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HﬂCl’[OpT KOMILIIEKTA KOHTPOJbHO-OICHOYHBIX CPEACTB

OcBoenune coxaepxkanusi ydeOHor auciuiuimabl  «OO0/.12  OU3UKA»
obecrieunBaeT JOCTUKEHUE CTYJICHTAMU CJIEAYIOIINX PE3yJIbTaTOB:

JUYHOCTHBIX (JI):
- JI.1. Pa3BuTHE YyBCTBA TOPJOCTH M YBAXKEHUS K HUCTOPUU M JTOCTHUIKECHUSIM
OTEUYECTBEHHOU (u3nueckol Hayku; (U3UYECKH TpPaMOTHOE TIOBEJACHUE B
npo¢eCCUOHANILHON JICSITEIIPHOCTH W OBITY TIpU OOpallleHHH ¢ TpubdopamMu U
YCTPOMCTBAMHY;
- JI.2. TOTOBHOCTH K MPOJIOJDKEHUIO 00pa30BaHMs U TOBBIICHUS KBATU(DUKAIIUN B
n30paHHOM TPO(PeCcCHOHANBHON NEATEeIbHOCTH U OOBEKTUBHOE OCO3HAHHME POJIHU
(bU3UYECKNX KOMIIETEHIIUMA B 3TOM;
- JI.3. Pa3BuTtne yMeHHsI HCIIOIb30BaTh JOCTHXKEHUS COBPEMEHHOW (BHU3MUECKOMN
HaykKh ©W  (U3MYECKUX  TEXHOJOTMWA  JJI1  TIOBBIIIEHUA  COOCTBEHHOTO
WHTEJUICKTYaJTILHOTO Pa3BUTHS B BRIOpaHHOU MPOGECCUOHATBHON JESTENHHOCTH;
- JI.4. YMeHue caMOCTOSATENIbHO JT0O0BIBaTh HOBBIC ISl ce0sl (pU3HYECKUE 3HAHMS,
UCIIONB3YS JIJISl 3TOTO JOCTYIMHBIE UICTOYHUKHU MH(DOpMALINY;
- JI.5. YMeHune BbICTpauBaTh KOHCTPYKTHMBHBIE B3AMMOOTHOLICHUS B KOMAHAE IO
pelieHno o0IuX 3a/1a4;
- JI.6. YMmeHue ynpaBisATh CBOEH IMO3HABATEIBHOW JIESITEIbHOCTBHIO, MPOBOIAUTH
CaMOOIIEHKY YPOBHS COOCTBEHHOTO HHTEJICKTYaJIbHOT'O PAa3BUTHSI,
MeTtanpeaMeTHbix (M):
- M.1. HMcnonp30BaHu€ pPa3IWYHBIX BHJAOB MO3HABATEIbHOW AEATEIBHOCTH IS
pemienuss (HU3MYECKUX 3ajJad, MPUMEHEHHE OCHOBHBIX METOJOB IO3HAHUS
(HabnrofieHUs, OMUCAHUsI, U3MEPEHHUS], IKCIIEPUMEHTA) TSI U3YUCHUS Pa3TUUYHBIX
CTOPOH OKPYXaroUen TeUCTBUTEIbHOCTH;
- M.2.Pa3BuTHEe UCNOJIb30BAHUA OCHOBHBIX HWHTEIUICKTYaJbHBIX OIEpaLIMii:
MOCTAHOBKH 3aJa4u, (POpMyYIUPOBAHUS TMIOTE3, aHAIN3a U CUHTE3a, CPAaBHEHMUS,
0000IIIeHNsI, CHUCTeMaTU3allii, BBISBICHUS IPUYMHHO-CIICICTBCHHBIX CBSI3CH,

MOMCKA aHAJIOTOB, (POPMYJIMPOBAHUS BBIBOJOB I U3YUYECHHS Pa3IM4YHBIX CTOPOH



bu3nYecKuXx OOBEKTOB, SIBIEHUA M MPOLECCOB, C KOTOPHIMU BO3HUKAET
HE0OXOIMMOCTb CTAJIKUBATHCS B IpodeccuoHaabHOM cdepe;
- M.3.PazButne ymeHHS TEHEpUpPOBaTh HJAEHM M ONPEHENATh CpPEJCTBA,
HEO0OXOIMMBIE ISl X pealin3aluu;
- M.4. YMeHue ucronb30BaTh pa3iuyHble HCTOYHUKU JIJIS TTOJTYyYeHUS (PU3UUECKOM
uH(OpMaIK, OLIECHUBATH €€ IOCTOBEPHOCTH;
- M.5. YmMmeHue aHaIM3UpOBAaTh U MPEACTABIATH MHPOPMAIMIO B PA3TUIHBIX
BUJIAX;
- M.6. VYmenwe nyOJMYHO TPEACTABIATH  PE3yJbTaTbl  COOCTBEHHOTO
WCCIIEOBAHUS, BECTU IUCKYCCUHU, JOCTYITHO U TAPMOHUYHO COYETas COJIEPHKAHUE
U (opMBI IIpeIcTaBIsIeMOr HHPOpMAITIH;

npeameTHsbIx (I1):
- [1.1. dopmupoBanue MpencTaBICeHUN O Posid U MecTe (U3UKH B COBPEMEHHOM
HAy4YHOW KapTHHE MHpA; MOHUMaHUE (PU3MUYECKOM CYIIHOCTH HAOIIOJAeMBIX BO
Bcenenno#t  siBienuwit, ponu  Qusuku B (HOPMHPOBAHMHM ~ Kpyrozopa u
(GYHKIIMOHAIBHOM TPAMOTHOCTHU YeJIOBEKA JIJIsl PEIISHUS MPAKTUYECKUX 3a1ad
- I1.2. ®opMupoBaHME  OCHOBOIOJIATAlOMIUX  (U3UYECKUX  TOHSITHUH,
3aKOHOMEPHOCTEH, 3aKOHOB M TEOPHH; YBEpPEHHOE HMCIOJIb30BaHUE (PU3MUECKOU
TEPMUHOJIOTUHU U CUMBOJIUKH,
- I1.3. ®opmMupoBaHue BIaACHUS OCHOBHBIMM METOJAAMH HAYYHOIO NO3HAHUS,
UCTIONB3YyeMbIMH B (pusuke: HaOMIOJCHUEM, OIUCAHHEM, HU3MEPEHUEM,
HKCIIEPUMEHTOM;
- I1.4. VYwmenuss oOpabGaTbiBaTh pe3yJbTaThl HW3MEPEHHUM, OOHAPYKUBAThH
3aBUCUMOCTh MEXJy (U3MYECKUMH BEITUYUHAMH, OOBSCHITH TOJYYEHHBIC
pE3yAbTaThl U JACNaTh BHIBOBI,
- IL.5. ChopmupoBaHHOCTH yMEHUS peliaTh PU3NUECKUE 3a/1a4H;
- I1.6. CdopMupoBaHHOCTb yMEHUS NPUMEHATh I[OJTYUYEHHBbIE 3HAHMS IS
OOBSCHCHMsI  YCJIOBHH TPOTEKaHWs (PU3NYECKWX SBICHUW B  TMPHUPOJIE,
npodeccruoHanbHOil cdepe W AN NPUHATUS [PAKTUYECKUX pElIeHUuH B

IOBCEIHEBHOM KU3HH;



- I1.7. ChopMupoBaHHOCTH COOCTBEHHO! MO3UITUH 1O OTHOIICHUIO K (PU3UIECKOM
uH(dOpMaIK, MOJTy4YaeMOl U3 Pa3HbIX HCTOYHUKOB.

JIMYHOCTHBIX, 0CBAMBAEMbIX B paMKax nporpammsl Bocnuranus (JIP):

- JIP2 TlposBrsroniuii aKTUBHYIO TPaKIaHCKYIO TO3UIUIO, JEMOHCTPUPYIOITUI
IPUBEPKEHHOCTh ~ NPUHUUIIAM  YECTHOCTH, MOPSAOYHOCTH,  OTKPBITOCTH,
DKOHOMHYECKH aKTUBHBIA M YYaCTBYIOLIMK B CTyJACHYECKOM M TEPPUTOPHUATIBLHOM
CaMOYIpaBJICHUU, B TOM YHUCJIE Ha YCJIOBUAX JOOPOBOJIBYECTBA, MPOJYKTUBHO
B3aUMOJICHCTBYIOIIUH W  yYaCTBYIOIIMM B  JEATEIBHOCTH  OOIIECTBEHHBIX
OpraHu3alnui;

- JIP4 IlposiBisitoliMii W JEMOHCTPUPYIOIIMM yBaXXEHUE K JIOASIM TpyJa,
OCO3HAIOUIUI IIEHHOCTh cOOCTBEHHOTO TpyAa. CTpemsiuiics Kk GOpMHPOBAHUIO B
CETEeBOM Cpejie TMYHOCTHO U MPOPECCUOHATBHOIO KOHCTPYKTUBHOTO «IIU(POBOTO
ciena;

- JIP23 Ilomyuenue OOydYarOIIMMHCS BO3MOXHOCTH CAMOPACKPBITHS U
caMopeanu3anus JMYHOCTH;

- JIP30 OcyuiecTBASIOMUNA TOUCK U UCIOJIb30BaHUE MHGOPMAILIMK, HEOOXOIUMOM
g 3(pGEKTUBHOTO BBIMOJHEHUS PA3IWYHBIX 3a/1ad, MpOo(ecCHOHATBHOTO U
JIMYHOCTHOTO Pa3BUTHS.

®opMoii aTTecTaluy 1Mo y4eOHOM TUCHUIUTMHE SBIISETCA SK3aMEH.



1. Pe3yabTaTrhl 0CBOCHUS YUeOHOH TUCHUIJIMHBI, NOJIeKALMe IPOBEPKe.

B pesynbrare arrectanuu 1o y4eOHOM MUCIUIUIMHE OCYIIECTBIISIETCS
KOMIUIEKCHAsl TMPOBEpPKA CIEAYIOMMX YMEHUM W 3HAaHHWM, a TaKXKe JIMHAMHKa

KOMHGTGHHI/Iﬁ N JIMYHOCTHBIX

dbopMupoBaHusS OOIIHX,

npodeccruoHaIbHBIX

PE3YJIBTATOB B paMKax IIpOrpaMmMbl BOCIIMTAHHA:

Pesynbrarel 00yueHus:

Ilokazarenu oreHKH
pe3yJbTara.

dopma KOHTPOJIA
Y OLICHUBAaHUSI.

¥Y1. OmuceBaTb W OOBICHATH
(bu3nYecKue SBJICHUS U CBONCTBA
TEJI: IBW)KEHHNE HEOECHBIX TENI U
HCKYCCTBEHHBIX CITyTHUKOB
3emiu; CBOMCTBa razos,
JKAJIKOCTEM W TBEPABIX TEI;
AIEKTPOMArHUTHYIO HMHJYKIIHIO,

pacrpocTpaHeHue
AIIEKTPOMArHUTHBIX BOJIH,
BOJIHOBLIC  CBOMCTBAa  CBETAa;

U3JTyYeHUE U TIOTJIOIICHHE CBETa
atoMoM; (hoTod(heKT.

OnuceiBaeT u OOBSICHSAET
dbuzndeckue sIBICHUS U CBOMCTBA
TEJI. JIBIDKEHUE HEOECHBIX TeN U
HCKYCCTBEHHBIX CITyTHUKOB
3emn; CBOMCTBa razos,
JKUAJIKOCTEd W TBEPABIX TEJ;
ANEKTPOMArHUTHYIO HMHJIYKIHIO,

pacnpoCTpaHeHHe
ANEKTPOMArHUTHBIX BOJIH;
BOJIHOBBIC  CBOMCTBA  CBETAQ;

M3IIyYeHUE W TIOTJIONICHNE CBETa
aToMoM; (hoTor(deKT.

Y CTHBIN Onpoc;
JlaGopartopHas
pabora,
TectupoBanue;
CaMocTosTenbHas
pabora,

¥Y2. Ornuyarh THOOTE3BI
HayYHBIX TEOPHUH.

oT

Otnuyaer TUITOTE3BI OT
Hay4YHBIX TEOPHUL;
Opranu3oBbIBaTh COOCTBEHHYIO
NEeSATENbHOCTD, BEIOWPATH
TUIIOBBIE METOJbl U CIOCOOBI
BBITIOJTHEHUSI

po(eCcCUOHATIBHBIX 3ajad4,
OLICHUBaTh UX 3(P(HEKTUBHOCTH
U Ka4yecTBO.

YcTHBIN 0npoc;
JlabopaTopHas
pabora;
TectupoBaHnue;
CamocTosiTenbHas
pabora;

V3. Jlenath BBIBOJBI HA OCHOBE
AKCIEPUMEHTAIBHBIX JaHHBIX.

I[eﬂaeT BBIBOJAbBI Ha OCHOBC
OKCIICPUMCHTAJIbHBIX JAHHBIX]

Y CTHBINM OnpoC;
JlabopaTopHas
pabora;
TectupoBaHnue;
CamocrosrenbHas
paborTa;

Y4. IlpuBoauTh  NpPUMEPHL,

[TpuBoaut [IPUMEPEL,

Y CTHBIN 0npoC;




IMOKa3bIBAIOIIIHE, YTO:
HAOJIOACHUSI W DKCIEPUMEHT
SIBJISIFOTCSI OCHOBOH JIS
BBIABIKEHHUS TUIIOTE3 "
TEOPHUH, MO3BOJISIOT MPOBEPUTH
HCTUHHOCTD TEOPETUUCCKHUX
BBIBOJIOB; (hU3nMUecKas Teopus
JIa€T BO3MOYKHOCTH OOBSICHSTH
W3BECTHBIC SIBJICHUS MTPUPOJIBI U

IMOKa3bIBAIOIIHE, YTO:
HaOJIIONIEHUSI W OKCIIEPUMEHT
SIBJISIFOTCS OCHOBOM s
BBIABIKECHHUS TUIIOTE3 u
TEOPHH, MO3BOJISIOT MPOBEPUTH
MCTUHHOCTD TEOPETUUCCKUX
BBIBOJIOB; (U3UYECKas TEOpHs
JTaeT BO3MOXKHOCTb OOBSICHSATH
W3BECTHBIE SIBJICHUS IPUPOJIBI U

JlaGoparopHas
pabora;
TectupoBaHnue;
CamocTrosTenbHas
paborTa;

Hay4HbIC bakThl, | HAyYHBIC (bakThl,

IIpeICKa3bIBaTh eule | IpeACKa3blBaTh e

HEH3BECTHBIC SBJICHUS. HEU3BECTHBIC SBJICHHUSI.

¥5. IlpuBoxute  mnpumepsl | [IpuBoaut IIPUMEPHI | Y CTHBIN ONPOC;

MPAKTUYECKOT'O HUCIOIb30BAHUS
buU3MYEeCKUX 3HAHWMA: 3aKOHOB
MEXaHUKH, TEPMOJUHAMUKHU M
ANEKTPOANHAMUKHI B
SHEPIreTUKE; Pa3JIMYHBIX BHJIOB
ANEKTPOMArHUTHBIX H3JIYyYEHUU
Ui pa3BUTUSL  paguo |
TEJICKOMMYHUKAIINM,

KBaHTOBOW (PM3WKH B CO3JaHUU
AIEPHON YHEPrETUKH, JTA3EPOB.

MPAKTUYECKOTO HCIOJIb30BaHUs
($u3MUeCKUX 3HAHWUN: 3aKOHOB
MEXaHUKH, TEPMOJUHAMUKH H
ANEKTPOANHAMUKHI B
SHEPIreTUKE; Pa3JIMYHbIX BHUJIOB
ANEKTPOMArHUTHBIX H3JITYyYEHU
UL pa3BUTUSL  paguo U
TEJICKOMMYHUKAIINH,

KBaHTOBOW (PM3HUKHU B CO3JIaHUU
SIEPHON YHEPrETUKH, JTA3EPOB.

JlabopaTopHas
paborTa;
TectupoBaHnue;
CamocrosiTenbHas
paborTa;

Yeé. Bocnpuaumate u Ha | BocnmpuHuMaeTr M Ha OCHOBE | YCTHBIN OIPOC;
OCHOBE TIOJIYYEHHBIX 3HAHUH | HOJYYEHHBIX 3HaHuil | JlabopaTopHas
CaMOCTOSITEIILHO OLICHUBATh | CAMOCTOSITEIBHO OLICHMBAET | paboTa;
uHpopmalmio, coaepxamlyrocs | uHdopmaluio, coaepxaimrytocs | TectupoBanue;
B COOOIIEHUIX CMHU, B COOOIIEHUAX CMHN, | CamocTosTenpHas
WNutepHere, HayyHO- | UHTEepHeTe, HAy4HO- | paboTa;
MOMYJISIPHBIX CTaThSIX; HNOMYJISIPHBIX CTaThAX;
Y7. llpumensate nonydeHHble | [Ipumenser MOJy4YEHHBIE | Y CTHBIN ONPOC;
3HAHUS npu pEUIEHNHU | 3HAHUS npu pemienuu | JJaboparopHas
bu3nueckux 3aaad; crnocoObl | PU3MYECKUX 3a/1ay. pabora;
BBITIOJIHEHHS. TectupoBanue;
CamocTrosTensHas
paborTa;
¥Y8.0npenenars xapakrep | Onpenensier XapakTep | YCTHBIN onpoc;
dbusnueckoro  mporecca 1o | puznueckoro  mponecca 1o | Jlaboparopnas
rpaduky, Tadnuie, popmyre. rpaduky, Tadauie, popmyre. pabora;
TectupoBanue;
CamocTrosiTenbHas
paborTa;
¥Y9. Usmepsts psag pusnueckux | M3mepsier psan  Qusmdeckux | YCTHBIN OMpoc;
BEJIMYUH, MIPEACTABIISIS | BEJIMYHMH, npenacrasiss | JlaboparopHast




pe3yabTaThl  HM3MEPEHUWM  C | pe3ysbTaThl  U3MEPEHHl ¢ | pabora;

YYETOM HX IOTPELIHOCTEMN. Y4ETOM HX IOTPELIHOCTEM. TectupoBaHnue;
CamocTrosiTenbHas
paborTa;

Y10. Ucnonb3oBats | Mcrionb3oBaTh NpUOOPETEHHBIE | Y CTHBIM OMPOC;

NpUOOpETeHHbIE  3HAHUS W | 3HAHUS " YMEHUS B | JlabopaTopHas

YMEHHUS B MPAKTUYECKOHN | IPAKTUIECKON NESITEIHOCTH U | paboTa;

JEATENBHOCTH U MOBCEJHEBHOM | IOBCEIHEBHOW KU3HU. TectupoBaHnue;

JKA3HU. CamocTosiTenbHas
pabora;

31. Cwmbicn MOHSTHUH: | 3HAET CMBICJI MOHATHUM: | Y CTHBIN OIpPOC;

¢dusnueckoe ABJICHHE, | pU3nUecKoe aBieHue, | JlJabopatopHas

TUNOTEe3a,  3aKOH,  TEOopus, | TMIIOTe3a,  3aKOH,  Teopws, | paborta;

BEIIECTBO,  B3aMMOJICHCTBUE, | BEIIECTBO,  B3aUMOJIECHCTBUE, | TeCcTUpOBAHUE;

AJEKTPOMArHUTHOE MOJIE, | 3JIEKTPOMArHUTHOE nose, | CaMocTosITenbHAS

BOJIHA, (JOTOH, aTOM, aTOMHOE | BOJIHA, (POTOH, aTOM, aTOMHOE | paboTa;

A7po, MOHU3UPYIOIIUE | PO, MOHU3HUPYIOIIHE

W3JIyYeHUs, IUIAHETa, 3BE€3/a, | U3JIyYCHHs, IUJIaHeTa, 3Be3[a,

rajakTuka, BceneHnnas. rajaktuka, BceneHunas.

32. Cwmbicn ¢busndeckux | 3HaeT  CMBICH  (U3HUECKHUX | Y CTHBIN OMpoc;

BEJIMYMH: CKOpPOCTb, | BEJINYHH: CKOpOCTb, | JITaboparopHas

YCKOpEHHE, Mmacca, cuia, | yCKOpEHHUeE, Mmacca, cuia, | pabora;

MMITYJIbC, paboTa, | UMITYJIbC, paborta, | TectupoBanue;

MEXaHuYecKas JHEprusl, | MEXaHU4eCKas sHeprus, | CamocTosTenbHas

BHYTPEHHSIS SHEprusl, | BHYTPECHHSA sHeprus, | pabora;

abcomtoTHas TeMIiepaTypa, | abcoatoTHas TeMneparypa,

CpCAHAA KUHCTUYCCKAS OHCPTIUA
qaCTul BCHIICCTBA, KOJIHMYCCTBO

CpCAHAA KUHCTHYCCKAS OHCPTIUA
qacCTull BCIICCTBA, KOJIHMYCCTBO

TEIUIOTHI, AJIEMEHTAPHBIN | TEIJIOTHI, AJIEMEHTAPHBIN

DIEKTPUYECKUM 3apsill. AJIEKTPUYECKUU 3apsil.

33. Cwmbicn ¢uznyeckux | 3HaeT  cMbIcH  (pu3MUECKUX | Y CTHBIN OMpoC;
3aKOHOB KJIACCUYECKOM | 3aKOHOB Kiaccuueckol | JlJaboparopHas
MEXaHUKH, BCEMUPHOTO | MEXAHUKH, BCEMHUPHOTO | paboTa;
TATOTEHUS, COXpPAaHEHHUS | TATOTCHUS, coxpaHenus | TectTupoBaHue;
SHEpIuu, MMITYJIbCa U | DHEPIUH, MMITyJIbCa u | CamocTosiTeNbHAs
AIEKTPUYECKOTO 3apsia, | SIEKTPUUECKOTO 3apsja, | paboTa;
TEPMOJUHAMHUKHU, TEPMOJANHAMHUKU,

DJIGKTPOMArHUTHOW HWHIYKIIUH,
dboTtorddexra.

AJIGKTPOMArHUTHOW WHIYKIIUH,
doTorddexra.

34. Bkiiagm poccuiickux W
3apyOeKHBIX YYEHBIX,
OKa3aBIIMNX HauOoJIbIIIee

BJIMSIHUC HA Pa3BUTHC (1)1/13I/IKI/I.

3HaeT BKJAJ POCCUWUCKUX H
3apyOeKHBIX YYEHBIX,
OKa3aBIINX HanOoJIbIIICe
BIIUSIHUC HA Pa3BUTHE (PU3UKH.

YcTHBIN Onpoc;
JlabopaTopHas
pabora;
TectupoBanue;
CamocrosrenbHas
paborTa;







3. Ouenka ocBoeHUs1 y4eOHOH TUCHHUIJIMHBI:

3.1 ®opMbl U METOAbI KOHTPOJISI.

[IpeqmMeToM OLEHKM CcIIy’KaT yMEHHs W 3HaHus, npeaycmorpeHHsle OI'OC mo
mucuuruinie OY (.11 ®U3UKA, nanpaBineHHble Ha (popMUpoOBaHHE OOIIUX U
npo(heCCUOHATIBHBIX KOMIETEHIINM, a TaKKe JINYHOCTHBIX PE3yJIbTaTOB B paMKax
IIPOrpaMMBbl BOCIIMTaAHUS.



KoHTpoJIb 1 O1leHKa 0CBOEHMS Y4eOHOM TUCHMILIMHBI 110 TeMaM (pa3aesiam)

OnemeHT Y /1 DopmMBbI U METOBI KOHTPOJIS
TeKkymui KOHTPOJIb Py0GexxHbIll KOHTPOJIb ITpoMeKyTOUYHAs aTTecTalysl
DopMbl [IpoBepsiembie DopMbI [IpoBepsiembie dopma [IpoBepsiembie
KOHTPOJIA JI, I, M, JIP KOHTPOJIA JI, I, M, JIP KOHTPOJIS JI, I, M, JIP
Paznea 1. Bxomnoin OK 01-OK 07; OK3aMeH I OK 01-OK 07;
MexaHHKa KOHTPOJIb, JI.1.-J1.6.; M.1.- JI.1.-J1.6.; M. 1.-
KPNel M.6.; I1.1.-1L.7; M.6.; I1.1.-11.7.;
JIP2, JIP4, JIP2, JTP4,
JIP23, JIP30 JIP23, JIP30
Tema 1.1. YO, T, CP OK 01-OK 07;
OCHOBBI JI.1.-J1.6.; M. 1.-
KHUHEMaTHKH M.6.; I1.1.-I1.7.;
JIP2, JIP4,
JIP23, JIP30
Tema 1.2 YO, T, CP OK 01-OK 07;
OCHOBBI TMHAMUKH JI.1.-J1.6.; M.1.-
M.6.; I1.1.-I1.7.;
JIP2, JIP4,
JIP23, JIP30
Tema 1.3 YO, T, CP OK 01-OK 07;
3aKOHBI COXPAHEHUS JL.1.-JL1.6.; M.1.-
M.6.; I1.1.-I1.7.;
JIP2, JIP4,
JIP23, JIP30
Paznen 2. KPANe?2 OK 01-OK 07; Ixzamen I OK 01-OK 07;
MouJiekyJisipHasi JIL1.-J1.6.; M. 1.- JILL1.-JI1.6.; M.1.-




(¢u3uKa v OCHOBBI M.6.; I1.1.-I1.7; M.6.; 11.1.-11.7.;
TePMOANHAMUKU JIP2, JIP4, JIP2, JIP4,
JIP23, JIP30 JIP23, JIP30
Tema 2.1 YO, CP, JIPNel | OK 01-OK 07;
OCHOBBI JI.1.-J1.6.; M.1.-
MOJIEKYJISIPHO- M.6.; I1.1.-11.7.;
KHHETHYECKOMN JIP2, JIP4,
TEOPHHU ra30B JIP23, JIP30
Tema 2.2 YO, CP OK 01-OK 07;
OCHOBEI JI.1.-J1.6.; M.1.-
TEPMOJIMHAMUKH M.6.; I1.1.-I1.7.;
JIP2, JIP4,
JIP23, JIP30
Tema 2.3 VO, T, CP, OK 01-OK 07;
ArperaTHeie JIPNe2, JIPNe3 | JI.1.-J1.6.; M.1.-
COCTOSTHUS M.6.; I1.1.-I1.7.;
BEIIIECTBA U JIP2, JIP4,
(ha3oBbIC IEPEXOIBI JIP23, JIP30
Pa3nen 3. KPNe3 OK 01-OK 07; Okzamen I OK 01-OK 07;
DJIeKTPOAUHAMUKA JL1.-J1.6.; M.1.- JLL1.-J1.6.; M.1.-
M.6.; I1.1.-I1.7.; M.6.; I1.1.-I1.7.;
JIP2, JIP4, JIP2, JIP4,
JIP23, JIP30 JIP23, JIP30
Tema 3.1 VO, T, CP, OK 01-OK 07;
DIIEKTPUUECKOE JIPNe4 JL.1.-JL1.6.; M.1.-
roJie M.6.; I1.1.-I1.7.;
JIP2, JIP4,

JIP23, JIP30




Tema 3.2 VO, T, CP, OK 01-OK 07;
3aKOHBI JIPNeS, JIPNe6, | JI.1.-J1.6.; M.1.-
nmocTostHHOrO Toka | JIPNe7, JIPNe8, | M.6.; I1.1.-11.7;
JIPNe9, JIPNe10 JIP2, JIP4,
JIP23, JIP30
Tema 3.3 VO, T, CP, OK 01-OK 07;
DNEKTPUUECKUN TOK JIPNel1 JI.1.-J1.6.; M.1.-
B Pa3JIMYHBIX M.6.; I1.1.-I1.7.;
cpenax JIP2, JIP4,
JIP23, JIP30
Tema 3.4 VO, T, CP OK 01-OK 07;
MarsauTHoOe moJjie JI.1.-J1.6.; M. 1.-
M.6.; I1.1.-I1.7.;
JIP2, JIP4,
JIP23, JIP30
Tema 3.5 YO, T, CP OK 01-OK 07;
DJIeKTpOMarHuTHas JI.1.-J1.6.; M.1.-
WHYKIUS M.6.; I1.1.-11.7.;
JIP2, JIP4,
JIP23, JIP30
Pa3znen 4 KPNe4 OK 01-OK 07; Okzamen I OK 01-OK 07;
Kounebanusi u JI.1.-J1.6.; M.1.- JI.1.-J1.6.; M. 1.-
BOJIHBI M.6.; I1.1.-I1.7.; M.6.; I1.1.-11.7.;
JIP2, JIP4, JIP2, JIP4,
JIP23, JIP30 JIP23, JIP30
Tema 4.1 VO, T, CP OK 01-OK 07;
MexaHndeckue JI.1.-J1.6.; M. 1.-
KoJIcOaHUsI ¥ BOJIHBI M.6.; I1.1.-11.7.;




JIP2, JIP4,

JIP23, JIP30
Tema 4.2 VO, T, CP, OK 01-OK 07;
DJIEKTPOMArHUTHBIE JIPNe12 JI.1.-J1.6.; M.1.-
KoJIcOaHUS ¥ BOJIHBI M.6.; I1.1.-I1.7.;
JIP2, JIP4,
JIP23, JIP30
Paszaea 5. OnTuka KPNe5 OK 01-OK 05; Oxzamen I OK 01-OK 05;
JI.1.-J1.6.; M.1.- JI.1.-J1.6.; M. 1.-
M.6.; I1.1.-I1.7.; M.6.; I1.1.-11.7.;
JIP2, JIP4, JIP2, JIP4,
JIP23, JIP30 JIP23, JIP30
Tema 5.1 YO, CP, OK 01-OK 05;
[Ipupona cera JIPNe13 JI.1.-J1.6.; M.1.-
M.6.; I1.1.-I1.7.;
JIP2, JIP4,
JIP23, JIP30
Tema 5.2 YO, CP, OK 01-OK 05;
BoHoBEBIE CBOMICTBaA JIPNe14, JI.1.-J1.6.; M. 1.-
CBeTa JIPNel5 M.6.; I1.1.-I1.7.;
JIP2, JIP4,
JIP23, JIP30
Tema 5.3 VO, T, CP OK 01-OK 05;
CnenmanbHas JI.1.-J1.6.; M.1.-
TEOPUSI M6, HI-H7,
OTHOCHMTEIEHOCTH JIP2, JIP4,
JIP23, JIP30
Paznea 6. KPNe6 OK 01-OK 07; Oxzamen I OK 01-OK 07;




9J1IeMeHTBI JI.1.-J1.6.; M. 1.- JI.1.-J1.6.; M. 1.-
KBaHTOBOM M.6.; I1.1.-11.7.; M.6.; I1.1.-11.7.;
N JIP2, JIP4, JIP2, JIP4,
JIP23, JIP30 JIP23, JIP30
Tema 6.1 VO, T, CP, OK 01-OK 07;
KBanToBas ontuka JIPNel6 JI.1.-J1.6.; M.1.-
M.6.; I1.1.-I1.7.;
JIP2, JIP4,
JIP23, JIP30
Tema 6.2 VO, T, CP, OK 01-OK 07;
du3uka atroma 1 JIPNel17 JI.1.-J1.6.; M..1.-
aTOMHOTI'O M.6.; I1.1.-11.7.;
spa JIP2, JIP4,

JIP23, JIP30




3.2 KogudpukaTop oueHOUYHBbIX CPEICTB.

OYHKIIMOHAIBHBIN
OLIEHOYHOI'0 CpencTBa
KOHTPOJILHOTO 3a/1aHUs)

MIpU3HAK
(Tun

Konx ouenounoro cpencraa

YcTHBIM onpoc YO
JlaGoparopnas pa6ota Ne n JIP Ne n
TectupoBaHne T
KonTponbHas pabora Ne n KP Ne n
3agaHus 11 caMoCTosTeIbHOM padoTel | CP

- pedepar;

- HOKJIa/,

- cooOmIeHue;

- OCCE.

PasHoypoBHeBble 3amaun U 3anmanus | P33
(pacuéTHble, rpaduyueckue)

Pabouas TeTpaan PT
ITpoext I1
JlenoBas urpa JAN
Keiic-3amaua K3
3auér 3
JuddepenumpoBanHblif 3a4€T 3
OK3aMeH c)




4 3ananus 1J191 OLleHKH OCBOEHUS U CIUILINHBI
BxoaHo# KOHTPOJIb

Bapuant 1

B 3aganusx 1-9 Bpi0epuTe NpaBUJIbLHbIN OTBET U 3aNUIINTE €ro B 0J1aHK 0TBeTOB. [l1s1
3aganuid 10, 11, 12 HanumuUTe MOJHOE 00OCHOBAHHOE pelleHHe W 3aNHMIIUTE ero B
0JIaHK OTBETOB.

Kpurepun onenuBanus.

3amanus 1 — 9 onenuBarorcs B 1 6amn. 3aganus 10,11,12 B 2 6anna.

1. OTHOCHUTENBHO KAKOI0 Teja WX YacTeil Tejla MacCaXXup, CUIASIINN B JBIKYIIEMCS
BAaroHE, HAXOJIUTCS B COCTOSTHUM TTOKOS?

1. 3emunn.

2. BaroHa.

3. KoJjieca Barosa.
4. penbc

2. Ilpu paBHOYCKOpPEHHOM JIBIDKEHHH CKOPOCTBH Tela 3a 5 ¢ m3MeHwmiach ot 10 m/c 1o

25 M/c. OnpeenuTe YCKOPEHHE Tela.
1.4 m/c?;
2.2 m/c?;
3. -2 m/c?;
4. 3 m/c?.
3. JlaHna 3aBHCHMOCTH KOOpJWHATHI OT BPEMEHHU MPU PaBHOMEPHOM JIBIKCHUM: X=2+3t.
Yemy paBHBI HauajlbHAs KOOPJAMHATA U CKOPOCThH TeJia?
1. x,=2, V=3;
2. %,=3, V=2;
3. %=3, V=3;
4.%,=2,V=2.

4. YCTaHOBHTE COOTBETCTBHE MEXIYy (PU3NYESCKUMH OTKPBITUSIMH W YYCHBIMH W
3amojaHuTe Tabnauily Huwke. [loayduBIIyIOCS MOCIEAOBATEIBHOCTh IU(Dp 3amuIInuTe
0e3 3ansAThIX ¥ NpoOesIoB B OJIaHK OTBETOB.

A |B IB A OTtkpsliTHE Ve
) 3aKOH O Mepeayu JaBJICHUs 1) Mackans
KUIKOCTSIMU U Ta3aMu
2) Toppuuemnnu
b) 3aK0H BCEMUPHOTO TATOTEHUS
B) oTkpriTHE aTMOC(hepHOTO 3) Apxumen
5. Tlon 4) HeroTOH

JaBJICHUS



neiicteuem cuibl 10H Teno aBmkercs ¢ yckopenueM 5m/c?. Kakosa macca tena?
1. 2kr.
2.0,5 kr.
3. 50 kr.
4. 100xr.

6. Ilpu mpoBegeHNH >KCIIEPUMEHTA MCCIIENIOBAIACh 3aBUCUMOCTD MPOMICHHOTO TEIOM
nyTu S oT BpemeHH t. [ paduk momydeHHON 3aBUCUMOCTH MIPUBEAEH HA PUCYHKE.

S.m
::,, I Pl BriOepuTe 1Ba yTBEPKICHHUS,
% © COOTBETCTBYIOLIUE PE3yIbTaTaM STHX H3MEPEHUIA.
26 i
2 / 1) CkopocTs Tena paBHa 6 M/c.
1; P i ' 2) YcKopeHue Tena paBHo 2 M/c?,
~ o 3) Teno OBHKETCS PABHOYCKOPEHO.
i P | {1 4)3a BTOpYIO CEKYHIY HPOICH IyTh 6 M.
1 2 3 4 5 67NLS5) 3a mATyro ceKyHIy IpoineH myTh 30 M.

7. Tlo rpaduky 3aBUCHUMOCTH KOOPJIUHATHI KOJEOIIOMIETOCS Tela OT BpeMEeHH (PUCYHOK
2) omnpeaenuTe aMIUTUTYy KOJeOaHui.

1.0.5m;
2.-0.5m;
3.4 m;
4.2 m

8. Uemy paBHa Macca rpy3sa, Jexkaliero Ha mojry gudra, KOTOPbIii HAYWHAST JBM)KCHHEC
BBEpX ¢ yckoperueM 3 m/c%. I'pys nasur Ha non mudra ¢ cunoit 520 H.
1) 60 xr
2) 50 kr
3) 40 kr
4) 5 kr

9. YcraHOBUTE COOTBETCTBHE MEXKIy MNpHOOpaMU U (PU3NUYECKHUMH BEITUYMHAMHU U
3amojaHUTe Tabauily Huke. [loayduBIIyIOCS TOCIEA0OBATSIIBHOCTE U(p 3amuIimmmTe
0e3 3amsAThIX U NpoOeIoB B OJIaHK OTBETOB.



[TpuGop PU3UYECKUE BETUUNHBI

A) IcUXpomeTp 1) naBrienue
b) manomeTp 2) CKOPOCTh
B) cniupomeTtp 3) cuna

4) BIaXXHOCTh BO3lyXa

A b B

10.Tenmexxka wmaccoll 2 Kr' JBHXKYIIAsCA CO CKOPOCTBIO 3M/C CTaJKMBAaeTCS C
HETIOJIBUKHOU TEJIC)KKOM Maccoil 4 Kr W crervigeTcs ¢ He. OmpeaennTe CKOpocTh
00eux TeJIekKEeK MOCye B3aUMOICHCTBUSA?

11.ABTOMOOMIIb IBUTaAJCs CO CKOpPOCThIO 10M/C, 3aTeM BBIKIIOYMWII JBUTATENlb U Hadall
TOPMOXEHUE C yckopeHuem 2 M/c’. Kakoll myTh IpoijeH aBToMoOwieM 3a 7 ¢
MOMEHTA Hayaja TOPMOKECHHS?

12.Tlogb€MHBIA KpaH paBHOMEPHO MOJHHUMAET Tpy3 Maccoil 1,5 TOHHBI CO CKOPOCTBIO
0,4 m/c. Onpeaenute MOITHOCTh JABUTATENS KpaHa, €CJIU U3BECTHO, UYTO €ro ko3¢ du-
IUEHT noJjie3Horo nerctaust 60%.

Bapuanr 2

B 3amanusx 1-9 Bpi0epuTe NpaBUJIbLHBINA OTBET U 3aNIMIINTE €ro B 0J1aHK 0TBeTOB. /{1
3apanuid 10, 11, 12 HanumUTe MOJHOE 00OCHOBAHHOE pellleHHEe W 3aNHMIIUTE e€ro B
0JIaHK OTBETOB.

Kpurepun onenuBanus.

3amanus 1 — 9 onenuBarorcsa B 1 6amn. 3amanus 10,11,12 B 2 6anna.

1. B kakoM W3 CIEIyIONIMX CIydacB JBI)KCHHE Tella MOXXKHO paccMaTpUBaTh Kak
JBIKEHUE MaTEPUATBHON TOYKH?
. JIBMKEHUE aBTOMOOWJIS U3 OJTHOTO TOpoja B IPYTOM.
. JIBmKeHre KOHbKOOEXKI[a, BRITIOTHSIONIETO MPOTpaMMy (DUTYPHOTO KaTaHMUS.
. JIBH>KEeHHE 110€e3/1a Ha MOCTY.
. Bpamenue neranu, o6pabaTsiBaeMoiil Ha CTaHKe.

A W N —

2. Ilpu paBHOYCKOPEHHOM JBHKEHHUH CKOPOCTH Tela 3a 6 ¢ M3MEHMIach OT 6 M/C 10
18 m/c. Onpenenute ycKopeHue Tena.
4 m/c?;
. 2 M/c?;
. -2 M/c?;
. 3 Mm/c2

A W

3. U3 npennokeHHBIX YPaBHCHUH YKaXUTE YPaBHEHHE PAaBHOYCKOPEHHOTO JBHUKCHHUS.
1. x=2t;



2. X=2+2t;
3. Xx=2+2t%;
4. x=2-2t.

4. YCTaHOBHUTE COOTBETCTBHE MEXIy (U3MUECKUMHU BEIWYMHAMHM U UX EIUHHUIIAMU
U3MEpeHuil u 3amojHuTe Talbnuiy Huke. [lomyuyuBiiyrocss Mociaen0BaTEIbHOCTh
muGp 3anumuTe 0€3 3arAThiX 1 MPoOesIoB B OJIAHK OTBETOB.

duznyeckue BEIMUYNHBI EnuHune! usmepenns
A) CKOpOCTb 1) Ila
b) naBnenue 2) JIx
B) Bec Tena 3) M/c
4)H
5) kr
A|Bb|B

5. Kak Oymer nBuratbcs TEIO Maccou 4 Kr, eClIi paBHOJCHCTBYIOMIAS
BCEX CHUJI, ICHCTBYIOIIMNX Ha HEero paBHa § H?

1. PaBHOMEpHO NPSMOIUHEIHO.

2. PaBHOMEpHO CO CKOPOCTHIO 2 M/C.

3. PaBHOYCKOPEHO ¢ yCKOpPEHUEM 2 M/c?,

4. PaBHOYCKOpEHO ¢ yckoperueM 0,5 m/c?,

6. Ha pucynke npuBeneHsl rpaduki 3aBUCUMOCTA KOOPAMHATBHI OT BPEMEHU JJIs BYX
Ten: A u B, aBmxynmxcs no npsiMoi, BI0JIb KOTOPOW U HampasiieHa ocbk Ox. BriOe-
pHUTE 1Ba BEPHBIX YTBEPKIACHUS O IBUKCHUU TEIL

1) Teno A nBukeTcs paBHOYCKOPEHO.

2) BpeMeHHOU UHTEpBaI MEXI1Y BCTpeUaMHu

Ten A u B cocraBnsier 6 c.

3) B TedueHue nepBbIX MATH CEKYH]I Tea
JIBUTAJIMCh B OJTHOM HAMpPaBJICHUHU.

4) 3a nepssie 5 ¢ Teno A nponuio 15 m.

5) Teno B nBukeTcs ¢ NOCTOSHHBIM YCKOPEHHUEM.

7. Tlo rpaduky 3aBHCUMOCTH KOOPAMHATHI KOJICOIIOIIEroCs Tejla OT BpeMeHU (PUCYHOK
2) omnpeaenuTe nepruoa KoyieOanuil.



X, cMA

)
\
oY

8. Uemy paBHa Macca rpy3a, JeKallero Ha 1oty JudTa, KOTOPbI HaYWHAST JBMKCHHEC
BBepX ¢ yckopenueM 5 m/c?. I'pys nasut Ha non mudra ¢ cunoit 585 H.
1) 49 kr
2) 45kr
3) 39 xr
4) 15 xr

9. YcraHoBUTE COOTBETCTBHE MEXAYy MpuOOpaMu U (PU3WYECKUMH BEIMYWHAMU,
KOTOpBIC OHHM U3MEPSIOT. 3amonauTe Tabnuiry. [lomyunBiuryrocss mocne0BaTeIbHOCTh
muGp 3anumuTe 0e3 3arnAThlX 1 MpoOesIoB B OJIAHK OTBETOB.

[Tpubop du3nvecKre BeTUINHbI
A) TepmomeTp 1)naBieHue
b) 6apomeTp-anepoun 2) CKOPOCTh
B) nunamomertp 3) cuna

4) Temrepatypa

A |b |B

10.Temo Maccoii 3 KI' JOBHIKETCS CO CKOPOCTBIO 7 M/C W
CTAJKHBAETCS C IOKOSIIMMCS TelloM Maccod 4 kr. Onpeaenure CKOPOCTh HX
COBMECTHOTO JIBHKCHHS.

11. ABTOMOOMIIb JBUTAJICSI CO CKOPOCTBIO 25 M/C, 3aT€M BBIKJIIOUMJI JABUTATENb U Havall
TOpMOXEHUE ¢ yckopeHuem 5 m/c?. Kakoil myTh mpoijaeH aBromoOuseM 3a 4 ¢
MOMEHTa Hayajaa TOPMOKECHHUSI ?

12.Tlogb€MHBIA KpaH paBHOMEPHO MOJHHUMAET T'Py3 Maccoi 2,5 TOHHBI CO CKOPOCTBIO
0,2 m/c. OnpenenuTe MOLTHOCTh JBUTATENS KpaHa, €CIIM U3BECTHO, YTO ero Kkodddu-
LUEHT noje3Horo aeicteus 40%.

bJiaHk oTBEeTOB
['PVIIITIA
[Tpodeccus/criennanbHOCTh

(Damumnust, umsi)
Bapuant

N 3amanus 1 2 3 4 5 6 7 8 9

OtBeT




(Hwmxe BBI MOXKETE 3amucaTh pelieHue 3aaad mog Homepamu 10, 11, 12.)

KonTtpomupyemsie kommereniuu: OK 03, OK 05; JI.1.-JI.6.; M.1.-M.6.; I1.1.-I1.7.; JIP2,
JIP4, JIP23, JIP30

Kirou:

N 1 12 |3 |4 516 (7 |8 |9 10 11 12
3aJTaHMSI

1 Bap 2 |4 |1 [142 |1 (14 |1 |3 |412 |1m/c |25m | 10000BT
2Bap 1 |2 |3 |314 |3 |25 |2 |3 |413 |3m/c |40m | 12500BT

Kpurepun ouenku:

— «2» BBICTABJISIETCSl 00yUarOIIeMycsi, €I HaOpasl MeHee 7 0alljioB,
— «3» BbICTaBJIsIETCS 0OyUaromiemycs, 3a 10, 9, 8, 7 6amios,

— «4» BpICcTaBIISIETCS OOYyUaromiemycs, 3a 13, 12, 11 6amios;

— «5» BBICTaBIIAETCS O0yUaromemycs, 3a 14 unu 15 6anmnos.

Pasznen 1. Mexanuka
Tema 1.1. OCHOBBI KHHEMATHKH
Ycrublii onpoc (YO)

UYro n3yvaer mexaHuka?

Jlalite onpenenenrue MexaHn4ecKoro aAsrkeHus. [Ipusennure npumMepsl.

Kakoe nBryxeHne Ha3bIBAETCSA MOCTYyNATEIbHBIM?

B dem 3aknroyaeTcs OCHOBHAs 3aJ1a4ya MEXaHUKH ?

UYro Takoe Teno orcyera’?

UYrto Takoe cucrteMa orcuera? 3a4eM B HEW HYKHBI Yachl?

[IpuBenuTe npuMepsl 3aJ1a4, pelieHuEM KOTOPBIX 3aHUMAETCs COBPEMEHHas (r3HKa.

Jlalite onpeaeneHre MaTepruaibHON TOUKH

Jlalite onpeneneHrne MmaTepuaibHON TOUkH [Ipumepsr.

0. 3aBucut 1M TpaeKTOpHs ABMKEHUS Tena ot Beibopa CO? [Ipumepsr

1. Yro rakoe myth? KakoBa ero eqununa B C1?

2. Ilouemy, 3Has MyTh HE BCEr/la MOKHO OMPEEIUTD MOJIOKEHUE Tena?

13.  Jlaiite onpenenenue nepemeienus. Kakum cumMBosiom ero o003Havyaror?

14.  Tlpu Kakux yCIOBHUSIX MOJYJIb IEPEMELICHUS PABEH MPOUJEHHOMY ITyTH?

15. 3Banumure ¢opMydy omnpeneraeHus TMOJOXKEHHs Tejla B NIPOCTPAHCTBE Uepes
IIPOEKIIUH.

16. Kakoe nBukeHHE Ha3bIBAETCS MPSIMOJIMHEHHBIM PAaBHOMEPHBIM?

17.  Jaiite XapakTepUCTUKY CKOPOCTH PaBHOMEPHOI'O NPSIMOJIMHENHOTO ABM)KEHUS

PR BOO~NOoOOR~WNE



18. Kakoli Bua nMeeT rpaduK 3aBUCHMOCTH CKOPOCTH OT BPEMEHHU TpPU PaBHOMEPHOM
NPSIMOJTMHEHOM JIBHDKEHUU?

19. Kak BBIYHCIUTH MEpPEeMEIICHUE Tela, €CIM M3BECTHBI CKOPOCTh M BpEMs JIBIKEHUS
Tena?

20. KakoB reoMeTpuuecKuii CMBICT TIEPEMEIICHIS ?

KonTpomupyembie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; T1.1.-I1.7.; JIP2,
JIP4, JIP23. JIP30

Kpurepun ouenku:
OtrMmetka «5»

IIOJIHO PACKPBITO COAEPKAHUE MaTepuaia

YETKO M IPaBUJIBHO JaHbl ONPENEICHUS U PACKPBITO COJAEPKAHUE ITOHATHUM, BEPHO
VCITOJIb30BAHBI HAYYHBIE TEPMUHBI

JUISL TOKA3aTeNIbCTBA UCIOJIb30BAHbl PA3IMYHbIC YMEHHUSI, BEIBOABI U3 HAOJIIOICHHUI,
OTIBITOB

OTBET CaMOCTOSITENIbHBIH, CIIOJIb30BaHbl paHee PUOOPETEHHbIE 3HAHMUSL.

OtmeTka «4»

PacCKpbITO OCHOBHOE COJIEpKaHUE MaTepuaia

B OCHOBHOM IMPaBWJIBHO JIaHBI OMPEACIICHUS TMOHSATUNA U HCIOJIb30BaHbI HAyYHbBIC
TEPMUHBL.

OTBET CAMOCTOSTCIbHbBIN

ONpeNe/ICHUs] TOHSTUN HEIMOJHbIE, JONMYUIEHbl HE3HAUYUTENIbHbIE HAPYIICHUS
TIOCIICIOBATEIPHOCTH M3JI0KEHUS, HEOOIBIINEe HETOYHOCTH TP WCIOJIb30BAHUU HAYYHBIX
TEPMHUHOB HJIH B BBIBOJAX M O0OOIICHUIX

MpaBUJIbHBIC M YETKUE OTBEThI HAa BOMPOCHI YTOUHSIONIIETO XapakTepa (MO3UIIUS
MOHUMAIOLTUH)

OtmeTtka «3»

YCBOGHO OCHOBHOE  COJIep)KaHWEe yd4eOHOTO maTepuaina, HO  H3JI0OKEHO
dbparMeHTapHO, HE BCETJa TIOCIEI0BATEIIHHO

onpeiesICHUs TOHSATUN HEIOCTATOYHO YETKUE

HE WCIOJIb30BaHbl B KaueCTBE JI0KA3aTEJbCTBA BBIBOABI W OOOOIICHUS U3
HAOJIIOICHUM, TOMYIIEHBI OITMOKU TIPU UX U3TI0KEHUH

JOMYIIEHbl OMMOKKM M HETOYHOCTHM B MCIHOJIb30BAHUM HAYYHOW TEPMUHOJOTHUU,
ONPENECICHUE TOHATHI

MPaBUJIbHBIE U YETKUE OTBEThl Ha BOMPOCHI HABOJAIIETO M KOHKPETU3UPYIOUIETO
xapakTtepa (IO3UIUs KPUTHK)

OtMmeTKa «2»
OCHOBHOE COJIepKaHHe Y4eOHOTO MaTepralia He pacKpbITO
HE JIJaHbI OTBETHI HA BOMPOCHI HABOSIIIETO U KOHKPETUZUPYIOIIETO XapaKTepa



JTOMYIICHBI TPyOble OIMMOKKM B OMNPEASACHUHM TOHSATHM, TPH HCIOJIb30BAaHUH
TEPMHUHOJIOTHH.

TectupoBanmue (T)
I Bapuanr.

Kakoe n3MeHeHne, TPOUCXO/ISIINee C TEaMH, MOYXXHO CUATATh MEXaHUICCKUM
JBIKEHUEM:
a) IBUKEHUE JIOJKW OTHOCUTEILHO Oepera
0) TasHUE JbJA
B) KUIICHHUE BO/IbI

Kakoe n3meHeHue, mporucxoasiiee ¢ TeIaMu, MOKHO CUUTATh MEXaHUICCKUM
JIBUKEHUEM:
a) TassHUE JIbJIa
0) BOJIHBI, 00pa3yrolMecs Ha MOBEPXHOCTH BOJIbI
B) KUTICHUE BOJIBI

Kakoe u3MeHeHre, MpoucXosilee ¢ TENaMu, MOXHO CUATATh MEXaHUYECKUM
JIBUKEHUEM:
a) KUTIEHUE BOJIbI
0) TasiHUE JbAA
B) KoJIeOaHMsI TOPILIHS B ABUTaTelIe BHYTPEHHETO CrOpaHMs

Kakoe n3meHneHnue, mporucxoasiiee ¢ TenaMu, MOKHO CUUTATh MEXaHUIECKUM
JIBUKEHUEM:
a) KojieOaHusl CTPYHBI
0) TasHUE JIbJA
B) KUIICHUE BOJIBI

CxopocTh aBTOMOOWIISI yBeTMUMIIach B 2 pasa. [Ipu ToM TOPMO3HOM My Th:
a) HEe U3MEHUJICSA
0) yBenuuuiics B 2 pasa
B) yBesqnuumics B 4 paza

MaiuuHa e1etT no npsiMor 10pore paBHOMEPHO. M0OKHO JI pacCMaTpUBATh
JBU>KEHHUE MAIIMHBI KaK IIPOLECC:
a) MOXKHO, TaK KaK JIt000€ IBMKCHHE — YK€ MPOIIECC
0) HeJb3s, TaK KaK IIPU 3TOM JIBUOKEHUU €r0 XapaKTep HE MEHSETCs
B) MOXHO, TaK KakK MOJO0KEHUE MAITUHbI U3MEHSIETCSI CO BpEMEHEM

Kaxkue napameTpsl Tejla COXpaHAIOTCs, KOTJa MBI €r0 3aMEHSEM MOJEIIBIO, T. €.
CYUTAEM MaTepUaIbHOU TOYKOM:



a) JIMHa
0) ¢popma Tena, ecnu oHa chepuyueckas
B) Macca

8. [Toe3n ornpasnsiercs. [1o mnardopme napanienbHO MOE3Ly paBHOMEPHO JBUXKETCS
HOCHWJIBIIIUK ¢ TeexKoi. [laccaxkup moe3na 3a0bUT OTAATh KHUTY TTPOBOXKAIOIIEMY €T0
YEJIOBEKY U BBIKHJIBIBACT €My KHUTY U3 OKHa Kyme. OTHOCUTEIBHO KaKUX TEJ YPaBHEHUS
JBYDKEHUS KHUTH OyIyT OJTMHAKOBBHI:

a) OTHOCUTENIBHO HOCUJIBIIIKKA, TPOBOXKAIOIIETO U IEPPOHA
0) OTHOCUTENBHO MEPPOHA U MPOBOKAIOIIETO
B) OTHOCHTEJIBHO MMacCaKHUPa M HOCHUIIBIITUKA

Q. [Tpu pemenny 3a1a4 KWHEMAaTUKH O JBMYKEHUU TSI MBI (DaKTHIECCKU
paccMaTpHUBaIM ATH Tejla KaK MaTepuaIbHbIEe TOUKHU (HAIpuMep, 3aJ1aud O ABMIKCHHUH Tella,
OpOIIIEHHOTO MO/JT YTJIOM K TOPU30HTY). MBI MOJIB30BAIKCH YIPOIIEHHONH MOJIEIBIO
JIOCTATOYHO CJIOKHOTO ABMIKEeHMsI. YeM MBI TipeHeOperaiv mpu penieHuy 3a1ad 3TOro TUIa:
a) CONPOTHUBIICHUEM BO3/IyXa
0) mMaccoii Tena
B) hopMOH U pazMepamu Tea

10. [Toe3n ornpasnsierca. [1o miardopme napanienbHO MOe3y paBHOMEPHO JBHKETCS
HOCHWJIBIIUK ¢ Tenexkoil. [Taccaxxup moe3na 3a0bl1 OTAATh KHUTY TPOBOXKAIOILIEMY €TI0
YEJIOBEKY U BBIKUBIBAET EMY KHUTY U3 OKHA Kyre. OTHOCUTENIBHO KaKUX CUCTEM OTCUETa
XapakTep ABWKCHUS KHUTH OyJIeT OJIMHAKOBBIM, TO €CTh KaKH€ CUCTEMBI OTCUéTa OYyIyT
WHEPIUATbHBIMU:

a) OTHOCHUTEJIbHO MTACCaXUPa, MPOBOKAIOIIETO, HOCUIIBIINKA, TIEPPOHA
0) OTHOCHUTENLHO TIEPPOHA, HOCUIIBIIIMKA, TPOBOKAIOIIIETO
B) OTHOCUTEJBHO MacCaKupa M MPOBOKAIOIIETO

11. CkopocThb Tella U pauyc OKPYKHOCTH, 10 KOTOPOIl OHO JBUKETCSI, YBEJIUUHIIUCH B
nBa pasza. LIeHTpocTpeMUTENBHOE YCKOPEHHE:
a) YBEJIMYWIIOCH B 2 pasa
0) yMEHbLIMIIOCH B 2 pa3a
B) HE U3MEHUJIOCH

12. MoryT i1 CKOPOCTH MPOXOKACHUS MYTU U TIEPEMEIICHHS ObITh PABHBI:
a) MOTYT B clTy4ae MPSIMOJIMHEHHOTO JIBHXKEHHUSI
0) MOTYT B cily4yae MpsIMOJIMHEWHOTO IBUXKEHHUS B OJJHOM HAINpaBIICHUU
B) MOTYT B Clly4ae NMPSIMOJIMHEHHOTO ABMKEHUS B Pa3HBIX HANPABICHUSAX

13. Kakas 13 nepedrcieHHbIX BEJIMYUH — BEKTOD:
a) CKOpOCTh
0) myTh
B) Macca



14.

15.

16.

18.

19.

20.

Kakas u3 nepeyncieHHbIX BEIMUYUH — BEKTOP:
a) myTh
0) cuiia Toka
B) IIEpEMEILICHHE

VYKaxuTe nNpaBUIbHOE YTBEPXKICHHUE!
a) OT BBIOOpa CUCTEMBI OTCUETA 3aBUCUT PEIICHUE 3a/1aUU
0) Teno oTcu€ra BBIOMpaeTcsl TAKUM 00pa3oM, YTOOBI JBUKEHUE BBITIIAIETIO0 Hauboee
IPOCTO
B) B YCJIOBHH 33J]a4M yKa3aHa CUCTeMa OTCuéTa

YKaxuTe MpaBUIbHOE YTBEP)KICHHUE:
a) Teno OTCYETa BBIOMpPAETCS TAKUM 00pa30oM, YTOOBI IBHXKEHHE BBITIISIIEN0 Hanboee
POCTO
0) BBIOOp cHCTEMBI OTCUETA 3aBUCHUT OT YCJIOBUI JaHHOW 3a]jaun
B) OT BEIOOPA CUCTEMBI OTCUYETA 3aBUCUT OTBET 334

17. YkaxuTe npaBUIIbHOE YTBEPKICHUE:

a) TeNo OTCYETa BBIOUPACTCS TAKUM 00pa30M, YTOOBI IBIXKEHHE BBITIISIIENIO Hanbosiee
IpOCTO

0) OT BBIOOpA CUCTEMBI OTCUETA 3aBUCUT OTBET 3aJ1auu

B) TEJIO OTCUETA BBIOMPAETCA TAKUM 00pa3oM, UTOOBI JBUKEHUE BBITIISAIAEI0 Obl
Haunbosiee MPOCTO, U B TO K€ BPEMsi MBI MOTJIM ObI OTBETUTH Ha BOIIPOC 3a]a9u

Terroxo ABMKETCS BHU3 110 TSYCHHUIO PEKHU C TIOCTOSIHHOM cKopocThio. [To many6e
IIPOTYJINBACTCS YEJIOBEK. XapaKTep JBM)KCHHS YeJIOBEKa OTHOCHTEIIHHO TEIUIOX0/1a U
Oepera:

a) OJIMHAKOB, MTOKA YEJIOBEK JIBIXKETCSI PABHOMEPHO
0) OAMHAKOB BO BCEX CIydasix
B) pa3HBIN, TaK KaK CKOPOCTH Y€JIOBEKa OTHOCUTEIFHO TETUIOX0/1a M Oepera pa3InyHbI

B kakowm ciyuae 3eMII10 MOKHO CUYUTATh MAaTEPUAIbHOM TOUKOM:
a) IpY U3MEPEHUN MAarHUTHOTO MO 3eMIIn
0) npu UCCIIEIOBAHUY SiIpa 3eMIIH
B) IIpU pacCMOTpeHuU €€ nBIkeHust BOKpyr ComHiia

B kakom cityyae 3emi1t0 MOXXHO CUUTATh MaTePUATIbHONU TOUKOM:
a) Mpy MOMNaJaHNK Ha HE€ METeopUTa
0) rpu pacuére TPACKTOPU CITyTHUKOB 3eMIIH
B) IIPY UBMEPEHUU MATHUTHOTO MOJIA 3eMJIU

II BapuanT.

CkopocTh Tena, ABUKYLIErocs IO OKPYKHOCTH ITOCTOSIHHOTO pajanyca,
yBEJIMUYMIIACh B J1Ba pas3a. LleHTpocTpeMuUTENnbHOE yCKOPEHNE:



a) yBEeJIUYMWIOCH B 4 pa3a
0) yBeJIMUMUIIOCH B 2 pa3a
B) HE U3MEHUWJIOCh

[Toe3n ornpasnsiercs. [1o mnardopme napanienbHO MOE3Ly paBHOMEPHO JBUXKETCS
HOCHWJIBIIIUK ¢ Teexkoi. [Taccaxkup moes3a 3a0bUT OTIaTh KHUTY TIPOBOXKAIOIIEMY €T0
YEJIOBEKY U BBIKHJIBIBACT €My KHUTY U3 OKHa Kyme. Kakum Oymer xapakTep IBHKCHHUS
KHUTH OTHOCHUTEIHFHO HHEPIIUATHHBIX CHCTEM OTCUETa, €CITH MPEeHeOpedb COPOTHUBICHUEM
BO3/yXa:

a) paBHOYCKOPEHHBIM, C YCKOPEHHUEM, PaBHBIM CYMME YCKOPEHUS CBOOOTHOTO TIAJCHUS 1
YCKOpEHUS Toe3/1a

0) paBHOYCKOPEHHBIM, C YCKOPEHHEM CBOOOJHOTO MaJCHUS

B) CJIOXKHBIA XapaKkTep JBHKCHHSI

Bri6epute HenpaBUIIbHOE YTBEPKICHUE:
a) BBIOOpP CUCTEMBI OTCUETA 3aBUCHUT OT YCIOBUM JaHHOU 3a1aun
0) Mpu IPSIMOTUHEHHOM JIBHYKCHUH C TIOCTOSTHHBIM YCKOPEHUEM CKOPOCTh MOXKET
YBEIIMYUBATHCS, @ MOKET M YMEHBIIATHCS
B) HaIlpaBJICHUE YCKOPEHUS ONPEACIISIET HAIPaBICHUE JIBHXKEHUS

BriOepuTe HepaBUIIbHOE YTBEPKIACHUE:
a) BBIOOp CUCTEMBI OTCUETA 3aBUCUT OT YCIOBUI JaHHOU 3a1auu
0) IBUYKEHUE C IOCTOSSHHBIM YCKOPEHHEM HA3bIBAETCS MPSIMOJIMHEUHBIM PaBHOYCKOPEHHBIM
JNBUKEHUEM
B) IIpU NMPSMOJIMHEHHOM JIBU’KEHHUU C TOCTOSIHHBIM YCKOPEHHEM CKOPOCTh MOXKET
YBEJIMYUBATHCS, @ MOKET U YMEHBIIATHCS

BriOepuTe HenmpaBmIIbHOE YTBEPIKICHHE:
a) IpU NPAMOJIMHEWHOM JBUKEHUU C MOCTOSTHHBIM YCKOPEHUEM CKOPOCTh MOXKET
YBEIIMYUBATHCS, & MOXKET U YMEHBIIATHCS
0) BBIOOP CHCTEMBI OTCUETA 3aBUCUT OT YCIIOBHI JIAHHOM 3aauu
B) HampaBJICHUE YCKOPEHUS OIpeIeIICT HApaBICHUE IBHKCHUS

BriOepuTe HepaBUIIbHOE YTBEPKIACHUE:
a) BBIOOp CUCTEMBI OTCUETA 3aBUCHUT OT YCIOBUI JaHHOU 3aauu
0) eciu IBM>KEHHE MPSAMOIUHENHO, TO YCKOPEHUE TOCTOSHHO
B) IIpU NMPSMOJMHEHHOM JIBU’KEHUU C TTIOCTOSTHHBIM YCKOPEHHEM CKOPOCTh MOXKET
YBEJIMYUBATHCS, @ MOKET U YMEHBLIATHCS

BriGepute He paBUIbHBIE YTBEPKACHHE:
a) IpH OPSIMOJIMHENHOM JBUKEHHUH C OCTOSIHHBIM YCKOPEHUEM CKOPOCTh YBEJINYNBAETCS
0) Mpu IPSIMOJTMHEHHOM JIBMYKCHUH C TIOCTOSTHHBIM YCKOPEHUEM CKOPOCTh MOXKET
YBEIIMYUBATHCS, & MOXKET U YMEHBIIATHCS
B) BBIOOp CHCTEMBI OTCUETA 3aBUCUT OT YCJIOBUH JaHHOU 3a/1auun



8. Bri6epute npaBUiibHOE YTBEPKICHUE:
a) IpH NPSIMOJIMHENHOM JABUKEHHUH C IOCTOSHHBIM YCKOPEHUEM CKOPOCTh YBEIMYUBAECTCS
0) eciu yCKOpeHHe MOCTOSHHO, TO JBUXKEHUE MTPSIMOJIIMHEMHO
B) IIPU IPSIMOJIMHENHOM JIBH>KEHUU C TOCTOSIHHBIM YCKOPEHUEM CKOPOCTh MOKET
YBEIIMYUBATHCS, @ MOKET M YMEHBIIATHCS

9. JIBHrasces paBHOMEpHO, Benocuneauct npoesxkaer 40 m 3a 4 ¢. Kakoit myTh OH
IIPOENET NPH IBUKEHUU C TOM Ke CKOPOCTHIO 3a 20 c:
a) 200 m
0) 50 M
B) 150 m

10. OTtaen MexaHUKH, COACPKAIINI yUeHUE O IBUKEHUU Ted 0e3 yuéTa NelCTBYIOIHX
CHIL:
a) IMHAMHUKa
0) KHHEeMaTHKa
B) CKOPOCTb

11. Onpenenute, Kak Ha3bIBAETCSl PACCTOSTHUE MEXKy HauyaJbHOM U KOHEUHOU
TOYKaMHU:
a) MyTh
0) nmepemenieHue
B) CMEILICHHE
T') TPACKTOPHUSI

12. BrisicHuTe, B KakoM U3 CIEAYIOIINX CIIy4aeB JBIKCHHUE Tela HENb3S
paccMaTpuBaTh Kak JBH>KEHUE MAaT€pUAIIbHOW TOUKU?
a) JIBmxenue 3emnu Bokpyr ComnHua.
0) [IBmxeHne CyTHUKA BOKPYT 3EMIIH.
B) [lonet camonera u3 BinaauBocTtoka B MOCKBY.
r) Bpamenue neranmm, o6pabaTeiBacMoii Ha CTaHKE

13. OTMmeThTe, KaKue U3 IEPEUNCICHHBIX BETUYNH SBJISIOTCS CKASIPHBIMU:
a) mepemelieHue
0) nyTh
B) CKOPOCTh

14. Bribepure, 4To U3MepsAeT CIMAOMETP aBTOMOOMIIS:
a) YCKOpPEHHUE;
0) MOZyJTb MTHOBEHHOM CKOPOCTH;
B) CPEJIHIOIO CKOPOCTh;
I) epeMeNieHue

15. Onpenenure, Kakas €IMHALIA BPEMEHH SBJISETCS OCHOBHOU B MexXnyHapoHON
CUCTEME €IVHULL:



a) 1 gac

6) 1 mun
B)lcC

r) 1 cyTku.

16. Boruncnute. JIBa aBTOMOOMIIS ABMXKYTCS 110 IPSIMOMY IIOCCE B OJTHOM
HanpasieHuu. Ecau HanpaBuTh och OX BAOJIb HAIPABIECHUS! IBHXKEHHSI TEJT IO 1I0CCE,
TOrJa KaKUMU OyyT MPOEKLUHU CKOPOCTe aBToMOoOMIIel Ha ock OX?

a) 00€ MOJIOKUTEIbHBIC

0) 00e oTpullaTebHBIC

B) IEPBOT0 — MOJIOKUTENbHAS, BTOPOr0 — OTpHUIIATENIbHAS
I') IEPBOr0 — OTPHULIATENbHAS, BTOPOr'0 — MOJIOKHUTENIbHAS

17. Boruucnure. ABToMOOMIIb 00beXal MOCKBY 1O KOJIBIIEBOM JA0pore, AJTMHA KOTOPOi
109 kM. UeMy paBHBI IIPOiiIEHHBIN MyTh | 1 Iepemernienue S aBToMOOuIs?
A) =109 km; S=0
0) [ =218xm S = 109 km
B) =218 xm; S = 0.
r) [=109xMm; S=218 kM

18. OnpenenuTe, €CIn yCKOPEHHUE PABHO 2 M/C?, TO ITO:
a) paBHOMEPHOE JIBUKEHUE
0) paBHO3aMEIJICHHOE JIBUKCHUE
B) paBHOYCKOPEHHOE JBM)KCHUE
I') NPSIMOJIMHEMHOE

19. Kakum 00pa3oM yCKOpEHHE XapaKTEepU3yeT M3MEHEHUE BEKTOpa CKOPOCTH?
a) 10 BEJIMYMHE U HAIIPABJICHUIO

0) 1o HaMNPAaBJICHUIO

B) 110 BEJIUYUHE

20. Beruncnure. ABTOMOOWITB, ABUKYIIANUCS MPSMOTHHEHHO PAaBHOYCKOPEHO, YBEITMYHIT
CBOIO CKOPOCTH € 3 M/c 110 9 m/c 3a 6 cekyHa. C KaKuM YCKOPEHHUEM JIBUTAJICSI aBTOMOOUIIH?
a) 0 m/c?

0) 3 m/c?

B) 2 M/c?

r) 1 m/c?

Kontpomupyembie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; I1.1.-11.7.; JIP2,
JIP4, JIP23, JIP30

Kaouun Kk Tectam:




Bapuanr 1

Ne Bonpoca 1 12 |3 |4 |5 |6 |7 |8 |9 |[10]11 12|13 |14 |15 16|17 |18 19|20

IlpaBuabHpiii |2 (6 |B |(2a |B [0 |B [0 |aB |0 |a |06 |a |B |a |0 |B |a |B |O
OTBET

Bapwuanr 2

Ne Bompoca 112 |3 [4 |5 |6 |7 |8 |9 |[10]11 12|13 |14 |15 16|17 |18 19|20

IlpaBuibHblii |2 (6 |B |6 (B |0 |a |B |B [0 |6 |r |a |[r |B |a |B |B |a |T
OTBeT

Kpurepuu oneHku:

— «2» BBICTABIISICTCSl 00yUaroIeMycsi, eI HaOpasl MeHee 8 0aloB,;
— «3» BBICTaBIIsIETCS oOyUaromemycs, 3a 9, 10, 11 6amnios,

— «4y BrICTaBIIsSIETCSl OOYyUaromemycs, 3a 12, 13, 14, 15, 16 6anmnos,;
— «5» BBICTaBIIICTCS O0yUaromemycs, 3a oosee 17 6amios.

3ananus 1 caMocTosATeIbHOM padoTsl (CP)

Tembl 3cce (pedepaToB, 10KIAT0B, COOOIIEHMI)

1) MarepuanbHas TOYKa.

2) CkassipHbIe U BEKTOPHbBIC (PU3HUCCKUE BEITUYHHBI.

3) OTHOCHUTEIBHOCTh MEXaHUICCKOTO JIBUKCHHS.

4) Cucrtema oTcuera.

5) IpuHIHKII OTHOCHTEILHOCTH [ auies.

6) CrocoObl OIUCAHUS JBUKCHUS.

7) PaBHOMEpHOE MPSMOJIMHEHHOE IBHYKCHHE.

8) Ckopoctb. YpaBHEHHE ABMKEHUS. MTHOBCHHAS U CPE/IHSSI CKOPOCTH.
9) IMocTynarbl TEOPUH OTHOCUTEIBLHOCTH.

10) OcHOBHBIE CJIEICTBUS U3 MTOCTYJIATOB TCOPHUH OTHOCUTEIIBHOCTH.
11) [pssMonuHEHHOE ABUKECHHUE C TTIOCTOSTHHBIM YCKOPECHHUEM.

12) JIBrokeHHE ¢ TIOCTOSIHHBIM YCKOPEHHUEM CBOOOIHOTO MaICHHS.

Kontpomupyembie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; I1.1.-11.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepuu ouenku:
OtMmeTka «5»

IIOJIHO PACKPBITO COAEPKAHUE MaTepuasia

YETKO W MPABUJILHO JIAHBI ONPEAEIICHUS U PACKPBITO COJAEP)KAHME MOHATUIN, BEPHO
UCII0JIb30BaHbl HAYYHbIE TEPMUHBI




=

B~ w

AJIA JOKa3aTCJIbCTBA UCIIOJIb30BaHblI PAa3JIMYHBIC YMCHUA, BBIBOJAbI U3 Ha6J'HOI[eHI/H>'I,
OIIBITOB
OTBCT CaMOCTOﬂTCHBHbIﬁ, HCIIOJIb30BaHbI PAHCC HpI/IO6peTeHHBIC 3HaHUI.

OtmMmeTKa «4»

PAcCKpBITO OCHOBHOE COJICpKaHUE MaTepHraia

B OCHOBHOM MPABUJIBHO JIaHBI OMPEACIICHUS MOHSATUM M HCIOJb30BaHbl HAy4YHBIE
TEPMUHBI.

OTBET CAMOCTOSTEIbHBIN

OTpeNeNICHUs] TIOHATUW HEIMOJHBbIC, JIOMYIICHb HE3HAYUTENbHbIC HapyIIeHUs
MOCJIeI0BATEILHOCTH U3JI0KEHHS, HEOOIbIIIME HETOUYHOCTH MPU HCIOJIb30BaHUN HAYUHBIX
TEPMUHOB WJIM B BBIBOJAX M O0OOIICHUIX

MPaBUJIbHBIC W YETKUE OTBETHI HA BOIPOCHI YTOUHSIOIIETO XapakTepa (MO3UIUs
MTOHUMAFOIITUH )

OtmeTka «3»

YCBOGHO OCHOBHOE coOJiepkaHHWe ydeOHOro Marepuayia, HO  H3JI0XKEHO
dbparmeHTapHO, HE BCera MoCiIe10BaTeIbHO

OmnpeeeHUs TOHATUN HEIOCTATOYHO YETKUE

HE MWCIIOJb30BaHBI B KayeCTBE JIOKA3aTEJIbCTBA BBIBOJABI M OOOOIIECHUS U3
HAOJTFOICHH, TOTYIIEHBI OITMOKU TIPH UX U3TI0KCHUH

JOTMYIIEHBl OIMIMOKM W HETOYHOCTH B HCIOJIb30BAHMHM HAYYHOW TEPMHUHOJIOTHU,
OIPEICIICHUE TTOHATUI

MPaBWIbHBIC U YETKHE OTBETHI Ha BOIMPOCHI HABOJSILIETO U KOHKPETUZUPYIOIIETO
xapakrepa (O3ULUs KPUTHK)

OtMmeTKa «2»
OCHOBHOE COJIepKaHUE yUeOHOTO MaTepHaia He PaCKPHITO
HE JIaHBI OTBETHI HA BOITPOCH! HABOSAIIETO M KOHKPETU3UPYIOIIETO XapaKTepa
JOMYIIEHBl TPyOble OIMMOKKA B OMNpEASICHUHW TOHATHN, NPH HCIOJIb30BAaHUH
TEPMUHOJIOTHH.

Tema 1.2. OcHOBBLI JMHAMUKH
Ycrublii onpoc (YO)

Ecnu teno siBisieTcst CBOOOTHBIM (YTO 3TO 3HAYMT), TO KAK OHO MOKET JABUTATHCS?

Nmeercs nu npuHnunuainbHoe paznuuve Mmexay CO cBsizannoil ¢ 3emneit u CO
CBSI3aHHOU C CaMOJIETOM, JENar0lUM BUPaX?

[Touemy BTOpPOI 3aKkOH HprOTOHA HA3BIBAIOT OCHOBHBIM 3aKOHOM JUHAMUKU?

[TosicauTe, Kak CTPOSITCSA HKCIEPUMEHTalbHBIC Tpaduku B (U3HKE HA TPHUMEPE
3aBUCUMOCTH CWJIbl YIIPYTOCTH OT Ae(popmMaluu.

Kak u3meputh Maccy Teinia B yCI0BUSIX HEBECOMOCTH?



6. Haxoaunuce i1 BBl KOTja-HUOYIb B COCTOSTHUU HEBECOMOCTH?

7. O BeTpoBOE CTEKJIO IBMXKYIIETOCS aBTOMOOWIS yaapuics komap. CpaBHUTE CHIIHI,
JICHCTBYIONME HAa KOMapa M Ha BETPOBOE CTEKIO BO Bpems yaapa. [lodemy komap
OoCTpaaall CUJIbHEE?

8. bapon Mironxray3eH yTBepKaal, YTO BBITAIIMI ce0s 3a BOJOCHI W3 0oOJOTAa.
O60cHyiiTe HEBO3MOKHOCTb 3TOTO.
Q. C copTUPOBOYHOM TOPKH CKAaTBIBAKOTCS JBA OJWHAKOBBIX AIIMKA: OAWUH MYCTOM,

npyroi nmonsblid. Kakoil amuk Oyaer MMeTh OOJIbIIYI0 CKOPOCTh y mogHOXHs? Kakoi
OTKAaTHUTCS Jajplle MO NPAMOJIMHEHHOMY TOPU30OHTAIIBHOMY YYacTKy IIOCIE TOPKH U
noyemy?

10. [ToueMy cKOpOCTh aBTOMOOWJISI, JBHKYILETOCS MO TOPU3OHTAIM HE BO3pacraer
OECKOHEUYHO, XOTS CHJIa TSITU MOTOpPA JACHUCTBYET MOCTOSTHHO?
11. [TepBOKIaCCHUK W CTapIICKJIACCHUK CTOAT HA TOJIy U TSHYT JAPYT JApyra 3a pyKH.

OnuHaKoBBIE I CHIIBI IEUCTBYIOT HAa OAHOTO U Ha apyroro? Ilepeuncinure ycioBus, Koraa
NEPBOKIJIACCHUK MOKET MEPETAHYTh CTAPIICKIACCHUKA.

12. KocmonaBT Makc mpeIraeT co cTyla, JAepka B PyKax TMpI0 Maccod m cHavajla Ha
3emiie, 3ateM Ha Jlyne. Kak Oyner oTnmuarbest cuia, ¢ KOTOPOM TUPS NABUT Ha PYKY
YeJI0BEKY MTOKAa OH HaXOJUTCS B BO3yXe?

13. 3adyeM Ha HUKHEW MOBEPXHOCTH JbDK JIETAETCA MPOAO0JIbHAS BbIEeMKa?

14. [louemy He mnpubIMXKaKTCS APYr K APYry MNpeaMeTbl B KOMHATE, HECMOTpPsS Ha
IPaBUTAILIMOHHOE PUTSHKEHHE?

15. Onumure onbiThl ['anunes u HptoToHA 110 CBOOOAHOMY MAICHUIO TEI.

Kontpomupyembie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; I1.1.-I1.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun ouenku:
Otmetka «5»

° TIOJTHO PACKPBITO COJIEp)KaHUE MaTepHrasa

° YETKO U MPaBUJILHO JaHbI ONPEEICHUS U PACKPBITO COJIEPKAHUE MTOHATHUM, BEPHO
UCII0JIb30BaHbl HAYYHbIE TEPMUHBI

° JUTSL TOKa3aTelIbCTBA MCIIOJIb30BaHbl Pa3IMYHbIC YMEHHUSI, BBIBOJIBI M3 HAOJFOCHUH,
OIIBITOB

° OTBET CaMOCTOSTEIbHBIN, NCIIOIb30BaHbI paHEe MPHOOPETEHHBIC 3HAHUS.

OtMmeTKa «4»

° PACKpBITO OCHOBHOE COJIEpKaHUE MaTepuasa

° B OCHOBHOM IIPAaBWJIBHO JIaHbI OIPEIEJICHUS MOHATHM W HUCIOJb30BaHbl HAYYHBIC
TEPMUHBI.

° OTBET CAMOCTOSTEIbHBIN

° ONpPEACICHUS] TOHATUN HEMOJIHbIC, JIOMYIIECHbl HE3HAYUTEIbHBIC HAPYIICHUS

ITOCJICAOBATCIBbHOCTH H3JIOKCHUA, HEeOOIbIINE HETOYHOCTH IIpHU KUCIIOJIb30BAHHWH HAYYHBIX
TCPMHUHOB WJIK B BbBIBOJIAX U O606HI€HI/ISIX



MpaBWIbHBIC M YETKUE OTBETHI Ha BOMPOCHI YTOUYHAIOIIETO Xapakrepa (MO3UIUs
MTOHUMAFOIIIUH )

OtMmetka «3»

YCBOCHO OCHOBHOE COJCp)KaHME YydeOHOTrO Marepuaiga, HO  H3JI0KEHO
dbparMeHTapHO, HE BCETIa TOCICIOBATEIIHHO

OTIpe/ICTICHUS TIOHSATHUH HEIOCTATOYHO YCTKHE

HE WCIOJb30BaHBl B KAaueCTBE JOKAa3aTeNhCTBA BBHIBOJABI MU O00O0OIIEHUS U3
HAOJIFOICHH, TOTYIIEHBI OITMOKU TIPH UX U3TI0KCHUH

JIOTYIIEHBI OMMOKA W HETOYHOCTH B HCIOJB30BAaHUM HAYyYHON TEPMHUHOJIOTHH,
OIPEICIICHUE TTOHATUI

NPaBWIbHBIC W YETKHE OTBETHI HA BOMPOCHI HABOMAIIETO M KOHKPETHU3UPYIOIIETO
xapakTepa (IO3UIUS KPUTHK)

OtMmeTKa «2»
OCHOBHOE COJIepKaHUe y4eOHOTO MaTepuaia He PaCKPHITO
HE JIaHBl OTBETHI HA BOITPOCH! HABOSIIETO M KOHKPETU3UPYIOIIETO XapaKTepa
JOMYIICHBI TPyOble OIMMOKH B ONPEIACICHUM IOHATHH, IPH HCIIOJIB30BAaHUU
TEPMHUHOJIOTHH.

TectupoBanmue (T)
I Bapuanr.

TecTtoBas paboTa cocTouT U3 9 3a1anuii ¢ BLIOOPOM OTBETA, U | 3ajaHUE HA HAXOXKICHHE
COOTBETCTBUS
Kaxxplii mpaBUIIbHBIN OTBET OllCHUBAeTCs 1 GamioMm.

Bri0epere oquH npaBUIbLHBIN 0TBeT. PaBHOIEHCTBYIOIIASI BCEX CHIL,
JNEUCTBYIONIAs HA TEJO, PaBHA HYJO. JIBUIKETCS 3TO TENIO MM HAXOJIUTCS B COCTOSIHUU
MTOKOs?

A. Teno nBuxeTcss paBHOMEPHO MPSIMOJUHENHO.

b. Teno naBuxeTcst paBHOMEPHO MO OKPYKHOCTU B TOPU3OHTAIBHOM MJIOCKOCTH.

B. Teno HaxoauTcss B COCTOSIHUM MOKOS.

I'. Teno nBUXkeTCa paBHOMEPHO MPSIMOJIMHENMHO WJIM HAXOJUTCA B COCTOSTHUM TTOKOSI.

2. BoiOepeTe 0oAMH NPaBUJIbHBINA 0TBeT. Ms14 OAOpOCHIIN BBEPX C HAYATBHON CKOPOCTHIO
Vo. Ha pucyHke a ykazaHo HanpaBJICHUE CHIIBI TSXKECTH, JEUCTBYIOIIEH HA TEIIO.
Omnpenenute HAPaBICHUE BEKTOPA YCKOPEHHSI MsT4a, ABIKYIIETOCS BBEPX (PUCYHOK 0).



A. TonbKko Tak, Kak IMmokazaHo Ha puc. 16.
b. Tonbko Tak, Kak MoKa3aHo Ha puc. 20.
B. Tonpko Tak, Kak moka3aHo Ha puc. 30.
I'. Toapko Tak, KaKk MOKa3aHO Ha pHC. 40.

3. Onpenenure OIMH NPaBWIbHBIN 0TBeT. ECiIM paBHOACHCTBYIONIAS BCEX MPUIOKEHHBIX
cun paBHa 4 H, To y Tena maccou 2 kr

A. Yckopenue 2 m/c?

B. Yckopenne 0 m/c?

B. Yckopenue MoxeT ObITh JIFOOBIM

I". YckopeHue paBHO 8 M/c?

4. Ilpu u3mMepeHUsIX MacChl TeJIa M €ro Beca Ha MOJII0Ce U HA IKBaTope ObLI0
00HapY:KeHO, YTO

A. Macca u Bec OIMHAaKOBBI

B. macca pa3znuyHa, BeC OJJMHAKOB

b. 1 Bec, u macca paznuyHbl

I'. macca onrHakoBa, BEC pa3iuyeH

5. YcranoBute coOTBeTCTBME MeEXAY (PU3NYECKMMH BeJIMYMHAMHM W eIMHHIIAMH
U3MepeHus 3TUX BeJnunH B cucrteme CH.

duznueckas BeIMIMHA EnnnHuia BeNMYrHbI
A) XKeCTKOCTh 1) kunorpamm (1kr)
b) cuna 2) Hetoton (1 H)
B) Bec Tena 3) Herotou™metp (1 H*m)
I') yckopenue 4) Hototon na metp (1 H/m)

5) MeTp B cekyHAy 3a cekyHay (1 m/c?)
6) Ixoynb (1 JIx)

6. ®opmy.ia, BEIpaKaOIas 3aKOH BCEMHUPHOI0 TATOTEHHMS. ..

A. F=GMm/R?

B. F = kquig2/r?

B. F = GM/R?

I'. F=kAl

7. 111 3axon HploTOHA MaTeMAaTHY€eCKH MOKHO 3alIUCATH TaK: (BEKTOPbI HE YKA3aHBbI)
A.F=ma

b. F=puN

B.Fi=-F



8. Bec Tes1a — aro...

A. ...cuna, c KOTOPOH TEJIO MPUTATUBAET 3EMIIIO

b. ...cuna, ¢ KOTOPOH TENO AECHUCTBYET HA ONOPY

B. ...cuna, ¢ KOTOpOH TENIO AEUCTBYET HA MOJABEC

I'. ...cuna, ¢ KOTOPOU TEJIO BCIAEACTBUE 3€MHOTO IIPUTSKEHUS IEUCTBYET Ha ONOPY WIH
MI0JIBEC, HETIOJBUKHBIE OTHOCUTEIBHO HETO

9. Pemiure 3apauy. [Ipyxuna xectkoctsio 100 H/m pactsarusaercs cumoit 20 H. Uemy
PaBHO YUIMHEHUE MIPY>KUHBI?

A.5cm.

b. 20 cm.

B.5Mm.1.0,2 cm.

. Cpenu otBeTOB A — I HET IPaBUIIBLHOTO.

10. BoiGepeTe 0MH NPaBWIbLHBbINA 0TBET. bpyCOK JIeKUT HETIOIBI)KHO HA HAKJIOHHON
miockocTH (puc. 7). Kakoe HampaBiieHHEe UMEET BEKTOP CHJIbI TPEHUSA?

A.1.B.2.B.3.T. 4. ]1. F tp =0.

Il Bapuanrt

TecroBas paboTa cocTouT U3 9 3a7aHU ¢ BLIOOPOM OTBETA, U | 3a7jaHKE HA HAXOXKCHUE
COOTBETCTBHUSA

Kaxxplii mpaBUIIBHBIN OTBET OlleHUBaeTcs 1 Gamiom.

1. Eciu Ha m1apuk He JeMCTBYIOT HUKAKUe Apyrue Tejia, T0O B MHePUHAJIbHON cucTemMe
oTcyera oH

A. IlocTeneHHo 0CTaHaBIMBAETCS

b. Konebnercs 0ko010 Ha4yanbHOrO MOJI0KEHHUS

B. JIBM>KeTCS 10 OKPY>KHOCTH C MOCTOSHHOM IO MOJYJIFO CKOPOCTBIO

I'. JIBmxercs ¢ HOCTOAHHOW MO MOJYJIFO M HAITPABJIIEHUIO CKOPOCTHIO

2. BeiOepere oquH NpaBWJIbLHBIN 0TBET. Ms4 oAOPOCHIIM BBEPX C HAYAJIBHOM CKOPOCTHIO
Vo. Ha pucyHKe a yka3aHO HalpaBICHUE CUIIbI TSKECTH, ACHCTBYIOIIECH Ha TEIO.
OmpenenuTe HapaBlieHHE BEKTOPA YCKOPEHHS Ms4a, TBUXKYIIET0Css BHU3 (PUCYHOK 0).



A. TonbKo Tak, Kak MmokaszaHo Ha puc. 16.
b. Tonbko Tak, Kak MoKa3aHo Ha puc. 20.
B. Tonpko Tak, Kak moka3aHo Ha puc. 30.
I'. Tonbko Tak, Kak MOKa3aHO HA puUC. 46.

3. Onpeaeaure 0AUH NPaBWIbHBIH 0TBET. TeJI0 Maccoit 2 KI IBUKETCSI CO CKOPOCTHIO 3
M/C U yckopeHneM 2 M/c2. Moyib paBHOAEHCTBYIOIIEH CHII, NEHCTBYIOIIUX HA TEJIO PaBEH
1)2H

2)4H

3)6 H

4)10H

4. IIpu u3mMepeHusiXx Macchl TeJia U ero Beca Ha MOJIICe U HA IKBaTOope ObLI0
00HapY:KeHO, YTO

A. U Bec, 1 Macca pa3iuyHbl

B. Macca onnHakoBa, BEC pa3jinycH

b. Macca u Bec 0JMHAKOBBI

I'. Macca paznuyna, BeC OJJUHAKOB

5. YcranoBure cooTBeTcTBHE MEKAY (PU3NUECKUMU BeJIUYUHAMY U eIMHULIAMH
U3MepeHusd 3TUX BeJinunH B cucrteme CH.

dusnueckas BeJIMYMHA Envnuna BennyuHbI

A) XKEeCTKOCTh 1) xunorpamm (1kr)

b) cuna 2) Hetoton (1 H)

B) Bec Tena 3) Heroron*metp (1 H*m)
I') yckopenue 4) Hetoton Ha metp (1 H/m)

5) MeTp B cekyHAy 3a cekyHay (1 m/c?)
6) xxoynb (1 JIx)

6. ®opmy.ia, onpeaeSSOIIAa CUIY YIIPYIOCTH...

A.F = GMm/(R+H)?

b.F=mg

B.F=puN

I'. F=KkAI

7. 111 3axkoH Hpl0TOHA MaTeMaTH4YeCKU MOKHO 3alIMCATh TaAK: (BEKTOPbI He YKA3aHbI)
A.F=ma

b. F=puN

B.Fi=-F

F. Fx = _kX

8. Ecan Tes10 mokonTCs, TO CHJIA TPEHHsI MIOKOSI:
A. Bcerna 0osbllie BHENTHEH CHIIBI,

b. Bcerna paBHa BHENIHEW CUJIE;

B. Bcerna MeHbIlle BHEIIHEH CHIIBI.



9. Pemuure 3apauy. [log aetictBuem cuinl 2 H npyxuna yuauiacek Ha 4 cMm. Yemy paBHa
KECTKOCTb IIPYKUHBI?

A.2 H/m.

b. 0,5 H/m.

B. 0,02 H/m.

I'. 50 H/m.

J. 0,08 H/m.

10. BoiOepeTe 0quH NpaBUWJILHBII 0TBET. bpycok ABIKETCS paBHOMEPHO BBEPX 10
HAKJIOHHOM MI0CKOCTH (puc. 7). Kakoe HampaBieHUE UMEET BEKTOP CHJIbI TPEHUS?

A.1B.2B.3T. 4 JI. Fmp=0

KonTtpomupyembie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; T1.1.-11.7.; JIP2,
JIP4, JIP23. JIP30

Kaouu Kk Tectam:

Bapuanrt 1

Ne Bonpoca 1123|415 67(8/9]10

rrs|A|l|A4,b6-2,B-2,I-s A|B|lIb6|B

IIpaBWIBHBIH OTBET

Bapwuant 2

Ne Bompoca 112]3]|4]|5 6/718]19]10

rs(2(B|A4,6-2,B-2,I-5|T|B|A|T|b

IIpaBWIbHBIH 0TBET

Kpurepun ouenku:

— «2» BBICTABJISIETCSl 00YyUarOIIeMycsi, €CIU HaOpasl MeHee S5 0aljoB,;
— «3» BBICTaBJISIETCSL 00yUaroIiemMycs, 3a 6-7 6aJIoB;

— «4y BpICTaBIISIETCS 00YyUaroIemycs, 3a 8-9 6aoB;

— «5» BeICTaBIIsSIETCS 0OyUaromiemycs, 3a 10 6ayuios.

3aganus 1 camMocTosATeIbHOM padoTwl (CP)

Tembl 3cce (pedeparoB, 10KI2T0B, COOOLICHMIA)



1) Cuna. Macca.

2) TIpuHIMIT CYTIEPIIO3UIUH CHIL.

3) Ilepssiii 3akoH HeioTOHA.

4) Bropoii 3akoH HproToHa.

5) Cuisl B ipupo/Ie.

6) Tperuii 3akoH HproToHa.

7) 3aKOH BCEMHUPHOTO TATOTCHHUSI.

8) Cuuia TSDKECTH U CHIIa BCEMHPHOTO TSATOTCHUSI.
9) IlepBas KocMUYeCKast CKOPOCTb.

10) [Ismxenwue miaHeT U MaibiX Teil COTHEUHON CHCTEMBI.
11) DneMeHThI PENSATUBUCTCKON TUHAMHUKH.

Kontponupyembie komnerenuun: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-I1.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun ouenku:
Otmetka «5»

MIOJIHO PACKPBITO COJIEPKAHUE MAaTEpPHUaa

YETKO W MPaBUJILHO JaHBI ONPEJEICHUS U PACKPBITO COJIEpKAHUE TTOHATHUM, BEPHO
WCII0JIb30BaHbl HAYYHBIE TEPMUHBI

JUTSL TOKA3aTebCTBA UCIOJIb30BAHBI PA3JIMYHBIC YMEHHUSI, BEIBOABI U3 HAOIIOICHHUIA,
OIIBITOB

OTBET CaMOCTOSITENIbHBIN, UCIOIL30BaHbl paHee MPUOOPETEHHbBIC 3HAHUS.

OtmMmeTKa «4»

PAcKpBITO OCHOBHOE COJICpYKaHUE MaTepHraia

B OCHOBHOM MPAaBUJILHO JaHBI OMPEJCIICHUs MOHATUNA W WCIOJIb30BAaHBI HAYYHBIC
TEPMUHBL.

OTBET CAaMOCTOSTEIIHLHBIN

OTIpECIICHUS TIOHATHHA HETOJIHBIC, JIONMYIICHbI HE3HAYUTCIIbHBIC HapyIICHUS
TIOCJICIOBATEIIPHOCTH M3JI0KEHUSI, HEOOIBIIINEe HETOYHOCTH TPH UCIOJIb30BAaHUU HAYYHBIX
TEPMUHOB HJIA B BBIBOJAX M O0OOIIEHUIX

MpaBUJIBLHBIE W YETKHE OTBETHI HA BOIMPOCHI YTOUHSIOMIETO XapakTepa (TO3UIus
MOHUMAIOIIHIA)

OtmMmeTKa «3»

YCBOGHO OCHOBHOE  coOJiepKaHHWe ydeOHOro marepuana, HO  HU3JI0KEHO
dbparmeHTapHo, HE BCera Mocjie10BaTeIbHO

omnpeeeHUs TOHATUH HEeIOCTAaTOYHO YETKUE

HE HCIOJIb30BaHbBI B KayeCTBE JOKA3aTEIbCTBA BBIBOABI M OO0OOILIEHHS W3
HAOJTFOICHHM, TOTYIIEHBI OITMOKU TIPH WX U3JI0KCHUH

JOMYIIEHBl OIMMOKKM W HETOYHOCTH B MCIOJIb30BAHUM HAyYHON TEPMUHOJIOTHH,
oTIpeieJICHUE MOHITUI



IpaBUJIbHBIE U YETKHE OTBEThl HA BOIPOCHI HABOASIIETO U KOHKPETUZUPYIOIIETO
xapakrtepa (o3ULUsl KPUTHK)

OrMmeTka «2»
OCHOBHOE COJIepKaHUe y4eOHOTO MaTepHalia He PaCKPBITO
HE JIaHBI OTBETHI HA BOIIPOCHI HABOJISIIETO M KOHKPETH3UPYIOIIETO XapaKkTepa

JOMYIIECHBI TPyOble OIMMOKKA B OMNPEASIACHUHM IOHSATHM, IPH HCIOJIb30BaHUH
TEPMHUHOJIOTHH.

Tema 1.3. 3akoHbI cOXpaHeHUS
YcrHblii onpoc (YO)

1. [Ipu KakOM yCJIOBHM UMITYJIBC T€JIa HE U3MEHSETCS?

