TEJIO u OyAeT
paBeH o0beMy Tenma. V=V2-V1V=V2-V1, rne V2V2 — 06b&M Boasl 1 Tena, V1V1 — HadanbHbIH 00BEM
BOJIBI B MEH3YpKE.

MoskeM epexoIUTh K pacueTy IUIOTHOCTH 10 Gopmyne p=mVp=mV.

Boruucnenus
pan=4617=2,7pan=4617=2,7 r/cm3cm3 = 2700 Kkr/M3m3
pM=8910=8,9pM=8910=8,9 r/cm3cm3 = 8900 kr/m3m3

SamuieM IMMOJIYYCHHBIC TaHHBIC B Ta6J'II/IL[y

105



O0péM Tema | I1TOTHOCTE BElIecTRa
Hazeanue Macca V. cM°
BellecTBa Tena m, T - r/cm> Kr/m>
ATIOMHHHEBBIH
OpvCoK 46 17 2.7 2700
MeIHBIH OpVCOK 39 10 3.9 8900

BeiBoa. B xone naboparopHoil paboThl 3aKpenuid 3HaHUS M0 HAXO0XACHUI0 00beMa M MaccChl

TC€J1a, 1 HA OCHOBAHHH 3THUX JAHHBIX BBIYUCIIUIIN IIJTIOTHOCTH TEJIA.

IpakTuyeckasi padora NelS Peumienne 3agau ¢ npodeccuoHaIbLHON HANTPABJIEHHOCTHIO 10
TeMe IlepBblii M BTOPOIi 3aKOH TEPMOAHUHAMUKH

Leas padoTbl: MOKa3aTh MPUMEHEHHE IIE€PBOIO M BTOPOIO 3aKOHA TEPMOJMHAMHMKU B
IPAKTUYECKUX 3a7auax.

1. Pemnth 3a1auu, N0JIb3ysACh IPUMEPAMHU PELICHUH aHAIOTUYHBIX 3a1a4. [Ipumepsl pemeHuit
He nepenuceiBaTh. [Ipy pemennn 3ajaun NpuBOIUTh MTOJIHOCTHIO BCE MOSICHEHUS K JEHCTBUSIM.

TeopeTnveckasi 4acCTh.

CornacHo niepBoMy 3aK0HY TepMoarnHaMuKH, QQ (KOJMYECTBO BHYTPEHHEH TEIUIOTHI), KOTOPOE
MOJIYYHJI Ta3 U3BHE, PaCXOyeTcs Ha coBeplieHue paboTel AA u n3mMeHeHue BHyTpenHen snepruu UU.
®opmyna 3akoHa: Q=AU+AQ=AU+A.

Bropoe Haya/i0 TepMOAMHAMHUKH (BTOPOH 32aKOH TEPMOANHAMMKH) IJIACHT, YTO TEIJIO He
MOKeT CaMONPOM3BOJILHO NepexXouTh OT 0oJiee X0JIOIHOIO TeJia K 0oJiee TEMJIOMY B 3aMKHYTOU
CUCTEME

dopMmyna BTOpOro Hayaja TEpMOJUHAMUKH  (BTOPOTO  3aKOHa  TEPMOAMHAMHUKN):
AS > (AQ / T),
rae:

AS - U3MEHeHHEe SHTPONUHN CUCTEMBI;

AQ - KOIMUYEeCTBO TeIlla, epelaHHOe CUCTEME;

T - Temmeparypa CUCTEMBI.

IIpuMepsl pelieHus 3aaay

3amada 1. MpeanpHblil ra3 nmosmydws konudectBo TeruioTel 300 /[, mpu 3TOM BHYTPEHHSA
sHeprusi rasza yBenmuumwinacb Ha 100 JIx. KakoBa pabGorta, coBepméHHas TazoMm?
Pemenne: coriacHo nepBOMy Haudaly TEPMOJIMHAMHUKH, TEIUIO, NEPEJaHHOE CUCTEME, MIET Ha
U3MEHEHHEe BHYTPEHHEH SHEprHH U COBEpIIeHHE paboThl MpoTHB BHEeMIHUX cuil: Q = AU + A, roe Q —
KonudecTBO TernoThl, AU — wu3MeHeHWe BHyYTpeHHed osHeprun, A — paboTta Trasa.

Bripazum paboty raza: A = Q — AU. IloxcraBum 3nauenust: A = 300 Ix — 100 JIx = 200 Lx.
1U0



3amaua 2. OnpenenuTs U3MEHEHHE SHTPONUH 14 T a30Ta Mpu W300apHOM HarpeBaHUU €r0 OT
27°C no 127°C.
Pemienue

N3menenne sHTPONUU BBIYUCIISIEM 110 (hopmyiie:
AS = j

I[HSI SJICMCHTAPHOI'0 KOJIMYCCTBA TCIJIOTHI B I/I306apHOM Iponecce MOKHO 3arnMCaTh:
dQ =c ,mdT

VY aenbHas TEII0EMKOCTh IIpH ITOCTOAHHOM JaBJICHHUU:

C Y4€TOM CKa3aHHOTIO, (I)OpMy.]'Iy JJIA SQHTPOIIMKU MOKHO IICPCIIHUCATh TaK:

i+2 m de i+2 m

XS = RIn T =
2 M 1T 2 M 1
Z+H£R(]_nT»,—]_nTi):l+ nm
2 M 2 M T1
o )
AS:I+~mR1nL
A/.’[ Tl

Brinmomaum MMPOBEPKY pa3MCPHOCTHU U NTOACTABHUM 3HAYUCHUSA, HC 3a0bIBas NEpeBOJAUTDH HCJ'IBCI/II/I

B KenbBUHLL:

Lo &= ,Jofc

[As]=—
ke -He%K K K
MOIb
o3
K DH2 A0 P i
2 128.1073 300

OrtBert: 4,18 x/x/K.

IIpakTuyeckas padora Nel6 Pemenue 3a1a4 ¢ npoecCHOHATILHONH HANIPABJIEHHOCTBIO 110

TeMe TemnnoBbie ABHUIaTE/IN
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Ienp padoThl: MOKa3aTb NPHUMEHEHUE IEPBOrO 3aKOHA TEPMOAMHAMHUKE B IPAKTUYECKUX
3agadax. OO000UIUTH 3HAHUS 110 TPUMEHEHUIO TEIUIOBBIX JBUTATEJICH.

S. Pemnts 3agaun, monb3ysach IPUMEPAMM PEIUIEHUM aHANOTMYHBIX 3axad. IIpumepst
pelieHnit He mnepenucelBath. [Ipym pemieHMy 3aauu NPUBOAWUTH IOJTHOCTBIO BCE IOSICHEHHSA K
JIEUCTBUSIM.

6. [lepenectn Tabnuiy B TeTpaab M 3alOJHUTH €€, TMONb3YACh MPEATIOKCHHBIMH
TEOPETUUYECKUMHU CBEJICHUSIMHU.

7. BEINIOITHUTE TECTOBOE 3ajaHUE.

8. JlaTe noapoOHbIe OTBETHI HA KAUECTBEHHBIE 3aJ[auH, [IOJITBEPXK/1asi OTBET CBEACHUSAMU U3
TEOPHH.

Teopernyeckas 4acTb

TennoBoil aBurarenb — 3TO YCTPOICTBO, KOTOpoe MpeoOpa3yeT TEMIOBYIO 3HEPIUI0 B

MEXaHUYECKYI0 paldoTy.

Bbnok - cxema TennoBoro gsurarens

Harpesarens

Qs (rennora)

Pabouee reno

(ras)

Y Qz (rennora)

XonoaunbHUK

[TpuHuMn nelcTBUS TEIJIOBOTO JBUTATEINSI: HarpeBaromuiics ra3 (padodee Te0) paciiupsercs,
JABUT Ha TMOPIIEHb WJIM JIONACTH TYpOWHBI U TEM CaMbIM IPOU3BOJIUT MeXaHHuYecKyro padoty. Ilpu
pacUIMpeHNH ra3 OXJIAXKAAeTcsl U OTAAET TEIIO XOJOAMIBHUKY (Kak MpPaBUIIO, OKpYXKaroIlel cpene).
Jis HopMmanbHOU paboThl JABUraTelss MpoIecc AOJKEH MPOUCXOAUTh IMKIMYECKU: MOCcie KaKIoro
paclIMpeHus Ta3 Hy’)KHO BO3BPAIaTh B IEPBOHAYAIIBHOE COCTOSIHUE.

Bunel TennoBeix aBuratenei. [[Burarenn BHEMIHEro cropaHus. [Ipou3BOIST MeXaHUYECKYIO
paboTy 3a c4€T BHEIIHEro MCTOYHHMKA Teruia. [Ipoliecc cropaHus MPOUCXOMUT BHE ABHUraTels, U
BBIJIEJIIEMOE TEIJIO MepenaéTcst paboueil )KUIKOCTH BHYTPHU JIBUTATeNs, 3aCTaBIsAsA €€ pacIUpsAThCS U
BBITIOJTHSITH Pa0oTy.

JBurarenu BHyTpeHHero cropanus (JIBC). Ilponecc cropanus TorminBa IpOUCXOAUT BHYTPH
camoro jnBurarens. Ilpu cropanum TomaMBa 0Opa3ylOTCS Tra3bl BBICOKOTO JaBJIEHUS, KOTOpHIE
HEINOCPEICTBEHHO BO3JCHCTBYIOT Ha MEXaHMUYECKHE KOMIIOHEHTBI JBUTATels, TAKME KaK IOPILIHH,

IMPUBOJA UX B JIBUKCHHC.

108



KITJ (xo3dduimeHT mojge3HOro aeHCTBHsI) TEIJIOBOTO JBHUTATelisi — OSTO OTHOIICHHUE
COBEPILEHHON TOJIE3HOM pabOoThl ABUraTens K SHEpruu, monydeHHod ot Harpemarens. KIIJl Bcernma
MEHBIIIE SJUHHIIBI, TAK KaK HE BCS TEIJIOBAsi SHEPTUs MPeoO0pa3yeTcs B MEXaHHUECKYIO.

IIpumepsbl pemenus 3aaa4

Bamaua 1. I'a3, 3anuMaromuii o0beMm Vi = 2 M Npu JaBjieHun P1 = 4-10° ITa, coBepmiaer
KpYroBOW IPOLECC, COCTOSALINM U3 HECKOJIBKUX 3TanoB. CHayajga ra3 M30XOpUUYECKU OXJIAXKAAETCS 10
TeMIIepaTypsl, TIPH KOTOPOii ero fapjieHue paBHo P2 = 10° I1a. 3ateM OH M306apHUECKH OXJIAKIACTCS
JI0 COCTOSIHUS, U3 KOTOPOTO BO3BPAILAETCS B HAUaJIbHOE COCTOSIHUE TaKUM 00pa3oM, YTO €ro JaBJICHUE
U3MCHSIETCS C U3MEHEeHHEeM o0bema 1o 3akoHy P = ol (a - mocTosiHHas BenuunHa). Hapucyiite rpaduk

JIAHHOTO KPYroBOTo Ipoiiecca Ha PV-auarpaMMe v HaliuTe COBEPIICHHYIO Ta30M padoTy.

F

P
Pewenue: !

Kak cinegyer u3 ycimoBus 3ajgadd, cocTosHus raza 1 u 3
Fa
M300pa)katoTCsl TOYKaMHU, JIekKallluMu Ha mnpsMoil P = oV, npoxozasiei

yepe3 Hayasio KoopauHart (puc. 1). DTo 03HayaeT, 4To e ¥1
Pi=aViu P3=al3 Puc.1
C yuerom Toro, uto P2 = P3, mony4yaem
B
=2 =05 .
H
Pabota npu KpyroBom rpoiiecce YUCICHHO paBHa MJIOAAN (PUTyphl, OTpaHUUEHHON rpadukoM
ATOTO Tpollecca, B JaHHOM Cllydae - IJIOMaau TpeyrojibHuka 123.
1
A=(R-BY -75)

nojAcTaBisis Vs, moigydaem
2
_R-BK

2R

A = 2,25.10° (%),

Omeem: paboTa B JaHHOM KPYTOBOM TIporiecce paBHa 2,25 -10° JIx.
3amavya 2. AproH, HaXOJAAIIUICS B COCyAe O0OBEMOM 5 JI, HATPEBAIOT TaK, YTO €0 JABJICHHE

Bozpacraet ¢ 100 kIIa no 300 xIla. Kakoe konn4ecTBO TEMIOTHI NOTYYHII ra3?

Pewenue.
JaHo CH PELLUEHWME
MepBbI 3aKOH TEPMOAMHAMMUKM
V =5n Q=AU+ A

P; =100 klla B 3aKkpbITOM cocyae 06bemM HE MEHSAETCS, 3HAYUT,

P, = 300 klla npouecc ABAAeTcA N30XopHbIM. Mpu aTom paboTa
paBHa 0, T.e. A = 0.

5-1073m3

109



10°Ta Konnyectso TennoTbl Toraa 6yAeT paBHO M3MEHEHMIO
3-10°Ta BHYTPeHHei aHeprum

3
MoactaBmm 3HaAYEHUA

3
Q=§(3-105-5-10_3—105-5-10_3)=

3
=3 10°-5-1073 -2 = 1500/x = 1,5 k1K

Q-7 OteerT: 1,5 KxK.

1. HekoTOpO€e KOIMYeCTBO OJHOATOMHOTO Ta3a 3aHuMaet 0obem Vi = 0,1 M° npu gapienuu Pi =
2.10° Ila. Ecnu ras mepexoJuT U3 3TOTO COCTOSHHMS B KOHEYHOE COCTOSHHE 2 CHayala Mpu
M300apUUYEcKOM, a 3aTeM IPH H30XOPHYECKOM HArPEBaHHH, TO OH coBepmaeT paboty A1 = 4-10% JIx.
Eciu e mepexo OCYIIECTBIIAETCS HEIOCPEICTBEHHO 110 IpsAMoii 1-2, To padoTa rasa 42 = 5-10* JIx.
Haiinure naBnenue u 00beM raza B KOHEUHOM COCTOSIHHH 2, a TAK)KE KOJTMYECTBA TEIJIOTHI, MOJTyYeHHbIE
ra3oM B 000UX CITy4asix.

P

L

P

P

Puc. 7

2. B HEKOTOPOM 3aKpBITOM COCYJI€ HaXOAMUTCS ra3, KOTOpbII HarpeparoT, coodmmas emy 2 k/[x
TEIUIOTHI, IpU ATOM AaBiieHue Bo3pociio ¢150 klla no 400kI1a. Kakoii o0bem umeer ras B 3Tom cocyze?

3. B nekoropom mumkimueckoMm mporecce KIIJ[ nBuratenss 50%, 3a mukin ra3 oTmgaéT
xonoaunsHUKY 50 JIx. Uemy paBHa TeIuioTa, OTJaHHAs OT HarpeBaTelns padouemy Teny? OTBeT Aaiite
B JIX.

4. Ecnm uneanpHas TETUIOBas MallliHA 3a IMKJI COBEPIIAET Moie3Hyro padory 50 [Ix u otmaer
xonommtbHUKY 50 JIk, To kakoB ee KIIJ[? (OTBeT maiite B mporeHTax.)

5. T'a3, coBepmarommii nuki KapHo, otnaér xomonnnbHuky 70%  TEIIOTHI, MOJIYYEHHOHR OT
HarpeBarensd. Temnepatypa HarpeBatens T =400 K. Haiigure temnepatypy xonoauiabHuka. (OTBeT
JlaliTe B KeJIbBUHAX. )

Kpurepun oueHnBanus:

Onenka 5 craBUTCS, €CIIM y4allluecsl BBIIOJIHUIM BEPHO S5 3a7aud, BEPHO 3alMCAIA YCIOBHE

3ala4yu, NEPCBCIIN BCIUYUHBI B CUCTCMY CI/I, 3alurcajn BCC HCO6X0,[[I/IMBIG n JOCTAaTOYHBIC (bOpMyJ'IBI
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JUISL pelICHUs] 3a]laud, BEPHO IIOJICTABWIIM YHUCIICHHBIC 3HAYCHHUs, BEPHO IMPOBEIH BBIYHCICHHS TI0
¢dopMyaM U BEpHO 3aITUCaIN OTBET.

Onenka 4 cTaBUTCSA, €CJIU BEPHO U MOJHOCTHIO NIPaBUIIBHO PELIEHBI U 3anucaHbl 4 3a1a4u, B 5
3ajiaue JOMYIICHBI OMUOKK JIN0O B 3alMCH JIaHO, KOO0 Npu nepeBoje enunuil B cucremy CU, 6o B
3anucy (HopMys HITH BBIYHCIICHUSX.

Oruenka 3 cTaBUTCS, €CITM BEPHO U MOJHOCTHIO MPABUIILHO PEIlICHA U 3amucaHa 3 3aj1a4a, Bo 4 u
5 3amavax JOMyIIEHB! OMMOKH J100 B 3aMKCH AaHO, 100 MpH nepeBoae eanHu B cucremy CH, mmubo
B 3aITUCH (DOPMYJT MITH BBIYHCIICHUSX.

OreHka 2 cTaBUTCS, €CITU B KOKIOW U3 5 3a1a4 IOMYIIEHbI KaKue-IM00 OMMOKH 00 B 3alTUCH

naHo, 1100 npu nepesoje eaunull B cuctemy CHU, nmu6o B 3amucu GopMys iU BBIYUCICHUSX.

[IpakTuueckas pabora Nel7 mo teme: Pemenne 3anau Ha 3akoH Kynona

Hean: cuctemMaTu3NpoOBaTh 3HAHUS O pazleny «DJIEKTPOCTaTHUKa», HAYYUThCS MPUMEHATH
CUCTEMY 3HAHHWK Ha pacueT BEJIUYMH, OMUCHIBAIOIINX IEKTPOCTATHUECKOE MOJIC; MPUOOPECTH OIBIT
peLIeHMS 3a/1a4 110 JAHHOW TEME.

Ilopsinok BbINOJHEHHS PadOTHI:

1. BHumarenbHO npounTaTh TEOPETUUYECKYIO YAaCTh U IUIaH PELICHUs 3a/1a4.
2. PaccmoTtpeTs npuMepsl peleHus 3aiau.
3. [Tosy4nTh U BBIMOTHUTH UHAUBUAYAJIbHBIE 33aHMUSL.

Teopernyeckas yacTbp

3aKoH cOXpaHEHHS 3apsija:

B 3amknyTO# cucreme anreOpandeckas cymma 3apsiaoB (Qi, J2,..., n,) BCEX YaCTHUI[ OCTACTCs
HEU3MEHHOI.

g td,+...+q = const

3akoH Kynona
Cuna B3aumoeiicTBus (F) IByX TOYEUHBIX HETOABM)KHBIX 3apsDKEHHBIX TEN B BaKyyMe MpPSMO
MIPOTIOPIIMOHAIPHA TTPOU3BEICHUIO MOAYJIeH 3apsaaa (1 ¥ ) U 0OpaTHO MPOMOPIIMOHATIbHA KBAAPATY

pacCcTodHnA MEXKAY HUMMU.

r]r||x

2

r

F—kx ‘|

rae k=9x10° (Hxm?)/Kn?2 — ko> duIEeHT MponopIHoHaTbHOCTH.
3apsi 2JIeKTpoHa

e=1,6x10"1Kn

111



HanpsiKeHHOCTb 3JIEKTPUYECKOTO OIS
— —
HanpsikeHHOCTD 3JIEKTPUYECKOI0 OIS (E ) paBHa OTHOILEHUIO CHUJIbI (F ), ¢ KOTOpOW 1oJjie

JICUCTBYET Ha TOYCUYHBIH 3apsi, K 3TOMY 3apsiay ().

— -
F
E=—
q

HarmnpsixeHHOCTB 10J11 TOYEUHOTO 3apsjia (B BakyyMe)

Ez!.-x ("[]|

2

r

[TpuHIMTT Cynepno3uIuu mojien

- — — —3
E=E +E, +E,+..

HI/ISHGKTpI/I‘ICCKaH MMPpOHUIACMOCTDb

Pabora npu nepemMereHuy 3apsaa B 0JHOPOJHOM 3JIEKTPOCTATHUECKOM I10JIe
Pabora (A) mpu mnepememeHuu 3apsaa () B OJHOPOJHOM JJIEKTPOCTATUYCCKOM IIOJIC
HanpspkeHHOCThio (E) He 3aBucuUT OT (OpMBI TPaeKTOpPUM JBMKEHUS 3apsja, a OMpeiesercs

BeNMuMHOM nepemenienus (Ad=d>-d1) 3apsina BIOIb CUIIOBBIX JIMHHUH TTOJIS.

A:quKGMJH)

IToreHunanpHas 3HEprus 3apsaaa
[TorennmansHast sHeprust (Wp) 3apsimia B OZHOPOJHOM 3JIEKTPOCTATMYECKOM IIOJIE paBHA
NPOM3BEICHUIO BeNWYMHBI 3apsina () Ha HanpsbkeHHOCTh (E) mons m paccrosaue (d) ot 3apsima 10

NUCTOYHHUKA ITOJIA.
W —gxExd

P
IloTenunan QJICKTPOCTATUICCKOI'O MOJIA

IloTenunan ((p) JIaHHOM TOYKHU QJICKTPOCTATUYCCKOT'O ITOJIA YUCIICHHO PABCH:

1) norenuuanpHOU YHeprun (Wp) eaMHUYHOTO 3apsiaa (() B JaHHON TOUYKE: E

2) npousBezenuto HanpsokenHocTH (E) mons Ha paccrosinue (d) oT 3apsaa 10 KCTOYHHUKA OIS
p=FExqg (B)

Hanpsixenue (pa3HOCTh MOTEHIAIOB)

Hanpsokenne (U) unm pa3HOCTh MOTEHUMATIOB (Q1-Q2) MEXIy ABYMs TOYKAMHM paBHaA

OTHOIICHUIO pa6OTBI IOJIA (A) IIpyu NEPpEMCILICHNUU 3apsaia U3 HadyaJbHOM TOUYKH B KOHCYHYIO K 3TOMY
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3apsiLy (9).

CBs13p MEXly HAIIPSKEHHOCTBIO U HAIPSKEHUEM
L
Ad

DNEeKTPOEMKOCTh
OnexkTpoéMkocTh © NBYX IPOBOJAHMKOB — 3TO OTHOLUEHHE 3apsna () OJHOrO U3 MPOBOJHUKOB K
pasHocTH noteHuuanos (U) Mexy STUM IPOBOJHUKOB U COCEAHUM.

i
c=1

= {._r

DneKTPOEMKOCTh KOHIEHCATOPa
DIeKTPOEMKOCTD IJIOCKOTO KOHAeHcaTopa © MpsAMO MPOMOPIHOHAIbHA TUIONIAAN TUTacTHH (S),
TUDJIEKTPUIECKONW TMPOHUIIAEMOCTH (€) pa3MENICHHOTO0 MEXAY HUMHU AWAJIEKTPHKA, W O0paTHO

IPOMOPIMOHATIbHA PACCTOSHUIO MEXIY MiactiuHamu (d).

_x- I.I
r_[]x 5

L= =

£0=8,85x1071? Kn?/(Hxm?) — anekTpudecKast HOCTOSIHHAS
DHeprus 3apsyKEHHOI0 KOHJIEHCAaTOpa

Oueprus (W) 3apsykeHHOT0 KOH/IEHCAaTOpa paBHA:

_qx{__’ . rlrz _,_{."x{.-’z

W= = _
2 e 9

[TapatenpsHOE COEMHEHNE KOHIEHCATOPOB

Cobu=C1+Co+Ca+...+ Cn

IlocnenoBarenbHOE COEINHEHUE KOHIEHCATOPOB

1/Copm= 1/C1+1/C2+1/C3+...+ 1/Ch

IIpuMmepsl pelienus 3aaay

ITpumep 1.

Ecmn paccrositHue Mexay AByMs TOYEUYHBIMHM 3apsiaMu yMeHbIIUTh Ha 50 cMm, TO cuia
B3aMMOJICHCTBYS YBEIMUUTCS B 2 pa3a. 3apsiibl HAXOASTCS Ha PACCTOSIHUM... (B M).

Hano:

r=(r- 0,5) m

F, = 2F,

Pemenne:

Cuna KYJIOHOBCKOT'O B3aHMMOJEHCTBHUI MEXKIY 3apsaaMu, HaXOJJAIUMHUCS Ha paCCTOSIHUM [
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[Ipu ymenb1ienuu pacctosHus Ha 50 cMm:

F = G192
z &ms 5, (r—0,5)7
1
r—7
o rt
F, (r-o5)2

N3Bnekas KkBapaTHbIA KOPEHb U3 JIEBOW M TPaBOM YaCTH, MOJIy4aeM:

V2(r—05)=r=r=175m

OtBer: r=1,75 m.

[Tpumep 2.

Monaynp BeKTOpa HANpsDKEHHOCTH TOJsl Ha PAcCTOSIHMM 5 M OT 3apsga paseH 150 B/wm.
[ToTeHmman snekTpuyeckoro mnoss Ha paccrosiuuu 10 M oT 3TOTO 3apsina paseH...(B B).

Hano:

E =150 B/m

rn=>5m

r=10m

Pewrenue:

Hcnonb3yst BeIpaxeHHs U1l MOIYJS HANpPSHKEHHOCTH W TMOTEHIMAlla 3JIEKTPOCTATUYECKOTO

E=—1 _g=—9_

AMEE T dmssort

IoJIs1, Co34aBacMoOro TOYCUYHbIM 3apA10M, IMOJTyHacM:

Pazngenus IMEPBOC BBIPAKCHUC HAa BTOPOC, IMOJTYUUM:

Otcrona:

_ 180.5%
p=—0 = 3?58.

Ortser: 375 B.

[Ipumep 3.

JIBa OAMHAKOBBIX METAJUIMYECKUX IIapuka ¢ 3apsanamu - 120 mxKn u + 40 MxKn npusenu B
COIIPUKOCHOBEHHUE U pa3Benu Ha paccTosHue 10 cm. Cuna B3auMOACHCTBUS IAPUKOB paBHa... (B kKH).

Hano:

1= -120 MxKo = -120*10° Kn

1= 40 MxKi = 40%10° K
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rn=10cm=0,1m

Pemenue:

[[Tapykn OAMHAKOBBIE, CIEAOBATEIIBHO, OHU HMEIOT OJUHAKOBBIE EMKOCTH M IIOCIE
CONPUKOCHOBEHHSI 3apsi/ibl HA IIapUKaX OKaXyTCsl PaBHBIMU.

[To 3akoHy coXpaHEeHUs IESKTPUIECKOTO 3apsia:

41 +4;= 29

F—7

__gytgg _ —120+40

= —40 »xKn

-
& r

Cuity B3auMOJICHCTBHUS IIAPUKOB OIPEAeNIUM 10 3akoHy KyioHa:

s Iz
_ 5.10°(40-107%)

F (o,1)*

= 1440H

F=144xH

Orser: 1,44 xH.

[Ipumep 4.

B omHOpOIHOM 3EKTpUYECKOM ToJie ¢ HampsbkeHHOCThio 200 B/M HaxomuTcs B paBHOBECUHU
neLTHHKA ¢ 3apsaoM 107 K. Macca NbIIMHKYE B TpaMMax paBHa..

Hano:

E =200 B/m

q=10"Kn

Pemenue:

Ha 3apsikeHHYI0 MBUTHHKY B OJHOPOJHOM JJIEKTPUUYECKOM T10JI€ JEUCTBYIOT JIBE CHIIBL: CHJIA

F.=mg;F=gqE

F F
TSDKECTH ~ ™& 1 CHJIa CO CTOPOHBI DJICKTPHUYCCKOTO IT0JIA. . IlpummHKa 6y21€T

HaxXOJUTBCS B PaBHOBCCHHU, €CJIX 3THU CUJIbI PABHBI IO MOAYJIIO U ITPOTHUBOIIOJIOKHBI ITO HAITPABJICHHUIO.

m— 7
mg =qF
m=gqE/g

HO)ICTaBI/IM YHCJIOBBIC 3HAYCHUA !

1077 .200 _
m = T =2-10 E'I{I

m=2-10"%
BLIpaSI/IM Maccy ITIBIJIMHKHU B T': .

P —
OTBeT:m_2 10 T

3aganue: Hcnoub3ysi TeopeTMYeCKMH MaTepuasJ OTBeTbTe Ha BONPOChl. BapuaHThI

pacrnpenesisieT mMpenoaaBaTeb.
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Bapuant 1
Yacms 1

1. /lea moueunsix 3apsaoa npumazuearomcs opyz K opyzy, eciiu 3apaobvl...

1) oauHAKOBBHI 10 3HAKY U JHOOBIE IO MOAYIIO

2) OJIMHAKOBBI 110 3HAKY U MOYJIIO

3) pa3iauy4HbI [0 3HAKY U JIOOBIEC 10 MOIYIIIO

4) TOJBKO pa3IMYHbI 110 3HAKY U OJJUHAKOBBI [10 MOAYIIIO

2. Hezapsasicennan Kanjisa H#cuo0KoCcmu pazoeaunacs Ha 0ge yacmu. 3apao nepeoi +d, a 3apsao

emopoi...

10 2) +q 3) +2q 4) q

3.3akon Kynona eévinonnsaemcs ons...
1) mo0OBIX Ten 3) HENOABMXKHBIX TOUECUHBIX 3apPsI0B
2) 3apsKEHHBIX Tel 4) ABMXKYIIMXCS TOYEHHBIX 3aps0B

4.Beruuuna 00n020 u3 3apa008 yeeauuunacy 6 3 paza, HpuU IMOM CUNA UX

ezaumooeicmeus...
1) yBenmuunace B 3 pasza 3) ymenbmmiace B 3 pasza
2) yBenuuuiack B 9 pa3 4) ymenbluiach B 9 pas

5.Paccmoanue mexncdy 3apadamu ymeHvwiuaocy 6 4 paza, npu ImMom cuna ux

63aumooeiicmeus. ..
1) yBenmuunace B 4 pasza 3) ymenbmmiace B 4 pasza
2) yBenuuuiach B 16 pa3 4) ymenbumiach B 16 pa3

6.Cuna e3aumodeiicmeus 08yxX MoYeyHbIX 3aPA006 NPU YMEHbUICHUU 8eIUYUHBL 00HO20 U3
Hux 6 4 paza u ymenvuieHUU paccmoanus mexcoy Humu 6 2 pasa...

1) He u3meHuTcs 3) ymenbmures B 8 pas

2) yMeHbLIUTCS B 2 pasza 4) ymenpuuTcs B 16 pa3

7./16a 00uHaK06bIX MEMANTUYECKUX WLAPA 3APAICEHBL PAGHHIMU PAZHOUMEHHBIMU 3aPAOAMU.

llIapuKu npueejiu 6 CONPUKOCHO6éeHue U pa303unyﬂu Ha npesricHee paccmosaHnue. Cuna

ezaumooeicmeus...
1) He u3MeHUIach 3) ymeHsIImIIach B 2 paza
2) yBenuuyuiach B 2 pasza 4) paBHa HyJIIO

8.Kaxkoe manpaenenue umeem 6eKmop Ky10HOBCKOUW CUbl, OelicmEylowell Ha

RON0HCUMENBbHDBLIL 3aPA0, NOMEULEHHbLIL 8 MOUKY A?
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1) 1 @ §? @

A

4) 4 Yacmo 2

9. Kax V % 63aumooeiicmeyom 3apaxcennvle mena?
3apsiKkeHHbIE TeJIa Bun BzanMoaelcTBus

A) oba Tema MMEIOT OTPHULATEIbHBINA 3apsi

B) o00a Tena UMEIOT MONIOKUTEIbHBINA 3aps] 1) npuTtsbkeHne
B) oxHO Teno MMeeT MoJIOKUTEBHBIN 3apsij, a 2) OTTaJKUBaHUE
BTOPOE - OTPHLIATEIIbHBIN 3) B3auMo/CHCTBHUE
OTCYTCTBYET
A b B
Yacmo 3

10. /leéa oounaxkosvix wapuka ezaumooeiicmeyiom 6 sakyyme ¢ cunoii 300 mH, naxoosce na
paccmosnuu 0,1 m opye om opyza. Haiioume 3apsaowvt wapuxos. Omeem 3anumiume 6 mxKi.

Bapuanr 2
Yacmo 1

1./]6a moueunvix 3apaoa ommankuearomcs opyz om opyza, eciu 3apaobl..

1) oaMHAKOBBI 1O 3HAKY U JIFOOBIC IO MOIYITIO

2) OIVHAKOBBIE 110 3HAKY U MOJYJIIO

3) pas3nuyHbI 110 3HAKY U MOJYITIO

4) pa3UYHBI 110 3HAKY U OJJMHAKOBBI 10 MOYJIIIO

2.Memannuueckaa naacmunxa c 3apaoom -10e nomepana uemwvipe 31eKmpona. 3apao
HIACMUHKU CIMAJl PAGeH..

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

3.3apsao, pazmepvl KOMOPO20 HAMHO20 MEHbUIE NO CPAGHEHUIO C PACCMOAHUEM, HA KOMOPOM
ouenuearom e2o oeiicmeue, HA3bl6ACMCA. ..

1) uaeanbHbIM 3) ToueuHBIM

2) MUHUMAJIbHBIM 4) s1eMeHTapHBIM

4. Benuuuna o00H020 u3 3apA006 YMEHLUWIUACL 6 2 paza, HpuU IMOM CUNA UX

83aumooeiicmeus. ..
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1) yBemuumiacek B 2 pasza 3) yMeHbIIMIach B 2 pasa
2) yBenuumiach B 4 pasza 4) ymenbInuiach B 4 pas

5. Paccmosanue mexcoy 3apaoamu yeauuunocy 6 2 paza, Npu IMOM CUNA UX

ezaumooeiicmeus...
1) yBenuumiachk B 2 pasa 3) yMeHbIMIach B 2 paza
2) yBenuumiach B 4 pasa 4) ymeHbIuiIach B 4 paza

6. Cuna e3aumoodeiicmeus 08yx mMoueuUHbvIX 3APA006 NPU YEEAUUCHUU GeAUUUHBL 00HO20 U3
HUX 6 2 pa3a u yMeHbUWeHUU PACCMOAHUSA MeHcOy HUMU 6 2 pasd...

1) He U3MEHHUTCS 3) ymeHbIIUTCS B 8 pas

2) yMEHBIIUTCS B 2 pa3a 4) yBennuutcs B 8 pa3

1. /1éa 00uHaKo6vIX MemaniuyecKux wapa 3apaxcenvl pagHvlMu 00HOUMEHHBIMU 3aPAOAMU.
Hlapuku npuseenu 6 CcONPUKOCHOBEHUe U pPA30GUHYIU HaA npexychee paccmosanue. Cuna
63aumooeiicmeus...

1) He U3MeHMIACH 3) yMeHbIIUIach B 2 pasa

2) yBenuumiach B 2 paza  4) paBHa HYIIO

8. Kakoe Hnanpasénenue  umeem  6eKmMoOp  K)JIOHOBCKOU  CUJbl,  O€UCHIBYIO
uieil Ha NO0HCUMebHbLIL 3apA0, nomeuieHHblil 6 mouxky C?

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

-
1=
Yw

® w G

Yacms 2

9. Kak e3aumodeiicmeyrom 3apsaicennvle mena?

3apsiskeHHBbIE TeJa Buja BzaumoaeiicTBus

A) ABC CTCKIIAHHBIC ITAJIOYKH, ITOTCPTHIC O HICIIK

B) crexiaHHas nanoyka, notepras o IIEIK, U 1) mputshkeHue
700HUTOBAS 2) OTTaJKWBaHHE
rajouka, orepras 0 Mex 3) B3aUMOJEUCTBHE OTCYTCTBYET

B) JABC 500HUTOBEIC MaJIOYKH, HOTCPTHIC O MCX
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Yacms 3

10. /1ea oounaxoewix 3aparxicennblx wiapuka naxooamca na paccmosanuu 0,2 m opyz om opyza
u npumsazuearomces c cunoii 4 mH. Ilocne mozo, Kak wiapuku npuseau 6 CONPUKOCHOGEHUE U Pa36eiu
Ha npejxcHee paccmosHnue, OHU cmaiu ommankueamovca ¢ cunou 2,25 mH. Onpedenrume

nepPeoOHAYANbHBLIL 3aPA0 WAPUKOE. 3anuuiunme 3Ha4eHue 6eNUYUHbL 00abULe20 3apada 6 mK

[IpakTrueckas padota Nel8 mo teme: Pemenne 3a1ad Ha B3aUMOICHCTBHUE 3apsiI0B
Hean: cucrematu3upoBaTh 3HaHUS MO pasneny «B3aumoneiicTBue 3apsaoB», HAYUUTHCS
MPUMEHSATD MMOTYYEHHBIC 3HAHUSA JIJIS1 PEIICHUS 3a7a4 Pa3IuYHbIX THUIIOB.

Ilopsinok BbINOJTHEHHS Pa0OTHI:

1. BHuMaTenpHO IpoYnTaTh TEOPETUYECKYIO YAaCTh U IUIAH PELIeHUs 3ajay.
2. PaccMoTtpeTs npuMeps! peleHus 3aau.
3. [losny4uTh U BBINOIHUTH HHAUBUIAYAIbHbBIE 3aaHUSI.

Teopernveckasi 4acThb
. DIEKTPOCTaTUUECKOE TOJIe SBJISETCS MOTEHIIMAIBHBIM. DTO 03HAYaeT, 4To padoTa Cuil
AIIEKTPUYECKOTO MOJIs IPU NEPEMEILIEHUY 3apsia 1o 11000U 3aMKHYmMou mpaekmopuu pasua Hyio. Eciu

’K€ TPACKTOPHS NIEPEMEILICHUS 3apsia HE SBIISIETCS 3aMKHYTOM,

(1

PaGora snekTpruyeckux cui Mpu MaJioM MepeMeNleHnH 3apsaa

TO paboTa IIMEKTPOCTATHUECKOTO TIOJISI B ATOM CIIydae OMpeAesIeTcs ClenyomuM oopazom: AA
= EgAlcos a, rne E — HanpsokeHHOCTD 1MOJIs B TaHHOM TOYKe, (| — BeJUYMHA 3apsina, Al — BenmuunHa
MaJIoro TepeMelIeHus 3apsaa, o — Yrold MeXAy HalpaBlIeHHeM HaIlpsDKEHHOCTH TOoNsd U
nepeMenieHeM 3aps/a.

. Eciu nmepemectuth 3apsn ( M3 TOYKM C HOTEHUUaNbHOM sHeprueil Wi B TOuky ¢
noteHuuanbHou sHeprue We, 10 pasnuya smux snepeuii 6yoem pasna pabome, KOTOPYIO COBEPIIUT

npu 3Toil anekrpuueckoe momue: A = Wz — Wy,
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https://yourtutor.info/wp-content/uploads/2012/01/rabota-polja-po-peremeweniju-zarjada.png

Pa60Ta, COBCpI1IacMas I0JICM IIPHU IICPCMCIUICHNU 3apAaa U3 O,I[HOI71 TOYKHU B APYTI'YIO, PaBHACTCA
PA3HOCTH NOTCHIHAJIbHBIX E)HCpI“I/Iﬁ 3apsAaaa B OTUX TOYKaxX

o HOWZ@HHHCZJZ JJIeKmMmpuvyecKkoeo nojsid — (1)I/I3I/I‘-IGCKa$I CKajiipHas BCJIMYMHA, paBHasd
OTHOIICHHUIO HOTeHHHaHLHOﬁ OHCPI'UU SJICKTPHUYCCKOI'O 3aps/ia B HaHHOﬁ TOYKC SJICKTPOCTATHYCCKOI'O
I10JIA K BEJIMYKUHE 3TOI'O 3apsja:

p=—
q

Ilorenuman — suepeemuueckas xapaxmepucmuxa noisa. B MEXIyHapOJHON CUCTEME €IUHMI]
(CHN) enqununeit moteHuana sisercs BoasT (B).
. llomenyuan nons moueunoco paspso0a U 3ApsAN*CEHHOU cghepbl  ONPENeNseTcs

COOTHOIICHUECM .
q
@ = 'Ic_!
T

rzie I — paccTosHUE OT 3apsa WM LeHTpa cdepsl 10 JaHHON TOYKU MPOCTPAHCTBA (B clydae
co cepoit 3Ta Touka JOJKHA pacrosarathes BHe cephl), (| — Benuuuna 3apsaaa, k=9 - 10° H-m%/Kn?
— nocTosHHBIA Ko3duuuent. [loTeHuuan BHyTpu cdepbl B 000N TOUKE OJMHAKOB U pPaBEH

MOTCHIMATy Ha €€ IMOBEPXHOCTHU:

q
¥ = kﬁ!
rae R — paauyc chepsr.
. Paboma no nepemewenuio anekmpuueckoeo 3apsaoa ( U3 OXHOW TOUKU MPOCTPAHCTBA B

APYT'YHO paBHaA IMPOU3BCACHUTIO 3TOIO 3apd/id Ha pa3HOCTb IMMOTCHIIUAJIOB MCKAY 3THUMHU TOYKaAMMU: A =

d(e2 — @1).
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. Hanpsoicenue Mexay IByMsT TOYKAaMH OJHOPOJHOIO 3JEKTPOCTATHUECKOro OIS U
HAINpPsDKEHHOCTh 3TOTO MOoJisi cBsizaHbl cootHomieHuem: U = Ed, rme d — paccrosaue mexmy
HKBUIIOTEHIIMAJIbHBIMU [TOBEPXHOCTAMHU, KOTOPBIM ITPUHAJIIEKAT ITU TOUKH.

[Tpuctynum Teneps K perieHuto 3a1a4. Kak u Bcerjja peKOMEH1yr0 YUTATEII0 PEINTh UX CliepBa
CaMOCTOSITEIIbHO, a MOJIyYE€HHbIE PEIICHUs] CPAaBHUBATh C IPUBEJCHHBIMU B cTaThe. HekoTopsle 3a1aun
B3STHI M3 pealbHbIX BapuanToB EI'D o ¢u3uke pa3HbIX JeT, a TAKKe U3 MOCOOUN, PeKOMEHIOBAHHBIX
JUISL IOATOTOBKH K 3TOMY 9K3aMEHY.

IIpumepsl pemenus 3aaa4

[Ipumep 1. Ilpu nmepemenieHuu 3apsga MEXKIy TOYKaMH C Pa3HOCThbIO MOTeHIHUanoB |1 kB
AIIEKTpUYECKoe oJie copepirmio padory 40 mx/[x. Uemy paBeH 3apsin?

Pemenwue: perraem yctao. 13 hopmyiber A1z = (@2 — ¢1) moirydaem, uto ( = A/ (92 — 1) =40 -
10 ¢/10°=4-10 *Kun.

Otset: 4 - 10 8 K.

[Tpumep 2. B 01HOPOIHOM 3JEKTPUIECKOM T10JI€ HANPsKEHHOCTHIO 60 KB/M mepemecTiim 3apsia
5 uKn. Iepememienue, paBHOE 110 MOyI0 20 cM, 06pasyer yroa 60° ¢ HanpaBIeHHEM CHIIOBO JIMHIH.
Haiitu paOoty mnois, M3MeHEHHE NOTEHLUAIbHOW SHEpruM B3aUMOACWUCTBUS 3apsia M OIS U
HanpsDKEHNEe MKy HadyalbHON M KOHEYHOM ToukaMu nepemenieHus. /latb OTBEThI Ha T€ K€ BOIPOCHI
JUIsL cIydasi IepeMelleHNs OTPULIATEIbHOTO 3apsijia.

Permenne: paboTy MoJIs IO MEPEMEIICHUIO 3apsiia MOKHO BBIYHUCIUTH 10 popmyie A = Eqlcos a
=60-10%-5-10"°-0.2 - cos 60°=3 - 10 3 Jlx. 3MeHeHHEe NOTEHIUATLHON YHEPIUU B JAHHOM
cilydae paBHO COBEpILEHHOI pabote, ciaemoBatenbHo: AW = —A = —3 - 10 ~° Jlx (moTeHIManbHas
SHEPTrHsl yMEHbIIHIACk). HampshkeHne onpenensercs: yepe3 HanpspkeHHOCTh moist o ¢popmyae: U = Ed
= Elcos 0, mockosibky B JaHHOM cliy4dae B 3apsijl MEepeMeliaiy MoJ YIJoM K HalpaBJICHUIO CHJIOBBIX
manmit. Utak, U = 60 - 10° - 0.2 - cos 60° = 6000 B. B ci1yuae ¢ oTpHUIaTeNIbHBIM 3apsSA0M 3HAYEHHs A
u AW 1pocTo U3MEHST 3HaK.

Otser: 3 - 10 ~° Ix, —3 - 10~ JIx, 6000 B, -3 - 10 > JIxk, 3 - 10 ~> JIx, 6000 B.

[Ipumep 3. DHEKTPOH NEPEMECTWICS B YCKOPSIOIIEM DJJIEKTPUYECKOM II0J€ U3 TOYKH C
noreHuuaioM 200 B B Touky c¢ moreHuumanom 300 B. HailiTu KMHETHYECKYIO 3HEPIUIO 3JEKTPOHA,
U3MEHEHHE €ro IOTEHIUAIbHOW JHEPrUU M MPHOOPETEeHHYI0 CKOpoCcTh. HauanabHyl0 CKOpOCTh
AJIEKTPOHA CYUTATh PABHOM HYIIIO.

Pemenue: pa®oTy, KOTOPYH COBEpIIMJIO TOJE MPH MEPEeMEUICHUH AJIEKTPOHA, HaXOJAUM
cnemyrommM o6pazoM: A1z = (g2 — ¢1) = 1.6 - 101° - (300 — 200) = 1.6 - 101 JTx. 3HaunT n3meHeHnE
NOTEHIUAIBHON SHEPTHH JEKTPOHa B moje paBHo: AW = —A = —1.6 - 10 ~ 7 . D10 yMeHblIeHNE

KOMIICHCHUPYCTCA YBCINYCHHUEM €TO KHHETHYCCKOM OHCPIMH Ha TAaKOC€ XK€ 3HAYCHUC, YTO CICAYCT U3
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3aKxoHa coxpanenust sHeprun: E = 1.6 - 10 "7 k. Tlockoasky E = mv? /2, tov="Q2E/m) =2 - 1.6
-10 /9.1 - 10 3y = 6 Mm/c.

Ortser: 1.6 - 10 ~° JIx, —1.6 - 10 ~° I, 6 Mm/c.

[Ipumep 4. Kakyro pa3HOCTb NOTEHUIUANOB JIOJDKEH MPOWUTH AJIEKTPOH, YTOOBI €r0 CKOPOCTh
yBeauumiach ot 10 go 30 Mwm/c?

Pemienue: n3sMeHeHME KMHETUYECKOW HEPTUM JIEKTPOHA NIPU NMPOXOKIECHUHU TAKOW Pa3HOCTU
IOTEHIIMAIOB MOXHO HaiiTH U3 cooTHOmeHns:: AE = muz? /2 — mui?/2=8/18 -9.1-10 3" - (30 -
10 %)% = 3.6 - 10 ~ ' JIx. D10 ke M3MEHEHHE IO 3aKOHY COXPAHEHHs SHEpPIMH paBHsETCS pabote,
KOTOPYIO COBEpIIMIIO TIPH 3TOM 37eKTpHueckoe mone: E = —A = -3.6 - 10 ~ !¢ JIx. Hcnons3sys
COOTHOIIEHHE, 3alMCAHHOE B CAMOM Hauaie, momydaem: @2 — @1 =A/q=-3.6 - 10 "%/ 1.6 - 101° = -
2250 B.

Otser: -2250 B.

3ananue: Pemnre 3a1aum, onupasicb Ha NPUMeEPbI PelIeHni.

Bapuanr 1

Nel

Kakyro paboTy coBepiaer sneKTpocTaTHdeckoe moje npu nepemenieHun 3apsaa 20 uKm u3
Touku ¢ noreHuuaioM 700 B B Touky ¢ noteHuuainom 200 B?

No2

[Tapux maccoit 0,1 T mepeMemaercss B JIEKTPOCTATUYECKOM TIOJIE M3 TOYKU A, TMOTEHIHAI
kotopoii paseH 1000 B, B Touky B, notenuuan koropoii paBeH Hyt0. OnpeaenuTb CKOPOCTh IapuKa B
Touke A, eciu B Touke B ero ckopocts 20 M/c. 3apsan mapuka 10 mxKor.

Ne3

B BepTHKanbHOM 3JIEKTPOCTATUYECKOM IIOJIe, CO3JaHHBIM JBYMS Pa3sHOUMEHHBIMU
TOPU30HTAIIBHO PACIOJIOKEHHBIMU IIJIaCTUHAMH, TOKOMUTCS Kalejgbka Macia C 3apsioM, pPaBHbBIM
aneMeHTapHoMy. OmpeaenuTh pajuyc KamelbKd, €Clu HamnpsskeHue mexay miaactuHamu 500 B, a
paccrostane Mexay Humu 0,5 cM. TIoTHOCTS Maca cautaTh paBHOM 900 KI/M°, Vinapa = 4TR3/3.

Bapmuanr 2

Nel

B 0qHOpPOIHOM 37IEKTPOCTATHUECKOM I10JIE€ IEPEMEIAIOT MTOJIOKUTEIbHBIN 3aps/] U3 TOUKU A B
touky B. IIpu 3Tom nosne cosepaer padoty 20 mx/[x. OnpeaenuTs BeIUUUHY 3aps/a, €Clid pPa3HOCTh
MIOTEHIIMAJIOB MeX 1y Toukamu paBHa 500 B.

No2

JIBUTasich B 3JIEKTPOCTATUYECKOM II0JI€, JIEKTPOH YBEIUYMI CBOIO cKopocTh ¢ 2000 km/c 110
3000 xM/c. KakoBa pa3HOCTh MOTEHIIMAJIOB MEXAY Ha4aJbHOW U KOHEUYHOHN TOUKaMH ITyTH?

Ne3
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Kanenbka macna paguycom 1 MkM, HecyIiast Ha cede 3apsij IBalaTH IEKTPOHOB, HAXOIUTCS B
PaBHOBECHUH B AIEKTPOCTATUYECKOM I10JI€, CO3/JaHHOM F'OPU30HTAJIBLHO PACIOI0KEHHBIMH Pa3HOUMEHHO
3apspKeHHBIMU TulacTuHamu. Hanpsbkenune mexay muiactuHamu 95 B, paccTosHue MeXy HUMU 8 MM.
YeMy paBeH 3apsn ekTpoHa? [IIoTHOCTh Macia NpUHATE paBHOH 900 kr/Mm°.

Bapuant 3

Nel

B onHOpOIHOM 371€KTpOCTAaTHYECKOM MoJie HanpspkEHHOCTHIO | KB/M mepemectunu 3apsig 25
HKi B HampaBieHun cuioBoil JMHMM Ha 2 cM. HaliTu HM3MeHEeHHe NOTEHUUAIbHOW 3SHEPrUu
B3aUMOJICHCTBUS 3apsA/ia U MOJIA.

Neo2

Kakyro ckopocTh mpuOOpEN JIIEKTPOH, TPOJICTAIONIUN PACCTOSHUE MEXIYy TOYKAMHU
3JIEKTPUYECKOTO Mot ¢ pa3HocThio noreHuuanoB 3000 B? HauanbHas CKOpOCTh 3J€KTpOHA paBHA
HYIIIO.

Ne3

3apspkeHHas Kaneinbka HeTu paanycoM 2 MKM HECET 3apsil B 3 aJieKTpoHa. PaccrosiHue Mexy
TOPU30HTAIIBHO PACIOJIOKEHHBIMH PA3HOMMEHHO 3apSKEHHBIMU IJJACTUHAMU, TJI€ «BUCUT» Karuis, 8
mM. KakoBo Hamnpsokenune Mexay riactuHamu? [lnotnocts nHedtu 800 Kr/m3, Viapa = 47R3/3.

Bapuanr 4

Nel

DJNEKTPOH B KMHECKOIIE TEIEBU30pa YCKOPSAETCS U3 COCTOSIHMSI MIOKOSI Pa3HOCTBIO MOTEHIINAJIOB
5 kB wu mposeraer 1o TropuU3OHTamM paccTogHME S5 CcM. YeMy paBHa HaNpsKEHHOCTH
AIEKTPOCTATUYECKOTO OIS ?

Neo2

OTpunaTenbHO 3apsHKEHHAsT 4acTUIlA Maccod 5,6 HI BBUIETA€T M3 TOYKH, MOTEHIIMAT KOTOPOM
600 B, co ckopoctbio 12000 kMm/c B HampaBieHUH JUHUN HanpspkEHHOCTH. OmpenenuTe NOTEHIHAT
TOYKH, TOW/I 10 KOTOPOM YacTUIa OCTAHOBHIIACH.

Ne3

Tpu Toueunbix 3apsana mo 20 HKI kaxablid pacroaoKeHbl BAOJIb NPSIMONA HA PACCTOSTHUU 2 CM
opyr ot apyra. Kakyio paboTy HYXHO COBEpIINTH, YTOOBI PaCMONIOKUTH ATH 3apsiibl B BEPIIMHAX
PaBHOCTOPOHHETO TPEYroJibHUKA?

[Tpaktrueckas padorta Nel9 mo Teme: Pemenue 3amau ¢ mpodecCHOHATIBHON HAMPaBIEHHOCTHIO
no reme Konaencaropsl

Hean: cucteMaTU3UpOBaTh 3HAHMS 1O pazAeny «DJEeKTpuueckas eMKOCTh. KoHaeHcaTopsl.
CoenvHeHHE KOHACHCATOPOB. OHEPrusi 3apsDKEHHOTO KOHJAEHCATOpa», HAyYUThCS TMPUMEHSTH

MOJIYYCHHBIC 3HAHUSA JJI PCHICHUA 3a1a4 PasIMYHbIX TUIIOB.
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ITopsinok BbINOJIHEHUSI PadOTHI:

1. BxumarenpHO NPOUYUTATH TEOPETUUECKYIO YACTh U IIJIaH PEIICHUS 3a/1a4.

2. PaccMmoTpeTrh mpuMephl pelieHus 3a/1a4.

3. Tloay4uTb U BHINOTHUTH UHIUBUIYyaTbHBIC 3aaHUSI.

Teopernyeckas 4acTb

Cuna moka

Cuna toka () paBHa: oTHomIeHUIO 3apsiaa (4qg), MEPEHOCUMOT0 Yepe3 MOMEPEeYyHOE CEUCHUE

MIPOBOJIHUKA 33 HHTEPBaAJ BpeMeHH (A¢), K STOMY HHTEPBaJy BpPEMEHH;
Ag
I=
At

3axon Oma 0na yuacmka yenu

Cuna toka () mpsimo mpomopuHMoHanbHA NpuiokeHHOMY HampsbkeHutro (U) um obpartHo

HPOTNOPIMOHATIbHA COMPOTHBIICHHIO TIpoBoIHUKA (R)
L

R

Conpomuenenue npo8ooOHUKa
Conporusienue (R) mnpoBojHMKAa 3aBHCHT OT Marepuana MPOBOAHUKA (YIEIBHOTO

CONPOTHUBJICHUS p) M €r0 FTEOMETPUICCKUX Pa3MepoB (JUTHHBI | ¥ TUTONIAIH TOTIEPEYHOTO CCUCHHUS S).

i
R=px_
t=p 3

* Yoenvnoe conpomuenenue npoeoonuxa
RE= E A

= VYaenbHOe compoTuBieHUE (p) MPOBOJAHMKA — BEJIMYMHA, YHCIEHHO paBHas
CONPOTHUBJICHUIO TIPOBOAHUKA JauHOM () omuMH MeTp M MJIOIIAAbI0 MOMepeyHoro cedenus (S) oauH

KBaJI[paTHBIA METP.

xS
=
P=—

COHpOTI/IBHeHI/Ie MMOoCJICA0BATCIIBHO COCAMHCHHBIX ITPOBOJIHUKOB

1 1
R Zl: R ConpoTHBieHHE NAapAJUIETbHO COETMHEHHBIX TPOBOIHUKOB

PaboTa mocTostHHOTO TOKa

Pabota (4) noCTOSHHOTO TOKa HA Y4acTKe IIeTIH:

1) paBHa nmpousBenenuto cuibl Toka (l), Hanpsoxkenus (U) u Bpemenu (t), B Te4eHHE KOTOPOTO
A=UxTIxt ;

coBepIanack padbora:

2) paBHa NPOU3BEACHMIO KBaapaTa cuibl Toka (1), conpoTusienus yuactka 1enu (R) u BpemeHu

i
(t): A=I"xRxt (I7st MOCIeIOBaTENILHOTO COSIMHEHMSI IIPOBOTHUKOB)
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3) nmponopuroHanabHa kBaapary Hampspkenus (U), Bpemenu () © oOpaTHO MpONMOPIHOHATIBHO

2
e conpotusieHuto (R) yuactka uenu:

A=—no
ki (1151 HapasIeIbHOTO COEMHEHHS IPOBOIHUKOB)
2 Mownocms moka
=7
k MorHocTh (P) HOCTOSIHHOIO TOKA HA y4acTKe LIeNH PaBHa:
A 2
P="__ ;P:UXI;P:I = R

t
Onekrpoasuxymas cuia (31C)

DIEKTPOABMKYINAS CHa B 3aMKHYTOM KOHTYpe (&) mpezcraBisier co0ol OTHOIICHHE PabOThI
CTOPOHHUX CHJI (A) MpH NepeMeIIeHHH 3apsi/ia BHYTPU HCTOYHHUKA TOKa K 3apsiny (q).

{=A/q
CU: B

3akon Oma 0ns nonrHou yenu

Cuna Toka (l) B monnoi nienu pasHa otHomeHuto IJ[C () uenu k €€ moaIHOMY CONPOTUBICHUIO

(BHYyTpEHHEMY COIPOTHUBJICHHUIO I U BHEIIHEMY R).

- &
_.l'-|—f1"

I

Ilocneoosamenvroe coedunenue UCMOYHUKOB MOKA

Ecnu nenb coaepKUT HECKOJIBKO MOCIEeI0BATENIbHO coelMHEeHHBIX 31eMeHToB ¢ DJIC (&1, &,
&3,...), To monHas DJIC nenu (&) paBHa anredpanueckoit cymme 3/1C oTenbHBIX 3JIEMEHTOB.

=OH10+ET .

Ilapannenvnoe coedunenue UCMOYHUKOB MOKA

Ecnu menb coaepKUT HECKOJIBKO MapajiebHO COEAMHEHHBIX 3JeMEeHTOB ¢ paBHbiMH JJIC
(&1=&=8=...), To momHas DJIC nenu (&) papaa DJ]C Kax 00 37I€MEHTA.

