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Puc. 2. O0npii BH SKCIIEPHMEHTAIBHOH YCTaHOBKH

Cooepocanue omuema.

OT4eT 110 1a00paTOPHEIM padoTaM JOIKHBL COIEPKATh:

- TUTYTILHBIH JINCT,

- IIETIb PabOTHI,

- KOHCITEKT OCHOBHBIX 3aKOHOB, OIPeIeIeH I, TIOHATHI, ()OpPMYII,
- OCHOBHO€ 000pY/IOBAaHHE, CXeMa YCTaHOBKH,

- OITHCAHHE IT0 ITYHKTAM BHITIOJIHEHH O palOTHI,
- pe3yIIbTaThl H3MEPEHHH H pacyeTOB (TaOIHIIbI, TPa(pHKH);
- OL[€HKA ITOTPEITHOCTEIT,
- OTBETHI Ha KOHTPOJIBHEBIE BOIIPOCHI,
- BBIBOJIBI ITO Pe3yIIbTaTaM BEOIOMIHEHHOH paboTEl, J1aTa, ITOIICH.
Koumponosnsie éonpocol.

1. JlaitTe orpeaeaeHHe MOCTYIIaTEIbHOI O IBHKEHHS TBEPAOrO TEIA.

2. UTto Takoe MaTepHaJIbHAas TOUKa H a0COIFOTHO TBEPLOE TEI0?
3. OOBSICHHTE, UYTO TaKOe CHCTEMa OTcUeTa?
4.Ilepeurcimre H OOBSACHHTE OCHOBHBIE KHHEMATHYECKHE XapaKTEPHCTHKH ITOCTYIIATEIb-

HOI'O JBHACHIA.
AOKYMEHT NMOANUCAH I
INEKTPOHHOW NOAMMNCbLIO
Ceptuchmkar: (12000002A633E3D113AD425FBS0002000002A6 TEIIA.
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8. UTO Takoe paBHOAEHCTBYIOIIAS CHIa?
9. O0pSACHHTE TPeTHH 3aKOH HBIOTOHA.
10. Jlath ompeeneHHe CHII YIIPYTOCTH. UTO Takoe yrpyras gedopMaris ?
I1. Hadem oCcHOBBEIBaeTCS BBRIBOJ] paCUETHBIX (POPMYII B JaHHOH jabopaTopHOi padoTe?

JIabopaTopHas padora Ne 3

Tema pﬂﬁﬂﬂlﬁl. OHpE,[[EU]EHHE CKOpPOCTH 110JI€ETA IIYJIH C ITIOMOIINBHO (l)HSH‘IECHﬂI‘ﬂ Ma-
HTHHKA.

I[ens padomer. HayunThbcs OIpeJelsTb CKOPOCTh ITOJIETa ITYJIH ¢ ITOMOMIBEO (PH3HYECKOTO
MasTHHKA.

T eopemuieckdAa udacmbo.

DOH3HYECKHIT MaATHHK COCTOHT H3 yinoBHTeId ("A" Ha pmHc.l) B BHIe IIIMHJIpPA, 3aIlOjI-
HEHHOI'O TIJIACTHYHBIM MaTepHaJIOM, KOTOPHIH 3aKPEIVIEH Ha CTEPXKHE, CITOCOOHOM CBOOOIHO, C
OYEHBb MAaJILIM TPEHHEM, KauaThCSI BMECTE C VIIOBHTEIIEM BOKPYT HEITOABIKHOH OCH. Ha pHCyHKe
1 »Ta och BpammeHns (Touka "O") IeprneHaHKYIIIpHA K IIJTIOCKOCTH PHCYHKA.

BrICTpen IPOH3BOAUTCS H3 ITHEBMATHUYECKOIO IMHCTONIETA, YCTAHOBIEHHOIO TaK, YTOORI
BEKTOP CKOPOCTH ITyJIH OBIII HaIlpaBIIeH I'OPH30HTAILHO I10 ITPSAMOI, IIPOXOMMIIEN Yepe3 IIeHTP
IIIUIMHIPa ¢ TUIACTHJIMHOM H IIEPIIEHIUKYISIPHO ocH BparieHusa O. I1yms, 3acTperas B IUIACTH-
JIHHE, TEPSET CBOIO HAYaIbHYIO CKOPOCTh H OMHOBPEMEHHO COOOINMAaeT MAaATHHKY HEKOTOPHIH
MOMEHT HMITYIIbCA.

[10 3aBepIlIeHHH HEYIIPYIOr'o yapa MasTHHK OTKIIOHSETCS OT BEPTHKAIBLHOH IMHHH OC Ha
HEKOTOPEI MAaKCHMAIbHEIN YTOJMI (P, KOTOPBIH H3MEPSAETCS TPAHCIIOPTHPOM — IO MAaKCHMAII-

HOMY CMeNIeHHIO YKa3aTells, ’KeCTKO 3aKPeIUIeHHOI'O Ha CTEPIKHE.

Jlima 7ByX MOMEHTOB BPeMEHH, J0 yJapa, H IIOCIe HEYIIPYroro yaapa (mox "yna-
poM" MBI IOJpa3zyMeBaeM OTHOCHTEIBLHO OBICTPHIH ITPOILIECC TOPMOKEHHS ITYIIH B IJIACTHIIHHE)
MO2KHO ITPHMEHHTh 3aKOH COXPAaHEHHS MOMEHTA HMITYJIbCA:

_ 2
mvoa= I +ma )(Dﬂ, (1)

rJie M — Macca Iy, U — CKOPOCTh ITYIIH JIO yiAapa, d— PacCTOSHHE OT OCH A0 TOYKH yjapa ITy-
1, /| — MOMeHT HHePIIHH MasTHHKa IIOCIIe yapa. BTOPEIM 4iIeHOM B cKoOKax B (1) MOXHO TIpe-

HeOpeyh JalleKOo He Bcerja (IS HaIllero CIIy4as BaM HeoOXOJHMMO Ha OCHOBAaHHH H3MepPeHHH
ITOKa3aTh (FIIH OIPOBEPTHYTH) BO3MOKHOCTh TAKOI'O YITPOIIEHH ).
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Puc.1. OusHuecKIII MAaITHHK

[Ipn Heympyrom yjaape 3aKO0H COXpaHEHHS MeXaHHYECKOH SHEPrHH He BBITIOIMHSIETCS, OJHAKO, K
IIpolecCcy Ka4aHHS MasTHHKA, Mbl MOKeM IIPHMEHHTh 3aKOH COXPaHeHHS sHeprHH. Herocpen-
CTBEHHO ITOCIIE yAapa MasATHHK BMeCTe C 3aceBIIEH B HeM ITylleH OyjeT, Kak Mbl BHAeIH H3 (1),

HMETh YITIOBYIO CKOPOCTh, paBHYIO (. ClleloBaTeIbHO, OH OyAEeT HMETh H COOTBETCTBYIOIIHIH
ell 3armac KHHETHYECKOH SHEPrHH, KOTOPBIH 3aTeM B MOMEHT HaHOOJIBINErO OTKIOHEHHS (H
MTHOBEHHOH OCTaHOBKH MAasTHHKA) ITPEBPATHTCS B ITOTEHITHATIBHYIO SHEPTHIO:

(I + ma*)®*>

E;; — U (2)
2 ﬂ\
Eﬁ:(ManL\gh (3)
\ )
E, = E | ciemoBaTelbHO
(f—i—maz)ms :(MerE oh ”
> 1)

rae M — Macca OalTHCTHYECKOTO MAATHITKA, h — BeIcOTAa MaKCHMAJILHOTO ITOJHATI €10 IICHTPa

MaccC B TOUKE OCTaHOBKH, g =9,81 w/c* — yexopeHne cBOGOIHOrO MaJeHHs Ha I pO-

Te T. [larnropcka, [ — paccTOSHIE OT OCH BpallleHHd JO I[eHTpa Macc MaATHHKa (6e3 ITyImH).
[TocpencTroM OamaHCHPOBKH HCIIONB3YEMOI'O B JAHHOH padoTe (PH3HYECKOI0 MassTHHKA Y aJlI0Ch
yCTaHOBHTb, YTO IIEHTP MAcC MasTHHKA ITOYTH COBITaJacT C TOYKOH KPeIUIeHHS CTEPKHS C I[H-

mumapoM (T. B Ha puc. 1). TakuMm o6pa3oM, paccTosHHe [ IIPHHHMAETCS PABHBIM JIIHHE CTEPK-
Ha OB.

Bropoe (Mamoe) cmaraeMoe B BBEIPaKeHHH JJIS9 TTOTEHI[HAIbHOH SHEPrHH (3) JOIIOIHH-
TEIIbHO YVUHMTEIBAET, UTO I[EHTP MAcC ITYIH B OOIIEM CIIydyae He COBIIAJaceT C IIEHTPOM MacC Masr -
HHKA.

h=1[—-1cosp =I(1-cos@) = 2/ sin* 2 , THe | — paccrosmme oT
2

ocH BpameHus O 10 LeHTpa Macc MasTHHKa C. MTak, MbI IIOIYYHIH YpaBHEHHE

(E \ ( » P

1
E(maz-l—f)(qf = m, +M ‘gh:2‘m£+M\‘£lﬂi“' - (5)

\ ) I L B

Taxzmv oOpa3zoM, Ha OCHOBAaHHH ypaBHeHHiI (1) 1 (5) momydyaeM OCHOBHYIO pabouyio (pop-

M3 puc.2 BHOHO, YTO

7 T 3 2 AT | [
(ma~+1)ym +M g
L =2sino° - (6)
ma
Bce BelIHYHHBI, BXOAMIIHE B BBIPa¥CHHC (6), MOI'YT OBITH OITPpCACIICHBI SKCIICPHMCH-
AOKYMEHT NMoArnvcAH
SNEKTPOHHOW MNOANMMCHIO
Ceptucpukat: 12000002A633E3D113AD425FB50002000002A6 -
Bnapeneu: LiebzyxoBa TaTeAHa AnekcaHapoeHa MajiTHHKa, IOABCIICHHOI'O Hd I'OPH3OHIAIIPHOH
I, IPOTHK.
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VYKazanua no mexHuke 6 e30naAcHOCHI.

1. K BRITOIMHEHHIO Ta00paTOPHBIX padOoT AOITYCKAIOTCSA CTYAEHTEI, H3YUHBIIIE IIPaBHIIa
TeXHHKH Oe30ITaCHOCTH.

2. JlaBGopatopHble pabOTEI MOI'YT ITPOBOAHTECS TOIBKO ITOJ PYKOBOACTBOM H HaOIFOAEHHEM
IPEITOAaBaTeIA.

3. Pacnionararre nmpuOopel, MaTepHalbl, 000pyoBaHHe Ha paboyeM MECTE B IIOPSAKE, YKa-
3aHHOM ITPEIOAaBaTEIIEM.

4. 1lpH BBIITOMHEHHH Ta00PaTOPHBEIX padoT ¢ IIPHMEHEHHEM IIOJIETOB OAJIIIMCTHYECKHX TEI
HE CIIeAYET HaXOAHUTHLCSA B 0OIIacTH ITOJIETA Teja.

5. He gepxure Ha pabodeM CTOJIE NIPEAMETEL, HE TPEOVIOIIHECS IS BBITTOITHEHM ST 3aTaHH 5.
6. Ilepen TeM, KaK IPHCTYIIHTE K padoTe TINATEIBHO M3YUHTE €€ OIHCAaHHE, YSICHHTE XOJI
BBITTIOTTHEHH S pa0OTHI.
3aoaHu.

Macca IgUIHH/Ipa-yIOBHTENS s, = 91 T. JIMHEHHAsA IUIOTHOCTH CTEPXKHA, Macca, IpH-

XOMsInasics Ha equHmIly JIuHel LWL =1,97 r/cM, Torma monHas macca CTepKHS m2 = L -1 .

CHEI[IDEHTEJ]LHG: Macca MasgTHHKa M = mi1 + mpa . PaccTosiHIIEe - @ OT OCH BpallICHHA 40 TOYKH

yAapad H3MEPAIOT MIHJ]IIMETPGEGﬁ THHeHKOH. [lomokeHHe INEHTPa MaCC MAATHHKA COOTBCTCIBY -

€T TOUKE COCIHHCHIA YIIOBHTCIIA H CTCPKHA. l[HI]H}" CTCPHHA [ OITPEACIIAIOT KaK PACCTOAHIIC OT
TOYKH ITOABCCd 4O TOYKI COCAHHCHHA YIIOBHTCIIA H Tp}"ﬁlﬂl.

1. Ol]pE,[[EJIEHHE MOMEHTAa HHCPDITHH 0A/LIHCTHYECKOro MAfATHHKA
MomeHT HHEPIIH (bHBH‘-IECI{GI‘G MaATHIIKA HaXOJAT 110 IICPHOAY €I'0 I{ﬂ'LIﬂI-]IIﬁ:, PaBHOMY

T =27 L (7)
Mgl

(BermmrapHEI M u [ yKe OIpeJieieH ).

OﬁpﬂTHTE BHHMAHHEC, YTO JJIA JOCTATOYHO HAJACHHOI'O H3IMCPCHHA ITICPHO4 KauyaHHH MBI
IIOJLKHEL 0OeCIIeYHTh BHITIOIIHEHHE CIICH YOI X }J'GJIGEHﬁZ

— aMIUIMTY/a KayaHWH JOIKHa OBITH AOCTATOYHO Maia, YTOOBI MOXKHO OBLIIO ITPEHE-
Opeub ee BIMSIHHEM Ha IepHOJ KauaHHI,

— HYXHO IIPOCIEANTh 3a OTCYTCTBHEM KayaHMIH MasTHHKA IO JAPYIOH OPTOrOHAJIbHOH
OCH (HIH JOXAaThCI HX ITOJIHOI'O 3aTyXaHHS, €CIIH OHH IT0 KaKHM-THOO ITPHYHHAM
BO3HHKIIH);

— IIEPHOJ KayaHHH HaJ0 OIPeHdelHTh KaK cpeaHee 3a 20—30 xayaHHi, YTOOBI YMEHB-
IIIHTH TTOTPEIHOCTE H3MEePEHHS BPEMEHH CEKYHIOMEPOM.

MOMEHT HHEPIIMH BEIYHMCIISETCS, HCXOM H3 (7), KaK

MolT?
| e
47 °

TEDPETII‘IECI{DE 3HAYCHHC MOMCHTA HHCPIIHI MOHO HaHTH KaK CYMMY MOMCHTA HHCPITHI

CICPAHA OTHOCHTCIIBHO OCH BPAIIICHHA, HEPHEH,I[HK}"]IFIPHGﬁ CTCPKHIO H HpﬂXﬂﬂHﬂ[Eﬁ HEPpe3

1 -
OJIMH H3 €TI0 KOHIIOB [cm = ;mg a2 H MOMEHT HHEPIHH YIIOBHTCIIA, KOTOPBIHI (E CBA3H C JOCTa-

(8)

[OKYMEHT NOAMWCAH HSI) MOJKHO IIDHHSTE 33 MaTepHAIbHVIO TO
3NEKTPOHHOW NOANUCHIO ) 1p P YO TOHKY,
CeprudiikaTs | 12000002A633E3D113AD425FB50002000002A6 3HaYeHHe MOMEHTA MHEPIH OalHCTHYECKOr O
Bnapeneu; lWebayxopa TaTeAHa AnekcaHOpoBHa
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1
‘rmeap— Icm'l"ryn— M a2 + m a2 (9)
. s 2 1
1 —I
PaccunTaTh ITOTPENIHOCTh H3MEHEHHSI. § = Hmeood] 100% .
Imeop

2. OnpeaesieHHe CKOPOCTH MOJIETA ILYJIH

Macca KaxIoi IIyIH OIpeIeIseM B3BEIIMBAHIEM. DTO MOXKHO CJIeIaTh II0TOMY, UTO JIOora-
PHPMHYECKHI JIeKpeMeHT 3aTyXaHHS 3THX KolneOaHHI BecbMa Mall H HX aMIUIHTYJla JOBOJIBHO
JOJITO OCTAETCS ITOYTH IOCTOSHHOH (ITONBITAHTECh SKCIIEPHMEHTAIbHO OLIEHHTh BEIIHYHHY JIE-
KpeMeHTa!).

1) M3MepHTh B3BEIHMBAHHEM MAcCy ITyIH. OL[EHHTE MTOTPEITHOCTE OITPEIETIEHI S MACCHI.

2) IIpomsBecTH BRICTpel. OTMETHTh MAKCHMAaJIbHBIH YyIol OL OTKIIOHEHHS VKa3aTells IT0

TpaHCIIOPTHPY. U3MepeHHe yrila OTKIOHEHHS Ol HaJle)XKHee ITPOH3BOJAUTh HE TOJBKO IO aAMITIIH-
TYJe OTKJIIOHEHHMS MasTHHKA IIPH MepPBOM KauaHHH, HO H I10 pa3sMaxy ero KoneOaHHU, IIISIIIXCS
HEKOTOPOE BpeMs ITOcile yiapa (IIpH 3TOM IIOJIE€3HO IIPHMEHSTh H YCPeAHEHHE OTAEIIBHBIX OT-
CUETOR). BEICTpEIN ITPOH3BOUTE TOIBKO ITO HEITOABIKHOMY IIIHHAPY. IIOBTOPHTH OITBIT S
pa3. Hantu cpegHee 3HaUeHHE YITIa OTKIIOHEHH S H IIOTPEIHOCTh H3MEPEHHS YITIA.

3) BeIMHCIHTL 3HAYeHHe CKOPOCTH IIoNeTa ITyJH 1o (opmyne (6). BEIUHCIHTE ITOrpell-
HOCTBH OIIPeIelIeHH s CKOPOCTH II0JIETa ITYIIH.

4) 3armcarhk OKOHYATEIBHBIH Pe3yIbTaT. CHelnaTh BEIBOJ.

Cooeporcarue omuema.

Ot4eT 110 1adopaTopHEIM padoTaM JOIKHEI COIEPKAaTh:

- TUTYJILHBIH JINCT,

- 1IETIb PabOTHI,

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIpeelIeHHI, TIOHITHI, ()OpMYII,
- OCHOBHOE 000pYIOBaHHE, CXeMa YCTaHOBKH,

- OITHCAHHE ITO ITYHKTAM BBIITOIHEHHOH padoThI,

- pe3yIIbTaThl H3MEPEHHH H pacyeTOB (TaOIHIIEI, TPa(HKH);

- OI[EHKA TIOTPEITHOCTE M,

- OTBETHI HA KOHTPOIIBHBIE BOIIPOCHL,

- BBIBOJIBI T10 PE3YIIbTaTaM BBRIIOTHEHHON PaboTHI, JaTa, ITOIIICE.

Koumponosnsie éonpocol.
1. Kak onpenenseTcs KMHETHYECKAS SHEPIHS IIPH IIOCTYIIATEIFHOM ABIKeHMH? [IpH
Bpall[aTe IbHOM JABHKEHITH?
2. OOBsCHHTE, TIOYEMY ITPH HEYIIPYTOM YJape HE BBIMMOIHAETCS 3aKOH COXPaHEeHHS MeXa-
HIYECKOH SHEPTHH.
3. ChopmynmHpyHTe H 3allHIIHTE 3aKOH COXPaHeHHS HMITYIbCa JJISI HEYIIPYTOI'O B3aHMO-
TeHCTBHS ITYITH H (PH3HYECKOro MasTHHKA (0OBSICHHTE BRIBOJ (DOPMYIIEI (1)).
4. ChopmynmHpyiite Teopemy lTeiHepa.
. UTO Takoe MOMEHT HHepIHH? Kak ompejersgercsa MOMEHT HHEPIMH CTEPKHSI OTHOCH-
TEIBHO OCH, ITPOXOAMIIEH YEPE3 OAHH €r0 KOHIIOB.

6. BriBectn popmymy (6).

LN

JIabopaTopHasi padbora Ne 4

NOKYMEHT I:ID,HI'IMCAH
QNEKTPOHHOM NMOANMMCHIO oJ1e0aHHil (PH3HIECKOro MAATHHKA
Ceptudpukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: liebayxoea. TaTeAHa AnekcaHapoBHa

OIICTa IIYJOI C© ITOMOIIIBIO (bIIBIIIIECKGFG MaSgTHH-
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T eopemuieckdn uacmsos.

Dusuyeckum MasmuuKom Ha3bIBacTCs TBEPIOE TEN0, COBEPIIAIOIIEE |
Kore GaHII OTHOCHTENBHO HEIIOABIDKHON OCH IOJ JefICTBHEM CIIIBI TSDKe- ﬁ:'_H -
ctH (puc.1). f t:\!‘\ g
Ta 0Ch ABILIETCS TOPH3OHTANIBHOIL H OHA He IIPOXOIUT Yepes3 LIEHTP
Macc Tena (Takasl OCh Ha3BIBAETCA OCHIO KayaHHS MASTHHKA). [IpH MalIbIX ["?ﬁ'“ E‘u\}"
yITIaX OTKIOHEHHS OT IONOXKEHHS PAaBHOBECHS M B OTCYTCTBHE CHII CO- | W N
IIPOTHBIEHI ABIKEHHE MasTHHKA OITHCHIBAETC S yPaBHEHHEM | “'-5:1"
!

Puc.l.
1d = —mgld

[ — MOMEHT HMHEPILIHMH MasITHHKA OTHOCHTEIIBHO OCH KOneOaHHH,
m — Macca MasgTHHKA,

[ — paccTosIHHE OT OCH 0 IeHTpa Macc.

IIepnoxa KonmeGaHHI OIIpeaensIeTCs COOTHOIIIEHHEM

r=om |- (2)
mgl

(D)

Puc. 1

(DHBHIIEG]E{DIVI}" MAATHHKY MOXKCT OBITH IIOCTABIIEH B COOTBETCTBHE MaTeMaTHUECKHI MasT-
HHE, HMEOIIHH TOT Xe IIEPHO

T'=2m L (3)

8
L — mmHa MaTeMaTH4YeCKOro MasATHHKA (TIpHBedeHHAs JJIHHA (DPH3HYEeCKOr0 MasSTHHKA).
J;miHa MaTeMaTHYeCKOr O MassTHHKA, IIepHOJ KoJleOaHHIl KOTOPOIr O PaBeH IIEPHOY KO-
neGaHui (PH3HYECKOr0 MasATHHKA, Ha3bIBAETCS IIPHBEAEHHON JJIMHON (PH3HYECKOTr0 MasTHHKA

I
L= 4
T (4)

B nmaHHOH pabore (pH3HYeCKHH MaSTHHK ITpejlcTaBIIsIeT cOOOH CTaJbHOH CTepXkKeHb (piic.
1). Ha crepskHe mpocBepleHbl OTBEPCTHAMH Ha paccTOSHHH 10 em apyr or apyra. CTepiKeHb
ITOABEIIMBAIOT Ha INTHIPs (. BEIOHpasg OTBEPCTHE HA CTEPIKHE, MOXKHO PETYIHPOBATh PaCCTO-
HIe OT TOYKH ITOoJBecCa CTep:KHA O 10 IIEHTPpa Macc cTepkHg C, HaIlpUMep, Ha puc. 1 paccTosHIE
OC paBHO 40 cm. LleHTp Macc C OHOPOJHOIO CTEPXKHS HAXOAHTCS IIOCEPEAHNHE CTEPIKHA.

Ecimi cTepKeHb OTKIIOHHTH OT IONOKeHHSI paBHoBecHs Ha yroa 3V + 5% Tto oH Gymer co-

BepIlaTh KoneOaHHSI OMH3KHEe K TapMOHHYeCKHM. Bpems koneGaHHI H3MepSeTCS CEKYHIOME-
POM.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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[leproy xoneOGaHHH (PH3HYECKOIO HIH MaTeMaTHYECKOIO MasTHHKAa B OOIIEM CIIyYae 3a-
BHCHT OT aMIUIMTYBI KONeOaHMI MasgTHHKA. HO eClIH yrojl OTKIOHEHHMS MasTHHKA @ < 3°, TO C
XOpOoIleH TOYHOCTHIO MOKHO ITpeHeOpeubh 3aBHCHMOCTBIO IEpHOAA OT aMIUIMTYABI H ITPHOIIH-
KEHHO CUHTATh, YTO MASITHHK COBEPIIAET TAPMOHHYECKHE KOIeOaHH.

[Teproy xoneOaHmil (PH3HYECKOr0 MAasSTHHKA OITpeJeIsIeTcs 110 (pOopMyIIe

T =2mn E

8

)

rae L — npuBeJleHHas JUIHHA (PH3HYECKOTO MAasTHHKA.
IIpueedennan onuna (PU3HMYECKOr0 MasSTHHKA pPaBHA JJIMHE MaTeMaTHYeCKOro MasTHHKA,
HMEIOIIET 0 TaKOH JKe IIepHOoJ KolneOaHHH KaK Y JJaHHOT O (PH3HYeCKOr O MasITHHKA.
[IpuBeaeHHas qiHA (PH3HYECKOr 0 MassTHHKA OITPEAEIIETCS (POPMYIIOH

L:L

md
rje. J — MOMEHT HHEPIHH MAasATHHKA OTHOCHTEILHO TOUKH ITofBeca (O,
m — Macca MasiTHHKa,
d — pacCTOSIHHE OT TOYKH IToaeeca (O JI0 I[eHTpa Macc MasTHHKa C.
Teopema Illmennepa. Momeum unepyun J mena omuocimens HO RPOU3EOAbLHOIL OCLL PAGeH
cymme Momenma uxepyuu Jo mena omuocunensHo ocil, NPoGeoeHHoll uepe3 1yeHmp macc menid

napaniensHo OGHHOLL OCU, U NPou3EedeHUs Maccovl M meaa Ha keaopam paccmosHus d mexcoy
SMUMU OCAMLL

J=J +md?
0

B maxHON mabGopaTOpHOH padoTe MOMEHT HHEPIMH CTEPKHS OTHOCHTEIIBHO OCH KauyaHHsI
O BHIUMCIIIETCA 110 TeopeMe [llTeiiHepa. /119 OMHOPOAHOIO CTEPKHSI MOMEHT HHEPI[HH OTHOCH-
TeJILHO I[EHTPa Macc CTepKHS (COBITaJIaeT C IIEHTPOM CTePKHS)
J=_ml 2
0 12

rle [ — JIIMHA CTEPKHS, M —Macca CTEPKHS.
Taxmm o6pazoM

1 > 2 2
J=Jo+md?=—ml" 7 mm(f. +12d°)
12 g 12
[IprBeneHHas aHHa (QH3HYECKOIO MAasTHHKA B JJaHHOH JIa0OpaTOpHOH padoTe ompeaend-
eTcs 110 (popMyIIE:

J om(*+12d%) 1% +12d>
md 12md 124

Torma nmepuo koneOaHMil (PH3HYECKOTrO MasSTHHKA B JJAHHOMH JTaOopaTopHOH padoTe oIpe-

a

AOKYMEHT riDﬂI'IHCAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Lllebayxoea TaTbAHa AnekcaHgpoBHa {6)
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Obopyoosarnue u mamepuaipl. YCTaHOBKa JUISI HCCIIEJOBAaHHS KojleOaHHH (DH3HYECKOTO
MasITHHKA, JIMHENKA, CEKYHIOMED.

YKazanusa no mexHuke 0 e30nacHocmi.
1. K BRIITOIMHEHHIO TaG0paTOPHBIX PaboT AOITYCKAKOTCS CTYAEHTEI, H3YUHBIIIE ITIPaBHIIA
TEXHHKH Oe30ITaCHOCTH.
2. JlaBGopatopHble pabOTEI MOI'YT ITPOBOAHTECS TOIBKO ITOJ PYKOBOACTBOM H HAOIFOLEHHEM

ITPEITOAaBaTeIsl.
3. Pacnomarante npuOOpEI, MaTepHAJIBL, O00OpYAOBaHHE HA paboyeM MECTE B IIOPSJIKE, VKa-

3dHHOM IIPEITIOAABAT CIIEM.
4. He ACPKHTC Ha pﬂﬁDIIEM CTOJIC ITPEAMETEIL, HC TpEﬁ}’TOH_[HEGH OILH BBITIOITHCHI A 34 1aHITAH.

5. Ilepenm TeM, Kak IIPHCTYIIHTL K padoTe TINATEIbHO H3YYHTE €€ OITHCAaHHE, YSCHHTE XOJI
BBITIOJTHEHH S paOOTHI.

3aoaHui.
1. IlogeenmBaroT MASITHHK Ha INTHIPE IIEPBBIM OTBEPCTHEM. OTO 3HAYHT UTO PACCTOSHIE

OC =d; =40 cm.

OTKIIOHSIOT MasTHHK Ha Maibni yron okorno 3Y + 5% u otmryckaror. I1pH ITOMOIIHM CeKyHZIO-
Mepa H3MepsoT BpeMd #; (i = 1, 2, 3) mna N=30 nonHeIX koneOaHui. M3MepeHHS TTOBTOPSIOT 1 =
3 pasa.

BRIUHCILTIIOT cpeiHee 3HAaUEHHE BPEMEHH

<t >=
Iy
[lepnon ompeaersor 110 (hopMyIIe
<t>
]-;E.‘M A—
N

2. IlogBemnBarOT MasSTHHK HA INTHIPh BTOPEIM, TPETHBHUM H YEeTBEPTHIM OTBEPCTHSMH IIO
OYEPEIH H IIOBTOPSIEOT H3MEPEHHS ITYHKTA 1.

[Ipu stom dz = 30 cm, d3 = 20 cm, dsy = 10 cm.

JlnmHa ctepxHa [ =1 m.

JlaHHEIE H3MEPEHHH 3aHECTH B TaOIHIY

Tabmia 1.

d <t> Tism L Thacu
M C C M C

0.4

0.3

0,2

[JOKYMEHT MNMOANWCAH
3NEKTPOHHOW NOANUCHIO

Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

HSCKOI'O MaATHHEKA JJId BCCX d
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17 +12d°
12d

4, BRIMHCISIOT NIEpHOABI KONeOaHHH (PH3HYECKOro MasSTHHKA JJIS BceX 3HAaYeHHI ITpHBe-
JIeHHOH JIHHBI (PH3HYECKOTr0 MasITHHKA

L =

5. [loctponTts rpaduki mepuoga msmepenHoro 7, = f(L) upacyetoro 71, = f(L) B

LERHY )

3aBHCHMOCTH OT IIPHBEIeHHOI JJIMHEI L.
6. CpaBHHTEL U3MEPEHHBIE H PACUETHEIE 3HAYEHHS IIEPHOLOB KOIEOaHHH.
CHenaTh BBIBOJ O XapaKTepe 3aBHCHMOCTH IepHOJa KoneOaHHH (PH3HYECKOro MasSTHHKA
OT ITPHUBEIECHHOH JJIMHEI.
Cooepocarnie omuema.
OT4eT 110 1a00paTOPHEIM padoTaM JOIKHBL COIEPKATh:
- TUTYITIbHBIH JINCT,
- 1IeNIb padoTHI,
- KOHCITEKT OCHOBHBIX 3aKOHOB, OIPeIeIIeHHI, IIOHITHI, ()OpPMYII,
- OCHOBHOE€ 000pYIOBaHHE, CXeMa YCTaHOBKH,
- OITHCAHHE I10 ITYHKTAM BEITIOJIHEHHO paloTHI,
- pe3yIIbTaThl H3MEPEHHH H pacyeToB (TaOIHIIbI, TPa(pHKH);
- OLI€HKA ITOTPEITHOCTEH,
- OTBETHI Ha KOHTPOJIBHEBIE BOIIPOCHI,
- BBIBOJIBI ITO Pe3yIIbTaTaM BEOIOITHEHHOH PabOTHhl, JaTa, ITOJIHCE.
Koumponsnoie éonpocel.
1. JlafiTe ornpefierieHHe TapMOHHYECKHX KOJIeOaHHH.
YT0 Ha3pIBaeTCA MaTEMaTHYECKHM MasSTHHKOM?
Yrto Ha3pIBaeTCA IIPHBEAEHHOH JIIMHOH (PH3HYECKOro MasSTHHKA?
ChopmymipyiiTe Teopemy lTeliHepa.
BriBecTH (popMyITy nmeproaa koneOaHHH (PH3HYECKOTr 0 MAasTHHKA.

SN

JIadopaTopnas padora Ne 5

T'ema pabomer. OnpenesieHne KOAYQP@PUIMEHTA BHYTPEHHEr0 TPEHHUA KHIKOCTH METO-
J0M nmajarmero mapuka (merox Crokca).

H Ejib pdﬁ ombl. 1103HAKOMHTECS ¢ METOLOM H3MEPCHH A BASKOCTH KHIKOH CPC/bI.

TEﬂpEHHFIECHﬂH Hyacmb.

BA3KoCTh (BHYTPEHHEE TPEHHE) — STO CBOHCTBO PEeAIbHBIX KHIKOCTEH OKas3bIBATh CO-
ITPOTHBIIEHHE TIEPEMEIEHHIO OIHOH YacTH JKHJIKOCTH OTHOCHTEIIBLHO APYroH. [Ipm mepemerre-
HHH OIHHX CIIOEB PeaIbHON JKHIKOCTH OTHOCHTEIIBHO APYTHX BO3HHKAIOT CHIIBI BHYTPEHHEIO
TPEHH S, HAIIPABIIEHHEIE TT0 KACaTEIIbHOM K IIOBEPXHOCTH CIIOEB. JIEHCTBHE 3THX CIJI ITPOSBIISET -
CSd B TOM, YTO CO CTOPOHEI CIIOS, ABIDKYIIErOcd OBICTpee, Ha CIIOH, ABHKYINHICS MeIJIeHHEE,
HNEeHCTBYET yCKOpsroIass cuiaa. Co CTOPOHBI JKe CIIOS, ABHIKYILNErOocsd MeIJIEHHEH, Ha CIIOH, JIBH-
KVIITHICA OBICTDEE. IEHCTBVET TODMO3SINAS CHIIA.

AOKYMEHT NoanmncAH |
SNEKTPOHHOW NMOANMUCHIO PEHHETO TPCHHA F TeM 6GJ]LH_[E:. yeM OOIIbIIE

CepTuchukat: 12000002A633E3D113AD425FB50002000002A6 A TUTOIIAh TMTOBEPXHOCTH CIIOEB S, H 3aBHCHT OT
Bnapeneu:  lWe63yxoea TaTbsHa AneKkcaHapoBHa ' OBICTPO MEHSETCS CKOPOCTH TEYEHH S KHIKOCTH

I CIIOS K clIor0. Ha pHCVHKe IIpecTaRlIeHbl IBa
MeitcTBuTeneH: ¢ 20.08.2021 no 20.08.2022 PHCYHKE ITPEN JB
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CIIOSI, OTCTOMIIME APYT OT APyra Ha PAcCTOSHHH Ax H IBHKVIIHECS CO CKOPOCTSMH 1 H 2.
[Ipu sToM v —v2 = Av. HarpagpieHre, B KOTOPOM OTCUHTBIBAETCS PACCTOSHIE MEXIY CIIOSMI,
nepneHOUKyAAPHO CKOPOCTH TeueHHS ciioeB. BemmunHa Avo/Ax IToKaspIBaeT, KaKk OBICTPO Me-
HSETCS CKOPOCTh IIPH IIEPEXOJIE OT CIOS K CJIOK0 B HalPaBIIeHHH X, IEPIEeHIHKYISIPHOM
HaIIPpaBIEHHIO ABHKEHHS CIIOEB, H HA3bIBAeTCS IpaJHEHTOM CKOPOCTH. TaxkuM o00pazoM,

MOYKHO CHHTATh, HTO MOAYJIb CHIIBI BHYTPEHHECI'O TPCHILA PABCH.

F:n&_US, (1)

Ax

rJe KO3((HIMEHT ITPOIMOPIHOHATLHOCTH 7, 3aBHCSINMI OT IPHPOIBI KHAKOCTH, Ha3bIBACTCS
JHHAMHYECKOH BA3KOCTbI0 (HIIH IIPOCTO BA3KOCTBIO).

Emuriia BI3KOCTH — mackajb-cekyHaa (I1a-c): 1 Ila-c paBeH ZHMHAMIYeCKOH BI3KOCTH
Cpelbl, B KOTOPOH IIPH JJaMHHApPHOM (ITIaJKOM) TeYeHHH H IpaJHeHTe CKOPOCTH C MOZIYJIEM,
paBHBIM 1 M/c Ha | M, BOSHHKAeT CHIIAa BHYTpeHHero TpeHns B 1 H Ha 1 M? IOBEpXHOCTH Kaca-

HHS CIIOEB (1 TTa-c=1 H-c/m). [IpuMeHseTcs TaKkKe BHecHcTeMHas euHNIa — myas (T1):
1IIa-c =10 IL

YeM Gonblie BA3KOCTE, TEM CHIIbHEE KHIAKOCTh OTIIMYAETCS OT HACAJIbHOM, H TEM OOJIIBIIHE
CHIIBI BHYTPEHHETO TPEHHSI B Hell BOSHHKAIOT. BS3KOCTh 3aBHCHT OT TeMIIEpPaTyYPhI, ITPHUEM Xa-
PAKTEP BTOH 3aBHCHMOCTH IS KHAKOCTEH M ra30B pasiIndycH. 1 JKHIKOCTEH 1 ¢ YBEIIHUEHHEM
TEMIIEPATYPhl YMEHBIIAETCS, Y I'a30B, HA000POT, YBEIHYNBAETCS, YTO YKA3hIBAET Ha PA3IIHYIE B
HIIX MEXaHH3MOB BHYTPEHHEIrO TpeHHS. Tak, JHHaMH4YeCcKas BS3KOCTh BOJIBI YMEHBIIAETCS OT
1,792-107 I o 0,284-107- II (tT.e. B 6,3 pa3a) npu yBemyeHHH TemrepaTypsl oT 0 °C mo 100
UC, a y BO3IyXa B 5TOM e AHalla30He BA3KOCTh yBenHumuBaercs or 1,709-107* IT mo 2,175:107*
I1.

CYIIEeCTBYET JBa pPekKUMa TeueHHS XKHAKOCTeH. TeueHHe Ha3bBaeTCd JAMHHAPHBLIM (CJ10-
HCTBbIM), €CIIH BJIOJb ITOTOKA Ka)XIABIil BBIJACIIEHHBIH TOHKHI CIIOH CKOIIB3HT OTHOCHTEIIBHO CO-
CEJHHX, HE IIepEMENINBASCh ¢ HHMH, H TYPOY/JIeHTHbIM (BHXpPeBbIM), €CIIH BJIOIb IIOTOKA ITPO-
HCXOJHT HHTeHCHBHOe BHXpeoOpa3oBaHIe H ITepeMellIHBaHHe KHIKOCTH (Ta3a).

JlaMHHapHOEe TeueHHe KHIKOCTH HAOIIOLAETCS ITPH HEOOBIIMX CKOPOCTAX €€ JBHKEHHA.
BHeIHM CIIOH KHIKOCTH, IIPHMBIKAOIIMI K ITOBEPXHOCTH TPYORI, B KOTOPOH OHA TEYeT, H3-3a
CHJI MOJIEKYIISIPHOI'O CIIETUIEHHS IIPHIIMITIAET K HEH M OCTAeTCs HEMOABHKHBIM. CKOPOCTH ITOCIIE-
IVIOII[HX CIIOEB TeM OOIBIIE, YeM OOJIbINEe HX PACCTOSHHE 0 ITOBEPXHOCTH TPYORI, H HAaHOOIb-
IIIEH CKOPOCTBIO OOJIafiaeT CIIOH, ABHIKVIIHICS BIOIL OCH TPYOHI.

[Ipn TypOylIeHTHOM TEYEeHHH YAaCTHIBI KHIKOCTH IIPHOOPETAIOT COCTABIISIOIE CKOPO-
CTeM, TEPIIEHAUKYIISPHBIE TEYEHHIO, ITO3TOMY OHH MOT'YT IIEPEXOIUTH M3 OAHOIO CIIOS B APYTOH.
CKOpPOCTh YaCTHI[ KHIKOCTH OBICTPO BO3pacTaeT II0 MEpPE YIaJIeHHSI OT ITOBEPXHOCTH TPYOHI,
3aTEM H3MEHAETCS JOBOJIBHO HEZHAUNTENLHO. TaK KaK YaCTHIBL KHIKOCTH IePeXOmaT U3 OXHO-
I'O CIIOS B APYTOH, TO HX CKOPOCTH B PA3IMYHBIX CIIOSX MAlIO OTIIHYAroTCS. M3-3a GOMbIIOro rpa-
JTHEHTA CKOPOCTEH Y ITOBEPXHOCTEH TPYORI OOBIYHO IIPOHCXOANUT 00pa30BaHHE BHXPEH.

[Tpodmins ycpelHEHHOH CKOPOCTH ITPH TYPOYIIEHTHOM TE€YeHHH B TPyOax OTIHYAeTCS OT
ITapaboIHYeCcKOro IMpoduisd IIpH JJaMHHAPHOM TedeHHH Ooree OBICTPEIM BO3pacTaHHEM CKOPO-
CTH Y CTEHOK TPYOBI M MEHBIIIEH KPHBH3HON B I[eHTPATILHON YaCTH TeUeHH .

Anrmmmiickni yueHbsIH O. Pelinombac (1842—1912) ycTaHOBHIL, YTO XapaKTep TeYeHHS 3a-
BHCHT OT Oe3pa3sMepHOH BETHYHHEI, Ha3kIBaeMOH YHCIIOM PelHOIb/Ica:

po)d
Re = . . (2)

AOKYMEHT NoarnncAH
SNEKTPOHHOW MOAMACHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

WCTh AIIKOCTIH,
Bnapeneu: le6ayxoea TatesaHa AnekcaHgpoeHa

AIIPHMEP JHAMCETP TpYﬁBI;
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§ — THHAMHYECKas BI3KOCTh KHIKOCTH.
OTHoIIeHHe V = #/p HAa3bIBACTCSI KHHEMATHYECKOH BA3KOCTbIO, IT03TOMY (2) MOKHO ITPEJICTa-
BHTH CIIEIYIOIIHM 00pa3oM:

Re = ——. (3)

[Tpn mameIx 3HauyeHHSIX yHcna PefiHompaca (Re < 1000) HaGmromaeTcs TaMHHApHOe Tede-

HHe, TIepexo]] OT JIAMHHAPHOI'0 TeueHHs K TypOyieHTHOMY ITpoHcxoauT B obmactH 1000 < Re <
2000, a mpu Re = 2300 (mma rmagkux TpyO) TedeHHe TypOyneHTHOe. Ecin unceimo PeliHombca
OJHHAKOBO, TO PeXHM Te4YeHHS pa3IHYHBIX KHIAKOCTEH (ra3oB) B TpyOax pasHBIX CEUEeHHH OJIH-
HAKOB.
Teopusi MeToJa H ONMHCAHHE YCTAHOBKH
BSB3KOCTE IIPOSIBISETCS IIPH ABIKEHHH HE TOJBKO KHIAKOCTH IO COCYJaM, HO H Tel B
KHUIKOCTH. [IpH HeOONBIIMX CKOPOCTSX B COOTBETCTBHH C YpaBHEHHeM HBIOTOHA CHIIa CO-
IIPOTHRIIEHH S IBIDKYIIEMYCS TETY ITPOIIOPIMOHAIBHA BSI3KOCTH KHIAKOCTH, CKOPOCTH JIBILKE-
HHS Tejla M 3aBHCHT OT pa3MeEpPOB Tella. TaK KaK HEBO3MOJKHO YKa3aTh OON[YyI0 (DOPMYITY IS
CIUIBI COITPOTHBIIEHHS, TO OTPAaHHYHMCS PACCMOTPEHHEM YaCTHOTO CITy4as.
HanGomnee mpocTtoii (popmoit Tena aBiasgeTcs cdepa. J11g ceprHueckoro Tema (IapHK) 3aBH -
CHMOCTH CHIIBI COIIPOTHRIIEHH S IIPH €0 ABHKEHHH B COCYJE C KHIKOCTBIO OT IepPeYHCIIEHHBIX
BBHIINE (DAKT OPOB BEIpaKacTCs 3aKoHom CmoKca:

F,,=6mnro, (4)
r7e ¥ —paJuyc IapHKa,
U — CKOPOCTb ABHKCHH .

OTOT 3aKOH IOMYYEH B IIPEAIIONOKEHHH, YTO CTEHKH COCYJIa HE BIMSIOT Ha JBHXKEHHE Te-
na.
[Tpu mmageHy mapHKa B BA3KOH cpejie (pHC. 3) Ha HETO AEHCTBYIOT TPH CHIIBL:

® CHIIa TAKCCTH Mg = % pﬂf‘?'g ’

® BHITAIKHBAIOIIAS (ApXUMEOBA) Fy =m, g = 3 PxTIg ,
TJIE Mix— MACCa BBITECHEHHOMH IIaPOM JKHJIKOCTH, px — €€ TUIOTHOCTD,

e Fr, — CHIIA COIIPOTHBIIEHHU S, BRIUHCIIIEMA 110 (popmyTie (4).

[Tpu momajaHHH ImapHKa B BA3KYIO KHJIKOCTh €r0 CKOPOCTh YMEHBINAeTcsd. Tak KakK CHIla
COITPOTHBIIEHH S IIPSIMO ITPOITOPIIHOHAIIbHA CKOPOCTH, TO H OHA OYAEeT YMEHBIIAThCS J0 TeX I10p,
IIOKa JBHKEHHE He CTaHeT PaBHOMEPHBEIM. B 3TOM ciTyyae:

mg+F,+F,, =0. (5)
Fa 4
B CI{EIJIHpHGﬁ QJGPME ITPH ITOACTAHOBKE COOTBCTCTBYIOIIHX BbIPaKC-
A -
Fip HIH 171 ciil, (popmyma (5) OyaeT HMeTh BHIL
TPT 178 — 5 pacTir’g —6mmruo =0, (6)
mg v
I'Ie V(O — CKODOCTh PAaBHOMEPHOI'O JABHKEHHS (]‘[EL[[EHI[H) MIapHKa.
OJOKYMEHT NoarnncAH -
SNEKTPOHHOW NOANMUCHLIO paxcHIC JJIA JHHAMHYCCKOH BA3SKOCTIH.
Ceptucpukat: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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n=2(FP " Po)re (7
9 Vo

(DGPI\J}"HH (T) CITIpaBCJIHBA JJIA ABHXCHHA IIIAPHKA HE TOJIIBKO B KIHJIKOCTIH, HO H B I'd3€.

SKCHEPHMEHTHJ]LHELH YCTAHOBKaA COCTOHT H3 CTCKIIMHHOI'O INTUIHHAPA, 3alIOJIHEHHOI'O I'JIH-
IIEPHHOM. Ha IFIJIHHAPE HAHSCCHBI ABC I'OPH30HTAJIBHBIC MCTKH (HPGEGHGIII{BIE I{D'HLI_[E],):. PacIio-

TOJKEHHEBIE APYT OT APyra Ha pacCTOSHHH [ (BepXHII MeTKa JOIDKHA OBITH HUJKE YPOBHS IIIHI[E-
pHHA Ha 5 — 8 cM.). BSBKOCTE ITIHI[EpHHA 3aBHCHT OT TeMIIEPATYPEI CIIEAYIOIIHM 00pa30oM:

T.°C 3 18 21
y, 11 42.20 10.69 7.78
v, cM2/¢C 33.40 8.48 8.18

QObopyooearue u mamepuaisl.

CTeKISHHBIH IFLUITHHIP., 3aIIOJIHEHHBIH NIHIOCPHHOM, CCKYHIOMCP, ITHHIICT, INapPHKH, MHK-
POMETP HIIH OTCUETHBIH MITKPOCKOIIL.

Ykazanua no mexHuxe dezonacHocmil.

1. K BBITONMHEHHIO Ta00paTOPHBIX Pa00T JOITYCKAKOTC CTYIEHTRI, H3YUHBIIHE ITPaBHIIa

TEXHHUKH 0e30ITaCHOCTH.
2. JlaGoparopHble pabOThI MOT'YT IIPOBOJHTECS TOIIBKO ITOJ] PYKOBOACTBOM H HAOIIFOJeHHEM

ITPEITOAaBaTeIsl.
3. Pacnomarante npuHOOPEI, MaTepHAJIbL, OO0OPYAOBAaHHE HA paboyeM MECTE B IIOPSJIKE, VKa-

3dHHOM IIPCIIOAdBAT CIICM.
4. He ACPKHTC Ha pﬂﬁﬂ‘IEM CTOJIC ITPEAMETEBI, HE TpEﬁ}*’IOH_[IIECH OIL BBITIOITHCHI A 34 1aHITA.

HEPE,[[ TEM, KdK IIPHCTYIIOITE K pﬂﬁDTE TIIATCIIBHO H3VUHTC e€ OITHCaHHE, YACHHITC X0/
BBITIOJIHCHITA pﬂﬁDTBI.

hd

3aoaHuA.

1. M3mepHB JHaMeTp IIapHKa, OITYCTHTh IMAPHK B KHIKOCTh KaK MOYKHO OJIIKe K OCH IIH-
JTHHpPA.

2. BXIIOUHTE CEKYHIOMEP B MOMEHT ITPOXOKIEHIS MIAPHKOM BEPXHEN METKH.

3. BBIKIFOYHTH CEKYHIOMEP B MOMEHT ITPOXO0’KIEHHS IMAPHKOM HIKHEH METKH.

4. IIOBTOPHTH OITBIT HECKOIBKO (7 — 9) pa3. BRIUHCINTE CpejlHee BPeMS fcp, 32 KOTOPOE
IITAPHK ITPOXOIHUT MEKIY JIBYMS MeTKAMH.

5. H3MmepuTh paccTosHHe [ MeXIy METKAMH.

6. BBIUHCIIHTE CKOPOCTE MaJeHHs IIapHKOB U ( = [/fep.
7. IloacTaBHTh 3HAUEeHHE CKOPOCTH B (popMyIIy (7), BRIMHCINHTD BA3KOCTh I'JIHIIEPHHA.
8. Pesynerarel H3MepeHHH 3aHeCTH B TaOHIy 1.
Tabmmia 1.
l I I l [ l [
OOKYMEHT NOAMNMUCAH
ANEKTPOHHOW NOAMUCHIO c|to,c|tep c|r,M Vo, [, m N,
CepTudmkar: 12000002A633E3D113AD425FB50002000002A6 M/C [Ta-c
Bnapeneu: tHebayxosa TateAaxa AnexcaHgpoeHa
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IIpumeuaniie: TIOTHOCTH CBHHIA p = 11,350 /e’
TUIOTHOCTD IIHIEPHHA px = 1,264 T/cM?.

Cooepacarue omuema.

OT4eT 1o 1ad0opaTopHEIM padoTaM JOIKHEI COAEPKaTh:

- TUTYJILHBIH JIHCT,

- 1IeNb PadoTHI,

- KOHCITEKT OCHOBHBIX 3aKOHOB, OIpeIelIeHHI, TIOHATHI, (JOPMYII,
- OCHOBHOE 000PYIOBaHHE, CXEMa YCTaHOBKH,

- OITHCaHHE IT0 IMTYHKTAM BBITTOITHEHHOH padoThI,

- pe3yIIbTaThl H3MEPEHHH H pacyeTOB (TaOIHIIbI, TPa(pHKH);

- OIIEHKA TIOTPEITHOCTEH,

- OTBETHI HA KOHTPOIIBHBIE BOIIPOCHL,

- BBIBOJIBI 10 PE3YIIbTaTaM BERIIOTHEHHON PabOoTHI, JaTa, ITOIIICE.

Koumponsnsie éonpocel.
1. YTo Takoe BHYTpPEHHEE TPEHHE?
OT 4ero 3aBHCHT CHJIa BHYTPEHHETO TPeHHI?
Kak 3armmceiBaercsa popMyita HeroToHa A7 BHYTPEHHETO TPEHHA?
YTto0 rmokassIBaeT IpaJHeHT CKOPOCTH? B KakMX eqHHHI[aX OH H3MEPSIETCS?

SNk W

OT 4ero 3aBHCHT CHJIa TPeHHS IIPH JBHKeHHH TeJl apoo0pa3Hoil ()OpMBI B BI3KOH cpe-
ne?

Kakre CHIIBI IEHCTBYIOT Ha IMaJarOIIi B BS3KOH Cpelie IIapHK H KaKOB XapaKTep JIBH-
JKEHHS IIapHKa?

7. B KaxkHX eIHHHI[aX H3MEPSIOT BS3KOCTH? OT YEro oHa 3aBHCHT?

=

JIabopaTopHas padora Ne 6

Tema pﬂﬁﬂfﬂbl. Ol]pE,[[E.]]EHHE OTHOHOICHHHA YIC/JIbHbIX TelJI0OeMKOCTeHn BO3aYXa METO-
JOM MHHﬁﬂTH‘IECEﬂI‘ﬂ paciliinpcHn.

Ilens padomer. V3yunTh ra30BbIE 3aKOHBI, IIEPBBIH 3aKOH TEPMOJHHAMHKH H TIOHSTHE
TerIoEéMKOCTH. OIpeJeIHTh OTHOIIEHHE TeINIOEMKOCTEH BO3AYyXa IIPH ITOCTOSHHOM JaBIEHHH H
ITOocTOSIHHOM 00beMe (Koa(uimeHT [lyaccoHa) B YCIOBHSX, OIM3KHX K HOPMAJIbHBIM.

T eopemuieckdAa udacmbo.

