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1. HacnopT KOMIIJICKTA KOHTPOJILHO-OMCHOYHBIX CPEACTB

OcBoenue coaepxkanus ydeOHon aucrurminabel OY /(.10 dusuka obecrieunBacT
JOCTHXKEHUE CTYJICHTAMHU CIEAYIOIINX PE3yIbTATOB:

JUYHOCTHBIX (JI):
- JI.L1. Pa3BuTHE 4YyBCTBA TOPJAOCTH M YBAXEHHUS K HCTOPUU M JTOCTHUKECHUSIM
OTEUECTBCHHOUW (U3MUECKOW Hayku; (U3HUECKH TPaMOTHOE T[IOBEJCHUE B
npOPECCUOHATTLHON AEATENILHOCTH U OBITY MpU OOpalieHuu ¢ MNpudopamMu U
YCTPOMCTBAMHU,;
- JI.2. T'OTOBHOCTH K MPOJOKEHUIO 00pa30BaHMs U TOBBIIEHUS! KBATU(UKAIIUU B
n30paHHOU MPOQPECCHOHANTBHON NEATENPHOCTH M OOBEKTUBHOE OCO3HAHUE POJU
(bu3MUeCKNX KOMIETSHIINI B 3TOM;
- JI.3. Pa3BuTHe yMeHHUs HCIOJIb30BaTh JOCTH)KEHUS COBPEMEHHOM (hHU3MUeCcKOn
HaykKu W  (QU3MYECKUX  TEXHOJOTHH IS  TMOBBILIEHUS  COOCTBEHHOTO
MHTEJUIEKTYaJIbHOTO Pa3BUTHUS B BBIOpaHHOU MpoheCcCHOHAIBHON ACSITEIbHOCTH,
- JI.4. YMeHue caMocCTOSITeNIbHO JOOBIBaTh HOBBIE JUIsl ce0sl (hU3MUECKUe 3HAHMS,
UCIOJIb3YS JIJIsI ATOTO JIOCTYTHbIE UCTOUYHUKHU UH(POPMALINH;
- JI.5. YMeHue BbICTpanBaTh KOHCTPYKTHUBHBIE B3aMMOOTHOIIECHHUS B KOMAHIE IO
pelIeHno O0INX 3a/1a4;
- JI.6. YMmeHue ynpaBidTh CBO€H IO3HABATEIILHOW MESTEIbHOCTHIO, MPOBOJUTH
CaMOOILIEHKY YPOBHS COOCTBEHHOTO MHTEJUIEKTYaIbHOTO Pa3BUTHUS;
MeTanpeaMeTHbix (M):
- M.1. HMcrnonp30BaHHe pPa3IMYHBIX BHJOB ITO3HABATEIILHOW NESITEIBHOCTH IS
pemieHus (pU3MYECKUX 3a/lay, MPUMEHEHHWE OCHOBHBIX METOJOB TMO3HAHUSA
(HaOJsro/IeHUsI, OTIMCAHMS, U3MEPEHUS], SKCIIEPUMEHTA) ISl U3YUYCHUSI Pa3IUYHbIX
CTOPOH OKPY KaroUIen IEUCTBUTEIBHOCTH;
- M.2.Pa3Butrie HCHOJIb30BAHUS OCHOBHBIX MHTEIUICKTYAIbHBIX OIEpPALNI:
MOCTAHOBKH 3a7a4u, (POPMyJIUPOBAHUS TUNOTE3, aHAIU3a U CUHTE3a, CPAaBHEHMS,
0000IIeHNs, CUCTEMATU3AllUK, BBHISBICHUS TMPUYWHHO-CIEJACTBEHHBIX CBSI3EH,

ITOMCKa aHaJIOI'OB, Q)OpMYJ]I/IpOBaHI/ISI BbIBOJOB MJId M3YYCHHUA PA3JIMYHBIX CTOPOH



¢u3ndeckux OOBEKTOB, SBICHUA U TMPOLECCOB, C KOTOPHIMU BO3HUKAET
HE0OXOAMMOCTh CTAJIKUBATHCS B PO(PECCHOHATIBHOM cepe;
- M.3.PazBuTueymMeHUsl TE€HEpPUPOBATh MAEU U  ONPENENATh  CpPENCTBa,
HEO0OXOAMMBIE ISl UX PeaIM3allNH;
- M.4. YMeHue UCTIONb30BaTh Pa3InYHbIe UICTOYHUKH JJIS TTOJTYYeHH T (PU3UYECKON
uH(pOpMaIK, OLIEHUBATh €€ IOCTOBEPHOCTH;
- M.5. VYmenue aHanu3upoBaTh W MPEACTABIATh WHOOPMAIMIO B Pa3IAYHBIX
BUJIAX;
- M.6. VYmenue mnyOIUYHO TMPEACTABIATH PE3yJIbTaThl COOCTBEHHOTO
UCCIIEOBAHUS, BECTU JIUCKYCCUHU, JOCTYIIHO U TAPMOHUYHO COYETAsI COAECPIKAHUE
1 (HOpPMBI IpeICTaBIsIEMOI HHPOpMALTHH;

npeameTHbIx (IT):
- I1.1. ®opMupoBaHuEe NPEICTABICHUN O POIM U MECTE (PU3UKU B COBPEMEHHOM
Hay4YHOW KapTUHE MHpA; MOHUMaHUE (PU3NYECKOW CYHIHOCTH HAOIIOIa€MBIX BO
Bcenennot  siBiaeHud, poinu ¢usukd B (PopMHUpOBaHMHM ~Kpyrozopa u
(YyHKIMOHAIBHOM TPaMOTHOCTH YEJTOBEKA JIJIsl pEIIeHUs MPAKTUUECKUX 3a/1a4
- I1.2. ®opmMupoBaHHE€  OCHOBOIIOJAralOMUX  (PU3NYECKUX  TIOHATHH,
3aKOHOMEPHOCTEH, 3aKOHOB M TEOPHUH; YBEpPEHHOE HCIOJb30BaHHE (PU3NYECKOU
TEPMUHOJIOTHHU U CUMBOJIUKH;
- I1.3. ®opmupoBaHH€e BIIAICHUS OCHOBHBIMM METOJAMHU HAYYHOIO ITO3HAHUS,
UCIOJIb3YeMbIMH B (U3MKe: HaOMIOJEHUWEM, OIHUCAaHHEM, H3MEPEHUEM,
AKCIIEPUMEHTOM,;
- I1.4. VYwmenus oOpabarbiBaTh pe3yJabTaThl H3MEpPEHUN, OOHAPYXKUBATH
3aBUCHUMOCTh MEX1y (U3HMUYECKUMHU BEIMYMHAMH, OOBSICHATH TOITYYEHHBIC
pe3yJIbTaThl U J€1aTh BEIBOJBI,
- [1.5. ChopMupoBaHHOCTH yMEHUS peliaTh (PU3NUECKHE 3a]1aUH;
- I1.6. CdopMHpPOBAaHHOCTH, yMEHHUS TPUMEHSTh TMOJTYYCHHBIC 3HAHHUS IS
OOBSCHEHMS] YCJIOBUH TpPOTEKaHUs (PU3MYECKUX SBJICHUA B  MPHUPOJIE,
npodecCHOHATEHON cdepe W I TPUHATHS MPAKTHYECKUX PEIICHUH B

IMOBCEIHEBHOM KU3HU,



- [1.7. ChopmupoBaHHOCTH COOCTBEHHOM TO3UITUH 110 OTHOIICHHUIO K (DU3UIECKOM
MH(OpMaMU, TOTy4aeMON U3 Pa3HbIX HICTOYHUKOB.

JIMYHOCTHBIX, 0CBAMBAEMbIX B PAMKaX NporpaMmmsl Bocnutanus (JIP):

- JIP2 IlposBnsromuii aKTUBHYIO TPAXIAHCKYIO TMO3HUIIMIO, IEMOHCTPHUPYIOIIHIA
OPUBEP)KEHHOCTh  NPUHLHWIIAM  YECTHOCTH,  MOPSAOYHOCTH,  OTKPBITOCTH,
SKOHOMUYECKM aKTUBHBIM M YYaCTBYIOIIUNA B CTYJIEHYECKOM U TEPPUTOPHUATILHOM
CaMOYIIPaBJIEHUH, B TOM YHMCJIE€ HA YCJIOBHSX JOOPOBOJIbYECTBA, MPOJYKTHUBHO
B3aMMOJICHCTBYIOIIIUA W  yYacCTBYIOIIMH B  JEATEIBHOCTH  OOIIECTBEHHBIX
OpraHu3alnii;

- JIP4 TIlposBnsitoniii W JEMOHCTPUPYIOIIMM YBaXKEHUE K JIOAIM Tpyaa,
OCO3HAIOIIMN IIEHHOCTh COOCTBEHHOTO TpyAa. Ctpemsimumiica K (GOpMUPOBAHHIO B
CETEeBOU cpefie JIMYHOCTHO U MPO(eCcCHOHATBLHOTO KOHCTPYKTUBHOTO «IIM(PPOBOTO
cuenay;

- JIP23 Tlomydyenwe OOy4YarOIIMMHUCS BO3MOXHOCTH  CaMOPACKpBITUS U
camopeaIn3alus JIMYHOCTH;

- JIP30 Ocy1ecTBastomuid MOUCK U UCNOJIb30BaHUE MH(POpMAIMH, HEOOXO0 MO
it 9(GGEeKTUBHOTO BBIMOJTHEHUS! PA3IMYHBIX 3a/lad, MNPoGEeCCHOHAIBHOTO U
JUYHOCTHOT'O Pa3BUTHSI.

®opmoii aTTecTaluy Mo y4eOHOM TUCIUIIUHE SIBISIETCS IK3aMEH.



2. PGSyJIbTaTLI 0CBOCHUHA y‘l€6HOl7[ ANCHUIIJINHBI, MTOAJICKAIUE IIPOBEPKE.

B pesynbprate arrectanuu 1o y4eOHOM JTUCHUIUIMHE OCYIIECTBIISETCS
KOMIUIEKCHAsl TMPOBEPKA CIEAYIOIMMX YMEHUNW W 3HAHWUM, a TakkKe JIUHAMHUKA
KOMIICTEHIIMA W JIMYHOCTHBIX

dbopmMupoBaHus 00mMX, TPOGECCHOHATBLHBIX

pE3yNbTATOB B PAMKAX MPOrPaMMbl BOCIIUTAHUS:

Pesynbrarel o0yueHus:

IToka3aTenu oneHKHu
pesyJbTara.

dopMa KOHTPOJIS
Y OLICHUBAHUSL.

¥Y1. OmuceBath U OOBICHITH
(bu3rYECKUE SIBJICHUS U CBOWCTBA
TEN: JBWKEHHE HEOECHBIX TeNl U
UCKYCCTBEHHBIX CITyTHUKOB
3emiu; CBOMCTBa rasos,
KHUJIKOCTEH W TBEPHABIX T,
AIEKTPOMArHUTHYIO HMHJTYKITHIO,

OrnmceIBaer n 00BICHSIET
(dbusnyeckye sIBIICHUS U CBOMCTBA
TEJI: JBIDKEHUE HEOSCHBIX TEN U
HCKYCCTBEHHBIX CITyTHHUKOB
3emnu; CBOMCTBa ra3os,
JKUJOKOCTEW W TBEPABIX TEI;
AJNIEKTPOMArHUTHYIO HMHJIYKIIUIO,

pacIpoCTpaHEHUE pacpoCcTpaHeHue
3IEKTPOMAarHUTHBIX BOJIH; | DJIEKTPOMAarHUTHBIX BOJIH;
BOJIHOBBIC  CBOMCTBA  CBETA; | BOJHOBBIC  CBOMCTBA  CBETa;

M3ITyYeHUE M TIOTJIOIICHHUE CBeTa
aroMoMm; potorddexT.

U3ITyYeHre W TIOTJIOIICHNE CBeTa
aromoM; (potorddexr.

YcTHBIN 01pOoC;
JlaGopartopHas
pabora;
TectupoBaHue;
CamocrosTenpHas
paborTa,

¥Y2. Ormiuuarh THUIIOTE3HI
Hay4YHBIX TEOPUH.

oT

OTtanuyaer TUIIOTE3bI OoT
Hay4YHBIX TEOPUH;
OpraHu30BBIBaTh COOCTBEHHYIO
JIESITEbHOCTD, BBIOMPATH
THIIOBBIE METOJbI U CIOCOOBI
BBIIIOJTHEHUS

podhecCUOHATTBHBIX 3aad,
OLICHUBATh UX APPEKTUBHOCTD
1 Ka4eCTBO.

Y CTHBIN 0npoC;
JlabopaTopHas
pabora;
TectupoBaHue;
CamocTosiTenbHas
pabora;

¥ 3. Jlenats BBIBOJIBI Ha OCHOBE | JlemaeT BBIBOABI Ha OCHOBE | Y CTHBIM OIPOC;

AKCIEPUMEHTAIBbHBIX JAHHBIX. | AKCIIEPUMEHTAIbHBIX JaHHBIX; | JJabopaTtopHas
paborTa;
TectupoBanue;
CamocrosTenbHas
pabora;

Y4. llpuBomutes  npumepsl, | [IpuBogut IIPUMEDPBHL, | Y CTHBIN OIIPOC;

ITOKa3bIBAIOIIINE, YTO: | MOKAa3bIBAOIIIUE, yto: | JIJabopaTopHas

HAaOJIOAEHUSI M DKCHEPUMEHT | HAOMIOJCHUsI M DKCIEePHUMEHT | padoTa;




SIBIISIIOTCS OCHOBOH JUTSt
BBIIBIIKECHUS TUIIOTE3 u
TEOPHUIl, MO3BOJIAIOT MPOBEPUTH
WCTHHHOCTH TEOPETUYECKHUX
BBIBOJIOB; (pU3Myeckas Teopus
JIae€T BO3MOYKHOCTH OOBSICHSTH
W3BECTHBIC SIBICHUS MPUPOJIBI U

SIBJISIIOTCS OCHOBOM JUISE
BBIABHIKECHUS TUIOTE3 n
TEOpHi, MO3BOJISIIOT MPOBEPUTH
WCTUHHOCTD TEOPETUYECKUX
BBIBOJIOB; (pu3nyeckas Teopus
JIa€T BO3MOXKHOCTH OOBSACHSITH
W3BECTHBIC SIBJICHUS TIPUPOJIBI U

TectupoBanue;
CamocrosTenbHas
pabora;

Hay4HbIE bakThl, | HAYYHBIC (baxThI,

IIPEACKa3bIBaTh elne | MpeacKasbBaTh ele

HEU3BECTHBIC SIBJICHHUS. HEWU3BECTHBIC SIBJIICHUS.

¥Y5. IlpuBonuts  mnpumepsl | [IpuBogut IIPUMEPHI | Y CTHBIN OIIPOC;

MPAKTUYECKOTO HMCIOJIb30BaHUS
bU3MYECKUX 3HAHUW: 3aKOHOB
MEXaHUKHU, TEPMOJIMHAMUKUA U
3JIEKTPOANHAMUKHU B
SHEPreTUKE; PA3JIWYHBIX BUIOB
3JIEKTPOMArHUTHBIX HW3Ty4YEHUN
I pa3BUTUA  paguo U
TEJICKOMMYHUKAIIUH,

KBAaHTOBOU (DM3UKU B CO3JIaHUU
SIAEPHOM YHEPTEeTUKH, Ja3€POB.

MPAKTUYECKOTO HMCIOJIb30BaHUS
(bu3MYeCKUX 3HAHWM: 3aKOHOB
MEXaHUKH, TEPMOJIUHAMUKU U
AJIEKTPOAUHAMUKH B
SHEPreTUKE; PA3IUYHBIX BUIOB
AJIEKTPOMArHUTHBIX H3JIy4YCHUI
U9 pa3BUTUd  paguo U
TEJIEKOMMYHUKAIIUH,

KBAaHTOBOW (PU3HMKU B CO3JIaHUU
SIACPHOM YHEPIreTUKH, JTA3€POB.

JlabopaTopHas
pabora;
TectupoBaHue;
CamocTosiTenbHas
pabora;

Ye. Bocnpuanmare u  Ha | BocnpyHMMaer M Ha OCHOBE | Y CTHBIN OIpOC;
OCHOBE TMOJIYYCHHBIX 3HAHUM | MMOJYYECHHBIX 3Hanmii | JlabopaTtopHas
CaMOCTOSTEIIBHO OLIEHMBATh | CAMOCTOATEIIBHO OLICHUBAET | paboTa;
uHdopmaImio, cojiepairyrocs | uHopmaiuio, cojaepxkairyrocs | TectupoBanue;
B COOOIIEHUAX CMN, | B COOOIIEHUIX CMMN, | CamocTosiTenbHas
HNnTepuere, Hay4dHO- | UHTEpHETE, Hay4HO- | paboTa;
MOMYJISIPHBIX CTAThSIX; MOIYJISIPHBIX CTaThIX;
Y. llpumenare nonydeHHsie | [Ipumenser MIOJIYYEHHBIE | Y CTHBIM OMPOC;
3HAHUS npu pELIECHNH | 3HAHUSA npu pewenun | JlJaboparopnas
dusnuecknx 3amad; CcrmocoObl | GU3MUECKUX 3a7ad. pabora;
BBITIOJTHEHHSL. TectupoBanue;
CamocTrosiTenbHas
paboTa;
¥8.0mpenendars xapakrep | Onpenensier XapakTep | Y CTHBIN onpoc;
¢usznueckoro  mporecca 1o | puznueckoro  mpouecca 1o | JlaboparopHas
rpaduky, Tadnuue, popmye. rpaduky, Tadnuie, Gopmyie. paborTa;
TectupoBanue;
CamocTrosiTenbHas
pabora;
¥Y9. Usmepsath pan ¢pusznueckux | U3mepsier  pan  ¢usnueckux | Y CTHBIN OIpoc;
BEJINYUH, MIPEACTABIIsAS | BEJIUYUH, npencrasisisa | JlabopaTopHas
pe3ynbTaThl  WU3MEPEHWH  C | pe3yJbTaThl  W3MEpeHud  c | pabora;
YUYETOM HX MOTPEITHOCTEM. YUYETOM HUX MOTPENTHOCTEM. TectupoBaHue;




CamocrosgrebpHas

pabora;
Y10. Ucnonr3oBats | crionb3oBaTh MpuOOpPETEHHBIE | Y CTHBIN OMPOC;
OpUOOpETEHHBIE  3HAHWUS U | 3HAHUS U YMEHUS B | JlaGoparopHas
YMEHUS B NPAKTUYECKOH | MPAKTUYECKON AESTENBHOCTUA U | paboTa;
NEATENILHOCTH U MOBCEAHEBHOM | IOBCEIHEBHOW JKU3HMU. TectupoBanue;
KU3HU. CamocTrosiTenbHas
pabora;
31. Cwmbich MOHATHUH: | 3HAET CMBICII TIOHATHUM: | Y CTHBIN ONIPOC;
busnueckoe sBJICHHE, | Pr3ndecKoe spienne, | JlJabopatopHas
TUIIOTE3a,  3aKOH,  Teopwus, | TMIOTe3a,  3aKOH,  Teopus, | padboTa;
BEIIECTBO,  B3aWMOJICMCTBHUE, | BEUIECTBO,  B3aUMOJICUCTBUE, | T€CTUPOBAHUE;
3JIEKTPOMATrHUTHOE oJie, | SJIEKTPOMarHuTHOE nojie, | CamocTosiTenbHas
BOJIHA, ()OTOH, aToM, aTOMHOE | BOJHA, ()OTOH, aToM, aTOMHOE | paboTa;
ANpO, WOHU3HUPYIOLINE | SAPO, MOHU3HUPYIOIINE
W3IIyYeHHUs], IUIAHETa, 3Be3/a, | U3JIyUCHHUs, IUIaHeTa, 3Be3/a,
rajiakTuka, Beenennasi. rajJlakTuka, Beenennasl.
32. Cwmpicn ¢usnueckux | 3HaeT  CMbICH  (PU3UYECKUX | Y CTHBIN OIpoc;
BEJINYMH: CKOPOCTb, | BEJITUYHUH: CKOpOCTb, | JlaboparopHas
YCKOpEHHE, Macca, CWia, | yCKOpeHue,  macca, cuia, | pabora;
UMITYJIbC, paboTta, | UMITYJIbC, paborta, | TectupoBanue;
MeXaHU4YecKas SHEPTHUS, | MEXaHUUYECKas sHeprus, | CaMmocTosITeNbHAs
BHYTPEHHSIS SHEPTHUS, | BHYTPEHHSIS sHeprus, | padoTa;
abcomoTHas TeMIieparypa, | abCoIoTHas TEeMIIEpaTypa,

CpeaHsasa KHHCTUYCCKAsA DOHEPTIUA
qacTul BCIICCTBA, KOJIHUYCCTBO

CpeaHssa KHHCTUYCCKasA OHCPT A
qacCTull BCIICCTBA, KOJIHMYCCTBO

TEIJIOTHI, AIIEMEHTAPHBIN | TEMIOTHI, AJIEMEHTAPHBIN

AIEKTPUYECKUH 3apsil. DIEKTPUUYECKUH 3apsijl.

33. Cwmbich ¢uzmdeckux | 3HaeT  CMBICT  (PUBMYECKHUX | Y CTHBIN OMpoc;
3aKOHOB KJIACCUYECKOM | 3aKOHOB Kiaccuyeckon | JlaboparopHas
MEXaHUKH, BCEMUPHOTO | MEXaHUKH, BCEMUPHOTO | paboTa;
TATOTEHMS, COXpaHEHUs | TATOTEHUS, coxpanenus | TectupoBanue;
SHEPruu, UMITyJIbCa U | DHEpIuHy, UMITyJIbCa u | CamocTosiTenbHas
AIEKTPUIECKOTO 3apsa, | DJIEKTPUIECKOro 3apsna, | pabora;
TEPMOIMHAMUKH, TEPMOJIMHAMUKH,

AJICKTPOMArHUTHON WHIyKIIHH,
dboTordhdekra.

DJICKTPOMArHUTHOW WHJIYKIIUH,
dhoTorddexra.

34. Bkinag pocCCHUHCKUX H
3apyO0eKHBIX YYEHBIX,
OKa3aBLINX HauOOoJbIIIee

BJIUSIHUE Ha pa3BUTHE (DU3UKHU.

3HaeT BKJIAJ POCCHUICKUX U
3apyOeKHBIX YYEHBIX,
OKa3aBLINX HanOoJbIIee
BJIIMSIHUE HA Pa3BUTHE (PUBUKH.

Y CTHBIN 0npoC;
JlabopaTtopHas
pabora;
TectupoBanue;
CamocrosrenbHas
pabora;




3. OneHka 0CBOEeHUs YU4eOHOW TUCIUNIMHBI:

3.1 @®@opMbl U METOIbI KOHTPOJIA.

[IpenMeToM OILIEHKH CiIy»aT yMeHUsi U 3HaHus, npeaycmorpeHHble PI'OC mno
mucuuiuimHe OYJI.11 ®usuka, HampaBieHHble Ha (OpMUpOBaHHE OOUIMX H
IpOPECCUOHATBHBIX KOMIETEHIMMH, a TaKKe JTUYHOCTHBIX Pe3yJbTaTOB B paMKax
IpOrpamMMbl BOCITUTAHHS.



KOHTpOJIb H OI€HKa 0CBOCHUHA yqeﬁﬂoﬁ AUCIUIIJINHBI 110 TEMaM (pa:me.ﬂaM)

OnemeHT Y /1 @opMBI U METOABI KOHTPOJIS
Texkymui KOHTPOJIb PyGexHbIi KOHTPOJIb [IpomexyTouHas arTecTauus
dopMbl IIposepsiembie dopMbl IIposepsiembie dopma IIpoBepsiembie
KOHTPOJIS JI, 11, M, JIP KOHTPOJIS JI, II, M, JIP KOHTPOJIS JI, 11, M, JIP
Paznen 1. Bxoanoit OK 01-OK 07; DK3ameH I OK 01-OK 07;
Mexanuka KOHTPOJIb, JI.1.-J1.6.; M. 1.- JI.1.-J1.6.; M. 1.-
KPNel M.6.; IL.1.-I1.7.; M.6.; I1.1.-11.7.;
JIP2, JIP4, JIP2, JIP4,
JIP23, JIP30 JIP23, JIP30
Tema 1.1. YO, T, CP OK 01-OK 07;
OcHOBBI JI.1.-J1.6.; M. 1.-
KUHEMaTHKHU M.6.; I1.1.-11.7.;
JIP2, JIP4,
JIP23, JIP30
Tema 1.2 YO, T, CP OK 01-OK 07;
OCHOBBI TMHAMHMKU JI.1.-J1.6.; M. 1.-
M.6.; I1.1.-11.7;
JIP2, JIP4,
JIP23, JIP30
Tema 1.3 YO, T, CP OK 01-OK 07;
3aKOHBI COXpAHEHUS JI.1.-J1.6.; M.1.-
M.6.; I1.1.-11.7;
JIP2, JIP4,
JIP23, JIP30
Paznean 2. KPNe2 OK 01-OK 07; Ik3zamen I OK 01-OK 07;
MoJiekyasipHasi JL1.-J1.6.; M.1.- JL1.-J1.6.; M.1.-




(pu3uKa U 0CHOBBI M.6.; I1.1.-11.7.; M.6.; I1.1.-11.7.;
TEPMOJUHAMUKH JIP2, JIP4, JIP2, JIP4,
JIP23, JIP30 JIP23, JIP30
Tema 2.1 VO, CP, JIPNel | OK 01-OK 07;
OCHOBBI JI.1.-JI1.6.; M. 1.-
MOJIEKYJISPHO- M.6.; I1.1.-11.7.;
KHHETUYECKOMN JIP2, JIP4,
TEOPHH I'a30B JIP23, JIP30
Tema 2.2 YO, CP OK 01-OK 07;
OcHOBBEI JI.1.-JI1.6.; M.1.-
TEPMOAUHAMUKHI M.6.; I1.1.-11.7.;
JIP2, JIP4,
JIP23, JIP30
Tema 2.3 YO, T, CP, OK 01-OK 07;
ArperarHbie JIPNo2, JIPNe3 | JI.1.-JL.6.; M.1.-
COCTOSIHUS M.6.; I1.1.-11.7.;
BCILIECTBA U JIP2, JIP4,
(ha30BbIe TTEPEXO0IbI JIP23, JIP30
Pa3nen 3. KPNe3 OK 01-OK 07; Oxzamen I OK 01-OK 07;
DJIeKTPOAUHAMUKA JI.1.-J1.6.; M. 1.- JI.1.-J1.6.; M. 1.-
M.6.; I1.1.-11.7.; M.6.; I1.1.-11.7.;
JIP2, JIP4, JIP2, JIP4,
JIP23, JIP30 JIP23, JIP30
Tema 3.1 VO, T, CP, OK 01-OK 07;
DIJIEKTPUYECKOE JIPNe4 JI.1.-J1.6.; M.1.-
1oJIe M.6.; I1.1.-11.7.;
JIP2, JIP4,

JIP23, JIP30




Tema 3.2 VO, T, CP, OK 01-OK 07;
3aKOoHBI JIPNe5, JIPNe6, | JI.1.-J1.6.; M.1.-
nmoctossHHoro Toka | JIPNe7, JIPNe§, | M.6.; I1.1.-I1.7.;
JIPNe9, JIPNel10 JIP2, JIP4,
JIP23, JIP30
Tema 3.3 YO, T, CP, OK 01-OK 07;
DIIEKTPUYECKUIN TOK JIPNel 1 JI.1.-J1.6.; M.1.-
B Pa3JIMYHBIX M.6.; I1.1.-11.7.;
cpenax JIP2, JIP4,
JIP23, JIP30
Tema 3.4 YO, T, CP OK 01-OK 07;
MaruauTtHoe 1oJIe JI.1.-J1.6.; M.1.-
M.6.; I1.1.-11.7.;
JIP2, JIP4,
JIP23, JIP30
Tema 3.5 YO, T, CP OK 01-OK 07;
DJeKTpOMarHuTHas JI.1.-J1.6.; M.1.-
WHIYKLUS M.6.; I1.1.-11.7.;
JIP2, JIP4,
JIP23, JIP30
Pa3nen 4 KPNe4 OK 01-OK 07; Oxzamen I OK 01-OK 07;
Kosaed0anus n JI.1.-J1.6.; M. 1.- JI.1.-J1.6.; M. 1.-
BOJIHBI M.6.; I1.1.-11.7.; M.6.; I1.1.-11.7.;
JIP2, JIP4, JIP2, JIP4,
JIP23, JIP30 JIP23, JIP30
Tema 4.1 YO, T, CP OK 01-OK 07;
MexaHn4yeckue JI.1.-J1.6.; M. 1.-
Kose0aHMUs U BOJIHBI M.6.; I1.1.-11.7.;




JIP2, JIP4,

JIP23, JIP30
Tema 4.2 YO, T, CP, OK 01-OK 07;
DJIEKTPOMAarHuTHHIE JIPNe12 JI.1.-J1.6.; M.1.-
KO0JICOAHHUS ¥ BOJHBI M.6.; I1.1.-11.7.;
JIP2, JIP4,
JIP23, JIP30
Pa3nea 5. OnTuka KPNo5 OK 01-OK 05; Oxzamen I OK 01-OK 05;
JL.1.-J1.6.; M.1.- JL1.-J1.6.; M.1.-
M.6.; I1.1.-11.7.; 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 JL.1.-J1.6.; M.1.-
M.6.; I1.1.-11.7;
JIP2, JIP4,
JIP23, JIP30
Tema 5.2 YO, CP, OK 01-OK 05;
BomnHoBbIE cBOMCTBA JIPNel14, JI.1.-J1.6.; M. 1.-
cBeTa JIPNel5 M.6.; I1.1.-11.7.;
JIP2, JIP4,
JIP23, JIP30
Tema 5.3 YO, T, CP OK 01-OK 05;
CnenuanpHast JI.1.-J1.6.; M.1.-
TEOpHUs M6, Hl-H7,
OTHOCHTENBHOCTH JIP2, JIP4,
JIP23, JIP30
Pa3nen 6. KPNe6 OK 01-OK 07; Ikzamen I OK 01-OK 07;




J1eMeHThI JI.1.-J1.6.; M. 1.- JI.1.-J1.6.; M. 1.-
KBaAHTOBOM M.6.; I1.1.-11.7.; M.6.; I1.1.-11.7.;
¢usuku 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.-11.7;
JIP2, JIP4,
JIP23, JIP30
Tema 6.2 VO, T, CP, OK 01-OK 07;
®duzuka aToMa 1 JIPNel7 JI.1.-J1.6.; M. 1.-
aTOMHOTO M.6.; I1.1.-11.7.;
aapa JIP2, JIP4,

JIP23, JIP30




3.2 KoagugukaTop OLEeHOYHBIX CPEe/ICTB.

OYHKIMOHATBHBIN npusHak | Kox orieHouHOTO cpeicTBa
OLIEHOYHOTO CpencTBa (Tun
KOHTPOJILHOTO 3aJIaHMUsI)

Y cTHBIN Omnpoc YO
JlabopaTtopHas pabota Ne n JIP Ne n
TectupoBanue T
Kontponbras pabota Ne n KP Nen
3agaHus U1 caMoCTosATeNbHOM padoTel | CP

- pedepar;

- TOKJIa;

- cOOOIIIEeHHE;

- OCCE.

PasHoypoBHeBble 3amaun U 3amgaHus | P33
(pacuérHbie, TpadUICECKUe)

Pabouas terpasip PT
[Ipoekt I1
JlenoBas urpa AN
Keiic-3amaua K3
3auét 3
JudbdepenniupoBaHHbIif 3a4€T A3
DK3amMeH C)




4. 3anaHud 1JI9 OLEHKH OCBOEHM Sl TUCHHUILTUHbI
BxoaHo# KOHTPOJIb

Bapuanr 1

B 3aganusx 1-9 BpiOepruTe NpaBUJIbLHBIA OTBET U 3aNIMIINTE €ro B 0JIaHK 0TBeTOB. [list
3apanuii 10, 11, 12 HanumuTe MOJHOE 000CHOBAHHOE pellleHHe W 3alUIIUTEe ero B
0JIaHK OTBETOB.

Kpurepun oueHuBaHus.

3amanusa 1 — 9 onennBaroresd B 1 6amn. 3aganusa 10,11,12 B 2 Gamna.

1. OTHOCHUTEIBLHO KaKOIro Teja WIM YacTed Tena maccCaxxup, CI/II[}IHII/II\/’I B IBMKYIICMCA
BaroHe€, Haxo4uTCsAa B COCTOSAHUHA TTOKOSI?

1. 3emmnm.

2. Baroxa.

3. KoJIeca BaroHa.
4. penbC

2. Ilpu paBHOYCKOPEHHOM JBIKEHHUH CKOPOCTH Tela 3a 5 ¢ m3MeHmiach ot 10 m/c 1o

25 M/c. Ompeiennute yCKOpEHHe Tea.
1. 4 m/c?;
2.2 m/c?;
3. -2 M/c?;
4.3 m/c?.
3. Jlana 3aBUCMMOCTb KOOPJMHATHI OT BPEMEHU MPU PABHOMEPHOM JBIKEHUU: X=2+3t.
YeMy paBHBI HauaIbHasi KOOpJIWHATA U CKOPOCTH Tema?
1. X%,=2, V=3;
2. %=3, V=2,
3. X=3, V=3;
4. x,=2,V=2.

4. YCTaHOBHUTE COOTBETCTBHE MEXIYy (UIMYECKUMH OTKPBITUSIMU M YYEHBIMU H
3anoyiHuTe Tabnmuiyy Huxke. [lomyduBiIyiocs MmocieqoBaTeIbHOCTh UG 3aMHUIINATE
0e3 3anAThIX ¥ NpoOeToB B OJIaHK OTBETOB.

A |B IB OTkpbiTHE Vuennii
A) 3aKOH O mepeayu AaBICHUS 1) Macka
KUIKOCTSIMHU U Ta3aMu
2) Toppuuennu
b) 3aKk0H BCEMUPHOTO TATOTEHUS

> HOUH B) oTkpBITHE aTMOC(HEPHOTO 3) Apxumen
JIEUCTBUE 4) HeroTOH
M CHUEL TaBJICHUS

10H Teno aBukercs ¢ yckopenueM Sm/c?. Kakosa macca tena?



1. 2kr.

2.0,5 kr.
3. 50 kr.
4. 100xkr.

6. [Ipu mpoBeneHnr dKCrEpUMEHTa UCCIEA0BaIaCh 3aBUCUMOCTh MPOWIEHHOTO TEJIOM
nyTH S oT BpeMenu t. ['paduk mosydeHHON 3aBUCUMOCTH TIPUBEAEH HA PUCYHKE.

Bri6epuTe nBa yTBEpKACHMUS,
COOTBETCTBYIOIIUE Pe3ysibTaTaM dTUX U3MEPEHUMH.

1) Cxopocts Tena paBHa 6 m/c.

2) Yckopenue Tena paBHo 2 M/c?,

3) Teno ABUXkeETCA paBHOYCKOPEHO.

4) 3a BTOpYyIO CEKYHly IPOMJEH MyTh 6 M.
5) 3a maTy1o cexkyHAy mpoiineH myTsh 30 m.

7. Ilo rpaduky 3aBUCUMOCTH KOOPJUHATHI KOJIEOMIOMIETOCs Tella OT BpeMEHU (PUCYHOK
2) onpenenuTe aMIuIUTy 1y KOJeOaHUu.

1.05wm;
2.-05wm;
3.4 m;
4.2 m

8. Uemy paBHa macca rpy3sa, JeXaliero Ha mojy Jaudra, KOTOpbIii HAYWHACT JTBUKCHUE
BBEPX C yckopenueM 3 M/c?. I'py3 masut Ha o nudra ¢ cuiaoit 520 H.
1) 60 xr
2) 50 kr
3) 40 xr
4) 5 kr

9. VYcraHoBUTE€ COOTBETCTBHE MEXIy MNpuOOpaMu U (PU3NUYECKHUMH BEIUYUHAMHU U
3armoIHUTe Tabmuiry Hibke. [loayduBIIyIOCS MOCIEA0BATEILHOCTh ITUGP 3alUIINATE
0e3 3amAThIX 1 MPOOENOB B OJIAHK OTBETOB.



[Tpubop DOU3NYECKUE BETUYUHBI

A) cuxpometp 1) naBnenue
b) manomertp 2) CKOpOCTh
B) cnupomeTp 3) cuna

4) BIaXHOCTh BO3/IyXa

A b B

10.Tenexxka ™Maccolt 2 K JBHXKYIIASCS CO CKOPOCTBIO 3M/C CTaJKUBAaeTCsi C
HETIOABMKHOM TEJIEKKOU Maccol 4 Kr u cuemisiercs: ¢ Hel. Onpenenure CKOpoCTh
00eux TeNeKEeK MOCie B3aUMOICHCTBUS?

11.ABTOMOOMIIBb BUTANICA CO CKOPOCThIO 10M/C, 3aT€M BBIKJIFOUMI ABUTaTeNlb U Hayal
TOpMOXKEHHE ¢ yckopeHuem 2 wm/c?. Kakoil myTh mpoizeH aBromoOuiem 3a 7 ¢
MOMEHTA Hadyajla TOPMOKEHUs?

12 IlonbEMHBIA KpaH paBHOMEPHO MOJAHMMAET Ipy3 Maccou 1,5 TOHHBI CO CKOPOCTBIO
0,4 M/c. OnpeaenuTe MOIHOCTb ABUTATENs KpaHa, €CJIM U3BECTHO, YTO €ro Kodhdu-
IIUEHT noJie3Horo aeiictusa 60%.

Bapuanr 2

B 3aganusx 1-9 Bpi0epuTe NpaBUJIbLHBIA OTBET U 3aNIMIIUTE €ro B 0JIaHK 0TBeTOB. /L5t
3apanuii 10, 11, 12 HanumuTe MOJHOEe 000CHOBAHHOE pelleHHe M 3alHuIIUTEe ero B
0JIAaHK OTBETOB.

Kpurepun oueHnBaHus.

3amanusa 1 — 9 ouennBarorcd B 1 6amn. 3amanus 10,11,12 B 2 Gama.

1. B xakoM H3 CIEQyIOUMX CIIy4daeB JBUKEHUE TeJla MOXKHO paccMaTpUBaTh Kak
JBIKEHNE MaTePUATBbHON TOYKHU?
. JIBuKeHue aBTOMOOUIISE U3 OAHOTO rOpojia B IPYToi.
. JIBmKeHNEe KOHbKOOEXKI[A, BHITOHSIONIETO MpOorpaMmy (PUTrypHOTO KaTaHUSI.
. JIBm>keHne noesna Ha MOCTY.
. Bpamenue neranu, oOpabarbiBaeMoii Ha CTaHKE.

AW —

2. Ilpu paBHOYCKOPEHHOM JBFDKEHHUH CKOPOCTH Tena 3a 6 ¢ M3MEHWIach oT 6 M/C 0
18 m/c. Onpenenure ycKopeHue Tena.
.4 m/c?;
. 2 M/c?;
. -2 M/C?;
. 3 m/c?.

WD

3. U3 npennokeHHbIX YpaBHEHUN YKaXUTE YPABHEHUE PABHOYCKOPEHHOTO JBUKEHUS.
1. x=2t;
2. X=2+2t;



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

4. YCTaHOBHUTE COOTBETCTBHE MEXAY (U3HMUECKUMM BEIUUYMHAMH W HUX CIUHHUIIAMU
W3MEPCHUM M 3almojdHuTe TaOimiy Hiwke. [lomyuuBIIyrocs MMOCIEI0BaTEIbHOCTD
udp 3anumure 63 3amsIThIX U MPOoOeNoB B OJIAHK OTBETOB.

dusnyeckue BEJIMUYHHBI EninHunie1 usmepenust
A) CKOpOCTh 1) Ila
b) naBnenue 2) JIx
B) Bec Tena 3) m/c
4)H
5) kr
A|b|B

5. Kak Oyner aBuraThCsi TENO Maccod 4 KI, €ClIu PaBHOACHCTBYIOIIAs BCEX CHII,
JEUCTBYIOIIMX Ha Hero paBHa 8 H?
1. PaBHOMEpHO MPSAMOIMHEITHO.
2. PaBHOMEpPHO CO CKOPOCTHIO 2 M/C.
3. PaBHOYCKOPEHO C YCKOPEHHEM 2 M/C?.
4. PaBHOYCKOpEHO ¢ yckopenueM 0,5 m/c?,

6. Ha pucynke npuBeneHsl rpauky 3aBUCUMOCTH KOOPJUHATHI OT BPEMEHU IS IBYX
Ten: A u B, IBHKyIuXCs M0 MpsSMOM, BAOIL KOTOPOU 1 HampasieHa och Ox. BriOe-
PUTE 1BA BEPHBIX YTBEPKICHUS O IBUKCHUU TEI.

X, M A 1) Teno A aBUMXKETCS PaBHOYCKOPEHO.
2) BpemeHHOW HHTEpBATl MEXAYy BCTpeYamMU
30 N #H  Ten A u B cocrasiser 6 c.
20 N e 3) B TedyeHne nepBhIX MATH CEKYH/I Tea
N ) i JIBUTAIIMCH B OJTHOM HAIIPABJICHUU.
10 A BT 4) 3a mepBbie 5 ¢ Teino A mponuio 15 m.
=] 1. 5) Teno B nBuxkeTcst ¢ MOCTOSHHBIM YCKOPEHUEM.
0 2 4 6 8 fc

7. Tlo rpaduky 3aBUCHMOCTH KOOPJAUHATHI KOJIEOIIOMIETOCs Tea OT BpeMEeHH (PUCYHOK
2) omnpenenuTe nepruo KojieOaHuii.

4 c;
.5¢;
.8¢;
.2 C.



X, cM A

S
y
oY

8. Uemy paBHa Macca rpy3sa, Jexaliero Ha mojy Jaudra, KOTOpbIi HAYWHAST JIBHKCHUE
BBEPX ¢ yckopenueM 5 m/c?. I'py3 maBut Ha o nudra ¢ cuaoi 585 H.
1) 49 kr
2) 45kr
3) 39 xr
4) 15 xr

9. YcraHoBUTE COOTBETCTBHE MEXAYy mNpuOopamMu ©U (PU3NYECKUMH BEITUYUHAMH,
KOTOPBIC OHU U3MEPSIOT. 3anoaHuTe Tadnuiry. [lomydnBiryocs mocaea0BaTeIbHOCTh
udp 3anumure 0e3 3aniaThiX U MPOOEIoB B OJJAaHK OTBETOB.

[Tpubop Ou3nyecKne BeTUINHBI
A) TepMoMeTp 1)naBneHue
b) 6apomerp-anepoun 2) CKOPOCTh
B) nunamomertp 3) cuna

4) Temriepatypa

A |b |B

10.Temo maccoit 3 Kr IBHIKETCS CO CKOPOCTHIO 7 M/C W CTaJIKHUBACTCSA C TOKOSIITUMCS
TenoM Maccoi 4 Kr. OnpenenuTe CKOPOCTh UX COBMECTHOTO IBUKEHUS.

11. ABTOMOOWIH JABUTAICS CO CKOPOCTHIO 25 M/C, 3aTeM BBIKJIIOUMJ JABUTATENIh U Hadall
TOPMOXKEHHE ¢ yckopeHueM S5 wm/c?. Kakoil myTh mpoiifieH aBromoOuiem 3a 4 ¢
MOMEHTa HavaJla TOPMOKEHUs?

12 IlonbEMHBIA KpaH paBHOMEPHO MOJAHMMAET Ipy3 Maccou 2,5 TOHHBI CO CKOPOCTBIO
0,2 M/c. OnpeaenuTe MOIHOCTb ABUIATENs KpaHa, €CJIM U3BECTHO, YTO €ro Kodhdu-
UeHT noJjie3Horo aeiicteusa 40%.

biank oTrBeTOB
['PVYIIITA
[Ipodeccus/crnennanbHOCTh

(Damunus, umsi)
Bapuant

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

OTtBeT




(Humxe BB MOXKeTe 3amucaTh pelieHye 3aaa4 noj Homepamu 10, 11, 12.)

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

Kirou:

N 1 |2 |3 |4 516 |7 |8 |9 10 11 12
3aJlaHus

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

Kputepuu oueHku:

— «2» BBICTaBIISIETCSl 00yUaroIeMycs, eciau Hadpan MmeHee 7 6aJloB,;
— «3» BBICTaBIIsICTCS O0ydJaromemycs, 3a 10, 9, 8, 7 6amios;

— «4y BBICTaBIIsIETCS OOyUaromemycs, 3a 13, 12, 11 6amios,;

— «5» BeICTaBIISIETCS O0y4aromemycs, 3a 14 wiu 15 6amnos.

Paszngen 1. Mexanuka
Tema 1.1. OCHOBBI KHHEMATHKH
Ycerublii onpoc (YO)

Yro n3yvaet mexaHuka?

JlaiiTe onpeneneHne MEXaHMYECKOTo ABMXKeHus. [IpuBeaure npumMepsl.

Kakoe nBrkeHuEe Ha3bIBACTCS MOCTYNATEIbHBIM ?

B dem 3akitoyaeTcsi OCHOBHas 3a/laya MEXaHUKHU?

Yro Takoe Teno orcuera?

UYro Takoe cucrema oTrcyera? 3auemM B HEH HYXKHBI 4achl?

[TpuBenuTe mpUMeEpHI 3a71a4, PEIICHNEM KOTOPBIX 3aHUMAETCsl COBPEMEHHAst (PU3HKa.
JlaitiTe onpeneneHne MaTepruaibHOM TOYKHU

. [aiite onpenenenne MarepualibHON TOUkH [Iprmepsi.

10 3aBHUCHT JIU TpaeKTOpus ABMKEHHUA Tena oT Beioopa CO? Ilpumepst

11.Yro takoe nmyth? Kakosa ero enunuia B CH?

12.TTouemy, 3Hast MyTh HE BCET/1a MOKHO OIPEACIUTD MOJIOKEHUE Tena?

13./1aiiTe onpeneneHue nepemenienns. Kakum cuMBoioM ero o603HadaroT?

14 .TTpu Kakux yCIOBHIX MOIYJIb NIEPEMEIICHUS PABEH MPOUICHHOMY Ty TH?
15.3anumure Gopmyiry onpeeraeHus Moa0KeHUs Tea B MPOCTPAHCTBE Yepe3 MPOESKIIUH.
16.Kakoe aBrkeHre Ha3bIBACTCS MPSIMOIMHEHHBIM PABHOMEPHBIM?

17.Jl1aiiTe XapakTepUCTUKY CKOPOCTHU PABHOMEPHOTO MPSMOJIMHEHHOTO TBUKECHUS
18.Kakoit Bujm umeer rpaduk 3aBUCUMOCTH CKOPOCTH OT BPEMEHH IPU PABHOMEPHOM
MPSMOJUHEHHOM JIBUKEHUU ?

wCoNRLDE



19.Kak BBIYHCIUTH MTEpEMEIICHNE TeJla, €CJIM U3BECTHBI CKOPOCTh U BpeMs IBM)KEHUS Tena?
20.KakoB reoMeTpu4ecKii CMBICI MTepeMEICHHS ?

KonTtponupyembie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-IL.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepuu ouenku:

OtMmeTKa «5»

MIOJTHO PACKPBITO COJIEPKAHUE MaTepHUaia

YEeTKO W TMPABUJBHO JIaHbl ONPEACICHUS M PACKPBITO COJIEp)KaHUE TOHSATHUN, BEPHO
WCIIOJIb30BaHbl HAYYHbIC TEPMUHBI

JUTSL IOKA3aTENhCTBA UCTIONBb30BAHBI PA3IMIHBIC YMEHUS, BHIBOIBI M3 HAOFOCHU, OTIBITOB
OTBET CAMOCTOSTEIIHHBIN, NCITOJIH30BAHbI paHEe TPUOOPETCHHBIC 3HAHMUS.

OtMmeTtka «4»

PACKpPBITO OCHOBHOE COJIEp’)KaHUE MaTepuaia

B OCHOBHOM MPABUJIBLHO JaHbI ONPEAEICHUS MOHATHI U UCIIOJIb30BaHbI HAYYHBIC TEPMUHBI.
OTBET CAMOCTOSTECIbHBIN

ONpeJeiIeHUs]  TOHSATHM  HEMOJIHBIE,  JIONYIIEHbl  HE3HAYUTENIbHBIC  HapYyIICHUS
MOCJIEA0BATEILHOCTU U3JI0KEHUS, HEOOIbIIINEe HETOUHOCTU TP UCIOIB30BaHUU HAYUHBIX
TEPMHHOB WJIM B BBIBOJAX U 0000IIEHUIX

MpaBWIbHBIE M YETKUE OTBETHl HA BOMPOCHl YTOUHSIONMIETO XapakTepa (MO3UIIUsS
TTOHUMAFOIITUTA )

OtMmetka «3»

YCBOEHO OCHOBHOE COJEp’KaHWE Y4eOHOro maTepuaina, HO U3JI0)KEHO (pparMEHTapHO, HE
BCEI'/1a MOCIEA0BATENBHO

onpeJIeNeHus] TOHITHI HeIOCTaTOYHO YETKHE

HE KCIOJB30BaHbl B KauyeCTBE JOKA3aTeIbCTBAa BHIBOABI M OOOOIIEHUS U3 HAOJIOJICHUH,
JOTYILEHBI OIIMOKU MPU UX U3T0KEHUH

JOMYIIEHbl OIMOKKM W HETOYHOCTH B HCIOJb30BAaHUM HAYYHOM TEPMHUHOJIOTHH,
ONPEIEIECHUE TOHATHI

MpaBUJIbHBIE U YETKUE OTBETHI Ha BOMPOCHI HABOIAIIETO U KOHKPETU3UPYIOIIETO XapaKTepa
(MO3ULMUs KPUTHK )

OtMeTka «2»

OCHOBHOE COJIep’KaHHE Y4eOHOTO MaTepualia He pacKphITO

HE JaHBI OTBETHI HA BOMIPOCHI HABOSAIIETO M KOHKPETUIUPYIOIIETO XapaKTepa

JTOMYIIEHbl TpyOble OMMOKM B ONPEACICHUU TIOHATHHA, TIPH  HCIIOJIH30BaHUU
TEPMHHOJIOTHH.

TectupoBanue (T)



I Bapuanr.

Kakoe n3MeHeHne, porucXosIee ¢ TeIIaMH, MOKHO CYUTATh MEXaHMUECCKUM JIBIKCHHCM:
a) NBMKEHHUE JIOJKU OTHOCUTEIBLHO Oepera

0) TasHUE JbJA

B) KHIICHHUE BOJIBI

Kakoe n3MeHnenune, mpoucxoasiee ¢ TeIaMu, MOKHO CUNTATh MEXaHUUECKUM JIBI)KCHUEM:
a) TassHUE JIbJIa

0) BOJTHBI, 00pa3YIOIIMECs Ha TTOBEPXHOCTH BOIBI

B) KUIIEHHE BOJIbI

Kakoe n3meHenue, NporucxoIsiiee ¢ TeIaMu, MOKHO CUUTATh MEXAaHUYECKUM JIBUKEHUEM:
a) KUTICHUE BOJIbI

0) TasiHUE JbJA

B) KoJIeOaHMS TIOPIIHS B ABUTATEIE BHYTPEHHETO CTOpaHus

Kakoe n3MeHeHue, mporuCXoasIee ¢ TeIaMH, MOKHO CYUTATh MEXAaHHYECKUM JIBIYKCHUEM
a) KoJeOaHusl CTPYHBI

0) TasHUE JbJA

B) KUIICHUE BOJIbI

CkopocTh aBTOMOOMIIS yBEIMUMIIach B 2 paza. [Ipu 3ToM TOpMO3HOH My Th:
a) HEe U3MCHUJICA

0) yBenuumics B 2 pasza

B) yBeNIMUMiICA B 4 paza

Mainna ezier no npsiMor IOpore paBHOMEPHO. MOKHO JI pacCCMaTpUBATh IBUKECHUE
MAIlIMHBI KaK MpPOIECC:

a) MOKHO, TaK Kak JIF000€ ABMKEHHE — yKE MPOLECC

0) HeNb3s, TaK KaK MPU 3TOM JIBUKEHUU €0 XapaKTEP HE MEHSIETCS

B) MO’KHO, TaK KaK MOJIO)KEHUE MAIIMHbI U3MEHSIETCS CO BpPEMEHEM

Kakue mapameTpbl Tella COXpaHSIOTCS, KOTIa MBI €0 3aMEHSAEM MOJICIBIO, T. €. CAUTaeM
MaTEepUATbHON TOYKOM:

a) JJIMHA

0) ¢popma Tena, ecnu oHa chepuuecKas

B) Macca

[Toe3n otmpasnsercs. [1o mnaTdopme napawieaTbHO TTOE31y PABHOMEPHO JIBHIKETCS
HOCHUJIBIIUK C Tenexkoi. [laccaxup noesna 3a0buT OTAATh KHUTY MPOBOKAIOIIEMY €r0
YEeJI0BEKY U BBIKUJIBIBAECT €My KHUTY U3 OKHA Kyre. OTHOCUTEIBHO KaKuX TeJl ypaBHEHUS
JBI)KCHUSI KHUTH OYTyT OJIMHAKOBBI:

a) OTHOCHUTENIbHO HOCUJIBIIIMKA, IPOBOKAIOIIETO U MEppoHa



0) OTHOCHUTEJIbHO MIEppOHa U MPOBOKAIOIIETO
B) OTHOCUTEIBHO MACCaXXUPa U HOCWIIbIIUKA

9. Ilpwu pemieHuu 3aa4 KHHEMATUKH O JABH)KEHUU TeJl Mbl (DAKTUUYECKU pacCMaTpUBAIIU ATH
TeJa KaKk MaTepualbHbIe TOUKU (HAIpUMEp, 3a7auu O IBHKEHUH TeNa, OPOIICHHOTO MO/
YTJIOM K TOPU30HTY). MBI MOIB30BAIMCH YIPOIIEHHON MOJIENBIO JOCTATOYHO CJI0KHOTO
JBUKeHUsI. UeM Mbl peHeOperaiyu npu peleHny 3a/1ad 3Toro TUra:

a) COMPOTHUBIICHUEM BO3yXa
0) mMaccoii Tema
B) (hOopMOIii U pazMepamu Tena

10.TToe3n ornpasnsiercs. [1o mmardgopme napamienbHO OE3y PAaBHOMEPHO JIBUKETCS
HOCHWJIBIIMK C Tenexkoit. [Taccaxkup moesna 3a0buT OTAATh KHUTY MTPOBOXKAIOIIEMY €T0
YEJOBEKY M BBIKHBIBAECT €My KHHUTY M3 OKHA Kyrne. OTHOCUTETFHO KaKMX CHCTEM OTCUéTa
XapaxkTep MBWKCHUSI KHUTH OyJeT OJUHAKOBBIM, TO €CTh KaKHUEe CHCTEMbI OTCUETA Oy My T
WHEPIHATLHBIMH:
a) OTHOCUTEIIHO TTaCCaXKUPa, MPOBOKAIOIIETO, HOCHIBIINKA, IEPPOHA
0) OTHOCUTEIIBHO MEPPOHA, HOCWIIBIINKA, TPOBOKAIOIIIETO
B) OTHOCHUTEIBHO MACCAKUPa U MPOBOKAIOIIETO

11.CxopocTh Tena u paanyc OKpY>KHOCTH, 110 KOTOPOH OHO JBUKETCS, YBEIUIMINCH B JIBA
paza. LlenTpocTpeMuTenbHoe yCKOpEHHE:
a) YBEJIMYWIOCH B 2 pasa
0) YMEHBIITWIIOCH B 2 pasa
B) HE U3MEHUJIOCh

12.MoryT 1 CKOPOCTH MPOXOKACHUS MyTU U TIEPEMEIICHHS ObITh PAaBHBI:
a) MOTYT B ClTy4ae NMPsIMOJIMHEHHOTO IBUKEHUS
0) MOTYT B cily4yae IpsIMOJIMHEWHOTO JBUKEHUS B OJJTHOM HaIlpaBJIE€HUU
B) MOTYT B ClIy4ae NPSMOJHUHENHOTO JBUKEHUS B PA3HBIX HAMIPABICHUSIX

13.Kakas u3 nepeyucieHHbIX BEJIUYHH — BEKTOP:
a) CKOpPOCThb
0) myTh
B) Macca

14 Kakast u3 nepeyucieHHbIX BEJIMUYUH — BEKTOP:
a) MyTh
0) cuia Toka
B) IIEpPEMEIICHHE

15.YkaxxuTte npaBUIbLHOE YTBEPKICHUE:
a) OT BBIOOpA CHUCTEMBI OTCUETA 3aBUCUT PEILLICHUE 3a/1a4U
0) Teno oTcu€Ta BhIOMpaeTCs TAKUM 00pa3oM, 4TOOBI JBUKEHUE BBITJISAEI0 Hauboliee



IPOCTO
B) B YCIIOBHHM 33/1a4M YKa3aHa CUCTEMA OTCUETA

16.YkaxxuTte MpaBUILHOE YTBEPKICHUE:
a) TeJIo OTCYETA BBIOMPAETCS TAKUM 00pa30M, YTOOBI IBM>KEHHUE BBITIISIIENI0 Hanbosee
IPOCTO
0) BBIOOP CHCTEMBI OTCUYETA 3aBUCUT OT YCIIOBHI JaHHOM 3a71a4u
B) OT BBIOOpA CUCTEMBI OTCUETA 3aBUCHUT OTBET 33]1a4u

17. Ykaxure npaBuiIbHOE YTBEPKICHUE:

a) TeJIO0 OTCYETA BEIOMPAETCS TAKUM 00pa30oM, UTOOBI IBUKEHUE BHITIISCIO Hanboiee
IPOCTO

0) oT BbIOOpa CUCTEMBI OTCUETA 3aBUCUT OTBET 33J1a4u

B) TeNO OTCU€Ta BEIOMpaeTCs TaKUM 00pa3oM, YTOOBI IBUKEHHUE BHITIISIEIO Obl
Ham0oJIee MPOCTO, M B TO K€ BPEMSI MbI MOTJIM OBl OTBETUTH HA BOIIPOC 3a/1a4

18.Termmoxo ABMKETCSI BHU3 1O TEUCHHUIO PEKH C MIOCTOSTHHOM CKOpOCThIO. [1o mamybe
MPOTYJIUBAETCS YEJIOBEK. XapaKTep JIBUKEHHUS YEIOBEKA OTHOCUTEIBHO TEIJIOX0/1a U
Oepera:
a) OJIMHAKOB, MTOKA YEJIOBEK JABUKETCS PABHOMEPHO
0) OJIMHAKOB BO BCEX CIydasix
B) pa3HbIii, TaK KaK CKOPOCTH Y€JI0BEKa OTHOCUTEILHO TEIIOX01a 1 Oepera pa3inyHbl

19.B kakom ciydae 3eMiTi0 MOKHO CUYMTAaTh MaTepUaIbHON TOUKOM:
a) Py U3MEPEHUHU MAarHUTHOTO OISl 3eMIIH
0) npu UCCIIEIOBAHUU Sipa 3eMIIH
B) IIPU PaCCMOTPEHUU €€ BH>KeHUs1 BOKpyT ConHua

20.B kakoM ciyyae 3eMIt0 MOYKHO CUMTaTh MaTePUAIbHON TOUKOM:
a) pyY MONaJaHUH HAa HEE€ METEOpUTa
0) pu pacuére TPACKTOPHI CIyTHUKOB 3eMITU
B) IPU U3MEPEHUU MarHUTHOTO MOJI 3eMIIH

II Bapuanr.

1. CxopocTs Tena, IBUKYIIETOCs TI0 OKPY>KHOCTH TIOCTOSTHHOTO Ppainyca, YBEINIWIach B IBa
pa3za. LleHTpocTpeMuTeNbHOE YCKOPEHUE:
a) YBEJIMYWIOCH B 4 paza
0) yBEJIMUMIIOCH B 2 pa3a
B) HE U3MEHUJIOCh

2. Tloe3n ornpasinsiercs. 1o miaTdopme napamieabHO MOe31y PaBHOMEPHO JABHKETCS
HOCWJIBIIUK C TenexKou. [laccaxkup moesa 3a0bl1 OTAATh KHUTY MPOBOXKAIOIIEMY €T0
YeJIOBEKY U BBIKUIBIBAET €My KHUTY U3 OKHa Kyre. Kakum Oyer xapaktep JBUKEHUS
KHUTU OTHOCHTEIHFHO MHEPIUATBLHBIX CUCTEM OTCUETA, €CIH MPEeHeOpeUb CONTPOTUBIICHUEM



BO3/yXa:

a) paBHOYCKOPEHHBIM, C YCKOPEHUEM, PAaBHBIM CyMME YCKOPEHHSI CBOOOIHOTO MaJAeHUs U
YCKOpEHUs M0€3/1a

0) paBHOYCKOPEHHBIM, C YCKOPEHHUEM CBOOOTHOTO MaJCHU S

B) CJI0’KHBIN XapaKkTep ABUKEHUS

Bribepute HenpaBWIbHOE YTBEPKICHUE:

a) BBIOOp CHCTEMbI OTCUETA 3aBUCHUT OT YCIOBUW JaHHOU 3a/1a4u

0) mpu NPsIMOJIMHEHHOM JABUKEHHUHU C TIOCTOSIHHBIM YCKOPEHHEM CKOPOCTh MOXKET
YBEIIMUHUBATHCS, A MOXKET U YMEHBIIATHCS

B) HalpaBJICHUE YCKOPEHUs ONPEAEIIsieT HAlIPaBICHUE IBHKCHUS

Br10epute HenpaBWIbHOE YTBEPIKICHUE:

a) BBIOOp CHCTEMBI OTCUETA 3aBUCHUT OT YCIOBUW JaHHOU 3a/1a4u

0) JIBUYKEHNE C IOCTOSIHHBIM YCKOPEHHUEM HA3bIBAECTCS MPAMOJINHENHBIM PaBHOYCKOPEHHBIM
JIBUKCHUEM

B) IPU NPSMOJIUHEHHOM JIBH’)KEHHH C IMIOCTOSIHHBIM YCKOPEHUEM CKOPOCTh MOKET
YBEIIMUMUBATHCS, 4 MOXKET U YMEHBIIATHCS

BriOepute HepaBWIBLHOE YTBEPKICHHE:

a) Opy NPSIMOJIMHENHOM JABUKEHHUH C IOCTOSIHHBIM YCKOPEHUEM CKOPOCTh MOMKET
YBEIIMYHUBATHCS, A MOXKET U YMEHbBIIATHCS

0) BBIOOP CUCTEMBI OTCUYETA 3aBUCUT OT YCJIOBUM TAaHHOU 3a/1a4u

B) HaIpaBJICHUE YCKOPEHUS OMPENEIseT HAIPaBICHUE IBUXKCHUS

Bri6epuTe HenpaBUIbHOE YTBEPKICHHE:

a) BEIOOP CHCTEMBI OTCUETA 3aBUCUT OT YCJIOBUH TaHHOM 3a/1auu

0) eciu ABMKEHUE MPSIMOIUHENHO, TO YCKOPEHHE MOCTOSIHHO

B) TP NPSMOJTUHEHHOM JIBU>KEHHH C MOCTOSIHHBIM YCKOPEHUEM CKOPOCTh MOKET
YBEIUYUBATHCSA, & MOKET U YMEHBIIATHCS

BriOepuTe He paBUIIbHBIE YTBEPKIACHUE:

a) Ipy OPSIMOJIMHEHHOM JABUKEHHUH C TIOCTOSIHHBIM YCKOPEHUEM CKOPOCTh YBEIIMUMUBACTCS
0) pu NPSIMOJIMHEHHOM JABUKEHUU C MIOCTOSTHHBIM YCKOPEHUEM CKOPOCTh MOXKET
YBEJIIMYMBATHCS, @ MOXKET U YMEHBIIATHCS

B) BBIOOP CHUCTEMBI OTCUETA 3aBUCUT OT YCIOBUH TAaHHOU 3a7auu

Br10epuTe npaBmiIbHOE YTBEPIKIACHHUE:

a) PH MPSMOJIMHEHHOM JBHKCHHUH C TIOCTOSTHHBIM YCKOPEHUEM CKOPOCTh YBEITMYUBACTCSI
0) eciii yCKOpPEHHE MOCTOSTHHO, TO IBHUKEHUE MPSIMOJIUHEHHO

B) MPH NPSIMOJTMHEHHOM JIBH)KEHUH C MIOCTOSIHHBIM YCKOPEHUEM CKOPOCTh MOYKET
YBEJIUYUBATHCS, & MOJKET U YMCHBIIIATHCS

JIBurasicb paBHOMEpPHO, Benocumneauct npoezxaer 40 m 3a 4 ¢. Kakoil myTe OH NpoeaeT npu
JIBUDKEHHUH C TOM K€ CKOpOCThIO 3a 20 c:



a) 200 m
0) 50 m
B) 150 m

10.0Otnen MmexaHuKH, COAEPKAIINA YUCHNE O JBUKCHUH TN 0e3 yuéTa NeHCTBYIOMNUX CHIT:
a) AIMHAMUKa
0) KHHEMaTHKa
B) CKOPOCTb

11.0npenenure, Kak Ha3bIBACTCS PACCTOSHUE MEKTy HAYaIbHOW M KOHCUHON TOYKAMHU:
a) MyTh
0) mepemernicHue
B) CMEILICHHE
') TPaeKTOpUs

12.BrisicHuTe, B KAKOM U3 CIEAYIONIMX CIIy4yaeB JABM)KCHHUE Tella HENMb3sl paccMaTpUBaTh Kak
JBIDKEHUE MaTePUATBHONU TOYKHU?
a) JIBmxenue 3emnu Bokpyr ComHIa.
0) [IBu>xeHue CIyTHUKA BOKPYT 3eMIIH.
B) [loner camonera u3 Bnaguocroka B MocCKkBy.
r) Bpamenue neranu, obpabaTeiBaeMoOil Ha CTaHKE

13.0T™meTbTe, Kakue U3 MePeunCICHHBIX BETUYHH SBISIOTCSA CKaISIPHBIMU:
a) mepemMenieHue
0) myTh
B) CKOPOCTb

14 .Boi6epuTe, 4TO U3MEPSIET CIUAOMETP ABTOMOOMIIS:
a) YCKOpCHHUE;
0) MOZyJIb MTHOBEHHOU CKOPOCTH;
B) CPEIHIOI0 CKOPOCTH;
I') IepeMeIieHme

15.0npenenure, kakasi eAMHUIA BPEMEHH SIBJISICTCSI OCHOBHOM B MeXayHapOo HOU cucTeMe
eIMHULL
a) 1 gac
0) 1 mun
B) Il c
r) 1 cyTku.

16.Beruncnute. J[Ba aBTOMOOUIIS ABMKYTCS 10 MPSIMOMY IIOCCE B OJJTHOM HarpaBieHud. Eciun
HanpaBuTh ock OX BI0OJIb HAIIPABJICHUS ABMXKEHHUS TEII O 110CCE, TOT1a KAKUMHU Oy Iy T
MPOCKITUU CKOpOCTel aBToMmobuiielt Ha och OX?
a) 00¢ MOJOKUTEIbHBIC
0) o0e oTpHIIaTEIHLHBIC



B) IICPBOT'0 — INOJIOKUTCIIbHAA, BTOPOI'O — OTPpHULIATCIIbHAA
F) IIEPBOro — OTpHULATCIIbHAS, BTOPOTO — IIOJOKHUTC/IbHAA

17.Beruncnure. ABToMoOMIb 00bexa MOCKBY 10 KOJIbLIEBOH 0pore, AjrHa KoTopoi 109 km.
Yemy paBHBI IPOWAEHHBIN IMyTh | 1 mepemenienrne S aBTOMOOMIA?
A)1=109 xm; S=0
0) 1 =218xm S = 109 km
B) | =218 km; S =0.
r) I=109xm; S=218 km

18.0mnpezenure, eciy yCKOPEHUE PaBHO 2 M/C2, TO 9TO:
a) paBHOMEPHOE JABUKECHUE
0) paBHO3aMEIJICHHOE JIBUKECHUE
B) PaBHOYCKOPEHHOE JIBH)KCHHE
T') NPSMOJIUHENHOE

19. KakuM 00pa3oM yCKOpEHHE XapaKTEPU3yeT H3MEHEHNE BEKTOPA CKOPOCTU?
a) 10 BEJIMYMHE U HAMPABIICHUIO

0) 1o HaMIpaBJICHUIO

B) 110 BEJIMYMHE

20. Bpruncnure. ABTOMOOHIIb, ABMXKYIIMICS TPSIMOJINHENHO PaBHOYCKOPEHO, YBEITHUNI
CBOIO CKOPOCTh € 3 M/c 10 9 M/c 3a 6 cekyH1. C KaKkuM yCKOPEHHEM JIBUTajicsi aBTOMOOMIIb?
a) 0 m/c?

6) 3 m/c?

B) 2 M/c?

r) 1 m/c?

Kontponupyemsie komnerenuuu: OK 01-OK 07; JI.1.-J.6.; M.1.-M.6.; TL.1.-11.7.; JIP2,
JIP4, JIP23, JIP30

Kaouu Kk Tectam:

Bapuanr 1

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

IpaBuwibHblidi |2 (6 |B |a (B ([0 |B |0 |aB|0 (a |60 |(a (B |a |0 (B |a |B |0
OTBET

BapuanT 2

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




IlpaBuiabHblii |2 (6 |B (6 (B [0 |a |B (B |0 |6 |Tr |a |r |B |a |B |[B |a |T
0TBeT

Kpurepun onenku:

— «2» BBICTABIISIETCS OOy4YarOIeMycsi, €CIu HaOpasi MeHee 8 0aios,;
— «3» BBICTaBIISIETCS OOy4Jaronemycs, 3a 9, 10, 11 6amnos;

— «4» BBICTaBIISIETCS OOyUaromemycs, 3a 12, 13, 14, 15, 16 6amnos;
— «5» BeICTaBIISIETCS OOy4aromeMycs, 3a 6osee 17 6amios.

3aganuda ays camocTosiTeJibHOi padoThl (CP)

Tembl 3cce (pedpepaToB, 10KJIAA0B, COOOIIEH M)

1) MarepuanbHas TOYKa.

2) CkajsipHbIC U BEKTOPHbBIC (PU3HUCCKUE BETUUHHBI.

3) OTHOCUTENHHOCTh MEXAaHHYECKOTO JIBKECHUS.

4) Cucrema oTcuera.

5) Ipunnun otHOcUTEenbHOCTH ["amrest.

6) CrocoObl OIKMCaHUs JBUKCHUS.

7) PaBHOMEpHOE MPSIMOJIMHEHHOE IBIKEHHE.

8) Ckopocth. YpaBHeHUE NBUKECHUSI. MTHOBEHHAs M CPEIHSISI CKOPOCTH.
9) IToctynaThl TECOPUH OTHOCUTEIBHOCTH.

10) OcHOBHBIE CIIEACTBUS U3 MOCTYJIATOB TECOPHU OTHOCHTEILHOCTH.
11) [IpssMosTMHEHHOE TBHYKEHHUE C TTIOCTOSTHHBIM YCKOPEHHUEM.

12) JIBrokeHHE ¢ TIOCTOSIHHBIM YCKOPEHHUEM CBOOOIHOTO MaJICHHUS.

Kontponupyemsie komnerenuuu: OK 01-OK 07; JL.1.-JI.6.; M.1.-M.6.; TL.1.-11.7.; JIP2,
JIP4, JIP23. JIP30

Kputepuu oueHku:

OtMmeTka «5»

MIOJIHO PACKPBITO COJIepKaHUE MaTepraa

YEeTKO M TMPaBWIBLHO JaHbl OMPEICICHUS M PACKPBITO COJEpKAHUE TOHITHH, BEPHO
MCIIOJb30BaHbl HAYYHbIC TEPMUHBI

JUTSL JOKA3aTEeNbCTBA UCIIOIb30BaHbl PA3IMYHbIE YMEHUS, BHIBOIbI U3 HAOIIOACHUI, ONIBITOB
OTBET CAMOCTOSTEIIbHBIN, NCIIOJIL30BaHbI paHee MPUOOPETECHHBIC 3HAHUS.

OtmeTKa «4»

PacCKpBITO OCHOBHOE COJIEpKaHUE MaTepuaia

B OCHOBHOM MPaBUJIBHO JaHbI ONPEACIICHUS MOHATUN U UCTIOJIb30BaHbl HAYUYHbIE TEPMUHBI.
OTBET CAMOCTOSTEIbHBIN

ONpeACNeHUs]  TMOHATUM  HEMOJHbIE, JOMYIICHbl  HE3HAYWUTEJbHBIE  HApYLICHUS
MOCJIEIOBATEILHOCTH U3JIOKEHHS, HEOOBIITNE HETOYHOCTH TMPHU KCIIOIH30BAaHUN HAYUYHBIX
TEPMHUHOB WJIM B BBIBOJIaX U O0OOIIECHUIX
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MpaBUIbHBIE W YETKHE OTBETHl HA BOIMPOCHl YTOYHSIONMIETO Xxapakrepa (TO3UIus
TTOHUMAFOIITU )

OtmeTKa «3»

YCBOEHO OCHOBHOE COJIEp’KaHWE Y4eOHOTO MaTepuajia, HO H3JI0KEHO (parMeHTapHO, HE
BCETra II0CIeA0BaTEIbHO

OTIpEICIICHNS TIOHITHI HETOCTATOYHO YETKHE

HE HCHOJb30BaHbI B KAaueCcTBE JOKA3aTeIbCTBA BBIBOABI M O0OOIECHUS W3 HaOIIOLCHHUH,
JOTYIIEHBI OMTUOKY TIPU UX U3JI0KCHUH

JOTMYIIEHb OIMMMOKKM W HETOYHOCTH B HWCIOIB30BAaHWHW HAYYHOWH TEPMUHOJIOTHH,
OTIpEICIICHUE TIOHSITHH

MPaBUWIbHBIE U YETKHUE OTBETHI HA BOMPOCKHI HABOSIIEIO M KOHKPETU3UPYIOIIETO XapaKkTepa
(MO3ULMUs KPUTHK )

OtMmeTka «2»

OCHOBHOE€ COJIepKaHHE Y4eOHOTO MaTepualia He pacKpbITO

HE JIJaHbI OTBETHI HA BOMIPOCHI HABOJIAIIETO M KOHKPETU3UPYIOIIETO XapaKTepa

JTOMyIIeHbl TIpyOble OIMMOKKM B  ONpEJCIICHUH TIOHSATUM, TIPU  HUCIIOJIB30BaHUU
TEPMHUHOJIOTUH.

Tema 1.2. OCHOBBI JMHAMHKH
Ycerublii onpoc (YO)

Ecnu teno siBsieTcst CBOOOIHBIM (UTO 3TO 3HAYMT), TO KAK OHO MOYKET JIBUTATHCS?

Nwmeetcs nu npuHiunuaibHoe paznuune Mexay CO cBazannoi ¢ 3emuieit u CO cBs3aHHOU
C CaMOJIETOM, JICJAIOIIUM BUPaXK?

[ToueMy BTOpOI1 3ak0H HpIOTOHA HA3bIBAIOT OCHOBHBIM 3aKOHOM JTMHAMUKHU?

[losicauTe, Kak CTpOSATCA OKCIEpUMEHTaNbHbIe Tpaduku B (U3MKE HaA MpUMeEpe
3aBHCHUMOCTH CHUJIbI YIIPYTOCTH OT Ae(OpMALIHH.

Kak u3meputh Maccy Tena B yCIOBUSX HEBECOMOCTH?

Haxonunuce 1 Bl Korga-HUOYAb B COCTOSIHUM HEBECOMOCTH?

O BeTpoBOE CTEKJIO MABWXKYILErocsa aBTOMOOWISA ypaapwics komap. CpaBHHTE CHIIBI,
JNEUCTBYIOIIME Ha KOMapa M Ha BETPOBOE CTEKJIO BO BpeMsa ynapa. Ilouemy komap
MoCTpagan CUJIbHEe?

bapon MroHxray3eH yTBep>KIad, 4TO BBITAIIMI ce0si 3a Bojockl M3 Oosora. OOOCHYMTE
HEBO3MOKHOCTb 3TOTO.

C cOpTUpPOBOYHON TOPKH CKATHIBAIOTCS JBAa OJWHAKOBBIX SIIMKA: OJWH IyCTOM, APYrou
noynHblid. Kakoil simuk Oyner uMeTh OOJIbIIYI0 CKOPOCTh y MOoAHOXKUA? Kakoil oTkaTturcs
JANBIIE 110 NPSIMOJMHEHHOMY T'OPU30HTAIBHOMY YYaCTKy MOCJE TOPKU U IOYeMy?

10.ITouemy ckopocTh aBTOMOOWJIS, JBIJKYIIETOCS 10 TOPH3OHTAIM HE BO3pacTaeT

OECKOHEYHO, XOTA CUJja TSI MOTOpa JEHCTBYET MOCTOSHHO?



11.TlepBOKIACCHUK W CTapIIEKIACCHUK CTOSAT Ha MOy W TAHYT JpYyr JApyra 3a pyKHu.

OpnuHaKkoBbIE JTU CWIBI IEUCTBYIOT HA OAHOTO U Ha Jipyroro? Ilepeyuciaure ycinoBus, Koraa
MIEPBOKJIACCHUK MOXKET MEPETAHYTh CTapIIEKIaCCHUKA.

12.KocMoHaBT Makc mpbIraeT co CTyJa, Jepka B pyKax THpI0 Maccoll m cHauaja Ha 3emJie,

3areM Ha Jlyne. Kak OyaeTr omimuaThcs cuia, ¢ KOTOPOW THUPS JAaBUT Ha PYKY UYETOBEKY
MOKa OH HaXOJUTCS B BO3AyXe?

13.3ayem Ha HUKHEN MOBEPXHOCTH JIbDXK JI€JaeTCs MPOJI0JIbHAS BhIeMKa?
14 TTouemy He npuOIMXKAIOTCA JOpYyr K Jpyry HpeIMeTbl B KOMHAre, HECMOTpS Ha

IpaBUTALIMOHHOE MPUTSHKEHUE?

15.0Onummte onbiThl ["anuiest 1 HetoToHA 110 CBOOOAHOMY MAICHUIO TE.

Kontponupyemsie komnereHuuu: OK 01-OK 07; JIL.1.-J1.6.; M.1.-M.6.; TL1.-11.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun onenku:

OtMmeTka «5»

MIOJTHO PACKPBITO COJEpKAHUE MaTepuaia

YETKO W TMPABWIBHO JaHbl OMNPEIETCHUS W PACKPBITO COAEpKaHUE IMOHSATHUM, BEPHO
HCII0JIb30BaHbl HAYYHbIE TEPMHUHBI

JUJIs1 TOKa3aTeIbCTBA UCTIOIb30BaHbl Pa3IMYHbIEC YMEHUS, BHIBOJIbI U3 HAOIIO/ICHUI, OTIBITOB
OTBET CaMOCTOATEIIbHBIN, NCIOIB30BaHbI paHEee MPUOOPETEHHbBIC 3HAHUS.

OtMmeTtka «4»

PacKpBITO OCHOBHOE COJIEp)KaHUE MaTepuaia

B OCHOBHOM TIPABWJIBHO JaHBI OTIPE/ICTICHUS TIOHSITHI U UCIIOTh30BaHbI HAYYHBIC TCPMUHBI.
OTBET CAMOCTOSITEIbHBIN

OTIPENICTICHUS] ~ TIOHSATUM  HEMOJIHBIE,  JIONYIICHbl  HE3HAYWTEIbHBIE  HAPYIICHHS
MOCJICIOBATEIILHOCTH M3JI0’KCHUSI, HEOOIBIIME HETOYHOCTH TPH WCIOJB30BAHUHM HAYUYHBIX
TEPMHUHOB WJIH B BBIBOJIaX M 000OIIEHUIX

MpaBWIbHbIE M YETKHE OTBETHI HA BOMPOCHl YTOUHSIONMIETO XapakTepa (MO3UIUS
MTOHUMAIOITUI )

OtMmeTka «3»

YCBOCHO OCHOBHOE€ COJIEp’KaHME y4eOHOro Marepuaja, HO M3JI0KEHO (parMeHTapHO, He
BCErJia IOCJISI0BATEIBHO

ONpeICTICHUS TTOHSITUI HEIOCTATOYHO YETKUE

HC HCIIOJIBb30BaHBI B Ka4YCCTBC A0Ka3aTCIbCTBAa BBIBOJABI H O606III€HI/I}I n3 H&6JIIOI[€HHﬁ,
AOITYIICHBI OIITNOKH IIPHU UX U3JI0KCHHUU

JOTYIIEHbl OIIMOKM W HETOYHOCTHM B UCHOJIb30BaHUM HAyYHOW TEPMHUHOJIOTHUH,
OIPEICIICHUE TTOHSATUIA

IPaBUJIbHBIE U YETKHE OTBETHI HAa BOIPOCHI HABOSIIETO U KOHKPETU3UPYIOILIEro Xapakrepa
(MO3UIUsL KPUTHK )

OrMmeTka «2»



® OCHOBHOE COJIep)KaHHe YUeOHOTO MaTeprasa He pacKpbITO

® HE JIaHbl OTBETHI HA BOMPOCH HABOAIIETO U KOHKPETU3UPYIOIIEr0 XapakTepa

® JIONMyIEeHbl TpyOble OMMOKA B ONpENCICHUU TMOHATHUH, TPH  HCIOJIB30BaHUU
TEPMHUHOJIOTHH.

Tecruposanue (T)
I Bapuanr.

TecroBast paboTa cocTOUT U3 9 3a/1aHKil C BLIODOPOM OTBETA, U | 3a/1aHNE HA HAXOXKJICHUE
COOTBETCTBUS
Kaxknplii mpaBUIbHBIN OTBET OlleHUBaeTcs 1 OamioMm.

1. BbiOepeTe 0AUH NPaBUJIbHBIN 0TBeT. PaBHOIEHCTBYOIIAs BCEX CHJI, ICMCTBYIOIIAs HA
TEJ0, PaBHA HYJIIO. /[BHIKETCS 3TO TEJIO WM HAaXOJUTCS B COCTOSTHUU NIOKOS?
A. Teno nBukeTcs paBHOMEPHO MPSIMOJIUHEWHO.
b. Teno nBu»ercs paBHOMEPHO 0 OKPYKHOCTH B TOPU30HTAIBHOM INIOCKOCTH.
B. Teno HaxoauTCst B COCTOSIHUU ITOKOS.
I'. Teno nBUXKETCS PABHOMEPHO MPSAMOJMHENHO WA HAXOAUTCS B COCTOSTHUU MOKOSI.

2. BoiGepere ouH NPaBWJIbHBIN 0TBeT. Ms4 MOI0pOCHIIN BBEPX ¢ HAYAIBHOU CKOPOCTHIO
Vo. Ha pucyHKe a yka3aHO HaIpaBJI€HUE CUIIbI TSDKECTH, JIEUCTBYIOIIEH HA TEJIO.
OmnpenenuTe HAPABICHUE BEKTOPA YCKOPEHUS Ms4a, BHKYIIEroCs BBEpX (PUCYHOK 6).

A. TonpKo Tak, Kak oKazaHo Ha puc. 16.
b. Tonpko Tak, Kak MOKa3aHO Ha pUC. 20.
B. Tonpko Tak, Kak Mmoka3aHo Ha puc. 30.
I'. Tonpko Tak, KaK MOKa3aHo Ha puC. 40.

3. Onpenenure OAMH NPAaBUJIBHBIA OTBET. ECIM paBHOAEHCTBYIOIIAS BCEX MTPUI0KEHHBIX
cui paBHa 4 H, To y Tena maccoit 2 Kr

A. Yckopenue 2 M/c?

B. Yckopenue 0 m/c?

B. Yckopenne MoxkeT ObITh JTFOOBIM

I'. Yckopenue paBHo 8 M/c?

4. Ilpu u3MepeHHsIX MaCChI TeJIa M €ro Beca Ha MOoJII0ce U Ha IKBaTope ObLI0
00HapYKEHO, YTO
A. Macca 1 BeC OIMHAKOBEI



B. Macca paznuyHa, Bec 0JIUHAKOB
b. U Bec, n Macca pa3nuuHbl
I'. Macca oqMHAaKOBa, BEC Pa3IMUECH

5. YcraHoBUTEe COOTBETCTBHE MeXAY (PU3NYECKMMH BeJIHYMHAMUH W €IUHULIAMH
U3MepeHus ITUX BeJu4uuH B cucrteme CH.

dusnyeckasd BeIUUNHA Ennnanna BeInuuHbI
A) KeCTKOCTh 1) xunorpamm (1kr)
b) cuna 2) Heroton (1 H)
B) Bec Tena 3) Herotou™*Mmetp (1 H*m)
I') yckopenue 4) Heroton Ha meTp (1 H/™M)

5) MeTp B ceKyHAy 3a cekyHay (1 m/c?)
6) Jxoyab (1 JIx)

6. ®opmyJia, BbIpAKAOIIAS 3AKOH BCEMHUPHOI0 TATOTEHHUH. ..

A. F = GMm/R?

B. F = kguqa/r?

B. F = GM/R?

I'. F=KAlI

7. 111 3axon HproTOHA MaTeMAaTH4eCKH MOKHO 3alIUCATh TaK: (BEKTOPbHI He YKA3aHbI)
A.F=ma

b. F=puN

B.Fi=-F

F. Fx = _kX

8. Bec Tesia — 3T0...

A. ...cuna, ¢ KOTOPOU TEJIO0 NPUTATUBAET 3EMITIO

b. ...cuna, ¢ KOTOpOM TENO AEUCTBYET HA OIOPY

B. ...cuna, ¢ KOTOPOU TEJIO NEUCTBYET Ha MTOABEC

I'. ...cuna, ¢ KOTOpOW TENIO BCIAEACTBUE 3EMHOIO MPUTSHKEHUS JEUCTBYET HA ONOPY WU
MOJBEC, HETIOJBUKHBIE OTHOCUTEIBHO HETO

9. Pemnte 3amavy. [Ipyxxuna xxecrkocteio 100 H/m pactaruBaercs cumnoit 20 H. Yemy
PaBHO yUIMHEHUE MPYKUHBI?

A.5cm.

b. 20 cm.

B.5M.1.0,2 cm.

. Cpenn otBeTOB A — [ HET IPABUIIBHOTO.

10. BriOepeTe 0AMH NPaBWILHBIH 0TBET. bpyCOK JISKUT HETOABIKHO HA HAKITOHHON
miockoctH (puc. 7). Kakoe HampaBieHHEe UMEET BEKTOP CUITbI TPEHUS?



A.1.B.2.B.3.T. 4. JI. F p =0.

Il Bapuant

TecroBast paboTa cocTOUT U3 9 3a/1aHuil ¢ BLIOOPOM OTBETA, U 1 3a1aHKE HA HAaXOXKICHUE
COOTBETCTBUSI

Kaxxnplii mpaBUIIbHBIN OTBET OllecHUBaeTCs 1 GauioM.

1. Eciiu Ha m1apuk He JeHCTBYIOT HUKAaKHe Apyrue Tesia, T0 B MHEepUHAJIbHOM cucTreMe
0TCYeTa OH

A. IlocTeneHHo ocTaHaBIMBAETCS

b. Kosebnercst 0k010 Ha4yanbHOTO MOJIOKEHHUS

B. [IBrKeTcs 10 OKPYKHOCTH € IMTOCTOSIHHOW IO MOZYJIFO CKOPOCTBIO

I'. JIBM2KETCS ¢ TOCTOSTHHOM 110 MOJAYJIIO M HAIIPABJIIEHUIO CKOPOCTHIO

2. BoiOepere oaquH MpPaBUJIbHBIN 0TBeT. M4 OoI0pOCHIIN BBEPX C HAYAIBHOW CKOPOCTBIO
Vo. Ha pucyHKe a yKa3aHO HaIlpaBICHUE CUIIBI TSHKECTH, IEUCTBYIOLICH Ha TENO.
Omnpeenute HaNpaBJIeHUE BEKTOPA YCKOPEHUS MsI4a, JBHKYIIETOCS BHU3 (PUCYHOK 0).

A. TonpKo Tak, Kak IOKa3aHo Ha puc. 16.
b. Tonbko Tak, Kak MoKa3aHo Ha puc. 20.
B. Tonpko Tak, Kak Mmoka3aHo Ha puUC. 30.
I'. Tonpko Tak, KaK MOKa3aHO Ha puC. 40.

3. Onpeaesure OAMH NPABUJIBHBIM 0TBET. T€J10 Maccon 2 Kr IBUKETCA CO CKOPOCTHIO 3
M/C ¥ yCKopeHHeM 2 M/c2. Mozys paBHOAEHCTBYIOIIEN CUil, AEHCTBYIOLIMX HA TENO PaBEH
1)2H

2)4H

3) 6 H

4) 10 H

4. Ilpu u3mMepeHnsiX MacChl TeJIa M €ro Beca Ha MOJII0Ce U HAa IKBaTope ObLIO
00HapPYKEHO, YTO

A. U Bec, u Macca pa3IuyHbI

B. Macca onuHakoBa, BeC pa3jinuceH

b. Macca u Bec 0JUHaKOBBI

I'. Macca paznudHa, BeC OJJUHAKOB



5. YcTranoBuTe cOOTBETCTBHE MEKAY (PM3MUYECKUMH BeJIMYUHAMM U eIUHUIIAMHA
H3MepeHns dTUX BeJInuuH B cucreme CH.

duznueckasi BeIMYHHA Enununa BeuduHb

A) KeCTKOCTh 1) xunorpamm (1kr)

b) cuna 2) HerotoH (1 H)

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

5) meTp B cekyHuy 3a cexyHay (1 m/c?)
6) llmoynb (1 Tx)

6. ®opmy.ia, onpeaeasOAs CHJILY YIIPYTOCTH. .

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

b.F=mg

B. F=uN

I'. F=kAl

7. 111 3akon Hpl0TOHA MaTeMaTHYECKH MOKHO 3aIIACATH TAK: (BEKTOPHI HE YKA3aHbI)
A.F=ma

b. F=puN

B.Fi=-F

I'. Fx = —kx

8. Ec/i Tes10 MOKOUTCS, TO CHJIA TPEHMSI TOKOS:
A. Bcerma 0oJbIIIe BHEIITHEN CHUJIBI,

b. Bcerma paBHa BHEIIHEN CUIIE;

B. Bcerna MeHbIIIe BHEIIHEH CHUJIBI.

9. Pemnre 3amauy. Ilox neiicreuem cuibl 2 H npyxuHa yuinHwIachk Ha 4 cM. UeMy paBHa
YKECTKOCTb MPY>KUHBI?

A. 2 H/m.

b. 0,5 H/m.

B. 0,02 H/wm.

I'. 50 H/m.

J. 0,08 H/m.

10. Bri0epeTe 0qMH NpaBWILHBIH 0TBET. bpycok ABMKETCS paBHOMEPHO BBEPX I10
HAKJIOHHOM 11ockocTH (puc. 7). Kakoe HarpaBieHue UMEET BEKTOP CUIIbI TPEHUsA?

A.1b5.2B.3T.4 1. Fmp=0



Kontponupyembie komnereHunu: OK 01-OK 07; JL1.-JI.6.; M.1.-M.6.; TL.1.-11.7.; JIP2,
JIP4, JIP23. JIP30

Kaouu k Tectam:

Bapuanr 1

~
(00]
(e}

Ne pompoca 112/3/4]5 6 10

r'es|A|l| A4,6-2,B-2,I-'5 A|B|l|B|B

IIpaBuibHBII 0TBET

Bapuant 2

Ne Bompoca 112131415 6/718]9]|10

r |2 B|A4,b6-2,B2,I-5 I B|/A|T|b

IIpaBuibHBII 0TBET

Kpurepun onenku:

— «2» BBICTABIISIETCS] OOYJArOIIEMYCsl, €CITM HaOpai MeHee 5 0alioB,;
— «3» BBICTaBIISIETCSl 00yUaroIeMycs, 3a 6-7 6aIoB;

— «4» BBICTABIIIETCS OOydaromemycs, 3a 8-9 6amios;

— «5» BbICTaBIAETCS 0OyJaromemycs, 3a 10 6amnos.

3aganuda ais camocrositeJbHO padoTsl (CP)

Tembl 3cce (pedpepaTos, 10KJI10B, COOOIIEHUIT)

1) Cwuta. Macca.

2) TlpuHIUN CyNepIo3UuIIuK CHJI.

3) Ilepssiii 3akoH HproTOHA.

4) Bropoii 3akoH HproToHA.

5) Cuuibl B mpupoe.

6) Tperwii 3akoH HproToHa.

7) 3aKoH BCEMHUPHOTO TSTOTEHHUSL.

8) Cuia TSKECTH M CHJIa BCEMUPHOTO TATOTCHUS.
9) IlepBast KocMHYECKast CKOPOCTb.

10) /IBmxeHue miaHeT U MaIbIX Tel COTHEYHON CHCTEMBI.
11) DneMeHTHI PEIATUBUCTCKOM THHAMUKH.

Kontponupyembie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; 11.1.-1L.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun ouenku:
OtmeTka «5»



MIOJTHO PACKPBITO COJIEPKAHHUE MaTepraa
YeTKO W TPaBUIBHO JAaHBI OINPENCICHHUS W PACKPBITO COJEp)KaHWE TOHATHUN, BEPHO
UCIIOJIb30BaHbl HAYYHBIC TCPMUHBI

JUTSI TOKA3aTeNIbCTBA MCIIOJb30BAHbI PAa3IMYHBIC YMEHUS, BBIBOBI M3 HAOJIIOICHUM, OTIBITOB
OTBET CaMOCTOSTEIbHBIHN, HCITOJIb30BaHbBI paHee MPUOOPETCHHBIC 3HAHMSI.

OtMmeTtka «4»

PacKpBITO OCHOBHOE COJIEp)KaHNE MaTepuana

B OCHOBHOM TIPAaBHJIBHO JaHBI OTIPE/ICIICHUS TIOHSITHI W UCIIOTh30BaHbI HAYYHBIC TCPMUHBI.
OTBET CAMOCTOSTEIbHBIN

OTIPENICTICHUS] ~ TIOHSATUM  HEMOJIHBIE,  JIONYIICHbl  HE3HAYWTEIbHBIE  HAPYIICHHS
MOCJICIOBATEILHOCTH M3JI0KECHUSI, HEOOIBITNE HETOUHOCTH MPHU UCIOJIB30BAHUN HAYIHBIX
TEPMHHOB WJIM B BBIBOJIaX U O0OOIIEHUAX

MpaBWIbHBIE M YETKHE OTBETHI HA BOMPOCHl YTOUHSIONMIETO XapakTepa (MO3UIUS
MTOHUMAFOIITU )

OtmeTtka «3»

YCBOEHO OCHOBHOE COJIEp’KaHHE Y4eOHOro maTepualia, HO H3JI0KEHO (parMeHTapHO, HE
BCETJ1a MOCJIEA0BATEIHHO

ONpe/eIeHUs TTIOHATHI HEI0CTATOYHO YETKUE

HE HCIOJIb30BaHbl B KaueCTBE JOKAa3aTelIbCTBA BBIBOJBI M OOOOIIEHHS W3 HAOIOJICHHIA,
JOTYIICHBI OIMUOKH TP UX U3JI0KESHUH

JOMYIIEHbl OIMMOKA W HETOYHOCTH B UCIOJB30BAHMM HAYUYHOW TEPMUHOJIOTHH,
OIPEICIICHUE TTOHSATUIA

MPaBUWIbHBIE U YETKHUE OTBETHI HA BOIIPOCHI HABOIAIIECTO M KOHKPETU3UPYIOIIETO XapaKTepa
(MO3ULIMS KPUTHK)

OtMmeTka «2»

OCHOBHOE COJIepKaHue Y4eOHOTO MaTepuajia He pacKphITO

HE JaHbI OTBETHI HA BOIIPOCHI HABOSAIIETO M KOHKPETU3UPYIOIIETO XapaKTepa

JTOMYIIEHbl TpyOble OMMOKKM B  ONPEACICHWW TIOHSITHA, TIPU  HCIOIb30BAaHUU
TEPMUHOJIOTHH.

Tema 1.3. 3akoHbI COXpaHeHH I
Ycerublii onpoc (YO)

1. Tlpu KakoM yCJIOBHM UMITYJIbC TE€Ja HE U3MEHSETCS?

2. UTo MOXHO CKa3aTh O HAINpaBJI€HUH BEKTOPOB HMMITYJIbCAa M CKOPOCTH JBHXKYIIETOCS
Tena’?

3. Kakoe u3 Ten mmMeer OONbIIMKA UMITYJIbC: aBTOMOOWIb Maccol 1T, NBIDKYIIUICS CO
CKOpOCThI0 10M/C, UK CHApSIT MacCOM 2KT, JETAIUN co CKOpocThio S00M/c?

4. TloueMy npu yaape BOZHUKAIOT OOJbILINE CUIIbI?



5. [Mapammtotuct paBHOMEpPHO OITyCKaeTcsi Ha mapamitore. M3meHsercs 1M Mpu 3TOM

VMMITYJIbC MapaIroTUCTa?