E=O1=6=8=.

IpumepsI pelieHus 3a1a4

ITpumep 1.

JIBa MpOBOJHUKA TpPU MapaICTHPHOM COCIUHEHHUH HMEIOT COMpoTHBIeHHE 6 OM, a mpu
MOCJIEA0BAaTENbHOM coeMHeHnH - 27 OMm. [Ipon3BeneHne COpOTUBICHUI ITUX MTPOBOJHUKOB PaBHO...
(8 Om).

Hano:

Rnap =6 Om

Rioei= 27 Om

Pemenue:

HpI/I MOCJICAOBATCIIBHOM COCAMHCHNUU ABYX IIPOBOJHUKOB
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R,..=R +R,=27Om

HACT

IIpu napaynnenbHOM COEqUHEHUN

RiRo,="?

1 —i-l-i _ RyiR,

Bypgp By 2 Ry Ry
1

R.R

R, 4R,

i)

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

Hoca
HOI[CTaBJIHeM YHCJIOBBIC 3HAYCHMUA:

R.R,=6-27 = 162 O’

OTBer: 162 Oxn® _

[Tpumep 2.

[Ipu ymenbuiennu conpoTtusieHus BHemHel nenu ¢ 10 Om 1o 4 OM cuna Toka, TEKYIIEero yepes
MCTOYHHMK, yBennuuiachk ot 1 A 1o 2 A. DJIC ucrtounuka Toka paBHa.. .(B B).

Hano:

R1=10 Om

R2=4 Om

Ih=1A

hb=2A

Pemenue:

[To 3akony OMa 1t MOJTHOM LEeNnH 71 IEPBOTO U BTOPOTO CIIydasi UMEEM:

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

Pa3nenmum nepBoe ypaBHEHHE Ha BTOpOE:

Rybr L
Rytr I,

=2

HpOI/IBBCIUI anre6pa1/meCKI/Ie Hp606pa3OBaHI/I}I, noJryqacm:

R,+7=2R,+2r
r=R,—2R,=20um
e=1L(R,+2)=1(10+2)=12B

OtseT: 12 B.
[Ipumep 3.
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barapes ¢ BHyrpeHHuM comnpotuBieHueM 2 Om u 3JIC 6B3aMkHyTa HPOBOJHUKOM C
conpotusiienreM § OM. Kakoe KOJIMYeCTBO TEIIOTHI BBIIETUTCS B IPOBOJIHUKE 32 1 cexyHay?
Hano:

=2 OMm

*=6B

R=8 Om

Pemenne:

KonnyecTBo TEMIoThl, BRIISIAIONICECS B PO BOJHHUKE, onpeaeseTcs 3akoHoM JIkoyis-JIenma:
Q = I°Rt.

[To 3akony OMa 1151 TOJTHOM 1eTH:

&

I =
R+r1
Q
T=m) R
t R+r .

IToxacraBnsieM 4uCIIOBBIC 3HAUCHUS

§=u|,152 .8 = 2,88 Tx

OtBeT: 2,88 :L‘E‘

3aganue: Pemnre 3agqa4u, onupasicb Ha NPUMepPbI PeLICHUI.
Bapmuanr 1

1. IlnacTuHBl BO3AYIIHOTO KOHJEHCATOpa IUIOMIAJbIO 500cm?

OTAAJICHBl ApPYr OT Apyra Ha
paccrosiHue 3MM. Mexy HUMH HaxXOOUTCS METAJUIMYECKas IUIACTUHKA C TOM JK€ IUIOAAbI U
tonuHon 1mMM. KonaeHncarop 3apsokeH 1o pazHocty noreHuuanos 400B u

OTKJIIOYEH OT HucTouHuKa. Kakyio paboTy HYXHO NIpPOM3BECTH, YTOOBI

— T

BBITAIIUTH TUIACTUHKY U3 KOHJEHCaTopa? | |CI

2. Ilnockmit BO3)1y1].IHLII>i KOHACHCATOp 3apsAKCH MO0 Pa3HOCTU

notennuanoB 100B. kakoBa OymeT pa3HOCTh TOTEHIIUAIOB MEXIY |

06KJ'IaIlKaMI/I, CCJIM KOHIACHCATOp OIIYCTUTHL B JKUIKAN AUDJICKTPHUK C

JIADIIEKTPUYECKON MPOHUIIAEMOCThIO 27 _| li
3. Bo cKkoJIbKO pa3 u3MEHHTCS 3apsi Ha KOHACHCATOPE EMKOCTHIO C1
IpU poO0e KOHJIEHCATOPa EMKOCTBIO C2, €ciu C1=C2=21D, cz=c4=4nd.
Bapmuanr 2
1. K wucrounuky c¢ DJIC & mnoakimtoueH TUIOCKHH KOHJIEHCATOp eMKOCThio c. Kakyro
MUHUMAJbHYIO paboTy HY>KHO COBEPILINTH, YTOOBI YBEIMYUTH PACCTOSTHUE MEX Ay 00KJIaKaMu B 2 pa3a?

127



2. Konpgencaropsl eMkocThio 1MK®D u 2MKD 3apspkeHsl 10 pazHocTu noteHimanor 20B u 50B

COOTBECTCTBCHHO. ITocae 3apAIKH KOHACHCATOPLL COCAMHCHBI

(=]

OJIHOMMEHHBIMU HodtocaMu. OIpeneianuTb pa3HOCTb IOTEHLIMAJIOB 1\

MCKOY 06KJ'Ia,Z[KaMI/I KOHACHCATOPOB IIOCJIE HX COCAUHCHMHA. Kaxoe

KOJINYCCTBO TCIIJIOThI BBIICINUTCA B  PpE3yiabTaTe COCOAUHCHUA c | | o c
1 = 3

KOH/JIEHCATOPOB? T |_J

3. batapero mapamienbHO COEAMHEHHBIX KOHJCHCATOPOB C

eMKoCTAMH C1=1MKD, c,=2MK®D cHayana MoJCOeIUHWINA K HCTOYHUKY C
OJIC 6B. 3aTeM KJII0Y MEPEBOAAT B IMOJIOKEHUE 2, COSAMHSAA OaTapero ¢ KOHICHCATOPOM €MKOCTHIO
c3=3Mk®. HaiiTu 3apsia, KOTOpbIH OJYyUYUT KOHIEHCATOP EMKOCTBIO C3.

Bapuanr 3

1. HanpspbkeHHOCTh 2JIEKTPUYECKOro ToJiss KoHAeHcaTopa eMKocThio 0,8MKk® paBHa 1000B/wm.
ONpPENETUTh HSHEPIrUI0 KOHIEHCATOpa, €CJIM PpPAaCCTOSHUE MEXKIY €ro
oOKJIaJIKaMy paBHO 1MM.

2. BpBMYHCIUTE E€MKOCTh CHCTEMBI KOHJEHCATOPOB. EMKOCTH
KaXJI0ro KoaeHcaropa SMkO.

3. DOueprus IUIOCKOTO Bo3aymHOro konjaeHncatopa 0,2mx/lkx. OmnpeaenuTs 3HEPrUio
KOHJIEHCATOPa TOCTE 3aMOJHEHUSI €r0 AUAIEKTPUKOM C JAUAJIEKTPUUECKON MPOHHUIIAEMOCTHIO 2, €CIIH
KOHJIEHCATOP OTKJIFOUEH OT UCTOYHUKA MUTAHMS.

Bapmuanr 4

1. TIpu coobuiennu npoBoHUKY 3apsaa 8MKi ero nmotenuuan cran pased 200B. onpenenuts
€MKOCTb MPOBOTHHKA.

2. CKOJIbKO KOHJICHCATOPOB eMKOCThIO S00N® KaXk/IbIiA CIIeTyeT COSTUHUTH ITOCIICIOBATEIHLHO B
6arapeto, 4ToObI 0011ast eMKOCTh OaTapeu crana paBHoi 0,1 HD?

3. DHeprus TIUIOCKOTO BO3AyIIHOTO KoHJeHcaTopa 0,2mk/x. OmnpeneiauTb 3SHEPTUIO
KOHJIEHCATOPa TOCTE 3aMOJHEHUS €T0 JAUDIEKTPUKOM C JAUAIIEKTPUUECKON MPOHHUIIAEMOCTHIO 2, €CIH

KOHACHCATOP MOAKIIOYCH K UCTOUYHUKY IMUTAHUS.

IIpakTnyeckas padora Ne20 nmo reme: Pemenne 3axa4 no pasaenay JJ1eKTPOCTaTHKA
Iesb: cucTeMaTn3upoBaTh 3HAHUS 10 Pa3IEIy.

IHopsaoK BbINIOJIHEHHS PA0OTHI:

1. BuauMartenpHO MpOYUTaTh TEOPETUUECKYIO YacTh U IIJIaH PEIICHU 3aa4.
2. PaccMoTtpeTs puMepsl peneHus 3aau.
3. [Tosry4uTh U BBINOJHUTH UHAUBUAYAJIbHbIEC 3a/1aHUS.

Teopernyeckas 4acTb
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Kynony »skcrnepuMeHTanbHO YyAajdoCh YCTaHOBUTH 3aKOH B3aUMOJICHCTBUS HEMOIABUKHBIX
3apsKEHHBIX TEll.
IIpu 3TOM OKa3anoch, 4TO 3apsiibl OAHOIO 3HAKA OTTAJIKHUBAIOTCS, a 3apsi/ibl pa3HbIX 3HAKOB

MMPpUTATUBAOTCA.

1@1:12:_“

F33

A
N
w

F32

Uem Onmke K IPYT IPYTy HAXOATCS 3aps/ibl, TEM B3aUMOJICHCTBUE MEXKIY HUMU CHIIbHEE , YEM
Iajbllle - TeM ciiabee

B3auMozeiicTBre 3aps10B TPOUCXOAUT Uepe3 FIECKTPUUECKOE TIO0JIE.

DnekTpuueckoe Tmoje - QopmMa Marepuu, IMOCPEACTBOM KOTOPOW  OCYHIECTBIISETCS
JNIEKTPUYECKOE B3aHMMOJICHCTBUE 3apsHKEHHBIX TeN, OHO OKpYXaeT J0oe 3apsHKeHHOE Telo.
OOGHapYKUTh €r0 MOXKHO TOJBKO MO BO3JCHCTBUIO HA IPYTHE 3apsKEHHBIC Tela.

[Ipu TpeHMU HEKOTOPHIX HEUTPANBHBIX TeN (HampuMmep, cTekia u OyMaru, IUIacTMacchl U
IIEPCTH) DIEKTPOHBI TEPEeXOJAT OT OJHOTO Tena K Apyromy. HapyimaeTcss paBeHCTBO CyMM
MOJIOKUTENBHBIX U OTPULIATEIBHBIX 3aPsA0B, BCIEACTBUE YEro Tena 3apsikatoTcs. [Iponecc 3apsaaku ten
HAa3bIBACTCS DJICKTPU3ALUECH.

CriocoObl IEeKTpU3aALINN:

1. DnexkTpu3zanus 3a CHET TPEHUS] — MPU 3TOM JIEKTPOHBI IEPEXOJIAT C OJTHOTO Tejla Ha JPYroe.

2. DneKkTpu3alus 3a CYeT BIUSHUS — MPHU STOM 3aps/bl IepepacpeieNsiFoTcs BHYTpH Tena 6e3
nepexo/ia Mex Iy Teaamu.

Ecnm Tena oquHaKOBEIE, TO 3aps]l IPU UX COMMPUKOCHOBEHUU JCIIUTCS TTOTOJIAM.

IIpuMepsl pemieHus 3aaay

3agaya 1. YeThlpe OJMHAKOBBIX MOJIOKHUTEIBHBIX TOYEYHBIX 3apsna 3-10° Kn HaxomsTcs B
BepIIMHAX KBajapara. Haiinure BenwuMHy 3apsiia, MOMEIIEHHOIO B LIEHTP KBajpara, MpU KOTOPOM

CUCTCMA HAXOAUTCA B paBHOBCCHUH. OtBer MNpEACTAaBbTC B HAHOKYJIOHAX U OKPYTJIUTC N0 ACCATHIX.

aHo: Pemenne:

q=310°Kn
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Tak Kak 1o ycJI0BHIO 33/1a4U
CUCTEeMa HaXxOJIUTCSl B PaBHOBECUH, TO
JIOJIKHO BBITIOJIHATHCS YCIIOBUE
paBHOBECHS.

F =o.

i
i=1

Tak xak 3apsAAbl B BECPIIMHAX KBaApaTa OAUHAKOBLI, PACCTOSAHUC MCKAY HUMU OAWMHAKOBBI, TO U
CWJIbI, JEHCTBYIOIIME HA A3TH 3apsAibl, OynyT oauHakoBbl. [loATOMY Ha pUCYHKE ISl MPOCTOTHI
paccTaBUM CHJIbI TOJBKO Ha OJUH 3apsia. YTOOBI BCsA cUCTeMa HaxXOAWJIach B PAaBHOBECHH, B LICHTP
KBaJpaTa HeOOXOAMMO MIOMECTUTh OTPHUIIATECIIbLHBIN 3apsi/I.

Cuuia, neiicTByroIAas Ha 3apsij], Ha3bIBACTCS KYJTOHOBCKOM CHIION U OTIPEIEISETCS OHA TI0 3aKOHY

Kynona.

/0|

er?

FK:k

rac K— const, € - JUBJICKTPUYCCKAs IIPOHULIACMOCTDb CPCAbI. Tak kak Cpcaa B 3a1a1€ HC YKa34aHa,
CUMTaeM, UTo € = 1, I — paccTosiHME MEXY 3apsIaMu.
1
k= ,
4re,

n = 3,14, &o - 27eKTpUUecKas NOCTOSHHAS.

O
€0 = 8,75-10'12;'

Torz[a, MNoACTaBUB YUCJICHHBIC 3HAYCHU A, ITIOJTYIUM 3HAUCHUC k.

1
k= 12
4.314-885-10

[lycth cTopoHa kBaapaTa OyAeT a.

= 9.10%(W/D).

W3 pucyHka BUIHO, 4TO

2 2 2
Fi=Fo=k . Fa=k\ =05k . F4:2kq20.
a 2a a a

Chauana npocymmupyem cuiisl F1 u Fo.
F+F,=F.

B ckansgpHOM Buze pe3ynbTUpYyIOIIas cuila HaxoauTes o teopeMe Iudaropa.

2
F=F°+F/=F-/2 =14 I;qz
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Teneps yno6HO crnoxuth cuiibl F3 1 F'. OHM HanpaBleHBI MO OAHON MPSMOU B OHY CTOPOHY.
CrnenoBaTenbHO, UX pe3ysibTUpytomias F'’ Oyner paBHa UX CKaJsipHOU cyMMe.

ka® oskq =1,9 kq
a a a

2

Fr=F+Fs=14

Ocranoch cioxuTh aABe cuibl F4 u F'. DT cuiibl B cyMMe JOJDKHBI 1aBaTh HOJb (yCIOBHE
paBHOBecHs1). COracHO pUCYHKY OHM HaIPaBJIEHbI 110 OJHOM MPSIMOM B IPOTUBOIIOJIOKHBIE CTOPOHBI.

3Ha‘lI/IT, MOJYJIH 3TUX CHJI JOJI’KHbBI OBITh PaBHBEIL.

2
o KAG| _ g ka®

a’ a

20/ =194.

TOFI[a BCJIMYHMHA 3apsdaa, IOMCIICHHOI'0 B ICHTP KBaJApaTa
0y =0954.

G| =0,95g.

o=-0,95q=-0,95-310° =-2,85-10°%Kn) ~ - 2,9 (aKn).

OTtBer: Qo= -2,9 uKn

3anaua 2. TodeuHslil 3apsiz ( co3gaer Ha paccTosiHUU R oT
HEero JJeKTpudeckoe moie ¢ moreHmuasom ¢1 = 10 B. Tpm Ys
KOHIIeHTpUueckne cdepsl paguycamu R, 2R u 3R umeror
PaBHOMEPHO pacrpeieIeHHbIE TI0 MX TTOBEPXHOCTSIM 3apsiabl (1 = +

20, 02 = — @, g3 = + Q COOTBETCTBEHHO (CM. pHCYHOK). Kakos

sy

MOTEHIIMaN TOoJii B TOYKe A, OTCTosmeld OT meHTpa chep Ha
paccrosauu 2,5 R? OrtBer mnpeacraBbre B emuHunax CU u

OKPYTJIUTE JI0 ACCITHIX.

aHo: Pemenne:
Jo=¢( [ToreHmman paccuyuThIBaeTCs o hopmysie:
=R kao _ kg M
= Q0= —=—_—,

([)0 10 B R]_ R
01 =20
P =-q rae (CM. TIPEABIYIIYIO 3a/1a49Y)
Os=+¢ k = 9-10°%(m/D).
Ra=2,5R )

U3 popmynel (1) BeIpaskaeM BeTHUUHY 3apsna (:
oA =7

PR
q= . ()
k
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BsIpazum Bce 3apsbl yepes3 3aJaHHbIN TOTEHIUAI (Po.

PR PR PR PR
Jo=Q=—; q1:2q:27; JQ2=-q=- : q3:+q:7. (3)
k Kk Kk Kk
HOTGHHI/I&]—I B TOUKE A paB€H CYMME IIOTCHIHUAJIOB, CO3aBACMbIX BCEMU 3apsidaMu.
PA= Q1+ @2 + @3 (4)

Pacniem noreHnman s Kaxx 101 TOYKU C y4ETOM (o.

ka, 2kq  2kg
- = = :0,8 = 8 (B).
o (1,5+3,5jR 25R _ 25R o =8®B)
2
: ka, _—kqg _ _
P2 (o,5+4,5jR " 25R 0490 =-4(B).
2
_ ks, kg 1 10
P (o,5+5,5jR “ap 3™ 5 ®
2

IloacraBum IIOJIYYCHHBIC 3HAYCHUA B YPAaBHCHHE (4) " OIIpCACIIUM IIOTCHIHUAII ITOJISI B TOYKE A:
10
(PA:8'4+ 3:7,3(]3)

OtBer: pA=7,3B
3amanue: Pemute 3a1a4n, onupasich Ha IPUMEPHI PEIICHUI.

1. Mexnay IByMsI TOUCYHBIMH 3apsDKCHHBIMU TEJIaMU CHJIA DJIEKTPUUECKOTO B3aUMOJICHCTBUS
paBHa 12 MH. Ecnu 3apsin omHOTO Tena yBeIH4uTh B 3 pasa, a 3apsij JpYyroro Tejla yMEeHbIIUTh B 4 pasza
U PacCTOSTHUE MEX]y TellaMd YMEHBIIUTh B 2 pa3a, TO KakoBa OYyJeT CHlia B3aUMOJCHCTBHUS MEXKIY
tenamu? (OTBet naiite B MH.

2. Mexay nByMsl TOUEUHBIMHU 3apsDKCHHBIMHU TEJIAMH CHUJIA AJIEKTPUYECKOTO B3aUMOJCHCTBUS
paBHa 24 MH. Ecnu 3apsii 01HOTO Tena yBEIHUUTh B 2 pasa, a 3apsii APYyroro Tejia yMEeHbIIUTh B 3 pasza
U pacCTOSIHUE MEXIYy TellaMU YBEIHUYUTh B 2 pa3a, TO KakoBa OYJET CHJIa B3aUMOACUCTBUS MEXKIY
tenamu? (OtBet naiite B MH.)

3. Mexny IByMs TOYEYHBIMH 3apsOKCHHBIMU TEJIaMU CHJIA DJIEKTPUUECKOTO B3aUMOJICHCTBUS
paBHa 20 MH. Ecnu 3apsii ogHOTO Tena yBeIHUUTh B 4 pasa, a 3apsij APyroro Tejla yMEHbIIUTH B 5 pa3
U PacCTOSHUE MEX]y TellaMH YMEHBIIUTh B 2 pa3a, TO KakoBa OYJET CHlia B3aUMOJCHCTBHUS MEXKIY
tenamu? (OtBet naiite B MH.)

4. Mexnay NByMsl TOUCUYHBIMHU 3apsDKCHHBIMH TEJIAMH CHJIa AJIEKTPUYECKOTO B3aUMOICHCTBUS

paBHa 12 MH. Ecnu 3apsin onHOrO TEna yBeIMUUTh B 2 pasa, a 3apsij Apyroro Tejla yMEHbIIUTh B 3 pasza
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U pPacCTOSTHUE MEX]y TellaMU YMEHBIIUTh B 2 pa3a, TO KakoBa OYyJeT culjia B3aUMOJCHCTBHUS MEXKIY
tenamu? (OtBet naiite B MH.)

5. JIBa To4YeuHBIX 3apsijia — OTPUIIATENIbHBINA, paBHbIN 110 MO0 3 MKKII, U MONTOXKUTEIBHBIH,
paBHbI o Moay:ito 4 MkKU1, pacriosnoxeHsl Ha paccTosiHuu 1 M ipyr oT Apyra. Ha paccrosauu 1 metp
OT KQXKJOT0 U3 ITUX 3apsA0B IMOMENIAOT MMOJOKUTENbHBIN 3apsn Q, MOayllb KOTOpOro paseH 2 MkKu.
Onpenenure MOAyNb CHJIbI, JEHCTBYOIIEH Ha 3apsaa Q co CTOpOHBI IBYX Apyrux 3apsaoB. OTBer
BbIpa3uTe B MH 1 okpyriauTe A0 1eaoro yucia.

Kpurepun oueHuBaHus:

OueHka 5 cTaBUTCS, €CIM y4dallMecs BBIIOJHUIM BEPHO S5 3aJauyM, BEPHO 3allMCaIH yCIOBUE
3a/1a4u, MepeBesid BennduHbl B cucreMy CU, 3amucanu Bce HEOOXOAMMBIE U JIOCTATOYHBIC (YOPMYIIBI
JUISL pelieHusl 3aJlayd, BEPHO TOJICTABWJIA YHCJICHHBIE 3HAYEHUs, BEPHO IMPOBEIIM BBIYMCICHHS 10
dbopMynaM U BEpHO 3aIUCali OTBET.

OueHka 4 cTaBUTCS, €CIU BEPHO U MOJIHOCTHIO NPABUIIBHO PELIEHBI U 3allMCaHbl 4 3a71a4u, B 5
3aade JOIYyIIEHB! OMMOKH MO0 B 3aIMCH AaHO, MO0 MpH mepeBoje enuHull B cuctemy CU, mubo B
3anucu (HOPMYIT MU BBIYUCIICHUSX.

OueHka 3 cTaBUTCS, €CIIM BEPHO U MOJHOCTBIO MPAaBUJILHO PEILEHA U 3anKcaHa 3 3aj1a4a, Bo 4 u
5 3aayax JOMYyIIEHbI OMIMOKY JIMOO0 B 3aMTUCH J1aHO, MO0 MpH nepeBoae eauHuil B cucremy CH, nu6o
B 3arucy (POPMYIT WIIH BEIYHCIICHUSX.

OreHka 2 cTaBUTCS, €CITM B KXKJIOM U3 5 3a7a4 TOMYIIEHBI KaKue-11u00 OmMUOKH JINOO B 3aIUCH

naHo, 1100 npu nepesoje enuHull B cuctemy CHU, 11bo B 3amucu GopMys UIIH BBIYUCICHUSX.

[IpakTnueckas padora Ne21 mo teme: 3akon OMa AJig yyacTKa LEnu.
Heab: cucreMaTH3upoBaTh 3HaHUA 10 paszjeny «3akoH OMa I ydacTKa LENH», HaAy4UThCs
IIPUMEHSATH [TOJIyYE€HHBIE 3HAHMSI ISl PELICHUs 3a/1a4 pa3IU4HbIX TUIIOB.

ITopsinok BbIMOJHEHHS PadOTHI:

1. BHuMaTenpHO NpoYMTaTh TEOPETUUECKYIO YACTh U IUIAH PEIICHMS 3a1a4.
2. PaccMmoTpeTs mpuMepsl peleHns 3aaau.
3. [Tosry4nTh M BBINOJIHUTH UHAUBUAYAJIBHBIE 3a/1aHHUS.

Teopernyeckas yacrb

Omnpenenenne: Cura moka I ma yuacmke 31eKmMpudeckol yenu Npsimo HPONOPYUOHATbHA
Hanpsiscenuto U Ha KOHYyax yuacmka u 00pamHo nponopyuoHaibHa e2o COnpomusieHuio R.

1. | — cuaa Toka (B cucreme CU uzmepsiercst — Amriep)

o Cuna ToOKa B TPOBOJHUKE TMPSMO MPOMOPIMOHATFHA HANPSDKEHUI0O H  00OpaTHO
MPOTTOPIIMOHAIIEHA COITPOTUBIICHHIO.

o ®opmyaa: I=U/R
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2. U — nanpsxenue (B cucteme CH u3mepsiercss — BoibT)

o Ilagenune HampspKeHUS Ha y4yacTKe NPOBOJHHKA DPAaBHO IPOU3BEICHHUIO CHIIBI TOKa B
IPOBOTHUKE HA COMPOTHBIICHHE ITOTO Y4aCTKa.

o ®opmyaa: U=IR

3. R—aaexrpuyeckoe conporusienne (B cucreme CU m3mepsiercs — Om).

o DJEKTPUUYECKOE COMPOTHBIEHUE R 3TO OTHOIIECHHE HANpsHKEHUSI Ha KOHIAX MPOBOJHUKA K
CHJIE TOKA, TEKYILETo 10 MPOBOHHKY.

o ®opmyna R=U/I

Omnpenenenue eAMHUIIBI CONTPOTUBIEHUS — OM

1 Om npexacTaBisieT cOO0M ANEKTPUUECKOE COMTPOTUBIICHUE YYacTKa MPOBOIHUKA, IO KOTOPOMY
npu HanpspkeHuu 1 (Bonbt) mpotekaer Tok 1 (Amrep).

IIpumepsl penieHust 3a1a4.

[Tpumep 1

VYTIor BKJIIOYEHHBI B ceThb HampspbkeHueM 220 B, nmotpebmsier Tox 1,2 A. Ompenenure

COIIPOTUBJICHHUE yTIOT'A.

Pemenne
Jlano CornacHo 3akony OMa JJ1s1 y4acTKa 1eIu:
U=220B U
=12 A Izﬁ,nTcm,qa
u 220
Ilélai’:l?T“ R= ? = L—Z e 183,3 OmM

OtBet: R =183,3 OMm.
ITpumep 2

K akxymynsaropy ¢ 3/C 12 B, mogkiroueHa JlaMIo4yka M JBa HapajljIeNbHO COEIMHEHHBIX
pesucropa conpotuBieHreM Kaxapiid o 10 OM. M3BecTHO, uTO TOK B 1ienu 0,5 A, a COPOTUBIICHUE

nammiouku R/2. HaliTu BHyTpeHHEE CONPOTUBICHUE aKKYyMYJISTOPA.
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OtBer: r = 14 Om.

ITpumep 3

I1=05A

Pemenue
Haiinem 5KB. CONPOTUBIIEHHE ABYX IapalIeIbHO
COEIUHEHHBIX PE3UCTOPOB:

R,R, 10+10
Rage = = =5 0m
R,+R, 10+ 10
ComnpoTUBIICHUE JIAMIIOYKH:
R 10 50
a 2 - M
CornacHo 3akoHy OMa 117151 TOJIHOM TeTIN:
E
= R OTCHO/Ia
£ R (5+5)=140
= — — = — — —|— =
"= 05 M

K yuactky nenu ¢ nHanpsikenueMm 12 B depes pesuctop compotuiieHueM 2 OM MOAKITIOYEHBI

JIECSATh OJMHAKOBBIX JIaMIio4yek conpoTtuiienreM 10 Om. Haiitu HanpsbkeHne Ha KaK 10 JTaMITIOUKe.

Uobw

Ur Un

®
-®
Q-

10

=
n
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Jlano

Uosy =10 B
Rp =2 Om
R, =10 Om

Pemienune

Tak Kak JaMITIOYKH MOJKIIOYEHBI [TapaIebHO, HAIIPSKEHUE
Ha HUX OyJeT OJMHAKOBBIM, COTJIaCHO 3akoHy OMa 1Jis
y4acTKa LEMu:

Haiitu Up U,
Uﬂ = 7 _|r = — H .Ir _—

Rp Rake
[Tpu nocnenoBaTeTbHOM COEIMHEHUHU TOK B LIETIH OOLIHI:
U, U,
Rp Raxe
Bripazum Ui yepe3 UoOm:
Uuﬁ].u, - U.:'I U.JI

= OTCHOda
r
R Rixs

p

i Uuﬁlu,RaIm
=
Rp + Ryyp

Haiinem RakB:

1 10 1
——=10— ,oTCl0aa
RBI{E RJ‘I

R,

10
OKOHYATETbHO MOIY4YHUM:
. Ut}ﬁ i R.JI .

10 (Rp + %)

RBICE- =

12=10

B 10(2+%)

3aganue: Pemnre 3aga4u, onupasicb Ha NPUMepPbI PeLICHUI.

1. Y49acToK Ienu COCTOUT U3 CTALHOM MPOBOJIOKH JUTHHOM 2 M H TUTOIIAJIBIO TTOTIEPETHOTO
ceuenus 0,48 MM2, COeMHEHHOH MOCIENOBATENFHO C HUKEIMHOBON MPOBOJIOKOW MIMHONW 1 M H
iomaapo nomnepeunoro cedenus 0,21 mM2. Kakoe HampsikeHHe HAIO MOJBECTH K YYacTKY, YTOOBI
noJTyuuTh crity Toka 0,6 A.

2. [lenb cOCTOUT U3 TpPEX MOCIEAOBATEIBHO COCIMHEHHBIX MPOBOIHUKOB, MOIKIIOUYEHHBIX
K UCTOUHUKY HampspkeHuem 24 B. CompotuBrienue nepBoro mpoBognuka 4 Om, BToporo 6 Owm, u
HaNpsDKEHUE Ha KOHIIaX TPEThero nmpoBoaHuka 4 B. Halitu cuny Toka B 1ienu, COpoTUBIECHHE TPETHETO

IMPOBOAHUKA U HAIIPSXKCHUSA Ha KOHLIAX IIEPBOI0 1 BTOPOro MpOBOJAHHUKOB
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3. DneKkTpuueckyro gamny conpotuiienneM 240 OM, paccunTaHHyro Ha HanpsbkeHue 120
B, nago nutath ot cern HanpsokeHueMm 220 B. Kakoli miMHBI HUXpOMOBBIH TIPOBOJIHUK C TUIOMIAIBIO
nornepeyHoro ceyerus 0,55 MM2 Halo BKIIIOYUTH MTOCIEI0BATEIBHO C JTAMITON

4. Ot ucrouynuka HampsbkeHueM 45 B HeoOX0JMMO NMHUTaTh HArpeBaTENIbHYIO CIHUpajb
conpotusiienueM 20 OM, paccuntannyio Ha Hanpsbkenue 30 B. MimeroTcst Tpu peocraTta, Ha KOTOPBIX
HanucaHo: a) 6 Om, 2 A; 6) 30 Om, 4 A; B) 800 Owm, 0,6 A. Kakoii u3 peocTaToB HaJ0 B3SITh.

S. Kabenb coCTOMT M3 ABYX CTaJIbHBIX KWJI IUIONIA/bI0 monepeyHoro cedenus 0,6 Mm2
KaXKasi ¥ 4eThIpeX MEIHBIX KU IUIoMIa b0 nonepednoro ceuenus 0,85 mm2 kaxnas. KakoBo najgenue

HANPSDKEHUS Ha KaXJI0M KuiioMeTpe kabens npu cuiie Toka 0,1 A

IIpakTnyeckas padora Ne22 Pemenne 3ana4 no reme 3akon Oma /151 NOJIHOM 1eNH

Henp: cucreMaTu3upoBaTh 3HaHUA MO pasfeny «3akoH OMa Uil ydacTKa LIENN», HAYYUThCS
IIPUMEHATH [TOJIyYECHHBIE 3HaHMS U1 PELICHMs 3a/1a4 Pa3JIMYHbIX THUIIOB.

Ilopsinok BbINOTHEHHs Pa0OTHI:

1. BHuMaTenbHO IPOYUTATh TEOPETUUECKYIO YacTh U IJIaH PEIICHUs 3a]1a4.

2. PaccMOTpeTh IpUMeEpBI pelIeHus 3a1ad.

3. Iloay4uTh ¥ BHIOJIHUTH UHAWBUAYAJIbHBIE 3aJaHUS.

Teopernyeckas 4acTb

Cuna Toka B OJHOM IIeNH paBHa OTHOLIEHUIO IEKTpoABMKYIEeH cuibl (E) necrounnka k cymme
BHEIIIHETr0 M BHyTpeHHero conpoTusieHuii: [ = E/R +r.

3axkoH Oma JUIsl TIOJTHOM LIETIM ONMCBIBAET, KaK PacCUUTHIBATH TOK, MPOTEKAIOLIUI Yepe3 BCIO
AIIEKTPUYECKYIO 1I€Tb, BKIIIOYAsi BHELIHEE CONPOTUBIIEHUE U BHYTPEHHEE COMPOTUBIICHNE HCTOUYHUKA .
OH ucnomb3yercs JUisl pacueToB IIeNei, I71e HCTOYHUK UMEET 3aMETHOE BHYTPEHHEE CONIPOTUBIICHUE, U
IIOMOTaeT TOYHO YYUTHIBATh PEAJIbHOE MTOBEACHUE LIETH.

IIpuMmepsl pelieHus 3aaay

3amaua 1. K akkymynsropy ¢ OJIC 12 B, moakitoueHa Jiamroyka ¥ JBa MapajuieNIbHO

COEIMHEHHBIX PE3UCTOpa CONMPOTUBIICHUEM Kaxabii mo 10 Om. U3BecTHO, yTo TOK B 1enu 0,5 A, a

COIpOTHBIIEHUE JamMnouku R/2. HaiiTu BHyTpeHHee CONTPOTHBIIEHHE aKKYMYJISTOPA.

I=05A
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Aano Pemenne
E=12B Hafzaesm K8, CONPOTHRICHHE ABYX NapaLIeIbHO
I=05A COCAHHEHHLIX PEIHCTOPOR:
s 5 RiR, _10-10
) = N = = = M
*®  Ry+R, 10+10
Haiirn
-2 ConpoTHB/ICHHE JTAMITOYKH:
R 20 50
= e— M
A 2
CoracHo 3akony OMa s NONHON Hen:
I E
= ,0TC0 a4
R+r
2 R 2k (5+5)=140
r= ——K=——- + = M
I 0,5

Orser: 14 OMm.
3amaua 2. B nenu, nzobpaxennoit Ha cxeme R1 =29 Om, R2 =7 Om, R3 = 3 Owm, BHyTpeHHEE

COINPOTHUBJIEHNE UCTOYHMKA paBHO 1| Om. Ammepmerp mokasbiBaeT Tok 1 A. Omnpenenure D/IC n

HAIIPSZKCHUE HA 3a’)KUMax 6aTapeH.

T T g A
R, R,

. R
®-

Hatinem obmiee comporunenue nenu. Pesucropst R2 u R3 coeanHeHBI apauiebHO, a K HUM

MMOCJICAOBATCIIBHO IIPUCOCIUHEH PE3UCTOP RI1.

RyR RiRq
Rya=——; R=Ry+——
R, + Ry ' "R+ R,
IR +7) r( R RIR*) 6B
e=IR+1): e=I|lr+R, +—). =
* TR, + Ry
RERE
U=IR;L|'=I(E1+—); U = 5B.
R+ Ry

OtBer: 6 B; 5B

3aganue: Pemnre 3ag1a4u, onupasicb Ha NPpUMepPbI pelIeHUI.

1. K ucrounnky ¢ 9JIC 12 B u BHyTpeHHHM comnpoTuBieHneM 1 OM MOAKIIOYEH peocTar,
comnpoTuBieHue kotoporo 5 Om. Haiftu cuity Toka B lenM U HanpsKEHUE Ha 3a)KMMax UCTOYHMKA.

2. [Tpu noaxiroueHnu taMnoyku k 6atapee snemeHToB ¢ DJ(C 4,5 B BonbTMETp MoKazan
HanpspKeHue Ha jamnouke 4 B, a amnepmerp — cuity Toka 0,25 A. KakoBo BHYTpeHHEE COIPOTUBIIEHHE

OaTapen.
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3. B npoBognuke conpotupienneM 2 Om, moAkI04YeHHOM K 3neMeHnTty ¢ DJ1C 1,1B, cuna
Toka paBHa 0,5 A. KakoBa cuiia Toka pu KOPOTKOM 3aMbIKaHUU JIEMEHTA

4, Onement ¢ DJ1C 2,1 B u Buyrpennum comnpotusieHuem 0,2 OM coeAMHEH C peOCTaToOM.
OnpenenuTts CUITY TOKA B IIETIH U CONTPOTUBIICHUE PEOCTaTa, €CIIM HAPsDKEHUE Ha 3aKUMax AJIeMEHTa 2
B. Kakoil niuHbI Hajgo B3ATh AJIi M3TOTOBIICHUS PEOCTaTa >KEJIE3HYIO IMPOBOJIOKY, €CIH IUIOMIAb
ceuenus 0,75 Mm.

S. [Tpu noaxroueHny K OaTapee rajJbBaHUYECKUX JIEMEHTOB PE3UCTOPA CONIPOTUBIEHUEM
9 Om cuna Toka B 1enu Obl1a 1 A, a Mpu MOJAKIIOUYEHUH PE3UCTOpa CONpoTUBiIeHHeM 4 OM crila ToKa
crana 1,5 A. Haitnure DJIC u BHyTpeHHEE CONTPOTHUBIICHHE OaTapeu.

Kpurepun onenuBanus:

1. OueHka 5 CTaBUTCS, €CJIM y4alllMecs BBIMOJHUIM BEPHO S5 3a/1adud, BEPHO 3anucain
yCIIOBUE 3a/layM, MepeBenu BenuuuHbl B cucremy CU, 3amucanu Bce HEOOXOAMMBIE M JOCTATOYHBIE
dbopMyIbl AJis pelIeHus 3a7]a41, BEPHO MOICTABUIIN YMCICHHbBIE 3HAYEHUS], BEPHO MMPOBENN BHIYUCICHUS
1o (opMyJaM U BEPHO 3aIMCaIN OTBET.

2. Onenka 4 cTaBUTCS, €CJIM BEPHO U MOJTHOCTHIO PABUIILHO PELICHBI U 3a1IMCaHbl 4 33134,
B 5 3a/1a4ue NOMyUIEHBI OMKOKY 100 B 3aIIUCH J1aHO, 1100 mpu nepeBoje eaqunull B cucremy CU, nu6o
B 3anucy (OpMYII WIH BHIYUCICHUSX.

3. Onenka 3 cTaBUTCS, €CJIM BEPHO U MIOJHOCTBIO IPABWIIBHO PEIICHA U 3alucaHa 3 3a/1ay4a,
BO 4 1 5 3a7ayax JOMYILEHbI OMIMOKH 100 B 3alMCH JaHO, JIN0O MpH NepeBojie eauHul B cucremy CU,
1100 B 3arucH GopMys1 HJIM BBIYMCICHUSX.

4. OreHka 2 CTaBUTCS, €CIM B KKIOM U3 5 3a]1a4 JOMYLIEHbI KaKue-JIn0o omroOKku a1oo B

3anMcu JaHo, 1ubo mpu nepesojie enunull B cuctemy CH, nubo B 3anvicu GopMyIn UM BBIYUCICHUSX.

JlaboparopHast pabota Ne7 OmnpeneneHue yaeabHOro CONPOTHUBICHUS TPOBOIHUKA
Leab: HayuyuTbCAd ONBITHBIM M PACYETHBIM IIYTEM ONPEACHATh YIEIbHOE CONPOTHUBIICHHE
MIPOBO/IHUKA.
Oob6opynoBanue
. UcTounuk TOKa.
. AMniepmertp.
. BonnbT™meTp.
. Peocrar.
. Kimrou.
. CoeuHUTENBHBIE TPOBOJA

. JIuuenika.

0 9 O W Bk W N

. llITaHreHIMPKYIIb.
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Iopsiiok BbINOJIHEHHUS PA0OTHI
BriGepure npaBmiibHy0 GopMyiTy Ui pacdera yJaelbHOTO COPOTUBICHUS:
RS RI IS
a) p=— 0) p=— B)p=—
) P=7, ) P=5 )p=7
CootHecuTe (U3MYECKYIO0 BEIMUMHY M €IUHUIYy u3MepeHus B cucteme CU (ans kaxmon

(bU3HYECKON BETMYMHBI TOJIBKO OJJHA €IUHUIIA H3MEPEHUS) OTBET 3aHECUTE B pa00UyI0 TeTPaib:

dusnueckas BeIUYUHA EnuHuIe1 n3mepeHus
DJIEKTPUYECKOE COMPOTUBIICHHE MTPOBOTHUKA M2
JlnuHa npoBoIHUKA OMXM
[To1maap monepevyHoro ceYeHust M
VY nenpbHOE COMPOTHUBIICHHE MaTeprajia MPOBOJHUKA B
Cuna Toka Om
Hanpsbkenue A
Om/Mm

W3 npeiiosKeHHBIX BAPUAHTOB BBIOCPHTE T€, OT KOTOPBIX 3aBUCHUT COMPOTHBIICHHE TPOBOTHHUKA:
a) JInHa POBOIHUKA,

b) Temneparypa;

C) ILomIa/1b MOMEPEYHOTO COMPOTHBIICHUS;
d) Hanpsokenue;
e) BemiecTBo, U3 KOTOPOTro M3rOTOBIICH ITPOBOJHHUK.

BcraBpTe npoIyleHHBIE CI0BA B ONPECIICHNUE:!
VenpHOE JJIEKTPUUECKOE CONPOTHUBICHHE — (U3MYecKas , XapakTepHu3yoIas

BCIICCTBA NPCIATCTBOBATD SJICKTPHUYCCKOTO TOKA.

BcrnomHuTE OCHOBHBIE MpaBUiia TEXHUKU OE30MacCHOCTH U oOpaTuTe 0c000€ BHUMAHUE, YTO
HE00X0/IUMO:

1. [IpuctynaTh K BBITOJTHCHUIO 3a/IaHUST MOKHO TOJIBKO ITOCJIC Pa3pelIeHHS MPENo1aBaTesl.

2. CoOpanHas 37eKTprUYecKas Ielb T0/KHA OBITh MPOBEPEHA MPEToAaBaTEIeM U 3aMbIKAETCS 0
€ro pa3peLIeHuIo.

3. ITocne okoHYaHus pabOTHI ClieyeT IPUBECTU B TIOPSAIOK pabodee MECTo, CAaTh BCE MPUOOPHI
Y TIPUHA]IC)KHOCTH.

OnBITHBIM U pacUETHBIM ITYTEM ONPEIENIUTE YIAEIbHOE COIIPOTUBRIEHHE TPOBOJHUKA.
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CocTaBuTh OJICKTPHUYCCKYIO LICIIb COrJIaCHO CXEME.

[TocTaBUTh MOJ3YHOK peocTaTta NPUMEPHO B CpeaHEEe ,I 'l'l CA\

ol Rl |

HOJIOKCHHUE. l
3aMKHYTh JIEKTPHYECKYIO IETTh, CHSATh MOKa3aHUs

amMIepMeTrpa U BOJIbTMETpa.

u=

Paccuurath COIIPOTUBJICHUEC ITPOBOJHUKA 10

@

dbopmye:
R = ¥
1
HITaHreHuupKyIeM U3MEPUTh TUAMETP PeocTaTta.
D=
[TogcunTaTh YMCIIO BUTKOB MPOBOJIOKH, BBEJACHHBIX B AJICKTPUUICCKYIO IICTIb.
n=
OnpenenuTts JUIMHY MPOBOJIA, IO KOTOPOMY TE€UET TOK 10 opMyIIe:
L=n-D-n=
n=3,14

N3mepuTs JIMHEWKON IIIMHY YaCTH PEOCTaTa, BBEACHHON B DJIEKTPUYECKYIO LIETIb.

Haiitu nuamerp npoBosoku o Gopmyiie:

d:i:

n

OHpe,[[eJ'II/ITB IIomazab MonepeYHOro CCYCHUs IMPOBOJIOKHU 11O (I)opMyne:

S_ndz_
==

Paccuurath YACIBbHOC COIMPOTUBJICHUC ITPOBOJHUKA I10 (I)OpMy.TIGI

__ RS _
P1 = 7

HOJ’I3YHOK peocTaTta NEpCABUHYTH B IPYTOC IMOJIOKCHHC.

OnbIT NOBTOPUTH, HaUMHAs ¢ mara Ne 2.
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n:
L=nDwny;
a =
a
d=—=
n
S d?
4
Paccuntarts yzenpHoe COnpoTHBIeHHE 10 Gopmyre: o = 7 =
[lo pesynbTaTaM ABYX OIBITOB HAMIUTE CpPEIHEE 3HAYEHHE YAEIBHOTO COIPOTHBIICHUS
_P1+ py _
NPOBOHMKA. Py =~ =

HatiTi abCoIFOTHYIO TIOTPENTHOCTH 10 hopMyram:

Aplz‘pcp_pl ‘ =
Ap, =|p, — P, |
A A
P, = ,01‘; O

PaccuntaTth OTHOCUTENBHYIO IOTPEIIHOCTD 1O OopMyJIe:

A
sp="C1009
pcp

Pe3ynbraThl Bcex M3MepeHU 1 BEIYMCIEHUM 3aHECUTE B TAOJIHILY.

Q D) =
= = <
o 5 3 o = T
= = < = () a B
5 = = o = 5 2
S| 5 = & = b L 4 o 2
- S o< o5 2 E w S = e I
S| B & 5 5 5 5 iy < © T B =
- 2 g g 2 ¢ S <= g o 2 o
s | & & = 5 s 2 = 5 & Z E 2 S8
= | S o) s 3 SRSy = = 8 B X 5 E 3
O | T O = o SQ= =) E 2 o > O O £
I u R D d n S
} P | Ap
g
=
S| A B Om M M - M? Om-m y
ol 0
<
1
2
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Cnenaiite BbIBOA. YJaJoCh JIM BaM ONPEACITUTHh YIEIbHOE CONPOTUBIICHHUE IPOBOJHHKA
OO0BsiICHUTE TTOYEMY.

JlabopaTopHas padora Ne8 U3yuenue 3akona Oma Aj1sl yd4acTKa Henu

I_Ie.nb paﬁoTH: YCTAaHOBUTh 3aBUCHUMOCTb MCKIY CHIION TOKa, HaIPsSXKCHUEM H
COIIPOTUBJICHUEM Yy4YaCTKa LCIIN.

OO6opynoBanme: aMrepMeTp; BOIbTMETP; pe3uctopbl 10m, 20M, 40M; peoctaT 0-6 Om; KITFOY;

HCTOYHHUK ITOCTOAHHOI'O TOKA; COCAMHUTCIIBHBIC ITPOBOIA - 71T,

Xox padoThbl.

1. [ToaroroBeTe TaOMMILY AJIsl 3aHECEHUS PE3YIbTATOB HKCIIEPUMEHTA.
Pesucrop 1 Om 2 Om 4 Om
U,B
I, A
R, OMm

2.

CobepuTe 1emnsb 1mo puc. 1, B KOTOpyro B KauecTBe ydacTka R1 moouepénHo BkiIrodaiTe

pesuctopbl 1 OM, 2 OM, 4 Om. HanpsixkeHue Ha pe3ucropax peryaupyiTe UCTOUHUKOM MHUTAHUS U
peocratom R2.

3.

B KaXXJ10M U3 TpéX SKCIICPUMCHTOB 3HAUCHUA HAIIPSIKCHUA HAa PE3UCTOPEC, CUJIBI TOKA B

HEM M BBIYMCIICHHOE COIMPOTUBJICHHUEC Y4YaCTKa 3aHCCUTC B Ta6J'II/IIIy n 110 HHM Y6€I[I/ITCCB B

CIIpaBCAJIMBOCTU (I)OpMyJIBI 3akoHa Oma IJIg ydaCTKa LICIIN.

4. CrenaiiTe BLIBOI.

KoHTpoJibHBbIE BONIPOCHI.
1.

2.

Kaxk unraercs 3akon Oma 17151 yyacTka 1emnu?
Kaxk onpenensierca HanpsKeHWE HA y4acTKe LENH, €CJIM U3BECTHBI CUJla TOKA B yYaCTKE U

€ro COnpoTUBIICHHE?

3.

Kak ompeznensieTcss CONpOTHBICHHWE YYacTKa IENMH, €CIM HM3BECTHBI CHJIa TOKAa |
HanpspkeHue?
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[TpakTuyeckas pabora Ne23: Pemenue 3amau Ha TeMy CoelMHEHHE IPOBOTHIKOB
HGHBZ CUCTCMATU3UPOBATDH 3HAHUA 110 PA3ACITy HAYYUTHCA MMPUMCHATH IMOJTYUCHHBIC 3HAHUA IJIA
pelIeHus 3aa4 pa3InIHbIX TUIIOB.

Iopsinok BbINOJIHEHHSI PAa0OTHI:

1. BuuMarenbHO IpoOYUTaTh TEOPETUUECKYIO YacTh U IIJIaH PEIICHUS 3a1a4.
2. PaccMoTtpeTs npuMeps! peleHus 3aau.
3. [Tony4uTh U BBIOJHUTH UHAUBUAYAJIbHBIE 3aaHHUS.

TeopeTnyeckas 4acTb

IlocaenoBaTenbHOE COeIUHCHUE

M R, R, N

e

@
®

B nanHOM cityuae Ha3BaHHWE TOBOPHUT caMo 3a ceOs. [Ipu TakoM THIle COeMHEHHS IIPOBOTHUKOB
DJIEMEHTBI JIEKTPHUUECKOW CXEMBI COSMHEHBI JIPYT 3a JIPYrOM, TO €CTh MOCIEI0BATEIbHO. BhINISIuT
9TO MPOCTO: KOHEI[ OJHOTO MPOBOIHUKA COCMHSACTCS C HAYaJIOM JIPYTOro.

B nmanHOM ciydyae Bce pE3HMCTOPHI MPHHAIEKAT €IAHOMY IMPOBOIY, KOTOPBIH HE HMEET
pa3BEeTBICHUI. DTO O03HAYAeT, YTO uepe3 JtoOOW MPOBOJAHUK IIEMH IEPETEKaeT OJUH U TOT JKe
AIIEKTPOTOK, TO €CTh CHJIA TOKA IPH TMOCJICA0BATEILHOM COSTUHCHUH OY/IET paBHA 3HAYCHUIO Ha KAXKJIOM
pesuctope (losm=11=I2=l3...=In).

OO111rie COMTPOTUBIICHUE U HAMIPSHKEHUE MTPH MTOCTICIOBATEIBHOM COSTUHCHHUN CKIIabIBAIOTCS U3
OTJICIbHBIX 3HAYCHHH Ha KaXXJAOM pe3uctope (COOTBETCTBEHHO, Rosm= Ri1+R2+Rs...+Rn u Uosw=
Ui+U2+Us...+Un). Ho, CTOMT OTMETHUTh, 4YTO OKBUBAJICHTHOE COINPOTHUBICHHE TIIOBBIIIACTCS C
YBCIUYCHUEM KOJIHNYCCTBA IPOBOJHUKOB.

[TpaBuia mocae0BaTeIbHOTO COCAMHEHHUS:

1. Ecnu uepe3 oiuH NpOBOHUK MPOTEKAET AIEKTPHUUECKUI TOK, TO OH MPOTEKACT U uepes3
BCE OCTaJIbHBIC.

2. Ecnu Ha 0JHOM U3 MPOBOJIHUKOB OTCYTCTBYET JIEKTPOTOK, TO €0 HE Oy/ET U Ha APYTrux

pe3ucTopax.
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Jnist mydiero moHUMaHusi paboThl KOMIIOHEHTOB ILIENH MPH TOCIEI0BATEILHOM COEINHEHUH
CTOUT MPHUBECTH HECKOJHKO OBITOBBIX CUTyalruii. Hampumep, nmpu HaXKaTUU KHOIKH 3JEKTPHUECKOTO
JIBEPHOT'O 3BOHKA pa3JacTcsi HY>KHBIN 3BOH, HO TIPU OTITYCKAHUHM KHOIIKH, 3BOH MTPOIIAJIET.

Taxke npuMepoM MOXKHO CYHTaTh (DYHKIIMOHHMpOBaHHE KapMaHHOTO (oHapuka. B Hem
JIaMITOYKa, Oarapelika W BBIKIFOYATENh MPUCOCTUHEHBI TTOCIIECA0BATEILHO, TOITOMY JIAMIIOYKA TOPUT
TOTJIa, KOT/1a BBIKITIOYATEIh 3aMbIKAET BCIO IICTIb.

DNEeKTPUYECKUI BBIKITIOUATEh BCETIa BKIIOYAETCS MOCIEeI0BATEIbHO C TEM YCTPOHCTBOM WIIH
puOOPOM, KOTOPBIN OH JIOJDKEH HEMOCPEICTBEHHO BKIIFOYATH/BBIKITIOYATh.

[TocnenoBarenbHOE COSNUHEHHUE MTPOBOIHUKOB MPUCYTCTBYET B OOBIYHOW €IOYHOM TUpISHIE,
IJIe JIAMIIOYKH 3aroparoTcs APYyr 3a ApyroM. Ho naHHBIA TUN HE MPUMEHUM, €CIIH OPTaHHU3yeTCs
OCBCILICHUE B JIOME WJIH KBApTUpPE, MOTOMY YTO HET HEOOXOJWMOCTH, YTOOBI BCE OCBETHTEIHHBIC
npubopbI paboTanu cpasy.

HapaJ'IJ'ICJ'ILHOG COCIUHCHHC

ITpu naHHOM THIIE COEAMHEHUS TPOBOAHUKOB OHU MOJKIIIOYEHBI ApaIENIbHO APYT K IPYTY, TO
€CTb OIHU KOHIIBI 00BETMHEHBI B OJIHY TOUKY, IPYT'HE KOHIIBI — B IPYTYIO TOUYKY. B 3TOM cirydae Kak b1
pe3ucTop 1enu OyAeT UMETh OJIMHAKOBOE HAIIPsDKEHHE, HO Yepe3 HUX OyJeT MPOTeKaTh CBOM TOK.

OCHOBHbIC MTapaMeTpbl MOKHO PAacCUMTaTh, UCTIONB3Ys GOpMyIbl: Losu=l1+12+13...+1n, 1/Rosu=
1/R1+1/R2+1/R3...+1/Rn, Uosm= U1=U2=Us...=Up.

Oco0eHHOCTH MapauIeTbHOTO COSMHEHHS:

1. BxiroueHre W/Wii OTKITFOUEHHE OJHOTO AJIEMEHTA AJIEKTPHUUECKON IENH HEe BIUSET Ha
paboTy OCTaJIbHBIX.

2. Bce KkoMroHeHTHI paboTaloT MpU OJJHOM HanpsHKEHUH.

Ero wucnonp3yroT BO BceX CiydasXx W TIOAKIIOYCHHSAX, KOTZa HEOOXOJAMMO OpraHHW30BaTh

HE3aBHCHUMYIO pabOTy yCTPOUCTB.
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Hampumep, Tak ycTaHaBIMBAIOTCS PO3ETKH B IOMaxX M KBaApTHPax. 10 €CTh MOKHO BKJIIOUATh U
BBIKJTFOYATh MPUOOPHI HE3aBUCUMO OT PadOTHI APYTUX, MPH MOJOMKE WM BBIXOJE M3 CTPOS OJHOTO
DJIEMEHTA MapaJUIeTbHON IIENH 3TO HE CKAXKETCS Ha (QYHKIMOHUPOBAHUH MPOUHUX.

IIpumepsl pemieHus 3aaa4

3agaya 1. IlpoBomnuku comnporusieHueM 20 Om u 30 OM coeauHEHBI MOCIEA0BATEIBHO.
HampspkeHne Ha KOHIIaX EpBOTo NpoBOAHKKA paBHO 12 B. Omnpenenute HanpspkeHNE, COIPOTUBIICHHUE
Y CHJIy TOKA B LIETIM Ha BTOPOM MPOBOJAHUKE, a TAKKE MOJIHOE HANIPsHKEHHE.

Pemenne

ITo 3akony Oma:

"
gtk 18D gy
R 200x

U, =1IR, =0.64-300x=18B

HJ'ISI MMOCJICA0OBATCIbHOI'O COCANHCHU A ITPOBOJHUKOB!

U=U,+U,=12B+18B=30B
7

R= L— — ﬁ =500m
I 0.64

Otset: 50 OMm; 18 B; 0,6 A; 30 B.
3amaua 2. JIBa mpoBogHuka compotuBieHuemM R1 = 20 Om u R2 = 35 Om coeauHeHbI
napauienapHo. OnpenenuTs SKBUBaJIEHTHOE comnpotuiieHue nend. Jlano: R1=20 Owm; R2=35 Owm.

Haittu: Roks-?

5 e R1-R2  20-35
I P1+R2™ 20435

= 12,72 Om

3ananue: Pemure 3aga4um, onupasicb Ha NPUMeEpPbI pelIeHU .

1. IlpoBognuku conpotusieHneM 20 OM u 30 OM coennHeHsl nocnenoBarensHo. Hanpsxenue
Ha KOHIaX [epBOro NpoBoAHMKA paBHO 12 B. Onpenenurte HanpspkeHUE, CONPOTUBIIEHUE U CUITY TOKA
B LIENIM Ha BTOPOM IIPOBOJIHUKE, a TaKXKe MOJHOE HAMPSKEHHE.

2. JIBa mpoBOHUKA COEIUHEHBI NapaenpbHo. Cuila ToKa B IEpBOM MPOBOJAHMKE paBHa 0,5 A,
Bo BTopoM — 1 A. ComnpoTuBiieHHE NEpPBOr0 MNpoBOAHUKA cocTaBiseT 18 Owm. Omnpenenure

COIIPOTUBIICHUE BTOPOr'0 POBOAHUKA U CUIIy TOKA HAa BCEM Y4acTKe LEIU.
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3. Y4acToK LIeTH COCTOUT U3 IBYX MOCIIEI0BATEIHHO COETUHEHHBIX COMPOTUBIICHUHN, KOXKI0€ U3
KOTOphIX paBHO 1 OM. K 3TuM 1BYyM pe3ucTopam napauieabHO HOJKI0YAIOT e1€ OJJHO COIPOTUBIICHHE,
3HaueHue KoToporo cocranisieT 2 OM. Bero 3Ty 1ienb NOAKII0YAI0T K HCTOYHUKY TOKa, KOTOPBIN CO3AaET
Ha KOHIIaX JAHHOT'O COeIMHEeHMs Hanpsbkenue 2,4 B. Onpenenute crily TOKa BO BCEH AJIEKTPUUECKOM
LeMu.