2. UTo MOXKHO CKa3aTh O HANpPaBJICHUH BEKTOPOB UMITYJIbCA U CKOPOCTH ABUKYIIETOCS
Tena?

3. Kakoe u3 Ten umeer OONMBIINN UMITYJIBC: aBTOMOOWJIb Maccoil 1T, ABMXKYUIUHCS CO
cKopocThio 10M/c, mim CHapsi Maccou 2KT, JIETSIIHUA cO CKOPOCcThi0 500Mm/c?

4, [Touemy mipu yiape BO3HUKAIOT OOJIBIIIHE CHITBI?

5. [TapamroTUCT paBHOMEpPHO OITyCKaeTcs Ha mapamrore. M3meHsercs Ju Mmpu 3TOM
VMITYJIbC MTapaIIoTUCTa?

6. ['ne B mpupojie U TEXHUKE BCTPEUAETCSA PEAKTUBHOE JBUKEHUE?

7. KakoB npuHIMI ABUKEHUS MELY3bI?

8. OcbMUHOTH, KallbMapbl, KapakaTHIbl M Jpyrue oOuTaTeNnu TIyOMH MOps

NepeMEeNIatnTcsl MOJ00HO pakeTe, BHIOpAChIBas C CUIION BOAY, KOTOPYIO OHU HAaOMPAIOT
yepe3 poT. MoxeT Jau Takoi crnocod nepemenieHust 00ecrneyuTh UM OOJIBIIYI0 CKOPOCTh
JBH>KEHUS B TOJIIE BOABI?

Q. Kak kocMOHaBTYy, HaxonsfIIEeMycCsi B OTKPBITOM KOCMOCE, BEpHYThCS OOpaTHO Ha
KOCMUYECKHI Kopabiib 0€3 MoCTOpOHHEN MOMOIIn?

10. TlouemMy COBETYIOT MPH BHICTpPEIE PYKbE MOKPEMIe MPUKUMATh K TIIedy?

11. Kakwe u3 TEPEUUCICHHBIX TeJ O00JaTal0T KHWHETHYECKOW SHEpPTHei: a) KaMeHb,
MOAHSATHIN HaJ 3eMJIeii; 0) JETAMNA CaMOJIET; B) PACTAHYTas MIPY>KUHA.

12. VI3MeHseTcs M IOTCHIIMAIbHASI SHEPTHS JIOJKH, TUTHIBYIIEH MO TEYCHUIO PEKU?

13.  JlerxkoBoil u rpy30BOi aBTOMOOWIN ABMXKYTCS C OJUHAKOBBIMU CKOpocTsiMu. Kakoi
13 HUX 001ajaeT O00blel KHHETUYECKOW SHeprueii?

14. Kak u3MmeHsieTcsl KMHETHYeCKash U MOTEHIMalIbHAsl SHEPrusi CBOOOJHO MaJarolero
tena? Kocmuueckoro kopabiisi, COBEPILIAIOIIETO MIATKYIO TOCAAKY?

15. Kakwue npeBpallleHUs] DHEPTrUU MPOUCXOIUT IPHU JBHKEHUU KaMHS, OpPOIIEHHOIO
BBepx? ConpoTUBIIEHHEM BO3/1yXa MOXKHO MPEeHEOpEUb.

16. Ilpu kakom yCJIOBHU JiBa Tella pa3HOW MAacCChl, MOJHATHIE HA PA3HYIO BBICOTY, OYIyT
00J1a71aTh OJMHAKOBOM MOTCHITMAIBLHON dHEPTUCH?

17. IlpuBeauTte npuMepsl MPEBPAILICHUS KWHETUUECKON SHEPTUU Tella B NOTEHIUAIbHYIO
DHEPru0 U 00pPaTHO.



18. I'py3, monBemieHHBIM Ha HUTH (MasATHHUK), coBepmiaer Kojebanus. Kakue
MPEBPAILCHHS SHEPTUHU MPOUCXOISAT IIPU 3TOM?

19. Tlaparommii ¢ BBICOTHI 2M MSIYMK MOACKOYMI Ha BbicoTy 1,5M. Kak coriacoBath 310 C
3aKOHOM COXPaHEHUS dSHEPTUH?

20. 3a cyer KaKo¥l SHEPTUM B3MBIBACT BBEPX HATOJHEHHBIN IereM BO3MYIITHBIA MIApPUK,
BBIPBABIIMIICS U3 PYK?

KonTpomupyembie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; T1.1.-I1.7.; JIP2,
JIP4, JIP23. JIP30

Kpurepun ouenku:
OtrMmeTka «5»

IIOJIHO PACKPBITO COAEPKAHUE MaTepuaia

YETKO Y IPaBUJIIBHO JaHbl ONPENEICHUS U PACKPBITO COJAEPKAHUE ITOHATHUM, BEPHO
UCITOJIb30BAHbl HAYYHBIE TEPMUHBI

JUISL TOKA3aTeNIbCTBA UCIOJIb30BAHbl PA3IMYHbIE YMEHHUSI, BEIBOABI U3 HAOJIOICHHUI,
OIIBITOB

OTBET CaMOCTOSITENIbHBIH, HCIIOJIb30BaHbl paHee PUOOPETCHHbIE 3HAHMSL.

OtMmeTka «4»

PACKpBITO OCHOBHOE COJIEpKAHUE MaTepuaia

B OCHOBHOM IPaBWJIBHO JIaHBI OMPEICIICHHUS TOHSATUN W WCIOJIH30BaHbl HAy4YHbIC
TEPMUHBL.

OTBET CAMOCTOSTCIbHbBIN

ONpeNeNICHUs] TOHSATUN HEIMOJHbIE, JONYUIEHbl HE3HAYUTENbHbIE HapPYLICHUS
TIOCIICIOBATEIPHOCTH M3JI0KEHUS, HEOOIBIINEe HETOYHOCTH TP WCIOJIb30BAHUU HAYYHBIX
TEPMHUHOB WA B BBIBOJAX U 000OIICHUSIX

MpaBUJIbHBICE M YETKUE OTBEThI HAa BOMPOCHI YTOUHSIONIETO XapakTepa (MO3UIIUS
MOHUMAIOLTUH)

OtMmetka «3»

YCBOGHO OCHOBHOE COJep)KaHWEe yd4eOHOTO Mmarepuana, HO  H3JIOKEHO
dbparMeHTapHO, HE BCETJa TIOCIEI0BATEIIHHO

OTIpe/ICICHNS TIOHSATHI HETOCTAaTOYHO YETKHE

HE WCIOJb30BaHBI B KAauyeCTBE JOKa3aTelIbCTBA BBIBOABI W OOOOIICHUS W3
HAOJIIOICHH, TOTYIIEHBI OITMOKU TIPH UX U3TI0KCHUH

JIOTYIIEHBI OMIMOKA W HETOYHOCTH B HCIOJB30BAaHUHM HAYyYHON TEPMHHOJIOTHH,
ONPENECICHUE TOHATHI

MpaBUIbHBIE U YETKHWE OTBETHI HA BOMIPOCHI HABOJAIIETO W KOHKPETU3UPYIOIIETO
xapakTepa (o3UIUs KPUTHK)

OtMmeTKa «2»
OCHOBHOE COJIep)KaHHe Y4eOHOTO MaTepHualia He pacKpbITO
HE JIJaHbI OTBETHI HA BOIIPOCHI HABOSIIIETO U KOHKPETUZUPYIOIIETO XapaKTepa



JTOMYIICHBI TPyOble OIMMOKKM B OMNPEASACHUHM TOHSATHM, TPH HCIOJIb30BAaHUH
TEPMHUHOJIOTHH.

TectupoBanmue (T)

Uemy paBeH MOYJIb U3MEHEHUSI UMITYJIbCA TeJla MacCOM m, JBUXKYIIIETOCs CO
CKOPOCTBIO V, €CJIH MOCJIE CTOJKHOBEHUSI CO CTEHKOM TEJO CTajlo JBUTAThCS B
IPOTUBOIIOJIOKHOM HAMPAaBICHUU C TOM K€ M0 MOJIYJIIO0 CKOPOCTHIO:

a) 2mv
0) mv
B) 0

[Ipu BbICTpEsE U3 MHEBMATHYECKONH BUHTOBKH BBUIETAET ITyJIs MAaCCOM m €O
CKOpOCThIO V. Kakoil Mo MoayiIt0 UMITYJIbC MPUOOPETAET MOCIIE BHICTPEIIa THEBMAaTHYECKas
BUHTOBKA, eclii ee Macca B 150 pa3 GosibIlie Macchl MyJiu:

a) 150mv
0) mv
B) mv/150

C nmoaku o6mieit maccoit 200 Kr, IBIKYIIEHCS] CO CKOPOCThIO 1 M/c, BhINAI Ipy3
Mmaccoit 100 kr. Kakoi crajia CKOpOCTb JIOJKHU:
a) 10 m/c
0) 1 m/c
B) 2 M/C

Teno maccoit 1 kr cunoii 20 H nogaumaercs Ha BeicoTy 5 M. UeMy paBHa paboTa
JTOU CHJIBL:
a) 100 Ix
6) 10 dx
B) 1000 Ix

Onpenenure MUHUMAIBHYIO MOIIIHOCTh, KOTOPOH JOHKEH 00J1a/1aTh TBUTATENb
IpUEeMHUKA, YTOOBI MOJHATH Tpy3 Maccoi 50 kr Ha Beicoty 10 M 3a 5 c:
a) 2 kBt
0) 3 kBt
B) 1 kBT

[Ipu nBMKEHUH HA BEJIOCHUIIEAE 110 TOPU30HTAIBHOM T0POre CO CKOPOCThIO 9 KM/4
pa3BuBaercs MomHocTh 30 Bt. Haliqure nBuxyuiyro cuiy:
a)24 H
06)12H
B) 40 H



1. Teno maccoit 2 kr umeeT noTeHIManbHy0 3Hepruto 10 Ix. Ha kakyro BeICOTY Ha
3emJIei TOHATO TEJIO, €CJIM HYJIb OTCUeTa MOTSHIIMAIIBHOW YHEPTUU HAXOIUTCS Ha
MOBEPXHOCTH 3€MJIN:

a)lm
0)2M
B) 0,5 M

8. Bo ckosbKO pa3 MOTEHIHUAIBHAS YHEPT UL, HAKOIJIEHHAS! IPYKUHOM IIPU CKATUU U3
IIOJIOYKEHHMSI PABHOBECHSI HA 2 CM, MEHBIIE, YEM IIPU CKATUU TOM K€ NMPYKUHBI HA 4 CM:
a) B4 paza
0) B 2 paza
B) B 8 pa3

Q. Kak u3aMeHuTCst KuHEeTHYeCKas SHEPTHsl TeJla IPU YBEITMYEHUHU €r0 CKOPOCTHU B 2
pasa:
a) yBEJIUUUTCS B 2 pasa
0) yMEHBIIUTCS B 4 pa3a
B) yBEIUYUTCS B 4 pa3a

10. C kako#l CKOpOCThIO OPOCHIIN BEPTUKAILHO BBEPX KAMEHb, €CJIM OH IIPH 3TOM
IIOJTHAJICA Ha BBICOTY S5 M:
a) S m/c
6) 10 m/c
B) 2,5 m/c

11. Teno 6pomieHo BepTUKAIBHO BBEpX co ckopocThio 10 M/c. Ha kakoii BeicoTe ero

KWHETUYECKasi SHEPIus CTaHET PaBHOW €ro NOTEHUUATbHON YHEPIHHU:
a)2,5m

0)2 M
B) S M
12. Ennanna n3MepeHus umityabca Cuiibl B MeX1yHapOJIHOU CUCTEME:
a) KT * M/C
0) Hec
B) KI/'M
13. 3aMKHyTasi CUCTeMa TeJl — Takasi CHCTEMA TeJl, Ha KOTOphIE:

a) HEe IEUCTBYIOT BHEIIIHUE CUJIbI
0) He IEHCTBYIOT HU BHEUIHUE, HU BHYTPEHHUE CUJIBI
B) JCHCTBYIOT BHEILIHUE CHJIbI

14. Nmnynec Tena onpenensercs BbIpaXeHUEM:
a) F/t
0) Fet

B) mev



15. Teno GpoiieHo BEpTHKAIBLHO BBEPX €O CKOPOCThIO 20 M/c. ConpoTUBIICHUE
BO3/lyXa CpPaBHUTEIHHO MaJio. Kakoi BHICOTBI OHO JJOCTUTHET:
a) 20 m
0)15m
B) 10 M

16. Kene3HomopoKHBINM BaroH MacCOM m JBUXKYIIHICS CO CKOPOCTBIO V, CTAIIKUBAECTCS
HEIOJBMKHBIM BATOHOM MAcCOM 2m M CHEIUIAETCS ¢ HUM . KaknM cyMMapHBIM UMITYJIbCOM
o0azaroT JBa BaroHa 1ocje CTOJIKHOBEHHUS:

a) 3v
0) v/3
B) V

17. CKOpOCTh JIETKOBOTO aBTOMOOMIIS B 4 pa3a 00JIbIIIe CKOPOCTH IPy30BOTO, a Macca
I'Py30BOIro B 2 pa3a 0O0JIBIIIE MACCHI JIETKOBOTO. CpaBHI/ITe 3HAYCHUA MOHYHCﬁ HMITYJILCOB
JIETKOBOTO P1 ¥ TPY30BOTO P2 aBTOMOOUJIEH:

a) p1=pz
6) p2=2p1
B) p1=2p2

18. Teno, Maccoit 2 Kr IBMXKETCSl CO CKOpocThio 4 M/c. KakoB umnyinbc Tena:
a) 16krem/c
0) 8krem/c
B) 4Krem/c

19. Teno maccoil 2 KI MOJJHUMAETCS Ha BBICOTY 5 METPOB MPH JIEUCTBUU HA HETO
noctosinHo# cuitbl 30 H. PaGota 3101 cuiibl paBHa:
a) 100 [Ix
6) 1500 dx
B) 150 Ix

20. Kakast u3 mepeyncieHHbIX BETMYHH SIBIISICTCSI BEKTOPHOM:
a) Macca
0) UMITyJIbC
B) IIyTh

21. Bopomna netut co ckopocthio 6 M/c. UMmmynibc BopoHBI paBeH 3 Kr * M/c. Macca
BOPOHBI paBHA:
a) 0,5 xr
0) 2 xr
B) 1,5 kr

22. Kak Ha3bIBaeTcs BeJIMUMHA, paBHAs IPOU3BEJACHHUIO MACChI TEJIAa HA €€ CKOPOCTH:!
a) UMITYJIbC CUJIBI



0) UMITyJIbC TeNIa
B) IIepEMEIIICHHE

23. Kak naspiBaercs pusnyeckas BelnuunHa, paBHasi IPOU3BEICHUIO MOAYJIEH CHIIBI U
NePEeMEIICHNs] K KOCUHYCa yTiia MEXIy HUMU:
a) MOIIIHOCTb
0) KUHETH4YEeCKasi YIHEPrus
B) pabota

24. Teno maccoit 3 kr nogHATO HA BbICOTY 10 M. KakoBa nmoTeHIManbHas SHEprus Tena:
a) 30 JIx
0) 300 Ix
B) 600 JIx

25. Kamens Opotien BepTukanbHO BBepX. Ha myTu 1 M ero kuHetuyeckasi SHeprus
ymeHbImiach Ha 16 [Ix. Kakyto paboTy coBepiinia cuiia TSXKECTH Ha 3TOM Iy TH:
a) -8 JIx
0) 32 JIx
B) —16 Ix

26. [lepBblil 351€KTpOABUTATENB, TOCTPOEHHBIN akageMukoM S010ukoBbIM B 1834 roxy,
PaBHOMEPHO MO HUMAJI (¢ ToMoIIbIo 010ka 1 HUTH) rpy3 50 H Ha BricoTy 0,6 M 3a 2 C.
Onpenenute MOITHOCTB 3TOTO ABUTATEA:
a)~1,5 Bt
0) =15 Bt
B) =25 Bt

217. Onpenenuts pabOTy CUIIBI PYU PABHOMEPHOM MOAHSATHH TPy3a Maccoil 2 T Ha
BbICOTY 50 cMm:
a) 1 x/Ix
0) 1,5 xJx
B) 10 xJIx

28. Kak HaspiBaercs pu3ndeckas BeInunHa, paBHAs TMPOU3BEACHUIO CUIIBI HA BPEMS €€
NEUCTBUSL:
a) KHHETUYeCKas SHEPTUsl
0) UMITyJIbC TeNIa
B) UMITYJIbC CHUJIBI

29. Ha teno B Teuenue 2 muH aerictpyet cuiia 5 H. KakoB UMIyJibC CUIIBL:
a) 600 H-c
6) 60 H-c
B) 6 H-c



30. Kaxk Ha3wpiBaeTcs ¢puzndeckas BeJIMYMHA, paBHAS OTHOIIECHUIO pabOThl K HHTEPBAITY
BPEMEHH, 3a KOTOPBIH 3Ta paboTa COBEpIIICHA:
a) KUHETUYeCKasi SHEPTUs
0) MOIIIHOCTH
B) pabota

KonTpomupyembie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; I1.1.-I1.7.; JIP2,
JIP4, JIP23. JIP30

Kaouu Kk Tectam:

Ne ponpoca 1/2(3|4(5/6(7(8(9(10|11(12|13|14|15|16|17|18|19]|20
6|/B|a|/B|6|B|6|B|6 |a |6 |2a |B |a |6 |B |6 |B |6

[MpaBuiabHbIH

OTBET

Ne ponipoca 21 22 23 24 25 26 27 28 29 30

IIpaBWIBHBIN OTBET

Kpurepun ouenku:

— «2» BBICTABIIAETCS 00yUaromeMycs, eciu Habpan meree 12 6amios;
— «3» BBICTaBIIACTCS OOyUaromemycs, 3a 13-17 6amios;

— «4» BBICTaBIIACTCS OOyUaromemycs, 3a 18-24 6amios;

— «5» BpICTaBIIAETCS OOyUaromemMycs, 3a 25 u 6osee 0anoB.

3ananus 15 caMocTosATeIbHOM pa6oTsl (CP)

Tembl 3cce (pedepaToB, 10KIAT0B, COOOIIECHMIA)

1) 3aKkoH COXpaHCHHUS UMITYJIbCA.

2) PeakTHBHOE JIBYKCHUE.

3) 3aKoH COXpaHCHHsI MOMEHTA HMITYJIbCA.

4) Mexannueckas paboTa ¥ MOIITHOCTb.

5) Kunernueckasi SHEpTHsL.

6) IToTeHuMaIbLHAS SHEPTHS.

7) 3aKOH COXpaHCHHS MEXaHHUUECKON SHEPIHH.

8) Pabota CHIbI TSHKECTH M CHIIBI YIIPYTOCTH.

9) KoHcepBaTUBHBIC CHIIBI.

10) [TpuMeHeHHEe 3aKOHOB COXPAHCHHUS.

11) HMcnonb30BaHUEe 3aKOHOB MEXaHUKHU IJisi OOBSCHEHHUS IBM)KEHUS HEOCCHBIX TEl H
JUTSL Pa3BUTHSI KOCMUYECKUX HCCIICIOBAHUM, TPAHUIIBI PUMEHUMOCTH KIIACCHYECKON
MEXaHUKH.



12) [IpakTuyeckoe NpUMEHEHUE (DU3MUYSCKUX 3HAHWKA B TOBCEIHEBHOW JKU3HU IS
MCIIOJIb30BAHUS IPOCTHIX MEXAaHU3MOB, UHCTPYMEHTOB, TPAHCIIOPTHBIX CPECTB.

Kontpomupyembie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; I1.1.-I1.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun ouenku:
OtMmetka «5»

IIOJIHO PACKPBITO COJIEpKaHUE MaTepraia

YETKO W IIPABUJIBHO JIAHBI ONIPENEIICHUS U PACKPBITO COAECP/KAHNUE MOHATUI, BEPHO
MCII0JIb30BaHbl HAYYHbIE TEPMUHBI

JUISL JOKA3aTeNbCTBA UCIOJIb30BAHbI PA3IMYHbIE YMEHHUSI, BEIBOABI U3 HAOJIIOICHUI,
OIBITOB

OTBET CAMOCTOSITEIbHBIN, UCIIOJIb30BAHbI paHee MPUOOPETEHHbIE 3HAHUS.

OtmeTka «4»

PAcKpBITO OCHOBHOE COJICpyKaHHE MaTepHaia

B OCHOBHOM MPaBHWJILHO JTaHBI ONPECIICHHS MOHATUA W WCIOJIb30BaHBI HAYYHBIC
TEPMUHBI.

OTBET CAMOCTOSITEIbHBIN

OTIpE/ICNICHUS] TIOHATUH HEIOJHBIC, JIOMYIICHb HE3HAYNUTENbHBIC HapyIICHUS
MOCJICIOBATEIbHOCTH M3JI0’KCHHS, HEOOIbIITME HETOUYHOCTH TPH HCIIOJIb30BaHUN HAYUHBIX
TEPMUHOB HJIM B BBIBOJAX M 000OIIEHUIX

MpaBUJIbLHBIE W YETKUE OTBETHI HA BOMPOCHI YTOUHSIOMIETO XapakTepa (TO3UITUs
MOHUMAIOTIIHHA)

Otmetka «3»

YCBOGHO OCHOBHOE  coOJiepKaHHWe yd4eOHOro marepuana, HO  H3JI0KEHO
dbparmeHTapHO, HE BCera MoCiIe/10BaTeIbHO

ONPEICJICHUS TTOHATHN HEIOCTATOYHO YETKHUE

HE WUCIOJb30BaHbl B KAueCTBE JIOKA3aTElIbCTBA BBIBOJALI W OOOOIICHUS U3
HaAOIIOJICHUM, TOMYIICHBI OITUOKH MPU UX U3JI0KEHUU

JOTMYIIEHBl ONMMOKKM W HETOYHOCTH B MCIOJIb30BAaHUU HAYYHON TEPMUHOJIOTHH,
OIPEICIICHUE TTOHATUIA

MPaBUJIBHBIE U YETKHE OTBETHI HA BOMPOCHI HABOJAIIETO M KOHKPETU3HPYIOUIETO
xapakrepa (Mo3ULUsl KPUTHK)

OT1MmeTKa «2»
OCHOBHOE COJIepKaHKe YueOHOTO MaTepuaia He pacKpbITO
HE JIaHbl OTBETHI HA BOIPOCHI HABOISAIIETO U KOHKPETU3UPYIOILIETO XapakTepa
JIOMYIIEHBI TPyOble OIMMOKH B ONPENCICHUM TMOHSATHH, MPH HWCIOJIH30BAHUU
TEPMHUHOJIOTHH.

Koutpoabnas padora Nel



=

=

=

=

ITo pazgeny «MexaHuKa»
Bapmuanr 1
CdopmynupyiiTe nepBbiii 3akoH HproToHa.
MOTOLMKINCT Haval ABM)XKEHUE C IIOCTOSHHBIM yCKopeHumeM 1 M/c?. Omnpemenure IIyTh,
KOTOPBIN MPOIIEN MOTOILUKIUCT O TOTO MOMEHTA, KOT/Ia €ro CKOPOCTh cTaja 36 KM/4.
[To BrOpomy 3akoHy HbprOTOHa ompenenuTe yCKOpeHHE Tena, BbI3biBaecMoe cuion 90 H;
Macca tena 45 Kr.
JIBa kopabns maccoit 50000 T kakaplid CTOAT Ha peilie Ha pacCTOAHMM | KM OJHMH OT
npyroro. KakoBa cuia NpUTSKEHUS] MEKTy HUMU?
Teno, ABMXKyIeecs co CKOPOCThIO 4M/c, UMeeT KMHETH4ecKyro sHepruto 16 J[x. Haiitu
Maccy 3TOTO Tena.

Bapuanr 2

CdhopmynupyiiTe 3aK0OH BCEMUPHOTO TATOTEHUSI.

3a kakoe BpeMs aBTOMOOMJb, JBHMIasChb M3 COCTOSHMA IOKOS ¢ yckopenuem 0,6 m/c?,
npoiiaer 30 m.

Cuna 60 H coobmaer Teny yckopenwe 0,8 m/c?. Kakas cuina cOOOLIMT 3TOMY Teiy
ycKopeHue 2 m/c??

Brruncnure cuny nputskenus denoBeka Maccor 80 kr k Comnny, ecnm macca ConHoa
pasna 1,99-10% kr, a paccrosaue ot 3emmu 1o Connua cocrasnser 1,5-10° k.

Teno, Mmaccoit 3 kr o0nagaer noreHUMaNIbHOM 3Heprueit 60 Jx. Onpenenure BbICOTY, Ha
KOTOPYIO MOJHSTO TEJO HaJ| 3eMIICH.

Bapuanr 3

CdopmynupyiiTe 3aKOH COXpaHEHHUS YHEPTUH.

Temnoxo, ABUrasch U3 COCTOSHMS MOKOs ¢ yckopenueM 0,1 m/c?, mocturaer ckopoctu 18
KM/4. 32 Kakoe BpeMs 3Ta CKOpOCTh JocTurnyTa? Kakoi myTh 3a 3TO BpeMs npoiieH?

C KakuM yCKOpEHHEM JABUTAJCs MpU pa3dere peakTUBHbBIN camolieT maccoit 60 T, eciiu cuia
Tsaru asurareiaei 90 kH?

C xakoil cunoil mputsaruBaercsi JIyHoil rupst Maccoi 1 Kr, HaxoAsIasicd Ha MOBEPXHOCTH
JIynsl. Macca Jlynsl paBna 7,3 - 10?2 kr, a ee paguyc 1,7-108 cm?

KakoBa kuHeTHueckas sHeprusi KOCMU4ecKoro kopadns cepun «Coro3» mpHu ABUKEHUU T10
opOuTe co CKOpocThio 7,8 KM/c, eciu macca kopads 6,6 17

Bapuanr 4

Chopmynupyiite TpeTuit 3aKkoH HeroToHa.

[lyns B crBonme aBromara KanamHukoBa IBHKETCS ¢ yckopenmeM 616 xm/c?. Kakosa
CKOpPOCTh BbLJIETA IYJIM, €CJI JJIuHa cTBojia 41,5 cm?

Teno maccoii 4 Kr nmoj AeiicTBHEM HEKOTOPOM CHIIBI pHobpeno yckopenue 2 m/c?. Kakoe
YCKOpEHHEe mpruodpeTaeT Teso Maccoit 10 Kr mo AeHCTBUEM TaKOW Ke CHIIBI?

C Kakol CHJIOM NMPUTATUBAIOTCA APYT K APYry [Ba Tela MAacCOM IO 5 KT, €CIU PACCTOSTHUE
MEXIy UX LIEHTPaMH Macc paBHO 20 m?



5. Teno nmoansuiu Ha Beicoty 0,6 M Han 3emueit. [Ipu 3TomM oHO 00s1a1a710 MOTEHIMATBHOU
sHeprueit paBHoit 42 JIx. Onpenenure Maccy Tena.

KonTtpomupyembie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; I1.1.-I1.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun ouenku:

- «5» cTaBUTHCS 3a pabOTY, BBIIIOJHEHHYO IMOJHOCTHIO 0€3 OIIMOOK ¥ HEJT0YETOB.

- «4» cTaBUTHCS 3a pabOTy, BHIMOJHEHHYIO MOJHOCTHIO, HO MPU HAJIUYUMU B HEH He Oolee
OJIHOM TpyOO# U 0JIHOM HerpyOOi OMIMOKHU U OHOTO HEJIOUETa, HE OoJIee TPeX HEJT0UYETOB.

- «3» CTaBUTBCS, €CIM CTYACHT MPABWIHHO BBHIMIOJHWI HE MeHee 2/3 Bcell paboThl WIH
JTOMYCTHJI HEe 0oJiee OHOM rpyOoii OIMOKK U JBYX HEJIOYETOB, HE OoJiee OaHOM rpyoOoii u
OJTHOM HerpyOoi ommoOKu, He OoJjiee TpeX HErpyObIX OMIMOOK, OJHON HerpyOoi omulOKu 1
TpPeX HEJOUETOB, IPU HATMYUH 4-5 HET0YETOB.

- «2» CTaBUTHCS, €CJIM YUCIO OIIMOOK M HEIOYETOB MPEBBICUIIO HOPMY OLEHKHU «3» WIH
IPABUJIHHO BBITIOJIHEHO MeHee 2/3 Bceil paboThI.

Paznen 2. MogekyasipHas Gu3uKa 4 OCHOBbI TEPMOJAMHAMUKH

Tema 2.1. OcHOBBI MOJIEKYJISIPHO-KUHETHYECKOIl TEOPUHU Ia30B

Ycrubii onpoc (YO)

1. Kaxoga nens monekymnspHo-kuHeTrnueckoit reopun (MKT) crpoenus BeniectBa?

2. Ha3zosute ocHoBHBIE TON0XEHNST MKT.

3. [IpuBenute npumepbl GUUYECKUX SBJICHUM, KOTOPBIC SBISIOTCS KOCBEHHBIM
JI0Ka3aTeNbCTBOM CYIIIE€CTBOBAHUS aTOMOB U MOJIEKY L.

4, Kakue »sxcriepuMeHTanbHBIN (haKThl MOITBEPKIAOT CYIIECTBOBAHME MOJICKYJI
(aToMOB)

o. [IpuBenuTe cpaBHEHUS, MO3BOJISIIOLINE MTPEACTABUTH, HACKOJIBKO MOJIEKYJIbI (aTOMBI)
MaJibl.

6. [IpuBeauTe cpaBHEHMUS], MO3BOJISIONINE NPEICTABUTD ,HACKOJIBKO MOJIEKYJIbI (ATOMBI)
MHOTOYHCIICHHBI.

7 JlaiiTe onpeAeneHrne KOIMYeCTBa BEIIECTBA.

8. Kaxosa eguauia xonmmuectsa Bemectsa B CU?

9 ChopmynupyiiTe onpenesieHre NocTossHHOM ABoraapo. Yemy oHa paBHa?

10. Ilouyemy mocTostHHAsE ABOTaJIpo OJIMHAKOBA JIJIsl TFOOOTO BellecTBa?

11.  Jlaiite onpenenenue moiisipHoit maccsl. KakoBa ee enunuia B cucreme CHU?

12.  Kak cBsi3aHbl MOJISIpHAst U OTHOCUTEIIbHAS MOJICKYJISIpHAS MacChl?

13. IlpuBeauTte npumepbl PU3NUESCKUX SBICHUM, KOTOPHIE SBIISIOTCS JI0Ka3aTeIbCTBOM
JBHKCHUST MOJIEKY/I.

14.  lanite onpenencaue auddy3un.



15.

[IpuBenuTe npuMepsl NpuMeHeHus: AMPGy3un B IPUPOJIE, TEXHUKE, U )KU3HU

4eJIoBeKa

16. IIpuBeaurte npumepsl GU3NUECKUX SIBICHUH, KOTOPBIE SBISAIOTCA JOKA3aTEIbCTBOM
B3aUMO/JICCTBUSI MOJICKYJI.

17. KaxkoBa npupoga MEXMOIEKYISIPHOTO B3auMoiecTBusa? Ha kakux paccTOSHUSAX
IPOSIBIISIFOTCS 3TH CHJIBI?

18. HazoBuTe OCHOBHBIE arperatHble COCTOSIHUS BemlecTBa. Kakue n3meHeHus
IIPOUCXOJAT B BEIIECTBE NpHU (Pa30BBIX Nepexonax?

19. Kak nBmxKyTcs MOJNEKYJIbI Ta3a?

20.  [aiite onpeneneHus naeaabHOTO rasa.

21. Ilpu Kakux ycJIOBHUSX peajibHbIE Ta3bl BeAyT ceOsl MoJ00HO uaeaIbHOMY razy?

22. HazoBure (pusnveckre BETUYUHbI, KOTOPbIE SBISIOTCS MUKPOCKOTTMYECKUMU

napamMeTpaM UJaCalIbHOI'0 ra3a.

23.

HazoBute (1)I/ISI/I‘-ICCKI/I€ BCIIMYUHBI, KOTOPLBIC ABJIAIOTCA MAKPOCKOIIMYCCKUMU

mapamMecTpaMu HACAJIBHOIO Ira3a.

24.

B uem I[MpUYrMHA OaBJICHUA raza?

KonTtpomupyembie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; I1.1.-11.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun ouenku:
OtmeTka «5»

MIOJTHO PaCKpPBITO COAEPKAHUE MaTepuraa
YETKO W MPABWIBHO JIaHBI OINPEICIICHUS U PACKPBITO COJAEPKAHUE IMOHSITUNA, BEPHO
VICTIOJIb30BAHBI HAYYHBIE TEPMUHBI

A1 JOKa3aTCIbCTBA MCIIOJIb30BAHbI PA3JIMYHBIC YMCHUS, BBIBOJbBI M3 H&6HIOI[€HPII>'I,
OIIBITOB

OTBCT CaMOCTOHTCHBHBIﬁ, HCIIOJIB30BAHBI PAHCC HpI/IO6peTCHHBIC 3HaHU:.

OtmMmetka «4»

PacCKpBITO OCHOBHOE COJIEpKAaHUE MaTepuaia

B OCHOBHOM TMPaBWJIBHO JaHbI OMpPEEICHUsI MOHATHN M MCHOJIb30BAHBl HAYYHBIC
TEPMUHBL.

OTBET CAMOCTOSITEIIbHBIN

ONpENENICHUs] TOHATHI HENOJIHbIE, JONYIIEHbl HE3HAYUTEIbHbIE HAPYLICHUS
MIOCJICIOBATEIPHOCTA HW3JIOKCHHS, HEOOJIBIIINE HETOYHOCTH TPU HCIOJIb30BAaHUU
HAyYHBIX TEPMUHOB WJIM B BBIBOJIaX U 000OIIEHUIX

MpaBWIbHBIE W YETKHME OTBEThI HAa BOIPOCHI YTOUHSIONIETO Xapakrepa (MO3UIIMs
MOHUMAIOTIIHHA)

OtMmeTka «3»

YCBOEHO OCHOBHOE COJIEp)KaHHe yueOHOTO MaTrepuasa, HO U3JI0KEHO (parMeHTapHoO,
HE BCErJa MoCie10BaTeIbHO

ONpCACICHHUA MOHSATUM HCOAOCTAaTOYHO YCTKHEC



HE WCIOJb30BaHBl B KAadeCTBE JOKA3aTEeIbCTBA BBHIBOJABI M O0OOOIICHUS U3
HAOJIIOICHH, TOTYIIEHBI OITMOKU TIPH UX U3TI0KCHUH

JOTMYIIEHbl OIMMMOKA M HETOYHOCTH B WCIHOJB30BAHUM HAYYHOW TEPMHUHOJIOTHH,
ONPENECICHUE OHATHI

MpaBUIbHBIC W YCTKHE OTBETHI HAa BOMPOCHI HABOMSMIIETO M KOHKPETH3WUPYIOIIETO
xapakTepa (o3I KPUTHK)

OtMmeTKa «2»

OCHOBHOE COJIepKaHUE YU4eOHOT0O MaTepuaia He PacKPhITO

HE JIaHbl OTBETHI HAa BOIPOCHI HABOIAIIETO U KOHKPETU3UPYIOILIETO XapaKTepa
JOMYIIEHbl TpyOble OIIMOKM B ONPEIACICHUH TMOHSATUH, MPU HMCHOJIb30BaHUU
TEPMHUHOJIOTHH.

3amanus 11 caMocTosiTeIbHOU padoTsl (CP)

Tembl 3cce (pedepaToB, 10KJIAT0B, COOOIIEHMIH)

©CoNoa~LNE

bpoyHOBCKOE nBUXKEHUE.

Cuitbl ¥ DHEPTUSA MEKMOJIEKYIISIPHOTO B3aNMOICUCTBUS.
Crtpoenue razo00pa3HbIX, )KUJIKUX U TBEPABIX TEIL.

WNneanbHbli Ta3.

JlaBneHue rasa.

OCHOBHOE ypaBHEHHUE MOJIEKYJISIPHO-KUHETUYECKON TEOPUH Ta30B.
Temmneparypa u ee U3BMEpEHHUE.

AOGCOIIOTHBIN HYJIb TEMIIEPATYPHI.

. TepmonnHaMuueckas IIKana TEMIIEPATyPBHI.

10 CkopocTy IBUKEHUS MOJIEKYJT U UX U3MEPEHUE.
11.W3onporeccs u uX rpaduKu.

12.T"a30BBIC 3aKOHBI.

13.YpaBHEeHUE COCTOSIHUSI HI€aTLHOTO Ta3a.

14 MonsipHas ra3oBasi HOCTOSIHHA.

KonTpomupyembie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; T1.1.-I1.7.; JIP2,
JIP4, JIP23. JIP30

Kpurepun onienku:
OtMmeTka «5»

IMOJIHO PAaCKpPBITO COJACPIKAHHUC MAaTCpHaJIa
YCTKO W IPaBUJIbHO JaHbl OIPCACICHUA U PACKPBLITO COACPKAHUC HOHHTHﬁ, BCPHO
HCITOJIb30BaHbl HAYYHBIC TCPMHHBI

L JO0KAa3aTCJIbCTBA HCIIOJIB30BAHBI PA3JIMYHBIC YMCHUA, BBIBOJAbBI M3 Ha6J'IIOI[€HI/II\/JI,
OIIBITOB

OTBCT CaMOCTOHTeHBHBII\(JI, HCIIOJIB30BAHBI PAHCC HpI/IO6peTeHHI>Ie 3HaHM.



OtmMmeTka «4»

PACKPBITO OCHOBHOE COJIEpKaHUE MaTepruaa

B OCHOBHOM MPAaBWJIBHO JAaHbl ONPENECICHUS MOHATUM W KMCIOJb30BAaHbl HAYYHBIC
TEPMUHBI.

OTBET CAMOCTOSITEIbHBIN

ONPENICIICHUS] TIOHSATHUM HEMOJIHbIE, JONYIICHbl HE3HAYUTEIIbHBIE HAPYIICHUS
MOCJICIOBATEILHOCTH M3JIOKEHHS, HEOOJbIINE HETOYHOCTU MNPH MCIOJb30BAHUHU
Hay9YHBIX TSPMHUHOB HJIM B BBIBOJAX M O0OOOIICHUIX

MpaBWIbHBIE W YETKHME OTBETHI HA BOINPOCHI YTOUHSIONIETO XapakTepa (MO3UIIMs
MOHUMAIOTIIHIA)

OTtMmeTKa «3»

YCBOCHO OCHOBHOC COJICPIKAHHC y‘{€6HOFO MaTtcpualia, HO U3JIOKCHO (bpaFMeHTapHO,
HC BCCT1a ITOCICAO0BATCIIHHO

ONPEEIICHNS] IOHATUN HETOCTATOYHO YETKUE

HE WCIOJb30BaHBl B KauyeCTBE JOKAa3aTelbCTBA BBIBOABI M OOOOIIEHUS U3
HAOJIIOICHUM, TOMYIEHbI OITMOKU IPU UX U3TI0KEHUH

JIOTIYIIEHbl OLIMOKM W HETOYHOCTH B MCHOJIb30BAaHUM HAYYHOW TEPMHUHOJIOTHUH,
OIIPEEIICHUE TIOHATUN

MpaBWIbHbIE U YETKUE OTBETHl HAa BOMPOCHI HABOJSIIETO M KOHKPETU3UPYIOIIETO
xapakrtepa (MO3ULUsI KPUTHK)

OTMeTKa «2»

OCHOBHOE COJIepKaHue y4eOHOro MaTepuasna He pacKpbITO
HE JIaHbl OTBETHI HAa BOIIPOCHI HABOIALIETO U KOHKPETU3UPYIOLIETO XapaKTepa

JONyIIeHbl T'pyOble OIIMOKKM B ONPENEICHUH TMOHATHI, TMPU HCIOJI30BaHUU
TEPMUHOJIOTHH.

JlaGopaTopHblie padoThI

JlaGoparopuasi padora Ne 1

N3y4yenune uzod0apHoro npouecca (onbiTHasi nposepka 3akona I'eit-JIroccaka, boiias -
Mapmuorra)

Heab padoThI: SKCIEPUMEHTAIIBHBIM ITyTEM MPOBEPUTH BEPHOCTH 3aKoHa ['eil-

JIroccaka (J1oka3ath MOCTOSHCTBO oTHOMICHHS V/T 1151 TaHHON MacChl rasa).

O6opynoBanusi: BupryansHas naboparopust «VccinenoBanue n3zob6apHoro mpoiecca

B ra3sax»
- http://efizika.ru/htmI15/18/index.html.

VYcranoBka MojenupyeriadopatopuHyto padboty «lIpoBepka 3akoHa u300apHOTO

npouecca I'eit-JIroccakay.

Kparkas Teopusi


http://efizika.ru/html5/18/index.html

B 1802 roxy, dpanuysckuii yuensiii XKozed Jlyu I'eit-JIroccak omyOiamkoBal 3aKoH
ONpeaeNsIONUi 3aBUCUMOCTh 00bEMa Ta3a OT TEMIEPATYPhl IPU MMOCTOSIHHOM JAaBJICHUH U
HEeu3MeHHOW wmacce. M300apHbIil mpoliecc - 3TO MpoIecC MPU KOTOPOM H3MEHSETCS
COCTOSIHHE TEPMOJAMHAMUYECKON CUCTEMBI IIPU NIOCTOSIHHOM JiaBieHuu. Eciu nepeBouTs ¢
IPEYECKOTo TO JIOCIOBHO IMOJTydaeTcs: ISOS — paBHBIA 1 baros — tsokecth, Bec. CTEKISTHHBIN
COCYJl 3aIlOJHEH OIPEIEJIICHHBIM a3oM, M 3TOT COCYJ IPHUCOECIUMHEH K IPOAOITrOBATON
CTEKJISIHHOM TpyOke. Kamuieil pTyTtu 3akynopeH ras3 B 3Toil Tpyoke. B cneactBuum Toro, 4to
TpyOKa HaxXOAUTCS B TOPU3OHTAIILHOM PAaCHOJIOKEHUH, JABICHHE B COCYJE€ IMOCTOSHHO
octaércst paBHBIM aTMocdepHoMmy. TemmepaTypa raza ysemuuuBaercs oTr 0 go 100°C.
VYBunerr u3MeHeHue 00bEMA MOKHO TPHU TMOMOIIM KamlelbKh PTYTH, KOTopas Oynaer
nepeMeniaTbcsi Mo CTEHKE CTeKISHHOW TpyOku. ['eit- Jltoccak u3mepsii 00BbEM rasza B
unrepBaine temreparyp ot 0 go 100°C. Uccnenys pasnuyHble ra3bl OH HOJYYWII U1 HUX

CIICYOIINEe 3HAYCHUS TeMIlepaTypHoro kodduimenta o0bEémMHoro pacmupenns o = (V —
Vo )/ Vo - t:

Tabmuma 2.1. TemneparypHsbiii K03 huimeHT 00beMHOT0 PacIIMPEHUS Fa30B

I'a3 Temmneparypubiii K03 duiueHt 00béMHoOro pacimpenus, 1/°C
Bo3ayx 0,003671
Bonopon 0,003661
Okwucs azora 0,003720
Huan 0,003877
CO2 0,003710
CO 0,003669
SOz 0,003903

[TonyunB Takue naHHble, I'eii-JIroccak cuenman cienyromue BbIBOAbI:

a) TpU OJWHAKOBOM TOBBHINICHWH TEMIIEPaTyphl, BCE Ta3bl M Tapbl OJUHAKOBO
pacImpsIoTCs;

0) UIsl BCEX Ta30B yBEIMUYCHHE 00bEMA B MHTEPBAJIC TEMIICPATYP OT TEMIICPATYPhl TasHUS
JbJIa 10 TeMIepaTyphl KumieHust Bojbl paBHo 100/26666mepBoHauanbHOr0 00bEMa.

Takum oOpa3om, Ha ocHoBaHuu HaOmogeHuit ['eil-JIroccak yCTaHOBUIJI 3aKOH:
OTHOCUTEJIHbHOE U3MEHEHHE 00BhEMA ra3a JaHHONW MacChl TIPU MOCTOSTHHOM JIABJICHUH TPSIMO
HPOMOPIHUOHATBLHO H3MeHeHHo TeMieparypsi t. (V — Vo)/Vo = a-t,rae o — TemmeparypHblii
KodhPUIHEHT 00BEMHOTO PACHIMPEHMS], YUCICHHO PAaBHBIA OTHOCUTEIHLHOMY M3MEHEHHIO
0o0bEMa raza npu U3MEHEHHH ero Temmnepatrypsl Ha 1 rpamyc. OmbIT MOKa3bIBaeT, YTO MPHU
MaJIbIX MJIOTHOCTAX KO3(PPUIMEHT 00bEMHOIO pACIIMPEHUSI OJUHAKOB JJIsl BCEX T'a30B: O =
1/273 1/°C. C Touku 3penuss MKT sToT (pakT OOBSICHSICTCS TE€M, YTO MOJIEKYJbI rasa
HAXOJSATCA B CpEeIHEM Ha OOJBIIMX PACCTOSHUAX JAPYyr OT JApyra, U OCOOCHHOCTU
MEKMOJICKYJIIPHBIX CHJI ISl Pa3IUYHBIX Ta30B B ATUX YCIOBUSAX HE CKa3bIBAOTCS. 3aKOH
MokHO 3ammcath B Buae: V = Vo(1 + at). O0béM maHHOW MaccChl raza Mpu MOCTOSHHOM
TABJICHUU MEHSETCS JTUHEHHO MPU U3MEHEHUH TEMIIEPATYPHI.

Eciu mpomomkuth n300apy B 00JIaCTh HU3KUX TEMIIEpaTyp, TZie HM3MEpeHHus He
NPOBOAMIINCH, TO TpsMas TMepeceKaeT OCh TEMIEPaTypbl B TOYKE, COOTBETCTBYIOIICH
00bEMyY, paBHOMY Hymr0. OJHAKO, 3TO €llle HE 3HAYUT, 4TO OOBEM rasza JIeWCTBUTEIILHO
oOpamiaercss B HOJb. Beap Bce ra3pl NMpU CUIBHOM OXJIQXKIEHWU MPEBpAIIAlOTCS B



JKUJKOCTH, a K KUIKOCTSIM HHU 3aKOH bouns — Mapuorra, HU 3akoH ['en-Jlroccaka He
NpUMEHUMBI. PeasibHble Ta3bl MOJYUHSIOTCS OCHOBHBIM Ta30BbIM 3aKOHaM JIUIIb
pUOIMKEHHO U TEM MEHEE TOYHO, YeM OOJIbIIIe TUIOTHOCTh T'a3a U HUXKE €ro TeMIeparypa.
['a3, KOTOpBI B TOYHOCTH MOJYMHSAETCS Ta30BbIM 3aKOHAM, HAa3bIBAIOT UJICATLHBIM.

B MOJeKyIApHO-KMHETUYECKON TEOPUM MOJEIb «UIACAIBHBIN Ta3» YyIOBJIETBOPSAET
CICAYIOITUM TPEOOBAHUSM:

1. 00BEM BCEX MOJIEKYJI Fa3a MHOTO MEHbIIIe 00bEMa CoCya;
2. CHUJIBI IPUTSKEHUS MEXTy MOJIEKYJIaMH MaJibl, U UMHU NPEeHEeOperaror;
3. MOJIEKYJIbl B3aUMOJICUCTBYIOT TOJIBKO MPHU COyAapeHuH (yaap ynpyrui), npu

3TOM JIEUCTBYIOT CHJIBI OTTAJIKUBAHUS,

BpeMsI CTOJIKHOBEHHUSI MHOTO MEHBIIIE BPEMEHHU MEXKAY CTOJIKHOBEHUsAMH. ToT (akTt, 4yTo

YUCJIEHHOE 3HAYECHHE  TEMIEPATYPHOIO korpdunrienTa 00BEMHOTO
pacliupeHrs B MPEAEIbHOM CIydae MajblX IUIOTHOCTEW OJIWHAKOBO JUISl BCEX Ta30B,
MO3BOJIIET YCTAHOBUThH TEMIIEPATYPHYIO LIKATY, HE 3aBUCALLYIO OT BEIIECTBA, — HICABHYIO
ra3oBYIO IIKaJTy TEMIEPATYp.

B3gaB 3a ocHoBy mKkamy Llenbcusi, MOXHO ONpPENENUTh TEMIEPATypy U3
cootHomenus: t = (V — Vo)/Vo, tme V — 00BéM Taza mpu 0°C, a V — ero o0bEM mpu
temrnieparype t. Tak ocymecTBISIETCS ONpENENIEHHE TEeMIEPATypbl, HE 3aBUCSIIEE OT
BEILIECTBA TEPMOMETPA.

[IpenenbHy0 Temmeparypy, Hpu KOTOpOH OO0BEM HICANBHOTO Ta3a CTAHOBUTCS
pPaBHBIM HYJIO, TPUHUMAIOT 3a aOCOJIOTHBIM HyIb TemmepaTypbl. Haliném 3HaueHue
abcomotHoro Hyns no mkane Lenbcus. [lpupaBauBas 00bEM VK HYJIIO U yYUTHIBas, 4TO 0O
= 1/273 1/°C, momyunm: 0 = Vo(1 + 1/273-t). U momyuaem, uTo aOCONIOTHBIA HYIb
TeMmiepaTypsl paBeH: t = — 273°C. D10 npezenbHas, camasi HU3Kasi TeMIeparypa B Ipupoe,
Ta «HAUOOJBINAS WM TOCIEIHSS CTETIEHb XO0JI0JIa», CYIIECTBOBAHNE KOTOPOW MpejcKasal
JloMoOHOCOB.

Takoit yu€nsiii kak Yunbsam KenbBuH u3 AHIIMHM, BBEN aOCOMIOTHYIO MIKATy
temrepatyp. HyneBas temmeparypa mo mkane KenbBuHa paBHa abCOIIOTHOMY HYJIO, a
€MHUIIA TeMIepaTypbl MO 3TOM IIKale - rpaaycy no mkaine llenbcusi, U3 3a 3TOrO
abcomoTHas Temneparypa 7' cBsizana ¢ Temneparypoit no mkane llenscuspopmymnoit: 7 = t
+ 273°C, mpuuém 1°C = 1 K. Ecnu mocMoTpeTrh C TOYKM 3pPEHUSI MOJICKYJISIPHO -
KMHETUYECKOU Teopuu, To mosydaercsa, uro I = 0 K, u TemnioBoe IBUKEHUE MOJEKYJI
PEKPaIACTCS.

C nomompto mkaisl KenbBuHa, 3akoH ['eil-JIroccaka MOXKHO 3amucaThIIpPOIIE:

1+at=1+1/273(T—-273) = a-T, TormaV = Vo-a-T.

OO0bEM ra3za JaHHOW MacChl IPU MOCTOSIHHOM JaBJICHUHU MPSMO MPONOPLUOHATEH
a0COJIOTHOM TemMIeparype.

CrnenoBaTellbHO OTHOILIEHHE OOBEMOB raza OJHOM W TOM e MacChl B Pa3IMYHBIX

COCTOJHUAX HpI/I IIOCTOAHHOM OaBJICHUN paBHO OTHOIIICHHUIO a6COHI'OTHBIX TeMHepaTyp:
Vi/ Vo =Tl To.

Tabmuua 2.2. XapakTepucTHKH H300apHOTO Mpolecca

TTocTosTHHEIN Hazsanue CBs13b MEKIY OOBsicHEHUE CBSI3U MEXIY
rnapameTp M3oIpolecca pyruMu napameTpamu ¢ TOUYKHU 3pEHUs
rapaMeTpamu MKT




P = const mpu m= |[M306apusiit poriecc |V / T = const; V1 [Poct TemnepaTypbl 03HayaeT
Ccost. (3akoul eit-JItoccaxka, Ty = Vo / To;V1/ [yBenWdYeHUE CpelHEH KUHETHIECKOM
1802 ron). Vo =T/ To. HPHEPTUH TEIIOBOTOABUKCHHUS
MoJieKy1 raza. YToObl moaiepKuBaTh
MaBJICHUC ITIOCTOAHHBIM, H606XOI[I/IMO
HC JOIMYCTUTDH YBCIIMYCHUSA YUCIIa
YZapOB O €MHULY TUIOLIAIN
MOBCPXHOCTU CTCHKU
Xoa paéoTnl
1. 3amycTuTh BUPTYyaabHbIN cTeH - http://efizika.ru/html5/18/index.html
2. YcraHOBUTH HavyallbHBIE MapaMeTphl raza: gaBieHue Po, Temneparypy to
3. u obowem Vo.
4, BriOpaTh a1 ucciaeqoBaHus ra3 U3 MATH BO3MOXHBIX: BO3AYX, alleTHIICH, METaH,
aproH, YIJEeKUCIIbIN ra3s.
S. Haxxatp Ha kHONIKY «IlyCck» i1 Hauyaa HarpeBaHus rasa.
6. IIpr nOCTMXEHUM KPATHBIX TEMIIEPATYP WM JABJICHHM OCTAHABIIMBATHHAIPEB
kHonkou «Ilay3za».
1. CHATHh MOKa3aHUs YCTaHOBUBIIIETOCS oObeMa raza Vi u Temmneparypsl ti mHAUTH
otHotenue Vi /Ti.
8. [IponomxuTh HarpeB, HaXxaB Ha KHONKY «ITyck».
9. BHOBB ocTanaBnuBaTh HarpeB KHONKOU «Ilay3ay.
10. 3anucaTh 3HA4Y€HHUs KOHEYHoro oOvema Vi 1pu YBEIIMYEHUU

TeMIepaTypsl Ti.

11. Haiitu otnomenust Vi /Ti u yOenuThcs B MX NPUMEPHOM DPAaBEHCTBE, T.C. B
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12.

CIIpaBeNIMBOCTH 3aKoHa I eli-JIroccaka.
OmnpenenuTh  OIEHKY  aOCOMIOTHOM M OTHOCUTEIBHOM  IMOTPEIIHOCTEH
HU3MEPEHUSL.

13. JlaHHbIE UCCIeAOBAaHUS 3aHECTH B TaOJIHUITY.
Ne [ r M, m, HauanpHble mokaszaTean Koneunsle nokasareau Vil | Vo/ AV/ g(V/
, a3 | Kr/Mol | Kr Ti, | To, T, ™,
n/ b (mac v | M3 | MUK | g
i (Mosip | ca K K
HadA rasa
Mmacca) | )
PO, Vo, |to,°C To.K | Pi.xlla | Vi, [ tj,°C Ti, K
klla M3 (Temmepa | (Temmepa | (maBie M3 (remnepa | (Temmepa
(naBne | (00B | Typamo Typa HUE) (006% | Typano Typa
HHE) eM) Henscun | KenbBun eM) Henscun | KenbBun
) a) ) a)
1
2
CdopmynrupoBaTh BEIBOIBI.
KoHTposibHbIE BOIIPOCHI
1. 3anuiunuTe OCHOBHBIE NPUOOPHI M 00OpYAOBaHHE HEOOXOAMMBIE TUISL
POBEJICHUS TAHHOU pa0dOTBHI.
2. Pacckazats B uem cocrout 3akoH I'eit-JIroccaka.
3. B geMm oTnimdre n300apHOTo mpoiiecca oT APYruxX U30MpOoIeCcCOB.
4. Kakum TpeOGoBaHMSIM YIOBIETBOPSET MOJCIb «HEaTBLHOI0» Trasa B
MOJIEKYJISIPHO - KHHETUYECKOUN TEOPHUH.
o. Kto BBen abcomoTHy0 mKairy Temreparyp? Uem 3Ta 1mkana OTIndaeTcs OTIIKAIIbI
o Llenwcun.
6. M3 dYero cocToUT SKCHNEpUMEHTalbHAs YCTaHOBKA JAaHHOW JabopaTOpHOM
paboTe1? OnuIuTe MpeAHa3HAYCHUE KK IOTO U3 HUX.
1. 3anummTe OCHOBHBIE TPUOOPHI M 000PYI0BAaHUE, HEOOXOANUMBIC IISTIPOBEACHUS

JTAHHOU pabOTHI.

Kontpomupyemsie komnerenunu: OK 01-OK 07; JI.1.-J.6.; M.1.-M.6.; TI.1.-I1.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepuu ouenku:

— Omnenka «5» CTaBUTHCS, €CIM Yy4YalllMHACSA BBITIOJNHSIET paboTy B MOJHOM OO0BEME C

coOmro/IeHneM HEOOXOIUMOM TOCIEA0BATEILHOCTH TMPOBEACHUS OIBITOB W H3MEPEHUN;
CaMOCTOATENILHON pallMOHATBPHO MOHTHUPYET HEOOXOJMMBbIE O0OpYJOBAHHE, BCE OIIBITHI
IPOBOJUT B YCIOBUAX U PEXKHMaX, OOECICUMBAIOIINX MOJTYYCHUE TPABHIHHBIX

pe3yNbTaTOB M BBIBOJOB; COONIOAAET TpeOOBaHMs NpaBuil OE30ACHOCTH TPYJa; B OTUETE

NPaBHJIBHO M aKKyPaTHO BBIMOJHSET BCE 3aIUCH, TaONMIIbI, PUCYHKH, YEPTEKHU, TpaduKH,
BBIYMCIIEHUS; IPABUJIBHO BBINIOJIHIET aHAIU3 IMOTPEIIHOCTEMN.




— Omnenka «4» CTaBUTCS, €CJIH BBITOJHEHBI TPEOOBAHUS K OLICHKH «5», HO OBLUIN JOIYIICHBI
IBa-TpHU Helo4deTa, He OoJiee 0JHOM Herpy0Ooil OIMOKYM U OTHOTO HEelo4YeTa.

— OrneHka «3» CTaBUTCS, €CIIH padoTa BBHIIIOJIHEHA HE MOJIHOCTHIO, HO 00HEM BBIMTOJTHECHHON
YacTH TaKOB, IO3BOJISIET IMOJYYUTh MPaBUIIBHBIE PE3YyJIbTaThl W BBIBOJBI: €CIH B XOJI€
IIPOBEJICHUS OMBITA U U3MEPEHHI ObUTH TOMYIIEHBI OITHOKH.

— OrneHKa «2» CTaBUTCS, €ClM padoTa BBIMOJHEHA HE MOJHOCTHIO M 00BEM BBITTOJIHCHHOU
gacTH pabOT HE MO3BOJAT CHAENaTh MPABIIBHBIX BBIBOJIOB: €CJIHM, OIBITHI, W3MEPCHUS,
BBIYHCIICHUS, HAOTIOACHUS TIPOU3BOIWINCH HEITPABUILHO.

Tema 2.2. OcHOBBI TEPMOAUHAMHUKH

Ycrublii onpoc (YO)

1. Kaxkue siBneHus Ha3bIBatOT TeIOBbIMU? [IpuBeuTe mpuMepsl.

2. B yeM cyTh cTaTHCTHUYECKOTrO MOAX0Ja K OOBSICHEHHIO TETUIOBBIX SIBJICHUI?

3. Yro U3ydaeT  TepMOAMHAMUKa? [louemy  TepMOaMHaMHMKa  SBIIAETCSH
MAaKpOCKOIMYECKON TEOpUEN?

4, JlaliTe omnpeneneHue BHYTPEHHENM OHEpPruu Tela B TepMoauHamuke. Kaknm
CUMBOJIOM OHa o0o3Havaetcsi? KakoBa e€ enunnia B CHU?

S. KakuM MakpoCKONMMYECKUM IMapaMeTpoM OMPENeisieTCss BHYTPEHHSAS JHEprus
HUeajJIbHOro raza?

6. Kaxue ciocoObl n3MeHeHrs BHyTpeHHEH 3Hepruu Bbl 3HaeTe? [IpuBeauTe npuMepsl.

1. Uro Takoe Teruooomen? HazoBute Bubl TermioooOMeHa. [IpuBeaurte npumepsl.

8. JlafiTe ompeneneHue KOJWYeCTBa TEIIOTh. Kakum cHMBOJIOM 0003HAYaroT 3Ty
dusnueckyro Bennunny? Kakora e€ enunania B CHU?

Q. 3anumure GopMydy IS pacdera KOJIMYeCTBa TEIUIOTHI, KOTOPOE HEOOXOIUMO
nepenarh Teay MPU €ro HarpeBaHUM, UM KOTOPOE BBIIEISAETCS MPU OXJIAKIECHUU Tea.

10. JlaliTe ompeneneHue ynelbHOW TEIIOEMKOCTU BemiecTBa. KakoB e€ ¢uznueckuii
CMBbICH?

11. Jaiite omnpeneneHue TEMIOEMKOCTH Tena. Kakum CcUMBOJIOM 0003HAa4yarT 3Ty
¢usnueckyro Bennunny? Kakoa e€ enunuia B CU? KakoB e€ ¢puznueckuii cMbIci?

12. Kaknumu MakpockonudyeckuMu mapaMeTpaMu orpesensercs padora raza? Kakyro mo
3HAKy paboTy COBEpILAET ra3 MNP PACIIUPEHUU? TIPU CKATUU ?

13. 3anumure Gopmyiy aist pacdera paboThl ra3a nmpy u300apHOM IpoIiecce.

14. Kakoit reomerpuyeckuii CMBICT pabOTHI, COBEPIIAEMOW Ta30oM TpU JIFOOOM
TEPMOAMHAMUYECKOM Tporiecce?

15. ChopmynupyiiTe v 3aTUIINTE MIEPBBIA 3aKOH TEPMOJUHAMUKH.

16. Haiite onpezeneHue aauadaTHOro Npouecca.

17. 3a cyeT KakoW SHEpru:M coBepmaercs paboTa mpu ammabaTtHOoM mporecce? Kax
U3MEHSETCS TeMIepaTypa rasa rnpH afuadaTHOM paclIMpeHuu? ainadaTHOM CHKaTUn?

18. JlaliTe onpenenenne TemoBo MamnHbl. HazoBuTe €€ 0CHOBHBIE 251eMeHThI. KakoBo

Ha3HaYeHUE KaXKIOTro U3 HUX?
19. KakoB npuniuna geicTBus Jir000i TEMIOBOM MaIIMHBI?



20. Kaxoii nporniecc Ha3bIBaeTCs 3aMKHYThIM?

21. 3anumute hopmyny s pacueta KITJ[ TermioBoi MammHBbI.

22. [Touemy KII/[ TeruoBoii Mammubl Beerga MeHbme 100 %? Kak MOXHO yBEJIMUYUTH
KII/I TermioBoit MaliuHb1?

23. JlaitTe onpeaeneHue XonoaAuabHON MamHbl. HazoBuTe €€ OCHOBHBIC YaCTH.

24. KakoB nmpuHIUIT 1eUCTBUS XOJIOIUIBHON MaIlIUHBI?

25. 3anumute HopMyIibl I pacdeTa XOJOAWIBHOTO KO3()PUIMeHTa 1 MaKCUMAIbLHOTO

XOJIOAUIBHOTO KO3 UIIMEeHTa XOJOAWIHHON MaluHbl. MOXET JIM XOJOJIUJIbHBIN
ko3¢ dunreHt obiTh Oonbie 100 %?
26. Kakotii mporecc Ha3piBatoT HeoOpaTuMbiM? OOpaTUMBbIM?

KonTpomupyembie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; T1.1.-I1.7.; JIP2,
JIP4, JIP23. JIP30

Kpurepun ouenku:
OtMmetka «5»

¢ JIOJIHO PACKPBITO COACPIKAHNC MaTCpHrajia

¢ YCTKO M MPAaBUJIbHO IOdHbI OMNPCACICHUA U PACKPLITO COACPIKAHUC HOHHTl/H‘/'I, BCPHO
HCITOJIb30BaHbl HAYYHBIC TCPMHHBI

¢ A OO0KA3aTCJIbCTBA HMCIIOJIB30OBAHBI PA3JIMYHBIC YMCHUA, BBIBOJABI U3 Ha6HIOJICHI/II>'I,
OITIBITOB

® OTBCT C&MOCTOHTGJ’ILHBII\(JI, HCIIOJIB30BAHBI PAHCC HpI/IO6pCTeHHI>I€ 3HaHUs.

OrmeTka «4»
® PACKpPBITO OCHOBHOE COJIEpPKaHNE MaTeprasa

¢ B OCHOBHOM IIPpABUJIBHO AdHbI OIPCACICHUS MOHSATHUM M HCIOJb30BaHBI HAaY4YHBIC
TCPMUHBLI.

® OTBET CAMOCTOATEIbHBIN
® OIpEICNCHUsI TOHATUN HEMOJHbIC, JONMYIIEHbl HE3HAYUTEIbHBIE HapYIICHUS

MMOCJICAOBATCIbHOCTH M3JI0XKCHMUA, HEOONBIINE HETOYHOCTH IIpHU  HKCII0JIb30BAaHNHN
HAay4YHbIX TCPMUHOB HJIKM B BBIBOAAX U 0606H_IGHI/I$IX

® [pPaBWIbHBIE M YETKHE OTBETHl HA BONPOCHI YTOUHSIOIIETO XapakTepa (MO3UIUs
MOHUMAIOUTUH).

OtMmertka «3»

® YCBOCHO OCHOBHOE COZEpXaHHe y4eOHOro Marepuaia, HO U3JI0KEeHO (pparMeHTapHo,
HE BCErJa Mocjie10BaTeIbHO

® OmpeeICHNS MOHATHI HEJJOCTATOUYHO YETKHE

® HE WCIOJB30BAaHBI B KAauyeCTBE JIOKA3aTEIhCTBA BBIBOJABI W 0000IIEHUS U3
HAOJIIOICHH, TOTYIIEHBI OITMOKU TIPH UX U3TI0KCHUH

® JIONMyIICHBl OMMOKM W HETOYHOCTH B HCIIONB30BAHUUM HAYYHOW TEPMHHOJIOTHH,
ONPEEIICHUE TOHATUI



® [paBWIbHbIE U YETKUE OTBEThl HA BOMIPOCHl HABOJAIIETO M KOHKPETHU3UPYIOIIETO
xapakrtepa (O3ULUsI KPUTHK)

OtMmeTka «2»
® OCHOBHOE COJIep)KaHHE YU4ECOHOT0 MaTepraja He pacKphITO
® HC JIaHBI OTBETHI HA BOIIPOCHI HABOJISAIIETO M KOHKPETH3UPYIOIIETO XapaKTepa
® JIONYIICHBI TPyOble OIMMOKH B OIPEACICHUU IOHATHM, IIPH HCIOJIH30BAHUHU
TEPMUHOJIOTHH.

3amanus 1 caMocTosATeIbHOI padoTsl (CP)
Tembl 3cce (pedepaToB, 10KJIAT0B, COOOIIEHMIH)

BHyTpeHHSS SHEPTHUS CHCTEMBI.
BHyTpeHHSs SHEpTHs HIeaTbHOTO Ta3a.
PaboTa u Temmora kak (OpMBI Iepeaun SHEPTHH.
TemnoeMKoCTb.

VY nenpHas TETIOEMKOCTb.

KonnuecTBo TEIIOTHI.

YpaBHEHHE TEIIOBOTO OajaHca.
[IepBoe Hayamo TEPMOJIUHAMUKHU.

. AnmabGaTHbIN mporiecc.

10 [TpyHIMI AEHCTBHS TETUIOBOM MaITMHBI.
11.KIIJI TenoBOro ABUTATEIS.

12.BTopoe Hayano TepMOJIUHAMUKH.
13.Xoa0aMIIbHBIC MAIIIMHBI.

14. TemnoBrle ABUTaTENIH.

15.0OxpaHa npuposl.

LCoNoORrLDdE

Kontpomupyembie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; I1.1.-I1.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun ouenku:
OtMmeTka «5»
® [IOJIHO PACKPBITO COJIEpKaHUE MaTepurala
® YETKO M NPABUJIBHO JAaHbI ONPEACIICHUS U PACKPBITO COAECPKAHUE MOHITUH, BEPHO
UCII0JIb30BaHbl HAYYHbIE TEPMUHBI
® I J0KAa3aTeIhCTBA WCIIOJIB30BAHBI PA3IMYHBIC YMEHUS, BBIBOJBI M3 HAOIIOICHUM,
OTIBITOB
® OTBET CAMOCTOATEJIbHBIN, UCTIOIB30BaHbI paHee MPUOOPETCHHBIC 3HAHUS.

OtMmeTKa «4»
® PACKPBITO OCHOBHOE COJIEpP>KaHUE MaTepuaa



® B OCHOBHOM IPABHWJIBHO JIaHBI OIPEIEJICHUS IMOHSATHUH M MCIOJIb30BAHbI HAaY4YHbBIE
TEPMUHBI.

® OTBET CaMOCTOSITCIHLHBIN

® OIpEICNICHUs TOHATUN HEMNOJHbIC, JONMYIIEHbl HE3HAYUTEIbHBIE HapYIICHUS
MOCJIEIOBATEIbHOCTH U3JIOKEHHUs, HEOOJbIIINE HETOYHOCTH MPU HCIOIB30BAHUU
Hay4YHBIX TEPMUHOB WJIA B BBIBOJAaX M O00OIICHUSIX

® [MpPaBUJIbHBIE U YETKHE OTBEThl HAa BOMPOCHl YTOYHSIOIIErO0 Xapakrepa (MO3UIUA
MTOHUMAFOIITUH )

OtMmetka «3»

® YCBOCHO OCHOBHOE COJCpKaHHE YU4ECOHOro MaTepHaa, HO U3JI0)KEHO (parMeHTapHO,
HE BCET/Ia MOCJIeI0BAaTEILHO

® OIpeJeNeHNs MOHATUIM HETOCTAaTOYHO YETKHE

® HE WCIOJB30BAaHBI B KauyeCTBE JIOKA3aTEIhCTBA BBIBOJABI W 000OIIEHUS U3
HAOJIIOICHHM, TOTYIIEHBI OITMOKU TIPH UX U3TI0KCHUH

® JIONMYIICHBl OIIMOKM W HETOYHOCTH B HCIIONB30BAHUM HAYYHOW TEPMHHOJIOTHH,
OIPEJICIICHUE TTOHATUI

® TpPaBWIbHBIE U YETKHE OTBETHl HAa BOIMPOCHI HABOJSLIETO U KOHKPETUIUPYIOUIETO
xapakTepa (Mo3UlUs KPUTHK).

OrMmeTka «2»
® OCHOBHOE COJIepKaHUE YU4eOHOTO MaTepualia He pacKphITo;,
® HE JIaHBI OTBETHI HA BOIIPOCHI HABOISAIIETO U KOHKPETH3UPYIOIIETO XapaKkTepa,

® JIONMyIICHBbl TpyOble OMIMOKKM B OMNPEAENCHWU TOHSTHH, TPH HCIOJIb30BAHUU
TEPMUHOJIOTHUH.

Tema 2.3 ArperatHble COCTOSIHMS BelllecTBA U (pa30BbIe NMePexo/ibl
Ycrublii onpoc (YO)

N3 yero cocTouT BemecTBo?

Kakyto sHepruio Ha3bpIBalOT BHYTPEHHEH 3HEprueii tena?

Ot 4ero 3aBUCHUT BHYTPEHHSIS SHEPrus Tena’?

Kak MOKHO U3MEHUTH BHYTPEHHIOO YHEPTUIO?

B kakux arperaTHbIX COCTOSIHUSIX MOXKET HaXOJIUThCS BELIECTBO?

UTo ke OTIIMYaeT OJIHO arperaTHOE COCTOSIHUE BEUIECTBA OT APYroro?

KakoBbl 0COOEHHOCTH MOJICKYJISIPHOTO CTPOCHUS Ta30B, KUJKOCTEH, TBEPABIX TEN?
Kakoii nmporiecc Ha3zpiBaeTcs miaBinenneM? Kpucraimszanuein?

Kakoii nporiecc HazpiBaeTcs ucnapenueM? KonjaeHcauuen?

0. Kak uzmensieTcsi BHyTpEHHsISI DHEPTUs IPH MEPEX0/I€ U3 OJHOTO arperaTHOro COCTOSTHUS
B JIpyroe?

RoOoo~NooGakwNE



Kontpomupyembie komnerennuu: OK 01-OK 07; JIL.1.-JI.6.; M.1.-M.6.; I1.1.-I1.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun ouenku:
OtMmeTKa «5»

IMOJIHO PACKPBITO COACPIKAHNEC MATCPpHAJIa

YCTKO W IPaBUJIbHO JaHbI OIPCACICHUA W PACKPLITO COACPKAHUC HOHHTHﬁ, BCPHO
HCITOJIb30BaHbl HAYYHBIC TCPMHHBI

ML J0Ka3aTC/IbCTBA HCIIOJIIB30BAHbI PA3JIMYHBIC YMCHHUSA, BBIBOJIbLI M3 Ha6J'IIOI[eHI/II\/'I,
OIIBITOB

OTBCT C&MOCTOHTGHBHBIﬁ, HCIIOJIb30BaHbl PAaHCC HpI/IO6pCTeHHBIe 3HaHUA.

OtMmeTKa «4»

PaCKpBITO OCHOBHOE COJIEpKaHUE MaTepuaia

B OCHOBHOM MPaBWJIBHO JaHbl OMPEACICHUS MOHATUA W HCIOJIb30BAHbI HAYyYHBIC
TEPMUHBI.

OTBET CAMOCTOSTEIbHBIN

ONpPEACICHUs] TMOHSATUM HEMOJHBIE, JOMYIIEHbl HE3HAYUTEIbHbIC HAPYILICHUS
MOCJIEIOBATEIbHOCTH M3JI0KEHUsI, HEOOJIbIIIME HETOYHOCTU MPU HCIOJIB30BaHUU
HAay9YHBIX TEPMUHOB WJIA B BBIBOJAX M OO0OIICHUSIX

MpaBWJIbHbIE W YETKHME OTBETHI HAa BOIMPOCHI YTOUHSIONIETO XapakTepa (MO3UIUs
MOHUMAIOIIHHA)

OTtMmeTKa «3»

YCBOCHO OCHOBHOC COJICPIKAHHC y‘{€6HOFO MaTtcpualia, HO U3JIOKCHO (i)paI‘MCHTapHO,
HC BCCraa nmocCjaca0BaTCIIbHO

ONpeIeNICHNs OHATUN HETOCTATOYHO YETKUE

HE WCIOJb30BaHBI B KAadeCTBE JOKA3aTeIhCTBA BBIBOJABI M O0OOOIICHHS U3
HAOJTFOICHH, TOTYIIEHBI OITMOKU TIPH UX U3TI0KCHUH

JOMYIICHBl OIMMOKKM M HETOYHOCTH B UCIIOJb30BAHUU HAYYHOW TEPMHUHOJIOTHH,
OIPEICIICHUE TTOHATUI

MpaBWIbHBIE U YETKUE OTBEThl Ha BONPOCHI HABOJAIIETO M KOHKPETHU3UPYIOILIETO
xapakrtepa (O3ULUs KPUTHK)

OTMeTKa «2»

OCHOBHOE COJZIEp>)KaHHE yueOHOro MaTepuasa He pacKpbITO
HE J1aHbl OTBETHI HA BOIPOCH! HABOAIIETO U KOHKPETU3UPYIOLEr0 XapakTepa

JONYIICHBI TPyOble OMMUOKKM B OMNPEACICHUH IOHATHH, IPU HCIIOJIb30BaHUU
TEPMHUHOJIOTHH.

TectupoBanmne (T)



1. Ykaxkute napy BeliecTB, CKOPOCTh 1P y3un KOTOPHIX HAMOOIbIIIAS PU TPOUUX
PaBHBIX YCIOBHSIX:

a) mapsl 3Qupa U BO3ayX

0) pacTBOp MEIHOTO KyIopoca U BOJIa

B) BOJIa U CITUPT

BpoyHOBCKUM JABUKEHUEM HA3BIBACTCS:
a) KOHBEKIIMOHHOE JIBMYKCHHE CIIOCB KUIKOCTH MPHU €€ HarpEBAHUH
0) XxaoTHUYECKOE JBMKEHUE TBEPABIX YaCTHII BEIIECTBA, B3BEIIEHHBIX B KUIKOCTH (WA
rase)
B) YIIOPSAA0YEHHOE IBF)KCHHUE TBEP/IbIX YaCTHI] BEIICCTBA, B3BCIICHHBIX B )KUJIKOCTH (WITH
rase)

3. BpOYHOBCKOC JABMOXKCHHC 4aCTHUII ITBIJIBIIBI B BOJC 00BsACHSAETCS:

a) HaJIN4YHUCM ITUTATCJIIbHBIX BCIICCTB B BOAC

6) CYIICCTBOBAHNUECM CUII IIPUTANKCHUA U OTTAJIKUBAHUA MCKIY aTOMaMHU B MOJICKYJIaX
B) HCTIPCPBIBHOCTHIO M XaOTHYHOCTBIO TCINNIOBOI'O ABHIKCHUA MOJICKYJII BOJbI

4. Kakue 4yacCTHUIbI HAXOISITCS B y3JIaX PEIICTKH MeTala;
a) TTOJIOKUTEIbHBIC HOHBI

0) oTpullaTeIbHbIC YACTHUIIbI

B) HEHUTpAJIbHBIE aTOMBI

5.B IMpOoLECCCC Mepexoga BEIICCTBA U3 KUJIKOI'O COCTOAHUSA B KPUCTAJINIMYCCKOC!

a) CYIICCTBCHHO YMCHBIIACTCA PACCTOAHUC MCIKAY €T'0 MOJICKYJIaMU

6) CYIICCTBCHHO YBCIIMUNBACTCA PACCTOAHUC MCIKAY €T'0 MOJICKYJIaMU

B) CYIICCTBCHHO YBCIIMUYUBACTCA YIIOPATOYCHHOCTD B PACIIOJIOKCHUHU €CTO MOJICKYJI

6. B 3akpbITOM cocyie ¢ CyXMMH CTEHKaMH BO3yX HEMHOTO Harpenu. Kak nmpu sTom
V3MEHWINCh KOHIEHTPAMs MOJIEKYJI BOJBI U OTHOCHUTENbHAS BJIAXXHOCTH BO3/1yXa B
cocyne:

a) KOHILIEHTpAIHMsl YMEHBIINIIACh, & OTHOCUTEIbHAS BIIAXKHOCTh YBEJIMUMUIIACh
0) KOHIIEHTpAIlUsI HE U3MEHWIACh, @ OTHOCUTEJIbHAS BIIAXKHOCTh YMEHBIIINIACh
B) KOHIICHTpAIIUsl YBEINYUIIACh, & OTHOCUTEIbHAS BIIAYKHOCTh HE U3MEHUIIACh

7.B 3dKPBITOM COCYJC C CYXHMMHU CTCHKaMM TCMIICpATypa BO3aAYyXa HCMHOT'O ITOHU3UJIACD.
Kak IIpHu 5TOM U3MCHUJIACHh KOHIOCHTPAIU MOJICKYJ BOAbI U OTHOCHUTCIIbHAA BJIAXKHOCTD
BO34yXa B COCYAC, €CJIN pOCa HC IMOABHUIIACH:

a) KOHIOCHTPAIUA YMCHBIINIIACH, 4 OTHOCHUTCIIbHAA BJIAXKHOCTD YBCIININIIACh

6) N KOHOCHTpaAOusi, 1 OTHOCUTCIIbHAA BJIIAJKHOCTh YMCHBIINJINICH

B) KOHIOCHTpPAaIKUA HC U3MCHMWJIACh, @ OTHOCUTCJIbHAA BJIA’)KHOCTDb YBCINYMUJIACh

8. IlnotHocTs Boabl ipu Temmepatype 100 °C paBra 950 kr/m3, a HanbosIbIIas TIIOTHOCTh
BoasHoro napa npu 100 °C pasna 0,59 xr/m3. Takoe pa3ianune IIOTHOCTEH CBSA3aHO C TEM,
4TO:



a) yucio Mosekys B 1 M3 mapa Mensb1ie yeM B 1 M3 BOJIbI
0) rpu nepexo/ie MOJIEKYJI U3 KUJIKOCTU B Map YMEHBIIIAETCS SHEPT s UX B3aUMOICHCTBUS
B) MOJIEKYJIbI )KUJIKOCTH U TIapa UMEIOT pa3HbIe MaCChl

9. Ecniu TO4€HBIN Men pa3MelaTh B BOJIE, TO YaCTHUIBI Mea OyIyT JOJITO «BUCETH» B
TOJIIIE BOJBI, HE OCe/as Ha JHO. DTO SIBJICHUE OOBSICHIETCSA TEM, UTO:

a) 3emuid He IPUTATHUBACT CTOJIb MEJIKUE YaCTHUIIBI

0) TeMIiepaTypa 4acTHI] MeJia BbIIIE TEMIEPAaTypbl BOAbI

B) YaCTHUIIbI MeJIa COBEPILAIOT OPOYHOBCKOE IBUKEHUE B BOJIE

10. Cpennsisi KUHETHUYECKAsi SHEPTUs OCTYIATEILHOTO ABMKEHUS MOJIEKYJI UICAIbHOTO
ra3a npsiMmo NponopuUrOHaIbHA:

a) CpEeHEKBAAPATUYHON CKOPOCTH €ro MOJIEKYJ

0) cpeHEMY KBaJpaTy CKOPOCTU €ro MOJIEKYJI

B) KBaJIpaTy CpeJHEH CKOPOCTH €ro MOJIEKYJI

11. YacTuiel BemecTBa HaXOAATCs, B CPETHEM, HA TAKUX OOJBIITNX PACCTOSIHUSAX JIPYT OT
JpyTa, Py KOTOPBIX CUJTBI B3aUMOJICHCTBUS MEKy HUMH HE3HAYUTEIbHBI. B aTOM
arperaTHOM COCTOSIHUU BEIIECTBO:

a) XOPOIIIO CKUMAETCS

0) coxpaHsieT HaualbHbIA 00bEM

B) COXpaHSIET CBOIO HAYAJIbHYIO (popmy

12. XaOTHYHOCTH TEIUIOBOTO JIBIYKEHHUSI MOJICKYJI Ta3a B HEOOJIBIIIOM COCY/IE TIPUBOJIUT K
TOMY, 4TO:

a) ra3 JIETKO C)KUMAaETCs

0) MIIOTHOCTH T'a3a OJJMHAKOBA BO BCEX TOYKAX 3aHUMAEMOTr0 UM COCY/1a

B) IIPU OXJIAXKJCHUU U CXKATHH Ta3 IPEBPAIaeTCs B )KUIKOCTh

13. Monekymnsl BeniecTna:

a) MOT'YT U IPUTATUBATHCS, U OTTAJIKUBATHCS APYT OT ApYyTa
0) TOJBPKO OTTAJIKUBAIOTCS APYT OT JApyra

B) TOJILKO MPUTATUBAIOTCA IPYT K APYTY

14. IIpyn HEN3MEHHOW IUTOTHOCTH OJJHOATOMHOTO MACAIBHOTO T'a3a JABJICHHUE 3TOrO rasa
yBennuuBaloT B 4 pasa. [Ipu aToM cpegHekBaapaTUYHasi CKOPOCTh ABUKEHUS €r0 aTOMOB:
a) ymeHbIaercs B 4 paza

0) yBesmuuBaeTcs B 4 pasa

B) YBEJIMUMBAETCs B 2 pa3a

15. Kak u3MeHHTCA JaBIIEHUE Pa3peKEHHOT0 rasa, €Ciau MPU €ro HarpeBaHUU U CHKATHH
abcoIoTHAs TEMIIEpaTypa raza U KOHLIEHTPALKs MOJIEKYJI YBEeJIU4JaTcs B 2 pasa:

a) yBenmuuTcs B 4 pasa

0) yBenuuuTcs B 8 pas

B) HE U3MEHUTCS



16. Kak u3mMeHuTcs 1aBiieHue pa3peKeHHOro ra3a, e€ciiv CpeIHI0I0 KUHETHYECKYIO
SHEPTHUIO TETUIOBOTO ABMKEHUS MOJIEKYJI T'a3a YMEHbBIIIUTD B 2 pa3a U KOHIIEHTPALIUIO
MOJIEKYJI Ta3a YMEHBIINTH B 2 pa3a:

a) yMEHBIIUTCA B 2 pasa
0) yMEHBIIUTCS B 4 pa3a
B) yBeIU4UTCSA B 4 pa3a

17. Ecnu naBneHne HaeambHOro ra3a Ipu NOCTOSIHHOM KOHLIEHTPALUHU YBEIUYHIOCH B 2
paza, TO 3TO 3HAYUT, YTO €ro abCONIOTHAs TeMIIepaTypa:

a) yMEHbIIUIach B 4 pa3a

0) yBenuuuiach B 4 pasa

B) YBEJIMYMJIACh B 2 pasa

18. ITnmotHOCTH = 0,18 KI/M3 NIpU HOpMaATLHOM aTMOC(EepHOM JaBieHUHU U Temiieparype 0
°C umeer:

a) KUCIOPO.I

0) remuii

B) BOJIOPOJT

19. Ilpu yBenuueHUU CpeIHEN KUHETUUECKOM SHEPTUM TEIJIOBOTO ABUKEHUS MOJIEKY B 2
paza abCoJII0OTHas TeMIEepaTypa:

a) yMeHbIIUTCSA B 4 pa3za

0) yBenuuutcs B 4 paza

B) YBEJIMUYUTCS B 2 pasa

20. [Ipu yBenuueHUH cpeiHer KBaIpaTUUYHON CKOPOCTH TEIMJIOBOTO JBHKEHUS MOJIEKYN B 2
pasa cpeliHssl KHHETUYECKAsl SHEPTUSI TETJIOBOTO ABUKEHUS MOJIEKYJI:

a) yMeHbIIUTCA B 4 pasa

0) yBenuuuTcs B 4 pasza

B) YBEJIUYUTCS B 2 pa3a

21. Ilpn noHM>keHUH a0COIIOTHOM TEMIIepaTyphl HI€aJbHOT0 Ta3a B 1,5 pas3a cpennss
KUHETUYECKAasi SHEPTUs TEIUIOBOTO JBUKEHUS MOJIEKYII:

a) yMeHbLuTes B 1,5 paza

0) yMeHbIIMTCS B 2,25 pasa

B) yBenuuurcs B 1,5 paza

22. Ilpu yBenu4YeHUU Cpe/lHEeN KUHETHUECKOM SHEPTUH TEIJIOBOTO JBM)KEHHS MOJIEKYJI B 4
pasa ux CpeHss KBaapaTuiHas CKOPOCTh:

a) yBeJnuuTcs B 4 paza

0) yBenmnuutcs B 2 pasa

B) yMEHbIIUTCS B 4 paza



23. IIpu yMEHbIIIEHUU CPEIHEN KUHETUUECKOM YPHEPTUU TEIIOBOTO JBUKEHUS MOJIEKYJI B 2
paza abcoJIIoTHas TeMIeparypa:

a) yBenuuurcs B 4 pasa

0) yBenmnuutcs B 2 pasza

B) YMEHBIIIUTCS B 2 pasa

24. I1pn NOHMKEHNUU a0COJIFOTHOM TEMITEpaTyphl HI€AJTBHOTO Ta3a B 2 paza cpeaHss
KUHETUYECKAasi 3HEPTHUsl TEIIOBOTIO JBUKEHUS MOJIEKYJI:

a) yMeHbIIUTCA B 4 pa3a

0) ymeHbLIUTCS B 2 pa3a

B) YBEJIMYUTCS B 2 pasa

25. IIpn yMEHBIIEHUH CPENHEN KBaAPATUYHOW CKOPOCTH TEIUIOBOTO IBUKEHUS MOJIEKYJI B
2 paza cpeaHss KUHETHYECKasi SJHEPTUs TEIUIOBOIO JBUKEHUS MOJIEKYJIL:

a) yBenuuuTcs B 4 paza

0) HE U3MEHUTCS

B) yMEHbIIUTCS B 4 paza

26. I1pu moBbITIIEeHNN aOCOTIOTHOM TEMIEPaTyPhl UIACATBHOTO Tra3a B 2 pa3a CpeIHssI
KUHETUYECKAasi JHEPT s TEMIOBOTO JBUKEHUS MOJIEKYJI:

a) YMEHBIIUTCSA B 2 pa3a

0) yBenuuuTcs B 2 paza

B) HE U3MEHUTCS

27. TetioBBIM ABMKECHUEM YAaCTHII BEIIECTBA MOYKHO OOBSICHUTH:
a) JTaBJICHHE ra3a Ha CTEHKY Cocy/1a

0) TUAPOCTATUYECKOE JIaBJIEHNE KUAKOCTH Ha JTHO cocya

B) 00a BapuaHTa BEPHBI

28. Kak u3MeHHTCs AaBJIEHUE PAa3pEKEHHOT0 OJJTHOATOMHOIO ra3a, €CJiu adCOMOTHAs
TEMIIepaTypa ra3a YMEHbIIUTCS B 3 pa3a, a KOHIIEHTpAIUs MOJIEKYJ YBEIUYUTCS B 3 pa3a:
a) yMEeHbIIUTCA B 4 pasza

0) yBenuuuTcs B 2 paza

B) HE U3MEHUTCS

29. Cpeansisi KHHETHUYECKAsi DHEPT s TOCTYIATEIBLHOTO TEIIOBOTO ABUKEHUS MOJIEKYJI
pa3peKEHHOro ra3a yBeJInyuiach B 2 pa3a, a KOHIEHTpPALHS €ro MOJIEKYJl YMEHbBIIUIIACH B 2
paza. [Ipu sTOM naBieHue rasa:

a) HE U3MEHUJIOCh

0) YMEHBIIIMIIOCH B 4 pa3a

B) YBEIUYMIOCH B 2 pasa

30. AGcosntoTHas TemIepaTypa UIeaJIbHOTO Ta3a B cocye yBenauumiach B 1,5 pasa, a
JABJICHHE BO3POCIIO ITpH 3TOM B 4,5 pa3a. Kak u3aMeHmnacr KOHIEHTpAUs MOJIEKYJI rasa:
a) yMeHbIIMJIach B 3 pasa



0) yBenmuuuiiach B 3 pasa

B) HC U3MCHMHJIACH

Kontpomupyembie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; I1.1.-I1.7.; JIP2,

JIP4, JIP23. JIP30

Kaoun Kk Tectam:

Bapuanr 1
Ne Bompoca 1 12 |3 |4 |5 |6 |7 [8 |9 |10]11 |12 |13 |14 1516|1718 [19 |20
IpaBunbHelii |2 (6 |B |a (B |0 |B |a |B [0 |a |06 |a |B |a |0 |B |0 |B |O
OTBET
Ne Bonmpoca 21 |22 |23 |24 |25 26 |27 |28 |29 | 30
IpaBuabHbiii |2 |0 (B |6 |B |0 |a (B |a |©

OTBET

Kpurepun ouenku:

— «2» BBICTABIIAETCS O0yUaroIeMycs, eciu Habpan MeHee 8 OallioB,;

— «3» BBICTaBIIsSIETCS 0oOyUaromemycs, 3a 9, 10, 11 6anios,
— «4y BpICTaBIISIETCS OOyUaromemycs, 3a 12, 13, 14, 15, 16 6anmnos,;
— «5» BbICTaBIIAETCS OOyUaromemMycs, 3a 6osee 17 6amios.

3ananus 15 caMocTosATeIbHOM padoTsl (CP)

Tembl 3cce (pedepaToB, 10KIAT0B, COOOIIEHUIH)

Kuneunue.

CoNoarwdE

Hcnapenue u KoOHAEHCAHS.
HaceplieHHbIl 1 HEHACBHILLIEHHBIN AP U €T0 CBOKCTBA.
AOCOII0THAs M OTHOCHUTEIIbHAS BIAYKHOCTh BO3/yXa.
[TpuGopsl 1 onpeiesieHnsl BJIaXKHOCTH BO3/1yXa.
Touxka pochl.

3aBUCHUMOCTh TEMIIEPATYPhl KUTICHUS OT JIaBJICHMUSI.
Kputnueckoe cocrossHue BemecTna.
. Ileperperslii map U €ro UCIOJIb30BAHUE B TEXHUKE.

10 XapaKkTEepUCTUKA )KUAKOTO COCTOSHUS BELIECTBA.

11.T1oBEpXHOCTHBIN CIIOH KUJIKOCTH.

12.2OHeprust HOBEpXHOCTHOTO CIIOSI.
13.banxHui NOpsAI0K.
14.TToBepXHOCTHOE HATSKCHHE.

15.CmauuBanue.




16.5IBnenust Ha rpaHUIIE KUJIKOCTU C TBEPABIM TEIOM.
17.KanunnspHble sSIBICHUS.

18.XapakTepucTuka TBEpJI0ro COCTOSIHUS BEIIECTBA.
19.Kpucrammueckue u aMmopdHbIe TeTa.

20.Ympyrue cBoicTBa TBEpABIX Tel. 3aKoH ['yka.
21.MexaHn4ecKre CBOMCTBA TBEPABIX TEI.

22 .ITnactuyeckas (ocrarouHas) nedopmarius.
23.KoapdunueHT TMHEHHOTO pacIupeHusI.
24.TerioBO€ pacIIMpeHe TBEPABIX TE U KUIAKOCTEH.
25.KoadpdurueHT 006EMHOTO pacIINpEeHusl.

26.Yyert pacuupenus B TexHuke. [lnaBnenue.

27.Y nenbHas TEIIIOTA TUIABJICHHUS.
28.Kpucramnuzanusi.

29.[lpakTueckoe TMPUMEHEHHE B TIOBCEJHEBHOM KU3HM (U3MUECKUX 3HAHUU O

CBOMCTBaXx ra3os, )KI/II[KOCTGﬁ N TBCPABIX TCJI.

Kontpomupyemsie komnerennun: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-I1.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun ouenku:
OtmeTka «5»

MIOJTHO PAaCKpPBITO COAEPKAHUE MaTepuraa
YETKO W MPABUJIBHO JIaHbl OINPENIEIICHUS U PACKPBITO COJEP)KAHUE IOHATHH, BEPHO
VCIIOJIb30BAHBI HAYYHBIE TEPMUHBI

A1 JOKa3aTCIbCTBA HMCIIOJIBb30BAHbI PA3JIMYHBIC YMCHUS, BBIBOJbBI M3 H&6J’IIOI[€HPII>1,
OIIBITOB

OTBCT CaMOCTOHTCHBHBIﬁ, HCIIOJIB30BAHBI PAHCC HpI/IO6peTCHHBIC 3HaHU:.

OTtMmeTKa «4»

PacCKpbITO OCHOBHOE COJIEpKaHHE MaTepuaia

B OCHOBHOM IMPaBWJIBHO JaHbI OMpPEEICHUSI MOHATHN M MCHOJIb30BaHbl HAyYHBIC
TEPMUHBL.

OTBET CAMOCTOSITEIIbHBIN

ONpENIENICHNUs] TOHATHI HENOJIHbIE, JIONMYIIEHbl HE3HAYUTEIbHBIE HAPYLICHUS
MOCJICIOBATEIPHOCTA HU3JIOKECHHS, HEOOJIbIIINEe HETOYHOCTH TPU HCIOJIb30BAHUU
HAy4YHBIX TEPMUHOB WJIA B BBIBOAAX U 000OIIEHUSIX

MpaBWIbHBIE W YETKHME OTBETHI HAa BOIPOCHI YTOUHSIONIETO Xapakrepa (MO3UIIMs
MOHUMAIOTIIHHA)

OtmMmeTka «3»

YCBOEHO OCHOBHOE COJIEp)KaHKMe yueOHOTO MaTrepuasa, HO U3JI0KEHO (parMeHTapHoO,
HE BCErJa MoCie10BaTeIbHO
onpeieNIeHUs] MOHSATUN HEIOCTATOYHO YETKUE



® HE WCIOJB30BAaHBI B KAauyeCTBE JIOKA3aTEIbCTBA BBIBOJABI W 0000IIEHUS U3
HAOJIIOICHH, TOTYIIEHBI OITMOKU TIPH UX U3TI0KECHHUH

® JIONMYyIICHBl OMIMOKM W HETOYHOCTH B HCIIOJIH30BAHUM HAYYHOU TEPMHUHOJIOTHH,
ONPENECICHUE OHATHI

® TPaBWIbHBIC W YETKHUE OTBETHl Ha BOIMPOCHI HABOJAIIETO UM KOHKPETU3HPYIOIIETO
xapakTepa (o3I KPUTHK)

OtMmeTka «2»
® OCHOBHOE COJIep)KaHHE Y4eOHOT0O MaTepHalia He pacKPhITO
® HE JJaHbI OTBETHI HA BOIIPOCHI HABOISIIIETO U KOHKPETUZUPYIOIIETO XapaKTepa
® JIOMYIICHBI TPyOble OIIMOKM B OIPEACICHUN TOHSATHUM, IIPHU HCIOJIH30BAHUHU
TEPMUHOJIOTHH.

JlaGopaTopHbie padoThI
JlabopaTtopHnasi paGora Ne 2
OmnpenesieHue BJIAKHOCTH BO31yXa

Hean padoThI
OcBoeHHE METOJO0B HM3MEpPEHHsS aOCOMIOTHOM M OTHOCHUTEIBHOW BIIAXXHOCTH BO3/IyXa,
OTIpeIeJICHHE TOYKH POCHI.

IIpuGopsI 1 NPUHAAJIEKHOCTH
[Icuxpomerp ABrycra, acnupalMOHHBI TUTPOMETP AcCMaHa, 3JIEKTPOHHBIN AaTUUK
BJIQXXHOCTH, OapoMeTp.

1 OcHoBHbIE NOHSAATHSA U ONpeaeTeHUs

ATMOC]EpHBI BO3AyX COAEPKUT HEKOTOPOE KOJIMUYECTBO BOASHBIX MapoB. [ TaBHBIM
UCTOYHUKOM BIIQXXHOCTH BO3/yXa SBJSICTCS MCIAapeHHE BOJBI C MOBEPXHOCTH OKEaHOB,
MOpPEH, BOJOEMOB, BIAXXHOM INOYBBI M pPACTEHUU. BOASHON map IEPEHOCHTCS BBEPX
TypOYJECHTHOCTBIO 1 KOHBEKITUEH, a IO TOPU30HTAIIN — BETPOM.