['1e B mpupo/ie U TEXHUKE BCTPEUAETCSI PEAKTUBHOE JIBUKEHUE?

KakoB npyHIUI ABUKEHUS METY3bI?

8. OcbMHUHOTH, KaJIbMaphl, KapaKaTUIIBl U APYTHEe OOUTATEH TIIyOUH MOPS ITepEMEIIar0TCs
noJ00HO pakeTe, BhIOpachiBas C CUJION BOAY, KOTOPYIO OHM HaOWpalOT 4yepe3 poT.
MoskeT 1 Takoi crocob nepeMenieHns: 00ecTieYnTh UM OOJIBIIYI0 CKOPOCTh JABUKCHUS
B TOJIIIE BOJBI?

9. Kak KOCMOHAaBTY, HaxOIAIIEMYCSi B OTKPBITOM KOCMOCE, BEpHYThCS OOpaTHO Ha
KOCMUYECKUI KopabJib 6€3 TOCTOPOHHEH MOMOIIIH ?

10.I[ToueMy COBETYIOT MPH BBICTPEIIC PY>Kbe MOKpEMUYe MPUKUMATD K TIedy?

11.Kakpe w©3 mepeyrcICHHBIX Tell 00JIaaloT KWHETHYECKOH DJHEPTHei: a) KaMCHb,
NOAHATHIA HaJ| 3eMJiel; 0) JeTAUIMI caMOJIeT; B) pacTsHyTas MpY>KUHA.

12 .VI3mensieTcs i MOTEeHIIUAIbHAS YHEPTUS JIOJIKH, TUTBIBYIIEH 10 TCYSHUIO PEeKU?

13.JlerkoBoii U rpy30BOil aBTOMOOMIN IBHXKYTCSI C OAMHAKOBBIMU CKOpocTsMu. Kakoi u3
HUX 00J1aj1aeT OOJbIICH KUHETHYECKON dHEPTHEH?

14 Kak n3MeHseTcsl KHHETHYEeCKasi U TOTCHIIMAIbHAS DHEPTHs CBOOOHO IMaIaromero Tema?
Kocmuueckoro kopabiisi, COBEpPIIAIOIIETO MITKYIO MOCAAKY?

15.Kakue npeBpaliieHus: 3HEpruu MPOUCXOAUT IPH JBUKEHUU KaMHs, OPOIIIEHHOTO BBEPX?
ConpoTHBIEHUEM BO3/IyXa MOKHO MPEHEOPEYb.

16.ITpu kakoMm yCIOBMHU JBa Teja Pa3HON MAcCChl, MOJHATHIE HA Pa3HYIO BBICOTY, OYIyT
00J1a/1aTh OJIMHAKOBOM MOTCHITMATILHON dHEPTHEH ?

17.IlpuBeaute mpuMepbl MpEBpalleHrs KMHETUYECKOW SHEPTHHM Tela B MOTCHIUAIbHYIO
DHEPTUIO U 0OpPATHO.

18.I'py3, mo/ABEIICHHBIA HA HUTH (MasTHHUK), coBepiIaeT kojebanus. Kakue npeBpareHus
SHEPTUU MPOUCXOJAT IIPU ATOM?

19.T1agaroruit ¢ BBICOTHI 2M MSYMK TOJCKOYMI Ha BbicoTy 1,5M. Kak cormacoBaTh 3TO ¢
3aKOHOM COXPAaHEHUS DHEPTUU?

20.3a cueT kKakoW SHEPTrMU B3MBIBAET BBEPX HAIOJHEHHBIM TelueM BO3IYIIHBIA IIapUK,
BBIPBaBILHICS U3 PYK?

N o

Kontponupyembie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; 1L.1.-1L.7.; JIP2,
JIP4, JIP23. JIP30

Kpurepun onenku:

OtmeTka «5»

IIOJTHO PACKPBITO COAEPKAHUE MaTepuaia

YETKO M IPAaBWIBHO JaHbl ONPEIEICHUS M PACKPBITO COACP)KAHHUE IOHATUH, BEPHO
MCIOJIb30BaHbl HAYYHbIE TEPMUHBI

JUISl JOKA3aTeNbCTBA UCIOJIb30BaHbl PA3IMYHbIE YMEHUS, BBIBOIBI M3 HAOIIOACHUI, ONIBITOB
OTBET CaMOCTOSTENbHBIH, HCIIOJIb30BAHbI paHee NMPUOOPETEHHbIE 3HAHMUSL.

OrMmerka «4»
PAaCKpBITO OCHOBHOE COJIEp)KaHUE MaTepuana



B OCHOBHOM MPABWJILHO JaHbI ONPEACICHUS MTOHATUN U UCTIOJIb30BaHbl HAYUYHbIC TEPMUHBI.
OTBET CAMOCTOSTCIILHBIN

ONpeJeICHUs]  TOHSATHM  HEMOJIHBIE,  JIONYIIEHbl  HE3HAYUTENIbHBIC  HApYyIICHUS
MOCJIE0BATEILHOCTH U3JI0KEHUS, HEOOIbIIINEe HETOUHOCTU MPU MCHOJb30BAHUM HAYYHBIX
TEPMHHOB WJIM B BBIBOJAX U O0OOIIECHUSIX

MpaBWIbHBIE M YETKHE OTBETHl HA BOMPOCHl YTOUHSIONMIETO XapakTepa (MO3UIIUsS
TTOHUMAFOIITU )

OtmeTtka «3»

YCBOEHO OCHOBHOE COJIEp’KaHHME Y4eOHOro MaTepuajia, HO W3JI0KEHO (parMEeHTapHO, HE
BCET/Ia MOCJIEA0BATEIIBHO

onpeJIeNeHus] TOHITUH HEIOCTAaTOYHO YETKHE

HE WCIOJB30BaHbl B KA4e€CTBE JOKA3aTeIhCTBA BHIBOABI M OOOOIICHUS W3 HAOJIOJICHUH,
JOTYILIEHBI OIIMOKHU MPU UX U3T0KEHUH

JOMYIIEHbl OIMOKKM W HETOYHOCTH B HCIHOJb30BAaHUM HAYYHOM TEPMHUHOJIOTHH,
onpeJielieHUe MOHITHIA

MpaBUJIbHBIE U YETKUE OTBETHI HAa BOMPOCHI HABOIAIIETO U KOHKPETU3UPYIOIIETO XapaKkTepa
(TO3UIIMS KPUTHK)

OtMmeTka «2»

OCHOBHOE COJIepKaHue Y4eOHOTO MaTepuaja He pacKphITO

HE JaHbI OTBETHI Ha BOMPOCHI HABOSAIIETO M KOHKPETUZUPYIOIIETO XapaKTepa

JONyIIeHbI TIpyOble OMMOKKM B  ONPENCICHUU TOHATHA, TPU  HCIOIb30BAaHUM
TEPMUHOJIOTHH.

Tecruposanue (T)

Yemy paBeH MOAYJTb U3MEHEHHS HMITYJIbCA TEJIAa MAaCCOU M, IBIKYIIETOCS CO CKOPOCTHIO V,
€CJIM TOCJIE€ CTOJIKHOBEHUSI CO CTEHKOM TEJIO CTaJIO ABUTATHCS B IPOTUBOIOIOAKHOM
HaIpaBJICHUU C TOU JKe TI0 MOAYII0 CKOPOCTHIO:

a) 2myv

0) mv

B)

[Ipu BbICTpENE U3 NTHEBMATUYECKON BUHTOBKH BBUIETAET ITyJIsl MAaCCOM M CO CKOPOCTBIO V.
Kaxko#i mo MoyJ1t0 UMITYJIbC IPHUOOPETAET MOCIE BBICTpEsia MTHEBMAaTUUECKas BAHTOBKA,
eciiu ee Macca B 150 pa3 GoJibiiie Macchl IMyJu:

a) 150mv

0) mv

B) mv/150

C noaxu o6mieit maccoit 200 Kr, IBIXKYILENUCS cO CKOpOCThIO 1 M/c, Beimait rpy3 maccoit 100
kr. Kako# crajia CKOpOCTb JIOJIKH:



a) 10 m/c
0) 1 m/c
B) 2 M/c

Teno maccoit 1 kr cunoit 20 H nogaumaercs Ha BeicoTy 5 M. UeMy paBHa paboTa 3TOM
CHJIBL:

a) 100 Ix

0) 10 JIx

B) 1000 [Ix

Onpenenute MUHAMAIBHYIO MOIITHOCT, KOTOPO# TOJKEH 00J1a1aTh ABUTATENb PUEMHHKA,
yTOOBI MOMHATH Tpy3 Maccoi 50 kr Ha BeicoTy 10 M3a 5 c:

a) 2 kBt

0) 3 kBt

B) 1 kBT

[Tpu nBUKEHUU HA BEJIOCHUIIEAE 110 TOPU30HTAIBHOM J0POTe CO CKOPOCThIO 9 KM/4
pas3BuBaerca momHOCTh 30 Br. Haliqure nBmxkymyro cuiy:

a)24 H

0) 12 H

B)40 H

Teno maccont 2 kr umeeT noTeHunanbHyo 3Hepruto 10 [Ix. Ha kakyto BeICOTY HaJ 3eMilen
IIOJHATO TEJO, €CIU HYJIb OTCUETA IIOTCHIMAIIBHON YJHEPTUHA HAXOAUTCS Ha IIOBEPXHOCTH
3eMJIN:

a)l m

0)2M

B) 0,5 M

Bo ckoibpKo pa3 moTeHIMambHAas SHEPTHsI, HAKOTUICHHAS TIPYKUHOM TIPH COKATUU U3
MIOJIOKCHUS PAaBHOBECHS Ha 2 CM, MEHBIIIE, UeM IIPH CXKATUH TOW e MPYKUHBI Ha 4 CM:
a) B4 paza

0) B 2 paza

B) B 8 pa3

Kak nu3MeHHUTCS] KWHETUYECKask SHEPT U TeJla P YBEJIIMYEHUHN €r0 CKOPOCTH B 2 pasa:
a) YBEJIMYUTCSA B 2 pa3a

0) ymeHbuTcs B 4 pasza

B) yBenUuuTCs B 4 paza

10.C xakoii CKOPOCTBHIO OPOCHIIN BEPTUKAILHO BBEPX KaMEHb, €CJIU OH MPU ATOM TOJTHSIICS Ha

BBICOTY S M:
a) 5 m/c

0) 10 m/c

B) 2,5 M/c



11.Teno 6pouieHO BEpTUKAIBHO BBEPX cO ckopocThio 10 M/c. Ha kakoil BeicoTe ero
KMHETHYECKasi IHEPTUS CTAHET PABHOW €ro MOTEHIUAJIBHON SHEPIUU:
a)2,5m
0)2w™m
B) S ™M

12.E nuHuiia u3MepeHnst UMITyJIbCa CHIIBI B MeXyHapoJHOH cucTeMe:
a) KT * M/C
0) Hec
B) KI/M

13.3aMKHyTast cUCTEMa TeNl — TaKasi CUCTEMA TeJl, Ha KOTOpbIE!
a) He EHUCTBYIOT BHEIIHUE CUJIbI
0) HEe NEHCTBYIOT HU BHEUIHUE, HU BHYTPEHHUE CUIIbI
B) IEHCTBYIOT BHEILIHUE CHIIbI

14 IMmiynbC Te1a ONpeaensieTcsl BBIPA)KEHUEM:
a) F/t
0) Fet
B) mev

15.Teno OpoleHO BEPTUKAIBHO BBEPX CO CKOpOoCcThio 20 M/c. ConpoTUBIEHHE BO3TyXa
CpPaBHUTENBHO Maso. Kakol BBICOTBHI OHO JOCTUTHET:
a) 20 m
0) 15™
B) 10 M

16.2Kene3Hoq0p0KHBIN BaroH MAacCOM m JABUKYIIIHICS CO CKOPOCTBIO V, CTAJIKUBACTCS
HETOJIBU>KHBIM BAarOHOM Maccoil 2m U cueruisieTcsi ¢ HuM . KakuM cymMMapHbIM UMITYJIBCOM
00J1aJal0T JIBa BaroHa MocCJI€ CTOJIKHOBEHHS:
a) 3v
0) v/3
B) V

17.CxopocCTh JIETKOBOTO aBTOMOOMIISI B 4 pa3a O0JIbIIIe CKOPOCTH TPY30BOTO, a Macca
IPy30BOTo B 2 pa3a 0oJbIlie Macchl J1erkoBoro. CpaBHUTE 3HAUCHUSI MOIYJIEH UMITYJIbCOB
JIETKOBOTO P1 ¥ TPY30BOTO P2 aBTOMOOUIICH:
a) p1=p2
0) p2=2p1
B) p1=2p2

18.Teno, Maccoii 2 Kr IBUKETCS €O CKOPOCThIO 4 M/c. KakoB ummybc Tena:
a) 16xrem/c



0) 8krem/c
B) 4Krem/c

19.Teno maccoit 2 Kr OAHUMAETCSI Ha BBICOTY 5 METPOB IMPU JACHUCTBUH Ha HETO MOCTOSHHOM
cuiel 30 H. PaGoTa 3Toit cuiibl paBHa:
a) 100 JIx
6) 1500 Ix
B) 150 JIx

20.Kaxkas u3 mepeurcaeHHbIX BeJTUYHH SBIISCTCS BEKTOPHOM:
a) macca
0) UMITYJIbC
B) ITyTh

21.BopoHa JIeTUT co CKOpocThio 6 M/c. Mmybc BopoHbI paBeH 3 Kr * M/c. Macca BOpOHBI
paBHa:
a) 0,5 kr
0) 2 kT
B) 1,5 kr

22.Kaxk Ha3bIBaeTCsl BEIMUMHA, PaBHAs TPOU3BEICHUIO MACCHI TeJla HA €€ CKOPOCTh:
a) UMITYJIbC CHJIbI
0) UMITyJIbC TeJa
B) IIEpPEMEIICHHE

23.Kak Ha3bIBaeTcs (pu3myeckas BeIMUKMHA, paBHAs TPOU3BEACHUIO MOAYJIEH CUIIBI U
NEPEMEIICHUS U KOCUHYCA yIJ1a MEXIY HUMH:
a) MOIIHOCTH
0) KUHETHUYECKask SHEPTUs
B) paboTta

24.Teno maccoli 3 kr moHATO Ha BeICOTY 10 M. KakoBa moTeHIMabHast SHEPTHS Tena:
a) 30 JIx
0) 300 JIx
B) 600 JIx

25.Kamens OporieH BepTUKaibHO BBepX. Ha myTu 1 M ero kuHetuyeckas sHEprus
yMeHbImwiack Ha 16 Jx. Kakyto paboTy coBepimia cuia TSKECTH Ha 3TOM Iy THU:
a) —8 JIx
0) —32 JIx
B) —16 [Ix

26.ITepBbIii AIEKTPOIBUTATEND, IIOCTPOCHHBIN akageMukoM S1610ukoBsiM B 1834 romy,
paBHOMEpPHO Mo AHUMa (¢ moMoIIk0 610ka u HUTH) rpy3 50 H Ha BeicoTy 0,6 M 3a 2 c.
Onpenenure MOIIHOCTh ATOTO JIBUTATENS:



a) ~1,5 Bt
0) ~15 Bt
B) 25 Bt

27.0mnpenenuTs paboTy CHIIBI IPH PABHOMEPHOM MOJHATHHN TPy3a Maccoit 2 T Ha BBICOTY 50

CM:

a) 1 xJIx
0) 1,5 x/lx
B) 10 x/Ix

28.Kak Ha3bIBaeTcs (pu3myeckas BeJIMUMHA, PaBHAs TPOU3BEJCHUIO CUIIbI HA BpEMsI ee

JICUCTBHUA:

a) KUHETUYECKasi YHEPIUsl
0) UMITyJIbC Tea

B) UMITYJIBC CHJIbI

29.Ha teno B Teuenue 2 muH neiictByer cuia 5 H. KakoB umiynbe cuibr:

a) 600 H-c
6) 60 H-c
B) 6 H-c

30.Kak Ha3bIBaeTcsl (pusmyeckas BeIMUUHA, paBHASI OTHOLIEHUIO PAOOTHI K MHTEPBAITY

BPEMEHH, 32 KOTOPHI 3Ta paboTa coBepIlIeHa:
a) KNHETHUYECKas SHEPTus

0) MOIIIHOCTH

B) paboTa

Kontponupyemeie komnerenuuu: OK 01-OK 07; JL.1.-J1.6.; M.1.-M.6.; IL.1.-11.7.; JIP2,
JIP4, JIP23. JIP30

Kaouu Kk Tecrtam:

Ne ponpoca 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 |2a |6 |2a |B |a |6 |B |6 B |6
IIpaBuibHbII
O0TBET
Ne ponpoca 21 22 23 24 25 26 27 28 29 30
a 6 B 6 B 6 a B a 6
IIpaBuibHBII 0OTBET

Kpurepun onenku:
— «2» BBICTaBIISIETCSl 00yUaroneMycs, eciu Hadpan meHee 12 6amios;
— «3» BbICTaBIIsAETCS 0OyyJaromemycs, 3a 13-17 6amos,;



— «4y BeICTaBIIsIETCS OOyUaromemycs, 3a 18-24 6amios,
— «5» BBICTaBIIsIETCS O0Oy4aromemycs, 3a 25 u 0osiee 0anos.

3aganuda qis camocrostebHO padoTsl (CP)

Tembl 3cce (pedpepaToB, 10KJI10B, COOOIIEH M)

1) 3akoH COXpaHEHUs UMITYJIbCA.

2) PeakTHBHOE JBHIKCHHE.

3) 3aKkOoH COXpaHCHUS MOMEHTA UMITYJIhCA.

4) MexaHnveckas paboTa U MOIITHOCTb.

5) Kunernueckas sHeprusl.

6) IloTeHnmanbHast SHEPTHSL.

7) 3aKkoH COXpaHEHUsI MEXaHMYECKOW SHEPTHH.

8) PaboTa CHIIBI TSHKECTH M CHIIBI YIIPYTOCTH.

9) KoHcepBaTUBHBIC CHIIBI.

10) [IpumeHeHe 3aKOHOB COXPAHEHUSL.

11) Mcnonb3oBaHNE 3aKOHOB MEXaHWKH JUIS OOBSICHEHHS JBIDKCHUS HEOSCHBIX Tel H
IUIS Pa3BUTUS KOCMHUYECKUX HCCIIEOBAHUM, TPAaHUIIBI IPUMEHUMOCTH KIaCCUYECKOH
MEXaHUKH.

12) IlpakTiueckoe mnpuMeHEHUEe (U3UYECKUX 3HAHUN B IOBCECAHEBHOW JKWU3HU IS
UCIIOJIB30BaHUS TIPOCTHIX MEXaHU3MOB, HHCTPYMEHTOB, TPAHCIIOPTHBIX CPEIICTB.

Kontponupyembie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; 11.1.-IL.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun ouenku:

OtmeTka «5»

IIOJIHO PACKPBITO COJIEPKAHUE MaTEpPHUaIa

YETKO W TMPABWIBHO [aHbl ONPEAECICHHUS W PACKPBITO COAEpPKAHWE TMOHSATHMN, BEPHO
WCIIOJIb30BaHbl HAYYHbIE TEPMUHBI

JUTSL IOKA3aTEIhCTBA UCTIONB30BaHbI PA3IMIHBIC YMEHUS, BHIBOIBI M3 HAOFOCHUM, OTIBITOB
OTBET CAMOCTOSTEIIHHBIN, NCITOJIB30BAHbI paHEe TPUOOPETCHHBIC 3HAHMUS.

OtMmeTtka «4»

PACKPBITO OCHOBHOE COJIEp)KaHUE MaTepuasa

B OCHOBHOM MPABWJILHO JaHbI ONPEEICHUS MOHITUI U UCII0JIb30BaHbI HAYYHBIC TEPMUHBI.
OTBET CAaMOCTOSTCIILHBIN

ONpeelieHUs]  TOHSATHM  HEMOJIHBIE,  JIONYILIEHbl  HE3HAYUTENIbHbIC  HapyIICHUS
MOCJE0BATEILHOCTH U3JI0KEHUS, HEOOIbIIIEe HETOUHOCTU TIPU UCIOIB30BAaHUU HAYUHBIX
TEPMHUHOB WM B BEIBOJAX U O00OIIECHUSIX

MpaBWIbHbIE M YETKUE OTBETHI HA BOMPOCHl YTOUHSIONMIETO XapakTepa (MO3UIIUsS
TTOHUMAFOIITH )



=

OtmeTtka «3»

YCBOCHO OCHOBHOE€ COJIEp)KaHME y4eOHOro Marepuajna, HO HM3JI0KEHO (parMeHTapHO, He
BCET/1a MOCJIEA0BATEIHHO

ONpe/ICIICHUS TTIOHITUI HEIOCTATOYHO YETKHE

HE HCIOJIb30BaHbl B KaueCTBE J0KAa3aTeIbCTBA BBIBOJBI M OOOOIIEHMS W3 HAOIIOJICHMIA,
JOTYIICHBI OMUOKH TPH UX HU3JI0KESHUH

JTOMYIICHbl OIMMOKA ¥ HETOYHOCTH B HCIIOJB30BAHMM HAYYHOW TEPMHUHOJIOTHH,
OIPEICIICHUE TTOHITUIA

MPaBUJIbHBIE U YETKHUE OTBETHI HA BOMPOCHI HABOASIIETO0 U KOHKPETU3UPYIOIIETO XapaKTepa
(MO3UKUs KPUTHK)

OtMeTKka «2»

OCHOBHOE COJIepKaHUE Y4eOHOTO MaTepuasa He PacKphITO

HE JaHbI OTBETHI HA BOIIPOCHI HABOSAIIETO M KOHKPETU3UPYIOIIETO XapaKTepa

JTOMYIIEHbl TIpyOble OMMOKKM B  ONPEACICHUU TOHATHHA, TIPH  HCIIOJIB30BaHUU
TEPMUHOJIOTHH.

KonTtposabHas padora Nel

ITo pa3geny «MexaHUKa»
Bapuanr 1
CdopmynupyiiTe niepBbIii 3akoH HproToHa.
MOTOIMKIMCT Hayad JBMKEHHE C MOCTOSHHBIM ycKopeHweMm 1 Mm/c2 Omnpemenure myTh,
KOTOPBIN TIPOIIET MOTOIIMKIUCT JI0 TOTO MOMEHTA, KOT/1a €r0 CKOPOCTh cTana 36 Km/.
[Io BTOpoMy 3akoHy HbloTOHa omnpenenuTe yCKOpEHHE Tena, BbI3biBaemoe cuioil 90 H;
Macca tena 45 Kr.
JIBa xopabns maccort 50000 T KakIbIii CTOST Ha pelae Ha pPacCTOSIHUU | KM OAWH OT
npyroro. KakoBa cuiia npUTsS)KEHUS MEXIAY HUMU?
Teno, nBMXKyIIeecs CO CKOPOCThIO 4M/C, UMeeT KMHeTHYecKyto sHepruro 16 k. Haiitu
Maccy 3TOro Tena.

Bapuanr 2

ChopmynupyiiTe 3aKOH BCEMUPHOTO TATOTEHHUSL.

3a Kakoe BpeMsi aBTOMOOW/b, JBUIasCh U3 COCTOSHHS IIOKOS ¢ yckopenuem 0,6 m/c?,
npoiaet 30 m.

Cuna 60 H coobmaer Tteny yckopenue 0,8 Mm/c?. Kakas cuaa COOOIIMT DTOMY TEILy
ycKkopeHue 2 mM/c??

Bruncnure cwny nputspkeHus denoBeka maccor 80 kr k ConHiy, ecnm macca ConHna
pasna 1,99-10% kr, a paccrosuue ot 3emun no Connna cocrasnser 1,5-10° k.

Teno, maccoi 3 kr obnagaeT noteHManbHOM 3Heprueit 60 . Onpenenure BHICOTY, Ha
KOTOPYIO IMOAHATO TEJIO HAJl 3eMJICH.

Bapuant 3



=

ChopmynupyiiTe 3aKOH COXpaHEHUS YHEPTHUU.

Temnoxon, ABUrasch U3 COCTOSHMA MOKOs ¢ yckopenueMm 0,1 m/c?, mocturaer ckopoctu 18
KM/4. 3a Kakoe BpeMs 3Ta CKOpOCTh JocTUrHyTa? Kakoi myTh 3a 3T0 Bpems IponieH?

C xakuM YCKOpEHUEM JIBUTAICS MpH pa3dere peakTUBHBINA caMmoneT maccoi 60 T, ecnu cuia
Taru agsurareiaei 90 kH?

C kakoil cunoil nputsaruBaercs JIyHoil rupst Mmaccor 1 Kr, HaxoaAIIascsi Ha MOBEPXHOCTH
JIynsl. Macca JIynsl pasaa 7,3 - 1022 kr, a ee paguyc 1,7-108 cm?

KakoBa kuHeTHuecKas SHEprusi KOCMUYECKOro kopabis cepun «Coro3» NpH JABUKEHUU T10
opbuTe co CKOpoCThIO 7,8 KM/C, eciti Macca Kopaous 6,6 T2

Bapuanr 4

Cdopmynupyiite TpeTuit 3akoH HeroToHa.

[Iyns B cTBONE aBTOMaTa KanamHMKOBAa IBMKETCS ¢ yckopenweM 616 km/c?. Kakosa
CKOPOCTb BbUIETA ITYJIH, €CIU AJInHA cTBoa 41,5 cm?

Teno maccoit 4 Kr moj AeicTBHEM HEKOTOPOM CHIIbI IIpHOOpeno yckopenue 2 M/c?. Kakoe
YCKOpEeHHE mpruodpeTaeT Teno Maccoit 10 Kr o1 ASMCTBHEM TaKO# K€ CUITBI?

C kakoil cuJIoN MPUTSITUBAIOTCS APYT K APYTY JIBa Te€lla MacCOM MO 5 KT, €CJIM PacCTOSTHUE
MEXKy UX LIeHTpamMu Macc paBHo 20 m?

Teno nmoansiu Ha BeicoTy 0,6 M Hag 3emiei. [Ipu 3ToM 0HO 00JagAI0 NOTEHIMATIBLHON
sHeprueit paBHot 42 . Onpenenure Maccy Tena.

KonTtponupyembie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; 11.1.-IL.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun ouenku:

- «5» cTaBUTHCS 32 pabOTY, BHIMOJIHEHHYIO TIOJIHOCThIO O€3 OIMOOK U HEJ0UETOB.

- «4» CcTaBUTKCA 3a pabOTY, BHINIOJHEHHYIO MOJTHOCTHIO, HO MPY HAJTUYMH B HEW He Oojee
OJTHOM rpy0Oo0i 1 OHOM HErpyOOi OIIMOKK M OJTHOTO HeJlo4eTa, He OoJiee TpeX HeJA0UETOB.

- «3» CTaBUTbCS, €CIU CTYAEHT MPAaBWIHHO BBIMOJIHWI HE MeHee 2/3 Bceld paboThl WU
JOTYCTU He 0oJiee 0THOM TpyOOoi OmMMOKY M IBYX HEIOYETOB, HE Ooyee 0qHOM TpyOoid 1
OJTHOM HerpyOoi ommMOKU, HEe OoJiee TpeX HErpyObIX OIIMOOK, OHON HErpyOoi OmmMOKH U
TpEX HEIOUETOB, IPU HATUYIUH 4-5 HEJOUETOB.

- «2» CTaBUTHCS, €CIU YHUCIO OMMOOK M HEIOYETOB MPEBBICUIO HOPMY OIEHKU «3» WU
MPaBUJILHO BBIMOJTHEHO MeHee 2/3 Bcell paboThl

Paznen 2. MogexkyasipHasi Gu3uKka ¥ OCHOBbI TEPMOJIMHAMHUKH

Tema 2.1. OcHOBBI MOJIEKYJISIPHO-KMHETHYECKOW TeOpUH ra3oB

Ycrublii onpoc (YO)
1. Kakosa nens monekynsipHo-kunernueckoi teopunt (MKT) crpoenust BemiecTa?



no

HazoBute ocHoBHBIE TTo10keHUsT MKT.

3. llpuBenure mpuMepsl (PHU3UUIECKUX  SABICHHH, KOTOPHIE SIBISIOTCS KOCBEHHBIM

JI0Ka3aTebCTBOM CYIIIECTBOBAHMS aTOMOB U MOJIEKY!I.

Kakue skcriepuMeHTanbHbIN (haKkThl OATBEPKIAIOT CYIIECTBOBAHNE MOJIEKYJT (ATOMOB)

[IpuBenuTe CpaBHEHUS, IMMO3BOJISIONINE TPEICTABUTh, HACKOJIBKO MOJICKYJIBI (aTOMBI)

MaJbl.

6. [IpuBenute cpaBHEHUS, TO3BOJISIONIUE MPEJACTABUTH ,HACKOJIBKO MOJIEKYJIBI (ATOMBI)
MHOTOYHCIICHHBI.

7. JlaiiTe onpenieieHre KOJIMYECTBA BEUIECTRA.

8. KakoBa enmaniia koimuectsa Bertectsa B CU?

9. Chopmynupyiite onpenencHue NoCTOSHHON ABorapo. Yemy oHa paBHa?

10.ITouemy mocTostHHass ABOTapo OJMHAKOBA JIJIS JIFOOOTO BelecTBa?

11.laitTe onpeaenenue monsipuoi maccel. Kakosa ee eaununa B cucreme CHU?

12.Kak cBsi3aHbI MOJISIpHAS. M OTHOCUTENIbHASI MOJICKYJISIpHAS MacChl?

13.ITpuBeauTe npuMepsbl (U3HMUECKHUX SBICHUM, KOTOPBIC SIBIISIOTCS T0KA3aTEIIHCTBOM
JIBUYKEHUS MOJIEKY L.

14.Jlatite onpeneneuaue quddy3nmn.

15.ITpuBeauTe npuMepbl NpuMeHeHHs T GY3UN B IPUPOJIE, TEXHUKE, M )KHU3HU YEIIOBEKA

16.ITpuBeauTe npuMepbl GU3HMUECKUX SABICHUN, KOTOPBIC SBIISIOTCS JI0KA3aTEIbCTBOM
B3aMMOJICUCTBHS MOJICKYI.

17.KakoBa mpupoja MEKMOJIEKYISIPHOT0 B3auMoaecTBus? Ha Kakux paccTOSTHUAX
MPOSIBIISIFOTCSL 3TU CHUJIBI?

18.HazoBHUTE OCHOBHBIC arperaTHbIe COCTOSIHUS BeliecTBa. Kakne n3aMeHeHUsT IPOUCXOIAT
B BEIIECTBE MpH (ha30BbIX Iepexoaax”?

19.Kak ABMXKyTCSI MOJIEKYJIbI Ta3a?

20.]laliTe onpeneneHus HaCATBLHOIO Ta3a.

21.11pu KakuX yCIOBUSX pealbHbIC Ta3bl BEAyT ceOs MOJ00HO HaeaTbHOMY razy?

22.HazoBuTte GU3HMYECKUE BEITMYUHBI, KOTOPHIE SBIISIIOTCS MUKPOCKOITUYECKUMHU
napamMeTpaMH HIeaJbHOTO Ta3a.

23.HazoBuTte pusznueckre BEIMUUHBI, KOTOPHIC SIBISIOTCS MaKPOCKOITUYECKUMHU
napameTpaMu UJ1eaJbHOTO Ta3a.

24.B yeM npuyuHa JaBJIeHUS ra3a’?

o &

Kontponupyemsie komnereHunu: OK 01-OK 07; JL.1.-J1.6.; M.1.-M.6.; TL.1.-11.7.; JIP2,
JIP4, JIP23. JIP30

Kputepuu oneHkuH:
OtmeTKa «5»
® TI0JIHO PACKPBITO COAEPHKAHUE MaTepraia
® YETKO U NPABWIBHO JaHbI ONPENCICHUS U PACKPBITO COAECPKAHHUE MOHSATHM, BEPHO
HCTIOJIb30BaHbl HAYYHBIE TEPMUHBI
e I JOKa3aTeIbCTBA MCIIOJIb30BaHbl PAa3IMYHBIC YMEHHMS, BBIBOJIBI M3 HAOJIOJICHUH,
ONBITOB
® OTBET CAaMOCTOSTEIbHBIN, HCIIOJIF30BAaHBI PaHee IPHOOPETCHHBIC 3HAHUS.



OtMmeTka «4»

PACKPBITO OCHOBHOE COJIEp)KaHUE MaTepraia

B OCHOBHOM MPaBUJIBHO JaHbl OMNPEACICHUS MOHSITUN W HCHOJb30BaHbl HAay4YHBIC
TEPMHUHBI.

OTBET CAMOCTOSTCIbHBIN

ONpeJelICHUs] TIOHATHM HEMOJIHBIE, JIONYIIEHbl HE3HAYUTENIbHbIC HapyIICHUS
MOCJIEOBATEIILHOCTA HM3JIOKEHUsI, HEOOJbIIINE HETOYHOCTH IPH HCIIOIb30BaHUU
Hay4YHbIX TEPMUHOB WJIM B BBIBOJAX U 000OIICHUSX

MpaBWIbHBIE W YETKHE OTBETHI Ha BOIPOCHI YTOUHSIOMIECTO XapakTepa (MO3UIUs
MOHUMAIOIIINIA )

OtMmeTka «3»

YCBOEHO OCHOBHOE COJIepKaHNe y4eOHOTO MaTepuaia, HO U3JI0)KEHO (parMeHTapHO,
HE BCET/a MOCIeI0BATEIbHO

OTIPEICIICHHS TIOHITHI HETOCTATOYHO YETKHE

HE WCIOJB30BaHBl B KA4eCTBE JOKA3aTeIhCTBA BBIBOJIBI W O0OOIICHUS U3
HAOJI0ICHUH, TOMYIIICHBI OMTUOKH MPU MX U3T0KESHUH

JOTMYIIEHbl OIMMOKKM W HETOYHOCTH B HCIOJB30BAHWHM HAYYHOW TEPMUHOJIOTHH,
OIPENICIICHUE TTOHSATUI

MpaBUIbHBIE W YETKUE OTBETHI HA BOMPOCHI HABOJAIIECTO W KOHKPETHU3UPYIOIIETO
xapakTepa (IMo3UIHs KPUTHK)

OtMmeTka «2»

OCHOBHOE€ COJIepKaHue Yy4eOHOTo MaTepuasna He pacKpbITO

HE JIaHbl OTBETHI HA BONPOCHI HABOJAIIETO U KOHKPETHU3UPYIOIIETO XapaKkTepa
JOMYIIEHbl TpyOble OMMUOKM B OMNPEACICHUH TOHATHUH, MPU HCIOIH30BAHUU
TEPMUHOJIOTHUH.

3aganus g caMocTosATeILbHOI padoTsl (CP)

Tembl 3cce (pedpepaToB, 10KJIAA0B, COOOLICHUIT)

CoNoORLDE

BpoyHOBCKOE ABUKEHUE.

CuIibl ¥ SHEPIUS MEKMOJIEKYIISIPHOTO B3aUMO/ICUCTBUSI.
CtpoeHue ra3000pa3HbIX, KUJIKUX U TBEPABIX TEIL.

WUneanpHBIN Ta3.

JlaBieHue rasa.

OCHOBHO€E YpaBHEHHE MOJIEKYISPHO-KUHETUUECKON TEOPHUH Ira30B.
Temneparypa u ee U3MEpEHUE.

AOCOIOTHBIN HYJIb TEMIIEPATYPHI.

. TepmoamHamuyeckas 1IKajga TEMIIEPATYPHI.

10 CkopocTH IBUKEHUS MOJIEKYJ U UX U3MEPEHHE.
11.M3omnpotiecchl U UX rpapukH.



12.I"a30BbI€ 3aKOHHI.
13.YpaBHeHrE COCTOSIHHS MI€aTLHOTO Ta3a.
14 MonsipHasi ra30Bas MOCTOsTHHA.

Kontponupyemeie komnerenunu: OK 01-OK 07; JIL.1.-J1.6.; M.1.-M.6.; IL.1.-11.7.; JIP2,
JIP4, JIP23. JIP30

Kpurepun onenku:
OtmeTka «5»

IMOJIHO PACKPLITO COACPIKAHNEC MATCpHalad
YETKO M HNPaBUIIBbHO JaHbI OMPECACITCHUA U PACKPBLITO COACPIKAHNC HOHHTHﬁ, BEPHO
HCIIOJIb30BAHBI HAYYHBIC TCPMHHBI

AJIA A0KA3aTClIbCTBA HMCIIOJb30BAaHbI PAa3/IMYHbBIC YMCHUWA, BbIBOAbLI M3 Ha6JIIOI[€HI/II\/i,
OIIBITOB

OTBET CaMOCTO}ITeJIBHblﬁ, HCITIOJIB30BaHbl PAaHCC HpI/IO6pCTCHHI>IC 3HaHMUS.

OtMmeTka «4»

PACKpBITO OCHOBHOE COJIEpKaHUE MaTepuasia

B OCHOBHOM MPAaBWJIBHO JAHBl ONPEACJIEHUS] MOHATHN W WCIOJIb30BAHbI HAYYHBIE
TEPMHUHBI.

OTBET CAMOCTOSTEIbHBIN

ONPEIECICHNUS] TIOHATHUM HEMOJHBIC, JONYIIEHbl HE3HAYUTEIbHbIC HAPYIICHUS
MOCJIE0OBATEILHOCTA HW3JIOKEHUsI, HEOOJbIIINE HETOYHOCTH MPU HCIOIB30BAHUU
Hay4YHBIX TEPMHUHOB HIIM B BBIBOJAX M 000OIICHUSIX

MpaBWJIBHBIE W YETKHWE OTBETHI Ha BOIPOCHI YTOUHSIOMIETO XapakTepa (IO3UIUs
TTOHUMAFOIITH )

OrMmerka «3»

YCBOEHO OCHOBHOE COJIepKaHhe yueOHOTO MaTrepuaia, HO U3JI0)KEHO (parMeHTapHO,
HE BCEr/ia Mociaea0BaTeIbHO

ONPEAENICHNS TOHATUI HETOCTATOYHO YETKUE

HE WCIOJb30BaHBl B KaueCTBE JOKAa3aTelbCTBA BBIBOJBI W O0O0OIIEHUS U3
HaOII0ICHUH, TOMYIIEHBI OIIUOKHU MPU UX U3JI0KEHUU

JOTYILEHbl OIMMOKKM W HETOYHOCTH B HCIOJB30BAHUM HAYYHOW TEPMUHOJIOTHH,
ONPEICTICHUE TOHATUI

MPAaBWIbHBIE U YETKUE OTBEThl HAa BOIPOCHI HABOJAIIETO M KOHKPETHU3HUPYIOIIETO
xapakTtepa (Mo3uIUs KPUTHK)

OTMmeTKa «2»

OCHOBHOE€ COJIepKaHue y4eOHOTO MaTepuasna He pacKphITO

HE JIaHbl OTBETHI HAa BONIPOCHI HABOALIETO U KOHKPETU3UPYIOLIETO XapaKkTepa
JOMYIIEHbl TpyOble OMIMUOKKM B OMNPEACICHUU TOHATHH, MPH HUCIOJIH30BAHUU
TEPMUHOJIOTUH.



JlabopaTopHbie padoThI

JlaGopaTopnasi pabora Ne 1
MN3y4denune n300apHOro npouecca (onbiTHasi nposepka 3axkona I'eii-JIroccaka, bois -
Mapuorra)

eab padoThI: SKCIIEPUMEHTAIBHBIM ITyTEM NPOBEPUTH BEPHOCTH 3aKoHa [ 'ei-
JIroccaka (J1oka3aTh MOCTOSIHCTBO oTHOIIEHUsS V/T 11 JaHHO# Macchl rasa).

Oo0opynoBanmsi: Buptyansnas nadoparopusi «MccinenoBanue n3o6apHoro mnpoiecca
B razax»
- http://efizika.ru/html5/18/index.html.

VYcranoBka mojnenupyeriiadboparopuyro padoty «lIpoBepka 3akoHa H300apHOIO
nporecca I'eit-JIroccakay.

Kparkas reopus

B 1802 rony, dpanmysckuii yuensiii XKozed Jlyu I'eit-Jlroccak omyOGnukoBas3akoH
OMPENENSIONUN 3aBUCUMOCTh 00bEMA Ta3a OT TEMIEPATYPhl NIPU MOCTOSIHHOM JAaBJICHUH U
Heu3MeHHOW wmacce. M300apHbIl mpoiiecc - 3TO NPOLECC MPU KOTOPOM H3MEHSIETCS
COCTOSIHME TEPMOANHAMUYECKON CUCTEMBI IIPU IIOCTOSIHHOM JIaBlieHuu. Eciii nepeBouTh ¢
IPEUECKOT0 TO JOCIOBHO IMOJTy4YaeTcs: 1ISOS — paBHbIN U baros — tskecTh, Bec. CTEKIISTHHBIH
COCYJl 3allOJHEH ONPEIECIEHHBIM ra3oM, U 3TOT COCYyJ IPHUCOEAUHEH K IIPOJOJITOBAaTON
CTeKJISIHHOM TpyOke. Karuieil pTyTu 3akynopeH ras B 3Toi Tpyoke. B cienctuu Toro, 4to
TpyOKa HaXOJIUTCS B TOPU30OHTAJIBLHOM pAaCIHOJIOKEHUH, JABIEHUE B COCYJE€ IOCTOSHHO
octaércs paBHBIM aTtMochepHoMy. TemmepaTrypa raza ysenuuuBaercs or 0 mgo 100°C.
VYBugerr u3MeHeHHMe 00bEMa MOXKHO MpPH IMOMOLIM KamelbKu PTYTH, KOoTopas Oyjaer
nepeMeIaTbcsl Mo CTEHKE CTeKISHHOM TpyOku. I'eii- Jlroccak m3mepssi oObEM rasa B
untepBaiie Temmneparyp ot 0 go 100°C. Hccnenys pa3nuyHble ra3bl OH MOMXYYWI JUIsl HUX
CIIEYIOIIHME 3HAYCHHS TeMIepaTypHoro kodddunrenta o0béMHoro pacmuperus o = (V —
Vo )/ Vo - t:

Tabnuna 2.1. TemnepaTypHbiid KOAPPHUIHEHT 00BEMHOTO PACIIHPEHISI Ta30B

I'a3 Temmneparyphbiii K03dduirent 00béMHoro pacmmpenus, 1/°C
Bo3ayx 0,003671
Bonopon 0,003661
Okucsh azora 0,003720
[uan 0,003877
CO2 0,003710
CO 0,003669
SOz 0,003903

ITomyuyuB Takue ganuele, I en-Jlroccak caenan cieayromume BbIBOIBI:
a) TpU OJMHAKOBOM TMOBBIIIEHHWH TEMIIEpaTypbl, BCE€ Ta3bl M Tapbl OJUHAKOBO
PaCIIMPSIFOTCS;
0) A BceX ra3oB yBeJIUUEHHE 00bEMa B MHTEpBaJie TEMIEpPaTyp OT TeMIIepaTyphl TasHUS
JbJIa 70 TeMIlepaTyphl kureHus: Bosl paBHo 100/26666mepBoHavyanbHOr0 00bEMA.
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Takum o0Opa3om, Ha ocHoBaHuM HaOmoAeHui ['eii-Jlroccak ycCTaHOBMI 3aKOH:
OTHOCHUTEIBHOE U3MEHEHHE 00BbEMA raza JaHHOM MacChl IPU MOCTOSIHHOM JaBJIEHUU NPSIMO
PONOPIHOHATEHO M3MeHeHuto Temmepatypsl t. (V — Vo)/Vo = a-t,rme o — temmnepaTypHBIit
KO3 UIIMEHT 00BEMHOIO paCIIMPEHUs], YUCICHHO PaBHBIA OTHOCUTEIHLHOMY HU3MEHEHUIO
o0béMa rasa npu M3MEHEHUM ero Temieparypbl Ha 1 rpagyc. OnbIT MOKa3bIBA€T, YTO MPU
MaJIbIX MIOTHOCTAX KOd(PPUIIUEHT 00BEMHOTO PACIIUPEHUS OJJUHAKOB JJIs BCEX T'a30B: O =
1/273 1/°C. C Ttouku 3penuss MKT a3toT (pakT 0OBACHSICTCA TEM, YTO MOJCKYJbI Tasa
HAaXONATCSI B CpeAHEM Ha OOJBIIMX PACCTOSIHUSX JPYyr OT Jpyra, U OCOOEHHOCTH
MEKMOJIEKYJISIPHBIX CHJI I PAa3JIUYHBIX T'a30B B ATUX YCJIOBUAX HE CKAa3bIBAIOTCS. 3aKOH
MOkHO 3amucaTth B Buae: V = Vo(1 + at). O6sEM gaHHO#N Macchl Tra3a MpU MOCTOSHHOM
JABJICHUU MEHSIETCS JIMHEWHO NIPU U3MEHEHUU TeMIEPaTyphl.

Ecnu mponomkute u300apy B 00JacTh HU3KHX TEMIEpATyp, TAE HU3MEPEHHS HeE
MPOBOAWINCH, TO NpsMas IEPECEKAECT OCh TEMIIEPaTypbl B TOYKE, COOTBETCTBYIOLIEH
00BéMy, paBHOMY Hymr0. OgHAKO, TO €IIe HE 3HAYUT, 4TO OOBEM Traza JEUCTBUTEIHHO
oOpamraercss B HOJb. Benp Bce ra3pl NMpU CUJIBHOM OXJQXKJICHUM TPEBPALAIOTCA B
JKUJKOCTH, a K XUAKOCTAM HU 3akoH boiis — Mapuorra, Hu 3akoH ['eii-JIroccaka He
NpUMEHUMBI. PeanbHble Ta3bl MOJUUHSAIOTCS OCHOBHBIM Ta30BbIM 33aKOHAM JIMIIb
NpUOIKEHHO U TEM MEHEEe TOYHO, YeM OOoJIbllie MIIOTHOCTh ra3a U HUXKE €ro TeMIeparypa.
["a3, KOTOPHBII B TOUHOCTH MOJYMHSIETCS] TA30BbIM 3aKOHAM, HA3bIBAIOT UACATBHBIM.

B MOJIEKYJIIpHO-KUHETUYECKOW TEOPUU MOJENb «UIACATBHBIA T'a3» YIOBIECTBOPSET
CJIETYIOIUM TPEOOBAHUSIM:

1. 00BEM Bcex MOJIEKYJI Fa3a MHOTO MEHbIIIE 00bEMa COCy1a;
2. CHUJIBI IPUTSDKEHUS MEXKIY MOJICKYJIaMH MaJIbl, © UMU TIPEHEOpEraroT;
3. MOJIEKYJIbI B3aMMOICUCTBYIOT TOJIBKO MIPU COyNapeHuu (yaap yrpyrui), mpu 3ToM

JEUCTBYIOT CUJIBI OTTAIKMBAHUS;

BpEMs CTOJIKHOBEHHUS MHOTO MEHBIIIE BPEMEHH MEXIYy CTOJKHOBEHUSMU. TOT (hakT, 4TO

YUCJIEHHOE 3HAYE€HHUE TEMIEPaTypHOIo koddurmenta 0O6bEMHOTO
paclIMpeHuss B TMpPEAeIbHOM Clydae MajblX IUIOTHOCTEW OAMHAKOBO JUIsl BCEX Ta3oB,
MO3BOJISIET YCTAHOBUTH TEMIIEPATYPHYIO LIKATY, HE 3aBUCSLIYIO OT BELIECTBA, — UICATbHYIO
ra3oBYyIO IIKAITy TEMIIEPATYP.

B3gaB 3a ocHoBy mkamy Llenbcusi, MOXKHO ONpPEAETUTh TEMIEPATypy U3
cootHomenus: t = (V — Vo)/Vo, e V — 00wém raza mpu 0°C, a V — ero o0béM mpu
temreparype t. Tak ocyiiecTBisercd ONpeaeneHue TEeMIEepaTypbl, HE 3aBHUCSILEE OT
BELIECTBA TEPMOMETPA.

[IpenenbHyl0 TeMiiepaTypy, MpU KOTOpPOH OOBEM HIEATBHOTO Ta3a CTAaHOBUTCS
paBHBIM HYJII0, NMPUHUMAIOT 3a a0OCOJIOTHBIM HYyJIb Temneparypbl. Haliném 3HaueHue
abcomoTHOrO HyJs 1o mkane Llenbcus. [IpupaBauBas 00bEM VK HYIIO U YYUTHIBAs, YTO O
= 1/273 1/°C, nomyunm: 0 = Vo(1 + 1/273-t). M momydaem, 410 aOCOJNIOTHBIA HYJIb
TemriiepaTypsl paBeH: t = — 273°C. Dto npenenbHasi, camasi HU3Kasi TeMIlepaTypa B IPUPOJIE,
Ta «HAMOOJbIIAs WX MOCHEAHSS CTENEHb XO0J04a», CYIIECTBOBAHUE KOTOPOM mpeackasai
JlomoHOCOB.

Takoil yu€ubiii kak YwibsiM KenbBuH u3 AHIIMU, BBEN aOCOJIIOTHYIO IIKAITY
temriepatyp. HyneBas Temmeparypa mo mikaie KempbBuHa paBHa aOCOJIOTHOMY HYJIIO, a
€AMHUIIA TEeMIEepaTypbl MO 3TOM IKale - rpamycy no mkaie llenbcusi, u3 3a 3TOro



abcoJiroTHas Temriepatypa 7' cBs3aHa ¢ Temieparypoit o mkane Llenscus popmymoit: 7 =t
+ 273°C, mpuuém 1°C = 1 K. Ecimm mocMOTpeTh ¢ TOYKH 3PEHHS MOJEKYJISIPHO -
KUHETUYECKOW Teopuu, To momydaercs, uto 7 = 0 K, u TemmoBoe IBM)KEHUE MOJEKYII
IIPEKpAIIAETCS.

C nomonrpto mkanel KenbBuHa, 3akoH I'eii-Jlroccaka MOXKHO 3anmucaTbIIpolle:

1+ot=1+1/273(T-273) =0-T, Torna V =Vo-a.T.

OO0béM raza JMaHHOW MacChl MPH MOCTOSHHOM JABJIEHUU TPSIMO TMPOMOPIMOHATIEH
a0COJIFOTHOM TeMIiepaType.

CrnenoBarenbHO OTHOLIEHHE OOBEMOB ra3a OJHOW M TOHM Ke MacChl B Pa3iIUYHbIX

COCTOSHUAX HpI/I IIOCTOAHHOM AAaBJICHUU paBHO OTHOILICHURO a6COJHOTHI>IX TeMnepaTyp:
V1/ V2 = T1/ Tz.

Tabnuma 2.2. XapakTepucTUKH H300apHOTO Mpolecca

[locTostHHBIM HasBanue CBsI3b MEXKIY OObscHEHUE CBA3H MEXIY
rnapamMmerp n3orpolecca IPYTUMHU rapaMeTpaMu C TOUYKH 3peHUs
napameTpamu MKT
P = const mpu m= |1306apHsbiit mpouecc |V / T = const; V1 [PocT Temneparypsl 03Hauaer
cost. (3akoHl eii-JIroccaka, [T; = Vo / To;V1/ |yBenuueHHE cpeaHEH KUHETHYECKOU
1802 rox). Vo =Th/ To. SHEPTUU TEIIOBOTOIBUKCHHIS

MoJIeKyYJ raza. UroObl moaiepKuBaTh
aBJICHUC ITIOCTOSAHHBIM, H€O6XOI[I/IMO
HC NOIIYCTHTb YBCINYCHUSA YHCJIad
yAapoB O €AMHULY IIJIOIAaaun
IIOBCPXHOCTU CTCHKHU

Xoa paboTsI
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VYcTaHOBUTH HavyallbHBIE NTApaMeETphl ra3a: aasiieHue Po, Temmneparypy to

u 00beM Vo.

BoeiOpars st vccnenoBaHusl ra3 U3 MSATH BO3MOXKHBIX: BO3/YX, alleTWICH, METaH,

aproOH, YIJIEKUCIIBIN Ia3.

Haxxatp Ha kHONIKY «Ilyck» 11l Hayana HarpeBaHus rasa.

[Ipu pocTwKeHUM KpaTHBIX TEMIEpaTyp WJIM JaBJICHUM OCTaHABIMBATh HArpeB

kHoTKOM «Ilay3ay.

7. CHATh TIOKa3aHUs YyCTAaHOBHUBINErocs oOwbema raza Vi um TemmepaTypsl ti W HallTh
otnomienue Vi [T,

8. IlpomomxuTs Harpes, HaxxaB Ha KHONIKY «Ilyck».

9. BHOBb OcTaHaBIMBaTh HarpeB KHOMKoOU «Ilay3ay.

10.3anucarp 3Ha4YeHUs1 KOHeYyHoro obOvema Vi T1ipu YBEJIMYEHUN
TeMIiepaTypsl Ti.

11.Haittu otHOomeHus Vi /Ti m yOemuThcs B HMX NPUMEPHOM paBEHCTBE, T.C. B
CIIpaBeNIMBOCTH 3aKoHa [ eii-JIroccaka.

12.0Onpenenuth oLeHKY abCOJIIOTHON M OTHOCHTEIBHOM MOTPEIIHOCTEHN3MEPECHHUA.

13.]/laHHBIC UCCIIETOBAHMS 3aHECTH B TAOJHILY.

el NS

o vl

Ne|r M, m, HauansHbie moka3arenu KoHeuHble nokazaTenu Vil | Vol A(V/ g(V/
, a3 | Kr/MOIl | KT Ti, | To, | T), .
n/ b (mac M3 | M3 | MK | o
| (Monsip | ca K K
Hast rasza
Mmacca) | )
Po, Vo, to, °C To, K Pi, xlla | Vi, tj, °C Ti, K
kIla M (temmepa | (Temmepa | (maBme | M° (temnepa | (Temmepa
(naBne | (00 | Typamo Typa HUE) (005 | Typamo Typa
HHE) eM) Lenscun | KenbBun eM) Lenscun | KenbBun
) ) ) )

CdopMynnpoBaTh BHIBOJIBI.

KonTpoabHbie BOIpochI

1. 3anummwure OCHOBHBIE TNPUOOPHI U 000pPYyIOBaHHE HEOOXOIUMBbIE TSt

IIPOBEACHUS JaHHOU paOOTHI.

Paccka3zats B uem cocrout 3akoH [ ei-JIroccaxa.

B uem otimume u306apHOro mporecca oT IPyrux u30MpoIeccoB.

4, Kakum TpeOOBAHUAM YyAOBICTBOPSET MOJENb «HUACATHHOTO» Ta3a B
MOJIEKYJISIPHO - KHHETUYECKOM TEOPHUU.

5. Ko BBen aGcontoTHyo 1mkaimy temmneparyp? Uem 3Ta mikaia OTau4aeTcs OTIIKAIbI 10
Lleabcum.

6. M3 dero cocrouT 3KCIEepUMEHTaIbHAs YCTAaHOBKA JTaHHOW Ja0OpaTOpHOM pabOThI?
OnummuTe nMpeHa3HAYeHUE KaXKI0TO U3 HUX.

7. 3anmumuTe OCHOBHBIE NMPUOOPHI U 00OpyAOBaHHE, HEOOXOAUMBIE MJISl MPOBEACHUS
JTAHHOU paOOTEHL.

w N
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Al o

9.

Kontponupyembie komnereHunu: OK 01-OK 07; JL.1.-JI.6.; M.1.-M.6.; TL.1.-11.7.; JIP2,
JIP4, JIP23. JIP30

Kpurepun onenku:

— Onenka «5» CTaBUThCS, €CIW YYalllUWCs BBIMNOJHSAET paboTy B IMOJHOM 00beMe C
COOIOZICHNEM HEOOXOAMMOM MOCIEA0BATEILHOCTH TMPOBEICHUS ONBITOB U HM3MEPEHUM;
CaMOCTOSITENIbHON palliOHAIbHO MOHTHPYET HEOOXOIuMble O0OpPYIOBaHHE; BCE OIBITHI
NPOBOAWT B  YCIOBUSX UM pPEXKUMaX, OOECHEUMBAIOIINX TMOIyYEHHE MPaBHIBHBIX
pEe3yJbTAaTOB M BBIBOJIOB; COOMIOJAET TpeOOBaHUS MpaBUi O€30MAaCHOCTH TPYJa; B OTYETE
NPaBUIBHO U aKKypaTHO BBHITIOJHSET BCE 3aIHMCH, TAOJHIbI, PUCYHKHU, YEPTEKH, rpaduKy,
BBIYMCIICHUS; IPABIJIBHO BBITIOJTHAET aHAJIN3 MOTPEIIHOCTEH.

— OueHka «4» CTaBUTCS, €CIIU BBIMOJTHEHbI TPEOOBAHUS K OLICHKH «5», HO ObUIH JOIMYIIEHbI
JIBa-TPH HEIOYeTa, He OoJiee 0THON HEerpyOo OMMOKH 1 OJHOTO HEJ0YETA.

— OneHka «3» CTaBUTCS, €ClM paboTa BBINOJIHEHA HE MOJIHOCTHIO, HO 00BEM BBITOTHEHHOM
YacTH TaKOB, MO3BOJSET MOJMYYUTh NPAaBUIBHBIC PE3YNbTAaThl U BBIBOJBI: €CIU B XOJE
MIPOBEICHUS OTBITa U U3MEPEHUM OBLITN TOMYIIEHBI OIINOKH.

— OmeHka «2» CTaBUTCS, ecau paboTa BHIIIOTHEHA HE MOJIHOCTHIO U 00BEM BBITIOTHEHHOM
gacTu pabOT HE MO3BOJIST CAEIaTh MPABWIBHBIX BBIBOJOB: €CJIH, OMBITHI, H3MEPEHHUS,
BBIYUCIICHUS], HAOIIOICHHSI TPOU3BOIMIMCH HENPABUIBHO.

Tema 2.2. OcHOBbI TEPMOAUHAMUKH
Ycerublii onpoc (YO)

Kaxkue siBineHus Ha3piBaloT TeroBbiMu? [IpuBenuTe npumepsl.

B ueM cyTh cTaTHCTUUECKOTO MOJAX0/1a K 00BSICHEHUIO TEIUIOBBIX SIBICHUMN?

Uro wuzyuaer tepmoauHamuika? Iloyemy TepMOIMHAMHMKA SBISIETCS MaKpPOCKOMUYECKON
Teopuein?

[aiite ornpeneneHue BHYTPEHHEN HEPTUM Tella B TEpMOJAWHAMuKe. KakuM CHMBOJIOM OHa
o0o3nauaercsa? Kakosa e€ enununa B CU?

KakuM MakpOCKONMMYECKUM IMapaMeTPOM OMNPEAENISAETCS BHYTPEHHSST YHEPTUsl UIACATBHOTO
raza?

Kaxkue cmiocoObl u3MeHeHus BHyTpeHHEN 3Heprun Bbl 3HaeTe? [IpuBeauTe mpuMepsl.

Uro takoe teruiooomen? HazoBute Bujibl TeriooOMena. [IpuBeaure npuMepsl.

JlaliTe ompezneneHne KoiuuecTBa TeruioThl. Kakum cumBoioM 0003HA4arOT ATy
¢dusnyeckyro Benuuuny? Kakosa e€ enunuiia B CHU?

3anummure GopMyIy Ui pacdyeTa KOJIWYeCTBA TEIUIOTHI, KOTOPOE HEOOXOIUMO TepenaTh
Tey NP €ro HarpeBaHWU, UM KOTOPOE BBIAEISIETCS NPU OXJIAXKICHUHU TENa.

10./laiiTe onpeneneHne yaeIbHON TEIUIOEMKOCTH BemiecTBa. KakoB e€ ¢pm3ndeckuii cMbIc?
11./lafiTe onpeacieHre TeIIOEMKOCTH Tejla. KakuM cMMBOJIOM 0003HAYArOT 3Ty (U3UISCKYIO

BenuuuHy? KakoBa e€ eqununia B CU? Kakos e€ ¢pusznueckuii cmbici?



12 . Kakumu MakpOCKOTTMYECKUMU MapameTpamu omnpeaensercs padbora raza? Kakyro mo 3Haky
paboTy COBEpIIAcT ra3 MpU PACIIUPEHUU? TIPH CXKATUH ?

13.3anumure GpopmMyy aas pacdeTa paboThI Ta3a Mpy U300apHOM IIpoIiecce.

14 Kakoii reoMeTpUYECKUM CMBICI  pabOThI, COBEpIIAEMOM Ta3oM TMpU  JHOOOM
TEPMOAUHAMUYECKOM ITpo1iecce?

15.CopmynupyiiTe 1 3aTUIIUTE MEPBBIA 3aKOH TEPMOTUHAMUKH.

16./lafiTe onpeaencHre aanadaTHOTo Mmpoliecca.

17.3a cuer kako¥ PHEpPrUU coBepiaeTcs padoTa nmpu aaunadbarHom mpoiiecce? Kak uzmensercs
TeMIiepaTypa rasa npu ajuadbarHoM paclupeHun? ainabaTHOM CXKATHH ?

18./laiiTe ompeneneHue TeruioBod MamuHbL. HazoBuTe €€ ocHOBHBIE 371eMeHTHL. KakoBo
Ha3HaYeHWE KKJIOTO U3 HHUX?

19.KakoB npuHIUIIA 1SHCTBUS JTI000H TEIUIOBOM MaITUHBI?

20.Kakoi1 poriecc Ha3bIBaeTCs 3aMKHYTHIM ?

21.3anummute dhopmyy mist pacdeta KI1/] TermoBoit mammHbL.

22 ITouemy KIIJI TerumoBoi mamuasl Becerna menbmre 100 %? Kak moxno yBemmuuth KIT|
TETJIOBOM MaIlIMHBI?

23.JlaiiTe onpeneneHue XOIOAUILHON MamuHbL. Ha30BuTe €€ OCHOBHEIC YacTH.

24 .KakoB MPUHITUTI ACHUCTBUS XOJOUILHON MaITHHBI?

25.3amummuTe (GopMysbl IS pacuera XOJIOJWIBHOTO KOd(h@HUIMEeHTa M MaKCHMaJbHOIO
XONOAWIBHOTO KO3 dUIIMEHTa XOJOAWJIBbHOM MamMHBL. MOXET U  XOJOJWIbHBIN
ko3¢ dunpeHT ObITh OobIe 100 %?

26.Kakoii poriecc Ha3pIBalOT He0OpaTUMbIM? OOpaTUMbIM?

Kontponupyembie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; 11.1.-1L.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun ouenku:
OtmeTka «5»
® [I0JIHO PACKpBITO COJIEPKAaHME MaTepUalia
® UYETKO WU MPABUIIBHO JAHbI ONMPEACIEHUS U PACKPBITO COAECPKAHUE IOHSITUH, BEPHO
WCIIOJIb30BaHbl HAYYHbIC TEPMHUHBI
® IS JTOKA3aTelIbCTBA WCITOIB30BAaHBI PA3IMYHBIC YMEHUS, BHIBOJBI U3 HAOJIOICHUN,
OTIBITOB
® OTBET CaMOCTOSITENIbHbIHN, UCTIOIb30BaHbl paHee MPUOOPETEHHBIE 3HAHUS.

OtmeTKa «4»

® DPACKPBITO OCHOBHOE COJIEP)KAHUE MaTEpUalia

® B OCHOBHOM IPAaBUJIBHO JIaHBI OMNpPEJEJICHUSA IMOHSATUW M MCIOJIb30BaHbl HAyYHbBIC
TEPMUHBI.

® OTBET CAMOCTOSTCIbHBIN

® OmpeaeneHus] TMOHSATUM HEMOJIHBIE, JOMYIICHbl HE3HAYUTENIbHbIC HapyIICHU
MOCJIEAOBATEIILHOCTA HM3JIOKEHUsI, HEOOJbIIINE HETOYHOCTH IPH HCIIOIb30BaHUU
Hay4YHbIX TEPMUHOB WJIM B BBIBOJAX M 000OIICHUSX



MpaBUIbLHBIE W YETKUE OTBETHl HA BOIMPOCH YTOUHSIOMICTO XapakTepa (TMO3UIUs
MTOHUMAIOIIU ).

OtMmeTka «3»

YCBOEHO OCHOBHOE COJIEp>KaHhe y4eOHOTO MaTepuasa, HO U3JI0KEHO (parMEeHTapHO,
HE BCEr/ia MocjaeaoBaTesIbHO

omnpeeNeHHs TOHSATUM HEIOCTATOYHO YETKHUE

HE WCIOJB30BaHBl B KAaue€CTBE JOKAa3aTelIbCTBA BBIBOJBI W 000OIIECHUS U3
HaOII0ICHUH, TOMYIIEHbBI OIIUOKHU MPU UX HU3JI0KEHUU

JOMYIICHbl OIMMOKKM M HETOYHOCTHM B HCIIOJIH30BAaHUM HAYUYHOW TEPMHUHOJIOTHH,
ompee/ieHUe OHATUI

MpaBUJIbHBIE U YETKUE OTBETHl HA BOMPOCHI HABOJAILIEIO M KOHKPETHU3UPYIOILIETO
xapakrtepa (Mo3ULUsl KPUTHUK)

OtMmeTka «2»

OCHOBHOE COJIEpKaHuE Y4eOHOT0 MaTeprasa He pacKpbITO

HE JJaHbI OTBETHI HA BOIIPOCHI HABOJSIIETO M KOHKPETU3UPYIOLIErO XapakTepa
JOMYILEHbl TpyOble OMMUOKM B OMNPEICICHUH TOHATHUH, MpPU HCIOIb30BAHUU
TEPMHHOJIOTUU.

3aganuda qis camocTosaTeIbHOM padoTsl (CP)

Tembl 3cce (pedpepaToB, 10KJI10B, COOOIIEH M)

WoNoaRWNE

BHyTpeHHsIs1 S5HEPTUS CUCTEMBI.

BHyTpeHHss1 3HEprus nAeaabHOTO rasa.

Pabora u Temnora kak (opMbI Iepeaduu SHEPTHUH.
TenaoeMKOCTb.

VY nennHas TEIUIOEMKOCTD.

KonudecTBo TEIIOTHI.

YpaBHeHue TerIoBoro 6anaHca.

HCpBOG HavaJI0 TCPMOIANHAMUKHU.

. AnmnabaTHbIN mpolecc.

10 [TpuHIIUATT ASHCTBUS TEMIOBOM MAITUHBI.
11.KIIJI TenaoBOro ABUTaTes.

12.Btopoe Hauaao TepMOJIMHAMUKH.

13.X om0 1iIbHbIE MAIIMHEI.

14.TermioBble ABUTATEIN.

15.0xpaHa npuposl.

Kontponupyembie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; 1L.1.-IL.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun ouenku:



OtMmeTka «5»

ITOJIHO PACKPBITO COACPIKAHUC MAaTCpHUalia

YCTKO M HPAaBUIILHO JaHbl OIMPCACICHHA WU PACKPBITO COACPIKAHHC HOHSITI/Iﬁ, BCPHO
HCII0JIB30BaHbl HAYYHBIC TCPMHWHBI

AJIA A0KA3aTCJIbCTBA MCIIOJb30BAHBI PA3JIMYHBIC YMCHWA, BbBIBOABLI M3 Ha6JIIOI[eHHI>/I,
OIIBITOB

OTBCT CElMOCTO)ITGJ'II;HI:IfI, HCITIOJIb30BAHBI PAHCC HpI/IO6peTeHHI>Ie 3HaHH.

OtMmeTka «4»

PACKPBITO OCHOBHOE COJIEp)KaHUE MaTepuasa

B OCHOBHOM MPAaBWJIBHO JAHbl ONPEACIIEHUS] MOHATHM W MCIIOJIb30BAHBI HAYyYHBIE
TEPMUHBI.

OTBET CAMOCTOSTEIbHBIN

ONPENECICHNUS] TOHSATHM HEMOJIHBIE, JIONYIICHbl HE3HAYWUTEIIbHBIC HapYyIICHUS
MOCJIE0OBATEILHOCTA HW3JIOKEHUsI, HEOOJbIIINE HETOYHOCTH IPH HCIOIb30BaHUU
Hay4YHBIX TEPMHUHOB WJIM B BBIBOJAX M 000OIICHUSIX

MpaBUJIbLHBIC W YETKHE OTBETHI HA BOIPOCH YTOUHSIOIICTO XapakTepa (MO3WIUs
TTOHUMAFOIITU )

OtMmeTka «3»

YCBOGHO OCHOBHOE COJiepKaHHe y4eOHOTO MaTepualia, HO U3JI0KEHO (pparMeHTapHO,
HE BCEr/ia Mocjaea0BaTeIbHO

OTIpEeICIICHHS TIOHITHI HEIOCTATOYHO YETKHE

HE WCIOJIB30BaHbI B KauecTBE JOKA3aTENbCTBA BBHIBOABI U OO0OOIICHUA W3
HaOJIIOZICHUH, TOTYIIEHBI OIUOKY MIPU X U3TT0KCHUH

JTOTMYIIEHbl OIMMOKKM W HETOYHOCTH B HCIOJB30BAaHUM HAyYHOW TEPMUHOJIOTHH,
OIPEICIICHUE TTOHITUI

MpaBUJIbLHBIE W YETKUE OTBETHI HA BOMPOCHI HABOJAIIECTO M KOHKPETHU3UPYIOIIETO
xapakrepa (Mo3uLHus KPUTHUK).

OrMmeTka «2»

OCHOBHOE COJIepKaHue Yy4eOHOro MaTepuaia He pacKphbITo;

HE JIaHbl OTBETHI HAa BOIPOCHI HABOAILETO U KOHKPETU3UPYIOIIETO XapaKTepa;
JOTMYIIEHbl TpyOble OMMUOKA B OMNPEACICHUH TOHATHH, MPH HCIOIh30BAHUU
TEPMUHOJIOTUH.

Tema 2.3 ArperaTHble COCTOSIHUS BelllecTBA U (pa30BbIe Nepexoabl

Ycerublii onpoc (YO)

1. U3 4gero coctout BeriecTBo?
2. Kakyro sHepruo Ha3bIBalOT BHYTPEHHEH dHEeprueu temna?
3. Ot yero 3aBUCUT BHYTPEHHSIS SHEPTUs Tena?



©oo~N O bh

Kak M0XHO U3BMEHUTHh BHYTPEHHIOIO YHEPTUIO?

B kakux arperaTHbIX COCTOSIHUSIX MOYKET HaXOJUThCS BEUIECTBO?

UTo k€ OTIMYaEeT OJHO arperaTHOE COCTOSIHUE BEIIECTBA OT IPYTroro?

KakoBbI 0COOEHHOCTU MOJIEKYJISIPHOTO CTPOCHHUSI TA30B, KUIKOCTEH, TBEPBIX TEIN?
Kaxkoi1 npouecc Ha3zpiBaeTcs miaBieHneM? Kpucramm3zanuen?

. Kakoii npouecc Ha3piBaeTcs ucnapenueM? Konaencanueit?

10 Kak n3MeHsieTcsi BHyTPEHHSISI SHEPTHS IPU MEPEXOE U3 OJHOTO arperaTHOro0 COCTOSIHUS B
apyroe?

Kontponupyemeie komnerenuuu: OK 01-OK 07; JL1.-J1.6.; M.1.-M.6.; TL.1.-11.7.; JIP2,
JIP4, JIP23. JIP30

Kputepuu oueHku:
OtMmeTka «5»

IMOJHO PACKPLITO COACPIKAHNEC MAaTCpHalad

YCTKO U IIPABUJIBHO HAaHBbI OIIPCACIICHUA WU PACKPBITO COACPIKAHHNC HOHHTHﬁ, BCPHO
HCIIOJIB30BaHbI HAYYHBIC TCPMUHBI

M1 10Ka3aTClIbCTBA HMCIIOJIB30BAHBI PA3JIMYHBIC YMCHUS, BBIBOJAbI M3 Ha6HIO,H€HHﬁ,
OIIBITOB

OTBCT CaMOCTOHTCHBHBIﬁ, HCIIOJIB30BAHBI PAHCC HpI/IO6pCTCHHI>Ie 3HaHMH.

OtMmeTka «4»

PACKPBITO OCHOBHOE COJIEPKAHUE MaTepraia

B OCHOBHOM IIPaBUJIBHO JaHbl OMNPEAECICHUA MOHSATUM W HCIOJIb30BaHbl HAy4YHBIC
TEPMHUHBI.

OTBET CAMOCTOSITEIbHBIN

ONPEIECICHNUS] TOHATHUM HEINOJHBIC, JIONYIIEHbl HE3HAYUTEIbHbIC HAPYLICHUS
MOCJIE0OBATEILHOCTA HW3JIOKEHUsI, HEOOJbIIINE HETOYHOCTH MPU HCIOIb30BaHUU
HAyYHBIX TEPMUHOB WJIU B BBIBOJIaX U 000OIIEHHSIX

MpaBWIbHBIE W YETKHE OTBETHI HAa BOIPOCHI YTOUHSIONIETO XapakTepa (IMO3UIUs
MTOHUMAIOITUI )

OtMmeTka «3»

YCBOEHO OCHOBHOE COJIep KaHie yueOHOTO MaTepuaia, HO U3JI0)KEHO (parMeHTapHO,
HE BCerJia Mociae0BaTeIbHO

ONpEAENCHHS TOHSATUN HETOCTATOYHO YETKUE

HE WCIOJB30BaHBl B KAaueCTBE JIOKA3aTeJIbCTBA BBIBOJBI U OOOOIIECHUS U3
HaOJIIOZICHUH, TIOMYIIEHBI OIUOKY MPU UX U3TT0KECHUH

JOTYIIIEHbl OIMMOKK ¥ HETOYHOCTH B MCHOJB30BAHUM HAYYHOW TEPMUHOJIOTHH,
OIPEICIICHUE TTOHITHUI

MPaBUIIbHBIE U YETKUE OTBEThl Ha BONPOCHI HABOJAILIETO M KOHKPETHU3HUPYIOIIETO
xapakTtepa (MO3UIUs KPUTHK)

OrMmeTka «2»



® OCHOBHOE COJIep)KaHHE YUeOHOTO MaTepHasa He pacKpbITO

® HE JIaHbl OTBETHI HA BOMPOCH HABOAIICTO U KOHKPETU3UPYIOIIEro XapakTepa

® JIONMyINEeHb TpPyOble OMMOKKA B OMNPEACICHUM TOHATUH, TPH WCIOJIH30BAHUH
TEPMHUHOJIOTHH.

Tecruposanue (T)

1. YkaxuTe mapy BemecTB, CKOpocTh AU y31un KOTOPHIX HAMOObIIIAs PU MTPOUNX
PaBHBIX YCIOBHUSX:

a) mapel 2Gupa U BO3AyX

0) pacTBOp MEIHOT'O Kynopoca 1 BoJa

B) BOJIa U CITUPT

BpoyHOBCKHMM ABM)KEHHEM HA3bIBACTCS:

a) KOHBEKIIMOHHOE JIBMKCHHE CII0€B KHUIKOCTU IIPU €€ HarpeBaHU U

0) Xa0THYECKOE TBIKEHUE TBEPABIX YaCTHUIl BEIIECTBA, B3BEIICHHBIX B KUJIKOCTH (WA
rase)

B) YIOPSIIOUEHHOE ABUKEHUE TBEPIbIX YACTHI] BEIIECTBA, B3BEIICHHBIX B )KUIAKOCTH (MU
rase)

3. BpoyHOBCKOE IBUKEHUE YAaCTHUI] BLUIbIIBI B BOJIE OOBSICHAETCS:

a) HAITMYUEM TIUTATEIIbHBIX BEILIECTB B BOJIC

0) cylIeCTBOBaHUEM CHJI IPUTSKEHUS U OTTATKUBAHUS MEXKITY aTOMaMU B MOJIEKYJIax
B) HETIPEPBIBHOCTHIO U XaOTUYHOCTHIO TETUIOBOTO JIBUKEHUS MOJIEKYJT BOJIBI

4. Kakue 4acTuIlbl HAXOASATCS B y3/1aX PEIICTKH MeTalia:
a) TOJI0KUTEIbHBIC HOHBI

0) OTpULIaTENbHbIC YACTHUIIbI

B) HEUTpAJIbHBIE ATOMBI

5. B mpouecce nepexo1a BemecTBa U3 JKUJIKOTO COCTOSHUS B KPUCTAIUTUNYECKOE:

a) CyIIECTBEHHO YMEHBIIIAETCS PACCTOSTHUE MEXKIY €r0 MOJIEKYJIaMU

0) CyILLIECTBEHHO yBEJIIMUMBAETCS PACCTOSIHUE MEXKJTy €r0 MOJIEKyJIaMu

B) CYILIECTBEHHO yBEIUYHMBAETCS YIIOPSJOUYEHHOCTh B PACIOI0KEHUH €r0 MOJIEKYI

6. B 3aKPBITOM COCYAC C CYXUMH CTCHKAMHU BO3AYX HCMHOI'O HArpcCJIu. Kak IIpHu 5TOM
HN3MCHHIINCh KOHIOCHTpPAHA MOJICKYJI BOAbI U OTHOCHUTCIIbHAA BJIAXKHOCTH BO3/yXa B
cocync:

a) KOHOCHTpaOA YMCHbINNIIACH, @ OTHOCHUTCIIbHAA BJIAKHOCTDb YBCINYNUIIACh
6) KOHOCHTpAIus HC N3MCHUIIACH, & OTHOCHUTCIIbHAA BIIAXKHOCTb YMCHBIINIIACH
B) KOHLCHTPAIUA YBCINYMWIACh, @ OTHOCHUTCIIbHAA BJIIAKHOCTb HC N3MCHHJIACH

7. B 3aKpBITOM COCYJI€ C CyXMMH CTEHKaMH TeMIIEpaTypa BO31yXa HEMHOTO MOHU3UIIACK.
Kak npu 3ToM n3mMeHuIach KOHIIEHTPALUs MOJIEKYJT BOJIbl U OTHOCUTEIIbHAS BIIaKHOCTh



BO3JyXa B COCYIC, CCJIIM pOCa HC IIOABUIIACH!:

a) KOHIOCHTPaOWA YMCHbINNIIACH, @ OTHOCHUTCIIbHAA BJIAKHOCTDb YBCINYNUIIACh
6) N KOHOCHTpaOusA, 1 OTHOCHUTCIIbHAA BJIAKHOCTh YMCHBIIUIINCH

B) KOHLOCHTPAaIUA HC U3MCHHUJIACh, @ OTHOCHUTCIIbHAA BJIA)KHOCTH YBCIINYHNIIACH

8. [Inotrocts Boawl ipu Temneparype 100 °C paBHa 950 kr/m3, a HaubombIIas TUIOTHOCTH
BozsiHOTO Tapa npu 100 °C paBna 0,59 kr/m3. Takoe paznuyue IOTHOCTEH CBSI3aHO C TEM,
YTO:

a) unciio Mosiekya B 1 M3 mapa MenbIie uem B 1 M3 BObI

0) npu nepexoje MOJICKYJI U3 KUIKOCTH B IMap YMEHbBIIIACTCS IHEPTUS UX B3aUMOJICUCTBUS
B) MOJIEKYJIbI )KMJKOCTH Y Tlapa UMEIOT pa3Hble MacChl

9. Ecnu Tomu€HbIi MeN pa3MeliaTh B BOJIE, TO YaCTHUIILI Meia OyyT JIOJITO «BUCETHY B
TOJIIIE BOJBI, HE OCeas Ha JTHO. DTO SIBJICHHE OOBSICHSAETCSA TEM, YTO:

a) 3emiisi He IPUTATUBAET CTOJIb MEJIKUE YaCTUIIBI

0) TemmepaTypa 4acTHIl MeJia BBIIIEC TeMIIEPaTyPhl BOIbI

B) YaCTHUIIbl M€JIa COBEPIIAIOT OPOYHOBCKOE JIBUKEHUE B BOJIC

10. CpenHsiss KHHETHIECKAs SHEPTHS IMOCTYIIATEIILHOTO ABMKCHHUS MOJIEKYII HACATLHOTO
rasza MnpsiMo IPOTIOPIMOHATbHA:

a) CPEIHEKBAIPATUIHON CKOPOCTH €ro MOJIEKYII

0) cpelHEMYy KBaJipaTy CKOPOCTH €r0 MOJICKYIT

B) KBaJIpaTy CpeJlHEl CKOPOCTH €r0 MOJIEKYJI

11. YacTuiib! BemecTBa HAXOAATCS, B CPEAHEM, Ha TaKUX OOJBIINX PACCTOSHUSAX JIPYT OT
JpyTra, MpH KOTOPBIX CHIIBI B3aUMOJACUCTBUS MEXKIY HUIMH HE3HAUUTEIbHBL B 3 TOM
arperaTHOM COCTOSIHMU BELIECTBO:

a) XOpOIIIO C)KUMAETCS

0) coxpaHsieT HauaJIbHbIA 00BEM

B) COXpaHSET CBOIO HaualIbHYIO (hopmy

12. XaO0TUYHOCTH TEMJIOBOIO JBUKEHUSI MOJIEKYJ Ta3a B HEOOJIBIIOM COCY A€ IPUBOIUT K
TOMY, YTO:

a) ra3 JIETKO CKUMaeTCsl

0) IJIOTHOCTH ra3a OJMHAKOBA BO BCEX TOYKAX 3aHMMAEMOI0 UM COCya

B) IPY OXJIAKJEHUU U CKaTHH ra3 MPeBpaIlacTcs B )KUIKOCTb

13. MouJiekybl BelecTBa:

a) MOTYT | TIPUTSATHBATHCS, U OTTAIIKUBATLCS JIPYT OT ApyTa
0) TOJIbKO OTTATKUBAIOTCS APYT OT ApyTra

B) TOJIBKO MPUTATHUBAIOTCS IPYT K JAPYTY

14. IIpu HEU3MEHHOMW MIIOTHOCTU OJJHOATOMHOTO MJICAJIbHOTO T'a3a JaBJIEHUE 3TOTO rasza
yBeNIUUUBAIOT B 4 paza. [Ipu 53ToM cpegHekBagpaTHIHasi CKOPOCTh JBUXKEHHS €r0 aTOMOB:
a) ymeHblaercs B 4 pasza



0) yBenuuuBaeTcs B 4 paza
B) yBEJIUUUBAETCS B 2 pa3a

15. Kak u3meHuTCs AaBieHUE pa3peKEHHOTO Ta3a, €Cliv MPU €ro HarpeBaHUuU U CKATUU
a0CoJIIOTHas TeMmIiepaTypa raza U KOHIEHTpallUs MOJIEKYJI yBeu4yaTcs B 2 pasa:

a) yBenuuuTcs B 4 paza

0) yBenuuurcs B 8 pa3

B) HE U3MEHUTCS

16.Kak u3MeHMTCS 1aBlIeHUE Pa3peKeHHOTO ra3a, €ciiv CpeIHI0I0 KHHETUYECKYI0 SHEPTHUIO
TEIMJIOBOTO JABMKEHUSI MOJIEKYJI ra3a YMEHbBIIUTH B 2 pa3a U KOHIIEHTPALIUIO MOJIEKYJI
raza yMEHbUIUTH B 2 pa3a:
a) yMEHBIINUTCA B 2 pasa
0) ymenpuTCs B 4 pasa
B) yBenuuutcs B 4 paza

17. Ecnu naBneHne uaeanbHOro ra3a npyu NOCTOSIHHOM KOHLIEHTPALMH yBEINYHWIOCH B 2
paza, TO 3TO 3HAYUT, UTO €ro adCOIIOTHAs TEMIIEpaTypa:

a) yMeHbIIMIach B 4 paza

0) yBenuuuiach B 4 pasza

B) YBEJIMYMWIAch B 2 pa3a

18. [ImoTHOCTH = 0,18 Kr/M3 MpU HOpMATLHOM aTMOC(EPHOM J1aBjieHUHU U Temreparype 0
°C umeer:

a) KUCIOPO.l

0) renuii

B) BOJIOPO/I

19. Ilpu yBenmuueHUH cpeiHeld KHHETHYECKOW SHEPTUH TETUIOBOTO JBMXKCHHS MOJIEKYT B 2
pa3a a0cooTHas TeMIlepaTypa:

a) yMEHbIIUTCA B 4 pasza

0) yBenuuutcs B 4 paza

B) yBEIUUYUTCS B 2 paza

20. IIpu yBennMueHNH CpEeTHEN KBAIPATUYHON CKOPOCTH TEMJIOBOIO IBUKEHUS MOJIEKYJI B 2
pasa cpeHssl KUHETUYECKAsI YDHEPTUSI TEIUIOBOTO ABMKEHHS MOJIEKYJI:

a) yMeHbIIUTCA B 4 pasza

0) yBenuuuTcs B 4 paza

B) YBEIUUYUTCS B 2 paza

21. Ilpu noHM>xeHUH aOCOJTIOTHOM TEMIIEpaTyphl HII€aTBHOTO ra3a B 1,5 pa3a cpeanss
KMHETHYECKasi IHEPTUS TEIUIOBOTO JIBMXKEHHSI MOJIEKYJI:

a) ymeHnbuures B 1,5 paza

0) ymenpuTcs B 2,25 pasa

B) yBenuuures B 1,5 paza



22. Ilpu yBeIMYEHNH CPETHEV KNHETHYECKON YHEPTUH TEIUIOBOTO JABUKEHHUS MOJIEKYJI B 4
pasa ux CpenHss KBaJpaTU4HAsl CKOPOCTH:

a) yBenu4uTcs B 4 paza

0) yBenuuuTCs B 2 paza

B) YMEHBITUTCS B 4 paza

23. IIpy yMEHBbIIEHUH CPEAHEN KNHETUYECKON YHEPTUHU TEIUIOBOTO JIBUAKEHUS MOJIEKYJI B 2
pa3za a0coJiIoTHas TeMIleparTypa:

a) yBenuuuTcs B 4 paza

0) yBenuuuTCcs B 2 pasa

B) YMEHBIIUTCS B 2 pa3a

24. Ilpu noHmxkeHuu abCOIOTHOM TeMIlepaTyphl HACATBHOTO raza B 2 pasza CpeaHss
KUHETUYECKasi JHEPTHsI TETUIOBOTO JABM)KEHHUSI MOJIEKYT:

a) yMeHbLINTCSA B 4 pasa

0) ymeHbpLIUTCSA B 2 pasa

B) yBEIUUYHUTCS B 2 paza

25. Ilpu yMeHbIIEHUHU CPEAHEN KBAAPATUYHOW CKOPOCTH TEIUIOBOTO IBUKEHUS MOJIEKYJ B
2 pasa cpelHss KUHETHYECKask YHEPTHS TEIJIOBOTO JIBHXKEHMS MOJIEKYJI:

a) yBenu4uTcs B 4 paza

0) HE U3BMEHUTCS

B) YMEHBITUTCS B 4 paza

26. [1pu noBsIlIeHNN a0COMIOTHOM TEMIIEPATyphl UICATBHOTO ra3a B 2 pa3za CpeaHsis
KMHETHYECKasi IHEPTUS TEIUIOBOTO JIBH>KEHUS MOJIEKYJI:

a) YMEHbIIIUTCA B 2 pasza

0) yBenuuuTcs B 2 pasa

B) HE U3MEHUTCS

27. TennoBbIM ABMYKCHUEM YaCTHII BEIIECTBA MOYKHO OOBSICHUTB:
a) aBJICHUE ra3a Ha CTEHKY COCy/a

0) TUAPOCTATUYECKOE IaBICHUE KHUIKOCTH Ha THO COCY/Ia

B) 00a BapuaHTa BEPHBI

28. Kak u3MeHHTCs JaBlIC€HUE Pa3peKEHHOr0 OJHOATOMHOTO Ta3a, eciii a0COMI0THAs
TEeMIepaTypa ra3a yMEHbIIUTCS B 3 pa3a, a KOHIICHTPAIUs MOJICKYJ YBEITMIHUTCA B 3 pasa:
a) yMEHbIINUTCA B 4 pa3a

0) yBenuuutcs B 2 pasza

B) HE UBMEHUTCS

29. Cpennsiss KHHETUYECKasi SHEPIHS TOCTYNATENbHOTO TEIIOBOTO JBUKEHUSI MOJIEKY T
Pa3peKEHHOTO ra3a yBEJIMUYUIIACh B 2 pa3a, a KOHLIEHTpAIUs €ro MOJIEKYJl YMEHBIIWIACH B 2
paza. IIpu 3TOM naBiieHuE rasa:



a) HE U3MEHUJIOCh
0) yMEHBIIWIOCH B 4 paza
B) YBEJIMYMIOCH B 2 paza

30. AGcontoTHas TeMIiepaTypa UaeaibHOTO Ta3a B coCy/Jie yBeauumiach B 1,5 paza, a
JaBJICHHE BO3POCIO MpH 3TOM B 4,5 paza. Kak u3mMeHunach KOHIIEHTpaIus MOJIEKYJ ra3a:
a) yMEHbIIWIACh B 3 paza

0) yBenuuuiiach B 3 paza

B) HE U3MEHUJIACh

Kontponupyemeie komnerenuuu: OK 01-OK 07; JL.1.-JI.6.; M.1.-M.6.; TL.1.-11.7.; JIP2,
JIP4, JIP23. JIP30

Kaouu Kk Tectam:

Bapuanr 1

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

IpaBuibHblii |2 |6 |B |a |B |0 (B |a |B |0 |a |6 |(a (B (a |06 (B |0 |B |0
0TBeET

Ne Bonpoca 21 |22 |23 |24 25|26 |27 28|29 |30

HpaBuabHbiii |2 |0 |B |6 |B |0 |a |B |a |©
O0TBET

Kpurepun ouenku:

— «2» BBICTaBIISIETCSl 00yUaroeMycs, eciiu Hadpain MmeHee 8 6aJlIoB,;
— «3» BBICTaBIISIETCS OOy4Jaronemycs, 3a 9, 10, 11 6amnos;

— «4» BBICTaBIISIETCS OOyUaromemycs, 3a 12, 13, 14, 15, 16 6amnos;
— «5» BBICTaBIIsSIETCSl 0OyUaroniemycs, 3a 6osee 17 0amios.

3aganus g camocTosiTebHoI padoTsl (CP)
Temnbl 3cce (pedpepaToB, TOKJIAT0B, COOOIIEHHH)

Hcnapenne u KOHIeHCalus.

HacpblleHHbIi 1 HEHACHIIEHHBIN TTap U €r0 CBOMCTBA.
AOCOII0THAS 1 OTHOCUTEIbHAS BIIAXKHOCTh BO3yXa.
[TpuGopsI 1st onpeieICHHs BIaXKHOCTH BO3IyXa.
Touka pocsl.

Kunenue.

3aBUCUMOCTh TEMIEPATYPhI KUTICHUS OT TaBJICHHUSL.
Kputnueckoe cocTosiHuEe BEIIECTBA.

ONohWNDE




9. Ileperpetslii map U €ro UCIOIb30BAHUE B TEXHUKE.
10.XapakTepucTuka )KUIKOTO COCTOSIHHS BEIICCTBA.
11.TToBEpXHOCTHBIH CIIOH KUIKOCTH.

12.2Heprust HOBEPXHOCTHOTO CIIOSI.

13.bavxHUN TTOPSIOK.

14.TToBepXHOCTHOE HATSIKEHHE.

15.CmauuBanmue.

16.5IBeHns Ha TPAHUIIE )KUIKOCTH C TBEPABIM TEIIOM.
17 . KanunnsipHble sIBICHUSA.

18.XapakTepucTuka TBEpJI0TO COCTOSIHUS BEILIECTBA.
19.Kpucrannuueckue u aMmopHbIe Tema.

20.Yupyrue cBoiicTBa TBepbIX Tel. 3akoH ['yka.
21.MexaHnnyeckue CBOMCTBA TBEPABIX TEII.

22 Ilnactuyeckas (octaTouHas) aedopMarus.
23.KoapdunreHT TMHEHHOTO pacIIUupEeHHS.
24.TennoBoe pacIMpeHUe TBEPbIX TEN U KUIKOCTEH.
25.Koapdunirent 005EMHOTO pacIIupeHus.

26.Y4er pacmupenus B TexHuke. [naBnenue.

27.Y nenpHas TEIJI0TA IUIABICHHU.
28.Kpucrammuzamusi.

29.IlpakTyeckoe TpPUMEHEHHE B TOBCEIHEBHOW JKWM3HM (U3MUECKUX 3HAHUU O

CBOMCTBaxX ra3os, H(I/I,[[KOCTGﬁ " TBCPABIX TCII.

Kontponupyembie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; 11.1.-1L.7.; JIP2,
JIP4, JIP23, JIP30

Kpurepun ouenku:
OtmeTka «5»

ITIOJIHO PACKPBITO COACPIKAHUC MaTCpHualia

YCTKO M HPABUIIBHO JaHbl OIPCACICHHA U PACKPBITO COACPIKAHHC HOHHTHﬁ, BCPHO
HCIIOJIb30BAHbI HAYYHBIC TCPMHHBI

JJIA A0KA3aTCIIbCTBA MCIIOJIb30BAHBI PA3JIMYHBIC YMCHWA, BbIBOAbLI M3 H36HIOI[€HI/II>'I,
OIIBITOB

OTBCT C&MOCTOHTCHBHBIﬁ, HCIIOJIB30BAHBI PAHCC HpI/IO6peTeHHBIC 3HaHUA.

OrMmeTka «4»

PACKPBITO OCHOBHOE COJIEp>KaHUE MaTepraia
B OCHOBHOM MPAaBWJIBHO JAHBl OMNPEACIEHUS] MOHATHN W WCIOJIb30BAHBI HAYYHBIE
TEPMHUHBI.

OTBET CAMOCTOSTCIbHBIN

ONPEIECICHNUS] TIOHATHM HEMOJIHBIE, JOMYIIEHbl HE3HAYUTEIbHBIE HAPYILICHUS
MOCJIEOBATEIILHOCTA HW3JIOKEHUsI, HEOOJbIINE HETOYHOCTH IPH HCIIOIb30BaHUU
Hay4YHbIX TEPMUHOB WJIM B BBIBOJAX M 000OIICHUSX



® TPaBUJIBHBIE W YETKHE OTBETHI HA BOIPOCHl YTOUYHSIIONIETO XapakTepa (To3uIus
MTOHUMAFOIITU )

OtmeTtka «3»

® YCBOCHO OCHOBHOE COJIEpKaHKE YueOHOTro MaTepuasa, HO U3JI0)KEeHO (hparMeHTapHO,
HE BCerJia Mocae0BaTeIbHO

® OIpe/eleHUs MOHITUI HEJOCTATOUHO YETKUE

® HE WCMNOJB30BaHBl B KAdyeCTBE JOKA3aTeIbCTBA BBIBOJBI W O0O0OIICHUS U3
HaOII0ICHUH, TOMYIIEHbBI OIIUOKHU MPU UX HU3JI0KEHUU

® JIONMyIIECHbl OMIMOKM W HETOYHOCTH B HCIOJH30BAaHUM HAYYHOW TEPMHUHOJIOTHH,
ompee/ieHUe OHATUI

® TMPABWIbHBICE M YETKUE OTBETHl HA BOIPOCH HABOMSIIETO M KOHKPETU3HPYIOIIETO
xapakrtepa (Mo3ULUsl KPUTHUK)

OtMmeTka «2»
® OCHOBHOE COJIepKaHue y4eOHOro MaTepuasia He PaCKpPhITO
® HE JIaHbl OTBETHI HA BOMPOCHI HABOASIIETO U KOHKPETU3UPYIOUIETO XapakTepa
® JIONMyIIeHb TpyOble OMMOKKM B OMNPEACICHUU TOHATHM, NPH HCIOJb30BAHUM
TEPMHUHOJIOTUH.

JlabopaTopHbie padoThI
JladopaTopHasi pa6oTa Ne 2
Omnpenenenue BIaKHOCTH BO3AyXa

Heab padoThbl
OcBoeHuE METO/J0B HM3MEpPEHUsS aOCOMIOTHOW M OTHOCHTEIBHOW BJIAXKHOCTH BO3IyXa,
OTpe/ieNICHHE TOYKH POCHI.

IIpubGopHI M NPUHAITIEKHOCTH
[lcuxpomerp ABrycra, acnupalMOHHBI TUTpOMETp AcCMaHa, 53JIEKTPOHHBIM JaT4MK
BJIQKHOCTH, OapoMeTp.

1 OcHoBHbIE NOHATHS U ONPeaeSIeHUusl

ATMOCQEpHBII BO3YX COAEPKUT HEKOTOPOE KOJIMUYECTBO BOJASHBIX MapoB. [ TaBHBIM
VMCTOYHUKOM BJIQKHOCTH BO3JyXa SBJISETCS HCINApPEHUE BOJAbI C MOBEPXHOCTU OKEAHOB,
MOpEH, BOJOEMOB, BIIAJKHOW ITOYBBI M pacTeHHWW. BOISIHOW map NEpEeHOCUTCS BBEPX
TypOyJIEHTHOCTBIO U KOHBEKLIUEH, a 110 TOPU30HTAIH — BETPOM.