OIIBIT ITOKA3BIBACT., HTO KOIHYCCTBO TCILUIOTHI Q:. HeOOXOqHMOE IIS Hal'PCBdHIA MACCEI
OJHOPOAHOI'O BEIICCTBA OT TCMIICPATVPhI I'yooT 2, HIPOITOPIHOHAJIBHO MACCC BCIIICCTBA H H3MC-

HEHHIO TeMIIEPATYPHL:
O=cm(T> - T ), (1)

TJIE ¢ - YAeIbHAA TeIIOEMKOCTD BelecTBa. M3 hopMyiisl (1) cnexyer
c=_,¢@ . (2)

mT,— T,/
Yoenvrnoit mennoemxkocmoro HazbIBaeTCd KOIHYECTBO TCIUIOTHL, HEG@KGI[HMGE JITIST
AOKYMEHT NOAMVCAH Wy [c]= (-2
SNMEKTPOHHOW NOAMMCHIO r K
Ceptuchmkar: 12000002A633E3D113AD425FB50002000002A6 Ke -

Bnageneu: LLleGayxoea TatkaHa AnekcaHapoBHa CBad HCITOJIIB3YETCA MOIIIPHAA TCIUIOCMKOCTD CM

HECTBO TCIIIIOTHI, HeOoOXOIHMOe 1S HaI'PEBAHITA
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1 momng BemectBa Ha 1 K. U3 OITPEACIICHI A }",I[EJ]I:-HDﬁ TCIUIOCMKOCTH CIIEAYCT, YTO OH4 CBA3dHaA C
MGJIHPHDﬁ COOTHOIIICHH EM

CM =Mc 3)
V=1
monw - K
CoCTOSHHE Tra3a MOXKET OBITH OXapaKTepH30BAaHO TpeMs ITapaMeTpaMH. TaBJIEHHEM p,
o0beMOM V U TemriepaTtypor 7. YpaBHEHHE, CBI3BIBAIOIIEE 3TH BEIHUHHBI, HA3BIBACTCS Ypde6He-
HUeM cocmoAHUA 2a3a. {71 cioydas HAeaJIbHOrO ra3a YPaBHEHHEM COCTOSHHS SBIISETCS ypde-
HeHue Menoeneesa-Knaneiipona

rae M - MonsapHas Macca Belectsa. B « CHU» emuHmia m3sMepeHHs

I
pV=__RT (4)
M

rJe R - YHHBCPCAJIbHAA I'd30BdA ITOCTOAHHAA.
BemiuiiHa TelllIoeMKOCTH Ia30B 3aBHCHT OT }*’CHGEHﬁ Hal'PEBAHIHA. BrIsscHIM ITY 3dBHCH-
MOCTBE, BOCIIOJIB30BABHIHCE YPABHCHHEM COCTOAHIA (4) H nepeviM HAUAIOM HIEMH&HHMIHHH,

KOTOPOE MOKHO C(POPMYIIHPOBATh CIeAYIOITHM 00pa3oM: KOIHYECTBO TEIUIOTHI 00, IepelaHHOe
CHCTEME, 3aTPAaYHBAETCS Ha YBEIIHUEHHE €€ BHYTPeHHeH SHepIrHH dU B Ha paboTy 04, COBepIIIa-

CMYHO CHCTEMOH ITPOTHB BHCIITHITX CILI

60 = dU + 04, (5)
Ilo OITPEACIICHHIO TCIUIOEMKOCTE PdBHA
~_ 80 _dU  3A ©
dT dT dT

N3 YPaBHCHIA (6) BHAHO, HTO TCIUNIOEMKOCTDb MOKET HMCTh PA3IIHYHBIC 3HAUCHIIA B 3dBH-
CHMOCTH OT CIIOCOOOB Hal'PCBdAHIA I'd3d, TdK KdK OJHOMY H TOMY 2KC 3HAYCHITIO drl MOI'YT COOT-

BETCTBOBATh Pa3IHNYHbBIE 3HAUCHNHT dU H dA.
JlemeHmapHan padoma NIcalbHOIO raza paBHa dA = pdV. BHympeHHAA IHepeua 2a3a

paBHAa:
[ m
U= RT (7)
2 M
m el Ll [ ]
rae — - KOIMHYeCTBO MOJIEi rasa, [ - YHCIIO CTEIeHeH CBOOOII.
M

Hucnom cmenereil 6000061 MOIEKYIIBI T'a3a HA3BIBASTCS YHCIIO HE3aBHCHMBIX KOOPIH-
HAaT, OIPEAEIISIOINNX ITOJIOKEHHE MOJIEKYIIEL B ITPOCTPAHCTBE.

[Ipn ABMKEHHH TOYKH IO IPSMOH JIMHHUH JJIS OLIEHKH €€ IIOMOKEHHS Hal0 3HAaTh OXHY
KOOPIHUHATY, TO €CTh TOYKAa HMMEET OJHY CTEIIEHh CBOOOJIBI. ECIH TOYKaA JBHIKETCS IO ILIIOCKO-
CTH, €& ITOINOKEeHHE XapaKTepH3yeTcsd ABYMS KOOPAMHATAMH, TO €CTh TOYKa OOIaacT JBYMSA
CTeleHsIMH CBOOOABI. IlomokeHHE MaTepHallbHOH TOYKH B IIPOCTPAHCTBE OIPEHEISETCS TPEMS
KOOpAHHATAMH (TPH CTEIIEHH CBOOOIHI).

MOIEKYIIBI, KOTOPBIE COCTOST M3 OJHOIO aTOMA, CUHTAOTCS MATePHAIBHBIMHA TOUKAMH U
HMEIOT YHCIIO CTEIEHEH CBOOOAEBI [ =3. TaknMH SBIITIOTCS MOJIEKYJIBI aproHa, I'elnsd H JIp.
JIByxaToMHBEIe Monekymsl (Hz, N2 u ap.) o0magaroT 4YHMCIOM cTelleHel CBOOOABI [ = 5, OHH
HMEIOT TPH CTEIEHH CBOOOBI ITOCTYIIATEIbHOI O ABHIKEHHS BJIOMbL OCEH X, Y, Z M JBE CTEIIEHHU
CBOOOBI BpareHHsI BOKPYT ocell X H Z (pHcyHOK 1, a). BpamenneM BOKPYT ocH Y MOKHO
IpeHeOpeyh, TaK KaK MOMEHT HHEPIMH MOJIEKYIIBI OTHOCHTEIILHO 3TOH OCH O4YeHb Mail. Morie-
KYIIBL, COCTOSIITHE M3 TPEX I Oolee JKECTKO CBS3aHHBIX aTOMOB, HE JIEKAIIMX HA OJHOH ITPSMOI

NOKYMEHT rIOANVCAH I UL [ = 0 TPH CTEIeHH CBOOOIEI IIOCTYIIATEIIBHO-
SNEKTPOHHOW NOAMMCBIO 11 BOKPYT oceH X, Y, Z. CTOIIBKO K€ CTEIlEHEH
CepTudimkar: 12000002A633E3D113AD425FB50002000002A6 _
KYJIBL.
Bnapeneu: Webayxoea TaTeAHa AnekcaHOpoBHAa
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o ® X X
> >
Y / Y
3 Puc.9P1 6

PucyHoK 1 =Yucno cteneHen ceoboabl  MONEKYN

B obmieM cimydae i - Ko3((pHIEHT, PaBHBII CYMME Y CIIA ITOCTYIATENbHBIX (inocm), Bpa-

IMATEbHBIX (lepany) M YIBOEHHOTO YHCIIa KOJIEOATEIBHBIX (ixaes) CTEIIEHEH CBOOOABI MOJIEKYIIBI
rasa:

I = Inoem + fspma; + Zixones -

" .. M
Ha prucyHke 2 1moka3aHa 3aBHCHMOCTH MoISIpHOii Termmoémkocti C° Bogopoxa (Hz) ot

TEMIIEPATYPEI, H3 KOTOPOH CIEAYET, YTO TEIUIOEMKOCTh PeallbHOI'O I'a3a He 3aBHCHT OT TeMIIepa-
TYPBI TOIIBKO B OITPEJIEIIEHHBIX TeMIIepaTyYPHEIX HHTepBainax. [Ipu sToM B HHTepBaie 1-1" Heol-
XOIHMO YVUHTBIBATH TOJBKO ITOCTYIIaTelIbHBIE CTeIleHH cBOOONBI (i=3), B HMHTepBane 2-2' - IIO-
CTyIIaTeJbHbIE H BpallaTelbHbIe (i=5); B HHTepBane 3-3' - IOCTyIaTeIbHbIe, BpalaTelbHble H
KoneOarenbHble (i=6). OnMHcaHHAas 3aBHCHMOCTh TEIIOEMKOCTH PeallbHOIO ra3a OT TeMIlepaTy-

PBEI 00YCIIOBIIEHA KBAaHTOBOH IPHPOAOH MOJIEKYT H OOBSICHSIETCSA B COOTBETCTBYIOIIMX pas3jellax
Kypca (PH3HKH.

TemriepaTypsl, BHIIIE KOTOPEIX HEOOXOJAHMO YYHTBIBATh TeMIIEPAaTYPHYIO 3aBHCHMOCTD

e
Ipl_ —
2K 3 5
Spl__ _
'Z*R 2 2
] ———
2}? it 7
-
/
.f!
0" -

PHCYHOK 2 — 3aBHCHMOCTh MOJISIPHOH TEIIIOEMKOCTH OT TEM-
IepaTypsl rasa

BKIIAJIOB B TEIUIOEMKOCTH BpPAI[aTEIBHOIO M KONIeOaTEIbHOIO ABMIKEHHS MOJIEKYII, ITOIYYIIH
Ha3BaHHE pALLAMEIbHOIL XApaKkmepucmuueckoi u KoJjiebamenbsHol Xapax-
mepucmuiuecKkoil memnepamypsl COOTBETCTBEHHO. 3HAUEHHSI STHX XapaKTepPHCTHYECKHX
TEMIIEPATYP IS BOLOPO/Ia, a30Ta M KHCIOPOoAa IIpHBeAcHRI B Ta0mrie 1.

Bpaﬂ_[ﬂTEHLHﬂH H KonedaTelnbHasd XAPaKTCPHCTHYCCKHE TCMIICPATVPhI

HEKOTOPBIX I'd30B

NOKYMEHT NOANMUCAH Tabmira 1
SNEKTPOHHOW NOANUCHLIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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I'as XapakTepHcTHUYeCKas TeMIieparypa, K
BpamnareinbHasa KomnebarenrHas

H» 85,4 6100

N2 2,86 3340

O 2,07 2230

M3 rpuBeJeHHBIX JaHHBIX CIIeAyeT, YTO IIPH TeMIlepaTypax, OIMHM3KHX K HOPMaJIbHOI, pe-
alIbHBIE JBYXATOMHBIE I'a3bl MOKHO pacCMaTpPHBaTh KaK HjealbHBIH I'a3, MOJIEKYJIbI KOTOPOIO
00ImaJaroT TOIBKO ITOCTYITAaTEIIbHBIMA H Bpall[aTelIbHBIMH CTEIIEHSMH CBOOOJIHI.

PaccMOTpHM OCHOBHEBIE ITPOLIECCHI, ITPOTEKAIOIHE B HJIEAJIBHOM TIa3e IIPH H3MeHEHHH
TeMIIepaTypPhl, KOrJa KOJIMYECTBO BEMIECTBA Ia3a OCTAETCS HEHM3MEHHBIM H PaBHO OJHOMY MO-
Jr0. KommiecTBO TEIIOTHL, HEOOXOANMOE A1 HarpeBaHH S OJHOr0 MO ra3a Ha 1K, paBHO Mo-
JISIPHOH TEIIIOEMKOCTH.

H3oxopustit npouecc. 11polecc Ha3bIBaeTCS H30XOPHBIM, eCIIH 00beM Tella IIPH H3MEHe-
HHH TeMIIEPATYPhl OCTAETCS ITOCTOSHHBEIM, T.e. V=const H m=const. B 3ToM citydae dV = 0.
CriegoBaTeIbHO, H dA = 0, T.e. IIPH 3TOM BCS ITOABOANMAS K ra3y TeIUIOTa HAET Ha YBEIIHYCHHE
ero BHyTpeHHeH 3Heprun. Torga n3 ypaBHeHHi (6) 1 (7) claeIyeT, YTO MOJISPHAs TEIDIOEMKOCTh

I'a3d IIPH ITOCTOAHHOM o0beMe PaBHa

cM = = R (8)

H3ob0apustit npouecc. 11Iporiecc, IMPOTEKAIOMHH IIPH ITIOCTOSHHOM JaBIEHHH p = const H
m=const, Ha3bIBAeTCS H300apHBIM. [[J151 53TOro ciry4dast opmyiia (6) IeperHIeTcs B BHJIE:

cM = +p . (9)
P dT dT

5k YPABHCHHA I'a30BOI'O COCTOAHIA (4) AJEL OJHOI'O MOJI ITOJIYHACM.

pdV + Vdp = RdT. (10)

Ho p = const u dp = 0. CriegorarensHo, pdV = RdT . llogcTaBiissa 3TO BEIpaKeHHE
B ypaBHeHHe (9), MOTyYHM

1+ 2
cM ='T R (11)
P 7
M3 ypasHeHnun (8) u (11) cineayer, 4yTo
cl=c/ TR . (12)

IlocnemHee ypaBHEHNE HA3BIBAIOT ypaeHeHUuem Maiiepa.
H3omepmuueckuii npouecc. 130Te pMHUECKHM IIPOIIECCOM Ha3bIBaeTCH IIPOLIECC, IIPOTE-

KAFOIHIT IIPH ITOCTOSIHHOI TemMreparype T=const H m=const. B 31oM citydae dT = 0u dQ = dA
. TO CTh BHYTDEHHS SHEPIHS Ia3a OCTAETCA ITOCTOSHHON H BCE ITOABOAHNMOE TEIIIIO PACXOMYET-

[NOKYMEHT MOAONWCAH
SNEKTPOHHOW NOANMUCHIO | - -
CepTudukar:  12000002A633E3D113AD425FB50002000002A6 poTeKaroIMu 0e3 TEMITOOOMEHA ¢ OKPYKaOIIEH
Bnapenewu: | llleGayxosa TaTsAHa AneKcanapoBHa HayaJaI0o TEPMOJMHAMHKH /IS TAKOro ITpolecca
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Oyzetr uMeTh BHA. dQ = 0, dU + dA = 0, dA = -dU, TO ecTh IIpH agHadaTHYECKOM IIPOI[ECCE Pa-
O0oTa COBEpPINIAETCSA Ta30M TOJIBKO 3a CUET M3MEHEHHS 3araca BHYTPEHHEH SHEPIHH.

BriBezeM ypaBHEHHE agHadaTHUYeCKOro ITporecca. IIpu amnadaTHUEeCKOM pacIIHpPEHHH
pabora coBeplaeTcd 3a cueT YOBIIH BHYTPEHHEH 3HepIHH dA = - dU. Ho dA = pdV u

dU = CdeJHaTﬂ«rr
pdV =-CM dr. (13)

Pasgemis ypasHeHue (10) Ha (13) 1 yunTeieas (12), momyunm

C |
- = — L — _:—"}/—JI (14)

CM
— P

rae Y = — 7 HasbIBacTCs noKazamesem aouadamst WM Ko uyuenmom Ilyaccona. HVnre-
'L.-‘

IPHPYS H TIOTEHIMPYS VpPaBHEHHE

.HC (14), nonyunMm ypasuenue Ilyacco-
B Ha (ypaBHEHHe ajHa0aTHYECKOr O

1 IPOIecca):
1‘ pV'! =const.
o
&
.
0
i
bl

(15)
H(h) C yueroMm (8) 1 (11) KO3 -

¢uieHT IlyaccoHa paBeH

e
|
|

C .
p 1+

’}I:

[

Cy

(16)

PucyHok 3 — CxXeMa YCTaHOBKH OTa (opMyma CIIpaBeUIHBa KaK s
OTHOIIEHHS  MOJISPHBIX, TaK M

yIEeIbHBIX TEIIIIOEMKOCTEH Ia30B.
Bo3ayx sBIseTcs B OCHOBHOM CMECBIO JBYXAaTOMHBIX T'a30B: a30Ta M KHcIopoaa. [1oato-
MYy €r0 MOKHO pacCMaTpHBAaTh B I[€IIOM KaK JBYXaTOMHEIH ra3. CoBMaJieHHE 3KCIIEPHMEHTAIBHO
HaHJIEHHOT 0 3Ha4YeHH S KO3()(pHIHEeHTa Y ¢ pacCUHTaHHBIM IO (popmyie (16) s JBYyXaTOMHOIO
HJIeallbHOIO Ta3a MOJKeT CIIYKHTh KPHTepHEM ITPHMEHHMOCTH TEOPHH HJIealIbHOrO rasa Il
OIMHCaHH S peallbHbIX Ta30B.

Obopyoosarue u mamepuaisl.
[Ipemmaraemerii Meton ompefeneHns Koa(gduimenra IlyaccoHa Yy OCHOBaH Ha ITPHMEHEHHH
ypaBHEHHH aaHa0aTHYeCKOIro H H30XOPHOIO IIPOIIECCOB H 3aKOHa bomisa-MapHorTa.
YCTaHOBKA COCTOHUT M3 CTEKIIIHHOIO OaUToHa A, COEAHHEHHOIO C BOJISHBIM MaHOMET-
poM B u HacocoMm (pucyHOK 3). IlocpeacTBoM KpaHa JI 0amiIoH MOKeT OBITh COeJHHEH C aTMO-
cpepoii.

nﬂ,ﬂ?&hﬂ%ﬁ?ﬁéﬁﬁﬁﬂ cocToqEI mapTAMie BO3AyXa B 0aJJIOHEe paBHO aTMOC(EPHOMY.

SNEKTPOHHOM NOANUCHIO yaTh B OaJIOH HEKOTOPOEC KOJIHYSCTBO BO3/IYXAd,

Ceptudumkat: ;| 12000002A633E3D113AD425FB50002000002A6 [O TIOBEIIIIEHIE OBIIO IIPOH3BENIEHO JIOCTATOUYHO
Bnapeneu. lebayxoea TateaHa AnekcaHapoBHa =

Y P 3y 3aHMCET OKOHYATCIIBHOC ITOIIOKCHHE, TaK KaK
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KOJIeHaX MaHOMeTpa H YCTaHOBHUTCS TOJIBKO TOIJZla, KOIja TeMIlepaTypa BO3ayXa BHYTPH Oaruio-
Ha CpaBHSETC, Omarofaps TEIUIOMPOBOIHOCTH CTEHOK, ¢ KOMHATHOH TEMIIEPaTypPOH

O0603HauMM 4Yepes3 7| KOMHATHYIO TEMIIEPATYPY H Yepe3 pi - JaBJIEHHE ra3a BHYTPH CO-
CyZla, COOTBETCTBYIOIIEE ITOKa3aHI0O MaHOMeTpa H. OUeBHIHO, YTO JaBJIEHIE, YCTaHOBHBIIEECS
B OamwioHe, OyAeT OofbIle aTMOC()epHOro Ha BelTHUHHY A p) = pgH:

pr=po+Adpr  (17)
TJe po - aTMOC(EepHOe JTaBJIe-
Hue. [lapametrper 71 U pi Xa-
PAKTEPHU3YIOT COCTOSIHHE BJIE-
MeHTa oObemMa V) rasa, KoTo-
pO€ MBI Ha30BEM IIEPBEIM CO-
CTOSIHHMeM rasza (Touka | Ha
P3 V3T PHCYHKE 4).

Ecmm Terepp Ha Ko-
POTKOE BPEMS OTKPBITH KpaH,
TO BO3AYX B OawioHe OVIET

Py 1 VT,

: i PEVETZ _

P=P; | 2! pacimpsaTbcss  agpadarH4ie

: : CKH, TIOKa MJaBJICHHE €ro He

& = | > CIHeIaeTCcd PaBHBIM  aTMO-
-"I.'rl V2=V3 o p

chepHOMY pp; IIPH 3TOM OH
OXJIAIUTCS OO TeMIIEPaTyPhI
PucyHok 4 — [lnarpamma rasosoro npouecca T>. Dro GYIET BTOPOE COCTO-
SIHHE Ta3a ¢ IrapaMeTpaMu 7>

, V2 1 p2=po (TOUKa 2 Ha pHCYHKE 4).

Ecm cpa3zy B MOMEHT JOCTHJKEHHS BTOPOI'O COCTOSHIS Ia3a CHOBA 3aKPBITh KPaH, TO
IaBIICHHE BHYTPH OalUIOHa HAaYHET BO3PacTaTh BCIIEACTBHE TOrO, YTO OXIIAJUBIIIIICS TIPH pac-
mupeHHH (Tiporecc 1-2) Bo3ayX B OalllIoOHe CTaHET CHOBA HarpeBaThCs. Bo3pacTaHme JaBIIeHHS
ITPEeKpaTHTCS, KOrjla TeMIlepaTypa Bo3ayxa B OalllIOHE CPaBHSETCA ¢ KOMHATHOH TeMIIepaTypoH
7';. O6G03HAYHNM JaBIIEHHE BO3[AyXa B OAIIIOHE B ATOT MOMEHT YEPE3 p3 H COOTBETCTBYIOIIEE I10-
KazaHHe MaHOMeTpa - uyepe3 h. 3To OyJeT TpeThe COCTOSHHeE raza; 11 , p3 H V3 (Touka 3 Ha pH-
CYHKe 4) . JlaBJIEHHE B 3TOM COCTOSHHH PaBHO

p3 = po+Aps, (Aps=pgh) (18)

[lepexoa or BTOporo cocTOSHHS (ITOCIIe 3aKPHITHS KpaHa) K TPeTheMy IPOHCXOIHT Oe3
H3MEHEHH S 00BEMA, TO ECTh H30XOPHO.

3armiIneM YpaBHEHHS, CBS3BIBAIOIIHE TTapaMeTPEI BO3/TYXa B Pa3HBIX COCTOSHHSX:

mporiecc 1 —2 (agmadara) pV'i=p V", (19)
11 2 2
nporecc 2 —3 (mM30x0pa) Vo= Vs, (20)
kpuBag 1 —3 (m3orepma)  p1Vi = paVa. (21)
B ypaBHeHHe Ilyaccona (19) Ha ocHOBaHHH paBeHcTBA (20) mogcrasuM Vi BMecTo Va:
pVi=pV", (22)
11 2 3
M3 ypaBHeHH A H30TePMEI (2 1) BEIpaszuM 00BEM V3! ,
v ="y, (23)
3
Ps
[TonmyueHHOe 3HaYeHHe V3 ITOACTaBUM B YpaBHeHHE [IyaccoHa (22):
NOKYMEHT NMOAMNMCAH pVi=p (_PI_V W : (24)
ANEKTPOHHOWM NMOANUCHIO 11 2 1
CepTudmkar:  12000002A633E3D113AD425FB50002000002A6 \ P; )
Bnapeneu: Lebayxosa TateAHa AnekcaHaposHa
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pVi=p p'Vip™,. (25)
11 2 1 1 3

Cokparus o0e yacTH Ha V|’ , TiepeHecs p BIIPaBo, a p , ;' BIEBO H IIOMEHAB JIEBYIO H

IIPAaBYIO YaCTH MECTAMH, ITOITYYHM:

p = P P (26)
1
[ loMHOKIM ITPaByIO YacTh Ha Pl ¢ (oT4ero pElBEHGTEG He HapyIIHTCA) U CAETIaeM CO-
OTBETCTBYIOIIHE IIPe0OpPa30BaHIid, OOBEIHHIB *UICHB] C OXMHAKOBBIM OCHOBAHHEM CTETIEHH.
p p p p . (27)

1
[TomemmiMHa pl~' NMEBYIO M MPABYIO YaCTH YPABHEHHSL, TTOTYYHM:

Foe (pY,

Al =121

L (28)
P> \ P> )
[IpeacTaruM JaBJIeHHS rasa B OallIoHe B TOUKaxX 2, 1 M 3 COOTBETCTBEHHO KaK
P2 = po, (29)
p1=po+ Ap1, (30)
p3 = po+Aps, (31)

IJIe po — laBlIeHHE OKPYKaIOIeH cpelibl, TO eCTh aTMoc(pepHoe HaBiueHHe, Ap1 H Ap3 — TaBIeHHE,
IIPOIIOPIITHOHAJIBHOE PAa3HOCTH YPOBHEH JKHIKOCTH B MaHOMETPE B COCTOSHHSIX 1| H 3 COOTBET-
CTBEHHO.

[TogcraBue (29), (30), (31) B ypaBHeHHE (28), ITOITYUHM

(l+ﬂ\ﬁl :(IJF Ap3 T (32)
\ Po ) \ Po )

PaznoxmB 00e 4acTH ITOIY4EeHHOI'O BEIPAaKEHHS B P IO MaJIOMy ITapaMeTIpy H OI'PaHH-
YHBIICh TIEPBBIMH JBYMS WIeHaAMH psaa (B CHIIY MaJIOCTH BTOPHIX ClIaraeMBIX B JIEBOI H ITpa-
BOH YaCTIX), ITOTYIHM

A Ap
L (y =12 =14y 20 (33)
Po Po
Bripasum n3 ypaBHeHH (33) xoa( praueHT ITyaccoHa:
A
y=—P (34)
Ap,— Ap;

Ecmn yuects, uTo Ap1 = pgH, a Aps = pgh, To Mony4HM pabouyro (pOpPMYITY JUIS OIpejie-
neHua koamrrenTa [IyaccoHa:

H
y=— (35)
H—h
YKazanusa no mexnuke 0e30nacHocmi.
[OKYMEHT MOANUCAH |
SHEKTPOHHOM MOANUCHIO ITyCKAFOTCS CTY/ISHTHI, H3YUHBIIHE ITPaBHIIa
Ceptuchvkar: 12000002A633E3D113AD425FB50002000002A6
Bragenew; 7 WebaGeRsa FoRHAANPASBPREHS bCSI TOIIBKO IT0J] PYKOBOJCTBOM H HaOTIOEHHEM
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3. Pacnomararnte npuOOPEI, MaTepHAJIBL, O00OPYAOBaHHE HA paboyeM MECTE B IIOPSJIKE, VKa-
3aHHOM ITPEIOAaBaTEIIEM.
4. He nepxure Ha paboyeM CTOJE IIPeAMETEI, He TPeOYIOIIHECS A1 BBIIIOIIHEHIS 3aJaHH L

[lepen TeM, KaK IMPHCTYIIHTh K paboTe TINATEIbHO H3YUHTE €€ OIMHCAHHE, YSCHHTE XOJI
BBITIOITHEHH ST Pa0OTHI.

hd

3aoanuas.

1. ITpn momontx kpaHa JI coeqHHHTE OaliIoH ¢ aTMoc(epoi. 3aKphITh KpaH.

2. HakauaTtp B OaiuioH BO3AYX TakK, YTOOB pa3sHOCTh VPOBHEH BOJABI B KOJIEHAX MaHOMET-
pa coctaBra 20-25 cM. (4-5 000pOTOB PYYKH Hacoca)

3. Berxgare 1,5-2 MHHYTEI, YTOOBI BO3AYX B OAJIIIOHE OXIIAMHIICSA JO KOMHATHOH TEMIIE-
pPaTypel H YPOBHH BOJBEI B MAHOMETPE IIEPeCTalH IepeMeIarbcs. 11omyueHHOEe COCTOSIHHE COOT -
BETCTBYET TOUKE 1 Ha pHCYHKE 4.

4. 3anucarhs B TaOIHIY 2 BBICOTY YPOBHEMN BOXEI /,; H hyp B KOIeHAX MaHOMETpa. Orpe-
NEINTh H :

5. OTKpBITh KpaH TakK, YTOOBI BO3YX B OalnoHe OBIII COeJHHEH ¢ aTMOc(]epoii, H GBICT-
PO €ro 3aKPHITh B MOMEHT, KOI'[a YPOBHH KHIKOCTH B OOOHX KOJIeHaX MaHOMETPA CPaBHSIOTCAL.

[Ipn sTOM gaBieHHe BO3AyXa B OallIOHE CTaHET PaBHBIM aTMOC(EPHOMY po — BTO COCTOSHHE,
COOTBETCTBYIOIIEE TOUKE 2 HA PHCYHKE 4.

6. Berkaars, 4ToORI BO3AYX B OAJUIOHE ITOCIE aAHa0aTHOIO PACIIMPEHHS HAarPeNcs, H ero
TeMIlepaTypa IpHOIH3IUIach K KOMHAaTHOH TemIleparype. IIpn s3ToM gaBieHHe B OallJIOHE ITOBHI-
CHTCS M BHOBb IIOSIBHTCS Pa3sHOCTh YPOBHEHN KHUIKOCTH B MaHOMeTpe. Korja ypoBHH IIepecTaHyT
IIEPEMEINATECSL, CAENIaTh HOBBIM OTCUET ITOKa3aHMIl VCTAHOBHBIIIMXCS YPOBHEH B KOIIEHAX MaHO-

MeTpa h, u hép . OMnpeaemTs pasHOCTs YPOBHEH A.

7. ITpn momonru kpaHa JI coe fHHHTH OallJIOH ¢ aTMOC(epOH.

8. OIIBIT TOBTOPHTH HE MeHee 5 pa3 ITo IMyHKTaM 1-7 (110 yKa3aHHIO IIpeltofaBaTels).

9. Paccumnrars 1mo ¢opmyne (35) y; IS KaK0r0 OIBITA ITPOBEAEHHON CEPHH H3MEPEHHH.
10. Haitt cpegnee apudMeTHUECKOE () .

11. BRIUHCIHTE TIONYIIMPHHY JOBEPHTEIBLHOIO HHTEpBana Ay, KaK AJISI CEPHU IIPSIMBIX
H3MEPEHHH.
2. Pe3ynbTaT IMpeACTaBUTh B BHIE y=(y) £ Ay, oo = 0,95.

13. BeIBOJ clielIaTh M3 CpaBHEHHS SKCIIEPHMEHTAIBHO ITOIYYEHHOIO 3HAYEHHS KO3 (P (pH-
1peHTa [lyaccoHa H paccuHTaHHOIO IT0 opmyle (16) yepes cTeleHH cBOOOABI MOIEKYII BO3-

oyXa.

Tabmma pe3yiIbTaToB H3MEPEHHI

Ceprudhmkar:
Bnapeneu:

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Cooeporcarue omuema.

Ot4eT 110 1a60opaTOPHEIM padoTaM JOIKHBI COIEPKATh:

- TUTYITIbHBIH JINCT,

- IIETIb PabOTHI,

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OITpeIelIeHHI, ITOHITHIL, (OPMYT,
- OCHOBHO€ 000pYIOBAaHHE, CXEMa YCTaHOBKH,

- OITHCAHHE IT0 ITYHKTAM BEITIOJIHEHHO paloTHI,

- Pe3yIIbTaThl H3MEPEHHH H pacyeToB (TaOIHIIbI, TPa(HKH);

- OLI€HKA ITOTPEIIHOCTEM,

- OTBETHI Ha KOHTPOJIBHBIE BOIIPOCHI,

- BBIBOJIBI ITO pPe3yiIbTaTaM BEOIOITHEHHOH PaboThl, JaTa, ITOJIIHCE.

Konmponsusie éonpocei.

1.YTo Takoe HaealIbHBIH ra3?

2.3aIMIINTE YPaBHEHHE COCTOSHHS HACAJIbHOIO rasa. JlanTe OIpelellcHHe BEIHYHH,
BXOJSIIHX B HETO.

3.UTO HA3BIBAETCS YHCIIOM CTEIleHeH CBOOOABI CHCTEMBI? KaKOBO YHCIIO CTEIleHEH CBO-
OOJIBI OJHO-, ABYX- H MHOI'0aTOMHONH MOJIEKVIIBI? YeM O0OYCIIOBJIEHO pas3IHMuMe YICIIa CTEINeHEH
CBOOOIBI IJIS PasHBIX MOIIEKYII?

4.YT0 Takoe BHYTPeHHII SHeprusg? Kax HalTH BHYTPEHHIOIO SHEPTHIO HIcaIbHOrO rasa?

5.Hazorute crioco0rl H3MEHEHH S BHYTPEeHHEH 3HePruH. Kak paccuntarh padoTy Healb-
HOr'O rasa?

6.ChopMyIHpYHTE NEPBOE HA4aI0 TEPMOIHHAMHIKH.

7.J]aniTe ompeaeneHHs TeIIIOEMKOCTH CHCTEMBI, VASIBHOH H MOIISPHOH TEINIOEMKOCTEH.

8.JlafiTe ornpeleneHHsI H30TEPMHYECKOMY, H300apHOMY, H30XOPHOMY H aanadaTH4ecKo-
MY T'a30BBIM IIPOIleCccaM, IPOAHAIM3HPYHTE HX C ITOMOIIBIO IIEPBOrO HAyala TePMOIHHAMIKH.
[IpuBeauTe rpapMKH COOTBETCTBYIOMIMX H3O0ITPOIIECCOB.

9.3armmmTe (QOPMYJIIBEL I MOISPHBIX TeIDIOEMKOCTEH HIealbHOro raza. OOBICHHTE,
ITOYEMY TEIUIOEMKOCTE I'a3a ITPH ITOCTOSHHOM JaBIIEHHH OOINBINE, YeM ITPH IMTOCTOSHHOM O0Bbe-
ME.

10. Brrpasure ko3 guimeHT IIyaccoHa Yepe3 YHCIIO CTeIleHeH CBOOOBI MOIEKYIIHI.

11. IlocTpoiiTe rpadHK IIPOIECCOB, IIPOHCXOASMIINX ¢ BO3AYXOM ITPH BBEIOIOTHEHHH JIaH-
HOH padOThI H OOBSICHHUTE €TO.

JIabopaTopnas padora Ne 7

Tema paﬁ OMmbl. HS}"IEHHE IIEKTPOCTATHYUECKOTO ITIOJIH

HEJI[: pﬂﬁﬂfﬂb{. HB}"‘IEHHE NICKTPOCTATHUYCCKOI'O IIOJIA, ITOCTPOCHHE SKBHIIOTCHITHAJIBHBIX
]’[DEEPKHGGTEﬁ TTOJIA.

T eopemuieckda uacmbo.

M3BecTHO, YTO BOKPYT IIFOOOTO 3apsfa WIH 3apsOKEHHOIO Tela CYINECTBYET 3IIEKTPHUE-
CKoe mone. B »ToM ITorne Ha BHECEHHBII B HEero IPYroi 3apsj AciCTBYeT KYJIOHOBCKAasS CHIIA.
OJIeKTpHYECKOe IT0JIe XapaKTePH3YeTCS B KaXKIOH TOYKE BETHYHMHAMH. CHJIOBOH — BEKTOPOM

ACKYMEHT NOANMUCAH HEPTreTHYECKOT — CKalIIpHOH BeTHMYMHOH —
3NEKTPOHHOW NOANUCHIO 1P

Ceptudhikat: 1 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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HanmpsokeHHOCTBIO 3JIEKTPHYECKOIO ITOJIS Ha3bIBaeTcsd (PH3HYeCcKas BEIHYHHA, YHCIIEHHO
paBHAsI M COBIMAIIOIIASI ITO HaIpaBIEHHIO C CIUIOH F' , JeliCTBYIOINEH CO CTOPOHBI ITONS Ha
XM HIYHBIH ITOJIOKUTEIBHBI TOYEYHBIN 3apsy ¢, , IOMEIIEHHBII B pacCMaTPHBAEMYIO TOUKY:

- F
E=_ (1)
do

IloTeHIamoM ANCKTPHYCCKOI'O ITOIIA B IaHHOH TOYKE HasbIBAETCS CKaJIPHAA BCJIMYIIHA.,
HHCIICHHO PdBHAA ITOT eHI[HaIbHOH SHCPIHH U eIHHIYHOI O ITONOKHTEIIPHOI'O TOUEYHOTO 3apsaaa

{/,, IIOMCIHICHHOT' O B 3TY TOYKY

U
P=_— (2)
o
HGTE}H_[HEIJI H HaHpH}I{EHHGGTL BHEI{TPHIIE:GI{GI‘G IIOIIY CBHS3AHEI COOTHOITICHIIEM
E =—grado (3)

HamoMHmM, YTO TpagHeHTOM IIHOOOH CKaIpHOH BEIHYHHEI (P HA3LIBAIOT BEKTOD,
HalpaBIIEHHE KOTOPOI'O COBITAZAET C HAIIpABIIEHHEM OBICTPEHINETO YBETHYEHHIS BETIMYHHEL (P , a
MOJAYJIb PAaBEH H3MEHEHHIO (P IIpH IIEPEMEINEHHH Ha eJHHHIY IJIHHBI B HaIlpaBIeHUH
OBICTpEHIIIEr0 M3MEHEHHS (P . 3HAK «MIHYC» B (popmyIie (3) ITOKa3bIBaeT, YTO HAIIPSDKEHHOCTh

ronsa E HampaBlleHa B CTOPOHY YObIBAHH A ITOTEHIHAIIA.

HarpapiieHHe BeKTOpa HAIPSDKEHHOCTH 3JIEKTPHYECKOrO IO B KaXKIOH TOYKE IO H
pacIpeie]IeHHe IIOTEHIHAJIOB IIOJII MOJXHO CHelaTh OCOOEHHO  HAITISAHBEIM, €CIIH
BOCITIOJIb30BAThCS MOHSATHIMHA O CHJIOBBIX JIHHHSIX H O ITOBEPXHOCTSX PaBHOIO ITOTEHI[HAJIA, TaK
Ha3bIBAEMBIX 3KBHITOTEHIIHAILHBIX ITOBEPXHOCTSIX.

CHIOBBIMH IJIHHHSIMH Ha3bIBAIOTCS JIMHHH, KacaTellbHble B Ka)KJOH TOYKEe KOTOPBIX
ONPENEISIFOT HallpaBIIeHHE BEKTOPOB HAIIPSDKEHHOCTEH BIEKTPHYECKOro ITONSA. YHCIO JKe
CHJIOBBIX JIHHHII ITIPOXOMSIIMX Yepe3 eQHHHILY IUIOIAAH, HOPMATbHOH K STHM JIHHHSM,
ONpeielsIeT BEIMYHHY BEKTOPa HAIPSDKEHHOCTH 3JIeKTPHYECKOrO IO B IeHTPe STOH TUIOLIA]TH.
JINHHH  HanpsyKeHHOCTH  BIeKTPHYECKOro IO  He3aMKHYTBI, OHH HAYHHAIOTCSA  H3
ITOJIOKUTEIbHOIO 3aps/ia H 3aKaHYHBAKOTCS Ha OTOPHIIATEIIbHOM 3apSsIeE.

['eomMeTpHYECKOE MECTO TOYEK AIEKTPHYECKOrO ITOJS, ITOTEHI[HAIEI KOTOPRIX OJHHAKORBEL,
Ha3bIBAETCS SKBHITOTEHIHAIBHOI MTOBEPXHOCTHIO. SKBHITOTEHIHAIbHBIE IIOBEPXHOCTH ITPOBOIST
TaKHM 00pa3oM, YTO Pa3sHOCTh ITOTEHIHAJIOB JUIS ABYX COCEJHHX ITOBEPXHOCTEH BCIOAY OJHA H
Ta Xe. DTO ITO3BOJISIET ITO I'YCTOTE SKBHIIOTEHI[HAIIBHBIX ITOBEPXHOCTEH CYAHTh O BEJIHYHHE
HAITPSDKEHHOCTH ITOTIS.

BeKTOpel HaIpsCKEHHOCTH 3IIEKTPHYECKOrO IO H, CIIEZOBATEIIBHO, CHIIOBHIE ITHHHH
TTOJISI HOPMAJIbHEI K SKBHITOTEHI[HAILHBIM ITOBEPXHOCTSM. Ha prc.]1 cHIOBBIe THHHH HEKOTOPOIO
TTOJISI IIPOBEEHBI CIUIOIIHOH JTHHHEH, a SKBHIIOTEHI[HAIIbHEBIE TTIOBEPXHOCTH-IITPHXOBOH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapgeneu: le6ayxoea TateaHa AnekcaHgpoeHa s 1]
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M3BeCTHO, YTO B3KCIIEPHMEHTAJIbHOE H TEOPETHUYECKOE HM3YUEHHE PaclIpedelIeHHs ITOTEHI[HAIOB
3JIEKTPHYECKOTO ITOMIS IIPOIe, YeM OIpelelleHHe HalpsoKeHHOocTeH 1mond. [losroMy B JaHHOM
pabore SKCIIEPHMEHTAIbHO OIPEHENIeTCs paclpeeiieHHe ITOTEHIHAIOB AJIeKTPOCTaTHYECKOr O,
T.€. He H3MEHSIOIETOCA CO BpeMeHeM 3JIEKTPHYECKOTO IO CIJIOBBIE JIMHHH H3YYaeMOL O ITOTIS
MOZKHO ITOCTPOHTH ITOTOM, KaK KPHBBIE, OPTOrOHAIBHEIE K 3KCIIEPHMEHTAIBHO HalIeHHBIM I10-
BEPXHOCTSM PAaBHOT'O ITOTEHI[HAJIA.

PacripesiesieHie IOTEHIMHAIOB SIEKTPOCTATHYECKOrO ITONS MOKHO HM3y4YaTh METOIAOM 30HIOB,
3aKJTIOYAIOINEMCS B CIEIVIOIIEM: B HCCIIEAYEMYIO TOUKY ITOJISI BBOAHTCS JOIMOIHHTEIBHEI BJIEK-
TPOA — 30H, YCTPOEHHEII TaK, YTOOBl OH MHHHMAIbHO HApyIal CBOHM ITPHCYTCTBHEM HCCIIE-
AYEMOe IIOJe M IPHHHMAJ ITOTEHI[HAJ TOH TOYKH ITOJISI, B KOTOPYIO OH ITOMelleH. IIpH ATHx
YCIIOBHSIX ITOKa3aHHS IpHOOpa, ¢ KOTOPBIM 30HJ COeQHHSAETCS ITPOBOJAHHKOM, OYIYT daBaTh
ITPABIVILHYIO KAPTHHY pacIIpeie/IeHHs ITOTeHI[HAIOB B HCCIEIYEMOM IIOJIE.

CIOKHOCTH paboTHI ¢ 30HAaMH H, BOOOIIEe, TPYAHOCTH EKTPOCTATHYECKHX H3MEePEHHH ITPHBE -
IH K pa3paboTke oco00ro MeTofa H3VUeHHS BIEKTPOCTaTHYECKHX ITOIEH — ITyTeM HCKYCCTBEH-
HOI'O BOCIIPOH3BEAEHHS HX CTPYKTYPBI B IIPOBOMSINHMX Cpedax, IT0 KOTOPEIM ITPOITYCKAeTC I10-
CTOSHHBIH TOK. TakuM IyTeM IIpSIMOe H3VUeHHe SIEKTPOCTAaTHUYECKOr O ITOJIS 3aMEHSIETCS H3Y-
YEHHEM €0 TOUYHOH M 0omee yaI0OHOH MOJIEIIH.

OIHCAaHHBIN METOJ HCCIEAOBAHHS, KOTOPHIH HA3BIBAETCS MOJEIHPOBAHHEM SIEKTPOCTATHYE-
CKOI'O IIOJISL, MMEET INMHPOKOE IPHMEHEHHE Ha IPaKTHKe. OTOT MeTOJ ITOJIE3eH IS H3YUYEeHHS
CIIOJKHBIX 3MEKTPOCTATHYECKHX ITONEH, TOYHBIH PacyeT KOTOPBIX 3aTPYAHHTEIEH H3-3a CIIOKHO-
CTH TPaHHYHBIX YCIOBHH (MHOTO3JIeKTPOJHBIE PaJHONIAMIIBI, 3JIeKTPOCTaTHUECKHE JIMH3EI, (DO-
TORNIEKTPOHHBIE YMHOKHTEIH H T.]1.).

Obopyoosarue u mamepuaisl.
CrieliHaibHasl YCTaHOBKA, TallbBAaHOMET], HCTOUHHK TOKA.

YKazanua no mexHuke 6 e30nacHocmi.
1. K BRIITOIMHEHHIO Ta00paTOPHBIX PaboT AOITYCKAKOTCS CTYAEHTEI, H3YUHBIIIE IIPAaBHIIA
TEXHHKH Oe30ITaCHOCTH.
2. JlabopaTopHble pabOTEl MOI'YT ITPOBOJHTE CS TOIBKO ITOJ PYKOBOJACTBOM H HaOIOIEHHEM
IIPEITOaBaTeIsl.

3. Pacnomarante nmpuOOpEI, MaTepHAJIBL, 000OpYAOBaHHE HA padoyeM MECTE B IIOPSJIKE, YKa-

3aHHOM IIPEIOAaBaTEIIEM.

4. He nepxure Ha paboyeM CTOJIE IIPeAMETHI, He TPeOYIOIIHECS IS BEITOTHEHH S 3aJaHH 5.
[lepen TeM, KakK IPHCTYIINTE K paboTe TIMATENBHO H3YUHTE €€ OIHCAaHHE, YVSICHHUTE XOI
BBITIOITHEHH S PaOOTHI.

3aoanui.

1. IIpoBepuTh cXeMY BKCIIEpHMEHTAIIBHONH YCTAHORKH.

2. BKIIOUHTEH BBEOIPSIMHTEIL B CeTh 220 B.

3. YCTaHOBHUTH JABHKOK PEOXOPABI HA pacTOSHHH 8-10 ¢M OT OJHOr0 M3 KJIEMM PEOXOP/BI.

OrnpeaelMTh ITOTeHI[HA JBHXKa IT0 popMyTie (4).

4. llepeMernass 30HJ BpallleHHEM pPydYeK KOOPAMHATHHKA, HAXOAHTh TaKHEe TOYKH, IS

KOTOPHIX TOK TaJlbBAHOMETPa paBeH HyO. KoaHmyecTBO ASTHX TOYEK MOMKHO OBITH

TOCTAaTOYHO IS ITIOCTPOEHHS JIMHHH SKBHIIOTEHIHAIBHOH ITOBEPXHOCTH (7-10 TOUek).

KoopamHaTel TOYeK OTCUMTHEIBATE I10 IMHEHKAM KOOPAHHATHIKA.

5. HaHecTH Ha MIWIIMMETPOBYIO OyMary HaHIeHHBIE TOYKH H COSIHHHThL HX IUIABHOH

JOTHI KWYMEHT Donmacay & 0 TT0 Tl

- AOKYMEHT NOAMMCAH
SNEKTPOHHOM MOAMUCHIO ITh II1.4, 5. Y CIIO ITOBTOPEHMI OITbITa 4-35 pas.

Ceptudhmkat: — 12000002A633E3D0113AD425FBS0002000002A6 HIMATIbHBIX HDEEpXHGCTEﬁ, ITOCTPOHTH CHIIOBEIE
Bnapeneu: lLleBayxoea TaTeAHa AnekcaHapoBHa
AY, HTO B TOUKaX IICPCCCHUCHIIA JIMHHH
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IEKBOITOTCHITHAJIBHBIX HGEEPXHDGTEﬁ H CHIIOBBIE JIHHHH IOJIKHBI OBITH HOPMAJIBHBI APYI K

APYLY.
CxeMma 3KCIIEpUMEHTAILHOH YCTaHOBKH ITPEICTaBIIEHA Ha PHC. 2.

|
|
i
—_

p

.u-l?-

I

Puc. 2

OHa IpeacTaBiIsgeT COOOH MOCTOBVIO CXEMY, COCTOSIIVIO M3 3IeKTpodoB A u C, IIoje

MEKIY KOTOPBIMH H3YYaeTCsL, peoXopasl P, Hylb-rajlbBaHOMeTpa (G, COEAHMHEHHOIO ¢ 30HAOM Z,
H HCTOYHHKA ITMTAaHHSA — BBIIpsMHTeIS B. HampspkeHwme Ha smektpombl A H C IIOgaeTcs C
peoxopasl P, IOAKIIOUEHHOHM Ha BRIXOA BRIIIpAMHTEIS B. Cpemoi, ITO3BOISIOIIEH
MOJIEIIHPOBATE IEKTPOCTATHYECKOE TTOJIE, CIIYKHT TOKOITPOBOASINAS OyMara, KOHTYPEI KOTOPOIH
ITOKAa3aHbl Ha PHC. 2 INTPHXOBBIMH JIMHHSIMI.

[Ipuripm paboTel YCTAHOBKH MOXKHO IIOHSTHR H3 CleAyromero. Ilepemerrias JIBHKOK
PEOXOPABL, 3TOMY ABIKKY MOJKHO ITPHAABATh Pa3IHMYHbBIE 3HAUEHHS IOTEeHI[HAIa OTHOCHT eIIbHO
3JIEKTPOJOB. Hammune Win OoTCYTCTBHE TOKA B I[EIMH 3aBHCHT IIPH 3TOM OT TOI'O, B KaKOH TOYKeE
IO HAXOMHUTCA 30HJ. ECiIH OH HaXOAHUTCS B TAKOH TOYKE IIOJIS, ITOTEHI[HAJl KOTOPOH paBeH
IIOTEHIHAIY, YVCTAHOBJIEHHOMY Ha [JBHJKKE PeOXOpJbl, TO TOKAa B IEMH TajJlbBAHOMETpPa HE
Oyzer.I'eoMeTpHUeCKOe MeCTO TOYEK ITONS, JJIS KOTOPBIX TOK B I[EIH TabBaHOMeTpa OyIeT
PaBEeH HYIIIO, 00pa3yeT 3KBHIIOTEHI[HAILHYIO IIOBEPXHOCTh B HCCIeAyeMOM Itoie. IloTeHiman ¢
3TOH ITOBEPXHOCTH OTHOCHTENBHO 3IeKTpoAaa C MOKHO HAaNTH KAk

H
¢p=_U 4)
N
I'Jc U — H&HPH}I{EHIIE Hd BEIXOJIC ELIHPMHEHH, N — HYHCIIO ,I[E:JIE:HIIﬁ ITTKAJIBI pEGXGp,I[LI: n —
AJCIICHIC IIKAJIBI, Hd KOT GpBIﬁ }*'CTEIHGEJIEH JABHAOK.
YCTHHDEI{E], CHH@H{EHH CIICITHAJIE HEIM HpIIGHDCDﬁHEHIIEM — I{DGP,I[I]HE],THIIHDM:
ITOSBOJIHATOIII M EpaH_[EHIIEM p}”IEI{ I{DDPI[HHE],THIII{E], HEPEMEH.[&TB 30HJ, 4 TAKKE OICHHTLIBATL
KGGPI[I]H&TLI HEIIULI[EI-H-IBIX TOYUCK BI{EII]'[GTEI{L[HEIJ]LHGﬁ HDEEPXHGGTII.

Cooepacarue omuema.

Ot4eT 1o 1ad0opaTopHEIM padoTaM JOIKHBI COAEPKATh:

- TUTYJILHBII JIHCT,

- 1IeNb padoTHI,

- KOHCITEKT OCHOBHBIX 3aKOHOB, OIpeJlelIeHHH, ITOHITHI, (POpPMYII;
- OCHOBHOE 000pYIOBAaHHE, CXeMa YCTaHOBKH,

- OIMHCAHHE 10 ITYHKTAaM BBIITOIIHEHHOM PadoThI,

- Pe3yIIbTaThl H3MEPEHHI H pacyeTOB (TaOIIHII, TpadHKH);

- OIIEHKA TIOIPEIIHOCTEH,

- OTBETHI HA KOHTPOIIBHBIE BOIIPOCHI,

- BBIBOJIBI I10 PE3YIIbTaTaM BBIIOTHEHHOH PaboTh, JaTa, ITOIIIHCE.

K OHMPOJ/IbHbBIE 60RD OCHL.

AOKYMEHT NOANUCAH yIeKTpHYecKoe Imone? J[aiiTe oIpeaeleHHe STHX
SNEKTPOHHOW NOANUCHLIO

Ceprudourar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: Llebayxoea TateaHa AnekcaHipoeHa H ITOTCHITHAIIOM 3JICKTPOCTATHYCCKOI'O IIOJIH B
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3. Kakimu TMOHSTHSAMH ITIOJIB3YIOTCS IS HACJISITHOIO IIPeJCTaBIIEHHS SIEKTPHUYECKOro
T10M1?

4, Hapucylite CHIOBBIE JINHHH H SKBHIIOTEHIHAIbHBIE ITOBEPXHOCTH IO TOYEYHOI'O
3apsaa, IBYX pa3sHOHMEHHBIX 3apPsIOB.

5. Kakme sKCIiepHMeHTalIbHbIE METOLBI HCITOIB3VIOT IS H3YUEHHS BIEKTPOCTATHUYECKOIO
T1011s?

JIadopaTopHas padora Ne 8

Tﬂﬂﬂpﬂﬁﬂlﬂﬂ. HSMEPEHHE COIIPOTHBJICHHA C NIOMOHOIBI0 MOCTA ¥Yurcrona.

I[ens padomsr. 1lenbro paboTHL SBISIETCA H3YYEHHE MeTOAA H3MEPEHHS COIPOTHBIIEHHS
IIPOBOAHHKOB C ITOMOIIBIO MOCTOBOH CXEMEI H OIpejelleHHe YAEIbHOIO COIPOTHBIIEHHS MaTe-
pHaJIa ITPOBOJHHKA.

T eopemuieckdAa udacmbo.

QJIEKHIPECQHPHHHIEJIEHHE npoe 00HUKA — 3TO CKaJIAPHAA (bHBHLIEG]E{ﬂH BCJIHYHHA, XdPaKTC-
PH3YIOIIAA €TI0 3JIICKTPOITPOBOJAIIHC CBOHCTBA. CGHPGTI[BHEHIIE IIPOBOAHHKA 3dBHCHT OT €I'O
QJGPBIBI:, Pa3MCPOB H 3JICKTPOIIOBOJAIIIX CBOHCTB MdTCPHdlId, H3 KOTOPOI'O H3I'OTOBJICH IIPOBO/-
HHK. B HPGCTEﬁH_[EM ClIIYHac OJHOPOJHOI'O ITPOBOJHHKA C ITOCTOAHHBIM ITOIICPCYHBIM CCHCTHICM,
COIIPOTHRBIICHHEC ITPOBOJHHKA OITPEACIIACTCA CIICAYIOIIHIM DﬁpﬂBGMZ

[ |
R: s (l)
RS

IJJI€ P — YAEIBbHOE COIIPOTHBIIEHHE MaTEPpHalla IIPOBOJJHHKA, l — JJIOIHA ITPOBOJHHKA S—

TUIOINAJIb €r0 IOMEPEYHOr 0 CEYEeHH .
M3 dhopmysl (1) MOXKHO BEIPa3HTh YAEILHOE COIPOTHBIIEHHE:

o K5 )

I
OTKYyJa BHJHO, YTO YJelIbHOE COIIPOTHBIIEHHE YHCIEHHO PaBHO COITPOTHBIEHHIO ITPOBOJHHKA
e JHHHYHOH JUTHHBI, HMEIOIIET O TIIOINA/Ib ITONEPEYHOr0 CEYEHHS, PaBHYIO eIHHHIIE IJIoMaan. B
cucteme CH yIenpHOe COMPOTHRIEHHE H3MEPSIFOT B OMMeTpax (OM-M).
OIHHM 13 MeTOJ0B H3MePEHH S COITPOTHRIEHH S SBISETCS METOl MOCTa YHTCTOHA.

MocT YHUTCTOHA ITpeIHasHAUeH IJI1 U3MEPEHHS COIPOTHRIEHHI.
OH COCTOHMT M3 JIBYX PE3HCTOPOB R H Ro, YYBCTBUTEIBHOIO IraIbBaHO-
MeTpa G, IBYX Pe3HCTOPOB — 3TAJIOHHOTO Rs M Hen3BecTHOro Ry (pHc.1).
PaccMoTpHM cxXeMy IIPH YCIIOBHH, YTO IT0 y4acTKy ED TOK He Imporeka-
eT. 3aMKHEM Kirod K, Torja 1o yyactky AB ITOTE€YET TOK H BJIOIL HETO
OyzieT HaOMIOAAThCS ITaJleHHE TTOTEeHIIHAIA OT BEIIMYHHEI (A (B TOUKE A)
0 BeTHYHHEI ¢z (B Touke B). B mernmm AEB moliger Ttox It m Gyzaer
HaOIIOAAaThCA MMaJicHHe TIOTeHI[Halla OT @a A0 @ (Ha pe3HcTope Ry)
H OT Qs JI0 @z (Ha pe3ucTtope R»3).