B armocdepe 3emmu B cpeaHeM cojepxkurca 1,24*10° kr BogsHoro mapa.
CKOHJIEHCUPOBABIIMCh, OH MOr' Obl 00pa3oBaTh CJOW BOABI Ha IMOBEPXHOCTU 3EMIIU
tonuuHot 2,4 cM. KomuuectBo BOAsSHOro mapa ObICTpO YyObIBaeT C MOHUYKEHUEM
temnepatypsbl. [loaToMy ans aTMocdepsl XapakTepHO YMEHBLUICHHE KOJUYECTBA BOJSHOTO
napa OT JKBaTopa K IOJIOCAaM U O4YeHb ObICTpOoe yMeHbllleHHe ¢ BbicoToil. Cpennee
00BEMHOE cOZiepKaHHe BOJASIHOTO Iapa y MOBEPXHOCTU 3E€MJIM COCTaBIISIET: y dKBaTOpa —
2,6%, a B monsapHbIX paiioHax — 0,2%. OT nmoBepxHOCTH 3eMJid 0 BBICOTHI 1,5-2 kM
CpeaHee Ccojep)KaHue BOASHOTO IMapa yMEHbIIAeTCsl BABOE. Brilmie BO3AyX CTaHOBHUTCSA
OoueHb cyxoW. Jlumpe wu3penka, Ha BbIicoTax 17-82 kM 00pa3yroTCs NEPIaMyTpOBbIE



(ctpaTocdepHbie) 00Jiaka, YTO CBHUJAETEIHCTBYET O HAJUMYMM HACBIIIAIONMIECH BIAKHOCTHU
BO3/1yXa.

[lox BIMSIHMEM pA3IMYHBIX MPOIECCOB BOASHOW IMap KOHIEHCUPYETCS, 00pasys
oOnaka, TyMaHbl, OCQJKd W Ha3eMHbIE THUIAPOMETEOpPHI: pocy, WHEW u T.1. DazoBbie
nepexoasl BOAbl B aTMOC(epe COMPOBOXKIAIOTCS BBIICICHUEM WM TOTJIONICHUEM TEIlIa,
MO3TOMY MM TIpHIaeTCs OOJIBIIIOE 3HAYEHUE B SHEPTETUKE U TEPMOJIUHAMUKE aTMOC(EpHI.
BoasHoll map MMeeT CnoCOOHOCTh K TOTJIOLIEHUIO 3JEKTPOMArHUTHOIO H3JIy4YEHUS B
uH(ppakpacHoM nuanazoHe yactor. Hanbosjee MHTEHCHBHOE MOIJIOMICHUE MPUXOJUTCS Ha
JUIMHBI BOJIH A= 5,5+7,0 MKkM 1 A>17 MkM. [I03TOMY BIa’)KHOCTH BO3yXa CUJIBHO BIUSET Ha
TEIJIOBOM OanaHc aTMOc(hephl.

Paccmompum ocnosnvie onpedenenus.

[Tap, HaxomsIuMiicsA B TMHAMUYECKOM PABHOBECHM CO CBOEH KHUJIKOCTBIO, HA3bIBACTCS
HACLlarowuM W HacblujeHHbiM. [lunamuyeckoe paeHnogecue — 3TO COCTOSHUE MpU
KOTOPOM YHCJIO MOJIEKYJ, BBUICTAIOIIMX W3 KUAKOCTH, PABHO YHUCIY MOJEKYI,
BO3Bpalaromuxcsi ooparno. Ecnum nuHaMuueckoe paBHOBECHME HE COOJIOJAeTCs — map
SBJISIETCSA HEHACHIUEHHBIM.

Macca BOASHOrO mapa, cojepsKamerocs B 1 M BO3myxa, Ha3bIBACTCH abCONIOMHOL
enasxcHocmoio. C TIOBBIIIIEHUEM aOCOJIOTHOM BIAXXHOCTH TMapbl BOJBI Bce OOJbIIE
npuOMMKAIOTCA K COCTOSHHMIO HACHIIAIONMIEro Tapa. MakcumanvbHot —abconomuou
BIIAXNCHOCMbIO TIPU JTAHHOM TeMmIepaType SBJISIETCS Macca HAChIIAIOIIETO BOASHOTO Mapa B
1 M3 Bo3myXa.

[Tap He sBHsETCS ra3oM B CTPOrOM CMBICIE 3TOro ciioBa. ['a3 — 3TO arperatHoe
COCTOSIHME BEIIeCTBa MpHU JIaHHBIX TemmepaType u JaBieHuu. [lap xe He sBIseTCs
arperaTHbIM COCTOSITHUEM BEIIECTBA, TOTOMY YTO arperaTHbIM COCTOSIHHEM BEIIeCTBa MpPH
JAHHBIX TEMIIEpaType W JaBJIICHUM SIBJISICTCS JKUJKOE COCTOsiHME. B cBs3um c 3TuUM
MOBEJICHUE Tapa OTJIUYAeTCs OT MOBEACHU ra3a. B rpybom npubivkeHn ra30Bbie 3aKOHbI
MOTYT OBITh MPUMEHUMBI K HEHACHIIICHHBIM MapaM. [loaToMy ais omucaHusi COCTOSIHUS
BOJISTHOTO Mapa B atMoc(epe 0ObIYHO UCTIONB3YIOT YpaBHeHne Kianeiipona—Menieneena:

m
PV .
H

3nech, £ — napuumansHOe AaBneHue (YnpyrocTh) BOASHBIX MapoB, V — 00beM, 3aHUMaeMblii
mapom, M — ero Macca, ,,— MOJSIpHast Macca, R — yHHBepcanbHas ra3oBas HOCTOsHHAS, T —
a0COI0THAS TeMITepaTypa.

Llapuuanenoe Oagnienue — 4YacThb OOLIETO JaBICHUS, OTHOCSAIIASACA K OJHOMY U3
KOMIIOHEHTOB Ta30BOM cMecH. MareMaTH4ecKd OHO paBHO JAaBJICHHUIO, KOTOpOE Ta3
OKa3bIBaj] Obl B OTCYTCTBUH JAPYTUX KOMIIOHEHTOB ra30BOM CMECH.

[Ipu oguHakoBO#l TeMIiepaType OTHOIIEHUE aOCOJIFOTHBIX BJIAKHOCTEH B JIBYX Pa3IMUHbBIX
COCTOSIHUSIX UMEET BUJI;

1)

p_bB©

” P

rAc p1 U p2 — INIOTHOCTDL BOJAHBIX IIAPOB B I[ng Pa3JINYIHbIX COCTOAHUAX.



N3 (2) cnenyert, 4To Mepoil aOCOMIOTHOMN BIAXKHOCTH MOKET OBITh BEIMYMHA MAPLUUATBEHOTO
JaBJEHUS] BOJSHBIX MapoB B aTtMmocdepe. [1oaToMy OOBIUHO abcotomHOU 61AHCHOCHIBIO
NPUHATO Ha3bIBaTh YNPYIOCTh BOJSHOIO Mapa W BbIpa)kaThb €€ B MUWUIMMETPaxX PTYTHOTO
cronba. B cucteme CU sta Benmunna uzmepsiercs B [lackansx.
OmHoCUmMenbHOU _8IANCHOCHbIO HA3BIBAETCS OTHOIIEHHE aOCOIOMHOU 6AANCHOCMU K
MAKCUMANLHOU  AOCONIOMHOU  61aAXCHOCMU TIPU JTaHHOM TeMmmeparype, BBIPaKEHHOE B
npoueHTax. OHa onpenensaeTcs: BBIPAKECHUEM:

f:P_(IfwloO%, (3)

"

rae P — ympyrocte BOASHBIX IapoB Ipu Temmeparype t, P @Y — ympyrocts mapos,
HACBIIAIONIUX BO3JYyX MPU TOH Xe TemmepaType (TeMIeparype CyXOoro TepMOMETpa).
®dusnuecku, P ynciieHHO paBHa a0COTIOTHON BIAKHOCTH BO3yXa.

OTHOCHUTENBHAS BIAXXHOCTh XapaKTEPU3yeT CTENEHb HACHIIICHHUS BO3JYyXa BOJSHBIM
apoM.

Temnepatypy tp, Ipu KOTOPOIl BOASIHOWM Map CTAHOBUTCSI HACBIIICHHBIM, HAa3bIBAIOT
moukou pocst. IIpn oxnaxaeHun BO3AyXa 10 TOYKH POChl HAUMHAETCS KOHAEH AU MapoB:
MOSIBJIAETCS. TyYMaH, BBINMANAET poca. TOYKa pOChl XapaKTepU3yeT BIAXKHOCTh BO3AyXa, TaK
KAaK OHA IO3BOJISIET ONPEAEIUTh MaplHaIbHOE JABJICHHE BOJSHOTO MMapa U OTHOCUTEIbHYIO
BJIAYKHOCT.

BnakHOCTh BO3JyXa HM3Mepsercd C IMOMOLIGI TMrpoMerpos (rped. U ypdg —
BJIQXHBIN) U ICUXPOMETPOB (VGTPOG — XOJI0AHBIN). CylIECTBYIOT TUCTAHIIMOHHBIE METOIbI
OTPENENICHUs] BIAXXHOCTH BO3AYyXa, HCIOJL3YIONIUE Ja3epHbIE W PATUOMETPUUECKUE
npuOOpbl. DT METOJbI TO3BOJISIIOT MPOU3BOAUTHL HM3MEpEeHHs ¢ OopTa camolieTa |
METEOPOJIOTHYECKUX CIYTHUKOB 3eMJIU. B MUCTAHIIMOHHBIX MCUXPOMETPAX HCIOJIb3YIOTCS
TEPMOMETPHI  CONPOTHBJICHUS,  TEPMHUCTOpPHI, TepMmomapel. B OpeHOyprckom
rocyJIapCTBEHHOM YyHHUBepcutere B «MHCTUTyTE MHMKpPO- M HAHOTEXHOJIOTHI» BEIyTCS
UCCJIEJIOBAHUS 10 CO3JIaHUI0 OYE€Hb TOYHOI'O JaTYMKa BJIAXKHOCTH. J[aTYMK OCHOBaH Ha
onTu4eckux cpoicTBax Mosiekyn JJHK, crmocoOHBIX morionaTe BOASHBIC MTaphl B BO3AYXE.
PaccmoTpum kiaccuueckue METObl ONPEEICHUS BIAKHOCTH BO3yXa.

2 OnpenejieHne OTHOCUTEILHOM BJIAKHOCTH € MOMOIIbLIO ICUXPOMETPOB

Ilcuxpomemp Aezycma COCTOUT U3 JIBYyX TEPMOMETPOB, MOMEILEHHBIX HAa OJHOM ILHUTKE.
bannoHunk ogHOTO W3 TEPMOMETPOB OOBs3aH OATHCTOM, KOHEI[ KOTOPOTO TMOTPYXKEH B
cTakaH4MK ¢ Bogon. Cyxoil TepMOMETp MOKa3bIBa€T KOMHATHYIO TEMIIEPATYPY.

bnaronapss ucnapeHuto BOJbl ¢ OaTucTa, oOJeraroumero OaJIOHYMK, TaK Ha3bIBAEMOI'O
«BIIQXKHOTO TEPMOMETpay», IOCIEAHUN MOKa3blBaeT TeMIleparypy Oojiee HHU3KYIO, 4eM
COCeHUN Ccyxoi TepMomeTp. YUeM MeEHbIIE BIAKHOCTh OKPYXKAIOIIEro BO3AyXa, TEM
MHTEHCUBHEE MCIIApEHHE U TEM HIDKE IIOKa3aHKe BIAXXHOTO TepMoMeTpa. OTMETKH 1O ABYM
TEPMOMETpPaM JIAIOT Pa3HOCTh TEMIIEPATYp, KOTOpask U XapaKTepU3yeT BIaXXHOCTh BO3AyXa.
Jis  ompeneneHus: OTHOCUTENIBHOM BIQXKHOCTH BO3[AyXa IOJIB3YIOTCS TaOIuIiamMu
IICUXPOMETpHUECKOl pa3HocTu. [1o pa3HOCTH MOKa3aHUN CyXOro U BJIaXHOTO TEPMOMETPOB
OTBICKHBAIOT UCKOMOE 3HaueHue f. 3Has OTHOCHTENBHYIO BIQYKHOCTh, MOYKHO OTPEACIUTH U
abcomoTHyt0. [IpH N3BECTHON OTHOCUTENHHON BIAXKHOCTH a0COIIOTHAS BIAXKHOCTh paBHA:



f .PH(CVX) ) (4)
100%
3nagenne P @Y paxomaT no tabnuie 3HaueHni (npunoxkenue 1).

H

P=

Acnupayuonnvii ncuxpomemp Accmana COCTOUT U3 IBYX TEPMOMETPOB, YKPEIICHHBIX HA
OJTHOM IITaTuBe. balsIOHYMK OJHOTO U3 TEPMOMETPOB OOBsA3aH OATUCTOM, KOHEIL KOTOPOTO
NOTPYKEH B CTAaKaHYMK C BOJOM. B BepXHEW 4YacTW IITaTHBA HWMEETCA BEHTHIIATOP,
IPUBOJMMBINA BO BpPAIICHUE YACOBBIM MEXAaHM3MOM, KOTOPBIM 3aBOAUTCS KIKOYOM, IPHU
yCTAaHOBHBIIEMCS pexnMe ncnapeHus. Korga temmeparypa BiIaXKHOIO TEPMOMETpPA TOXKE
yCTaHOBUTCS, puxo/ Teruta Q1 u3BHEe OyeT paBeH pacxony Teruia Q2 Ha UCIIapeHHE BOJIBI
C IIOBEpXHOCTH TepMoMeTpa. Torna no 3akony HeroroHa-Puxmana umeem:

Q=at-t s, (5

rae (t — t1) — nHaOaromaemast pa3HOCTh TEMIIEpaTyp, Si — IMOBEPXHOCTh Oa/UIOHYMKA
TepMOMETpa (BIAKHOTO), & — KOAPPHUITUEHT MPOTOPIIHOHATBHOCTH.

CKOpOCTB HCIIapCHHUA BOIBI C oxnaxma}omeﬁ IIOBCPXHOCTHU BJIA’KHOT'O
TepMoMeTpa (Macca BOJIbl, UCHIAPSIONIASICS B €IMHUILY BPEMEHU)
S P (8n103#¢) _P
2 H
M=~ P ,(6)

amm

rae S; — IUIOIIab HCHApSIONIell MOBEpXHOCTH, P — ympyrocth mapoB, HaXOISIIMXCS B
BO3myxe, P ¢ _ ynpyrocTh HACBHILEHHBIX I1APOB IPU TEMIEPATYPE BIAXKHOIO
TepMOMETPA, Pumy — aTMOCPEPHOE 1aBICHUE.
BBost KO3 GUIMEHT MPONOPIUOHATBLHOCTH K, iMeeM
k's, Pe—P L (1)

P

amm

k. S (sna.»()_
QM= G P(8)

amm

M =

Pacxon sHeprum Ha ucnapeHue:

rie A— ylenbHas TEIJIOTa HCIAPCHUSL.
[pupasuusas Q1 k Q2 momyuum: ~ P=P ™ —A".P__ t—t (9)

amm

a.sl P (enax) _P
A* = =t (10)

k'lsz PamM t_tl



3mech A” — MOCTOSHHAs, KOTOpas B 3HAYUTENLHON MEpPE 3aBHCUT OT CKOPOCTH JBHIKEHUS
BO3/lyXa U MO3TOMY JIJIsl BCSIKOTO TICUXPOMETPA OMPEAEIsAeTCS OTACIbHO.

Breipaxkenne (9) HOocHT Ha3BaHUE TMCHXpPOMETpUYECKON (GopmMynbl. OOBIYHO BIAXKHBIN
TEPMOMETP MOKPHIT OATUCTOM TaK, YTOOBI MOXKHO OBLIO cuuTaTh S1=S2. Torma

A =% (11)
A

B Takom cnydae 3aBucuMocth kKod(duuueHta 4 OT CKOPOCTH OOTEKaHHsS BO3AyXOM
pe3epByapoB TEPMOMETPOB MPEACTABICHA HA PUCYHKE.

Pucynok 1 — 3aBUCHMOCTb BETUYUHBI A OT CKOPOCTH MPOXOKICHUS BO3TyXa
yepe3 npudop

CKopoCTh BO3IYITHOTO MOTOKA, CO3/1aBAEMOI0 MPYKUHHBIM aCIUPATOPOM (BEHTHIISITOPOM),
00BIYHO cocTaBiseT (2-2,5) m/c.

IIpn momomm Kiaroya 3aBOJSAT YacCOBOW MEXAHU3M JI0 Npelesa W IOCIE YCTaHOBJIEHUS
nporecca HCIApeHHsl OTCYMTHIBAIOT TEeMIIepaTypy Ha obOoux Tepmomerpax (t u ty).
Benuuuner P, 6epyT u3 ncuxomerpuueckux TaOmuil. Pum.. ompenenstoT mo OGapoMmeTpy.
3nauenue A paccuuthiBaetcs no ¢popmyne (10). s onpenenenus 4 Benuuuny P ciaemyer
B3S5ITh U3 JAHHBIX U3MEPEHUN NICUXPOMETPOM ABrycra.

Acnupayuonnuiii ncuxpomemp Accmana MB-4M

Pabota ncuxpomerpa Accmana MB-4M ocHOoBaHa Ha 3aBUCUMOCTH Pa3HOCTH TEMIIEPATyp
CyXOTr0 MU CMOYEHHOI'0 TEPMOMETPOB OT BIIAXKHOCTH OKpy:Karouiero Boszayxa. [lcuxpomerp
COCTOUT W3 JABYX OJMHAKOBBIX PTYTHBIX TEPMOMETPOB, 3AKPEIUICHHBIX B CIICLIHAJIBHON
omnpaBe, M acnupalMoHHOW TroioBkU. OrmpaBa mpeAcTaBiseT coboil  TpyOKy,
pa3BauBaIOLIYIOCS KHU3Y, C 3alUTHON MIeHKOW. K HM)KHEW pa3BOEHHOW YacThu TPYyOKH ¢
NOMOIIbIO  TJIACTMACCOBBIX ~ BTYJIOK MPHUKPEIJICHBl JBa MarpyOKa, SBISIOUINXCS
paanalOHHON 3alIUTON pe3epByapoB TEPMOMETPOB. BepxHuii koHel TpyOKH COEIUHEH C
acnupaTopoM. AcnHMpalroOHHas FOJIOBKA COCTOUT U3 3aBOJIHOIO MEXaHU3Ma U BEHTUIISTOPA,
KOTOpbIE 3aKpbIThl KoJmakoM. IIpykumHa 3aBOJHOTO MexaHM3Ma IcUxXpoMerpa AccMmaHa



MB-4M 3aBoautcs kiatouom. [Ipu BpalieHnn BeHTUISATOPA, B MPUOOP BCachIBACTCS BO3IYX,
KOTOPBIN 00TEKaeT pe3epByaphbl TEPMOMETPOB U MPOXOIUT MO BO3AYXOMPOBOJAHON TPYOKe K
BEHTUJISITOPY U BBIOPACHIBAETCS HAPYKy 4epe3 MpOope3u B acmupaTtopHoi royoBke. Cyxon
TepMoMeTp OyJeT TMOKa3biBaTh TEMIIEpaTypy BO3JAyXa, a I[IOKa3aHUs CMOYEHHOTO
TepMOMeTpa OYyIyT MEHbBIIE W3-32 OXJAXKJICHUS, BBI3BAHHOTO WCIAPEHUEM BOJbBI C
MOBEPXHOCTH Oatmcra obneratomero OauioHYuWK TepMomeTpa. Jlns  ompeneneHus
BJIQKHOCTH TIO TIOKAa3aHUSIM CyXOTO U  BIQXHOTO TEPMOMETPOB  HCIOJB3YIOT
NCUXPOMETPUUECKHE TAOTUIIBI.

Hns ompenenenus aOCOMIOTHONW BIAXHOCTH HEOOXOJUMO HCIONb30BaTh 3HAYCHHUS
aTMOC(EpHOro IaBJICHUS, KOTOPOE U3MEPSAETCS OAPOMETPOM.

bapomemp-anepouo

Bapomerp sBasercs npuOOPOM HENPEPHIBHOTO JCUCTBUSA, MpPEIHA3HAYECHHBIM IS
OpUEHTHUPOBAHHBIX HAOJIOJCHHUM B MOMEIIECHUAX 32 U3BMEHEHHEM aTMOC(EpPHOro JaBiICHUS
B reorpaduueckux paiioHax, pacroyiokeHHbIX He Bble 300 METpoB Haja YpOBHEM MOPS.
bapoMerp mpexacraBiser cobol MeXaHUYECKHUW CTPEIOYHBIN mpubop, padoTaromuii OT
BO3JICHCTBUSI aTMOC(EPHOTO [aBJICHUS HA AHEPOUIHBIM UYyBCTBUTEIBHBIM 3JIeMEHT. B
KOHCTPYKIIMU OapoMeTpa MpeayCMOTPEeH OMMETaUIMUEeCKUN (COCTOSIIMN M3 3 METallJIoB)
CTPEJIOYHBI TEPMOMETP, H3MEPSIOIIMN TeMIepaTypy Bo3ayxa. JluamazoH wW3MepeHuu
nasnenust ot 695 o 805 mm. pt. cT. (oT 0,927 no 0,1073 Mlla).

Jlns ompenenieHus] XapakTepa U3MEHEHHUs! JaBJIeHUs (PUKCUPYIOIIAsCs 30JI0TUCTAsI CTPEJIKa
coBMemiaercss (Mpu TOMOIIM PYYKH, PACIOJIOKEHHOW Ha CTpeiake OapoMmerpa) cC
MOKa3bIBAIOIIEH YEPHOM CTpeNKoW. JlaHHOE MEWCTBHE CIEAYET BBINOJHATH TOJBKO C
paspeleHus penoaaBaTess Ui HHKeHepa jJjadopatopuu!

DNeKkmpoHHbLIL OAMYUK GIIANCHOCMU U MeMNnepamypol

OJeKTPOHHBIM JAaTUYUK BIAXKHOCTH M TEMIIEpaTypbl BBIMOJHEH HAa OCHOBE IM(PPOBOTo
natanka DHT11. DHT11 - 5to uudpoBoi JaTYMK BIaKHOCTH U TEMIIEPATYPbl, COCTOSIIIAN
U3 TEPMUCTOPA U €MKOCTHOT'O JaTYMKA BIAXKHOCTU. Takke maTduk cofepxuT B cede ALIIT
U1 TIpeoOpa3oBaHUs aHAJIOTOBBIX 3HAUCHUN BIAXKHOCTH W TeMreparyphl. Jas paGoTsel ¢
natankoM DHT11 ucnone3yercst Arduino 6ubmmoreka DHT. Jlns TouHocT onpeneneHus
OTHOCUTEIHHOUW BIAKHOCTH BO3/yXa, MOKa3aHUs MpUOOpa HEOOXOUMO CHUMATh, KOTJa OH
npopadotan He MeHee 10 MuHyT. UTOOBI BBIKIIOUUTH JJIEKTPOHHBIM JAaTUMK BIAKHOCTH
JIOCTaTOYHO BBITAIIUTh €70 BUIIKY U3 3JICKTPUUECKOW CETH.

1 TIopsaok BeINOJTHEHUSI padOThI

Yacrts 1. OHpCI{GJ’IGHHC OTHOCHUTEJIbHOM )41 a0COJIFOTHOM BJIaXHOCTH
BO3yXa C IOMOIIbIO IICUXPOMECTpPaA ABFYCTa

Hauepture Tabnuiy 1
Tabnuna 1 — 3HaueHusl, MOTyYEHHBIE C TOMOIIBIO TICUXpOMETpa ABTycCTa

teyx, °C  ltenaoc, °C ff, % (cyx) P, Ila D, Ke/m®
P, ,lla




Onpenenute TemnepaTypy CyXoro tex ¥ BIKHOTO teiane TepMoMeTpa. [lokazaHust 3aHecute
B Tabiuiy 1. TemrepaTypy OKpyIJISIUTE JI0 LIEJIbIX YUCEN.

Hcnonb3yss NCUXOMETPUYECKYI0 TaOJuIly, pacHoJIOKEHHYI0 Ha CTEHJe, Haiaure
OTHOCHUTEINIbHYIO BIIaXHOCTH f. J[7s aTOrO paccumraiite pa3HOCTh TeMIIEpaTyp BIaKHOTO U
CyXOT0 TEPMOMETPOB (Loyx - torane). [lOKazanmst 3anecure B Tabmuiry 1.

Vcnons3ys IpuIokKeHHe A, HaiiiuTe 1aBJICHHUE HACBIIEHHBIX IapoB Py (@Y

JUISL TEMIIEpaTypbl CyXoro Tepmomerpa. [lokazanus 3anecure B Tabmnuiy 1.

Ucnonwiys dhopmyiny (4) paccunrtaiite aOCONIOTHYIO BIaXXHOCTh Bo3nyxa P, I1a. Tlokazanus
3aHecHuTe B Ta0IuIy 1.

PaccuuraiiTe aOCONIOTHYIO BIAXKHOCTh BO3myxa p B Kr/mS. Jlns storo u3 ypasHeHus (1)
BBIPA3UTE TUIOTHOCTD:

m P Ho P (12)

IO:_: =
v T. R Tch-RV

cyx

rae Rv=461,5 JIx/(kr-K) — yHuBepcanbpHas ra3zoBasi IOCTOSTHHAS JIJIsl BOJSTHOTO Tapa;
Tepx =t + 273,15 — TeMmiepatypa cyxoro repMomMerpa (B KeIbBHHAX).

Yacts 2. Onpenenenue OTHOCUTEIIBHOW U a0COTIOTHOM BJIQXKHOCTHU
BO3/yXa ¢ NoMouIp0 icuxpomerpa Accmana MB-4M

Hauepture Tabnuiyy 2

Tabnuua 2 — 3HaueHusl, MOTyYEHHbIE C MOMOIIbIO IcuxpoMeTpa Accmana MB-4M

teyx, °C tenanc, ff, % |(6raoc) Puw, [la P, Ila  p, xe/M°
°C P, ,lla

Onpenenute temneparypy cyxoro tepmomerpa te.. Ilokazanus 3anecute B Tabmuiyy 2.
TemnepaTypy OKpyTJISIUTE 10 LEIbIX YUCET.

[lepen BbBITIONIHEHWEM JAaHHON YacTH JlabopaTOpHOW paldOThl, YTOYHHUTE y HHXKEHEpa
1abopaTopuu WU TPENoJaBaTelisi, TOTOBa JIM YCTAHOBKA K TMPOBEICHUIO J1ab0paTOPHBIX
uccinenoBanuii. Korna nmadoparopHasi ycTaHOBKAa TOTOBa K paboTe, 3aBEAUTE MPY>KUHHBIN
MEXaHW3M BEHTWISITOpA C MOMOLIBIO Kitoua (Mo4yTu A0 npenena). OxugaiTe oCTaHOBKHU
BEHTUJISITOPA.

Korga BEHTWIATOpP OCTaHOBWIICS, ONPENEIUTE TEMIIEPATYPY BIIAXKHOIO TEPMOMETPA tsuasc.
IToka3anue 3anecure B Tabnuiy 2. TemrepaTypy OKPYIISIUTE 10 LEJIbIX YUCEN.

Ucnonszys rpaduk U3  IpWIOKeHUs b, omnpenenure BEIUYUHY  OTHOCUTEIIBHOU
BJIAXXHOCTU Bo3nyxa. [loka3zanue 3anecure B Tabnuiry 2.

Onpenenure BEIMYMHY aTMOC(PEPHOro JABJIEHUS B MAcCKasAX, MCMOJb3ys Oapomerp (760
MM. pT. cT. = 101 325 ITa).

Hcnonp3yss npuinoxkeHue 1, HalliUTe NaBIEHUE HACBIUIEHHBIX MapoOB IJIs TEMIEPaTypbl
BIAXHOro Py "9 tepmomerpa. [lokasanus 3aHecute B TabIUILy 2.



=

N =

[Ipeob6pazyss dopmynsr (9) u (11), momydum ¢opmyny s aOCOTIOTHOM BIAXHOCTH
BO3/yXa B MaCKaJIAX:

P = PH(snaM) - A : PGmM tCyX - tS/TG)K ) (13)
B pannol naGoparopHoil pabore ko>duuuenT A IPUHUMAET 3HaYeHUE paBHOE 6,62-107
°C. Ilokazanue 3aHecHuTe B TAOIHITY 2.
PaccuuraiiTe aGCOMIOTHYIO BJIAXHOCTh BO3AyXa p B Kr/M° ¢ momompio (Gopmyisr (12).

[loka3anue 3aHecute B TaOIHILy 2.

Yacte 3. OmnpeneneHrne OTHOCHTENIBHOW BJIAXXKHOCTH BO3JYyXa C IMOMOIIBIO 3JEKTPOHHOIO
JaT4YMKa BIAKHOCTU

BxutounTe 35IeKTpOHHBIN TATYUK BIIAXKHOCTH.

Onpenenure 3Ha4€HWE OTHOCUTEIHLHOM BIAXKHOCTH BO3yXa.

J171st paGoTHI € AIMEKTPOHHBIM JATYUKOM BIKHOCTH HEOOXOAMMO BKIIOYUTH BUJIIKY JaTUMKA
B DJIEKTpUYECKYI0 ceTh. Ha skpaHe nuciuies BbICBeTATCA JBa cooOmienus. [IpuBenem
nmpuMep COOOIIEHUH:

Temperature: 28 C — 03Haudaer, yTo TemIepaTypa B momenieHuu cocrasisieT 28 °C;
Humidity: 18% — o3Ha4aer, 94TO OTHOCHTEIbHAS BIAKHOCTH B ITOMEIICHUN COCTaBIsAeT 18
%.

BrikatounTe 37€KTPOHHBIN JaTYUK BIAXKHOCTH.

Yacts 4. CpaBHUTEIBHBIM aHANW3 BEJIMYUMH OTHOCUTEIBHOW M aOCOJIOTHOM BIAXHOCTU
BO3/yXa

JUIss  CpaBHWTEIIBHOTO aHajiu3a 3HAYCHWH OTHOCUTEIBHOW BIIAKHOCTH  BO3IyXa,
MOJIYYEHHBIX C MOMOIIBIO Pa3HbIX MPUOOPOB, HEOOXOIUMO HAHECTH TMOIYYCHHBIC 3HAYCHUS
HAa YHUCJIOBYI0 OCh C YYE€TOM JIOBEPUTEIBHOTO HHTEpBana. [lis Tpex HCHOIb3yeMbIX
pruOOPOB U3BECTHHI 3HAUCHUS AOCOITIOTHOM OMIMOKH OTHOCUTENIBHON BIIAYKHOCTH BO3/yXa,
MOJTy9aeMOM B pe3yibTaTe dKcrepuMeHToB. OHHM COCTaBIISIOT:

tst ncuxpomempa Aecycma Af = 7%
TUISL acnupayuonnoz2o ncuxpomempa Accmana Af = 6%
TUISL 971eKMPOHH020 oamuuka enaxchocmu Af = 5%

PesynbTupyroniee 3Ha4y€HUWE OTHOCHUTENIBHOW  BIAXXHOCTM BO3[yXa IIOJIYyYMM Ha
NEPECEUCHUN JJOBEPUTEIIbHBIX MHTEPBAJIOB JJI TPEX MPUOOPOB.

B ciydae eciiu JoBepUTENBHBIE HHTEPBAJILI HE NIEPECEKAIOTCS, PE3YJIBTHPYIOIIECE 3HAUEHUE
OTHOCUTEJIBHOM BJIAXKHOCTH BO3JyXa HaXOJUM Kak cpefHee apumeTrdeckoe Moka3zaHui
OT TpeX MpUOOPOB.

PesynbTupyromee 3HaueHuE aOCOMIOTHOW BIIAXKHOCTH BO3[yXa HAWTH Kak CpeaHee
apupMeTHYecKoe I 3HAYCHUH, MOJYYCHHBIX C IOMOIIBIO TCUXpoMeTpa ABrycra u
aCIMpPAlMOHHOTO IICUXPOMETpa AcCMaHa.

Ilpumep:



ITycth, B pe3yibTaTe HU3MEPCHUNM OTHOCHTCIIBHOW BIIAJKHOCTH BO3JyXa, IICHXPOMETP
ABrycra onpezenui ero paBubiM f = 35%, acnupannonnsiii ncuxpomerp Accmana f = 31%,
a 2JICKTPOHHBIN AaTuuk BiaaxkHocTH T = 29 %. HaneceM 3TH 3HaYCHHUS HA YHCIOBYIO OChb C
Y4ETOM BEJIUIMHBI A0COTIOTHOM OMMOKH (PUCYHOK 2):

Pucynok 2 — CpaBHUTENbHBIN aHAIN3 BETUYUH OTHOCUTEIBHOM BIAKHOCTH BO3/1yXa
N3 monydeHHOro pHUCYHKa BHUIHO, YTO 3HAYEHHE OTHOCUTEIBHOW BJIAXHOCTH BO3JyXa
cocraBysieT f = 31+3%.

Yacts 5*. Onpenenenue 3Ha4eHUSI TOUKH POCHI B TIOMEUIEHUU

Hcnonb3yss BENMYMHY OTHOCHUTEIBLHOW BIAXKHOCTH BO3/yXa, IOJYYEHHYIO B YacTu 4,
OMpEeNeNUTe TOYKY pOChl B MOMeEIIeHUU. JlJIsi 3TOro BOCHOJIB3yHTECh TaOJulled B
NPUIOKEHUU B, mpu 3TOM HCHONB3YWTE CpeaHEe 3HAYEHHWE OTHOCHUTEIBHOM BIAKHOCTH
BO3yXa (OKpyrjsii B OOJBIIYI0 CTOPOHY) M TOKa3aHUE TEPMOMETpa B JIIEKTPOHHOM
JNATYUKE BIAKHOCTH.

3anuimute BBIBOJ 1O Beeil 1abopaTopHOi padoTe.



no

B ciydJae TYMCTAHIIMOHHOTO OOYYCHHS HE0OXOQIMMO BBIIIOJHUTH
BUPTYATLHYIO J1A00PATOPHYIO PA0OTY.

Bupmyanvuwiu Ilcuxpomemp Aezycma

Jlnst  BBIMONMHEHWS  J1abopaTopHOl  paboOThl  mepelauTe Ha  JaHHBIA  CaWT:
http://mediadidaktika.ru/mod/page/view.php?id=1144

Ilepen BaMu pacroyiokeH CTEHJ, KOTOPbIA COCTOUT M3 JBYX TEPMOMETPOB (CyXOro u
BJIQ)KHOT0), yJIbTA YIPABJICHHS U IICUXPOMETPUYECKON TaOIULIBI (PUCYHOK 3).

Pucynoxk 3 — Crenn BUpTyalibHOM 1a00paTOpHOM paboThI
Jnsg  akThBanMM TaONWIBI ~ YCTAaHOBHTE TajOykKy B MyHKTE
«IIcuxpomerpuyeckas TabIUIAY.

Xoo pabomui
Hauepture Tabnuiry
Tabnuna 3 — 3HaueHus], MOTyYEHHBIE C TOMOIIBIO TICUXpOMETpa ABTycTa

teyx, °C tenaxc, °C  ff, % (cyx) P, Ila D, Ke/M°
P, ,Ia

CHUMUTE MMOKa3aHMS C CyXOro TEPMOMETPA Loy

B nynbTe ynpasnenuss Haxxkmute KHOMNKY «Ilyck». OOpaTuTe BHUMaHuE, YTO TEMIlepaTypa
Ha BJIAYKHOM T€PMOMETpE Hayaja najgaTh!

Kormpa Ttemmeparypa Ha BJIaXHOM TEPMOMETpPE IMEPECTAHET HM3MEHSTHCI — CHUMUTE
NIOKA3aHWE YCTAHOBUBILEWUCS TEMOEPATYPBl lsaxn. 3HAYEHUE, NOJYYEHHOE HA IYJIbTE
yIpaBJIE€HUE HE YUUTHIBATD.


http://mediadidaktika.ru/mod/page/view.php?id=1144

N

Wcnone3ys ICUXPOMETPUYECKYIO — TaONMIly, HaWIMTE  OTHOCHTEIBHYIO BIAXKHOCTb
Bo3ayxa f.

Paccuuraiite aGCONIOTHYIO BIaKHOCTH BO3/yXa, HCIONB3ysS (opmyny (4). Wcnonssys
npuiIoKeHue 1, HaliIuTe NaBJIeHNE HACBILEHHBIX TapoB Py (@

7S TEMIIEPATYPBI CyXOTr0 TEPMOMETDA.

KoHTpoJibHBIE BONIPOCHI

Yro HazpiBaeTCAd a0COJNIOTHOW M OTHOCUTENBHOW BIIAXHOCTBbIO? YKa3aThb €IMHHIBI UX
U3MEPEHUMN.

UYTo Ha3pIBa€TCS HACKHIIIEHHBIM IAPOM, TOYKOW POCHI?

Uro npencTaBisioT co0oil Takue mpuOOpbl, KaK MCUXPOMETP ABIycTa, acUpalMOHHBIN
ncuxpomerp Accmana, 0apomerp.

Kak BBIYMCINTH OTHOCHUTEIbHYIO M aOCOJIIOTHYIO BIQXHOCTh BO3JlyXa C TOMOIIbIO
ncuxpomeTpa ABrycra?



[Tpunoxenue A
(cmpaBo4YHOE)
Jlenenue HacoIieHHOTO MMapa Bojibl ot 15 °C go 35 °C

t °C P, xlla
15 1,7056
16 1,8185
17 1,9380
18 2,0644
19 2,1978
20 2,3388
21 2,4877
22 2,6447
23 2,8104
24 2,9850
25 3,1690
26 3,3629
27 3,5670
28 3,7818
29 4,0078
30 4,2455
31 4,4953
32 4,7578
33 5,0335
34 5,3229
35 5,6267




[Ipunoxenune b

OnpeneneHve  OTHOCUTENBHOW  BIQKHOCTH MO  TCUXPOMETPUUYECKOMY  Trpaduky
POU3BOJIUTCS B CIEAYIOIIEM MOPSAKE:

1. 1o BEpTUKAJIBbHBIM JIMHUSIM OTMEYAIOTCS TIOKA3aHUs CYXOTr0 TEPMOMETPA;

2. TI0 HAKJIOHHBIM JIMHUSIM OTMEUAIOTCSI MIOKa3aHUs BIIAYKHOTO TEPMOMETPA;

3. HA TEPECCUYCHWHM OTHUX JUHUN TOJY4alOT 3HAYCHHUS OTHOCUTEIHHOW BIIAXKHOCTH,
BBIPaKEHHBIE B MPOIIEHTAX (MOJyYEHHBIE 3HAUYCHUS OKPYTJISITh B MEHBIIYIO CTOPOHY).

R ¢S t] o
4039 38 37 35 35" 34 ;3 32 31°90°29 28 27 25 25"2{4 23 22 2°20°19 18 12 16 15°14 13 2 1110%°g &4 7 & §°
Y, . N7 ¥, 7
rd 7 z

/ /
1/ 17 ///// ,II_’,_/////[II
7

7 i i
7 &
Z [/
/
/

VAWANWAWI

ARV
/
/

N

A R X
T 171737
ARV ARV

N
X
N\
N
N

T

77

2

TR

TRy
R TS

WL
A\
A\
\W

RNNRS
PN
\ \\ Wik
TR
N WY
ALTHL T

T

T T
U
\
U
\

AT

£
;
.
/
7
7
7
i

] ST
|
NRLIRSLR \
NN

NN DN
N
|
N
\N\
AR IRNY
RN

NN
AL
N

i
AT

RN
AL

ANEN

T
N
T

N

<n
=
\

RN

AL AT

A
/

N
St
RN SRR
SRR N
RN
T
\
G
O
TR
TR
v&&&g§§§§‘
‘§§§§wi

S NN PR

NSRNY
R TR E

SR T
X
AR

AN

3

SN TR TN TRL

N\\’\\\‘i\
A
tihte

)
AN
AR

N
AN

A

/
/
Z
%

NN

N

S T L T
NSNS

N\

)
AN
\‘\\\\
RNARRN

ANN
AN

A\

N

N
\ %\

ANNNRN
\\

N

NN

Rt

RN




[Tpunoxenue B
(cupaBo4YHOE)
Tabnuua it onpeesieHrus TOYKH POCHI

BJIQ’KHOC

Th 40% 45% [50% [55% [60% [65% (/0% [75% [B0% B85% [90% [95%

%

TeMIepar

ypa

°C

-5 -15,3 - -12,9 - - -9,96 -9,11 -8,31 |-7,62 -6,89 -6,24 -5,6

14,04 11,8410,83
-4 -14,4 -13,1 - - -9,89 -8,99 |-8,11 |-7,34 -6,62 -5,89 -5,24 |-4,6
11,9310,84

-3 - - - -9,91 8,95 7,99 |-7,16 |-6,37 -5,62 -4,9 4,24 |-3,6
13,42112,16/10,98

-2 - - - -8,98 7,95 -7,04 6,21 |-5,4 -4,62 -3,9 3,34 -2,6
12,5811,22(10,04

-1 - - -9,1 7,98 7,0 16,09 -5,21 -4,43 -3,66 -2,94 -2,34 |-1,6
11,61110,28

0 - -9,34 8,16 7,05 6,06 5,14 |-4,26 |-3,46 |-2,7 -1,96 -1,34 -0,62
10,65

1 -9,85 -8,52 -7,32 -6,22 -5,21 -4,26 -3,4 2,58 -1,82 1,08 -0,41 0,31

2 -9,07 -7,72 -6,52 -5,39 -4,38 -3,44 -2,56 1,74 |-0,97 |-0,24 0,52 [1,29

3 -8,22 -6,88 -5,66 -4,53 -3,52 -2,57 -1,69 -0,88 |-0,08 [0,74 1,52 2,29

4 -7,45 -6,07 -4,84 -3,74 -2,7 -1,75-0,87-0,0110,87 1,72 2,5 3,26

3) -6,66 -5,26 -4,03 -2,91 -1,87 -0,92 -0,01 0,94 1,83 2,68 3,49 4,26

6 -5,81 -4,45 -3,22 -2,08 -1,04 -0,08 0,94 1,89 2,8 [3,68 4,48 5,25

/ -5,01 -3,64 -2,39 -1,25-0,21 0,87 1,9 2,85 3,77 4,66 547 6,25

8 -4,21 -2,83 -1,56 -0,42 -0,72 1,82 2,86 3,85 4,77 5,64 6,46 7,24

9 -3,41 -2,02 -0,78 10,46 1,66 2,77 3,82 4,81 5,74 16,62 [7,45 8,24

10 -2,62 -1,2210,08 1,39 2,6 3,72 4,78 5,77 [7,71 [7,6 8,44 9,23

11 -1,83 -0,42 10,98 1,32 3,54 4,68 5,74 b,74 [7,68 18,58 9,43 10,23

12 -1,04 044 19 3,25 4,48 563 b,/ |/,71 8,65 9,56 [10,4211,22

13 -0,25 1,35 2,82 4,18 5,42 6,58 [7,66 8,68 9,62 [10,54]11,4112,21

14 0,63 2,26 3,76 5,11 6,36 [7/,53 8,62 9,64 10,59]11,52]12,4 13,21

15 1,51 3,17 4,68 6,04 [7,3 8,48 9,58 10,6 [11,59]12,5 [13,38/14,21

16 2,41 4,08 56 16,97 8,24 9,43 [10,54/11,57]12,56(13,4814,36[15,2

17 3,31 499 6,52 /9 9,18 10,37111,5 [12,54/13,5314,46(15,3616,19

18 42 B9 [7,44 8,83 10,12]11,32[12,46113,5114,5 [15,44/16,34]17,19

19 5,09 6,81 8,36 9,76 [11,06[12,2713,42(14,48/15,4716,42]17,3218,19

20 6,0 [7,72 9,28 10,6912,0 13,2214,38/15,44/16,44]17,4 [18,3219,18

21 6,9 8,62 10,2 11,6212,9414,1715,33/16,4 |17,41]18,38[19,3 20,18

22 /7,69 9,52 11,1212,5613,88/15,12(16,28/17,37/18,3819,36120,3 21,6

23 8,68 10,43112,0313,4814,82(16,0717,23/18,34/19,38]20,3421,2822,15




24 9,57 |11,3412,9414,41/15,76(17,02]18,19/19,3 [20,35]21,32]22,26[23,15
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28 13,1314,95/16,6118,11119,5 [20,81]22,01[23,14[24,2325,24]26,2 27,12
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Kontponupyemsie kommnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; IL.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

— OmneHka «5» CTaBUTHCS, €CJIM yYAIIUNACSA BBITIOJNHIET paboTy B MOJHOM 00BEME C
cOoOMIO/ICHHEM  HEOOXOAMMOM  IMOCJIEeNOBATEILHOCTH  MPOBEJACHUS  OMBITOB U
U3MEPEHH;  CaMOCTOSITENIbHOM  pPallMOHAJIBHO  MOHTHPYET  HEOOXOAHUMBIE
000py/I0BaHUE; BCE OMBITHI MPOBOJUT B YCJIOBUAX U PEKHUMaxX, 00ECIEUMBAIOIINX
MOJIYYCHHUE TMPABUIIBHBIX PE3YJIbTATOB U BBIBOJIOB; COOIOMAET TPEOOBAHUS IMPABUI
0€30MacHOCTU TPyJZa; B OTYETE NPABWJIBHO M AKKYpPaTHO BBINOJHSIET BCE 3alKCH,
TaOJIMILIbI, PUCYHKH, YEPTEKH, TpadUKH, BBIYUCICHUS; IPABUIBHO BBINOJHSAET aHAIU3
IIOIPEIIHOCTEH.
— Onenka «4» CTaBUTCS, €CJIM BBINOJHEHbI TPEOOBAHUA K OLEHKH «5», HO ObUIU
JOMYLIEHBl JIBa-TPU HeJoueTa, He Oosee OoaHON HerpyOood OmMOKM M OJIHOTO
HEJ04YeTA.
— Omnenka «3» craBuTCs, eciid paboTa BBHINOJHEHA HE TMOJHOCThIO, HO 00BEM
BBIIIOJTHEHHONM YacCTH TaKOB, IO3BOJIAET MOJYyYUTh MPABUIbHBIE pE3YyJbTAaThl U
BBIBO/JIbI: €CJIM B X0J1€ IPOBEJCHUS OIbITa U U3MEPEHHUM OBbLIN TOMYIIEHBI OIINOKH.
— OueHka «2» CcTaBUTCS, €clii padoTa BBIIIOJHEHA HE TIOJHOCTBIO M 00BEM
BBIIIOJIHEHHOM 4YacTH pabOT HE IMO3BOJAT clelaTh NpPaBUIbHBIX BBIBOJOB: €CJIH,
OMBITHI, U3MEPEHUS, BBIUNCICHUS, HAOIIOICHHSI IPOU3BOIUINCH HENPABUIIBHO.
JlaGopaTopHbie padoThI



JlaGoparopHnasi pabora Ne 3
Omnpenenenne NOBEPXHOCTHOI0 HATSIKEHH I JKMIKOCTH.

Henb 3aHATHS: HAy4YUTHCS ONPENEIATH MOBEPXHOCTHOE HATSHKEHUE BOJBI
METOJIOM OTPBIBA PAMKHU.

Ilepen HauyaaoM 3aHATHS HEOOXOAMMO 3HATBL: ONpeleleHHEe U GopMyIy
NOBEPXHOCTHOT'O HATSHKEHMSI BOJIBI METOJIOM OTPhIBA PAMKH.

Ilocnie 3aHATMA  HeOOXOAMMO  yMeTb:  ONPEACNATh  KOA(P(HUIHEHT
NOBEPXHOCTHOTO HATSHKEHUS C  HUCIHOJb30BaHWEM (POPMyINIBI  MOBEPXHOCTHOTO
HaTSKEHUS.

Oo6opynoBanme: koMnbroTep, IHTEpHET, MHCTPYKIIMOHHAS KapTa.

Conep:xkanue u Teopusi.

Y  BCAKOM JKUOKOCTM — CYIIECTBOBaHME CBOOOJHOW IOBEPXHOCTH.
MonekynsipHOe JaBJIEHUE HAIPaBJI€HO BHYTPb JKUIKOCTH, NEPHEHAMKYJISPHO K
CBOOOHOM TTOBEPXHOCTH.

Cusbl TOBEPXHOCTHOTO HATSKEHUS B JIHOOON TOUYKE MOBEPXHOCTHU HAIPABIICHBI
[0 KacaTeJbHOM K HEeH M N0 HOpMaId K JIIOOOMY 3JIEMEHTY JIMHUHU, MBICIEHHO
IIPOBEICHHON HA IOBEPXHOCTH KHJIKOCTH.

KosdhuimenT 1nOBEpXHOCTHOrO  HATSKEHUST  YUCIEHHO pPaBeH  CHIIE
NOBEPXHOCTHOTO  HATSKEHUSA, JCUCTBYIOIIEWM HA €IWHUIY JJUHBl  JIMHUH,

pa3elnsroniell TOBEPXHOCTh Ha YaCTH: (1)

B cucreme CU ko3 hunmeHT moBepXHOCTHOTO HATSHKEHUS « n3Mepsiercs B H/Mm.

KoadhpummenT moBepXHOCTHOTO HATSHKEHUS 3aBUCUT OT MPUPOIBI )KUIAKOCTH. A
3aBUCUT TaKXKe€ OT TOTO, Kakas cpela HaxOIWUTCA Haa CBOOOIHOW TOBEPXHOCTHIO
KUAKOCTU. CIeICTBUEM CHIIBI TOBEPXHOCTHOTO HATSKEHMS, JCUCTBYIOLIECH Ha
CAMHMITY TUIOMAAN TIOBEPXHOCTHOTO CJIOS, SIBJISICTCSI MOJIEKYJISIPHOS JaBJICHHE.
KoadpumumeHT moBEpXHOCTHOTO HATSHKEHUS MOXKHO ONPENCTUThH IyTEM H3MEPCHUS
CHJIBI, KOTOPYIO HY)KHO MPHUJIOKHUTH MEPIICHIUKYIISIPHO K MIOBEPXHOCTH JKUIKOCTH IS
OTpBIBA Pa3IMYHBIX TBEPBIX TEJ OT 3TOU MoBepXHOCTU. Ecu cuia, neicTByroIIas Ha
TEJI0, PaBHA 10 BEJIMYMHE CUJIC IIOBEPXHOCTHOTO HATSHKCHHUS, TO TEJIO OTOPBETCS.

Onaum u3 cnoco0oB m3MepeHus: KodhdUIMEHTa G SBISETCS METOJA OTpbhIBa
kosbIa. KoJbllo, M3roTOBICHHOE M3 MaTepHalia, XOPOIIo CMaYuBAEMOT0 KUIKOCTHIO,
NPUBOJNUTCS B CONPHKOCHOBEHHE C €€ IMOBEPXHOCTHhIO. PaccMOTpUM KOJBIIO C
BHEIIHUM JUaMeTpoM (1 ¥ BHYTpeHHUM juameTpoM dz , Kacaromeecs MOBEPXHOCTH
xuakocty. TonmuHa Kosbia b .

HpI/I MNOJHATHUN KOJIbIIa C IMOBCPXHOCTU IIPOUCXOAUT pas3pbiB IMOBCPXHOCTHU
JKHUAKOCTH 110 KpOMKaM KOJIbLA. J_—[J'II/IHa I'paHuObI ICPCa OTPBIBOM KOJIbIlA, I10 KOTOpOﬁ
IMPOUCXOIUT pa3pbIB IIOBECPXHOCTHU, COCTABIIACT



L=nld + d) =nld +(d - B)=2x(d- B=2nld, +ﬁ_ @)
W3meputs cuny F, HeoOXoauMyto 1711 OTpbIBA KOJbIA, MOXKHO MO hopmysie: . .
),
i€ ax — Cpe/iHee YUIMHEHUE IPYKUHBI B MOMEHT OTPhIBA KOJIbIIA.

[lpuHiunuanpHass cxXxemMa YCTaHOBKM JJiA  ONpeleieHus Kod(pduineHTa
MOBEPXHOCTHOTO HATSHKCHUS M300pakeHa Ha puc. 1.

Puc. 1. Cxema ycTaHoBKH
K npyxuHe noaBemmBaercs MeTaLIMUEeCKoe KoJibllo. Ilepes HayamoM Kax10ro
OIBITAa KOJIBLIO MPOTUPAIOT U MPOCYIINBAIOT. BpallleHrneM BUHTa OMyCKaeM KOJIBIIO J0
CONPUKOCHOBEHUSI C MOBEPXHOCTHIO KUIAKOCTU, MPU ITOM HYXKHO CIIE€IUTh, YTOOBI
XKUJKOCTH HE Kacajcs
CTOJIMK TUTSt
Pa3HOBECOB,
BIUCAHHBIN B KOJIBIIO.
O nucanue yCTAHOBKH
BHUPTYaJIbHOH
JlabopaTopHoi
padoThI
DKCIepuMeHTaIbHaS
yCTaHOBKa
npeAcTaBicHa Ha
pucynke. B mpasom
HIDKHEM YTy  JlaHa
MaHelb  «KUIKOCTHY,
Ha KOTOPOM  MOXHO
BbIOpATH pon
KUJIKOCTH.
[Tocepenune,
HaxXOJMUTCS MaHENb «IapaMeTpbl MPYKUHbI W KoJsibllay. Ha Hell MOXHO MEHSTh
KOA((DUIMEHT )KECTKOCTH MPYKUHBI, THaMETP KOJbIa U TONIIUHY KoJblla. HaBens Ha
KOJIbLIO M yJIEpKMBasi MPaBy0 KHOMKY MBIIIM MOKHO MPUBECTU B JBUKEHUS KOJbIA.
Jlist Toro, 94TO0 MPUNATH B MCXOJHOE TOJIOKEHUS HEOOXOIUMO HaXaTh HAa KHOIKY
«cOpocy. Mcnonb3ys npencTaBieHHYI0 YCTAHOBKY, JOCTUTAETCs 11eJb MOCTaBICHHOMN
1ab0opaToOpHOU pabOTHI.

Ili1an BbIMOJIHEHUs padoOThI
1. TIlepetimutre 1o  cchuike https://www.youtube.com/watch?v=9pcaBm21Jf8 u
MPOCMOTPUTE BHUACOYPOK KOTOPBIM TMOSCHUT, KakuM OOpa3oM MPOBOIUTCS
nabopatopHas paboTa B peaJIbHbIX YCIOBUSX.




2. Iepeiiaute mo cewiake http://mediadidaktika.ru/mod/page/view.php?id=346
Y BBIIIOJIHANTE MOCIEA0BATEIbHOCTD JEHCTBUM, OITMCAHHBIX HUXKE.

3ananue. Onpedenenue n0BEPXHOCMHO20 HAMANCEHUS 800bl, MAC/1A, KEPOCUHA.

1. 3anmycTUTh BUPTYaJIbHBIA CTEH]T

2. BeiOpathb uccienyeMyro sKUAKOCTh U3 TPEX BO3MOKHBIX: BOJIa, MACIIO, KEPOCHUH.

3. YcraHOBWTH TapaMeTpbl KOJbIla W MPYKUHBL: JKECTKOCTh K, BHYTpeHHUIA
nuametp di, TONMIUHY Kojblia N (6100p Oannblx 6enuuun Ha sauie ycmomperue)

4. OnpenenuTs AIUHY TpaHULBI pa3pbiBa 0 OAHOMY U3 PaBEHCTB B opMmyiie (2)

5. [IpuBecTH KOJBIO B COMPUKOCHOBEHUE C )XUAKOCThIO AX = 0.

6. Me/uieHHO TIOJTHMMATh KOJIBIIO, TIPHAaBas MpUpalieHue CKaTuio NpyXuHbl AX 0.
3adukcupoBaTh NOoKa3aHue AX B MOMEHT OTpPbIBa KOJIbIIA.

7. Haxxats kHOTIKY «cOpocy. [Ipoaenars onbIT 3—5 pas.

8. PaccunTaTh CpeqHIO CHIIy YIPYTOCTH, KOTOpas B MOMEHT OTPhIBA KOJblLIa paBHA
CHJIC TTIOBEPXHOCTHOTO HATsDKEHHS 110 popmydie (3)

9. Paccumtaiite K03 HUIMEHT MOBEPXHOCTHOTO HATsHKEHUs 110 hopmyie (1).

10. Pe3ynbTaTel U3MEpEHUI 3aHECUTE B TAOIUILY (pacuembl HUMCe 3anucanbl 00IHCHbL
00s13amenvHo).

11. PaccunTaTe NOTpeMIHOCTD H3MEPEHUM.

N K, dy, [ do, [, [ 8% | ax, |L,| F,|7, |eo-, T
n/n KHAKOCTD Hm|m |[Mm IM/Mm |Mm |M|H |[HM|HM|HM |%
1
2
3

12. ChopmynupoBaTh BEIBOJIBI.

KonTpoJibHBIE BOIIPOCHI

1. B kakyto CTOpOHY JE€HCTBYET CHJIa MOBEPXHOCTHOTO HATSKEHUS?

2. OOBSACHUTH SBJICHUE IMOBEPXHOCTHOTO HaTsHKeHUs. UTO Ha3bIBaeTcs
KO3 (P PUIIMEHTOM MOBEPXHOCTHOTO HATSXKEHMUSI?

3. Kakue KOCBEHHBIE METO/IBI oTpeIeTICHUsI kod(pdunrenTa
MOBEPXHOCTHOTO HATsKEHUSI Bbl 3HaeTe, ux cyTh?

4. OOBSCHUTE MOJHITHE U OMYyCKAHKE XKUIKOCTEN B KaMWIISPHBIX TPyOKax,
MO>KHO JIM ONIPEACIIUTD « , UCTIONB3YS KaMMIISIpHbIE TPYOKH U Kak?

Kourponupyemsie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; TL.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepnu ouenku:

— Omenka «5» CTaBUTBCS, €CJIM YYAIIUKCS BBITIOJNHIET paboOTy B MOJHOM OOBEME C
cOOJIIOZICHHEM  HEOOXOJAMMOM  TOCJENOBATEIbHOCTH  IPOBEJACHUS  OMNBITOB U
U3MEPEHUI; CaMOCTOSATEILHOMN paIrMoHaIBLHO MOHTHPYET HEOOXOIUMBIE
000pyI0BaHKE; BCE OMBITHI MPOBOJIUT B YCIOBHUSAX U PEXUMaX, 00CCIECUYMBAIOIINX



MOJIYYCHHE TPaBUJIBHBIX PE3YJbTATOB W BBIBOJOB; COOJIOAET TPEOOBAHHS IPABUI
0€30MacHOCTH TPYJa;, B OTYETS NPABWIBHO M aKKypaTHO BBINOJHICT BCE 3aIlKCH,
TaOJIMIIBI, PUCYHKH, YEPTEKH, rpad)KH, BBIYUCIICHHS; TIPABHIBHO BBITIOJIHSCT aHAIN3
IIOIPELTHOCTEH.

— OneHka «4» CTaBUTCS, €CIM BBIIOJHCHBI TPEOOBAaHMS K OIEHKH «5», HO OBLIH
JTOMYIICHBI JIBa-TpH HeAodeTra, He Oojiee OaHON HerpyOol OIMMOKM M OJIHOTO
HEJI0YETA.

— Omenka «3» cTaBuTCsA, eciu padoTa BBHIMOJHEHA HE TIOJHOCTHIO, HO 00BEM
BBITIOJITHGHHON YaCcTH TaKOB, IIO3BOJIACT IMOJYYUTh TIPABWIBHBIC PE3YJIbTaThl U
BEIBOJIBI: €CJTM B XOJI€ TIPOBEICHHUS OTBITA U U3MEPECHUIA OBLIN JOMYIIEHBI OIITHOKH.

— Ormenka «2» CTaBHTCs, €CIM padoTa BBHINOJHEHA HE IOJTHOCTBIO M 00BeM
BBITIOJITHEHHOH YacTH paboOT HE IMO3BOJAT ClejaTh IPaBWIBHBIX BBIBOJIOB: €CIIH,
OTIBITHI, U3MEPECHMS, BRIYNCIICHUS, HAOIIOICHHSI IIPOU3BOIUINCH HEMPABUIIHHO.

Kontpoabnasi padora Ne 2
IIo pazgeny «MoJiekyJasaspHas pU3MKa ¥ OCHOBbI TEPMOAMHAMUKID)

1 BapuanT

1. T'a3 B konuuectBe 1000 monelt npu aaBiaenuu 1 Mlla umeet remnepatypy 100° C.
Haiitu oObeM rasa.

2. Ilpu xakoif TemnepaType CpeiHssl KHHETUYECKasi SHEPTHUs MOCTYIMATeIbHOTO
JIBMYKCHHS MOJIEKYJ rasza pasHa 12,42-10-21 Jx.

3.Yemy paBHa BHYTPEHHsISl JHEPTUS 5 MOJIb OJITHOATOMHOIO rasa rnpu temmneparype 27°
C?

4. I'azy nepenano konnuectBo TernoTel 300 [k, ero BHYTpEHHsIS SHEPTHs
yBenuuuiack Ha 200 [[x. YUemy, paBHa paboTa, COBEpIIICHHAs Ta30M?

5. TeryioBoM ABUraTelNb MOJIYYaeT OT HarpeBaress sHepruto, papayo 1000 JIx, u
otaaeT xonoauwabHUKY 3Hepruto 800 [Ix. Yemy paBen KII/] TermoBoro nurarens?

2 BapuMaHT

1. Paccunraiite Temrieparypy, Ipyu KOTOPOM HaXOAsITCA 2,5 MOJIb ras3a, 3aHUMAIOIIETr0
o0bveM 1,66 11 u Haxoxsmerocs mod gasiaeHuem 2,5 Mlla.

2. IIpu Temneparype 27°C naBnenue rasza B 3akpbiToM cocyne 75 klla. Kakum Oyaet
JABJICHUH Npu Temneparype -13°C?

3. KakoBa BHyTpeHHss dHeprus aprona maccoi 200 r npu remneparype 17°C?
(monsipHast macca aprona 40 1/mMoJib)

4. OnpenenuTb BHYTPEHHIOK SHEPTUIO0 OJHOATOMHOTO M€aJIbHOIO ra3a €Cliv OH
noryuns koiaudectBo TeroTsl 1000 Ik u copepim rpu 3ToM padoty 400 Ix.

5. TeryioBo# ABUraTeNb 3a IUKJI [IOIY4YaeT OT HarpeBaTess SHepruto, pasuy 1000
JIx, u otnaer xonoaunbHUKy 3Hepruto 700 k. Uemy pasen KIIJI TeroBoro
nBurarensa?

3 BapuaHT
1. B 6amnone o6bemom 100 1 HaxoauTest 2 T Kucioposa mpu remmeparype 47°C.
KakoBo naBnenue rasza B 6amnone? (MoJsipHas Macca Kuciaopoza 32 r/MoJib)



2. OnpenennuTb CPEeIHIO KHHETUYECKYIO SHEPTUIO MMOCTYIATENbHOIO IBUKEHUS
MoJekya raza mpu 17°C.

3. KakoBa BHyTpeHHss1 dHeprusi 10 MoJib 0IHOATOMHOIO UeaabHOro raza npu 127°C?
4. Tlpu cooOrieHnu ra3y KoJu4decTBa TEIioThl 6M I OH pacimpuics U COBEPIITUIT
paboty 2 M. Haitnure n3aMeHeHUN BHYTPEHHEH SHEPTUM ra3a. Y BeTUYIIach OHA
WJIU YMEHBIINIIACH?

5. Uemy paBeH makcuMaibHbiil KIIJ] naeanbHOro TemioBoro ABUraTes, €Cliu
TeMIieparypa Harpesarens pasHa 455°C, a xonoauibHuka — 273 °C?

4 papuaHT

1. Haitnute o0bem Bomopoaa maccoit 1 kr npu temneparype 27°C u naBiaenuu 100
klla. (MonsipHas Macca Bojgopoza 2 r/MoJib)

2. Belunucnute u3MeHEeHHE BHYTPEHHEN SHEPTUU BOAOPO/1a, HAXOSAIIEroCs B
3aKpBITOM cocylie, ipu ero HarpeBanuu Ha 10°C. Macca Bogopoaa 2 Kr, MOJIsipHas
Macca BoAopo/a 2 I/MOJb.

3. I'a3y nepenano xonuyectBO TermioThl 300 Ik, ¥ IpH 3TOM OH COBEPIIMII paboTy
100 I>x. UeMy paBHO U3MEHEHHE BHYTPEHHEN YHEPTHUU ra3a’?

4. B xanmumsipao#t TpyOke pagumycom 0,55 MM KHIKOCTH MOJHSIACH HA BRICOTY 11
MM. Halitu ko3 HUIreHT moBepXHOCTHOTO HATSHKEHUS KUAKOCTH. [TOTHOCTH
wuakoct 800 kr/m3.

5.TemnoBoii nBUraresns copepiaet 3a 1uki padory 100 Ix. Kakoe xonuduecTBo
TEIUIOTHI MOJYYEHO IPU 3TOM OT Harpesatens, ecnu KIIJ[ neurarens 20%?

S BapuaHT

1. KakoBa Temniepatypa raza npu aasienuu 100 klla u koHIEHTpaum MoieKyl
1025 m-3?

2. Onpenenure KOHIICHTPAILMIO MOJIEKYJI Ta3a, Haxosiierocs noj AasienueM 200
klla mpu Temnepatype 300 K.

3. Kak 1 Ha CKOJIbKO U3MEHUJIACh BHYTPEHHSISI SHEPTUS Ta3a, €U IIPU €ro
aanabaTHOM C)KaTUHW HaJl HUM ObLta coBepineHa padora 200 JIx?

4. T'a3y nepenano koauyectBo TernoThl 100 [, ero BHYTpeHHSIsI SHEPrust
yBenunuuiack Ha 50 J[xx. Yemy, paBHa paboTa, coBeplIeHHas ra3om?

5. Makcumanbhbiil KT/ npeansHoro temoBoro apuratens paseH 20%. Halinure
TEMIIEPATYPY HarpeBaTes, €CIM TeMIlepaTypa XonoauibHuka 27°C.

Kontponupyemsie kommerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; T1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

- «5» cTaBUTHCA 3a pabOTY, BBIIIOIHEHHYIO MTOJIHOCTHIO 0€3 OMIMOOK U HEJIOUETOB.

- «4» crtaBuThCH 3a pabOTy, BBITOJHEHHYIO MOJHOCTHIO, HO MPH HAJIMYUU B HEH HE
Oosee ogHOU TPyOOH M OHON HETPyOOH OMMOKM M OJHOTO HEIo4YeTa, He OoJiee Tpex
HEJI0YETOB.

- «3» CTaBUTHCS, €CIIH CTYACHT NMPABUIHHO BHIIOJHWI HE MeHee 2/3 Bceil paboThl min
JOMyCTU He OoJiee OJHOM TpyOOM OIIMOKM M ABYX HEAOYETOB, HE 0OoJjiee OJIHOM



rpy0oil u omHON HerpyOoi omuoOku, HEe Oojiee TpeX HerpyObIX OIIMOOK, OJIHOU
HEerpy0Ooii OIMOKHN U TPEX HEI0UETOB, IPU HAIUYUU 4-5 HEJ0UETOB.

- «2» CTaBUTHCS, €CIIM YHUCIO OMMOOK M HEJOUYETOB MPEBBICUIO HOPMY OIEHKU «3»
WIH MIPABWJILHO BBITIOJTHEHO MeHee 2/3 Bcel paboThI.

Paznen 3. JjekTpoanHaMHUKa
Tema 3.1. DaexkTprueckoe moJe

Ycrubii onpoc (YO)
1. Yro Ha3zwIBalOT 3JekTpu3anueit Ten? CrnocoOsl MEKTPU3aLIUH.
2. YUeMm oTiMyaercs AIIEKTPOCTATUYECKOE B3aMMOICHCTBME OT BCEMUPHOTO

TATOTCHUS?

DnektpomeTp. UeM onpesensercsa 3HaueHHEe SJIEKTPUUECKOro 3apsiaa?

3aKOH COXpAaHEHUS AIEKTPUUYECKOro 3apsana. M3onnpoBaHHas cucrema.

3akoH KyioHna.

Kak HampaBiieHa KyJIOHOBCKasl CHJIa U KAKOMY 3aKOHY OHa MOJIYUHSIETCS ?

Enununa snekrpudeckoro 3apsiaa. Urto npunumaercs 3a 1Kn?

B uem cocTouT npuHIMN Cyneprno3uuuu? (sl CUIbl U HANPSHKEHHOCTH )

. Iloka3atb Ha pUCYHKE.

10 DneKkTpuyeckoe mosie U ero cBoilcTBa. CyHIECTBYET JM AJIEKTPUUECKOE MOJie
pPa3IUYHBIX UCTOUYHHKOB B OJIHOM M TOM K€ TOUKE M KaK OHU JCHCTBYIOT Ha
DIIEKTPUYECKUE 3apsAIbI 7

11.HanpsixkeHHOCTh Tosisl. EnuHuIa HapsH>KeHHOCTH. 3aBUCUT JIM HAITPSIAKEHHOCTh

12.monst oT mpoOHOro 3apsija MOMEIICHHOTO B JaHHY Touky monis? OT 3apsna,
CO3/aroUIero noJis?

13.YTto Ha3bpIBaeTCS JIMHUEW HANPSHKEHHOCTH 3JeKkTpudeckoro nossa? [lokasats Ha
PUCYHKE paclpeleliCcHHEe JIMHUN HaMpsKEHHOCTH BOKPYT  YEIWHEHHBIX
TOYEYHBIX 3apsi10B. MOTYT JIM OHU MEPECEKATHCS WIIM KacaTbCs ApYT Apyra?

14.YTto Ha3bIBa€TCS OJHOPOJHBIM AJIeKTprudeckuM mosieM? ITokazaTh Ha pUCYHKE
pacrpeiesieHue JMHUN HaNPsSHKeHHOCTH OJTHOPOJHOTO 3JIEKTPUYECKOTO MOJIS.

15.Bbyner nu 3apsiKEHHOE TEJIO B AJIEKTPUUECKOM MoJie 00s13aT€NbHO ABUTATHCA 1O
JUHUSM HaNpsHKeHHOCTH 3TOTO  TOJIS, €CIM HHUKAaKUEe Jpyrue Cujibl He
JEUCTBYIOT?

16.Yto Ha3bIBaeTCsA MOBEPXHOCTHOM IMJIOTHOCTBHIO 3apsija, JIUHEWHON MIOTHOCTHIO
3apsiga’?

17.HanpspkeHHOCTh TIOJIST MEXIY Pa3sHOMMEHHO 3apsiKEHHBIMU IUIACTUHAMHU, BO
BHEIIIHEM IIPOCTPAHCTBE.

18.HanpskeHHOCTh TOJISi pABHOMEPHO 3apsiKEHHOUM chepudyeckoil MOBEpXHOCTH,
Ha PACCTOSIHUM OT CQEpUuecKoill MOBEPXHOCTH, B JIO0OOW TOYKE BHYTPHU
PaBHOMEPHO 3apsKEHHOU chephl.

19.Kakue monsa Ha3pIBalOTCA MOTEHIMaIbHBIMH? UYemy paBHa paboTa
AJIIEKTPUYECKOTO MOJIS MPU NMEPEMEIICHUH 3aps/ia 110 3aMKHYTOW TPAeKTOpUu?

20.BeiBon  opmynel pabOTHI DJIEKTPUUECKOrO TMOJIS TOYEYHOTO 3apsia Ipu
nepeMenIeHIH MPOOHOTO 3apsA/ia U3 OJHOM TOUKH IOJIS B IPYTYIO.

©oOoN Ok~



21.YeMy paBHa TIOTEHIIMAJIbHAs DSHEPrUs B3aUMOJICUCTBUS JBYX TOYEYHBIX
3apsioB? CBs3b MEXIy paOOTOM IO MEPEeMEIICHUIO 3apsjia ¥ MOTESHIHMAIbHOM

DHEPTUEN.

22.Yto wHa3pIBaeTCA MOTEHIMAIOM JdyekTpuueckoro mons? IloreHnman moms

TOYCYHOI'O 3apsaaa.

23.Kak cBs3ana paboTa mpu NMEepeMENIeHUH 3apsiia B AJIEKTPOCTATUYECKOM TIOJIe C

MOTEHIMAJaMH B HAYAJIbHOM M KOHEYHOM TOYEK TPACKTOPHU?

24.Yto Takoe OSKBHIIOTEHIMAIbHAs MOBEpXHOCTh? Kak pacmonoxeHsl JIMHUU
HaIPSHKEHHOCTH AJIEKTPUYECKOTO TOJIS IO OTHOIIEHUIO K DKBUITOTEHIHAIBHBIM

IIOBEPXHOCTAM?

25.Kak omnpenenuTs NOTEHIMANT PE3YyJIbTUPYIOLIETO 3JIEKTPUUECKOro MOJIs, €CIIU B

I[aHHOﬁ TOYKE DJICKTPHUYCCKHUC IT0JIA CO3JaHbl HCCKOJIbKUMHU 3ap;1;[aMH?

26.IToyemy BHYTpU NPOBOJAHHMKA BCE TOYKM HMEIOT OJMHAKOBBINA MOTEHIIMA,

PaBHBIN MOTEHIIMAITY Ha ITOBEPXHOCTH 3TOTO MIPOBOIHUKA?
27.KakoBbl MEXaHU3MBI MOJISPU3ALUN JTUIIEKTPUKOB?

28.;[.]'[51 4Cro npcaHasHa4CHbI KOHIIGHC&TOPBI? Yrto Ha3bIBaeTCs AJICKTPOCMKOCTBIO

KoHjieHcaTtopa? DopMyJIbL.

29.0Heprust 3apspKEHHOTO KOHAEHcaTtopa. [IMOTHOCTh PHEpruu SIAEKTPUUYECKOTO

nosst. PopMyIbl.
30.@opmyabl I OMPENENCHHWS  €MKOCTH IS TapajuieIbHOTO
MIOCTIEIOBATEIHHOTO BKIIFOUCHUSI.

Kontpomupyemsie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kputepun oreHKu:

OtMmeTka «5»

TIOJTHO PACKPBITO COJICP)KaHNE MaTepHraa

YETKO ¥ MPABWILHO JaHBI OTIPEICTICHUS U PACKPBITO COJEPKAHNUE MTOHATHI, BEPHO
WCIIOJIb30BAHBI HAYYHBIC TEPMUHBI

JUTSI TOKa3aTeIbCTBA UCTIOJIb30BaHbI PA3IMYHBIC YMCHUS, BHIBOJIBI M3 HAOFOACHUH,
OITBITOB

OTBET CaMOCTOSTEIIbHBIN, HCIIOIb30BaHbl paHEee MPHOOPETEHHBIC 3HAHUS.

OtmeTKa «4»

PACKpBITO OCHOBHOE COJIEp)KaHUE MaTepuasa

B OCHOBHOM IPaBHJILHO JIAHBI OIIPEICJICHUS TIOHATHI U UCIIOJIb30BaHbl HAYYHBIE
TEPMUHBI.

OTBET CAMOCTOSTEIbHBIN

ONPENECTICHUS TOHATUH HEMOJIHBIC, IOMYILIEHBl HE3HAYNTEIbHBIE HAPYIIEHUS
MOCJIEI0BATEILHOCTH U3JI0KEHHU S, HEOOIbIITNE HETOYHOCTH MPU UCTIOJIb30BAHUU
Hay4YHBIX TEPMUHOB WJIM B BBIBOJAX U O00OIIEHUSIX

MpaBUWJIbHbIE U YETKUE OTBETHI HA BOIPOCHI YTOUHSIIOLIET0 XapakTepa (Mo3uus
MOHUMAIOIIH)

OtMmeTka «3»

u



YCBOEHO OCHOBHOE COJIEp’KaHHe y4eOHOTO MaTepHraia, HO U3J105KEeHO parMeHTapHoO,
HE BCEr/ia MocCiIeA0BaTEIbHO

ONpeIeJICHHs TOHSTUNA HEIOCTATOYHO YETKUE

HE MCIIOJIb30BaHbl B KAUECTBE JOKA3aTeIHLCTBA BHIBOJIBI U 0000IIEHUS U3
HaOII0/ICHUM, TOMYIIIEHBI OTUOKH MPU UX U3JT0KECHUU

JOTYIIEHBI OITMOKU M HETOYHOCTH B UCTIOJIb30BAHUH HAYYHOW TEPMUHOJIOTHH,
OIpPEICIICHUE TTOHSITUIA

MpaBUWIbHBIEC U YETKUE OTBETHI HA BOMPOCHI HABOJIAIIETO M KOHKPETU3UPYIOIIETO
xapakTtepa (MO3UIUsI KPUTHK)

OTMmeTKa «2»
OCHOBHOE COJIepKaHKe Yu4eOHOTO MaTepualia He pacKpbITO
HE JIaHbl OTBETHI HAa BOMIPOCHI HABOIAIIETO U KOHKPETU3UPYIOIIETO XapaKTepa

JOMYIIEHBI IPyObIe OMKMOKHU B OMPEAEICHUN MTOHATUM, PU UCTIOJIb30BAHUU
TEPMHUHOJIOTHH.

TecTupoBanmue (T)

1. McTOYHUKOM 3JIEKTPOCTATHYECKOTO IOJIS SBJISIETCS ...
A. IlocToSHHBIM MarHur.
b. IIpoBOgHUK C TOKOM.
B. HenmoaBu»XHbBIN 31EKTPUUECKUI 3apsiI.
['. JIBMKyIIUiCs SIEKTPUIECKUI 3apsil.

2. Kakoii u3 rpaukoB Ha pHC. COOTBETCTBYET 3aBUCHUMOCTH MOJYJIS KYJIOHOBCKOIA
CUJIBl, JEHCTBYIOIIEH MEXAY ABYMS TOUYECUHBIMU 3apsANaMH, OT PACCTOSHUS MEXIY
3apsigaMu’?

F F F F

R? R? R? R?

A. 1. b.2. B3. T.4

3. B oHY ¥ Ty )€ TOYKY OJHOPOJIHOIO 3JIEKTPUUYECKOTO IMOJIsi BHA4YaJIEe MOMECTHIIN
IIPOTOH, a 3aTéM — DJIEKTPOH . BennunHa KyJIOHOBCKOW CHJIBI, IEUCTBYIOLIEH Ha
4acTuLy, ...

A. He u3zmeHumnace.

b. YBenuuunace.

B. YMenbmunace.

I'. BHayasie yBennuuiach, a 3aT€M YMEHBIIWIACH.



4. Kak wW3MEHHMTCS CuJia KYJOHOBCKOTO B3aWMMOJCHCTBUSA JIByX TOYEYHBIX
HETIOJIBIKHBIX 3apsJIOB MPU YBEIMYEHUH PACCTOSHUS MEXy HUMU B 4 paza?

A. YBenuuurcs B 4 pasa.

b. YMmenbmuTcs B 4 paza.

B. YBenuuutcs B 16 pas.

I'. YMmenbmuTcs B 16 pas.

5. Kak wu3MeHuTCs cuja 3JIEKTPOCTaTUYECKOIO B3aUMOACHCTBUS JBYX TOYEUHBIX
HEMOJBW)XHBIX 3apsA0B IIPH MEPEHECEHNHU UX U3 BaKyyMa B Cpelly C AUDJIEKTPUUECKON
IIPOHUIIAEMOCTBIO 81, ecii pacCTOSTHUE MEXKTY HUMH OCTAETCS IPEKHUM?

A. He usmenurcs.

b. YmenbmuTcs a 81 pas.

B. YBemuuutcsa B 81 pas.

I'. YMmenpmutes B 6561 pas.

6. Ha puc. npuBeneHo rpapudeckoe n300pakeHne 3JIEKTPUUECKOTO OISl ¢ TOMOIIBIO
JUHUNA HanpsbkeHHOCTH. Ha  kakoM U3 pHUCYHKOB HM300pa)K€HO OJHOPOJHOE
AIIEKTPUYECKOE 1oJe?

+ 4 + + -+
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7. Kak U3MEHUTCS IO MOAYJIHO HAIPSYKEHHOCTD 3JIEKTPUUYECKOTO MOJISI B TAHHOM TOYKE
IIPU YMEHBIIEHUH 3aps/ia, CO3JAI0IIEro noe, B 3 paza?

A. YMmenbmuTcs B 3 pasza.

b.YBenununtca B 3 pasa.

B. YMmenbmiurcs B 9 pas.

I'. He usmenurc4.

8. Pa3HOCTh MOTEHIMAIOB MeXAy OOkiaakamu KonaeHcatopa 200 B. Dnektpon
nepemMenaercst U3 Touku 1 B TOUKy 2 Tak, Kak Mmoka3zaHo Ha puc. Uemy paBHa pabota
110 NIEPEMELLEHUIO JIEKTPOHA U3 OJJHOM TOYKH IOJISI B IpYTYIO?

0 2 -
0 _
A. 200 JIx. ¢ T
b. 0.
B. 320*%107° Tx.
. 320%10% JIx.



9. Ha puc. u300pakeHO OJHOPOJHOE 3JIEKTPUYECKOE MOJe M MPOTOH. B kKakom
HaIpaBJICHUH Ha MPOTOH JEHCTBYET CHJIa U KAKOB XapaKTep JBUKEHUS YaCTHUIIbI?

T«

P
<«

o d

P
<«

A. BneBo, paBHOMEpHOE. <
b. BrieBo, paBHOYCKOpeHHOS.
B. Bopaso, paBHOMEpHOE.

I'. BipaBo, paBHOYCKOPEHHOE.

10. 3apsn konnencaropa 0,4 MK, nanpsbkenne mexay obknaakamu S00 B. Dueprus
3apsSKEHHOTO KOHJEHCcaTopa paBHa ...

A. 0,1 JIx.

b. 0,2 JIx.

B. 100 dx.

I'. 200 JIx.

Konrponupyemsie komnerenunu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30

Kao4 K Tecrty:

Ne Bonpoca 112{3/4(5/6|7(8]9 |10

MpaBuabnbiii | B | I' A/ I'|/B/B/A|B| b | A

oTBET

Kpurepun ouenku:

— «2» BBICTABJISIETCSI 00yUarOIIeMycsi, €CJI HaOpasl MeHee 4 0aloB;
— «3» BBICTABIIICTCS O0yUarOIeMycs, 3a 5-6 0amios;

— «4» BpICTaBIIACTCS OOyUarouemMycs, 3a /-8 6aios;

— «5» BoIcTaBIAETCA OOy4aromemycs, 3a 9-10 6amios.

3aganusa s caMmocTosATeSibHOM padoTsl (CP)
Tembl 3cce (pedepaToB, T10KJIAT0B, COOOIIEHMIA)

DIIEKTPUUYECKUE 3aPSJIbl.
DneMeHTapHbIN SIEKTPUUECKUN 3apsi.
3aKOH COXpaHEHUS 3apsiaa.

3akoH Kynona.

DnekTpuyueckas MocTOssHHAs.
DIIEKTPUUECKOE TOJIE.

ook whE



7. HanpskeHHOCTb 3JIEKTPUYECKOTO TOJISL.

8. IlpuHIUI Cyneprno3uIuy MoJIeH.

9. IIpoBOAHMKH B AJIEKTPUUECKOM II0JI€.

10.IndIeKTpUKH B DJIEKTPUUYECKOM TIOJIE.

11.TTonsipuzanust U3IEKTPUKOB.

12.PaboTa cuit 37IeKTPOCTATUIECKOTO TIOJIA.

13.TTorenmman. Pa3HOCTh MOTEHIIHATIOB.

14. OxBUNIOTEHIIMATILHBIC TTOBEPXHOCTH.

15.CBs13p MEXZy HaNpPSKEHHOCTHIO M PA3HOCTHIO MOTEHLHAJIOB 3JEKTPUYECKOrO
HOJIA.

16.9nexTpoemkocTb. KoHaeHcaTOPHI.

17.CoenuHeHue KOHJIEHCATOPOB B OaTapero.

18.DHeprus 3apsKEeHHOr0 KOHAEHcaTopa.

19.3Heprus >eKTPUYECKOTO MOJIS.

20.EtMHUITBI 3JIEKTPOEMKOCTH.

21.TlpumeHeHre KOHIEHCATOPOB.

Kontpomupyemsie kommerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; IL.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:
OtMmeTka «5»
® [IOJIHO PacKpBITO COJIEp)KaHUE MaTepuasa

¢ YCTKO MW IHNPaBHUIIBHO OaHbI OMNPCACICHHUA M PACKPBITO COACPIKAHUC HOHHTHﬁ,
BCPHO HUCITIOJIb30BAHbI HAYYHBIC TCPMHWHLBL

e JUIS JIOKAa3aTeIbCTBA HCIOJB30BAHBl pa3IMYHbIE YMEHHS, BBIBOJLI U3
HaOIIOCHUH, OIIBITOB

® OTBCT CaMOCTO}ITeHBHblﬁ, HCIIOJIB30BAHbI PAHCC HpI/IO6peTeHHI)Ie 3HaHH.

OrmeTka «4»
® PAaCKpBITO OCHOBHOE COJICP’)KaHUE MaTepuaia

® B OCHOBHOM IIPABUJIBHO JaHbl OIpPEACIICHUS NOHATUM U UCIIOJb30BAHBI
Hay4YHbIC TCPMUHBI.

® OTBET CaMOCTOSTECIbHBIN

® OIpEICICHUSI TOHATUN HEMOJHbIC, JONMYIIEHbl HE3HAYUTEJIbHBIE HapYIICHUS
MOCJIEI0BATEILHOCTH U3JIOKEHHUS, HEOOJIBIITNE HETOYHOCTH IIPU UCIIOJIH30BAHUHT
Hay4YHBIX TEPMUHOB HJIM B BBIBOJAX M O0OOIIECHUIX

® TpaBUJIbHBIC U YETKUE OTBETHI HA BOIIPOCHI YTOUHSIOMIETO XapakTepa (IO3UIus
MOHUMAOIINH)

OtMmeTka «3»
® YCBOCHO OCHOBHOE COJIep)KaHME Y4YeOHOro Marepuajiga, HO H3JI0KECHO
dbparMeHTapHO, HE BCET/Ia TOCIICIOBATEIHHO
® OIpe/ACIICHUS MMOHATUH HEJOCTATOYHO YSTKUE

® HE WCIOJIB30BAaHBI B Ka4yeCTBE JIOKA3aTEIbCTBA BBIBOJBI W O0OOIICHUS W3
HAOJTIOICHHH, TOTYIIIEHBI OITUOKU TP UX U3JI0KCHHUH



® JIOMyUIEHb! OUIMOKN U HETOYHOCTH B UCIOJb30BAaHUU HAYYHON TEPMHUHOJIOTHUH,
ONPEJICIICHUE TTOHITUI

® MpaBWIbHBIE W  YETKHME OTBETHl HAa  BONPOCHl  HABOJSIIETO U
KOHKPETU3UPYIOLIEro XapakTepa (MO3ULKs KPUTHK)

OtmeTKa «2»

® OCHOBHOE COJIep)KaHHE Y4eOHOTO MaTepHualia He pacKpbITO

® HE JIaHbl OTBETHI Ha BOIPOCHI HABOJISAIIETO U KOHKPETU3UPYIOIIETO XapaKTepa
JTOMYIICHBI TpPyOble OIMMOKKA B ONPEACICHUU IIOHATHH, IIPH HCIOJb30BaHUH
TEPMHUHOJIOTUH.

JlaGopaTopHbie padoThI
JladbopaTopHasi padora Ne 4
H3mepenue 3J1eKTPOEMKOCTH IVIOCKOT0 KOH/IEHCATOPA

Heab padoTsl: onpeaeneHne EMKOCTH IJIOCKOTO KOHJIEHCATOpa U OaTapeu u3
COEAMHEHNUH KOHAEHCATOPa MPH MOCIEI0BATEIbHOM COECIUHEHUH.

ITpu6opsbl U npuHaaIe:kHoCcTH: Vcnonp3yemas miatdopma
(https://phet.colorado.edu/en/simulations/filter?subjects=physics&type=html&sort=alp
ha&view=grid) xoHmeHcaTOp W3BECTHOW EMKOCTH (ITAJIOHHBIN), BOJIETMETp, PEOCTAT,
VCTOYHHK HANPSKECHUS, JBOWHON NEPEKIIIOYATEIIb, K04, COCIMHUTEIIBHBIE TPOBOJA.

KpaTkoe TeopeTnueckoe BBeJeHUE

Cucrema, cocrosiimas U3 ABYX MPOBOJAHHUKOB, PA3ICICHHBIX CIIOEM UAJIEKTPUKA
U PacroJIOKCHHBIX HAa MajiOM PACCTOSHHUM JIPYT OT JApyra Tak, YTO 3JEKTPUUICCKOE
MoJIe 3aKJIFOYCHO TOJBKO B TIPOCTPAHCTBE MEXKIy IPOBOJHUKAMH, HA3bIBACTCS
KOH/ICHCATOPOM. DIIEKTPOEMKOCTHIO KOHICHCATOPa HA3BIBACTCS BEIIMYMHA, YHCICHHO
paBHas OTHONICHWIO 3apsijia (, HAXOJAIIErocs Ha OJTHOM W3 OOKIAJO0K, K Pa3sHOCTU
MOTEHIIMAIIOB MEXy STUMHU OOKIaIKaMu

c=4
ua).
Enununa usmepenue [U]= [Danap]= [D].

D7eKTPOEMKOCTh 3aBUCUT OT (OpPMBI, pa3MEpoOB KOHACHCATOpa, MaTepuania
JTUDJICKTPUKA W €r0 TeMmIepaTryphl. Tak €MKOCTh TUIOCKOTO KOHJICHCATOpa MOXKHO
BBIYUCIIUTS 110 (hopMmyJie

£S5
¢ (2),
rae S — mwiomans O0Knagok, a d — paccrosHHE MEXAy OOKIaaKamu, MpUYEM
TPEJITIONAraeTcsl, YTO BHIIOIHSAETCS COOTHOIEeH e ¥V S>> a
DneKTpOoEMKOCTh WIMHAPUYECKOTO KOHAEHCATOPA BEIYUCISIOT 10 (hopmyJie
C_:EHEEDE

T
In(—=)

% (3)




rae | — pnmuHa oOpasyromield IWIMHApPA; T1W T2— PagdyCchl COOTBETCTBCHHO
BHYTpPEHHEH 1 BHENTHEH 0OKJIA0K;
Heckonbko KOHAEHCATOPOB MOXKHO COEAMHUTH B OaTapero. IIpu napasnienbHOM
COEIMHEHNH EMKOCTh 0aTapeu paBHa CyMME EMKOCTEH KaKI0T0 U3 KOHJIEHCATOPOB
IT
c=>cC
=1 (4).
[Ipu mocnenoBaTeIbHOM COCIMHEHHH EMKOCTh OaTaped pPacCUUTHIBAIOT TIO
dbopmye
1 <1

¢ o 6(5)_

OHa 3aBUCHT TOJIBKO OT TIE€OMETPUYECKHX XapaKTEpUCTHK KOHJEHCATOpa:
IIOWAAN OOKIAaJ0K M paccTOsSHUS Mexay HumH. llpenmonoxxum Ttenepb, 4TO
IPOCTPAHCTBO MEXAYy OOKIaJKaMHU 3alOJHEHO TUAJIEKTPUKOM C JUAJIEKTPUUYECKOMN
npoHunaeMocteio €. Kak m3amenurcsa €mkocts koHAeHcaropa? HanpskEHHOCTH MoJis
BHYTPU KOHJECHCATOpPAa YMEHBIIUTCA B € pa3, IOATOMY HAIPSIYKEHHOCTb IOJISI BHYTPHU
KOH/IeHcaTopa OyJeT UMEET CIIEAYIOIyI0 GopMyITy

=4
EE,8 (6)

Kak nr060i1 mpoBOAHUK, HECYIIMH 3apsij, KOHJIEHCATOpP HMEET SHEPrulo,

KOTOPYIO HaxoJAT 1o ¢popmysie
e g _qUu_cU
2¢ 2 2 (7).

ITocienoBaTeIbHOCTH BbINOJHEHUS PA0OTHI:

1. 3axonum Ha maThopmy yepes
ccbuiky: https://phet.colorado.edu/sims/html/capacitor-lab-
basics/latest/capacitor-lab-basics_en.html (MoxxHO uepe3 000N TalKeThl, HE
HY)KHO PErHCTPHPOBATHCS).




2. Haxumaem knaBuIieit pucyHky miockuii konaercarop (Capacitance).
3. Ha skpaH BBIXOAWTH CIeAyIONIas TUATO0roBas OKHO.

4. HaxumaeMm B JIEBOW CTOPOHE TaJlOUYKH U IMEpPEJIBUraeM CTPEJIKYy Ha OaTapen Ha
KaKyl0 CTOpPOHE.



5./I3MeHUTh TJIONIaJ b W PACCTOSIHUE MEXAy OOKiajakaMmu. (3HAuUCHHE HAIUCcaTh B
Ta0IUILY )

6.Uepe3  mynbTHpeecTOp  (BOJBTMETP) HU3MEPUTh  HAOpsKEHUE  (pa3HOCTh
MOTEHIIMAJIOB) MEXIy oOkmankamu. W3mepsiem dYepe3 MNPOCTEHBKUX '"HIymoB"
(kpacHBIN U YepHBIN MPoBOa0OB). KpacHblil cTaBUM Ha “+”° 00KIa/Ky, a YEpPHBIN B “-*
oOxmanky. M 3HaueHue nuiiem B TaOJInILy.



7.Mcnonb3yst popmyisl (2) u (1), (6), (7) Hy’)KHO HAUTH SIEKTPOEMKOCTD IJIOCKOTO
KOHJIEHCAaTOpa W 3apsii OOKJIAJAKW KOHJIEHCATOpa, SHEPIrHI0 KOHJEHcaTopa U
3aMoJIHUTH TabmuIty 1.
8.PacueTsl HyKHO TOBTOPUTH TPHU pa3a U3 MyHKTa S5-7.
9.Paccumrats cpennee 3HaueHme Ccp, cpenHio adcomoTHyio ACe. H
OTHOCHUTENBHYIO C MOTPEIIHOCTH ONPECICHHS OJHOM 13 EMKOCTEl 1o popMyiam
n
2 G
— i=1
o n (6
|A C:-'J'-? :|Cr_ C:-p
AC.
s=—=2+100%
@ (8).

(7)

10.Pe3ynbTatel pacuera 3aHecTH B Ta0IHILy 1.

Tabmuma 1.

Ne |S (M dm) |C E w Cop |ACeyp g
(@) | B/m) | (dx)

1

2

3

KonTpoJbHbIE BONIPOCHI:

1. JlaiiTe onpeneneHue JIEKTPOEMKOCTH MPOBOIHUKA. B Kakux eTuHUIIaX U3MepeTCs
AIEKTPOEMKOCTH?

2. 3anummTe GopMyITy IEKTPOEMKOCTU C(HEeprUIECKOro MPOBOTHUKA.

3. OT 4yero 3aBUCHUT JIEKTPOEMKOCTb MPOBOIHUKA?

4. Yto Takoe KoHaeHcaTtop?

5. JaitTe onpeneneHne 3JIEKTPOEMKOCTH KOHIEHCATOPa.

6. OT yero 3aBUCHUT JIEKTPOEMKOCTh KOHAEHCATOpa?

7. 3anummTe GOpMYITy SIEKTPOEMKOCTH TUIOCKOTO, IIMIWHIAPHIECKOT0, CPeprdecKoro
KOHJIEHCATOPOB.

8. BriBequTe popmMyiy 3JIEKTPOEMKOCTH TIOCKOTO, HIMJIUHIPUYECKOTO0, C(HepruuecKoro
KOHJIEHCATOPOB.

9. 3anummre QopMyiny IS BBIYUCICHUS CyMMapHOW EMKocTH OaTapeu
KOHJICHCATOPOB IIPH UX MOCIIEIOBATEIHLHOM U MapaieIbHOM COSUHEHUH.

10. BeoiBenure Qopmyiy Juisi  BbIUMCIEHUS CyMMapHOM €MKocTH OaTtapeu
KOHJIEHCATOPOB MIPH UX MOCJIEIOBATEILHOM U MapajieIbHOM COCTUHEHUU.



Kontpomupyemsie komnerenuuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; TL1.-IL.7.;
JIP2, JIP4, JIP23, JIP30

Kputepuu ouieHku:

— OrmeHka «5» CTaBHTHCS, €CIIM YYalllUKCs BBIMOIHIECT PabOTy B IOJTHOM O0BEME C
coOmo/leHneM  HEOOXOAMMOM  TOCJIEeIOBATEILHOCTH  MPOBEJACHUS  OMBITOB U
U3MCPCHHM,  CaMOCTOSTEILHOW  pPAalMOHAIBHO  MOHTHPYET  HEOOXOJHMMEIC
00OpyIOBaHUE; BCE OIBITHI MPOBOAWT B YCIOBHSIX U PEKUMAX, 00CCIICUMBAFOIINX
NOJYYCHHUE TMPABHIBHBIX PE3YJIbTATOB M BBIBOJIOB; COONIONACT TPEOOBAHUS TPABUII
0e30macHOCTH TpyJAa; B OTYETEC MPABHIBHO W aKKypaTHO BBIMOJHSET BCE 3aIUCH,
TAOJIUIIBI, PUCYHKH, YEPTEKHU, rPa(GHKH, BHIYUCICHHUS; MPABUILHO BBIMOIHICT aHAIN3
IIOIPEITHOCTEH.

