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ComepKaHHE

BeeneHue

[lems u 3amau H3YYEeHHS JUCIHIUIHHEI
OOGopyaoBaHHE U MaTepPHAIIBI
HarmveHoBaHHe 1a00paTtopHBIX pador
CopmepxaHue 1adopaTopHBIX padoT

JlaGopaTopHas padora Ne 1. OGpaboTka pe3ynbTaToOB (PH3HYECKOrO 3KCIIEPH-
MeHTa. M3ydeHne ABIDKEHH A Tena OPOIIIEHHOT O IO YITIOM K TOPH30HTY
JlaGopaTtopHag padora Ne 2. M3yueHHe 3aKOHOB JHHAMHKH ITOCTYIIATEIILHOIO H
BpalaTeIbHOTO JBHKEHHI ¢ IIOMOIIBIO MAIIMHEL ATBYa

JlaGoparopHasa pabora Ne3. OmnpefeneHHe CKOPOCTH IIOJIETA ITYIIH C ITOMOINBIO
(pH3HYECKOTrO MasTHHKA

JlabopatopHasa g padora Ned. OrnpegeneHue nmepHoja KoneOaHHI (PH3HUYECKOIO
MasTHHKA

JlabopaTopHas padora NeS. OrnpejenneHHe K03 (QHIMEHTa BHYTPeHHET O TPeHH
KHIKOCTH METOI0M ITaJiaroIero mapuka (Metos CToKca).

JlaboparopHas  pabora  Ne6.  OrnpefeneHHe  OTHOINEHHS  VAEIBHBIX
TEIUIOEMKOCTEH BO3AyXa METOJIOM afHa0aTHYECKOI0 PACIIHPEHHS
JlaGopaTtopHasg padora Ne/. U3yueHHe 3IEKTPOCTAaTHYECKOTO ITONS .

JlaGoparopHasa pabora NeS8. MsmepeHHE COMPOTHBIIEHHS C ITOMOIINBIO MOCTa
YHUTCTOHA
JlaGoparopHasa padora Ne9. MccnegoraHne 3jIeKTPHYECKOH ILIETH ITOCTOSHHOIO

TOKa
JlabGoparopHas padora Nel0. M3yueHHe SBIIeHHS 3IeKTPOMAarHHTHOH HHIYKIIHH.

JlaGoparopHas padora Nel 1. OrnpeenieHHe ropH30HTaIbHOH COCTaBIIIIOLI

MHIYKITHH MAarHUTHOTO ITOJIS 3eMIIH
JlaGopaTtopHag padora Nel2. MccnegopaHne KomebaHIMI B IIPOCTOM KoJedaTellb-

HOM KOHTYpE
JlaGoparopHasa pabGora Nel3. MsmepeHHe IIHMHBI CBETOBOH BOJHBI C ITOMOIIBIO
TH(QPaKIIHOHHOH PEeIIETKH.

JlabopatopHas padora Nel4. M3ydueHne BHemmHero gotoaddekra.

JlaGoparopHas padora Nel 5. M3yueHHe sHEPreTHYECKOIO CIIEKTPA 3JIEKTPOHOB.
JlaGoparopHas pabora Nel 6. M3yueHHe KOCMHUYECKOr0 H3IIYUEHIA.
JlaboparopHas padora Nel 7. [IpoBepka 3akoHa Marroca.

Y4yeOHO-MeTOAHYECKOe H HH(POpMAIHOHHOe o0ecIedeHHe JHCIIHIUIHHEI
IlepeueHs OCHOBHOH M JOITOMHUTEIBPHOH JIMTEPATYPEl, HEOOXOIIMOH IS OCBO-
€HIS TUCI{HITJIHHEI

T

T HOKYMEHT NOOMACAH /77777 TT CIEYeHHS CaMOCTOSITETIBHOH PabOThI
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BrejieHue

JlabopaTtopHbIe 3aHATHS CO3MAI0T OITHMAIBLHEIE JHIAKTHUECKHE YCIIOBHS JUIS JAESTENb-
HOCTHOI'O OCBOEHHS CTYJIEHTAMH COJIEPKAaHNS H METOLOTOTHH H3YUYaeMOH JHUCIIIIMHEL «DH3H-
Ka», HCIIOIb30BAaHHE CIIEIHAIBHOI'O J1a00paTOPHOro OOOPYAOBAaHHA M TEXHHYECKHX CPEICTB.
JIaGopaTopHBIe 3aHATHA 3aHHMAIOT ITPEHMYIIeCTBEHHOE MeCTO MPH H3YUEHHH OOIIENTPOodeCCHO-
HaJIbHBIX H IMPOQeCCHOHAIbHBIX JUCIIIUIHH. JIJa0opaTOpHEIE 3aHSATHS IIPOBOASTCS C I[ETIHIO BHI-
PadOTKH IMPAKTHYECKHX YMEHHH H ITPHOOPETEHNSA HABBIKOB B PEINEHHH SKCIIEPHMEHTHEIX 3ajady,
OTpabOTKH YIIPaKHEHHH, BBITIOTHEHHH YePTeKeH, IPOH3BOACTBE PACUETOB U T.I1.

[{enpro maboOpaTOPHBIX 3aHATHH SBIIIETCSA (DOPMHPOBAHHE ITPAKTHYECKHX YMEHHH — ITPO-
(peCCHOHAIBHBIX (BBIIOIHATh OIpeelIEHHbIE TEHCTBHS, OIlepallHH, HeOOXOIHMEIE B ITOCIEIYIO-
II[eM B ITpo(eCCHOHATLHOH AeITeIbHOCTH) HIH YIeOHBIX, HeOOXOMHMBIX B ITOCIEAVIONMEH yueO-
HOH JEeSTEIBHOCTH IO OOINENPO] eCCHOHAIEHEIM H ITPO() €CCHOHAIBHBIM JH CLIATUTHHAM.

brnbnuorpadryueckiii CIMCOK COAEPAKHUT CBEAEHHS O CITPAaBOYHOH JIMTEparype H JOIOIN-

HHTCIIBHBIX H3TaHH X, HeOOXOIHMBIX I }TJIYﬁHEHHOFD H3YVUCHHA OTACIIBHBIX BOITPOCOB.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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1. I[ens u 3a0 auu u3yueHus OUCUUNIUHDL

[{enpr0 OCBOEHU S AUCIIUIMHEL «(DH3HKa» SIBIIETCSI (DOPMHPOBAHHE Y CTYAEHTOB KOMIIE-
TEHIHI ITO3BOJLSOIIHA BEIPa0oTaTh HABBIKH (PH3HUYECKHX HCCIIEQOBAHHI B chepax aKajeMHYe-
CKOH, ITPO()eCCHOHAIILHON H OOIIeHayYHOH JeATEIbHOCTH.

3aauyH OCBOEHHS JHCI[HIUIHHBI:

— H3YYEHHE 3aKOHOB OKPY’KAIOMIEr0 MHpPa B HX B3aHMOCBSI3H,

— OBJIajicHHe (pYHAAMEeHTaIbHBIMH IIPHHIIIAMH H MeTOJaMH pPeIlleHHS HayYHO-TEeXHIIeCKHX
3ajay;

— (DOpMHpOBAHHE HABLIKOB ITO ITPHMEHEHHIO ITOIOKEHHH (PYHIAaMEHTAIbHOH (PH3HKH K I'pa-
MOTHOMY HaYYHOMY aHAJIH3Y CHTYaI[Hi, ¢ KOTOPEIMH HHKeHEPY IIPHXOJIHTCS CTAIKHBAThCS
IIPH CO3JaHHH HOBBIX TEXHOJIOTHIT,

— OCBOEHHE OCHOBHBIX (PH3HYECKHX TEOPHI, ITO3BOJIIIONINX OIHCATh SBJIEHHS B IIPHPOAE, H
Ipeie]IOB MIPHMEHHMOCTH 3THX TEOPHH JUIS PellleHHS COBPEMEHHBIX H ITEPCIIEKTHBHBIX TeX-

HOJIOTHYCCEITLX 3ad4.

2. Obopyooearite u mamepuaisl

JlaGopartopHsei cTeHn «Ckamb s JKyKoBckoroy. JlabopatopHein cteHn « MamnniHa ATtByaay. Jla-
OopaTopHBI cTeHI «MasarHuk Makceemmia». Habop JeMOHCTpaIHOHHEIH «MeXaHHIeCKHE SIB-
neHusy. HaGop madoparopHeri «MexaHHKay (pacIIHpPeHHBIH).
Bechl TEXHYECKHE HACTOILHBIE C Pa3HOBECAMH JeMOHCTPAI[HOHHBIH. Habop JTeMOHCTpAaIfHOH-
HEBIH « /[HHAMIKa BpalaTeIbHOrO ABIKeHH . TpyOka HeroroHa. Habop aeMOHCTpaIiOHHBIH
«]'a30BBIE 3aKOHEI H CBOMCTBA HACHII[EHHBIX ITapoBy. Hadbop geMoHcTpatHOHHBI «MOoIeKyiisp-
Has (pH3HKa H TEIUIOBEIE SBIeHNS». HaGop JeMOHCTPaIMOHHEIN «3BYKOBEIE KOIeOaHH I H BOI-
HEI». Halop JeMOHCTpallHOHHEIN « J[HHAMIKa BpalarelIbHOro ABMHKeHIST). Habop aeMoHCTpa-
ITHOHHBIN «['a30BBIE 3aKOHBI H CBOMCTBA HACBIIIIEHHBIX ITapoB». Habop JeMOHCTpaIiOHHBIH
«MonekyinspHasa (pH3HKa H TETUIOBBIE SBICHILI.

Komruiekt yueGHON MeOeIIH.

3. Haumenoeanue npakmuueckux paoom

M3 HUX IIpaKTH-
No TeMpl HarnmMeHoBaHNe TeM JHUCIHMIUIHHEL, HX KpaTKoe Ob6beM b
YyecKas ITOJATr0TOB-
ITUCITHIUIHHBI COIEPKaHHE YACOB
Ka, 4acoOB
1 cemectp

JIaboparopHas padora Ne 1. O6paboTka pe-
3YILTAaTOB (PH3HYECKOro SKcIIepuMeHTa. M3y-
YeHHe JBHKEHHS Telaa OpOIIeHHOTO IT0JT YITIOM
K TOPH30HTY. {5
M3y4HTh METOABI KOTHYECTBEHHOIO H Ipadu- ’

HECKOI'O ITPpEACTABIICHIA SKCIICPHCMEHTAJIbHBIX

NOKYMEHT MOBMNCAH ITe CIIpa-
3NEKTPOHHOW NOANUCHIO
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TEJIbHOT'O ABHKEHHIT ¢ TIOMOIIBIO MAITIHHEI AT-
BY]IA.

[IpoBepka 3aK0OHOB ITOCTYITAaTEIIbHOTO JBHIKE-
HIS ¢ TIOMOIILIO MAaIlIHHEI ATBY/A.

JIladoparopHas padora Ne3. OnpeneneHue

CKOPOCTH ITOJIETA ITYIIH C ITOMOIIBIO (bHBHIIE-
3 CKOT'O MAATHITKA.

Hay4auThcs onpeieNsaTh CKOPOCTh ITOJETa ITYIIH
C IIOMOIIBIO (PH3HYECKOr0 MasSTHHKA.

1,5

JIaboparopHas s1 padora Ne4. OnpeienneHHe
nepHoJa KoneOaHuH (PH3HYeCKOro MasTHHKA.
OrnpenieneHne CKOPOCTH ITOJIETa ITYIH C IIOMO-
L0 (PH3HYECKOr0 MasSTHHKA.

1,5

JIaboparopHas padora NeS. OnpeencHue
KO3 (pHIFIeHTa BHYTPEHHET O TPEHHS KHIKO-
CTH METOJIOM IaJar0IIero MapHKa (MeTOJI
CTOKca).

[I03HAaKOMHTE CS C METOLOM H3MEPEHHS BSI3KO-
CTH JKHJIKOH CPEJIBI.

1,5

JIaboparopHas padora Ne6. OnpeiencHue
OTHOIIIEHHS YAEIbHBIX TEITIOEMKOCTEH
BO3J[yXa MeTOAOM aJHa0aTHIECKOIO
pacIIHpeHHA.

M3y4uTh ra30BbIe 3aKOHBI, TIEPBBII 3aKOH TeP-
MOJTHHAMHKH H ITOHSATHE TEIUIOEMKOCTH. Orpe-
IelINTh OTHOIIEHHE TeIUIOEMKOCTEH BO3IyXa
IIPH IIOCTOSIHHOM JAaBIIEHHH H ITOCTOSHHOM
o0beMe (koauimieHT [IyaccoHa) B YCIOBHIIX,
OIMI3KHX K HOPMaTIbHEIM.

1,5

JIadboparopHas padora Ne7. UzyueHHe 31ek-
TPOCTATHYECKOI O TTOJIS.

7 M3yueHne 3leKTpOoCTaTHYEeCKOTO ITOJIS, I10-
CTPOEHHME SKBHUITOTEHIIHAILHEBIX ITOBEPXHOCTEHN
TTOTIS.

1,5

JIaboparopHas padora Ne8. MsMepeHHe co-
IIPOTHBIIEHHS C TIOMOIIBIO MOCTa Y UTCTOHA.
[lempro paboTHl SBIISIETCSA H3YUEHIE METOA
8 H3MEePEHHS COIIPOTHBIIEHH S IIPOBOIHHKOB C
TIOMOIIBIO0 MOCTOBOH CXEMEI H OIIPEIEIICHHE
YVIAEIMFHOIO COIMPOTHBIIEHHS MaTepHala IIpo-
BOIHHKA.

1,5

JIadoparopHas padora Ne9. Hccraegopanue
AIIEKTPHYECKOH LETH ITOCTOSHHOI'O TOKA.

9 M3yyeHne 3aBHCHMOCTH CHIIBI TOKA, HAITPSDKE-
HIISL, TIOJTHOH TTOJIE3HOM MOIITHOCTH M K.IT.J. HC-
TOYHHKA OT COITPOTHBIIEHHSI Har PY3KI.

1,5

JIaboparopHas padora Nel(. MzyueHie SB-

OOKYMEHT MOOMVCAH o .
SNEKTPOHHOW NOANUCHIO O3HHKAIO-

Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6 HOI HHIYK-

Bnapeneu; lebayxoea TaTeAHa AnekcaHapoBHa
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TOPH30HTAIIbHOH COCTABIISIOIIEH HHIYKI[HH
MATHHTHOTO IO 3eMIIH.

OmnpeneneHne TOPH30HTAIIbHOH COCTaBIISIOIIEH
HHIVKIIHH MAarHUTHOT'O ITOJIST 3&MITH.

12

JIadoparopHnas padora Nel2. MccrnegopaHue
KOJjIeOaHHH B ITPOCTOM KOIeOaTeIbHOM KOHTY-
pe.

M3yyeHne 3aTyxaromnix 3JIeKTPHYECKHX KOJIe-
Oanmil KonebaTrellbHOM KOHTYPE.

1,5

13

JIadboparopHas padora Nel3. M3mMepenne
JUTNHBI CBETOBOH BOJIHEI C IIOMOIIBIO JH(PaAK-
ITMOHHOH PEINETKH.

[TosHAaKOMHTCS C SIBIeHHEM AN PaKI[HH CBETa
B MMapaJulelIbHbIX Ty4ax JH(PAKIITHOHHOH pe-
IIETKH.

1,5

14

JIadoparopHas padora Neld, 3yueHne
BHEIIHETO (poTroaddekra.
M3yueHne SBIeHHS 3JIEKTPOHHOI O BHEIIHETO

orospdexra.

1,5

15

JIaboparopHas padora NelS. MzyueHne sHep-
TETHYECKOT'O CIIEKTPa AJIEKTPOHOB.
OrnpeneneHne JJIMHBI ITpodera 3j1eMeHTapHBIX
JACTHI[ B BO3J[YXE IIPH aTMOC(EPHOM JaBJIe-
HIH H OITpeIeTIeHIe MAKCHMAJIbHOH SHEPrHH
OeTa-4yaCTHIL ITPH ITOMOIIHM METOa IO JIOIIE-
HIISL.

1,5

16

JIadoparopHas padora Nel6. I3ydeHne Koc-
MHYECKOI0 H3TyYeHH .

OmnpeieNieHHe BEITMYHHBI H HHTEHCHBHOCTH
KOCMHYECKOI'O H3TyUeHH S

1,5

17

JIaboparopHas padora Nel7. ITpoBepka 3ako-
Ha Maroca.
[IpoBepHTh BRHIIIOIHEHHE 3aKOHA Maroca.

1,5

18

JIadoparopHas padora Nel8. M3yueHne sHep-
TETHYECKOT'O MIEKTPOHHOIO CIIEKTPA.
OrnpeeneHne JIMHBL Tpodera ajIeMeHTapHEIX
JACTHI[ B BO3[YXE IIPH aTMOC(EPHOM JaBIIE-
HIH H OITPeIeIeHe MAKCHMAJIbHOH SHEPIHH
OeTa-yaCTHIL ITPH ITOMOIIHM METOa IO JIOIIE-
HIISL.

1.5

Hroro 3a 1 cemectp

27

HUrtoro

27
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4. Cooepacarue nadbopamopHsix pad om

JIaboparopHas padora Ne 1

Tema padbomsr. OOpadoTKa pe3yabTATOB (PH3HYECKOro SKcnepuMeHnTa. H3ydeHme
JBHKEeHHA TeJ1a, OPONIEeHHOI0 Mo/ YIJIOM K TOPH30HTY.

H €Jib pﬂfjﬂlﬂbl. I/IB}"HITL METOIBI KOIIHYSCTBEHHOT'O H I'pﬂd)H‘IECI{GI‘G IPEACTABIICHI A 3KC-
IICPHCMCHTAJIbHBIX PC3YIIbTATOB. HG,I[TEEP,I[HTL Had OIIBITC CIIPAaBCOAIIIBOCTD QJGPI\{}"H KIHCMATIH-
KH.

T eopemuieckdn uacmsos.

Kinaccupukanus morpemHocT en

HMcTHHHOE 3HavYeHHe (PH3HYECKOH BelIMYHHBI aOCOMIOTHO TOYHO OINPeJelIHTh HEeJIb3S.
[Tpn m3MepeHHSIX (PH3HYECKHX BeJIHYHH MO/ JeHCTBHEM CaMbIX pa3HOOOpa3HBIX IMIPHYHH BO3HH-
KaIOT noepeuiHocmii U3MEPEHHH. Bcee IMOTPelllHOCTH ITPHHATO Pa3elIsarh Ha cucmemaniiyeckile,
cayuatinvie 1 npomaxii (OITHOKH).

Cucmemamuyeckoil Ha3BIBAIOT TAKYIO IIOTPEINHOCTH, KOTOPas OCTAETCS ITOCTOSHHOH
HIIH 3aKOHOMEPHO H3MEHSIETCS IIPH ITOBTOPHEIX H3MEPEHHSIX OJHOH H TOH €& BeIIMUHMHBL. TakwHe
IIOrPEIMHOCTH TTOSBIISIFOTCS BCIEACTBHE HEHCITPABHOCTH IIPHOOPOB, HETOYHOCTH METOJA HCCIIE-
JIOBAaHHS, KaKHX-TTHOO VIIVIIIEHHH SKCIIEPHMEHTATOPA, a TAKKE IIPH HCIIOIb30BAaHHH JJIS BEIYHC-
JIeHHH HETOYHBIX 3aBHCHMOCTEH ((hOpMYII), KOHCTAHT H T.JI.

Cnyuaiinoii Ha3bIBAETCS TIOTPEIIHOCTL, KOTOPas BBI3BIBACTCS JEHCTBHEM HE ITOAIAI0-
IMHXCS KOHTPOJIKD MHOTOYHCIIEHHBIX, He3aBHCHMEBIX JAPYT OT Apyra (paKTOpPOB. 3HAueHHE CIIy-
YAaHHOH ITOr'PEIHOCTH KOJIeOJIeTCSA OT OJHOI0 H3MEPEHHS K IPYTOMY, UTO JEJIaeT HEBO3MOKHBIM
TOYHOE ITPeJICKa3aHHe pe3yiabTaTa B KaKJIOM OTAEIBHOM H3MepeHHH. OIHAKO IIPH PacCMOTpeE-
HHHM TTOBTOPHBIX H3MEPEHHH OOHAPYKHBACTCS XapaKTepHas 3aKOHOMEPHOCTh PE3YIIBTAaTOB, HX
OIpeJelIeHHAad YCTOHYHBOCTh, KOTOpas M CIYKHT OCHOBOH IS MaTeMaTH4YeCKOH 00paloTKH
OITBITHBIX JAHHBIX, BEIYMCIIEHHS CIIYYAHHBIX ITOTPEIIHOCTEH.

IIpomaxom WIIH ouiibxoii Ha3BIBAKOT TaKYIO ITOTPEITHOCTh H3MEPEHHS, KOTOPpas OKa3bl-
BAETCS 3HAUHTEIBHO OOBIIE OKHAAEMOH ITPH JAHHBIX VCIIOBISX. O1mbKa 003aTelIbHO JOIDKHA
OBITH HCKIIFOUEHA H3 PE3YIIbTATOB H3MEPEHHH.

Omnpee/ienne NOrpenIHOCT el NpH NPAMbBIX H3Mep eHH AX

IIpsamuimu HA3BIBAIOT TAKHE H3MEPEHHS, IIPH KOTOPBIX (pH3HYeCKas BelIHYHHA H3MepS-
eTCS HEITOCPEACTBEHHO TIPH ITOMOIIH ITpHOopa.

IIycTh X — JNEHCTBUTEIPHOE 3HAYEHHE H3MEPSIEMON BEIMYNHEL, a X| — IIOKa3aHHS ITpH-
O0opa. AOGCOIMOTHOH ITOTIPEIIHOCTHIO HAa3EIBAETCS BETHYMHA

2] = . (1)

ToyHOCTB H3MEPCHHA XdPaKTCPH3YVETCA OTHOIICHHEM aOCOIIIOTHOH IIOTPEIIHOCTH K
,[[EﬁETEHTEJ]LHDIVI}" SHA4YCHHIO HBMEP}IEM’Dﬁ BSJIIHYHHBI

A
£ = - (2)
AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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[TorpemmHoCTH, AOITyCKaeMble MPH IIPSIMBIX H3MEPEHHSX, HepPeIKO Ha3bIBAIOTCS Hpii-
OopHblMiL, TaK KaK OOYCIIOBIIEHBI KJIACCOM TOYHOCTH ITpHOOpa, KOTOPHIH YKa3bIBaeTcsa IHOO0 Ha
caMoM IpHOope, MO0 B IMacropTe. B TexX cioydasx, Korja Ha IMpuOope Kiacc TOUYHOCTH He yKa-
3aH, a0COIIFOTHAS ITIOTPENTHOCTh IIPHHUMAETCS PABHOH ITOJIOBHHE I[EHBI JEIIEHHS.

CIry4aiHbIe ITOIPEIMHOCTH HMEOT CTAaTHCTHYECKHI XapaKTep, HX MaTeMaTHYecKas 00-
paboTKa ITPOH3BOAHTCS C ITOMOMIBIO TEOPHH BeposSTHOcTeH. [IpH MHOrOKpaTHOM H3MepeHHH
PABHOBEPOSATHO TIOIIYYHTh Pe3ylbTaT KaK OOJIbINHIL, TaK H MEHBIIHH, YeM HCTHHHOE 3HadeHHe
H3MePSIEMOH BeJIHYHHBL.

[TycTh IpoBeIeHO N H3MEPEHHH BEIIMYHHEI X H B PE3YIIBTATE ITOTYYEHO 1 3HAYEHHH: X1,

X2, ...X, . BemmunHa
i
>
i=1

X, +X, to.tx, <
(x)=—"- == (3)

n n

Ha3BIBACTCS CpeoHUM apumemuyeckiim 3HAUYEHHEM, SIBIISETCS XOPOIIMM IPHOIHKEHHEM K HC-
THHHOMY 3HAaYE€HHIO H3MEPSIEMON BEIIMYMHBI H, KaK ITIPaBHIIO, HCIIOIb3YeTC I KaK OKOHYATEIIbHEIH

HTOI CepPHH H3MepPeHHH.
PaccMOTpHM HECKOJIBKO OCHOBHBIX 3TAaIllOB VITPOIIEHHOH MaTeMaTHYeCKOH 0O0paboTKH

Pe3yIIbTaTOB H3MEPEeHHI.
1. Haxomim cpefiHee apu(pMeTHYECKOE 3HAUEHHE H3MEPSEMOI BEIIMUMHEL ().

2. BerumcnsieM abCOIOTHBIE ITOI'PEIIHOCTH PE3VIIETATOB OTJACJIBHBIX HSMEPEHIIﬁ
A%, | =[x, — ()] (i=1.2....n). (4
AOcComroTHAA ITOT'PECHIHOCTDE HMECT Pa3MEPHOCTD HBMEPHEMGﬁ BCIIHYHHBI H XaPaKTCPH-

3yeT KaueCTBO OTJIEIIBLHEIX H3MEPEHHII.
3. BeuncnsgeM cpeqHIO adCOMIOTHYIO IIOIPEIIHOCTD

+oot A, | ;‘&J

Ax, | + |Ax,
[(Ax)| = (5)
n n
4. BIMHCIIIEM OTHOCHTEIBHYIO ITOTPEIHOCTD
e = 2 100%. 6)
(X)
5. 3armchIBaeEM OKOHYATENIBHEIH pe3ynbTaT X = (X) = (Ax) . (7)

OﬂpE,[[E.]IEHHE l]ﬂI'pEll]HﬂCTEﬁ IIPpH KOCBCHHLIX H3MEPCHNHAX

B OGombIIHMHCTBE CIIYHACE IIPH ITPOBCACHHII (bHBHIIECIGD{ SKCIICPHMCEHTOE HCCIICIYEMaAA
QJIIBII‘IECI{EIH BEIIHMYHHA HEe MOXET OBITh H3MCPCHa HCITOCPCACTBCHHO, AJIA €€ OIIPCACIICHIA TPC-
6}’ETCH H3MCPHTDE piaa APYIHX BCIIHYHH, d HCKOMYHO HﬂﬁTHj II0JCTAaBHB HaHIcHHBIE 3HAYEHHS B
(bﬂphi}"ﬂ}": BBIPAKAIOIIYIO 3dBHCHMOCTD HCKOMOH BEJIMYHHBI OT HEITOCPCACTBEHHO H3MCPACMBIX

BeIHYHH. TakHe H3MepeHH S Ha3bIBalOT KOCBEHHBIMH.
lIma ommereneuua mornerancTell ¥ocBeHHBIX H3MEPEHHH MOKHO BOCIIOIB30BaThCH

OJOKYMEHT noarnncAH | -
ANEKTPOHHOW NMOANUCHIO IbI TIOI'PEMHOCTCH ITOINYYAaIOTCA B TOM XKE IIPH-
Ceptudomrar:: 12000002A633E3D113AD425FB50002000002A6 a (1)}»']—]1{]_[1[}[_ Bo MHOrHx CIIy4asix, Korja (b(}pw-
Bnapeneuy: Websyxoea TatkAHa AnekcaHapoBHa ;g9 Oortee y,[[ﬂﬁHﬂﬁ (prM}f]Ia OTHOCHTEJIbHOH ITO-

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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I'PEIIHOCTH. OTHOCHTEIILHA IIOTPEIHOCTE & —

&(]n,r):g*
X

ax
X

, Ho d(In x)=

dx
— H, CIeJOBATEIbHO,
X

MHaye roBops, OTHOCHTEIIFHYIO IOTPEIIHOCTh MOKHO PacCUHTaTh, €CIIH B3STh AU de-
PEHI[HANI HATYPaJIbHOI'O JIOrapH(Ma, OITpeAesIIEOIHH 3aBHCHMOCTE JaHHOH BEIIHYHHEL OT H3Me-
psieMbIX BemuHH. Hanbomee yacTo BeTpedaroInnecs (pOpMYTIEI ITPHBeAeHEI B TaOmuIE 1.

Tabmmira 1.

MaTeMaTHUYeCKas OIICPalliA

AOBCOIOTHAS IOrPEIIHOCTE

OTHOCHTEIIbHA IIOI'PCIIHOCTD

X+y
xX—Y
Xy YAX+XAY Ax N Ay
A y
XYz YZAXAXZAY+XyAZ Ax Ay Az
+—+
X y Z
Ax — xA Ax A
x/y Y : Y n Y
y Ay
x" nx™ 1 Ax ; Ax
X
% 1 1_1 I Ax
n
X Ax
1+ x (1+x) x(1+ x)
e’ e Ax Ax
In x Ax Ax
X xIn x
Sinx COSXAx ctgx - Ax
NIOKYMEHT NOAMNMWUCAH - tox - Ax

SNEKTPOHHOWM NOAMUCKIO

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

HNeincreutened: ¢ 20.08.2021 no 20.08.2022
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18X Ax 2Ax
cOS” X sin 2x

ctgx AX 2Ax
sin” x sin 2x

HSF‘IEHHE ABHREHHH TeEJIA, ﬁpﬂ[[lEHHﬂI'ﬂ noJa YIjioM K ToOpH30HTY

. L
Teno, OporeHHOe IO/, YITIOM ¢ K TOPH30HTY C HayallbHOM CKOPOCTBIO 1, , OYJeT JABH-

raThCS 110 KPHBOIHHEHHON TPAEKTOPHH , B TIOOOH TOUYKE KOTOPOH BEKTOP CKOPOCTH MOKET OBITH
Pa3I0KeH Ha JIBE COCTABILIIOIIHIE — FTOPH30HTAIIbHYIO H BEPTHKAILHYIO (pHC.1).

Voh

Puc.1.

HPGEICL[I]II ITHX BEKTOPOB Hd OCH KOOPJIHHAT, HAaYaJIO KOTOPBIX ELIﬁpElHID B TOYKE 6})()(:&-
HHA., PABHBDBI.

v, =y, -Coscx

X
: ()
L, =0, -Sina — gt

[Ipn 5TOM TOPH3OHTAIbHAS COCTABILIIOIIAS CKOPOCTH He OyAeT MeHSTHCS C TeYeHHEM
BPEMeHH, T. K. YCKOPeHHe CBOOOTHOTO MajJieHNs He HMeeT TOPH30HTATBHOI COCTABILIIOMIET, a
HAIPaBIIeHHO BEPTHKAIBHO BHH3. BepTHKaIbHAS COCTABILIOINAS CKOPOCTH OYAET MEHSThCS I10
3aKOHY PaBHOIMEPEMEHHOT 0 IBIKEHUS C YCKOPEHHEM  a = g.

H3MeHeHHe KOOPJIHAT TCJIda HMECT BH/I.

x=v,-Cosat

(2)
y=h= v, -Sfﬂa—%r

[NOKYMEHT NOAMMCAH | .
SNEKTPOHHON NOAMUCKIO M K TOPH3O0HTY, ITPEACTABILACT cobon Hﬂpﬂﬁﬂﬂy.

Ceptudpukar: - 12000002A633E3D113AD425FB50002000002A6 aBJIAOMIaA CKOPOCTH paBHa HYJIIO. B Touke ma-
Bnapeneu: Webayxosa TatbAHa AnexcaHaposHa 3ETIHYHNHE CKOPOCTH TENa B TOYKE 6pﬂﬂﬂl’{[[ﬂj 9

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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HalTpaBIIeHHEe ee COCTABIIET TOT JKe YIOll, YTO H B TOUKe OpocaHHI. OTO ClIedyeT H3 CHMMETPHH
mmapaborIbl H HMeeT MeCTO B OTCYTCTBHE COIPOTHRIEHHS BO3AYXaA.
HayamsHyI0 CKOpOCTh Tejla ,0pOIIeHHOTO IO/ YITIOM K TOPH30HTY MOJKHO OIMpPeJeIHTh H3
ypaBHeHH (1).
¢
v, = (3)

- Coso -t

['me § - mampHOCTH IOJIeTa - H3MeHEHH e TIOI0KEHH S TeJIa TI0 OCH X.

