MYHVUWNANBHOE G

BIOMKETHOE &

OBLLEOBPA3OBAT!

JNIbHOE

YUYPEXOEHMET.

ANATUTBI "
CPEQHAA
OBLLEOBPABOBATE
NbHAA LLKONA No.
10"

~ Ynpasienue 00pa3zoBaHusi AJIMUHUCTPAIIMU rOpoja ATIaTUTHI

MynumnanpHOe 0I0KETHOE 001Ie00pa30BaTENHHOE YUPEKIACHUE T. ATIATUTHI

«Cpennss obmieobpazoBarenbHas mkosa Ne 10y

[Iporpamma npundaTa «YTBEPXIAIO»

[Temaroruyeckum COBETOM Hupextop MBOY COL Ne 10 r. Anmatutst
MBOY COII Ne 10 r. AnaTuThl 1O.H. JKunbsioBa
mpotokoa Ne 1 ot 29.08.2025 mpuka3 Ne 330-O/] ot 29.08.2025

HOHOHHHTGHBH&H 061H€06pa30BaT€JIBHaH O6IH€p33BI/IBaIOHIaH ImporpamMmma

CCT€CTB€HHO-HaquOﬁ HaIpaBJICHHOCTH

«JIabopaTopuym» ((pusuka)

COCTaBJIcHa Ha 8 MCCAILICB O6y‘-ICHI/I}I

g neren 13-16 et

TOUKA \!pocrA

COCTaBHTENb:
Kynaxosa Okcana OpbeBHa,
I1e1aror JOHNOJIHUTEIbHOIO 00pa3oBaHus,

MBOY COII Ne 10 r. Aratutsl

2025



|. KOMILTEKC OCHOBBIX XAPAKTEPUCTHK JJOIIOJTHUTEJBbHOM
OBIIEOGEPA30BATEJIBHOMN OBIIEPA3ZBABAIOIIEN ITIPOT' PAMMBI

1.1. HOSICHUTEJIBHAS 3AIIUCKA

JomnonaurenpHas obOmeoOpa3oBaTenbHas oOiiepaspuBatomias nporpamma (manee JJOOIN)
««Jlaboparopuym» (Ppusmka) pazpaboraHa Ha OCHOBE CIEAYIOIIMX HOPMATHUBHO- IPAaBOBBIX
JTOKYMEHTOB:

1. ®enepanbubiii 3akon «O6 obpazoBanuu B Poccuiickoit ®denepanun» ot 29.12.2012 Ne
27303;

2. Ilpuka3 MunucrepctBa npocsemenust Poccuiickoit @enepamun ot 27 utonst 2022r. Ne
629 «O6 yrBepxkaenuu [lopsiika opraHu3aiy U OCYIIECTBICHUS 00pa30BaTEIbLHON JCATCILHOCTH
TI0 JIOTIOJIHUTEIBHBIM 0011e00pa30BaTeIbHBIM IIPOrPaMMaM»;

3. IuceMo MunuctepctBa oOpasoBanus u Hayku Poccuiickoit @eneparuu ot 18 HosOps
2015 roma Ne 09-3242 «Metoamueckue PEKOMEHIAIMH TI0 MPOEKTUPOBAHHUIO OMOJHUTEIBHBIX
001Iepa3BUBAIOIINM IIPOTPAMM;

4. Pacnopspkenue npaButenbcTBa Poccuiickoit ®@enepannu ot 31 mapta 2022 roga Ne 678-p
«Konnenmus pa3BUTHs JOMOJIHATEIbHOTO 00pa3oBanus Aeteit 1o 2030 romay;

5. Pacnopspxenne npaButenbcTBa Poccmiickoit @eneparun ot 29 mas 2015 roma Ne996-p
«Crparerust pazsuths Bocniutanusi B Poccuiickoit denepanmu Ha nepuox 10 2025 romay;

6. «CaHuTapHO-3MMUJIEMHOIOTHYECKHEe TpeOOBaHUS K OpraHMU3alUsAM BOCIUTAHUA U
o0y4yeHMs, OTIbIXa U o0370poBieHuss jaereil u Momonexu» (IlocranoBnenue ['nmaBHOTrO
TOCYJIapCTBEHHOTO caHuTapHoro Bpaya Poccun ot 28.09.2020 NeCIT 2.4.3648-20;

7. IlocranoBnenue [71laBHOrO TOCYIapCTBEHHOIO CaHUTapHOro Bpaya Poccuiickoit
@enepanuu ot 28.01.2021 rona Ne2 «O6 yTBepxaeHUM caHuUTapHbIX mpaBwi U HopMm CanlluH
1.2.3685-21 «'urneHnyeckre HOPMATUBBI U TPeOOBAaHUS K 0OECHEUYEeHUI0 O€30MacCHOCTH U (WJIH)
0€3BpETHOCTH JIJIs YesioBeKa (haKTOPOB Cpelbl OOUTAHUS;

8. Ilpukaz MuHHcTepcTBAa Tpyda W COIMAIbHON 3amuThl Poccuiickoit denmepamuu OT
22.09.2021 Ne 652 «OO0 yrBepxkaeHMM TnpodeccuoHambHOro crapaapra  «llemaror
JOTIOJTHUTEIBHOTO 00pa30BaHus A€TE U B3POCIBIX»,

9. Ycras MBOY COIII Ne 10 r. AnaTtuTsl.

AKTYaJIbHOCTh JaHHON TpOrpaMMBbl 3aKIIOYaeTcs B PAa3BUTUU HHTEpeca K TOYHBIM
HayKaMm, HA4MHAas YK€ cO cpenHed mkoibl. Peanuzaius mporpammbl OyleT MPOXOAWTH B LIEHTPE
0o0pa30BaHMsl €CTECTBEHHO - HAYYHOTO U TeXHoJornyeckoro npoduiei «Touka pocTay ¢ MOMOIIbIO

1 pOBBIX 00pa30BaTEIbHBIX PECYPCOB U 000opynoBanus (mudpoBas gadoparopus «Releony).



OCOOEHHOCTBIO JIOMOJHUTENILHON 00IEpa3BUBAIOLICH AEATENBHOCTHU 10 (PU3UKE B paMKax
KPY>XKOBOH pabOTHI ABISETCS TO, YTO OHA HAIpaBJICHA HA JIOCTHKEHHUE 00yJaroIUMUCs B OOJbIIeH
CTENECHU JIMYHOCTHBIX M METalpeaMETHBIX pe3ynbTaroB. [IpaBunbHOEe THOHMMaHHE (U3UKU H
METOJIOB €€ M3YYEHHs IO3BOJISIIOT OOYyYaloUmIeMyCsl CleJIaTh OCO3HAHHBIM BBIOOD AajbHEHINIETo
HarnpasiieHus: o0ydeHus. Ha cerogHsmHuil 1eHp 1aHHAs 3a/a4a CTOUT 0CO00 OCTPO, MOCKOJIBKY B
CTpaHe ecTh HEOOXOJUMOCTh B CTAOMILHOM MPHUTOKE MOJIOJIBIX CHEIMAIMCTOB B 00JACTH BBICOKHX

HAaYKOEMKHX TEXHOJIOTHH.

HanpaBJieHHOCTH — €CTECTBEHHOHAY4Has!.

YpoBeHb nporpamMmsbl — 0a30BBI.

AZpecaT NporpaMMbI: IpOrpaMMa pacCuMTaHa Ha YJalIuXxcsi BO3pacTHOM kareropun 13-16 mer.
Jlia 3auncneHuss Ha OOIIepa3BUBAIONIYI0 Iporpammy ««JlaGoparopuym» (¢husuka), ydamuMmcs He
TpeOyeTcs BlIaJieHHe ClielnalbHbIMU 3HAHUSMU U YMEHUSIMHU.

O0Bbem mporpaMmmsbl — 68 yacos.

®opma 00yueHHs — OUHas.

®opMbl OPraHu3anMu 00pPa30BaTeJIbHOI0 MPOLEcca — rPYIIOBas.

Cpok ocBoeHHsI MPpOrpamMmsl - 1 roz.

O1eHOUYHAs 1EATENIBHOCTh HE IPEYCMOTPEHA.

1.2. HEJIb U 3AJAYU ITPOTI'PAMMBbI

Heab: 1aTh BO3MOXHOCTH YUYalIUMCS, MUHTEpPECYIOIUMCS (PU3UKON, MO3HAKOMHUTHCS C
OCHOBHBIMU METOAaMHU (1)I/ISI/I‘~IGCKOI\/’I HAYKH, OBJIAJACTH HU3MCPUTCIIBHBIMU u ApyrumMmu
AKCIEPUMEHTAIIbHBIMA YMEHUSMH.

3apaum:

— IIO3HAKOMUTH Y4UallUuXCsd C TIOHATHAMMU: (1)1/131/1‘-1601(35[ BCJINMYHWHA, HWU3SMCPUTCIbHLBIC
pUOOPHI, METOIBI U3MEPEHHUS, TOTPEIIHOCTH U3MEPEHUS, IKCTIEPUMEHTAIILHOE HCCIIEIOBAHUE;

— 00YYHTb ydaluxcsl 4eTKOMY HMCIOJIb30BAHUIO U3MEPUTENBHBIX TPUOOPOB;

— J1aTh TPEJCTaBIICHHE O METOJaX (PU3UYECKOTO IKCIEPUMEHTAIBHOTO MCCIIEIOBAHUS KaK
BaHEHIIEH dYacTH METOJAoNOoTMH (U3MKH U psaga JAPYyruxX HayK, pa3BUTh HHTEpPEC K
HCCTIEI0BATENIbCKON IeITeTbHOCTH;

— HAYUUTh Yy4YalluXCsd, aHaJIu3upysd pe3yibTaTbl OJSKCICPHUMCEHTAJIBHOI'O HWCCICAOBAHMA,
JIeaTh BBIBOJI B COOTBETCTBUU CO CHOPMYITUPOBAHHOM 3a1a4eii;

— TMOBBICUTH HHTEPEC YyYallMXCsi K HU3YyYeHUI0 (U3UKH M MPOBEIEHUIO (U3UUECKOTO

IKCIIEPUMEHTA.



B nmanHO#ll mporpamme oOTHaeTcs TpeANnouYTeHHWE TakuMm ¢dopMaM, MeToaaM OO0ydYeHwus,
KOTOpBIE:

— CTUMYJHPYIOT OOy4YaloIIMXCS K IOCTOSHHOMY IIOMOJIHEHWIO 3HaHui (Oecenpl,
BUKTOPUHBI, OJIMMITUA]IBI U T.11.);

— CIOCOOCTBYIOT Pa3BUTHUIO TBOPUYECKOTO MBIIUICHUS, METOAbl, OO0eCIeynBaroue
dbopMHpOBaHHE WHTEIUICKTYyaJbHBIX YMEHHH: aHalu3, CHHTE3, CpaBHEHHE, YCTaHOBJICHHE
MIPUYMHHO-CJICICTBEHHBIX CBA3EH, a TakkKe TPaIUIMOHHbIE METOAbI — Oecena, HaOIIOACHHUSI, OTIbIT,
AKCIIEPUMEHT, ITPAKTHYECKHUE PabOTHI.

Ha 3apsarusax IMPUMCHSAIOTCA SHOpOBBeCGGpeI‘ A0 EC TCXHOJIOTHUH.

1.3. INTAHUPYEMBIE PE3YJIbTATBI OCBOEHUS OBYYAIOIUMUCS
MMPOT'PAMMBI BHEYPOYHOM JEATEJbHOCTH

JIOoCTIKEHHE TUIAHUPYEMBIX Pe3yJIbTaTOB B OCHOBHOM IIKOJE MPOUCXOAWT B KOMILIEKCE
UCMOJb30BAHUS  YETBHIPEX  MEXKIUCLMIUIMHAPHBIX  y4yeOHbIX mporpamm  («@opmupoBaHHe
YHUBEpCAJIbHBIX y4eOHBIX neiicTBuit», «PopmupoBanue MKT-kommnereHTHOCTH 0Oydaromuxcs»,
«OCHOBBI y4eOHO-HCCIIEZIOBATEILCKOM M TPOEKTHOH JeSATeNbHOCTH», «OCHOBBI CMBICIIOBOTO
YTEHUS U pabOTHI C TEKCTOM») U YUEOHBIX MTPOTPaMM 110 BCEM MPEIMETaM, B TOM YHCIIE MO (PHU3HKe.
Ilocne  w3ydeHuss  mporpamMmbl  JIONOJHMUTENBHOM  oOliepa3BUBAIOIIEH  AEATENbHOCTU
«JIabopatopuym» (pusmka) odyuaronmecs:

— CHCTEMaTH3UPYIOT TEOPETHYECKHE 3HAHHWS M YMEHHUS M0 pPEIICHUIO CTaHIapTHHIX,
HECTaHJAPTHBIX, TEXHUUECKUX U OJIMMITMAIHBIX 33/1a4 pa3IMYHBIMU METOJIaMH;

— BBIpAa0OTAIOT WHANBHUYATbHBIN CTHIIb pelieHns (GU3NIECKHX 3a/1a4;

— COBEpIIEHCTBYIOT yMEHHUS Ha IMpPaKTUKE [0Jb30BaTbcs MNpUOOpaMu, MPOBOJUTH
U3MepeHus: (PU3NYECKUX BEJIWYMH (ONpeneNiTh LeHYy JelieHHs, CHUMAaTh MOKa3aHus, coOI0aaTh
MpaBWJIa TEXHUKH 0€30I1aCHOCTH);

— HaydYarcs MoJIb30BaThCs MPHOOpaMH, ¢ KOTOPBIMH HE CTAJIKHMBAIOTCS HA YpOKaxX (U3HUKH B
OCHOBHOI ITKOJIE;

— pa3paboTaroT W CKOHCTPYUPYIOT HPHUOOPHI M MOJAETH ISl IMOCIeAyromeld paboThl B
KaOuHeTe PU3UKU.

— COBEPIICHCTBYIOT HAaBBIKM TIMCBMEHHOW ¥ YCTHOW peYd B TIpolecce HAalMCaHUS
WCCIIEIOBATEIbCKUX Pa0OT, WHCTPYKIHMHA K BBIOJHEHHBIM MOJEISIM H  TpUOOpaM, TIpH
BBICTYIIJICHUAX HAa HAYYHO — NPAKTUYECKUX KOH(EPEHIUAX PA3TUUHbIX YPOBHEH.

— OmpenessT JajbHelIIee HapaBiIeHUE Pa3BUTHs CBOUX CIOCOOHOCTEH, chepy HaydHBIX
MHTEPECOB, ONPEICNATCS ¢ BHIOOPOM AajbHEWIIero oOpa3oBaTEIbHOTO MapUIpyTa, JaTbHEHIIEro

npoduis 00ydyeHHs B CTapIIei IKOJIe.



IIpeaMeTHBIMU  pe3yJbTATAMH HPOrPaMMBbl  JIOTIOJIHUTENIBHONW  OOIIEpa3BUBAIOLICH
JESTEIbHOCTH SIBJISFOTCSL:

1. ymeHue mNOJNb30BATBCS METOJAMH HAyYHOI'O IIO3HAHUS, IPOBOAUTH HAOJIIOJICHMS,
IUTAHUPOBATh U IPOBOJUTH HKCIIEPUMEHTHI, 00pabaThIBaTh Pe3ysIbTaThl H3MEPEHUH;

2. HAyYUTHCS TOJIB30BAThCS M3MEPUTEIBHBIMU TIpHOOpaMu (aTYMK TeMIepaTypsl, JaTUUK
JaBJICHUS, TeCIaMeTp, aMIepMeTp, BOJBTMETP, ociuuiorpad,), CcoOUpaTh HECIOXKHBIC
SKCIIEPUMEHTAJIbHBIE YCTAHOBKHU VISl IPOBEIEHUS IIPOCTEUILINX OIBITOB;

3. pa3BUTHE 3JEMEHTOB TEOPETHUYECKOrOo MBIIIJIEHUS Ha OCHOBE (DOPMHUPOBAHUS YMEHMH
yCTaHaBIMBaTh (DAKThl, BBIIENATH IJIABHOE B M3Yy4aeMOM SIBIIEHUM, BBIABIATH IPUYHMHHO-
CIIEICTBEHHBIEC CBSI3U MEXAYy BEIMYMHAMHU, KOTOpBIE €r0 XapaKTEPHU3YyIOT, BBIABUIATh TMIIOTE3BI,
(hOopMyIIMPOBATH BHIBOJIBI;

4. pa3BUTHE KOMMYHUKAaTHUBHBIX YMEHHUH: JOKJIAJbIBaThb O pe3yjibTaTaX 3KCIEPUMEHTA,
KpaTKO M TOYHO OTB€YaTb HA BOIPOCHI, HUCIOJIb30BaTh CIIPABOYHYIO JIUTEPATypy U Jpyrue
MCTOYHUKH WH(POPMALINH.