— OueHka «4» CTaBUTCSI, €CIU BBINIOJHEHBI TPEOOBAHUS K OICHKH «5», HO OBLIN
JONYIICHBI JIBa-TPU HEIo4YeTa, He Oojiee OMHOW HerpyOod OIMOKM W OJHOTO
HeJIoueTa.

— OmeHka «3» craBHUTCS, €clu paboTa BBIIOJIHEHA HE TOJHOCTBIO, HO 00BEM
BBIMIOJTHCHHOH YacTH TAaKOB, IO3BOJIACT TIOJNYYUTh TPABUJIbHBIC pPE3YyIbTaThl |
BBIBOJIBI: €CJIM B X0JI€ TIPOBEICHUS OIBITA U U3MEPECHHIA OBLIN JTOTYIIICHBI OITHOKH.

— OmeHka «2» CTaBUTCS, €Cid paboTa BBITOJIHGHA HE TIOJHOCTBIO U 00BEM
BBIITOJIHEHHOH 4YacTH pabOT HE TMO3BOJIAT CJEJaTh IPAaBWIBHBIX BBIBOJIOB: €CIIH,
OIIBITHI, U3MEPCHHUSI, BEIYUCICHUS, HAOJIOICHUS TTPOU3BOIUINCH HEMTPABUIIBHO.



Tema 3.2. 3aKOHBI MOCTOSAHHOI0 TOKA

YcrHbliii onpoc (YO)

1.YT0 Ha3bIBAIOT ANEKTPUYECKUM TOKOM?

2. Kakoe HanpaBieHuEe TOKa IPUHUMAETCS 32 TOJIOKUTEIbHOE?

3.Kakue ycioBust HEOOXOIUMBI JIJIsl CYIIECTBOBAHMSI DJIEKTPUYECKOTO TOKa?

4.Yto Ha3bIBalOT cuiiol Toka? @opMyiia i1 BBIYUCIECHUS CUIIBI TOKA.

5. KakoBa eqununa nsmepenus cuiibl Toka B CU?

6. Kakoii TOk Ha3bIBaIOT MTOCTOSIHHBIM?

7. ChopmynHrpoBaTh U 3amucaTh 3aKk0H OMa JIJIs y9acTKa 1eru?

8. 3anucarb GOopMyITy 3aBUCUMOCTH 3JIEKTPUUECKOTO COMPOTUBIIEHUS TPOBOIHUKA OT
JUIMHBI, TUTOUIa/IM TTOMIEPEYHOI0 CEYEHUS U POJia BELIECTBA.

9. UTo Ha3bIBAIOT YAEIbHBIM CONPOTUBIIEHUEM MTPOBOIHUKA? KakoB Qpu3znueckuii
CMBICJI 3TOW BEJIUYUHBI?

10.HapucoBaTh cxeMy 3JIEKTpUUECKOW LIETH, ABA PE3UCTOPA COSAMHEHHBIX
MOCJIEIOBATENbHO. 3anucaTh 3aKOHbI TIOCIE0BATEIbHO COETMHEHHS TIPOBOJHUKOB.
11. HapucoBarb cxemy 3J€KTPHUECKOM LEMH, JBA PE3UCTOPA COCTUHEHHBIX
napajuiesibHO. 3anucaTh 3aKOHbI IapaJuIeIbHOTO COEAMHEHNS IPOBOIHUKOB.
12.Hanummure GpopMyity [uist OOIIET0 COMPOTUBIICHUS MapauIeIbHO COSIMHEHHBIX
MPOBOIHUKOB:

a) IBa MPOBOIHUKA;

0) Tpu u OoJiee MPOBOTHUKOB.

12. KakoBa ponb HIyHTa, MapajijieabHO TOAKIIOUYEHHOTO K aMIIepMeTpy?
13.Hanummre GpopMyity [uist pacdeTa CONPOTUBIICHUS IIYHTA, MOAKIIOYEHHOTO K
aMIepMeTpy.

14.KakoBa poyib 100aBOYHOTO CONPOTUBIIEHUS, TOJAKIIOYEHHOTO MOCIEA0BATENBHO C
BOJIbTMETPOM?

15.Hanumure GpopMyity [uist pacdyeTa 100aBOYHOTO COMPOTUBIIEHUS, TOAKIIOYEHHOTO
K BOJIbTMETDY.

16.3anumure GopMyITbl 17151 OTPEEICHHs pa0OThl TOCTOSTHHOTO TOKA.
17.CpopmynupoBath u 3anucath 3akoH Jxoyns- Jlenna.

18.3anumure GopmyIibl 1715 pacueTa MOIIHOCTH TOKa.

19. Kakum mpubopom nzmepsieTcst padoTa snekrpudeckoro Toka? Kakum mpudopom
U3MEPSAETCS MOLTHOCTD 3JIEKTPUYECKOTO TOKa?

20.YT0 Ha3pIBalOT CTOPOHHUMHU CUJIaMU?

21.Yto nazeiBatot J/IC ucrounuka toka? Kakos ¢puznyeckuit cmpicn 3J{C? B kakux
€AUMHULIAX €€ BhIpaXXaroT?

22.YT0 NOHUMAIOT MO BHYTPEHHEW U BHELTHEN YaCThIO LEnu?

23.Y1o noka3bIBaeT BOIBTMETP, IPUCOECTUHEHHBIN K MMOJIKOCAM UCTOYHUKA TOKA MPU
pa3oMKHyTOM BHemHel nenu? [Ipu 3aMmkHyTO#M BHEIIHEN 11enn?
24.ChopmynupoBaTh U 3amucaTh 3aKk0H OMa J1Jis TOJTHOM TIeTH.

Koutponupyemsie komnerenunu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun onenku:



OtMmeTka «5»

MIOJTHO PACKPBITO COJICPIKAHUE MaTepuaia

YETKO Y MPABWIBHO JIaHbl OMPEICIICHHS U PACKPBITO COJIEpKaHUE MTOHATHM, BEPHO
UCII0JIb30BaHbl HAYYHbIE TEPMUHBI

JUISl JOKA3aTeNIhCTBA UCTIOIBb30BAHbI Pa3IMYHbIC YMEHUS, BHIBOJIbI U3 HAOJIIOICHHI,
OIILITOB

OTBET CaMOCTOSTEIbHBIN, UCTI0JIb30BaHbI paHee MPUOOPETECHHbBIC 3HAHMUS.

OtMmeTka «4»

PacKpBITO OCHOBHOE COJICpKaHNE MaTepHraia

B OCHOBHOM IIPaBWJIHHO JIaHBI ONIPEACIICHUS MTOHATUA U UCTIOJIb30BaHbl HAYYHBIC
TEPMUHBI.

OTBET CAMOCTOSTECIbHBIN

oTpe/IeTICHIS TIOHITHI HETIOTHBIC, TOMYIIICHB HE3HAYNTEIIbHBIC HAPYIICHHUS
MOCJICIOBATEIFHOCTH U3JIOKEHUS, HEOOIBINE HETOYHOCTH MPH UCTIOJIb30BAaHUHT
HAyYHBIX TEPMUHOB WJIM B BBIBOJIaX U 000OIIEHUSIX

MIpaBUJIbHBIC U YETKUE OTBETHI HA BOIIPOCH YTOUHSIOMIET0 XapakTepa (MO3UIUs
MTOHUMAFOIITHHA)

OtmMmeTka «3»

YCBOEGHO OCHOBHOE COJIepKaHne yueOHOT0 MaTepuraia, HO U3JI0KEHO (parMeHTapHO,
HE BCET/ia MOCIeI0BaTEIbHO

OTIpe/ICIICHUS TIOHSITHI HEIOCTAaTOYHO YCTKHEC

HE UCIOJIb30BaHbl B KAUECTBE JI0KA3aTEIHCTBA BBIBOIBI M 0000IIEHUS U3
HAOJIIOICHHM, TOMYIIEHBI OITMOKU TP UX U3TI0KECHHUH

JOTTYIIEHBI OMIMOKN M HETOYHOCTH B MCTIOJ30BAHUY HAYYHOW TEPMUHOJIOTHH,
OIPEICIICHUE TTOHSITUIA

IIPaBUJIBHBIC U YCTKHME OTBETHI Ha BOITPOCHI HABOJISIIIETO M KOHKPETH3UPYIOIIETO
xapakTepa (Mo3ulus KPUTHK)

OtmeTKa «2»

OCHOBHOE COJIepKaHue y4eOHOTO MaTepuaa He PacKPhITO

HE JIJaHbI OTBETHI HA BOMPOCHI HABOISIIIIETO U KOHKPETUZUPYIONIETO XapaKTepa
JOMYIICHBI IPyObIe OMMOKHU B ONPEETICHUHN MTOHATUM, PU UCTIOIb30BAHUM
TEPMUHOJIOTHH.

TecTuposanue (T)

I Bapuanr.

1. HaiiguTe cooTBETCTBUE MEXKIY (PU3NYECKUMU BEIMYMHAMU U €AMHUIIAMU UX
VU3MEPEHUS:

A) cuna Toka 1) BaTT



b) Hanpspokenue 2) ammep

B) conpotuBnenue 3) BOJIBT
') MoHOCTH 4) om
J1) pabota Toka 5) mxKOyIb

2. YIIOPSAI0YCHHBIM JBHKEHUEM KaKUX YaCTHI] CO3JAETCS DJISKTPUUCCKUX TOK B
MmeTtajuiax?

A) TIOJOKUTENIBHBIX HOHOB b) oTpullaTenbHbBIX HOHOB
B) nonoxuTenpHbIX U OTPULIATEIBHBIX HOHOB [') 3JIEKTPOHOB

3. Kakoii ¢popmyoii Beipaxkaercs 3akoH OMa 11t ydacTka uemnu?

A) A=IUt B) P=IU B) I=U/RT) Q=I°Rt

4. 1o xakoil popmyJsie BBIYUCIAETCS MOIIHOCTD NEKTPUUECKOTO TOKa?
A) A=IUt B) P=IU B) I=U/RT) Q=I°Rt

5. Cuna Toka, mpoxosias yepe3 HuTh Jiamnbl, 0,3 A. Hanpsikenue Ha namme 6 B.
KakoBo 35IeKTpUUECKOE COMPOTUBIECHUE HUTH JIAMIIbI?

A)20MB) 1,8 OM B) 0,5 Om I) 20 Om

6. [Ton kakuM HanpsHKEHUEM HaXOJIUTCS OJHA U3 CEKIIUM TeJIeBU30pa
conporusieHueM 24 kOwm, eciu cuiia Toka B Hel 50 MA?

A)1,2BB)0,12BB)12BT) 1200 B

7. KakoBa MOIIIHOCTb 3JIEKTPUYECKOI0 TOKa B jiamIe npu Hanpsbkennu 100 B u cune
toka 0,5 A?

A) 0,5 kBt b) 0,05 kBTt B) 5 MBT I') 5 kBT

8. Onpenenure HaNpsHKEHUE HA KOHIIAX CTAIbHOTO MPOBOJIHUKA JyiMHOU 140 cM u
IJIOMIA/bI0 TToniepeyHoro ceuenus 0,2 MMZ, B KOTOpOM cmiia Toka 250 MA. Voenvroe
conpomuenenue cmanu pasno0,15 Om*mm/m.

A)0,2625 B B) 2,625 B B) 26,25 BT) 262,5 B

9. K ucrounuky toka ¢ 9JIC 16 B u BHyTpeHHUM conpoTuBieHuemM 2 Om
MOAKJIFOUMIIN conpotuBieHrne 6 Om. Onpenenure HanpsHKEHUE Ha 3aKUMax
WCTOYHHKA.

A)12BB)24BB)36BT)48 B ) 52 B



10. Kakoii JUIMHBI HY’KHO B3ATh KYCOK CTAJILHOM IPOBOJIOKK ceuenueM 0,2 Mm?,
4YTOOBI B U3TOTOBJICHHOM M3 HETO CIUPAJIU MOCIIE MOACOeIMHEHNS K HcTOUHUKY ¢ DJ1C
6 B u BHyTpennuM conpotuienueM 1,25 Om cuiia Toka Obi1a paBHa 3 A? Voenvroe
conpomuenenue cmanu pasno 0,15 Om*vum?/m.

A)1MB)0,75MB)3M) 10m 1) 0,11 m

II Bapuanr.

1. HaﬁIIHTC COOTBCTCTBUC MCKAY BCIMYMHAMU U CAWMHUIAMU UX U3MCPCHUS:

A) cuna Toka 1) BarT

b) konuuecTBO TEIIOTHI 2) ammep

B) conpoTtuBnenue 3) oM Ha MeTp
') ynenbHOE CONPOTHUBIICHHE 4) om

J1) pabota Toka 5) mxKOyIb

2. DIEeKTPUYECKUANA TOK B METAJIaX MPEACTABIISIET COOOM ...

A) ynopsiloueHHO€E IBM)KEHHE CBOOOIHBIX IPOTOHOB

b) ynopsinoueHHOE ABMKEHUE CBOOOHBIX JIEKTPOHOB

B) xaotnunoe (6ecniopsiiouHOE) NBUAKEHUE CBOOOHBIX MPOTOHOB
') xaoTuuHoe (OecnopsIoYHOE) ABUKEHUE CBOOOIHBIX AIEKTPOHOB

3. Kakoit popmynoii Beipaxkaercs 3akoH Jlxoyins-Jlenna?

A) A=IUt B) P=IU B) I=U/RT) Q=I°Rt

4. ITo xakoii popmyIie BEIYUCIISIETCS padoTa SIEKTPUIECKOTO TOKA?
A) A=I’Rt B) P=IU B) I=U/R T") Q=UlIt

5. Cuna Toka, mpoxosiias yepe3 HuTh Jiammsl, 0,5 A. Hanpsiokenue Ha namie 6 B.
KakoBo 35IeKTpUUECKOE CONMPOTUBIEHUE HUTH JIAMIIbI?

A)30MB) 1,20m B) 0,083 OmT) 12 Om

6. [Ton kakuM HanpsHDKEHUEM HaXOAUTCS OJHA U3 CEKIIUM TeJIeBU30pa
conpotuiieHueM 12 kOwm, eciu cuia Toka B Heit 100 MA?

A)1,2BEB)0,12BB)12BT) 1200 B

7. KakoBa MOIIIHOCTb JIEKTPHUUYECKOr0 TOKA B JlaMIie ITpu HanpsbkeHnuu 220 B u cune
toka 0,1 A?



A) 2,2 kBt b) 0,22 kBt B) 2200 kBt I') 22 Bt

8. Omnpeenure HAMpsHKEHUE HA KOHIAX CTaJIbHOTO MPOBOAHUKA JuIMHON 70 cM U
IIoIA bk nonepednoro cedenus 0,1 Mm?, B koTopoM cuia Toka 250 MA. Yoenvroe
conpomuénenue cmanu pasno0,15 Om*mm?/m.

A) 0,2625 B B) 2,625 B B) 26,25 BT) 262,5 B

9. K ucrounuky toka ¢ 3J1C 32 B u BHYTpeHHHM CONPOTHBICHHEM 2 OM
NOAKIIOUNIN conpoTuBieHne 6 OM. Onpenenure HaNpsKEHUE Ha 3aKAMax
MCTOYHUKA.

A)24BB)48 BB)72BT) 96 B JI) 104 B

10. Kakoli JUIMHBI HY’KHO B3ATh KYCOK CTAJILHOM MPOBOJIOKK ceuenueM 0,2 Mm?,
4YTOOBI B U3TOTOBJICHHOM U3 HETO CIUPAJIU MOCIIE MOACOeIMHEHNs K HCTOUHUKY ¢ DJ1C
6 B u BHyTpennuM conportuiienneM 1,2 OM cuia Toka Obuta paBHa 2 A? Voenvhoe
conpomuénenue cmanu pasno0,15 Om*mm/m.

A)3mb)1,2MB)24MmI) 1,8 M 1) 0,36 M

Kontponmupyemsie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kuioun k Tecram:
Bapuanr 1

Ne Bonpoca 1 |2/3/4/5/6|7]8]|9 |10
MpaBuabnbiii |[A2 |T'|B|B | I'|T'|B|A|A A
OTBeT B3

B4

I

A5
Bapuant 2
Ne Bonpoca 1 12]13|/4|5]/6]7[8]9]10
Mpaeuasnsiii | A2 |B[T[A[B|T|[T[A[A[|B
oTBeT Es

B4

I3

A5

Kputepuu oueHku:



— «2» BBICTABJISIETCSL 00yUaroIIeMycsi, €ciii Habpasl MeHee 4 0aoB;
— «3» BBICTABIISIETCS 00yUaroIemMycs, 3a 5-6 6aI0B;

— «4» BBICTABIISIETCS 00yUaroIemMycs, 3a /-8 6aJIIoB;

— «5» BBICTaBIIsIETCS O0yUaromemycs, 3a 9-10 6amos.

3amanus 1 caMocTosiTeIbHOI padoTsl (CP)
Tembl 3cce (pedepaToB, T10KJIAT0B, COOOIIEHMIH)

1. YcnoBusi, He0OXOANMBIC JJII BOSHUKHOBEHUS U MOJACPKAHUS AJIEKTPHUIECKOTO
TOKA.

Cuiia ToKa ¥ IIIOTHOCTh TOKA.

3akoH Oma 11 y4acTKa LeTu.

3aBUCUMOCTh JJIEKTPUUYECKOTO COMPOTHUBJICHUS OT Marepuaia, JIMHBI U
TJIOIA I TTOTIEPEYHOT0 CEUCHUS IPOBOIHUKA.

3aBUCUMOCTbH JIEKTPUUYECKOTO COMPOTUBIICHHS TPOBOIHUKOB OT TEMIIEPATYPHI.
TemnepatypHbiii  KO3()PUITUEHT CONPOTUBICHHUS.

CBepxX1poOBOIUMOCTb.

DNEeKTPOABMKYIIAs CUjla HCTOYHUKA TOKA.

. 3akoH Oma 11l TOJIHOM LIETIH.

10.2nexkTprudecKue Meru.

11.TTapannenpbHOE ¥ OCIEIOBATEIHFHOE COSANHEHUE TIPOBOTHUKOB.

12.3axonsr Kupxroda mis y3ina.

13.CoeanHeHne UCTOYHUKOB JICKTPUICCKOIN SHEPTUU B OaTapero.

14.51C uctoyHrKa TOKa.

15.3akon [xoyns — Jlena.

16.PaboTa 1 MOIIIHOCTH IIOCTOSIHHOT'O TOKA.

17.TemnoBoe neUCTBHUE TOKA.

W

© o~

KonTpomupyemsie komnereniuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtMmeTka «5»

MIOJIHO PACKPBITO COJICPKAHUE MAaTepUaia

YETKO Y NMIPABUWJIBHO JJAHBI ONPEIEIICHUS U PACKPBITO COAEPKaHUE MTOHSATUM, BEPHO
WCIIOJIb30BaHbl HAYYHbIE TEPMUHBI

I 10Ka3aTCJIbCTBA NUCIIOJIb30BAHbI PA3JIMYHbIC YMCHUS, BBIBOJIbI N3 H&6J’IIOI[€HHI>1,
OIIBITOB

OTBECT C&MOCTOHTGJ’IBHBII\/'I, HCIIOJIb30BAaHbI paHCe HpI/IO6peTCHHBIe 3HaHU.

OrMmeTtka «4»
PACKPBITO OCHOBHOE COJIepKaHHE MaTepHrasa

B OCHOBHOM IIPaBWJIBHO JIaHbI ONIPEACIICHUS TOHATHNA U UCIIOJIb30BAaHbl HAYYHBIE
TEPMHUHBI.

OTBET CAMOCTOATEILHBIN



ONpeIeJICHHS TOHSATUI HETOJHBIE, IOMYLIEHb HE3HAYUTEIbHbIE HAPYILLIECHUS
MOCJICIOBATEIHPHOCTU HU3JI0KEHUS, HEOOIBIIIME HETOYHOCTH MIPU UCTIOJIb30BAaHUHU
HAyYHBIX TEPMUHOB WJIM B BBIBOJIAX U 000OIIEHUIX

MpaBWIbHBIC U YETKUE OTBETHI HA BOMPOCHI YTOUHSIIOIIETO XapakTepa (Mo3uus
MOHUMAIOIINH)

OtmeTtka «3»

YCBOEHO OCHOBHOE COJIEp’KaHHe yueOHOTO MaTepHraa, HO U3J105KEeHO parMeHTapHoO,
HE BCEr/Ia MocCjIe10BaTeIbHO

ONpeieNICHHs TOHSTUNA HEIOCTATOYHO YETKUE

HE MCIIOJIb30BaHbl B KAUECTBE JOKA3aTEeIHCTBA BHIBOJIBI U 000O0IIEHUS U3
HaOII0ICHUM, TOMYIIICHBI OITUOKH MPU UX U3JI0KESHUU

JOTYIIEHBI OITMOKU M HETOYHOCTH B UCTIOJIb30BAHUH HAYYHOW TEPMUHOJIOTHH,
omnpe/ieseHUue MOHITHIM

MpaBUWIbHBIC U YETKUE OTBETHI HA BOMPOCHI HABOISAIIETO U KOHKPETU3UPYIOIIETO
xapakTtepa (MO3UIUsI KPUTHK)

OtmeTKa «2»

OCHOBHOE COJIepKaHKe YueOHOTO MaTepualia He pacKpbITO

HE JJaHbI OTBETHI HA BOMPOCHI HABOISIIIETO U KOHKPETUZUPYIOIIETO XapaKTepa
JIOTYIIIEHBI TPyObIe OMIMOKHK B ONMPEACICHUN TOHATHM, TPH UCIIOJIb30BaHUHN
TEPMHUHOJIOTHUH.

JlaGopaTopHbie padoThI

JlaGoparopHnasi pabora Ne §

I/I3yqelme 3aKOHOB IMOCJIE€I0BATC/ILHOIO M1 NAPaAJdJC/JILHOI0 COCIMHCHUSA
IPOBOJAHUKOB

Henb padoTbl: O3HAKOMUTBCA C PA3NMYHBIMH  METOJAMH H3MEPEHHUS
COIIPOTUBIIEHUSI, U3MEPUTH BEJIMYMHBI HEU3BECTHBIX CONPOTUBICHUH, IPOBEPUTH
3aKOHBI II0CJIEN0BATEIBLHOIO U NapaJUIEIbHOIO COCIUHEHUACOIPOTUBICHUMN.

IIpuGopsl W NPHUHALIEKHOCTH: PEOXOPA, MarasuH COIPOTUBIICHM,
PE3UCTOPBI C HEU3BECTHBIM COIIPOTUBJICHUEM, IaJIbBAHOMETP, MCTOYHUK TOKA, KIIKOY,
peocrar.

KPATKASA TEOPUSA
B ¢usuke paznnuaroT npoBOJHUKY MEPBOrO U BTOPOro poja. IIpoxoxnenue Toka
B IIPOBOJHHUKAX IIEPBOIO POJA HE CBS3aHO C U3MEHEHHEMUX XMMHUYECKON IPUPOIBI U
3aMETHBIM IIEPEHOCOM BelecTBa. K HUM OTHOCATCS BCE METaJIBI.
B mpoBoaHMKax BTOPOro poja NPOXOXKACHUE TOKA CBSI3aHO C XUMHUYECKUMU
W3MEHEHUSIMU, BEAYIIMMH K BBIIECIICHUIO COCTABJIAIOIIMX 3TH MPOBOJHHUKHU BEIECTB B



MECTax HUX COINPUKOCHOBEHHUS C JAPYTMMH IPOBOJHMKAMHU. PacriaBlieHHBIE COJIH,
PacTBOPHI COJIEH, KUCIIOT, 1IEJI0UYEN SIBIIAIOTCS TPOBOJHUKAMHU BTOPOTO PO/Ia.

Ecnu B OgHOPOAHOM YYacTKe LMK CO3/aTh JIEKTPUUECKOE I0Je, TO B 3TOM
y4acTKE€ BO3HHUKAET »JJIEKTpUueCKUl Tok. Co31aHHOE TMOJIE XapaKTepU3yeTcs
HanpsbkeHrneM U, MpUIIOKEHHBIM K YYacTKY IIETIH.

B pesynbrare ompiToB OM yCTaHOBHWJ, YTO IPH IIOCTOSHHON TeMrmepaType
OTHoIlIeHWE HampsbkeHuss U Ha KOHIIaX MPOBOJHMKA K CUiIeTOKa | B HEM siBisieTcs
MMOCTOSIHHOM BEIWYNHOM:

R = = = const
I cons

OTy BeIMYMHY HA3bIBAIOT 3JEKTPUUYECKUM CONPOTHBIEHHEM R ydacTka 1enu
(mpoBoaHuKa). COrjgacHO 5SJEKTPOHHOM TEOPUH, COMNPOTHUBICHHE METATTHYECKUX
IIPOBOJHUKOB JIEKTPUYECKOMY TOKY BO3HHMKAET BCIIEACTBUE TOT'0, YTO HOCUTEIN TOKA
— DJIEKTPOHBI NPOBOJMMOCTH — IIPU CBOEM JBWJKCHUU MHCIBITBIBAIOT COYAApEHUs C
MOHAMU KPUCTAIMYECKOW pemeTku. [Ipu 3ToM IBMXKyIIMECS 3JIEKTPOHBI NIEPEAaroT
MOHAM 4YacTh CBOCW DJHEPruu, MPUOOPETEHHOW TMpHU CBOOOJAHOM Tpodere B
IIEKTPUYECKOM IT0JIe. DHEprus, IMepeJaHHas HOHAaM, IPEBPAIIAECTCS B SHEPIHIO
OecropsAI0YHOr0 KoJieOaHUsI MOHOB, T. €. BO BHYTPEHHIOI 3Hepruto. Paznmuume B
CONPOTHUBJICHUHU PA3IHYHBIX METAJIIOB OOBSICHAETCA Pa3IMUMEM CPEIHUX CBOOOHBIX
npoOEroB 3JIEKTPOHOB M KOJMYECTBA CBOOOJHBIX 3JIEKTPOHOB B €IMHHIE OOBbEMa
MeTajlia.

Eaununeit conporuBnenuss B cucteme CU  sBusercas om (Owm), paBHBbIN
COMPOTHUBJICHUIO TAaKOrO MPOBOJHUKA, B KOTOPOM IpH HampsbkeHuu 1 B Teder Tok
cuwioi 1 A. BenuumnHa, oOpaTHas CONPOTUBIIEHUIO, HA3bIBAETCS MPOBOJUMOCTBIO.
Enununeil npoBoAMMOCTH SIBIIIETCA BEJIMYMHA, 0OpaTHasioMmy, - cuMeHc (Cm).

JUis  ONHOPOAHOIO  LMIMHIPUYECKOTO  NPOBOJHHMKA  CONPOTHBIICHHE
ompenensercs no Gopmye:

R P!

S

rae | - pvHa npoBoAHMKA; S - IUIOMIAAh HONEPEYHOrO CEYEHHUS IPOBOAHUKA; P
- YAEIBHOE COMPOTHUBIICHUE MaTEpHUala, U3 KOTOPOro U3rOTOBJIEH MTPOBOJHUK.

YucmoBoe 3HAYEHHE YIAEIBHOTO CONPOTHBIEHHS £  paBHO CONPOTHUBIICHHUIO
IPOBOIHMKA JUIMHOKW 1 M, a IUIOmanb IONEpPEevYHOro cedeHus pasHa 1 M?. Epununa
YACIBHOTO COMPOTUBJICHUSI HOCUT HaszBaHue «oMm — Merp» (Om*m). Benuuuna,
oOpaTHasi yACJIbHOMY COMNPOTUBIICHUIO, HA3bIBACTCS YACIBHOM IPOBOJAUMOCTHIO

Marepuaa;
1
g=-
o

Enununa yaenbHON MPOBOJIMMOCTH — «CUMEHC Ha MeTp» (Cm/M).

Hanmnuue mpumeceil B METAJUTMUECKOM MPOBOJHUKE YBEIMUMBAET €0 YIEIbHOE
compoTuBiieHre. B Tex ciydasx, rae TpeOyercss ManoeCcONpOTHUBIEHHE NMPOBOIOB,
OPUMEHSIOTCS YHUCTble MeTaUlbl. MeTaJuIMYecKue CIUIaBbl TMPUMEHSIOTCS  JUIs
HOJTy4eHHs OOJIBIINX 3HAYEHHUI COTPOTHBIICHUH.

ComnpoTuBieHne MPOBOJIHUKOB U3MEHSIETCS MPH U3MEHEHUU UX TeMIIEPaTypHl.
[Ipu yBenuueHUH TEMIEpaTypbl CONPOTUBICHHE METAJUIMYECKUX MPOBOIHHUKOB



YBCINYNBACTCA. 3aBUCHUMOCTD YACIBHOTO  COIIPOTHUBJICHUA  OT  TCMIICPATYPLI

XapakTEpU3yeTCs TEMIIEPaTypHbIM KOd((UIHEHTOM conpoTuBieHus % maHHOrO
dp
BEIICCTBA: p dt
JIns MHOTMX TIPOBOJHHMKOB (B T. 4. METAJJIOB) NMPH HEOOJBIIMX HHTEpPBAJIax

TeMIepaTypbl 3aBHCUMOCTh YACJIBHOIO COMNPOTHBICHUS F  OT TeMmmeparypsl
OMUCHIBACTCS JINHEWHBIM 3aKOHOM:

p=po(1+aty
rae Po — ynensHoe conpotusnenue npu 0°C; t — temneparypa nposoguuka, °C;

@ _ cpennuii TeMepaTypHbIid KO3(QOUIHUEHT COMTPOTUBICHUS IS OIPEAEICHHOTO
WHTEpBaJa TEMIIEpPaTyp.

JIJ1st TOUHBIX M3MEPEHUM MOJIb3YIOTCS METOJIaMU, CBOJAIIMMHUCS K CPAaBHEHHIO
U3MEPSIEMOI0 COMPOTHUBJICHUS CO CTaHAApPTHBIMU (3TajmoHamu). OJHMM H3 HHX
ABJISIETCS METOJl MOCTAa MOCTOSHHOTO TOKa (MOCTHK YuTcTOHA). [IpuHnmMnuanbHas
cXeMma MeTOJIa MOCTa ObllIa paCCMOTpEHA BHIIIIE.

MNMOPAIOK BBIIIOJIHEHUSA PABOTbBI
3ananmue 1. U3mepeHue cONPOTUBJIEHUS PE3UCTOPA C MOMOIIBIO MOCTA
Yurcrona.

1.  CoOpatTh 2JIEKTPUUECKYIO IIEMb 110 CXeMe, IPUBEICHHOM Ha puc. 1.

2. [ToctraButh aBMkOK C peoxopaa AB B cpeHEE MOJI0XKEHHUE.

3.  CoOamancupoBaTh MOCT TTOJI00POM COMPOTUBICHUN Rm, Tak 4TOOBI TTOKa3aHUS
raJlbBAaHOMETpPa OKa3aJluCh paBHbBIMH HYyJt0. 3HaueHus Rm, Li, L2 3amucars B
tabun. 1.

Rx G Rm
SA
C
A B
+ - R

4. HaiiTn HEM3BECTHOE CONPOTHUBIICHUE 110 (hOpPMYJIE:

5. tne Li m Lo — nnuHa npoBonoku peoxopaa Ha ydactkax AC u CB
cootBercTBeHHO (L1=AC, L,=CB). Pe3ynbrar 3anectu B Tad1. 2.



6. HOBTOpI/ITB N3MCPCHUA YKAa3aHHBIC B IIII. 3, 3 cuIc aBa pa3a, CMCCTHB JIBHIKOK
PeOXopda BIIPABO U BJICBO OT CPCAHCTO ITOJIOKCHUA.
7. BBIUMCIUTH CPCOHCC 3HAYCHUC U3MCPCHHOT'O PEC3UCTOPA.

Tabnuya 1
N(_) Rm, Ll, L2’ Rl’ —_
OmMm M M OMm R1,
Om
8. AHaNOTMYHO W3MEPUTh CONPOTHUBICHHE  BTOPOTO pPE3UCTOpa U
3aMmMcaTh OKOHYATEIbHBIC PE3YJIBTATHI B TA0II. 2.
Tabnuya 2
Ng Rm, L11 LZ, RZ’ —
OmMm M M OMm Ro,
Om

3aganue 2. [IpoBepka 3aKOHOB MOCJIEI0BATEJLHOT0 U MAPAJJIETbHOIO
COeIUHCHU I Pe3UCTOPOB.

1. TTonp3ysice  GopMynaMud  IOCIEAOBATEILHOTO W MapalieabHOro
COCAMHEHUM, paccuuTaTh OOIIEe COMPOTUBJICHUE PE3UCTOPOB, M3MEPEHHBIX B
3aJIaHKH 2.

2. CpaBHHTH M3MEPEHHBIE 3HAYECHUS Ryoc ¥ Rygp ¢ BhruncienusiMu. Cruenarsb
BBIBOJI O BBIMOJHSIEMOCTH 3aKOHOB TIOCJIEAOBATEIBLHOIO W MapajlIeIbHOIO
COEJIMHEHUH PE3UCTOPOB.

Tabnuya 3.
No Rm, L1, Lo, Rnap 2, Rnap_a Rnap _m>
OwMm M M OwMm Om Om
Tabnuya 4
No Rm, L1, Lo, Rnoc 5 Rnoc Ruoc _m
OMm M M Owm OM OMm




KoHTpoJbHBIE BONIPOCHI
1. OOpsAcHUTE NPUHIMUN JEHCTBUS POCTEULIETO OMMETPA.
2. B 4em KOHCTpYKTHBHOE OTJINYME aMIIEPMETPA, BOJIBTMETPA, rAJIbBAHOMETPA
MarHUTO3JIEKTPUUYECKON CUCTEMBI?
3. Kakumu npeumymiectBamMu 001aJaeT METOJA ONPEICIICHUS CONMPOTHBICHUS
MOCTOM YHUTCTOHA IO CPAaBHEHHUIO C METOJOM aMIIEpMETpa U BOJIbTMETpa?
4. IloueMy omuOKa U3MEPEHUH MOCTOM  YUTCTOHAa MEHbILIE, ECIH
conpoTuBieHre Rx u Rm 65u3ku apyr k apyry?
[ToueMy GOJIBIIMHCTBO TAJIbBAHOMETPOB UMEET KAy C HyJIEM MocepeuHe?
MOXHO 71 B CXeM€ MOCTa YUTCTOHA MPOU3BOJIUTH WU3MEPEHHMS, MOMEHSB
MEeCTaMU TaJIbBAHOMETP U UCTOYHUK TOKA?
7. Hapymaercs a1 paBHOBECME MOCTa YHUTCTOHA, €CIM U3MEHHUTh BEIUYUHY
HanpsHKeHUs] ICTOYHUKA TOKa?
8. BbiBecTu ycioBusi paBHOBECHs MOCTa YUTCTOHA, WCIOJIb3Ys 3aKOHBI
Kupxroda.

o o

Kontponupyemsie kommerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; TL.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

— OneHka «5» CTaBUTBCS, €CJIM yYAIIUKCSA BBIIOJHIET padOTy B MOJHOM O0OBEME C
COOJIIOJICHUEM  HEOOXOAMMOM  IOCJIENOBATEIbHOCTH  MPOBEAEHUS  OMNBITOB U
U3MEPEHUN;  CaMOCTOSITEIbHOM  pallMOHAJbHO  MOHTUPYET  HEOOXOIHUMBbIe
000pyI0BaHUE; BCE OMBITHI MPOBOJUT B YCIOBHUSAX U PEXKUMAX, 00ECHEUMBAIOIINX
MOJIyYeHHE MPaBUIBHBIX PE3YyJbTATOB U BBIBOJOB; COOIIOJAET TPEOOBAHMS IMPaBUI
0€30MacHOCTU TPYJZla; B OTYETE NPABWIBHO M AKKYpaTHO BBIMOJHIET BCE 3alKCH,
TaOJUIIBI, PUCYHKH, YEPTEKH, TPaQHKH, BEIYUCICHUS; MPABUIHHO BBIMOIHICT aHAIN3
IIOIPELTHOCTEH.

— OueHka «4» CTaBUTCS, €CIIM BBIMOJIHEHbI TPEOOBaHUSA K OLIEHKU «5», HO ObuIM
JOMYIIEHBI JIBAa-TPU HejoueTa, He Oojee OaHON HerpyOood OmMOKHM M OJHOTO
HEJ0YeTa.

— Ouenka «3» craBUTCA, €cnu paboTa BBIIOJHEHA HE MOJHOCTHIO, HO 00BEM
BBIMIOJJHEHHOM YacTH TAaKOB, MO3BOJIAET TOJMYYUTh MPaBUJIbHBIE pE3YyJIbTaThl H
BBIBOJIBI: €CJIM B XOJI€ TIPOBEICHUS OIbITA U U3MEPEHHUM OBLITN TOMYIIEHBI OIINOKH.

— Ounenka «2» craBHUTCS, €ciaM paboTa BBHINOJHEHA HE IMOJHOCTBIO U 00BEM
BBINIOJIHEHHOM 4YacTH pabOT HE MO3BOJAT cJielaTh NPaBUIBHBIX BBIBOJOB: €CJIH,
OMBIThI, U3MEPEHUS, BBIUUCIICHUS, HAOII0I€HHS IPOU3BOIUINCH HEMPABUIIBHO.

JlabopaTtopHblie padoThI

NHcTpykunoHHasi KapTa K JjabopaTopHoii pabote Ne 6
Tema 3anstus: usmeputrs OJIC u omnpeneneHUe BHYTPEHHETO COMNPOTHUBICHUS
MCTOYHUKA TOKA.



Henbp 3aHATHA: HAYYUTHCS DSKCIEpUMEHTaNbHO, u3MepsaTh OJC U BHyTpeHHEe
COMPOTHUBJICHUE UCTOYHUKA TOKA.

Ilepen HayasoM 3aHATHS He00X0AMMO 3HATH. 3akoH OMa IS ydyacTKa LeMnu, 3aKOH
Owma /17151 OJTHOM LIeTH, KaK MOAKII0YAl0TCs B 1IeTlh MPUOOPHI U3MEPEHUS CHIIbI TOKA U
HaNpsOKEHUs, TEXHUKY 0€30MaCHOCTHU IpU padoTe € AIEKTPUUECKUMHU LICTIIMU.

IHocne oxkoHUYaHMsA 3aHATHS He00X0AUMO yMeTb. CoOMpaTh SJIEKTPUUYECKHUE LEMH
napajjielbHO  COECIMHEHHBIX IMPOBOJHUKOB, CHHMMAaTh IIOKa3aHUs MpPUOOPOB,
pPacCUMTHIBATH MOJHOE CONPOTUBIIEHUE NAPAIIEIBHO COEAMHEHHBIX TPOBOJHUKOB.
Oo6opynoBanme: koMnbroTep, IHTEpHET, MHCTPYKIIMOHHAS KapTa.

Copnep:xanue u Teopusl.
Bo3HUKHOBEHHE Pa3HOCTH MOTEHIIMAJIOB Ha MOJIIOCAX JIFOOOTO UCTOYHHKA SIBISCTCS
pE3yJIbTaTOM pa3/iejieHUsI B HEM IOJOXHUTEIbHBIX U OTPHUIATEIBHBIX 3apsaoB. JTO
paszeneHue NpoUCXOUT Giarogapsi paboTe, CoOBepIIaeMoi CTOPOHHIUMH CHIIAMHU.
Cuibl HENIEKTPUUECKOI0 MPOUCXOXKACHUS, AEUCTBYIOLINE Ha CBOOOJHBIE HOCHUTEIH
3apsiia CO CTOPOHBI UCTOYHUKOB TOKA, HA3bIBAIOTCSI CTOPOHHUMU CHIIAMH.
[Tpu mepemenieHnn 3IEKTPUYECKUX 3apsI0B MO LENU MOCTOSHHOTO TOKa CTOPOHHHE
CHWJIBI, IEHCTBYIOIIME BHYTPU UCTOYHUKOB TOKA, COBEPIIAIOT paboTy.
dusnueckass BeNWYMHA, paBHAs OTHOLIEHUIO pPAOOTBI Acr CTOPOHHMX CHJI TIpH
nepeMenIeHNH 3apsijia ( BHYTPHM HCTOYHMKAa TOKa K BEIMYMHE 3TOTO 3apsja,
Ha3bIBAETCA 3JIEKTPOABIKYLIEH criiol uctounuka (31C):

O/1C onpenensiercs paboOTON, COBEPIIAEMON CTOPOHHUMHU CHJIAMH TIPHU MEPEMEIICHUN
€AMHUYHOTO TOJIOXKUTEIBLHOIO 3apsiia. DJEKTPOABUKYINASl CHIIa, KaK U Pa3HOCTh
MOTCHIIMAJIOB, MW3MepsieTcs B BoibTax. UtoObl wu3Mmeputh JJIC mctounmka,
HAJI0 MPUCOEINHUTD K HEMY BOJBTMETP MPU PA3OMKHYTOM LIEIH.

HcTouHMK TOKa SIBISETCS MPOBOJHUKOM M BCErJa MMEET HEKOTOPOE CONPOTUBIICHHUE,
MMOATOMY TOK BBIAEISET B HEM TEIUIO. DTO CONPOTHUBIECHUE HA3BIBAIOT BHYTPEHHUM
CONPOTHUBJICHUEM UCTOYHHKA U 0003HAYAIOT I.

Ecnu nens pazoMkHyTa, TO paboTa CTOPOHHUX CHJI MPEBPAIAETCS B MOTECHIIMATBHYIO
SHEPrUI0 HMCTOYHHMKA TOKa. [IpyM 3aMKHYTOM LI€MM 3Ta MOTCHIWAJIbHAs SHEPrus
pacxoayercss Ha paboTy MO TMepeMEUIEHUI0 3apsioB BO BHEIIHEW Ienu ¢
CONPOTHUBJICHUEM R M BO BHYTpEHHEW 4aCTH LENH C COMPOTUBJIEHUEM T , T.€. € = IR +
Ir.

Ecnu nenb COCTOMT W3 BHENIHEM 4YacTU CONPOTHBIECHHMEM R W BHyTpeHHEHR
CONPOTHUBJIEHUEM I, TO, COIJIACHO 3aKOHY coxpaHeHusi 3Hepruu, I/IC uctouHuka
OyJleT paBHa CyMME HAIpsDKEHWM Ha BHEIIHEM M BHYTPEHHEM ydYacTKax LeNH, T.K.
IpU TEPEMENICHHU MO 3aMKHYTOW LENW 3apsj BO3BPAllacTCs B HCXOIAHOE

IIOJIOKEHHE , rne IR — nampspkeHuMe Ha BHEIIHEM YyacTke uenu, a lr -
HaIpsDKEHUE Ha BHYTPEHHEM y4YacTKe LIeTH.

Takum oOpa3zom, 1 yyacTka 1emnu, coaepxkaiiero I/C:



Ota (opmyna BolpakaeT 3akoH OMa Il TIOJIHOM LENUu: Cujla TOKa B IOJHOU
Henu MpsSMO MPOMOPIUOHATBHA JJIEKTPOABUKYIIEH CHIIE HCTOYHUKA M OOpaTHO
PONOPLUHUOHAIIBHA CYMME CONPOTHUBJIEHUI BHEIIHETO U BHYTPEHHETO YYaCTKOB LIETIH.

YacTo MCTOYHHMKHU HIIEKTPUUECKOW SHEPIHH COCIUHSAIOT MEXIy COO0W Jyis
nutanus nenu. CoeIMHeHNE UCTOYHUKOB B 0aTapero MOXKET OBITh MOCIIEA0BATEIbHBIM
Y [TapaJJICIIbHBIM.

IIpu mociienoBaTreIbHOM  COCAUHEHMH [IBAa COCEAHUX HMCTOYHHMKA
COCTUHSAIOTCS PA3HOMMEHHBIMH MOJIOCAMH.

[TonyuuBmiasics mpu MOCIEAOBATEILHOM COCIMHEHUN aKKyMYJIsITOpHasi OaTtapes
MMEET Ty K€ €MKOCThb, YTO U Y OJMHOYHOTO aKKyMyJSITOpa, a HaMpsHKEHHE TaKOn
aKKyMyJISITOpHOM Oaraped paBHO CyMMe€ HamnpsDKEHUM  BXOJSAIIMX B Hee
aKKyMyJATOpoB. T.e. eclii akKKyMyJATOpbl HMMEIOT OJWHAKOBBIC HAIPSXKEHUS, TO
HaIpsDKeHHE O0aTaper paBHO HAIPSIKEHUIO OJHOTO aKKyMYJISITOpa, YMHOXEHHOMY Ha
KOJIMYECTBO aKKyMYJIATOPOB B aKKYMYJISITOPHOI Oatapee.

1. DJIC 6artapeu paBHa cymme DJIC OTAeIbHBIX HCTOUHUKOB €= €1 + €2 + €3

2. O0mee compoTHBIEHHE OaTraped HUCTOYHHUKOB paBHO CyMME BHYTPEHHUX
CONPOTHUBIIEHUM OTAEIBHBIX UCTOYHUKOB [Garapen= 1 + 2 + I3

Ecnu B GaTapero coeMHEHbl N OJIMHAKOBBIX MCTOYHHMKOB, To DJIC Oatapen €= ney, a
COIIPOTUBJICHUE I'Garapen— NI1

3. Cuna Toka B Takoii emnu no 3akony Oma

IIpu napajuieJJbHOM COCIHUHEHMH COCAMHAKT MeEKIY co0oii Bce
MOJIOKUTEIbHbIE M BCe OTPHIATEbHbIE MOJIOCHI IBYX HJIM N HCTOYHHUKOB.

[TapannensHoO COEIUHSIIOT TOJIBKO KICTOYHUKH C OJAMHAKOBOI
O/JC. [lonyuuBinasics npu MNapaieIbHOM COEAMHEHUH aKKyMyJSaTopHas Oartapes
UMEET TO K€ HANpsKEHUE, YTO U Y OJMHOYHOTO AaKKyMYJIATOpa, & €MKOCTh TaKoOM
aKKyMYJIITOPHOI OaTapen paBHa CyMME €MKOCTEH BXOJSIIMX B HEE aKKyMYJSTOPOB.
T.e. eciin aKKyMyJISITOPBl UMEIOT OJUHAKOBBIE EMKOCTH, TO EMKOCTh aKKyMYJISITOPHON
Oataper paBHa EMKOCTH OJHOIO aKKyMyJsTOpa, YMHOXEHHOH Ha KOJHUYECTBO
aKKyMYJISITOpOB B OaTapee.



1. OJIC 6aTapen o1MHAKOBBIX UCTOYHUKOB paBHa D/[C 0JIHOT0 HCTOUHHKA. €= 1= €2 =
€3

2. ConpoTtuBiieHUE OaTapeu MEHbIIIE, YeM COMTPOTUBJIEHUE OHOTO UCTOYHUKA lGarapen=
ri/n

3. Cuiia Toka B TakoM 1enu no 3akony Oma

DOnexkTpuyecKkas >HEprusi, HaKOIUIEHHAs B aKKyMYJATOpHOW Oarapee paBHa
CyMME SHEpPIruil OTIEIbHBIX AKKyMYJSTOPOB (IIPOU3BEICHUIO IHEPTUN OTICIbHBIX
aKKyMYJIITOPOB, €CIIM aKKYMYJISITOPbl OJIMHAKOBBIE), HE3aBHCHUMO OT TOIO, Kak
COEIMHEHBI aKKYMYJISITOPHI - MAPAJUIEIBHO WIH ITOCJIE10BATEIbHO.

BHyTpeHHEe CONpPOTHBIIEHHE AaKKyMYJSTOPOB, H3TOTOBJIEHHBIX II0 OJHOU
TEXHOJIOTHH, IPUMEPHO o0OpaTHO IPOIOPLIMOHAIIBHO €MKOCTH
akkymyssTopa. [ToatoMy  T.K. 1Opu  MapaieTbHOM  COEJUHEHUHM  E€MKOCTh
AKKyMYJISITOPHOM Oarapen paBHa CyMME €MKOCTEH BXOJSAIIMX B HEE aKKyMYJIATOPOB,
T.€. YBEJIMUUBAETCA, TO BHYTPEHHEE CONMPOTUBIIEHUE YMEHBIIIAECTCS.

Orcrona
[Tockonbky u , TO
1581051
Orcroma  ciegyer, 4YTO  BHYTPEHHEE  CONPOTHBJIEHUE  MCTOYHMKA
TOKa 1)

a OJIC
oyner —€ = U+ L,T (2)

Onncanue yCTAHOBKH
BUPTYaJIbHOU
JJ1a0opaToOpHO# padoThI

DKCIepUMEHTaIbHas

yCTaHOBKa Mpe/CTaBIcHA
Ha pucynke. B 1eBo
BEpXHEM yIiy
MPEJICTABJICHA  IaHENb
«MCTOYHUK TOKa», Ha
KOTOpOU MOKHO
BbIOpaTh OJMH W3 TISITH



UCTOYHUKOB TOKa. BHM3Y pacnosyioikeH Kito4. KOTOPbI HE00X0quMO OyA€eT 3aMbIKaTh
IIOCJIE JKCIEpUMEHTa. B KpallHeM HW)KHEM IIpaBOM YIJIy DPAcIOJIOKEH peocTar.
MoxHO nepememars IOI3YHOK M MEHAThb 3HAYEHUE CONPOTHUBICHUA. Mcnonb3ys
NPEJCTaBICHHYI0 YCTAHOBKY, JIOCTMTaeTcsl 1eJb IOCTaBJIEHHOW J1a0opaTopHOil
paboTHI.

IInan BbINOJIHEHHs PadOTHI
1. Ilepeiinute mo
ccpuike https://www.youtube.com/watch?v=H8F2aQzK7j0 npocMoTpuTe BUICOYypPOK
KOTOPBIN MOSICHUT, KAKUM 00pa3oM MPOBOAUTCA JJaOopaTOpHas padoTa B pealbHbIX
YCIIOBUSIX.
2. Ilepeitnute o cebuike http://mediadidaktika.ru/mod/page/view.php?id=380
Y BBINOJIHANTE I10CJIEN0BATEIBHOCTD AEUCTBUN, OIIMCAHHBIX HUXKE.

1.3apnanme. Paccuumaiime 3/]C u enympennee conpomueienue yenu.

1. 3anmycTuTh BUPTYJIbHBIA CTEH]T

2. Beibepute HCTOUYHHK TOKA 1.

3. Kypcopom HaBOIUM Ha KJIIOY U 3aMbIKAEM LIETIb.

4. KypcopoM HaBOJIUM Ha peOCTaT, JBUraeM MOJ3YHOK peocTara.

5. YcraHoBuUTE MONI3YHOK peocTaTa NPUOIU3UTEIBHO B CPEIHEE MOJT0KEHUE, UBMEPHTE
cuny Toka I n manpsoxenue Uy | 3anecure B Tabmumy 1.

6. IlepeaBuHBTE MOJ3YHOK peOCTaTa, M3MEPbTE CHIY TOKa I; u nanpsoxerne Uz |
3aHecuTe B Tabmuiry 1.

7. Bbluucaute BHYTpeHHee comnpoTtuiieHne Fm  JJIC # ucTOUYHHMKAa TOKa MO
dopmymnam (1) u (2)

8. Pe3ynbTaThl M3MEPEHHI U BHIYUCIICHHUH 3aNUIIUTE B TaOIuUILy 1.

9. BeImoJIHUTE TaKue Ke JeHCTBUS UIST HCTOYHUKOB TOKa 2,3,4,5.

Tabnumna 1.

N H/H EI/I3M B Il’A IZDA UlaB UZDB RlvOM RZ’OM I',OM EBLI‘I B

10.Cnenats BBIBO/I.

KoHTpoJibHBIE BOIIPOCHI.

1.ITouemy nokazaHusi BOJIbTMETPA IPU PA30MKHYTOM U 3aMKHYTOM KJIFOU€ Pa3JIMYHbI?
2.Kak noBbeIcUTh TOUHOCTH U3Mepenus J/]C uctounnka Toka?

3.MoxeTe U BBl MPEMIOKUTH JApyrue crnocoOsl m3mepeHuss I1C u BHYTpEHHETO
CONPOTHUBJIEHUSI HUCTOYHUKA TOKA?

Konrponmupyemsie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:



— O1eHka «5» CTaBUTBCS, €CIM YUAILLUICS BBINOIHSIET pad0OTy B IOJHOM 00BbEME C
co0roieHneM HeoOX0IMMOM 110CIIEJ0BATEILHOCTH IPOBEEHUS OIIBITOB U
U3MEPEHMI; CaMOCTOATENbHON PALIMOHAIBHO MOHTUPYET HEOOXOAUMBIE
000py10BaHuE; BCE OMBITHI IPOBOJUT B YCIOBUSIX U peXUMaXxX, 00€CICUNBAIOIINX
NOJTyY€HUE MPABUIIBHBIX PE3yIbTaTOB U BHIBOJOB; COOIIOJAET TPEOOBAHNUS IPABHII
0€30I1acCHOCTH TPYyJa; B OTYETE MPABMIIBHO U aKKYypPaTHO BHITIOJIHSET BCE 3aIKCH,
Ta0JIMILIBI, PUCYHKH, YEPTEKHU, TPa(UKU, BEIYUCICHUS; IPABUIILHO BBINOJIHAET aHAIHN3
IOTPEIIHOCTEN.

— OneHka «4» cTaBUTCS, €CIIU BBIIOJIHEHBI TPEOOBAHUS K OLIEHKU «5», HO ObLIN
JOMYLIEHBI 1BA-TPU HEOYETa, HE OoJiee OTHOM HErpyooi OMMOKHK U OJHOTO
HEeJo4erTa.

— OneHka «3» CTaBUTCS, €CIM padoTa BBIIOJIHEHA HE MOJIHOCTHIO, HO 00BEM
BBIITOJTHEHHOM YaCTH TaKOB, IMIO3BOJISIET MOJIYYUTh MPABUIBHBIE PE3YJIBTATHI U
BBIBO/JIBI: €CJIM B X0J1€ IIPOBEJICHUS OIBITa U U3MEPEHUN OBLIN TOMYLIEHBI OIINOKH.
— OreHka «2» CTaBUTCS, €CIM paboTa BBIINOJIHEHA HE MOJIHOCTHIO U 00BEM
BBINIOJTHEHHOM 4acTu padoT HE MO3BOJIAT ClieaTh IPaBUIIbHBIX BHIBOJIOB: €CIIH,
OTIBITHI, U3MEPEHUS, BEIUUCIICHUS, HA0II0I€HNS TPOU3BOIMINCH HEMTPABUIIBHO.

JlaGopaTopHbie padoThbI

HNucTpyKkuuoHHasi KapTa K jadopaTopHoii padote Ne /

Tema 3aHsiTHSI: ONIpPEIETIEHUE YIETBHOTO CONPOTUBIEHUS IPOBOJHUKA

Henp 3aHATHA: ONpEACIICHHE YIECIBHOTO  BJIEKTPUYECKOrO  CONPOTHBIICHUS
PE3UCTOPHOTO MPOBOJA 10 TEXHUYECKOMY METOY.

Ilepen Ha4yaI0M 3aHATHS HEOOXOAMMO 3HAThH: UTO TAKOE yIEIbHOE CONPOTUBIICHUE
Y OT YEro OHO 3aBUCHUT; 3HATh MPUHLUII JEHCTBUE U3MEPUTEIBHBIX TPUOOPOB.

IMocsie oKoHYaHWSI 3aHATHS He00XO0AMMO YMeThb: BBIYUCIATH  YyJEJIbHOE
COMPOTHUBJICHUE MPOBOIHUKOB ISl pa3JIMYHBIX METAJIOB.

OO0opynoBanme: komMnbioTep, IHTEpHET, MHCTPYKIIMOHHAS KapTa.

Conepxanue u Teopusi.

Kiacc ycTpoiicTB, KOTOpbIE PUMEHSAIOTCS JUIsl U3MEPEHUsS 3JIEKTPUUYECKUX BEJINYMH,

Ha3bIBAIOTCS
IEKTPOU3MEPUTEITHHBIMU IPHOOPaAMHU.

CymiecTByrOT OombITIoe
KOJIMYECTBO pa3IMYHBIX

AIEKTPOU3MEPUTENIBHBIX PUOOPOB.

IIo [PUHLITY JIeUCTBUSA
ANEKTPOUZMEPUTENBHBIE npuoOOpHI
MOAPA3ACISIIOTCS. Ha  CICAYIOLIUE
OCHOBHBIE THIIBI:

1. [TpuGopsl
MarHUTORJICKTPUYECKON

CHCTCMBI O ) OCHOBAHHBIC Ha



IMPpUHOUIIC B38.PIMOI[CﬁCTBPI$I KaTylnKxu C€ TOKOM H BHCHIHCTO MAIrHUTHOI'O IIOJIA,
C031aBacMOI0 ITIOCTOSHHBIM MAIrHUTOM.

2. HpI/I60pI>I C-)JICKTpO,Z[I/IHaMI/I"ICCKOﬁ CHUCTCMBI , OCHOBAHHBIC Ha ITPUHIMUIIC
QJICKTPOAUHAMUYICCKOT'O B3aI/IMO,ZICI>’ICTBI/ISI ABYX KaTYIICK C TOKAMH, U3 KOTOPBIX OJHA
HCIIOABMIKHA, a4 ApYyTrasd IIOJABH)KHA.

3. IIpuGophl AAEKTPOMArHUTHOM CHUCTEMBI { , B KOTOPBIX HMCIOJb3YETCS
IIPUHIUIT B3aUMOJIEUCTBUS MArHUTHOTO IOJISI HENOJABHUKHOM KaTyIIKUM C TOKOM U
ITOJABUKHOM KEJIC3HOM INIACTUHKH, HAMAarHUYEHHOU 3TUM I10JIEM.

4. TemyoBble W3MEPHUTEIBHBIE MPUOOPHI, MUCTIOIB3YIOIMIUE TETUIOBOE JEHCTBUE
AIEKTPUYECKOr0 TOKa. Harperas TOKOM IpPOBOJIOKA YIUIMHSETCS, IMPOBUCAET, M
BCJICJICTBUE ATOTO MOABUKHAS YaCTh MPUOOpA MOITYYaeT BO3MOXKHOCThH MOBEPHYTHCS
MOJT ICHCTBUEM TPY>KUHBI, BRIOUparoiei 00pa30BaBIIyOCs CIa0WHY MPOBOJIOKH.

5. IlpubGopsl HHAYKIIMOHHONW CHCTEMBI , OCHOBAHHbIC HA MPUHIUIE
B3aWMOJICMCTBUS BPALAIOMIErOCs MATHUTHOIO TOJISI ¢ TOKaMH, WHAYKTHPOBAaHHBIMHU
ATUM MOJIEM B MMOJIBUKHOM METAIMYECKOM LHJIMHIPE.

6. [IprOOpBI AIEKTPOCTATUUECKON CHCTEMBI , OCHOBAaHHbIE Ha MPUHIIUIIC
B3aMMOJICUCTBHS  TOJBIDKHBIX W HEMOJBIDKHBIX ~ METAUIMYECKUX  IUIACTHH,
3apsHKCHHBIX PA3HOMMEHHBIMU YJICKTPHUECKUMHU 3apsIaMH.

7. Ilpubopbl TEPMORJIEKTPUUYECKOW CHUCTEMBI, MPEJICTABISAIOIIUE COOOM
COBOKYITHOCTh TE€PMOIAPHI C KAKUM-JTHOO YyBCTBUTEIHHBIM IMPHUOOPOM, HAIpUMEp
MarHUTORJIEKTPUYECKONH CHCTeMBbl. M3MepsieMblii TOK, MPOXOHs dYepe3 TepMomnapy,
CIoCcOOCTBYET BO3HUKHOBEHUIO TEPMOTOKa, BO3/ICHCTBYIOIIETO Ha
MarHUTORJIEKTPUIECKUIN TTPHOOD.

8. IlpubGopsl BHOpAlMOHHOM CHCTEMbl, OCHOBAHHBIE Ha MPHUHIUIIEC
MEXaHMYEeCKOT0 pe3oHaHca BuHOpupyroommx Ten. [lpum 3amaHHON yacToTe TOKa
HamOoJiee WHTCHCUBHO BHOpPHUPYET TOT W3 SKOPHKOB JJICKTPOMATHHUTA, TEPHO/T
COOCTBEHHBIX KOJI€OaHUN KOTOPOTO COBIA/IAET C MEPHOJIOM HABSI3aHHBIX KOJIEOAHUIM.

9. DNEKTPOHHBIE U3MEPHUTEIBHBIE MTPUOOPHI - TPUOOPHI, U3MEPHUTEIBLHBIE TIETH
KOTOPBIX COJEP)KAT 3JEKTPOHHBIC 3JeMEHThl. OHU HCIONB3YeTCs ISl U3MEPEHH
NPAaKTHYECKH BCEX DJCKTPHUECKUX BEIMYUH, a TAKXKE HEIIEKTPHUUECKHUX BEIMYUH,
peIBapUTEIHHO MPEOOPA30BAHHBIX B AJICKTPUUECKUE.

[Io Tumy OTCYETHOTO YCTPOWCTBA pa3NUYarOT aHAJIOTOBBIE W IU(POBHIE
IpUOOPHI.

XapakTepuCTHKHU 3JIeKTPONU3MEPUTEIbHBIX MPUOOPOB.

IIpeneasom  u3MepeHMS HJIEKTPOU3MEPUTEIIHLHOTO  NpubOOpa  Ha3bIBAETCS
MaKCHMaJIbHOE 3HAUYCHHUE U3MepseMOoi (PU3NYECKONH BETUYUHBI Xmax, KOTOPOE
BBI3BIBAET OTKJIOHEHHE YKa3aTelsl MIKAJIbI TprOOpa Ha BCIO IIKATY.

YyBCTBUTEIBHOCTb S — 3TO CIOCOOHOCTH MPUOOpa pearnpoBaTh HA U3MEHEHHE
U3MEpseMON BEIMYMHBI, T.€. BEIUYMHA, KOTOpas MOKAa3bIBAET, HA CKOJBKO JEJICHHMA
An mepememiaeTcsi ykazaTelb OpuOopa NpH HW3MEHEHHWU 3HAYCHHS H3MEpPIeMOi
BEITUYMHBI AX HA CAHMHUILY:



EauHuIBl M3MepeHus YyBCTBUTEIBHOCTH 3aBHCHUT OT poja H3MEpSIeMOu
BenuuuHbl (nen/B, nen/A v T.1.).

Ilena feneHHMs YNCIICHHO paBHA 3HAYCHHIO HW3MEPSICMOW  BCIIMYHUHEI X,
BBI3BaBIIICH OTKJIOHCHHE YKa3aTesl IpruOopa Ha OJHO JISJICHNE Kb

Ilena nemenms u3mepsiercs B B/men., A/nen. u t.1. 1{eHa neneHuss — 3TO KOJIMYECTBO
U3MEPSIEMOM BEJIMUMHBI, TPUXOJIAIIEECs Ha OJHO JIeJICHUE Kbl Tprudopa.
IIpuBegeHHON MOrpPeNIHOCTHIO MPUOOpPAa HA3BIBAETCA OTHOIICHUE aOCOTIOTHOM
MOTPEIIHOCTA K HauOOJIbIIIEMY BO3MOXXHOMY OTKJIOHEHHUIO TOKazaTesls mpuodopa
(HOMUHAJTFHOMY TIOKa3aHUIO TPUOOpa):

B nanHoli paboTe HaXOQUTCS yAEIbHOE CONPOTUBIIEHNE MPOBOJAHUKA. DIIEKTPUUECKOE
CONPOTHUBJICHUE XapaKTEpHU3yeT MPOTUBOACHCTBHUE MPOBOAHHKA IMPOTEKAHUIO TOKA.

JI7151 MOCTOSIHHOT'O TOKa COrjIacHO 3akoHy Oma

J1J1s1 OTHOPOAHOTO TIPOBOJIHHKA C TTOTIEPEYHBIM CEUCHUEM SH JUTHHOIA |

OTKYJIa TIOTY4IHM (1)

VYenpbHOEe JIEKTPHUYECKOE COMPOTHUBIICHHE p SBISCTCS XapaKTEPUCTUKON Marepuaiia
npoBogHNKa. OHO TaKKe 3aBHCUT M OT TEMIIEPATypPbl IPOBOAHHUKA, COTJIACHO 3aKOHY:
rae ~ 1 £ - COOTBETCTBEHHO yJENbHBIE CONPOTHBIEHHMS Npu Temmeparypax 0 °C
ut°C, @ — remneparypubiii Kodpdunuent conporusienus. Jus metamwios o 0, T.€. ¢
HOBBIIIIEHUEM TEMIIEPATyPbl CONPOTHUBIICHHE METAJUIOB YBEITHUNBACTCH.

VYaenpHOE COMPOTHBIIEHUE PE3UCTOPHOTO NPOBOJA HA OCHOBAHUHM OIMPEICITUTCS
CIeIyIomuM 00pazoM:

IToacraBnssa B 3TO
BelpakeHue (5) wu  (6),
MOTYYHM:

. (2)



Onucanue yCTAHOBKHM BUPTYAJIbHOM J1a00PATOPHOM PadoThI
OKclepUMEeHTalIbHAsl YCTAaHOBKA IPE/ICTaBiIeHa HAa PUCYHKe. B JIeBOM HIKHEM yTily
pacrojo)XeHa IaHelIb «apaMeTphl YCTAHOBKW», MOXHO YCTaHOBUTH CIIEAYIOIINE
mapaMeTpbl Takue, Kak JUIMHY AaKTUBHOM 4YacTH MpPOBOAHHMKA, €ro JAHAMETp,
BHYTPEHHEE COIPOTUBICHUE aMIIepMETpa, Npou3BojibHO. CrpaBa pacroyokKeHa
naHellb «MaTepHuall MPOBOJHUKA», IO KOTOPOW MOXHO BHIOpaTh MaTepuaj: HUXPOM,
dexpenb, MaHTaHUH, KOHCTaHTaH. C MOMOIIBIO TTAHENN «JIUHEIKa» MOKHO H3MEPUTH
JUIMHY TNpOBOAHMKA. Mcronb3ys NpeACTaBICHHYIO YCTAaHOBKY, JOCTUTAETCS LEJb
MOCTABJICHHOW JJaO0paTOPHOU pabOTHI.

Il;1aH BbINOJIHEHUS PadOTHI
1. Iepetigute mo ccpuike https://www.youtube.com/watch?v=¢8ZvZSwnAmM
MIPOCMOTPUTE BHUACOYPOK KOTOPBIM TMOSCHUT, KakuM 0OOpa3oM IPOBOIUTCS
naboparopHas paboTa B peaJIbHBIX YCIOBUSX.
2. [epeiimute mo cewiake http://mediadidaktika.ru/mod/page/view.php?id=403
1 BBITIOJHANTE MOCIEI0BATEAbHOCTD S CTBUM, OITMCAHHBIX HHXKE.

1. 3apanme. Paccuumaiime yoenvHoe conpomueieHue Huxpoma, ¢expens,
MAH2AHUHA, KOHCMAHMAHA.

1. 3amycTUTh BUPTYaJIbHBINA CTEH]I, BHIOEPUTE MaTepUall MPOBOJHUKA HUXPOM.
2. YCTaHOBUTH, B COOTBETCTBUM, C BAPUAHTOM COBMNAJAIOLIEM C MOcheaHed nudpoi
MO CIHUCKY TPYIIbI, OH HAXOJAWUTCS B KOHIIE JIOKYMEHTa, JUIMHY aKTHUBHOW YacTu
npoBoaHuKa |, ero quamerp d, a Takke BHYTpEHHEE COIPOTUBJICHHE aMIiepMmeTpa Ra.
3aHeCTH 3TU JaHHbIE B Ta0uILy 1.
3. IIpu moMoum peryaaropa Toka yCTaHOBUTh TPOU3BOJIbHOE 3HAYEHUE CUIIBI TOKA 4.
3anucath B Tabnuily 1 cooTBeTCTBYIOIIECE eMy HampsikeHue Us.
3. AHanoru4Hble UBMEPEHUS, OMKMCAHHBIE B I1.3, MPOBECTH ISl HECKOJIBKUX 3HAYCHUI
CHUJIBI TOKA.
4. Tlo panHbiM Tabmumbl | paccyuTaTh BEIWYMHY YJIEIBHOTO COMPOTUBIICHUS
POBOJHUKA 110 hopmyde (2).
5. Paccuurath aOCOMIOTHYIO M OTHOCHUTENIbHBIE MOTIPEUIHOCTH HM3MEpPEHUM
(npunoxenue 1).
6. BeinosHUTH aHAOTUYHBIE ACHCTBUS 1M1 Pexpelib, MaHTaHWHA, KOHCTAHTaHA.
Tabnuua 1

No I, A U,B p, OM-Mm%/m | TlapameTpsl
1 IUaMETP IPOBOJHUKA!
2 d=...Mm
JUTMHA aKTUBHOM YaCTH:
3 l=....™
IUTIOIIA]Th CCUCHHUS
CpCAHCC IIPOBOJIOKU:
BHYTPEHHE COIMPOTUBIICHUE




aMmmepMmeTpa
RA - ... A

6. CnemaiTe BBIBO/I.

KoHTpoJibHBIE BONIPOCHI
1.0T KaKuX BEIMYMH 3aBUCUT IEKTPUUECKOE COMPOTUBIEHUE TPOBOJHUKA?
2. Ykaxure (popmyily AJis pacueTa CONPOTUBIIEHUS MO pa3MepaM MPOBOJIHHKA.
3.0T KaKuX BEIUYMH 3aBUCUT yAEIBHOE CONPOTUBIICHUE POBOIHNUKA?
4. HazoBuTe METOABI U3MEPEHNUN CONPOTUBIICHHS TPOBOITHUKA.
5. 3amumure ¢GopMydabl A ONPEAEICHUS CONPOTHBICHHS MPOBOJHHUKA B
TeXHU4YECKOM MeToze? Kakue BEeTMUNHBI U3MEPSIOT B ’TOM METOAE?

Kontpomupyemsie kommerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; IL.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kputepuu ouieHku:

— OmneHka «5» CTaBUTHCS, €CJIM yYAIIUKACSA BBITIOJNHAET paboTy B MOJHOM O00BEME C
cOoOMIO/ICHHEM  HEOOXOAMMOM  IMOCJIEeNOBATEILHOCTH  MPOBEJACHUS  OMBITOB U
U3MEPCHUI;,  CaMOCTOSITEIbHOW  palMOHAJIbHO  MOHTHUPYET  HEOOXOIUMBIE
000py/I0BaHUE; BCE OMBITHI MPOBOAUT B YCIOBUSX U PEKHUMaX, 00€CTICUMBAIOIINX
MOJIYYCHHUE TMPABUIIBHBIX PE3YJIbTATOB U BBIBOJIOB; COOIOMAET TPEOOBAHUS IMPABUI
0€30MacHOCTU TPyJZa; B OTYETE NPABWJIBHO M AKKYpPaTHO BBINOJHSIET BCE 3alKCH,
Ta0JIUIbI, PUCYHKH, YEPTEKHU, TPAPUKH, BEIUUCICHUS; TPABUIILHO BBITIOIHSET aHAJU3
NOTPEIIHOCTEN.

— OueHka «4» CTaBUTCS, €CJIM BBINIOJHEHBI TPEOOBaHMS K OIEHKH «5», HO ObUIH
JOMYLIEHBl JIBa-TpU HejouyeTa, He Oojee OoaHOM HerpyOood OmMOKM M OJIHOTO
HeJoueTa.

— Omnenka «3» craBuTCs, eciu paboTa BBHINOJHEHA HE TMOJHOCTHIO, HO 00BEM
BBIITOJTHEHHOM YacTW TaKOB, IO3BOJIAET MOJYYUTh MPABWIbHBIE pE3YyJIbTaThl H
BBIBOJIBI: €CJIM B XOJI€ MPOBEICHHUS ONBITA U U3MEPEHUI ObLIN JOMYIIEHBI OITHOKH.

— Omenka «2» craBUTCS, €ciaW paboTa BBHIMOJHEHA HE IMOJHOCTRIO U 00BEM
BBITIOJTHEHHON YacTh pabOT HE MO3BOJIAT CHeiaTh MPaBWIbHBIX BBIBOJOB: €CIIH,
OTIBITHI, U3MEPEHUS, BRIYUCIICHUS, HAOIIOICHHSI IPOU3BOIUINCH HEMPABUIIHHO.

JlaGopaTopHbie padoThI

JlabopaTopHnast padora Ne 8
HccaenoBanue 3aBUCMMOCTH TeMIIEPATYPbl HUTH JIAMIIbI HAKAJIUBAHUSA OT
HANPSKeHUs Ha eé 3a:KuMax
Iean padoThI: MpU YCIOBHUSIX CBEUYCHUS HUTHU HAKAJIMBAHUS OIpPEICITUTH €€
TEMIIEPATYPY.



IIpubopsl M NPUHANJIEKHOCTH. Jamna HakaimBanus 220 B Ha mojcraBke,
BosbTMeTp 220 B, amnepmerp 1A, peryaupyemsbiii uctounuk nutanusi 1 — 220 B,
OMMETp, COEIMHUTEIIbHBIE MPOBO/IA.

Kpartkas Teopust

DKCIepuMEHTaIbHAs MPOBEepKa HanboJiee pacIpOCTPAHCHHBIX OBITOBBIX JIAMIT
HakKaJvMBaHUs MOIIHOCTHIO 25, 40, 60, 75, 100 Bt nokassiBaeT, 4To MX CONPOTUBIICHUE
B xonogHoMm coctostauu mipu 0 °C cocraBnser 155,5; 103,5; 61,5; 51,5; 40 Om, a B
pabouem — 1936; 1210; 815; 650; 490 Om, cooTBeTcTBeHHO. Torjga OTHOIIECHHE
«TOPSTYETO» CONMPOTHUBIIEHUS K «XOJIOAHOMY» paBHsercs 12,45;

11,7; 13,25; 12,62; 12,4, a B cpeannem oHO cocrtaBisier 12,5. Jlamnbl HakaauBaHUA
MoiHocThI0 100 BT ¢ 2010r. He BbImycKaroTCS.

B pe3ynbTaTe n1ama HakaduBaHUS MPU BKIIOYEHUU pabOTAET B AKCTPEMAIbHBIX
YCIOBUSX TMPH TOKAX, KOTOpPbIC TMPEBBIIAIOT HOMUHAJIBHBIA, YTO MPUBOJIUT K
YCKOPEHHOMY HM3HOCY HMTH Hakajla U MPEXIECBPEMEHHOMY BBIXOAY JIAMIIBI U3 CTPOS,
OCOOCHHO TMpU TMPEBBINICHUSAX HampspDkeHus B nurtaromied ceru. [locnmennee
00CTOSITENIbCTBO MPH  JUIMTEIBHBIX MPEBBIICHUSAX HAMPsHKEHUS OTHOCHUTEIBHO
HOMHHAJILHOTO TIPHBOJAUT K PE3KOMY COKPAIIICHUIO CPOKa CITY)KOBI JIAMIIBI.

Cpok ciry»0BbI JTaMITbl HAaKJIMBAHUS KOJICOIETCS B IIMPOKHUX TIPEIeiax, [IOTOMY
YTO 3aBUCHUT:

- OT KAayecTBa COCJAUHECHHN B DJICKTPONPOBOJKE M CBETUJIBHUKE; . OT
CTa0MILHOCTH HOMUHAJIBHOTO HANIPSIKEHUS,

- OT HaJW4usl WIM OTCYTCTBHUSI MEXAaHMYECKUX BO3JICUCTBUU Ha Jamily,
TOJIYKOB, COTPSICEHUM, BUOpaIINii;

- OT TEMIIEPATYPbI OKPY>KAIOILIEH CPEbI;

- OT TUIA MPUMEHEHHOT'O BBIKJIIOUATEIISI U CKOPOCTU HapacTaHUsI BEIMUHUHBI
TOKAa IpH T0JIaue MUTAHUS HA JIaMITy.

[Ipu mpomomkuTenbHON paboTe JIaMIbl HaKaJWBaHUS €€ HUTh HaKajla IO
BO3JICHCTBHMEM BBICOKOM TeMIEpaTyphbl HarpeBa MOCTEIIEHHO UCTIAPSAETCs, YMEHBIIAACh
B IMaMeTpe, pBETCs (Ieperopaer).

Uem BbIlIE TEMIIEpaTypa HarpeBa HUTHU Hakajaa, TEM OOJIbIIIE CBETA M3JIy4yaeT
nammna. [Ipu 3TOM HHTEHCHBHEE TPOTEKAET MPOIIECC UCTIAPEHUS HUTH, U COKpAIlaeTCs
CpPOK CiIy»O0bl Jammbl. [loaToMy aJjisi jJaMn HakKaJdWBaHUsI YCTAHABJIMBAETCS Takas
TeMIIepaTypa HaKaja HUTH, IPU KOTOPOI oOecreynBaeTcs HEOOX0AuMasi CBETOOT1aua
JIaMIIbI ¥ OTIPEICJICHHAs! TPOIOIKUTEIBLHOCTD €€ CITYKOBI.

Cpennsis poAOJDKUTEIBHOCTh TOPEHUS JIAaMITbl HAKAIMBAHUS MPU PACUECTHOM
HanpspkeHu He npesbiaer 1000 gacos. [Tocne 750 yacoB ropeHusi CBETOBOM MOTOK
CHIKaeTcs B cpeanem Ha 15%.

JlaMIibl HaKaTMBaHUS OYCHb YYBCTBUTEIIBHBI JIa)K€ K OTHOCUTEIIHFHO HEOOJIBIIUM
MOBBIIIICHUSM HAIPSKEHUS: TIPY TIOBBIIICHUH HAIMIPSDKCHUS BCero Ha 6% CPOK CITy»KOBI
cHwkaeTcs BaBoe. Ilo »ToOM mpuUuYMHE JiIaMIlbl HaKaJWMBaHUSA, OCBEIIAIOIINE
JIECTHUYHBIE KJIETKH, JOBOJIBLHO YAaCTO MEPEroparoT, Tak KaK HOUbIO DJIEKTPOCETh MAJIO
Harpy>keHa 1 HalpsiKEHUE MOBBIIIEHO.

CornacHo KIIACCUYECKOM DJIEKTPOHHOW TEOPUM METAUIMYECKHE ITPOBOAHUKHU
UMEIOT KPUCTAINTMYECKYIO CTPYKTYPY. B y3max kpucTaminieckoi pemeéTku HaXoasTes
MOJIOKUTENIbHBIE HOHBI, & B MPOCTPAHCTBE MEXKAY HOHAMH HMMEIOTCS CBOOOJIHbBIC



"

DJIGKTPOHBI,  KOTOPBIE  COCTABJISIIOT  "DJIEKTPOHHBIM  Ta3",  3amOJHSIONINMA
KPUCTAJUTHUECKYIO0 pemérky. CBOOOIHBIE DSJEKTPOHBI, Kak M MOJIEKYJBl Tas3a,
COBEpIIAIOT Xa0THYECKOEe OECIopsAI0UHOE IBIKEHUE, CKOPOCTh KOTOPBIX 3aBHCUT OT
Temneparypbl. [Ipr 3TOM KaIblii OMHCHIBAET CIIOXHYIO TPaEeKTOPHIO, TOJO0HYIO
TPACKTOPUH MOJICKYJIbI Ta3a WJIM YaCTHIIBI, COBEPINAONMIEH OpOYHOBCKOE JIBHIKECHHEC
(puc. 1).

BenencrBre 6eciopsi09HOCTH TEILIOBOTO JIBUYKCHHS KOJUYECTBO DJICKTPOHOB,
JBWOKYIIUXCS B JIIOOOM HamNpaBlICHUH, B CPETHEM BCET/a PaBHO YHCIY 3JICKTPOHOB,
TIepeMeNIaloNIMXCs B IPOTHBOIIOJIOXKHOM HarpaBieHud. [103TOMy, B OTCYTCTBHH
BHEIIHETO TIOJS, CYMMApHBIA 3apsjl, TEPCHOCHUMBIA 3JICKTPOHAMH B JIIOOOM
HAINpaBJICHUHU, PABEH HYJIO, T.C. B METAJIE HET AJIEKTpHUECKOro Toka. [Ipu co3nanuu
Pa3HOCTH TOTEHIIMAJIOB Ha KOHI[AX METAIMYECKOrO MPOBOJHHKA, B IMPOBOIHUKE
HOSIBJIICTCS DJICKTPUUECKOE I0JIe, MOJ JCHCTBHEM KOTOPOTO 3JIEKTPOHBI OOpETyT
JaCTUYHO  YMOPSJOYCHHOE JIBIDKEHHWE B  HANpaBICHUH, IPOTHBOIOJIOKHOM
HaIpaBJIEHUIO TOJIA (T.K. IEKTPOHBI 00a1al0T OTPUIIATEIBHBIM 3apsiioM). [loaTomy
NPU HAJIWYUU BHEIIHErO TOJs (aKTUYSCKOE IBMKCHHE DIICKTPOHOB IPEICTABIISICT
co0olf cymMMmy OECropsiIOYHOTO W YHOPSIOYCHHOTO JIBIDKCHHM, YTO TMPUBOIAUT K
TIOSIBJICHUIO TIPEUMYIIIECTBEHHOTO HAITPABJICHUS JBYDKCHUS. KOJIU4IeCcTBO 3JEKTPOHOB,
JIBWOKYIIUXCS TPOTHUBOTIONOKHO IIOJF0, OyaeT OoJbllle KOJIHYECTBA 3JIEKTPOHOB,
NEPEMEINAIONINXCS B HAMPABJICHUM TIOJIsA, CIICJOBATEIIbHO, BO3HUKACT IEPEHOC
9JICKTPUYECKOI0 3apsijia B HAINPaBJICHUU, MPOTHUBOIOJIOXKHOM IIOJII0, KOTOPBIA |
Ha3bIBAIOT 3JICKTPUUESCKUM TOoKoM. Ha puc.10 mpencraBiieHa TpaeKTOPHS JIBUKCHHSI
9JICKTPOHA B MPUCYTCTBUU JIEKTPHUICSCKOTO TOJIS.

[Ipy HanWUYMK TOJS HAa KaXAbIH SJCKTPOH JCHCTBYET CHja paBHas €, O[T
JCHCTBHEM KOTOPOH 3JICKTPOH JABHKETCS YCKOpeHHO. [Ipr cBoeM JABMKEHHUH 3JICKTPOH
CTAJIKMBACTCI C MOHAMH KPUCTANIMYECKOW pelieTkd. B MOMEHT yaapa 3JIeKTpOH
OTJIaeT YacTh WJIM BCIO JHEPruio0 moHam. [locie 3Toro cHoBa MO JIEHCTBUEM CHII
AIIEKTPUIECKOTO TIOJISI YCKOPSIETCS, YBEJIMYMBAET CBOK CKOPOCTh W CHOBa IIpH
CJICYIOIIEM COYJIapeHUH C MOHOM OT/AeT CBOIO SHEPTUI0 OCTOBY KPHCTAJUITMYECKOM
PCIIETKH.

Puc.1. Tpaexktopusi nIBW>KEHUS DJIEKTpOHA: a) 0e3 moJjsi; 0) B IIEKTPUIECKOM
I10JIE HAIIPSKEHHOCTBIO .

DHeprus, MNepeJaHHas HMOHAM KPUCTAJUIMYECKOW PEIIeTKH, MPEBpallacTcs B
DHEPTUI0 OECTIOPSAIOYHOTO KOIeOAaTeTLHOTO JBIKCHHUS WOHOB, T.€. B TEIUIO. OTH
CTOJIKHOBEHUSI IPUBOIAT K 3aTPYJHECHHIO HAIMPABICHHOTO JIBUKEHUS 3JIEKTPOHOB, K
CO3JJaHHI0 cONpPOTHUBIICHUSA. C TOUKHM 3pEHHUsI KIACCUUECKOU AIEKTPOHHOM TEOPHUH JBA
dakTopa: 1) yudacthe DIJIEKTPOHOB B XAOTHUYECKOM JABWXKEHHHM (Hapsay C
HaIpaBJICHHbIM) U 2) HAIMYUE COYJIAPEHUMN ANEKTPOTEN C MOHAMH KPUCTAITMYECKON



1.

2.

pElIETK BOCIPUHHUMAETCA KaK DJJIEKTPUYECKOE COMNPOTUBIICHUE ITPOBOJAHUKA
AIEKTPUYECKOMY TOKY.

C yBenMYeHUEM TEMIEPATYpPbl BO3PACTAET CKOPOCTh XaOTUYECKOTO ABUKEHHS,
a TaK)K€ 4YMCIIO COYIAapEHUH 3JIEKTPOHOB, YTO JOJDKHO NPHUBECTH K YBEIUYECHHIO
CONPOTHUBJIEHUS TPOBOJHUKA.

OKCHNEpPUMEHTAIIBHO  YCTAaHOBJIEHO, 4YTO JUIsl  METAJUIOB  YBEJIUYECHHE
CONPOTHUBJIEHUS C TEMIIEPATYPON BBIPAXKAETCS 3aBUCUMOCTBIO:

1)
rie Ro — comporuBnenme mnposomHuka npu Temneparype 0°C, Ry —
CONPOTHUBJICHUE MPOBOJHUKA MpU Temieparype t, — Tepmuyeckuii KorhPuiueHt

CONPOTHUBIICHUS [TAHHOTO METajjla, OH ITOKAa3blBA€T HA KAKyl YacTh H3MEHSIETCS
COIIPOTHBJIEHNE TPOBOIHMKA Npu HarpeBe ero Ha 1°C. YV uucTBIX MeTanIoB HopsaKa

, Y CILUIaBOB MeHbUIE. Y Bojib(ppama, U3 KOTOPOTO U3rOTOBJIEHA HUTh
nccneayemoit namnsl 4,8-1073°C 1.,
N3 gopmynbl (1) MOKHO ompenenuTh TeMNeparypy packaji€éHHOM HUTH, €CIH
W3BECTHBI €€ COMPOTUBIIEHUE Rt TpH 3TO Temmeparype U CONpoTUBIEHNE HUTU Ro pu
temmneparype 0°C:

t _ Rt_Rﬂ
xRy (2)

IHopsinok BeINOJIHEHHsI padOThI

Homunanehast [Hanpsixenue Temre-
MOTIHOCTD U, B Crna MOIIHOCTH Comportuserue o> P2
No JTaMIIbI, TOKA B ’ P HaKaJja
P B noTpebissemMasl |HUTH Hakana Ry,
ornpITajr, DT mamMIie . t,
mammnoii P, Br  |Om
I, A 0
C

M3MepbTe 3JeKTPUICCKOES COMPOTUBICHUE HUTH JIaMITbl HAKAJIMBaHUS TP KOMHATHOMN
TeMIIepaType C TOMOIIBI0 OMMETpA.
Cobepute IeKTPUUECKYIO IIENb COTIACHO CXEMeE:



Puc. 2. Cxema ycTaHOBKH

2. Boruncnure 3HaueHue Ro 35eKTpUuecKoro CONpOTUBIEHUS HUTHU JIAMIIBI
npu 0 °C. Tepmuueckuii KOIQPUIMEHT 0o DIEKTPUYECKOIO COMPOTUBICHUS
BoJIb(ppama Mpu 3HAUYCHUSIX TeMiepaTypsl, 01u3kux k 0 °C, paBeH npuMepHO
4,8-103°C 1,

3. [TonkmrounTe YCTAaHOBKY K MCTOYHHMKY NMHUTaHUSA, COONIOAAS MOISPHOCTD.
W3mMeppTe crily TOKa B LIENH IpU pa3HbIX 3HaueHUsAX U Ha KOHIIAX HUTH HaKaJIUBaHUs
JamIbl OT MUHUMAJIbHOTO CBEYEHHUS A0 MAaKCUMAIbHOrO. BerunciauTe 3jeKTpudeckoe
CONPOTHUBJIEHUE Rt HUTH JTaMITbI B HATPETOM COCTOSIHUU:

4. [lo HaliIEHHBIM 3HAYEHHSIM 3JIEKTPUUYECKOTO CONMPOTUBIICEHUS HUTHU JaMmiibl Ro,
Rt ¥ W3BECTHOMY 3HAYEHHUIO TEPMHUYECKOTO KOod(hUIMEeHTa 3IEKTPUUYECKOTrO
COMPOTHUBJICHUSI BOJIb(PpaMa BBIYUCIUTE TeMIepaTypy t HUTH jamibl no ¢opmyse

5. OneHuTe TpaHMIBI MOTPENTHOCTEN u3MepeHul. PesynbTaThl u3MepeHud u
BBIYMCJICHUN 3aHECUTE B OTUYETHYIO TaOJIHITY.

6. [TocTpoiiTe rpaduk 3aBUCUMOCTH TEMIIEpAaTyphl HUTH HaKaJIMBaHHUS OT
HamnpsHKEHUS Ha €€ 3aKUMax.

1. Cremnalite BBIBOJI.

KonTpoJibHBIE BONIPOCHI

1. [louemy »SJEKTpUYECKOE COMPOTUBICHUE METANIOB  3aBUCUT  OT
TEMIIEPATYPHI?

2. KakoBbl OCHOBHBIE HCTOYHUKHM IOTPEIIHOCTE HM3MEPEHH B JaHHOM
SKCIIEpUMEHTE?

3. [Touemy B maHHO# paboTe JIEKTPUYECKOE COMPOTHUBICHUE HUTHU JIAMITBI
Opyu KOMHATHOW TeMIepaType MOXHO CUHUTaTh MPUOJM3UTEIHHO pPaBHBIM €€
ANEKTPUUYECKOMY conpoTuBieHuto npu 0°C?

Kontpomupyemsie komnerenuuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; TL1.-IL.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepnu onenku:



— OueHka «5» CTaBUTHCA, €CJIM YYalllUHCs BBIMOIHSIET padOTy B MOJIHOM OObEME C
coONtoicHUEM  HEOOXOAUMOW  IOCJIENOBAaTEIbHOCTH  MPOBEJIEHUS  OIBITOB U
U3MEPEHHM;  CaMOCTOSITENIbHOM  pPallMOHAJIBHO  MOHTHUPYET  HEOOXOAUMBIE
000py/I0BaHUE; BCE OMBITHI MPOBOJUT B YCJIOBUAX U PEKHMMaX, 00ECIEUMBAIOIINX
MOJTyYEHHUE MPaBWIbHBIX PE3yJbTaTOB U BBIBOJOB; COONIOAAET TPEOOBaHUsS MPaBUII
0€30MacHOCTH TPYJZa; B OTYETE NPABWJIBHO M AKKYpPaTHO BBINOJHSIET BCE 3aIKCH,
TaOJIMLIBI, PUCYHKH, YEPTEXKH, IpaKH, BHIYUCICHHS; MPABUIBHO BBINOJIHSAET aHAIN3
IOTPEIIHOCTEN.

— Onenka «4» CTaBUTCS, €CIIM BBIIIOJHEHbI TPeOOBaHUA K OLEHKH «5», HO ObUIN
JOMYIICHBI JIBa-TpU HeJoueTra, He Oojiee OJHON HerpyOod OIMOKM W OJHOTO
HEJ04YeTA.

— Onenka «3» craBuTCs, ecid padoTa BBHINOJHEHA HE MOJHOCTbIO, HO 00BEM
BBIIIOJIHEHHOM YaCTH TakoOB, II03BOJIAECT IIOJIYYUTh IIPABWIBHBIE PE3YJIbTATHl U
BBIBO/JIbI: €CJIM B X0J1€ ITPOBEJCHUS OIbITA U U3MEPEHUM OBbLIN TOMYIIEHBI OIINOKY.

— OueHka «2» CTaBUTCS, €clii padoTa BBIIOJHEHA HE IOJIHOCTBIO M 00BEM
BBIIIOJIHEHHOM 4YacTH pPa0OT HE IMO3BOJIAT clelaTh NPaBUIBHBIX BBIBOJOB: €CIH,
OTIBITHI, U3MEPEHHUS, BBIUUCIICHHUSI, HAOJIIOIEHUS IPOU3BOIMINCH HEITPABUIBHO.

JlaGopaTopHbie padoThI

NucTpyknuonHas kapra k JiaboparopHoii padore Ne 9

Tema 3ansaTus: onpenenenne KII/I anexrpuueckoro HarpeBaTesns BOJBI.

eabp 3aHATHSA: HAYYUTHCA, OKCIEpUMEHTAIbHO  onpeaensats  KITJI
AIEKTPUYECKOTO HArpeBaTess BOIBI.

Ilepen HayajoM 3aHATHA HeoOX0aAUMMO 3HATH: 4yTo Takoe KIIJ[ TemmoBoro
JIBUTATEJIA, 10 KaKoi (hopMyJie OH pacCUMUTHIBACTCS.

Ilocie oxoHYaHMsI 3aHATHSA He00X0AUMO YyMeThb: paccunTbiBaTh KIIJI
AIEKTPUYECKOTO HarpeBaTessl BOIBI.

OobopynoBanme: komibtotep, THTEpHET, MHCTPYKIIMOHHAS KapTa.

Copep:xaHnue u Teopusi.

MouieKyJibl COCTOSIT U3 aTOMOB TO €CTh JJISI TOTO YTOOBI Pa3JeUTh MOJIEKYJIbI
HA aTOMBI HAJI0 OCJIAOWTh CUJy MPUTSKEHUS aTOMOB U BBIMOJHUTH PabOTy TO €CTh
noTpatuTh dHepruro. [Ipum oObenuHEHNH aTOMOB B OOpa30BaHWUU MOJEKYJ DHEPIHs
OTAENSAETCS.

[Ipu cropannu TOMIMBA OTAENSAETCS DJHEPrus. 1on1ueom Ha3bIBACTCS TOpHOYEE
BEIIECTBO, HCIMOJIB3yEMOE€ B KauyeCTBE HWCTOYHMKA TMIOJYYEHHUS TEIUJIOTHI B
SHEPreTUYECKUX, TPOMBIIUIEHHBIX U OTOMUTEIbHBIX YCTaHOBKax. B 3aBUCMMOCTH OT
TANA PEaKUHUl, B PE3YyJbTaTe€ KOTOPBIX BBIAEISAETCS TEIUIOTa W3 TOIUIMBA,
pas3NuYaloT opeanuyeckoe N si0epHoe monauso.



B oprannyeckux TOIUIMBAaX TEIUIOTA BBIACIACTCS B PE3yJIbTaTe XMMUYECKOU peakiuu
OKMCJIEHUSI €r0 OPIOYUX YaCTEH IIPU YYaCTUU KUCIOPOAA, a B SIAEPHBIX TOILUIMBAX — B
pe3yJibTare pacnajaa IeJIeHus siAep TSHKEINbIX 3JIEMEHTOB (ypaHa, INTyTOHUS U T.1.).

Knaccudukanuss ~ opraHM4ecKMX  TOIUIMB 1O  arperaTHOMy  COCTOSIHHIO.
TorumBo ArperaTHoe COCTOSIHUE
TBepnoe Kunkoe ["az000pa3Hoe
[IpupoaHoe JlpoBa, Topd, Oypsie HedTn [IpupoaHbIii ra3

N KaMCHHBIC YT'JIN,
AHTPpalUT, TOPIOYUC
CJIQHIIbI

ckyccTBeHHOE | JIpeBECHBIN yrodb, MasyTt, kepocuH, ["a3p1 HEPTIAHOM,
ITOJIYKOKC, KOKC, OEH3UH, COJSIPOBOE KOKCOBBIH,
YIOJIBHBIE U MacJio, ra3ouib, TE€HEPATOPHBIN,
TOp(siHbIE OPUKETHI NEYHOE TOTUIMBO JIOMEHHBIH, Ta3
MOJI3€MHOM
razoduKamnum

N3smepenue KIIJ[ ycTaHOBKM € 3IEKTPUYECKUM JBUraTeseM. Bbl TIOMHUTE, YTO
KIIJI (xkoaddummenT mnose3HOro MEUCTBHUS) HA3BIBAGTCS OTHOIICHHWE TTOJIE3HON
paboThI K TIOJTHOM paboTe, BHIPAKEHHOE B MPOIICHTAX:

rl_an / A31 (1)
rje rae A3 — paboTa Toka B BOJJOHarpeBarese 3a BpeMs T- onpeaensercs rno hopmysie:
A3=1-Urt, (2)
rae Qn —KOJIMYECTBO TEIJIOThI, KOTOPOE MOILIO HAa HATPEBAHUE KAJOPUMETpPA U BOJBI
B HEM OT TEMIIEPATYpPBI t1 10 TEMIIEPATYPHI t2:
Qu=ceMy (to—1t1) + cemy (t2 —t1) (3).

[Tocne noacranoBku (2) u (3) B popmyny (1), mosrydyum 3HaUeHUE

KII;

_ (cgmg +comy ) (t2—ty)

I'U-t

Onucanue yCTaHOBKH
BHUPTYAJIbHOU
JadopaTopHoil padoThI

3KCH€pI/IMCHTaJIBHaﬂ
YCTaHOBKa IIPCACTABJICHA



Ha pUCyHKEe. B mnpaBoM HIWKHEM yIJIy TMpEACTaBlieHa TMaHelb «IapamMeTphl
KaJIOpUMETpa» BBIOOP Maccy KaJopuMeTpa U MacCy BOJbI, KOTopas OyJeT B HEM.
[lanenb: «Marepuan KaJopuMeTpa» - JJIsi BbIOOpa maTepuana: Medb, aTlOMUHUMI,
CTajb, >Keie30. Belme ecTh maHenab «mapamMeTpbl BOJBDY, TIAE MOXKHO BBIOpaTh
HavyaJIbHYIO TEeMIIEPaTypPhl BOJBI H €€ 00BEM.
CrneBa maHelb «IMapaMeTpa TOKa B AIEKTPUUSCKOM IeNHy, 01aro1aps KOTOpO MOYKHO
BBIOpaTh HANpPSKEHUE, KOTOPOE CO37aeT UCTOYHUK TOKA. C MOMOIIBI0O KHOMKU «ITYCK»
HAYHETCS TMPOIECC HarpeBaHue BOABI B KaJOPUMETPE, JIOXKIABIIKMCH, KOTJa
TeMIieparypa JOCTUTHET TEeMIEpaTyphl KUMEHUS (TEPMOMETP PACIOJIOXKEH CIEBA )C
MOMOIIBI0O KHOMKU Tay3a MOKHO OCTaHOBUTH MpOIECC U 3apUKCHUPOBATH BpEMS,
MOKa3aHHOE B KpailHEM HIKHEM IIPaBOM YTITy.
Hcnons3yst TpeACTaBICHHYH YCTAHOBKY, JOCTHTaeTcs I1eJIb  IOCTaBJIEHHOU
1a6opaTopHOI PabOTHI.