B armocdepe 3emam B cpemHeMm couepikurcs 1,24*10° kr BomsHOro mapa.
CKOH/IEHCHPOBABIIMCh, OH MOr Obl 00pa3oBaTh CJIOW BOJBl HAa IMOBEPXHOCTU 3eMIU
tonmuHon 2,4 cM. KoauuectBo BoAsHOro mnapa OBICTpO YyOBIBa€T € MOHMKEHHEM



temmnepatyphl. [loaTomy ais atMocdepbl XapaKTepHO YMEHBIIIEHHE KOJUYECTBA BOJISTHOTO
mapa OT JKBaropa K IMOJIOCAaM M OY€Hb OBICTPOE YMEHbIIEHHE C BhICOTOM. CpemHee
00BEMHOE COJIep’KaHUE BOJSTHOTO Iapa y MOBEPXHOCTU 3€MJIU COCTABJISIET: y AKBATOpa —
2,6%, a B mosspHbIX paiioHax — 0,2%. OT moBepxHOCTH 3e€MJIM 10 BBICOTHI 1,5-2 KM
CpelHee COJepKaHHWE BOJSHOTO Mapa yMEHbIIAeTCs BIBOE. BhIie BO3AyX CTaHOBUTCS
oueHb cyxou. Jlumbs wu3penka, Ha BeICOTAX 17-82 KM 00pa3yroTcs MepiiaMyTPOBbBIE
(ctparocdepHbie) obilaka, YTO CBHJETEILCTBYET O HAJIWYMWM HACHIIAOMIECH BIAXXHOCTH
BO3/yXa.

[Toxg BnMsSHUEM pa3IUMYHBIX MPOIECCOB BOASHOW mMap KOHIEHCUPYETCS, 00pa3ys
oOJlaka, TyMaHbl, OCAJIKH M Ha3eMHbIE THIPOMETEOphl: pPocy, MHEeH u T.n1. Da3zoBbie
nepexo/ibl BOJIbI B aTMOc(hepe COMPOBOXKAAIOTCS BBIJICICHUEM HJIM TOTJIOIMICHUEM TeIla,
MOATOMY UM TIpHUAAaeTCs OONBINOE 3HAUCHUE B DHEPTETHKE U TEPMOJMHAMHUKE aTMOCKHEPHI.
BoasiHoit map uMmeeT CIMOCOOHOCTh K TOTJIOIICHUIO SJICKTPOMArHUTHOTO W3JIy4YEHHUS B
nH(ppakpacHOM nuama3oHe 4actoT. Hambonee WHTEHCHBHOE TOTJIONMICHUE MPUXOIUTCS Ha
JTIUHBL BOJTH A= 5,5+7,0 MkM 1 A>l 7 MmkM. [Io3TOMY BIIa’)KHOCTH BO3/1yXa CHJIBHO BJIMSIET Ha
TEIJIOBOM OajaHc aTMochepsl.

Paccmompum ocnosmnvie onpeoenenusi.

[Tap, HaxoAsMIACS B JMHAMHUYECKOM PAaBHOBECHUM CO CBOEH KUAKOCTHIO, HA3BIBACTCS
HACLIWAIOWUM VI HAChleHHbIM. [JluHamuyeckoe pasHogecue — 3TO COCTOSIHUE IIPH
KOTOPOM UHCJIO MOJICKYJI, BBUICTAIONIUX M3 IKUJAKOCTH, PAaBHO YHUCIY MOJEKY,
BO3BpaIaouxcss oopaTtHo. Eciaum nuHamuueckoe paBHOBECHE HE COOIOAaeTcs — Tmap
SIBJISICTCS HEHACLIUEHHIM.

Macca BoasHOTO Tiapa, coiepskamierocs B 1 M3 Bo3myxa, HasbIBa€TCA abCOMOMHOU
enadxichocmoviro. C TIOBBIIIEHUEM aOCOJIOTHOW BIIAXKHOCTH Tapbl BOJABI BCe OoJblie
NpUOMMKAIOTCS K COCTOSIHUIO HACBIMAONIEro Tmapa. MaxcumanvHoti  abcomomuou
BIANCHOCMbIO TIPU JAHHOU TeMIlepaType SIBISETCS Macca HACHIIAIOIIEr0 BOJSHOIO Tapa B
1 M3 Bo3myxa.

[Tap He sBISIETCS Ta30M B CTPOTrOM CMBICIIE 3TOr0 clioBa. ['a3 — 3TO arperatHoe
COCTOSIHME BEIIeCTBAa MNpPH JaHHBIX TeMmIepaType U JnabieHuu. Ilap »xe He sBiseTcs
arperaTHbIM COCTOSTHUEM BEIIECTBA, MOTOMY YTO arperaTHbIM COCTOSIHUEM BEIIECTBA MPU
JAHHBIX TEMIIEpaType U JIaBIICHUU SIBIISICTCS JKMJAKOE COCTositHMe. B cBsi3u ¢ 3TuUM
MOBEJICHHE TIapa OTJIMYAeTCs OT MoBeeHus ra3a. B rpyOboM npubaKeHH ra30Bbie 3aKOHbI
MOTYT ObITh MPUMEHUMBI K HEHACHIIEHHBIM mapaM. [losToMy miisi onmuicaHusi COCTOSIHHS
BOJISTHOTO TIapa B aTMocdepe 0OBIYHO HCIIONB3YIOT YpaBHeHre Kitaneiipona—MeHieneena:

m
PV .
7,

3nech, I’ — nmapumansHOE naBnenue (yIpyrocTs) BOASHBIX HapoB, V — 00beM, 3aHUMAEMBIH
mapom, M — ero Macca, ,,— MOJIApHAs Macca, R — yHuBepcanbHas ra3oBas MOCTOSIHHAS, | —
abCoI0THAs TeMIepaTypa.

Llapyuanenoe Odasnenue — 4YacTb OOILErO JaBICHUS, OTHOCSIIAACS K OJHOMY W3
KOMIIOHEHTOB Ta30BOM cMmecu. MaTemMaThdecku OHO paBHO MJaBJICHUIO, KOTOpPOE Ta3
OKa3bIBaJ OBl B OTCYTCTBHH JIPYTUX KOMIIOHEHTOB ra30BOM CMECH.

(1)




HpH O,Z[I/IHaKOBOﬁ TCMIICPATypPC OTHOIICHHUC a0COJIOTHBIX BIaXKHOCTEH B ABYX Pa3JIMYHBIX
COCTOAHUAX UMCCT BHU.

~_ho@

1% P

i€ p1 ¥ p2 — ITIOTHOCTH BOJSHBIX MAPOB B IBYX Pa3JIMYHBIX COCTOSTHUSIX.

N3 (2) cnemyer, 4T0 MEpOi aOCOIFOTHOMN BIIAXKHOCTH MOKET OBITh BEJIMYMHA MAPIHAIIBFHOTO
JaBJICHUs] BOJASHBIX MMapoB B atrmocdepe. [1odaToMy OOBIMHO abContomHOU BIAHNCHOCHIBIO
MPUHSATO HA3bIBATh YIPYTOCTh BOJSHOTO Mapa M BBIpaXaTh €€ B MIJIIUMETpPax PTYTHOTO
crosiba. B cucteme CU sta BenmuunHa uzmepsiercs B [lackansx.

OmHocumenbHoU _61AiCHOCHIbIQ HA3BIBACTCS OTHOIICHUE AOCONIOMHOU  GILANCHOCMU K
MAKCUMATILHOU  AOCOMOMHOU  GIAXCHOCMY TIPU JaHHOW TEMIIepaType, BBIPAKEHHOE B

IMpOOCHTAax. Omna OIIPCACIACTCA BBIPAKCHUCM !

f :P_EWmO%, (3)

H

rae P — ympyrocts BONSHBIX IapoB Ipu Temmeparype t, P @Y — ympyrocts mapos,
HACBIAIOIIMX BO3AYyX IPH TOW e Temreparype (TeMmIeparype CyxXoro TEepMOMETpaA).
®dusnuecku, P uncaeHHo paBHA a0COMIOTHOW BIAXKHOCTH BO3/IYyXa.

OTHOCHUTENbHAS BIAXKHOCTh XAPAKTEPU3YET CTENEHb HACBIIICHHUS BO31YyXa BOJSHBIM
napom.

Temneparypy tp, Ipu KOTOpON BOASHOM Map CTAHOBUTCS HACBIIICHHBIM, HA3bIBAIOT
mouxou pocel. [Tpy oXJ1akJIeHNH BO3yXa A0 TOYKH POCHl HAYMHAETCA KOHJICHCALUS MTapOB:
MOSIBJISIETCS. TYMaH, BhIMaAaeT poca. Todka pochl XapaKTepU3yeT BIAXKHOCTh BO3AyXa, Tak
KaK OHa MO3BOJISIET ONPEACIUTh NaplHUalbHOE JIaBICHUE BOJSIHOTO Mapa U OTHOCUTEIBHYIO
BJIaKHOCTb.

BrnaxxHocTh BO37yxa H3MEpSETCS C IOMOIIBID TUTPOMETPOB (Tped. U Ypdg —
BJIQXKHBIN) U IICUXPOMETPOB (VGTPOG — X0JIOAHBIN). CyIleCTBYIOT TUCTAHIIMOHHBIE METOIbI
OTpE/CNCHUs] BIAXHOCTH BO3AYyXa, HCIOIB3YIONIME Ja3epHble W PaTUOMETPUUYECKUE
npuOOphl. DTHU METOJbI TO3BOJISIIOT MPOU3BOJIUTH HU3MEpPEHUs ¢ OopTa camojiera H
METEOPOJIOTUYECKUX CIIYTHUKOB 3eMJIU. B NUCTaHIMOHHBIX NMCUXPOMETPAX UCHOJIb3YIOTCS
TEPMOMETPbl ~ CONPOTHUBIIEHUS,  TEPMHUCTOpPbI,  Tepmomapsl. B OpenOyprckom
rocyJapCTBEHHOM yHUBepcuTeTe B «MHCTUTYTE MHKpPO- U HAHOTEXHOJOTHN» BEAyTCA
UCCIEIOBAHUS TI0 CO3/IaHUI0 OYE€Hh TOYHOI'O JaTYMKa BJIAXHOCTU. JlaT4YMK OCHOBaH Ha
ontuyeckux cporictBax Moisekyn JIHK, cnocoOHBIX Moriomars BOAsSHbIE Maphbl B BO3AYXE.
PaccmoTpum Kiaccuueckue METO/ bl ONPEIeTICHUS] BIAXKHOCTH BO3AyXa.

2 OnpenesieHne OTHOCUTEIbLHOM BJIAKHOCTH € MIOMOIIBIO ICUXPOMETPOB

llcuxpomemp Aszycma COCTOWUT M3 ABYX TEPMOMETPOB, MOMEIICHHBIX HA OJHOM IIHTKE.
bamioHYnK OJHOrO M3 TEPMOMETPOB OOBSI3aH OATHCTOM, KOHEI] KOTOPOro MOTPYXEH B
CTakaH4YUK ¢ BooW. Cyxoil TEPMOMETP MOKA3bIBAET KOMHATHYIO TEMIIEPATYPY.

bnaronapsi ucnapenuro BOAbl ¢ OaTucra, 00Jeraromero OANTIOHYMK, TaK Ha3bIBAEMOTO
«BIIAXXHOTO TEPMOMETpa», IOCIEIHUI MOKa3bIBa€T TeMIeparypy Oojiee HHU3KYI0, 4eM
COCEHUM CyXOHW TepMOMeETp. YeM MeHblIe BIAXHOCTb OKPYKAIOLIETO BO3AYyXa, TEM
WHTEHCUBHEE UCIIAPEHUE U TEM HMKE MMOKAa3aHUE BIAXKHOIO TepMomeTpa. OTMETKH O IByM



TEPMOMETPAM JAIOT PA3HOCTb TEMIIEPATypP, KOTOPast U XapaKTEepU3yeT BIaKHOCTh BO3IyXa.
Jlns  ompeneneHus OTHOCUTENBHOM BIQXHOCTH BO3JyXa IOJIB3YIOTCA TaOIWMLIaMH
MICUXPOMETPUYECKOU pa3sHOCTH. 110 pa3HOCTH MOKa3aHU CyXOTO U BIIAJKHOTO TEPMOMETPOB
OTBICKMBAIOT UCKOMOE 3HadYceHue f. 3Hast OTHOCHUTENBHYIO BIAKHOCTb, MOYKHO OTIPEACIUTD U
abcoutoTHy10. [Ipy U3BECTHOM OTHOCUTEIHLHON BIAXKHOCTH a0COJIIOTHAS BIAXKHOCTh paBHA!

~ 100%

3nauenue P @Y paxonar no tabnuiie 3HaueHui (punoxkenue 1).
H

P f-P L (4)

Acnupayuonnviu ncuxpomemp Accmana COCTOUT U3 ABYX TEPMOMETPOB, YKPEIUICHHBIX Ha
OJIHOM HITaTHBE. bangoHYMK OJJHOTO U3 TEPMOMETPOB OOBsI3aH OATUCTOM, KOHEI KOTOPOTO
IOTPY’)KEH B CTAaKaH4YMK C BOJOM. B BepxHeEl dYacTu IITaTUBA HMMEETCS BEHTUIATOD,
IIPUBOJMMBIA BO BpPAIICHUE YAaCOBBIM MEXAHU3MOM, KOTOPBIM 3aBOJMUTCS KIIIOYOM, IIPHU
yCTaHOBHMBLIEMCS pexxuMe ucnapeHus. Korma temmeparypa BIaKHOTO TEPMOMETPA TOKE
yCTaHOBUTCS, puxo/ Temia Q1 u3BHe OyJeT paBeH pacxoay Temia Q2 Ha ucnapeHue BoJbl
C IOBEPXHOCTH TepmomeTpa. Toraa no 3akoHy Herorona-Puxmana umeem:
Q=at-t s, ()

rae (t — t1) — maOmomaeMas pa3HOCTh TEMIEPATyp, S1 — IOBEPXHOCTh OaUIOHYMKA
TepMOMETpa (BIAXHOT0), & — KO3(hOUIIMEHT MPOTOPIIUOHAIBHOCTH.

CKOpOCTB HUCIIapCHUA BOIBI C oxnamz[afomeﬁ ITOBCPXHOCTH BJIAKHOT'O
TepMOMETpa (Macca BOJbI, UCMIAPSIONIASACA B €IMHUILY BPEMEHN )
S P (8n1ax) _P
M~r=2 "
P 5(6)

amm

rae S; — IUIOLAAb MCHAPSONIeH MOBEpPXHOCTH, P — ympyrocte mapoB, HaXxoIsUIUXCS B
Bo3myxe, P (Y _ yIpyrocth HACBILEHHBIX IIAPOB NPU TEMIEPATYPE BIAXKHOIO
TepMoMeTpa, Puuwy — aTMochepHoe nasieHue.
BBonst k03¢ duImeHT npornopuuoHaIbsHOCTH K, nMeeM
k's, PP (D)

P

amm

k. S P(snm«) _P
Q=M. = QR . (®

amm

M =

Pacxoz[ OHCPIUKU Ha UCITAPCHUC!

rige A— ymenbHas TEIIOTA HMCHAPEHWSL.
[pupasuusas Q1 k Q2 monyunm:  P=P ™ —A".P_t—t (9)

a.sl P (enaxc) _P
A* = =« (10)

k‘ﬂsz Paml t_t



3mech A° — NOCTOSIHHAS, KOTOPas B 3HAYMTENHLHONW MEpE 3aBUCUT OT CKOPOCTH JBHIKCHHS
BO3/1yXa U MOATOMY JJIsI BCSIKOTO IICUXPOMETpPA OTPENESIeTCsl OTACIBHO.

Beipaxkenune (9) HOcHT Ha3BaHUE MCHXPOMETpUUEcKO (opmysbl. OOBIYHO BIAKHBIN
TEPMOMETP MOKPHIT OATUCTOM TaK, YTOOBI MOKHO OBLTO cuuTaTh S1=S2. Torma

A4 =2 (11)
¥l

B Takom ciydae 3aBUCMMOCTH Kod(pduimeHta A OT CKOPOCTH OOTEKaHUS BO3AyXOM
pe3epByapoB TEPMOMETPOB MPEACTaBIeHA Ha PUCYHKE.

PucyHok 1 — 3aBUCUMOCTb BETUYUHBI A OT CKOPOCTH MPOXOKICHUS BO3IyXa
yepes npuodop

CKOpOCTh BO3YIIHOTO MOTOKA, CO3/1aBAEMOTO MPYKUHHBIM aCIUPATOPOM (BEHTUIISITOPOM),
00BIYHO cocTaBsieT (2-2,5) m/c.

[Tpy momomu KiIrOYa 3aBOJAT YacOBOW MEXaHM3M [0 Mpeaena U MOocie YCTaHOBJICHHUS
npolecca WCIapeHUs OTCYMTHIBAIOT TeMmIeparypy Ha oOoux Tepmomerpax (t u t1).
Benuuunel P, 6epyT u3 ncuxomerpuueckux TaOmuil. Pum.. omnpenensioT mo OapoMmerpy.
3nauenue A paccuntbiBaetrcs no ¢opmyine (10). Jns onpenenenus 4 Benuuuny P cnexyer
B34Th U3 JAHHBIX U3MEPEHUN IICUXPOMETPOM ABTYCTA.

Acnupayuonnwiti ncuxpomemp Accmana MB-4M

Paborta ncuxpomerpa Accmana MB-4M ocHoBaHa Ha 3aBHCHUMOCTH Pa3HOCTH TEMIIEpaTyp
CyXOro ¥ CMOYEHHOTO TEPMOMETPOB OT BIAKHOCTH OKpPY’KArOLIEro Bo3ayxa. llcuxpomerp
COCTOUT M3 JABYX OJHMHAKOBBIX PTYTHBIX TEPMOMETPOB, 3aKPEIUIEHHBIX B CIEHUAIBHOMN
ompaBe, M acnupalMoOHHOW ronoBkM. OrmpaBa mpeAcTaBiIsieT co0oil  TpyOKy,
pa3BavMBAIONIYIOCS KHU3Y, C 3alIUTHOM TuieHKo#. K HIDKHEN pa3aiBOEHHOM YacTu TpyOKH ¢
MOMOIIbI0  TUIACTMACCOBBIX ~ BTYJIOK TMPHUKPEIUIEHBl JBa MarpyOKa, SBISIOMIUXCS
paauaIMOHHON 3alllUTON pe3epByapoB TEPMOMETPOB. BepxHuil KoHEI TPyOKH COEIUHEH C
acupaTopoM. ACIUpalrOHHAs TOJ0BKA COCTOUT U3 3aBOJHOTO MEXAHW3Ma U BEHTWIATOPA,
KOTOpBbIE 3aKpBIThl KOJMakoM. I[IpykMHa 3aBOJHOrO MeXaHW3Ma ICUXpoMerpa AccmaHa



MB-4M 3aBoautcs kirodoM. [Ipu BpareHnn BeHTWIATOpa, B IPUOOP BCAChIBACTCS BO3IYX,
KOTOPBIN 00TEKAET pe3epByapbl TEPMOMETPOB M IMPOXOIUT IO BO3TYXOMPOBOTHON TPYOKeE K
BEHTWJISITOPY W BBIOPACHIBACTCS HAPYXKY Uepe3 Mpope3u B acnupaTtopHoi rojoBke. Cyxoi
TEpMOMETp OyJeT TMOKa3blBaTh TEMIIEpaTypy BO3AyXa, a I[IOKa3aHUsS CMOYEHHOTO
TepMOMETpa OYyIyT MEHBINE W3-3a OXJAXKJACHHS, BBI3BAHHOTO WCIAPCHUEM BOJBI C
MOBEpPXHOCTH OaTtucta oOrerammero OalIoOHUYUK TepMoMmeTpa. Jins  ompeneneHus
BJIQKHOCTH TI0 TMOKa3aHUAM CyXOr0 U  BJIQKHOTO TEPMOMETPOB  HCHOIB3YIOT
TICUXPOMETPUICCKUEC TAOTHUIIBI.

Jlns  ompeneneHus aOCOMIOTHON BIAXHOCTH HEOOXOJWMO HCIOJIh30BaTh 3HAYEHUS
aTMOC(EepHOTOo JaBJICHUS, KOTOPOE U3MEPSETCS OapOMETPOM.

bapomemp-anepouo

bapomerp sBisiercs npuOOpPOM HENPEPHIBHOTO JECUCTBUSA, MNPEJHA3HAYEHHBIM  JUIS
OpUEHTUPOBAHHBIX HAOMIOJACHUN B OMEUICHUSIX 32 U3MEHEHHEM aTMOC(HEpPHOro JaBlICHUS
B reorpauyeckux paiioHax, pacrojokeHHbIX He Bbiie 300 METpoB HaJ ypOBHEM MODS.
bapomeTp mpeacTtaBiser coO0OM MEXaHMYECKHWM CTPEIOYHBIA MpuOOp, padoTaromuii OT
BO3JICMCTBUS aTMOC(EPHOr0 JABJIICHHS Ha AHEPOUIHBIM UYyBCTBUTEIBHBIA 3JIeMEHT. B
KOHCTPYKIMU OapoMeTpa MpeayCMOTPEH OMMETAIUIMYECKUN (COCTOSIIIMI U3 3 METalioB)
CTPEJIOYHBI TEPMOMETpP, U3MEPSIOUIMI TeMIlepaTypy Bo3ayxa. Jluana3oH HW3MeEpeHUi
nasnenus ot 695 no 805 mm. prt. cT. (o1 0,927 10 0,1073 MIIa).

Jlnist onpenieneHys Xxapakrepa U3MEHEHHs! 1aBJIeHUs (PUKCHUPYIOLIASACS 30JI0TUCTasl CTpeiKa
coBMellaeTcss (MpM TOMOLIM PYYKH, pacloJIOKEHHOM Ha cTpenke OapoMerpa) ¢
MOKa3bIBAIOIIECH YEPHOW CTpenkoil. J[aHHOE AEHCTBUE CIEAYET BBINOJHATh TOJBKO C
paszpeleHus npenoaaBaress Wik HHXeHepa Jjadboparopun!

DNIeKmMpOHHBIL OAMYUK 8IAAHCHOCIU U MEeMNePamypbl

DNEeKTPOHHBIM JAaTYMK BIXKHOCTH M TEMIIEPAaTyphl BBITIOJIHEH Ha OCHOBE IM(POBOTO
naturka DHT11. DHT11 - 310 tindpoBoii 1aTYMK BIAKHOCTH U TEMIIEPATYPbI, COCTOSIIHNNA
13 TEPMUCTOPA U €EMKOCTHOTO JIaTYMKa BIAKHOCTH. Takxke JaTduk cojepxkuT B cedbe AL
JUTISl TIpeoOpa3oBaHuUsl aHAIOTOBBIX 3HAYEHUW BIAKHOCTU M Temmeparyphl s paboThl ¢
nataukoM DHTI11 ucnonb3yercs Arduino 6ubnuoreka DHT. Jlist TouHOCTH ompeaesieHus
OTHOCUTEIBHOM BIQXXKHOCTH BO3/yXa, MOKa3aHusi Npudopa HEOOXOJMMO CHUMATh, KOTJa OH
npopabotan He MeHee 10 MuHYT. UTOOBI BBIKIFOUUTH SJIEKTPOHHBIA JAaTYWK BIIAKHOCTHU
JIOCTaTOYHO BBITAIIUTH €r0 BUJIKY U3 DIEKTPUUECKOU CETH.

1 Ilopsaaok BbIIOJHEHUSI PadOTHI

Yacts 1. Onpenenenue OTHOCHUTEIbHOU WU a0COJIIOTHOM BJIQYKHOCTH
BO3J/lyXa C MOMOIIBIO ICUXpOMETpa ABrycra

Hauepture Tabnuiy 1
Tabnuma 1 — 3naueHus1, MOJy4YeHHbIE C TOMOIIIBIO TICUXpOMeTpa ABrycTa

tcyx, °C tenaswc, °C  f, % (cyx) P, Ila D, Ke/m®
P. , Ila




Onpenenure TemMIepaTypy CyXxoro te, U BIaKHOTO lsae TepMOMeTpa. [lokazanus 3anecure
B Tabnuny 1. Temnepatypy OKpyTisidTe 10 LEIbIX YUCEN.

Hcnonb3ysi NCUXOMETPUYECKYIO0 TaOJUIly, pacHoOIOKCHHYI0 Ha CTeHjae, HahlauTe
OTHOCHTENIbHYIO BIaxHOCTh f. JJis 3TOTO paccuuTaiite pa3HOCTh TEMIIEpPATyp BIAKHOTO U
CcyXoro TepMOMETPOB (Lo - tewae. IlOKa3anus 3aHecuTe B Ta0IUILYy 1.

Vcnons3ys npuiioxkeHue A, HaiijuTe 1aBI€HHE HACBINIEHHBIX IapoB Py, @Y

JUISl TEMIIEPATYpPBI cyXoro Tepmomerpa. [lokazanus 3anecute B Tabauiry 1.

Ucnonb3ys popmyiy (4) paccunTaiite abCONIOTHYIO BIaXXHOCTh Bo3ayxa P, Ila. [lokazanus
3aHecuTe B TaOuIly 1.

Paccunraiite abCONIOTHYIO BIAXHOCTh BO3ayXa p B Kr/m>. Jlis oToro us ypasHenus (1)
BBIPA3UTE MIOTHOCTD:

_m_Pu_ P W
4 Tcyx R Tcyx.RV

rae Rv =461,5 JIx/(kr-K) — yauBepcanbHas ra3oBasi MOCTOSIHHAS JIJIs1 BOJSTHOTO TMapa;
Teox = tox + 273,15 — Temmepatypa cyxoro TepMoMeTpa (B KeIbBUHAX).

Yacts 2. Onpenenenne OTHOCHUTEIBHON H a0COIOTHOM BJIQXKHOCTH
BO3JlyXa C MOMOUIBIO rcuxpomerpa Accmana MB-4M

Hauepture Tabnuiy 2

Tabnuia 2 — 3nayeHus1, MOJyYEHHbIE C MOMOIIIBIO TicuxpoMerpa Accmana MB-4M

teyx, °C \tenaoe, f,% |(enaoxc) Pun, Ila P, ITa p, k2/M°
°C P, ,a

Onpenenure Temmeparypy cyxoro tepmomerpa l... Ilokazanust 3anecutre B Tabmmiy 2.
TeMneparypy OKpYIJISIUTE 1O LENIBIX YUCEN.

[lepen BBIOJIHEHWEM JIaHHOW YacTU J1a0OpaTOpHOW paldOThl, YTOUHUTE y HHXKEHEpa
nabopaTtopun WM TpEnojaBaTelisi, TOTOBA JU YCTaHOBKAa K MPOBEACHHIO J1aO0OPaTOPHBIX
uccinenoBanuii. Korga naboparopHasi ycraHOBKa rotoBa K paboTe, 3aBelUTe MPY>KUHHBIN
MEXaHU3M BEHTWIATOpa C MOMOIIbIO Kitoya (MouTu a0 mpenena). OkupaidTe OCTaHOBKU
BEHTUJIATOPA.

Korna BeHTHJIATOp OCTaHOBWICS, ONPEAEIUTE TEMIIEPATypy BIAKHOIO TEPMOMETPA loraoc.
[Tokxazanue 3aHecure B Tabauiy 2. TeMmnepaTypy OKpyIJISHTE 10 LETBIX YUCEN.

Ucnonb3ys rpadux U3  OpwiokeHus b, omnpenenuTe BEIMYMHY  OTHOCHUTEIBHOU
BJIQXXHOCTH Bo3ayxa. [lokazanue 3aHecure B Tabnuity 2.

Onpenenure BEIUYMHY aTMOC(HEPHOrO NaBJIEHUS B MAacKalix, UCMOJb3ys Oapomerp (760
MM. pT. cT. = 101 325 IIa).

Wcnonb3ys npuiokeHue 1, HaiiiuTe NaBieHHE HACBHIIEHHBIX MApOB AJs TeMIepaTyphl
BIIAXXHOTO Py, “** Tepmomerpa. ITokasanus 3aHecure B Tabmuiy 2.



=

[IpeoOpazyss dopmynbr (9) u (11), monyuum dopmyiy s aOCOTIOTHOM BIAXXHOCTH
BO3/[yXa B MACKaJISIX:

P = PH(Bna]K) - A : PamM tcyx - thlGJK ) (13)
B nmanHo# jgaboparopHoii pabote Kod(duimenT A IpUHUMaET 3HAUeHHe paBHoe 6,62-10
°C. Ilokazanue 3aHecuTe B TaOIUITY 2.
PaccunTaiiTe aGCONIOTHYIO BIAXHOCTh BO3AyXa p B KI/M° ¢ momouipio dopmynsl (12).

[Toxa3anue 3anecute B TaOIUILLY 2.

Yacte 3. OnpeneneHue OTHOCUTEIBHOW BIAXXHOCTH BO3AYyXa C MOMOILIBIO 3JIEKTPOHHOIO
JaTYMKa BIAKHOCTU

BxitounTe 351eKTPOHHBIN 1aTYMK BIaXKHOCTH.

Onpenennre 3HaY€HWE OTHOCUTEIBHOM BIAKHOCTU BO3yXa.

Jlnst paGOTHI C 3JEKTPOHHBIM JTATYMKOM BIQKHOCTH HEOOXOIUMO BKITIOUNTH BIJIKY TaTYMKa
B DJIGKTpUUYECKYIO ceThb. Ha sKkpaHe aucruies BbICBeTATCsS ABa cooOmieHus. [IpuBenem
pUMEpP COOOIIECHHUIA:

Temperature: 28 C — 03Ha4aeT, 4TO TeMIieparypa B momenieHun cocrasisiet 28 °C;
Humidity: 18% — o3HadaeT, YTO OTHOCUTENIbHAS BIAKHOCTh B MOMEIICHUH COCTaBIIseT 18
%.

BBIKTIOUNTE 37IEKTPOHHBIN JaTYUK BIAXKHOCTH.

Yacte 4. CpaBHUTENBHBIN aHAIU3 BEJIWYMH OTHOCUTEIBHOW M aOCOJIOTHOM BIAXKHOCTU
BO3JlyXa

JJisi  CpaBHUTENILHOTO aHaJM3a 3HAYCHUM OTHOCHUTEIIBHOM  BIIAXKHOCTH  BO34yXa,
MOJIYYEHHBIX C MIOMOIIBIO PA3HBIX MPUOOPOB, HEOOXOIUMO HAHECTH MOTyUYEHHBIC 3HAYCHUS
HAa YMCJIOBYID OChb C YYETOM JOBEPUTEIBHOTO HHTEpBaia. [jis1 Tpex HCMIoJIb3yeMbIX
pHUOOPOB U3BECTHBI 3HAUCHUST a0COIIOTHOM OIMIMOKM OTHOCUTEIBHOM BIAXXHOCTH BO3/IyXa,
MOJIy4aeMOi B pe3yJibTaTe 3KCIepUMEeHTOB. OHU COCTaBISIOT:

ist ncuxpomempa Aecycma Af = 7%
TUTSL acnupayuorno2o ncuxpomempa Accmana Af = 6%
TUTSL 9/IeKMPOHHO20 Oamuuka enaxchocmu Af = 5%

PesynbTupytoliee 3HAYE€HHWE OTHOCUTEIIBHOM BIQXXHOCTHM BO3[AyXa IMOJIYyYHM Ha
MEPECCUCHUU JIOBEPUTEIIbHBIX HHTEPBAJIOB JIJISI TPEX MPUOOPOB.

B cnyuae eciiu JoBepUTEIbHBIE HHTEPBAIBI HE MEPECEKAIOTCS, PE3YIbTUPYIOIIEE 3HAYECHUE
OTHOCHUTEJILHOM BIQXHOCTH BO3[yXa HAXOJWUM Kak cpeaHee apuMeTHUYECKOe MOKa3aHUM
OT Tpex MpUOOpPOB.

PesynbTupytomniee 3HaueHHWE aOCOMIOTHOM BIAXHOCTH BO3AyXa HAWTH Kak cCpeaHee
apupMeTHYecKoe JUIsl 3HAYEHUM, TMOJYYCHHBIX C IOMOIIBI0 TICHXpoMeTpa ABrycra u
aCMpPalMOHHOTO MICUXpOMeETpa AccMmaHa.

Ilpumep:



[TycTh, B pe3yiabTaTe H3MEPCHHH OTHOCUTEIBHOW BIIAXKHOCTH BO31yXa, TICHXPOMETP
Asrycra onpenenun ero paBabM f = 35%, aciuparmonnsiii ncuxpomerp Accmana f = 31%,
a AJICKTPOHHBIN JaTyuK BiaaxHocTh f = 29 %. Hanecem »Tu 3HaYeHUs HA YHCIOBYIO OCh C
Y4ETOM BEJTWIUHBI a0COIFOTHOM OIMMUOKH (PUCYHOK 2):

f{L Y LY —

9" 7 31 35 £ %

Pucynok 2 — CpaBHUTENIbHBIN aHAIN3 BETUYMH OTHOCUTENILHON BIXKHOCTH BO3TyXa
M3 mosiy4eHHOTrO pUCYHKa BHJIHO, YTO 3HAYEHUE OTHOCUTEIBLHOW BIAXHOCTH BO31yXa
coctasisieT f = 31+3%.

Yactp 5*. Onpenenenue 3Ha4eHUs TOUKH POCHI B IOMEIICHUN

Hcnonb3ys BENTWYMHY OTHOCUTEIBHOW BIAKHOCTU BO3/yXa, MOJYYEHHYIO B 4YacTu 4,
ONpEACNUTe TOYKY pOChl B TMOMeNIeHUU. J[JIs 3TOro BOCHOJIb3YyHTECh TaOnuIeld B
NPWIOKEHUU B, mpu 3TOM HCHONB3yHTE CpelHee 3HaYE€HHWE OTHOCUTEIIbHOW BIAKHOCTH
BO3lyXxa (OKpyrJisisi B OOJIBIIYIO CTOPOHY) M TOKa3aHUE TEPMOMETPA B AJIEKTPOHHOM
JTATYNKE BIAKHOCTH.

3anuirTe BBIBOJI IO BCEH J1abopaTopHOM paboTe.



N

B clyJae ICTAHIIMOHHOTO OOYYCHUS HEOOXOIUMO BBIIIOJHUTh
BUPTVAJILHVIO JIA00PATOPHVIO PA0OTYV.

Bupmyanvnwii Ilcuxpomemp Aseycma

Jlns  BeIMOJHEHUs  jabopaTOpHOM  paboOTBl  NepeinauTe Ha  JAHHBIM  CaT:
http://mediadidaktika.ru/mod/page/view.php?id=1144

[lepen BamMM pacmojyioKeH CTEHJA, KOTOPBIM COCTOMT M3 JABYX TEPMOMETPOB (CyXOro H
BJIQXKHOT0), MyJIbTa YIPABICHUS U ICUXPOMETPUUYECKON TaOJIMLIBI (PUCYHOK 3).

Pucynox 3 — Ctenn BUpTyasibHOM 1a00paTOPHON pabOTHI
Jlns  akTMBanuM TAOMUIBI  yCTAHOBUTE TAJIOYKY B MyHKTE
«IIcuxpomMeTrpuueckas TabIUIAY.

Xo0 pabomuwi
HauepTture Tabauiy
Tabnuma 3 — 3naueHus1, MOJIyYEeHHBIE C TIOMOIIBIO TICUXpOMeTpa ABTycTa

teyx, °C tenaorc, °C f, % (cyx) P, Ila D, Ke/M®
P, , Ila

CHUMUTE MMOKa3aHUs C CyXOro TEPMOMETPA Le)x.

B nmynwsTe ynpasnenus Haxmute KHONKY «Ilyck». OOparute BHUMaHUE, 4TO TeMIepaTypa
Ha BJIAJXHOM TEPMOMETPE HaYaJIa Mmajaath!

Korma temmeparypa Ha BIaXHOM TEPMOMETPE IIEPECTAHET U3MEHATHCI — CHHUMUTE
MOKa3aHWE YCTAaHOBUBIIEHCS TeMnepaTypbl Uliae. 3HAUEHUE, MOJIYYEHHOE Ha IMyJIbTE
YIIPABJIECHUE HE YUUTHIBATD.


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

N

Hcronb3yst MCUXPOMETPUUYECKYI0 — TaOJHIly, HaWIUTe  OTHOCHTEIBHYIO BIIaXKHOCThH
Bo3ayxa f.

PaccuuTaiitTe aOCONMIOTHYIO BIQXXKHOCTh BO3/AyXa, HCHoib3ys (opmyny (4). HMcnomssys
NpUIOKEHHUE |, HAllIUTe NaBIE€HNE HACKIIEHHBIX MapoB Py @V

JUISL TEMITEPATYPhI CyXOTO TEPMOMETpA.

KoHTpoJsbHBbIE BONIPOCHI

. Uro wHa3piBaeTcs aOCOJIOTHOM MW OTHOCHUTEIHLHOM BIAXXHOCTBHIO? VYKa3zaTh €IWHUIBI HX

U3MEpPEHUN.
YTo Ha3pIBAaETCSA HACBIIEHHBIM ITIAPOM, TOYKOU POCHI?

. Uto mpenctaBisioT co0oil Takue mpuOOpbhl, KaK MCUXPOMETP ABrycTa, aCUPAIlMOHHBINA

ncuxpomerp AccMmana, GapoMerp.
Kak BBIUKCAUTH OTHOCHUTENBHYI0 U aOCOJIOTHYIO BIQXHOCTh BO3[yXa C IOMOIIBIO
ncuxpomerpa Asrycra?



[Tpunoxxenue A
(cnpaBOYHOE)

Jenenue HachllleHHOTO napa Boasl oT 15 °C no 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




no

[Tpunoxenue b

OnpeneneHre  OTHOCUTENBHOM  BJIQKHOCTH 1O  ICUXPOMETPUUYECKOMY  TIpaduky
MIPOU3BOJIUTCS B CIEIYIOLIEM MOPSIKE:

M0 BEPTUKATHHBIM JIMHUSAM OTMEUAIOTCS TIOKa3aHUS CYXOTI0 TEPMOMETPA;

10 HAKJIOHHBIM JIMHUSIM OTMEYAIOTCS MOKA3aHUS BIIaXKHOTO TEPMOMETPA;

Ha TEPECEYEHUM OBTUX JIMHUI TMOJYy4YalT 3HAYEHUS OTHOCUTEIIBHOW BJIAXKHOCTH,
BBIpaKEHHBIE B MPOIIEHTAX (TOJIy4YE€HHbIC 3HAUEHUSI OKPYTJISITH B MEHBIIIYIO CTOPOHY ).



[Ipunoxenue B
(cmpaBo4HOE)
Tabnuia 1uis onpeaeseHnst TOYKU POChI

BJIQKHOC

Th 40% 45% [50% [55% 60% [65% [70% [75% [80% 85% [90% [95%

%

TeMIepar

ypa

°C

-5 -153 |- -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
11,93110,84

-3 - - - -9,91 -8,95}-7,99-7,16 |-6,37 |-5,62 |-4,9 |-4,24 -3,6
13,42/12,16/10,98

-2 - - - -8,98 -7,95]-7,04|-6,21-5,4 -4,62-3,9 |-3,34 -2,6
12,58/11,22/10,04

-1 - - -9,1 |-7,98}-7,0 |-6,09|-5,21-4,43 |-3,66 |-2,94 -2,34 -1,6
11,61/10,28

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 10,52 [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/-0,01 /0,87 1,72 2,5 (3,26

5 -6,66 -5,26 -4,03 -2,91 -1,87 -0,92 |-0,01 0,94 11,83 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 5,47 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 -0,780,46 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 18,44 9,23

11 -1,83-0,4210,98 1,32 3,54 4,68 5,74 6,74 7,68 18,58 9,43 10,23

12 -1,04044 19 3,25 4,48 5,63 6,7 |/,7/1 8,65 9,56 [10,42]11,22

13 -0,251,35 2,82 4,18 5,42 6,58 |[7/,66 8,68 9,62 |10,54]11,41]12,21

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 6,97 8,24 9,43 10,54/11,5712,56|13,4814,3615,2

17 3,31 4,99 6,52 7,9 19,18 10,37]11,5 12,54/13,53/14,46/15,36(16,19

18 42 59 [7,44 8,83 |10,12]11,32]12,46(13,51/14,5 |15,44/16,34(17,19

19 5,09 6,81 8,36 9,76 11,0612,27|13,42/14,48/15,47/16,42|17,32(18,19

20 6,0 7,72 9,28 10,6912,0 [13,22/114,38/15,44/16,44]17,4 |18,32]19,18

21 6,9 8,62 10,2 11,62(12,9414,17/15,33/16,4 |17,41]18,38/19,3 20,18

22 7,69 9,52 11,12/12,56(13,88/15,12/116,28/17,37|18,38|19,36]20,3 21,6

23 8,68 [10,43112,03113,48114,8216,07|17,23/18,34/19,38/20,34(21,2822,15




24 9,57 [11,3412,94]14,41[15,76/17,02/18,19/19,3 [20,35[21,32[22,26[23,15
25 10,46/12,75/13,86/15,34/16,7 |17,97/19,15[20,2621,3222,3 [23,24]24,14
26 11,3513,15/14,7816,2717,64/18,95120,1121,22[22,29[23,28[24,22[25,14
27 12,24/14,05/15,7 117,19/18,57/19,8721,06[22,1823,26[24,26[25,22/26,13
28 13,13/14,95/16,61/18,11/19,5 120,81/22,01[23,14[24,23[25,2426,2 27,12
29 14,02/15,86/17,52/19,04120,44121,75/22,96[24,11[25,2 [26,2227,2 28,12
30 14,92/16,77/18,44/19,9721,38122,69/23,9225,08[26,1727,2 28,1829,11
31 15,8217,68/19,36120,9 122,32123,64/24,88(26,0427,14[28,0829,16/30,1
32 16,71/18,58120,27121,83123,2624,59/25,83[27,0 [28,1129,16/30,16/31,19
33 17,6 119,48[21,18[22,76[24,2 [25,54/26,78[27,97/29,08/30,14/31,14/32,19
34 18,49120,38[22,1 123,68/25,14126,49/27,74/28,94/30,05[31,12[32,12/33,08
35 19,38121,28123,02124,6 |26,08/27,64128,7 [29,9131,0232,1 [33,12/34,08
BakHoc 40% 45% (50% 55% 60% 65% |70% [75% 80% 85% |90% [95%
Th

%

TCMIICpAT

ypa

°C

Konrponupyembie komnerenuun: OK 01-OK 07: JI.1.-J1.6.; M.1.-M.6.; IL.1.-IL.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun onenku:

— OmeHka «5» CTaBUTHCA, €CIU YYallUKCS BBIMOJHSIET pabOTy B MOJHOM OOBEME C
COONMIOICHNEM  HEOOXOIUMOM  TOCIEAOBATEILHOCTH  TPOBEACHUS  OMBITOB U
U3MEpPEHU;  CaMOCTOSITEIbHOM  pallMOHAJbHO  MOHTUPYET  HE0OXOJHUMBbIE
000py1I0BaHKE; BCE OMBITHI MPOBOJUT B YCIOBUAX U PEXKUMaX, 00ECHEUMBAIOIINUX
MOJIy4eHHE TPABUIbHBIX PE3yJbTaTOB M BBIBOJOB; COOIIOAAET TPEOOBaHUS MPaBUII
0e30macHOCTH TpyJa; B OTYETE MPABUJIBHO W aKKypaTHO BBINOJHSET BCE 3aluCH,
TaOJUIbI, PUCYHKHU, YEPTEKHU, TPaPUKH, BHIYUCICHUS; PABUIHHO BBIMOIHIECT aHAIN3
IIOTPEITHOCTEMN.
— OneHka «4» CTaBUTCS, €CJIM BBINOJIHEHBI TPEOOBAaHUS K OLIEHKH «5», HO ObUIM
JOMyLIEHbl JBa-TPU HEAo4YeTa, He Oojiee OJHOM Herpyoold OMmMOKM M OJIHOTO
HeJoYeTa.
— OneHka «3» craBUTCS, €cau padoTa BBIIOJHEHA HE IMOJHOCTHbIO, HO 00BEM
BBIMIOJTHEHHONW YacTH TaKOB, TMO3BOJIIET TIOJIYYUTh TPABUIBHBIE PE3yJbTaThl H
BBIBOJIbL: €CJIM B X0/1€ MIPOBECHUS OIbITA U U3MEPEHUN OBLIM JIOMYIIEHbBI OIIHOKH.
— OueHka «2» CTaBUTCS, €ClIM paboTa BBIIOJIHEHA HE TOJIHOCTBIO M 00BEM
BBIMIOJTHEHHONW YacTh paboOT HE TO3BOJAT CJeNaTh MPAaBHIIBHBIX BBIBOJOB: €CIH,
OTIBITHI, U3MEPEHMUSI, BHIUUCICHHS, HAOIIOIEHUS IPON3BOAMINCH HETIPABUIBHO.
JlaGopaTopHbie padoThI



JlaGopaTopHasi padora Ne 3
OnpenesieHue NOBEPXHOCTHOIO HATAKEHUS KUIKOCTH.

Henbp 3aHATHA: HAYYUTHCA OIPEACIATH INOBEPXHOCTHOE HATSHKEHHE BOJIBI
METOJOM OTPBIBA PAMKH.

Ilepen HavajsoM 3aHATHSA HEOOXOAMMO 3HATH: OlpeneicHHe U (opMyIy
NOBEPXHOCTHOI'O HATSKEHUS BOJIBI METOJIOM OTPBIBA PAMKHU.

Iloce 3aHsATHSE  He0OXOAMMO  yMeThb:  ONpENENSATh  KOA(PPUIUEHT
NOBEPXHOCTHOTO HATSXKEHUS C  HCIOJB30BAaHMEM (POPMYJBI  MOBEPXHOCTHOTO
HaTSKEHUS.

OO0opyaoBanme: xkoMnbTEp, IHTEPHET, NHCTPYKIIMOHHAS KapTa.

Conepxxkanue u Teopusi.

Y  BCAKOM  KHMIKOCTH —  CYIIECTBOBAaHME CBOOOJHOM  IMOBEPXHOCTH.
MouekyspHOE [JaBJIE€HUE HANPABICHO BHYTPb JKHUJKOCTH, MEPHEHIUKYISPHO K
cBOOOJHON MOBEPXHOCTH.

Cuitbl TOBEPXHOCTHOTO HATSHKEHHS B OO0 TOYKE MOBEPXHOCTU HAIIPABJICHBI
[0 KacaTeJIbHOM K HEW M MO HOpPMaIM K JIOOOMY 3JIEMEHTY JIMHHH, MBICIEHHO
IIPOBEICHHON Ha NNOBEPXHOCTH KUJIKOCTH.

KoagpuuueHT mMOBEpXHOCTHOTO  HATSXKEHHUS  YHCIEHHO PaBEH  CHIIE
NOBEPXHOCTHOIO  HATSKEHMsI, JCUCTBYIOLIEM HA €IMHMIYY JUIMHBI  JIMHUM,

pa3IeIsroNIel MOBEPXHOCTh HA YaCTH: (1)

B cucreme CHU ko3(pPUIIMEHT MOBEPXHOCTHOIO HATSKEHUA « U3MEPAETCA B
H/wm.

Ko duireHT noBepXHOCTHOTO HATSXKEHUS 3aBUCUT OT MPUPOJIbI JKUJIKOCTH. A
3aBUCUT TaKk)Ke€ OT TOTO, Kakas Cpela HaXOJIWUTCS HaJ CBOOOIHON TMOBEPXHOCTHIO
xuakoctd. CrencTBUeM CHIIBI TOBEPXHOCTHOIO HATSOKEHMs, JeMCTBYIOLIEH Ha
€IMHUIlY TUIOIIAJH MOBEPXHOCTHOTO CJIOsl, SIBISETCS MOJICKYJIIPHOE JaBIICHUE.
Koa¢pduureHT noBepXHOCTHOTO HATSDKEHHS MOXKHO ONPEICNIMUTh IyTEM H3MEpEHUs
CHJIBI, KOTOPYIO HY>KHO TPWJIOKHUTH NEPIICHANKYISIPHO K MOBEPXHOCTH KUAKOCTH IS
OTpbIBa Pa3INYHBIX TBEPABIX TEN OT ITOU MOoBepxHOCTU. Eciiu cuia, nelicTByomnias Ha
TEJI0, paBHA MO BEJIMYMHE CUJIE TOBEPXHOCTHOT'O HATSYKEHUS, TO TEJIO0 OTOPBETCSL.

OpauM u3 crmoco0oB M3MepeHUs Kod(pHIMEeHTa G SBIAETCS METOJ OTpPhIBa
koJbIia. Konbiio, M3roToBaeHHOE U3 MaTepuana, XOpOoIlo CMauuBaeMOTO JKUJKOCTHIO,
MPUBOJUTCS B CONPUKOCHOBEHHE C €€ TMOBEPXHOCTHhIO. PaccMOTpUM KOJBLIO C
BHCUIHUM JUaMeTpoM 01 U BHYTPEHHHM auamerpoM Oz, Kacaromeecsi MOBEPXHOCTH
kuakocTd. ToJmuHa Koibna b .

[Ipy moaHATHMM KOJbIIAa C TMOBEPXHOCTH MNPOUCXOIUT pPa3pbiB MOBEPXHOCTU
KUJKOCTH IO KPOMKaM KoJjpla. J[JInHa rpaHuiibl IEpea OTPHIBOM KOJIbLIA, IO KOTOPOI
POUCXOIUT Pa3pbiB NOBEPXHOCTH, COCTABIISET



L=nld +d) =nld +(d - B)=2ald - B=2nld,+ 2 2)
N3meputh cuny F, HeoOXoaumMyto 1711 OTPbIBA KOJIBIA, MOKHO 1O (OpMysIe: — . .
(3),
IJI€ Ax — CPEJIHEE YUIMHEHUE MPYKUHBI B MOMEHT OTPhIBA KOJIbLIA.

[IpuninunuanbHas cXeMa YCTaHOBKU JUIsi ompenesieHus koddduiimeHrta
MOBEPXHOCTHOTO HATSKEHUSI M300pakeHa Ha puc. 1.

Puc. 1. Cxema ycTaHOBKH
K npyxuHe noaBemmBaercs MeTalInueckoe KoJiblo. [lepen HauaioM Kax10ro
OTBITa KOJIBLIO NPOTUPAIOT U MPOCYIIMBAOT. BpallleHneM BUHTa OIyCKAaeM KOJIBLIO J10
CONPUKOCHOBEHHSI C MOBEPXHOCTHIO KHUAKOCTH, MPU 3TOM HYXKHO CIEAUTH, YTOOBI
XKUJIKOCTH HE Kacalcs
CTOJIMK VTSt
Pa3HOBECOB,
BIIMCAHHBIN B KOJIBIIO.
O nucanue yCTAHOBKH
BHPTYaJIbHOM
JladopaTopHOi
padoThbI
DKCHepuMEHTAIbHAs
yCTaHOBKa
MpeJCTaBlIeHa Ha
pucynke. B mpasom
HIDKHEM  yIiy  JlaHa
MaHelb  «KUJKOCThY,
Ha KOTOPOM  MOKHO
BbIOpAaTh pon
KUJIKOCTH.
[Tocepenune,
HaxXOJUTCA MaHelb «IapaMeTpbl MPYXKUHBI W KoJbla»y. Ha HEl MOXXHO MEHSTh
KOA(DPUITUEHT KECTKOCTH MPY>KUHBI, TUAMETP KOJIbIIa U TOJIIUHY KoJyiblla. HaBens Ha
KOJIBLIO U yAEpKUBasi MPABYIO KHOIKY MBI MOKHO IMPUBECTH B ABUKEHHUS KOJbIIA.
st Toro, yTo0 TMPUNTH B MCXOJHOE TMOJIOKEHHUS HEOOXOJAMMO Ha)KaTh Ha KHOIIKY
«copocy. Vcnons3yst MpeacTaBIeHHYI0 YCTAHOBKY, TIOCTUTAETCA II€JIb MOCTAaBICHHON
1abopaTopHOM pabOTHI.

IlnaH BbINOJHEHUS PA0OTHI
1. TIlepeiimure mo  ccbuike https://www.youtube.com/watch?v=9pcaBm21Jf8 u
MPOCMOTPUTE BHUACOYPOK KOTOPBIM TMOSCHUT, KakuM oOO0pa3oM MPOBOIUTCS
nabopaTopHas paboTa B peaIbHBIX YCIOBHSIX.




2. Ilepeitnute mo cewuike http://mediadidaktika.ru/mod/page/view.php?id=346
U BBITIOJHSINUTE MOCJICI0BATCILHOCTD ICUCTBUM, OTTMCAHHBIX HIKE.

3ananme. Onpeodenenue n0BEPXHOCMHOZ0 HAMAIICCHUA 600bl, MAC/IA, KEPOCUHA.

1. 3amycTuTh BUPTYaJIBHBIN CTEHA

2. BoiOpath uccieayeMyto s KHIKOCTh U3 TPEX BO3MOXHBIX: BOJIa, Maciio, KEPOCHH.

3. YcTaHOBHTH MapaMeTpbl KOJIbLIA W MPYXKUHBL: JKECTKOCTh K, BHYTpPEHHUI
auametp di, ToMmuHy KoJbla h (sb160p dannvix senuuun na saue ycmompenue)

4. OnpenenuTh IIUHY TPAHUITLI pPa3phiBa MO OJJHOMY U3 pPaBEHCTB B (hopmyiie (2)

5. IIpuBecTy KOIBILO B COMPUKOCHOBEHHUE C KUAKOCTHIO AX = 0.

6. MeuieHHO TOAHUMATh KOJIBIIO, TIPHIaBasl MpHpaIieHue Ckartuio mpy uHbl AX 0.
3adukcupoBarh mokazaHue AX B MOMEHT OTpPbIBa KOJIbLIA.

7. Haxatp kHOIKY «cOpocy. [Ipoaenars onsit 3—5 pas.

8. Paccunrarh cpeiHIO CHy YNPYTIOCTH, KOTOpas B MOMEHT OTpbIBa KOJIbIA paBHA
CHUJIe TIOBEPXHOCTHOTO HaTsKeHUs 1o ¢opmylie (3)

9. PaccunTaiite k03¢ UIIMEHT MOBEPXHOCTHOTO HaTsbKeHUs 1o popmye (1).

10. Pe3yabpTaThl M3MEpEHH 3aHECUTE B TAOIUILY (pacuemsl HUNMCE 3aNUCAHbL OOJIHCHYL
0053amebHO).

11. PaccunTaTh NOrpemIHOCTD U3MEPEHHU.
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12. ChopMynupoBaTh BHIBOJIBI.

KoHTpoJsbHBIE BOIPOCHI

1. B kakyto CTOpOHY JIEUCTBYET CUJia IOBEPXHOCTHOT'O HATSIKEHUS?

2. OOBSACHUTH SIBIEHUWE TOBEPXHOCTHOrO HaTshkeHUs. UTo Ha3biBaeTcs
KO3 PUITMEHTOM MOBEPXHOCTHOTO HATSKEHUS?

3. Kakwue KOCBEHHBIE METO/IbI omnpeAeNeHHs ko3 durreHTa
MOBEPXHOCTHOTO HATsHKeHUs! Bl 3HaeTe, ux cyTh?

4. OObBsiCHUTE NOJHATUE U ONTyCKAHUE KUAKOCTEU B KaMMIUIIPHBIX TPyOKax,
MOYHO JIM ONIPEJICTUTD ¢ , UCTIOJIb3Ys KaMWUISPHbIE TPYOKH U Kak?

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

Kpurepun ouenku:

— OueHka «5» CTaBUTHCS, €CIU YYalIMICs BBIOJIHICT PadOTy B MOJIHOM OOBEME C
COONIOICHNEM  HEOOXOAMMOW  TMOCJIEeNOBATEILHOCTH  TMPOBEACHHS  OIMBITOB |
U3MEPEHUH;  CaMOCTOSATENBHOW  pallMOHATbHO  MOHTHUPYET  HEOOXOJIUMbIC



000py/OBaHKE; BCE OMBITHI MPOBOJUT B YCIOBHSIX U PEKHUMAX, 00ECIICUNBAIOIINX
MOJIy4eHHE TPABWIIBHBIX PE3yJIbTaTOB M BBIBOJOB; COOIIOAAET TPEOOBaHUS MPaBUI
0e30macHOCTH TpyJa; B OTUETE MPABUJIBHO W aKKypaTHO BBIMOJHSET BCE 3allKCH,
TaOJIUIIbI, PUCYHKH, YEPTEKHU, TpadUKH, BRIYUCICHUS; TIPABWIBHO BBITIOIHSAET aHAINU3
ITOTPEITHOCTEMN.

— Onenka «4» CTaBUTCS, €CJHM BBINOJHEHBI TPEOOBaHUS K OLEHKH «5», HO ObUIA
JOTYIIEHbl JBa-TPU HeAouYeTa, He Oojiee OJHOW HerpyooW OmMOKH M OJIHOTO
Hemovera.

— Ormenka «3» craBuTCs, eciu paboTa BBIMOJHEHA HE TMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOM YacTH TAaKOB, TIO3BOJISICT ITOJIYYUTh TIPABWIIBHBIC PE3yNbTaThl U
BBIBOJIBI: €CJTH B XOJI€ TIPOBEICHUS OTBITA U U3MEPECHHI ObUTN JOIYIIICHBI OIITHOKH.

— Omenka «2» cTaBUTCS, €CIW paboTa BHINOJHEHA HE TMOJTHOCTBIO U 00BeM
BBIMIOJTHEHHONW YacTh paboOT HE TMO3BOJISIT CHENaTh MPaBUIBHBIX BBIBOJOB: €CIIH,
OTIBITHI, ©3MEPEHHUS, BEIUMCIICHUS, HAOIIOICHUS POU3BOIMINCH HETIPABUIILHO.

KonTpoabnasi pabora Ne 2
Io pazneny «MousekyjasipHasi puU3UKa U OCHOBBI TEPMOTUHAMUKID)

1 BapuanT

1. I'a3 B kommuectBe 1000 monel npu gasienuun 1 MIla nmeer temneparypy 100° C.
Haiitu 06bem raza.

2. IIpu xakoit TeMnepaType CpeaHssi KHHETUYECKas SHEPTUS MTOCTYIATEIILHOTO
JIBMYKEHUSI MOJIEKYJI ra3a paBHa 12,42-10-21 JIx.

3.UeMy paBHa BHYTPEHHSISI SHEPTUS 5 MOJIb OJJHOATOMHOTO T'a3a Mpu Temiieparype 27°
C?

4. I'azy nepeaano kosnuectBo TerioThl 300 [k, €ro BHYTpEHHSISI SHEPT U
yBenuuunack Ha 200 JIxx. Yemy, paBHa paboTa, COBepIIieHHAs Ta3oM?

5. TemoBol ABUraTenb MoOJy4yaeT OT HarpeBarels SHepruto, paBuyto 1000 [k, u
otaaeT xonoawibHuKy sHepruto 800 [Ix. Uemy pasen KII/] TernoBoro nurarens?

2 BapuaHT

1. Paccuuraiite TeMrieparypy, pu KOTOPOM HaXOAATCA 2,5 MOJb ra3a, 3aHUMArOIIEro
00beM 1,66 11 1 Haxoadmerocs moa gasiaeHuem 2,5 Mlla.

2. Ilpu Temmepatype 27°C naBieHue raza B 3akpbiToMm cocyae 75 klla. Kakum Oymer
JaBJICHUU Npu Temmneparype -13°C?

3. KakoBa BHyTpeHHs1s dHeprus aprona maccoit 200 r npu temneparype 17°C?
(momsipHast macca aprona 40 r/mMoJib)

4. OnpenenuTs BHYTPEHHIOK SHEPTUIO OJTHOATOMHOTO HJICATHLHOTO ra3a €Ciu OH
noayuny KoaudecTBo Ter1oTel 1000 Ik u coBepim mpu 3ToMm padoty 400 JIx.

5. TemyioBOM ABUTATENb 3a LIMKII HOJY4YaeT OT HarpeBaTess sHepruto, pasayr 1000
JIx, u otnaet xonoaunbHUKY 3Hepruto 700 k. Uemy pasen KIIJ[ remoBoro
nBurarens’?

3 BapuaHT



1. B 6annone o6semom 100 1 HaxoauTes 2 T Kuciaopoja rmpu temmeparype 47°C.
KakoBo nmaBnenue raza B 6amione? (MojsgpHas Macca Kuciopojaa 32 1/MOJib)

2. OnpenenuTh CPeIHIOI KHHETHYECKYO SHEPTHUIO MOCTYNATENbHOTO IBHXKEHUS
MoJekya raza mpu 17°C.

3. KakoBa BHyTpeHHss1 3Heprus 10 MOJIb 0OTHOATOMHOTO HAeanbHOTO rasza mpu 127°C?
4. Ilpu cooO1ieHnn ra3y KOJu4ecTBa TemioThl 6MJIK OH paciupuiiCss U COBEPILNI
paboty 2 M. Haitnute nu3MeHeHUU BHYTPEHHEH SHEPTUM raza. Y BeJIu4uiach OHa
WJIA YMEHBIINIIACH?

5. Uemy paBen makcumainbHblid KITJ] naeaibHOro T€MOBOro ABUTATEN S, €CIIH
TeMmneparypa HarpeBatens paBHa 455°C, a xonoawibHuka — 273 °C?

4 BapuaHT

1. Haitnure 00beM Bomopoaa Maccoit 1 kxr mpu temmneparype 27°C u gaBneraun 100
klla. (MonsipHast Mmacca Bo1opojia 2 I/MOJIb)

2. BelaucnuTe M3MEHEHHE BHYTPEHHEN YHEPTUM BOIOPO/IA, HAXOASIIETOCs B
3aKpBITOM CcOCyJie, ipu ero HarpeBanuu Ha 10°C. Macca Bojioposa 2 Kr, MOJIspHast
Macca BoJopoJa 2 I/MOb.

3. l'azy nmepenano kommuectBo TemioThl 300 Ik, ¥ Tpu 3TOM OH COBEPIIIII PaboTy
100 /I>x. UeMy paBHO U3MEHEHUE BHYTPEHHEW SHEPTUM Ta3a?

4. B kanmmuispHO# TpyOke paauycom 0,55 MM JKHIKOCTh MOAHATIACH HAa BBHICOTY 11
MM. Haiitu korhPuiimeHT moBepXHOCTHOTO HATSKEHUS XKUIKOCTU. [110THOCTH
sxunkoctu 800 kr/m3.

5.TemnoBoii aBuraTenab copepiaet 3a rukia padorty 100 J[k. Kakoe koandecTBo
TEIJIOTHI IOJYYEHO MpH 3TOM OT HarpeBatens, ecnu KIIJ[ neurarens 20%?

5 BapuaHT

1. KakoBa Temneparypa raza npu aasieHud 100 klla u KOHIIEHTpalMu MOJIEKYJI
1025 m-3?

2. Onpenenure KOHIIEHTPAIIMIO MOJIEKYJ ra3a, Haxoasiierocs moj aaBiaeHueM 200
klla mpu Temneparype 300 K.

3. Kak 1 Ha CKOJIbKO U3MEHWJIACh BHYTPEHHSISI SHEPT S ra3a, €Ciu MPU €ro
anrabaTHOM C)KaTUHU HaJl HUM ObuTa coBeplieHa padora 200 JIx?

4. I'azy nepenano kosmuecTBo TernoThl 100 J[>k, ero BHyTpeHHsIsI SHEPTUsI
yBenuuuiack Ha 50 J[k. Yemy, paBHa paboTa, coBepIieHHas ra3oM?

5. Makcumansnbiit KII/ naeansHoro temioBoro apurarens paBeH 20%. Haiinure
TEMIIepaTypy HarpeBaTessi, ecu Temiieparypa xonoauibauka 27°C.

Konrponupyempie komnerenuuu: OK 01-OK 07: JI.1.-J1.6.; M.1.-M.6.; I1.1.-IL.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

- «5» CTaBUTHCS 3a padOTYy, BBITIOJTHEHHYO MTOJTHOCTHIO 0€3 OIIMOOK M HEJIOYETOB.

- «4» cTaBUTBCA 3a PabOTy, BBITOJHEHHYIO MOJIHOCTHIO, HO MPH HAJIMYUU B HEW HE
OoJiee ofHOM TPyOOil U OJHOM HErpyOOii OMMOKK U OJJHOTO HEJoueTa, He Oojiee Tpex
HEJIOYETOB.



- «3» CTaBUThCSA, €CIU CTYACHT MPABWIBHO BBITIOJIHUI HE MeHee 2/3 Bcelt paboThl Win
JomycTua He Oosiee ONHOM TpyOOW OMIMOKM M ABYX HEIOYETOB, HE Oojee OJHOMU
rpy0Ooil U onHON HerpyOoil omuoOKu, He 0Oojee Tpex HerpyobIx OHIMOOK, OJHOMU
Herpy0oil olnOKH U TpeX HEOUETOB, IPU HATTMYUHU 4-5 HEA0UYETOB.

- «2» CTaBHUTHCS, €CIU YUCIO OIMMUOOK M HEAOYETOB MPEBHICUIO HOPMY OILIEHKH «3»
VTN TIPaBUJIBHO BBHITIOJTHEHO MeHee 2/3 Bcell paboThlI.

Pa3nen 3. DiekTpoAMHAMHUKA
Tema 3.1. DiekTpuueckoe noJie

Ycrublii onpoc (YO)
1. Yro HazbiBaroT 3ekTpusanueit Ten? CrnocoObl MeKTpU3aLIIH.
2. Uem oTaMyaercs ANEKTPOCTATUYECKOE B3aUMOJEHCTBUE OT BCEMUPHOTO

TATOTEHUS?

DnektpomeTp. UeM onpenesnseTcss 3HaUEHUE IIEKTPUIECKOTo 3apsiaa?

3aKOH COXpaHEHMs 3JIEKTPUYECKOro 3apsiia. M3onupoBaHHas cucrema.

3akoHn KynoHna.

Kak HanpaBieHa KyJOHOBCKasi Cuiia M KAaKOMY 3aKOHY OHA MOJAYHMHSIETCS?

EnuHnna anektpudeckoro 3apsaaa. Yro npuaumaercd 3a 1 Kn?

B dyem coctouT npuHIMNI cynepro3uiiuu? (Ij1si CUIbl U HAMPSXKEHHOCTH )

. Iloka3atb Ha pUCyHKE.

10 DJeKTpUyecKoe mojiie u ero cBoicTBa. CyIIECTBYET JIM 3JIEKTPUUYECKOE MOJie
pPa3IMYHBIX MCTOYHUKOB B OJHOW M TOM K€ TOYKE M KaK OHU ACHCTBYIOT Ha
AIEKTPUYECKUE 3apsiibl?

11.HanpsixenHocTh noss. EquHua Hanpss>KkeHHOCTH. 3aBUCHT JIM HAITPSKEHHOCTh

12.monst oT mMpoOHOTO 3apsija MOMENIEHHOTO B JaHHYIO TO4Ky mossi? Ot 3apsina,
CO3IAIONIETO I10JS?

13.Yrto Ha3bIBaeTCs JIMHUEH HANPSKEHHOCTH 3JiekTpudyeckoro nous? Tloka3zate Ha
PUCYHKE pachpeiesieHue JMHUNW HanpsbKeHHOCTH BOKPYT  YEIMHEHHBIX
TOYEYHBIX 3apsAA0B. MOTyT JIM OHH MEPECEKAThCS WIIM KacaTbCs APYT aApyra?

14.Yrto Ha3bIBaeTCsl OJHOPOAHBIM dliekTpuueckuMm nosnem? Iloka3aTh Ha pUCYHKE
pacrpeieIeHle JUHUA HApsHKEHHOCTH OJJHOPOJAHOTO 3JIEKTPUYECKOTO MOJIS.

15.byner nu 3apsiKEHHOE TEJO B ANEKTPUUECKOM I10JI€ 00s13aTENbHO JBUTATHCS MO
JUHUSM HAOpPSDKEHHOCTH ATOTO  TIOJISl, €CIM  HUKAaKUe JIPyrue CUibl He
NEUCTBYIOT?

16.Yto Ha3pIBaeTCsl MOBEPXHOCTHOM TUIOTHOCTHIO 3apsjia, JMHEHHON MIIOTHOCTHIO
3apsiaa?

17.HanpsikeHHOCTh TOJISI MEXKJYy Pa3HOMMEHHO 3apshKEHHBIMU IUIACTUHAMH, BO
BHEIIIHEM IIPOCTPAHCTRE.

18.HanpsokeHHOCTh TOJISI paBHOMEPHO 3apsiKEHHOW c(hepruecKoil MOBEpXHOCTH,
Ha PACCTOSIHUM OT CQEpUUYEeCKON MOBEPXHOCTH, B JIIOOOW TOYKE BHYTPHU
PaBHOMEPHO 3apsHDKEHHOU chephl.

19.Kakue mons Ha3pIBalOTCS MOTEeHHHaIbHBIMU? UYemy paBHa paboTta
AJIEKTPUYECKOTO TOJISl TP MEPEMENIEHUHN 3apsia M0 3aMKHYTOW TPAeKTOPHUH?

©ooNDOh W



20.BriBosi  popMyIsibl  pabOTHI ANEKTPUUECKOTO TMOJISI TOYEYHOTO 3apsna Ipu

nepeMeIIeH NPOOHOTO 3apsiia U3 OJHOM TOUKH MOJIS B IPYTYIO.

21.Yemy paBHa TIOTEHIIMAJIbHAs DSHEPTUS B3aUMOJICUCTBUS JBYX TOYEYHBIX
3apsiioB? CBs3b MEXIY paObOTON IO TMEepEMEIICHUIO 3apsaa M MOTCHIIMAIbHON

SHEpPTHUEH.

22.Yto Ha3bIBaeTCs MOTEHIHAIOM JyiekTpuueckoro most? IloTennuman momns

TOYCYHOIO 3apsiaaa.

23.Kak cBs3ana paboTa mpu nmepeMenieH!: 3apsia B dJIEKTPOCTATHIECKOM TI0JIE C

MOTEHI[MAJIaMH B HA4aJIbHOW M KOHEYHON TOYEK TPAaeKTOpUHU?

24.Yto Takoe SKBUINOTEHIMalbHas MOBepXHOCTh? Kak pacnonoxeHsl JTUHUU
HaIIPSKEHHOCTH AJIEKTPUYECKOTO MOJIS M0 OTHOUIEHUIO K SKBUIIOTEHIHAIBHBIM

MOBEPXHOCTSIM?

25.Kak ompenenuTh MOTEHIMAT PE3YIbTUPYIOIIETO SJIEKTPUUYECKOTO MOJIsl, €CIU B

I[aHHOﬁ TOYKC JICKTPHUYICCKHUC 1T0JIA CO3/JaHbl HCCKOJIBKMMU 3ap;maMH?

26.IToueMy BHYTpHM NIpPOBOJAHHMKA BCE TOYKM HMEIOT OJMHAKOBBIM MOTEHIHAI,

PaBHBII NOTEHIMATY Ha IIOBEPXHOCTH 3TOTO ITPOBOJIHUKA?
27 . KakoBbl MEXaHU3MbI OIS PU3ALUHN TUIIIEKTPUKOB?

28.J1ns1 wero mpemHa3HaYeHbl KOHACHCATOPHI? UTO HA3BIBACTCS DIEKTPOEMKOCTHIO

KoHeHcaTtopa? DopMyJibl.

29.0Heprusi 3apsLKEHHOTO KOHAEHcaTopa. [IIOTHOCTh IHEPruM 3IEKTPHUIECKOTO

110J1s1. DopMybl.
30.@opmynbl  Ang ONpEAeieHUss  €MKOCTH Uil THapajulesIbHOTO
NIOCJIEA0BATENBHOTO BKIIOUYCHHS.

Kontponupyemsie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtMmetka «5»

IIOJIHO PACKPBITO COJEPKaHUE MaTepuana

YETKO M NPABWIBHO JAHBI ONIPEACIICHUS U PACKPBITO COAEPKAHNE ITOHATHM, BEPHO
UCII0JIb30BaHbl HAYYHBIE TEPMUHBI

I 1OKa3aTCIIbCTBA UCIIOJIIB30BAHbI PA3JIMYHBIC YMCHUA, BEIBOIBI N3 HEI6J'II-0I[CHHIZ,
OIIBITOB

OTBCT C&MOCTOHTGHLHBIﬁ, HCIIOJIB30BAHBI PAHCC HpI/IO6peTCHHBI€ 3HaHH:I.

OtMmeTka «4»

PACKPBITO OCHOBHOE COJIEpKAHUE MaTepuaa

B OCHOBHOM MPAaBUJIBHO JaHbl ONPEICICHUS MOHATUM U UCIIOJIb30BaHbl HAYUHbBIC
TEPMUHBI.

OTBET CAMOCTOSITCIbHBIN

OIpe/IeTICHUS TTOHSITUI HETOJIHBIC, IOMYILEHbl HE3HAYUTEIbHBIC HAPYIIICHUS
MOCJIEA0BATEIbHOCTH U3JIOKEHHUS, HEOOIbIITNE HETOYHOCTH MPU UCTI0JIb30BAHUU
Hay4YHBIX TEPMUHOB WJIM B BBIBOJAX M 000OIICHUSIX

MPaBUWIbHBIC U YETKUE OTBETHI HA BOMPOCHI yTOUHSIIONIETO XapakTepa (TO3UIIus
MMOHUMAIOLTUI )
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OtMmeTka «3»

YCBOCGHO OCHOBHOE COJIEp)KaHHE YyueOHOTO MaTepralia, HO U3JI0KEHO (hparMeHTapHO,
HE BCErJa MOCJICI0BATEILHO

onpeAesieHNs IOHATUNA HEIOCTATOYHO YETKUE

HE MCITOJIb30BaHbI B KAUECTBE JI0KA3aTEILCTBA BEIBOJIBI M 0000IIICHHS U3
HAOJTI0JICHUH, TOMYIIIEHBI OIMOKY MPU UX U3JI0KEHUU

JOTYIICHBI OMTMOKK M HETOYHOCTH B UCIOJb30BaHUM HAYYHON TEPMUHOJIOTHUH,
OIPEACIIEHUE TTIOHATUMN

MPaBUJIbHBIC ¥ YETKUE OTBETHI HA BOMPOCHI HABOISIIIETO U KOHKPETU3UPYIOIIETO
xapakTtepa (MO3UIUs KPUTHK)

OtMmeTka «2»

OCHOBHOE COJIepKaHre yueOHOTO MaTepralia He PACKPBITO

HE JIJaHbl OTBETHI HA BOMIPOCHI HABOISIIIIETO U KOHKPETU3ZUPYIOIIETO XapakTepa
JOMYIICHBI TPyObIe OMIMOKU B ONPEEICHNUN TTOHATHH, PYU UCTIOIB30BaHUU
TEPMUHOJIOTHUH.

Tectuposanue (T)

1. VICTOYHUKOM PIEKTPOCTATUYECKOTO TOJISI SIBISETCS ...
A. IlocTOSHHBIM MarHur.
b. IIpoBOIHHK € TOKOM.
B. HenoiBuxHbIN 37IEKTPUUYECKUN 3apsi/Il.
I'. JIBHKyIIHUICS 3JIEKTPUYECKUN 3apsil.

2. Kako#i u3 rpadvkoB Ha pUC. COOTBETCTBYET 3aBHCHMOCTH MOJYJISI KYJTOHOBCKOM
CUJIBI, JACUCTBYIOIIEW MEXIY JIBYMS TOUYEYHBIMU 3apsiiaMH, OT PACCTOSIHUS MEXIY
3apsagamMu’?

F F F F

R? R? 0 R? 0 R?

A. 1. b.2. B3.T1.4.

3. B 0lHy U Ty K€ TOYKY OJHOPOJHOTO NIEKTPUUECKOTO IOJIsI BHAYAJIE MOMECTHIIH
IPOTOH, a 3aTeM — JJIEKTPOH . BennunHa KyJOHOBCKOW CHWIIBI, JEHCTBYIOIIEH Ha
4acTunys, ...

A. He nu3amenwiiace.

b. YBenuunnace.

B. YMmenpmmnacse.

I'. BHauane yBenuumnace, a 3aT€éM YMEHBILINIACK.



4. Kak wu3MEHHTCS CHJIa KYJIOHOBCKOTO B3aUMOJICHCTBUS JBYX TOUYEUHBIX
HETIOIBMIKHBIX 3apsiJI0B NMPU YBEIWYCHUHN PACCTOSIHUSA MEX Iy HUMU B 4 pa3a?

A. YBenuuurcs B 4 paza.

b. YMenbumres B 4 pasa.

B. YBenuuutcs B 16 pas.

I'. YMenbutcs B 16 pas.

5. Kak u3MeHHTCS cuia 3JEKTPOCTAaTHUYECKOTO B3aMMOJECHCTBHUS JBYX TOYEYHBIX
HETIOJIBIKHBIX 3aps/IOB MPU MEPEHECEHNN UX U3 BaKyyMa B Cpely C JUIJIEKTPUUECKOM
IIPOHUIIAEMOCTHIO 81, ecim pacCTOSTHUE MEXKTy HUMH OCTaeTCs MPEKHUM?

A. He uzmenurcsi.

b. YMenbumtes a 81 pas.

B. YBenuuurtcs B 81 pas.

I'. Ymenbmutces B 6561 pas.

6. Ha puc. npuBeneno rpapuieckoe n300pakeHUE FMEKTPUIECKOTO TOJIS C TOMOIIBIO
JUHUN HampspkeHHOCTH. Ha kakoM U3  pHUCYHKOB HM300paX€HO OJHOPOJHOE

AJIEKTPUYECKOE ToJIe?

+ + + + +
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A.l. b.2. B.3. 1. 4.

7. Kak u3MeHUTCS IO MOJTYJII0 HAMPSHKEHHOCTD ANEKTPUUECKOT0 MOJIS B TaHHOW TOUYKe
IIPY YMEHBIIEHUH 3apsi/a, CO3A0IIEro moJie, B 3 pasza?

A. YMmenbutes B 3 pasa.

b.YBenuuutcs B 3 pasa.

B. YmMmenbmutcs B 9 pas.

I'. He uamenurcs.

8. Pa3zHocTh moTeHHMAIOB Mexay OOkiagkamu KouaeHcaropa 200 B. Dnextpon
nepeMeniaeTcss U3 ToUkd | B TOUKy 2 Tak, Kak MoKa3aHo Ha puc. YeMy paBHa paboTta
0 NIEPEMEUIEHUIO JIEKTPOHA U3 OAHOW TOUKH MOJIS B APYTYIO?

$ , | T
N _
A. 200 JT. é LT
B. 0.
B. 320%107° JTx.
T. 320%10° .



9. Ha puc. uzo0OpakeHO OJHOPOJHOE SJIEKTPUUYECKOE TMOJe U MPOTOH. B Kakom
HaIpaBJICHUU HA IPOTOH JIEUCTBYET CHJIa U KAKOB XapaKTep ABUKEHUS YaCTULIbI?

>
E

A {k

e q

A

A. BneBo, paBHOMEpPHOE.
b. BieBo, paBHOyCKOpEeHHOE.
B. BripaBo, paBHOMEpHOE.

I'. BnpaBo, paBHOYCKOPEHHOE.

A

10. 3apsa xonaencaropa 0,4 MK, HanpspkeHue mexay ooknaakamu 500 B. Dueprus
3apsHKEHHOTO KOHJIEHCATOpa PaBHA ...

A. 0,1 JIx.

b. 0,2 JIx.

B. 100 Ix.

I'. 200 dx.

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

K04 K Tecty:

Ne ponpoca 112|3[(4(5/6|7(8/9 |10

HpaBuabupiii | BT A/ T''B B/A/B| b | A

O0TBET

Kpurepun ouenku:

— «2» BBICTaBIISIETCSl 00yUaroIIeMycs, eciIu Ha0pain MeHee 4 0aJlIoB;
— «3» BBICTABIIIECTCS O0ydJaromemycs, 3a 5-6 6amios;

— «4» BBICTaBIISIETCSl 0OyUaroiemMycs, 3a /-8 6aioB;

— «5» BoICTaBIsIETCS OOyUaromemycs, 3a 9-10 6annos.

3aganud st camocrosiTeSibHOUM padoThl (CP)
Tembl 3cce (pedepaToB, T0KIAT0B, COOOLEHMIH)

DIIEKTPUYECKUE 3aPSABI.
DJIEeMEHTapHBIN JIEKTPUUECKUM 3apsil.
3aKOH COXpaHEHUs 3apsiia.

3akoH KynoHa.

DJIeKTpUYECKas TOCTOSHHAS.
DJIEKTPUUECKOE MOJIE.

oakwnE



7. Hamnps>keHHOCTB 3JIEKTPUYECKOTO TMOJIS.

8. IlpuHIMn cyneprno3uiuy nojiei.

9. [IpoBOAHMKY B AIEKTPUYECKOM TOJIE.

10.IunneKTpUKY B IIEKTPUUECKOM II0JIE.

11.Tlonsipuzanust UIJIEKTPUKOB.

12.PaboTa cui1 2JIeKTPOCTATUYECKOTO TOJIS.

13.IloTenmuan. Pa3HocTh MOTEHIIMATIOB.

14 . OxBUNOTEHIIMATIBHBIE IOBEPXHOCTH.

15.CBs3p MeXAy HANpPSHKEHHOCTHIO M PA3HOCTHIO MOTEHLIHATIOB 3JIEKTPUUECKOTO
HOJISL.

16.9nexrpoeMkocTh. KoHI€HCATOPBI.

17.CoenuHeHne KOHACHCATOPOB B OaTapero.

18.0Heprus 3apsyKEHHOTO KOHJEHCATOopa.

19.0Heprus 3MeKTPUYECKOTO MOJIA.

20.EquHuUIIBI 57TIEKTPOEMKOCTH.

21.TlpumeHeHne KOHIEHCATOPOB.

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

Kpurepun ounenku:
OtMmeTka «5»
® TIOJHO PacKPhITO COJEpKaHUE MaTeprasa
® YETKO W TMPaBWILHO JaHBI OMPEACICHUS M PACKPBITO COJEpKaHWE TMOHSITHUH,
BEPHO HCIIOJIb30BaHbl HAYYHBIC TEPMHHBI
e IS J0Ka3aTeIbCTBA HCIOJB30BaHBI Pa3IUYHBIC YMCHHUS, BBIBOIBI W3
HAOIIOICHUI, OIIBITOB
® OTBET CaMOCTOSITCIILHBIN, HCIIOJIb30BaHbI paHEE MPUOOPETECHHBIC 3HAHUS.

OtmeTtka «4»

® PACKPBITO OCHOBHOE COJIEpKaHUE MaTepuaia

® B OCHOBHOM MpPaBWIBHO JaHbl ONPEAEICHUS] TOHATUH U UCIOJIb30BaHBI
Hay4YHBIC TEPMUHBI.

® OTBET CAMOCTOSTCIIbHBIN

® OIpeNeieHUs TMOHATUN HEMOJHbIE, JOMYIICHbl HE3HAUYUTENIbHbIC HapYyIICHUS
MOCJIEA0BATEIILHOCTH U3JIOKEHHUS, HEOOIBIITNE HETOYHOCTH TPU UCTIOJIb30BAHUU
HayYHBIX TEPMUHOB WJIH B BBIBOJAX M 000OIICHUSIX

® MpaBUJIbHBIC U YETKHE OTBETHI HA BOMPOCKHI yTOUHSIONIETO XapakTepa (Mo3uLus
MTOHUMAIOIITU )

Otmetka «3»
® VYCBOGHO OCHOBHOE COJCpXKaHHE Y4eOHOro wmarepuana, HO H3I0KEHO
(parmeHTapHO, HE BCEr/la MOCIEA0BATEIBHO
e ompeneneHus NOHATHI HETOCTaTOYHO YETKHE
® HE WCIOJIb30BaHBI B KAadeCTBE JIOKA3aTeNbCTBA BBIBOJALI W OOOOIICHUS U3
HaOJI0/IEHUH, TOMYIICHbI OUTUOKH MPHU UX U3T0KEHUH



® JIOMYyIIEHBI OMMUOKN U HETOYHOCTU B MCHOJb30BAHUM HAYYHOW TEPMHUHOJIOTHUH,
OIPEACIICHHUE TTIOHSITHUI

® IMpaBWIbHBIE W  YETKME OTBETbl HA  BOMNPOCHl  HABOJAIIETO U
KOHKPETU3UPYIOIIETO XapakTepa (O3NS KPUTHK)

OtMmeTka «2»

® OCHOBHOE COJIepKaHHe yueOHOTo MaTepuasa He paCKpPhITO

® HE JJaHbl OTBETHI HA BOMPOCHI HABOSIIETO U KOHKPETU3UPYIOLIETO XapaKkTepa
JOMYIIeHbl TpyOble OIMMOKK B OMNPEACICHUU TMOHATHH, TPH HCIOJb30BAHUU
TEPMHUHOJIOTHH.

JlabopaTopHbie padoThI
JlaGopaTopnasi pabora Ne 4
HN3mepeHune 3JIeKTPOEMKOCTH IJIOCKOr0 KOHIEHCATOpPa

Heap padoTel: onpeneneHne EMKOCTU IJIOCKOTO KOHJEHcATopa U OaTapeu u3
COCAMHCHHUHU KOHACHCATOpA IIPU IIOCICA0BATCIbHOM COCANHCHHN .

IIpu6Gopsl u npuHamIexnocTu: Mcnonszyemas miatdhopma
(https://phet.colorado.edu/en/simulations/filter?subjects=physics&type=html&sort=alp
ha&view=qgrid) koHAeHCATOp U3BECTHOW EMKOCTH (ITAJIOHHBIN), BOJIBTMETp, PEOCTAT,
HNCTOYHHUK HAIIPAKCHUA, ,Z[BOI>'IHOI>'I IICPCKII0YaTClIb, K109, COCAMHUTCIBHLIC IIPOBO/IA.

KpaTtkoe TeopeTtnueckoe BBegeHHe

Cucrema, cocrosiiasi U3 ABYX MPOBOJHUKOB, Pa3ACIICHHBIX CIIOEM TUIICKTPUKA
U PacIoJIOKCHHBIX HAa MajOM PAcCTOSHUM JAPYT OT Jpyra TakK, YTO DJIEKTPUUYCCKOE
MoJIe 3aKJIIFOYEHO TOJHKO B TIPOCTPAHCTBE MEXKIY IMPOBOJHUKAMH, HA3bIBACTCS
KOHJICHCATOPOM. DJIEKTPOEMKOCTHIO KOHJ/ICHCATOpA HA3bIBACTCS BEIMUYMHA, YUCIICHHO
paBHas OTHOIICHHIO 3apsijaa (, HAXOMSAIIErocs Ha OJHOW M3 OOKIAJO0K, K Pa3sHOCTH
MOTEHITUATIOB MEXTy STUMH OOKIIa KaMH

g
va).
Enununa uzmepenune [U]= [@anap]= [D].

DneKTpOEMKOCTh 3aBUCUT OT (HOPMBI, pa3MepoB KOHACHCATOpa, MaTepuaa
TUDJICKTPUKA W €ro TemmepaTypbl. Tak EMKOCTh IUIOCKOTO KOHACHCATOpa MOYKHO
BBIYUCIIUTH 10 (popmyiie

£58
4 (2),
rae S — miomank OoO0KIanok, a d — paccTosHue MEXIy OOKIaJKaMH, NPUYEM
TpeJITIOoNaraeTcsi, 4To BBIMOIHAETCS COOTHOIEH e ¥ 0> a
DIeKTPOEMKOCTD MTMITUHAPUIECKOTO KOHIEHCATOPA BEIYUCIISIOT TTO (hopMyIIe
CZEHEEDE

T,
In(—=)

2 (3)




rne | — nmnmmHa oOpasyromield IWIMHIAPA; T1W T2— PaaAUYChl COOTBETCTBEHHO
BHYTPEHHEH U BHEIIHEW 0OKIA/I0K;
Heckonbko KOHIEHCATOPOB MOXHO COEIUHUTH B Oarapero. [Ipu napamiensHoM
COEIMHEHUH EMKOCTh OaTaper paBHa CyMMe EMKOCTEH KaXkJI0Tr0 U3 KOHJIEHCATOPOB
i
c=% ¢
=1 (4).
[Ipn mociemnoBaTeNbHOM COEIMHEHUH EMKOCTh Oaraped pacCUUTHIBAIOT I10
bopmye
1 1

¢ ECG5).

OHa 3aBUCUT TOJIBKO OT TE€OMETPUUECKHUX XapaKTEPUCTUK KOHJAEHCATOpa:
oMM OOKIaJ0K W pacCTOsSHUS Mexay HuMu. llpenmnonoxkum Ttemnepb, 4TO
IPOCTPAHCTBO MEXAYy OOKJIaJKaMHU 3alOJHEHO TUAJIEKTPUKOM C AUAIIEKTPUUYECKOU
npoHunaeMoctrio €. Kak m3meHutcs €MKoCTh KoHJieHcatopa? HanpsikE€HHOCTh moJist
BHYTPU KOHIEHCATOPA YMEHBIINUTCS B € Pa3, MO3TOMY HANPSHKEHHOCTH IOJs BHYTPH
KOHJIeHCaTopa OyJIeT UMEET CIeAyIoNLyIo (opMyTy

=_9
EEL, S (6)

Kak mr00o¥f MpoBOAHUK, HECYyUIMH 3apsil, KOHJIEHCATOpP HMMEET DSHEPTHIo,

KOTOPYIO HaxXoAAT 10 hopMmyJie

. ¢ _qU_CU
V=22 2 7).

HOC.]IeIlOBaTeJILHOCTL BBIINTIOJIHCHU A paﬁon:

1. 3axoaum Ha matopmy yepes
ccbuiky: https://phet.colorado.edu/sims/html/capacitor-lab-
basics/latest/capacitor-lab-basics_en.html (MoxHO uepe3 mr000I TalKETHI, HE
HY’KHO PErHCTPHUPOBATHCS).




2. Haxxumaem kiaBHIIel pUCyHKY IUIOCKHM KoHaeHcaTop (Capacitance).
3. Ha skpaH BBIXOAMTH ClIEAyIOUIast TUATIOTOBAast OKHO.

4. Haxumaem B JICBOM CTOpPOHE rajlOuKd U MEPEABUTAEM CTPEIKYy Ha Oarapeu Ha
KaKyl CTOpOHE.



5./3MeHuTh MOmaab U PACCTOSHHE MEXTy OOKIankamu. (3HaueHHE HaMUCcaTh B
TaOJIHILY)

6.Uepes  MmynbTHpeecTOp  (BOJBTMETP) U3MEPUTh  HampshkeHue  (Pa3HOCTh
NOTEHIMAIIOB) MEXIy oOknaakamu. F3mepsieM uepe3 MNpPOCTEHBKUX '"LIymoB"
(kpacHbIl ¥ YepHBI MpoBo10B). KpacHblii cTaBuM Ha “+” 00KIa/Ky, a YEpHBIA B “-*
o0knanaky. M 3HaueHue nuiieM B TaOJIUILY.



7 .Mcnonb3ys ¢opmyisl (2) u (1), (6), (7) Hy’)KHO HAUTH ANEKTPOEMKOCTH IJTIOCKOTO
KOHJIEHCaTOpa U 3aps] OOKIaJKM KOHACHCATOpa, SHEPTHI0 KOHJEHcaTopa H
3aMoJHUTh Tabnuiy 1.

8.PacueTsl HY>KHO IOBTOPUTH TPU pa3a U3 MyHKTa 5-7.

9.Paccunrate cpegHee 3HaueHue Cgp, cpemHior0 abcomoTHyio ACep. o
OTHOCHUTEJIBHYIO C TIOTPEIIHOCTH OTPEEIEHUs OJTHON U3 EMKOCTEl 110 opMyiam

3¢
_ i=1
Ton(6)
|‘d E:-P|:|q_ Cw|(7)
AcC.

e=—=%100%
Co (8).

10.Pe3ynbTaThl pacuera 3aHecTH B Tabiuiry 1.

Tabnura 1.

Ne | S (m?) dm) |C E wW Cop | ACqp £
(@) | B/m) | Ax)

1

2

3

KoHTpoJ/ibHBIE BOIPOCHI:

1. laiite onpeaeneHune 3MEeKTPOEMKOCTH TPOBOIHUKA. B KakKux eIUHUIIAX U3MEPSETCS
3JIEKTPOEMKOCTH?

2. 3anumute GopMyITy dIEKTPOEMKOCTH CHEPUIECKOTO TPOBOTHHKA.

3. OT 4ero 3aBUCHUT JIEKTPOEMKOCTh MPOBOIHUKA?

4. Yto Takoe KoHAeHCcaTOp?

5. JaitTe onpeneneHue 3IeKTPOEMKOCTH KOHIEHCATOpa.

6. OT 4ero 3aBUCHUT AIEKTPOEMKOCTh KOHAEHCATOpa?

7. 3anumute GopMyITy MEKTPOEMKOCTH TUIOCKOTO, MHJIUHAPUIECKOTO, CHEPUIECKOTOo
KOH/JIEHCAaTOPOB.

8. BeiBenute GpopMyity 31eKTPOEMKOCTH TIOCKOTO, HIUIUHAPUIECKOT0, chepuieckoro
KOH/JIEHCAaTOPOB.

9. 3amumute ¢opMyldy JUIS  BBIYHUCIECHUS CyMMapHOW €MKOCTH Oarapeu
KOHJICHCATOPOB IPHU UX MOCJIEA0BATEIILHOM U apaJIETbHOM COEIUHEHHH.

10. BeiBenutre QopMyny s BBIYHMCIECHHS CyMMapHOW €MKocTh Oarapeun
KOHJICHCATOPOB MPHU UX MOCJIEA0BATEIILHOM U apaJIEIbHOM COEIUHECHHH.



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

Kpurepun ouenku:

— OueHka «5» CTaBUTHCS, €CIU YYalIHCs BBIOJIHSIET padOTy B MOJHOM 00BEME C
COONIOICHNEM  HEOOXOAMMOUM  IMOCJIEeNOBATEILHOCTH  MPOBEACHHUS  OINBITOB |
U3MEPEHUH;  CaMOCTOSTENILHOW  palMOHAILHO  MOHTHUPYET  HEOOXOIMMEBIC
00OpyI0BaHKE; BCE OIBITHI MPOBOJUT B YCIOBUSIX M PEKUMAaX, 00SCIIEUMBAIOIINX
MOJIyYeHHE MPABWIBHBIX PE3yJIbTATOB M BBIBOJOB; COOJIONACT TPEeOOBAHUS MPaBUI
0€30MacHOCTH TPyJa; B OTYETE MPABWJIBLHO W AKKypaTHO BBIOJIHSAET BCE 3aIUCH,
TaOJUIIBI, PUCYHKH, YEPTEKHU, TpadUKU, BHIYHCICHUS; TIPABUIILHO BBHIIOIHICT aHAIN3
MOTPEITHOCTEMN.

— Omenka «4» CTaBHTCS, €CIIM BBITIOJHEHBI TPEOOBAHMS K OIEHKH «5», HO ObUIH
JOTYIICHbl JBAa-TPU HEIouYeTa, He Oojee OJHOW HerpyOoil OmuOKM W OJHOTO
HemoJera.

— Omenka «3» cTaBWTCS, €clIM padOTa BBINIOJHEHA HE TIOJIHOCThIO, HO 0OO0BEM
BBIITOJITHEHHONW YAaCTH TaKOB, TIO3BOJISICT TIIOJIYYHTh TPABWIBHBIE PE3yJIbTaThl U
BBIBOJIBI: €CJTU B XO/I€ MIPOBEICHUS OTIBITA U H3MEPEHHIA ObUIH JOMYIICHBI OIINOKH.

— OneHka «2» cTaBUTCs, eciu padoTa BBINIOJTHEHA HE IMOJHOCTBIO W 00BEM
BBIITOJITHEHHOW YacTH pa0OT HE TMO3BOJIAT CHACIAaTh IMPABHIBHBIX BBIBOJIOB: €CIIH,
OTIBITHI, U3MEPEHUSI, BEIYUCIICHHS, HAOIIOIEHUS TIPOU3BOIMIIACH HETIPABIIIBHO.



Tema 3.2. 3aKOHBI MOCTOSTHHOIO TOKA

Ycrublii onpoc (YO)

1.YTo HaA3BIBAIOT NEKTPUIECKUM TOKOM?

2. Kakoe HamnpaBieHHE TOKA MPUHUMAETCS 3a MOJIOKUTETbHOE?

3.Kakue ycnoBust HEOOXOIUMBI JUIsl CYIIECTBOBAHUS 3JIEKTPUUECKOIO TOKa?

4.Yr1o Ha3bIBatOT cuioM Toka? dopMya It BBIYUCICHUS CUIIBI TOKA.

5. KakoBa enuHunia usmepenus cuibl Toka B CU?

6. Kakoii TOk Ha3bIBatOT TOCTOSTHHBIM?

7. CchopmynupoBarth U 3anucaTh 3akoH OMa Ji1sl ydacTka 1enu?

8. 3amucaTh GopMyJTy 3aBUCIMOCTH 3JIEKTPUUECKOT'O COMPOTHUBIICHUSI TPOBOAHUKA OT
JUTHBI, TUIOIIAY TONIEPEYHOT0 CEUEHUS U POJIA BEIIECTBA.