4. JIBa nocnea0oBaTeabHO COEMHEHHBIX TPOBOAHNKA contpoTuBiaeHreM 6 U 10 OM BKIIIOUEHBI B
ceTh HanpspkeHueM 48 B. Omnpenenute oOIIyI0 CHITY TOKA B IIETH, CHITY TOKa B KaXKJIOM IPOBOJIHUKE, a
TaK)Ke HaMpsHKEHUE Ha KaXKIOM U3 HUX.

5. JIBa mocnenoBaTeabHO COEUHEHHBIX TPOBOJIHUKA CONPOTUBICHUEM 4 1 § OM BKJIIOYEHBI B
ceTb HanpspkeHneM 24 B. OmnpenenuTe o0IIy0 CHITy TOKa B IIETIH, CHITy TOKa B Ka)KI0M IPOBOJAHUKE, a
TaK)Ke HaNpsKEHUE Ha KayKJOM U3 HUX.

Kpurepumn oneHuBaHmsi:

5. Onenka 5 cTaBUTCS, €CJIM ydYalldecs BBIIOJHWIM BEPHO 5 3aqaud, BEpHO 3aIlMCaIH
yCIIOBUE 3a/lauM, IepeBeu BeauuMHbl B cucreMy CH, 3anucanu Bce HEOOXOIUMBIE M JAOCTATOYHBIE
(bopMyJIbl AJ1s1 pelieHUs 3aja4i, BEPHO MOCTaBIIIA YNCIICHHbIE 3HAUYEHUS], BEPHO ITPOBEJIN BHIYMCIICHUS
no (opmyrnam U BEpHO 3amucaii OTBET.

6. Orenka 4 cTaBUTCS, €CIIM BEPHO U MOJTHOCTHIO MPABUIILHO PEIICHBI U 3aliCaHbl 4 3a/1a4H,
B 5 3ajaue JIOMyIIEHBI OIIMOKY MO0 B 3alKCH J1aHO, INOO0 TpH nepeBojie eauaul B cuctemy CU, nudo
B 3anucu (OpMyJI WM BHIYUCICHUSX.

7. OueHka 3 cTaBUTCS, €CIIM BEPHO U MOJIHOCTHIO MPABUIILHO PEILIEHA U 3allicaHa 3 3a7aya,
BO 4 1 5 3aayax J0OMyIIEeHbl OMMOKH J100 B 3alMCH 1aHO, JIMOO Mpu nepeBoje eanHul] B cucremy CH,
1100 B 3anIUCH POPMYJI UJIN BBIUMCICHUSIX.

8. OrneHka 2 CTaBUTCS, €CIIM B KOXKJIOW U3 5 3a/1a4 JOMYIIEHBI Kakue-I1u00 omuoKu o B

3alrucCu JaHo, b0 IIpU IEpeBOAC CAUHHAIL] B CUCTEMY CI/I, 1100 B 3alIUCH (I)OpMy.TI NI BBIYHUCIICHUAX.

IpakTuyeckasi padora Ne24 Peuienne 3aga4 ¢ npoeccuoHAIBLHON HANTPABJEHHOCTHIO 10O
TeMe CoeJUHEHHE POBOAHNKOB

Hean: cucteMaTU3UpOBATh 3HAHUS 10 pa3/iesly HAyUUThCS MPUMEHSTh MOTYyYEHHbIE 3HAHUS JUIsI
pElIeHUs 3a/1a4 pa3IMYHbIX TUIIOB.

IHopsaoK BbINIOJIHEHHS PA0OTHI:

1. BHuMaTenbHO IPOYUTATh TEOPETHUECKYIO YaCTh U IUIAH PelleHus 3aay.
2. PaccMoTtpeTs puMepsl peleHus 3aau.
3. [Tosry4nTh ¥ BBINOJIHUTH UHAUBUAYAJIBHBIE 3a/1aHUS.

Teopernyeckas 4acTb

[Tepsrrit 3akon Kupxroda
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®opmynupoBka Nel: CymMma BceX TOKOB, BTEKAIOIIMX B Y3€J, paBHA CyMME BCE€X TOKOB,
BBITEKAIOUINX U3 y3J1a.

®opmynuposka Ne2: Anredpandeckasi CyMMa BCEX TOKOB B y3JI€ paBHA HYJIIO.

3nech ToK l1- TOK, Brekaromuii B y3ei, a Toku |2 u I3 — Toku, BeITekaroue u3 ysna. Torna
npuMeHss GopmynupoBky Nel, MOXKHO 3amKcaTh:

li=1L+13(1)

Yro Obl MOATBEPAUTH CHPABEATUBOCTE (opMynupoBku Ne2, mepeHeceM Toku Iz u I3 B neByro
4acTh BhIpakeHus (1), TeM caMbIM TOJTydHM:

l1-12-13=0 (2)

3HaKU «MHHYC» B BBIPAXKCHUU (2) M 03HAYAIOT, YTO TOKH BBITEKAIOT U3 y3JIa.

3HaKy 715 BTEKAIOLUX U BBITEKAIOIIUX TOKOB MOKHO OpaTh MPOU3BOJIbHO, OJIHAKO B OCHOBHOM
BCErJa BTEKAIOLIMEe TOKH OepyT CO 3HAKOM «1», a BBITEKAIOIIME CO 3HAKOM «-» (Hampumep Kak
HOJTYYHIIOCH B BBIp@XKEHUH (2)..

Bropoii 3akon Kupxroda.

®opmynupoBka: Anredpandeckas cymma JJC, neMcTBYIOIUX B 3aMKHYTOM KOHTYpE, paBHa
areOpanyeckoil cymMmme MajieHuii HalpspKEHUs Ha BCEX PEe3UCTUBHBIX AJIEMEHTaX B 3TOM KOHTYpE.

31ech TEPMUH «ainredpanyeckas cyMMa» O3HadaeT, uTo kak BennunHa DJIC Tak u BenuyMHa
NaJCHUS HAMPSOHKEHUS Ha 3JIEMEHTaX MOXET ObITh KaK CO 3HAKOM «+» TaK U CO 3HAKOM «-». [Ipu aTom
OTpPEeAEIUTh 3HaK MOXKHO 10 CJIEIYIOIIEMY allTOPUTMY:

1. Boibupaem HampaBieHHe 00X0/1a KOHTYypa ([Ba BapraHTa JH00 MO 4YacOBOM, T1MO0 MPOTHB).

2. [Tpon3BosIbHO BBIOMpPaeM HaIpaBJIE€HHE TOKOB Yepe3 3JIEMEHTHI LIEeTIH.

3. PaccraBnsiem 3Haku s D/1C u HanpshkeHUi, MagaoluX Ha 3JIEMEHTax 10 MpaBUIaM:

- OJIC, co3paronue TOK B KOHTYpE, HAaIIpaBJIeHHUE KOTOPOTO COBMAAET C HAMpaBlieHHe 00xo/1a
KOHTYpa 3alHChIBAIOTCS CO 3HAKOM «+», B IPOTUBHOM ciaydae DJIC 3anMChIBaIOTCSA CO 3HAKOM «-).

- HanpsDKEHUs, MaJalolfe Ha 3JIEMEHTax MM 3alHMCHIBAIOTCS CO 3HAKOM «1», €ClH TOK,
MPOTEKAIONIMN Yepe3 ITH JIEMEHTHI COBIMAJAET 110 HAIPAaBIEHUIO ¢ 00XOJA0M KOHTYpa, B MPOTHUBHOM
ClIy4ae HalpspKEHUs 3alHUChIBAIOTCS CO 3HAKOM «-).

IIpuMepsl pelieHus 3aaay

ITpumep 1

Jlana cxema, W W3BECTHBI cOMpOTHBIEHUS pe3uctopoB U IJIC ucrounukoB. Tpelyercs

HaWTH TOKU B BETBSIX, HCIIOJIB3Ys 3aK0HBI Kupxroda.
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AOaHo
I, E:
- fr‘\ R1= 100 Om
— 1\__""/ R,= 150 Om
Ri R,= 150 Om
Do B | D
E,= 100 B
R2
D —
-/ — I, 1515-2
E: Iz

Hcnonp3ys nepsblit 3akoH Kupxroga, MoxHO 3amucath n-1 ypaBHeHu# mis nenu. B Hamem
ClIy4ae KOJIMYECTBO Y3JI0B N=2, a 3HAYUT HYXKHO COCTaBUThH TOJIBKO OJIHO YPaBHECHHUE.

HanomuuM, 4T0 110 NepBOMY 3aKOHY, CyMMa TOKOB CXOJALIMXCS B y3JI€ paBHa Hy:0. [Ipu aTtom,
YCIIOBHO TIIPHUHATO CYUTaTh BXOJAUIME TOKM B y3€J] IOJOXHUTEIBHBIMHA, a BBIXOAAIIMMU

OTPULIATEIILHBIMU. 3HAUUT JJIsI HAIlIeH 3a/1auu
L,—1,—L=0

3areM KCIOoJIb3ysl BTOPOM 3aKOH (CymMMa MaJeHUN HaNpsHKeHUs B HE3aBUCHMOM KOHTYpE paBHA
cymme D/IC B HeM) cocTaBUM YpaBHEHHUS JJIs IEPBOTO M BTOPOTO KOHTYPOB 1ienu. Hampasiienus 06xo/1a
BBHIOpAaHbl TPOM3BOJBHBIMHM, IMPU OSTOM €CJIM HAMpaBIICHUE TOKA YEpe3 PE3UCTOpP COBMALACT C
HampaBlieHueM 00Xo/a, 6epeM co 3HAKOM ILTI0C, U HA00OPOT €CIIU HE COBIMAJIAaeT, TO CO 3HAKOM MUHYC.
Amnanornuno ¢ ucrounukamu JJIC.

Ha npumepe mepBoro koHTypa — Tok I u I3 coBmamaroT ¢ HampaBieHneM 00xoja KOHTypa

(mpotus yacooii ctpenku), JC El taxxe coBnaaaer, mo3ToMy 0epemM UX CO 3HAKOM ILIIOC.

VpaBHeHUs U1 IEPBOTO U BTOPOr0 KOHTYPOB 110 BTOPOMY 3aKOHY OyayT:
R,I,+R,1,=E,
R,I,+R,I, = E,

Bce 3tu Tpu ypaBHEHUs 00pa3yloT CUCTEMY

R, +R;I;=E,

IloacTaBuB M3BECTHBIE 3HAUCHUS U pelivB JaHHYIO JIPIHCI>'IHYIO CUCTCMY ypaBHeHHﬁ, Halinem

TOKH B BETBAX (CIIOCOO pEHICHUSI MOXKET OBITh JTFOOBIM).
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I, = 0,143
I, = 0,262
I, = 0,405

[IpoBepky MpaBUIBLHOCTH PEIICHHS MOKHO OCYIIECTBUTH PA3HBIMH CIIOCOOAMH, HO CaMbIM
HAJICKHBIM SIBIIICTCS IPOBEPKA OATaHCOM MOIIHOCTEH.

[Tpumep 2

3Has conpoTtuBiieHus: pe3uctopoB U IJIC Tpex ncrounukoB Hatu IJIC 4yeTBepTOro M TOKU B

BCTBIX.

HaHo
Ry= 130 Om
Rz= 100 Om
Rz= 150 Om
R,;= 200 OmM
Rs = 80 Om
E;=30B
E,=60B
E;=80B
Is= 0,206 A

I,15I314-7
E;-?

Es Ia

Kak u B npenbmymeﬁ 3a1a4€ HAYHCM PCIHICHUEC C COCTABJICHHA ypaBHCHI/Iﬁ Ha OCHOBaHHUH

niepBoro 3akona Kupxroda. Konudectso ypaBHeHMit n-1= 2

3areM coCTaBIIsieM YpaBHEHHS [0 BTOPOMY 3aKOHY JUIS TPEX KOHTYPOB.

YuuTeiBaeM HampaBieHUs: 00X0/1a, KaK U B TIPEAbIAYIIEH 3a1a4e.
R, +R;I;—R;I;=E, + E,
R,I,+R.I.=E,
R,,+R,,=E,+E,

Ha ocHoBanuu stux ypaBHeHI/Iﬁ COCTaBJISIEM CUCTEMY C 5-b10 HEU3BECTHLIMHA
R,I,+R,],— R.I. = E, + E,
R,I, + R.I. = E,
R,,+R,I,=E,+E,
I,—I,—1,=0
IL+1,—1,=0

Pemus 9Ty CUCTCMY JFO0BIM y,[[O6HLIM CHOCO6OM, HalileM HEU3BECTHhIC BeIMIUHBI
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I, = 0,229

I, = 0,435
I, = 0,645
I, = 0,416
E, =100

HJ’ISI 3TOM 3ala4i BBIIIOJJHUM IIPOBEPKY C IMOMOIIBIO OajnaHca MOHlHOCTeﬁ, IIpu 5TOM CyMMa
MOH_[HOCTGP'I, OTJAaHHad HWCTOYHUKAMH, HOOJDKHA PAaBHATBCIA CYMME MOH.IHOCTCﬁ ITOJIYUCHHBIX

HpI/IeMHI/IKaMI/I.
I2R, + I2R, + I?Ry + I2R, + I2R, = E,I, + E, 1, + E5I, + E,I,

126.2 ~ 126.2 Br

bananc monHocTel comiencs, a 3HauuT Toku U DJ1C HaliieHbI BEpHO.

3ananue: Pemure 3agaun, onupasicb Ha MPUMePbI pelIeHn .
Bapmuanr 1.
1. Onpenenuts cuily TOKOB, TEKYILIUX B BETBSX, ecinu €1 =1 B, €2 =2 B,

e3=3 B, R1=10Owm, Rz =2 Om. BHyTpeHHUM CONPOTUBIIEHUEM DJIEMEHTOB IPEHEOPEYbD.

€

2. Tpu ucTOYHUKA Toka c OJICe1=11B,e2=4Buez3=6B u tpu

peocrara c compotuieHussMu Ry =5 Om, R2 =10 Om,R3 =20

Om COCAMHCHBI KakK IIOKa3aHO Ha CXCMCE. Ol'[pe)leJII/ITB cuibl TOKOB I B

peocratax. BuyTpennee COTIPOTHUBJICHNE UCTOYHHUKA TTPEHEOPEKUMO MaJIO.

3. Ha pucynke €1 = 10 B, e2=20 B,
egs = 40 B, a CONPOTUBIICHUS
R1=R2=R3=R=10 Owm. OnpenenuTe CUITy TOKOB, MPOTEKAIOIINX Yepe3

COIIPOTUBJICHU. BHYTpCHHCC COIIPOTUBJICHUEC UCTOYHHUKOB 3]:[(: HC YUUTBHIBATD.
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Bapuanr 2.
1. B cxeme npencrasieHHo# Ha pucynke €1 = 2,1 B, &2 =1,9 B, R1 =45 Om, R2=10 Om, R3 =
10 Om. Haiitu cuimy TOoka BO BCEX ydacTKax LEeNU. BHYTpEHHUM CONpPOTHUBIEHUEM 3JIEMEHTOB

npeHeOpeyb.

2. McTOYHUKY TOKa SJICKTPOABMIKYIIUMHA CUJIAMH €1 U €2 BKIIOYCHBI B LICIIb, KaK IMTOKA3aHO HA
CXEMC. OHpe,I[CJ'II/ITB CHJIbI TOKOB TCKYIINUX B COIIPOTUBJICHUAX Rowu R3, eciu €1 = 10 B,

€2=4B,aR1=R4=2 Omu Rz = R3 =4 OMm. ConpoTHBICHUAMU UCTOYHUKOB IIPEeHEOPEYb.

3. Iea ucrounuka Toka JIC €1 =2 B u &2 = 1,5 B 1 BHyTpeHHUMU conpoTuBieHusMH 11 = 0,5
OM 1 12 = 0,4 OM BKIIIOUEHBI TTapAJIEIBHO conpoTuBiIeHUI0 R =2 OM. Onpenenure cuity TOkKa uyepes

9TO CONIPOTUBJICHUC.

€1

JlaGoparopHas padora Ne9 U3ydeHnue nocjie10BaTeJIbHOI0 U MAPAJIIEJIbHOI0 COeIUHEHUSA

Ileny ypoxa: TIPOBEpPUTH  CIPABEIJIUBOCTH 3aKOHOB  DJIEKTPUYECKOTO  TOKa  JUIs
MOCJIEIOBATEIbHOTO U MapalyIeIbHOTO COEAMHEHHUs TPOBOIHUKOB.

OO6opyaoBaHue: WCTOYHMK TOKA, PE3UCTOPHI, aMIEpPMETp, BOJBTMETP, peocTar,

COEIMHUTEINIBHBIC POBOJIA, KIIFOY.
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Co6pam/1 CXEMY U3 COCAMHCHHBIX ITOCIEA0BATCIIbHO HCTOYHHUKA TOKaA,

peocrara, aMIepMerpa 1 OJJHOrO Pe3UCTOpA.
[Moaxmounnu k Toukam C, Jl BOIbTMETp, MapaiieIbHO PE3UCTOPY.
3aMKHYJIM LIeNb U U3MEPUIIM CUITy TOKa |;, Hanpsokenue Uq

3aMEHUIIU NIEPBBIM PE3UCTOP BTOPBIM, U3MEPUIIN TOKA |, ,HanpspkeHne

U,.

[Monkmtounnu  mexay Ttoukamu C wu /]

o0a

pesucropa

IMOCJICA0OBATCIIbHO, ITapalJICIbHO UM IIOAKIIOYHIN BOJIBTMETD. I/I3Mepmm

Toka 3, Hanpsoxenue Us;.

CO@,I[I/IHI/IJ'II/I PE3UCTOPHI IMAPAJUICIIBHO, MOAKIOYHUIN HX MCEKAY TOYUYKAMU Cu I[, 34aTCM

napauieIbHO UM MOJAKIIIOYMIH BOJIBTMETp. M3mepunu Toka I, Hanpsoxenue Uy.

PesynbTaThl H3MepeHHii 3arucany B TaOJIUILY

I, A U;, B I,, A U,, B I3, A Us, B I, A U,, B
1 1 0,7 1,75 0,65 2,15 1,05 0,75
[Tpou3sBenu pacyeTsl U 3aNIOTHIIN TaOIHUITY
R,=U4/14, R;=U,/13, R3=U3/1s, Ry=U4/ls, | Ruoen=R1 + Rz, | Ruap=RiR,/R1+Ry,
Om OMm Owm Owm Om oM
1 2,5 3,31 0,71 3,5 0,71

CpaBHI/IJ'II/I 3HAa4YCHU OKBHUBAJICHTHBIX COHpOTI/IBJ'ICHI/Iﬁ IIpH IIOCJICA0BATCIbHOM U

napaujiC/IbHOM COCAUHCHUU. Onn IMPAKTHUYCCKU PABHBI.

Brruucnnim abcooTHYIO M OTHOCUTEIBHYIO TTOTPEITHOCTD U3MEPEHUH.

AU | Al

OTHocHTENbHAS TOTPEIIHOCTh U3MEPEHHUS KaXKJOT0 COMPOTUBIICHUS: &=t

AR,_&R,
u I
Al=0,05A+0,05A=0,1A
AU=0,1B+0,05A=0,15B

0,15B 0,1A
==
1B 1A

& 0,15+0,1=0,25( 25%)
AR,=0,25%1=0,25 Om

R;1=140.25 Om (25%)

_0,15B, 0,1A_
gy=m——t =
1,75B 0,7A

AR,=0,227%2,5=0,57 Om
R,=2.54+0.57 Om (22.7%)

0,085+0,14=0,227( 22,7 %)
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=2158, 014 -4 07+0,14=0,213( 21,3 %)

372,158 0,65A
AR;=0,213%*3,31=0,704 Om
R>=3.31£0.704 Om (21.3%)

=012, 012 20,9+0,095=0,295( 29,5 %)

€= 0,75 1,05A
AR,=0,295*0,71=0,21
R,=0.71+0.21 Om(29.5%)

BriBoa: B X0/1€ BBIMIOJIHEHHUSI Pa0OTHI YOEIUIINCh B CIIPaBEAJIMBOCTH 3aKOHOB AJIEKTPUYECKOTO
TOKA JUIsl TIOCJIE0BATEIBHOTO U MApauIeIbHOrO COEAMHEHUS TPOBOIHUKOB: 3HAUEHHUS SKBUBAJIEHTHBIX
COMPOTHUBIICHUNA TPU TMOCIEAOBATEIILHOM M TapaJIeIbHOM COCIUHEHHH C YYE€TOM IOTPEIIHOCTEH
COOTBETCTBYIOT JApyr apyry: R3=3,31+£0,704 Owm paBHO R,.,=3,5 Owm, R,=0,71£0,21 Owm
paBHO Ry,, =0,71 OMm.

[IpakTuueckast pabora Ne25 no teme: Pemenue 3anau ¢ npodeccuoHaIbHON HAIPAaBIEHHOCTHIO
10 TeMe 3aKOH 3JIEKTPOMArHUTHOW UHTYKIIUU

Heab: HayunThCsi IPUMEHSITH OCHOBHBIC ()OPMYITBI pa3jiesia Py pacueTe ACHCTBHSI MATHUTHOTO
MOJIsI HAa MPOBOAHUK C TOKOM W JBMKYILIHECS 3apsKEHHBIE YaCTULbI; MCIOJIB30BaTh 3aKoH OMMU s
pelieHus 3aaa4y

IHopsaok BbINOJIHEHUS PA0OTHI:

1. BaumaTenpbHO MPOYUTATh TEOPETHUECKYIO YACTh U TUIAH PEIICHUS 3a]1ad.

2. PaccMoTtpeTh puMepsI pemeHus 3a1ad.

3. HOJ'IyLII/ITb " BbIIIOJIHUTb UHAWBUAYAJIBHBIC 3a1aHUA.

Teoperuyeckuii maTepuall

Cuia Ammiepa — 9T0 cuiia, ICUCTBYIOIIAst HA TPOBOIHUK C TOKOM CO CTOPOHBI MAarHUTHOTO TTOJIS.

F,=AlBIsina
A ! — JIJINHA aKTHBHOﬁ qacTu HpOBO}IHI/IKa, B — MarHuTHasa I/IHJIyKHI/ISI, I — CHJIa TOKa, a — erJ'I
MC)K}Iy HaHpaBJ'IeHI/IeM TOKa u BeKTOpOM I/IHJIyKHI/II/I MAarduTHOT O I10JI4.

Hampasnenne cuiibl Ammepa ompenensiercss M0 IMpaBUily JIEBOM PYKH: €CIM KHCTh JIEBOM PYKH

PacCroJIOKHUTh TaK, 4YTO UYCTBHIPEC IMajlblla YKa3bIBAIOT HAIPAaBJICHUC TOKAa B IMPOBOAHHUKE, a BCKTOP
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MarHUTHOH HHAYKIHU BXOIMT B IaI0Hb, TO, oTorHyThIi Ha 90° 6071b1I0i1 Mael, MoKaKeT HanpaBJIeHue
CHUJIBL, JEUCTBYIOLIEH HaA IIPOBOIHHUK.

Cuna JlopeHma — 3To cuja, NEHCTBYIOIIAs HA JABIDKYHIYIOCS S3JCKTPUYECKU 3apsKCHHYIO
YaCTHILY CO CTOPOHBI MArHUTHOTO MOJISI.

F,=qvEsina

Hanpasnenue cuibl JlopeHna onpenensercs: Mo MpaBUILy JIEBOH PYKU: €CIH KUCTh JIEBOM PYKH
PacMoIOkKUTh TaK, YTO YETHIPE Majblla YKa3bIBAIOT HAIIPABJICHUE CKOPOCTH MOJIOXKHUTEIBHOTO 3apsijia, a
BEKTOpP MAarHUTHOH WMHAYKIMM BXOAMT B IIaJl0Hb, TO oTorHYTHIH Ha 90° Gonpmioi mamer mokasker
HampaBienue cuibl JlopeHma. Jlis  OoTpUIAaTENbHOTO 3apsia HANpaBICHUWE MEHSETCS Ha
HPOTHBOIOJIOKHOE.

MaruutHelii TOTOK — (u3MYeckas BeNMYMHA, DPaBHAs MPOU3BEIECHUIO MOIYJS BEKTOpa
MarHUTHOM MHIYKIMM Ha IJIOIIAJb MOBEPXHOCTU M Ha KOCHHYC YyIJIa MEXIY BEKTOPOM MarHUTHOM
WHAYKIIHA 1 HOPMAJIBIO K TIOBEPXHOCTH.

=B Scosa
Hopmano o BEKTOD, MEePIECHIUKYISIPHBIN TOBEPXHOCTH.

Enununia uamepenust maruutHoro notoka B CH: 1 B6 (BeGep).
OJC wHAyKNWM B JABWKYIIEMCS MPOBOJHUKe. Ha KOHIIaX MPOBOJHUWKA, JBMKYIIEMCS B

MAaraiuMTHOM IT0JIC, BOBHUKACT PA3HOCTb NOTCHIHUAJIOB, NI BI[C HHIAYKIHUH:

' EB.
Y CKOpOCTh JBMIKEHHS TPOBOJHMKA, ~® - HEpHEHIMKYNSAPHAs COCTABIISIONMAS BEKTOpPA

MAar"HuTHOTO I10JIA, l — AJInHA IMPOBOJHUKA.

DNeKTpOMarHuTHas MHIAYKIHS — 3TO SIBIEHHE BO3HUKHOBEHHUS BUXPEBOTO AJIEKTPUUYECKOTO
TOJIs1, BBI3BIBAOIIIETO AJIEKTPUUYECKUI TOK B 3aMKHYTOM KOHTYpE MpPU U3MEHEHUHU MOTOKa MarHUTHOM
HHIAYKIOHUHN 4€PE3 NOBEPXHOCTDb, OTPAHUYCHHYIO OTHM KOHTYPOM.

3aK0H AJIEKTPOMArHUTHON MHAYKINH (3akoH Dapanes — MakcBema).

3,}1(: HWHAYKIUU B 3aMKHYTOM KOHTYPC YMCJICHHO paBHA U IIPOTHUBOIIOJIOXKHA 110 3HAKY CKOPOCTHU

HU3MCHCHUA MArHUTHOI'O ITIOTOKA Y€PE3 MOBCPXHOCTDH, OTPAaHUYCHHYIO 3THUM KOHTYPOM.

~AD
E=—r
Y
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[IpaBuno Jlenna. MTHAYKIIMOHHBIN TOK B KOHTYPE UMEET TaKOE HANPaBJICHUE, UTO CO3JaHHbIA UM
MArduTHBIA IIOTOK qepe3 IMNOBCPXHOCTb, OIpPaHUYCHHYIO KOHTYPOM, IIPCIATCTBYCT HW3MCHCHUIO
MAar"HuTHOI'O IIOTOKAa, BBI3BABIICTIO 3TOT TOK.

NuaykTuBHOCTS — 9TO (u3MYecKas BeIWYMHA, paBHAsA KO3PPUIMEHTY MPONOPLHOHATBHOCTH

MCXKAY MarHUTHBIM IIOTOKOM 4Y€PE3 IJI0Ia[b, OIrPAaHUYCHHYIO KOHTYPOM IIPOBOJHUKA, U CHJION TOKa B

KOHTYPE.
p=LI
@ — MarHUTHBINA MOTOK, L_ WHAYKTUBHOCTb, I' _ cuna Toxa.
o Ennnuna namepenus naayktuBHoctd B CU: 1 I'n (renpn).
P WHAYKTUBHOCTh 3aBUCHT OT (OpMBI M pa3MepoB TPOBOJHUKA. ITO CBOHCTBO

IMPOBOAHUKA CO3JaBaATh MAarHUTHOC I10JIC.

® Camounaykuusa — Bo3HHUKHOBeHHE OJIC MHIYKIMU B NPOBOJAILIEM KOHTYpE IpH

N3MCHCHHUH B HCM CHJIBI TOKA.

Al
E,=—L==
o At
@ 3Hepr YA MArHUTHOT'O ITOJIsA KaTYIJ_IKI/I:
2]
W T

IIpuMepsl pelieHus 3aaa4
ITpumep Nel.

Onpenenuth MOIY/Tb CHIIBI AMIiepa, TEHCTBYIOIICH HAa MPOBOJHUK C TOKOM JUTHHON 25 cM B
mMarHUTHOM Tone ¢ wmHAayknuwed 0,04 Tm, ecnmu yrom Mexay BEKTOPOM MarHUTHON HWHIYKIHHA U
HanpasieHueM Toka 30°. Cuna Toka B npoBoanuke 0,25 A.

amo:

Al =25 cm
B =0,04 Txn
a=30°

1=0,25A

Pewenue:

Ha npoBoiHUK ¢ TOKOM B MarHUTHOM I10JIE IGUCTBYET cujla

F4 = BIAl * sin a.

[ToncTaBuB 3HaYEHUS BCEX BEIMYUH COTJIACHO YCIOBHIO 3a/1a4M, TOJTYYUM

F41=0,04Tn+0,25A+0,25m+0,5=0,00125H =1,25+ 103 H.

Fy—?
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Orser: F4=1,25+ 102 H.
[Tpumep 2.
B conenonne, conepxkamem 1000 BUTKOB, MarHUTHBINA MOTOK paBHOMEpHO yObIBaeT ot 10 mo

6MBO, B Teuenne 20mc. Onpenenuts DJ{C MHAYKIIMU B COJICHOU/IE.

Pemenue
ei=- N AD/At
®; =10 MB6 =0,01B6
@, = 6 MB6 = 0,006B6
N = 1000
t=20mc = 0,02¢
ei=- ei= ei=1000 - (0,006B6—0.01B6)/0,02¢ =

OtseT: 6i = 200B

[Tpumep 3.
C xako# CKOpOCTBIO HAJI0 TIepeMenaTh MPOBOAHUK, JUTMHA aKTHBHOW YacTH KoToporo 80cM, 1o
yriaom 650 K TUHUSM MarHUTHOW WHIYKIIMH, YTOOBI B MPOBOAHKKE Bo3Oyxkaanack D/1C uHAyKIUNu —

2,5B, ecnu uHayKIMss MaruuTHOTO T10JTst paBHa 0,4Tn?

‘ Jlano
‘ ®opmyna

Pemienne

B=0,4Tn
ei= 25B
| =80cm=0,8m™

o = 65Y
ei=vIBsina
v=ei/lBsina
v=25B/0,8m:-0,4 Tn-sin65° =
= 8,62 m/c
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v-?

Ortser: V = 8,62 M/c

3ananue: Pemnre 3aga4n, onupasicb HA MPUMeEPHI PellleHuil.

1 BapuanT.

1.Camoner neTuT ropu3oHTAIBHO co ckopocThio 1200 km/4. Haiiaure pasHOCTh MOTCHIIMATIOB,
BO3HHKAIOIIYIO Ha KOHIIAX KPBUIbEB, €CIIM BEPTUKAIbHASI COCTABISAIONIAS HHIYKIIMA MarHUTHOTO TIOJISI
3emiu paBaa 5*10(-5) Ti. Pasmax kpsuibeB paBen 40 m.

2.B xarymke wHAaykTHBHOCTHIO 0,01 I'n mpoxomutr Tok cmmoir 20 A. Omnpenenure DJIC
CaMOMHYKIIMH, KOTOPas BO3HUKAET B KaTyIIKe MPU Mcue3HOBeHUH Toka B Hel 3a 0,002 c.

3.Kako#i 3apsig mpoiieT yepe3 MonepeyHoe CEUeHUE BUTKA, COMPOTUBICHUE KOTOPOTO PAaBHO
0,03 Om, npy yMEeHbIIEHUN MarHUTHOTO IOTOKA BHYTPH BUTKA Ha 12 MB6?

2 BapuaHT.

1.0npenenuTe MHAYKTUBHOCTh KAaTYIIKH, €CIIM W3BECTHO, 4TO cuia Toka B menu 3a 0,02 c
BO3pacTaeT J0 MaKCUMalbHOU U paBHA 4 A, co3aaBas npu 3ToM DJIC camounnykiuu 12 B.

2.Karymka, nmetormas 100 BUTKOB, HaXOIWTCS B MArHUTHOM IIOJIC, WHAYKIUS KOTOPOTO
ymenbimiack ot 8 Ti o 2 Ti B Treuenue 0,4 ¢. Onpenenure 3HaueHne 3/1C MHIYKINH, €CIIH TUIOMIATb
MOTIEPEYHOT0 CeYeHUs] KaTymku paBHa 50 cM2, a IUIOCKOCTh BHTKOB IEPIEHAMKYISPHA CHIIOBBIM
JIMHUSIM TIOJISL.

3.IIpoBoguuk anuHOi 2 M u compotuBieHueMm 0,02 OM nBmkeTcs B MarHUTHOM TIOJIE CO
CKOPOCTBIO 6 M /C MEPHEeHIUKYISIPHO CHIIOBBIM JMHUSAM Moyig. UeMy paBHO 3HAu€HUE CHIIBI TOKa,
BO3HHKAIOIIETO B MTPOBOHUKE. ECii ero 3aMKHYTh HAKOPOTKO. MHIYKIMsS MarHUTHOTO 1oJisi paBHa 10
MTo.

Kuaroun:

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

2 Bapuant. 1.0,06TH. 2. 75B. 3.6 A.

Kpurepun ouenuBanus:

Onenka 5 craBUTCS, €CM y4yallluecs BBIMOJTHWIN BEpHO 3 3a7a4d, BEPHO 3alHCaIH yCIOBHE
3ajauu, MepeBenu BeauurHbl B cucremy CH, 3ammcanu Bce HEOOXOIUMBIE M JOCTATOUYHbIE (DOPMYIIBI
JUTSL pelICHUs] 3a/laud, BEPHO ITOJACTABWIIA UYWCIICHHBIE 3HAYCHHS, BEPHO INPOBEIHM BBIYUCICHHS IO
dbopmysamM U BEpHO 3aIUCAIH OTBET.

Omnenka 4 cTaBUTCS, €CITU BEPHO U MOJHOCTHIO MPABUIIHHO PEIICHBI U 3alucaHbl 2 3a7a4u, B 3
3ajaue JOIMYIIeHb! OMMOKH 100 B 3aMUCH JAaHO, JINOO MpH nepeBoje eauHul B cuctemy CH, nubo B

3anmucu GOPMYIT WA BBIYUCTICHUSX.
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Orenka 3 CTaBUTCSI, €CJIM BEPHO M TIOJTHOCTHIO MPABWIILHO PeIlieHa U 3anucaHa 1 3agada, Bo 2 u
3 3a/1a4ax JOMyIIEHbI OIMOKY JINOO B 3alIUCH JIaHO, JINOO Ipu niepeBoie enunull B cucremy CH, nmmu6o
B 3armucy (POPMYII WITH BBIYUCICHUSX.

Orenka 2 cTaBUTCSI, €CIIM B KaXKI0M U3 3 3a/1a4 JIOMYIICHBI KaKue-T100 OIMOKH JINOO B 3aIUCH

naHo, 1100 npu nepeBoje eauHuIl B cucremy CU, mu6o B 3anucu GopMys WM BIYUCICHUSX.

IIpakTnyeckas padora Ne26 Pemenue 3a1a4 ¢ npogecCMOHAIbHOI HANIPABJEHHOCTHIO N0
TeMe DJIeKTPOMATHUTHbIE BOJTHBI

Heanb: 3akpenuTh 3HaHUA 10 TeMe c(HOPMHUPOBATH YMEHHSI M HABBIKM HAXOXKJICHUS (PH3HMUECKOI
BEJIMYMHBI, €€ BBIBOJIA U3 (POPMYJIBI.

IMopsanok BbINOTHEHHSI PA0OTHI:

1. BHuMarensHO NPOYUTATh TEOPETHUECKYIO YacTh U IJIaH PEIIeHHs 3a1ad

2. PaccMoTpeTh npuMepsl penieHus 3a1a4q

3. Iony4uTh U BBIOJHUTH UHAUBUAYAJIbHBIC 3aaHUSL.

Teopernuyeckasi 4acTb

DNEeKTPOMAarHUTHBIMH KOJEOAHUSIMH HA3bI8AIOM NEPUOOUYECKUe B3AUMOCBA3AHHbIE USMEHEHUs
3apA0a, Cubl MOKA U HANPSHCEHUS.

CBOOOIHBIMU  KOI€OAHUAMU HA3BIBAIOM MAaKue, KOMopbvle CO8epulaiomcss 6e3 GHeune2o
6030€licmeuUs 3a cuem nepeoHa4aIbHO HAKONIEHHOU SHeP2UlL.

BbIHY)XI€HHBIMU Ha3blearomcs Koaebanus 6 yenu noo Oeucmeuem GHeulHell nepuooudecKkol
NEKMPOOBUNCYIUYEll CUTLL

CB0OO/IHBIE IEKTPOMArHUTHBIE KOJICOAHUS — MO0 NEPUOOUYECKU NOBMOPAIOWUECS USMEHEHUS.
anekmpomacHumublx genuyun (Q — snekmpuueckuii 3aps0, | — cuna moxa, U — paznocms nomenyuanos),
npoucxoosuue 6e3 nompedeHUss SHeP2SULU O BHEUHUX UCIMOYHUKOS.

[Ipocreliiel 3MEKTpUUECKON CUCTEMOM, CHocoOHOW coBepIIaTe CBOOOJHBIE KOJIeOaHus,
sBIsieTcs mocienoBarenbHblil RLC-KOHTYp it KosreOaTenbHbIH KOHTYD.

KonebaTenbHBI KOHTYp — 9/M0 cucmema, cOCmMoswas u3 nOC1e008amenbHO COeOUHEHHBIX
KoHOeHcamopa emxocmu C, kamywku unoykmusnocmu L u nposoonuxa ¢ conpomuenenuem R

PaCCMOTpI/IM SaKpLITBIﬁ KoJieOaTeIbHBIN KOHTYP, COCTOSIIUN U3 HHIAYKTUBHOCTU L u emxocTn

C.
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YroObl BO30yAMTH KOJIEOAHUS B STOM KOHTYpe, HEOOXOIMMO COOOIIUTH KOHICHCATOPY
HEKOTOPBIH 3apsz oT uctouHuka €. Korga kimou K Haxoaures B HO0KeHUU 1, KOHAEHCATOP 3apsbKaeTcs
no HanpsbkeHus . [locne mepexmroueHusl Kiroya B IIOJIOKEHUE 2 HAYMHAETCS MPOLECC paspsiiKu
KOHJIEHcaTopa 4epe3 pe3uctop R u xaTymky uHaykTuBHOCTH L. Ilpu omnpeneneHHBIX ycIOBHUSX 3TOT

IPOIIECC MOXKET UMETh KOoJleOaTeIbHbBIN XapaKkTep

&
+|—

A

&)

O

Kak BumHo wu3 rpaduka koynebaHWM, TOJYYEHHOr0O Ha ocumiorpade, CBOOOTHbBIE
AIIEKTPOMATrHUTHBIC KOJIEOAHUS SIBISIFOTCS 3aTYXAIOIIUMU, T.€.MX aMIUIMTY/Ia YMEHbIIIAETCS ¢ TEUSHUEM
BpEMEHH. DTO MPOUCXOIUT MOTOMY, YTO YACTh JEKTPUUECKON SHEPTUU Ha aKTHUBHOM CONPOTHUBICHUN
R npeBpainaercss BO BHYTPEHHIOIO 3HEPTU. MPOBOJHUKA (IPOBOJIHUK HAarpeBaeTcsl MpU MPOXOXKIACHUU
M0 HEMY 3JIEKTPUUECKOTO TOKA).

PaccMoTpuM, Kak NMPOUCXOAAT KoJjeOaHHs B KOJIEOATEIbHOM KOHTYpe M KaKhe H3MEHEHUs
SHEPTUU TpPU ITOM HPOUCXOIAT. PaccMoTpum cHavana ciy4aif, Korja B KOHTYpe HET TNOTEpb

ayieKTpoMaruuTHo# sHepruu (R = 0).
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Ecnu 3apsinute xoHaeHcatop a0 HampsbkeHus Uo To B HadanbHbIH MOMEHT BpemeHH t1=0 Ha
00KJIa/IKax KOHJICHCATOPa YCTAHOBSTCS aMILTUTYAHbIe 3HaueHus Hanpsbxenus Uo u 3apsana o = CUo.

[Tonnas sneprus W cuctemsl paBHa SHEPTUH 3IEKTPUUEcKOro o Wy

CU'.? q2
W=W,= 0 2720
2 2C
ECJ’II/I OCIb 3aMBbIKAKOT, TO HAUMHACT TC€Yb TOK. B KOHType BO3HHKACT 35.4.C. CAMOMHAYKIIMHN
iy
g=-1L—
At

BCJICI[CTBI/IG CaAMOMHAYKIIMKM B KaTylIKEC KOHIACHCATOP pPa3psKacTCd HE MIHOBCHHO, a
IIOCTCIICHHO (TaK KaK, COIIaMHO IIpaBUIIY .HCHHa, BOSHHKaIOIHHI;'I I/IHI[}/'KHI/IOHHHﬁ TOK CBOHMM
MAarouTHBIM IIOJIEM HpOTHBOHeﬁCTByCT TOMY U3MCHCHHUIO MArHUTHOI'O IIOTOKA4, KOTOPBIM OH BbI3BaH.
T.e. MAarHUTHOE MOJIC HHAYKOUOHHOI'O TOKAa HE 1a€T MTHOBCHHO YBCINYUTLECA MArHUTHOMY IIOTOKY TOKa
B KOHType). HpI/I 9TOM TOK YBCIMYMBACTCA IMOCTCIICHHO, JOCTUTAasd CBOCTO MAKCUMAJIbHOI'O 3HAUCHUA |0
B MOMCHT BPEMCHH t2:T/4, a 3apsJ Ha KOHACHCATOPEC CTAHOBUTCS PABHBIM HYIJIIO.

IIo MCpE pa3pssAKH KOHACHCATOpAa OSHEPrust JSJICKTPHUYCCKOIO IIOJId YMCHBIIACTCA, HO
OIHOBPCMCHHO BO3paCTaCT SHEPrud MAarHuTHOI'O ITIOJIA. Ilonnas OHEPIYsA KOHTYpa IIOCJIC pa3psaaKu

KOHJIEHCATOpa paBHA SHEPTUH MAarHUTHOTO MOt Wy
2
W=W,= LL
2

B crnenyronuit MOMEHT BpeMEHHM TOK TE€UYET B TOM K€ HalpaBJIE€HUH, YMEHBINASACH 10 HYJISI, UTO
BBI3BIBACT TIEpe3apsaKy KOHAeHcaTopa. TOK He TWpeKpalaeTcss MrHOBEHHO TOCTe Pa3psiiKu
KOHJIEHCATOpa BCIEICTBUU CAMOMHAYKIIMU (TeTeph MAarHUTHOE TOJE€ MHIAYKIIMOHHOTO TOKa HE JaeT
MarHUTHOMY MOTOKY TOKa B KOHTYpe MTHOBEHHO yYMEHBIIHTHCS). B MOMeHT Bpemenu 13=T/2 3apsin
KOH/JIEHCATOPa OMSATh MAaKCUMAaJICH M paBeH MEPBOHAYAIBLHOMY 3apsiny ( = (o, HAMPSKEHUE TOKE PABHO
nepBoHadasibHOMy U = Ug, a Tok B KoHTYpe paBeH Hymo | = 0.

3areM KOHJIEHCATOp CHOBa pa3pspKaeTcs, TOK dYepe3 HHAYKTUBHOCTh TEU€T B 0OpaTHOM
HarpaBjeHuu. Yepes MpoMekyToK BpeMeHH T cucteMa NpUuXOoAUT B UICXOJHOE COCTOSIHUE. 3aBEPIIAeTCs

MOJTHOE KOJieOaHKe, MPOIIECC MOBTOPSALSTCS.
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Fpa(bmc HN3MCHCHUSA 3apsiia U CHJIbI TOKa IIPpU CBO6OIIHI)IX SJICKTPOMArHuTHBIX KOoJIEOaHMSIX B
KOHTYPC IMOKa3bIBACT, YTO KoJIe0aHMs CHIIBI TOKA OTCTAIOT OT KOJIeOaHui 3apsd/a Ha /2.

B n10601i MOMEHT BpeMeHU TOJTHAs SHEPTUS:

2 .2 LI? 2
W =W, +W, _g (L7 Ly gy
267 2 2 2

[Ipu cBOOOAHBIX KOJEOAHHUSAX MPOUCXOAWT NEPHOIUYECKOE IPEBpAIICHUE 3JICKTPUUCCKOMN
sHepruu W,, 3amaceHHoOi B KOHJEHCATOpe, B MarHuTHY0 sHepruto Wy kaTymiku u Haobopot. Ecnu B
KOJ'Ie6aTeJ'IBHOM KOHType HET HOTepI) 3H€pFI/II/I, TO ITIOJIHAA BHCKTpOMaFHI/ITHaSI 3Hepr1/1$[ CUCTEMBI
OCTaeTCs MOCTOSTHHOM.

CB0OOIHBIE AIEKTpUUYECKUE KOJeOaHUsl aHATOTHUHBI MEXaHUYEeCKUM KosebanusM. Ha pucynke
npuBeneHbl rpaduku u3MeHeHus 3apsaa ((t) konmencaropa u cmemnieHus X(t) rpysa oT MONOKEHHS

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

CH T rovrmnsye o

rysire

' %
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A e 1
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fed | —
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B OTCYTCTBUC 3aTyXaHHA CBO6OI[HLIC KoJIcOaHHS B QJICKTPUYCCKOM KOHTYPEC SABJIAIOTCA

TapMOHHUYCCKUMHU, TO €CTh NPOUCXOIAT 110 3aKOHY
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q(t) = gocos(ot + @o)

[Mapamerper L u C xonebaTenbHOr0 KOHTYpa OMpPEIENSIOT TOJIBKO COOCTBEHHYIO YacTOTY

1

e
CBOOOJTHBIX KOJICOAHUI ‘ \{E U TIepHOJT KOJIeOaHu i T=2m{LC . dbopmyna Tomrcona

AwMrmuTyna (o ¥ HadaibHas (asa Qo ONMpeNessiFoTCS HadaJIbHBIMU YCIOBHSIMH, TO €CTh TEM
Croco0oM, C MOMOIIIBIO KOTOPOT'O CHCcTeMa Obljia BEIBE/IEHA U3 COCTOSHHS PAaBHOBECHSL.

Jlnist koneOaHuii 3apsiaa, HAMPSHDKEHUS M CUIIBI TOKA MOJTy4YaroTcst GopMyIibL:

Jliist KoHJIeHCaTopa:

q(t) = qocosmot

U(t) = Uocosmot

JIJ1st KaTYIIKK WHAYKTUBHOCTH:

i(t) = locos(wot + 1/2)

U(t) = Uocos(mot + )

BcnoMomMHMM OCHOBHBIE XapaKTCPpUCTHUKHU K01€0aTeIbHOro JBVOKCHUS .

Jo, Uo, lo - amrumnTyia — Moayiib HAMOOJBIIIETO 3HAYCHU ST KOJICOTIOIICHCS BETUIHHBI

T - mepuox — MUHMMAJBHBIA MPOMEXYTOK BPEMEHHM Yepe3 KOTOPBIM HpOIEecC MOJHOCTHIO
HOBTOPSETCS

v - HacToTa — 9uCiI0 KojaebaHui B MHUILY BpEMEHHI

o - [{uxnnueckas 4yactoTa — 4nuciao KoneOaHul 3a 21 CeKyH/T

¢ - pa3a koneGaHMii - BEIMUYMHA CTOSIAs MOJ] 3HAKOM KOCHHYca (CHHYCa) U XapaKTepHu3yrouias
COCTOSIHHE CUCTEMBI B JIF00OOH MOMEHT BPEMEHHU.

3aganue: Pemmnre 3a1a4u, onupasicb Ha IPUMePHI peleHHid.

Bapmuanr 1

1.Bo3nukatomiast B pamke D/1C MHIyKIMM TpU BPALIEHUH B OJHOPOAHOM MAarHUTHOM IIOJI€
usMensiercs 1o 3akony E=12sin10011t. Onpenenurte ammuutyny konebanuit 3JIC u ee neiicTByromiee
3HAYCHHE. A TaK)Ke IUKINYECKYIO U JIMHEWHYIO YacTOTY, epuo, ha3y u HadalibHYI0 (pa3y KojeOaHui.

2.KonebarenbHblii KOHTYp COCTOMT U3 KOHJEHCaropa eMKocTbio 2MK®D u KaTylIKu
UHAYKTUBHOCTBIO 500 MI'H. OnpeenuTh 4acToTy COOCTBEHHBIX KOJIeOaHUH KOHTYpa.

3.B konebarenbHOM KOHTYpEe MHIYKTUBHOCTb KaTymku paBHa 0,2 I'H, a ammuinTyaa koieOaHmi
cuibl Toka paBHa 40 MA. Haiinute SHEPruro 3J1€KTPUIECKOTO OISl KOHAEHCATOPa U MATHUTHOTO OIUIS

KaTylIKy B TOT MOMCHT, KOrja MTHOBCHHOC 3HAYCHUE CUJIbI TOKA B 2 pasa MEHbIIC aMIIJIMTYJHOTO.

Bapmuanr 2
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1.Cuna Toka B 1enu m3MeHsercss mo 3akoHy 1=3c0S(100I1t+I1/3). Omnpenennure aMIUTATYIy
KOJICOAHUI CHJIBI TOKA U €€ JEHCTBYIOIIEee 3HaYeHHE. A TakkKe HUKIMYECKYI0 U JHHEHHYIO 4acToTy,
nepuoi, Gpasy ¥ HayaJIbHYIO a3y KoIeOaHHi.

2.B xonebarenbHbII KOHTYP BKJIIIOUEH KOHeHCATOp eMKOCThI0 200 nd. Kakyro HHIYKTHBHOCTD
HY)KHO BKJTFOYUTH B KOHTYP, YTOOBI IMMOJYYUTh YaCTOTY Kosebanuit papHyro 400 k[ '1?

3.B konebarenbHOM KOHType, T[A€ HHIAYKTUBHOCTh Karymiku paBHa 0,4 T'H, emKocTb
KoHAeHcaropa paBHa 20 Mx®, ammuTynHoe 3HadeHwe cuibl Toka paBHo 0,1 A. Kakum Oyner
HaANpPsDKEHUE B MOMEHT, KOTJa SHEPrus AJIEKTPUUYECKOT0 U HEPIrHsi MArHUTHOTO MOJisA OYAYT paBHbI?

(Kosnebanust cuntaTh He3aTyXalOMUMU).

Karouu:
1 BapuanT: 1.12 B, 8,5 B, 10011 pax/c, 50 I'n, 0,02 c,10011t pax,0. 2160 I'm.. 3. 120 mx/Ix, 40
MK/JIK.

2 apuant: 1.3 A, 2,13 A, 100IT pan/c, 50 I'm, 0,02 ¢, 100ITt+I1/3 pax. 2. 0,8 mI'w. 3. 10 B.

Kpurepun oneHuBaHmsi:

OueHka 5 cTaBUTCS, €CIM y4dalllMecs BBINOJHUIM BEPHO 3 3aJauyM, BEPHO 3alUCaIM YCIOBHE
3a/1a4u, MepeBesid BenuunHbl B cuctemy CH, 3ammcanu Bce HEOOXOAUMBIE H JJOCTATOYHBIC (DOPMYIIBI
JUISL pelieHusl 3aJlayd, BEPHO TOJICTABWJIM YHCJICHHBIE 3HAYEHUs, BEPHO MPOBEIM BBIYUCICHHS 10
dbopMynaM U BEpHO 3amUCali OTBET.

OueHka 4 cTaBUTCS, €CJIM BEPHO M MOJHOCTHIO MTPaBUJIBHO PEIIEHBI, U 3alIMCaHbl 2 3a/1a4yu, B 3
3a/1a4ye JOMYILEHbl OIIMOKM OO0 B 3alKCHU J1aHO, MO0 mpu nepeBoje eauHul B cuctemy CU, mubo B
3anucu (OpPMyJT WIIM BBIYUCIICHUSX.

OueHka 3 cTaBUTCS, €CIIM BEPHO U MOJHOCTHIO MIPAaBUJILHO PEILIEHa U 3anmKcaHa 1 3ajaya, BO 2 U
3 3aayax JOMYIIEHBI OMTUOKY JIMOO0 B 3aMUCH JaHO, THOO MpH nepeBoae eauHuil B cucremy CHU, mubo
B 3anucu (OPMYJT HWJIM BBIYUCICHUSX.

OreHka 2 CTaBUTCS, €CITM B KXKJI0M U3 3 3a71a4 OMYIICHBI KaKue-1u00 OmMuOKH JINOO B 3aIMUCH

naHo, 1100 npu nepesoje enuHull B cuctemy CH, n10o B 3amucu GopMys UIIH BBIYUCICHHUSX.

IIpakTuyeckasi padora Ne27 mo Teme: Pemenue 3anauy mo teme I'eomerpuueckasi u
BOJIHOBAsl ONTHKA
Heanb: yMerp pemarh 3aladyd Ha 3aKOH OTPaKEHHMS] U TPEJIOMJIEHUS CBETa, CBS3bIBATh

MMOoKa3aTcjib NPEIOMIICHHA CBETA CO CKOPOCTBIO paClpOCTpaHCHUA B BCIICCTBE, IOHUMATh MEXaHU3M
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pacrpocTpaHEeHHUs] CBeTa uepe3 AU(PPAKIMOHHYIO PEHIETKY W YMETh ONpPENeNsTh JJIMHY CBETOBOU
BOJIHBI.

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTBlZ

1. BHuMaTenpHO MPOYUTATh TEOPETUUECKYIO YacTh U IJIaH PEIleHus 3a1a4
2. PaccmoTtpeTh npuMeps! perenus 3aa1a4y
3. [Toy4uTh ¥ BBITIOJHUTH UHMBUIyAJIbHBIC 3a/IaHMUSL.

Teoperuueckunii MmaTepuaJ
3aKOH OTpaKCHHS CBETa
Jlyy mapgarouiuii, 1yd OTpa>KEHHBIM W HEPIEHIUKYISP, BOCCTAHOBICHHBIA B TOYKE MAaJCHUS,

J€KaT B OJHOM IJIOCKOCTH; YrOJI OTPAKEHUS PaBEH YTy IaJCHHs.

a|
a
1y

|
|
TI777 777N T77 7777
|
|
| nz
| B
|
3aK0H MPETIOMIICHHS CBETa
Jlyd magaroniuid, Jiyd IpeoMIICHHBIA W TIEPIICHIUKYIISP, BOCCTAHOBICHHBIA B TOUKE Ta/JICHHUS,
JeXaT B OJHOM IUIOCKOCTH;, OTHOILIEHWE CHHYCA yIjla MaJIeHus K CHHYCY yria MPeIoMJICHUS €CTh
BEJIMYMHA TOCTOSHHAS M HA3bIBA€TCS OTHOCUTENBHBIM TOKa3aTelieM MPeNoOMIICHUSI BTOPOMl cpeibl
OTHOCHUTEIILHO MEPBOii:
St ¥
sin 5

®du3nUecKuil CMBICI OTHOCHUTEIBHOIO MOKa3aTes MMPEJIOMJICHUS 3aKJI0YaCTCd B TOM, UYTO OH

= M3

paBC€H OTHOILICHHUIO CKOpOCTeﬁ CBCTAa B I'paHUYaAlIUX Cpeaax (BKCHepI/IMCHTaJ'IBHHﬁ q)aKT)Z

Bla=—
ty
Orcrona ciemyer, 4To
o Fia
o
JIunza

JInHza mpo3pavHOC TCJI0, OTPAaHUYCHHOC IBYMA C(I)CpI/ILICCKI/IMI/I MOBCPXHOCTAMMU.

®opMyiia TOHKOU JIMH3bI
11
“FdTT
rae D - ontudeckast cuia (M3mepsiercst B auontpusix), F - hokycHoe paccrosaue nun3bl, d uf -
pacCTOSHUS OT ONTHYECKOTO LIEHTpa JIMH3BI J0 MpeaMeTa U H300pakeHHsI COOTBETCTBEHHO.

JudpakimonHas pemeTka
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Jugdpakyuonnas pewemxa - DdSKpaH C TMapauieIbHBIMUA IIEISMH PaBHOM IIHUPUHBL,
pa3lielieCHHBIMU OJJMHAKOBBIMU HENPO3payHbIMU NpoMexxyTkamu. [lepuon pemerku d - paccTosHHE

MEXKY CEpEAMHAMU COCEIHUX IIEICH.

MaxkcuMyMbl AUPPAKIIMOHHON KApTUHBI OT PEIIETKH JAIOTCS YCIOBHEM:

den =Kkl k=0,+1,+2 .

IIpumeps! pemenus 3agaq

[Ipumep 1. Onpenenure MojgoKeHUE U300pAKEHUSI IPEaAMETa, HAXOSIIIErocs Ha PacCTOSTHUU

15 cM oT coOuparoreit JIMH3bI C ONTUYECKON CUIION 5 ATTp.

A
*""\-..__ ™
\.L"'H‘
d=015x [ SOA S
D= 5onmp ! ey
3 £ B O F\
| d
£-7 | r
= -
NV

doxkycHoe paccrosiaue JuH3bl F = I/D = 1/5 = (0,2 m Gomnblue, yeM paccTrostHue d OT mpeaMeTa

A0 JIMH3bI, ITIO3TOMY JIMH3a OACT MHHMOC, YBCIUMYCHHOC U IIPIAMOC I/1306pa)KCHI/IC JEeUCTBUTEIILHOIO

npeamera. M3 popmyiibl TOHKOM JTUH3BL:
11 1

3nak "-" mepen J 06ycnoBIeH TeM, 4To n300pakenue MAEEMOe. OTCIoIa
d
f=—t
1+ D
0,15

=

= 86104
1+ Sdmmp - 0,154

Ortsert: MpeaAMET PACIIOJIOKECH HAa PACCTOSIHUN 8,6 CM OT JIMH3bI.

[Tpumep Ne2.

I/I306pa)KCHI/IC npeamMeTa B JIYIIC HAXOAUTCA Ha paCCTOAHHUN 30 cM OT OOTHUYECKOrO HCHTpA JIYIbI.

Ha xakom pacctosiHuu (B CM) HaXOTUTCS MPEIMET Mepejl TyIoi, ecnu ee POKyCHOE pacCTOSTHUE PaBHO

9 cm?
Hano:
f=30cmM=0,3Mm
F=9cm=0,09m

Perienue:
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[Tpumenum GopmMyITy TOHKOM JIMH3BI

1

3HaK «MHHYC» Tepex f CTaBUM TOTOMY, 4YTO H300paKeHHE TMpeaMeTa B JIylie MHHMOE.
Beipaskaewm d:
d.