OYEeBHIHO, ITOTEHI[HAT B TOUKE € HMEeT 3HauUeHHe QE ITpoMexy-
TOYHOE MEXKAY 3HAUCHISIMH OA H OB. [loaTOMy Imoa0bopoM pPeE3HCTOPOB
R1, R2 1 R» Bcerma MoxHoO JOOHTHCS, TOI'O YTO B TOUKe D IMoTeHIHan
nD) 6vrer naren noteHtany OE: oD=¢E. Ecmm mexay Toukamu D u E
AOKYMEHT TOATMCAH ) (3, TO B 3TOM CIIy4yae TOK Yepes3 HEro He ITOH-

SNEKTPOHHOW NOAMNCLIO
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Takoe ImomokeHiHe Ha3bIBACTCSI PABHOBCCHEM MOCTA. HDI{HH{EM: HTO YCIIOBHE PABHOBCCHA
OITPEACIEACTCHA COOTHOIIICHIHCM.

T X (1)
R. R,

E =

JleHCTBUTENBHO, HA OCHOBAaHHH BTOPOI0 3aKoHa Kupxroda ai1a mrodoro 3aMKHYTOr O KOH-
Typa CyMMa ITaJleHHH HaIIpsDKEHHH paBHA CYMME BIEKTPOABHKYIIHX CHII, A€BCTBYIOIIHX B 3TOM

KOHTVPE.
h m
2 1R =2 E, (2)
i=1 =1

3armIeM 3TH ypaBHeHH S 111 KOHTYpoB AED u BED 1ipu paBHOBeCHH MOCTa , T. €. IIPH
OTCYTCTBHH TOKa Ha yyacTke ED.

I]RE —JIERE :0
M3 5THX ypaBHEeHHH JIETKO ITOIy4YaeM COOTHOIIEHHE (1).
R
OTKyIa: R, = R, EI (3)

-_—

3Has, yro R1=270 OmM, R2=47,6 OMm u nogdupasa R., HargeM Ry.

Obopyoosarue u mamepuaisl.
MocTt YurcroHa, Habop COIIPOTHBIIEHHIT, Mara3iH COIIPOTHBIIEHHIL, TAJIbBAHOMETP, HCTOY-

HHEK ITOCTOAHHOI'O TOKA.

YKazanusa no mexHuke 0 e30nacHOCH.

1. K BBEIMMOHEeHIIO Tab0opaTOpPHBIX padoT JOIMYCKAIOTC CTYAEHTEL, H3YUHBIIHE IIPaBHIIa

TEXHHUKH Oe30ITaCHOCTH.
2. JlaBGopatopHble paboOTEI MOI'YT IIPOBOAHTECS TOJIBKO ITOJ PYKOBOJACTBOM H HAOIIIOIEHHEM

ITPETIOlaBaT eI
3. IIpu BeImomHeHHH 1a00paTOPHEIX padoT CTYAEHTaAM 3allpelllacTCs:

- BKIIFOUATh CXeMBI ITOJ[ HAITpsKeHHeM Oe3 ITPOBEPKH ITPEITOAaBaTeEsd,

- TIPHKACATHCS K HE3AIMUINEHHBIM H30IAIMEN YacTSIM CXEMBI, HaXOISIIIXCS TI0JT HaIps-
KEHHEM,

- OIIPEEIISATh HAIIMYNE HAIIPSDKEHIS Ha 3IeMEHTaX LIEITH ITPH ITIOMOIIH ITalIbIER; IPOBEP-
Ka HAMYHS HAITPSKEHHS IPOM3BOJHUTCS TOIBKO C ITOMOIIBIO BOIBTMETPA H B IIPHCYTCTBHH
IIpEIoaBaTells,

- BKJIIFOYATh pyOIIHPHUKH, HAKHMATh KHOIIKH, IIPHKacaThCs K IEKTPHYECKOMY 000pyI0-
BAHHIO, HE OTHOCAIIEMYCS K JaHHOH j1ad0opaTOpHOH padoTe Oe3 BegoMa IIpeItogaBarTeiid,

- IIPOM3BOIUTE IO XOAY BEITIOJIHEHIS PaOOTHI IIEPEKIIFOYEHNS B CXEME, HE 00ECTOUNB €€,

- OpocaTh COEIMHHUTENLHEIE IIPOBOAA Ha IO M Ha HCCIEAYEMYIO YCTaHOBKY,

- KIIaCTh Ha paOOYHIl CTOII IIOCTOPOHHHE ITPEIMETHI,

- BXOIHUTH B I1a00PaTOPHIO B BEPXHEHN OHEXK]IE,

4. Ilepen BKIrOUEHHEM CXEMBI 00S3aTENBHO MPEAYIIPEANTE WIEHOB OpHraabl: « OCTOPOKHO!

OOKYMEHT noanncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeney: ' lle6syxosa TateaHa AnekcanaposHa I0daBaTcIlAd.

. Barapen, HeoOXOIHMO TOCTIE OTKITFOUEHHS ITH-
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6. IIpu oOHapyKeHHH KaKHX — JIHOO HEHCIIPABHOCTEH, HCUE3HOBEHH S HATIPSDKEHIS B CETH, a
TAKKe IIPH HECYACTHOM CIIVYae, HEMeIJIEHHO IIPeKpaTHTh paboTy, OTKIIOUYHTh YCTAHOBKY OT
BIIEKTPOITUTAHU S H COOOIIUTE IIPEIOaBaTEIO.

7. IIOMHHTS, YTO TIPH OTKIFOYEHHH I[eTIeH ITIOCTOSHHOIO TOKAa C HHIYKTHBHOCTBIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE ITOBHIIIIEHHE HATIPSDKEHHAL.

8. CTYIIeHTHI, HAPVIIHBIIHE ITPAaBHIIA TEXHUKH Oe30ITaCHOCTH, HE JIOITYCKarOTCS K JaIbHEeH-
Iei paboTte B 1abopaTopHH H IIPUBIIEKAIOTCSA K OTBETCTBEHHOCTH.

3aoanuas.

1. CoGpate cxemy (puc. 1).

2. IlogoOGpars HA MarasHHe COIIPOTHBIEHHH TAKOE COIPOTHBIIEHHE Rs IIPH KOTOPOM TOK
yepes ralbBAHOMETP PaBeH HYIIIO.

3. Beruncnurs Ry 1o dopmye (3).

4. TIOBTOPHUTE H3MEPEHH 11 BTOPOro COIMPOTHBRIEHHS RX2, M 1719 TpeThero Rxa.

5. M3MepHTH COIPOTHBIIEHHS ITPH ITOCIEA0BATEILHOM H IapaUIeIbHOM COeIHHEHHH RX|,
Rx> 1 RX3 H mmpoBepstoT (POPMYIIEI IS IIOCIeS0BATEIIFHOIO H ITIapalyIeIbHOIO COEHHEHHS CO-
ITPOTHBJIEHHH:

| 1 | 1
o ) R Rx, Rx, Rx,

napan.

6. ONpeaemmTh IIOrPEIHOCTE H3MEPEHHH.
7. 3armcaTh OKOHYATEIBHBIH PE3YIILTAT.

Cooepocanue omuema.
Ot4eT 1o 1adopaTtopHeIM padoTaM JOIKHEI COAEPKATh:
- TUTYJILHBIH JINCT,
- 1IETIb PabOTHI,
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIpeelIeHHI, TIOHITHI, ()OpMYII,
- OCHOBHOE 000pYIOBaHHE, CXeMa YCTaHOBKH,
- OITHCAHHE ITO ITYHKTAM BBIITOIIHEHHOH PadoThI,
- pe3yIIbTaThl H3MEPEHHH H pacyeTOB (TaOIHIIEI, TPa(HKH);
- OI[EHKA TIOTPEITHOCTE M,
- OTBETHI HA KOHTPOIIBHBIE BOIIPOCHL,
- BBIBOJIBI T10 PE3YIIbTaTaM BBRIIOTHEHHON PaboTHI, JaTa, ITOJIICE.

Konmponsroie éonpocel.

1. CopmymnupoBaTs 3ak0H OMa.

2. CdopmymnupoBats nmpaBuiza Kupxroda.

3. BrIBeCcTH YCIIOBHS PaBHOBECHS MOCTa HCIIOIb3YS IMpaBiia Kupxroda.

4. M3MeHHTCS JIM YCIIOBHE PAaBHOBECHS MOCTA, €CIIH IaJlbBAHOMETP H MCTOYHHK TOKa ITO-
MEHSTh MECTaMI ?

5. Kak onpenensercs VAeIbHOE COIPOTHRIEHHE?

JIabopaTopHas padora Ne 9

Tﬂﬂiﬂpdﬁﬂﬂlﬂ. H cciieqoBanue MEHTPH‘IEEHﬂﬁ el MMOCTOHHHOI'O TOKA.

0OKYMEHT NMOANVICAH 1 CHJIBI TOKA, HAITPSKEHMSL ITOJIHO ITOJIE3HOM
SNEKTPOHHOW NOAMNMUCHIO [SI HAIPY3KH.
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: UieBayxoBa TateAaHa AnekcaHapoBHa
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JIroGas sneKkTpHyecKas Liellb COCTOUT H3 HCTOYHHKA H ITOTPeOHTeNs SHEPIHH, a TaKKe pa3-
JIHYHBIX PETYIIHPOBOYHBIX YCTPOHCTB H H3MEPHTEINbHBIX ITPHOOPOB.

" of

Puc.1.

Puc.2.

Ha puc. 1 ripeacTaBiieHa ImpoCcTeHINas eI, COCTOSIIAS H3 HCTOYHHKA ITOCTOSHHOI'O TOKA C
OJ1C E U BHYTPEHHHM COIIPOTHBIIEHHEM r H HAarpPy304YHOI'O peocTaTa R . {119 H3MepeHHS CHIIBI
TOKA H HAIIPSDKEHHS HA Harpys3Ke B LIEIh BKIIIOUEHBI aMIIEpMETP A H BOIbTMeTp V . B Takon
IIEIH CHUIa TOKA, HaIpsDKEHHE HA HarpysKe, IOIHAas H ITOJIe3HAsS MOIITHOCTH OKAa3bIBAIOTCS 3ABH -

CHMBbIMH OT BCIIHYIHBI HaI PY3KIH. CHia TOK4, HAITPHMED, )fﬁbIEElET C POCTOM COIIPOTHBIICHHA
HAI'PY3KH B COOTBCTCTBHH C H3BCCTHBIM 3dKOHOM OmMma.

E
1= (1)
R+r
O4eBHIHO, HAHOOIBIIMH TOK OVIET B CIIyYyae KOPOTKOIo 3aMbIKaHMS, T.e. ITpH R=0. Ero
E
BENIMHHA bs = _ (pric. 2).

¥
M3 (1) 51erko nomy4yaeMm

E=IR+Ir=Ur +U,, (2)
[OOKYMEHT NOANMUCAH )
SNEKTPOHHOWM NOANUCHIO TPAKCHIA (II.'I]II IIPOCTO HEalH}I{EHI[H) Ha BHCIII
Ceprudbirgar: 11 12000002A633E3D113AD425FBS0002000002A46 THO.
Bnapeneu: ebayxopa TateAHa AneKcaHapoBHAa

oIry4yaeM H3 (2) 3aBHCHMOCTS HaIpsoKeHHS Uy OT
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Upg=—"""—-. (3)
R+r ¥
| +—
R
OTcrojia BHAHO, YTO C POCTOM COITPOTHBIIEHHS HaIPYy3KH HAITPS/KEHHE Ha HEH BO3PACTaET,
ACHMIITOTHYECKH ITPpHONIKasICh K BeanunHe 5/]C mmpu R —> w (pHc. 2).
[IpH IMpoXOKIeHHH SIeKTPHYECKOTO TOKA B IIENH IIPOHCXOAHUT BBIAEIICHHE TTOTHOH MOIII-
HOCTH
P=IE, (4)
TITPH 3TOM MOIITHOCTD, BEIZENISeMas Ha Har Py3Ke
P, =1Ug, (5)

SIBJISIETC 51 ITOJIE3HOH MOIITHOCTBIO.
M3 (4) BHAHO, YTO ITOIHAS MOIIHOCTh, Pa3BHBaeMasl HCTOUHHKOM, 3aBHCHT OT COITPOTHB-
JIeHHS Harpys3KH R Tak ke KaK M cuiia Toka |/ = J(R). OHa MaKCHMaJIbHas ITPH KOPOTKOM 3a-

MBIKaHHH (R=0)

PI-:-E — II-.‘_E_E — _*.- (6)
r

HO B 3TOM CIIyYae BBIZIEISIeTCSI B CaMOM HCTOYHHKE H OKas3bIBaeTCHd OecIToNIe3HOH, a 3a4acTyIo
EpE,[[HGﬁ:. BBEI3BEIBAs BBIXOJ HCTOYHHKA H3 CTPOSL C POCTOM R IIOIHAS MOIITHOCTH }fﬁLIEaET,
CTPEMSICh K HYIIXO IIPH R — o (pHc. 3).

3aBHCHMOCTE ITOJI€3HOH MOIITHOCTH, BBRIJAeIIeMOH Ha Harpys3Ke, OT R OIIpeielIsIeTCs BhIpa-
KEeHIHEM

2
2 E R
P.=IU,=1"R=
R R ( R+r }2 (7)

AHarm3 BeIpakeHus (7) IMoOKa3bIBaeT, uTo 3aBHCHMOCTh P, = P,(R) momxHa MMeTh Mak-
CHMYM, TaK KaK P, =(0 B IpelelbHBIX CIy4asx: IIPH KOPOTKOM 3aMbIKaHHH (R=0) u mpu
R — o,

Harigem sHaueHHe R, IIPH KOTOPOM IT0JIE3HAs MOIITHOCTE, OTOHpaeMas OT HCTOUHHKA, Oy-

HeT HanOomnbimasa J[ng storo mpoguddepeHippyeM GopMyiry (7) H IpHPaBHIEM ITPOH3BOIHYIO
HYIIEO

dPy _ > (R+D[(R+1)-2R] _
dR (R+ 1) -

OTcroza HaxOJHM, YTO Pr — MaxcHMaJIbHa IIPH Rﬂ = Fr, T.€. KOI'la COIIPOTHBJICHHE

0 (8)

Harpy3KH PaBHO BHYTPEeHHEMY COITPOTHBRIEHHIO HCTOYHHKA (pHc.3). IIpn sToM HampsokeHHe Ha

E
Harpyske pasHoO Tonosure DJIC, T.e. Uy, = E a CHJIAa TOKA — IIOJIOBHHE CHIIBI TOKAa KOPOTKOIO
ITC?
saMBIKaHuSI ! =
Ry 2
NIOKYMEHT NOAMNUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Puc.3.

IlonesHas MOIOIHOCTB, B 3TOM CJIYHAC, COCTABIIACT HCTBCPTh MOIIHOCTH KOPOTKOI'O 3daMbI-
KaHI.
OTHOIIIEHHE TTOIE3HOH MOIITHOCTH KO BCeH MOIIHOCTH,, p&BEHEﬂEMGﬁ HCTOYHHKOM B IICIIH,

onpenensIeT Ko3(pPHIHEHT ITONe3HOro AeHCTBHA (K.II.JI.) | HCTOYHHKA.

P
n: R:IUR :UR _ R (9)
P IE E  R+r

W3 sToil popMyIBI clelyeT, UTO 1 OyAeT TeM OOJbIle, YeM OOJBINE COITPOTHBIEHHE

Harpy3ku R. [Ipy R=0 m=0 U acCUMIITTOTHYECKH CTpPeMHTICI K =1 Tpu R — . [Ipn

. 9 1
R=r, T.e. ITPpH MAaKCHMAJIBHOH ITOJIE3HOH MOIMHOCTH K.ILA. HCTOYHHKA 1 = _, T.C. COCTABJIACT

2

50%.

HMMEHHO HCCIEeJOBaHHE STHX 3aKOHOMEPHOCTEH SBJIIETCS I[elbio padorel. Heodxomumo
TTOITYYNTh SKCIIEPHMEHTATbHBIE 3aBHCHMOCTH CHIIBI TOKa [ , HaIpsDKeHus U, , IIONHOH P | IIo-

J1e3HOH Pr . a Tak e K.IL.I. N OT BEJIMYHHBI COITPOTHBJICHHA HAI PY3KI.

QObopyooearue u mamepuaisl.
M CTOYHHK TTOCTOSHHOIO TOKa, PeocTaT IS HCKYCCTBEHHOI'O YBEIHYEHHS BHYTPEHHETO
COITPOTHBIIEHH S HCTOYHHKA, HATPY30YHBIH Pe0CTaT MIIIIHAMIIEPMET]P, BOIIBTMETY.

YKazanusa no mexxHuke o e30nacHoCm.
1. K BRIITONMHEHHIO Ta00paTOPHBIX PaboT AOITYCKAKOTCSA CTYAEHTEI, H3YUHBIIIE IIPABHIIA
TEXHHKH Oe30ITacHOCTH.
2. JlaBGopatopHble pabOTEI MOI'YT ITPOBOAHTECS TOIBKO ITOJ PYKOBOACTBOM H HAOIFOLEHHEM

ITpEIIodaBaTCIIA.
. . e e T e e e e e e T o .
NOKYMEHT NOANMUCAH CTYACHTAM 3aIlPEIIacTCA.
SNEKTPOHHOM NMOoAMAChIO 3 ITPOBEPKIL ITPCITOAABATCIIA,
Ceptuchukar:  12000002A633E3D113AD425FB50002000002A6 IIIIEﬁ YACTSIM CXEMBL, HAXOMAIIIXCS TI0]] HaIIps-
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa ’
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- OITPEJIEISATh HAIHYME HAIPSDKEHHS Ha AleMeHTax IEMH ITPH ITOMOIIH ITaJIbIIER, IPOBEP-
Ka HaJIMYHS HaIIPSDKEHHS IPOH3BOAUTCSA TOIBKO € IIOMOIIBIO BOIBTMETPA H B ITPHCYTCTBHHU
IIPEIOJaBaTENls,
- BKIIIOYAaTh PYOHIBHHKH, HaKHMMaTh KHOIIKH, ITPHKACAaThCS K 3IIEKTPHYeCKOMY 000pYI0-
BAHHIO, HE OTHOCAIIEMYCS K JaHHOH J1abopaToOpHOH padoTe 6e3 BeJaoMa IIPeEnofaBaTelnsd,
- TIPOM3BOIUTE 10 XOIY BBIMMOITHEHHS PAabOTHI IIEPEKITOUEHHI B CXEME, HE 00eCTOUYHB €€,
- Opocark COeAMHHUTEILHEIE ITPOBOAA HA TIO M Ha HCCIEAYEMYIO YCTaHOBKY,
- KIIaCTh Ha pabdoumii CTOII IIOCTOPOHHHE ITPEIMETHI,
- BXOJIHTH B J1a00paTOPHIO B BEPXHEH OJEKIE,
4. Ilepen BKIIOUEHHEM CXEMBI 00S3aTEIBHO MPEAYIIPEANTE WIEHOB OpHraabl: « OCTOPOKHO!
Bxrrouaro! ».
5. Ilpu Hamu4YuM B cXeMe KOHJEHCATOPHBIX OarapeH, HeoOXOMMMO ITOCIE OTKIIFOUEHH S ITH-
TaHH S HX Pa3psSaauTh oA HaOIroJHeHeM ITpellolaBaT s
6. IIpu oOHapyKeHHH KaKHX — JTHOO HEHCIIPABHOCTEH, HCUE3HOBEHH S HAIIPSDKEHIS B CETH, a
TAKKe IIPH HECYACTHOM CIIy4ae, HEMeIJIeHHO IIpeKpaTHTh padoTy, OTKIHOYHTE YCTAHOBKY OT
BIIEKTPOITHTAHU I H COOOIIHTH IIPEIIOaBaTEIoO.
7. IIOMHHTE, UTO ITPH OTKIIIOUEHNH LETIEH ITOCTOSHHOIO TOKA ¢ HHIYKTHBHOCTHIO BO3MOXKHO
KPaTKOBPEMEHHOE Pe3KO0E MOBHIIIIEHHE HAIIPSDKeHIA.
8. CTYIIeHTHI, HAPVIIHBIIHE ITPABHIIA TEXHHUKH Oe30ITaCHOCTH, HE JIOITYCKAIOTCSI K JaIbHEH-
1eil paGoTre B 1abopaTopHH H IIPUBIIEKAIOTCSA K OTBETCTBEHHOCTH.

3aoaHuas.

Pabouas cxema nzoOpakeHa Ha pHcC. 4. B KauecTBe HCTOUYHHKA MOI'YT HCITOIIb30BaThCS aK-
KYMVYIISTOPBI HJIH BEOIPSIMHTEIS, JAIOIIHE HAIIPSDKEHHE BEIIMYMHON HECKOIBKO BOIBT. BHYTpPEH-
HEE COIPOTHBJIEHHE TAaKHX HCTOYHHKOB, KaK ITPABIJIO, MajlO - ITOPSAKA JeCATHIX aoner Oma.
[ToaTOoMYy, KaK clIelyeT H3 BBRIIIEH3IIOKEHHOIO, JIIS IIOCTPOEHH I I'PapHKOB HCKOMBIX 3aBHCHMO -
CTEH Harpy304HBIN peocTaT R TOXe JOIXKEeH HMETh COIPOTHBIICHHE ITOPSAKA AECATBIX JOJIEH
Oma. [logoOHEBIE peocTaThl SBISIOTCS YHHKAIBHBEIMH. [103TOMY BHYTPEHHEE COITPOTHBIIEHHE HC-
TOYHHKA B JAaHHOH padoTe HCKYCCTBEHHO YBEIIHUYHBAETCSH ITYTEM ITOCIIELOBATEILHOIO BKIIIOYE-
HHS JOIIOJIHHUTEIPHOI O peocTaTa ', HMEIOINET O BEMHYHHY HECKOIBKHX AeCATKOB OMOB. [Ipn

3TOM COOCTBEHHBIM BHYTPCHHHM COIIPOTHBIICHHCM r HCTOYHIKA MOXHO HpEHEﬁpE‘-‘[ﬁ.

M3 cxemel (pHc.4) crneayeT, 4YTO BHYTPEHHEE COMPOTHBIIEHHE MHJUIHAMIIEPMETPa H BOJIBT -
MeTpa COCTABJISIOT C COMPOTHBIEHHEM Harpy304HOIO peocTara eJHHOe Ienoe. TakHuM o0pa3oM,

JICBYIO HdaCTh CXEMDBI CJICAYCT PACCMATPHBATE KdK HCTOYHHEK, d ITPABYIO KdK HAI'PVY3KY.

NCTQUHKMK mA

r‘_'l.

v

AOKYMEHT noan WUCAH
SNEKTPOHHOW NOANKUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu; le6ayxoea TateaHa AnekcaHgpoeHa 1c. 4
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1. CoOpatpk pabouyro cxemy (puc.4). BEIICHHTE ImapaMeTphl MPHOOPOB. JIBHKKH peocTa-
TOB YCTAaHOBHTH B ITONIOKeHHE HAaHOOIBIIETO 3HAUYEHH I COITPOTHRIIEHH 5.

2. Ilocmne mpoBepKH cXeMEbI ITPeloaBaTesieM HIH J1a00PaHTOM BKIFOUHTEH HCTOUHHK ITHTA-
HHA. OTCYHTATh ITOKa3aHHI IPHOOPOB H 3aHECTH B TAOIIHILY.

3. Jlariee, YMEHBIINIASA COITPOTHBIIEHHE HArpy3kH R, CHATH 8-10 3HAYEHMI TOKA B LEIH | U
HanpsoxkeHHsa Ugr. [locneaHsss Touka JOMKHA COOTBETCTBOBATh KOPOTKOMY 3aMbIKaHHIO. [Ipu
5TOM TOK JOIKEH PABHITHCA Iy;, @ HATIPSDKEHHE JOIKHO OOPaTHTLCS B HYIIb. BEIKIIFOUHTE CXEMY.

4. OnpeneniB IeHBl JelleHHH Ha HCIIOJIb30BAHHBIX IPeAeiaX H3MEPeHHIl aMIlepMeTpa H
BOJIbTMETPA BEIYMCIIHTD M 3aHECTH B TaOIHIlY 3HAUYEHHI TOKA B aMIIepax M HAITPSKEeHHS B BOIIb -
Tax.

5. PazgemuB monydeHHBIe 3HAYEHHS HAIIPSDKEHHS Ha COOTBETCTBYIOIIHE 3HAUEHHS TOKa
PacCUYMTaTh M 3aHECTH B TAOIHIY COIIPOTHRIIEHHE HAIPY3KH R

Tabmia 1.
N [ Ur R= E P=IE Pr=IUgr n= E
/ P
A B OM Bt Bt

6. Bemmunnuy 3/1C E cregyeTr cuuTarh H3BECTHOMH, JIHOO0 H3MEPHTH 3HaueHHe E 1mpH or-

KJIFOUEHHOH HarpysKe.
7. Ilo dpopmymnam (4,5,9) paccunTaTh 3HaYeHHS ITOJIe3HOH Pr, momHOM P MOITHOCTH H K.IT.1.

N , COOTBETCTBYIOIIHE HallJ[eHHbIM BeIIMYHHaM R.

8. Ilo momy4eHHBIM 3HAYEHHSAM ITOCTPOHMTb KpHBBlE [ =I[(R), U, =U,(R) Ha OIHOM
rpaguke 1 P=P(R), Pr=Pr(R) 1 =n(R) Ha gpyrom.

9. OTMeTHTh Ha IIepBOM I'pa)HKe COIMPOTHBIEHHE Ro=r, IIpH KOTOPOM TOK H HaIIPSIKEHHE
COCTABILSIIOT, COOTBETCTBEHHO, IOJIOBHHY TOKa KOPOTKOIO 3aMbIKaHHSA [, W TonoBHHY E. Ha

BTOPOM I'pa(uKe HailTH R, = r II0 MAaKCHMyMY 3aBHCHMOCTH P, = P.(R). CpaBHHTb MeXIY

cOOOH ATH 3HaAUeHHI Rjy. HPIMEPHGE PABCHCTBO MCKAY 3THMH ABYMA 3HAYCHHAMH Ro SBIISET-

CA KPHTCPHEM ITPAaBHIIBHOCTH BBIOIOIIHCHHBIX HBMEPEHI]IT Ecm Takoro PABCHCTBA HET, H3MCPC-
HHA CIICAYCT ITPOACIIATh BHOBB.

Cooepacarue omuema.

OT4eT 110 J1adopaTopHEIM padoTaM JOIKHEI COIEPKATh:

- TUTYJIbHBIH JIHCT,

- 1IeNIb padoTHI,

- KOHCITEKT OCHOBHBIX 3aKOHOB, OIPeIeIIeHHI, IIOHITHI, ()OpPMYII,
- OCHOBHOE 000pYI0OBaHHE, CXeMa YCTaHOBKH,

- OITHCAHHE IT0 ITYHKTAM BBIIIOITHEHHOH PpadOTHI,

- pe3yIIbTaThl H3MEPEHHH H pacyeToB (TaOIHIIbI, TPa(pHKH);

- OI[EHKA TIOIPEITHOCTEM,

- OTBETEI HA KOHTPOIIBHBIE BOIIPOCHL,

- BBIBOJIBI I10 PE3YIILTaTaM BBRIIOTHEHHON PaboTHI, JaTa, ITOITICE.

OOKYMEHT NMOANnMcCAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: ebayxosa TateaHa AnekcaHOpoBHa 'OPME H I 3aMKHYTOH LIEIIH.

Hue QyHKIHH U, (R) U I(R).
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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4. JlaitTe orpejeseHe MOIHOCTH 3IeKTPHYECKOI 0 TOKA.
5. IIpoBeauTe HCCIEMOBAHNE 3aBUCHMOCTH P, = P,(R).

6. UTo Takoe K.IT.J. HCTOYHHKA"

JIabopaTopHas padora Ne 10
T'ema pabomer. 13yyeHne ABJICHHS JIEKTPOMATHATHON HHAYKIIHHA.

Ilens padbomsr. M3zydeHne 3NeKTpHYECKHX TOKOB BO3HHKAIOMIMX ITPH SIBIEHHH 3JIEKTPO-
MarHHTHOH HHTYKI[HH.

T eopemuieckdn uacmsos.

MarHuTHbBIH MOTOK 4YepPe3 INIOCKYEO ITOBEPXHOCTh — 3TO CKaJLIpHAs (PH3HYECKasl BEIIH-
YHHA, YHCIIEHHO pPaBHAas MPON3BEISHIIIO MOAYIIST MAarHHUTHOH MHIYKI[HH Ha IUIOMAh ITIOBEPXHO-
CTH, OTPaHHYEHHOH KOHTYPOM, H Ha KOCHHYC YIJIa MeXIY HOPMAJIBLIO K ITOBEPXHOCTH H MAarHHT-
HOH HHAVKIMeH 17 okTa6ps 1831 roga aHrmuriicKui yueHbIH Marikin Dapajel OTKPHII SBIEHHE
IEKTPOMATHHTHONR MHIY KI{HH.

JABJIeHreM IEKTPOMATHHTHON MHAYKIIHN HAa3bIBACTCA SBIIEHHE BO3HHKHOBEHHS TOKA B
3aMKHYTOM KOHTYPE IPH H3MEHEHHMH MarHHTHOTO ITOTOKA, ITPOHIM3BIBAIOIIETO 3TOT KOHTYP. A
ITOIYYEHHBIH TAKHM CIIOCOOOM TOK, Ha3bIBACTCS HHAY KIIHOHHBIM.

3aKOH IEKTPOMATHHTHOH MHAYKIHM: CPEIHEE 3HAUEHHE SIEKTPOABHKVINEH CIJIBI HH-
IYKIIMN B IIPOBOISIIEM KOHTYPE ITPOIOPIIMOHAIEHO CKOPOCTH M3MEHEHH S MAarHHTHOI'O ITOTOKA
Yyepes MOBEPXHOCTE, OTPAHHYEHHYIO KOHTYPOM.

BemmurHa i HanpaeieHHe 31 C HHIYKIIHIH

PaccMOTpHM Telleph, KaKOBEI OyIYT BEIMYMHA H HaIllpaBJI€HHE HHIYKTHPOBAHHOH B ITPO-
BOJHHKe 3]/[C.

BemuriHa 3 /]C HHIYKIMH 3aBHCUT OT KOIHYECTBA CHIIOBBIX JIMHHH TTOJISL, IEPECEKAFOIIHX
ITPOBOJIHHK B €IHHHUILY BPEMEHH, T. €. OT CKOPOCTH JABHKEHHS IIPOBOAHHKA B IIOJIE.

BemmumHa HHAYKTHPOBAaHHON 3 /1C HAXOAHTCS B IIPSMOH 3aBHCHMOCTH OT CKOPOCTH JIBH-
KEHIS IIPOBOAHHKA B MarHUTHOM IIOJIE.

BemmunHa HHAYKTHpPOBAaHHOH 3/[C 3aBHCHT TaKKe H OT JJIMHBEI TOH YacTH ITPOBOIHHKA,
KOTOpas IIEPECEKAETCS CHIIOBRIMH JIMHUAMH ITOI. UeM OolbIlas 4acTh ITPOBOJAHIKA TIEPECEKA-
€TCS CIUIOBBIMH JIMHH MM ITONSL, TeM Oonblnas 5J[C HHIVKTHPYETCS B ITPOBOAHHUKE. M, HaKOHEIT,
YyeM CHJIIbHEE MATHHTHOE ITOJIE, T. €. YeM OOIBINE ero HHIVKIIHS, TeM Oosbinasg 5]1C BO3SHHKAET B
ITPOBOJIHHKE, TIEPECEKAFOINEM 3TO ITOIIE.

Hrak, BenmnmunHa 2/1C HHAYKIIHHI, BO3HHKAIOIIEH B IIPOBOJHHKE ITPH €I'0 ABIKEHHH B Mar -
HUTHOM IIOJIE, IPAMO ITPOIIOPIIMOHAPHA MHIVKI[HA MArHHTHOI'O ITOJIS, IJIMHE ITPOBOJHHKA H
CKOPOCTH €TI0 IIEPEMEIIEHH 5.

3aBHCHMOCTE 3Ta BeIpakaeTcsa popmyrioi E = Blv,

raec E— S1C mHaykimu, B — MarHuTHas HHAYKIHS, | — JMHa IIPOBOAHHKA, V — CKO-
POCTH JIBHKEHHS ITPOBOAHHKA.

Crnexayer TBEPAO IMOMHHTH, YTO B ITPOBOIHHKE, ITEPEMEINAFOINEMCSI B MAarHHTHOM IIOIIE,
OJ1C MHAYKIIMH BO3HHKAET TOJIBKO B TOM CIIYYae, CIIH 3TOT ITPOBOAHUK IepeceKaeTCs MarHHT -
HBIMH CHJIOBBIMH JIHHISMH ITONSA. ECIIH Ke ITPOBOJHUK TEPEMEINAETCS BJIOIb CHIIOBBIX JIMHHII
ITONS, T. €. He IIEPeCEKAET, a KaK Obl CKOJIB3HT IT0 HHM, TO HUKAaKOH 2 /]C B HEM He HHIVKTHPYET -
cs. IlosToMy IIpHBeZieHHAs BhIIIE (DOPMYIIa CIIPaBeJIHBA TOIBKO B TOM CIIVYae, KOIJa IIPOBOJI-
HUK IIepeMEIacTCA MEPIIEHAHKYIISIPHO MAarHUTHBIM CHJIOBEIM JIHHISIM ITOJIS.

Hamnarnenuve nanvkTunoranHoil 311C (a Tak)Ke H TOKa B IMIPOBOJHHKE) 3aBHCHT OT TOTO, B
OOKYMEHT MNoAnvucAH

SNEKTPOHHOM MOONMUCHIO 3[IeTIEHHS HalIpaBIIeHH S HHAYKTHpoBaHHOH 3 1C
CepTudiikat: ~ 12000002A633E3D 11 3AD425FB50002000002A6
Pnanenel:  KleSpeopap athiie AieaAPop? YTOOEI B Hee BXOJIUIH MAarHHTHBIE CHIIOBBIE ITH -

a1 OBl HAIIPaBJIICHHE ABHXKCHHA ITIPOBOJHHKA., TO

49

HNencreutened: ¢ 20.08.2021 no 20.08.2022



BEITSIHYTHIE YETHIPE ITAJbIA VKAXKYT HAIIPaBIIEHHE AEHCTBHS HHAYKTHPOBAHHOH 3/|C M HaITpas-
JIEHHE TOKA B ITPOBOJTHHKE.

[Ipn ABIKEHHH BHYTPH KaTYIIKH ITOCTOSHHOI'O MarHMTa B HEHN HMHAVKTHpYeTcsa 2J]C 3a
CUET TOr'0, YTO MAarHUTHEIHM ITOTOK MAarHHTAa IepeceKacT BHTKH KaTVIIKH, T. €. TOUHO TaK XK€, KakK
3TO OBUIO IPH ABHKEHIH ITPSIMOIHHENHOTO IIPOBOJAHHUKA B TT0JIE MAarHHTA.

ECIM MarHHT OIIYCKaThk B KaTVIIKY MEIJIIEHHO, TO BO3HHKaroImas B Hen OJ[C Ovyaer
HACTOJIBKO MaJjla, YTO CTPelKa IpHOopa MOXKET JaKe HE OTKIIOHHTHCA. Eciu ke, HaodbopoT, Mar-
HUT OBICTPO BBECTH B KaTVIIKY, TO OTKIIOHEHHE CTPENKH OyJIeT OONBIIMM. 3HAYMT, BEIIMYIHA
HHAVKTHpyeMon JJ1C, a cieoBaTelbHO, H CHIIAa TOKA B KaTYIIKE 3aBHCSIT OT CKOPOCTH JBHIKE-
HHS MarHura, T. €. OT TOro, HACKOJIBKO OBICTPO CHIIOBEIE JIMHHH TIOJIS IEPECEKArOT BHTKH Ka-
TYIIKH. ECIIH Telnepp MOOYEPETHO BBOAHTH B KATYIIIKY C OJHHAKOBOH CKOPOCTHIO CHAyala CHIIb-
HBIF MarHHT, a 3aTeM CIa0bli, TO MOXKHO 3aMETHTh, YTO ITPH CHIIBHOM MAarHHTE CTPelKa IIpHOo-
pa OyIeT OTKIOHATHCS Ha OOJBIIHI YIOlI. 3HAUHT, BeMMYHHA HHIYKTHpyYeMon DJ[C, a ciemoBa-
TEJIbHO, H CHJIa TOKA B KaTVIIIKE 3aBUCAT OT BEJIMYHHBEI MarHHUTHOI'O ITOTOKAa MarHHTa.

M, HaKOHEL[, €CIIH BBOJHUTH C OJHHAKOBOH CKOPOCTBIO OJIMH H TOT K€ MAarHHT CHayaia B
KaTYIIKYy ¢ OONIBIIHM YHCIIOM BHTKOB, a 3aTeM CO 3HAUHTEIIBHO MEHBIIHM, TO B IIEPBOM ClIy4dae
CTpelKa Ipudopa OTKIOHHUTCS Ha OONBIII YIOJI, YeM BO BTOPOM. 3HAUHT, BEIMYHHA HHIYKTH-
pvemon 3/]C, a cliegoBaTelbHO, H CIHJIa TOKA B KaTVIIKE 3aBHCAT OT YIHCIIa €€ BUTKOB. 1€ XKe pe-
3YJIbTaThl MOKHO ITOIYYHTH, €CIIM BMECTO IIOCTOSIHHOI'O MarHHUTa IIPHMEHSTH 3JIEKTPOMATrHHT.

Harmpasnenne 5]]C HHAYKIMH B KaTYIIKE 3aBHCHT OT HAITPAaBIIEHHS IIEPEMEIIEHH S MarHH-
Ta. O TOM, KaK OIpeAensars HarpapieHHe 3/1C HHAYKIHH, TOBOPHT 3aKOH, YCTAHOBJIEHHBIH O.
X. JleHiem.

3axoH JIeHI[a a71g 3MeKTPOMarHHTHOH HHAVKIHH. BCsSKoe M3MeHeHHe MarHHTHOI O ITOTOKa
BHYTPH KaTYIIKH COITPOBOKIAETCS BOSHHKHOBEHHEM B HEH O J[C HHAYKINIL, IIPHYEM YeM OBICT -
pee H3MEHSETCS MAarHHTHBIN TTOTOK, IIPOHH3LIBAIOIHI KAaTVYIIKY, TeM Oomnbinas 23{C B HEH HH-
IYKTHPYETCAL.

Ecm karyika, B KOTopoH cozfana 2J1C MHIVKIIHH, 3aMKHYTa Ha BHEIIHIOK IIEIh, TO II0
BHTKAM €€ HIAeT HHAYKIIMOHHBII TOK, CO3MAOIII BOKPYT IIPOBOJHHKA MarHHTHOE TIOJIE, B CHIIY
Yyero KaTVIIKa ITpeBpalrnaercsa B coneHou . llomydaercs TakuM o0paszoM, YTO H3MEHSIOINEECS
BHEIIHEE MATHUTHOE ITONE BBI3BIBAET B KATYIIKE HHIAYKI[HOHHBIH TOK, KOTOPOH, B CBOIO OUEPE/D,
CO3JIaeT BOKPYT KaTYIIKH CBOE MarHUTHOE II0JI€ — II0JIE TOKA.

H3yyas 310 sBreHue, 2. X. JIeHI YCTaHOBHII 3aKOH, OITPEAeIISIOIIIH HallpaBIIeHHE HHIYK-
I[THOHHOTI'O TOKA B KaTVIIIKE, a CIIeJAOBATelIbHO, H HanpasineHHe 2 /1C HHAYKIMH. 3/C HHIYKIIH,
BO3HHKAIOINAS B KaTYIIKe IIPH H3MEHEHHH B HEH MAarHHUTHOTI'O ITOTOKAa, CO3/laeT B KATVIIKE TOK
TAKOI'O HAIIPAaBIIEHHS, IIPH KOTOPOM MAarHHTHEIH ITOTOK KaTYIIKH, CO3JaHHBIH STHM TOKOM, IIpe-
IISTCTBYET H3MEHEHHIO IIOCTOPOHHET'O MArHUTHOTO ITOTOKA.

3axoH JleHIla cripaBeUIHB JJIS BCEX CIIYYAEB HHAYKTHPOBAHIHS TOKA B IIPOBOJHHKAX, He3a-
BHCHMO OT (POPMEI ITPOBOJHHKOB H OT TOI'0, KAKHM CITOCOOOM JOCTHTAETCS H3MeHEHHE BHEIIHE -
I'O MArHHUTHOI'O TTOJIA.

BemiuiiHa 5.71.C. HHIOIVKITHH € OITPEACIIACTCA 3aKOHOM BHEI{TPGM&I‘HIITHGﬁ HHAYKITIIL

LHA

Dapages: 5.1.C. 3IeKTPOMarHHTHOH HHAYKIHH € ., B 3aMKHYTOM ITPOBOJSIINEM KOHTYPE YHC-

LHe ?

JICHHO PdBHd H IIPOTHBOIIOJIOM¥HA ITO 3HAKY CKOPOCTH H3MCHCHIA MAI' HHTHOI'O ITIOTOKA @ CKBO3b

ITOBEPXHOCTh, OTPAHHYEHHYIO 3THM KOHTYPOM
- dd (1)

HHE d ¢
3HaK MHHYC B (DOpMYJIE COOTBETCIBYET #paeuny Jlewya: TIPH BCSIKOM H3MEHEHHH Mar-
HHUTHOI'O TIOTOKAa CKBO3b ITOBEPXHOCTh, OIPAHHYEHHYIO 3aMKHYTHBIM KOHTYPOM, B IIOCIIEIHEM

AOKYMEHT MOANMCAH JIEHHS, YTO ero coOCTBEHHOE MarHHTHOE IIOJIE

ANEKTPOHHOW MOAMUCHIO
Ceprucpukar: ~ 12000002A633E3D113AD425FB50002000002A6 — HIIO MalHHIHOLO IIOTOKa, BbI-
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Puc. 1.

IIprynHa BO3HHMKHOBEHHS HHAVKIIOHHOI'O TOKa B HENOJBH)KHOM KOHTYPE COITIACHO
TEOPHH 3JIEKTPOMAarHeTHsMa MakcBeluia COCTOHT B TOM, YTO ITPH H3MEHEHHH MAarHHTHOIO ITOJIS
BO3HHKAET BHXPEBOE 3IIEKTPHYECKOE II0NE, T.€. IIEKTPHYECKOE ITOJIE ¢ 3aMKHYTHIMH CHIOBBIMI
THHHASMH. [lox AedcTBHEM 3TOrO IO CBOOOMHEIE 3apsaAbl KOHTYPa IIEPEMEIIAIOTCS, T.€, B KOH-
TYPE BOSHHKAET 3JIEKTPHYECKHI TOK, Ha3bIBAEMBIH HHAVKIIHOHHBIM TOKOM.

IIyCTh TUIOCKHMH 3aMKHYTBIN ITPOBOMSIINI KOHTYP L HaXOAHTCSI B OAHOPOJHOM MAarHHT-
HOM IToNe ¢ HHAYKIHeH B (puc. 1). Torga MarHHTHBIH ITOTOK @ (TIOTOK BeKTOpa MarHHTHOH HH-
IYKIIHH ) Yepe3 TI0BEPXHOCTh, OrPaHHYEHHYIO KOHTYPOM L, Onpe/ienseTcsI BEIpakeHHEM

@ = BS cosa, (2)
rjace S — IIomaap IMOBEPXHOCTH, OTPAaHHYEHHON KOHTYPOM L, Ol — YIOlI MeKIY HallpaBJIeHHEM

CHJIOBBIX JIMHHH (HaITpaBIeHHEM BeKTOpPa H HOPMAJIbIO M K ITOBEPXHOCTH, OrpaHHYeHHOH KOH-
TYPOM).

[TycTh MarHHTHOE I1ONIE CO3JAaeTCs IFUIHHIPHYECKOH KAaTYIIKOH (COIEHOHIOM), IO KOTO-
POH ITPOTEKAET IIEPEMEHHBIN 3JIEKTPHUYECKHIT TOK

I = Iy cos ot (3)
rae [, —aMIUMTyIHOE 3HaYeHHE TOKa, (O — IMKIIMYeckas 4acToTa Toka ® = 27TV ; V — ya-
CTOTa TOKA.
Torma MarHUTHAS HHAYKIHS B II0JI1 BHYTPH KaTYIIKH H BOJIM3H €€ TOPIIOB PaBHA
B = uu,nl
HIIH ¢ YUETOM (3)
B = up,nly cosmt (4)

rae W — MarHHMTHaSd IPOHHI[AEMOCTE CEPJICUHIKA KaTYIIIKH, ].Lﬂ — MATHHTHAA ITOCTOMHHAA, 1 —

YHCIIO BUTKOB KaTyIIKH Ha eIHHHIE JIHHBL. [lojacraBuB BeIpaxkeHue (4) B popmymny (2), Haxo-
JTHM MarHHTHEIH ITOTOK Yepe3 KOHTY]P, PacIIONOKeHHBIH BOIM3H TOPIia KaTYIIKH

@ = U nlpS cos o cos wt

OTCIo[1a CKOPOCTh M3MEHEHHS MATHHTHOI'O TIOTOKA PaBHA,
dd
—= "HH onl, So cosal sin ot (5)
dt
TakxiM o6pa3oM, CKOPOCTh H3MEHEHH S MATHHTHOIO ITOTOKA ITPOITOPIIMOHAIBHA aMITIIHTYIHOMY

3HA4YEHHIO TOKA B KaTyllke / H KOCHHYCY yria O . I[ToncraBus BeIpaxeHue (5) B popmyy (1),
ITOITy4aeM
€,, = CI, coso. (6)

rae C=—-UU ,nS®sin oz,

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Puc.2.

3aBHCHMOCTD 3.J[.C. 3IEKTPOMArHHTHOH HHAYKIMH € . oT [ u COSOL (IIPHMEPHBI BHJ

il

H300pa’keH Ha pHC.2.

ObopyoosaHue u mamepuaiol.
1. MummnaMIiepmMeTp.

. Marsur.

. Karymka-MOTOK.

. UcTOYHHK TOKa.

. Peocrar.

. Kimrou.

. Karyika or sineKrpoMarHmra.
. CoeMHUTENbHBIE ITPOBO/IA.

f—

S0 -1 O o=

YKazanua no mexHuke 6 e30nacHocmi.
1. K BHIMOJHEeHHIO Ta00opaTOpHBIX paboT JOIYCKAIOTCS CTYAEHTEL, H3YUHBIIHE IIPaBHIIa

TEXHHUKH Oe30ITaCHOCTH.

2. JlaGopaTtopHbie padOTEI MOI'YT ITPOBOJIUTECS TOIIBKO IO PYKOBOJACTBOM H HAOIIOJEHHEM

ITPETOlaBaTEIIA.

3. Ilpu BEIOJHEHHH Ta00PaTOPHBIX PadoT CTYAEHTaM 3allpellacTCs:

- BKIIFOUATh CXeMBI ITOJ[ HAITpsKeHHeM Oe3 ITPOBEPKH ITPEITOAaBaTeNsd,

- TIPHKACATHC K HE3AIMINEHHBIM H30IAIHEN YaCTSIM CXEMBI, HaXOISIIIXCS TI0JT HaIIps-
KEHHEM,

- OINPEMENITh HATHYHE HAIPSDKEHIS Ha STIIeMeHTaxX I ITPHITOMOIIH ITalIbIEB, IIPOBEPKa
HAIIMYHS HaIIPSDKEHHS ITPOH3BOIHTCS TOJBKO C ITOMOINBIO BOJIBTMETPA H B IPHCYTCTBHH
IIPEIoaBaTellsd,

- TIpH padore Ha 1adopaTOPHOH YCTAaHOBKE ITPHKAcaThCAd OJHOBPEMEHHO CTEH, pajlHaTO-
POB CHCTEMEBI OTOIUIEHH S H APYTHX METAIUIHYECKHX IPEIMETOB,

- BKJIIOUATh pyOIIIFHUKH, HaKHMAaTh KHOIIKH, IIPHKacaThCs K MEKTPHYECKOMY 000pyI0-
BAHHIO, HE OTHOCAIIEMYCS K JaHHOH J1abopaTOpHOH padoTe Oe3 BeJAoMa IIPEofaBaTellsd,

- IIPOM3BOIUTH ITO XOAY BEITIOJIHEHH S PpaOOTHl MEPEKIIFOYEHHS B CXeMe, HE 00ECTOUHB €€,

- OpocaThk COEIMHHUTEILHEIE IIPOBOAA HA ITOJT M Ha HCCIEAYEMYIO YCTaHOBKY,

- 3aMEHSTH CTOPEBINHE IMPEAOXPAHHUTEIIN Ha pabOoyMX IMUTAX ITPH BKIFOUEHHBIX PYOHIIE-
HHKaX,

- KIIaCTh Ha paOOYHIl CTOII IIOCTOPOHHHE ITPEIMETHI,

- BXOIHTH B IIa00OPaTOPHIO B BEPXHEHN OHEXK]IE,

- KYPEHHE U 3a’KHTaHHE OTHAL.

4 Tlenenm RETIUAHUAM CYAMET 0B MRATETRHN [PEAVIIPEIUTE WIEHOB OpHragbl: « OCTOPOXKHO!

OJOKYMEHT NoannMcAH
SNEKTPOHHOWM NOANUCHLIO
Ceptudchmkar:  12000002A633E3011 3AD425FB50002000002A6 | 6aTapeﬁ:, HEO@KG,[[IMG ITOCIIC OTKIIFOYCHIA ITH-
Bnapeneu: Webayxora Tateana AnekcaHgposHa TOdaBaTEIs.
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6. IIpu oOHapyKeHHH KaKHX — JIHOO HEHCIIPABHOCTEH, HCUE3HOBEHH S HATIPSDKEHIS B CETH, a
TAKKe IIPH HECYACTHOM CIIyYae, HEMeIJIEHHO IIPeKpaTHTh padoTy, OTKIIOYHTh YCTAHOBKY OT
BIIEKTPOITUTAHU S H COOOIIUTE IIPEIOaBaTEIO.

7. IIOMHHTS, YTO TIPH OTKIFOYEHHH I[eTIeH ITIOCTOSHHOIO TOKAa C HHIYKTHBHOCTBIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE ITOBHIIIIEHHE HATIPSDKEHHAL.

8. CTYIEeHTHI, HAPVYIIHBIIE IIPaBHiIa TEXHUKH Oe30ITaCHOCTH, He JOITYCKAITCSI K JaJIbHEH-
Iei paboTte B 1abopaTopHH H IIPUBIIEKAIOTCSA K OTBETCTBEHHOCTH.

3aoanuas.

DKCIIEpHMEHT |

HauyneM nmabopaTopHyro padoTy co cOopa yecTaHOBKH. UTOORI coOpaTh cXeMY, KOTOPYIO MBI
OVZIEM HCIIONB30BaTh B JIa0OpaTOpHOH paboTre, MPHCOEAHHHM MOTOK-KATYIIKY K MHIUIHaAMIIED-
METPY M HCIIOIb3YEM MarHHT, KOTOPBIH OyAeM IMpHOIHKATh MM YVIAIATh OT KaTyIIKH. OJHO-
BPEMEHHO C 3THM MBI JOJIKHBI BCIIOMHHTB, UTO OYAET IPOHCXOAHUTE, KOrjaa OVIET ITOSBIIATHCS

HHTYKITHOHHBII TOK.

Puc. 1. DxcriepuMeHT |

[logymarnite Hajg TeM, KaK OOBSCHHTH HaOIIOgaeMOe HAMH SBIeHHE. KakiM oOpa3oM BIIH -
€T MAarHHTHBIH ITIOTOK Ha TO, YTO MBI BHAHMM, B YACTHOCTH ITPOHCXOXKIEHHE SINEKTPHUYECKOIO TO-
Ka. [[714 3TOro mocMOTPHTE Ha BCIIOMOIraTeILHEBII PHCYHOK.

OOpaTuTe BHHMAHHE, YTO JIMHHH MArHHTHOH MHAYKIIHH BBEIXOAST H3 CEBEPHOIO IIONIOCA,
BXOJIST B FOKHBIN IMOMIOC. [IpH ATOM KOIHYECTBO ATHX JIMHHI, HX I'YCTOTA Pas3jIMyHa Ha Pa3sHbIX
yyacTKaxX MarHuta. OO0paTHTe BHHMAHHE, YTO HaIlpaBJIeHHe HHIYKIIHH MarHUTHOI'O ITOJIS TOXeE
H3MEHSETCS OT TOUKH K TOUKe. [103TOMY MOKHO CKa3aTh, YTO H3MeHeHHe MArHHTHOI 0 IOTO0KAa
NPHBOAUT K TOMY, YTO0 B 3aMKHYTOM MPOBOJHHKE BO3HHKAET JIEKTPHYECKHH TOK, HO
TOJIbKO NPH JBHKeHHH MATHHTA, CJI€A0BATEIbHO, H3MEHAETCHA MATHHTHBIA MOTOK, IPOHH-
3bIBANMIHH ILJI0IIAdb, OrPAHHYEHHY0 BUTKAMH 3TO0H KATYIIKH.

DKCIIEPHMEHT 2

CJ’IE,I[}"IOH_HITI JTAIl HAITIET'0O HCCIICAO0BaHI A BHEKTPGMEII‘HIITHDﬁ HHAYEKIIHH CBA3dH C OIIPC-
ACIICHHCM HAalIpaBJCHHA HHAYKIIHOHHOI'O TOKA. O HAaIIpaBJIICHHH HHIAYEKITHOHHOI'O TOKda MbI
MOZKEM CYIHTD IIO TOMY, B KAKYIO CTOPOHY OTKJIOHACTCA CTPCJIKA MIJUITHAMIICPMETPA. BocItons-
3YCMCH ﬂ}TOGﬁpﬂBHﬁIM MAI'HHTOM H VYBHIMM, YUTO IIPH ]'[pIIﬁJ]II}I{EI-HHI MAI'HHTa CTPCIKa OTKIJIO-
HHTCA B OJHY CTOPOHY. Ecnn TEIIEPb MAI'HHT ABHI'ATH B APYI'VIO CTOPOHY, CTPCIIKd OTKJIOHITCA B
APYI'YIO CTOPOHY. B PE3VIIBTATC IIPOBCACHHOI'O 3KCIICPHMCHTA MBI MOXKEM CKad3dTb, YTO OT
HalTpaBJICHHA ABHMKCHIIA MAI'HHTA4 3dBHCHT H HAIIPABJIICHHC HHIYEKIITHOHHOI'O TOKA. OTMeTHM H

TO,HTOOT ﬁhﬁh’,‘léﬁi—“ﬁaﬁﬁﬁ E AHI-FH SOTTITTTT T BIICHIIC HHOYEKITHOHHOI'O TOKA.
SNEKTPOHHOW NOAMUCHLIO TYKIITOHHOI'O TOKa 3dBHCHT OT CKOPOCTH IICPC-
Ceptudchukat: - 12000002A633E3D113AD425FBS0002000002A6 H H3MeHeHHI MATHHTHOLO TTOTOKA.
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BTopas dyacts HameHn j1adopaTopHOH paboTHl CBA3aHa OVIEeT ¢ APYTHM SKCIIEPHMEHTOM.
[TocMOTpHM Ha CXeMY 3TOI'0 SKCIIEPHMEHTA H OOCYAHM, YTO MBI Oy eM TEIEPD AeIIaTh.