I11aH BBINOJIHEHUS] PA0OTHI
1. Iepetigute mo ccuuike https://www.youtube.com/watch?v=6PIvTC3-ObE
MIPOCMOTPUTE BHUACOYPOK KOTOPBIM TMOSCHUT, KakuM oOOpa3oM IPOBOIUTCS
nabopaTtopHas paboTa B peasIbHBIX YCIOBHSIX.
2. [epeiimute mo cewiake http://mediadidaktika.ru/mod/page/view.php?id=478
1 BBIIIOJIHANTE MOCJICA0BATEILHOCTD ICUCTBUIM, ONTMCAHHBIX HIKE.

1. 3apanme. Paccuumanme KII/] 3nekmpuueckozo nazpesamens 600l
1. 3amycTUTh BUPTYAJIbHBIA CTEH]T
2. BbpiOpaTh BeIIECTBO, U3 KOTOPOrO0 M3TOTOBJIEH KaJOPUMETP, €r0 Maccy U OOBEM
BOJIbI B COOTBETCTBUU C HOMEPOM BapHUaHTa, COBMAJAIONIEM C TOCJIEIHEN udpoil 1mo
CIIMCKY TPYMIIbI, OH HAXOJAUTCS B KOHIIE JOKYMEHTA.
3. BwiOparh (IIpoM3BOJIBHO) HayaJdbHYIO TEMIEpaTypy BOAbI U HaMNpsOKCHUE Ha
MCTOYHUKE TOKA.
3 3HaveHHs BCEX U3MEPEHHBIX (3aJJaHHBIX) BEJIMYMH 3alUcaTh B TAOIUILY.
4 Kuonkoil «ITYCK» HauaTth HarpeBaHue BOJbI U IPEKPATUTH €r0, HAKAB HA KHOIKY
«ITAY3A» mnpu nmOoCTHKEHUH TeMmiepaTypbl kuneHus. [lpu HeoOXomumMocTH
MOBTOPEHUS SKCIIEPUMEHTA BOCTI0JIb30BaThCsI KHOMKON « CBPOCy.
5. 3anmcaTh B TaOJIWILy BpeMsi HAarpeBaHMsI 1 KOHEUHYIO TEMITEPaTypy BOJIBIL.

BemectBo 3Ha4veHne nucath 0e3 okpyrienus!!!
KaJIOpUMETpa
Y nenpHas VY nenpHas
TEILIOEMKOCTD TEILIOEMKOCTb BOJBI Cs ,
BEILIECTBA JIx/ (kr- °C)
KaJIOpuMeTpa Cx,
JIx/ (xr- °C)
Macca kanopumerpa O0béM BontbI V, 1T
MK, KT
Cuna toka I, A Macca BOJbI Mg, KT
Hanpsoxenune U, B Havanbnas
Temreparypat i, ©
C
Bpemst HarpeBanus Koneunas




T, C TemMrieparypa tz, o C

6. BBIITOJIHUTE BBIYUCIICHHUS.
7. B BBIBOZIE YKXKUTE MOJTYyYECHHBIN pe3ysbTaT u3Mepenus KII/I.

KonTpoJibHBIE BOIIPOCHI

1. Kakoe konnuecTBO TEIIOThl Qxp paccesyioch B OKpy Karolyto cpeay? CKoIbKo
IIPOLIEHTOB COCTABIISAET 3TA BEJIMYMHA OT KOJIMYECTBA TEIJIOTHI, BBIECIUBILETOCS B
HarpeBaTeJIbHOM 3JIEMEHTE?

2. U3menutces au KIIJI HarpeBatens, eciid yBEJIMYUTh BpeMsl HarpeBaHus (Hampumep,
no nonyyaca)? Ecnu aa, To kak? OTBeT 000CHYHTE.

HauganbHbie JAaHHBIC 110 BapHaHTaM K 3aJdHUAM

['pynna BemectBo Macca kanmopumetpa | O0BEM BOABI
KaJIOpUMETpa
1 JKene30 0,2 kr 21
2 aJIFOMUHUI 0,2 xr 1n
3 Meb 0,2 xr 21
4 cTallb 0,2 kr 21
5 JKene30 0,4 xr 27
6 AJTIOMUHHI 0,4 xr I n
7 MEJIb 0,4 xr 1
8 cTalb 0.4 xr 11
9 KEIE30 0,5 xr 11
0 AJTIOMUHHI 0,5 kr In

Kontponupyembie komnerenuuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

— OrmeHka «5» CTaBUTHCSA, €CIIM YYalllUKCS BBIMONHIECT PadOTy B IOJTHOM OOBEME C
coOMIo/IeHeM  HEOOXOAMMOM  IMOCJIEeNOBATEILHOCTH  MPOBEJACHUS  OMBITOB U
U3MEPCHHI,  CaMOCTOSITEIbHOW  pallMOHAILHO  MOHTHPYET  HEOOXOJIHUMBIC
0o0opyIoBaHNE; BCE ONBITHI MPOBOJUT B YCIOBHUAX W PEKUMAX, 00CCIICUNBAIOIINX
MIOJTyYEHUE TMPABWIBHBIX PE3yJIbTaTOB W BBIBOJOB; COOJIOJAET TPEOOBAHWS IMPABHUII
0€30ITacHOCTH TpyJa; B OTYETEC MPABUJIBHO W AKKypaTHO BBITIOJHSCT BCE 3aIUCH,
TAOJINIIBI, PUCYHKH, YEPTEKH, IPa(GHKH, BHIYUCICHUS; TIPABUILHO BBITOIHICT aHAH3
IIOIPEIIHOCTEH.

— Omnenka «4» CTaBUTCS, €CJIM BBITOJHCHBI TPEOOBAaHUS K OIEHKH «5», HO ObUIH
JOMYIIEHBl JIBa-TpU HeAoueTra, He Oojiee OJHON HerpyOodW OmMOKM W OJHOTO
HEeJo0YeTa.




— Omnenka «3» craBuTcs, eciii paboTa BBINOJHEHA HE IMOJIHOCTHIO, HO 00BEM
BBINIOJIHEHHOM YacTH TaKOB, II03BOJIAET IMOJYYUTh TNPABWIbHBIE PE3YJNbTaThl U
BBIBOJIBL: €CJIM B XOJI€ MPOBEJICHUS ONBITA U U3MEPEHUI ObLIN JOMYIIEHBI OITMOKH.

— Omenka «2» crTaBUTCS, €ciad paboTa BBHINOJHEHA HE TMOJTHOCTBIO U 00BeM
BBITIOJTHEHHON YacTh pabOT HE MO3BOJAT CAelaTh MPAaBWIbHBIX BBIBOJOB: €CIIH,
OTIBITHI, U3MEPEHMU S, BEIYMCIICHUS, HAOIIOICHHSI IIPOU3BOIUINCH HEMPABUIHHO.

JlaGopaTopHbie padoThbI
JlaGoparopHuasi pabora Ne 10
JKCNEePUMEHTAIbHOE ONpeie/ieHne YeJbHOr0 CONPOTUBJIEHUS MPOBOIHUKOB

Heab padoThI: onpeneauTh CpeHee 3HAUCHUE TeMIIepaTypHOro Kodduimenrta
CONPOTHUBJICHUSI ME/TH.

I[IpubGopbl U NPUHAAIEKHOCTH: NPUOOpP IJs ONpENESCHUs TEMIIEpaTypHOIO
Kod(d(uleHTa  CONMPOTHUBICHHUS  METAJUIOB, BbimpsMurens BC-24M, wHabop
IIPOBOJHUKOB, aMIIEPMETP, BOJBTMETP, TEPMOMETP TEXHUYECKHH, KOMIUIEKT
IIPOBOJIOB.

KPATKASA TEOPUSA
XapakTepUCTUKON NPOBOIAIINX CBOWCTB Marepuaia HPOBOAHUKA SBIISIETCA
YAEIBbHOE CONPOTUBJIEHUE, T.€. CONPOTUBICHUE TPOBOJHNUKA, UMEIOILIETO ONIEPEYHOE
CEUCHHME, PABHOE EIWHMIEC IUIOWIA[HW, W JJIMHY, PAaBHYIO E€IWHHUIE JJIWHBL. Ecimu
TMIPOBOJIHUK C YJENbHBIM CONpPOTUBIECHHEM P HMeeT mo Bcel anmue | omumakoBoe

CCUCHHC S , TO €TO COIIPOTHUBJIICHHUC MOKCT OBITH IIOACYHUTAHO I10 q)OpMyJIC

I (1)
R = P g
yI[CHBHOC COIIPOTUBJICHUC IIPOBOJHHKA 3aBHUCUT B O6I].[€M CjIyda€ OT MHOI'HX
(baKTOpOB: TCMIICPATYPbI, MCXaHUYCCKUX }Ie(i)OpMaHHﬁ, HAIIPSKCHHOCTH MAIrHUTHOTO
nmojrsi, B KOTOPOC IOMCHICH IIPOBOJHHUK, U T.II. OTH 3aBUCUMOCTHU MU POKO
HCIIOJIB3YCTCA B HBMepI/ITCHBHOﬁ TCEXHUKEC U daBTOMATHUKCE.
3aBUCHUMOCTD COIMPOTHUBJICHUA OT TCMIICPATYPLI B 06H_I3M BUJIEC MOXKET OBITH

BBIpA’KCHA MHOI'OYJICHOM
_ 2 2
R, =Ry [L+a(t —t)) +B(t; —to)* +..] (2)
rgpe o u B - CpeJHuE 3HAYEHUS TEeMIEepaTypPHBIX KOA(DPHUIIMEHTOB, OMpPEACIIeMbIX
ONBITHBIM ITyTEM, Rto " Rti - COIIPOTHUBIICHUSA MPU HAYAJIbHOU (to) 1 koHeyHou (1;)

Temriepatypax. B HeOOnbIIUX WHTEpBajaX M3MEHEHHsI TeMIEpaTryp 4acTo ObIBaeT
JIOCTaTOYHBIM MPHU pacueTe OrPaHUYUThCS ABYyMS WieHaMHu psga hopmyds (2). B atom
ciydae (opMyia Uit ONpeeIeHUs COMPOTUBIICHUS UMEET BH/L:

R, = Ry, [L+a(t; —to)] (3)

3HaueHMss O, HE SBISIOTCS IIOCTOSHHBIMM U HM3MCHSIOTCS C H3MCEHCHHEM



TEeMIIepaTyphl, OJTHAKO B HEKOTOPBIX TEMIIEPATYPHBIX HHTEpBaIaxX 3TOT KOIPPUIIUEHT

MOXKHO XapaKTepHu30BaTh CPEIHUM 3HAUCHUEM TEMIIEPaTypHOro KodpuiueHTa.
[Ipumensiembiii B pabore mpubop (puc. 1) s

OTpeNeNeHUs]  TeMIeparypHoro kodduiumenta Meau 3 5

cocroutr 3 karymku 1. Karymka mpencraBiser co0oi [ /

KApTOHHBIA Kapkac 2, Ha KOTOPbIH HAaMOTAaH MEIHBII Ilﬂ}]

4

IIPOBOJ C JIAKOBOU M30Jsinuel. KOHIBI IPOBO/a BEIBEACHBI K 3
3aKMMaM 3, YCTAaHOBJIEHHBIM Ha IJIaCTMAacCOBOU KOJOAKE 4. H
B »aTOil KoMomke 3akperyieHa CTEKJIsSHHas OpoOupkKa, B

KOTOPYIO BCTaBJIEH Kapkac KaTymIkH. CBepxy B KOJIOAKE \\
UMEETCSI OTBEPCTUE S5 Uil TEPMOMETPA, H3MEPSIOLIErO N2

TemriepaTypy kaTymku. [Ipubop mnomemaroT B cOCyll C
BojOW. B cocyme wuMeercs JIIEKTpUYECKas CHupalib C S
BBIBE/ICHHBIM HaBepx KJIEMMaMHU. [ToncoennHuB S
ANEKTPUYECKYIO CIHUpalb K HCTOYHHUKY TOKA, HArpeBarOT L
BOAY B COCyA€, MEpUOAUYECKH CUUTHIBAs IOKAa3aHHs
TEPMOMETpPA H  HU3MEPSAS OMMETPOM  CONPOTHUBIICHUE v
KaTyIIKH.

Puc. 1

HOPAAOK BBIIIOJIHEHUE PABOTBI.

1. [loaroroBbTe B TeTpaau TaOMWIly A7 3alMCH PE3yJbTAaTOB H3MEPEHUU U



BBIYMCJIICHUM.
Tabnuya

N [UB [t,, [lA]R LA [t,c° R, |,

1 -
n/n e Om omu | P ax

3 <l

2. 3aneiiTe B cocya BOAy Ha 2/3 BBICOTHI cocyla. BHMMaHue: 3amuBasi BOJy B
COCYIl, MPUMHTE MEPHI K TOMY YTOOBI BOJIa HE TOMajia BHYTPh MPOOUPKH.

3. BcraBbTe B IpoOUpKy TEpMOMETD.

4. BbBDKIAaB HEKOTOPOE BpeMs, IMOKa BBIPOBHSIIOTCS TeMIlepaTypa BOIBI U

KaTyIIKH IpuOopa, 3alMIINTe oKa3aHus TepMomerpa 1.

5. H3meppTe C mNoMOLIpIO ammepMmerpa cuiry Toka lo um  paccuuraiite
COMPOTHUBJICHUE KaTYIIKH Rto NoJIb3ysICh 3aKkOHOM OMa, M 3aluIluTe pe3ybTaThl B

Ta0IUILy.

6. [TogkmrounTe ciMpasib K MCTOYHUKY TOKA M YCTAHOBUTE HAIpshKEHUE HE OoJiee
5B.

7. Crnemute 3a TOBBIIMICHHEM TEMIIEpaTypbl KaTymku. Korma temmeparypa

KaTymky okaxercs kpatHoit 10 t.e. 1;=30, 40, 50 C° um3meppTe cmily TOKa H
paccunTaiTe COINPOTUBICHUE KATYIIKH. Pe3ynapTarsl W3MEpEeHUH 3anuiiuTe B
TalIuIy.

8. Hcmnonwp3ysi pe3ysibTaThl IMEPBOTO OMNbITA M TPEX IMOCICIYIOIIUX (ti, Ri)

BBIYHMCIUTE JUIsl KaXJOrO OIbITa 3HAYEHHWE TEeMIlIepaTypHOro Kkoddduimenra
COTIPOTHUBJICHUS MeU IO (hopmyie:

I
KOTOpasi BbIBEICHA U3 3aBUCUMOCTH (3).
9. Haiigute cpeaHee 3Ha4€HHE TEMIIEPATYPHOTO KO3(P(PUIIMEHTA COMPOTUBICHUS

meau Ol .
10. Haueprure rpaduxk 3asucumoctu R or remneparypsi t (B maciTaGe).

KOHTPOJIBHBIE BOITPOCHI

1. Yrto HazbIBaeTCs TeMIiepaTypHbIM KOA(hOUIIMEHTOM CONIPOTUBIICHHS?

2. YaenpHas TMPOBOJUMOCTb TMPOBOAHWKA. DU3NUECKUN CMBICT, CIUHHUIIBI
HM3MEpPEHUs, OT YEro OHA 3aBUCUT?

3. KakoBa 3aBHCHMMOCTb  yACIBHOTO  CONPOTHBJIICHUS  IPOBOJHHUKA  OT
TeMIeparypol? UeMm XxapakTepu3yeTcs 3Ta 3aBUCHMOCTD?

4. TemnepaTypHblii KO3(h(UIHUEHT COMpOTUBICHHU. UTO OH XapakTepus3yeT, OT
YEero OH 3aBUCHUT. B Kakux equHHUIAX U3MEPAETCS?

5. 3aBUCHUT JIM CONPOTHUBIICHUE MPOBOJAHUKA OT Temneparypbl? Eciu 3aBucur, To



KaKoBa 3Ta 3aBUCUMOCTh? OOBSICHUTH (PU3UUECKHUI CMBICI 3TOTO SBJICHHUS.

6. Kak n3meHuTCs CONpoOTUBIIEHHE NMPOBOJHUKA C MOBBIILIEHUEM TEMIIEPATyphl U
nouemy? MaTtemaTudeckoe U rpadpuyeckoe n300pa>keHre ITOM 3aBUCUMOCTH.

7. CpaBHUTh 3aBUCUMOCTb HM3MEHEHMS  COINPOTHUBIICHHMS  METANIMYECKUX
IPOBOJHUKOB U DJIEKTPOJIUTOB OT Temmueparypbl. OObSICHUTH (U3HUKY SIBICHU,
HNOPOXKIAOIINX ITY 3aBUCUMOCTD.

8. OmmcaTtp MOCIEAOBATENBHOCTh JACHUCTBUN OMPEACICHHUS TeMIIepaTypHOU
3aBUCHUMOCTH COIPOTHUBIICHUS B XO/I€ BBINOJHEHUS 1a0OPaTOPHOU pabOTHI.

9. smeHUTCST N TEMIEPATypHBI KOA(PGUIUMEHT COMPOTUBICHHS, €CIU
ONpPENENIATh €ro IO YJIEIbHOMY CONPOTHUBIECHUIO, a HE 10 H3MEPIEMOMY
COINPOTHUBIICHUIO?

10.3aBucuT 1M TeMrepaTypHbld KO3(p(GUIMEHT CONPOTUBIEHUS OT MaTepuala
CONIPOTHUBJIEHUS.

11 .B dyem ¢usndeckuii CMBICI COMPOTUBIICHUS NpoBojgHHMKA? OT 4Yero OHO
3aBUCHT?

12.Hanummure 1 00BSACHUTE MAaTEMaTUYECKYI0 3aBUCUMOCTH COMPOTHUBIICHUS OT
MaTepHualia i pa3MepOB CONPOTUBIICHUS.

Konrponupyemsie kommerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; TL.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

— OueHka «5» CTaBUTHCS, €CJIM YYalllMKCS BBIMOJHAECT pabOTy B MOJHOM O00BEME C
COONIOJICHUEM  HEOOXOAMMOW  IOCJHEeNOBATEIbHOCTH  MPOBEAEHUS  OMNBITOB U
U3MEPEHUM; CaMOCTOSATCIBLHOMN palyoHaIbHO MOHTHUPYET HEOOXOIMMBIE
000py/I0BaHUE; BCE OMBITHI MPOBOJAUT B YCJIOBUSAX U PEKHUMaX, 00€CTICUMBAIOIINX
MOJIy4YE€HUE TPABUIbHBIX PE3YyJIbTATOB U BBIBOJOB; COOJIIOJACT TPEOOBAHUS TMPABUII
0€30macHOCTH TpyJa; B OTUYETE MPABUIBHO W aKKypaTHO BBIMIOJHSET BCE 3aIlUCH,
TaOJIUIbI, PUCYHKH, YePTEKHU, TPapUKH, BEIYUCICHHS; TTPABUIILHO BBITIOTHSICT aHAJIN3
IIOIPELTHOCTEH.

— OneHka «4» CTaBUTCS, €CIM BBIIOJHCHBI TPEOOBAHMS K OIEHKH «5», HO OBLIH
JTOMYIICHBI JIBa-TpH HeAodeTra, He Oojiee OaHON HerpyOol OIMMOKH M OJHOTO
HEI0YeTa.

— Omenka «3» craBuTCs, eciu paboTa BBHIMOJHEHA HE IOJHOCTHIO, HO 00BEM
BBITIOJTHEHHONW 4YacTHW TaKOB, IO3BOJIIET TMOJYYUTh TMPABWIbHBIE PpE3yJIbTaThl H
BBIBO/IbI: €CJIM B X0/JI€ MPOBEICHUS ONbITA U U3MEPEHUM ObUTH JOIMYIIEHbI OIIUOKH.

— OueHka «2» cTaBUTCS, €cld paboTa BBINOJHEHA HE IMOJHOCTBIO U 00bEM
BBITIOJTHEHHON YacTh pabOT HE IMO3BOJIAT CJeiaTh IMPaBWIBHBIX BBIBOJOB: €CIIH,
OTIBITHI, U3MEPEHUS, BBIUYMCIICHUSI, HAOJIIOACHUS MPOU3BOAMINCH HEMTPABUIIBHO.

Tema 3.3. DieKTpUYeCKHUI TOK B Pa3JIHYHBIX cpeaax

Ycrublii onpoc (YO)



1. Kakue ObIBaloT BeliecTBa MO THUILY MPOBOJMMOCTH JJIEKTPUUECKOTO TOKa?
Onpenenenue.

Kakue BemiecTBa OTHOCATCS K MOTYyIPOBOAHUKAM?

Kaxkas cBsi3b CylIeCTBYET B MOIYNPOBOIHUKAX ?

Kakue noaBr>xHbIe HOCUTEINH 3apsiJJ0B UMEIOTCSI B UUCTOM MOJTYIPOBOIHUKE?

YTO npou3ouIET MpU BCTPEUE 3IEKTPOHA C JBIPKOi1?

Kakue HocuTenu 3apsiia SBASIOTCA OCHOBHBIMHU B IOJYNPOBOJHHUKE C
AKIENTOPHOU MPUMECHIO, a KAKME B MOJIYIIPOBOJHUKE C JOHOPHOU IPUMECHIO?
7. Kak mo-mpyromy Ha3bIBalOTCS  MOJYNPOBOJHUKA C  JIOHOPHBIMHU U

aKIENTOPHBIMU MPUMECSIMHU?

8. Kaxk o6pa3zyercs p-n-nepexon?

9. Kaxkoit mepexo/1 Ha3bIBAIOT MPSIMBIM?

10. Kak ycTpoeH nosxynpoBOJIHUKOBBIA 110A?

11. U3 4ero cocTOWT TpaH3UCTOP?

12.  Yro Takoe Bakyym?

13.  Yto Takoe TepMO3JIEKTPOHHAS IMUCCUS?

14.  VYcTpoitcTBO ¥ MPUHIUI pabOTHI BAKYYMHOTO THOA.

15. BoabramnepHas XxapaKTepUCTHKA BAKYYMHOTO JUOAa

16. UYto Takoe 3nexkTpoHHBIN Mydok? U ero cBoiicTaa.

17. Ilpunumn pabGoThl JIEKTPOHHO-ITy4eBOM TpyOku. 1 e€ npumeHeHue.
18. Kakwue BemnecTBa OTHOCSTCS K 3JICKTPOIUTAM?

19.  Yro Takoe aneKTpuUecKas IUCCOIHAIns?

20. Yro Takoe pexkomMOUHaIs?

21.  Yto Ha3bIBAIOT MOHHOW MPOBOJAUMOCTHIO?

22.  Yro takoe snektponus? Kak on npoucxoaut? U ero npumeHeHue.
23. OOwsacHeHue 3aKkoHa djekTponusa. U ero dpopmyia.

24.  Omnpenenenue 3apsiga snekTpona. M ero popmyna.

25. Kak MOXHO cienaTh BO31yX IMIPOBOHUKOM?

26. Kak nmpoucxoauTh HOHU3AIMS Ta3a?

27. Kak mpoucxoauT pekoMOnHAaIus ra3a?

28.  Uto Takoe ra3oBbIi pa3psi?

29. OrmpeneneHue caMOCTOATEIBHOTO U HECAMOCTOSITETLHOTO Pa3psiA0B.
30. Kaxk npoucxoaut noHU3AIMs SIEKTPOHHBIM yAapoM?

31. Yro Takoe mia3ma?

ook wnm

KonTpomupyemsie komnereniuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepuu oneHKu:

OtMmeTka «5»

TIOJTHO PACKPBITO COAEPKaHNE MaTepraa

YETKO ¥ MPABWJILHO JaHBI OTIPEICIICHUS U PACKPBITO COJEPKaHNUE MTOHATUI, BEPHO
WCIIOJIb30BAaHbI HAYYHBIC TEPMUHBI

JUISL IOKA3aTeNIhCTBA UCIIOJB30BAHbI PA3IMIHbIC YMEHUS, BEIBOIbI M3 HAOIIOICHH,
OIIBITOB

OTBET CAMOCTOSTEIBHBIN, UCIIOH30BAHbI paHee MPUOOPETEHHBIC 3HAHUS.



OtMmeTka «4»

PACKPBITO OCHOBHOE COJIEpKaHUE MaTepurasa

B OCHOBHOM IPABWIBHO JIaHbI ONPEACIICHUS MOHATUIM U UCTI0JIb30BAHbl HAYYHbBIC
TEPMUHBL.

OTBET CaMOCTOSITEIbLHBIN

ompeJieJICHNS TTOHATUN HETOJIHbIC, TONMYIeHBl HE3HAYUTEIbHbIC HAPYIIICHHUS
MOCJIEIOBATEILHOCTH M3JI0KEHMS, HEOObIIINE HETOYHOCTH MPU UCIIOIb30BAHUHU
Hay9YHBIX TEPMHUHOB HJIH B BBIBOJAX M 00OOIICHUIX

MpaBWIbHBIC U YETKUE OTBETHI HA BOMPOCHI YTOUHSIIONIETO XapakTepa (Mo3uIus
MOHUMAIOLIUH )

OtmeTtka «3»

YCBOEHO OCHOBHOE COJIepKaHKE YU4eOHOTO MaTepualia, HO U3JI0kKEHO (hparMeHTapHO,
HE BCErJia MOCIeA0BaTENbHO

ONpeIeJICHHs TOHSTUNA HEIOCTATOYHO YETKUE

HE MCIIOJIb30BaHbl B KAUE€CTBE JOKA3aTEIHCTBA BHIBOJIBI U 000O0IIEHUS U3
HaOII0ICHUM, TOMYIIICHBI OITUOKH MPU UX HU3JI0KESHUU

JOTMYIICHBI OITMOKA U HETOYHOCTH B UCTOJb30BAaHUM HAYYHOH TEPMUHOJIOTHH,
OIPEICIICHUE TTOHSITUIA

MpaBWIbHBIC U YETKUE OTBETHI HA BOMPOCHI HABOIAIIETO M KOHKPETU3UPYIOIIETO
xapakTtepa (MO3UIUsT KPUTHK)

OtmeTKa «2»

OCHOBHOE COJIepKaHKe YueOHOTO MaTepualia He pacKpbITO

HE JJaHbI OTBETHI HA BOIPOCHI HABOISIIIETO U KOHKPETUZUPYIOIIETO XapaKTepa
JOMYIIEHBI IPyOble OMKMOKHU B ONPEEICHUN MTOHATHM, PU UCTIOJIb30BAHUU
TEPMUHOJIOTUH.

TectupoBanmue (T)

I Bapuanr.

1. KakumMu HOCUTEISIMH 3J1. 3apsijia CO3/AaeTCs AIEKTPUUECKUIN TOK B MeTajl1ax ?
A. DIIEKTpOHAMU U MOJOKUTEIbHBIMU HOHAMU.

b. [TonoXuTeNbHBIMU U OTPULIATEILHBIMU HOHAMH.

B. DnexktpoHaMu U JIbIpKaMH.

I'. ITonoXXUTENbHBIMU HOHAMHU, OTPUIATEILHBIMUA HOHAMHU U 3JIEKTPOHAMM.

J1. Tonpko 351eKTpOHAMH.

2.Kakoit MUHUMAJIBHBIN MO0 a0COTIOTHOMY 3HAUEHUIO 3apsij MOXKET ObITh EPEHECEH
3JIEKTPUYECKUM TOKOM Ye€pe3 EKTPOTIUT?

A. e=1,6-10 K.

b. 2e~3,2-10 K.

B. JIr060ii cKoJIb YTOAHO MaJIbIH.

I'. MuHMMaNbHBIN 3aps1 3aBUCUT OT BPEMEHH MPOMYCKaHUS TOKA.



J. 1 K.

3. KakuMu HOCUTENISIMU 3J1. 3apsifia CO3/1aeTCsl IEKTPUUECKUNA TOK B PACTBOPAX WIIH
pacIiiaBax 3JeKTPOIUTOB?

A. DIIEKTpOHAMU U MOJOKUTEIbHBIMU HOHAMU.

b. [TonoXuTenbHBIMU U OTPULATEIbHBIMUA HOHAMH.

B. TlonoxuTensHBIMU HOHAMU, OTPULIATEIIbHBIMU HOHAMU U DJIEKTPOHAMU.

I'. TosbKO BAEKTPOHAMM.

J1. DnekTpoHaMu U IBIPKAMU.

4. Kakue nercTBUs 3J1. TOKa BCEra COMPOBOXKIAIOT €T MPOXOXKIECHUE Yepes3 Jto0bIe
cpenpi?

A. TennoBoe.

b. Xumunueckoe.

B. MaruuTHoO€.

I'. TenyioBOE M MarHUTHOE.

J. TenoBoe, XMMHUYECKOE U MArHUTHOE.

5.Ha puc. 1 mpencraBieno cxemarudeckoe u3o0paxkeHue Tpansucropa. Kakou
uu(ppoil Ha HeM 0003Ha4YEH SMUTTEDP?

A. 1.

b. 2.
B. 3.
I.4.

. Cpenu otBeTOB A — ' HET IPABUIIBLHOTO.

6. KakuM Tumom npoBoAMMOCTH 00J1a/1al0T MOTYTPOBOHUKOBBIE MaTepUaibl 03
npuMeceit?

A. B OCHOBHOM 3JIEKTPOHHOIA.

b. B 0CHOBHOM JIBIpOYHOM.

B. B paBHOI Mepe 3JIEKTPOHHOU U IBIPOYHOM.

I'. MonnOM.

J1. He mpoBOAAT 3JIEKTPUYECKHM TOK.

7. Kakum TUIIOM TPOBOJAMMOCTH 00JIaJJat0T MOJYITPOBOHUKOBBIE MATEPUAIIBI C
JOHOPHBIMH MPUMECSMHU?

A. B 0OCHOBHOM 3JIEKTPOHHOM.

b. B 0CHOBHOM JIBIpOYHOM.

B. B paBHOM Mepe 3IIEKTPOHHOM U IBIPOYHOM.

I'. MonnoM.

J1. Takue maTepuasnbl He MPOBOIAT JIEKTPUUECKUM TOK.

8. Kakoii 3 npuBeeHHBIX Ha PUC. 2 TpaUKOB OTPAKAET 3aBUCUMOCTH YJEIbHOTO
CONIPOTHBIIEHUS ITOIYIIPOBOJHUKA OT TEMIIEPATYPhI?

A. 1.

b. 2.



B. 3.
I'. 4.
9. IIpu NpoXOKAEHUU Yepe3 KaKUe CPeAbl AEKTPUUECKOT0 TOKA POUCXOJUT EPEHOC
BewecTna’?

A. Yepes MeTasuibl U OJYyIPOBOJHUKH.

b. Uepes nonynpOBOIHUKN U PACTBOPHI DJIEKTPOIUTOB.

B. Uepes pacTBOpBI 3EKTPOIMTOB U METAJIIBL.

I'. YUepes ra3sl 1 MOIYTIPOBOIHUKH.
J1. Uepe3 pacTBOPBI SJIEKTPOIUTOB U Ia3bl.

10. B onHOM ciiyyae B repMaHuiil 100aBuIM MATUBAIEHTHBINA (hochop, B Ipyrom —
TpeXBaJICHTHbIN rajuinil. Kakum TUIoM mpoBOJMMOCTH B OCHOBHOM 00J1a1a1
MOJIYTIPOBOJHUK B KAXKJIOM ClTy4dae?

A. B niepBoM JbIpOYHOIA, BO BTOPOM 3JIEKTPOHHOMA.

b. B nepBoM 3JI€KTpOHHOM, BO BTOPOM JABIPOYHOM.

B. B 006oux ciayuasx 371eKTpOHHOM.

I'. B 06oux ciyyasix IbIPOYHOMA.

J1. B o0oux cimydasx 3eKTpOHHO-IBIPOYHOM.

11. Kak u3meHnTCsl Macca BEIIECTBA, BBIJICIUBUIECTOCS HA KATOJI€ MPU MPOXOKICHUU
ANEKTPUYECKOTO TOKA YEPE3 PACTBOP JICKTPOIUTA, €CIIA CUJIa TOKA YBETUYUTCS B 2
pasa, a BpeMs €ro NpoXoKJICHHUsI YMEHBIIUTCA B 2 pa3a?

A. YBenuuurcs B 2 pasa.

b. YBenuuurcs B 4 pasa.

B. He n3menurcs.

I'. YMmenbmuTea B 2 pasza.

. YMmenbmures B 4 pasa.

12. B nporuecce anekTpoiunsa "+'" HOHBI lTepeHecin Ha kaToa 3a 2¢ "+" 3apsig 4K, "-
" MOHBI MEPEHECIN Ha aHO/ TaKOoM ke o moayito "- " 3apsia. KakoBa cuia Toka B
enu?

A. 0.

b. 2A.

B. 4A.

I'. 8A.

J1. 16A.

13. Kakoii u3 rpapukoB, MPUBEIECHHBIX HA PHC. 3, COOTBETCTBYET XapAKTEPUCTUKE

IMOJYIIPOBOIJHHKOBOI'O JHOJ4d, BKIFOYCHHOI'O B IIPSIMOM HaHpaBHeHI/II/I?
Al

peau oTBeToB A — I HET IPAaBUIIBHOTO.



14. Kakyto u3 cxeMm, TOKa3aHHbBIX Ha pUC. 4, CICAYET MPENOYECTh JJIs UCCICIOBAHUS
3aBUCUMOCTH MPSIMOTO TOKA JIMOJa OT HANPSHKEHUS U KaKy0 — JIJIsl UCCIIeTIOBAaHMS
3aBUCHUMOCTH OOpPaTHOTO TOKA IMOJIa OT HANIPSIKEHUS ?

A. Jlns o6oux uccae0BaHuM ClIeTyeT BEIOpaTh cxemy 1.

b. [l 060uxX nccie0BaHmi clieIyeT BRIOpaTh cxemy 2.

B. [Ins uccrnenoBanus 3aBUCUMOCTH MPSIMOTO TOKA TUO/a OT HAMPSKEHUSI CIIEyeT
BbIOpaTh cxemy 1, i1 00paTHOroO TOKa — cxemy 2.

I'. It uccmeoBaHus 3aBUCUMOCTH MPSIMOTO TOKA AMOJIa OT HAMIPSHKEHUS CISTyeT
BBIOpATh CXeMy 2, 1Jisi 00paTHOTO TOKa — cxemy 1.

J1. Cpenu otBeToB A — ' HET IPaBUIIBHOTO.

3
4
/
2
1 Puc. 1
PA PA PA p;r
0 > t > T 0 > T 0 >
t
1 2 3 4q
Puc. 2
A la A Ilr
0 > U 0 > U 0 > U 0 >
U
1 2 3 4
Puc. 3
| I | —1 l\|



Puc. 4
II BapuanT.

1. KakuMu HOCUTEIISIMH 3J1. 3apsijia CO3/1aeTCs MIEKTPUUSCKHUI TOK B
MOJTYTIPOBOHUKAX ?

A. DJIeKTpOHaAMHU U MOJIOKUTEILHBIMU MOHAMM.

b. T10/10)KUTEIBLHBIMY M OTPUIIATEIIBHBIMUA HOHAMM.

B. DnextponaMu u IbIpKaMH.

I'. ITonoXXUTENbHBIMU HOHAMHU, OTPUIIATEILHBIMUA HOHAMHU U 3JIEKTPOHAMU.
J1. TONBKO 3JIEKTPOHAMU.

2.Kakoit MUHUMAJIBHBIN 0 a0COTIOTHOMY 3HAUYCHUIO 3apsi MOXKET ObITh EPEHECEH
AIEKTPUYECKUM TOKOM YEPE3 MEeTas?

A.ex1,6-10 1°Ku.

b.2e~3,2-10 K.

B. JIr060ii ckoJIb YTOAHO MaJIBIH.

['. MuHMManbHBIN 3aps1 3aBUCUT OT BPEMEHH IPOIYCKAHUS TOKA.

. 1 K.

3. KakuMu HOCUTEIISIMU 3J1. 3apsiia CO3IAETCA IIEKTPUUECKUN TOK ITPU
AIIEKTPUYECKOM pa3psiie B ra3zax’?

A. DIEKTpOHaAMHU U MOJIOKUTETbHBIMU MOHAMM.

b. I1010)KUTENBHBIMYA ¥ OTPULATEIIBHBIMU HOHAMMU.

B. I1010XUTENTbHBIMU NOHAMU, OTPULIATEIIBHBIMA HOHAMU U 3JICKTPOHAMM.
I'. TonbKO 3IEKTPOHAMMU.

J. DIeKTpoHaMu U JIbIpKaMHU.

4. Kakue nercTBus 3J1. TOKa HAOJIFOAI0TCs TP MPOITYCKaHUU €ro Yepe3 pacTBOP
AJIEKTPOJIUTA?

A. TermnoBoe, XMMHUYECKOE U MAarHUTHOE JCHCTBHS.

b. XuMudeckoe 1 MaruuTHOE JEUCTBUA.

B. TermnoBoe m MarHuTHOE JCHCTBHA.

I'. TermmoBoe M XMMHYECKOE ICHUCTBHSL.

JI. TOTbKO MarHUTHOE JICVCTBUE..

5.Ha puc. 1 nmpeacTtaBieHo cxemaTHuyecKkoe u300paxkeHue Tpanucropa. Kakoit
uu(poit Ha HeM 0003HAYEH KOJIJIEKTOp?

Al

b. 2.



B. 3.
I'.4. . Cpenu orBeToB A — ' HET IPABUIIBLHOIO.

6. KakuM TUIoM mpoBOAMMOCTH 00JIa/Ial0T MOTYTIPOBOJHUKOBBIE MaTepUaibl 03
npuMeceit?

A. He npoBOJAT 31€KTPUUECKUH TOK.

b. Monnoi.

B. B paBHOI Mepe 3IEKTPOHHON U JBIPOYHOM.

['. B OCHOBHOM JIBIPOYHOM.

/1. B OCHOBHOM 3JIEKTPOHHOI.

7. Kakum TUIIOM TPOBOJAMMOCTH 00JIaa0T MOJYIPOBOIHUKOBBIE MaTepUAIIBI C
AKIENTOPHBIMHU IPUMECSIMHU?

A. B 0OCHOBHOM 3JI€KTPOHHOM.

b. B 0OCHOBHOM JIBIpOYHOM.

B. B paBHOM Mepe 3IIEKTPOHHOMN U IBIPOYHOM.

I'. MonHoOM.

J1. Takue maTepuasnbl HE MPOBOIAT JIEKTPUUECKUM TOK.

8. Kakoii U3 npuBeICHHBIX Ha pUC. 2 TPaPUKOB COOTBETCTBYET 3aBUCUMOCTHU
YAEIBHOTO CONPOTUBIIEHUSI PTYTH OT TEMIIEPaTyphl (IpU TeMIiepaTypax, OJM3KUX K
a0COJIIOTHOMY HYJI10)?

A. 1l

= W T

. Cpenu otBeToB A — I' HET TPaBUIIBHOTO.

9. B Kakux cpenax npH MPOX0XKACHUH YEPE3 HUX JIEKTPUUYECKOI0 TOKAa IEPEHOca
BEILIECTBA HE MTPOUCXOUT?

A. B MeTamiax u noJiyipoBOJHUKAX.

b. B nonynpoBOJHHUKAX U pacTBOPax JIEKTPOIUTOB.

B. B pacTBOpax 3ieKTpOIUTOB U METAJLIAX.

I'. B razax v nosynpoBOAHUKAX.

/1. B pacTBOpax 31€KTpOJIUTOB U ra3ax.

10. B onHoM ciryuae B oOpazel repMaHusi J0OABUIM TPEXBAJICHTHBIN UHINM, B IPYTOM
— nsiTUBaNIeHTHBIN 00p. Kakoit Tun npoBoarMocTu rpeobiaagaeT B KakaA0M ciaydae?
A. B niepBoM JbIpOYHOIA, BO BTOPOM 3JIEKTPOHHOMA.

b. B nepBoM 31€KTpOHHOM, BO BTOPOM JIBIPOYHOM.

B. B 00oux ciyyasx 35eKTpOHHOM.

I'. B 00oux cimyuasix IbIpOYHOM.

J1. B 06oux crmydasx 3JeKTPOHHO-IBIPOYHOM.



11. Kak n3meHuTCs Macca BEIIECTBA, BBIACIUBILETOCS HAa KaTO/I€ MPU MPOXOKICHUU
AIIEKTPUYECKOTO TOKA YEPE3 PACTBOP JIEKTPOJIUTA, €CIIN CUJIA TOKA YMEHBIIUTCS B 2
pasa, a Bpemsi €ro NpoxoKI€HHUs BO3pacTeT B 2 pasa?

A. YBenunuurcs B 2 pasa.

b. YBenuuurcs B 4 paza.

B. He uzmenurcs.

['. YMenbmuTes B 2 pasa.

/1. Ymenbmnres B 4 pasa.

12. B npouecce snekrponnsa "+" HOHBI TepeHecan Ha kaTox 3a 2¢ "+" 3apsa 4K, "-
" HOHBI IEPEHECTN HA aHOJ TaKoM ke o Moxynto "- " 3apsan. KakoBa cuiia Toka B
uenu?

A. 16A.

b. 8A.

B. 4A.

. 2A.

1. 0.

13. Kakoii u3 rpadmKoB, IPUBEIEHHBIX HA PHUC. 3, COOTBETCTBYET XapaKTEPUCTUKE
MOJIyIIPOBOJJHUKOBOI'O TMO/1a, BKIFOYEHHOTO B OOpaTHOM HaIpaBiIeHUU?

A. 1l

b. 2.

B. 3.

I'. 4. JI. Cpenu otBeTOB A — I HET IPABUIIBHOTO.

14. Kakyto u3 cxem, NOKa3aHHBIX Ha pUC. 4, ClienyeT NpeAnoYeCTb I UCCIEIOBAHUS
3aBUCUMOCTH MPSAMOI0 TOKA U0/ OT HANPSKEHUSI M KaKyl0 — IS UCCIIEA0BAHUS
3aBHCHUMOCTH OOpaTHOTO TOKAa JAHOJa OT HANPSKEHUS?

A. Hu o1MH 13 IPUBEICHHBIX HUKE OTBETOB HE SIBJISAETCS IPABUIIBHBIM.

b. [Insa nccnenoBanus 3aBUCUMOCTH IIPSIMOIO TOKA AMOJA OT HAIIPSKEHHUS CIIETyEeT
BBIOpATh cxemy 2, it 00paTHOTO TOKa — cxemy 1 .

B. /Ins nccnenoBanus 3aBUCUMOCTH MIPSIMOTO TOKA AUOJA OT HAIIPSKEHUS CIEAYET
BbIOpaTh cxemy 1, 11t 00paTHOTO TOKa — cxemy 2.

I'. st o6oux cimyyaes cieayeT BbIOpaTh cxemy 2.

. [ns oboux ciayyaes ciaeAyer BoIOpaTh cxemy 1.

3

1 Puc.1



Puc. 2
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KonTpomupyemsie komnereniuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-11.7.;

It B R A e

JIP2, JIP4, JIP23, JIP30

v



Kaouu Kk Tectam:

Bapuanr 1

Ne Bonpoca 112 ]3]4|5|6|7[8]|9 |10(11]12/13|14

Hpasuabnubii | I A/ B/ B/ A|B/A|B| A | b |B|b|B|B
0TBET

Bapuanr 2

Ne Bonpoca 1 10[11(12|13|14

)
w
N
ol
»
~
o
©

Ipauabubii B/A|/B|A| B/ BB/ B|/A/A B |I' | 1 |B
OTBET

Kpurepun ouenku:

— «2» BBICTaBIISIETCSL 00yUaOIIEMYyCsl, €CITU HaOpasl MeHee S 0alioB;
— «3» BBICTABIIICTCS O0ydaromemycs, 3a 8-6 60amios;

— «4» BBICTaBIISIETCS O0yUaromemycs, 3a 11-9 6amos;

— «5» BBICTaBIISIETCSl 0OyUaroniemycs, 3a dosee 12 6amios.

3aganusa s camocTossTesibHOH padoTel (CP)
Tembl 3cce (pedepaToB, J10KJIAT0OB, COOOIIEHMI)

DIEKTPUYECKUN TOK B METajllaX, B 3JIEKTPOJIUTAX, Ta3ax, B BAKyyMeE.
DIEKTPOIIHU3.

3akoH anextponu3a Dapajes.
DIJIEKTPOXUMHUYECKUI SKBUBAJIEHT.

Bubl ra3oBbIX pa3psaos.
TepMOaIEeKTPOHHAS HIMUCCUSL.

[Lma3ma.

CoOcTBeHHAas U MPUMECHAas! TPOBOUMOCTH.
. P-n mepexon.

10.TTpumeHeHnE TOTyIPOBOTHUKOB.
11.TToynpOBOTHUKOBBIEC TPHUOOPHI.

wooNoaRLWNE

Konrtpomupyemsie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepnn oneHku:

OrmeTka «5»

IIOJIHO PACKPBITO COAEPKaHUE MaTepuana

YETKO U ITPABWIBHO JTaHbI ONPEACIICHUS U PACKPBITO COJIEPKAHUE ITIOHATUM, BEPHO
VICIIOJIb30BaHbl HAYYHBIE TEPMUHBI

JUTSI I0Ka3aTeNIbCTBA UCIIOJb30BaHbl Pa3IuYHbIE YMEHUS, BBIBOIBI U3 HAOIIOACHU,
OIIBITOB

OTBET CaMOCTOSITENIbHBIH, HCII0JIb30BAaHbI paHEe IPUOOPETEHHBIE 3HAHMUSL.



OtMmeTka «4»

PACKpBITO OCHOBHOE COJIEpKaHUE MaTepuala

B OCHOBHOM IPABWJIBHO JIaHbI ONIPEACIICHUS TOHATUIA U UCTI0JIb30BAHbl HAYYHbBIC
TEPMUHBL.

OTBET CaMOCTOSITEIbLHBIN

ompeJieJICHNS TTOHATUI HETOJIHbIC, IONMYIIeHbl HE3HAYUTEIbHbIC HAPYIIICHHUS
MIOCJICI0BATEIFHOCTH U3JI0KEHHUS, HEOOIBIITNE HETOYHOCTH MPH MCIIOJIb30BAHUH
Hay9YHBIX TEPMHUHOB HJIM B BBIBOJaX M O0OOOIICHUIX

MPaBWIbHBIC U YETKUE OTBETHI HA BOMPOCHI YTOUHSIIOIIETO XapakTepa (MO3uIus
MOHUMAIOLIUH )

Otmetka «3»

YCBOEHO OCHOBHOE COJIepKaHKe YueOHOTO MaTepualia, HO U3JI0kKEHO (hparMeHTapHO,
HE BCEr/ia MOCIeA0BaTENbHO

ONpeIeJICHUS TOHSTUI HEIOCTAaTOYHO YETKUE

HE MCIIOJIb30BaHbl B KAUECTBE JOKA3aTEIHCTBA BHIBOJIBI U 0000IIEHUS U3
HaOII0ICHUM, TOMYIIIEHBI OITUOKH MPU UX HU3JI0KESHUU

JOTMYIICHBI OITMOKA U HETOYHOCTH B UCTOJb30BAaHUM HAYYHON TEPMUHOJIOTHH,
OIPEICIICHUE TTOHITUIA

MPaBWIbHBIC U YETKUE OTBETHI HA BOMPOCHI HABOISIIIIETO U KOHKPETUZUPYIOIIETO
xapakTtepa (MO3UIUsT KPUTHK)

OtmeTKa «2»

OCHOBHOE COJIepKaHHe YueOHOTO MaTepualia He pacKphITO

HE JJaHbI OTBETHI HA BOIPOCHI HABOISIIIETO U KOHKPETU3UPYIOIIETO XapaKTepa
JIOTYIIIEHBI TPyObIe OMIMOKHK B ONMPEACICHUN MOHSATUM, IPU UCIIOJIb30BaHUHT
TEPMHUHOJIOTHUH.

JlaGopaTopHblie padoThI
JlabopaTopHnasi padora Ne 11
OnpenesieHue 3JIEKTPOXUMHYECKOT0 IKBUBAJIEHTA Me/IH.
Hean padorebi: HayunTbest U3MEPSTh 3IEKTPOXUMUUYECKHUE SKBUBAIEHThI BEIIECTB

OO0opynoBaHMe: BECHI JJIEKTPOHHBIE, AMIIEPMETP IIKOJIbHBIN, YaChl, BEIIPSIMUTEIND HA

4,5B 2A, peocrar 6 Owm 2A, k104,
SJICKTPOJIINTUUCCKAA BaHHA, paCcTBOP
MCIHOI'O KyI1opoca, E_ . —! BleInp anmTENE BCHTHUJIATOP-
HarpeBarcib, COCANHHUTCIIbHBIC

IPOBO/JIA.




[Ipouecc, mpu KOTOPOM MOJIEKYJIBI COJIEH, KUCIOT U LIEJIOYEN MPU PACTBOPEHUH B
BOJI€ WJIM JIPYTMX PAcCTBOPUTENSAX paclaJaroTcs Ha 3apsiKEHHbIE YacTUIbI (MOHBI),
HAa3bIBACTCS JIEKTPOIUTHUUECKON AUCCOUNALMEH; ITOJYYUBILIUICS IIPA 3TOM PacTBOP C
MOJIOKUTEIbHBIMU U OTPULIATEIbHBIMA MOHAMH HA3bIBACTCS NEKTPOIUTOM.

Ecnu B cocyn ¢ 37€KTpOIUTOM MTOMECTUTD TUIACTUHBI (3JIEKTPOIbl), COEAMHEHHBIE C
3)KMMaMHM HCTOYHHMKA TOKa (CO3[JaTh B DJIEKTPOJIMTE AJIEKTPUUECKOE IIOJIE), TO
MOJIOKUTENIbHBIC MOHBI OyJyT NBUTAaThCS K KaTOAY, a OTPUIIATENIbHBIC - K aHOdy. Y
AJIEKTPOJIOB MPOUCXOJAT OKUCIUTEIHbHO-BOCCTAHOBUTEIBHBIE PEAKIMU, TIPU 3TOM Ha
AJIEKTPOJIaX BBIACISIOTCS BEMIECTBA - MPOAYKTHI PEAKIMU.

g snextponusa crnpaBemvB  3akoH Dapajes. Macca BbIICJIUBIIETOCH
BeLECTBA HA JJIEKTPOAE NMPSAMO NPONOPUHHOHAJBbHA 3apsaay Q, mnpouenmemy
yepes JIEKTPOJIUT:

m=kq (1)

m=kIt (2)
rae K - 2JIeKTpOXUMHUYECKUI SKBUBAJICHT - KOJIMYECTBO BEIECTBA, BBIICICHHOE TPU
NpOXOXKAEHUN 4yepe3 anekTpoanut 1 K anektpudectBa. [Ins kaxaoro BeliecTBa 3Ha-
yeHHe K eCTh MOCTOsSTHHAS BEJIMYUHA.
N3mepuB cuily TOKa B LIENH, COCTABJIEHHOM 10 CXEME, BPEMS €ro IPOXOKICHUS U

Maccy BBIJACJINBIICTOCS Ha KaToc BCIICCTBA, MOXHO OHpCI[eJ'H/ITB
BHCKTpOXI/IMI/I‘-IGCKI/Iﬁ 9KBUBAJICHT U3 IICPBOI'0 3aKOHA (Dapazxeﬂ:
k=m/(IY) 3)

Iopsinok BbINOJTHEHHUS PA0OTHI:
1. BeiOpath 0J1Hy U3 MEIHBIX TJIACTUH 32 KaTO/,.
2.0npenenuTsh MacCcy MEHOM TUTACTUHBI (KaTo/a ) 10 OMbITA.
2. CobOpathb 11eMb, YKa3aHHYIO Ha pUC. 1, aKKypaTHO OIMYCTUTbH DJIEKTPOJIbI B PACTBOP
MEIHOT0 Kyropoca U ¢ MOMOIIbIO peocTaTa YCTaHOBUTH CUITY TOKa 1 A.
3. 3adukcupoBathb Bpems t=10 mun.
4.Pa30MKHYTb 1I€Ib, BBIHYTh KaTOJIHYIO TUIACTUHKY, CMBITh C HE€ OCTaTKa pacTBOpa U
BBICYIIUTH BO3JIE BEHTUJISATOPA.



5. B3BecuTb BBICYIICHHYIO IUIACTUHY C TOYHOCTHIO 10 10MT.
6. 3HaueHHE TOKA, BpEeMs OIbITa, YBEIUUCHHE B MACCE KATOAHOM IJIACTUHY 3aIMCaTh B
Ta0JIMILY U OTPEJEIUTh JIEKTPOXUMHUUECKUIN SKBUBAJICHT 110 dopmysie (3)

Macca karoga Macca DIEKTPO ex %
OIIBIT ID A J10 OIIbITa IIOCJIC OIIbITa OO BpeMH RHMITH
BEIIECTBA t(c) SKBUBAJIC
ms (x2) mz (xe) ma (k2) o

OuneHka morpemHocTei.

k=-1
|-t
OTHOCHUTENBHAS TOTPEUIHOCTh: K =M+ 48l + & = Aﬁm + ATI + % .
Am=0,05 a.
AI=0,1 A
At=20 c.

Onenure B mpolecce NMpoBeneHUs padOThl HAMOOJBIINE JOIYCTHUMbIE OLIMOKU
IIPU U3MEPEHUM MACChl, TOKA U BPEMEHH. BBIUNCINTE OTHOCUTENBHYIO NOTPEIIHOCTb,
HaIUTe MAaKCUMAIIbHYIO JIOMYCTUMYFO ITOTPEITHOCTh TP OnpeesieHnH K.

Ak =K -K.

ITocne aToro gaercs pe3ynprar B BUAC: k =K + Ak

onsima

CpaBHHTE MOTYUYEHHBIN pE3yIbTaT C TAOIUYHBIM.

KoHTpoJibHBIE BONIPOCHI.
UTo Takoe 3JIEKTPOJIUTUYECKAS TUCCOLUALIMS, IIEKTPOIINU3?
OObsicHUTE, KaK MPOUCXOAUT Pa3JIOKEHHUE BOJAbI AJIEKTPUUECKUM TOKOM?
Kak npoucxonut papunupoBanue?
Cdopmynupyiite nepbiii 3akoH dapanes.
I"anpBanoCTETHS.
['anpBaHOMIACTHKA.
Urto takoe 3/1C nonsipuzanuu?
UTo Takoe eMKOCTh aKKyMyJiaTopa?

NGO~ WDE

Koutponupyemsie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; TL.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepuu onenku:

— Omenka «5» CTaBUTBCS, €CJIM YYAIIUKCS BBITIOJHIET pabOTy B MOJHOM OOBEME C
coOJIIoIcHHEM  HEOOXOJAMMOM  TOCJENOBATEILHOCTH  IMPOBEJACHUS  OINBITOB U
U3MEpPEHUN; CaMOCTOSITEILHOU parmoHaIbLHO MOHTHPYET HEOOXOINMBIE
000pyI0BaHUE; BCE OMBITHI MPOBOJIUT B YCIOBHUAX U PEXKUMaX, 00SCIECUYMBAIOIINX
MOJIYYCHHE TPaBUJIBHBIX PE3YJbTATOB W BBIBOJIOB; COOJIOJAET TPEOOBAHHS IPABUII




0€30MacHOCTU TPpyJa; B OTUETE MPABUIBLHO W aKKypaTHO BBINIOJHSET BCE 3aIlUCH,
TaOJIUIbI, PUCYHKH, YePTEKHU, TpadrKH, BEIYUCICHUS; TTPABUJIBHO BBITIOIHSICT aHAJIN3
MOTPEIIHOCTEM.

— OneHka «4» CTaBUTCS, €CJIM BBHINOJHCHBI TPEOOBAHMS K OIEHKH «5», HO ObUIH
JOMYIICHBI JIBa-TPH HeAodeTa, He Oojiee OaHON HerpyOol OIMMOKM W OJIHOTO
HEJI0YEeTa.

— Omenka «3» craBuTCs, eciu paboTa BBIMOJHEHA HE IOJHOCTHIO, HO O00BEM
BBITIOJITHGHHON YaCcTH TAaKOB, IIO3BOJIACT IIOJYYUTh TIPABWIBHBIC PE3yJIbTaThl U
BEIBOJIBI: €CJTM B XOJI€ TIPOBEICHHUS OTBITA U U3MEPECHUI OBLIN JOMYIIEHBI OIITHOKH.

— Omenka «2» crTaBHUTCS, €CiAM paboTa BBIMOJHEHA HE IMOJMHOCTRIO U 00BEM
BBITIOJITHEHHON YacTH pabOT HE MO3BOJIAT CHejaTh IMPaBUILHBIX BBIBOJIOB: €CIIH,
OTIBITHI, U3MEPCHMS, BRIYMCIICHUS, HAOIIOICHHSI IPOU3BOIUINCH HEMPABUIIHHO.

Tema 3.4. MaruurHoe moJie
YcrHblii onpoc (YO)

Kak BO3HHMKAIOT MarHUTHBIC B3aUMOCHCTBUS?

Yro Takoe MarHUTHOE TOJIe, YEM OHO CO3ACTCs?

CBolicTBa MATHUTHOTO TIOJIA.

JIelcTBHSI MArHUTHOTO T0JI HA PAMKY C TOKOM.
KonndecTBeHHas XapaKTepUCTHKA MAarHUTHOTO TTOJISI.

UYTo mpuHSATO 32 HANPABJICHUE BEKTOPAa MAarHUTHOW WHTYKITHH ?
[IpaBuiio OypaBumka.

UYro onpenensieT npaBuiio OypaBunka?

. Kak n3o0paxaroT MarHuTHbIE MOJIS?

lO Yrto Takoe JIMHUM MAarHUTHON WHIYKITUHU ?

WooONOTA WD

Konrponupyemsie komnerenunu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtmeTka «5»

IIOJIHO PACKPBITO COJCPKAHUE MaTepUaia

YETKO Y MPABWJIBHO JIaHbI OMIPEACIICHUS U PACKPBITO COJIEpKaHUE MTOHATHM, BEPHO
WCII0JIb30BaHbl HAYYHbIE TEPMUHBI

JUISL OKA3aTeNIhCTBA UCIIOJBb30BaHbI Pa3IMIHbIC YMEHUS, BEIBOIbI M3 HAOIIOICHH,
OIIBITOB

OTBET CaMOCTOSTEINIbHBIN, UCIOIB30BaHbl paHee NPUOOPETEHHbBIC 3HAHUS.

OtmeTKa «4»

PACKpBITO OCHOBHOE COJIEp)KaHKE MaTepralia

B OCHOBHOM IPaBHJILHO JIAHBI ONIPEICJICHUS TIOHATHI U UCIIOJIb30BaHbl HAYYHBIE
TEPMUHBI.

OTBET CAMOCTOSTECIbHBIN



ONpeIeJICHHS TOHSATUI HETOJHBIE, IOMYLIEHb HE3HAYUTEIbHbIE HAPYILLIECHUS
MOCJICIOBATEIHHOCTU MU3JI0KEHUS, HEOOIBIIINE HETOYHOCTH MIPU UCTIOJIb30BaHUU
HAyYHBIX TEPMUHOB WJIM B BBIBOJIAX U 000OIIEHUIX

MpaBWIbHBIC U YETKUE OTBETHI HA BOMPOCHI YTOUHSIIOIIETO XapakTepa (Mo3uus
MOHUMAIOIINH)

OtmeTtka «3»

YCBOEHO OCHOBHOE COJIEp’KaHHe yueOHOTO MaTepHraa, HO U3J105KEeHO parMeHTapHoO,
HE BCEr/Ia MocCjIe10BaTeIbHO

ONpeIeJICHHS TOHSTUNA HEIOCTATOYHO YETKUE

HE MCIIOJIb30BaHbl B KAUECTBE JOKA3aTEeIHCTBA BHIBOJIBI U 000O0IIEHUS U3
HaOII0ICHUM, TOMYIIICHBI OITUOKH MPU UX U3JI0KESHUU

JOTYIIEHBI OITMOKU M HETOYHOCTH B UCTIOJIb30BAHUH HAYYHOW TEPMUHOJIOTHH,
omnpe/ieseHUue MOHITHIM

MpaBUWIbHBIEC U YETKUE OTBETHI HA BOMPOCHI HABOISAIIETO U KOHKPETU3UPYIOIIETO
xapakTtepa (MO3UIUsI KPUTHK)

OtmeTKa «2»

OCHOBHOE COJIepKaHKe YueOHOTO MaTepualia He pacKpbITO

HE JJaHbI OTBETHI HA BOMPOCHI HABOISIIIETO U KOHKPETUZUPYIOIIETO XapaKTepa
JOTMYIIEHBI IPyObIe OMKUOKHU B OMPEIEICHUHN MTOHATHI, PU UCTIOJIb30BAHUU
TEPMUHOJIOTUH.

TecrtupoBanmue (T)
I Bapuanr.

1. Kakoe siBjieHre HaOJ/II01aeTCsl B onbITe Jpcrena?

A) B3aUMO/ICHiCTBUE TTPOBOTHUKOB C TOKOM;

b) B3aumoielicTBue JBYX MarHUTHBIX CTPEJIOK;

B) moBopoT MarHuTHOM CTpPENKU BOJIM3U TPOBOHUKA C TOKOM.

2. Bo3Jjie NpoBOIHMKA C TOKOM PACIIOJI0KeHA MATHUTHAS cTpeika. Kak
U3MEHHTCS ee HANlPpaBJIEeHHE, €CJIM U3MEHNTh HANPABJIeHHE CIJIbI TOKA?
A) nosepuercs Ha 90°;

B) nosepuercs Ha 360°;

B) nosepuercs na 180°.

3. IloueMy MarHuTHasi CTPeJIKA MOBOPAaYUBaeTCsl BOJIM3U NPOBOAHUKA C TOKOM?
A) Ha Hee JIeliCTBYeT MarHUTHOE T0JIE;

b) Ha Hee AeCTBYET AIEKTPUUECKOE MOJIE;

B) Ha Hee aeiicTByeT cuiia IPUTSHKEHMUS;

[') Ha Hee NEeUCTBYIOT MArHUTHBIE U 3JIEKTPUYECKUE TOJIS.



4. Kakas cBsI3b CylIeCTBYET MeKIY JIeKTPHYECKHM TOKOM H MAaTrHUTHBIM
noJjiem?

A) MarHUTHOE MOJI€ CYIIECTBYET BOKPYT HEMOABUKHBIX 3aPSKEHHBIX YACTHII;
b) MarauTHOE MOJIE CYIIECTBYET BOKPYT JIFOOOTO IIPOBOJHUKA C TOKOM;

B) maruuTHO€ moJie AeiCTBYET Ha HEMOABMIKHBIC 3aPSIKECHHBIC YACTUIIBI.

5. YUTo siBJIsSIeTCS HA/IESKHBIM 3AIIIUTHUKOM YeJI0BeKa 0T KOCMUYeCKHUX
U3JIy4eHHid?

A) MarHuTHoOE noJje 3emiu;

b) 3emHuas atmocdepa;

B) u To u apyroe.

6. Kaxk B3anMoaeiicTBYIOT MexAy CO00H MOII0CHI MarHura?

A) OZTHOMMEHHBIE MTOJII0CA OTTAIKUBAIOTCS, pA3HOMMEHHBIE MOJII0CAa PUTATUBAOTCS;
b) pa3HOMMEHHBIE MTOJIF0CAa OTTAJIKUBAIOTCS, OJTHOMMEHHBIE MOJIK0CA PUTATUBAIOTCS;
B) He B3auMoAEHCTBYIOT.

7. YeM 00bSCHUTD, YTO MATHUTHAS CTPEJKA YCTAHABJINBAETCS B JaHHOM MecTe
3eMJuiM B onpeieJICHHOM HANPaBJIeHUN?

A) CyIIeCTBOBAHHEM 3JIEKTPUUYECKOTO MOJIS;

b) cymecTBoBaHHEM MarHMUTHOTO MOJISI 3€MJIU;

B) cyuiecTBoBaHMEM 3JIEKTPUYECKOTO U MAarHUTHOTO TIOJIEH 3eMIIH.

8. Kak Ha3bIBalOTCSI MAarHUTHbIE MOJIKOChI MAarHura?
A) TIOJIOKUTENIbHBIN, OTPUIIATEILHBIN;

b) cunuii, kpacHslif;

B) ceBepHbIil, FOKHBII.

9. I'le HaXOASATCH MATHUTHBIE MOJIIOCHI 3eMJn?
A) BOHM3M Tpa)IueCcKUX MOTIOCOB;

b) Ha reorpaduieckux momrocax;

B) moryT ObITh B 11000 TOUKE 3eMIIH.

10. Kakoe cxo1cTBO HMeeTCsl MeKAY KATYIIKON ¢ TOKOM M MATHUTHOM CTpPeJIKoii?
A) KaTyIllKa ¢ TOKOM, KaK U MarHUTHAas CTPEJIKa, UMEET JIBa MOJII0Ca — CEBEPHBIN U
FO)KHBIH;

b) cymiecTByer aekTpruuecKoe IoJie;

B) neiicTBy10T Ha MPOBOJHUK C TOKOM.

11. Kak u3MeHsieTcs1 MArHMTHOE JIefiCTBHE KATYIIIKHA C TOKOM, KOI/1a B Hee
BBO/IAT KeJIe3Hblil cepeuyHnK?

A) yMeHbIIIaeTcs;

b) e usmensercs;

B) yBennuuBaercs.



12. Yrto Hagxo caeatb, 4YTOOBI U3MEHUTH MATHUTHBIE MOJIIOCHI KATYIIKHA ¢ TOKOM
HA NMPOTUBOIOJIOKHbIE?

A) U3MEHUTH HAIIPaABJICHUE JIEKTPUUECKOTO TOKA B KATYIIIKE;

b) u3MEeHUTH YMCII0 BUTKOB B KaTYIIIKE;

B) BBecTU BHYTpPb KaTyIIKU KEJIE3HBIN CEpJICUHUK.

13. Uto co0oii npeacTaBiasieT 3J1eKTPOMATHUT?
A) KaTyIllKa ¢ TOKOM C OOJIBIIIUM YHUCJIOM BUTKOB;
b) xatymika ¢ »ene3HbIM CeplICUHUKOM BHYTPH;
B) cunbHBIN MOCTOSTHHBIM MarHuT.

14. Kakue ycTpoiicTBa NPMMEHSIIOTCS AJIsl PeryJIMPOBAHMS TOKA B KATYyIIKe
JJIeKTpoMaruura?

A) ko,

b) npenoxpanurens;

B) peocrar.

15. B yeM ri1aBHOe OTJIMYHE YJIEKTPOMATHUTA OT MOCTOSIHHOTO MATHUTA?

A) MOXHO PeryaupoBaTh MarHUTHOE JEUCTBUE JIIEKTPOMArHUTa, MEHsISI CUITY TOKa B
KATYIIKE;

b) snexktpoMaruuthel 00J1a/1at0T OOJBIIEH MTOBEMHON CUJIOMN;

B) HeT HMKaKOro OTIUYHSL.

16. Kakue u3 nepe4uc/ieHHbIX BellleCTBA He NPUTATUBAIOTCH MATHUTOM?
A) xene3o;

b) cranb;

B) Hukens;

') amromuHUIA.

17. Iloyemy /i1 U3y4YeHUsI MATHUTHOTO MOJIS MOKHO MCIOJIb30BATh KeJIe3Hble
ONMUJIKH?

A) B MarHUTHOM I10JI€ OHY HAMarHMYMBAIOTCS M CTAHOBSITCSI MArHUTHBIMU CTPEJIKAMU;
b) xene3Hbie OMUIKU XOPOIIIO HAMAarHUYUBAIOTCS;

B) onu ouens jnerkue.

18. Kak pacnosiararorcs Kejie3Hble ONMUJIKHA B MATHUTHOM I10JIe IPSAMOI0 TOKAa?
A) pacnosnararoTcsi B0JIb IPOBOIHUKA C TOKOM;

b) 00pa3ytoT 3aMKHYThI€ KPUBBIE BOKPYT MPOBOJIHHUKA C TOKOM;

B) pacnionararotcst 6eciopsi1o4HoO.

19. Kakoii MAarHUTHBII Mo10¢ HaxXoAuTCs BOJM3HM FOxkHOro reorpadguyeckoro
noJroca 3eman?

A) ceBepHBIif;

b) roxHbIil;

B) ceBepHbIii U FOKHBIN;



I') HUKaKOM.

20. K nmosrocy Maraura npuTsaHyJauch aBe OyjaBku. [louemy ux cBo0oaHbIe
KOHIBbI OTTAJIKHBAKOTCH?

A) KOHITBI OyJTABOK UMEIOT PAa3HOMMEHHBIE TIOJTIOCHI;

b) xoHI1IbI Oy1aBOK UMEIOT OJJTHOUMEHHBIE MOJIFOCHI;

B) xoH11bI Oy71aBOK HE HAMArHUYEHBI.

Kontpomupyemsie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30

Kaouu Kk Tectam:

Ne Bonpoca |1|2(3|/4|5/6(7|8|9/1 |1 |1 |1 |1 111 |1 |1 |2
01112 |3 4 5|6 |7]81]9 10
A/B|A|B|B|A|[T|A|B|A|B

IpaBHIbLH B B|/A|B|A|A|B|B|A
BbIN OTBET

Kputepun oreHKu:

— «2» BBICTABIIICTCS O0yYarOIIEeMycCs, €Il Habpaia MeHee 8 OalIOB;
— «3» BbICTaBIISIETCS OOyUaroniemycs, 3a 9-11 6anos;

— «4y BBICTaBIISIETCS OOyUaromemycs, 3a 12-16 6amios;

— «5» BBICTaBIISIETCS O0yUaromemycs, 3a oosee 17 0amios.

3aganusa s caMmocTossTes ibHOH padoTel (CP)
Templ 3cce (pedpepaToB, T10KJIAT0B, COOOIICHUA)

Bektop mHAYKIMK MarHUTHOTO TOJISI.

Hanpsi>keHHOCTh MAarHUTHOTO MOJIS.

JleficTBHE MAarHUTHOTO TOJISl HA TIPSIMOJIUHEWHBINA MPOBOJHUK C TOKOM.
Pabora o nepemenieHro TPOBOIHUKA ¢ TOKOM B MarHUTHOM TIOJIE.
[IpaBuiio 6ypaBumka.

[IpaBuiio mpaBout pyku.

B3aumopeiicTBue TOKOB.

Cuna Amnepa. [Ipumenenue cuiibl AMnepa.

. IIpaBuino npaBoii 1€BO pyKH.

10 JlelicTBME MarHUTHOTIO MOJISl HA JBHXKYLIUKCS 3apsil.

11.Cuna JlopeHia.

12.TTpumenenue cuibl JlopeHna.

13.0Omnpenenenre yneasHOTO 3apsia.

14 . MarHuTHbl€ CBOMCTBA BEILIECTBA.

15.MarautHasi HpOHULAEMOCTb.

woNoRWNE




Kontpomupyemsie komnerenuuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; TL1.-IL.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtmeTka «5»

MIOJIHO PacCKPBITO COJICPKAHUE MaTepuaia

YETKO W TMPABUJIBHO JAHbl ONPENCIICHUS M PACKPBITO COJCpP)KAaHUE IMOHATHUM, BEPHO
MCII0JIb30BAHbI HAYYHBIE TEPMUHBI

JUIS JTOKA3aTelIbCTBA MCIOJIb30BaHbl PA3IMYHBIC YMEHUS, BBIBOABI M3 HAOIIOJICHHM,
OIIBITOB

OTBET CAaMOCTOSTENIbHBIN, UCIIOIL30BaHbl paHee MPUOOPETEHHbBIC 3HAHUS.

OtmeTKa «4»

PacKpBITO OCHOBHOE COJIEp)KaHKE MaTepHuaia

B OCHOBHOM MPaBWJIbHO JIaHbl OMNpPEJCICHHUS MOHATHH M HCIOJIb30BaHbl HAy4YHBIE
TEPMUHBI.

OTBET CAMOCTOSTEIbHBIN

ONpE/CIICHUS] TOHATUH HEMOJHbIE, JOMYyIIeHbl HE3HAYUTEJbHbIE HapyIICHUs
MOCJICIOBATEIbHOCTH HM3JIOKEHHUS, HEOOJBIINE HETOYHOCTH IPU HCIOJIb30BaHUU
Hay4YHBIX TEPMUHOB HJIM B BBIBOJIaX M O0OOIIICHUIX

NpaBWIbHbIE M YETKHE OTBEThl HA BOMPOCHl YTOYHSIONIIETO Xapakrepa (MO3UIuUs
MTOHUMATOIITUH )

OtmeTKa «3»

YCBOCHO OCHOBHOE COJIepKaHUE yd4eOHOTO MaTepHaia, HO MU3JI0KEHO (pparMeHTapHO,
HE BCErJa IocJIeJ0BaTEILHO

OTIPEICIICHHS TTOHSATHH HEJIOCTATOYHO YECTKHE

HE HCIOJB30BaHbBI B KayecTBE JOKa3aTeJbCTBa BBIBOABI M OO0OOIIEHHS U3
HAOJTFOICHHH, TOTYIIEHBI OIITUOKH TIPH UX U3JI0KCHHUH

JOMYIIECHbl ONIMOKM W HETOYHOCTH B HCIIOJIB30BAHUW HAYYHOH TEPMHHOJIOTHH,
OIPENICIICHUE TTOHITUI

MpaBWIbHBIC M YETKHE OTBEThI HA BOMPOCHI HABOIAIIEIO U KOHKPETU3UPYIOIIETO
xapakTepa (Mo3UIUs KPUTHK)

OtmeTKa «2»

OCHOBHOE COJIepKaHKe YyueOHOTO MaTepualia He pacKpbITO

HE JIJaHbI OTBETHI HA BOIIPOCHI HABOISIIIETO M KOHKPETU3UPYIOIIETO XapaKkTepa
JOMYIIEHbl TPyOble OMMOKKM B ONPEACIICHUH IOHATHH, TPH HCIOJb30BAaHUU
TEPMHUHOJIOTHUH.

Tema 3.5. DnekTpoMarHuTHasi HHAYKIMS.



YcrHblii onpoc (YO)

=

B uém 3aKiir04aeTcsi CyuIHOCTh SIBJICHHS JIEKTPOMArHUTHON MHTY KLU ?

Kewm otkpsiTo siBienue? ['ox oTKpbITUA?

Kakue ycnoBust HeOOXOAMMBI IJIs1 CYIIIECTBOBAHUS SIBJICHUS JIEKTPOMArHUTHON
VHIYKIWH?

3aKOH 3IEKTPOMArHUTHON MHTYKIIMU

YTto gBASETCA UCTOYHUKOM UHAYKIIMOHHOTO 3JIEKTPUYECKOTO MOJIs?

Petrenue 3a1auu (13 yncna o0s13aTeNIbHbBIX )

[TonsATHE MHAYKIIMOHHOTO JIEKTPUUECKOTO OIS

Ero otnnyue ot cTallnOHApHOTO JIEKTPUUECKOTO

KTO BBIIBUHYJI TUTIOTE3Y €r0 BOBHUKHOBEHUS ?

HampaBienue HWHIYKIIMOHHOTO AJIEKTPUYECKOTO TIOJII MO OTHOIICHHIO K
HAIMPaBJICHUIO BUXPEBOTO MATHUTHOTO TOJS MpPU €ro HapacTaHUM WIU
yOBbIBaHUU (Cae1aTh YEPTEK)

5. DJIC uHAYKIMYU B IBMXKYIIUXCA B MATHUTHOM T10JI€ POBOTHUKAX

=N

PONEOOA

Kontponupyemsie komnerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; TL.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtMmeTKa «5»

MIOJTHO PACKPBITO COACPIKAHUE MaTepHUasa

YETKO M MPaBWILHO HAHbI OMPEICIICHUS U PACKPBITO COACPNKAHUE MOHSITHI, BEPHO
VICIIOJIb30BAHBI HAYYHBIE TEPMUHBI

JUISl JIOKA3aTelbCTBA MCMOJIb30BAHBI PA3JIMUHbIE YMEHUS, BBIBOJbLI U3 HAOIIOJICHUM,
OIBITOB

OTBET CaMOCTOSTEIIbHBIN, NCIIOJIB30BaHbI paHee MPHOOPETEHHBIC 3HAHUS.

OtMmeTka «4»

PacCKpBITO OCHOBHOE COJICp)KaHHE MaTepHaia

B OCHOBHOM TMPAaBWJIBHO JaHBI OMPEICICHUS TMOHATUA M HWCIIOJIb30BAaHBI HAyYHBIC
TEPMUHBI.

OTBET CAMOCTOSITEIbHBIN

OTIpe/IeTICHUS] TOHSATUH  HETONHBIC, JOMYIIEHH HE3HAYUTEIbHBIC HAPYIICHUS
MOCJICIOBATEIPHOCTA HW3JIOKCHHS, HEOOJBIINEe HETOYHOCTH TPU HCIOJB30BAaHUU
HAYYHBIX TEPMUHOB WJIM B BBIBOJIAX U 000OIIIEHUSIX

NpaBUIbHBIC M YETKHE OTBETHl HA BOIPOCH YTOYHSIONMIETO XapakTepa (IO3HIIUsS
MTOHUMAFOIITHHA)

OtMmeTka «3»

YCBOSGHO OCHOBHOE COJIep)KaHHEe YyYeOHOTO MaTepualia, HO M3JI0KEHO (parMeHTapHO,
HE BCErJa IocJIeJ0BaTEILHO

ONpeIeJICHHS TOHSATUNA HEJIOCTATOYHO YETKHUE



HE UCIOJIb30BaHBI B KayeCTBE JIOKA3aTeNbCTBA BBIBOJALI M 00O00OIICHUS W3
HAOJTIOICHHM, TOTYIIEHBI OITMOKU TP UX U3JI0KCHHUH

JOTMYIIIEHBI

OIMMOKA W HETOYHOCTH B HCIOJIb30BAHUH H&y‘-IHOfI TCPMHUHOJIOTHH,

ONPEAECTICHUE TOHATHI
NpaBUIbHBIE M YETKHWE OTBETHl HAa BOMPOCHI HABOASIIETO U KOHKPETHU3UPYIOIIETO
xapakTepa (IMo3ulns KPUTHK)

OtMmeTKa «2»
OCHOBHOE COJIepKaHHe Y4eOHOTO MaTepHualia He pacKphITO
HE JIJaHbI OTBETHI HA BOIPOCHI HABOISIIIETO U KOHKPETUZUPYIOIIETO XapaKTepa

AOITYIICHBI

I‘p}I6BI€ OIMOKH B OIIPCACIICHUU HOHHTHfI, IIpu HCIIOJIb30BAHUN

TCPMHUHOJIOTHUH.

TecrupoBanmue (T)

I Bapuanr.

Al. MHIyKIIMOHHBIN TOK — 3TO HaPaBJIEHHOE JBUKECHUE!
1) 3apsOKEHHBIX YaCTHII, 10 CBOMM ACHCTBUSAM B IMPHUHIIUIIC HE OTINYACTCS

OT JJIEKTPUYECKOTO TOKA, MPOSIBIIAETCA 3a CUET CUJI HEAJIEKTPUUYECKOTO
MPOUCXOXKJICHHUS

2) HEUTpaJdbHBIX YACTHI], TO CBOUM JICUCTBUSIM B MPUHIUIIE HE
OTJIMYAETCSd OT DJJEKTPUYECKOTO TOKa, MPOSBISIETCA 3a CYET CHJI
AIEKTPUYECKOTO MIPOUCXOXKJICHUS
3) 3apsKEHHBIX YaCTHIl, IO CBOUM JICUCTBUSAM OTJIUYACTCS OT
AJIEKTPUYECKOTO TOKA, MPOSIBISIETCS 3a CYET CHJI HERIEKTPUUECKOTO
MPOUCXOKICHUS

4) HEUTpaJIbHBIX YACTHII, TI0 CBOUM JCHCTBUSM B MPUHIIUNE OTIMYACTCS
OT JJIEKTPUUYECKOTO TOKa, MPOSBISECTCA 3a CUET CHJI JJIEKTPUUECKOTO
MPOUCXOKICHUS

A2. MarHUT BBOAMTCA B QJIIOMHUHHUEBOE KOJBIO TaK, KaK IMOKAa3aHO Ha PHUCYHKE.
HanpaBneHnue Toka B KOJbLE YKa3aHO CTpesikod. KakuM mojirocoM MarHuT BBOJIUTCS B

KOJIBIO?

1) TOJOKUTEIHLHBIM
2) OTpHILIATEILHBIM
3) ceBepHBIM

4) 10KHBIM



A3. Tpu oiMHAKOBBIE KaTYIIKH BKJIFOYEHBI MMOCIIEOBATEILHO B AJIEKTPUIECKYIO IETh
noctossHHOTO ToKa. Karymika 1 6e3 cepeynnka, B KaTylike 2 CepIeYHHK U3 KoOanbTa,
B KaTylmIke 3 cepAeYHUK H3 TpaHcPopMaTOpHOW cTainu. B Kakoil W3 KaTyiiek
WHAYKIUS MarHuTHOro mojis OyaeT HauMmenblnei? (MarnuTHas NpOHHUIIAEMOCTh
BO3/yxa paBHa |, kobamera — 175, Tpanchopmaroproii cramu — 8000.)

1) 1
2) 2
3) 3

4) BO BCEX KaTylIKaX OJMHAKOBA

A4. [Ipsmoii npoBOAHUK MIMHOW 80 CM JBHUKETCS B MAarHUTHOM IOJIE CO CKOPOCTBIO
36 xm/4 ox yriom 30° K BEKTOpY MarHUTHOW MHIYyKUMU. B MpoBOJHMKE BO3HUKAET
OJC 5 mB. YUemy paBHa MarHuTHast UHAYKUAS?

1) 3mMTn

2) 0,8 kTn

3) 2,5MmTn

4) 1,25 mTn

Bl. K karymke ¢ mHaykTuBHOCTHIO L = 0,25 I'n mpuiiokeHa MOCTOsSIHHAs pa3HOCTb
noteHuuanoB A¢ 10 B. Ha ckonbko Bo3pacTeT cuiia ToKa B Karymke 3a Bpems At 1 ¢?
(CompoTHBIIEeHHEM KaTyIIKK IpeHeOpeun) (oieHnBaeTcs 2 0.)

Cl. IlpoBoauuk mMaccoii M= 1 kr u anuHoM | = 1 M mojaBeIIeH HpH MOMOIIU JBYX
OJIMHAKOBBIX METAJUNTMYECKUX MPYKUH kKecTKOCcThio K 100 H/M kaxkmas. ITpoBomgHHMK
HaxXOJUTCS B OJHOPOJHOM MAarHUTHOM Ioje, MHAYKIUsa kotoporo B = 100 Tn u
NEPHEHIUKYJIIPHA TUIOCKOCTH, B KOTOPOM JeXaT MPOBOAHUK M MNpPYyXKHUHBL. (CM.
PHUCYHOK.)

[IpoBOAHUK CMECTWIM B BEPTUKAIBHOM TMJIOCKOCTH OT TMOJIOKEHUS DPABHOBECHUS U
otnycTwin. Onpenenure Nepuo KojaeOaHuid MPOBOJHUKA, €CIM K BEPXHUM KOHIIAM
NPYXXUH mpucoeauHeH KouaeHcatop eMkocThio C= 100 Mx®. (CompoTuBiIeHHEM
MIPOBOJIHUKA U MPYKUH MpeHeOpeyn) (oreHuBaercs 3 0.)

II Bapuanr.

Al. C noMomipl0 Kakoro ombiTa MOXHO IOKa3aThb BO3HUKHOBEHHWE WHIYKIMOHHOTO
TOKa?
1) IpOBOJHUK, KOHI[BI KOTOPOTO MPHUCOCAWHEHBI K TajJbBAaHOMETPY, HAJO
IIOMECTUTH B MAarHUTHOE I10JIC
2) MPOBOJHMK, KOHIIBI KOTOPOI'O MPHCOCAMHEHBI K TaJIbBAHOMETPY, HAaJO
NIBUTATh BJIOJIb MArHUTHBIX JIMHUN



3) MarHUT WX [POBOJAHHMK, KOHI[BI ~KOTOPOrO IPHCOCAUHEHBI K
raJlbBaHOMETPY, HaJ0 JBUTaTh TaK, YTOObl MAarHUTHBIC JIMHUU
nepeceKany MpOBOTHUK

4) ¢ IOMOIIIBIO OIBITA [TOKA3aTh HEBO3MOKHO

A2.Korga MeTajsIM4EeCKUW CTEpKEHb MPUCOCAMHWIM K OJHOMY U3 IOJIOCOB
MCTOYHHKA TOKA, TO BOKPYT HEro 00pa3oBajIoCh MOJIE:

1) BIEeKTPUYECKOE U MATHUTHOE

2) MarHuTHOE

3) anekTpHUecKoe

4) mpu TaKOM YCIIOBHH TI0JIe HE 00pa3yercs

A3. IHIyKTUBHOCTh YUCJIEHHO PaBHA:

1) MarHUTHOMY TOTOKY, OXBaThIBAEMOMY IPOBOJHHUKOM, €CJIM CHJIA TOKa,
pOTEKaromias Mo NPOBOJIHUKY, paBHa [ A

2) cujie TOKa, MPOTEKAIOIIero IO MPOBOJHUKY, €CIM MArHUTHBIA TOTOK,
OXBaThIBa€MbIW MPOBOJHUKOM, paBeH 1 BO

3) MarHUTHOMY IIOTOKY, OXBaThIBAEMOMY IPOBOJIHHKOM, TMPU H3MEHCHHH CHIIBI
TokaHa l A3alc

4) cwuie ToKa, MPOTEKAIOIIETO MO MPOBOJIHUKY, €CIIM MAarHUTHAsI MHAYKIIUS paBHA |
Tn

A4. Yemy paBHa J/IC camMOMHAYKUMH B Karymke ¢ MHAYKTUBHOCTBIO 0,4 I'H mpu
PaBHOMEPHOM YMEHbUIIEHUHU CUJIbI TOKa ¢ 15 10 10 A 32 0,2 c?

1) O

2) 10B

3) 50B

4) 04 B

B1. Karymka ¢ conporuBnenumeM R= 20 Om u wmugyktuBHOcThiO L= 102 TH
HaXOJUTCA B IEPEMEHHOM MarHuTHOM nosie. Korzma co3maBaemblii 3TUM MOJEM
MAaTrHMTHBII NOTOK yBenuuuBaercs Ha A® = 10 B6, cuiia Toka B KaTylIKe BO3PACTAET
Al = 0,05 A. Kakoii 3apsii IpOXOAUT 3a 3TO BpeMs 1o KaTymike? (orieHuBaetcs 2 0.)

C1l. Ha nenpoBogsiieM KJIMHE C yIJIoM HakjoHa o = 30° mapajuiebHO pedpy KiIuHa
JICKUAT TOHKHMIA MPOBOAHUK Macco M = 5 r u mamunoii | = 10 cm. KoHIbl mpoBogHHKa
COCJIMHEHbl C HEMOJBWXHBIMM CTOMKaMH JBYMSI OJIMHAKOBBIMU TIPYKHHAMU
xectkocThio K = 0,2 H/M Tak, Kak 1oKa3aHO Ha PHCYHKE.



=

o

-

K ximemmaMm cToexk mnonaBonastr mnoctosiHHoe HanpsbkeHue U= 4 B. Onpenenure
MAaKCUMAJIbHOE YJUIMHEHHUE NPYXKUHBI, €CIU B NPOCTPAHCTBE CO3J1aTh OJHOPOIHOE
MarHuTHoe mnosie ¢ uHaykuuent B= 0,1 Tn, HanpaBieHHOE BEPTUKAIBHO BBEPX.
(Koapduuuent Tpenuss mNpoBOAHMKA O IUIOCKOCcTh kimmHa W = 0,1, ero
conpotusiieaue R = 20 OM. ConpoTuBIIeHUE MPYKUH HE YUUTHIBaTh) (OLIEHUBAETCS 3
0.)

Kontponupyemsie komnerenunu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kaoun Kk Tectam:
Bapuanr 1

Ne Bonpoca Al | A2 | A3 | A4 | Bl C1

IpaBuabubiiiotBer |1 |3 |1 |4 |Hal0A|0,63c¢

Bapuanr 2

Ne Bonpoca Al | A2 | A3 | A4 | Bl C1

IMpaBuabnbiiorBer |2 |3 |3 |2 |25-10°Ka| 11 cm

Kpurepun ouenku:

— «2» BBICTABIISIETCS 00yUaromeMycs, ecii Habpan MeHee 3 OaJlIoB;
— «3» BbICTaBIISIETCS 0OyUaroniemycs, 3a 4 6ania;

— «4» BpICTaBIIACTCS OOyUarolemMycs, 3a 6-5 6aos;

— «5» BBICTaBIIIETCS O0yUarolemycs, 3a Oosiee 7 OAIIOB.

3amanus 15 caMocTosATeIbHOI padoTsl (CP)
Tembl 3cce (pedpepaToB, J10KJIAT0OB, COOOLICHMA)

1) SIBneHHe 3JIEKTPOMArHUTHOW MHITYKIIHH.

2) MarHuTHbIN TOTOK.

3) 3aKOH AJIEKTPOMArHUTHON MHTYKIIHH.

4) Tlpaswiio Jlena.

5) BuxpeBoe 3JeKTpUIeCcKOe MoJie.

6) DJ1C MHIYKIIMU B ABMKYIIMXCS IPOBOJIHUKAX.
7) SlBiieHue caMOMHIYKIIHH.



8) UHIyKTUBHOCT.
9) DHeprust MAarHUTHOTO TIOJISE TOKA.

10) B3auMOCBsI3b 3JICKTPUYCCKUX ¥ MATHUTHBIX MOJICH.
11) DJIEKTPOMArHUTHOE TOJIE.

12) MarsuTHas IpOHHIIAEMOCTb.

13) Jna-, mapa- u peppomMarHeTUKu.

Kontpomupyemsie kommerennuu: OK 01-OK 07; JI.1.-JI.6.; M.1.-M.6.; II.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtmMmeTka «5»

IIOJIHO PACKPBITO COAEPKaHUE MaTepuana

YETKO M IPaBUJIBHO JIaHbl ONPENEICHUS U PACKPBITO COAEP)KAHME IOHATHM, BEPHO
VCIIOJIb30BaHbl HAYYHBIE TEPMUHBI

JUIsL OKa3aTeabCTBAa HMCIOJb30BaHbl Pa3IMYHbIe YMEHUS, BBIBOJBI U3 HAOIIOJICHUM,
OIIBITOB

OTBET CaMOCTOSITEJIbHBIH, UCIIOJIb30BAHbI paHEe MPUOOPETEHHBIC 3HAHUSL.

OtMmeTka «4»

PaCKpBITO OCHOBHOE COJIEpKaHUE MaTepuaia

B OCHOBHOM IMPAaBUJIBHO JIaHbl OMNpEJETICHUsS TOHSATUM W HCIOJIb30BaHbl HAyYHbBIC
TEPMUHBI.

OTBET CAMOCTOSITCIbHBIN

OTIpENICTICHUST TIOHSATUN  HETOJNHBIC, JOMYIIEHb HE3HAYUTEIbHBIC HAPYIICHUS
MOCJICIOBATEILHOCTH M3JIOKEHMS, HEOOJbIINEe HETOYHOCTH IPHU MCIOI30BAHUHU
HAyYHBIX TEPMUHOB WJIM B BBIBOJIaX U 000OIICHUSIX

NMpaBWIbHBIE M YETKHWE OTBEThl HAa BOIMPOCHI YTOYHSIONIIETO XapakTepa (TO3UIUs
MOHUMAIOLIUH)

OtmMmeTka «3»

YCBOEHO OCHOBHOE COJIepKaHUE y4eOHOTO MaTepHuaia, HO M3JI0KEHO (PparMeHTapHO,
HE BCET/Ia MOCJIeI0BATEIHLHO

OTIpe/IeTICHUS TIOHSITHI HETOCTAaTOYHO YETKHE

HE WCIOJNBh30BaHBl B KayeCTBE JIOKA3aTeJIhCTBA BBIBOABI U OOOOIICHHUS W3
HAOJIIOICHHM, TOTYIIEHBI OITMOKU TP UX U3JI0KCHHUH

JOMYIIECHBl OMIMOKA W HETOYHOCTH B HCIIOJIB30BAHUW HAYYHOW TEPMHUHOJIOTHH,
oTpeIeTICHUE TIOHSITHHA

MpaBUJIbHBIC M YETKHWE OTBETHl HAa BOMPOCHI HABOAAIICTO W KOHKPETHU3UPYIOIIETO
xapakTtepa (IO3UIUs KPUTHK)

OtMmeTKa «2»
OCHOBHOE COJIepKaHKe Y4eOHOTO MaTeprualia He pacKphITO
HE JJaHbI OTBETHI HA BOIPOCHI HABOISIIIIETO U KOHKPETUZUPYIOIIETO XapaKTepa



AOITYIICHBI pr6BI€ OMOKH B OIIPCACIICHUU HOHHTI/If/'I, npun HMCIIOJIb30BAHUN
TCPMHUHOJIOTHUH.

Konrpoabnas padora Ne 3
ITo pa3neny «JeKTPOAMHAMHUKA

Bapuanm 1
1. OnpenenuTs cuily, C KOTOPO OJJHOPOAHOE MarHUTHOE IOJI€ IEUCTBYET Ha
IIPOBOJHMK JUTMHOM 30 ¢M, pacmonoKeHHbIH moj yriaoM 45° Kk BEeKTOpy MarHUTHOM
MHIYKIWH, eciiu cuia Toka B HeMm 500 MA. MarauTtHas unaykuus cocrasisiet 0,5 To.

2. [IpoBOAHUK ¢ TOKOM 7A HaXOJUTCA B MarHUTHOM ToJie ¢ uaaykiuen 10 T
OnpenenuTts JJIMHY TPOBOIHUKA, €CJIM MAarHUTHOE T0JIE ICMCTBYET HA HETO C CUJION
25H nepneHAuKYJISIPHO TPOBOJHUKY .

3. IIpoBoaauk mauHoM 30 cM ¢ crutoi Toka S0 A HaXO0AUTCS B OJHOPOTHOM

MarHuTHOM MoJje ¢ uHaykuueit 60 MTn nepnenaukysapHo nonto. Kakyro padoty
COBEPIIUT UCTOYHUK TOKA, €CJIM MPOBOJHUK niepemectutcs Ha 30 cMm

X X X Ex BJIOJIb HAMPaBIICHUS JIMHUU JIEUCTBUS CHIIBI Ammepa?

X XX % 4. Kakoit 1o/KHa OBITh CUjla TOKA, YTOOBI B KaTYIIIKE

% xM’x  x AHAYKTUBHOCTBIO 0,5 ['H 9Heprust MarHuTHOTO 1ot Osuta 100 JIx?
—

Vv
X X x x2.llokasars HanpaBienue cuibl JlopeHiia.

Bapuanm 2
1. Onpenenuts CUly, C KOTOPOM OJTHOPOJHOE MArHUTHOE T0JIE JEUCTBYET HA
IPOBOIHUK JIMHOM 40 cM, pacronoxeHHbli nox yriom 45° k BeKTopy MarHMTHOM
WHIYKIWY, eciid cuiia Toka B HeM 400 MA. MarnutHas unaykius cocrasisiet 0,5 Ti.

2. [IpoBogHMK ¢ TOKOM 3A HaXOIWTCS B MATHUTHOM T10Jie ¢ MHAYyKIuein 12 T
OnpenenuTts JJIMHY TPOBOHHUKA, €CJIM MATHUTHOE TIOJIE AEHCTBYET HA HETO C CHIION
40H n nepneHauKyJIsspHO IPOBOJIHUKY.

3. [IpoBoanuk auHoM 40cM ¢ critoi Toka 50 A HaXO0AUTCS B OJHOPOTHOM
MarHuTHOM MoJje ¢ uaayknueit 50 mTia. Kakyto paboTy cOBEpIIUT HCTOYHUK TOKA,
€CJIM IPOBOJIHUK TIepeMecTUTCs Ha 40 cM B0JIb HANIPABJICHUS JIUHUM JICUCTBUS CHIIBI
e & & _9® Awmnepa?

—
e e V; e
4. Kakoii qomxHa ObITh UHAYKTUBHOCTh KaTyIIKH, YTOOBI TIPH CHJIC
i ?
e o™’e o TOKABHEH 2 A dHEPIrUst MArHUTHOTO 1OJIs paBHsiiach 20 JIx’



5. I[lokazarp HanpaBnenue cuibl JIopeHna.

Bapuanm 3
1. OnpenenuTs cuiy, ¢ KOTOPOH OJHOPOAHOE MAarHUTHOE MOJI€ JEUCTBYET HA
IPOBOIHKK JIMHOM 30 cM, pacronoxkeHHbli nox yrioM 45° Kk BeKTOpy MarHMTHOM
WHIYKIIUH, eciii cuia Toka B HeM 500 MA. MarauTtHas uHaykius cocrasisier 0,5 To.