F-f 00903
F+f 0,09+0,3

=007mMm=7cm

OrtBert: 7 cMm.

[Ipumep Ne 3.

Caer magaeT nepreHIuKyIsIpHO Ha TUGPAKIIMOHHYIO pemieTKy. JIMHUs Kakoi JJIMHBI BOJIHBI (B
HM) B CIIEKTPE YETBEPTOrO MOPSJIKA COBNATACT C TMHUEH B CIIEKTPE TPETHETO MOPSAKA, UMEIOIIEH JUTUHY
BOJIHEI 560 HM?

Hano:

k1 =4

kz =3

;’LEZ 560 uMm
Pemenne:

Hcnonszyem dpopmyny nudpakiinoHHON pemieTKu

dsing = kA

Ecau nunnu B CIICKTpax pa3HOro IMopsaKa COBIIAAAr0T, 9TO O3HAYACT, YTO JJISI HUX
P1 = P2y SN, =sNg,,

Ay-9

Takum o6pasom, & SINQy = ks Ay, dsing, =koly ykydy = kyds,

A=

A, =222 _ 420 uM
4 )

Otser 520 HM.

ITpumep Ne4.

JIyu cBera magaer u3 BO3ayXa Ha CTEKISHHYIO IJIACTUHKY C ITOKa3aTejaeM InpenomieHus 1,73.
Kakum ngomken ObITh yroia nageHus (B rpagycax), YTOObI yroi npejaoMiIeHus OblI B Ba pa3a MEHbIIIE
yria najaeHus?

Hano:
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n=173

a=p

Pemenue:
sine

[TpumeHsieM 3aKOH TpeIoMIIeHHs: sin B u
noncrasmsiem & = 28,

sin 25 2sin fcosf

=—= - = 2cosf

sin gin § )

a9

»

—n—173—0866
cos,{?—z— > =0

[Monyuaem B = arccos 0,866 = 30°

a=2=2-30°=60°

3aganue: Hcmoub3ysi TeopeTHuyeckMii MaTepuaj OTBeTbTe Ha BoONpochbl. BapuaHTbI
pacnpeeisieT NpenoaaBarelib.

Bapmnanr 1

1. Cpena, B KOTOPOI CKOPOCTh PACIIPOCTPAHEHHUS CBETa MEHBIIIE, SIBISETCS ONTUYECKHU. ..

A. MeHee II0THOM. b. bonee rioTHOiA.

2. B crexiie iyd cBeTa majaeT HA TpaHHIy MEXAY CTEKIOM W Bojod. Kak Oymer HampaBiicH
npenomMstroruiics ay4? N300pa3uts.

3. Yrox npenomieHue Oyner...

A. Bcerna paBeH yrity NaieHUsL.

b. Beerna Oosbiiie yriia rajaeHusl.

B. Bcerna MeHsbliie yriia najaeHus.

I'. bBosnblie WM MeHbIlIe yTia NaJeHus, B 3aBUCUMOCTH OT ONTHYECKOM IJIOTHOCTU CPEJIBL.

4. Kaxo¥ nudpoii Ha 3TOM pUCYHKE 0003HAYEH YToJl MPeIoMIICHUs?
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E. 6.

5. Kakue u3 nepeyncieHHbIX HCTOYHUKOB CBETA SBJISIIOTCS €CTECTBEHHBIMHU:

1) 5xy4OK-CBETIISYOK, 2) 3Be3/1a, 3) dKpaH JUCILICS KOMIbIOTEpa?

A. 1,23 b.1. B.2. I.3. 1.1, 2, E. 1 3. X.2,3.
6. CBeT B OJTHOPOTHOM ITPO3PAYHOM CPEJIe PaCIPOCTPAHSICTCH. ..

A. TonbKO B OJJTHOM HaIpaBJICHUM.

b. Bo Bce cTOpOHBI 110 JTFOOBIM JIHUSIM.

B. Bo Bce cTOpOHBI 110 JIOMaHbIM JIMHUSIM.

I'. Bo Bce CTOpOHBI IPSAMOJTMHENHO.

7. Onpenenure 1Mo pUCYHKY, Kakasi TOUKa JISKUT Ha TpaHHIle 00JIacTy CBETa U TEHH.
Al

b. 2.

B.3.

8. Kakoii u3 puCyHKOB MJUTIOCTPHPYET 3aKOH OTPAKEHUS cBeTa?

N

AL B. 2. B.3. r.4. 5.
i
9. JIyu i CBETa NaJacT Ha 3€pPKAJIbHYIO IOBEPXHOCTb U OTPAXKAETCsl. YTOI
OTpaKEHUs E 5 paseH 40°. KakoB yrous nageHus?
A. 140°. b. 90°. B. 40°. I'. 130°. J.50°. E. 20°.
Bapuanr 2

1. CkopocTh pacpoCTpaHEeHHUs CBETA...

A. boiblie B ONTHYECKH MEHEE TUIOTHOM cperie.

b. Bo Bcex cpenax oguHaKoBa.

B. MeHbl11i€e B ONITUYECKH MEHEE INIOTHOU CPE/IE.

2. VI3 cTekna yd cBeTa MajiaeT Ha TPAHUILY MKy CTEKIIOM U Boaoi. Kakoif u3 pucyHKOB

NPaBUIIBHO N300paXkaeT X0/ JIyden?

Al B.2. B. 3. T. 4. J1.5.
3. Yrou npenomiieHust OyIeT. ..

A. Boabliie WM MEHbIIIE yrija nmaacHus, B 3aBUCUMOCTHU OT OIITHYECKOM IJTIOTHOCTHU CpCAbl.
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b. Becerna Gombiiie yriia majieHusl.
B. Beerna MeHblL€e yriia najcHus.
I'. Bcerna paBeH yriy najeHus.

4. Kakoii iudpoii Ha 3TOM PUCYHKE 0003HAUEH YToJI MPETOMIICHHS?

! 3

Al

b. 2.

B.3.

r.4.

. 5.

E.6.

5. Kakue u3 nepeuncieHHbIX HCTOUHUKOB CBETA SIBJIIIOTCS] €CTECTBEHHBIMU:

1) y4OK-CBETISUOK, 2) 3Be3/1a, 3) IKpaH AMUCILICS KOMIbIOTEpa?

A1 23 b. 1. B.2 I.3. H.1,2, E. 1,3 XK. 2, 3.
6. CBeT B OIHOPO/IHOM MTPO3PAUHOI Cpeie pacpOCTPaHIETCS . ..

A. ToNbKO B OZTHOM HAaIIPABJICHUH.

b. Bo Bce cTOpoHBI 110 JIFOOBIM JIMHUSIM.

B. Bo Bce cTOpOHBI 110 JIOMaHbIM JIMHUSM.

I'. Bo Bce CTOpOHBI IIPSMOIMHENHO.

7. OnpegenuTe o PUCYHKY, KaKasi TOUKa JICKHUT Ha TPAHMIIE 00JIaCTH CBETA U TCHH.
Al

b. 2.

B.3.

8. Kakoii 3 prCyHKOB WILTFOCTPHPYET 3aKOH OTPa)KCHHUs cBeTa?

Al B2 B. 3. r.4. J.5.

7/ 7
|

9. i E Jly4 cBera najaer Ha 3epKajabHYIO IOBEPXHOCTb U OT-
pakaercs. Yroia orpaxkeHust paseH 40°. Kakos yrous nageHus?

A. 140°. b. 90°. B. 40°. I'. 130°. J. 50°. E. 20°.

Bapuant 3

1. I[aHLI TPU NMIPO3PAaYHLIX CPEAbI: CTCKJIO, BO3AYX U BOJIA. CpaBHI/ITC CKOpOCTHU
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pacnpocTpaHEHHs CBETa B 3TUX Cpelax.
A. Bo Bcex cpeiax CKOpOoCTh OJIMHAKOBA.
b. B crekite ckopocTh camasi 60JbIasl.
B. B Bo3yxe ckopocTh caMasi O0JIbIasi.
I'. B Bojie ckopocTh camasi OoJibIiasl.
2. B Bozie 1yd cBeTa majaeT Ha TPAHUILY MEXKIY BOAOUW U cTekiaoM. Kak Oymer
HaIpasJjieH npejaomisttomuics ayd? M300pa3uTs.
3. JIyd cBera, HanpaBJIEeHHBIN EPICHANKYISPHO I'PAHUIIE pa3/ielia IBYX Cpel ...
A. Tlpenomiisercst o yriiom 90°.
b. Ipenomsiercs oz yriom 45°.
B. IIpoxomur, HE IPEIOMILSIACH.

4. Kakoii undpoii Ha 3ToM pucyHKe 0003Ha4YeH YroJ MpeaoMiIeHus?

1

Al
b. 2.
B. 3.
I.4.

1. 5.
E. 6.

5. Kakwue u3 nepevyncieHHbIX HCTOYHHKOB CBETA SBIISIFOTCS HCKYCCTBCHHBIMHU:

1) nonsipHOE cusHKE, 2) NIEKTPUYECKas JJaMIla HaKaJIMBaHus, 3) Koctep?
A.1,2,3. b.1 B. 2. r.3. .12 E.1,3. XK 23

6. [TomyTeHp Ha SKpaHe MOTyYaroT, KOT/a...

A. Pa3Mmep MCTOYHMKA CBETAa MHOT'O MEHBIIIE PACCTOSHUS OT UCTOYHHKA 70 SKPaHa.
b. Pa3mep ucrouHmka cBeTa CpaBHUM C PACCTOSIHUEM OT UCTOYHHKA JI0 KpaHa.

7. OmpenienuTe 1O PUCYHKY, Kakasi TOUKa JISKUT B 00JIaCTH TCHHU.

A. 1l

b. 2.

B. 3.

8. Kakoil U3 prCyHKOB WILTIOCTPUPYET 3aKOH OTPaXKEHUs cBeTa?
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A1 B. 2. B.3. I.4. 1. 5.

9. Kakue yribl Ha pUCyHKe H300paXKaroT YroJl MajeHust U yrojl OTpaKeHus?

A.1— yron najeHus, 2 — yroy OTpaxxeHwusl.
b. 1 — yron nagenusi, 3 — yroi OTpaKCHHS.
B. 1 — yron nmanenust, 4 — yroy OTpaskeHHSI.
I'. 1 — yron nagenusi, 5 — yroia oTpaKeHusl.
.1 — yron nageHusi, 6 — yroia oTpakeHusl.
E. 2 — yron manenus, 3 — yroi OTpaxeHHS.
XK. 2 — yron manenus, 4 — yrox oTpakeHusl.
3.2 — yron nageHus, 5 —'.yroy oTpaKeHus..

. 2 — yron najgeHust, 6 — yroa oTpaxeHusl.

JlaGopaTopnas padora Ne 10. Onpenesienne noka3zareJisi MpeJOMJIeHHs CTEKJIa
Iesab: DxcrepuMeHTaIbHO ONPEAETUTh OTHOCUTEIbHBIN MMOKa3aTeNb MPEJIOMIICHHS CTEKJIA.
Ob6opynoBanue: CTekJIssHHAs IJIACTUHKA, UMetolIas (opMy Tpaneuu, KapToH, 4 UTOJIKH,
HCTOYHUK CBETA.
W3BecTHO, 4TO CKOPOCTH CBETA B BEMIECTBE V BCETa MEHBIIIE CKOPOCTH CBETa B BaKyyMme C.
OTHOIIEHUE CKOPOCTH CBETA B BAKyyME C K €€ CKOPOCTH B JJAHHOMH cpejie v
Ha3bIBAETCS A0COTIOTHBIM MOKAa3aTeJeM NMpeJIOMJICHHS

C
=—
V

TaK)KC, a0COJIIOTHBIN ITOKa3aTellb MMPEIOMJIICHUSA MOXXHO BBIPA3UTh UCPE3 OTHOLICHUC CUHYCa

yria najgeHusi K CHHyCy yriia IpeJoMJIeHUs IpU Nepexo/ie Iydya U3 BaKyyMa B IaHHYIO CPELy:

sina
n=

siné
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CrnoBocoueTaHue «aOCOJIOTHERIN ITOKa3aTelb IpECIOMIICHUA CPEABD» YaCTO 3aMCHAIOT Ha
«IIO0KAa3aTCJib MPECJIOMIICHUA CPCABD».

3aKoHBI NMpeJIOMJICHUA

1. OTHOLIEHUE CUHYCA yTriia NajeHus @ K CUHYCY yIJla IPEJIOMIICHUS E €CTh BEJINYMHA
MIOCTOSIHHAS JJI IBYX JTaHHBIX CpeEl.

2. Jlyun, magaromuii ¥ TpeJOMIICHHBIMH, JIEKAT B OJTHOW IUIOCKOCTH C MEPIICHIUKYIISIPOM,
MIPOBEJICHHBIM B TOUKE IMaJICHUS Jyda K IUIOCKOCTU FPaHULbI pa3iesia JByX Cpell.

Jjig ipesiomMiieHus BBIMOIHAETCS IPUHITUI 0OpaTUMOCTH CBETOBBIX JIyUei: JIyd CBeTa,
pacupoCTPaHSAIOIIMICS MO MTyTH NPETOMIIEHHOIO JIy4da, IPEJIOMUBIINACH B Touke O Ha IpaHulle pasjiena
cpel, pacpoCTpaHAeTCs JalbIle 110 IyTH MTaJaroIero jgyda. M3 3akoHa pesioMiieHus Ciaeayer, 4To
€CJIM BTOpas cpejla ONTUYECKU OoJiee II0THAs Yepes3 nepBasi cpeaa,

[Tocne npoxoxkaeHus: yepe3 CTEKISHHYIO II0CKONapaulesIbHYIO IJIACTUHKY Jy4 CBETa
CMEUIAEeTCsl, OJTHAKO €r0 HAMPABICHUE OCTAETCS MPEXKHUM. AHAIM3UPYA X0/ JIyda CBETA, MOXKHO C

MMOMOIIBIO TCOMCTPUICCKUX HOCTpOGHI/Iﬁ OIIPCACIIUTD IMMOKA3aTCJIb IPCIOMIICHUA CTCKIIA.

Saganue Nel.
1. [TonoxwuTte Ha CTOJI JIUCT KAPTOHA, & HA HETO — CTEKIITHHYIO TUIACTHHKY.
2. BoTkHHTE B KapTOH 10 OJIHY CTOPOHY TUIACTHHKH JBE OyJaBKu — 1 1 2 Tak, 4TOOBI

OynaBka 2 Kacanach rpaHy IIacTUHKU. OHU OyyT OTMEYaTh HANIPABJICHHUE MAJAOLIETO Ty4a.
3. I'naas ckBO3b MIACTUHKY, BOTKHUTE TPETHIO OyJIaBKy Tak, 4YTOObI OHA 3aKpbIBasa

IEPBLIC JIBC. HpI/I OTOM TPEThA 6y.]'IaBKa TOXKC OOJIXKHaA KaCaTbCA IJIaCTHUHBI.

3ananue Ne2.

1. YOepute OynaBku, OOBEIUTE IUIACTHHY KapaHIAIIOM M B MECTaX IPOKOJIOB JIMCTa
KapToHa OyTaBKaMH MOCTaBbTE TOUKH.

2. Haueptute nmanaromumii ayu 1-2, mpenoMiaeHHbIN oyd 2-3, a Takke NEepPHeHAUKYIIp K

T'paHUILC TUNIACTUHKU.
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3. OtMerbTe Ha Jydax TOYkd A u B Ttakume, uro OA=0B. 13 Ttouek A u B omycrture

neprnesaukyisapel AC u BD Ha neprneHuKysp K rpaHule IUIaCTUHKU.

3ananue Ne3. UMsmepuB orpesku AC u BD, BeunciauTe nokaszartenb MPEIOMIICHUS CTEKIA,

UCTIONB3YS ClIeAyIonme GopMyIIbl:

. AC i DB || _sina_ AC
sin a=q A" sinf=i o5 " H__sinﬂ_ B

3aganue Ned [loBTOpuTe ONBIT euie 2 pa3a, U3MEHsIST KaKIbl pa3 yroia najeHus. Pe3ynbrarTel

M3MEPEHUI U BBIYUCICHUH 3alUIIUTE B TAOIHILY:

Ne onbiTa AC, mm BD, mMm n

3apanune NeS. OnpenenuTh NOTPEIIHOCTh U3MEPEHHUIH METOAOM Cpe/iHel apupMeTHIECKOH.

N+ Ny +ny

nq,— 3

Onpeznenute aOCOMOTHYIO MOTPEIIHOCTS!

Any=[n,—n,|| |An,=[n,—n,

Any=|n,—n,|

An+An,+Ang
il 3
Ornpenenure OTHOCUTEIIBHYIO MTOTPEITHOCTH:

An
50 = ——te
P n

An

P 100%

3apanue Ne6 ([lomomHuTenbHOE 3a1anme Ha olleHKy «OTiraHo»). OnpenenuTe, Ha KaKOW yroi
OTKJIOHUTCSI CBETOBOM JTy4d OT CBOETO NIEPBOHAYAIILHOTO HAIIPABJICHUS NP MIEPEX0JIE U3 BO3/IyXa B BOJY,
€CJIM YroJl majieHus o, = 75°.
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CrenaiiTe BBIBOJ 110 TIPOJICTIaHHOM padoTe.

KOHTPOJILHBIG BOIIPOCHI:

1. Ou3nyecKuil CMbICI a0COTIOTHOTO MOKa3aTess MPEeIOMIICHHUS.
2. Yto Takoe sBICHUE MOJTHOTO BHYTPEHHETO OTpaskeHus?
3. ['ne ucnonb3yeTcs sBIEHUE MOJHOTO BHYTPEHHETO OTPAKEHUS?

IIpakTnyeckas padora Ne28 Pemenne 3ana4 no reMe @u3nka aToMa M1 aTOMHOIO S1/1pa
Iesb: ymeTh pemars 3aauu 0o TeMe, IPUMEHATh (OPMYJIBI.

ITopsinok BbINOJIHEHHSI PadOTHI:

1. BHuMaTenpHO Npo4YuTaTh TEOPETUYECKYIO YaCTh U IUIAH PELICHUS 3a1a4
2. PaccmotpeTs mpuMepsl peneHus 3a1a4d
3. [TosrydnTh ¥ BBIIOJIHUTE UHAWBUAYAJIBHBIEC 3a/1aHHUS.

TeopeTnyeckuii MaTepuaJl

[locne otkpeituss Pesepdopmom aToMHOrO  sigpa  MHOTOYHUCICHHBIE — OKCIIEPUMEHTHI
MOJATBEPAMIIN, UTO Sipa aTOMOB, TaK K€, KaK M CAMH aTOMBI, IMEIOT CIOKHYIO CTPYKTYpy. OHUM U3
HOATBEP)KACHHEM 3TOTO, SBISIETCS €CTECTBEHHAS PaJMOAKTHBHOCTh, O KOTOPOW MBI TOBOPWIIM Ha
IpOLUIOM ypoKe. BcnoMHHMM, YTO pajin0aKTUBHOCTHIO MBI Ha3BalM CIIOCOOHOCTh aTOMOB HEKOTOPBIX
XUMHYECKHX 3JIEMEHTOB K CaMOIIPOU3BOIBHOMY H3JIy4YEHUIO.

BTopeiM TOATBEpKIEHHEM TOTO, YTO AaTOMbl XHUMHYECKHX OJJIEMEHTOB HMEIOT CIIOKHOE
CTPOEHUE, SIBUJIOCH OTKPHITHE PaIMOAKTUBHOIO pacrnaja. Tak Ha3bIBAIOT MPEBPALEHUs aTOMHBIX sep
OJTHOTO XMMHUYECKOT'0 3JIEMEHTA B si/Ipa aTOMOB JIPYIOro XMMUYECKOT'0 3JIEMEHTA, COMPOBOXKIAIOIIEeCs
UCITyCKaHHEM YacCTHII.

[TpumedaTenbHO, YTO SACpHBIC PEaKIUM OBLIM OTKPBITHI JO TOTO, KaK OBUIO YCTAaHOBJICHO
cyuiectBoBaHMe aTOMHBIX siziep. Emé B 1903 rony Opuect Pezepdopn v ero noMOIHUK, aHTTTMHCKUN
xumuk @penepuk Coaiu, OOHAPYKMIM, YTO B pEe3yJlbTaTe O-paclajga paJuOaKTUBHBIM pajuii

IIPEBPAILAETCS B HOBBIM XUMHUYECKHI 3JIEMEHT — PaJOH.
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22%Ra — %32Rn + 3He

[Tpu 3TOM 00a XMMHUYECKUX DJIEMEHTA HE UMCIOT HUYEro OOIIEro APyT ¢ IPYroM: pajuii — 3TO
METaJIJI, KOTOPBIA MPH HOPMAIBHBIX YCIIOBUSX HAXOIWTCS B TBEPIOM COCTOSIHHH, a PaJOH — 3TO
uHEepTHBIM Ta3. [loMuMo 3TOro, aToMbl OOOHMX 3JIEMEHTOB MMEIOT Pa3HyI0 Maccy, 3apsal sfapa U
KOJIMUECTBO AJIEKTPOHOB B ANEKTPOHHOU oOonouke. Ilnoc ko BceMy, OHM MO-pa3HOMY BCTYIAIOT B
XUMHUYECKHE PCAKIUH.

Bckope ombIThI, IPOBEACHHBIE ¢ APYTUMHU PAJAMOAKTHBHBIMU 3JIEMEHTAMH, TTOKA3aJId, YTO HE
TOJIBKO TIPU O-WU3IyYE€HUHU, HO U MpU [-pacraje MPOUCXOIUT IMPEBpALEHHE OJHOTO XHWMHUYECKOTO
sneMmeHTa B Ipyroid. OJHaKO MexaHu3M OOOHX MpeBpalleHui He ObLI MOHATEeH BIUIOTh A0 1911 rona.
Jlumre mocie Toro, kak Pesepdopmom Oblna npeioxkeHa sjaepHas MOAeb aToMa, CTallo TIOHSITHO, YTO
UMEHHO SJIPO TIPETEPIIeBACT U3MECHEHHUS MTPH PATHMOAKTUBHBIX IMPEBPAIICHUSX.

Ha camom nene. Kak Mbl 3HaeM, 0-M3JIy4eHHE — 3TO MOTOK aTOMOB TeJHs, MOTEPSBIINX 00a
CBOMX DJIEKTPOHA, U MX HET B DJIGKTPOHHON 000J04Yke aromMa. A TMpH B-U3Iy4eHUU HCITYCKAIOTCA
AJIEKTPOHBI, HO YMEHBIIICHNE YHCIIA JIEKTPOHOB B aTOME MTPEBPAIIACT €0 B HOH TOTO XKe 3JIEMEHTa, HO
HE B HOBBIH XUMHUYECKUH JIEMEHT C IPYTUMH (PU3UICCKIMH U XUMHUYCCKHUMH CBOHCTBaMHU.

[TocmoTpuTe, Kak 3alMChIBACTCS peakius anbga-pacnaaa sjapa aroMa pajaus ¢ MpeBpaleHueM

€ro B SJIpO aTOMa paJIoHa:

228Ra — 23ZRn + 3He

UYucno, KOTOpoe CTOUT BBEPXY Mepes OyKBEHHBIM 0003HAaYEHHEM si/Ipa, Ha3bIBAa€TCSI MaCCOBBIM

YHUCJIOM, 4 BHU3Y — 3aps10BbIM YHUCIIOM (I/IJ'II/I ATOMHBIM HOMCpOM).
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MaccoBoe uucio sipa aroma 06o3Havaercst 00Jboi 0ykBoir A. OHO ¢ TOYHOCTBIO JI0 TIETBIX
YUCCII paBHO III/ICJ'Iy AaTOMHBIX C€AWHHUI] MAaCCBhI, coaepmamnxcx B Macce SII[pa JAHHOT'O XUMHWUYCCKOI'O
JJIEMEHTA.

OpHa aTOMHasl €IMHHIIA MAacChl — 3TO BHECHUCTEMHAs CAMHMIIA MACChl, KOTOPask MPUMEHSCTCS
JUISE MACC MOJICKYJI, aTOMOB, aTOMHBIX sIJIEp U SJIeMeHTapHbIX yacTuil. OHa onpenensercs kak 1/12 gactpb
MacChl CBOOOIHOTO TTOKOSIIIIETOCs aTOMa YTIepoa.

3apsoBOe YHCIIO sijipa aToMa 0003HaYaeTcss OONBIION JaTHHCKON OykBoii Z. OHO paBHO YHUCITY
9JIEMEHTAPHBIX AJICKTPUYECCKUX 3aps/ioB, COJICPXKAIIMXCS B 3apsAic AApa JaHHOTO XHMHYECKOTO
JJIEMEHTA.

HaHOMHI/IM, qyTO 1104 BHGMGHTapHBIM 3ap51;[0M MBI ITOHHUMAcM HaI/IMeHBH_II/Iﬁ I')JIGKTpI/ILIeCKI/Iﬁ
3apsil, PaBHBIN 110 MOJTYJTIO 3apsiy MJICKTPOHA.

B ¢u3nke npuHATO BBIICIATH JABa BUAA PaAHMOaKTHBHOIO paciaaa — 3TO o- U B-pacmaj. JlaBaiite
paccMOTPUM HEKOTOPBIC UX CBOWCTBA.MITak, MbI yXKe 3HAEM, YTO O-paCIiaji XapaKTEPU3yeTCsi BUICTOM
sapa aroma reswms. ClieoBaTebHO, MPOIYKTOM paciiajia MaTePUHCKOTO spa OKa3bIBACTCS DJIEMEHT,
3apsI0BOE YUCIIO KOTOPOTO Ha 2 €JIMHUIIBI MEHBIIE, 2 MACCOBOE YHCIIO Ha 4 ¢IMHUIIBI MEHBIIIC, YEM Y

MATCPHUHCKOI'O Ad1pa. U3 ocobenHocrei o-paciiaga BbIACIINM CICAYIOIIHC:

X — 923Y + 3He

o

Bo-niepBbIX, OH HaOIIO1a€TCs IS PUPOTHBIX SIEP, 3aPAI0BOE YUCIIO KOTOPBIX Oonbiie 83 (3710,
TaK Ha3bIBaeMbIe, TSHKENBIE Apa, MTOCKOIBKY X aToMHas Macca 6ounbiie 200 a.e.m.).

A BO-BTOPBIX, JHEPTHH M CKOPOCTH HCITYCKAEMBIX 0-9aCTHI] B ITyYKe OYEHB OJIM3KHU JIPYT K JAPYTY.

Kak MBI TOBOpHIIM Ha TIPOIIJIOM YPOKe, -U3TydeHUE SIBISICTCS MTOTOKOM 3JICKTPOHOB. MHBIMU
CJIOBaMHU, MpH OeTa-pacraje sapa caMOmpOr3BOIBHO HCITYCKAIOT 3JEKTPOH. B pesynbTare oOpasyercs

HOBOC 41pO0 C TCM K€ CaAMbIM MAaCCOBbBIM YHUCJIOM, HO C aTOMHBIM HOMCPOM Ha CAUHULLY OoJbIIIe.
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A A 0
7K — z49Y + _je

3

W3 ocobenHocteil B-pacmana BBIACTUM TO, YTO OH HAOMIONAETCS IS TSDKENBIX U CPEAHUX sIIEp,
a CKOPOCTH 3JIEKTPOHOB CHJIBHO Pa3JIM4arOTCs 110 BEIIMYHHE.

WHuTepecHo, 4To H3ydeHue [-pacmaja Ioka3ajlo, 4TO B HEM Kak-Obl HapylIalTCs JBa
(byHAaMEHTAIbHBIX 3aKOHA: 3aKOH COXPAaHEHMs HEPruu U MMIlyJbca. B cBA3M ¢ 3TUM, IBeHIIapCKUit
¢u3uk Bonwsdranr Ipuer [laynu npeanomaoxu, 4To npu B-pacnaae poskaaercs enié Kakas-To YaCTHIIa,
KOTOpasi M1 YHOCHT YacTh SHEPTHH U UMITyJbca. A UTaNbsSHCKUI (pu3uk DHprko depmu mokasal, 4To
9Ta 4acTHULla HEWTpaJIbHAs M UMEET HUYTOXKHYI Maccy. OH Tak ke Jaj Ha3BaHHWE 3TOM 4acTHLE —
HEUTPUHO.

3aganue: Pemure 3anqauu, onupasicb Ha NPUMeEPbI PelIeHU .

Bapuanr 1
10
1. Jlnst HeWTpanbHOro aroma Oopa 2 OTIPENIENIUTE YHCIO HYKIOHOB, IPOTOHOB,
HEHUTPOHOB U 3JIEKTPOHOB.
210
2. [Mononuit 84 WCIIBITBIBACT Q-pacriaj. 3amuiIuTe PEeaKIui0 3TOr0 PaaIu0aKTUBHOTO
pacmana.
239
3. Snpo aroma turyroHuss 94 HCIBITBIBaCT 3 a- u 2 PB- pacmamoB. Kakoe spo
MOJYYHIIOCH B pe3ylibTaTe? 3alullnTe PeaKiuH.
Bapmuanr 2
27 Al
1. JI1s HeHTPATBbHOTO aTOMa ATIOMHHMS 13 ONpeJIeNTe YHCIIO HYKJIOHOB, IPOTOHOB,
HEUTPOHOB U AJIEKTPOHOB.
210
2. [Mononuit 84" ~ ucmeIThiBaeT B-pacmai. 3amuIIUTE PEAKIHIO ATOr0 PAAMOAKTUBHOTO

pacnana.
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239
3. SAnpo atoma tuiytoHus 94 ucnbIThIBaeT 2 a- u 3 B- pacmagoB. Kakoe smpo

MOJIYYUJIOCh B pe3yiibTaTe? 3anuIlIuTe PeaKiiH.

Bapuanr 3
64 u
1. Jns HeWTpanpHOro atomMa Mmeam 29 OIPENIEIUTE YKHCIO HYKJIOHOB, IPOTOHOB,
HEHUTPOHOB U 3JIEKTPOHOB.
239
2. [Inyronuit 94 ~ ucoeiThiBaeT B-pacmaj. 3aluNIMTe PEaKIHI0 3TOrO PaMOAKTUBHOTO
pacraza.
210
3. Snpo aroma mosionus 84 ucnbeIThiBaeT 3 a- u 4 B- pacrmamoB. Kakoe sapo
MOJIYYHJIOCH B pe3yibTaTe? 3aMUIlIUTe PEaKIUH.
Bapuanr 3
39
1. JIns HeWTpalbHOro aroMa KaiaMs 19 ONpeleluTe YUCIO HYKIOHOB, MPOTOHOB,
HEHTPOHOB U DJICKTPOHOB.
239
2. [Inyronmit 94 ~ HCOBITHIBAET A-pacmaj. 3alUIITE PEAKIHIO 3TOr0 PaJIuOAKTHBHOTO
pacmaja.
210
3. SAnpo aroma mononus 84 ucmbIThIBaeT 2 a- u 5 P- pacmamoB. Kakoe siapo

MOJIYYHJIOCH B pe3ynbTaTe? 3alUIINTE PEaKLIUH.

Kpurtepun onenuBanus:

OreHka 5 cTaBUTCSI, €CTTM y4YalTUuecs: BHITIOJIHIINA BEPHO 3 3a/1auu, BEPHO 3aIUCaIN YCIOBUE
3a/1a4d, BEPHO BBIMOJHWIN YEPTEXK, 3aITUCATH BCE HEOOXOIUMBIE U JOCTaTOYHBIC (DOPMYITBI JIJIs
pelIeHus 33aJ1a4M, BEPHO MOACTABUIIM YNCIECHHBIE 3HAUEHUS], BEPHO MPOBEJH BBIYUCIEHUS 1O
dbopMynaM U BEpHO 3amUCali OTBET.

OneHka 4 cTaBUTCS, €CIIM BEPHO M MOJHOCTHIO IPABUIIBHO PELIEHBI U 3aIIMCaHbl 2 3a/1a4y, B 3
3a/1aue JOMYIICHBI OMMOKY JIMOO0 B 3aMKCH JIaHO, TNOO MPHU BHITIOJIHEHUH YepTeka, TU00 B 3aITUCH
dbopMyIT WM BEIYUCTICHUSX.

OueHka 3 cTaBUTCS, €CTIM BEPHO U MOJHOCTHIO MPABUIILHO pelIeHa U 3anucana | 3agada, Bo 2 1
3 3aauax JAOMyIICHBI OMMOKY JINOO B 3alUCH JIaHO, INOO MPHU BHITTOJTHEHUH YepTeka, TUO0 B 3aITUCH
GbOopMyJT WIIH BBIYUCIICHUSX.

OreHka 2 cTaBUTCS, €CITU B KaXI0HM U3 3 3a/1a4 TOMYIIEHBI KaKue-T1u00 OommOKy T100 B 3amucu

JaHo, 6o IIpU BBIITOJIHCHHUU YCPTECIKA, 00 B 3aIIUCH (I)OpMy.II NI BBIYUCIICHUAX.
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JlaGoparopHasi padora Nell OnpeaesieHue 3apsijia 3J1eKTPOHA
Hesb: 3KCrIEpUMEHTATBHO OITBEPIUTD YTBEPKIECHUE O TOM, YTO 3aps]l IEKTPOHA MOKHO
OIPEENINTD, UCTIONb3Y SABJICHUE 3JIEKTPOJIN3A.
OO0opyaoBaHme: HCTOUHUK 3JIEKTPONUTAHUS, MEHBIE JIEKTPOJIbI, aMIIEPMETP, KJII0Y, BECHI,
COETMHUTEIIbHBIE POBO/JIA, YAChI C CEKYHIHOM CTPEJIKON, HACHIIIEHHBII pacTBOP MEIHOTO Kyrnopoca.
Teopernueckasi 4acTh

W3 3axona Dapayes Uis SISKTPOIH3a CIIEAYET, YTO 3apsijl HIICKTPOHA € MOXKET OBbITh ONpe/ieieH

MIt
N3 COOTHOLICHHUSA: € = m

n , TIe M - Macca BEIIeCTBA, BBIACIUBIICIOCS Ha KAaTO/gC, M - ero MOJISIpHas
a

Macca, n - BAJIECHTHOCTh 3TOI0 BelecTBa, Na - uncio ABoraapo, I - cuna Toka npu 3nekrponuse, t -
BpeMs IPOTEKAHUS TOKA.

Taxum 00pa3oM, JUTst OIpeIeTICHNUS 3apsiia SJIEKTPOHA yKa3aHHBIM CIIOCOOOM JI0CTATOYHO
U3MEPUTh TPU BEJIIUYUHBL: m, [ u t.

QHGKTpI/IquKaﬂ cXeMma SKCHCPHMCHTaHLHOﬁ YCTAHOBKHU IS

7
Y,

BBINOJIHEHUS pabOThI MOKa3aHa Ha pucyHke 1. B kauecte
JIEKTPOJIMTA MCIOJIB3YIOT BOAHBIM pacTBOp MEIHOro Kyrnopoca. B
KIOBETY YCTAHABJIMBAIOT J[BA MEJIHBIX IEKTPO/a HA pacCTOSIHUM 3 - 4

CM OIUH OT APYroro. O,I[I/IH QJICKTPOA COCANHAIOT Y€PE3 KIIHOY C

OTpULATCIIBHBIM ITOJIFOCOM UCTOYHHKA SJICKTPOIIUTAHUA, I[perﬁ -

yepes aMIIepMeTp C MOJI0KUTENbHBIM. [Ipr 3TOM 00pariatoT BHUMaHHe I I
Ha TO, YTOOBI K TIOJIOKUTENIbHOMY MOJIFOCY MCTOYHHKA OblIa
MOJIKJIFOUEHA KJIEMMa aMIlepMeTpa, IoMedyeHHas 3HakoM "+". Maccy Eaok
BELIECTBA, BBIICIUBUIETOCS HAa KaTOAE, ONPEACIISAIOT B3BEIINBAaHUEM

JIEKTPOAA J0 U MOCJIE OIBITA: €CIIM J0 OIbITAa Macca IEKTpo1a Oblla mi, a IOCIe ONbITa M2, TO M =
mi —Mma.

Cuny ToKa onpenesstoT amMmnepMeTpoM. Tak Kak B XOJ€ OIbITa BETUYNHA TOKA MOXKET
MEHSTbCA, TO B popmyity (1) HOACTaBIAIOT ee cpeHee 3HaueHue lep.

Jliig onpesienieHns: CpeTHero 3HaYeHUsI CUJTbI TOKA, MOKa3aHUs aMIIepMEeTpa 3aluChIBalOT C
MHTEPBAJIOM B OIHY MUHYTY Ha IPOTSKEHUH BCETO OMNBITA. 3aTEM BCE 3HAUEHHUS TOKA CKJIAJIbIBAIOT U
MIOJIyYEHHYIO CYMMY JIEJIST Ha KOJIMUECTBO 3aMEPOB. BpeMst H3MepsI0T yacaMu ¢ CEKYHIHON
CTPEJIKOM.

Xon paboTsl

1. [loaroroBbTe B TETpaaAM TAOJIHUILY ISl 3aIMCH PE3YJIbTATOB U3MEPEHUN U BBIYUCIICHUN:

mg, ma,

LA lep, A m, ke t, c e, Kn

Ke Ke
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li=_ o= ls=_; la=__;
Is=_ ;le=__; = ; ls&=_;
lo=_;lwo=_;lu=_; lo=_;
lis=__; l=__; lis=__;
2. W3meppTe Maccy mi 3J€KTpPOJa, KOTOPBIM B IOCIEACTBUM OyIeT NOJKIYEH K

OTpHULIATENILHOMY IOJIFOCY UCTOYHUKA 3JIEKTPOMUTAHUSI(KATO).
3. Cobepute HIIEKTPUYECKYIO IeMb. JIEKTPOJAbl MOJAKIIOYAIOT K LIEMH, BCTaBISAS UX

OTOTIHYTBIC JICTICCTKU B IPOPE3U IITCKCPOB COCANHUTCIIBHBIX IIPOBOJOB.

4. [TpoBepbTe MpaBMILHOCTH COOPKM LEMH U HAIEKHOCTb KPEIUICHHS COCTUHHUTEIbHBIX
IIOBOJIOB.
S. [ToaxarounuTe MCTOYHUK IUTAHUSA K DIJIEKTPOCETH M 3alOJHUTE KIOBETY pPacTBOPOM

MEJHOTO KyIopoca.

6. 3aMKHUTE KJIIFOY M OJTHOBPEMEHHO C 3TUM HAYHUTE OTCYET BPEMEHU. 3aIUIIUTE ITEPBOE
nokaszanue amnepmerpa 1

7. Ha nmpotsbkennn 15-20 MUHYT ¢ HHTEPBAJIOM B OJIHY MUHYTY U3MEPSIITE U 3alIUChIBANTE
BEJIMYUHY CHJIBI TOKA B LIEIIH.

8. Uepes 15-20 MHHYT ¢ MOMEHTa 3aMBIKaHUS KJIOYa DPA30OMKHHUTE €r0, OTKJIIOYHUTE

HCTOYHHUK JJICKTPOIIUTAHUSA U p836€pI/ITe OCIIb.

9. IIpomoliTe 1 BBICYLIUTE KAaTOL.

10.  Berumncnure cpegHee 3HaUCHUE CHIIBI TOKA lep.

11.  HM3mepbTe Maccy karoaa mp.

12. BpluucnuTe Maccy oceBIIel Ha KaToje MeIu: m = mg — M.
13.  Onpenenure no ¢popmysne (1) Benuuuny 3apsijia HIEKTpOHA.
14.  3anummmTe BHIBOJ O MPOJCIAHHON padboTe

KOHTpOJIbHLIe BOIIPOCHI:

1. [To momyueHHBIM JTaA0OPATOPHBIM JAHHBIM OMPEIEIUTE MEKTPOXUMHUUECKUI SKBUBATICHT
MeJu.
2. Beruucnure TOYHOCTH DKCMEPUMEHTAIBHOTO pacdera 3apsja dJEeKTPOHA, PacCUUTaB
2am Al | At
OTHOCHUTENIBHYIO TIOTPEIIHOCTh Mo ¢opmyne & =———+—+—; 16 Am=A,m+ A, .m.

mq-my Iep t
HNHcTpymenTanbHas norpemHocts BecoB A, coctaBnser 0,01 r. IlorpemHocTs oTcueTra Macchbl
Ayrc IPUHATH paBHOM 1eHe neneHus mkanbl (1 mr). At = 1c, Al — npuHATH paBHOM LieHE JeNIeHUs
amrepmerpa. BrruncnuTe aOCOMIOTHYIO MOTPEIIHOCTh 3HAUEHHs 3apsjia JIEKTpoHA Ae = e, * ..
3anuImTe MOIy4eHHOE HKCIIEPUMEHTAIIEHOE 3HAUEHHUE 3apsi/ia HJIEKTPOHA B IOBEPUTEIILHOM NHTEpBAJE

(esxen £ Ae) K.
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3. [Ipy HUKEIMpPOBAHUU METAJUNIMYECKOM IUIACTUHBI B TEUEHHUE 2, 5 Y OTJIOKWICS CIOU
Hukens TommuHaor 0, 03 Mm. OnpenenuTh MIOTHOCTH TOKA j, eciii MoJisipHasi Mmacca Hukens — 0,0587

KI'/MOJIb, BAJICHTHOCTh N = 2, IIJIOTHOCTh HUKEIA 8,9 ¢ 103 kr/m3.

IMpakTnyeckas padora Ne29 Pemenue 3a1a4 no reme Ctpoenue u paspurue Beesiennoii
Llesb: ymeTh pemars 3a/1a4u 110 TeMe, IPUMEHSATh (POPMYIIBI.

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTBlZ

4. BHuMarenbHO IPOYUTATh TEOPETUUECKYIO YacTh U IJIaH PEIIeHus 3a1a4u
5. PaccmoTpeTh npuMeps! perenust 3aa1a4y
6. [Toy4uTh ¥ BBIIOJHUTH UHIUBUIyAJIbHBIC 3a/IaHMUSL.

Teopernuyeckuiit MmaTepuaJ

N3yuenue BeeneHHOH, fake TOJIBKO U3BECTHON HAM €€ 4acTH, SIBJISICTCS TPaHIMO3HOM 3a1a4eil.
B mpomutom mroau HaGmronanw 3a MPOUCXOXKACHUE 3BE3J, MPUIYMBIBAIM UM Ha3BaHUS , CTapaINCh
U3YYUTh UX, U MOHATh KaK OHU YCTPOEHBI . YTOOBI MOIYYUTh T€ CBEAEHUS, KOTOPHIMU PACIIONIAratoT
COBPEMEHHBIE yYeHbI€, IOHAA00MI0Ch MHOTO Tpyaa. [Ipeaku moMoriaum HaM XOTb YyTh-4yTh Y3HATh O
KOCMOCE, HO B COBPEMEHHO BpPEeMsI Mbl Y3HATU YyTh OOJIbIIIE, YeEM MPEIKH, HO KaXK/Iblii IeHb MOSBISIOTCS
HOBBIE TUIIOTE3bl U CBEJCHBA O MOSIBJICHUE HOBOU 3BE€3/1bl, HOBOW YEPHOU JBIPHI U O APYIOM.

[Ipouecc 3Bororuu BeesleHHON MPOUCXOAUT OYEHb MeJIeHHO. Benp Beenennas Bo MHOro pas
CTaplIe aCTPOHOMHH U BOOOIIE UEIOBEYECKON KYIbTYPhl. 3ap0OKIE€HUE U SBOJIIOIMS KU3HU Ha 3eMile
ABJIETCS JINIIb MAJIEHbKUM 3BEHOM B 3BOJtoIMHU Beenennoii. M BCE ke nccnenoBanus, IPOBEICHHBIE B
HAaIlleM BEKe, IPUOTKPBUIN HaM 3aHaBEC aJIeKOro MPOIIJIOTO.

Bcenennast 3BONIIOLIMOHUPYET, OypHBIE MPOILIECCH MPOUCXOIWIM B TMPOIIJIOM, MPOUCXOMAST
ceifyac v OyAyT MPOUCXOAUTH B OYTyIIEM.

Iens:

VY3HaTh Kak 3BONIOIMOHNpPOBaia Beenennas

3anaumn:

PaccmoTpeTs Teopuu 1 runoTes3sl 0 BOSHUKHOBEHHS BeenenHoi

N3yuuts cTpoenue Beenennon

Bcenénnas — He MMeeT CTPOroro OnpeeIeHHOro MOHSATHS B aCTPOHOMUH U prtocoduu. OHO
JIEJIUTCS Ha JIBE CYIHOCTH: YMO3PUTEIbHYIO (PUI0COPCKYI0) U MaTEpUATIbHYIO

Omna npencraBiseT coO0M Bce CYIIECTBYIONIEE MPOCTPAHCTBO. [ aakTUKH, 3BE3/Ibl, TNIAHETHI —
BCE 9TO YacTh HeoObsATHOU Beenennoit. (mpunoxenue 1 puc.1)

Cpenu Bcex Teopuil 0 MPOUCXOXKIAeHUU BceneHHo#l 3Ta mosiBUiach camor mnepBoil. OueHb

xopormas ¥ yaqoOHast BepCHsi, KOTopas, MoXanyi, OyeT UMETh aKTyaJIbHOCTh Bceraa. Kcratu, MHOTHE
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yueHble (DU3MKH, HECMOTpPS Ha TO 4YTO HayKa M pEJIUTUs YacTo NPECTABIAIOTCS MOHATHSIMHU
IIPOTUBOINOJIOXKHBIMU, Bepuiiu B bora.

[Moxkanyii, camasi pacrpOCTpaHEHHas W HauOoJiee TMPU3HAHHAS MOJIENb TPOUCXOXKICHUS
Haiei BeeneHnHoii - 3to Teopust bomnbioro B3peia.

Ha opgansbiii mMomeHT Teopus. bonbimioro B3pbeiBa sBisiercs HauOoliee  JOTHYHBIM
NPEIOI0KEHNEM O TOM, Kak Bo3HUKIIA Beenennas. OHa 00bsCHSET NOSBICHHE 00bEKTOB, (PU3NIECKUX
3aKOHOB, MaTEpUi U BCETO TOTO, YTO HAXOJUTCS B KOCMOCE.

[TpenmnonoxureabHo, BCe HAYAIOCh C HEOOIBIIONW CUHTYISIPHOCTH OTPOMHOM INIOTHOCTH, JUIS
KOTOpPOM HE CYIEeCTBOBAJIO BpeMeHH. B ompenerneHHbIE MOMEHT OHa Hayaia pacTH C OrPOMHOMU
CKOpPOCTBIO, TIOPOXKIAsi MPOCTPAHCTBO, (U3MYECKHUE 3aKOHBI, IpaBUTAIMIO U T.1. Jlonroe Bpems
TeMIeparypa BHYTpH OblIa HACTOJIBKO BBICOKOM, 4YTO oOOpa3oBaHHE KAaKUX-ITMOO YacTul ObLIO
HeBo3MOKHBIM. Yepe3 380 Teic. et oHa cHusmwiack A0 3000K, u torma Havyamu (HopMUPOBATHCS
cy0aTOMHBIE YaCTHIIbI, KOTOPHIM HAa CMEHY BCKOPE MPHIILIHN MTOJIHOIICHHBIE aTOMBI. A Uuepe3 MUJLTHAPIbI
JIET U3 MbUIEBBIX 00JIAKOB OHU MIPEBPATUIIMCH B 3B€3/Ibl, IUIAHETHI, ACTEPOU/IBI.

TepMuH «CBEpXHOBasH» OMHMCHIBAET B3PBIBBI C BBIICICHHEM OOJBIIOTO KOJMYECTBA SHEPTHH B
MOMEHT, KOTJa ONpeeNEHHbIE 3BE3bI JOCTUTAIOT OMpENeNEHHON cTaauu pa3BuTUs. CBEPXHOBBIC
MOTYT CHUSITh sIpU€ LENbIX TaJlaKTUK, U pa3pyliaTh BCE, YTO HAXOAUTCSA B COTHE CBETOBBIX JIET OT HUX.
(mpunoxenuel.puc.2)

Ho cBepxHOBBIE — HE IPOCTO YAUBUTENBHOE IPUPOIHOE SIBJICHUSI. ITO CaMble BayKHbIE SIBJICHMUSI,
HEOOXOIUMBIN /IS Pa3BUTHS CIOKHOW MaTepUU U B TOM YHUCIIE, KU3HU.

Cynpba OJMHOYHOTO CBETHJIA 3aBUCHT OT €ro HaudalbHOM Macchl. 3Be3[pl 00pa3yloTcs B
pe3ynbTare rpaBUTAllMOHHOTO KOJIIAIca ra30BbIX 00JIAKOB, COCTOSIIIIMX B OCHOBHOM U3 MOJIEKYJISIPHOTO
Bojlopoja u renus (oauH atroM He Ha 12 atomoB H2), ciie1oBbIX Kon4uecTB 60J1ee TSHKEIBIX 2JIEMEHTOB
Y TBEPJBIX MbUIEBBIX YacTull. Komarnc 3aBepiaeTcst poxkAeHUEM MPOTO3BE3/1bl, KOTOpask UMEET LIaHC
IIPEBPATUTHCS B IOJIHOIpPABHOE CBETWJIO. [[s1 3TOro B €€ siape MOJDKHO HavarbCs yCTOMYHMBOE
TEPMOSJIEPHOE TOpPEHHE BOAOPOJA, CIOCOOHOE TMOJHOCTHIO KOMIIEHCHPOBATh IIOTEPH HHEPTHH,
YHOCHUMOM B KOCMOC M3JIy4€HHEM 3Be3/bl (FeJInii B 3TOM IPOIECCe HE YYaCTBYET, MOCKOJBKY ISl €ro
noJKora TpeOyrTes Kyna OoNblie TeMrepaTypsl). MUHUMaNbHAS TeMIepaTypa, HeoOXoaumasi ass
BOCIUIAaMEHEHUS BOJIOpoAa, cocTaBisieT okoso 3 MiH K. CorsmacHo MOJENbHBIM BBIUMCIIEHUSAM, AN
JOCTMKEHHS  3TOr0  IMOopora  Macca MNpoTo3Be3nbl  JokHa  npeBbicuTh 0,075  maccel
Connua.(npumnoxenue2.puc. 1)

CBepXHOBBIE MOTYT TMOSIBUTHCA U JIPYTUMH MyTssMu. K mpumepy, XOTs OONBIIMHCTBO OENbIX
KapJIMKOB MEJUIEHHO HaOMpalOT MacCy, HEKOTOPbIE 3BE3/bI MOT'YT MOJTYYUTh OBICTPBINA MIPUPOCT MACCHI
(HampuMep, OT CTOJKHOBEHHS C IPYroi 3BE3/10i) U OBICTPO MPEOI0NIETh mpeaes YaHapacekapa — Tak

OBICTPO, UTO OHHU HE YCIEIOT HaYaTh KOJIIANICUPOBATh.
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Bcenennass — 9TO Bech MarepuaidbHBI MHp, pa3HOOOpasHbIH MmO ¢dopmaMm, KOTOpPHIS
IpuoOpeTaeT MaTepus U dHeprus. (npuioxeHHuel.puc.3)

Bcenennast cocTOMT M3 IMYCTOT U TajJakTUYECKUX HUTEH, KOTOpble MOXHO pa3OuTh Ha
CBEPXCKOIUICHHUSI, CKOIUICHUSI, TPYIIIbI TaJaKTUK, a 3aTEeM U Ha TaJlaKTUKHU.

[ManakTuyeckue HUTH — KPYITHEHIINE U3 U3BECTHBIX KOCMUYECKUX CTPYKTYyp Bcenennoil B
dbopMe HUTEH U3 TATaKTHK co cpenneit nmumHoi 50-80 meramapcek (163-260 MIJIITHOHOB CBETOBBIX JIET),
JeKalye MeXIy OONBIIUME IycToTaMu (Boraamu). Hutu MoryTt opMupoBaTh «OOJIBIINE CTEHBI) —
OTHOCHUTEIIBHO IJIOCKUE CTPYKTYPbI CKOTUIEHUH U CBEPXCKOTLICHUI.

Boiiapl ( mycroTa) — y4acTKM KOCMHYECKOIO MPOCTPAHCTBA, B KOTOPBIX KOHIEHTpAILUs
raJJakTUK B JECATKH pa3 MeHblie cpenHeldl. OHM OKalMIIEHBI CKOIUIEHHSMH M CBEPXCKOILIEHUSIMHU
rajiakTuk. Pazmeps! Boi10B cocTaBisitoT okoisio 10-30 meranapcek. bosbiune BoWapl MOTYT JOCTUTAaTh
B pazmepax 150 Meramapcek u BEpOosTHO 0XBaThIBalOT 0K0JI0 50% o6bema BeeneHHOM.

lanaxtuku

UYro Takoe ranaktuka? — OCHOBHasl CTPYKTypHas elMHULA BO BeceneHHOM, rajakTuKa CoaepKUT
— 150 — 200 MumMapaoB 3BE3J; 3BE3HBIC CUCTEMBI Pa3HOI'O BHJA, KOTOPHIE COCTOSAT U3 3BE3],
ra30BBIX U MBUIEBBIX TYMAHHOCTEH M MEXK3BE3HOIO PACCESHHOTO BEILIECTBA.

EcTh ouHOYHBIE TaIaKTHKH, HO OOBIYHO OHM MPEANOYMUTAIOT pacrmoJiaratbes rpynnamu. Kak
npaBwio 3T0 50 rajakTHK, KOTOpbIE 3aHMMAIOT B JAMaMeTpe 6 MUJUIMOHOB CBETOBBIX JieT. I'pymrma
Mineunoro Iyt HacuuTeiBaeT 60sbIne 40 raJakTHK.

Ckormutenus — 31o obsacts ¢ 50-1000 ranakTukaMu, KOTOpbIE MOTYT JIOCTUTaTh pa3MepoB B 2-10
Mmeranapcek (auamerp). MHTepecHO 3aMeTHTh, YTO MX CKOPOCTH HEBEPOSTHO OOJbIME, a 3HAYMT,
JIOJKHBI IPE0A0JIeBaTh rpaBUTalni0. OJJHAKO OHU BCE XK€ JepKaTcs BMECTE.

OOcyx/ieHns TEMHOM MaTepuH MOSBISIETCS Ha dTale PacCMOTPEHHS MMEHHO TajlakTHYeCKHX
cKoruleHni. CUnUTaeTCsl, YTO0 TMEHO OHA CO3JIAET Ty CHIIy, KOTOPasi HE JaeT BO3MOKHOCTH TaJlaKTUKaM
pas3JeTeTbCs B pa3HbIe CTOPOHBI.

[Topoit rpynnbl OOBEAUHSIOTCS, TEM caMbiM (OPMHUPYS CBEPXCKOIUIEHHWE. DTO OJHHU U3
KpYMHEHIINX BCEIeHCKUX cTpyKTyp. Hanbonbmuit npeacrasurens — Benukas Crena CinoyHa, koTopast
pactsiHynach Ha 500 MUJLTMOHOB CBETOBBIX JIET B JIUHY, 200 MUJUIMOHOB CBETOBBIX JIET B INUPUHY U 15
MUJJINOHOB CBETOBBIX JIET B TOJILHUHY.

WnuTepecHslit paxt

Mneunsiii [1yTe coctouT nmpumepno u3 10 mumummapaoB 3Be3n. CBery, yToOBI 100paThCs U3
OJIHOTO KOHIIA TaJIaKTHKH B Jpyroi, Tpedyetcsa 100 Teicsy net.(mpunoxenuel.puc.4.)

3Be31pl pacHpelieleHbl B TajlakTUKaX HEPaBHOMEPHO, B Pa3HBIX YacTAX MMEIOTCS IJIOTHBIE
CKOIUICHHUS, HalIOMUHAIOIIKeE 11ap. Takke ecTh MPOCTPaHCTBA, TJ€ Ha MPOTSHKEHUH MHOTHX CBETOBBIX

JIET HET HU OJJHOTO CBETHUIIA.
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Boxkpyr 60nbpIIMHCTBA 3B€3/1 HAXOASTCA IJIaHEThI, 00J1a1a1011e YHUKAIbHBIM BHEITHUM BHJIOM,
atMocdepoii u 1pyrumMu ocodbeHHOCTSIMH. Takke BOKPYT HEKOTOPBIX UMEIOTCS CITyTHUKH — HEOOIIBIIIHE
KOCMUYECKHE 00BEKTHI, YACPKIUBAEMbBIC 33 CUCT MPUTSIKCHUS.

ConHeuHasi cucTéMa — IJIaHETHAs CUCTEMa, BKJIIOYAeT B ce0s LeHTpabHyto 3Be31y — CotHile
— U BCE €CTECTBEHHBIE KOCMUYECKHE 00BEKThI, Bparatomuecs Bokpyr Connna. Ona copmupoBaiach
nyTéM TPaBUTALIMOHHOTO C)XKATUSl Ta3oNbuIeBOro oOmaka mnpumepHo 4,57 wiapa JeT Hasaf.
(npunoxxenuel.puc.5)

B nenTtpe cucremsl pacnonaraercst CojHIle, COCTOsIIEe U3 relus U BojJopoaa. Temmneparypa Ha
ero nosepxHoctu coctanisier npuMepro 6000 rpagycos Llenbcusi, a pasmepsl chepbl BO MHOTO pa3
OoJbIe, YeM y APYTUX OOBEKTOB, HAXOMASIIUXCS B 00JACTH €ro MpUTSKCHHs. 3Be37a OTHOCUTCS K
JKEITHIM KapJIMKOBBIM.

WutepecHpiit gakt: ConHile MPUTATUBAET OOBEKTHI HA AUCTAHLIMU B JIBA CBETOBBIX rojia. JTo
npuMepHoO 18,9 TpUIIIMOHOB KMJIIOMETPOB.

Bokpyr cBeTmia Ha pa3HOM PacCTOSIHUH PACIIOIOKEHBI TUIAHETHI, KOTOPBIE JIESATCS YUCHBIMU
Ha J[BE TPYIMIIbI: 3¢€MHasl U ra30Bas.

[Tockonbky CoNHEYHON cHucTeMe MWLIHAPIBI JIET, JIIOJAW MOTYT JIUIIb CTPOUTH THUIOTE3bl O
cnocobax ee nosiBieHus. Haubonee nomymsipHoil siBiisieTcss HEOyIsipHasi TEOPHS, BBIABUHYTAs yYEHBIMU
Jlarutacom, Kaatom u Ceenerndoprom B XVIII Bexe. OHa cTpOUTCS HA TOM, YTO CHCTEMa 00pa3oBaliach
3a c4YeT IpaBUTALMOHHOIO KoJIjarca OJIHOM U3 yacTeil OrpOMHOT0 00J1aka, COCTOSIILIEr0 U3 Ta3a U MbLIH.
B Oynyiem rumnoTe3a J0MOTHATIACH 32 CUET JAaHHBIX, MOJTYYEHHBIX MIPU HUCCIET0BAaHUU KOCMOCA.