Knwoy

K.~

Peocrar
R~

ORE
+

* MCTOYHUK TOKa

Puc. 2. DKcriepuMeHT 2

Bo BTOpOIt cXeMe B MPHHIIIE HHYETO He H3MEHIIIOCh OTHOCHTEIBHO H3MEePeHHS HHIYK-
I[HOHHOI'O TOKa. TOT ’Ke caMblil MHIUIHAMIIEpPMET]P, IIPHCOeJHHEeHHBIH K MOTKY KaTyIIKH. OcTa-
eTcs Bce, Kak OBIJIO B ITepBOM ciIy4dae. Ho Teleps H3MeHeHHe MarHHTHOI'O ITIOTOKA MBI OyIeM I10-
Ty4aTh HE 3a cYeT ABIIKEHHS ITOCTOSHHOI'O MarHHTa, a 3a cueT H3MeHEHHS CHJIBI TOKa BO BTOPOI
KaTYIIKeE.

B mepBoii yacTH OyaeM HcClIeJOoBaTh HaIHuHe HHAYKIHOHHOIO TOKA ITPH 3aMbIKaHHH H
pasMBIKaHHH I[eIH. MTak, IepBasg 4acTh SKCIIepHMeHTa: MBI 3aMbIKaeM K04, OOpaTHTe BHHMA-
HHe, TOK HapacTaeT B IIelH, CTPelKa OTKIOHHIACh B OJHY CTOPOHY, HO 0OpaTHTe BHHMAaHHE,
ceilyac K04 3aMKHYT, a AIeKTPHYeCKOro TOKa MHIDIHaAMIIEpPMETP He ITOKa3bIBaeT. J[elIo B TOM,
YTO HeT H3MeHEHHS MarHHTHOIO ITOTOKa, MBI yKe 00 3TOM FOBOPHIH. Eci Temnepp KIIXOY pas-
MBIKATh, TO MIJIIHAMITIEPMET]P MOKaKeT, YTO HallpaBJIeHHEe TOKAa H3MEHIIIOCh.

Bo BTOpOM 5KCITepHMeHTEe MBI ITPOCIIeHM, KaK BO3HHKAeT HHIYKIIHOHHBIH TOK, KOTJa
MeHseTCs SIIeKTPHYECKHIT TOK BO BTOPOH I[EITH.

CreyroInas 4acTh OIbITa OVAET 3aKIF0YaThCS B TOM, YTOOKI IIPOCIIEMNTh, KaK OyIeT H3-
MEHAThCS HHAYKIIHOHHEIH TOK, €CIIH MEHATh BEJIMUHHY TOKa B IEIH 3a CYeT peocTara. BeI 3Hae-
Te, YTO €CJIH MBI H3MeHSeM 3JIeKTPHYeCKOe COIPOTHRIIEHHE B IIEIH, TO, clIeAyd 3akoHy Oma, y
Hac OyJeT MeHSAThCS H 3JIeKTPHUYeCKHI TOK. Pa3 M3MeHseTca 3IeKTPHYECKHI TOK, OyJeT H3Me-
HSTHCS MarHHTHOE IToJe. B MOMEHT IepeMellleHH CKOIb3SIIero KOHTaKTa peocTaTa H3MeHIeTC
MarHHTHOE T10IIe, YTO IIPHBOJHUT K ITOSBIEHHIO HHAYKIIHOHHOI O TOKA.

Ne Cnocod moay- |1 B Bm ADPm
ONbITA | YeHHA MHIYK-
IIHOHHOTO TOKA

1 BHeceHHe B Ka- — — +
TYIIKY CeBEepPHO-
ro moJica mMar-
HHTA

2 Yaagenue us3 «— — -

KaTYIIKH ce- [T

NOKYMEHT NOANWUCAH D
/

SNEKTPOHHOW NOAMUCBIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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3 BHeceHHe B Ka- — — +
TYIIKY HKHOIO
MOJIKOCA MArHM-
Ta

4 YaajieHue n3 — — -
KAaTYIIKH I07K-
HOI' 0 I10JII0CA
MATHHTA

Cooeporcarue omuema.
Ot4eT 1o 1adopaTtopHeIM padoTaM JOIKHEI COAEPKATh:
- TUTYJILHBIH JINCT,
- 1IETIb PabOTHI,
- KOHCITEKT OCHOBHBIX 3aKOHOB, OIpeielIeH I, IIOHATHI, (JOPMYII,
- OCHOBHOE 000pYIOBaHHE, CXeMa YCTaHOBKH,
- OITHCAHHE ITO ITYHKTAM BBIITOIIHEHHOH PadoThI,

- pe3yIbTaThl H3MEPEHHH H pacuyeTOB (TaOJIHIEL, IpaHKH);,
- OIIeHKa ITOrPelTHOCTEH;

- OTBECTHI Ha KOHTPOIIBHBIE BOIIPOCHIL,
- BBIBOJIBI 11O PE3YIIbTATAM BBIITOITHEHHOH pﬂﬁDTBI:, HaTa, ITIOAITHCE.

K OHMPOJIbHBIE 601D OCHL.
B 4yeM 3akmodaeTcs SIBIEHHE BHEKTPDMHFI{[ITHDﬁ IIH,I[}"KL[I[[I?

L.

2. KakomH TOK Ha3hIBalOT HHAYKIIHOHHBIM?

3. CdopMymHpyHTE 3aK0H 3IeKTPOMarHHTHOH HHAYKIHH. Kakoi (opMyIoH OH OITHCBIBAeTCSA?
4. Kak dpopmyrmipyercs rmpaBriIo JleHa?

5. KakoBa cBSI3b IpaBHiIa JleHIla ¢ 3aKOHOM COXPaHEHHS SHEPTr HH?

JIabopaTopHas padora Ne 11
T'ema pabomsr. OnpenesieHHe rOpU30HTAJIBHON COCTABJISIONIEN HHAYKIHH MATHHTHO-
ro ImoJig 3emMJin.

Ilens pabomer. OnpefielieHHE TOPH30HTAIbHOH COCTABILSIIONIEH HHAYKIIHH MarHHTHOTO
TTON ST 3EMIIH.

T eopemuieckda uacmbo.

3eMIII B LIETIOM IIPEACTABISET COOOH OIPOMHBIH INAPOBOH MarHuT. llosToMy B 1r00OOH
TOUYKE ITPOCTPAHCTBA, OKPYKAIOINET 0 3eMIIO, H Ha €€ MOBEPXHOCTH CYIIECTBYET MarHHUTHOE I10-
J1e, CHJIOBBIE JIHHHH KOTOPOro H300pakeHbl HA PHCYHKE 1. IIpH 3TOM ceBepHBIIl MarHHTHBIH I10-
nroc N HaxoauTcs BOIMH3H 0KHOro reorpaduyeckoro KO u HaoGopor. Ha skBaTOpe MarHHTHBIE
CHJIOBBIE JIMHHH HaIIpPaBJIEHBI TOPH30HTAIILHO, 4 Ha ITOJIFOCAX - BEPTHKAIILHO.

B ocTalIbHBIX TOUKaX 3eMHOH ITOBEPXHOCTH HHAVKIIIA MAI'HHTHOI'O ITOJISA HAIIPpaBIICHA ITOJ

HE__DTDDLIM;ELG%TEELEI TEI__IDIHII_IE;‘ngI_-l CTH 3eMIIH, T.€. HUMEET U TOPH30H-
ANEKTPOHHOM NOANMUACKHIO Bg cocTaBmsrorme.

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Puc.1.

HarrpapiieHrne ropH30HTaIbHOH COCTABISIONIEH IIPHHHUMAETCS 3a HallpaBIIeHHE MarHHTHO-
o MEpPHAHAHA, T.K. B 3TOM HaIlpaBJIeHHH YCTaHABIIHMBAETCS CTPelIKa KOMIIAaca, BPaIIlArOIIascs B
TOPH30HTAIIbHOH TUIOCKOCTH. [[enbr0 HacTOSIIEH padOTHl SBIISETCS H3MEPEHHE BEIIMYMHEI I OPH-
30HTAJIBHOM COCTABJIIIOMIEH MHAYKIMH MAarHHTHOTO ITONIS 3eMIH C IIOMOMIBEO TaHTEHC-
rajJlbBaHOMeTpa. TaHTeHCc-raJlbBAaHOMETP ITpe/icTaBIIsgeT cOOO0H BEePTHKAIbLHO PACIIOIOKEeHHEIE N
KPYTOBEIX BHTKOB pajHyca R, IT0 KOTOPEIM ITPOITYCKaeTcs MOCTOSHHBIN TOK CHIIOH I. B meHTpe
STOH COBOKYITHOCTH BHTKOB (KOPOTKOH KaTYIIIKH) ITOMeMaeTcsI KoMriac. [IpH OTCYTCTBHH TOKa B
BHTKAaX MarHHTHas CTPeIIKa KOMITaca YCTaHOBHTCS ITO

22 90

]

180

Puc. 2.

MarHHTHOMY MepHAHaHY. [IpH ITpoITyCcKaHHH TOKa II0 BHTKAM CTPENKa IIOBEpPHETCS Ha He-
KOTOPKIH YTOII O, T.K. TEIePh Ha Hee ITOMHMO I'OPH30HTAIBHOH COCTABIISIOIIEH MATHUTHOT O ITOJIS
3emyimH OyJIeT JeHCTBOBATE €Ill€ MAarHHTHOE IT0JE, CO3aBacMoOe TOKOM | B n BHTKax. EciH BHTKH
COPHEHTHPOBATh TaK YTOOBI HX INIOCKOCTH COBITAHAIN C INIOCKOCTBI) MAarHHTHOI'O MEpPHIHAHA,
TO Ha CTPelIKy OyAyT JAeHCTBOBATh JABa B3aHMHO IIEPIIEHAHKYIIIPHBIX ITONS. IMOJIe 3eMIH Bi
rosne Toka B, (puc.2).

CTpellka KOMIIaca YCTAaHOBHTCS B HAIIpaBJIEHHH PaBHOJEHCTBYIOIIEH STHX ITOJIEH, BIOIb

B = By + B3 , T.e. 110 qHAroHaaM IapauieliorpaMMa, CTOPOHaMH KoToporo oyayr B, u Bi;. Cm
pHC.2, Ha KOTOPOM H300pakeHO CeYEHHE BHTKOB C TOKOM, OPHEHTHPOBAHHBIX BJIOJIb MarHHTHO-

B
e 0
I'0O MCpHJHaHa, I'OPH30HTAaJIbHOH ITIOCKOCTBIO. %K PHC. 2 CIICOYCT, UYTO [goL = ___ OTKYIa
B
B, |
B,= (1)
[goL
Mo {
Taxk Kaxk UHITVKTITUS MATHUTHOTO TTOTT R TTEHTPE KPYTI'OBOI'O TOKa b = ——» TO B IICHTPE 1
ONOKYMEHT NMoanncAH ¢ 2R
SNEKTPOHHOWM NOANUCHLIO
Ceptudhikar.. - 12000002A633E3D113AD425FBS0002000002A6 (2)
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I
[TogctaruB (2) B (1) ITomy4dmm B, = B, Tt (3)
2R -tgaL

OTa (popMyna HCIIONIL3YETCS B HACTOSIIEH pa0doTe AJIS OIBITHOIO OIPeJeleHHS TOPH30H-
TAJILHOH COCTaBJIIOINEH MarHHTHOro Ionsd 3emmmm. Dopmyna (3) 3ammcaHa B cucreMe CH, 1mo-

:3'1‘:::1«.13.»'983 ITOIIYUHUTCS B TECTIAX.
TeKTpHYEeCKas CXeMa YCTAHOBKH IS H3MEPEHH S B3 COCTOHT M3 TaHT eHC-rallbBaHOMETPA

G, HCTOYHHKA TOKa & ,peocraTta R o amrepMmeTpa A UIS perylIIHPOBKH H H3MEPEHHS TOKa

(puc.3).
B cxeMe mcnonbp3yercs Iepekiarodarells I1 A9 H3MeHeHHs HallpaBJIeHHS TOKa, ITPOXOs-

IICIo HEPE3 TAHI'CHC-I'dJIbBAHOMCT].

—H{ {1 T{1]]

Puc. 3
ObopyooeaHue u mamepuaisl.

TaHTeHCc-ralIbBaHOMET]P, AMIIEPMETP, PEOCTAT, HCTOYHHK TOKA.
YKazanusa no mexHuke 6 €30nacHOCH.
1. K BBHIMOHEHHIO Ta00opaTOPHBIX paboT JOIMYCKAIOTCS CTYAEHTEL, H3YUHBIIHE IIPaBHIIa

TEXHUKH O€30ITaCHOCTH.

2. JlabopaTopHble paboTEl MOI'YT IMTPOBOJHTECS TOIBKO IO PYKOBOJCTBOM H HaOIOIeHHEM

ITperolaBaTerIs.

3. Ilpu BEIOJIHEHHH Ta00PaTOPHBIX PadoT CTYAEHTaM 3allpellacT s

- BKIIFOUATh CXEMBI ITOJ[ HAITPSKeHHEM O€3 ITPOBEPKH ITPEITOAaBATENT,

- TIPUKACAThCS K HE3AIMMINEHHBIM H3OISAIMEN YaCTSIM CXEMBI, HAXOISIIIXCS TI0JT HaIIps-
KEHHEM,

- OINPENENSITh HATHYHE HAIPSKEHN S HA 3JIeMEHTaxX IIeIH TPHITOMOIIH ITaJIbIER, IIPOBEpPKa
HAIIMYHSA HaIIPSDKEHHS TTPOH3BOIHTCS TOIMBKO C ITOMOIIBIO BOIBTMETPA H B IPHCYTCTBHH
IIPEIOaBaTellsd,

- IIpH padore Ha 1abOpPAaTOPHOH YCTAHOBKE IPHKACATHCSA OJHOBPEMEHHO CTEH, pajlHaTO-
POB CHCTEMBI OTOIUIEHH S H IPYTHX METAJIMNYECKHX ITPEIMETOB,

- BKJIIFOYATh pYOWIBHHUKH, HAKHMATh KHOIIKH, IIPHKacaThCs K 3IEKTPHYSCKOMY 000pyI0-
BAHHIO, HE OTHOCAIIEMYCS K JaHHOH J1abopaTOpHOH padoTe 6e3 BeaoMa ITPelofaBaTellsd,

- TMOURRATUTE TTO YOV REITIOTH AW NAAOTEI IIEPEKITFOYEHHSA B CXEME, HE 00eCTOUNB €€,

AOKYMEHT NnoarnncAH _ _
SNEKTPOHHOM NMOANMUCHIO [OII 1T Ha HCCIICAYEMYIO YCTAHOBKY,
Ceptuchukar:  12000002A633E3D113AD425FBS0002000002A6 " Ha paﬁu:jl{];[}{ ITHTax ITpH BEKIIIOUEHHEBIX pyﬁ];[;l]jb-
Bnapeneu: Lebayxoea TateAHa AnekcaHgpoBHa
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- KIIacTh Ha paOOYHIl CTOII IIOCTOPOHHHE ITPEIMETEI,
- BXOJHTH B IIa0OPaTOPHIO B BEPXHEHN OHEXK]IE,
- KYPEHHE H 3aKHT'aHHE OTHAL.
4. Ilepen BKIIIOUEHHEM CXeMBI 00S3aTENBHO MPEAVIIPEIUTE WIEHOB OpHragbl: « OCTOPOXKHO!
Bxrrouaro! ».
5. Ilpu HanmH4YMM B cXeMe KOHJIEHCAaTOPHBIX OarapeH, HeoOXOMMMO ITOCIE OTKIIFOUEHHS TTH-
TAHH S UX Pa3pSAIUTh 1101 HaOIXOTHEHEM TIPEITOAaBaT eI
6. [Ipn oOHapyKeHHH KaKHX — JINO0 HEHUCIIPABHOCTEH, HCUE3HOBEHI S HAITPSDKEHIS B CETH, a
TaKKe IIPH HECYACTHOM CIIy4Yae, HEMEJIEHHO IIPEKPATUTE PadoTy, OTKIIFOYHTE YCTAHOBKY OT
BIIEKTPOITUTAHNS H COOOIIHTE ITPEITOAaBaTellto.
7. IIOMHHTB, UTO TIPH OTKIIFOUEHHH IIEIIEH IIOCTOSHHOI'O TOKA ¢ HHAYKTHBHOCTHIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE ITOBBIIIEHHE HATIPSDKECHIS.
8. CTYAEHTHI, HAPVIIHBIINE IPaBHIIa TEXHUKH Oe30IIaCHOCTH, He JOITYCKAarOTCSI K JalbHEeH-
Ieil padoTe B mabopaTOpHH H IIPHBIIEKAIOTCS K OTBETCTBEHHOCTH.
3aoanuas.
1. CobuparoT 3JIEKTPHYECKYIO LIETIH ITO CXEME PHC.3
2. IloBopaunBasi TaHI€HC- TaJlbBAHOMETP, YCTAHABIMBAIOT €0 INIOCKOCTh B IIJIOCKOCTH
MarHHTHOTO MepHIHAaHa, TaK YTOOBI MarHHTHAS cTpefIka YCTaHOBHIIAch B HampaBiIeHHH 0 -180".
3. YcraHaBIHBas JBHKKOM peocTaTa 3aJaHHYIO BEIIHYHHY TOKa (3aJlaeTcs ITpernojaBaTe-
JIeEM) H3MEPHTH YTOII OTKIIOHEHHS MarHHTHOH CTPEIIKH (1.
4. He u3MeHSq BEIMYMHY TOKA IIOMEHSTH IepeKiIrovyaTeieM 11 HalpaBiIeHe TOKa Ha IIpo-

_ (&| +EI,2}

THBOITONOKHOE. OTCUHTATh HOBBIH YI'OJI OTKIIOHCHH A CTPCIIKH 2. BBIUHCITHTE o op 5 :

5. H'DETGPHTL H3MCPCHHA O] H 02 IIPH HECCKOJIBKHX APYI'HX 3aJdHHBIX 3HAYWCHITAX TOKA.
6. IloacraBmsasa nmociuegoBaTelIbHO H3MEPCHHBIC COOTBCTCTBYIOLIHE 3HAUCHHA TOKa I u

yCpeQHEHHBIE 3HAUCHH A yVITIa o B (popMyny (3) HaiiTH 3HayeHHI B3, ( BermmumHeI n 1 R ykaza-

HBI Ha TaHTeHC-TaTbBAaHOMETPE).
7. Bce pe3ynbTaTel H3MEPEHHH H BEIYHCIIEHHH 3aHECTH B Ta0II. 1

Tabm. 1

(A | o | o] % | oe |Bs |AB | 0B

(cp)

8. OILIEHUTH ITOIPENIHOCTE IIPOBEAEHHOI 0 H3MEPEHH A B3 M pe3yIIbTaThI 3aHECTH B Ta0I. 1

9. 3armcaTh pe3ylbTaT B BHIE
BF — BF.:.'_::' i &Bjerp

Cooepacarue omuema.
OT4eT 1o 1ad0opaTopHEIM padoTaM JOIKHEI COAePKaTh:
- TUTYJIbHBIH JIHCT,

- 1IeNb padoTHI,

- WNUATIAYT NCHNRTLIV R2aWNHNAR  NTTNaTATAUTI TTOHITHIH (bgpm'
AOKYMEHT NoanwvcAH ’ ’
SNEKTPOHHOW MOANMUCHIO

Ceptudumkat: | 12000002A633E3D113AD425FB50002000002A6
Bnapeneu, Webayxoea TatbAHa AnekcaHapoBHa | I‘pﬂ(bHIﬂI);
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- OTBECTHI Ha KOHTPOIIBHBIC BOIIPOCHIL,
- BBIBOJIBI 11O PE3YIIbTATAM BBIITOITHEHHOH paﬁmm, HaTda, IIOAITHCE.

Konmponsnsie 6onpocet.
1. Kaxon BH HMeeT MarHHTHOe T10JIe 3eMITH?

2. B deMm zakmoyaeTcs HAe I H3MePEHHS TOPH30HTAIILHOH COCTABRILSIFOIIEN HHIYKIHH Mar-
HHUTHOT'O ITOJIST 3eMITH?
3. Kak yCTpOEeH TaHT €HC-TallbBaHOMETP?

4. BriBeguTe (popMyITy HHAYKIIHH Bo, B IIEHTPE KPYTOBOI'O BHTKA C TOKOM.
5. IloyeMy IUIOCKOCTh TAHI€HC-TaJIbBAaHOMETPA CIeIYyeT OPHEHTHPOBATh B HAaIIpaBIIeHHH

MAI'HHTHOI'O MEPHIE [aHa?

JlabopaTopHas padora Ne 12

Tema padoompsl. U cciieqopanne KoiedaHu B K0.J1€0aTeJIbHOM KOHTYpe

Ilens pabomesir. V3yucHIe 3aTYXarOIHUX SIEKTPHUECKIX KonebaHM KonedaTelIbHOM KOH-
TYPE.

T eopemuieckdn uacmbo.

[IpocTon KomnebaTenbHBIIl KOHTYP COCTOHT H3 ITOCIEIOBATEIbHO CO-&QHHEHHBIX BJIeMEH-
TOB. eMKOCTH C, HHAYKTHBHOCTH L M aKTHBHOI'O COITPOTHBIIEHHS R

CpeIH pa3IMYHBIX AIeKTPHYECKHX SBJIEHII OONIBINOH HHTEPEC MPEeACTABIISIIOT SIIEKTPH-
yecKHe KojeOaHMs, ITPH KOTOPBIX HEKOTOPBIE 3JIEKTPHYECKHE BEJIMYHHEBI, TAKHE KaK ITOTEHIH A
CHIIa TOKa, WIH 3apsj H3MEHSIOTCS BO BpeMeHH. OIHHM H3 IPOCTEHIINX HCTOYHHKOB ITOIIYYE-
HHS SIEKTPHYECKHX KOIeOaHHH SBIISIETCS AIEKTPHYECKHH KONIeOaTelIbHBIH KOHTY].

PaccMmorpHM mmpocToH KonedaTelnbHBIH KOHTYDP, COCTOSIIHA H3 ITOCIEA0BATEIIBHO COEIH-
HEHHBIX KOHJIleHcaTopa C, HHIYKTHBHOCTH L, pe3ucTtopa R u xmoya K (puc.l, a). Eciin KoHIeH-
caTop 3apSAHTh, a 3aTeM 3aMKHYTh K04 (pHc.1,0), TO KOHAeHCAaTOp HauHHaeT pa3psokKaThbes. B
I[EIH ITOSBIISETCS BO3PACTAIOIMI TOK I, B KaTVIIKE HHAYKTHBHOCTH — COOTBETCTBYIOIIEE Mar-
HHUTHOE II0IIE.

K K K
/; I I
1. 1.
T. > C
+ + —
C 1 — 1
— — -
K
K |
a) 0) B)
Puc.1.
NJOKYMEHT NOANMUCAH _
SNEKTPOHHOM NOANVCHIO [epe3 KaTYIIKY, ITopokaaeT B HeH 3/]C caMOHH-
Ceptudmnkar: . 12000002A633E30113AD425FB50002000002A6 aMeJITIIeT paspsa KOHAeHcaTopa, a IToclie TOro,
Bnapeneu. lleBayxoea TateAHa AnekcaHapoBHa
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B pesyierare 3T1oro KOHAEHCATOP IEPe3apsIHTCs, IIOCIIE YErO MPOIECC MTOBTOPUTCS, HO
IBIJKEHHE 3apsIoB OYAET IIPOHCXOMHUTH B IIPOTHBOIIOIOKHOM HaITpaBIIeHHH (pHC.2,B).

[lepBOHaYabHAS SHEPTUS EKTPHUYECKOrO IO 3apsSKEHHOIO KOHAEHCATOPa BO BPEMSI
€ro paspsja NMepeXoquT B SHEPIHI0O MarHUTHOIO ITOMNS KaTyIIKH. [IpH nepesapsae KOHIeHCaTopa
ITPOHCXOANUT OOPATHBIHN IePEXO]] SHEPIHH MATHHTHOIO IO KaTYIIKH B SHEPTHIO 3JIEKTPHYECKO -
I'0 IO KOHAeHcaTopa. B HaeampbHOM KoneOaTeIbHOM KOHTYPE COIPOTHBIIEHHE R paBHO HYIIIO
H BO3HHKIIIHE 3JIeKTPHYECKHE KolneOaHNI OyAYT Hezamyxarouumu (pHc. 2.a).

B peammHOM KonebarelIbHOM KOHTYPE R OTIIMYHO OT HYIISL, IIO3TOMY IIPH ITPOTEKAHHH
TOKa 4Yepe3 HEero IMPOHCXOMHT BHIACIIEHHE Telllla. BelaeacTBHe 3TOro OOINHMI 3arac 3HEPIHH B
KOHTYPe YMeHbIIaeTcs, H KojneOaHus 3amyxarom (pHc.2.0).

C VyBeIHYEeHHEM COIPOTHBRIIEHHS R CKOpPOCTh 3aTyXaHHS KOIeOaHHH VYBEIHMYHMBACTCS
(puc. 2,B), a IIpH JOCTaTOYHO OOJBINOM 3HaYeHHH R koneOaHHSA BoOOINe He BO3HHKAIOT -
HaOIMIogaeTC s anepuoduieckuil pa3psa KoHAeHcaTopa (pHC. 2.T).

COIpOTHBIIEHHE KOHTYPa, ITPH KOTOPOM KOJledaTelbHEIH ITPOIECC TIEPEXOJUT B allepHO-
IHYECKH, HAa3hIBAETCSI KPUTHYECKHM (Ryp).

AAAR . DA aa
TATRTAY ’

Puc. 2.

HaitieM ypaBHeHHE, OIIHCBHIBAIOIIEE 3aTYXAKOIHE SNEKTPHYECKIE KoleOaHNI B KOHTYPE.
B COOTBETCTBHH C 3aKOHOM COXpPaHEHH S SHEPTHH YOBIIb SHEPIHH KOHAeHCcaTOpa IIPH ero pasps-
ne —dWc pacxomyeTcs Ha YBEIHYEHHE SHEPTHH MarHHTHOIO ITOJIS KaTyIukn dW1 B BEIZIEIIEHHE
Tera dQ B cOIpOTHBIIEHHH R

— dWc=dWL +dQ, (1)

rie We — SHEPrHs KOHICHCATOPa, vy, = qz /2C,

WL — SHEPrHsa MarHHTHOT'O IO KaTYINKH, W, = Li2 /2.
1 [JOKYMEHT NOOMVCAH il MOMEHT BPeMeHH, 1 — CHJIa TOKa B KOHTYpe B

INEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: Llebayxosa TaTbAHa AnekcaHapoBHa OBOAHHKE 3a BPEMA dt:

« 7
=1 Rdt.
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M crmons3ys 3TH COOTHOIIEHH S, ITpeo0pasyeM ypaBHEHHE (1):
C)
—d| —J =d/L*|+i *R+dt =0

k.

2
1L oogdq+=-2i-di+i’R - dt =0
2C 2

Qdq+L-i-di+i2R -dt=0 2)

C
Tak xaK ; = g /4y 1 dq = 1dt,
TO BBIpaKeHHe (2) MOXKHO ITpeodpas3oBaTh K BHIY

d d .
Tdq+ L%%di+iR-dg=0-

C dt
CDKPE],TI[B Ha dq H HCIIOJIIB3YA COOTHOLICHIIC
di d2q

- kS

E dt?

ITOITy4YaeM cleAyrommee T} pepeHIHaTBHO HEHHE:
42q eﬁpaﬁq q , (3)

2 : +—:0
dt- + 1, dt [L.C

B sTOoM YPdBHCHHH CACJIaCM CIICAVYIOIIHC 3aMCHEIL.

= _2( (4)
- =2p
1 2, (3)
LC_m 0
rjae B — KkoapHIIHEHT 3aTyXaHHS, Mo — cOOCTBEHHAS YacTOTa KOHTYpa.
Torma
“a, @
de 2P +®,q=0. (6)
JnddepenmanpHoe YypaBHeHHE (6) HMeeT (TIpH B < ® o) CIeAyIoIee PelleHHE:
Bt
q = q.e - COS(O+aL) - (7)
Tl
1 Rz . (8)
m:JmE—BE = - —
’ LC  41?

qo M 0L — HEKOTOPBIE TIOCTOSHHBIE, COOTBETCTBYIOIHE HAaYallbHOM aMIUIMTY/le H Hadallb-
HOH (paze KoneOaHH

Bripaxkenne (11.7) ecTh ypaBHeHHE 3aTyXalOIIHX 3JIeKTPHUYeCKHX KOIeOaHHi, ITHKITHYE -

NOKYMEHT NOANMUCAH KCITOHEHIIHAIIEHO }fﬁbIBE],ET C TCUHCHHEM BPEMCHH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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2T 27 9)

+ 4d
-
- T
T
"
-
— — -t
- - T 1
-~
o
e
Puc. 3.
JIns MaseIX 3HauYeHHH R moimyyim
2T
=== =2n . (10)
To VLC
@

i

B coorBeTcTBHH ¢ ypaBHeHHeM (9) IpH yBelIMUeHHH COMPOTHBIEHHS KOHTYpa R, mepH-
O KoneOaHHH OYIET, CTPEMSICH K OeCKOHEUHOCTH ITPH

B=[ﬂ{]. (11)

OTO O3HAYaeT, YTO KoneOaTelIbHBIH MPoLece IMIEPEXOANT B allepHOAHYECKII. MCIomp3ys
ypaBHeHH (4) 1 (5) u3 BeIpakeHH (11) MOXKHO ITOTYYHTh 3HAUYEHHE KPHTHYECKOTO COMPOTHB-

TTEHHST
L. (12)
RKP_ 2 C

1111 XapaKTe pHCTHKH 3aTyXaHHS KOIeOaHHH YacTO ITONIL3YIOTCS JI0ZAPUPMULECKUM O e-

KPEeMEeHMOM 3amyxXaHusa o 1 0oopomuocmoio ().
NOKYMEHT MOJNMUCAH
SNEKTPOHHOW NOANMUCHIO I paBeH HaTypaJbHOMY JIOTapH()My OTHOIIEHHS

Ceptudcbikat:  12000002A633E30D113AD425FBS0002000002A6 ' MOMEHTAM BPEMEHH, OTIIHYAFOIINMCS Ha TIePH-
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa
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A(t) . (13)
A(t+T)

O =In

3mece A — aMIUIHTYla KolneOaHHH BEeJIMYMHBI 3apsaia, TOKa HIH HarpshkeHHS (pHc. 3).
Hcrone3ys ypaBHeHHE (7), TTOITYYHM

_ q{}e_Bl _
0= e PT

Jlnnsa HeGonpIMX 3HaYeHHH R, ¢ ydueTom ypaBHeHHH (4) u (10), morapu@mirdeckni Je-
KPeMEHT 3aTyXaHHSI MOKHO OITPEEINTh Yepes MapaMeTPhl KOHTYpa:

SanF* (14)
L

H}*’CTL T — BpEMA PClIaKCalllii, B TCUCHIC KOTOPOI'O aMIIIIMTV/Ia KoneOaHI YMCHBIIIACTCA

B € = 2.7 pa3, Ne — 4HCIIO KOJIeOaHHH COBEPIIEHHBIX 3a BPeMS penakcalii. Torjga MOKHO JIETKO
JI0Ka3aTh, YTO

1 (15)

JloGporHOCTE (Q IpeAcTaBIseT cOOOH YMHOKEHHOE Ha 27 OTHOIIEHHE SHEprHH W(t) B
JAaHHBIH MOMEHT BPEMEHH t, K SHEPTHH, TEPSIEMOH 3a IepHoi KonebaHms T

_ W(t) : (16)
Q=" W)W+ T)

Ecimi B HayaIbHBIH MOMEHT BpeMeHH (t = ()) 3SHeprus KOHTYpPa COCTOHT H3 SHEPIHH 3aps-
’KEHHOTO KOHJIeHCaTopa, TO

W()=9¢ . (17)
2C

DOHeprus KOHTypa 4epe3 BpeMs, paBHOe IIEPHOAY, YMEHBIIHTCSI B COOTBETCTBHH C
YMEHBIITHBIIHMCS 3aPSOM:

W (@ et (18)
(t+T) = 5C
IIogcrarus BeipaxkeHHs (17) 1 (18) B ypaBHeHHe (16), IMTOITyUHM

Q= 2T 2T (19)

1—e2PT 1-e29
3BeCcTHO COOTHOINIEHHE € * & 1+X , BRIMONMHSIOIeeC IS MalIbIX 3HAUeHHH X: (X << ).

C y4eTOM 3TOro BeIpakeHHe (19) yIrpocTHTCS:

_1 (20)
NOKYMEHT NoanncAH 5
SNEKTPOHHOWM NOANUCHLIO
Ceptuchukar:  12000002A633E3D1153AD425FBS0002000002A6 TapaMeETPHI KOHTYpa, ITPHMEHHB (bﬂpmy {]4):
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

63



1 JL. (21)
Q_R C

M3 ypaBHeHmit (20) u (15) cnexyeT Takke, YTO JOOPOTHOCTH ITPONOPIHOHATIBHA YHCITY
Kojle0aHMI B KOHTYPE, COBEPIIHBIIHXCS 32 BPEMS pPellaKcalii, B TEYeHHE KOTOPOro aMILIHTYa
YMEHBIIAETCS B € pas:

Q=T[ Ne.

B psme cioydyaeB koneOaTelnbHBIH ITPOIECC MOXKHO HCCIEA0BaTh, H3y4das B3aHMO3aBHCH-
MOCTh MEJKY HAITPSDKEHHEM U H TOKOM 1 B KOHTYPE.

['paduk, H300pakaroIHH 3TY 3aBHCHMOCTh, Ha3bIBaeTCSI (pa30BOH KpHBOH. COCTOSHHE
KOJIe0aTeIbHOH CHCTEMEI JJIS JIFOOOro MOMEHTA BPeEMEHH H300pasHTCSA TOUKOH HA STOH KPHBOH

(puc. 4).

YpaBHeHHe (Daz30BOH KPHBOH MOJKHO ITOTYYHTh, HCITOIb3YS 3aBHCHMOCTH TOKa H HaIps-
’KEHHS OT BPEMEHH.

M3 BeIpaxeHus (7) u cooTHolIeHHT u=q/C clIeqyeT, 4To

u=— CEB_B Lecos(ot +a)-
C

ClaemnaeM 3aMCHY [] = q /C ., H IIOJIVHHM 3dBHCHMOCTE HAIIPAMKCHIA Hd KOHACHCATO-
0 0

pe OT BPEMEHH:

u=U -e Plcos(ot+a) (22)

0

rae Uo — HayanpHas Pa3HOCTD ITOTCHITHAJIOB.

M3 ypaBHeHHA (7) MOKHO OIPeEeHTh H 3aBHCHMOCTh TOKA B KOHTYPe OT BpeMEHH

._dq_ dy

1 q e_Btcns((ﬂt +1D£,)7 =

dt dtl ©
—q,e- Bt[_g) sin(mt+ot) —3 - cos(mt +CI,)] .

JIT1s ManbIX 3aTyXaHHH B << o, Torga
: Bt .
1=—q, ®-¢ SIn(ot+a)-

O0o3HaunM lp = qo *w, TOr7a | = —I, e Pt sin (@t +0oL), TO eCTh

i=1ePcos(ot+a+2 ) (23)
0 p)

CpaBHHB BHEIpaXeHHT (22) 1 (23), MOKHO VBHJIETE, UTO KOeOaHHs CIIIBL TOKa OIlepeka-
IOT I10 (pase Ha %KGHE@EIHI[H HAITPSKEHHSI Ha KOHEHCATOPE.
[IpeobpazyeM BeipakeHHS (22) u (23) cineayronmm oOpa3soM:

11 Rt . )
AOOKYMEHT NMNOAMNUCAH Cﬂb((ﬂ t —I—(I,)
SNEKTPOHHOW NOAMUCHIO
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L — Plinot+a)

C
Io
Ecimi BO3BeCTH 3TH ypaBHEeHHS B KBaJpaT H CIIOXKHTH, TO ITOJIYYHM yYpaBHeHHe (Da30BOMH
KPHBOM:
(.2 2 — 24
i \ T u Y=e-28t %)

gjl qey

B crnydae HezaTyxaromyx xonedanmii ( R = 0, p = 0) dazoBas kpHBas HMEET (pOpMy 3II-

nurica (puc. 4,a). s peanmbHoro koHTypa (R # 0, R < Ryy) (pazopas xpuBasi ipeicTaBIsSIET COOOM
CKPYUMBAIOIIMYIOCA CITHpallh, MpHUYeM OONBIIeMY COINPOTHBIEHHIO KOHTYpa COOTBETCTBYET
OonbIee 3aTyxaHHe (pHc. 4,0 0 pHc.4,B).

[Ipu aneprognuyeckoM KorneGaHHH, KOria COIPOTHBRIIEHHE KOHTYpa OONbIe KPHTHYECKO-
10 (R > Ryp), pazoBas KpuBast BRIPOKIAETCS B IMHHIO, H300paKeHHYIO Ha pucC. 4.T.

U[t:. A T T

TTe+T \\

J &
o

TT(r) .\
TTE+T) \ _ _

| -
MJ//

B |

Puc.4.

Obopyoosarue u mamepuaisl.
JIaGopaTopHasl ycTaHOBKAa COCTOHMT H3 OCIHUUIOrpada M CTeHAa, CoJep Kalllero JBe Ka-
TYIIKH HHIYKTHBHOCTH, IBa KOHJIEHCATOPa, MarasiH COIIPOTHBIIEHHI H T'eHEPATOP HMITYIIbCOB.
['eHepaTop BBEIpabaThEIBaeT KOPOTKHE IONOKHUTEIIbHBIE HMITYJILCHI, B PE3YIILTATE 3TOrO
KOHJI[eHCAaTOp KoIedaTellbHOIO0 KOHTYpa IePHOAHYECKH ITONYYaeT HEKOTOPBIM SIIEKTPHYECKHI
3apsan. B mmpoMexyTkax BpeMeHH MeXKIy UMITYIIbCaMH B KOHTYpe OVIYT COBEPIIATHCS 3aTyXaro-
1He KojieOaHus. ['paHKH 3THX KoneOaHHH MOKHO OyieT HaOMoIaTh Ha 3KpaHe OcI[IIIorpada
H, Jlajiee, IT0 HIM OIIPEIEISATh IIEPHO, JIOTapH(PMIYECKHI AeKPEMEHT 3aTyXaHHs, JOOPOTHOCTE,
KPHTHYECKOE COIPOTHBIIEHIIE.
HeoOxomuMeIe 11 pacueTOB ITapaMeTPhI ATIIEMEHTOB KOHTYPa YKa3aHbl Ha CTEHJIE.
YKazanusa no mexHuke 0 €30nAcHOCHI.
1. K BRIITOIMHEHHIO Ta00paTOPHBIX paboT AOITYCKAKOTCSA CTYAEHTEI, H3YUHBIIIE IIPaBHIIA

OOKYMEHT DDﬂﬂHCAH
SNEKTPOHHOW NMOAMUCHIO |
CepTuchukar ~ 12000002A633E3D113AD425FB50002000002A6 bCsI TOMBKO MOJ PYKOBOACTBOM H HaOIOAEHHEM
Bnapeneu: LLleGayxoea TateAHa AnekcaHapoBHa

CTYACHTAM 3alIpCIacTCH.
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- BKIIFOUATh CXeMBI ITOJ[ HAITpsKeHHeM O€3 ITPOBEPKH ITPEITOAaBaTesd,

- TIPUKACATHCS K HE3AIMMINEHHBIM H30IAIIHEN YaCTSIM CXEMBI, HaXOISIMUXCS TI0JT HaIIps-
KEHHEM,

- OIIPEeEIIATh HalIMYMe HAIIPSDKEHHS Ha 3IeMEHTaX ILEITH ITPH ITIOMOIIH ITalbIER; IPOBEP-
Ka HAIMYHS HAITPSKEHHS IIPOU3BOJHUTCS TOIBKO C ITOMOIIBIO BOIBTMETPA H B IIPHCYTCTBHHU
IIPEIoaBaTellsd,

- IipH padore Ha 1adOpaTOPHOH YCTAHOBKE ITPHKAcAaThCAd OJHOBPEMEHHO CTEH, pajHaTO-
POB CHCTEMEBI OTOIUIEHH S H IPYTHX METAIIMYECKHX IPEIMETOB,

-BKJIIOYATh PYOIIBHHKH, HAKHMATh KHOIIKH, IIPHKACATHECS K 3IEKTPHYECKOMY 000pyI0-
BAHHIO, HE OTHOCAIIEMYCS K JaHHOH J1abopaToOpHOH padoTe 6e3 BeJaoMa IIPeEnofaBaTelnsd,

- IIPOM3BOJIUTH ITO XOAY BEITIOJIHEHHS PabOTH IIEPEKIIFOYEHHS B CXeMe, He 00eCTOUNB €€,

- OpocaThk COEIMHHUTEILHEIE IIPOBOAA HA ITOJT M Ha HCCIEAYEMYIO YCTaHOBKY,

- 3aMEHSTH CTOPEBIIHE MPEAOXPAaHUTEIHN Ha pabourX IMHTaX IMPH BKIFOUYEHHBIX PYOIIIL-
HHKAX,

- KIIacTh Ha paOOYHIl CTOII IIOCTOPOHHHE ITPEIMETHI,

- BXOIHTH B IIa00OPaTOPHIO B BEPXHEHN OHEXK]IE,

- KYPHUTE H 3aKHTaTh Or OHBb.

4. Ilepen BKIIIOUEHHEM CXEMBI 00S3aTENBHO MPEAVIIPEAUTEh YWIEHOB OpHTaabl: « OCTOPOKHO!
Bxrrouaro! ».

5. IIpu pabore Ha yCTaHOBKaX, B KOTOPBIX MOKET HAOIIOIAThCS PE30HAHC, COOI0AAaTh OCO-
OYIO OCTOPOKHOCTE.

6. [IpHn HamH4YMM B CXEME KOHJEHCATOPHBIX OarapeH, HeOOXOAMMO ITOCIE OTKIIFOUEHHS ITH-
TAHH S UX Pa3spSaaIuTh 10 HaOIroJeHHEM TIPEIogaBaTells.

7. IIpu oOHapyKeHHH KaKHX — JTHOO HEHCIIPABHOCTEH, HCUE3HOBEHH S HAIIPSDKEHIS B CETH, a
TaKKe IIPH HECYACTHOM CIIy4dae, HEMEIJIEHHO MIPEKPATUTE padoTy, OTKIIFOYHTE YCTAHOBKY OT
BIIEKTPOITUTAHNS H COOOIIHTE ITPEITOAaBaTEeIIO.

8. I[IoMHHUTB, YTO IIPH OTKIFOYEHHH IIEIIEH IIOCTOSHHOI'O TOKA C HHAYKTHRBHOCTHIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE ITOBBIIIEHIE HATTPSDKEHI.

9. CTYAEeHTHI, HApYIIHBIIME IIPaBIIa TEXHHUKH Oe30IIaCHOCTH, He JOITYCKAarOTCS K JaTbHEH-
Iei padoTe B madopaToOpHH H IIPHBIIEKAIOTCS K OTBETCTBEHHOCTH.

3aoanuas.
1. CobpaTth cxeMy corimacHo pHc. 5. COMpOTUBIIEHHE MarasuHa Ry, cienaTs paBHBIM HY-
110, MTHIYKTHBHOCTE H EMKOCTH KOHTYPa BEIOpATh IIPOH3BOIILHO, BHECTH HMX ITapaMeTphl B TalIl.
11.1.

. C L
[EHEPATOP —
o 2
Ry Bx. Y
&
Puc. 3.
AOKYMEHT NOANuUCAH - .
SNEKTPOHHOW NOANUCHIO ro B TeueHue 1-2 MuHyT. Pyukon “MoKyc” Xo-
Ceptuchukar; - 12000002A633E3D113AD425FB50002000002A6 IHOKY H3MePeHII.
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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3. Bxmrountp re’Heparop. C IMOMONIBIO PydeK YIIpaBIEHHS pPa3sBepTKOH ocIfinIorpadga
TOOUTHCS HETIOJIBHKHOH KaPTHHBI KONIeOaHMI TaK, YTOOBI OOECIIEUHTh JOCTATOYHO TOYHOE H3-
MEPEHHNE BPEMEHHBIX HHTEPBAJIOB M AMIUIMTY I KOIIEOaH .

4. C MOMOIIBI IMOIYYEHHOH OCIIUIIOIPaMMBI, aHATIOTHYHOH PHC. 3, H3MEPHTEL IEPHO
KoneGaHui T o IpH MHHHMAJIBHOM COITPOTHBIIEHHH KOHTYpPa, T.€. ITpH Ryr = 0, pe3yiIbTaT BHECTH
B Ta0j. 1 B MHJUIHCEKYHIAX.

JIIIST TIOBBIIIIEHHS TOYHOCTH MOKHO H3MEPHTE ITPOMEKYTOK BPEMEHH, COOTBETCTBYFOIIII
HECKOIIEKHM IlepHoAaM KolneOaHMH, pasHeldThk €ro Ha YHCIIO IIEPHOJOB M, TaKHUM 0O0pa3oM,
OITPENETNTE JJINTEIILHOCTE OJHOTO IEPHOA.

5. YBelIHYHBas COIPOTHBRIIEHHE MarasHHa Ry, ITPOCIEIHTH 3a BO3pacTaHHEM CKOPOCTH
3aTyXaHHs KojeOaHHH U OMPEeAelMTh KPHTHUYECKOE COIIPOTHBRIIEHHE KOHTYPa, COOTBETCTBYIOIIEE

IIePeXoAy OT MEPHOAHYECKHX KoIeOaHHH K allepHOJHYECKHM (T.e. IePeXOAY OCIHIIIOr PAMMBI
OT pHC. 2,B K PHC. 2.T):

Rip = RL + R,
rae Ry — coOOCTBEHHOE COITPOTHBRIIEHHE KAaTYINKH HHIYKTHBHOCTH. [loiyyeHHOEe 3HaUEHHE
Rip BHECTH B TAOIL. 1.
6. YMEHBIMTH CONMPOTHUBIEHHE Ryy, HAlpUMeP, BABOE OT Ryp. B KOHTYpe BHOBL BO3HHK-
HYT 3aTYXaroIHe MePHOAMYECKHE KonebaHa. OnMpeaermTh IIEPHO 3THX KonebaHu T M BMeCTe
C TIONYYEeHHBIM 3HaYeHHeM COITPOTHRIeHHI KOHTYpa (R = R + Ryy) 3aHecTn B Tabm. 1. YOeauTh-
CS B PasiIMYMHU ITepPHOIOB KojIeOaHUH To M T, COOTBETCTBYIOINIX PasiIHYHBIM 3HAYEHHSAM COITPO-
THBJIEHH S KOHTYPa.
Tabmmia 1.

Ne |C,mMx® |L,MIH Rr, OMm To, MC Rip.OM  [Ru, OM | R, OM T, Mc

7. IIOBTOpHTE M3MEPEHH I10 ITYHKTAM 4 — 6 TpH pa3a I pa3IHYHBIX KOMOHHAIMH L 1
C.

8. /i BEIOpaHHBIX 3HAYeHHH eMKOCTH C, HHAYKTHBHOCTH L, cOImpoTHBIeHHS R M I1OI-

HOI'O COITPOTHBIICHH A KOHTYPa R, BHeceHHBIX B Ta0Oi. 1, BEIYHCIHNTD H 3aHECTH B Ta0m. 2 TEOpcC-
THUSCKIHMC 3HAYCHIH A

To — o popmymne (10); T — mo popmyite (.9);
Rip — 110 popmyrie (12); 8 — o dpopmyie (14),

Q — o popmyite (20).
Tabmmia 2.

NQ T‘[]-,- MC T:, MC RI{p-,- OM 8 Q
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9. JI1s mpon3BOJILHEIX 3HaYeHMil L 1 C HcclieoBaTh 3aBHCHMOCTD JIOrapH(p)MHYECKOIO
JIeKpeMeHTa 3aTyXaHHSI OT COIPOTHRIEHHSI KOHTYpa. YBelIHUYHBas COIPOTHBIEHHe KOHTYpa C
ITOMOIIBEO Mara3HHa COIIPOTHRIIEHHH R, H3MepHTh aMITINTYIBI A H A, KOTOPEIE COOTBETCTBY-
IOT MOMeHTaM BpeMeHH, OTIHYAIOIIHMCS Ha ITepHo, (pHC. 3).

PesympTarel H3MepeHHiI BHeCTH B Ta0i. 3. IlogcumTarh SKCIIepHMEHTAIbHEIE 3HAUEHHS
JorapH(gMIYecKoro JeKpeMeHTa 3aTyXxaHHd O 1o gopmyie (13), mo ¢popmyne (14) — ero Teope-

THUYeCKIE 3HAUYEHH T Or.
TaOmra 3

No R, OmMm A, MM Ao, MM O Or

h = W

10. JIna HaOmoaeHN A pa30BBIX KPHBEIX COOpaTh CXeMY I10 pHC. 6.

o Bxopg Y
C L.
3
TEHEPATOP —
< Bxoa X
o
Em
-1 Kopnyc
Puc. 6.

[Ipn s3TOM Ha BX0A X ITOJAETCSA CHTHAJI C COIPOTHBIIEHHS Ry, KOTOPBIH HaXOAHTCS B (haze
C TOKOM B KOHType. Ha Bxom Y mogaeTcs CHTHall, HaXOJSIIHICS B (paze C HaIIPSDKEHHEM.
HabGmomas ¢azoBble KpHBEIE OIS Pa3IMYHBIX CONMPOTHBIECHHH KOHTYpa, MOXHO HCCIEeJOBAaTh
BIIMSIHHE 3aTyXaHHSI Ha (popMy (pa30BOH KPHBOH H YTOYHHTH 3HAYEHHE KPHTHYECKOI'O COITPO-
THBJIEHH S VIS JaHHBIX 3HAYeHHH eMKOCTH H HHIYKTHBHOCTH (pHC.4.T).

C rmoMoInbio ()a30BBIX KPHBBIX MOXKHO ITPOBECTH TaKXKe H3MepeHHsI 1o 119 (pHc. 4,0).

11. ]I ogHOBpEMeHHOr 0 HAaOJIIOEHHS OCLIHIUIOrpaMM KONneOaHMI TOKAa H HaITpsDKEHH S
1 OIpeJielIeHns CABHTa (pa3 MeXIy HUMH coOpaTh CXeMy B COOTBETCTBHH C PHC. 7.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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Bxon Y

1 KaHan
C L

e

FTEHEPATOP — Bxon Y

Z 9 gaHan
e

Rom
1 Kopnyc
Puc. 7.

Ha Bxombl Y mepBoro u BTOPOrO KaHAJIOB OCIHIILIOrpada IMOLArTCs CHIHAJBL, IIPOIIOP-
I[HOHAJIbHEIE HAIIPSDKEHHIO H TOKY B KOHTYpe. YOEIHThCS B HAIMYHH CIBHIA (pa3 3THX Koeda-
HUI, OL[EHHUTEh BEJIHYHHY 3TOr0 CJIBHIA.

Cooepacarnue omuemd.

OTyeT no nabopaToOpHBMpPaboTaM OONXHB CORA

epXarTb:

- TUTYTIbHBIH JINCT,

- 1IeNb padoTHI,

- KOHCITEKT OCHOBHBIX 3aKOHOB, OIPeIeIIeHHI, IIOHITHI, ()OpPMYII,
- OCHOBHOE€ 000pYIOBaHHE, CXeMa YCTaHOBKH,

- OITHCAHHE IT0 ITYHKTAM BHITIOJIHEHHOH PadOTHI,

- pe3yIIbTaThl H3MEPEHHH H pacyeToB (TaOIHIIbI, TPa(pHKH);

- OLI€HKA ITOTPEITHOCTEH,

- OTBETHI Ha KOHTPOJIBHEBIE BOIIPOCHI,

- BBIBOJIBI ITO Pe3yIIbTaTaM BEOIOTHEHHOH paboTEl, aTa, TTOJICS.

KonmponsHble 6onpocul.

1. Pacckasares 00 3MeKTpHUYECKHX KONeOaHHIX B KOHTYPE.

2. JlaTh oIpejielIeHHEe aMIUINTYbI, YacTOTHI, (pa3sbl, ITepHOa KOIeOaHHI.

3. Kakon mporiecc HaspIBAeTCSd arnepHogndyecKuM? UTO Takoe KPHTHUYECKOE COIIPOTHBIIEHHE?
BrsecTH ypaBHeHHE (12).

4. Kakue mnpeBpareHus SHEPIHH HMEIOT MeCTO IPH IePHOIHYECKOM H allepHOJHYECKOM IIpO-
1eccax?

5. Kaxme (popMyJIbl OITHCEIBAIOT SHEPTHIO 3JIEKTPHYECKOrO IO KOHAEHCATOpa H SHEPIHIO Mar-
HHTHOI'O TT1OJIS KaTYIIKH.

6. BRIBeCTH ypaBHEHHE 3aTYXAIOIHX 3JIEKTPHYECKHX KOIeOaHHH.

7. Uto Takoe JIorapH(pMHYeCKHil JAeKpeMeHT 3aTyxaHHI? OOBSICHHTL €ro (PH3HYECKHIH CMBICI,
BBIBECTH ypaBHeHHE (15).

8. ITosIcHUTE (PH3HYECKHH CMBICI TOOPOTHOCTH KOHTYpa. BEIBecTH ypaBHeHHE (20).

9. Uto HazbIBaeTcs (pa3oBoi KpHBOH? [1oIy4YHTs YpaBHeHHE 3TOH KPHBOIL.

10. BemsecTHn ypaBHeHHe (7), IIPHMEHHB 3aKOH OMa I HEOAHOPOAHOH 3aMKHYTOH IIEITH.

11. KakoBa Belm4rHa cBHTa (pa3 MeKIy KoneOaHHSIMH TOKa H HAIIPSOKEHHS B HIealIbHOM KOJIe-
OaTrebHOM KOHTYPe? Kak MOKHO H3MEPHTE €€ B PEAIbHEIX VCIIOBHSIX?