MertanpeAMeTHBIMHM PpPe3yJbTAaTAMM IIPOTrpaMMbl JIONOJHUTEIBHON 00Ilepa3BUBaOIIEH
JESATEIIBHOCTH SIBJIIOTCS:

1. oBnageHMe HaBBIKAMU CaMOCTOSITEIBHOIO NMPUOOPETEHMsT HOBBIX 3HAHMM, OpraHU3allu
y4eOHOH JeATeNbHOCTH, TIOCTAHOBKHU LIEJIeH, TUIAHMPOBAHUS, CAMOKOHTPOJISI 1 OLIEHKU PE3YJIbTaTOB
CBOEH JEATEIIbHOCTH, YMEHUSIMH MPEABUAECTh BOZMOXKHbBIE PE3YJIbTAThl CBOUX JECHCTBUI;

2. npuoOpeTeHre OINbITa CaMOCTOSATEIBHOIO IMOMCKAa aHalu3a U OoTOOpa MHPOpPMALUHU C
UCMOJIb30BAHUEM PA3IMYHBIX UCTOYHHKOB U HOBBIX MH(OPMALMOHHBIX TEXHOJOTHH JUIs peleHHs
AKCIIEPUMEHTAIIBHBIX 3a71a4;

3. ¢popmupoBaHUE YMEHHH pabOTaTh B TPYIIE C BBHIIOJHEHUEM PA3IHYHBIX COIHAIBHBIX
poJieii, IpeACTaBIsATh U OTCTaWBaTh CBOU B3IVIABI M YOEXKIEHHS, BECTH JUCKYCCHIO;

4. oBNaieHUE SKCTIEPUMEHTAILHBIMU METO/IaMU peIlIeHUs 3a/1a4.

JINYHOCTHBIMM  pe3yJbTaTaMM [POTrpaMMbl  JIONOJHUTENIBHON  00Iliepa3BHUBaOIIEH
NESATEIbHOCTH SIBIISFOTCS:

1. chopMupOBaHHOCTH IO3HABATENbHBIX HHTEPECOB, MHTEUIEKTYaJIbHBIX M TBOPYECKHX
CIOCOOHOCTEH yuaruxcs;

2. CaMOCTOSITETTFHOCTh B MPHOOPETEHNN HOBBIX 3HAHHWI U MPAKTHUECKUX YMEHUH;

3. mpuoOpeTeHHEe YMEHHs CTaBUTH Iepe]] co0Oil TMo3HaBaTeIbHBIE IIETH, BBIJIBHTATh
TUIIOTE3bI, I0Ka3bIBaTh COOCTBEHHYIO TOUKY 3PEHHS;

4. npuoOpeTeHne MoJI0KUTELHOTO 3MOIIMOHATILHOTO OTHOIIEHUS K OKpYXarollel mpupoe

1 caMoMy ce0e Kak YacCTH MPUPOAIbIL.



Il. COOIEP)KAHUE ITPOI'PAMMBI BHEYPOUHOM NEATEJIBHOCTH

Beoonoe 3anamue - 2 yaca (Mucmpyxmasic no oxpane mpyoa u mexHuku 6e€30nacHocmiu)

BBenenne B o00pa3oBareibHYI MporpaMmy. 3HAKOMCTBO C YYaCTHUKAaMH TBOPYECKOTO
oObemuHeHMs. WHCTpyKTax IO OXpaHe TpyAa M TEXHHKE Oe30MacHOCTH npu pabore B
nabopatopuu. Ilnan pabotsl 00beauHeHus. MoTHBaIUs HA AajbHElIee 00yueHHe.

YTOYHUTH TIPENICTABICHHS yYAIIUXCS O TOM, KTO Takue YYEHBIC, TO3HAKOMHUTH C MOHATHIMHU
«Haykay (IM03HAHUE), «TUTOTEe3ay» (IPEIMOIOKEHUE), O CIIOCO0E MO3HAHUS MUPA — IKCIIEPUMEHTE; O
Ha3HAYCHUH JICTCKOH JIAOOpaTOPHUH, O MPaBHIaX MOBEJICHUS B JIETCKOH J1a00paTOpHH.

3HakoMbTech: Jlaboparopuym -2 dyaca

3HaKOMCTBO C 00OpPYIOBaHUEM B JIAOOPATOPHH.

N3VUYEHUE KOJIEBAHMIA ITPYKMHHOT'O MASTHUKA

Teopusi: OpHMM M3 NPUMEPOB CHUHXPOHHBIX KOJIeOaHMH MOXHO Ha3BaTh KoJyieOaHus,
COBEpIIAaeMbIE NPYKHHHBIM MasTHUKOM. OH, 1O CBOEW CYyTH, SIBISETCS TPY30M, KOTOPBIN
duKcHpyeTCss K MpPYKHHE C IKECTKOCThio K. Pa3nuyarorT ropu3oHTajIbHBIE M BEPTHKAIbHBIC
JBW)KEHUS] NPYKUHHOro MasiTHHKAa. OueBUAHO, YTO BCErza IPOIIe IOJyYUTh BEPTUKAIbHbIC
kosiebanus. Korna npoucxo T BepTUKaIbHbIE KOJIEOAHUS B COCTOSSHUM PAaBHOBECHUS CHJIA TSXKECTU
rpy3a OallaHCHPYyeTCsl CHJIOW YINPYTOCTH PACTSIHYTOH TNPYXHHBI. Takoe COCTOSIHHE PaBHOBECHS
rpy3a UCIOJIb3yeM KaK Hadajo OTcueTa, M OyJeM OT JaHHOTO 3HAYEHHs ONpENeNITh PacTsKEHUE
npyXuHbl. Ecnu pacTspkeHue NpyKUHbI HE3HAYUTEIbHOE, TO OHO INMOAYMHSAETCS 3aKkoHY ['yka, u
JyacToTa KoJeOaHWil MasTHUKa onpenensiercs mo ¢opmyne: (1) rme: VT — uacrora konebaHuit
MasTHUKA; K — KOI(HUIMEHT KECTKOCTH MPYKUHBI; M — macca rpy3a. OTcroja Clieayer, 4To
9gacToTa KOJNICOAHWH TPY)KUHHOTO MAasTHHKA HE B3aUMOCBS3aHA C aMIUTUTYAOH KoJeOaHMi.
I'maBHBI (QakTOp — JBMXKEHHUS JOJDKHBI OBITh MalbIMM IO aMIUIMTYyJE. YUWThIBas, YTO HET
B3aMMOCBSI3U OT aMILTUTY/bI, TO opmyna (1) 0OBEKTUBHA U C 3aTYXAIONIMMHU KOJIEOaHUSIMH, KOTIa
aMILUTUTY/Ia COKpAIIAETCsl C TeUCHHEM BPEeMEHHU

IIpakTuka: BBITIBUTH B3aMMOCBS3b TEPHOAA KOJCOAHWH TPYKUHHOTO MAasTHHUKA OT MacChl
rpy3a U CTENEHH KECTKOCTH MPYKMHHOTO JIeMEHTa

®opma KOHTPOJISA: 3aN0JTHEHNE TaOIUIIBI

OOopynoBaHme: IITAaTUB, JAaTYUK YCKOPEHHUs (aKcelepoMeTp), MPYKUHBI pa3HON 3aJaHHOU

xecTkocTH, Tpy3bl o 100 .

OINPEJEJIEHUE OBBEMA BBIJEJIAEMOI'O TEIUIA IIPMU HAI'PEBAHUU U
OXJTAXJIEHNUN
Teopusi: Ananu3upysd JaHHbIE BHYTPEHHEH OHEPrUU, OTMETUM, YTO OHAa  MOJXKET

peoOpa3oBhIBaThCA KaK B IMPOLIECCE COBEPIIEHUS palOThl, TaK M MpHU Terionepenade (B 3TOM

o]



ciydae pabota He coBepimiaeTcs). B mporecce Teruionepenayn BbipadaThiBagMasi YHEPTHS MOXKET
nepecaaBaTbCAa TCIIy 3a TIOCPCACTBOM  TCIIJIONMIPOBOAHOCTH, KOHBCKIINU 200051 HU3JTYyUCHUA.
KonmnyecTBOM TENIOTHl HA3BIBACTCS SHEPIHs, KOTOPYIO TOJYyYaeT WIM TEPSET TEIO B IMPOIECCE
TertooOMeHa. KomuecTBo TemaoThl 3aBUCUT OT MAcChl Tela, M3BMEHEHHS €ro TeMIIEpaTyphl B poja
BeIeCTBa TeJa:

Bo;[a HUMCECT BBICOKYHO YACIIbHYIO TCIIJIOCMKOCTD. ITo »roit IMPpUYUHEC BCC 3CMHBIC BOJOCMBI B TCIIJIOC
BpeMs Tojia MOTJIOMIAIOT (2 3UMOM OTAAI0T) OOJBIIOE KOJIMYECTBO TEIUIOThI, TEM CaMbIM CIUIaKHUBAst
CE30HHBIE TIEPETIaJIbl TEMIIEPATYPHI.

IIpakTHKAa: BBISIBUTH KOJUYECTBO TEILJIOTHI, OTAAHHOE TOpsYei BOJION M MOJIYYCHHOE XOJIOJAHOMU, B
TaKOM BHJIC TEIIOOOMEHA

dopma KOHTPOJIS: 3aNI0JTHEHUE TaOIHIIbI

OO0opynoBaHnme: TaTYUK TEMIIEPATYpPbl, CIUPTOBKA, BECHI, 2 MEPHBIE EMKOCTH, KAIOPUMETD.

OITPEJIEJIEHUE YJIEJIbHOM TEILJIOTHI INTABJIEHUSA JIBJIA

Teopusi: B nannHoil mabopaTopHOil paboTe OyAyT NpoaHAIM3HPOBAHBI TaKWE MPOIECCHI, Kak
iaBieHue BemiecTB. [Ipoliecc muiaBneHUs MpeACTaBisgeT cOO0OM TpaHCoOpMAaIUIO BeIIecTBa U3
TBEPAOT0 COCTOSIHUSA B kuAKoe. KomnuecTBo TEmIOThl, KOTOpOe MoTpedyeTcs Al Havala mpolecca
Mepexo/ia U3 OJHO[ITO COCTOSHUS BEIIECTBA B JPYroe, NPHHATO HA3BIBATh YJACIBHOW TEIIIOTOM
mnaBneHuss A (JDx/kr).  YiaenpHyr0  TEMJIOTY — IUIABJICGHUS  JIbJa  MOXHO  OTPENETUTh
KaJIOpUMETPUUYECKUM MeToJIoM. [[s1 3TOro HeoOXOoAMMO B KallOPUMETP C BOJOW OIYCTHTH
HEeOOJIbIII0e KOIMYECTBO Jibjaa. DopMyria TermiIoBoro danaHca:

IIpakTuka: paccuuTaTh TOYHBIC 3HAYCHHSI YICITHHON TEIJIOEMKOCTH JIbJIA

dopma KOHTPOJIsI: 3aTIOJTHEHNUE TaOTHIIBI

OOopynoBaHme: KalOpUMETp, AATYUK TEMIEpaTypbl, €MKOCTh C TAalOIIUM JbJIOM, E€MKOCTh C

KUJIKOCTBIO, BEChI U I'PY3bI

N3YYEHUE I[MTOCJIIEHOBATEJIBHOI'O 14 ITAPAJUIEJIBHOI'O COEJMHEHUNA
I[MPOBO/IHUKOB

Teopusi: CyiiecTByeT TpU OCHOBHBIX THIIA COCIUHEHHS MPOBOJHUKOB B AJIEKTPUYECKOM LeTH —
MoCJIe/IoBaTeNIbHOe, TapajuieibHoe u  cMmemanHoe (pucyHok 1). Ilpu mocienoBaTebHOM
COCIMHEHHH TTPOBOJIHUKOB (PUCYHOK la) cuiia Toka B JJI0O0OOM y4acTKe menu oaumHakoBa: [Ipu sTom
HaTpsODKCHUE BCE 1enu onpezaensercs no ¢opmyne: (1) Mcmonb3ys B onbiTe 3akoH OMa Juist Beei
Henu M I KKAOro ydactka B otaenbHocTH, umeeM: C yuetom (1) momyuum: OCHOBHBIE
CBEJIEHUS O6opynoBanue: 2 pe3ucTopa ¢ Pa3IMYHBIMUA COMPOTHUBICHUSMHU, JATYUKH TOKA M
HaIlpsDKEHUs, UCTOYHHMK TOKa, PEOCTaT, KIIY, COCAMHUTENbHbIE MpoBona. llens: ompenenuts

CIIPaBCAJIMBOCTL 3aKOHOB JJICKTPUUYCCKOI'O TOKa IJId IMOCICAOBATCIBHOIO U MNapalJICJIbHOI'O
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coenunenuss nposoaHukoB. M3VYUEHUE TIOCJIIEJOBATEJIBHOI'O U ITAPAJUIEJIBHOI'O
COEAVMHEHUA ITPOBOJHUKOB I =11=12.U=U1+U2. U=1IR, U1 =1IR1, U2 = IR2
IIpakTuka: onpenenuTh CIpPaBeUIMBOCTh 3aKOHOB 3JIEKTPUUECKOTr0 TOKA JUIsl MOCJIEJ0BATEILHOTO
Y TIapajuIeIbHOTO COeIUHEHUS TPOBOHUKOB.

@opMa KOHTPOJIS: 3aTIOTHEHUE TaOIHIIBI

Oo0opyaoBanue: pe3ucTopa C pa3IMYHBIMU CONPOTUBIICHUSIMH, JATUUKU TOKA M HAIMPSKEHUS,

HUCTOYHHUK TOKa, pCOoCTaT, K104, COCAMHUTCIIbHBIC IIPOBO/JIA.