BpeMs 1monera MOKHO OIpeAelINTh H3 YpaBHeHHS (2). B HaHBRICIIEH TOYKE TPacKTOPHH
IBIKEHHUS TElla CKOPOCTh Vy=0. BpeMsd, cOOTBETCIBYIOIIEE 3TOMY MOMEHTY, COCTABIISET I1OJIO-
BHHY BCEero BpeMeHH ITojIeTa Tejla, TOra

0= v, -Sina - 8
2
OTCIOJIa BpeMs IToJIeTa Tejla
20, -Si
p= 20 PRE (4)
g
[Toxcrapnsag (4) B (3) momyynM
(-g
v, = |—2— 5
! Sin 2a ©)

OCHOBHOH 3aJadyeH MeXaHHKH SBIISCTCS OITPEACIICHIIC ITOJOKCHIIA TCJIa B IIPOCTPAHCTBE B
1F000H MOMEHT BPCMCHH. 3Has KOOPIAHHATBI TCJIda BCCI' ld MOZKHO HaHTH ero CKOPOCTH H YCKOpPC-
HHA (HG QIIPEACIICHHIO 3THX EEJ’IH‘IIH—I). (OCHOBHBIMH 3dKOHAMIH, CBASBIBAIOITHMITI 3TH BCIITYIHEI,
CHIJIBI H MACCY TCJId ABIIHOTCH 3aKOHBI HrroToHa B 3aKOHBI COXPaHCHHA.

Obopyodosarnue u mamepuaibl.
YCTaHOBKA, COCTOSIIAS U3 IIPYKHUHHOIO ITHCTOJIETA C IIIAPHKOM M JIMHEHKI.
YKazanusa no mexHuke d ezonacHocmi.
I. K BBOIOMHEHHIO JTadOpaTOpPHBIX padoT IOIMYCKAIOTCA CTYIAEHTHI, H3YVUHBIINE IIpaBHIIA
TEXHUKH O€30ITaCHOCTH.
2. JlabopaTopHble pabOTHI MOT'YT IIPOBOMHTECS TOIBKO ITOA PYKOBOACTBOM H HAOIMIOAEHHEM
ITPErolaBaTelId.
3. Pacnomarante npuOOpEL, MaTepHaibl, 000pyAOBaHHe Ha paboyeM MeCTe B ITOPSAKE, VKa-
3aHHOM ITPEIOIABATEIIEM.
4. 1lpu BEOIOMHEHHH TabOpaTOPHEIX PadbOT C IIPHMEHEHHEM ITOJIETOB OAIUIHCTHUYECKHX TET
He CIIEAYeT HaXOAWUTHCA B OOIACTH IIOJIETA TETIA.

5. He gepxurte Ha paboyeM CTOJIE ITPEAMETEI, He TPeOYIOIHECS IS BRIITOITHEHHS 3a1aHI.
6. llepenm TeM, KaK IMPHCTYIIHTL K padoTe TIATEINBLHO H3YUHTE €€ OIMMCAHHE, YSICHHTE XOJ
BBITIOJIHEHH ST PA0OTHI.
3aoaHui.

1. OHPE,I[EJ]IITE B3BEIMMBAHHEM MaccCy ITapHKa /1 . BrruuciHre OTHOCHTCJIBHVYIO ITOI'PEIII-
HOCTH MACCHI 111 .

2. BaKpEHHTE ITHCTOJIET Ha BBICOTC h 110 YITIOM O/ . BriwcimTe OTHOCHTIEIBHBIE IT1O-

PENHOCTH BBICOTEL /1 1 yrima O .
3. PacTsHYB IIPYyXHHY ITICTONETa Ha X CM, OIPEAEIINTE TI0 AHHAMOMeTpy cuny F . Bl

NOKYMEHT TTOAMUCAH
SNEKTPOHHOW NOANUCHIO xu F I

Ceptuchukar:  12000002A633E3D113AD425FB50002000002A6 AC SHAYCHHAX A H [7 . 1IPpH KaAJIOM BBICTPEIIC

Bnapeneuy;: LHebayxosa TateAHa AnekcaHapoBHa OTHOCHTEIBLHVIO ITOIPEIIHOCTh HEIIOCPEACTBEH-
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5. Bprucnure:
a) K05 QIIMEHT JKeCTKOCTH IIPYKHUHEI IHCTONeTa K |
6) HaYalmbHYIO CKOPOCTD IIONETA IapHKa U, ;

E) BEPTHKAJIBHYIO COCTABJIATIOIIYIO HAYAJIbHOH CKOPOCTH Uﬂ y?

1") BEPTHKAJIIBHVIO COCTABJIAIOIYIHO KOHEeYHOH CKOPOCTH LJ\_ .

,[[) I'OPH30HTAJIbHYIO COCTABIIIOIIYIO HAY4JIBHOH CKOPOCTH L}{}x s

€) TOPU3OHTANTBHYIO COCTABIISIOIYIO KOHEYHOM CKOPOCTH U .

6. BrrIHCINHTE JaIBbHOCTH ITOJIETA ITO H CPAaBHHTC CO 3HAUCHHCM, IIOJIIYVHUCHHBIM B ITYHKIC 4.
7. BrpruHcIHTEe H3MeHEHHE HMIIYIIbCd INIAPpHKA 34 BPEMA IIOJICTA ‘Aﬁ‘ Brerumcimite CHILY,

H3MEHHMBIIYIO HMITYIIBC IAPHKA 3a BPEMS IIOJIETA.
8. CpaBHHTE 3HAYEHHS IMOTEHIMAILHON SHEPIHH CKATOH IPYKHHEI, HAYAIIbHOH KITHETH-
YeCKOH SHEPTHH IIapHKa H KOHEYHOH SHEPrHH IIIapHKa.
Cooepocarnue omuema.
OT4eT 1o n1adopaTopHBIM padoTaM JOJIKHBI COAEPKATH:
- TUTYIILHBIH JIHCT,
- 1IeTb PadOoTHI,
- KOHCITEKT OCHOBHBIX 3aKOHOB, OITpeJelIeHHI, ITOHSITHH, (POPMYII,
- OCHOBHOE 000pYIOBaHHE, CXeMa YCTaHOBKH
- OITHCAHHE 10 ITYHKTAM BBEIOTOITHEHHOM PabOTHI,
- pe3VyIbTaThl H3MEPEHHIH H pacyeToB (TaOIHIbI, Tpa(pHKH);
- OIIEHKA TIOIPEIIHOCTEIT,
- OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHL,
- BBIBOJIBI T10 pe3YIIbTaTaM BBITIOITHEHHOH palbOoTEI, JaTa, ITOAICS.

Konmponsusie 6onpocei.
1. CdopMymHpyHTe IIPHHIIHIL CYIIEPIIO3HITHH JBHKEHHH. I e OH ITpHMeHIeTCI?
2. BrIBeauTe ypaBHeHHE IJIS OIIPEIelIeHH s IT0eTa IapHKa, OPOIIIEHHOIO ITOA VITIOM (& K

TOPH3OHTY C HaYalbHOH CKOPOCTBIO U, .

3. BrmBeanre MaKCHMAaJIbHVIO BBICOTY ITOJbeéMa IIapHKa, OPOIIEHHOIO IIOJ VITIOM (X K
TOPH30HTY ¢ HaYalbHOM CKOPOCTRIO D, .

4. BpIBeIHTE ypaBHEHHE JaIbHOCTH ITONIETa IMapHKa, OPOINEHHOIO IO YIJIOM (f K TOPH-
30HTY ¢ Ha4aIbHOH CKOPOCThIO D, .

5. Ilox xaxuM yriioM Hago OPOCHTE TeJIO, YTOOKI JalIbHOCTE IMoJIeTa Obllla MaKCHMAJIbHA?
[Ipu xaxoM yri1e OpocaHis BEICOTa ITOJIETA PaBHA €0 JalIbHOCTH?

JIaboparopHas padora Ne 2

Tema pﬂﬁﬂﬂ!ﬂ. HS}"IEHHE 3AKOHOB JHHAMMKH IMOCTYIIATC/IBHOI0O JBHARCHHHA C IMOMO-
INMbH0 MANIINHbI ATB}’,[[H

HEJH: pﬂﬁﬂfﬂlﬂ.’. HPGEEI}I{E], 3dKOHOB IIOCTVIIATCJIIbHOI'O ABHKCHHMA C ITOMOIITBIO MAITITHHBI
AOKYMEHT NoanmncAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: ebayxoea TaTeAHa AnekcaHOpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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HGCT}HT&TEHLHLIM ABHKCHIEM HA3BIBAIOT ABHJKCHIIC, IIPH KOTOPOM nro0as JOIMHHSL, ITPOBC-
ACHHAd B TCIIC, OCTACTCAH HﬂpﬂHHEHLHGﬁ caMoOH ceOe. HpH TAKOM ABHKCHHH TPACKTOPHH., CKO-
POCTE H YCKOPCHHA TOYUCK TClIa COBIIAAAIOT. CHE,I[GEHTEHBHG:. ABHECHIEC TClld MOXHO 3dMCHHTDH
IBIKEeHHEM ero OJHOH TOUYKH. Yarte BCCIO, ELI@HPEIIDT ABHKCHHC IICHTP4A THAKCCTH TCIIA.

OCHOBHOE YpaBHEHHE IOCTYNATeIIbHOIO ABHKeHH, (BTOPOH 3aKOH HpIOTOHA) HMeeT BH;
m-da= Z F

TJe m —Macca, d — YCKOpPEHHe Tela, z F - cyMMa cHI, IeHCTBYIOIIHX Ha TeJIO.

BpamarembHBIM JABHKEHHEM HA3BIBAIOT JBIDKEHHE, IPH KOTOPOM TOYKH Tella JBHIKYTCS
II0 OKPY?KHOCTSIM, I[EHTPBl KOTOPBIX JIEKaT Ha OJHOH IIPSMOH, Ha3bIBAEMOH OCHIO BpaIllEHI.
OCHOBHO€E YpaBHEHHE BpaIllaTeIIbHOI O ABIKeHHS (BTOPOH 3aKOH HbIOTOHA) HMeeT BHA

JE:ZH,

2 L=
I'ne { ; =N, -, - MOMEHT HHEPIIHH MaTepHaJIbHOH TOYKH, MOMEHT HHEPI[HH BpallfaroIile-

I'oCi TClIa, PdBCH CYMMC MOMCHTOB HHCPIIH BCCX MATCPHAJIbBHBIX TOYUCK 3TOI'O TCIIA. I = ZIE

ZM - CyMMa MOMEHTOB CHJI, JeHCTBYIOIIHX Ha Telno. MOMEHT CHIIbI — BeIIHYHHA paBHAS ITPO-

H3BEAECHHIO MOJYIIS CIUIBI Ha IUIEYO ATOH CHIIBI. [I71e4oM CHUIBI Ha3hIBAIOT KpaTyaHIlee paccTo-
sTHHE OT OCH (IIEHTPa) BpallleHHs JO JTHHHH JeHCTBHS CHIIBL.

ManmiHa ATtByaa (puc.l) nmpeacraBimgeT coboif 60K paguyca R, yepe3 KOTOpEIL MepeKH-
HYTa HUTB C TPY3aMH myy U m 2. Ecnau m2 > my, mo, yaunvieas, ymo Hnib HEpachisiHaiMa, py3sl HpLF
OV @ ORLDICEHLIE ¢ OOUHAKOBHIM YeKapeHLiem a. Biok 6voem epauyanives ¢ Veloesim YCKopeHUeM €, MOYKLL Ha €20
0booe GYOVII LIMENT> INAHZEHLIIATLHOR YCKGDEHLIE PAGHoe YCKOPEHLIIO JDV306. Vpaerenn oaoiceriia apyvzoe i
OIIOKA, VPLHLIMAS HANPAGTEHLIE OGLDICeHLIL 10 OclL ocil.X | GYOVII LiMenTs @io:

T—m, g =m-a 0
I,—m,-g=m,-a (2)
TE-R—TI-R—M@:I-E (3)

Ioe T, ul, - anvt Hamsicens UL creea 1 cripaea om @ioka, M, - mamenm cuwmwt mpeHs, yenoeoe

wwmwﬁﬁé-

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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I.HI

[R—

m;s
PUCYHOK 1- MALUIHHA ATEVOA

OnucanHe YCTAHOBKH, BbIBO PAacUYeTHBIX (popMy.I

OOI1i BHJ YCTAaHOBKH IIPHBEAEH Ha pHCYHKE 2. Ha BeprukampHOH cronke 1 pacriomno-
’KEHBI TPH KPOHIUTEHHA: HHKHHHA 2, CPeIHHI 3, BEPXHHII 4.

Ha BepxHeM KpoHIITeHHe 4 KpelnuTcs OJI0K, Yepes3 KOTOPBIH IIEPEKHHYTA HHTE C IPy3aMH
5, OMHMHAKOBOM MAacChl. BHH3Y HaxXOIHTCS 3IEKTPOMAarHHUT, KOTOPBIH IIPH IIOfaYye Ha HETO
HaIIPSDKEHUS VAEPKHBAET CHCTEMY C IPY3aMH B HEITOABHKHOM COCTOSHIH.

Ha BepTHKaIbHOH CTONKE 1 YKpeIUieHa CaHTHMETPOBAS JIHHENKA 8, ITI0 KOTOPOH OIpeie-
JISIOT HAyalbHOE H KOHEYHOE IIOJIOKEHHE TPY30B, 4, CIEJOBATEIIbHO, M ITPOHIAEHHEIN ITYTh.
HavyampHOE IMOIOXKEHNE OMPENENSIOT BH3YAIbHO I10 HHKHEMY CPe3y I'Py3a, KOHEYHOE - I10 HH-
Jekcy (KpacHas MeTKa) CpeJHEr0 KPOHINTeiHa.

CexkyHIOMEP ¢ LH(QPOBOH HHIHKAIHEH BpeMeHH 3aKpeIUIEH Ha OCHOBAaHHH ITpHOOpa.
[IpuHIpon paboTel mmpudopa 3aKiIrovyacTcs B cleayrolneM. Korja Ha KOHI[aX HHUTH BHCST TPY3BI
OAHMHAKOBOH Macchkl m4 =100 r, cHcTeMa HaXOQUTCS B paBHOBECHH. ECIIH Ha OJIHH H3 IPY30B I10-
JTOKHTH IIePerpy30K Maccol Am, (m, = my+ Am) cHcTeMa BBIXOAHT H3 PaBHOBECHS H JIBHKET-
CsI paBHOYCKOpeHHO. Macca 0j1oka pagHa 102 rpamma, paguyc OII0Ka paBeH 7 ¢CM, MOMEHT HHED-
I[HH OJIOKa paBEH ITOJIOBHHE MPOH3BEAEHHS MAacChl eT0 H KBajpaTa ero pagnyca (KaK CIDIONIHO-
IO JIHCKA).

[Ipn paBHOYCKOPEHHOM JBHKEHHH YCKOPEHHE IPY30B MOJKHO HANTH H3 M3BECTHOIO CO-

OTHOIIIEHH A
2
g_ 8
[OKYMEHT NOANCAH 2
INEKTPOHHOW NOANMMCHIO _ _
Ceptudmkar: - 12000002A633E3D113AD425FB50002000002A6 SHAUCHHEC YCKOPCHHA HAIJICM HUCPE3 H3BCCTHBIH
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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HpH ITPpOBEACHHI OIIBITda C OJHHMH 3HAYCHIAMI HpGﬁ,I[EI-H-IGI‘G IIVTH S M M MaccEHl IICPETPY3KI
&ml H3 IICPBBIX IBYX }’I)EIBHEHI]IT CHCTEMbBI MOXHO OIIPEACIOITE CHIIBI HaTSDKCHITA HHTEH:

I=m-(a+g)
I=m,-(a+g)
3Has CHIIBI HATSKeHH A TPETher 0 YpaBHEeHHTI MOKHO HaHTH MOMEHT CHJI TPEHHT:
M, =(T,-T )-R-1-¢

OIIBIT ¢ OJHHMH ITeperpy3KaMH ITPOBeCTH I JBYX 3HaueHHH S (0,6 M H 0,8 M).

CpaBHHUTH 3HAUEHH S CHII HAITPSDKEHHS H MOMEHTEI CHII TPEHHS IS 3THX ABYX CEPHIl MOMEHTA.
Obopyodosarue u mamepuaibl.

ManmHa ATByZa, 3J1eKTPOMAarHHT, CEKYHIOMeD, HaOOp Ieperpy30B.

Ykazarnua no mextuke o ezonacHocmi.

l.

hd

K BpOTOMHEHHNIO T1a00parOpHBIX padoT HOITYCKAIOTCA CTVYACHTHI, H3VUHBIIHE ITpaBHIIA
TEXHHKH O€30ITaCHOCTH.

JIaGopaTopHBIe pabOTEI MOT'YT ITPOBOJHUTECS TOIBKO ITOJ PYKOBOACTBOM H HaOIIOAEHHEM
IIPEITOAaBaTENIA.

PacronaranTte mpuOopel, MaTepHaibl, 000pya0OBaHHe Ha paboyeM MeCTe B ITOPSAKE, VKa-
3aHHOM IIPEIOofaBaTEIIeM.

He mepxaite Ha paboueM CTOE IIPEeAMETEL, He TpeOVIOIHMECS IS BRIITOTHEHHS 3a{aH.
[IpOSBIISITE OCTOPOKHOCTh H aKKYPAaTHOCTH ITPH HEIMOCPEACTBEHHON PpadoTe ¢ IPy3aMi,
IIPYKHHAMH H HHEIMH HeOOXOIHMMBIMH JJ15 PalbOoThI IPHCITOCOOIEHH M.

[lepen TeM, KaK IIPHCTYIMTE K paboTe TINATEIBHO H3YUHUTE €€ OIMMCAHHE, VIACHHTE XOI
BBITIOIHEHH ST paOOTHI.

3aoaHuA.

1.
2.
3.
4

X NS

1.

CepTtudumkar:
Bnapeneu:

BKITIOYHTH B CeTh MIHYP ITHTaHH ITpHOO0pa.
[lepeMecTHTh HHTE ¢ TPy3aMH TaK, YTOOBI ITPaBBIH I'Py3 3aHI BEPXHEE ITONIOKEHHE.

BKIIFOUNTE 3IIEKTPOMArHUT, VAEPAKHUBAOIIIHA CHCTEMY B ITOJIOMKEHIH ITOKOSL.
[IOMTOKHTE HA IPaBEIA I'PY3 OAHH H3 IEPETrPY3KOB. Y CTAHOBHTH CPEJHHH KPOHINTEHH Ha

ormetke 1, = 0,6 M, v 0,8 M. BKIFOUHTH ceKyHAOMEp OAHOBPEMEHHO C BRIKITFOUCHHEM

AIMEKTPOMarHHTa.
3armHcaTsh 10 IOKa3aHHIM CEKYHIIOMEPA BpeMs IBHKeHHS IPy3a.
[TOBTOPHTE OITHIT ¢ BEIOPAaHHBIM IIEPErPY3KOM HE MEHee ITSITH pas3.

[IOBTOPHTH OITBIT IIPH APYTOH BBICOTE. A, .
OmpeseNuTh 10 pe3yibTaTaM OIbITa CPelHee 3HAaYeHHe BPEMEHH f.p H PAaCCUUTATH IIO

(opMyTe 3HaYeHHE YCKOPEHHSL.
BEIYHCIINTE CHIIBI HATSDKEHHS HUTEH H MOMEHT CHIIBI TPEHHSL

. 110 JaHHBIM OIBITA ¢ OJHHM 3HaueHHEM S BEIYHCIISTH KHHCTHYCCKYIO SHCPI'HEO I'PY30B B

KOHEYHBIH MOMEHT JBHKEHH ST

-

K - (m, +m, )V’ _ (m +m, )-a’-t’ _(m+m, )-2-8°
¥ 2 2 t’

BBIUHCITHTD KHHETHYCCKYHO SHCPI'HIO OJ10Ka

3
2

) 3 .
B - m-R-v: m-v°
[OKYMEHT NOAMNUCAH — = = —
ANEKTPOHHOW NOANUCHIO .2 R° 4 -

12000002A633E3D113AD425FB50002000002A6
LLlebayxosa TatkaHa AnekcaHapoeHa OH SHEPI'HH I'PY30B
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Puc. 2. OOG1HH BHJ 3KCIIEPHMEHTAIbHOH YCTaHOBKH

Cooepocanue omuema.

Ot4eT 1o 1adoparopHEIM padoTaM JOJIKHBI COAEPKATE:

- TUTYIILHBIH JIHCT,

- 1IETIb PaOOTHI,

- KOHCITEKT OCHOBHEIX 3aKOHOB, OITPEe/IEHHH, ITIOHSITHI, (DOPMYII,
- OCHOBHOE 000pY/IOBaHHE, CXEMa YCTAHOBKH

- OITHCAHHE ITO ITYHKTAM BEOTOITHEHHOH PadOTHI,

- pe3yIIbTaThl H3MEPEHHH H pacyeToB (TaOIHIIbI, TpapHKH);

- OII€HKA TIOIPEITHOCTEMH,

- OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI,

- BBIBOJIBI I10 PE3YIIbTAaTaM BRIITOIHEHHOH paboTEI, 1aTa, ITOAIHCE.

K OHMPOJIbHBIE 601POCHI.

CepTtudumkar:
Bnapeneu:

1. /laitTe ompeAeneHIe ITOCTYIIAaTEIbHOIO ABHKEHH S TREPAOIO Tea.

2. UTto TaKoe MaTepHAJIbHAS TOUYKA H aOCOIIOTHO TBEPAOE TEIIO?

3. OOBICHHTE, YTO TAaKOe CHCcTeMa orcyeTra’?

4. Ilepeuncimmre 1 OOBSICHHTE OCHOBHBIE KHHEMATHYECKHE XapPaKTEPHCTHKH

HOTI'O IBHACHITA.
AOKYMEHT MOANVCAH o
ANEKTPOHHOM MOANUCHIO -
12000002A633E3D113AD425FB50002000002A6 Tera.

LleBayxoea TateAHa AnekcaHapoBHa
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8. UTo TaKkoe paBHOACHCTBYIOIIAS CHIa?
9. O0pACHHTE TPeTHH 3aKOH HbrOTOHA.
10. Jlath onpeeneHne cHII YIPYTocTH. UTo Takoe yIIpyras geopMarms ?
11. Ha yeM OCHOBBIBAeTCS BBIBOJ PaCUeTHHIX (DOPMYII B JaHHOH J1abdopaTopHOIL padore?

JIaboparopHas padora Ne 3

Tema pﬂﬁﬂfﬂﬂ. OHpE,[[&l]EHHE CKOpPOCTH 1I0JIETA IIYJIH C NMOMOINb IO (l)HSH‘IEEHﬂI'ﬂ Ma-
HTHHKA.

Ilens padomsr. HaydnThes ONMPEAEIATh CKOPOCTh IONETA ITYIH ¢ IIOMOIIBIO (PH3HYECKOIO
MasITHHKA.

TEﬂpEHHFIECHﬂH Hdacmb.

DH3HYECKHIT MaITHHK COCTOHT H3 YIoBHTend ("A" Ha puc.l) B BHJAe IIMIHHApPA, 3aIlof-
HEHHOI'O TIJIACTHYHBIM MaTepHalIOM, KOTOPBIH 3aKPEIUIEH Ha CTEPKHE, CIIOCOOHOM CBOOOIHO, C
OYEHBb MAJILIM TPEHHEM, KaUaThCs BMECTE C YIIOBHTEIIEM BOKPYT HEIMTOABHKHON OCH. Ha pHCcyHKe
1 5Ta ock BpamieHH A (Touka "O") meplneHAHKYIApHA K INIOCKOCTH PHCYHKA.

BrICTpen IMPOH3BOAMTICS M3 IMHEBMAaTHUECKOIO ITHCTOJIETA, YCTAHOBIIEHHOIO TaK, YTOORI
BEKTOP CKOPOCTH ITYIH OBLT HAITPpaBIIEH I'OPH30HTAIIBHO ITO IIPSAMOH, MIPOXOMSIIEH Yepes3 LEHTP
IIIUIMHIPA ¢ TUIACTIIHMHOM H IEPIEHINKYIISIPHO ocH BpareHHs O. Ilymd, 3acTtpeBas B IUIacTH-
JIHHE, TEPSET CBOIO HAYAIbHYIO CKOPOCTh M OJHOBPEMEHHO COOOINAET MASTHHKY HEKOTOPBIH
MOMEHT HMIITYIIbCA.

1o 3aBepIlIeHHH HEVITPYIOr'O Yiapa MasTHHK OTKIIOHSETCS OT BEPTHKAIBHOM JIMHHH OC Ha
HEKOTOPBIH MaKCHMAIIbHEIH YTON (P, KOTOPBIH H3MEPSETCS TPAHCIIOPTHPOM — IT0 MaKCHMAIIb-

HOMY CMENIEHHIO YKa3aTels, JKeCTKO 3aKPEIUIEHHOTO Ha CTEPXKHE.

JI1sa AByX MOMEHTOB BPEMEHH, JIO yAapa, H IIOCIIe HEYIIPYIoro yiaapa (rmox "yma-
poM" MBI ITOIpazyMeBaeM OTHOCHTEIIFHO OBICTPHIN ITPOIECC TOPMOJKEHHS ITYIH B IDIACTIIIHHE)
MOKHO IIPHMEHHTbh 3aKOH COXPaHEHHS MOMEHTA HMITYJIbCa:

P
mva = (I + ma )a)ﬂ,, (1)

1" JS H1— Macca H}"]IH:. ) — GI{GPDGTB H}’TJ]I O }",I[Elpﬂ: (l— pElCCTGHHHE OT OCH JO TOYUKH }",I[ﬂpﬂ H}"—

M, | — MOMEHT HHEPLIMH MAasTHHKA ITOCIIE yaapa. BTOPEIM wieHOM B cKoOkaX B (1) MOMKHO IIpe-

HeOpedh JalleKo He Bcerga (JUIs HaIlero ciaydas BaM HeOoOXOIMMO Ha OCHOBAHHH H3MEPEHHI
IIOKa3aTh (IIH OIPOBEPTHYTH) BO3MOKHOCTE TAKOI'O YITPOINEHHST).

N R
a — Y
@ \
'\.h c
@) N
h ------------- :_7""#" ‘*.‘ h t

h P e

g‘ I 1 “‘-. ] o
OOKYMEHT NOANWUCAH C Puc. 2

CepTtudumkar:
Bnapeneu:

SNEKTPOHHOW NOAMUCLIO
12000002A633E3D113AD425FB50002000002A6

lLlebGayxoea TateAHa AnekcaHapoBHa
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Puc.1. OuzsniyecKkH MaITHHEK

[Tpu HeyIIpyroM yaape 3aKOH cOXpaHeHHS MeXaHHYeCKOH SHePIrHH He BEHITIONHSIETCS, OJTHAKO, K
IIpoIlecCy KauyaHHs MasTHHKA, MBI MOKeM IIPHMEHHTEH 3aKOH COXpaHeHHS »HepruH. Hemocpe-
CTBEHHO IIOCTIE yAapa MasSTHHK BMECTE C 3acCeBIIeH B HEM ITylIeH OyeT, KaK MbI BHAETH H3 (1),

HMETh YITIOBYIO CKOPOCTb, PaBHYIO @. ClIelI0BaTebHO, OH OyAeT HMETh H COOTBETCTBYIOIIHH

el 3allac KHHETHYECKOH JHEPIHH, I{GTGPL]I‘T 3aTeM B MOMEHT HAHOOIBIIETO OTKIOHEHHST (II
MIHOBEHHOH OCTAHOBKH MEIHI‘HI]I{E],) IMPEBPATHTCA B ITOTCHIHAJIIBHYIO SHCPI'HIO.

E - (I +ma”)w, 2)
2
a
E =M +m? gh (3)
E, = E , cienoBarenbHO
(! +fzﬂ )@y _ M +m% gh (4)

rae M — Macca GaUIHCTHYECKOrO MasITHHKA, /1 — BBICOTa MAaKCHMAIbHOIO ITIOMHSITHS €r0 IleHTPa
MacC B TOYKE OCTAaHOBKH, g =9,81 M/c* — yckopeHne cBOGOIHOrO TaZeHIA Ha IIIHPO-

Te T.llaruropcka, [ — paccTOSHHE OT OCH BpaIlleHHS JO IeHTpa Macc MasgTHHKaA (0e3 ITyim).
[TocpencTroM OamaHCHPOBKH HCITONB3YEMOI'O B JaHHOH paboTre (PH3HYECKOIO MasTHHKA YIalIOCh
YCTAaHOBHTb, YTO IIEHTP MAacC MAasTHHKA IOYTH COBITaJaeT C TOYKOH KpeIUIeHHS CTep/KHS C IH-

nuHapoM (1. B Ha puc. 1). TakuM oGpa3oM, paccTOSHHE [ ITPHHUMAETCS PAaBHBIM JIJIHHE CTEPIK-
HT OB.

Bropoe (Majoe) ciraraeMoe B BBIPaKEHHH AJI ITOTEHIHAIBHOI SHepruH (3) ZOIOIHH-
TEIBHO YUUTHIBAET, YTO I[EHTP MAcc ITYIIH B OOIIEM CIIyuac He COBIIAZAcT ¢ I[EHTPOM Macc MasiI-
HHKA.

» P

M3 pHc.2 BHAHO, YTO h=1[-1[cos Q= f(l— COS (ﬂ) = 2[sIn , e [ — paccTosie OT

OCH BpalllCHH A O 1o IIEHTPd MACC MAATHHKA C. I/ITEII{:, MBI ITOJIVHHIIH YPdBHCHHE

1 > - a a . 2
—( “+I)m{;: m—+M (gh=2| m—+M g!sln“f. (5)
2 [ [ 2
Taxmv o0pa3zoM, Ha OCHOBaHHH ypaBHeHMIH (1) 1 (5) momyyaeM OCHOBHYIO pabouyro (pop-
MYy
i a
N(le“m::.t“ + 1) m7+M gl
L =2sIn 2. (6)
2 ma
Bce BemmUMHBI, BXOASINHE B BhIpakeHHe (6), MOI'YT OBITH OIpeJleleHbl SKCIIEPHMEH-
[NOKYMEHT NOAMNMCAH
SNEKTPOHHOW NOANUCHIO
Ceptucpukar: 12000002A633E3D113AD425FB50002000002A6 .
Bnapeneu:  LleBayxoea TaTbaHa AnekcaHposha MasSTHHKA, TTOABEINEHHOIO Ha T'OPH30HTAIBHOM
T, IPOTHK.
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YKazanusa no mexHuke d ezonacHocmi.

I. K BeOIOMHEHHIO T1a0OparOpHBIX padoT HOITYCKAIOTCA CTYAEHTHI, H3YUHMBIIHE IIPaBHIIA
TEXHHKH O€30ITaCHOCTH.

2. JlaBGopatopHble pabOTHE MOT'YT IIPOBOJHTHCS TOJIBKO ITOA PYKOBOACTBOM H HAOIOAEHHEM
ITPEITOaBaTeIsl.

3. Pacnomarante npuOOpEL, MaTepHaibl, 000pyAOBaHHe Ha paboyeM MeCTe B ITOPSAKE, VKa-
3aHHOM IIPEIOofaBaTEIIeM.

4. Ilpu BROTOMTHEHHH J1a0OPaTOPHEIX PaboT ¢ MIPHMEHEHHEM ITOJIETOB OalUIHCTHYECKHX Tell
HE CllelyeT HaXOAHUThLCA B 0OIIaCTH ITOJIETA Teja.