12. Pacckasarh O IMpaKTHYECKOM ITIPHMEHEHHH KOIeO0aTEIbHOIO KOHTYPa B TEXHHKE.

NOKYMEHT MOAMNUCAH
SNEKTPOHHOW NOANMUCHIO
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HEJH: pﬂﬁﬂﬂlbl. H3YUCHIIC IBHKEHHH 3dapPAI0B B SJICKTPHUCCKHX H MAIHHTHBIX ITOJIIAX, H3-
MEPEHHE YACJIBHOI'O 3apAda SJICKTPOHA.

T eopemuieckdAa udacmbo.

YIelbHBIM 3apsaoM YacTHI[BI Ha3bIBAIOT OTHOINEHHe ee 3apsma (Q K macce m. MMeHHO
YV IEIbHBIM 3apSIOM 9/m ormceBaeTCS rIIaBHBIM 00pa3oM ITOBEJIEHHE YACTHIBI B ATIEKTPHUYECKHX
M MarHHTHBIX ITOTISIX.

B Hacrosmen padore oIpefensieTcsd VAeIbHBIH 3aps] HanOolee 4YacTO BCTPEYAOIIEHCS B
ITPAKTHKE YAaCTHIIBI-3JIEKTPOHA METOAOM MarHeTpoHa. MarHeTpoH- 3IeKTPOHHBIH IIPHOOP, B KO-
TOPOM ITOTOK 3JIEKTPOHOB OJHOBPEMEHHO VIIPABISETCS B3aHMHO - IEPIEHINKYISIPHBIMH BJIEK-
TPHYECKHUM M MarHHTHBIM ITIOIISIMH. B COBpeMEHHOH TeXHHKE MATHETPOH HCIIONIB3YETCS JUIS I'e-
HEPHPOBAHHS CBEPXKOPOTKHX 3JIEKTPOMArHUTHBIX BOIIH HAIIpHMep B pagHoiaokaiu, CBY- Tex-
HHUKE.

B nmaGopatopHoH paboTe B KaUeCTBE MAarHETPOHA HCIIONBL3YETCS ABYXAJIEKTPOAHAS JIaMIIa ¢
IIHIHHAPHYECKHM aHOAOM A H IIPSAMOIHHEHHBIM KaToAoM K, pacronoXeHHBIM Ha OCH aHOJA,
TIOMeIlleHHAasa B aKCHaIIbHOE (HaITpaBIeHHOe BAOJIb OCH aHOJla) MaTHHTHOE IT0/Ie ¢ HHAYKI[HEH B,
CO3JJaHHOE JOCTAaTOYHO AIHHHBIM cOJIeHOHZOM C pHC.l DOIeKTpOHBI HC-
ITyCKaeMbIe PaCKaJIEHHBIM KaTOAOM ITOJ JEHCTBHEM SJIEKTPHUYECKOTO ITOIIA
Pa3HOCTBIO TIOTEHI[HAIOB MEKAY KaTOAO0M H aHOAOM IIPH OTCYTCTBHH Mar-
HHTHOTO IO ABHKYTCS ITO PaJHAIIEHEIM TPacKTOpHAIM (pHC.2a).

B> Bxp

Puc.2

KaK M3BECTHO Pa3HOCTh IIOTEHI[HAJIOB YHCIEHHO paBHa paboTe IO MEPEHOCY eJHHHIHOIO
3apsga H3 OJHOH TOYKHM ITOIS B JAPYIVIO. B JaHHOM clIyyae pa3HOCTh ITOTEHIMAIOB, paBHAS
AaHOTHOMY HaIpsoKeHHt0 Up, COBEpPIINAET IIepPeHOC OT KarojJa K aHOAY SIEKTPOHA 3apsaoM
Q=e=1,610"" K. M BROIONMHSIEMAS 3IEKTPHYECKHUM I101IeM paGoTra A=eUa HIET Ha COOGIIEHHE
AIIEKTPOHY KHHETHYECKOI SHEPIHH, PAaBHOI mv/a.

mV 2
CregoBaTelIbHO eUa= T
OOKYMEHT MOONWUCAH
SNEKTPOHHOW NOANUCHLIO | -
CepTudukar: 12000002A633E3D113AD425FB50002000002A6 ro aHoJfa OyJIET paBHOH
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v=R-U, (1)
m

Crexayer 3aMETHTB, YTO 3JIEKTPHYECKOE IT0JIE MEKIY aHOAOM M KaTOIOM Pe3KO HEOJIHO-
poxHO. ['ycTOoTa CHIIOBBIX JIMHHI, a CIEJOBATEIIFHO, M HAIPSDKEHHOCTH Mo E, BOIH3H KaToja
MHOI'O OOMIBINEe YeM B CpeHeH H IMpHaHOJHOH oOmacTH (puc.2a). I1ocKOmbKY HaNpsKeHHOCTh
€CTh TPaJHeHT ITOTEHI[HAla, TO €CTh PaBHA H3MEHEHHIO ITOTEHIHAIa Ha eJHHHIIE PacCTOSHHUSA
BJOJIb CHJIOBOH JIMHHUH, aHOIHOE HanpsKeHHe U A pacipeielIeHO B IIPOCTPAHCTBE MEKIY aHOL0M
H KaTOJOM HepaBHOMEPHO. OCHOBHAS YacTh €r'0 ITaJaeT Ha IMPHKATOMHOM YYaCTKE CHIIOBBIX IIH-
HUH. Maeanmmsupys, MOXKHO CUMTaTh, YTO BCE aHOAHOE HAIIPSDKEHHE ITaJlacT HA OYEHB MAJIOM
y4acTKe BOIIM3H KaTofa, Ha KOTOPOM H ITPOHCXOMNUT Pa3rOH 3IeKTPOHOB, a JalbIlle, T.€. ITPaKTH -
YECKH Ha BCEM CBOEM ITYTH OT aHOAA K KaTOIY, SIEKTPOHBI JBHKYTCS C IIPAKTHYECKH TTOCTOSH-
HOIH IT0 BEIIMYHHE CKOPOCTBIO. OTa CKOPOCTh H onpeernsdercs mo gopmyie (1).

EcI 1o JJIMHHOMY COIEHOHAY ITPOITYCTHTE TOK CHIIOHN I, TO BHYTPH €0 CO3J4aCTCS OJHO-
POTHOE MAarHUTHOE TI0JIE C HHIAYKIHEH

N
B=pp, n I (2)

IJle |L -MarHHTHAas ITPOHHIaeMOCTh cpelpl (B JaHHOM cioydae 1L =1); u 0=4xw 10-7 'n/Mm —

MarHHTHas ITocTOSHHAaI, N- 4HciI0 BUTKOB cojlleHoHaa (N=2000); 1 - mmygHa GGJIEHGILI[.?[
aK H3BECTHO, Ha BJIEKTPOH, ABHIKYIIHICSA B MAarHHTHOM I10JI€ JeHCTBYET ciuia JlopeHiia

F=c|v.B] (3)

Tak Kak B CHIIy KOHCTPYKI[HH MAarHeTPOHAa BEKTOPEL V_H B opToroHalbHBIE, TO BeIIHYH-
Ha CIIBI JIopeHIa OyAeT paBHa

F =eVb, (4)
a ee HalpaBIeHHe F ompegenseTcs H3 BEKTOPHOIO IMPOH3BeAeHHS (3) HIIM ITO IIPaBHITY JIe-

BOH PYKH C YUYETOM OTPHIIATEIBHOIO 3HAKa 3apsia snekTpoHa (pHc.20). U3 ¢popmymnsl JlopeHiia
(3) cueayer, YTO MarHHTHOE ITONIE B OTJIMYHE OT SIEKTPHUYECKOrO JEHCTBYET TOIBKO Ha JIBIDKY -

1ryrocs yactuiy: mpu V=0, E=0. Kpome TOro sto AeiCTBHE HE MIPHBOJUT K H3MEHEHHIO BEIIHYH-
HBI CKOPOCTH 4YacTHIBI. [[eHCTBHTENBRHO 53neMeHTapHas padora cwibl JlopeHiia dAA paBHa
dAA=Fdr coso. , e o~ yrom Mexmy nepeMeleHHeM YacTHIBI dr u cHimbl F. M3 BekTOpHOTO

TpomsBeieHH (3) cnexyet, uto F1V, cnegoBaremsHo Fldr (T.k. V = | 1‘;{{; ) H coso.=0. 3HAUHT,

L)

pabota crwinl Jlopenita dAA paBHa HYIIIO, T.€. B MarHHTHOM ITOJIe KHHETHYEeCKas SHEePIrHs YacTH-
7
mVy

2
Pa30M MAI'HHTHOC IIOJIC HC YCKOPACT YaCTHIIBI (HE H3MCHACT BCIIMYIHHBI HX CI{GPGCTH):. d TOJIIBKO

HCKPHBIIET HX TpackTopHio. Crura JIopeHIIa SIBIISETCS CHIOH IIEHTPOCTPEMHTEILHOI, H II0 BTO-
poMy 3aKOHY HbpIOTOHa HMeeM

1831 OCTaeTCSI HEM3MEHHOH H €€ CKOPOCTh I10 BEIMYMHE MTOCTOSHHOH ( V=const) TakuM 00-

F=eVB=mV [r (3)
IJIe I'- PaJHyCc KPHBH3HBI TPAaeKTOPHH YaCTHIIBI (3IIeKTPOHA).
V
W3 (5) mmg r monmyynM r= (6)
e
m
NOKYMEHT NOAMUCAH | _
SHEKTPORHOM HOAMNCHIO OM OpTOrOHaTEHOM MAarHHTHOM ITOTIE (B=const)
CepTudvikat: | 12000002A633E30113AD425FB50002000002A6 [pn 3TOoM yuTeHO, yTO V=const, T.K. MarHHTHOE
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BOJIACT CHHTATh HX CKOPOCTH ITPAKTHYCCKI HCH3MCHHBIMI Ha OorbIleH YacTH ITYTH OT daHOJA4 K
KaToay, O HEM ITHCAJIOCh BBIIIIC.

C poCTOM HHAVKIIHH MAarHHTHOrO ITOJIS B pammychl TpaeKTOPHH 3IeKTPOHOB YMEHBIIA-
IOTCS H IIPH HEKOTOPOM 3HaueHHH B=BKp (KpHTHYecKoe) OHH CTaHyT PaBHBIMH ITOJIOBHHHBIMH
PACCTOSHH S MeKIy aHOJIOM H KaTomoM (pHc. 2 B)

r=(R,—R,)/?2 (7)

B 3TOM ciy4yae 3JIeKTPOHBI IIEPECTaHyT JOCTHIATh aHOAa H OYIYT IO OKPYKHOCTH BO3-
BpamarebCcsad K Karoxy. IIpu aToM aHOAHEOI TOK IA IaMIIBL, ITPONOPIIHOHAIBHEIN KOIHYECTBY
3JIEKTPOHOB, JAOCTHTAIOIIMX aHOA B E€IHHHI[Y BPEeMEHH, PEe3KO
A A yMeHBbIIIaeTCs TeopeTHYecKH I0 HyJII (KpuBas (a) Ha puc.3). [Ipu
JTajlbHeHIIeM YBEIHYeHHH HHAVKIIHH MarHHTHoro 1ojsi (B>Bxkp)
BJIEKTPOHBI OYAYT KPyde 3aBOPayNBaTh K KaTOIY, 4 aHOJHBIH TOK
OcTaHETCSA PaBHBEIM HYIIO (pHc.2). HabmromeHHe ckaukooOpa3HOIo
YMEHBIIIEHHSI aHOAHOI'O TOKAa MAarHeTpPOHAa B 3aBHCHMOCTH OT Be-
TIMYHHBI MArHHUTHOI'O ITOJIA JIEKHT B OCHOBE HCITOIB3YVEMOI'O METO-
» Jla OIpellelIeHns YAEIbHOr0 3apdja 31eKTpoHa. PacueTHasa (op-
MyJIa JJI1 €/In JIETKO ITOIy4aeTcs H3 BBRIpakeHHS IS pajHyca
KPHBH3HEI (6), eCIIH Yy4eCTh ero KpHTHUYeCKOe 3HaueHHe (7) H BBI-
PasHTh CKOPOCTH 3MIEKTPOHOB H3 (POPMYIIHI ( 1)

e
R - R V JZ—UA e 8U
A K _ _ m OTKya ITOITYYHM: _ A
€ m 2 _ ?
2 EB@ C m B (RA RH)
m m @

Brrpaxast By 13 popMyIIel (2) OKOHYATEIPHO HaMAEM, YTO

e U [ ) 2
— =K :1" ) I'lle K = 2| W (8)
m f,,,_ip L\MM {}N(RA _Rﬁ’ ))

Yepes L 0003HaUEHO 3HAUEHHE TOKa COJIEHOHMAA Ic COOTBETCTBYIONIEE HHAYVKIIMH B=DByy.
Koadpdrment K 3aBHCHT TOIBEKO OT KOHCTPYKIITHOHHBIX JaHHBIX MarHETPOHA.

TaxkrM oOpaszoM, I ONpedeleHUs VASIBHOIO 3apsaa 3JIEKTPOHAa METOAOM MarHeTpoHa,
JIOCTATOYHO CHSTH 3aBHCHMOCTEH aHOIHOI'O TOKAa JIAMIThI IA OT TOKa B COINEHOH/JIE IC, TaK Ha3bIBa -
eMYI0 COPOCOBYIO XapaKTepHCTHKY. OueBHIHO, (popMa IrpadHka 3TOH 3aBHCHMOCTH JOJDKHA
OBITH aHanmoruyHoil kpuBoit IA= {(B), nmpeacrarneHHOH Ha pHc.3. Ucrmonb3ysa MOTyYeHHYIO KPH-
BYIO, Ha HeH MOKHO HaHTH 3HadyeHHe [Kp, a 3aTeM 1o popmyiie (8) BEIYHCIHTE e/m.

Ha puc.3 npeacrarieHa Hjaealn3HpoBaHHas (a) H IpakTHYecKas(0) cOpOCOBEIE XapaKTe-
PHCTHKH. Ha 1rmocnegHeH, Criafaroni yu4acToK 0oJiee pasMBITBIH. OTO OOBSICHSIETCS KaK pas3iIHy -
HOI'O Pojia HECOBEPIIEHCTBAMH KOHCTPYKI[HH MarHeTpoHa. Crojia OTHOCSTCS HE TOYHasI KOAKCH-
allbHOCTh aHOJla M KaToJa, HE CTporas OJHOPOJHOCTh MAarHHTHOTIO TTIOJII BHYTPH COJIEHOHIA U
ap. Ocob0 HYKHO OTMETHTH TEIUIOBOH PazOpoc HAYAILHBIX CKOPOCTEH 3JIEKTPOHOB, BEHIIETAXO-
II[IX C TIOBEPXHOCTH KaTOa, IIPUBOSIIIIL K PasMBITHIO KPHBOH. B CBSI3H ¢ 3THM 3aTPYIHSICTCS
OTCYET COPOCOBOrO, T.€. KPHTHYECKOI'O 3HAYEHH S HaMarHHYHBAIOIIEro Toka IKp. Ilo-BuaumMomy,
HATTONTAA  VITORTATRONTINTIIANY  TEONIHT ET[F.‘T[‘}J'ET CUHTATE TO 3IHAUCHIIC IC: ]'[p}[ I{GTQPIDM

AOKYMEHT NoAarnmMcAH
SNEKTPOHHOW NMOoANUCHIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 eHTAJILHOH YCTAaHOBKH
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PaGouas cxeMa 1mokasaHa Ha pHc.4. OCHOBY €€ COCTaBJISIET SNIEKTPOHHAS j1amiia JI, rmome-
nieHHasd B coneHoug C.

puc.4

[locrosaHHOEe aHOMHOE HanpsKeHHe UA CHIMAaeTCs ¢ YHHBEPCAIbHOI'O HCTOYHHKA ITHTaHHS
(YUII-2), perymipyercs IMOTEHIIHOMETPOM R, PyKOSTKa KOTOPOIO pacIioiiaraeTcs Ha ITaHeIH
YHUII-2 1 uaMepseTcsa BOIBTMETPOM V. AHOIHEIN TOK H3MEPSETCSI MAJUTHAMIIEpMeT poM mMA. Ha
rmadenu YHWII mmeroTcs Takke KIeMMBI, ¢ KOTOPBIX CHHMAETCS HaIpsokKeHHe 2 B, rpeaHasHa-
YEeHHAS IS [INTaHHS HaKajla HUTH KaTo/a.

Hamarnmunsaronmiics cojieHon  C IHTaeTca OT BRIIpsaMHUTEIS B BS5-7. Tok coneHomma
PETYIIMPYETCS PYUKAMH Ha ITaHEIH BRIIPAMHTEIS H Oolee IIaBHO peocTaToM R.

Hsamepsercs IC amMmepmeTpoM A.

ObopyooeaHue u mamepuaibl.

MarneTpoH - snekTprHueckas namma 21[2C (mmop), pacrionoXeHHas BHYTPH COIeHOHJA.
YHHBepcanbHbIT HCTOYHHK MUTaHHI (YHUII-2), Bempsvmutens B5-7 ¢ perymipyeMbIM HaIpsKe -
HHEM, BOIIbTMET]P, aMIIEPMET], MIUIIIHAMIIEPMET], PEOCTaT.

YKazanua no mexHuke 6 e30naAcHOCHI.

1. K BBEIMMOHEeHIIO Tab0opaTOpPHBIX padoT JOIMYCKAIOTC CTYAEHTEL, H3YUHBIIHE IIPaBHIIa
TEXHUKH Oe30ITaCHOCTH.
2. JlaBGopatopHble pabOTEI MOI'YT ITPOBOAHTECS TOIBKO ITOJ PYKOBOACTBOM H HAOIFOLEHHEM
ITPETIOlaBaT eI
3. Pacnionararre nmpuOopel, MaTepHalbl, 000pyoBaHHe Ha paboyeM MECTE B IIOPSAKE, YKa-
3aHHOM IIPENOAaBaTEIIEM.
He mgepxure Ha pabodeM CTOIE IIPeAMETEI, He TPeOYIOIMECS IJIS BBITIOJIHEHI S 3a{aHH 5.
Ilepen TeM, KaK IIPUCTYIINTE K PabOTe TINATEIIBHO M3YUHMTE €€ OITHCAaHWE, VSICHUTE XO/I
BBITTIOTIHEHN S paOOTHI.
3aoanuai.
1.Co6path cxemy (prc.4). Ilpn 3ToM peryasTopsl BBIXOZHOIO aHOAHOIO HAaIpPsSDKEHHS
YHUII-2 u Beipsmurensa b5-7 yCTaHOBHTE HA HYJIEBOE 3HAaYeHHe. CXeMy He BKIIIOYATh JO IPO-
BEPKH €€ IPerogaBaTeIeM WIH ITab0opaHTOM.
2. Ilocne BKIIIOUEHHS CXEMBI ITOJ0KIATh 2-3 MHHYTEHL, ITIOKA IIPOrPEETCS KAaTO MarHETPO-

i

Ha.

AOKYMEHT NOANCAH b BCIIMTHHY daHOJHOI'O HAITPsDKCHITA UA H 3arm-
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4. Ilonpepxupas Bce BpeMsd UA CTporo IocTOSHHBIM (0COOeHHO B KPHTHYECKHH MOMEHT )
ITOCIIEA0OBATEILHO YBEIMYHBAS HaMar HHUHBAIOIIHI TOK COIEHONAA ICc CHATE cOPOCOBYIO Xapak -
TepHcTHKY IA=TA(Ic). Pe3ymbTaThl H3MepeHH 3armcaTh B TaOIHITY.

I(A)

[A(mA)

HMHTepBalIbl H3MeHEHH A I H YHCIIO H3MEPEHHH ITOA00parhk caMOCTOSATENBHO, 00JIee TIIa-
TEIbHO H3MEPSSI KPUHTHUYECKHH YYACTOK.
5.1IocTpuTh rpaduk cOPOCOBOH XapaKTePHCTHKH MarHETPOHA.
6.0O1mpeaemTs 10 HEMY KPUTHYECKOe 3HAaUEHHE I U 3aImncars ero B OTYET.
7.3armicars B OTYET KOHCTPYKTHBHEIE JJaHHBIE MATHETPOHA:!
yHCII0 BHTKOB cojieHonaa N=2000, pagnyc karoga Rk = 0,1cM 1 aHoga Ra=0,95¢cM. HM3me-
PHUTH H 3aIlMcaTh AJIHMHY COIeHOoHaa l.
8.Pacumrars 1o popmyiie (8) BemmunHy Ko@) rimeHTa K 1 onpeAerTh 3HaUeHHE /; IS
3JIEKTPOHA.
9.CpaBHHUTE IIOIYYEHHOE 3HAUYEHHE /), C TAOJHMYHBIM H BEIPA3HTh Pa3sHHILY B IIPOIIEHTaX.
Cooeporcarue omuema.
OT4eT 1o 1a00paTopHEIM padoTaM JOIKHBI COAEPKaTh:
- TUTYJILHBIH JIHCT,
- IIETIb PabOTHI,
- KOHCITEKT OCHOBHBIX 3aKOHOB, OIpeJlelIeHH, TOHITHI, (POpMYTI;
- OCHOBHOE 000pY/I0OBaHHE, CXeMa YCTaHOBKH,
- OIMHCAHHE 10 ITYHKTAM BBIITOIHEHHOMN paloThI,
- pe3yNbTaThl H3MEPEHHH H PacyeTOB (TaOJIHIbL, TpaHKH);,
- OLIEHKA IIOTPEIIHOCTEH,
- OTBETHI Ha KOHTPOIIBHBIE BOIIPOCHI,
- BBIBOJIBI I10 PE3YIIbTAaTaM BBIIOIHEHHOH PaboThI, JaTa, ITOIIHCE.

Koumponsrsie éonpocel.

1.YT0 Ha3kIBaETCA YAETBHEIM 3apSAOM YaCTHIL?

2.KaK el CTBYET AIIEKTPHYECKOE TI0JIe Ha 3apsDKEHHYIO YACTHILY ?

3 Kak gedcTByeT MarHHTHOE T10JIE€ HA HAXOASAIIYIOCS B HEM YaCTHILY ?

4 KakKoBO YCTPOHCTBO HCIIOIB3YEMOI O B paboTe MarHeTpoHa?

5.KaK ABHKYTCS 3IIEKTPOHBI B MAarHETPOHE?

6.Pacckaxire o KpHTHYECKOM peKHME padOoThl MarHETPOHA?

7.Kakue Haeanmm3aiyi BBOASTCS IIPH PACCMOTPEHHH IBHIKEHH S 3JIEKTPOHOB B MarHe -
TPOHE?

8.BriBecTH paGouyro popMyTIy (8).

Jlaboparopnas padora Ne 14

Tema pabomer. HM3MepeHHe NJIHHBI CBETOBOH BOJIHBI ¢ IMOMOIILIO AN(PPAKIIMOHHOH
pelIETKH

Ilens padbomst. 1.1103HAKOMHTCS C SIBIEHHEM AU(PPaKIHH cBeTa B ITapallIeIbHBIX JTy4ax

w?.—.-‘!-. S T e S R B e

NOKYMEHT NMOANMUCAH
3NEKTPOHHOW NOAMNUCHLIO -
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[IpnGopel M IIPHHAJJIEKHOCTH: YCTAaHOBKAa C MCTOYHHKOM CBETa, b0 M JH(PPAK-
I[THOHHOM PEIETKOH.

T eopemuieckdAa udacmbo.

1. JIndpakipisa ceeTa.
Jlndpakimieil cBeTa Ha3BIBAETCS OTHOAHHE CBETOBBIMH BOJIHAMH BCTPEYHBIX ITPEITSTCTBHIH.

B Oonee nmpokoM cMBICIe JH(QPaKIHeH cBeTa Ha3bIBACTCS COBOKYITHOCTH SBJIEHHH, 00Y-
CIIOBJIEHHBIX BOITHOBBIMH CBOHCTBAMH CBETA H HAOMIOJAEMBIX ITPH €0 PACIIPOCTPAHEHHH B Cpejie
C Pe3KO BEIpakeHHBIMH HeOJIHOPOIHOCTSIMH (OTBEPCTHS B HEMMPO3payHBIX 3KpaHaX, TPaHHIILI He-
IIPO3PAYHBIX Tel H T.X.). SIBIeHHe AH(]paKIHH yKa3bBaeT Ha HapylleHHe 3aKOHOB I'eOMeTpPHYE-

CKOH ONTHKH. SIBIIeHHe TH(PaKIHH HaOII0AaeTc I Ha PacCTOSHHH Lot IIPEILITCTBHI | ® D> /4
;e D - mHHelHBIe pa3Mephl IPEISITCTBHSL, A - JUIHHA BOIHBI (YCIOBHe HAOMIOAeHHS JH(pPaK-
I[HH).

JIng pemieHHd THQPaKIMOHHBIX 3aJad - OTBICKaHHE pacIpelelIeHHI Ha SKpaHe HHTEHCHB-
HOCTH CBETOBOI BOJIHEI, PaCIIPOCTPAHSIOIIEHCS B CPeJie C IPEMITCTBHAMI, - IIPHMEHSIIOTCS ITPH-

OIMKeHHBIE METOMBI, OCHOBAHHEBIE HA IIPHHIMMIIAX [ roNTeHca H ['TonreHca - MOpeHens.
[ Tprmipm ['rofireHca', kaxmas Touka S1,S2.,....Sn ¢ppoHTa BOIHEI AB SBIeTCSI HCTOUYHHKOM

HOBBIX, BTOPHYHBIX BOJIH. HoBoe mosoxenne ponTta BonHeI Al Bl uepes Bpems At IIPEJICTAB-
51T cOOOH OrHOAIOIYIO ITIOBEPXHOCTh BTOPHYHBIX BOJH (pHC.1).

‘4 Puc.l

[IprHIgon 1 roireHca SBIsieTcs WICTO FeOMeTpHUYECKHM. OH ITO3BOJISIET, HaAIIpHME]P, OO0BsIC-
HHTh PAaBEHCTBO VITIOB MafeHHSI 1 H OTpakeHHMS 1' Ha MOBepXHOCTH MN cpeanl IIpH OTpakeHHH
cBeta (pHc.2). PasHocts xoma CB myueit AA2 u BB2 co3maer Takod ¢)poHT DB oTpakeHHOH
BOIHBL, YTO H3 IIPSMOYTOIBHEIX TpeyrolbHHKOB ADB 1 ACB (AD=CB) cieayeT paBeHCTBO: 1=1'
(puc.2). Takke MOXKHO OOBSICHHTE 3aKOH ITPeJIOMIIEHHS.

‘51‘
a:( LYY
Prc.2
[OKYMEHT MOAONWCAH
BMNEKTPOHHOWM NOANUCHIO YHEIE HCTOYHHKH S1, S2 ...Sn, pacIioloXeHHbIE

Ceptudukat: - 12000002A633E3D113AD425FBS0002000002A6
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Touke M ITpocTpaHCTBA - 3TO pe3ynbTaT HHTePEpPEeHIIHH BOIH, H3ITYYaeMbIX BTOPHYHBIMH HC-
TOUYHHKaMH (pHC. 3).

[ IpssMOTIHHEHHOE pacIpoCcTpaHEeHHE y4ya SM, HCITYII[EHHOT'O
HCTOYHHKOM S B OJHOPOTHOM cpele, OOBSICHSIETCA  IIPHHIMIIIOM ['rorrexca-
DpeHena. Bece BTOpHYHBIE TIOJIHEI, H3IY4YaeMble BTOPHYHBIMH HCTOYHHKAMH, HaXOJSIIMH-

MHCS Ha IIOBEPXHOCTH (PpOHTA BOIHELI AB, racarcs B pe3yiibTare HHTep(pepeHIIHH, KPpOMe BOIH OT
HCTOYHHKOB, PacCITOIOKEHHBIX Ha MaJIOM YYacTKe C(pepHYeCKOrO CerMeHTa ab, IepreHIHKYIIsap-
HOro K SM (pmc.3). CBET pacIipocTpaHseTCs BAOIIb Y3KOI0 KOHYCA ¢ OYEHb MaJIbIM OCHOBAHHEM,
T.€. MPaKTHYECKH ITPSMOIHHEHHO.

B psge midpaKIHOHHBIX 3a7a4, 00JIaJaroliX OCEBOH CHMMETPHEH, pacyeT HHTep(epeH-
I[HH BTOPHYHBIX BOIIH MOKET OBITh CHJIBHO YIIPOIMIEH C IIOMOINBI HArJISAHOIO FreOMEeTPHYECKOI O
MeTOAa pa30HeHHs ()pOHTAa BOIIHBI Ha KOJIBLIEBEIE YYACTKH, Ha3blBaeMble 30HaMH (DpeHerrsa. Pas-
OHeHHe Ha 30HBI ITPOH3BOJAHTCS TaK, YTOORI ONTHYECKAs Pa3HOCTh XOJla OT CXOJCTBEHHBIX I'PaHHI]
(BHYTPEHHHX HIIH BHEIIHHX) KaKJIOH ITapbl COCEHHX 30H JIO pacCMaTpHBaeMOH TOYKH M paBHS-

macy - BTOPHYHBIE BOIHBI OT CXOACTBEHHBIX TOYEK ABYX COCEIHHX 30H IPUXOMAT B TOUKY M B
2
IIPOTHBOITOIIOKHEIX (pa3axX H B3aHMHO OCIaOIISIIOT APYT APYyra IPH HAIOKEHHH.

i

£ -7 30oNT

J-7 Jora
- Jona

Puc. 4

Ha puc. 4 mokazaHo nocrpoeHHe 30H (DpeHens B cirydae cepHueCKOH BOIIHBI BO30YXKIae-
MOH HCTOYHHKOM S.

Tak kaK a H b » A, TO ITPH He CIHIIKOM OOINBIIOM K 1miormamu repBhIx k 30H DpeHend oJH-
HAKOBHI

:’n-ahl
a+b

S,=S,=..5,

B CIIYH4c ILUIOCKOI'O BOIIHOBOI'O d)pDHTa
S[ = Sg = ...S;L_Z']I -b?&.

Pazmmgaror aBa cirydas JH(paKIHH. ECIH HCTOYHHK CBeTa H TO4YkKa HaOmroJeHHI P pacrio-
JTOKEeHBI OT IIPEelSTCTBHSA HACTOJIBKO JAJIeKO, YTO IIVYH, IMaJarolllHe Ha ITPEIITCTBHE, H YU,
HIYIIHE B TOYKY P 00pa3yroT MpaKTHYECKH ITapaielbHble ITYYKH, TOBOPAT 0 JH(paKIHH OpayH-
roepa WIH o JH(QPAKIHH B ITapaUIelIbHBIX TydyaxX. B IMPOTHBHOM clIydae TOBOPSAT O JH(PaKI[HH
DpeHens, T.e. gudpakiyenn OpeHeasd Ha3bBAOT TakHe IH(PPaAKIHOHHBIE 3aJadl, B KOTOPBIX
HeIb3s IpeHeOperars KPHBH3HOH BOITHOBBIX ITOBEPXHOCTEH IMaJarolled H JH@parHpoBaBIIEH
BOJIH.

7 TMudhnavtra rpata wa et TTudhnavtrraag pelreTKa.
OJOKYMEHT MNoarincAH | P

3NEKTPOHHOW MOAMUCHIO |
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Ha skpaHe 3, ygaleHHOM OT IIEITH Ha paccTOSHHH 1, OyeT HaOIIoJaThCs SBIeHHE JHPPaAK-
1pH. Ecii OBl 3TOro SIBIeHHS He OBIIIO, TO Ha SKpaHe 3, YCTaHOBIIEHHOM B (POKAIbHOH INIOCKOCTH
coOnparonier mHH3bI MJI, B Touke FO rimaBHoOro poxyca JHH3BI ITOTYYHIIOCH OBl H300pakeHHe HC-
TOYHHKA cBeTa. [IpH mudpakiin Ha y3KOH HIEIH Ha SKpaHe HaOlrogaeTcs HHTep()epeHIHOHHAS
KapTHHA: TIOCIIEAOBAaTEIIFHOCTh Pa3sMBITEIX H300paKeHHII HCTOYHHKA CBeTa, Pa3JcleHHBIX TEM-
HBIMH ITPOMEKYTKAaMH. B Touke F@ Ha sKpaHe coOHparoTcsd BCe Iapavle]IbHEIE JIYYH, ITaJaroIie
Ha JIMH3Y II0J YIIoM ¢ (yrol Judpakinm) K onTHdeckod ocH OF0 THH3BI, NepleH HKYIIPHOH K
(PpPOHTY BOJIHEI.

Tak xak BTOpHYHEIE (DHKTHBHEIE HCTOYHHKH (ppoHTa BOIH BC TOYeYHEIE, TO (PPOHTHI BOJIH,
H3TyYaeMbIX HMH cQepHUYecKHe, a CcIIeJOoBaTelbHO, AH(parupoBaHHBIE IYYH HIYT BO BCEX
HallpaBlIeHHAX. BeiGepeM Te, KOTOpPHIE HAYT ITOA YIJIOM (0 K HAIIPaBJIEHHIO ITAJAFOINNX JIYUEH.

[Tamasgs Ha MTHH3Y 5TH JIyYyHd COOHparoTcs B OFHOH Touyke F¢@ (okambHOH IIIOCKOCTH.

MeIcneHHO pﬂBGﬁLEM III€JIb Ha YHACTKI, KpElIu]]-IHE TOYKI KOTOPBIX ITOCBUIAIOT JIVHH C PA3HO-

A
CTBIO XOJa — . B sToM CIIYHAc BCC JIYHH, ITOCIIAHHBIC IICPBBIM YHACTKOM 6}",[[}@ ITOr'allI€HbI JIIy4a-

2
MI1 BTOPOIro vyHacCTKad, JIVHUH TPETLBEIO - JIVHAMI HCTBCPTOI'O H T.A. CHE,[[GBHTEHLHD:, cCIIIM YHCIIO

A
YYACTKOB Pa3OHEeHN S YETHOE, T.€. eClIH & =2m~ , TO B Touke F¢ Oymer TeMHO (MHHHMYM OCBe-
2

II[EHHOCTH). ECIIN e 4ICIIo0 y4acTKOB pa30HeHH HeueTHOe, TO Touka Fo OyaeT ocBeleHa (Mak-
CHMYM OCBEIIEHHOCTH).

Taxim oGpa3zoM, ycHIeHHe cBeTa (IH(paKIHOHHbEIE MaKCHMYMBI) ITPH JTH(PAKI[HH Ha y3-
KOH IelIH HaOJIroaeTcs IO YIJIaMH (O, VI OBJIETBOPSIFOIIHMH Y CIIOBHIO

A
bsing = 2m+1)=,(m=0,123...).
2

Ycnorue ocrmabneHHs cBeTa (IH() pPaKIIHOHHBIE MHHHMYMEI ).

bsin p = 2}?1& (m=02,...).

OOKYMEHT EIO.U,HHCAH MOHHOI'O MaKCHMYMa IJIH MITHITMYMA. BemurHa

ANEKTPOHHOW NOoArnnchbio
Ceptudmkat:| 112000002A633E3D113AD425FB50002000002A6 FO PasHOCTE XOJa MEXIY I{pﬂfi]’—]}[],..ﬂ[ ITy4aMH CN
Bnapeneu; lleb3yxoea TatkAHa AnekcaHapoBHa ) B HaTIpaBIeHIH (pZU HaﬁﬂmﬂaETCH cAMBIET TIH-
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TeHCHBHBIH ILIeHTpaJIbHBIH MaKCHMYM HYJIEBOro ITopsamka. B Touke Fo Bcerga HaOmroJaeTcs yCH-
JIEHHE CBeTa, HE3aBHCHMO OT 3HAUYeHHS JJINHBI BOIHEI A.

[Ipn HaOIIHOJeHHI TH(paKIm Ha II[ETTH B OernoM CBETE
HHTep(epeHIMOHHAS  KapTHHa  Ha SKpaHe OKa3bIBAETCS OKpaIllEHHOH. B
TH(PaKITHOHHOM MaKCHMYMe KaKJI0TO IIOPSIAKa (m=const) Ormxe K

I[EHTPAlbHOMY,  HEOKpAaIleHHOMY  MaKCHMyMY  OKa3bIBAaIOTCS JH(PPAKI[HOHHBIE MAaKCH-
MYMBI ¢ MEHBIIIMMH JJIHHAMH BOJIH.

JndpaKiMoHHONH PEIETKON B ONTHKE HA3BIBAETCS COBOKYITHOCTE OOJIBIIOIO YHCIIA ITPETIST -
CTBHI H OTBEPCTHH, COCPELOTOYEHHBIX B OIPAHHYEHHOM IIPOCTPAHCTBE, Ha KOTOPBIX IIPOHCXOIHT
ITHQPaKIHI CBETA.

IIpocreiimein TH(PaKIIHOHHOH PEINeTKOH SBISeTCA cHeTeMa H3 N OJHHAKOBBIX ITapallieib-
HBIX IIENeH B INIOCKOM HEITPO3PayHOM SKpaHe IMHPHMEI b KaKaas, pacliojIoKEHHBIX HAa PaBHBIX

HeITPO3PayHbIX ITPOMeXYTKaX a IPyT OT apyra (pHc. 6).
BemnunHa d=b+a Ha3pBaeTCcs IMOCTOSHHOH JH(PAKIHOHHOH PEeIleTKH.

[Io mpuHimny IronreHca-MpeHens Kaxaas IIelb SBISSTCS HCTOYHHKOM KOTEPEHTHEBIX
BOIH, CIIOCOOHBIX HHTepdepHpoBaTh APYT ¢ ApyroM. EcoHn Ha JTH(PAKIMOHHYIO PeIleTKy Iep-
TIEHIHKYIISIPHO K HeH ITajaeT ITYYOK ITapaUlelIbHBIX IIYYeH cBeTa, TO ITOJ YITIOM JH(PaKI[HH (¢ Ha
AKpaHe 3, PacITOIOKeHHOM B (POKAIBbHOH INIOCKOCTH JIMH3BI, OyJeT HaOTIOJaThCs CHCTeMa JIH-
(P PAKITHOHHBIX MaKCHMYMOB MHHHMYMOB, ITOIYUeHHAs B pPe3ylbTaTe HHTIEP(EPEeHIHH CBeTa OT
Pa3IMYHBIX II[ETIEH.

ITycTh IpH MajieHHH TUIOCKOH MOHOXPOMAaTHYECKOH BOIMHBI Ha JTH(PAKIIMOHHYIO PEHIETKY
TY4H, TH(PparHpoBaHHbIe Ha OJHOMH IIEIH JaroT B TOYKe F( MaKCHMyM OCBEIIeHHOCTH. OTO ellle
HE 3HAYMT, YTO B TOUKE F OyaeT MaKCHMYM OCBEIEHHOCTH, TaK KaK JIYYH ITOCJIaHHBIE 3TOH II[E-
JIBEO MOT'YT OBITH ITOTallleHbI JIYYOM OT COCEIHEH, HIH HA0O0OPOT YCHWIEHHI. ECI YCHIEHEI, TO B
Touke Fo Oyaer OolbInas OCBEI[EHHOCTh, YeM OT OJHOH INenH. Torma, VUHTBIBAS YCIIOBHE YCH-
JIeHH I BOJIH IIpH HHTepepeHI[HH, ITIaBHble MaKCHMYMEI ITPH JH(PPAKI[HH Ha pelieTKe HaOJIro/a-
FOTCS TIOJ VITIaMH (¢ YAOBIETBOPSIOIIHMH YCIIOBHIO

d sin ¢ = kA,
rJe k=0,1,2,3 Ha3zpIBaeTCs ITOPSIKOM ITIaBHOIO MakcHMyMa. BemmumnHa 0 = DK = dsing aBnsercs
OITHYECKOH PasHOCTHIO XOIa MEXKIY CXOACTBEHHEIMHI JyuyaMi BM u DN, HIYIIIMH OT COCETHHX
1menei (puc.6).

['maBHBIE MHHHUMYMBI Ha JH(QPAKITHOHHOH pelieTKe HaOIIOJAIOTCS ITOJA TaKHMH YITIaMH ¢
THOPaKITHH, IS KOTOPBIX CBET OT Pa3HbIX YacTeH KaKIOH INEIH IIOMHOCThIO TaCHTCS B Ha OJHOH

T
-!""". f’";‘!""". i — " p— ’
[IOKYMEHT MOAMNVCAH m4, (m 0, 1,2.3....).
SNEKTPOHHOW MOANMUCHIO [IaeT Tydeit B TOM HAIIPABIEHHH TO B COOTBET-
Ceptucbuiar: ;. 12000002A633E3D113AD425FB50002000002A6
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[Tpn HaOIrOMEeHHH JH(PAKIHH B HEMOHOXPOMATHYECKOM CBETE BCe ITIaBHbIE MAKCHMYMEIL,
KPOMe I[eHTPAJIbHOI'O HYJIEBOIO MaKCHMyMa, OKpaIlieHbl. C YBeIHYEHHEM JJIMHBL BOIHEI TTIABHEIE
MaKCHMYMEI BHYTPH JaHHOI'O ITOPSIKa PacIioilararoTcs Mo OOJIBIMNMI YITIaMH OT I[EHTPalIbHOTO.
Pamy’kHas ITOJIOCKa, cojiepskKallasi ceMb IIBETOB OT (PHOIETOBOro A0 KpacHOro (CUMTaeTcs OT IieH-
TPaJIbHOI'O MAaKCHMYyMa), Ha3bIBAaeTCA JH(PPAKITHOHHBIM CIIEKTPOM. /[H(]paKI[HOHHAS pelleTKa SB-
JISIeTCS OMHHM H3 IIPOCTEHIIHX JOCTaTOYHO TOYHBIX YCTPOHCTB JJIS H3MePeHH S JIIHH BOJIH.

TED]]HH METO0Ja H OITHCAHHE YCTAHOBKH.

PaccMOTpHM OJHH H3 MeTOJOB OITpeJeleHHs JIIHHBI CBETIOH BOJIHBI ITPH ITOMOIIH JH(PaK-
I[THOHHOH penieTKH. Ha onTHYeckoil cKamMbe (HIIH CIIEIHAIbHOH peliKe) YKpeIUIsIeTcs JH(ppaKI-
OHHAas pelieTkKa P M NeprieHaAHKYISIPHO OCH ITOABHKHAS MIJUTHMETPOBas IHHEHKAa AB ¢ IIEensro
II]. JemeHns mHeHKH, eI H INTPHXH PEIIETKH paclioiararoT IaparjielIbHO ApYT apyra. llemns
OCBEIIAaeTCs HCTOYHHKOM S H pacCMaTpHBAeTCS 4Yepe3 pelleTKy Ima3oM (pHc. 7). Ha mmHelike
IIPOEIHPYIOTCSA H300paKeHH I ITTaBHBIX MAaKCHMYMOB H H3MepseTcs paccTosHHe 1k MexXmy Mak-
CHMYMOM 1-ro IopsakKa H MaKCHMYMOM HYJIEBOT'O ITOPsIAKa (T.€. OT IIeNH)

. 3% 3

S f[
-
4}

—

Xox mydei 1mocie JHQPaKIHOHHON PeHIeTKH COOTBETCTBYET XOAY IydueH Ha pHc. 6. OT Hc-
TOUHHKA CBETA S Uepes IIHMPOKVIO IIENIb B IMHEHKEe AB ITPOXOaHUT ITy4YOK OeJIoro cBeTa H IT0IIajia-
eT CHayaJa Ha JH(PPaKIIHOHHYIO PelleTKy, a 3aTeM B I'JIa3 HaOmogarensd. JIydH, HayImHe ITapa-
JIeJIbHO TTIaBHOH ONTHYECKOH OCH XpycTallHKa JaloT B (POKYyce I[eHTPaJbHBIH (HYJIEBOH) MAKCH-
MYM FO OCBEIEHHOCTH OEIBIM CBETOM.

Jlyun, cosmarolie B HEKOTOPOH TOYKE CETYATKHM F(@ MaKCHMyM OCBEINEHHOCTH KaKHM-
THOO IBeTOM (HampHMep, (PHOIETORBIM) IaJal0T Ha XPyCTaIHK Mo yrioMm ¢. CiegoBaTelbHO,
OHH BHJHBI KaK OBl BRIXOISIIINMH U3 TOUKH D, MTONMOKeHHE KOTOPOH OIPEIesIeTC 110 IKaJIe JIH -
HenkHn AB.

Taxzmv oOpa3oM ponb THH3BL JI (CM. pHC. 6) BBIIONHSET XPYCTAIHK ITIa3a, KOTOPBIH (POKY -
CHpYeT NapaJljIelIbHBIE IIYYH, IIOIYUEHHBIE B pe3yilbTaTe AH(pakuyH (HarmpuMep, Tyan M n N) Ha
ceTyaToil 000NIOYKe I'Ma3a (MIparoIleil polb SKpaHa).

Y cI1oBHE MAaKCHMYMa OCBEIIIEHHOCTH HMEET BHJI,

dsing = ka (1)
M3 prcyHKa BHIHO, YTO
, l
sin = (2)
JH? 412
ClenoBaTelIbHO
p=—d (3)
i H? + 12
Tak, kaxk H » [, TO
NOKYMEHT NoanncAH
SNEKTPOHHOW MOANMUCHIO (4)
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YCcTaHOBKA C HCTOYHHKOM CBCTa, HICIIBIO H ,I[II(l)pElIG.[HDI—]HGﬁ pEH_[ETI{Gﬁ.

VYKazanua no mexHuke 6 e30naAcHOCHI.
1. K BHIIMOIHEeHHIO Ta00opaTOPHBIX padoT AOMYCKAIOTC CTYAEHTHI, H3YUHBIIHE IIPaBHIIa
TEXHHKH 0e30ITaCHOCTH.
2. JlaGopaTtopHble paboThl MOI'YT ITPOBOJHTECS TOIBKO IO PYKOBOACTBOM H HAOIIOAeHHEM
ITPEroaBaTeIs.

3. Pacnionararre nmpuOopel, MaTepHalbl, 000pyoBaHHe Ha paboyeM MECTE B IIOPSAKE, YKa-

3aHHOM IIPeloAaBaTeIIEM.

4. He pepxure Ha paboyeM CTOIIE ITPEAMETHI, He TPeOVIOIIHECS A1 BBITTIOIHEHH S 3aJaHH .
[lepen TeM, KaK IIPHCTYIINTE K pabOTe TIATEIIbHO H3YUHTE €€ OINMHCAaHHEe, VSICHHTE XOJI
BBITIOTTHEHH S paOOTHI.

3aoanuas.

OmnpeAelIiTh MAKCHMAJIbHbIE TIOPSIOK CIIEKTPa HaOI0aeMOro B JAHHOH padoTe, YUHTHIBAS

yto d=0.01 M.

1. YcranoBuTh mHHEHKY AB Ha 3agaHHoOM paccTosHHH H oT audpaximonHoH perneTkH (H
> 300 ). BKTIIOUNTE HCTOYHHK CBeTa S H, ITISAS Yepe3 JHPPAKITHOHHYIO PEIETKY HE INETb,
IIPOBeCTH HaOMIOAeHHe JH(PAKIHOHHOIO CIIEKTPa.

2. OnpeneneHHe IMONOKEHHE [k U1 CHHEH, 3€JIeHOH H KPAacHOH JIMHHH CJIEBa H CIIpaBa I
1-T0 1 2-T0 IIOPSAKOB CIIEKTPOB.

PesyIbTarkl 3aHECTH B TAOIHILY.
3.11o ¢popmyme (4) BEIYHCIHTD JUIHHEI BOIH YKa3aHHBIX JIHHIH.
4. YKa3aTh H OLIEHHTh OCHOBHEIE ITOIPEINMHOCTH JAaHHOI'O METOMa H3MEPEHHS, a TakXke IIO-

TPEIIHOCTB, JIOITy CKaeMYO ITPH HCIIONb30BaHHI (OpMYIIEI (4), a He (3)

hd

PE3YJIETATEI M3MEPEHHWHN.
d=0,01 »m H= (MM)
[Topsmoxk k()
k
CHERLDA (DHOJIETOBRBII 3eJIEHEIH KpacHrni
JIEBBIN ITpaBbIH JIEBBIN ITPABBIH JIEBBII ITPaBBIH

|

Il

Cooepacarue omuema.

OT4eT 110 J1adopaTtopHEIM padoTaM JOIKHEI COAEPKATh:

- TUTYJIHBIH JIHCT,

- 1IeNIb padoTHI,

- KOHCITEKT OCHOBHBIX 3aKOHOB, OIPeIeIIeHHI, IIOHITHI, ()OpPMYII,
- OCHOBHOE 000pYIOBaHHE, CXeMa YVCTaHOBKH,

NOKYMEHT MNMoanncAH
SNEKTPOHHOW NnoarnnCbio :
Ceptudchmkatr: - 12000002A633E3D0113AD425FBS0002000002A6 [ I‘pathI{H):,
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- BBIBOJIBI 11O PE3YIIbTATAM BBIITOITHEHHOH pﬂﬁDTBI:, HaTa, ITIOAITHCE.

K OHMPOJIbHBIE 601D OCHL.
1. Uto Has3BIBacTCA ,[[H(l)paICL[HGHHGI"G cBeTa? KakKoBEI YCIIOBHA HaOImOIeHH S 5TOr0 SBIIE-

HI L.
2. CdopmynmHpoBaTh IPpHHIHII ['ToHTeHca.
3. CdopmynmpoBaTh MpHHIHII ['rolireHca- OpeHens.
4. OOBSCHHTD C HCIIOJIF30BAHHEM IIpHHINIIA [ ToHTreHca- DpeHes 3aK0H ITPSIMOJIMHEHHOTO
PaCIIPOCTPaHEHHS CBETA.
5. Uro Takoe «30HBI OpeHelsay. Kak onmpeaessroT s IUIoMmaaH IEPBhIX K 30H?
6. Uro Ttakoe mudpakioHHa] pemeTka? OnpelleIHTh YCIOBHS JH(PaKIIHH Ha PellleTKe.

7. BriBecTH Qopmyiry (4).

JladbopaTopnas padora Ne 15

T'ema pabomest. 11poBepka 3akoHa Maumroca
I{ens padbomet. 1IpoBepHTH BROTOIMHEHHE 3aKOHA Malroca.

TEﬂpEHHFIECHﬂH Hyacmb.

Kak H3BecTHO, IDIOCKAs SIIEKTPOMAarHHTHAs CBETOBAsS BOJHA SBISETCS IIONEPEYHOH H
IIPeICTaBIIIET pacIIPOCTPpaHEHHE B3aHMHO ITepIeHIHKYIIIPHBIX KoIneOaHHH: BEKTOpa HallpsKeH-
HOCTH 3JIEKTPHYECKOro Mons E B BeKTopa HaIllpsKeHHOCTH MarHHTHoro Hoixd H (pmc.la). Kak

ITOKA3bIBAET OIBIT, (PH3HOIOrHYECKOe, (POTOXHMHYECKOe, (POTOSIEKTPHYECKOE H APYrHE JcH-
CTBH S CBETa BBHI3BIBAIOTCS B OCHOBHOM KOIeOaHHSIMH 3JIeKTPHYeCKOro BekTopa. Bekrop E Ha3zbl-

BAEeTCS CBETOBBIM BEKTOPOM, H BCE PacCy’KJAeHHSI Mbl OIPaHHYHM PacCMOTPEHHEM 3TOr0 BEKTOPa.
Hamrmune Bexropa H mogpasymeBaeTcs.

pucl.

CBETOBOH ITYYOK, B KOTOPOM pa3/IMYHEIE HAIIpaBIIEHH S BeKTOpa E B IornepeyHon K HaIlpaB-
JIEHHIO PACIIPOCTPaHEeHH S BOIHBI INIOCKOCTH PAaBHOBEPOSTHBI, HA3bIBAETC S €CTECTBEHHBIM (pHC. |
6)

CBeT, B KOTOPOM HaIIpaBIIeHHI KOIeOaHIl BEKTOpa VIIOPSAOUYEHEl KaKHM-IIHOO 0o0pa3oM H
ITOMUHHSIOTCS HEKOTOPOH 3aKOHOMEPHOCTH, HA3BIBACTCS ITOISPH30BAaHHBEIM. EciIn kKoneOGaHHA
BEKTOpPAa MOI'YT COBEPIIATHCS JIMIIL B OJHOM OIIPEJIEIIEHHOM HaITpaBJIEHHH, TO CBET HA3BIBACTCS
JTHHEHHO HJIH IUIOCKOIIOIIIPH30BAaHHEIM (PHC. 2a).

Ecrmm ke KonebaHHA BeKTopa E COBEPIIAFOTCS TAK, YTO €r0 KOHEL OIMMCHIBAET KPYT HIIH 3II-
JIHIIC, TO CBET HA3BIBAETCS COOTBETCTBEHHO ITONISPH30BAHHEIM IO KPYTY (pHC. 206) HIH 3IUIHIITH-
YeCKH IOJISIPH30BAaHHEIM (pHC.2B). IIpH IIMHEHHOH ITOISPH3aIHH IDIOCKOCTh, COJAep Kalnas IIyd H

DoarTan H mrantibasaToa mrnornnTLIN ATafRa et TH IINIOCKOCTRIO TTOJIIPH3AI[HH BOJIHEI.
JOKYMEHT NoAarMucAH all

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Puc 2.

l[JIH ITOJIYHCHHA JTHHEHHO ITOIAPH30BAHHOI'O CBCTA IIPHMCHAIOTCA CIICITHAJIBHBIC OIITHYEC-
CKHE HpIICHDCGﬁHEHI[H- ITOJIAPH 34T OPBI. [ImockocTh KoneOaHHH AJICKTPHYCCKOI'O 'EEI{TGPH B

BOJIHE, IIPOIUEAIIEH YEPE3 ITONIAPH3ATOP, HA3BIBAETCS IUIOCKOCTRIO IToIsgpH3aropa. A Ioiyde-
HHS TUTOCKOITOJIIPH30BAHHOI'O CBETA M CITOIB3YIOT HECKOIIBKO CITOCOOOB.

a) OTpaxeHHe CBeTa OT ITIOBEPXHOCTH JHAIEKTPHKOB.

OTpaXeHHBIN OT IH3EKTPHKA CBET BCErjJa YacTHUHO TIOIIPH30BaH. Ha pHCYHKE YepHBIE
TOUKH COOTBETCTBYIOT KOneOaHHIM BeKTOpa E NMEPIEHAUKYIISIPHBIM IUIOCKOCTH TAJIEHHS, a CTPE-
TTOYKH - KONeOaHHSIM B INIOCKOCTH TajeHus (Puc.3). CTeleHs MOMSpH3allHH OTPakeHHOr O ITy4a
3aBHCHT OT OTHOCHTEIBLHOIO ITOKa3aTens mpernoMiIeHud nl2 1 ot yria nmajgeHud o. [1pu mageHun
nydya E Ha rmmockoctes MN 1mof yritoM bprocrepa ab oTpakeHHEIH 1y4Y E, TTOIHOCTBIO ITOIISIPH30-

BaH. [IpemomneHHBIN 1yy El mmonsgpusoBaH yacTHYHO. COOTHOIIEHHE thLB = 115 | Ha3BIBAETCA

3dKOHOM BpIGGTEpEl. IImockocTh KomneOaHHH JNICKTPHHUCCKOI'O BCKTOPa B OTPaXKCHHOM CBCTC IICP-
IICHANKYIIIPHA ITNTIOCKOCTH ITaJCHIH .