2. [IpoBogHUK ¢ TOKOM 7A HaxXOIWUTCS B MATHUTHOM TioJie ¢ mHAyKIuei 10 T
OnpenenuTs JIMHY MPOBOJHUKA, €CIIM MATHUTHOE TOJIE JEUCTBYET HA HETO C CUJION
25H nepnesauKyaspHO IPOBOJIHUKY.

3. [IpoBoanuk auHo# 30 cM ¢ cuiioit Toka 50 A HaXO0AUTCS B OAHOPOTHOM
MarHuTHOM IoJjie ¢ uHayKuue 60 MmTn nepnenaukysapHo noio. Kakyio padoty
COBEPILUT UCTOUYHUK TOKA, €CITU IIPOBOJHUK repeMectutcs Ha 30 cM BIIOJIb

X X X E;?‘ HAIPaBJICHUS JIMHUM JICHCTBUS CHIIbI AMriepa?

X X _X X .

4. Kakoii n1o/KHa OBITh CHJIa TOKA, YTOOBI B KaTYIIIKE
% x AHAYKTUBHOCTBIO 0,5 I'H 9Heprust MarauTHoOro mosst osuta 100 JHx?
—
v
X X x x2.lloka3ars HanpaBneHnue cuiibl JlopeHiia.

Bapuanm 4
1. OnpenenuTs cuily, ¢ KOTOPOH OJHOPOAHOE MAarHUTHOE MOJIEe IEUCTBYET HA
NPOBOIHUK JIHHOM 40 cM, pacronoxkeHHsbli o yriom 45° k BeKTOpy MarHUTHOM
WHIYKIWH, eciiu cuia Toka B Hem 400 MA. MarauTtHas uaaykuus cocrasisier 0,5 To.

2. [IpoBoHUK ¢ TOKOM 3A HaXOJUTCS B MAarHUTHOM TioJie ¢ mHAyKIen 12 T
OnpenenuTts JJIMHY TPOBOJIHUKA, €CJIM MAarHUTHOE MOJIE ICMCTBYET HA HETO C CUJION
40H u nepneHauKyIsIpHO TPOBOIHUKY.

3. IIpoBoaauk mmuHoM 40cM ¢ crtoi Toka S0 A HaXOAUTCS B OJHOPOTHOM

MarHuTHOM MoJje ¢ uHaykuueit 50 mTa. Kakyto paboTy cOBEpIINT UCTOYHUK TOKA,
€CII MPOBOIHUK nepeMecTuTcs Ha 40 cM BIOJIb HAITPABIICHUS

- - - E,.' JIMHUU JEUCTBUA CUIIbl AMriepa?

—
] ] V; e
4. Kakoi qoymxHa ObITh UHAYKTUBHOCTh KaTYyIIKH, YTOOBI IIPH CHJIE
7 ?
e o"e o TOKaBHEN 2 A dHEPrHUs MATHUTHOTO 110Js paBHsiaach 20 JIK'

e« e @ o2 Iloka3are HanpaBiaeHue cuibl JIopeHua.

Kontpomupyemsie komnerenuuu: OK 01-OK 07; JI.1.-J.6.; M.1.-M.6.; TL1.-IL7.;
JIP2, JIP4, JIP23, JIP30

Kpurepnuu onenku:



- «5» cTaBUTHCS 3a padOTY, BBHITIOJIHEHHYIO MMOJTHOCTHIO 0€3 OIIMOOK U HEJ0UYETOB.

- «4» craBUThCA 32 paldOTY, BBHIMOJHEHHYIO MOJHOCTHIO, HO NPHU HAJUYUHM B HEW HE
OoJiee oJIHOM TPyOON U OJHOM HEerpyOol OMMOKK U OJHOTO HeJoueTa, He 0ojiee Tpex
HEJI0YETOB.

- «3» CTaBUTHCSA, €CIU CTYACHT NPABWIHHO BBIIOIHII HE MeHee 2/3 Bcel paboThl WiH
JOMyCTU HE Ooyiee OMHOW TpyOOW OmMOKM W ABYX HEJAOYETOB, HE OoJjiee OHOM
rpy0oili m ogHON Herpy0oil ommOKH, HEe Oojee Tpex HerpyobIX OHIMOOK, OJHOMU
HEerpyOoi OmMOKHN U TpEX HEI0UETOB, IPU HAIUYUU 4-5 HE0UETOB.

- «2» CTaBUTHCS, €CIM YHCIO OMMOOK M HEJOYETOB MPEBBICUIO HOPMY OLIEHKU «3»
WIM MPABUJIBHO BBINIOJHEHO MeHee 2/3 Bcel paboThI.

Pa3zgen 4. Kosie0anus 1 BOJTHBI
Tema 4.1. MexaHu4YeCcKHe KOJEOAHUA M BOJTHDBI
YcrHblii onpoc (YO)

1.I[IpuBenuTe mpuMepbl KoaeOaTeNbHbIX TBUKEHUN.

2.YTo0 Ha3bIBACTCSI MEXaHUUYECKUMHU KOJIEOAHUSIMU?

3. [Ipu3Haku K01eOaTENIHPHOTO ABHKCHHMS.

4. Kakue kosie0aHus Ha3bIBAIOTCSI CBOOOTHBIMU?

5.Kakue cucremsl Ha3bIBatoTCs KosiebaTenbHbIMU? [IprumMepsl.

6.Uto Ha3bIBaeTCsl AaMIUIMTYAOW KoJieOaHWM; NEpHOJIOM KoJieOaHU; YacTOTON
KoJeOaHuii? B kKakux euHUIIAX U3MEPSETC Kaxaasi U3 3TUX BEJIMUYUH?

7.Kakass matemMatuueckasi 3aBUCMMOCTb CYIIECTBYET MEXIYy MEPUOJOM U 4YacTOTOM
KoJieOaHu?

8.Kaxk 3aBucsT yacTora v mepuo]i CBOOOAHBIX KOJIEOAHUM OT JTMHBI HUTH?

9.Kakue xonebaHus Ha3bIBAIOTCS COOCTBEHHBIMU?

10.Kakue xonebanus Ha3bIBalOTCsA rapMoHnyeckumu? I'paduk

11.Yto Ha3bIBaeTCs MareMaTUYECKUM MasTHHUKOM? [Ipu Kakux ycIOBUSIX pealbHbIN
HUTSHON MasiTHUK Oy/eT COBEpIIaTh KoJieOaHusl, OJI3KHUE K TAPMOHUYECKUM?
12.Kakyto BenuunHy Ha3bIBalOT Pa3oil koaeOaHuii?

13.ITpuBeauTe mprMep KOJCOIIOMIMXCS TN B OMHAKOBBIX (pa3ax, MPOTHUBOTIOIOKHBIX
dazax.

14. Kakue npeBpalleHust SHEPruu, NPOUCXoasT npu konedanusx? PucyHox.

15. UTo Ha3BIBAIOT BHIHYK/ICHHBIMU KOJICOAHUSMMU?

16. Kakoe siBieHME Ha3bIBAIOT pe30HAHCOM? Y CIIOBUE PE30OHAHCA.

17 IlpuBeauTe npuMepPbl MEXAaHUYECKOIO PE30HAHCA.

18. B kakux cirydasx pe30HaHC MOKET OBbITh MOJIE3HBIM, a B KakuXx - BpeaHsiM? 19.YUto
Ha3biBaeTca BojHamu? Urto Takoe ympyrue BosiHbl? IlpuBenute npumep BOJIH, HE
OTHOCAIIUXCS K YIPYTHUM BOJIHAM.

20.Kakue BOJIHBI Ha3bIBAOTCS MTPOJAOIbHBIMU; MOTIEPEYHBIMU?

21.Kakue BOJHBI — MONEPEYHBbIE WU MPOJOJIbHBIE - SBISIIOTCS BOJHAMH CIBUTa;
BOJIHAMU CKaTHSI U PACTSIKEHUSA?



22.Ilouemy mornepevHble BOJIHBI HE PACIPOCTPAHSAIOTCS B JKUJIKHX U Ta3000pa3HBIX
cpenax?

23.Yrto HazpiBaeTcs IiuHOM BOHBI? 1o kKakuMm GopMyiam MOXKHO paccuuTaTh JAJIUHY
BOJIHBI U CKOPOCTb PacpOCTPAHEHHUS BOJIH?

24. Yro aBisieTcs UCTOYHUKOM 3BYyKa? UTO Ha3bIBaIOT 3BYKOM?

25.MexaHnndeckue KojaeOaHMs, KaKMX YacTOT Ha3bIBAIOTCS 3BYKOBBIMH M TIOYEMY?
26.Kakue xoneOaHus Ha3bIBAIOTCS YIBTPA3ByKOBBIMU; HH(MPA3BYKOBBIMU?

27.Y9T0 Ha3bIBAIOT MYy3bIKAIBHBIM TOHOM; IIIYMOM?

28.Yewm omnpenensieTcss T[POMKOCTb 3ByKa?

29.0T1 4ero 3aBUCHT BBICOTA 3ByKa?

30. 3BykoBbI€ sIBICHHS. UTO HA3bIBAIOT 3XOM? Y CJIOBUE BOBHUKHOBEHUS 3XO.

31. OnpexneneHue pacCTOSHUM C TOMOIIBIO 3BYKa.

Konrponupyemsie komnerenunu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtmeTka «5»

MIOJTHO PaCKPBITO COJICPKAHUE MaTepuaia

YETKO M TIPaBWIBHO JaHbl ONIPEJCTICHUS U PACKPBITO COJIEpKaHUE MOHSTUM, BEPHO
HCII0JIb30BaHbl HAYYHBIE TEPMUHBI

JUTSI TOKA3aTebCTBA UCTIOIB30BAHBI PA3INYHBIC YMEHUS, BEIBOIBI U3 HAOTIOACHU,
OIIBITOB

OTBET CaMOCTOSTENIbHBIN, UCIOIL30BaHbl paHee MPUOOPETEHHbBIC 3HAHUS.

OtmeTKa «4»

PACKPBITO OCHOBHOE COJIEpKaHUE MaTepuasa

B OCHOBHOM IPaBWJIBHO JIaHbI ONPEACICHUS MOHATUIN U UCTI0JIb30BaHbl HAYYHbBIC
TEPMUHBI.

OTBET CaMOCTOSTEIILHBIN

OnpeIeTICHNS TTIOHATUI HEMOJIHbIC, IONMYIIEHBl HE3HAYUTEIbHBIC HAPYIIICHUS
MIOCJICI0BATEIFHOCTH U3JIOKEHHU S, HEOOIbIITNE HETOYHOCTH MPH MCTIOJIb30BAHUH
HAayYHBIX TEPMUHOB HJIA B BBIBOJAX M O00OIICHUIX

MpaBWIbHBIC U YETKUE OTBETHI HA BOIPOCHI YTOUHSIIOLIETO XapakTepa (Mo3uus
MOHUMAIOIIHH)

OtmeTKa «3»

YCBOEHO OCHOBHOE COJIepKaHKe YueOHOTO MaTepualia, HO U3JI0kKEHO (hparMeHTapHO,
HE BCErja IocJIe0BaTeIbLHO

ONpe/ieJICHHs TOHSTUNA HEIOCTATOYHO YETKUE

HE HUCIIOJIB30BaHbI B KAUECTBE J0KAa3aTeJILCTBA BLIBOJILI M 0000IIECHUS U3
HaOII0ICHUM, TOMYIICHBI OITUOKH MPU UX U3JI0KEHUU

JOTMYIIEHBI OITMOKA U HETOYHOCTH B UCTOJb30BAHUM HAYYHON TEPMUHOJIOTUH,
OTIpe/IeJICHUE TTOHATUI



MpPaBUWJIbHBIE U YETKUE OTBETHI HA BOIIPOCHI HABOSIIETO U KOHKPETUZUPYIOIIETO
xapakrtepa (O3S KPUTHK)

OtMmeTka «2»

OCHOBHOE COJIepKaHUe y4eOHOTO MaTepralia He pacKPhITO

HE JIaHBl OTBETHI HAa BOIIPOCHI HABOJISIIIETO M KOHKPETU3UPYIOIIETO XapaKTepa
JTOTNYIICHBI IPyOble OMMOKHU B ONPEACICHUHN ITOHATHH, IIPHU UCTIOJIb30BaHUH
TEPMHUHOJIOTHH.

TecTupoBanmue (T)
I Bapuanr.

Al. ®opmyJia 1J151 BbIYMCIECHUS JJIUHBI BOJHBI
C T

l=T §)A= € B)A=cT

A2. Teao 3a 2,5 munyrsl coBepmaer 120 moanbix kKogaedanmid. Omnpeneanrte

nepuoja KoJieOaHuii.
a) 1,25¢06) 0,8 ¢B) 0,02 ¢

A3. CkoJbK0 KoJeOaHni coepmuT TeJ0 3a 10 ¢ mpu yacrore Koaedanmin 220
I'o?
a) 22 6) 220 B) 2200

A4. Teno 3a 5 munyT coBepmaet 240 konedanuii. KakoBa yacrora kosne0anmii?
a) 0,8 I'g

0) 48 I'n

B) 1200 I'

AS. B oaHoO# 1 TOii Ke cpeae pacnpOCTPAHAKOTCH BOJHBI ¢ yacToro 10 I'uy u 20
I'u. Y kakoii BOJIHBI CKOPOCTH 00JibIIe?

a) OJIMHAKOBBI

0) 20 I'n

B) 10 I'g

A6. Haiinute nJmHy 3BYKOBOHM BOJIHBI B BOje, eciu e€ ckopoctb 1480 m/c, a
yacrora 740 I'u.

a) 0,5 m

6) 1095200 m

B) 2 M

A7. YacroTa 3ByKa yBesmumwiaach B 5 pa3. Kak msmMeHwiIachb CKOpPOCTh 3ByKa B
ITOI Ke cpene?



a) HE U3MEHUJIACh
0) yBenuuuiace B 5 pas
B) YMEHBIIIMJIACH B 5 pa3

Bl. Yemy paBHO paccTosiHMe [0 Jieca, eCJM OTPaKeHHbI OT Hero 3BYK
Bo3BpaTwiicsi K HcTouHMKy cmycra 10 c¢? Ckopoctb 3Byka paBHa 340 m/c.
(ouenuBaetcs 20.)

C1. AMmuiuryaa kojie0anni rpy3a Ha npyxune paHa 10 cm. Ilepuoa kosedanuii
2 c. Kakoii nmyTh npoiigér rpys 3a 2 c¢? (ouenusaercs 30.)

II Bapuanr.

Al. ®opmyJia I BIYMCJICHUS CKOPOCTH PACIIPOCTPAHECHUS BOJIHBI
A A

a)v = T6)1)= FB)uzk-T

A2. llpyxuna 3a 4 munyTbl coBepmaer 200 mosHbIX KoJeOanuii. Onpenennre
nepuoja KoJieGaHuii.
a)1,2¢6)50cB)0,02¢

A3. CkoJbKO Ko0JI€OaHMil coBepIIMT TeJio 3a 15 ¢ mpu yacrore koJsedanuim 300
I'm?
a) 20 6) 4500 B) 0,05

A4. Teno 3a 2 munyThl coBepmaer 180 kosnedanuii. KakoBa yacrora kosnedanuii?
a) 90 I'

0) 360 I'u

B) 1,5 'y

AS. B o1HO# 1 TOH :Ke cpeJe PaCPOCTPAHAIOTCH BOJHBI ¢ yacToToil 30 I'u u 40
I'u. Y kakoii BOJIHBI CKOPOCTH MeHbILE?

a) OJTMHAKOBBI

0) 40 I'n

B) 30 I'r

A6. Haiiiure 1UIMHY 3BYKOBO# BOJIHBI, ecjiu e¢ ckopoctb 340 m/c, a yacrora 170
I'n.

a) 0,5m

0)2m

B) 57800 m

A7. Yacrora 3ByKa yMeHbIIWJIAch B 9 pa3. Kak m3MeHnjachr CKOpPOCTh 3ByKa B
ITOi Ke cpene?



a) HE U3MEHUJIACh
0) yBenuuuiach B 9 pas
B) YMEHbBIIIMIACh B 9 pa3

Bl. Yemy paBHO paccTosiHMe [0 Jieca, eCJH OTPa’KeHHbI OT Hero 3BYK
BO3BPATHJIC K HMCTOYHHKY cmyctss 5 ¢? Ckopocth 3Byka paBHa 340 m/c.
(ouenuBaetcs 20.)

C1. AMuntyaa koJsie6aHuii rpy3a Ha npy:kuHe pasHa 7 cm. Ilepuona kosedanmii 3
c. Kakoii myTh npoiiaér rpys 3a 3 c? (ouenuBaercs 30.)

Konrponupyemsie komnerenuun: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30

Kaoun Kk Tectam:

Bapuant 1

Ne Bonpoca Al | A2 | A3 | A4 | A5 | A6 | A7 | B1 Ci

IlpaBuabHbiiioTBeT | B | a | B | a | 0 | B | 0 |1700 M |40 cm

Bapuanr 2

Ne Bonpoca Al | A2 | A3 | A4 | AS5| A6 | A7 |B1 C1

IlpaBusibHbliioTBeT | 2 | a | 6 | B | B | 0 | B |850M™M |28 cm

Kpurepun ouenku:

— «2» BBICTABIIICTCS O0yUaroIeMycs, ecii Habpan MeHee 4 6alioB;
— «3» BBICTABIIIETCS O0yUaromemycs, 3a 6-5 0amios;

— «4» BBICTABIISIETCS 00yUaroIemycs, 3a 9-7 6aJIIoB;

— «5» BbICTaBIISIETCSL 0OyUaroniemycs, 3a 6osee 10 6amios.

3aganusa s caMocTosATeS ibHOH padoThl (CP)

Tembl 3cce (pedepaToB, T10KJIAT0B, COOOIICHMIA)



1) KosebaTenbHOE IBHIKECHHE.

2) I'apmonnueckue KoeOaHusl.

3) CB0oOOIHBIE MEXaHHUECKHE KOJIEOAHUSI.

4) TlpeBpaleHue SHEPTUU IPH KOJIeOATSIIFHOM JIBFKCHUH.
5) CBoOoOHBIC 3aTyXaIOMINE MEXaHUIECKUE KOJICOaHMS.

6) MaremMaTn4ecKuii MasTHHK.

7) Tlpy>KuHHBIN MasTHUK.

8) BhIHYXJICHHbIC MEXaHUYCCKHE KOJICOAHHUS.

9) Pesonanc.

10) [Tonepeynblie 1 IPOJOIBHBIE BOJIHBI.

11) XapaKTepUCTUKU BOJIHBI.

12) 3BYKOBBIE BOJIHBI.

13) VYapTpa3ByK U €ro NprUMEHEHHUE.

14) WNurepdepenius, nudpakiys v mojasprsanis MEXaHHIECKUX BOJIH.

Kontponupyemsie komnerenunu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:
OtMmeTKa «5»

® TI0JIHO PACKPBITO COJAEPNKAHUE MaTepuaia

® YETKO Y MPaBWIBHO JIAHBI ONPEICIIEHNUS U PACKPBITO COACPKAHNUE OHATUIA, BEPHO
MCTIOJIb30BAHBI HAYYHBIE TEPMUHBI

® JIJIsl OKa3aTeIhCTBA UCIOJIb30BAHBI PA3JIMUHbBIE YMEHUS, BBIBOJIbI U3 HAOIIOACHUN,
OIIBITOB

® OTBET CaMOCTOSITEIbHBIN, UCIIOJIL30BaHBI paHee MPUOOPETECHHBIC 3HAHMUS.

OtMmeTka «4»

® DPACKpBITO OCHOBHOE COJACpKaHUE MaTepuaia

® B OCHOBHOM IPaBUJIbHO JIaHbI ONPEICNICHUs] TOHATUN U UCIIOJIB30BaHbl HAYUHbIC
TEPMUHBL.

® OTBET CAMOCTOSITCIbHBIN

e OmpeAeeHUs TOHATUI HEMOJHbIC, TOMYIIEHbl HE3HAYUTEIbHbIC HAPYIIICHUS
MIOCJICI0BATEIIFHOCTH U3JI0KEHHUS, HEOOIBbIITNE HETOYHOCTH MPH MCTIOJIb30BAHUH
HAyYHBIX TEPMUHOB WJIM B BBIBOJIAX U 000OIIEHUSIX

® [pPaBUJIbHBIC U YETKHUE OTBETHI Ha BOMPOCHI YTOUHSIOMIETO XapakTepa (Mo3UIIus
MTOHUMAIOIITNH)

OtMmeTka «3»

® YCBOCHO OCHOBHOE COJIep)KaHue y4eOHOro MaTepuaia, HO U3JI0’KeHO (pparMeHTapHO,
HE BCETJa MOCJICIOBATEILHO

® OIlpe/eseHUs MOHSITUI HEJJOCTATOUHO YETKHE

® e HCIIOJIL30BaHbI B KAYECTBE I0KA3aTEIbCTBA BLIBOABI U 0000IIEHUS U3
HaOII0/ICHUM, TOMYIICHBI OITUOKH MPU UX HU3JI0KEHUU



JOTTYIIEHBI OITMOKN M HETOYHOCTH B MCTIOJIb30BAHUH HAYYHOW TEPMUHOJIOTHH,
OIPEICIICHUE TTOHSITUIA

MpaBUWIbHBIC U YETKUE OTBETHI HA BOIPOCHI HABOJIAIIETO M KOHKPETUZUPYIOILIETO
xapakrtepa (MO3UIUsI KPUTHK)

OtmeTKa «2»

OCHOBHOE COJIepKaHKe Yu4eOHOTO MaTepualia He pacKpbITO

HE JIaHbl OTBETHI HAa BOIIPOCHI HABOJIAIIETO U KOHKPETU3UPYIOIIETO XapaKTepa
JTOMYIICHBI IPyObIe OMMOKHU B ONPEACICHUHN ITOHATHH, IIPU UCTIOJIb30BaHUH
TEPMUHOJIOTHUH.

Tema 4.2. J1eKTPOMArHUTHBIE KOJI€OAHNS U BOJIHBI

Ycrubii onpoc (YO)

1.

10.

11.

N3 Kkakux »JJIEMEHTOB COCTOUT KoJjiebaTelbHbI KOHTYp? MoryTt nu
BO3HUKHYTh KOJieOaHUS B KOHTYpE, COAEprKalleM KOHJIEHCATOp U PE3UCTop?
UHAYKTUBHOCTH U PE3UCTOP?

Kakue ¢Qusmyeckne BenUUMHBI U3MEHSIOTCS TIPU  KoOJIeOAHHUSIX B
KoJieOaTeIbHOM KOHTYpe?

UeM oTiauyaroTcss KoJeOaHMs DJIEKTPUUYECKOro 3apsijga W TOKa B
kosiebaTenbHOM KOoHTYype? Kak mo rpaduky M3MEHEHHs 3apsia CO BpEeMEHEM
MOCTPOUTH TpauK 3aBUCUMOCTH CHIIBI TOKA OT BpeMEeHU?

OT yero 3aBUCHUT NepuOJ] KoJicOaHUNH B KOHType? MOXKET AU Nepuoj
KoJIeOaHW B KOHTYpPE OCTaBaThCs MOCTOSHHBIM TPU W3MEHEHWH WHIYKTHB-
HOCTH U €EMKOCTH?

Kak wu3menutcss mnepuoa KkojaeOaTeNbHOrO KOHTYpa, €CIU YBEIUYUTH
YHCJIO BUTKOB KaTYIIKU? BHECTU B KATYIIKY >KEJIE3HBIM CEPACUHUK?

Kakue npeBpalieHus SHEPTUHU MPOUCXOIAT B KojaedaTeabHOM KOHTYype? e
COCPEJOTOYCHA DHEpPrus MpU CBOOOJHBIX KOJeOaHHUSIX B KOHType uepe3 1/8,
1/4, 1/2 nepuopa nmocie Hayala pa3psiku KoHaeHcaTopa?

Moryr nm ObITh CBOOOJHBIE KOJEOaHUS B pEaTbHOM KOHTYpE
HE3aTyXaloIuMu?

UeM oTauyaroTcs APYr OT ApYyra cBOOOJHBIE KoJieOaHUs B ABYX KOHTYypax C
OJMHAKOBBIMU MapaMeTpaMH, €CJIU HUX KOHJEHCATOPhl ObLIM 3apsKEHbl OT
Oartapeii ¢ pasupiMu DJ[C?

Kak pelicTByroliee 3HaAY€HUE CHJIBI ToKa (HAMpPS)KEHUS) CBSI3aHO C
aMIUIMTYAHbIM 3HaueHueMm? Kakoe 3HaueHME CUJIbI TOKa M HampsKEHUs
U3MEPSIOT aMIIEPMETPHI U BOJBTMETPHI B I[ENU MEPEMEHHOTO TOKa?

Ha xkartymky mnojaeTcs OJMHAKOBOE HANpsOKEHHWE — CHadala OT CEeTH
MOCTOSIHHOI'O, a 3aTeM IMEePEMEHHOro Toka. B kakom ciydyae oHa HarpeBaeTcs
cuiibHee?

[louemy B uenu, conepkauied KOHIAEHCATOpP, MOXKET MPOTEKATh TOJbKO
EpEMEHHBIN TOK?



12. JlomycTuMO JH B LIeNb MEPEMEHHOr0 TOKa HampspkeHuem 220 B BKIIOYUTH
KOHJIEHCATOP, POo0oiHOE HaMNpsKeHue kKotoporo 250 B?

13. TIlouemy B paMmMKe, paBHOMEPHO BpalllAlOLIECHCs B MArHUTHOM TIOJIE,
Bo3Hukaer OJIC? UYem oTiMyamOTCSd NOPOMBIILIEHHBIE TE€HEPATOPHl OT
MpoCTeUIeld MOJAEIU-PAMKH, Bpallalolleiicsi B MAarHUTHOM 1oJie?

14, Kakum o0Opa3oM MOJy4arT CTaHAAPTHYIO YAaCTOTY MEPEMEHHOTO TOKa MpHU
MEJUICHHOM BpalllcCHUH PAMKH ?

15. Jlna ugero cayxut tpaHchopmatop? Kakue ero ocHoBHbie yacTu? KakoB
MPUHLNI IeHcTBUS TpaHchopmaTopa?

16. Kakum oOpazom mpou3BOASAT MPeoOpa3OBaHUS HANPSHKEHUS U CUIIBI TOKA B
HensX MepeMEeHHOro Toka? MOXXHO JIM cOBepliaTh Takue MpeoOpa3oBaHUS B
LEISIX TOCTOSHHOTO TOKa?

17. Yem otmimyaeTrcs XOJIOCTOH pexuM TpaHchopmaTtopa oT pabouero? Kak
OCYIIECTBISIETCS PEKUM HATPY3KHU?

18. Kak cBsA3aHbl MeXIy cO000 BEIWYMHBI TOKOB M HampsDKEHUM B 0OMOTKAaX
Tpanchopmaropa?

19. 3a cuer wero B TpaHcpoOpMaTOpE MPOUCXOIUT TMOTEPS DHEPTUU TIpe-
obpazyemoro Toka? Kakossl mytu noBeimenus: KI1J[ tpancopmaropa?

20. Tlowemy mis mepedayu JJICKTPUYECKON SHEPTUU HA OOJBIINE PACCTOSHHS
UCTob3yeTcsa mnepeMeHHbld Tok? I[louemy mnpu mnepemadye >IEKTPOIHEPTUHU
HCTIOJB3YIOT BHICOKOE HampsiKeHue?

Kontponupyemsie komnerenunu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtmeTka «5»

MIOJTHO PACKPBITO COJIEp)KaHUE MaTepuaia

YETKO Y MPABWIBHO JIaHBI OMIPEICIICHUS U PACKPBITO COJIEpKaHUE MTOHATHM, BEPHO
WCIIO0Ib30BaHbl HAYYHbIE TEPMUHBI

JUTSL IOKA3aTeNIhCTBA UCIIOb30BAHbI Pa3IMIHbIC YMEHUS, BBIBOIBI M3 HAOJIIOICHHH,
OIIBITOB

OTBET CaMOCTOATEIbHBIN, UCTI0JIb30BaHbI paHee MPUOOPETECHHBIC 3HAHMUS.

OtmeTKa «4»

PacKpBITO OCHOBHOE COJIEp)KaHUE MaTepuaia

B OCHOBHOM IPABUJIBHO JIaHBI ONMPEACIICHUS MOHSATUN U UCIIOJIb30BaHbI HAYYHBIE
TEPMUHBI.

OTBET CAMOCTOSTEIbHBIN

OTpeICJICHHS TOHSATUN HETIOJHBIE, TOMYIIEHbI HE3HAYUTEIbHbIC HAPYIIICHUS
MOCJIEI0BATEILHOCTH U3JI0KEHHU S, HEOOIbIITNE HETOYHOCTH MPU UCTIOJIb30BAHUU
Hay4YHBIX TEPMUHOB WJIK B BBIBOJIaX M OO0OIICHUSIX

MPaBUJILHBIC U YETKUE OTBETHI Ha BOMPOCHI YTOUHSIIOIIETO XapakTepa (Mo3uIus
MTOHUMAOIITUH )



OtmeTka «3»

YCBOSHO OCHOBHOE COJIEpKaHKE Y4eOHOTO MaTepralia, HO U3JI0kKEHO (hparMeHTapHO,
HE BCerja Mocje0BaTeIbHO

ONpeieJICHHs TOHSTUNA HEJIOCTATOYHO YETKUE

HE UCII0JIb30BaHbl B KAUECTBE JI0KA3aTEILCTBA BEIBOIBI U OOOOIIEHHS U3
HaOII0ICHUM, TOMYIIICHBI OITUOKH MPU UX HU3JI0KESHUU

JOMYIIECHBI OITMOKA U HETOYHOCTH B HCIOJb30BaHUHM HAYYHOH TEPMUHOJIOTHH,
OIPEICIICHUE TTOHSITUIA

MpaBUWIbHBIEC U YETKUE OTBETHI HA BOMPOCHI HABOJIAIIETO M KOHKPETU3UPYIOIIETO
xapakTtepa (MO3UIUsT KPUTHK)

OtmeTKa «2»

OCHOBHOE COJIepKaHKe Yu4eOHOTO MaTepualia He pacKpbITO

HE JIaHbl OTBETHI HAa BOMIPOCHI HABOIAIIETO U KOHKPETU3UPYIOIIETO XapaKTepa
JOMYIIEHBI IPyObIe OMKUOKHU B OMPEAEICHUN MTOHATUM, PU UCTIOJIb30BAHUU
TEPMUHOJIOTUH.

TectupoBanmue (T)
I Bapuanr.

Al. DIeKTPOMAarHUTHBIE BOJHBI MOTYT PacIpOCTPAHATHCS

1) TONIbKO B BAaKyyMe CO CKOPOCThIO CBETa

2) TOJIBKO B BEIIECTBE C JIFOOBIMU CKOPOCTAMHU

3) B BaKyyMe U B BEIIIECTBE CO CKOPOCTHIO CBETA

4) B BaKyyMe H B BEIIECTBE CO CKOPOCTSIMH, OOJIBIIIUMHA CKOPOCTH CBETA

A2. ITeproa 31€KTpOMarHUTHOM BOJIHBI paBeH | MKc. [[MHA 37I€KTpOMarHuTHOM
BOJIHBI PaBHA

1) 300 MmxMm

2) 300 MM

3) 300 m

4) 300 km

A3. YacToTa 31eKTpPOMATHUTHOM BOJIHBI HH(paKpacHoro uaydenus 2- 1012 '
[Tepuon konebanmii 3TON BOJHBI PaBEH

1)5-108 ¢

2)2-10%2 ¢

3)0,5-10% ¢

4)2-108 ¢

A4. BHyTpu KOHAEHCATOpA CO3AETCs
1) HEOAHOPOIHOE MAarHUTHOE TO0JIE
2) OAHOPOJIHOE DIIEKTPUUYECKOE TT0JIe



3) 0IHOPOJIHOE MarHUTHOE T0JIe
4) HEOHOPOAHOE ANEKTPUUECKOE I0JIe

AS. B xonebarensHOM KOHTYpE MEPUOINYECKHA U3MEHSIOTCS
1) cuna Toka B pe3uctope

2) 3apsi KaTyluIku

3) cuna Toka B KOHJEHCATOpe

4) 3apsii KOHJIEHCATOPA U CUJla TOKa

A6. IIpyu ymMeHbIIEHUN UHAYKTUBHOCTH KaTYIIIKH, BKJIIOUEHHOHN B KOJIeOaTeIbHBbIHI
KOHTYP, IEPHO/]T AIEKTPOMArHUTHBIX KOJIEOAHUI

1) He u3MeHuTcs

2) yMEHBUIUTCS

3) yBenuuuTcs

4) MOXKET KaK yBEJIMUUTHCS, TAK U YMEHBIIUTHCA

Bl. YcranoBuTe cOOTBETCTBUE MEKTY (GHU3NUCCKUMH BeTUYNHAMH B (POPMYJIaMH, 11O
KOTOPBIM OHH OIIPEICIISIFOTCA.

PU3NYECKAS BEJIMYUHA

A) DHeprusi KOHJieHcaTopa

b) [lepno 3neKTpOMAarHUTHBIX KoJeOaHUI
®OPMYVYIJIA

1) 2nLC

2) q/-C

3) g?/.C

4) 2mJLC

5) g/.LC

II Bapuanr.

A1.B 31eKTpOMarHUTHBIX BOJHAX COBEPIIAIOT KOJIeOaHUs

1) nroObIe YaCTHUIBI CPEAbI

2) 3apsiKEHHbBIC YaCTHUIIbI

3) aneKTpUYECKre TOKU

4) HanpsHKEHHOCTD MEKTPUUYECKOTO MO U MHIAYKIMS MATHUTHOTO I10JIs

A2. Tlepuo 35eKTpOMarHUTHOM BOJIHBI paBeH 1 Mc. J{MHA 3JIeKTpOMarHuTHOM
BOJIHBI paBHA

1) 300 MxMm

2) 300 MM

3) 300 m

4) 300 xm

A3. Yacrora paguosonnsl 4-108 [lepuon koneOaHuii 5TOH BOJIHBI PaBEH



1)4-10% ¢
2)2,5-10° ¢
3)2,5-108 ¢
1)4-108 ¢

A4. KonaeHcatop — 3TO yCTPOMCTBO

1) st HaKOTUIEHUS AIEKTPUUYECKUX 3aps0B

2) st CO3/IaHMs JIEKTPUUYECKOTO TOKA

3) st uBMEPEHUs FIECKTPUUECKUX 3apsiJI0B

4) nns onpeeieHUsl HalpaBJICHUS AIEKTPUUECKOTO TOKa

AS. KonebaTenbHblil KOHTYP COCTOUT
1) U3 KaTy1Ku U pe3ucropa

2) U3 pe3ucTopa U UICTOYHUKA TOKA

3) U3 KaTyIIKH U KOHJIEHCATOpa

4) u3 pe3ucTopa U KOHJIEHCATOpa

AG6. [Tpu yBennyeHnn EMKOCTH KOHJICHCATOPa, BKIIOUSHHOT'O B KOJIeOaTeIbHbIN
KOHTYP, IEPHO/T DIIEKTPOMArHUTHBIX KOJICOAHMIA

1) He u3MeHuTcs

2) yMEHBUIUTCS

3) yBenuuuTcs

4) MOXKET KaK YBEJIMUUTHCS, TAK U YMEHBIITUTHCSA

Bl. Ycranosure cooTBETCTBHE MCIKOY (1)I/ISI/I‘{€CKI/IMI/I BCIIMYNHAMHU U (I)OpMy.IIaMI/I, I10
KOTOPBIM OHHU OIIPCACIIAIOTCH.

OU3SNYECKAS BEJIMUNHA
A) 3apsg KoHaeHcaTopa

b) DHeprus karyuku
OOPMYVYJA

1) CU

2) U/oC

3) LI%/,C

4) UVLC

5) LI1%/,

KonTpomupyemsie komnereniuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kaouu K TecTam:

Bapuanr 1

Ne Bonpoca Al | A2 | A3 | A4 | A5 | A6 | B1

Hpapuaepnabiid |3 |3 |1 (2 |4 |2 |B1,A3,b4




lovger | | | | | | |

Bapuant 2

Ne Bonpoca Al | A2 | A3 | A4 | A5 | A6 | Bl
MpaBuasnbiii (4 |4 |2 |1 |3 |3 |BlLALBS
OTBET

Kputepuu oneHkH:

— «2» BBICTABJISICTCS 00yUarOIIeMyCsl, €CITH HaOpasl MeHee 2 0aJljIoB;
— «3» BBICTABIISIETCS 00yUaroIiemMycs, 3a 3 6aia;

— «4» BBICTABIISIETCS O0yUaromeMycs, 3a 5-4 0aios;

— «5» BBICTaBIIIETCS OOyUaromemycs, 3a 0oyiee 6 6aIoB.

3amanus 1 caMocTosATeIbHOI padoTsl (CP)
Templ 3cce (pedepaToB, 10KJIAT0B, COOOIIEHMIA)

CB0OOOIHBIE 3JIEKTPOMAarHUTHbIE KOJIEOaHUS.

[IpeBpatenue sHeprun B K0yieOaTeIbHOM KOHTYpE.

[Tepros1 cCBOOOIHBIX ANEKTPUUECKUX KOJIEOaHU .
MatemaTuyeckoe OnucaHue MpoIeccoB B KOIeOATEILHOM KOHTYPE.
®opmyna TomcoHa.

['enepaTop He3aTyXaloIUX IEKTPOMArHUTHBIX KOJIEOAHUN.
Briny X IeHHBIE 2JIEKTpUUECKHE KOJIeOaHusI.

J1oOpOoTHOCTH KOJIeOaTeNbHOTO KOHTYPA.

. EMKOCTHOE ¥ HHIYKTUBHOE COITPOTHBIICHUS IEPEMEHHOTO TOKA.
10 AKTHBHOE CONPOTHUBIICHHE.

11.3akon Oma aJist 3JIEKTPUYECKOM LEMH MEPEMEHHOTO TOKA.
12.PaboTa 1 MOIIIHOCTH MIEPEMEHHOTO TOKA.

13.Pe30HaHC B 3JIEKTPUIECCKOM TETIH.

14.TlepeMeHHBI TOK.

15.'enepaTop nepeMeHHOro TOKa.

16.TpancdopmaTtopsl.

17.Toku BBICOKOI YacCTOTHI.

18.I1lonyuenue, nepenaya u pacrnpezesieHue JIeKTPOIHEPTUH.
19.CxopoCTh 37IEeKTPOMArHUTHBIX BOJIH.

20.251eKTpOMarHuTHOE 1oJie Kak 0COOBIN BUJ MAaTEPUHU.
21.2nekTpoMarHuTHbIC BOJIHBL. CBOMCTBA 3JIEKTPOMArHUTHBIX BOJIH.
22.Bubparop I'epma.

23.OTKpBITHI KOJIEOATENbHBIN KOHTYDP.

24 Nzo6petenue paano A.C. ITonoBsiM.

25.1lonsTre o paguocsszu. [Ipunuun paanocsssu. [Ipumenenue
AIIEKTPOMArHUTHBIX BOJIH.

CoNOR~ODE



KonTpomupyemsie komnereniuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtmeTka «5»

MIOJIHO PACKPBITO COJICPKAHUE MaTepUaia

YETKO Y MPABWIBHO JIaHBI OMIPEICIICHHS U PACKPBITO COJIepKaHUE TTOHATHM, BEPHO
WCII0JIb30BaHbl HAYYHbIE TEPMHUHBI

JUISL TOKA3aTeNIhCTBA UCIIOIb30BaHbI Pa3INIHbIC YMEHUS, BEIBOIbI U3 HAOIIOICHHIA,
OIIBITOB

OTBET CAMOCTOSTENIbHBIN, UCIOIL30BaHbl paHee MPUOOPETEHHbBIC 3HAHUS.

OtmeTKa «4»

PACKpBITO OCHOBHOE COJIEp)KaHHE MaTepHuaia

B OCHOBHOM IPABUJIBHO JIaHBI ONPEACICHUS MOHATUN U UCIIOJIb30BaHbl HAYYHBIE
TEPMUHBI.

OTBET CAMOCTOSTEIbHBIN

OTIpEeICJICHHS TTOHSATUN HETIOJHBIE, TOMYIIEHb HE3HAYUTEIbHBIC HAPYIIICHUS
MOCJIEI0BATEIbHOCTH U3JI0KEHHU S, HEOOIbIITNE HETOYHOCTH MPU UCTIOJIb30BAHUU
Hay4YHBIX TEPMUHOB HJIM B BBIBOJAX M O0OOIIECHUIX

MpaBWIbHBIC U YETKUE OTBETHI HA BOMPOCHI YTOUHSIIOIIETO XapaKkTepa (MO3uLus
MTOHUMATOIITUH )

OtmeTKa «3»

YCBOCHO OCHOBHOE COJICp’KaHHE y4eOHOTO MaTepHrala, HO H3JI0’KEHO )parMeHTapHO,
HE BCErJa IocJIeJ0BaTEILHO

OTIPEICJICHHS TTOHATHUH HEJIOCTATOYHO YETKHUE

HE MCITOJIb30BaHbI B KAUECTBE JI0KA3aTEIbLCTBA BEIBOILI 1 0000IICHUS U3
HAOJTFOICHHH, TOTYIIEHBI OITUOKH TP UX U3JI0KCHHUH

JOMYIIEHBI OIITMOKU M HETOYHOCTH B MCTIOJb30BAaHNM HAYYHOW TEPMUHOJIOTHH,
OIPENICIICHUE TTOHITUI

MIpaBUWJIbHBIC U YETKUE OTBETHI HA BOIIPOCH HABOJIAIIETO M KOHKPETHU3UPYIOIIETO
xapakTepa (Mo3UIUs KPUTHK)

OtmeTKa «2»

OCHOBHOE COJIepKaHKe YyueOHOTr0o MaTepualia He pacKpbITO

HE JIJaHbI OTBETHI HA BOIIPOCHI HABOISIIETO U KOHKPETU3UPYIOIIETO XapaKkTepa
JOMYIIECHBI IPyObIe OMMOKHU B ONPECTICHUHN TTOHSATUM, PU UCTIOI30BAHUU
TEPMUHOJIOTHH.

KonTpoabnas pabora Ne 4
ITo pa3zneny «KoJsie0anusi 1 BOJHBbD)

Bapuanr 1



1. I'py3 maccoii 450 r coBepiiaet KoieOaHus Ha MPY>KUHE KECTKOCTHIO

0,5 kH/m. Haiitu nepuoa, COOCTBEHHYIO M LIMKIMYECKYIO YaCTOTY MEXaHUYECKHUX

KOJIeOaHU.

2. B xonebaTenbHOM KOHTYPE 3aBUCUMOCTD CHJIBI TOKA OT BpEMEHH 3a/1aHa

ypasaenueM i=0,55in10°xt. HaiiTi aMIIMTy Iy CHIIBI TOKA, IIEPUOJI, COOCTBEHHYIO

UKIIMYECKYIO YACTOTY AJIEKTPOMArHUTHBIX KOJICOAHMIA.

3.Jloaka kayaeTcst B MOpE Ha BOJIHAX, KOTOPbIE PACIPOCTPAHSAIOTCA CO CKOPOCTHIO 6

M/c. PaccTosiHue Mexay AByMs OJMKaUIIMMU TPeOHSIMU BOJIH

24 m. KakoBa yacToTa yJapoB BOJIH O KOPIYC JOJKA?

4. I3MeHeHne ToKa B aHTEHHE paguonepeaTyuka IPOUCXOANT MO 3aKOHY

i=3c0s(1,4*10°%). Haiizure AaMHy M3ITy4aeMOi SIEKTPOMArHUTHON BOJIHEL.

5. Ilouemy neTy4rie MBIIIHN Jake B MOJHON TEMHOTE HE HATBHIKAIOTCS Ha IPETATCTBHE?
Bapuanr 2

1. JlnvHa HUTK MaTeMaTuyeckoro MasatHuka 4 M. Haiitu nepuos, CoOOCTBEHHYIO U

UKIIMYECKYIO YACTOTY MEXaHMYeCKuX Koyiebanuit Ha JIyHe, eciii yCKopeHue

cBOOOHOTrO NajsieHus Ha JIyHne paBHo 1,62 Mm/c?.

2. YpaBHeHue Konebanuii HanpspkeHus uMeet Bua U=40c0s25nt. Haiitu ammmuty ay

HATPSHKCHUS, TIEPUOJ, COOCTBEHHYIO U ITUKINYECKYIO YACTOTY AJICKTPOMArHUTHBIX

KOJIeOaHMiA.

3. UenoBek, cTosmuii Ha Oepery Mopsi, OIPEENIN, YTO PACCTOSTHUE MEKITY

CIIEIYIOIIUMH APYT 3a APyroM rpedHsIME BOJIH paBHO 8 M. Kpome Toro, on

MOACYMTAI, YTO 32 | MUH MUMO HETO MpouLIo 24 BOTHOBBIX rpedHs. Onpenenure

CKOPOCTh PaCIpPOCTPaHEHUS BOJIHBI.

4. VI3aMeHeHre TOKa B aHTEHHE paauorepeIaTauKa MPOUCXOANT 0 3aKOHY

i= 0,3 sin (5,7*10°t). Haiinure AiuHy U31y4aeMOi SIEKTPOMATHUTHOM BOJIHBL

5. MHOTrOKpaTHOE 9X0 MOKHO YCIBIIIATh B ropax. [louemy?

Kontpomupyemsie komnereniuu: OK 01-OK 07; JI.1.-J.6.; M.1.-M.6.; TL.1.-IL.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

- «5» cTaBUTHCS 3a padOTY, BBIIOJHEHHYIO MMOJTHOCTHIO 0€3 OIIMOOK U HEJOYETOB.

- «4» ctaBuThCH 3a pabOTy, BBHIIOJHEHHYIO MOJHOCTHIO, HO MPH HAJIMYUU B HEH HE
OoJiee oJIHOM TpyOOil U OHOM HErpyOol OMMOKK U OJHOTO HeJoueTa, He 0ojiee Tpex
HEJI0YETOB.

- «3» CTaBUTHCSA, €CIU CTYACHT MPABWIBHO BBINOJIHWI HE MeHee 2/3 Bcel paboThl WiH
JOMyCTU He OoJiee OfHOW TpyOOW OMIMOKM M JBYX HEIOYETOB, HE Ooyiee OJHOU
rpy0oil 1 omHON HerpyOoi omuoOku, He Oojiee TpexX HerpyObIX OIIMOOK, OJIHOU
HEerpy0oii OIMMOKHN U TPEX HEIOYETOB, IPU HATUYUU 4-5 HEJ0UETOB.

- «2» CTaBUTHCS, €CIIM YHCIO OMMOOK M HEJOUYETOB MPEBHICUIO HOPMY OICHKU «3»
VI IPABWJILHO BBITIOJTHEHO MeHee 2/3 Bcel paboThI.

JlaGopaTopHbie padoThI

JlabopaTopHnasi padora Ne 12



H3yuyenue padorsl ogHodasHoro rpancpopmaropa

Leab padoThi: yCBOMTH MNpPaKTHUYECKHME NPHUEMBI JAOOPATOPHOTO HCCIEIOBAHUS
onHo(da3zHOro TpanchopmMaTopa METOAOM XOJOCTOro xojAa (ombIT XX) U KOPOTKOIrO
3ambikaHusl (ombIT K3), CHATH BHENIHWE XapaKTEPUCTUKHU TpaHchopMaropa MpH
Pa3JIMYHbBIX TUIAX HAPY30K.

TEOPETUYECKUE CBEJIEHUS U PACUETHBIE ®OPMY.JIbI

1. HASBHAYEHMUE, YCTPOUCTBO IMPAUHIMUIT I[EfICTBHH
TPAHC®OPMATOPA

Tpanucghopmamop [ 2TO CTaTUYECKUM DJICKTPOMArHUTHBIN almmapar, MpeaHa-
3HAYCHHBIN IS MpeoOpa3oBaHUs IIEPEMEHHOrO TOKa OJHOTO HAIpsOKCHHS B
IIEPEMEHHBINA TOK APYTOro HAIMPSKEHUS TOU K€ 4aCTOTHI.
TpanchopMaTopsl HAXOIAT MIUPOKOE MPUMEHEHHE JIJIS TIepeladu U pacipeaesICHUs
BJIEKTPUYECKON DHEPIUH, JJISI PA3JTUUYHBIX TEXHOJIOTHMUYECKHUX LIEJICH U JJIs MUTAHUS
pa3UYHBIX LENEeH paguo-, JJIEKTPOHHO-BBIYMCIUTEIBHON W  TEJICBU3MOHHOU
anraparypsbl, yCTPONCTB CBSI3U, ABTOMATUKHU, TEJIEMEXAHUKH U T. 1.
[TpuHmn nedictBust TpaHC(HOPMATOPOB OCHOBAH Ha SBJICHUHM B3aUMHOMN MHIYKIIHH,
KOTOPBIH SABJISAECTCA CIEACTBUEM 3aKOHA JICKTPOMAarHUTHOW MHAyKuu dapanes:

dr] B
e 0] , (1)
i ds
r€ €j — 3.1.C. BJIEKTPOMAariuTHOM UHAYKIUH, P — MATHUTHBINA MIOTOK.
[ToTokOoM BeKTOpa MAarHUTHOM WHAYKIHUH B (MarHUTHBIM IMOTOKOM) 4Yepe3 Malyro

wiomaaky dS Ha3pIBaeTcs cKausipHas pu3nUecKas BEIMYMHA, paBHAs

—

dig [ BOdScost) [J BdS 2)
r7I€ 0. — YroJ MeXay BekTopamu B u n- HOPMaJIbIO K rutormaske dS.



Puc.1. IToTok BekTOpa MarHuTHOM MHAYKIMHU B uepe3 manyto
iomaaky ds.

[ToTok BekTOpa MarHuTHON MHAYKIMK DB Yepe3 Mpou3BOJIbHYIO TOBEPXHOCTH S
paBeH CyMMe ITIOTOKOB Yepe3 MaJIble TIOIIAIKH, Ha KOTOPhIE pa3ouBaeTcs
0OJIBIIIAs IJIOIIAb.

—

Ha pucyake 1, a) wu3o0pakeHa OJJIGKTpOMAarHWTHash cXxeMa OJHO(A3HOTO
JIBYX0OMOTOYHOTO TpaHchopmaTopa, a Ha pucyHke 1, 06) — ero YcCJIOBHOE
rpaduueckoe 0003HaUEHUE.

Pucynox 2. — DnekTpoMarauTHasi cxema oaHO(pa3HOTO ABYXOOMOTOYHOTO
TpaHchopmaropa (a) u ero ycioBHoe rpadudeckoe obo3naueHue (0)

Tpanchopmarop COCTOMT M3 JBYX OOMOTOK, NEpBUYHONW 1 M BTOpUYHOU 2,
pPa3MEILEHHbIX HA 3aMKHYTOM (DeppOMarHUTHOM MarHUTONPOBOJE 3, KOTOPBIN IS
YMEHBIIEHUS 1MOTeph OT BHUXpeBbIX TOKOB Dyko HabpaH ©3 JTUCTOB
MEKTpOTeXHUYEeCKON cTanu TommuHou (0,35 0,5) MM, JerupoBaHHONW KPEMHHEM.
MarHuTonpoBOA CIYXHUT [JIsl YCHUJICHHST MarHUTHOM CBSI3U MEXIy OOMOTKaMu
TpaHcdopmaropa, T. €. UIsl YMEHbIIEHUS MOTEPh MAarHUTHOTO TOTOKA,



CO3/1aBa€MOT0  MEpBUYHOUW OOMOTKOW TpaHchopmaropa. [Ipum mnoaxIoueHUH
nepBUYHON 00MOTKH A-X TpaHc(hopMaTopa K CETH NEPBUYHBIN TOK i1, TPOXOJIS IO
e€ BUTKaM W1, BO30YXIaeT B Cep/IeYHUKE CUHYCOUJATbHBIM MAarHUTHBIA TTOTOK @
= @nsinlIt, toe [ = 200f [] yrioBas yacToTa IHUTAIOIIEr0 HampspkeHus Ui (puc.l).
DTOT MOTOK, MPOHU3bIBAsE BUTKH MEPBUYHON U BTOPUUHOU OOMOTOK, HABOJUT B HUX
OJIC:

a@ ao
e Uln __ _wme [lln (3)

1 1 4 2 2 4t
['te N1 1 N2 YUCIO BUTKOB B IEPBUYHOM U BTOPUYHONM OOMOTKAaX COOTBETCTBEHHO.
Otnomenue DJIC nepBuuHoit oOMoTkH TpaHchopmaropa k DJIC BTOpUUHON ero
OOMOTKH, pPaBHOE OTHOIIECHHWIO COOTBETCTBYIOIIMX YHCEI BHUTKOB OOMOTOK,
Ha3BIBAIOT KO puyuenmom mpauncpopmayuu Tpanchopmaropa

k [ el_D E‘ (4)
€2 n2

Takum oOpazom, kodppunueHT Tpanchopmaiuu TpanchopmaTopa €CTb OTHOIICHUE
OJC ero oOMOTOK WM OTHOILIEHHWE YHUCEI BUTKOB 3THX 0OMOTOK. B macmopte
TpaHchopMaropa OOBIYHO YKa3bIBAIOT OTHOUICHHWE HOMHUHAIBHBIX HANpPsDKEHUN B
pexxume xonoctoro xoaa Ui/Uz., koTopoe mpaktuuecku paBHO oTHomieHuto D/1C,
TaK Kak TpH Pa30MKHYTOH BTOPUYHOM OOMOTKE HAMpsIKEHUE, MPHIOKEHHOE K
NepBUYHON 00MOTKe, mouTu neiaukoM ypaBHoBemmuBaeTcs ee IJAC (Uq [ e1 ), a

BTOpUYHOE Harpsbkenue paBHo BTopuuHor DJIC (U2 [ €2 ). [loaToMy BeIpakeHUE
it K03 duiienTa TpaHchopMaIi MOXKHO MEePEnucaTh B BUJIE:

Yl 5)
2x n2
CrnenoBatenbHO, KO3G(GUIMEHT TpaHCPOPMAIMKM PABEH OTHOIICHUIO HANpPSKEHUH
Ha 00OMOTKax IIPH XOJOCTOM XO¢ TpaHchopMaTopa.
[Ipu pabote TpaHchopmaropa, B NMEPBUYHOM OOMOTKE BJEKTpUUECKas HSHEPrus,
norpebisiemass U3 CETH, IpeoOpa3yeTcss B BHEPrUI0 MArHUTHOTO TMOJs, a BO
BTOPUYHOM OOMOTKE, HAa0OOpOT, SHEPrHsi MarHUTHOIO IMOJIsI MpeoOpasyercs B
ANEKTPUYECKYI0, OTJaBaeMyl0 3areM (B OCHOBHOM) IOTpPEOUTENIO (HArpys3ke).
HebGonpimass YacTh MOIIHOCTH TepsieTcss B camoMm TpaHchopmarope. [lpu
HOMHHAJIBHOM pPEXKHME MOIIHOCTh IOTEPh B OOMOTKaX ¥ MarHUTOIPOBOJE
TpaHchopMaropa HEBEIUKA, MOITOMY TpaHCHOPMATOPHI OOBIYHO MUMEIOT BBICOKHIMA
KII/, mocruraromiuii (98—99) %.
Takum oOpazom, B TpaHchopMaTope MpeoOdpa3yrTcs TOIBKO HANPSOKEHUS U TOKH.
MortHOCTh k€ (M3-32 MaJibIX MOTEph Ha HarpeBaHWe OOMOTOK M MarHMTOIPOBOJA
Tpancopmaropa) IpakKTHUECKH OCTACTCA MOCTOSHHOM, T. €. MOKHO CUMUTaTh, YTO
11U1 [ 12U2 . CnenoBarensHo,

1ol (6)



Wrtak, Toku B 0OMOTKax TpaHchopmaropa OOpPaTHO MPOMOPLHHUOHAIBHEI
HanpsoKeHUsIM. TOK TepBUYHOW OOMOTKH TpaHcopmaropa MpH OTKIIOUYEHHOM
noTpeduTese IMEKTPOIHEPTHH (BTOpUYIHAST OOMOTKA Pa3OMKHYTA) SIBISETCS TOKOM
XOJIOCTOTO XO0Ja. DJEKTpHUECKas cxemMa OOMOTKH TpaHChopMaTopa IpeaCTaBiIsIeT
co0o¥l mocne0BaTeIbHO BKIIFOUCHHBIE aKTUBHOE COMPOTHUBICHUE R M MHIYKTHBHOE
conpoTuBieHne XL, T.€. CONPOTUBICHNE MPOBOJa OOMOTKH €€ HHAYKTHBHOCTh. TOK,
NPOXONAIIMA TI0 OOMOTKE, CO37aeT BOKPYr ce0s MarHuTHOE TIoJie, KOTOpOe
MIPOHU3BIBAS TUIOMAh BUTKOB OOMOTKH, CO3/1a€T MarHUTHBIN MOTOK. [lepemMeHHbIi
BO BPEMEHH TOK CO3/1ae€T IEPEMEHHBI MAarHUTHBIA TIOTOK W COTJIACHO 3aKOHY
dapazest, BO3HUKAECT 3.71.C. CAMOMHAYKIMHA. OTIWYHE OT 3.11.C. UHAYKIIMH COCTOUT B
TOM, YTO B 3TOM CJydYae MarHUTHBIA IOTOK CO3JAeTCS HE BHENTHUM HCTOYHHUKOM
MarHUTHOTO TIOJIS, @ CAaMUM TOKOM. Tora MarHUTHBIN MTOTOK TIPOITOPIIMOHATIEH TOKY
U paBeH:

g CLLCT, (7)
Tac L — ma3pIiBaeTcs HMHAYKTHBHOCTBIO. BOBHI/IKaIOIHaﬂ 2.4.C. B 00MOTKE paBHa:
e 0008 [ dCOD o dl @
© Tt dt dt

3HaK MUHYC O3HA4a€T, 4TO 3.]1.C. CAMOMHYKIIMHU MPENATCTBYET U3MEHEHUIO Toka. Ha
puc. 3 okaszaH repeMeHHbIN TOK, TEKYIIUN Yepe3 KaTyIIKy HHAYKTUBHOCThIO L. Eciu
B LIENU MPUIIOKEHO NepeMeHHoe Hanpsbkenre U = UoCOS wt, To B HEH moTeyeT
MIEPEMEHHBIN TOK, B PE3YyJIbTATE YETO BO3ZHUKHET 3.]1.C. CAMOMHAYKIMHU. Toraa 3akox
OMa 71 paccMaTpUBaeMoro y4yacTka ey uMeeT BUa. Tak Kak BHEIIHee
HaIPSHKEHUETPUIIOKEHO K KaTyIIKe HHAYKTUBHOCTH, TO

gJ 2U costt oL uLdi DU cosit L dt, U cost LY 10 (9)

dt 0 L dt
[Tocne MHTETrPUPOBAHHSI, TTOTYIHM:
1090 sinot 0 Y0 cos(t =) (10)
L L 2

Benmnunna wl umeer pazmepHocTh OM M Ha3bIBAETCSA PEAKTHUBHBIM WHIYKTHBHBIM
compotuBiienueM R (= wl. CpaBuenue Boipakenuit (9) u (10) mpuBoauT K BHIBOY,
410 majeHue HanpsbkeHus UL omepexaer mo ¢asze Tok |, Tekymuii yepes Karymky,
Ha [1/2, 4TO ¥ mOKa3aHO HA BEKTOPHOM auarpamme (puc. 3, 0).

Puc.3. a) -nnektpuyeckas 1enb ¢ uaealbHON HHIYKTUBHOCTHIO; 0) — BEKTOpHAs
auarpaMMa TOKa U HanpsKEeHUs Ha KaTylIKe UHAYKTUBHOCTH.

B 2JeKTpOTeXHHKE CHHYCOUJAIbHBIE BEJIMYUHBl 3aMEHSIOT KOMIUIEKCHBIMU
YHCJIaMU, UCTIONB3Ys hopMyity Ditniepa:



el Dcosl] [ jsinll, ede j 1 (11)

Torna  WHAYKTMBHOE CONPOTHUBIEHHME ¢ ydeToM yria mnosopora Ha 90° B
KOMIUJIEKCHOM (hOpMe 3alUChIBAETCS CIEYIOIUM 00pa3oM:

YU~ U U
| OOLe  [IL(cos90 [fsin90 ) (L (12)
31ech Touka Hajl ~ X| - O3HAYAET, YTO ITO BEKTOp, MoBepHyTHi Ha 90° mpoTus
4aCOBOM CTPEJIKH.

Ha puc.4 aktuBHOe compoTHBieHME R BKIIOYEHO TIOCIEIOBATEIBHO C
UHIYKTUBHOCTBIO L.

Puc.4. BexkropHas nuarpaMma HampsKEHHM Ha MOCIEAOBATEIbHO BKIHOUYEHHBIX
conpoTuByieHus: R 1 UHAYKTUBHOCTH L.

Bropoe npaBunio Kupxroda rinacut: anredpandeckas cymma najeHUN HAMPSKCHUIB
KOHTYp€ paBHO ailreOpanyeckod cymme 3.4.c. Torga 3HaueHUWE HANpPSKEHUS,
NOABOAUMOTO K TpaHCcPopMaTopy B PEXKUME XOJOCTOTO X0Jia, B COOTBETCTBUU CO
BTOpBIM npaBuiioM Kupxroda a1t mepBUYHON 0OMOTKH, MOXKET OBITHIIPEACTABICHO
KaK CyMMa BEKTOPOB:

U1. O E.l N Ri lg [ j).(l lg , (13)

rie Ri — akTHUBHOE CONMPOTUBJICHUE TMEPBUYHOM OOMOTKM; Xi— HWHIYKTUBHOE
COIPOTHBJICHUE TIEPBUYHON OOMOTKH, OO0YCJIOBJICHHOE MOTOKAMH paccestHus; JX1 =
jwlL— KOMIUIEKCHOE COIMPOTHBIICHHE WHAYKTHBHOCTH L, KOTOpO€ yYHMTHIBA€T TOT
(axT, 9TO HANpsLKEHUE HA MHIYKTHBHOCTH onepesxaeT Tok Ha 90°. Torma mosnnoe

CONPOTHBJICHHE TIOCNIEN0BATENLHO BKIIOUEHHBIX R 1 L paBHo: Z [ ([R? + X2 Kak

ITIOKa3aHO Ha pI/IC4

2. OITPEJAEJIEHUE MTAPAMETPOB TPAHC®OPMATOPA
Jlns onpenesieHus koddpduirenta Tpaachopmanuu K, a Takke mapaMeTpoB CXEMbI
3aMelleHus (puc. 2) M MOTeph MOIIHOCTH B TpaHCHOPMATOPE MPOBOAST OIbBITHI
xoJiocToro xoja (onbIT XX) U onbIT KopoTkoro 3ambeikanus (K3) tpanchopmaropa.



Puc.2

Puc.2. Cxema 3amernienus Tpancpopmaropa.

Ha puc..2 0003Ha4eHo:
e R1u X1 [l akTUBHOE U UHAYKTUBHOE CONPOTUBIICHUS IEPBUYHON OOMOTKH;

e R N2 Ry uX o]

0néX, O PUBEIACHHBIEC K YACTY BUTKOB IEPBUYHON OOMOTKHU

aKTUBHOE ¥ MHIYKTUBHOE COMPOTUBIICHUS BTOPUYHON OOMOTKHU;
e Ro [| aKTUBHOE CONMPOTHUBJICHWE HAMarHUYMBAIOIIEH BETBU,
00yCJIOBIEHHOEMOTEPSIMA MOILIIHOCTH B CTAJIbHOM MarHUTONPOBO/IE;
e Xo [J UWHAYKTUBHOE COINPOTUBICHUE HAMarHUYMBAIOUIEH  BETBH,
00yCJIOBJIEHHOE OCHOBHBIM MarHUTHBIM ITOTOKOM,;

e Z,/) 1 2 Z, [ MIPUBEJICHHOE K JUCITY

BUTKOB MEPBUYHOMN 0OMOTKH
COTIPOTHUBJICHUE HATPY3KH;

e UL I U2 m 12] [0 12/n [ mpuBeneHHbIE K YUCITy BUTKOB TIEPBUYIHOMN
0OMOTKH
BTOPUIHOE HAMPSHKECHUE U BTOPUIHBIN TOK.

IIapameTpsl TpaHchopMaTOpPa B pexxuMe X0J10¢Toro xoaa (XX).

OneIT XOJOCTOTO XO0Aa TpaHcPopMaropa NPOBOIUTCS C IO OMpeaeieHus
KodpduimenTa Tpanchopmanum K, MarHuTHOro moroka @,, a TaKKe TOTEPh
MOIITHOCTHU Py B ceplieYHNKE MarHUTONPOBOIA PU HOMUHATBHOM PEXKUME.

Puc.5. Cxema nepBu4HOi 0OMOTKHM TpaHchoOpMaTopa W BEKTOpHas JAvarpamma
HANPSHKEHUM HA HEW B pexnume XX.



[Ipu onvime XX K nmepBUYHON 00MOTKE TpaHChOpMaTOpa MOABOIUTCS HO-MHUHAIBHOE
HarpsbKeHue (puc.S)
Uiy ETE1 EZ1l0, (14)

rae
Z1 URp U
JX1 [J MOJIHOE CONPOTHUBIICHUE TEPBUYHON OOMOTKH.
[Tpu >TOM BropmyHas oOmoTka pasoMkHyTa (l2 = 0) m HampsbkeHWe Ha e
zaxumax Uo [ U9og U Eo.
N3mepus Hanpsokerne Uz, Tok lo u axtmBHyto MmomHocts P, [ |2R u
npeHeOperas naJeHUEM HaIpsDKEHUs Ha NepBUYHOM oOMoTke Zilo (BBHIY ero
HEOOJBIIOr0 3HaveHus 1mo cpaBHeHuio ¢ DJIC E1), T. €. MOJB3YsICh YIPOIIEHHOM
cxeMoii 3amernieHus Tpanchopmaropa mpu XX (puc.3, a u 6), ONPEACIAIOT:

— k03¢ HUnMeHT TpaHchopMaIru:

k 0 E1/E2 OU1, /U2 (15)
— mapamMeTphl HAMarHMYUBAIOIIEeH BETBH CXEMbI 3aMEICHHs TpaHC(hopMaTopa
4o [TU1/lo; Ro [0 Px/14; XoD\/ZéDF&‘; (16)

— TOTEepPH MOIIMHOCTH TpH XX, Has3bIBaeMble nomepsmu 6 cmanu Po, KOTOpbIE
3aTPayMBalOTCS B OCHOBHOM Ha HAarpeB MarHUTONPOBOJA OT JICHCTBHS BUXPEBBIX
TOKOB U IIUKJIMYECKOT0 IIepeMarHiunBanus ctanu, T. €.  Po [ Px.

IIapamerpsl TpaHcopMaTopa B pexxuMe KOpOoTKOro 3ameikanus (K3).




6)  Ux=Zdin

RKLJ‘H 1 = '

Puc.6. Cxema nepBu4yHOW OOMOTKH TpaHCPopMaropa W BEKTOpHAs Iuarpamma
HaIpsDKEHU Ha HEl B pexume K3.

[Tpu onvime K3 (puc. 6) B 0OTJIMYUE OT ONACHOTO aBAPUITHOTO KOPOTKOTO 3aMbIKAHHS
TpaHchopMaTopa, BOHUKAIOIIETO CIydaiHO mpHu padoTe npu HanpsbkeHuu Uz [ Uy,
, K IEpBUYHON OOMOTKE MOJBOASAT TaKO€ MOHIKEHHOE Harl-
psoxenue Ur [1 U, (Menbiee Hanpspkenust Uy, B 8...20 pa3 B 3aBUCUMOCTHU OT THUIIA
Y MOILIHOCTH TpaHc(hopmaTopa), Ipyu KOTOPOM B €ro 0OMOTKAaX YCTaHABIMBAIOTCS
TOKH, paBHbIE COOTBETCTBYIOIIUM HOMHHAJIbHBIM 3HAUYCHUSM:
IlH |:$H /Uln, IZH |:$H /UZH |j“1H (17)
N3mepuB Hanpspkenue Uy, TOK |1, 1 aKTUBHYO MOLTHOCTb Py, ONIPEENsIOT:
— mapaMeTpsl cxeMmbl 3amemieHuss npu K3 Ttpanchopmaropa (mosib3ysch
YIPOIIEHHOW CXEMOM 3aMeleHus, puc. 6, a):

Ze DU/ Re O P12 X O \/ZZDRZ, (18)

1n K K
rjae
Z, []

RZIX2Z R R [Rlu X [ X X[
COOTBCTCTBCHHO ITOJIHOC,
K K K 1 2 K 1 2

aKTUBHOE U peakTuBHOE cornpotuBienust K3 tpanchopmaropa;

— Hanpspkenue K3 (puc. 18.4, 6), BeIpakeHHOE B IPOIICHTAX,
Ux () = 100U, /U1,;

— norepu MouHocTr ipu K3 tpanchopmaropa (nomepu 6 meou)
Py [ Py.

3. BHEIIHUE XAPAKTEPUCTUKU TPAHC®OPMATOPA

3aBUCUMOCTb HaIPSHKEHMS Ha 3aKUMax BTOPUYHON OOMOTKH MPU U3MEHAEMOMN
Harpy3ke OT Toka Harpy3ku, T. e.Uz [If(l2), HocuT HasBanue e6HewHel

xapaxmepucmuxu Tpancpopmaropa.



BropuuHoe HanpsbkeHHe (CM. pUC. 2), paBHOE

1 Ze DUk /!l Re O P17, XKD\/ZZDRZ,
Up LEp [Zolp [Ep LR LjXp)l2 LU0 LZ

212

IpU yBEJIWYCHUN TOKA HArPy3KH YMEHBIIIAECTCS KAaK 3a CUET YBEJIMUYCHHS TaJCHUS
HanpspkeHus Z2 12 Ha ero BTopudHO 00MOTKe, Tak U 3a cu€T ymenbienus 3/(C £
(BcIeACTBUE  HEKOTOPOTO  YMEHBIIEHUS  MAarHUTHOrO TmoToka @  1pu
COOTBETCTBYIOIIEM yBeln4YeHnd Toka l1). OpHako, TpU aKTUBHO-EMKOCTHOM
Harpy3Ke Mpu YBEJIMYEHUH TOKa HarpsikeHue Uz yBennunuBaeTcs.

BremHne xapakTEepUCTHKXA MOTYT OBITh pPacCUMTAaHbl W TOCTPOCHBI, UCXOMS W3
MACMOPTHBIX JAaHHBIX TpaHchopmaropa (cm. Tabm. 1), a Takke MyTéM MPSIMOTO
u3MmepeHus Hanpsokenust Uz u Toka |2 ipu usmMeHeHnu Harpy3ku Z,.

Heab padoThl: U3y4uTh YCTPOMCTBO, MPUHLUN pabOTHI, HA3HAYEHUE OAHO(DA3ZHOTO
U TpanchopMmaTopa; YCTAaHOBUTH 3aBUCMMOCTb MEXK]y HANPSKEHUSIMHU U TOKAMU B
NEePBUYHON U BTOPUYHOM OOMOTKax TpaHchopmaTopa; OonpeaeinuTb KO3 UIIMEHT
Tpanchopmainuu oHo(dazHOro TpaHchopmaropa;

Onucanue yCTAHOBKH.

Ha pucynke 7 npuBeaens! (poTorpadus yCTaHOBKU U €€ cXeMa.


http://kesalahti.ru/magnetic/inductor5.html
http://kesalahti.ru/magnetic/inductor5.html
http://kesalahti.ru/magnetic/inductor5.html

0)

Puc.7. a) — poTo ycTaHOBKH ; 0) — AEKTpUUECKas cxema.

VYcTaHoBKa COCTOMT U3 J1abOpaTOPHOro aBTOTpaHC(HOpMATOpa PEryIupyeMoro
(JIATP) 1, MmynpTUMETPOB 2, JUII U3MEPEHHS HAPSDKEHUH U TOKOBHA TIEPBUYHON U
BTOPUYHOM oOMOTKax TpaHchopMmaropa 3 W NEpeKIovaTessi pexkuma padoTh
Tpanchopmaropa 4.

B naGopaTtopHoii mpeaycMOTpeHO TpH pexxuma paboThl TpaHchopMaTopa.

1. Pexxum xomocToro xoja (mojioxkeHue nepexiarogarens XX),
2. Pexxum kopoTkoro 3ambikanus. (ojioxkeHue nepekiovarens K3),



3. Pexxum paboThI 1101 HArpy3KO# (MmostoskeHus nepexmodaress 1-10).
B kauectBe ucciemyemoro Tpancpopmaropa ucmnonszyercs TI1-112-4 ero
OCHOBHBIE XapaKTEPUCTUKH MPUBEICHBI B TabiuIie 1.

Tabnuua 1.

HomunansHoe HanpspkeHue B mepudHoi oomotke (Uni), B | 220+£22

YacToTa nepeMeHHOT0 TOKa, ['1 50+0,5
MoIHOCTh HOMUHAaIbHAas, BT 7,2
Tok nmepBuYHON 0OMOTKH B pexkume xojoctoro xoaa (Iui) 003
A, He Ooliee ’
HarmpsixkeHue BTOpUYHBIX 0OMOTOK B PEKMME HOMUHAITBHOU 7 140.4
HAarpy3Kd MPH HOMUHAJIBHOM HaIpsHKEHUH ceT, B 7
Tok HOMUHANILHOUN HArpy30kK, A 0,39
AKTHBHOE COITPOTUBJICHKE mepBUUHOi 00MoTKH (R1), OM 540
AKTHBHOE COITPOTUBJICHHE BTOpHYHOI 00MOTKH (R2), OM 3,19

3KCHepI/IMeHTa.HI>HaH 4acCThb.

[lepen Hauamom paboOThI, B MPUCYTCTBUE MpenogaBarels, yoeaurech B
MPABUILHOCTH COOPKH W TOJKITIOUEHUS YCTAaHOBKH.

[TepexmtouaTens pexuma padoThl TpaHCcHopMaTOpa MEPEBECTH B PEIKUMXOJIOCTOTO
xomaa (XX).

YcranoButh Ha JIATPe MUHMMalIbHOE BBIXOJHOE HampsbkeHue. s aToro
HeoOxoaumo pyuky JIATPa noBepHyTh 10 TPOTHUB YaCOBOM CTPENKH A0 yHOpa.

Bximounth YCTaHOBKY B CCTb.

Bximounth MYJIbTUMCTPHEIL.

Buumanue nepea 1100bIMM U3MEHEHUSMH T0JI0KEHHS MePeKII0YaTe/Isl peKuMa
padoThl TpancdopMaTopa, a TAKKe nepea 3apepiieHneM padoThbl, HE00X0AUMMO
ycTaHaBauBaTh Ha JIATPe MuHuMMaabHOE BLIXO/IHOE HANPSIAKEHHUE

Pe:xxuM xoJ10CTOrO X0/14a.

Bpamas pyuky JIATPa noGeiitech Ha mnepBuuHOl 00MOTKE TpaHchopmaTopa
HOMHHAJILHOTO HapspKeHust (CM. Tabnuity 1). 3HaueHHe HaPsHKEHUS] PUKCHUPYHOTCS
10 IOKa3aHusAM MyJibTuMeTpa Bl.

B Tabmumy 2 3aHecuTe 3HAYCHUS HANPSDKCHUM HA TEPBUYHOM M BTOPUYHOU
obmotkax TpaHchopmaropa (Ur u Uz), a Takke TOK MPOTEKAIOIIMI MO MEPBUYHOM
obmotke |1 MA.



Tao0imna 2.

Ui, B 1, MA 11, A U2, B Pxx, Bt [io, % k cos [

HpOI/I3BeI[I/IT€ 3aII0JTHCHHUC OCTaBIINXCs AYCCK Ta6J'II/IHI>I.

1. Boruncnure ko> UIMEHT YCUIIEHHS MO TOKY B IMPOIEHTAaX IO
OTHOUIEHUIO K HOMHUHAJILHOMY TOKY TpaHchopmaTopa:

) IO
i [ _100% (20)

1

2. k03¢ duimeHT TpanchopManuu

kLYl

(=) Uo

3. MOIIHOCTBh XOJOCTOI'O XOaa PO ) paBHaH MOIIIHOCTH TCIIJIOBBIX HOTCpB B
CCPACYHHUKE M3-3a THCTCPC3UCAa 1 BUXPCBBIX TOKOB Pcm.

2
8 Ol 8 D1P cm (22)
4. k03 GUIMEHT MOIITHOCTH TpaHchopmaTopa

COS I:":i_PO_ (23)
U1x 10

(21)

Pe:kuM KOPOTKOT0 3aMbIKAHMS.
[lepeBenuTe nepexIoYaTeNb pexxuMa padboThsl TpaHchopmaTopa B onoxeHune K3.

[TnaBuo Bpamas pyuky JIATPa, nobGeiitech mpoTexkaHus MO MEPBUYHON OOMOTKE
TpaHcpopmaropa Toka, paBHoro ly; =30 MA. 3HaueHME TOKa oNpenessiercs IO
MYyJIbTUMETPY Au.

3a"ecuTte B TaOIUIy 3 3HAYCHUS HAMPSDKEHUS U TOKA MEPBUYHOM OOMOTKH, aTaK ke
TOK, IPOTEKAIOIIUI 10 BTOPUYHON 0OMOTKE.

Taobmuna 3.

Uy, B I, A I2, A Pk3, BT Ux3%, %

Brruucnure momuocts Tpancopmaropa B pexume K3 Pxz, koTopas paBHa
MOIITHOCTH, MAYIITNX HAa HAarPEB MEIHBIX OOMOTOK P,

0’R 042 0P

Rz DHWREIB UL (24)
Brrluucnure HanpspkeHre KOPOTKOTO 3aMbIKaHus B % MO OTHOIICHHIO K
HOMHUHAIHPHOMY HaNPsDKCHHUIO TIEPBUYHONW 0OMOTKH TpaHCchopmaTopa.



U %o 10100
K3
H1l Y—

(25)
—PesxxkuM padoThl MO HATPY3KOH
ITepeBenuTe nepekroyaTellb peskuMa padoTsl TpaHchopmaropa B mosioxxenue 1.

Bpamas pyuky JIATPa nobGeiitech Ha mnepBuuHOM 00MOTKE TpaHchopmaTopa
HOMHUHAJIBHOTO HAIPsOKCHUS. 3HAUCHUE HAMPsDKEHUS (UKCUPYIOTCS 10 IMOKa3aHUSIM
MyJabTHMETpa Bl.

3aHecuTe MOKa3aHus MYJIbTUMCTPOB B COOTBCTCTBYIOIIHC STYCHKU Ta6JII/IHBI
4.

Tabnuua 4.
N U, B I, I, A U2, B [I2, A [Py, Pa, 1,% [cos [z
MA Bt Bt
1.
2.
3.
4.
0.
6.
7.
8.
0.
10.
[TOBTOPUTH DKCHEPUMEHT H3MEHssS Harpy3ky (pexumbl pabdoter N = 2-10).

3amoJIHUTE OCTaBIINECS SUECHKU TaOIUIEI 4.

[TocTpoiite rpaduku 3aBucumoctu KIIJ Tpanchopmaropa oT akTUBHON MOITHOCTH
BropuuHoii oOMoTku ([ (P2)) M BHEUIHIOI XapakTepUCTHKY TpaHchopMaTopa
(Uz(l2)). KT tpanchopmaTopa BEIYUCISIECTCS 10 CACAYIOUICH Gopmyiie:

[]Dsz I2R2

(26)
PL — BRERem[ Ry

KoHTpoJibHBIE BONIPOCHI:

1. 3axon ®dapaznes. MarHuTHBII NOTOK.



Toku @yKo U crtocoObl KX YMEHBIIEHUS B TpaHCHOPMATOPAX.
OmnpeneneHue UHIYKTUBHOCTH U €€ popmyJia JJisl KaTyIIKH.

I/IHI[}’KTI/IBHOC COIMIPOTHUBJICHUC U CABUT (l)aS MCIKAY TOKOM U
HaAIIPSKCHUCMHA MHAYKTHBHOCTHU.

5. Kak onpenenuTs noTepu MOIIIHOCTH B CTATLHOM
ceplieuHukeTpanchopmaTopa?

Kak onpeaenuts moTepu MOITHOCTH B 0OMOTKaxX?
Yrto Takoe k03 duiueHT TpaHchopmanuu Tpanchopmaropa?

Yro Takoe rucrepe3nc peppoMarneTuka’?

Konrponupyemsie komnerenunu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; TT.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun onenku:

— OrneHKa «5» CTaBUTHCS, €CIIHM YUAIIUHCS BBITIONHSIET paboTy B TOJTHOM 00BEeMe ¢
COONIOICHNEM HEOOXOAMMON TIOCIIEOBATEILHOCTH TIPOBEACHHUS OIBITOB U
U3MEPCHHI;  CaMOCTOSTENIbHON  pallMOHAIBHO  MOHTHPYET  HEOOXOIMMbIC
000py/1I0BaHUE; BCE OMBITHI POBOJUT B YCIOBHUSIX U PEKHUMax, 00eCIEUNBAIOIINX
NOJTyY€HUE MPAaBUIBHBIX PE3YJBTATOB U BBIBOJOB; COOIIOIaET TpeOOBAHUS IPAaBUI
0e30IacHOCTH TPYJa; B OTYETE MPABUIBHO U AKKYpPaTHO BBIMOJHSET BCE 3aIUCH,
TaOMUIBI, PUCYHKH, YEPTEKH, TpadUKH, BBHIYMCICHUS; MPABHIBHO BBIOJIHSAET
aHaJIn3 MOTPEITHOCTEN.

— Ouenka «4» CTaBUTCS, €CJIM BBINOJHEHBI TPEOOBaHMS K OLEHKU «5», HO ObuIH
JOMYLIEHBl JBa-TpU HEI0YeTa, He Oojee OAHOW Herpy0oil OmMOKH M OJHOTO
HEeJ0YeTa.

— Omnenka «3» CTaBUTCS, €ciau paboTa BBINIOJHEHA HE TMOJIHOCTHIO, HO 00BEM
BBIMIOJTHCHHON YacTH TaKOB, IMO3BOJISIET TOJMYYWTh TMPaBUIBHBIE PE3YNbTATHl U
BBIBO/JIBI: €CJTM B XOJI€ TIPOBEICHUS OIBITa U U3MEPEHHI OBLITU TOMYIIEHBI OITUOKH.
— Ormenka «2» CTaBUTCS, €clid pa0oTa BBINIOJHEHA HE IMOJHOCTHIO M 00BEM
BBIMIOJTHEHHON YacTh pabOT HE MO3BOJIAT CHENaTh NMPaBUIIbHBIX BBIBOJOB: ECIIH,
OTIBITHI, U3MEPEHUSI, BEIUUCIICHUS], HA0JII0I€HUS TPOU3BOIMINCH HEITPABUIIBHO.

Pa3znen 5. Onruka
Tema 5.1. Ilpupoaa ceera

YcrHbliii onpoc (YO)



. Kakyro npupony umeer cser?

. [aiite onpeneneHre IJIMHBI CBETOBOU BOJIHBI.

. C KaKoW CKOpPOCTBIO CBET PacCIpOCTPAHSIETCA B BaKyyMe?

. ChopmynupyiTe 3aKOH MPSMOJIUHEUHOTO pacCIpPOCTPAHEHUS CBETA.

. UTto Takoe cBETOBOM J1yu?

. UTO Ha3bIBAIOT YIJIOM NaAeHUA? YTIOM OTPAKECHUS?

. ChopmynupyiiTe 3aKOHBI OTPAKEHUS CBETA, 3aKOHBI ITPEJIOMIICHUS CBETA.
. UTo Ha3bIBaIOT a0COMIOTHBIM (OTHOCUTENBHBIM) MOKa3aTeIeM PETOMICHHUS ?
. UTO Ha3bIBAIOT NPEAEIIbHBIM YIJIOM MOJHOIO OTPaKEHUs?

. B ueM paznuune coOuparomux 1 pacCeUBAIONINX JIMH3?

. Kakas nun3a Ha3pIiBaeTCsl TOHKOM?

. Uto Takoe poKyCHOE pacCTOSHUE JTUH3BI, ONITHYSCKAs CHJIa JIMH3BI?

. Kak ocymiecTBiseTcs noctpoeHue n300pakeHus MpeAMETOB B JIMH3aX?

. Hanmnmure ¢popmyiny TOHKOH JIMH3BI.

. [Touemy ry1a3 — onrtuyeckas cucrema?

. Kakyro n1MH3y Ha3bIBaIOT Jymoit?

. UeMy paBHO YIJIOBO€ YBEIMYEHUE JIYIIbI?

. I3 kakux ONTHYECKUX 371€MEHTOB COCTOUT MUKPOCKOM?

. OT yero 3aBUCHUT yBEIMUEHUE MUKPOCKOTA?

. JlaiiTe moHATHE pa3peniaroiieii CHocoOOHOCTH ONTHYECKOTO Tprbdopa.

. I3 kakux ONTHYECKUX 3JIEMEHTOB COCTOUT TellecKom-pedpakTop?

. Harummue BeIpaXkeHne U1t yriIOBOTO YBEIMYCHHSI TeJIeCKoma-pedpakTopa.

O o0 JINWDnN P~ WN K

DO DN N M = = e e e e e e
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Kontponupyemsie komnerenunu: OK 01-OK 05; JI.1.-J1.6.; M.1.-M.6.; T1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OTtMmeTKa «5»

MIOJTHO PACKPBITO COACPIKAHUE MaTepUasa

YETKO U MPABUJIBHO JaHbI ONPEACICHUS U PACKPBITO COACPKAHUE TTOHITHM, BEPHO
VICIIOJIb30BAHBI HAYYHBIE TEPMUHBI

JUISL JOKA3aTeNIbCTBA UCTIONB30BAHbI PA3JIMYHBIC YMEHUS, BHIBOJIbI U3 HAOIOICHHI,
OIBITOB

OTBET CAMOCTOSTEIbHBIN, NCIOIB30BaHbl paHee MPUOOPETEHHbBIC 3HAHUS.

OtMmeTka «4»

PACKpPBITO OCHOBHOE COJIEPKAHUE MaTepuaia

B OCHOBHOM IIPABUJIBHO JIaHBI ONPEACIICHUS NOHATUN U UCTIOJIb30BAHBI HAYYHBIE
TEPMUHBL.

OTBET CAMOCTOSTEIbHBIN

ONpeIeJICHHs TOHSTUN HETOJHBIE, TOMYIIEHbI HE3HAYUTEIbHbIE HAPYLICHUS
MOCJIEI0BATEIbHOCTH U3JI0KEHUS, HEOOIbIITNE HETOYHOCTH MPU UCTI0JIb30BAHUU
HAyYHBIX TEPMUHOB WJIM B BBIBOIAX U 0000IIEHUSIX



MPaBWIbHBIC U YETKUE OTBETHI HA BOMPOCH! YTOUHSIIOLIETO XapakTepa (MO3UIus
MTOHUMAFOIITH)

OtmeTka «3»

YCBOEHO OCHOBHOE COJIepKaHUE YU4EOHOTI0 MaTepuaia, HO U3JI0KEHO
dbparMeHTapHO, HE BCEraa MOCIeI0BaTEIbHO

OMpeIeJICHNS TOHSTUI HEIOCTAaTOYHO YETKUE

HE UCII0JIb30BaHbl B KAUECTBE JI0KA3aTEILCTBA BEIBOIBI U OO0OIIEHHS U3
HaOII0ICHUM, TOMYIIIEHBI OITUOKH MPU UX HU3JI0KEHUU

JTOMYIICHBI OITMOKA U HETOYHOCTH B HCIOJb30BaHUHM HAYYHOH TEPMUHOJIOTHH,
OIPEICIICHUE TTOHSITUIA

MpaBWIbHBIC U YETKUE OTBETHI HA BOIIPOCHI HABOISIIIETO U KOHKPETUZUPYIOIIETO
xapakTtepa (MO3UIUsI KPUTHK)

OtmeTKa «2»

OCHOBHOE COJIepKaHKe Yu4eOHOTO MaTepualia He pacKpbITO

HE JIaHbl OTBETHI HAa BOMIPOCHI HABOIAIIETO U KOHKPETU3UPYIOIIETO XapaKTepa
JOMYIIEHBI IPYObIe OMKUOKHU B OMPEEICHUN MTOHATHM, PU UCTIOJIb30BAHUU
TEPMUHOJIOTUH.

3ananus 1 camocrosTebHo padorsl (CP)
Tembl 3cce (pedepaToB, T10KJIAT0OB, COOOIIEHMI)

ToueyHbIl HICTOYHHUK CBETA.

CKOpOoCTh pacnpoCTpaHEHUs CBETA.
3aKOHBI OTPAKECHUS U MPEJIOMIICHHUS CBETA.
[Tpunnun ['rolirexca.

[TonHOE OTpaxkeHue.

JIMH3EL.

[TocTpoenue n300pakeHus B JIMH3AX.
dopmyJsia TOHKOM JINH3BI.

. YBeIU4YeHHE JTUH3EI.

10.I'na3 kak onTuyeckas CUCTEMA.
11.0OnTuyeckue npudOpHI.

12.Cuna cBera.

13.0OcBeménHOCTh. 3aKOHBI OCBEIIEHHOCTH.

wCoNORLNE

KonTtponupyemsie komnerenuuu: OK 01-OK 05; JI.1.-J1.6.; M.1.-M.6.; I1.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:
OrmeTka «5»



IMOJIHO PaCKpPBITO COACPIKAaHNC MATCPpHaJIa

YCTKO U IIPABUJIBHO AAHBI OIIPCACIICHUA 1 PACKPBITO COACPIKAHUC HOHHTHﬁ, BCPHO
HCIIOJIB30BAHbBI HAYYHBIC TCPMUHBI

I JOKAa3aTCIIbCTBA HUCIIOJIB30BAHbI PA3JIMYHBIC YMCHUA, BRIBOJABI U3 H&6J’IIOI[CHHI>1,
OIIBITOB

OTBET CaMOCTOSITeJIBHBII\/'I, HCIIOJIb30BAaHbI paHCe HpI/IO6peTeHHBIe 3HaHU.

OtmeTKa «4»

PAcCKpBITO OCHOBHOE COJIEp)KaHHE MaTepuaia

B OCHOBHOM IPABWJIHHO JIaHbI ONPEACICHUS MTOHATUM U UCTI0JIb30BAHbl HAYYHBIC
TEPMUHBL.

OTBET CAMOCTOSITCIbHBIN

OTIpEeICJICHHS TTOHATHUN HETIOJHBIE, IOMYIIEHbl HE3HAYUTEIbHbIC HAPYIIISHUS
MIOCJICI0BATEIFHOCTH U3JIOKEHHU S, HEOOIbIITNE HETOYHOCTH MPU UCTIOJIb30BAHUH
Hay4YHBIX TEPMUHOB HJIM B BBIBOJAX M O0OOIIECHUIX

MPaBWIbHBIC U YETKUE OTBETHI HA BOMPOCHI YTOUHSIIOIIETO XapakTepa (Mo3uIus
MTOHUMAFOIITUH )

OtMmeTka «3»

YCBOEHO OCHOBHOE COJIepKaHHE YueOHOT0 MaTepHalia, HO U3JI0KEHO
dbparmMeHTapHO, HE BCera MOCIeI0BaTEIbHO

onpeJieJICHNs TIOHATUH HEI0CTAaTOYHO YETKUE

HE MCIO0JIb30BaHbl B KAUECTBE JIOKA3aTSIbCTBA BEIBOJBI M 00O0IICHUS U3
HaOII0/ICHUM, TOMYIIEHBI OITMOKH MPU UX U3JI0KEHUU

JOTMYIIEHBI OITMOKU U HETOYHOCTH B UCTIOJIb30BAHUM HAYYHON TEPMUHOJIOTUH,
OIPENICIICHUE TTOHITUI

MpaBUWIbHBIE U YETKUE OTBETHI HA BOMPOCHI HABOJIAIIETO M KOHKPETU3UPYIOIIETO
xapakrtepa (MO3UIUsI KPUTHK)

OtMmeTKa «2»

OCHOBHOE COJIepKaHUE Y4eOHOTO MaTepHalia He PaCKPHITO

HE JIJaHbI OTBETHI HA BOIIPOCHI HABOISIIETO U KOHKPETU3UPYIOIIETO XapakTepa
JOTMYIICHBI IPyObIe OMMOKHU B ONPECICHUN TTOHATHH, PU UCTIOIb30BAaHUH
TEPMUHOJIOTHH.

JlaGopaTopHbie padoThI

NucTpyKnuoHHAasi KapTa K jJadopaTopHoii padore Ne 13

Tema 3aHsITHSI: ONIpeIEICHUE [T0KA3ATENS PEIOMIIEHHS CTEKJIA IIPU IOMOLIH
MHUKpPOCKOIIA.

He.l'lb 3aHATHUA: OIIPCACIUTD ITOKAa3aTCJIb IIPECIOMIICHUA IIPO3PAYHBIX IIJIACTHHOK
N3 PAa3JIMYHbIX MAaTCPHUAJIOB.



Ilepex Haya0M 3aHATHSA HEOOXOAUMO 3HATH: 3aKOH IPEJTOMIICHHS CBETA,
OPUHIUI pabOThl MUKPOCKOIIA.

ITocjie OKOHYAHHUS 3aHATHA HEOOXO0AUMO YMETDh: ONPCACIIATh IMOKAa3aTCJIb
MMpCIIOMJICHUS CTCKJIA.

O6opynoBanme: koMinbloTep, MHTEpHET, UHCTPYKIIMOHHAS KapTa.

Conepxxkanue u Teopusi.

B ocHOBe mpuUMEHAEMOT0 METO/1a JIEXKUT SIBICHUE KaXYILErocsl yMEHbIIECHUS
TOJIIIMHBI CTEKISTHHOM MJIACTUHKYU MIPU PaCCMaTPUBAHUU CKBO3b HETO MpEeaMeETa-
METKH Ha HUYKHEN TOBEPXHOCTH cTekia. Cxema NpoX0oxASHHUs IMydyKa Jydel uepes
IUTACTHHKY MOKa3aHa Ha PUCYHKE.
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CymiecTByeT CBS3b MEXKAY IEUCTBUTEIBLHOM TONIIUHON [ UcciaeayemMoi
IJTACTUHKU, KKYILEUCS TOIMHON U MIOKA3aTeJIEM IIPEJIOMIIEHUS CTEKIIA.

Y CTaHOBUTB ATy CBSI3b MOXKHO U3 PACCMOTPEHMS X0/ JIy4eil OT TOUKHU 4 yepe3
CTEKJIIHHYIO IIIaCTUHKY. [Ipu 3TOM npenmaraercs, 4To ria3 HaxOAUTCS Ha TON
HOPMAJIU K IIJIOCKOCTH IUTACTUHKH, KOTOPasi IPOXOIUT Yepe3 TOUKY A, U Iy4OK

ny4deit AB cocTaBIIsSeT ¢ HOPMAJIBIO MaJTbIid yroyn 4 .

V3kuil my4ok aydeit AB nociie NpeaoMIeHUs1 Ha TpaHulle pa3iesia IByX Cpell
BBIXOJUT U3 IUTACTUHKU B BO3JyX U COCTABJISIET C HOPMAJIBIO U €€ ITOBEPXHOCTH

yroJja £ Jrot YToJI CBA3aH C YITIOM 4 qgcpe3 MoKa3aTejib IIPCIOMIICHUA N

TaK:

HabGmronarento kaxeTcsi, 4TO pacCCMaTPUBAEMbIN MTyYOK JTydel UCXOJIUT HE U3
TOYKHU A, a U3 TOYKU A1, IPUTIOAHATON HA HEKOTOPYIO BhicOTy AA1. PaccMarpuBas
TpeyroyibHUku ABC n A1BC, MOXHO Hanmucarh, 4TO

X 15107



HpI/IHI/IMaH BO BHUMAHHUC, UYTO YIJIbI Ly 4 MaJibl, MOKHO OTHOIICHHUC TAHI'CHCOB

3aMCHUTHb OTHOIICHUEM CHUHYCOB 9THUX YIJIOB, T.C. IIOJTYYHUTh BbIPAKCHHUC!

Takum 00pa3om, U3MEPHUB TOJIIMHY TJIACTUHKU U KaxyIrytocs Toiamuny (h= hz -
h1) MO’KHO HaWTH TTOKA3aTeNb MPEIIOMIICHHUS CTEKJIA.

Onucanue yCTAaHOBKH
BHPTYAJIbHOM
JJabopaTopHou

padoThI.

DKCIiepuMEeHTaIbHAs
yCTaHOBKa
IIPEJCTABIICHA HA
pucyHke. B neBom
HIDKHEM YIIIY
MIPEACTABIICHA MTAHEIb
«MapameTpoB
IJIACTUHBI», B KOTOPOH
MOYHO MEHSATH
sHaueHue H u h. [Ipasee
HaXOJUTCSI TIAHEIIb
BBIOOpa MaTepuaia
IJIACTUHKYU, HAaM
MOHAJOOUTCSl MaTepual TOJIbKO CTEKIIO. B KpailHeM J1€BOM YTy HaXOAUTCS
OKOIIIKO MOKA3bIBAIOIIEE TO. YTO OYI€T BUJTHO B MUKPOCKOIN MPU U3MEHEHUE
MapaMeTPOB YCTAHOBKU. A UMEHHO KPACHBIM U CUHUW KPECT.