5. He gepxute Ha paboyeM CTOIIE ITPEAMETHI, He TPeOVIOIHeCs IS BBITOTHEHHS 3a{aHH.
6. Ilepem TeM, KaK IIPHCTVIIMTL K paboTe TIATEIIbHO H3VUHTE €€ OIMCAHHE, VSICHHTE XOJI
BBITIOJIHEHH ST PaOOTHI.
SaoaruA.

Macca rpmHapa-ynoputens 717, = 91 r. JInuHefiHasd TOTHOCTD CTEP)KHS, Macca, MpH-
XOJIIascs Ha efuHmiy AnuHel: (L =1,97 r/cm, Torja momHas macca CTepiKHI M, = A -1 .

CHEI[GE&TEHLHG: Macca MagTHuka M —= m, + m,. PaccTostHIe - a OT OCH BpalllCHIA 4O TOYKH

yYAdpd H3IMCPAIOT hﬂIJIJ]IIMETpDEGﬁ TIHHeHKOH. [IomoxeHHe INEHTPA MACC MaATHI KA COOTBCTCTIBY-
€T TOUKE COCAHHCHHA YIIOBHTCIL H CTCPKH AL ,HJ]IIH}" CTCPHHA [ OIIPEACIIAIOT KdK PACCTOAHHE OT
TOYUKH ITOABCCa JO TOUKH COCAMHCHITA YIIOBHTCIIA H TpYﬁI{H.
1. Ol]pE,[[E.]IEHHE MOMCECHT A HHECPITHH 0A/LIHCTHYECKOT0 MAATHHKA
M omeHT HHEPITHH (bIIBIFIEGI{DI‘D MAATHHKA HaXOJAT ITO IICPHOAY €10 I{E]HEIHII]?I:, PaBHOMY

T =2x L (7)
Mgl

(BermmurHel M u [ yKe ommpeneneHs).
OO0paTHTe BHHMAaHHE, YTO JIJII JOCTaTOYHO HAJIe)KHOTO H3MePeHHS MepHOola KadaHHI MbI
JTOIKHBI 00eCIIeYHTh BEITIOHEHHE CIeAYIONIX YCIOBHIT:

— aMIUIMTVAa KauyaHHH JOJIKHA OBITH JOCTAaTOYHO Mana, YTOOBRl MOXKHO OBLIIO IIPEHE-
Opeus ee BIHMSIHHEM Ha IIEPHOJ KauaHHI,

— HYXKHO IIPOCIEINUTH 3a OTCYTCTBHEM KaYaHHH MAasTHHKA I10 APYTOH OPTOrOHAaIbHOH
OCH (WIH JOXAAThCS HX IIOJIHOIO 3aTyXaHHS, €CIIH OHH IT0 KaKHMM-ITHOO ITpHYHHAM

BO3HHKIIH);
— TIEPHOJ KayaHHH HaJ0 ONPEeAeIHTh KaK cpegHee 3a 20—30 xauyaHHi, YTOOBl YMEHB-

IITHTH IIOTPEIIHOCTh H3MEPEHHSI BpeMeHH CEKYHIOMEPOM.
M OMEHT HHEPITHH BEIYHCIIIETCS, HCXOAS 13 (7), KaK

)
MglT "
= (8)

A1
TEGPETH‘IECI{DE SHaAUYcHHS MOMCHTA IH—IEPL[HH MOEHO HEIfITH Kak G}"I\M}" MOMCHTA HHEpI_[IIH
GTEP}I{HH OTHOCHTCIIBHO OCH EpalT_[EHIIH, HE:pHEH,[[HK}’]I&IpHGﬁ GTEP}I{I-[EG H ]'[pDKO,I[HH.[Eﬁ IIEPEB

I

1 -
OOHH H3 cT'0 KOHIIOB ICT = ;mzaz H MOMCHT HHCPIIHMH YIIOBHTCIIA, KOTOPDBIH (E CBA3H C OOCTa-

AOKYMEHT NOANWUCAH
SNEKTPOHHON NOANMUCHIO l.?[:‘rI) MOHO IIPHHATE 34 MATCPHAJIBHYHO TOUKY,

Ceptudirat: (| 12000002A633E3D113AD425FBS0002000002A6 HCHHE MOMCHTAd HHCPITHIH OalIHMCTHYECKOr'0 Ma-
Bnapeneu; llleBayxoea TateAHa AnekcaHapoBHa
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1
Ireop = lor. + Lyp = Emzaz + m,a®. 9)

Iy eop—!|
PaccynTaTh MorpemnmHocTh H3MeHEHHL. & = —— - 100%.

Iteop

2. Onpee/ieHHe CKOPOCTH MOJIETA ITYJIH

Macca KaxI0H ITYIIH OIIPeelIIeM B3BEIIMBAaHHEM. DTO MOKHO CelaTh IIOTOMY, UTO JIOTa-
PHPMHYECKHH JIeKpeMeHT 3aTyXaHHS 3THX KolleOaHHH BeChbMa Mall H HX aMIUIHTYZa JOBOIBHO
JOJITO OCTAETCS ITOYTH ITOCTOSHHOH (ITOIBITAHTECH BKCIIEPHMEHTAJIbHO OLIEHHTh BEIIHYHHY JIe-
KpeMeHTa!).

1) U3MepuTh B3BENMBaHHEM MacCy ITYIH. OIIEHNTh IIOTPEIIHOCTh OITPEEIIEHH S MaCCHI.

2) IIpomsBectn BeICTpell. OTMETHTh MaKCHMAIIbHBIM YTOI (X OTKJIOHEHHS yKazaTelsd IT0
TPaHCIIOPTHPY. M3MepeHHe yITIa OTKIOHEHHS O Hale)KHee IIPOH3BOJHTHL HE TOJBKO IO aMIUIH-
TYIE OTKIIOHEHH S MasiTHHKA ITPH IepBOM KadaHIMI, HO H 110 pa3sMaxy ero KoneOaHHH, JIISIIHXCS
HEKOTOPOe BpeMs Iocle yaapa (IIpH 3TOM ITOJIE3HO IIPHMEHSTh H YCPeJHEHHE OTIEIbHBIX OT-
CUETOR). BEICTpEN IIPOH3BOHUTE TOIBKO ITO HEMTOABHKHOMY LIWIHHIPY. [IOBTOPHTE OIBIT S
pa3. HalTH cpeiHee 3HaUEHHE YITIa OTKJIOHEHH S H IIOTPEIHOCTh H3MEPEHHS VYITIA.

3) BeraHcIIHTh 3HaYeHHE CKOPOCTH ITONeTa ITYIH 1o (opmyie (6). BEIUHCIHTE ITOrpern-
HOCTB OIPEAEIIeHH S CKOPOCTH TTIOJIETA TTYIIH.

4) 3armicaTh OKOHYATEIIbHBIH pe3yibTaT. CIenaTh BRIBOJI.

Cooepocarnue omuema.

Ot4eT 1o nadoparopHEIM padoTaM JOJIKHBI COAEPKATE:

- TUTYIILHBIH JINCT,

- 1IETIb PaOOTHI,

- KOHCIIEKT OCHOBHEBIX 3aKOHOB, OITpeelIeHHH, IIOHSTHIL, (pOpMYyII,
- OCHOBHOE 000pY/IOBaHHE, CXeMa YCTAHOBKH,

- OITHCAHHE ITO ITYHKTAM BEOTOITHEHHOH PadOTHI,

- Pe3VIbTaThl H3MEPEHHH H pacyeTOoB (TaOIMHIbl, TpaHKH),

- OI[EHKA TIOTPEITHOCTEH,

- OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI,

- BBIBOJIBI I10 PE3YIIBTATAM BEIITOIIHEHHOH paloThI, 1aTa, ITOIIIHCE.

Konmponshsie 6onpocet.
1. Kak ompenenserca KHHeTHYeCKas SHEPrHsS IIPH IIOCTYIIaTeJIbHOM JBIDKeHHH? [IpH
BpaNaTeIIbHOM JBHKEHHH?
2. OOBsACHHTE, ITOYEMY ITPH HEYIIPYTOM YJlape HE BBIITOIHSAETCS 3aKOH COXPAHEHHS MeXa-
HHYECKOH SHEPIHH.
3. ChopmynHpyiTe H 3aIllHIIHTE 3aKOH COXPaHEHHS HMITYIIbCa JJIS HEYIIPYTOrO B3aHMO-
JeHCTBHA ITYIIH H (PH3HYECKOr0 MasSTHHKA (O0OBSICHHTE BEIBO, (popMyTIHI (1)).
4. Chopmympyire TeopeMy [ITeiiHepa.
. Uto Takoe MmoMeHT HHepIHH? Kak ornpejenseTcss MOMEHT HHEPIHH CTEPKHS OTHOCH-
TeJIbHO OCH, ITPOXOSIIEH Yepe3 OJHH €0 KOHI[OB.

6. Bemectn popmymy (6).

LN

TMacanarangag padora Ne 4

NOKYMEHT MOOMNUCAH
SNEKTPOHHOW NOANUCHIO .
Cepruchukar:  12000002A633E3D113AD425FB50002000002A6 0/1e0aHUI (PU3HTECKOT0 MAATHHKA
Bnapeneu: ebayxoea TateAHa AnekcaHapoBHa

OIICTA IIYIIH C ITOMOIIBIO (bIIBHIIECI{Gl“G MaSgTHH-
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T eopemuieckdAa udacmbo.

QEHB‘H'—IE?CMLM JMAAMHUEOM HASBIBACTCH TEEP,I[DE TCIIO, GDEEPH_[EIIDH_[EE . I
HDHE@HHHH OTHOCHTCIIBHO HEHDI[EH}I{HGﬁ OCH IIOH ,I[EﬁGTEHEM CHIIBEI THEC- -lll._'_-q,|" -
o :H'\ )

.."._

ctH (pHc.1). i& ) "xh ;

OTa 0Ch IBIAETCA TOPH3OHTAILHOM, H OHAa He IPOXOINUT YePES I[EHTP Lﬁhn ﬁ“n.,
Macc Tela (Takasl OCh Ha3hIBAETCS OCHIO KayaHHMS MasTHHKA). [IpH MalbIxX ¥, ‘:'-,{-
yriaaX OTKIOHEHHS OT ITOJIOXKEHHST PAaBHOBECHS H B OTCYICTBHE CHII CO- | .'{-'.lll'-. "
IIPOTHBIIEHHS ABHKEHHE MasTHHKA OITHCHIBAETCS YPaBHEHHEM | Y

| \
Puc.1. |
1§ =—mglg

(D

[ — MOMEHT HHEPIIHMH MasSTHHKA OTHOCHTEJIBHO OCH KOJIe0aHHI,

m — Macca MasSTHHKA, Puc. 1
[ —paccTOSIHIE OT OCH JIO IIEHTPa Macc.

Ilepron KomeOGaHHI OIMPEIEISSTCS COOTHOIIEHHEM

I
I=2m |— (2)
mgl
OH3HYeCKOMY MaSTHHKY MOKeT OBITh ITOCTaBIIEH B COOTBETCTBHE MaTeMaTHUECKHI MasT-

HHE, HMEIOIIHMH TOT Ke IICPHO[

I'=2n (3)

L
o
L
L. — qimiHa MaTeMaTHYeCKOr' 0 MasSTHHKA (HpI[BEE,[[EI—]HElH HITHHA QJIIBIIIIECI{GI‘G MHHI‘HI]I{H).

l[JII]HEl MATCMATHHUYCCKOI'O MAATHIKA, IICPHO/ KoneOaHHH KOTOPOI'o pPdBCH IICPHOAY KO-
nTedaHHI d)IIBHIIECI{GI‘G MAATHIKA, HAa3BIBACTCA HpIIEEI[éHHGﬁ IUTHHOH QJIIBIHEGI{GI‘G MAaATHITKA

I
L=— (4)

ml

B maHHOI pa®oTe (pH3HMYECKIIT MaATHHK IIpefCTaBIIeT cOOOH CTaIbHOIH cTepikKeHb (piic.
1). Ha cTep:xHe mpocBeplieHsl OTBEPCTHSMH Ha paccTOIHHH 10 cm Ipyr oT apyra. CTepiKeHb
ITOABEIMBAIOT Ha IITHIPh (). BEIOHpas OTBEPCTHE HA CTEPKHE, MOXKHO PETYIHPOBATHL PacCTOs-
HHEe OT TOYKH IToJBECA CTEPXKHS O JI0 LIEHTPa Macc CTepkHs C, HAIIPHMED, Ha puc. 1 paccTosHue
OC pasHO 40 cm. LleHTp Macc C OMHOPOAHOI'O CTEPKHSI HAXOAHTCS ITIOCEPEMHHE CTEPKH L

EcmH cTepeHb OTKIIOHHTE OT ITONOKeHHS paBHOBecHS Ha yron 3V + 5°, To oH Oymer co-
BepIIaTh KoneOaHus OIIH3KHE K FapMOHHYECKHM. Bpems KoneOGaHHH H3MEPSETCS CEKYHIOME-
POM.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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[lepnon xoneGaHuil (PH3HYECKOrO HIH MaTeEMAaTHYeCKOro MasATHHKA B OOIIEM cIyyae 3a-
BHCHT OT aMIUIMTYABI KojieOaHHH MasATHHKA. HO eci yromn OTKIOHEHHS MasiTHHKA @ < 3°, TO ¢
XOPOIIeH TOYHOCTHIO MOKHO IIpeHeOpeyuh 3aBHCHMOCTBIO IEPHOAA OT aMIUIMTYABI H ITpHOIH-
’KEHHO CUHMTATh, YTO MASITHHK COBEPINAET TapMOHHYECKIE KOIeOaHHM .

[lepunon xomeGaHmil (PH3HMUECKOro MasSTHHKA OIpeAelIsIeTcs 110 (opMyTIe

L
T =2m |—

g

)

rae L — mpuBeAeHHAs JJIHMHA (PH3HYECKOr0 MasTHHKA.
IIpueedennas onuna (PU3HUECKOrO MAsSTHHKA PaBHA JIIHHEe MaTeMaTHYECKOIO MasTHHKA,
HMEIOIIET O TAKOH ke IepHoj] KoneOaHHH KaK y JaHHOrO (PH3HYECKOr0 MasSTHHKA.
[IpuBeeHHas JIHHA (PH3HYECKOr0 MasSTHHKA OIpeenseTcs (POpMYIOH

L
md _}

rje. J — MOMEHT HHEPIMH MasTHHKa OTHOCHTEIIFHO TOYKH ITogBeca O,

m —Macca MasITHHKA,

d — pacCTOSIHHE OT TOYKH ITofiBeca O 10 IIeHTpa Macc MassiTHHKA C.

Teopema Illmennepa. Momenum unepyrut J mena omuocumensHo NPoL360abHOLL OCLL PAGEH
cymme Momenma uHepyuu Jo mena omHocumensHO oci, NPOBeOeHHOoIl Yepes yeHmp macc mend
napanieasHo OAHHOL OClU, U NPOU38e0eHUS MACCyl M meld Ha Keadpam paccmosHus d mexicoy

SINHUMI OCAMIL.
]
J=J,+md"

B manHOI 1abopaTopHOH paboTe MOMEHT HHEPIIHH CTEPKHS OTHOCHTEIBHO OCH KayaHHS
O BHIUHCIIETCS ITO TeopeMe [IIteitHepa. /{11 OHOPOJHOIO CTEPIKHSI MOMEHT HHEPITHH OTHOCH-
TeJIbHO IIEHTPAa MACC CTEPIKHS (COBIAJAET C LIEHTPOM CTEPXKHS)

| B
Jo=—ml"

12

rle [ — JIIHMHA CTEPAKHS, m —Macca CTEPAKHS.
Taxm o6pazoM

1 m(l* +12d?)
g g g
J=J,+md" =—ml +md” =
12 12
[IpuBeneHHas JUIHHA (PH3HYECKOIO MasSTHHKA B JaHHOH Ia0opaTOpHOH paboTe ompelend-
eTcs 110 (POpMYIIE:
g, 7 7 g,
,_J _m’+12d%) I’ +12d°
md 12md 12d
Torma nepuon KoneGaHMil (PH3HYECKOr0 MasSTHHKA B JJaHHOH 1a00paTOPHOH padoTe oIlpe-
NOKYMEHT MOANVCAH
ANEKTPOHHOWM NMOANUCHIO
CepTudmkar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa {6)
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OdbopyoosarHue u mamepuaisl. Y CTaHOBKa A9 HCclIedOBaHHSA KoneOaHHH (PH3HYECKOr o

MAATHIEKA, JII]HE]?II{E],:, CEKYHIOMED.

YKkazanua no mexHuke 0 e3onacHocmil.

1. K BBOIOTHEHHIO JTa0OpaTOpPHBIX PpadOT JOMYCKAIOTCA CTYACHTHI, H3YUHBIINE ITpaBHIIA

TeXHHKH 0e30ITaCHOCTH.

2. JlabopaTopHble pabOTHI MOT'YT IIPOBOMHTECS TOIBKO ITOA PYKOBOACTBOM H HaOIFOIeHIEM

ITPEIIOAaBaATCIIA.

3. Pacrnionararirte nmpuOOpeI, MaTepHalkl, 000pyJoBaHHe Ha pabdouyeM MeCTe B ITOPSIKE, VKa-

3dHHOM IIPEITOJdBATCIICM.

4. He gepxmuTe Ha pabodyeM CTOJIe MPeIMETHI, He TpeOVIoIHecs IS BEITTOITHEHHS 3aJaHH.
5. Ilepenm TeM, Kak NPHCTYIIHNTh K padoTe TIATeIbHO H3YYHTE €€ OIMMCcaHHe, YSICHHTE XOJI

BBITIOJTHCHITA pﬂﬁ OTHI.

3aoaHuA.

1. IlogBenmmBaroT MasSTHHK Ha IITBIPE IICPBBIM OTBCPCTHCM. OTO 3HAYHT YTO PaCCTOAHIIC

OC =d, =40 cm.

OTKIIOHSIOT MAasTHHK Ha Malblii yron okomo 3Y + 5 u ormyckaroT. ITpH ITOMOIIH CEKYHIO-
Mepa H3MepsoT BpeMd ¢; (i = 1, 2, 3) g N=30 rmomHpIX KonneOaHui. M3MepeHH S IIOBTOPSIOT 1 =

3 pasa.

Berumcismror CPEIHEC 3HAUYCHIIC BPEMCEHH

[lepunon ompeelstoT 1o popMyIIe

2. IlogBemHBarOT MAaSITHHK Ha IITEIPE BTOPBIM, TPETBEHM H HCTBCPTBIM OTBCPCTIMIL ITO

OHEpCcAH H ITOBTOPSIOT H3IMCPEHHA ITYVHKTA 1.

IIpu stoM d> = 30 cm, d3 = 20 em, ds = 10 cm.

JnuHa crepxHAg [ =1 m.

JlaHHEIE H3MEPEHHH 3aHECTH B TAOIHITY

d
M

<>

Tum L Tpﬂt’:ft
C M C

0.4

0,3

0,2

OJOKYMEHT MOANMNCAH
SNEKTPOHHOW NOANMUCHIO

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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1P +12d°
12d

4. BBIUHCIISIOT IICPHOIBI KOIeOa I QJIIBIHECI{GI‘G MasITHHKa IS BceX 3HaYeHHH IIPHBC-
IIEHHOH JJTHHBI (I)IIBII‘IECI{GI‘G MAATHIHEKA

L

Tﬂﬂ-ﬂ"—i — zﬂ- £
' 8

5. IlocTponts rpadguku nepuoga msMepennoro 1), = f(L) u pacdetnoro 7, = f(L) B

LIM

3dBHCHMOCTH OT HpIIEE,[[EHHGﬁ JUTHHEIL L.

0. CpﬂBHHTL H3MCPCHHDBIC H PACUCTHBIC 3HAYCHHA IICPHOI 0B KOJeOaHHH.

CHaenaTh BBIBOI O XdpaKTcpe 3aBHCHMOCTH IICPHO 4 KoJleOaHHIH QJIIBIIIIE:CI{OI‘G MAATHITKA
OT HpI[BE,I[EI-]]—IGﬁ AIOTHBI.

Cooeporcarnue omuema.

Ot4yeT 1o nmadoparopHEIM padoTaM JOJIKHBI COAEPKATE:

- TUTYIIBHBIH JIHCT,

- IIETIb PabOTHI,

- KOHCITEKT OCHOBHBIX 3aKOHOB, OITpeJelIeHHI, TTOHSITHH, (POPMYIL,

- OCHOBHOE 000pY/IOBAaHHE, CXeMa YCTaHOBKH,

- OIMHCAHHE IT0 ITYHKTAM BEOTOITHEHHOMN PadOTHI,

- pe3VyIbTaThl H3MEPEHHH H pacuyeToB (TaOIHIIEI, TPaHKH);

- OIIEHKA TIOT'PeIIIHOCTEIT,

- OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI,

- BBIBOJIBI I10 PE3YIbTAaTaM BBIIIOITHEHHOH paboTEI, JaTa, ITOAIICE.
Konmponsusie 6onpocei.

1. JlamTe orpeneneHne rapMOHHYECKIX KOIIeOaHHH.

Y10 HazpIBaeTCSI MaTeMaTHYECKHM MAasSTHHKOM?
YTo0 HazbIBaeTCS MPHBEAEHHOH JUIMHOH (PH3HYECKOTO MassTHHKA?
Chopmynupyiite Teopemy lITeiHepa.
BriBecTH (popMyITy IepHoIa KOoneOaHHH (PH3HYeCKOro MasTHHKA.

SNbh BN

JIabopaTopHas padora Ne 5

T'ema pabomst. OnpeaeneHue KoAP@PUIHEHTA BHYTPEHHEr0 TPEeHHA KHIKOCTH METO0-
J0M nmajawinero mapuka (meroa Crokca).

H €Jib paﬁ omblt. 1103HAKOMHTECS ¢ METOOM H3MCPCHHA BASKOCTH KHIKOH CPE/JbI.
T eopemuieckdAa udacmbo.

BA3KoCTh (BHYTPEHHEE TPEHHE) — 5TO CBOHCTBO PEAJIbHBIX KHIKOCTEH OKa3bIBATH CO-
ITPOTHRIIEHHE TIEPEMEIIEHHIO OMHOH YaCTH XKHJIKOCTH OTHOCHTEIIbHO APYroi. IIpu mepemerre-
HHH OHHMX CIIOEB PeallbHONH JKHAKOCTH OTHOCHTEIBHO APYIHX BO3HHKAIOT CHJIEI BHYTPEHHETO
TPEHH S, HAIIPABJIEHHBIE TI0 KacaTelIbHOH K IIOBEPXHOCTH CI0eB. JIeHCTBHE 3THX CHII IIPOSBISIET-
CSd B TOM, UTO CO CTOPOHEHI CIIOS, JOBHJKVIIErOCcsS OBICTpee, Ha CJIOH, ABIKVIIIIICS MelJIeHHEE,
NEHCTBYET YCKOpsroIas ciia. Co CTOPOHEBI K€ CIIOM, ABIDKYILETOCS MEIJIEHHEH, Ha CIIOH, ABH-

WVTTIHITCT ARTCTNAR . TATTCTRVAT TONMORATITA T (HERIES

OJOKYMEHT NMoanvucAH

SNEKTPOHHOW NOAMMCHIO PEeHHEro TpeHHS F TeM OOIbIle, YeM OOIbIIE
Ceprudmkar: 12000002A633E3D113AD425FB50002000002A6 A TUIOLIALb TIOBEPXHOCTH CIIOEB S, H 3aBHCHT OT
bnafeney:  [teGayxosa latuAHavnexcaiapoety OBICTPO MEHSETCS CKOPOCTh TEUEHHS KHKOCTH
NeiicTeuTenien: c 20.08:2021 no 20.08.2022 [ CIIOSL K CTIOK0. Ha PHCYHKE TPeNICTaBIEHD 1Ba
qc.e.%é.{ o il 25




CIIOSI, OTCTOAIIHE APYT OT APYyra Ha PacCTOSHHMM Ax H IBIKVIIHECSI CO CKOPOCTSIMH v H 2.
[Ipu 5TOM 1 — v2 = Av. HampaBieHHe, B KOTOPOM OTCUHTBIBAETCS PACCTOSHHE MEXKIY CIIOSMH,
NEPNEeHOUKYIAPHO CKOPOCTH TeYeHHS cloeB. BemnmunHa Av/Ax IOKa3pIBaeT, KaK OBICTPO Me-
HSETCS CKOPOCTh TIPH TIEPEXOAE OT CIIOS K CIIOK0 B HAIPaBIEHHH X, TEPIEHIHKYILIPHOM
HAITPABIIEHHUIO IBHJKEHHS CIIOEB, M HAa3bIBACTCS IPAAHEHTOM CKOpocTH. Takum oGpasoM,
MOYKHO CUMTATh, YTO MOJAYIIb CHIIBI BHYTPEHHET O TPEHH I PABEH:

AU
F=n—-S. (1)
W,ﬁx

I'Jc I{GB(IJ(IJIEL[HEHT ITPOITOPITHOHAJIBHOCTH 7, 3aBHCSIIHH OT IIPHPOJABI FILIKOCTH, HA3bBIBACTCH
JHHAMHYeCKOH BA3ZKOCTbIO (IIJIH ITPOCTO BHA3ZKOCT blﬂ).

ExumHia BI3KOCTH — mackajib-cexkyHaa (Ila-c): 1 Ila-c papeH mHHAMHYECKOH BSI3KOCTH
CPEAbI, B KOTOPOH ITPH JJAMHHAPHOM (TTIaKOM) T€YEHHH H T'PafHieHTe CKOPOCTH C MOJYIIEM,
paBHBEIM 1 M/c Ha 1 M, BO3HHKAEeT CHiIa BHYTpeHHero TpeHHSI B 1 H Ha 1 M? ITOBEpXHOCTH Kaca-
HHS CIIOER (1 ITa-c=1 H-c/M?). [IpHMeHsIETCS Takke BHECHCTEMHAS equHmIa — myas (I1):
1ITa-c=10 IL

YeM GomblIie BA3KOCTD, TEM CHIIbHEE KHIKOCTh OTIIHYAETCS OT HAEAIbHOH, H TeM OOIIBIIIHE
CHJIBI BHYTPEHHETO TPEHHS B HEH BO3HHKAIOT. BSA3KOCTH 3aBHCHT OT TEMIIEPATVYPHI, IIPHYEM Xa-
PAKTEP BTOH 3aBHCHMOCTH IS KHIKOCTEH M ra30B pasimyeH. I AKUIKOCTEHN # ¢ YBEIIHYEHIEM
TeMIIEpaTyPhl YMEHBINAETCS, Y F'a30B, HAOOOPOT, YBEIHUHBAETCS, YTO YKa3bIBAET Ha Pa3IHYIE B
HIIX MEXaHH3MOB BHYTPEHHErO TPeHHS. Tak, JHHAMHYeCKas BS3KOCTh BOABI YMEHBINAETCS OT
1,792-107% IT mo 0,284-107% I1 (t.e. B 6,3 pasa) IpH yBemr4eHrH TeMitepaTypsl or 0 °C go 100
OC, a y BO31yXa B 3TOM e JHAIla30HE BS3KOCTh yBelH4nBaercs or 1,709-107* IT go 2,175-107°
I1.

CVIIECTBYET JBa peKUMa TeUeHHS KHAKOCTEH. TeueHHe Ha3pIBaeTCsd JAMHHAPHBIM (CJI0-
HCThIM), €CIIH BJIOIb ITOTOKA Ka’KIbIH BBIIEIIEHHBIH TOHKHH CJIOH CKOJIB3HT OTHOCHTEJIBHO CO-
CeJHHX, HE IlepeMelllHBasICh ¢ HHMH, H TYPOYJIeHTHbIM (BHXpPeBbIM), €CIIH BJOJIb ITOTOKA IIPO-
HCXOJHT HHTeHCHBHOE BHXpeoOpa3oBaHHE H IepeMelIHBAaHAE KHIKOCTH (rasa).

JlaMHHapHOe TeueHHEe KHIKOCTH HAaOIOLAETCS ITPH HeOOIBIIIX CKOPOCTSIX €€ ABHIKEHHS
BHeIrHMH ci10H KHAKOCTH, IIPHMBIKAIOIIMH K IIOBEPXHOCTH TPYORI, B KOTOPOH OHA TEYEeT, H3-3a
CHJI MOJIEKYIISIPHOI'O CIIETUIEHHS IIPIIIHIIAeT K HEH M OCTAETCS HEIMOABHKHBIM. CKOPOCTH IIOCIIE-
IVIOIIHX CIIOEB TeM OOIIbIIE, YeM OOJbINEe HX PACCTOSHHE 0 ITOBEPXHOCTH TPYORI, H HAaHOOIIb-
I CKOPOCTHIO O0JIafiacT CIIOH, ABHKVIIHIICS BJOIb OCH TPYOBRI.

[Ipn TypOylIeHTHOM TedYeHHH YaCTHIBI KHIKOCTH ITPHOOPEeTalOT COCTABIISIOIIHE CKOPO-
CTeH, TePIeHAUKYIIIPHBIE TEYEHHIO, ITO3TOMY OHH MOT'YT IIEPEXOMUTE M3 OJIHOTO CIO0S B APYI OH.
CKOpPOCTh YacCTHI[ KHIKOCTH OBICTPO BO3pacTaeT II0 MEpPE VAAJIEHHS OT IIOBEPXHOCTH TPYOHI,
3aTEM H3MEHSETCS JOBOJIPHO HE3HAUUTEILHO. TaK KaK YaCTHIIBI JKHIKOCTH IIEPEXOISAT H3 OJHO-
I'O CIIOS B APYTOH, TO HX CKOPOCTH B Pa3/IMYHBIX CIIOSX MajIo OTIIMYaroTcs. F3-3a GorpIioro rpa-
THEHTA CKOPOCTEH Y MOBEPXHOCTEH TPYORI OOBIYHO ITPOHCXOAHT 00pa30BaHHE BHXPEH.

[Tpodmns yecpeHEHHOH CKOPOCTH IPH TYPOYIIEHTHOM T€YeHHH B TPyOaX OTIIHYAETCS OT
ITapaboTHYeCKOro IMpo@HiIs IIPH JJaMHHAPHOM TeUYeHHH OoJlee OBICTPBIM BO3pacTaHHEM CKOPO-
CTH YV CTEHOK TPYOBI M MEHBIIIEH KPHBH3HOH B IIEHTPAJIBHON YaCTH TEUEHHS.