£ £

Prc.3

5) [IpernomneHue CBeTa B CTOIE CTEKIISTHHBIX IUTaCTHH (CTG]‘[& CTGJIETGE&).
[IOCKOIIBKY OTpPaKEHHBIH OT JHAJIEKTPHYECKOH IUIACTHHKH CBET YaCTHYHO (IIJ]II HazKe IT0JI-
HGETLI'D) TIOIIAPH30BAH, TMPOXOISIIHI CBET TaKKe YaCTHYHO ITOJIIPH3YETCS H CTAHOBHTCS CMe-
IMaHHbIM CBeTOM. lIpeHMyIlecTBeHHbIE KONeOaHHs 3IEKTPHUYECKOIO BEKTOpa B ITPOIIEAIIEM
creTe OYAYT COBEPINATHCSA B INIOCKOCTH ITafceHHs. MakKcHMallbHas, HO He ITOJIHAs CTEIIEHD ITOIIA-
PH3AIH ITPOXOASIIETO CBETA JOCTHTAETCS IMIPH ITaJEHUH IO YIIIOM bproctepa. /1 yBemyeHNS
CTEIICHH ITOIAPH3aIllHH ITPOXOIAINICIO CBETA HCIIONIB3YIOT CTOIIY CTCKIDIHHBIX ITINTIACTHHOK (GTD]‘[}*'
CTGJIETOBE],): PACITONIOKEHHBIX IO YITIOM bprocTepa K MajaroieMy CBeTY. B 3ToM ciryyae MOKHO
ITOIYYHUTH ITPAKTHYECKH ITOTHOCTHIO TTONISPH30BAHHBIN IIPOXOISAIIHI CBET, TaK KaK KakKJIoe OTpa-
KEHIE OCITa0IseT MPOITYIEHHEIE KOJe0aHUs, IIEPIIEHIHKYIISPHBIE INIOCKOCTH TTaJEHHS B OIIPEE -
JIEHHOM OTHOIIICHHH.
AOKYMEHT NOANUCAH TOITHX KPHCTalllIaX.
o 205 HONIOBVICHIS s T: KD, GO T AP.). A TAKE HEKOTOpHIE 10-
Bnapeneu: tebayxosa Tatbana AnexkcanaposHa ‘KHX HaIPy30K HIH SJICKTPHYCCKHX HGHEH) o0ra-

[IpenoMiIsasice B TaKOM KpPHCTAJIIE, CBETOBOH JIYVY
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pa3AeiIeTCs Ha JIBA JIMHEHHO TOJISPH30BAHHAIX JIyYa CO B3aHMHO IIEPIIEHIHKYIISIPHEIMI HAIIpaB-
IeHHSMH KojieOaHui. OJQHH U3 JIVUEH Ha3bIBACTCS OOBIKHOBEHHBIM M 0003Ha4acTcs OYKBOH 0. a
BTOPOH -HEOOBIKHOBEHHBIN H 0003HauaeTcsl OYKBOH €. OOBIKHOBEHHBIH JIVY YIOBIIETBOPSET
OOBIYHOMY 3aKOHY ITIPeIOMIIEHHS H JIEKHUT B OJHOH IUIOCKOCTH C ITaAarOIIHM JIYYOM H HOPMaJIbIO.
J11s1 HeOOBIKHOBEHHOT'O JIy4Ya OTHOILNEHHE CHHYCOB VIJIA ITaJcHHI H YITIa IIPEIOMIIEHHS HE OCTa-
€TCS IIOCTOSHHBIM ITPH H3MEHEHNH YTJIa ITa{eHH L.

Kpome Toro, HeOOBIKHOBEHHBIHN JIVY, KaK IIPaBIIO, HE JIEXKHT B INIOCKOCTH ITaJeHUS H OT-
KJIOHSIETCS OT JIy4ya O Jaxe IpH HOPMaJIbHOM IMafeHHH cBeTa. OTKIIOHSSA OAMH M3 JIYYEH B CTOPO-
HY, MOXKHO ITOIYYHTh IUIOCKOIIOJISPH30BAHHEIN Iy4Y. Tak yCcTpoeHa, HallpHMep ItpusMa Hukossa
(puc.4). JIBe ecTecTBeHHble I'paHH KpHCTalUla HCIAHACKOrO IIMIaTa CPe3aroTcs TakK, YTOOBI
YMEHBIIHTE YIOJI MEXKAY ITOBEPXHOCTSIMH 10 08°.

3areM KPHCTaJUI PacIIIMBAETCS HA ABE YAaCTH IO INIOCKOCTH BD mox yriiom 90° K HOBEIM
rpaHsM. [locae MOMHMPOBKH MTOBEPXHOCTH PACITIUIa CKIIEMBAIOTCA KaHAACKHM Oalb3aMOM, HMEIO-
II[HM TI0KA3aTellb IIPEIOMIIEHHS 1, VAOBIETBOPSIONIHI YCIIOBHIO Ne<n<ng, TAE Ny H INe - IIOKa3aTe-
JIH TIPEIIOMIIEHH S HCIIAHACKOIO ImtaTa A1 OOBIKHOBEHHOI'O H HEOORIKHOBEHHOI'O JIyYa.

[Iagas mmox yrimoM, OOJIbIIE MIPEAETIBHOIO, Ha INIOCKOCTE BD, OOBIKHOBEHHBIN JIVY IIPETEP-
IIEBAET IIOJIHOE BHYTPEHHEE OTPaKEHHE Ha I'PaHHIle IImiaT - Oanb3aM. HeoORIKHOBEHHEIN Ty, IS
KOTOPOT' O, BEIXOIHT M3 IPH3MBI JIHHEHHO ITOISIPH30BaHHEIM.

Prc.4

r) [lormonieHre cBeTa B JHXPOHYECKHX ITITaCTHHKAX.

Y HEeKOTOPBIX JBOSKOIPEIOMIISIONIHX KPHCTAIUIOB (HAIIpHMep. TYPMalHHa) Ko3(pQHIHeH -
THI ITOTJIOIIEHHS CBETa I ABYX B3aHMHO IIEPIIEHAHKYISIPHBIX ITOISIPH30BAHHBIX IIYVUEH OTIIHMYa-
IOTCS HACTOIBKO CHIIBHO, YTO YiKe ITpH HeOOIBIIOH TOMIINHHE KPHCTAIIa OAHH H3 JIYUYeH TaCHTCS
ITPAKTHYECKH ITOITHOCTRIO M M3 KPHCTAUIa BBIXOAHUT JIMHEHHO ITOISPH3HPOBAHHEIN ITYUOK CBETA.
DOTO sBJIeHHe HasblBaeTCAd AHUXPOH3MOM. B HacToflnee BpeMS AHXPOHYECKHE IUIACTHHKH H3-
TOTOBIISIFOT B BHJE TOHKHX IUIEHOK - ITOJISPOHIOB, HMEIOINHX IIMHPOKOe ITpHMeHEHHE. B 0O0IIb-
INHHCTBE CIIy4YyaeB OHH COCTOST H3 MHO’KeCTBa MaleHbKHX (TONMHMHOH A0 0,3 MM) IIapajiielIbHO
OPHEHTHPOBAHHBEIX KPHCTAUIOB CEPHOKHCIOIO HOJUCTOIO XHHHHA-TeparaTHTa, HaXOISIIHXCS
BHYTPH CBSI3VIOIIEH CPEIBI - IPO3PAYH O ITIEHKH.

JInsg HccelleoBaHMS XapakKTepa H CTelleHH IIONSpH3al[HH CBeTa ITPHMEHSIOT YCTPOICTBA,
Ha3bIBAEMBIE aHAIM3aTOpaMH. B KauecTBe aHAIH3aTOPOB HMCIIOIL3YIOT TOXKE YCTPOHCTBA, KOTO-
phle CITy KaT JJIS ITOITYYeHH S THHEHHO-TIOISPH3HPOBAaHHOIO CBETa (ITOISPH3aTOPEHI).

[IycTh Ha MOISApH3aTOp ITaJacT IUIOCKOIIOIISIPH30BAHHBIA CBET AMIUIMTYIABI Ao M HHTIEH-
cHBHOCTBIO Io (Puc. 5). CKBO3b ITONIPH3aTOP ITPOHIET COCTARIISIONIAd KOmeOaHHI ¢ aMIUIHTY O
A =Apcoso. , TIe o - YTOI MEXIY ITIOCKOCTBIO KolleOaHHH ITaJarollero CBeTa H ITIOCKOCTBIO I10-
ngpH3aTopa. A TaK KaK HHTEHCHBHOCTH CBETA ITPONOPIHOHAIbHA KBAApPaTy e€ro aMIUIMTYABL, TO
HHTEHCHBHOCTH ITPOIIEAIIETO CBETA OIPEHesIETCS BhIpakeHHeM [=Ipcos a.

DTO COOTHOIIIEHHE HOCHT Ha3BaHHe 3aKoHa Mairoca.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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IAOCKGCTh MOAAPHIATOP

A,

A, sina

Puc. >

ITocTaBHM Ha ITyTH €CTECTBEHHOIO JIy4a IToiigpH3aTop P u anamm3zarop A (puc.6). M3 nmomnsa-
PH3aTOPa BRIHIET IIOCKOITOISPH30OBAHHBIHN CBET, HHTEHCHBHOCTE KOTOPOI'O COCTABHT ITOIIOBHHY
HHTEHCHBHOCTH €CTeCTBEeHHOro cBeTa, T.e. I1= Ip /2. CormacHo 3akoHy Mairoca H3 aHaIH3aTopa
BBIHJIET CBeT HHTEeHCHBHOCTBIO: I»=Ijcos2o. (rme a yrom MeXmy IUIOCKOCTSMH ITONISIpH3aTOpa H
aHaJIF3aTopa). Taxzm oOpa3oM, HHTEHCHBHOCTh CBETA, ITPOIIEIIIErO YePE3 IMOIIPH3ATOP H aHa-

JIH3aTOp paBHa 2= [ cos’a .
|[:| |1
12
—P > >
P
Puc.6 A
Onmicanne YCTAHOBKH.

B HacTrosmen pabore IS IMOIyYeHHS H HCCIEA0BAHH S THHEHHOTO IOJIIPH30BAaHHOIO CBETA
ITPUMEHSIEOT IIOISIPOMABI. OHHM M3rOTaBIIMBAIOTCSA M3 OUEHb MEIKHX KPHCTAIIIOB TYPMAJIMHA IJIH
repanariuTa, HaHECEHHBIX Ha IIe/UTVIIOHAHVIO IIeHKY. ONTHYeCKHe OCH KPHCTAJUIOB CITEI[HAIb-
HBEIM 00pa3zoM OPHEHTHPYIOT B OZHOM HaIlpaBIeHHH. KpHCTAIUIBl TyYpMalHHa IIPOITYCKAIOT CBET
TOILKO C OIPedelIeHHOH OpHEHTAIMEH CBETOBOI'O BEKTOPAa M ITOYTH ITOJIHOCTBIO IIOIJIOINAIOT BCE
TIEPIIEHANKYJIIPHBIE COCTABILIIOIIHE CBETOBOI'O BEKTOpPa K HaIIPaBJIEHHIO OCH KpHcTaia. CxXemMa
YCTAHOBKH ITpHBeicHa Ha PHcC 7.

Bd

A,

AOKYMEHT NoanmnMcAH
SNEKTPOHHOW NOAMUCHIO
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CBeT OT HCTOYHHKA CBETA S ITPOXOINUT YepPe3 HENOABHKHBIHN ITONISpH3aTOop P. AHamm3arop
A 3aKperuieH BO BpallaroIlleMCs JIHCKE. YTOI ITOBOPOTA aHAIH3aTOpa H3MEPSAETCS ITO IIKAale
IHCKa, pasfaeineHHOH Ha 300 geneHuH. lIponas momspH3aTop M aHAIM3aTop, CBET IIAJacT Ha
BEeHTHIBHEIN (poTonneMeHT BO (comHeuHsIi 31eMeHT). I[IpH He odeHb OOIBIMMX OCBEI[EHHO-
CTSX CHJIa (POTOTOKA IPOIIOPILIMOHATIBbHA CBETOBOMY IIOTOKY. BemmdmHa (poToToka H3MepseTcs
MHKpoaMIiepMeTpoM. MeXay IONIpH3aTOpOM H aHAIM3aTOPOM HMEETCS KaMepa, B KOTOPYIO
MO2KHO ITOMEINATh 00paslbl A HAOIFOeHNS SBIEHHS (POTOYIIPYTOCTH H HHTeP(] epeHIHH I10-
ISIPU30BAHHEBIX JTYYEH.

Obopyoosarue u mamepuaisl.

1. YcraHoBKa JJI1 IIpOBEPKH 3aKOoHa Mamroca. 2. McTouHNK cBeTa. 3. MHEKpoaMITEpMETP.

YKazanusa no mexHuke 0 €30nAcHOCHI.

1. K BBHIMOHEHHIO Ta00opaTOPHBIX paboT JOIMYCKAIOTCS CTYAEHTEL, H3YUHBIIHE IIPaBHIIa

TEXHUKH O€30ITaCHOCTH.
2. JlaBGopatopHble pabOTEI MOI'YT ITPOBOJHTECS TOIBKO ITOJ PYKOBOACTBOM H HAOIFOAEHHEM
ITPErolaBaTelId.

3. Pacnomararnte npuOOPEI, MaTepHAJIBL, O00OPYAOBaHHE HA paboyeM MECTE B IIOPSJIKE, VKa-

3aHHOM ITPENOAABATEIIEM.

4. He pepxure Ha paboyeM CTOIIE ITPEAMETEI, HE TPeOVIOIIHECS 1S BEITOTHEHIS 3aJaHH .
[lepen TeM, KaK IMIPHCTYIINTE K padoTe TIATEIIBHO HU3YUHTE €€ OIMHCAaHHEe, VSICHHTE XOJI
BBITIOTIHEHN S pa0OTHI.

3aoanuas.

1. BKIIFOUHTE HCTOYHHK CBETA.

2.Bpamas aHamizaTop, JOOHTHCS MaKCHMAJIBHOIO OTOpOca CTPElKH MHKpOoaMIIepMeTpa
(A MOKeT OBITH clIeqyeT JOoOHBaThCSI MHHHMaIbHOro? Ilouemy? UeMy paBeH yIol B 3TOM CIIY-
yae?).

3.3armichIBalOT IMOKa3aHMSI MHKpOaMIIEpMETPa H B JallbHEHIIEM, IIOBOpAYMBasl  aHalM3a-
TOop, uepe3 10 rpaxycoB 3armiCHIBAIOT COOTBETCTBYIOIIE 3HAUEHHE TOKA.

4. Kaknm o8pa3oM I10 ITOITYYEHHBIM JaHHBIM MOKHO YOeJUTHCS B ITPaBHIIBHOCTH 3aKOHAa
Mamoca? Kakie rpadHkH H3 HHJKe IIEPEYHCIIEHHBIX CIIeAyeT IIOCTPOHTH AJIS IIPOBEPKH 3aKOHA?
(BEIOOp apryMeHTHPOBATH)

1

L= fl@) —
I=f(0).12=f(¢), 'o Ay
5. IlocTpouTh rpadHK 3aBHCHMOCTH.
6. CaenaTh BRIBOL.

hd

f(eos®) = f(cos @)
I

Pe3y/ibTarbl H3MepEHHH.

a. | COSaL cos2o

Cooepacarue omuema.

OT4eT 110 J1adopaTopHEIM padoTaM JOIKHEI COIEPKATh:

- TUTYJIbHBIH JIHCT,

- 1IeNIb padoTHI,

- KOHCITEKT OCHOBHBIX 3aKOHOB, OIPeIeIIeHHI, IIOHITHI, ()OpPMYII,

- OCHOBHOC Gﬁﬂp}"ﬂﬂ]ﬂﬂl—ﬂ[e: CXEMd YCTAaHOBKI,
- OITUCAHHE TI0 TVHKTAM BRITIOITHEHHOH DAOOTHI:

OOKYMEHT NnNoanncAH .
SNEKTPOHHOW NOANMUCHIO  Tpadrim);
Ceprudcbukar:- " 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu; Lebayxopa TareaHa AnexkcaHapoBHa
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Konmponsusie éonpocet.
1. Yro mpeacrtaBisgeT 13 ceds CBeTOBas BOJIHA?
Kaxkmue JeHCTBHS OKa3bpIBAeT CBET? biarogaps yeMy 3TO BO3MOKHO?
Yrto Takoe nonsgpusaig? KakoH CBET HA3BIBAKOT €CTECTBEHHEIM? [ lonsapH30BaHHBIM?
OINUIINTE BUIBI TTONISIPH3ALH.
[Iepeunicire crocoOkI ITOTYYEHNS ITOIISIPH30BAHHOTO CBETA.
CdopMynHpYHTe 3aK0OH Maroca.
7. Kaxme maHHbIe B paboTe MO3BOILIIOT YOeJUTCS B CITpaBeJIMBOCTH 3aKOoH Mairoca ? (OT-

BET C(hOPMYITHPYHTE).

A

JladbopaTopnas padora Ne 16

T'ema pabomest. 13y4yenne BHelmmHero ¢gporoddgexra

HEJH: pﬂﬁﬂﬂlﬂ. OHPEI[EHEHIIE CKOPOCTH IIOICTA IIYIIH C IIOMOIIIBIO (bHBH‘IEGI{GI‘O MAaATHH-
K4d.

T eopemuieckdAa udacmbo.

Paszmmuaror TpH BHIA PpoTosdderra:

o Buewnum pomosgpgexmom Ha3bIBAeTCSI BBIPEIBAHHE 5HIIEKTPOHOB M3 BelIecTBa IIOJ
TeHCTBHEM SJIEKTPOMAarHHTHOIO H3Iy4YeHHS. BoHemmmii ¢Qorosddekr HabmomaeTcs
IIPENMYINIECTBEHHO B IIPOBOIHHKAX.

o Ilpu enympennem ¢pomosggexme >IeKTPOHBI IIOJ JEHCTBHEM CBeTa TePSIOT CBSI3b CO
CBOMMH aTOMaMH H MOIEKYJIaMH, HO OCTAlOTCS BHYTPH BelllecTBa. T akoi BHA (porosddekTa
BO3MO’KEH TOIBKO B ITOIYIIPOBOJHHKAX.

o Beumunvusiii pomosgghexmn 3aKIII0daeTCSI B BOBHHKHOBEHHH (DOTO-3.J1.C. TIPH OCBEIIEHHH
KOHTaKTa ABYX Pa3HBIX ITOIYIIPOBOJHHKOB HJIHM ITOIYIIPOBOAHMKA M MeTauia Oe3 HallHMuHd
BHEIIHET O AJIEKTPHYECKOI'O ITOJIS.

B maHHOI pa®oTe g H3y4YeHHI 3aKOHOMEPHOCTEH erneutrnezo ¢o-
mosgghexma NCIIONB3YIOT BAKYYMHEIH (poTo31IeMeHT. OH IIpeJCTaBIgeT
COOOH CTeKIISTHHBIN OTKAaYaHHBI c(pepHUecKHI OaljIoH, B IIeHTPe KOTO-
POro PacIioNnokeH aHOA A B BHJIE KOIIbIIa HIH IUIacTHHKH (pHc.1). HacTs
BHYTPEHHEH ITOBEPXHOCTH OallJIoHA ITOKPHITA TOHKHM CIIOEM METalllla,
KOTOPBIH CIIYXHT ¢homoramooom. Ha puc.l. nzo0pakeHa ITPHHIIHITH-
alTbHasI cXeMa, C ITOMOIbI0 KOTOPOH HCCIeAYeTCS BHEIMHHH (hOTO3(-
pexr. Mexny aHoJ0M H KaToA0M HCTOYHHK TOKa CO3JaeT 3IeKTpHYe-
CKOe Imore. Tak Kak aIeKTpHYecKas IEIb Pa3sOMKHYTa, TO IPH OTCYT-
CTBHH CBeTa DJIIEKTPHYECKHII TOK 4Yepe3 (orosneMeHT He HAeT. [Ipn
OCBEIEHHH KaTOJa CBET BBIPBIBAET M3 HErO 3NEKTPOHBI, KOTOPBIE IO
NEeHCTBHEM CHII BJIEKTPHYECKOrO ITONIS JBIKYTCS K aHOAY. B 11erm 1mo-
SIBIIIETCS AIEKTPHYECKHH TOK, Ha3bIBaeMbIH ¢homomoxom. CHila (POTO-
TOKa H3MEPAETCS TalbBAHOMETPOM (o, HaIIPSKEHNE MEXKIY aHOJIOM A H f_’ Tl
¢orokarogom K — BonmsTMeTpoMm V. M3MeHSII HaIlpsKeHHE C ITOMO-

I IILFO TTIOTEHIHOMeTpa P, HaXOST 3aBHCHMOCTE CHIIBI (POTOTO-
Ka OT HalIPSKEHHST — BOJIbTaMIIEPHYIO XapaKTEPHCTHKY.

T L —_ Ha puc. 2 nzoOpakeHa BOIbTaMIIEpHAS XapaKTepPHCTHKA Ba-
AOKYMEHT MNOAMNUCAH ‘osnemenTa. [Ipu U = 0 (MexXIy KaToLoM H aHO-

SNEKTPOHHOW NOAMUCLIO |
CepTudukar: 12000002A633E3D113AD425FB50002000002A6 €CKOr0 TIOI HET) CHIIa (POTOTOKA BCE PABHO He
Bnageneu; lLleBayxoea TateAHa AnekcaHapoBHa JTO Dﬁ}"GJIDEJIEHG TENL, HTO 3JICKTPOHLBI, BEIPBAH-
3 KaToAa, HMEIOT HEKOTOPYIO HayalIbHYIO CKO-

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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pocTh V (a 3HAYHT, H KHHETHYECKYIO SHEPrHI0) H YacTh M3 HHX MOKET JOCTHIaTh aHOAA H ITPH
OTCYTCTBHH 3IEKTPHYECKOr O ITOJIS.

Ecim yBenH4nBaTh HAIpSDKEHHE MeKAY KaTOAOM H aHOJAOM (IofaBasi OTPHIATEIIBHBIHI T10-
TeHI[HaI Ha KaTOJI, a Ha aHOJ — ITONMOKHTENIbHEIH), OyAeT YBeIHYHBAThCS CHIIA TOKa. OTO 00b-
SICHSIETCS TEM, YTO TEIEPh 3IEKTPOHBI, KOTOphIe IpH U = () He JOCTHralIH aHO/a, IO JeHCTBHEM
CHJI BIIEKTPHYECKOI0 IO IIPHUTSTHBAIOTCSA K aHOTY.

M3 rpaduka BHAHO, 4yTO IpH HekoTopoM 3HaueHHH U = U, cmia QOoTOTOKa JOCTHIaeT

HaHOONBIIETO SHAYUCHHA, ITOIVYHHBIICIO HA3BAHIIC TOKd4 HACBIIICHHA Iu I[ElﬂbHEﬁH.[EE YBCIIHYC-
HHE HAIIPAAKCHIIA YKE HE BBI3BIBACT POCTAa CHIIBI TOKA. OT0 3HAYHT, YTO BCC 3JICKTPOHDBI, BBI-
PBAHHBIC CBCTOM H3 KAaTOAdd, JOCTHIAIOT dHOIA4. Ecm 3a E@ILHIH;}R epemMeHit CBCT BBIPBIBACT H3
d)GT OKATOd4d n 3JICKTPOHOB, TO TOK HACBIIICHHA 6}",I[ET PaBCH

u—€- i , (l)

IJie e — 3apsj AIeKTPOHA.

Eci IMOMEHSTh TIOISIPHOCTE 3JIEKTPOHOB, TO €CTh ITOJAaTh HAa KATOA IIOIOKHUTEIBHBI I10-
TEHI[HAJI, a Ha AHOJ — OTPHI[ATEILHBIN, TO ANEKTPHUECKOE IT0oIe OYAET TOPMO3HTH JBHIKEHHE
AIIEKTPOHOB OT KaTOJa K aHOAY. 3a CUeT paldOTHI CHII ANIEKTpHYECKOro Ioid (Ag = el) KHHETH-
YecKas SHEPrUs JBHKYIIHXCS 3IeKTPOHOB OYyIeT YMEHBIIAThCS. ECIH repBoHaYabHAasS KHHETH-
yeckas SHeprusa 3iekTpoHa Wy OyzaeT Oomblie paboThl 3eKTpHYecKoro Ioiad (Wx>AEg), Blek-
TPOHHBI OVAYT JOCTHIaTh aHOAA, B LielH OyaeT UATH TOK. [Ipn Wi< eU 31eKTPOHEI aHOMA HE JI0-
CTHTHYT H TOK IIpeKpaTuTcsa. HanMeHbIee HalpspKeHHe, IIPH KOTOPOM ITpeKpainaeTcs (pOTOTOK,
Ha3LIBAETCA 3aIeP/KHBAIOLIHIM.

IIpu U = U; gaxe caMmbie OBICTPBIE 3JIEKTPOHBI, HMEIOIIHE MAaKCHMAIIbHYIO CKOPOCTh, HE

IOCTHTAIOT aHOHa. B ATHX YCIIOBHAX

mv?
€U3 :ﬁ* (2)
2

TakmM obpaszoM, HU3Mepsist Ha OIbITe Uz, MOKHO BBIYHCIHThP MAKCHMAIIBHVIO KHHETHUYECKVIO
SHEPTHIO SNIEKTPOHOB, BEIJIETAIOIIIX H3 KaTO/A.
Obopyoosarue u mamepuaisl.

[Ipr n3yyeHHN 3aKoHOMepHOCTEH (poToa(ppeKTa B pabOoTe HCITOIb3YETCS BAKYYMHBIH (POTO-
3JIEMEHT, ITPHHIUITHAIIPHASI CXeMa BKIIFOUEHH S KOTOPOr' O B 3JIEKTPHYECKYIO I[ETTb IIPHBEJIEHA Ha
puc. 4.

1. @orosnemeHT P, ceeTopuIbTp CP H HCTOUYHHK cBeTa (CIIeKTpallbHasA pTyTHas namiia) JI
TIOMEIIEHBI B 3aKPBITHIH KOHTeHHep. CBeT OT JIaMIIbI, ITPoXoad Yepe3 cBeTopHIbTp Cd, cTaHo-
BHTCS MOHOXPOMAaTHYeCKHM H, IT1ajJ[asl Ha KaToJ (pOTO3IeMEHTA, BRI3EIBAET (POoTO3(pdeKT. MHKPO-
aMITEPMETP MA H3MepseT CHITy (OTOTOKA, a BOIIBTMETP V — HaIlpspkeHHe Ha (DPOTORIIEMEHTE.

2. YcTaHOBKa COCTOHUT M3 O0OBEKTa HCCIeJOBAaHHSA H YCTPOHCTBA H3MEPHTEILHOIO, BBIITOIHEH-
HBIX B BHJ€ KOHCTPYKTHBHO 3aKOHYEHHBIX H3EIHH, YVCTaHABIHBAeMBIX Ha J1TabOpaTOPHOM CTOJIE
H COEIHHSIEMBIX MeXIY cOO0H KabeleM.

3. OOBEKT HCCIeJOBAaHHSA KOHCTPYKTHBHO BBHITMIOIHEH B BHJE COOPHOIO KOPITyCa, B KOTOPOM
yCTaHOBIIEHBI OCBETHTEND (CIIeKTpallbHas PTYTHAS JIaMria) ¢ HCTOYHHKOM ITHTAaHHS, OIOK HH-
TepepeHIIMOHHBIX cBeTOPHIETPOB Nol (A=407 Mrm), No2 (A=435 mxmM), Ne3 (A=546 mxm), Nod
(A=578 MKM) H YCTPOHCTBO PerylIHpOBKH oOcBemieHHOCTH. Ilomoxenue "(0" Onoka cBeTO(]HIb-
TPOB COOTBETCTBYET ITPOXO0KIAECHHIO cBeTa 0e3 CBeTO(HILTPOB H MOJKET IIPHMEHSITHCS IS CHSI-

I o e R N N T N e N T T N N R R e " " - -
NIOKYMEHT NOANVICAH TICPHBIX XdPaKTCPHCTHEK, a IIOJIOKCHIIC 5 I[E
SNEKTPOHHOW MOANMNUCHIO 3KH HOIII. K KOPIIYCY C ITOMOIIIBIO KPOHIIIT CHHa
Ceptudhukat: - 12000002A633E3D113AD425FB50002000002A6 ) KPBILIIKY KOTOPOT'O YCTAHABIIMBAIOTCS CMEHHBIE
Bnapeneu: lLebayxoea TatbAHa AnexkcaHopoBHa

3. HpH YCTAHOBKC (I)DTGHPHEBH{I]I{GE HX IIPHCM-
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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HOE OKHO COBMEIIAETCS C BEIXOIHBIM OKHOM OCBETHTENS H 3aKPBIBAXOT ITPH ITIOMOIIH OJIEHIHI.

Ha nepenHen rmaHem oO0bpeKTa HUCCIIEAOBAHN S HAXOMATCSA CETEROH BBIKIIIOYATEIL C MHIHKA-
TOPOM BKIIFOUEHHMSA ceTH. Ha 3amHel maHenn oOBeKTa HCCIEQOBAHHS PACIIOIOKEHEI KIIEMMa 34 -
3eMIIEHHS, JepKaTell IIpeJoXPaHuTe el H CEeTEBOH IIHYP ¢ BIIKOH. Ha OOKOBOH CTEHKe pac-
ITOJIOKEHO BBIXOJHOE OKHO OCBETHTEISI H YCTPOHCTBA JJISI CMeHBI HHTeP(EPEHIIHOHHEIX CBETO-
(PIIIBTPOB H PeryIIMPOBKH OCBeHieHHOCTH. Ha OOKOBBIX ITOBEPXHOCTSX YCHIHTEIS (POTOTOKA
PACIIOIIOKEHBI COEMHHHUTEIBLHBIN IIHYP C Pa3beMOM I ITOAKIIFOYEHHA 00bEeKTa HCCIIeJOBAHNS K
YCTPOHCTBY H3MEPHTEIILHOMY H peryisaropsl 0amaHca yernurenas [ PYbBO u TOYHO.

OOBEKT HCCIIEAOBAHHS C IIOMOIIBIO CETERBOrO IIHYPa IMOAKIOYaeTca K ceTH 220 B, 50 I'1x.

4. YCTPOHCTBO H3MEPHUTEIILHOE BBIIIOIHEHO B BHJIE KOHCTPYKTHBHO 3aKOHUYEHHOI'O M3Ies. B
HEM IPHMEHEHAa OIHOKPHCTalIbHasI MHKPO - 3BM ¢ COOTBETCTBYIOIIMMH JOIIOTHUTEIIEHBIMI
yCTPOHCTBAMH, ITO3BOIISIOIIHMH ITPOH3BOAUTE H3MEPEHHE TOKA (DOTOAIIEMEHTA, YCTAaHORJIEHHOI O
B 00BEKTE HCCIIEJOBAaHNS, YCTaHABIHBATh H H3MEPSTh ITHTAIOINNE HallpPsKeHHS Ha (POTO3IeMeH -
Te, a TaKXKe OCYINECTRIISATh (DYHKIIHH YITIPaBIIEHHS YCTAaHOBKOH (YCTaHOBKAa PEXKHMOB IIPSMOIO
HIIH 00paTHOrO H3MepPeHHS H T.II.). B cocTaB ycTpoiicTBa H3MEPHTEIILHOIO BXOISAT TaKXkKe HC-
TOYHHKH €TI0 ITHMTAHHSI.

Ha rniepegHen maHem yCTPOHCTBA H3MEPHTEIIFPHOIO PasMEIIEHEl CIIEAVIOIHE OPraHbl YVIIPaBIIE-
HHA M HHauKaiu: KHonka 1IPAMASA - OBPATHAZS ¢ cOOTBETCTBYIOIMMH HHIHKATOPAMH -
IIpeJHa3HAuYeHA JJIS BKIFOUYEHHS IIPSAMOrO HIH OOpaTHOrO PeXKHMOB H3MEPeHH S, KHONKH "+", "-"
H CEPOC - mpemHazHa4eHbI JJI9 pelr'yYIHPOBKH HAIIpsDKeHHS Ha (POTO3JIeMeHTe H ero cOpoca B
HOIIb, HHIUKATOPEI B M MKA - IipefHa3HaYeHbI IS HHAHKAIINH 3HAYCHHI BETHYNH HaIPsDKEHIS
Ha (porosneMeHTe H (POTOTOKa B ITporiecce padoThl. Ha 3agHel ImaHelm yCTPOHCTBA H3MEPHTED -
HOI'O PacIoiIoKeHbl BhIKTroUaTelnsh CETDH, Kiemma 3a3zeMIeHHS, AepKaTell IpeJoXpaHHuTeNleH
(3aKpBITHI TIPeJOXPaHHTEIILHOH CKOOOMH), ceTeBOH IIHYP ¢ BHIIKOH H pa3beM IS MOJKIFOYSHHS
0O0BEKTA HCCIIEOBAHIS .

YCTPOHCTBO H3MEPHTEIIFHOE C ITIOMOIIBIO CETEBOIO IHYpa nmoakmovaeTcsa K cetu 220 B, 50 I'nr.
5. IlpuHIMI el CcTBHSA YCTaHOBKH OCHOBAH Ha H3MEPEHHH TOKa Yepe3 (POTOAIEMEHT ITPH H3Me -
HEHIH ITOISPHOCTH M BEJIMYHMHEI ITPIIOKEHHOI'O K HEMY HAIPSsDKEHHSI M H3MEHEHHS CIIEKTPallh-
HOI'O COCTaBa H BEIIHYHHBI OCBEIIEHHOCTH KaToAa (POTO3IIEMEHTA.

6. B mporiecce BBIIOTHEHHS JTaOOpaTOPHBIX pa00T CHHMAKOTCS 3aBHCHMOCTH TOKa yepes (poTo-
3JIEMEHT OT IPIIOKEHHOI'O K HEMY HaNpsKEHHS. [IpH 3TOM MEHSETCS ITOIISIPHOCTh HaITPSDKEHIS
(T.e. pa3AeIbHO CHHMAKOTCS IpsMas H oOpaTHas BETBH BOJIbTAMIIEPHOH XapaKTePHCTHKH (POTO-
AIIeMeHTa). XapaKTepPHCTHKH CHHMAIOTCS ITPH PAa3IHYHBIX 3HAYEHHSIX OCBEIEHHOCTH H ITPH H3-
MEeHEeHHH JJIHHBI BOJIHEI OCBelleHHS (poTosneMeHTa. 1[0 pe3yibTaraM H3MepeHHIH CTPOSATCS ce-
MeHCTBA BOJIBTAMIIEPHBIX XapaKTepPHCTHK M, HCIIONB3YSI COOTBETCTBVIOINHE METOJBI pacueTa,
YHCJIEHHO OIIEHMBAETCS 3HAUYEHHE ITOCTOSHHON [ [maHKa.

YKazanusa no mexHuke d e30nacHoCmi.

1. K BRIITOIMHEHHIO Ta00paTOPHBIX PaboT AOITYCKAKOTCS CTYAEHTEI, H3YUHBIIIE IIPAaBHIIA
TEXHHKH Oe30ITaCHOCTH.

2. JlabBopatopHble padOTEI MOI'YT ITPOBOAHTECS TOIBKO ITOJ PYKOBOACTBOM H HAOIIOIEHHEM
ITPEITOAaBaTeIsl.

3. Pacnomarante nmpuOOpEI, MaTepHAJIBL, 000OpYAOBaHHE HA padoyeM MECTE B IIOPSJIKE, YKa-
3aHHOM ITPEIOAaBaTEIIEM.

4. He nepxure Ha paboyeM CTOJIE IIPeAMETHI, He TPeOVYIOIIHECS A1 BBITIOIHEHI S 3aJaHH 5L

5. Tlepex TeM, KaK IPHCTYITHTL K paboTe TIMATENIPHO M3YUHTE €€ OITHMCAHHE, YSICHHTE XOJI
BEHITIOTHEHH S PAOOTHI.
JOKYMEHT NOANMUCAH
SNEKTPOHHOW NOANUCHIO
Cepruchukar:  12000002A633E3D113ADA25FB50002000002A6 IPAKTEPHCTHKH (OTO3TEMEHTA.
Bnapeneu: ebsyxopa TaTeAHa AnexcaHipoBHa OIIPHEMHHK C HCCJICAYCMBIM Q)GTDBHEMEHTGM H

[EHTA.
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2. TlomgkimrounTte ceTeBhIE IIHYPHI YCTPONMCTBA HM3MEPHTEIIRHOIO M OOBEKTAa HCCIENOBAaHHUSA K
CETH M BKIIIOYHTE YCTPOHCTBO HM3MepHTENIbHOE BRIKIIOuaTerneM CETD Ha ero 3ajgHen IaHelm.
[IpH s3TOM HomKeH 3aropeThcs HHANKaTOpel OBPATHAJM, B 1 MKA yCTpoHCTBa H3MEPHTEIIBHO-
ro. Ha mHmkatope B JOMKHBI yCTaHOBHTHCS HYIH (JOMYCKaeTCS MHAHKAITHSI O 3HAYCHHS 2
MITaero paspsga). Ilocne 5 muayTHOro nmporpea pyuykamMu ¥ CTAHOBKA HVYJIA Ha oObekTe
HCCIIEIOBAHNS YVCTAHOBHUTH HYJIEBOE 3HAUYEHHE Ha HHJIHKATOPE MKA YCTPOHCTBA H3MEPHTEILHO-
TO.

3. Bxmmounre o0BeKT Hccnemopanns BeIKIouaTenneM CETD Ha ero nepemguen nmaHenau. [Ipu sTom
IOIDKeH 3aropeTrbesa HHAHKATOp CETh o0bekTa HCCIeJ0BaHISL.

4. JlaTh j1amIie OCBETHTEIIS IIPOrPETHCS B TEUEHHE 15 MHH.

5. C nomornpro KHONKH [IPAMANA - OBPATHA Be16pars HeOOXOAHUMEBIN PEKHM H3MEPEHH 5.

6. YcraHoBHTE cBeTOPHIBTP Nel rmoBopoToM jxcka Oimoka Cd.

7. HM3MeHss 3HaueHH S HamnmpsKeHHS yepes 0,5 B ¢ rmomorInpro KHomok "+" u "-" 1 CUMTEIBAA I10-
KazaHHI (DOTOTOKA ¢ HHAHKaTOpa "MKA'" IOIyYHTEe JaHHEIE JUIS IIOCTPOEHHS BOJIbTAMIIEPHOH
XapaKTEPHCTHKH.

8. YcTaHaBIHBasg JHCK CO CBeTO(HIBTPaMH B ITONOKeHHe "5" H ITPOBEPSI YCTaHOBKY HYIIA TOKa
IIPH HYJIEBOM 3HAYEHHH HAIIPSKEHIS, IIOBTOPHTE JEHCTBHA IO ITIL. S...7 HACTOMIIETO pasiecia
1L ApYTHX cBeToPpHIBTpoB (CD2-CD4).

[Ipmmeuantie 1: I1pH HeOOXOMUMOCTH C ITOMOIIBIO ITIOBOPOTA KOIBI[A, PACIIONIOKEHHOIO Ha BEI-
XOJHOM OKHe 00BbeKTa HCCIIeJOBAaHHSI MOKHO H3MEHSTh OCBEIIEHHOCTh (POTORIIEMEHTA.
[Iprveuanne 2: [IpH onpeeleHHH 3aIllHParOIIEr O HaIIPsOKEHHS (POTo3IeMeHTa HEOOXOIHMO HY-
JIEBOE 3HAYEHNE TOKA CUMTEHIBATE IIPH YMEHBIIIEHHH HAITPSKEHHS OT HYJIEBOI'O 3HAUEHH I JIO 3Ha-
YEHH S 3aITHPAOINETO HAIIPSKEHH S, a He Hao00poT. He peKOMeHIyeTCs TaKKe YCTaHABIIMBATh
3HAUEHHE HAITPSOKEHHS HIJKE 3aITHPAKOITET O.

9. [Ilo oxoHuyaHmn paboTel HEOOXOAMMO OTKIIFOYHUTE ITHTAHHE YCTAHOBKH BBIKIFOYATEIISIMH
CETD (Ha 3agHel ITaHEIH YCTPOHCTBA H3MEPHTEIIFHOIO H IepeJHeH ITaHelIH 00beKTa HCCIIeH0-
BaHHSI) H OTKIIFOUHTH CETEBBIE BIJIKH YCTPOHCTBA H3MEPHTEIILHOIO H 00BEKTa HCCIEJOBAHHS OT
ITUTAIOIEN CEeTH.

10. Pexmmv paloThl YCTAHOBKH IIPEPBIBHCTRIN - Uepes Kaxable 45 MHHYT

paloTEI nepepriB Ha 15-20 MHH.

[To maHHBIM TaOIHIEI 1 TOCTPOHTH BOJITAMIIEPHYIO XapaKTEPHCTHKY, TO €CTh I'pa()HK 3aBHCH-
MOCTH CHIIBI (poToTOKa I (abcippicca) OT HanpsokeHHI Ha (porosnieMeHTe U (opauHaTa).

TaOmra 1

Onpedenenile pabomul 661X00d 31eKMPOHA, KPACHOILL 2p anuifvl pomosghgexma i OCmMOosHH Ofl

U
Coh ;
B
Nel
I, mxA
U
Coh ‘
B
Ne2
I, mxA
U
Coh };’;
Nel3
I. mxA
AOKYMEHT nNoarncAH
SNEKTPOHHOWM NOANUCHIO
Ceptudchmkar:, 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu. lWebayxosa TateAHa AnekcaHapoBHa
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Ilnaura

1. C nmomomnpro kHONKH [IPAMAS - OBPATHAZS BeiOparte pexumM nsMepeHnss OBPATHAM

(He JermaeM YCTaHOBKY HYIIS KaK B IIepPBOH 4acTH paboTHI! ).

2. HM3MeHSd 3HAYEHHS HAIIPSDKEHHS C IIOMOINBIO KHOMOK "+" M "-" YCTaHOBHTH ITOKA3aHHS HH-
mHKaTopa (oroToka "MKA" paBHRIM 0. 3aHeCTH NOIYyYeHHOE 3HadeHHE 3aJep KHBAIOINETO

HarpsokeHna Usz B Tabmmary 2.

3. TIoBTOpPHTH ITYHKTHI | H 2 J715 APYTHX CBETO(HIBTPOB.
4. 1lo mmomy4yeHHEIM 3KCIIEPHMEHT aIIbHEIM 3HaUYeHHSIM Uz pacCUHTATh:
a) KHHETHYECKYIO SHEPIHIO (DOTORIEKTPOHOB: Wx=eUs
b) pabory BRIXOJA 3IEKTPOHOB: _C_ Ly
¢) KpacHYIO rpaHHIy poTo3(ddeKTa: Aprrx % 3
h-c
?l"'mu:r. S
AE‘HI
Ta0Omira 2
Wk A
Ne /1t [, MKM Us B o [ max, MKM
’ 1079 % 10°1T%
C
5. Ilo momyyeHHBIM JaHHBIM IIOCTPONTH I'paHK 3aBHCHMOCTH Uz oT v, TIe V = % .
6. Hcrnomp3ys IoIMydYeHHBIH rpauK, BRIYUCIHTE IO (opMmyne 800 _ AU, ’&i H OLIEHHUTH
AV e

TIOTPEITHOCTE H3MEPEHII.
Cooepocanue omuema.
Ot4eT 110 1a00paTOPHEIM paboTaM JOIKHBL COIEPKATh:
- TUTYITIbHBIH JINCT,
- 1IETIb PabOTHI,
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OITpeIeIeHHIL, TIOHSTHITL, (DOPMYI;
- OCHOBHO€ 000pYIOBAaHHE, CXeMa YCTAaHOBKH,
- OITHCAHHE I10 ITYHKTAM BEITIOJIHEHHO paloTHI,
- Pe3yIIbTaThl H3MEPEHHH H pacyeToB (TaOIHIIbI, TPa(HKH);
- OLI€HKA ITOTPEIIHOCTEM,
- OTBETHI Ha KOHTPOIBHBIE BOIIPOCHI,
- BBIBOJIBI ITO Pe3yIIbTaTaM BBEIITOITHEHHOH paldoTEL, JaTa, IIOATHCE.

Koumponsnsie sonpocuot.

1. UYro HazwiBaeTca ¢pororpdekrom? Kaxme OpBaroT BHABI poToapdexra’?
2. B ueM 3aKmoyaroTcs 3aKOHBI poTospdexTa?

3. Kak cBs3aHBI JJIHHA BOIHEI H YacToTa (POTOHA?
4

Kaxas nmeHHO oco0eHHOCTh (poTO3(p(heKTa He MOKET OBITh OOBSCHEHA C TOYKH 3PEHHS

Y

,ELDI-{YMEHT I'ICJJJ,I"I NCAH
ANEKTPOHHOW NOANUCHIO THa a1 poTtoadpdekrTa.
Ceptudmkat: 1, 12000002A633E3D113AD425FB50002000002A6 'bEKTEl H OT Yer'O OHA 3ABHCHT?
Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa
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8. HapucyiiTe H OOBSICHHTE BOJIbTaMIIEPHYIO XapaKTEPHCTHKY (hoTO3((peKTa.
9. Ha yem ocHOBaH crioco0 oIpeeneHNs KpacHOH I'paHHIBI (oToa()(PeKTa B JaHHOH padore?

Jlaboparopnasa padora Ne 17

T'ema paoomol. 113y4eHHe 3HEPreTHIECKOI0 CIIEKTPA JIEKTPOHOB

Ilens pabomer. OnpefieneHne JIIHHBI ITpo0era sIeMeHTapHBIX YacTHI[ B BO3AYXE IIPH arT-
MOC(EPHOM JABIEHHH H OIpeAelIeHHE MAaKCHMAIbHOH SHepPIrHH OeTa-yacTHI[ IIPH ITOMOIIH Me-
TOJla TIOTTIOIEHH.

T eopemuieckda uacmbo.

SIBTIeHNe paJHOaKTHBHOCTH OBIJIO OOHapyxkeHO bekkepenem (1890 r.). OH 3aMeTHII, 4TO
HEKOTOPBIE BEINECTBA, COAEpXKaIle ypaH, o0rafaroT 3aMevyaTellbHOH OCOOEHHOCTBIO CaMOIIPO-
H3BOJILHO, 0e3 BCSIKOIr O BHEIHETO BO3AEHCTBH, H3TyYaTh JIYYH, CIIOCOOHBIE MTPOXOAUTE CKBO3b
HEITPO3PaYHbIe IS BHIHIMOIO CBETa BEIECTRA.

Pa/i10aKTHBHOE H3ITyYeHHe ObIBAET TPeX BUIOB: OL -ITy4H, [3 -Iy4H 'Y -IIy4m.

OL -IIYYH TIPEICTABISIOT ITOTOK Sfep T'eIMEBRIX aTOMOB, HIIH, HHBIMH CJIOBaMH, ITOTOK I'eJIH-
€BBIX HOHOB C 3apsaoM +2e.

TOXIeCTBEHHOCTh Ol -IIYYEH C IIOTOKOM I'EJIHEBBIX SAepP OBI- ?
Jla YCTAHOBIIEHA C ITOMOIIBIO CIIEMVIOIIErO OIBITA, IPOH3BEICH- m
Horo Coaau.

Cocyx A (puc. 1) ¢ TToMOIIBIO TOHKOH CTEKIISHHOM ITepero- & _/f_\ Z
ponku G pasgemsuica Ha ABe yacTH B u C. B yactu B IloMmera- - i d E
JIOCh PAJHOAKTHUBHOE BEINECTBO F, - ;
H3nyvaroree OL -my4yH. Ileperopoaka G nmogdupanack TaKOH TOII- \’ ’/f'r Y
IIMUHBI, YTOORI Ol -IYYH MOITIH IIPOXOAHUTH CKBO3b Hee. Jpyras
YacTh 3TOro cocyaa C coeHHSIIACh Yepes KpaH K ¢ BaKyyYMHBIM
HACOCOM, H B 3TOH YacCTd CO3/1aBalIOCh JOCTATOYHO CHIIBHOE pas-
PEKEHHE.

B TtpyOke H, coemmHeHHOH ¢ cocyaoM C, IMOMEINAIHCh JBa 3jeKTpojaa D, E, ¢ ImoMoInpro
KOTOPBIX MOKHO OBIIIO BBRI3BaTh paspsaa B TpyOke H. Bakyym B cocyae C cosmaBaics CTOIb BbI-
COKIIT, UTO ITpH ITPHIOKEHHH K D 1 E pa3sHOCTH IMOTEHIMAIOB B HECKOIBKO COTEH BOJIBT 3JIEK-
TPHUYECKHH pa3ps He BO3HHKaAN. [locime oTKaukH cocysl A OTCOeqUHSUICSA OT Hacoca. CITyCTS He-
CKOJILKO JTHEH, OJHAKO, ITOCTIE ITPHIIOKEHHS Pa3sHOCTH IOTeHIHanoB Mexay D u E BosHHKaN
3IIEKTPHYECKHUH pa3psil, HHTEHCHBHOCTE KOTOPOI'O C TEYEHHEM BPEMEHH BO3pacTaa.

CBET, HCXOISIIHH IIpH paspse H3 TpyOkH H, ObII rpoaHam3HpoBaH ¢ ITIOMOIIBIO CIIEKTPO-
rpada. Okazamoch, YTO CIIEKTP 3TOr0 M3ITYYEeHHS B TOUHOCTH COBITaJAacT CO CIIEKTPOM H3Iy4e-
HHS, BOSHHKAIOIIHM ITPH SIIEKTPHYECKOM Paspsie B ra3000pasHOM TETHH.

B tpyOke H remis He Ow110, HO crofia 13 B npoHuKamm Ol -4aCTHI[BI, H3IIyYaeMbIe PaiioaK-
THBHBIM ITperapaToM. [10CKOJIBKY B pe3ylnbTaTe TaKOro MPOHHKHOBEHHSA B TPYOKe C ITOSBIIIHCE
aTOMBI TEIHS, TO, CIeJOBaTelIbHO, Ol -YacTHILI H SBIISIOTCS I'elIMeEM, IIpaBJa, He aTOMaMH, a /-
pamu remus. Smapa rems (OL -4acTHIBI) 3aXBaTHIBAIOT H3 OKPYIKAKOIIEH CpeAbl 2 3IeKTPOHA H

ITPEBPAIIAIOTCA B «HOPMAJIBHBICY dTOMBI I'CIIHSL. I/ITEIK:, Ol -JacTHIBI SABILTIOTCA AApaMH aTOMOB
I'SIA.

XapakTepHOH BEIHYHHOH HX SBIIIETCS SHEPrus. OHeprusd Ol -4acTHIL[ BETHKa — ITOpSIKa
HECKOIIBKHX MIIIHOHOB 3JIEKTPOHBOIBLT. Pa3imyHble pagHOaKTHBHBIE BEI[ECTBA H3ITYYAKOT O -

Puc.1 OneiT Coanm

| |-

,ELGI{YMEH‘:F NOANWUCAH i [ITbI, H3JIVUCHHBIC JdaHHBIM PAAHOAKTHBHBIM BC-
SNEKTPOHHOM NOOMMCLIO 0.
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
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[ -myun SBISFOTCA MOTOKOM OTPHIIATENBHO 3apsKeHHBIX YacTHI]. 3HaK - (MHHYC) IIpH OyK-
e

BC B IIOJUEPKHBACT, UYTO 3TH YdCTHIBI HECYT GTPI]I[E],TEJ]LI{BIﬁ 3apPAan. OTHOIIIeHHE — I HUX
mn

OKa3daJIOCh B TOYHOCTH TAKIIM KC, KaK H JJIX 3JICKTPOHOB. B =IIVHH ABIIAIOTCHA B IeHCTBHTIEIBHO-

CTH ITOTOKOM 3JIEKTPOHOB. OTIIHYHE B -H}"‘IEﬁ OT OOBIYHEBIX KATOIHBIX JI}"‘IEﬁ HE KaUCCTBCHHOE,
d KOIIMYSCTBCHHOC. BHEPI‘I[H JJIEKTPOHOB

B -H}”IEﬁ SHAYHTCIIBHO IIPEBOCXOAHT JHCPIHIO KAaTOJHbBIX H}’"LIEﬁ H HMCCT BCIIHYIHY IIOPAOKA
MITJUIOTOHA SIICKTPOHBOIJIIBT.

Y -IIYUH, HE OTKIIOHACMBIE HH MAarHHTHBIM, HH 3JIEKTPHYCCKHM ITOJIEM, HE HECYT 3JIEKTPH-

HECKOI'O 3apiiad. IIo croeH ITpHpOAE Y -IIYYH aHAJIOTHYHBI PEHTTCHOBBIM JIYYaM, HO OTIIHYAIOTCA

OT HUX OOBIIeH BeJIMYHMHON KBAHTOB.

Kak y»ke yka3sBalIOCh, PaJHOaKTHRHOE H3TYUeHHEe ITPOU3BOJHT CHILHOE HOHH3HPYIOIIEe H
(p OTOXHMHYECKOE JEHCTBHE H IIO 3TOMY JeHCTBHIO MOKET OBITh PerHCIpPHpPYeMoO. TakK KakK OT-

AE€JIBHBIE YACTHIIBI, BXOIAINME E COCTAE PaJHOAKTHEHOI'O H3JIYVUCHIA (Uu ~JACTHIIEL, B ~HJACTHIIEL,

'Y -KBAHTBHI), O00JIaJIaf0T OOJBINOH 3HEPrHeH, MOPSAKa MIUIITHOHA 3IEKTPOHBOIBT, TO IIPEACTaB-

JISIETCS BO3MOXKHOCTh HaOIIo#aTh M PErHCTPHPOBATh HE TOINBKO PAIHOAKTHBHOE H3IIYUEHHE B
I[EJIOM, HO H OTAeNbHbIE YaCTHI[BL, BXOAMIIIE B COCTAB 3TOr'0 H3ITYUYEHHS.