Ceituac npouiecc BO3HUKHOBEHUS! COTHEUHON CUCTEMBI OMUCHIBAECTCA CAEAYIOIIMMU IIaraMu:

1. H3navanpHO B 3TOH 00JIaCTH BCEJEHHOM HAXOIMJIOCH OO0JIAKO, COCTOSIIEE W3 TEJusl,
BOJIOPO/Ia M JPYTUX BEIIECTB, MOJYYEHHBIX MPU B3pBIBaX CTApbIX 3Be3/1. B HEOObIION ero yactu
HAa4yaJIOCh YIJIOTHEHHWE, CTaBIlee IIEHTPOM TPABUTALMOHHOIO Kojuianca. OH IOCTENEeHHO Hauajl
MPUTSTUBATH K ceOe OKPYKAIOIIHNe BEeIECTRA.

2. N3-3a mpuTsHkeHUs: BEMIECTB pa3Mephl 00JaKka Havyaldud YMEHBIIATHCA, MPU 3TOM pociia
cKkopocTh BpaieHus. [loctenenHo ero ¢gopma npeBpaTuiiach B AUCK.

3. [To mepe cxaTus yBeIMYUBANIACh IJIOTHOCTh YAaCTHII Ha EIUHHUIYY OOBEMa, YTO
MPUBOAMIIO K TOCTENIEHHOMY HarpeBy BEIIECTBA 3a CYET YACThIX CTOJIKHOBEHUM MOJIEKYIL.

4. Koraa nieHTp rpaBUTarimOHHOTO KOJUIArca pa3orpecs 10 HeCKOIbKHUX ThICSY KETHbBUHOB,
OH HayaJl CBETHTHCS, YTO O3HA4yaJlo 0Opa3oBaHUE MpOTO3Be3/bl. llapamienbHo ¢ 3TUM, B pa3HBIX
o0nacTsSX JUCKa Hayald TMOSBIATHCS JApPYrUe YIJIOTHEHHUs, KOTOphIe B OYyIylIeM MOCITy>KaT
TPaBUTALIMOHHBIMU IIEHTPAMU JIJIsi 00pa30BaHMUsI IJIAHET.

5. OuHaNBHBIN 3Tan (OpPMHUPOBAHUS COJMHEYHOM CHUCTEMBbl Hauajicsi B IMEpPHOJ, KOoraa

TeMIepaTypa LEHTpa MPOTO3BE3/bl MPEBBICKIA HECKOJIbKO MUJUIMOHOB KeNbBUHOB. Toraa renuii u
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BOZIOPOJ BCTYIIMJIM B PEAKIUIO TEPMOSAJIEPHOTO CHUHTE3d, YTO MPUBEJIO K MOSBICHUIO MOJHOLEHHOMN
3Be3/1bl. OcTallbHBIC YIUIOTHEHHS JAMCKA MOCTENEHHO C(OPMUPOBAINCH B IJIAHETHI, KOTOPHIE HAYaIU
BpalllaThCsl B OJTHOM HarpaBieHUH BOKpyr CoJlHLa, HAXO/ACh Ha OJTHOM MJIOCKOCTH.

JlaHHBII npouecc JIUIICA 0Y€Hb J0JAT0€ BPEMs, U YUEHbIE MOT'YT JIUIIb J0Ia/IbIBATHCS, CKOJIBKO
net yuuio Ha ¢popmupoBanre COTHEUHON CHUCTEMBI.

Kak u Bce Tenma B mnpupoie, 3BE3ABI HE OCTAIOTCA HEU3MEHHBIMH, OHHM PpOXKIAKOTCH,
IBOJTIOIIMOHUPYIOT, U, HaKOHEIl "ymMuparoT". UToObI MPOCIEANTD KU3HEHHBIN MTyTh 3BE3]] U MOHATH, KaK
OHM CTaperoT, HeoOXOIUMO 3HATh, KaK OHM BO3HHMKAIOT. B MpOILIOM 3TO MpencTaBisuioch OOJIbIION
3ara/ikoii; COBpeMeHHbIE ACTPOHOMBI YK€ MOTYT ¢ OOJIbLION YBEPEHHOCTHIO MOAPOOHO ONMUCATh MYTH,
BEJyIIHNE K MOSBICHUIO IPKUX 3BE3] HA HAIlIEM HOYHOM HebocBoae(mprmioaeHuel.puc.6)

B cepenune XIX Beka TeopuM O MOSBICHMM 3BE3J BBICKA3bIBAJIM MHOTHE JIIOJU, HO CaMyIO
CEPbE3HYIO0 THUIOTE3y TOTO BPEMEHH TPAAUIIMOHHO CBA3BIBAIOT ¢ UMeHamu KenbBuHA U ['enpMroiibLa.
W3HavanbHO npeanoaraiock, YTo NpuurHa cBedeHus: CoJHLIA U IPYruX 3BE3]] OYE€Hb MIPOCTA: HA HUX
[aJaeT Kakoe-TO BEIECTBO, NPH yAape OHO HArpeBaeTcsi U HAUMHAET CBETUThCs. boiee HaydHbIMU
CJIOBaMH, KUHETUYECKasl SHEPTUsl MIpeBpallaeTcs B TEIUIOBYIO, @ Ta — B SHEPIUI0 u3iaydeHus. Janbiie
9Ta MBIC/Ib Pa3BUBAJach: YTOObI 00eCIeYnTh HaONM0AaeMyl0 cBeTUMOCTh COIHIIA, Ha HEro JOJKHO
najaTb MHOTO BEIIECTBA, U HaM JOJDKHO OBITh BUAHO, KaK OHO MPOJIETAET MUMO 3€MIIH, HO €ro
He oOHapyxwu. Torma ucciuenoBaTey MPeANoIOKIIN, YTO ITaIl MajaeHus BemecTBa Ha ConHie ObuT
B MpOIJIOM, HO B TpOILecCe MaJeHUs HaKomujach »Heprus u Omaromaps e ConHue 10 CUX MOP
CBETUTCS.

B pamkax ¢u3uku TOro BpeMeHM 3TO ObLJIO OUY€Hb YAAuHOE MPEIINOJ0KEHHE: OHO ObLIO
JIOBOJIBHO TPOCTHIM M JIOTUYHBIM (yTajl0o — YJapuiIoch — pPa3orpenoch — 3aCBETHIIOCHh) U XOPOIIO
COTJIACOBBIBAJIOCH C JIaHHBIMHM O CBETUMOCTSX M TEMIIepaTypax 3Be3]], KOTOpbIE B TO BpeMs BIIEPBBIE
CTaJIn JOCTYIHBIMU I U3MepeHnil. Oka3anoch, 4TO TEMIIEpaTypa U CBETUMOCTb HE IPOU3BOJIBHBIC
BEJIMYMHBI, a 3aBUCAT YT oT Apyra. s GoJabIIMHCTBA 3Be3/1 OO0JbIIast IPKOCTh 03HAYAET BBICOKYIO
TEMIEpaTypy, U, HAOOOPOT, YeEM XOJIOJIHEE 3BE3/a, TEM OHa Tyckiiee. B pamkax crieHapus ¢ najgeHuem
3TO TOKE Ka3aJoCh OYEHb SICHBIM M JIOTUYHBIM: SPKHE U TOpSUYME 3BE3[bl — 3TO T€, Ha KOTOpHIE
BELIECTBO TOJBKO-TOJBKO MEPECTAIO MajaTh, U OHU INEPEKUBAIOT MAKCUMYM CBOEH CBETHMOCTH,
a 3aTEM MOTUXOHBKY CTaHYT FaCHYTh U OCTHIBATh, IPEBPAILAsACH B TYCKJIBIE XOJIOAHBIE CBETHIIA.

He Tak 1aBHO acCTpOHOMBI CUMTAIIH, YTO HA OOpa30BaHKE 3BE3/bl U3 MEXK3BE3THOTO raza U MbUIH
TpeOyroTcss MuUIHOHBI JeT. Ho B mocnenHue rofsl ObLIM MOJydeHBI MOpasuTenbHble (GoTorpaduun
oOmactu HeOa, Bxoasauiei B cocraB bonbmoit TymanHoctu OpuoHa, T7ie B TE€UEHHUE HECKOIBKHUX JIET
MOSBUIIOCH HeboubIIoe cKkorieHue 3B€371. Ha chumkax 1947r. B 3ToM MecTe Obl1a BUIHA TpyIINa U3 TPEX
3Be3/10M01I00HBIX 00BeKTOB. K 1954r. HEKOTOphIE M3 HUX CTAJM MPOJOITOBATHIMHU, a K 1959r. T

IIpOoa0JIroBaThbIC O6p330BaHI/I$I pacniajinucb Ha OTACIIBHEBIC 3BE3/IbI - BIICPBBIC B UCTOPHUHU YCIIOBCUCCTBA
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IO HAOMIOJANH, pOXKIeHHE 3BE31 OYKBAJILHO Ha TJIa3axX ATOT Ciydall MOKa3aJl acTpOHOMAaM, 4YTO
3BE3/IbI MOTYT POXKAAThCS 3a KOPOTKMM MHTEpPBaJl BPEMEHHM, W Ka3aBIIMECS paHee CTPaHHBIMHU
pPacCyXJICHHUS O TOM, YTO 3BE3bI OOBIYHO BOSHUKAIOT B IPYIITIAX, MU 3BE3HBIX CKOTUICHHUSX, OKA3aJIUCh
CIIpaBeUTMBBIMH. (TIpusiokeHuel.puc.7)

CnycTts MuuTiapapl JIET, KOrJa B IPOCTPAHCTBE MOSBUIIMCH AaTOMBI M MOJICKYJIBI, TIOJT ICHCTBUEM
rpaBUTAllMM OHHM HAa4yalM MEPEMEUIaThCsd OTHOCUTEIBHO JIPYT Apyra. DTOT NEPHOJl yYeHbIe Ha3BaJIu
CrpyKkTypHOU DMOXO0il.

Ve B mepBble MTHOBEHHS IIOCIIC PACHIMPEHHS, B IMPOCTPAHCTBE MOSBUIIUCH IMPOCTEHIINE
YaCTHUIIbI, UMEIOIIIME CBETOBYIO IpHpoAy. [[puMepHO yepes 1o/l HAUMHAET MOSBIIATHCS TEMHAs MaTEePHSI.
A eme uyepe3 380 TBIC. JET MOCIE CHW)KEHHUS TEMIIEpaTyp MOSBISIOTCS MOJEKYIbI, CHOCOOHBIE
00pa30BbIBATh pa3HbIe BELIECTBA. (IIPUIIOKEHNE2.pUC.2)

[TocTeneHHo dYacTHIBl COWJINCH B Ta30BbIe OO0JIaKa OTPOMHBIX MacIITaboOB, a e€Iie uepes
HEKOTOpPOE BpeMs Hadaiau (OPMHUPOBATHCSA 3BE3/bl M IUIAHETHI, KOTOPHIE O0JIaJIal0T B3aUMHBIM
nputsbkenueM. [lepBrie ranakTuku oopazoBanuck ciycts 300 MiTH. 1eT ¢ MOMEHTa boJbIIoro B3phIBa.
OpnHako COBpEMEHHBII BU OHU NpruoOpenu iuib yepe3 10 mipa. er. (mpusoxeHue2.puc.2)

Ha nanneiii MomeHT Bcenennoit nmpumepno 13,82 muipa. jeT, U €€ 3BOJIOLMS Jajeka OT
3aBEepIICHUs. YUYEHbIC HE COMHEBAIOTCS, YTO TAJIAKTUKH M OOIas KapTa MPOCTPAHCTBA €Ile HEe pa3
MIOMEHSIFOTCSI, IT0OKa HE MPUAYT K CBOCH KOHEYHOU opMme.

WNuTepecHslit paxT

CymiecTByeT mpeAnoiaoxkeHue, yTo GpuHambHeIM dTanoM (GopmupoBanus Bcenennoit Oyner ee
MOBTOPHOE CKaTWe B EIUHYI0 TOYKY CHUHTYJISPHOCTH, KOTOpas CHOBa pacHIMpUTCs Onaromaps
bosnbiioMy B3pbIBY.

Jloka3aTenbCTBOM TOrO, YTO 3BOJIOLMS BCeleHHOM elne ganeka OT 3aBEpLICHUs], SABISETCS
PENMKTOBOE M3JydeHHE. Eciu OHO 3aMeTHO Ha rpaHuIaX NPOCTPaHCTBA, 3HAUUT, €LIE HE HCCAKIA
SHEPrus, BbIIEIEHHAas B MOMEHT bonbmoro B3peiBa. COOTBETCTBEHHO, KOCMOC MPOJOJIKAET
pacuIupsIThCS.

UTo Takoe peNMKTOBOE M3TyueHne?

Huamazon ero yactoT — oT 500 MI' go 500 I'ru. J{nmHa Hanbombiel BOTHBI — 60 CAHTUMETPOB,
a "HauMmeHbled — 0,6 mMummmeTpoB. MMes Takue mapaMeTphl, PEIMKTOBOE H3IYYEHHE — OHO Ke
MHUKPOBOJTHOBBIM BHETAJaKTUUECKHI (POH — HeceT B cebe OrpOMHOE KOJWYECTBO MH(POPMALIMH O TOM,
KaK MPOXOuiIa IBOIIOIHMS BeeneHHoi 10 Toro, Kak Hadalid 00pa30BhIBATHCS TAJIAKTHKU U KBa3aphbl, a
TaKk)Ke€ MHOTHUE JIPYTHE OOBEKTHI.

Kak nokazano n3yueHue u30Tponuu, ICTOYHUKOM U3JIYUEHUS HE SIBJIAETCS HU HEKUE TOUKH, HU

IEHTpP TaJaKTUK, HU Kakoe-mu0o mecto B ComHeuHoi CucTteme, U3 4ero ObLI ClieJaH BBIBOJI, YTO OHO
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MMeeT BHETaJIaKTUYECKOE MPOUCXOXKACHHE. DTOT (PaKT, K CIOBY, MOATBEPIMI THIOTE3y «ropsyeit
Bcenennoit», 4To mo3BONISIET pa3BUBATH TEOPUIO 00 3BOIOIMHU, KaK OHA U ObLIa MIPUHATA, JlAJIee.
bynymee Becenennoi

EcTh HECKOTBKO OCHOBHBIX CIIEHAPUEB, MO KOTOPHIM OYIET NPOUCXOIUTH AalibHEHIIas
sBommonus Beenennoii. EcrecTBeHHO, mporiecc pacuimpeHust OyaeT NPOUCXoIuTh U Aalblie, T0ITOMY
eciii OH OyZIeT AOCTaTOYHO PaBHOMEPEH, TO SHEPTHUs PAHO WM MO3IHO OyAET UCUYepIana, 4YTo, COrJIacHO
IPEJICKa3aHUsIM YUEHBIX, IPUBEAET K TEIUIOBOM cMepTH.+

Hpyroii BapuanT — bosbmoir Pa3peiB, TO ecTh pacmajg Bcero, 4ro yke ObLJIO CO3J1aHO B
pesyabratre boisbmoro B3pbiBa. OTO MNpPOU30WAET MpPU YCKOPEHUHU paciuupeHus BceneHHoM.
Takxe ecTb cLieHapuii, IIpearoiaralovii Tak Ha3siBaeMoe boibiioe Cxxarue, KOTOpoe IPOU30HAET,
€CJIM paclIMpEeHNe 3aMeUIMTCS, @ 3aTEM U BOBCE COWJIET HA HET.

Kak umMeHHO Bce Mpou30HIET, He 3HA€T HUKTO. ECTh JUIIb HEKOTOpBIE IOTaKU, THIIOTE3bI U
TEOpUHU, 4 U3BECTHBIM OCTAe€TCS TOJILKO OJIHO: BpEMs OIMpEAENIEHHO IMOKa)XeT, KaK Janblie Oyaer
pa3BuBarthcs Hawa BeeneHnast.

IIpumeps! pemenus 3agaq

3amaua 1. Onpenenute CKOpocTh, ¢ KOTOPOH yIAISIOTCS APYT OT Apyra ralakTHKH, pa3faenEéHHbIe
paccrosaueM 10 Mik.

Pemenne:

3akon Xab0ma: CKOpPOCTH yJaleHUs TaJaKTUK BO3PACTAIOT MPOMOPIIMOHATIBLHO PACCTOSIHUIO 10

HUX:
v = H : R.
[TocTostHHAas Xabbma B HACTOSIIIEe BpeMs MIPUHUMACTCS paBHO

H =70 xm/(c-Mk).
3amaua 2. [Ipunumas nocrostHHyro Xa66ma H = 75 kM/(c * MIik), onpeneiante pacCTOsIHHE A0
raJIaKTUKH, €CJTM KpaCHOE CMeIleHHe B ee criekTpe coctasisier 10000 km/c.

Peruenne:

D=v/H=10000/75= 133 (Mnk) Otser: 133 Mnx.

3aganue: Pemnre 3aga4u, onupasicb Ha NPpUMepPbI pelIeHuit

1. Omnpenenute CKOPOCTh yIAJICHHS APYT OT IPyTa JIBYX TaJIAKTHK, €CITH PACCTOSHUE MEXKITY
Humu 30 MIk.

2. Ha xaxoMm paccTosiHUM OT HaC HaXOJIUTCS CKOIUICHHE TaJakTHK B co3Be3quu Kaccuornen,
€CJIM 3TO CKOIUIEHHUE TaJlakTUK yJaisieTcs 0T 3eMIi co ckopocTbio 2100 km/c?

3. Omnpenenute paccTOsSHUE 10 CKOIUICHWS TalaKTHK B CO3Be3IMU J[pakoHa, €cii 3TO

CKOIIIEHHE YIanseTcs oT 3eMIH co ckopocThio 350-10% km/c.
188



4. C Kakoll CKOpOCTBbIO YAAISAIOTCS APYr OT Apyra TajJlakTUKH, €CIM OHM HaxXoAsTCs Ha
paccrosiHuu 3 Mk apyr ot apyra?

S. [Tpountaiite Tekct. Mcnonb3ys NpuBOAMMBIE HUXKE CIIOBA JUIsl CIPABOK (CIHCOK CJIOB
N30BITOYEH), 3aMUIINTE HOMEPA MPOIYILIEHHBIX CJIOB B TOM MOPSJIKE, B KOTOPOM OHU JIOJKHBI MITH B
TEKCTE (BO3MOXHO U3MEHEHUE OKOHYAHHH):

ConHedHOM cucTeMOl Ha3bIBACTCS CUCTEMa, COCTOSIIIAS U3 .. .(a) M 00palaromuXxcst BOKPYT HETO
HeOecHbIX Ten. B cocraB Comneunoii cuctembl kpome COJHIIA BXOIAT IUIAHETHI M MX CIIYTHUKH,
acTepou/ipl, ...(0), a Tak Ke MPOAYKTHI UX pacmazaa - ...(B), METEOPHBIE TeJla, MEXKIUIAHETHAsT TBEpAas
KOCMHYECKasl MbLIb U ... (T).

IIpocTpaHcTBO, 3aHUMAEMOE ... (1), IPOHU3BIBAECTCA KOPIYCKYJISAPHBIM U ... (€) U3Iy4eHHEM

COJIHIIa. 3HayuTEILHO MEHEE HHTEHCUBHO COOCTBEHHOE OJICKTPOMArouTHOC U3JIYUCHUC IIJIAHCT.

Kpurepumn oneHuBaHmusi:

OneHka 5 craBUTCS, €CIIM y4allluecsl BBIIOJIHUIM BEPHO 3 3a/a4yd, BEPHO 3alucalld YCIOBUE
3a/1a4¥, BEPHO BBIMOJIHUIN YEPTEK, 3alHCATH BCE HEOOXOAMMBIE M JOCTATOYHBIC (HOPMYIIBI IS
pelleHus 3a1a4u, BEpHO MOJCTABHUIIN YMCICHHbIE 3HAYEHHS, BEPHO MPOBEIIN BBIYUCIEHUS 110 hopmynam
Y BEPHO 3aIMCalld OTBET.

Orenka 4 cTaBUTCS, €CJIU BEPHO U MOJTHOCTHIO MPABUIILHO PEIICHBI U 3aMMCaHbl 2 3a7a4d, B 3
3a/1a4e JOMYILEHbl OMMOKM MO0 B 3alMCU J1aHO, MO0 NPH BBHINOJIHEHUU YepTeka, JU00 B 3amucu
dbopMyI WM BEIYUCICHUSX.

OueHka 3 cTaBUTCS, €CIIM BEPHO M MOJHOCTHIO MPAaBUJILHO pEIlIeHa U 3anucaHa | 3ajava, Bo 2 1
3 3amayax JOMYIICHBI OMMOKH MO0 B 3aMKCH JaHO, JIMOO MPHU BBHIMOTHEHUU YEPTEkKa, IMOO0 B 3alUCH
bopMyJ WM BBIYUCICHUSX.

Ornenka 2 cTaBUTCS, €CITU B KaXI0M U3 3 3a/1a4 NOMYIIEHBI KaKHe-THO0 OMMOKHU OO0 B 3aliCH

JaHo, 6o IIpU BBIITOJIHCHHUU YCPTEIKaA, 00 B 3aIIUCH (1)OpMyJ'I NI BBIYUCIICHUAX.
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CAMOCTOSATEJIBHASA PABOTA
«PainoaKTHBHOCTD)
Bapuanm 2

Yacme A

1. KakoB cocTaB atoma?

A) TlonoxuTenbHO 3apsOKEHHBIH 00BbEM C DIEKTPOHAMHM BHYTPHM HETO, CYMMAapHBIH 3apsi
3JIEKTPOHOB 110 BEJIMYMHE PABEH IOJIOKUTEIBHOMY 3apsay.

B) IlonoxurenbHo 3apsKeHHas 4aCTULIA, COAEPIKalllas IPOTOHbI U HEUTPOHBI.

C) Cucrema u3 3J€KTPOHOB, YUCIIO KOTOPBIX PAaBHO MOPSAKOBOMY HOMEDPY AJIEMEHTA.

1) HeittpansHas cuctema, cofepskaiiasi TOJIbKO 3JIEKTPOHBI.

E) HeiirpanbHas cuctema U3 MOJOXKHUTEIbHO 3apsHKEHHOTO SIpa U 3JIEKTPOHOB.

2. OcHoBHas uaesi moaeu atroma Pesepdopaa cocTouT B TOM, YTO MOJIOKUTEIbHBIN 3apsij
aToma

A) OTKJIOHSIETCA ITPU BCTpEUe C alib(pa-yacTULIEH.

B) oauH 1 TOT e U1 BceX aTOMOB.

C) paBeH oTpuLIaTEIbHOMY 3apsIy.

J1) pactipeieni€éH paBHOMEPHO 10 00BEMY.

E) ckoHLIEHTpHUpOBaH B LIEHTpE.

3. Kakmue onbIThl nociayxuian Pesepdopay ocHoBanueM 1Jisi co3naHus sIACPHON MOJeIH
aTtoma?

A) Xumuueckue peaxium.

B) HaGmronenus 3a ciekTpaMu U3JTy4€HHs] aTOMOB.

C) SAnepHble peakiyi.

J1) OnbITH O UCCIEI0BAaHUIO BOJBTAMIIEPHBIX XapaKTEPUCTHK pa3psia uepe3 Mmapbl PTYTH C
MCIIOJIb30BaHUEM METO/a 3a/1€P>KUBAOIIETO MOTEHIIMANIA.

E) OmnbiThl 0 paccesHuio anbha-4acTull METAIITNYECKON (HOJIBIOM.

4. D1eKTPOHBI B aTOME:

A) MOTYT OBITh 3apSKEHBI U MTOJIOKUTEIHHO U OTPULIATEIHHO

B) HaxoasTcst HA HEKOTOPOM PACcCTOSHUU OT Spa

C) cBsi3aHbBI C HUM IIOCTOSTHHO

J1) o6namaroT GOMNbIIEeH Maccoi YeM sipo

E) 3apsykeHbl OJI0KUTETBHO.

5. Kakue omnepauuu HYKHO HNpoJeJaTh ¢ KpPYIHIEH BelecTBa, 4YTOObI y3HATh €€

XHMHYeCKUuil cocTaB?
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A) Cpenu npenioskeHHBIX OTBETOB HET MPABUIILHOTO.

B) OcBeTuTh MOLIHBIM JIy4OM U U3YyYUTh CIEKTP IPOHJEHHOIO CBETA.

C) Harpetb ra3 10 CBETUMOCTU U U3YUUTh CHEKTP.

J1) O6s1yuuTh ra3 peHTT€HOBCKMMHU JIy4aMH U CHATb PEHTETEHOTPAMMY.

E) [TomecTuTth ra3 B MAarHUTHOE I0JI€ U U3YUUTh PE3YJIbTUPYIOLIEE MOJIE.

6. IlouTHn Bech 00HEM BellecTBA 3aHUMAIOT:

A) anexTpoHsl ¥ 1poToHbl. B) nporonsl. C) myctora. Jl) HeHTpoHBL. E) 31€KTpOHBI.

7. CKOJIbKO 3JIEKTPOHOB COAEP:KUTCS B 3JIEKTPOHHOH 000/109Ke HEHTPAJIBLHOI0 aTOMA, B
ATOMHOM si/Ipe KOTOPOIo COAEPKUTCH 7 MPOTOHOB U 8§ HEMTPOHOB?

A)l. B)5. O)8. 7. E) 15.

8. Kakoe u3 yTBep:x1eHUil HeBepHO?

A) Macchl MPOTOHOB U 3JIEKTPOHOB OJJUHAKOBBI

B) B HEeMOHM3MPOBAHHOM aTOME 3apsij MPOTOHOB PaBEH 3apsAy dJIEKTPOHOB

C) non0XKUTENbHBIN 3aps]l aTOMHBIX J1ep 00YCIIOBJIEH UX POTOHAMU

J1) Bce mpOTOHBI UMEIOT OJMHAKOBBIN 3apsij

E) 3apsan npoToHa paBeH 3apsay IEKTPOHA, HO IMPOTUBOIIOIOKEH O 3HAKY.

9. ATOMBI H MOJIEKYJIbI B HOPMAJILHOM COCTOSIHMH

A) anexkTpuuecku HeMTpaiabHbl  B) 3apspKeHbl OTpULIATENbHO

C) MoryT OBbITh 3apsiKEHBI JINOO OTPULIATENIBHO, TUOO MOJIOKUTEIBHO

J1) MOHU3HUPOBaHBI E) 3apspxeHbl TOJI0KUTEIBHO

10. IIlpumepHO BO CKOJBKO pa3 paguyc aTomMa 0oJiblie paguyca aTOMHOIO sigpa’?

A)10® B)10 C)10%  J)10°.  E)10%

11. Kakoii 3HaKk umeeT 3apsiji aTOMHOTO sigpa?

A) VY pa3ubix siaep paznuuHblii.  B) Bo Bcex siapax oquHakoBeiid.  C) 3apsia paBeH HYIIO.

1) OTpunateabHbIN. E) ITonoxuTensHBbIi.

12. Kaxkwue onepanum Hy’KHO NPOAeJIaTh € ra30M, YTO0bI Y3HATh €€ XUMHYeCKHii cocTaB?

A) ITomecTuTh Ta3 B MArHUTHOE TIOJI€ M U3YYHUTh PE3YyIbTUPYIOIIEE MOJIE.

B) OcBeTuTh MOIIHBIM JIy4OM U U3YYUTh CIIEKTP MPOIIEHHOTO CBETA.

C) Cpenu npeasioxKeHHbIX OTBETOB HET MPABUIIBHOTO.

J1) O6sy4uTh ra3 peHTT€HOBCKMMHU JTydaMH U CHATb PEHTETEHOTPAMMY.

E) Harpets ra3s 10 cBETUMOCTH U U3yYUTh CIIEKTP.

13. Kakoii 3HaK MMeeT 3apsi aTOMHOIO siipa’?

A. llonoxurensubiil. b. OTpunarensueiii. B. 3apsn paBen HyIo.

I'. ¥V pasnpix saep paznuunbsiid. . Cpenu oTBeToB A—I' HET MIPaBUIBLHOTO.

13. Cko0JIbKO 3JIEKTPOHOB COJEPKUTCS B 3JIeKTPOHHOI 000/104Ke HEHTPAJIBLHOI0 aTOMa, B
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ATOMHOM siJIpe KOTOPOro coaepxxutcs 16 mporoHos u 15 HeiiTpoHoB?

A.0.b. 1.B. 15.T. 16. . 31.
14 . Cko.1bK0 IPOTOHOB ZH CKOJIbKO HeliTponos N B siipe H30Tona Kuciaopoaa';0?
A.Z=8,N=17. b.Z=8, N=9.B.N=8,Z=17. I".Z=9, N=8. 1.Z=8, N=8.

15. Cko0JIbKO 3JIEKTPOHOB COJEPKUTCS B 3JIeKTPOHHOI 000/109Ke HEHTPAJIBLHOI0 aToMa, B

aTOMHOM siipe KOTOPOTI'0 COAePKUTCH 7 NPOTOHOB U 8 HEHTPOHOB?

A.0.b.1.B.7.T.8. . 15.

16 . B aromHoM siipe cogep:xutcs 25 nporonoB u 30 HeliTpoHOB. KakuM mosioskuTe IbHBIM

3apsiioM, BbIPA’KEHHBbIM B 3JIEMEHTAPHBIX JJIEKTPUYECKHX 3apsaaax +e, 00JaaeT 3TO aTOMHOe

saapo?

A)+5e; Bb)+30e; B)+25¢; 1)0.

17. W3 kakuX 4acTHUIl COCTOST si/ipa aTOMOB?

A) u3 ipotoHoB; b) u3 HeliTpoHoB;  B) 13 MPOTOHOB, HEHTPOHOB U ANEKTPOHOB;
I') u3 npoTOHOB 1 HEUTPOHOB.

18. B cocTraB pagnoaKkTHBHOI0 U3/ Iy4eHHUSI MOTYT BXOAHUTh...

A. Tonbko snektponbl.  b. Tonbko HeliTpoHsl.  B. Tonbko anbgha-dacTHIlbI.

I'. bera- yactuipl, anbda-yacTuiibl, raMMa-KBaHTHI.

19. C nomomb10 onbiTOB Pezepdopa ycranoBui, 4To...

A. TlonoxuTenpHBIN 3apsi pactpeesiéH paBHOMEPHO 10 BceMy 00BEMY aToMa.

b. [TonoxxurenbHbIN 3apsia COCPEIOTOUEH B IEHTPE aTOMa U 3aHUMAET OYEHb MaJIblii 00BEM.
B. B coctaB atoMa BXOAST 3JIEKTPOHBI.

I'. ATOM He uMeeT BHYTpEHHEN CTPYKTYPBHI.

20. Ha pucyHke u300paxeHbl CXeMbl YeTHIPEX aTOMOB. JJIEKTPOHbI M300pakeHbI B

BUjIe YEpHBIX Touek. Kakas cxema coorBercTByeT atomy '3 Li?

©0@O®

- -

21. B cocrtaB sigpa BXOAAT CJIEAYIONIINE YACTHIbI:
A. Tonpko npotoHsl. b. IIpoToHSBI U 351eKTpOHBL. B. IIpOTOHBI 1 HEUTPOHBI
I'. HeUTpOHBI U 2JIEKTPOHBL.

22. Yemy paBeH 3apsja sapa atoma crponuus 388Sr?
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A.88 B.38 B.50 T.126.

23. B xakoM M3 NpUBENEHHBIX HHKE YPABHEHHMH SAIEPHBIX peaKkUMil HAPYILIEH 3aKOH
coxpane}mﬂ MacCCoOBOI'O ‘II/ICJIa?

A. £°Be +2*He —6'?C +o'H B. 7N + 2*He — g’O +1'H B. 7N + 1'H — s'B + »*He

. 92239U N 93239Np + -106

24. SinepHble CHIIBL, IeCTBYIOIIME MeKAY HYKJIOHAMM ...

A. Bo MHOro pa3s npeBoCXOIAT I'PaBUTALIMOHHBIE CUJIBI U ACUCTBYIOT MEXKIY 3apsyKEHHBIMU
qaCTHuLaMHU.

E. BO MHOTI'O pa3 HpeBOCXOI[HT BCC BUJbBI CUJI 1 ,I[efICTBy}OT Ha J'IIO6I>IX PACCTOSAHUAX.

B. Bo MHOro pa3 npeBoCXoAsT BCE APYTrUe BUJIBI CHII, HO JACHCTBYIOT TOJIBKO HA PACCTOSHUSX,

CPaBHHMMBIX C pa3MepaMH sJIpa.

" Bo MHOro pa3 mpeBOCXOIST TI'PaBUTALIOHHBIC CHJIBI U JICHCTBYIOT MEXAy JOOBIMHU
YaCTHLIAMH.
25.  Macchl IpOTOHA M 3JIeKTPOHA. ..

A. OrtHocsarcs kak 1836: 1. b. IlpubnusurensHo onuHakoBbl. B. OrtHocsres kak 1 : 1836.

I'. IIpuGnu3uTeNnsHO PaBHO HYIIIO.

26. B siape aToma kene3a 26°°Fe comepskxures:

A. 26 neliTpoHOB U 56 npoToHOB. b. 56 HelTpoHOB U 26 nporoHoB. B. 26 npotoHOB 1 56
AJIEKTPOHOB.

I'. 26 npoToHOB U 30 HEUTPOHOB.

27. B xakom npudope mpoucxo:kaeHUe HOHU3MPYIOLIeil YacTHIbl perucTpupyercs mo
BO3HMKHOBEHHMI0O HMMIIYJIbCA  JJEKTPHYECKOI0 TOKa B  pe3yJbTaTe BO3HMKHOBEHMA
CaMOCTOSITEJILHOI0 pa3psijia B ra3e?

A. B xamepe Bunscona. b. B cu€ruuke I'elirepa. B. B cOMHIMUIAINOHHOM CUETYHKE.

I B ny3sIpbKOBOM KaMmepe.

28. Omnpeaesanre BTOpoi MPoAyKT X f/1€PHON peakuuu:

137Al + 2*He 5P + X

A. Anbda-uactuna (2*He).

b. Heiitposn.

B. Ilporos.

I Dnekrtpon.

29. Kakoil BHI pPaJAMOAKTHBHOIO MH3JIy4YeHHs HauOoJjiee ONaceH NPH BHYTPEHHEM
00.,Iy4eHHH Yes10BeKka?

A. bera-uznydyenue. b. lamma-uznydenne. B. Anbda-uznydenue.

I'. Bce Tpu Buna nznmydeHus: ainbgha, 6eTa, ramma.
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30.I1pu OerTa- pacnaae aTOMHBIX siep...

A. Macca siapa ocTaercsl IpakTUYeCKH HEM3MEHHOM, I03TOMY MacCOBOE UMCJIO COXpPaHsAETCs, a
3aps] yBEIUUUBAETCH .

b. MaccoBoe uucio yBennuuBaercs Ha 1, a 3apsz yMeHbIaeTcs Ha 1.

B. MaccoBoe uncio coxpansiercs, a 3apsii yMeHblaeTcs Ha 1.

I'. MaccoBoe unciao ymMeHbIlaeTcs Ha 1, 3aps]1 COXpaHseTcs.

Yacmo B
1. Onummre coctas atoma pepmus 2> 100Fm
2. Slapa Kakux aTOMOB HanOosee yCTOWYNBBI?

220

3. B pe3ynbrare cepuu panoaKTUBHBIX PAcmlagoB paJoH ““gs RN mpeBpamiaercs B TaJmui

20851 TI. Cxombko 0L ¥ B pacmajoB OH IIPH STOM HCIIBITHIBAET ?
4.0npenenuTe CTpOCHUE AP AaTOMOB yIiiepoja u cepedpa.
5. Hanummure sipepHble peakiuu:
2613 Al (0, o) X, 23%4 Pu (o, X) p
6. Ilpu 6oMbappoBKe u30TONa a30Ta °7N HeifTpoHaMu U3 06pasoBaBLIErocs Aapa
BbIOpackiBaeTcs npotoH. Hanummure saepHyto peakuuto. IlonydeHHOE SApO UCTIBITHIBACT O~ pacrall.
Hanumure sanepHyro peakuuto.
7. Hannmunre ypaBHEHUS CIEAYIOMNX SACPHBIX PEaKIU:
docdop(®!15P) 3axBaThIBaeT HEHTPOH U HCIYCKAET TIPOTOH;
amomunuit (>'13Al) 6GoMGapaupyeTcs IPOTOHAMU U MCITYCKAeT 0i-4acTHILY.
8. 3aKOHYMTE ypaBHEHUE SAEPHBIX PEAKIIHI:
1840 + 1p — on + 7
1B + 4 He — Lon +?
147N + 421_1e N 1780 +?
126C +1on — %Be + ?
2113Al + % He — 3035P + 2

241Na — 24,Mg + %4e 2+ ?
IIpakTnyeckas padora Ne30 mo teme: SinepHble peakuuu.

PaguoakTHBHBIE IPEBPALLCHUS.

Bapmuanr 1

194



10
1. Jns HeWTpanmpHOTO aTomMa Oopa o OTpeeNIUTEe YHUCIO HYKJIOHOB, IMPOTOHOB,

HEUTPOHOB U 3JIEKTPOHOB.

210
2. [Tomonuit 84" ™ MCHBITBIBAET A-pacnaj. 3amuIIUTe PEaKLHI0 3TOTO PaJlOaKTUBHOTO
pacmaja.
239
3. Snpo aroma turyronus 94 ucreIThiBaeT 3 a- u 2 - pacmanoB. Kakoe smpo

MOJIYYMJIOCh B pe3yiibTaTe? 3anuIlIuTe PeaKiiH.

Bapuanr 2
1. s HeUTpaJIbHOTO aTOMa ATFOMUHUS 13 OIIPENICIINTE YUCIIO HYKIIOHOB, IIPOTOHOB,
HEHUTPOHOB U 3JIEKTPOHOB.
210
2. [Tomonuit 84" ™~ mcneITbiBaeT B-pacnaj. 3anUIIATE PEAKLUIO 3TOTO PaJIlOaKTUBHOTO
pacnaja.
239
3. Snpo aroma turyronus 94 ucnbIThIBacT 2 a- u 3 B- pacmamoB. Kakoe smpo
MOJIYYHJIOCh B pe3ynbTaTe? 3alMIIUTe PEaKLUH.
Bapuanr 3
64
1. Jns He#TpampHOro aroma Mmeaum 29 ONpEJEeNIUTE YUCIO HYKJIOHOB, IPOTOHOB,
HEHUTPOHOB U JIEKTPOHOB.
239
2. [Inyronuit 94" ~ ucneIThIBaeT -pacmaj. 3aluIIMTe PEAKIUIO 3TOTO PaJHOAKTUBHOTO
pacmaja.
210
3. SAnpo aroma nosioHuss 84 ucneIThiBaeT 3 a- U 4 B- pacnmagoB. Kakoe sapo
MOJYYUIIOCH B pe3yibTaTe? 3alullnTe peaKiuH.
Bapmuanr 4
39
1. Jlnst HeiTpampHOro atoMa Kamus 19 ompenennTe YKHCIO HYKIOHOB, TPOTOHOB,
HEHUTPOHOB U 3JIEKTPOHOB.
239
2. [Inyronuit 94" ~ ucHBITBIBAaET a-pacmajl. 3aluIIuTe PEaKIUI0 ITOTO PaJINO0AKTUBHOTO

pacmaja.
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210
P

3. SAnpo aroma mosioHus 84 UCIIBITBIBAaCT 2 a- U 5 - pacmagoB. Kakoe sapo
MOJIYYHJIOCH B pe3ysibTaTe? 3aMuIlUTe PEaKlui.
duznyeckue THKTAHTLI
QDusuueckuit oukmanm Nel o reme: Mexanndeckoe aBu:keHne. CKOpocCTb.
TEKCT 3AJTAHWA:
1. Mexannueckum JABUKCHUEM TCiIa U3MCHCHUA €ro IIOJIOKCHUA
HA3bIBAETCS MPOILIECC ... OTHOCHUTEIIBHO JIPYroro Teja C TEYCHHEM
BPEMCHH.
2. Temno, OTHOCHUTEIILHO KOTOpOTO | ... TENO OTCUeTa.

paccMmaTpuBaeTcsl IOJOXKEHUE JPYTux Ted,
Ha3bIBACTCH ...

3. Teno cumraloT MaTepHAILHOW TOYKOM,
eCu ...

... €r0 pa3MepaMu B IaHHOM 3a/1a4€ MOYKHO
peHeOpeyb.

4. Tpaektopueit Ha3pIBaeTCA ...

... JJUHHUA, 110 KOTOpOﬁ JABUIKCTCA TCIIO.

HJ’II/IHa TPACKTOPHUU HA3BIBACTCA ...

. HpOﬁ,Z[eHHLIM IMyTeM.

... OBICTPOTY JBUKECHHUSL.

5
6. CkopocTh XapakTepu3yer ...
7

CKOpOCTb ITIOKa3bIBAcCT ...

... Kako MyTb MPOXOJUT TEJIO 3a EAUHUILY
BPEMEHH.

8. ®dopmyna i pacyeTa CKOPOCTH.

L = =
4

9. Kpome dUHCIOBOrO 3HAYEHUS CKOPOCTH | ... HANPABIICHHE, ... BEKTOPHBIM.

UMEET U CBOE ..., I0O3TOMY OHA OTHOCUTCA K ...

BEJIMYMHAM.

10. /IBwkeHue Ha3bIBACTCS PABHOMEPHBIM, | ... OJMHAKOBBIC TYTH.

€CIIM TEeJO 3a paBHbIE NMPOMEXYTKH BPEMEHU

OPOXOJUT ...

11. Eciu ckopocTh Tena Ha pa3HbIX y4acTKax | ...HEPaBHOMEPHBIM.

TPaeKTOpUU  pa3iWyHa, TO  JBIIKEHHE

Ha3bIBaETCH ...

12. ®opmyna s pacdera NPOUICHHOTO MyTH | § =0- ¢

IIPY PAaBHOMEPHOM JIBHKCHUH ...

13. ®opmyna s pacyera  BpEeMEHH (=S

JIBWKCHUS ... a v

14. Bripaszure 72 km/4 B M/C. 20 m/c.

15. HepaBHOMEpHOE JIBUOKEHUE | ... CPEIHEH.

XapaKTepU3yeTcs ... CKOPOCTBIO.

Yci10BHA BLINOJHEHUS 3aaHUA

1. Mecto (BpCMH) BBIIIOJIHCHHW 3aJaHN s .3aJaHNEC BBINOJHACTCS Ha 3aHITUC B AYIUTOPHOEC BpEMA

2. MakcuMainpHOe BpPEMA BBIIIOJIHCHUA 3a1aHUA:

30 MHUH.
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HlIkaJjga oeHKH 00PA30BATEILHBIX JOCTHIKEHMIi:

[IporueHT pe3yabTaTUBHOCTHU (IIPABUIBHBIX OrneHka ypoBHS MOATOTOBKY 0asut (0OTMETKA)
OTBETOB) BepOAJIbHBIN aHAJIOT

90 + 100 «5»-OTIUYHO

80 + 89 «4»- Xopouio

70 +79 «3»- yJI0BIETBOPUTEIILHO

Mmenee 70 «2»- HEYJIOBJICTBOPUTEIHLHO

dOuznyeckuid TMKTAHTNe2 o TeMe: 3akoubl Hol0TOHA

TEKCT 3ATAHUA:

1. Jlroboe Temo, MO TeX MOp MOKa OHO OCTaeTCs
U30JIMPOBAHHBIM, ...

. COXpaHACT CBOC COCTOAHHEC ITOKOsA
HJIX PAaBHOMCPHOI'O HpHMOHHHCﬁHOFO
JBWKCHUA.

2. Ilox n30a1MpOBaHHBIM TEJIOM B 3TOM 3aKOHE UMEETCS
B BHJIy YACTHIIA, ...

. Haxonfmascsd OECKOHEYHO IaJIEKO
OT BCEX OCTAJIBLHBIX TeJ BeejleHHON.

3. CucTteMbl OTCYETA, B KOTOPBIX BBITOJIHAETCS IEPBHIN
3aKkoH HproTOHA, HA3BIBAIOTC ...

... MHCPpUHAJIbHBIMH.

4. HpH‘lHHOﬁ H3MCHCHUS CKOPOCTH TECJia ABJIACTCA ...

JIEICTBUE, OKAa3bIBAEMOE Ha HETO
JIPYTUMH TEJIaMHU.

5. Mepoil neWcTBUs APYTHX Tel Ha JaHHOE TeENo
ABJIETCS ...

... Cuia.

6. Cuna, ¢ KOTOpOIl Ha TEJO AEUCTBYIOT OKpYXKaroIIHe
TeJla, paBHa ...

. IPOU3BEJICHUIO MACCHI TeJa Ha ero
YCKOpEHHE.

7. Maremarndecku  BTOPOU HeroTona

3alICbIBACTCS B BUIC q)OpMy.]'IBIZ cee

3aKOH

..m-a=F

8. 1 H — 910 cuna, ¢ KoTOpoit HY»KHO J€HCTBOBATS ...

Ha TeJlo Maccoi 1 Kr, 4ToOBI
co06mMTE eMy yckopenue 1 m/c?,

9. Uem Oosplie cuia, NPUIOKEHHAS K TEIY, TEM ...
U3MEHSIETCS CKOPOCTh €ro JIBHU)KEHUSI.

... OBICTpEE.

10. Yem Oosbllie Macca Tena, TEM ... YCKOPEHUE OHO
MOJTy4aeT B pe3ybTare AeHCTBHS TAHHOUW CHJIBL.

... MCHBIICC.

11. Ecnu paBHOJIEUCTBYIOIIAS CHJIA OTJIMYHA OT HYJIS,
TO YCKOPEHHE U CUJIA HAIIPABJICHHI ...

... B OJIHYy CTOPOHY.

12. Cuibl, ¢ KOTOPBIMH B3aUMOJICHCTBYIOT JTIOOBIE BA
Tena, ...

BCCrAa paBHbI 110 BCIIMYMHC U
IMMPOTHUBOIIOJIOXXHBI 11O HAITPABJICHUIO.

13. Bec Tema coBmazaet mo BEIUYUHE C ...

... CHJION peaKI1u OIOPHI.

14. Cunoii peakuuu ONOpHl Ha3bIBACTCA CHJIA, C
KOTOPOH ...

. OTIOpa JAaBUT HAa HAXOJHSIIEECs Ha
HEH TEJO.

15. Cunpl, 0 KOTOPBIX TOBOPUTCS B TPETHEM 3aKOH
HproToHa,.. ypaBHOBECUTH APYT Apyra, IOTOMY 4TO...

HE MOTYT,
pa3HBIM TeIaMm.

OHU TIPHIIOKCHBI K

Yci10BHA BLINOJHEHUS 3aaHUA

1. Mecto (Bpemsi) BBINOJHEHMS 33JaHUS. 3a/laHUE BBIMOJIHSAETCS HA 3aHSATHE B ayJUTOPHOE

2. MakcuMainpHOe BpPEMA BBIIIOJIHCHUA 3aaHUA:

30 MHH.
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HIkaJjga oneHKH 00Pa30BATEILHbBIX JO0CTHKCHMII:

[IpoueHT pe3ynbTaTUBHOCTH (IIPaBUIIbHBIX Onenka ypoBHs MOATOTOBKH 0asut (0OTMETKa)
OTBETOB) BepOaIbHBIN aHAJIOT

90 + 100 «5»-0TIANYHO

80 + 89 «4»- XopouIio

70 +79 «3»- yJI0BIETBOPUTEIILHO

menee 70 «2»- HEYJIOBJIETBOPUTEIBHO

duznyeckui lII/IKTaHTN93 Imo TeME: CTpOCHHe BelIeCTBA. MOJIeKyJILI H aTOMBI.

Juddys3ns. BzaumoaeiictBue MoJiexyJ. CMaunBaHue U KaIMJLJISIPHOCTb.

TEKCT 3ATAHUWA:

1. Yactuipbl, U3 KOTOPBIX COCTOSIT BEIIECTBA, | ... MOJICKYJIBL.

Ha3bIBAIOT ...

2. Mexay MOJIeKyJIaMHu eCTh ... ... IPOMEXYTKHU.

3. Tlpu HarpeBaHHUHU TeJIa IPOMEXKYTKH ... U €TO YBEIUMIUBAIOTCS,
00BEM ... YBEIUYHUBACTCS.

4. YacTuipl, U3 KOTOPBIX COCTOSIT MOJICKYJBI, | ... aTOMaMH.

Ha3bIBAIOT ...

5. Hudbdysus —oto ... ... CaMOIIPOU3BOJILHOE

NEpEeMCIIMBAaHNUEC BCUICCTB.

6. Ipuuunoit nupdys3un aensercs ...

... HETIpephIBHOE U OeCTIOpsII0YHOe
JABHXXCHUE HaCTUIL BCIIICCTBA.

7. MennenHee Bcero aAuddy3ust mpoucxoauT B
..., OpICTpee — B ..., HanboJee OBICTPO — B ...

. TBEpAbIX TEJIaAX, ...’JKUAKOCTHIX, ...
ra3ax.

8. C poctoM  TeMmepaTypsl  CKOPOCTb
nporekanus 1upysuu ...

... YBCIIMYUBACTCA.

9. Mexay MOJIEKyJaMH CYIIECTBYET ...

... IPUTSKCHUC U OTTAJIKUBAHUC.

10. [TpuTskeHne MEeXIy MOJEKYIaMH 3aMETHO CpPaBHUMBI C pa3MepaMu CaMHX

MIPOSIBJIAETCS JIMIIb HAa PACCTOSHUAX, KOTOPBIE | MOJIEKYIL.

11. CmauuBanue — 3710 ... pacTekaHue  KMAKOCTH  IIO
MIOBEPXHOCTH TBEPAOTO TEA.

12. Ecniu MOJIEKYJTBI )KUIKOCTH TIPUTSTUBAIOTCS | ... CMAuNBaeT.

K MOJIEKYJIaM TBEPJAOI0 Tejla CUIbHEE, UEM IPYT

K JIpYTY, TO KUAKOCTD ... TEJO.

13. Kunkoctb He cMauMBaeT TBEPIOE TEIO, MOJIEKYJIBl  KUJKOCTH CHUJIbHEE

€ClIA ...

MPUTATUBAIOTCS IPYT K JIPYry, 4eM K
MOJIEKYJIaM TBEPJOTO TeJa.

14. Kanumisipsl — 370 ...

... TOHKHE TPYOKH nuaMeTpoMm 1 MM u
MEHee.

15. Ha OOJIBIITYIO BBICOTY
MTOTHUMAETCS B ... KaMWLIsApax.

JKUJTKOCTH

... TOHKHX.

Yci10BHA BBINOJIHEHUS 3a1aHUS

1. Mecro (BpeMsi) BBITTOJIHEHNUS 33/1aHN S :3a/1aHUE BBIOJIHAETCS Ha 3aHITHE B ayJTUTOPHOE BpeMs

2. MakcuManbHOE BpeMSs BBITIOJTHEHUS 3a1aHUS:

30 MUH.
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HIkaJjga oneHKH 00Pa30BATEILHbBIX JO0CTHKCHMII:

[IpoueHT pe3ynbTaTUBHOCTH (IIPaBUIIbHBIX Onenka ypoBHs MOATOTOBKH 0asut (0OTMETKa)
OTBETOB) BepOaIbHBIN aHAJIOT

90 + 100 «5»-0TIANYHO

80 + 89 «4»- XopouIio

70 +79 «3»- yJI0BIETBOPUTEIILHO

Mmenee 70 «2»- HEYJIOBJICTBOPUTEIHLHO

PdusnyecKknii AMKTAHT Ned mo Teme: AFpeFaTHBIe COCTOSAHHUA BelIeCTBA.

IlnaBieHue u OTBEpPACBAHUEC KPUCTAJNIHYECCKHUX TEJI.

KoaunuecTBo TEINJ0TbI, HEOﬁXOI[I/IMOE AJIA IIJIABJICHUA TeJa

H BBIACJIAIOIICECH IIPH €0 KPUCTANJIU3AIHH.

TEKCT 3ATAHUA:

1. BemectBoO MOXET HaXOIUTbCSI B Tpex
arperaTHbIX COCTOSHUSAX: ...

... TBEPJIOM, JKUJIKOM, Ta3000pa3HOM.

2. IInaBneHueM Ha3bIBaETCs MEPEXOJ] BELIECTBA
u3 ..

... TBEPAOTO COCTOSAHUA B ) KUAKOC.

3. Tlpomecc mepexojaa BemIECTBA U3 KUIKOTO

e KpHUCTAJUIM3ALAEH (i
COCTOSTHUS B TBEPJIO€ HA3BIBACTCH ... OTBEPJCBAHHEM).
4. [Ilepexonm BemecTBa U3 Ta3000pa3HOTO | ... KOHACHCAIUEH,
COCTOSHUSI B OKUJKOE Ha3bIBaeTCs ..., a | ... 1apooOpa3oBaHHEM.
00paTHBIN MPOIECC HA3BIBACTCS ...
5. Ilepexon BemiecTBa U3 TBEPIOTO COCTOSIHUSA B cyOonmuMmanue (WM BO3TOHKOM), ...
ra3oo0pasHoe (MUHYS >KHUIKOE) Ha3bIBaeTC ..., | JecyOnuManuen.
a 00paTHBII Npoliecc Ha3bIBACTCH ...
6. Temmeparypoit maBieHHs HA3BIBAETCS | ... BEIIECTBO IJIABUTCA.
TEeMIIepaTypa, Ipu KOTOPOH ...
7. BeiecTBO MaBUTCA U KPUCTAJUTU3YETCH ... ... TIpY OJTHOM W TOM K€ TeMIeparype.
8. Ilpu  mnnaBiaeHun  (KpUCTAIIU3ALUM) | ... HE U3MEHSETCH.
TEMIIepaTypa BEIIECTBA ...
9. YaensHOH TEIIOTON IUIABJICHUS HA3bIBAETCS KaKkoe KOJIMYECTBO TEIJIOTEI

q)HSH‘leCKaH BCIIMYHMHA, [TOKa3bIBAaromias, ...

HEoOXomuMO sl mpeBpamieHuss | Kr
KPUCTAJUIMYECKOTO  BEIIECTBA, B3ATOTO
IIpU TEMIIepaType IIaBICHUs, B )KUIKOCTb
TOM 7K€ TEMIIepaTyphl.

10. KomuuecTBO TEIUIOTHI, HEOOXOAUMOE A
ILTIaBJIEHUS KPUCTATTIECKOTO Tena,
BBIYHUCIISIOT 110 OopMyIIE: ...

..Q=4-m.

Yci10BHA BLINOJHEHUS 3aaHUA

1. Mecro (BpeMsi) BBITTOJIHEHNUS 33/1aHN :3a/1aHUE BBIOJIHAETCS HA 3aHITHE B ayTUTOPHOE BpEMS

2. MakcuMainbHOe BpPEMA BBIIIOJIHCHUA 3aJaHUA:

30 MHUH.

HIkaJga oeHKH 00Pa30BATEILHBIX JOCTHIKEHMII:
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[IpoueHT pe3ynbTaTUBHOCTH (IIPaBUIIbHBIX

OreHka ypoBHS TOATOTOBKH 0asut (OTMETKA)

OTBETOB) BepOabHBIN aHAJIOT

90 + 100 «5»-0TIANYHO

80 +~ 89 «4»- xopouio

70 +79 «3»- yIOBJIETBOPUTEIHLHO
MeHee 70 «2»- HEYJIOBJIIETBOPUTEIBHO

Du3nyecKuid IMKTAHT NeS o Teme: JIeKTPU3alMs TeJ U JIeKTPUYECKUI 3apsi

TEKCT 3AJTAHWA:
1. DnexTpu3anueil Ha3pIBaeTCH ... rpoiiecc cooOIIeHus TeIy
AJIEKTPUUYECKOTO 3apsizia.
2. DneKTpUYeCcKuii 3aps1 0003HayaeTCsi OyKBOH ... . q,
Y U3MEPSCTCS B ... . KyJIOHaX.
3. Teno, y kotoporo = 0, Ha3bpIBaeTCA ... . HEUTPAJIbHBIM.

4. CraTH4ECKHM QJICKTPHUYCCTBOM  HA3LIBAIOT
QJICKTPHUYCCKUC 3apAAbl, BOSBHUKAIOMIHUC ...

. IIpHU 2JICKTPHU3allUU TPCHUCM.

5. B pe3ynbrare 3JIEKTpU3ALUHU
ANEKTPUYECKUH 3apsii MPUOOPETAIOT ...

TPEHUEM

. oba Tena.

6. Tena, umeroLKe 3aps/Ibl OAHOTO POJA, ...

. OTTAJIKUBAIOTCS APYT OT JApYyra.

7. B mpupoe CylecTByer ... pojia 3apsiioB. . IBa
8. 3apsia, BOSHUKAIONIMN HA CTEKJIE, MIOTEPTOM O | ... MOJOKUTEIBHBIM,
IIEJIK, HA3bIBAIOT ..., a 3aps/l, BOSHHKAIONIMA Ha | ... OTPUIATECIIbHBIM.

AHTapC, MOTCPTOM O IICPCTh, HA3BIBAIOT ...

9. Eciam mMONOXUTENBHO 3apsKEHHBIN IIApHK,
IOJIBEIICHHEIA Ha HUTH, HOJHECTH K YOOHUTOBOM
MAJI0YKE, IOTEPTOM O MIEPCTh, TO MIAPUK ...

. IPUTAHCTCA K ITAJIOYKEC.

10. Ecim  XJIONKOBOM  TKaHbIO  HaTepeTh
JEPEBSIHHYI0 NAJI0YKy, TO TKaHb IOJYYUT
3apsi.

. TIOJIOKUTENbHBIN.