Anrmmrickui yyeHsm O. PenHomnpac (1842—1912) ycTraHOBHII, UTO XapaKTep TEYEeHHS 3a-
BHCHT OT Oe3pasMepPHOH BeITHYHHEI, Ha3kIBaeMOH YIHCIIOM PelHOonbAca:

p<u>d
Re = : (2)
Jj

AOKYMEHT NoanmncAH
SNEKTPOHHOW NMNOANUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxora TateAHa AnekcaHgpoBHa )CTh KHJIKOCTH,

[ HMEDP IHAMETP T BI.
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/) — IHHAMHYECKasI BS3KOCTh KHIKOCTH.
OTHomIeHHe V = 1/p Ha3bIBAeTCSI KHHEMATHIeCKOH BA3ZKOCTBIO, IT03TOMY (2) MOKHO ITpejcTa-
BHTb CIIEIYIOIHM 00pa3oM:

Re —@. (3)

[Tpn manerx 3HaueHHSIX uyHcna PeiiHombca (Re < 1000) HaOmromaeTcsl TaMHHApPHOE Teye-
HHeE, TIEPEXOJ] OT JTAMHHAPHOIO TeUeHHI K TYPOYIeHTHOMY ITpoHcXoaHuT B obmactH 1000 < Re <
2000, a mpu Re = 2300 (mna rmagxux TpyO) TeyeHHe TypOyineHTHoe. Ecmm yncao PeiiHOmbIca
OJJHHAKOBO, TO PEXHM TeUYeHHS Pa3IIMYHBIX JKHIKOCTEH (Ia30B) B TPYOaX Pa3HBIX CEYEHHIT OJH-
HaKOB.
Teopusi MeToaa M ONIHCAHNE YCTAHOBKH
BSB3KOCTE IIPOSIBISETCS IIPH ABHKEHHH HE TOJIBKO KHIAKOCTH IO COCYJIAM, HO M TEJ B
KHUIKOCTH. [IpH HeGOmbIIIX CKOPOCTSX B COOTBETCTBHH C ypaBHeHHeM HBIOTOHaA ciia co-
IIPOTHBIIEHH S ABIDKYIIEMYCS TEY IIPOIOPIIHOHAIBHA BI3KOCTH KHJIKOCTH, CKOPOCTH JBIIKE-
HHS Tejla M 3aBHCHT OT pa3MepoB Tella. TaK KaK HEBO3MOXHO YKazaTh OOIIYIO (DOPMYITY IS
CIUIBI COITPOTHBIIEHHS, TO OrPaHHYMMCS PaCCMOTPEHHEM YaCTHOIO CIIy4Yasl.
Hamnbonee nmpocTtoil ¢opMoH Tema sSBisIeTcs cepa. g ceprdeckoro Tena (IapHK) 3aBH-
CHMOCTh CHIIBI COIPOTHBIIEHH S IIPH €0 ABHKEHHH B COCYAE C KHIKOCTBIO OT IEPEUYHCIEHHBIX
BBIINIE (DAKTOPOB BEIpakaeTcs 3aKkoHom CmoKca:

F,, =6mnro, (4)

Ie r — paJuyc IapHKa,
0 — CKOPOCTbD JIBHKEHHSL.
OTOT 3aKOH ITOIYYEH B IMPEATIONOKEHHH, YTO CTEHKH COCYaA He BIHSIOT Ha JBIKEHHE Te-
a.
[Tpu majgeHHH MapHKa B BSI3KOMH cpelie (pHc. 3) Ha HEro JeiCTBYIOT TPH CHIIBL:

® CHIIA TSDKECTH mg = 3 p?rr3g ;

3
® BBITAIKHBAOINAS (apXiMenoBa) Fy =m, g =3 0, 1" g,
TJIE Mix —Macca BEITECHEHHOM IIIAPOM KHIKOCTH, px — €€ TUIOTHOCTb,

e Frp — CIUIA COIIPOTHBIIEHHS, BRIYHMCIISIEMAS 110 (hopMyTIe (4).

[Tpu momagaHHH ImapHKa B BA3KYIO KHJIKOCTh €ro CKOPOCTh YMEHBINAeTCS. TaK KaK CHIIa
COITPOTHBIIEHH S IIPSIMO ITPOITOPIIHOHAIIbHA CKOPOCTH, TO H OHAa OYJIeT YMEHbIIAThCS IO TeX II0P,
IIOKa JIBH KEHHE He CTaHeT PaBHOMEPHBEIM. B 3TOM ciydae:

mg+F,+F, =0. (5)
Fa A
I B ckanspHoit popMe ITpH ITOICTaHOBKE COOTBETCTBYIOIIHX BEIpaKe-
l LW ]
Frp HIH 171 ciil, popmyma (5) OyaeT HMeTh BHIL
<> Aom-rio—32p arie —6mnru, =0 (6)
3 P 8 3 P 4 vy =Y,
meg v
TTa 1. — oranacTy, DABHOMEPHOI'O JABHKeHHS (ITaIcHHS) IIapHKA.
OOKYMEHT MOAMNWUCAH P P o (T ) P
SNEKTPOHHOMW NOAMNUCHIO pakKeHHeE IS JHHAMHYECKOH BS3KOCTH:
Ceptucdukar: 12000002A633E3D113AD425FB50002000002A6 |
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

HNencreutened: ¢ 20.08.2021 no 20.08.2022
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_ 2 (p_paﬁ:)rzg
9 U, |

7 (7)

CDOPI\-I}"HE], (T) CITpaBCJIMBA JJIA ABHKCHHA INIAPHKA HE TOJIBKO B KHAKOCTH, HO H B I'd3€.

OKCIIepHMeHTallbHasl YCTaHOBKA COCTOHT H3 CTEKIISIHHOI'O IIMUIHHJAPA, 3allOIHEHHOIO IJIH-
I[epHHOM. Ha IpIHHIpe HaHeceHsl ABe IOPH30HTAlIbHbIE METKH (IIPOBOIIOYHBIE KOJIbIlA), PacIIo-
IO’KeHHBIE IPYT OT APYyra Ha pacCcTOSHHH [ (BepXHSISI MeTKa JOJKHA OBITh HIJKE YPOBHA ITIHIlE-
pHHA Ha 5 — 8 cM.). BA3KOCTH ITIHI[EpPHHA 3aBHCHT OT TEMIIEPATYPhI CIEAYIOIHM 00pa3oM:

T.°C 3 18 21
n, I 42.20 10.69 7.78
v, cM2/C 33.40 8.48 8.18

Obopyodosarue u mamepuaibl.

CTeKISHHBIH IUTHHIP., 3aITOTHEHHBIH TIIHOCPHHOM, CEKYHIOMEDP, IDIHIICT, IIapPHKH, MHK-
POMETP HIIH OTCUYETHBIH MITKPOCKOIIL.

Ykazarnua no mextiuke éezonacHocmil.

1. K BpOIONMHEeHHIO Ta0OpaTOPHBIX paboT JOITYCKAIOTCS CTYAEHTHI, H3YUYHBIIHE ITpaBHIIA
TEXHHKH 0€30ITaCHOCTH.
2. JlaGoparopHble pabOTEl MOT'YT IIPOBOAHTECS TOIIBKO IO PYKOBOACTBOM H HAaOJIFOAEHHEM

IIPEITOaBaTeIsl.
3. Pacnomarante npuOopEl, MaTepHaibl, 000pyaOBaHHE Ha paboyeM MECTE B ITOPSAKE, VKa-

3aHHOM ITperojlaBaTelIeM.
4. He pgepxute Ha pabodyeM CTOJIe IIPeIMETHI, He TPeOVIOIHECS JUIS BEITTOITHEHHS 3aJaHHS.
[lepen TeM, KaK IMPHCTYITHTL K padOTe TINATEIIbHO H3YYHTE €€ OIHMCAHHE, YVSACHHTE XOI
BBITIOJTHEHH S paOOTHI.

hd

3aoaHuA.

1. HsMepHB gHaMeTp IIapHKa, OIIYCTHTEH INapHK B KHIKOCTh KaK MOXKHO OJIMKE K OCH I[H-
JTHHIPA.

2. BKIIOYHTH CEKYHIOMEP B MOMEHT IIPOXOKASHIS IIIAPHKOM BEPXHEH METKH.

3. BBIKIIOUYHTE CEKYHIOMEP B MOMEHT ITPOXOXKIEHHS IMAPHKOM HIKHEH METKH.

4. IIOBTOPHUTH OITBIT HECKOIBKO (7 — 9) pa3. BeIYHCINTE CpelHEE BPEMS fep, 32 KOTOPOE
IIIAPHK IIPOXOIHUT MEXKIY IBYMSI METKaAMH.

5. M3MepHTPh paccTosHHE [ MeXIY METKAMH.

6. BBIUHCINTE CKOPOCTH IMaJeHUS IIAPHKOB U o = [/tcp.

7. IlomcTaBHTE 3HaUYeHHE CKOPOCTH B (popMymy (7), BEIUHCIIHTD BSI3KOCTh ITIHI[EPHHA.

8. PesymbTarel H3MepeHHH 3aHeCTH B Ta0IHIy 1.

Tabmrma 1.
I I I I I I I
NOKYMEHT NMoanncAH
3NEKTPOHHOW NOAMWUCHIO clto,C|tp c| M Vo, [, m n,
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6 M/C Ta-c
Bnapeneu: [lebayxoea TaTeAHa AnekcaHapoBHa
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IIpumeuarie: TIJIOTHOCTH CBHHI[A p = 11,350 r/cmr’
IUIOTHOCTH ITIHIIEPHHA px = 1,264 T/cM’.

Cooeporcanue omuema.

Ot4eT 1o nadoparopHEIM padoTaM JOJIKHBI COAEPKATE:

- TUTYIILHBIH JINCT,

- 1IETIb PabOTHI,

- KOHCIIEKT OCHOBHEBIX 3aKOHOB, OITpeelIeHHH, ITOHSITHI, (DOPMYIL,
- OCHOBHOE 000pY/IOBaHHE, CXeMa YCTAHOBKH,

- OITHCAHHE ITO ITYHKTAM BEOTIOITHEHHON PadOTHI,

- Pe3VIbTaThl H3MEPEHHH H pacyeTOoB (TaOIMHIbl, TpaHKH),

- OI[EHKA TIOTPEITHOCTEH,

- OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI,

- BBIBOJIBI T10 PE3YIIbTaTaM BBIITOIHEHHOH paboTEl, 1aTa, ITOAIHCE.

Konmponsreie éonpocet.
1. YTo Takoe BHYTpPEHHeE TPeHHE?

OT 4Yero 3aBHCHT CHJIa BHYTPEHHEI'O TPeHHI?
Kax 3armceiBaeTcs popmyita HproTOHA A1 BHYTPEHHETO TPEHH?
Y10 Imoka3pIBaeT rpaJHeHT CKOPOCTH? B KaKHX eJHHHIIAX OH H3MEPSIETCS?

SNk WN

OT 4ero 3aBHCHT CHJIa TPEHHS ITPH JBHKEHHH Tell ITapoo0pa3HOH (DOPMEI B BSI3KOH Cpe-
ne?

Kakme criIbl JeHCTBYIOT Ha ITaJarOHI B BS3KOH CPejie IapHK H KaKOB XapaKTep JBH-
JKEHHS IIapHKa?

7. B KakuX eJHHHIAX H3MEPSIOT BI3KOCTE? OT YEro OHa 3aBHCHT?

2

JIaboparopHas padora Ne 6

Tema pﬂﬁﬂﬂlﬁl. OHpE,[[E.]]EHHE OTHOIICHHHA YIACJIbHBIX TeILI0EMKOCTEeH BO3YXa METO-
JOM aﬂﬂﬂﬁﬂTHqECHﬂI‘ﬂ paciiipcHn.

Ilens pavomsr. VI3yuuTh ra30Bble 3aKOHBI, TIEPBBIH 3aKOH TEPMOAHHAMHKH H ITOHSTHE
TeII0EMKOCTH. OIpeJeIHTh OTHOIIEHHE TEINIOeMKOCTEH BO3AYXa IIPH ITOCTOSHHOM JaBIeHHH H
ITOCTOSIHHOM 00beMe (Ko puieHT [IyaccoHa) B YCIOBHSIX, OITH3KHX K HOPMAJIbHBIM.

TEﬂpEHHFIECHﬂH Hdacmb.

OIIBIT ITOKA3BIBACT, HTO KOINMYCSCTBO TCIINIOTHI Q:, HeOOXOIHMOe IIIS HaI'PEBAHHA MACCHI
OJHOPOAHOI'O BEIICCTBA OT TCMIICPATVYPhBI T'; mo 1>, ITPOITOPIHHOHAJIIBHO MACCE BEIIICCTBA H H3MC-

HEHHIO TEMIICPATYPBDI.
O=cm(T, -T, ), (1)
TJIe ¢ - VIEIbHASI TEIUIOEMKOCTD BelllecTBa. M3 (bﬂpM}ﬂbI (1) CJIICAYCT
C= 0 : (2)
m(T, - T)
YoenoHou mennoemkocmsr) HA3BIBAETCS KOIMYECTBO TEIUIOTHI, HEOOXOMHNMOE IS
AOKYMEHT NOANMCAH ! ﬂDfC’
INEKTPOHHOW NOAOMUCKIO "y [C'] =3 bl
Ceptucpmkar: 12000002A633E3D113AD425FB50002000002A6 ke K
Bnapeneu: Lebzyxoea TateaHa AnekcaHapoBHa ‘Ba HCITOJIB3YCTCA MOIIAPHAA TCIUIOCMKOCTD CM.

HECTBO TCIIIIOTHL, HeoOXOIHMOe I HaI'PEBaHHA
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1 momsg BemmectBa Ha 1 K. U3 OITPEACIICHIA }"I[EHLHGﬁ TCITNIOCMKOCTH CIIEAYCT, UHTO OHa CBA3dHA C
MGJIHPHDﬁ COOTHOIIICHH CM

M
C'" =Mc (3)
| HC
[C" =14
Mmonwe - K
COCTOSHHE Tras3a MOXKET OBITh OXapaKTEPH30BAHO TpeMs IapaMeTpaMI. HaBJIEHHEM p,
00bpeMOM V U TeMriepaTypoH 1. YpaBHEHHE, CBS3BIBAIOIIEE 3TH BEJIHUHHEBL, HA3LIBACTCS YpPA6HE-

HUeM cocmoAHuA 2a3za. JI1s ciiydasl HAealbHOIO r'a3a YpaBHEHHEM COCTOSHHS SIBISIETCS ypae6-
HeHue Menoeneesa-Knaneipona

rae M - MonsgpHas Macca BerectBa. B «CH» eguHiIia M3MepeHH

PV:%RT,. (4)

rJie R - yHHBEpCaJIbHas ra30BasI IIOCTOSHHASL

BemuiHa TerIoeMKOCTH Ia30B 3aBHCHT OT YCIIOBHI HarpeBaHHS. BBISCHHM 3TY 3aBHCH-
MOCTE, BOCITOJIb30BABIIHCh YPaBHEHHEM COCTOSHHSA (4) H nepeésiM HAUAIOM MEPMOOUHAMUKI,
KOTOPOE MOKHO C()OPMYIIHPOBATh CIeAYIOIHM 00pa30oM: KOTHYECTBO TEIUIOTH 0, IepeJaHHOe
CHCTEMeE, 3aTpauyHBacTCsI Ha YBeIHUYeHHe ee BHyTpeHHeH sHepruH dU B Ha pa0oTy 0A, cOBepIla-
eMYIO CHCTEMOH ITPOTHB BHEIIHHX CHII

00 = dU + JA. (5)
Ilo OITpEACIICHITIO TCIIJIOEMKOCTE PaBHA
O d U OA
c=2£- (6)
dT  dT dT

M3 ypaBHeHHS (6) BHIHO, YTO TEIJIOEMKOCTh MOKeT HMETh Pa3INYHbIE 3HAYEHHS B 3aBH-
CHMOCTH OT CITOCOOOB HarpeBaHHJ I'a3a, TaK KaK OJHOMY H TOMY K€ 3HAYeHHIO d1 MOT'YT COOT-
BETCTBOBATh PaslIHYHEIE 3HAUEHNUSI dU H dA.

JlemeHmapHan pao oma HIcaIbHOIO ra3a paBHa dA = pdV. BHympenHaa sHepeua 2aza

paBHa:
I m
U=——RT, (7)
2 M
m L ] " L ]
IJle — - KOJIMYeCTBO MOJIEH Irasa, i - YHCIIO CTelleHeH cBOOOIBI.

Hucinom cmeneneil c60000b1 MOJIEKYIIEL I'a3a HA3BIBAETCS YHCIIO HE3ABHCHMBIX KOOPIH-
HAaT, OIPEAETISIOLINX IIOTIOKEHHE MOJIEKYIIBI B IIPOCTPAHCTBE.

[Ipu IBMKEHHH TOYKH IO IMPSAMOM JIMHHH JJIS OLIEHKH €€ ITONIOXKEHHS HaJo 3HaTh OJHY
KOOPAMHATY, TO €CTh TOUKA HMEET OJHY CTelleHbh CBOOOABI. ECIH TouKa ABHMIKETCS ITO IUIOCKO-
CTH, €€ TIOJIOKEHHE XapaKTepH3VeTCsS ABYMS KOOpAHHATaMH, TO eCTh TOYKa O0JIajaeT JBYMS
CTeleHsIMH CBOOOABI. llonoKeHHe MaTepHAIbHOH TOUYKH B IIPOCTPAHCTBE OIPEHelsIETCS TpeMs
KOOpAHHATAMH (TPH CTEIIEHH CBOOOIHI).

MoIeKYIIBI, KOTOPBIE COCTOSAT M3 OQHOI'O aTOMA, CUUTAIOTCSA MAaTEPHAIBHEIMI TOUKAMH H
HMEIOT YHCIIO CTEIeHeH cBOOOMBI [ =3. TakuMH SBIISIOTCS MOJIEKYIIBI aproHa, Iellid M Ip.
JIByXaTOMHBIE  MOJIEKYJIBI (H2, N2> 1 ip.) oOnmamaroT YHCIIOM cTelleHeH CBOOOBI | = 5, OHH
HMEIOT TPH CTEIeHH CBOOOIBI IIOCTYITATEIRHOIO ABIKEHHS BAOIL ocel X, Y, Z H JIBE CTEIIEHH
CBOOOIBI BpallleHH I BOKPYT ocell X H Z (pHCYHOK 1, a). BpameHnem BOKpyr ocH Y MOKHO
IpeHeOpeys, TaK KaK MOMEHT HHEPILIHH MOJIEKYIIBI OTHOCHTEILHO 3TOH OCH OYeHb Mail. More-
I{}UIBI COCTOSILIHIE M3 TPeX H Oornee JKeCTKO CBS3aHHBIX aTOMOB, HE JIS/KAIIHX Ha OJHOMI ITPSAMOIT

HDWMEHT NOAMVCAH 1 OBl i = 0 TPH CTEIIEHH CBOOOIBI ITOCTYIIATEIILHO-

SNEKTPOHHOM NOAMMUCHLIO 11 BOKpYTr ocer X, Y, Z. CTOIBKO K€ CTelleHeH
Ceprudukar: 12000002A633E3D113AD425FB50002000002A6 KYIIBL
Bnapeneu; Webayxoea TaTeAHa AnekcaHgpoBHa ' '
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@ ® X
> >
Y / Y
3 Puc.9P1 6

PucyHoK 1 =Yumcno cteneHen ceoboabl  MOMEKYA

B oO0memM cay4ae i - Ko3(p(pHIIHEHT, PaBHBIH CYMME YHCIIA ITOCTYIATEIbHBIX (inocm), Bpa-
IMATENBHBIX (lepeny) M YABOEHHOTO YHMCIIa KONEOATEMBHBIX (ixanes) CTETIEHEN CBOOOBI MOJIEKYIIBI
rasa:

I = lnoem + fspma; + Zixoneb .

- - M
Ha prcyHKe 2 IOKa3aHa 3aBHCHMOCTh MonsgpHOil TermoémkoctH C | Bogopoza (Hz) ot

TEMIIEPATYPBI, H3 KOTOPOH CIIEAYET, YTO TEIUIOEMKOCTh PEAIbHOI'O I'a3a He 3aBHCHT OT TeMIIepa-
TYPEI TOJILKO B OIPEJEIIEHHBIX TeEMIIEPATYPHBEIX HHTepBanaX. IIpu sToM B HHTepBane 1-1" HeOO-
XOMHMO YVUYHTBEIBATh TOJIBKO ITOCTYIIATEIBHBIE CTEIIEHH CBOOOMBI (i=3); B HHTepBaje 2-2' - II0-

CTyIIaTeJIbHbIE H BpalarebHble (i=5); B HHTepBale 3-3' - ITOCTYIaTelIbHBIE, BpallaTeIbHbIe H
KoneOarenbHble (i=6). OnucaHHas 3aBHCHMOCTh TeIUIOEMKOCTH PeajIbHOIO Ta3a OT TeMIlepaTy-

pBI 00yCcIIOBIeHa KBaHTOBOH MPHPOAOH MONEKYII H O0BSICHSIETCS B COOTBETCTBYIOIIHX pa3felax
Kypca (PH3HKH.

TemriepaTypsl, BHIIIE KOTOPBIX HEOOXOAHMO YYHTHIBATh TEMIIEPATYPHYIO 3aBHCHMOCTD

b Cy
4, ) T
2R 3 5
op| —
ER 2 2
LT —
EP T T
/
/
-/
.r.n"
0 T

PHCYHOK 2 — 3aBHCHMOCTh MOJISIPHOH TEIIJIOEMKOCTH OT TeM-
IepaTypel rasa

BKII4JIOB B TEIIOEMKOCTE BPaIllATEIIBHOIO M KOJIeOaTeIbHOrO ABMIKEHHS MOJIEKYII, ITOTYYHIIH
Ha3BaHHE pALLaAMEIbHOU XAPAKMepUcmuueckoi Hu KoJlebamenbHol XApakK-
mepucmuyuecKkoil - memnepamypsl COOTBETCTBEHHO. 3HAYEHHS HSTHX XapaKTepHCTHYECKHX
TEMIIEPATYP AJII BOAOPO/Ia, a30Ta M KHCIOpOoaa IIPHUBEAeHBI B Tabmmile 1.

BpElH_[ﬂTE:HLHﬂH H KoJie0aTenbHasg XAPAaKTCPHCTHYCCKHE TCMIICPATYPhbIL

HEKOTODBIX I'a30B
OJOKYMEHT NoanmvucAH

3NEKTPOHHOW MOAMUCHIO Tabmuna 1

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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I'as XapakTepHCTHYeCKas TeMIieparypa, K
BparmaTenbHas KonebaremsHas

H> 85,4 6100

N> 2,86 3340

O2 2,07 2230

M3 rpuBeieHHBIX JaHHBIX CIIEAYET, YTO IPH TeMIlepaTypax, OIM3KHX K HOpPMAaJIb HOH, pe-
aJIbHBIE JABYXAaTOMHBIE a3kl MOKHO pacCMaTpHBaTh KaK HIcallbHEIH Ta3, MOJIEKYIEI KOTOPOro
00MaaroT TOIBKO IMOCTYITaTeIbHBIMH H Bpall[aTeIbHBIMH CTEIIEHSIMH CBOOOJIHI.

PaccMOTpHM OCHOBHEIE IIPOILIECCHI, ITPOTEKAIOIHE B HAEAIbHOM ra3e ITPH H3MEHEHHH
TeMIlepaTyphl, KOIJla KOJIMYECTBO BEIeCTBa Ia3a OCTAeTCS HEM3MeHHBIM H PAaBHO OJHOMY MO-
JII0. KOIHYecTBO TEIUIOTH, HEOOXOANMOe JAJISI HarpeBaHHS OJTHOrO MOJIA ra3za Ha 1K, paBHO Mo-
JISIPHOH TEIUIOEMKOCTH.

H3oxopustit npouecc. 1Ipoliecc Ha3pIBaeTCA H30XOPHBIM, €CIIH 00beM Tela IIPH H3MeHe-
HHH TeMIIepaTyphl OCTaeTcs ITOCTOSHHEBIM, T.e. V=const H m=const. B 3ToMm ciydae dV = 0.
CriegoBaTenbHO, H dA = (), T.e. IIpH 3TOM BCS IOABOANMAS K I'a3y TeIIoTa HAET Ha YBEIIHYEHHE
ero BHYTpeHHeH 3Heprud. Torga n3 ypapHeHHH (0) 1 (7) claeayeT, YTO MOJISPHAs TEeIIIOEMKOCTh
ras3a IIpH IIOCTOSHHOM 00beMe paBHa

dU i
cY¥ ="—=ZR. 8
' dT 2 )

H3o0apustii npouecc. 11polecc, IMpoOTeKarOMHH IIPH ITOCTOSHHOM JABJIEHHH p = const H
m=const, Ha3pIBaeTCcsI H300apHEIM. J[11s1 sToro corydas gopmyia (6) IepenHIneTcs B BHIE:

d
CM :_U+ d_V 9)
P dT dT

M3 ypaBHEeHHS ra30BOro cocToOSHHSA (4) IS OJHOIrO MOIIS ITOJTYYaeM:

pdV + Vdp = RdT. (10)

Ho p = const u dp = 0. CnenosareiibHO, pdV = RdT . 1lofacTaBiissd 3TO BEIpaKeHHE
B ypaBHeHHe (9), momyynMm

i+2
C, = 5 R.. (11)
13 ypaBHeHwit (8) u (11) cnemyer, 4To
C,)=Cy +R . (12)

IlocnemHee ypaBHEHNE HA3BIBAIOT ypasHerHuem Maiiepa.
H3omepmuueckuii npouecc. M30TepMHYeCKHM ITPOIIECCOM HA3BIBAETCS ITPOLECC, IIPOTE-

KATOLIHIT IIPH ITOCTOSHHOI TeMiieparype T=const 1 m=const. B atom ciyuae dT = 0 u dQ = dA
. TO CTh BHYTPEHHSSI SHEPIHS 'a3a OCTAETCS IIOCTOSHHOH H BCE ITOJBOIHMOE TEIJIO PacXOMyeT-

NOKYMEHT NOoAnucAH
SNEKTPOHHOW NOAMUCLIO - -
CepTudukar:  12000002A633E3D113AD425FB50002000002A6 POTEKAIOIHH Oe3 TEMIOOOMEHA ¢ OKPYKaAIOIIEH
Bnapenewu: | llleGayxosa TaTsAHa AneKcaHapoBKa HayajaI0 TEPMOIHHAMHKH IJI1 TaKOr'o ITpollecca
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oymer mMeTh BUI. dQ = 0, dU + dA = 0, dA = -dU, 10 ecTh IIpH agHabaTHYECKOM IIPOIlecce pa-
00Ta COBEPINAETCS ra30M TOIBKO 3a CUET H3MEHEHHS 3aIlaca BHYTPEHHEH SHEPIHH.

BrBeieM ypaBHeHHe agHabaTHyecKoro Iporecca. Ilpu agmabaTHyecKOM pacIHpeHHH
pabora coBepImaeTcsa 3a CUeT YOBUIM BHYTPEHHEH SHeprHH dA = - dU. Ho dA = pdV nu

dU = C ' dT , snaunt
pdV =-C, dT. (13)

PazgemB ypaBHeHue (10) Ha (13) 1 yunrsiBas (12), momy4sm

V d c'-c) d dv
1+——p:— 4 - e —p:—”y'—, (14)
pdV C! P V
CM
rae Y = —’L Ha3BIBAETCS ROKAzamesiem aouadamst W Koipuuuenmom Ilyaccona. VHTe-
V
IPHPYS H IIOTEHIIHPYS VpaBHEHHE
HC% (14), momyurM ypasHnernue Ilyacco-
B Ha (ypaBHeHHEe aaHa0aTHYECKOIO
1] TIPOLIECCA):
T L j pV' =const.
a 1 E: (15)
§ 1 EE Hﬂl) C yueroM (8) u (11) xo03¢-
I —  H ‘L ¢uimeHT IlyaccoHa paBeH
- A | T E
1 T F C, i+2
E 2 —__P _
B e B '}( — — N
_________ EV {
(16)
PucyHok 3 — Cxema yCTaHOBKH Ora (opMyIa CIpaBeJIHBa KaK JId

OTHOIIEHHS MOJIIPHBIX, TaKk H
yIEIbHBIX TEINIOEMKOCTEH I'a30B.
Bo3ayx sSBISETCSA B OCHOBHOM CMECBHIO JIBYXaTOMHBIX I'a30B: a30Ta H KHCIOpoja. [1oaTo-
MY €r0 MOKHO pacCMaTpPHBaTh B IIEIIOM KaK JBYXaTOMHBIH I'a3. COBITaJieHHE 3KCIIePHMEHTAIbHO
HaHJeHHOr 0 3HaYeHHSI KO3((HIHEHTa Y ¢ paCCUHTAHHEIM IT0 opmyie (16) I ABYXaTOMHOIO
HJIeaJIbHOTO Ta3a MOJKET CIIYKHTh KPHTEpHEM ITPHMEHHMOCTH TEOPHH HJIealbHOIO rasza s
OIIMCAHHS PeaJIbHbIX T'a30B.

Obopyodosarue u mamepuaibl.
[Ipemmaraemerii MeToh ompefeneHns koag@miueHTa IlyaccoHa  OCHOBaH Ha ITPHMEHEHHH
YPaBHEHHH agHa0aTHYECKOr0 H H30XOPHOIO IIPOIIECCOB H 3aK0oHa borursa-MapHorra.
YCTaHOBKA COCTOHMT M3 CTEKIISHHOrO OalloHa A, COSQHHEHHOIO ¢ BOJSHBIM MAaHOMET -
poM B u HacocoMm (pucyHOK 3). IlocpeacrBoM kpaHa JI GaioH MOKeT OBITh COEJHHEH C aTMO-

cpepoii.
T o e e e e — e e o
NOKYMEHT MOOMVNCAH HIE BO3AYXa4 B OarUIoHE PaBHO aTMGC(l)EpHOM}".
SNEKTPOHHOWM NOOMUCEIO 4yaThk B OarUIOH HCKOTOPOC KOJIIHMYCCTBO BO3VXa,
Ceptudhmkart; ,12000002A633E3D113AD425FBS0002000002A6 [O TIOBEIIIIEHHE OLITIO TIPOM3BENEHO JAOCTATOYHO
Bnapeneu: lLebayxoea TatbAHa AnekcaHapoBHa —
13y 3aHMCT OKOHHYATCIIbHOC ITOIIOKCHHE, TdK KaK
[eicreutenen: ¢ 20.08.2021 no 20.08.2022 rcsa. OKOHYATEIbHAs PasHOCTb }fpl:}EHEﬁ BOJIEBI B
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KOJIeHaX MaHOMeTpa H yCTaHOBHTCS TOIBKO TOI/a, KOrJa TeMIIEpaTypa BO3yxXa BHYTPH Oalrio-
Ha CpaBHSeTCS, Onarogaps TEIIONPOBOJHOCTH CTEHOK, ¢ KOMHATHOH TeMIIEpaTypOoH

O0o3HauHM 4epes3 7| KOMHAaTHYIO TEMIIEPATYPVY H Uepes pi - AaBIIEHHE I'a3a BHYTPH CO-
CyJla, COOTBETCTBVIOIIEE MMOKa3aHHIO MaHOMeTpa H. O4YeBHIHO, YTO AAaBIIEHHE, YCTAHOBHBIIIEECS
B OaJlToHE, OyfeT Oomblie aTMOc(pepHOro Ha BelmuuHy A p1 = pgH:

pr=po+tdpr (17)
TJIE po - aTMOC(EPHOE JaBIIe-
Hue. Ilapamerprsl 71 H p) Xa-
PAKTEPH3YIOT COCTOSHHE BJIE-
MeHTa o0bpeMa Vi rasa, KoTro-
poOe MBI Ha30BEM IIEPBEIM CO-
CTOSIHHEM raza (Touka | Ha
P3V3T PHCYHKE 4).