Hcnonb3ys IpeCTaBICHHYI0 YCTAHOBKY, TOCTUTACTCS 11Eh IIOCTAaBICHHON
1abopaTopHOM paboThI

IL.1aH BbINOJIHEHHUS 3aJaHUSI:

1. Ilepeitnute mo cebuike https://www.youtube.com/watch?v=wyi80afIXSY u
MPOCMOTPUTE BUACOYPOK KOTOPBIN MOSICHUT, KAKUM 00pa3oM IPOBOIUTCS
nabopaTtopHasi paboTa B peasIbHbIX YCIOBHSIX.

2. Ilepeiinute o cebutke http://mediadidaktika.ru/mod/page/view.php?id=393

Y BBIIIOJIHANTE IIOCJICAOBATCIBHOCTD HCﬁCTBHﬁ OIIMCAaHHBIX HHUIKC.

3ananue 1. Onpedenenue nokazamens npeiomieHus Cmexid.
1. 3amycTuTe BUPTYyaabHbBINA CTEH]I.

2. Bribepute marepuan CTEKIIO.



3. 3ajaiiTe TONIMHY CTEKISAHHON IacTUHKN 47 B COOTBETCTBHY, C BAPUAHTOM
COBIAJIAIOLLEM C MOCJIEHEN IMPPOI 10 CHUCKY IPYIIIbI, OH HAXOJUTCS B KOHILIE
JOKYMEHTA.

4. OnpenenuTh KaXyIIyrocs TOMUHY h cTexinsHHoM iacTuHky. [Tepememnas
yKasaresb - 10 IOJy4YEeHUS YETKOIO CUHETO KPeCTa B OKOLIKE, 3aHECUTE
nokaszanue B Tadauny 1 —aro Oyzer hi.

5. YcranoBute Ha 10 MM BepxHMil moka3atenb hy u u3MeHsiite, nepemenias
yKas3aTesp - 10 MOSABJICHUS YETKOTO KPACHOTO KpeCTa. 3anuIlInTe NOKa3aHus
uHauKaropa hy,

6. [ToBTOpUTE ONBIT C IpyrumMu 3HaYeHUsIMU H.

Ne Matepuai H, mm| h1, MM | hz, MM = n Ny | An | &,
/11 MM %

1

TabnuuHbIe 3HAUECHUS TTOKa3aTelIei MPCIIOMIICHUS HCKOTOPBIX TBCPABIX TCJI

Ne ni/m Marepuan n

1 Pyoun 1,76
2 Anma3s 2,42
3 Crekio 15
4 Jlen 1,31
5 Carona 1,58

7. Cnenalite BEIBOJI.

KOHTpOJII)H])Ie BOIIPOCHI:

1. Kak cBsi3aHbl oka3aTenb NPeIOMIICHUS CPEbl U
CKOPOCTb pacipoCTpaHeHHs CBETa B HEM?

2. Hauepture xo/1 1yyeit B MUKPOCKOIIE.

3. Urto Takoe aOCOIOTHBIN MTOKA3aTelNb MPEIOMIICHUS

cpeabl? UTo OH XapakTepusyeT, OT YEro OH 3aBUCUT?




4, 3aBUCHUT T a0COTIOTHBIN MMOKa3aTeb BEIISCTBA OT TOTO,
KAaKUM CBETOM ero o0y4daroT? Eciiu 3aBUCUT TO Kak?

5. OOBsiCHUTE JIJIS1 YETO HAJI0 U3MEPSTh HATYPaIbHYIO
BEJIMYMHY CTEKJIA.

Hauanbnbie JAaHHBIC I10 BapHaHTaM K 3aJlaHUAM
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Kontponupyemsie komnerenuuu: OK 01-OK 05; JI.1.-J1.6.; M.1.-M.6.; T1.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

— O1eHKa «5» CTaBUThCS, €CIIM yUYaITUHCS BBITOIHICT PabOTy B IMOJTHOM O00OBEME C
COOJIFOICHHEM HEOOXOJMMOM  IMOCIE0BATeIbHOCTH TPOBEJICHHUS OIBITOB U
U3MEPEHUM;  CaMOCTOATEIIBHOM  pallMOHAJIbHO  MOHTHUPYET  HEO0OXOJIHUMBbIC
000py0BaHUE; BCE OMBITHI IPOBOJIUT B YCJIOBHUSAX M PEKUMAX, 00SCIICUNBAIOIINX
MIOJTYYCHHE TIPABIIIBHBIX PE3YJIBTATOB U BHIBOJIOB; COOIOAACT TPEOOBAHUS MTPABUIT
0€30MacHOCTH TPy/Aa; B OTYETE MPABWIHLHO M AKKypPaTHO BBHITIOJHSET BCE 3aIlHCH,
TaOJIUIIBI, PUCYHKH, YEPTEKH, TpadUKH, BBIUYMUCICHUS; MPABUIHLHO BBITIOIHSICT
aHaJIU3 IIOIPEIIHOCTEH.

— OmeHka «4» CTaBUTCS, €CJIM BBITIOJIHCHBI TPEOOBAaHMS K OIIEHKU «5», HO ObLIH
JOMYIIEHBI JBA-TPU HeI0YeTa, HE Oosee OAHON HerpyOod OMUOKM W OJHOTO
HEJI0YETA.



— Onenka «3» cTaBUTCA, €clii padOTa BBINOJHEHA HE IMOJHOCTHIO, HO 00BbEM
BBITIOJTHEHHOM YacTH TaKOB, IMO3BOJIAET IMOJYyYHUTh MPABUIBHBIE PE3yJIbTaThl U
BBIBO/IbI: €CJIM B X0/JI€ MPOBEICHUS ONbITa U U3MEPEHUM ObUTH JOMYIIEHbI OIIUOKH.
— Ornenka «2» cTaBUTCS, €ClIu paboTa BBIMOJHEHA HE TMOJTHOCTBIO M 00bEM
BBITIOJTHEHHON 4YacTu pabOT HE TMO3BOJIAT CHAENaTh MPABWIHHBIX BBIBOJOB: €CIIH,
OTIBITHI, U3MEPEHHU S, BRIUMCIICHUS, HAOII0I€HHSI IPOU3BOIUINCH HEMPABUIIHHO.

Tema 5.2. BosiHOBOE CBOICTBO cBeTa
YcrHblii onpoc (YO)

. Uto Ha3wIBalOT uHTEpdEepeHueit ceera?

. Kakuie BOJIHBI Ha3bIBAIOT KOT€PEHTHBIMU?

. Chopmynupyiite ycI0BUE MAKCUMYMOB U MUHUMYMOB UHTEPPEPEHIUU.
. UTO Takoe ONTHYECKUIA U T€OMETPUUYECKUI IIyTh CBETA?

. Kak 00BsICHUTH 11BETa TOHKUX TJICHOK?

. UTO Takoe mpOoCBETIIEHHAs ONTUKA?

. Uro Ha3wIBaOT audpakiueii ceera?

. [Ipn xakux ycioBusx oHa HabmonaeTcs?

. O0BsacHUTE TUPAKITUIO HA OTHOM IICIIH.

10. ChopmynupyiiTe yCIOBHE ITaBHBIX MAKCHMYMOB NPU AU PAKIIAN HA PEIIETKE.
11. Yro moHMMAFOT TOJT pa3peIaroIieii CmocOOHOCThIO TU(PPAKITMOHHON PEIICTKH?
12. Kakoii cBeT Ha3bIBalOT ecTecTBeHHBIM? [lonsipn3oBaHHBIM?

13. Chopmynupyiite 3akoH bproctepa.

14. Kakue ciocoObl oJy4eHHsI MOJASIPU30BAaHHOIO CBETAa BAM M3BECTHBI?
15. Yo Ha3bIBaIOT AUCHIEpCHE cBeTa?

16. Uto Takoe criekTp?

17. Kakue cymiecTByIOT JIMHUU CIIEKTPOB U3Ty4YCHUS?

18. Kakue BemiecTBa JarOT CIUIONTHOM CIIEKTP?

19. Kakwue BeriecTBa Jal0T JUHEWUYATHIN, TTOJI0CATHIM CIIEKTPHI?

20. Pacckaxure 00 ynbTpadroIETOBOM U3ITYyYECHUH U €70 CBOMCTBAX.

21. Pacckaxure 00 HH(PpaKpacHOM M3ITYYEHHUH U €0 CBOWCTBAX.

22. YTto Ha3BIBAIOT CMIEKTPAIBHBIM aHAIN30M?

23. Uto takoe ppayHrodepoBsl TUHUN?

24. KakoBbI IPUPOJIa ¥ CBOMCTBA PEHTTEHOBCKHX JTyUYeH?

O 00NN N B~ W

KonTtponupyemsie komnerenuuu: OK 01-OK 05; JI.1.-J1.6.; M.1.-M.6.; I1.1.-I1.7.;
JIP2, JIP4, JIP23. JIP30

Kpurepun ouenku:

OtMmeTka «5»

MIOJTHO PACKPBITO COJICPIKAHUE MaTepuaia

YETKO U MPABWIBHO JIaHbl OMPEICIICHUS U PACKPBITO COJIEpKaHUE MTOHATHM, BEPHO
UCII0JIb30BaHbl HAYYHbIE TEPMUHBI



AJI1 10Ka3aTCJIbCTBA UCIIOJIb30BaHbI PAa3JIMYHBIC YMCHUS, BBIBOJbI N3 H8,6J'IIOI[€HI/II\/’I,
OIIBITOB
OTBCT C&MOCTOHTGHBHbIﬁ, HCIIOJIB30BAHBI PAHCC HpI/IO6pCTeHHLI€ 3HaHU.

OtMmeTka «4»

PaCKpBITO OCHOBHOE COJIEpKaHUE MaTepuaia

B OCHOBHOM IIPaBHUJILHO JIaHBI OTIPE/ICIICHUS TIOHSITHI W UCIIOIh30BaHbI HAyYHBIC
TEPMUHBI.

OTBET CaMOCTOSITENbLHBIN

OTIpe/IeIICHUS TIOHSITHI HETIOJTHBIC, JOMYIICHB He3HAYUTEIbHBIC HAPYIICHUS
MOCJICIOBATEIFHOCTH U3JIOKEHUS, HEOOIBIINE HETOYHOCTH MPH UCTIOJIb30BAaHUHT
HAyYHBIX TEPMUHOB WJIM B BBIBOJIaX U 000OIIEHUSIX

IIPaBUJIBHBIC U YETKHUE OTBETHI HA BOIIPOCH! YTOUHSIOMIETO XapakTepa (MTO3HIIHSI
MOHUMAIOLIUH )

OtMmetka «3»

YCBOEHO OCHOBHOE COIEp>KaHre y4eOHOTO MaTepHalia, HO U3JI0KEHO
dbparMeHTapHO, HE BCET]a TTOCIIeIOBATEIHHO

OTIpe/IeIICHUS TIOHITHH HEIOCTAaTOYHO YCTKHEC

HE UCIOJIb30BaHbl B KAYECTBE JI0Ka3aTEIbCTBA BHIBOIBI U 0000IIEHUS U3
HAOJIIOICHHM, TOMYIIEHBI OITMOKU TP UX U3TI0KECHHUH

JOTYIIEHBI OMTMOKN M HETOYHOCTH B MCTIOJIB30BAHUY HAYYHOW TEPMUHOJIOTHH,
OIPEICIICHUE TTOHSITUIA

MIPaBUIIHHBIC U YSTKHME OTBETHI Ha BOIIPOCHI HABOJISIIETO W KOHKPETH3UPYIOIIETO
xapakTtepa (MO3UIUs KPUTHK)

OtmeTKa «2»

OCHOBHOE COJIepKaHKe Y4eOHOTO MaTepualia He pacKpbITO

HE JJaHbI OTBETHI HA BOIPOCHI HABOISIIIETO U KOHKPETUZUPYIOIIETO XapaKTepa
JOTMYIIEHBI IPyObIe OMKMOKHU B OMPEEICHUHN MTOHATHM, PU UCTIOIb30BAHUU
TEPMUHOJIOTHH.

3aganusa 1 camocrossTesibHOM padoTsl (CP)
Tembl 3cce (pedpepaToB, T10KJIAT0OB, COOOIIEHMIA)

WNuTepdepenuus ceera.

KorepeHTHOCTb CBETOBBIX JIy4eH.

WNuTepdepeHnus B TOHKUX TUICHKAX.

Konpna HeroToHa.

Hcnonb3zoBanue HHTEPPEPEHIIMN B HAYKE U TEXHUKE.
Hudpakuus cera.

Judpakuust Ha 1Ieau B HapalieIbHbIX JTydax.

NoghkowbdE



8. Hudpakunonnas pemerka.

9. IlousTue o rojorpaduu.
10.ITonspu3alus nonepeyHbIX BOJIH.
11.TTongpu3aius cBerta.

12.JIBoiiHOE nyuenpenomMieHue.
13.TTonssponpl.

14. Tuctiepcust cBera.

15.Buasl u3mydeHui.

16.Buasl crieKTpoB.

17.CnekTpbl uCIyCKaHUsI.

18.CrexTpbl OTIIOMIECHUS.
19.CrnexTpanbHbIi aHATH3.
20.YnpTpaduoneToBoe U3MyueHHE.
21.UudpaxpacHoe H3ITydeHHE.
22.PentrenoBckue myun. VX mpupoaa u CBOWCTBA.
23.11Ixana 3neKTPOMarHUTHBIX U3TyYEHUH.

KounTtponupyembie komnerenuuu: OK 01-OK 05; JI.1.-J1.6.; M.1.-M.6.; T1.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtMmeTka «5»

MIOJIHO PACKPBITO COJICPKAHUE MAaTepUaia

YETKO U MPABWIBHO JIaHBI OTIPEICIICHUSI M PACKPBITO COJIEp)KaHUE TTOHATHUM, BEPHO
WCII0JIb30BaHbl HAYYHbIE TEPMHUHBI

JUTSI I0Ka3aTeNIbCTBA UCTIOJIb30BaHbl Pa3IUYHbIC YMEHUS, BEIBOIBI U3 HAOIIOACHUH,
OTIBITOB

OTBET CAaMOCTOSITENIbHBIN, UCIOIL30BaHbl paHEee MPUOOPETEHHbBIC 3HAHUS.

OtmeTKa «4»

PAcCKpbITO OCHOBHOE COJIEp)KaHUE MaTepuaia

B OCHOBHOM IPABUJIBHO JIaHBI OMPEACICHUS MOHSATUN M UCTIOJIb30BaHbI HAYYHBIE
TEPMUHBI.

OTBET CaMOCTOSTEIILHBIN

OTIpEeICJICHHS TTOHSATUN HETIOJHBIE, TOMYIIEHbI HE3HAYUTEIbHBIC HAPYIIICHUS
MOCJIEI0BATEILHOCTH U3JIOKEHHU S, HEOOIbIITNE HETOYHOCTH MPU UCTIOJIb30BAHUU
Hay4YHBIX TEPMUHOB WJIK B BBIBOJIAX M OO0OIICHUSIX

MPaBUJILHBIC U YETKHUE OTBETHI Ha BOMPOCHI YTOUHSIOIIETO XapakTepa (Io3UIUs
MTOHUMAFOIITU )

OtmeTKa «3»

YCBOEHO OCHOBHOE COJIEp>KaHHe YueOHOIr0o MaTepualia, HO U3JI0KEHO
dbparmeHTapHoO, He BCera MoCiIe10BaTeIbHO

omnpeJIeJICHNs TTOHATUI HEI0CTAaTOYHO YETKUE



HE MCIIOJIb30BaHbl B KAUECTBE JOKA3aTeIHLCTBA BHIBOJIBI U 0000IIEHUS U3
HaOII0ICHUM, TOMYIICHBI OITUOKH MPU UX HU3JI0KEHUU

JOMYIEHBI OIIMOKU M HETOYHOCTH B UCTHOJIb30BAHUM HAYYHOU TEPMUHOJIOTHH,
ornpe/ereHUe MOHITHIM

MPaBUWIbHBIC U YETKUE OTBETHI HA BOMPOCHI HABOJIAIIETO M KOHKPETU3UPYIOIIETO
xapakTtepa (MO3UIUs KPUTHK)

OtmeTKa «2»

OCHOBHOE COJIepKaHKe Y4eOHOT0 MaTepualia He pacKphITO

HE JIaHbl OTBETHI HAa BOIIPOCHI HABOIAIIETO U KOHKPETU3UPYIOIIETO XapaKTepa
JTOTYIICHBI IPyOble OMMOKHU B ONPEACICHUHN ITOHATHH, IIPHU UCTIOJIb30BaHUH
TEPMUHOJIOTHUH.

JlaGopaTopHblie padoThI

HNHcTpyKINOHHAA KapTa K JadopaTopHoii padore Ne 14

Tema 3aHsITHSI: U3MEPEHUE JITTMHBI CBETOBOM BOJIHBI C MOMOIIbIO AUPPAKIIUOHHOM
PELIETKH.

Leab 3aHATHSA: U3MEPUTDH JITTMHY CBETOBOW BOJHBI C MOMOIIBIO TUMPAKIIMOHHON
pELIETKU.

Ilepeax HavanoM 3aHATHA HEO0XOAMMO 3HATH: UTO TAKOE JUIMHA CBETOBOU
BOJIHBI, OTpe/ieiieHue TudpakiMOHHON PEIIETKU U MPUHITUI €€ ACHCTBHUSL.

Ilocjie OKOHYAHUSA 3AHATHA HEOOXOAUMO YMETh: ONPEACIATh IJIUHY CBETOBOMU
BOJIHBI C ITOMOIIBIO AU(GPAKITMOHHOMN PEIICTKH.

O6opynoBanme: koMinbloTep, MHTEpHET, MHCTPYKIIMOHHAS KapTa.

Conepxxanue u Teopusi.

JudpakroHHas pemeTka MpeacTaBiseT co00il COBOKYMHOCTh OONBIIOTO YHUCIHA
OYEHb  y3KMX  NapaJUIedbHBIX  IIEJIEH,  pa3lel]eHHbIX  HENpO3pavyHbIMU
npoMexxyTkamu. OOmias mMpUHA IIEAM W HENpOo3payHOro MpOMEXYyTKa
Ha3bIBaeTCd MepuoJioM pemeTkd. Hanmpumep, ecnu Ha AUPPAKIMOHHON peIIeTKe
umeercst 100 mrpuxoB Ha 1 MM, To mepuos audppakinuonnoi pemietku @ =0,01
MM.

Ha pucynke npeacrasieHa cxema xoJa Jyden yepes pemerky. Jlyuun, npoxoasmue
yepe3 pPelIeTKy MNEPHeHAUKYISAPHO €€ IUIOCKOCTH, I[ONajaroT B 3padok
HabmrogaTens U 00pa3yloT Ha CETYaTKE I1a3a OOBIYHOE M300pakeHUE MCTOYHHUKA
cBeta. Jlyuu, ormbaromme Kpas Imeieil pemeTrkd MMEIT HEKOTOPYIO Pa3HOCTb
X04a, 3aBHCAy0 OT yrna ¥ . Eciom sTta pa3HOCTH NPONOpLUOHAIbHA :
rae A - 1enoe YMCiao, TO Kaxaas Takas mapa Jjydeil oOpa3yeT Ha ceTdaTke



M300pKEHUE WCTOYHMKA, IBET KOTOPOTO OMPENEISIETCS COOTBETCTBYIOMICH
JUTMHOM BOJIHBI A~ .

S C MOTpsi CKBO3b pEIIETKY Ha HMCTOYHHK
\ QY Y Y cBera, Ha0mogareiab,  KpoMe  3TOTO
v IR d HCTOYHUKA, BUJIUT pacTooKEeHHBIC

\\ < ”| cuMMeTpHuHO 1O 06€ CTOPOHBI OT HEro

nudpakiMOHHBIE CTIeKTphl. bikaiimas mapa
criekTpoB (1-ro mopsigka) COOTBETCTBYET
pa3HOCTM  XOJa JIyued, paBHOU A nys
COOTBETCTBYIOIIETO TOHA. bonee ynaneHHas
y lapa CIIEKTPOB (2-ro MOpsIAKa)
COOTBETCTBYET  pPAa3HOCTH  XOJa  Jy4deu

V

paBHOU U T.1.

Buemnuii Bu1 yCTaHOBKH, AJIsi OMPEEICHUS IJTMHBI CBETOBOW BOJHBI H300pakeH
Ha puc. 2.

Ha ontnyeckoll ckambe MOKET NEPENABUTATHCS
( IUIacTMHa, B KOTOPOW MpOpe3aHa  IIeNb

npsamosmHeiHo — Gopmer.  [log  mienmbro

yKpeluleHa mKana ¢ jgeneHusamu.  Illens
OCBEIIACTCS  JJIEKTPUYECKOM  JIAMIIOYKOW, MEXIy JIAMIIOYKOW W IIEJIBIO
BCTaBJIIETCI MOHOXPOMAaTHYECKU CBETOPMIbTp. B npyrom koHIle onTuyeckoi
CKaMbHM YKpEIUIEH JepxkaTenb P, B KOTOpPbIA BCTaBiseTcs AUPpaKUUOHHAsA
pemietka. Ecnm cMOTpeTh Ha OCBEIIEHHYI0O MOHOXPOMATHYECKHM CBETOM ILIEJIb
yepe3 IUGPAKIUOHHYIO PEUIeTKy, TO KpOMe MIeNu no OokaM BUIHBI
cUMMeTpUYHbIe n300paxkenus ee. Kaxmnoe 00koBoe qudpakimoHHOE H300pakeHNE

CMCHICHO B CTOPOHY Ha BCIIMYNHY

Ha puc.2 n300pakeHs! Jiy4n, 00pa3yrorire n300pakeHHbIC ST, OYCBUIHO:

, e R-paccTosinue oT pelieTku 1o menu M.
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T.C.

CpaBHHUBasi TOCIEAHEE BBIPAKEHHWE C YCIOBHEM TJIABHOTO JU(PPAKIIMOHHOTO
MaKCHUMyMa II0JIy4aeM pacyeTHYIO (hopmyiy:

O nucanue
YCTAaHOBKH
BUPTYaJIbHOM
J1adopaTopHOi
padoThI.

DKCIIEpUMEHTAIbH
asl yCTaHOBKa
MpEJCTaBIICHA HA
pucyHke. B
KpanHEM HUKHEM
MIPaBOM YTIIy
MaHEJb «CIIEKTPY,
MOHO BBIOMPATH
CBETOPUIBTP OT
KpPacHOT0 10
(¢uoneToBoro.

Buusy ciieBa pacmnosioxeHa naHeslb «PacCTOSTHUE OT PEIISTKH JI0 DKpaHay,
KOTOPYIO €CJIM MEHSITh MEHSETCS PACIOJIOKEHUE PEIIETKH B OKHE BBIIIIE CITPaBa.
OKHO TIOKa3bIBAET KaK MEHSAETCS PACIOJIOKEHUE JIMHEUKHU TIPU IBUKEHUN
OTHOCHUTEJILHO PELIETKHU.

IL.1aH BbINOJIHEHHUS 3aJaHUSI:

1. ITepeitnute o cebuike https://www.youtube.com/watch?v=VPE9is9f dO u
IPOCMOTPUTE BHICOYPOK KOTOPBIH MOSICHUT, KAKUM 00pa30M MTPOBOIUTCS
nabopaTtopHasi paboTa B peasIbHbIX YCIOBHSIX.

2. [epeiimute mo cewiike http://mediadidaktika.ru/mod/page/view.php?id=397

Y BBIIIOJIHANTE IIOCJICAOBATCIBHOCTD I[CﬁCTBPIﬁ OIIMCAaHHBIX HHKC.

3ananue 1. VI3Mepenue AJIMHBI CBETOBOM BOJIHBI C TOMOIIIBIO AU(PPAKITMOHHOM
PELIETKH.

1. 3anmycTUTh BUPTYaJbHBINA CTECH]I.

2. [TomecTuTe MmKaMy HAa pacCTOAHME  OT AU(PAKIMOHHOM pemeTku. Bo3pmure
IIOCJIEI0BATENBHO 3HaUYEHUS R, B COOTBETCTBUH, C BAPUAHTOM COBIAJAIOIIEM C
nocyieHed UpPoit Mo CIUCKY TPYIIIBI, OH HAXOAUTCS B KOHIIE JOKYMEHTA,



3. BeiOepute cBeTOQIIBTP HAUMHAS ¢ KPACHOTO, U TI0 IIKAJIe IUTKA,
paccMaTpuBaeMoOi uepe3 peHIeTKy, ONMPEAeIUTe PACCTOSIHUE OT LIETH 10
HaOJIr01aeMoi JTMHUU 1-TO mopsiaka (paccTosiHue S ).

4. Pe3ynbTaThl U3MEpPEHUN 3aHECUTE B TaOIUILy 1.

5. Te ke u3zmepeHus mpoBeauTe ISl Iy4er JPyroro uBeTa.

6. OnpeaenuTe IJIUHY CBETOBOM BOJIHBI JUTA BCEX I[BETOB JIyYEH U 3aHECUTE
B TaOJIHUITY.
[Topsinox PaccrossHue OT pemeTku 10 Paccrosaue ot JlnmHa CBETOBOM
apope3un BOJIHEI
J— HIKAJIBI , M pop ,
LIKAJIBI 10 A M
CIIEKTpa
JIMHUA S | M
Ve

KIO| XK|3|T'|C|P|K|O|X|3|T|C|D

CpenHee 3HaUYeHUE

JJIMHBI BOJTHBI

7. CnemanTe BBIBO/I.

KoHTpoJibHBIE BOIIPOCHI.

1.
2.
3.

Kakue BOJIHBI HAa3bIBAIOTCSI KOT€PEHTHBIMU?
Yro HazbiBaerca audpakuueit ceeta? OObSICHUTE 3TO SIBJICHUE.

KaxkoB mopsiiok ciemoBaHust IIBETOB B TU(PaKIIMOHHBIX criekTpax? Kakosa
OKpacka HyJIeBOTO MakCUMyMa?

Yewm ornmuaroTcs qudpaKImoOHHbIC KAPTUHBI IPH OCBEIICHUH PEIICTKH
MOHOXPOMATHYECCKUM CBETOM U O€NbIM CBETOM? OOBSCHHUTE 3TH SIBJICHHUS.

Urto Takoe unTepdepeHius ceera? Y4acTByeT Ju 3TO SBJICHUE MTPU
oOpa3zoBaHuU JU(GPAKIIMOHHOTO CIEKTPa Ha IIETU WIH perieTke?

Kak onpenenuts IIMHY CBETOBOW BOJIHBI C TOMOIIBIO TU(PPAKITMOHHON
pemeTku?

HauanbHbie JAaHHBIC 110 BapHaHTaM K 3aJdHUAM
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KonTtponupyemsie komnerenuuu: OK 01-OK 05; JI.1.-JI.6.; M.1.-M.6.; T1.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

— OueHka «5» CTaBUTBCS, €CIIM yYallluiCs BBIIOJIHAET paboTy B IOJHOM 00BEME C
coONIoIcHUEM HEOOXOAMMOM TIOCIEN0BATENbHOCTH TMPOBEACHUS OINBITOB U
U3MEPEHMM;  CaMOCTOSITENIbHOM  pAallMOHAIBHO  MOHTHPYET  HEOOXOAMMBbIE
000py/1I0BaHUE; BCE OMBITHI POBOJUT B YCIOBHUSIX U PEKHUMax, 00eCEUNBAIOIINX
NOJTyY€HUE TPABUIBHBIX PE3YJbTaTOB M BHIBOJOB; COOIIOAAET TPEeOOBAaHUS MTPaBUII
0€30MacHOCTH TPYJa; B OTYETE MPABUIBHO M aKKYypaTHO BBIMOIHSET BCE 3aIUCH,
TaOMUIBl, PUCYHKH, YEPTEKH, TpadUKH, BBHIYMCICHHUS; MPABHIBHO BBITOJIHSAET
aHaJIu3 MOrPEIIHOCTEM.

— Onenka «4» CTaBUTCS, €CIIM BBIMOJHEHBI TPEOOBaHMS K OIEHKU «5», HO ObUIH
JOMYLIEHbl JBa-TpU HEI0YeTa, He Oojee OAHOW Herpy0oil OmMOKM M OJHOIO
HeJloueTa.

— Ouenka «3» craBUTCs, eciM paboTa BBHIMOJIHEHA HE IOJIHOCTHIO, HO 00BEM
BBIIIOJIHEHHOM YacTW TaKOB, IMO3BOJSET MOJYYHTH NPABWIIBHBIE PE3yNbTaThl U
BBIBO/JIbI: €CJIM B X0J1€ ITPOBEJCHUS OIbITa U U3MEPEHUM ObLIN JOMYIIEHbI OIINOKH.
— Onenka «2» cTaBUTCS, €clid paboTa BBHINOJHEHA HE IMOJHOCTbIO M 00BEM
BBIMIOJJHEHHON YacTh pabOT HE MO3BOJIAT CENaTh NMPaBUIIbHBIX BBIBOJOB: €CIIH,
OTIBITHI, U3MEPEHUSI, BEIUUCIICHUS], HA0JII0I€HNS TPOU3BOIMINCH HENTPABUIIBHO.

JlaGopaTopHbie padoThI



JlaGopaTopHnas padora Ne 15

Leab paGoThi: ¢ TOMOIIBI0 HEOOXOUMOTO 000PYIOBAHUS HAOIIOAATH CIUIOITHON
CIIEKTpP, HEOHOBBIH, T€JIMEBBIA WK BOAOPOIHBIN.

OO0opynoBaHme: MPOEKIMOHHBIN anmnapar, CieKTpaibHble TPYOKH C BOJIOPOJIOM,
HEOHOM WJIU T€JIMEM, BBICOKOBOJIbTHBIN UHAYKTOP, ICTOYHUK MUTAHMUS.









KonTtponupyemsie kommnereniuu: OK 01-OK 05; JI.1.-J1.6.; M.1.-M.6.; I1.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

— OueHKa «5» CTaBUTHCS, €CIIM yYalIUICS BBITOIHIET pabOTy B MOJIHOM OOBEME C
coOI0/IeHneM HEOOXOAMMOW TOCIIEOBATENIbHOCTA MPOBEICHUS OMNBITOB U
U3MEpPEHUN;  CaMOCTOSITEIbHOM  pallMOHAJbHO  MOHTUPYET  HEoOXOJUMBbIe
000pyI0BaHUE; BCE OMBITHI MPOBOAUT B YCIOBUAX M PEXHUMaX, 00ECIEeUMBAIOIINX
NOJIyYeHHE MPABWIbHBIX PE3YJIbTATOB U BHIBOJIOB; COONIOAAET TPEOOBAHUS MPABUI
0€30MacHOCTU TPYy/a; B OTUYETE MPABUWIHLHO M AKKypaTHO BBHITIOJIHAET BCE 3alllCH,
TaOJMIIBI, PUCYHKH, YEPTEKH, TpadUKH, BBIYUCICHUS; MPABUIBLHO BBITOIHSIET
aHaJIn3 MOIPEITHOCTEN.

— OneHka «4» CTaBUTCS, €CJIM BBITIOJHEHBI TPEOOBAHMS K OLIEHKU «5», HO ObLIN
JOMYIIEHBI JBa-TPU HEIOYeTa, He Oojee OMHOW HErpyO0oil OmMOKH M OJHOTO
HEJ04eTa.

— Onenka «3» cTaBUTCS, €ciau pabdoTa BHINOJHEHA HE MOJHOCTHIO, HO O0BEM
BBINIOJIHEHHOM YacTW TakKOB, MO3BOJIAET MOJIYYUTh IMPABUIIbHBIE PE3yJbTaThl U
BBIBOJIbL: €CJIM B XOJI€ MPOBEJICHHUS ONBITA U U3MEPEHUI ObLIN JOMYLIEHBI OIIUOKY.
— Ornenka «2» cTaBUTCS, €ClIu paboTa BBIMOJHEHA HE TMOJTHOCTBIO M 00bEM
BBITIOJIHEHHON 4acTH paboT He MO3BOJIAT ClieJaTh MPaBUJILHBIX BBIBOJOB: €CIIH,
OTIBITHI, U3MEPEHHUS, BRIUMCIICHUS, HAOII0I€HHSI IPOU3BOIUINCH HEMPABUIIBHO.

Tema 5.3. CnneunajibHasi TEOPUsi OTHOCUTETbHOCTH



Ycrubii onpoc (YO)

. Chopmynupyiite 3akoH bproctepa.

. Kakue ciocoObI mostydeHus noasipu30BaHHOIO CBETa BaM U3BECTHBI?
. UTo Ha3BIBAIOT AUCIIEpCUEN CBETA?

. Uto Takoe cnektp?

. Kakue cyiiecTByrOT TMHUU CIIEKTPOB U3ITyYEHUS?

. Kakue BeniecTBa ar0T CIUIOMIHON CHIEKTP?

. Kakue BemiecTBa 1aroT TMHEHYATHIN, OJIOCATHII CIEKTPHI?

. Pacckaxkute 00 ynpTpadnoieTOBOM U3ITyYCHUH U €T0 CBOWCTBAX.
. Pacckaxxute 00 nHGpaKpacHOM H3ITyUYEHUU U €TI0 CBONCTBAX.

10. Yto Ha3bIBaIOT CHEKTPAIbHBIM aHAIU30M?

11. Yro Takoe GppayHrodepoBbl JIUHUU?

12. KakoBbI Iprpoaa 1 CBOMCTBA PEHTTEHOBCKUX JIy4en?

O 001N DN K~ W —

KonTtponupyembie komnerenuuu: OK 01-OK 05; JI.1.-J1.6.; M.1.-M.6.; T1.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun oneHku:

OtMmeTka «5»

MIOJTHO PACKPBITO COJIEp)KaHUE MaTepuaia

YETKO U MPABWIBHO JIaHBI OMPEICIICHUS U PACKPBITO COJIEpKaHUE MTOHATHM, BEPHO
UCII0Ib30BaHbl HAYYHbIE TEPMUHBI

IS JOKa3aTCIIbCTBA UCITOJIB30BAHbI PA3JIMYHBIC YMCHUA, BBIBOJBI U3 H&6J’IIOI[CHHI>1,
OIIBITOB

OTBECT CaMOCTOﬂTeHBHBIﬁ, HCIIOJIb30BAHBI PAHCC HpI/IO6peTeHHBIe 3HaHU.

OtMmeTka «4»

PACKpBITO OCHOBHOE COJIEp)KaHUE MaTepuasa

B OCHOBHOM IPABUJIBHO JIaHBI ONPEACICHUS MOHSATUN M UCTIOJb30BaHbI HAYYHBIE
TEPMUHBI.

OTBET CAMOCTOSTECIbHBIN

ONPENECTICHNS TOHATUN HEMOJIHBIE, IOMYILEHBl HE3HAUNTEIbHBIE HAPYIICHUS
MOCJIEI0BATEILHOCTH U3JI0KEHUS, HEOOIbIITNE HETOYHOCTH MPU UCTI0JIb30BAHUU
Hay4YHBIX TEPMUHOB WJIK B BBIBOJAX M 00OOIICHUSIX

MPaBUJILHBIC U YETKHUE OTBETHI HAa BOMIPOCHI YTOUHSIOIIETO XapakTepa (MOo3UIUs
MTOHUMAIOIIIUH )

OtmeTtka «3»

YCBOCHO OCHOBHOE COZICpKaHHE yIeOHOTO MaTepHalia, HO H3JI0KEHO
dbparMeHTapHO, HE BCET1a TOCIICIOBATEIHHO

ornpeeeHus OHITHI HEI0CTATOYHO YETKHE

HE UCIOJIb30BaHbl B KAYECTBE JI0KA3aTEIHCTBA BHIBOIBI M O000IIEHUS U3
HAOJTIOICHUH, TOTYIIEHBI OITUOKU TP UX U3JI0KCHHUH



JOTYIIEHBI OITMOKU M HETOYHOCTH B MCTIOJB30BAHNH HAYYHOW TEPMUHOJIOTHH,
OIPENICIIEHUE TTOHATUI

NPaBWJIbHBIC U YETKHE OTBETHI HA BOMPOCHI HABOSIIETO M KOHKPETU3UPYIOIIETO
xapakTepa (o3UIMs KPUTHK)

OtMmeTKa «2»

OCHOBHOE COJIepKaHue y4eOHOTO MaTepuasia He PacKPhITO

HE JIaHBl OTBETHI HAa BOITPOCHI HABOJISAIIETO M KOHKPETU3UPYIOIIETO XapaKkTepa
JOMYIICHBI TPYOBIC OITMOKHU B OTIPE/ICIICHUH TIOHITHH, ITPU UCIIOJIb30BaHUU
TEPMHUHOJIOTHH.

TectupoBanmue (T)
I Bapuanr.

1. Yto takoe cBet?
a) 9TO U3JIyYeHHUE, PACIIPOCTPAHSIONICECS OT JIFOOBIX HArPETHIX TEJ;
0) 9T0 U3Ty4YeHHEe, BOCIIPUHUMAEMOE TJIa30M, T.€. BUIUMOE HU3JIyUCHHE.

2. B 4eM coCTOUT 3HAYEHUE CBETA B HAIIICH KU3HU?

a) moJ ICCTBUEM CBETA M TEIlJia Ha 3eMJie BO3HUKIIA )KU3Hb;

0) cCBET — CpeJICTBO BUJICHUS,

B) CBET — Ba)KHEHIIIEE CPEICTBO MO3HAHUS TTPUPOJIBI;

T') CBET — aKTUBHBIM YYACTHUK PA3TUYHBIX (PU3MUECKUX SIBJICHUII;
1) AEATEIHbHOCTD YeJIOBEKa 3aBUCHUMa OT CBETA.

3. Kakue kpynHble Hay4Hbl€ OTKPBITUS 00513aHbI CBETY?

a) OTKPBITHE 3aKOHOB JABUKEHUS TUIAHET;

0) OTKpBITHE CTPOCHUSI KIETKHU KUBBIX OPraHU3MOB;

B) OIIPENIEIEHUE CTPYKTYPbI METAJUIOB;

I') onpeJesieHne XuMuyeckoro coctaBa CoJiHIA U IPYTUX HEOECHBIX TEl.

4. I'eoMeTprUUYECKOM ONTUKON HA3BIBAETCS PA3/I€sl ONTUKU, B KOTOPOM. ..

a) U3y4aroTcsl 3aKOHBI PACIIPOCTPAHEHHUS B IPO3PAUHBIX CPeAax CBETOBOM SHEPTUU
Ha OCHOBE IMPEJICTABICHUS O CBETOBOM JIYUE;

0) r1yOOKO paccMaTpUBaIOTCSI CBOMCTBA CBETA U €r0 B3aUMOJICHCTBUE C
BELLIECTBOM.

5. OCHOBOMOJIO)KHUKOM KOPIYCKYJISIPHOM T€OPUHU CBETA OBLII. ..
a) Pemep;

0) HeroToH;

B) MakcBen;



r) ApUCTOTEIb;
1) I'toirexc.

6. JIBOMCTBEHHOCTh CBOMCTB (KOPIYCKYJISPHO-BOJIHOBOM JIyaju3M) MPUCYIIA. . .
a) TOJILKO CBETY;

0) TOJIbKO MUKPOCKOTIMYECKUM TeJIaM;

B) 110001 (hopMe MaTepuu.

7. KT0 BIiepBbIE ONpeennil CKOPOCTh cBeTa?
a) MaiikenbCoH,;

0) Nanuneii;

B) Pemep;

r) ®uzo.

8. UeM 00BsACHSIICS yCIIEX ACTPOHOMHYECKOTO METO]a U3MEPEHUS CKOPOCTH Tema’?
a) nemwxenueM IOnutepa Bokpyr CounHiia;

0) MPOXOJIUMbIEC CBETOM PACCTOSIHUS OBLIM OYEHBb BEJIUKU;

B) TE€M, YTO CBET JIFOOBIE pACCTOSIHUS MPEOA0JICBAECT MITHOBEHHO.

9. B ueM cymHOCTh METO/Ia OIIPEIeNIEHUsI CKOPOCTH cBeTa B orbITe Du3o?
a) 1 U3MEPEHUS BPEMEHHU PACIIPOCTPAHEHHUS CBETA UCIIOIb30BaIOCh
BpallaroLIeecs 3epKajlo;

0) JU1s1 UBMEPEHUSI BPEMEHU PACIIPOCTPAHEHUS CBETA UCIIOJIb30BAJICA
“mpepsiBaTeNb’ — Bpalliaronieecs 3youaroe Koaeco.

10. YUTo Ha3bIBa€TCSI CBETOBBIM JTy4OM?

a) FeOMETPUUECKOE MECTO TOUYEK, UMEIOIINX OJUHAKOBBIE (pa3bl B MOMEHT
BPEMEHU;

0) TUHUSI, YKa3bIBaIOI[asl HAMPaBJICHUE PACIIPOCTPAHEHUSI CBETOBOM YHEPTUH;
B) BooOpakaemasi JIMHHUS, apajuiesibHas PpOHTY pacpoCTpaHEHHUsl CBETOBOM
BOJIHBI.

11. Tenp, oTOpoOIIEHHAs: TPEIMETOM, OCBEILIEHHBIM MPOTSKEHHBIM HCTOYHUKOM. ..
a) UMeeT pe3Kue ouepTaHus, MOA00HbIE OUEPTAHUSIM MTPEIMETA;
0) OKpY’KEHa MOy TEHBIO.

12. Ecii my4 nepexoauT U3 ONTHYECKH MEHEE IIOTHOM Cpeibl B ONTHYECKU OoJiee
IUIOTHYIO, TO. ..

a) yroJi majicHusi 0OJIbIle yTiia MPeIoOMIICHUS;

0) yroi najieHus MEHbILIE yTiia IPEeJIOMICHUS;

B) YroJI NaJIEHUsl PaBEeH YTy MPEeIOMIICHUS.

13. [louemy J1y4 CBETa MpHU MEPEXOAE U3 OAHOU CPeibl B APYTYIO MPEIOMISETCA?
a) U3MEHSETCS CKOPOCTh CBETA B CPE/IE;
0) U3MEHSIETCSl HAITPABJICHHE CBETOBOTO ITyYKa.



14. B xakom ciy4dae yroJ nNaJeHus paBeH yriy NpeJIOMIICHUs?
a) ecnu yrou najeHus 6iuzok k 90 rpagycam;

0) eciy yroJi ajieHusi paBeH HYJIIO;

B) €CJIM CKOPOCTH CBETa B ABYX CPelaxX PaBHBI.

15. Onpenensis riryOMHy Bojgoema “‘Ha riasz’”...

a) MbI TOYHO OIpeeIsieM II1yOuHy;

0) THO KaKeTcs HaM TTyOxe;

B) JTHO Ka)KETCS BCer/ia OJIvKe K HaM, T.€. MeJlbue.

16. C kakoil puznuecKkor XapaKTEPUCTUKON CBS3aHO PAa3INYKE B IIBETE?
a) C JJIMHOM BOJIHBI,

0) C MHTEHCUBHOCTBIO CBETA;

B) C MTOKa3aTeeM MPEeIOMIICHUS CPEIbI;

T') C 4aCTOTOM.

17. OT 4ero He 3aBUCUT MOKA3aTelb MPEIOMIICHUS BELIeCTBA?
a) OT CBOICTBA BEIIECTBA;

0) OT IJTMHBI BOJIHBI,

B) OT YaCTOTBHI;

) OT yIJia NPeJIOMIICHUS;

1) OT CKOPOCTH CBeETA.

18. I[Ipeamer kaxeTcss HaM OEJIBIM, €CJIU OH. ..
a) YaCTUYHO OTPAXKAET BCE JIyUH;

0) YaCTUYHO NOTJIOLIAET BCE JIYYH;

B) OJINHAKOBO OTPAXKaET BCE JIyUH;

I') OIMHAKOBO MOTJIOUIAET BCE JIyUH.

19. B uem 3akirogaeTcs siBieHUE HHTEP(DEPEHIINU cBEeTa?
a) B YCUJICHUU OJTHOTO CBETOBOTO Iy4Ka JIPYTUM;

0) B MOJTy4eHUH CIIeKTpa OeJIoro CBeTa;

B) B OTUOAHUU CBETOM IPETSTCTBUM;

T') B HAJIO)KCHUHW CBETOBBIX BOJIH.

20. B yeM 3akit04aeTcsi MPOCBETIECHUE ONTUKU?

a) B YBEJIMYEHUU BXOJHOTO 3payKa ONTHYECKON CUCTEMBI;

0) B YMEHBIIIEHUN OTPaXEHUS CBETa OT MOBEPXHOCTU ONTUYECKOTO CTEKJIa;+
B) B UHTEp(PEPEHIIMU CBETA HA TOBEPXHOCTH ONTHUYECKOTO CTEKJIA;

') B IOBBIIIICHUHU MTPO3PAYHOCTH ONTHUYECKOTO CTEKJIA;

1) B IPUMEHEHUH CBETO(PHUILTPOB.

II Bapuanr.



1. BriOepute BepHblii 0TBET. Eciiu (hoKyCHOE paccTOsIHUE OJTHOM JIMH3BI IJIMHHEE,
YeM JPyToM, TO KaKas U3 HUX JacT OOJbIlIee yBEITUUEHHUE?

a) InuaHodokycHas

0) KoporkodoxycHas

B) O0e JaayT OJTHO U TO K€ YBEIIUUCHUE

2. OT™MeTbTe, KaKas U3 JIMH3, KOTOpble UMEIOT POKyCHBbIE paccTosHus 15 cm, 20 cm
u 25 cM, oOnagaeT HauOOJIbIIEH ONTUYECKOH CHIION?

a) CF=15cmMm
0) CF=20cm
B)CF=25cm

3. Beibepute popmyiy, 10 KOTOPO# paCCUUTHIBAIOT ONTHYCCKYIO CHITY JTUH3BI:
a)v=1/T

0) D=1/F

B) R=U/I

r)q=Q/m

4. B KakuX eIUHUIIAX U3MEPSIOT ONTUYECKYIO CUITY JTUH3bI?
a) Omax

0) Bonprax

B) Kanopusix

r) Juontpusx

5. HalimuTe ontuueckue CWIbI IWH3, (POKYCHBIE PACCTOSTHUAS KOTOPBIX 25 cM u 50
CM.

a) 0,04 antp u 0,02 notp

0) 4 notp u 2 aguTp

B) 1 aoTp u 2 anTp

r) 4 antp u 1 qoTp

6. OnTryeckue CUiIbl TUH3 paBHbI 5 anTp U § antp. KakoBsl ux GokycHbie
paccTosiHus?

a)2mu l,25m

0)20cmu 12,5 cm

B)2cmu 1,25 cm

r)20mu 12,5m

7. Jjis TOro 4To0Bl OTPAXKEHHBIN JIyY COCTaBIIsI ¢ naaaromum yroi 40°, yron
naJieHUs] CBETOBOTO JIy4a JO0JKEH ObITh CIIETYIOUIUM:

a) 20°

0) 50°

B) 40°

r) 25°



8. Onpenenure, KaKUM OyJE€T OTHOCUTENbHBIN [TOKA3aTENb IPEIOMIICHUS JBYX
cpen, €CIIA yroJl majaeHus paseH 60°, a yroia Mexay OTpaXE€HHBIM U
MPETOMJICHHBIM JIydamu paBeH 90°?

a) 1,5

0) v2

B) V3

r) 1,2

9. Boibepure, kakuM OyJIeT TOKa3aTelb MPEJIOMIICHUSI BTOPOU CpeIbl
OTHOCHUTEJBHO MEPBOI, €CIIM MPH MEPEXOE CBETA U3 IEPBOM CPEBI BO BTOPYIO
yroi npenomiieHus paBeH 30°, a yron najeHus B 2 pasza 6osnbiie?

a) 1/v3

0) v2

B) 1,5

r) v3

10. Bersicuute, uemy OyJIeT paBeH yroJi NaJeHusl IpH Mepexo/ie CBETOBOTO JIyya B
ONTHYECKH MEHEE MIIOTHYIO Cpely U3 ONTHYECKOU OoJiee MIOTHON?

a) yroJj najJieHus paBeH yIiIy IpeJIoOMIICHUS

0) cBET mMPOXOAUT O€3 MPeTOMIICHUS

B) YIOJI MaJieHus O0JbIlIe YTIia MPeIOMIICHUS

I') yroJj naJeHusi MEHbIIE yIJIa MPEIOMIICHUS

11. CeroBoii nmy4 nepexoauT u3 Bojbl (n = 1,5) B Bo3nyx. Kakoe u3 nmpuBeneHHbIX
COOTHOILIEHHI UMEET MECTO JUIsl yria mpesoMiieHus B, ecnu yron najaeHust paBeH
b?

a) B<b

0) B>b

B) B=b

r) B>>b

12. Yron Mex 1y 3epKajioM U najaromuM 1ydom paseH 50°. Onpenenure, uemy
paBeH yrou (rpaj.) OTpaKeHUs JTyda:

a) 55

0) 70

B) 35

r) 40

13. JInnza 3to0:

a) MPO3pavyHOe TeJI0, UMEIOIIEE C IBYX CTOPOH IIaKHe TOBEPXHOCTH

0) Ten0, CTOPOHBI KOTOPOr'O OTHOJIUPOBAHBI U OKPYTJICHBI

B) IPO3payvyHOE TE€JI0, OTPAHUYEHHOE CTOPOHAMHU, KOTOPBIE IPEICTABIISIIOT COOOM
cepuyeckre NOBEPXHOCTH

r) 11000€ TEJo ¢ IIIaJKUMU U30THYTHIMU IIOBEPXHOCTSIMU



14. BcomuuTe, KOT/Aa JIMH3bI HA3bIBAIOT BOTHYTHIMHU, KOT /14 — BBIITYKJIBIMH?

a) BorHyThIMi — Te€, Y KOTOPBIX Kpasi TOJIIIE, YEM CEPEUHA, BBITYKIBIMUA — Y
KOTOPBIX Kpasi TOHbIIE, YEM CEpEeArHA

0) BorHyTbIMU — Yy KOTOPBIX Kpasi TOHBIIIE, YEM CEPEINHA, BBIMYKIBIMU — Y
KOTOPBIX Kpasi TOJIIIE, YEM CEpEIMHA

B) BoruyTeiMu — Tena ¢ moBepXHOCTSAMH, OOpaIlicHHBIMUA BHYTPb, BBITYKJIBIMA —
C TTOBEPXHOCTSMHU, OOPAIICHHBIMH HAPYKY

15. YTo MHTEpECHOTr0 B TOUKE HA ONTUYECKOW OCHU BBIITYKJIOW JIUH3bI, KOTOpas
HasbIBaeTcsa Poxycom?

a) TeM, 4TO B Hel COOMPAIOTCS BCE MPETOMIISIEMbIC TUH30M JTy4U

0) Tem, 9TO B HEl TIEpPECEKaIOTCsI MPEJIOMIICHHBIE JIMH30M JTy4H, HAallpaBJICHHBIC HA
HEE MapajuieIbHO ONTUYECKON OCH

B) TeM, 4TO B 3TOM TOUKE MEPECEKAIOTCS BCE JIyUH, IPOILIEIINE CKBO3b CEPEIUHY
JIMH3bI

r) Tem, 4TO B HEM MepeceKaroTCs BCE JIyYH, IPOIIENINE CKBO3b Kpasi TUH3bI

16. Tennb, oTOpOIIEHHAS IPEIMETOM, OCBEIIEHHBIM MPOTSKEHHBIM UCTOUHUKOM. ..
a) UMeeT pe3Kue ouepTaHus, MOA00HbIE OUEPTAHUSAM IIPEIMETA;
0) OKpy>K€Ha MOJIyTEHbIO.

17. Ecnu my4 nepexoauT U3 ONTHYECKU MEHEE INIOTHOM Cpeibl B ONTHYECKHU OoJiee
IUIOTHYIO, TO. ..

a) yroJi nmajicHusi OOJIbIIE yTJia MPEeTOMIICHUS;

0) yroJi maJicHusi MEHbIIIE yTJia MPEIOMICHUS;

B) YroJI IaJIeHUsI PaBEH yriy MPEeIOMIICHUS.

18. IloueMy J1y4 cBeTa npu nepexoe U3 OJAHON CpeIbl B APYTYIO MPEIoMIIIeTCs?
a) U3MEHSETCS CKOPOCTh CBETA B CPE/IE;
0) U3MEHSIETCSl HalPaBJICHUE CBETOBOIO MyYKa.

19. B kakoMm cityyae yroi najeHusi paBeH yri1y npeaomieHus?
a) ecnu yrou najenus 01u3ok k 90 rpagycam;

0) eciu yroJ majieHUsl paBeH HYJIIO;

B) €CJIM CKOPOCTH CBETA B IByX CpPeJiaX PaBHBI.

20. Onpenensisa riryOuHy Bogoema “Ha rias3”...

a) MBI TOYHO OIpeJIeNIsieM TIIyOuHY;

0) THO KaXXeTcsl HaM Ty Oxe;

B) THO Ka)KETCs BCerAa OIIKE K HaM, T.€. MeJIbue.

Kontponupyemsie komnerennuu: OK 01-OK 05; JI.1.-J1.6.: M.1.-M.6.; T1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30
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Bapuant 2

Ne Bonmpoca [12|3/4(5/6(7/8/9/1 |1 |1 (1 1 1|1 |1 |1 |1 2
0 /12|34 |5|6|7|8]9]0

IlpaBuabH (a|a|0|r|06|0|ja|B|r|r (O [T |[B|a |0 |0 |a |a |B B

bIil OTBET 0

Kputepuu oneHKu:

— «2» BBICTaBIIACTCS 00y4JarOIEeMycsi, €CTi HaOpall MeHee 8§ 0aJlioB;
— «3» BBICTaBIIIETCS O0y4aromemycs, 3a 11-9 6annos;

— «4» BBICTaBIISIETCS O0y4aromemycs, 3a 12-16 6anios;

— «5» BBICTaBIIACTCS O0yUaromemycs, 3a 6onee 17 Ganos.

3aganus 1js caMocTosATeJIbHOH padoThl (CP)
Tembl 3cce (pedepaToB, J10KJIAT0B, COOOIICHMIA)

JIBMKEHUE CO CKOPOCTHIO CBETA.

[TocTynaTel TEOPUH OTHOCUTEIBLHOCTH U CJICJACTBUS U3 HUX.
MHBaprmaHTHOCTH MOJTYJISI CKOPOCTH CBETa B BaKyyMe.
DHeprus MoKos.

CBs13b MacChl M PHEPTHH CBOOOTHON YaCTHIIHI.

ARl A

Kontponupyemsie komnerenunu: OK 01-OK 05; JI.1.-J1.6.; M.1.-M.6.; T1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtmeTKka «5»

MIOJTHO PACKPBITO COACPIKAHUE MaTepurasa

YETKO Y MPABWIBHO JAHBI ONPEACTICHHS U PACKPBITO COJICPKAHUE TTOHITUNA, BEPHO
WCIIOJIb30BAHBI HAYYHBIE TEPMUHBI

JUISl IOKA3aTeNIbCTBA UCTIOb30BAHbI PA3IMYHbIC YMEHUS, BHIBOJIbI U3 HAOIOICHHUI,
OIIBITOB

OTBET CaMOCTOSTEIIbHBIN, HCIIOJIB30BaHbI paHee IPUOOPETCHHBIC 3HAHUS.

OtMmeTka «4»
PacCKpBITO OCHOBHOE COJIEpKAaHNE MaTepHraia




B OCHOBHOM IPABUJIbHO JIaHbI ONPEEICHUS MOHITHI U UCIIOIb30BaHbl HAYYHBIE
TEPMUHBI.

OTBET CaMOCTOSITENIbHBIH

ONpEEICHUS TIOHITHI HEMOJIHbIE, JOIMYLIEHbl HE3HAYUTEIbHbBIE HAPYLICHUS
MOCJIEI0BATEIbHOCTH U3JI0KEHHSI, HEOOIbIIINE HETOYHOCTH IIPU UCIIOJIb30BaHUHU
HAy4YHBIX TEPMUHOB WJIM B BBIBOJIAX U 000OIEHUAX

IpaBUJIbHBIE U YETKHUE OTBETHI Ha BOIIPOCH! YTOUHSIOIIETO XapakTepa (MO3ULIHs
MOHUMAIOLIUH)

OtmeTka «3»

YCBOEHO OCHOBHOE COJIepKaHUEe YU4EOHOTI0 MaTepuaia, HO U3JI0KEHO
dbparMeHTapHO, HE BCEraa IOCIeI0BaTSIbHO

ONpeieNICHHs TOHSATUN HEIOCTATOYHO YETKUE

HE HCIIOJIb30BaHbl B KAUE€CTBE JOKA3aTEIHCTBA BBIBOJIBI M 0000IIIEHUS U3
HaOII0ICHUM, TOMYIIICHBI OITUOKH MPU UX HU3JI0KESHUH

JOMYIICHBI OITMOKW U HETOYHOCTH B MCTIOJb30BAaHUHM HAYYHOU TEPMHUHOJIOTHH,
OIpEICIICHUE TTOHSITUIA

MpaBUWIbHBIC U YETKUE OTBETHI HA BOMPOCHI HABOIAIIETO M KOHKPETU3UPYIOIIETO
xapakTtepa (MO3UIUs KPUTHK)

OTMmeTKa «2»
OCHOBHOE COJIepKaHHe YueOHOTO MaTepualia He pacKpbITO
HE JJaHbl OTBETHI HA BOIPOCHI HABOJIAIIETO U KOHKPETU3UPYIOIIETO XapaKTepa

JOMYIIEHBI IPyOble OMKMOKHU B OMPEAEICHUN MTOHATHM, PU UCTIOJIb30BAHUU
TEPMUHOJIOTUH.
KonTpouabnasi padbora Ne 5

IIo pa3zneny «OnTuka»

Bapuant 1

1.Onpenenute nokaszarenb MPEIOMIICHUS OPTraHMYECKOTO CTEKIIA, €CIIU CKOPOCTh
ceera B HéM 200000 km/c. Kakoil yron majeHusi cBeTa Ha OPraHUYECKOE CTEKJIO,

eciy yrou npenomiaeHus 15%?

2.IlpemMer HaxoAWTCS HA pPacCTOSHHUM 12 CM OT pacceWBaromied JUH3HI,
dokycHoe paccrossaue kotopoir 10 cM. Ha kakom paccTosHMM OT JUH3BI

HaXOJUTCS U300paxkeHue npeamera?

3.HazoBute xapakTepHble 4epTbl siBIeHUs Audpakuumu cBera. llpu kakmx

YCJIOBUSIX OTYETIUBO HAOIIOAAETCS ITO SIBJICHUE?

4. Kakoili HamOONBIINN TOPSAIOK CIEKTpa MOXKHO BHUACTh B JUQPPAKIIMOHHOM
pemérke, umeroment 500 mTpuxoB Ha 1 MM, TIpU OCBEIIEHUM €€ CBETOM C JJIMHOM

BOJIHBI 720 HM?



Bapuanr 2

1.0npenenure CKOPOCTh CBETA B IUIMLIEPUHE, €CIHM IOKA3aTeNlb IMPEIOMIICHUS
paBen 1,47.
Hailigure yroa npenoMiIeHus CBETa B TIMLEPUHE, €CIIU YToJI najaeHus pasen 60°,

2.0npenenuTe ONTHYECKYIO CUIIY PAcCEUBAIOIICH JIMH3BI, €CIU H3BECTHO,UYTO
peaMer,
noMelEHHbIM niepe Hell Ha paccrosHuu 40 cMm, naét MHHMMOE H300pakeHue,
yMEHbILIEHHOE B 4 pa3a.

3.HazoBute xapaktepHble uepThl siBIeHUS uMHTepdepeHiuu cBera. Ilpu kakux
YCIIOBUAX
OTUYETIMBO HAOJIOIAETCA ITO SIBJICHUE?

4.0mnpenenute nepuoa AMPpPakIMOHHONW pEeHIETKH, €CII NMPU OCBEIIEHUN CBETOM
C JUIMHOM BOMHEI 656 HM MaKCHMyM BTOPOTO MOPSAAKA BUAEH 1Mo yriom 15°,

Bapuant 3

1.Ompenenute yroia TMpPeNOMICHHS CBETa BO JIbAy, €CIU YyroJl MaJeHUs
pasen 60°? IMokasarens npenomienus ibaa 1,31, KakoBa ckopocTh cBeTa BO JIby?

2.0nTrueckas cwia coouparomiei JIMH3bI paBHa 5 atmp. [IpeaMer momectunu Ha
paccrosiauu 60 cM oT ymH3BL. [71€ TOMy4YUTCS WM300pa)k€HHe ATOro mpeamera?
KakoBo yBenuieHue JTHH3BI?

3.00BscHUTE, KaK U TIOYEMY TPOUCXOIUT AUGpaKIus BOITH?

4. ludppakmumonnas pemérka coaepkut 100 mrpuxos Ha 1 Mmm Omnpenenure
JUTMHY BOJIHBI MOHOXPOMATHYECKOTO CBETa, IMAJAIOIIET0 MEPIEHANKYJISIPHO Ha
TU(GPAKIMOHHYI0 PEMIETKY, €CITH MaKCUMyM TII€pBOTO TOPSAKAa BHIEH IO
yraom 4°,

Bapuanr 4

1.0npenenute yron majeHMs CBETa HA ajMas, e€clM yron npenomieHus 15°.
[Tokazarens mperomiieHUs cBeTa s anmasa 2,42. KakoBa CKOpoCTh cBeTa B
anmasze?

2.PaccTosiHME MEXOy TPEAMETOM M €ro HM300pakeHueM 72 cM. YBeIWdYeHUE
auH3bI paBHO 3. Haiinure pokycHoe paccTosiHue JTUH3HI.

3.Moryr nu wuHTephepupoBaTh CBETOBbIE BOJHBI, HIyIIHME OT JBYX
ANEKTPUYECKUX JIaMnoueK? OTBET NOSICHUTE.

4.Ha nudpaknyoHHYI0 PEMIETKY TMEPHNEHAUKYISIPHO TaAaeT CBET C JJIMHON
BotHbl 500 HM.  MakcumMyM  BTOpPOro TOpsIKa HaOMIOAaeTcss TMpU  yIUie
mudpaxuun 30°. Haiiaure nepuon qudpakumoHHON PEMIETKHY.

Kontponupyemsie komnerenuuu: OK 01-OK 05; JI.1.-J1.6.; M.1.-M.6.; T1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kputepuu oueHku:
- «5» cTaBUTHCS 3a padOTY, BBHITIOJIHEHHYIO MMOJTHOCTHIO 0€3 OIMOOK U HEJ0YETOB.



- «4» cTaBUTHCSA 3a pabOTY, BHIIMOJIHEHHYIO IMOJIHOCTHIO, HO TIPU HAJIMYHUU B HEW HE
Oosee omHOU TpyOOil W OAHOW HETpyOO OMMOKK W OJHOTO HEmoudeTa, He Oojee
TpeX HEIOYETOB.

- «3» CTaBUTKCS, €CIU CTYICHT MPABUJIHHO BBHIMOJTHUI HE MeHee 2/3 Bcel paboTh
WIK JOMYCTUJ He OoJjiee ogHOM TrpyOol OmMOKM M JBYX HEIOYETOB, HE Oolee
OJIHOM TpyOol M oaHON HerpyOoi omuoOKu, He Oojee TpeX HErpyObIX OIIHMOOK,
OJTHOM HerpyOoi OMMOKYU M TpeX HEJA0UYETOB, IPU HATUIUH 4-5 HEJOUYETOB.

- «2» CTaBUTHCS, €CITM YUCIIO OIMTMOOK U HEJTOYECTOB MIPEBBICHUIIO HOPMY OIEHKH «3%
VUM TIPaBWIIBHO BBITTOJIHEHO MeHee 2/3 Bcel paboThI.

Pa3znen 6. JjieMeHTHI KBAHTOBOW pU3NKHU
Tema 6.1. KBanToBasi onTukKa
YcrHbliii onpoc (YO)

. Chopmynupyiite runotesy [lnanka.

. Ut0 Takoe KBaHT?

. Uemy paBHa 3Heprus KBaHTa?

. UeMy paBHBI SHEPTHsl, Macca, UMITYJIbC poToHA?

. UTo Ha3bIBAIOT SBJICHHEM BHENTHEro ¢poTodddexra?
. Chopmymnupyiite 3axons! CTonerona.

. O0BsicHUTE YypaBHEHHE DUHIITEHA N71s1 BHENTHETO (hoTodddekTa.
. Urto Takoe kpacHas rpanuna Gorodddexra?

. Kakoit porord ekt Ha3piBatOT MHOTOQOTOHHBIM?
10. Kakue tunsl (HOTO3IEMEHTOB BaM U3BECTHBI?

11. Yto Takoe KOpIyCKyJISIpHO-BOJIHOBOM JyaJIn3M?

O 00 1N DN B W=

KonTtponupyembie kommnerenuuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtmeTka «5»

MIOJIHO PACKPBITO COJICPKAHUE MaTepUaia

YETKO U MPABWJIBHO JIAaHBI OTIPEICIICHUS M PACKPBITO COJIEp)KaHUE TTOHATHUM, BEPHO
MCII0JIb30BAHBI HAYYHBIE TEPMUHBI

JUISL IOKA3aTeNbCTBA UCIIOJb30BaHbI PA3INYHbIC YMEHUS, BBIBOJIBI U3 HAOJIOICHUH,
OIIBITOB

OTBET CAaMOCTOSTENIbHBIN, UCIOIB30BaHbl paHee NPUOOPETEHHbBIC 3HAHUS.

OrMmeTtka «4»
PacKpBITO OCHOBHOE COJIEp)KaHUE MaTepuaia



B OCHOBHOM IPABUJIbHO JIaHbI ONPEEICHUS MOHITHI U UCIIOIb30BaHbl HAYYHBIE
TEPMUHBI.

OTBET CaMOCTOSITENIbHBIH

ONpeIEICHUS IOHIATUI HENOJIHbIE, JOIMYLIEHbl HE3HAUUTEIbHbBIE HAPYLICHUS
MOCJIEI0BATEIBHOCTH U3JI0KEHUSI, HEOOJIbIINE HETOYHOCTHU IIPU UCIIOJIb30BaHUHU
HAy4YHBIX TEPMUHOB WJIM B BBIBOJIAX U 000OIEHUAX

IpaBUJIbHBIE U YETKHUE OTBETHI Ha BOIIPOCH! YTOUHSIOIIETO XapakTepa (MO3ULIHs
MOHUMAIOLIUH)

OtmeTka «3»

YCBOEHO OCHOBHOE COJIepKaHUEe YU4EOHOTI0 MaTepuaia, HO U3JI0KEHO
dbparMeHTapHO, HE BCEraa IOCIeI0BaTSIbHO

ONpeieNICHHs TOHSATUN HEIOCTATOYHO YETKUE

HE HCIIOJIb30BaHbl B KAUE€CTBE JOKA3aTEIHCTBA BBIBOJIBI M 0000IIIEHUS U3
HaOIIOICHUM, TOMYIIICHBI OITUOKH MPU UX U3JI0KESHUH

JTOMYIIECHBI OITMOKA U HETOYHOCTH B HCIOJBb30BAaHUHM HAYYHOH TEPMUHOJIOTHH,
OIpEICIICHUE TTOHSITUIA

MpaBUWIbHBIC U YETKUE OTBETHI HA BOMPOCHI HABOIAIIETO M KOHKPETU3UPYIOIIETO
xapakTtepa (MO3UIUs KPUTHK)

OTMmeTKa «2»
OCHOBHOE COJIepKaHKe YueOHOTO MaTepualia He pacKpbITO
HE JJaHbI OTBETHI HA BOMPOCHI HABOISIIIETO U KOHKPETUZUPYIOIIETO XapaKTepa

JOTMYIIEHBI IPyObIe OMKMOKHU B OMPEEICHUN MTOHATHM, PU UCTIOJIb30BAHUU
TEPMUHOJIOTHH.

3ananus 1 camocrosaTeabHo padorsl (CP)
Tembl 3cce (pedepaToB, J10KJIAT0OB, COOOIIEHMI)

KBanroBas runoresa I1nanka.

TemnoBoe U3ydyeHue.
KopnyckynsspHO-BOJIHOBOM Jyanu3Mm.

DOTOHBI.

I'mnote3a ne bpoins 0 BOJMHOBBIX CBOWCTBAX YACTUL.
CootHomieHue HeonpeaeneHHocTel I 'eizendepra.
JlaBiieHue cBera.

XUMHUYECKOE JIEMCTBUE CBETA.

. OnbiTel JIebeneBa u Basuiosa.

10.®oTodddexT.

11.YpaBaenue DitHimTeiHa 11 hotodddexra.
12.Buemnuii potodnekrpuyeckuii 3hPexT.
13.Baytpennuii hotodddexr.

14. Tunsl POTOIIEMEHTOB.

WCoNOORLNE



15.TTpumenenue dhotodrpdexra.

KonTtponupyemsie komnerenuuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-I1.7.;
JIP2, JIP4, JIP23. JIP30

Kpurepun oneHku:

OtMmeTka «5»

MIOJTHO PACKPBITO COJICpIKaHUE MaTepuaia

YETKO Y MPABWIBHO JIaHbI OMPEICIICHUS U PACKPBITO COJIepKaHUE MTOHATHM, BEPHO
UCII0Ib30BaHbl HAYYHbIE TEPMUHBI

JUISL IOKA3aTeNIhCTBA UCTIOb30BAaHbI PA3IUYHbIC YMEHUS, BBIBOJIBI U3 HAOJIOICHUH,
OITBITOB

OTBET CaMOCTOSTEIIbHBIN, HCIIOJIb30BaHbl paHEee MPHOOPETEHHBIC 3HAHUS.

OtMmeTka «4»

PAcCKpBITO OCHOBHOE COJIEp)KaHHE MaTepuaia

B OCHOBHOM IPABUJIBHO JIaHBI OMPEACICHUS MOHSATUN M UCIIOJIb30BAHBI HAYYHBIE
TEPMUHBI.

OTBET CAMOCTOSTEIbHBIN

ONpeIeNICHHs TOHSTUN HETIOJHBIE, TOMYIIEHb HE3HAYUTEIbHbIE HAPYIICHUS
MOCJIEI0BATEILHOCTH U3JI0KEHUS, HEOOIbIITNE HETOYHOCTH MPU UCTI0JIb30BAHUU
Hay4YHBIX TEPMUHOB WJIK B BBIBOJAX M O0OOIIEHUSIX

MPaBUJILHBIC U YETKUE OTBETHI Ha BOMPOCHI YTOUHSIIONIETO XapakTepa (Mo3uIus
MTOHUMAIOIIIU )

OtmMmeTka «3»

YCBOCHO OCHOBHOE COJIepKaHHe yueOHOTO MaTeprasa, HO U3JI0KEHO
¢dbparmeHTapHO, HE BCEr/la MOCIEA0BATEIHHO

OTIpe/ieNICHUs TIOHATHUH HETOCTATOYHO YETKHE

HE UCIOJIb30BaHbl B KAYECTBE JI0KA3aTEIHCTBA BBIBOIBI M 0000IIIEHUS U3
HAOJIIOICHHM, TOMYIIEHbI OITUOKY TIPHU UX U3JI0KCHHUH

JIOTIYIIEHBI OIMIMOKH ¥ HETOYHOCTH B UCTIOJIB30BAaHUU HAYYHON TEPMUHOJIOTHH,
ONPEAECTICHUE OHATHI

NPaBWIbHBIC U YETKHE OTBETHI HA BOMPOCH! HABOAIIETO M KOHKPETU3UPYIOIIETO
xapakTepa (Mo3ulus KPUTHK)

OtMmeTKa «2»

OCHOBHOE COJIepKaHue y4eOHOTO MaTepualia He PaCKPHITO

HE JIaHbl OTBETHI HAa BOIIPOCH! HABOSIIETO M KOHKPETU3UPYIOIIETO XapaKkTepa
JOMYIIEHBI TPYOBIC OITMOKHU B OTIPE/ICIICHUH TIOHSITHMA, TPU UCTIOJIb30BaHUHU
TEPMUHOJIOTHH.

JlaGopaTopHbie padoThbI



JlabopaTopHnasi padora Ne 16
HN3yuyenue siBiieHUus BHemIHero ¢poroddgexra.

Ipubopsi: ycTpoiicTBO M3MepuTenbHOe, poTonpueMHuku O-8 u O-25.

[ear paGoTbl: CHATH W HCCIAEAOBATH BOJHTAMIICPHBIC XapaKTECPUCTHKHU
dboTodIEMEHTA, OTIPEICTUTh KHHETHUCCKYIO SHEPTUI0, MAKCUMAIIBHYIO CKOPOCTh |
paboTy BbIxo/1a (hOTORIEKTPOHA U3 METaJlJIa, CPABHUTH TOKU HachIeHus mpu U =
5 B.

1. TEOPETHUYECKASA YACTD

B cBeToBBIX sABIEHUSX HaOIOAaeTCS Ayalu3M (ABOMCTBEHHOCTH). OTa
JIBOMCTBEHHOCTh MPOSBISETCS B TOM, YTO OJIHU CBETOBBIE SIBJICHUS OOBSACHSIOTCA
BOJIHOBOM  Teopuel  cBera  (OTpak€HUE,  MpeloMieHue,  audpakius,
UHTEpPEPEHIMS U Ap.); APYTHe SIBICHUS HE MOTYT OBITh OOBSICHEHBI BOJHOBOM
TEOpUEH, a OOBIACHIIOTCA KOPIYCKYJISIPHOU (KBAaHTOBOM) TEOPHUEHl CBETA, COIIACHO
KOTOpPOM CBET MPEJCTABISET COOOM MOTOK YaCTUI — (DOTOHOB, KaxAas U3 KOTOPBIX
obyiajaeT OmpejielIieHHON »Heprueil, mMacco W ummyibcoM. K duciy siBaeHuid,
OOBACHAEMBIX  KOPIYCKYJSIPHOM  TeopHel  cBeTa, OTHOCHUTCS  SIBJICHUE
dboTorddexra.

Paznuuatror  BHemHMW W BHyTpeHHHH  ¢dorodddext. BuemHUM
botodhPeKTOM Ha3bIBACTCA SBJICHHE HCIYCKAHUS DJCKTPOHOB M3 BEIIECTBA
noj neiicteueM cBeta. OHO ObuI0 OTKpHITO ['epuieM B 1887 rony u moapooHO
uccienopano CromeroBeiM B 1888 1. Jlng wmcciaemoBanus ¢dorodddexra
CroneroB cobupan cienayromym cxemy (puc. 1.1). Ha cxeme meramnuueckas
miactuka K (¢poTokaTon) coennHeHa ¢ OTpULIATENbHBIM OJTIOCOM OaTapeH.

[TonoXUTENbHBIA TOJIIOC Yepe3 TallbBAHOMETP COEIWHEH C METaInYECKOU
cetkoit A (anon). Ob6a MeKTpoia HAXOJSATCS B CTEKISIHHOM COCY/JIe, U3 KOTOPOTO
oTkauuBaeTcsi Bo3ayx. [Ipum ocBemenun karoga (mnactunbl K) cBerom B nemnu
BO3HHUKAET TOK, KOTOPBIM PErHCTPUPYETCS raJbBaHOMETPOM. DTOT TOK MOIYUUIT
Ha3BaHUE (POTOIIEKTpUUECKOTO Toka (wiu  (OTOTOKA), a BJIEKTPOHHI,
BBIPBIBAEMbIE CBETOM U3 Karoja, — (oTo3sekTpoHaMu. DOTOTOK MPENCTaBIISIET
co00¥ IBM)KEHUE K aHOy 3JIEKTPOHOB, BBILIEAIINX U3 KaTO/A.

CroneToB Hccaen0Bail 3aBUCUMOCTh (DOTOTOKA OT BEIMUYMHBI MPUIIOKEHHOTO
HaIpsDKEHUsT MEXIy aHoaoM W karogoMm. Ha puc. 1.2, a nana BosbT-amnepHas
XapakTepucTuka (¢GoToToKa (T.. 3aBUCUMOCTb BEJIIMYMHBI TOKAa OT Pa3HOCTU
NOTEHIMAJIOB MEXY aHOJAOM U KaTOJOM MPU HEU3MEHHOM CBETOBOM IOTOKE D).

U3 rpaduxa Ha puc. 1.2, ¢ BUAHO, 4TO MpU HEKOTOpOM HampspkeHun Uy
BeIMUMHA (HOTOTOKA JOCTUTAET MAaKCHMAJIbHOTO 3HAYCHHsS] M Jaliee€ OCTaeTCs
NOCTOSSHHOM MpU JIIOOBIX 3HAYEHUSX HANpsDKEHHs. OJTO 3HAYMUT, 4YTO BCE
AJIEKTPOHBI, BBIPbIBAEMBIE CBETOM U3  (OTOKATOJa, JOCTUralT  aHOJA.
MaxkcuMabHbIH TOK HAa3bIBA€TCH TOKOM HACBHIIIEHHUS NPH JAHHOM CBETOBOM



noroxke ®. Eciim U3MEHATH  BEIMYMHY  CBETOBOTO IOTOKa @, TO MOJIy4uM
CEMEHCTBO KpHBBIX I JaHHOTO (hoTokaroxa (puc. 1.2, 6).

[Ipu 00001mIEHNH TOJTYYEHHBIX
naHHbIX CTOJETOBBIM yCTaHOBJICHBI
TpH 3aKOHa BHEILIHETO
dboTorddexra.

Ilepssiii 3akoH CroneroBa. Ilpu ¢
HEU3MEHHOM CIEKTPAIBHOM
COCTaBE€ CB€Ta, MaJarolIero Ha
dboTokaron, GHOTOTOK HACKHIIICHUS
IIPOIOPLIMOHATIEH MOIIIHOCTH
MaJa0IIero Ha KaTo1 U3IyYEHHUs], TO
eCThb YHUCIIO AIIEKTPOHOB,
OCBOOOXK/IECHHBIX CBETOM B 1 ¥ ) |
cekyHny w3 karoga ((otoTok ”““““

CeTKa

A K

HACBHIILICHUS |H) MPONOPIMOHAIBHO
Puc. 1.1. YcTponcTBo 1 cxema

BKNOYeHus poToanemeHTa: A- aHof;
K- katog; G ranbBaHOMETPp;

CBETOBOMY IIOTOKY D:

®- cBETOBOM NOTO
IH:VCD (L.1) BETOBOMN MNOTOK
a O
IA IA
P, <D, <D,
O3
® = const o,
IHaC q)l
/ U U
U, Uu

Puc. 1.2. BonbTamnepHbie XapaKTEPUCTUKA
dhoTornemMenTa

Ecnu cBeToBOM MOTOK SIBIASIETCS HEMOHOXPOMATHUYECKHUM (TO €CTh COCTOSIIIUM
U3 Habopa pa3iIUYHbIX JJUH BOJIH, Hampumep, Oenblid CBeT), KO3(PPUUUEHT
IPONOPLUUOHATIBHOCTH Y  HA3bIBA€TCSl  MHTETPAIBHOM  UyBCTBUTEJIBHOCTHIO
dboTokaroaa

, (1.2)



U u3mepsiercs B A/am, MkA/nM unu A/BT.
Ecin karom ocBemaercs MOHOXPOMATHYECKHM CBETOM (TO €CTh CBETOM

i l, i
OIIpCACIICHHON  JIMHBI BOJIHBI), TO 'Y — 7 Ha3bIBACTCA CIICKTPAJIbHOU

A
YyBCTBUTEIBHOCTHIO (DOTOKAaTOMa. UyBCTBUTEIHHOCTh COBPEMEHHBIX (DOTOKATOIOB
nocturaet 60—100 MxA/IM.

CroneToB  ycTaHOBWJI  O€3BIHEPIIMOHHOCTH  BHeEIIHero  ¢otodddekra.
[TpoMexyTOK BpeMEHM MEXIy HauyajJoM OCBEIICHHS W HadajgoM (OTOTOKA He
npesbimiaer 107° cexyny.

Btopoit 3akon  CromeroBa. MakcumanbHasi  HayajdbHas  CKOPOCTh
(OTORIEKTPOHOB 3aBUCUT OT YAaCTOTHI CBETA M HE 3aBUCUT OT €T0 MHTCHCHUBHOCTH
(OT BeNMMYMHBI CBETOBOTO TIOTOKA), 4, CJEIOBaTeIbHO, MaKCHUMaJlbHAs
KHHETHYECKass  JHEprus  (POTORIEKTPOHOB  3aBUCUT  TaK K€  MPSMO
MPOIOPIIMOHATILHO OT YAacTOThI TAJAlOIIer0 CBEeTa W HE 3aBHCHT OT €ro
WHTEHCUBHOCTH.

Teoperndeckoe 00bsICHEHHE BTOPOro 3akoHa CToJieToBa MpeiIokuia AbOepT
OiiamreriH. OH 3amucai ypaBHEHHE Ha OCHOBAaHMH 3aKOHA COXPaHEHUS SHEPTHH U
runote3sl [lmanka

2
hv:A+mTV, (1.3)

rae hv — sHeprus kBaHTa cBera, majgaromero Ha (orokaroyn ¢orosnemenTta; h —
nocrosinHas [lnanka; v —yactora; A — paboTa BbIX0Ja JJIEKTPOHA U3 MeTallIa; V —
CKOPOCTb AJIEKTPOHA.

PaGoTta BbIXxOma A 3aBUCHT OT BBIOPAaHHOTO MaTepuaga U YHUCTOTHI €ro
noBepxHocTH. M3 ypaBHenus (1.3) HaiijeM KHHETUYECKYH0 SHEPrUI0 BBIOMTHIX
AJIIEKTPOHOB

——=hv-A (1.4)

TOTJ1a CKOPOCTh (POTOIEKTPOHOB MOKHO OMPEIEIUTH COOTBETCTBEHHO

_ 2(hv=A)
V= ,/T . (1.5)

CrnemoBaTebHO, MaKCHMallbHAsi CKOPOCTh BBIPBAHHBIX (POTOIIIEKTPOHOB
3aBHICHT TOJIBKO OT YacTOThI CBETA, BHI3BIBAIONIETO siBJIcHHE PoTodddekra. Ecnm
sHeprus ¢Gorona hv Gosbie paboOTHl BBIXOA, TO (POTOIIEKTPOHBI MPUOOPETAIOT
CKOPOCTH T€M OOJIBIIYIO, YeM OOJIBIIIE YACTOTA MaA0IIET0 CBETA.



Tpernit 3akon CroneroBa. s KaXXJI0ro BEHIECTBA CYIIECTBYET KpacHas

rpaHuIa BHEMHEro (porodddexTa, TO €CTh MUHUMAIbHAS 9aCTOTa CBETA V), IPH

KOTOpoH eme Bo3MoxkeH (orodpdekr (hvo = A). Yacrora V, 3aBHCHT OT
XUMHYECKON MPUPOIBI BEIECTBA U COCTOSHUS €T0 TTOBEPXHOCTH.

Drta yacrtora V) (1 cooTBEeTCTBYIOIIAs €W JIJIMHA BOJIHBI 7\,0) Ha3bIBACTCS
«KpacHOM TpaHuIlei» (ITMHHOBOJIHOBOM rpaHutiei) pororddexra.

13 popmyasl (1.4) crenyer, 9ro mpu 4acToTe vV = V(y, IPU KOTOPOH SHEPIHs

¢dorona paBHa pabore Bbixoga hvo = A (ypaBHeHHME DWHINTEWHA IS KpacHOU
rpanuibl potodddexra), KMHETHUECKass PHEprus (OTOIIEKTPOHA paBHA HYIIO

mv? ) Cc
_ = O Yacrora VO N COOTBCTCTBYIOIIAA €U AJIMHA BOJIHBI 7\40 — — U €CTb
2 \Y
0

«KpacHas rpaHunay (GorodPdekra uisl JaHHOTO BeUlecTBa (C — CKOPOCTh CBETA).
Hwxe npuBenena tabn. 1.1 3HaueHWI NJITMHHOBOJHOBOW TPAHMIIBI IS YUCTHIX
METaJIJIOB U CIOKHBIX (DOTOKATOIOB.

Tabnuya 1.1

3HaveHMsI KPACHOM rPaHUIbI VISl PAa3JIMYHBIX (POTOKATOAOB

0
Karton M ;Z\) Katon s ( A)
[{e3wmi 6200 Cepebpo 2600
Kanni 5500 IInatuna 2300
Hatpuii 5500 Kucnopoano-1ie3ueBsiii 14000
[{uHK 2900 CypbMsIHO-11€3UEBBII 6700

N3 T1abmuupbl BUAHO, YTO Yy OOJBIIMHCTBA YHUCTBHIX METANIOB «KpacHas
TpaHuLay» JISKUT B 00JIaCTU yAbTPadUOIECTOBON YaCTH CIEKTPA.

N3 BonbTamnepHoil xapakTepucTuku (puc. 1.2, a) BUIHO, YTO NPU OTCYTCTBUHU
Ay HalpsDKeHUST  MEXAY  AJIEKTpoAaMu

3 (OTOTOK HE paBeH HYII0. DTO O3HAYAET,
YTO 3JIEKTPOHBI, BBIPHIBAEMbIE CBETOM U3
Karoja, UMEIOT HEKOTOPYI0 HadaJIbHYIO

CKOpPOCTBD, a CJICOOBATCJIBHO, )41

mv?

KHHETHYECKyIo dHepruio E =—— wu
v 2
Z »  MOryT JOCTUTHYTH aHojga 0e3 Haludus
- BHEIITHETO TOJs, 00pa3ys HavYaIbHBIN
- TOK.
v UtoObl  OCTabWT, WIH  COBCEM
NpEeKpaTUuTh d3TOT TOK, HEOOXOIUMO

Puc.1.3. 3aBucumocTtb
3agepXuBatoLlen pasHocTu
noTeHUManoB OT YacToThbl
nagaroLlero ceeta



co3natb Topmossiiee noje (U < 0). C Bo3pacTaHueM TOPMO3SIIETO MOJIsl BETUYMHA
doToTOKa OCIa0eBaeT TIOCTETMEHHO, UYTO CBHJCTEILCTBYET O  OOJBIIOM
pa3HooOpa3uu ckopocTell (OTOANEKTPOHOB (RJIEKTPOHBI OCBOOOKIAOTCS HE
TOJILKO M3 TOBEPXHOCTHBIX, HO W M3 Oosiee TIyOOKHX cloeB KaTtona). Ecmm
10100paTh TaKyro pa3HOCTh moTeHIHanoB U3z, mpu KOTopoit (hOTOTOK CTAHOBHUTCS

paBHBIM HYJII0O, TO MOXHO YTBEpPXAaTb, UYTO BCE JJEKTPOHBI, AAXKE CaMble
OBICTpEIE, 3a1epKUBAIOTCS A
TOPMO3SIHUM moneM. Pasuocts  '* Ag Sn
MOTEHUIMAIOB, MPU KOTOPOH
(OTOTOK CTaHOBUTCS PaBHBIM
HYJIIO, Ha3bIBAETCS
3aICPKUBAIOIIEH  Pa3HOCTHIO
MOTEHIUAJIOB.
3asepKUBaroIIasl pa3HOCTh
NOTEHLIMAJIOB SBJISIETCS
JUHEHHOW (PYHKITMEH 4acTOTHI
\Y% nagarouiero CBETa
(puc. 1.3) eU=hv-A.
CnenoBarenbHO

2300 2400 2500 2600 2700

MA)

Puc.1.4. CnekTpanbHasi 4yBCTBUTENbHOCTb
Yo, poToKaTOoAa

2
2 3

(1.6)

W3 3TOro COOTHOLIEHUs OMpEeaeNsieTcss MaKCHUMajlbHOE 3HAYEHHE CKOPOCTH U
KUHETUYECKOW YHEPTUH BHIPBAHHBIX CBETOM 3JIEKTPOHOB.

OKCIIEpUMEHTAILHO YCTAaHOBIIEHO, YTO CIEKTpalibHas YyBCTBUTEIBHOCTH Y
3aBHCHT OT JUIMHBI CBETOBOM BOJHBL. Ha puc. 1.4 mpuBeneHbl CIEKTpaibHBIC
XapaKTePUCTUKH I HEKOTOPBIX YHCTHIX METauioB. M3 pucyHKa BUAHO, 4YTO,
HAYMHAs OT «KPACHOM IPaHHUIIBI, C YMCHBIIICHHEM A (C YBEITUUCHUEM V) TIPOUCXOTUT
BO3pacTaHue YyBCTBUTEIBHOCTH (POTOKATO/A.

[lepeuriciieHHbIE BbIIIE 3aKOHOMEPHOCTU (POTO3PdEeKTa HE Yyan0Ch OOBSICHUTh
C TIO3ULIUM BOJTHOBOW TEOPHUM CBETA.

JlecTBUTENBHO, C TOYKUA 3peHus 3To Teopur (HoTodddexT momKeH
HAO0JII0aThCs TPHU JIFOOOM YacToTe (JJIMHE BOJHBI) CBETA. DHEPrus, mojiyyaemas
AJIEKTPOHOM OT TMAJalolIell CBETOBOWM BOJIHBI, 3aBUCUT OT aMIUIMTYJbl BOJIHBI.
CnenoBartenbHO, MpU OO0 JJIMHE BOJIHBI, €CIIM CBET O0JaJaeT OCTaTOYHOM
WHTEHCUBHOCTBIO  (T. €. JOCTaTOYHOW  aMIUIMTYJ0#), MOXXHO  OXHJATh
O0CBOOOXKICHHSI DJIIEKTPOHOB U3 METaIa M «KPACHOW rpaHUIbDy (Gorodddexra He
JNOJKHO ObITh. Jlanee, ¢ BOJHOBOW TOYKM 3pEHUS, KUHETUYECKas SHEPrus
($OTORIEKTPOHOB JOMKHA OblIa ObI 3aBUCETh OT MHTEHCHUBHOCTH CBETa, T. €. C
YBEJIMYEHHEM HWHTEHCHUBHOCTH €My IiepeaaBanach Obl Oonbpmas 3Hepruss. Ho
OTIBITHI 3TO HE MOATBEPXKIAIOT. MOXKHO TakKe MOKa3aTh, YTO C BOJHOBOW TOYKHU



3peHust PoTodPPEKT HE MOKET OBITH OE3BIHEPIIMOHEH (YTO MPOTUBOPEUUT OIIBITY).

WUrtak: HM HamuuMe «KpaCHOW TpaHMLBD), HU 3aBUCHUMOCTb CKOPOCTHU
AJIEKTPOHOB  OT BEIMYMHBI CBETOBOIO TOTOKa, HH O€3BIHEPIIMOHHOCTD
dboTodddhexTa HEeBO3MOKHO OOBICHUTH BOJTHOBOM Teopue cBeTa. DUHINTEIH,
ucnoiib3ys teoputo [lnmanka o kBaHTax, npeioxua B 1905 r. HoBoe 0ObsicHEHHE
dororpdexra. OH MNpPEANONOKWI, YTO CBET HE TOJBKO H3IydyaeTcsi, HO H
HOTJIONIAETCA BEIIECTBOM OTAEIbHBIMU MOPHUSAMH — (OTOHAMHU, KaKIbli U3
KOTOPBIX UMEET PHEPTHIO0, PABHYIO

e=hv, (1.7)

rJe V — 4acToTa cBera, h = 6,625-10°3* JIx-c — nocrosiuHas [1nanka.

[Ipy mnagenuu mnydka ¢GHOTOHOB Ha IMOBEPXHOCTh MeTalla TMPOUCXOJUT
coynapenue (GoToHOB ¢ anekTpoHaMu. [Ipu 3TOM POTOH OTHAET DIEKTPOHY BCHO
CBOIO 2HEPrur0. Bo3OyKIeHHBIN 3JEKTPOH, TOJIYyYUB OT ()OTOHA PHEPTHIO, MOXKET
BBIUTH M3 MeTayuia. [I[puMEHUB 3aKOH COXpPAHECHHS SHEPrUU K ITOMY MpOoIieccy,
DuHmTeRH nomyuni hopmyny (1.3)

2
mv
hv=A+—,
2
rae A — paboTa BbIX0/Ia JIEKTPOHA M3 MeTaula (pa3audyHa y pa3HbIX METAJUIOB);
2

mv
——— — KMHETHYeCKasi JHEPTHUsl BHIPBAHHBIX AJIEKTPOHOB.

C ToukM 3peHHS KBaHTOBOW TEOpPUH
MOXXHO OOBSCHUTH BCE 3aKOHOMEPHOCTH
dotorddexra. Tax, u3 bopmyIbl
Ovinmredina (1.3) BUIHO, 4YTO DJHEPrus
BBIPBAaHHBIX YACTHUI[ — JJIEKTPOHOB 3aBUCHUT
OpsiMO  TPOTMOPIIMOHATBHO  OT  YaCTOTHI
MaJalolIero CBeTa, TO €CThb OT JHEPIruu
(OTOHOB, U HE 3aBUCUT OT UHTEHCUBHOCTH
ceera. 3akoH CToseroBa: ueM OoJiblle
CBETOBOM TMOTOK, TeM OOJbIlle YHUCIO
(OTOHOB B 3TOM TOTOKE H, CIEAOBATEIBHO,
Oomplie OyJeT BBIPBAHHBIX AJIEKTPOHOB, TO
€CTh BBIIIIE TOK HACBHIIICHHUS.
besbineprinoHHoOCTh dboTorddexra
OOBSICHAETCS TE€M, 4YTO IMepenada SHEPTruu
IpU CTOJKHOBEHHHM (POTOHA C DJIECKTPOHOM
IPOUCXOJIUT MPAKTUYECKA MTHOBEHHO.

SABnenue dbotorpdexra IMPOKO
NPUMEHSIETCS B TEXHHUKE (3BYKOBOE KHHO,

Puc. 1.5. Yctponctso
doToaNemMeHTa 1 cxema ero
BKIMIOYEHMSA B Lenb: A — aHoA;
K — katog; B — npo3padHoe



aBTOMaTuka). Bce Ttexnmueckue mnpumeHeHus (orodddexra ocHOBaHBI Ha
ucnonb3oBanun  (porosnementoB. dDorosnement (puc. 1.5) cocrour U3
CTEKJIIHHOTO cocyJa — OayloHa M JBYX d3JEKTpPOJIOB — Karoja u aHoga. Karton
JieaeTcsl B BUJIE TOHKOTO CJIOSI METajlla, KOTOPbIN IMyTEM paclbUICHUs] HAHOCUTCS
Ha MOJIOBUHY BHYTpeHHeH dactu 6aoHa. Ot Marepuana (poTokaTroaa 3aBUCUT, K
KakKMM 4YacTOTaM »3JEKTPOMarHUTHOTO M3JIy4eHHUs OH OyJeT YyBCTBHUTEJIEH
(cmoTtpute Tabm. 1.1).

IIpn 1oCTaTOYHOM Pa3HOCTH NMOTEHLMAIOB MEXAY KaTOJOM M aHOJIOM BCe
3JIEKTPOHBI, BbUIETaOIKE ¢ (porokaroaa, OyayT coOupaThcs Ha aHozae. B atom
clly4yae cuja Toka B mpubope OyJeT CTporo MpornopluHOHaJbHA UHTEHCUBHOCTU
najaroniero Ha (OTOKATOA H3Iy4YeHHUs, NMpUYEM CHiIa TOKa OyJIeT MEHSThCA
MIHOBEHHO, «0e3 MHepuum». BakyymHbIE CypbMSHO-1I€3UEBBIE (POTORIEMEHTHI
npu pabouem HanpspkeHun 240 B o0nagaroT MUHMMAaIbHON YyBCTBUTEIBHOCTBIO
80 MKA/IM. AHOJA BBIIIOJTHEH B BHUAE KOJbla WM ceTkU. CyIIecTBYIOT Kak
BaKyyMHbIE, TaK M Ta30HANOJHEHHbIE (POTO37IEMEHThl. B Tra3oHamnoIHEeHHbIX
(MHEpTHEIM Ta30M ¢ AaBieHueM 10 102 MM pT. cT.) GoTOdIEMEHTaX BeIMYMHA
TOKa OoJibllle 3a CYET MOHMU3ALUMUU BBHIOUTHIMU BJIEKTPOHAMHM HEWUTpaJbHbIX
MOJIEKyJ ra3a. BHOBb 00pa3oBaHHbIE AJIEKTPOHBI, ABUTAsACh K aHOIY, B CBOIO
odyepelbp  NPOU3BOAAT  IOBTOPHYK  HMOHM3ALMI0. YCHUJIEHHE TOKa B
ra30HaIOJTHEHHOM ¢doTo3rIEMEHTE IPOUCXOIUT IIPONOPLHUOHAIBHO
OCBEIICHHOCTU U HapylaeTcst 6e3bIHEpIIUOHHOCTh. O01acTh NPUMEHEHUS TaKUX
(G OTO3IEMEHTOB OrpaHUYCHA.