Yci10BHA BLINOJHEHUS 3aaHUS

1. Mecto (Bperl) BBIIIOJIHCHUA 33JIaHHsI. 3aJaHUC BBIIOJHSICTCS HA 3aHATUC B AyJIUTOPHOE

2. MakcuManpHOe BpPEMA BBIIIOJIHCHUA 3a1aHUA:

30 MUH.

HIkaJjga oeHKH 00Pa30BATEILHBIX JOCTHIKEHMIi:

[IporeHT pe3ynbTaTUBHOCTH (IIPaBUIIHHBIX OrneHka ypoBHs MOATOTOBKH 0asut (0OTMETKa)
OTBETOB) BepOANbHBIN aHaIor

90 + 100 «5»-OTINYHO

80 + 89 «»- xoponio

70 =79 «3»- yIOBJIETBOPUTEIHLHO

menee 70 «2»- HEYJJOBJIIETBOPUTEIHLHO
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@usnyeckuid IMKTAHT Ne6 o Teme: [IpOBOAHUKH M JUITEKTPUKH B JJIEKTPUYECKOM

moJie.

TEKCT 3ATAHUA:

1.Kakue BeliecTBa OTHOCATCS K MPOBOTHUKAM?

2.Kakue BeniecTBa OTHOCATCS K AUDJICKTpUKaM?

3.Kakue qusaeKTpUKY Ha3bIBAOTCS
HOJIIPHBIMU ? - HETIOJISIPHBIMU?

BHYTPH IIPOBOJHUKA, IOMEIICHHOIO B
JNEKTPUYECKOE TToJIe?

4.YT0 MOKHO CKa3aTh 00 SJIICKTPHYCCKUX ITOJISAX

BHYTPH IHIJIEKTPUKA, IOMEUIEHHOTO B
JNEKTPUYECKOE 1T0JIE?

5.Y10 MOHO cKa3aTb 00 SJICKTPHUYCCKOM II0JIC

6.IloueMy aneKTpUUECKOE MOJIE TUIIEKTPUKA,
MOMEIIIEHHOTO BO BHEIIHEE MoJIe, ocialmseTcs?

7.Yto Takoe noyspu3anus AU3JIeKTpuKa?

IIPOHUIIAEMOCTH BellecTBa?

8.KakoB (hu3mveckuii CMBICI TUAICKTPUICCKOM

4yeM OHA OCHOBaHa?

9.Y10 Takoe QJICKTPOCTATHYCCKAA 3amHTa?Ha

Kacasich ee?

10.YTo npouszoiaeT, eciu K MeTANINYECKOM
TUJIb3€ TTOAHECTH 3aPsHKCHHYIO AJI0UKY, HE

11.ITouemy Kk 3apsyKEHHOM MajgoOuKe
NPUTSITUBAIOTCA OYMa)KHbIE JTUCTOUKU?

Yci10BUA BLINOJHEHUS 3aaHUS

1. Mecto (Bperl) BBIIIOJIHCHUA 33JIaHHsI. 33JaHUC BBIIOJHSICTCS HA 3aHATUC B aAyJUTOPHOE

2. MakcuManpHOe BpEMA BBIIIOJIHCHUA 3a1aHUA: 30 MHH.

HlkaJjga oleHKH 00PA30BATEILHBIX TOCTHKEHMII

[IporeHT pe3ynbTaTUBHOCTH (TIPaBUIIBHBIX

Ornenka ypoBHs MOATOTOBKH 0asut (0TMETKa)

OTBETOB) BepOATIbHBIN aHaAJIOT

90 + 100 «5»-0TINYHO

80 + 89 «4»- xopouio

70 =79 «3»- yIOBJIETBOPUTEIHLHO
MeHee 70 «2»- HEYJIOBJIIETBOPUTEILHO

PDu3nyeckuii AUKTAHTN7 110 Teme: JJIeKTPUUYECKU TOK. Buabl ero aeiicreusi.

TEKCT 3AJTIAHUS:

1.YTo Takoe 3IEKTPUUYECKHII TOK.

2.Hepqu/ICJ'II/ITC yCI0oBUA CyHICCTBOBAHU A TOKa?
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3.3aueM HY>KE€H UCTOYHHK JIEKTPUIECKOrO B
uenu?

4. Tlepeuncnure, U3 KaKUX 4acTed COCTOUT
AJIEKTPUYECKas 1eMb?

5. Hauepture cxeMy 1ienu, 9To0bI U3 2-X MECT
MO>KHO BKJIIFOUUTH 3BOHOK. Y KaXKUTE
HAIpPaBIICHUE TOK.

6.HauepTute cxemy BKIIIOUEHUS 2-X JIaMIT
KaX/1yl0 CBOMM KJIFOUOM. Y KaKUTE HaIlpaBJICHUE
TOKa.

7.0nuurTe BHYTPEHHEE CTPOCHUE METalIa.

8.ITouemy o AEHCTBUEM IEKTPUUECKOTO MO
HOJIOKHUTEIbHBIE HOHBI METAJIIa HE IBUXKYTCS?

9.B 4éM COCTOUT TEILUIOBOE IEHCTBUE TOKA?

10.B 4yéM coCTOUT XUMHUYECKOE IEeHCTBUE TOKA?

11.Kakoe siBieHUE UCTIOJIB3YIOT B YCTPOIMCTBE
rajpBaHomeTpa’?

Cuna Toka. DiIeKTpUYecKoe HANPSKEHUE.

1. Cumioli TOKa Ha3bIBacTCs q)HSquCKaH BCJINYHHA,

. KakoW 3aps] MPOXOIUT depes

IIOKa3bIBaromias ... MOICPCUHOC CCUCHUC
IIpOBOAHMKA 3a 1c.
2. 3anummure Q)OpMyHy I HAXOXIACHUA CHUJIbI TOKA. | q

t

3. EI[I/IHI/IHa CUJIBI TOKa HA3bIBACTCA ... , UCPE3 CIUHUIIbI
3apsaa U BpEMCHHU €€ MOKHO IIPCICTABUTD KaK ...

. ammep (A), ...Ki/c.

4. IIpubop [u1st U3MEPEHNUs CUIIbI TOKA Ha3bIBAETCH ...

. aMIIEpPMETPOM.

5. 1 Kin— 510 3apsia, KOTOPBIN MPOXOAUT YEPE3 MONEPEYHOE
CE€YEHHUE MPOBOJHUKA ...

.3a | c mpu cune Toka 1 A.

6. AmriepMeTp BKJIIOYAeTCs B IIEMb
o0o3HaygaercH ...

, Ha cxemax

. IIOCJIEA0OBATCIILHO, :

7. DNEeKTpUYECKUM HaIPsKEHUEM Ha3bIBaeTCs (pusmdeckast

. Kakyro pa0boTy cOBepIIaeT Ha

BEJIMYMHA, TIOKA3bIBAIOIIAL, ... JAaHHOM  y4YacTKe TOK IMpHU
NEPEMEIIEHIH TI0 TOMY yJ4acTKy
3apsga 1 Ki.

8. 3anumure GopMyty A HaXO0XKIECHUS HAIPSKEHUS. U A

q

0. Enunuia QJICKTPHUYCCKOT'O HAITPAKCHUA HA3BIBACTCA ... ,
uepe3 CANHUIBL pa6OTI)I " 3apdaa €€ MOXHO IMPEACTABUTH
Kax ..

. BomsToM (B), Jx/Ko.

10. TIpubop nns n3MepeHust HarpsHKEHNs Ha3bIBaIoOT ...

. BOJIbTMETPOM.

11. BonmpT™MeTp BKIIOYaeTCs B IEMb ... , Ha CXeMax

o0o3Haygaercs ... ®
. TIAPAJLIENBHO,
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12. ITpu BKIJIIOYEHUH BOJIBTMETPA B ILIENb €ro KJIEMMY CO
3HAKOM «1» CIeAyeT COCAMHATh C TOM TOYKOM ydacTKa
L[EIH, KOTOPasi COEJMHEHA C ... TIOJOCOM HCTOYHHKA TOKA.

... IIOJIOKUTCJIIbHBIM.

Yci10BHA BLINOJHEHUS 3aIaHUS

1. Mecto (BpeMﬂ) BBIIIOJIHECHU 3aJIlaHWs . 3aJaHUC BBINOJHSICTCS HA 3aHATUC B aAYJIUTOPHOE

2. MakcuMalpHOe BpPCEMA BBIIIOJIHCHUA 3a1aHUA:

MHH.

30

moxkIlIkasa oneHKH 00pPa30BaATEeIbHLIX TOCTHKEHHH

(IpaBUIIBHBIX OTBETOB)

[TpoueHT pe3ynbTaTUBHOCTH

Onenka ypoBHsI MOATOTOBKY 0asul

(oTmeTka) BepOanbHBIN aHAJIOT

90 + 100 «S»-0TIANYHO

80 + 89 «»- xopo1io

70 =79 «3»- yJIOBJIETBOPUTEIBHO
menee 70 «2»- HEYZIOBJIETBOPUTEIHHO

dusznyeckuii JTUKTAHT Ne§ mo Teme: 3akon Oma. [lelicTBHe /1eKTPHYECKOI0 TOKA HA

4YeJI0BCKa

TEKCT 3ATAHUWA:

1. Chopmynupyiite 3axon Oma 11 yuyacTKa [enH.

Cuna Toka Ha Y4aCTKC LCIIK pPaBHA
OTHOIICHHUIO HAIPsOIKCHUSA Ha 3JTOM
Y4acCTKEe K €ro COIpOTHUBIICHUIO.

2. Marematnyeckd OJTO 3allMCHIBAETCI B BHIE | U
bopMyHI ... "R’
3. Ecium 1npu  HEUM3MEHHOM  CONPOTHUBIIEHUU | ... YBEJIIMUUTCSA B 2 pasa.

MMPOBOAHUKA YBCIIMYUTH HAIIPAKCHHUE HAa €0 KOHIIAX B
2 pas3a, TO CuJjia TOKaA ...

4. Ecnu npy HEM3MEHHOM HAaNpsyKEHUH YMEHbIIUTh
COINPOTHBIIEHUE Y4acTKa LENH B 3 pa3a, TO CHJIa TOKA

... YBEITUYHTCS B 3 pasa.

5. 3amumute GOpMyITy IS BEIYUCICHUS HATIPSKCHUS

U=I-R.
Ha y4acTKe LIENH 10 €r0 CONPOTUBIIEHUIO U CUJIE TOKA
B HEM.
6. 3Has cuiy TOKa M HaNpsDKEHHE Ha yYacTKe LIETH, €T0 R_ U
COTIPOTHBIICHUE MOKHO OMIPENETUTH TTO GOPMYIIE ... T
7. KOpOTKMM 3aMBIKaHHEM Ha3bIBalOT COEIUHEHHE KOPOTKHM IIPOBOJAHHUKOM,
JIBYX TOUYEK DJIEKTPUUECKOMN LENU, HaXOASIUXCs Mo | o0Ianaonum OuYEeHb MaJIbIM
HEKOTOPBIM HAIPSKEHUEM, ... COINIPOTHBIICHUEM.

8. ConpoTHBIIEHUE YEIIOBEYECKOTO TEJIa 3aBUCHT OT ...

COCTOsIHHA 4YCIIOBCKA, €ro KOXH,
HaJIM4YWd Ha €€ MOBCPXHOCTU IIOTA U

T.I.
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9. CMepTenbHOE 3HAYEHHUE CHIIBI TOKA PABHO ... ... 100 MA.

10. Yemy paBHa cuna Toka, npotekaromero uepes3 | 0,01 A.
BOJIBTMETP, OOJIaIalOIMMUiA cCOnmpoTUBIIeHHEM 12 KOM,
€CJIM OH INOKa3bIBaeT HanpsbkeHnue 120 B?

Yci10BUA BBINOJIHEHUS 3a1aHUS

1. Mecto (BpeMﬂ) BBINIOJIHCHUS 3aJIlaHWs . 3aJaHUC BBIIOJHSICTCS HA 3aHATUC B aAyJIUTOPHOE

BpeEMS
2. MakcuManbHOE BpeMsl BBITIOJIHCHHUS 3aJJaHuUs: 30 MUH.
IlIxaj1a oeHKH 00pa30BaTedbHbBIX JJOCTHKEHMIi:
[IpoueHT pe3ynbTaTUBHOCTH (IIPaBUIIbHBIX Onenka ypoBHs MOATOTOBKY 0asut (0TMETKa)
OTBETOB) BepOaIbHBIN aHAJIOT
90 +~ 100 «5»-0TINYHO
80 + 89 «4»- XOpo1Io
70 =79 «3»- YIOBJIIETBOPUTEIBHO
menee 70 «2»- HEYJIOBJICTBOPUTEIHLHO

Du3nyecKuil IMKTAHTNR9 110 Teme: IJIeKTPOMATHUTHBIE BOJHBI

TEKCT 3ATAHUWA:

1.YTo Takoe 3IeKTpOMarHuTHast BoJHa?
2.Kak ocymiecTBisieTcsi pacipoCTpaHEeHUe
AJIEKTPOMArHUTHBIX BOJIH?

3.ITouemy 37€KTPOMAarHUTHBIE BOJHBI
nonepeyHble?

4.Kak MOXXHO MOJIyYUTh IEKTPOMArHUTHYIO
BOJIHY?

5.KakoBo riiaBHO€ yCI0BHE U3ITy4EHUS
AJIEKTPOMArHUTHBIX BOJIH?

6.[lepeuncinTe OCHOBHBIE CBOWCTBA

OJICKTPOMArHMTHBIX BOJIH.

7.Bubparop u3iaydaeT BOJHBI JUIMHOU 6 M.

Omnpenenure pa3HOCTh (a3 B TOUKE B TOUKE,

yAQJICHHOU OT BUOparopa Ha 33 M.

8.0mpenenute HaMpaBlIeHUE PACIIPOCTPAHECHUS
OJICKTPOMAariuTHBIX BOJIH

(puc 21 )

E
s 21T

9.ATeHHa OpUEHTUPOBaHA C 3amaja Ha BOCTOK.
I'ne HaxoauTcs mepenaTank’?
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YaCTOTHI?

10. Kak uznydaemas SHEprusi 3aBUCUT OT

11.YTo Takoe miIoTHOCTh MOTOKA U3NTy4eHUs?

Yci10BHA BLINOJHEHUS 3aaHUS

1. Mecto (BpCMfI) BBIIIOJIHCHUSA 3aJIlaHWs . 3aJaHUC BBIINOJHSICTCI HA 3aHATUC B aAyJIUTOPHOE

2. MakcuMalpHOe BpPEMA BBIIIOJIHCHUA 3aaHUA:

MHH.

30

HIkaJja oneHKH 00Pa30BATEILHbBIX JO0CTHKCHMII:

[IporueHT pe3yabTaTUBHOCTHU (IIPABUIBHBIX OrneHka ypoBHS MOATOTOBKH 0aut (0TMETKA)
OTBETOB) BepOAIbHBIN aHAJIOT

90 + 100 «5»-OTIUYHO

80 + 89 «»- XopouIo

70 =79 «3»- YOBJIETBOPUTEIBHO

menee 70 «2»- HEYJIOBJICTBOPUTEIHLHO

®Ousznueckuii JUKTAHTNe10 mo Teme: CBeT, 3aKOHBI OTPAaKEHHUS U MPeEJOMJIECHNSI CBETA.

TEKCT 3ATAHUWA:

I.Hepe‘II/ICHI/ITC CCTCCTBCHHBIC HCTOYHHUKH CBCTA.
Z.Hepe‘-H/ICJII/ITC HCKYCCTBCHHBIC UCTOYHHKHU CBETA.

3,4. Tlouemy ™Mbl BUIMM Teja, HE SBISAIOLIUE
ucToyHuKaMu cBeta? Mcrounuku ceera?
5.9ro Takoe my4?

6.B uem 3akirouaeTcs 3aKOH IPSIMOJIMHEWHO
pacrpocTpaHeHus cBeTa?
7.Haueptute cxemy COTHEYHOTO 3aTMEHUS.

8.Haueptute cxemy JIyHHOro 3aTMEHHS.

9.B uem 3akirouaeTcs SBICHHE OTPaKeHUs cBeTa?
10. ChopmynupyiiTe 3aKOH OTPAKESHHUSI.
11. Yro Ha3bIBaeTCs YoM NajeHus?

12.YT0 Ha3bIBaeTCs YIJIOM OTpaskeHus?

13./leBoYKa CTOUT HA PACCTOSIHUU 2 M OT 3€pKaja.
Ha xakoM paccTossHuM OT HEE HaXOIUTCS €€
n3zobpaxenue?

14.YBunut 1u ceds 4ernoBeK B MOJTHBINA POCT B
3epkaie 80 cm? OTBeT 000CHYMTE.

15.YTto 03Ha4yaeT BbIpake€HUE «M300paKeHHe
MHUMOE»?

16.YTo Ha3pIBaeTCS MPEIOMIIEHUEM CBETa?
17.HauepTtute X0/ Jiyda U3 BO3/lyXa B CTEKIIO.
18.HaueptuTte X0/ 1yda U3 BOJBI B BO3AYX.
OTMeTbTe yIJibl NaJICHUS U IPETOMIICHHUS.

Yci10BHA BBINOJIHEHUS 32IaAHUS
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1. Mecto (Bpemsi) BBINOJHEHMS 33JaHUS. 3a/laHUE BBLIMOJIHSACTCS Ha 3aHATHE B ayJUTOPHOE

2. MakcuManbHOE BpeMsl BBITIOJIHEHUS 3aJaHuUs: 30 MUH.

HIkaJja oneHKH 00Pa30BATEILHbBIX JO0CTHKCHMII:

[IpoueHT pe3ynbTaTUBHOCTH (IIPaBUIIbHBIX Onenka ypoBHs MOATOTOBKY 0asut (0OTMETKa)
OTBETOB) BepOabHBIA aHAJIOT
90 + 100 «5»-0TIANYHO
80 + 89 «4»- XxopouIo
70 ~79 «3»- yIOBJIETBOPUTEIHLHO
MeHee 70 «2»- HEYJIOBJIIETBOPUTEIHHO
®u3znueckuii JUKTAHT Nell mo reme: UHppakpacHoe, yabTpadguoieToBoe,
PEHTreHOBCKOE U3JIyYeHusl.
TEKCT 3AIAHUA:

1.B uem pasznuume u 4To OOLIETO MEKIAY ITUMHU
W3IIY4eHUSIMU ?

2.Yro npencrapisier coboit nHppaKpacHoe
n3nydenue? O0aacTu ero NpuMeHeHus?

3.Kax MoxHO 00HapyKuTh UHPPA- U
yABTPau3IydeHus ?

4.1'ne NpUMEHSIOT ylIbTpadroIEeTOBbIE JTyUn?

5.Yto npezacrasiser co00i peHTTEHOBCKOE
u3jyyeHue?

6.Kax nomyunTh peHTreHOBCKHE Ty4u?

7.Ilepeuncnure cBOICTBA PEHTTEHOBCKUX
JIy4en.

8.I'te NnpUMEHSIOTCSI pEHTTEHOBCKHUE JIy4n?

9.Ha xakux nmperpajgax MOXHO OJTyYUTh
JU(QPaKIUI0 PEHTTEHOBCKUX JTydeit?

Yci10BuSA BBINOJHEHUS 3a1aHUAS

1. Mecto (Bpems) BBINOJHEHMS 33JaHUS. 3a/laHUE€ BBIMOJIHSAETCS Ha 3aHSATHE B ayJUTOPHOE

2. MakcuMainpHOe BpPEMA BBIIIOJIHCHUA 3aJaHUA:

30

HIkaJjga oeHKH 00Pa30BATEILHBIX JOCTHIKEHMIi:

MMUH.

[IporeHT pe3ybTaTUBHOCTH (TPAaBUIIbHBIX OneHka ypoBHs MOJITOTOBKH 0al1 (OTMETKA)
OTBETOB) BepOANbHBIN aHaIor

90 =100 «S5»-0TIINYHO

80 + 89 «4»- xoponio

70 =79 «3»- yI0BIETBOPUTEIBHO

MeHnee 70 «2»- HEYJJOBJIIETBOPUTEILHO

®Ousznueckuii TUKTAHT Nel2 o teme: DoToddpdexr.
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TEKCT 3AJTIAHUWA:

1.Yro HazweiBaercs potodrhdexrom?

2.Kakoii pororddhexT sBiseTcs BHEITHUM?

3.Kakoii poToadexT siBisiercss BHyTpeHHUM?

4 Ilpusenute mpumMep BHeIHEro ¢porodddekra.

5.ChopmynupyiiTe nepBbIii 3ak0H GoTrodddekra

6.Chopmynupyiite BTOpoii 3akoH hoToddhdexTa.

7.Kak Ha omnbITe OIIPECACIINTD YMCJIO BhIPBAHHBIX

3JEKTPOHOB?

8.Kak Ha ombITe ONPEeTUTh KHHETHYECKYIO
SHEPTHUI0 (HOTOITEKTPOHOB?

BOJIHOBAs T€OpHs?

9.Kak oObscHsET epBbIi 3akoH (HoTodPdhekTa

KBaHTOBAsi TEOpHUsI?

10.Kak oOBsicHsIeT MepBbIi 3aK0H GoToddderTa

11.Kak 00BACHHUTBH, YTO CKOPOCTh
(hOTOAIEKTPOHOB 3aBUCHT OT YaCTOTHI U HE
3aBHCHUT OT UHTEHCUBHOCTH CBeTa?

12.Hanumure ypaBHeHHe DUHIITEIHA 11
¢dorodddexra. Kakos ero cmpici?

13.Kak 00BbACHUTH CYIIECTBOBaHUE KPACHOU
rpanunbl GoTordhexT?

Yci10BuS BBINOJIHEHUS 3a1aHUAS

1. Mecto (BperI) BBIIIOJIHCHHUSI 3aJlaHUsI. 3aJJaHUC BBINOJHACTCS HA 3aHATHEC B aAYAUTOPHOC

2. MakcuManbHOE BpeMsl BBITTOJTHCHUS 33 JaHUS: 30 MUH.

3. Bel MOKeTe BOCIOJIL30BATHCA VUEOHMKOM, KOHCIIEKTOM JIEKITHAH

HIkaJja oeHKH 00Pa30BATEILHBIX JOCTHKEHMIi:

ITporeHT pe3ybTaTUBHOCTH (IPAaBUIIbHBIX OneHka ypoBHs TOJITOTOBKH a1 (OTMETKa)
OTBETOB) BepOATIbHBIN aHaIoT
90 + 100 «S»-0TIUYHO
80 + 89 «4»- xoponio
70 =79 «3»- yJI0BIETBOPUTEIIBHO
menee 70 «2»- HEYJIOBJIETBOPUTEIHHO
®usuyeckuii TMKTaHT Nel3 mo teme: CTpoenune aTroma.
TEKCT 3ATAHUA:

1.13 kaKuX 4acTHUI] COCTOUT SIAPO U KaK
ONPEACIUTH UX KOJTUYECTBO?

2.YTo0 Takoe nmpoToH?

3.9to Takoe HEUTPOH?
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413 kakoro (akTa ClIeyeT, YTO CYIIECTBYIOT
sIIEPHBIE CUITBI?

5.Ilepeuncnure 0COOEHHOCTH SIAIEPHBIX CHIL.

6.Kakue BemecTBa Ha3bIBAIOTCI U30TOIIAMHU?

7.YT0 MOXHO CKa3aTh 0 XUMHYECKUX CBOMCTBaxX
U30TOIIOB?

8.Kak ocymiecTBUTh HCKYCCTBEHHBIE
IIpeBpaLIeHUs siiep?

9.Ilouemy npu LEHTPATBLHOM COYAAPEHUH C
MIPOTOHOM HEHUTPOH OT/AAET BCIO DHEPTHIO, a MPHU
COYJAapEHHH C sIAPAMU JPYTUX JIEMEHTOB —
JacTh?

10.YTo Ha3bIBaeTCA SHEPrUEH CBsA3M sizipa’?

11.Yto takoe nedexT macc siapa’?

Yci10BUA BLINOJHEHUS 3a1aHUST

1. Mecto (Bper[) BBITNIOJIHCHUA 3a1aHUS :3aJJaHNE BBIIIOJHICTCA Ha 3aHATUC B AYJIUTOPHOC BpEeMs

2. MakcuMalsHOE BpPCM: BBIIIOJIHCHHA 3a/1aHUA: 30 MHH.

3. Bel MOeTe BOCIOJIL30BATHCA VUEOHMKOM, KOHCIIEKTOM JICKITHAH

HlkaJjga oleHKH 00PA30BATEILHBIX JOCTHKEHMII

[IporuieHT pe3yabTaTUBHOCTH (TIPABUIBHBIX

OneHka ypoBHS MOATOTOBKY 0ayuT (OTMETKA)

OTBETOB) BepOaJIbHBIN aHAJIOT
90 + 100 «5»-OTIUIHO
80 + 89 «4»- XopouIo
70 +79 «3»- yJI0BIETBOPUTEIHLHO
MeHee 70 «2»- HEYIOBJIIETBOPUTEIBHO
dusznueckuii TUKTAHT Nel4 o Teme: PaanoakTuBHoOCTh
TEKCT 3AJAHUS:

1.B ueM cocTOUT sIBJIEHUE €CTECTBEHHOM
PaaMoOaKTUBHOCTH?

2.KakoBa npupona o, 3, y u3nyueHuii?

3,4.M300pa3uTe Kak o, [3 4aCTHUIIbI
OTKJIOHSIFOTCSI B MATHUTHOM II0JIE.

TpyAHee , yeM [ u3nyueHus?

5.Ilouemy npupoay o M3JTy4EHUs YCTAaHOBUTH

6.Kakoe nznyuenue nmeet HauOOIBIIYIO
MPOHMKAOIIYIO crtocoOHocTh? [Touemy?

W3JIy4EeHH?

7,8. B 4emM cOCTOUT IIpaBUIIO CMEIIEHUS IS L, [3

9.Kakumu cnoco6amMu MOKHO YCKOPUTh
paguoOaKTUBHBIN pacnan?

10.3anumuTe GopMyny paguoaKTUBHOTO
pacraza.

11.YTo Takoe nepuoa nonypacnana?
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Yci0BHA BLINOJHEHUS 32 aHUS

1. Mecro (BpeMH) BBIIIOJIHCHUA 3a1aHUs .3aJaHNC BBIIIOJHSICTCSA Ha 3aHATUC B AYJUTOPHOC BpeMA

2. MakcuManbHOE BpeMsl BBITIOJIHEHUS 3aJaHuUs: 30 MUH.

3. Bel MOkeTe BOCIIOJIB30BaThCS V“IC6HHKOM, KOHCIICKTOM JICKITUI

HIkaJja oneHKH 00Pa30BATEILHbBIX JO0CTHKCHMII:

[IpoueHT pe3ynbTaTUBHOCTH (IIPaBUIIbHBIX Ouenka ypoBHs MOATOTOBKY 0asut (0OTMETKa)
OTBETOB) BepOaIbHBIN aHAJIOT

90 + 100 «5»-0TIANYHO

80 + 89 «4»- XxopouIio

70 +79 «3»- yJI0BIETBOPUTEILHO

menee 70 «2»- HEYJIOBJIETBOPUTEIBHO

KonTposbHbie padoTsl
Bxoanasi KOHTpoJIbHaAs1 paboTa
Bapuanr 1
Yacts 1

K kaostcoomy u3 3a0anuini 1 — 7 oanvt 4 eapuanma omeema, u3z Komopuvlx HmoJjibKO 00UH
npasuibHblL.

1 ABTOMOGWJIb Ha TIPAMONKMHEHHOH TOpOre HAUMHAET PA3TOHATHCA ¢ yckoperueM 0,5 m/c? u3
COCTOSIHUS TTOKOSI M Uepe3 HEKOTOPBIA MPOMEXKYTOK BPEMEHH JIOCTUTAET CKOPOCTH 5 M/c. Uemy paBeH
3TOT IPOMEXYTOK BpeMEHU?

1)0,1¢c 2)1c 3)2,5¢ 4)10c

2 Nmerotes aBe abCoNIOTHO yrpyrue npyxunsl. K nepBoii npykuHe npuioxkeHa cuia 6 H, a ko
BTOpoii — 3 H. CpaBHuTE ®KeCTKOCTh KillepBoil PYKUHBI C KECTKOCTBIO K2BTOPOI MPYKUHBI TIPH UX
OJINHAKOBOM YJINHEHUHU.

1) ki =k 2) k1= 2k 32ki=k: 4 ki=ke

3 ABToMoOuIL Maccoit 3000 Kr ABMKETCS cO CKOPOCThIO 2 M/c. KakoBa KuHeTH4YecKas SHeprus
aBTOMOOMIIS?

1) 1500 Tx  2) 3000 x  3) 60001x  4)12000 JIx

4Yron majeHMs JTyda CBETAa Ha 3epKalbHYI0 MoBepXHOCTh paseH 15° . Uemy paBen yron
OTpaxeHus?

1) 300 2) 40° 3) 75° 4) 15°

5 Ha pucynke mnpuBeaeH rpaduK 3aBHCUMOCTH TEMIEPATypbl CHUPTa OT BPEMEHH.

[TepBoHayanbHO COUPT HAXOAMJICS B Ta3000pa3HOM cocTosiHuu. Kakas Touka rpaduka COOTBETCTBYET

Ha4valy nmpounecca KOHACHCAlIun CHI/IpTa?
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£°Cy

(]
T, MHH

HA 2)b 3)B 4T
6 Kaxoif mpenmyIiecTBeHHO BUJ] TEILJIONEpe1au OCYIECTBISIETCS [IPH COIpPEeBaHUU y KocTpa?
1) TermIonpoBOIHOCTD 2) KoHBeKIMs ~ 3) u3iayueHue 4) KOHBEKIUS M TEIUIONPOBOJIHOCTD
7 Atom Gepunnus jBe COIEpKHUT. ..
1)4  npotoHa, 5 HEHTPOHOB U 4 ANIEKTPOHA. 2) 4 IPOTOHA, 9 HEHTPOHOB U 4 FJIEKTPOHA
3)9 poToHOB, 4 HelTpoHA U 9 311eKTPOHOB 4) 9 MPOTOHOB, 13 HEUTPOHOB U 4 SJIEKTPOHA.
Yactp 2
B1 B cocyn ¢ XxonomHOW BOJIOM OMyCTWUIIM CTalbHOE CBEPJIO Maccoil | Kr, Harperoe 1o
temriepatypbl 200°C. B cocyne ycranoBmiach Temneparypa 50 °C. Kakoe KoiIMuecTBO TEIIOTHI
noJTyunia Boja Ha HarpeBanue? [loTepsiMu sHepruu Ha HarpeBaHUE COCYa U OKPYXKAIOLIETO BO3yXa
npeHedpeus. Y nenpHas TeroeMkocTs crainu 460 [x/(kr-°C). OTBeT 1aTh B KHIIOKOYIISX.
B2 Kakoe HanpsikeHre Hy>)KHO CO371aTh Ha KOHIIaX MPOBOAHMKA conpoTuBieHreM 20 OM, 4ToObI
B HEM BO3HHUKJIA cuiia Toka 0,5 A?
Yacrs 3
C1ABTOMOOMIBL Maccol 1 T, IBHKYIIMICS cO CKOpocThIo 20 M/c, HAaUMHAET TOPMO3UTH U Uepes
HEKOTOpOe BpeMsi OCTaHaBiIMBaeTcs. Yemy paBHa oOIIasi cuja CONPOTHBICHUS ABMXKEHHIO, €CIH 10

MOJIHOM OCTaHOBKHM aBTOMOOWJIb MPOXOAUT IyTh 50 M?

Bapmuanr 2
Yacts 1

K kaostcoomy u3 3aoanuii 1 — 7 oanvt 4 eapuanma omeema, u3z Komopuvlx HmoJjbKO 0OUH
npasubHblil.

1 ABTOMOOMIIP HAUMHAET PA3TOHATHCS MO MPSMOJIMHEWHOW JOpOre M3 COCTOSHHS TMOKOs C
yckoperuem 0,5 m/c?. Kakoii 6yaer ckopocTs aBToMo0uns uepes 10 c?

1) 0,05m/c  2) 0,5 m/c 3) 5m/c 4) 20 m/c

2 NmeroTcst 1Be aOCOIOTHO yIpyrue npyXuHbL. [1o1 neficTBreM OTHOM W TOH K€ CHITBI TIepBast
NpyXKHHA YIJIMHWIACH HA 6 cM, a BTopas — Ha 3 cM. CpaBHUTE JKECTKOCTh Ki mMepBOil Mpy>KUHBI C
KECTKOCTBIO K2 BTOPOH.

Dkizke  2)dki=ks 3)2ki=ks  4)ki=2ko
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3 JIBa Tema HaxomATCsl HA OJTHOW M TOM K€ BBICOTE HaJl TOBEPXHOCTHIO 3emitr. Macca oJTHOTO
Tera MiB JBa paza Oombie Macchl JApyroro teina My, OTHOCHUTENHHO TOBEPXHOCTH 3eMIH
MOTEHIIMAIbHAS SHEPTUS

1) mepBoro Tena B 2 pa3a 00JIbIiIe MOTEHIIMAIBLHON SHEPIHH BTOPOTO TEIia

2) BTOpOro Teja B 2 pasza 0oJiblile OTCHIIMAIBHON SHEPIHH IICPBOTO TEa

3) nmepBoro Tena B 4 paza 00JIbIIe MOTCHIIHATILHOW SHEPTUU BTOPOT'O Teja

4) BToporo Tena B 4 pasa 00JibIIe MOTCHIIMAILHON SHEPTUH IIEPBOTO Teja

4 Vron Mexay NMajaoluM M OTPaKEHHBIM sydamu paseH 40° . Kakum Gymer yron majeHus,
€CJIM YTOJI OTPAKEHUs YMEHbIIUTCA Ha 107

1) 10° 2) 40° 3) 20° 4) 30°

5 Ha pucynke npuBeneH rpaduk 3aBUCHMOCTH TEMIEPATyphl BOABI OT BpeMeHH. HadanbHas

TEMIICpaTypa BOAbL 50 °C. B xakoM COCTOSSHUH HaxoauTcCs BOAa B MOMCHT BPCMCHU 117

t-C 1) ToBKO B ra3000pa3HoM
/ 2) TOJIBKO B JKHIKOM
50 3) yacTb BOJABI — B IKHJIKOM
0 > COCTOSSHUM, M YacTh BOJBI — B
T T, MUH
ra3oo0pa3HOM

4) 4YacTh BOJABI — B JKHIKOM
COCTOSHHHM, ¥ 4YacTh BOILI — B
KPUCTAIITNYECKOM
6 Kakum crmocoOOM MOXXHO OCYIIECTBUTH TeIUJIONEpenady MexAy TellaMu, pa3AeleHHbIMU
0€3BO3TyIITHBIM TPOCTPAHCTBOM?
1) TOJIBKO C MOMOIIIBIO TETIONPOBOAHOCTH 2) TOJIBKO C IMIOMOIIIbIO KOHBEKIIUU
3) TOJBKO C MOMOIIBIO H3TyIESHHUS 4) BceMu TpeMms criocobamu

7 Snpo renus SHe

1) 2 mpoToHa U 6 HEHTPOHOB. 2) 2 mpoTOHA U 8 HEUTPOHOB.
3) 8 mpOTOHOB U 2 HEHTPOHA 4) 8 npotonoB u 10 HEHTPOHOB
Yacrs 2

B1 OnoBsiHHOE TENO NpH OXJNaXKIeHNH Ha 20 rpaycoB BBIIEIAET KOJIUYECTBO TEILIOTHI, PABHOE
9200 JI>x. Yemy paBHa Macca 3Toro Tena? YaenbHas TerioeMKocTs oaoBa230 [Ix/(kr-°C). OTBeT aath
B KT.

B2 Kakoe conmpoTHBIIEHHE UMEET MEHBIN ITPOBOJ, €CIIM IpH cuiie Toka 20 A HampspKeHUe Ha
€ro KoHI1ax pasHo 8 B?

Yacts 3
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C1 Tenexxka maccoit 20 Kr, IBIKYIIAsCS CO CKOPOCThIO 0,5 M/C, CLIETIISETCS C APYTOr TEIeKKON
maccorr 30 Kr, ABMKYIIEWcs HaBcTpedy co ckopocThio 0,2 m/c. Uemy paBHA CKOPOCTH JBHIKCHUS
TEJIEKEK MOCIIe CIIETKH, KOTJa TeJEKKH OyIyT IBUTaThCS BMeCTe?

Kpurepun oueHuBanusi padboTbi:

3ananue 1-7 onenuBaercd B 1 6aul.

3ananue Bl u B2 onenuBaercs B 2 6aia Kaxoe.

3amanue C1 oneHuBaercs B Tpu Oasia.

o Eciu ywamuiics mabpan ot 40% no 50% ot oOmiero yucia 6aaioB, TO OH MOTy4aeT
OTMETKY «3»

. Ecnmu yuammuiicst HaOpan ot 60% mo 80% ot olmiero uucna 6ayuioB, TO OH MOJTy4aeT
OTMETKY «4»

. Ecnu yuammiicst mHabpan ot 80% no 100% ot oOwiero uncia 0amioB, TO OH MOJIy4YaeT
OTMETKY «5»

6 — 7 6a/510B — 0OTMeTKA «3»

8 — 11 6a1;10B — oT™MeTKA «4»

12 — 14 6a/L10B — OTMETKA «5»

KontpoabHnas padora Nel mo reme: Mexanuka
1 BapuanT

1. Ilepememenue — 3t10:

1) BekTOpHAs BeIMYMHA; 2) CKAIspHAsl BEMYMHA; 3) MOXET ObITh U BEKTOPHOW M CKAJSIPHOI
BEJIMYNHOM; 4) MPaBUIBLHOIO OTBETA HET.

2. [lepemenienuem IBHXKYILIENHCS TOUYKH HA3bIBAIOT. . .

1) ...JIMHY TPAaeKTOpHH; 2) MPOHUJIEHHOE PACCTOSHHE OT HAyalbHOM TOYKH TPAEKTOPHUU [0
KOHEYHOM; 3) HamnpaBJIEHHBIH OTPE30K MPSIMOM, COEAMHSIOMMUI HadyalbHOE MOJOXKEHHE TOUYKHU C €ro
KOHEUYHBIM; 4) ...JJMHHIO, KOTOPYIO OMMCHIBAET TOUYKA B 33/IaHHON CHCTEME OTCUETA.

3. YckopeHue — 3To:

1) ¢usnueckass BelIWYMHA, paBHAs OTHOIICHHWIO M3MEHEHHUS CKOPOCTH K TOMY IPOMEXYTKY
BpPEMEHH, 32 KOTOPBIA 3TO M3MEHEHHE MPOM30LUI0; 2) (u3nueckas BeTUYMHA, paBHAs OTHOIIECHHUIO
U3MEHEHHS CKOPOCTH K TOMY (PM3HYECKH MAJIOMy ITPOMEXYTKY BPEMEHH, 3a KOTOPOE 3TO U3MEHEHHUE
pou3onuio; 3) pusndeckas BeJIMYMHA, paBHAs OTHOILIEHUIO MTEPEMELIECHHS KO BpEMEHHU.

4. JIOKOMOTHB pasroHseTcs A0 cKopocTH 20M/c, IBHTasACh MO MPAMOH C ycKOpeHHeM Sm/c2.
HavanbHast ckopocTs ero paBHa Hyit0. CKOJIBKO BPEMEHU JJIUTCS Pa3roH?

1) 0,25c;2) 2¢c; 3)100c; 4) 4c.

5. Kakoe paccrosiaue mpoenet Bemocuneauct 3a 10 ¢, eciin oH e1eT O CKOPOCThIO 5 M/c?
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1) 2m; 2) Sm; 3) 25m; 4) 50Mm.

6. PaBHoseiicTByOIIast CHIIa — 3TO:

1) cuna, neficTBUEe KOTOPOM 3aMEHSIET JEHCTBHUE BCEX CHII, JACHCTBYIOIIMX Ha Tejo; 2) cuia,
3aMEHSIoIas AeHCTBHE CUJl, C KOTOPBIMU B3aUMO/ICHCTBYIOT Tela.

7.CornacHo 3akoHy I'yka cuia HaTsKEHUS TNPYKUHbI TPH  PACTATMBAHUM  MPSIMO
IIPONOPLUOHAIIbHA

1) ee nyuHE B CBOOOHOM COCTOSIHUM; 2) €€ JUIMHE B HATSHYTOM COCTOSIHMM; 3) pa3HULIE MEXKIY
JUIMHON B HATSIHYTOM M CBOOOJHOM COCTOSIHUAX; 4) CyMMe€ AJUH B HATSIHYTOM M CBOOOAHOM
COCTOSTHUSIX.

8. CopTcMeH coBepIlaeT MPBIKOK ¢ mecToM. Cuia TSHKeCTH JIEUCTBYET Ha CIOPTCMEHA

1) TOJIbKO B T€UEHHE TOTO BPEMEHH, KOT/1a OH COITPUKACACTCS C IIOBEPXHOCTHIO 3eMJIH; 2) TOJIBKO
B TEYCHHE TOr'O BPEMEHH, KOTJ]a OH CTHOAEeT IIECT B Hayalle MPbIKKa; 3) TOIBKO B TEYEHHUE TOTO BPEMEHH,
KOTI'Jla OH MajaeT BHU3 MOCJIE MPEOAOICHHS IIAaHKU; 4) BO BCEX ATUX CIIyYasiX.

9. Bec Tena:

1) cBoticTBO Temna; 2) pusnueckas BenuunHa; 3) Gpusnueckoe sBICHUE.

10.Cuna TAroTeHus - 3T0 cujia 00ycIOBIEHHAS:

1) rpaBUTallMOHHBIM B3aUMOJEUCTBHEM; 2) JJIEKTPOMArHUTHBIM B3auMoOjeWcTBHEM; 3) U
IPaBUTALMOHHBIM, U 3JIEKTPOMAarHUTHBIM B3aUMO/ICHCTBUEM.

11. ToBapHbIil BaroH, ABWXYILUNCSA MO TOPU3OHTAJIBLHOMY MYTH C HEOOJBIION CKOPOCTHIO,
CTAJIKUBAETCS C IPYTMM BaroHOM U ocTaHaBinuBaetcs. [Ipu a3Tom npyxuna Oydepa cxxumaercs. Kakoe
U3 MIEPEUNCIIEHHBIX HU)KE Peo0pa30BaHuil SHEPIUn HApSAAY € IPYTMMHU IPOUCXOJUT B 3TOM Iporiecce?

1) KxuHeTH4ecKasl SHEprusi BaroHa npeoOpa3yercs B MOTEHUUAIbHYIO SHEPIHIO MPY>KUHBIL, 2)
KMHETUYeCcKasi HEprus BaroHa mpeoOpa3yercs B €ro MOTEHUHUAIbHYIO 3HEpPruio; 3) MOoTeHIHalbHas
SHEPIus MPYKUHBI MTpeoOpa3yercss B € KUHETUYECKYIO HEPIuio; 4) BHYTPEHHSISI SHEPTHs MPYKUHbI
npeoOpa3yeTcst B KHHETHUECKYIO SHEPTHI0 BaroHa.

12. Kunetunueckas sHeprus tena 8 [k, a Benuunna ummynbca 4 H-c, Macca Tena paBHa...

1)0,5kr; 2) 1 kr; 3) 2 k13 4) 32 KT

Yactp 2
1. CBoboaHo magaroriee Teno mpouio nocaeaaue 30 M 3a 0,5 c. Halimute BBICOTY MajieHUSI.
2. Onpenenure yyIMHEHUE TIPYXKUHBI, €Clid Ha Hee AeiicTByeT cwta 10 H, a koaddurnment
xectkoctu 500 H/m.
3. [To rpaduky 3aBUCUMOCTH CKOPOCTH TeJla OT BPEMEHH OIPEIeIUTh yTh MPOIICHHBIHN 3a

3c.
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2 BapuaHT

1.Moaynb nepeMerieHus Ipyu KpUBOJIMHEHHOM JIBUKEHUH B OJJHOM HAIlPaBJICHHUM:

1) paBen npoiineHHOMY TyTH; 2) OOJIBIIE TPOUICHHOTO MyTH; 3) MEHbINE MIPOHACHHOTO MYTH;
4) npaBUJIBHOTO OTBETA HET.

2. CpenHsisi CKOPOCTh XapaKTEepPU3YeT:

1) paBHOMEpHOE JBUKEHUE; 2) HEPABHOMEPHOE JBU)KEHUE;

3. [Ipoekuust yCKOpeHHUs: Ha KOOPAMHATHYIO OCh MOXKET OBITh:

1) TONIBKO MOJOKUTENBHOM; 2) TOJIBKO OTPULIATENbHOM; 3) ¥ OJIOKUTENbHOM, U OTPULIATENIbHOM,
Y PaBHOM HYJIIO.

4. Ilpu moaxone K CTaHLUU TOE3]l YMEHbIIWI CKOpocTh Ha 10M/c B Teuenue 20c. C xakum
YCKOPEHHUEM JBUTAJICA 110e3117

1) —0,5m/c?; 2) 2m/c?; 3) 0,5 m/c?; 4) —2m/c?.

5. B nnepuunansHoii cucreme orcyera F coobuiaer Tenmy Maccoil m yckopenue a. Kak nameHuTcs
YCKOpPEHUE TeJla, €CIIU MacCy Tella U IEHCTBYIOIIYIO HAa HETO CUJIy YMEHBIINTD B 2 pa3a’?

1) yBenuuutes B 4 pasa; 2) ymeHbIIUTCA B 4 pa3a; 3) yMeHbIINUTCS B 8 pa3; 4) HE U3MEHUTCS.

6. Kakas cuma feficTByeT Ha Telo MacCoii 5 KT, eclii OHO JBHKETCS ¢ yckoperueM 10m/c??

1)50H;2)25H;3)20H;4) 2 H.

7. 3aKOH MHEPLMH OTKPBLI

1) HAemokput; 2) Apucrorens; 3) ['anuneii; 4) HproToH.

8.IMnynibC CHUCTEMBI, COCTOAIIEH U3 HECKOJIBKUX MaTepUaIbHBIX TOUYEK, PABEH:

1) cymme MoayIieit UMITYJIbCOB BCEX €€ MaTepUaNIbHBIX TOYEK; 2) BEKTOPHOW CyMMeE UMITYJILCOB
BCEX €€ MaTEPUAIbHBIX TOYEK; 3) UMITYJIbChI HENB3S CKJIA/IbIBATh.

9.YTBepkJIeHUE O TOM, YTO UMITYJIbChl 3aMKHYTOU CUCTEMBI TEJI HE U3MEHSIOTCSI, SIBIISETCS:

1) HeoOocHOBaHHBIM; 2) (U3MUECKUM 3aKOHOM; 3) BBIMBICIOM; 4) 3aTpyAHSIOCH UYTO-JIHOO
CKa3arb 110 3TOMY IIOBOJLY.

10. Ha teno nelictByrot cuna Tskectu 40H u cuna 30H, HanpaBiieHHas BepTukanbHO. KakoBo
3HAYCHHUE MOYJIsI PAaBHOACHCTBYIOIIEH 3THX CHJT?

1)0;2) 10H; 3) 50H; 4)70 H.
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11. HaBcTtpeuy npyr Apyry JETAT MIAPUKUA U3 TUIACTUIMHA. MOIYynM HUX HMITYJIBCOB pPaBHBI
coorBercTBeHHO 0,03kr™M/c 1 0,04 krm/c. CTOIKHYBIINCH, MAPUKH CIMMAIOTCA. VIMITyIbC CIMIIIMXCS
IIIApUKOB PABEH

1)0,01kr-m/c; 2).0,0351kr-m/c; 3).0,05kr-m/c; 4) 0,07xr-m/c;

12. Teno nBuxercs mo npsamoiut. [lox nelictBueM MmocTtosHHOM cuiibl BenmuunHor 4 H 3a 2 ¢
UMITYJIbC TeJla YBEIUYHIICS U cTall paBeH 20kr-m/c. [lepBoHavanbHbI UMIYIIBC TENla paBeH

1) 4kr-m/c; 2) 8kr-m/c; 3) 12kr-m/c; 4) 28kr-Mm/c;

Yactp 2

1. Teno magaet ¢ BeicoThl 100 M 6e3 HavyaIbHON CKOPOCTH. 32 KaKOe BpeMs TEJI0
IIPOXOJUT MEPBBIM U MOCIEAHUA METPBI CBOETO MyTH?

2. Koadduument xectkoctu pesunoBoro xryra 40 H/m. KakoB k03¢ UIIHEHT KeCTKOCTH

TOI'0 K€ XKI'yTa, CIIO’JKCHHOI'O rmomnojam?

3. ITo rpaduKy 3aBUCMOCTH CKOPOCTH OT BPEMEHH OIPECIUTE MyTh MPONHACHHBIH TEIOM
3a3c.
4 V.M/c
6
4
2 \
\ > LC

1 2 3 4

3 BapuanTt

1. IIpn npsAMOJIMHENHOM JBMKEHUH CKOPOCTh MAaTE€PHAIBLHOM TOUKH HaIlpaBJICHA:

1) Tyna ke, KyJa HampaBJIeHO MEpeMelleHHe; 2) MPOTHUB HaIpaBiIeHUs IepeMelieHus; 4)
HE3aBHCHMO OT HalpaBJICHUs MePEMEILIECHNUS;

2. dusmnueckas BEJIWYMHA, pPaBHAs OTHOLIEHUIO IEPEMEILEHUS MATEPUAIBHONM TOUYKH K
¢u3nueckn MaloMy NPOMEXYTKY BPEMEHM, B TEUEHHE KOTOPOI0 MPOHM30ILUIO 3TO IepeMelleHue,
Ha3bIBACTCS

1) cpenHell CKOPOCTbIO HEPAaBHOMEPHOTO NBIDKCHHS MaT€pUaIbHOM TOYKH; 2) MTHOBEHHOU
CKOPOCTBIO MaTEpUAIbHON TOUKH; 3) CKOPOCTHIO PABHOMEPHOIO JBMKEHHSI MATEPHAIbHON TOUKH.

3. B xakoMm ciry4ae MOy YCKOpEHHsI OobIe?

1) Teno aBMkeTCs ¢ OONBLION MOCTOSTHHONW CKOPOCTBHIO; 2) TeI0 ObICTPO HAOMpaeT UM TepsieT

CKOPOCTB; 3) TEJIO MEUICHHO HAOUPAET WIIH TEPSET CKOPOCTh.
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4. Tpetuii 3akoH HproTOHA ONUCHIBAET:

1) nelicTBHe OHOTO Telia Ha JIPYroe; 2) NeiicTBUE OAHOM MaTepUalibHOM TOYKH Ha JPYrylo; 3)
B3aMMOJIEICTBHE IBYX MaTepUaIbHbIX TOUEK.

5. Ms4yuk OpocWiIM BEPTUKAIBHO BBEPX CO CKopocThio 10m/c. Haiitm ero ckopocth uepe3
IcexyHny.

1) 10m/c; 2) Sm/c; 3) 2m/c; 4) 0.

6. SI6;moxo maccoii 0,3 kr nmagaer ¢ nqepeBa. Beibepute BepHOe yTBEpKICHHE

1) s6noko paeiictByer Ha 3emumo cuioit 3H, a 3emust He aeicTByer Ha s010K0; 2) 3emils
JeHCTBYET Ha s10510K0 ¢ critoi 3H, a ss610K0 He melicTByeT Ha 3eMitio; 3) s10J10K0 U 3eMJIsl He IEHCTBYIOT
JIpyr Ha apyra; 4) s10710K0 1 3emiis IeUCTBYIOT IpyT Ha Apyra ¢ cuioii 3 H.

7. Tlpu neiicteunm cunbl B 8H Teno aBikercs ¢ yckopeHneM 4m/c2. Uemy paBHa ero macca?

1) 32 kr; 2) 0,5xr; 3) 2 kr; 4) 20KT.

8. Ha teno opnoBpemenHo neiictByror e cuibl, F1=30H u F;=45H. Bseruucnure
PABHOJIEHCTBYIONIYIO 3TUX CHII, €CJTH yron Mexay Humu 0°,

1) 0; 2) 15H; 3) 75H; 4) 45H.

9. Cuna ynpyrocty HampaBJieHa:

1) mpoTUB cMelIeHHs YacTUIl Ipu AedopManuu; 2) Mo HANpaBICHUIO CMEIICHHs YacTHI] IpU
nedopMmaruu; 3) o ee HapaBICHUH HEIb3s HUYETO CKa3aTh.

10. Axyna, macca kotopoit 250kr, TibIBET co ckopocThio 4m\c. Ee kuHeTnyeckas sHeprus
paBHa...

1)20001>x; 2)1000/1x; 3)500/1x; 4)62,51x.

11. Kocmuueckuii kopabiib 1ociie BHIKIIOYEHHS paKETHBIX JIBUTaTeNel ABMXKETCS BEPTHUKAIbHO
BBEpX, JOCTUTAET BEPXHEN TOUKU TPAEKTOPHUH U 3aTeM JIBIKETCS BHU3. Ha kakoMm ydacTke TpaeKkTopuu
B KopabJiie HabmogaeTcs coctosHue HeBecoMocTu? ConpoTUBIIEHNE BO3/lyXa MPEHEOPEKUMO MaJIo.

1) TOJIBKO BO BpeMsl IBM)KEHUS BBEPX; 2) TOJIBKO BO BpeMsl IBH)KEHUS BHU3; 3) TOJIBKO B MOMEHT
JOCTHKEHUS BEPXHEH TOUKHU TpaeKTOpuu; 4) BO BpeMs BCEro IoJieTa ¢ HepaOOoTaroUMU JBUTATEIISIMHU.

12. KocmonaBT Ha 3emie nputsruBaercs k Helt ¢ cuioit 700H. C kaxoif mpuOIM3UTENbHO CUION
OH OyneT mpuTAruBaTbcs kK Mapcy, HaXo/sICbh Ha €ero MOBEPXHOCTH, €Clii paauyc Mapca B 2 pasa, a a
Mmacca — B 10 pa3 meHb1e, ueM y 3emin?

1) 70H; 2) 140 H; 3) 210 H; 4) 280H.

Yacrs 2
1. Teno manaet ¢ BbIcoThI 20 M. C Kakoil CKOPOCTBIO TEJIO YNAAET Ha 3€MIII0?
2. Omnpenenure cUTy TSKECTH, AEUCTBYIONIYIO Ha TeJI0 Maccoi 12 Kr, MoAHsTOe Haj 3eMeit

Ha PacCTOSIHHUE, PAaBHOE TPETH 3€MHOTO paauyca.
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3. I[To rpaduKy 3aBHCHMOCTH CKOPOCTH OT BPEMEHH OTPEICIUTE MyTh MPONACHHBIA TEIOM

3a4c.

4 V.M

)4
/

A 4

N &~ O

123456

t,c

4 BapuaHT

1. IIpy KpUBOJMHEHHOM [BHKEHUM MTHOBEHHAs CKOPOCTb MAaTEpUAIbHONW TOYKH B KaXKIOU
TOYKE TPACKTOPUU HAIIPABJICHA:

1) mo Tpaekropuu; 2) Mo KacaTeabHOM K TPAGKTOPUHU B ITOU TOUYKE; 3) MO paguyCy KpUBHU3HBI
TPACKTOPHH.

2. HampaBiieHne ycKOpeHUs BCETJa COBIIAJAET C:

1) HampaBieHHEM CKOpOCTHM; 2) HAalpaBJI€HHMEM I€peMEIleHus; 3) HalpaBICHUEM BEKTOpa
M3MEHEHUSI CKOPOCTH.

3./IBa moe3na ABUXKYTCS HABCTpEUy APYT APYTY MO MPSAMOJMHENHOMY y4acTKy myTH. OauH u3
HUX JIBUXKETCSI YCKOPEHHO, BTOPOM 3aMeJIeHHO. VX yCKOpEHHUs HallpaBJICHBbIL:

1) B o1Hy CTOpOHY; 2) B IPOTUBOMOJIOKHBIE CTOPOHBI; 3) OJHO3HAYHO 00 MX HAINpPaBICHUSIX
HeJb3s CKa3aTh.

4. ABTOMOOMIIB, TpOTasiChb C MecTa, JBUXKeTCs ¢ yckopeHueM 3m/c2. Uepe3 4c cKOpoCTb
aBTOMOOWIIA OyZeT paBHa:

)12 m/c; 2)0,75 m/c; 3) 48 m/c; 4) 6 m/c

5.Cuna TIATW pakeTHOroO JABUTATels MEPBOM OTEYECTBEHHOM HKCIIEPUMEHTAIBHOM PakeThl Ha
XKHUJIKOM TornBe paBHsack 660H. CraproBas macca pakersl Obuta paBHa 30kr. Kakoe yckopenue
npuoOperana pakera Bo Bpems ctapTa?

1) 22m/c?; 2) 45m/c?; 3) 0,1m/c?; 4) 19800 m/c?.

6. CKOpOCTh JIBDKHUKA TIPU PABHOYCKOPEHHOM CITyCKE € TOPHI 3a 4¢ yBemnuuiach Ha 6m/c. Macca
apKkHUKA 60Kr. PaBHOIENCTBYOIIAs BCEX CHJI, IEHCTBYIOIIMX Ha JIBDKHUKA, PAaBHA

1) 20 H; 2)30 H; 3) 60 H; 4)90 H.

7. MarepuanbHas TOYKa Maccod 1Kr JBWKETCA TMOJ JEHCTBUEM JBYX B3aMMHO

neprneHauKyssipHeiX cril 8H u 6H. Yckopenue Touku paBHO
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1) 2m/c?; 2) 3,7 M/c?; 3) 10m/c?; 4) 14 m/c?.

8. Kakas u3 ¢pu3nuecKux BEeIUYHH HE SIBJISETCS] BEKTOPHOM?

1) yckopenue; 2) nepemenienue; 3) Bpems; 4) CKOpOCTb.

9. Ilon neiictBuem cwibl 3H npyxkuHa ymivHuiach Ha 4 cMm, a noxa JeWcTBueM cuiibl 6H
yanuHuwiack Ha 8cMm. UeMy paBeH MOAY/Ib CWIIbI, MOJ JIEHCTBHEM KOTOPOHM YIJIMHEHHE MPYKUHBI
coctaBuio 6 cm?

1) 3,5H; 2) 4H; 3) 4,5 H; 4) 5H.

10. Kamust, magast ¢ KpaIig qoMa, npruoopena ckopocts 30m\c. CrietoBaTeibHO, OHA IPOJIETEIA
K 3TOMY MOMEHTY...

1)30Mm; 2) 35Mm; 3) 40Mm; 4) 45m.

11. ABromoOusie maccoit 1000Kr e1eT Mo BEIMYKJIOMY MOCTY C PaInyCOM KpUBHU3HBI 40M. KaKyIo
CKOPOCTh JIOJDKEH MMETh aBTOMOOWJIb B BEPXHEH TOUKE MOCTa, YTOOBI MACCAKUPBI B ITOM TOYKE
MOYYBCTBOBAJIM COCTOSIHHE HEBECOMOCTH ?

1) 0,05m/c; 2) 20m/c; 3) 25 m/c; 4) 400m/c.