HaunGomnee yacTo g perucrpaiiii M HaOIIOAEHHS OTAE/IbHBIX OBICTPRIX YaCTHIL IIPHMEHST-
IOT TPH METOIA:

a) Kamepa Bumbcona. B rmaBe VI Ob1l yKazaH IIpHHIIHIT JeHCTBHS KaMephl BHIIbCOHA H ITO-
KazaHbI oTorpaduu myTei O -yacTHIl. Kamepa BHibcoHa IMpHTogHA H IS HAOIIOeHHS ITyTeH

B -YaCTHI[. SHAYHTEIIbHOE YCOBCPHICHCTBOBAHHE B MCTO/J KaMCPhBI BuibcoHa OBIIIO BHECEHO ﬂ

B. CxoOeJIbLIBIHBIM.
CxoOelbIBIH IIOMeCTHII KaMepy BIIbCOHa B MarHHTHOE ToJIe. MarHUTHOE I10JIe HCKPHBIIS-

€T TPACKTOPHIO B -yacTHIl. B CIIYHac, KOI'/la B -HaCTHIIA ABHKCTCAH IICPIICHAHKYIIAPHO CHIIOBBIM
JIHHIIM OJHOPOJHOI'O MAI'HHTHOI'O HOJIA, €C 'I‘pﬂEETGpHEf[ ABIICTCA  OKPYKHOCTE PdJHYCA

R meu
eH

TJIE U - CKOPOCTh YACTHIBI, /H - HAIIPSKEHHOCTh MArHHUTHOIO ITOJNISL, e - 3apsj SIeKTPOHa, C -
CKOPOCTE CBeTa. B kamepe BiibcoHa, ITOMEINEHHON B MarHHTHOM IIOJNIE, TPEKH 3IIEKTPOHOB
ITPEICTABILIOT YaCTH OKPYKHOCTel. [lo BemmuuHe paguyca 3TOH OKPYKHOCTH MOYKHO OIIpee-
JIUTH CKOPOCTH 3JIIEKTPOHA.

0) Cuerunk ['efirepa-Mromnnepa. CyIiecTBYIOT JIBa BapHaHTa CUETUYHKOB: CYETYHK C OCTPH-
eM (cueTUHK ['elirepa) H CUETUHK ¢ HUTHIO (cueT4HK I 'elirepa-Mromnepa).

CYeTYHK C HHTBIO (pHC.2) TIpeAcTaRIdeT IMIHHAP C, IT0 OCH KOTOPOro HAaTSIHYyTa HUTh AB -
TOHKAS MeTall/IMYeCcKas IIPOBONIOKA. HHUTE B 37IEKTpHUYECKOM OTHOIIIEHHH H30JIHPYETCS OT KOPITY-
ca cueTynka C. CYUETUHMK HAIIOJIHSIOT Ia30M IIPH HEOOIIBIIIOM JIaBIIEHHH.

27 s
G

N
b g
4 S
[IOKYMEHT MOAMUCAH N
SNEKTPOHHOW MNOANUCHIO Puc.2 Cxema yCTPOMACTBA CYETYMKA
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6 )
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MeXay HUTBIO H IINIHHAPHYECKHM KOPITYCOM CUETYHKA C ITOMOIIBI0 Oarapen E mmm crie-
I[HAJIBHOT'O BHITIPAMHTEIIFHOI'O YCTPOHCTBA CO3MAI0T BIIEKTPHUYECKOE ITOJIE

Takoro HarpspKeHHs, IIPH KOTOPOM B CUETYHKE MOXKET Pa3BHBATHCS KOPOHHBIH paspsii.
KOpOHHBIHN pa3psaa HaUHET Pa3BHBATHCS, €CIIH B ITPOCTPAHCTBE MEXKIY HHTBIO H KOPITYCOM OKa-
KYTCS 3apspKeHHBIE YacTHIBL. [103TOMY KOPOHHBIH pasps BOSHHKAET B CUETYHKE BCSIKHI pas,
KOI'Zla B HEero ITPOHHKHET HOHH3HPYIOIAsA YacTHI[a-37TeKTPoH HiH % -yacTHIfa. Takas JacTHIla,
IBHT'asCh BHYTPH CUETYHMKA, IIPOM3BOAHUT HOHHM3AI[MIO I'a3a, BCIEACTBHE YErO0 H BO3HHKAET KO-
POHHBIN pa3psan. IIocnemoBaTelbHO ¢ HUTHIO CUETYHKA ITOAKIIFOYAETCS COMPOTHBIIEHHE R, BeIH-
YHHY KOTOPOTro IMOAOHparoT Tak, YTOORI IIPH Pa3sBHTHH KOPOHHOI'O pa3psia Ha 3TOM COIIPOTHE-
JIEHHH BO3HHKAJIO JOCTAaTOYHOE ITaJicHHe ITOTeHIMana. ECI 3To MaJeHHe MOTeHI[Halla OKaXKeTCs
IOCTaTOYHBIM (OKOJIO COTHH BOJBT ), TO BOSHHKIIIHI B CUETYHKE KOPOHHBIH pa3psjl IIPEPBETC.

[Io BOBHHKIIIEMY B cUeTYHKe ['elirepa HMITYIIBCY TOKA H CYIST O TOM, UTO 4Yepe3 CUETUHK
ITPOIIUIa HOHM3HPYIOINAA yacTHI(a. Hallra ImpoOMBIIIDIEHHOCTE BBITYCKAET TAaK HA3bIBAEMEIE YCTa-
HOBKH THIIA «b», cojiepiKkaIliie anmnaparypy, HEOOXOIHMYIO IS ITIHTAHMS CYETYHKOB, YCIUINTEND,
C ITOMOIIBIO KOTOPOI'O HMITYIIBC TOKA B CUETYHKE YCHIIMBAETCS JO TAKOH BEJIMYHHEL, YTO IIPHBO-
IHUT B IeHCTBHE pelle HyMepaTopa, IIpeJHa3HAuEeHHOTO IS OTCUETa YHCIIa BOSHHKIIMX B CUET-
ypke ['elirepa HMITyJIbCOB. {111 TOro 4todrl cueTyHkK I'eiirepa «cpadorany, HOHH3HPYIOIIAs Ya-
CTHIIA JOIKHA IIPOHHKHYTH BHYTPB €r0 - IPOHTH Yepe3 CTEHKH. ECIIN H3TyueHHEe TTOrTIOINAETCS
CTeHKaMH CUETUYHKA, TO IIPHMEHSIIOT JUIS PETHCTPALMH TaKHX YacTHI[ MO0 OueHh TOHKHE CTEH-
KH, THOO CIIEI[HAllbHbIe TOHKHE OKOIIKH.

B TOpIIEBRIX CUETUHKAX HHTh 3aMEHSIETCS HITION A. B mepeHel CTeHKe CUETUHKA JEIacTCs
OTBepcTHE B, 3aKkprIiBaeMoe (POIBTOH HYKHOH TONITHHEI (PHC. 3).

CyeTunkH ['efirepa MpUMEHSIOTCS U I CUETA Y -KBAHTOB, Y -KBAHTHI BEI3BIBAIOT B CTEH-

KaxX CUETYHKa (POTO3NeKTpHYecKHH 3(PdeKT I KoMIITOH-3()(eKT. BRIpBaHHBIE H3 CTEHOK CYET-
yHKa (POTO- H KOMIITOH-3JIEKTPOHEI H BO30YKIAKOT Pa3psa B CUETUHKE.

|||||||E

K SACKITYROMETIDY
Y @i ypricsiinenro

Puc.3 Cxema TOPILEBOTIO CUETYHKA.

B) MeToJI TONCTOCIONHOH (poTorumacTHHKH. MeToJ TOICTOCIIONHBIX (POTOIIACTHHOK OBITI
pa3paboraH MEICOBCKHM H JKIaHOBBIM. IMH H3rOoTOBILSUINCH CITEI[HAlIbHBIE (POTOIDIACTHHKH C
YTOIIIEHHBIM cl1oeM (poTosmymbeHH (50—300 MK).OlL -4acTHIIEI IIPH JBHKEHHH B TaKOM CIIOE
BBI3BIBAIOT Pa3iIoKeHHe OpoMICTOro cepedpa TOIMBKO B TeX 3€pHaX, Yepe3 KOTOPBIE OHH ITPO-
1. [ocie ImposBIIeHHS TaKOH TUIACTHHKH B HEH BO3HHKAIOT «JOPOKKH» H3 OCAIUBIIETOCH CE -
pebpa, XOpOoIlIo BHAMMBIE B MHKpOCKOIe. Kakmas Takas DOPOXKKa IIPeACTaBIIIeT COOOH CIE]
JIBHTaBIelca YyacTHIRI. 110 BemmunHe mpobera Ol -4aCcTHIBI MOKHO OIIPeJelINTh €€ SHEPTHIO.

TomncrocnoiHble (DOTOMIACTHHKA IIPHTOJHEI IS PErHCTPAllHH He TOJILKO Ol -IIydei, HO H
OPYTHX CIJIBHO HOHH3HUPYIOIIMX YaCTHI] - IIPOTOHOB, JEHTPOHOB. B HacTosIIee BpeMS H3T OTOB -
JISIFOTCS H TakHe (POTOIUIACTHHKH, B KOTOPHIX MOXKHO OOHApy’KHBaTh CIEIbl YACTHI[ HE CTOIb
CHIIbHO HOHH3HPVYIOIIMX, B YaCTHOCTH, 3IIEKTPOHOB OOJBIIIOH SHEPIHH.

JOKYMEHT NOANMUCAH
INEKTPOHHOW NOAMUCHIO : o ) - )
Ceptudpmkar: 12000002A633E3D113AD425FB50002000002A6 !’H{ FEIEEP& MIGHJIEpa_ HCGHEMEMIH pagHOaK
Bnapgeney: Lebayxoera TaTtbaHa AnekcangposHa JYA3MCEIICH Ha JACPrKAaTclIc, CBOOOIIHO ITEpEMEIIA-
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DﬁpﬂBHDM Hd CKdMb€ YCTAHOBJICHd H3MCPHTCJIbHAA J]IIHE]?II{H:, d Ha ACPHKATCIIC DﬁpﬂBI_[El HAHCCCHA
PHCKaA. IlormotureneM OeTa-4yacTHI[ SIBISETCS Haﬁﬂp TOHEKHX AIMIONITHHEBEBEIX IIIIACTIHH, ITOME-
IIMCHHBIX Had CIICITHAJIIPHOM ACPAKATCIIC. T ormmHa KakaoH ITIaCTHHEL YKd3dHd Had KOJIbIIC JCPKa -
TCILA.

YKazanusa no mexHuke 6 €30nacHOCH.
1. K BBHIMOHEHHIO Ta00opaTOPHBIX paboT JOIMYCKAIOTCS CTYAEHTEL, H3YUHBIIHE IIPaBHIIa
TEXHUKH O€30ITaCHOCTH.
2. JlabopaTopHble paboTEl MOI'YT IMTPOBOJHTECS TOIBKO IO PYKOBOJCTBOM H HaOIOIeHHEM
ITPErolaBaTelId.
3. Pacnomararnte npuOOPEI, MaTepHAJIBL, O00OPYAOBaHHE HA paboyeM MECTE B IIOPSJIKE, VKa-
3aHHOM ITPENOAABATEIIEM.
He mgepxure Ha pabodeM CTOIE IIPeAMETEI, He TPEeOYIOLIMECS IJISI BRITIOJIH EHIS 3a{aHH .
[lepen TeM, KaK IIPHCTYIINTE K padoTe TIATEIIBHO HU3YUHTE €€ OIMHCAaHHEe, VSICHHTE XOJI
BBITIOTIHEHN S pa0OTHI.

3aoariA.
1. BximrounTs mmpHOOpEI YCTaHOBKH H JaTh HM ITPOrPeThCs B TeueHHe 10 MHH.

2. Y CTaHOBHTH Ha CUESTUYHKE paﬁﬂqee HaITps>DKCHIC H OIIPEACIIHTD {{d)GH}} CHCTHYIEKA.
3. TloMecTHTh B «JOMIIK) IICCHEl[thEIﬁ HCTOYHHEK 6ETE1-HBH}”IEHH_H H OIIPCACIIMTDb
Ha4YaJIbHVYIO HHTCHCHBHOCTD 5ETH-IIBH}"‘IEHH_H ITPH OTCYTCTBHH ITOITIOTHTCIIA.

i

HeTouHme ST - yacma

HAGOR A/BOMMHHMEAL) NAACTUH \

N \

MMeOWTERL 0 YooRcran Topuowsi CHaTIMK nHrTim L ,

|1 4 |
BNOK NHTHMA CHETNER A \ \

4. HMcrone3ys HaOOp alIOMHHHEBBIX IJIACTHH, CHATH 3aBHCHMOCTH HHTEHCHBHOCTH OeTa-
H3ITYYeHHS OT TOIIIHHEIL ¢ TTOTTIOTHTEN. [IOCTPOHTE ITO ITOYyYeHHBIM JaHHBIM KPHBYIO ITOITIO-
TI[EHH.

5. B nemix 6oree TOYHOTO OIpeene NI MaKcHMalbHoro rpobera K. 3KCTPaIloaIiIo

HEeO0OXOIHMO ITPOH3BECTH I10 I'papHKy KPHBOH IOITIOIIEHHS (IT0 OCH OpJHHAT OTKIIafbIBAFOT
3HauyeHHT In/, a 1o ocH abcIfHce — d).

6. Ucnmomb3ysa (opmyny (8) M HafileHHOe ITyTeM SKCTPAIOISIHH 3HaYeHHE Rygc , OIpe-

L=

e TPTTTT T ATTTITTITTT S s sscemsmrm e s adh moc e S HaCTHII.

ONOKYMEHT NMoanncaH
SNEKTPOHHOW NOONUCLIO
Ceptuchukar:  12000002A633E3D113AD425FB50002000002A6 NIEMEHTAPHDLIX YACTHI[ OT PACCT OSTHHSA 0 MC-
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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|. BKIHOUHTE YCTAaHOBKY B CETh YCTAHOBHTEH BpeMS perucTpaui 10 ceKyHI.

3. YCTaHOBHTH HAYAJIBHOE pPaccTOSAHHE R MeXIYy CIMHTHIULSIIHOHHBEIM 3KpPaHOM H ITperia-
PaToOM, COOTBETCTBYIOIIEE HYIIEBOH TOUKE IIKAIIBI.

4. Hcrnons3ysa yCTaHOBKY, OIPEAE/INTh HHTEHCHBHOCTE | 3JIeMEHTapHBIX YaCTHI[ IS
HAYaJIbHOI'O PacCTOSHHS R.

5. YBEIHYHTE PACCTOSHHE MEXKIY 3KPaHOM M IperaparoM Ha (0,5 ¢M H IIOBTOPHTh H3MEpe-
HISI HHTEHCHBHOCTH.

6. Ilpomomxkas yeemmunBark paccTosaHNSI R yepes 0,5 ¢M, IIOBTOPATh H3MEPEHHS HHTECH-
CHBHOCTH 3JIEMEHTAPHBIX YACTHII 10 BCEH IHHE JIMHEHKH ITPHOOPA.

7. Ilo momy4yeHHBIM JaHHBIM IOCTPOHTH r'paduk 3aBHCHMOCTH | = f (R) u ompenemiTh
cpeaHHH Ipoder Ry, sxcTparnompoBaHHLIN R 1 rmapaMeTp paszdpoca s.

8. IIpomnddepenimponaB rpadguueckn mmonydeHHyoo kpupyio I = f (R) onpegemits cpen-
dl
HHI 1Tpoder Ro Kak adcipiccy MaKCHMyMa KPHBOH: e =y (R)
C

9. OLEHUTP TIOTPEIHOCTH PE3YIIHTATOB.
Cooeporcanue omuema.
Ot4eT 110 1abopaTOPHEIM paboTaM JOIKHEL COEPKATh:
- TUTYTIbHBIH JINCT,
- 1IeTb paloTHI,
- KOHCITEKT OCHOBHBIX 3aKOHOB, OIpeIelIeHHI, TIOHATHI, (JOPMYII,
- OCHOBHO€ 000pY/IOBAaHHE, CXeMa YCTaHOBKH,
- OITHCAHHE I10 ITYHKTAM BEITIOJIHEHHOH padoTHI,
- pe3yIIbTaThl H3MEPEHHH H pacyeTOB (TaOIHIIbI, TPa(pHKH);
- OLI€HKA ITOTPEITHOCTEH,
- OTBETHI Ha KOHTPOJIBHBIE BOIIPOCHI,
- BBIBOJIBI ITO pPe3yIIbTaTaM BEOIOITHEHHOH PaboTEhl, 1aTa, ITOAIICE.

K OHMPOJIbHbLIE 60N OCHL.
I. Yro Takoe pEl,I[IIGEII{TIIEHDCTL? BHbI PadHOAKTHBHOI'O H3JIYHCHIHA.

Dusnyeckas nmpupoaa o -, B - My - HITYYEHHH.

MeToAbI perucTpalii PaJHOAKTHBHBIX H3ITYYeHHIA.

Omnucarh pabdoty cueTuHka [ enrepa-Mromepa.

CdopMyIHpoBaTh IIPaBHIA PaJHOaKTHBHOI'O H3TYYeHHT.

3armicarh (OpMYIIY PaJHOAKTHBHOIO pacraja. IloyeMy KIacCHYeCKHII METOJ He OOBsIC-
HsIeT IIPHPOIY CL -pacriazga’?

Omnmcarh Ol -pacraj ¢ ITO3HIHH KBAHTOBOH MEXAHHKH.

Omnucare [3 -pacraj ¢ IO3HIMH KBaHT OBOH MEXaHHKH.

9. B 4eM 3aKimroyaercs METOJ OIpeldeleHHS JUIHHLI CBOOOMHOro Ipobera 3JIeMEHTApPHOH
YaCTHI[BI B JaHHOH padore?

10. 3armicars popmyiry ['enrepa.

11. B yem 3aKkmoyvaeTcs METOJ ONpeJelIeHHSI SHEPrHH 3JIeMeHTapHBIX 4YacTHIl (MeTOJH IIOo-
TTIOIIEeHH ) ?

AL o

o0

5. Vuebno-memoouueckoe u unghopmanuorHoe obecneueHie 0UCUUNTIUHbBL

5.1 ITenecueun ncun/unil 1 AonanHumenpHOIU JTUMEPAMYPbL, HE00X00UMOIU 07141 0C60e-
ONOKYMEHT NMoanncAH
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1. Ousnka IS BY30B. MeXaHHKa H MOJIEKyIIsIpHas (pH3HKa |OIeKTpOHHBIN pecypcl:
yueOHHK / B.A. HukepoB. - MockBa : HM3garenscko-Topropas Kopriopaiusa «JlamkoB u K,
2017. - 136 c¢. : T1adbm, rpad., cxem. - ISBN 978-5-394-00691-3;-URL.:
http://biblioclub.ru/index.php?page=book &id=450772

2. TameikoBa-bymkernu, M.M. Ousnka : B 2 4. / U.M. TanumikoBa-bymkeBny. — 2-¢e
H3J., Henp. — MuHcek : Bermminnas mkona, 2014, — U, 1. Mexannka. MonekynsgpHas QH3HKa H
TEPMOIMHAMUKA. JDIEKTPHYECTBO M MarHeTU3M. — 304 c. : WII., cXeM. — PexXim JocTyIIa: 1o 0/ -
rmucke. — URL: http://biblioclub.ru/index.php?page=book&id=235732

3. TameikoBa-bymkernu, MM, @Ousuka : B 2 u. / U.M. TanumikoBa-bymikeBuy. — 2-e
H3J1., Helmp. — MuHcK : Beinminnas mkoma, 2014, — Y. 2. Ontuka. KBanToBas ¢gpuznka. CTpoeHHe

H (pH3HYECKHE CBOMCTBA BellecTBa. — 232 c. : HIL., cXeM., Ta0ll. — PeKHM JOCTyIIa: IO IMOITHCKE.
— URL: http://biblioclub.ru/index.php ?pace=book&1d=460883

5.1.3 Ilepeuens 0onoaHumMeNbHOU JIUMED AMYPLL:

1. Jlexiim mo yyeOHOH JHCIUIUIHHE « OCHOBBEI TeOPETHUYECKOH (PH3HKHY». DIeKTPOIHHA -
MHKa. | OIeKTpoHHBIH pecypc] : yueOHoe nmocobue / E.M. Kyxaps. — DIIeKTpOH. TeKCTOBBIE JaH-
Hbele. — Bormorpaa: Bomrorpaackui rocygapCTBEHHBIH COI[HATIBHO-TIEAArOTHYECKHH VHHBEPCH-
TeT, 2017. — 57 ¢. — 2227-8397. — Pexum goctyma: http://www.iprbookshop.ru/70731 .html

2. Hukepon, B.A. ®Ousnka: coBpeMeHHBIH Kypc / B.A. HukepoB. — 2-e u3x. — Mocksa :

M3parenscko-Toprosas Koprioparus «JlamkoB 1 K°», 2016. — 452 c. : wi. — Pexxum gocrtyiia: 1mo
roarmicke. — URL: http://biblioclub.ru/index.php?page=book&i1d=453287.

5.2 Ilepeuens yuedHO-MemoOUUECKO20 ODecneueHUs CAMOCHOAMENbHOU pAdomol
odyuarouuxca no OUcCUUNJIUHE

1. MeTtommyeckiie peKOMeHIAIMH A1 ITOATOTOBKH K IPAKTHYECKHM 3aHSATHSIM IO I C-
IUmHe « DH3HKA)Y) .

2. Mertognyeckie peKOMEHIAIMH IS ITOATOTOBKH K J1a00paTOPHEIM 3aHSATHSAM I10 JIHC-
IUmHe « OH3HKAY) .

3. Merommyeckie peKOMEHIAIMH IT0 OPraHH3allHi CAMOCTOSTEILHOM paboThI CTYAEHTOB
10 JUCIILUIHHE «DH3HKAY .

5.3 Ilepeuens pecypcos UHGOPMAUUOHHO-IMEIEKOMMYHUKAUUOHHOU cemu Humep-
Hem, Heo0X00UMBIX 0714 0C60EeHUA 0UCUUNIUHDLI

L. http://www.biblioclub.ru -ObC "YHuBepcHTeTCKas1 ONOIMOTEKA OHIIAHH"

2. http://www .aprbookshop.ru/ - SnexkrpoHHo- SndmioTeuHas cucteMa IPRbooks

3. http://e.lanbooks.com - SneKTpOHHO-OHOIIOTEYHAS CHCTEMA JIaHE
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MUHUCTEPCTBO HAVKHU U BEICIIET'O OBPA3SOBAHUSA POCCUNCKOU OETEPAITUU
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBEPA3OBATEJIBHOE
YUPEXJAEHWUE BEICHIEI'O OBPA3OBAHKW
«CEBEPO-KABKA3CKUU ®ENEPAJIbLHBIM YHUBEPCUTET»

[Iarrropcekni HHCTHTYT ((rmian) CKOY

MeTtognueckne peKoMeHIalHH
V1A CTYAEHTOR I10 OPTaHH3aI[HH H IIPOBEIeHHI0 CAMOCTOSTEIIBHOI padoThI

110 gucHHIuinHe « ODUSUKA»
JUISI CTYIEHTOB HaITpaBJIeHHS ITOATOTOBKH
08.03.01 CrpourensctBO, I OpOACKOE CTPOHTENBCTBO H XO3SHCTRBO
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ComepKaHie

Bregemie
1 OOmas XapakKTepHCTHKAa CaMOCTOSTEIIBHOH pPadoThl OOVYaroIIEeErocs IIpH

H3yYeHHH JUCIIITIIHHEL « DU3UKA»

2 [InaH-TpaHK BRIITOIHEHH I CAMOCT OSITEIbHOH PaloThI
3 KOHTpOIIbHBIE TOUKH M BHIBI OTUETHOCTH IT0 HHM
2 MeTroaHueckie peKOMEHIAIHH I10 H3YUEHHTIO TEOPETHYECKOTO
MaTepHaa
5 CITHCOK PEKOMEHIYEMOH IIHTEPaTYPEI.
LOKYMEHT NOAMNUCAH
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BBeaenue

CaMocrosarenpbHasd pabora — TMIaHHpyeMas vueOHasg, Y4eOHO-HCCIEeI0BaTENbCKASL,
Hay4YHO-HCCIIEA0BaTebCKasl padoTa CTYAEHTOB, BHIIIOIHIEMAas BO BHEAYIUTOPHOE (ayIHTOPHOE)
BpeMd 110 3aJaHHIO M IIPH MeTOJAHYECKOM PYKOBOJCTBE IIPElojaBaTelsl, HO 0e3 €ro
HEITOCPEICTBEHHOIO0 y4acTHs (IIpH YaCTHYHOM HEMOCPEJCTBEHHOM YYaCTHH IIpellofaBaTelld,
OCTaBJLSIIOIIEM BeAYIYIO POIIb 3a paboTOH CTYAEHTOB).

CamMocTosgrenbHasad paboTa CTYAEHTOB B BY3e 4BIIeTCS BaXKHBIM BHIAOM VUeOHOH H
HayYHOH JAEATENLHOCTH CTYEHTA.

Benymasa 1ems opra”Hmsaiii M ocymlecTBieHHsI CPC JoKHa COBIIALaTh C IEIIBIO
00yUeHHS CTYAEHTa — IIOArOTOBKOH OakanaBpa ¢ BBEICIIHM OOpa3zoBaHHeM. lIpH opraHH3zaiiHu
CPC BaXkHBIM H HeOOXOJHMEIM YCIOBHEM CTAaHOBATCSA  (POPMHPOBAHHE  YMEHHS
CaMOCTOSITeJIbHOH PadOTHI IS IIPHOOPETEHHS 3HAHHI, HABEIKOB H BO3MOKHOCTH OpPraHM3aI[HH
yueOHOH H HAaYYHOH JeATEIIbHOCTH.

[{enpr0 caMOCTOSTEIIRHONH pabOTHI CTYAEHTOBR SBIIIETCS OBIajicHHe (PYHIAaMEHTallbHBIMH
3HAHHSMH, ITPO()eCCHOHAIbHBIMH YMEHHSIMH H HaBbIKAMH JIeITEIbHOCTH I10 IIPOQHIIO, OIBITOM
TBOPYECKOH, HCCIEAOBATEIIbCKOH JeAaTelIbHOCTH. (CaMocTosATellbHAasd padoTa CTYIAEHTOB
CITOCOOCTBYET Pa3sBHTHIO CaMOCTOSITEIIBHOCTH, OTBETCTBEHHOCTH W  OPraHH30BaHHOCTH,

TBOPYECKOr0 MOAXO0a K PeHIeHHIO IMpoOieM yueOHOro H IIpod eCCHOHAIFHOTO YPOBHSL
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O0man XapaKTepHCTHKA CAMOCTOATEILHOH PadoThl 00YJaKOImIerocs Npu U3y YeHnH

JHCHHILIHHBI «PH3IHKA»

CaMocTosTenbHasd padora - IUlaHHpyeMas vueOHas, Vy4ueOHO-HCCIIeI0BaTelhcKasl,
Hay4YHO-HCCIIeJoBaTeIbcKass padoTa CTYAEHTOB, BBHIIIOJIHIEMAsI BO BHEAYAUTOPHOE (ayTHTOPHOE)
BpeMSI II0 3aJaHHIO H IIPH METOAHYECKOM PYKOBOJCTBE IIpeIofaBarelli, HO 0e3 ero
HEITOCPeJCTBEHHOIr0 Y4acTHS (IIpH YacTHYHOM HeEITOCPeJCTBEHHOM VYYaCTHH ITpeItofaBaTelld,
OCTABJIIONIEM BEAYITYIO POJIb 3a PaO0TOH CTYIEHTOB).

CaMocTosarenbHasa pabora CTYASHTOB B BY3e sBIsSeTCS BaXKHBIM BHIOM VUeOHOH H
HAYYHOH JESTEIIBHOCTH CTyAeHTa. CaMocTosaTenbHasa padoTa CTYAEHTOB HIPAET 3HAUYHTEIIbHYIO
POJIIb B PEHTHHIOBOH TEXHOIOTHH OO0yueHHS. B CBa3H ¢ 3THM, oOyueHHe B BY3e BKIIOYAET B
ceOs ABe, IMMPAaKTHYECKH OJHHAKOBEIE II0 00BEMY H B3aHMOBIIISIHHIO YaCTH — ITpoIecca OOYUEeHH
H Tporecca caMooOydyeHHs. Ilostomy CPC nmomkHa cTaTth 3¢ (eKTHBHOH H IielIeHallpaBIeHHOH
paboTOoH CTYIEHTA.

K COBpeMEHHOMY CIIEIHAIIMCTY OOINECTRBO MPEABSRISET JOCTATOYHO IIHPOKII IIEPEeYEHb
TpeOOBAaHHH, CpPeAH KOTOPBIX HEMAIOBAXXKHOE 3HAUEHHE HMMEET HAIWYHE V BBITYCKHHKOB
OIIPEJIEJIEHHBIX CIIOCOOHOCTEH M YMEHHS CAMOCTOSTEIBLHO HOOBIBATh 3HAHHMS H3 PasIIIYHBIX
HCTOYHHKOB, CHCTEMAaTH3HPOBAaTh ITONYYEHHYH) HH(OPMAI[HIO, JaBaTh OIEHKY KOHKPETHOH
(pHHAHCOBOH cHTYyaIMH. DOopMHpOBaHHEe TaKOI0 YMeHHS ITPOHCXOMHT B TeUeHHe BCEro MepHoJa
OOVUEHHS 4Yepe3 YYacTHE CTYIEHTOB B ITPAKTHUYECKHX 3aHSTHSX, BBIIOIHEHHE KOHTPOJIBHEIX
3aJlaHHH 1 TeCTOB, HaIlMCaHHE KYPCOBBIX H BBIITYCKHBIX KBATH(PHKAIIMOHHEIX padoT. IIpH 3ToM
CaMOCTOSTENbHAasg padoTa CTYAEHTOB HIPAET PEIIAIONYIO POIb B XOAe BCEro yuyeOGHOro
ITpolecca.

Beayimasa 1ems opraHusaliH M ocyilecTBiIeHHS CPC momkHa COBIAgaTh C IEJIBIO
0OVUYeHHS CTYAeHTa — IOATrOTOBKOH CIIeIMacTa H OaKanaBpa ¢ BRICIIMM oOpaszoBaHHeM. lIpu
opranmzaiii CPC Ba)KHBIM H HEOOXOJHMEBIM YCIIOBHEM CTAHOBSITCS (POPMHPOBAHHE YMEHHS
CAMOCTOST €IIbHOH PadOoTHI IS IIPHOOPETEHHS 3HAHHH, HABBIKOB H BO3MOKHOCTH OpraHH3allHH
yueOHOH H HAYYHOH JAESTEIbHOCTH.

@QOpMBEI CaMOCTOSTEIIBHOH PpadoThl CTYJACHTOB pa3zHooOpasHBEl. B COOTBETCTBHH C
pabouel IporpaMMoON AHCIHIUIMHEL ITPEeAYCMOTPEHEI CIEAVIOIIHE BHIABI CaMOCTOSTEIbHOIM
PaboTEI CTY/IEHTA:

- CAMOCTOATCIIbHOC H3VUCHHE JINTCPATYPHI,
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Ilens camocmoamenbHozo U3YUEHUS TUMEPAMYPLL — CaMOCTOATEIIBHOE OBJIAJIEHHE
3HAHHSIMH, OITBITOM HCCJIEI0BATEIILCKOH JAeSTeIIbHOCTH.

3a0 auamu caMOCTOSATEIIBHOI O H3YUEHHS JTHTEPATYPhI SBISIOTCS:

. yIIIyOlIeHHE H pacIIHpeHHe TeOPeTHYECKHX 3HAHHI,

. (opMIpOBaHIE YMEHHH HCIIONb30BaTh HOPMATHRHYIO, ITPAaBOBYIO, CITPABOYHYEO
JOKYMEHTAIHIO H CIIEIHATIbHYIO THTEPaTypy,

. pa3BHTHE IMO3HABATEJIbHBIX CIIOCOOHOCTEH H aKTHBHOCTH CTY/IE€HTOB.

Ilens camocmosmensHoco peuieHus 3a0ay - OBIajJieHHe IIpodecCHOHAIbHBIMH
YMEHHSIMH H HaBBIKAMH JESTEeIIbHOCTH 110 ITPOpHII0 OYAYINEH AeITeIbHOCTH.

3ad auamu caMOCTOSATEIIBHOI O PEIIEHHS 3a7]a4 SBISIOTCS:

® CHCTEMATH34AIIHA H 34dKPCIUICHHC IIOIIVYHUCHHBIX TCOPECTHYCCKHX SHAHHH H

ITPAKTHHYCCKHX }"MEI—]I]ﬁ CTYJICHTORB,

° (popMIpPOBaHHE CaMOCTOSTEILHOCTH MBITIUIEHH A, CITOCOOHOCTEHN K
CaMOPa3BHTHIO, CAMOCOBEPIIIEHCTBOBAHHIO H CaMOpPEaIH3allHIH,

° Pa3BHTHE HCCIIeN0BATENIbCKIX YMEHHIT.

Ilenvrwo camocmoamenbHOZ0 6bINOJIHEHUA KOHMPOJbHOU padomsl T10 JTHCIHILIHHE
SBIIETCS OBNajieHHe (PyHJAaMeHTAaIbHBIMH 3HAHHSIMH, ITIPO(PECCHOHAIBHBIMH YMeHHSIMH H
HaBBIKAMH  JeAITeIbHOCTH II0 MPO(]III0, OIBLITOM TBOPYECKOH, HCCIeJOBaTelhCKOM
eITe IbHOCTH.

3ad auamu JAaHHOT O BHIA CAMOCTOSTEIIbHOHN PadOThI CTYAEHTA SBIISIOTCS:

® CHCTCEMATH3AIIHA H 34dKPCIUICHHC IIOIIVHUCHHBIX TCOPETHYCCKHX SHAHHH H

IIPAKTHYECKHX YMEHHH CTYIEHTOR;

. yIIIyOJIEHHE H pacIIHpeHHe TEOPeTHYECKHX 3HAHHI,

. (popMHpOBaHHE YMeHHH HCIIOIB30BaTh HOPMATHBHYIO, ITPABOBYIO, CIIPABOYHYIO
JOKYMEHTAIHIO H CIIeI[HATIbHYIO JTHTEPaTypy,

. pa3BHTHE ITO3HARATEIBHBIX CIIOCOOHOCTEN H aKTHBHOCTH CTYJIEHTOB. TBOPYECKOH
HHHITHATHBEI, CAMOCTOSTEIIbHOCTH, OTBETCTBEHHOCTH H OPraHH30BAaHHOCTH,

. (popMHpOBaHHE CaMOCTOATEIIbHOCTH MBIIIUIEHH L, CIIOCOOHOCTEH K
CaMOPa3BHTHIO, CAMOCOBEPIIEHCTBOBAHHIO H CaMOpPeaTH3al[HiH,

® Pa3BHTHC HCCIICHOBAT CJIb CKILX WEHIH‘T;

® HCIIOIIB30B4AHHE MaTCpHaJIa, Gﬂﬁpﬂ}]}[ﬂfﬂ H IIOJIIYHCHHOI'O B X0Ic

CaMOCTOST eJIbHBIX 3aHSTHH Ha CEMHHAapPax, Ha ITPAKTHUCCKIHX H HﬂﬁﬂpﬂTﬂpHBIX 3AFTIDIX, TTPH
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B pesynberare

OCBOCHHMA  JHCIIHIUTHHBI

(POPMHPYIOTCS

CIIEAVIOIHIT IIepedyeHb

INIAHHPYEMbBIX PC3YIIETATOB Gﬁ}*"lEHH_H II0 JHCIHITIIMHE, COOTHECEHHBIX C IIIaHHPY CMBIMH

pe3ylIbTaTaMi OCBOEHH S 00pa30BaTeIbHOMH ITPOrPaMMBEI:

Kom, popmymipoBka
KOMITETE HITHH

Kox, popMynHpoBKa
HHAHKATOpa

[ImaHHpyeMble pe3yIbTaThl
OOy4EeHHS 11O JHUCIHIUTHHE
(MOJTYTIXO ), XapaKTe PH3YIOIIHE
STarbl (POPMHPOBAHH S
KOMITeTeHI[HIT, HHIHKATOPOB

OIIK-1 CrmocobeH perate
3aJjauyH IpodpeccHOHATIbHON
IEeSTEIIFHOCTH Ha OCHOBE
HCIIOIb30BAaHN I TEOPETHYECKHX
U ITPaKTHYECKUX OCHOB
€CTECTBEHHBIX H TEXHIYECKHX
HayK, a TaKkKe
MaTeMaTHYeCKOI'O armapara

HJI-5 OIIK-1 JleMOHCTpHpYET
ITOHHMAaHHE (PH3HMYECKHX
SIBTIEHHI H YMEET ITPUMEHSTH
(pH3HYECKHE 3aKOHEI
MEXAHHKH, MOJIEKYIISPHOM
(PH3HKH, TEPMOJHHAMIKH,
3JIEKTPHYECTBA H MarHETH3Ma
I7ISI PEIEHHN ST THITOBEIX 3a/1ad,

MJI-6 OIIK-1 JleMOHCTpHpYET
3HAHHE HIEMEHTAPHBIX OCHOB
OITTHKH, KBAHTOBOH MeXaHHKH
1 aTOMHOH (PH3HKH.

3HaeT OCHOBHBIE (PH3HYECKHE
SIBIIEHHS M 3aKOHBI MEXAHHKI,
3JIEKTPOTEXHHKH,
TEIIOTEXHHKH, OITTHKH H
SIIEPHOH (PH3HKH H HX
MaTEMAaTHYECKOE OITHCaHHE,
METOJIbI aHaJIH3a (PH3HYECKIX
SIBTIICHHI B TEXHHYECKIIX
YCTPOHCTBAX H CHCTEMAX,
MeTombl pereHns
ITPaKTHYECKHX 3a]1a4
HCCIEIOBAHI H
MOJEITHPOBAHHS (PH3HYECKHX
H XHMHYECKHX SBIEHHI H
ITPOIIECCOB B CBOEH
ITpeIMETHOH 00JIaCTH.

YMeeT IIPHMEHSTE
(pH3HYECKIE 3aKOHBI
MeXaHHKH, MOJIEKYIISIPHOMH
(PH3HKH, TEPMOJTHHAMHKH,
3JIEKTPHYECTBA H MarHeTH3Ma
IUISI PEIIEHHS THITOBBIX 3a1ay.
BrnaneeT sHaHHSIMH
(PH3HYECKHX SBIICHHI,
3JIEMEHTAPHBIX OCHOB OITTHKH,
KBAaHTOBOH MEXAHHKH H
aTOMHOH (PH3HKI.
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Il.1an-rpadgMK BbINOJHEHHSA CAMOCT OATEJIbHOMH PadoThI

O0OBEM YacOB, B TOM YHCIIE
Kozrl
CpenctBa H KoHTakTHaq
peanH3yeMbIX Bug gearensHOCTH
- TEXHOIIOTHH paboTta ¢
KOMIIET e HITHH, CTYIEHTOB CPC Bcero
A — OLIEHKH IIpEIogaBar
erreM
I cemecTp
CaMOCTOSTelIbHOE
H3YUYEeHHE JIMTePaTyprl | KoHcmekT 42 .03 4.67 46,7
1mo TemMaM No1-9
[ lonroToBka K KOHCTIEKT 0,27 0,03 0.3
TTEeKITHIM
OIIK-1 IloaroroBka K PerleHHAS
U T-50rmx.1 IIPaKTHYECKIM A 0,54 0,06 0,6
N J1-60rm-1 3AHSTHSIM all
[IoaroroBka K
n1abopaTOPHBIM OTYET 0,81 0,09 0.9
3aHSITH M
KoHrponbHas padorta PeIleHHa 9 | 10
3azlada
Hroro 3a 1 cemecrp: 52,65 5,85 58.5
2 ceMecTp
CaMOCTOSTelIbHOE
H3yUYeHHe INTepaTypel | KOHCIIEKT 42,03 4,67 46,7
110 TemMaM Ne10-17
[loxrororka K KOHCITeKT 0,27 0,03 0.3
TTEKITH M
OIIK-1 IloaroroBka K PerleHHAS
U T-50rmx.1 IIPaKTHYECKIM A 0,54 0,06 0,6
N J1-60rm-1 3AHSTHSIM all
IloaroToBka K
n1abopaTOPHBIM OTYET 0,81 0,09 0.9
3aHSITH M
KoHrponbHas padorta PeIleHHa 9 | 10
3azlada
HToro 3a 2 cemecrp: 52,65 5,85 58.5
HToro: 105,3 11,7 117
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MeToanueckne PEKOMECHITAIHH 110 H3YYCHHID TECOPETHYIECCKOIO MaATEPHAJIA

CamocTosTeIbHagd paboTa CTYAEHTAa HAaYHMHAEeTCSI C BHHMATEIILHOTO O3HAKOMIEHHS C
coZlepKaHHEM yueOHOr 0 Kypca.

M3yueHne KaXI0H TEMBI CIIEAYVET HAUHHATh ¢ BHHMATEIBHOI 0 03HAKOMIEHHS ¢ HabopoM
BOITPOCOB. OHM OPHEHTHPYIOT CTYAEHTA, IIOKA3LIBAIOT, UTO OH JOJKEH 3HATh IO JAaHHOH TeME.
Borpockl TeMBl Kak OBl HAKIIAIBIBAIOTCS Ha COOTBETCTBYIOIIYIO ITaBY H30paHHOro yueOHHKA
HIH yueOHOoro mocodusa. B urore gomkHO OBITH SCHEIM, KaKHe BOITPOCH TEMBI YUeOHOI0 Kypca U
¢ KaKOH I'TTyOMHOH PacKphITEl B KOHKPETHOM YVUeOHOM MaTepHale, a KaKHe BOOOIIE OITYIIEHEI.
TpebyeTcsa TBOPUYECKOE OTHOIIEHHE H K CAMOMY COIEPKAHHIO JUCIIHIUIHNHEI.

Bormpockl, cOCTaBISIOIIME €€ cOoJlepKaHHe, 001aqatoT Pa3HOH CTEINIEHBIO BaXKHOCTH. ECTh
BOITPOCKI, BBITTOIMHSIOINHE (PYHKIHIO JIOTHYECKOH CBSI3KH COJIep’KaHHS TeMbl H BCErO Kypca,
HMEIOTCS BOITPOCHI OITHCATEIIEHOIO HIIH Pa3bsCHUTEIIBHOIO XapaKTepa, a TaKKe HCTOPHYECKOr O
BKCKypca B 00JIacTh M3Y4YaeMOH JHCIIIUIMHBI. BCe BTH BOITPOCH HE COCTABILIIOT CYTH ITOHSI-
THIHOI'0, KOHIIEINTYAJIbHOI'O0 COAEPKAHHSI TEMEL, HO HEOOXOAUMEI JJIS IIETIOCTHOI'O BOCITPHSATH S
H3y4YaeMBIX ITPOOIIEM.

M3yyaemas QUCIHMIUIMHA HMEET CBOH KaTerOpHAaIbHO-TIOHATHHHEBIN armrapar. HayuHbie
ITOHATHSA — 3TO Ta 0a3a, Ha KOTOPOH CTPOMTCS KakHas HayKa. [IOHSTHSA — Y3IIOBEIE, OITOPHBIE
ITYHKTHI KaK HAYYHOro, TaK M Y4eOHOI'O IMO3HAHHS, JIOTHYECKHE CTYIIEHH ABIKEHHI B yuebde OT
ITPOCTOrO K CIIOKHOMY, OT SIBJIIEHHS K CYIIHOCTH. be3 SICHOro IMOHMMAaHH I ITOHSITHI yueba KpariHe
3aTPYIAHSETCS, a COJIepKaHHe IIPHOOPETEHHBIX 3HAHHMI CTAHOBHTCS TYCKIIBIM, PACITIIBIBYATHIM.

CTYIEHT IOIKEH IIOHHMATh, YTO CAaMOCTOSTEIIbHOE OBJIAJICHHE 3HAHHSIMH SBIISETCS
[JIABHBIM, OIPEISIISIONMM. BhICIIas IKOIa CO3M4acT IJI1 STOro HeOOXOAHMBIE VCIIOBHSL
rmomMoraeT OyAyINeMy BBICOKOKBATM(DHIIMPOBAHHOMY CIIEIHAIMCTY OBJIAJeTh TeXHOIOTHEH
CaMOCTOST EIIPHOI'O IIPOH3BOICTBA 3HAHII.

B camocrogrenmsHOH pabore CTyIAeHTaM IIPHXOJAHUTCS HCIIONB30BaTh IJMTEPATYPY
Pa3IHYHBIX BHJOB. IIEPBOHCTOYHHKH, MOHOIpa(HH, Hay4dHble COOPHHKH, XpeCTOMAaTHH,
yueOHHKH, yueOHBIe ITOCOOMS, KYpHAIbl M Ap. M3yueHHe Kypca mpeArionaraeT 3HAKOMCTBO
CTYAEHTOB C OOIBIIIMM OOBEMOM HAYUYHOH H YUYeOHOH IIHTEepaTyphl, YTO, B CBOI OYEpelb,
IIOPOXKIAacT HEOOXOAHMMOCTh BBHIPAOOTKH Y HHX PaliOHAIBHO-KPHTHYECKOrO IIOAXOda K
H3Yy4aeMBIM HCTOYHHKAM.

YToOBI HEe «YTOHYTBE» B OI'POMHOM o0BeMe PEKOMCHIOBAHHBIX C€MY JJId H3YVHCHHA

AOKYMEHT NOAFIMCAH HAYYHTHCS IPABHILHO HX YHTATh. [IpaBIIILHOE
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[IpemBapHTENbHBIH IIPOCMOTP KHHIH BKJIFOYAET O3HAKOMIIEHHE C THTYJIBHBIM IIHCTOM
KHHTH, aHHOTAaI[HEeH, IIpeJHCIIOBHEM, OITIaBIeHHeM. [IpH O3HAKOMIIEHHH C OITIaBIIEHHEM
He0oOXOANMO BBIJICIHTD pa3feibl, TTIaBhl, Maparpadbl, MpeAcTaBILIIONIHE A1 Bac HHTepec, Oerio
HX IIPOCMOTPETh, HAHTH MeECTa, OTHOCSINHecS K TeMe (al3alel, CTpaHHIEI, ITaparpadsl), H
ITO3HAKOMHTBCSI ¢ HUMH B OOIIHX YepPTax.

HayuHble H3JaHHS COITPOBOKIAIOTCS PAa3IHMYHBIMH BCIIOMOTaTEeIbHBIMH MaTepHaIaMH —
HAyYHBIM aIllapaTOM, ITO3TOMY BakKHO 3HATh, H3 KAaKHX OCHOBHEIX 3JIEMEHTOB OH COCTOHT,
KaKOBBI ero ()YHKI[HH.

3HAKOMCTBO C KHHIOHM JIy4llle BCErO0 HAYMHATh C HM3YYEHHS AaHHOTAI[MH — KpaTKOH
XapaKTepPHCTHKH KHHIH, PAacKpBIBAIOIIEH €€ coJlepKaHHe, HASHHYI0, TEeMaTHYECKYIO H
’KQaHPOBYIO HalIpaBIeHHOCTh, CBeJeHHS 00 aBTOpe, Ha3zHaYeHHe H JAPyTHe OCOOEHHOCTH.
AHHOTAIHS ITOMOTaeT COCTaBHTH IIPeIBAPHTEIIbHOE MHEHHE O KHHTE.

['my0ke TNOHATH cojJiepXKaHHE KHHTH ITO3BOISIOT BCTYIIHTEIIbHAs CTaThsd, B KOTOPOH
JaeTcs OIeHKa COAep/KaHHsS KHHTH, 3aTparHBacMOH B HeH ITpoOIeMaTHKH, COHEPIKHTCS
HH(pOpMAIMSI O KH3HEHHOH H TBOPYECKOH OHOrpadHu aBTOpa, BHICKA3EIBAIOTCS ITOIIEMHYECKHE
3aMeYaHHs, Pa3bICHSIOTCS OTAelIbHBIE ITOJIOKEHHS KHHIH, JAFOTCS KOMMEHTAapHH H T.JI. BoT
ITOYeMY 3HAKOMCTBO C BCTYIIHTEIIBLHOH CTaThei IPeICTaBIIeTCS OYeHb BaKHBIM: OHO ITOMOTaeT
CTYJEHTY COPHEHTHPOBAThCS B TeKCTE pabOThI, OOpPaTHTh BHHMAaHHE Ha €€ HaHOOJIee I[eHHEIE H
Ba KHBIE Pa3Ielbl.

Tol ke LeIH COAeHCTBYET 3HAKOMCTBO C OITIABIIEHHEM, IPEXUCIIOBHEM, ITOCIIECTIOBHEM.
Becbma ITONIE3HBIMH 3IIeMEHTAMH HAayYHOI'O allmiapara SBISEOTCS CHOCKH, KOMMEHTapHH,
TaOIMHIBI, T'paHKH, CIHCKH JHTepaTyphl. OHH He TOIBKO HIIIIOCTPHPYIOT OTJEIIbHEIE
ITOJIOKEHHSI KHHTH HIIH CTaThbH, HO H caMH IT0 ce0e SBISIOTCS JOIOHHTEIIbHEIM HCTOYHHKOM
HH(OPMAIIHH JJI5 YHTATEN.

Ecimu ymraress 3aHHTepecoBala KaKas-TO BRICKa3aHHASI aBTOPOM MBICIIb, HE HaIlleAIIas
ITOJIPOOHOI0 OCBEIEHHS B JAHHOM HCTOYHHKE, OH MOXET OOpPaTHTLCS K TEKCTY HCTOYHHKA,
YIIOMHHAEMOTO B CHOCKE, JIHOO K HCTOUHHKY, KOTOPBIH OH MOKET HAaHTH B CITHCKe JIHTePaTYPHI,
PEKOMeHIOBAaHHOH aBTOPOM JIJIS CAMOCTOSATEIIbHOTO H3YYEHHS.

CyIIecTBYET HECKOIIBKO (POPM Be[eHH S 3aIlHCEH:

— IUTaH (IIPOCTOI H pa3BepHYTHII) — Hanbosee KpaTkas (popMa 3aITHCH ITPOYHTAHHOTIO,
IpeICTaBILIOINass COOOH IIepeYeHb BOIIPOCOB, pacCMAaTPHBAEMBIX B KHHIE HJIH CTaThe.

PasBepHYTBIH IUIAH TIIPeACTAaBISeT coOOH Ooriee MOAPOOHYIO 3allMCh ITPOYMTAHHOIO, C

AOKYMEHT MNOANMMCAH OB, C BBIITHCKOH I[HTAT, CTaTHCTHYECKHX JaHHBIX
QNIEKTPOHHOW NMoAarnncbio
Bnapeneu: leBayxoea TatesaHa AnekcaHgpoeHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



— Te3HChl — KpaTKO c(OpPMyIHPOBAHHBIE IONOKEHHS, OCHOBHBIE ITONIOKEHHS KHHIH,
craThbH. Kak mpaBHIO, Te3HCHl COCTARIISIOTCS IOCTe IMpeJBapHTeIbHOIO 3HAKOMCTBA C TEKCTOM
HCTOYHHKA, TIPH €0 IIOBTOPHOM ITpOYTeHHH. OHH ITOMOTal0T 3alIOMHHTh H CHCTeMaTH3HPOBAaTh
HH(]pOpMAIIHIO.

CocTaBlleHHe KOHCIIEKTOB

Bompmryro ponb B YCBOEHHH H ITOBTOPEHHH ITPOHASHHOIO MaTepHajla HIpaeT XOPOIIHIt
KOHCIIEKT, COIep KaIliii OCHOBHBIE HJIEH IPOYHTAHHOI'O B YUeOHHKE H YCIIBIIIAHHOIO B JIEKIHH.
KoHCITEKT — 3TO, IO CYHIECTRY, HAOPOCOK, pa3BepHYTHII ITIaH CBI3HOIO pacckasa II0 OCHOBHEIM
BOITPOCAM TEMBEI.

B kakoi-TO Mepe KOHCIIEKT paccyHTaH (B 3aBHCHMOCTH OT HHIHBHAYAJIbHBIX
0coOeHHOCTEH CTyJAeHTa) He TOINbKO Ha HHTEINIEKTYalbHYI0 H SMOIMOHAIBHYIO, HO H Ha
3PHTEIIPHYIO IaMAITh, IIPHYEM TeKCT KOHCIIeKTa HePeJKO aCCOIMHPYETCA eIlle H ¢ TeKCTOM
yyeOHHKA IIH 3aIllHChI0 JIeKIuH. [losToMy Jlerde 3alloMHHAaeTCd coleprkKaHHe KOHCIIEKTOB,
HaITHCaHHBIX Pa3z00pUHBO, C IOMUePKHBAHHEM HIH BBIJCIIEHHEM pa3pSAKON KIFOUYEBHIX CIOB H
ppas.

CaMOCTOATEILHO HM3YYeHHBIE TeMBl IIPeJOCTAaBISIOTCS IIpelofaBaTelll0 B (opMe
KOHCIIEKTA, 10 KOTOPOMY ITPOHCXOJHT coOeceoBaHHe. TeopeTHYeCKHe TeMbI Kypca (OTIelbHEIE

EG]’[I)CIGBI): BEIHOCHMBIC Hd CaMOCTOATCIIPHOC H3YVUCHIC, ITPCACTABIICHEI HHIKE.

AOKYMEHT NoanmncAH
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BeeneHue

KoHTpoimpHass pabGora co3ZaérT  ONTHMAIBHBIE  JHAAKTHYECKHE  YCIOBHS IS
NESTEIIFHOCTHOIO OCBOEHH S CTYIAeHTaMH COAepPKaHHS H METOLOTOTHH H3YyUYaeMOH JHCIHILIHHBI
«Dm3uka». KOHTPOIbHBIE PAOOTHI IIPOBOIITCH C IETBIO BRIPAOOTKH ITPAKTHUYECKIX YMEHHH H
IIPHOOPETEHHNS HABBIKOB B PEIEHHH 3aJa4y, OTPadOTKH VYIIPAaKHEHHI, BBITIOJIHEHNH UYEPTEXKEH,
ITPOM3BOACTRE PACUETOB M T.I1.