Jns ycuneHus: (OTOTOKOB 4YAacTO TMOJIB3YIOTCA SIBICHUEM, TOJIYYHBIIUM
Ha3BaHUE BTOPUYHOM AJIEKTPOHHOM 3MHUCCHHM. DTO SIBJIEHUE 3aKIIIOYAETCS B TOM,
YTO 3JIEKTPOHBI, OOJIaJaloNINe TOCTATOYHON JHEpruel, majaas Ha MOBEPXHOCTH
MeTaia, HEe TOJIbKO CAMHM OTPaXaroTCs OT 3TOM MOBEPXHOCTH, HO M BBI3BIBAIOT
DMHUCCHIO HOBBIX AJIEKTPOHOB C 3TOM IOBEPXHOCTH. Y CHJICHHBIA JJIEKTPOHHBIN
NOTOK HANpaBJISIETCSl HA SMUTTEP U MPOLIECC YMHOXEHUSI MOBTOPSIETCS Ha BCEX
NOCIIEAYIONIMX SMHUTTEpax. BenuunmHa BTOPUYHON HSMHUCCHUU XapaKTEpPHU3yeTCs
K03 PUIIMEHTOM BTOPUYHON ASMUCCMU G — OTHOIICHHEM YHCJIa BTOPUYHBIX

9JICKTPOHOB n2 K 9UCITY IICPBUYHBIX nl , BBI3BIBAIOIIINX SMHCCHUIO:

c=—2. (1.8)

B 3aBucuMocTu OT BeliecTBa U SHEPTUU MAAIOIMINX dJIEKTPOHOB KOIPPHUITHESHT
BTOPUYHON SMHUCCUU G MOXKET JOCTUTAaTh ACCATH U Oojee. SIBIeHHE BTOPUYHON
OMHUCCHM HUCIONb3yeTcss nans ycuienuss Qororoka. Ha puc.1.6 mnpuBoautcs
cxemMaTHdeckoe u3o0pakeHue (POTo3jIeMEeHTa C OJHOKPAaTHbIM BTOPUYHBIM
yCUJeHUEeM. YCTpPOMCTBO (OTORIEMEHTa C  OJIHOKPATHBIM YCUJIEHUEM
aHAJIOTMYHO YCTPOMCTBY BAaKyyMHOI'O (hOTO3JIEMEHTA.

CBETOYYBCTBUTEIBHBIN CJIOW, WrparolIMil poJib MEPBUYHOIO (POTOKATOAA,
HaHECEH HAa BHYTPEHHEM MOBEPXHOCTH CTEKJISIHHOI'O BAKYyMHOro OajuUlOHYMKa U



IPUCOEIMHEH K OTPHULATEIbHOMY MOJIIOCY UCTOYHHUKA MOCTOSSHHOTO HAIPSHKEHUS.
Ha npoTuBOonosioxKHOW BHYTPEHHEW CTOpOHE OajyloHa HAHECEH TaKoM ke
CBETOUYBCTBUTEIbHBIN ciioii D. OH sIBIIETCS BTOPBIM DIIEKTPOIOM-3IMHUTTEPOM.
Mex 1y KaToJ0M ¥ SMUTTEPOM PACIOJIOKEH TPETHH 3JIEKTPOJ — aHOMA, OTEHIIHAI
KOTOpPOTO BBIIIE MOTEHLHaNa 3MUTTEepa. POTOIIEKTPOHbI, BHIOUTHIE CBETOBHIM
NOTOKOM ¢ Karona K, ycKOpSIFOTCS 3J€KTPUYECKHM IOJIEM M 3HAYMTENbHAs MX
4acTh, MpoJieTas uyepe3 aHox A, NpeAcTaBIsSIOImUNA COOON CEeTKy, MPeoaoseBas
BCTPEYHOE I0JIE MEXYy aHOJOM M SMUTTEPOM, MOMNANAaeT Ha BTOPUYHBIA IMUTTEP
D, nonyuuBmuii Ha3zBaHue AMHOAA. BBIOWTBIE M3 HETO AIIEKTPOHBI MEHBIIMX
CKOpPOCTEM, 4eM MepBUYHbIE, COOMPAIOTCS aHOJIOM.

Ecnu koad¢uimeHT BTOPUYHON 3MHUCCHUU 3JIEKTPOHOB OOJIBIIE €IUHUIIBI, TO
CWJIa TOKa B LEMM aHoja OynxerT Oosblie CHIIbI MEPBUYHOIO TOKA € KaTona,
BBI3BAHHOTO JIEWCTBUEM OCBEILICHHUS.

Oco0eHHO BBICOKOE YCHJIEHHE JAET MPUOOP C MHOIOKPATHBIM YCHUJIEHHEM TOKa
32 CYET BTOPUYHOM 3JIEKTPOHHOU 3muccuu, n3oOpereHHbI A.A. KyOeukum u
NOJIYYMBIINI Ha3BaHuEe (POTOANIEKTpOHHOTO YMHOXKUTENS (DY) (puc. 1.7).

Puc. 1.6. Cxema porosnemenTa ¢ ycuiaeHueM QpoToToka:
K — karon; /I — nunon; A — anoja; @ — cBETOBOI MOTOK

cI)OTOC—)J’IGI(TpOHHIzIG YMHOXHUTCIIN TIPUMCHAIOTCA, TIJIAaBHBIM 06pa30M, JJIA
HN3MCPCHUA MaJIbIX CBCTOBBIX IIOTOKOB (aCTPOHOMI/ISI )41 OIITHYCCKas



O vvy

YyvYy A

D

CIEKTPOMETpHSI) W JJI PETUCTPAIMUA KPATKOBPEMEHHBIX CIaObIX CBETOBBIX
BCIIBIIIEK (siAepHas PU3MKa U TEXHUKA).

JIrob6oe n300pakeHne MOKHO paccMaTpuBaTh KaK MHOTOKAHAJbHYIO CHUCTEMY
nepefaud  MHPOpMAIMM, NPUYEM YHUCIO KAaHAJOB BBIPAKAETCS  YHUCIOM
pa3pelaeMbIX JIEMEHTOB IepeaBaeMoro u3o0paxenus. s 3Toro UCMoNb3yeTcs
Ha6op 10° + 10° mapamnenbHBIX MHUKPOKAHAIOB, KaIbli M3 KOTOPBIX paboTaeT
HE3aBUCHMO, KaK OTJEIbHBIN KaHAIBHBIN 3JIEKTPOHHBIA YMHOXKHUTEb.

Puc. 1.7. Dnexrpuueckas cxeMa (pOTOIIEKTPOHHOTO YMHOKHUTEIISA:
® — cetoBoit motTok; K — porokaron; 31, 32, I3 — TUHOBI;
A —anon; D — nenutens HanpsHKEHUS

KananbHbI# yMHOXKHUTENb — 3TO TPYyOKa ¢ JTMHHOM, MPEBBIIIAIONICH JUaMETP B
JECSATKHA pa3 (OTHOIICHHE JIWHBI K nuametpy — 50). TpyOka umeer mpoBoasimme
CTEHKH, Ojarojiaps 4emy MPUJI0KEHHAs MEXIY TOpLaMU Pa3HOCTh MOTEHIMAJIOB
Pa3HOCHUTCS TOKOM IO BCEH ee JuuHe. BHyTpm kaHanma — Bakyym. Bropuuno-
3JIEKTPOHHBIM SMHUTTEPOM CIIYKUT BHYTPEHHSIS IOBEPXHOCTh KaHaja. [IpogonpHOe
ANIEKTPUYECKOE TMOJ€ BHYTPU KaHaja COOOIIAET DJIEKTPOHY CKOPOCTh B
HaIpaBJIeHUU K AHOJHOMY KOHILYy TPYOKH. DJIEKTPOH yAapsAeTcs O CTEHKY paHblle,
YeM BBUIETUT Yepe3 aHOJHOE TOPLEBOE OTBepcTHEe. BpiOUThIE mNpu 3TOM
BTOPUYHBIE JJIEKTPOHBI TAK¥KE JIBUTAIOTCS B CTOPOHY aHOJA U B CBOIO OYEpElb
COYIapsArOTCS co CTEHKOM U TaK Janee.
B kauecTBe MNOKpPHITHSA HCHOJB3YETCA IUIEHKA METAJUIMYECKOro CBHHIA JHOO0
BaHamueBo-pocharHoro  crekna.  KoadduinmeHt  ycuiieHHs ~— JOCTHraer




108 + 10°%, muamerp kanana — 1 MM, aymHa — 50 MM, HanpsokeHue — okono 2 kB. Tpu
CTOJIb OOJIBIIIOM YCWJICHHHM €CTh OMAacCHOCTb MOHHOW OOpaTHOM CBSA3U: IMONajaHue
MOHOB HA BXOJ  BBbI3bIBA€T TIOBTOPHBIM  DJIEKTPOHHBIM  curHain.  Jlns
npenoTBpamieHuss 3Toro 3¢@dexkra KaHAIbHBIM JJIEKTPOHHBIM YMHOXHUTEISIM
OpUJAIOT  U30THYTYIO  Qopmy (cnupanb). bonpmumMu — mpeumylnecTBaMu
YMHOXHUTENEH SIPKOCTH C MHUKPOKAHAJIbHBIMHM IUIACTUHKAMU SIBJISIOTCS: 1) uX
KOMIAKTHOCTb U JIETKasi CTHIKOBKA ¢ OOBIYHOM (hoTOoammaparypoi; 2) yckopsitolee
HaNpsOKEHUE CPAaBHUTEIBHO HEBEIMKO, CXeMa MUTaHUs MpeneibHO MpOocTa, He
TpeOyeT MarHMuTHOro Imojisi H MNOA(POKYCHUPOBOK; 3) MPOCTPAHCTBEHHOE
paspeleHue OmpenessieTcsl TONbKO TeOMeTpHed Habopa MHKPOKAHAOB, HE
3aBHCUT HU OT HANpPsDKEHHWS, HU OT yCHWICHUS; 4) OHM HMCKIIOYAIOT JIOKATbHBIE
nepecBeTkd W ocnemwienne HaOmogarens. MKII  ornuuyaroTcss  BBICOKOM
MEXaHUYECKON MPOYHOCTHIO U HE OOSITCS KOHTAKTa C aTMOC(HEPHBIM BO3TyXOM, HX
MO>KHO TIEPEHOCUTH U3 IprOOpa B mpuoop.

Bo3moxkHOCTH Hamiero 3peHusi paccMaTpuBaeT CHCTEMa TEIUIOBUICHUS.
TeroBuieHHEe TO3BOJISIET TMOMYy4YaTh BUAMMOE H300pPKEHHE TIO TEIJIOBOMY
(uH(ppPaKpacHOMY) COOCTBEHHOMY HJIA OTPaKEHHOMY HM3JIYyYEHHUIO, K KOTOPOMY HE
yyBCcTBUTENEH Haml ria3. [Ipubop, 4yBCTBUTENBHBIM K (HOTOHAM, HCITyCKAEMbIM
OpU TEIUIOBOM M3JIY4YEHHM, Ha3bIBae€TCs NPUOOPOM «HOUHOTO BUACHUS.
OnTuueckue CHUTHAJIBI MPeoOpasyloTcs B INEKTPUUYECKUE, KOTOpbIE 3aTeM
YCHJIMBAIOTCA M BOCIIPOU3BOJATCS B BHJE HM300paKEHUS HA BUICOKOHTPOIHLHOM
YCTPOMCTBE.

B 70-x romax ObuUTM CO3AaHBl TPHHIMIIKAAIHLHO HOBBIE, 0o0Jiee MPOCTHIC
YCTPOMCTBA, B KOTOPBIX TEIUIOBOE H300pakeHue, 0e3 mnpeoOpa3oBaHus B
DIIEKTPUYECKHE CUTHAJBI, MPOCHUPYETCS HAa JKPaH, MOKPBITBI TOHKUM CIOEM
BEIIECTBA, HM3MEHSIOMIETO CBOM ONTHYECKHE XapakTepUCTUKH (KodddummeHt
OTPaXEHUS WIM TMPOIYCKAaHUS, HWHTEHCUBHOCTb WJIM LBET CBEYECHUS) IIOJ
BO3/ICIICTBHEM TEIIOBOro m3nyuyeHus. Ha skpane MoXHO HaOmroAaTh BUAMMBIE
uzo0paxxkenus u  ¢otorpadupoBarb uX. B kauecTBe  TemmeparypHO-
YYBCTBUTEJIbHBIX BEIIECTB MCHOJIB3YIOTCS KHUAKHE KPUCTAIUIBI, KPUCTAIUIMUECKUE
JTIOMUHO(OPHI, TOTYTTPOBOJHUKOBBIE TUIEHKH, TOHKUE MAarHUTHBIE TUICHKH.

Cucrembl TEIUIOBUIEHUS TPUMEHSAIOTCS JUIsI 0030pa MECTHOCTH, OXpaHbI
OKpYy)Karollel cpeapl, OOHapyKEHHUs JIECHBIX II0XKapoB, KOHTPOJISI KauecTBa
npoaykiuu. [IpernMyIecTBoM CHUCTEM TEIJIOBHIICHUS SBISETCS MX CIHOCOOHOCTH
paboTath B 11000€ BpeMs CyTOK M B HEOIarOMPHUATHBIX MOTOJHBIX YCIOBHSX.

2. METOJ UBMEPEHUSA

Jlns mpoBenenusi mabopaTopHOi paboThl mMcmoibzyercs ycranoBka PITK-10
(puc. 2.1). YcranoBka 03BOJISIET UCCIIEN0BATh BOJIbTAMIIEPHBIE XaPAKTEPUCTUKH B
HIMPOKOM  HHTEpBaJe  OCBEIIEHHOCTEW. lIpemensl w3MepeHHMss aHOIHOTO
HanpspkeHus: B npsamoM pexume 0 + 5 B, B obpatHom — 0 + 2,5 B. Ilpenenst
u3Mmepenus pororoka ot 0 10 9,99 MKA.



VYcraHoBka  COCTOMT M3  OOBEKTa  HUCCIENOBAaHUST UM YCTPOMCTBa
W3MEPUTEIIBHOTO, BBINOJHEHHBIX B BHJIE KOHCTPYKTUBHO 3aKOHUEHHBIX H3/ICIINM,
YCTaHABJIMBAEMbIX Ha J1a0OPAaTOPHOM CTOJE M COEJUHEHHBIX MEXAy CoOOM
Ka0eJeM.

OO0BbekTa ucciaeo0BaHusl KOHCTPYKTUBHO BBITIOJHEH B BHJIE€ COOPHOTO KOpIyca,
B KOTOPOM YCTaHOBJIEHBI OCBETHUTENb (PTyTHAs JamIia) ¢ UCTOYHUKOM IMHTaHUS,
0510k MHTEep(EPEHIIMOHHBIX CBETOGUIBLTPOB 1-4 W yCTpOMCTBAa pEryJIMpOBKHU
ocBemeHHocTu. Ilonmoxxkenne «0» Ooka  CBETO(PUIBTPOB  COOTBETCTBYET
MOJIOKEHHIO cBeTa 0€3 CBETOPWIHTPOB M MOXKET MPUMEHSTHCS IS CHATHUS
WHTErPAJIbHBIX BOJIBTAMIIEPHBIX M JIFOKCAMIICPHBIX XaPAKTEPUCTHK, a MOJIO0KECHUE
«5» — MEPEeKpPBIBAECT JIaMIly W HCIIOJb3yeTCs I YCTaHOBKM HyJisl. K kopmycy ¢
MTOMOIIBIO KPOHIITEHHA MIPUKPEIUICH YCUIUTEIh (POTOTOKA, Ha BEPXHIOIO KPHIIIKY
KOTOPOr0 YCTAaHABJIMBAIOTCSI CMEHHBIE (poTonpueMHUKU ¢ porornementamu -8 u
®-25. Ilpu ycTaHOBKE (POTONPUEMHUKOB HUX MPUEMHOE OKHO COBMELIAIOT C
BBIXOJIHBIM OKHOM OCBETHUTENS U 3aKPBIBAIOT MPU MOMOIIU OJICH/IBI.

Ha mnepegnelt maHenum o0OBEKTa MCCIACAOBAHUS  HAXOAMUTCS  CETEBOM
BBIKJIIOYATEIh C WHIMKATOpPOM BKJIIOYEHHUs ceTu. Ha 3amHeit maHenu oObekTa
MCCIICIOBAHUS PACIIONOKEHBI KJIEMMa 3a3€MJICHHUS, JEPKATEIN MPEAOXpaAHUTENICH
U CeTeBOM MHYp ¢ BWIKOW. Ha GOKOBOW CTEHKE PaCIIOOKEHO BBIXOJHOE OKHO
OCBETUTENII M YCTPOMCTBA I CMEHBI HMHTEP(PEPEHIIMOHHBIX CBETO(UIBTPOB
pPEeryJIMPOBKH OCBEIIeHHOCTH. Ha OOKOBBIX MOBEPXHOCTAX yCHIMTENS (POTOTOKA
PaCIOJIOKEHBl COCIMHUTENBHBIN IIHYP C Pa3beMOM IS MOAKIIOYEHHS] 00bEKTa
WCCJICIOBAHUS K YCTPONUCTBY M3MEPHUTEIILHOMY U PETYJISITOPHI OallaHCca yCHIIUTENS
I'PYBO u TOYUHO.



Puc. 2.1. YcranoBka ®I1K-10

YCTpOMCTBO  HM3MEPUTEIBHOE  BBIIOJHEHO B BHJAE  KOHCTPYKTHBHO
3aKOHYEHHOTO H3Aenus. B HeM npHuMeHeHa OJHOKpUCTajdbHas MHUKpo-OBM c
COOTBETCTBYIOIIIMMHU  JIONOJHUTEIBHBIMA  YCTPOWCTBAMH,  IO3BOJSIOLIMMU
IPOU3BOAUTh HU3MEPEHUA TOKa (HOTODIEMEHTa, YCTAHOBJICHHOIO B OOBEKTE
UCCIICOBAHUSI, YCTAaHABIMBATh W H3MEPATh NUTAIOIICE HAINpsHKEHHE Ha
dboTodEMEHTE, a TakXKe OCYIIECTBIATh (PYHKIMU VYIPABJICHUS YCTaHOBKOM
(ycTaHOBKAa PEXHMMOB MPSIMOTO WM OOpaTHOro W3MepeHus u T.M.). B cocras
YCTPOMCTBA U3MEPUTEIBHOTO BXOJAT TAK)XKE UCTOUHUKU €0 MUTAHUS.

Ha nepenneiln manenu ycTponCTBa M3MEPUTEINBHOIO PA3MELIEHBI CIEAYIOLINE
opranbl ynpaBieHus W uHAukanuu: kHomka [IPAMAS-OBPATHASA ¢
COOTBETCTBYIOIIMMY UHAUKATOPAMHU — IIPEAHA3HA4YEHA JUIsl BKIIOUYEHUS NIPSAMOTro U
00paTHOroO peXUMOB M3MEPEHUs; KHONKH «+», «-» U1 CbPOC — npenHa3HaueHbI
JUISL PEryJMpOBKM HampsDKeHUsT Ha (OTolNeMeHTe M ero cOpoca B HOJb;
WHIUKATOpbl B M MKA — mpenHasHayeHbl I UHAUKALUN 3HAYCHUN BEIWYUH
HarpsbKeHus Ha (GoTodjieMeHTe U (DOTOTOKA B Mpoliecce padOThI.

Ha 3anneir manenu ycTponCTBa U3MEPUTEIBHOTO PACIIONIOKEHBI BBIKJIFOYATED
CETb, «xnemma 3a3eMyeHHUs, Jep)KaTeld  MNpeJoXpaHutenedl  (3aKpbIThI
NpEeJOXPAaHUTEIIbHOU CKOOOM), CeTeBOM IIMHYp C BHJIKOM H pa3beM s
MOJKJIIOYEHHUS] 00BEKTa UCCIIeTOBAHMUS.

YCTpoiCTBO U3MEPUTEIBHOE TP MOMOIIM CETEBOTO IIHYpa MOJKIIOYAETCS K
cetu 220 B, 50 I'1.

3. BBIIIOJIHEHUE PABOTbI

3.1. BxmtouuTh nprOOpPHI B CETh.

3.2.  YCTaHOBHTH B TMOJIOKECHHE «5» OJOK CBETOQWIBTPOB M PETYNIATOPAMHU
OamaHca YCHJIHTENsT «rpy00o» U «TOYHO» OTPETYJIUPOBATH IMOKA3aHUs
BOJILTMETPA U MUKpPOAMIIEPMETPa 0 HYJISI.

3.3. JlaTh Jamiie OCBeTUTeJIsl MPOTrPeThesl B Teuenue 15 MunyT.

3.4. VYcranosuth cBeTouibTp 1 (A =407 HM).

3.5. CHaTh  BOJBTAMIEPHYIO  XapaKTEPUCTUKY TPU  MaKCUMATbHON
OCBEIIEHHOCTH (KpaifHee MOJ0XKEHHE KOJIbIla yCTPOMCTBA PEryIHUPOBKU
OCBEIIIEHHOCTH TIPHU €ro MOBOPOTE MO YacOBOM CTpENKe) Ui MPsIMOTO
HanpsKEHUs, TaHHbIE 3aHecTu B Ta0. 3.1.

Tabnuya 3.1

uB| 0 05 10| 15|20 | 25| 30 | 35| 40 | 45 | 50

I, MKA




3.6. Haxatp KkHOTIKY «COpPOC» M YCTAaHOBUTH OOpaTHOE HAMPSIKEHHE.

3.7.  YMEHBUIUTH TOK A0 HYJIS U ONPENEIUTh 3alHPAIOIIee HAPSIKCHHE.

3.8.  CHATH BOJBTAMIIEPHYIO XapaKTEPUCTUKY TIPH MAaKCUMAJIbHON OCBEIICHHOCTH
JUIsl 0OpaTHOTO HAINPSLKEHMSI, TaHHbBIE 3aHeCTy B Ta0. 3.2.

Tabnuya 3.2

U,B 0 0,05 0,1 0,15 0,2 0,25 0,3 0,4 0,5

I, MKA

3.9. [Ilponenats myHKTHI 3.5—3.8 1JIsI MUHUMAJIBHOM OCBEIICHHOCTH (KpaiiHee
MIOJIOKEHUE KOJIbI[Aa YCTPOMCTBA PETYIMPOBKH OCBEIICHHOCTH IIPU €ro
ITOBOPOTE MPOTUB YACOBOU CTPEJIKM).

3.10. Tloctpouts rpaduku 3aBucumoctu |=f(U) nmas makcumanbHON u
MUHHUMAaJIbHOM OCBEIIEHHOCTEN Ha MIJIJTUMETPOBON Oymare.

3.11. VYcranoBuTh cBeTOGUILTP 4.

3.12. Ilponenars mnyHkTel 3.5-3.7 u 3.9-3.10 gna cBeroduibTpa 4
(A =578 um).

3.13. Cpasnuts aist cBetohmibTpoB | u 4 Toku Hackimenus npu U =5 B.

3.14. OmpenenuTh KUHETHUECKYIO OJHEpruto  ¢GoTosnekrpoHa mist 1
ceetopunsTpa mo ¢opmyne | =€U, rme e — 3apam saexTpoHa,
U — 3anupatoliee HanpsKeHUE.

3.15. OmpenenuTh MaKCUMANBHYIO CKOpPOCTh  ¢oTOodNeKTpoHa it 1

2eU

ceropuiabTpa 1o popmyne Vmax = m o THe M — Macca 3JIeKTPOHA.

3.16. Ompenenuth paboTy BbIXOAa (GOTOIIEKTPOHA M3 MeTauia s |

h
cBeromibpTpa 0 Gopmyne A :Tc—eU , Tie h — moctosuuas I1nanka,

C - CKOpPOCTb CBETa B BaKyyMe, A — JIJTHHA BOJIHBI.

A
3.17. Omnpenenuts KpacHyto rpanuiry hotodddekra mo hopmyne VO = P

IMpumeyanus:

1. InuHbBI BOJIH MPOIMYCKaHUsI UHTEPPEPEHIIMOHHBIX CBETOGUILTPOB: 407 HM
(1), 435 am (2), 546 um (3), 578 um (4). B ckobOkax ykazaHbl HOMEpa
CBETO(HIBTPOB, yKa3aHHBIC HA YCTAaHOBKE.

2. 3HaK «MHUHYC» TIPH 0OPATHOM PEKHUME U3MEPEHHS HE WHANIMPYETCH.

3. PexxuMm paboOThl YCTaHOBKHM MNPEPBIBUCTBIM — dYepe3 Kaxable 45 MUHYT
paboThI Aenaercs nepepbiB Ha 15-20 MUHYT.




4. KOHTPOJIBHBIE BOITIPOCHI

1. Kakoit goroaddext Ha3biBaeTcss BHEIIHUM? OCHOBHBIE 3aKOHbBI BHELIHETO
dboTorddexra.

2. O0BsICHUTD 3aKOHBI POTOIPPEKTa C TOUKH 3PEHUS KBAHTOBOM TEOPHH.

3. MoxHO 15 00BACHUTH (POTOAD(EKT C TOYKH 3pEHHS] KIACCUUECKOM
3JIEKTPOIMHAMUKHA?

4. Ha3Bath THIBI (HOTODTIEMEHTOB.

5. [late ompezaeneHus CBETOBOIO IIOTOKA, OCBEIIEHHOCTH, CHIIBI CBETA.
CdopmynnpoBaTh 3aKOHBI OCBEIIEHHOCTH.

6. Uro Takoe  BTOpUYHAas  3JeKTpoHHas  Hmuccus?  KoHcTpykius
(OTORIIEKTPOHHBIX YMHOXKUTEIEH.

Konrpomupyemsie komnerenunn: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

— Onenka «5» CTaBUTHCS, €CIIH YYAIIUHCS BBITOTHSAET paboTy B OJTHOM 00bEME C
coON0/IeHneM HEOOXOAMMOW TOCIIEOBATENbHOCTA MPOBEACHUS OMNBITOB U
U3MEpPEHUN;  CaMOCTOSITEIbHOM  pallMOHAIbHO  MOHTUPYET  HEOOXOJIHUMBbIE
000pyI0BaHUE; BCE ONBITHI MPOBOAUT B YCIOBUAX U PEXHUMaX, 00ECIEUMBAIOIINX
NOJIyYeHHE TPABWIbHBIX PE3YJIbTATOB U BHIBOJIOB; COONMIOAAET TPeOOBAHUS MPABUI
0€30MacHOCTU TPYy/a; B OTYETE MPABUIILHO M AKKYpaTHO BBHIMIOJIHAET BCE 3alllCH,
TaOJMUIBI, PUCYHKH, YEPTEKH, TpadUKH, BBHIYMCICHUS; TPABWIHLHO BBITOIHSICT
aHaJIU3 MOTPEIIHOCTEN.

— OneHka «4» CTaBUTCS, €CJIM BBITIOJHEHBI TPEOOBAHUS K OLICHKU «5», HO ObLIH
JIOMYIIEHBI JIBa-TPU HEIoYeTa, He Oojee OMHOW HerpyOoil OmUOKH M OJHOTO
HEeJo4eTa.

— Omnenka «3» cTaBUTCS, €ciaM pabdoTa BBHINOJHEHA HE IMOJHOCTHIO, HO 00beM
BBITIOJITHEHHON YacTHW TaKOB, MO3BOJIAET MOJYYUTHh MPABUIBHBIE PE3YyIbTaThl U
BBIBO/JIBI: €CJIM B XOJI€ TTPOBEICHUS OIBbITa U U3MEPEHHM OBLITN TOMYIIEHBI OIINOKH.
— OrneHka «2» CTaBUTCS, €ClIM paboTa BBIMOJHEHA HE TMOJHOCTHIO M O0BEM
BBINIOJIHEHHON 4acTH pabOT He MO3BOJIAT CleNaTh MPABUJIBHBIX BBIBOJIOB: €CIIH,
OMBIThI, U3MEPEHUS, BBIUUCIECHUS, HAOJIIOACHHS IPOU3BOIUIIUCH HEMTPABUIIBHO.

Tema 6.2. ®u3uKa aTOMAa M ATOMHOIO S/IPa

Ycrublii onpoc (YO)



1.B dem 3akitoyaercs sIBJICHUE PAIUOAKTUBHOCTH ?

. KakoBa npupona paairoakTBHOTO U3IIy4eHUs?

. Hanmummre 3aKk0H paiMOaKTUBHOIO pacnaja.

. UTO Ha3bpIBAIOT NEPUOJIOM IOTypacnaaa?

. KakoBbI ycTpoiCTBO U AeiicTBHE KaMepbl Buiibcona u cueruunka I eitrepa?
. Pacckaxxure o Mmomenu siapa nmo MBanenko - ['efizenoepry.

. UTO Ha3bIBaIOT MACCOBBIM YUCIIOM?

. Kax onpenensitor gedekt Macchl M HEPTHUIO CBSI3U siapa?

. Uto Takoe siaepHas peakius?

10. YTo mOHMMAIOT MO UCKYCCTBEHHOM paIMOAKTUBHOCTHIO?

11. Kakyto siiepHy0 peakinio Ha3bIBAIOT LIEMTHOM?

12. JlaiiTe OHATHE KPUTUUYECKOU MACCHI.

13. Pacckaxkurte O IOIy4YeHUH U IPUMEHEHUH PAaINOAKTUBHBIX U30TOIOB.
14. Pacckaxkure O MEpCIEKTUBAX PA3BUTUA ATOMHOW DHEPTETUKH.

15. Kakoe Ononoruueckoe Bo3/1€CTBUE OKA3bIBAIOT PAIMOAKTUBHbBIE U3ITyUYECHHUS
Ha KUBOW OpPraHu3M?

16. Kakne yacThIbl Ha3bIBAKOT 3JIEMEHTAPHBIMU ?

O 0 1O LD B~ WK

Konrponupyemsie komnerenunu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; TI.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtMmeTka «5»

MIOJIHO PACKPBITO COJICPKAHUE MATEpHUAa

YETKO W MPABWJIHHO AaHbI ONIPEAECICHUS U PACKPBITO COJIEP>KAHUE TTOHITUIA, BEPHO
WCII0JIb30BaHbl HAYYHbIE TEPMUHBI

JUTSI TOKA3aTebCTBA UCTIOIB30BaHbI PA3IMYHBIC YMEHUS, BHIBOIBI U3 HAOMIOACHUH,
OTIBITOB

OTBET CAaMOCTOSTEIIbHBIN, UCTIOIB30BaHbI paHee MPUOOPETECHHbBIC 3HAHUS.

OtmeTKa «4»

PACKPBITO OCHOBHOE COJIep)KaHUE MaTepuasa

B OCHOBHOM IPaBWJIBHO JIaHbI ONPEACICHUS MOHATUIA U UCTI0JIb30BaHbl HAYYHbBIC
TEPMUHBI.

OTBET CaMOCTOSTEIILHBIN

OTpEeICJICHHS TOHSATUN HETIOJHBIE, TOMYIIEHbI HE3HAYUTEIbHBIC HAPYIIICHUS
MOCJICI0BATEIbHOCTH U3JI0KEHHU S, HEOOIbIITNE HETOYHOCTH MPH MCII0JIb30BAHUH
Hay4YHBIX TEPMUHOB WJIK B BBIBOJIaX M O0OOIICHUSIX

MpaBWIbHBIC U YETKUE OTBETHI HA BOIPOCHI YTOUHSIIOIIETO XapakTepa (Mo3uus
MOHUMAIOIINH)

OtMmeTka «3»
YCBOEHO OCHOBHOE COJIepKaHKE YueOHOI0 MaTepralia, HO U3JI0KEHO
dbparmeHTapHo, He BCeria MoCIe0BaTeIbHO



OTpeIeJICHHS TOHSATUNA HEJIOCTATOYHO YETKUE

HE UCIOJIb30BaHbl B KAYECTBE JI0KA3aTEIHCTBA BBIBOIBI M 0000IIEHUS U3
HAOJIIOICHUM, TOMYIIEHBI OITUOKU IPU UX U3JI0KEHUH

JOTTYIIEHBI OITMOKU M HETOYHOCTH B UCTIOJb30BAHUH HAYYHOW TEPMUHOJIOTHH,
OIPEICIICHUE TTOHSITUI

MpaBWIbHBIC U YETKHE OTBETHI HA BOMPOCHI HABOIAIIETO M KOHKPETU3UPYIOIIETO
xapakTtepa (IO3UIUs KPUTHK)

OtmeTKa «2»

OCHOBHOE COJIepKaHHe Y4eOHOTO MaTepHalia He pacKphITO

HE JIJaHbI OTBETHI HA BOIIPOCHI HABOISIIIETO U KOHKPETUZUPYIOIIETO XapaKTepa
JOMYIICHBI IPyObIe OMKMOKHU B ONPEEICHUHN MTOHATHM, IPU UCTIOJIb30BAHUU
TEPMUHOJIOTUH.

TecrupoBanmue (T)

1. Kak Ha3pIBaeTCa MUHUMAJIbHAS TIOPIUSI YHEPTUHU, KOTOPAas U3JIydaeTcCs WIn
MOTJIONIAETCS TEIOM?

a) aToM

0) KBaHT

B) KOpIYyCKyJia

r) apup

1) KBapK

2. Kto otkpsin hoTosnexkrpudeckuit 3¢ dext obu1 B 1887 roay (...)? Kto B 1888—
1890 rogax sxcriepuMeHTAIBHO HcciienoBall porornekrpuueckuit 3¢ dexr (...)?
Kto BeInoHMI Hanbosiee nojiHoe uccieaoBanue sieiaenus gorodrddekrta (...) B
1900 r.?

a) I'. I'epu; A. Croneros; M. [1nank

0) A. Dunmreiin; I'. I'epir; A. Ctonetos

B) I'. T'epu; A. Croneros; ®. Jlenapy

r) A. DiiHmreiin; A. Croneros; @. Jlenapa

1) A. Croneros; I'. I'epir; A. DUHIITEIHH

3. 13 yero cocTout aapo aroma?

a) MPOTOHOB

0) AIIEKTPOHOB U HEUTPOHOB

B) HEUTPOHOB U TPOTOHOB

I') Y-KBaHTOB

1) 9JIEKTPOHOB, HEUTPOHOB U MMPOTOHOB

4. Kakoii 13 JaHHBIX BEJIMYUH MPONOPLIHOHATbHA SHEPT U KBAHTA?
a) JJIMHE BOJIHBI.
0) yacToTe KoJieOaHuH.



B) BPEMEHU U3TyYEHHUS.
T') 3JIEKTPUUYECKOMY 3apsy sapa.
1) CKOPOCTH (pOTOHA.

5.5IBneHnE UCITYyCKAaHUA JJIEKTPOHOB BEIIECTBOM IO ICHCTBUEM
AIIEKTPOMArHUTHBIX U31y4YE€HUI Ha3bIBAETC:

a) DJIEKTPOJIU3.

0) porocunTes.

B) hotorddekt

T) 3JIEKTpU3ALIUSL.

1) yJlapHasi HOHU3aIIHsl.

€) peKOMOMHAIIHS.

6.1Ipennoxun siAepHyro MOAENb CTPOSHHSI aTOMa!
a) JI. Tommcon.

0) D. Pezepdopn

B) A. bekkepenb.

r) B. I'eitzenOepr.

1) H. bop

7.0npenenure, B KAKUX U3 MEPEUYUCIEHHBIX HIUKE COCTOSHUIN BEILIECTBO MOKET
UCITyCKaTh JIMHENYAThIN CIEKTP U3ITyUCHUS ?

1. TBepIOE COCTOSAHUE TIPU BBICOKOW TEMITEpAType

2. )KUJKOE COCTOSIHUE MPU BBICOKOUW TEMIIEPATYPE

3. ra3000pa3HOE COCTOSHUE TTPH BBICOKOW TEMITEpaType

4. ra3000pa3HOe COCTOSIHUE MPU HU3KOM Temneparype

a) ToJIbKO 1.

0) ToNbKO 2.

B) TOJIBKO 3.

I') TOJIbKO 4.

1) B coctosinusix 1 u 2.
€) B COCTOSIHUSIX 3 U 4.
) B JIIOOOM COCTOSIHHH.

8. Uto Takoe o-u3nydeHue?

a) DIIEKTPOMAarHUTHBIE BOJIHBI
0) [loTok HENTPOHOB

B) [ToTok npoToHOB

r) [ToTok simep aToMOB renus
1) HET IPaBUIILHOTO OTBETA

9. Uto ompexensieT aTOMHBIA HOMED dJieMeHTa Z?
a) CKOJIBKO B SJIp€ HAXOIUTCS 3JIEKTPOHOB
0) CKOJIBKO B SI/Ipe HAXOAUTCS HEUTPOHOB



B) CKOJIBKO B SIJPE HAXOJUTCS TaMMa-KBAaHTOB
T') CKOJIBKO B SIJIp€ HAXOUTCS IPOTOHOB
1) 3aTPyAHSIOCH OTBETUTH

10. Yro Takoe nepuo nonypacmnaaa T-paguoakTUBHBIX saep?

a) BpeMs, B TEUEHUE KOTOPOI0 YHCIIO PaJiMOaKTUBHBIX sifiep B oOpasLe
yMeHblinaercs B 10 pas

0) Bpemsi, B T€4eHHE KOTOPOTO YMCIIO PaJUOAKTUBHBIX siiep B o0pasie
yMEHbILIaeTcs B 2 pa3a

B) BPEMs, 110 HCTEUEHHH KOTOPOTO B PaIHOAKTHBHOM 06Pas3Iie OCTAHeTCs V2
PaaOAKTUBHBIX sI€P

I') BpeMsl, B TEYEHUE KOTOPOI'0 YUCIIO PATMOAKTUBHBIX SAEP B 00pas3ue
yMeHnbaercs B 50 pas

1) 3aTPyAHSIOCH OTBETUTH

11.113 aTOMHOTO siipa B pe3yibTaTe CaMONIPOU3BOILHOTO MPEBPAIICHHUS BEUIETEI0
SJIPO aToMa Telusl. DTO OTHOCUTCS K CISAYIOIIEMY BHIY pallOaKTHBHOTO
pacnaja:

a) anbda-pacmna.

0) Gera-pacrma.

B) raMMa-U3JIyYCHHUE.

T') OpOTOHHBIN pacna

1) TBYXTIPOTOHHBINA pacmas

12 . KoaddurmeHT mponoprnoHaIbHOCTH MEKTy SHEPTHEH KBaHTa U YaCTOTOMN
KoJieOaHU Ha3bIBACTCS:

a) moctosiHHas bonbiiMana.

0) noctosHHas Punbepra.

B) MTOCTOSTHHAsI ABOTa/Ipo

r) nocrosinHas dapajes.

1) mocrossHHas [1nanka

13. Uto Takoe KpuTUUECKas Macca BellecTBa?

a) HaMMEHbIIIAsi Macca JEISIIErocs BEECTBa, IPU KOTOPOH yKE MOKET
MPOTEKATh LIEMHAS S/I€PHAsI PEAKIIUS 1STICHUS

0) Macca JelsIIerocs BelecTBa, paBHasi MOJIIPHOW Macce 3TOr0 BELIECTBA
B) Macca JIeJIAIEerocs BEeIeCTBa, MOJHOCThIO 3aMOJHSIONAs aKTUBHYIO 30HY
peaktopa

') Macca JesIerocs BeniecTna, paBHas 235 kr

1) 3aTPyAHSIIOCH OTBETUTD

14. Uto u3 HIXE MEePEUNCIICHHOTO MOXKET OBITh 3aMEIITUTENIMIA HEHTPOHOB B
SJIEPHOM peakTope?

a) TsbKenas Boja wiM rpadur

0) 6op wIM KagMui



B) JK€JI€30 WJIM HUKEIIb
r) OETOH WU MECOK
1) 3aTPyAHSIOCH OTBETUTH

15. Uccnenyemsbrit oOpasen, coaeprxamuii N pagnoakTUBHBIX SAEp, CHavasa
oxnaxnaarT 10 —40 °C, a 3areM momMeniaroT B MarHuTHoe noJje. MisMeHurcs au npu
TOM KOJIMYECTBO PAUOAKTUBHBIX sI/IEP, KOTOPBIE paclaincCh 32 BpeMs, PaBHOE
JIBYM TIEpHoJiaM ToJrypacmaja’?

a) U3MEHUTCS HE3HAUUTEIIHLHO

0) U3MEHUTCS TOJIBKO MPH OXJIAKIECHUU 00pasia

B) U3MEHHUTCS TOJIBKO IIPU BHECEHUH B MArHUTHOE TOJIC

') UI3MEHUTCS, €CJIM 00pa3el] cHavala OXJIaJuTh, & 3aT€M BHECTH B MAarHUTHOE
noJie

1) HE U3MECHUTCS

Konrponupyemsie komnerenunu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30
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Kpurtepun oreHku:

— «2» BBICTABIIIECTCS O0yUarOIeMycs, eciii Habpaia MeHee S 0alioB;
— «3» BBICTaBIIICTCS O0yUaromemycs, 3a 8-6 0amios;

— «4» BBICTaBIIIETCS O0yUaromemycs, 3a 9-11 6annos;

— «5» BbICTaBIIsACTCS OOyUaroemycs, 3a 6onee 12 6annos.

3aganusa s caMocTosATeJiIbHOH padoThl (CP)
Tembl 3cce (pedeparToB, 10KIaA0B, COOOLIEHUI)

Pa3Butue B3risi10B Ha CTPOCHUE BEIIECTBA.
Mogenu CTpoeHHsI aTOMHOTO SIpa.
3aKOHOMEPHOCTHU B aTOMHBIX CIIEKTPAaX BOJAOPOJIA.
SAnepnHas Moaenb aToma.

Omneiter 3.Pe3epdopna.

Mouaens aroma Bogopoaa o H.bopy.

KBanToBble nocrymnarsl bopa.

Jlazepsl.

Nk



9. PainoakTUBHOCTb.

10.3ak0H paguoaKTUBHOTO pacmlajia.

11.PannoakTUBHBIC MPEBPAILICHHUS.

12.CrniocoObl HAOMIOICHUS U PETUCTPALIUU 3aPSKEHHBIX YaCTHII.
13.2¢dext BaBunona - YepeHnkona.

14.TTonydeHne palMOAKTUBHBIX U30TOIOB U UX TPUMCHECHHE.
15.buonoruyeckoe aeicTBUE paIMOAKTUBHBIX U3JTYUCHUH.
16.D5nemMeHTapHbIC YaCTHIIHI.

Kontponupyemsie komnerenunu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun onenku:

OtmeTka «5»

IIOJIHO PACKPBITO COAEPKAHUE MaTepuaia

YETKO W NPABUJILHO JIaHbI ONPEEIICHHS U PACKPBITO COACPKAHUE NIOHATHI, BEPHO
VICII0JIb30BaHbl HAYYHbIE TEPMUHBI

AJI1 10Ka3aTCJIbCTBA UCIIOJIb30BAHbI PA3JIMYHBIC YMCHUSA, BBIBOJbI N3 Ha6HIOI[eHHfI,
OIIBITOB

OTBET C&MOCTOHTGHBHBIﬁ, HCIIOJIb30BAaHbI paHCe HpI/IO6peTeHHBI€ 3HaHU.

OtMmeTka «4»

PacCKpBITO OCHOBHOE COJICp)KaHHE MaTepHraia

B OCHOBHOM TPABUJILHO JIaHBI OTIPE/ICIICHUS TIOHSITHI U UCTIOTh30BaHbI HAYUHBIC
TEPMUHBI.

OTBET CaMOCTOSITEIbLHBIIN

OTIPEICJICHHS TIOHSATHUN HETIOJHBIE, JIOMYIIEHbI HE3HAYUTEIbHBIC HAPYIIICHUS
MIOCJICI0BATEIFHOCTH U3JIOKEHHU S, HEOOIbIITNE HETOYHOCTH MPH MCTIOJIb30BAHUH
Hay9YHBIX TEPMHUHOB HMJIH B BBIBOJAX M O0OOIICHUIX

MpaBWIbHBIC U YETKUE OTBETHI HA BOMPOCHI YTOUHSIIOIIETO XapakTepa (MOo3uIus
MOHUMAIOIITHH)

Otmetka «3»

YCBOEHO OCHOBHOE COJIEp)KaHHE YUeOHOT0 MaTepralia, HO U3JI0KEHO
dbparmeHTapHO, HE BCera MOCiIeI0BaTeIbHO

ONpeIeJICHHS TOHSATUNA HEIOCTATOYHO YETKUE

HE MCIIOJIb30BaHbl B KAUECTBE JOKA3aTEIHLCTBA BHIBOJIBI U 0000IIEHUS U3
HaOII0/ICHUM, TOMYIICHBI OITUOKH MPU UX HU3JI0KEHUU

JOTYIIECHBI OITMOKA U HETOYHOCTH B UCIOJb30BAaHUHM HAYYHOH TEPMUHOJIOTHH,
OIPEICIICHUE TTOHITUIA

MpaBWIbHBIC U YETKUE OTBETHI HA BOIPOCHI HABOJIAIIETO M KOHKPETU3UPYIOILIETO
xapakrtepa (IO3UIUsI KPUTHK)

OTtMmeTKa «2»



OCHOBHOE€ COZiepKaHKe yueOHOro Marepraia He pacKpbITO

HE JIaHbl OTBETHI HA BOIIPOCH! HABOAIIETO U KOHKPETU3UPYIOLET0 XapaKTepa
JIOTYIIEHbI TPyOble OLUMOKHU B ONPEAEICHUH MTOHATHH, IPU UCIIOJIb30BAHUU
TEPMHUHOJIOTHH.

JlaGopaTopHbie padoThbI
JlaGopaTopHnas padora Ne 17
HN3yyenue TpEeKOB 3apszKeHHBIX YaCTHUIL I10 TOTOBBLIM (poTOrpadpusm.

eJ1b: OOBSCHUTDH XapaKTep IBWKCHUS 3apsDKCHHBIX YaCTHIL.
Oo6opynoBanme: _dotorpaduu TPEeKOB 3apSHKCHHBIX YaCTHUIl, IOJIYYEHHBIX
kKaMmepe BuiibcoHa, my3bIpbKOBO# KaMepe U (hOTOIMYIILCHH.

TeopeTnyeckoe 000CHOBAHHE

[Tpu BeIMOTHEHUU TaHHOM Ta00pPAaTOPHOI pabOTHI CIeayeT MOMHUTh, UTO:
a. JTMHA Tpeka TeM OoJiblie, YeM OOJIbIIe SHEPTHsI YaCTHUIIbI (U YeM
MEHBbIIIE TNIOTHOCTb CPEIb);

b. TommmuHa Tpeka TeM 0O0JIbIle, YeM OOJIBbIIIE 3aps/] YaCTHIBI U YeM
MEHBIIIE €€ CKOPOCTH;

C. IpU ABMXKCHUHM 3apsHKEHHOM YaCTULbI B MATHUTHOM I10JIE TPEK €€
MOJTYy4aeTCd UCKPUBJICHHBIM, IPUYEM PAJINYC KPUBU3HBI TPEKA TEM
OoJibllIe, YeM 0OJIbIlIe Macca U CKOPOCTh YaCTHUIbI M YEM MEHBIIIE €€
3apsiad MOJIYJIb MHAYKIIUM MAarHUTHOTO TOJIS:

d. dYacTHIla ABUransach OT KOHIIA TPeKa ¢ OOJIBIIMM PAIUYCOM KPUBU3HBI K
KOHILY C MEHBIIIMM PaJUyCOM KPUBHU3HBI (Palyc KPUBU3HBI IO MEpe
JIBUKEHHUSI YMEHBIIIAETCs, TAK KaK U3-3a CONPOTUBIIEHUS CPEBI
YMEHBIIIAETCS CKOPOCTh YaCTHUIIbI).

IlopsiioK BBINOJHEHUS pa00Thl

3adanue 1. Ha n1ByX u3 Tpex npeacTaBieHHbIX BaM (potorpadwuii (puc. 1,
2 u 3) u300paxeHbl TPEKU YACTHL], IBHXKYLIUXCSI B MATHUTHOM TIOJIE.
VYkaxute Ha kakux. OTBET 000CHYHTE.

3adanue 2. Paccmotpute pororpaduro TPEKOB 0-4aCTHIIL,
JBUTaBIINXCS B Kamepe Bunbcona (puc. 1), u oTBeThTE Ha
JAHHBIE HUYKE BOIIPOCHI:

1. B kakom HaIpaBjI€HUM JABUTAIHUCH O.-HACTHUIIbI?

2. JlnwHa TPEKOB O-9aCTHI] MPUMEPHO oauHaKoBa. O



YE€M 3TO TOBOPHUT?
3. Kak meHsace ToJIIKMHA TpeKa 1Mo Mepe ABMKeHus yactul? YTo u3 3Toro
cienyer?

3adanue 3. Ha pucynke 2 gana gpororpadus
TPEKOB 0-4acTUll B KaMepe BuiibcoHa, HaxoauBIIecs B
MarHUTHOM IIOJIE.
Omnpenenute 10 3TOM GoTorpaduu:
1. Tloyemy MEHSUIHCH paANyC KPUBU3HBI U TOJIIIMHA
TPEKOB 10 Mepe ABMKCHUS O-4aCTHIL?

2. B kakyro cTOpOHY JBUTAIINCh YaCTHUIIBI?

3adanue 4. Ha pucynke 3 gana ¢ororpadus Tpeka 3JIeKTpoHa B
My3bIPHKOBOM Kamepe, HaXOAUBIIEHCS B MarHUTHOM MoJie. Onpenenure o
aTOM (poTorpacdun:

1. Tlouemy Tpek umeer popmy cupanu’?

2. B kaxoMm HarpaBJIeHUU ABUTAJICS 3JIEKTPOH?
3. UT0 MOTJIO MOCIYXHUTh IPUYUHOM TOTO, UTO TPEK

JIEKTPOHA HA PUCYHKE 3 ropa3fo JUIMHHEE TPEKOB
(- YACTHI] HA PUCYHKE 2

Kontponupyemsie kommerennuu: OK 01-OK 07; JI1.-
JI.6.; M.1.-M.6.; I1.1.-I1.7.; JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

— OweHKa «5» CTaBUTHCS, €CIHM yYalUICS BBITOIHSIET padOTy B MOJHOM 00BEME C
coOJI0/IeHEM HEOOXOJAMMOW MOCIIEOBAaTENIbHOCTA MPOBEIECHUS ONBITOB U
U3MEPEHUW;  CaMOCTOSTEIbHOM  palMOHAJIbHO  MOHTUPYET  HEOOXOJIHMMBbIE
000py10BaHUE; BCE ONBITHI MPOBOAUT B YCIOBUAX U PEXHUMaX, 00ECIEUMBAIOIINX
NOJIyYeHHE MPABWIbHBIX PE3YJITATOB U BBIBOJIOB; COOIIOAET TpeOOBaHUS MPaBUII
0€30MacHOCTU TPYy/Aa; B OTYETE NMPABUIIBHO M AKKYpaTHO BBHINOJIHAET BCE 3alMCH,
TaOJMUIBl, PUCYHKH, YEPTEKH, I'padUKH, BBHIYMCICHUS; NPABWIBHO BBIITOJIHSAET
aHaJIU3 TIOTPEIIHOCTEN.



— Ouenka «4» CTaBUTCS, €CJIM BBINOJHEHBI TPeOOBaHMS K OLEHKU «5», HO ObuIH
JIOTIYIICHBI JABAa-TPH HeAodeTa, He Oojee OJHOW HErpyOol OmMOKH W OJHOTO
HeJoueTa.

— Onenka «3» craBUTCS, €CiAM padoTa BBHINOJHEHA HE IOJHOCTBIO, HO 00bEM
BBIITOJTHEHHOM YaCTH TAaKOB, IO3BOJIAET IOJYYHUTh INPABUIIBHBIE PE3yJIbTaThl U
BBIBO/JIbI: €CJIM B X0J1€ IIPOBEJICHUS OIbITa U U3MEPEHUN OBLIIN TOMYILIECHBI OLIUOKHY.
— OneHka «2» cTaBUTCS, €cliu paboTa BBHINOJHEHA HE IMOJHOCTbIO M 00BEM
BBIMIOJTHEHHON YacTh pabOT HE MO3BOJIAT CHENaTh NMPaBUIbHBIX BBIBOJOB: €CIIH,
OTIBITHI, U3MEPEHHUS], BBIUUCIICHUS], HA0JII0I€HUSI TPOU3BOJMINCH HENTPABUIIBHO.

Kontpoabhast pa6ora Ne 6
ITo pa3neny «JJieMeHThI KBAHTOBOM (QU3NKMN

Bapmuanr 1.
JlaiiTe XapakTepucTuKy (GU3MYECKOrO SIBJICHUS: aHHUTUIISIITHS.
JlaliTe XapakTepUCTUKY 3aKOHA PaJIMOAKTUBHOIO paclaa.
Kakyro MakcumManbHy0 KHHETUYECKYH0 SHEPTUIO UMEIOT JIEKTPOHBI, BEIPBAHHBIE
U3 oKcuja 6apus, mpu 00 TydYeHHH cBeTOM ¢ yacTtoToit 1015 I'u?
Bapuanr 2.
JlaliTe XapakTEpUCTUKY TUIAHETAPHOU MOJEIN CTPOEHHUS aTOMA.
JlaiiTe XapakTepucTUKy (HPU3MIECKOTO YCTPOUCTBA: (hOTOITIEMEHT.
AKTHUBHOCTH PaJIMOAKTUBHOTO 3JIEMEHTa YMEHbIIUIACh B 4 pa3a 3a 8 cyrok. Haiitu
IepuoJ NoJrypacnaza.
Bapuanr 3.
JlaliTe XapaKTepUCTHKY MOJIEIIA CTPOEHUS ATOMHOTO SApA.
JlaiiTe XapakTepucTUKy Teopuu DWHIITEHHA U1t poTorddexTa.
HaiiTn yactoty uzinyuyenus, Mmacca ()OTOHOB KOTOPOTO paBHA Macce MOKOs
AIEKTPOHA?
Bapwuanr 4.
JlaliTe XapakTepUCTUKY KBAaHTOBOW MOJEIIN CTPOEHHUSI aTOMA.
JlaliTe XapakTepUCTUKY TEOPUU OTHOCUTEIILHOCTH.
Haiitu sHepruto cBsa3u sapa aeirtepus 21H?
Bapuanr 5.
JlaiiTe XapakTepucTuKy (PU3UIECKOTO SBJICHUS: TEPMOSIICpHAS PEAKIIHSL.
JlaiiTe XxapakTepucTuKy (HU3MIECKOT0 YCTPOUCTBA: KamMepa Buibcona.
Omnpenenure 3HEPTUIO POTOHOB, COOTBETCTBYIOIIUX HaNOOJIee JTUHHBIM BOJIHAM
BUJIMMOM YacTu cniekrpa 760 HMm.
Bapwuamnr 6.
JlaiiTe XapakTepucTuky (pu3n4eckoro siBaeHus: GorodPpeKr.
JlaliTe xapakTepucTHKy (U3UIECKOro yCTporcTBa: cuéTurk I eitrepa.
Hanummre peakuuro, ecinu npu 6ombapauposke 6opa 105B Helitponamu u3
oOpazoBaBlIerocs sijpa BbIOpachiBaeTcs anb(a-yacTula.
Bapuanr 7.



JlaiiTe XapakTepUCTHKY (PU3HMUECKOTO SBICHUS: PaJHOAKTUBHOCTb.
JlaiiTe XxapakTepuCTHKY (PU3MUECKOTr0 yCTPOUCTBA: Ja3ep.
Haiitu xpacHyto rpanuily ¢potodddexra aist Kanus.

Bapuanr 8.
Jlaiite xapaktepuctuky runoressl [nanka.
JlaiiTe XxapakTepuCTUKY (PU3MUECKOTr0 yCTPOUCTBA: AAEPHBIN PEaKkTop.
Kaxkas oHeprus BblIEIsETCs IIPU PEAKLUN:

31H + 21H 42He + 10n?

Konrpomupyemsie komnerenunun: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepuu oneHku:

- «5» cTaBUTHCA 3a pabOTY, BBIIIOIHEHHYO MTOJIHOCTHIO 0€3 OMMOOK U HEJIOUETOB.

- «4» cTaBUTBHCA 32 PadOTY, BHIMOJIHEHHYIO MMOJHOCTBIO, HO MPU HAJUYUU B HEil He
OoJee oHOM rpyOol M ogHOM HerpyOoil OmMOKH M OJHOTO HejoueTa, He Ooiee
TpeX HEI0YETOB.

- «3» CTaBUThCS, €CIIM CTYIECHT IPABUJILHO BHINIOJIHUI HE MeHee 2/3 Bcell paboThl
WIM JOMYCTUJ He OoJjiee OJHOM TrpyOOl OMIMOKM M JBYX HEIOYETOB, HE Oolee
OJIHOM Tpy0Ooi U OaHOM HerpyOoi omuoOku, He Oojee TpeX HErpyObIX OIIMOOK,
OJTHOM HerpyOO# OMMOKHN U TpeX HEJA0UYECTOB, IPU HATUYUH 4-5 HEJOUYETOB.

- «2» CTaBUTHCSI, €CIM YUCIIO OMUOOK U HEAOYETOB MPEBBICUIIO HOPMY OLIEHKH «3»
WIM MPABUJILHO BBITIOJHEHO MeHee 2/3 Bcel paboThI.



Tabauna 3 - ®opma nHPOPMALMOHHONH KAPTHI 0aHKA TECTOBBIX 3aJaHUI

HaumenoBanue Bcero Konmuaectso gopm T3 Kontponupyemsie
pasnenoB T3 OTtkpeITOr0 | 3aKpHITOTO Ha YnopsinoueHue KOMIICTCHIINH
THIIA THIIA COOTBETCTBUE
Pa3znea 1. MexaHuka 3 3 OK 01-OK 07; JI.1.-
JI1.6.; M.1.-M..6.;
I1.1.-I1.7.; JIP2, JIP4,
JIP23, JIP30
Paznen 2. MoJiekyasipHas 2 2 OK 01-OK 07; JI.1.-
(pu3uka u 0CHOBBI JI1.6.; M.1.-M..6.;
TEePMOAUHAMUKH I1.1.-11.7.; JIP2, JIP4,
JIP23, JIP30
Pa3nea 3. 5 5 OK 01-OK 07; JI.1.-
DJIeKTPOAMHAMHKA JI1.6.; M.1.-M..6.;
I1.1.-I1.7.; JIP2, JIP4,
JIP23, JIP30
Paznen 4 Koneoanus u 2 2 OK 01-OK 07; JI.1.-
BOJIHBI JI1.6.; M.1.-M.6.;
I1.1.-I1.7.; JIP2, JIP4,
JIP23, JIP30
Pazaen 5. OnTuka 1 1 OK 01-OK 05; JI.1.-
JL.6.; M.1.-M.6.;
I1.1.-I1.7.; JIP2, JIP4,
JIP23, JIP30
Pa3zaesa 6. DiaeMeHThI 1 1 OK 01-OK 07; JI.1.-
KBAHTOBOW (QU3UKHU JI.6.; M.1.-M.6.;
I1.1.-I1.7.; JIP2, JIP4,
JIP23, JIP30




Ilepeuens Bompocos (3agau)
JJIS1 IPOMEKYTOYHOM aTTecTanuu (IK3aMeH/3a4eT)

Teopernuyeckune BONPoCHI
1. Mexannueckoe naBmxeHue. OTHOCUTENBHOCTh ABMXeHUs. Cucrema oTcuera.
MarepuanbHas TOUKa.
2. PaBHOMepHOE U PaBHOYCKOPEHHOE MPSIMOJIMHEWHbIE ABMXKEHUS (HOpMysbl U
rpaduKu, ONMKUCHIBAIOIINE JAHHBIC IBHXKECHHUS ).
3. JIBWKeHHE MO OKPY>KHOCTHU € MMOCTOSTHHOW 10 MOAYJIIO CKOpocThio. KnuHemarnka
JIBUKECHUS KOJIECCHOU Maphbl.
4. Cuna. Macca. 3akonsl HetoToHa.
5. 3akoH BcemupHOro TsaroteHusi. I'paButanmonHoe nose. Cuna TsbkecTu. Bec u
HEBECOMOCTb.
6. Cuna ynpyroctu. Cuna TpeHUsI.
7. Hmnynbc Tena. 3aKOH COXpaHEHUsI UMITYJIbCa U PEAKTUBHOE JIBUYKEHUE.
8. Pabora m momHOCTh. MexaHuueckast SHeprusi U €€ BHUJIbl. 3aKOH COXpaHEHUs
SHEPIUMu.
9. OcHOBHBIE MOJOXKEHUS MOJIEKYJISIPHO-KUHETUYECKON TEOPUH ra3a.
10. OOwpscHeHHME arperaTHbIX COCTOSSHUM BEIeCTBA Ha OCHOBE AaTOMHO-
MOJIEKYJISIPHBIX MPECTABICHUI.
11. Temneparypa, Kak Mepa CpEIHEN KHHETHYECKONM DHHEPIHH XaOTUYHOIO
JIBYDKEHUS MOJICKYJI. TepMoInHaMuYecKast mKajia TeMiepaTtyp. AOCOTIOTHBIN HYJIb.
12. Mogenp uneansHoro raza. OcHoBHoe ypaBHeHue MKT.
13. HacelmenHbie 1 HEHACHIIICHHBIC TTaphl. BaXXHOCTH BO3AyXa.
14. Mopenb ctpoeHus xKuakocTh. [lOBEpXHOCTHOE HATSKEHHE WU CMaudyHMBaHUE.
KanunnsipHsie ssBIeHUS.
15. Mogenb ctpoeHust TBEPABIX Tell. MexaHnuecKre CBOMCTBA TBEPABIX TEI.
16. Buytpennsas odHeprus u crnocoObl e€ wu3MeHeHus. [lepBwiii  3akoH
TEPMOIUHAMHUKHU.
17. Tpunnun nevictBus tertoBoi Mamunbl. KITJI TerioBoro aBurarens.
18. BzaumojeicTBUE 3apsHDKEHHBIX TEN. DIEKTPUUECKHUH 3aps]. 3aKOH COXpaHEHUs
AIEKTPUYECKOTO 3apsiia.
19. 3akon Kynona. DnekTpuueckoe moJyie U ero XapakTepUCTHKU.
20. Dnexrpuueckas EMkocTb. KoHaeHcaTOpHI.
21. TloctosiHHBIN dnekTpudeckuii ToK. Cuia ToKa, HAMpsHKEHHE, JJICKTPUUECKOe
CONIPOTHUBIICHUE.
22. IlapannenbHOe U MOCIEIOBATEILHOE COSTMHEHUE MPOBOTHUKOB
23. 3akon Oma juig ydacTka uenu u noinou nenu. J/]C nctounuka Toka.
24. PaboTa 1 MOITHOCTh MTOCTOSTHHOTO TOKa. 3akoH J[>koyns-JIenna.
25. TlomynpoBOAHUKHY. CobOcTBeHHas 17} IIpUMECHast IPOBOJAUMOCTH
IIOJIYTIPOBOJHUKOB
26. MarnutHoe nojie. MarHuTHOE 1o0Jie TOCTOSHHBIX MAarHUTOB U MarHUTHOE TOJIE
PsIMOTO TOKa.
27. WHaykuyss MarHuTHOTO 1MOJisi. MarHUTHBIN MTOTOK.
28. Cuna Ammnepa. 3akoH Amrepa.



29. SlBmeHue >MeKTPOMArHUTHOW WHAYKITUU U 3aKOH DJICKTPOMArHUTHOW WHIYKITAN
®dapanes.

30. IIpaBuiio Jlenna.

31. BuxpeBoe 31eKTPUUECKOE MOJIe.

32. Camounpaykuus. DC camonnaykiuu. MHIyKTUBHOCTb. DHEPrusi MarHUTHOTO
OJISL.

33. MexaHnueckue KojeOaHus U UX XapaKTePUCTHKHU.

34. CBobOojnHbBIC U BRIHYXACHHBIE KojeOanus. Pezonanc. Komebanust MoCcTOB.

35. IlpeBpaiiieHre sHEPTrUU MPHU KOIeOATETLHOM IBIKCHHH.

36. Mexanuueckue BoJHBI. Buabl BoH XapakTepUCTHKH BOJH. 3BYKOBBIE BOJIHBI.
37. CBoOonHbIE PNIEKTPOMArHUTHBIE KoyieOaHus B KOHType. [IpeBpaiienue sHepruu
B KoJiebarenbHOM KoHType. Popmyna TomcoHna.

38. Ilepemennsiii Tok. [lomydyeHne nepeMeHHOTO TOKa

39. AKTHBHOE COTMPOTHBIICHHE B LIEMM NIEPEMEHHOTO ToKa. [[eficTByomue 3HaYeHUs
TOKa U HapspKeHUs. MOITHOCTh NEPEMEHHOIO TOKA.

40. Karymika uHAYKTUBHOCTH B IIENTU IEPEMEHHOTO TOKA.

41. KongeHcaTop B L€NU NEPEMEHHOTO TOKA.

42. Tpancdopmarop. [lepenaua u pacnpeneneHue 3IeKTPOIHEPTUH.

43. DnexTpoOMarHUuTHOE TI0JIE W DJIEKTPOMarHuTHbie  BOJHBL.  CKOPOCTH
AIEKTPOMArHUTHBIX BOJIH.

44, ®u3nyeckre OCHOBBI PAIUOCBS3U.

45. DnexTpomarHuTHas npupoja cBeta. CKOpPOCTh CBeTa. 3aBUCUMOCTb MEKIY
JUTMHHOM BOJIH Y YaCTOTOM 3JIEKTPOMArHUTHBIX KOJICOAHMIA.

46. 3axkoH OoTpakeHHs W mperomiieHus cBeTa. [loaHOe oTpakeHne cBeTa.

47. WutepdepeHius cera, Tupaxius CBeTa.

48. Jlucmepcus cBerta.

49. Tlonsipuzanus cBeta.

50. [lIxana 3IeKTPOMArHUTHBIX H3ITYYCHUN.

51. KBanrToBas nmpupoja cera. Ksanronas runotesa [1nanka.

52. ®orosddext, ero 3akonsl. [Ipumenenue Gororddekra.

53. VYpauenue DitHmTeiHa 11 poTodrddekra.

54. Mogens aroma Pesepdopna u bopa. Ypouu sneprum B atome. Uznydenue u
MOTJIONIEHUE SHEPTUU aTOMOM. KBaHTOBaHKE SHEPTHUU.

55. IlpuHumn AeHCTBUA U UCIIOJIB30BAHUE Ja3epa.

56. PaamoakTWUBHBIC U3TyUEHUS U UX BO3JCHCTBUE HA )KUBBIC OPTAHU3MBI.

57. CocraB artomubIX sjaep. Snepasie cumibl. Jledekt maccbl. DHeprus CBs3U
aTOMHBIX sIJIEP.

58. Snepnple peakuu. ODHEPreTUYECKUN BBIXOA SACpHON peakmuu. [lemHas
peakuus 1eJIeHus.

59. TepMosinepHble peakuuu



KauecTBenHbIe 321241
1. BenocunegucTt ener mo poBHOW mpsimoil gopore. Kakue neranu Benocurena
JBUXKYTCSI OTHOCUTENILHO 3€MJIM MO MPSIMOJIMHEWHBIM TPAEKTOPHUSIM, a KaKue — IO
KPHUBOJIMHEVHBIM?
2. OT Kakoll CKOpPOCTM — CpeJHE WM MIHOBEHHOM — 3aBHUCHUT CTEIEHb
MOBPEXKJICHNUS aBTOMOOWJIS TpPH aBapUHHOM CTOJKHOBEHHHM C TMPEMSTCTBUEM Ha
CBOEM IyTHU?
3. [Ba moe3na uayT HaBCTpeUy APYT APYTY: OAUH — Pa3TOHSAETCS B HAMPABICHUU Ha
ceBep; ApPYroil — TOPMO3HUT B F0)KHOM HampaBiieHUMU. Kak HampaBieHbl yCKOPEHUS
10€3/0B?
4. Tpu Tema OpoIIeHBI TakK: MEPBOE — BHU3 0€3 HAYAJIbHON CKOPOCTH, BTOPOE —
BHU3 C HA4YaJIbHOM CKOPOCTBIO, TPEThbe — BBEpPX. OJMHAKOBBI JIM YCKOPEHUS ITUX
Ten?
5. SBnsercs nM JMHEWHas CKOPOCTh MOCTOSHHOM BEIMYMHOW MPU PABHOMEPHOM
JBMYKEHUU TEJA 10 OKPYKHOCTH?
6. [louemy Henb3s nmepederarh yiauily nepes OJu3K0 WAYIIUM TpaHcrnopToMm? B uem
IPUYKUHA TOTO, YTO BOJAMUTEIb HE MOXKET Cpa3y OCTAHOBUTH aBTOMAILIUHY ?
7. bapon Mrionxray3eH yTBepxJasl, YTO BBITAIIMJ caM ceOsl U3 00J0Ta 3a BOJIOCHI.
O60CcHOBAaTh HEBO3MOKHOCTB ATOTO.
8. Temoxoa nMpu CTOIKHOBEHHUH C JIOJKOW MOKET MOTOMUTH €€ 0€3 BCAKUX /s ce0s
noBpexaeHuid. Kak 3To cornacyercs ¢ paBeHCTBOM MOJYJIEW CHJI B3aUMOJIEUCTBUSA?
9. Kaxkas cuna 3actaBiset 3eMITIO U APYTHE IUIAHETHI IBUTATHCS BOKpYT CosHia?
10.Mexnay nByMs TelaMH JEUCTBYET CHJIa BCEMUPHOrO TsaroTeHus. Ecmu maccy
OIHOTO M3 TeJl YBEJHMYWTh, HANpPHUMEpP BIBOE, & pPACCTOSHUE MEXKAY TeJlaMu
COXpPaHHUTh MPEKHUM, TO HU3MEHHUTCS JIM CUjla TATOTEHUs Mexny Humu? Eciam
U3MEHUTCS, TO KaK?
11.TlpuTsaruBaercs a1 3eMJisl K BUCSIIEMY Ha BETKE sI0JI0KY?
12.Nmeet nm Bec Opycok, exarniuii Ha ctone? [lamarommii co cTona?
13.TTouemy majgaroT HA 3eMJIIO KAIUTH JTOK/Isl, KPYIIUHKH rpajaa?
14 . Koraa BO3HUKAIOT CUJIbI TPEHUS MOKOS? CUIIBI TPEHUS CKOJIbKEHUS? CUJIbl TPEHUS
KaueHUs?
15.1IpuBeauTe mpuMepsbl, KOT/1a TPEHUE BPEIHO U KOTJa MOJIE3HO.
16.Ha cronuke B BaroHe noesza Jiexxat kopoOka koHdeT u s16;10ko0. [Touemy B Havane
JBYKEHUS sIOJIOKO TOKATUIIOCh Ha3aj] (OTHOCHUTEIBHO BaroHa), a kopoOka KoHger
ocTajnach Ha MecTe?
17.Tlouemy mysisi, BbUIETEBIIASI U3 PY’Kbs, HE MOKET OTBOPUTH JIBEPh, HO MPOOUBAET
B HEW OTBEpPCTHE, TOrJa Kak JaBJIC€HUEM INaibla JABEPb OTBOPUTH JIETKO, HO
poJienaTb OTBEPCTUE HEBO3MOXKHO.
18.CoBepiiaer nu paboTy cuiia TSKECTH, ACHCTBYIOLIAs Ha KHUTY, JIeXKallylo Ha
croiie?
19.Manpuuk B ogHOM ciydae mpomen 100 m, a B Apyrom — mpoOexan Takoe ke
paccrosiure. OIMHAKOBBIE JTU MOITHOCTH OH pa3BUBai?
20.Kamenp OpoliieH BepTUKaIbHO BBepX. Kakue npeBpaiieHuss 3HEpruu npoucXosT
IIPU TIOJIETE KAMHS?



21.JIerkoBOil U TPy30BOW aBTOMOOWJIM MABIKYTCS C OJMHAKOBBIMH CKOPOCTSIMHU.
Kaxkoit u3 Hux o6nagaet 00Jbield KHHETUYECKON SHEprue?

22.Bojia KMIIUT B OTKPBITOM cocyjne. M3MeHutcss num macca >KHJIKOCTH BO BpeMs
KUIICHUS?

23.Yem 00BsICHSIETCA pacIpOCTpaHEHUE B BO3IyX€ 3aMaxoB OEH3UHA, TyXOB U APYTIUX
BEILIECTB?

24.Kak u3MeHUTCS JaBJCHUE HICATbHOTO ra3a Mpu YBEJIMYEHUU KOHIIEHTPAIUU €ro
MOJIEKYJT B 2 pa3a, €Clid CpeaHsis KBaJpaTU4YHas CKOPOCTh MOJIEKYJI OCTaercs
HEW3MEHHOW?

25.Ha uto pacxomyetcsi O0oJbllie YHEPTUU: Ha HarpeBaHUE BOJBI WU ATFOMUHUEBON
KACTPIOJIH, €CJIM KX MACChl OJJUHAKOBBI?

26.1Touemy >xene3HbIe MeYU CKOpEee HArpeBarOT KOMHATY, YeM KUPIUYHbIC, HO HE TaK
JIOJITO OCTAKOTCA TETUIBIMA?

27.MOoXHO 71 B METHOW KaCTPIOJIE PacIlIaBUTh CTATBHYIO J€Talh?

28.B xakoMm cirydae MOYKHO TOJYYUTh OOJIbIIIee KOJMYECTBO TEIUIOTHI: CKHMras 1 Kr
OeH3uHa WK 1 Kr KaMeHHOTo yriisa?

29.Kak c mMOMOIIBIO KOMHATHOTO TEPMOMETpPA OINPEACIUTh OTHOCHUTEIbHYIO
BJIQYKHOCTbH B MIOMEILEHUN?

30.[Toyemy npu nepeBo3ke OEH3WHA U IPYTUX JIETKO BOCIIJIAMEHSIOIIMUXCS BEIIECTB K
[UCTEPHE MPUKPEIIISIOT METAJUTMYECKYIO 1IEMb, KACAIOIIYIOCS 3eMIIH?

31.. Kak u3MeHHTCs cuja B3auMOJCHCTBUS JABYX TOUYEHHBIX AJICKTPUUECKUX 3apsiiOB
IIPY YMEHBIIICHUN PACCTOSIHHSI MEX Ty HUMU B 2 pa3za? Beibepute npaBuIbHBINA OTBET.
32.Pa3mepsl METHOTO U >KEJIE3HOT0 MPOBOAOB OAMHAKOBBI. COMPOTUBJICHHE KAKOTO
npoBoja 60bIIe?

33.Hampsbkenre Ha KOHIAX MPOBOJHWKA YBEIWUYWIW BABOe. Kak M3MeHMIach cuia
TOKQ, MPOTEKAIOIIEr0 B IPOBOIHUKE?

34.YeM 0macHO KOPOTKOE 3aMBIKaHUE DIIEKTPUIECKUX IPOBOIOB?

35.I[IpuBeanTe mpUMeEpHI UCIIOIB30BAaHMUS TETUIOBOTO IEHCTBUS TOKA B OBITY.
36.[TocnenoBarenbHO COEIMHEHHBIE MEAHAs M JKeJie3Has MPOBOJIOKM OJWHAKOBOU
JUIMHBI W CEYEHHSl TOJKIIOYEHBI K aKKyMyJsTOpy. B Kakoil W3 HHMX BBIICIUTCS
OoJIbIIIee KOJMYECTBO TEIUIOTHI 32 OJMHAKOBOE Bpemsi?

37.1Touemy BOKpYT DSJIEKTPOJIMTA HET JJIEKTPUUYECKOTO TMOJs, XOTS BHYTPH €ro
UMEIOTCSI 3apsHKCHHBIC NOHBI?

38.Kakoro tuma — 31eKTpOHHAsI WIH AbIpoYHas — Oy/IeT MPOBOAMMOCTb T€pMaHus,
€CJIM K HeMY JOOABUTh B HEOOJBIINX KOTUYECTBAX LIUHK?

39.Kak B3auMOICCTBYIOT TOKH, HalPaBJIEHHBIE TaK, KaK YKa3aHO Ha pUCYHKE?

40.Kak uzMenutcs cuna Amnepa, AeMCcTByoOIIas Ha NPSAMOJIUHENHBIA NPOBOAHUK C
TOKOM B OJTHOPOJIHOM MarHWTHOM II0JI€ TIPH YBEJIIMYCHUH CHUIIBI TOKA B POBOTHUKE B
3 paza? [IpoBOIHUK PaCMOI0KEH MEPIEHANKYIISIPHO BEKTOPY UHTYKIIUH.

41.Kakue 3aTpyJHEHUsS BCTpeTWa Obl AJICKTPOTEXHUKA, €CAu Obl BO3IYyX ObLI
XOPOILKM MTPOBOIHUKOM 3JIEKTpUYeCTBa?



42.Kak m3MeHUTCS cuiia, JeHCTBYIOMIAs HA MPSIMOJIMHEHHBIN MPOBOJHUK C TOKOM B
OJHOPOJHOM MArHUTHOM II0JI€ MPU YBEJIWYECHUW HHAYKIUUA MATHUTHOrO TOJIS B 2
paza? [IpoBOAHUK pacnioNOKEeH NEPIEHANKYIISPHO BEKTOPY UHAYKIIHH.

43.B 2JIEKTPUYECKYIO 1IeTb BKIIOYEHA KaTyIIKa, 0 KOTOPOMl MPOMyCKAalT cHadaia
IIOCTOSIHHBIM, a 3aTeM IEPEMEHHBIM TOK. B KakoM ciyyae KaTymka Harpeercs
0obIIE?

44.O0bACHUTE TPOUCXOKICHUE COTHEUHBIX U TYHHBIX 3aTMEHUM.

45.VI3mepeHus MoKas3aiu, 4yTo JJWHA TEHU OT MpeIMeTa paBHa ero BbicoTe. Kakosa
BbicoTa COJTHIIA HaJ TOPU3OHTOM?

46.Ha pucynke n300paxxeHo MpeTOMIICHHE JTyda CBeTa Ha TpaHulle 1ByX cpen. Kakas
cpesia onTUYecku 0oJiee MIoTHas?

47.Yron MexIy HajaroliuM U OTpakE€HHBIM Jydamu cocTaBisieT 50°. Ilon kakum
YTJIOM K 3€pKally MajaeT CBeT?
48.KakuMm 00pa3oM YCTpaHSIOTCS TaKWe HEJOCTATKU TJia3a, Kak OJIM30PYKOCTh U
JaTbHO30PKOCTh?
49.00bsAcHUTE, YeM BbI3BaHA Pady>KHas OKPACKa MBUIbHBIX MTy3bIpeii?
50. Kakum oOpazomM MOXHO OOBSICHUTh OTKJIOHCHHWE KOMETHBIX XBOCTOB MpHU
NPOXOXKAEHUU KomMeThl BOu3u ConHua?
51. /[laBieHue cBETa Ha YEPHYIO MOBEPXHOCTh B JBa pa3a MEHbUIE, YEM Ha
oenyto. [Touemy?
52. Ilpu 6e300sauHoM HeOe HOYM OOBIYHO XOJIOJHEE, YeM IPH O00JaYHOM.
[Touemy?
53.KakoB coctas uzoronos HeoHa 2’Nei, !Ne u ??Neig? Uro xapakTepHO s
W30TOIIOB OJHOI'O djIeMeHTa?

Pacuérnble 3a1aun
1. ABTOMOOWIIb yJAISETCSl OT MOCTA, ABUTASICh PABHOMEPHO U MPSIMOJIMHENWHO CO
CKOpOCTBIO 72 KM/4. Ha KakoM pacCTOSHHHM OT MOCTa OKa)XETCS aBTOMOOWIb Yepes
10 ¢, ecnu B HA49aIBbHBIN MOMEHT BPEMEHHM OH HaXOMWJICSA OT Hero Ha paccrosiuun 200
M?
2.KakoB Momynbh BEKTOpa YCKOPEHUS aBTOMOOWIIS TIPH TOPMOXEHUH, €CIU TpHU
ckopoctu 108 kM/4 BpeMs MOJTHOTO TOPMOKeHuUs 15 ¢?
3. DIIEKTPOIOE3/], OTXOIAIIMN OT CTaHluu, B TedeHue 0,5 MHUH JABUTANCS C
yckopenueMm 0,8 m/c?. Onpenenure MyTh, KOTOPBIA OH MpOIIENT 3a 3TO BpEMs, H
CKOPOCTb B KOHIIE 3TOTO MyTH.

4, Pacckaxkute o ABWKEHUM TefNa, rpaduK MPOEKUUU YCKOPEHHS KOTOPOTro
U300pa’KeH Ha PUCYHKE.
5. Pacckaxkute 0 JBWKEHMHM Tela, Tpa@uK MPOEKIIMH CKOPOCTH KOTOPOTO

M300paKEH HA PUCYHKE
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6. Temo ymano ¢ BeicOTHI 45 M. Onipefiennute BpeMs MajieHus.
7. ABTOMOOWIIb JABWKETCS 1O 3aKpyTJeHWI0 joporu pamuycom 120 M co
CKOpOCTBIO 36 kM/4. UeMy paBHO IIEHTPOCTPEMUTEILHOE YCKOPEHUE aBTOMOOMIIS?
8. Cuna 60 H coobmaer teny yckopenue 0,8 m/c?. Kakas cua cooOmuT 3TOMy
Telly ycKopeHue 2 M/c??
Q. [Ipyxuna ¢ koapdunrentom xectkoctu 100 H/m nox aeiictBueM HEKOTOpOH

cuwibl yanuHuiach Ha 5 cM. KakoB KO3((UUHUEHT XKECTKOCTU APYTrod NpPY>KUHBI,
KOTOpas MOJ IeUCTBUEM TOM ke CHIIbI yIITMHUIAch Ha 1 cM?

10. KakoBo paccrosHue Mexnay mapamu macco 100 Kr kaxablid, €ClIM OHHU
MPUTATUBAKOTCA IPYT K Apyry ¢ cuiol, pasaou 0,01 H?

11. Bec nepessauoro smuka 400 H. UToOsI ero cCIBUHYTH ¢ MeCTa, TOTPEOOBAIOCH
npwioxuTh crity 200 H. Onpenenute koappuiueHT TpeHus.

12. JIa miapuka OJMHAKOBBIX MacC PaBHOMEPHO KaTATCA Mo cToiy. CKOpoCTh
nepBoro mapuka 1 m/c, CKOpocTh BTOporo mapuka — 2,5 m/c. Ummynsc kakoro
mraprka 00JbIle U BO CKOJIBKO pa3?

13. Ompenenute paboTy, COBepIIaeMyIO MPHU MOTHEME TeIa MAacCOi 4 KT Ha BBICOTY
120 cm.

14. CamocBan npu mnepeBo3ke rpys3a pasBuBaer MomHocTh 30 kBt. Kakas pabora
COBEPIIIAETCA UM B TeUeHUE 45 MUH?

15. Ha npyxwune noasemen rpy3 300 kr, noa JeHCTBUEM KOTOPOTO OHA yJIMHUJIACH
Ha 6 cM. Onpeenure SHEPrUIo 1e(POPMUPOBAHHON MPYKUHBI.

16. KameHnb, OpoIIEHHBIN ¢ TOBEPXHOCTH 3eMJIM €O cKopocThio 10 m/c, B BepxHel
TOYKE TPACKTOPUHU O0najan KuHeTH4Yeckou sHepruert 5 [[x. Ompenenutb maccy
KaMHSI.

17. Teno OpoiieHO BepTUKAIBLHO BBEPX cO ckopocThio 20 m/c. Ha xakoii BBICOTE €0
KMHETUYECKasi PHEprusi OyJIeT paBHa MOTEHIIUATBLHOMN?

18. Ompenenute Maccy OJTHOW MOJICKYJTY BOJIBI.

19. B cocyae HaxommTcs Ta3 mnpu temneparype 273 K. Omnpenenure CpeIHIOIO
KHMHETHYECKYIO SHEPIHI0 XaOTUYECKOIO IBUKEHUSI MOJIEKYJI ra3a.

20. JIBa oauWHAKOBBIX TOYEYHBIX 3apsja B3aMMOJICHCTBYIOT B Bakyyme ¢ cwioi 0,1
H. Paccrosaue mexnay 3apsaamMu paBHo 6 M. HaiiTu BenuuuHy 3TUX 3aps0B.

21. B Hekoropoi Touke moiyig Ha 3apsa 3 HKn geiictByer cuna 0,6 mxH. Hailitu
HAIPSHKEHHOCTD TOJISI B 3TOM TOUKE.

22. B macrniopte koHzeHcaTopa yka3zaHo: «150 mx®, 200 By. Kakoii HauOGoabmIniA
JOTYCTUMBIHN 3JIEKTPUUYECKUM 3apsii MOKHO COOOIIUThH JAaHHOMY KOHJEHCATOpY?

23. Haiinure »SKBUBAICHTHYIO eMKOCTh cXxeMbl, eciu Ci1=2Mk®, Cr=1MxD,
Cs=3Mmk®d

24. Konpencaropy emMKkocThio 10 Mk® coobmmu 3apsia 4 mxKin. KakoBa aneprus
3apsKEHHOT0 KOHJeHcaTopa?



25. ConpoTUBJIEHHE ATFOMMHHEBOrO MpoBojAa MmuHOM 0,9 kM u ceyennem 10 mMm?
paBHO 2,5 Om. Onpenenure ero yaesIbHOE COIPOTUBIICHHUE.

26. PaccuwuraiiTe cuily TOKa, MPOXOASIIETo M0 MEAHOMY MpoBoay anuHoil 100 M u
IJIOMIA/IBI0 MOIEPEYHOro cedenus 0,5 MM? py HanpshkeHuu 6,8 B.

27. Omnpenenute CONMPOTUBICHUE JIEKTPUUYECKOM JIaMIlbl, CHJIa TOKa B Kotopoi 0,5
A npu Hanpspkenuu 120 B.

28. Haiigure conpoTuBieHre OOMOTKM aMIlepMeTpa, CHiia TOka B KOTopoit pasHa 30
A npu HanpspkeHud Ha 3axkumax 0,06 B.

29. Haiinure obmiee conporurieHue 1enu, ecau Ri= 4 Om, Ro=12 Om, R3= 5 Owm,
Ra=11 Om.

30. Axkkymymstop Mmortorukia umeer 3/[C 6 B u BHyTpeHHee compotusieaue 0,5
OM. K HeMy nojakiiodeH peoctaTr comnpoTuiienreM 5,5 Om. Haitaute cuily Toka B
peocrare.

31. Ompenenute cuily TOKa MPU KOPOTKOM 3aMbikanuu Oatapeiiku ¢ DJIC 9 B, ecnu
IIpU 3aMBIKaHUU €€ Ha BHEITHee conpoTuBieHne 3 OM TOK B IIENH paBeH 2 A.

32. B cnupanu 3JeKTPOIUIMTKH, BKIIOYEHHOW B PO3ETKy C Hampsbkenwem 220 B,
npu cuie Toka 3,5 A Bepaenuiock 690 kJ[x TemnoTel. CKOJBKO BpeMEHU ObLia
BKJIFOYEHA B CETh TUIUTKA?

33. KakoBa MHAYKIMS MAarHUTHOTO TOJIsSI, B KOTOPOM Ha MPOBOJHUK C TOKOM B 25 A
nerctByer cuia 0,05 H? JInuHa akTUBHOM 4acTu mpoBoJHMKA 5 cMm. Hampapienue
JIMHUWA UHAYKIUU U TOKA B3aUMHO MEPIEHANKYISPHBI.

34. Kakyio MHYy aKTHBHOM 4YacTH JOJDKEH HMETh MPOBOJHHUK, YTOOBI TpHU
MEPEMENICHHH €0 CO CKOPOCTBhI0 15 M/C MEepHeHAMKYJISIPHO BEKTOPY MAarHUTHOU
uHaykiuu, paBaoi 0,4 T, B Hem Bo3Oyxaamace DJIC unaykiuu 3 B?

35. UYepes kaTymky UHAYKTUBHOCTHIO 3 ['H MPOTEKAET MOCTOSIHHBINA 3JIEKTPUICCKUAN
TOK criion 4 A. UeMy paBHA dHEpPrus MATHUTHOTO TOJIA KaTyIIKA?

36. [Ilo rpaduky, npuBeIeHHOMY Ha PUCYHKE, HANTH aMILTUTY/Ty, IEPHOJ] U 4aCTOTY
kosnebanuil. Hanmucarh ypaBHEHHE TApMOHUYECKUX KOJIEOAHUM.
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37. Ilo rpaduky, npuBeIEHHOMY Ha PUCYHKE, HATH aMILTUTYy, IEPHOJ U YaCTOTY
konebanuil. Hanucars ypaBHEeHHE TApMOHUYECKUX KOJIEOaHU.
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38. Omnpenenure HUKIMYECKYH0 YacTOTy KoOJeOaHUW B KOHTYpe, €CIIU €MKOCTh
KOHJIeHcaTtopa KoHTypa 10 Mx®, a uHAyKTUBHOCTH ero KaTymku 100 mI'H.



39. MHAOyKTHUBHOCTh U €MKOCTh KOJEOAaTEIhbHOIO0 KOHTYypa COOTBETCTBEHHO PaBHBI
70 I'n u 70 Mx®. Onpenenure nepuoa U 4acToTy KojeOaHuil B KOHTYpE.

40. ITo rpaduky, M300pa)kK€HHOMY Ha pHCYHKe, omnpeaenure ammautyay I/C,
nepuoa u yacrory. Hanmmure ypaBuenne J3/1C.

41. 3HauyeHue CUIIbI TOKA, U3MEPEHHOE B aMIIepax, 3a1aHO YPaBHEHUEM

42. i=2,6sin 5T, rxe t BeIpaxkeHo B cekyHaax. Onpeaennre aMILIMTY Ly CHIbI TOKA,
9acTOTY U TIEPUO/I.
43. 3HaueHue CUJIbl TOKA, U3BMEPEHHOE B aMIlepax, 3a/1aH0 ypaBHEHUEM

44. i=0,28 sin 5Tt. Onpenennre AelCTBYONIEE 3HAYCHUE CUIIBI TOKA.

45. IlepBuuHas 0OMOTKa MOHMXKAIOIIETO TpaHCcPopmaropa ¢ KodpPUIIHESHTOM
Tpanchopmanmuu S5 BKIOYEHa B ceTh C¢ HampspkeHuem 220 B. Omnpenenute
HaIpsHKEHUE Ha 3a)KMMaX BTOPUYHONH OOMOTKH.

46. Jlyd, oTpaX€HHBIA OT MOBEPXHOCTH CTEKJa C TMOKa3aTesneM mpenomieHus 1,7,
o0Opa3yeT ¢ MpeTOMIIEHHBIM JTy4OM MPSAMON yroil. OmpenenuTs yroi naaeHus U yroi
TIPEIIOMIICHHUS.

47. OmnpenenuTs HAaMOOJBIIYIO CKOPOCTh 3JCKTPOHA, BBUICTEBIIECTO W3 II€3Us, MPHU
OCBECIIICHUH €r0 CBETOM C JUIMHOU BOJHEI 400 HM.

48. Bo uro npespamaerca 22Ug; mocine a-pacnana u 18yx B-pacnanos?

Kontpomupyemsie komnerenuuu: OK 01-OK 07; JIL.1.-JI.6.; M.1.-M.6.; I1.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtmeTka «5» - OTBET Ha TEOPETUUYECKHI BOMPOC BEPEH U JIOCTATOYEH MO 00BEMY,
00BsCHEHHE Ka4yeCTBEHHOM 3a/laud HE COJIEPKUT MPOTHUBOPEUMA, pacuéTHas 3ajada
penieHa u ohopmIIeHa BEPHO.

OtmeTka «4» - OTBET Ha TEOPETUYECKHM BONPOC BEPEH, HO HE JIOCTATOYEH IO
00bEMyY, OOBSICHEHHE KAaueCTBEHHOW 3aJayll HE COJCPKUT SIBHBIX HPOTHUBOPEUHIA,
pacu€THas 3a/1aya pelieHa 1 opopMieHa BEpHO, HO UMEET MOTPEUIHOCTH B pacuérax,
HETOYHOCTH, HETOPaOOTKH B O(DOPMIICHHH.

Otrmetka «3» - OTBeT Ha TeopeThyeckui Borpoc coctasisier 10 50% marepuana,
[P pEeUICHUU PACUETHOM 3a/]a4l HET BBIYUCICHUS PA3MEPHOCTH, WU HEMPABUIbHBIN
MaTeMaTUYECKUN pacu€T, Wi 3a7a4a IOBEJeHA TOJIbKO O (PU3NYECKOTO PEIICHHUS.



Otmetka «2» - Bepuo BemomHeHo menee 50% o00bEéma 3amaHus, HET 3HAHUSA
(bU3UYECKUX 3aKOHOB, OTCYTCTBYET PEIICHUE PaCUETHBIN 3a1a4u.

IIpumep opopMiIeHUsI IK3AMEHALTMOHHOT0 OHJIeTa

(HaHMeHOBaHHe cpeqHero npoecCHOHAFHOTO YUeOHOTO 3aBEeICHHS)

PaccmoTpeHo HuK/I0BOM 3K3AMEHAIIMOHHBIA BUJIET YTBEPXIAIO:
KoMHuccHei Ne 1 3am. 1upekTopa
1o y4eOHoi padore
« » 20 r. o JucuuiinHe «Dusnka»
JUISL CIIEMATIBHOCTH. ®.1.0.
IIpencenaresn
®.1N.0. Cemectp | (wm 1) « » 20

OrneHnBaeMble KOMIIETEHIINU
OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-11.7.; JIP2, JIP4, JIP23, JIP30

1. TloctosiHHBIM nekTpuyecKuii ToK. CHila TOKa, HAapsDKEHUE, STEKTPHUECKOe
COMPOTHUBJICHUE.

2.  Kakue 3aTpyIHEHHs BCTpETHIIA OBl 3JIEKTPOTEXHUKA, €CITH ObI BO3AYX OBLT XOPOIINM
ITPOBOJTHUKOM 3JIEKTpUYECTBA?

3. Haiinure obmiee conpotuBiienue 1enw, ecir R1=4 Om, R2=12 Om, R3=5 Om, R4 =11
Om.

IIpenonaBaren D.1.0.
(moanucky)




[Ipunoxenue

NudopmanuonHoe odecreyenne 00y4eHus.

[lepedenp ucnosib3yeMbIx yueOHbIX u3AaHuil, THTepHeT-pecypcoB, TONOJIHUTEIBLHOM
JIMTEpPATyphl

OcCHOBHbBIE HCTOYHUKH:

1. Jlorsunenko, O.B., ®uzuka + ellpunoxenue : yaeonuk / O.B. JlorBuHeHKO. —
MockBa : KunoPyc, 2022. — 437 c. — ISBN 978-5-406-08888-3. —
URL:https://book.ru/book/941758. — TeKcT : 37eKTPOHHBIH.

2. Mskumes, I'. f., byxosnes, b. b., Corckuii, H. H. / ITox pen. IlapdbentbeBoit
H. A. ®usnka. Yuebnuk misa 10 k. - M.: U3narensctBo «IIpocBemenue», 2019. -
416 c.

3. Msikuwes, I'. 4., byxoBues, b. b., Uapyrun, B.M. / [lox pen. IlappenTtreBoit
H. A. ®usuka. Yuebnuk mnsa 11 kn. - M.: UznarensctBo «IIpocBemnienuey», 2019. -
399 c.

JlonoJIHUTEeIbHbIE HCTOYHUKH:

1. HmutpueBa, B. ®. ®usnka mais npodeccuit U CreruaibHOCTeH TEXHUYECKOTO
npoduiis: yueOHUK nJisi 00pa30BaTENbHBIX YUPEKICHUM HAYabHOTO U CPETHEro
npodeccronansHoro oobpazoanusi / B. ®. JImurpueBa. - 2-e uzg., crep. - M.:
N3natenbckuil ieHTp «Akanemus», 2017. - 448 c.

2. Tpodumosa, T.U., Kypc usuku ¢ mpumepamu pemeHus 3a1aq B 2-X TOMax.
Tom 1 : yuebnuk / T.U. Tpodpumona, A.B. ®upcoB. — Mocksa : KuoPyc, 2022. —
577 c. — ISBN 978-5-406-09078-7. — URL:https://book.ru/book/942134. — Tekcr
. DJIEKTPOHHBIN.

3. Tpodumosa, T.U., Kypc ¢pusuku ¢ npumepamu peuieHus 3agad B 2-X TOMaXx.
Tom 2 : yueonuk / T.U. Tpodpumona, A.B. @upcoB. — Mocksa : KnoPyc, 2022. —
378 ¢. — ISBN 978-5-406-09079-4. — URL:https://book.ru/book/942135. — Tekcr
. DJICKTPOHHBIN.

4. Tpodumosa, T.U., ®uzuka. Teopusi, peuieHue 3aaad, JEKCUKOH. : CIPaBOYHOE
uznanue / T.U. Tpodumora. — Mocksa : KuoPyc, 2022. — 315 c. — ISBN 978-5-
406-09691-8. — URL:https://book.ru/book/943640. — TekcT : 37€KTPOHHBII.

5. Tpodumona, T.M., ®uszuka or A mo A : cmpaBouHoe wusmanme / T.H.
Tpodumona. — Mocksa : KnoPyc, 2022. — 301 c¢. — ISBN 978-5-406-09292-7. —
URL:https://book.ru/book/942835. — TekcT : 37K TPOHHBIH.

Ilepeuens UHTEpHET-PECypCoOB:

1. bank 3amanuit PISA EHI" - Pexxum noctyna: http://www.mobuschool.02edu.ru
>...PISA...estestvennonauchnaya.../;

2. Enunas xomekius nudpoBbIX 00pa30BaTeIbHBIX PECYpPCOB. - Pexxum goctyna:
http://school-collection.edu.ru/catalog/pupil/?subject=30;



3. KM-mkomna. - Pexxum nocryma: http://www.km-school.ru/ ;

4, OtkpeiTast  ¢usuka. - Pexum nmocrtyma: http://www.physics.ru/courses/
op25part2/design/index.htm;

5. [Tnardpopma AKnacc - Pexxum gocrymna: http://www. yaklass.ru;

6. Poccuiickast anmekTpoHHas 1mkona - Pexum noctyna: http://www.resh.edu.ru/;

7 ®dusuka.mt. - Pexxum noctyna: http://www.fizika.ru;

8 OUIIA (BIIP 11 knacc) - Pexxum nocryna: http://www.fipi.ru /;

9 DOnexTpoHHBIN yueOHUK - Pesxxum noctyna: http://www.physbook.ru/.