9. Uto Ha3bIBAIOT yJEIBHBIM COMPOTUBIIEHUEM ITPoBoaHKKA? KakoB Qpu3nyeckuii
CMBICJ 3TOW BEJTUYUHBI?

10.HapucoBaTp cxeMy 3JIEKTPUUYECKOM LIETIH, JIBA PE3UCTOPA COECTMHEHHBIX
MOCJEA0BATENBHO. 3aMUCaTh 3aKOHBI OCIEI0BATEIBHO COEUHEHHS ITPOBOHUKOB.
11. HapucoBaThk cxeMmy 3JIEKTPUYECKOM LIENH, JBA PE3UCTOPA COCTUHEHHBIX
napajiesbHO. 3alnucaTh 3aKOHBI MAPaJUIEIBHOTO COEAMHEHNS POBOJHUKOB.
12.Hanumute hopMmyity [uist 001Iero CONPOTUBRICHUS NTapaJIeTbHO COSUHEHHBIX
MIPOBOJIHUKOB:

a) JiBa MPOBOIHUKA;

0) Tpu u 601€€ TPOBOAHUKOB.

12. KakoBa ponp nryHTa, NapajuieabHO MOAKIIOUYEHHOTO K aMIIepMeETpy?
13.Hanummure dhopmMyity uist pacyeTa CONPOTUBICHHUS IIIyHTA, TOAKIIOUEHHOTO K
aMIIEpMETDY.

14.KaxoBa posb 106aBOYHOTO CONMPOTUBIICHUS, TOAKIIOYEHHOTO MOCIEA0BATENBHO C
BOJITMETPOM?

15.Hanvmure dhopmymy [uist pacuera 700aBOYHOTO COMPOTUBIICHUS, MTOAKITIOYEHHOTO
K BOJITMETPY.

16.3anuiuTe GopMyIIsl Ui onpeaeseHus: paboThl MOCTOSIHHOTO TOKA.
17.ChopmynupoBaTh 1 3anucaTh 3akoH Jxoys- Jlenna.

18.3anummuTe GopMyIIBl A1 pacdeTa MOITHOCTH TOKA.

19. Kakum nipubopom nzmepsieTcs padoTa aJeKkTpudeckoro Toka? Kakum nmpudopom
U3MEPSETCA MOIIHOCTD AJIEKTPHUUECKOTO TOKa?

20.YT0 Ha3bIBAIOT CTOPOHHUMHU CHIIAMHU?

21.Y7o nazeiBaroT 3/]C ucrounnka toka? KakoB ¢pusudeckuii cmpic I1C? B kakux
€IUHUIIAX €€ BBIPAXKAIOT?

22.YT10 NOHUMAIOT O] BHYTPEHHEN U BHEIIHEW YaCThIO LIETIH?

23.YT10 noKa3bIBAET BOJBTMETP, IPUCOCANMHEHHBIN K MOJIKOCAaM UCTOYHHKA TOKA MPHU
pa3oMKkHyTOM BHewHen nenu? [Ipu 3aMkHyTON BHEIIHEN nenu?
24.ChopmynupoBaTh U 3anucaTh 3aKkoH Oma JJ1sl MOJTHOM TETH.

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

Kpurepuu ouenku:



OtMmeTka «5»

MIOJTHO PACKPBITO COJIEPIKAaHUE MaTepuraia

YETKO U MPABWIHHO JTaHBI ONIPECIICHUS U PACKPBITO COJIEPKAHUE TOHATUM, BEPHO
WCII0JIb30BaHbl HAYYHBIE TEPMUHBI

JUIsl TOKA3aTeJIbCTBA UCTIOJIb30BaHbl PAa3IMYHbIE YMEHUS, BHIBOJIBI U3 HAOIIOICHU,
OIILITOB

OTBET CaMOCTOSTEIIbHBIN, UCIIOJIb30BaHbI paHee MPUOOPETEHHBIC 3HAHUS.

OtMmeTka «4»

PaCKpBITO OCHOBHOE COJIEpKaHNE MaTepuaia

B OCHOBHOM TMPABUJILHO JaHbI OTIPEIEIICHUS TIOHATHI U UCTIOJIH30BaHbI HAYYHBIC
TEPMUHBI.

OTBET CAMOCTOSITSIbHBIN

OnpeAesieHUs TOHATUI HENOJHbIE, JOMYIEHb HE3HAUUTEIbHbIE HAPYILICHUS
MOCJIEA0BATEIIbHOCTH U3JIOKEHHUS, HEOOIbIITNE HETOYHOCTH MPH UCTIOJIb30BAHUU
Hay4YHBIX TEPMUHOB WJIM B BBIBOJAX M 000OIICHUSIX

NpaBUJIbHBIC M Y€TKUE OTBETHI Ha BONPOCHI yTOUHSIONIETO XapakTepa (TO3UIIHs
MTOHUMAFOIITUH )

OtMmetka «3»

YCBOEHO OCHOBHOE COJIep’KaHHe yIeOHOTO MaTepuaia, HO U3J0KeHO pparMeHTapHO,
HE BCEr/ia MoCIeI0BaTeIbHO

OTIpeielICHUs] IOHATUI HETOCTATOYHO YETKHE

HE MCIO0JIb30BaHbI B KAYECTBE JI0KA3aTEIHCTBA BBIBOIBI M 0000IIEHUS 13
HAOJIFOACHUH, TOTYIIIEHBI OMTUOKHU TIPHU UX U3TT0KCHUH

JOTYIIEHBI OMTUOKN W HETOYHOCTH B MCTIOJIb30BAaHUN HAYTHOW TEPMUHOJIOTHH,
OIPEACIICHUE TTOHITHMN

IPaBUJIBLHBIC U YETKUE OTBETHI Ha BOMIPOCH HABOASIIETO ¥ KOHKPETU3UPYIOIIETO
xapakrtepa (Mo3UIUsl KPUTHK)

OtMmeTka «2»

OCHOBHOE COJICpKaHNEe y4eOHOTO MaTepHalia He PaCKPBITO

HE JIaHBI OTBETHI Ha BOIIPOCHI HABOJISIIIETO M KOHKPETU3UPYIOIIETO XapaKTepa
JOTYIIEHBI TPYObIe OITMOKY B OTIPE/ICTICHUY TIOHATHA, TIPH UCTIOTb30BaHUH
TEPMHUHOJIOTHH.

Tecruposanue (T)

I Bapuanr.

1. Haitaute coOOTBETCTBHE MEXKY (DU3UNUECKUMHU BEIMYMHAMU U SIUHUIIAMU UX
U3MEPEHUS:

A) cuna Toka 1) Bart



b) manpspxenne 2) ammep

B) conpoTtubiecHue 3) BOJIBT
I') MmomrHOCTH 4) om
J1) paboTta Toka 5) KOYIIb

2. YTIOpsITOYEHHBIM JIBI)KCHUEM KaKHUX YaCTHUIT CO3JACTCS DJICKTPUUECKHX TOK B
Mmerajiax?

A) ONIOKUTENBHBIX MOHOB b) OTpHIIaTENbHBIX HOHOB
B) MonoxuTenbHbIX U OTPULATENBHBIX HOHOB ') 311€KTPOHOB

3. Kakoii ¢popmyioii Beipaxaercs 3akoH OMa il ydacTka 1enu?

A) A=1Ut B) P=IU B) I=U/R T") Q=I’Rt

4. Tlo xakoit popMyJie BEIYUCISIETCS MOIIHOCTD AMEKTPUIECKOTO TOKa?
A) A=IUt B) P=IU B) I=U/R T") Q=I’Rt

5. Cuia Toka, mpoxosias uyepe3 HuTh Jiamisl, 0,3 A. Hanpspkenue Ha namre 6 B.
KakoBo snekTpuueckoe COnpOoTUBICHUE HUTH JIaMIIbI?

A)2 OMB) 1,8 Om B) 0,5 Om T) 20 Om

6. [lox kakuM HanpsHKEHUEM HaXOAUTCS OJHA U3 CEKIIMHA TeJICBU30pa
conporuBieHueM 24 kOwm, eciiu cuiia Toka B Hel 50 MA?

A)12BB)0,12BB)12BT) 1200 B

7. KakoBa MOIITHOCTB 3JIEKTPUYECKOTO TOKa B JiamIie mipu Harpspkenuu 100 B u cume
toka 0,5 A?

A) 0,5 kBt b) 0,05 kBt B) 5 MBTT') 5 xBT

8. OmpenenuTe HalpsHKEHUE HA KOHLAX CTAJIbHOTO MPOBOJHUKA AnHOM 140 cm u
IUIOIIA/BIO TTONepPeYHoro ceuenus 0,2 MM?, B KOTOpoM cuia Toka 250 MA. Voenvroe
conpomuénenue cmanu pasruo0,15 Om*vum?/m.

A) 0,2625 B B) 2,625 B B) 26,25 BI) 262,5 B

9. K ucrounuky Toka ¢ 9JIC 16 B u BHyTpeHHUM conpoTuBiecHueM 2 Om
MOJKIIOUUIU conpoTuBiaeHre 6 Om. Onpenennre HapsHKEHUE Ha 3aKUMax
HCTOYHUKA.

A)12BB)24BB)36BT)48 BJ)52 B



10. Kakoii JUIMHBI HYXKHO B3ATh KYCOK CTaJILHOM IPOBOJIOKK ceuenureM 0,2 MM?,
YTOOBI B U3TOTOBIEHHON U3 HETO CIIUPAIIU MOCIIE NOJCOETUHEHMSI K UCTOUHUKY ¢ DJ1C
6 B u BHyTpenHuM conportuieHueM 1,25 Om cuia Toka 6si1a paBHa 3 A? Voenvroe
conpomuénenue cmanu pasuo 0,15 Om*um?/m.

A)1MB)0,75MB)3 M) 10 M /D) 0,11 M

II Bapuanr.

1. HaﬁHHTe COOTBCTCTBHUC MCIKAY BCINYMHAMU U CIUHUIAMU UX U3MCPCHU A

A) cuna Toka 1) BaTT

b) xonu4uecTBO TEIIOTHI 2) ammep

B) compoTtuBneHue 3) oM Ha MeTp
I') ynenpHOE CONMPOTHUBIICHUE 4) om

J1) paboTa Toka 5) mKOyIb

2. DNEKTPUUECKU TOK B METaJIax MPEACTaBIsAET COOOi ...

A) ynopsiIoueHHO€E IBUKEHHE CBOOOIHBIX MPOTOHOB

b) ynopsinoueHHoe nBukeHHE CBOOOIHBIX JIEKTPOHOB

B) xaotnuHoe (6ecniopsiiouHOE) ABUKEHUE CBOOOIHBIX MPOTOHOB
I') xaoTruHOE (O6ecTopsIOYHOE) IBUKEHNUE CBOOOTHBIX AIIEKTPOHOB

3. Kakoii (hopmynoit Belpakaercs 3akoH [xoyns-Jlenmna?

A) A=IUt B) P=IU B) I=U/RT) Q=I°Rt

4. Tlo xakoit ¢popMyJIie BEIUMCISIETCS paboTa 3JIEKTPHUIECKOTO TOKa?
A) A=I?Rt B) P=IU B) I=U/R T') Q=Ult

5. Cuina Toka, mpoxosinas uyepe3 HuTh Jamisl, 0,5 A. Hanpspkenue Ha namre 6 B.
KakoBo 371eKTpHYecKOe CONPOTUBIECHUE HUTH JIAMIIbI?

A)3 OMB) 1,2 Om B) 0,083 OMT) 12 Om

6. [Tox xkakuM HaMPsHKEHUEM HAXOIUTCS OJHA M3 CEKIIMH TEIeBU30pa
conpoTuBieHueM 12 kOwm, ecnu cuia Toka B Heil 100 MA?

A)12BB)0,12BB)12BT) 1200 B

7. KakoBa MOIITHOCTB JIEKTPUYECKOTO TOKA B JiamIie Tpu Harpspkenuu 220 B u cume
toka 0,1 A?



A) 2,2 kBt b) 0,22 kBt B) 2200 kBTt I') 22 BT

8. Onpenenute HaANPSKEHUE HA KOHIIAX CTAIBHOTO MPOBOJIHUKA JIUHOHN 70 cM H
II0LIaAbI0 nonepeunoro ceyenus 0,1 mm?, B kKoTopoM cuiia Toka 250 MA. Yoenvnoe
conpomuénenue cmanu pasuo0,15 Om*vum?/m.

A) 02625 B B) 2,625 B B) 26,25 BT) 262,5 B

9. K ucrounuky Toka ¢ 3J1C 32 B u BHyTpeHHUM conpoTuBieHHEM 2 OM
MOJKIIOYUIN conpoTuBiaeHre 6 Om. Onpenenure HaNpsHKEHUE HA 3aKUMax
HUCTOYHUKA.

A)24BB)48BB)72BT)9 B JI) 104 B

10. Kakoii JUIMHBI HYXKHO B3STh KYCOK CTaJIbHOM MPOBOJIOKK ceuenurem 0,2 MM?,
YTOOBI B U3TOTOBIEHHON U3 HETO CIIUPAIIU MOCIIE NOACOEAUHEHH K UCTOUHUKY ¢ DJC
6 B u BHyTpenHum comnpotusieHuemM 1,2 Om cuna Toka Obuia paBHa 2 A? VoenvHoe
conpomuénenue cmanu pasuo0,15 Om*vum?/m.

A)3MB)12MB)24mT) 1,8 M) 0,36 M

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

Kiaouu K Tectam:
Bapwuanr 1

Ne Bonpoca 1 12/3/4/5/6/7(8]9 |10
IpaBuabnbiii | A2 | I'' BB | I'' I' B|AA |A
0TBET 3

B4

I

A5
Bapuanr 2
Ne Bonpoca 1 [2/3/4|5/6[7(8]9]10
IIpaBuiabHBIN A2 B|T|A B I'' T A|A|B
0TBET ES

B4

I3
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Kputepun onieHku:



— «2» BBICTaBIISIETCSl 00yUarOIIEMyCsl, eIy HaOpay MeHee 4 0aJlIoB;
— «3» BBICTABIIACTCS OOydJaromemycs, 3a 5-6 6amios;

— «4» BBICTaBIIACTCS O0OyUaromemycs, 3a /-8 0ayios;

— «5» BBICTaBIIAETCA O0yUaromemycs, 3a 9-10 6aios.

3aganusa 1js caMocTosATe IbHOI padoThl (CP)
Tembl 3cce (pedepaToB, 10KIAT0B, COOOIIEHMIH)

1. VYcnoBus, HeOOX0AUMBIC NI BOSHUKHOBEHHS W TIOJJICPIKAHUS ICKTPUISCKOTO
TOKa.

Cwua Toka M TIOTHOCTh TOKA.

3akoH OMa j1d y4acTKa LenHu.

3aBUCUMOCTh DJIEKTPUUYECKOTO CONMPOTHBJIEHUS OT Marepuaia, JIMHBl U
IJIOIIA/IM MOMEPEYHOTO CEYEHHUS MPOBOIHUKA.

3aBUCUMOCTbD JICKTPUUECKOTO COMPOTUBIICHUS IIPOBOIHUKOB OT TEMIIEPATYPHI.
Temneparypubiii  K03()PHUIIMEHT CONTPOTUBIICHHUS.

CBepXIpOBOIUMOCTb.

DIIEKTPOABUKYIIAs CHJIa HCTOYHHUKA TOKA.

. 3akoH OMa JUIs ITIOJTHOM IETIH.

10.2nexTpuueckre uemnm.

11.ITapannensHOE U TOCIIEAOBATEIFHOE COCTMHEHUE TIPOBOIHUKOB.

12.3akonb1 Kupxroda mis ysna.

13.CoeamHeHne HCTOYHUKOB AJICKTPUICCKOM SHEPTHHU B OaTapero.

14 5J1C ucTouyHHKa TOKA.

15.3akoHn J>xoyns — Jlenna.

16.PaboTa 1 MOIITHOCTH ITOCTOSTHHOT'O TOKA.

17.TennoBoe eCTBUE TOKA.

o

© o~ oo

Konrtponupyemsie komnerenuuu: OK 01-OK 07; JI.1.-J1.6.;: M.1.-M.6.; T1.1.-TL.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun onenkn:

OtMmeTka «5»

MIOJTHO PACKPBITO COJEpKaHUE MaTepuaia

YETKO U MPABWIHHO JaHbI ONIPECIICHUS U PACKPBITO COJIEPKAHUE MTOHATUM, BEPHO
WCIIOJIb30BaHbl HAY4YHbIC TEPMUHBI

JUISL TOKa3aTeIbCTBA UCTIOIb30BaHbI Pa3IMYHbIEC YMEHUS, BHIBOJIbI U3 HAOIIOICHUM,
OITLITOB

OTBET CaMOCTOSTENIbHBIN, UCTIOb30BaHbI paHee MPUOOPETEHHbBIC 3HAHUS.

OtMmeTka «4»
PACKPBITO OCHOBHOE COJIEp)KaHUE MaTepuasa

B OCHOBHOM MPABUJIBHO JaHbI ONPEACIIEHUS MOHATUN U UCIIOJIb30BAHbI HAYYHbBIE
TEPMUHBL.

OTBET CAMOCTOATEILHBINA



OnpeAe/ICHUs TOHATUI HETOJHbIE, JOMYIECHb HE3HAUUTEIIbHbBIE HAPYILICHUS
MOCJIEIOBATEILHOCTH U3JI0KEHUS, HEOOIBIITNE HETOYHOCTH TIPU UCIIOIb30BaHUU
HAy4YHBIX TEPMUHOB WJIU B BBIBOJIaX U 00OOIIEHUIX

IIPAaBUWIbHBIE U YETKUE OTBETHI HA BOIIPOCHI yTOUHSIONIETO XapaKTepa (MO3ULIUS
MTOHUMAIOITUI )

Otmetka «3»

YCBOEHO OCHOBHOE COJIEp>KaHNEe yueOHOTro MaTepuasa, HO U3JI0KEHO (parMeHTapHoO,
HE BCET/a MOCJIeI0BATEIbHO

OTpe/ieNICHUs] IOHATUN HETOCTATOYHO YETKHE

HE MCTIO0JIh30BaHbl B KAYECTBE JJOKA3aTEIHCTBA BEIBOJIBI 1 00OOIICHHUS U3
HAOJI0IEHUH, TOMYIIEHBI OIIMOKHU MPU UX U3TI0KEHUU

JOTYIIEHbI OIIMOKN U HETOYHOCTH B UCTIOJIB30BaHUU HAYYHOU TEPMUHOJIOTHH,
oTnpeeNieHUue MOHATUI

MpaBWIbHBIE 1 YETKHE OTBETHI HA BOMPOCHI HABOSIIETO M KOHKPETU3UPYIOIIETO
xapakrtepa (Mo3UIUsl KPUTHK)

OtMmeTKa «2»

OCHOBHOE COJIepKaHKe Y4eOHOTr0o MaTepraia He pacKphITO

HE JJaHbI OTBETHI HA BOIIPOCHI HABOJISAIIETO M KOHKPETU3UPYIOIIETO XapaKTepa
JOTYIIEHBI TPYObIC OIMTUOKY B OTIPEICTICHUN TTOHATHH, IPH UCTIOIb30BaHUHT
TEPMUHOJIOTHH.

JlabopaTopHbie padoThI

JlaGopaTopHasi pabora Ne §

I/I3yqem1e 3aKOHOB IMOCJI€I0BATECJIbHOIO U MAaPpaJLJICJIbHOI0 COCIHNHCHUSA
NpPOBOAHUKOB

Ilenr padoTBI: O3HAKOMHUTBCS C PAa3IUYHBIMH  METOJAMU W3MEPEHHUS
CONIPOTHUBJIEHUS, U3MEPUTHh BEIWYMHBI HEW3BECTHBIX COINPOTUBIECHUN, NPOBEPUTH
3aKOHBI IIOCJIEA0BATEIBHOTO U NMAPATIIEIBHOIO COEAUHEHUACOIPOTUBIICHUN.

IIpubopsl M NPUHANIEIKHOCTH: PEOXOPH, Mara3uH CONIPOTHBIICHUM,
PE3UCTOPBI C HEU3BECTHBIM CONPOTUBICHUEM, FaJbBAHOMETP, HWCTOYHUK TOKA, KIIOY,
peocrar.

KPATKAS TEOPUSA
B ¢usuke paznuuaroT npoBOJHUKHU MEPBOTO M BTOpOro poja. Ilpoxoxnenue Toka
B IIPOBOJIHMKAX MEPBOTO PoOJia HE CBSA3aHO C U3MEHEHUEM UX XUMHUYECKOU MPUPOJIbI U
3aMETHBIM IIEPEHOCOM BeliecTBa. K HUM OTHOCSTCS BCE METALIIBL.
B npoBogHMKax BTOPOTO pojia MPOXOXKACHUE TOKA CBSI3aHO C XUMHUYECKHMHU
U3MEHEHUSIMU, BEIyIIUMU K BBIJIEICHUIO COCTABJISAIOIINUX 3THU MPOBOJIHUKH BEILLIECTB B



MECTaxX HX CONPUKOCHOBEHMS C JPYTMMHU IPOBOJHHKAMH. PacruiaBieHHBIE COJIH,
PAacCTBOPHI COJIEW, KUCIIOT, IET0YEH SABIISIOTCS MPOBOJHUKAMU BTOPOTO POJA.

Ecan B OJHOPOIHOM ydYacTKe LENM CO34aTh JJEKTPUYECKOE II0JIE, TO B ITOM
y4acTKE BO3HHMKAET »JJIEKTpuueckud ToK. Co3gaHHOE II0J€ XapaKTepU3yercs
HanpsbkeHueM U, IpuiioKeHHbIM K YYaCTKy LENu.

B pesynbrare omnbsiToB OM yCTaHOBWIJ, YTO IPH IOCTOSIHHOM TEMIEpaType
OoTHoIlleHHEe HampsbkeHuss U Ha KOHIIAX MPOBOJHHMKA K CHJeToKa | B HEM siBisieTcs

MOCTOSIHHOU BEJIUNUYMHOIMI;
U

R = 7= const

DTy BEIMYMHY HAa3bIBAIOT DSJICKTPUYECKUM COMPOTHUBICHHMEM R ydacTka Iienu
(npoBonHuKa). COrjaacHO 3JIEKTPOHHOW TEOPUHU, COMPOTHUBICHUE METATIINYECKHUX
MIPOBOJHUKOB AJIEKTPUYECKOMY TOKY BO3HUKAET BCIEJICTBHE TOTO, YTO HOCUTENIN TOKA
— DBJIEKTPOHBI NPOBOJUMOCTH — IPU CBOEM JIBUKEHUU HCHBITHIBAIOT COYIAPEHUS C
MOHAMM KpHUCTAJUIMUECKOUN perieTku. [Ipu 3ToM ABMXKylLIMEcs 3JIEKTPOHBI MEPEAaoT
MOHAM 4YacTh CBOEW OJHEPruu, MNPUOOPETEHHOW TMpu CBOOOJHOM mpobdere B
AJIEKTPUYECKOM TIOJIe. DHEPrUs, NEpelaHHash HOHAM, IPEBPAIIACTCS B SHEPTUIO
OecropsI0YHOTO KOJeOaHusi MOHOB, T. €. BO BHYTPEHHIOIO 3HEpruto. Paznmuune B
COMPOTHUBIICHUN PA3TUYHBIX METAIOB OOBSCHAETCA PA3IUUMEM CPETHUX CBOOOIHBIX
pOOEroB JJIEKTPOHOB U KOJMUYECTBA CBOOOJHBIX AJIEKTPOHOB B €JIMHUIIE OOBEMa
MeTaJLIaA.

Enununeit comporuBnenus B cucteme CHM  sBiasercs om (OM), paBHbIN
CONPOTHUBJIEHUIO TAKOTO MPOBOJHHUKA, B KOTOpPOM Ipu HampsbkeHun 1 B teuer Tok
cuwioii 1 A. Benuuuna, oOpaTHas CONpPOTUBIEHHUIO, HA3bIBA€TCA MPOBOJUMOCTBIO.
Enununeit npoBoAMMOCTH SIBISETCS BeIM4uHA, oOpaTHasomy, - cuMeHce (Cm).

Jlnss  OAHOPOAHOTO  UMJIMHAPUYECKOTO  TPOBOJHUKA  COMPOTUBIICHUE
omnpezensercs 1no gopmyJie:

rae | - npuHa npoBoHKKA; S - TIOHIAb MOTIEPEUHOTO CEUSHHMSI TIPOBOTHUKA; P
- YIeJIbHOE COMPOTUBIIEHUE MaTepHuaa, U3 KOTOPOTro U3rOTOBJIEH IPOBOIHUK.
YucnoBoe 3HAYEHHUE YAEIBHOIO CONPOTUBIEHUS O PABHO CONPOTUBIECHUIO
IPOBOJHUKA UIMHOM 1 M, a Ijol@ags NmomepeuHoro cedenus pasHa 1 m2. Exununa
yIAETBbHOTO CONPOTUBIICHUSI HOCUT Ha3zBaHue «oM — Metrp» (Om*M). Benuumna,
oOparHas yAeIbHOMY CONPOTUBICHUIO, HA3bIBACTCS YJIETBHON MPOBOJUMOCTHIO
Marepuana:

o=-
p
Eannuna yaensHoi NpoBOAUMOCTH — «CUMEHC Ha MeTp» (Cm/M).

Hanmnuue npumeceil B METAUIMYECKOM MPOBOJHUKE YBEIWYMBACT €0 YJIEIBHOE
compoTuBieHue. B Tex ciyuwasx, rae Tpedyercs MajoeCONpOTUBIECHUE MPOBOIOB,
MPUMEHSIOTCS YWCThIE METaulbl. MeETAUIMYECKUE CIUIaBbl TMPUMEHSIOTCS IS
MOJTyYeHUs OOJIBIINX 3HAUYEHUI COPOTHUBIICHUI.

ConpoTuBiieHHUE MPOBOJHUKOB U3MEHSIETCS MPU WU3MEHEHUHM WX TEeMIIEpaTyphbl.
[Ipyn yBenuueHWM TEMIEPATYPbl COMNPOTUBICHUE METALIMYECKUX IPOBOJIHUKOB



YBEIUYUBACTCS. 3aBUCUMOCTh  YJIEJIbHOTO  COMPOTHUBJIEHUS OT TEeMIEepaTypbl
XapakTepU3yeTcs TEeMIIEPATypPHbIM KO3(PPUIIMEHTOM CONPOTUBICHUS « JIaHHOTO
BEIIECTBA: O = 2. Z—’:

JI1ss MHOTHX TPOBOJHHMKOB (B T. 4. METAJJIOB) MpU HEOOJBIIUX HHTEpBaIax
TeMIepaTypbl 3aBUCUMOCTb YJIEIBHOTO COMPOTHUBJICHUS O OT TeMIepaTypbl
OTIMCHIBACTCS JINHEHHBIM 3aKOHOM:

p = po(1+at),

rae po — yaensHoe conpotusinenue npu 0°C; t — remneparypa nposoanuka, °C;
Q — CpeIHUM TemMnepaTypHbId KO3(PGUITMEHT CONPOTUBIICHUS IS OTIPEIETIEHHOTO
UHTEpBaJIa TEMIEPATyp.

JI7s1 TOYHBIX U3MEPEHUM MOJIB3YIOTCS METOJaMH, CBOJSIIMUMUCA K CPAaBHEHUIO
M3MEPSEMOro COIMPOTUBIEHUS CO CTaHJAPTHbBIMU (dTamoHaMu). OJHUM U3 HHUX
SBJISIETCSI METOJI MOCTa TMOCTOSIHHOTO TOKa (MOCTHMK YutcroHa). [IpuHuunuanbHas
CcXeMa MeTO0/ia MOCTa ObLIa paCCMOTPEHA BHIIIIE.

HOPAJOK BBIIIOJIHEHUSA PABOTbI
3ananue 1. U3mepeHue cOnpoTUBIEHHUS PEe3UCTOPA ¢ MOMOIIBIO MOCTA
Yurcrouna.

1. CoOpaTh 2eKTpUYECKYIO 1IETIh 110 CXeME, MPUBEICHHON Ha puc. 1.

2. IlocraButh nBmwxok C peoxopaa AB B cpeaHee MOJI0KEHNUE.

3. CbanancupoBaTh MOCT MOJOOPOM CONPOTUBIEHUN Rm, Tak 4TOOBI MOKa3aHUS
raJibBaHOMETpPa OKa3aJIUCh PaBHBIMU HYINIO. 3HaueHus Rm, Li, Lo 3amucats B
Tabsn. 1.

R« G Rm

SA

+ - R

4. HaiiTh HEM3BECTHOE COTIPOTHUBIICHHUE 10 (hOPMYJIE:

Ly
RX == RmL—Z
5. tne L1 m Lo — mmHa npoBosiokun peoxopaa Ha ywactkax AC u CB

cooTtBeTcTBeHHO (L1=AC, Lo=CB). Pe3ynbTar 3anectu B Tabm1. 2.
6. [ToBTOpPUTH M3MEpEHHS yKa3aHHBIE B M. 3, 3 emie aBa pa3a, CMECTUB JBUKOK
peoxop/ia BIPaBo U BIEBO OT CPEIHETO MOTOKEHMUS.



7. Berauciuthb CPCOAHCC 3HAUYCHUC U3MCPCHHOT'O pC3UCTOPA.

Tabruya 1
No Rm, Ll, L2, Rls _
OmMm M M Om R1,
OMm
8. AHamoru4so U3MCPHUTHh  COTIPOTHBJIICHHWE  BTOPOTO pE3UCTOpa H
3amucaTh OKOHYATEIbHBIE PE3yIbTaThl B Ta0M. 2.
Tabauya 2
No Rm, Ll, L2, RZ’ _
OMm M M OmMm Ro,
OmMm

3aganue 2. IlpoBepka 3aKOHOB IMOCJIEI0BATEILHOI0 M MAPAJLICILHOIO
COeIMHEHH i Pe3UCTOPOB.
1. ITonb3ysce
COEIMHEHUH, paccuuTaTh OOIIEE CONMPOTHUBICHHE PE3UCTOPOB, M3MEPEHHBIX B

3aJlaHuu 2.

dbopmynamu

IIOCJIICAOBATCIBHOIO )51

ImapaJuICJIIbHOI'O

2. CpaBHHUTb U3MEPEHHBIE 3HAUEHUS Ryoc U Ryuqp € BhruuciacHubiMU. Crenarhb
BBIBOJL O BBIMOJHIEMOCTH 3aKOHOB
COCJIMHEHUN PE3UCTOPOB.

IMOCJIICAOBATCIBHOI'O M IIapalICIIbBHOI'O

Tabnuya 3.

No Rm, L1, Lo, Rnap s Rnap » Ruap _m
OMm M M OMm OmMm OMm

Tabauya 4

No Rm, L1, Lo, Rnoc 20 Rnoc Rnoc _m
OMm M M OMm OMm OMm

KoHTpo/1bHBIE BOIIPOCHI
1. OOBsicHUTE NPUHINT JISHCTBUS MPOCTEUIIIETO OMMETpA.




2. B ueM KOHCTpYyKTMBHOE€ OTIMYME aMIEpMETpa, BOJIBTMETPA, rajibBAHOMETpA
MAarHATORIEKTPUYECKON CUCTEMBI?

3. Kakumu npeumyimiectBamMu 007a4aeT METOJ ONPEICIICHUs CONPOTUBIICHUS
MOCTOM YHTCTOHA IO CPAaBHEHHIO C METOJIOM AMIIEPMETPA U BOJIbTMETpaA?

4. Tlouemy ommOKa WU3MEPEHUI MOCTOM YHUTCTOHA MEHBIIE, €CIUCOMPOTUBICHUE

Rx 1 Rm O5m3ku 1pyr K apyry?

[Touemy GONBIIMHCTBO ralbBAHOMETPOB UMEET HIKATY C HyJIEM MocepearHe?

6. MoxxHO M B cxeMe MOcCTa YWUTCTOHAa MPOU3BOAUTH HM3MEpPEHUS, TOMEHSB
MECTaMU raJIbBAaHOMETP U UCTOYHHK TOKa?

/. Hapymaercs nau paBHOBECME MOCTa YUTCTOHA, €CIIM W3MEHUTHb BEIUYUHY
HaANpsKEHUsI UCTOYHUKA TOKa?

8. BrIBecTH ycia0BHs paBHOBECHS MOCTa Y UTCTOHA, UCHOJIB3Ys 3akoHbl Kupxroda.

o

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

Kpurepuu onenku:

— OneHka «5» CTaBUThCS, €CIIM y4YalUMHCS BBINOJIHAET paboTy B MOJHOM O0OBEME C
COOIOICHMEM  HEOOXOJUMOW  TOCJIENOBAaTENIbHOCTH  IPOBEACHHUSI  OMIBITOB U
U3MEPEHHI;  CaMOCTOSITENBHOM  palMOHAIBHO  MOHTHPYET  HEOOXOJUMBIE
00opy/sOBaHKe; BCE OMBITHI MPOBOJAUT B YCIOBHUSX M PEXKHMax, 00ECHEUNBAIOIINX
[OJly4€HHE TMPaBWIbHBIX PE3yJbTaTOB U BBIBOJOB; COOIIOAAET TPeOOBaHUS MpaBUII
0€30MacHOCTH TpyJa; B OTUETE MPABUIBHO M aKKypaTHO BBITIOJHSET BCE 3allHCH,
TaOJULbI, PUCYHKHU, YEPTEKH, TPapUKH, BHIYUCICHUS; IPABUIHHO BBIMOIHIET aHAIN3
MIOTPELIHOCTEM.

— OneHka «4» CTaBUTCS, €CIU BBITIOJIHEHBI TPEOOBaHMS K OIEHKH «5», HO ObUIM
JOTYIIEHbl JBAa-TPU HeIouYeTa, He Oojee OJHOW HerpyOoil omuOKM W OJHOTO
HeJoYeTa.

— OneHka «3» craBUTCS, €ciau padoTa BBIIOJIHEHA HE IOJHOCTHbIO, HO 00BEM
BBIMOJTHEHHOM YacTH TaKOB, IMO3BOJISIET TMOJNYYUTh NPaBUIBHBIE pPE3yJbTaThl U
BBIBO/IbL: €CJIU B XO/I€ IIPOBEICHUS OIbITA U U3MEPEHUN OBLIN OMYIIEHBI OLINOKY.

— OueHka «2» CTaBUTCS, €CIiM paboTa BBIIOJIHEHA HE IOJIHOCTBIO M 00BEM
BBIMIOJTHEHHONW dYacTh paboOT HE TMO3BOJAT CJeNaTh IPaBHJIBHBIX BBIBOJOB: €CIH,
OTIBITHI, U3MEPEHMSI, BBIYUCIICHUS, HAOIIOIEHUS IPOU3BOAMINCH HETPABUIIBHO.

JlaGopaTopHbie padoThI

HNHucTpyKkiinoHHAasi KapTa K JlabopaTopHoii padoTe Ne 6

Tema 3ansarus: usmeputs O/ C U omnpeneneHue BHYTPEHHETO COMPOTUBICHUS
HMCTOYHHUKA TOKA.

Heab 3aHATHSI: HAYYUTHCS SKCIEpPUMEHTaNbHO, u3MepsiTh DJIC U BHyTpeHHee
CONPOTHUBJIEHUE UCTOYHUKA TOKA.



Ilepen HavasoM 3aHATHS HEOOX0UMO 3HATH. 3aK0oH OMa /ISl y4acTKa 1IeNH, 3aKOH
Oma 1St TIOJTHOM 11eTTH, KaK TOIKITFOYAI0TCS B IIETh MPUOOPHI U3MEPEHUS CHITBI TOKA U
HaAIPSKEHUS, TEXHUKY 0€30MaCHOCTH MpU paboTe C JIEKTPUY ECKUMU TETISIMU.

Ilocsie oxkoHYaHUAA 3aHATHS He00X0AUMO yMeTb. CoOupaTh JJIEKTPUUECKHE IENU
MapajuieIbHO COCAMHEHHBIX  IMPOBOJHUKOB, CHUMAaTh IIOKa3aHWS MPUOOPOB,
PacCCUYUTHIBATH MOJTHOE COMPOTUBIICHUE MTAPAILIECIHHO COSTUHEHHBIX MTPOBOIHUKOB.
Oo6opynoBanmne: komnbroTep, MHTEPHET, HHCTPYKIIMOHHAS KapTa.

Conep:xanue u Teopusi.
Bo3HuKHOBEHHE Pa3HOCTH IMOTEHIIMAIOB HA TIOIIOCAX JIFOOOTO MCTOYHWKA SIBIISETCS
pPeE3yJIbTaTOM pPa3sgCICHHUA B HEM IIOJIOXKHUTCIBHBIX M OTPHUIATCIBHBIX 3apsaa0B. 910
pasziereHue IporuCXoIuT Omaroaaps paboTe, COBepIIaeMoil CTOPOHHUMH CHJIaM H.
Cunbl HEANIEKTPUIECKOTO MPOMCXOKACHHUS, ACHCTBYIONUME HA CBOOOTHBIC HOCHUTEIH
3apsjia CoO CTOPOHBI HCTOYHUKOB TOKA, Ha3bIBAIOTCSI CTOPOHHUMH CHJIAMU.
HpI/I MNEPEMCIICHUN 3JICKTPUYCCKUX 3apsaA0B IO LCIIH IMOCTOAHHOI'O TOKA CTOPOHHHUC
CHUIBI, IEHCTBYIOIINE BHYTPU UCTOYHUKOB TOKA, COBEPIIAIOT padoTy.
@dusnyeckas BEJIWYMHA, paBHas OTHOIIEHUIO pabOThl Acr CTOPOHHUX CHJI TIPH
IIEPEMELIEHUN 3apsia ( BHYTPUM HCTOYHHMKA TOKa K BEIWYMHE DJTOTO 3apsia,
HA3bIBACTCS AJIEKTPOABMKYIIEH cuioi ncrounuka (I1C):

OJ1C onpenensiercs pabOTOM, COBEpIIaEMO CTOPOHHUMHM CUJIaMHU TP MEPEMEIICHUN
€AUHUYHOTO TMOJIOKHUTENBHOTO 3apsija. ONEKTPOABMKYIIAs CUIIa, KaK U Pa3HOCThb
NOTEHIIMAIIOB, HU3MepseTca B BodbTax. YtoOet u3meputbh  IJ[C uctouHuka,
HAJI0 MPUCOEANHUTH K HEMY BOJIBTMETP MPU PA3OMKHYTOM IIEIH.

HcTounuK TOKA SBIAETCS MPOBOJHUKOM M BCErJa MMEET HEKOTOPOE COIPOTHUBIICHHUE,
MOATOMY TOK BBIJEISET B HEM TEIUIO. DTO COMPOTUBICHUE HA3BIBAIOT BHYTPEHHHUM
CONPOTHURJICHHEM UCTOYHUKA U 0003HAYAIOT I.

Ecnm nenp pazomMkHyTa, TO paboTa CTOPOHHUX CHJI MPEBPAIIACTCS B MOTEHIIUATHHYO
DHEPrUI0 HCTOYHMKA TOKa. IIpm 3aMKHYyTOM IienmuM »Ta MNOTEHIMAIbHAs HDHEPIUs
pacxoayeTcss Ha paboTy MO TMEepeMEIICHUI0 3apsJOoB BO BHEIIHEW Ienu ¢
COIpPOTHBIIEHHEM R M BO BHYTPEHHEN 4aCTH LENH C CONPOTUBJIEHUEM T , T.€. &€ = IR +
Ir.

Ecim uens COCTOMT W3 BHEIIHEM YacTU CONPOTUBIEHHMEM R W BHYTpeHHEHN
CONIPOTHUBJIEHUEM I, TO, COTJIACHO 3aKOHY coxpaHeHusi sHepruu, IJC ucrouHuka
OyJlleT paBHa CyMMeE HaNpsDKEHWH Ha BHEIIHEM W BHYTPEHHEM Y4yacTKax Ienu, T.K.
IpU MEPEMEIICHUU IO 3aMKHYTOW IENW 3apsJ BO3BPAlIAETCd B HMCXOJHOE

MOJIOKECHUE , rae IR — HampsbkeHne Ha BHEIIHEM ydacTke Ienu, a lr -
HaIpsHKEHUE HA BHYTPEHHEM YYacTKE LIeTH.

Takum o6pazom, [uis yuacTka menw, coaepxariero IJC:

Ota ¢dopmyna BelpakaeT 3akoH OMa Jjis TMOJHOM IIENH: CHUjla TOKa B TOJHOM
IeNu MPsSMO MPOTOPIMOHATIBHA JIIEKTPOJABUKYIIEH CHJIE HCTOYHUKA W OOpaTHO
MPOMOPIMOHATIBHA CYMME COTIPOTHUBIICHUHN BHEIIHETO U BHYTPEHHET0 Y4aCTKOB IIETIH.



YacTo MCTOYHUKU AIEKTPUYECKOM JHEPIHH COCIUHAIOT MEXIy coOo ams
nutanus nenu. CoeTMHeHNE UCTOUHUKOB B 0aTapero MOKET OBITh MOCIIEI0BATEIbHBIM
Y MMapaJUICIIbHBIM.

IIpu mociienoBaTeILHOM  COCAMHEHMM JBAa COCeJHUX HMCTOYHHMKA
COCAMHAIOTCH PA3HOMMEHHBIMHU MOJIIOCAMM.

[TonyuuBiIasics mpu MociaeA0BaTEIbHOM COSIMHEHUU aKKyMYJIATOpHas OaTapes
UMEET Ty K€ €MKOCTb, YTO U Yy OAUHOYHOTO AKKyMYJSATOPA, 4 HANPSIKEHUE TAKOU
AKKyMYJISITOpDHOM  OaTtaper paBHO CyMME€ HampsDKEHUM  BXOJAIIMX B Hee
AKKyMYJISITOPOB. T.e. €ClIM aKKyMYyJISITOPbl MMEIOT OJWHAKOBBIC HANPSIKEHUSA, TO
HaIpsDKeHUE O0aTaper paBHO HAIPSHKEHUIO OJHOTO aKKyMYJISITOpa, YMHOKEHHOMY Ha
KOJIMYECTBO aKKyMYJISITOPOB B aKKyMYJISITOPHOM Oartapee.

1. DJIC Garapeu paBHa cymme IJIC OTaEIbHBIX UICTOUHUKOB €= €1 1+ €2 + €3

2. O6mee compoTHBicHHE OaTaped HMCTOYHHKOB PaBHO CyYMME BHYTPEHHHX
COMPOTUBIICHUMN OTIAEIbHBIX UCTOUHUKOB lgarapen= 1 + 2 + I3

Ecnau B Garapero coeuHEHBI N OJWHAKOBBIX UCTOUYHHKOB, To DJ[C Garapem &= nep, a
COIIPOTHUBJIEHUE TGarapen— NI1

3. Cua Toka B Takoi menu mo 3akony Oma

Ilpn nmapaj/uieJIbHOM COEUHEHMH COCIMHSIIOT MeKay co0oii  Bce
M0JI0KUTEJIbHbIE M BCe OTPUIATEIbHbIE MOJIOCHI IBYX HJIH N HCTOYHUKOB.

[TapannensHo COCIUHAIOT TOJIbKO UCTOYHUKH C OJTMHAKOBOM
OJIC. IlonyuyuBiiasicas mpu MapalieTbHOM COEIUHEHUU aKKyMyJsSTOpHas Oarapes
MMEET TO K€ HAMPsHKEHUE, YTO U Y OJUHOYHOIO aKKyMYJISITOpA, @ €MKOCTh TaKOM
aKKyMYJIATOPHOU OaTaped paBHAa CyMME €MKOCTEH BXOJAIINX B HEE aKKyMYJISITOPOB.
T.e. ecnu aKKyMyJATOPBI UMEIOT OAUHAKOBBIE EMKOCTH, TO EMKOCTh aKKyMYJISITOPHOM
Oarapen paBHA EMKOCTH OJHOTO AaKKyMYJIITOpa, yYMHOXCHHOW Ha KOJHUYECTBO
aKKyMyYJIATOpOB B OaTapee.



1. DJIC Garapen oIMHAKOBBIX UCTOUHUKOB paBHa DJ]C 0JTHOTO UCTOYHHUKA. €= £1= € =
€3

2. ConpoTHBiieHHE OaTaper MEHbIIIE, YeM COMTPOTUBIICHNE OJJHOTO UCTOUHHUKA IGarapen=
r/n

3. Cuna Toka B Tako# 1iemnu 1o 3akony Oma

DJeKTpUYecKas SHEPrus, HaKOIUICHHas B aKKyMYJISTOpHOW Oarapee paBHa
CyMM€ DHEPTHil OTICIBHBIX aKKyMYJSTOPOB (TPOM3BEICHHUIO SHEPTUM OTACIBHBIX
AKKyMYJISITOPOB, €CJIM aKKyMYJISITOPbl OJMHAKOBBIE), HE3aBUCHUMO OT TOTO, Kak
COEMHEHBI aKKyMYJISTOPHI - TapaJUIeIbHO UJIU TIOCJIEI0BATEIBHO.

BHyTpeHHee CONPOTHUBICHUE aKKyMYJISITOPOB, HM3TOTOBJICHHBIX MO OJHOM
TE€XHOJIOTHH, MIPUMEPHO oOpaTHO MPOTOPIIUOHATBEHO E€MKOCTH
akkymynstopa. [loatomy T.K. T1pu  THapauiebHOM  COCIUHEHHUHM  €MKOCTh
AKKyMYJISITOPHOM OaTrapen paBHA CyMMeE €MKOCTEH BXOJSIINX B HEE aKKYMYJISTOPOB,
T.€. YBEJIMYUBAETCSI, TO BHYTPEHHEE COMPOTHUBIICHNE YMEHBIIIACTCS.

Otcrona
[Tockombky u , TO
15R10

Otcrona cneayer, UTO BHyTPEHHEE CONPOTUBIICHUE UCTOYHHKA TOKA

(1)
a DJIC 6ymer —€ = U, + 1,7 (2)

Onucanue yCTAaHOBKH
BHPTYaJbHOH
J1a00paTopHOil padoThI

OKCIepuMEHTaIbHAS

yCTaHOBKA MpeACTaBICHA
Ha pucyHke. B 1neBo
BEPXHEM yIiy
MpEeJCTaBlieHa  MaHelb
«UCTOYHMK TOKa», Ha
KOTOpOU MOYKHO
BBIOpaTh OAWH W3 MATH
MCTOYHUKOB TOKa. BHU3Y
PacIoJIOKEH KJIIOY.
KOTOPBIM ~ HEOOXOJUMO
OyJeT 3ambIKaTh IOCTe

AKCIIEPUMEHTA. B
KpallHEM HKHEM
IIPaBOM YLy

pacmojio)keH peoctar. MOXHO TiepeMenarb IOJ3YHOK W MEHSATh 3Ha4ueHHe
conpoTuBieHusa. Vcnonmp3ys TpencTaBIeHHYI0 YCTaHOBKY, JOCTHTaeTcsl IIeJb
MIOCTABJICHHOM J1Ta00paTOPHOI pabOTHL

Ilnan BhImoJIHeHNsI PA0OTHI



1. IlepetiguTe 110

ccputke https://www.youtube.com/watch?v=H8F2aQzK7j0 nmpocMoTpuTe BHICOYPOK
KOTOPBIN MOSICHUT, KAKUM 00pa3oM IIPOBOIUTCS JTabopaTopHas padoTa B peallbHBIX
YCIIOBUSIX.

2. Ilepeiinute no cewiike http://mediadidaktika.ru/mod/page/view.php?id=380

1 BBITIOJIHANTE ITOCIEI0BATEIBHOCTD JSMCTBUM, OITMCAHHBIX HUXKE.

1.3ananue. Paccuumaiime 3/]C u énympennee conpomueienue yenu.

1. 3amycTuTh BUPTYaJIbHBIN CTEH

2. BoiOepuTe UCTOYHUK TOKa 1.

3. Kypcopom HaBOJUM Ha KJIKOY U 3aMbIKAEM IICIIb.

4. KypcopoM HaBOJIMM Ha pPeOCTaT, IBUTAEM MOJI3YHOK peocTara.

5. YcTraHoBUTE MOJI3YHOK peocTaTa MpUOIM3UTENILHO B CpEIHEE MOJI0KEHNE, U3MEPhTE
cuny Toka [1 1 nanpsoxenne Us | 3anecure B Tabmumy 1.

6. IlepenBuHbTE MOI3YHOK pEOCTaTa, M3MEPHTE CHIIy TOKa I3 u nanpsoxenue Uz |
3aHecuTe B Ta0auiy 1.

7. Bbrucnute BHyTpeHHee comnpoTtuBieHue ru  IJIC ¢ ucTouHMKA TOKa MO
dbopmynam (1) u (2)

8. Pe3ynbTaThl U3BMEPEHUI U BEIYUCIICHUN 3aUIIUTE B TaOMILy 1.

9. BrIimoyiHuTe Takue ke ASMCTBUS JUId HCTOUYHUKOB ToKa 2,3,4,5.

Tabmmma 1.

N H/H €I/13M., B IlyA IZ,A Ul,B UZ,B RlyOM RZ,OM I',OM €BBI‘-I.,B

10.Cnenatb BBIBO/I.

KoHTpoJibHBIE BOIIPOCHI.

1.ITouemy nmoka3zaHusi BOJIbTMETPA MPU PA3OMKHYTOM M 3aMKHYTOM KJIFOU€ PA3IUYHbBI?
2.Kak noBbeicuTh TOUHOCTH M3MepeHust IJIC uctounmka Toka?

3.Moxete U Bbl NMPEMIOKUTH Apyrue crnocoObl udmepenuss IJ{C u BHyTpeHHEro
CONPOTHUBJIEHUS UCTOYHUKA TOKA?

Kontponupyemsie komnerenuu: OK 01-OK 07; JI.1.-JI1.6.; M.1.-M.6.; T1.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ounenku:

— OueHka «5» CTaBUTHCS, €CIU YYalIUICS BBIIOIHAET pabOTy B OJTHOM 00BEME C
coOJII0IEHNEM HEOOXOAMMOM MOCIIeI0BATEILHOCTH MPOBEICHUS OTIBITOB U
U3MEPEHHI; CAMOCTOATENBHON palllOHAIBHO MOHTHUPYET HEOOXOAUMbIE
00opy0BaHKe; BCE OTMBITH MPOBOJUT B YCIOBUSIX M PEKHMAaX, 00€CTICINBAIOIIIX
NOJTyY€HUE MPAaBUIIbHBIX PE3YJIbTATOB U BHIBOJOB; COOIIOJAET TPEOOBAHUS IIPABHII
0€30MMacHOCTH TPY/1a; B OTYETE MPABHJIBHO M aKKypaTHO BBIMOJHSET BCE 3aIUCH,
TaOIUIIBI, PUCYHKH, YEPTEXKH, TPa()UKH, BEIYUCICHHS; TPABUIHHO BBIOIHSIET aHAIN3
MIOTPELIHOCTEN.



— OrnieHka «4» CTaBUTCS, €CIU BBITTOJIHEHBI TpeOOBaHUS K OLICHKHU «5», HO OBLIN
JOTYIIEHBI JIBa-TPU Helo4eTa, He 0oJiee 0HOM Herpy0oil OMOKN U OJTHOTO
HeJIoYeTa.

— OneHka «3» cTaBUTCS, €Iy padoTa BHITIOJIHEHA HE TIOJIHOCTHIO, HO 00BeM
BBITIOJTHCHHON YaCTH TaKOB, TIO3BOJISACT MOYIUTh TPABWIBHBIC PE3YJIBTATHl U
BBIBOJIBI: €CJTH B XOJI€ MPOBEICHHS OTBITA K U3MEPEHUI OBLIH JIOMYIIECHBI OITHOKH.
— OrneHKa «2» CTaBUTCS, €CIU paboTa BHITIOJHEHA HE MOJTHOCTHIO K 00BEM
BBITIOJITHEHHON 9acTH padoT HE MO3BOJIAT CAENaTh MPaBUIBLHBIX BBIBOJIOB: €CIIH,
OTIBITHI, U3MEPEHUS, BBIYMCICHUSI, HAOIFOICHUS TTPOM3BOIUIINCH HEIPABUILHO.

JlaGopaTopHbie padoThI

HNHcTpyKIMOHHAA KapTa K JadopaTopHoii padote Ne 7

Tema 3aHATHSA: OTIpE/ICIICHHUE YACIBHOTO CONTPOTUBIICHUS MMPOBOTHUKA
Heab 3aHATHA: oOmpejeieHrue YJEIbHOTO  AJIEKTPUYECKOrO  CONMPOTHUBICHUS
PE3UCTOPHOTO MPOBOJIA TT0 TEXHUIECKOMY METOJTY.
Ilepen Haya oM 3aHATHA HEOOXOIUMO 3HATH: UYTO TAKOE yACTHHOE CONMPOTHUBIICHUE
¥ OT YE€Tr0 OHO 3aBHUCUT; 3HATh MPUHITUII JCHCTBUE U3MEPUTEIbHBIX TIPUOOPOB.
Ilocie oOKOHYAHUSI 3aHATHSA HEOOXOAMMO YMeETh: BBIUHCIATH YICIBHOE
COTIPOTUBJICHNE TIPOBOTHUKOB TSI Pa3IMYHBIX METAJIOB.
Oo6opyaoBanue: KommbioTep, UHTEpHET, UHCTPYKIIMOHHAS KapTa.
Copeprxkanue u Teopusi.
Kiace ycTpoiicTB, KOTOpBIE TIPUMEHSIOTCS I U3MEPEHHSI dJICKTPUUECKUX BEIIUYHWH,
HA3BIBAIOTCS JIEKTPOU3MEPUTETLHBIMU TIPUOOPAMH.
Cy1iecTByoT 00JIbIIIOE
KOJIMYECTBO Pa3TUYHBIX
AIEKTPOU3MEPHUTENHHBIX IPUOOPOB.

ITo MIPUHLIUAILY JEUCTBUS
AIEKTPOU3MEPUTEIHHBIE pUOOPHI
MOAPA3NEISAIOTCS  Ha  CIEAYIOIUE
OCHOBHBIE THIIbI:

1. [Tpubopsr

MaI‘HI/ITOBJIeKTpI/I‘ICCKOI\/'I CHCTCMBI )

OCHOBAHHBIC Ha IMPUHOUIIC

BSaHMOﬂCﬁCTBHH KaTylnK1u C TOKOM H
BHCIITHCT'O MAaroHuTHOT'O I10JIsA, CO34aBaCMOI'0 ITIOCTOSHHBIM MarHuTOM.

2. ITpubopsl AMEKTPOIMHAMUYECKON CHCTEMBI , OCHOBaHHBIC Ha MTPUHIIUIIE
3JIEKTPOJIMHAMUYECKOTO B3aUMOJCUCTBUS JBYX KATYIIEK C TOKAMH, U3 KOTOPBIX OJIHA
HEMOJBHUXHA, a ApyTas MMOIBUKHA.

3. IlpuGopbl 37E€KTPOMAarHUTHOW CHUCTEMBI , B KOTOPBIX MCIIOJIb3YETCS
MIPUHIMI B3aWUMOJICMCTBUS MAarHUTHOTO MOJIS HEIMOJBHXKHOW KaTyIIKM C TOKOM H
MOJIBMIKHOM JKEJIC3HOM IUIACTMHKH, HAMarHM4E€HHOM ATHUM ITI0JIEM.



4. TerioBble M3MEPUTEIBbHBIC TMPUOOPHI, MCIOIB3YIOIIME TEIUIOBOE JICHCTBHE
3JIEKTpUYECKOro Toka. Harperas TOkOM MpOBOJIOKA YAJHHSAETCS, IIPOBHCAET, H
BCJICJICTBUE ATOTO TOJBHKHAS YacTh MPUOOpPa MOJIydaeT BO3MOXKHOCTb MOBEPHYTHCS
O] ACHCTBUEM MPY>KUHBI, BEIOMparoiel 00pa30BaBIIYIOCS CIIAOUHY MPOBOJIOKH.

5. HpI/I60pI)I HHHYKHHOHHOﬁ CHCTCMBI , OCHOBAHHBIC Ha IIPHUHIMIIC
BBaHMOﬂeﬁCTBHﬂ Bpalaromerocsd MaroHuTHOIO II0OJIA ¢ TOKaMHM, MHAYKTHUPOBAHHBIMU
9THUM II0JICM B IIOABUKHOM MCTAJINIMUCCKOM LWJINHIAPC.

6. [IpuGophl PIEKTPOCTATUUECKON CUCTEMBI , OCHOBaHHbIC Ha MPHUHIIUIEC
B3aMMOJICUCTBUSI  TOJIBIDKHBIX U HEMOJBIDKHBIX ~ METAUIMYECKUX  IUIACTHH,
3apsHKEHHBIX Pa3HOMMEHHBIMU JICKTPUYECKUMHU 3apsiIaMHU.

7. Ilpubopsl TEPMODIIEKTPUUECKOW CHUCTEMBI, MPEIACTABISIONME COOOH
COBOKYITHOCTh TEPMOIAPHI C KAKUM-JTUOO UYyBCTBUTEIBHBIM MPHUOOPOM, HAMpUMEp
MarHUTORJIEKTPUYECKON cHucTeMbl. M3MepsieMblii TOK, MPOXOIs 4epe3 TepMmomnapy,
CIIOCOOCTBYET BO3HUKHOBEHUIO TEPMOTOKA, BO3/ICUCTBYIOIETO Ha
MarHuTORJIEKTPUUECKUNA TPHOOD.

8. Ilpubopsl BHOpPALIMOHHON CHUCTEMBI, OCHOBaHHbIE Ha MPUHIUIE
MEXaHMYECKOrO0 pe3oHaHca BuOpupytomux Tteia. I[lpu 3amaHHOM dYacToTe TOKa
HamOoJiee HMHTECHCUBHO BHUOPUPYET TOT U3 SKOPHKOB JJIEKTPOMArHWTa, MEPUOJ
COOCTBEHHBIX KOJIEOAHHI KOTOPOTO COBIAJIAET C MIEPHOJIOM HaBSI3aHHBIX KOJIEOAHUH.

9. DneKTpOHHBIE U3MEPUTENIbHBIE IPUOOPHI - MPUOOPHI, UBMEPUTEIIHHBIE 1IETIH
KOTOPBIX COJEPKAT JIIEKTPOHHBIE AMeMEHThl. OHU HCHOJB3YETCS I U3MEPEHUI
MPAKTUYECKA BCEX JJICKTPUYECKUX BEJIIMUMH, a TaKXKE HEIIEKTPUUYECKUX BEJIMUMH,
peBapUTENbHO MTPE0OPA30BAHHBIX B AIEKTPUUYECKUE.

[Io Tumy OTCYETHOTO YCTPONCTBA pa3IMYalOT aHAJIOTOBbIE U IU(POBBIE
pUOOPHI.

XapakTepuCTUKU 3JIEKTPOU3MEPHUTEIbLHBIX IPUOOPOB.

IIpenesom  u3MepeHMsi PICKTPOU3MEPUTENIBHOTO  Tprbopa  Ha3bIBAETCSA
MaKCUMaJIbHO€ 3HAY€HHE U3MepsieMOod (U3UYECKOW BEIUYUHBI Xmax, KOTOpPOE
BBI3BIBAET OTKJIOHEHHE YKA3aTesl MIKATBI prOopa Ha BCIO TIKATY.

YyBCTBUTEIBHOCTH S — 3TO CIIOCOOHOCTH MPUOOpA pearupoBaTh Ha H3MEHCHHE
U3MEpsSeMON BENMYMHBI, T.€. BEJIMUYMHA, KOTOpas MOKA3bIBAECT, HA CKOJBKO JCICHUN
AN mepeMenaeTcsi ykaszarelb Mpubopa MpPU HW3MEHCHWHM 3HAUYCHUS H3MEpsSIeMOu
BEITUYUHBI AX HA €AUHUILY:

EquHunel u3MEpeHHs YyBCTBHUTEIBLHOCTH 3aBHCUT OT pOJa H3MEpsAEeMOU
BenuuuHbI (1en/B, nen/A u T.1.).

Ilena fejieHUs YUCICHHO paBHAa 3HAYCHUIO M3MEPSEMOM  BEIUYHHHI X,
BBI3BABIIICH OTKIIOHCHHE yKa3aTels Mpuoopa Ha OJTHO JISJICHUE IITKAJIbI:

Ilena nenenus m3mepsierca B B/aen., A/nen. u 1.1. llena neneHuss — 3TO KOJIUYECTBO
U3MEepSIeMON BETMYMHBI, MPUXOJISIIEECs Ha OJTHO JISJIEHUE TIKAIBI Tprbopa.
IIpuBeneHHOH MNOIPEeNIHOCTHIO MPUOOpPAa HA3BIBACTCSI OTHONICHHWE aOCOJIIOTHOU
MOTPEIIHOCTH K HauOOJIbIIIEMY BO3MOXKHOMY OTKIOHEHHIO IOKa3zaTelsi mpubdopa
(HOMHHAJIBHOMY TIOKa3aHUIO TPUO0pa):



B nanHo# paboTe HaXOaUTCS YIETbHOE COMPOTUBRIICHUE MTPOBOIHUKA. DIEKTPUUECKOE
CONIPOTHUBJICHUE XapaKTEpHU3yeT MNPOTUBOJICUCTBUE MPOBOJHHUKA MPOTEKAHUIO TOKA.

J17151 TOCTOSTHHOTO TOKa corjiacHo 3akoHy Oma

J11st OIHOPOHOTO MPOBOJIHMKA C MTOTIEPEYHBIM CCUEHHUEM SH [UTMHOIA |

OTKYJ1a TIOJTyYUM ()
VY ienbHOE 3MEKTPUYCCKOE COMPOTUBIICHHUE p SBISCTCSA XapaKTEPUCTHKON Mmarepuaia
npoBoHKKA. OHO TAK)KE 3aBHCUT M OT TEMIIEPaTyphbl MPOBOJIHUKA, COTJIACHO 3aKOHY:

:
rae #u £ - COOTBETCTBEHHO YyjelbHbIE CONPOTHBIEHUs Npu Temneparypax 0 °C
u t °C, @ — remmeparypubiii Ko3(duuuenT conporusienns. Ius Metamios a 0, T.e. ¢
MOBBIIIIEHUEM TEMITEPATYPhI COMMPOTUBICHNE METAIIOB YBEIUYNBACTCS.
YaenpHOe CONPOTHBIICHUE PE3UCTOPHOIO TPOBOJA HA OCHOBAHHH OMPEICITUTCS
CIIEYIOIIAM 00pa3oM:

HOI[CTaBHSIH B 9TO

Belpakenue (5) wu  (6),
MOy YHM:
.(2)

Onucanve yCTAHOBKH BUPTYaJIbHOM J1a00paTOPHOIl padoThl
DKCIepUMEHTAIbHAS YCTAaHOBKA MPEJCTAaBICHA HAa PUCYHKE. B J1€BOM HUXKHEM Iy
pacrojiokeHa MaHelb «IapaMeTpbl YCTAaHOBKH», MOYKHO YCTaHOBUTH CIIEAYIOIIHE
napaMeTpbl Takue, KaK JJIMHY aKTUBHOM 4YacTU TMPOBOJHUKA, €ro JuaMerp,
BHYTPEHHEE CONPOTHUBJICHUE aMmIepMmerpa, Mpou3BojibHO. CrhpaBa pacmnosiokeHa
naHelb «MaTepuall MPOBOJHUKA», IO KOTOPOM MOKHO BbIOpaTh MaTepual: HHUXPOM,
dbexpenb, MaHTaHWH, KOHCTaHTaH. C MOMOIIBIO MAHENU «JTMHEHKa» MOXKHO U3MEPUTh
JUTMHY TpOBOJHUKA. M CMonb3ysl TMpeCTaBICHHYK YCTAHOBKY, JOCTHTAeTCs IIeJb
MIOCTABJICHHOM J1Ta00paTOPHOI pabOTHL



I1nan BeIOJIHEHUSI PA0OTHI
1. IlepetiguTe mo cewuike https://www.youtube.com/watch?v=08ZvZSwnAmM
INpOCMOTPUTC BHIACOYPOK KOTOpI:H?I ITOSICHUT, KaKnuM 06pa30M IMPpOBOAUTCA
JIa60paTopHa51 pa60Ta B pCaJIbHBIX YCIIOBHUAX.
2. Ilepeiiaure no cewiike http://mediadidaktika.ru/mod/page/view.php?id=403
1 BBINOJIHIANTE MOCJIEA0BATEIILHOCTD JICHCTBUM, OMCAHHBIX HUXKE.

1. 3apanue. Paccuumaiime yoenvHoe conpomueneHue HUXpoma, gexpeib,
MAH2AHUHA, KOHCMAHMAHA.

1. 3anycTuTh BUPTYaIbHBIN CTEHI, BRIOCpHUTE MaTepHal IPOBOJHUKA HUXPOM.
2. YcTaHOBUTH, B COOTBETCTBHH, C BApPUAHTOM COBIIQJIAIOIIEM C IOCIeaHeH mudpoi
M0 CHHUCKY TPYMIbl, OH HAXOJUTCS B KOHIIE JOKYMEHTa, JJIMHY aKTUBHON YacTH
npoBoaHMKa |, ero quamerp d, a Takke BHyTpEHHEE CONPOTUBIICHHE aMIiepMmeTpa Ra.
3aHecTH 3TH JJaHHBIEC B Ta0IUILy 1.
3. IIpu moMoIy peryiasTopa Toka yCTaHOBUTh ITPOU3BOJIbHOE 3HAYCHHUE CUIIBI TOKA | 4.
3anucath B Tabnuily 1 cooTBeTCTBYIOIIEE eMy HanpsikeHue Ue.
3. AHQJIOTMYHBIE UBMEPEHUS, OIMMMCAHHBIC B 1.3, POBECTH JIJISI HECKOJIBKUX 3HAYCHUU
CWJIBI TOKA.
4. Tlo nanabiM TaOiumel 1 paccyuTaTh BEIWYMHY YASIBHOTO COMPOTHUBICHHS
MpOBOIHUKA 110 dopmyiie (2).
5. Paccuurarh aOCOMIOTHYIO M OTHOCHUTEIbHBIC TMOTPEIIHOCTH H3MEpeHUM
(mpunoxxenue 1).
6. BBIMOJIHUTE aHAIOTUYHBIE AEHCTBUS AJ1 (peXpelib, MaHTaHWHA, KOHCTAHTaHA.
Tabmumna 1

Neo I, A U, B p, Om-Mm?/M | TlapameTpsl
1 JIWaMETP MPOBOIHUKA:
2 d=...Mm
JUTMHA aKTUBHOMW YacCTH:
3 I=.... ™
II01ab CeUYeHUs
CpeaHEe IIPOBOJIOKH:

BHYTPEHHE COIPOTHUBIICHUE
aMmIiepMeTpa
RA = ... A

6. CnemaiTe BBIBO/I.

KoHnTpoJsibHBIE BOIPOCHI
1.OT KaKuX BEIUYMH 3aBUCUT AEKTPUUECKOE COMPOTUBICHUE MPOBOJHUKA?
2. Ykaxute popMyIty JUIsl pacyeTa COIPOTHUBIICHHUS 10 pa3Mepam NpOBOAHUKA.
3.0T Kakux BEJIWYUH 3aBUCUT YJE€IbHOE CONTPOTUBIICHUE MTPOBOIHUKA?
4. HazoBuTe METOAbl U3MEPEHHI COMPOTUBIICHUS ITPOBOIHHKA.
5. 3anumure (opMyabl Ui ONPENENeHUS COMPOTUBICHHS IPOBOJHUKA B
TeXHUYECKOM MeToze? Kakue BeTMUrHbI U3MEPSIIOT B 3TOM METOj1e?



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

Kpurepun ouenku:

— OneHka «5» CTaBUThCS, €CIM YYalIUKUCs BBIMOJHICT pabOTy B IMOJHOM OOBEME C
coOyitofieHneM  HEoOXOJAMMOM  TOCJIEIOBATEIbHOCTH  TPOBENCHUS  ONMBITOB U
U3MEPCHUI; CaMOCTOSATEIbHOM palroHaIbLHO MOHTHPYET HEOOXOINMBIE
000pyI0BaHNE; BCE OMBITHI MPOBOJUT B YCIOBHSIX M PEKUMaX, 00CCIECUYNBAIOIINX
MOJIyYCHUE TPABUIBHBIX PE3YJbTaTOB M BBIBOJOB; COOJIOMACT TPEOOBAHMS IPABUI
0e30macHOCTH TpyJa; B OTYETE MPABUIBHO W aKKypaTHO BBIMOJHSET BCE 3aIluCH,
Ta0IUIIbl, PUCYHKH, YEPTEKHU, TPAPUKH, BRIUUCICHUS; IPABUILHO BBIMOJHICT aHAIN3
IIOTPEITHOCTEMN.

— Omenka «4» CTaBUTCS, €CJIM BBIOJHEHBI TPEOOBAaHUS K OLEHKH «5», HO ObUIH
JOMYIIEeHBI JBa-TPU HeEJAouYeTa, He Oojiee OaHON HerpyOol OIMMOKH U OJIHOTO
HeJo4YeTa.

— Ormenka «3» cTaBuTCs, eciu paboTa BBHIMOJHEHA HE TOITHOCTHIO, HO OO0BEM
BBITIOJTHEHHOM YacTH TAaKOB, IIO3BOJISICT TIOJYYUTh IPAaBUJIBHBIC pE3YyJIbTaThl H
BBIBOJIBI: €CJTH B XO/I€ TIPOBEICHUS OTBITA U U3MEPECHHI ObLUTN JOIYIIICHBI OITHOKH.

— OueHka «2» CTaBUTCS, €CIM padoTa BBINOJHEHA HE IIOJHOCTBIO U 00BeM
BBITIOJTHEHHOM YacTh paboOT HE IMO3BOJIAT CJenaTh IMPaBHIIBHBIX BBIBOJOB: €CIIH,
OTIBITHI, U3MEPEHUS, BEIUMCIICHUS, HAOIFOICHUS MPON3BOIUINCH HETIPABUIIBHO.

JlaGopaTopHbie padoThI

JlabopaTopHas padora Ne 8
HccnenoBanue 3aBUCHUMOCTH TeMIIEPATYPbI HUTH JIAMIIbl HAKAJIMBAHUSA OT
HaNPSKEHHM S Ha e€ 3a)KuMax
Leas padoThI: MpU YCIOBUSX CBEUYECHUS HUTH HAKAJIMBAHUS OIPEICIUTH €€
TEMIIEPATYPY .
IIpuOopbl M NpPUHHALIEKHOCTH: JaMna Hakanusanus 220 B Ha moxacraske,
BoJbT™METp 220 B, amnmepmerp 1A, perynupyemsbiii UCTOYHMK nmuTanuss 1 — 220 B,
OMMETP, COETMHUTENIbHBIE IPOBO/IA.

Kparkas Teopus

DKcnepuMeHTallbHasi MpoBepKa Hanbosiee paclpOCTPAaHEHHBIX OBITOBBIX JIAMII
HaKaJMBaHUs MOIIHOCTHIO 25, 40, 60, 75, 100 BT nokassiBaeT, 4TO UX COMPOTUBICHUE
B xonoaHoMm coctosHuHU mipu 0 °C cocraBuser 155,5; 103,5; 61,5; 51,5; 40 Om, a B
pabouem — 1936; 1210; 815; 650; 490 Om, cooTBeTcTBEHHO. Torja OTHOIIICHUE
«TOPSYEr0» COMPOTUBIEHUSA K «XOJIOJIHOMY» paBHsieTcs 12,45;
11,7; 13,25; 12,62; 12,4, a B cpenHeM oHO cocTaBiseT 12,5. JlaMnbel HakaauBaHUS
MomHOCTHI0 100 BT ¢ 2010r. He BbIMyCKarOTCA.

B pesynbrare nammna HakaJMBaHUs TIPH BKIIOUEHUH PAbOTAET B IKCTPEMATHHBIX
YCIOBUSIX TIPU TOKaX, KOTOPHIE NPEBBIIAIOT HOMHHAIBHBIA, YTO NPUBOJIUT K



YCKOPEHHOMY M3HOCY HUTH Hakajla U NPEXIEBPEMEHHOMY BBIXOAY JaMIlbl U3 CTpOS,
OCOOCHHO TMpH TMPEBBILICHUSIX HaNpsHKeHUss B nurtaromend cetu. llocnennee
0OCTOSITENBCTBO MPU JUIMTEIbHBIX MPEBBIIICHUSAX HAIMPSHKEHUS OTHOCUTEIBHO
HOMMHAJILHOTO MPUBOJIUT K PE3KOMY COKPAILLIEHUIO CPOKA CITYKObI JIaMIIbI.

Cpok cy>xO0bl JIaMITbl HAKAJIMBAHUS KOJIEOJIETCA B IIMPOKUX Ipeeiax, IOTOMY
YTO 3aBUCHT:

- OT KayecTBa COEAUHEHUN B JJIEKTPOIPOBOJKE M CBETUJIBHUKE; . OT
CTaOMJIBHOCTH HOMUHAJIBHOTO HANPSKEHUS;

- OT HAJIW4YMS WIM OTCYTCTBHSI MEXAHWYECKMX BO3JCHCTBHII Ha JaMily,
TOJIYKOB, COTPSICEHUM, BUOpAIIHii;

- OT TEMIIEPATYPbl OKPY>KAIOIIEH CpeJibl;

- OT THIIA IPUMEHEHHOTO BBIKJIFOYATENSI U CKOPOCTH HAPACTAaHUS BETMYNHBI
TOKA IpU NOJIa4e MUTAaHUS Ha JaMILy.

[Ipy npoaoIKUTENBHONM pabOTE JaMIlbl HAKaJIWMBaHUSA €€ HUTh Hakajla IOJ
BO3JICHCTBUEM BBICOKOW TEMIEPATypbl HArpeBa NOCTEIIEHHO UCIIAPSIETCs], YMEHbIIASIChH
B TMaMeTpe, pBeTcs (IMeperopact).

Yem BbIlIE TEMIIEpaTypa HarpeBa HUTH HaKalla, TEM OOJbIIE CBETA W3JIy4YaeT
namma. [Ipu 3ToM HHTEHCHBHEE NMPOTEKAET MPOLECC UCHApEHUsI HUTU, U COKpAaIllaeTcs
Cpok ciykObl nammbl. [lo3TomMy s jnamMn HakajdMBaHMsI yCTaHABIMBACTCS TakKas
TeMIlepaTypa HaKajla HUTH, TP KOTOPOi oOecrieunBaeTcs HeoOXoauMasi CBETOOT1a4ya
JaMIIbl ¥ OIIpeieJICHHAs! TPOJOJIKUTEIBHOCTD €€ CITyKOBI.

Cpennsis nMpoAOIKUTENBHOCTh TOPEHUS JIaMIIbl HAKAJIMBAHUS IIPU PACUYETHOM
HanpsbkeHun He npessimaer 1000 gacos. [Tocime 750 yacoB ropeHust CBETOBOM MOTOK
CHUKaeTcs B cpeaHeM Ha 15%.

Jlammibl HaKaIMBaHUSL OYEHb UYBCTBUTENIbHBI JJAXKE€ K OTHOCUTEIBHO HEOOIBIINM
MOBBIILICHUSM HANPSHKEHUS: PU MOBBIIICHUH HAMPSKEHUS BCETo Ha 6% CPOK CITyKObI
cHmkaercss BAaBoe. [lo 3TOM mnpuyMHE JaMIbl HAKAJIMBAHMS, OCBEIIAIOIINE
JIECTHUYHBIE KJIIETKH, JOBOJIBHO YaCTO NMEPEroparoT, TaK KaK HOUbIO 3JIEKTPOCETh Majlo
Harpy»eHa U HanpspKEeHUe MOBBIIICHO.

CormacHo KJIACCHYECKOW 3JIEKTPOHHOM TEOPUU METAJUIMYECKHE IPOBOJHUKU
UMEIOT KPUCTAUIMYECKYIO CTPYKTYpy. B y31max kpucraminueckoi peméTKn HaXoasaTCs
[OJIO)KUTENIbHBIE HMOHBL, @ B IPOCTPAHCTBE MEXKJIYy HOHAMHM HMEIOTCS CBOOOJHBIE
AJEKTPOHBI,  KOTOPBIE€  COCTaBIAIOT  "JIEKTPOHHBIM  ra3z",  3amOJHSIONIUIMA
KPUCTAUIMUECKYI0 pemérky. CBOOOJHBIE DSIEKTPOHBI, KAaK M MOJIEKYJbl ras3a,
COBEPILIAIOT XA0TUYECKOE OECHOPSAAOUHOE ABUKEHUE, CKOPOCTh KOTOPBIX 3aBUCUT OT
TemriepaTypbl. [Ipy 3TOM KaxKIblii OMHMCHIBAET CIOXKHYK TPACKTOPHIO, MOJOOHYIO
TPAEKTOPUHM MOJIEKYJIbl ra3a WIM YacTHIIbl, COBEPIIAIONIEH OpPOYHOBCKOE JIBH)KEHUE
(puc. 1).

BcenenctBue 0ecnopsiioYHOCTH TEIMJIOBOTO JIBHXKEHHSI KOJIMUECTBO JIEKTPOHOB,
IABWKYLIUXCS B JIIOOOM HalpaBlIEHUH, B CPEIHEM BCEI/Ia PABHO UYHUCIY 3JEKTPOHOB,
NepeMENIAoIINXCsl B MPOTUBOIOIOKHOM HampasieHud. [loaromy, B OTCYyTCTBUHM
BHEIIHErO0 TOJs, CYMMAapHBIM 3apsil, MEPEHOCUMBIX 3JIEKTpOHAMH B JIFOOOM
HalpaBJIEHUH, PABEH HYJIIO, T.€. B METAJJIE HET AJIEKTpUYecKoro Toka. Ilpu coznanum
Pa3HOCTH TOTEHIMAIOB Ha KOHI[AX METAUNIMYECKOr0 MPOBOJHUKA, B MPOBOJHUKE
HOSIBIISIETCA DJIEKTPUUECKOE T0JIe, TOJ JEHCTBHEM KOTOPOTO 3JIEKTPOHBI OOpETyT
YaCTUYHO  yIOPAJOYEHHOE JBH)KEHHE B  HANpPaBICHUH, IPOTHUBOIOIOKHOM



HaMpaBJIEHUIO MOJs (T.K. MEKTPOHBI 001a/1at0T OTPULIATENbHBIM 3apsiioM). [loaTomy
MpU HAJIMYKUM BHEUIHEro MoJisi (paKTUYECKOE JABMKEHHE 3JIEKTPOHOB MPE/ICTABISAET
co00il cymMmMy OECHOpsiI0YHOTO U YHOPSJOYEHHOTO IBM)KEHHMH, YTO NPUBOIUT K
NOSIBJICHUIO IIPEUMYILIECTBEHHOI'O HAIIPABJICHUS JBHKEHUs. KOIMYECTBO 3JIEKTPOHOB,
JOBUKYIIMXCA TMPOTUBOMOJIOKHO T0JII0, OyAeT OOJbIIe KOJWYECTBA JIIEKTPOHOB,
[IEpEMEIAIOIINXCA B HAMPABICHUM I10JIs, CIEAOBATEIbHO, BO3HHUKAET IEPEHOC
JJIEKTPUYECKOTO 3apsla B HAIPaBIECHUH, IPOTUBOIIOIOKHOM IIOJIKO, KOTOPBIA M
HA3bIBAIOT 3JIEKTPUYECKUM TOKOM. Ha puc.10 mpeacraBiieHa TpaeKTOpUS ABUKECHUS
3JIEKTPOHA B IPUCYTCTBUU DIIEKTPUYECKOTO ITOJIA.

IIpy Hanuyuu MOJ HA KAXKABIM DJIEKTPOH ICHUCTBYET CHUJIAa paBHas €U, MOX
JNEUCTBUEM KOTOPOMU DJIEKTPOH ABUXKETCA YCKOPEHHO. [Ipu cBOEM BUKEHUU 3JIEKTPOH
CTAJIKMBAETCA C MOHAMM KPUCTAUIMYECKOM pElETKH. B MOMEHT ynapa 3JIeKTpoH
OTAACT 4YacTh WU BCIO JHEpruro uoHam. Ilocie 3Toro cHosa IojJ IEUCTBUEM CHUI
DJIEKTPUYECKOIO MOJISI YCKOPSAETCSA, YBEIUYUBACT CBOK CKOPOCTH W CHOBAa IIpU
CIIENYIOLIEM COYNApEHUH C MOHOM OTAAET CBOK) DHEPIUIO0 OCTOBY KPUCTA/LIMYECKOU
pELIETKHU.

Puc.1. TpaekTopusi IBUXKEHUS AJIEKTpOHA: a) 0e3 mojs; 0) B AIEKTPUUYECKOM
I10JI€ HANPSIKEHHOCTHIO E.

OHeprusi, nepejaHHas MOHAM KPUCTANIMYECKOW PpEIIEeTKH, IMpeBpallaeTcs B
SHEPTHI0 OECHOpsIOYHOr0 KOJeOaTeNbHOIO JABM)KEHHS HOHOB, T.€. B TEIUIO. OTH
CTOJIKHOBEHMSI MPUBOJAT K 3aTPyAHEHUIO HANPABICHHOTO JBIKEHUS JIEKTPOHOB, K
co3gaHuio conpoTusieHus. C TOYKU 3peHUs KIACCUUYECKOM IEKTPOHHON TEOPUU JiBa
daktopa: 1) yuacTue OJIEKTPOHOB B XAOTHUYECKOM [BIKEHUU (HApALy C
HaIIPaBJIEHHBIM) U 2) HAIMYKUE COYJAPEHUN AIIEKTPOTEN C MOHAMH KPUCTAJLIINY €CKOM
pPEIIEeTKH BOCIPUHUMAETCS KaK dJICKTPUYECKOE COMPOTUBICHHE MPOBOJHUKA
AIEKTPUUYECKOMY TOKY.

C yBennueHueM TeMIlepaTypbl BO3PACTa€T CKOPOCTh XaOTHUYECKOrO JBH)KECHHUS,
a TaKKe YMCIO COYAAPEHHH 3JIEKTPOHOB, YTO JOJDKHO NPUBECTH K YBEIMYECHHIO
CONPOTHUBIIEHUS TPOBOIHUKA.

OKCHEpUMEHTAIBHO ~ YCTAHOBJIEHO, YTO Ui  METAUIOB  yBEIMYECHHE
CONPOTHUBIIEHUS C TEMIIEPATYPOU BBIPAXKAETCS 3aBUCUMOCTBIO:

1)
Ro - 0°C, R: —

rae 0 COIIPOTUBJICHUE TMPOBOJHHUKA IIpHM TEMIICpATYpEC , t
CONPOTHUBJIIEHUE NPOBOJAHUKA NpHU Temmepatype t, — TepMmuueckuil Ko3PQPUIUEHT

CONIPOTHMBIIEHUS [JAHHOIO METaJla, OH IIOKAa3bIBAET HA KaKyl0 4YacTb H3MEHSAETCS
COINIPOTHBJIEHHE NPOBOAHKKA NpH Harpese ero Ha 1°C. V 4uCTBhIX METaIoB mopsaIKa



, y CIUIaBOB MeHbIIe. Y BoJb(pama, U3 KOTOPOrO M3rOTOBJICHA HUTH
uccnexyemoit nammsr 4,8-103°C L.,
13 popmynsl (1) MOKHO ONpENETUTh TEMIIEPATYPy PACKAIEHHONM HUTH, €CIIH
M3BECTHBI €€ CONPOTHUBIICHUE RiIIpH 3TOM TeMIeparype U CONPOTUBICHUE HUTH Ro mpn
temneparype 0°C:

t _ Rt_Rﬂ
axRp (2)

IlopsiaoK BBINOJHEHUSI PA0OTHI

Homunansnas |Hanpsoxenue Temite-
momocrs U, B Cuna MOIIHOCTh Conportusienne |0 P&
No JIaMIIbI, TOKa B » ’ p Hakajia
P B norpebnseMas |HUTH Hakana Ry,
omnbITalr, BT JaMIie . t,
nammon P, Br  |Om
I, A 0
C

H3MepbTe dIeKTpUIecKoe COTPOTHBIICHNE HUTH JIAMITbI HAKAJTMBAaHUS TIPU KOMHATHOM
TEMIEPAType C MOMOIIIBIO OMMETDA.
Cobepute 3EeKTPUUECKYIO LIENb COTJIACHO CXEME:

Puc. 2. Cxema yCcTaHOBKHU

2. Boruncnure 3HaueHue Ro 37€KTpUYECKOTrO COMPOTHUBIICHUS HUTU JIAMIIbI
npu 0 °C. Tepmuueckuii KOIPPHUIMEHT 0 DIEKTPUUECKOTO COMPOTHUBICHUS
BOJIb(ppamMa Ipu 3HAYEHUSIX TeMIepaTypsbl, onm3kux k 0 °C, paBeH mpuUMepHO
4,8-103°C 1,

3. [ToakntounTe yCTAaHOBKY K MCTOYHHMKY MUTaHUS, COOMI0asi MOJISPHOCTb.
N3mepbTe cuily TOKa B 1IENU MPH pa3HbIX 3HaueHUs X U Ha KOHIIAX HUTH HAKaJIUBaHUS



JaMIIbl OT MUHUMAJIBHOI'O CBCUCHHUA 1O MAKCHMAJIBHOTIO. Bpraucnure AJIICKTPUICCKOC
COIIPOTHUBJICHHC Rt HUTH JTaMITBI B Harp€Tom COCTOSHHU:

4,  Tlo HaliicHHBIM 3HAYEHUSAM DJICKTPUUECKOTO COMPOTHBICHUS HUTH JIaMIbl Ro,
Rt ¥ W3BECTHOMY 3HAYEHUIO TEPMUYECKOro Kod(PduimeHTa 3JIEKTPUIECKOTO
COTPOTUBIIEHUS BOJb()pamMa BBIUUCIUTE Temrmeparypy t HUTH Jammbl 1o (opmyre

5. OueHuTe TrpaHUIBl NOTPEIIHOCTEN H3MeEpeHud. Pe3ynbpTarhl u3MEpeHuil u
BBIUMCIICHUN 3aHECUTE B OTYETHYIO TaOIUILy.

6. [Toctpoiite rpaduk 3aBUCUMOCTH TeMIepaTypbl HUTH HAKaJIMBAHUSA OT
HaIIPsDKEHMS Ha €€ 3aKUMaXx.

7. CremnaiiTe BBIBO/I.

KoHTpoJibHBIE BONIPOCHI

1. [louemMy DSJIEKTpUYECKOE CONPOTUBICHUE METALUIOB  3aBUCUT  OT
TeMIepaTypbl?

2. KakoBbl OCHOBHBIE HMCTOYHHMKHM ITOTPEIIHOCTEH H3MEPEHUN B JTAHHOM
AKCIIEPUMEHTE?

3. [louemy B maHHOM paboOTe JIEKTPUUECKOE COMPOTHBICHUE HUTH JIAMIIbI
OpyM KOMHATHOW TeMIeparype MOXKHO CUUTaTh MPUOIU3UTENIBHO paBHBIM €€
AJIEKTPUUECKOMY CONpOTUBIIeHHIO TTpu 0°C?

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

Kpurepuu onenku:

— OneHka «5» CTaBUTHCS, €CIIM y4YalllMKCA BBINOJHSET paboTy B MOJTHOM OObEME C
COOIOZICHMEM  HEOOXOJUMOW  TIOCIENOBATEIbHOCTH  TPOBEACHHUS  OMBITOB U
W3MEpPEHUIl;  CaMOCTOSTENIbHOM  palMOHAIbHO  MOHTHPYET  HEOOXOJUMBIe
000py/I0BaHKE; BCE OMBITHI MPOBOJUT B YCIOBUAX U PEXKUMaAX, 00ECHECUMBAIOIINX
MOJIy4YeHUE TMPABWIBHBIX PE3YyJbTATOB U BBIBOJIOB; COOJIOJAET TPEOOBAHMS TPABUI
0€30MacHOCTH Tpy/Ja; B OTUETE MPABUIBHO M AKKypaTHO BBITIOJHSET BCE 3allHCH,
TaOJINIIbI, PUCYHKH, YEPTEKHU, TpadUKH, BHIYUCICHUS; TPABUIIHLHO BBITIOIHSIET aHAIN3
NOTPEIIHOCTEN.

— Omenka «4» CTaBUTCS, €CIIM BBIMOJTHEHBI TPEOOBaHWS K OIEHKH «5», HO ObUIH
JOTYIIEHbl JBA-TPU HeAouYeTa, He Oojiee OJHOW HerpyooW OMmMOKH M OJIHOTO
Hemovera.

— Omenka «3» craBUTCS, €cnu padoTa BBIOJIHEHA HE MOJHOCTHIO, HO O0BEM
BBITIOJIHEHHOM YacTH TAaKOB, TIIO3BOJIAET TMOJYYUTh TPABWIBHBIE PE3YyJbTaThl U
BBIBOJIBI: €CJTU B XOJI€ MIPOBEICHUS OIBITa U U3MEPEHHIA OBLITN TOMYIIICHBI OLTHOKH.



- OHCHK& «2» CTaBUTCiA, CCJIIH pa60Ta BBIIIOJITHEHA HE TMOJIHOCTBIO M 00BeM
BBITIOJTHEHHOM YacTHU pa60T HC IIO3BOJIAT CACIATh IIPAaBUJIBHBIX BBIBOJAOB: CCJIM,
OIIBITBI, UBMCPCHUS, BEIYHCIICHUA, Ha6JII-OI[CHI/I$I IMPOU3BOAUINCH HCIIPABUJIBHO.

JlabopaTopHbie padoThI

HNucTpykiuonHas kaprta K JjabopaTtopHoii padore Ne 9

Tema 3ansatus: onpenenenue KII/I anekrpruueckoro HarpeBarenst BOJBI.

Heap 3aHATHSA: HAYUYUTHCS, OKCOEpUMEHTaTbHO  onpeaensars  KIIJI
3JIEKTPUUYECKOTO HarpeBaTess BObI.

Ilepen HayajgoM 3aHATHS HeoOXoauMo 3HaTh: yTo Takoe KIIJ[ TermoBoro
JIBUTATEIIS, TI0 KaKoi (popMyJie OH pacCUUTHIBACTCS.

ITocie oOKOHYAHMA 3aHATHA He00X0AUMO YMeThb: paccuutTbiBaTh KIIJ]
3JIEKTPUUYECKOTO HArpeBaTesi BOJbI.

Oo6opynoBanme: komibtotep, THTEpHET, HHCTPYKIIMOHHAS KapTa.

Copepxxkanue u Teopusi.

Mouiekybl COCTOAT U3 aTOMOB TO €CTh JUIsl TOTO YTOOBI Pa3JeUTh MOJICKYJIbI
Ha aTOMBI HAJ0 OCJIA0UTh CWIYy MPUTSIKEHUS aTOMOB U BBLIMOJHUTH PabOTy TO €CTh
noTpatuth dHepruto. [Ipu oObenuHEeHNH aTOMOB B O0Opa30BaHUU MOJIEKYJ DHEPTHS
OTAEIISETCS.

[Ipy cropanuu TOIIMBA OTHENSETCS DJHEPrus. Tonaueom Ha3bIBACTCS TOprOYEe
BCIIIECTBO, HCIIOJIb3yEMOE B KAueCTBE HWCTOYHMKA TMIOJYy4YEHUS TEIUIOTHI B
SHEPreTUYECKUX, MPOMBILUIEHHBIX U OTONMTENIBHBIX YCTAHOBKax. B 3aBUCHMMOCTH OT
TANA PEAKUHWH, B PE3YyJbTaT€ KOTOPBIX BBIACIHAETCS TEIUIOTA W3 TOIUINBA,
pa3NUyaloT opeanuyeckoe 1 i0epHoe monaueo.

B OPraHM4YCCKUX TOIUVIMBAX TCIUIOTA BBIACIACTCA B PC3YJIbTATC XUMHUYECKOMN PCaKIn
OKHCJICHHA CI'0 TOPIOYUX JacTeu IIpHu y4aCTHH KHCIIOpOJda, 4 B AACPHLIX TOIIIMBAX — B

pe3yJibTaTe pacnaja IeJIeHUs siAep TSHKEINbIX 3JIEMEHTOB (YpaHa, ITyTOHUS U T.1.).

KJ'IaCCI/I(bI/IKaI_[I/IiI OpraHn4cCKHX TOIL'ITMB I10 arperaTnomy COCTOAHUIO.

TornuBo ArperatHoe COCTOSIHHE
Teepmoe Kunkoe ["a3000pazHoe
[IpuponnHoe JlpoBa, Top(, Oypsie Hedtn [IpupoaHbIii ra3

1 KaMCHHBIC YTIJIM,
AHTPpAUT, TOPOYHNC
CJIaHIIbI




HckycctBeHHOE | JIpeBECHBIN yIoJib, Mas3yT, KepoCHH, I"a3b1 HEDTSIHOM,
MOJTYKOKC, KOKC, OEH3HUH, COJIIPOBOE KOKCOBBIH,
YIOJIbHBIE U MacJio, ra3oub, TEHEPaTOPHBIMH,
Top(hsiHbIC OPUKETHI IIEYHOE TOIUIUBO JIOMEHHBIH, Ta3
MOJI3EMHOM
razodukamnum

Hamepenune KIIJI ycTaHOBKH C AIEKTPUUECKUM JBUTATeeM. Bbl IOMHUTE, YTO
KITH (xo3¢duimeHT moysie3HOro ACHCTBUSI) HA3BIBACTCS OTHOIIEHUE IOJIE3HOU
paboTHI K TTOJIHON paboTe, BRIPAKEHHOE B TIPOIIEHTAX
n=Qu/A;, (1)
rje rae A3 — paboTa ToKa B BOJIOHArpeBaresie 3a BpeMsi T- Onpeaensercs mo Gopmyre:
A3=1-U1, (2)
rae Qm —KoJU4YeCTBO TEIJIOThI, KOTOPOE MOIUIO Ha HarpeBaHUe KaJOpUMETPa U BOIBI
B HEM OT TEMIIEPATYPBHI t1 JO TEMIIEPATYPHI t2:
Qu=ce'My (t2—t1) + cemie (2 —t1) (3).
ITocne noacranoBku (2) u (3) B hopmyny (1), moirydum 3HaUYCHUE

KIII;

Onucanne yCTaHOBKM BUPTYAJbHOM J1a00paTOPHOM PadoThI

DKcnepuMeHTaIbHas
YCTaHOBKa TMpECTaBICHA
Ha pucyHke. B mpaBom

HKHEM Y1y
npejcTaBIeHa naHesb
«TapamMeTphl

KaJIOPUMETPa» BBIOOD

Maccy KaJopuMeTrpa u
Maccy BOJbI, KOTOpas
Oyner B HeMm. Ilanens:

«Marepuan
KajopuMeTpa» - A
BEIOOpA MaTepuana:

MeJlb, aJIOMUHHUM, CTajb,
’kene3o.  Beimie  ecth

MaHeNlb «IapaMeTphbl BOJABDY, TJI€ MOKHO BHIOpaTh HAYAJIbHYIO TEMIIEpaTypbl BOABI U

ee 00beM.

CneBa nmaHelnb «IapaMeTpa TOKa B JJIEKTPUUYECKON LienH», 6arogaps KOTOPOH MOXKHO
BBIOpaTh HaNpsHKEHUE, KOTOPOE CO3/1a€T UCTOYHUK TOKA. C MOMOUIBIO KHOMKH «ITyCK»
HA4YHEeTCsl MPOLECC HarpeBaHue BOAbl B KAJOPUMETpPE, MOXKIABIIMCh, KOTJa
TEeMIIepaTypa JOCTUTHET TEeMIEpaTypbl KUIEHHs (TEPMOMETP pPAaCIIOIOKEH CIEBa )C



MIOMOIIIBI0O KHOTIKM I1ay3a MOKHO OCTaHOBUTH IpOIlecC U 3apUKCHUpOBaATH BpeMs,
MOKAa3aHHOE B KpallHEM HUKHEM IPABOM YTITY.
Hcnonb3yss mOpeacTaBiI€HHYK) YCTAaHOBKY, JOCTHUTA€TCS IE€Ib  I[MOCTAaBICHHOM
1abopaTopHOM pabOTHI.

I1nan BeIIOJITHEHUS PA0OTHI
1. IMepeiiaute o cepuike https://www.youtube.com/watch?v=6PIvTC3-ObE
IPOCMOTPHUTE BHUACOYPOK KOTOPBIM TIOSCHUT, KakKUM oOO0pa3oM IPOBOIUTCS
nabopaTopHas paboTa B pealbHbBIX yCIOBHUSIX.
2. Ilepeiiaute mo cewiake http://mediadidaktika.ru/mod/page/view.php?id=478
Y BBITIOJIHSIMTE MOCJIEI0BATENBHOCTD JEUCTBUAM, OMTMCAHHBIX HHUXKE.