[{[e1pr0 KOHTPONBHBEIX PalboT SBISeTCS (POPMHPOBAHHE ITPAKTHYECKHX YMEHHH —
Npo()eCCHOHAIILHBIX (BBITIOIMHATh OIPeJelIEHHbIE JeHCTBHS, OIepaliii, HeoOXOAHMbIE B
MOCIIEAVIOIEM B IIPO()eCCHOHAIBHOH JAeSATEIbHOCTH) MIH Y4YeOHBIX, HeOOXOZHMBIX B
IOCIIEAVIOIEH YUYeOHOH IeSTEIBHOCTH II0 OOIenpodeCCHOHAILHBIM H ITPO()eCCHOHAbHBIM
U CIIUTTIIHHAM.

bBuGnuorpaduyeckiii CIMCOK COJAEPKHT CBeJeHHS O CIIPAaBOYHOH IJHTepaType H

JOITOJIIHHUTCIIBHBIX H3JTAHIAX, HeOOXOIHMBIX 715 }J’I‘HY@HEHHGI‘G H3YUCHHA OTACIIbHBIX BOIIPOCOB.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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1. I]ens u 3a0auu u3yueHus OUCUUNIIUHbL

[{eapr0 OCBOEHHS JHCIUMIUTHHEL «DH3HKa» SBIISIETCS (POPMHPOBAHHE Y CTYASHTOB
KOMITETEHIIHI ITO3BOJISIOIIHI BEIPa00TaTh HABBIKH (DPH3HUYECKHX HCCIIEOBAHHI B cpepax
aKaJIeMHYeCcKOH, ITpo(eCcCHOHAIbHOH H 00IIeHayYHOH JIeITEeTbHOCTH.
3as1aun OCBOEHHS JHCIIUIUIHHEI:

— H3y4YeHHe 3aKOHOB OKPYKAIOINEer 0 MHpa B HX B3aHMOCBSI3H,
— OBIIaJIcHHe (pYHIaMeHTaJIbHBIMH ITPHHIMIIaAMH H MeTOJaMH pelleHHs HayYHO-TeXHHYEeCKHX
3ajJ1ayu;

— (bOpMHpOBaHHE HABBIKOB II0 IIPHMEHEHHIO ITONIOKEHHH (PyHJaMeHTaJIbHOH (PH3HKH K

IPaMOTHOMY HAyyHOMY aHaJIH3y CHTYyal[HH, C KOTOPBIMH HHJKEHEPY IIPHXOMHTCS
CTAIIKHBAThCS IIPH CO3aHHH HOBBIX TeXHOJIOTHH,

— OCBOCHHZ OCHOBHBIX QJIIBIHEGIG[K TEDpHﬁ:, ITOSBOJIAOIIIX OITHCATh ABJICHHA B IIPHPOJAC, H
IMpeaciiop IMPHMCEHIIMOCTH 3THX TEGpHﬁ AL PCHICHHA COBPCMCHHBIX H IICPCIICKTHBHBIX
TEXHOIIOIHYCSCKIIX 3a/141.

)_—[HH OIICHIIBAHITA KDHTpDHBHDﬁ paﬁﬂTBI CTYACHT JOJIZKCH BLIIIOJIHHTD 2

3aJaull: Mo IocjaemHell nudpe cTyeHYecKOoro OmeTa 1 IMOoCIeIHIsa udpa
cTyaeHdeckoro omiera +10.

A Taxxe IIPHUBCCTI OTBCTEI Ha BOIIPOCEI

3aKOHBI TIOCTOAHHOI' 0 TOKA.
HEJH: JAHANUAL. HB}”—IHTL 34dKOHEI ITOCTOAHHOI'O TOKA

SHAHUA U YMEHUA, NPpUOOpemaemole CmyoeHmom 6 pe3yjlibmame 0C80€HUS
membl, ((opmupyemsle KomnemeHyuu. INeKkTpudeckuili Tok. Ciula TokKa.
IInoTHOCTL TOKa. 3akoH OMa AJId1 ydacTka Ienu. COIpOTHURIEHUE IPOBOJHUKOB.
W crounnku Toka. JekTpoABmkymas cma (OJ[C). 3akon Oma A1 ydacTKa IIeIln,
comepxkamiero OJ1C. 3akoH OMa i1 IOJIHOM 1eli. Pa3zBeTRIIEHHBIE 1€, 3aKOHEI
Kupxroga. Pabora m momHOcTe Toka. 3akoH J[xoynsa - Jlenima. Temmosoe
JIENICTBUE AJIEKTPUUECKOTO TOKAa M €ro IIPUMEHEHUE B TEXHHUKE. OJIEMEHTapHasd
KJIacCHUEeCcKasd TEOPIU SIIEKTPOIPOBOAHOCTII METAJUIOB. | paHUIBEI IPUMEHUMOCTH
KJIACCMUECKONI TEepUU HSIEKTPOIPOBOJHOCTU. KOHTAakTHHIE SBIECHHS. Bramgeer
CIIOCOOHOCTBIEO MPUMEHATh COOTBETCTRYIOMIUI (PU3NKO-MaTeMaTHUUYECKUIl alapaT
IpHU peIIeHNN PO (ECCUOHAILHEIX 3a/1a4.

Aﬁm_}'ﬂﬂbﬂﬂﬂf’ﬂb membl. OCHOBHBIE IOHSITHUS 1 3aKOHBI IIOCTOSHHOI'O TOKa
IIPIMCHACTCA IIPH PCINCHII HHACHCPHBIX 3d/1d4.
TEGPBW‘EBCI{M HdaACHb.

XapaxkmepucmuKku 3J1eKmpuideckozo moKa U yCl06Us €20 CYuiecmeosanus
B nmawrnacrarirea smuvrmanoer  anneHRS, 00YCJIOBJIEHHBIE HENOIBIIKHBIMU

AOKYMEHT I:ID,HHHCAH
INEKTPOHHOW NOANMUCHIO [€ BOZHHNKACT VIIOPANJOUCHHOC JBIIMKCHIIC
Ceprudmkar: 12000002A633E3D113AD425FB50002000002A6 ] 3y
Bnapeneu: Lebayxoea TatbAHa AnekcaHgpoBHa WCHUTCAH 3apAA, OTJIYHBEIN OT HVJIA, TO

Oeicreutenen:'c 20.08.2021 ne 20.08.2022 "OK.



KonmgecTBeHHOU XapaKTﬂpHCTHKDﬁ JICKTPHMHCCKOI'O TOKa CIIYVIKIT CIllIa

TOKd — BCJINHINIHA 3dpAd/id, IICPDCHOCHMOI'O HCPC3 PACCMATPHBACMY O IIOBCPXHOCTEL B

CINHUIY BpeMeHU. Eciu 3a BpeMs df yepes3 IMOBEPXHOCTEL IIEPEHOCUTCS 3apsy dq ,

TO CHJId TOKa PdBHA.

;- da
drt

Equnnneil cuwiel Toka gBiasgeTcda ammep (A). 3a HaopapBI€HHE ToOKa

IIPMHUMACTCA HAIIPaBJICHIC, B KOTOPOM IICPCMCIIAIOTCA IIOJIOKHUTCIIEHBIC 3aPibl
IJIM HaIIpaBJIICHHC, IIPOTHBOIIONIOMNHOC HAIIPpAaBJIICHHNHKO ABIIKCHIA OTPHIATCIIBHBIX
34pAL0OB. CEO6D£[HI::I€: 3apiadbl, KOTOPEIC IICPCMCIIAIOTCA B CPCAC, HA3BIBAKOTCA
HOCITTCJLAMIT TOKA.

ONeKTpUYeCKUIl TOK MOKET OBITh pacIpeejieH HEpaBHOMEPHO IIO

IIOBCPXHOCTH, HCPC3 KOTOPYHO OH TCHCT. boree ACTaJILHO TOK MOMHO
OXAapPaKTCPH30B4TE C IIOMOIIBIO BCKTOPA INIOTHOCTH TDHaj . H}’CTL 3aPAKCHHEBIC
HaCTHUObI ABHXXYTCA B OIIPCACIICHHOM HaAIIpaBJICHHII CO CKOPOCTBIO U . BEHTDDGM

INIOTHOCTII TOKa4a f Ha3bBIBACTCA BCKTOP, IIO HaAIIPpAaBJICHIIEO CDEHH,I[EIIGH_[HE[ C

HalIpaBJICHHCM CKOPOCTH IIOJIOXKHTCIIbHBIX 3a4pPiAJ0B (HHH IIPOTHB HAIIPABJICHITA
CKOPOCTH OTPHUHATCJ/ILHBIX BHpH,[[DE): a II0 aOCOJIOTHOHN BeInunHe DHEHBIﬁ

OTHOWMIEHNKD CIHJIBLI  TOoka dl HCPpEe3 SJICMCHTAPHVYIO ILJIO T4 JIKY dSJ_ P

PacCIIOJIOKCHHY O B ,[[ElHHDﬁ TOYHKC IIPOCTPAHCTBA IICPIICHIANKYJIADHO K

HalIpABJICHIIIO JIBITAKCHITA HDCI»TI‘EHEE., K €C IIJIOIITa JII1.
dl

ds,
Yucmno HocuTrelnell TOKa B CAIHIIIC oObeMa n HAa3BIBAETCI ILIOTHOCTBIO

HOCHUTENIel TOKa. 3aps OTAeILHOIO HOCUTENII OygeT 0003HadyaThC €.

Ecnn CEGGD,[[HBIMH 3apAdaMi  ABJDAFOTCA,  HAIIpHMCEP, 3SJICKTPOHBI, 4d
ITIOJIOYKHITCIIBHBIC 3apiAJdbl HCIIOABIKHEI (BTD MMECET MCECTO B METHHHELX), TO

IJIOTHOCTE HOCHUTEJIEN 6V,I[ET COBIIAJdTE C YHCJIOM CEDGD,[[HEIX JJICKTPOHOB B

CAITHIIIIC o0LeEMA.

BEKTDP INDJOTHOCTH TOKa MOZXHO BLBIPA3UTh

1 yepe3 IUIOTHOCTL HOCHUTEJIEM TOKa M CKOPOCTb MX
\\\ & nBmxkeHus. KoamdecTBO 3apsja, IIEpEeHEeCEHHOTo 3a
|
| | / BpeMsl df dYepe3 HEKOTOPYH IIOBEPXHOCTH S
j_ S MEPIECHANKYJIPHYIO K BEKTOPY CKOPOCTH (pIC.

;S Sy 20.1), paBHO dg=n-e-u-dt-S. 3a BpeMs dt
< J > IJIOIAZKy S IepeceKyT Bce CBOOOIHEIE 3apsAbl B
NOKYMEHT NMOAMNUCAH

SNEKTPOHHOW NOANMUCHIO SIIUIIeJE ¢ OCHOBAHHEM S U JUJINHON wudt .

Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6 iaJaxa SﬂDCT&TDT—IHD MaJla, TO
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



IITIOTHOCTE TOKa B €€ I[pcaciiax MOKHO CHHTATb IIOCTOSHHON N TOI'da.

. I _dg n-e-u-dt-§
j:_:_: =n-ée-u.
S Sdt S-dt
B BexTopHOII dhopMe:
=
j=n-e-u

Cua Toka HCPC3 IIPOHN3BOJIbHYIO ITOBCPXHOCTD

-
I=[jds
S

SHEKTPHT-IECHHEI TOK, D6VCHDEHEHHBIEI JABITKCHIICM CED60,I[HEIX 34dpAJ0B B

IIPOBOJHIIKAX pEIBHHT-IHDﬁ IIPHPOALI, HA3bIBACTCA TOKOM IIPOBOJANMOCTII.
CEDE)D,[[HBIE 3dapAAbl B IIPOBOJHIKC HCIIBITBEIBAIOT CTOJIKHOBCHIA C 4aTOMAMII

IIPOBOJIHIIKA. 3a BPCMA {{CBDGD,[[HDFG HpDGEFa}} T MCXKAY ABYMIA CTOJIKHOBCHIAMI
3apAd B IIPOBOJJHIIKC HpHD6pETHET HaIlIpaBJICHHVIO CKOPOCTL BJ/JOJIb BHCHIHCIO
JJICKTPHUHCCKOTI'O IIOJIA.

- — ek
U=wit=__1
iy
rae E HampsKEHHOCTBh SIeKTPUUECKOro IIojs B IpoBojHuke. Ilocie ouepeqHoro
CTOJIKHOBEHUS CKOPOCTh TepseTcd. 3aTeM, O CJIEAYIOIIEro CTOJIKHOBEHII,
IIPONCXOJUT HOBOE HapallliBaHIE HallpaBJICHHOIT CKOPOCTHU.
3 BBIMIEHRI0KEHHOIO CJICAYET, UTO YCAOBUAMU CYULIECMBOBAHUS MOKd
SABIIIETCH:
a) Hamrune cBOOOIHBIX 3apsIOB;
6) Hamuune »raexTpuyeckoro Iodd BHYTPH  IIPOBOJHHMKA, UYTOOBI
IoJAep KIBAThL IIepeMeIleHUe 3apsigoB.
INeKmp oo BUNCYULAA CUTLA, HANPAHCEHHOCMD
Ecnu OBl Ha HOCUTEIL TOKa JIEHCTROBAJIN TOJILKO CUJIBI 3JIEKTPOCTATHUECKOTO
II0JIS1, TO MOJ ACICTBUEM STHUX CIUJI IIOIOKUTEILHEIE HOCUTEIN II€peMeanaluch Obl
13 MecTa ¢ OONIBIIUM IIOTEHI[HAJIOM K MECTY C MEHBIINM IIOTEHI[HAJIOM, a
OTpHIATEJIbHBIE HOCHUTENN JBUTAINCh OBl B OOpaTHOM HaIpaBJIEHUHU. ITO
IpUBENO OBl K BEIpaBHUBAHIIO IIOTEHIINAIOB, U B PE3YJILTaTE TOK OBl IPEeKpPaTUIICS.

YToORI »TOTr0 HE IIPOM30IIJIO, AOJI)KHBI HMCTBCAHA YVHACTKIH Hada KOTOPLIX IICPCHOC
IIOJIOZKHTCIIBHBIX 34PAA0B IIPOHCXOJUT B CTOPOHY BO3PA4CTAHHNA ¢ , T.C. IIPOTIIB CILI
JJICKTPOCTATIIHCCKOI'O IIOJIA. HEPEHDC HOCUTEIIENI Ha >THUX YHACTKaX BO3MOIKCH
JINMBb C ITOMOIIBIO CHJI HC 3SJICKTPOCTATIMMHCCKOI'O IIPONMCXOMKJICHIIA, HA3bIBACMBIX

CTOPOHHIMMH CIHJIdMII. duzndeckasd IIPHUPOJdda CTOPOHHHNX CHII MOKCT OLITE

NOKYMEHT NOANNCAH ‘"ak B aKKyMyJLITOpax), MeXaHIUecKas,

SNEKTPOHHOW NOAMUCHIO
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneuy; Lebayxoea, TaTbAHa AnekcaHapoBHa ﬁDTBI CTOPOHHHUX CHIJI II0 IIEepeHECEHIIO
[eiticTeuTénen:; ¢ 20.08.2021 no 20.08.2022 'TCA IeKTPOoABIDKY el cunoit (OJ[C).




OJIC m3MepseTcs B TeX K€ €QUHUIIAX UTO U IIOTEHINAIL, T.€. B BoJbTax (B).
CTOPOHHIOIO CHIIy, JEHCTBYIONIYIO Ha 3apsyl, MOXHO NPEACTABUTHL B BUJIE

F

cmop = Ecmopd» TAC E - HaIPsDKEHHOCTh IIOJII CTOPOHHUX cui. Pabora

cmop

CTOPOHHHNMX CHJI HAa/J[ 3dPAJA0OM Hda HCKOTOPOM VHACTKC 1-2:
1=2 - -

A‘f”m}? = Qj. Ecnmpdi
)

PaszgenuB o0e yacTu corjiacHo onpeaeneHmo OJ[C Ha 3aps, IOy UM

-2, -
_ _Hemop 1

&12 = - I%cnzapdl
T

J111s1 3aMKHY TO 1IETIH:

- =
& = ?Eﬁnmpd [

SHC., JCHCTBYIOIIAA B 3aMKHVTOII IICIIIT, MOMKCT OBITE OIIPCJCIICHA KaK
IHIPKYJEIIA BEKTOPA HAIIPAMXKKCHHOCTII CTOPOHHIX CITJL

KpﬂMﬂ CTOPOHHHNX CIIJI Ha 3apil JIEIICTBYIOT CHJIBL SJICKTPOCTATHHCCKOI'O

noJjii Fp =gE . Pe3ybTupyromas cuia, JEHCTBYIOmAs B KaK O TOUKE IEIN Ha

3apsJl, paBHa:

F=Fp ¢ Fﬁmnp - Q(E + EEHMP)

Pabora, coBepmiaeMas 5TOIl CIJION Haj 2apsgoM ¢ Ha ydacTke Henu 1-2,
25 5 2 o

oIpeJiersgeTcs BEIpaXeHIEM A = ‘1,[ Edl + qJ' Eemopdl - Tx
/ /

25 5 2 o

ql Edl =4(®1—®2), a fE'J. Eepopdl =qej;,  Torma  pabora  paBHa
|

Ay = Q((Pf —(PE)"' ger2 .

Ap
PaznemnM o6e yacTi Ha ¢ . B neroii uactn oTHomenne —— 00o03HaunM Uy, .

q
BEHHT-IHHH.., HIICJICHHO PdBHAA OTHOIICHIIIO paﬁﬂTbI I SJICKTPOCTATHHCCKIIX I1

CTOPOHHHX CILUI 110 IICPCMCIIICHIIO 3dpPA/Jld K BCIIMHUIHC 9TOI'O 3d4PA/Jld HA3BIBACTCA

IHAJCHIICM HAIIPAMKCHIIA IJII IIPOCTO HAIIPAMCHIICM HaA

~
lm- | ! 513 JaHHOM ydacTke 1enu U;,.
Taxum odpazom (puc. 20.2),

Up =@ -9 +€p
AOKYMEHT NOANMNCAH cyrcTBYeT DJIC, To U, =7 —@2. (Jna
SNEKTPOHHOM NOANUCHIO y y HC, 12=¢1—92. (1
Ceprudvikar | 12000002A633E3D113AD425FB50002000002A6 7T, p;=@2 1, Torga U;, =€12.) MoxHO
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

EOHpGTHBHEHHE HCIIN I1 TOI'Z1a
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IR =@ —@2 +€12

OTO ypaBHEHUE BhIpaxkaeT 3akoH OMa JUII HeOJHOPOJIHOrO VUACTKa IIENN (¢
S1C).

Knaccuueckasn IIEKMPOHHAA MEOPUA 3ﬂ€f{mpﬂnpﬂﬂﬂdumacmu Memdallos
U ee Hed 0oCMmamo4HoCmb
BHVTDEHHHH CTPYKTYPd MCTAJIJIOB XdPaKTCPH3YCTCA K]_DHCTELHHHT-IECHDE

pEHIETKDﬁ. B Y3JldX KpHCTEIHHHT-IECKDﬁ PCHICTKH HAXOJATCA IIOJIOMKHUTCJIBHEBEIC

NOHEI, B IIPOCTPAHCTBE MEXKJIYy HHMH MpPakKTUYECKU CBOOOJHO JBUXKYTCH
o000 ecTRIEHHBIE AJIeKTpOoHBI. Hemenkuii ¢uzux 11 Jlpyae OpeAIonoxuil, 4To
DJIEKTPOHEl _BEeAyT C€0s KaK YacTUIEl HACaIbHOIO Traza, N IpeII0KII

HCIIOJIB30BATE JJIA OIIIMCAHITA IIX IIOBCACHIIA IM3BCCTHLEIC d_I)DpWHLI KITHETHIYECKOI

TCOPIII I'd30B.

Cucrtema CBOOOJHEIX 0OOOIIECTRIEHHBEIX B KPHCTAJUINYECKON pEIIETKE
AIIEKTPOHOB HA3LIBAETCS SIEKTPOHHBLIM ra3oM. B oTianmdme OT MOJIEKYJl Trasa,
IpoOer KOTOPBIX ONpedeIsuicsa cOyaapeHHEeM MOJEKYJI JPYT C JAPYyTroM, 3JIEKTPOHEI
CTAJIKMBAIOTCS IIPEUMYIECTBEHHO HE MEXKJYy C000il, a ¢ MOHAMH OOpa3yIOI[IMU
KPUCTAJUIMYECKYIO PEMIETKY MeETajla. OTHMH CTOJKHOBEHUSIMH OOYCJIOBIIEHO B

HaCTHOCTII, COIIPOTIBIICHIIC MCTAJlJId SJICKTPITHYCCKOMY TOKY.

XaoTHYUECKOEe TEeIJIOBOE ABIZKCHIIC JJICKTPOHOB B MCTAJUIaX  MOZKHO
S8kT

T -m,

XadPaKTCPHU30BaTh CpﬂﬂHEﬁ CKOPOCTBIO <L >= (l[.]’[ﬂ KOMHATHBEIX

TEMIIEPATY]P <u> ~10° m/ c). Ilpn HanImUNU BHENIHETO II0JIA 3JIIEKTPOHBI 00NIaJaroT

CIIC HEHDTDpDﬁ CDE,[[HEﬁ CKOPOCTBIO HAIIPABJICHHOI'O JIBIIXKCHIIA U . OOBIUHO

u~10°+107m/c, To ecThb u << L )

Bo1600 3axkonoe Oma u Jlotcoyna-Jlenua uz snekmpoHHbIX nPpeocmasieH Ul
SaxoH OmMma.

CpeqHuil Iy Th, IPOXOAUMBIN CBOOOJHO JBUAKYIIUMUCS 3JIEKTPOHAMHI MEKIY

ABYMA TIOCJICJOBATCIIEHBIMI CTOJIKHOBCHIMMI C HNOHAMHKM PCHICTKII HA3BIBACTCA

cpeaHell JUIMHHOM cBoOOoJHOro mpobera A . CpegHee BpeMs MEXKIY JBYMSI
A

T="

CTOJIKHOBCHITAMII (GHpE,I[EHHETCH CKOPOCTBIO XdOTHHCCKOI'O ,[[BH}KEHHH).

v
HpH HaJIM4UM 110719 £ HamopaBJIEeHHasd CKOPOCTE SJICKTPOHOB HAKAIUINBACTCA 34

BpPCEMi CED6D,[[HDFD HDD6EFH N K MOMCHTY CIICAVIOHICI'O COYOApPCHIA AJOCTHIACT

OOKYMEHT NoarnncAH
SNEKTPOHHOW NoanuchbIio
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 - el A
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa o

m v
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CKOpOCTEL u U3MEHSETCS 3a BpeMs Ipolera jauHeiiHo. [JoaTomy ee cpennee 2a

IpoOer 3HaUSHUE paBHO IIOJIOBUMHE MaKCHMAaJIbHOTO 3HAUEHUS.
— ] — 1 eE A

<
u>= U =
2 MY 2y mv

IImoTHOCTE TOKA:

— - n- 32 A

J=n-e-<u>= E

2mo
n*e’z s
KDB(bd)IiL[HEHT [IPOMOPITNOHAIIFHOCTH MEXIY j U E 0003HaAUUM G = >
o

(c - DpoBOAUMOCTEL). B pesynbTate momyduuM 3akoH OMa B JIOKAJIbHOII dopme

(mapaMeTphLl OTHOCATCS K JaHHOM TOUKE CEUCHHS IIPOBOJHIKA ).

j=6-E

IImoTHOCTE TOKa B IIPOBOJHHIKC IIPOIIOPHOMNOHAJIEHA HAIIPAXKCHHOCTII

QJIICKTPHHCCKOI'O IIOJIA E . KDB@)(I)HL[HEHTGM IIPOIIOPHHUOHAJIBHOCTII ABJDICTCA

U
IPOBOANMOCTS. (3aMeuanne. CpaBHIM IONyUSHHYIO (GOpMyITy ¢ m3BecTHoil ! = -

. IIpoBoguMocTs G 0OpaTHO IPOIOPILMOHAILHA YAEILHOMY COIIPOTUBRIECHUIO P

_ 1 1 1 U

©=_—. LUIOTHOCTL TOK4 j:E. HampsokeHHOCTh mmonsa £ = n (I - ;pmuaHHa
P

npoBoguuka). Torga I_1U , unm I = v S = E, YTO U TpeDOBAJIOCH. )

S pl ol R

3akoH J[»xovyia — JleHiia.

K xoHIly cBOOOAHOTO mpoOera 31eKTpOoH NpHOOpeTaeT JONOJIHUTEILHY O
KIMHETHUECKYIO dHEePTUI0, CpeJHee 3HaueHE KOTOPO PaBHO:!

2 N 2
m-u
< AE);, >=—"& = -k
2 2mv
eE\
(Hanmomuuwm: u,, . = ).
mo

CTDHKHVBHIHCL C dTOMOM, JJICKTPOH, IIO IIPCHIIOJIOKCHIK, IIOJIHOCTBRO

IepeJacT NMPUOOPETEHHYIO UM SHEPTUIO KPUCTAIUINUEeCKOIl pemeTke. CooOIeHHas

pPCHICTKC OSHCPITA MACT Ha VYBCJIITHCHIIC EHVTDEHHEfI SHCPI'TI METallll4a,

IIPOABJIAXACE B €I'O HAI'PDCBAHIII.

L
KaxpIil 5JIeKTpOH IpeTeplleBaeT 3a CEKYHJY B CpeJJHEM <~ cOyJdapeHMHil.
[OKYMEHT NOAMNUCAH
SNEKTPOHHOM NOANVCHIO IMOCTH B €JUHHIlE 0O0Bbe€Ma n , TOrJa
CepTudmkar; . 12000002A633E3D113AD425FB50002000002A6 {AMY 32 €IMHAIY BDEMEHH B €/IMHUIE
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N, ne‘h A v 5 ne°\
W=n-z<AE, >=n.7.— E = E< —

_ EZ.
2L 2 2mL L A 2mu

REZ?L

3Hasi, 4TO O = B pe3yJbTaTe NOJIyduM 3akoH J[xkoymsa — JleHila B

21
JIOKAJIbHOM tb{}pME:

W=c-E*

TerutoBas MOIITHOCTLE, BBIJCIEAFONIAACH B CAIHIIIIC o0LeMa IIpH IIPOTCKAHIIH

JJICKTPIHCCKOI'O TOKA IIPOIIOPIHMOHAJIbHA KBAJIPATY HAIIPAMCHHOCTH IIOJIA.

! ' .
Ilepexomgg or ¢ u E Kk p u j: (6 = _, E:é_),nﬂnyqnm W:L(1Y=p*j2,

P plo)

IJII

.2
W=p-

[omyunnu gpyryoo dopmy 3akoHa Jxoyiad — Jledia. (OObeMHas IJIOTHOCTD

TEILIOBOU MOIITHOCTII PaBH4 IIPOH3BCACHIIO YVYJACJIILHOI'O COIIPOTHUBIJICHIIA  Ha
KBaJpaT IUNIOTHOCTH TGHEL).

3ampyoHeHUs K1acCUYecK ol 3J1eKMPOHHOU MeopUU 31eKmponpoeooHoCcmu
Memailos
Kraccuueckasi  Teopus  CcMOrJla  OOBSICHHTL  IIOJIYUEHHLIE  paHee

SKCIICPHMCHTAJIbEHO 3dKOHEI OMa 1 I[}I{DVJIH — HEHL[ELJ HO CCThb N CYIICCTBCHHEIC

3aTPY AHCHIIA. OCHOBHBIMHU SABIIAFOTCS CJICOYFOIIIIC.
]. TEDDETHT-IECKDE 3HAQYCHIIC IIPOBOJHNMOCTII HN3IMCHACTCA C TﬂMHEp&T}’pDﬁ

1 ]
. C—JKCHETI}HMﬂHTaJIEHaH AC BABIICHMOCTE © =

G ~— .
neop ﬁ "

2. Kmaccrueckasa TCOPHA HC B COCTOMAHII OOLICHUTEL TaKoe SBJIEHIE Kak

CBCPXIIPOBOJANMOCTD.

Hmerorcsa n APYI'HUC 3aTPYAHCHHIA 11 B 5TOM HCJOCTATOHHOCTDB KJIaCCHTYECKOI
TCOPHI.
CGEDEMEHH&H KBAHTOBAaA TCOPIIA SJICKTPOIIPOBOAMNMOCTIH MCETAJUIOB

IIOKAa3bIBACT, HTO BCC TPYIHOCTII KJIaCCHYECKOII TCOPHH CBA3dHBI C TCM, HTO
IIPCACTABJICHIIC 00 JJICKTPOHAX KaK IJCAJIBHOM 1'd3€C ABJIACTCAH FDV6BIM

H]_DHGHH}I{EHHEM. Ha camom ACJIC JJICKTPOHBI BHYTPH MCTAlllla HC ABJIFOTCA

TaKITMI CE'DﬁO,[[HBIMH:, KdaK 9TO CIICAYCT I13 KJIacCHYEeCKOIl TCOPHI.
B CGEpEMEHHDﬁ KBaHTOBOI TCOPHI IIOKA3bLIBACTCA, HTO O3SJICKTPOHBEI BHYTPH

MCTaiia ﬁhnF{;M'ETH?rﬁEﬁHﬁEEEI:I' ToaTorte T MOI'YT NMCTB HIGES}’H:} SHCPI'HUIO, a JIMIIb

SNEKTPOHHOW FNOATNMCHEIO SHEPTHS SJIEKTPOHOB KBAHTYETCH.
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6 : :

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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5. 3axkoust Kupxcogha
1. IlepBriil 3akoH Kupxroda:

AHI‘E6]_3&HT-IECK&H CYMMad CHJI TOKOB, CXOJAMIXCAH B V3JIC, PdBHA

2 L=0

HpH JTOM  TOKI, HAYHIIIC K Y3IIy, IIPHHATO CHHUTATH

Puc. 20.3 TIIOJOXHUTEIBHBIMH, a OT Yy3JIa — OTPUIATEJILHEIMH (MOXHO M

Ha00OPOT — 3TO HECYIIIECTBEHHO ).
3aMeTUM, UTO y3€JI — 3TO TOUKa, Il CXOITCS
1 puc. 20.3 nepBEIil 3aKOH 3alIUIIETCS TaK:

13—12 —|—Ig =().

Tpu u Oonee Toka. Hampumep,

2. Bropoii 3akoH Kupxroda (0H OTHOCUTCS K JJFOOOMY BEIJICJIEHHOMY B IIEIIU

3aMKHYTOMY KOHTYpY):

Anreﬁpauqemaﬂ CYMMad HDGHBEE,[[EHHﬁ CIIJI TOKOB B OTJACIIGHBEIX VHACTKAX

IIPOMU3BOJIBHOI'O 3dMKHYTOI'O KOHTYPd Hd IMX COII

DOTUBRICHMS (CyMMa IaJeHUI

HaIlpsDKEHUII) paBHa anreOpanmdeckoil cymme JJIC, ACHCTBYIOMINIX B 3TOM

KOHTYPE.

D LR =g

IIpumMepsl penieHus 3ajgau

3apaua 1. Jlauw 12 snementoB ¢ 3JIC E =1.5B

BHYTPCHHHM COIIPOTHBJICHICM

r=0,40M. Kak HY>XHO CO€QUHHUTHL STHU 3JIEMEHTHI, YTOORI MHOJYYUTL OT COOpaHHOU

3 HHX 6&T:’:1PEH HEII’IﬁDHBLHy}D CHIIYy TOK4a BO

BHENIHEN IeNN, NIMeIoHIen

conporturieHne R=0,3 Om? OmnpeaenuTt MaKCHIMAJIBHYIO CIITY TOKA [yy.

JlaHo: M

I

~
Il
=
N
QO
S

OJOKYMEHT NMOoAarnncAH '
SNEKTPOHHOW NOAMUCHIO R
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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HpE,I[HDHD}I{HM: HTO COCAMHCHIC COCTOHNT M3 M IIapaJUICJIIbHO COCAMHCHHBIX
BETBEI IIO0 N IIOCIICOJOBATCIIBHO COCIOIIHCHHEIX 3JICMCHTOB B Ka}HﬂDﬁ (CM. pHC.).

O4YeBUJIHO, N=m-n , llpu mnocnemoBarerbHOM coeauHeHun J3J[C n
BHYTPEHHETO COIPOTHURIICHUS 3JIEMEHTOB CKIIAJILIBArOTCA, IMo3TOMY O C Kaxgou

BCTBH EB =n K , 4 BHYTPCHHCC COIIDOTHUBIICHIC I1; = H-F.
HpH I[1aPpaJUICIIbHOM COCAMHCHIII E cucrteMor PdBHA E OTACJIEHOI'O 3JIECMCHTA

m ]_
H—l — ¥ 7. CnegomarenbHo, JJ|C coenmHeHuss paBHa OJ|C oTAENBLHONI BETBU
F.oo4

c

r.

{

r

B

EC :EE , d BHYTPCHHCC COIIPOTHBIICHIIC COCAIHCHIIA r=——
C
m

Taxkum oOpasoM, mia Oatapeu snmeMmeHToB umMmeeME. =nE ,u ', — —-

1Io 3akony Oma ,[[ILﬁBHMKHyTDf[ I[EIN ITOJIY UM
C

I = n-E _ n-mE N -E (1)

re+R N p nr+mR  n-r+mR

m
N
— , TO OKOHYATCIILHO IIOJIYHHM
iy

N -E NE -m 2)

N B 2
Noop Nr+m'R

m

Tak kak N=m-n 1 1=

] =

Hccaemyem Ha skcTpeMyM (yHKIIIO [(m), npeacTaBIeHHYO (popmynoil (2).

I'(m) = — "= NE -(Nr+m’R)-N-E -m-(2mR) (3)
LN’""H”ERJ (NrerzR)z

NE (Nr+m’R)-2NE -m’R

[IpupaBuuBas (3) k HyJItO - 0,
(Nr + mER)H

HaﬁﬂﬂM MaKcHMaJIbHOE 3HadeHue m. B pPC3YJIbTATC IIOJIVHIIM

Taxum oOpazom:

OJOKYMEHT NoAarnncAH 12 -1 5
SNEKTPOHHOW NOANMUCHIO .

C - 12000002A633E3D113AD425FB50002000002A6
epTuduKaT . 0!4 N 4 . 0!3

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

=T7T5A.
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OTBET: COEQUHEHIE COCTOUT 13 UETHIPEX BETREI I10 3 MIOCJIEAOBATEIILHO
coeJHEeHHBIX 3JIeMEeHTOB, MaKCHUMAaJILHEII TOK 7,5 A.

3agaua 2. IIpu cue toka [;=3 A BOo BHemHell Ijenu OaTapen akKKyMYyJISITOPOB
BbIJIeJIIeTcsd MoImHoCcTh P1=18 Br, npu cuse toka [,=1 A — coorBeTcTBeHHO P>=10

Bt. Onpenenuts 3JIC E u BHyTpeHHEE CONIPOTHURIECHHE / DaTapeu.

JlaHo
L=3 A Tak xak MomHocTe P =1-U , TO HallpsDKEHUE B IIEPBOM CIIyUdae
P, P,
P=18 BT Ul:_, aBoBTOpoM U =_".
I - L
E
=1 A N3 3akoHa Oma [i1d 3aMKHyTOl nienul - [ =— .
i R+r
P,=10 Bt | W3 npuBeJeHHBIX BHIIIE PABEHCTB CIIETY €T
E =7 .
Pl
F="7 E =Ir+U E:II"—I—_
I I < I
— F
E=1r+U L E =1r+ _2
P 2 EP 2 12
Ir+ '=Ir+ *“=>r=_PI —Pl, =20wm,
s 11(1-1)
| 2 1 2 | 2
n E=Ir+ IlleB.
1
Il

3amgaua 3. Ilo xenesHoMy NpoBOAHUKY, guamMeTpoM d = 0,6 MM, TeueT TOK 16 A.
OIpenenuTb CPESHIOI CKOPOCTh <U> HaIlIpaBIIEHHOTO ABIKEHUSA 3JICKTPOHOB,

CHIITaA, HTO KOHLICHTPAIllIA 1 CEGGDE[HEIX JICKTPOHOB PaBHa KOHICHTPAIIII n'
dTOMOB IIPOBOJHHKA.

JlaHo:
d=0,6 Mmm=6-10"*Mm ] 2
n=n' (_J

<U>=q C O : U
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[

(v) ==

[

(1)

rae [ — BpPEMA, B TCHCHIIC KOTOPOI'O BCC CBD6D,[[HEIE JJICKTPOHBI, HAXO/AMNINCCA

MEXOy cedeHsaMU 1 u 2, npoiiasa ceueHue 2 (CM. puc.), HIEpeHeCYT 3apag Q —e- N

, CO3/IaBasl TOK CIIJION

QO eN
[===— 2)
t t
IA€ e — 3JII€MEHTapHBIN 3aps, N — 4HiciIo 3JEKTPOHOB IIPOBOJHNIKA, [ — €ro JIJINHA.
OUeBUIHO YUCIIO 3JIEKTPOHOB N=n-V=n-l-§

(3)
rae V- oobeMm, a § — mwiomags ceuennsd npoBoaHuka. 1lo ycnormo, n= n’,
clIeJoBaTeJILHO

- Ne N, _N.op

n=n= L , @)
Vm M /p M ( B‘Zl"\
riae Na — unciio ABorajpo, p — INIOTHOCTB xkefe3a | p =7,87-10° ", |,
‘ KT w \\ )
M — mongpHag Macca xeneza 'M =56-107 yom -
L )
IToacrarmsas (4) B (3), a 3ateM B (2), OKOHYATEILHO IOIYUNIM
/- N, p:l-S-e
M-t
IMt
OTKY J1a [ = .
N, pSe
md?
[TocTaBUM HOJyUeHHOe BhlpaxkeHue B (1), cumras, uto S = i
IIoce npeoOpazoBaHUs HaliJleM, YTO
o M 4-16-56 -10°° - . 3
( >_ B 4,2 10 m/c 4,2 mMm

Md°Ny+pe 314.(6-10%) -6,0-10%-7,87-10°1,6-10™

Bonpocwt u 3a0anus.

1. IIOCTOAHHBIN SIEKTPUUECKNN TOK M €ro XapakKTEpUCTUKU. 3akoH Oma A1
ydacTKa IEIIN.

2. CropoHHHE CIUIEL. Onekrpoapmkyimas cuna (2J[C). 3akon Oma i1
3aMKHYTOU IEIIN.

3. Pabora n MoIHOCTE TOoKa. 3akoH J[xoyJd - JIeH1a.

" NOKYMEHT MOAMUCAH 151 BIIEKTPOIIPOBOAUMOCTI METAJLJIOB U €€
ANEKTPOHHOM MOANUCHIO
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6. BﬂﬂKTpHT-IﬂCKHﬁ TOK B MeTasuiax. OOBLICHUTE KaK IIPOTCKACT TOK B
METaJllax
3agauu JJ8 caMOCTOATEJIbLHOI 0 pPCIlICHHA

1. Tpu OGarapen ¢ OJIC Ei= 12 B, kb= 5 B n E3 = 10 B u oguHakoBbIMI
BHYTPEHHIMU COINPOTHRICHISIMU F, paBHEIMI 1 OM, coeqUHEHBI MEXOAY COOOIi
OJJTHOUMEHHLIMI  ITonrocaMu.  CONpOTHURIIEHNE  COEAUHUTENLHBIX  IIPOBOJOB
HITYTOKHO MaJjio. OIpeaennuTs CIUILI TOKOB [, HAYIIIX depes Kax Iy OaTapero.

2. JIBe IpyHIELl 13 TPEX IIOCIEAOBATEILHO COEIUHEHHBLIX SJIEMEHTOBR COEIUHEHEI
napamencao.  OJI[C K kaxgoro osmementa paBHa 1,2 B, BHyTpeHHee
conporuBnenne r = 0,2 Owm IlonydyenHas Oarapes 3aMKHyTa Ha BHEIIHEE
conporurieHue R = 1,5 Om. Halitu cuny Toka [ BO BHEIIHEN IEIIIL.

3. BHyTpeHHee conpoTHRICHHE F OaTapen akKKyMyJIITOpOoB paBHO 3 OM. CKOJILKO
[IPOIEHTOB OT TOYHOIoO 3HaueHusa OJ[C cocTaBIsAE€T IOTPENIHOCTD, €CJIN, N3MEPSII
Pa3HOCTh IOTEHINAJIOB Ha 3a)KNMaxX OaTapel BOJIIBLTMETPOM C CONPOTUBRIEHUEM Ry
= 200 OmM, mpuHATEL ee paBHOit 5J[C?

4. 3amyHTUPOBAHHEIN aMmOepMeTp m3Mmepsaer Toku cmwioi g0 I = 10 A. Kakyro
HaHOOJILITYIO CIUIY TOKa MOXKET H3MEPUTHL 3TOT aMIIEpMETp Oe3 IIyHTa, €CId
cornpoTtuBieHne R, ammepmerpa paBHO (0,02 Om u compoTrurineHne Ry IIyHTa
paBHO S5 MOM?

5. Cmta Toka B IIPOBOJHUKE paBHOMEPHO HapacTaeT oT Iy = 0 go I = 3 A B TeueHue
BpeMeHn ¢ = 10 ¢. Onpeaenuts 3apan O, OpoIneaIInii B IpOBOJHIKE.

6. lamer 12 snementoB ¢ DJIC E = 1,5 B u BHyTpenHum conportusienueM r = (0,4
Owm. Kak Hy»KHO CO€QUHHUTEL 3TU 3JIEMEHTEI, UTOOBI IIOJIyYUTh OT COOpPAaHHON U3 HIX
OaTapen HanOOJILIIYIO CIUTY TOKa BO BHEMIHEH IEHN, UMEIOIIEI COMPOTURICHUE R
= (0,3 Om? OnpeennTe MaKCUMAaJIBHYIO CIUTY TOKA Iax.

7. JIsa smementa (E=1,2 B, r=0,1 Om; E;=0,9 B, r=0,3 OM) coeanHeHEI
OJITHOMMEHHLIMIU IToJrocaMil. CONIpOTURIIEHNUE R COEIMHUTENBHBIX IIPOBOJOR PaBHO
0,2 Om. OnpegenuTs cuIy Toka I B eI

8. OmnpenenuTk CWIy TOKa KOPOTKOTO 3aMBIKAHNA HCTOYHHKA TOKa, €CIIU IIpHU
BHemmHeM compoTurilennn R1=50 Om cmia toka B nenu 11=0,2 A, a npu R,=110
OwM cuna Toka B nenu ,=0,1 A.

9. Karymka u amMiepmeTp COEAMHEHBl IIOCIEJOBATEIILHO I MOJKIIFOYUEHBl K
NCTOUHNKY TOoKa. K 3a)kuMaM KaTyIIKU IPUCOEJNHEH BOJLTMETP COIIPOTUBIIEHIEM
Rz=1 xkOmMm. Ilokazaumsa amnepmetrpa [=0,5 A, BonsTMeTpa U = 100 B. Onpenenuts
compoTturieHne R xarymku. CKOJBKO IPOIEHTOB OT TOYHOIO 3HAYEHI
COIIPOTUBIIEHNSI KATYIIKM COCTABUT IIOTPEIIHOCThL, €CJIM HE VUYUTHIBATh
COIIPOTURIIEHII BOJIbTMETpa?

10. K wmcrounuky Toka ¢ OJIC E =15 B MIPUCOEANHNIIN KaTYIIKY C

conpotuBneHneM R=0,10M. AMmnepMmeTp Iokazaa cuiay Toka, paBHyro [1=0,5 A.

Korna ¥ MCTOUHUKV TOKA TINUCOETUWHUNN I[IOCJIEAOBATEIILHO €Ille€ OJUH NCTOYHHK
NOKYMEHT MOANNCAH . .

SNEKTPOHHOW NOANUCHIO OI1 )K€ KaTyIIKe OoKkazajach paBHOil 0.4 A.
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11. Ilo mpoBogHuKy comnpoTuBneHneM R = 3 OM TedeT TOK, CIUia KOTOPOTO

BozpacTaeT. KoamaecTBoO TEeIIOTH (), BBIJICJIUBIIEECS B IPOBOJHIKE 3a BpeMs T =8
c, paBHo 200 Jlx. OnpeaenuTs KOINYECTBO AJIIEKTPUUECTBA ¢, IIPOTEKIIEE 3a STO
BpeMs 110 IMPOBOJHUKY. B HadalbHBINI MOMEHT BPEMEHU CIUIa TOKa B IIPOBOJIHUKE
paBHa HYJIO.

12. Cuna Toka B IpOBOJHHKE COIIPOTUBIEHHEM R = 12 OM paBHOMEpHO yOBIBaeT
oT Ip = 5A go I = O B Teuenue BpemeHn t = 10 ¢. Kakoe xoamiecTBO TEIUIOTH
BBIJIEIISIETCS B 3TOM IIPOBOJHUKE 3a YKAa3aHHBIN IPOMEKYTOK BpEMEHU ?

13. Cunma Toka B IpoBogHUKE comnpoTurieHueMmM r = 100 Om paBHOMEpPHO
HapacTaeT OT lp = 0 g0 Inmax = 10 A B TeueHue BpemeHn T =30 c. OmnpenaeinnThb
KOJIMYECTRBO TEIUIOTH (), BBIJIEJIMBIIEECS 3a 3TO BpeMs B IIPOBOJHUKE.

14. IIpu cune toka I} = 3 A Bo BHeIIHell 11eu OaTapen akKyMyJIITOPOB BEIIEIISATCS
MoIHocTk Py = 18 Br, npu cuie toka I, = 1 A — cooTBeTcTBEHHO P, = 10 BT.
Omnpenenutk OJ[C E 1 BHyTpeHHEe conpoTHRICHUE F OaTapen.

15. OOMOTKa 3JIEKTPHUECKOTO KHILITIWILHUKA UMEET ABE CEKIMH. EcIn BKIIOYEHa
TOJILKO IIEpBasi CEKI[IA, TO BOJA 3aKUIIAeT uepes f; = 15 MUH, ecliu TOJIbKO BTOpas,
To 4depes f, = 30 mMuH. Uepes CKOJIBKO MUHYT 3aKHUIIUT BOJA, €CIINM 00€ CEKI[NI
BKJIFOUUTE IIOCIIEAOBATENRHO? [ laparuiensHo?

16. K naxxmmam OaTapen axkKyMyJIITOpOB IIpucoequHeH HarpesaTelb. OJ[C E
Oatapen parHa 24 B, BHyTpeHHee compoTuBieHue r = 1 Om. Harpeparemn,
BKJIFOUCHHEII B I[€Mb, OTpeOIsgeT MomHoCcTs P=80 BT. Brrunciautk cuy Toka / B
nenu u KI11J1 » Harperarens.

17. B3JIC E Garapen pasua 20 B. Comporusnenne R BHemHell nenn paBuo 2 OM,
cuna Toka [ = 4A. Haittm KIIJ[ Oarapen. Ilpm kakoM 3Had€HHHU BHEIIHEIO
conporurneHnsd R; KIIJ[ Oyner paBen 99%?

18. K Oarapee akxkymynsaropoB, OJIC E xortopoii paBHa 2 B m BHyTpeHHee
conpoTurneHne r paBHo 0,5 OM, mpucoeqUHEH MPOBOTHUK. ONPEIeINTh:

1) compoTurnernne R NpoBOJHMKA, IIPU KOTOPOM MOIIMHOCTB, BBIJEIISAEMasd B HEM,
MaKCHMaJIbHa, 2) MOITHOCTEL P, KOTOpas IpU 3TOM BBIJEIISIETCS B IPOBOJHUKE.

19. 5]IC Gatapen axxkymynaropoB E =12 B, cuna Toka I KOPOTKOro 3aMBIKAHIIS
paBHa 5 A. Kakyro HanOOIBIIYIO MOIHOCTE Pphax MOXKHO IIOJIyUUThH BO BHEIIHEIl
ITeII, COeJUHEHHOII ¢ Takoli OaTapeeii?

20. Jlammouka M peocTaT, COEANMHEHHBIEC IIOCJICAOBATEIILHO, IPUCOEAUHEHBl K
ncTouHnKy Toka. Hampsskenne U Ha 3axnmax ngamMnouknm paBHo 40 B,
compoTurjeHne R peoctata paBHO 10 OM . BHemHSA 1€ IOTPEOSISAET MOIIHOCTE
P=120 Br. Halitu cuily Toka B LIEIIN.

21. B MegHOM IpOBOAHUKE JJINHOI [=2 M M IUIOMAaALIO S MOMIEPEYHOI0 CEUECHIIS,
paBHO#l 0.4 MM?, uzer Tok. [IpM STOM €XKECEKYHJHO BBIJEISIETCA KOJIMYECTBO

TeroTel 0=0,35 J[x. Ckoibko 31eKTpoHOB N mpoXoAuT 3a | cexyHOy depes
[IOIIEPEUYHOE CeUEeHUE TOr0 IPOBOJHIKA?

L] j e
22. TInmoTHOCTH TOKAa | B MeJTHOM IIPOBOJHHKE paBHa 3 A/mm~. Halitu

OOKYMEHT NoarnncAH
SNEKTPOHHOWM MOAMMUACHIO B IIPOBO/JHIIKC.
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CEOﬁD,[[HbI}; JJICKTPOHOB, IIpCAIIOJIdaldAd, HTO HIHCIIO CED6D,[[HEIX JJICKTPOHOB B 1 CM3

AJIFOMIHIS PaBHO YICJIO ATOMOB.

24. OrmpenenuTb CPEeIHIOI0 CKOPOCTh < 0 >  YIIOPIJOYEHHOIO JBUIKEHUI
AJIEKTPOHOB B MEIHOM IIpoBogHUKE IIpu cwie Toka [ = 10 A u ceueHunm S
IPOBOJHNKA, paBHOM 1 MM’ IIpHHATB, UTO KasKIbIIl aTOM MU IPIXOAUTCS J(Ba
BIIEKTPOHA IMIPOBOANMOCT.

25. Cuma Toka [ B MeraimdeckoM IIpoBoaHmke paBHa 0,8 A, cedeHue
npoBofHuka S= 4 MM’ IIpuHHMAas, YTO B KaXJOM KyOHIHUECKOM CaHTHIMETpE
MeTaJlla COJIEPKUTCH n=22,5-10*? cBOGOAHBIX 3JIEKTPOHOB, OIPEAEIIUTH
CPEIHIOK CKOPOCTh <0> X VIIOPSAJOUYEHHOI'O JBIKEHIS.

26. B MeqHOM IIPOBOJHHKE oObeMoM V=6 cMm’ IpHu NPOXOXAEHHUHN II0 HEMY
[IOCTOSIHHOTO TOKa 3a BpeMs =1 MHH BBIJEIIUIOCh KOIMYECTBO TEIUIOTHI (=216
Jk. BEIUNCIINTL HAIIPSKEHHOCTEL £ 3IIEKTPUUECKOTO II0JIS1 B IIPOBOHUKE.

27. Merawimdecknii IIPoBOAHNIK ABIXETcA ¢ yeckopeHueM a=100 m/c?. Mcnoim3y
KJJACCUUECKYKD  TEOPUIO  BJIIEKTPOINPOBOAHOCTH  METAJUIOB,  OIIPEIEIINTh
HaIIPsKEHHOCTD £ 3IIEKTPUUYECKOTO I10JI1 B IIPOBOJHUKE.

28. Menmnelil auck paaumycom R=0,5 M paBHoMepHO Bpamaercs (w=10" pax/c)
OTHOCUTENLHO OCH, IEPIEHANKYJLSIPHON IUIOCKOCTH AUCKA U IIPOXOJAIIEH Uepes
ero 1eHTp. OIpeaenuTh pa3HOCTh HNOTEHIMAIOB U MeXay IEHTPOM JUCKa U €ro
KpallHIMH TOUKaMI.

29. Mertanmuueckuil CTEpKEHb ABIDKETCSI BAOJL CBOCH OocU CO cKopocThiro =200
M/c. Omnpegenutb 3apgang (), KOTOPHIII IPOTEUET UYepe:z rajlbBaHOMETP,
[IOAKJIFOUAEMEIN K KOHI[AM CTEP:KHS, IIPU PE3KOM €ro TOPMOXKEHHIU, €CIN AJInHa [
ctepxHs1 paBHa 10 M, a conporumBieHne R Bceil 1menm (BK/IHOYag IEb
rajJjbBaHoMeTpa) paBHO 10 MOwMm.

30. YaenpHasg IpoBOAUMOCTE Y MeTasia paBHa 10 MCw/M. BEIUNCIUTE CpeqHIOI
IUINHY < [ > cBOOOJHOrO IIpoOera 3JIEKTPOHOB B METaJUIE, €CIU KOHIICHTPAIUI N
CBOOOJHBIX 3IeKTpoHOB paBHa 10*° M~. CpegHIO0 CKOpPOCTh U XaOTHUUECKOTO
IBIDKEHIS 3IIEKTPOHOB IIPUHATEL paBHOII 10° m/c.

PexomMmeHayemas JiuTepatypa
OcHoBHas1 iUTepaTypa:

1. ®m3uka 419 By30B: MEXaHHKa 1 MOJICKYJIIpHasa (QU3nKa [ DJIeKTpOHHEII pecypc|:
yueOHukK / B.A. Hukepos. - Mockpa: M31aTenbCKO-TOproBas KopIopaims «J[amkos
m K, 2017. - 136 c¢. : Tadm., rpad., cxem. - ISBN 978-5-394-00691-3;-URL.:
http://biblioclub.ru/index.php?page=book&i1d=450772

2. TamumixkoBa-bymkesuu, 1. M. @uszuka: B 2 u. / L., TamnelkoBa-byImkeBUd. —

2-e u3g., ucnop. — MuHck : Breimmiimas mxkomna, 2014, — Y. 1. MexaHuka.

MonekvigpHasa duznka u TepMOAMHAMUKA. OIEeKTpHUecTBO U MarHeTusM. — 304 c.
[IOKYMEHT MOAMUCAH
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3. TammikoBa-bymkesuu, V.M. @uznka: B 2 u. / MM, TammelkoBa-bByImkeBud. —
2-e u3a., ucap. — Munack: Breimsiimag mxona, 2014, — Y. 2. Onruka. KBantoBas
¢uzuka. CTpoeHne n (puU3MdecKne CBOIICTBA BemecTRa. — 232 ¢. : UL, cXeM., TalIL. —
Pexum JIOCTYIIA: I10 IIOIIICKE. —
URL: http://biblioclub.ru/index.php?page=book &id=460883

JlornoJTHUTeJIbHAA JIUTEpaTypa:

1. Jlexkmuun 1o yueOHOIl gucnuiuimHe «OCHOBBEI TEOPETHYUECKON (PU3UKM.
OnexkTpoAuHaMuKa. | OJIEKTPOHHBII pecypc|: yueOHOoe nocodue / E. M. Kyxaps. —
OJIEKTPOH. TEKCTOBHKIE JlTaHHKIE. — Bonrorpan: BojrorpaJckuil rocyaapCTBEHHBI N
collMalIbHO-IIefarormueckuii yausepcurer, 2017. — 57 c¢. — 2227-8397. —
Pexum goctyma: http:// www.iprbookshop.ru/70731.html

2. HukepoB, B.A. ®uszuka: coBpeMmeHnnlili kypc / B.A. HukepoB. — 2-¢ us3ag. —
Mockra : M3gaTenscko-ToproBas koproparus «Jlamkxos u K, 2016. — 452 c. :
5 )1 — Pexum JIOCTYIIA: I10 IIO/IIIIICKE. — URL.:

http://biblioclub.ru/index.php?page=book&id=453287.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