Ecin Terepp Ha KO-
POTKOE BpeMS OTKPBITh KpaH,
TO BO3AYX B OamioHe OYAEeT

P 1 PViT

P=P, : 2| P2V 1 pacIMpATeCS  aguadaTHye-
| i
: : CKH, ITOKa JaBIIeHHE ero He
i ]
& M . clelaeTcs PaBHBIM  aTMO-
v V,=Vs v A P

c()EpHOMY po, TIPH BTOM OH
OXJIAAUTCSA OO0 TEMIIEPATYPBI
T>. 210 OYIET BTOPOE COCTO-
SHIE Ta3a ¢ ImapaMeTpaMu 1>

PucyHoK 4 — [lnarpamma rasoBoro npouecca

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

Ecim cpasy B MOMEHT JOCTHKEHHS BTOPOI'O COCTOSHHS rasa CHOBA 3aKpPBITh KpaH, TO
IaBJIEHHE BHYTPH Oa/UTIOHAa HAYHET BO3PACTaTh BCIEICTBHE TOT'O, UTO OXJIAJHMBIIHIICS IIPH pac-
mupeHnH (Tiporecc 1-2) Bo3ayx B OalUIOHEe cTaHET CHOBA HarpeBaThes. BospacTaHue JTaBIIECHHS
ITPEKPATHTCS, KOrJla TEMIIEpaTypa BO3AyXa B OaZIOHE CPaBHIETCS ¢ KOMHATHOHM TEMIIEpATypPOH
I';. OG03HaUYMM JaBJIeHHE BO3AyXa B OaUIOHE B 3TOT MOMEHT Yepe3 p3 H COOTBETCTBYIOIIEE T10-
KazaHHe MaHOMeTpa - dyepe3 h. 3T0 OyIeT TpeThe COCTOsHHe ra3a:; 11, ps H V3 (Touka 3 Ha pH-
CyHKe 4) . JIaBIIeHHE B 3TOM COCTOSHHH PaBHO

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

[lepexom oT BTOpoOro cocTosSHHS (ITOCIIE 3aKPHITHSA KpaHa) K TPETheMY IIPOHCXOIHT Oe3
H3MEHEeHH I 00beMa, TO €CTh H30XOPHO.

3armIeM YpaBHEHHS, CBS3BIBAIOIIIE ITapaMeTPhl BO3IYXA B Pa3sHBIX COCTOSHHSX:

mportece 1 —2 (agmabara) p,V," = p,V, . (19)
nporecc 2 —3 (mM30x0pa) Vo= Vs, (20)
kpuBag 1 — 3 (m3orepma)  p1Vi = paVa. (21)
B ypaBHeHne Ilyaccona (19) Ha ocHOBaHHH paBeHcTBa (20) rmoactaBHM Vz BMecTo Vo:
pVi' = p,Vy. (22)
M3 ypaBHeHHS H30TepMEI (21) BEIpazHM 00BEM Vi:
v,=Liy. (23)
P;
[lomyyeHHoe 3HaYeHHe V3 MOACTaBHM B ypaBHeHHe [IyaccoHa (22):
[NOKYMEHT NOANMUCAH Py |
3NEKTPOHHOW NOAMNMUCHIO pVii=p, —V, | . (24)
Ceptudnkar:  12000002A633E3D113AD425FB50002000002A6 P
Bnapeneu: LeGayxoea TateaHa AnekcaHapoBHa
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pVi'=p,pVi'p3". (25)

CokparuB 00e YacTH Ha VI"" , lIepeHecs p1 BIIPaBO, a P, P, ' BIEBO H IIOMEHSB JIEBYIO H

ITPABYHO HaCTH MCCTAaMH, ITOIIYHHM.

(L S
Pr — P2 P3- (26)
[TOMHOKIM TIPaBYIO 4acTh Ha P, P, (OTYErO PaBEHCTBO He HAPYINHTCS) M CIETAEM CO-
OTBETCTB VIOIITHE HpEGﬁpﬂBﬂEﬂHI[ﬂj ﬂﬁ'BEI[HHI[B IICHEBI C OJMHAKOBEIM OCHOBAHHEM CTCIICHI.

bl
Pi =Py PiP> - (27)
ni—]
HU'I[EJ]IIM Ha [, JICBYIO H IIPABYIO TdCTH YPABHCHI, ITOJIYHTHM.

r'"f — l r';'f

P — & * (28)
P> P>
[IpeacraBuM JariIeHHS rasa B OaljIoHe B TOYKax 2, 1 M 3 COOTBETCTBEHHO KaK
P2 = po, (29)
p1=po+ Ap1, (30)
p3 = po+Ap3, (31)

TJie po— JaBJIeHHE OKPYKaOIIeH cpelbl, TO ecTh aTMoc(pepHOe TaBneHHe, Apy H Ap3 — JaBIIeHHE,
TIPOITOPIIHOHATIFHOE PAa3HOCTH YPOBHeEH KHIKOCTH B MAaHOMETPE B COCTOSHHSIX 1 H 3 COOTBET-
CTBEHHO.

[ToxcraBus (29), (30), (31) B ypaBHeHHE (28), IOTYYHM

r".f —_ 1 r".f
i i

A A
i B R e

Po Po

(32)

PasznoxiB 00e 4acTH IOITYYEHHOIO BEIPaKeHHSI B P 110 MAJIOMY ITapaMeTPy H OIPaHH-
YHBIIHCH ITEPBEIMH ABYMS YiIeHAMH psfa (B CHIIy MaJOCTH BTOPHIX ClIaraeMbBIX B JIEBOH H ITpa-
BOIT aCTSX), TTOITYIHM

Ap )
1+(y—1)izl+y‘ﬁ“. (33)
Po Po
Bripaszym 3 ypaBHeHH (33) ko3 puimieHT [IyaccoHa:
Y= B (34)
5171 - ‘@73

Ecmn yuects, uto Ap1 = pgH, a Ap3 = pgh, To ToIy4HM padouyro (POpMYyITY IS OIpeie-
neHua KoadgrrnenTa [IyaccoHa:

Y= i (35)
H—h
YKrkazanua no mexrurxe dezonacrHocmii.
NOKYMEHT NoanncAH
SNEKTPOHHOW Noannceio AOITYCKAIOTCA CTYVACHTBI, H3YVHUHBIIHMC IIPdBHIIA
Ceptuchukar:  12000002A633E3D 113AD425FBS0002000002A6
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHA
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3. Pacrnionararirte nmpuOOpsI, MaTepHalkl, 000pyAoBaHHe Ha pabdouyeM MeCTe B ITOPSIKE, VKa-
3aHHOM ITPEIOIaBaTEIIEM.

4. He ACPAHTE Ha pE]ﬁDIIEM CTOJIC ITPEAMCETRIL, HE TPC 6}"IOHIHECH HIIS BBITIOJITHCEHI 34 1aHITA.
HEPEI[ TEM, KdK IIPHCTVYIIHNTL K pﬂﬁﬂTE TIATCJIIbHO H3YHHIC €€ OIMCaHNE, YACHHTEC XO/[
BBITIOJIHCHITA pﬂﬁ OTHEI.

hd

3aoaHuai.
1. IIpn momormy kpaHa /I coeTHHHTE OalIoH ¢ aTMoc(epoi. 3aKphITh KpaH.
2. Hakauatp B OarUIOH BO3AYX TaK, YTOOBI pa3sHOCTh VPOBHEH BOAEI B KOIIeHAaX MaHOMET-
pa coctaBrma 20-25 cM. (4-5 000pOTOB PYYKH Hacoca)
3. Berxgare 1,5-2 MHHYTEL, YTOOBI BO3AYX B OA/UIOHE OXJIAMHIICS O KOMHATHOH TeMIIE-

paTypel H YPOBHH BOJBI B MAaHOMETPE IIEpecTalIN IepeMelnarbes. [IomyuyeHHOe COCTOSHHE COOT-
BETCTBYET TOUKe | Ha pHCYHKe 4.

4. 3ammucath B TaOIHI[Y 2 BEICOTY YPOBHEH BOIEI A, U hyp B KOIEHAX MaHOMeTpa. Orpe-
IelIuTs H :

H =

5. OTKpHEITh KpaH Tak, YTOORI BO3MYX B OaluIoHe OBUI COEMHEH ¢ aTMoc(]epoit, H OBICT-
PO €ro 3aKphITh B MOMEHT, KOI'JIa VPOBHH KHAKOCTH B 000HX KOJIeHaX MaHOMETPa CPaBHSIOTCH.
[Tpn 5TOM JaBIeHHe BO3AyXa B OalUIOHE CTaHET PaBHBIM aTMOC(epHOMY po — 3TO COCTOSHHE,
COOTBETCTBVIOIIEE TOUKE 2 HA PHCYHKE 4.

0. BeIKmaTe, 4ToOBI BO3AYX B OalJIOHE ITOCHE agHadaTHOrO PacIIHPEHH S HArPeJICs, H €ro
TeMIleparypa IMpHOIM3IIach K KOMHATHOH Temrieparype. IIpu 3ToMm gaBieHue B OalllIOHE TTOBEI-
CHTCS H BHOBB ITOSIBHTCS Pa3HOCTh VPOBHEH KHAKOCTH B MaHOMeTpe. Korjga ypoBHH IepecTaHyT
IIepeMelaThCs, CAeIaTh HOBBIH OTCYET ITOKA3aHHH YCTAaHOBHBIIHMXCS YPOBHEH B KOJeHaX MaHO-

r e
MeTpa /1, h;p . OnpeemTh pa3sHOCTh YPOBHEH A.

7. ITpu momor kpaHa /| coeTHHHUTE OallIOH ¢ aTMOC(EPOH.

8. OIIBIT ITOBTOPHTE HE MeHee S pa3 110 ITyHKTaM 1-7 (ITo yka3aHHIO IIPeNoJaBaTelIs).

9. Paccunrath 1o gopmyiie (35) y; A1 KaKIOro OIMBITa IMTPOBEeAeHHONH CepPHH H3MePeHHIA.
10. Haiiru cpegHee apugmeryeckoe () .

11. BBEIMHCIHTE IONYIIHPHHY JOBEPHTEIIBHOIO HHTepBana Ay, KakK JUIS CEPHH ITPSIMBIX
H3MEPEHHH.
12. Pesynbrar npegctaBuTh B BUIE y=y) =+ Ay, o = 0,95,

13. BeIBOA, ceaTh H3 CpaBHEHHS SKCIIEPHMEHTAIBHO ITOJIYYEHHOIO 3HAaYeHHSI KO3 (]H-
npeHTa IlyaccoHa M paccunra”HHOro 1mo gopmyne (16) yepes cTerneHH cBOOOIBI MOJIEKY BO3-

oyxa.
Talbmuia pe3yiIbTaToB H3MEPEHHI
TaGmira 2
No hy, MM | By, MM | H, MM h;ljhﬂd %:w h, MM % <y > Ay;
1
2
3

OJOKYMEHT NOA4rnnMcCAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Cooepocarnue omuema.

OTt4eT 110 1ab0opaTOpHEIM padoTaM JIOIIKHBI COAEPKaTh:

- TUTYJIBHBIH JINCT,

- 1IeTb PadOoTHI,

- KOHCITEKT OCHOBHEBIX 3aKOHOB, OITPeelIeHHH, ITIOHSITHI, (DOPMYII,
- OCHOBHO€ 000pYyIOBaHHE, CXeMa YCTaHOBKH,

- OITHCAHHE ITO IYHKTAM BBOTIOTHEHHOH PadOTHI;

- pe3yIIbTaThl H3MEPEHHH H pacyeToB (TaOIHIIbI, TpapHKH);

- OLI€HKA ITOTPEITHOCTEH,

- OTBETHI Hda KOHTPOJIbHBIC BOIIPOCEL,
- BBIBOJIEI ITO PE3VIIBTATAM BBITIOITHEHH O pﬂﬁGTBI:, HaTa, ITOAITHCE.

Konmponsusie 6onpocei.

1.YT0 TaKoe uaeaabHbI ras?

2.3aIMINIHTE YVpaBHEHNE COCTOSHUS HACAJbHOI'O rasa. JlanTe OIpPeAclIeHIe BEJINYHH,
BXOJISIINX B HETO.

3.UT0 Ha3BIBacTCA YHCIIOM CTEIIEHEH CBOOOJBI CHCTEMBI? KaKOBO YHCIIO CTEIlEHEH CBO-
OOJIBI OJIHO-, IBYX- H MHOI0OaTOMHON MOIEKYIBLI? UeM 00YCIOBIEHO paslIHYHe YHCIIa CTEIIeHEeH
CBOOOJHI IS PasHBIX MOJIEKYII?

4.Y10 TaKoe BHYTPEHHII SHePriusa? KaKk HalTH BHYTPEHHIOIO SHEPIHIO HIeaJIbHOI'O rasa?

5.HasoBuTte crioco0pl H3MeHEHHS BHYTPEHHEN SHepru. Kak paccuurars padoTy Hcalb-
HOrorasa?

6.ChopMyIHpyHTe IIEPBOE Ha4YalIO TEPMOIHHAMHKH.

7.JlafiTe orpeereHHs TEIUIOEMKOCTH CHCTEMBI, YVAEIBHOH H MOJISIPHOH TEINIOEMKOCTEH.

8./lanTe ompeaeaeHHs H30TepMHYECKOMY, H300apHOMY, H30XOPHOMY H aaHadaTHYECKO-
MY Ta30BBIM ITPOIECCAM, ITPOAHAIIM3HPYHTE HX C ITOMOINBIO IIEPBOTO Havala TePMOIHHAMIKH.
[IpuBeuTE rpapHKH COOTBETCTBYIOIMX H3OITPOIECCOB.

0.3armmmuTre (pOPMYIIBL IS MOJIIPHBIX TeIUIOEMKOCTEH HAeadIbHOro rasa. OOBSCHHTE,
IIOYeMY TEIUIOEMKOCTH I'a3a IPH ITOCTOSHHOM JaBIEHHH OOJIBIIE, YEM ITPH ITOCTOSHHOM OObE-
ME.

10. Bripasure ko3 duimeHT IlyaccoHa yepes YHCIO cTerneHeH CBOOOIBI MOJIEKYIIHI.

11. ITocTpoliTe rpadHK IIPOIECCOB, IMPOHCXOASIMX C BO3IYXOM ITPH BBIITOTHEHHH JIaH-
HOH paboTEI H OOBSICHHTE ETO.

JIaboparopHan padora Ne 7

T'ema pﬂﬁﬂlﬂbl. HS}"IEHHE HICEKTPOCTATHYICCKOI'O ITOJIH

HEJH: pﬂﬁﬂﬂlﬂ. I/IB}HIEHHE AIEKTPOCTATHUYCCKOI'O ITOIIA, IIOCTPOCHHE 3KBHITOTCHITHAIIL HBIX
HDEEPI’{HDGTEﬁ TTOJIA.

TEﬂpEHHFIECHﬂH Hyacmb.

M3BecTHO, YTO BOKPYT IFOOOTO 3apsfa HIH 3apsSKEHHOI'O Tella CYIIECTBYET AIEKTPHYE-
CKOe Iore. B »ToM ITole Ha BHECEHHBIN B HETO APYTOH 3apsyl JEeHCTBYET KYJIOHOBCKAsl CHIIA.
DOJIeKTpHYECKOE ITOJIEe XapaKTepPH3YETCS B KaXKJIOH TOYKE BEIIHYHHAMH: CHIIOBOH — BEKTOPOM

AOKYMEHT NOANWCAH
SJIEKTPOHHOW NMoArncbio
Ceptuduikar: 1 112000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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HEIHPH}I{EHHGCTBIG AJNICKTPHYCCKOI'O ITOIIM HAa3bIBACTCA QJIIBIHECI{E],H BCIIMYITHA, YHCIICHHO

paBHAs H COBITQIIOIIAS IO HAIIPABIEHHIO C CIUION [, JMeHCTBYIONIIEH CO CTOPOHEI ITOIS Ha
e JHHIYHBIH ITONIOKHUTEIBHBIH TOYEYHBIH 3apsf ¢, IOMEIIEHHBII B PAaCCMAaTPHBAEMYIO TOUKY:

F
90

IloTeHIHamoM AJIEKTPHYCCKOI'O ITOJIA B JIAaHHOH TOYKEe Ha3bIBACTCSI CKaJIAPHAA BCJOTYHHA,
HHCIICHHO PdBHAA TIOT €HI[HAIbHOH JHEPI'HH U eIHHHYHOTO ITONOKHTEIIBHOIO TOUYEYHOI'O 3apsaaa

q . IIOMEIIEHHOT' O B 3Ty TOUKY

E= (1)

U
q{}
[ToTeHI[HaT K HAIIPSDKEHHOCTD SIEKTPHYECKOTO IO CBSI3aHEl COOTHOIIEHHEM
E=—gradgp (3)

HamoMHmM, 4TO rpagHeHTOM ITIOOOH CKaISApHOH BEIHYHHBEL (0 HA3BIBAIOT BEKTOP,
HaIIpaBJIEHHE KOTOPOr'O COBRIAAAaeT C HaIlpaBJIcHHEM OBICTPEHINErO YBEIHMUYEeHHS BEIHYHHEL @, a
MOJVIIb PaBeH H3MEHEHHIO (P TIpH IIEpeMEIleHHH Ha eQHHHIY IIHHBI B HallpaBIEHHH
OBICTpEHIIIero H3MEHEHHS (@ . 3HAaK «MHHYC» B popMylie (3) ITOKa3bIBaeT, YTO HAIIPSDKEHHOCTD

ronng [ HampaBiIeHa B CTOPOHY YOBIBAHHM S ITOTEHITHAA.

HammpaBrneHHe BeKTOpa HaANMpPsDKeHHOCTH AIeKTPHYECKOro ITOJII B KaKIOH TOYKe ITONSI H
pacrpelielleHHe TIOTEHIIHAJIOB TIOII MOJKHO cJielaTh OCOOeHHO  HAarTISIHBIM, €CIIH
BOCITONTb30BAThCS MOHATHSIMH O CHIOBBIX IHHHSX H O IIOBEPXHOCTSX PaBHOIO ITOTeHIHAlIA, TaK
Ha3bIBa€MBIX PKBHITOTEHIHAJIbHBIX ITOBEPXHOCTAIX.

CHIOBBIMH JHHHSAMH Ha3bIBAIOTCS JIHHHH, KacaTeIbHbIE B KaKIOH TOYKE KOTOPBIX
ONPEJICIITEOT HAaIlpaBIeHHe BeKTOPOB HAMNPSKeHHOCTEH SlIeKTpHYecKoro Iond. Ymceimo ke
CHJIOBBIX ITHHHH TIPOXOMMINNX 4Yepe3 eIHHHILY IUIOIAagH, HOPMaJdbHOH K STHM JIHHHSM,
OIpeJieNIsIeT BEIHUYHHY BeKTOpa HalpSHKeHHOCTH 3IIEKTPHYECKOro IO B IIeHTPpe 3TOH IIJIOMIa H.
JIHNHMH  HaIpsSDKEeHHOCTH — 3JIEKTPHYECKOro IONd  HEe3aMKHYThI, OHHM HAaYMHAIOTCSI M3
ITOJIO’KHTEIILHOTO 3apsia H 3aKaHYHBAOTCS Ha OTOPHI[AaTEIEHOM 3apsiie.

['eoMeTpHYECKOE MECTO TOUYEK NMEKTPHYECKOIO ITOJISL, IOTEHI[HAIBI KOTOPBIX OJJHHAKOBEI,
Ha3bIBAETCS SKBHIIOTEHIHAIbHOH ITOBEPXHOCTHIO. DKBHIIOTEHI[HATIBHBIE TIOBEPXHOCTH ITPOBOAST
TaKHM 00pa30M, YTO Pa3HOCTh ITOTEHIHAIOB IS ABYX COCEIHHX ITOBEPXHOCTEH BCIOAY OJHA H
Ta 2Ke. DTO ITO3BOJIIET IIO I'YCTOTE AKBHIIOTEHI[HAILHBIX ITOBEPXHOCTEH CYAHTh O BEJIHYHHE
HaITPSDKEHHOCTH ITOJIS.

BekTophsl HalpsKeHHOCTH SIeKTPHYECKOrO IO H, CIeJOBAaTEIbHO, CHIIOBBIE IIHMHHH
TIOJISI HOPMAJIBHBI K SKBHITOTEHI[HAIIbHBIM ITOBEPXHOCTSIM. Ha pric.]l CHIIOBBIE JIMHHH HEKOTOPOTrO
TTOJIS ITPOBeIeHBI CIUIOIIHOM JIMHHEH, a SKBHITOTEHITHAIbHbIE TIOBEPXHOCTH-IITPHXOBOH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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M3BeCTHO, UTO BKCIIEPHMEHTAJIBPHOE H TeOPETHYECKOE HM3YUEHHE pacIpelielIeHH s ITOTEHIHAIOB
3JIEKTPHYECKOTO ITOMIS IIPOIEe, YeM OIpeAelieHHe HaIpsLKeHHOCTEH ITonsd. ITosTtoMy B JaHHOH
paboTe 3KCIIEpPHMEHTAIBHO OIPEACIIIETCS pacpeelIieHHe ITOTEHIHAIOB 3JIEKTPOCTaTHYECKOT O,
T.€. He H3MEHSIOIIET OCS CO BPpEMEHEM BIIEKTPHYE CKOr O IToIs. CHIIOBEIE THHHH H3Y4aeMOI'O ITOJI
MOZKHO ITOCTPOHTH ITOTOM, KaK KPHBEIE, OPTOIOHAJILHEIE K SKCIIEPHMEHTAIILHO HAHIEHHBIM IIO-
BEPXHOCTSIM PAaBHOT'O ITOTEHI[HAIIA.

PacripesiesieHie ITOTEHIMAIOB 3JIEKTPOCTAaTHYECKOrO OIS MOXKHO H3VYaTh METOAOM 30HOB,
3aKITFOYAIOINEMCS B CIIEAVIOIIEM: B HCCIIEAYEMYIO TOUKY ITOJIS BBOJUTCS JOIMOIHHTEIIbHEI 3IIEK-
TPO — 30HJI, YCTPOEHHEIN TaK, YTOOBI OH MHHHMAJIbHO HAPYINAI CBOHM ITPHCYTCTBHEM HCCIIE-
IyeMOe I1OJIe M IMPHHHMAJI ITOTEHI[HAJI TOH TOYKH IIOIS, B KOTOPYIO OH IOMelleH. IIpH aTHX
YCIIOBHSIX ITOKA3aHHS IIPHOOpa, ¢ KOTOPBIM 30HJ COeQUHSETCS IIPOBOAHHKOM, OVAVT TaBaTh
ITPABIIIBHYIO KapTHHY PacIIpPeJeIeHH I IIOTEHIHAIOB B HCCIIEAYEMOM IIOJIE.

CIOKHOCTH pabOTHI ¢ 30HAaMH H, BOOOIIE, TPYAHOCTH 3JIEKTPOCTaTHYECKHX H3MePeHHH ITPHBE-
IH K pa3paboTke 0co00ro MeTo[a H3YUeHHS EKTPOCTATHYECKHX ITONEH — ITYTeM HCKYCCTBEH-
HOI'O BOCITIPOM3BEAEHHS HX CTPYKTYPHL B ITPOBOASINHX Cpelax, IT0 KOTOPEIM ITPOITYCKAETCS I10-
CTOSIHHBIH TOK. TaKHM ITYTEM IIPSIMOE H3YUEHHE IEKTPOCTATHYECKOTO ITOIS 3aMEHSIETCS H3Y-
YEHHEM €I0 TOYHOH M Oojiee YIoOHOH MOJEIIH.

OIMHCAaHHBIN MeTOJ HCCIeJOBaHHSI, KOTOPBIH Has3bBAcTCSA MOIAEIHPOBAHHEM SIIeKTPOCTaTHUE-
CKOI'O ITONIS, HMEeT IIHPOKOEe IIPHMEHEHHE HA IMPAKTHKEe. OTOT METOJ IIONIEe3€H IS H3YUYEHHS
CIIO/KHBIX BJIEKTPOCTATHYECKHX ITOJIEH, TOYHBIH PacuyeT KOTOPHIX 3aTPYAHHUTEIIEH H3-3a CIIOMKHO-
CTH I'PaHHYHBIX YCIIOBHH (MHOI'ORIEKTPOJHEIE PaJHOIAMIIBI, 3JIEKTPOCTaTHUYECKHE JIMH3BI, (o-
TORIEKTPOHHBIE YMHOKHTEIH H T. ).

Obopyodosarnue u mamepuaibl.
CrieliHajabHasl YCTaHOBKA, TAJIbBAHOMETP, HCTOYHHK TOKA.

YKazanusa no mexHuke de3onacHocmiu.
I. K BbOIOMHEeHHIO jTa0OparOpHBIX padoT IOMYCKAIOTCA CTYIASHTBI, H3YVUHBIIHE IIpaBHIIA
TEXHHUKH O0e30ITaCHOCTH.
2. JlaBGopatopHble pabOTH MOT'YT IIPOBOJHTHCS TOJIBKO ITOA PYKOBOACTBOM H HaOIFOAEHHEM
ITPETIOlaBaT eI

3. Pacrnionararirte nmpuOOpeI, MaTepHalkl, 000pyaoBaHHe Ha pabouyeM MECTe B IIOPSAAKE, VKa-

3aHHOM IIPEIOIaBaTEIIEM.

4. He pepxure Ha pabodyeM CTOJIE TIPEAMETEL, HE Tpe OVIOIHECS IS BRIITOITHEHHS 3a]aHHS.
Ilepen TeM, KaK IPHUCTYIMMTE K padoTe TINATEIILHO M3VUHTE €€ OIMMCaHHe, VACHHTE XOJI
BBITTOTIHEHM S paOOTHI.

3aoanuas.

1. IIpoBepHuTh cXeMY SKCIIEPHMEHTATILHOH YCTAHOBKH.

2. BKIXOYHTE BREOIPSIMHTEIG B CceTh 220 B.

3. YCTaHOBHTH JABHKOK PEOXOPABI HA pacTOSHHH 8-10 ¢CM OT OJHOr0O M3 KIEMM PEOXOP/EIL.

OrnpeenHTh ITOTEHIHAI JIBHXKa 1o popmyrie (4).

4. Ilepemelasg 30H]J BpalllecHHEM PVYEK KOOpPAHHATHHKA, HAXOAWUTh TaKHEe TOYKH, I

KOTOPBIX TOK TaJlbBaHOMeTpa paBeH HVYII. KoOmIHYecTBO 3THX TOYEK JOIKHO OBITH

HOCTAaTOYHO IS ITOCTPOEHHS JIMHHH 5SKBHIIOTEHI[HAIbHOM ITOBepXHOCTH (7-10 Touek).

KoopauHaTel TOYEK OTCUYMTHIBATE 110 JIMHEHKAM KOOPAHHATHHKA.

5. HaHecTH Ha MIWIDIMETPOBVIO OyMary HaHAEHHBIE TOYKH H COEIMHHTL HX IIIaBHOH

[OKYMEHT MOAMVICAH I
SMNEKTPOHHOM MNMOAMUCHIO ITh ImI.4, 5. YHCIIO ITIOBTOPEHHUH OIIbITA 4-5 pas.
comimar, oSO e |0 T S T O
3 BHIY, 4YTO B TOYKaX IIEPECEUEHHS IIMHHH

hd
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IEKBOITOTCHITHAIIBHBIX HGEEPXHGCTEﬁ H CHIIOBBIE ITHHHH JOIKHBI OBITH HOPMAJIBHBI APYI K

APYTY.
Cxema BKGHEPIMEHTHHBHDﬁ YCTAHOBKII ITPEJCTABIICHA Hd PHC. 2.

sl

| S—

Puc. 2

OHa IIpeAcTaBlIsgeT COOOH MOCTOBVIO CXEMY, COCTOSIIVIO M3 3IeKTpoaoB A u C, 1oie
Me KTy KOTOPBIMH H3Y4YaeTCs, peoXopasl P, HyIb-ragsBaHoMeTpa G, COEHHEHHOI O C 30HIOM Z,
H HCTOYHHKA ITHTAHHSA — BBIIpsMHUTeIS B. HampsckeHne Ha smekTpoisl A M C IomaeTrcs C
peoxopasl P, MOAKIIOUEHHOH HA BBIXOJ BBIIIPSIMHTENS B. Cpenmon, I03BOISIOIIEH
MOJIEIIHPOBATE BIIEKTPOCTATHUECKOE ITOJIE, CIIYKHT TOKOIIPOBOAAIIAs OyMara, KOHTYPBI KOTOPOH
ITOKAa3aHbl Ha PHC. 2 INTPHXOBBIMI JIHISIMI.

[IpurHipmn paboThl YCTAaHOBKH MOXKHO IIOHSATH H3 CIeAVIOIero. Ilepemerrias IBHIKOK
PEOXOPABL, ATOMY ABIKKY MOXKHO ITPHAABATh Pa3/IMUYHbIe 3HAUEHHS ITOTEHIHAala OTHOCHTEIIEHO
3JIEKTPOAOB. Hamiume win OTCYTCTBHE TOKA B LIEMH 3aBHCHT IIPH 3TOM OT TOI'O, B KAKOH TOYKE
OIS HAXOMUTCS 30HA. ECIH OH HaXOAHTCS B TaKOH TOYKE ITONS, ITOTEHI[HAI KOTOPOH paBeH
IIOTEHIHAIy, VCTAHOBIIEHHOMY Ha [IBHJKKE PEOXOPAbl, TO TOKa B IIEIH TajlbBAHOMETPa HE
Oyaer.I'eoMeTpHUYECKOEe MECTO TOYEK IIONS, JJIS KOTOPBIX TOK B IIEITH TajlbBaHOMeTpa OVIET
pPaBeH HYIO, 00pa3yeT AKBHIIOTEHIMHAIBLHYIO ITOBEPXHOCTh B HCCIIEAYEMOM ITone. IToreHIHam ¢
3TOH ITOBEPXHOCTH OTHOCHTENBHO AIeKTpoga C MOKHO HAaNTH KAk

n
S 4

rae U — HAaITPsDKEHHE Hd BBIXOJC BBIOIPAMHTCIIA, N — 4YHCIIO JeleHHH IIIKallbl PEeOXOpAbIL, n —
AJCIICHIC IIKAJIBI, Hd KOT Oprﬁ YCTAaHOBIICH JBHKOK.

YcraHoBKa cHaO’keHa CIICIHHHAIIEHEBEIM HpIICHGCGﬁHEHIIEM —  KOOPJHHATHIHKOM,
ITO3BOJIAIOIIIIM BPAILICHHCM PVHUCK KOOPAHHATHHEKA IICPCEMCINATE 30HA, d TAKMKC OTCHHIBIBATD
KOOPAHHATEI HaHIeHHBIX TOUEK SKBHIIOTEHI[HAIbHOH ITOBEPXHOCTII.

Cooepacarue omuemd.

Ot4eT 1o nadopaTopHEIM padoTaM JOJIKHBI COAEPKATE!

- TUTYIILHBIH JIHCT,

- 1IeNb PadoTHI,

- KOHCITEKT OCHOBHEBIX 3aKOHOB, OITpee/IeHHH, ITIOHSITHI, (DOPMYII,
- OCHOBHOE 000pY/IOBaHHE, CXEMa YCTAHOBKH

- OITHCAHHE ITO ITYHKTAM BBEOTOITHEHHOH padOTHI,

- pe3yIIbTaThl H3MEPEHHH H pacyeTOB (TaOIHIBI, TPaHKH);

- OIIEHKA IIOIPEITHOCTEMH,

- OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHL,

- BBIBOJIBI I10 PE3YIIhTAaTaM BRIITOIHEHHOH padoTEI, J1aTa, IIOAIHCE.