N3YYEHUE CMEIHIAHHOI'O COEAMHEHMA ITPOBO/IHUKOB

Teopusi: CylmecTByIOT B2 OCHOBHBIX METOJIa COCTUHEHUS PA3JIMIHBIX 3JIEMEHTOB MEXITY COOOM.
[lepBbIif MeTON TpeAmoNaraeT — TIOCIEAOBATEIEHOE COCIMHEHHE, BTOPOE — MapajuielbHOE.
Wcnonb3ys TpOW3BOJBHBIE BAapUAHTHI COCOMHCHHUS 3TUX JBYX METOJOB, MOXHO JIOOUTHCS
CMCIIAHHOTO COCIMHEHHS MPOBOJHUKOB. CMEIIaHHOE COCJAMHEHUE IMPOBOJHUKOB, KaK MOKHO
MOHATh IO €ro Ha3BaHWIO, MO CBOSH NPUPOJE TPEACTABIICT KOMOWHAIMIO TTPOU3BOJIBHBIX
BapHaAHTOB JIBYX BHJIOB COCIWHEHUS. BMecTe ¢ TeM B COCTaB TaKOro COCIUHEHHS JOIMYCKACTCS
BKJIIOYAaTh KaK OTJIEJIbHBIC PE3UCTOPBI, TaK W 0O0Jiee CIOXKHBbIC, KOMOWHHUPOBAHHBIC YYaCTKH
coeiHeHUi. /)i BBITIOJIHEHUST PACYETOB CMEIIAHHOTO COSAMHEHUS TIOTPEOYEeTCs pa3eiiuTh CXEMY
Ha TPOCTBHIC YYACTKH, COCJAMHCHHBIC TOCIICIOBATCIIbHO WIM IMapajlielibHO. B wactHocTH, Ha 1-if
cxeme (pUCYHOK 1) mapaiienbHO COCIWHEHHBIC PE3HCTOPhI 2 W 3 MOKHO 3aMEHHUTH OJHHM,
COMPOTHBIIEHUE €ro BBIUMCISIETCS IO TMpaBHIaM MapajuleNbHOro coeauHeHus. Omnpenenum
HKBHUBAJIIEHTHYIO CXEMY C JIBYMSI PE3MCTOPaMHU, BKIFOYEHHBIMH IMOCIIEOBATEIBHO APYT C JIPYTOM.
WX MOXHO 3aMEHHUTH OJIHUM, COITPOTUBIICHHE KOTOPOTO PaBHO OOIIEMY COITPOTHUBIICHUIO
IIpakTuka: yIOCTOBEPUTHCS B HUCTHHHOCTH OCHOBHBIX 3aKOHOB CMEIIAHHOTO COCJIMHCHUS
MIPOBOJHUKOB

®opma KOHTPOJIs: 3aNI0THEHUE TaOIUIIbI

OO6opynoBaHue: UCTOYHUK TOKA, HAOOP PE3UCTOPOB, UPPOBAsI JTAOOPATOPHS C JATYUKOM TOKA U

HAIps>KCHUA, KITI0Y, COCAUHHUTEIIBHBIC ITPOBOAA.

N3MEPEHUE PABOTHI 1 MOIIIHOCTHU TOKA

Teopusi: [Ipoanamusupyem 1enpb (pUCyHOK 1), K KOTOPO# MPHIIOKEHO MOCTOSIHHOE HanpshkeHne U
= @A — ¢B. 3a Bpems t mo uenu npoxoAuT 3apan (. DnekTpulldeckoe mosie, MpoTEeKaroliee B
IIPOBOJHMKE, TIEPEHECET 3TOT 3apsij 3a pacl/cMaTpuBaeMblil MPOMEXYTOK BPEMEHHM U3 TOUKH A B
Touky B. PaboTy cun snekTpudeckoro mois, WM padoTy 53JIEKTPUYECKOrO TOKa, MOXKHO
paccunlITath mo popmyie: (1

IIpakTHKa: paccyuTaTh MOIIHOCTD TOKA, @ TAKXKE COBEPIIEHHYIO UM paboTy

@opmMa KOHTPOJIS: 3aTIOTHEHUE TaOIUIIBI



OOopynoBanMe: HMCTOYHHMK TOKa, IU(pPOBas jadoparopusi ¢ JaTYMKaAMH TOKA U HANPSKCHMSA,

COCAUHUTCIILHBIC TPOBOJAA, ABC JIAMITOYKH paanquﬁ MOIITHOCTH, PE3UCTOP, KIIOY.

N3YYEHUE 3AKOHA JDKOVIJIA — JIEHITA

Teopusi: 3akon /xoyna — JleHa — mpoxoXkaeHUE B3JIEKTPUUECKOTO TOKa 4Yepe3 IPOBOJHUK,
o0Jaaromuil  COMPOTUBIICHUEM, BCETJa COMPOBOXKIACTCS BBILJJIEIEHUEM TEIUIOTH. BriepBbie
JaHHBINA 3aKOH ObUT chopMynupoBaH aHTIUHCKUM ¢pusukoM JIxerimcom [[xoyrneMm. BrocnenctBum
JaHHBIA 3aKOH ObUI TMOBTOPHO JIOKa3aH OAKCIEPUMEHTAIbHBIM CIOCOOOM PYCCKUM (DHU3UKOM
Omunem Jlenuem. 1o 3akony Jlxoyns — JleHua, KoJM4ecTBO TEIUIOTHI, BbIACIMUBIIEECS 3a BpeMs i,
ornpeaensercs mo Gopmye:

IlpakTHKa: BBIIBUTH KOJIMYECTBO TEIUIOTHI, KOTOPOE BBIACISETCS TMPU  MPOXOKICHUU
AIEKTPUUYECKOTO TOKA

®opma KOHTPOJIS: 3anI0JTHEHUE TaOIULIbI

OO0opynoBaHMe: HCTOYHUK TOKa, MU(PpPOBas J1adoOpaToOpusi C JAaTYMKAMH TOKA W TEMIICPATyphI,
KaJIOPUMETP, KPBIIIKA ISl KAJTOpUMETpa W3 TEIIOM30JHMPYIOLIEr0o MaTepuaia, COCIUHUTEIIbHbIC

npoBoaa, p€3ucTop, K04, MITaTHUB, HArp€BaTcjiib, CMKOCTb C JKUIAKOCTbIO.

N3YYEHUE 3ABUCUMOCTU MOIIHOCTHU U KIIA NCTOYHUKA OT HAIIPSDKEHUS HA
HATPY3KE
Teopus: 3amkHyTas >JaeKTpUyecKas LEeNb COCTOUT M3 UcToyHMKa Toka ¢ D/IC € U BHYTpeHHUM
COIIPOTHBIIEHUEM I, U moTpeduTens (Harpy3ku) c compotuBieHueM R. Cuia Toka B 3aMKHYTOH
Henu omnpezaessercs 3akoHom Oma: MoOIIHOCTh TOKa Ha Harpyske omnpeaensercs mo dpopmyne: (2)
[Moacrasnss (1) B (2), momyuum: [Tone3Has MOIIHOCTH 3aBUCHT OT COMPOTUBJICHUS HArpy3ku. [Ipu
R = 0 (Takoii pexxuM paboThl HCTOYHUKA Ha3bIBalOT KOPOTKUM 3ambikanuem) U= 0, P = 0. Eciu xe
= oo (mpW 3TOM YCJIOBUM Iienb pa3oMkHyTa), To U = ¢, P = 0. Ecnu ke compotusienue R
Harpy3ku MeHsiercs B npezenax ot 0 1o oo, To HanpspkeHne OyaeT MeHAThes oT 0 110 €, mone3Has
MOIITHOCTH TPH STOM JIOJDKHA UMETh MaKCUMAIIbHOE 3HAYCHHUE TPH ONpECTICHHOM 3HaueHnH R.
IIpakTuka: m0poaHATU3UPOBATh 3aBHCUMOCTh 3aBUCHUMOCTh MOIIHOCTH M KO3 QHUIMEHTa
none3Horo aevicteus (KII/I) ot conpoTuBienus: Harpy3oxK.
dopma KOHTPOJIsI: 3aTIOJTHEHUE TaOTHITBI
OOopynoBaHmMe: HCTOYHUK TOKa, peocTaT, LudpoBas nabopaTopusi ¢ JaTYUKaMHU ToKa H

HaIMpsKCHUSA, K04, COCAUHHUTCIIBHBIC ITIPOBOAA.

N3YUEHUE 3AKOHA OMA J1JIs [TOJIHOM LETIN
Teopus: [lonHas uens — 1enp, coaepxanias UICTOYHUK TOKa, WM Ke 1enb, coaepxamas DJC. s

Harjis1iIHOro npuMepa BO3bMEM CaMbIH HpOCTOﬁ BAapHaHT — OCIb C OJHUM HMCTOYHUKOM U OJHUM
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norpebutenemM (pucyHok 1): BaemHss nens (y4acTOK TMOJIHOM 1enmd  0Oe3 HMCTOYHHKA)
XapaKkTepu3yeTcsi CBOMM conpoTtuBieHneM R. McTounuk sxe xapakrepusyercs cBoeir D/IC, a Taxxke
BHYTPEHHUM CONPOTHUBJICHHUEM I (COMPOTHUBIICEHNE HAa BHYTpeHHeM yyacTke uemnu). 3C ncrounuka
paBHA CyMMe HampsDKEHHI BO BHEIIHEM M BHyTpeHHeM ydacTkam enw: (1) rae: U — HanpshkeHue
Ha BHemIHe# uenu; Ur — najeHue HarpspkeHUsl HA BHYTPEHHEM COTIPOTUBIICHUH UCTOYHMKA Toka. K
BHEIITHEW 1IETTM MOXKHO NPUMEHUTh 3akoH Oma jutst yyactka uenu: (2) Uepes UCTOUHHUK MPOXOAUT
TOYHO TaKOM ke TOK, Mo3Tomy (3

IIpakTuka: yIoCTOBEpUTHCS B MCTUHHOCTU 3akoHa Oma Juis ydacTKa IOJHOW Ienu, a TaKxke
MIPOaHAIU3UPOBATH PEKUMBI PaOOTHI UCTOYHHKA TOKA.

®opmMa KOHTPOJISA: 3aNI0JTHEHUE TaOIUIIBI

O0OopynoBanme: 3 KIOYa, HMCTOYHUK TOKAa, 2 pE3UCTOPA, NATYUKA TOKA W HANPSDKEHHS,

COCAUMHUTCIIBHBIC ITPOBOJA.

N3YUEHUE 3AKOHOB OMA JIJIA HETIM ITEPEMEHHOI'O TOKA

Teopusi: [lepeMEHHBIM TOKOM Ha3bIBAETCA TOK, TAPMOHUYECKH W3MEHSIOLIUICS BO BPEMEHH IO
3akony: rae: |0 — ammnuTyqHOE 3HaueHUE TOKa; (@ — HavalbHasg (asza; o — HUKIWYECKash 4acToTa.
[Tpu npoxoxkIeHUU NIEPEMEHHOT0 TOKa M0 MPOBOAHUKY B HeM Bo3HUKaeT D/IC (anekTpoaBKyIas
CUia) CaMOWHIYKIWU, MPONMOPIUOHAIbHAS W3MEHEHHIO CHUJIbI TOKA B CAWHHUILY BpPEMEHH
Koaddurnment nponoprmonansHocTn L Ha3pIBaeTCsl MHAYKTUBHOCTHIO TIPOBOJHUKA U 3aBUCUT OT
dbopMBI U pa3MepoB MPOBOJHMKA, a TaK)K€ OT MAarHUTHBIX CBOWCTB OKpY’Karoleil cpenbl. 3a
€IMHUIY MHAYKTUBHOCTH B MEXIYHApOJHON CHUCTeME M3MEpPEHUN MPHUHITO HCmoib3oBaTth 1 ['H
(repu). B nmaHHOM ciydae uaeT pedb 00 HMHIYKTUBHOCTH ONPENENIEHHOTO IPOBOJHUKA, TJIE
M3MEHEeHne Ccuibl Toka Ha 1 ammep 3a 1 cekyHay co37aeT dJIEKTPOJAUHAMHYECKYIO CHUITY
caMOMHAYKIMK B 1 BonbT. UTO KacaeTcss JNMHEWHBIX MPOBOJHUKOB, TO MO OOMNBINEH YacTH OHHU
MMEIOT HU3KYK0 HHAYKTUBHOCTb. BBICOKYI0O HMHAYKTUBHOCTb JEMOHCTPUPYIOT  KaTYIIKH
WHJYKTUBHOCTH, KOTOpBIE BKJIIOYAIOT B CBOM COCTAaB 3HAYUTENIBHOE YHMCIO 00opoToB. Ecimm xe
CMOTpeTh Ha oO0pa3yemMoe COMPOTHUBICHHUE TPOBOJOKH, M3 KOTOPOM W COCTOUT KaTyIlka
WHAYKTUBHOCTH, TO TaKOE CONPOTUBIICHUE NIPUHATO UMEHOBATh AKTUBHBIM cONpoTHUBIEHUEM. [Ipu
HAJIMYMUU CONPOTUBIICHUS B B LIENH, YMECTHO TOBOPUTH U O BBIIEICHUU dHepruu. Hanmpumep, eciu
MIPUJIOKUTH TIEPEMEHHOE HaIPsDKEHNE K KOHIIaM MMPOBOJIHHUKA ¢ aKTUBHBIM COMPOTHBIIeHHEeM R, kak
9TO BUJHO M3 PUCYHKa 1, BeIMYMHA KOTOPOTO B MOMEHT BpEeMEHM ! pacCUMTHIBAETCS MO TaKOH
dopmyne: rie Uo — aMITUTyTHOE 3HAUCHUE HAPSHKEHUS.

IIpakTuka: npoaHanIu3upoBaTh Takoe GU3MUECKOE SBICHHE, KaK PE30HAHC B IIEMH MEPEMEHHOTO
TOKa, a TAaK)Ke YIOCTOBEPUTHCS B HCTUHHOCTU 3aKoHa OMa

dopma KOHTPOJIsI: 3aTI0JTHEHUE TaOTHUIIBI
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OOopynoBanme: peocTaT, HCTOYHMK IIE€PEMEHHOTO HAIpPSDKEHMs, KaTylllka HWHIYKTUBHOCTH,

AATYHUKU TOKA U HAIPSIKCHUS, KOHACHCATOP, COCAMHUTCIIbHBIC ITPOBO/IA.

N3YUEHUE MATHUTHOI'O IT1OJISI COJIEHOU A

Teopusi: ConeHoun mnpeacTaBiasieT coOOM Pa3HOBUIHOCTh KaTYIIEKHM HHAYKTUBHOCTH. Kak
MIPABUJIO, TIOJ] TEPMHHOM «COJIMHOUI» MPUHATO MOHUMATh IIMIMHIPUYECKYI0 0OMOTKY M3 MPOBO/IA,
JUIMHA KOTOPOH B HECKOJBKO pa3 OoJblle auaMeTpa mpoBoja. Ha mpakTUke MOXKHO BCTPETHTH
COJICHOMBI, BBIMOJHEHHBIE KaK B BHUIE OJHOCIOHHOM OOMOTKH, TaK M MHOTOCIOHHOH. B Tex
CUTYyalMIX, KOrja JJuHa OOMOTKH B HECKOJIBKO pa3 MPEBBIIIACT TUaMETP HAMOTKH, TO B IOJOCTH
COJICHOW[A TIPH T0JIa4e B HErO DJIEKTPHYECKOTO TOKa (OPMUPYETCS MAarHUTHOE IOJie, OJIM3KOE K
OJIHOpPOJIHOMY. BmecTe ¢ TeM MarHMUTHOE IOJie MPEACTaBIsSeT COO0O0M TOCTATOYHO OJHOPOIHYIO
cpely, KpoMe€ IMpOCTPAHCTBA OKOJIO KOHIIOB, TJ€ OHO OCJIa0eBaeT, a JIMHUM HANpPsHKEHHOCTU
pacxomsarcs. Ilpu sTom 3a mpenenaMu COJCHOMZA MArHUTHOE IOJIE Yallle BCEro OTCYTCTBYET
IIOJIHOCTEIO.

IIpakTHKa: TPOAHATM3UPOBATH paCHpENeICHUE HHAYKIMM MAarHUTHOTO TIOJS BOKPYT OCH
coJeHoH A

dopmMa KOHTPOJIsI: 3aII0JTHEHHUE TaOTHUIIbI

OO6opynoBanme: peoctar, nmudposas adoparopus C JaTYANKAMH TOKA M MArHUTHOTO ITOJIA,

COJICHOHM A, HCTOYHHUK TOKaA.