1. 3apanue. Paccuumaiime KII/[ 3nekmpuueckozo nazpesamens 600bl
1. 3anycTuTh BUPTYaIbHBINA CTEH]T
2. BriOparh BemecTBO, W3 KOTOPOTO M3TOTOBICH KAJIOPUMETP, €r0 MacCy M O0BEM
BOJBI B COOTBETCTBUM C HOMEPOM BapHaHTa, COBMAIAIOIIEM C MOCIEIHEH TUdpoil 1Mo
CIIMCKY TPYIIIIbI, OH HAXOJUTCS B KOHIIE JOKYMEHTA.
3. BriOparh (IIpOU3BOJIBHO) HayYalbHYIO TEeMIEpaTypy BOJbl U HaNpsHKEHUE Ha
HMCTOYHUKE TOKA.
3 3HaueHMs BCeX U3MEPEHHBIX (3aaHHBIX ) BEJTUYMH 3aIUCaTh B TAaOJUILY.
4 Knonkoit «IIYCK» Hauars HarpeBaHUE BOJIBI U MIPEKPATUTh €r0, HAXKaB Ha KHOIIKY
«ITAY3A» 1npu JAOCTWXKEHHUM TeMmmeparypbl kureHusa. Ilpu HeoOXxoaumocTu
MIOBTOPEHUS 3KCIIEPUMEHTA BOCIONIb30BaThCsl KHOMKON « CBPOC.
5. 3anucarb B TaOIUIy BpeMsl HArpeBaHMsI U KOHEUHYIO TEMIEPaTypy BOJBL.

BemmecTBo 3HayeHHue nucaTb 0e3 oOKpyrJjaeHus!!!
KaJIOPUMETPA
Y nenbHas Y nenbHas
TETUIOEMKOCTD TEIIIOEMKOCTb BOJIBI Cg ,
BEILIECTBA Jx/ (kr- °C)
KaJopuMeTpa Ci,
JIx/ (xr- °C)
Macca kanopumerpa O06bémM Boabl V, 1
MK, KT
Cumna toka I, A Macca BOJBI Mg, KT
Hanpsoxenue U, B HauanbHas
Temreparypat 1, ©
C
Bpemsi HarpeBaHus Koneunas
T, C temrieparypa to, o C

6. BBINOJIHUTE BBIYKUCICHUS.
7. B BBIBOJE YKAOXKUTE MOTYUYEHHBIN pe3yibTat usmepenus KII/I.

KoHTpoJsbHbIE BOIPOCHI

1. Kakoe konm4ecTBO TemIoThl Qxp paccesiyioch B OKpy Karolnyro cpeay? CKOJIbKO
MPOLICHTOB COCTABIISAET 3TAa BEJIMUMHA OT KOJMYECTBA TEIIOTHI, BEIACIUBIIETOCS B
HarpeBaTeIbHOM 3JIEMEHTE?




2. Namenntcs au KIIJI HarpeBarens, €clii YBEIIMUUTh BPEMsl HarpeBaHus (Harpumep,
1o nony4daca)? Ecnu na, To kak? OTBET 000CHYMTE.

HadvanbHbie JAaHHBIC 110 BApHMaHTaM K 3aJaHHUAM

['pynma BemectBo Macca kanopumerpa | O6BEM BOJIbI
KaJIOPUMETpa
1 JKeNe30 0,2 kr 271
2 AJTFOMUHHI 0,2 xr 11
3 Meab 0,2 xr 21
4 CTallb 0,2 xkr 21
5 JKENe30 0,4 xr 21
6 AJTFOMUHUI 0.4 xr 1
7 Meb 0.4 xr 1 1
38 CTajb 0,4 xr 11
9 JKeNe30 0,5 kr 1
0 ATIOMUHUI 0,5 xr L

Kontpomupyemsie komnerenmuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; TL1.-I1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

— OneHka «5» CTaBUThCS, €CIIM y4YalUMUCS BBINOJHAET paboTy B MOJHOM 00BbEME C
COONIOICHNEM  HEOOXOAMMOW  IMOCIIENOBATEILHOCTH  TMPOBEACHHS  OIBITOB |
U3MEPEHUHN;  CaMOCTOSATENBHOW  pAallMOHAILHO  MOHTHPYET  HEOOXOJIUMBIC
00OpyI0BaHKE; BCE OMBITHI MPOBOJUT B YCIOBUSAX M PEKUMAax, 00CCIICUMBAFOIINX
MOJTyYeHHUE MPABWIBHBIX PE3YJIbTaTOB M BBIBOJIOB; COOIIONAET TPeOOBAaHUS MpPaBUI
0€30macHOCTH TpyZJa; B OTYETE MPABWIBHO W aKKypaTHO BBINOJIHSAET BCE 3aIUCH,
TaOJIUIIBI, PUCYHKH, YEPTEXKHU, TpaUKU, BBIYMCICHUS; PABUIBHO BBIMOIHSIET aHAJIN3
IIOTPELIHOCTEM.

— Ouenka «4» CTaBUTCS, €CIU BBIIOJHEHB TPEOOBAHUS K OLEHKH «5», HO ObUIM
JOTYIICHbl JBa-TPU HEIouYeTa, He Oojee OJHOW HerpyOoil OmuOKM W OJHOTO
HeJoYeTa.

— Ouenka «3» craBUTCS, €cliM padOTa BHINOJHEHA HE MOJHOCTHIO, HO 00BeM
BBIITOJIHEHHOW YAaCTH TaKOB, TIO3BOJISIET TOJYYHTh TPABWIBHBIC pPE3yJIbTaThl |
BBIBOJIBI: €CJTU B XO/I€ MIPOBEICHUS OTIBITA U H3MEPEHHIA ObUIH JOMYIICHBI OIINOKH.

— OueHka «2» cTaBUTCs, eciu padoTa BBIIIOJTHEHA HE IMOJHOCTBIO U 00beM
BBIITOJIHEHHOW YacTH pa0OT HE TO3BOJIAT CIEiIaTh IMPABHIBHBIX BBIBOJIOB: €CIIH,
OTIBITHI, U3MEPEHUSI, BEIYMCIICHHS, HAOIIOIEHUS TIPOU3BOIINCH HEMPABUIHHO.

JlabopaTopHbie padoThI




JlaGopaTopnasi paGora Ne 10
JKCcNepUMEHTAJIbHOE ONpe/iesieHre YIeJIbHOr0 CONMPOTHBJICHNSI IPOBOJHUKOB

Heab padoThl: ONpenennuTb CpelHee 3HaUEHUE TEMIIEPAaTypPHOTO KO3 PULIUEeHTa
CONPOTHUBIICHUS MEH.

IIpubopsl ¥ NPUHANIEKHOCTU: MPUOOP UL OIpPENETICHHUs] TEMIIEPaTypHOro
ko3 uimeHTa CONMPOTHBIECHUS  METAUIOB, BbiIpaMmurens BC-24M, Habop
OPOBOJHUKOB, AaMIEPMETP, BOJBTMETP, TEPMOMETP TEXHUYECKUH, KOMILIEKT
IIPOBOJOB.

KPATKAS TEOPUA
XapakTepUCTUKON MNPOBOJAIIMX CBOMCTB Marepualia MNPOBOJHHMKA SIBIISICTCS
yJEIbHOE CONMPOTUBJIEHUE, T.€. COIPOTUBIICHUE MTPOBOJHUKA, UMEIOIIET0 MONEPEUHOE
CCUCHHE, PABHOC €AWHMIIEC IUIOMIAJAW, W JJIMHY, PaBHYI €IWHUIE JJIUHbI. Ecim
IPOBOJHMK C YJACIBHBIM COINPOTHBICHHEM P MMeeT 1o Beeil mmmue | omumakoBoe

CEUEHHE S , TO €0 COMPOTUBICHUE MOKET OBITH TIOICYUTAHO 1O (PopMyIIe

I (1)
R= pg

VJ:[CJIBHOG COIIPOTHUBJICHUC IIPOBOAHHWKA 3aBHUCHT B O6H.[€M ClIy4dyac OT MHOI'MX
(haKTOPOB: TEMIIEPATYPHI, MEXAHUUECKUX Ae(OpPMAIUii, HAIPSHKEHHOCTH MArHUTHOTO
Imojis1, B KOTOpPOC IIOMCHICH IIPOBOIHUK, W T.II. OTH 3aBUCUMOCTH HIUPOKO
HCIIOJB3YCTCA B I/ISMepI/ITeJ]LHOﬁ TCXHUKEC U aBTOMATUKE.

3aBHCUMOCTh COMPOTHUBJICHUS OT TEMIIEpaTyphl B OOIIEM BHIE MOXKET OBITH
BBIpA)KCHA MHOT'OYJICHOM

_ 2 2

Ry, =Ry, 1+ ot —to) +B(t —15)° +..] (2)
rae O u [ - cpemHME 3HAUEHHS TEMIEPATYPHBIX KOI(DPHUIMEHTOB, ONPENETAEMbIX
OIBITHBIM MYTEM, Rto u Rti - conpoTuBieHus npu HavanbHoi# (1)) u xoneunoii (1;)

Temriepatypax. B HeOOmbIMX WHTEpBajIaX W3MEHEHUS TEMIIEpaTyp 4acTo ObIBAET
JIOCTATOYHBIM MPU PACUETe OrPAHUYMUTHLCS IBYMsI UJieHaMu psiaa ¢popmyibl (2). B atom
cinydae opmyIia Il ONpeIeSICHUs] CONPOTHUBIICHUS UMEET BU:

R, =Ry [1+oult; —to)] 3)

3HayeHHuss Ol HE SBIMIIOTCA IOCTOSIHHBIMM M H3MEHSIOTCS C HW3MEHEHUEM
TEMIIepaTyphl, OJTHAKO B HEKOTOPBIX TEMIIEPATYPHBIX MHTEPBAIAX 3TOT KOIPPUIIMEHT
MO>KHO XapaKTepu30BaTh CPEAHUM 3HAUECHUEM TEMIIEpaTypHOTOo KodhdUIueHTa.
[Ipumensemsbiii B pabotre mnpudop (puc. 1) s
ONpeACNiCHUs  TeMIIEpaTypHOTO  KodpduilmeHta Meau
cocrour u3 karymku 1. Karymka mnpencraenser coOoit
KApTOHHBIM Kapkac 2, Ha KOTOpbI HAaMOTaH MEIHbIN
MIPOBO/I € JTAKOBOMW M30Jsiineil. KOHIbI MpoBOAa BHIBEICHBI K
3aKMMaM 3, YCTAHOBJIEHHBIM Ha TUIACTMACCOBOM KOJIOJKE 4.
B »oTo#i Komomke 3akperieHa CTEKJIsSHHas MpoOupKa, B
KOTOPYIO BCTaBJIEH Kapkac Karymku. CBEpXy B KOJOAKE
UMEETCA OTBEPCTUE S5 Ui TEPMOMETPA, HU3MEPSIOLIErO



Temriepatypy katymku. [Ipubop mnomemamT B coCyll C /i 5

BONONM. B cocynme mMmeeTcs DIEKTpUYECKas CIIHPalb C Ilﬂj /T-\l]ll
BLIBEJCHHBIM  HAaBepX  KileMMaMu.  llojcoenuHus

BJIGKTpI/I‘{eCKy}O CHI/IpaJIB K I/ICTO‘lHI/IKy TOKa, HaneBa}OT ~

BOAY B COCyJde, NCpHUOAUYCCKH CUHMTBHIBAs ITOKa3aHU:A H

TepMOMeTpa n I/I3Mep$I$I OMMeTpOM COHpOTI/IBJIeHI/Ie

KaTyIIKH. \\
N2
N

Puc. 1

HHOPAJOK BBIITIOJIHEHUE PABOTBI.

1. IlogroroBbTe B TeTpamu TAOMWIY IJIsS 3allUCH PE3YJIHTATOB HM3MEPEHUM M
BBIUMCJICHUIA.
Tabauua

N [UB [ty, [bAJR., [LA [t,cc|R, o, a,

0 1




/1 Ce OMm Om rpax? rpax?

2. 3auneiite B cocya BoQy Ha 2/3 BBICOTHI cocyla. BHMMaHue: 3amuBasi BOIy B
COCY/I, IPUMHTE MEPhI K TOMY YTOOBI BOJIa HE TIOTajia BHYTPb MPOOHUPKH.

3. BcTaBbTe B MPOOHUPKY TEPMOMETP.

4. BbpDKIaB HEKOTOPOE BpeMs, TIOKa BBIPOBHSIOTCA TeMIepaTrypa BOJABI U

KaTyIIKU npu0opa, 3aMuIIuTe MoKa3aHus Tepmomerpa .

5. Hs3meprTe C TMoOMOIIBIO ammepMeTpa cwily Toka lo M paccuumraiirte
CONPOTHBJIEHUE KATYIIKH Rto MOJIB3YACh 3aKOHOM OMa, W 3alUIlINUTe Pe3yIbTaThl B

TaOJIHITy.
6. [ToaxmrounTe ciupalib K KICTOYHUKY TOKA M yCTaHOBHUTE HAIIPsHDKCHUE He Oosee

5B.
7. Cnenute 3a TOBBIICHHMEM TEMIIEpAaTypbl KaTymiku. Korga temrmeparypa

KaTymky okaxkercs kpatHod 10 t.e. 1;=30, 40, 50 C° u3mepwre cmiy TOKa H
paccuMTaiTe COMPOTUBJICHUE KATymIKUA. Pe3ynbrarbl u3MEpeHUW 3amuilinTe B
TaOJIHITy.

8. Hcronb3yst pesynbrarhl mepBoro omeita u tpex mnocnenyronmx (4, Ri)
BBIUMCIUTE JUIsl KaXJIOTO OMNBbITa 3HAYeHHE TEeMIIepaTypHOro KoladduimeHTa
CONPOTHUBJICHUS MeJIH 110 popmyiie:

KOTOpasi BbIBEICHA U3 3aBUCUMOCTH (3).
9. Haitnute cpennee 3HaUCHUE TeMIEpaTypHOTo KO3 (UIIMEHTA CONTPOTUBIICHUS

Meau Ol .
10. Haueptute rpaduk 3aBucuMoctd R ot temmeparypsr U (B MaciTaGe).

KOHTPOJIBHBIE BOITPOCHI

1. Yto Ha3bIBaeTcs TEMIIEPATYPHBIM KOI(PHHUIIMEHTOM CONPOTUBICHUS?

2. YnenbHas TMPOBOJUMOCTh TIPOBOAHUKA. DU3NYECKUN CMBICH, €IUHUIIBI
W3MEpPEHUS, OT YErO0 OHA 3aBUCUT?

3. KakoBa 3aBUCUMOCTh  YJIENBbHOTO  CONPOTUBICHUS  MPOBOJHUKA  OT
TeMneparypbl? Uem xapakTepu3yeTrcs 3Ta 3aBUCUMOCTh?

4. TemmepaTypHbIii KO3(hPUIIMEHT COMPOTUBICHUSI. UTO OH XapaKTepHU3yeT, OT
Yero OH 3aBUCUT. B kakux eguHuax umepsercs?

5. 3aBUCUT JIU CONPOTHUBIICHHUE MTPOBOJHUKA OT TemIiepaTypsl? Eciu 3aBucur, To
KaKoBa 7Ta 3aBUCUMOCTh? OOBACHUTH (DU3UUECKUIN CMBICI 3TOTO SBJICHUS.

6. Kak u3MeHHUTCSI COMPOTUBIICHHE MPOBOJHUKA C TTOBBIIIEHUEM TEMIIEPATYPHI U
noyemy? Maremaruueckoe u rpaduieckoe u300pakeHue 3TOM 3aBUCUMOCTH.



7. CpaBHUTh 3aBUCUMOCTb HU3MEHEHHUS  CONPOTHUBJICHUS  METALINYECKUX
MPOBOJHUKOB M DJJIEKTPOJUTOB OT TeMmeparypbl. OObSICHUTH (U3UKY SBICHUU,
MOPOKIAIOIINX 3Ty 3aBUCUMOCTb.

8. OmnucaTe MOCNENOBATEIBHOCTh JICHCTBUN OMNpeEeieHUs] TeMIepaTypHOU
3aBUCUMOCTHU COTIPOTUBIICHUS B XO/JI€ BBITIOJHEHUS JJaOOpPAaTOPHOM pabOTHI.

9. Usmenutcst au  TeMrepaTypHbIi  KOA(D(HUIIMEHT CONPOTUBIEHUSA, €CIU
ONpeAeNsiTh €ro IO YJIEIbHOMY CONPOTUBICHHIO, a HE MO HU3MEPSIEMOMY
COIMPOTHUBIICHUIO?

10.3aBucuT M TemrepaTypHbi KOA(GOUIIMEHT CONMPOTUBICHUS OT MaTepuasa
CONIPOTHUBJICHUSL.

11 .B yem ¢usudeckuii CMbBICT COMNPOTUBICHHUS MpoBOJHKKA? OT Yero OHO
3aBUCHUT?

12.Hanuure 1 00bSICHUTE MAaTEMATUYECKYI0 3aBUCUMOCThH COMPOTUBIICHUS OT
Marepualia i pa3MepoB CONPOTHUBIICHUSI.

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

Kpurepun ounenku:

— OneHka «5» CTaBUThCS, €CIIM y4YalUMUCS BBINOJHAET paboTy B MOJHOM 00BbEME C
coOyo/ieHueM  HeoOXOAUMOM  TMOCJIEAOBATEIbHOCTH  IMPOBEIEHUSI  OMBITOB U
U3MEPEHHH;  CaMOCTOSTENbHOM  pallMOHAIBHO  MOHTHPYET  HEOOXOJUMBIE
000pyI0BaHKE; BCE OMBITHI MPOBOJUT B YCIOBUAX U PEXKUMaAX, 00ECHEUMBAIOLINX
NOJy4YeHHE MPaBUWIbHBIX PE3yJbTaTOB U BBIBOAOB; COOIIOAAET TPeOOBaHUS MPaBUII
0€30MacHOCTH TpyJa; B OTYETE NPAaBWJIBHO M AKKYypaTHO BBIOJIHAET BCE 3aIUCH,
TaOJIMIIbI, PUCYHKH, YEPTEKHU, TpadUKH, BHIYUCICHUS; PABUIILHO BBIMOJIHSAET aHAINU3
IIOTPEILIHOCTEM.

— Onenka «4» CTaBUTCA, €CIIM BBIMOJTHEHbI TPEOOBaHUSA K OLIEHKH «5», HO ObUIM
JOMYyIIEHbl JBa-TpU HeIoueTa, He Oojee OJHOW HerpyOoil omuOKM M OJHOIO
HEJ0YeTA.

— OneHka «3» craBUTCS, €ciau padoTa BBIIOJHEHA HE IMOJHOCTHhIO, HO 00BEM
BBIMIOJTHEHHOM YaCTU TaKOB, IMO3BOJISIET IOJIYYUTh MPABUIbHBIE pE3yJbTaThl U
BBIBO/IBI: €CJIU B XOJI€ MIPOBEICHUS OIbITa U U3MEPEHHIA OBLIN TOMYIIICHBI OITHOKH.

— OueHka «2» cTaBUTCS, €ciM padoTa BBHINOJIHEHA HE IOJHOCTbIO U 00BEM
BBIMIOJIHEHHOM 4YacTH pabOT HE TMO3BOJAT CleNaTh IMPaBUIBHBIX BBIBOJOB: €CIH,
OTIBITBI, U3MEPEHU S, BEIUMCIEHUS, HAOIIOIEHUS POU3BOANINCH HETPABUIIBHO.

Tema 3.3. DileKTpUYecKUii TOK B Pa3JIMYHBIX CpPeIax

Ycrnbii onpoc (YO)

1. Kakue ObIBalOT BelIeCTBA II0 THUIy IIPOBOAUMOCTH JJEKTPHUYECKOTO TOKa?
Onpenenenue.

2. Kakwue BemecTBa OTHOCSTCS K MOJYIPOBOTHUKAM?



Kaxkast cBsi3b CyIIecTBYET B MOJYITPOBOTHUKAX ?

Kakune moaBuKHBIC HOCUTEIH 3apsII0B UMEIOTCS B YHCTOM TTOJTYITPOBOTHUKE?

Uto mpou30MAET pu BCTpEUE FIEKTPOHA C JBIPKOM?

Kakue nHocuTenu 3apsia sBISIOTCS OCHOBHBIMH B TIOJYIPOBOHUKE C aKIIETITOPHOM

MIPUMECHIO, & KAKKE B MOJYIIPOBOIHHUKE C JOHOPHOW NPUMECHIO?

7. Kak mo-apyromy Ha3bIBalOTCs MOJYIMPOBOJHUKH C JOHOPHBIMHU U aKIENTOPHBIMU
npuMecsiMu?

8. Kak o0Opasyercs p-n-niepexon?

9. Kakoii mepexoa Ha3bIBAIOT MPSMBIM?

10.Kak ycTpoeH moyrynmpOBOHUKOBBINA THOT?

11.13 4yero cocTout TpaH3UCTOP?

12.Yto0 Takoe Bakyym?

13.Yt0 Takoe TepMOdJIEKTPOHHAS YMUCCHUSI?

14.Y cTpoiicTBO ¥ MPUHITUT paOOThI BAKYYMHOTO JTHO/IA.

15.BonbTamiiepHas XxapakTepUCTUKA BAKYYMHOI'O IMOJA

16.Yto Takoe snekTpoHHBIN mydok? U ero cBoiicTBa.

17 .ITpuntum paboThI 2IEKTPOHHO-Ty4eBOH TpyOku. U e€ nmpumeHeHwme.

18.Kakwe BemiecTBa OTHOCITCS K DJICKTPOIUTAM?

19.Yt1o Takoe anekTpuyueckas 1uccourans’?

20.Yto Takoe pekoMOMHAITH?

21.Yt0 Ha3bIBAlOT MOHHON TIPOBOAUMOCTHIO?

22.Yto Takoe anextponus? Kak on npoucxoaut? U ero npuMeHeHue.

23.00bpscHEeHNe 3aKOHa dJIeKTpoaun3a. 1 ero popmya.

24.Onpenenenue 3apsiaa snekrpona. U ero popmyina.

25.Kak MOXHO crienath BO3ayX MPOBOJTHUKOM ?

26.Kak mpoucxoauTh HOHU3ALMS Taza?

27 .Kax mpoucxoauT pekoMOnHaius raza?

28.UT1o Takoe ra3oBbIi pazpsia?

29.0npenaeneHue caMOCTOSITEILHOTO M HECAMOCTOSITEIILHOTO Pa3psiIOB.

30.Kak mpoucxoauT HOHHU3AIHS dJISKTPOHHBIM yaapoM?

31.Yto Takoe miazma?

o0k W

KonTtponupyemsie komnerennuu: OK 01-OK 07; JI.1.-JI1.6.; M.1.-M.6.; T1.1.-T1.7.;
JIP2, JIP4, JIP23. JIP30

Kpurepun onenkn:

OtMmeTka «5»

TIOJTHO PACKPBITO COJCP)KaHUE MaTepuaia

YETKO W TPABWIBHO JaHBI OTIPEICICHUS U PACKPBITO COACP)KaHUE TTOHSATHI, BEPHO
WCITOJIb30BaHbl HAYYHBIE TEPMHUHBI

JUTSL I0KA3aTeNIbCTBA UCTIOBb30BaHBI PA3IMIHBIC YMEHUS, BEIBOIBI M3 HAOIFOACHUM,
OITBITOB

OTBET CaMOCTOSTEIIbHBIN, UCIIOIb30BaHbI paHee MPUOOPETEHHBIC 3HAHUS.

OtMmeTKa «4»
PaCKpBITO OCHOBHOE COJEpKaHUE MaTepuaia



B OCHOBHOM MPABUJIBHO JaHbI ONPEACIIECHUS MOHATHN U UCIIOJIb30BAHbI HAYYHbBIC
TEPMUHBI.

OTBET CAMOCTOSITCILHBIN

OIPEJICTICHUS TTOHIATUN HEMOJIHBIC, TOMYIICHBl HE3HAYNTEIbHBIC HAPYIICHUS
MOCIEI0BATEILHOCTU U3JI0KEHUSI, HEOOJIbIIINE HETOYHOCTH MIPU UCIIOJIH30BAHUHU
HayYHBIX TEPMHUHOB HJIH B BBIBOJAX M 000OIICHUSIX

MPaBUJIbHBIE M YETKUE OTBETHI Ha BOMIPOCHI YTOUHSIOIIEr0 Xapakrepa (Mo3uIius
MTOHUMAIOIITUA )

OtMmetka «3»

YCBOEGHO OCHOBHOE COJIepKaHNe yueOHOT0 MaTepuasa, HO U3JI0KEeHO (pparMeHTapHO,
HE BCerJa Mociae10BaTeNIbHO

OTpe/eNieHus] MOHATUN HETOCTATOYHO YETKHE

HE MCII0JIb30BaHbl B KAYECTBE JOKA3aTEIbCTBA BHIBOIBI U O0OOIIEHU S U3
HAOJI0IEHUH, TOMYIIEHBI OIIMOKHU MPU UX U3TI0KEHUU

JOIYIIEHbI OIIMOKN U HETOYHOCTH B UCIIOJIb30BaHUU HAYYHON TEPMUHOJIOTHH,
OIPEJIETICHUE TTOHATUI

IPABWIbHBIE U YETKUE OTBETHI HA BOMPOCH! HABOJAIIETO U KOHKPETU3UPYIOILIErO
xapakrtepa (MOo3UIUsl KPUTHK)

OtMmeTka «2»

OCHOBHOE co/Iep>KaHHe Y4eOHOTro MaTepraia He pacKphITO

HE JIaHbl OTBETHI HAa BONPOCHI HABOJAIIETO U KOHKPETU3UPYIOIIETO XapaKTepa
JOMYIIeHBI pyOble OMMOKU B ONPECICHUN MTOHATUM, PU UCTIONB30BaHUHU
TEPMUHOJIOTHH.

Tectuposanue (T)

I Bapuanr.

1.KakuMu HOCHUTEISIMU 3J1. 3apsAa CO34AeTCs AIEKTPUUECKUN TOK B MeTaiax?
A. DJIeKTpOHaMU U MOJOKUTEIBHBIMU HOHAMMU.

b. IlonoxuTenpHBIMA U OTPULATEIbHBIMA HOHAMM.

B. DniekTpoHaMHu U JBIpKAMH.

I'. ITos1oKUTETEHBIMU HOHAMH, OTPUIIATETLHBIMA HOHAMU U 3JIEKTPOHAMH.

/1. ToJbKO 3IIEKTpOHAMH.

2.Kakoif MUHUMaJIbHBIN MO0 a0COTIOTHOMY 3HAUEHMIO 3apsi]l MOXKET ObITh IEPEHECEH
ANEKTPUYECKUM TOKOM U€pE3 MEKTPOIIUT?

A. ex1,6-10 K.

B. 2e=3,2-10 ¥ Ku.

B. JIto00i#i ckoJIb YyTOJIHO MaJIbIH.

I'. MuHnManbHbIN 3apsij 3aBUCUT OT BPEMEHH POy CKAHUS TOKA.

. 1 K.

3. Kakumu HOCUTENSIMU 3J1. 3apsiia CO3aeTCs MEKTPUIECKUI TOK B paCTBOpaxX MM
pacruiaBax 3J€KTPOJIUTOB?



A. DJIEKTpOHaMU U MOJOKHUTEIBHBIMU HOHAMMU.

b. IlonoxuTenpHBIMA U OTPULATEIBHBIMA HOHAMM.

B. IlonouTenpHbIMU MOHAMH, OTPULIATEILHBIMU HOHAMHU U AJIEKTPOHAMH.
I'. TonbKO 351€KTpOHAMH.

J1. DneKTpoHamMu U AbIpKaMHu.

4 Kakue IelcTBUS 1. TOKa BCETa COMPOBOXKIAIOT €0 IMPOXOKIACHUE Yepe3 TH00bIe
cpenpr?

A. TenmoBoe.

b. Xumnueckoe.

B. MaruutHoe.

I'. TemnoBoe 1 MarHUTHOE.

/1. TerioBoe, XUMUYECKOE U MarHUTHOE.

5.Ha puc. 1 mpeacraBieno cxematuaeckoe n3oOpaxxenue Tpansucropa. Kakoit
1dpoit Ha HeM 0003Ha4YEeH IMUTTEP?
Al

*—Jp:J_U'J
v

. Cpenu otBeToB A — I HET IPABUIIBHOTO.

6. Kakum TUIIOM poBOAMMOCTH 00J1a/1at0T MOy IPOBOIHUKOBEIE MaTepralbl 0e3
npuMeceit?

A. B OCHOBHOM 3JIEKTPOHHOIA.

b. B 0CHOBHOM JBIPOYHOM.

B. B paBHOI Mepe 3JIEKTPOHHOU U IBIPOYHOM.

I'. NoHHOM.

/. He mpoBOAAT 3IIEKTPUUYECKUM TOK.

7. KakuMm TUIIOM NPOBOAMMOCTH 00J1a[Jal0T MOJIYIIPOBOIHUKOBBIE MAaTEPUAIIBI C
JOHOPHBIMHU IIPUMECSMHU?

A. B OCHOBHOM 3JIEKTPOHHOM.

b. B 0CHOBHOM JBIPOYHOM.

B. B paBHOU Méepe 2IEKTPOHHON U JBIPOYHOM.

I'. Monnoi.

J1. Takue maTepualbl He MPOBOJAT IEKTPUUECKUM TOK.

8. Kakoil u3 npuBeIeHHBIX Ha pUC. 2 TPaUKOB OTPAXKAET 3aBUCUMOCTb yAEIbHOTO
CONPOTHUBIIEHUS MTOJIYITPOBOIHUKA OT TEMIIEPATYPHI?

Al

b. 2.
B. 3.
I'. 4.



9. Ilpu NpOX0KICHUH YepE3 KAKUE CPEJIbI IIEKTPUUECKOTO TOKA MPOUCXOAUT EPEHOC
BEILIECTBA?

A. Uepe3 MeTalbl U HOJTYyIPOBOJIHUKH.

b. Uepe3 noaynpoBOIHUKH U PACTBOPHI SJIEKTPOIUTOB.

B. YUepes pacTBOpHI 2JIEKTPOIUTOB U METAILIHI.

I'. Yepes rassl v NOJIyIIPOBOJHUKH.

J1. Uepes pacTBOPHI AJEKTPOJUTOB U Ta3bl.

10. B ogHOM ciiydae B repMaHuil 100aBWIHN TSITUBATICHTHBIN ochop, B 1pyrom —
TpEXBAJICHTHBIN rajinii. KakuM THUIIOM MPOBOJIMMOCTH B OCHOBHOM 00J1aaal
NOJIYNPOBOJHUK B KaXJIOM cltydae?

A. B nepBoM JbIpOYHOI, BO BTOPOM 3JIEKTPOHHOM.

b. B iepBOM 3JIEKTPOHHOM, BO BTOPOM JBIPOYHOM.

B. B 060ux ciayyasix 37€KTpOHHOM.

I'. B 060oux ciayyasix JIpOYHOM.

J1. B 00oux ciydasix 3J1eKTPOHHO-IBIPOYHOM.

1'1. Kak u3MeHUTCS Macca BENIECTBA, BBIACIUBIIErOCS HA KATOIE MPU MTPOXOKICHUN
3JIEKTPUUYECKOTO TOKA Yepe3 pacTBOP JIEKTPOJINUTA, €CJIM CUJIAa TOKA YBEIUYUTCS B 2
pasa, a Bpems ero Npoxo0KJACHHUS YMEHBIINUTCS B 2 pa3a?

A. YBenuuurcs B 2 pasa.

b. YBenuuutcsa B 4 paza.

B. He uzmenurcs.

I'. YMenbmuTcs B 2 paza.

1. YMenbmuTcs B 4 pasa.

12. B npotiecce anekTpon3a "+'" HOHbI TepeHecan Ha katon 3a 2¢ "+" 3apsg 4K, "-
' MOHBI MEPEHECITN Ha aHOJT TaKoM ke mo Moayto "- " 3apsia. KakoBa cuna Toka B
nenu?

A. 0.

b. 2A.

B. 4A.

I'. 8A.

. 16A.

13. Kakoii u3 rpapukoB, NPUBEICHHBIX HAa PUC. 3, COOTBETCTBYET XAPAKTEPUCTUKE
IOJIYIIPOBOJHUKOBOI'O IMO/1d, BKIIFOYEHHOTO B IPSIMOM HaIIpaBJICHUN?

Al

2.

3.

4.
. Cpenu otBeToB A — I' HET TPAaBUIIBLHOTO.

b.
B.
I.

14. Kakyro u3 cxem, NOKa3aHHbIX Ha PUC. 4, CIeAyeT NPEANOUYECTh ISl UCCIEI0BAHUS
3aBUCUMOCTH IIPSIMOTO TOKA JUOJA OT HAIIPSKEHUS U KaKyr0 — I UCCIEI0BAHUS
3aBUCHMOCTH OOpPaTHOIO TOKa JMOJIa OT HAIIPSKCHHS?



A. Jlns 060uX UCClieIoBaHUM CleayeT BhIOpaTh cxemy 1.

b. /Ins o0oux uccnenoBaHuii ciieyeT BIOpaTh cxemy 2.

B. [Ins uccnenoBanus 3aBUCUMOCTH MPSIMOTO TOKA U0/ OT HANPSKEHUS CIEAYET
BBIOpaTh cxeMy 1, Juist 0OpaTHOTO TOKa — CXemy 2.

I'. Ins uccrnenoBanus 3aBUCUMOCTH TPSIMOTO TOKA IMOJa OT HANPSHKEHUS CIIETyeT
BBIOpATh cxeMy 2, i 00paTHOTO TOoKa — cxeMmy 1.

. Cpenu otBeToB A — I HET TPAaBUIIBHOTO.

1 Puc.1
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Puc. 4
II BapuanrT.

1.KakumMu HOCHUTENSIMU 3J1. 3apsa CO3AAETCA JIEKTPUUECKUI TOK B
HOJIyIIPOBOJHUKAX ?

A. DIeKTpoHaMH U TIOJIOKUTEIbHBIMU MOHAMM.

b. TlonoxuTenbHBIMU U OTPUIIATEILHBIMA HOHAMM.

B. DnexkrpoHamu v IbIpKaMH.

I'. ITosioXKUTETEHBIMU HOHAMH, OTPULIATETbHBIMA HOHAMU U 3JIEKTPOHAMM.
J1. ToJbKO 3IIEKTpOHAMU.

2.Kakoilf MUHUMaJIbHBIN MO a0COIIOTHOMY 3HAUEHMIO 3apsi]l MOKET ObITh IEPEHECEH
AIEKTPUYECKUM TOKOM 4epe3 MEeTauI?

A. e=1,6-10 °Ku.

b. 2e=3,2-10 P Ku.

B. JIt060i1 ck0Ib YTOJHO MaJIbIii.

I'. MuHrManbHbIN 3apsij 3aBUCUT OT BPEMEHU POy CKAHUS TOKA.

. 1 K.

3. Kakumu HOCUTEISIMHU 3J1. 3apsijia CO3/1ae€TCsl DIIEKTPUUECKUM TOK TIPU
3JICKTPUYECKOM paspsijie B razax?

A. DIEKTpOHAMH U TIOJIOKUTEIbHBIMU MOHAMM.

b. TlonoxuTeIbHBIMHA U OTPUIIATSILHBIMA HOHAMM.

B. ITonoxuTenbHBIMH HOHAMU, OTPULIATEIbHBIMU HOHAMHU U DJICKTPOHAMM.
I'. Tonmbko 2€KTpOHAMU.

J1. DneKTpOHaMH U JbIpKaMHU.

4 Kakue eicTBUS 3J1. TOKa HAOJIIOAI0TCS TP NMPOITYCKaHUU €ro Yepe3 pacTBOp
3JeKTpoauTa’?

A. TenoBoe, XUMUYECKOE M MAarHUTHOE JCHCTBHS.

b. XumMnueckoe 1 MarHuTHOE JICHCTBUSL.

B. TennoBoe u MarHuTHOE ACHUCTBHA.

I'. TerioBoe U XUMHUYECKOE ACHCTBUS.

J1. ToabKO MarHuTHOE JCHCTBHE..

5.Ha puc. 1 mpeacraBieno cxemaTuueckoe u3o0paxeHue Tpanzucropa. Kakou

nudpoit Ha HeM 0003Ha4YEH KOJUIEKTOp?
A 1.

b. 2.
B. 3.
I'.4. . Cpeou otBeTOoB A — ' HET PaBUIIBLHOTO.



6. KakuM Tummom npoBouMOCTH 00J1aJ1at0T MOIYIIPOBOIHUKOBBIE MaTepUaIbl 0€3
npumecen?

A. He npoBOJAT 371€KTPUUECKUH TOK.

b. NoHHOM.

B. B paBHOI Mepe 2JIEKTPOHHON U JBIPOYHOM.

I'. B OCHOBHOM JBIPOYHOM.

J1. B OCHOBHOM 3JIEKTPOHHOM.

7. KakuM TUIIOM MPOBOAMMOCTH 00JIaIal0T MOIYTPOBOJHUKOBBIE MaTepUaIbl C
AKLENTOPHBIMU IPUMECIMHU?

A. B OCHOBHOM 3JIEKTPOHHOM.

b. B 0CHOBHOM ABIPOYHOM.

B. B paBHOM Mepe 37EKTPOHHOM U IBIPOYHOM.

I'. Uonnoi.

J1. Takue maTepuansl HE POBOJAT MEKTPUUECKU U TOK.

8. Kakoil u3 npuBeICHHBIX Ha pUC. 2 TPa(UKOB COOTBETCTBYET 3aBUCUMOCTH
YAEIBHOIO CONPOTUBIIEHUS PTYTH OT TEMIEpPATyphl (IIpU TEMIIEPATYpax, OJIM3KHUX K
a0COJIIOTHOMY HYJI10)?

Al

b. 2.
B. 3.
I'. 4.
. Cpenu otBeToB A — I HET PAaBUIBHOTO.

9. B kakux cpenax npu NpoXOKICHUH Y€pPE3 HUX AJIEKTPUUECKOTO TOKa IEepeHoca
BEIIECTBA HE TPOUCXOIUT?

A. B Meramnax U noaynpoBOJHUKAX.

b. B nonynpoBoaHUKaxX U pacTBOpax AJIEKTPOJIUTOB.

B. B pacTBOpax 3JIEKTPOJIUTOB U METAIUIAX.

I'. B razax u noJsiynpoBOJHHUKAX.
J1. B pacTBOpax aJIeKTPOJIUTOB U ra3ax.

10. B ogHOM ciiydae B 0Opasel] repMaHus J00aBUIN TPEXBAJTICHTHBIM UHINUN, B IPYTOM
— ISATUBAJIICHTHBINA 60p. Kakoit Tu mpoBoAMMOCTH Npeo0i1aiaeT B KakI0M ciaydae?
A. B nepBoM IbIpOYHOM, BO BTOPOM IEKTPOHHOM.

b. B nepBoM 311€KTpOHHOM, BO BTOPOM JABIPOYHOU.

B. B 060ux ciaydasix 3J1€KTpOHHOM.

I'. B 00oux ciayyasx AbIPOYHOM.

J1. B o6oux cinydasx sJeKTpOHHO-ABIPOYHOM.

11. Kak u3MeHHUTCSl Macca BEIIEeCTBA, BBIACIMBLIETOCS HA KaTOI€ MPU MPOXOKICHUH
AJIEKTPUUYECKOTO TOKA Yepe3 PACTBOP IEKTPOJIUTA, €CIIH CUJIa TOKA YMEHBIIUTCS B 2
pasa, a Bpems €ro MpoxXoKJAEHUs BO3paACTET B 2 paza?

A. YBenuuurcs B 2 pasa.

b. YBenuuutcs B 4 pasa.



B. He usmenurcs.
I'. YMenbmmTcs B 2 pasa.
1. YMenbmuTcs B 4 pasa.

12. B npouecce anmekTponnsa "+" HOHBI ITepeHecan Ha KkaTon 3a 2¢ "+" 3apsn 4K, "-
" MOHBI IEPEHECIN HA aHOJ TaKoM ke mo moayito "- " 3apsa. KakoBa cuia Toka B
uenu?

A. 16A.

b. 8A.

B. 4A.

I'. 2A.

1. 0.

13. Kakoii 3 rpaukoB, IpUBEIECHHBIX HA PUC. 3, COOTBETCTBYET XapaKTEPUCTUKE
MOJIyIPOBOIHUKOBOTO MO/, BKIIFOUEHHOTO B 0OpAaTHOM HampaBileHUH?

Al

b. 2.

B. 3.

I'.4. 1. Cpeau otBeToB A — ' HET NPABUIIBHOTO.

14. Kakyro u3 cxem, IOKa3aHHbIX Ha pUC. 4, CIIEAYET NPEATIOUECTh ISl HCCIEIOBAHUS
3aBHCUMOCTH IPSIMOTO TOKA TUOJA OT HAIPSKEHUS U KaKyr0 — JUIsl HCCIIEOBAaHUS
3aBUCUMOCTH OOpaTHOrO TOKa IMOJAa OT HaNPsHKEHUS?

A. Hu oMH U3 IpUBEIEHHBIX HU)KE OTBETOB HE SIBJISAETCS NPABUIIbHBIM.

b. /Ins ucciienoBaHus 3aBUCUMOCTH MPSMOI0 TOKA JUO0Ja OT HANPSKEHUS CIENyeT
BbIOpaTh cxemy 2, s 00paTHOTO TOKa — cxemy 1 .

B. [Ins uccnenoBaHus 3aBUCMMOCTH MPSMOIO TOKA JUOJa OT HANPSHKEHUS CIIETyET
BbIOpaTh cxemy 1, A 00paTHOTO TOKa — cxeMy 2.

I'. Inst o6oux ciydaeB ciaeayeT BIOpaTh cxemy 2.

. s o0oux ciayyaeB clefyeT BeIOpaTh cxemy 1.

3
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KonTponupyemsbie komnerennuu: OK 01-OK 07; JI.1.-J1.6.;: M.1.-M.6.; T1.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30
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Kpurepun ouenku:

— «2» BBICTaBIISIETCSl 00yUaIOIIEMYCsl, €CTU HaOpasl MeHee 5 0aJlIoB;
— «3» BbICTaBIIsIETCS OOyUaronemycs, 3a 8-6 6ayos;

— «4» BbICTaBIIsSIETCS 0OyUaroniemycs, 3a 11-9 Gamnos;

— «5» BbICTaBIIsIeTCS OOyUaromemycs, 3a 6onee 12 6amios.

3aganus 1is caMocTosATe ILHOI padoTsl (CP)
Tembl 3cce (pedepaToB, IOKIAT0B, COOOIIEHMIH)

DJIEKTPUYECKHUN TOK B METAJLIaX, B AEKTPOJIUTAX, ra3ax, B BaKyyMe.
DIIEKTPOIIN3.

3akoH anekrponusa dapajes.
DIIEKTPOXUMHUYECKUI YKBUBAJICHT.

Bunbl ra3oBeIX pa3psaos.
TepMOanEKTpOHHAS SMUCCHSL.

ITma3ma.

CoOcTBeHHas U MPUMECHas TPOBOIUMOCTH.
. P-n mepexon.

10.ITpumeneHne NoJyNpPOBOHUKOB.
11.TTonynnpoBOAHUKOBBIE TPUOOPHI.

CoNoGaRWNE

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

Kpurepun ouenkn:

OtMmeTka «5»

MIOJTHO PACKPBITO COJIEPIKAHUE MaTepHraia

YETKO U MPABWIHHO JTaHBI ONIPEACIICHUS U PACKPBITO COJIEPKAHUE TOHATUM, BEPHO
WCII0JIb30BaHbl HAYYHBIE TEPMUHBI

JUISL TOKa3aTeIbCTBA UCTIOIb30BaHbI Pa3IMYHbIEC YMEHUS, BHIBOJIbI U3 HAOIIOICHUM,
OITLITOB

OTBET CaMOCTOSTEIIbHBIN, UCIIOJIb30BaHbI paHee MPUOOPETEHHBIC 3HAHUS.

OtMmeTka «4»

PACKPBITO OCHOBHOE COJIEp)KaHUE MaTepralia

B OCHOBHOM MPABUJIBHO JAHbI ONPEAECIEHUS OHATUN U UCIIOJIb30BAaHbl HAYYHbBIE
TEPMUHBL.

OTBET CAMOCTOSITSIbHBIN



OoNpCaACIICHUA MOHSITHI HCIIOJIHBIC, JOITYIICHBI HC3HAYUTCIIbHBIC HAPYIIICHUA
IMOCJICAOBATCIBHOCTH U3JIOKCHU, HeOOJIbIITHE HETOYHOCTH IIpHU UCITOJIb30BAHHUHA

HAaY4YHBIX TCPMHUHOB UJIN B BbBIBOJIaX 1 O606IH€HH}IX

NIPABWJIBHBIC H YETKUE OTBETHI
YTOYHSIOIIETO XapaKTepa

Ha BOIIPOCHI

OrMmeTka «3»

(TIO3HITHSI TOHUMAFOIIIHI )

YCBOEHO OCHOBHOE COJIEPKAHHE y4eOHOT0 MaTepuaia, HO

U3JI05KEHO (PparMeHTapHO, HE BCETAa MOCIE0BATEIbHO

OTpe/eNIeHUs] IOHATUN HETOCTATOYHO YETKHE

HE MCTIO0JIh30BaHbI B KAYECTBE JI0KA3aTEIHCTBA BHIBOIBI M OOOOIICHUS U3
HAOJI0ICHUH, TOMYIIEHBI OIIMOKHU MPU UX U3TI0KEHUU

JOTYIIEHbI OIIMOKN U HETOYHOCTH B UCIIOJIB30BaHUU HAYYHOU TEPMUHOJIOTHH,
oTpeeNieHUe MOHATUI

MPaBWJIbHBIE U YETKHE OTBETHI HA BOMPOCHI HABOJSAIIETO M KOHKPETHU3UPYIOIIETO
xapakrtepa (IMO3UIUsI KPUTHK)

OtMmeTka «2»

OCHOBHOE COJIepKaHHe Y4eOHOTro MaTepralia He pacKphITO

HE JJaHbI OTBETHI Ha BOIIPOCHI HABOJIAIIETO M KOHKPETU3UPYIOIIETO XapaKTepa
JOTYIIEHBI TPYObIe OITMOKY B OTIPE/ICTICHUH TIOHSATHIA, TIPH UCTIOIb30BaHUH
TEPMUHOJIOTHH.

JlabopaTopHbie padoTHI
JlaGopaTopHnasi padora Ne 11
OmnpenesieHue 3J1eKTPOXMMHYECKOT0 IKBUBAJIEHTA ME/IH.

Heab padorbl: HayuuThcs u3MepsTh 31EKTPOXUMHUUYECKUE SKBUBAIIEHTHI BELLIECTB

OO0opynoBanme: BEChl AJIEKTPOHHBIE, aMIIEPMETP IIKOJIbHBIN, Yachl, BHITPSIMUTEIL Ha

4,5B 2A, peoctar 6 Om 2A, K104, 3JIEKTPOIUTHYECKAs] BAaHHA, PACTBOP MEAHOTO
KyIIOpOoca, BEHTUJISITOP- HarpeBarelb, COETMHUTEIbHBIE IPOBOAA.

D

BrinpamuTene

Teopus:



[Iporecc, mpu KOTOPOM MOJIEKYJIBI COJIEH, KACIOT U LIENOYEH NPU PACTBOPEHHUHU B
BOJE WM JPYTHX PACTBOPUTENSIX pPacHaJaroTCs Ha 3apsDKEHHbIE YacTHUIbl (MOHBI),
HA3bIBAETCS JIEKTPOJIUTHUECKON JUCCOIMALIMEN; MTOJTYYUBIIUHCS TIPU 3TOM PACTBOP C
MOJIOKUTEbHBIMU U OTPULIATEIbHBIMU MOHAMU Ha3bIBAETCA SJIEKTPOIUTOM.

Ecnu B cocy1 ¢ 31€KTPOJIMTOM MOMECTUTH TJIACTHHBI (IEKTPObl), COETUHEHHBIE C
3)KUMaMH HMCTOYHMKAa TOKa (CO31aTh B JJIEKTPOIUTE 3IEKTPUYECKOE IOJIE), TO
MOJIOKUTENbHBIE MOHBI OyIyT ABUTaThCS K KaTOMy, a OTpULIATENIbHBIE - K aHOAy. Y
AIEKTPOJIOB MPOUCXOJAT OKUCIUTENbHO-BOCCTAHOBUTENBHBIC PEAKIMU, MPU ITOM Ha
AIEKTPO/Iax BBIIEISIOTCS BEIIECTBA - MPOAYKTHI PEAKLIUU.

Hnsa  osnextponnsa cnpaseiuB  3akoH Dapajes. Macca BbIIeJUBLIEr0cs
BelleCTBA HA JJIeKTPOJe NMPSMO NMPONOPUMOHAJBbHA 3apsiay Q, mpomenmemy
yepes JIEKTPOJIMT:

m=kq (1)

m=Kklt (2)
rae K - SJIeKTpOXMMUYECKUI SKBUBAICHT - KOJMYECTBO BEUIECTBA, BBIICICHHOE MPH
MPOXOXKIAECHUM uepe3 ekTponuT 1 K anextpuyectsa. [[nsd kaxxmoro Bemiecrsa 3Ha-
YyeHre K eCTh MOCTOSTHHAS BETMYWHA.
W3mepuB cuily TOKa B LIENU, COCTABJIEHHOM IO CXEME, BPEMS €0 IPOXOKIAEHUS U

Maccy BBIACJIUBIICTOCA Ha KaToJIc BCIICCTBA, MOXHO OIIPCACINTD
3J'I€KTpOXI/IMI/I‘-IeCKI/If/'I OKBHUBAJICHT U3 IICPBOI'0 3aKOHA q)apaneﬂ:
k=m/(It) (3)

Iopsinok BbINOJIHeHHS] PadOTHI:
1. BeiOpaTh 0J1HYy U3 MEIHBIX IJIACTHH 32 KaTOJ.
2.0npenenuTh Maccy MEIHOM TUIACTUHBI (KaToja ) JI0 OMbITA.
2. CoOpaTthb 1elb, YKa3aHHYIO Ha puc. 1, akKypaTHO OMYCTUThb 3JIEKTPOAbl B paCTBOP
MEIHOTO KyIIOpoca U ¢ MTOMOIIbIO PEOCTaTa yCTAaHOBUTH CHITy TOKa | A.
3. 3adukcupoBath Bpems t=10 mum.
4. Pa3oMKHYTb 1I€llb, BBIHYTh KaTOJIHYIO TUIACTUHKY, CMBITh C HE€ OCTaTKa pacTBOpa U
BBICYIIIUTh BO3JIE BEHTUIISATOPA.
5. B3BecuTh BBICYLIEHHYIO MJIACTUHY C TOYHOCTHIO 10 10MT.
6. 3HaueHHE TOKa, BpEMs OIbITA, YBEIUYEHUE B MACCE KaTOJHOM IIJIACTUHY 3allMCcaTh B
TaOJIMILY U ONPEETUTh JEKTPOXUMUYECKU SIKBUBAJIEHT 110 (hopMmyuie (3)

Macca xarozaa Macca DIeKTPO ex %0
OTIBIT I, A oomsma | mocne omerma OTJIOK. Bpewms XUMMUY.
BEIIECTBA t(c) SKBUBAJIC
my (xe) ma (xe) mz (k2) r

OuneHka norpemHocTem.




m

k= :
I -t
OTHOCUTENBHAS MTOTPENTHOCTD: K =M+ + & = Am + ATI + % .
m
Am=0,05 2.
A1=0,1 A
At=20 c.

Onenure B mpoliecce MPOBEACHHS PadOThl HAUOOJBIIUE JOMYCTUMbBIC OIIMOKH
IpU U3MEPEHUH MAaCChl, TOKa U BpeMEeHH. BrIuucinTe 0THOCUTETBHYIO TIOTPEIIHOCTD,
HaMIUTEe MAaKCHUMAaIbHYIO TOIMYCTUMYIO ITOTPEIIHOCTD P ONpeaeacHUH K.

Ak =K -K .

ITocne atoro naercs pe3ynbrar B BUae: k =k AK .

onsima +

CpaBHHUTE MONTYUYEHHBIN pe3yabTaT C TAOJUUHBIM.

KoHTpo/bHBIE BONIPOCHI.
UT0 Takoe AIEKTPOJIUTHIECKAs TUCCOLUALIMS, DIIEKTPOIIN3?
OOBsicHUTE, KaK MPOUCXOAUT Pa3I0kKEHUE BOJIbI AIEKTPUUECKUM TOKOM?
Kax mpoucxoaut padhuaupoBanue?
Cdopmynupyiite nepsbiit 3akoH dapagest.
l'aneBaHOCTETHS.
l'anpBaHOIITaCTHKA.
Uro takoe D/1C nonspuzauun?
UTto Takoe eMKOCTh aKKyMyJisiTopa?

NIk WNE

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

Kpurepuu onienku:

— OuneHka «5» CTaBUTBHCA, €CIU YYalllUHCs BBINOJIHSET pabOTy B MOJHOM OOBEME C
COOIOICHUEM  HEOOXOJUMOW  TOCHENOBAaTENbHOCTH  IPOBEACHMUSI  ONIBITOB U
U3MEPEHHI;  CaMOCTOSITEIbHOW  pAallMOHAJbHO  MOHTHPYET  HEOOXOAUMBbIE
000Opy/ZI0BaHKE; BCE OMBITHI NPOBOJUT B YCIOBMSIX U PEXKHUMAX, 00ECIEUMBAOIIUX
MOJIy4eHHE TPABUIBHBIX PE3yJIbTAaTOB M BBIBOJOB; COOIIOAAET TPEOOBaHUS MPaBUI
0e30IacHOCTH TpyJAa; B OTYETE MPABUJIBHO M AKKYpaTHO BBINOJHSET BCE 3alMCH,
TaOJULbI, PUCYHKHU, YEPTEKHU, IPAPUKHU, BHIYUCICHUS; IPABUIBHO BBIMOIHIET aHAIN3
ITOTPEITHOCTEMN.

— Ouenka «4» CTaBUTCS, €CIIM BBINOJHEHBI TPEOOBAHUS K OLEHKH «5», HO ObUIA
JOTYIIEHbl JBa-TPU HeAouYeTa, He Oojiee OJHOW HerpyooW OmMOKH M OJIHOTO
HEJ0YETA.

— OneHka «3» craBUTCS, €ciau padoTa BBIOJIHEHA HE TMOJHOCTbIO, HO 00beM
BBIMIOJIHEHHOM YacTH TAaKOB, II03BOJIAET IIOJYYUTh INPABHIIBHBIE PE3YJbTATHl U
BBIBOJIBI: €CJIM B XOJI€ IPOBEJICHUS ONBITA U U3MEPEHUI ObUIN JOMYIIEHBI OIIMOKH.



- OHCHK& «2» CTaBUTCiA, CCJIIH pa60Ta BBIIIOJITHEHA HE TMOJIHOCTBIO M 00BeM
BBITIOJTHEHHOM YacTHU pa60T HC IIO3BOJIAT CACIATh IIPABUJIBHBIX BBIBOJOB: €CJIH,
OIIBITBI, UBMCPCHUS, BEIYHCIICHUA, Ha6JII-OI[CHI/I$I IMPOU3BOAUINCH HCIIPABUJIBHO.

Tema 3.4. MaruuTHoe mo.Jie
Ycrublii onpoc (YO)

Kak BO3HHKAOT MarHUTHBIE B3aUMOIECHCTBUA ?

YTto Takoe MarHuTHOE MoJIe, YEM OHO CO3J1aeTCs?

CBoiicTBa MarHUTHOIO ITOJIS.

JIeiicTBHUSI MAarHUTHOTO MOJISI HA PAMKy C TOKOM.
KonnyecTBenHass XapaKTEepHUCTHKA MAarHUTHOT'O TIOJIAL.

Uto mpuHSATO 3a HanpaBJIeHHNE BEKTOPAa MAarHUTHOM UHAYKIIHH ?
[IpaBuno OypaBuHKa.

UYro onpenenser mpaBuiIo OypaBunKa?

. Kak n300pakaroT MarHuTHBIE TIOJIS?

10 Yrto Takoe JIMHUN MAarHUTHON WHTYKITHH?

CoNO~WNE

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

Kpurepun ouenku:

OtMmeTtka «5»

IIOJTHO PACKPBITO COAEPKAHUE MaTepuana

YETKO Y NPABWIBHO JaHbl ONPEAEIECHUS U PACKPBITO COAEPKAHUE ITOHATUI, BEPHO
UCI0JIb30BaHbl HAYYHbIE TEPMUHBI

AJIA 10Ka3aTCIbCTBA UCIIOJIb30BaHbI Pa3JIMYHbIC YMCHN, BBIBOJbI U3 Ha6J'IIO,Z[CHI/II\/’I,
OITIBITOB

OTBET C&MOCTOHTGHBHBIﬁ, HCIIOJIb30BaHbl PAHEC HpI/IO6p€TCHHBI€ 3HaHH:I.

OtMmetka «4»

PACKPBITO OCHOBHOE COJIEpKaHUE MaTepuasa

B OCHOBHOM MPABUJIBHO JaHbI ONPEICICHUS MOHATUM U UCIIOJIb30BaHbl HAYUHbBIC
TEPMUHBL.

OTBET CAMOCTOSITCILHBIN

OIPEACIICHUS MMOHATUN HETIOJIHBIC, IOMYIIIEHBI HE3HAUYUTEIbHBIC HAPYILICHUS
MOCJIEA0BATEILHOCTH U3JIOKEHHSI, HEOOIbIITNE HETOYHOCTH TP UCTOJIb30BaHUHU
Hay4YHBIX TEPMUHOB WJIM B BBIBOJAX ¥ 000OIICHUSIX

MPaBUWIbHBIC Y YETKUE OTBETHI HA BOMIPOCHI yTOUHSIOIIETO XapakTepa (MO3ULIHs
MTOHUMAIOIITUA )

OtMmeTka «3»
YCBOEHO OCHOBHOE COJIEpKaHMe YueOHOTO MaTepuaiia, HO U3JI0KEHO (parMeHTapHO,
HE BCEr/1a NOCIeI0BaTEILHO



OTIpeIeIICHUS TIOHATHN HETOCTATOYHO YETKHE

HE UCIOJIb30BaHbl B KAYECTBE JI0KA3aTEILCTBA BHIBOJIBI M 0000IIEHUS 13
HaOIOICHUH, TOTYIICHBI OMUOKH TPU UX U3II0KECHUU

JOTYIIEHBI OMMTUOKN W HETOYHOCTH B MCTIOJI30BAaHUHN HAYTYHOW TEPMUHOJIOTHH,
OTIpeICIICHUE TIOHATHHA

IIPaBUJIBLHBIC M YETKHE OTBETHI HA BOMIPOCHI HABOIAIIECTO M KOHKPETHU3UPYIOIIETO
xapakTepa (IMO3UIIHS KPUTHK)

OTMeTKa «2»
OCHOBHOE€ Co/iep>KaHHe Y4eOHOTro MaTepuaia He pacKphbITO
HE JJaHbI OTBETHI HA BOMPOCHI HABOJISIIETO M KOHKPETUZUPYIOIIETO XapaKTepa

JOTYIIEHBI TPYObIe OITMOKY B OTIPE/ICTICHUN TTOHSATHH, IPU UCTIOb30BAaHUHT
TEPMUHOJIOTUU.

Tecruposanue (T)
I Bapuanr.

1. Kakoe siBjieHHe Ha0JI1I0aeTcsl B ONbITe JpcTena’?

A) B3auMO/JIEHiCTBUE TTPOBOTHUKOB C TOKOM,;

b) B3anmMoeiicTBrE IBYX MarHUTHBIX CTPEJIOK;

B) moBopoT MarHuTHOM CTpENKK BOJIM3U TTPOBOTHUKA C TOKOM.

2. Bo3jie IpOBOJHUKA ¢ TOKOM PACIIOJI0KEeHA MATHUTHAs cTpeka. Kak
U3MEHUTCS ee HAIIPaBJIeHH e, eCJIM U3MEHUTh HANIPABJIEHHEe CUJIbI TOKA?
A) nosepnercs Ha 90°;

B) nosepuercs na 360°;

B) nosepuercs Ha 180°.

3. IloueMy MAaTHUTHAas CTPeEJIKA MOBOPAYUBaETCH BOJIM3U MPOBOAHUKA C TOKOM?
A) Ha Hee IeHiCTBYET MarHUTHOE TOJIE;

b) Ha Hee neMCTBYET ANEKTPUUECKOE MOJIE;

B) Ha Hee AeiicTByeT cuiia MPUTKECHUS;

I') Ha Hee neNCTBYIOT MarHUTHBIE U JIEKTPUUECKHUE TOJS.

4. Kakasi ¢cBsI3b CyIIEeCTBYET MEXKIY JIeKTPHIYECKHM TOKOM H MATHUTHBIM
nojem?

A) MarHUTHOE TOJI€ CYIIECTBYET BOKPYT HEMOJABUKHBIX 3apsIKEHHBIX YAaCTHII;
b) MarauTHOE Mo CyIIecTBYET BOKPYT JIFOOOTO MPOBOJHHUKA C TOKOM;

B) marauTHOE noJie 1eWCTBYET Ha HEMOABUKHBIE 3aPSKEHHBIC YACTHUIIBI.

5. Yrto siBJsieTcs HAIEKHBIM 3aIIUTHUKOM YeJIOBEKA 0T KOCMUYECKHX
U3JIydeHuil?

A) MarHuTHOE 1oJe 3eMIIy;

b) 3emnas atmocdepa;



B) u To u gpyroe.

6. Kak B3anMoeiiCTBYIOT Me:K1y CO00M MOJIIOCHI MAarHUTA?

A) OTHOMMEHHBIE MTOJII0CA OTTAJIKUBAIOTCS, PA3HOMMEHHBIE MOJII0CA TPUTATUBAIOTCS,
b) pazHOMMeEHHBIE MOTI0CAa OTTATKUBAIOTCSI, OTHOUMEHHBIC MOJI0CA TPUTATUBAIOTCS,
B) He B3anMOAEHCTBYIOT.

7. YeM 00BbSICHUTDH, YTO MATHUTHASI CTPEJIKA YCTAHABJIMBAETCS B ITAHHOM MeCTe
3eMJiM B ompe/ieJICHHOM HANIPABJIEHUN?

A) cyIecTBOBaHHEM JJIEKTPHYECKOTO IO,

b) cymecTBoBaHMEM MarHUTHOT'O MOJIS 3EMJIH;

B) cymiecTBoBaHHEM 3IEKTPUIECKOTO M MAarHUTHOTO TTOJIeH 3eMIIH.

8. Kak Ha3pIBaIOTCSI MATHUTHBIE MOJIIOCHI MATHUATA?
A) ONOXKUTENbHBIN, OTPULIATEIbHBIN;

b) cunmii, kpacHbIH;

B) ceBepHblil, 105KHBIH.

9. I'me HaxXOAATCA MArHUTHBIE MOJIIOCHI 3eMJIn?
A) BONU3M rpaduecKux MOIOCOB;

b) Ha reorpadguueckux nojrcax;

B) moryT ObITh B 110001 TOUKe 3eMITH.

10. Kakoe cx0aCTBO UMeeTCsl MeKAY KATYIIKO ¢ TOKOM M MATHUTHOM CTPeJIKOM?
A) KaTylIllKa ¢ TOKOM, KaK U MAarHUTHASI CTPEJIKA, UMEET JIBA MOJI0CA — CEBEPHBIN U
FOXKHBII;

b) cyiectByer anekTprueckoe moJie;

B) neiicTBy10T Ha MPOBOIHUK C TOKOM.

11. Kak n3MeHsieTCsl MATHUTHOE JIeliCTBHE KATYIIKH C TOKOM, KOI/1a B Hee
BBOJISIT JKeJIe3HbIil cepledyHuK?

A) yMeHbIIIaeTcs,

b) He uzmensercs;

B) yBenuuuBaercs.

12. Yo Hao caeaTh, YTOOBI H3MEHUTh MATHUTHBIE MOJIIOCHI KATYIIKHA ¢ TOKOM
HA MPOTHBOIOJIOKHbIE?

A) U3MEHUTH HANIPABJICHUE JIEKTPUUECKOTO TOKA B KATYIIKE;

b) U3MEHHUTH YKCIIO BUTKOB B KaTYIIIKE;

B) BBecTH BHYTpPh KaTyUIKH >KEJI€3HBIN CEP/ICUHUK.

13. Uto co0o0ii mpeacTaBiasieT 3JeKTPOMATHUT?
A) xary1ika ¢ TOKOM C OOJIBIIIUM YUCJIIOM BUTKOB;
b) xaTymika ¢ 'ene3HbIM CEpACYHUKOM BHYTPH;
B) cuiibHBII NOCTOSIHHBIN MarHur.



14. Kakue ycTpoiicTBa IPUMEHSIIOTCS JJIs1 PeryJJMPOBaHNA TOKA B KATYIIKE
3JIEKTpOMaruura?

A) K10y,

b) npenoxpanurens;

B) peocrar.

15. B yem riiaBHoe OTJIMYHE YJIEKTPOMATHUTA OT NMOCTOSIHHOTO MATrHUTA?

A) MOXHO PETyJIUpOBaTh MArHUTHOE JSHCTBHUE DJIEKTPOMArHuTa, MEHSS CHITYy TOKa B
KaTyIIIKe;

b) anexrpomarauTel 001amar0T 00JIbIIEH OIBEMHON CHIION,

B) HeT HuKakoro oTIM4MS.

16. Kakue U3 nepeyucjeHHbIX BEIIECTBA He MPUTATUBAKOTCH MATHUTOM ?
A) xeneso;

b) crans;

B) Hukens;

I') antomunwmii.

17. IloyemMy aJisi H3y4eHHsI MATHUTHOIO MOJIS MOKHO MCII0JIb30BaTh KeJie3Hble
ONMJIKH?

A) B MarHUTHOM I10JIC OHM HAMAarHMYMBAOTCS U CTAHOBATCS MarHUTHBIMU CTPEJIKAMU;
b) xene3Hple ONMUIKYA XOPOIIO HaMarHUYUBaKOTCS;

B) onu ouensb nerkue.

18. Kak pacnoJiararorcs »kejie3Hble ONMUJIKHA B MATHUTHOM I10JI€ MIPSIMOTO TOKa?
A) pacnonararoTcs BAOJb IPOBOAHUKA C TOKOM;

b) 00pa3yroT 3aMKHYTBIE KPUBBIC BOKPYT MIPOBOHUKA C TOKOM;

B) pacnonaratorcst 6eciopsiiouHo.

19. Kakoii MarHuTHbII M0JI10C HaXoauTCst BOM3M FO:xHOro reorpapuyeckoro
noJroca 3emun?

A) ceBepHBbI;

b) roxHbIM;

B) ceBepHBIil U FOXKHBIN;

I') Hukaxoii.

20. K moJsirocy MarHuTa npuTsAHYJIUCH aABe OyaaBku. [louemy ux cBo0oaHbIe
KOHIbI OTTAJIKUBAKTCSA?

A) KOHIIbI OyJIaBOK UMEIOT PA3HOMMEHHBIE TIOJIFOCHI;

b) xoH11bI Oy71aBOK MMEIOT OJTHOMMEHHBIE MOTIOCHI;

B) xoHI11bI Oy71aBOK HE HAMAarHUYEHBI.

Kontponupyemsbie komnereniuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-TI1.7.;
JIP2, JIP4, JIP23, JIP30




Kiouu K Tectam:

Ne Bompoca | 1/2/3/4/5/6//7/8/9/1 |11 /1|1 1|1 1|1 |12
0|12 3|4 |5|6|78]|9]0
A|/B| A|B|B|A|T| A|B|A|B

Mpapuisn | B B[A|B[A[A[B[B|A

bl OTBET

Kpurepun onenku:

— «2» BBICTaBIISIETCSl 00yUaroeMycs, eciiu Ha0pain MeHee 8 0aJlIoB;
— «3» BbICTaBIIsAETCS 0OyUaromemMycs, 3a 9-11 6amios;

— «4» BbICTaBINsAETCS OOyUaromemycs, 3a 12-16 Ganos;

— «5» BBICTaBIISIETCSl 0OyUaroniemycs, 3a oonee 17 6amios.

3aganusa st camocTosiTeSibHOU padoThl (CP)
Tembl 3cce (pepepaToB, TOKJIATOB, COOOIIEHNI)

BekTop uHIyKIIMY MarHUTHOTO TIOJISL.

Hanpsi>keHHOCTh MarHUTHOTO TIOJISI.

JlercTBMEe MarHUTHOTO TOJISI HA NPSIMOJIMHEWHBIN MPOBOJHUK C TOKOM.
Pabota no nepemelnieHno MPoBOAHUKA C TOKOM B MAarHUTHOM TIOJIE.
[IpaBuno OypaBumka.

[IpaBuio mpaBot pyKu.

B3aumoelicTBrue TOKOB.

Cuna Amnepa. [Ipumenenue cuinbl Ammepa.

. I[IpaBuiio npaBoy J1€BOU pyKHU.

10 JleficTBrE MarHUTHOTO MOJISl HA JIBYOXKYILIIAKUCS 3apsi.

11.Cuna JlopeHua.

12 Tlpumenenue cuibl JlopeHiia.

13.Onpenenenue y1eabpHOTO 3apsia.

14 MarauTHBIE CBOMCTBA BEIICCTBA.

15.MarauTHasi MPOHUIIAEMOCTb.

CoNoarwWNOE

Konrponupyembie komnerenuun: OK 01-OK 07: JI.1.-J1.6.; M.1.-M.6.; IL.1.-IL.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtMmeTtka «5»

IIOJTHO PACKPBITO COAEPKAHUE MaTepuaia

YETKO W TPAaBUJIBHO JAaHbI ONPENEICHHUS U PACKPBITO COACPKAHHME IMOHATHI, BEPHO
UCI0JIb30BaHbl HAYYHbIE TEPMUHBI

A1 JOKa3aTClIbCTBa HCIIOJB30BAHbI PA3JIMYHBIC YMCHHUS, BBIBOJALI M3 H8_6J'IIO)ICHI/II\/’I,
OITBITOB




OTBECT CaMOCTOﬂTeHBHBIﬁ, HCIIOJIb30BAHBI PAHCC HpI/I06peTeHHBIe 3HaHMH:.

OtMmeTtka «4»

PacCKpBITO OCHOBHOE COJIep)KaHUE MaTepuaia

B OCHOBHOM TMPAaBWJIBHO JIaHBI OTPEICICHUS TMOHATHA W HWCIOJIH30BaHBI HAyYHBIC
TEPMHUHBI.

OTBET CAMOCTOSITCIbHBIN

OTIpENICIICHUSI TOHSATHUW HETIONHBIC, JOMYIICHBI HE3HAYWUTEIbHBIC HAPYIICHUS
MOCJIEAOBATCIILHOCTA HM3JIOKEHUS, HEOONBIITNE HETOYHOCTH IIPU HCIOJIb30BAaHUHU
HAyYHBIX TEPMUHOB WJIU B BBIBOJIaX M 000OIIECHUSIX

NpaBUJIbHBIE M YETKHE OTBETHl HA BOMPOCHl YTOYHSIONMIETO Xapakrepa (TMO3HIIHs
MTOHUMAFOIITUH )

OtMmetka «3»

YCBOEHO OCHOBHOE COJIepKaHUE YU4eOHOTO MaTepuajia, HO M3JI0XKEHO (parMeHTapHO,
HE BCErJia MoCcJIe10BaTEIbLHO

OTIpeieIICHUS TIOHATUI HETOCTATOYHO YETKUE

HE WCIOJL30BaHbI B KA4eCcTBE JOKA3aTelIbCTBA BBIBOALI M OO0OOIEHHUS U3
HaOIOICHUH, TOTTYIIICHBI OMUOKH TPU X U3II0KECHUU

JOMYIICHbl OMMOKKM M HETOYHOCTH B UCIOIL30BAaHUM HAYYHOU TEPMUHOJIOTHU,
ONpEJIETICHUE TTOHATUI

paBUIbHBIC W YETKHE OTBETHl HA BOMPOCHI HABOJAIIETO W KOHKPETHU3UPYIOIIETO
xapakTepa (MO3UIIHS KPUTHK)

OtMmeTka «2»

OCHOBHOE€ Co/Iep>KaHHe YueOHOTro MaTepuaia He pacKphbITO

HE JJaHbI OTBETHI HA BOMPOCHI HABOJISIIETO M KOHKPETUZUPYIOIIETO XapaKkTepa
JOMYIIeHbl TpyOble OIMMOKK B OMNPEACICHUU TMOHATHNA, MPU HUCIOJIH30BAHUU
TEPMUHOJIOTHUH.

Tema 3.5. DileKTPOMATHUTHAS MHAYKIIUSA.

Ycrublii onpoc (YO)

=

B 4ém 3akmroyaercs CyIHOCTD SABIEHUS AEKTPOMArHUTHON MHTyKIIUH?

Kewm otkperTo siBnenue? ['on oTkpbiTUsa?

Kakue ycrnoBusi HeOOXOJUMBI 1Sl CYILIECTBOBAHMSI SIBJICHUS JIEKTPOMArHUTHOM
VHIYKIU?

3aKOH 3JIEKTPOMarHUTHOW WHIYKIUN

UYro sABIISIETCSI HCTOYHUKOM MHIYKIUOHHOTO 3IEKTPUYECKOTO NOJIs?

Pemenue 3agaun (13 ynciaa 00s3aTeIbHBIX )

IToHsATHE MHAYKIMOHHOTO 3JIEKTPUIECKOTO OIS

Ero otnnyume oT cTaimoHapHOTO JIEKTPUIECKOTO

=™

N o oA



.

KTo0 BBIIBUHYII TUNIOTE3Y €TI0 BOZHUKHOBEHUS?

4. HanpapieHre WHAYKIUOHHOIO 3JIEKTPUYECKOTO TOJA [0 OTHOIIEHHIO K
HAIPaBJICHUIO BUXPEBOIO MArHUTHOTO TOJSA NPU €ro HApaCTaHWHU WU
yOBIBaHUH (CIETaTh YEPTEK)

5. OJ1C nHaYKUUU B IBUKYIIUXCS B MArHUTHOM T10J1€ POBOJHUKAX

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

Kpurepun ouenku:

OtMmeTtka «5»

IIOJTHO PACKpPBITO COAEPKAHUE MaTepuana

YETKO W IIPABUJIBHO JAaHbI ONPENEIEHUS U PACKPBITO CONEPI)KAHWE MOHATUN, BEPHO
UCII0JIb30BaHbl HAYYHBIE TEPMUHBI

A1 JOKa3aTClIbCTBAa HCIIOJbB30BaHblI PAa3/IMYHBIC YMCHHS, BLIBOJABI M3 H&6J'II-OI[CHI’II>1,
OITIBITOB

OTBCT C&MOCTOHTGHLHBIﬁ, HCIIOJIB30BAHBI PAHCC HpI/IO6peTCHHBI€ 3HaHH:I.

OtMmeTka «4»

PACKPBITO OCHOBHOE COJIEpKAHUE MaTepuaia

B OCHOBHOM IIPaBUJIBHO JaHbl ONPEICIICHUS TMOHATHUH W MCIOJIb30BaHbl HAyYHBIC
TEPMUHBL.

OTBET CAMOCTOSITCILHBIN

OINPEACIICHUSI TIOHATUM HEIMOJHBIE, JONYIICHbl HE3HAYUTEIbHBIE HAPYIICHUS
MOCJIEAOBATEILHOCTH U3JIOKEHUS, HEOOJbIINE HETOYHOCTH IMPU HCIOJIH30BaHUU
Hay4YHBIX TEPMUHOB WJIM B BBIBOJAX U 000OIICHUSIX

NpaBWIbHBIE M YETKUE OTBETHI HA BOIMPOCHI YTOUHSIOIIEIO XapakTepa (MO3UIUs
MTOHUMAIOIITU )

OtmeTtka «3»

YCBOGHO OCHOBHOE COJIepKaHHUE Yy4eOHOTO MaTepualia, HO U3JI0KEHO (pparMeHTapHO,
HE BCEr/ia MoCaeI0BaTeIbHO

OIIPE/ICTICHUS MTOHITUN HEOCTATOYHO YETKUE

HE WCIIOJB30BaHBI B KAauyeCTBE JOKa3aTeIIbCTBA BBIBOJBI W OO0OOIICHUS U3
HAOJI0ICHUH, TOMYIIIEHBI OMMUOKH MPH MX HU3JI0KCHUU

JTOMYIICHbl OMMOKKM M HETOYHOCTH B HCIIONIL30BAaHUM HAYYHOM TEPMHUHOJIOTHU,
OIPEACIICHUE TTOHSITHUMN

MpaBUJIbHBIE W YETKUE OTBETHI Ha BOMNPOCHI HABOISIIETO M KOHKPETU3UPYIOIIETO
xapakrtepa (Mo3UIUs KPUTHK)

OtMmeTka «2»

OCHOBHOE COZIepKaHre y4eOHOTO MaTepralia He pacCKPBITO

HE JIaHBI OTBETHI Ha BOIIPOCHI HABOJISIIETO M KOHKPETU3UPYIOIIETO XapaKkTepa
JOTyIIEeHbl TpyOble OIMMOKKM B OMNpPEACICHUW IOHATHH, TPH HCIOJb30BaHUHU
TEPMUHOJIOTHH.



Tectuposanue (T)

I Bapuanr.

Al. UHIyKITMOHHBIN TOK — 9TO HAIPaBJIECHHOE JBUKECHHUE:
1) 3apsoKEHHBIX YACTHII, IT0 CBOMM ICHCTBHSIM B IPHUHIIMIIE HE OTINYAECTCS

OT 3JIEKTPUYECKOTO TOKA, MPOSIBIISIETCA 3a CUET CUJI HEAJIEKTPUYECKOTO
MPOUCXOKICHUS

2) HEUTpaIbHBIX YACTHUI], O CBOUM JCHCTBUSIM B NPUHIUIIE HE
OTJIMYACTCS OT DJIEKTPUUYECKOrO0 TOKA, IIPOSBISIETCS 32 CYET CHII
3JIEKTPUYECKOTO IIPOUCXOXKICHUS
3) 3apsHKeHHBIX YacTHUIl, IO CBOUM JICHCTBUSM OTJIMYAETCS OT
3JIEKTPUYECKOTO TOKA, IPOSBIAETCA 34 CUET CWI HEDIEKTPUUYECKOIO
IIPOUCXOXKICHUSA

4) HEUTpaAIbHBIX YACTHII, [0 CBOUM JECHUCTBUSAM B MPUHIUIE OTIIMYACTCS
OT JJIEKTPUYECKOIO TOKA, MPOSBIISIETCS 3a CYET CHJI DJIEKTPUUYECKOIO
MIPOUCXOKICHUS

A2. MarHuT BBOJUTCS B &IIOMHUHHMEBOE KOJIBIIO TaK, KaK IOKAa3aHO Ha PHUCYHKE.
Hamnpanenue Toka B KOJIbIIE yKa3aHO CTpenakoi. Kakum moarocoM MarHUT BBOJIUTCS B

KOJIBIIO?

1) MOJOKUTEIBHBIM
2) oTpHUIaTEeIbHBIM
3) ceBepHBIM

4) F0XKHBIM

A3. Tpu 0IMHAKOBBIC KATYIIKH BKJIIOYEHBI ITOCIEI0BATEIBHO B AJIEKTPUUECKYIO LIEIb
nocTostHHOTO ToKa. Karymika 1 6e3 cep/ieunrka, B KaTyIlke 2 cepJedHUK 13 KoOaabTa,
B KaTylke 3 CEepACYHUK U3 TpaHcPopMaTopHOW cramu. B kakod U3 KaTyiiek
UHIYKIMS MarHuTHOTO Tojds Oyjaer HamMmeHblnei? (MarHutHas HpOHHMIIAEMOCTh
BO3/yxa paBHa 1, kobanbra — 175, Tpanchopmaropuoii craaun — 8000.)

1) 1
2) 2
3) 3

4) BO BCEX KaTyIIKaX OJUHAKOBA

Ad4. [Ipssmoii mpoBOAHUK AMMHON 80 CM JBMIKETCS B MAarHUTHOM MOJIE CO CKOPOCTBIO
36 km/4 mox yriom 30° K BEKTOPY MarHUTHOM MHIYyKIUHA. B MpOBOMHHMKE BO3HUKAET
OJIC 5 MB. UeMy paBHa MarouTHasi MHTy KI[1s1?



1) 3mTn

2) 0,8 xTn
3) 2,5mTn
4) 1,25 mTn

Bl. K karymke ¢ unmyktuBHocThio L = 0,25 I'H mpuiioxeHa MOCTOsSIHHAS Pa3HOCTh
noteHunasioB A¢g 10 B. Ha ckonbko Bo3pacTeT cuiia TOKa B Karyluke 3a Bpems At 1 ¢?
(CompoTHBIICHHEM KaTYIIIKK IpeHeOpeub) (oreHuBaeTcs 2 0.)

Cl. IIpoBoauuk Maccoii M= 1 kr u miuHO# | = 1 M moABeIleH MpH MOMOIIM IBYX
OJIMHAKOBBIX METAUNTMYSCKUX MPYKHUH kKecTKOocThio K 100 H/M kaxkmas. ITpoBogHuK
HAaXOJUTCA B OJHOPOJHOM MAarHUTHOM TMoje, MHAYKuus kotoporo B = 100 Tu u
NEPHEHANKYJISIPHA TUIOCKOCTH, B KOTOPOM JieKaT MPOBOJHUK M MpPYKUHBL (CMm.
PHUCYHOK.)

[IpoBOTHUK CMECTHIIM B BEPTUKAIBHON IUIOCKOCTH OT IOJIOXKEHHUS PABHOBECHUS U
ornyctwin. Onpeaenure nepuoj; KojieObaHui MPOBOJHKMKA, €CIIM K BEPXHUM KOHIIAM
NPYXUH TpUcoearuHEH KoHJeHcatop eMKocThio C= 100 mx®. (CompoTuBieHHEM
IIPOBOJIHMKA U MPY>KHH MpeHeOpeub) (omenuBaetcs 3 0.)

II BapuanrT.

Al. C momMomIp0 KakoTo OMNbITa MOXHO TOKa3aTh BO3HMKHOBEHHE WHIYKIIMOHHOTO
TOKa?
1) mpOBOAHHK, KOHI[BI KOTOPOTO MPHCOCAWHEHBI K TaJbBaHOMETDPY, HAJIO
MMOMECTUTH B MAarHUTHOE T10JIE
2) TNPOBOIHHUK, KOHIIBI KOTOPOrO IPHCOCAWMHCHBI K raJlbBAHOMETPY, HAaJI0
JIBUTATh BJOJIb MAarHUTHBIX JHHUN
3) MarHUT WIM TPOBOAHHMK, KOHI[BI KOTOPOTO IPHCOCAMHEHBI K
rajibBaHOMETPY, HaJI0 JBUraTh TakK, 4YTOObl MArHUTHBIC JIUHUHU
MepeceKan IPOBOTHUK
4) ¢ MOMOIIBIO OIBITA IIOKAa3aTh HEBO3MOKHO

A2. Kor,ua METaIIN4YEeCKUM CTCP>KCHb IIPHUCOCIMHWIN K OJHOMY H3 IIOJIIOCOB
HCTOYHHUKA TOKA, TO BOKPYT HCTO O6pa3OBaJ'IOCB ITIOJIC:

1) saeKTpuYecKOe ¥ MarHUTHOE
2) MarHMuTHOE



3) BIEKTpUYECKOE
4) mpu TakoM yCIIOBUH TI0JIe He 00pasyeTcs

A3. IHIyKTUBHOCTb YMCIIEHHO PaBHA:

1) MarHUTHOMY IIOTOKY, OXBaTbIBACMOMY IIPOBOJHHMKOM, €CJIH CHJIa TOKa,
MPOTEKAIOLIas 10 MPOBOJIHUKY, paBHa 1 A

2) cuie TOKa, MPOTEKAIOIIEr0 IO MPOBOJHUKY, €CJIH MArHUTHBIA MOTOK,
OXBaThIBA€MbIN MPOBOJHUKOM, paBeH 1 BO

3) MarHMTHOMY MOTOKY, OXBaThIBACMOMY IPOBOJHUKOM, MPH W3MEHEHUU CHIIBI
TokaHal A3alc

4) cuie TOoKa, MPOTEKAIOIIETo M0 MPOBOIHUKY, €CIIM MAarHUTHAS WHAYKIUS paBHA
1 Tn

A4. Yemy paBHa DJIC camoMHAYKIMU B Karymike ¢ UHAYKTUBHOCTHIO 0,4 I'H mpu
PaBHOMEPHOM YMEHbIIEHUH cuJibl Toka ¢ 15 10 10 A 32 0,2 ¢?

1) 0

2) 10B

3) 50B

4) 0,4 B

B1. Karymka ¢ comnporusienneM R= 20 Om u wmagykruBHocThio L= 1072TH
HaXOJIUTCA B TEPEMEHHOM MarHuTHOM rmosie. Korzma co3gaBaemblii 3THUM IOJIEM
MArHUTHBIN TIOTOK yBenuuuBaercs Ha AP = 1073 B6, cuia Toka B KaTyLIKe BO3PACTAET
Al = 0,05 A. Kako#i 3apsa poXouT 3a 3TO BpeMs 1Mo Karymike? (oreHuBaercs 2 0.)

C1. Ha menpoBosiieM KIMHE C yriIoM HakioHa o = 30° mapamiensHo pedpy KiInHa
JICKAT TOHKHMH MPOBOAHUK Maccoii M= 5 r u munoii | = 10 cm. KoHubel nmpoBogHuka
COCIUHECHBI C HEMOJBMXKHBIMH CTOMKaMH JBYMS OJMHAKOBBIMU TIPY>KHHAMH
secTKocThIo K = 0,2 H/M Tak, Kak moka3aHo Ha PUCYHKE.

K xmemmam croek mnoaBoasaT mnoctrosHHoe Hampspbkenue U= 4 B. Omnpenenute
MAaKCUMAJIbHOE YJJIMHEHHUE TNPYKUHBI, €CIU B NPOCTPAHCTBE CO3JaTh OJIHOPOJHOE
MarHuTHoe Tmojie ¢ uHAykmuer B= 0,1 T, HanpaBlI€HHOE BEPTHUKAIHLHO BBEPX.
(Koapduuuent Ttpenuss mnpoBojHHMKA O TIulockocTh kimHa W = 0,1, ero
compotuBienne R = 20 Om. ConpoTuBiieHHe NPYKUH HE YUYUTHIBATh) (OLIEHUBAECTCS 3
0.)

Kontponupyemsbie komnerenuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-TI1.7.;
JIP2, JIP4, JIP23, JIP30




Kiaouu Kk Tecram:

Bapwuanr 1

Ne Bompoca Al | A2 | A3 | A4 BI1 C1
IpaBuabubiiiotBer |1 |3 |1 |4 |Hal0A| 0,63 ¢
Bapwuanr 2

Ne Bonpoca Al | A2 | A3 | A4 | B1 C1
IMpasuasabiioreer |2 |3 |3 |2 [25:10°Ka| 11 em

Kpurepuu ouenku:

— «2» BBICTaBIIAETCS 00y4JaroIeMycs, eciu Ha0pai MeHee 3 OaJlIoB;

— «3» BBICTaBIISIETCSl 00yUaroIemMycs, 3a 4 0annia,

— «4» BBICTaBIISIETCSl OOyUaroIemMycs, 3a 6-5 6aoB;
— «5» BBICTABIIAECTCS OOydJaromeMycs, 3a Ooee 7 6aIoB.

3aganus st camocrosiTesibHOUM padoThl (CP)

Tembl 3cce (pedepaToB, 1OKIAT0B, COOOIIEHMIH)

1) SIBneHue 3aEeKTPOMArHUTHON MHAYKIIHH.
2) MarHuTHBIN MOTOK.
3) 3aKoH 3JeKTPOMArHUTHON MHTYKIHH.

4) Ilpasuio Jlenma.

5) Buxpesoe 2JIeKTpHUYECKOe TOJIE.

6) D/IC MHAYKIHUK B ABMKYIIUXCS MPOBOAHUKAX.
7) SIBreHME CaMOWHIYKITHH.

8) MHIyKTUBHOCTD.

9) DHeprusi MAarHUTHOTO TIOJIST TOKA.

10) B3anMoCBsI3b 3JIEKTPUUECKUX U MAarHUTHBIX TOJIEH.
11) DJIeKTpOMarHuTHOE ToJIe.

12) MarauTtHas pOHUIIAEMOCTb.

13) Jlua-, mapa- u heppOMarHeTHUKH.

Kontponupyembie xkomnerenuun: OK 01-OK 07: JI.1.-J1.6.; M.1.-M.6.; IL.1.-IL.7.

JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:
Otmetka «5»

ITOJIHO PACKPBITO COACPIKAHNEC MATCPpHUAJIA

L]

YETKO W MPAaBHUIIBHO AdaHbl OIPCACICHHUA W PACKPLITO COACPIKAHHC HOHHTHﬁ, BCPHO
HCITOJIb30BAHbI HAYYHBIC TCPMHUHBI
A1 JOKa3aTClIbCTBa HCIIOJB30BAaHbI PA3JIMYHBIC YMCHHUS, BBIBOJALI M3 H8_6J'IIO)ICHHI>1,

OIIBITOB



OTBECT CaMOCTOﬂTeHBHBIﬁ, HCIIOJIb30BAHBI PAHCC HpI/I06peTeHHBIe 3HaHMH:.

OtMmeTtka «4»

PaCKpBITO OCHOBHOE COJIEp)KaHUE MaTepraia

B OCHOBHOM TMPAaBWJIBHO JIaHBI OTPEICICHUS TMOHATHA W HWCIOJIH30BaHBI HAyYHBIC
TEPMHUHBI.

OTBET CAMOCTOSITCIbHBIN

OTIpENICIICHUSI TOHSATHUW HETIONHBIC, JOMYIICHBI HE3HAYWUTEIbHBIC HAPYIICHUS
MOCJIEAOBATCIILbHOCTH HM3JI0KEHUS, HEOONBIINEC HETOYHOCTH IIPH HCIOJb30BaHUH
HAyYHBIX TEPMUHOB WJIU B BBIBOJIaX M 000OIIECHUSIX

NpaBUJIbHBIE M YETKHE OTBETHl HA BOMPOCHl YTOYHSIONMIETO Xapakrepa (TMO3HIIHs
MTOHUMAFOIITUH )

Otmetka «3»

YCBOEHO OCHOBHOE COJIepKaHUE YU4eOHOTO MaTepuajia, HO M3JI0XKEHO (parMeHTapHO,
HE BCET/Ia MOCIeA0BaTeIbHO

OTIpeIeIICHUS TIOHATHUN HETOCTATOYHO YETKHE

HE WCIOJB30BaHKl B KadeCTBE JOKA3aTEIbCTBA BHIBOJBI M OO0OOIICHHUS U3
HaOIOICHUH, TOTTYIIICHBI OMUOKH TPU X U3II0KECHUU

JOTYIIEHBl OMMOKA W HETOYHOCTH B HCIHOJb30BAaHUM HAYYHOW TEPMHUHOJOTHH,
oTpeielICHUE TIOHITHI

NpaBUJILHBIC W YETKUE OTBETHl Ha BOMPOCHI HABOASIICTO W KOHKPETH3HUPYIOIIETO
xapakTepa (MO3UIIHS KPUTHK)

OtMmeTka «2»

OCHOBHOE€ Co/Iep>KaHHe YueOHOTro MaTepuaia He pacKphbITO

HE JJaHbI OTBETHI HA BOMPOCHI HABOJISIIETO M KOHKPETUZUPYIOIIETO XapaKkTepa
JOMYIIeHbl TpyOble OIMMOKKM B OMNPEACICHUU TMOHATHH, TPH HCIOJb30BAHUU
TEPMUHOJIOTHUH.

KonTpoabnasi padora Ne 3
IIo pa3aeny «JIeKTPOANHAMUKA»

Bapuanm 1
1. OnpenenuTs cuily, ¢ KOTOPOH OJHOPOJHOE MAarHUTHOE TI0JIE JICHCTBYET Ha
IPOBOIHMK AIMHOM 30 CM, pacroIoKeHHbIH o1 yriioM 45° K BEKTOPY MarHMTHOM
WHIYKIWH, €CM cujia Toka B Hem 500 MA. MarauTtHas uHaykuus cocrasisier 0,5 To.

2. [IpoBoAHUK C TOKOM 7A HaXOJWUTCS B MarHUTHOM TioJie ¢ uaaykiuei 10 To.
Onpenenuts JUIMHY TPOBOJIHUKA, €CJIM MAarHUTHOE IT0JIE€ JEMCTBYET Ha HETO C CHJION
25H nepneHauKyasspHO MPOBOAHUKY .



3. IpoBoguuk mmuHOM 30 cM ¢ crmoi Toka 50 A HaXOTUTCS B OJTHOPOTHOM
MarHuTHOM Toie ¢ nHaykiuer 60 MTi neprneHaukyspHo nomiro. Kakyro padoty
COBEPILUT UCTOYHUK TOKA, €CIIM MMPOBOJIHUK TiepeMecTuTcs Ha 30 CM BIIOJIb

X X X ﬁ?‘ HaIpaBJICHUS JIMHAN JCHCTBHS CHIBI AMmIiepa?

X X _ X X .
4. Kakoii 1o/mKHa OBITH CHjla TOKA, YTOOBI B KaTyIIIKe
% x™?y  x HHIYKTHBHOCTBIO 0,5 I'H sHeprust MarHuTHOTO osst Obuta 100 [Hk?
.
1%

x X x x5.Ilokaszars HanpaBieHue cuibl JlopeHIa.

Bapuanm 2
1. Onpenenuts cuily, C KOTOPOI OJJTHOPOAHOE MarHUTHOE TOJIE€ IEHCTBYET Ha
IPOBOJHUK [UIMHOM 40 CM, PacIIOI0KeHHbIN 10 yriioM 45° Kk BEKTOPy MarHUTHOM
WHAYKIMH, ecau cuiia Toka B HeM 400 MA. MarautHas unaykius cocrasiser 0,5 To.

2. [IpoBogHUK ¢ TOKOM 3 A HaXOAWTCSI B MATHUTHOM TI0J1e ¢ MHAyKmuen 12 Ti.
Ornpenenutsb JUIMHY OPOBOJIHUKA, €CIM MAarHUTHOE T0JIe IEUCTBYET HAa HETO C CHUIIOM
40H n nepneHauKyJIIpHO IPOBOIHUKY .

3. I[IpoBoanauk mnuHOM 40cM ¢ croii Toka 50 A HaXOAUTCS B OJJHOPOIHOM

MarauTHOM noJie ¢ maayknuei 50 mTa. Kakyro paboTy coBepIIMT HCTOYHHUK TOKA,
€CJIM TPOBOJIHUK IepemecTutTcs Ha 40 ¢M B10JIb HaNpaBJICHUS

. . ®  _® nuHuun aeiictBus cuibl Amnepa?

.
. . 1"":?l L]

4. Kako#t noymkHa ObITh MHIYKTUBHOCTD KAaTYIIKH, YTOOBI MIPU CUJIC
s o™’ o TOKaBHEH 2 A 5HEprus MarHUTHOTO NOJIA paBHsuach 20 JHx?

s« w » =2 Ilokazars HampaBneHue cuiibl JIopeHiia.

Bapuanm 3
1. Onpenenuts cuily, ¢ KOTOPOI OJJTHOPOAHOE MAarHUTHOE TMOJIE IEHCTBYET Ha
IPOBOJHUK JUIMHOM 30 CM, PACIIOIOKEHHBIHA 01 yritoM 45° K BEKTOpY MarHMTHOM
WHIYKIUH, ecn cuiia Toka B HeM 500 MA. MarautHasa nnaykius coctasiuser 0,5 Ti.

2. [IlpoBogHUK ¢ TOKOM 7A HAaXOAWTCS B MATHUTHOM TioJie ¢ mHaykmuei 10 Ti.
Onpenenuts JUIMHY OPOBOJIHUKA, ECIM MATHUTHOE TOJIE ICCTBYET HA HETO C CHIION
25H nepneHauKyIsipHO TPOBOJHUKY .

3. [lpoBognuk mmuHOM 30 cM ¢ cuoi Toka 50 A HaXOJUTCS B OTHOPOTHOM
MarHUTHOM MoJjie ¢ uHAyKnuei 60 mTn neprneHaAuKyIapHo moito. Kakyro padorty
COBEPUIUT UCTOYHUK TOKA, €CJIM MPOBOJHUK niepemecTuTcst Ha 30 cM BIOJIb

X X X ﬁ?‘ HaMpaBJICHUS JIMHUU IEHCTBHS CUIIBI AMIiepa?

X X X X .
4. Kakoii 1o/KHa OBITh CHjIa TOKA, YTOOBI B KaTYIIIKE
x  x™’x  x AHAYKTHBHOCTBIO 0,5 I'a aeprust MarauTHOTO 1101 OBbLIa 100 [IHK?
-
1V

X X X X



9. IlokasaTe HampaBieHue cuiabl JlopeHa.

Bapuanm 4
1. OnpenenuTs CHIIY, C KOTOPOM OJTHOPOIHOE MAarHUTHOE I0JIe JCHCTBYET Ha
IPOBOIAHUK IIMHOU 40 ¢M, PacIoNOKeHHbIH o1 yriioM 45° K BEKTOpY MarHUTHOM
WHIYKIWH, eciii cuiia Toka B HeM 400 MA. MarautHas unaykius cocrasiser 0,5 To.