KoumnoinHnie 60NNOCHL
AOKYMEHT INOANWCAH

3 | 9 ¥
SNEKTPOHHOW NOANMUCHIO IIEKTPHYECKOE TIOJIE ,HEIIITE OIIpEACIIEHHE 3THX
Ceprudimkar: ' 12000002A633E30113AD425FB50002000002A6
Bnageneu; lle6ayxora TaTbAHa AnekcaHnpoeHa H TIOTCHIHAJIOM 3JICKTPOCTAaTHYCCKOI'O ITOJIA B
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3. KakiMH TTOHSATHSAMH ITONIB3VIOTCS IS HATCJISIOHOIO IIPeJCTaBIeHHS SIeKTPHYECKOr O
T1011s?

4, Hapucyiite CHIOBBIE ITHHHH M SKBHIIOTEHI[HAIBHBIE ITOBEPXHOCTH IIOIS TOYEUHOIO
3apsaa, ABYX PasHOMMEHHBIX 3aPSIOB.

5. Kakme sKCIiepHMeHTaIbHBIE METOBI MCIIONB3VIOT IJI1 H3YUEHHS 3JIEKTPOCTATHYECKOIO
T1011s?

JIabopaTopnas padora Ne 8

Tﬂﬂiﬂpﬂﬁﬂﬂlﬂ. HSMEPEHHE COIIPOTHBJICHHA C ITIOMOINBIO MOCTA ¥Yurcrona.

Ilens padomst. 1enpro paGoThI SBISIETCS H3YUYEHHE METOLA H3MEPEHHS COIPOTHBIICHHS
IIPOBOHHKOB C ITIOMOIIBI0 MOCTOBOI CXeMBI H OITpeflelieHHe VAeIbHOIO COIIPOTHRIIEHH S MaTe-
pHaIa IIPOBOJHHKA.

TEﬂpEHHFIECHﬂH Hdacmb.

DJieKkmpoconpomusJieHie npo6oOHUKA — STO CKaIpHad (H3HYecKas BeTHYHHA, XapaKTe-
PH3VIOIIAS €O SIEKTPOIPOBOASAIIHE CBOiicTBa. COMPOTHBIEHHE IIPOBOJHHKA 3aBHCHT OT ErO
(hOPMBI, pasMEPOB U 3MEKTPOIIOBOASAIMX CBOICTB MaTepHAasa, H3 KOTOPOIro H3TOTOBIEH IIPOBO-
HHK. B IpocTeiiieM ciyyae OJHOPOJHOrO IPOBOAHUKA C IIOCTOSHHBIM ITOIIEPEYHBIM CEYEHHEM,
COIIPOTHBIIEHHE IIPOBOJHIKA OIPENENIeTCs CeLYIOMIIIM OOpa3oM:

4
R= pé ; (1)

IJc p — YACIIBHOC COIIPOTHBIICHHE MaTCPHAalla ITPOBOJIHIKA, ’e] — JJIHHA ITPOBOJHHKA, S —

TUIOINAb €ro IIONEePEeYHOr0 CeYeHH.
M3 popmymsr (1) MOKHO BEIPa3sHTh YIEIBHOE COITPOTHBIIEHHE:

R-S
p — ’ (2)
(
OTKYAa BHAHO, YTO VACIBLHOC COIIPOTHBIICHHC YHCIICHHO PaBHO COIIPOTHBIICHHIO IIPOBOJHIHKA
E,I[HHH‘IHDﬁ AJITHHBI, HMCIOIICTO ITIIOMIAAb ITIOIICPEYHOI'O CCHCHIA, PABHYIO CAHHHIIC IUIOIIaIll. B

cucreMe CH yaempHOe COIMpOTHRIIEHHE H3MEPSIOT B OMMeTpax (OM-M).
OIHHM H3 METOJ0B H3MEPEHH S COITPOTHBIIEHHS SRIISIETCS METOJ, MOCTa YHTCTOHA.

- MocTt YHUTCTOHA IpeaHa3sHAuYeH I H3MEPEHHS COIIPOTHBIIEHHI.
OH COCTOHT M3 ABYX pe3HcTOPOB Ri 1M R2, YYBCTBHTEILHOIO T'aJIbBaHO-
MeTpa G, IBYX PE3HCTOPOB — 3TAJIOHHOIO R M Hen3BecTHOro Ry (puc.1).
PaccMOTpHM cXeMy IIpH YCIIOBHH, YTO IO y4acTKy ED TOK He Imporeka-
eT. 3aMKHEM Kirou K, Torma 1rmo yyactky AB IOTeYET TOK M BIOIb HETO
OyzeT HaOMrOAaThCS IMaJleHHe TTOTeHIIHAlla OT BEJTHYHHEI (A (B TOUKe A)
0 BenmHYHHBL ¢z (B Touke B). B nerm AEB moliger Toxk It 1 Oyaer
HaOIFOJAaThCS MaJileHHe TTOTEHIHAla OT @a 10 @ (Ha pesucrope Ry)
1 OT @ A0 @p (Ha pesuctope R»3).

OYeBHIHO, ITOTEHIHAT B TOUKE € HMeeT 3HaueHHe QE Ipomexy-
TOYHOE MEXIY 3HaueHHsSMH (@A B ¢B. [IosToMYy mmogGopoM pe3HCcTOpOB
R1, R2 1 R» Bcerma MoxHO JOOHTHCSA, TOTO YTO B TOUKe D ImoreHIHall

n ) AvmeT narew moTeuTiHAIY OF: D=0 E. Ecimi Me ToukaMi D H E
[JOKYMEHT NMOANMUCAH (HalLy OF. GL=0 el

ANEKTPOHHOW NOAMUCHIO ) G:, TO B 3TOM CJIVHAC TOK HCPC3 HCI'O HE T1OH -
Ceptuchmkar: 12000002A633E3D113AD425FBE0002000002A6
Bnapeneu: lleBayxoea TateAHa AnekcaHapoBHAa
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Takoe IonoxXeHHe Ha3bIBAcTCSI PAaBHOBECHEM MOCTA. HGI{H}KEM: HTO YCIIOBHE PAdBHOBCCHA
OITPEACIACTCHA COOTHOIIICHH CM.

LR (1)
R, R,

i

JlenCTBHTEIFHO, HA OCHOBAaHHH BTOPOro 3aKoHa Kupxroda aisd mo0oro 3aMKHYTOrO KOH-
Typa CyMMa ITaJleHHI HallpsOKeHHIT paBHA CyMMe 3IeKTPOABHIKYIIHX CHII, IEBCTBYIOIIHX B STOM
KOHTYPpE:

m

h
SR =SE, (2)
i=1 i=1

3armieM 3TH ypaBHeHH S 1 KOHTYpoB AED u BED mpu paBHOBecHH MOCTa , T. €. IIPH
OTCYTCTBHH TOKa Ha y4yacTtke ED.

IIIRX _IERI :0
M3 3THX ypaBHEHHI JIETKO ITOJIy4aeM COOTHoIeHHe (1).
R
OTKyza: R, = R, R_I (3)

3Has, yto R1=270 OM, Ry=47,6 OM u niogbupas Rs, HargeM Ry.

ObopyooeaHue u mamepuasit.
MocT YHuTCTOHA, Ha00p COIPOTHBIIEHHH, MarasHH COIIPOTHBIIEHHI, TallbBAHOMETP, HCTOY-
HHK ITOCTOSHHOI'O TOKA.

YKazanusa no mexHuke de3onacHocmiu.
1. K BeOIOMHEHHIO TaOOpaTOpHBIX padoT AOMYCKAIOTCA CTYACHTHIL, H3VUHBIIHE ITpaBHIIa
TEXHHKH Oe30ITaCHOCTH.
2. JlaBGopatopHble pabOTH MOT'YT IIPOBOJHTHCS TOJIBKO ITOA PYKOBOACTBOM H HaOIFOAEHHEM
IPEITOAaBaTeIA.
3. IIpu BRINTOIHEHHH 1a00PaTOPHBIX PadoT CTYACHTAM 3allpellacTC:
- BKIIFOYATh CXEMBI ITOJ HaIIPsDKeHHEM Oe3 ITPOBEPKH ITPEITOJaBaTeNsL,
- TIpHKAcaThCA K HE3ALHUIIEHHRIM H30JISIHEN YAaCTSIM CXEMBI, HaXOISIIHXCS TIOJ HaITps-
JKEHHEM,
- OITPEJIEIATh HAJIMYHE HAIIPSDKEHHS Ha 3lIeMEHTaX IIEMH IIPH IIOMOIIH TaIbIIEB, IIPOBEP-
Ka HaJIMYHS HaIIPsDKEHHS IMPOH3BOMUTCSA TOIIBKO C ITOMOIIBI BOIBTMETPA H B IIPHCYTCTBHI
IIPEIOJaBaTENL,
- BKIIFOYATh PYOMIIBHHKH, HaKHMaTh KHOIIKH, IIPHKACAThCA K AJIEKTPHYECKOMY 000pPYI0-
BAHHIO, HE OTHOCAIIEMYCS K JaHHOH 1adopaTopHOH padoTte 0e3 BeJoMa IIPeo aBarelis,
- TIPOM3BOIITE 10 XOIY BEINTOHEHH S PadoThI IIEPEKITIOYEHHS B CXEME, HE 00ECTOUYHB €€,
- OpocaTh COeMHHNTENBHBIE IPOBO/IA Ha ITON H Ha HCCIEAYEMYIO YCTaHOBKY,
- KIIaCTh Ha pabOYMi CTOJ ITOCTOPOHHHUE ITPEIMETEL,
- BXOZHUTH B 1a00paTOpHIO B BEPXHEH OJCKIE,
4. lepen BKIIIOUEHHEM CXEMBI 00S3aTEIIbHO IPEAYIIPEAHTE WIEHOB OpHIaabl: «OCTOPOKHO!

NOKYMEHT NOANUCAH
SNEKTPOHHOW NOANMMCHLIO _
CepTudukat: - 12000002A633E3D113AD425FB50002000002A6 . Oatapein, HEOOXOANMO ITOCTIE OTKIFOUEHUS ITH-
Bnapeneu: Webayxoea TateaHa AnekcasgpoBHa TomqaBaTend.
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0. IIpu oBHapyKeHHH KaKHX — JIHO0 HEHCITPABHOCTEH, HCUE3HOBEHNS HAIIPSKEHHSA B CETH, a
TaKKe ITPH HECYACTHOM ClIyyae, HEMeJIEHHO IMPEKPaTHTh padoTy, OTKIIFOUHTE YCTAHOBKY OT
BIIEKTPOITUTAHIS H COOOIIHTE ITPEITOAaBaTellto.

7. IIoMHHTB, UTO TIPH OTKIIFOYEHHH IIEIIEH TIOCTOSIHHOT'O TOKA ¢ HHIYKTHBHOCTBIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE ITOBBIIIEHHE HATIPSIKEHHS.

8. CTYIEHTHL, HAPVIIHBIIME ITPpaBiUla TEXHUKH O€30ITaCHOCTH, HE JIOIIYCKAIOTCS K JalbHEH -
Ieil padore B madopaTopHH H IIPUBIIEKAIOTCS K OTBETCTBEHHOCTH.

3aoaHus.

1. Cobpatph cxemy (puc. 1).

2. llogoOpaTs Ha MarasMHe COITPOTHBIEHHI TaKOe COIMPOTHBIIEHHE Rs ITPH KOTOPOM TOK
yepes raJlbBaHOMETP PaBEH HYIIIO.

3. Beruncnute Ry 1o ¢popmyie (3).

4. I1OBTOPHTH U3MEPEHHS UIS BTOPOTrO COMPOTHBIEHHS RX2, M 11 TpeThero Rxa.

5. MI3MEPHTH COMPOTHRIIEHHS IIPH ITOCIEA0BATEIIFHOM H ITapajUIeIIbHOM COeMHEHNH RX|,
Rx> 1 Rx3 1 mmpoBepstoT (pOpMYIIBI 71 ITOCIIEA0BATEILHOIO H MapaljIeIbHOIO COeJHHEHHS CO-
ITPOTHBJIEHHH:

1 1 1 1
R __. = Rx, + Rx, + Rx,: P = P + 2 + 2
1 2 3

napean .

6. OnpeaemiTh IOrPEIHOCTh H3MEPEHIH.
7. 3armicarh OKOHYATEIBHEIH PE3YIILTAT.

Cooepacarue omuemd.

Ot4eT 1o 1adoparopHEIM padoTaM JOJIKHBI COAEPKATE:

- TUTYIILHBIH JIHCT,

- 1IeTb PadOoTHI,

- KOHCITEKT OCHOBHEIX 3aKOHOB, OITPEe/IEHHH, ITIOHSITHI, (DOPMYII,
- OCHOBHOE 000pYIOBAaHHE, CXeMa VCTaHOBKH

- OITHCAHHE ITO ITYHKTAM BEOTOITHEHHOH PadOTHI,

- pe3yIIbTaThl H3MEPEHHH H pacdyeToB (TaOIHIBI, TPaHKH);

- OI[EHKA TIOIPEITHOCTEMH,

- OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI,

- BBIBOJIBI 11O PE3VIIBTATdAM BBITIOJTHEHH OH pﬂﬁGTBI:, HaTa, IIOAITHCE.

Konmponshsie 6onpocet.
1. CopmymipoBats 3aKk0H OMa.
2. CdopmymporaTs ITpaBuiIa Kupxroda.
3. BrIBeCTH YCIIOBHS paBHOBECHS MOCTa HCITOJIb3YS ITpaBiiIa Kupxroda.

4. M3MeHHTCS JIH YCIIOBHE PAaBHOBECHS MOCTA, €CIIH TaJIbBAHOMETP H HCTOYHHK TOKa IIO-
MeHSITh MeCcTaMH?

5. Kak onpenensercs VIeIbHOE COITPOTHRIIEHHE?

JIaboparopHas padora Ne 9

Tema pﬂﬁﬂﬂ!bl. U ccaeqoBanue 3J1eKT pH‘IEEEﬂﬁ el MmMoCToAOHOI o TOKA.

[IOKYMEHT NOONWUCAH 1 CHJIBI TOKA, HANIPSKEHHS, TIOJIHOH IIOJIE3HOH
INEKTPOHHOW MOANMUCHIO ST HATPY3KIL.
Ceptucukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: ebayxoea TateAHa AnekcaHgpoBHa
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JIroGas sneKkTpHyecKas Ielb COCTOHT H3 HCTOYHHKA H ITOTPeOHTEN SHEPIHH, a TaKKe pas-
JTHYHBIX PETYIIHPOBOYHBIX YCTPOHCTB H H3MePHTeJIbHBIX ITPHOOPOB.

S

Puc.l.

Puc.2.

Ha puc. 1 nipeqcrasiieHa mpocTenInas Lelb, COCTOSIIA H3 HCTOUHHKA IIOCTOSIHHOI'O TOKa C
OJ1C E 1 BHYTPEHHHM COIIPOTHBIIEHHEM r M Harpy3O4YHOIo peocTara R . {71 H3MepeHHS CHIIBL
TOKa M HAIIPSCKEHIS Ha Harpys3Ke B LEelb BKIIOYEHBI aMIIEpMeTp A H BonbTMeTp V . B Takon
IIeI CHJIa TOKa, HallpsDKeHHe Ha HarpysKe, ITOIMHAaS M ITOIe3HAas MOIITHOCTH OKa3bIBAIOTCS 3aBH-

CHMBbIMH OT BCIIHYHIHBI HAI'PY3KIL. CHia TOKa4, HAIIPHMED, YﬁLIEE],ET C POCTOM COITPOTHBIICHHA
HAI'PY3KH B COOTBCTCTBHH C H3BCCTHBIM 3dKOHOM Oma.

I = E
R+r

(1)

O4eBHIHO, HAHOONIBIINH TOK OVAET B CIIyyae KOPOTKOI'O 3aMBIKaHHS, T.€. IIpH R=0. Ero

BeITHYHHA I = £ (puc. 2).

r
13 (1) nerxo nmomyyaem

E=IR+Ir=U,+U_, (2)
AOKYMEHT NoarnnMcAH
ANEKTPOHHOWM NOANUCHIO TPAKCHIA (H.'IIH ITPOCTO Hal'[pH}I{E:HI[:‘rI) Ha BHCIII-
Ceptudhmkat: 11 12000002A633E3D113AD425FBS0002000002A6 THO.
Bnapeneu: ebayxoea TaTteAaHa AnekcaHgpoBHa

onry4aeM H3 (2) 3aBHCHMOCThL HanpsizkeHHS U oT
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E E

U,=——R=——
R . (3)
R+r r
1+ —
R
OTcCrOa BHIHO, YTO C POCTOM COITPOTHBIEHHS Harpy3KH HaIIpsUKeHHe Ha HEH BO3pacTacT,
ACHMITTOTHYECKH ITPHONMAKASACE K BelmumHe 2/]C rmpn R — © (pmuc. 2).
[IpH mMpoXOKAeHHH 3IeKTPHYECKOrO0 TOKAa B IEIH IIPOHCXOMHUT BEIJEIIEHHE TTOTHOH MOIII-
HOCTH
P=IE, (4)
ITPH 3TOM MOII[HOCTB, BEIAEIISIEMAS Ha HaI PY3KE
P, =1U,, (5)

SIBJISIETC 5T TIOI€3HOM MOITHOCTBIO.
M3 (4) BUAHO, YTO IOIHAS MOIMHOCTH, pa3BHBaeMas HCTOYHHKOM, 3aBHCHT OT COIIPOTHB-
JIEHHS Harpy3KH R Tak ke Kak M cmia Toka / = I(R). OHa MaKCHMalIbHas IIPH KOPOTKOM 3a-

MBIKaHHH (R=0)

2

R{.j — In‘.j.E R (6)
¥

HO B 3TOM CIIy4ae BBIZIEIIIETCS B caMOM HCTOYHHKE M OKa3bIBaeTCsS OeCITOIIE3HOH, a 3a4acTyIO
BPEJIHOH, BEI3BIBAS BEIXOJ HCTOYHHKA H3 CTPOSL. C pocToM R IIOIHAS MOIIHOCTh YOBIBAET,
CTPEMSICH K HYIIFO ITPH R — o (pHc. 3).

3aBHCHMOCTS ITONIE3HOH MOIIHOCTH, BBIIENIeMOH Ha Harpyske, oT R oIpefensdeTcs BeIpa-
KEHHEM

EE
" (R+r)

Anarm3 BeIpakeHs (7) IOKa3BIBAET, YTO 3aBHCHMOCTE P, = P,(R) momxma mMeTh Mak-

P, =1U, =I°R

R

K (7)

CHMyM, Tak Kak P, = (0 B IpelelbHBIX CIyYasX. IIPH KOPOTKOM 3aMBIKaHHUH (R=0) u mpmu
R — o,
HariieM 3HaueHHe R, IIPH KOTOPOM ITOI€3HAS MOIITHOCTE, OTOHpaeMast OT HCTOYHHKA, OY-

neT HanOosbInasg. /s storo npoauddepeHimpyeM dopmyny (7) H IpHpaBHIEM ITIPOH3BOIHYIO
HYIIIO

dR (R+r)"

OTcroza HaxOoJIHIM, YTO Pr — MakcHMalIbHa ITPpH Rﬁ — r, T.€. KOI'ld COIIPOTHBIJICHHEC

dP, - (R+r)[(R+r)-2R] =0 (8)

HarPy3KH PaBHO BHYTPEHHEMY COITPOTHBIEHHIO HCTOYHHKA (pHC.3). [IpH 3TOM HanpsokeHHE Ha

E
Harpyske paBHo monoeuHe OJ[C, T.e. U, = E a CHIIa TOKa — ITOJIOBHHE CHIIBI TOKa KOPOTKOI'O

K3

3aMBIKaHHSA [, = 5
0

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Puc.3.

ITone3Hasa MOITHOCTh, B 3TOM CIy4yae, COCTABISIET YeTBEPTh MOIIMHOCTH KOPOTKOI'O 3aMbI-
KaHH.
OTHOIIIEHHE TTOJIE3HO0NH MOITHOCTH KO BCEH MOIIHOCTH, Pa3BHBAaeMOI HCTOYHHKOM B IIETTH,
onpeaendeT KO3 QHIEHT ITONIE3HOr0 AeHCTBH (K.II.L.) 77 HCTOYHHKA.
P, IU, U, R

— — — — 9
1 P IE E R+r )

M3 »Toil (hOpPMYIIBI cIeAyeT, YTO 7 OylaeT TeM OombIle, YyeM OOIBINE COIPOTHBICHHE

Harpy3kH R . Ilpu R=0 p»=0 u acHMIITOTHYeCKH CTpeMHTICI K 77=1 1mmpu R — o . Ilpu

g 9 1
R=r,T.e. ITPH MAaKCHMAJIBHOH ITOJIE3HOH MOITHOCTH K.IL.J. HCTOYHHKA 77 = 5 , T.€. COCTABIDICT

50%.
MMeHHO HCCIeIOBAaHHE ASTHX 3aKOHOMEPHOCTEH SBISETCH IIelbi0 padorel. HeobOxommmo
TTOIIYYHTDh SKCIIEPHMEHTATbHBIE 3aBHCHMOCTH CIJUIBI TOKa [ , HaNpskeHHA U, , ITOITHOI P H 110-

JIe3HOH Ppr . a Tak ke K.IL.I. rn OT BCJIIHYHHBI COITPOTHBJICHHA HAl PY3KIL.

Obopydosarnue u mamepuaibl.
VMICTOYHHK ITOCTOSHHOIO TOKAa, PeOoCTaT IS MCKYCCTBEHHOIO VBEIMYEHHS BHYTPEHHETO
COITPOTHBIIEHH I HCTOYHHKA, HATPY30YHBIH PeocTaT MITIIIMaMIIEPMETP, BOIIbTMETP.

YKazanua no mexHuke 0e30nacHocmil.
I. K BbOIOMHeHHIO j1a00paTOpHBIX paloT IOIMYCKAIOTCA CTYASHTHI, H3YVUHBIIHE IIpaBHIIA
TEXHHKH Oe30ITaCHOCTH.
2. JlabopaTopHble pabOTHI MOI'YT IIPOBOMHTECS TOIBKO ITOA PYKOBOACTBOM H HaOIIFOIeHHEM

IMTpEIIoaBaTCIIA.
- ' NOKYMEHT NOANMUCAH -1 CTYACHTaM 3allpeIacTCs:
SNMEKTPOHHOM MNMOAMnChLIO 3 IIPOBCPKI ITPCIIOAaBATCIIA,
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 | s
JHEH YaCTAM CXEMEI, HAXOJIAIMTHXCH T1O0J HAIIPA-
Bnapeneu: lLebayxoea TaTeAHa AnekcaHapoBHa 1 ? o o P
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- ONPEAENITh HAIIHYHE HAIIPSKEHH S Ha 3IeMEHTaX L[EITH IIPH ITOMOIIH ITaJIbIEB, IPOBEP-
Ka HaJIMYHS HAITPSKEHH S IIPOH3BOJHTCS TOIBKO C IIOMOIIBIO BOJIBTMETPA H B IIPHCYTCTBHH
IIPEIoIaBaTeNIsd,

- BKIIIOYaTh PYOMJIBHHKH, HAKHMAaTh KHOIIKH, IIPHKACaThCA K 3JIEKTPHYECKOMY 000pyI0-
BAHIIO, HE OTHOCKIIEMYCS K JaHHOH 1abopaTopHOH padore 6e3 BeJoMa IIperoaaBaTeis,

- IIPOH3BOJHUTH 11O XOAY BEITIOIHEHH S PAa0OTHI IIEPEKTIOUEHNI B CXeMe, HE 00eCTOUHB €€,

- Opocarek COeMHHUTENLHEBIE IIPOBOJA Ha ITOI H HA HCCIEAYEMYIO YCTaHOBKY,

- KJIIaCTh Ha paboyMi CTOJI IIOCTOPOHHHE ITPEIMETEI,

- BXOJIUTH B J1a0OPAaTOPHIO B BEPXHEH OLEXKIE,

4. Ilepen BKIIOUEHHEM CXEMBI 00S3aTEIFHO IIPEAYIIPEIUTE WIEHOB OpHraabl: « OCTOPONKHO!
Bxmroyaro! ».

5. Ilpn HayMYHH B cXeMe KOHJIeHCaTOPHEIX OaTapel, HEOOXOAHMO TOCIE OTKIIFOUEHHS TIH-
TaHH S HX PaspSaUTh 110 HaOIFOJHEHEM IIPEITOAaBaTelIs.

0. IIpu oOHapyKeHHH KaKHX — JIHO0 HEHCIIPABHOCTEHN, HCUE3HOBEHNS HAIIPSKEHHSI B CETH, a
TaKKe IIPH HECUACTHOM CIIyyae, HEMENIEHHO ITPeKpaTHTh padoTy, OTKIIIOUHTE YCTAHOBKY OT
3JIEKTPOITHTAHHU S H COOOIIHTE IIPEITOAaBaTENIO.

7. IIoMHHTSB, UTO ITPH OTKIIFOYEHHH IIETNIEH IIOCTOSHHOI'O TOKA ¢ HHAYKTHBHOCTBIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KO0E IIOBBIIIIEHHE HAIIPSKEHIL.

8. CTYIEHTEHI, HAPVYINMBIIE ITpaBIUIa TEXHHKH O€30IIaCHOCTH, HE JOITYCKArOTCS K JallbHEH-
el padore B 1a00paTOpPHH H IIPHBJIEKAIOTC A K OTBETCTBEHHOCTH.

SaoariA.
Pabouas cxema n3odpaxeHa Ha puc. 4. B xauecTBe HCTOUHHKA MOI'YT HCIIONIb30BAThCS aAK-

KYMYIIATOPEL HIIH BBIITPAMHTCIIb, JAIOIMHC HAITPAKCHHC BEIIHMYHHOH HECKOJIBKO BOJIBT. BH}prEH-
HCC COIIPOTHBIICHHMEC TAKIIX HCTOYHIKOB, KdK ITPABHIIO, MAJIO - TIOPAIKAd JCCATBIX morneH Oma.
HDBTGI\{}Q KaK CIICAYCT H3 BBIIICH3JIO¥KCHHOI'O, AJIA ITOCTPOCHHA I‘pﬂd)HI{U'E HCKOMBIX 34BHCIHMO-
CTeH HEle}’BGIII{BIﬁ pPeoCTarT R ToXe DOIDKeH HMETh COIIPOTHBIICHHE IIOPAJIKA JCCATBIX IOoTIeH
Owma. IlogoOHEIE PEOCTAThI ABJIIAIOTCA YHIIKAJIbHBIMH. HGBTGI\I}" BHYTPCHHEEC COIIPOTHBIICHHE HC-
TOYHHKA B JaHHOH pEIﬁIDTE HCKYCCTBCHHO YBCIIHHYHBACTCA ITYICM ITOCIICOAOBATCIIbBHOI'O BERIIFOMYC-
HIA JOITOJIHHTCIIBHOI'O PCOCTAaTa r' , IMCIOIIICTO BEIINMYHHY HCCKOJIBKIIX JECATKOB OMOB. HpH

3TOM COOCTBEHHBIM BHYTPECHHHM COITPOTHBICHHEM r HCTOYHHKA MOHO HpEHEﬁpE‘[B.

M3 cxemsl (pHc.4) cliexyer, YTO BHYTPEHHEE COIPOTHRIIEHHE MHIDIHAMIIEPMETPA H BOJIBT-

MCTPa COCTABJIAIOT C COIIPOTHBJICHHCM HAI'PY30HHOI'O PCOCTAaTa CAHHOC I[CJIOC. T axrmM GﬁpﬂBGMj
JIEBYIO HdCTh CXEMDBI CJIICAVYET PACCMATPHBATDE KdK HCTOYHIHK, d ITPABYIO KaK HAI'PY3KY.

HCTCLHHHH mA

v

|
OOKYMEHT NMOAMWUCAH

SNEKTPOHHOWM NOANUCHIO
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1. CoGpatp pabouyro cxeMmy (pHc.4). BEISICHHTE ITapaMeTphl IIpHOOPOB. J|BHKKH peocTa-
TOB YCTAHOBHUTS B TTOJIOKEHHE HAHOOIBINETO 3HAYEHHS COITPOTHBIIEHH .

2. Tlocne mpoBepKH CXEMBI IPEIoAaBaTeleM WIH JTa00paHTOM BKIIIOUHTH HCTOUYHHK ITHTAa-
HI. OTCUHTATh ITOKA3aHH ITPHOOPOB H 3aHECTH B TaOIHILY.

3. Jlariee, yMeHbIIIas COIPOTHBIIEHHE HArpyskH R, cHATH 8-10 3HaUeHHH TOKA B LIEIH | H
HarnpsokeHHd Ur. [locnmegHss Touka JOKHA COOTBETCTBOBAaTH KOPOTKOMY 3aMBIKaHHIO. [IpH
3TOM TOK JOIDKEH PABHATHCS Iy;, @ HAIIPSKEHHE TOMIKHO OOPaTUTLCS B HYJIb. BEIKITIOUHTE CXEMY.

4. OmnpeaeiB LeHBl JIelIeHHiT Ha HCIIONb30BAaHHEIX IIpefieaX H3MepPeHHIl aMIlepMeTpa H
BOJIbTMETPA BEIUHCIIHTE H 3aHECTH B TaOJIMIly 3HAUYEHHS TOKA B aMIIEpaX M HaIPSDKEHH I B BOJIb-
Tax.

5. PaznemiB IOIyYeHHBIE 3HAYEHHMS HAMPSDKEHHS Ha COOTBETCTBVIOIIME 3HAYEHHS TOKa
paccUuTaTh M 3aHECTH B TaOIHIlY COITPOTHRIIEHHE HATPY3KH R

Tabmmira 1.
N | Ur R ﬁ P=IE Pr=I1Ugr n i
/ P
A B OM Bt BT

0. Bemmunny JJIC E cnexgyer cunMrarh M3BECTHOH, MO0 M3MEpPHUTh 3HaueHHe E 1mpu ot-
KIIFOUEHHOH Harpy3Ke.

7. ITo dpopmymnam (4,5,9) paccunTaTh 3HaUeHH I ITONE3HOH Pr, TOTHON P MOITHOCTH M K.IT.J.
77 , COOTBETCTBYIOIIHE HAHAEHHBIM BeJIMUHHAM R.

8. Ilo momy4YyeHHBIM 3HAUEHHSAM ITOCTPOHTH Kpueble [ = I(R), U, = U ,(R) Ha OTHOM
rpaduke H P=P(R), Pr=Pr(R) u n =7 (R) Ha apyrom.

0. OTMeTHTh Ha IIEpBOM Ir'papHKe CONMPOTHBIEHHE Ro= 7, IIPH KOTOPOM TOK H HaIlpsDKeHHE
COCTABILSIIOT, COOTBETCTBEHHO, IOJIOBHHY TOKa KOPOTKOI'O 3aMbIKaHHA [, W TonoBHHY E. Ha

BTOPOM I'pauKe HailTH R, = r I10 MaKCHMYyMY 3aBHCHMOCTH P, = P,(R). CpaBHUTh MeXKIY

cOOOH ATH 3HAUYEHH Rﬂ. HPHMEPHDE PABECHCTBO MCHAY STHMH JBYMA 3HAYCHIAMH R g ABIDICT-

CA KPHICPHCM ITPABIUVIBHOCTH BBIITOIIHCHHBLX HBMEPEHIIfI. Ecmi Takoro PaBCHCTBaA HCT., H3MCPC-
HIA CIICAYCT ITPOACIIdATE BHOBB.