3AKOH ITACKAJIA. OIIPEAEJIEHUE JABJIEHUA XKUJIKOCTHU

Teopusi: B xuakocTax 4acTUIbl JOCTaTOYHO MOJABUXHBL. VIMEHHO 3TUM M 00YCIOBJIEHO TO, YTO
YacTHULIbI JINIIEHBI COOCTBEHHOM (OpMBbI, HO 001a1al0T COOCTBEHHBIM 00BEMOM, CONPOTUBIISAIOTCS
CKaTHIO M PACTSDKEHUIO, a Takke 007aJaloT BBICOKOW TeKyuyecTbio. JKHIKOCTH B CIOKOWHOM
COCTOSIHUM 00JaJaroT JABYMsl TUIIAMHM CTaTHYECKOTo JaBlieHHs. B mepBoMm ciydae peub HIET O
THJIpaBIMYECKOM, BO BTOPOM — O BHENIHEM JaBiieHuu. Korzma Ha JKMIKOCTh JEMCTBYET cuila
3€MHOT0 NMPUTSKEHUs], OHAa OKa3bIBAET JAABJICHHUE HA JHO M CTEHKHU COCYJla, a TAKXKe Ha Jpyrue Tena,
KOTOpbIE TPEABAPUTEIBHO OBUIM MOTPY)KEHbl B JAHHYI KHJIKOCTb. EcCIM MBI TOBOpUM O
THJIPOCTAaTUYECKOM JaBJIEHHM, TO 37eCh JaBieHHE OOYCIOBIEHO BECOM CTON0A >KUAKOCTH.
JlaBiieHre UAKOCTH B COCYJl€ Ha pa3HbIX BBICOTAX pa3iInyHO. EcnM XKUAKOCTH HAXOAWUTCS B
eMKOCTH IIMIMHJIPUIECKON (HOPMBI, ¢ TUIOMIA/IBI0 CEUCHUS COCyAa S, a BBICOTA CTOJ0a >KUAKOCTH
cocraBiuser h. Torma: OTMETHUM, YTO THIPABIMYECKOE JABJICHHE 3aBHCUT OT IUIOTHOCTH P
KHUJKOCTH, a TakKe OT CHJIBI YCKOPEHHs § CBOOOIHOTO MaJeHMs, U OT TIyOWHBI h, Ha KOTOpOIi
HaXOJAUTCsl paccMarpuBaeMasl Todka. /laHHOe 3HaueHHe He 3aBUCUT OT (POPMBI CTOJIOA JKUAKOCTH.
Jlns pacuera 3HaYCHMH TITyOMHBI HEOOXOJUMO OTCUMTHIBATh IO BEPTHKAIU OT pacCMaTpUBAEMON

TOYKHU JI0 YPOBHSI CBOOOIHOM MOBEPXHOCTH >KUIKOCTH. ECIIM MBI aHAM3UPYEM KHIKOCTb, KOTOpast
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HaXOJSTCS B HEBECOMOCTH, TO TUAPABIUYECKOE JIaBJICHHUE 3/IeCh OyIET MOJHOCThIO OTCYTCTBOBATD.
Ecnu ke TOBOpPUTH O BHEIIHEM JaBJICHUU Ha KUAKOCTb, TO OHO XapaKTePU3YeTCs CKATHEM
KHUJIKOCTH TIOJl BO3JCHCTBHEM BHEIIHWX cwi. s pacdera H3TUX 3HAYCHHH HEOOXOIUMO
UCTOJIB30BaTh GopMyity: Tae: FN — Momyns CHitbl, IEHCTBYIONIHIA MEPIICHAUKYIISIPHO BbIICICHHON
wiomazake; S — miomans. Ilpumep BHeHIHEro JaBieHHUs: aTMOC(epHOE IaBlICHHE, a TaKXkKe
nasinel |HUE, cO3aBaeMoe B THPABINUECKUX cCUCTeMax. B u

IIpakTuka: 03HAKOMUTKLCS U MPOAHATU3UPOBATH 3aKoH [lackans

dopma KOHTPOJIsI: 3aTI0JTHEHUE TaOTHIIBI

Oo6opynoBanue: TpyOKa, JuHElKa, MTaTUB, mUdpoBas jgabopaTopus ¢ maTdyukoM aasieHus 10

klIa, pabouast eMKOCTb.

ATMOC®EPHOE u BAPOMETPUYECKOE JABJIEHUE. MAT' JEBYPI'CKHE
[TOJIVIIAPUA

Teopusi: JlaBneHue — 5T0 (¢uU3MUecKas BEIUYMHA, YHCICHHO paBHAs CHJIE JCHCTBYIOIIEH Ha
CIMHUIlY TUIOIIAU TOBEPXHOCTH TMEPHEHAUKYSIPHO K O3TOH ToBepxHOCTH. JlaBiieHue B
MexayHapoanoi cucteme CU uzmepsiercs B nackaisix [la. Jlanee npoananusupyem, Kakue ObIBaIOT
Buabl gasienuit (pucynok 1). OCHOBHBIE CBEJIEHUSI OGopymoBanue: mpubop st
AeMoHcTpanuu arMocepHoro naBieHus (MaraeOyprckue monymapus), Tpy3 S kr, rpy3 10 kr,
JaTYUK ~ aTMOCEpPHOr0 W OTHOCUTENBHOTO  JaBJIeHUs, BakKyyMHbIH  Hacoc. [lenb:
MPOJEMOHCTPUPOBaTh M paccuuTaTh  aOCONMIOTHOE H  OapoMETpUYEecKOoe  JaBJICHHE.
ATMOC®EPHOE u BAPOMETPUYECKOE JABJIEHUE. MAT JEBYPI'CKHE
[TOJIVIIAPUSA Ecnu roBoputh 00 aOCOMIOTHOM JIaBJIEHUH, TO 3TO UCTUHHOE JaBJIEHUE, KOTOPOe
OTCUHUTBIBAETCS OT aOCOJIIOTHOTO HYJIA JaBlieHUs (a0COIOTHOrO Bakyyma). Ha mpakTuke 3HaueHue
abCONIOTHOTO HYJS JaBleHUS JIOCTUTHYTH HEBO3MOXHO. [lox OGapomeTpudeckuMm JaBiICHHEM
MIPUHATO TOHUMATh a0COMIOTHOE JaBJIeHHe 3eMHOM atMocdepsl. HazBanue TakoMy JaBJIEHUIO OBLIO
NpUIyMaHo Onarogapsi M3MEpUTEIbHOMY OOOpYIOBaHHIO OapoOMETpy, KOTOPBIA KaK H3BECTHO
orpeneNsieT arMocepHoe HaBlieHHE B ONpEACICHHBII MOMEHT BPEMEHH NpU OIpPENeICHHON
TEMIIepaType W Ha OMpeAeNIeHHOW BBICOTE HaJ YpoBHEM Mops. OTHOCHTETBHO 3TOTO JABJICHHS
OTIPEIETISAIOTCS N30BITOYHOE IaBIICHUE U BAKyyM

IIpakTHKa: TPOAEMOHCTPUPOBATH M PACCYUTATH a0COTIOTHOE M OapOMETpHYECKOe IaBJICHHE
dopma KOHTPOJIsI: 3aTIOJTHEHNUE TaOTHITBI

OOopynoBanmne: mpuboOp MANsg JAEMOHCTpallid aTMoc(epHOro JaaBiieHus (MmaraeOyprckue
nonymapusi), rpy3 5 kr, rpy3 10 kr, gatuyuk atMocepHOro U OTHOCUTEIHHOTO JaBIECHUS,

BaKyyMHBIH HacoC.

OIIPEJIEJIEHUE Y IEJIbHOU TEIDIOEMKOCTU BEII[ECTBA
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Teopus: HaubGonee xapakTepHbIM BapHaHTOM OIpEIENEHHs pOCTa BHYTPEHHEH HSHEpPruu Telna
MOKHO Ha3BaTh KJIACCHMYECKHH TeraooOMeH. [Ipy BOSHMKHOBEHHM TaKOTO SIBJICHUS BHYTPEHHSA
SHeprus TpaHc(hopMUpYeTCs Ha 3HAYEHUs, UAECHTHUHBbIE 00beMy nepenaBaemMoi TemnoTsl Q. Kak
[IOKa3bIBA€T MPAKTUYECKUN OIBIT, B IPOLIECCE HArPEBAHUS UACHTUYHOIO 00beMa pa3HbIX BEILECTB,
HO TIpU OJIMHAKOBBIX TEMIIEPATYPHBIX 3HAYCHHUAX, HEOOXOIMMO pa3IMyHOE KOJIUYECTBO
BBIJICIISIEMOTO TeIuia. A 4TOOBI €ro ONpeaeuTh, He00X0AUMO UCTIONB30BaTh popmyay: (1) rae: m —
Macca Tena; At — U3MEHEHUE TeEMIIEpaTyphl TEJa; ¢ — YAeJIbHas TEIUIOEMKOCTh BEIIECTBA. Y 1EIBHOM
TEIUIOEMKOCThIO BEILIECTBA Ha3blBaeTCs (U3MYECKas BEIMYMHA, YHCICHHO paBHas KOJINYECTBY
TEIUIOThI, KOTOpoe HeoOxoanMo ais HarpeBanus 1 kr BemectBa Ha 1 °C. OTnenbHO OTMETUM, YTO
yYACIbHAs  TEIJIOEMKOCTb  MOJYKET CYIIECTBEHHO OTJIMYaThCs y OJHONO M TOTO  XkKe
MaTepHalia/BeIecTBa, €Cd OHO HMMEET pas3Hble arperatHble COCTOSHHS (Ha TpuMepe BOJABI B
KHJIKOM U TBEPJOM COCTOSIHUU 3TH [10KA3aTeJIM MOT'YT OTJINYATHCS POBHO B JIBa pasa).

IIpakTuka: paccuuTaTh TOYHbBIE 3HAYECHUS YAEIBHON TEIJIOEMKOCTH JKEJIE3a.

dopma KOHTPOJIS: 3aTI0JTHEHUE TaOIHIIbI

OOopynoBaHme: HarpeBaTellb, IITATHB, KaJIOpUMETp, >Keie3Has Tupbka 0,5 Kr, Kpblmka it
KaJOpUMETpa U3 TEIUIOU30JIMPYIOLIEr0 MaTepualla, eMKOCTh ¢ BOJOM, IudpoBas gabopaTopus c

AATYUKOM TEMIICPATYPhI.

MN3YUYEHUE ITPOLIECCA KUITEHWA BO/IbI

Teopusi: Kunenriem Ha3biBaeTcs MHTEHCHUBHOE MapooOpa3oBaHuE MO BceMy 00beMy cocyza, Mpu
KOTOPOM BHYTPH JKUJKOCTU PAaCTyT U MOJHUMAIOTCS BBEPX MYy3bIpbKU Mapa. COCTOSAHHE KUIIEHUS
BOJIBI UMEET HECKOJIIBKO CTaINH:

* Ha TMEpBOM CTagUU TMPOUCXOJUT HArpeB BOJBI, KHUCIOPOA Ha JIHE COCyJa MOCTEIEHHO
BBICBOOOXKJa€TCS M TIOJHUMAETCsl Ha TOBEPXHOCTh BOAbL. Yem Oonee MPOIOTIKUTEIBHO
HarpeBaeTcs BOJa, TeM OOJIbIIIee YUCIIO My3bIPHhKOB BO3AyXa BHICBOOOKIAETCS;

* BTOpPOM OTam KHUINEHUS BOJIBI COMPOBOXKIACTCS MACCOBBIM BBICBOOOXKICHHEM KHCIOPOJA,
BBI3BIBAIONINI CHaYala yMEHBIICHUE €€ MPO3PAYHOCTH, KOTOPOE 3aTeM MEPEXOAUT B «ITOOCTICHUEY.
Takol mpoliiecc HEMPOAOIHKUTENIECH 110 BPEMEHU;

* Ha TpeTheM, (DMHATHLHOM dTare KUMEHHUS BOJBI BBICBOOOXKICHUE My3bIPHKOB BO3/IyXa eIlie Oolee
WHTEHCUBHO, KUTICHHWE COIMPOBOXKIAETCS OOMIMEM OpBI3T M TMOsIBJICHUEM Tapa. Temmeparypa, mpu
KOTOPOW KHIUT KUAKOCTh, Ha3bIBACTCS TEMIIEPATypOd KUIICHHs. TemriepaTypa KWTICHHS 3aBUCUT
OT JaBJICHHS, OKa3bIBAEMOT0 Ha CBOOOJHYIO TMOBEPXHOCTHh KUIAKOCTH. [IpW yBenwueHUH HTOTO
JIABJICHUS POCT U TOJBEM IMY3bIPHKOB BHYTPH KXUAKOCTH HAYMHAETCS MPH OOIBIIEH TeMIieparype,

MIPU YMEHBIICHUHU JaBICHUS — IPU MEHbIIEH TeMIepaTyp
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IIpakTuka: BBIIOTHUTH MPAKTHUECKUE YMPAKHEHUS, MPOAHAIU3UPOBATh, OXapaKTepU30BaTh U
00OCHOBAaTh TPOLIECCHl HAarpeBa M 3aKUMaHus pabodell JKUAKOCTH, MOJATOTOBUTH TIpaduk
3aBHCUMOCTH T€MIEPaTYPHbIX 3HAUEHUH BOJbI OT BPEMEHU

dopma KOHTPOJIsI: 3aTI0JTHEHUE TaOTHIIBI

OoopynoBanue: OOopynoBaHUE: INTATUB, CIIUPTOBKA, IU(pPOBas 1adopaTopus C UHIUKATOPOM
TeMIIepaTypHBIX 3HA4eHUi, paboyasi eMKOCTb, COJIb.

N3MEPEHUME COITPOTUBJIEHU A [TPOBOJHUKA (3AKOH OMA J1JI1 YHACTKA LIEIIN)
Teopus: Dnekrpuueckoe CONPOTUBICHHE — (U3MUECKash BEIMUYMHA, XapaKTepHU3yrolas CBOMCTBa
IIPOBOJIHUKA IIPENATCTBOBATh IPOXOXKIEHHUIO 3JIeKTpuyeckoro Ttoka. CompoTuBieHue (4acTo
o0o3Hadaercsi OykBoil R wim I) cunrtaercs, B ONpeNeNICHHBIX Mpe/eax, IMOCTOSHHOW BETHYMHON
JUIs JaHHOro npoBoAHMKAa. OcHOBBIBasch Ha 3akoHe Oma Juisi ydacTKa LENH, €ro MOYKHO
paccuutath kKak rae: R — comporuBienue; U — pa3sHOCTb 3JEKTPUYECKUX IMOTEHIUAJIOB
(HampspKkeHHe) Ha KOHIaX IpoBOJAHMKA; | — cuila TOKa, NPOTEKAIOUIero MEXAYy KOHIaMU
IIPOBOJHMKA MO/ IEUCTBUEM PAa3HOCTH IOTEHIINAJIOB

IIpakTuka: y10CTOBEPUTHCS B UCTUHHOCTU YTBEPXKJEHUS, YTO CHJIAa TOKA B IIPOBOJAHMKE IMPSMO
IIPONOPLMOHATIbHA TPUIIOKEHHOMY HAlpsHKEHUIO Ha €ro KOHIIAX, OBJIAJIeTh HaBbIKAMU BBIITOJHEHHS
M3MEPEeHUI CONPOTUBICHUS IPOBOIHUKA, UCHIOJB3Ys JIs 3TOTO BOJIBTMETP U aMIIEpMETP

dopma KOHTPOJIS: 3aNI0JTHEHUE TaOIHIIbI

OOopyaoBaHMe: HCTOYHUK TOCTOSTHHOTO TOKA, UCCIIEAYEMBbI MPOBOIHUK (HUKEJIMHOBAs CIUPAJb),
peoctar, mudpoBas nadoparopus € JaTYMKAMH TOKAa W HANPSHKEHMS, KIIOY, COEIMHUTEIbHbIE

mpoBoaa.