2. IlpoBogHUK ¢ TOKOM 3 A HaXOJWTCS B MATHUTHOM TI0JIe ¢ MHAyKiuei 12 Ti.
OnpenenuTs IIUHY TPOBOJAHUKA, €CJIM MArHUTHOE T0JIE JICMCTBYET HAa HEro ¢ CHIION
40H v nepneHauKyaspHO TPOBOJHUKY .

3. I[IpoBoanauk mnmuHOM 40cM ¢ cuioii Toka 50 A HaxXoaUTCS B OAHOPOTHOM
MarHuTHOM noJie ¢ uaaykiuend 50 mTa. Kakyro paboTy COBEpIIMT HCTOUYHHUK TOKa,
€CJIY MPOBOJAHUK nepeMecTuTcsa Ha 40 cM BI0JIb HaNpaBICHUS JTUHUM ACHCTBUS CUIIbI
e & @ EJ.' Awmrepa?

—=

] ] 1.-?. ] )
4. Kakoii 1o/mKHa OBITh HHIYKTUBHOCTD KaTYIIIKH, YTOOBI TIPU CHJIC

o TOKa B HEW 2 A BHEpPIUs MarHUTHOIO 10js paBHsiach 20 [Ix?

e« e @ b5 Ilokasare HanpaBnenue cuibl JlopeHna.

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

Kpurepun onenku:

- «5» cTaBUTHCS 32 pabOTY, BHINOIHEHHYIO MOJHOCTHIO O€3 OMIMOOK U HEJ0UETOB.

- «4» crtaBuThCA 3a pabOTY, BBHIMOJHEHHYIO TOJHOCTHIO, HO TIPU HAJIWUYHMHM B HEU HE
0oJiee oHOM rpyOOM M OHOM HEerpyOoi OMMOKK M OJHOTO HejoueTa, He Oosee Tpex
HEJ0YETOB.

- «3» CTaBUTHCSA, €CIU CTYACHT MPABWIBHO BBITTOJHIII HE MeHee 2/3 Bcelt paboThl Win
JTOMyCTUI He Ooree onHOW TrpyOod OmMOKHM W JABYX HEIOYETOB, HE Oojee OJHOU
rpyboii u ojHOM HerpyOoil omuOku, He Ooyiee Tpex HErpyObIx OIMUOOK, OIHOM
Herpy0o# OIMOKHN U TpeX HEI0YETOB, IPU HATUIUH 4-5 HETOYETOB.

- «2» CTaBUTHCS, €CJIM YHUCIO OMIMOOK M HEJO0YETOB MPEBLICKIIO HOPMY OIICHKU «3»
WJIY TIPABUIIBHO BBITIOJIHEHO MeHee 2/3 Bcel paboThI.

Paznea 4. Kosie0anus ¥ BOJIHBI
Tema 4.1. Mexannueckue KoJ1e0aHUSA U BOJHBI

Ycrublii onpoc (YO)



1.ITpuBeauTe mpuMepsl Koje0aTeaIbHbIX JIBHKECHUH.

2.YT10 Ha3bIBACTCS MEXaHUUECKUMHU KOJIeOaHUSIMU?

3. [IpusHaku koye0aTeILHOTO ABUKCHHUS.

4. Kakue koje0aHns Ha3bIBAIOTCSI CBOOOTHBIMU?

5.Kakue cucrembl Ha3bIBatoTCs KoJiebarenbHbiMu? [Ipumepsi.

6.Uto Ha3pIBaeTCs AaMIUTUTYJION KoJieOaHWW; TEpUOJOM KoJIeOaHUN; YacTOTOM
KoJebanmii? B kakux equHUIIaX U3MEpSeTCsl KaKash U3 dTUX BEIUYUH?

7.Kakass maTtemMaruueckas 3aBUCUMOCThb CYIIECTBYET MEXIAY MEPUOJOM W 4YaCTOTOU
KoJeOaHmit?

8.Kak 3aBucsaT yacTtoTa ¥ meproj CBOOOIHBIX KoJieOaHUI OT ATMHBI HUTH?

9.Kakue kosie0aHust Ha3bIBAIOTCS COOCTBEHHBIMHU?

10.Kakue konebanus Ha3bIBaIOTCA rapMoHndeckumu? ['paduk

11.Yto Ha3pIBaeTCsl MareMaTU4eCKUM MasTHUKOM? [Ipu Kakux ycCloOBUSIX peabHBIN
HUTSHOU MasATHHUK OyJeT coBepIIaTh KoJieOaHu s, OJU3KUE K TAPMOHUYIECKUM ?
12.Kakyto BennanHy Ha3bIBatOT (ha3oi KoaeOaHmii?

13.IlpuBeauTe IpuMep KOJIEOTIOMUXCS TNl B OJIMHAKOBBIX (ha3ax, MPOTUBOIIOI0KHBIX
dazax.

14. Kakue npeBpalieHust SHEPruu, IPOUCXOAT MpHU KojebaHusx? PucyHOK.

15. Yto Ha3bIBaIOT BBIHYK/IEHHBIMU KOJICOaHUSMU?

16. Kakoe siBieHHE Ha3bIBAIOT PE30HAHCOM? Y CJIIOBHUE PE30HAHCA.

17.1lpuBeanTe npuMepbl MEXaHUIECKOTO PE3OHAHCA.

18. B xakux cirydasx pe30HaHC MOXKET OBITh IMOJIE3HBIM, a B KakuX - BpeaHbM? 19.Uto
Ha3bIBaeTcs BoJiHaMu? YUrto Takoe ympyrue BoaHbl? IlpuBenure mpumep BOJH, HE
OTHOCSIIUXCS K YIIPYTUM BOJIHAM.

20.Kakue BOJIHBI Ha3bIBAIOTCS TPOJAOIBHBIMHU; MONIEPEYHBIMU?

21.Kakue BOJIHBI — MOMNEPEYHBIE WIM MPOJOJIbHBIE - SABJISIOTCA BOJHAMHU CIBUIA;
BOJIHAMM C)KATHS U PACTSIKEHUS?

22.Ilouemy momiepeuHbIC BOJIHBI HE PACIPOCTPAHAIOTCA B KUIKUX M Ta3000pa3HbIX
cpenax?

23.Yto Ha3bIBaeTcs quHOM BOHBI? [1o kKakuM (opMynam MOXHO PacCUMTATh JITUHY
BOJIHBI U CKOPOCTb PACIpOCTPAHEHUS BOTH?

24. Yto sBIsE€TCS UCTOYHUKOM 3ByKa? UTO Ha3bIBalOT 3ByKOM?

25.Mexanudeckue KoneOaHUs, KaKMX YacTOT HAa3bIBAIOTCA 3BYKOBBIMH M MOuYeMy?
26.Kakue xonebaHus Ha3bIBAIOTCS yIbTPa3BYKOBBIMU; HH(PPA3BYKOBLIMU?

27.4710 Ha3bIBAIOT MY3bIKAJTLHBIM TOHOM; IITyMOM?

28.Yem ompeaensercss I(pOMKOCTh 3ByKa?

29.0T1 yero 3aBUCHUT BBICOTA 3ByKa?

30. 3ByKOBBI€ sIBJICHUS. UTO HA3BIBAIOT 3XOM? Y CJIOBUE BOBHUKHOBEHHUS 3XO.

31. Onpenenenne pacCTOSHUM € MOMOIIBIO 3BYKa.

KonTponupyemsbie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun onenku:
OtMmeTka «5»



ITOJIHO PACKPLITO COACPIKAHNC MATCPpHUAJIa
YCTKO U IMPAaBUJIBHO JAaHBbI OIIPCACIICHUA U PACKPBITO COACPIKAHUC HOHHTHﬁ, BCPHO
HCIIOJIb30BAHbI HAYYHBIC TCPMHWHBI

AJIA 10Ka3aTCIbCTBA UCIIOJIb30BaHbI PAa3JIMYHbIC YMCHNA, BBIBOJbI U3 H&6J’IIOI[€HPII>1,
OITBITOB

OTBET C&MOCTOHTCHBHBIfI, HCIIOJIb30BAaHbI PAHEC HpI/I06p€T€HHBI€ 3HaHMU:I.

OtMmetka «4»

PACKpPBITO OCHOBHOE COJCpKaHHUE MaTepHraia

B OCHOBHOM TIPaBHUJIBHO JaHBI OTIPEICTICHUS TOHITHI M HCIIOIb30BaHbl HAYYHBIC
TEPMHUHBL.

OTBET CAMOCTOSITSIbHBIN

OTIpEICIICHUS TIOHATUIN HETOIHBIC, JOTYIIEHBl HE3HAYMTEIbHBIC HAPYIIICHUS
MOCJIEI0OBATETLHOCTH U3JI0KEHUSI, HEOOIBIITNE HETOYHOCTH MPHU UCTIOJIb30BAaHUHT
HAyYHBIX TEPMUHOB WJIU B BBIBOJIaX M 000OIICHHIX

MPaBUJILHBIE M Y€TKHE OTBETHI HA BOMPOCHI YTOUHSIONIETO XapakTepa (TMTO3HUIIHS
TTOHUMAFOIITUH )

OtMmeTka «3»

YCBOEGHO OCHOBHOE COJIEpKaHUE YueOHOTO MaTepuaiia, HO U3JI0XKEHO (parMeHTapHO,
HE BCErJa MOCJICI0BATEIBHO

omnpeAesieHHs IOHATUNA HEIOCTATOYHO YETKUE

HE HCII0JIb30BaHbI B KAUECTBE JOKA3aTEIbCTBA BEIBOALI K 000O0IIEHUS U3
HAOJI0JICHUH, TOMYIIIEHBI OMOKY MPU UX U3JI0KEHUU

JOTYIIEHBI OITMOKU M HETOYHOCTU B UCTIOJIb30BAHUM HAYYHON TEPMUHOJIOTHUH,
OIPEACIIEHUE TTIOHATUMN

MPaBUWIbHBIC ¥ YETKUE OTBETHI HA BOMIPOCHI HABOISIIETO U KOHKPETU3UPYIOIIETO
xapakrtepa (Mo3UIUsl KPUTHK)

OtMmeTka «2»

OCHOBHOE€ cojIiepkKaHHe Y4eOHOTro MaTeprayia He pacKphbITO

HE JIaHbl OTBETHI HA BOIIPOCHI HABOISIIIIETO U KOHKPETUZUPYIOIIETO XapaKkTepa
JOMYIIEHBI TPyOble OMMOKU B ONPEEICHUN MTOHSATUM, IPU UCTIONTB30BaHUHU
TEPMUHOJIOTHH.

TecTuposanue (T)
I Bapuanr.

Al. ®opmyJia 1J1s1 BIYMCJIEHUS JAJIUHBI BOJHBI
C T

Al=T 6)A= € B)A=cT



A2. Tego 3a 2,5 munytbl coBepmaer 120 mouanbIX KoJjgeOanui. Onpeneaure
Mepuoja KoJeOaHMIA.
a) 1,25¢6)0,8¢B) 0,02 ¢

A3. CKoJbKO KoJIeO0aHni coBepiuuT Teao 32 10 ¢ mpu yacrore kosedanuu 220
I'n?
a) 22 6) 220 B) 2200

A4. Teno 32 5 munyT coBepmaet 240 kosnedanmii. KakoBa yacrora kosedaHuii?
a) 0,8 '

0) 48 I'

B) 1200 I'ny

AS. B oaHO# 1 TOH :Ke cpeJe PACHPOCTPAHAIOTCH BOJHBI ¢ yacTtoToil 10 I'uy u 20
I'u. Y kakoi BOJIHBI CKOPOCTH 00JIbIIEe?

a) OJUHAKOBBI

0) 20 I'n

B) 10 'y

A6. Haiijiure NJMHY 3BYKOBOHl BOJIHBI B BOJe, ecjiM e€¢ ckopoctb 1480 m/c, a
yacrora 740 I'n.

a)0,5m

0) 1095200 m

B)2 M

A7. YUacrora 3Byka yBeJn4umJjach B 5 pa3. Kak usMeHmiIach CKOpPOCTh 3ByKa B
ITOM Ke cpene?

a) HE U3MCHUJIACh

0) yBenmuuuiach B 5 pas

B) YMEHBIIIWIACH B 5 pa3

Bl. Yemy paBHO paccTosiHHe [0 Jieca, €CJM OTPa’KeHHbIA OT Hero 3BYK
BO3BpaTW/ica K HCTOYHUKY cmyctss 10 ¢? Ckopocrs 3Byka paBHa 340 m/c.
(ouenuBaercs 20.)

C1. AMuiuTyaa kosedanuii rpyza Ha npy:xuHe paBia 10 cm. Ilepuoa kose6anuii
2 ¢. Kakoii nmyTh nmpoiigér rpy3 3a 2 ¢? (ouenuBaetrcsi 30.)

II Bapuanr.

Al. ®opmyJia ISl BHIYMCIEHUS CKOPOCTH PACIIPOCTPAHEHUS BOJIHbBI
A A

a)v= T6)U= FB)U=7vT



A2. Ilpy:xkuna 3a 4 munyThl coBepmiaer 200 moyHbIX KoJedanuii. Onpenenure
1epuoja KoJeOaHMIl.
a)1,2¢6)50cB)0,02 c

A3. CkoJbKO K0JIeOaHUIl COBepIIUT Tejio 3a 15 ¢ mpu 4vacrore koJsedanuii 300
I'u?
a) 20 6) 4500 B) 0,05

A4. Teno 3a 2 munyThl coBepmaeT 180 konebanmii. KakoBa yacrora kosnedanuii?
a) 90 I'n

0) 360 'y

B) ,5T1

AS. B oaHO# 1 TOH :Ke cpejJe PacCHPOCTPAHAIOTCH BOJHBI ¢ yacTtoToil 30 I'u u 40
I'u. Y kakoi BOJIHBI CKOPOCTH MeHbIIE?

a) OJUHAKOBBI

0)40 I'n

B) 30 '

A6. Haiinure 1JiMHY 3BYKOBO# BOJIHBI, ecin eé ckopocTh 340 m/c, a yacrora 170
I'o.

a)0,5m

0)2m

B) 57800 m

A7. YactoTa 3ByKa yMeHblIMJIach B 9 pa3. Kak u3aMeHHJIach CKOPOCTh 3BYKa B
ITOI Ke cpene?

a) HE U3MCHHUJIACh

0) yBenuuuiack B 9 pas

B) YMEHbIIWIACH B 9 pa3

Bl. Yemy paBHO paccTosiHHe [0 Jieca, €CJM OTPa’KeHHbIH OT Hero 3BYK
BO3BpaTWJICA K MCTOYHHKY cmycTta S5 c¢? CkopocTrhb 3Byka paBHa 340 wm/c.
(ouenuBaercs 20.)

C1. AMumnTyaa koJsie6aHuii rpy3a Ha npy:xuHe pasHa 7 cm. Ilepuoa kosiedbanmii 3
¢. Kakoii myTh npoiiaér rpys 3a 3 ¢? (ouenuBaercs 30.)

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

Kiaouu Kk Tectam:

Bapwuanr 1



Ne Bonpoca Al | A2 | A3| A4 | AS5| A6 | A7 | Bl C1

IlpaBuibHbliioTBeT | B | a | B | a | 0 | B | 0 |1700 M |40 cm

Bapuanr 2

Ne gompoca Al | A2 | A3 | A4 | AS| A6 | A7 | B1 C1

IpaBuibHbliiOTBEeT | 2 | a | 0 | B | B | 0 | B [850M 28 cm

Kpurepun oneHku:

— «2» BBICTABIIICTCS 00y4JarOMIeMyCs, €CTu Habpan MeHee 4 0asuioB;
— «3» BBICTABIIACTCS OOydJaromemycs, 3a 6-5 6amios;

— «4» BBICTaBIISIETCSl 0OyUaroniemMycs, 3a 9-7 6aios;

— «5» BBICTaBIIsACTCS O0ydaromemycs, 3a 6onee 10 6amios.

3aganusa 1js caMocTosATe IbHOI padoThl (CP)
Tembl 3cce (pedepaToB, IOKIAT0B, COOOIIEHMIH)

1) KonebatenpHOE BHKEHUE.

2) I'apmonmueckre KoebaHusl.

3) CB0OOIHBIC MEXaHMYECKHE KOJICOaHUSI.

4) TlpeBpallieHue SHEPTUH MTPH KOJICOATEIbHOM JIBHIKCHHU.
5) CBo0oHbBIE 3aTyXalOIIMe MEXaHUIECKHUE KOJICOaHNsI.

6) MaTtemaTnyecKuii MasTHHK.

7) IpyXKUHHBIA MasATHHK.

8) BhIHYXIeHHBIC MEXaHUYECKUE KOJICOaHMS.

9) Pe3onHanc.

10) [Tomiepeunbie U MPOJOIHHBIE BOIHEI.

11) XapaKkTepUCTUKH BOJHBI.

12) 3BYKOBBIC BOJHBI.

13) VY IpTpa3ByK H €ro NpUMEHEHHE.

14) Nurepdepenuus, audpakuys U NoJsipyu3ais MEXaHUYeCKUX BOJIH.

Kontponupyemsbie komnerenuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-TI1.7.;
JIP2, JIP4, JIP23, JIP30




Kputepun onienku:

OtMmeTka «5»

MIOJTHO PACKPBITO COJIEPIKAaHUE MaTepuaia

YETKO Y MPABWILHO JIaHbI ONIPEJIETICHUS U PACKPBITO COJIepKaHWE ITOHATUI, BEPHO
WCIIOJIb30BaHbl HAYYHbIC TEPMUHBI

JUTSL TOKa3aTeIbCTBA UCIIOIb30BaHbl Pa3INIHbIC YMEHUS, BBIBOIBI M3 HAOIIOICHUM,
OIILITOB

OTBET CaMOCTOSTEIIbHBIN, UCIIOIb30BaHbI paHee MPUOOPETEHHBIC 3HAHUS.

OtMmetka «4»

PAacCKpBITO OCHOBHOE COJIEp)KaHUE MaTepraia

B OCHOBHOM MPABWJILHO JaHbI ONIPEACICHUS TOHATUM U UCTIOJIb30BaHbl HAYUHbBIC
TEPMUHBI.

OTBET CaMOCTOSTEIbHBIN

ompeIe/ieHHs TIOHSATUN HETIOJHbIE, IOMYIIeHBl HE3HAYUTEIbHbIC HAPYIIICHUS
MOCJIEA0BATEIIbHOCTH U3JIOKEHHUS, HEOOIBIITNE HETOYHOCTH TPH UCTIOJIb30BAHUH
Hay9YHBIX TEPMHUHOB WUJIW B BBIBOIaX U 000OIICHHSIX

MpaBUJIbHBIC M Y€TKHE OTBETHI HA BOIPOCHI yTOUHSIOIIETO XapakTepa (MO3UIIUs
TTOHUMAFOIITH )

OtmeTtka «3»

YCBOEHO OCHOBHOE COJIepKaHne y4eOHOTO MaTepuaia, HO U3JI0KEHO ()parMeHTapHO,
HE BCET/1a MOCIIEI0BATEIBHO

OTIpeielICHUs] TOHATHI HETOCTATOYHO YETKHE

HE MCIOJIb30BaHbI B KAYECTBE JI0KA3aTEIHCTBA BHIBOJIBI M 0000IIIEHUS U3
HAOJTFOICHUH, TOTYIIIEHBI OMTUOKHU TP MX U3J0KCHUH

JOTYIIEHBI ONTUOKY ¥ HETOYHOCTH B UCTIOJIb30BAaHUN HAYYHOW TEPMUHOJIOTHH,
OIPEACIIEHUE TTIOHATUMN

MPaBUJILHBIE M Y€TKHE OTBETHI Ha BOMPOCHI HABOAIIETO U KOHKPETU3ZUPYIOIIETO
xapakTtepa (Mo3UIUs KPUTHK)

OtMmeTka «2»

OCHOBHOE COJIepKaHre yueOHOTO MaTepralia He PaCKPBITO

HE JIaHbl OTBETHI HA BOMPOCKHI HABOSIIETO U KOHKPETU3UPYIOIIETO XapaKTepa
JOMYIIEHBI TPyOble OMMOKU B ONPEEICHUN MTOHSATUM, IPU UCTIONTh30BaHUHU
TEPMHUHOJIOTHH.

Tema 4.2. DiieKTpOMArHUTHbIE KOJI€OAHUS U BOJIHBI
Ycrublii onpoc (YO)
1. U3 kakux 3J€MEHTOB COCTOUT KojebaTenbHbIH KOHTYP? MOTYT 11 BOBHUKHYTh

KojiebaHusT B KOHType, COJAEpXKaleM KOHJIEHCAaToOp MW pe3ucrop?
UHAYKTUBHOCTH U pE3UCTOp?



2. Kakue duszndeckue BeIUUYMHBI U3MEHSAIOTCS MPU KOJIEOAHUSX B KOJIeOaTETbHOM
KOHTYypeE?

3. UeM oTnuuaroTcst KoiaeOaHus IEKTPUIECKOT0 3apsia U TOKa B KojebaTelibHOM
koHType? Kak no rpaduky u3MeHeHus 3apsija co BpeMEHEM MOCTPOUTH Tpaduk
3aBUCHUMOCTHU CHUJIBI TOKA OT BPEMEHU?

4, OT 4ero 3aBUCHUT TMepuoj KoyiebaHuii B KOHType? MoxeT 71U mnepuoj
KoJieOaHW B KOHTYpE OCTaBaThCA MOCTOSHHBIM TPU W3MEHEHWU WHIYKTHUB-
HOCTHU U EMKOCTH?

5. Kak wu3MeHuTcss mepuos KoJieOaTenTbHOTO KOHTYpa, €CIH YBEIUYUTH
YHCIIO BUTKOB KAaTYIIKK? BHECTH B KaTYIIIKY KEJIE3HBIA CEPACIYHHK?

6. Kakue mpeBpalieHusi SHEPrUuM MPOUCXOAAT B KojiebatenbHOM KoHType? ['me

COCpEOTOUCHA DHEPTUs MPH CBOOOJHBIX KOJICOAHHSX B KOHType uepe3 1/8,

1/4, 1/2 nmepuona mocie Hadajaa pa3psaakd KOHIeHcaTopa?

MoryT 11 OBITh CBOOOJHBIC KOJICOAHUS B pealbHOM KOHTYPE HE3aTyXalOIIUMH?

8. UeM oTnmyarTcs APYr OT Apyra cBOOOJHBIE KOJieOaHUsS B NBYX KOHTypax ¢
OJMHAKOBBIMHU IMapaMeTpaMu, €CIU HUX KOHIEHCATOPhl OBUIM 3apsiKEHBI OT
Oarapeit ¢ pazapimu DJ[C?

9. Kak pmeiicTByromee 3HA4YeHHWE CHJIBI TOKa (HAMPSOKEHUS) CBSA3aHO C
aMIUTUTYIHBIM 3HaueHueMm? Kakoe 3HaueHHe CHJIBI TOKAa M HAMpsOKEHUS
U3MEPSIOT aMIIEPMETPHI M BOJIBTMETPHI B I[ETTH TTEPEMEHHOTO TOKa?

10.Ha karymKky mojgaeTcss OJMHAKOBOE HAIps)KEHWEe -— CHadajla OT CeTH
MOCTOSIHHOTO, a 3aTeéM NEePEeMEHHOTO TOoKa. B kKakoMm ciiyuyae oHa HarpeBaeTcs
cuiipHee?

11.TTouemy B 1enu, cojAepkalel KOHIEHCATOpP, MOXKET MPOTEKaTh TOJIbKO
NEepEMEHHBIN TOK?

12. lomyctuMo 1M B II€Mb NMEPEMEHHOTO TOoKa HampsbkeHueM 220 B BrIIIOUUTH
KOHJIEHCATOP, TpoboitHOe HampsikeHne koToporo 250 B?

13.ITouemy B pamKe, paBHOMEPHO Bpalllalolieiicss B MAarHUTHOM I0Jie€, BO3HUKAET
OAC? YUeM OTAMYAOTCS MPOMBIILIEHHBIE TEHEPATOPHI OT MPOCTEHIIENH MOJIEIH -
paMKH, Bpallaromeics B MarHUTHOM ToJjie?

14 Kakum 00pa3omM NOJyYalT CTaHAAPTHYIO YAaCTOTy MHEPEMEHHOro TOKa MpH
MEIJICHHOM BpalleHUU PaMKu?

15.Inss dero cayxut tpaHchopmatop? Kakue ero ocHoBHbie udacTtu? Kakos
NPUHIUI IeicTBUA TpaHchopMaTopa?

16.Kakum 00Opa3zoM mpOU3BOIAAT MPEOOpPa30BaHUS HAIMPSHKECHUS W CHIIBI TOKAa B
LEMNsX MEePeMEeHHOTo Toka? MOXHO JM cOoBepuIaTh Takue MmpeoOpa3oBaHUs B
[ETsX MOCTOSHHOTO TOKa?

17.Yem oTnuyaercs XOJOCTOM pexuMm TpaHchopmartopa oT padouero? Kak
OCYIIECTBIISACTCS PEKUM HArpPy3Ku?

18.Kak cBsa3anbl Mexay coOOi BEIWYMHBI TOKOB M HANpPSDKEHUH B OOMOTKAax
Tpanchopmaropa?

19.3a cuer wero B TpaHchopmaTope TMPOUCXOAUT TOTEPS HHEPTUM TIpe-
o6paszyemoro Toka? Kakossl mytu nossimenus KIT1J[ tpancdopmaropa?

20.ITouemy nis mepemadyud dJICKTPUYECKON HDHEPrUM Ha OOJBIIHE PACCTOSHUS
UCIIOJIb3YeTCs TmepeMeHHbd Tok? [loyemy mnpu mepemade SIEKTPOIHEPTHH
UCIIOJIB3YIOT BRICOKOE HampshKeHHe?

~



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

Kpurepun ouenku:

Otmetka «5»

MIOJTHO PACKPBITO COJIEp)KaHUE MaTepuaia

YETKO U MPABWIHHO JTaHBI OTIPECIICHUS U PACKPBITO COJIEPKAHUE TTOHIATUM, BEPHO
UCIIOJIb30BaHbl HAYYHbIE TEPMHHBI

IJIA 10Ka3aTCJIbCTBA UCIIOJIb30BAHbI PA3JIMYHBIC YMCHNA, BBIBOJIbI U3 Ha6HIOI[eHHfI,
OIIBITOB

OTBECT CaMOCTOﬂTeHBHBIﬁ, HCIIOJIb30BAHBI PAHCC HpI/I06peTeHHBIe 3HaHMHA.

OtmeTtka «4»

PacCKpBITO OCHOBHOE COJIEp)KaHHE MaTepuaia

B OCHOBHOM MPABWJILHO JaHbl ONIPEACICHUS MOHATUI U UCIOJIb30BAaHbI HAyYHBIC
TEPMUHBI.

OTBET CaMOCTOSTCIbLHBIN

onpee/ieHUs IOHATUN HETOJIHbIE, JOMYIECHbl HE3HAYUTEIIbHbIE HAPYILICHUS
MOCJIEA0BATEIIbHOCTH U3JI0KEHHUS, HEOOIBIITHE HETOYHOCTH TPH UCTIOJIb30BaHUH
Hay4YHBIX TEPMUHOB WJIM B BBIBOJAX U 000OIICHUSX

IpaBUJIbHBIC M YETKHE OTBETHI HA BOIIPOCHI YTOUHSIOIIETO XapakTepa (TTO3UIIHs
MOHUMAOITUH)

OrMmeTka «3»

YCBOEHO OCHOBHOE COJIep>KaHKe yueOHOTro MaTepuasa, HO U3JI0KEHO (parMeHTapHoO,
HE BCerJa MociIe10BaTeNIbHO

OTpe/eNieHus] MOHATUN HEIOCTATOYHO YETKHE

HE UCIOJIb30BaHbI B KAUECTBE JI0KA3aTEeIbCTBA BHIBOBI M O0OOIIEHHS U3
HAOJI0ICHUH, TOMYIIEHBI OIIMOKHU MPU UX U3TI0KEHUU

JOTIYIIEHBI ONMMTUOKY W HETOYHOCTH B MCTIOJ30BAaHUHN HAYTYHOW TEPMUHOJIOTHH,
OIPEJIETICHUE TTOHATUI

MPaBUJIBLHBIE M YETKHE OTBETHI HA BOMPOCHI HABOAIIETO M KOHKPETUIUPYIOIIETO
xapakTtepa (O3S KPUTHK)

OTMeTKa «2»
OCHOBHOE€ CoJIep>KaHHe Y4eOHOro MaTepualia He pacKphbITO
HE JIaHbl OTBETHI HAa BONPOCHI HABOJIAIIETO U KOHKPETU3UPYIOIIETO XapaKTepa

JOMYIICHBI IPyObIe OMMOKU B ONPEACICHNN TTOHATHH, PX UCIIOTb30BaHUHT
TEPMHUHOJIOTHUH.

TectupoBanue (T)



I Bapuanr.

Al. DaexTpoMarHuTHbBIE BOJIHBI MOTYT PAaCIPOCTPAHATHCS

1) TONIbKO B BaKyyMe CO CKOPOCTBIO CBETA

2) TOJIBKO B BEILIECTBE C JIIOOBIMU CKOPOCTSIMHU

3) B BakyyMe€ U B BEUIECTBE CO CKOPOCTHIO CBETA

4) B BaKyyMe M B BEIIECTBE CO CKOPOCTSIMU, OOIBIIIMMHU CKOPOCTH CBETA

A2. [lepuon 3J1€KTPOMarHuTHOM BOJIHBI paBeH 1 MKc. J[JIMHA 371€KTpOMarHUTHOM
BOJIHBI paBHa

1) 300 mxMm

2) 300 mm

3) 300 m

4) 300 km

A3. YacToTa 31€KTpOMAarHuTHON BOJIHEI HH(pakpacHoro usnydenns 2-1012 ',
[Tepuon konebaHmMt 3TON BOJHBI PaBEH

1)5-108 ¢

2)2-10%%¢

3)0,5-10% ¢

4)2-108¢

A4. BuyTpu KOHEHCATOpA CO31AETCS
1) HEOIHOPOJIHOE MarHUTHOE TOJIE

2) OJHOPOJAHOE AINEKTPUUECKOE I0JIe
3) OmHOPOIHOE MAarHUTHOE TOJIE

4) HEOJHOPOAHOE ANEKTPUUECKOE IOJIe

AS. B konebarenbHOM KOHTYPE MEPUOINYECKH U3MEHSIOTCS
1) cua Toka B pe3ucrope

2) 3apsia KaTyIIK{

3) cuia Toka B KOHACHCATOPE

4) 3apsi]1 KOHJIGHCATOpa U CUJjla TOKa

AG6. [Ipy yMEHbIIIEHUN UHIYKTUBHOCTH KaTYIIKH, BKJIIOUEHHOU B KOJIEOATEIbHBII
KOHTYP, TIEPUO/T DJIIEKTPOMArHUTHBIX KOJIEOaHMI

1) HE u3MeHuTCA

2) yMEHBIIUTCA

3) yBeIuMUUTCS

4) MOXKET KaK YBEJIUUUTHLCSA, TaK 1 YMEHBIITUTHCS

Bl. YcranoBure cooTBeTCTBHE MEXAY (DM3UISCCKUMH BEITUYMHAMU B (OpMYyJIaMH, 10
KOTOPBIM OHM OTIPEAEISIOTCA.

OU3BNYECKAS BEJIMYNHA



A) DHeprus KoHJeHcaTopa

b) Ilepuon 3neKTpoMarHuTHBIX KOJeOaHuM
DOOPMYVYIJIA

1) 2rnLC

2) g/>C

3) q2/2C

4) 2mLC

5) g/oLC

II Bapuanr.

A1.B 31eKTpOMarHuTHBIX BOJIHAX COBEPIIAIOT KOJeOaHMs

1) mro0bIe YaCTUIIBI CPEIBI

2) 3apsiKEHHBIE YaCTHUIIbI

3) aIIeKTpHUUYECKHE TOKU

4) HanPsHKEHHOCTD YISKTPHUECKOTO OIS M MHAYKIIMSI MAarHUTHOTO TTOJIS

A2. Ilepron 31€KTpOMAarHUTHOM BOJIHBI paBeH 1 Mc. [[rHa 3J1eKTpOMarHuTHOM
BOJIHBI paBHA

1) 300 Mmkm

2) 300 mm

3) 300 m

4) 300 kM

A3. Yacrora paguoBoinsl 4108 TTepuo koneGanuii 3TOi BOJIHBI paBeH
1)4-10% ¢

2)2,5:10%¢

3)2,5:108 ¢

1)4-108 ¢

A4. KongeHcaTop — 3TO YCTPOMCTBO

1) st HaKOTIIEHHUS DJIEKTPUUECKUX 3apsiIOB

2) JUIsl CO3JTaHMS DIICKTPUIECKOT0 TOKa

3) nss u3MepeHUs IIEKTPUUECKUX 3apsiI0B

4) mis ompeieleHUs HalpaBISHUsI JIEKTPUUECKOT0 TOKa

AS. KonebarenbHbIit KOHTYP COCTOUT
1) u3 KaTymKu U pe3ucropa

2) U3 pe3ucTopa v UCTOYHUKA TOKa

3) U3 KaTyIIKU U KOHJIEHCATOpa

4) u3 pe3ucTopa v KOHAEHcaTopa

AG6. IIpu yBennueHnr EMKOCTH KOHJICHCATOPa, BKIIIOUEHHOTO B KOJe0aTeIbHBIN
KOHTYP, TIEPHUO/T JIIEKTPOMArHUTHBIX KOJIEOAHMI



1) HE U3MEHHUTCS

2) yMEHBIIUTCA

3) yBeIuuuTCA

4) MOKET KaK YBEIIMYUTHCS, TaK U YMECHBIITUTHCS

Bl. YcranoBure cooTBETCTBHE MEXY (DU3NUSCKUMHU BEJIMUMHAMH U (hOpPMYJIaMH, TIO
KOTOPBIM OHH OTIPEICIISIOTCS.

OUBNYECKASA BEJINYUHA
A) 3apsia KoHJeHcaTopa

b) DHeprus karyku
DOOPMYVYIJIA

1) CU

2) U/LC

3) LI?/,C

4) UNLC

5) LI%/;

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

Kaoun Kk Tectam:

Bapuanr 1

Ne Bonpoca Al | A2 | A3| A4 | A5 | A6 | Bl

HpaBuabewiii | 3 |3 |1 |2 |4 |2 | Bl1,A3,b4
O0TBET

Bapuanr 2

Ne Bonpoca Al | A2 | A3| A4 | A5 | A6 | Bl

HpaBuabnwiii |4 |4 |2 |1 |3 |3 | BLLALDBS
OTBET

Kpurepuu onenku:

— «2» BBICTaBIIIECTCS 00y4YaIOIIEMYCsl, €CITM HaOpas MmeHee 2 0aslioB;
— «3» BBICTABIIACTCS O0yJaromeMycs, 3a 3 0aa;

— «4» BBICTaBIIAECTCS O0yUaroIeMycs, 3a 5-4 0ayuioB;

— «5» BBICTABIIACTCS OOydaromemycs, 3a 6osee 6 6aoB.

3ananusa st camocrositesibHOUM padoThl (CP)

Tembl 3cce (pedepaToB, TI0KIAA0B, COOOITIEHMI)



CBOOOHBIE AIEKTPOMArHUTHBIE KOJIEOaHUSI.

[IpeBparmienne 3HepTrUM B KOJIeOaTeILHOM KOHTYPE.

[Tepuoa cBOOOAHBIX PTEKTPUUECKUX KOJICOAHUI.
MareMarnyeckoe onrcaHue MpoIEeccoB B KOIeOATETbHOM KOHTYpE.
®opmyna TomcoHa.

['eneparop He3aTyXarOIMIMX AIEKTPOMATHUTHBIX KOJICOAHMIA.
BrinyXaeHHBIC AMEKTpHUUEeCKUe KoIeOaHusl.

J1oOpOoTHOCTB KOJIe0aTeIbHOTO KOHTYpA.

. EMKOCTHOE M MHIYKTHBHOE COMTPOTUBIICHHS IEPEMEHHOTO TOKA.
10 AKTHBHOE€ COMPOTUBJICHHUE.

11.3akon Oma jy1si SIEKTPUIECKOM LIETTH TIEPEMEHHOTO TOKA.
12.PabGoTa 1 MOIITHOCTH MIEPEMEHHOTO TOKA.

13.Pe30oHaHC B 2JICKTPUYECKOMN IIETIH.

14.TlepemMeHHBI1 TOK.

15.'eneparop nepeMeHHOTO TOKA.

16.TpancdopmaTophl.

17.Toku BBICOKOW YaCTOTHI.

18.Tlonyuenue, nepeaaya u pacnpeaeieHue dIEeKTPOIHEPTUH.
19.CxopocCTh MEKTPOMATHUTHBIX BOJIH.

20.2n1eKTpOMarHuTHOE TI0JI€ KaK 0COOBIN BU MaTEPHHL.
21.95nekTpoMarHuTHbIe BOJHBI. CBONCTBA AJIEKTPOMArHUTHBIX BOJIH.
22.Bubparop I'epiia.

23.OTKpBITHIN KOJIEOATENbHBIA KOHTYD.

24 . N3o6perenue paano A.C. [TonoBsim.

25.ITonsarue o pamuocssizu. [Ipunnun paguocsszu. [Ipumenenue
AJICKTPOMArHUTHBIX BOJIH.

CoNooaRwWNDE

KonTponupyemsbie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun onienku:

OtMmeTka «5»

TIOJTHO PACKPBITO COJEp)KaHUE MaTepuaia

YETKO U MPABWIBHO IaHbI ONIPEACIICHUS U PACKPBITO COJICPKAHUE MMOHITUH, BEPHO
WCII0JIb30BaHbl HAYYHbIE TEPMUHBI

I 1OKa3aTCIIbCTBA UCITOJIB30BAHBI PA3JIMYHBIC YMCHUS, BBIBOABI U3 Ha6HIOI[€HI/If/'I,
OITIBITOB

OTBCT CaMOCTOHTCHBHLIﬁ, HCIIOJIB30BAHBI PAHCC HpI/IO6peT€HHLI€ 3HaHMHAI.

OtMmeTka «4»

PACKPBITO OCHOBHOE COJIEPKaHUE MaTeprana

B OCHOBHOM NPaBHJILHO JaHbI ONPEICIICHUS TIOHATUN U UCIIOJIb30BaHbl HAYYHbBIE
TEPMUHBI.

OTBET CAMOCTOSATEIbHBIN



OnpeAe/ICHUs TOHATUI HETOJHbIE, JOMYIECHb HE3HAUUTEIIbHbBIE HAPYILICHUS
MOCJIEIOBATEILHOCTH U3JI0KEHUS, HEOOIBIITNE HETOYHOCTH MPHU UCTI0JIb30BAaHUU
HAy4YHBIX TEPMUHOB WJIU B BBIBO/IaX U 000OIIEHUSIX

IIPAaBUWIbHBIE U YETKUE OTBETHI HA BOIIPOCHI yTOUHSIONIETO XapaKTepa (MO3ULIUS
MTOHUMAIOIIHN )

Otmetka «3»

YCBOEHO OCHOBHOE COJIEp>KaHNEe yueOHOTro MaTepuasa, HO U3JI0KEHO (parMeHTapHoO,
HE BCerJa MociIe10BaTeNIbHO

OTpe/ieNIeHUs! OHATHUN HETOCTAaTOYHO YETKHE

HE MCTIO0JIh30BaHbl B KAYECTBE JJOKA3aTEIHCTBA BEIBOJIBI 1 00OOIICHHUS U3
HAOJI0IEHUH, TOMYIIEHBI OIIMOKHU MPU UX U3TI0KEHUU

JOTYIIEHbI OIIMOKN U HETOYHOCTH B UCTIOJIB30BaHUU HAYYHOU TEPMUHOJIOTHH,
OIpEIETICHUE TTOHATUI

MPaBWJIbHBIE U YETKHE OTBETHI Ha BOMPOCHI HABOSILETO U KOHKPETU3UPYIOIIETO
xapakrtepa (Mo3UIUsl KPUTHK)

OtMmeTKa «2»

OCHOBHOE COJIepKaHKe Y4eOHOTr0o MaTepraia He pacKphITO

HE JJaHbI OTBETHI HA BOIIPOCHI HABOJISAIIETO M KOHKPETU3UPYIOIIETO XapaKTepa
JOTYIIEHBI TPYObIC OITMOKY B OTIPE/ICTICHUH TIOHSITHH, TPH UCTIOIB30BaHUN
TEPMUHOJIOTHH.

KonTpoabHasi padora Ne 4
IIo pa3neny «KoJsie6aHus ¥ BOJHBD)

Bapuanr 1
1. I'py3 maccoit 450 r coBepiiaeT kKonebaHus Ha MPYKHUHE KECTKOCTHIO
0,5 kH/Mm. Haittu mepro1, COOCTBEHHYIO U IIMKINYECKYIO YaCTOTYy MEXaHHUYECKHX
KoJIeOaHuH.
2. B xonmebaTenbHOM KOHTYPE 3aBUCHMOCTD CHJIBI TOKA OT BPEMEHH 3a/1aHa
ypasHenueM i=0,5sin10°xt. Haliti aMImuTy 1y CHiIBI TOKA, IEPUO, COOCTBEHHYIO U
HUKIUYECKYIO YaCTOTY AJIEKTPOMArHUTHBIX KOJICOaHUH.
3.Jloaka kayaeTcsi B MOpe Ha BOTHAX, KOTOPBIE PACTIPOCTPAHSIIOTCS CO CKOPOCTHIO 6
M/c. PaccrosiHue Mexay IByMs OMKalIiuMu rpeOHsSIMU BOITH
24 M. KakoBa 4acToTa yJ1apoB BOJIH O KOPITYC JIOJKH?
4 M3MeHeHre TOKa B aHTEHHE PaJuoIepeIaTIuKa MPOUCXOIUT MO 3aKOHY
i=3c0s(1,4*10°t). HaliguTe miMHy M31y4aeMOM DIEKTPOMArHUTHOM BOJIHEL
5. [Touemy jeTy4rie MBIIIH J1a’K€ B MOJTHOM TEMHOTE HE HATHIKAIOTCS HA MIPENATCTBUE?
Bapuanr 2
1. InuHa HUTH MaTeMaTH4eckoro MasTHuKka 4 M. Halitu nepuona, COOCTBEHHYIO U
IUKINYECKYI0 4acTOTy MEXaHHUEeCKHX KoneOanuii Ha JlyHe, eciiu ycKopeHue
cB06OIHOTO TaeHus Ha JIyHe pasHo 1,62 m/c?.



2. YpaBHeHHE KoyicOaHuM HanpsbkeHus umeeT B u=40cos25nt. Halitn ammuTy oy
HaIpsHKEHUs, IEPUOJ1, COOCTBEHHYIO U IUKJIMYECKYI0 YACTOTY 3JIEKTPOMArHUTHBIX
KOJICOaHHIH.

3. Uenosek, crosiuii Ha 6epery Mopsi, ONPEeInI, YTO PACCTOSTHUE MEXTY
CIEAYIOUIMMHU JIPYT 3a APyroM rpeOHsIMU BOJIH paBHO 8 M. KpoMe Toro, o
MOJCYHUTAII, YTO 32 | MUH MUMO HEro Ipomuio 24 BOMHOBBIX rpebHs. Onpeaenure
CKOPOCTb PacCIpOCTPAHEHUS BOJIHBI.

4. I3mMeHeHne ToKa B aHTEHHE pauorepeaTuruKa MPOUCXOIUT 10 3aKOHY

i= 0,3 sin (5,7*10°t). Haiigure aiuHy M31y4aeMoi SIE€KTPOMArHMTHOM BOJHBI.

5. MHOTOKpaTHOE X0 MOKHO YCIbIIaTh B ropax. [louemy?

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

Kpurepun oneHku:

- «5» cTaBUTHCS 3a PabOTY, BBHITIOJIHEHHYIO ITOJTHOCTHIO 0€3 OIMMOOK ¥ HETOYETOB.

- «4» cTaBUTHCS 3a PadOTy, BBHIMOJHCHHYIO TOJIHOCTHIO, HO MPU HAJTUYWHA B HEH HE
OoJiee oHOM TpyOO#t M OgHOM HerpyOoi OomMOKH M OJHOTO HeJoueTa, He 0oyiee Tpex
HEI0YETOB.

- «3» CTaBUTKCS, €CIIM CTYACHT NMPABUIIBHO BHITIOJHIII He MEeHee 2/3 Bcell paboThl Win
JOTMyCTUJ He OoJjiee OMHOM TpyOOW OmMOKM M JBYX HEIOYETOB, He Ooyiee OJHOU
rpy0oil u oaHO#Nl HerpyOoil ommOku, He Oosiee Tpex HerpyObIX OIIMOOK, OJHOMN
HEerpy0oii OIIMOKHK U TPEX HEIOUYETOB, MPU HATUYUU 4-5 HEJIOUETOB.

- «2» CTaBHTBHCS, €CIU YHUCIO OIMOOK M HEAOYCTOB MPEBHICHIO HOPMY OIICHKH «3»
WJIW TIPABUJIBHO BBITIOJTHEHO MeHee 2/3 Bcel paboThI.

JlaGopaTopHbie padoThI

JlabopaTopHasi padora Ne 12

HN3yuenue padotsl oagHoa3HOr0 TpanchopmarTopa

Ilean pabGoTHI: YCBOUTH MNPAKTUYCCKHE HPUEMBI JIAOOPATOPHOTO HCCIICAOBAHMS
omHO(Da3HOTO TpaHCHOopMaTOpa METOAOM XOJOCTOro Xoaa (ombIT XX) H KOPOTKOTO
3aMbIkaHusl (ombIT K3), CHATH BHEIIHWE XapaKTEPUCTHKU TpaHchopmaTopa TpH
Pa3IMYHBIX TUIIAX HArPy30K.

TEOPETUYECKUE CBEJIEHUS U PACUETHBIE ®OPMYJIbI

1. HASBHAYEHME, YCTPOMCTBO U NPUHIIUI JTEHCTBUSA
TPAHC®OPMATOPA
Tpancghopmamop [1 5TO CTaTHUECKUH DIIEKTPOMArHUTHBIA afmapar, MpeaHa-
3HAQUYEHHBIN I TpeoOpa3oBaHUs IMEPEMEHHOTO TOKAa OJHOTO HAampsHKEHUS B
IIEPEMEHHBIN TOK APYTOro HAMPSXKEHUS TOU K€ YaCTOTHI.
TpanchopMaTropbl HAXOIAT LIMPOKOE MPUMEHEHHUE I Mepeaud U pacipeieneHus



AJIEKTPUYECKON SHEPTUU, IS PA3JIMYHBIX TEXHOJIOTHUYECKUX IIEJIEW U ISl MUTaHUs
PAa3NUYHBIX [ENed Paguo-, SJICKTPOHHO-BBIYHUCIHUTEILHOW W  TEJICBU3UOHHOU
arraparypsbl, yCTPOUCTB CBS3U, aBTOMATUKH, TEJIEMEXAHUKU U T. [I.

[IpuHuun aeicTBust TpaHc(hopMaTOPOB OCHOBAH HA SIBJIEHUW B3aMMHOW MHIYKIIWH,
KOTOPBIN SIBJIACTCS CICICTBUEM 3aKOHA 3JIEKTPOMArHuTHOW nHAyKunu Dapanes:

dr] B
e [J[] , (1)
! —ds
rA€ €i — 3.7.C. 3JIEKTPOMarHuTHOW UHAYKIUU, @Pg — MAarHUTHBIN ITOTOK.
[TorokoM BekTOpa MarHUTHOW MHAYKIMH B (MarHUTHBIM MOTOKOM) 4Hepe3 Malylo

wioriaaky dS HaspIBaeTCs CKaspHas (pu3nUecKas BEIMYNHA, paBHAS

—

dig [ BLIdScosl] (] BdS ()
TJI€ o — yroJd MeXAy BekTopamu B u n - HOPMAJIBIO K IuTotmaske dS.



Puc.1. [ToTok BekTOpa MarHuTHOM MHAYKIUKU B uepe3 manyto
wromaaky ds.

[ToTok BeKTOpa MarHUTHOM MHAYKUIMU DB yepe3 NPOU3BOIbHYIO TOBEPXHOCTh S
paBeH CyMMe [IOTOKOB Yepe3 MaJlble IUIOMIAKU, Ha KOTOpbIe pa30ouBaeTcs
00JbIIast UIOIA/Ib.

—

¢ BdS (3

Ha pucynke 1, a) wu3oOpakeHa OdJIEKTPOMArHWTHas cxeMa OJHO(A3HOTO
IByXO0OMOTOYHOrO TpaHchopmaropa, a Ha pucyHke 1, 0) — ero yclioBHOE
rpadguueckoe 0003HaYEHHE.

PucyHOk 2. — DnekTpoMarHuTHasi cxema 0JJHO(pa3HOro AByX0OMOTOYHOTO
TpaHchopmaropa (a) u ero ycioBHoe rpaduueckoe o0o3Hauenue (0)

Tpanchopmarop cocTour #3 JByX OOMOTOK, mepBUYHOM 1 W BTOpUYHON 2,
Pa3MEIIEHHBIX HA 3aMKHYTOM (PEppOMArHUTHOM MAarHUTOMPOBOAE 3, KOTOPBIN IS
YMEHBIIIEHUsST TIOTeph OT BHUXpPEBBIX TOKOB Dyko HabpaH U3 JIUCTOB
aNeKTpoTexHu4Yeckor cranu toamuuou (0,35 90,5) MM, JerupoBaHHOM KpPEMHHEM.
MarsuTonpoBoa CIYKUAT JJIs8 YCHUJICHUS MArHUTHON CBSI3W MEXIY OOMOTKaMH
TpaHchopmaropa, T. €. I YMCHBIICHHS TIOTEPh MAarHUTHOTO TTOTOKA,



CO3/1aBa€MOro  TMEpBUYHONW OOMOTKOM TpaHchopmaropa. Ilpu moakIrOYeHUN
nepBUYHON 00MOTKH A-X TpancdopMaTopa K CeTH MEPBUYHBINA TOK 11, TPOXOISI 10
e€ BUTKaM W1, BO30Y>KIAeT B CEPACUYHUKE CUHYCOMUIaJIbHBII MarHUTHBIN MOTOK @
= @psinlt, tne [ = 20f [0 yrioBas 4acToTa MUTAIOLICTO HANpsDKEHUS Ut (puc. ).
DTOT NMOTOK, MPOHU3bIBASE BUTKA NEPBUYHON U BTOPUYHON OOMOTOK, HABOJUT B HUX
OJIC:

(0[¢)] ao
e J0Un uelin (3)

1 1 4 2 2 4t
['1me N1 1 N2 YUCTIO BUTKOB B TIEPBUYHOMN M BTOPUIHOM OOMOTKAX COOTBETCTBEHHO.
Otnomenune DJIC nmepBuuHOM oOMOTKM TpaHcpopmaTtopa k IJIC BTOpuUUHOM ero
OOMOTKH, pPaBHOE OTHOIICHHUIO COOTBETCTBYIONIMX YHCET BHUTKOB OOMOTOK,
Ha3bIBAIOT K09 puyuenmom mparchopmayuu Tpanchopmaropa

k [ el_D E‘ (4)
€2 n2

Taxum o6pazom, kodddunrent Tpanchopmauu TpaHcGopmaTopa ecTh OTHOILICHUE
O/1C ero oOMOTOK WJIM OTHOLIEHHE YHCEN BHUTKOB 3THX 0OMOTOK. B macmoprte
TpaHcopmaropa OOBIYHO YKa3bIBAIOT OTHOLIEHHE HOMHHAIBHBIX HANpsSKEHUN B
pexxume xosoctoro xoxa Ui /U, kKoTopoe mpakTruecku paBHO oTHomeHHIO DJIC,
TaK Kak IPU Pa30OMKHYTOM BTOPUYHON OOMOTKE HamNpsyKEHUE, MPHIOKEHHOE K
MepBUYHONW OOMOTKe, MouTH nenukoM ypaHoBemmBaeTcs ee DJIC (U1, [ e1 ), a

BTOpUYHOE HamnpspbkeHue paBHo BTopuuHou DJIC (U2, [ e2 ). [loaToMy BhIpaxeHue
st ko3¢ duirenTa TpaHchopMalii MOKHO MEepenucaTh B BUJIE:

e ©)
2Xx n2
CrnenoBatenbHO, KO3(PGUIIUEHT TpaHcHopMaIlid paBeH OTHOILICHUIO HAIPSKECHUN
Ha 0OMOTKaxX MPH X0JIOCTOM X0Jie TpaHchopMaropa.
[Ipu pabote TpaHcpopmaTopa, B HEPBUYHOM OOMOTKE 3SJIEKTpUYECKAs SHEPIHUs,
norpebnsieMass W3 CETH, MpeoOpasyeTcss B HHEPTUI0 MArHUTHOTO TIOJNsA, a BO
BTOPUYHOW OOMOTKE, HAOOOpOT, DPHEPrUs MArHUTHOTO TOJsl TMpeodpaszyercs B
AJIEKTPUUYECKYIO, OTAaBaEMyl0 3aTeM (B OCHOBHOM) NOTpeOUTENO (HArpys3ke).
HebGonpimass dYacTe MOIIHOCTH TepsieTcss B caMoM TpaHchopmarope. [lpu
HOMHUHAJIBHOM PEXHUME MOIIHOCTh TMOTEPh B OOMOTKaX W MAarHUTOMPOBOJIE
TpaHc(popMaTopa HEBEIMKA, MOITOMY TpaHC(HOPMATOPHI OOBIYHO UMEIOT BBICOKHIA
KIIJ, nocturatomuii (98—99) %.
Takum oOpa3zoMm, B TpaHchopMaTope MpeoOpasyroTCsl TOIbKO HANPSKEHUS U TOKH.
MommHoCTh *e (M3-32 MaJbIX MOTeph HA HarpeBaHWe OOMOTOK M MarHUTOIPOBOJA
TpaHcopMaTropa) MPaKTUUECKH OCTAETCA MOCTOSIHHOM, T. €. MOXXHO CYUTaTh, YTO
11U1 O 12U2 . CnenoBatenbHo,

Uigl2m ©)
kU2 11 n2



WUrtak, Toku B 0OMOTKax TpaHcpopmaTopa oOOpaTHO MPOMOPIIHOHATBHBI
HanpsokeHusM. TOK mepBUYHON OOMOTKM TpaHcopmaTopa HpPH OTKIHOUEHHOM
MOTpeOuUTENE AIEKTPOIHEPTUU (BTOPUUYHAST OOMOTKA PAa30MKHYTa) SIBISECTCS TOKOM
XOJIOCTOTO XOJa. JJNEeKTpUUecKkasi cxemMa OOMOTKH TpaHc(opmaTopa MpeACTaBIsIET
co0o¥i ToceI0BaTEIbHO BKIIFOYEHHBIE aKTUBHOE COTIPOTUBIIEHUE R U MHIYKTUBHOE
CONPOTHUBJICHHUE XL, T.€. CONMPOTUBJIECHUE MPOBOAAa OOMOTKU €€ UHAYKTUBHOCTh. TOK,
IPOXOMASIIUA TO OOMOTKE, CO3[aeT BOKPYr ce0si MAarHuTHOE II0Jie, KOTOpOe
POHU3BIBAS TIJIOMIAh BUTKOB OOMOTKH, CO3/1a€T MarHUTHBIN MOTOK. [lepemMeHHbIi
BO BPEMEHHM TOK CO3/1a€T TMEPEMEHHBIM MarHUTHBIA TMOTOK W COTJIACHO 3aKOHY
®dapajesi, BOBHUKAET 3.1.C. CAMOUHAYKIMU. OTINYME OT 3.11.C. UHAYKIIMH COCTOUT B
TOM, YTO B ITOM CJIydyae MAarHUTHBIM MOTOK CO3JA€TCS HE BHEIIHUM HCTOYHHUKOM
MAarHuTHOTO TOJIsl, @ CAMUM TOKOM. Torja MarHMTHBINA TOTOK MPONOPILIMOHAIEH TOKY
Y PaBEH:

gl LTI, (7)
riae L — Ha3pIBaeTcs MHAYKTUBHOCTHIO. Bo3HuKaro1ast 3.1.c. B OOMOTKE paBHa:
eDDdDB DDd(LDI)DDLdI, ®)
¢ dt dt dt

3HaK MUHYC O3HA4aeT, YTo 3.J1.C. CAMOMHAYKIIMH MPENATCTBYET U3MEHEHHIO Toka. Ha
puc. 3 moKa3aH MepeMeHHbIN TOK, TeKYIIHI Yepe3 KaTylIKy HHIyKTUBHOCTRIO L. Eciu
B IIENU NpWIokeHo nepemenHoe HanpspokeHue U = UoCOoS wt, To B Hel moTedeT
NIEPEMEHHBIN TOK, B PE3yJIbTaTe YEr0 BOSHUKHET 3.71.C. CAMOMHAYKIMHU. Toraa 3akoH
Oma 1151 paccMaTpUBAaEMOTO yJacTKa [T UMEeT BU. Tak Kak BHEIIHEE
HaANPSKEHUETIPUIIOKEHO K KaTyIIKEe WHIYKTUBHOCTH, TO

U (JU cosl]t [] Lci u Ldl DU coslJt1dt, U coslit DJ__O“ 10 (9)
0 dt 0 L dt
[Tocnie uHTErpUpOBaHYS, ITOTYUUM:
Upg .. Up U
| O Y sinOtd ¥ cos(UJt0—) (10)
L L 2

Benuunna wl wMeer pasmepHocTh OM M Ha3bIBACTCSl PEAKTHBHBIM HWHIYKTHBHBIM
conpotuBiienneM R | = wL. CpaBuenue Boipakenuit (9) u (10) npuBoaUT K BRIBOAY,
4TO majeHue HanpspkeHus UL omepexaer mo dase Tok |, Tekymumi depes Karyliky,
Ha [1/2, 4TO M OKa3aHO Ha BEKTOPHOM auarpamme (puc. 3, 0).

Puc.3. a) -nnexTpudeckas 1emnb ¢ uacalbHOW HHIYKTUBHOCTHIO; 0) — BEKTOpHAs
TuarpaMma TOKa U HampsDKCHHS Ha KaTYIIKE WHTyKTUBHOCTH.

B »iekTpoTexXxHUKE CHUHYCOMAAIbHBIE BEJIMYMHBI 3aMEHSIIOT KOMIUIEKCHBIMU
YuclIaMu, UCHoJb3ys popmyny Dinepa:



el [costl [ jsin, e0e j [ 1 (11)

Torma  MHIYKTUBHOE CONPOTHBJIEHHE C Yy4eToM yria mosopora Ha 90° B
KOMIUIEKCHOM T(OBMe 3aMUCHIBACTCS CIETYIOIMINM O6BaSOMI
Yo U

L OCLe 7 7 L(cos90© jsin90 )7 ji L (12)
31eck Touka HaJ X[ - O3HAYaeT, 4TO 3TO BEKTOp, MoBepHyThIi Ha 90° mpoTHB
YaCOBOW CTPEIIKH.

Ha puc.4 aktuBHOE compoTuBiieHHE R BKIIOUEHO TIOCIENIOBATENBbHO C
WHyKTUBHOCTBIO L.

Puc.4. BektopHas auarpamMma HanpsoKeHUH Ha MOCIE0BaTeIbHO BKIFOYEHHBIX
conpoTuBieHus R 1 UHAYKTUBHOCTH L.

Bropoe npasuiio Kupxroda rmacur: anredbpanyeckas cymma najieHuN HapsKEHUN B
KOHTYpE paBHO alreOpamdeckol cyMMme 3.1.C. Torga 3HauYeHWE HampsHKCHHS,
HOJIBOJUMOI0 K TpaHchopmaropy B peXHME XOJOCTOTO X0Jla, B COOTBETCTBUU CO
BTOpBIM IpaBwiioM Kupxroda ans nepBudHOM OOMOTKH, MOKET OBITh IPE/ICTABIECHO
KaK CyMMa BEKTOPOB:

U1. O Iél O Ri lo O j>.(1 lo (13)

raie Ri1 — aKkTuBHOE CONpPOTUBIEHUE MEPBUYHOM OOMOTKH; Xi— HHIYKTUBHOE
CONPOTUBJICHUE MEPBUYHON OOMOTKH, OOYCIOBJICHHOE MOTOKAMH PACCEsHUS; JX1 =
JjwL— KOMIUIEKCHOE CONPOTUBIECHUE WHAYKTUBHOCTH L, KOTOpO€ y4WTBIBaeT TOT
(akT, uTO HANpPsHKEHUE HAa MHAYKTUBHOCTH ornepexkaeT Tok Ha 90°, Toraa mosHoe

COTIPOTHBIICHHE TIOCNIENOBATENBHO BKIIOUEHHBIX R 1 L paBHo: Z [ [R? + X2 kak
MI0Ka3aHO Ha puc.4.

2. ONPEAEJEHUE NAPAMETPOB TPAHC®OPMATOPA
Jlns onpenencuust koddduimenta tpanchopmamnuu K, a Takxke mapameTpoB CXEMbl
3aMeleHus (puc. 2) U moTepb MOIIHOCTU B TpaHchopMaTope MPOBOIST OIBITHI
xoJsoctoro xoza (onbiT XX) 1 onbIT KOpoTkoro 3aMmbikanus (K3) Tpancdopmaropa.



Pnc.2

Puc.2. Cxema 3amernienus tpancgopmaropa.

Ha puc..2 o6o3nauenHo:
e Ry 1 X1 [] akTUBHOE U MHIyKTHUBHOE COTIPOTHBIICHUS IEPBUYHON OOMOTKH;

eRJ 0 n2R; uX5

] n? X2 [] mpuBeJeHHBIE K YUCTY BUTKOB MEPBUYHON OOMOTKHU

AKTUBHOE U MHAYKTUBHOE COMPOTHUBIICHHS BTOPUIHOW OOMOTKH;
e Ro [] aKTUBHOE CONMPOTUBJICHHE HAMATHUYMBAIOIIECH BETBH,
00yCIIOBICHHOENOTEPSIMU MOLITHOCTH B CTAJIbBHOM MAarHUTOIIPOBOJIE;
e Xo [l UHIYKTUBHOE COINPOTHUBICHHE HaMarHUYWBAIOIIEH  BETBH,
00yCITOBIEHHOE OCHOBHBIM MarHUTHBIM TIOTOKOM,;
e Z, 7 n?2z, 1 IIPUBEICHHOE K YUCITY
BHUTKOB MEePBUYHOM  OOMOTKH
COTIPOTUBIICHUE HATPY3KH;
eUz [ nU2u I2! [J12/n [ npuBeneHAbBIE K YUCITY BUTKOB ITEPBUIHON
0OMOTKH
BTOPUYHOE HANPSDKCHUE U BTOPUYHBIN TOK.

ITapameTpsl TpanchopMaTopa B peskMMe X0J10¢TOro xona (XX).

OneIT Xx05MOCTOTO X0Ha TpaHchopmaropa NPOBOAMUTCA C IEIbIO OMNpPEICICHUS
kodd¢uimenTa TpaHchopmaruu K, MarHMTHOro moroka @,, a TakkKe IMOTEPh
MOITHOCTH Pm B cepAIcUHUKE MAarHUTOIIPOBO 1A TP HOMUHAITLHOM PEKUME.

Puc.5. Cxema nmepBuyHOM 0OMOTKHM TpaHchOpMaTopa M BEKTOpHAs AuUarpaMma
HaIIpsDKEHUHN Ha HE B pexume X X.



[Ipu onvime XX x nepBUYHON 0OMOTKE TpaHcPopMaTopa MOJABOIUTCS HO-MUHATHLHOE
HarpsixeHue (puc.S)

Uiy [ [ E10 Z1lo, (14)
rae
Z1 LRy [
JX1 [] momHOE CONPOTHUBIICHUE TICPBUYHON OOMOTKH.
[Tpu sTOM BTOpHuHass oOMoTKa pasomkhyTa (l2 = 0) u HampspkeHue Ha €€
saxumax Uo [JUog U Ep.
Wzmepus Hanpsokene Uz, Tok lo u aktmBHyro mommuocts P, [ |°R wu
npeHeOperasi majeHUEM HaIpsDKEHUsT Ha MepBUYHON oOMoTke Zilp (BBUIY ero
HeOoupIoro 3HadeHus o cpaBHeHuto ¢ JJACE1), T. €. Moyb3ysach yHpOIIEHHON
cXeMol 3amerieHus TpancopmaTopa npu XX (puc.3, a v 6), ONpeaeIIsioT:

— k03¢ duIueHT TpaHchopmalmu:

k 1E1/E2 U1, /U20 (15)
— [MapaMCTPhI HaMaI‘HI/ILII/IBaIOIHef/'I B€TBHU CXEMbI 3aMCIIICHUS TpaHC(bopMaTopa
60 O U/ lo; RoDPx“‘; XoD\/ZéD%é; (16)

— MOTEPU MOIIHOCTH Hpu XX, Ha3bIBAEMbIE nomepsamu ¢ cmanu Py, KOTOpbIE
3aTPayMBalOTCs B OCHOBHOM Ha HAarpeB MarHUTOINPOBOJA OT JCHCTBUS BUXPEBBIX
TOKOB M I[UKJIUYECKOr0 IIepeMarHiIuBaHus ctaau, T. €. Po [ Px

IHapameTpsl TpancdopMmaTopa B peknMe KOPOTKOro 3ambikanus (K3).




Puc.6. Cxema nepBuyHON 0OMOTKHM TpaHchopMaTopa M BEKTOpHas AuUarpaMma
HaIpsOKeHU Ha Hell B pexxume K3.

[Tpu onvime K3 (puc. 6) B oTIMUUE OT OMACHOTO aBapHIHOTO KOPOTKOTO 3aMBIKAHUS
TpaHchopMaTopa, BOSHUKAIOILIEro clydyaiHo rpu padote npu Hanpsokenuu Ug [1Ug,
, K IEpBUYHON OOMOTKE MOJIBOST TAKOE MOHMKEHHOE Hall-
psoxenue Uy [ U, (Menbluee HanpsokeHust Uy, B 8...20 pa3 B 3aBUCMMOCTH OT TUIIA
1 MOIIIHOCTH TpaHCcpopMaropa), Ipu KOTOPOM B €ro 0OMOTKAX YCTaHABIHNBAIOTCS
TOKHU, PaBHbIE COOTBETCTBYIOIIMM HOMUHAIbHBIM 3HAUCHUSIM:
l1n T SulU; 12, 7 Sy /U2, T nly, (17)

N3mepus Hanpsixenue Uy, TOK |1, M aKTUBHY10 MOIITHOCTD Py, OTIPEEISIIOT:

— mapaMmeTpbl cxembl 3amemienus npu K3 tpanchopmartopa (monb3ysich

YIPOIIEHHON CXeMOU 3aMeleHusl, puc. 6, a):

Ze DU/ Re O P12 X O \/ZZDRZ, (18)
1n K K

rae

ZK:

RZ. X2, RIRIR uX I X X

COOTBETCTBEHHO IIOJITHOC,

K k k 1 2 K 1 2

aKTUBHOE U peakTuBHOE conpoTunienus K3 tpanchopmaropa;

— nanpspkenue K3 (puc. 18.4, 6), BeIpakeHHOE B IPOIICHTAX,
— notepu MontHoctr ipu K3 tpancdopmatopa (nomepu 6 meou)
PM D PK .

3. BHEIIIHUE XAPAKTEPUCTUKU TPAHC®OPMATOPA

3aBUCUMOCTD HaIPsHKEHUS HA 32KMMaX BTOPUYHONM OOMOTKH IPU U3MEHSEMOU
Harpy3ke ot Toka Harpy3kwm, T. e. U1 f(l.), HocuT Ha3BaHuE 6HewHell

xapaxkmepucmuxu Tpancgopmaropa.



Bropuunoe HanpsbkeHue (CM. puc. 2), paBHOE

1 Z. OUc My, Re O P12 X, D‘/22 1 R?,
" oK (19)
Uol E2 1 Z212 7 Ep 0 (Ral X)o7 Uppl Z

21

IpU YBEJIIMYEHUU TOKA HArpy3Kd YMEHBIIAETCA KaK 3a CUET YBEIWYEHUS MaJCHUS
HanpspbkeHus Z2 |2 Ha ero BTopuyHOM 00MOTKe, Tak U 3a cuéT ymenbienus 3/[C E>
(BClIEICTBHE  HEKOTOPOrO  yYMEHBIIEHWS  MAarHUTHOrO  IOTOKa @  mpu
COOTBETCTBYIOIEM yBenudeHud Toka l1). OnmHako, mpHU aKTUBHO-EMKOCTHOU
Harpys3Ke Npy yBEJIMYEHUU TOKa HanpspkeHue U, yBenuunBaeTcs.

BHemHue XapakTepUCTUKU MOTYT OBITh PACCUMTaHbl U IOCTPOEHBI, MCXOHsS W3
MacHoOpTHBIX JaHHBIX TpaHchopmaropa (cMm. Tabn. 1), a Tarwke MyTEM MPSIMOTO
n3MepeHus HanpsbkeHus Uz u Toka |2 pu n3MeHEeHUr Harpy3Kku Z,.

Heab padoThbl: U3YIUTH YCTPONCTBO, MPUHIIAI PAa0OTHI, HA3HAYEHHUE OTHO(AZHOTO
U TpaHchopMaTopa, YCTAaHOBHUTH 3aBUCUMOCTh MEXKIY HAINPSHKCHUSIMH M TOKaMU B
MEPBUYHON W BTOPUYHON OOMOTKaxX TpaHChOpMaropa; ompeaeanuTh KodPGUIMEHT
TpaHchopmanu ogHoGa3HOro TpaHchopMaropa;

Onucanmne yCTAHOBKH.

Ha pucynke 7 npuenens! Gpororpadusi yCTaHOBKH 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) — dJIEKTpUYECKas cCXema.

YcTaHoBKa COCTOMT U3 J1abOpaTOPHOTO aBTOTpaHC(hOpMAaTopa PeryIupyeMoro
(JIATP) 1, mynbTuUMETpOB 2, AJIsI U3MEPEHUS HAMPSHKEHUH U TOKOBHA MEPBUYHON U
BTOPUYHONM OOMOTKax TpaHchopMmaropa 3 W TMEpeKIrovaTeNnss pekuMa paboThl
Tpancpopmaropa 4.

B naGopaTtopHoii perycCMOTpEHO TpHU pekumMa paboThl TpaHchopmaropa.

1. Pexum xonocToro xoa (IojoxkeHue nepexirouarens XX),
2. Pexxum KOpoTKOTO 3aMbIKaHusl. (MoyoxkeHue nepexintoyarens K3),



3. Pexxum paboThI o Harpy3Koi (TosioxeHus nepekaodatens 1-10).
B kagectBe mcciemyemoro tpanchopmaropa ucnonbsyercs TII1-112-4 ero
OCHOBHBIE XapaKTEPUCTUKHU NPUBEICHBI B Tabuile 1.

Tabnuna 1.

HomuHanbHOE HanpsbkeHue B nepBuuHoit oomotke (Uni), B | 220422

YacToTa nepeMeHHoro Toka, I'i 50+0,5
MoIHOCTh HOMUHANbHAs, BT 7,2
Tok mepBuuyHON 00MOTKH B pexxume xoioctoro xona (Iui) 0.03
A, He OoJiee ’
Hampsixkenne BTOpUYHBIX 0OMOTOK B PEXKMME HOMUHAITBHOM 7 140.4
HArpy3KH [P HOMUHAJILHOM HaIpsHKeHUU ceTH, B T
Tox HOMUHANIBHOM HAarpy30K, A 0,39
AKTHUBHOE CONPOTHUBIICHUE nepBUIHO 00MOoTKH (R1), OM 540
AKTHBHOE CONPOTHBIICHUE BTOPHUIHOH 00MOTKH (R2), OM 3,19

BKCHepI/IMeHTaJILHaﬂ 4acCTb.

Ilepen nHavasiom paOoOThI, B MPUCYTCTBUE MPENOJaBaTelisi, yOeAUTECh B
IPaBUILHOCTH COOPKH M MOJKIIOYEHUS YCTAaHOBKHU.

[Tepexmtouarens pexxuma paboThl TpaHCHOpPMATOpa MEPEBECTH B PEKUMXOJIOCTOTO
xoza (XX).

YcranoButh Ha JIATPe MuHMMabHOE BBIXOJHOE HampsikeHue. st 3Toro
HeoOxoaumo pyuky JIATPa moBepHyTh 10 IPOTHUB YaCOBOM CTPENIKH J0 yIopa.

Bxirouuts YCTAaHOBKY B CCTb.

Bxi1rounTh MyJbTUMETPHI.

BuuManue nepea J100bIMY H3MEHEHUSIMY T10J107KEHU S NePeKII0YaATeNs PeKUMa
padoThl TpancdopmaTopa. a Tak:Ke nepea 3aBeplieHueM padoThl, HEO0X0IMMO
ycraHapauBath HA JIATPe MUHMMAJIbHOE BBIXO/IHOE HANIPSKEHH e

Pe:xxuM xoJ10cTOr0 X014,

Bpamas pyuky JIATPa poOGeiitech Ha mnepBUYHONM OOMOTKEe TpaHchopmaropa
HOMHHAJIBHOTO HaNpsbKeHUs (cM. TaOnwuiry 1). 3HaueHue HanpsHKeHUS QUKCHPYIOTCS
0 MOKa3aHuAM MyJibTuMeTpa B1.

B T1abnumy 2 3aHecuTe 3HAYEHUs HAIPSOHKEHUM Ha TMEPBUYHOM W BTOPUYHOU
obmoTtkax Tpancopmaropa (Ur u Up), a Takke TOK MPOTEKAIOIMINI 10 MEPBUYHOM
obmoTke |1 MA.



Tao0mura 2.

U, B 1, MA I1, A U,, B Pxx, Bt |ig, % k cos [

[TpousBeauTe 3aMOJTHEHUE OCTABIINXCS STUEEK TAOTUIIBI.

1. Boraucnute kodQGUIMEHT YCUIICHUS MO0 TOKY B MPOIEHTaX IO
OTHOIIICHHIO K HOMHHATLHOMY TOKY TpaHCc(opMarTopa:

; IO
i 0 ° 100% (20)

%

2. xoadduiuent tpanchopmaniu
k7 U
ke 1o
E2 U2
3. MOIIHOCTh XOJIOCTOTO XoAa Po, paBHas MOIIHOCTH TEIUIOBBIX MOTEPh B
CEpJICUHUKE M3-3a TUCTEPE3NCa U BUXPEBBIX TOKOB Py

8 - IZB Dlp cm (22)
4. ko3¢ dUIMEHT MOIITHOCTU TpaHchopMaTopa

(21)

P
cos 1 —O

23
U1, 1o (23)

PeskMM KOPOTKOIo 3aMbIKAHMSI.
[TepeBeaute nepekovaTenh pexkuMa padoThl TpaHchopMaTopa B nojoxenue K3.

[InaBHO Bpamas pyuky JIATPa, moGelitech mpoTekaHus MO MEPBUYHOM OOMOTKE
TpaHcopmaropa Toka, paBHOro lm; =30 MA. 3HadeHHe TOKa ONpeAeNseTcs IO
MyJIbTUMETPY Ar.

3a”ecuTe B TaONMILy 3 3HAYCHUSI HANPSHKEHUSI M TOKA MEPBUYHOM OOMOTKH, aTaK ke
TOK, TPOTEKAIOIINI IO BTOPUYHOU OOMOTKE.

Tabauma 3.

Uy, B l1, A 2, A Pk3, Br Uxs%, %

Boeraucnurte montHocTh Tpancopmaropa B pexkume K3 Pgz, koTopas paBHa
MOIIIHOCTH, UAYIIUX HA HATPEB MEAHBIX OOMOTOK P,;:

2 2
Rz KR UIBOL (24)
Brruucnure HanpsbkeHHE KOPOTKOTO 3aMbIKaHUs B % 10 OTHOIIEHUIO K
HOMUHAJIBHOMY HAIPSDKEHUIO EPBUYHON 0OMOTKH TpaHcopmaropa.



U %0 10100

25)
K3 (
H1 Y—

—Pesxknm padoThl oA HATPY3KOM
[TepeBeauTe nepeximtoyaTeNb pexxuMa paboTsl TpanchopmaTopa B mosioxeHue 1.

Bpamas pyuxy JIATPa poGelitech Ha mnepBuuHON 0OMOTKe TpaHchopmaTopa
HOMUHAJIHHOTO HAIPSDKEHUS. 3HaYeHUE HANPSDKEHUs] (PUKCUPYIOTCS 1O TTOKa3aHUSIM
mynbTHMeETpa Bl

3aHecuTe MOKa3aHus MYJbTUMETPOB B COOTBCTCTBYIOIIIHE STYEVKHU Ta6J'II/IIII>I
4,

Tao0mura 4.
N Ug,B | I, |l;,A U2,B |[Il; A Py, P2, 1, % |cos [z
MA Bt Bt
1.
2.
3.
4.
5.
6.
7.
8.
Q.
10.
[ToBTOpHTH SKCIIEpUMEHT W3MEHsisi Harpy3ky (pexumbl padorer N = 2-10).

3amoJIHUTE OCTABIIINECS TYEHKU TAOIULIBI 4.

[Toctpoiite rpaduku 3aBucumoctu KIIJ[ TpancopmaTtopa OT akTUBHON MOILTHOCTH
BropuuHoit oOMmoTku ([] (P2)) ¥ BHEHIHIOW XapaKTEPHCTUKY TpaHcopmaropa
(Uz(12)). KIT[ tpanchopMaTopa BeIYUCISICTCS 0 Ceaytomei hopmyie:

P 2R
P2 2R (26)

P — +Re—=—Rem— Ry

KoHTpoJ/1bHBIE BONIPOCHI:

1. 3akon dapanes. MarHUTHbBIN MOTOK.



Toxu ®@yko u crocoObl UX YMEHBIIEHHS B TpaHCPOpMaTOpax.
3. OmpeneneHue MHAYKTUBHOCTU U €€ popMyIia sl KaTyIIKy.

I/IHI[YKTI/IBHOC COIIPOTUBIICHUC U CABUT Cl)a3 MCIKOY TOKOM U
HaIlpsKCHUCMHA HHAYKTHBHOCTH.

5. Kak onpenenuts NoTepyu MOIIHOCTH B CTAJIBHOM
cepleunukeTpancopmaropa’?

Kak onpenenuTs notepu MOIIHOCTH B 0OMOTKaX?
7. Yto Takoe korpdunmneHT Tpanchopmaiuu tpaachopmaropa?

8. Uro Takoe ructepesuc peppoMaraeTuka’?

Konrponupyemsie komnerenuun: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-[1.7.;
JIP2, JIP4, JIP23. JIP30

Kpurepun ouenku:

— OreHka «5» CTaBUTHCS, €CIIM YUAIIUKCS BBIMOIHAET paboTy B MOJHOM 00beMe C
coONoIeHneM HEOoOXOJAMMOM TOCIENOBATEIbHOCTY TPOBENIEHUSI ONBITOB U
U3MEPEHUH;  CaMOCTOSATENILHOW  paIllMOHATLHO  MOHTHPYET  HEOOXOJUMBIC
000pyI0BaHKE; BCE OMBITHI IPOBOJKT B YCIOBHSIX U PEKUMAX, 00E€CIIEUNBAIOLITIX
MIOJTyYSHHE TTPABUIIBHBIX PE3YIbTATOB M BHIBOJIOB; COOIIOAAET TPEOOBAHUS TIPaBUII
0€30MacHOCTH TPYJla; B OTYETE MPABWILHO M aKKypPaTHO BBIMOJIHSAET BCE 3allHCH,
TaOJUIBI, PUCYHKH, UYEPTEXKH, TpapUKH, BBIUMCICHUS; TPABUIBHO BBITOJIHSIET
AHAJIU3 TIOTPEIIHOCTEM.

— OneHka «4» CTaBUTCS, €CJIM BBIIIOJTHEHBI TPEOOBAHUS K OICHKHU «5», HO ObUIN
JOTYIIEHbl ABa-TpU HEAOoYeTa, He Oojee OJHOW HerpyOool OmHUOKM U OJHOTO
Heovera.

— Omuenka «3» craBuTCs, ecnu paboTa BHIMOJHEHA HE MOJHOCTHIO, HO O0BEM
BBIITOJITHEHHOW YacTH TaKOB, IMO3BOJSET MOJYYUTh TPABWIBHBIC PE3yJIbTATHI W
BBIBOJIBI: €CJTU B XO/I€ MIPOBEICHUS OIbITA M U3MEPEHUI ObLIM JIOMYIIECHBI ONTHOKH.
— Omenka «2» craBUTCs, ecau paboTa BBHIMOJHEHA HE TOJHOCTHIO M 00BEM
BBIITOJITHEHHON YacTH pa0OT HE MO3BOJIAT CACTATh MPABHIBHBIX BBIBOJOB: €CIIH,
OTIBITHI, U3MEPEHUSI, BEIYUCIICHHS, HAOIIOIEHUS TIPOU3BOIMINCH HEMPABUIHHO.

Pazjnen 5. Ontuka
Tema 5.1. Ilpupona cBera

Ycrublii onpoc (YO)



. Kakyto npuponay nmeer cetr?

. [laiiTe onpenenenne IMHBI CBETOBOM BOJIHBL.

. C Kako¥ CKOpPOCTBIO CBET PACIPOCTPAHSIETCA B BAKyyMe?

. Chopmynupyite 3aKOH MPSIMOJIUHEHHOTO PACIpOCTPaHEHHUSI CBETA.

. Uto Takoe cBeTOBOM y4?

. UTO Ha3BIBAIOT YIJIOM NAAeHUsA? YTIOM OTPaKECHHUS?

. ChopmynupyiTe 3aKOHBI OTPAKEHUS CBETA, 3aKOHBI TIPEJIOMIICHHSI CBETA.
. UTo Ha3bIBAIOT a0COJIIOTHBIM (OTHOCUTEIBHBIM) MOKA3aTeNIeM MPEIOMIIECHUs?
. UTo Ha3bIBAIOT MpENEIbHBIM YTJIOM MOJHOTO OTpaXKeHUs?

. B uem paznuune cobuparommx 1 pacCenBarONINX JUH3?

. Kakast nuH3a Ha3bIBaeTCsl TOHKOM?

. Uro Takoe poKyCHOE PacCTOSIHUE JIMH3bI, ONTHYECKAs CUJIA JTMH3bI?

. Kak ocyiecTBisiercss moctTpoeHne n300paxeHus MpeIMeToB B INH3AX?

. Hanmummmre dhopmyiry TOHKOM JTMH3HIL.

. [ToueMy ri1a3 — onruyeckas cucrema?

. Kaky1o nuH3y Ha3bpIBaroT Jynon?

. UemMy paBHO yIJIOBO€ YBEJIMUEHUE JIYIIbI?

. I3 KakuxX ONTUYECKUX AIEMEHTOB COCTOUT MUKPOCKOTI?

. OT 4yero 3aBUCHUT YBEIUUYCHUE MUKPOCKOTIA?

. JlaiiTe MoHATHE pa3pelIaroIeii CrocCOOHOCTH ONTUYECKOTO Mpubopa.

. I3 Kakux ONTHYECKUX AIIEMEHTOB COCTOUT TEIECKOI-pedpakTop?

. Hanummre BeIpaskeHue 1l yIIIOBOTO YBEIUYEHUS Telleckona-pedpakropa.

0NN WN

N DN DN = = = = e e e e = = \©
N —m OO0 J1ONWDnN P~ W —=O

Konrponupyemsie komnerenunu: OK 01-OK 05; JI.1.-J1.6.;: M.1.-M.6.; T1.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

Otmetka «5»

IIOJIHO PACKPBITO COJEPKaHUE MaTepuana

YETKO Y MPABWIBHO JaHbl ONPEAEICHUS U PACKPBITO COACP/KaHUE IOHATUHI, BEPHO
UCII0JIb30BaHbl HAYYHbIE TEPMUHBI

JUIsI IOKA3aTeJIbCTBA UCIIOJIb30BaHbl PA3JIMUYHbBIE YMEHUS, BBIBOAbI U3 HAOIIOACHUH,
OIBITOB

OTBET CaMOCTOSTENbHBIHN, UCIIOJIB30BAHbBI paHEe PUOOPETEHHBIE 3HAHMSL.

OtMmeTtka «4»

PAacCKpBITO OCHOBHOE COJIEp)KaHUE MaTepraia

B OCHOBHOM TPABHUJILHO JaHBI OTIPEEIICHUS TIOHATHIH U UCIIOJIH30BaHbI HAYTHBIC
TEPMUHBI.

OTBET CAMOCTOSITCILHBIN

OTIpECIICHUS TTOHSATUI HETIOJHBIS, TOMYIISHb He3HAYUTEIIbHBIC HApYyIIICHUS
MIOCJICIOBATEIIFHOCTH U3JIOKEHUS, HEOOTBIITNE HETOYHOCTH MPH UCTIOJIb30BAaHUHT
HAyYHBIX TEPMUHOB WJIU B BBIBOJIaX U 00OOIIEHUIX



MpaBUJIbHBIC M Y€TKHE OTBETHI Ha BOIIPOCHI yTOUHSIOIIETO XapakTepa (MO3UIIUs
TTOHUMAFOIITH )

OtMmetka «3»

YCBOEHO OCHOBHOE COJIep>KaHre yueOHOro MaTepuaa, HO U3J10KEHO
(parmeHTapHO, HE BCEr/la MOCIEA0BATEIBHO

OTpeJieNIeHUs] HOHATUN HEIOCTATOYHO YETKHE

HE MCTIO0JIh30BaHbl B KAYECTBE JJOKA3aTEIHCTBA BEIBOJIBI 1 00O0IICHNUS U3
HaOJI0/IEHUH, TOMYIIEHbI OUTUOKH MPHU UX U3JI0KEHUH

JOTYIIEHBI ONTUOKK W HETOYHOCTH B UCIIOJIb30BAaHUY HAYYHON TEPMHUHOJIOTHUH,
OIPEACIICHUE TTOHSITHMN

MPaBWJIbHBIE U YETKHE OTBETHI Ha BOIPOCHI HABOSIIETO U KOHKPETU3UPYIOIIETO
xapakTtepa (MO3UIUs KPUTHK)

OrMmeTka «2»
OCHOBHOE COJIepKaHre y4eOHOTO MaTepralia He PaCKPBITO
HE JIaHBI OTBETHI Ha BOIIPOCHI HABOSIIETO U KOHKPETHU3HPYIOIIETO XapaKTepa

AOITYIICHBI FPY6BI€ OIINOKH B OIIPpCACIICHUN HOHSITPIﬁ, IIpHU UCIIOJIb30BAHUHN
TCPMHUHOJIOT'NH.

3aganusa 1js caMocTosATeIbHOI padoThl (CP)
Tembl 3cce (pedepaToB, I0KIAT0B, COOOIIEH M)

ToueyHbI ICTOYHUK CBETA.

CxopocCTh pacnpoCTpaHEHUS CBETA.
3aKOHBI OTPAKEHUS U MIPEITOMIICHHS CBETA.
[Ipuniun I 'rovirenca.

[TosmHOE OTpaxkeHue.

JIMH3LI.

[TocTpoenue n300pakeHusl B JIMH3AX.
®opmyJiia TOHKOU JIMH3BL.

. YBenu4eHHUe JTUH3HI.

10.I'na3 xak onTU4YecKast CHCTEMA.
11.0Ontryeckue npuOOpHI.

12.Cuna cBera.

13.0OcBeménHocTh. 3aKOHBI OCBEIIEHHOCTH.

CoNooaRwWNE

Kontponupyemsie komnerenmuu: OK 01-OK 05; JI.1.-J1.6.; M.1.-M.6.; T1.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:
OtMmeTtka «5»



ITOJIHO PACKPBITO COACPIKAHUEC MaTCpHalla

YCTKO U IMPAaBWIIBLHO JaHbl OIIPCACIICHUA U PACKPBITO COACPIKAHNC HOHHTHﬁ, BCPHO
HCII0JIb30BAHbI HAYYHBIC TCPMHUHBI

I 1OKa3aTCIIbCTBA UCITOJIB30BAHBI PA3JIMYHBIC YMCHUS, BBIBOABI U3 Ha6HIOII€HI/If/'I,
OIIBITOB

OTBCT CaMOCTOHTeHBHBIﬁ, HCIIOJIB30BAHBI PAHCC HpI/I06peTeHHI:Ie 3HaHMHAI.

OtmeTtka «4»

PACKpBITO OCHOBHOE COJIEp’KaHNEe MaTeprasa

B OCHOBHOM MPABWJIBHO JaHbl OMPEACICHUS MOHATUIN U UCIOJIb30BaHbl HAYUHbIE
TEPMUHBI.

OTBET CaMOCTOSTEIbHBIN

onpeAesieHUs MOHATUI HEMOJHbIE, JOMYIEHb HE3HAUUTEIbHbBIE HAPYILICHUS
MOCJIEA0BATEIIbHOCTH U3JIOKEHHU S, HEOOIbIITNE HETOYHOCTH TPH UCTIOJIb30BAHUH
Hay9YHBIX TEPMHUHOB WUJIU B BBIBOIaX U 000OIICHMSIX

MpaBUJIbHBIC M YETKHE OTBETHI HA BOIIPOCHI yTOUHSIOIIETO XapakTepa (MO3UIIHs
MTOHUMAIOUTUI )

OtMmeTtka «3»

YCBOCGHO OCHOBHOE COJIEp)KaHHE YUeOHOT0 MaTepuaia, HO U3JI0KEHO
dbparMeHTapHO, HE BCET/Ia TOCIIEeI0BATEITHLHO

OTIpEACIICHUS TTOHSATHH HEJI0CTATOYHO YETKHE

HE MCIOJIb30BaHbI B KAYECTBE JI0KA3aTEIHLCTBA BHIBOJIBI M 0000IIIEHUS U3
HAOJIFOCHUH, TOTYIIIEHBI OMTUOKU TIPU UX U3TT0KCHUH

JOTYIIEHBI OMTUOKY W HETOYHOCTH B UCTIOJIB30BAaHUHM HAYYHOW TEPMUHOJIOTHH,
OIPEACIICHUE TTOHSITHMN

PaBUJIBHBIC M YETKUE OTBETHI HA BOMPOCKHI HABOIAIIETO U KOHKPETUZUPYIOIIETO
xapakTtepa (MO3UIUs KPUTHK)

OtMmeTka «2»

OCHOBHOE COJIepKaHre yueOHOTO MaTepraia He paCKPBITO

HE JIaHBI OTBETHI Ha BOIIPOCHI HABOJISIIIETO M KOHKPETU3UPYIOIIETO XapaKTepa
JOTYIIEHBI TPYObIe OITMOKY B OTIPE/ICTICHUH TIOHATHMA, TIPH UCTIOJIb30BAaHUHT
TEPMHHOJIOTHH.

JlaGopaTopHbie padoThI

HNucTpykuuonHasi KapTa K JijabopaTopHoii padore Ne 13

Tema 3aHsATHA: ONIpEIEIECHNE NTOKA3ATENS TPEJIOMIIEHUS CTEKIIA IPH IIOMOIIH
MUKPOCKOIIA.

esab 3aHATHA: ONPEACTUTD MOKA3aTENb MPEIOMIICHUS MPO3PAYHBIX MIIACTUHOK
U3 pa3jInYHbIX MATEPUATIOB.



l'[epez[ Ha4vYaJI0M 3aHATHUSA HCOﬁXO}II/IMO 3HATb: 3aKOH IIPCIOMJICHUA CBCTA,
IMPUHIIAII pa6OTI>I MHUKPOCKOIIA.

ITocyie oxOHYAHNS 3aAHATHUS HCOﬁXO)]I/lMO YMETh: OIIPCACIIATH II0OKA3aTCIIb
IMPpCIIOMIICHU CTCKIIA.

OobopynoBanue: komneroTep, MHTEPHET, HHCTPYKLIMOHHAS KapTa.

Copepxxanue u Teopusi.

B ocHOBe npuMEHsIEMOT0 METO/1a JICKUT SIBJICHHUE KaXKyIIEroCss YMEHBIIICHUS
TOJIIIUHBI CTEKJISHHOM IIJTACTHHKH IIPH pacCMaTPUBAHUU CKBO3b HETO IMpeaMeTa-
METKH Ha HM)KHEH MOBEPXHOCTH cTekIa. CXxemMa MpoxX0oKASHUs MydKa Jydei uepes
MJIACTUHKY MOKa3aHa Ha PUCYHKE.

Cyl1iecTByeT CBsI3b MEXKY ACUCTBUTENBHOW TONIIMHON H HcciexyeMon
IJIACTUHKY, KOKYILIEHCS TOJIMMHON U NTOKA3aTENEM MTPETOMIICHHSI CTEKIIA.

Y CTaHOBUTH 3Ty CBSI3b MOXKHO U3 pAaCCMOTPEHUS X0/ JIyU€il OT TOUKU A 4epe3
CTEKJISIHHYIO IUIACTUHKY. [Ipu 3TOM npesaraercs, 4To ri1a3 HaxoAUTCS Ha TOU
HOPMAaJIH K IJIOCKOCTH IUIACTUHKHU, KOTOPask MPOXOJUT YEPE3 TOUKY A, U My4YOK

nydeit AB cOCTaBIISET ¢ HOPMAJIbIO Mallblil yron 41

VY3Kuil My4oK Jiydenl 4B nociae npenomMIeHus Ha TPaHuIIEe pa3esa IByX Cpell
BBIXOJIUT U3 IIJIACTUHKHU B BO3/IyX M COCTABIISIET C HOPMAJIBIO U €€ TOBEPXHOCTH

yroi %2 . D1ot yroiu cBs3aH ¢ yriaoM -4 uepes mokaszareib IMPEIOMIIEHHS N

TaK:

Halnronarento kaxxeTcs, 4To pacCMaTpUBaEMbIH MTy4OK JIydel UCXOAUT HE U3
TOYKU A, a U3 TOUKU A1, IPUTIOJIHATON HA HEKOTOPYIO BBICOTY AA1. PaccmarpuBast
TpeyroibHuku ABC u A1BC, MOXHO HanucaTh, 4YTO

X AN
[IpuHuMas BO BHUMAHKE, YTO YIUILI 22 1 41 Majbl, MOJKHO OTHOIIEHHE TAHT€HCOB

3aMCHUTDb OTHOICHUEM CHUHYCOB OTHX YIJIOB, T.C. IIOJYYUTH BBIPAKCHHC:!



Takum 06pa3zom, H3MEPHUB TOIIIUHY IDIACTHHKHN U KaXylrytocs Tonmuay (h=hs -
h1) MOXHO HaWTH MOKa3aTeNb MPEIOMIICHHS CTEKIIA.

Onucanne yCTAHOBKHM BUPTYAJIbHOM J1a00paTOPHOM PadoThlI.

OKCIIepUMEHTAIbHAS
yCTaHOBKa
MpEJCTaBICHA HA
pucyHke. B nesom
HIDKHEM YTy
MpEe/ICTaBICHA MaHEb
«IapaMeTpoB
IUTACTUHBD), B KOTOPOH
MOKHO MEHATh
sHaueHue H u h. [Ipasee
HAXOJIUTCS MTaHENb
BBIOOpa MaTepuaia
MJIACTUHKHU, HaM
MTOHAI00UTCST MaTepHral
TOJIBKO CTEKII0. B
KpalHEM JICBOM YTy
HAXOJIUTCA OKOIIIKO MOKA3bIBAIOIIEE TO. YTO OyI€T BUJIHO B MUKPOCKOII IIPH
W3MEHEHUE MapaMEeTPOB YCTAHOBKUA. A UMEHHO KPACHBIN U CHHUM KPECT.

Hcnonw3ys npencTaBieHHy0 yCTaHOBKY, TOCTUTAETCS 11€Th MOCTAaBIEHHOMN
1abopaTopHO pabOThI

Ilnan BbINOJIHEHHUSI 3aJaHUA:

1. [TepeitauTe mo ccwuike https://www.youtube.com/watch?v=wyi80afIXSY u
MIPOCMOTPUTE BUICOYPOK KOTOPBIN MOSCHUT, KAKMM 00pa30M MPOBOIUTCS
naboparopHas padoTa B peaibHBIX yCIOBUSIX.

2. Iepetinure no ccpuike http://mediadidaktika.ru/mod/page/view.php?id=393

U BBINOJHIUTE TIOCIEI0BATEIBHOCTh JEUCTBUU OMMCAHHBIX HIKE.

3aganue 1. Onpedenenue noxazamens npeiomieHus CmeKid.
1. 3amycTuTe BUPTYaJIbHBIA CTEHA.