12. PaccrosiHre MeXJy LEHTpaMu JIByX IIapoB paBHO 1M, Macca kaxjoro mapa 1 kr. Cuia
BCEMUPHOT'0 TATOTEHUS MKy HUMU IPUMEPHO paBHA

1) 1H; 2) 0,001H; 3) 7-10°H; 4) 7-1011H.

Yactp 2

1. MabuuK, IBHKYIIUICS Ha CKeiHTOOpae co ckopocThio 0,5M\C, CIIPBITHBACT C HETO CO
CKOPOCTBI0, paBHOU 1M\c U HampaBJIEHHOM MPOTUB X0/1a cKkeiitoopaa. Macca Manbunka paBHa 30k, M
Macca ckeiitoopaa- 10kr. C kakoil CKOPOCTBIO CTall JBUTAThCS CKEUTOOP]I MOCIE TOTO, KaK MAIbYUK
CIPBITHYJ C HEro?

2. ManeHbkuil CTaJIbHON MIApUK OPOCUIIH ¢ OaJTKOHA BEPTUKAIBLHO BHU3, IPUJIAB EMY
HAYaIbHYIO CKOPOCTh, paBHYI0 4M\c. C Kakoil BHICOTBI OpPOCHIIN IAPHK, €CIIH OH JOCTHT 3eMJIH 3a 2¢?

3. [To rpaduky 3aBUCIMOCTH CKOPOCTH Te€Ja OT BpEeMEHHU ONPEAETUTh MyTh, PO IEHHBIH

TemoMm 3a 2 C.

A V,M/C

A 4
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KonTpoabHas padora Ne2 mo teme: «MoJiekyasipuas ¢pusuka. TepMoauHaMUKa»
Bapuanr 1.

1.Kakue ¢usnueckue napaMeTpsl y IBYX Ted 00s3aTeNbHO JOJHKHBI OBITH pa3HBIMU ISl TOTO,
9TOOBI ATH TeJa He HAXOAMIUCh MEX]Ty COOOH B TEILIOBOM paBHOBECHH?

A) Temneparypa, 1aBJICHHUE U CPEIHsAA KBaJpaTHUHasi CKOPOCTb MOJIEKYJ;

b) cpennsis kBagpaTHuHasi CKOPOCTh MOJIEKYJI;

B) naBnenue;

I') remmniepatypa.

2. Kakoe 13 cienyonmx onpeieneHuil siBiseTcs: onpeeeHueM BHyTpeHHel sHepruun?

A) sHeprust, KOTOpOi 00J1a/1aeT TeIO BCIEACTBUE CBOETO JIBUKECHHUS;

b) sHeprus, koTopas onpezensercs Moj0KeHUEM B3auMO/IEHCTBYIOIIMX TEJ WK YacTe 0JTHOTO
U TOTO XK€ TEeNa;

B) sHeprus 1BuKEeHUs 4aCTHLL, U3 KOTOPBIX COCTOUT TEJO;

') sHeprus 1BUXKEHUS U B3aUMOAEUCTBUS YaCTUL, U3 KOTOPBIX COCTOMT TEJIO.

3. Kakomy wmHTEpBasly B OOJBIIEH CTEHNEHH COOTBETCTBYIOT KOX(PQPHUIIMEHTHI ITOJE3HOTO
JEHCTBHUS COBPEMEHHBIX TEIIJIOBBIX JIBUTaTENEeH?

A) 10-20%; B) 25-40%; B) 50-60%; 1) 70-80%.

4. Ilpu temmeparypax, JaJIEKMX OT TEMIEPaTyphl IUIABICHHS KPUCTAIUIMYECKOrO Teja, B
IIPOLIECCE €0 HAarpeBaHUs MTOYTH BCS MOCTYIAOIAs SHEPTUS UJIET ...

A) Ha NIOCTENEHHOE pa3pylIeHNe KPUCTAUNINYECKON PEIIETKH.

b) Ha nocTeneHHoe pacuMpeHue Tena.

B) Ha yBenuueHue sHEpruM ABMKEHHS YaCTULL B y3J1aX KPUCTAIIIMUYECKON PELIeTKH.

I') Ha pacmMpeHue aToMOB BEIIECTBA.

5. Kakoe omnpeznenenue cOOTBETCTBYET (PU3NYECKON BETUUUHE «KOJTUYECTBO BEIIECTBA»?

A) OTHOILLIEHHE YUCIIa MOJIEKYJI B JaHHOM Tele K uncity atomoB B 0.012 xr yrnepoaa.

b) macca BemiecTBa, B3STOTro B KOJHYeCTBE | MOJIb.

B) konnuecTBO BemiecTBa, coeprKaliee CTOJIbKO K€ MOJIEKYJ, CKOJIBKO COAEPKHUTCSI aTOMOB B
0.012 xr yrnepona.

I') uncno MoseKkysn uim aToMoB B 1 Mouie BenecTsa.

6. UneanpHelii ra3 pacuupserca norepmuuecku ot 0.1 no 0.3 m?. Koneunoe nasieHue rasa
2-105I1a. Onpenenute npupalieHue BHYTPEHHENW SHEPTHH.

A) 132 x/Ix; b) 66 x/Ixx; B)33klx, 1)0.
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7. Ilpym NOBBILICHMM TEMIIEPATypbl MICAIBHOTO Ia3a B 3allassHHOM COCYZIE €ro IaBJICHUE
YBEIUYHUBACTCS. ITO OOBSICHIECTCS TEM, UTO C POCTOM TEMIEPATYPHI ...
A) yBeIMUMUBAIOTCS pa3Mephbl MOJIEKYJ Ta3a.
b) yBennuuBaercst s3Heprus ABUKEHHUs MOJIEKYJI ra3a.
B) yBenuunBaercs noTeHIMaIbHas SHEPTUs MOJIEKYII rasa.
I') yBenuuuBaeTcst XaOTUYHOCTD JBUKEHUSI MOJIEKYJI ra3a.
8. C pu3nuecKkoil TOUKM 3pEHUSI IMEET CMBICT U3MEPSATh TEMIEpPaTypy ...
A) TBepIBIX, )KUAKHX U ra3000pa3HbIX TEI;
b) monexyibr;
B) aTtoma;
I') snpa aroma.
9. Kakoa macca 500 moub kuciopoaa?
A)32«kr. b)16kr. B)8kr. TI)50«kr.
10. Ecniu cuiibHO CKaTh BO3AYIIHBIHN IIAPUK, TO OH JIOMHET. DTO IPOU30HJET TOTOMY, YTO. ..
A) 5)KeCTKOCTh MaTepualia lapuKa 3aBUCUT OT JIaBJICHUSI.
b) naBneHune raza 3aBUCHT OT BEIMYMHBI 3aHUMAEMOI0 UM 00beMa.
B) naBienue raza 3aBUCUT OT TEMIIEpaTyphl.
I') npu cxaTuu MapuK 31EKTPU3YETCS U BOSHUKAIOT CHIIbI OTTAJIKUBAHUS.
11. Kak nu3MeHmnacey cpeaHsiss KHHETUYECKas SHEPrUusl MOJIEKYJ OTHOATOMHOTO UAEAIbHOIO raza
IpU yBEJIMUYEHUH aOCOJIIOTHOM Temreparypsl B 2 pa3za?
A) ymMeHbpIIMIIACh B 2 pasa.
b) yBennunnace 2 pasa.
B) yBenuumnace B 4 pasa.
I') ymensmmnace B 4 pasa.
12. Onpenenute naBnenue renust maccoit 0.04 kr, eciiv OH HaXOIUTCS B cocyie 00bEMOM
8.3 »* mpu Temneparype 127 ° C.
A)2540ITa. Bb)8&-10°Ila. B)1270IMa. T)4-10°Ila
13. T'a3 B cocyne cxanu, coBepumnB paboty 25 J[k. BHyTpeHHss sHeprus raza mnpu 3TOM
yBenuumiach Ha 30 J[x. CnenoBaTenbHo ...
A) ra3 moyry4us u3BHE KOJIMYECTBO TEIUIOTHI, paBHOE 5 JIK.
b) ra3 noxy4us u3BHE KOJIMYECTBO TEIJIOTHI, paBHOE 55 JIK.
B) ra3 otnan okpyxatoleit cpejie KOJIM4eCTBO TEIUIOTHI, paBHOE 5 Jxk.
I') ra3 otnan okpy»katoiel cpeie KOJIM4ecTBO TEIUIOTHI, paBHOe 55 JIK.
14. Korza HaayThIi U 3aBSI3aHHBIN IIAPUK MOPO3HBIM JHEM BBIHECIU HA YIIUILY, OH YMEHBIIIICS

B pazmepax. ITo 0OBACHSAETCS TEM, UTO ...
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A) YMEHBIIMIIUCH Pa3Mepbl MOJIEKYJI rasa.

b) ymeHbIIMnach KUHETUYECKAs! SHEPTUSI MOJIEKYJI.

B) yMeHbIINIOCH YMCIIO MOJIEKYI ra3a.

I') Monekybl ra3a pacnajiuch Ha aTOMBI.

15. KIIJI caMbIX JTyqmux ABUTATENICH BHYTPEHHETO CrOPaHUs TOCTUTAET MPUOIU3UTEIBHO ...

A)119. B)99%. B)72%. TI)37%.

Bapuant 2.

1. Yem onpenensieTcs BHYTPEHHSAS SHEPTUs UI€AIBHOTO ra3a B 3allassHHOM COCY/Ie
MOCTOSIHHOTO 00Bema?

A) Xa0THYECKUM JBUKEHHEM MOJIEKYJI rasa;

b) nBuxeHnem Bcero cocyia ¢ razoM;

B) B3aumopeiicTBueM cocysa ¢ ra3oM U 3eMIlu;

I') nefictBueM Ha cocy/l ¢ Ta30M BHEUIHUX CHIIL.

2. Onpenenute, B X0€ KaKOTro mpoiiecca padoTa, coBepiiacmasi TeJIoM paBHA HYIIO?

A) M30TepMHUYECKOTr0;

b) aqnabaTHoro.

B) u3o6apHoro;

I') uzoxopHoro;

3. Yemy paBHa paboTa, COBEpILIEHHAs Ia30M, €CJIM OH MOJIy4rJ1 KosmdecTBo TertoTsl 300 [k, a
€ro BHYTpPEHH:A 3Heprus ysenuuuiach Ha 200 Jx?

A)0; B)200 Tx; B)100 Ix; I')300 dx.

4. Tlpu pazpaboTKe HOBOTO aBTOMOOMJISI HEOOXOAMMO PEIIaTh YKOJIOTHYECKYIO POOIEMy. ..

A) yBeJIIMYEeHHUsI MOLTHOCTH JIBUTATEIS.

b) ymMeHbIIeHHsI TOKCUYHOCTH BBIXJIOIHBIX Ta30B.

B) ynyumienus KoMmpopTHOCTH calloHa.

') yMeHbIIIEHUS] MOLUTHOCTH JIBUTaTENEH.

5. Merannnueckue OaIOHBI C Ta30M HENb3s HarpeBaTh BhIILIE ONPEeIEHHON TeMIIepaTyphl,
TaK Kak HHau€ OHU MOTYT B30PBAaThCs. DTO CBSI3aHO C TEM, YTO ...

A) BHYTpEHHsISl SHEPTUs ra3a 3aBUCUT OT TEMIIEPATYpPHI.

b) naBnenue raza 3aBUCUT OT TEMIIEPATYPBHI.

B) 06beM rasa 3aBUCHT OT TeMIepaTyphbl.

') Monekynbl raza pacrnaJaloTcsi Ha aTOMBI M IIPH TOM BBIJIEINISETCS SHEPTHSL.

6. Kak u3meHuTCs JaBieHre WAeallbHOTO ra3a MPpH YBEIMUEHUN KOHIIEHTPAIMH €r0 MOJIEKYIT B

3 paza, eciu CpeHsIs KHHETHYECKasi CKOPOCTh MOJIEKYJ OCTA€TC HEM3MEHHOM ?
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A) yBenuuurcs B 9 pas;

b) yBennuures B 3 pa3a;

B) ocranercs HeM3MeHHOI;

') yMeHbIIUTCS B TpU pa3a.

7. I1pu MOHM>KEHUU TeMIepaTyphl UICATLHOTO ra3a B 3allassHHOM COCY/JI€ €r0 JaBJIeHUE
YMEHBIIAETCS. DTO OOBACHSIETCA TEM, YTO C YMEHBIICHUEM TEMIIEPaTYpHI ...

A) yMEHBIIIAeTCsl XaOTUYHOCTh JABHKEHUSI MOJIEKYJI Ta3a.

b) yMeHbII1at0TCSl pa3Mepbl MOJIEKYJ ra3a MpH ero OXJIaXJACHUU.

B) ymeHbinaeTcs sHeprus ABUKEHUS MOJIEKYIT ra3a.

I') ymenbIaeTcst 3HEprus B3auMOCHCTBUS MOJIEKYII ra3a IpYT C IPYTOM.

8. B xonbe cogepkutcs 0.2 momb sxuakocTd. Macca 31oit sxuakoctu pasaa 0.032 kr. Uemy

paBHa MOJISIpHAs Macca >KUJIKOCTH?
A) 160 -1073 xr/mMo0b.
b) 32 -107 kr/Mo11b.
B) 3.2 -107 kr/mob.
I') 6.2 kr/mMOIIB.
9. [1noTHOCTH Kakoro rasa 6osbiue: 1 Moib kuciopoaa uin 1 mons Bojgopoaa?
A) 1 Moub KHCTIOpO/IA.
b) 1 mons Bogopoaa.
B) onuHakoBa.
') maHHBIX YCIIOBUS HEIOCTATOYHO JJIsE OTBETA HA BOMPOC.

10. Yemy paBHO uncio MoKy B 1 M? ra3a (KOHIICHTpAIIHS MOJIEKYJ), €CIIU TIPH TEMIIepaType
300 K naBnenwue raza cocrasiusiet 4.14 - 10 5 ITa?

A)1026. Bb)1025. B)2-1025. TI)2-1026.

11. Ecnu TemnepaTypsl ABYX Ta30B OJAMHAKOBBI, TO OJJUHAKOBBI U 3HAYCHHUS ...

A) cpemHeil CKOpOCTH ABIKEHHSI X YaCTHIL.

b) cpenneit sHeprun IBMKEHUS WX YaCTHII.

B) naBnenus razos.

I') mnoTHOCTH Ta30B.

12. Cpennsaa kuneTndeckas sHeprust moaekyin raza 4.14-107' Jlx. Temnepatypa rasa paBHa. ..

A)200K. Bb)300K. B)400K. TI)600K.

13. B TOIKe TEMI0BOro ABUTATENsI MPU CKUTAHUH TOTUIMBA BBIACITUIOCH KOJIMYECTBO TEIUIOTHI,
paBHoe 50 k/[x. Koaddunuent nonesnoro nericteus apurarens 20%. Kakyro paboty coBepimmn
JIBUTATEIL?

A)25x/x. b)10k/x. B)250k/x. T') 1000 x/Ix.
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14. B xakoM mnporecce Bce MepeJaHHOe UICAIbHOMY a3y KOJIMYECTBO TEIJIOTHI UACT Ha

W3MEHEHUE €r0 BHYTPEHHENW SHEPTrUuu?

A) B 1300apUvECKOM.
b) B m30TepMuUecKoMm.
B) B m30x0pHUECKOM.

I') B agnabaTuieckoM.

15. OnHOATOMHBIN HleaNIbHBIN a3 COBEPIIAET HEKOTOPBIN MpoLece, B pe3yIbTaTe KOTOPOIo

€T0 JaBJICHHUEC YBCIIMYNUBACTCA B 2 pasa, a 00BeM YMCHBIIACTCA B 3 pasa. Onpez[eJmTe, KaK U3MCECHACTCA

IIPU STOM €TI0 BHYTPEHHSISI SHEPrusi?

A) yBennumiiach B 2 pasa.
b) yBenuumiace B 1.5 pa3za.
B) ymenpmmnacs B 3 pasa.

I') ymenbmmnace B 1.5 paza.

1 2 3 4 5 6 7 8 9 10 |11 12 | 13 | 14 | 15
Bl r I b B A I b A b b b r A b I
B2 | A I B b b b B A A A b A b B r
KonrtpoJabHas padora Ne3 mo Teme: DJIeKTPOAMHAMHUKA
Bapmuanr 1
1. VICTOYHUKOM 3JIEKTPUYECKOTO MO SBJISIETCS ...
A. I1oCTOSHHBIA MarHuT b. [IpoBogHMK C TOKOM
B. HenoasukHbI 3apsi I'. JIBmxymmiics 3apsijg
2. DIEKTPUYECKOE I0JIE CO3/IaHO TOJOKUTENBHBIM 3apsafoM. Kakoe HampaBieHUE UMEET
BEKTOP HAIMPSHKEHHOCTH B TOUKE @ ?
r
T
b —a—A
!
B
A A b.b B.B r.r
3. Kak u3meHuTCs cuina KyJIOHOBCKOTO B3aUMOJICHCTBUS JIBYX TOUEUHBIX 3aps0B, €CIH

pacCToOAHNC YMCHBIINUTD B JIBa pa?,a?

A. YBenuuutcd B 2 pasa
b. Ymenbmurcs B 2 pa3a

B. VBenuuutcs B 4 pasza
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I'. YMenbmmTcs B 4 paza

4. Kakumu HOcuTENsIMU 3apsijia cCo34aeTcsi TOK B MeTauiax?

A. 3yIeKTpOHAMHU

b. nonoxxurenbHpIMU  MOHAMU
B. oTpuniatenibHBIMH  MOHAMH
I'. monexynamu

5. Uemy paBHO NOKa3aHUs BOJIBTMETPA HA PUCYHKE?
—= O
' =V

%
R1=20m I=1A R2=40m
A.12B b.24B B.4B 6B
6.Br16epuTe hopmyity, ONUCHIBAOIYIO 3ak0oH OMa JJIs TIOJTHOU T[T
A. I=VIR b. I=¢/R+r B. I=¢/r I'. 1=g/t
7.Kak HampaBieH BEKTOp MarHUTHOM MHIYKIIMH B TOUKe a?
N oo S
.a
A. BBepx b. BHU3 B. Brpaso I'. BeBo

8.Kyna oTKJIOHMTCS B ABMKYIIAsACA B MATHUTHOM I10JI€ OTpULATEIbHAS YacTUIa?
B

v X XXXX
o— X XXXX
A. or Hac b. BHU3 B. BBepx I'. k Ham
9.BriGepute dhopmyny NJIs pacuera CUibl AMrepa
A.F=E.q B. F=q.v.B.Sino B.F=K.q1.02/r I'. F=1.B.L.Sina
10.KT0 OTKpBLT B3aMMOICICTBHE ABYX MPOBOJHUKOB C TOKOM?
A. Opcren b. Kynon B. ®apaneit I'. Ammep
11.MarauTHoe 1oJie co3aeTcs. ..
A. HEMTOJABMKHBIMH JIEKTPUUECKUMH 3apsAaMHu;
b. IBIXYIIMMUCS JIEKTPUYECKUMU 3apsIaMH;
B. Tenamu, 001a1ar0IMMH Maccoii;
I'. nBMKyIIMMUCS YaCTULAMHU.

12.Yto Habmoganock B oneiTe Dpcrena?
224



A. B3aMMOJICMCTBHE IBYX MapaJlJIETbHBIX TPOBOJHUKOB C TOKOM.

b moBopOoT MarHUTHOM CTPEIKU BOJIM3H MMPOBOJHUKA IIPH MIPOITYCKAHUH Yepe3 HETO TOKa.

B. B3aumMozeicTBUE ABYX MarHUTHBIX CTPEJIOK

I". BOBHMKHOBEHHUE AJIEKTPUUECKOTO TOKA B KaTYIIIKE ITPY BABUTAHWU B HEE MarHuTa.

13. Kak Ha3bIBaeTCs cuiia, ACMCTBYIONIAs HA JBHXKYIIYIOCS 3apsKEHHYIO YaCTHUILY CO CTOPOHBI
MarHUTHOTO TIOJIsI?

A. Cuna Amnepa; b. LlenTpobexHas cuna;

B. Cuna Jlopenua; I'.IlenTpocTpeMutenbHas cuiia

14. VYwuacrok mnpoBogHuka uiMHONM 10 cM HaxoAWTCSs B OJHOPOAHOM MArHUTHOM TIOJIE C
uaayknuer 50 mTn. Cuna Toka, nmporekaromiero mo npoBoanuky, 10 A. Kakyro paboty  coBepiaer
cuia Amrepa npH MepeMeleHUH MPOBOAHUKA HA § CM B HaIpaBJICHUU JEHCTBUS CHIIbl. [IpoBOIHUK
PacIoJIOkKEH NEPIEHIUKYISPHO JIUHUSIM MarHUTHOTO MOJIS

A. 0,004 Ix. b. 0,4 JIx. B. 0,5 JIx. I'. 0,625 Ix

15.Ecnu BenuuMHY 3apsja yBeJIMYUTh B 3 pa3a, a CKOpOCTb 3apsiia YMEHbIINTD B 3 pasa, TO cuJa,
JIEMCTBYIOIIAsl HA 3apsAJl B MATHUTHOM TI0JIE,

A. He UBMEHHTCS;

b. yBenuuutcs B 9 pas;

B. ymenbiiutcs B 3pasa;

I'. yBenmumted B 3 paza.

16. C nomomipto npasuia bypaBurika MOXHO OIPENEIINTD

A. HampaBJIeHHE CHJIBI MATHUTHOTO TOJIS;

b. HanpaBneHue IBUKEHUS 3apSKEHHOM YaCTHUIbI;

B. HanpaBneHue JIMHUNA MarHUTHOTO TIOJIS;

I'. HanpaBiieHHE CUJTBI STIEKTPUUYECKOTO MOJISL.

17. JInHMM OTHOPOJHOTO MAarHUTHOTO MOJIS

A. UCKPUBIICHBI, X TYCTOTa MEHSAETCSA OT TOYKH K TOUKE;

b. mapamnensHBI IpyT APYTY W PACTIONOKEHBI C OJIMHAKOBOM T'YCTOTOM;

B. pacnonoxeHsl apajuieIbHO C pa3HOU I'yCTOTOM;

I'. pacnosiokeHbl XaOTHUHO

18. YUem onpenensercs Benuunaa JJ]C nHIyKIMHA B KOHTYpe?

A. MarHuTHON MHIYKIHKEN B KOHTYpE;

b. Mar#uTHbBIM MOTOKOM 4Y€pe3 KOHTYD;

B. DnekTpuueckum cOnpoTUBIEHUEM KOHTYDA;

I'. CxopocThio M3MEHEHHSI MAarHUTHOTO TMTOTOKA
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19. Kakosa DJIC nHnyknuu, Bo30yXKaaemMasi B TPOBOTHUKE, TTIOMEIIIEHHOM B MarHUTHOE TIOJIE C
unayknuen 200mMTn, ecnu oHo nmonmHOCThIO Hcue3aeT 3a 0,05¢? [lnomans, orpaHuYeHHAss KOHTYPOM,
paBHa M2,
A. 400B; b. 40B; B. 4B; I'. 0,04B

20. OnpenenuTh WHIYKTUBHOCTh KATYIIKH, €CJIM MPU CHJIE TOKa B 2A, OHa UMEET DHEPTHUI0
0,2]1x.

A.200I'm; Bb. 2mI'H B. 200mI'u I'. 100mI'n

21. OnpenenuTth COMPOTUBICHUE MPOBOIHUKA JIMHOK 20 M, MOMEIIEHHOTO B MarHUTHOE TTOJIE,
eciM cKopocTh aBwkeHus 10m/c, maaykums nois pasHa 0,01Ti, cuna Toka 2A.

A.1000Mm; B. 0,010M; B. 0,10Mm; I''10wMm;

22. OnpenenuTh CONPOTHBIICHNE MTPOBOAHMKA JTMHOW 40 M, TOMEIIEHHOTO B MAarHATHOE TIOJIE,
ecnu ckopocTh aBrkeHus 10m/c. Muaykius marautHoro noss pasHa 0,017, cua Toka 1A.

A. 400 Om; bB. 0,040m; B. 40m I'. 40 Om

23.Pamky momazapio 0,5 M? IPOHNU3BIBAIOT JTUHUH MArHUTHON MHIYKIMHM MATHHUTHOTO OIS C

unaykiueit 4 T nox yraom 30% muockoctr pamku. UeMy paBeH MarHUTHBIN TIOTOK, TPOHU3BIBAIOITHIH

pamky?
A.1Bo6 b.2,3 Bo B. 1,73 B6 I'. 4B6
Bapuanr 2
1. M cTOYHNKOM MAarHUTHOTO TTOJIS SABJISIETCA ...
A. ITocTOAHHBIA MarHuT b. IIpoBoHMK ¢ TOKOM
B. HenoasukHbIM 3apsin I'. JABmxymmiics 3apsj
2. DIIEKTPUUYECKOE TT0JI€ CO3/IaHO OTPULIATETILHBIM 3apsSIOM.

Kakoe HAITpaBJICHUEC UMCCT BCKTOP HAIIPSKECHHOCTU B TOUKE a?

r
T
b —a— A
!
B
A. A b.b B.B I.T
3. Kak u3aMeHuTCs cuila KyJOHOBCKOTO B3aMMOJIEHUCTBUS JIByX TOYEUHBIX 3apsiiOB, €CIU

3apsiibl YBEJIMUUTD B JIBa pa3a?
A. YBenuuutcd B 2 pasa

b. Ymenbmurcs B 2 pa3a
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B. YBenuuutcs B4 pasa

I'. Ymenbmmtes B 4 pasa

4, Kaxumu HOCuTENnSIMM 3apsijia CO31aeTCsl TOK B AJIEKTPOIUTAX?
A. 3IIEKTpOHAMU

b.monoxxurenbHpIMU  HOHAMU

B. oTpunarenbHbIMU HOHAMU

I'. monexynamu

5. Yemy paBHO MOKa3aHUs BOJbTMETpPA HA PUCYHKE?

—
=B

—(V )

R1=20m I=1A R>=40m

A.12B b.24 B B.4B I.6B

6. BeiObepute popMyiy, OIMKMCHIBAIOIIYIO 3aK0H OMa [T y4acTKa HeIH
A. I=VIR b. I=¢/R+r B. I=¢/r I'. I=q/t

7. Kaxk HarmpaBjieH BEKTOp MarHUTHON WHAYKIIMK B TOYKE a?

S

LA
N
A. BBepx b. BHU3 B. Bpaso I'. BeBO
8. Kyna oTknoHUTCS B MArHUTHOM TI0JIE€ IBUXKYILASICS TIOJIOKUTENbHAS YacTHLa?
B
v X XXXX
0— X XXXX
A. ot Hac b. BHU3 B. BBepx I'. Kk Ham
9. Bribepure ¢popmyiny aist pacueta cuibl JlopeHna
A. F=E.q B. F=qvBsind B. F=kq102/r? I'. F=IBlsind

227



10. KTO OTKpBUT OTKJIOHEHHE MAarHUTHOM CTPEJIKU BO3JI€ MPOBOJIHUKA C TOKOM?
A. Opcren b. Kynon B. ®apanei I'. Ammep
11. TTocTosIHHOE MarHUTHOE T0JIE MOKHO OOHAPYKUTh IO JICHCTBUIO HA. ..
A. IBMXKYIYIOCS 3apsDKEHHYIO YaCTHUILY;
b. HenoaBMXKHYIO 3apsSKEHHYIO YaCTHILY;
B. m000e meTtaimuyeckoe Teno;
I'. 3apspKeHHBIN JUIIEKTPUK
12. Kak B3aMMOJEHCTBYIOT JiBa MapajlIeIbHbIX NMPOBOJAHMKA IPU MPOTEKAHHM B HUX TOKa B
MIPOTHUBOIIOJIOKHBIX HAPABICHUSX?
A. cuna B3aMMOJICUCTBUS paBHA HYJIIO;
b. npoBOAHMKY TIPUTATUBAIOTCS,
B. npoBOIHMKHN OTTAJIKUBAIOTCS;
I'. npoBOAHMKY TOBOPAYNBALOTCH.
13. Kak Ha3pIBaeTCs €IMHUIIA MATHUTHON UHIYKITUU?
A. Tecna b. I'enpu B. Bebep I'. Barr
14. B maruutHOM mnone ¢ uHAykuued 4 Tn gBUXKETCS 3JEKTPOH CO CKOPOCTHIO 107 m/c,
HaIlPaBJIECHHON NEPIEHANUKYISPHO JIMHUAM MHIYKLIUHA MarHUTHOTO noJist. YUemy paBeH MOJIYJb CHIIBI,
JEHCTBYIOIUI Ha 3JIEKTPOH CO CTOPOHBI MArHUTHOTO TOJIS?
A. 0,4 nH; b. 6,4 nH; B. 0,4 mxH; I'. 6,4 mxH
15. 3apsa aBuxkeTcs B MarHUTHOM Tmosie. MHAyKIMST MarHUTHOTO MOJISI U CKOPOCTh 3apsja
yBenuuuBaroTcs B 3 pa3a. Cuiia, eicTByroIas Ha 3apsj
A. yBenuuutcs B 3 pasa;
b. ymenbmmuTcs B 3pasa;
B. yBenuuwurcs B 9 pas;
I'. ymenbmmuTcs B 9 pas.
16. JInHMY MarHUTHOTO MOJISl B MPOCTPAHCTBE BHE MTOCTOSIHHOTO MarHUTa
A. HAYMHAIOTCS HAa CEBEPHOM ITOJIFOCE MarHWTa, 3aKaHYUBAIOTCS HA F0XKHOM;
b. HaumHaroTCs Ha I0)KHOM TOJIFOCE MAarHHUTA, 3aKAHYUBAIOTCS HA OECKOHEYHOCTH;
B. HauMHAaIOTCS Ha CEBEPHOM TOTIOCE MarHUTa, 3aKaHYMBAIOTCS HA OECKOHEUHOCTH;
I'. HaumHaAIOTCS HA FOXKHOM ITOJTIOCE MarHUTA, 3aKaHYMBAIOTCS Ha CEBEPHOM.
17.Pa3HOMMEHHBIE TTOTIOCHl MATHUTA. .., & OJJHOUMEHHBIE MOJFOCHI -
A. ...OTTaJKHUBAIOTCA, ...IPUTATUBAIOTCS;
b. ...mputsruBatorcs, ...0TTAIKUBAIOTCS;
B. ...otTankuBaroTcs;
I.

. .TIPUTSATUBAIOTCS.
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18. Kakoil ®3 TEpPEeUMCICHHBIX TPOIECCOB OOBSICHICTCS SBICHUEM SJEKTPOMArHUTHOU

WHIYKIIUU

A. OTKIIOHCHHE MarHUTHOM CTPCJIKH ITPHU MPOXOKIACHUH 110 ITPOBOAY SJICKTPUUCCKOI'O TOKA,

b. BSaHMOHeﬁCTBHC IMPOBOAHUKOB C TOKOM;,

B. mosBnenue Toka B 3aMKHYTOﬁ KaTyHIKE IIPpH OIYCKAaHUHN B HEC ITOCTOAHHOI'O MarHuTa,

I'. BO3HMKHOBEHME CUIIBI, ICUCTBYIOIIECH HA IPOBOAHUK C TOKOM.

19. Onpenenuth MHAYKTUBHOCTH KaTYIIKH, Y€pe3 KOTOPYIO MPOXOAMT IMOTOK BEINYMHON S5 BO

npu cuiie

A.05TH b. 50w

B. 100 I'n

TOKa

I'. 0,005TH

100

MA.

20. KakoBa sHeprus MarHuTHOTO TOJISl KATYIIKKA MHAYKTUBHOCTBIO, paBHOH 2 ['H, mpH cuite Toka

200

B

A. 400 JIx;

b. 4:10* JIx;

HEH,

B. 0,4 JIx;

paBHOM

I. 4102 Ik

MA?

21. Kakosa DJIC unaykuuu, Bo30ykaaemasi B IPOBOAHHUKE, TOMEIICHHOM B MArHUTHOM I10J1€

c uaayknueit 100 mTn, ecnmu oHO mosmHOCTRIO Hcue3aeT 3a 0,1 ¢?

ITmomane,
A. 100 B;

OrpaHU4YCHHAA

b. 10 B;

KOHTYpPOM,

B.

1B

paBHa

M2,

. 001 B

22. OHpeI[eJ'II/ITL HHAYKOWUIO MAarouTHOTO ITOJISA IIPOBOJHHUKA, IIO KOTOPOMY IMPOTCKACT TOK 4 A, €CJIn

nosie aerictyet ¢ cuioi 0,4 H Ha kaxzasie 10 cM npoBogHUKA.

A. 0,5Tn; b. 2Tn; B. 1Tm; T.0,1 To.

23. Yactuna ¢ amextpudeckuM 3apsagom 8:107° K nemxercs co cxopocTeio 220 km/4 B

MarHuTHOM Tone ¢ uHAykmueidl 5 Ti, mox yrmom 30°. Ompenenuts 3HaueHme cumbl JlopeHna.

A. 10®H B. 2'10%H B.2'10Y2H T. 1210 H
Karoun:
Ne| 1 |2|3| 4 |5|6|7(8[9[10|11(12|13|14|15|16|17|18|19|20|21|22|23
1/ BBI' A/B| A |A/B|/B/B| I''T B|B|B|A|A|B|B|T"|B|I' | T|B|B
2 | ABI' B|B/BB B/ B|/A/A|B|B|/A|A|/B|/A|B|/B|/A|B|B|B|T' | B|B|T

Kpurepun oneHkn TecToBoii padoThl

KonnuecTBo Gamios

OrMeTKa

10

«5»

8-9

«y
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6-7 3»
5 u MeHee «2»

Koutpoasnas padora Ne4 no reme: KoJsiebanusi u BOJIHbI

Bapuanr 1

1.Ha pucynke mokasaH rpaduk 3aBUCUMOCTH CHJIBI TOKQ B METaJUIMYECKOM IMPOBOJHUKE OT

BpemeHu. Onpenenure aMIUIUTYAy CHIIbI TOKa, IEPUOJ U YaCTOTY KoJieOaHHi.

2.Kak u3MeHuTCs 1nepuoj; COOCTBEHHBIX AJIEKTPOMArHUTHBIX KoJeOaHUN B KOHTYpe (cm.
puc.), ecau kiaou K nepeBectu U3 nojiockeHus 1 B monoxxenue 27
C
| .
L" )
=~ JO0II0

T —

4L 1

3.KonebarenpHblil KOHTYp paauonepenaTidka COAEPKHUT KoHAeHcatop eMKocThio 0,1HD u
KaTylmKky HHIYKTUBHOCTbIO 1 MkI'H. Ha kakoil amune pabortaer pamuonepenaryuk? CKOpOCTh
pacmpocTpaHeHus MeKTPOMArHATHBIX BOJH ¢= 3-108Mm/c.

4.VI3MeHeHre TOKa B aHTCHHE paInoTiepeIaTunKa MPOUCXOJIUT TI0 3aKOHY

i=0,3sin15,7 t.Haiitu 1nHy M3Ty4aroneics 3JIeKTPOMarHUTHON BOJIHBI.

5.IToueMy 3aTpyAHEHA PaAUOCBA3b HA KOPOTKHUX BOJIHAX B TOPHOM MECTHOCTH?

Bapmuanr 2
1.Ha pucynke moka3aH rpaduk 3aBUCUMOCTH CHJIBI TOKa B METAJTMYECKOM IPOBOJHHKE OT

BPCMCHH. OHpCIleJ'II/ITC AMINIUTYAY CUJIBI TOKA, IEPHUOA U YAaCTOTY KOJICOaHMIA.

I, Al
0,2 ]

0’1_....‘_.. 7._...... E— -

0 I o 4
—oad N\ S
-0,.2
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2.Kak wu3MeHMTCS MepHoJ COOCTBEHHBIX AJIEKTPOMArHUTHBIX KojeOaHuN B KOHType (cMm.

puc.),ecnu ko4 K nepesectu u3 nosoxenus 1 B nonoxxenue 2?7

Cc/4 C
L
A T
K

3.Kakyro 3JeKTpOEMKOCTb JOJKEH HMETh KOHJEHCATOp, YTOObI KOJeOaTeNbHBbIH KOHTYp
pasivoONpUEMHUKA, COCTOSIIUN U3 ATOr0 KOHJEHCATOpa M KaTyIIKU ¢ MHIYKTUBHOCThbIO 10MI'H, ObLI
HACTpOEH Ha BONIHY AnuHoi 1000m?

4.00MH U3 TNEepeJaTUYUKOB, YCTAaHOBJICHHBIX Ha IEPBOM KOCMHYECKOM Kopabiie «BocTok»
pabotan Ha yactote 20MI i.HailTu nepuon 1 JuiMHy BOJIHBI pajuonepeaTyuKa.

5.ITouemy npu mpueme paguornepesad Ha CPeIHUX U JUTMHHBIX BOJTHAX C MPUOJIMKEHUEM TPO3BI

HOSBJIAIOTCS TIOMEXU?

Bapuant 3
1.Ha pucynke mokaszaH rpapyuk 3aBUCHMOCTH CHJIBI TOKa B METAJUIMYECKOM IPOBOIHHUKE OT
BpemMeHu. Onpenenure aMIUIMTYAY CHIIbI TOKA, IEPUOJ U YacTOTy KosieOaHuM.

I,A
2

10

0
-10
—20

1 2 1 5 6 L¢c

2.Ecin xmou K Haxoautcs B monoxeHuHl, TO mepuoj COOCTBEHHBIX 3JEKTPOMArHUTHBIX
KosiebaHuii B KOHType (cM .puc.) paBeH 3mc. Yemy Oyner paBeH MepHOA COOCTBEHHBIX

SJICKTPOMArHuTHBIX KoJieOaHMii B KOHTYPC, €CJIN KIIHOY IIEPCBCCTH U3 MoJIoKeHUsA1 B monoxkeHune2?

3.KonebarenbHblil KOHTYp paAHONpPHUEMHHKA COAEPKHUT KOHAEHCATOpP, €MKOCTh KOTOPOIo
10n®.Kakoii 1omkHa ObITh HHIYKTUBHOCTHh KOHTYPA, YTOOBI 00€CIIEUUTh MPUEM BOJIHBI JiTHON 300M?

CKOpPOCTb PACHpPOCTPAHEHHUS JIEKTPOMATHUTHBIX BOIH c= 3-108m/c.
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4.KakoB mepuoja KoseOaHWil B OTKPBHITOM KOJI€OATEIIbHOM KOHTYpE, M3JIyJarolieM BOJIHBI C
mtuHON BOJHBL 300M?

Karoun:

Bapwuant 1

1.Im=0,2A, T=8c, v=0,125T12. YBemuuntcs B 2 paza.3.188,4 Mm.4.1=1,2-10%m,v=2,5T1.

Bapuant 2

1.Im=0,2A, T=4c, v=0,25T11.2. YMenbmmTcs B 2 paza.3.28 n®.4.T=50c; A=0,510 1 m.

Bapuant 3

1.In=10A, T=4c, v=0,25T'11.2.6Mmc. 3.2,5mMkI'H. 4.10MKC

Kputepuu oneHuBanus:

OrneHka 5 CcTaBUTCS, €CIIM y4allluecsl BBITOJHUIN BEPHO 4 3a/1a4, BEPHO 3aIHCAIN YCIOBUE
3aJa4M, epeBenu BeIuuuHbl B cuctemy CH, 3anucanu Bce He0OOXOIUMBIE M JOCTaTOYHbIE (POPMYIIBI
JUISL pellieHusl 3aJayd, BEPHO MOJICTABUJIM YHCICHHBbIC 3HAYCHHs, BEPHO IMPOBEIM BBIUYUCICHUS IO
(dopMyaM U BEpHO 3aITUCaIf OTBET.

Onenka 4 cTaBUTCS, €CITM BEPHO U MOJIHOCTHIO MPABWIIBHO PEIICHBI U 3alMCaHbl 3 3a/1a4H, B 4
3aja4e JIOMyIIeHbl OUTMOKHU 100 B 3aMKcH JJaHO, MO0 mpu nepeBoje eaunull B cuctemy CU, mu6o B
3anucy (OPMYIT WM BHIYHCICHUSX.

Orenka 3 cTaBUTCS, €CITM BEPHO M MOJHOCTHIO MPAaBUIILHO PEIlICHA U 3amucana 2 3ajiaya, Bo 3 u
4 3ajayax J0ONyLIEHb! OMMOKH MO0 B 3alMCH JaHo, 1100 npu nepesoje enuHul B cucremy CH, nubo
B 3anmucy (OPMYIT WIH BHIYUCICHUSX.

OrneHka 2 cTaBUTCS, €CITU B Kax10H U3 4 3a/1a4 TOMYIIeHBl KaKHe-Tu00 OMMOKHU 00 B 3aUCH

JaHo, 1100 Mpu nepeBoje eauHuIl B cuctemy CH, nubo B 3amucu GopMys WIK BEIYUCICHUSIX.

KountpoabHnas padora Ne5 mo reme: OnTuka
Bapuant 1

Al. Jlyud cBera majmaeT Ha IUIOCKOE 3€pKajio. YTOJ OTpakeHus paBeH 24°. Yrom Mexmay
NaIAI0IIAM JIY9OM U 3€PKAJIOM

1) 12°

2) 102°

3) 24°

4) 66°

A2. Ecnu paccTosiHUE OT TUIOCKOTO 3epKaiia 70 mpeaMeTa paBHo 10 cM, TO paccTosiHEE OT 3TOTO
mpeaMeTa JI0 ero U300pakeHus B 3epKajie paBHO

I)ScMm

2)10 cm
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3)20 c™m
4) 30 cm
A3. Ecnu npenMeT HaXxOOUTCS OT COOMparouei JIMH3bI HAa PacCTOSHUU, PABHOM JBOMHOMY

(hOKYCHOMY PacCTOSTHUIO, TO €T0 U300pakeHue OyIeT

s T ] oo ] 1 ]
F

3 2F F F 2F 3F

1) neicTBUTENBHBIM, IEPEBEPHYTHIM U YBEIHUECHHBIM

2) NeCTBUTENBHBIM, IPSIMBIM U YBEJIMUYEHHBIM

3) MHUMBIM, IEPEBEPHYTHIM U YMEHBIIIEHHBIM

4) necTBUTENBHBIM, IEPEBEPHYTHIM, PABHBIM I10 pa3Mepy MPEAMETY

A4. Kakoe ontrueckoe siBjieHHe 00BICHSIET pPagy’KHYI0 OKPACKY KPbUIbEB CTPEKO3bI?

1) ducniepcust

2) Audpaxmus

3) UnTepdepennus

4) Tlonspuzanmst

AS. B 0CHOBY clielMaibHON TEOPUU OTHOCUTEIIBHOCTH OBLITH TIOJIOKEHBI

1) sKCIIepUMEHTBI, TOKa3bIBAIOIINE HE3aBUCUMOCTh CKOPOCTH CBETA OT CKOPOCTH JIBU)KEHHUS
MCTOYHUKA U IPUEMHHUKA CBETA

2) BKCIEPUMEHTHI 10 U3MEPEHUIO CKOPOCTHU CBETA B BOJIE

3) npeacTaBieHUs O TOM, UTO CBET SIBJSETCS KojleOaHHEeM HEBUIUMOTo 3¢dupa

4) runoTe3bl 0 B3aMMOCBSA3H MACChl U SHEPTUH, SHEPTUU U UMITYJIbCA

B1. K noronky koMHaThl BEICOTOM 4 M IPUKPEIUIEHA JIIOMUHECLIEHTHAS JIaMIla AJnHOoM 2 M. Ha
BBICOTE 2 M OT I10JIa IApaJUIEIbHO EMY PACIOJIOKEH KPYIJIbI HENIPO3PAYHBIA JUCK AUAMETPOM 2 M.
I{eHTp JTaMIIBbI M HEHTP IKCKA JIE’KAT Ha OJHOM BepTuKanu. HaliquTe MakCHMalIbHOE PACCTOSIHHE
MEXy KpalHUMH TOYKAaMH MOJIYyT€HU Ha MOJy.

B2. PaccTosiHue oT mpeamera 0 3KpaHa, IJie MoIydaeTcs 4eTKoe H300paKeHne npeamera, 4 M.
N300paxkenus B 3 pasza Oomblie camoro npenmera. Haitnure gpokycHoe paccTosiHUE JIMH3BI.

C1. B a0 BooéMa riryOuHoOM 2 M BOMTA cBasi, Ha S0 cM BBICTYIIArOImas U3 Bojbl. Haiinure
JUTMHY T€HU CBau Ha JHE BOJIOEMA, €CIIM YTroJl majeHus aydeit 30°, moka3aTenb MPeIoMIIEHUS BOABI

1,33.

Bapuant 2
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Al. JIyd cBeTa majaer Ha IJIOCKOE 3€pKajio. YToJ OTpakeHUs paBeH 12°. Yron mexay
[aJAI0IIKM JIY4YOM U 3€pKajioM

1) 12°

2) 88°

3) 24°

4) 78°

A2. N300paskeHreM UCTOYHUKA CBETA S B 3epKayie M sBISETCS TOUKa

o

2L
7IN o]

N1
2)2
3)3
4) 4
A3. Ecnu npenmer HaxoauTcs OT coOuparoiieil JUH3bI HA PACCTOSHUU OOJbIle JABOWHOTO

(OKYCHOTO paccTOsIHUS, TO €ro u300paxeHue Oyner

3F 2F F F 2F 3F

1) nefcTBUTENBHBIM, IEPEBEPHYTHIM U YBEIMUEHHBIM

2) NeCTBUTENBHBIM, IPSIMBIM U YBETUYEHHBIM

3) MHUMBIM, IEPEBEPHYTHIM U YMEHBIIEHHBIM

4) neCTBUTEIbHBIM, IEPEBEPHYTHIM U YMEHBIICHHBIM

A4. B xakoil IBET OKpalleHa BEpXHsIs Ayra paayru?

1) ®uoneToBbIit

2) Cunwii

3) KpacHbrit

4) OpanxeBblit

AS. JIns xakux ¢U3NYECKUX SIBICHUN ObLI CPOPMYIMPOBAH NPUHLUII OTHOCUTEIBHOCTH

lanunes?
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1) TonbKO ISt MEXaHUYECKUX SIBIICHHIM

2) i1 MEXaHUUYECKUX U TEIIOBbIX

3) st MEXaHUYECKUX, TETJIOBBIX U AJIEKTPOMATHUTHBIX SIBJICHUI

4) JInst mro0bIX U3UYECKUX SIBJICHUI

B1. K noronky KOMHaThl BBICOTOM 4 M MNPHUKPEIJICHO CBETAIIEECS MaHHO — JiamIla B BHUJE
KBajpara co cTopoHOil 2 M. Ha BbicoTe 2 M OT moja napajuielibHO €My PacloJiOKeH HEmpOo3padyHbIi
KBaJpaT co CTopoHOM 2 M. lleHTp maHHO M LEHTp KBajpaTa JexaT Ha OJHOM BepTukanu. Haiaure
CyMMapHYI0 IUION[a/1b TEHU U IOJYTEHH HA MOY.

B2. C nomomipio coOuparomeit JMH3bI MOJy4eHO YBEIUUEHHOE B 5 pa3 n300pakeHUE MpeaMETa.
Paccrosinue ot nmpenmera 10 skpana 3 M. Onpenenure ONTHYECKYIO CHITY JIMH3HI.

C1. Ha gao BOJ0EMA, HAIIOJIHEHHOI'O BOAOM /10 BEICOTHI 10 cM, mOMEIIEH TOYEUHBIH HCTOYHHUK
cBeta. Ha moBepxHOCTH BOBI IJIaBAET KPYIJias HEMPO3payuHasi MJIaCTUHKA TAKUM 00pa3oMm, 4To e€ EeHTP
HAXOJUTCS HaJl UCTOYHUKOM cBeTa. Kakoil HauMeHbIINi pagnyc JOKHA UMETh TUIACTUHKA, YTOOBI HU

OJIVH JIy4 HE MOT BBIUTU U3 BOJBI? AOCOJIIOTHBIN MTOKA3aTeNb MpeIoMIeHHs BobI 1,33.

Bapuant 3

Al. Jlyu cBeTa majaet Ha IJIOCKOE 3epKajio. YTou najeHus paseH 30°. Yron Mexay najgaroumm
" OTPAKCHHBIM JIydaMH paBCH

1) 40°

2) 50°

3) 60°

4) 110°

A2. OTpakeHue KapaHjauia B INIOCKOM 3epKajie MPaBUIbHO [T0KAa3aHO Ha PUCYHKE

1)

A3. Kakum Oyner uzoOpakeHHe MpeaMeTa B cOOMparoleil JMH3e, €CIU MPeaMeT HaXOAUTCS

MeXy (OKYCOM M ONTHYECKUM LIEHTPOM JIMH3BI?
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=

3F 2F

1) JlelicTBUTENbHBIM, IEPEBEPHYTHIM U YBEIMUEHHBIM

2) MHUMBIM, OPSIMBIM M YBEJTMYEHHBIM

3) MHUMBIM, NTepeBEPHYTHIM U YMEHBIICHHBIM

4) JleficTBUTEIbHBIM, IEPEBEPHYTHIM U YMECHBIIICHHBIM

A4. Kakoe onruuyeckoe sIBICHHE OOBACHSAET IOSABICHUE LBETHBIX PaAyXKHBIX IATEH Ha
MIOBEPXHOCTHU BOJIbl, TIOKPBITOM TOHKOM O€H3MHOBOM IJIEHKONU?

1) ducnepcust cBeta

2) ®oTtodrddekt

3) Audpakuus cBera

4) UutepdepeHnms cBera

AS. [IpyHIIMTT OTHOCUTEILHOCTU DUHIITEWHA CIIPaBE/JINB

1) TONIBKO A1 MEXaHUYECKUX SIBJICHUHN

2) TOJNBKO JJIs1 ONTHYECKHUX SIBICHUH

3) TONBKO JAJIS DJIEKTPUUECKUX SIBJICHUM

4) niis Bcex PU3NYECKUX SIBICHUN

B1. K noTonky KOMHaTBI BBICOTOM 4 M MPUKpEIIIEHA CBETALIeeCs TaHHO — JIaMIla B BUJE Kpyra
nuameTpoMm 2 M. Ha BeicoTe 2 M OT 1oJia mapajiebHO €My PACIOoNOkKeH KPYTJIbli HEMPO3payHbIi AUCK
nuameTpoM 2 M. LleHTp maHHO U LEHTp AucKa JiexaT Ha oJHOM BepTukanu. KakoBa muomaap TeHH Ha
noiy?

B2. PaccrosiHue oT mpeaMeTa 10 €ro M300pa)KeHHs, MOJyuYeHHOE C IMOMOIIbI0 cOOMparolIeit
nuH3bl, 280 cM. KoaduimenT yBennuenus nuH3bl paBeH 3. HaliiuTe onTHYEeCKyI0 CUTY JTUH3BI.

C1. CouHIle cOCTaBIISIET C TOPU3OHTOM yroJ, cuHyc kotoporo 0,6. Illect BeicoToii 170 cMm BOUT
B THO BojjoéMa rimyouHoi 80 cM. HaiinuTe qyimHy TeHu Ha AHE BOJ0EMa, €CIIi ToKa3aTesb MPeToMIICHUS

BOJIbI paBeH 4/3.

Bapuanr 4
Al. JIyd cBeTa nmajaeT Ha IUIOCKOE 3€pKasIo. YTOIJI OTpakeHHs paBeH 35°. Yron Mexay
NaJAI0IIKUM U OTPa’KEHHBIM JTy4YaMH pPaBEH
1) 40°
2) 50°
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3) 70°

4) 115°

A2. Ha maxMaTHOM JOCKE Ha pacCTOSIHUU TPEX KJIETOK OT BEPTUKAIBHOIO IUIOCKOI0 3epKajia
ctout (ep3b. Kak n3MeHUTCs paccTosiHue MKy n300paxeHrueM (epsst U 3epKajioM, €Clid ero Ha
OJIHY KJIETKY IPUJIBUHYTH K 3epKaity?

1) Ymenbmures Ha 1 KeTky

2) YBenuuutcs Ha 1 KIeTKy

3) YMeHbIUTCS HA 2 KIETKH

4) He usmenurcs

A3. Kakum Oynet n3o0pakeHre mpeaMeTa B COOuparolieit InH3e, €ClId MPEeIMET HaXOIUTCS

MEXIy (POKYCOM U IBOHHBIM (POKYCOM JINH3BI?

1 ITI - | | |

3F 2F F F 2F 3F

1) lelicTBUTENbHBIM, IEPEBEPHYTHIM U YBEIUYECHHBIM

2) 1eCTBUTENBHBIM, IPSIMBIM M YBEITUUYEHHBIM

3) MHUMBIM, IEpeBEPHYTHIM U YMEHBILIEHHBIM

4) [leficTBUTEIbHBIM, IEPEBEPHYTHIM U YMEHBIIIEHHBIM

A4. Kakoe onTuyeckoe siBJI€HUE 00BACHIET PaTy>KHYIO OKPACKY MBUIBHBIX ITy3bIpeii?

1) ducniepcust

2) Mudpaxuus

3) Unrepdepenuns

4) Monapuzanus

AS. Kakoe 13 npuBeIEHHBIX HUKE YTBEPKICHHM SIBISETCS MOCTYJIATOM CIEUAIbHON TEOPUHU
OTHOCHUTEIIBHOCTHU?

A. MexaHn4ecKue SIBIEHHs BO BCEX MHEPLMAIBHBIX CUCTEMAX OTCUETA IPOTEKAIOT OJUHAKOBO
(TIpY OAMHAKOBBIX HAYAJIBHBIX YCIOBUSAX).

b. Bce siBneHus Bo Bcex MHEPLUUAIbHBIX CHCTEMaX OTCUETa MPOTEKAIOT OJUHAKOBO (IIPH
OJIMHAKOBbIX HAYaJIbHBIX YCIOBHSIX).

1) Tonmpko A

2) Tonbko b

3)uA,ub

4)uau A, au b
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B1l. K notoiky KOMHATBI BBICOTOM 4 M MIPUKPEIIJICHO CBETSIIECECS TAHHO — JIaMITa B BUC
Kpyra quamerpom 2 M. Ha BbicoTe 2 MOT 1oJ1a napajjiesibHO eMy paciojoKeH KPYTJIbIA Herpo-
3pauHbIil AUCK AuameTpoM 2 M. LleHTp maHHO U LEeHTp JKCKa JieKaT Ha 0JIHOM BepTukainu. Kakosa
oO11as miomaas TeHU U OJYyTEeHU Ha MoTy?

B2. BricoTa n300paxkenus yenoBeka poctoMm 160 cm Ha doto minénke 2 cm. Haiiaure
ONITUYECKYIO CUITy 00BbEKTHBA (hoTOaNmapara, eciau 4yenoBek choTorpadupoBan ¢ pacCTOSTHUS 9 M.

C1. B uaKoCcTH ¢ TIOKa3aTeneM npenomiieHus 1,8 moMemnén ToueuyHslid ICTOUHUK cBeTa. Ha
KaKOM MaKCHMaJIbHOM PacCTOSHUU HaJl MCTOYHUKOM HAJI0 IOMECTUTh TUCK JUAMETPOM 2 CM, YTOOBI

CBET HC BBIIICI U3 ) KUAKOCTU B BOS,Z[YX?

Bapuanr §

Al. JIyd cBeTa najiaeT Ha IUIOCKOE 3€pKaso. YTOJI MEKY HaJaloLiM JIy4oM U OTPakEHHBIM
ay4yamu paBeH 150°. Yron Mexay oTpaXEHHBIM JIy4OM U 3epKajioM paBeH

1) 75°

2) 115°

3) 30°

4) 15°

A2. PaccrosiHMe OT KapaHZalla 10 €ro H300pakeHus B IIIOCKOM 3epKaiie OblI0 paBHO 50 cM.
Kapanpam oronBunynu ot 3epkana Ha 10 cMm. PaccTosiHre Mexay KapaHIalioM U ero u3o0pakeHueM
CTaJIO paBHO

1) 40 cm

2) 50 cm

3) 60 cMm

4) 70 cm

A3. KakuM Oyner u3obpakeHue npeaMeTa B COOUparoLiel JIMH3€e, €CIU MpeIMEeT HaXOAUTCS B

doxyce coOuparoieit TMH3bI?

A I

3F 2F F F 2F 3F

1) leficTBUTENbHBIM, IEPEBEPHYTHIM U YBETUUEHHBIM
2) JlefiCTBUTEIBHBIM, IPSIMBIM U YBETHUCHHBIM
3) UzoOpaxenus He Oyaer

4) JleficTBUTEILHBIM, IEPEBEPHYTHIM U YMEHBIIICHHBIM
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A4. Kakoe gBjieHHE TOKA3bIBAET, YTO CBET — ATO MOMNEpevHasi BojaHa?

1) ducniepcus
2) Mudpaxms
3) UnTtepdepennus

4) Tlonspuzanust

AS. JInst onucanus GU3NIECKUX MPOLIECCOB

A. Bce cucteMbl 0TCUeTa ABIISAIOTCS PaBHOIIPABHBIMU

b. Bce HHECPHIUATIBbHBIC CUCTEMBI OTCUETAa SIBISIOTCS PaBHOIIPABHBIMUA

Kaxkoe u3 stnx yTBep)KI[eHI/Iﬁ CIIpaBCaAJIMBO COIJIACHO CIICIIMAJIBHOM TEOpHUU OTHOCUTEIBLHOCTH?

1) Tonpko A
2) Tonbko b
3)uA,ub
4)uu A, ou b

B1l. K noToiKy KOMHaThI BHICOTOM 4 M IPUKPEIJIIEHO CBETSIIEECs IaHHO — JlamIla B BUJIE

Kpyra quamerpom 2 M. Ha BbicoTe 2 MOT 1ojia napasjiesibHO eMy paciiooKeH KPYTJIbIA Herpo-

3pa‘lHBIfI JUCK ITNaMETPOM 2 M. HeHTp IIaHHO W OCHTP AUCKaA JICKAT Ha O,Z[HOI71 BCPTHKAJIU. KaxkoBa

jiomaapb IOJYTCHU Ha HOJ'IY?

B2. Paccrosinue ot coOuparoleit JMH3bI 10 U300pakeHus O0JIbIIE PACCTOSIHUS OT MPEeaMeETa 10

auH3bl Ha 0,5 M. YBenuuenue nuH3bl 3. Onpenenure GOKyCHOE pacCTOSIHUE JTUH3BI.