[TOJIVUEHUE TEITJIOTHI ITPU TPEHUU U YV IAPE

Teopusi: Criettnuka cuin TpeHUSI COCTOUT B TOM, YTO paboTa, COBEPIICHHAs MPOTUB CUJI TPEHHS,
HE MEPEXOIUT MOJHOCTHI0 B MEXAHUYECKYIO HHEPTUI0; BCJIEACTBUE 3TOrO IMOJIHAS MEXaHMUYecKas
sHeprus Tesl yMeHbInaeTcsi. OHako sHeprus He ucueszaet Oeccneano. [Ipexae Bcero IBIKEHHUE Tel
MIPU HAJTMYHH TPEHUsI BEAET K UX HarpeBaHuto. TpaHchopmalus SHEPTUH U3 OJJHOTO BUJIA B IPYrOi
OCYUIIECTBJISIETCS B TOM 4YHCIE€ M TpH yaape Tea Apyr o jApyra. B 3To Bpems marepuaibl
MOJIBEPraloTCsl  ONpeneNeHHOW nedopMaldi, 4YTO NPUBOJUT K U3MEHEHHIO B3aUMHOTO
PACIIOJIOKEHUST YACTHI] TeJia. DTO BEJET K U3MEHEHUIO TOTCHIIMAIILHOW YHEPTUM YaCTHUIl HApSIAY C
KUHETUYECKON SHEprueil. DHeprusi JBHXKEHUS U B3aUMOJCHCTBHS YaCTHUI], U3 KOTOPBIX COCTOUT
TEJ0, Ha3bIBACTCS] BHYTPEHHEW sHeprueit tena. M3 vero cieayer, 4TO YMEHbIICHHE MEXaHUUYECKOU
SHEPTUM CUCTEMBI B TeJIaX HANPsIMYIO B3aMMOCBS3aHO C POCTOM UX BHYTpeHHEH sHepruu. [lomnas
SHEPTHsI, paBHAs CyMME BHYTPCHHEW M MEXaHWUYECKOW YHEPrui, Bceraa IpH JIFOOBIX Ipolieccax
OCTaeTCs HEM3MEHHOM

IIpakTuka: npoaHaaM3upoBaTh NPOLECC IEPEXOa MEXaHNUECKON PHEPIUH BO BHYTPEHHIOIO
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@opmMa KOHTPOJIS: 3aTIOTHEHUE TaOIHIIBI
Oo6opynoBanmne: 2 nocku, nudpoBas naboparopusi ¢ AaTYNKOM JABJICHHS, 2 CBHUHIIOBBIC

IIJIaCTHHKH, MOJIOTOK.

PEOCTAT. YIIPABJIEHUE CUJION TOKA B I{EITU. JIEJTUTEJb HAIIPSDKEHU A

Teopusi: Peocrar (moTeHIMOMETp, NEPEMEHHOE COMPOTUBIICHUE, IEPEMEHHBIA PE3UCTOp) —
AJIEMEHT JJIEKTPUUECKOM CXEMBbI, CIIyXKalllMi il PEryJIUpOBKU CHJIBI TOKA M HANPSHKEHUS B
AIEKTPUYECKON LIeNu MyTeM MojiydeHusl TpeOy! /emoil BenuuuHbl comnpotuBieHus. Kak mpasuiio,
COCTOMT U3 TMPOBOJSIIETO DJIEMEHTa C YCTPOWCTBOM PEryJIUPOBAHUS  DIIEKTPHUYECKOIO
conmpoTuBiieHUs. VI3MeHEHHE CONMPOTUBJICHUS MOXET OCYIIECTBISAThCA Kak IUIaBHO, TaK U
CTyneH4daro. V3MeHeHHeM CONpOTUBJICHUS IEMH, B KOTOPYIO BKJIIOUEH peocTar, BO3! IMOXKHO
JOCTUYb U3MEHEHHUS BEIMYMHBI TOKA WK HalpspkeHud. [Ipu HeoOX0oAMMOCTH U3MEHEHUS TOKa UJIH
HampsDKeHUs B HEOONBIIMX Tpefesiax peocTaT BKIOYAIOT B LEMb MApaIENbHO WM
nocyenoBareabHo. JlJis MojydeHHus] 3HAYEHUM TOKa W HANPSHKEHUS] OT HYJS 10 MaKCUMaJIbHOTO
3HAQYEHMS] TIPUMEHSETCS MOTCHIIMOMETPUUYECKOE BKJIIOYEHUE PEOCTara, SIBISIOMIETOCS B JaHHOM
cllydae peryJlupyeMbIM JAeNuTelieM HampsbkeHus. lcmonb30BaHHME peocTaTa BO3MOXHO Kak B
KauecTBE JJIEKTPOM3MEPUTETILHOrO0 Mpubopa, Tak M NHpubopa B COCTaBE DIEKTPUUYECKON WIIH
3JIEKTPOHHOU CXEMBI.

IIpakTHKa: 1Moka3aTh U OOBSCHUTH MPUHIIUII JEHCTBUS PEOCTaTa, KaK PEeryysiTopa ToKa B IEMNH, a
TakXe MPOJAEMOHCTPUPOBATH €ro (DYHKIIMIO B KQUECTBE JACTUTENsl HApsHKEeHUs

®opma KOHTPOJIs: 3anIOTHEHNE TaOIUIIbI

OO6opyaoBaHue: UCTOUYHUK TUTAHUS, PEOCTAT, HU3KOBOJIbTHAS JIaMIIa Ha MO/ICTaBKe, IuppoBas

BJIEKTPUYECKHWM TOK B DJIEKTPOJIMTAX

Teopusi: DIEKTPONUTHI — 3TO BOAHBIE PACTBOPBI COJEH, KUCIOT W IIEJNOYeH, coaepkKaline
OOJIBIITYI0 KOHIICHTPAIIUIO HOHOB, 00ECTIEYMBAIONINX MTPOXOKICHHE AIEKTPHUECKOTo TOKa. [ 1aBHOE
CBOWCTBO JJIEKTPOJIUTOB — CIIOCOOHOCTh K AJIEKTPOIMTHYECKOHN JAMCCOLMAINH, TO €CTh K pacraiy
MOJIEKYJ TIPU B3aUMOJICHCTBUU C MOJIEKYJIaMH BOABI (MJIM APYTUX PACTBOPUTENCH) HA 3apsKEHHBIC
noHbl. Hapsiny ¢ muccommanmeid B pacTBope HaOmrogaercs oOpaTHBIN Mporecc — peKOMOMHAIINS
HMOHOB, B PE3YyJIbTaTe€ KOTOPOU MOSBIIFOTCS HEUTPAIBHBIE MOJIEKYJIBI

IIpakTHKa: MPOBECTH HKCIIEPUMEHT I10 IPOXOKICHUIO TOKA B )KUJIKUX Cpeaax

®opma KOHTPOJIs: 3aNI0THEHNE TaOIUIIbI

OOopynoBanme: maHenbka ¢ 2 3MEKTpojaMu, 4 cTakaHa ¢ YUCTOW BOJIOM, MHUIIEBAsi COJb, caxap,
pacTBOp CEpHOM KHCIOTHI, JlamIia JJiekTpuueckas Ha 15-25 Bt Ha moxacraBke, mudpoBas
nabopaTopust € JaTYMKOM TOKa, T[HIIETKA, INTaTUB, TaJloYyKa CTEKISHHAs, MpOBOJA

COCIMHUTEIIbHBIE, IIPOBOJHUK COCIUHUTEIBHBIN HA U30JIUPYIOLIECH pyUKe.

15



NCCIEJOBAHUE MATHUTHOTI O ITOJISI TPOBOJIHUKA C TOKOM

Teopusi: O01en3BecTHbIN (aKT, 4TO MEKTPUUECKUNA TOK MPOBOLMPYET 00pa3oBaHWE MarHUTHBIX
BOJIH. UTOOBI MOATBEPAWTH JaHHOE YTBEPXKIEHHUE, IIeJIeCO00pa3HO O0OpaTUThCS K paHee
MPOAHAIU3UPOBAHHOMY OIBITY DpCTeNa, KOrjJa MPOBOJHUK C TOKOM 3aCTaBIII€T OTKJIOHHUTHCS
MarHMTHYIO CTpelKy. BmecTe ¢ Tem 3apsii B CIHOKOWMHOM COCTOSHUM HE CIOCOOCH 3aCTaBHUTH
CTpEJIKY ABUTAThCS. B MpoCTpaHCTBE, OKPYKAIOIIEM MPOBOJAHUK C TOKOM, BO3HHMKAET MarHUTHOE
nosie. [Ipy »TOM nHaHHOEe ToOJie MMEET CBOM BEKTOp JIBIXKEHHUS U XapaKTepU3yeTcs BEKTOPOM
MarHMTHON MHIYKIHMH. AHATU3UPYys OECKOHEYHO JJIUHHBINA MPSMOI IPOBOJ C TOKOM B BO3JIYLIHOM
cpeac, MOXHO IIOHATH, YTO HHAYKOWSA MAarHuTHOTO IIOJISA B HpOH3BOHBHOI>'I TOYKE MOXKCET 6LITL
ompesiereHa ¢ MOMOIIbI0 (POPMYJIbL:

IIpakTuka: onpeaenuTs KOPPEIlud HHAYKIIUU MAarHUTHOTO TOJIS MPOBOJHUKA C TOKOM OT CHJIBI
TOKa ¥ 1aJIbHOCTHU 10 KOHKPETHOTO IIPOBOIHUKA.

dopma KOHTPOJIS: 3aTI0JTHEHUE TaOIHIIbI

OO6opynoBaHme: peocTar, MTATHBBI, TUPPOBAsS JTA0OPATOPHS C AATYUKAMU TOKA WU MAarHUTHOTO

II0JIsA, MCTOYHHK TOKA, IIPOBOAHUK, J'IPIHefIKa, KJIFOY.

JEMOHCTPALIMA PABOTBI DJIEKTPOMAT'HUTA

Teopusi: DJEKTPOMarHuT — YCTPOMCTBO, CO3JAlOIIEe MAarHUTHOE IIOJiE€ MpPH MPOXOKACHUU
AJIEKTPUUYECKOTO TOKA. TpaJuIlMOHHO »3JIEKTPOMAarHUT BKIOYaeT B ceds OOMOTKY, a Takxke
CepACYHMK Ha OCHOBE (eppoMarHuTa, KOTOPbI mNpHOOpeTaeT CBOWCTBA MarHuTa mpU
MIPOXOKIEHUU 110 OOMOTKE 3JIEKTPUUECKOTo ToKa. B ajexkTpoMaruurax, npeiHa3Hau€HHBIX, IPEXIe
BCEro, I CO3JaHUsl MEXaHMYECKOTO YCWUJIHS, TaKXKe MPUCYTCTBYET SIKOpH (IIOJABMKHAs YacTb
MarHuTOIPOBO/IA), Nepeatouil ycunue. [IpuMeHeHne 31eKTpOMarHuToB IMPOKO UCIOIb3YETCs B
Pa3IMYHBIX IPOMBILUIEHHBIX OTpPAcisiX. B 4acTHOCTH, 3JIEKTPOMAarHUTHI MCIONB3YIOTCS B DEIE,
ANIEKTPO3BOHKAX, a TAKXKE JIJISl IOTPY3KU U pa3rpy3KHU MeTajiojioma

IIpakTuka: Ha IpPaKTHKE MPOBECTH OMBIT MO pabOTe IIEKTPOMArHuTa

®opma KOHTPOJISA: 3aN0JTHEHNE TaOIHIIBI

OOopynoBaHMe: COCIMHUTENBHBIE MPOBOJA, MCTOYHHK TMMTAHUS, 3JIEKTPOMArHuT, uudposas

na60paTopH$[ C JaTYMKaMU TOKa 1 MarHUTHOI'O IMOJIA, p€OoCTaT, KJIF04Y, MarHuTHas CTPEJIKa.

CAMOMHAYKINA ITPU 3BAMBIKAHNNU 1 PASMBIKAHWHN LEITN

Teopusi: JlroGoif 3aMKHYTBIH KOHTYp oOOJIajaeT TakKUM CIEU(PHUECKUM CBOMCTBOM, Kak
MHIYKTHUBHOCTh. [IpM M3MEHEHMHM CHJIBI TOKa B KOHTYPE H3MEHSACTCA M CBA3aHHBIA C HHUM
MarHMTHBIN IIOTOK, ITPOHU3BIBAIOIUM €ro. B pe3ynapTare 3TOr0 M3MEHEHHS B LIENM BO3HHUKHET

JOTIOJIHUTENBHBIA MHAYKLIHWOHHBIA TOK 32 CYET JJIEKTPOMAarHUTHOM HMHAYKIMHU. Takoe sBIeHHE
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Ha3bIBA€TCSI CAMOUHIYKLIMEW, a BO3HUKAIOUIMA TPU STOM TOK — TOKOM CaMOMHIYKIUU.
NHIyKTUBHOCTH KOHTYpa 3aBUCHUT OT €r0 FT€OMETPUUECKUX Pa3MEPOB U MAarHUTHOM MPOHUIIAEMOCTH
cpelbl, B KOTOpOW OH HaxoauTcs. TOKM CaMOMHIYKIIMM BCErJa HampaBlIeHbl TakK, YTOOBI
MPENsATCTBOBATh HM3MEHEHHUSIM TOKa B LENH, T. €. HAIOpaBl€Hbl IPOTHUBOIOJIOXHO TOKY,
CO3/1aBa€MOMY HCTOYHUKOM. [IpH BBIKIIOUEHHWH TOKa JOMOJHUTEIbHBIE TOKH HMMEIOT TO K€
HampaBlIeHUE, YTO U ociadeBaronuii Tok. [loaToMy HanwuMe WHAYKTUBHOCTH B IIEMH MPUBOJUT K
3aMe/IJICHUIO UCUE3HOBEHUS UM YCTAHOBJICHUSI TOKA B IICTIH.

IIpakTHKa: NpOBECTH SKCHEPUMEHT Ha 3a/I€PKKY HApACTAHMS W MAJEHUS TOKA IPHU BBINOJHEHUU
3aMbIKaHUs U Pa3MbIKAHMS SJIEKTPUUECKON LIETIH.

®opMa KOHTPOJIs: 3aTIOTHEHUE TaOIHIIBI

OOopynoBanmue: HEOHOBas Jamra, TPaHC(POPMATOpP YHUBEPCAIBHBIM, PEOCTAT, MaJOBOJBTHBIC
Jamnbl Ha TMOJCTaBKaxX, K04, mudpoBas gaboparopus C AATYUKOM TOKA, COCTUHUTEIbHBIC
MIpOBO/JIA.