Cooepocanue omuema.
Ot4yeT 1o madopatopHEIM padoTaM JOJIKHBI COAEPHKATE!
- TUTYIILHBIH JINCT,
- 1IETIb PaOOTHI,
- KOHCIIEKT OCHOBHEIX 3aKOHOB, OITpeelIeHHH, ITIOHSITHI, (DOPMYII,
- OCHOBHOE 000pY/IOBAaHHE, CXeMa YCTaHOBKH
- OITHCAHHE ITO ITYHKTAM BEOTIOITHEHHON PadOTHI,
- pe3VIbTaThl H3MEPEHHH H pacyeTOB (TaOIHMIBI, T'PaHKH);
- OII€HKA TIOIPEITHOCTEMH,
- OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHL,
- BBIBOJIBI T10 PE3YIIbTaTaM BBIITOIHEHHOH paboTEl, 1aTa, ITOAIHCE.

[OKYMEHT MOANMUCAH
ANEKTPOHHOWM NOAMNKCHIO
Ceptudpukar: 12000002A633E3D113AD425FB50002000002A6

Brapeneyu:  Hle6ayxoea Tateana AnekcaHapoeHa 'OpME H JUIA 3aMKHYTOH LICITH.

iHHe QyHKIMH U, (R) u I(R).
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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4. JlaitTe ommpejeleHHe MOIIHOCTH 3IIEKTPHYECKOr O TOKA.
5. IIpoBeure HCCIeAOBaHHE 3aBHCHMOCTH P, = P, (R) .

6. UTto Takoe K.IT.J1. HCTOYHHKA?

JIadoparopnan padora Ne 10
T'ema pabomest. F13ydeHHe ABJICHHA YJIeKTPOMATHATHOH HHAYKITHH.

HEJH: pﬂﬁﬂfﬂﬂ. I/IS}"IEHHE ANEKTPHYCCKILX TOKOB BO3HHKAIONIX IIPH ABICHHH 3JICKTPO-
MAarHHTHOH HHIYKITHH.

T eopemuieckdAa udacmbo.

MarHuTHbIH IOTOK Yepe3 INIOCKYIO ITOBEPXHOCTh — A3TO CKalIgpHas (PH3H4YecKasl BeIH-
YHHA, YHCIIEHHO PaBHAas IIPOH3BEAEHHIO MOAYIISI MarHUTHOH MHAVKIIMH Ha TUIOIIAAb ITOBEPXHO-
CTH, OrPaHHYEHHOH KOHTYPOM, H Ha KOCHHYC YITIa MEXIY HOPMAJIBIO K ITOBEPXHOCTH H MarHHT-
HON MHAVKIHEH 17 okrsaOpsa 1831 roga anrmumickidi yueHs Markn Dapagell OTKPEII SBIEHHE
IEKTPOMATHHUTHOH HHIYKIIHH.

JABJIeHHEM 3JIEKTPOMATHHTHOM MHAYKIHM HA3BIBAeTCS SBJIEHHE BO3HHKHOBEHHS TOKA B
3aMKHYTOM KOHTYPE IIPH H3MEHEHHH MArHHTHOI'O ITOTOKA, ITPOHH3BIBAIOIIEIO 3TOT KOHTYP. A
ITOIIYYEHHBIH TaKHM CIIOCOOOM TOK, Ha3bIBAETC S HHAY KIIHOHHbIM.

3aKOH IEeKTPOMATHHTHOM MHAYKIIHH: CPEJHEE 3HAUYEHHE BJIEKTPOJABHIKYIINEH CHIIBI HH-
IYKIIHH B IIPOBOASIIEM KOHTYPE IIPOMOPIHOHAILHO CKOPOCTH H3MEHEHHS MAarHHTHOI'O ITOTOKA
yepes IMOBEPXHOCTh, OTPAaHHYEHHYIO KOHTYPOM.

BemmunHa u HarpasieHue 5/[C HHIYKITHH

PaccMOTpHM TeIeph, KaKOBEI OVAYT BelIMUMHA H HallpaBlIcHHE HHAYKTHPOBAHHOH B IIPO-
BOJHHKe 3]/[C.

Bemumnaa 3/1C HHAYKIIHH 3aBHCHT OT KOIHYECTBA CHIIOBBIX JIMHHI TTOJISL, IIEPECEKATOIIHX
ITPOBOJHHK B €HHHI[Y BPDEMEHH, T. €. OT CKOPOCTH JABHKEHH I ITPOBOJHHKA B ITOJIE.

BemiuiHa HHAYVKTHPOBAaHHOH 3 /[C HaXOoAUTCA B IIPSIMOH 3aBHCHMOCTH OT CKOPOCTH JIBH-
’KEHHS ITPOBOJHHKA B MarHHTHOM IIOJIE.

BemmunHa HMHAYKTHPOBAaHHOH 3J[C 3aBHCHT TakKKe H OT JJIMHBI TOH YacTH ITPOBOJHHKA,
KOTOpas IePeCEKAETCS CIJIOBBIMH JIMHHSMH TTOJIL. UeM OOonbIlas 4acTh IMPOBOJAHHKA IepeceKa-
€TCS CHJIOBBIMH JIHHHSMH IT0JISI, TeM Oorbinas 2/[C HHAYKTHPYETCS B IIPOBOJHHUKE. M, HAKOHEILL,
YEeM CIUIBHEE MAarHHTHOE II0JIE, T. €. YeM OOJIBIIIE er0 HHAVKIIHA, TeM Oomnbinas 35/[C BO3HHKAET B
ITPOBOHHKE, IIEPECEKAIOIIEM 3TO TIOJIE.

Hrak, BermuriHa 3 /1C HHAYKIIHH, BOZHHKAIOIIEH B IIPOBOAHHKE IIPH €r0 JBHIKEHHH B Mar-
HHTHOM II0JIE, IIPSAMO IIPOITIOPIHOHAIBHA HHAVKIIHH MAarHHTHOI'O IIOJIS, JJIHMHE ITPOBOJHHKA H
CKOPOCTH €I'0 IePEMEILEHI L.

3aBHCHMOCTH 3Ta BeIpakaeTcsa popmyroi E = Blv,

rae E — 3J1C mHaykim, B — MarHuTHas HHAYKIHS, | — JIIHHA IIPOBOIHHKA, V — CKO-
POCTh JABHKEHHS IIPOBOIHIIKA.

CrnexyeT TBEPAO IIOMHHTBL, YTO B IIPOBOJHHKE, IEPEMEINAIOIIEMCSI B MAarHHTHOM IIOJIE,
2 J1C HHAYKIHH BO3HHKAET TOIBKO B TOM CIIyYae, €CIIH 3TOT IIPOBOJHHK IIEPECEKAETCS MAarHHT-
HBEIMH CIUIOBBIMH JIMHHSMH ITOIS. ECIIH K& IIPOBOMHHK IIEPEMEINAETCS BAOIb CIJIOBBIX JIHHHH
ITONIS, T. €. He IIEPeCEKacT, a KaK OBl CKOJIb3HT 110 HHUM, TO HHKaKoH 3 /[C B HeEM He HHIYKTHPYET-
ca. [losToMy IIpHBeJeHHAs BBIIIE (pOpMYyJIa CIIpaBeIHBa TOIBKO B TOM CIIy4ae, KOrJla IPOBOJ-
HHK IIepeMeIaeTcs MEPIEHANKYIIIPHO MAar HUTHEIM CHJIOBBIM JTHHHSM ITOJISL.

Hamnarneuue varverunorauunii 311 (a TaKKe H TOKA B IIPOBOJHHKE ) 3aBHCHT OT TOTO, B
[IOKYMEHT MOANVUCAH

SNEKTPOHHOW MOANUCHIO SIETIEHH T HalIPaBIEHH I HHAYKTHPOBaHHON 3/[C
Ceprudinkar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu.  Webayxoka TaThAHa ANEKCAHAPORHA 4TOOBI B Hee BXOIHIH MAarHHTHBIE CIJIOBBHIE JIH-
ReicTelaRb Al O o s TRy bR ;71 ObI HaITpaBIeHHE JBHIKEHIS IIPOBOQHIKA, TO
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BERITSIHYTBIE YETRIPE IMANbIla VKAXKYT HallpaBJIcHHE ACHCTBHS HHAVKTHPOBAaHHOH 3][C M Hampas-
JIEHHE TOKA B IIPOBOJHHKE.

[IpH IBHKEHHH BHYTPH KaTVIIKH IIOCTOSHHOI'O MarHHTa B HeH HHAVKTHpyercsa 21C 3a
CYET TOr'0, YTO MAarHUTHEIN ITOTOK MArHHTA IEPECEKAST BHTKH KATVIIKH, T. €. TOYHO TaK XKe, KaK
3TO OBLIIO ITPH ABHKEHHH ITPSIMOIIHHEHHOTO IIPOBOJAHHMKA B ITOJIE MArHHTA.

ECi MarHHT OIlYCKark B KaTVIIKY MEIJIEHHO, TO BO3HHKaromasga B Hen 3J]C Ovaer
HACTOJIBKO MaJjla, YTO CTPelIKa IMpHOopa MOXKET Jake He OTKIOHHTHCS. Eci ke, Hao00opoT, Mar-
HUT OBICTPO BBECTH B KaTVIIKY, TO OTKIIOHEHHE CTPEJIKH OYAeT OONBIINHM. 3HAUHUT, BEIHYHHA
HHayKTHpyemMon 3J1C, a cleIoBaTelbHO, H CHIIA TOKA B KaTVIIKE 3aBHCAT OT CKOPOCTH IBIKE-
HHS MarHHuTra, T. €. OT TOrO, HACKOJIbKO OBICTPO CHIIOBBIE JIMHHH ITONS IIEPECEKAarOT BHTKH Ka-
TYIIKH. ECIIH Telneps ITooYepeHO BBOAUTE B KaTYIIKY ¢ OAHMHAKOBOH CKOPOCTHIO CHAYalla CHIIb-
HBIH MarHHT, a 3aTeM CcIalbli, TO MOKHO 3aMETHTh, YTO IIPH CHJILHOM MarHHTE CTPelIKa ITpHoo-
pa OVIEeT OTKIIOHSATHCS Ha OONIBIINHHI YIOJl. 3HAUHT, BEJIMYHHA HHAVKTHpYeMOH 2/1C, a clemoBa-
TEIBHO, H CHIIA TOKA B KaTVIIKE 3aBHCST OT BEJIMYMHEI MArHUTHOI'O ITOTOKA MAarHHTa.

M, HaKOHEI[, €CIIH BBOAHUTL C OJMHAKOBOH CKOPOCTHIO OJHH M TOT K€ MArHHT CHadaia B
KaTYIIKY ¢ OOIBIIHM YHCIIOM BHTKOB, a 3aTeéM CO 3HAYHUTEIIFHO MEHBIIHM, TO B IIEPBOM CIIVYae
CTpelKa Impudopa OTKIIOHHTCSA Ha OOJBIIHMI YIOJI, Y€M BO BTOPOM. 3HAUYHT, BEIMYHHA HHIYKTH-
pyemon 3/]C, a ciiegoBaTelIbHO, M CHJIa TOKaA B KaTYIIKE 3aBHCAT OT YHCIIAa €€ BUTKOB. 1€ XKe pe-
3YIIbTATEI MOKHO ITOIIYUYNTE, ECIIH BMECTO ITIOCTOSHHOI'O MAarHUTa IIPHMEHSATh 3JIEKTPOMAarHHT.

Harmpasnenne 5]|C HHAYKIMH B KaTVIIKE 3aBHCHT OT HAIIPaBIIEHIS IIEPEMEITIEHH ST MarHH -
Ta. O TOM, KaK omnpeAernsaTh HamnpasileHHe 2J1C HHIAYKIIMH, TOBOPHT 3aKOH, YCTAHOBIIEHHBIH 0.
X. JleHiem.

3axkoH JleHIa g 3JIeKTPOMAarHHTHON HHAYKIUH . BesSKoe H3MEHEHHE MAarHUTHOTO ITOTOKA
BHYTPH KaTVIIKH COITPOBOKAACTCSI BOSHHKHOBEHHEM B HEH 2 /[C MHIVKIMH, ITPHYEM YeM OBICT-
pee U3MEHSETCSI MAarHHTHEIA ITOTOK, ITPOHI3BIBAIONINI KAaTVYIIKY, TeM Oonblnasa 2J[C B HEH HH-
IYKTHPYETCS.

Ecm Karyika, B KOTOpoH co3fgaHa 3J1C HHAVKIIHH, 3aMKHYTa Ha BHEIIHIOK IIEITb, TO I10
BHTKAM €€ HAEeT HHAYKI[HOHHBIN TOK, CO3JAOIIIMI BOKPYI IIPOBOJHHKA MAar HHTHOE IT0JIE, B CHITY
Yero KaTyIKa IpeBparnacTcsa B coneHou . llomydyaercss TakuM oOpa3oM, YTO H3MEHSIOIIEECH
BHEIIMHEE MAarHUTHOE ITOJIE BEI3BIBAET B KATVIIKE HHAYKITHOHHBIH TOK, KOTOPOH, B CBOKO OUEPED,
CO3J1aeT BOKPYT KaTYIIIKH CBOE MarHHTHOE IT0JI€ — IT0JIE TOKA.

M3yyas 510 gBineHHe, J. X. JIeHI[ YCTaHOBHII 3aKOH, OIPEAEIISIONIHI HallpaBIIeHHE HHIVK-
I[THOHHOI'O TOKA B KaTVIIKE, a CIIEAOBATENIbHO, H HampasiaeHHe 25 1C HHAYKIMH. O J|C HHIYKIIH,
BO3HHKAIOINAS B KaTYIIKe IPH H3MeHEHHH B HEH MarHHTHOIO ITOTOKa, CO37[acT B KaTVIIKE TOK
TAKOI'O HAITPABIIEHHS, IIPH KOTOPOM MAarHHTHBIH ITOTOK KaTVIIKH, CO3JaHHBIN 3THM TOKOM, ITpeE-
IISATCTBYET H3MEHEHHIO IIOCTOPOHHET O MArHHUTHOT'O ITOTOKA.

3axkoH JleHIia cripaBeUINB JJI BCeX CIIYYaeB MHAYKTHPOBAHHSI TOKA B ITPOBOJHHKAX, HE3A-
BHCHMO OT (DOPMEI ITPOBOJHHKOB H OT TOI'0, KAKHM CIIOCOOOM JIOCTHIaeTCsS H3MEHEHHE BHEIITHE-
'O MAarHUTHOI'O TTOJIA.

BemiuiHa ».14.C. HHAYVKIHNH & . OIIPEACSIIIETCA 3aKOHOM 3JIIEKTPOMATHHTHOH HHAYKITHH

@ﬂpﬂﬂﬁﬂ: 3.7.C. BHEI{TPGMEII‘HHTHGﬁ HHAVEKITHH & B 3aMKHYTOM IIPpOBOIAIICM KOHTYPEC HIHC-

MHd 2
JICHHO pPaBHA4 H ITPOTHBOIIOIIONHA 110 3HAKY CKOPOCTH H3MCHCHHA MAI'HHTHOI'O ITOTOKa @ CKBO3b
ITOBEPXHOCTDL, OI'PAHHYCHHYIO 3THM KOHTYPOM

dd
En}nﬂ - T, (l)

dt

3HaK MHHYC B (DOpMYJIe COOTBETICTBYET mpaeuny Jlenya. TIPH BCSIKOM H3MeHEHHH Mar-
HHTHOTO TIOTOKa CKBO3b ITOBEPXHOCTH, OTPAaHHYEHHYIO 3aMKHYTBIM KOHTYPOM, B IIOCIEIHEM

AOKYMEHT MOAMMCAH JIEHUA, YTO €ro COOCTBEHHOE MAarHHTHOE II0Ne
3NEKTPOHHOW NOAMNUCHIO
CepTudmkar:  12000002A633E3D113AD425FB50002000002A6 i HHIKO MAI'HHTHOI'O IIOTOK4, BbI-
Bnapeneu: LHebayxoea TaTteAHa AnekcaHapoeHa ¥ .
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Puc. 1.

[IpryiHa BOSHHKHOBEHHS HHIYKIIHOHHOI'O TOKA B HEIOABH)KHOM KOHTYPE COITIACHO
TEOPHH 3MeKTpOMarHeTHsMa MakcBelia COCTOHT B TOM, YTO ITPH H3MEHEHHH MAarHHTHOI'O ITOJIS
BO3HHKAET BHXPEBOE AIEKTPHUYECKOE ITOJIE, T.€. BIEKTPHYECKOE II0JIe C 3aMKHYTBIMH CHIIOBBIMH
nTHHISIMH. [Iog meficTBHEM ATOro IO CBOOOMHEIE 3apsIbl KOHTYPA IIEPEMEIAI0OTCS, T.€, B KOH-
TYPE BO3ZHHKAET 3JIEKTPHYECKHH TOK, Ha3bIBaeMbIH HHIYKIIHOHHBIM TOKOM.

[IyCTh TUIOCKHMI 3aMKHYTHIH IIPOBOASINHI KOHTYP L HaXOMUTCSA B OQHOPOJHOM MAaIHHT-
HOM IToJIe ¢ HHAYKIMHeHR B (puc. 1). Torma MarHHTHBIH ITOTOK @ (ITOTOK BeKTOpa MarHHTHOH HH-
ITIYKITHH ) Uepe3 ITOBEPXHOCTh, OTPaHHYEeHHYIO KOHTYPOM L, oIpeJienseTcsI BRIpaKeHHEM

@ = BScosa, (2)
rje S — IUIOIAb ITOBEPXHOCTH, OTPAHHYEHHOH KOHTYPOM L, (X — Yrol MeXJy HallpaBIcHHEM

—

CHJIOBBIX JIMHHI (HaITIpaBIIEHHEM BEKTOpa H HOPMAJIBIO /1 K ITOBEPXHOCTH, OIPaHHYEHHOH KOH-
TYPOM).

[TycTh MarHHTHOE IT0JIe CO3aceTCs IFIHHAPHYECKOH KaTYIIKOH (COMIEHOHIOM), ITO KOTO-
POH IIPOTEKAET MEPEMEHHBIH AIEKTPHUYECKHH TOK

I =1,coswt (3)
rae [, — aMIDMTYIHOe 3HAYEHHE TOKa, () — IHKITHYECKas 4acToTa TOKa @ = 27TV; V — ua-
CTOTa TOKaA.
Torga MarHUTHaSI HHAYKIHS B OIS BHYTPH KaT VIIIKH 1 BOIIH3H €€ TOPLIOB paBHa
B = pyiynl
HIIH ¢ Y4eToM (3)
B = wyi,nl  coswt (4)

rae M — MarHHTHas IIPOHHMIIAEMOCTE CEPACYHHKA KaTYIIKH, A, — MarHHUTHaA IIOCTOAHHAMA, N —

YHCIIO BUTKOB KaTYIIKH Ha eJuHHIle JIHHEL. [lomcTtaBHB BeIpakeHHe (4) B hopMmyiry (2), Haxo-
JIHM MarHHTHBIH ITOTOK Yepe3 KOHTYP, PacIloNoKeHHBIH BOII3H TOpIla KaTYIIKH
D =yt nl S Coscx Cos i

OTCcrOz1a CKOPOCTE H3MCHCHHA MAI'HHTHOI' O ITIOTOKd PdBHA,
dD

dt
Taxim o0pa3oM, CKOPOCTh H3MeHeHHS MarHHTHOI'O ITOTOKa IIPOIOPIIHOHAIEHA aMIUIHTYIHOMY
3HAUEHHIO TOKa B KaTymike [, M KocHHycy yrna ¢ . [logcraBus BeIpaxkeHue (5) B dhopmymny (1),

= —uu,nl ,Swcosasin wt (35)

IIOITyYaeM
g, = Cl,cosa (6)

rae C=—uu,nS@sin wt .

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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3aBHCHMOCTB 5.1.C. SIeKTPOMAarHUTHOI HHAYKIMH £ . oT | u COS( (TIPHMepHBIH BHJ

H300pa’keH Ha PHC.2.

Obopyodosarue u mamepuaibl.

. MwumnaMIiepMeTp.

. MarHmur.

. Karymka-MoTOK.

. UcTOUHHK TOKA.

. Peocrar.

. Kimrou.

. Karyika or anekrpoMarHura.
. CoeIHHUTEIILHBIE IIPOBOIA.

GO -1 Sy h = W

YKazanua no mexHuke 0e30nacHocmi.
I. K BBOIOMHeHHIO JTa0OpaTOpPHBIX PadoOT IOMYCKAIOTCA CTYASHTBI, H3YVUHBIIHE ITpaBHIIa

TEXHHUKH Oe30ITaCHOCTH.

2. JlaBGoparopHble pabOTE MOTI'YT IIPOBOJHTHCS TOJIBKO ITOA PYKOBOACTBOM H HAOIIOAEHHEM

ITperoaBaTesis.

3. IIpu BRINTOIHEHHH 1a00PaTOPHBIX PadoT CTYACHTAM 3allpellacTC:

- BKJIIOYATh CXEMBI ITOJ HaImpsDKeHHeM Oe3 IIPOBEPKH ITPEIIofaBaTelsd,

- TIPHKACATHCI K HE3AI[HINEHHBIM H30ISIHEN YacTSIM CXeMbl, HaXOISIIHXCS IO HaIIps-
KEHHEM,

- OIPEMENSITh HAaIHYHE HAPSsDKEHNS Ha AJIEMeHTax LeIH IIPHIIOMOIIH ITalblER, ITPOBEPKaA
HaIIMYHS HaIIPSDKEHHS ITPOH3BOAMTCS TOJIBKO C ITOMOIINBIO BOJIBTMETPA H B IIPHCYTCTBHH
TIPEIoJaBaTellsd,

- TIipH pabore Ha 1alopaTOPHOH YCTAHOBKE ITPHKACATHCSI OJHOBPEMEHHO CTEH, PaHaATO-
POB CHCTEMBI OTOIUIEHHS H APYTHX METAJIIIHYECKHX ITPEIMETOB,

- BKJIIOYATh PYOMIIBHHKH, HaKHMAaTh KHOIIKH, ITPHKACAThCSI K BJIEKTPHYECKOMY 000PYI0-
BAHIIO, HE OTHOCKIIEMYCS K JaHHOH 1adopaTOopHOH padore 6e3 BeJoMa IIperoaaBaTeis,

- TIPOM3BOIHTE ITO XOAY BBIMTOIHEHH A PaOOTHI IIePEKITIOYEHHS B CXeMe, He 00eCTOUYHB €&,

- OpocaTh COeqUHHTENLHEIE IIPOBO/A Ha ITOI H Ha HCCIEAYEMYIO YCTaHOBKY,

- 3AMEHSTH CTOPEBINHE IMPEAOXPAHHTEIH Ha paboyHX IHUTAX ITIPH BKIOUEHHBIX PYOHIIb-
HHKaX,

- KIIacTh Ha paOoyii CTOJ IIOCTOPOHHHE ITPEAMETHIL,

- BXOJIHTH B I1a00paTOPHIO B BEPXHEH OLEXkKIE;

- KypeHHEe H 3aKHTaHHe OTHSIL.

A nmﬁagﬁgﬁﬂrﬁhﬂﬁﬁ EXeMb nAmaramtun TIPEAYIIPEIHTS WIEHOB OpHIaabl: « OCTOPOKHO!

SNEKTPOHHOW NOANMUCHIO

CepTudbukar: - 12000002A633E3D113AD425FB50002000002A6 _ GaTapeil, HEOOXOMIMO ITOCIEe OTKIIFOUYCHHS ITH-

Bnageneu;
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0. IIpu oBHapyKeHHH KaKHX — JIHO0 HEHCITPABHOCTEH, HCUE3HOBEHNS HAIIPSKEHHSA B CETH, a
TaKKe ITPH HECYACTHOM ClIyyae, HEMEJIEHHO IMPEKPaTUTh padoTy, OTKIHOYHTE YCTAHOBKY OT
BIIEKTPOITUTAHIS H COOOIIHTE ITPEITOAaBaTellto.

7. IIoMHHUTB, UTO IIPH OTKIIFOYEHHH IIEIIEH IIOCTOSIHHOI'O TOKA ¢ HHAYKTHBHOCTHIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE ITOBBIIIEHHE HATIPSIKEHHS.

8. CTYIEHTHI, HAPYIIHBIIHE IIPaBIila TEXHHUKH O€30ITaCHOCTH, HE JOITYCKAIOTCS K JlallbHEH-
Ieil padore B madopaTopHH H IIPUBIIEKAIOTCS K OTBETCTBEHHOCTH.

3aoanuas.

OKCIIEpHUMEHT |

HauyneM nmabopaTopHyro paboTy co cOopa YeTaHOBKH. UTOOEI cOOpaTh CXEMY, KOTOPYIO MBI
OyIeM HCITOIb30BaTh B 1abopaTopHOH paboTe, IMPUCOEIHHIM MOTOK-KaTYIIKY K MIUIIHAMIIED-
METPY H HCITOIB3YEM MATHHT, KOTOPBIM OyjeM IMpHOIMKaTh IWIH YAAIATh OT KaTYIIKH. OIHO-
BPEMEHHO C 3THM MBI JOJIKHBI BCIIOMHHTE, UTO OYAET IIPOUCXOAUTE, KOrja OVIET IOSBISAThCS

HHIYKITHOHHBIT TOK.

Puc. 1. DxcriepuMeHT |

[logymanTte Hajg TeM, KaK OOBSICHHTE HAOIIOJacMOe HAMH SBIeHHE. KakuM o0pa3oM BIIH -
€T MAarHHTHBIH ITOTOK Ha TO, YTO MBI BHAHM, B YACTHOCTH IIPOHCXOKIAEHHE SIIEKTPHYECKOIO TO-
Ka. /[715 3TOro mocMOTPHTE Ha BCIIOMOI'aTENbHBIH PHCYHOK.

OOpatHTe BHHMaHHE, YTO JTHHHH MarHHTHOH HHAVKIMH BBIXOIST H3 CEBEPHOIO ITONIOCA,
BXOJST B FOJKHBIH IOIFOC. I1pH 3TOM KOJHMYECTBO ATHX IIHHHIH, HX I'YCTOTa pas3lIMyHa Ha pa3HBIX
yyacTKax MarHHTa. OOpaTHTe BHHMAHHE, UTO HallpaBlIeHHe HHIAVKI[HH MarHHTHOI'O ITOIII TOXKeE
H3MEHSETCSA OT TOUKH K TOUKeE. IIoATOMY MOKHO CKa3aTh, YTO H3MEHEeHHEe MATHHTHOIO MOTOKA
NPHBOAHT K TOMY, YTO B 3aMKHYTOM IIPOBOJHHKE BO3HHKAET WIEKTPHYECKHH TOK, HO
TOJILKO NPH ABH/KEHHH MArHHTA, CJ1eA0BaTeIbHO, H3MEeHAeTCHA MArHATHBIM NOTOK, IIPOHH-
3bIBAIONIHH ILTIONIAAb, OrPAHHYEHHYI0 BHTKAMH 3TOH KaTYIIKH.

OKCIIEPHMEHT 2

Crle IVIOIIMIT ATall HaIIero HccIeJOBaHHI 3IIeKTPOMArHHTHON HHAVKI[HH CBS3aH C OIIpe-
JeJIeHHeM HANPaBJIEHHA HHAYKIHOHHOTO Toka. O HalpaBlIeHHH HHIYKI[HOHHOIO TOKa MBI
MOKEM CYIHTH ITO TOMY, B KaKyIO CTOPOHY OTKIOHSETCS CTpellka MITIIHaMIIepMeTpa. BoCIomb-
3yeMcs IYyrooOpa3HbIM MarHHTOM H YBHJIHM, YTO ITPH ITIPHOIHKEHHH MarHHTa CTpelKa OTKIIO-
HHTCS B OJHY CTOPOHY. ECIH Terneph MarHHT JBHTATh B APYTYIO CTOPOHY, CTPEIKA OTKIIOHHTCS B
IPYIYIO CTOPOHY. B pe3ynbTaTe NPOBEISHHOrO SKCIIEpHMEHTa MBI MOKeM CKas3aTh, YTO OT
HaITpaBJIeHH S JBHKEHHS MarHHTa 3aBHCHT H HaIlpaBlIeHHEe HHIYKIIHOHHOIO TOKa. OTMETHM H

— - ——— - = ﬁhﬁhiéﬁf_ﬁhﬁﬁﬁéiﬁ ST T ABIICEHHE HHAYKITHOHHOI'O TOKA.

ANEKTPOHHOW NOAMUCHIO ITYKITHOHHOI'O TOKad 3daBHCHT OT CKOPOCTH IICPE-
Ceptudurkar:  12000002A633E3D113AD425FB50002000002A6 H H3MeHeHISI MATHITHOLO [IOTOKA.
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Bropasg yacte HaleHl nadopaTopHON paboThl CBS3aHa OVAET C JIPYTHM SKCIIEPHMEHTOM.
IlocMOTpHM Ha CXeMy 3TOr0 3KCIIEPHMEHTA H OOCYIHM, UTO MBI OVIEM TEIEPh AeIaTh.

K Knwoy
&~

Peocrar
R+

™) 3
+

* MCTOYHUK TOKa

Puc. 2. DKcriepuMeHT 2

Bo BTOpo#i cxeMe B IIPHHIHIIE HHYEeTr0 He H3MeHWIOCh OTHOCHTEIEHO H3MePeHH I HHIYK-
I[HOHHOT'O TOKa. TOT K& caMbIil MIUUIHAMIIEPMETP, IIPHCOeIHHEHHBIT K MOTKY KaTyniku. OcTa-
eTcs Bce, Kak ObITO B IlepBOM ciIy4ae. Ho Tenepp H3MeHeHHe MarHHTHOTO ITOTOKa MBI OyIeM I10-
Iy4aTh He 3a CYeT JBI)KEHHS ITOCTOSHHOIO MarHHTa, a 3a cueT H3MeHeHH S CHJIBI TOKa BO BTOPOH
KaTVIIIKE.

B neppBoit yacTH OyaeM HcclIeJoBaTh HaIMYHe HHIYKIIHOHHOIO TOKa ITPH 3aMbIKAHHH H
pasMBIKaHHH IieIt. MTak, mepBasg yacTh SKCIIEpHMeHTa: MBI 3aMbIKaeM Kmrod. OOGpaTHTe BHHMA-
HHe, TOK HapacTaeT B IIelH, CTpelka OTKIOHIIAch B OJHY CTOPOHY, HO o0paTHTe BHHMAaHHE,
cefiyac KIIFOY 3aMKHYT, a 3JIeKTPHYECKOro TOKa MHIJUIHAMIIEpMETP He ITOKas3bkIBaeT. J[e71o B TOM,
YTO HeT M3MeHeHHS MarHHTHOT'O ITOTOKAa, MBI yKe 00 3TOM TOBOPHIHM. EcCIH Telleph KoY pas-
MBIKATh, TO MIJUIHAMITIEPMETP IMOKaKeT, UYTO HallpaBIIeHHe TOKa H3MEHHIIOCH.

Bo BTOpoM 3KcIIepHMeHTe MBI IIPOCIeJHM, KaK BO3HHKAeT HHAYKI[HOHHBIH TOK, KOrza
MeHSeTCS AIeKTPHYECKHI TOK BO BTOPOH IIEITH.

Crenyromias 4acTh OIBITa OyAeT 3aKIF0YaThCSI B TOM, YTOOBI ITPOCTIEANTh, KaK OyAeT H3-
MeHSITHCSI HHIYKIIHOHHEIH TOK, eCIIH MEHSITh BEIIMUMHY TOKa B I[eITH 3a cUeT peocTaTa. Bl 3Hae-
Te, YTO eCIIH MBI H3MeHIeM 3IIeKTPHUYeCKOe COIIPOTHRIEHHE B IIeNH, TO, clIedysd 3aKoHy OMa, Y
Hac OyJleT MeHAThCSA H AIeKTpHYeCcKHII TOK. Pa3 H3MeHsIeTcs AIeKTpHYECKHII TOK, OylIeT H3Me-
HATHCS MATHHTHOE IT0JIe. B MOMeHT ItepeMelieHH S CKONIb3SIIIEr 0 KOHTaKTa peocTara H3MeHIETC
MarHHTHOE IT0JIE, YTO IIPHBOAHT K ITOSBIECHHIO HHAYKIIHOHHOI'O TOKA.