2. Beibepute MaTepuain CTEKJIO.

3. 3ajaiiTe TONIMHY CTEKIAHHOM IIACTHHKM [ B cOOTBeTCTBHH, ¢ BApHAHTOM
COBMAAIOIIEM C TIOCIEHEHN (PO MO CIUCKY TPYIIIbI, OH HAXOJIUTCS B KOHIIE
JTOKYMEHTA.

4. OnpeaenuTh KaKyIIyocs TOIMMHY N CTeKIsaHHON tacTuHKH. [lepemernas

yKa3aTesb -= 10 TMOJIyYeHHs YeTKOTO CHHEr0 KPecTa B OKOIIIKE, 3aHECHUTE
nokazanue B Tabnuiry 1 — 370 Oyaer hi.



5. ¥YcranoBute Ha 10 MM BepXHUI ITOKa3aTeNIb hy M MI3MEHSNTE, TIepeMerast

yKazaTesab = 0 MOSBICHHUSI YETKOTO KPACHOTO KpecTa. 3alHuINTe MMOKa3aHus
uHaUKaTopa hy.

6. IloBTOpuTE ONBIT C IpyruMu 3HaYeHUsIMU H.

Ne i/ Marepuan H, mm| h1, MM | h2, MM = n N, | AN | &,
MM %

1

2

3

4

5

TaOnu4HbIC 3HAYCHHUS MTOKA3aTeNICH MPETOMIICHHUS HEKOTOPBIX TBEPABIX TEI

Ne /it Marepunan n

1 PyOun 1,76

2 Anmaz 2,42

3 Crekito 1,5

4 Jen 1,31

5 Cmrona 1,58

7. CnemanTe BBIBO/I.

KoHTpoJIbHBIE BOIIPOCHI.

1. Kak cBsizaHbl mokasarelib IPEJIOMIICHHS CPElibl U CKOPOCTh PaCIPOCTPAHCHUS
CBETa B HEW?

2. Haueptute X0/ iyueld B MUKPOCKOTIE.

3. Urto Takoe abCOMFOTHBIN MTOKA3aTelb MpeIoMIIeHUs cpeabl? UTo oH
XapakTepHU3yeT, OT YErO OH 3aBUCUT?

4. 3aBucuT 1 aOCOIOTHBIN MTOKA3aTENb BEILIECTBA OT TOTO, KAKUM CBETOM €T0
o0my4darot? Eciin 3aBUCHT TO Kak?

5. OOBsACHUTE ISl UETO HAZIO U3MEPSATh HATYpaJIbHYIO BETUYMHY CTEKJIA.

Hauvanesnubie JAHHBIC 110 BapHaHTaM K 3aJlaHHAM

I'pynma H, mm
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Kontponupyemsie komnerennuu: OK 01-OK 05; JI.1.-J1.6.; M.1.-M.6.; T1.1.-[1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

— OueHka «5» CTaBUTHCS, €CIIHM YYallluicsl BBIIOJIHSAET paboTy B MOJHOM 00bEME C
CcOOJIIOJICHUEM HEOOXOJMMOM MOCIeN0BAaTEIbHOCTH MPOBEJCHUS OIBITOB U
U3MEPEHHI;  CaMOCTOSITENIbHOM  pallMOHATHLHO  MOHTUPYET  HEOOXOJIUMBIE
000py0BaHKE; BCE OMBITHI MPOBOJUT B YCIOBUSX U PEKUMAX, 00ECIECUNBAIOIINX
NOJIyYEHUE TPABUIIbHBIX PE3YJIBTATOB U BHIBOJIOB; COOIOIAET TPEOOBAHUS MTPABUII
0€30MacHOCTH TPYy/Aa; B OTYETE MPABUIBHO M aKKypaTHO BBIMOJHSET BCE 3aIUCH,
TaONMUIbI, PUCYHKH, YEPTEXKH, Tpa(uKH, BBHIYMCICHUS; MPABUIBHO BBIMOJIHSIET
aHaJIn3 MOTPEIIHOCTEM.

— Ouenka «4» CTaBUTCS, €CIH BBIMOJIHEHBI TPEOOBaHMS K OLEHKU «5», HO ObUIH
JOIyIIEHbl JBa-TpU HEAOYeTa, He Oojee OJHOW HErpyOool OMMOKH U OIJHOIO
HE/I0YeTa.

— Onenka «3» cTaBUTCS, €ciau padoTa BBHINOJHEHA HE IMOJHOCTHIO, HO 00BEeM
BBIMIOJTHEHHOM YacTH TaKOB, IO3BOJISIET MOJYUYWUTh IMPaBUWIbHBIE PE3yJNbTAThl U
BBIBOJIBI: €CJTU B XOJI€ MIPOBEICHUS OIbITa U U3MEPEHHA OBLITN TOMYIIICHBI OTHOKH.
— OueHka «2» CTaBUTCS, €ClIM padoTa BBIIOJIHEHA HE IOJHOCTbIO U O0BEM
BBIIMIOJTHEHHOM 4acTH pabOT HE MO3BOJIAT CHENATh MPABUIIbHBIX BBIBOJOB: €CIIH,
OTIBITBI, U3MEPEHUS], BEIUMCIEHUS, HAOIIOIEHUS TPOU3BOAMINCH HEMTPABUIIBHO.

Tema 5.2. BosiHOBOE CBOMCTBO CBeTa

Ycrubii onpoc (YO)



P OO0 ~NON DNk~ Wi —

. Uro Ha3bIBaroT uHTEpdepeHimen ceera?

. Kakure BOJIHBI HA3bIBAIOT KOT€PEHTHBIMU?

. Chopmynupyiite ycaoBuE€ MAKCUMyMOB U MUHUMYMOB UHTEP(PEPEHITUU.
. UTO Takoe ONTUYECKU U T€OMETPUIYECKHI Ty Th cBETa?

. Kak 00BbsCHUTH 11B€Ta TOHKUX TJICHOK?

. UTo Takoe mpOoCBETIIEHHAs ONTHUKA?

. Uro HazbIBaroT qudpakiueii ceera?

. [Ipu xakux ycnoBusix oHa Habmomaercs?

. O0BsicHUTe TG PAKITAIO HA OTHOMN IIIEIIH.

0.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

Chopmynupyiite ycnoBue IIaBHBIX MAKCUMYMOB NIPU JU(PPAKIIUU HA PELIETKE.
YT0 NOHMMAIOT N0/ pa3peIiaoell CIOCOOHOCTIO JUPPAKIIMOHHON peleTKn?
Kakoii cBeT Ha3bIBatOT ecTecTBEHHBIM? [lonsipu3oBaHHBIM?

Cdopmynupyiite 3akoH bproctepa.

Kakue crioco0sl 1osrydeHus NoJaspu30BaHHOTO CBETA BaM U3BECTHBI?

Urto Ha3bIBAIOT AucHepcueii ceera?

Yro Takoe cuekTp?

Kakue cymiecTByIOT INHUN CIEKTPOB U3ITYUYEHUs?

Kakue BemiecTBa 1ar0T CIUTOMIHONW CIIEKTP?

Kakue BeniecTBa 1ar0T JIMHEWYATHIH, IOJI0CATHIA CIEKTPHI?

Pacckaxxute 00 ynpTpauoieTOBOM U3TYyUYEHUH U €r0 CBOMCTBAX.

Pacckaxurte 00 nH(pakpacCHOM U3TyYEHUHU U €ro CBOMCTBAX.

YTo Ha3BIBAIOT CIIEKTPAIBHBIM aHATU30M?

Yro Takoe ¢ppayHrodhepoBbl TUHUU?

KakoBbI Ipupo1a 1 CBOMCTBAa PEHTIEHOBCKUX JIyyen?

Konrponupyemsie komnerenuuu: OK 01-OK 05; JI.1.-J1.6.;: M.1.-M.6.; T1.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun oneHkwu:
OrMmeTka «5»

I10

JIHO PACKPBITO COACPIKAHHNEC MATCPpHUAJIa

YCTKO U IMPAaBHUIIBHO JaHBbI OIIPCACIICHUA U PACKPBITO COACPIKAHUC HOHHTHﬁ, BCPHO
HCIIOJIb30BAHbI HAYYHBIC TCPMUHBI
AJIsL 1OKA3aTCIIbCTBA HUCITOJIB30BAHBI PA3JIMYHBIC YMCHUS, BBIBOABI N3 H&6HIOI[CHPII>'I,

oIl

BITOB

OTBCT CaMOCTOHTCHBHLIﬁ, HCIIOJIB30BAHBI PAHCC HpI/IO6peT€HHLI€ 3HaHMHAI.

OrMmeTka «4»
PAacCKpBITO OCHOBHOE COJIEp)KaHUE MaTepraia

B OCHOBHOM NPABUJILHO JaHbI ONPENETIEHUS MOHATHI U UCIIOJIb30BAaHbl HAYYHBIE
TEPMHUHBI.

OTBET CAMOCTOSTEIbHBIN



ompee/ICHHs TTIOHSATUN HETIOJHbIEe, TOMYIIIEHbl He3HAYUTEIIbHbBIC HAPYIITISHUSI
MOCEI0BATEILHOCTU U3JI0KEHUSI, HEOOJIbIIINE HETOYHOCTH MIPU UCIIOIb30BAHUHU
Hay4YHBbIX TEPMHUHOB WJIM B BBIBOJaX U 0000IIEHUSIX

MPaBUJIbHBIE U YETKHE OTBETHI HA BOMIPOCHI YTOUHSIOIIETO XapakTepa (MO3ULIHs
MTOHUMAIOIITUA )

OtmeTtka «3»

YCBOCHO OCHOBHOE COJIEp>KaHUE Yy4eOHOT0 MaTepuaia, HO U3JI0KEHO
dbparMeHTapHO, HE BCEr/ia MOCIe0BaTEILHO

onpee/ieHHs TIOHSATUNA HEIOCTATOYHO YETKUE

HE MCIO0JIb30BaHbI B KAYECTBE JI0KA3aTEILCTBA BHIBOIBI M 0000IIEHNUS 13
HAOJIIOACHUH, TOMYIIEHbI OIIMOKU MPU UX U3TT0KEHUH

JOMYIIEHbI OIIMOKM M HETOYHOCTH B UCIHOJIb30BaHUM HAYYHOW TEPMUHOJIOTHUH,
onpeielieHUe MOHATHH

IpaBUJIbHBIE U YETKUE OTBETHI Ha BOIIPOCHI HABOSIIETO M KOHKPETU3UPYIOIIETO
xapakrtepa (MO3UIUs KPUTHK)

OtMmeTka «2»

OCHOBHOE€ COJIep>KaHHe Y4eOHOro MaTepualia He pacKphbITO

HE JIaHbl OTBETHI HA BOIIPOCHI HABOJISIIIIETO U KOHKPETUZUPYIOIIETO XapaKkTepa
JOTYIIEHBI IPyOble OMMOKU B ONPECICHUN MTOHATUM, IPU UCTIONTB30BaHUHU
TEPMHUHOJIOTHH.

3aganusa st camocrositesibHOUM padoTsl (CP)
Tembl 3cce (pedepaToB, IOKIAT0B, COOOIIEHMIH)

WNnTepdepennus cpeta.

KorepeHTHOCTb CBETOBBIX JTy4Eeil.
WNnuTepdepeniius B TOHKHUX IUIEHKAX.

Koussa HeroTona.

Hcnonws3oBanue untepdepeHIun B HayKe U TEXHUKE.
Hudpaxius cera.

Judpakius Ha 1e1u B HapajuIeIbHbIX JTydax.
JudpakquoHHas peleTKa.

. IlonsTue o ronorpadumu.

10 [Tonsgpuzanus nonepeyHbIX BOJIH.
11.Tlonsipusarnus cBera.

12.JIBoiiHoe mydernpenomiIeHue.

13.Tlonsipouss.

14. lucnepcus cBeTa.

15.Bunbl u3nydeHuil.

16.Buapl ciekTpos.

CoNoarwdE



17.CuexTpsl UCITyCKaHHUs.

18.CrexTpsl NOTIIOIIECHHUS.

19.CrniekTpanbHbIil aHATU3.
20.YnpTpadmoneToBoe U3IyUeHHE.
21.NudpaxpacHoe U3mydeHue.

22.PentrenoBckue rydn. VIX mpupoaa v CBOWCTBA.
23.1lIxana >1eKTPOMArHUTHBIX U3Ty4YCHUN.

Konrtponupyemsie komnerenuuu: OK 01-OK 05; JI.1.-J1.6.;: M.1.-M.6.; T1.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepuu oneHkwu:

OtMeTKa «5»

IIOJTHO PACKPBITO COJIEp’KaHUE MaTepuaia

YETKO Y MPABWIBHO JaHBI OTIPEICIICHUS U PACKPBITO COACP)KaHUE TTOHATHH, BEPHO
WCITOJIh30BaHbl HAYYHBIC TEPMHHBI

JUTS JI0Ka3aTeNIbCTBA MCIIOIb30BaHbl PA3IUYHBIC YMCHUS, BBIBOJIBI M3 HAOJFOICHHIA,
OIILITOB

OTBET CaMOCTOSTEIIbHBIN, UCIIOIb30BaHbI paHee MPUOOPETEHHBIC 3HAHUS.

OtMmeTtka «4»

PACKpBITO OCHOBHOE COJIEpKaHUE MaTepuaia

B OCHOBHOM MPAaBWJILHO JaHbl ONIPEACICHUS TOHATUN U UCIIOJIb30BaHbI HAyYHBIC
TEPMUHBI.

OTBET CaMOCTOSTCIILHBIN

omnpee/ieHUs TIOHATUN HETIOJIHbIS, TOMYIIEeHb He3HAUUTEIbHbBIC HAPYILICHUS
MOCJIEA0BATEILHOCTH U3JIOKEHHU S, HEOOIbIITNE HETOYHOCTH TPU UCTI0JIb30BAHUU
HAyYHBIX TEPMUHOB WJIU B BBIBOJIaX U 000OIIEHUIX

MPaBUWIbHBIE M YETKHE OTBETHI HA BOMIPOCHI YTOUHSIONIETO XapakTepa (MO3UIIHs
MMOHUMAIOIIUN )

Otmetka «3»

YCBOEHO OCHOBHOE COJIep>KaHue y4eOHOTO MaTepuaia, HO U3JI0KEHO
dbparMeHTapHO, HE BCET/Ia TTOCIEI0BATEITHHO

ONPEAEIICHUS TTOHATUN HETOCTATOYHO YETKUE

HE UCIO0JIb30BaHbI B KAYECTBE JI0KA3aTEIHCTBA BBIBOIBI U 0000IICHUS U3
HaOJII0ICHUH, TOMYIIEHBI OMMOKHU MIPU UX U3T0KECHUU

JOTYIIEHBI OMTUOKK W HETOYHOCTH B UCTOJIB30BAaHUHM HAYYHON TEPMUHOJIOTHUH,
OTpEJIETICHUE TTOHATUI

MPaBUJIbHBIE U YETKUE OTBETHI HA BONPOCHI HABOSILIETO U KOHKPETU3UPYIOIIETO
xapakrtepa (Mo3UIUs KPUTHK)

OrMmeTka «2»
OCHOBHOE COJIepKaHre yueOHOTO MaTepraia He paCKPBITO



HE JTaHbl OTBETHI HAa BOIPOCHI HABOSAILIETO U KOHKPETU3UPYIOLIETO XapaKkTepa
JOMYIIEHBI IPyOble OMMOKY B ONPECICHUN MTOHATUM, IPU UCTIONB30BaHUHU
TEPMUHOJIOTUU.

JlaGopaTopHbie padoThI

HNucTpykuuonHasi Kapra K jJadoparopHoii padore Ne 14

Tema 3aHATHS: U3MEPCHUE JJIMHBI CBETOBOM BOJIHBI C TIOMOIIBIO TU(DPAKITMOHHON
PEIIETKH.

Ieab 3aHATUA: U3MEPUTH JUTMHY CBETOBOM BOJIHBI C IMOMOIIBIO TU(MPAKIIMOHHOM
PELIETKHU.

Ilepen HavyanomM 3aHATHA HeO0XO0JAMMO 3HATh: YTO TAaKOE€ JJIMHA CBETOBOM
BOJIHBI, ONpeIeNIeHne JUPPAKIIMOHHON PEIIETKU U MPUHIUII €€ ICHCTBHSL.

Ilocsie OKOHYAHMSA 3aHATHSA HEOOXOAUMO YMETh: OIIPEACIATH JUIMHY CBETOBOU
BOJIHBI C IOMOIIBIO AU(PPAKITHOHHOM PEIICTKH.

OobopynoBanue: koMneroTep, HTEPHET, HHCTPYKLIMOHHAS KapTa.

Conep:xkanue u Teopusi.

HubpakmonHas peeTka NIpecTaBaseT co00il COBOKYMHOCTh OONBIIOTO YWCIIa
OYEeHb  Y3KUX  TMapaUieJbHBIX  IIEJIel, pa3leNeHHbIX  HEeMpO3pauyHbIMU
npoMexxyTkamu. OOmias IMMpUHA METM W HEMPO3payHOro  MPOMEXKYTKa
Ha3bIBAETCS TEPUOJOM pemieTku. Hampumep, ecimv Ha AUQPPAKITMOHHOW PEIIeTKE
umeercs 100 mrpuxoB Ha 1 MM, To mepuon audpakuuoHHo pemerku < =0,01
MM.

Ha pucynke mpejcraBiieHa cxeMa xoja jJydeid yepes pemerky. Jlyuu, npoxoasiye
yepe3 peUIeTKy IEpPIEHIMKYISIPHO €€ IIOCKOCTH, IIOMajaloT B  3padyok
HaOIromarenst 1 00pa3yroT Ha CeTYaTKe Iia3a 0ObIYHOE M300paKeHHUEe NCTOYHHKA
cBeta. Jlyuu, ormbaromme Kpas IIejed peneTKd HWMEIT HEKOTOPYIO Pa3HOCTh
X0J1a, 3aBUCAIIYI0 OT yriia « . Eciu 3Ta pa3HOCTh MPOIOPIHOHANIBHA #- , T/IE 4 -
IIeJI0e YUCIIO, TO KaKJas Takas mapa Jydeil oOpa3yeT Ha cerdarke M300pa)KeHHe
HCTOYHHKA, [IBET KOTOPOTO OMPEACIIICTCS COOTBETCTBYIONICH JJTUHOMN BOJIHBI » .

% C MOTpsT CKBO3b pEIICTKY Ha HWCTOYHHK
\ oY Y Y cBera, HaOdIOJaTenb,  KPOME  ITOTO
YR B d | wucrounmka, BUJTUT pacIooKeHHBIC
\\ A | cummerprmyHO MO 00€ CTOPOHBI OT HETO

nudpakiMOHHbIE CTIeKTphl. birokaiiiias napa
cnekTpoB (1-ro mopsiika) COOTBETCTBYET
pa3HOCTM  XOJa  JIy4€MW, PpaBHOU » JUIA
COOTBETCTBYIOLIEro TOHA. bornee ynaneHHas




rapa CIeKTpoB (2-Tro MopsIKa) COOTBETCTBYET PA3HOCTH XO/Jia JIydel paBHOU 2> U
T.J.

Buenrnuii Bua yCTaHOBKH, JJI ONpEAEICHUS JUIMHBI CBETOBOM BOJIHBI M300paxeH
Ha puc. 2.

Ha onrnyeckor ckambe MOXKET NEPEABUTATHCS
( IUtacTWHa, B KOTOpOW TIpope3aHa  IICib

npsmosiHeiiHon — Qopmbl.  [log  mienwro

yKperuieHa 1mkana ¢ genenusmu.  lens
OCBEIIACTCS  DJIEKTPUYECKOW  JIAaMIOYKOM, MEXKAY JIAMIIOYKOM H  IIEJBIO
BCTABJISICTCS MOHOXPOMATHYECKUH CBETOPMIBTP. B ApyroMm KoHIlE ONTHYECKOUN
CKaMbHM YKpeIUIEH JepxaTenb P, B KOTOpbIA BCTapiserca audpakiMoHHas
peumierka. Ecmu cMOTpETh Ha OCBEIIEHHYK) MOHOXPOMAaTHYECKHUM CBETOM IIEIb
gepe3 MUQPPAKIMOHHYIO PEIIeTKy, TO KpoMe Imend 1o OoKaM BHIHBI
cuMMeTpuuHbIe n300pakenus ee. Kaxxnoe 60koBoe audpakiimoHHOE H300paKeHUE
CMEIIIEHO B CTOPOHY HA BEJIWYUHY

Ha puc.2 nzo0paxensl iyuu, 00pa3ytolpe n300pakeHHbIE SN, OYEBUIHO:

, e R-paccTosinue oT pemieTku Jo menu M.

ﬂ] Tak kak yrom <«
A S ll3 S ,lez Mall, TO
MOYKHO c
1 1 I | 1 1 1 | TOCTaTOYHOH
4 3 2 1 0 1 2 3 4crenensro
TOYHOCTHU
U A, 3aMEHHUTh ,

B

T.C.

CpaBHHBas TOCIEIHEE BBIPAKEHHUE C YCIOBHEM TJIABHOTO JH(PPAKITHOHHOTO
MaKCUMyMa MOJIy4aeM pacueTHYI0 GOpMyIIy:



O nucanme
YCTAaHOBKH
BUPTYAJbLHOU
J1a0opaTopHOit
padoThL.

DKCIepUMEHTAIbH
asi yCTaHOBKa
MpEACTaBIICHA HA
pucyske. B
KpaHEM HUKHEM
IIPaBOM YTITY
MaHEeJb «CTIEKTPY,
MO>KHO BBIOMPATH
CBETO(UIIBTP OT
KpPacHOTO JI0
¢broIeToBOrO.

BHI/I3y CJICBA PACIIOJIOKCHA IMaHCIb «PACCTOAHUC OT PCHICTKH 0 SKpaHa),
KOTOPYIO €CJIN MCHATBb MCHACTCA PACIIOIOKCHUC PCHICTKH B OKHC BBIIIIC CIIpaBa.
OKHO TIOKa3bIBACT KaK MCHSCTCS PpacCIIOJI0XKCHUC JIMHEUKHU IIpHu IBUKCHHUHU
OTHOCHUTCIIbHO PCIICTKH.

Ilnan BbINOJIHEHHUS 3adaHUA:

1. I[TepeitauTe mo ccwuike https://www.youtube.com/watch?v=VPE9is9f d0 u
IIPOCMOTPUTE BUICOYPOK KOTOPHIM MOSCHUT, KAKUM 00pa30oM IIPOBOIUTCS
nabopaTopHas paboTa B peaIbHBIX YCIOBHSIX.

2. Iepetiaure o cepuike http://mediadidaktika.ru/mod/page/view.php?id=397
U BBITTOJIHANTE IMOCIEI0BATEIILHOCTh JEMCTBUYM OMMMCAHHBIX HUXKE.

3ananue 1. I3MepeHue JUIMHBI CBETOBOM BOJHBI C MOMOIIBIO JUPPAKITMOHHOM
PELIETKH.

1. 3amycTuTh BUPTYaJIbHBIN CTEH.

2. IlomecTuTe MIKay Ha PacCTOSIHUE Ror T pakIMOHHON pereTku. Bo3smute
NOCJIEA0BATENBHO 3HaYEHHS R, B COOTBETCTBUH, C BAPUAHTOM COBMAJAOLIEM C
mocieaHel nudpoit o CIHUCKy TPYIIIbI, OH HAXOIUTCS B KOHIIE JJOKYMEHTA,

3. BriOepute cBeToprIIbTp HAUMHAS C KPACHOTO, U TIO IIKAJIE [IUTKA,
paccMaTpuBaeMOi 4epe3 pelieTKy, ONpeaeIUTe PacCTOSHUE OT IIENIH 10
Ha0JIr01aeMOM JTMHUH 1-T0 Topsiaka (paccTosHue -5 ).

4. Pe3ynbTaThl U3BMEPEHUN 3aHECUTE B TaOIUILy 1.

5. Te e n3mepeHus MPOBENUTE IS JIyUEH IPYTOro LBETA.

6. Onpeaenure JUIMHY CBETOBOW BOJIHBI JUTSL BCEX IIBETOB JIy4eH U 3aHECUTE
B Ta0IUILy.



[Topsinox

PaccrosiHue oT pemeTku 10

Paccrosiaue ot

JlInHa CBETOBOM

J— mkansr 2, M npope3un BOJIHBI,
IIKAJIBI 10 TUHUH S A~ M
CIIeKTpa
: M
Vs
K|O| X I'Cl|D|K|IO|XK|3|T|C| D
1

Cpennee 3HaueHne

JJINHBI BOJTHBI

7. CnemanTe BBIBO/I.

KoHTpoJIbHBIE BOIIPOCHI.

1.
2.
3.

Kaxkue BoHBI Ha3bIBalOTCS KOFepCHTHBIMI/I?

Yro HazbiBaeTcs audpakuueit ceera? OObICHUTE 3TO SIBJICHUE.

Kaxkosn MMOPAJ0K CIICAOBAHUA IIBCTOB B III/Id)paKHI/IOHHBIX CHCKTan? KakoBa

OKpackKa HyJIEBOTO MaKCUMyMa?

Yem otnuyaroTcst 1udpakiiiOHHbIE KAPTHUHBI TPU OCBEIIEHUH PEIIETKH
MOHOXPOMAaTHYECKHUM CBETOM U OeJibiM CBETOM ? OOBICHUTE ITH SIBJICHUS.

Urto Takoe nHTepdepeHnus ceera? YUacTByeT JIM 3TO SBICHHE IPH
o0pa3oBaHuM THU(PPAKIIMOHHOTO CTIICKTPA Ha SN WU PelIeTKe?

Kax onpenenuTs AJIMHY CBETOBOM BOJIHBI C MOMOIIIBIO AU(PPAKIIUOHHOM
pemeTku?

Ha4vanbHbie JAHHBIC I1I0 BapHaHTaM K 3aJlaHUAM

['pynna R, cm
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10 60

Kontponupyemsie komnerenuunn: OK 01-OK 05; JI.1.-J1.6.; M.1.-M.6.; T1.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun onenku:

— OueHka «5» CTaBUTHCS, €CIIH YUAIIUHCS BBITOTHSIET pabOTy B MOJHOM OOBEME C
COOMIOICHNEM HEOOXOAMMOW TOCIENOBATEIbHOCTH TPOBEACHUS OINBITOB U
U3MEPEHU;  CaMOCTOSITENIbHOM  pallMOHATBHO  MOHTUPYET  HEO0OXOJUMBbIe
000py/0BaHKE; BCE OMBITHI MPOBOJUT B YCIOBHUSX U PEKHUMAX, 00ECICUNBAIOIINX
MOJIyYEHUE PaBUIIbHBIX PE3YJIBTATOB U BBIBOJIOB; COOIIIOIaeT TpeOOBaHUS TIPABUII
0€30MacHOCTH TPyJa; B OTYETE MPABUJIIBHO U aKKypaTHO BBITIOJIHSET BCE 3aIlHCH,
TaONMUIBI, PUCYHKH, YEPTEXKH, Tpa(uKH, BBHIYUCICHUS; MPABUIBHO BBITIOIHSIET
AHaJIN3 [IOTPEIIHOCTEM.

— OueHka «4» cTaBUTCS, €CJIM BBIOJIHEHBI TPEOOBaHMS K OLEHKU «5», HO ObUIH
JOMyLIEHbl ABa-TpU Hemo4eTa, He Ooiee OJHOM Herpy0oil OMMOKH M OJHOTO
HEeZoYeTa.

— OueHka «3» cTaBUTCA, €cau padoTa BHIITOJHEHA HE MOJHOCTbIO, HO 00bEM
BBIMIOJIHEHHOM YacTW TaKOB, MO3BOJIAET MOJYYUTh IMPABUJIbHBIE PE3yJbTaThl U
BBIBO/IBL: €CJIM B XOJI€ MTPOBEICHUS OIbITa U U3MEPEHUI ObUIM JOMYIIEHbI OIINOKH.
— OrmeHka «2» CcTaBUTCS, €ClIu paboTa BBIMOJHEHA HE TOJHOCTHIO U 00BEM
BBIMIOJIHEHHOM 4YacTu pabOT HE MO3BOJAT ClENaTh MPaBUIIbHBIX BBIBOJIOB: €CIIH,
OTIBITHI, U3MEPEHHUSI, BHIUUCICHHS, HAOIIOIEHUS IPON3BOANINCH HETTPABUIBHO.

JlabopaTopHbie padoThI
JlabopaTopnasi padora Ne 15

Ieab padoThl: ¢ TOMOIIBIO HEOOXOAUMOTr0 000PYJOBaHMS HAOIIOAATh CIUIOIIHOM
CIIEKTpP, HEOHOBBIH, TEIIMEBBIA WIIH BOJOPOIHBIN.

OGopyaoBaHue: IPOCKIIMOHHBIA anmapar, CleKTpalbHbIe TPYOKH C BOJOPOIOM,
HEOHOM WJIU T€JIUEeM, BHICOKOBOJIBTHBIA UHYKTOP, HCTOUHUK MMUTAHMUS.












Konrponupyemsie komnerenuun: OK 01-OK 05; JI.1.-J1.6.; M.1.-M.6.; T1.1.-[1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

— OreHKa «5» CTaBUTHCS, €CIIA YYAIIMICS BBIMOJIHIET paboTy B MOJHOM 00BEME C
coONoIeHeM HEOOXOJAMMOUM TOCIEIOBATEIbHOCTH TPOBENIEHUSI ONBITOB U
U3MEPCHHI;  CaMOCTOSITCNILHOM  pallMOHAIBHO  MOHTHPYET  HEOOXOIMMbIC
000pyI0BaHKE; BCE OMBITHI IIPOBOJUT B YCIIOBUAX U PEKUMAX, 00CCIICUMBAIOIINX
MOJTyYCHHE MTPABIIIBHBIX PE3yJIbTaTOB M BBIBOJIOB; COONIOIaeT TPEOOBAHUS TTPABHII
0€30MacHOCTH TPYJla; B OTYETE MPABWIILHO M aKKypPATHO BBIMOJIHSAET BCE 3allHCH,
TaOJUIBI, PUCYHKH, YEPTEXKH, TpapUKH, BBIUMCICHHS, MPABHIBHO BBIMTOJHSICT
aHAJIN3 MMOTPEITHOCTEM.

— OneHka «4» CTaBUTCS, €CJIM BBIMOJHEHBI TPEOOBAHMS K OIEHKU «S5», HO ObUIH
JOMYIIEHBl JBa-TPH Heao4era, He Ooiee OJHON HErpyOoOd OmHMOKH W OJHOTO
HeloverTa.

— Omnenka «3» CTaBHTCS, €CM paboTa BBHIMOJHEHA HE IOJIHOCThIO, HO O0BEM
BBIIMTIOJTHCHHOM YacTH TaKOB, ITO3BOJISICT TOJYYWUTh IPaBWIBHBIC PE3yJIbTaThl U
BBIBO/JIBI: €CJIU B XOJI€ ITPOBEICHUS OIBITa U U3MEPCHHIA OBLIN JIOMYIIICHBI OITHOKH.
— Omenka «2» CTaBUTCS, €clid paboTa BBITIOJHEHA HE IOJHOCTHIO M 00BEM
BBIITOJTHCHHOM YacTH pa0OT HE TMO3BOJAT CIENaTh NPAaBUIBHBIX BBIBOJIOB: €CIIH,
OTIBITBI, U3MEPCHHUSI, BBIYHCIICHNS, HAOTFOICHUS TIPON3BOAIINCH HETTPABUIIHHO.

Tema 5.3. CnenmnaJjibHasi TeOpHsi OTHOCUTEIHLHOCTH



Ycrublii onpoc (YO)

. Chopmynupyiite 3akoH bproctepa.

. Kakue cnocoObl mostydeHus Noiasipru30BaHHOTO CBETA BaM U3BECTHBI?

. UTo Ha3bIBaIOT AucCIiepcuei crera?

. Uto Takoe cnekTp?

. Kakue cyiiecTByIOT JUHUU CIIEKTPOB U3ITyUYEHUs?

. Kakue BeniecTBa Aal0T CIJIONIHOM CIIEKTP?

. Kakue BeniecTBa AatoT JIMHEWYATHIN, MOJIOCATHIA CHEKTPHI?

. Pacckaxxute 00 yinbTpadnoseToBOM U3TyUYE€HUH U €0 CBOMCTBAX.
. Pacckaxkute 00 mH(ppaKpacCHOM H3TyUYE€HUU U €T0 CBOMCTBAX.

10. YTo Ha3bIBAIOT CHEKTPAIbHBIM aHATU30M?

11. Yto takoe ppayHropepoBbl TUHUU?

12. KakoBbI pUpo/ia U CBOMCTBA PEHTTC€HOBCKUX JIyUeil?

O 01O kLN

Konrtponupyemsie komnerenuuu: OK 01-OK 05; JI.1.-J1.6.;: M.1.-M.6.; T1.1.-TL.7.;
JIP2, JIP4, JIP23. JIP30

Kpurepun ouenku:

OtMmeTka «5»

MTOJTHO PACKPBITO COJIEp KaHNE MaTeprasa

YETKO W MPABWIBHO JaHBI OTIPEICICHUS U PACKPBITO COACP)KaHUE TTOHSATHH, BEPHO
WCITOJIb30BaHbl HAYYHBIE TEPMUHBI

JUTSL I0KA3aTeNIbCTBA MCTIOIB30BAHBI PA3IUIHBIC YMEHUS, BBIBOIBI U3 HAOIOICHUH,
OITBITOB

OTBET CAMOCTOSTEILHBIN, HCITOJIb30BaHbI paHee MTPUOOPETCHHBIC 3HAHMSI.

OtMmeTka «4»

PaCKpBITO OCHOBHOE COJIEpKaHUE MaTepuaia

B OCHOBHOM MPABWJILHO JaHbl OMPEACICHUS MOHATUIM U UCIOJIb30BaHbl HAYUHbIE
TEPMUHBI.

OTBET CaMOCTOSTEIILHBIN

ONpeAe/ICHUs IOHATUI HEOJHbIE, JOMYIECHb HE3HAYUTEIIbHbBIE HAPYILICHUS
MOCJIE0BATEILHOCTH U3JI0KEHUSI, HEOOJbIIINE HETOYHOCTH MIPU UCIOJIb30BAHUU
Hay4YHBIX TEPMUHOB WJIM B BBIBOJAX M 000OIICHUSIX

MPaBUJIbHBIE U YETKHE OTBETHI HA BOMIPOCHI YTOUHSIOIIETO XapakTepa (MO3ULIHs
MTOHUMAFOIITU )

Otmetka «3»

YCBOEGHO OCHOBHOE COJIepKaHne y4eOHOTO MaTepurana, HO U3JI0KEHO
(parmeHTapHO, HE BCEr/ia MOCIEA0BATEIBHO

oTpeieNieH s IOHATUH HETOCTaTOYHO YETKHE

HE MCTIO0JIh30BaHbl B KAYECTBE JJOKA3aTEIHCTBA BEIBOJIBI 1 0000IICHHUS U3
HaOJI0/IEHUH, TOMYIEeHbI OLIMOKH TPU UX U3TI0KEHUHU



JOTMYIIEHBI OITMOKM U HETOYHOCTH B UCIOJIB30BaHUM HAYYHON TEPMUHOJIOTHUH,
ONPEJIETICHUE TTOHATUI

PAaBUJIbHBIE U YETKUE OTBETHI HA BOIPOCHI HABOSILIETO U KOHKPETU3UPYIOIIETO
xapakrtepa (Mo3UIUsl KPUTHK)

OtMmeTka «2»

OCHOBHOE COJICpKaHHE Y4eOHOI0 MaTepuaa He pacKpPhITO

HE JIaHBI OTBETHI Ha BOIIPOCHI HABOJISIIETO M KOHKPETU3UPYIOIIETO XapaKkTepa
JOTYIIEHBI TPYObIC OITMOKY B OTIPE/ICIICHUY TIOHSATHIA, TTPH UCTIOTb30BaHUH
TEPMHHOJIOTHH.

Tectuposanue (T)
I Bapuanr.

1. Yo Takoe cBet?
a) ATO M3IIYYCHHE, PACIIPOCTPAHSIIONIEECS OT JIOOBIX HATPETHIX TE;
0) 3TO U3IIyYCHHE, BOCIIPHHUMAEMOEC IJ1a30M, T.C. BUIMMOC U3IyUCHHE.

2. B ueMm cocTouT 3HaUYeHNE CBETA B HAIICH KU3HU?

a) o1 ICWCTBUEM CBETa M TeIjla Ha 3eMJyie BOSHUKIIA KU3Hb;

0) CBET — CpEeICTBO BUACHUS;

B) CBET — Ba)KHEMIIIEe CPEICTBO MTO3HAHUS TIPUPOIBI;

') CBET — aKTHUBHBIA YUYACTHHK Pa3INIHBIX (PU3HUECCKUX SBJICHHIA,
1) JeATEeILHOCTh YeJIOBEKa 3aBHCHUMa OT CBETA.

3. Kakue kpymHbIe Hay9HBIC OTKPBITUS 0053aHBI CBETY?

a) OTKPBITUE 3aKOHOB JIBUYKEHUS TUIAHET;

0) OTKPBITHE CTPOCHUS KIETKU KUBBIX OPTAHU3MOB;

B) OIIpECIICHUE CTPYKTYPhl METAIIJIOB,;

I') oIpe/iesieHne XUMMUIeckoro coctaBa CoJlHIIA U APYTUX HEOECHBIX Tel.

4. 'eoMeTpUUECKOM ONTUKOMN HA3bIBACTCS Pa3/iei ONTHUKH, B KOTOPOM. ..

a) M3y4aroTCs 3aKOHBI PaCIPOCTPAaHEHUS B IIPO3PAYHBIX CpeJlaX CBETOBOM dHEPTHHU
Ha OCHOBE MPEJICTaBICHUSI O CBETOBOM JIyUe;

0) rimy0oKo paccMaTpHUBAIOTCS CBOMCTBA CBETA U €TI0 B3aUMOJICHCTBUE C
BEILIECTBOM.

5. OCHOBOTIOJIOKHUKOM KOPITYCKYJISIPHOM TE€OPUH CBETa OBLI. ..
a) Pemep;

0) HerotoH;

B) Makcsen;



r) ApUCTOTEIb;
1) I'tolirexc.

6. JIBOMCTBEHHOCTh CBOMCTB (KOPITYCKYJISIPHO-BOJIHOBOM Jyajanu3M) IIPUCYIIA. ..
a) TOJBKO CBETY;

0) TOJTBKO MUKPOCKOIIMUECKUM TeJlaM;

B) J11000# popme maTepuu.

7. KTo BIiepBBIC ONIPEACIIII CKOPOCTh CBETa?
a) MalikenbCoH;

0) lNanmuneit;

B) Pemep;

r) ®uso.

8. UeM 00OBsICHSIICS yCIIEX aCTPOHOMHYECKOTO METO/1a U3MEPEHUsSI CKOPOCTH Tema?
a) numxenueM FOnurepa Bokpyr ColHIla;

0) MPOXOJIUMBIE CBETOM PACCTOSIHUS ObUTH OYEHb BEIUKH;

B) TEM, UTO CBET JIFOObIE PACCTOSHUS TIPEOI0TIEBAECT MIHOBEHHO.

9. B yeM cynIHOCTh METO/Ia ONPEETIECHU CKOPOCTH CBETa B onibITe Pu30?
a) 1151 U3MEPEHUSI BDEMEHH PacCIpOCTPAHEHUs CBETA UCIIOIb30BATIOCH
BpaLIAIOLIEECs 3€pKaJIO;

0) IJ1s1 M3MEPEHUsT BPEMEHU PacpOCTPaHEHUS CBETa HCIOIb30BaJICA
“mpepniBaTeNh”’ — Bpallaroiieecs 3yo4aToe KoJieco.

10. YUto Ha3bIBaeTCA CBETOBBIM J1y4OM?

a) TEOMETPUUECKOE MECTO TOUEK, UMEIOIINX OJJMHAKOBBIE (ha3bl B MOMEHT
BPEMEHU;

0) MUHUSA, YKa3bIBAOIIIAs HAPABIICHUE PACIIPOCTPAHECHUS CBETOBOW DHEPTHUU;
B) BooOpakaemasi JIMHHUS, apajuiesibHast PpOHTY pacpoCcTpaHEHUs! CBETOBOMN
BOJIHBI.

11. Tenn, orOpomIeHHAS TPEAMETOM, OCBEIICHHBIM MTPOTSHKCHHBIM HCTOYHHKOM. . .
a) IMEeCT Pe3KHe OUePTaHUs, II0O0OHBIC OUePTAHMAM IIPEIMETA,
0) OKpy’KeHa MOy TCHBIO.

12. Ecnu ny4 nepexoauT U3 ONTHYECKH MEHEe TIJIOTHOM CpeJibl B ONTUYECKH Oosiee
IJIOTHYIO, TO...

a) yroJjl majeHus OOJIbIIe yIiia IPeIoMICHHUS;

0) yroJi majieHusi MEHbIIIE yIJia IPEIOMIICHHUS;

B) yTOJ MaJICHUs PABEH YTy NPEIOMIICHUS.

13. ITouemy ayd4 cBeTa NpH MEPEXoAe U3 OJHOM CPEAbl B IPYTYIO MpeIoMIIsieTCs ?
a) U3MEHSIETCS CKOPOCTh CBETA B CPE/IE;
0) U3MeHseTCs HallpaBJI€HNUE CBETOBOTO MyUKa.



14. B kakoMm ciiy4ae yroj maJicHUsl paBeH Y1y MPeIOMICHUS?
a) ecJiv yroJ najaeHust 6au3ok k 90 rpamycam;

0) eciu yroi majeHusl paBeH HYJIIO;

B) €CJIM CKOPOCTH CBETa B JIBYX CpelaxX PaBHBI.

15. Onpenensiga riryOuHy BojioemMa “‘Ha riiasz’”...

a) MBI TOYHO OTIpEJIENIsieM TITyOuHY;

0) AHO Ka)KeTCs HaM TIy0iKe;

B) JTHO Ka)KETCsI BCETia OJKe K HaMm, T.€. MeJibue.

16. C xako¥ (hu3UUeCKON XapaKTEPUCTHKON CBSA3aHO pa3Inyre B I[BETE?
a) C JUTMHOM BOJIHBI;

0) C MHTEHCHUBHOCTBIO CBETA;

B) C ITOKa3aTejeM MPeIoOMIICHUs CPEeIbl;

T) C 4aCTOTOM.

17. Ot dero He 3aBUCHUT ITOKa3aTesb MIPEIOMIICHUS BellecTBa?
a) OT CBOMCTBA BEIIECTBA;

0) OT JJIUHBI BOJIHBL;

B) OT 4aCTOTBHI,

) OT yIJia MPeIOMIICHUS;

1) OT CKOPOCTH CBETA.

18. IIpenMer kaxeTcs HaM O€NbIM, €CJTU OH. ..
a) YaCTUYHO OTPaAXKaeT BCE JyUH;

0) YaCTUYHO MOTJIOIAET BCE JIYUH;

B) OJJMHAKOBO OTPAXaeT BCE JTy4H;

') OJIMHAKOBO TMOTJIOMIAET BCE JTyYH.

19. B yem 3akmouaercs siBjieHHe HHTepPepeHIU cBeTa?
a) B YCWJICHUH OJJHOTO CBETOBOTO ITyYKa JPYTHM;

0) B IMOJTY4YCHUH CIIEKTpa OCIOro CBETa;

B) B OTHOAHHUH CBETOM IPEIISTCTBHM;

') B HAJIOKCHUHU CBETOBBIX BOJIH.

20. B 4yem 3aknr04aeTcs NpOCBETICHUE ONITUKA?

a) B YBEJIMUEHUU BXOJIHOTO 3payKa ONTUYECKON CUCTEMBI;

0) B YMEHBIIICHUH OTPAXKEHUSI CBETA OT MOBEPXHOCTH ONTUYECKOTO CTEKIIa;+
B) B UHTEp(EPEHIIUU CBETA HA TOBEPXHOCTH ONTHUYECKOTO CTEKIIA;

') B IOBBIIIEHUHU MMPO3PAYHOCTH ONTHYECKOTO CTEKIIA;

1) B IPUMEHEHUHU CBETO(PUIHTPOB.

II Bapuanr.



1. Beibepute BepHBIi 0TBET. Eciiu (hoKycHOE paccTosSTHUE OTHOM JIMH3HI JJTUHHEE,
4YeM JPYrou, TO Kakasi U3 HUX JacT OoJiblliee YBeTUYEHUE?

a) JlnuaHopoKycHas

6) Kopotkodokychas

B) O0e 1aayT OJTHO U TO YK€ YBEIUYCHHE

2. OTMeThTe, KaKas U3 JUH3, KOTOpbIe UMEIOT POKYCHBIE paccTosiHus 15 cM, 20 cm
1 25 cM, oOnajgaeT HanOOJIbIIEH OTITHYCCKOM CHIION?

a)CF=15cm

6) CF=20cMm

B)CF=25cm

3. Beibepure ¢popmyiry, Mo KOTOPO# paCCUMTHIBAIOT ONTHYSCKYIO CHITY JIMH3BI:
a)v=1/T

6) D=1/F

B) R =U/I

r)q=Q/m

4. B KakuX €IMHUIAX U3MEPSIOT ONTHYECKYIO CHITY JTUH3BI?
a) Omax

0) BonpTax

B) Kanopusx

r) Junonrpusix

5. HaiiguTe onTUYeCKUE CUIIBI JIMH3, (POKYCHBIE PACCTOSIHUS KOTOPBIX 25 ¢cM U 50
CM.

a) 0,04 arrp m 0,02 aoTp

0) 4 nuTp 1 2 nnTp

B) 1 antp u 2 autp

r)4 antp u 1 aoTp

6. OnTuyeckue CUiTbl TWH3 paBHbl 5 qntp u 8 antp. KakoBel ux GokycHbie
paccTostHus?

a)2Mul,25m

6)20 cmu 12,5 cm

B)2cMmu 1,25 cm

r)20mu 12,5m

7. s TOro 4ToOBl OTPAKEHHBIN JIyd COCTABIISUI ¢ magaromum yro 40°, yron
naZieHusl CBETOBOTO JIy4a JOJHKEH OBITh CIIEYOLIUM:

a) 20°

0) 50°

B) 40°

r) 25°



8. Onpenenure, KakuM OyJI€T OTHOCUTENIBHBIN MOKA3aTelNb P EIOMICHUS JBYX
cpell, eciu yroJ najeHus paseH 60°, a yroy Mexay OTpaKeHHBIM U
MPEJIOMJICHHBIM Jlydamu paBeH 90°?

a) 1,5

0) v2

B) v3

r) 1,2

9. BeibepuTe, KakuMm OyJIeT IMoKa3aTesb MPeIoMIIEHUS BTOPOH Cpeibl
OTHOCHUTEIBHO NIEPBOI, €CJIM MPHU MEPEXO/IE CBETA U3 MEPBOIl CPENIbl BO BTOPYIO
yroia npenomiienust paseH 30°, a yron najeHus B 2 pasa 0oiiblie?

a) 1/v3

0) v2

B) 1,5

r) v3

10. Beisicuute, yeMy OyeT paBeH yroJj MaJeHHs IPH IEPEX0e CBETOBOIO Jyda B
ONTHUYECKH MEHEE IUIOTHYIO CPEAy M3 ONTHYCCKOM 00JIee IIIOTHOI?

a) yroi najcHusl paBeH yIiIy MPeIoMICHUS

0) cBeT MpoXoauT O€3 MPeTOMIICHUS

B) yToJ IajieHus OOIbIIe yria IPEIOMIICHUS

T') YroJI MaJICHUSI MEHBIIIE YIJIa IPeIOMICHUS

11. CeroBoii my4 nepexoAauT u3 Bojbl (n = 1,5) B Bo3ayx. Kakoe u3 nmpuBeIeHHBIX
COOTHOLIECHUN UMEET MECTO JIJIs yIJia pejaoMieHus B, eciin yroy najaeHusi paBeH
b?

a) B<b

0) B>b

B) B=b

r) B>>b

12. Yron Mexay 3epKajioM H IajarouuM JiydoM paseH 50°. Onpenenute, yeMy
paBeH yrou (Tpaj.) OTpaKEHHUS TyJa:

a) 55

6) 70

B) 35

r) 40

13. JIun3a s70:

a) IPO3pavyHOe TEJI0, UMEIOIIEE C IBYX CTOPOH IVIaJKHE IIOBEPXHOCTH

0) TeNo, CTOPOHBI KOTOPOTO OTIIOJIUPOBAHBI U OKPYTICHBI

B) IIPO3pavHOE TEIIO, OTPAHMYCHHOE CTOPOHAMH, KOTOPBIC IPEICTABISIIOT COOOM
chepudeckue MOBEPXHOCTH

T') JIF00O€ TEJIO C TJIaJIKUMH U30THYTHIMH ITOBEPXHOCTSIMH



14. BcnomHuTE, KOT/1a TUH3bI HA3bIBAIOT BOTHYTHIMU, KOTJ]Ja — BBIMYKJIBIMU?

a) BoroyTeiMu — Te, y KOTOPBIX Kpas TOJIIIIE, YeM CeperHa, BBITYKIBIMU — Y
KOTOPBIX Kpasi TOHBIIIE, YEM CEpEIUHA

0) BOoruyThiMu — y KOTOPBIX Kpasi TOHbIIIE, YEM CEPEANHA, BEITYKIBIMU — Yy
KOTOPBIX Kpas TOJIE, YEM CEpeInHa

B) BorHyThIMU — T€Jla ¢ MOBEPXHOCTSAMHU, OOpaIIEHHBIMUA BHYTPb, BBITYKJIBIMA —
C TOBEPXHOCTSIMU, OOpAIICHHBIMU HAPYKY

15. YTo UHTEpECHOTO B TOUKE HA ONTUYECKON OCH BBIMYKJIOM JIMH3bI, KOTOpast
HazbIBaeTcs hokycom?

a) Tem, uTo B HEMl COOMPAIOTCS BCE MPEIIOMIISIEMbIC TUH30M JTy4Yr

0) TeMm, 4TO B Hel MepeceKarTcs MPEIOMIICHHbIE JIMH30H JIyYH, HalpaBlIeHHbIE Ha
HEE MapauIETbHO ONTUYECKON OCH

B) Tem, 4TO B 3TOM TOUYKE MEPECEKAOTCS BCE JyUH, MPOIIEAIINE CKBO3b CEPEIUHY
JIMH3bI

r) Tem, 4TO B HEMl mepeceKaroTCsl BCE JIyUH, MIPOIIEIIINE CKBO3b Kpasi TUH3bI

16. Tenpb, OTOpOIIICHHAS ITPEIMETOM, OCBEIIEHHBIM MPOTAKCHHBIM HCTOYHHKOM. . .
a) IMEET pe3Kue OuepTaHus, I0J00HbIC OUepTaHUAM IIPEIMETA,;
0) OKpy’KeHa MOJyTEHBIO.

17. Ecnu nyd nepexoauT U3 ONTHYECKH MEHEE TIJIOTHOM CpeJibl B ONTUYECKH Oosiee
IJIOTHYIO, TO...

a) yroJji majeHus OOJbIIe yIiia MPeIoMICHHUS;

0) yroJi majieHusi MEHbIIIE yIJia PEIOMIICHHUS;

B) YTOJI TTaJICHUS PABEH YTy MPETOMIICHUS.

18. ITouemy 1y4 cBeTa Mpu Nepexoe U3 OJJTHOU Cpelbl B APYTYIO MPEIOMIISETCS?
a) U3MEHSIETCS CKOPOCTh CBETA B CPE/IE;
0) U3MEHsIeTCs HaMpaBJIeHHUEe CBETOBOIO IMyyKa.

19. B xakom cityyae yroj najieHus paBeH yriy NpeoMIICHHUS?
a) ecnu yroi najenus 61m3ok k 90 rpagycam;

0) ecnu yroJ najaeHusi paBeH HyJio;

B) €CJIM CKOPOCTH CBETa B JBYX CpeAaxX PaBHBI.

20. Onpenenss rayoMHy BojoeMa “‘Ha riaz’ ...

a) MBI TOUYHO OTIpEJIENsieM TITyOuHY;

0) THO KaXXeTCsl HaM TITyOXKe;

B) JIHO Ka)XeTCsl BCerja OJIMKe K Ham, T.€. MeJbue.

Konrponupyemsbie komnerenuuu: OK 01-OK 05; JI.1.-J1.6.;: M.1.-M.6.; T1.1.-T1.7.;
JIP2, JIP4, JIP23, JIP30
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Kpurepun oneHku:

— «2» BBICTaBIIAETCS 00Oy4JaroImeMycs, eciau HaOpai MmeHee § 0asioB;
— «3» BBICTaBIIACTCA O0yUaromemycs, 3a 11-9 6amnos;

— «4» BBICTaBIISIETCS 0OyUaroemycs, 3a 12-16 6amios;

— «5» BBICTaBIIAECTCS O0ydaromemycs, 3a 6onee 17 6amios.

3aganud st camocTosiTeSibHOUM padoThl (CP)
Tembl 3cce (pedepaToB, I0KIAT0B, COOOIIEH M)

JIBU>KEHHE CO CKOPOCTHIO CBETA.

[TocTynaTel TEOpUM OTHOCUTEIIBHOCTHU U CIICICTBUS U3 HUX.
HNuBapuaHTHOCTH MOJYJISI CKOPOCTH CBETA B BAKyyME.
DHeprus Moxosl.

CBs13b MacChl U SHEPTUU CBOOOTHOM YACTHIIBI.

a0 E

Kontponupyemsie komnerenuun: OK 01-OK 05; JI.1.-J1.6.: M.1.-M.6.; T1.1.-TL.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

OtMmeTka «5»

TIOJTHO PACKPBITO COJEPKAaHUE MaTepuaia

YETKO U MPABWIBHO JTaHBI ONIPEICIICHUS U PACKPBITO COJIEPKAHUE TTOHATUM, BEPHO
HCII0JIb30BaHbl HAYYHBIE TEPMUHBI

JUISl TOKa3aTeIbCTBA UCTIOIb30BaHbI Pa3IMYHbIEC YMEHUS, BHIBOJIBI U3 HAOIIOICHUM,
OITHITOB

OTBET CaMOCTOSTENIbHBIN, UCIIOI30BaHbI paHee MPUOOPETEHHbBIE 3HAHUSI.

OtMmeTKa «4»
PACKPBITO OCHOBHOE COJIEp)KaHUE MaTepuasa




B OCHOBHOM MPABUJILHO JaHbl OTNIPEIEICHUS MOHATUH U UCIIOJIH30BaHbl HAYYHbBIC
TEPMUHBI.

OTBET CaMOCTOSATEIIbHBIN

ONPEAENICHUS TTOHSATUN HETIOJHbIE, IOy IEHbI HE3HAYUTEIbHbIE HAPYILICHUS
MOCJIEIOBATEIILHOCTH U3JI0KEHUS, HEOOIBIITNE HETOYHOCTH MPHU UCTI0JIb30BAHUHU
Hay4YHBIX TEPMUHOB WJIM B BBIBOJAX U 000OIICHUSX

MPaBUWIbHBIE Y YETKUE OTBETHI HA BOMIPOCHI yTOUHSIOIIETO XapakTepa (MO3ULIHs
MOHUMAOITUH )

OtMmeTka «3»

YCBOEHO OCHOBHOE COJIep’KaHKe Y4eOHOTO MaTepuana, HO U3JI0KEHO
dbparmMeHTapHO, HE BCerja MoCiIeI0BaTEIbHO

omnpeeseHNs TIOHATUNA HEIOCTATOYHO YETKHE

HE HCIIOJIb30BAaHbI B KAUYECTBE JOKA3aTEIbCTBA BEIBOABI U 000O0IIEHNS U3
HAOJIOJICHUH, TOMYIIIEHBI OMMUOKH MPH MX HU3JI0KCHUH

JOTYIIEHBI ONMTUOKN ¥ HETOYHOCTH B UCTIOJIb30BAaHUHN HAYYHOW TEPMUHOJIOTHH,
omnpeeseHUe OHATUI

NPaBWJIbHBIC H YETKUE OTBETHI HA BOMPOCH HABOISAIIECTO ¥ KOHKPETH3UPYIOIIETO
xapakTepa (MO3UIIHs KPUTHK)

OtMmeTka «2»

OCHOBHOE COJIepKaHHe y4eOHOTO MaTepraia He pacCKPBITO

HE JaHBI OTBETHI HA BOMPOCHI HABOAIIETO M KOHKPETU3UPYIOIIETO XapaKTepa
JOTYIIEHBI TPYObIC OITMOKY B OTIPE/ICTICHUH TIOHSATHMA, TIPH UCTIOTb30BaHUH
TEPMHHOJIOTHH.

KonTpoabnas padora Ne 5
IIo pa3geny «OnTuxka»

BapuanTt 1

1.Ompenenute mokazaTesb NPEIOMICHHUS] OPTAHUYECKOTO CTEKNIA, €CTIU CKOPOCTh
ceera B HEM 200000 xm/c. Kakoii yron majgeHus cBeTa Ha OPTaHUYECKOE CTEKJIO,

ecinu yrou npenomiienus 15%?

2.Ilpenmer HaxXomWUTCSd HA PACCTOSHUM 12 CM  OT pAacCEWBAIONICH JIMH3BI,
dokycHoe paccrosiuue kotopoit 10 cv. Ha kakoM paccTosSHMM OT JIMH3BI

HaxOJUTCA U300paKeHHe npeameTa?

3.HazoBute xapakTepHble 4epThl siBIeHUs audpakuuu cBera. Ilpum kakux

YCJIOBHSIX OTYETIMBO HAOIIOAACTCS ATO sIBJICHUE?

4.Kakoii HanOONbIIMA TOPAJOK CHEKTpa MOXHO BHUAETh B JUPPAKIUOHHOU
pemérke, umetrornieit 500 mTpuxoB Ha 1 MM, pU OCBEIIEHUH €€ CBETOM C JIJTMHOU

BOJIHBI 720 HM?



Bapuanr 2

1.0Onpenenure CKOPOCTh CBETa B TIIMIEPUHE, €CIM MOKa3aTelb MPeTOMICHHUS
paBeH 1,47.
Haiigure yron npeaoMiIeHns cBeTa B IIMIEPHHE, €CIM yToi Haaenus pased 60°.

2.0mnpenenure ONTHYECKYIO CHIIy PacCeMBAIOLIEH JMH3bI, €CIU HU3BECTHO,YTO
IpeIMeET,
noMeni¢HHbld mepen Heil Ha paccrosHud 40 cMm, MaéT MHHUMOE H300pakeHHeE,
yMEHbIIIEHHOE B 4 pasa.

3.HazoBute XxapakTepHbIe 4epThl sBICHHS WHTepdepeHIMu cBera. [Ipm Kakux
YCIIOBHSIX
OTYETINBO HAOIIOMAETCS ITO SIBJICHUE?

4.0Onpenenute nepuo AMPpakIMOHHON PEIETKH, €CJIU MPU OCBEUIEHUU CBETOM
C JJIMHOM BOIHEI 656 HM MakCMMyM BTOPOIO MOPsAKa BUAEH mox yriaom 150,

BapuanTt 3

1.Onpenenure yron npeOMIEHUS CBETa BO JbAY, €CIA YroJl HaJCHHS
pasen 60°? TTokaszarens npenomiuenus asaa 1,31, Kakosa cKopocTh cBeTa BO Jibay?

2.0ntuueckas cuina cobuparoieit JIMH3bl paBHa S atop. [IpenMer nomectunu Ha
pacctostauu 60 cM OT ynwH3BL [71e¢ TOMydnTCs W300pakeHHWE ATOTO mpeameTa?
KakoBo yBenuueHnue JIMH3bI?

3.00BsicHUTE, KAK U IOYEMY NPOUCXOAUT AUPPAKIUS BOIH?

4 Tudppaxmuonnas pemérka conaepkut 100 mtpuxo Ha l mm  Ompenenute
JUIMHY BOJIHBI MOHOXPOMAaTHYECKOTO CBETA, MAJAIOIIEr0o IEPHEHAMKYJISIPHO Ha
TU(PaKIMOHHYI0 PEETKY, €CIM MAaKCUMYM TEepBOr0 TMOpsAKa BUIEH IMOA
yriom 4°,

BapuanT 4

1.Onpeenure yroyu majaeHUs CBETa HA anMas, e€cod yrona mnpernomienus 15°,
[Tokazatenp mpenomiieHuss cBera s anmasa 2,42. KakoBa CKOpOCTh CBETa B
anmase?

2.PaccrosiHrie MEXIy TpEeIMETOM U ero u300paxkeHuem /2 cM. YBenndeHue
nuH3bI paBHO 3. HaiinuTte pokycHOE pacCTOSHUE JIMH3bI.

3.Moryr nu uHTEep(dEepUpOBaTh CBETOBbIE BOJHBL, HAyIIME OT JABYX
aJeKTpuueckux jamnodek? OTBET MOSICHUTE.

4. Ha nudpakiMOHHYI0 PEMmIETKY MEPHEHIUKYISIPHO MaJaeT CBET C JIJIMHON
BotHbI 500 HM. MakcumMyM  BTOpOro Tmopsiika HaOIrogaeTcss Mpu  yIuie
nudpaxuuu 30°. HalinnTe nepuon audpakuuOHHON PEMETKM.

KonTtponmupyemsie komnerenuuu: OK 01-OK 05; JI.1.-J1.6.; M.1.-M.6.; T1.1.-11.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:
- «5» CTaBUTHCS 3a pabOTY, BBIIOIHEHHYIO MTOJIHOCTHIO 0€3 OIMOOK U HEJOYETOB.



- «4» cTaBUTHCA 32 PabOTY, BBITIOJHEHHYIO TIOJTHOCTHIO, HO MPU HAIMYHU B HEH HE
0oJiee oHOM TPyOOM M OJHON HErpyOo¥ OIMOKKM M OJHOTO HemodeTa, He Oosee
TpPEX HEIOYETOB.

- «3» CTaBUThCS, €CIIHM CTYACHT MPABWIBHO BBINIOJHUI HE MeHee 2/3 Bcel padoThl
WIN JIOMYyCTWI He OoJjiee OHOM TrpyOoN OmMOKM M JABYX HEIOYETOB, HE Oojee
OJHOM TpyOOil M OJHOM HerpyOoi ommOKH, HE Oojee TpeX HErpyObIX OIIMOOK,
OJIHOM HErpy0o0ii OIMOKKN U TPEX HEJIOUETOB, MPU HATUYUU 4-5 HEJJ0OUETOB.

- «2» CTaBUTHCSI, €CIU YUCIIO OMMOOK U HEJOUYETOB MIPEBBICUIIO HOPMY OLIEHKH «3»
WJIW TIPABUJIBHO BBITIOJIHEHO MeHee 2/3 Bcel paboThl.

Paznen 6. JjeMeHTHI KBAHTOBOW PU3MKH
Tema 6.1. KBanToBasi onTuka
Ycrublii onpoc (YO)

. Chopmynupyiite runoresy [lnanka.
. Uto Takoe KBaHT?
. Uemy paBHa »HEpTHs KBaHTA?
. UeMy paBHBI 3HEprus, Macca, UMITyJIbC (OTOHA?
. UTto Ha3bIBaIOT siBJIeHUEM BHelIHEro ¢hoTodrddexra’?
. Chopmynupyiite 3akonbl CToJIETOBA.
. O0ObsicHUTE ypaBHEeHUE DifHIITEelHA y1s BHEHIHETo GhoToddexTa.
. Uro Takoe kpacHas rpanuua ¢potodpdexra?
. Kakoit hoTosdext HazpiBator MHOTO(OTOHHBIM?
10. Kakue Tumnsl (oTO3J1€MEHTOB BaM U3BECTHBI?
11. Yto Takoe KOPIyCKYJISIPHO-BOJIHOBOU JTyaanu3m?

O 0NNk W

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

Kpurepun oneHku:

OtMeTKa «5»

TIOJTHO PACKPBITO COJICp’KaHUE MaTepraia

YETKO M MPABWIHHO JTaHBI ONIPEACIICHUS U PACKPBITO COJIEPKAHUE ITOHIATUM, BEPHO
WCITOJTH30BaHbl HAYYHBIC TEPMUHBI

JUISL TOKa3aTeIbCTBA UCTIOJb30BaHbl Pa3IMYHbIC YMEHHS, BHIBOJIBI M3 HAOII0ICHUM,
OIILITOB

OTBCT CaMOCTOHTeHBHBIﬁ, HCIIOJIB30BAHBI PAHCC HpI/I06peTeHHI:Ie 3HaHMHAI.

OrMmeTka «4»
PAacKpBITO OCHOBHOE COJIep)KaHUE MaTepraia



B OCHOBHOM MPABUJIbHO JaHbl OTIPEICICHUS TTOHSTHI U UCTIOIb30BaHbl HAYYHbIE
TEPMUHBI.

OTBET CaMOCTOSATEIIbHBIN

ONpEAeSICHUS TTOHATUI HENOJHbIE, JOMYILIEHb HE3HAUUTEIIbHbIE HAPYILICHUS
MOCJIEIOBATEIILHOCTH U3JI0KEHUS, HEOOIBIITNE HETOYHOCTH MPHU UCTI0JIb30BAHUHU
Hay4YHBIX TEPMUHOB WJIM B BBIBOJAX U 000OIICHUSX

MPaBWIbHBIC U YETKUE OTBETHI HA BOMPOCHI YTOUHSIONIETO XapakTepa (Mo3UIIus
MOHUMAOITUH )

OtmeTtka «3»

YCBOEHO OCHOBHOE COJIep>KaHNe YIeOHOTO MaTepuaia, HO U3JI0KEHO
(dbparMeHTapHO, HE BCEria MOCIe0BATEIBHO

onpeieleHUs] MOHATUN HEeIOCTAaTOYHO YETKHE

HE UCIOJIb30BaHbI B KAYECTBE JI0KA3aTETHCTBA BBIBOIBI U 000OIICHUS U3
HaAOJIIOACHUH, TOMYIIEHbI OITUOKU NP UX U3TT0KECHUH

JOTYIIEHBI ONMMTUOKN W HETOYHOCTH B UCTIOJ30BAaHUHN HAYTYHOW TEPMUHOJIOTHH,
onpeielieHUe MOHATHH

IpaBUJIbHBIE U YETKUE OTBETHI Ha BOIIPOCH HABOASIIETO U KOHKPETU3UPYIOIIETO
xapakTepa (MO3UIIHs KPUTHK)

OtMmeTka «2»

OCHOBHOE COJIepKaHHe y4eOHOTO MaTepraia He pacCKPBITO

HE JIaHBI OTBETHI Ha BOIIPOCHI HABOJISIIETO M KOHKPETU3UPYIOIIETO XapaKTepa
JOTYIICHBI IPyObIe OMMOKY B ONPEACICHUN ITOHSATHH, IPH UCIIOb30BaHUHT
TEPMUHOJIOTHH.

3ananusa qist camoctositeJibHOU padoThl (CP)
Tembl 3cce (pedpepaToB, TOKJIAT0B, COOOIIEHNI)

KBanrtoBas runoresa [1nanka.

TerioBoe u3y4yeHue.
KopmyckynsipHO-BOJITHOBOW Ty aJIN3M.

DOTOHBI.

['umoresa ne bpoiins 0 BOMHOBBIX CBOMCTBAX 4acTHLL.
CooTtHotienue HeonpeneneHHoctei ['eitzendepra.
JlaBiieHue cBera.

XUMHUYECKOE JICUCTBUE CBETA.

. Oneprtel Jlebenera n Basuoga.

10.@otoaddexT.

11.VpaBuenue DuHmTelHa 115 Gortorddexra.
12.Buemnuii GporosnekTpuaeckuit 3P QexT.
13.BuyTtpennuit GoTodPdexr.

14. Tunbl GOTOAIEMEHTOB.

©CoNoaRwWNE



15.ITpumenenue poTodrddekra.

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

Kpurepun ouenku:

Otmetka «5»

IIOJTHO PACKPBITO COAEPKAHUE MaTepuana

YETKO U MPABWIBHO JaHbl ONPE/IETICHUS U PACKPBITO COAECPKaHUE OHSATHI, BEPHO
UCI0JIb30BaHbl HAYYHbIE TEPMUHBI

JUTSL I0KA3aTeNIbCTBA UCIOIb30BaHbl Pa3IMYHbIe YMEHUS, BBIBOIbI U3 HAOIIOACHMUIA,
OIIBITOB

OTBET CaMOCTOSTENbHbIM, UCIIOJIb30BAHBI paHEe IPUOOPETEHHBIE 3HAHMSL.

OtMmetka «4»

PaCKpBITO OCHOBHOE COJIEpKaHUE MaTepuaia

B OCHOBHOM MPABWJILHO JaHBI ONIPEACICHUS MTOHATUM U UCTIOIb30BaHbl HAYYHBIC
TEPMUHBI.

OTBET CAMOCTOSITCILHBIN

OIpe/ICTICHUS TTOHSITUI HEMOJIHBIC, IOMYIEHbl HE3HAYUTEIbHBIC HAPYIIICHUS
MOCJIEI0BATEILHOCTU U3JI0KEHUSI, HEOOJIbIIINE HETOYHOCTH MIPU UCIIOJIH30BAHUHU
HayYHBIX TEPMHUHOB HJIH B BBIBOJAX M 000OIIICHUSIX

MPaBUWIbHBIC Y YETKUE OTBETHI HA BOMPOCHI YTOUHSIOINIETO XapakTepa (MO3ULIHs
MTOHUMAIOIITUA )

OtMmeTka «3»

YCBOEGHO OCHOBHOE COJIEpKaHUE yueOHOT0 MaTepuaia, HO U3JI0KEHO
dbparMeHTapHO, HE BCEra MOCIeI0BaTEIILHO

omnpee/eHHs TIOHATUNA HEIOCTATOYHO YEeTKUE

HE HUCII0JIb30BaHbl B KQUECTBE J0KA3aTeILCTBA BBIBOJALI M 0000IIEHUS U3
HAOJI0JICHHH, TOMYIIIEHBI OMMOKH MPU MX U3JI0KCHUU

AOITYIICHBI OITMOKH ¥ HETOYHOCTH B UCIOJIL30BAHUH Haquoﬁ TCPMHUHOJIOTHH,
OIIPCACIICHUC MOHSITUI

IpaBUJIbHBIE U YETKUE OTBETHI Ha BOIIPOCH HABOASIIETO U KOHKPETU3UPYIOIIETO
xapakrtepa (MOo3UIUsl KPUTHK)

OtMmeTka «2»

OCHOBHOE COJIepKaHHe Y4eOHOTro MaTepraia He pacKphITO

HE JIaHBI OTBETHI Ha BOIIPOCHI HABOJISIIETO M KOHKPETU3UPYIOIIETO XapaKTepa
JOTYIICHBI IPyObIe OMMOKY B ONPEACICHUN TTOHSATHM, PX UCIIOTb30BaHUHT
TEPMUHOJIOTHH.

JlabopaTopHbie padoThI



JlaGopaTopHnasi padora Ne 16
HN3yuenue siBjeHuss BHemHero ¢porodgdexra.

Ipudopsbl: ycTpoiicTBO H3MepuTenbHoe, portonpueMHuku -8 u O-25.

Leas padoThI: CHATH W MCCIENOBATH BOJIBTAMIIEPHBIE XAPAKTEPUCTUKHU
(doTO31E€MEHTa, ONPEIETUTh KHHETHUECKYIO SHEPTHUI0, MAKCUMAJIbHYIO CKOPOCTh U

paboTty Bbixo/a (GOTOIIEKTPOHA U3 METalIa, CPABHUTH TOKU Hacklmenus rpu U =
5B.

1. TEOPETUYECKASA YACTbD

B cBeroBbiX sBieHUsAX HaOmomaerca ayalu3M  (IBOMCTBEHHOCTh). Ta
JIBOMCTBEHHOCTh MPOSBISIETCS B TOM, YTO OJIHU CBETOBBIC SIBJICHUS OOBSACHSIIOTCS
BOJIHOBOM ~ Teopued  cBera  (OTpakeHUE,  MpeJIoOMIICHHE,  AUQPPaKIIHs,
uHTephEpEeHIUs U Ap.); APYyrHe SIBICHUS HE MOTYT OBIThb OOBSICHEHBI BOJIHOBOM
TEOpHEN, a OOBSICHIIOTCA KOPITYCKYJISIPHOU (KBAHTOBOM) T€OpHEN CBETA, COTIIACHO
KOTOPOM CBET MpeACTaBisieT co00il MOTOK YacThll — POTOHOB, KaXKaasi U3 KOTOPIX
o0JlajaeT OMNpeJeieHHOW SHepruen, Maccoil M ummyiabcoM. K yucny siBieHuw,
OOBSACHSEMBIX  KOPIYCKYJSADHOW  Teopueld  CBeTa, OTHOCUTCS  SIBJICHUE
dboTorddexra.

Paznuuaror  BHEWIHMH W BHYTpeHHUH  (oroaddexkt. BHemHum
dbotorphexToM HazbIBACTCA SIBJICHHE HCITYCKAHUS AJICKTPOHOB U3 BEIECTBA
noj neictBueMm ceta. OHO ObIIO OTKpBITO ['epriem B 1887 romy u moapoOHO
ucciegoano CroneroBbiM B 1888 1. Jlnsg wuccnenoBanus dorodrdpdexra
CronetroB cobupan cienymroinyr cxemy (puc. 1.1). Ha cxeme meraminueckas
mactuaka K (potokaTon) coenmHeHa ¢ oTpuaTeNbHBIM MOJIOCOM OaTapeu.

[Ton0XUTENbHBIA MOJIOC Yepe3 TalbBAaHOMETP COEAUHEH C METAJIIMYECKOU
cetkoir A (anox). O6a »neKTpoia HaXOAATCSA B CTEKISTHHOM COCYJIe, U3 KOTOPOTO
oTkaunBaeTcss Bo3ayX. [Ipm ocemenun karoaa (miaactunbl K) cBerom B menu
BO3HUKAET TOK, KOTOPBIM PErMCTpUPYETCS rajJbBaHOMETPOM. DTOT TOK IMOTYUMI
Ha3BaHWE (POTOIIEKTPUUECKOTO Toka (Wi  (HOTOTOKA), a dIEKTPOHHI,
BBIPBIBAEMbIE CBETOM M3 KaTojaa, — (hoTodnekTpoHamMu. POTOTOK MPEACTABISET
co00M IBUJKEHHE K aHOJy JIEKTPOHOB, BBIIIEAIINX U3 KaToa.

CroneToB mccneaoBall 3aBUCUMOCTh (DOTOTOKA OT BEITWYHMHBI MPUIOKEHHOTO
HaANPSOKEHUST MEXKy aHoJoM M KarojgoMm. Ha puc. 1.2, a mana BoJsibT-aMIiepHas
XapakTepucTuka (OoToTOoKa (T.€. 3aBUCUMOCTb BEJIIMYMHBI TOKAa OT Pa3HOCTU
MOTEHIIMAJIOB MEXAYy aHOJIOM U KaTOJ0M MPU HEM3MEHHOM CBETOBOM IMOTOKE D).

N3 rpaduka Ha puc. 1.2, a BUIHO, 4TO TNpPU HEKOTOpoM HampsikeHuu Uy
BeJIMUMHA (DOTOTOKAa JOCTUraeT MAKCUMaJIbHOTO 3HAYEHHUS M Jlajee OCTaeTCs
MOCTOSIHHOM TpH JIOOBIX 3HAYEHUSX HAmNpsDKEHUS. JTO 3HAYHMT, YTO BCE
AIIEKTPOHBI, BBIPHIBAEMBIE CBETOM U3  (OTOKATONA, JOCTHTalOT aHOJA.
MaxkcuMaJIbHBIH TOK HA3bIBA€TCH TOKOM HACBHIIIEHHS MPH JAHHOM CBETOBOM



noroke ®. Eciii U3MEHATh  BEIWYMHY  CBETOBOTO IOTOKa @, TO mOJyyum
CEeMEHCTBO KPHMBBIX U1 JaHHOTO (oTokarona (puc. 1.2, 6).

[Ipu 00001IEHMN TOJYYEHHBIX
naHHbBIX CTOJETOBBIM YCTaHOBIICHBI
TpHU 3aKOHa BHEIIIHETO
dboTorddexra.

Ilepssiit 3akon Cronerosa. Ilpu ¢
HEU3MEHHOM CHEKTPATbHOM
cocTaBe CBeTa, MajarolIero Ha
doTokaTos, (OTOTOK HACHIIMICHUS
IPONOPILHUOHATICH MOIIHOCTH
NaJarouiero Ha KaToJ U3Iy4eHHUsl, TO
€CThb YHCIIO 3JIEKTPOHOB,
OCBOOOKIEHHBIX CBETOM B 1 ¥ ) |
cekyHay wu3 karojga (poToTok ”““““

CeTKa

A K

HaCBILICHUS |H) IIPONOPLHOHAIIEHO 5
Puc. 1.1. YcTponcTeo 1 cxema

BKIOYEHUS (poToanemeHTa: A- aHop;
K- katom;G- ranbBaHOMeTp;
®- cBeTOBOW MNOTOK

CBETOBOMY NOTOKY D:

|, =vP. (1.1)
a O
I A I A
o, < D, < D,
® = const ®s
= cons CD2
IHaC q)l
/ U; U;
U, U, g

Puc. 1.2. BonbTamiiepHbie XapaKTepPUCTUKH
dboTolIeMeHTa

Ecnu cBeToBOW MOTOK SBISETCSI HEMOHOXPOMATUYECKUM (TO €CTh COCTOSIIMM
U3 Habopa pa3IWYHBIX JJIMH BOJIH, Hampumep, Oenblid CBeT), KO3(PPUUIUEHT
OPOMOPIIMOHATIBHOCTH Y  HAa3bIBAETCA  MHTErPAIbHOM  YYBCTBUTEIBHOCTBIO
dboTokaroaa

Y= (L.2)

b
e



u u3Mepsiercs B A/nm, MKA/nm unu A/BT.
Ecniu karox ocBemaercss MOHOXPOMAaTHMYECKUM CBETOM (TO €CTh CBETOM

o IH o
OIIPCACICHHON IJIMHBI BOJIHI)I), TO y — ——— Ha3BIBACTCid CICKTPaJIbHOH

A
YyBCTBUTEIBHOCTHIO (hOTOKATO1a. YyBCTBUTEIBHOCTH COBPEMEHHBIX (DOTOKATOIOB
nocturaet 60—100 MKA/M.

CroneroB  yCTaHOBWJI  OC3BIHEPIIMOHHOCTh  BHeEIIHEro  (orodddekra.
[IpoMexxyTOK BpEeMEHHM MEXKIy HauajloM OCBEIICHUS M HayajgoM (QOTOTOKA HeE
npesbimaer 10° cexynmy.

Bropoii 3akon  CroseroBa. MakcumanbHas  HadajdbHas  CKOPOCTh
(OTORIEKTPOHOB 3aBUCHUT OT YaCTOThI CBETA U HE 3aBUCUT OT €r0 MHTEHCHUBHOCTH
(OT BENWYHUHBI CBETOBOTO TMOTOKA), 4, CJIEAOBATENbHO, MaKCUMallbHas
KMHETHYecKass  JHeprus  (OTORIEKTPOHOB  3aBUCHUT  TaK  JKe€  MPSAMO
IPOMOPIMOHAIBHO OT YacTOThl MaJarollero CBeTa M HE 3aBUCUT OT €ro
MHTEHCUBHOCTH.

Teoperudeckoe oObsICHEHHE BTOPOro 3akoHa CToJIeTOBa MPEIOKUI AIbOepT
OuamTeitH. OH 3anmucan ypaBHECHHE Ha OCHOBAHUM 3aKOHA COXPAHEHHUS SHEPTHH U
runoTe3sl Ilmanka

2
hv:A+mTV, (1.3)

rne hv — sHeprus kBaHTa cBera, majaromiero Ha ¢gorokaron (orodnemMenrta; h—
noctostHHas [lnanka; v —yacroTa; A — paboTa BbIX0/1a 3JIEKTPOHA U3 METaIa; V —
CKOPOCTb 3JIEKTPOHA.

PaboTta BhIXO#a A 3aBUCHT OT BBIOpAaHHOTO MaTepuaia U YUCTOTHI €ro
noBepxHocTu. M3 ypaBHenus (1.3) HalijleM KUHETHMYECKYIO DHEPTHIO BBIOMTHIX
AJIEKTPOHOB

——=hv-A (1.4)

TOT'1a CKOPOCTDH Q)OTOBHGKTPOHOB MOJKHO OIIPCACIIUTE COOTBCTCTBCHHO

V= ,/M . (1.5)
m

CrnenoBaTenbHO, MaKCUMallbHass CKOPOCTh BBIPBAHHBIX (DOTOIIIEKTPOHOB
3aBUCHUT TOJIbKO OT YacTOTHI CBETA, BbI3bIBaIOIIETO siBjeHue GoTodddexra. Ecnu
sHeprus ¢otoHa hv Oosbie padOThI BbIX0Ja, TO (POTOIIEKTPOHBI MPHOOPETAIOT
CKOPOCTh TeM OOJIBIIYI0, YeM OOJIbIIIe YaCTOTa MaJarollero CBeTa.



Tperuit 3akon CtoneroBa. J[Jisi KaXXIOro BelIECTBa CYHIECTBYET KpacHas

rpaHuIla BHENIHEro (poToddperTa, T0 €CTh MUHUMAIIbHAS YacTOTa CBeTa V), MpH

KoTOpoii eme Bo3moxkeH (orosddexr (hvo = A). Yacrora V(, 3aBUCHT OT
XUMHWYECKOHN TIPHUPOJIBI BEIIECTBA M COCTOSHUS €TO TIOBEPXHOCTH.

Ora yactota V() (M COOTBETCTBYIOIAs € JIMHA BOJHBI }‘0) Ha3bIBACTCS
«KpacHOM rpaHuIei» (JJIMHHOBOJHOBOM rpanuiieit) hororddexra.

13 popmyner (1.4) cnenyer, 4to mpu 4acToTe v = V(y, IpH KOTOPOH SHEPrHs

¢doroHa paBHa pabote Bbixoga hvo = A (ypaBHeHwe DHHINTEWHA ISl KPacHOM
rpanuilbl  poTodddexTa), KMHETHUECKass dHEprus (OTOIIEKTPOHA paBHA HYJIIO

mv § C
—— = 0. Yacrora V() ¥ COOTBETCTBYIOLIAs €i JUIMHA BOJIHBI 7LO = — U eCTh
2 \Y%
0

«KpacHas rpaHuna» Gorodddexra s TaHHOTO BelecTBa (C — CKOPOCTh CBETA).
Hwxe nmpuenena Tabn. 1.1 3HaYeHWH NITMHHOBOJIHOBOUM TPaHUIIBI JJISl YHUCTBIX
METAJLJIOB U CJIOKHBIX (POTOKATOIOB.

Tabnuya 1.1

3HaYeHUs KPACHOW IPAHUIIbI JJIA Pa3JIMYHBIX (OTOKATOI0B

0

Karon A ,&) Karon K( A)
[e3uit 6200 Cepebpo 2600
Kannii 5500 [1naTuHa 2300
Hatpwuit 5500 KucnopoiHo-11e31eBbIi 14000
[{unk 2900 CypbMsIHO-11€31EBbII 6700

W3 T1abnuusl BHJIHO, 4YTO y OOJBIIMHCTBA YHUCTBIX METAIOB «KpacHas
IPaHULay JIEKUT B 001aCTH yIbTPapHOIETOBOM YaCTH CHEKTPA.

W3 BonbTaMIEpHON XapakTepuCTUKH (puc. 1.2, a) BUAHO, YTO NPU OTCYTCTBUU
Ay HaIllpSDKEHUSIT ~ MEXIy  DJIEKTpOoAamMu

3 (OTOTOK HE paBeH HyJII0. DTO O3HAYaerT,
YTO AJIEKTPOHBI, BEIPHIBAEMbBIE CBETOM M3
KAaToJa, UMEIOT HEKOTOPYI0 HAYaJIbHYIO

CKOpPOCTBD, a CJIICO0BATCIIBHO, u

mv 2

KHHETUYECKYI0 JHEPTHIO EK - "
v 2
= »  MOIYT JOCTHTHYTH aHOJa O€3 HaIHdus
- BHCIITHETO TIOJISA, O0O0pa3ys HavYalbHBIN
e TOK.
< YroObl 0C1abUTh WM  COBCEM
MPEKPaTUTh 3TOT TOK, HEO0OXOIUMO

Punc.1.3. 3aBucmmocTb
3aJepXxnBatoLlen pasHOCTH
NnoTeHUManoB OT YacTOoThl
nagatoLlero ceeTa




co3nathk Topmossiiee noJie (U < 0). C Bo3pacTaHueM TOPMO3SIIIETO MOJIsI BETUYUHA
¢oToTOKa oOcnabeBaeT TMOCTENEHHO, YTO CBUIETEIBCTBYET O OOJIBLIOM
pazHooOpa3uu ckopocTel (HOTONIEKTPOHOB (INIEKTPOHBI OCBOOOKIAIOTCS HE
TOJIBKO U3 TOBEPXHOCTHBIX, HO M M3 Oosee TiyOOKkux cioeB Karona). Eciu
1oJ00paTh Takyr pasHocTh moreHnuanoB Ug, mpu KOTOpoit (JOTOTOK CTAHOBHUTCS

pPaBHBIM HYJIO, TO MOXHO YTBEpP)KJIaTh, YTO BCE O3JEKTPOHBI, JaXe Camble
OBICTpBIE, 3aJIepKUBAOTCA A
TOpMO3SIHUM moneM. Pasaocts '+ Ag Sn
MOTEHLUAJIOB, TIPU KOTOPOU
(OTOTOK CTAaHOBUTCS PaBHBIM
HYJIIO, Ha3bIBaeTCA
3aJIep’)KUBAOLIEH  PA3HOCTBIO
MOTEH[UAJIOB.
3aepKUBAKOIIAsT PA3HOCTh
NOTEHLIUAJIOB SBIISIETCS
JTUHEHHON (PYHKIMEW 4acTOThI
% nagarouiero CBETa
(puc. 1.3) eU=hv—-A.
CrnenoBaTenbHO

2300 2400 2500 2600 2700

MA)

Puc.1.4. CnekTpanbHasi YyBCTBUTESIbHOCTb
Y, poToKaToAa

2
MVmax _ eU,

(1.6)

W3 3TOro COOTHOIIEHUS OMpenensieTcss MaKCUMalbHOE 3HAYCHHE CKOPOCTH U
KUHETUYECKOUM SHEPTUH BHIPBAHHBIX CBETOM 3JIEKTPOHOB.

DKCIEpUMEHTATLHO YCTaHOBIICHO, YTO CIEKTPAIbHAs YYBCTBUTEIBHOCTH Y
3aBUCUT OT JUIMHBI CBEeTOBOW BONHBL. Ha puc. 1.4 mpuBeneHbl CIEKTpajIbHBIC
XapaKTePUCTUKU U1 HEKOTOPBIX YHUCTBHIX METauioB. M3 pUCyHKa BHIHO, 4HTO,
HAYMHAsI OT «KPACHOM IPAHUIIBD), C YMEHBIIICHUEM A (C YBETMUEHHUEM V) TIPOUCXOIUT
BO3pacTaHNe YyBCTBUTEIHLHOCTH (POTOKATOIA.

[lepeuncnennsie Boile 3aKOHOMEpHOCTH (PoTOd(h(ekTa HE yaanoch OObSICHUTD
C TIO3HIINH BOJTHOBOU TEOPUHU CBETA.

JleficTBUTENBHO, C TOYKH 3peHHs 3ToM Teopur (GoTod(P(EKT HOJKEH
HaOII0JaThCsl TPH JIFOOOM YacToTe (IJMHE BOJIHBI) CBETA. DHEPrus, Moxydyaemas
AJNIEKTPOHOM OT MaJarolled CBETOBOM BOJIHBI, 3aBUCUT OT AMILIUTY/Jbl BOJIHBL
CnenoBartenbHO, MpU 000N JUIMHE BOJIHBI, €CJIM CBET 00JagacT JOCTaTOYHOMU
UHTCHCUBHOCTBIO  (T.€.  JOCTAaTOYHOM  aMIUIUTYIO#), MOXHO  OXHAATh
OCBOOOKICHHS AJIEKTPOHOB M3 METalia M «KpacHOU rpaHuisd Gorodddexra He
IOHKHO ObITh. Jlamee, ¢ BOJHOBOW TOYKH 3pEHUS, KHHETHYECKAas OSHEPTHUS
(GOTO2IEKTPOHOB AOMKHA ObLIa ObI 3aBUCETh OT MHTEHCUBHOCTH CBETA, T. €. C
yBEJIMYEHUEM HWHTEHCHUBHOCTH €My IiepenaBaiach Obl Oosbmias sHeprus. Ho
OTIBITHI 3TO HE MOATBEPXKIAI0T. MOXKHO TakKe MOKa3aTh, YTO C BOJHOBOW TOYKHU



3penus GoTodh HEKT HE MOKET OBITh OE3BIHEPIIMOHEH (UTO MTPOTUBOPEUUT OIIBITY ).

WUtak: HU HaIWyMe «KPACHOM TpaHMIBD), HU 3aBUCUMOCTb CKOPOCTH
AJIEKTPOHOB OT BEIMYHMHBI CBETOBOTO TIOTOKA, HH  OC3BIHEPIIMOHHOCTH
dboTordPexra HEBO3ZMOKHO OOBSICHUTHL BOJHOBOM TEOpHEl cBeTa. DWHINTEIH,
ucnosb3ys Teoputo [lmanka o kBaHTax, npeaaoxuil B 1905 r. HoBoe oObsiCHEHUE
dbotordpdexra. OH TPEeANOTOXKHUI, YTO CBET HE TOJBKO W3IydaeTcsi, HO U
MOTJIONIAETCA BEIIECTBOM OTICIbHBIMH TOPUUSIMH — (HOTOHAMU, KaXKABIA U3
KOTOPBIX UMEET SHEPTUIO, PABHYIO

e =hv, (1.7)

rje v —gacTtora ceera, h = 6,625-103* JIxx-c — nocrosuHas [lnanka.

[Ipn nagennn mydka (HOTOHOB HA TMOBEPXHOCTh METAUIA TMPOUCXOIUT
coynapenue GoToHOB ¢ 3nekTpoHamu. [Ipu 3TOM (HOTOH OTHAET IEKTPOHY BCHO
CBOIO 3Hepruo. Bo30yKIEeHHBIN 3IEKTPOH, MOIYYUB OT (POTOHA IHEPTHIO, MOKET
BBINTU M3 MeTayuia. [I[puMEHHB 3aKOH COXpaHEHHs SHEPTUU K ATOMY MpOIlECCy,
OiiHmrelH nonyuui Gopmyiy (1.3)

2
mv
hv=A+—,
2
rae A — paboTa BbIXOJa IEKTPOHA M3 MeTajjia (pa3jiMuHa y Pa3HbIX METAJIOB);
2
mv
——— — KUHETHYECKasl YHEPTHS BBIPBAHHBIX AIICKTPOHOB.
2

C TOYKM 3peHUs KBAaHTOBOW TEOpUH
MOXHO OOBSICHUTH BCE 3aKOHOMEPHOCTHU
dboTorddekra. Tax, u3 dbopMy Bl
OinmreriHa  (1.3) BHIHO, 4YTO 3HEpPrus
BBIPBAaHHBIX YAaCTHUI[ — DJEKTPOHOB 3aBUCHUT
OpsIMO  MPOMOPLUOHATIBHO OT  YacTOThI
najaroniero cBeTa, TO €CTb OT SHEPTrUH
(OTOHOB, U HE 3aBUCUT OT MHTEHCUBHOCTHU
ceta. 3akoH CromeroBa: dYeMm OOJbIIe
CBETOBOM TMOTOK, TeM OOJIbIlIE YHCIIO
(OTOHOB B 3TOM MOTOKE M, CIEAOBATEIHHO,
OoJiple OyJIeT BBIPBAHHBIX AJIEKTPOHOB, TO
eCThb BBIIIIE TOK HACBIIIICHHUS.
be3biHepInoHHOCTh dboTorddexra
OOBSCHSIETCS TeM, YTO IMepenavya dHEpTuu
IPU CTOJIKHOBEHHU (DOTOHA C AJIEKTPOHOM
IIPOUCXOJIUT MPAKTHUECKH MTHOBEHHO.

SBnenue doTorpdexra IUPOKO
MPUMEHSETCS B TEXHUKE (3BYKOBOE KHHO,

Puc. 1.5. YcTponcTteo
¢oTO3NIEMEHTA N CXEMa €ro
BKMNIOYEHNS B Lenb: A — aHop,
K — kaTtog; B — npospayHoe



aBTOMaTuka). Bce TexHuyeckue mnpuMeHeHus ¢GoTtodpderrta OCHOBAaHBI Ha
ucrojab3oBanun  porosnementoB. dorosnemeHt (puc. 1.5) cocrour U3
CTEKJISIHHOTO cocyJlla — OajyioHa M JIByX 3JE€KTpOJIOB — KaTtojaa W aHoja. Karon
JieaeTcs B BUAE TOHKOTO CJIOSl METaJlla, KOTOPBIN IyTEM paCIbUICHHS] HAHOCUTCS
Ha TMOJIOBMHY BHYTpeHHeH uactu 6ayoHa. Ot marepuaia (poTokaTona 3aBUCHUT, K
KaKUM 4YacTOTaM JJIEKTPOMATHUTHOTO M3Iy4Y€HUs OH OyJeT 4YyBCTBUTEIEH
(cmotpuTte Tabm. 1.1).

[Ipr gocTaTo4HON Pa3HOCTH MOTEHIMATIOB MEXKIY KaToJOM MU aHOJOM BCE
3JIEKTPOHBI, BbUIeTarome ¢ ¢hoTokaTona, OyayT coOupaThcs Ha aHojze. B aTom
cilydae cuiia TOKa B MpuOope OyneT CTpOro MponopIiuoHaIbHA WHTEHCUBHOCTHU
nagaromero Ha (GOTOKaTOJA H3IyYEHHs, MPUYEM CHJia TOKa OyJeT MEHSThCA
MTHOBEHHO, «0e3 HHepiuu». BakyyMHbIe CypbMSHO-1I€3UEBbIE (POTOITEMEHTHI
npu pabouem HanpspkeHuu 240 B o6magaloT MUHUMAIbHOW 4YBCTBUTEIBHOCTHIO
80 MKA/aM. AHOJ BBINIOJHEH B BHUJE KoJiblla WM ceTKU. CyIIecTBYIOT Kak
BaKyyMHble, TaK M Ta30HANOJHEHHbIE (OTOIEMEHTh. B ra3zoHamoyiHeHHbIX
(MHEPTHBIM Ta30M ¢ AasjieHueM 10 102 MM pT. cT.) $OTOdIEMEHTaX BEIUYUHA
TOKa OOJbIle 3a CYET HOHU3AIMU BBIOUTHIMH 3JIEKTPOHAMHU HEUTPATbHBIX
MOJIEKyJ ra3a. BHOBb oOpa3oBaHHBIE 3JIEKTPOHBI, JABUTAsCh K aHOAY, B CBOIO
odyepeap  MPOU3BOAAT  IMOBTOPHYIO  HMOHM3alMI0. YCWUJIEHHE TOKa B
ra30HaroJHEHHOM dboTodIEMEHTE MPOUCXOIUT MPONOPLUHOHAIBHO
OCBEILIEHHOCTH W HapylaeTcsi 0€3bIHepIHMOHHOCTh. OO0JacTh MPUMEHEHUS TaKUX
(OTO3JIEMEHTOB OIpaHUYEHA.

Jns ycunenus (POTOTOKOB HYAacTO TOJB3YIOTCS SIBICHUEM, MOJYYUBIIUM
Ha3BaHWE BTOPUYHOMW JJIEKTPOHHOM dMHUCCUHU. JTO SIBJIICHHE 3aKJIIOYAETCS B TOM,
YTO B3JEKTPOHBI, OOJaAaroUIMe AOCTATOYHOM HSHEPTHel, Majgas Ha MOBEPXHOCTh
MeTajja, He TOJIBKO CaMH OTPaXKaIOTCS OT 3TOM MOBEPXHOCTH, HO U BBI3BIBAIOT
SMHUCCHUI0 HOBBIX JJIEKTPOHOB C JTOM MOBEPXHOCTHU. Y CHUJIICHHBIN DJIEKTPOHHBIN
MOTOK HANpaBiseTCd HAa SMUTTEP M MPOIECC YMHOMKEHHUS MOBTOPSIETCS Ha BCEX
MOCHEAYIOUMX AMUTTEpax. BenuumHa BTOPUYHOM SMHCCUU XapaKTepU3yeTCs
KO3 PUIIMEHTOM BTOPUYHON SMUCCMM O — OTHOUIEHHWEM YHUCIIa BTOPUYHBIX

OJICKTPOHOB n2 K 4MCJIy IIEPBUYIHBIX nl, BBI3BIBAIOIINX S5MHUCCHUIO:

c=-2. (1.8)

B 3aBrcHUMOCTH OT BellleCTBa ¥ YPHEPTUM MAJAIONIUX IEKTPOHOB KOAPPULIMEHT
BTOPUYHON SMHUCCHUM G MOET JOCTUTaTh JECATU U Oojee. SIBieHHEe BTOPUYHON
OMUCCHUU HCTIONB3yeTcs i ycuieHus ¢otoroka. Ha pwuc.1.6 npuBomutcs
cxemaruueckoe wu3zo0paxkeHue (HOTOdIEeMEHTa C OJIHOKPATHBIM BTOPUYHBIM
YCHUJICGHUEM. Y CTPOMCTBO (OTOIEMEHTA €  OJHOKPATHBIM YCWIECHUEM
AQHAJIOTUYHO YCTPOWCTBY BaKyyMHOTO (poTO3jIEMEHTA.