N3MEPEHUE XAPAKTEPUCTUK ITEPEMEHHOI'O TOKA OCHHUJIJIOT'PA®OM

Teopus: [lox TEpMHUHOM «IEPEMEHHBIN TOK» IPUHATO IOHUMATh TAKOW BUJ MIEKTPUYECKOTO TOKA,
KOTOpBI C TEYECHHEM BPEMEHU W3MEHSETCs 0 BeJIMYMHE W/WiIM HampasieHuto. [log tepmuHOM
«MEepUOANYECKUN TEPEMEHHBIM TOK» MNPUHATO NOHUMAaTh TaKOW BHUJ 3JIEKTPUUECKOTO TOKa,
KOTOPBIA Yepe3 paBHBIC MPOMEXKYTKH BPEMEHU IOBTOPSIET IOJHBIM LMK CBOMX H3MEHEHUH,
BO3BpAIasACh K CBOEM MCXOIHON BenuduHe. UTOOBI BBHI3BATh B IEMH TAaKOW TOK, HCIOIB3YIOTCS
HMCTOYHHMKHU MEPEMEHHOTO TOKa, co3aarouiue nepemennyo 3/1C, nepuoanueck N3MEHSIOUTYIOCs 10
BEJIMYMHE W HalpaBieHU0. Takue MCTOUYHMKM HaA3bIBAIOTCS T'€HEPATOpaMu MEPEMEHHOTO TOKa.
[lepeMeHHBIM CHHYCOMJATBbHBIM TOKOM HAa3bIBAETCS TOK, TAPMOHUYECKH H3MEHSIONIMICSI BO
BpEMEHH I10 3aKoHy cuHyca: rjae: |0 — aMmumTynHoe 3HaUYeHHe TOKa; (¢ — HadaibHas ¢asza; o —
HMKIMYecKass dvactora. [[ns cpaBHEHHUs pa3HBIX MEPEMEHHBIX TOKOB CYHIECTBYIOT BEJIHMYHHBI,
KOTOPBbIE€ XapaKTEePU3YIOT TOT UM MHOM TOK. K TakuMm mapameTrpaM OTHOCSITCS: MEPUO, aMIUIUTYa
M YacToTa TMEpPeMEHHOTO Toka. lleprog — 3TO TPOMEXKYTOK BpPEMEHH, B TEUEHHE KOTOPOTO
COBEpIIAETCS OJWH TMOJHBIM UK U3MEHEHUs ToKa. [leproa u3mMepstoT B ceKyHIax U 0003HAYAIOT
OoykBoii T. Uucno MONHBIX HUKIOB M3MEHEHHWs TOKa, COBEepIIaeMbIX 3a 1 cekyHIy, Ha3bIBaeTCs
YacTOTOM MEPEMEHHOT0 TOoKa M 00o3HauaeTcs OykBoil f. MakcuMaibHOE 3HAYCHHE MEPEMEHHOTO
TOKa, KOTOpOE JOCTUTaeTcs 3a OJMH IEepUOoj], HAa3bIBAETCA AMIUTUTYJOM MNEPEeMEHHOTO TOKa.
Ocrumnorpadg — 3TO KOHTPOJbHO—M3MEPUTEIBHBIM TPUOOP IS MCCICAOBAHUS U BU3YyaTU3aINH
ANEKTPUUYECKUX CHUTHAJIOB, @ TAKXKE OIPEACICHUS AaMIUIMTYJHbIX W BPEMEHHBIX [apaMeTpoB
aNeKTpudeckoro curHana OHU BOCHPOM3BOAAT B rpaduueckoM BUIEC Pa3TUYHbBIE DIIEKTPUUECKHE
koJjiebanus. Yarie Bcero ¢ moMoIpio ocmuiorpada HaOMIOAaeTCsl 3aBUCUMOCTh HANPSHKEHUST OT

BpEMEHH B JEKapTOBOM cHCTeME KOOpJIWHAT, I€ IO TOPU3OHTAIbHOW ocu X — BpeMms, IO
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BEPTUKATIBHON Y — HampsyKeHHe, APYTHMMHU CIIOBaMHM, ocLmiorpad aeiaaeT BPEMEHHYIO Pa3BEpTKY
CUTHAaJa.

IIpakTuka: wucnonp3ys ocuwuiorpad, mpoBecTH H3MepeHue (OpMbl, MEpUoJia M AMILTUTYIbI
MIEPEMEHHOT0 TOKa

®opmMa KOHTPOJIs: 3aNI0JTHEHUE TaOIUIIBI

OO6opynoBaHme: 3ByKOBOW T'€HEPATOP, IBYXKAHAIBHBIN OCIMILIOrpad, COeTMHUTEIbHBIE TIPOBO/IA.

AKTHUBHOE COITPOTUBJIEHUE B LIEITIN ITEPEMEHHOI'O TOKA

Teopusi: [lepeMeHHBIM CHHYCOMIAIEHBIM TOKOM HA3bIBACTCS TOK, FTAPMOHHYECKH M3MEHSIOMINICS
BO BPEMEHH 110 3aKOoHY cuHyca: rie: 10 — aMmuinTynHOe 3HaueHue ToKa; ¢ — HavanbHas (aza; o —
UKJIMYecKast yactoTa. Hanmpumep, B CUTyalusx, KOTaa K KpasM IPOBOJHUKA, UMEIOIIETO aKTUBHOE
CONPOTHUBIIEHHE R, MPUIOKEHO MEepEeMEHHOE HAIPSDKEHUE, 3HaYeHHEe KOTOPOTro B KaXKIbIH OTPE30K
BpeMeHH t MOXHO paccuutaTh cuexyommM obpasom: rae U0 — aMmrumTyaHoe 3HadYeHUe
HanpspkeHus. COOTBETCTBEHHO, B MPOBOJHUKE (HOPMHUPYETCS MEPEMEHHBIH SIEKTPUYECKUN TOK,
CHJIa KOTOPOTO B WACHTUYHBINA MPOMEXYTOK BPEMEHHU paccUMThIBaeTcs 1o 3akony Oma: B manHOM
cilydae TOK M HaIlpsHKCHUE M3MEHSIOTCS CHH(pA3HO, CABUT (a3 MEXITy HUMH paBeH HyI0. UToObI
paccunTaTh aMIUIUTYAHbBIC 3HAUCHHUS CHIIBI TOKA, HEOOXOIMMO:

IIpakTuka: IS aKTUBHOW HAarpy3Kd BBISIBUTH B3aWMOCBSI3b CONPOTHBICHHS OT YacTOTHI
MEPEMEHHOTO TOKA, a TAK)Ke CABHT (a3 MEXITy TOKOM U HaINPsHDKEHUEM

®opma KOHTPOJIs: 3alI0JTHEHNE TaOIUIIBI

OOopynoBanme: 3BYKOBOM TreHepaTop, ABYXKaHaJIbHBIM ociuiuiorpad, 2 pesucropa 360 Ow,

COCAUHUTCIIBHBIC ITPOBOAA.

EMKOCTbD B HEITN TEPEMEHHOI'O TOKA

Teopusi: [IlepeMEHHBIM CHHYCOMAILHBIM TOKOM HAa3bIBACTCS TOK, TAPMOHHYCCKU H3MCHSIOIIUICS
BO BPEMCHH 110 3aKoHY cuHyca: rae: 10 — aMmnTyiHoe 3HaueHHe ToKa; (¢ — HavyanbHas (asa; o —
IUKIINYECKada 4acToTa. (l) rac: Beanunna Ha3pIBaeTCI EMKOCTHBIM COIIPOTUBJICHUEM

IMpakTuka: U1 KOHJCHCATOpa OIPEICIUTh 3aBUCUMOCTh COMPOTHBICHHS OT YaCTOTHI
MEPEMEHHOTO TOKa, a TAK)Ke CABHT (pa3 MEXTy TOKOM U HaNPSHKEHUEM

dopma KOHTPOJIsI: 3aTIOJTHEHNUE TaOTHITBI

OO6opynoBanme: 3BYKOBOW TeHepatop, pesuctop 360 Owm, HIByXKaHAIBHBIH —ocmuiorpad,

kougeHcarop 0,47 Mx®, coeTMHUTENBHBIE TIPOBOJIA.

NHAYKTUBHOCTD B LIETIM ITEPEMEHHOI'O TOKA
Teopusi: IlepeMeHHBIM CHHYCOMJAIbHBIM TOKOM  Ha3bIBaeTcsi TOK, TrapMOHHU4Ye||CKU

M3MEHSIONIMKCS BO BPEMEHM MO 3aKOHY cuHyca: rae: |0 — amMmimuTyaHoe 3HAaYeHHE TOKa; ¢ —
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HavanpHas (aza;  — MUKIMYECKas 4acToTa. ECIM ydacTOK IIemM COCTOMT W3 KOHJIEHCATOpa,
eMKocTb KoToporo C, To Tok rae: Posib conmpoTuBieHus B 3TOM ciiyyae urpaet BenuuunHa XL = oL,
KOTOPYIO Ha3bIBalOT MHAYKTUBHBIM COINPOTUBIEHHEM. TOK uyepe3 MHIYKTUBHOCTb OT[ICTaeT Mo
daze OT MPHIOKEHHOTO HampsbKeHus Ha m/2. Ecnum ydacTOK LeMM COCTOMT W3 COEAMHEHHBIX
MOCJIeIOBAaTEIbHO MHAYK [ I TUBHOCTH L M akTHBHOrO comnportusicHus R (pucyHok 1), To Tok rae: ¢
— caBrr (ha3 MKy TOKOM U HampsbkeHueM, U Bennunna Z = R2 + (owL)2 HOCUT Ha3BaHWE TOJIHOTO
COIPOTHUBIICHHSI, TaK KaK oHa urpaet B popmyie (1) Ty sxe poiib, YTO M aKTUBHOE CONPOTUBIICHHE B
3akoHe OMa.

IIpakTuka: 11 KaTyIIKd UHAYKTUBHOCTH OIPEIEIUTh 3aBUCUMOCTh COMPOTHUBIICHUS OT YaCTOTHI
MEPEMEHHOT0 TOKA, a TAK)KE CABHT ()a3 MEXITy TOKOM U HANpPSHKEHUEM.

dopma KOHTPOJIS: 3aNI0JTHEHUE TaOIHIIbI

OO0opynoBaHme: COCIUHUTENBHBIE MPOBOJA, 3BYKOBOU reHepatop, pesuctop 360 Owm, kaTymika

unaykrusHocty 0,33 MI'H, AByXKaHAIBHBIN ocuusuiorpad.

IIOCJIEJIOBATEJIbHBIN PE3OHAHC

Teopus: [lepeMeHHBIM CHHYCOUJAILHBIM TOKOM HAa3bIBA€TCs TOK, TAPMOHUYECKH M3MEHSIOLIUICS
BO BPEMEHH 0 3aKOHY cunyca: rae: 10 — ammuTyaHoe 3HaueHue ToKa; ¢ — HayaybHas (asa; o —
UKIMYEecKass dacToTa. B cioydae, Korga B IeNb BKIIOYEHBI IOCIEAOBATEIBHO AKTUBHOE
conpotusieHue R, uanyktuBHocts L 1 emxocts C,

IIpakTuka: npoaHaIM3UPOBATh SIBJICHHWE PE30HAHCA JUIS IOCIENOBATEIbHOIO KOJeOaTeNbHOrO
KOHTYpa.

dopma KOHTPOJIs: 3aNI0JTHEHNUE TaOTHUITBI

OoopynoBanme: karymka wHIyKTHBHOCTH 0,33 MI'H, 3BYKOBOW TeHepaTop, IBYyXKaHAJIbHBINA

ocuusuiorpad, pesucrop 360 Om, kouaeHcarop 0,47 Mx®, coeTMHUTETHHBIE TIPOBO/IA.

[IAPAJUIEJIBHBIN PE3OHAHC

Teopus: IlepeMeHHBIM CHHYCOMAAIBHBIM TOKOM Ha3bIBAE€TCSA TOK, TAPMOHUYECKH M3MEHSFOIIMICS
BO BpEeMEHH 10 3akoHy cuHyca: rae: 10 — aMmnuTyaHoe 3HaYeHne TOKa; ¢ — HavyaimbHas ¢aza; o —
HUKIMYecKass yactorta. sl mapanienbHO COEAMHEHHBIX €MKOCTH M MHAYKTHMBHOCTH TOKH Yepe3
HUX CIIBUHYTHI IO (pa3e OTHOCUTENIbHO HANPSKEHUS Ha YIUIbl +71/2 U —/2 ¥ CyMMapHBIA TOK MOXKET
cratb | = IC + IL = 0. U3 wero cieayer, 94TO TOK Yepe3 y4acTOK I HE MPOTEKAeT, a TMOJTHOE
COIMPOTHUBIIEHUE TPHUOIIIKAeTCs K OECKOHEYHOCTH. Takas O0COOEHHOCTh HA3bIBACTCS PE30HAHCOM
ToKa. OH MpOosIBIISIET ce0s MPU PABHOCTH PEAKTUBHBIX MPOBOJUMOCTEH €MKOCTH U UHIYKTHBHOCTH.
YcnoBue npeacTaBisieTcss BO3MOXKHBIM BbIPAa3UTh CIEAYIOIIMM 00pa3zoM

IIpakTuka: npoaHaa3upoOBaTh SBJICHUE PE30HAHCA IS MapajlIeIbHOTO KOJIeOaTeTbHOTO KOHTYpA.

@opmMa KOHTPOJIS: 3aTIOTHEHUE TaOIUIIBI

19



OO6opynoBanme: 3BYKOBOH reHeparop, pesuctop 360 Om, coequHUTENbHBIE MPOBOAA, KaTyIIKa

unaykruBHoct 0,33 MI'H, konaeHncatop 0,47 Mx®D, AByXxKaHATBHBIN oclUILIOTpad

A0/ B LHEITHW ITEPEMEHHOI'O TOKA

Teopusi: B meramnax HaOdromaeTcst BBICOKAs KOHIIGHTPALUS CBOOOJHBIX AJIEKTPOHOB, IOATOMY
COIIPOTHBIIEHUE METAJIOB 3JIEKTPUUECKOMY TOKY HE3HAUUTEIbHO. B UAIEKTpUKax KOHLEHTpaLUs
CBOOO/IHBIX DJJIEKTPOHOB OYEHb Majla, a WX COINpPOTUBIEHUE 3HAUYUTENbHO. B oTHOmEHHH
EKTPUYECKOTO COMPOTUBIIEHUS NOJYNIPOBOJHUKN 3aHUMAIOT IIPOMEKYTOYHOE IOJIO0KEHUE MEXKTY
METaJlJIaMU U AUDJIEKTPUKAMH. DJIEKTPUYECKHE CBOMCTBA MOJIYIIPOBOJIHUKOB PE3KO MEHSAIOTCS O]
BO3JICHICTBUEM H3MEHEHUS TEMIIEpaTyphl, OCBELICHMs, NpuMeceil. B oTiauune oT MeTamios, IpH
MOHW)KEHUU  TEMIEpaTypbl  CONPOTHBICHUE  IOJIYIPOBOJHUKOB  YBEJIMYMBAETCS, MPUTOM
3HayuTenbHO. [locnenHsas OCOOEHHOCTh NOJIYHPOBOJHUKOB OOBACHSAETCA TEM, YTO IUIOTHOCTb
CBOOOJHBIX 3JEKTPOHOB B HUX YMEHBIIAETCS C MOHM)KEHUEM TemnepaTypbl. K nosynpoBoaHukam
OTHOCSITCSI MHOTHE AJIEMEHTBI TPEThel, 4eTBEPTON U 1IecTOi rpynn Tabauisl MeHaeneeBa, MHOTHE
OKHCIIBI METaJUIOB, CyIb(UIABI M HEKOTOpBIE JpYrHe COCAMHEHHUSA. B MOIynpoBOIHHKAX
IIPOBOJIUMOCTh OOBACHSETCS IMOJBUKHOCTHIO CBOOOAHBIX JIEKTPOHOB (IPOBOJUMOCTH N-THIA) U
MOJIBUKHOCTBIO JBIPOK (IIPOBOJUMOCTH P-Tuna). [IBIPKM — 3TO CBA3M aTOMOB, HE 3aHSThIC
ANIEKTpOHaMHU. B ayekTpudeckoM mose AbIpKH BEAYT ceOsl Kak MOJIO0KUTEIbHbIE HOCUTEIN TOKA U, B
IIPOTUBOMNOJIOKHOCTh CBOOOJHBIM 3JIEKTPOHAM, JBIJKYTCSI [0 HampaBieHHIO Mois. Ywucrele
MOJIYIIPOBOJIHUKY 00JIaIal0T CMEUIAHHOW HPOBOJUMOCTBIO (IPOBOJUMOCTH pP-N THMA), Takas
IIPOBOAMMOCTD Ha3bIBAETCSI DJIEKTPOHHO-IBIPOYHOM MPOBOJIUMOCTBIO. Y YMCTBIX IOJIYIPOBOJIHHUKOB
KOHIEHTpalusi CBOOOJHBIX AJIEKTPOHOB pPaBHA KOHUEHTpauuu Jblpok. Ha mnpaktuke Oosblioe
3HaYeHHe NMpUoOpeNr MOIYPOBOIHUKH C HAJTMUMEM y HUX IpuMeceil. [IpuMecu nopsaka CHUXKAIOT
COIIPOTHBIIEHUE U OO0YCIIaBIMBAIOT OOJBIIOE COAEP)KaHUE CBOOOJIHBIX 3JEKTPOHOB MIIHM JBIPOK.
OdeHp XOpPOLIO M3YYEHBbl M MOIYYWJIN IIHPOKOE NPUMEHEHHUE IOJIYNPOBOJHUKH U3 KPEMHHS U
repmanus. HeGomnbiive 100aBKM K HUM JJIEMEHTOB TSATOM Tpynmbl (Pocdop, MBIIIBSIK) pe3KO
YBEJIMUYMBAIOT KOHIIEHTPAIMIO CBOOOJHBIX JIEKTPOHOB (JOHOpHast mpumeck). [lomynpoBonHuku c
TaKUMHU TPUMECSIMU SBISIOTCS MPOBOJHUKAMU N-TUNA (OCHOBHBIE HOCUTENIH TOKAa — CBOOOIHBIE
3JIeKTpOHBI). JloOaBieHue ke K KpEMHHIO 3JIeMEHTa TpeThel IpyIisl (Hanpumep, 0opa) mopoxaaet
JIOTIOJTHUTENbHBIE ABIPKH (aKIENTOpHAs MpuMech). [TomynpoBoiHUKH ¢ TaKko#l MpuMechio 001a1at0T
MIPOBOJAMMOCTBIO P-TUIA (OCHOBHBIE HOCUTENHU TOKa — AbIPKH). [Ipy KOHTaKTe MoixynpoBOAHMKA N-
TUIA C MOJYIMPOBOJHUKOM p-TUMNA 0Opasyercss p-N mepexoi, UMEIOIUN OoNbIIoe MPaKTHYEeCKOe
3HAYEHHE. p-N NEPEXO] ABISAETCSI OCHOBHON YaCThIO MOIYIPOBOJAHUKOBOIO U0

IIpakTHka: npoaHanu3upoOBaTh OCOOEHHOCTH MPOXOXKICHUE IEPEMEHHO | |TO 3JIEKTPUYECKOIO TOKA
4epes MOYIIPOBOIHUKOBBIN AUO

@opmMa KOHTPOJIS: 3aTIOTHEHUE TaOIUIIBI
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O0opynoBanme: JIByXKaHaJIbHBIN ociuiuiorpad, 3ByKOBOI reHepaTop, COeAMHUTENLHBIE TIPOBO/IA,

pesuctop 360 OM, TOTYIIPOBOTHUKOBBINA TUO/I.