C1l. Ha nue Booéma riryOuHOM 2 M JIEKHUT 3epKaio. JIyd cBerta, mpoiias yepes BOay,

OTPAXKACTCA OT 3€pKajia U BbIXOAUT U3 BOABI. Haiigute pacCTOAHUEC MCIKIY TOYKOM BXoda JIy4da B BOOAY

Y TOYKOM BBIXOJIa JTy4ya U3 BOJIbI, €CIIM TTOKa3aTeNb MpejoMIieHust Boabl 1,33, a yrou najieHust BXOs-

miero Jry4a 30°.

Karoun:
Ne 1 2 3 4 5 6 7 8
1 4 3 4 2 1 6 M 75 cm 1,09 m
2 4 4 4 3 1 36 M2 2,4 notp 11,4 cm
3 3 4 2 4 4 3,14 Mm% | 1,9 murp 1,8 M
4 3 1 1 3 2 28,26 M2 9 nntp 1,5cMm
5 4 4 3 4 2 25,12m% | 18,75¢em | 1,62Mm

Kpurepun oueHuBanus:

[TpornieHT pe3yabTaTUBHOCTH (TIPABUIIBHBIX

O1ieHKa ypoBHS MOJTOTOBKH

OTBETOB)
90 + 100 «S»-0TJIIMYHO
80 +~ 89 «4»- xopouio
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70 +79 «3»- yIOBJIETBOPUTEIHLHO
MeHee 70 «2»- HEYJIOBJIIETBOPUTEILHO

Kontpoabsnas padora Ne6 mo treme: DjieMeHTHI KBAHTOBOW PU3UKH
1 BapuanT
1. PannoakTuBHOCTH (OmpenecHue).
2. Anb(da yacTunia nmpeacTaBiIsieT CoOOM:
A). _%B). 4HeB). 3He T). Jy
3. Kak u3sMeHuTCS IOpsAIKOBBIA HOMED 3JIeMeHTa Tociie 2 6eTTa pacnaaoB?
A). yBenmuuutcs Ha 4 B). ymenbmuTcs Ha 4
B). ygenuuutca Ha 2 T'). yMeHbIINUTCS Ha 2
4. OnpeaenuTh KOJIMYECTBO MPOTOHOB, HEHTPOHOB | AJIEKTPOHOB B aToMax: Si, Zr, At.
5. OmpenenuTh Kakoi W30TOI MOTYYUTHCS NP MPEBPALICHUH CBUHIIA, ocie 2 anbda, 3 6erta
U 2 raMMa pacrmajios.
6. U3 kakoro BemecTBa o6pasyercst Moz mocie 3 anpda u 2 6eTTa paciasios.
7. Onpenenuts 3HEpruto cBs3u CeneHa.
2 BapuaHT
1. DHeprus cBs3M (ONpeeseHue).
2. berra wactunia nmpeacTaBisieT co0oii:
A). _%eb). 4HeB). 3He T). dy
3. Kax u3meHuTCS MOPSIKOBBI HOMEp 3JIeMeHTa rnociie 2 anbda pacnagos?
A). ysemnuutcst Ha 4 B). ymenbmuTes Ha 4
B). ygenuuutca Ha 8 T'). ymMeHbIINTCS Ha 8
4. OnpenenuTh KOJMIECTBO IPOTOHOB, HEUTPOHOB U 3JICKTPOHOB B atoMax: Br, Sc, P.
5. OnpenenuTth Kakoil U30TOI MOMYYUTHCS MPU MpeBpalleHuy BUCMYTa, rocie 3 anbga, 1 6erra
U 3 raMMa pacmajioB.
6. U3 kakoro BemecTBa o6pasyercst Moz mocie 2 ansda u 3 6eTTa paciasios.
7. OnpeaenuTs SHEPruto cBsizu PTopa.
3 BapHaHT
1. W3otom (ompeneneHue).
2. ["amma gactuira npeacrasisieT coOok:
A). _%eb). 4HeB). 3He T). dy
3. Kak u3MeHHTCS MOPSIKOBBIM HOMED AJIEMEHTa Mocje 3 raMMa pacnajaoB?
A). yBenuuutcs Ha 4 b). ymenbmTcs Ha 4

B). yBennuutcsi Ha 2 T'). HE U3MeHHUTCA
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4. OnpeaenuTh KOJIMYECTBO MPOTOHOB, HEUTPOHOB M AJIEKTPOHOB B atoMax: |, Rh, Po.

5. OnpenenuTh Kakol M30TOMN MOJYYHUTHCS NPU MpEeBpalleHHH MoynOaeHa, nocie 2 anbda, 3

0erTa u 2 raMMa pacnajos.

6. 13 xakoro BemectBa odpasyercs [lomonuii mocnie 3 anbda u 2 6erra pacnaaos.

7. Onpenenuth 3HEpruto cBsa3u KobanbTa.

1. SAnepHas peakuust (onpeesieHue).

4 BapuaHT

2. Anb(da yacTunia mpeacTaBisieT CoO0M:

A). _feb). 3HeB). 3He T). Jy

3. Kak u3mMeHuTCSs MOPSIIKOBBIA HOMED diIeMeHTa nocie 3 anbda pacrnamgoB?

A). yBenuuutcs Ha 6 Bb). yMeHbuTCs Ha 6

B). yeenuuutca Ha 12 I'). He u3meHHTCA

4. OnpenenuTs KOJIMYECTBO MPOTOHOB, HEUTPOHOB U ANEKTPOHOB B atoMax: Ac, Na, Ra.

5. OnpenenuTh Kakol U30TOI TOTYIUTHCS IPH MPEBPAIICHUH oa, tociie 3 anbda, 1 6erra u 3

raMMma paciaaoB.

6. U3 kakoro BemiecTBa oOpasyercst Paauii mocne 2 anwda u 3 6erTa pacmnaios.

7. OnipenenuTs YHEPTUIO CBsI3U 30J10Ta.

CucreMa OLICHUBAHMA:

3agaHus KomnuectBo OaiuioB
1-3 1
4-7 2
Bceero: 11
[TepeBos 6amioB B OLICHKY:
«2» «3» «4» «5»
<60 6-70 8-96 10-116

CamocrositeibHas padora Nel

CamocTrosrenbHas pa60Ta o teme: «I amuneo I'anuieit — oCHOBaTEIb TOYHOI'O €CTECTBO3HAHMSI

MeToanuyeckue peKoMeH 1Al

VYMeHnsa nmucbMeHHO0 (DHUKCAIINY PE3YIILTATOB pa00THI ¢ YyueOHOI HHbOpMAaIIHEH:

- COCTaBIIATH IUIaH (IIPOCTOM MIIH CIOXKHBIH), OTpaxaTb HH(POPMAIKIO TpadHUUecKy;

- OTpaXKaTb COACPIKAHUC I/IH(I)OpMaI_[I/II/I TE3UCHO,
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- COCTaBISITh KOHCHEKT (CIeAsIui, CTPYKTYPHBIN U JIp.);

KOMMYHHMKAaTHUBHBIC YMCHU .

Pexomenayemble HCTOUYHUKH HHPOPMATNHT
1. B.®. Imutpuena. ®usuka. M: «Akagemusi», 2024 r.
2. B.®.Imutpuena. 3amauun o ¢usnke. M: «Akagemus», 2022 r.
3.
CamocrosiTe1bHasi padoTa Ne2
CamocrositenpHas padora no teme: Ul T« caak HproToH — co3aarenb KiiacCHuecKon (hU3UKM»

MeToanueckue peKoMeHI1anuu

YMeHus nucbMeHHON hUKCALIMU PE3YIILTATOB PA0OTHI ¢ YUeOHOM HHDOPMALIUEI:

- COCTaBJIATH IUIaH (IIPOCTOM MM CIOXKHBIH), OTpaxaTh HHPOPMALINIO IpadHUECKy;
- OTpaXkaTb coJiepKaHHe UH(POPMALIUU TE3UCHO;
- COCTaBJISATh KOHCHEKT (CIeA[IUM, CTPYKTYPHBIN U JIp.);

KOMMVYHHUMKAaTHUBHbBIC YMCHU.

PexomenayeMblie HCTOYHMKH MH(pOpMALIUU

1. B.®.Imutpuena. ®usuka. M: «Akagemusy», 2024 r.

2. B.®./Imutpuena. 3agauun no ¢pusuke. M: «Akagemusi», 2022 T.
CamocTosiTeibHasi padoTa Ne3

CamocrositenbHast padota 1o teme: Ull«Jleonapno na Bunun — ydeHslit 1 n3o0perarensy

MeToanuecKkue peKoMeHI1aluu

VYMeHnd nmucbsMeHHO0 (hHUKCAIINY PE3YILTATOB Pa00THI ¢ Yu4eOHOM MHGOPMAIINEN:

- COCTaBIIATH IUIaH (IPOCTON MIJIM CIOXHBIN), OTpakaTh HHPOPMALUIO IpauIecKy;
- OTpaXkaTb coJiepKaHue UH(POPMALIUU TE3UCHO;
- COCTaBJIATh KOHCHEKT (CIeAINi, CTPYKTYpPHBIN U 1p.);

KOMMVYHHUKATHUBHbBIC YMCHUS.

PexomenayeMble MCTOYHUKH MH(POPMALIMU
1. B.®.JImutpuena. Pusuka. M: «Akagemus», 2024 r.

2.  B.®.Imutpuesa. 3agaun no pusuke. M: «Axagemus», 2022 r.

CamocrosiTeibHas padora Ned
CamocrosiTenbHast pabota o Teme: «Muxann BacunseBnd JIOoMOHOCOB — yueHBIN
SHLMKJIOIEIUCT)

MeToanuyeckue peKoMeHIaluu

YMeHus TUCbMEHHON (GUKCAIMU PE3YIIHLTATOB pabOoTHI ¢ YueOHOH HHDOPMAIIHEN:
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- COCTaBJIATH IJIaH (TIPOCTOM WIIM CJIOKHBIN), OTpakaTh HHGOPMAIHIO TpaduuecK;
- OTpaxkaTb CoJiepXKaHHe UH(POPMALIUU TE3HUCHO;
- COCTaBJIATh KOHCHEKT (CIEeAAIUMN, CTPYKTYPHBIN U JIp.);

KOMMYHUKATHBHBIC YMCHU .

Pexomenayembie HCTOYHUKHM UHGPOPMATUHT
1. B.®.JImutpuena. ®uzuka. M: «Akagemus», 2024 r.

2.  B.®.Imutpuesa. 3agaun no pusuke. M: «Axagemus», 2022 r.

CamocrosiTesibHas padoTa NeS5
CamocrosTenbHas pabora 1mo Teme: «3aKOHbI COXPAHCHUS B MEXaHHUKE)

MeToanuyecKue peKOMEHIAIUHI

VYMeHus nucbMEeHHOM (bPIKCﬂHPIPI PE3YIBTATOB Da6OTBI C V‘le6H0ﬁ HHd)ODMaHHeﬁZ

- COCTaBJIATH IUIaH (IIPOCTOM MIIM CIOXKHBIH), OTpaxaTh HHPOPMALIUIO IpapHUECKy;
- OTpaXkaTh CoJiep)KaHHe UHPOPMALIUU TE3HUCHO;
- COCTaBJISITh KOHCHEKT (CIeAAIuM, CTPYKTYPHBIN U JIp.);

KOMMYHHMKAaTHBHBIC YMCHU !

PexomenayeMble HCTOYHMKH HH(pOPMALIUHT
1. B.®.JImutpuena. ®usuka. M: «Akagemusi», 2024 r.

2. B.®.JImutpuera. 3agauu o pusuke. M: «Axagemusi», 2022 1.

CamocrosiTe1bHasi paGoTa Ne6
CamocrosrernbHas paboTta 1o Teme: «TeruioBble JBUTaTeNIN U OXpaHa OKPYKAIOIIEH Cpeabhy

MeToanuyecKue peKOMEH AU

YMeHus NMCbMEHHOM d)I/IKcaHI/II/I PE3YILTATOB Da6OTLI C V‘IGGHOP'I HHd)ODMaHHCﬁZ

- COCTaBJIATH IUIaH (IIPOCTOM MM CIOXKHBIH), OTpaxaTh HHPOPMALINIO IpadHUECcKy;
- OTpaxarb cojiepKaHue HH(OPMALIUU TE3UCHO;
- COCTaBISITh KOHCHEKT (CIeAsIui, CTPYKTYPHBIN U JIp.);

KOMMYHUKATHBHBIC YMCHUA !

PexoMenayeMble HCTOYHUKH HH(OPMALMU
1. B.®.JImutpueBa. ®usnka. M: «Akagemus», 2024 r.

2. B.®.JImutpuena. 3agauun o pmsuke. M: «Axanemus», 2022 1.

CamocrosiTe1bHasi paboTta Ne/
CamocrostenbHas padota 1o teme: UI1«Buabl anekTpudeckux pazpsioB. DIEKTPUUECKHIe

pa3psi/ibl Ha CITyKOe YernoBeKa
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MeToanuyecKkue peKoMeHI1anuyu

YMeHus nucbMeHHOU (hUKCALIMU PE3YIILTATOB PabOTHI ¢ yueOHOM HHbOPMALIUEH:

- COCTaBIIATH IUIaH (IIPOCTOM MIIH CIOXKHBIH), OTpaxaTh HHPOPMALNIO TpapHUECcKy;
- OTpaxarb cojiepkaHue HH(OPMaLIUU TE3UCHO;
- COCTaBIISITh KOHCHEKT (CIeAsIIui, CTPYKTYPHBIN U Jp.);

KOMMYHHMKAaTHUBHBIC YMCHU .

Pexomenayemble HCTOUYHUKH HHPOPMATNHT
1. B.®.JImurpueBa. ®usuka. M: «Axagemus», 2024 r.

2. B.®.JImutpuena. 3agaun no pusuke. M: «Akanemusi», 2022 r.

CamocTosiTe1bHasi padoTa Ne8
CamocrosrenbHas pabora o teme: Ull«Pagnonokarms [Tonsrue o TeneBuaeHNm

MeTtoanueckne peKoMeH 1Al

VYMeHus nucbMeHHON (hUKCALlMU PE3YIILTATOB PA0OTHI ¢ yueOHOM nHbDOpPMALIUEH:

- COCTaBIIATH IUIaH (IIPOCTOM MIIH CIIOKHBIN), OTpaxaTh HHPOPMALNIO TpadHUECcKH;
- OTpaxarb cojiepkaHue HH(HOPMAIIUU TE3UCHO;
- COCTaBISITh KOHCHEKT (CIeAsIINi, CTPYKTYPHBIN U JIp.);

KOMMVYHHUMKAaTHUBHbBIC YMCHU.

PexomMenayemble HCTOUYHUKH HHPOPMATMHT
1. B.®.JImutpueBa. ®usuka. M: «Akanemus», 2024 r.

2.  B.®.Imutpuesa. 3agaun no pusnke. M: «Axkagemus», 2022 r.
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MunucrepctBo oOpasoBanus u Hayku PC ()
I'BITOY PC () «JIenckuit TEXHOTOTHYECKUN TEXHUKYM)

0

L » ok PLAY

KoHTpOo/1bHO-0LIEHOYHBbIE CPeACTBA AJIsl IPOMEKYTOYHOT0 KOHTPOJIA
yueOHou qucuumiineabl O/1.11 dusuka
OcHOBHO NPpo¢ecCHOHAIBLHOI 00pa30BaTeJIbHON IPOrPaAMMBbI IMOATOTOBKH
KBAJM(PUIUPOBAHHBIX padovuXx, CiayKalux no npodeccun

13.01.10 Dy1eKTPOMOHTEP MO0 PEMOHTY M 00CIYKHUBAHUIO 3JIEKTPOOOOPYI0BAHUS

(1o oTpacJisim)

Jlenck 2024 ron
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KonTtponbHo-omieHOuHbIe cpeacTtBa yueOHor mucuurumasl OJ1.11 dusnka cooTBETCTBYIOT
pabouelt mporpaMmMme AMCIUIUIMHBI, pa3paboTaHHOM Ha ocHOBe dDenepanbHOro rocyaapcTBEHHOTO
obpazoBatensHoOro crangapta (nanee — ®I'OC) o npodeccun 13.01.10 DnekTpoMoHTEp IO PEMOHTY U
00CTyXKUBAHUIO JIEKTPO0OOPYAOBaHUSA (110 OTpacisiM), yTBepakaeHHoro Ilpukazom Munucrepersa

oOpa3zoBaHus U HayKu P® ot 28 anpess 2023 r. Ne316.

ODF&HI/ISaHI/IH'DaSDa6OT‘lI/IKZ

['ocynapctBenHoe O 1KeTHOE TpodhecCHoHaIbHOE 00pa30BaTeIbHOE YUpPEKICHHE

Pecriyonmuku Caxa (Sxytust) «JIeHCKUN TEXHOJIOTUYECKUN TEXHUKYM

Pazpaborumk:

Kuvyros Jleonnn Bruagumuposud, npenoaasarens I BIIOY PC() «JIeHCKUil TEXHOJIOTHYECKUH

TCXHUKYMD.

PaccmoTpena m pekoMeHI0BaHA MPEIMETHO-IIMKIOBON Komuccuer «OO01eodpa3oBaTebHbIX
JUCITUTLIIAH

[Ipotokon Ne 9 ot «13» mas 2024 r.

IIpencenarens [1IIK Konocosa M.B.
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1. O01mue noJ10keHus!

Heasto co3nanus KonTpoabHo-ouneHouHbIX cpeactB (KOC) sBnsercs ycTaHOBJICHUE
COOTBETCTBUSl YPOBHSI THOJTrOTOBKM oOOywaromerocsi TpeboBaHusM paboueil mporpamMmbl yueOHOM
muctumuiniel.  Kaxknoe oleHoYHOe CpeacTBO 00ecleyuBaeT MPOBEPKY YCBOCHHSI KOHKPETHBIX
3JIEMEHTOB y4eOHOro MaTepuana.

KOCHsI npeanazHayeHsbl U151 ONIPEIEICHNs] YPOBHS OCBOCHHBIX YMEHUH, YCBOCHHbBIX 3HAHUM U
OBJIA/ICHUS] KOMIIETEHIIMSIMH, T.€. CIIOCOOHOCTHIO 00YYaIOIIETrOCst MPUMEHSTh 3HAHUS, yMEHUS U JTHYHBIE
KayecTBa B COOTBETCTBUH C 33JjauaMU MpodeccnoHalIbHOM J1eATeIbHOCTH.

O6bexkToM npumenenuss KOC sBisieTcsi u3MepeHUe YpPOBHS JOCTHKEHHUS OOYYarOIIMMUCS
YCTAHOBJICHHBIX PE3YJIbTATOB O0YYEHUS NPU MPOBEICHUU TEKYIIET0, pyOSKHOTO U MPOMEKYTOYHOTO

KOHTPOJIA YCIICBACMOCTH 110 JUCLHUIIIIMHEC.

2.J1acnopT KOMILIEKTA OLIEHOYHBIX CPEACTB
2.1. ObnacTh NpUMEHEHNS] KOMILIEKTA OLleHOYHBIX CPeICTB
KoMIIeKT O1eHOUHBIX CPEJICTB MPEAHA3HAYEH ISl OLIEHKHU PE3YIbTaTOB OCBOCHUSI JUCIIUILIMHBI
O®uszuka. KoMrekT cocTaBiieH Ha OCHOBaHHMH (pelepallbHOrO TOCYIapCTBEHHOTO 00pa3oBaTeiIbHOro
CTaHaapTa cpeiHero npohecCuoHaIbHOrO 00pa30BaHusl.
3agaHusl MOCTPOEHBI HA MaTepuaJie TeM pa3/iesioB:
Tema 1. Mexanunka
Tema 2. MonexynsapHas ¢pusuka. TepmoanHaMuka
Tema. 3 DnexTpoaHHaMHUKa
Tema 4. KonebaHust v BOJIHBI
Tema 5. OnTuka
Tema 6. KBanroBas gpusuka
Hean: KouTpoas yCBOCHHBIX 00y4YarOMIMMKCS 3HAHUW W HABBIKOB 1O (u3uke. B xome paboTs
MIPOBEPSETCS] YPOBEHb YCBOCHUS 3HAHUM U OBJIAJCHUS YMEHUSIMU

1 ypoBeHb (oneHka «3»)

. YMeHus onuchiBaTh (U3MUECKUE SIBICHUS (HaIpUMep, IBJICHHUE TETIJIONEPe1adn ), ONbITHI,

WUTIOCTPUPYIOIINE ITH SIBICHUS. 3HAHNUE OTJENIbHBIX (DaKTOB UCTOPUU (DUZHKHU.

. 3HaHue Ha3BaHUSA NPUOOPOB M OOJNACTH MX NPUMEHEHHUs (HampuMep, amrepMmerp -

npuOOp U U3MEPEHUS CUJIBI TOKA).
. 3HaHue OyKBEHHBIX 0003HaUeHUN (HU3NYECKUX BEIIMYNH, UX €TUHHUIIBI U3MEPEHUS

2 ypoBeHb (OLEeHKA «4»)
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. 3HaHHUE TEOPUH, JIEKAIIECH B OCHOBE M3y4aeMOro sIBJICHHUS.

. 3HaHue ¥ MOHUMaHKuEe POPMYITHPOBOK (PH3NUECKUX 3aKOHOB, MX MAaTEMAaTUYECKOH 3aITUCH

" 3HaHHe U NOHUMAaHHE OHpCI[GHGHHOfI (I)I/I3I/I‘-IeCKI/IX BCIIMYUH

. 3HaHue eANHUL (PU3UUECKHUX BEJIMYUH, UX OINpEIeIeHHM

. [Tonnmanue npuHIUNA JOEHCTBUS NPUOOPOB, YMEHHUE ONPENCNATh IEHY JIEJCHHUS,
MpeAebl U3MEPEHH, CHUMATh ITOKA3aHMUS.

3 ypoBeHb (OLeHKa «3»)

. YMeHne NPUMEHSITh TEOPUIO 1711 OObSICHEHHUSI HEKOTOPBIX YaCTHBIX SIBJICHUN

. [lonuMaHue B3aMMO3aBUCUMOCTU PA3JIMYHBIX MPU3HAKOB, XAPAKTEPU3YIOIIUX TPYIILY
OJIHOPOJIHBIX SIBJICHUI

. YMenue u3o0paxars rpaduuecku B3aUMOCBSI3b MEXKIY (H3NYCCKUMU BEIHMYMHAMH,
ONpEIEATh XapaKTEPUCTUKH 3TOHM CBA3HU

. YMeHue npon3BOIUTh PACUET, OJIb3YACh U3BECTHBIMU (POPMYITAMH.

. Hmetp mpezncraBieHne 00 HMCTOPHYECKOM PA3BUTHHM OTICIBHBIX pa3feioB (U3HUKH
(HarmmpumMep, 0 BOJTHOBOM, KBAHTOBOMU, KOPITYCKYJISIPHOM TEOPUH CBETA)

Cmpyxkmypa 3a0anua:

buer cocTout n3 23agaHuii:

1.Teopernueckuil Bompoc u3 paszzaena: Mexanuka MonekynspHas ¢usuka. TepmoauHamuka
OnekrponuHamuika. KBaHToBast ¢usuka. TpeOyeT 3HaHUE TEOPETUYECKOTO MaTepualia: OCHOBHBIX

HOHATHH (POopMyIl, 3aKOHOB.

2.3az[aqa. HanpaBneHa Ha BBISBICHHE CIIOCOOHOCTH MNPpUMETH MOJYUYCHHBIC TCOPECTHYCCKUC
3HAHUSA Ha IMPAKTHKCE, Tpe6y10H_lI/Ie dHaJIn3a U3YyYCHHOI'O MaT€puajia. 33.IlaHI/I$I 9TOTr'0 YPOBHA O606H_IaIOT

3HaHUsI, IPUMEHSEMbIE B CTAHJJAPTHBIX CUTYalUsIX. MakcumallbHOE KOIMYEeCTBO 0ayioB 5

Ilpasuna oyenku pezynomamos

OneHka «5» CTaBUTCS B TOM ciIy4dac, €Ciin yanlHﬁCHI

1. OOHapyXuBaeT NOJHOE IOHUMAaHHE CYIIHOCTH pacCMaTpUBAEMbIX SIBICHUN U
3aKOHOMEPHOCTEW, 3HAHME 3aKOHOB U TEOPHH, yMEET IMOATBEPAUTh MX KOHKPETHBIMHM IIPUMEpaMH,

IMPUMCHUTH B HOBOH CUTyallun U IIPU BBITIOJIHCHUH MPAKTUYCCKUX 3aJIaHUil.

2. I[aeT TOYHOC OIIPECACIICHUC U UCTOJIKOBAHNEC OCHOBHBIX HOHSITI/II>'I, 3aKOHOB, Teopnﬁ, a TaKXKe

MMPpaBUJIIBHOC OMIPCACIICHUC BCIINYNH, UX CAUHUI U CII0CO00B HU3MCPCHUH.

3. TexHuuecku TpaMOTHO BBIITOJHACT YCPTCIKU, CXEMbI U Fpa(I)I/IKI/I, CONIYTCTBYIOIIHUEC OTBCTY,

MIPABUJIbHO 3aMKCHIBAET (POPMYIIbI, MOJIb3YSICh MPUHATON CUCTEMON YCIOBHBIX 0003HAYEHUI.
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4. IIpu orBeTe He MOBTOPSIET AOCIOBHO TEKCT y4eOHHKAa, a yMeeT 0ToOpaTh INIABHOE,
00Hapy)KMBAaeT CaMOCTOSTEIBHOCTh M apryMEHTHUPOBAHHOCTb CYXJCHHUH, YMEET YCTaHOBUTH CBSI3b
MEXIy HM3y4aeMbIM U paHee M3yYeHHBIM MarepHajoM MO Kypcy (HU3UKH, a TaKKe C MarepHajoM,

YCBOCHHBIM IIPpHU U3YUCHUHU APYTUX CMEXHBIX ITPEAMETOB.
5. VYmeer JACJIaTh aHAJIU3, O606H_ICHI/I$I H COOCTBEHHEIE BBIBOJBI ITO OTBEYAEMOMY BOIIPOCY.

6. YMeeT caMOCTOSTENBRHO U paruoHaJIbHO pa6OTaTB C y‘IC6HI/IKOM, HOHOHHHTCHBHOﬁ

JUTEPaTypor U CIpaBOYHUKAMH.

OHCHKa «4» CTAaBUTCI B TOM cjydac, €CJIM OTBCT YAOBJICTBOPSACT HA3BAHHBIM BBIIIC

TpeOOBaHUSAM, HO YUAIIUKCS:

1.  JlomyckaeT ofiHy HerpyoOyro OmHOKY WiIn He 6ojiee AByX HEJ0YETOB U MOXKET X UCIIPaBUT

CaMOCTOSITENIHO, UJTU MPU TTOMOIIX HEOOIBIIION MTOMOIITH YUUTETIS.
2.  He o0magaet nocTarouyHbIM HAaBBIKOM pabOThI CO CIIPABOYHOM JTUTEpaTypoit

OneHka «3» CTaBUTCS B TOM ciIydac, cClr y‘IaH.[PIfIc;I MpaBUJIbHO IMOHHUMACT (1)I/I3I/I‘16CKYIO

CYIIHOCTb PACCMaTPHUBACMBIX SIBJICHUN U 3aKOHOMEPHOCTEH, HO IIPU OTBETE:

1. OOHapyXUBaeT OTAENbHbIE MPOOENbl B YCBOGHUH CYILIECTBEHHBIX BOIIPOCOB Kypca, HE

IPENSTCTBYIOIINE JaJIbHEHIIIEMY YCBOECHHUIO TPOTPAaMMHOI0 MaTepuara.

2. HcneiTEIBaeT 3aTPpYAHCHUA B IIPUMCHCHUU 3HaHPII>i, HCO6XOI[I/IMBIX AJI pelICHud 3a1a4
Pa3JIMYHbIX THUIIOB, IIpU 00BSICHEHUH KOHKPCTHBIX SIBIICHMH Ha OCHOBE TeOpI/Iﬁ N 3aKOHOB, WJIK B

MOJTBEPKACHUN KOHKPETHBIX IPUMEPOB IIPAKTUYECKOTO PUMEHEHHS TEOPUH.

3. OTBeyaeT HEMOJIHO Ha BOIIPOCHI YUUTCIIA, UKW BOCIIPOMU3BOAUT COACPIKAHUE TCKCTa
y‘-Ie6HI/IKa, HO HEJOCTAaTOYHO ITOHUMACT OTIACIIBHBIC ITOJIOXCHHA, HMCIOINNUE BaXXHOC 3HAYCHUEC B 3TOM

TCKCTC.

4, O6Hapy>KI/IBaeT HEI0CTAaTOYHOE IIOHUMAaHME OTACIbHBIX MOJIOKEHUM ITpU BOCIIPOU3BCACHUU

TCKCTa y‘-IC6HI/IKa, HJIM OTBEYACT HCIIOJHO Ha BOIIPOCHI YUUTCIIA, NOITYCKasd OAHY-/IBC FPY6BIG OIIIMOKH.

OneHka «2» CTaBUTCS B TOM ciIydac, €Clin yanlHﬁCHI

1. He 3Haer u He MOHUMAET 3HAYUTEIHHYIO UM OCHOBHYIO YacCTh MTPOTPAMMHOTO Marepuasa

B IIpCaciIax MOCTAaBJIICHHBLIX BOIIPOCOB.

2. Hwmeet cnabo chopMupoBaHHBIE U HEMOIHBIE 3HAHUS M HE YMEET IPUMEHSTh UX K PEIICHUIO

KOHKPCTHBIX BOIIPOCOB U 3a/1a4 110 O6p3.3].[y

3. Ilpu orBere (Ha OAMH BOIIPOC) JIOMyCKaeT Oosee AByX rpyObIX omnOOK, KOTOphIE He

MOXKCT UCIIPABUTH JAKE ITPU ITOMOIIN YUUTCIIA.
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3.UHcTpyKUIMS

[Ipenyaraemplii KOMIUIEKT OMJIETOB YHUBEPCAJICH 110 COACPKAHUIO, TIOCKOJIBKY ONMPAETCs Ha
TpeOoBaHus (enepaIbHOro KOMIIOHEHTA CTaHAapTa IOJTHOTO CPETHETO 00Pa30BaHUS U HE 3aBUCHUT OT
0COOEHHOCTEN METOAMKH IPENoIaBaHMs TEX WM UHBIX TeM Kypca (pU3MKH, XapaKTepHbIX IJIs
pas3INYHbIX y4EeOHO-METOANYECKUX KOMIUIEKTOB.

Ha nonrotoBky kK 0TBETY y4amumcsi OTBOAUTCS 00BIYHO 10 30 MUHYT. 3a 3TO BpeMsi HY)KHO
YCIIETh MOATOTOBUTH HEOOXOANMBIE BBIKJIAJKH, CXEMBI M I'pa)MKH U BOCIIPOM3BECTH UX HA JIOCKE. DTH
3allMCH IIOMOTYT MOCTPOUTH CBSA3HBIH, JTOTMYHBIN U OJIHBIN OTBET. J{JIs1 pereHus 3a/1auu B HEKOTOPbIX
CJIydasix MOXET ObITh BBIIEICHO JIOMOJIHUTEIbHOE BpeMs. 3a/1aua BhIIIOJIHACTCS Ha OT/ICJIbHOM JIUCTE U
YJIEHbI SK3aMEHALIMOHHONW KOMHUCCUU MOTYT IIPOBEPUTH NPABUIIBHOCTD PELLIEHUS 10 ITUM 3aIIUCSM.

Cmpykmypa 6unemos:

— MepBbIE BOIIPOCHI OMIJIETOB OXBATHIBAIOT OCHOBHOM MaTrepHrai GU3N4YECKUX TeOpuil,
U3y4yaeMbIX B 00111€00pa30BaTeIbHOM KypCe;

— BTOPbIE BOIIPOCHI IIPEANOIaraT peleHUEe 3a/1a41, IPEyCMOTPEHHBIX IPUMEPHON

IIPOrpaMMoOil cpeiHero (MOIHOro) 001ero oopa3oBaHusl.

4., 9K3aMeHallHOHHDbIC OUJIeThI

«PACCMOTPEHO» «YTBEPX][AFO»

Ha 3ace0anuu 3am.oupexmopa no YP

IIJK obweobpazoeamenbHblx T'RIIOY PC(A) «JITT»
OUCYUNTIUH / /

IIpomoxon Ne

« _» 20 e « _» 20 e

Ilpeoceoamens ITLIK

Buier Ne 1

1. Mexanudeckoe nBmkeHrne. OTHOCUTEILHOCTh ABHKECHUS. PABHOMEPHOE U PaBHOYCKOPEHHOE
MPSMOJMHEHOE IBUKEHUE.

2. Slnpo ypana — 235 noryomaer oJluH HEUTPOH U JIETUTCS Ha 2 OCKOJIKA, IPU ATOM
0CBOOOIMIIOCH JBa HeWTpoHa. OIMH U3 OCKOJIKOB OKa3ajcs sipoM kceHoHa — 140. Uto coboit

MPEACTABIIIET BTOPOW OCKOIOK? Hanummre ypaBHEHHE peaKIHH.
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«PACCMOTPEHO» «YTBEPX][AIO»

Ha 3acedaHuu 3am.oupexmopa no YP
1K obweobpazosamenbHblx I'BIIOY PC(A) «JITT»
OUCYUNTIUH / /
Ilpomoxkon Ne
«__» 20 e «__» 20 e
Ilpeoceoamens ITL[K
Buuer Ne 2

1. BzaumopeiictBue ten. Cuiia. 3akoHbl JTMHAMUKA HBIOTOHA.
2. PaccmaTpuBasi mpeAMeT B cOOMpAIONIyI0 TUH3Y U pacroaras ero Ha pacCTOSHUU 4 CM OT
Hee

MOJIY4aroT €ro MHUMOC I/I306pa)I(CHI/Ie, BS pas 0oJIbIlIEE CAMOTO npeamMceTa. KaxkoBa ontnyeckas

CHJIa JIMH3BI?

«PACCMOTPEHO» «YTBEPX]/[AIO»

Ha 3acedanuu 3am.oupexkmopa no YP

TIK obweobpazosamenbHblx I'BIIOY PC(A) «JITT»
OUCYUNTIUH / /

Ilpomoxkon Ne

«_» 20 e « _» 20 e

IIpeoceoamens I1[K

Buaer Ne 3

1. UMnynse Tena. 3akoH coxpaHeHus ummyibca. [IposBienne 3akoHa COXpaHEHHs HUMITylbCa B
IIPUPOJIE U €TO UCIIOIB30BAHUE B TEXHHKE.

2. KonebarenbHbIN KOHTYP COCTOUT U3 KOHAEHcaTopa eMKOCThio 400 nd u KaTyImku
UHIYKTUBHOCTHIO 10 MI'H. Haiitn ammiutyny KonebaHuit CHITBI TOKA, €CJIM aMIUTATY/Ia KoJieOaHun

HanpspkeHus pasHa 500 B.

«PACCMOTPEHO» «YTBEPX/[AIO»

Ha 3ace0aHuu 3am.oupexmopa no YP

K obweobpazoseamenbHblx I'BIIOY PC(A) «JITT»
OUCYUNTIUH / /

Ilpomoxkon Ne

« _ » 20 e « _» 20 e

Ilpeoceoamens ITLIK

Buier Ne 4

1. 3axoH BcemupHoro taroteHusi. Cuna tsokectu. Bec tena. HeBecomocTs.
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2. Omnpenenute TeMnepaTypy KUciaopoza, €Ciu CpeaHssl KHHETHYeCKas SHEPTUs ABMKECHHUS

onHO# Monekymnbl paBHa 6,9-102! [k, C kakoii cpeiHeil KBaIpaTUIHON CKOPOCTHIO IBIKYTCS

MOJIEKYIIbI Ta3a?

«PACCMOTPEHO» «YTBEPX][AIO»

Ha 3aced0anuu 3am.oupexmopa no YP

1II[K obweobpazosamenbHbix T'RIIOY PC(A) «JITT»
OUCYUNTIUH / /

Ilpomoxon Ne

«__» 20 e «__» 20 e

Ilpeoceoamens I1LK

Buuer Ne 5

1. HpeBpaH_IeHI/ISI OHCPI'uU IIpU MCXaHUYCCKUX KOJI€OaHHUAX. CBO6OI[HLIC " BbIHYKIACHHBIC

koJsiebanus. Pesonanc.

2. Kycoxk npoBosioku conporuiaeHreM 80 OM pa3pes3an Ha 4eThIpe paBHbIE YACTH U

MMOJIYYCHHBIC YaCTH COCAUHUIIN MApaJIJICIIBbHO. Kaxkoso COIIPOTUBJICHUC COGHHHCHHOﬁ HpOBOJ’IOKI/I?

«PACCMOTPEHO» «YTBEPX][AIO»

Ha 3ace0aHuu 3am.oupekmopa no YP

11K obweobpazosamenvHvix I'RIIOY PC(A) «JITT»
OUCYUNTIUH / /

IIpomoxon Ne

«_» 20 e « _» 20 e

IIpeoceoamens I1[K

Buier Ne 6

1. OnbITHOE 000CHOBAHHE OCHOBHBIX MOJIOKEHHUH MOJ'ICKy.]'IHpHO-KHH@TH‘lCCKOfI TCOpHUHU
CTPOCHH BCIICCTBA. Macca u pa3MepPbl MOJICKYIIL.

2. IIpn nepemenieHny 3apsa MeXay TOYKaMH C Pa3HOCTBIO NOTeHIMAIOB | kB mone

coepmuiio padory 40 mx/x. Uemy paBeH 3apsia?

«PACCMOTPEHO» «YTBEPX/[AIO»

Ha 3ace0aHuu 3am.0upekmopa no YP

II[K obweobpazosamenvHvix T'RIIOY PC(A) «JITT»
OuUCYunIuH / /

Ilpomoxon Ne

« _ » 20 e «__ » 20 e

IIpeoceoamens I1[K
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Buser Ne 7
1. UneanpHblii ra3. OCHOBHOE YpaBHEHUE MOJIEKYJISIPHO-KHUHETUYECKON TEOPUH UEATBHOTO
ra3a. Temneparypa u ee uamepenue. AGCOIIOTHas TeMIieparypa.
2. Cuna ToKa B TOpU30HTAIBHO PACIIONI0KEHHOM MPOBOJHUKE JyIHHOU 20 cM 1 Maccol 4 r
paBHa 10 A. HaliT HHIYKIIUIO MATHUTHOTO TI0JISI, B KOTOPOE HY>KHO IIOMECTUTH MPOBOJAHMK, YTOOBI

CuJia TAXKECTU YPaBHOBECUIIACH cHIon AMnepa.

«PACCMOTPEHO» «YTBEPX][AIO»

Ha 3aceo0anuu 3am.oupexmopa no YP

1II[K ob6weobpazosamenbHbix I'BIIOY PC(A) «JITT»
OUCYUNJIUH / /

Ilpomoxon Ne

« _» 20 e « _» 20 e

Ilpeoceoamens ITLK

Buier Ne 8

1. YpaBHeHuUe cocTOsIHUS HIeabHOTO ra3a (ypaBHeHue MenneneeBa—Kiamneiipona).

N3omnporneccsr.

2. Pabora BbIXo/a 31eKTPOHOB U3 Kajamus paBHa 4,08 3B. KakoBa jainHa BOJTHBI CBETa,

TaJaroIero Ha MOBEPXHOCTh KaJMMS, €CJIM MAKCUMAJIbHas CKOPOCTh (DOTORIEKTPOHOB paBHa 7,210>

m/c?

«PACCMOTPEHO» «VTBEPX][AFO»
Ha 3ace0aHuu 3am.oupekmopa no YP
11K obweobpazosamenvbHvix I'RIIOY PC(A) «JITT»

OUCYUNTIUH / /
IIpomoxon Ne
«__» 20 e «__» 20 e
IIpeoceoamensv I1[K

Buier Ne 9

1. I/ICHapeHI/IC 1 KoHJeHcanus. HachlmeHHbIe U HeHACBIIICHHEIE mapsl. BaaxHocTb BO3ayXxa.

I/ISMCpCHI/IC BJIA’)KHOCTH BO3ayXa.

2. Yenosek maccoit 60 Kr, OeryImiuii Co CKOPOCThIO 5 M/C, TOTOHSIET TENEeKKY Maccoit 40 Kr,

JBUKYIITYIOCSI CO CKOPOCTBIO 2 M/C, U BCKakiBaeT Ha Hee. C Kakol CKOPOCTbIO OHU MPOIOJIKAT

IBHKeHHUE?
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«PACCMOTPEHO» «YTBEPX][AIO»

Ha 3aced0anuu 3am.oupexmopa no YP
1II[K obweobpazosamenbHbix T'RIIOY PC(A) «JITT»
OUCYUNTIUH / /
Ilpomoxon Ne
«__» 20 e «__» 20 e
Ilpeoceoamens I1LK
Buaer Ne 10

1. Kpucrannuyeckue u amop@Hbie Tena. YIpyrue u miactTuueckue qehopMaiui TBEpAbIX Tell.
2. KonebarenbHbIi KOHTYp paJuoNpUEMHUKA, COAEPKAIINI KaTylIKy HHIYKTUBHOCTBIO 5
MKI['H, HACTPOEH Ha MPUEM JIEKTPOMArHUTHBIX BOJH JUIMHOK 1 M. OnpenenuTe eMKOCTh

KOH/JIEHCATOPa, BKJIFOYEHHOT'O B 3TOT KOJIEOATEIIbHBII KOHTYD.

«PACCMOTPEHO» «YTBEPK/[AIO»

Ha 3acedaHuu 3am.oupekmopa no YP

11K obweobpazosamenbHbix I'RIIOY PC(A) «JITT»
OUCYUNTIUH / /

Ilpomoxon Ne

«_» 20 e « _» 20 e

IIpeoceoamens I1[K

Bbuser Ne 11

1. BuytpeHnHss sHeprus. Ilepseiii 3akoH TepMoanHaMuKU. [Ipumenenne nepBoro 3akoHa

TCPMOJUHAMUKHA K U30IIpOLECCaAM.

2. IIpu paBHOMEpPHOM M3MEHEHUU cuilbl ToKa oT 2 10 10 A 3a 0,2 ¢ B karymke Bo3HukaeT JJC

camoumHaykuuu 4 B. Onpenenure MHAYKTUBHOCTD KaTyIIIKH.

«PACCMOTPEHO» «YTBEPX][AIO»

Ha 3ace0aHuu 3am.oupexmopa no YP

IIJK obweobpazoeamenbHblx I'BIIOY PC(A) «JITT»
OUCYUNTIUH / /

Ilpomoxkon Ne

« _ » 20 e «__» 20 e

Ilpeoceoamens ITLIK

Buier Ne 12

255



1. B3auMopeiicTBre 3apsskeHHBIX Tell. 3akoH KyroHa. 3akoH COXpaHEHUs AIEKTPUUECKOTO

3apsja.

2. HaiiTu TOTEHIIMAIBHYIO ¥ KHHETHYECKYIO YHEPTHUIO TeJia MacCOM 3 KT, IMaJaloniero CBOOOIHO

C BBICOTHI 5 M, Ha PaCCTOSIHUU 2MoOT IMOBCPXHOCTHU 3CMJIU.

«PACCMOTPEHO» «YTBEPX][AIO»

Ha 3acedanuu 3am.oupexmopa no YP

1II[K ob6weobpazosamenvbHbix I'RIIOY PC(A) «JITT»
OUCYUNTIUH / /

Ilpomoxon Ne

« _» 20 e « _» 20 e

Ilpeoceoamens LK

Buer Ne 13

1. Konnencaropsl. DIeKTPOEMKOCTh KOHIeHcaTopa. [IpuMeHeHe KOHIEHCaTOPOB.

2. T'a3 npu pasnenuu 0,2 MIla u Temneparype 15° C umeer o6bem 5 1. UeMy paBeH 00beM rasa

3TOH MaccChl IIpX HOPpMAJIbHBIX YCJ'IOBI/ISIX?

«PACCMOTPEHO» «YTBEPX][AFO»

Ha 3ace0anuu 3am.oupexmopa no YP

IIJK obweobpazoeamenbHblx I'BIIOY PC(A) «JITT»
OUCYUNTIUH / /

IIpomoxon Ne

« _» 20 e « _» 20 e

Ilpeoceoamens ITL[K

Bbuser Ne 14

1. PaboTa 1 MOIIIHOCTH B IIETH MOCTOSTHHOTO TOKA. DIEKTPOBIDKYIIAs cuia. 3akoH Oma st

IOJIHOH 1IENH.
2. Kakum nomkeH ObITh HAMMEHBIHNH 00beM 0arioHa, YTOOBI OH BMean 6,4 KT KUCIOpoaa

0
npu Temneparype 20 “C | eciu ero cTeHKM BbLIEpKMBAIOT AaBnenue 16 MIla?
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«PACCMOTPEHO» «YTBEPX/[AIO»

Ha 3aced0anuu 3am.oupexmopa no YP
1I[K ob6weobpazosamenbHbix T'RIIOY PC(A) «JITT»
OUCYUNTIUH / /
Ilpomoxon Ne
«__» 20 e «__» 20 e
Ilpeoceoamens I1LK
Buaer Ne 15

1. MarnuTtHoe nosne. J[eiicTBre MarHUTHOTO MOJIS Ha AIEKTPUUECKUN 3apsi/l U OTBITHI,
MOJITBEP K AAIOIITUE ITO JCHCTBHE.
2. OnpenenuTe CPeIHIO CKOPOCTh MOJIEKYII Ta3a, INIOTHOCTh KoToporo mpu aasienun 50 xlla

cocrasisteT 4,1-1072kr/m>.

«PACCMOTPEHO» «YTBEPK]/[AIO»

Ha 3acedanuu 3am.oupexkmopa no YP

TI[K obweobpazosamenbHulx I'BIIOY PC(A) «JITT»
OUCYUNTIUH / /

Ilpomoxkon Ne

«_» 20 e « _» 20 e

IIpeoceoamens I1[K

Bujer Ne 16

1. [TonynpoBoauuku. CoOCTBEHHAs ¥ IPUMECHAs! MPOBOAUMOCTD MOJIYTIPOBOAHHUKOB.
[TonynpoBOAHUKOBBIE TPUOOPHI.
2. Cuuras opbuty JIyHbI KpyroBOii, onpesienTe JUHEHHYI0 CKOPOCTh ABMKEHUsI JIyHBI BOKpYT

3emuu. Macca 3emnu 5,98:10%*kr. CpetHee paccTosiHME Mek Ty LeHTpamMu 3eman u JIynbl 3,84-108m.

«PACCMOTPEHO» «YTBEPX/[AIO»

Ha 3ace0aHuu 3am.0upekmopa no YP

11K obweobpazosamenvbHvix T'RIIOY PC(A) «JITT»
OuUCYyunium / /

IIpomoxon Ne

«__» 20 e «__» 20 e

IIpeoceoamensv I1[K

bujer Ne 17

1. DnexTpoMarHuTHasE UHAYKLHUA. 3aKOH JIEKTPOMArHUTHOW MHAYKIIHH.

257



2. Kakyto ckopocTh UMEIOT TOUYKH 000/1a KoJieca MOTOITMKIIA paanyca 32 ¢M, eClTi OHU

JBUKYTCS ¢ yckopenueM 2 M/c>? C kakoil 4acTOTO# BpaIaeTcs Koaeco.

«PACCMOTPEHO» «YTBEPK]/[AIO»

Ha 3acedaHuu 3am.oupexkmopa no YP

IIJK obweobpazoseamenbHblx I'BIIOY PC(A) «JITT»
OUCYUNTIUH / /

Ilpomoxkon Ne

«_» 20 e « _» 20 e

Ilpeoceoamens I1LK

Buier Ne 18

1. SIBienne CaMOMHAYKIIUU. I/IHI[YKTI/IBHOCTB. BHCKTpOMaFHI/ITHOG IIOJIC.

2. B kakoe BemecTBo npeBpaiiaercs taiauii — 210 mocie Tpex mocieaoBaTeNbHbIX -pacnaios

Y OJHOTO a-pacnaza? 3arnuimnTe peakuuu.

«PACCMOTPEHO» «YTBEPX][AFO»

Ha 3ace0anuu 3am.oupexmopa no YP

IIJK obweobpazoeamenbHblx I'BIIOY PC(A) «JITT»
OUCYUNTIUH / /

IIpomoxon Ne

« _» 20 e « _» 20 e

Ilpeoceoamens ITL[K

Buaer Ne 19

1. CBO6OI[HLIC 1 BBIHY>KACHHBIC SJICKTPOMAariuTHLIC koneOanus. KoneOarenpHbIiM KOHTYp U

IpeBpalleHHe YHEPTUN TIPU 3JEKTPOMArHUTHBIX KOJIEOaHHSIX.
2. IIpoBosiouHas cnivpaib, CONPOTUBIEHUE KOTOPOM B HArPETOM COCTOSIHUU paBHO 55 OM,

BKJIIOUYEHA B CeTh HamnpsbkeHueM 127 B. Kakoe KoIu4ecTBO TEIIIOTHI BBIAEISET 3Ta Cupaiib 32 1 MUH?
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«PACCMOTPEHO» «YTBEPX][AIO»

Ha 3acedaHuu 3am.oupexmopa no YP
1K obweobpazosamenbHblx I'BIIOY PC(A) «JITT»
OUCYUNTIUH / /
Ilpomoxkon Ne
«__» 20 e «__» 20 e
Ilpeoceoamens ITL[K
Buier Ne 20

1. DnekTpoMarHuTHbIE BOJIHBI U UX CBOMCTBA. [[pUHIIMIIBI paIMOCBSI3U U IPUMEPHI UX
MPaKTUYECKOTO UCIIOIb30BAHMUS.
2. JIBe anexTpuyeckue JaMibl MOIHOCTHIO 100 1 25 BT BKIIFOUEHBI TApAIIIEIBHO B CETh

HanpspkeHreM 220 B, Ha KoTopoe oHM paccuuTaHbl. B crimpainy kakoi JIaMIibl cuiia TOKa O0JIbIle U BO

CKOJIbKO pa3?

«PACCMOTPEHO» «YTBEPX/[AIO»

Ha 3aceo0anuu 3am.oupexmopa no YP

1II[K obweobpazosamenbHbix I'BIIOY PC(A) «JITT»
OUCYUNJIUH / /

Ilpomoxon Ne

« _» 20 e « _» 20 e

Ilpeoceoamens ITLIK

Buaer Ne 21

1. BomHOBEIE CBOMCTBA CBETA. 9HeKTp0MaFHI/ITHaﬂ npupoaa CBCTa.

2. Ha xakoM paccrostauu apyr ot apyra 3apsas! 1 MkKoi u 10 K B3anMoneicTByroT ¢ cuitoit 9

MH?

«PACCMOTPEHO» «YTBEPX/[AIO»
Ha 3ace0aHuu 3am.oupexmopa no YP
K obweobpazoseamenbHblx I'BIIOY PC(A) «JITT»

OUCYUNTIUH / /
IIpomoxon Ne
« _ » 20 e « _» 20 e
Ilpeoceoamens ITLIK

Bbuner Ne 22

1. OmeiTel Pe3epdopaa mo paccessHUIO a-4acTHIl. SlnepHas MOeTh aToMa.
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2. IIpoBOAHUK, y KOTOPOTO IIONIAk HoNepednoro cedenus 0,5 Mmm? 1 conpotuieHreM 16 O,
HaJI0 3aMEHUTh IIPOBOJJHUKOM M3 TOT'0 )K€ Marepuaa u TO e JUIMHBI, HO conpoTuBieHreM 80 Om.

Kakoii momaan monepevHoro ce4eHus MpOBOAHUK HEOOXOAMMO TOA00PATh ISl 3TOM 3aMEHBI?

«PACCMOTPEHO» «YTBEPX][AIO»

Ha 3aced0anuu 3am.oupexmopa no YP

1II[K obweobpazosamenbHbix T'RIIOY PC(A) «JITT»
OUCYUNTIUH / /

Ilpomoxon Ne

«__» 20 e «__» 20 e

Ilpeoceoamens I1LK

Buier Ne 23

1. Ucniyckanue ¥ MorioneHne cBeta aromaMu. CIieKTpaJIbHbIN aHATU3.
2. OnpenenuTe CUily TOKa KOPOTKOTo 3aMbikanus 6arapeu, IJC xoropoit 15 B, ecnu ipu

NOJKJIIOYEHUH K Hell pe3ucropa conporuieHreM 3 OM cuia TOKa B LIENH COCTaBisieT 4 A.

«PACCMOTPEHO» «YTBEPK/[AIO»

Ha 3acedaHuu 3am.oupekmopa no YP

11K obweobpazosamenvbHvix I'RIIOY PC(A) «JITT»
OUCYUNTIUH / /

Ilpomoxon Ne

«_» 20 e « _» 20 e

IIpeoceoamens I1[K

Buaer Ne 24

1. ®oToaddexT u ero 3akoHbl. YpaBHeHHe DiiHIITelHA U1 poTodddekra. [Ipumenenue

dororpdexTa B TEXHUKE.

v 2
2. Teno, aBurasce IPSAMOJIIMHEMHO ¢ yCKOpeHUeM 5 m/c ©, nocturio ckopoctu 30 m/c, a 3arem,

ABUTaACh paBHO3aMCIJICHHO, OCTAHOBUJIOCH UCPE3 10 c. Onpe,ueJme nyTh, HpOfI,Z[CHHLIfI TCIIOM.

«PACCMOTPEHO» «YTBEPX/[AIO»

Ha 3ace0aHuu 3am.oupexmopa no YP

IIJK obweobpazoeamenbHblx I'BIIOY PC(A) «JITT»
OUCYUNTIUH / /

Ilpomoxkon Ne

« _ » 20 e «__» 20 e

Ilpeoceoamens ITL[K
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Buier Ne 25
1. CocraB sapa atoma. M3oTonsl. DHeprus cBsi3u sapa aroMa. LlenHas sinepHas peakuus.
VYcenoBus ee nporekanus. TepMosiepHble peakLuu.
2. Ilpu noxkroYeHUH JaMIIOUKH K Oarapee ameMeHToB ¢ JJIC 4,5 B BonsT™MeTp moKazan

HamnpspKeHue Ha jgamiouke 4 B, a amnepmerp — cuity Toka 0,25 A. KakoBo BHYTpEeHHEE CONPOTUBIICHUE

Oarapeu?

«PACCMOTPEHO» «YTBEPK]/[AIO»
Ha 3acedaHuu 3am.oupexkmopa no YP
K obweobpazosamenbHblx I'BIIOY PC(A) «JITT»

OUCYUNTIUH / /
Ilpomoxkon Ne
«_» 20 e « _» 20 e
Ilpeoceoamens I1LK

Bujer Ne 26
1. PanoakTuBHOCTh. BU/IbI paInOaKTUBHBIX H3JIYUYECHUH U METOBI UX PETHCTPALIUH.

buonoruyeckoe ,HeﬁCTBPIC HOHU3UPYIOIIUX HSHYHCHHﬁ.

2. 3ama4ya Ha BBIYMCIICHUE MACChI BO3/IyXa B KJIIACCHOW KOMHATE MPH MTOMOIIN HEOOXOAMMBIX

WU3MEPEHHUN U PacUETOB.

«PACCMOTPEHO» «YTBEPX][AFO»

Ha 3ace0anuu 3am.oupexmopa no YP

IIJK obweobpazoeamenbHblx I'BIIOY PC(A) «JITT»
OUCYUNTIUH / /

IIpomoxon Ne

« _» 20 e « _» 20 e

Ilpeoceoamens ITL[K

Buaer Ne 27

1. CBO6OI[HLIC 1 BBIHY>KACHHBIC SJICKTPOMAariuTHLIC koneOanus. KoneOarenpHbIiM KOHTYp U

IpeBpalleHHe YHEPTUN TIPU 3JEKTPOMArHUTHBIX KOJIEOaHHSIX.
2. IIpoBosiouHas cnivpalib, CONPOTUBIEHNE KOTOPOM B HArPETOM COCTOSIHUH paBHO 55 OM,

BKJIIOUYEHA B CeTh HarpsbkeHueM 127 B. Kakoe KOTM4ecTBO TEIUIOTHI BBIACISET 3Ta CIUpaJib 3a 1 MuH?
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«PACCMOTPEHO» «YTBEPX][AIO»

Ha 3acedaHuu 3am.oupexmopa no YP
1K obweobpazosamenbHblx I'BIIOY PC(A) «JITT»
OUCYUNTIUH / /
Ilpomoxkon Ne
«__» 20 e «__» 20 e
Ilpeoceoamens ITL[K
Buier Ne 28

1. Konnencaropsl. DIEKTPOEMKOCTh KOHIeHcaTopa. [IpuMeHeHe KOHIeHCaTOPOB.

2. Ta3 npu pasnennu 0,2 MITa u temneparype 15° C umeer 06bem 5 11. UeMy paBeH 00beM rasa

ATON Macchl IPU HOPMAJIbHBIX YCIOBUSX?

«PACCMOTPEHO» «YTBEPK/[AIO»

Ha 3acedaHuu 3am.oupexkmopa no YP

TI[K obweobpazosamenbHblx I'BIIOY PC(A) «JITT»
OUCYUNTIUH / /

Ilpomoxkon Ne

«_» 20 e « _» 20 e

Ilpeoceoamens I1LK

Buaer Ne 29

1. KOH,[[GHC&TOPBI. 3JICKTpO€MKOCTB KOHACHCATOpA. HpI/IMCHeHI/Ie KOHACHCATOPOB.

2. T'a3 npu nasnennu 0,2 MITa u temneparype 15° C umeet 06beMm 5 11. UeMy paBeH 00beM rasa

ATON Macchl NPU HOPMAJIbHBIX YCIOBUSX?

«PACCMOTPEHO» «YTBEPX][AFO»

Ha 3ace0anuu 3am.oupexmopa no YP

IIJK obweobpazoeamenbHblx I'BIIOY PC(A) «JITT»
OUCYUNTIUH / /

Ilpomokon Ne

« _ » 20 e «__» 20 e

Ilpeoceoamens ITL[K

Buier Ne 30

1. IMonynpoBoauuku. CoOCTBEHHAs! ¥ MPUMECHAs! POBOAUMOCTb MOTYIPOBOAHHUKOB.
[TomynpoBOAHUKOBBIE TPUOOPBHI.
2. Cuuras opbury JIyHbl KpyroBoii, onpeaenuTe JUHEHHYI0 CKOPOCTh ABHKEHUS JIyHbI BOKpYT

3emn. Macca 3emnu 5,98-10%*kr. Cpennee paccTosHIe Mex Iy LeHTpamu 3emn u JIynsr 3,84-108m.
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