CBETOYYBCTBUTENBHBIM CJIOM, WIpArOUIMA pOJb MEPBUYHOTO (PoTOKATOAA,
HAHECEH Ha BHYTPEHHEW MOBEPXHOCTH CTEKJSHHOTO BaKyYMHOTO OQJIOHUYMKA U



MPUCOEAUHEH K OTPULIATEIBHOMY IOJIFOCY UCTOYHHUKA MOCTOSHHOTO HAIPSKECHUS.
Ha mnpoTuBOMoNOXKHOW BHYTPEHHEM CTOpOHE OalsloHa HaHECEH TaKou ke
CBETOUYBCTBUTENBHBIA clioii D. OH sABISE€TCS BTOPBHIM 3JICKTPOJIOM-IMUTTEPOM.
Mexay KaTooM U YMUTTEPOM PACHOJIOKEH TPETUH IEKTPOJ — aHOJ, MOTECHIAI
KOTOPOTO BBINIE€ MOTEHIHMATa SMUTTEpa. POTOINEKTPOHBI, BHIOUTHIE CBETOBBIM
MOTOKOM ¢ Kartoga K, yCKOpSIOTCS SIEKTPUYECKHUM IIOJIEM W 3HAYUTEIbHAs X
4acTh, MpoJsieTast yepe3 anod A, TpeacTaBistomuil coO0M CeTKy, MpeoosieBas
BCTPEUHOE IOJIE MEXK/Iy aHOJAOM U SMUTTEPOM, ITOMANAET HA BTOPUUHBIA SIMUTTED
D, monyuyuBmIMii Ha3BaHWE IWHOMA. BBIOWTBHIE M3 HETO 3JEKTPOHBI MEHBIIUX
CKOPOCTEH, YeM NIEPBUYHBIC, COOUPAIOTCS aHOIOM.

Ecan ko3 dunmeHT BTOPUIHON SMUCCHH DJIEKTPOHOB OOJIBIIE €AUHHUIIBI, TO
cwia TOKa B Ienu aHoja OyaeT OoJibllle CUiIbl MEPBUYHOTO TOKA C KaToJa,
BBI3BAHHOTO JICICTBHEM OCBELICHUS.

Oco0eHHO BBICOKOE YCUIICHHE JIaeT MPUOOP ¢ MHOTOKPATHBIM YCUJIEHUEM TOKa
32 CUeT BTOPUYHOM AJIEKTPOHHOM sMuccuu, n300pereHHbl A.A. KyOenkum wu
MOy YUBIITNI Ha3BaHKuE POTOANEKTPOHHOTO yMHOXKUTENsA (DY) (puc. 1.7).

Puc. 1.6. Cxema porosnementa ¢ ycuinenuem GoToToKa:
K — xaron; JI — nuuoxa; A — anox; @ — CBETOBOII ITOTOK

(DOTOBJ'ICKTPOHHBIC YMHOXHUTCIN TPUMCHAIOTCA, TJIaBHBIM 06pa30M, JJIAA
HU3MCPCHUA MaJIbIX CBCTOBBIX IIOTOKOB (aCTpOHOMI/ISI " OIITHUYCCKasd



Dyvv vy

L\ 20 2B 4 A

D

CIIEKTPOMETPHSI) W JUISl PETUCTpallid KPaTKOBPEMEHHBIX CJIA0BIX CBETOBBIX
BCIIBIIIEK (siIepHAast PU3MKa U TEXHUKA).

JIro6oe n300pakeHre MOXKHO pacCMaTpUBaTh KaK MHOTOKAHATBHYIO CHCTEMY
nepegayu  uwHOpMalMKM, TMPUYEM YHUCIO KaHAJIOB  BBIPAKAETCS  UYHUCIOM
pasperiaeMbIX JIEMEHTOB TiepeaBaeMoro u3oopaxkenus. st aToro ucmnonaszyercs
Habop 10° + 10° mapajuieNbHBIX MUKPOKAHAIOB, KaXIbli M3 KOTOPBIX paboraer
HE3aBHUCUMO, KaK OTACIIbHBIA KAHAJBHBIN JIEKTPOHHBIN YMHOXKHUTENb.

Puc. 1.7. Dnextpuueckas cxema (pOTOIIEKTPOHHOTO YMHOKUTEIIS:
@ — cBeroBoii moTok; K — dotokarom; 1, 32, I3 — AUHOIHI,
A —anon; D — nenutens HanpskeHUs

KaHanpHBIN yMHOKUTENb — 3TO TpyOKa C TMHHOH, TPEBHIIIAONIEH AHaMeTp B
JECSITKU pa3 (OTHOIIEeHWE AIUHBI K auameTpy — 50). TpyOka mmeer mpoBoasIIHe
CTeHKH, Oyaromapsi ueMy NPUIOKEHHAs MEXKIY TOpPIaMH Pa3HOCTh MOTCHITUAIOB
pPa3HOCUTCS TOKOM IO Bceil ee miuHe. BHyTpu kanana — Bakyym. Bropuuno-
AJIEKTPOHHBIM SMUTTEPOM CITYKUT BHYTPEHHSISI TOBEPXHOCTH KaHaia. [IpomosibHoe
ANEKTPUYECKOE TI0JIE BHYTPH KaHajda COOOIIAeT dJIEKTPOHY CKOPOCTh B
HaIpaBJICHUU K aHOJHOMY KOHITYy TPyOKU. DIEKTPOH yAapsAeTCa O CTEHKY paHbIIIe,
9YeM BBUICTUT 4Yepe3 aHOJHOE TOPIIEBOE OTBEpPCTHE. BwIOWTHIE TIpH 3TOM
BTOPHUYHBIE DJICKTPOHBI TAK)KE JIBUTAIOTCS B CTOPOHY aHOJa W B CBOIO OYEpE.Ih
COyIapsroTCs co CTEHKOM u TaK nainee.
B kadecTBe TOKPBITHS HCIOJB3YeTCS IIJIEHKA METAUTMYSCKOTO CBHUHIIA JIHOO
BaHanueBo-pocharHoro  crewia.  KoadduiumeHt  ycuneHus — JIOCTUTaeT

e+



108 + 10° mmamerp kanana — 1 MM, imHa — 50 MM, Hanpsbkenue — okos1o 2 KB. Tlpu
CTOJIb OOJIBIIIOM YCUJIEHUHM €CTh OMNacHOCTb MOHHOW OOpPATHOM CBS3M: MOMNAJaHUE
MOHOB HA BXOJ  BBI3BIBACT IIOBTOPHBIM  JJIEKTPOHHBIM  curHain.  Jlns
OpeloTBpalieHUs] 3TOro 3¢¢eKra KaHAIbHBIM 3JIEKTPOHHBIM YMHOXXHUTEISAM
OpUAAlOT  M30THYTYyr0 QopMmy (cnupanb). boiaplimMu  mpeuMylIecTBAMU
YMHOXKHTENIEH SPKOCTH C MUKPOKAHAIBHBIMHM IUTACTUHKAMU SBISAIOTCA: 1) MX
KOMITaKTHOCTb U JIETKasi CTBIKOBKA ¢ 0OBIYHOM (hoTOammaparypoil; 2) yckopsoriee
HaNpsOKEHUE CPaBHUTEIBHO HEBEIUKO, CXeMa MUTaHUs MPEAENbHO NpOCTa, HE
TpeOyeT MarHUTHOTO ToJiE U MOA(OKYCHPOBOK; 3) TPOCTPAHCTBEHHOE
paspenieHue OmpenensieTcss TOJNbKO TreoMeTpuel Habopa MHUKPOKaHAJIOB, HE
3aBUCUT HU OT HANpSDKEHMs, HU OT yCWIEHHS; 4) OHM HCKIIOYAIOT JIOKaJbHbIC
nepecBeTku W ocnerieHue Hao6mopatens. MKII  ominyaioTcsi  BBICOKOU
MEXAHUYECKON MPOYHOCTBIO U HE OOSITCA KOHTAKTa ¢ aTMOC(EPHBIM BO31yXOM, UX
MO>KHO MEPEHOCUTH U3 Ipubopa B puodop.

Bo3MOXHOCTM Hamlero 3peHusl paccMaTpyUBAE€T CUCTEMA TEIJIOBUICHUS.
TemnoBuaeHne NO3BOJSAET MOJYyYaTh BUAMMOE H300pa)KEHHE II0 TEIJIOBOMY
(uH(pakpacHOMY) COOCTBEHHOMY WJIM OTPAXCHHOMY H3IIyYEHHUIO, K KOTOPOMY HE
yyBCcTBUTEEH Haml 11a3. [Ipubop, dyBCTBUTENBHBIMN K (DOTOHAM, HCIyCKaeMbIM
OpU TEIUIOBOM HW3IYYEHHM, Ha3bIBaeTCsl NPUOOPOM «HOUHOTO BUACHUS».
OnTuyeckre CUTHaANBI MpeoOpa3yloTcsl B JJIEKTPUUECKHE, KOTOpBIE 3aTeM
YCUJIMBAIOTCA M BOCIIPOU3BOJATCS B BHUJE HM300pa’KEHUS HAa BUIACOKOHTPOJHLHOM
YCTPOMCTBE.

B 70-x romax ObuUiM co3AaHbl NPUHLMIIMAIBHO HOBBIE, OOJiee MPOCThIE
YCTPOMCTBA, B KOTOPBIX TEIUIOBOE H300pakeHue, Oe3 mpeoOpa3oBaHusl B
ANEKTPUYECKUE CHUTHAJBI, MPOELUUPYETCS Ha SKPAH, MOKPBITHIA TOHKUM CIOEM
BEIIECTBA, W3MEHSIOIIET0 CBOM ONTHYECKHE XapaKTePUCTUKU (KO03(P(ULIHEHT
OTPAKEHUS WM MNPOIMYCKAaHWS, WHTEHCUBHOCTh WJIM LIBET CBEUYEHHUS) O]
BO3JICHCTBMEM TEIUIOBOTO W3iydeHus. Ha skpaHe MoxHO HaOm0aTh BUIUMBIE
n3o0paxenuss u  QororpagupoBath HMX. B KkauecTBe TeMmIepaTypHO-
YyBCTBUTEIBHBIX BEIIECTB MCIOJIb3YIOTCS JKUJIKUE KPUCTAIIIbI, KPUCTANINYECKHE
JTOMUHO(OPBI, NOTYTPOBOJHUKOBBIE IIIEHKH, TOHKUE MATHUTHBIE TJIEHKH.

Cucrempl TEIUIOBUJIEHUS HPUMEHSIOTCS Il 0030pa MECTHOCTH, OXpPAaHbl
OKPY’KaoIlled cpeapl, OOHAapyXEHHs JIECHBIX I0XapoB, KOHTPOJISI KadyecTBa
npoaykiuu. [IpeuMyIecTBoM CUCTEM TEIUIOBUACHUS SBISETCA MX CIIOCOOHOCTH
paboTaTh B 1000€ BpeMs CYTOK U B HEOIAronpUATHBIX IOTOHBIX YCIOBHSIX.

2. METOJ UBMEPEHUSA

Jlns mpoBeneHuUs J1abopaTopHON pabOThl Mcmoib3yeTcs ycranoBka PITK-10
(puc. 2.1). YcTaHOBKa MMO3BOJISIET UCCIIENOBATh BOJTAMIIEPHBIE XapaKTEPUCTUKH B
IIMPOKOM  MHTEpBaje oOcBelleHHocTeld. [Ipexenbl  u3MepeHuss  aHOAHOTO
HanpspkeHus: B npsimoM pexume 0 + 5 B, B obparnom — 0 + 2,5 B. Ilpenensi
u3MmepeHus gororoka ot 0 10 9,99 MKA.



VYcraHoBKa  COCTOMT M3  OOBEKTa  HCCIEAOBaHUS M yCTPOMCTBA
U3MEPUTENBHOTO, BBINIOJIHEHHBIX B BUJI€ KOHCTPYKTHBHO 3aKOHUEHHBIX HU3JCIUMN,
yCTaHABIMBAEMbIX Ha JIa0OPAaTOPHOM CTOJIE W COEOUHEHHBIX MEXIy CcoOou
Ka0eneM.

OOBbekTa nccnenoBaHusl KOHCTPYKTUBHO BBITIOJIHEH B BUJE COOPHOTO KOpIyca,
B KOTOPOM YCTaHOBJIEHbI OCBETHUTENIb (PTYTHAas jJamIia) C UCTOYHUKOM MUTAHUS,
0JIOK MHTEpPEPEHIIUOHHBIX CBETOMUIBTPOB 1-4 U yCTPOWCTBA pPEryJIUPOBKH
ocemieHHOcTU.  [lonoxenne «0» Onoka CBETOPWIBTPOB  COOTBETCTBYET
MOJIOKEHUIO CBeTa 0€3 CBEeTOPWIBTPOB M MOXKET MPUMEHATHCA ISl CHSTHS
WHTETPAIbHBIX BOJIBTAMIIEPHBIX U JIFOKCAMIIEPHBIX XAPAKTEPUCTUK, a MOJOKEHUE
«5» — mepeKphIBaeT JIaMIly M HCIONb3yeTcs A1 yCTaHOBKU HyJisd. K kopmycy ¢
MOMOIIbIO KPOHIITEHHA MPUKPEIUJIEH YCUIUTENb (POTOTOKA, HA BEPXHIOO KPBIIIKY
KOTOpPOTO yCTaHABIMBAIOTCS CMEHHBIE POTONPUEMHUKHU ¢ (oTonemenTamu P-8 u
®-25. Ilpu ycraHoBKe (HOTONMPHUEMHUKOB WX MPUEMHOE OKHO COBMEIAIOT C
BBIXOJITHBIM OKHOM OCBETHUTEJISl U 3aKPhIBAIOT MPU MOMOIIHU OJICH/IBI.

Ha nepegnelt mnaHenum o0OBEKTa UCCIEAOBAaHUSA  HAXOJUTCS  CETEBOMU
BBIKJTIOUATENh C MHAMKATOPOM BKJIIOYeHUs ceTh. Ha 3anHell maHenu oObekTa
MCCIEOBAaHUS PACIIOJIOKEHBI KIIEMMAa 3a3€MJICHUS, JEp>KATeNN NPEeAOXpaHUuTEIEH
M ceTeBOl MHYp ¢ BUJIKOW. Ha OOKOBOW CTEHKE pACIONOKEHO BBIXOAHOE OKHO
OCBETUTENS] M YCTPOMCTBAa AJie CMEHBbl HHTEP(PEPEHLMOHHBIX CBETO(QUIHTPOB
PEryJIupOBKM OCBEHIEHHOCTH. Ha OOKOBBIX MOBEPXHOCTSIX yCHIUTENS (POTOTOKA
PAcCHOJIOKEHBI COCIMHUTENBHBIA IIHYP C Pa3beMOM JI MOJKIIOUEHUS OOBEKTa
UCCIIEJOBaHMSI K YCTPOMCTBY M3MEPUTEIBHOMY U PETYIISTOPHI OalaHca yCUITUTENs
I'PYBO u TOYHO.



Puc. 2.1. Ycranoska ®I1K-10

YCTpOoWCTBO ~ M3MEPUTENBHOE  BBIIOJHEHO B BHJIE€  KOHCTPYKTHMBHO
3aKOHYEHHOTO0 u3Jeius. B HeM mnpumeHeHa OAHOKpUCTalIbHAad MHUKPO-OBM c¢
COOTBETCTBYIOIIIMMH  JOIOJHUTEIBHBIMA  YCTPOWCTBAMH,  IO3BOJISIOIIAMH
OPOU3BOJAUTH HU3MEPEHUsI TOKa (POTO3JEMEHTa, YCTAaHOBIEHHOTO B OOBEKTE
UCCIENOBAaHUs, YCTAaHABIMBaTh W W3MEPATh IHUTAIOLIEE HANPSIKECHUE Ha
doTOdIEMEHTE, a TaKkXKe OCYIIECTBIATh (YHKIUU VYIPABICHUS YCTaHOBKOM
(ycTaHOBKa pPEXHUMOB MPSAMOTO WJIM OOpaTHOTO W3MepeHus u T.1.). B cocraB
YCTPOMCTBA U3MEPUTENBHOTO BXOJST TAKKE UCTOYHUKHU €r0 MUTAHUS.

Ha nepenneil manenu ycTpouWCTBa MU3MEPUTENBHOIO PA3MEIIECHBI CIEAYIOIINE
opranbl ynpaBieHus u uHaukanuu: kHomka [IPAMAS-OBPATHASA c
COOTBETCTBYIOIIMMH UHAMKATOPAMH — MPEJHA3HAUYEHA [l BKIFOUEHUS MIPSIMOTO U
00paTHOTO PEeXUMOB U3MEpeHHs; KHOMKH «+», «-» u CBPOC — npeana3HaueHsl
JUISL PETyJIUPOBKMU HaIpsikKeHUuss Ha (OTOINEMEHTE M €ero cOpoca B HOJIb;
UHIMKaTOpel B M1 MKA — mpenHa3zHaudeHbl Uil MHAWMKAUUMU 3HAYEHUN BEJIWYHH
HanpsbKeHUs Ha GoTodIeMeHTe U (POTOTOKA B TIPOIECCE PabOTHI.

Ha 3anHeil nanenu ycTpolcTBa U3MEPUTEIBLHOIO PACIIOIOKEHBI BBIKIOYATEIb
CETb, «xnemma 3a3eMiieHUs, JepKaTeld  MpeJoXpaHuTeled  (3aKpbIThI
MpPEAOXPAHUTENIBHOM CKOOOM), CeTeBOM IIHYp € BWIKOH H pa3zbeMm JUIis
HOJKIIIOUEHUSI 00BEKTA UCCIIEIOBAHUS.

Y cTpoiicTBO U3MEpPUTENBHOE TIPU MOMOIIM CETEBOTO IIHYpa MOAKIIOYACTCS K
cetu 220 B, 50 I'n.

3. BBIIIOJIHEHUE PABOTDI

3.1. BxitouuTs mpuOOpPHI B CETh.

3.2.  YcTaHOBHUTH B MOJIOKEHHUE «5» OJNOK CBETOPUIBTPOB U PETYJIATOPAMU
OanmaHca yCHUJIUTENs «Tpy00» M «TOYHO» OTPEryJIHUpOBaTh IMOKa3aHUs
BOJITMETPA U MUKpOaMIepMeTpa 10 HYJIs.

3.3. [laTb 1amIie ocBeTUTeIsI IPOrpeThesl B TedeHue 15 MuHyT.

3.4.  YcranoButh cBeToduiabTp 1 (A =407 HMm).

3.5. CHATh  BOJBTAMIEPHYIO  XapaKTEpPUCTUKy HpU  MaKCUMaJIbHOU
OCBEIIEHHOCTH (KpaifHee MOJIOKEHUE KOJIblla YCTPOICTBA PEryIUpOBKU
OCBEIIEHHOCTU TMPU €r0 MOBOPOTE MO YACOBOHM CTpEIIKE) ISl MPSIMOTO
HaNpsDKEHUs, JaHHbIE 3aHeCTH B Tao. 3.1.

Tabnuya 3.1

uB, 0 | 05| 10| 15| 20 25| 30 | 35| 40 | 45| 50

I, MKA




3.6. HaxaTp KHOTIKY «COpPOC» U YCTAaHOBUTH OOpaTHOE HampsHKEHHE.

3.7.  YMEHbLIUTh TOK JI0 HYJIS U ONPEAEIUTD 3alHparoiee HalpsHKeHue.

3.8.  CHATH BONBTAMIIEPHYIO XapaKTEPUCTUKY MPU MAKCHMATIBHOM OCBEIIICHHOCTH
7151 0OpaTHOTO HANPSKEHMS, TAaHHBIE 3aHECTH B TaoO. 3.2.

Tabauya 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. IIponenats myHKTHI 3.5-3.8 17151 MUHUMAIBLHOM OCBEIIEHHOCTH (KpaifHee
MOJIOXKEHUE KOJbI[A YCTPOMCTBA PETYIMPOBKH OCBEIICHHOCTH TIPH €T0
MOBOPOTE MPOTUB YACOBOM CTPEIKH).

3.10. Tloctpouts rpaduku 3aBucumoctu |=f(U) mus makcumanbHOW u

MUHHMAJIEHON OCBEIICHHOCTEH Ha MIJUTUMETPOBOM Oymare.

3.11. VYcranoButh cBETOGUIBLTP 4.

3.12. Ilponenars mnyuktel 3.5-3.7 u 3.9-3.10 ngus cBeropunbTpa 4
(A =578 um).

3.13. Cpasuurts mis cBeroduabTpoB 1 u 4 Toku Hacemenus npu U =5 B.

3.14. OmpenenuTh KHUHETHUYECKYIO OHepruto  (QoTtosnmextpona it 1
ceetopunbTpa 1o Qopmysne | =€U, rme e — 3apsam >IeKTpoHa,
U — 3anuparoriee HanpsiKeHue.

3.15. OmpenenuTs MaKCUMalIbHYIO CKOpPOCTh (oTodNeKkTpoHa s 1

2eU
ceeTopmiabTpa o hopmyine Vmax = T o TRe M — Macca dJIeKTPOoHa.

3.16. Ompenenutp paboTy BbIXOAa (HOTOIIEKTpOHA U3 MeTauia s |

hc
ceerounpTpa o dpopmyne A= T_GU , Tne h — mocrostanas [Tnanka,

C - CKOPOCTb CBETa B BaAKyyMe, A — JJIMHA BOJIHBI.

A
3.17. Omnpenenutsb KpacHyto rpanuily Gotodddekra no hopmyne VO = P

IIpumeyanus:

1. InvHBI BOJIH MPOMYyCKaHUs UHTEPPEPEHUNOHHBIX CBETO(GUIbTPOB: 407 HM
(1), 435 um (2), 546 um (3), 578 um (4). B ckoOkax yka3zaHbl HOMeEpa
CBETO(QUIBTPOB, YKa3aHHBIE Ha YCTAHOBKE.

2. 3HaK «MHHYC» IIPU 0OpATHOM PEKHUME U3MEPEHUS HE MHIUIMPYETCS.

3. Pexxum paboOThl YCTaHOBKHM NPEPBIBUCTBIA — dYepe3 Kaxiable 45 MHUHYT
paboThl Aenaercs nepepsiB Ha 15-20 MUHYT.




4. KOHTPOJIBHBIE BOITPOCHI

1. Kakoit pororddext HazpiBaeTcss BHENTHUM? OCHOBHBIE 3aKOHBI BHEIIIHETO
dboTorddekra.

2. O6BACHUTH 3aKOHBI POTOIPEKTa C TOUKH 3pEHUsT KBAHTOBOU TEOPHUH.

3. MoxHo 51 OOBICHUTH (POTOAD(PEKT C TOUYKH 3pEHHS KIACCHUECKOM
BJIEKTPOAUHAMUKU?

4. Ha3BaTh TUTIBI ()OTOIIEMEHTOB.

5. latb ompedeneHuss CBETOBOTO IIOTOKA, OCBEIICHHOCTH, CHIIBI CBETA.
CdopmynupoBaTh 3aKOHBI OCBEIIIEHHOCTH.

6. Utro Takoe  BTOpHYHas  3JeKTpoHHas  smuccusa?  KoHcTpykius
(OTOIIEKTPOHHBIX YMHOKHUTEIEH.

Kontponupyemsbie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; T1.1.-TI1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ouenku:

— OueHka «5» CTaBUThCS, €CIIM yJallluiCs BBIIOJHSAET paboTy B MOJHOM 00BEME C
cOOJIIOJIECHUEM HEOOXOJMMOM MOCHeN0BATEIbHOCTH TMPOBEJCHUS OIBITOB U
U3MEPEHHI;  CaMOCTOSITENIbHOM  pallMOHAIBHO  MOHTHPYET  HEOO0XOJUMble
000py0BaHKE; BCE OMbBITHI MPOBOJUT B YCIOBUSX U peXHUMax, 00€CIeUnBarOIINX
NOJIyYEHHUE TPABUIIbHBIX PE3YJIBTATOB U BHIBOJIOB; COOIOIAET TPEOOBAHUS MTPABUII
0€30MMacHOCTH TPYy/Aa; B OTYETE MPABUIBHO M aKKypaTHO BBIMOJIHSET BCE 3aIUCH,
TaONMUIbI, PUCYHKH, YEPTEXKH, IpaduKu, BBHIUMCICHUS; NPABUIBHO BBIMOJHSIET
AHAJIU3 TIOTPEIIHOCTEM.

— OueHka «4» CTaBUTCS, €CIIHM BBIMOJIHEHBI TPEOOBaHMS K OLEHKU «5», HO ObUIH
JOMyIIEHBl ABa-TpU HeaodeTa, He Ooiee ONHOM HErpy0oil OMMOKM M OJHOTO
HeJoueTa.

— Onenka «3» cTaBUTCA, €ciM paldoTa BBHIMOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBIMIOJIHEHHOM YacTU TaKOB, MO3BOJISIET MOJYYUTh NPABHIIbHBIE PE3YJbTAThl U
BBIBOJIBI: €CJIU B XO/I€ IPOBEJICHUS ONBITA U U3MEPEHUI ObLIN JOMYIICHBI OIIHOKH.
— OueHka «2» CTaBUTCS, €ClIM padoTa BBIIOJIHEHA HE MOJIHOCTbIO U O0BEM
BBIIMIOJTHEHHOM 4acTH pabOT HE MO3BOJIAT CHENATh MPABUIIbHBIX BBIBOJOB: €CIIH,
OTIBITBI, U3MEPEHHSI, BEIYMCIICHUS, HAOTIOICHUS TTPOM3BOIMINCH HEMPABUIIBHO.

Tema 6.2. ®u3uka aToMa U1 aTOMHOTO siipa

Ycrublii onpoc (YO)



1.B dem 3akmnroyaercs sIBJICHUE PAUOAKTUBHOCTH?

. KakoBa npupoja paiuoaKTUBHOTO U3Ty4YECHUS?

. Hanumvre 3aKoH pai0aKTUBHOTO pacnaja.

. UTo Ha3bIBAIOT MEPUOAOM MoJTypacnana?

. KakoBbI ycTpO#CTBO U AciicTBUE KaMepbl BunibcoHa u cuetuuka ['elirepa?
. Pacckaxkute o Mmozaenu siapa no MBanenko - ['eiizenOepry.

. UTO Ha3bIBaIOT MACCOBBIM YUCIOM?

. Kak onpenensitor gedext Maccel U SHEPTUIO CBSI3U sapa’?

9. Yto Takoe snepHas peakuus?

10. YTro noOHMMArOT MOl UCKYCCTBEHHON PaOaKTUBHOCTHIO?

11. Kakyto saepHy0 peaklMio Ha3bIBAKOT LIETTHON?

12. JlaiiTe MOHSATHE KPUTUUECKON MACCHI.

13. Pacckaxkute 0 OJy4EHUH W IPUMEHEHNUN PAJMOAKTUBHBIX U30TOIOB.
14. Pacckaxkute 0 MEepCIeKTUBaX Pa3BUTUA ATOMHON YHEPTETUKH.

15. Kakoe Ouonoruueckoe Bo3ACHCTBUE OKA3bIBAIOT PAIUOAKTUBHBIE U3TyUEHUS
Ha )KUBOM OpraHu3M?

16. Kakue yacTuibl Ha3bIBAKOT JIEMEHTAPHBIMU?

OO\ DN B~ W

Kontponupyemsbie komnerennuu: 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 COJIEPKaHUE MaTepuana

YETKO U MPABWIBHO JaHbl ONPEIEICHUS U PACKPBITO COAECPKaHUE OHATHI, BEPHO
UCII0JIb30BAaHbl HAYYHBIE TEPMUHBI

JUTSL I0KA3aTeNIbCTBA UCIOJIb30BaHbl Pa3IMYHbIe YMEHUS, BBIBOIbI U3 HAOIIOACHHUIA,
OTBITOB

OTBET CaMOCTOSITENbHBIHN, UCIIOJIB30BAHbBI paHEEe IPUOOPETEHHbIE 3HAHMSL.

OtmeTtka «4»

PaCKpBITO OCHOBHOE COJIEpKaHUE MaTepuaia

B OCHOBHOM MPABWJILHO JaHbI OMIPEACICHUS TOHSATUIM U UCTIOJIb30BaHbl HAYUHbIC
TEPMUHBI.

OTBET CAMOCTOSITSIHLHBIN

omnpeAesieHUs TOHATUN HETOJHbIE, OMYIEHbl HE3HAYUTEIbHbIC HAPYIIICHUS
MOCJIEI0BATEILHOCTU U3JIOKEHUSI, HEOOJIbIIINE HETOYHOCTH MIPU UCIIOIH30BAHUU
Hay4YHBIX TEPMUHOB HJIM B BBIBOJAX M 000OIICHUSIX

MPaBUJIbHBIE M YETKUE OTBETHI HAa BOMPOCHI YTOUHSIOIIETO XapakTepa (O3S
MTOHUMAIOIITUA )

OrMmeTka «3»
YCBOEHO OCHOBHOE COJIEpKaHue yueOHOro MaTepuasia, HO U3JI0KEHO
dbparMeHTapHO, HE BCEra MOCIeI0BaTEIILHO



ONPEAEIICHUS TOHATUN HETOCTATOYHO YETKUE

HE UCIOJIb30BaHbl B KAYECTBE JI0KA3aTEILCTBA BHIBOJIBI M 0000IIEHUS U3
HaAOJIIOICHUH, TOMYIIIEHbBI OMTUOKHU TIPYU UX U3TT0KCHUH

JOTYIIEHBI OITMOKK U HETOYHOCTH B UCIIOJIb30BAaHUU HAYYHON TEPMHUHOJIOTHUH,
OIIpEJIETICHUE TTOHATUI

PaBUJIbHBIE U YETKUE OTBETHI HA BONPOCHI HABOSILIETO U KOHKPETU3UPYIOILIETO
xapakTtepa (MOo3UIUsl KPUTHK)

OtMmeTka «2»

OCHOBHOE COJIepKaHre yueOHOTO MaTepraia He PaCKPBITO

HE JIaHBI OTBETHI Ha BOIIPOCHI HABOAIIETO M KOHKPETHU3HPYIOIIETO XapaKTepa
JOTYIIEHBI TPYObIC OITUOKY B OTIPEICIICHUH TIOHSTHH, IIPH UCIIOJIb30BAHUH
TEPMHHOJIOTHH.

Tectuposanue (T)

1. Kak Ha3bIBaeTCss MUHUMAaJIbHAS MOPIMS SHEPTUHU, KOTOpask U3Iy4aeTcsl Uin
MOTJIOMIAETCS TeJIOM?

a) aToM

0) KBaHT

B) KOPITyCKYJia

r) 2¢up

1) KBapK

2. Kto otkpbul poTornexkrpuueckuit apdext 0but B 1887 roay (...)? Kto B 1888—
1890 romax sKkcepuMEHTaIBLHO UCCIeA0BaN (poTodIeKTprUecKuid dpdekr (...)?
KTo BeImomHMI Hanboee MoJIHOE UccieoBanue SBiaeHus GpoTodddekra (...) B
1900 r.?

a) I'. T'epii; A. CroneroB; M. I1nank

0) A. Ditnmreiin; I'. I'epir; A. CtoneToB

B) I'. I'epir; A. Croneros; ®. Jlenapn

r) A. Ditamreii; A. Croneros; @. Jlenapy

1) A. Croneros; I'. I'epir; A. DHHIITSHH

3. 13 yero cocTout sapo aroma?

a) IPOTOHOB

0) 2IEKTPOHOB ¥ HEUTPOHOB

B) HEUTPOHOB U MTPOTOHOB

T) Y-KBaHTOB

1) JIGKTPOHOB, HEUTPOHOB M MPOTOHOB

4. Kakoli U3 JaHHBIX BEJIMYUH MPOIOPIIMOHAIbHA SHEPTUs KBaHTa?
a) JUTMHE BOJIHBI.
0) JactoTe KoJicOaHMIA.



B) BPEMEHU U3ITyUYCHUS.
T) 2JICKTPUYECKOMY 3apsiay s1Ipa.
1) CKopocTH (DOTOHA.

5.51BneHue uCImycKaHus JIEKTPOHOB BEIIECTBOM I0]1 JIEHCTBUEM
AJIEKTPOMArHUTHBIX M3JTYYCHUH HA3bIBACTCSI:

a) DJIEKTPOJIU3.

0) ¢poTocuHTES3.

B) hoTorpdekt

T) 2JICKTpU3aLIHSL.

1) yAapHasi MOHU3ALIMSL.

€) peKOMOMHAITHSI.

6.1IpemToxuI sIepHy 0 MOICTb CTPOCHHS aToMa:
a) J1. TomricoH.

0) 3. Pesepdopn

B) A. bekkepens.

r) B. I'eiizenOepr.

n) H. bop

7.0npenenure, B KAKUX U3 MIEPEUUCIIEHHBIX HUYKE COCTOSIHUM BEIIECTBO MOKET
WCIYCKaTh JUHENYATHIN CIIEKTP U3ITy4YCHUs?

1. TBepIO€ COCTOSIHUE MPHU BBICOKOW TeMImepaType

2. )KMJIKOE COCTOSIHUE MPH BBICOKOM TeMIlepaType

3. ra3oo00pa3HOe COCTOSIHUE MPU BBICOKOM TemIiepaType

4. ra3000pa3HOE COCTOSIHHE MPU HU3KOUW TeMIepaType

a) TOJIbKO 1.

0) TobKO 2.

B) TOJIBKO 3.

T') TOJbKO 4.

1) B coctositusix 1 u 2.
€) B COCTOSIHUSIX 3 U 4.
) B J1I000M COCTOSIHHH.

8. UTo Takoe o-u3iaydeHue?

a) DIEeKTPOMarHuTHBIE BOJIHBI
0) [ToTox HEUTPOHOB

B) [loTOK MpoTOHOB

r) [ToTOK simep aTOMOB Tenus
1) HET MPaBUJIILHOTO OTBETA

9. Uto onpeaenseT aTOMHBIN HOMEp dJIeMeHTa 7.7
a) CKOJIBKO B SIIPE HAXOJUTCS DJICKTPOHOB
0) CKOJIBKO B s/Ip€ HAXOJAUTCS HEUTPOHOB



B) CKOJIBKO B sIJIpE HaXOJUTCSI raMMa-KBaHTOB
') CKOJIBKO B SIIPE HAXOAUTCS MMPOTOHOB
1) 3aTPYAHSAIOCH OTBETUTH

10. Yto Takoe nepuop noxypacnaga T-paiuoakTUBHBIX siaep?

a) BpeMsl, B TEUEHUE KOTOPOT0 YKUCIIO PaJAUOAKTUBHBIX sJIep B 00pasiie
yMenbiaercs B 10 pa3

0) BpeMsi, B TeY€HHE KOTOPOTO YKCIIO PaIMOAKTUBHBIX siiep B 00Opasiie
YMEHBIIIAETCS B 2 pasa

B) BPEMsL, 110 HCTEUCHHH KOTOPOTO B PAIHOAKTHBHOM 00pasLe oCTaHeTcs \2
PaIMOaKTUBHBIX SIIEP

I') BpeMsi, B TEY€HUE KOTOPOTO YKCIIO paIMOAKTUBHBIX siiep B 00pasiie
yMeHnbIaercs B 50 pa3

1) 3aTPYIHSAIOCH OTBETUTD

11.M3 atoMHOTO siipa B pe3yJIbTaTe CAMOIIPOU3BOJIBHOIO MTPEBPAIICHUS BBUIETEIO
SAIPO aTOMa TelIusl. ITO OTHOCHUTCS K CIEAYIOEMY BUY PAAUOAKTUBHOTO
pacmana:

a) anbda-pacra.

0) OeTa-pacrazn.

B) raMMa-U3J1y4CHHUE.

I') OPOTOHHBIN pacna

1) ABYXMPOTOHHBIN pacnaj

12.KoaddurmeHT nponopuruoHaTLHOCTH MEXKIY dHEPrue KBaHTa U YaCTOTOM
KOJIcOaHMI Ha3bIBACTCS:

a) moctossHHas bombiMaHa.

0) nocrossHHas Punbepra.

B) OCTOsIHHAsE ABOTaApo

r) noctossHHas dapayes.

n) noctostnHas [lnanka

13. Yto Takoe KpuTUYECKas Macca BeriecTBa’?

a) HaUMEHbIIas Macca JIEISIIErocs BeIeCcTBa, MIPU KOTOPOH yKe MOXKET
IIPOTEKATh ICIHAS sSAepHAs PeaKIUs ICICHUS

0) Macca JesIIerocs BeIecTBa, paBHAs MOJISIPHOM Macce TOro BEIleCTBa
B) Macca JeJISIIerocs BelecTBa, MOJHOCTHIO 3alMOHSIONIAs aKTUBHYIO 30HY
peakTopa

') Macca JeNsIerocs BeecTna, papHas 235 kr

1) 3aTPYAHSAIOCH OTBETUTH

14. YUto U3 HUXKE MEePEUUCICHHOTO MOXKET OBITh 3aMEIJTUTEIIIMU HEUTPOHOB B
SIIEPHOM peakTope?

a) TsDKeJast BoJa Win rpaguT

0) 60p WM KaaMHUit



B) ’KEJI€30 UM HUKEITh
r) OETOH WJIH MECOK
1) 3aTPYAHSAIOCH OTBETUTH

15. UccnemyeMplii oOpasern, coaeprkaniuii N pagnoakTUBHBIX sjep, cHadaia
oxnaxaarot A0 —40 °C, a 3aTeM IMOMENIalT B MarHUTHOE 1ojie. I3MEHUTCA JIu 1pu
3TOM KOJIMYECTBO PAIUOAKTUBHBIX s/Iep, KOTOPBIC PaCIaIUCh 32 BpEMsl, PaBHOE
JBYM TIEpHOJIaM ToJIypacrnana?

a) UI3MCHUTCS HE3HAYUTEIBHO

0) U3MEHUTCS TOJIBKO IIPH OXJIAXKISHUN 00pa3Iiia

B) U3MEHHUTCS TOJBKO IPH BHECCHUH B MarHUTHOE I10JIC

') UI3BMEHHUTCS, €CIu 00pa3el] cHadyajia OXJIaduTh, a 3aTeM BHECTH B MAarHUTHOE
oJie

1) HE U3MEHUTCS

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

Kiaouu Kk Tecram:

Ne Bompoca 11213/4/5/6|7(8|9 ]10/11|12|13|1415

IlpaBusbHblid |60 | B|B|O|B|O|/B|TF|T |0 |(a |a |a [a |1
OTBET

Kpurepun onenku:

— «2» BBICTaBIISIETCSl 00yUaIOIIEMYCsl, €CTU Ha0payl MeHee 5 0aJlIoB;
— «3» BBICTaBIISIETCSl 00yUaroniemMycs, 3a 8-6 6aioB;

— «4» BhICTaBNAETCS OOyUaromemycs, 3a 9-11 6amnos;

— «5» BBICTaBIIsIeTCS 0OyUarolemycs, 3a 6ojee 12 6amos.

3amanus nis camocrositeibHOU padoTsl (CP)
Tembl 3cce (pedepaToB, 1OKIAT0B, COOOILIEHMIH)

Pa3ButHe B3ris/10B HA CTPOCHUE BEIIECTBA.
Mogenu CTpOoeHHUsI aTOMHOTO SAIpa.
3aKOHOMEPHOCTH B aTOMHBIX CIIEKTpPax BOJOPOJA.
Snepnas Mojenb aroma.

OmnbiTe D.Pesepdopra.

Mopuens atoma Bonopozaa mo H.bopy.

KBanToBbIe nocTynarel bopa.

Jlazepsl.

NGOk WNE



9. PammoakTUBHOCT®.

10.3akoH paIMOaKTUBHOTO pacnaja.

11.PaanoakTUBHBIE PEBpPAIICHUSI.

12.Crioco0b1 HaOMIOICHUS U PETUCTPAITUH 3aPSKECHHBIX YaCTHII.
13.2¢dext BaBunonsa - Uepenkona.

14.TTonyueHnne paaruoOaKTUBHBIX U30TOMOB U UX TIPUMCHCHHE.
15.buonoruueckoe AEMCTBUE paIMOAKTUBHBIX U3ITyUYECHUN.
16.D5neMeHTapHbIE YaCTHUIIbI.

Kontponupyemsbie komnerennuu: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; TI.1.-I1.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ounenkn:

OtMmeTka «5»

MIOJIHO PACKPBITO COJEPKAHUE MaTepuaia

YETKO U MPABWIBHO JIaHBI ONIPEACIICHUS U PACKPBITO COJEPHKAHUE TOHATUM, BEPHO
WCIIOJIb30BaHbl HAY4YHbIC TEPMUHBI

JUTSL I0KA3aTeNIhCTBA UCTIOIB30BaHbI PA3IMIHBIC YMEHUS, BEIBOIBI U3 HAOIOICHU,
OITLITOB

OTBET CaMOCTOSTENIbHBIN, UCTIOJb30BaHbI paHee MPUOOPETEHHbBIC 3HAHUS.

OtMmetka «4»

PACKpPBITO OCHOBHOE COJICp)KaHUE MaTepraia

B OCHOBHOM TPABHUJILHO JaHBI OTIPEICIICHUS TIOHATHH U UCIIOJIH30BaHBI HAYTHBIC
TEPMHUHBI.

OTBET CAMOCTOSITSIILHBIN

OTIpeICIICHUS TIOHATUI HETIOJHBIC, TOMYIIEHBI HE3HAYUTEIIbHBIC HAPYIIICHUS
MIOCJIEAOBATCIIbHOCTH U3JI0KEHUS, HEOOIBIITNE HETOYHOCTH TPH MCIIOJIb30BaHUH
Hay4YHBIX TEPMUHOB WJIM B BBIBOJAX M 000OIICHUSIX

MPaBUJILHBIE M Y€TKHUE OTBETHI HA BOMPOCHI yTOUHSIONIETO Xapakrepa (To3uIus
MTOHUMAFOIITUH )

OtmeTka «3»

YCBOEHO OCHOBHOE COJIEpKaHUE Y4eOHOT0 MaTepuaia, HO U3JI0KEHO
dbparMeHTapHO, HE BCera MOCIeI0BaTEIbHO

onpeAesieHUs IOHATUNA HEIOCTATOYHO YETKUE

HE HCIOJIb30BaHbI B KAUECTBE JOKA3aTEIhCTBA BHIBOJIBI U 0000IIEHUS U3
HaOJII0ICHUH, JOMYIEHBI OIHOKHU MIPU UX U3T0KECHUU

JOTYIIEHBI OMMOKU M HETOYHOCTU B UCTIOJIb30BAHUM HAYYHON TEPMUHOJIOTHUH,
OIPEACIICHUE TTOHSITHMN

MPaBUWIbHBIC U YETKUE OTBETHI HA BOMPOCHI HABOISIIIETO U KOHKPETU3UPYIOIIETO
xapakrtepa (Mo3UIUsl KPUTHK)

OTMeTKa «2»



OCHOBHOC COACPKAHHC y‘l€6H01’0 MaTcpuajia HC paCKpBITO

HC OJaHbl OTBCTHI HAa BOIIPOCHI HABOAAIICTO U KOHKPCTU3HUPYIOIICIO XapAKTCpa
AOITYIICHBI FPY6BI€ OIIMOKH B OIIpCACIICHUN HOHHTHﬁ, IIpHU UCIIOJIb30BAHHUHA
TCPMHUHOJIOTHH.

JlabopaTopHbie padoThI
JlaGopaTopHas padora Ne 17
HN3yuyeHne TpeKOB 3apSAKEHHBIX YACTHUIL 10 TOTOBBIM (poTOrpadusam.

[leab: 0OBSICHUTH XapaKkTep JABUKEHUS 3apsDKEHHBIX YaCTHULL.
OOopynoBanme: ¢Qororpaguu TPEeKOB 3apsSKEHHBIX YACTHUL, IOJYYEHHBIX
KaMmepe BuibcoHa, my3bIpbkoBO KaMepe U (POTOAIMYIbCUH.

Teopernueckoe 000CHOBAHME

[Ipu BeIMONHEHUU JaHHOM J1a00PaTOPHOM PabOTHI ClIey€eT MOMHUTH, YTO:
a. JITMHA Tpeka TeM OoJIbIle, YeM OO0JIbIIIe SHEPTUsl YACTHUIII (U YEM
MEHbIIIE TNIOTHOCTH CPEIb);

b. TommuHA Tpeka TeM OoJbIIe, YeM OOJBIIE 3apsil YACTUIIHI U YEM
MEHBIIIE €€ CKOPOCTh;

C. TpH IBWKCHUU 3apsHKEHHOM YacTUIIBI B MATHUTHOM ITOJIE TPEK e¢
MOJTy9aeTCsl UCKPUBJICHHBIM, IPUYEM PaINyC KPHUBU3HBI TPEKa TEM
OoutbIIre, yeM OOJIbIIIe Macca U CKOPOCTh YaCTHUIIBI M Y€M MEHBIIIE e¢
3apsId MOAY/Ib UHAYKITUH MAarHUTHOTO TTOJIS:

d. wactuia IBUTANAch OT KOHIIA TPEKa ¢ OOIBIINM PaINyCOM KPUBU3HBI K
KOHILy C MEHBIIIMM PaJnlyCOM KPUBHU3HBI (paJnlyC KPUBU3HBI IO MEPE
JIBHKCHUS YMEHBILAETCs, TAK KaK U3-3a CONPOTUBIICHUS CPEIb
YMEHBIIAETCS CKOPOCTh YaCTHUIBI).

IlopsiIoK BBINOJHEHHSI PA0OThI

2adanue 1. Ha nByx u3 Tpex npeacraBieHHbIX Bam (otorpaduii (puc. 1,
2 1 3) nu300pakeHbl TPEKU YACTHII, JIBIKYITUXCSI B MArHUTHOM TIOJIE.
Ykaxute Ha kakux. OTBET 000OCHYHTE.

2aodanue 2. Paccmotpute dotorpaduro TpEKOB 0i-4aCTHIIL,
JBUTABIINXCS B Kamepe Bunbcona (puc. 1), 1 oTBETbTE Ha

JAHHBIE HUKE BOMPOCHI:
1. B xakoM HampaBlIeHUU ABUTATIUCH O-HYACTHULIBI?

2. JlmuHa TPEKOB 0-4acCTHUIl MPUMEPHO oruHaKoBa. O



YeM 3TO TOBOPUT?
3. Kak MeHsu1ach ToNIIMHA TpEKa MO Mepe IBMKEHUs yacTuIl? UTo 13 3Toro
cinenyer?

2adanue 3. Ha pucynke 2 nana gororpadus
TPEKOB (--4ACTHI] B Kamepe BunbcoHa,
HaXOJUBIIEHCS B MATHUTHOM IIOJI€.
Omnpeanenure 1o 3Toi poTorpaduu:
1. Tlouemy MEHSUIUCH paanycC
KPUBH3HBI U TOJIIIMHA TPEKOB MO
Mepe JBUKEHUS 0-4aCTHIL?

2. B Kaky1o CTOpOHY JBUTAIUCh YaCTUIIbI?

2aoanue 4. Ha pucynke 3 nana gororpadgus Tpeka 3JIEKTpoHa B
ITy3BIPHKOBOM KaMepe, HaXOAUBIIEHCS B MArHUTHOM Ttosie. Onpenenure no

aTO# oTorpadun:
1. Tlouemy Tpek umeet hopmy ciupaiu?

2. B kaxowm HarpaBJIeHUH ABUTAJICS DJIEKTPOH?

3. UTO MOTJIO TIOCTYKHTh MPUIUHOM
TOTO, YTO TPEK JIEKTPOHA HA PUCYHKE
3 ropaszao JJIMHHEE TPEKOB Ol- YaCTHIL
Ha PUCYHKE 2

Konrponupyemsie komnerenuun: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; I1.1.-[1.7.;
JIP2, JIP4, JIP23. JIP30

Kpurepun ouenku:

— OreHKa «5» CTaBUTKCS, €CITH YYAIIUHCS BBITIONHSAET pabOTy B MOJTHOM 00BEME C
coONoIeHNeM HEOoOXOJAMMOM TOCIENOBATEIbHOCTY TPOBENIEHUSI ONBITOB U
U3MEPCHHI;  CaMOCTOSTCIBHOM  pallMOHAIBHO  MOHTHPYET  HEOOXOIMMbIC
000pyI0BaHKE; BCE OTBITHI TIPOBOJUT B yCIIOBUSAX U PEKUMAX, 00SCIICUUBAIOIINX
MOJTyYeHHE PABUIIbHBIX PE3yJbTaTOB M BBIBOJOB; COOJIOIaeT TPEOOBAHMS MPABHUII
0€30MMacHOCTH TPy/a; B OTYETE MPABHILHO M aKKypaTHO BBHIMOJIHIECT BCE 3aITUCH,



TaONMUIbI, PUCYHKH, YEPTEXKH, TpaduKy, BBHIYUCICHUS; MPABUIBHO BBIMOJIHSICT
AHaJIN3 [TOTPEIIHOCTEMN.

— OueHka «4» CTaBUTCS, €CIU BBIIOJHEHbI TPEOOBAHMS K OLIEHKU «5», HO ObUIN
JOMYLIEHbl ABa-TpH HemoYeTa, He Ooiee OJHOM HErpy0oil OMMOKH M OJHOTO
HEZ0YeTa.

— OueHka «3» cTaBUTCA, €cau padoTa BHIITOJHEHA HE MOJHOCTbIO, HO 00BbEM
BBIMIOJIHEHHOM YacTW TaKOB, MO3BOJIAET IOJIYYUTh IPABUJIBHBIE PE3YyJbTaThl U
BBIBO/JIbL: €CJIM B XO/I€ MTPOBECHUS OIbITA U U3MEPEHUI ObUIM JOMYIIEHbI OINOKH.
— OrmeHka «2» CcTaBUTCS, €CiIu paboTa BBIMOJHEHA HE TOJHOCTHIO U 00BEM
BBIMTOJTHEHHON 4YacTH pabOT HE MO3BOJIAT CHENaTh NMPABUIIBHBIX BBIBOJOB: €CIIH,
OTIBITHI, U3MEPEHMUSI, BHIUHUCICHHS, HAOIIOIEHUS IPON3BOANINCH HETTPABUIBHO.

KonTtpoabnas padora Ne 6
Ilo pa3aeny «aeMeHTHI KBAHTOBOW GU3MKN»

Bapmuanr 1.
JlaiiTe XapakTepucTUKy (hPU3UUECKOTO SIBJICHUS: aHHUTHIISIIIHSL.
JlaiiTe XapakTEPUCTUKY 3aKOHA PAIMOAKTUBHOIO pacnaja.
Kakyro MakCUManbHYI0 KHHETHUECKYIO SHEPTUIO UMEIOT 3JIEKTPOHBI, BEIPBAHHBIE
13 okcuja 6apusi, mpu oOaydeHuu cBeToM ¢ yactoror 1015 I'a?
Bapuanr 2.
JlaiiTe XapakTEPUCTUKY TJIAHETAPHOU MOJEIU CTPOEHHUS aTOMa.
JlaiiTe xapakTepucTUKy (PU3UIECKOTO YCTPOUCTBA: (POTOIIEMEHT.
AKTHBHOCTb PaJMOAKTUBHOT'O 3JIEMEHTA YMEHBIIMWIACH B 4 pa3a 3a 8 cyTok. Halitu
nepuoJ noJypacnaja.
Bapuanr 3.
JlaliTe XapakTEPUCTUKY MOJIENN CTPOCHUS] aTOMHOTO SIpa.
JlaiiTe XapakTepuCTUKY Teopuu DUHIITEHHA 1t hoTodrddexTa.
Haiitu yactoty usznydenus,, Macca (POTOHOB KOTOPOTO paBHA Macce MOKOsI
3JeKTpoHa?
Bapmuanr 4.
JlaliTe XapaKTepUCTHKY KBAHTOBOM MOJEIIN CTPOCHHS aTOMA.
JlaiiTe XapaKTEPUCTUKY TEOPUU OTHOCHUTEIIBHOCTH.
Haiit sHepruto cBs3u sapa aekrepus 21H?
Bapuanr 5.
JlaiiTe xapakTepuCTUKy (PU3NYECKOTO SIBJICHUS: TEPMOSACpHAs peaKIusl.
JlafiTe XxapakTepuCTHKY (hPU3UIECKOr0 YCTpOcTBa: Kamepa BubcoHa.
Onpenenute dHEPTUIO (POTOHOB, COOTBETCTBYIOIIMX HanbOoJIee NTUHHBIM BOJTHAM
BUAMMOM 4acTu ciekTpa 760 HM.
Bapuanr 6.
JlaiiTe xapakTepucTUKy GU3NYECKOro siBeHust: GoTodPPEKT.
JaiiTe XapakTepucTuKy (hU3n4eckoro ycrpoiictpa: cu€ruuk [ eiirepa.



Hammmmre peaknmro, ecau npu 6oMmbapauposke 6opa 105B nelitponamu u3
00pa3oBaBIIerocs sipa BeIOpachiBaeTCs alb(a-yacTuia.
Bapuanr 7.
JlaiiTe xapakTepucTUKy (PU3UYECKOTO SIBIICHUS: PaIUOAKTUBHOCTb.
JlaiiTe XapakTepucTUKy (PU3NIECKOTO YCTPONCTBA: JIa3ep.
Haiitu xpacHyto rpanuily Gorosddexra s kaius.
Bapuanr 8.
Jaiite xapaktepuctuky runoressl [nanka.
JlaiiTe xapakTepuCTUKYy (PU3UIECKOTO YCTPONCTBA: SAEPHBIA PEaKTOP.
Kaxkast sHeprus BbIACISIETCS IPU PEAKIINN:

31H +21H 42He + 10n?

Konrtponupyemsie komnerenuun: OK 01-OK 07; JI.1.-J1.6.; M.1.-M.6.; IT.1.-[L.7.;
JIP2, JIP4, JIP23, JIP30

Kpurepun ounenkn:

- «5» cTaBUTHCS 32 PabOTY, BBHITIOJIHEHHYIO MMOJTHOCTHIO €3 OIMOOK U HETOYETOB.

- «4» cTaBUTHCA 3a PabOTY, BBITIOJHEHHYIO TIOJTHOCTHIO, HO MPU HAIMYHU B HEH HE
0oJiee oJHOM TPyOOM M OJHON HerpyOol OmMOKK U OJIHOTO Hejouera, He Oolee
TpPEX HEJIOUYETOB.

- «3» CTaBUTKCA, €CIU CTYACHT MPABWIHHO BBHIMOJHUI HE MeHee 2/3 Bcell paboThl
WIN JOMyCTWI He OoJjiee OqHOM TrpyOoW OmMOKKM M JABYX HEIOYETOB, HE Oojee
OJHOM TpyOOM M OJHOM HerpyOoi ommuOKkH, He Oojee TpeX HErpyObIX OIIHOOK,
OJIHOM Herpy0oi OIMOKK U TPEX HEJI0YETOB, MPU HATMYUU 4-5 HEJOUETOB.

- «2» CTaBUTHCSI, €CIU YUCIIO OMMOOK U HEAOUYETOB MIPEBBICUIIO HOPMY OILIEHKH «3»
WJIW TIPABUJIBHO BBITIOJTHEHO MeHee 2/3 Bcel paboThl.



Taoauna 3 - ®opma HHPOPMAIMOHHON KAPTHI 0aHKA TECTOBBIX 3aJaHUI

HaumenoBanue Bcero KonunuaectBo dopm T3 Kountponupyemsbie
pazziesnoB T3 OTkpeITOro | 3aKphITOro Ha Ynopsnouenue KOMIIETEHIIMH
TUTA TUNA COOTBETCTBHUE
Paznen 1. MexaHuka 3 3 OK 01-OK 07; JI.1.-
JL.6.; M.1.-M.6.;
I1.1.-I1.7.; JIP2, JIP4,
JIP23, JIP30
Pa3nea 2. MoJiekynsipuast 2 2 OK 01-OK 07; JI.1.-
(pu3uKa u 0CHOBBI JL6.; M.1.-M.6.;
TEPMOAUHAMHUKHU I1.1.-11.7.; JIP2, JIP4,
JIP23, JIP30
Pa3nen 3. 5 5 OK 01-OK 07; JI.1.-
DJIeKTPOAMHAMMKA J1.6.; M.1.-M.6.;
I1.1.-I1.7.; JIP2, JIP4,
JIP23, JIP30
Pa3znen 4 Koseoanus n 2 2 OK 01-OK 07; JI.1.-
BOJIHBI JI1.6.; M.1.-M..6.;
I1.1.-11.7.; JIP2, JIP4,
JIP23, JIP30
Pa3pen 5. Onruka 1 1 OK 01-OK 05; JI.1.-
J1.6.; M.1.-M.6.;
I1.1.-I1.7.; JIP2, JIP4,
JIP23, JIP30
Pasnen 6. DiieMeHTHI 1 1 OK 01-OK 07; JI.1.-
KBAHTOBOM Gu3uKN JL6.; M.1.-M.6.;

IL.1.-11.7.; JIP2, JIP4,
JIP23, JIP30




Ilepeyens Bonpocos (3agayv)
JJIA IPOMEKYTOYHOM aTTecTanuu (IK3aMeH/3a4eT)

Teopernyeckne BONPocChI
1. Mexanuueckoe aBmxeHue. OTHOCUTENBHOCTh JBWKeHUA. Cucrema otcuera.
MarepuanbHas TOUYKa.
2. PaBHOMepHOE M PaBHOYCKOPEHHOE MPSIMOJIUHEHHBIC IBUKEHUS ((HOpMyIbI U
rpauKu, OMUCHIBAIOIINE TaAHHBIC JBUKCHUS).
3. JIBmKeHue Mo OKPYKHOCTH C IMOCTOSIHHOM 10 MOJYJIF0 CKOPOCThI0. KnHemaTrka
JIBUYKEHUSI KOJIECHOU MapHl.
4.  Cuna. Macca. 3akonsl HeroToHA.
5. 3akoH BcemupHoro taroteHus. ['paButanmonnoe nosne. Cuna tsxectu. Bec u
HEBECOMOCTb.
6. Cuna ynpyroctu. Cusia TpeHusl.
7. Vmnynbc Tena. 3aKOH COXpaHEHHs UMITYJIbCa U PEaKTUBHOE JIBHXKEHUE.
8. Pabota m MomrHOCTh. Mexanudeckasi SHEprus U e€ BUABL. 3aKOH COXPaHCHUS
SHEPIUU.
9. OcHOBHBIE MOJIOKEHUS MOJIEKYJISIPHO-KMHETHYECKOU TEOPHH raza.
10. OObsicHEeHHe arperatHbIX COCTOSHMI  BeIIeCTBA HAa OCHOBE aTOMHO-
MOJIEKYJISIPHBIX MPEICTABICHUM.
11. Temmneparypa, Kak Mepa CpeAHEl KHUHETHYECKOM SHEPIHH XAOTHYHOTO
JBIDKEHUST MOJIeKyJ. TepMoauHaMudeckast mKajaa TeMmneparyp. AOCOMIOTHBIN HYJIb.
12. Mopens uaeanpHoro raza. OcHoBHoe ypaBHeHne MKT.
13. HacsieHHble 1 HEHACHIIEHHBIE TTapbl. BIaXkKHOCTH BO3myXa.
14. Mopens ctpoeHust XKUAKOCTH. [IOBEpXHOCTHOE HATSHKEHHWE M CMauyMBaHUE.
Kanunnsipueie siBneHus.
15. Mogens ctpoeHust TBEPABIX Tel. MexaHuYecKre CBOMCTBA TBEPBIX TEI.
16. Buyrtpennsis oHepruss u cnocoObl e€ wu3MeHeHus. [lepBwiii  3aKkoH
TEPMOIUHAMUKH.
17. Ilpunumn neictBus TerioBoi MammHbl. KITJI TeruioBoro aBurarens.
18. BsaumopeicTBUE 3apsKEHHBIX TeN. DJIEKTPUUECKUI 3apsii. 3aKOH COXpaHEHUS
AJIEKTPUUYECKOTO 3apsijia.
19. 3akon Kynona. DnekTpuueckoe Mmoje 1 ero XapakTepUCTHKU.
20. Dnextpuueckas éMKocTb. KonaeHcaropsl.
21. TlocrosnHbl 3nekTpudeckuil Tok. Cuiia TOKa, HaMpsHKEHHUE, JIEKTPUUECKOe
CONIPOTHBJICHUE.
22. TlapannenpHOE W TOCIIEIOBATEIIFHOE COCTMHEHUE MPOBOTHIKOB
23. 3akon Owma as yuyacTtka 1enu u moxHou nenu. 9J[C ucrounuka Toka.
24. PaboTta ¥ MOITHOCTB MTOCTOSTHHOTO TOKa. 3akoH J[>xoyis-JIeHra.
25. TlomympoBOTHUKH. CoOcTtBeHHas u npuMecHast MPOBOJUMOCTH
MOJIYTPOBOJHUKOB
26. MarautHOE TI0JIe. MarHuTHOE T0JI€ TTOCTOSITHHBIX MAarHUTOB M MarHUTHOE TIOJIC
PsSIMOTO TOKA.
27. WVHayKips MarHUTHOTO MOJIsi. MarHUTHBIN TTOTOK.
28. Cuna Ammepa. 3akoH AMrepa.



29. SlBmeHue 3JIEKTPOMArHUTHOW WHIYKIIUW U 3aKOH AJIEKTPOMATHUTHOW WHAYKITUU
®dapanes.

30. IIpasuno Jlenma.

31. BuxpeBoe 3eKTpHUeCcKOe Moie.

32. Camounnykuusa. DAC camounaykiuu. MHIyKTUBHOCTh. DHEPIrUsi MarHUTHOTO
HOJISL.

33. Mexanuveckue KojaeOaHus U UX XapaKTEPUCTUKH.

34. CBoOopaHbIC U BBIHYKJICHHBIC KojieOanus. Pe3onanc. Konebanus MocToB.

35. IlpeBpartienue HEPTUM NPU KOJICOATEIHLHOM JIBUKEHUMU.

36. Mexanudeckue BOJHBI. Bubl BOJTH XapakTEpUCTHKY BOJIH. 3BYKOBBIC BOJIHBI.
37. CBoOoaHbIC AIIEKTpOMarHuTHBIC Kosiebanus B KoHType. [IpeBpaimienue sHepruu
B KoJiebaTesibHOM KoHType. @opmyna Tomcona.

38. Ilepemennsiii Tok. [lonydyenne nepeMeHHOTO TOKA

39. AKTHUBHOE CONPOTHUBIICHHUE B LIETIH MEPEMEHHOTO ToKa. JlelCTBYOIIME 3HaYEHUs
TOKa U HampsiKeHusi. MOIHOCTh NEPEMEHHOTO TOKA.

40. Karymnika WHIyKTUBHOCTH B IIEMU MTEPEMEHHOTO TOKA.

41. KoHzeHcaTop B LIETIH IEPEMEHHOTO TOKa.

42. Tpancdhopmarop. [lepenava u pacnpeneneHme 3JIEKTPOIHEPTUH.

43. DIEeKTpOMarHWTHOE TIOJIE H  JJEKTPOMArHUTHBIE  BOJMHBL. ~ CKOpOCTH
3JIEKTPOMArHUTHBIX BOJIH.

44, ®uznueckue OCHOBBI PAJIOCBSI3HU.

45. DnexktpoMarHuTHas mpupojaa cBera. CKOpPOCTh CBeTa. 3aBUCUMOCTh MEXKIY
JUTMHHOM BOJIH M 9aCTOTOM AJIEKTPOMAarHUTHBIX KOJIEOaHUH.

46. 3akoH oTpakeHHs W IpesoMiIeHus cBeta. [loaHOe oTpakeHHe CBeTa.

47. HWurepdepenuus cera, Auppakiys CBETa.

48. Jlucnepcus cBeTa.

49. Tlonsipusanus ceera.

50. Illxama 37eKTPOMarHUTHBIX U3TYUYEHUH.

51. KBanroBas npupona ceera. KBantoBas runoresa [lnanka.

52. ®oToaddekT, ero 3akonbl. [Ipumenenne dotodrddexra.

53. VYpasuenue DitamreiiHa 11 Gortorddekra.

54. Moaens atoma Pesepdopna u bopa. YpoBuu snepruu B arome. Uznydenue u
MOTJIONIEHHUE SHEPTUH aToMOoM. KBaHTOBaHME SHEPTUH.

55. IIpuHumI AEMCTBUS U UCHOJIB30BaHUE JIa3epa.

56. PanuoakTuBHBIC U3TyUYEHUS U UX BO3JCHCTBUE HA )KUBBIE OPTaHU3MBI.

57. CocraB atomubIX sijep. Snepubie cunbl. JlepekT macchl. DHeprusi CBs3H
aTOMHBIX sIZIEp.

58. SnepHble peakmuu. DHEPIETHYCCKUM BBIXOA sAepHON peakiuu. llenmHas
peaKkLys JAeJICHuS.

59. TepmosnepHbIe peakiuu



KauyecTBeHHBIE 3agavun
1. BGJIOCI/IHGI[I/ICT cICT IIO0 pOBHOﬁ HpHMOﬁ Aopore. Kakwne JCTaIn BCIOCHUIICAA

JIBHKYTCSI OTHOCUTEIBHO 3€MJIM MO IMPSMOJIMHEWHBIM TPACKTOPHUAM, a KaKHe — I10
KPUBOJIMHENHBIM?
2. OT KakoM CKOpOCTM — CpeOHEld WM MTHOBEHHOW — 3aBUCUT CTEIEHb

MOBPEXKACHUSI aBTOMOOWIISI TPU aBapUilHOM CTOJIKHOBEHHWH C TPEMSITCTBUEM Ha
CBOEM ITyTH?

3. JIBa moe3na uAyT HABCTpEUy APYT ApYry: OAMH — Pa3roHsAETCs B HAIPaBJICHUU Ha
CeBep; PYyrod — TOPMO3HUT B IOKHOM HampapiieHnd. Kak HampaBiieHbl YCKOpPEHUS
o€e370B?

4. Tpu Tena OpoIleHBI Tak: MEpBOE€ — BHU3 0€3 HAYAIBHOW CKOPOCTH, BTOPOE —
BHU3 C HA4YaJbHOU CKOPOCTHIO, TpeThbe — BBepX. OJMHAKOBBI JIM YCKOPEHHUS 3TUX
Ten?

5. SBnsercs nW JIMHEWHas CKOPOCTh MOCTOSIHHOW BEJIWYMHOW MPU PaBHOMEPHOM
JBUYKEHUU Teja MO OKPY>KHOCTHU?

6. [Touemy Henb3s mepederars yiuily nepe ONU3Ko UAYIIUM TpaHcrnopToM? B uem
PUYHMHA TOTO, YTO BOAUTENb HE MOXKET CPa3y OCTAHOBUTH aBTOMAIITUHY ?

7. bapon MrioHxray3eH yTBep aj, 4TO BBITAIIMI caM ceOsl U3 0010Ta 3a BOJOCHI.
O060cHOBaTh HEBO3MOXKHOCTB 3TOTO.

8. Temnoxoj npu CTOJKHOBEHUU C JIOJKOM MOXKET MOTONUTh €€ 0€3 BCAKUX ISl ce0st
noBpexaeHn. Kak 310 cormacyercs ¢ paBeHCTBOM MOJYJIEN CHII B3aUMOJICUCTBUSA?
9. Kakas cuna 3acTaBiseT 3eMIII0 U JPYTHE TUIAHETHI 1BUTaThCst BOKpYT ComHia?
10.Mexnay nByMsi TelaMH JEMCTBYET CHJIa BCEMHUPHOTo TsroTeHus. Eciaum maccy
OJIHOTO W3 TeJl YBEJIUYWUTh, HAIpUMEpP BIBOE, a pACCTOSHUE MEXKIy TelaMu
COXpaHWUThb TMPEXKHUM, TO H3MEHHUTCA T CWia TAToTeHWs Mexnay Humu? Ecmm
U3MCHHUTCS, TO Kak?

11.TlputsruBaercs au 3eMys K BUCSIIEMY Ha BETKE sIOJOKY?

12 Wmeer nu Bec Opycok, examumid Ha crone? [lagarommii co cromna?

13.TToyemy mamar0T HA 3EMITIO KaIlIN 0K, KPYTTUHKY Tpajaa?

14.Koraa BO3HUKAIOT CUJIbI TPEHUS MOKOSI? CHIIbI TPEHUSI CKOJIBbKEHUS? CUIbI TPEHUS
KaueHus?

15.IIpuBeauTe npuUMepsHl, KOT1a TPEHHE BPEIHO U KOTAa MOJIE3HO.

16.Ha cronuke B Barone moesza JiexxaT Kopooka koHdeT u s610ko. [ToueMy B Hauase
JBYKEHUS sI0JTIOKO TOKAaTHUJIOCh Ha3a] (OTHOCHUTEIHHO BaroHa), a KopoOka KoH(per
ocrajiach Ha Mecte?

17.1ToueMy mynisi, BbUIETEBILAS U3 PY>Kbsl, HE MOKET OTBOPUTH JIBEPh, HO MPOOUBAET
B HEH OTBEpCTHE, TOTJa KaK JaBICHHUEM Malblla JBEPb OTBOPUTH JIETKO, HO
IpoJienaTh OTBEPCTUE HEBO3MOKHO.

18.CoBepmiaer 11 paboTy cuiia TSHKECTH, JACUCTBYIOIIAs HAa KHUTY, JIGKAIIYI0 Ha
croJse?

19.Manpunk B ogHoM ciydae nporren 100 M, a B ApyroM — mpoOekall Takoe Ke
paccrosinue. OAMHAKOBBIE JI MOIIIHOCTH OH pa3BUBa?

20.Kamenb OpomuieH BepTUKalibHO BBepX. Kakue npeBpallieHrs SHEPTUr IpOUCXOIAT
IIpU TOJIETE KaMHSI?



21.JIerkoBOl W TpPy30BOM aBTOMOOWJIM JBUXKYTCS C OJMHAKOBBHIMU CKOPOCTSMH.
Kaxkoii 3 Hux obagaeT O0JbIIe KHHETUYECKOW YHEpTruei?

22.Boga KUIUT B OTKPHITOM cocynae. M3MeHuTcss nu macca KHAKOCTH BO BpeMs
KUIICHUSA?

23.YeM 00BsCHSETCS paclpOCTpaHEHNE B BO3AYyXE 3alaxoB OCH3MHA, JyXOB U JPYTHX
BEIECTB?

24 Kak U3MEHUTCs JaBJIeHUE MJI€aTbHOIO Ta3a MpU yBEIMYECHUH KOHUEHTPALUHU €ro
MOJIEKYJl B 2 pasa, €CIIH CpeIHsAs KBaJpaTU4Has CKOPOCTb MOJIEKYJI OCTaeTcs
HEU3MEHHOW?

25.Ha urto pacxoayercs OoJblie SHEPTUU: HA HArpeBaHHE BOJbI WU AITIOMHUHHEBON
KaCTPIOJIN, €CIIH UX MACChl OJJUHAKOBBI?

26.IToueMy kene3Hble IEYN CKOpEe HarpeBar0T KOMHATY, YeM KMPIUYHbBIE, HO HE TaK
JI0JITO OCTAOTCS TEIIBIMU?

2'{ .MOXHO 711 B METHOM KacTPIOJIE pacIlIaBUTh CTAJIbHYIO J€Tallb?

28.B kakoM cily4ae MOXHO IOJIy4UTh OOJIblLIEE KOJUYECTBO TEIUIOTHI: Cxkuras 1 kr
O6eHs3uHa uiau 1 Kr KaMeHHOTO yTJis?

29.Kak ¢ 1OMOIIBIO KOMHATHOTO TEPMOMETpa OINpPEAEIUTh OTHOCUTEIIBHYIO
BJIQ)KHOCTH B TIOMEILIEHUN?

30.ITouemy mpu mepeBo3ke OEH3MHA U APYTUX JIETKO BOCIIAMEHSIOMINXCS BEIIECTB K
LUCTEPHE MPUKPEIUIIOT METAJUINYECKYO LIEIb, KACAIOLIYIOCS 3EMJIA?

31.. Kak u3MeHnTcs cuiia B3auMOJICUCTBUS IBYX TOUCUHBIX AJIEKTPUUIECKUX 3apsIOB
MIPU YMEHBIIEHUH PACCTOSIHUS MEXAY HUMU B 2 pa3a? BeiOepure npaBUIIbHBINA OTBET.
32.Pa3mepbl MEIHOTO M KEJIE3HOTO MPOBOJOB OJMHAKOBBL. CONMPOTUBIECHUE KAaKOTO
npoBoja O6osbLIe?

33.HampspkeHne Ha KOHIIAX NMPOBOJHHMKA yBEIWUYWIHM BABoe. Kak m3aMeHunach cuia
TOKa, IPOTEKAIOLIETO B TPOBOIHUKE?

34.YeM 0ommacHO KOPOTKOE 3aMbIKaHHUE DJICKTPUUECKUX TTPOBOOB?

35.[IpuBeanTte mpuMepbl UCIOIb30BAHUS TEIUIOBOTO IEHCTBUS TOKA B OBITY.
36.[locnenoBaTenbHO COEAMHEHHBIE MEAHAs U KEJIe3Has MPOBOJIOKU OJMHAKOBOM
JUIMHBl M CEYECHMS NOAKIIOYEHBI K aKKyMYJATOpPY. B Kakol M3 HUX BBIIEIUTCA
00JIbIIIee KOJIMYECTBO TEIUIOTHI 32 OJJMHAKOBOE BpeMsi?

37.IlouemMy BOKpYr D3JEKTPOJIHMTAa HET S3JEKTPUUECKOTO IO, XOTS BHYTPU €ro
UMEIOTCS 3apsKECHHBIE HOHBI?

38.Kakoro tuna — seKTpoHHAas WK IbIPOYHas — OyJeT MPOBOAUMOCTh T€pMaHMs,
€CJIM K HEMy J100aBUTh B HEOOJIBIINX KOJINYECTBAX [TUHK?

39.Kak B3auMoeliCTBYIOT TOKH, HAallpaBJIEHHBIE TaK, KaK YKa3aHO Ha pUCYHKE?

40.Kak m3menntcs cuna AMriiepa, IEHCTBYIOMIAs HA MPSMOJIMHEHHBIA MPOBOIHUK C
TOKOM B OJJHOPOJAHOM MAarHUTHOM II0JIE IIPY YBEJIUYEHUU CHJIBI TOKA B IIPOBOJIHUKE B
3 paza? IIpoBOAHUK paCIIONOKEH NEPIIEHANKYJIISIPHO BEKTOPY UHIYKIIUH.

41.Kakue 3aTpyJHEHUsi BCTpeTusia Obl 3JIEKTPOTEXHHUKA, €CIM Obl BO3IYyX ObLI
XOpPOLIMM NPOBOJHUKOM 3JIEKTPUYECTBA?



42.Kak u3MeHUTCsl cuiia, NEHCTBYIONIAs Ha MPSMOJUHEHHBIA TPOBOAHUK C TOKOM B
OJHOPOJHOM MArHMTHOM MOJI€ MPU YBEIWYEHUM WHAYKIUU MArHUTHOTO TOJISI B 2
pa3a? I[IpoBOAHUK pacIONOKEH NEPIIEHAUKYIISIPHO BEKTOPY MHIYKIIHH.

43.B 37eKTpHYECKYIO Ieb BKIIOYEHA KaTyIKa, 0 KOTOPOW MPOITYCKAIOT CHadaja
IOCTOSIHHBIM, a 3aTeM IIEPEMEHHBIM TOK. B KakoMm cilyyae KaTyIllKa Harpeercs
Oosp1Ie?

44.O0BICHUTE MPOUCXOKICHUE COTHEUHBIX U JIyHHBIX 3aTMECHHIA.

45.M3mepenns Mmokasainy, 4To JJMHA TeHH OT MpeaMeTa paBHA ero Bbicote. Kakosa
BbicoTa CoOJHIIAa HAJ TOPU3OHTOM?

46.Ha pucynke n3o00pakxeHo IpeIoMJIeHHUE Jyda CBeTa Ha rpaHulle AByx cpen. Kakas
cpena onTUIeCKH OoJiee TUIOTHAs?

47.Yronm MEeXIy MaJarolidM M OTPpaKEHHBIM JiydaMH cocTamiser 50°. Ilox xakum
YTJIOM K 3€pKally aJaeT CBeT?
48.Kakum 00pa3oM yCTpaHSIIOTCS TaKWe€ HEIOCTAaTKH IJ1a3a, KaKk OJU30PYKOCTh H
JTaTbHO30PKOCThH?
49.00bsicHUTE, YEM BbI3BaHA PAAyKHasi OKpACKa MBUTLHBIX Ty3bIpEii?
50. Kakum o06pa3omM MOXHO OOBSICHUTH OTKJIOHEHHWE KOMETHBIX XBOCTOB MpPHU
NPOXOXKJACHUN KOMeThl BOIM3u ConHia?
51. JlaBneHue cBeTa Ha YEpHYIO MOBEPXHOCTh B JBa pa3a MEHbIIE, 4YeM Ha
oenyto. [louemy?
52. [Ilpu 6e300mauHoM HeO€ HOUM OOBIYHO XOJIOJHEE, YeM MPU O00JTauHOM.
[Touemy?
53.Kakos cocrtas m3otonoB HeoHa °Neio, *!Neio m %’Nei? Urto xapakTepHO Is
W30TONOB OJIHOTO dJIeMeHTa?

PacuéTrHble 3agaun
1. ABTOMOOWIB yIals€TCs OT MOCTA, JBUTASICh PABHOMEPHO M MIPSIMOJIMHEWHO CO
CKOpOCThbIO 72 KM/4. Ha KakoMm paccTOSHUM OT MOCTa OKa)XEeTCs aBTOMOOWIIb Yepe3
10 c, ecnu B HauaJIbHBIA MOMEHT BPEMEHHU OH HAXOAMJICA OT HEro Ha paccrossauu 200
M?
2.KakoB Moaynb BEKTOpa YCKOPEHHsS aBTOMOOWIS TpU TOPMOXKEHUH, €CIU TMpHU
ckopoctH 108 kM/4 Bpemst MOJIHOTO TOpMOsKeHus 15 c?
3. DJIEKTPOMNOE3 ], OTXOMSIMHA OT CTaHIMH, B TedeHue 0,5 MHH HABUTAICSA C
yckopenurem 0,8 Mm/c?. Ompemenure ImyTh, KOTOPHIA OH HPOIIET 33 JTO BpeMs, U
CKOPOCTbH B KOHIIE 3TOTO Iy TH.

4,  PacckaxuTe O JBIKEHUM Tena, rpaduK MPOEKIUUA YCKOPEHUS KOTOPOTO
U300pakeH Ha PUCYHKE.
5.  PacckaxuTe O JABMKEHUH Tena, TpaduK TMPOCKIUA CKOPOCTH KOTOPOTO

U300pakeH Ha PUCYHKE



6. Teno ymarno ¢ BeicoThl 45 M. Onipenienute Bpems maieHusl.

7. ABTOMOOWJIb JBIKETCS TO 3aKpyIJICHUIO Joporu paamycom 120 M co
CKOpOCTBIO 36 KkM/4. UeMy paBHO IIEHTPOCTPEMHUTEIHLHOE YCKOPEHUE aBTOMOOHIIS?

8. Cuna 60 H coobmaer Teny yckopenue 0,8 m/c?. Kakas cuiia coOOLIMT 3TOMY
TeNy YCKOpeHue 2 M/c??

Q. [Ipyxuna ¢ kos3pduimentom xxectkoctu 100 H/m noa aeiictBueM HEKOTOpOi
CWiIbl yanuHuiack Ha 5 cM. KakoB K03((UIHUEHT *KECTKOCTHU APYrod MpPY>KUHBI,
KOTOpas Mo/ AeHCTBUEM TOM K€ CUJIbI Y IJTMHUIACh Ha 1 cM?

10. KakoBo paccrossHue Mexay mapamud maccor 100 kr Kaxkaplid, e€cid OHU
MPUTATUBAIOTCS APYT K APYTy ¢ cuiou, pasHoit 0,01 H?

11. Bec nepessinaoro smuka 400 H. YUtoOs! ero ciBUHYTH C MeCTa, MO TPEOOBAIOCH
npuioxuth cuity 200 H. Onpenenure ko3ppuiueHT TpeHus.

12. Jlpa miapmka OJMHAKOBBIX MAacc PaBHOMEPHO KaTiTcs Mo croily. CKOpOCTh
MepBoro mapuka 1 m/c, cKkopocTh BTOpoOro mapuka — 2,5 m/c. UMmynbsc kKakoro
mrapuka O00JbIIIe U BO CKOJIBKO pa3?

13. Omnpenenute paboTy, COBepIIaeMyo MPHU MOAbEME Tela Maccoi 4 KI Ha BBICOTY
120 cm.

14. CamocBan npu nepeBo3ke rpysa pasBubaer MomiHocTh 30 kBt. Kakas pabora
COBEpILIAECTCS UM B Te€UeHUE 45 MUH?

15. Ha npyxwune noasemiex rpy3 300 kr, o 1eCTBUEM KOTOPOTO OHA Y IJTMHUIACH
Ha 6 cM. Onpenenure SHEPTUIO AePOPMUPOBAHHON MPYKUHBL

16. KameHnb, OpoIllIeHHBIN ¢ TOBEPXHOCTU 3eMJIU CO CKOpocThio 10 m/c, B BepxHel
TOYKE TpaeKTopuu oOnaman KuHeThdeckow sHeprueit 5 J[x. Ompemenutrb maccy
KaMHSI.

17. Teno GporieHO BEPTUKAIBHO BBEPX CO CKOpocThio 20 M/c. Ha kakoii BeIcOTE €ro
KMHETUYEeCKasi YHeprusi OyIeT paBHA MOTEHIIMATbHON?

18. Omnpenenute Maccy OJHOU MOJIEKYJTy BOJBL

19. B cocyne naxomutcs ra3 mpu temneparype 273 K. Ompenenure CpeaHioo
KHHETHUYECKYI0 SHEPTUIO Xa0THYECKOTO JIBUKEHHS MOJIEKYJI ra3a.

20. JIBa OIMHAKOBBIX TOUEUHBIX 3apsija B3aMMOJECUCTBYIOT B Bakyyme ¢ cuioi 0,1
H. Paccrosnne mexny 3apsanamu paHo 6 M. HaiiTu BenmnuuHy 3THX 3apsiaoB.

21. B nexortopo# Touke mois Ha 3apsa 3 HKn nmeiictByer cuna 0,6 mxH. Haiitu
HaIPSHKEHHOCTD MOJIS B 3TOM TOUKE.

22. B macmopte xoHzmeHcaTopa ykazaHo: «150 mx®, 200 B». Kaxoii HanbompImmii
JOTYCTUMBIN 3JIEKTPUUECKUI 3apsii MOKHO COOOIIUTh JAHHOMY KOHJIEHCaTopy?

23. Haiinure »SKBUBAICHTHYIO eMKOCTh cXeMbl, ecimu C1=2Mxk®, Co=1MmkD,
Cs=3MkD

24. Konpgencaropy emkoctbio 10 Mk® cooOmmunu 3apsig 4 mxKin. Kakosa sneprus
3apsKEHHOI0 KOHJeHcaTopa?



25. ConpoTHUBJIEHHE AIOMUHHMEBOTO NMpoBoAa MuHOK 0,9 kM u ceueHueM 10 mMm?

paBHO 2,5 OM. Onpenenute ero yaeinbHOE CONPOTUBIICHHUE.

26. PaccumTaiite cmry ToKa, MPOXOAIIETO MO METHOMY TpoBoay miuHOH 100 M u
IUIOIIA/BIO TTONEPEYHOr0 ceuenus 0,5 Mm? mpy Hanpsikenuu 6,8 B.

27. Ormpenenute CONPOTUBICHUE AIEKTPUUECKON JIaMIIbl, cujla Toka B kotopoi 0,5
A nipu HanpsixeHuu 120 B.

28. Haiigute conpoTuBieHrne 0OMOTKH aMIIepMeTpa, CHla TOKa B KOTopoit paBHa 30
A nipu HanpsikeHun Ha 3axkumax 0,06 B.

29. Haiinute oOuiee conporuBienue nenu, ecau Ri=4 Om, Ro=12 Om, Rz= 5 Owm,
Rsa=11 Owm.

30. Axxymynsrop motonukia umeer DJIC 6 B u BHyTpenHee comportusieHue 0,5
OmMm. K Hemy mojkitoueH peoctaT conportupieHueM 9,5 Om. Haiiaute cuny Toka B
peocrare.

31. Omnpenenurte cuity TOKa IMPU KOPOTKOM 3aMmbikaHuu Oatapeiiku ¢ 3/[C 9 B, ecnu
P 3aMbIKaHUU €€ Ha BHEIIHee conpoTuiaeHne 3 OM TOK B LIeTH paBeH 2 A.

32. B cnupanu >7IeKTpOIUTUTKH, BKIIOYEHHONW B PO3ETKy C HampsbkeHueM 220 B,
npu cuie Toka 3,5 A Bemenwiock 690 k/[x TermoTel. CkOJIBKO BpeMEHH Oblia
BKJIFOYEHA B CETh IJIUTKA?

33. KakoBa mHAYKIMS MarHUTHOTO TOJIsI, B KOTOPOM Ha MPOBOJHUK C TOKOM B 25 A
nercreyer cuna 0,05 H? JInmHa akTUBHOM yacTh mpoBOoAHUKA 5 cM. Hampasnenue
JMHUN UHAYKIMY U TOKA B3aUMHO MEPICHIUKYJISIPHBI.

34. Kakyio IIMHY aKTHBHOW 4YacTH JOJHKEH HMMETh TNPOBOJHUK, YTOOBI TpHU
MEPEMENICHUH €T0 CO CKOPOCThIO 15 M/C MepneHIuKyJISIpHO BEKTOPY MAarHUTHOM
uHayKImK, pasHoit 0,4 T, B Hem Bo30Oyxnanack DJ1C unaykuuu 3 B?

35. Uepes KaTymKy HHIYKTUBHOCTHIO 3 ['H MpOTEKaeT MOCTOSHHBIN 3JICKTPUYSCKHMA
TOK cuiioii 4 A. Uemy paBHaA 3HEPryusi MArHUTHOT'O TOJISL KaTyLIKH?

36. Ilo rpaduky, npuBeIEHHOMY Ha PUCYHKE, HAUTH aMIUIMTYy, IEPUOJ U YaCTOTY
kosnebanmii. Hamrcarh ypaBHEHNE TApMOHUYECKUX KOJICOAHU.

37. Tlo rpaduky, mpuBeIeHHOMY Ha PUCYHKE, HAUTH aMIUTUTY ]y, IEPHO U YaCTOTy
kosjebanuii. Hanucarb ypaBHEHHE TApMOHUYECKUX KOJIEOAHUM.

38. Ompegenure IUKINYECKYI0 YacTOTy KoJieOaHMI B KOHTYpE, €CIH EMKOCTb
KoHJeHcaTopa KoHTypa 10 Mk®, a ”HIYKTUBHOCTH ero katymku 100 mI'H.

39. HMHAyKTUBHOCTH U €MKOCTh KOJE0ATeIbHOTO KOHTYpa COOTBETCTBEHHO PaBHBI
70 I'n u 70 Mx®. Onpenenute nepuosa U 4acToTy KoJieOaHUW B KOHTYpE.



40. Ilo rpaduky, m3o0pakeHHOMY Ha pPHUCYHKe, ompenenutre ammutyny I/(C,
nepuoa u yactoty. Hanumure ypasaenue 31C.

41. 3HaueHHe CWIbI TOKA, U3MEPEHHOE B aMIiepax, 3aJaH0 YPaBHECHUEM

42. 1= 2,6sin 5mt, rae t BeIpakeHO B cekyHaax. OnpeaennTe aMIUIUTYAy CHITbI TOKa,
94acTOTY U TIEPHO]L.

43. 3HaveHHe CHIbI TOKa, U3MEPEHHOE B aMIlepax, 3a/1aH0 ypaBHEHHEM

44, 1=0,28 sin 5mrt. Onpenenure AeHCTBYIOIICEe 3HAYCHUE CHIIbI TOKA.

45. TlepBuuHas oOMOTKa MOHMXKawIero Tpanchopmaropa ¢ K0d3hPUIIUEHTOM
TpaHcpopManuu S5 BKIOYEHA B ceTh ¢ HampspkeHueM 220 B. Onpepenute
HampsDKEHNE Ha 3a)KUMaX BTOPUYHONH OOMOTKH.

46. Jlyu, oTpaXEHHBI OT MOBEPXHOCTU CTEKJIa C IMOKazareieMm mpenomieHus 1,7,
obOpasyeT ¢ mpeToOMIEHHBIM JIY9OM TpsiMOi yroJr. OnpenenuTh yro najaeHus U yTol
MIPETOMIICHUS.

47. Onpenenutb HauOOJBIIYIO CKOPOCTh JIEKTPOHA, BBUIETEBIIETO U3 I1I€3Usl, MpU
OCBEILICHUHU €0 CBETOM C JITUHOU BOJHBI 400 HM.

48. Bo uro npespamaercs 22¥Ug, moce o-pacnana u AByx B-pacnanos?

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

Kpurepun onenku:

Otmetka «5» - OTBET Ha TEOPETUUYECKUU BOMPOC BEPEH M JIOCTATOUEH MO 00BEMY,
00BsICHEHNE KaYyeCTBEHHOMW 3a/laydl HE COJIEP>KUT MPOTUBOPEUMiA, pacuéTHas 3aaaya
pelieHa u opopmiieHa BEPHO.

OtMmerka «4» - OTBET Ha TEOPETUYECKHUM BOMPOC BEPEH, HO HE JOCTATOYEH IIO
00bEMY, OOBSCHEHHE KAuE€CTBEHHOW 3aJladyd HE COJCPKUT SIBHBIX MPOTHUBOPEUYUH,
pacu€THas 3ajaya pemieHa 1 opopMiIeHa BEpHO, HO UMEET MOTPEIIHOCTH B Pacuérax,
HETOYHOCTH, HEAOPAOOTKH B O(POPMIICHUH.

Otmetka «3» - OTBET Ha TEOPETHUUECKUM BOMpoc coctaBigeT a0 50% marepuana,
IIpU PEIICHUU PACYETHOM 3a]]a4M HET BBIYMCICHHS Pa3MEPHOCTH, WU HEIIPABUIIbHBIM
MaTeMaTUYECKU pacy€T, WK 3aja4ya T0OBeAeHa TOJIbKO A0 (PU3NUECKOTO PEIICHHUS.

Otmetrka «2» - Bepno BbeimoaHeHo MeHee 50% oO0béMa 3amaHus, HET 3HAHUS
(bU3HIECKNX 3aKOHOB, OTCYTCTBYET PEIICHUE PACUETHBINA 3a/1aUH.



IIpumep odopMiieHUs IK3AMEHALNNOHHOTO OMJIeTa

(HaI/IMeHOBaHI/Ie cpenHero npohecCHOHANFHOTO YIeOHOTO 3aBeICHNS )

PaccmoTpeHo HMKJI0BOM 3K3AMEHAIIMOHHBINA BUJIET

KOMHUCCHEl Nel
« » 20 r. o JUCHUILINHE «DH3HKaA»
IUIS CIIEIIUAILHOCTH
Ipencenareanb
®.1.0. Cemectp | (umm 1)

«

YTBEPXKIAIO:
3am. nupeKTOpa
1o yyeOHoi padore

©.1.0.

» 20

r.

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

O1neHrBaeMble KOMIIETCHITHHT

1.

[TocTossHHBIN dneKTprUecKHil TOK. Chila TOKa, HAaIPSKEHHE, SJEKTPHUIECKOE

COMPOTHUBJICHUC.

Kaxkue 3atpynHeHust BcTpeTriia Obl AJIEKTPOTEXHUKA, €CIU OBl BO3IyX ObLT XOPOIITUM

IIPOBOJAHHUKOM 3JIEKTpUYeCcTBa?

Haiinure obmee conporuBnenue nenu, eci R1=4 Om, R2=12 Om, R3=5 Om, R4 =11

Om.

IIpenonaBaresb D.N.0.

(moanuck)




[Ipunoxenue

NudpopmanuonHoe odecnedeHne 00y4eHusl.

[lepeuenn ucnonb3yeMbix yaeOHbIX U3AaHuM, THTEpHET-pecypCcoB, NTOMOTHUTEIHHOM
JIATEPATYPHI

OCHOBHbIE HCTOYHHUKH:

1. Jlorsunenko, O.B., ®usuka + ellpunoxenune : yuebnuk / O.B. JlorBuHEHKO. —
MockBa : KuoPyc, 2022. — 437 c¢. — ISBN 978-5-406-08888-3. —
URL:https://book.ru/book/941758. — TekcT : 37€KTPOHHBIA.

2. Msxumes, I'. 4., Byxosnes, b. b., Corckuii, H. H. / Ilox pexn. [TapdenTtreBoii
H. A. ®usuka. Yuebnuk mais 10 k1. - M.: U3narensctBo «IIpocBemenue», 2019. -
416 c.

3. Msxumes, I'. S., Byxosues, b. b., YUapyrun, B.M. / Ilox pen. IlapdentreBoit
H. A. ®usuka. Yuebnuk mnsg 11 k. - M.: U3narensctBo «IIpocBemenue», 2019. -
399 c.

JlonoTHUTe/IbHbIe HCTOYHUKMH:

1. Hmutpuesa, B. ®. ®usuka 11 npodeccuii U CneualbHOCTEH TEXHUYECKOTO
npoduis: yueOHUK Ui OOpa30BaTENbHBIX YUPEKIACHUM HAYaIbHOTO U CPEIHErO
npodeccuonanprHoro odpazoanus / B. ®@. JlmutpueBa. - 2-e u3d., crep. - M.:
N3narensckuii neHTp «Axanemusi», 2017. - 448 c.

2. Tpodumona, T.U., Kypc pusuku ¢ mpumepamu peiieHus 3agad B 2-X TOMax.
Tom 1 : yuebnuk / T.1. Tpodpumona, A.B. @upcoB. — Mocksa : KnoPyc, 2022. —
577 ¢. — ISBN 978-5-406-09078-7. — URL:https://book.ru/book/942134. — Texkct
: DJIEKTPOHHBIN.

3. Tpodumona, T.W., Kypc ¢usuku ¢ npumepamu pelieHus 3agad B 2-X TOMaXx.
Towm 2 : yuebnuk / T.U. Tpodpumona, A.B. ®upcoB. — Mocksa : KnoPyc, 2022. —
378 c. — ISBN 978-5-406-09079-4. — URL:https://book.ru/book/942135. — Texkct
: QJIEKTPOHHBIMU.

4, Tpodumona, T.W., ®usuka. Teopus, pelieHue 3a1ad, JEKCUKOH. : CIPABOYHOE
uznanue / T.U. TpobumoBa. — Mocksa : KnoPyc, 2022. — 315 ¢. — ISBN 978-5-
406-09691-8. — URL:https://book.ru/book/943640. — TeKCT : 211EKTPOHHBIH.

d. Tpodumona, T.M., ®usuka or A mo S : cnpaBounoe uzmanue / T.H.
Tpodumona. — Mocksa : KaoPyc, 2022. — 301 ¢. — ISBN 978-5-406-09292-7. —
URL:https://book.ru/book/942835. — TekcT : 371eKTPOHHBI.

ITepeyen» UHTEpHET-pECypCoOB:

1. bank 3amanuit PISA EHI' - Pexxum nocrtyna: http://www.mobuschool.02edu.ru
>...PISA...estestvennonauchnaya.../;

2. Enunas komnexius nudpoBbix 00pa3oBaTeIbHBIX PECypcoB. - Pexum nocryma:
http://school-collection.edu.ru/catalog/pupil/?subject=30;

3. KM-mxkona. - Pexxum nocrymna: http://www.km-school.ru/ ;
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OtkpeiTass ¢usuka. - Pexum gocryma: http://www.physics.ru/courses/
p25part2/de3|gn/|ndex htm;

[Tnardopma AKnacc - Pexxum goctyma: http://www. yaklass.ru;

Poccuiickas anexTponHas mkona - Pexxum nocryna: http:// www.resh.edu.ru/;
®usuka.ii. - Pexxum gocryna: http://www.fizika.ru;

OUIIA (BITP 11 knacc) - Pexxum gocryna: http://www.fipi.ru /;

DIIEKTPOHHBIN yueOHUK - Pexxum noctymna: http://www.physbook.ru/.