JIEMCTBVYIOIIEE 3HAYEHHME ITEPEMEHHOI'O TOKA

Teopus: leiictBytoniee (3pPeKTUBHOE WM CPEIHEKBAIPATUYHOE) 3HAYEHUE MEPEMEHHOI0 TOKa
pPaBHO BEJIIMYMHE TaKOIO IOCTOSHHOTO TOKA, KOTOPBIM 3a BpEMs OJHOI0 IEpHUoAa MEPEMEHHOTO
TOKa IPOU3BOJUT paBHYIO paboTy. UToObI paccunTaTh AEHCTBYIOLIEE 3HAUEHUE TOKA, UCIIOIb3YITe
¢dbopmyny: COOTBETCTBEHHO, NEHCTBYIOIIEE 3HAYCHHE 3aBUCUT OT (OPMBI IEPEMEHHOIO TOKAa U HE
3aBUCUT OT €ro 4actoTbl. [lJis CHHYycOMIanbHOrO TOKa AEHMCTBYIOLIEE 3HAUYEHUE MOXKET ObITh
BEIpakeHO Kak rje 10 — ammmuTynHoe 3HaueHne Toka. i TpeyroasHOro wiv nmuiaoodpasnoro s
npSIMOYTOIBHOTO 1€ D — ko3 puninent 3anonmnenns

IIpakTuka: onpenenuTh ASHCTBYIOIIEE 3HAUEHUE IEPEMEHHOTO TOKA.

®opma KOHTPOJIS: 3anI0JTHEHUE TaOIULIbI

Oo6opynoBanmne: pesuctop 360 Owm, 3BYKOBOH TEHEpaTop, COCJAMHHUTEIBHBIC IPOBOJA,

MUJUTBOJIBTMETP MIEPEMEHHOTO TOKA, IBYXKaHAIBHBIN ociiuuiorpad.

3ATYXAIOUIME KOJIEBAHUA

Teopus: 3aryxaromme KoseOaHus — KOJE€OaHMS, DHEPTUsi KOTOPHIX YMEHBINAETCS C TEUYCHHEM
BpeMeHH. B mpupojsie He cyuiecTByeT O€CKOHEUHBIX CBOOOJHBIX KOJEOaHUM, MOCKOJIBKY 3HEPIUs
Oyzner pacceMBaTbCs Ha HEOOpaTHMBbIe MPOLECCHI, OMNPEAETSAIOIINE COMPOTHBIEHUE CPElbl,
HampuMep, Ha U3Ty4YeHHe Telsa B aKTHUBHOW Harpyske. PaccmoTpum ciydail koiebaTeabHOro
ANEKTPUYECKOTO0 KOHTYpa, KOTOPBIH COCTOMT U3 COEAMHEHHBIX JIPYr C APYroM KOHAEHcaTopa U
KaTyIIKd WHAYKTUBHOCTH. Ecnm xoHneHcatop 3apspkeH a0 Hanpspkerus UO, To ero sHeprus
coctaBuT: Ecnu coeMHUTh KOHJEHCATOP C KATYIIKOW MHIYKTUBHOCTH, TO B IIETH MOTeYeT TOK |.
OTO BBI30OBET B Karymke siekTpoaBwxkyulyto cuiy (3C) camoumHaykiuu, KoTopas Oynaer
HarpaBjieHa Ha YMEHBIIICHHE TOKa B JaHHOW 1menu. Tok, Bbi3BaHHBIA 3ToM DJIC, B HavambHBIN
MOMEHT OyJeT paBeH TOKY pa3psiia KOHAEHCATOpa, TO €CTh Pe3yIbTUPYIOIIUNA TOK OyleT paBeH
Hymt0. MarHuTHas OJHEprusi KaTyIIKd B O3TOT (HAa4yalbHBIM) MOMEHT paBHa HYNIIO. 3aTeMm
pe3yabTUPYIOUINIA TOK B IIeTH OyJeT BO3pacTaTrh, a BHEPIusl U3 KOHJEHcaTopa OyIeT NepexoauTh B
KaTylIKy J0 TOJHOrO pa3psaga KOHJAeHcaTopa. B 3TOT MOMEHT JieKTpuyeckas >SHeprus
koHaeHcaropa Ec = 0. MarautHass e DSHEprus, COCPEAOTOYCHHAs B KaTyIIKe, CTaHeT
MakcUMalbHOW M paBHa: [locrme sToro HauyHercs mepes3apsKa KOHIEHCATOpa, TO €CTh 3apsijka
KOHJIEHCAaTopa HampshKeHueM JApyrod moisipHoctu. Ilepesapsaka OyaerT MpoXOoAuTh J0 TeX MOp,
MOKa MarHWTHas SHEPrusl KaTyIIKH He MEepedJIeT B AJIEKTPUYECKYIO0 SHEPIrui0 KoHjaeHcaropa. [lpu
ATOM caM KOHJIEHCATOp CTaHeT o00JaaaTh 3apsaoM, KoTophlil paBeH 3HaueHuro UQ. Takum oGpazom,

B IIEMM BO3HUKAIOT KOJEOAaHUs, [UIMTENBHOCTh KOTOPHIX OyAeT 0o0paTHO MNPONOpIHOHATbHA
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MNOTCPAM OHCPrur B TMPCACTABJICHHOM KOHTYPC. Ot MoTCpHu OGYCHOBJICHBI B OCHOBHOM
npeoOpa3oBaHUEM SHEPTHH KOHTYpPA B TEILJIO IIPU MPOTEKAHUH SJICKTPUUIECKOTO TOKA B MIPOBOJIAX.
IIpakTuKa: U3yunTh U IPOAHATMU3UPOBATH 3aTyXaIOIINE KOJICOaHUs B KOJIcOATEIIbHOM KOHTYpE.
dopma KOHTPOJIsI: 3aTI0JTHEHUE TaOTHIIBI

O6opynoBanme: pesucrop 360 Om, kounaeHcarop 0,47 mx®D, 3ByKOBOI reHEPATOP, ABYXKAHATHHBIN

ocumorpad, karymka nHaykTuBHocTH 0,33 MI'H, coeiMHUTENbHBIE TIPOBOAA.

B3AUMOUNHAYKIUA. TPAHCOOPMATOP

Teopus: TpaHchopmarop — 3JIEKTPOMarHUTHOE YCTPOMCTBO, HMElOIIee JBe WM Oonee
WHAYKTUBHO CBSI3aHHBIE OOMOTKM M TpeIHa3HA4YeHHOE /s NpeoOpa3oBaHMs IOCPEACTBOM
AJIEKTPOMArHUTHOH MHIYKUMU OIHOH CHUCTEMBI MEPEMEHHOTO TOKa B JPYIyI0 CHCTEMY C
COXpaHEHHEM YacTOThl. KOHCTPYKTHMBHO TpaHC(OPMATOP MOXKET COCTOSTh W3 OJHOW WU
HECKOJIbKUX H30JIMPOBAHHBIX MPOBOJIOYHBIX MJIM JICHTOUYHBIX OOMOTOK, HAMOTaHHBIX OOBIYHO Ha
CepACYHHK U3 (PeppOMAarHUTHOTO MarHUTOMSTKOro Marepuana. Pabora tpancdopmaTopa ocHOoBaHa
Ha JByX npuHuumnax: 1. M3meHsomuiics BO BpEMEHH JIEKTPUUYECKUN TOK CO3/1aeT U3MEHSIOLIEeCs
BO BpPEMEHUM MAarHUTHOEe Ioje (dJIeKTpomarHeTusMm). 2. lV3MeHeHue MarHUTHOro IOTOKa,
npoxoaduero 4yepes ooMotky, cozpaer 3/IC B 3Tol 0OMOTKE (3JIE€KTpOMArHWTHas WHAYKLUSA).
[lepeMeHHBIN TOK, MPOTEKAIOIIUNA B NEPBUYHONM OOMOTKE, CO3/1a€T B CEPJCYHHMKE IEPEMEHHOE
MarHuTHOE Tosie. MarHuTHOE IoJie TIepefaeTcsl yepe3 CeplAeYHUK BO BTOPHUYHYIO OOMOTKY, YTO
IpUBOANT K BO3HUKHOBeHHIO DJIC muaykiun Bo BTopuuHOi oomotke. Tak kak DJIC oTaenbHBIX
BUTKOB HAIlpaBJIEHbl COTJIACOBAaHHO M CKJIAJbIBAIOTCS, pe3yiabTupyroue DJIC unayknuu el B
NMEPBUYHON ¥ €2 BTOPUYHOH OOMOTKaxX WICHTUYHBI OOIIEMY KOJIMYECTBY BHTKOB 3]IECh.
Otnomenne DJIC unaykuuu B oomotkax: Eciu compotuBienrneM oOMOTOK rnpeHedpeus, To I/C
MHAYKIMM B HUX PaBHbI HANpsDKEHUIO Ha ux 3axuMax €l = Ul u €2 = U2. Torna koadduumeHt
TpaHc(hOpMaIIMU HAPsHKEHUs K MOKeT OBITh Ompe/esieH

IIpakTHka: 03HAKOMUTHCS ¥ IPOAHATM3UPOBATH PUHIUIT paboTHI TpaHchopMaTopa.

dopma KOHTPOJIsI: 3aTIOJTHEHNUE TaOTHITBI

OOopynoBanme: COeIMHUTENBHBIE TIPOBO/IA, 3BYKOBOM reHepaTop, ABYXKaHAIbHBIN ocuusuiorpad,

MHOT00OMOTOYHBIN TpaHchOpMaTop.

3AKOH OMA JJId YYACTKA HEIU

Teopusi: Eme B nHauane XIX Beka, a umenHo B 1826 roay, BbiaromiemMycsi HeMeKOMY (DU3HKY
I'eopry Cumony Omy ynanoch Ha MpakTHKE MPH MPOBEAECHUU TNPO(UIBHBIX 3KCIIEPUMEHTOB
J0Ka3aTh, YTO CHJIA TOKa |, KOTOpBIN MPOTEKAaeT MO OAHOPOJHOMY METAJUINYECKOMY ITPOBOJHHUKY,
NpONOpIMOHaTbHA HampspkeHnio U Ha KOHIAX MPOBOJHMKA W OOpaTHO MNPONOPHUOHAIBHA

conpoTuBiieHUI0 R npoBoaHuKa. JlaHHOE ompeneneHue BhlpakaeT 3akoHa Oma I OJHOPOAHOIO
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y4acTKa Lenu. AHAIM3UPYS TAKOE MOHATHE, KaK AIEKTPUUECKOE COMPOTUBICHUE, OTMETUM, YTO 3TO
¢u3nyeckas BEIMYMHA, XapaKTepU3YIOIasi CBOWCTBA MPOBOAHUKA MPEMATCTBOBATH MPOXOKICHUIO
anekTpudeckoro Toka. CompotusieHue (obOo3HavaeTcs OykBoW R) W cuWTaeTcs MOCTOSHHOM
BEJIMYMHON ISl JaHHOTO MpoBoAHMKA. Omnupasich Ha 3akoH Oma Ui ydacTKa IeMH, €ro MOXHO
paccuuTath cienyrommMm oopasom: (1) rme: R — comporuBnenue; U — HanpsbkeHue, pa3HOCTb
AJEKTPUUYECKUX TOTEHIIMAJIOB HAa KOHIAX NPOBOAHUKA; | — cuia TOKa, MPOTEKAIOLIEr0 MEXIy
KOHIIAMH MPOBOJAHUKA MO/ IHCTBUEM Pa3HOCTH MOTEHIIUAJIOB.

IIpakTuKa: ya0CTOBEpUTHCS B MUCTUHHOCTU 3akoHa Oma Juisl ydyacTKa IIeTH, a TakKe OBIAJCTh
HaBbIKAMU KOPPEKTHOTO W3MEPEHHs COMPOTUBICHUS MPOBOJAHMKA MPU IMOMOIIU BOJBTMETpa U
amIepMerpa.

dopma KOHTPOJIS: 3aNI0JTHEHUE TaOIHIIbI

Oo0opynoBaHue: COCOUHUTEIbHBIE MPOBOJA, PETYJUPYEMbId HCTOYHMK TOKa, PE3UCTOP

conpotuBineHuemM 1000 Om, naTunku TOKa U HAMPSKESHHUS, KITIOY.

3AKOHA OMA J1J14 ITOJIHOM LIEITU

Teopus: [lonHas uemns — 1eMb, cofeprxKaiias UICTOYHUK TOKA, UITH K€ 11eTlb, COIepKalllasi HCTOUYHUK
O/IC. Jlns HariasAHOrO MpUMepa BO3bMEM CaMblii MPOCTOM BapHAHT — LIETIb C OJJHUM HUCTOYHHKOM
BJIC u oxuum notpedurenem (pucynok 1). OCHOBHBIE CBEJIEHU S O6opynoBaHue: HCTOUHUK
Toka ¢ muranneM ot USB, kirod4, JaTduky TOKa M HANPSHKEHHS, PE3UCTOp conpoTuBiieHueM 360
OM, coenuHMTeNbHBIE TIPOBOJA. Llenb: yn1ocTOBEpUTHhCS B MCTUHHOCTH 3akoHa OMa Juisi MOJHOM
LEMH.

Bremnsis nens (y4acTok MOJTHOM 11enu 0€3 MCTOYHUKA) XapaKTEPU3YETCsl CBOMM COMPOTHBICHUEM
R. Hcrtounuk e xapakrtepusyercs cBoeil JJIC, a Takke COMpOTUBIECHHWEM [ (BHYTpEHHEE
COIMpoTHBIIeHUE HCcTOYHMKA Toka). DJIC paBHa cymMe majeHui HampsoKEHU Ha BHEIIHEH IenH U
Ha camoM uctounuke: (1) rae: U — HanpsokeHune Ha BHentHed nenu; Ur — majieHue HampshKeHUs Ha
BHYTPEHHEM COIPOTHBJICHUU HCTOYHWKA TOKa. K BHeNIHEH Iemu MOXKHO MPUMEHUTH 3aKoH Oma
IS ydacTka renu: (2)

IIpakTHKa: yA0CTOBEPUTHCA B HCTUHHOCTU 3aKoHa OMa /Jis MOJTHOM 1ienH

®opma KOHTPOJIs: 3aTI0THEHHNE TaOIUIIbI

OO6opynoBanmue: WCTOYHHK ToKa ¢ muTaHueM orT USB, imou, JaTyukyd TOKa W HAINPSHKCHUS,

pesuctop conporupiieaueM 360 OM, coeIMHUTETHLHBIC TTPOBO/IA.

I[MOCJIEAOBATEJIbBHOE COEAMHEHUME IMTPOBOJHNKOB
Teopusi: CymecTByeT TpU OCHOBHBIX THIIA COCTUHEHHUS IPOBOIHHUKOB B AJIEKTPHUECKOW IS —
mocjeIoBaTebHOe, MapauieibHoe W cmemianHoe (pucyHok 1). OCHOBHBIE CBEJIEHNS

OO6opynoBaHue: COCIMHUTENbHBIE MPOBOJA, pe3ucTop comportusieHneM 360 Owm, aBa pe3ucropa
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conportuBneHueM 1000 OM, gaTyuku TOKa U HAMPSHKEHUS, PETYIHPYEMbId UCTOUYHUK TOKA, KITHOY.
[lenb: ynoCTOBEpUTHCS B MCTUHHOCTH 3aKOHA JJIEKTPHUYECKOIO TOKA JUIS IMOCIEAOBATEIBHOIO
coequnenust npoBogHukoB. [TOCJIEJOBATEJIBHOE COEJIMHEHHWE ITPOBOJHUKOB Ilpu
MOCJIEZIOBATEILHOM COEIMHEHUU MPOBOJHUKOB (PUCYHOK la) cuiia Toka B JHOOOM ydyacTKe IEMH
onuHakoBa: [Ipu sToM HampskeHue Ha Beei renu paBHo: (1) [Tpumenus 3akon Oma 1ist Beelt enu
U JUISL KOKIOT0 ydacTka B oTaesbHocTH, uMeeM: C yuetom (1) mosmyumm: [pu mocnenoBareibHOM
COEJIMHEHHUH O0IIee COMPOTUBIIEHUE LIETIH PABHO CYMME COMPOTUBIICHUN OTACIIbHBIX ITPOBOIHUKOB:
I=11=122U=U1+U2.U=IR,U1l=1IR1,U2=1R2.IR=IR1+IRZumu R=R1+R2. 111111
I2R1R2R1R2122)6)R=R1+R2+ ... +Rn.

IIpakTukKa: y10CTOBEPUTHCA B UICTUHHOCTH 3aKOHA JIEKTPUUYECKOTO TOKA JIJIs IIOCJIEI0BATEIBHOIO
COEAMHEHHUS ITPOBOJHUKOB

®opMa KOHTPOJISA: 3anI0JTHEHUE TaOIULIbI

OO0opynoBaHme: COeTUHUTENBHBIE MTPOBOAA, pe3uctop compotuBieHuemM 360 OM, nBa pesucropa

conpotuBieHueM 1000 Om, aTYMKy TOKa U HANPSHKEHUS, PETyJIMPYEeMbIi HCTOUHUK TOKa, KITFOY.

ITAPAJUUIEJIBHOE COEIVMHEHUME ITPOBO/IHNUKOB

Teopus: CyiecTByeT TpU OCHOBHBIX THUIIA COCIUHEHHs MPOBOJHHUKOB B AJIEKTPUUECKON Ienu —
HOoCJIeI0BaTeNIbHOe, TapauiesibHoe W cMemanHoe (pucyHok 1). OCHOBHLBIE CBEJEHUSA
I[TAPAJUIEJIBHOE COEJVHEHUWE ITIPOBOJHUKOB [Ilpun mnapamiensHOM COEIUHEHHUH
(pucyHok 10) HampshkeHHE Ha KOHLAX BCEX MapauleIbHO COEAMHEHHBIX NMPOBOJAHUKOB OJTHO U TO
xe: Cuna Toka B HEpa3BETBJIEHHOW ILIENMM paBHa CyMME TOKOB B IMapajuleJIbHO BKJIIOUEHHBIX
anemenTax: (1) [Mpumenus 3akon Oma Jutst Beeil 1enmu U Ui KaXKJIOr0 y4acTKa B OTHAENbHO[|CTH,
umeem: C yuerom (2) monyuum: Pucynok 1. TlocrmemoBarenbHOe M MapayiebHOE COCIUHCHHUE
npoogHukoB U =Ul1=U2. I=11+12.1=,11=,12=. RUR1IUR2UI1111112R1 R2R1 R2
I2a)6)=+.R1R11R

IIpakTuka: yI0CTOBEpUTHCS B MCTHHHOCTH 3aKOHA AJIEKTPHUECKOTO TOKA JUISA MapajuielIbHOTO
COEIMHEHUS TIPOBOJHUKOB

®opma KOHTPOJISA: 3aN0JTHEHNE TaOIHIIBI

Oo6opynoBanne: OOopynoBanue: pesucrop conporuBienuem 360 Owm, gBa pesucropa
comporuBiienneM 1000 Owm, coeaWHUTENBHBIE TMPOBOJAA, HATYMKH TOKA W  HANPSDKCHUS,

peryaupyeMslii HICTOYHMK TOKA, Kirod. Llens:

CMEIIAHHOE COEAMHEHUME IMTPOBOJIHMNKOB
Teopusi: CyiecTByeT TpU OCHOBHBIX THIIA COCIUHEHHS MPOBOJHUKOB B AJIEKTPUUYECKOM LIemu —
MOCJIeI0BATEIbHOS, MapajuieibHoe ©  cMmenranHoe (pucyHok 1). CMemiaHHoe COeIUHEHHUE

IMPOBOAHUKOB, Kak CJICOYyCT u3 Ha3BaHHA, ABJIACTCA COBOKYITHOCTBIO KOM6HHaLII/Iﬁ
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MOCJIEIOBATEIBHOTO M TMAapaJUIeIbHOTO COCTUHEHUH, MPUYEM B COCTAaB 3THUX COCIUHEHHUH MOTYT
BXOJUTh KaK OTJAEJbHBIC PE3UCTOPHI, TaKk M 0Oojee CI0XKHbIE COCTaBHBIE Y4YacTKH. Pacuer
CMEIIAHHOTO COCIMHCHUS ONUPACTCS Ha MPUHIIMIT pa3/esiCHHsI CXeMbI Ha 00Jiee IPOCTHIC YYaCTKH,
COCJIMHEHHBIE TOCIICA0BATEIIFHO WM TapaiuieabHo. Tak, HanpulMep, Ha MepBoi cxeme (PUCYHOK
1) mapamnenbHO COeNMHEHHBIC pe3ucTopbl R2 um R3 MOXHO 3aMEHHTh OJHHM PE3HUCTOPOM,
COIIPOTHBIIEHUE KOTOPOTO HAXOAMTCA MO TMpaBHiaM MapajuleIbHOro coeauHeHus. llomydnm
SKBUBAJICHTHYIO CXEMY C JIBYMsI PE€3MCTOpPaMH, BKIIOUECHHBIMH IMOCJIEI0BATEIBHO APYT C JPYTOM.
Nx MOXHO 3aMEHUTh OIHUM PE3HCTOPOM, CONPOTUBJICHHE KOTOPOIO pAaBHO OOIIEMY
COIPOTHBIICHUIO IIENH. AHAJIOIMYHO MOCTYmalT ¢ pesucropamu R3 um R4 Ha BTOpOW cxeme
(pucyHoK 1).

IIpakTHKa: yIoCTOBEpUTHCS B MCTUHHOCTH 3akoHa OMma Juis ydacTKa LIENH, a TaKkXKe OBIAJICTb
HaBBIKAMU U3MEPEHUS CONPOTUBIICHUS ITPOBOIHUKA IPH IOMOIIM aMIIEpMETpa U BOJILTMETPa
®opma KOHTPOJIs: 3aNI0JTHCHUE TAOJHIIBI

Oo6opynoBanme: kimo4d, 1Ba pesucropa comporuBieHnem 1000 Owm, 1Ba pesucropa
cornporuBieHueM 360 Owm, peryiaupyemplii HCTOYHUK TOKA, JTATYMKH TOKA W HANPSHKCHHUS,

COCAUMHUTCIIBHBIC ITPOBOJA.

I1l. TEMATHYECKOE IINTAHUPOBAHUE KYPCA «JIABOPATOPUYM»

Neni/n Tema KosmuectBo
4acoB

1. BBoaHoe 3ansaTHE 2

2. N3ydenue konebaHuii Npy>KMHHOTO MasiTHUKA 2

3. Omnpenenenre BbIIEISEMOro TeIlIa IPU HArpeBaHUU U 2
OXJIaXICHUH

4. Omnpenenenue yJaenbHON TEIIOTHI IIIaBICHUS JIbJIa 2

5. N3yuenune mocienoBaTeaIbHOTO0 U MapalIeIbHOTO COSTUHEHUS 2
MIPOBOTHUKOB

6. M3yueHne cMeImanHOro COeAMHEHUS IPOBOHUKOB 2

7. N3mepenue paboThl U MOIIHOCTH TOKa 2

8. Nzydenne 3akona JIxoyns-Jlenma 2

9. N3zyuenue 3aBucumoct Momnoctu 1 KI1J] ucrounuka ot 2
HaIpsHKEHUS ITPU Harpy3Ke

10. Nzyuenune 3akoHa Oma 1Jis MOTHON LIEeTIH 2
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11. N3yuenue 3akona Oma aJis ey EPEMEHHOT0 TOKa 2
12. N3ydyeHre MarHuTHOTO TIOJISt COJICHOU 1A 2
13. 3akoHn [lackans onpeneneHne 1aBIeHUS KUIKOCTH 2
14. AtmochepHoe u 6bapoMeTprudeckoe naBieHne Maraedyprekue 2
TIOJTYTILIAPHS
15. Omnpenenenne yaeIbHON TEIJIOEMKOCTH BEIIECTBA 2
16. N3yuenune mporecca KUTICHUS BOJIbI 2
17. N3mepenue conpoTusieHus npoBogHuKa (3akoH Oma 115 yyacTka 2
1ICTIN )

18. [Tony4yenue TENI0TH IPH TPEHUHU U yIape 2
19. Peocrat. YnpaBnenue cuiioi Toka B 1ienu. Jlenurens HanpsKeHus 2
20. DIEeKTPUYECKHUM TOK B 3JIEKTPOJIMTAX 2
21. HccnenoBanre MarHUTHOTO TIOJISI TPOBOIHUKA C TOKOM 2
22. JlemoHcTpanus paboThl 2JIEKTpOMarHuTa 2
23. CaMOMHAYKIUS MTPHU 3aMBbIKAHUU U Pa3MBIKAHUU LIETTU 2
24, N3mepenune xapakTepruCcTUK IEPEMEHHOTO TOKa ocuiuiorpagom 2
25. AKTHBHOE CONPOTUBIICHUE B IIETIH ITEPEMEHHOTO TOKA 2
26. EMKOCTB B Llenu nepeMeHHOro ToKa 2
217. NHayKTUBHOCTH B IIEMH MEPEMEHHOTO TOKA 2
28. [TocmenoBaTenbHBIN PE30HAHC 2
29. [TapanmnensHbIN pe30HaHC 2
30. Jluon B lenu mepeMeHHOro ToKa 2
31. JlelicTBytolIIee 3HAUECHUE TTEPEMEHHOTO TOKA 2
32. 3aryxaromme KoineOaHus 2
33. Bzaumounnykuus. Tparncopmarop 2
34. 3akon OMa 1t ygacTka menu. 3akoH OMa Jyisi TIOJTHOM e 2

Bcero 68

1. BueypouHas JeSTENBbHOCTh IIKOJbHUKOB.

IV. HHOOPMAIIMOHHO — METOJANYECKOE OBECIIEYEHUE

Meroauyeckuii  KOHCTPYKTOD:

nmocobdue A

yuutensi/ [I.B. I'puropses, I1.B. Crenanos. — M.: Ilpocemenue, 2011. — 223 c. -. (Ctanpaptsl

BTOpPOIo HOKOJ’ICHI/ISI).
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2. BueypouHas aesrenbHOCTb. [IpuMepHBIif 11aH BHEYPOUYHOH JEATEIbHOCTH B OCHOBHOM IIIKOJIE:
nocobue mnsa yunrens/. B.I1. Cremanos, [[.B. I'puropseB — M.: IIpocsemenue, 2014. — 200 c. -.
(CranmapTsl BTOPOTO MOKOJICHUS).

3. Paboume mnporpammbl. ®dusuka. 7-9 kiaccel: ydeOHO-MeTomumveckoe mocodue/coct. E.H.
Tuxonosa.- M.:/Ipoca, 2013.-398 c.

4. 3anumatenbHas ¢usuka. [lepensman .M. — M.: Hayka, 1972.

5. Xouy ObITh Kymubunsim. Dnbmanckuii 1.W. — M.: PULL MK/, 2002.

6. ®wusuka musa yBiaeueHHbIXx. Kubanpuenko A.S., Kubanpuenko M.A.— PoctoB H//l.: «DeHUKCY,
2005.

7. Kak crarp y4yeHbIM. 3aHATUS 1O (U3MKe A crapmeknaccHukoB. A.B. Xyropckuid, JI.H.
Xyropckuit, M1.C. Macnos. — M. : 'moGyc, 2008.

8. ®poHTanbHbe JabopaTopHble 3aHATUA TO (usmke B 7-11 kimaccax oOiieo0pa3oBaTeIbHBIX
yupexaenuii: Kaura ms yuurens./non pen. B.A. Byposa, I'.I'. Hukudoposa. — M. : IIpocsenienue,
1996. 12

9. Caiir ana yuutened W ponauteneir "BHeknmaccHple MepompusaTus' — Pexum gocryma:
http://school-work.net/zagadki/prochie/

10. Caiitr MunucrtepctBa obpa3oBanust U Hayku Poccuiickoit @enepaunu — Pexum gocryma:
http://minobrnauki.gov.ru

11. Enunas xomnexinusa LHudposeix OOpa3zoBarensHbIX pecypcoB — Pexxum noctyma: http://school-
collection.edu.ru/

12. M3nparensckuit oM "llepBoe centsopsa" - Pexxum noctyna: http://1september.ru/

13. TlpoektHast gesTenbHOCTh  yuamuxcs [/  aBT.-coct. M.K. TocmogHukoBa U jp.
http://www.uchmag.ru/estore/e45005/content

14. depepanpHblii rOCynapcTBEHHBI 00pa30BaTeNbHbBIM CTaHAApT [DNEKTpOHHBIA pecypc]. —
Pexxum moctyma: http://standart.edu/catalog.aspx?Catalog=227 11.

15. Meroauueckast cimyx6a. M3marensctBo «BMHOM. JlaGopaTopusi 3HaHuUil» [DIE€KTPOHHBIM
pecypc]. — Pexxum noctyma: http://metodist.lbz.ru/

16. Urposas nporpamma Ha qucke «J/lpakoma u 3aHuMaTenbHas Gu3nKa» [DIeKTpOHHBIN pecypc].
— Pexxum nocryna: http:// www.media 2000.ru//

17. Pa3BuBaromue 3IEKTPOHHBIE UTPHI «YMHUKUA — W3Yy4aeM IUTAHETY» [ DJIEKTPOHHBIA pecypc]. —
Pexxum noctyna: http:/ www.russobit-m.ru//

18. Asropckas mactepckas (http://metodist.lbz.ru).

19. Anroputmbl pemeHuss 3amad  no  ¢usuke: festivai.lseptember.ru/articles/310656 17.

dopmupoBaHUE YMEHUHN yJallluxcs perarb pu3ndeckue 3a/1aum.
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