Ne Cnocod mo.ry- I B Bm ADPm
ONbITA | YeHHA HHIYK-
IIMOHHOI0 TOKA

1 BHeceHHe B Ka- — — +
TYIIKY CEBEPHO-
ro MoJiroca Mar-
HHTA

2 YiaasieHue u3 — — -

KATYIIKH ce- [T~

OOKYMEHT NOOMMCAH 9
/

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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3 BHeceHHe B Ka- — — +
TYIIKY HKHOTO0
[MO0JIHOCA MATHH-
Ta

4 Yaasenne u3 — — -
KaTYIIKH 10/K-
HOT'0 IO0.JIH0CA
MATHHTA

Cooepacarue omuemd.

Ot4eT 1o 1adoparopHEIM padoTaM JOJIKHBI COAEPKATE:

- TUTYIILHBIH JIHCT,

- 1IeTb PadOoTHI,

- KOHCITEKT OCHOBHEIX 3aKOHOB, OITPEe/IEHHH, ITIOHSITHI, (DOPMYII,
- OCHOBHOE 000pY/IOBaHHE, CXeMa YCTAaHOBKI,

- OITHCAHHE ITO ITYHKTAM BEOTOITHEHHOH PadOTHI,

- pe3VyIIbTaThl H3MEPEHHH H pacyeToB (TaOIMHIbI, TpaHKH),

- OI[EHKA TIOIPEITHOCTEMH,

- OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI,

- BBIBOJIBI I10 PE3YIIBTATAM BBIIIOITHEHHOH paboTEI, 1aTa, IIOAIHCE.

K OHMPOJIbHBIE 601POCHI.
B 4eM 3axiroyacTcs SIBIEHHE SJIEKTPDMHI‘HIITHDﬁ I]H,I[}"KLHIII‘?

1.

2. Kakon TOK Ha3pBarOT MHAYKIIIOHHEIM?

3. CdopMyIHpPYHTe 3aK0H 3IeKTPOMAarHHTHOH HHIYKIIHH. Kakoi ()opMyIIoH OH OITHCHIBAETC 57
4. Kak popMmymmpyeTcs IpaBHiIo JleHa?

5. Kakoga cBs3b IpaBHiIa JIeHI[a ¢ 3aKOHOM COXPaHEHH I SHEPTHH?

JIaboparopHas padora Ne 11
T'ema pabomst. OnpeaesieHHE TOPH30HTAJIBLHOH COCTABJIAIONIER HHAYKIIHA MATHHUTHO-
ro moJis 3emMJin.
I{ens pabomer. OrnpefelleHHe TOPH30HTAIBHOH COCTABJISIOINEH HHAYKIIHH MarHHTHOI'O
TTON S 3EMIIH.

TEﬂpEHHFIECHﬂH Hyacmb.

3eMJI B IIEIIOM IIPEACTaBIISIET COOOH OIPOMHBIN IAPOBOH MarHUT. llosToMy B nro0oH
TOYKE ITPOCTPAHCTBA, OKPYIKAIOIIEr0 3EMIFO, H HA €€ ITOBEPXHOCTH CYIIECTBYET MarHHTHOE IIO-
JI€, CHIIOBBIE JIMHHH KOTOPOro H300pakeHbl Ha pHCYHKe 1. [IpH 3TOM CeBepHBIN MarHHTHEBIH I10-
nroc N HaxoauTcsa BOMH3H I0KHOr0 reorpadideckoro O u HaoOopoT. Ha skBaTope MarHHTHEIE
CHIIOBBIE JIMHHUH HAIIPABIIEHBI TOPH30HTAILHO, 4 Ha IOJIFOCAaX - BEPTHKAIILHO.

B ocTambHBIX TOUKaX 3eMHOH IIOBEPXHOCTH HHAVYKIIIA MAI'HHTHOI'O ITOJIA HAIIPABJICHA 110/

HAKNTONKIM  VITIOM K TITOCK 0= CTH 3eMIH, T.€. HIMEeT H TOpPH30H-
NOKYMEHT NMOANMCAH B
ANEKTPOHHOW NMOANMUCHIO s COCTABRJIAIONIHE.
CepTudukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Puc.1.

HarmpagneHiie TOPH30HTAIbHON COCTABILSIIOIIEH ITPHHHMAETCS 3a HallpaBIIEHHE MarHHTHO-
o MEpHIHAHA, T.K. B 3TOM HAITpaBJIIEHHH YCTaHABJIMBAETCS CTpelIKa KOMIIAaca, BPall[aroIascsa B
T OPH30HTAJIbHOH INIOCKOCTH. [[enbro HacTosIIel padoThl SBIISETCSA H3MEPEHHE BEIMYHHBI TOPH-
30HTAJIBHOH COCTABISIOINEH HMHIYKIMH MarHHTHOIO IO 3eMIH C IIOMOIIBIO TaHIEHC-
ralbBaHOMETpa. [aHTreHC-TallbBAHOMETP IIPEACTABISIET COOOH BEPTHKAILHO PACIIONOXKEHHEBIE N
KPYT'OBBIX BHTKOB pajnuyca R, IT0 KOTOPEIM ITPOITYCKAETCS IIOCTOSHHBIN TOK CHIIOH I. B 1ieHTpe
5TOH COBOKYITHOCTH BHTKOB (KOPOTKOI KaTyIIIKH) IIOMeInaeTcsa KomMiac. IIpH oTCyTCTBHH TOKa B
BHTKAX MarHUTHAas CTPEIKAa KOMIIaca YCTaAHOBHTCS IO

22 20

]

180

Puc. 2.

MarHHTHOMY MepHAHaHy. [IpH ImpoImyckaHHH TOKa IO BHTKAM CTpelIKa ITOBEpPHEeTCS Ha He-
KOTOPBII YT Ol 0., T.K. Teleph Ha Hee IMOMHIMO I'OPH30HTAIFHOH COCTaBIIIIONIEH MATHHTHOT O IO
3emym OyIeT AeHCcTBOBATH ellle MarHHTHOE I10JIe, CO3JaBaeMoe TOKOM I B n BHTKaxX. EclIH BHTKH
COPHEHTHPOBATh TaK YTOOBI MX IUIOCKOCTH COBMAJAalIH C INIOCKOCTBHIO MArHHTHOIO MEPHIHAHA,
TO Ha CTPeJIKYy OYIyT AcHCTBOBATh JBa B3aHMHO INEePIeHIHKYIIIPHBIX MO mone 3emmd Bz u
nosne Toka B, (puc.2).

CTpelka KoMIIlaca YCTaHOBHTCS B HaIlpaBIeHHH PaBHOJIEHCTBYIOMIEH STHX ITOJeH, BIOIb

B= B, +B,, T.e. 1o IHaroHaiH IMaparielorpaMma, CTOPOHaAMH KOToporo 6yayr Bo u Bs. Cwm.

pHC.Z:, Hd KOTOPOM HBIDﬁpEl}I{EHG CCHCHIIC BHTKOB C TOKOM, OPHCHTHPOBAHHBIX BJOJIb MAaIHHTHO-

B
- ()
I'0O MEPHAMAaHA, I'OPH30HTAJIBHOH IUNIOCKOCTBIO. 5k PHC. 2 CIICAYCT, HTO ga = B_ , OTKY/Jda

3

B
0 .
B, = (1)
g
T-"‘:‘!‘:‘ e o o N N T e T Ty A N N A TR T EFSRTEOY T "!"!'2‘!'__[']:" E GEGFG TGI{& B J— ﬁnf TG E EHT e n
[IOKYMEHT NOAMNUCAH pe KpPyT o T SR IEHTP
SNEKTPOHHOW NOAMUCHIO

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneuy: Ulebayxoea TaTeAaHa AnekcaHgpoBHa (2)
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IToxcraBuB (2) B (1) momydnm B, = H,In (3)
2R -tgcx

Ota (popMyna HCIIONb3YETCS B HACTOSINEH padoTe JUIA OIMEITHOIO ONpPEelIeHHS TOpPH30H-
TAJIBHOH COCTaBJISIONIEH MarHHTHOro Ionsd 3emian. QopMmyna (3) 3amicaHa B cucTeMe CH, mo-
3TOMY B3 Imony4ynTcs B Tecmax.

DNeKTpHYECcKasd cXeMa YCTaHOBKH IS H3MepeHHI B3 COCTOMT M3 TaHTeHC-TallbBaHOMETPA
(G, HCTOYHHKA TOKa & ,peoctara R m ammepMerpa A IS PETYIHPOBKH M H3MEPEHHS TOKa
(prc.3).

B cxeMe Hcrone3yeTcsd mepekirodaTensd I I m3MeHeHHS HallpaBIIEHHSI TOKa, ITPOXO -

IIEro HEPE3 TAHI'CHC-T'daJIbBAHOMCTD.

—H [T

Puc. 3
Obopyodosarue u mamepuaibl.
TaHTeHCc-rallbBAaHOMET]P, AMIIEPMETP, PEOCTAT, HCTOYHHK TOKA.
YKazanua no mextHuke dezonacHocmi.
I. K BbOIOMHEeHHIO jTa0OparOpHBIX padoT IOMYCKAIOTCA CTYIASHTBI, H3YVUHBIIHE IIpaBHIIA

TEXHHUKH O€30ITaCHOCTH.

2. JlabGopatopHble pabOTHE MOTI'YT IIPOBOJHTHCS TOJIBKO ITOA PYKOBOACTBOM H HAOIFOAEHHEM

ITPETOlaBaTEIIA.

3. IIpu BRITOIHEHHH 1a00PaTOPHEIX PaboT CTYACHTAM 3allpPeIlacTC:

- BKIIFOUATh CXEMBI ITOJ HapsDKeHHeM 0e3 IIPOBEPKH ITPEIIOfaBaTelsd,

- TIPUKACATHCI K HE3AIMINEHHBIM H30ISAIHEN YacTSIM CXEMBI, HaXOISIIHXCS IO HaIlps-
KEHHEM,

- OIPEMENATh HAIIMYME HAPSDKEHNS Ha SIIEMEHTaxX LI IIPHUIIOMOIIH ITalbIER, ITPOBEPKA
HAIIMYHS HaIIPSDKEHHS ITPOH3BOIHTCS TOJBKO C ITOMOINBIO BOJIBTMETPA H B IPHCYICTBHH
IIPEIoaBaTellsd,

- TIpu padore Ha 1adopaTOPHOHN YCTAHOBKE IIPHKACAThCS OJHOBPEMEHHO CTEH, pagHaTO-
POB CHCTEMBI OTOIUIEHH S H IPYTHX METATIMYECKHX ITPEIMET OB,

- BKJIFOYATh pYOMIIBHUKH, HaKHMAaTh KHOIIKH, ITPHKACaThCI K 3JIEKTPHUYECKOMY 000PYI0-
BAHHIO, HE OTHOCAIIEMYCS K JaHHOH I1adopaTopHOH padoTe 0e3 BejoMa IIPeIogaBaTelis,

T AOKYMEHT NMOOMWCAH /77~ 7777 7 7JOTHI TIEPeKITIOYEeHNS B CXeMe, He 00eCTOUHUB et;
SNEKTPOHHOW MOANMUCHIO I0II M Ha HCCIIEAYEMYIO VCTaHOBKY,

Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 . -
'Ha padoynx HMHTaxX IIPH BKIFOYEHHBIX HIIE-
Bnapeneu: lebayxoea TaTeAHa AnekcaHapoBHa P P py6
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- KITaCcTh Ha paOoUIii CTOM ITOCTOPOHHIE IIPEIMETHI,
- BXOIHUTH B 1a00paTOpHIO B BEPXHEH OJEKIIE,
- KYpPeHHE H 3aKHUTaHHE OTHSL
4. Ilepea BKIIIOUEHHEM CXEMBI 00S3aTEIIFHO IPEAYIIPEAHTEL WIEHOB OpHIaabl: «OCTOPOKHO!
Bxirouaro! ».
5. Ilpn HalMYMH B CXeMe KOHAEHCATOPHBIX Oaraper, HEOOXOAHMO ITOCTIE OTKIIFOUEHHS ITH-
TAHHS HX Pa3psSaIuTh 104 HaOIFOJHEHEM ITPEIIOlaBaT s
0. IIpu obHapyKeHHH KaKHX — THOO HEHCIIPABHOCTEH, HCUE3HOBEHHS HAIIPSIKEHHS B CETH, a

TAKKe IIPH HECYACTHOM CIIy4ae, HEMeJIEHHO IIPEKPAaTHTh padoTy, OTKIIOYHTE YCTAHOBKY OT
3IIEKTPOITHTAaHH I H COOOIIUTH IIPEIOaBaTellko.
7. IIOMHHTB, 4TO ITPH OTKIIIOYEHHH LEIIEH IIOCTOSHHOIO TOKA ¢ HHAYKTHBHOCTBIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE ITOBHIIIIEHNE HATIPSKEHHAL.
8. CTYIeHTHI, HapVIIHBIIHE ITPaBIUIa TEXHUKH Oe30IIaCHOCTH, HE JOITYCKAIOTCS K JlalbHeH-
1ei pabore B 1abopaTopHi H IIPHBIIEKAIOTCS K OTBETCTBEHHOCTH.

3aoanuas.

1. CobuparoT 3JIeKTPHYECKYIO L[ETTh II0 CXEME PHC.3

2. IloBopaumnBas TaHreHC- IaJlbBAHOMETP, VCTAHABIHBAIOT €ro IUIOCKOCTh B IUIOCKOCTH
MarHHTHOTO MepPHIHaHa, TaK YTOOBI MarHHTHAs CTPelIKa YCTaHOBHJIACh B HarmpaBiaeHHH 0 -180".

3. YcraHaBIHBas JBIDKKOM peocTaTa 3aJaHHYIO BEIIHYHHY TOKa (3aJaeTcs IperojlaBaTe-
JIEM) H3MEPHTH YTOJI OTKIIOHEHH S MAarHUTHOI CTPENKH 0.

4. He u3MeHSS BelIHMUHHY TOKA IIOMEHATH IepeKimrovyaTereM [1 HampaBieHHe TOKa Ha IIpO-

_ (o t+a))
cp ) :
5. IIoBTOPHTE H3MEPEHHUS Ol H 02 ITPH HECKOIBKHX APYIHX 3aJaHHBIX 3HAUEHHSIX TOKA.
6. IloacraBnsgsd IOCIeqOBATEILHO HM3MEPEHHEIE COOTBETCTBYIOIIHE 3HAYEHHS ToKa | |
yCPeIHEHHbIE 3HAUEHUA yITIa &, B (hopMyny (3) HaiiTH 3Ha4eHHS Bi. ( Bemmiuiuel n 1 R ykasa-

THBOITONOKHOE. OTCUHTATh HOBBIH YI'OII OTKIIOHEHH A CTPEIIKIT O2. BBIUYHCIIHTL o

HBbI Ha TAaHT€HC-TalIbBAaHOMET]E).
7. Bce pesynbTaThl H3MEPEHHH H BEIUHCIIEHHH 3aHECTH B Ta0II. 1

Tabm.1

I(A) a, o, | « tex Bj AB oB

cp

(cp)

8. OIIEHHTE ITOTPENHOCTE ITPOBEAEHHOIO H3MEePEHHI B3 1 pe3yiIbTaThl 3aHECTH B Tal0II. 1
9. 3armcaTth pe3yibTaT B BHJIE
B: = Biw T ABso»

Cooepocarnue omuema.

Ot4eT 1o nadoparopHEIM padoTaM JOJIKHBI COAEPKATE:

- TUTYIILHBIH JINCT,

- 1IETIb PabOTHI,

O T R MEHT TOBNAGAR T 1C e eHIE FOHATHH, (POPMYT,

SNEKTPOHHOW MOANCLIO

Ceptudmkat; ; 12000002A633E3D113AD425FB50002000002A6

Bnapeneu; lebayxoea TateAHa AnekcaHapoBHa

, Tpa(pHKH),
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- OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHL,
- BBIBOJIBI I10 PE3YIbTAaTaM BBIIIOITHEHHOH paboTEI, JaTa, ITOAIICE.
Konmponsubie 6onpocoi.

1. Kakon BUI HMeeT MarHHUTHOE T10JIe 3eMIIH?

2. B 4yeM 3aKIOYacTCs Hes H3MEPEHHS TOPH30HTAIIbHOH COCTABIISIOIIEH HHIYKIHMH Mar -
HHUTHOTO ITONT 3eNIH?

3. Kak yCTpOeH TaHT€HC-TalIbBaAHOMET]P?

4. Bemegure (popMyry HHAYKIIHH By, B IIeHTpe KPyTOBOTO BHTKA C TOKOM.

5. HG‘IEL{}" INIOCKOCTD TAHI'CHC-T'dJIBBAHOMETPA CIIEAYET OPHCHTHPOBATDE B HAIIPABJIICHHH
MAT'HHTHOI'O MEPH,I[HEIHEI?

JIaboparopHas padora Ne 12

Tema pavomosr. UcciienoBanne KoJ1€0aHAH B K0J1€0aTeJIbHOM KOHTYpe

Ilens pabomer. M3ydyeHHe 3aTyXaIONMX SNEKTPHUECKHX KoneOaHHH KonedaTellbHOM KOH-
TY]pE.

T eopemuieckda uacmbo.

HPGCTGﬁ KornedaTelIbHBIH KOHTYP COCTOHT H3 ITOCIICHOBATCIIbHO CO-CAHHCHHBIX 3JICMCH-
TOB: CMKOCTH C:, HHAVKTHBHOCTH L M aKTHBHOT' O COITPOTHBIICHI A R

CpeIH pa3IHYHBIX 3IEKTPHYECKHX SBJISHHH OOJIBINOH HHTEPEC IPeJCTABIISIOT AIEKTPH-
yecKHe KoleOaHHs, IIPH KOTOPEIX HEKOTOPBIE 3IeKTPHYeCKHEe BEIHYHHBI, TaKHe KaK ITOTeHI[HAII

CHIIa TOKAa, MIIH 3apsl H3MeHSIOTCS BO BpeMeHH. OIHHM H3 IIPOCTEHIIINX HCTOYHHKOB ITOITYYe-
HIS 3JIEKTPHYECKHX KOJIeOaHHH SBJISIETCS IEKTPHUYSCKHH KOIeOaTeIbHBIH KOHTV].

PaccMOTpHM ITpOCTOH KoJleOaTeIbHbBIT KOHTYP, COCTOMIIIIT H3 IMTOCIEA0BATEIILHO COEIH-
HEeHHBIX KOHJleHcaTopa C, HHAYKTHBHOCTH L, pe3ucropa R u xmo4a K (puc.l, a). Eciin KoHaeH-
caTOp 3apsIHTh, a 3aTeM 3aMKHYTh KIIrou (pHc.1,0), TO KOHIAeHCaTOp HauHHAET pa3psikaThesa. B

ICITH ITOABIIACTCA BDBPHCTEIIGH_[Hﬁ TOK i:, B KaTYIIKE HHAYKTHBHOCTH — COOTBCTCTBVYIOIICC Madl'-
HHTHOEC ITOIIC.

K K K
Q“"’:: — (—
L L
L C C
+ + —
— C — 1 —+ 1
I
R R
a) 0) B)
Puc.1.
NOKYMEHT NOAMNUCAH
SNEKTPOHHOW NOANUCHLIO [epe3 KaTYIIKY, ITopoxAaacT B HeH 3 /][C caMOMH-

Ceptudmrar:  12000002A633E3D113AD425FB50002000002A6

AMECJIACT pPas3 KOHJCHCATOPA., d ITIOCIIE TOI'O
Bnapgeneu: leb6ayxoea TatesaHa AneKkcaHgpoBHa Al paspsia A pa, -

| CaMOHHJVKIIII, HﬂﬂﬁGpGT: HaYMHACT ITOIJICP-
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B pesyibTare 3T0ro KOHAEHCATOp IEPE3apsIAHTCS, IIOCIIE YEro IIPOIECC MTOBTOPHUTCS, HO
IBIJKEHHE 3apsioB OyAET IIPOHCXOANHTH B IPOTHBOIIOI0KHOM HaIlpaBIeHHH (PHC.2,B).

[ lepBOHaYabHAS SHEPTHUS 3JIEKTPHUYECKOTO IO 3apsDKEHHOIO0 KOHAEH caTOopa BO BpeMs
€ro paspsfa IepexoqiuT B SHEPIUIO MAarHUTHOT O IO KaTYIIKH. 1IpH repesapsae KOHIEHCaTOpa
ITPOUCXOANUT OOpPATHEIM IIEPEXO] SHEPTUH MAarHHTHOI'O ITOJIS KaTYIIKH B SHEPTHIO 3IEKTPHYECKO-
I'0 IO KOHAeHcaTopa. B naearmpsHOM KolebaTeIbHOM KOHTYPE COIPOTHBRIIEHHE R paBHO HYIIO
H BOSHHKIIHE 3IIeKTPHYECKHE KOIeOaHU I OVIIYVT He3amyxXarwuiiumu (puc. 2.a).

B peanbsHOM KonebaTelIbHOM KOHTYPe R OTIIHYUHO OT HYIIS, IIO3TOMY IIPH ITPOTEKAHHH
TOKa YEPE3 HETrO IMPOHCXOMHT BHIACIEHHE Tellla. BClIeacTBHE 3TOrO OOINMH 3arac 3HEPIHH B
KOHTYPE YMEHBINAETCA, U KOJIeOaHI S 3amyxXarom (puc.2,0).

C VBEIHYEHHEM COITPOTHBIEHHS R CKOPOCTH 3aTyxXaHHs KolneOaHHH YBEITHYHBACTCS
(puc. 2,B), a IIPH JOCTAaTOYHO OOIBIIOM 3HaYyeHHH R KomeGaHHA BOOOINE He BO3HHKAIOT -
HaOITIoMaeTC s anepuoouieckui pa3pss KoHAeHcaTopa (pHe. 2.T).

COITPOTHBIIEHUE KOHTYpa, ITPH KOTOPOM KOJe0aTeIbHEIH ITPOLECC IIEPEXOIUT B allepHO-
JTUYECKH, Ha3bIBaeTCA KPUTHYECKHM (Ryp).

DAAR .« Paa
Uy U

Puc. 2.

Haitgem YPaBHCHHE, OIIHCBIBAIOIICC 34T YXAIOHIHE JJICKTPHYCCKHCE KonmeOaHHI B KOHTVY]PE.
B COOTBeTCTBHH € 3aKOHOM COXPaHCHHA SHEPI'HH }’6LIJIB SJHEPITHH KOHACHCATOPA ITPH €I'0 pa3Pi-

ne —dWe pacxonyeTcs Ha YBelIHUeHHE SHEePrHH MarHHTHOT O MO KaTyImkH dW i H BBIJETIeHHE
Teryia dQ B cOMMpOTHBIEHHH R:

— dWc =dWL + dQ, (1)

rae We — SHEPIHA KOHACHCATOpPa, WC = q2 f 2C s

WL — 5HEPIHsS MArHUTHOTO MOJIS KATYIIKH, \N/ , = Li%/2.

AOKYMEHT MNOAMNUCAH H MOMEHT BpPeMEHH, 1 — CHJIa TOKa B KOHTYPE B
SNEKTPOHHOW NOAMUCHIO

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneyu:  LleGayxoga TaTeAHa AnekcaHapoeHa OBOJHHKE 3a Bpemd dt:

‘=1 Rdt.
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Vcrmonb3ys 3TH COOTHOMIEHH S, ITpeoOpazyeM ypaBHeHHe (1):

ﬂ':l

AL gLl 2R dt =0

2C 2
1 gudg+ 2 .2i-di+i2R - dt =0
S5 2ada -+ =
%dq+L-i-di+i2R-dt=0* (2)

Tak XaK ; = g /dr Hdq=1dt,
TO BEIpakeHHe (2) MOKHO IIpeoOpa3oBaTh K BHIY

ag+LY94i +iR -dg=0-
C dt

CGKPHTI[B H4a dq H HCITIOIIb3YA COOTHOIIICHHE

di _d'q

dt dt?

k.

ITOITy4aeM ciIeayroIee TH(depeHIHATbHOE YPaBHEHHE!
dqg ., R dg g . (3)
dt? L dt LC

B sToM YPdBHCHHH CACIIACM CIICAVYIOIIIHC 3dMCHDBI.

R
=97, (4)
3 )44
R 2 (5)
[ C 0
rae B — ko3 PHITHEHT 3aTyXaHHI, ) — COOCTBeHHAs YacTOTa KOHTypa.
Torma
d’q dq
~+28—+w,q=0 6
0 154 m 04 (6)

JnddepeHimansHOe ypaBHeHHE (0) HMeeT (TIpH B < ® o) CIEAYIOLIee PelIeHHE:

q = q, e_’gt- CoS(wt+cx) - (7)
rae
1 RE E (8)
w = \jm;—ﬁz = —
LC  4L°

qo H 0L — HEKOTOpBIE TTOCTOSHHBIE, COOTBETCTBYIOIINE HaYaIbHOH aMILUINTYAE M Hadallb-
HOH (paze KomeOaHH.

Rrmawarrmira (11 7V anrr tmantrarmra 2ATUXAFOIHX AIEKTPHYECKHX Kﬂﬂﬁﬁﬂ]‘ﬂﬂ‘i: MUK Ye-

NOKYMEHT NMNOANUCAH
SNEKTPOHHOW NOAMNMCHLIO KCIIOHCHITHAJIBHO yﬁbIBElE:T C TCHCHIICM BpPCMCHII
Ceptudbukat: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Lebayxoea TateAHa AnekcaHapoBHa
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Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

9)

+~ q
-
- T
S
S qt)
t
-~ - T L
—~
-
L~
Puc. 3.
JIs MaJeIxX 3HaYeHHH R mmomyynm
27 -
T, =—"=27x./LC- (10)

0

i

B coorBeTcTBHM ¢ ypaBHeHHEM (9) IIpH YBeIIMYEHHH COIPOTHBIIEHHS KOHTYpa R, mepn-
O KoneOaHHuH OYIET, CTPEMSIChH K OeCKOHEUHOCTH ITPH

DTO O3HAYAET, YTO KOJIeOaTeINbHBIH IIPOIIECC IIEPEXOMUT B allepHOIHYECKHH. M CIIOnb3vys
ypaBHeHHA (4) 1 (5) n3 BeIpakeHHT (11) MOKHO IMOITYYHTH 3HaUeHHE KPHTHYECKOI'O COIIPOTHB-
TIEHH ST

L. (12)

JIT1s1 XapaKTepPHCTHKH 3aT YXaHHs KOJIeOaHHH YacTO ITOIB3VIOTCS JIoZapumuueckum oe-

LNOMOLUMNM 2MMMVVALLIG AT Ananamunermrein ()

OJOKYMEHT NnoanmvucAH

NEKTROHHON NOANNGHIQ S paBeH HATypallbHOMY JOTapU(pMy OTHOIIEHHUS

Bnaﬂeneu: LLIEEE};:{E'EE TETI:-HHE MEHEaHﬂpﬂEHE MGMEHTHI'HI EPEMEHII:, GTJ]IIIIHIGHHIMGH HE], HEPII'

Nencreutened: ¢ 20.08.2021 no 20.08.2022

62



_ A(t) . (13)
o=In T ™

3meck A — aMImTya KoneOaHMII BeIHUYMHBI 3apsaa, TOKa IIH HanpshkeHHS (pHc. 3).
Hcnone3ys ypaBHeHHE (7), TOTYYHM

t
_ ':Jne_ﬁ _
o=In doe AT BT

Il HeGonmpInHX 3HaUYeHHH R, ¢ yueToM ypaBHenmii (4) u (10), morapuMHYeCcKHI Je-
KpPeMeHT 3aTyXaHHI MOKHO OIMpeJelHTh Yepes MapaMeTPhl KOHTYpa:

_ C, (14)
§—ERJ;

[IycTh T — BpeMs penakcalii, B TeUeHHe KOTOPOro aMILIINTY/Ia KOJIeOaHMI YMEHBIIAETC
B € = 2.7 pa3, Ne — urcio kojieOaHHH COBEPIIEHHBIX 3a BPeMS penakcalii. Torjga MOKHO JIETKO
JI0Ka3aTh, YTO

1 (15)

JloOpotHOCTE Q mpencTaBIIeT cOOOH YMHOKEHHOE Ha 27 OTHONIEHHE sHeprHH W(t) B
IAaHHBII MOMEHT BPEMEHH t, K 3HEPTHH, TEPSEMOMH 3a MepHo KomedaHHs T

W(t) , (16)

Q= 2 oW T)

Ecimn B HayaIsHEIH MOMEHT BpeMeHH (t = () sHeprus KOHTYpa COCTOHT H3 SHEPIHH 3apsi-
’KEHHOT'O KOHJIEHCAaTOpa, TO

W(t):% , (17)

OHeprus KOHTyYpa 4Yepe3 BpeMsS, paBHOE IIEPHOMY, YMEHBIIHTCS B COOTBETCTBHH C
YMEHBIIHBIINMCS 3aPSIZOM:

o (Clﬂe_ﬁr)z * (18)
W(tHT)=—0

[ToxcraBuB BeIpakeHH (17) 1 (18) B ypaBHeHHe (16), TOTYyYHM

Q= 27 27w . (19)
e 2Pl e 20

3BecTHO COOTHOINIEHHE € *~ 1+X , BRIMOIMHSIOIEeCs JJI MalIbIX 3HAYeHHH X: (X << 1).

C y4eTOoM 3TOro BeIpakeHHe (19) ymmpocTHTCS:

Q-=. (20)
NOKYMEHT I:IDﬂI'IHCAH §
SNEKTPOHHOW NOANMChHIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 _ 14):
Bnapeneu: lebayxoea TateAHa AnekcaHopoBHa [apaMCIpPel KOHIYpa, IIPHMCHHB (bﬂpmy ( )
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_ 1 JL. (21)
O g\c

M3 ypaBHenwuit (20) u (15) cnenyer Takke, 4YTO JOOPOTHOCTH ITPOITOPIHOHAIbHA YHCITY
KOj1e0aHMI B KOHTYPE, COBEPIIHBIIHNXCS 32 BpeMS PelaKcallii, B TeUueHHe KOTOPOro aMIUIHTY/ia
YMEHBIIIAETCS B € Pas:

Q=T[ Ne*

B pAgc CIIVHACB KoJeOaTelIbHbIH ITpoLECC MOYKHO HCCIICOO0BATDL, H3VUaAd B3aHMO3aBHCIH-
MOCTE MCHAY HAIIPAHKCHHEM U H TOKOM 1B KOHTY]E.

['padppk, H300pakaroIHii 3Ty 3aBHCHMOCTB, Ha3bIBaeTcCs (pa30BOH KPHBOH. COCTOSHHE
KonmeOaTelIbHOH CHCTEMBI IS JIFOOOr0 MOMEHTA BpPeMeHH H300pa3HTCs TOYKOH Ha 3TOH KPHUBOH

(puc. 4).

YpaBHeHHe (pa30BOH KPHBOH MOKHO ITOTYYHTh, HCIIONIb3YS 3aBHCHMOCTH TOKAa H HaIIps-
’KEHIS OT BPEMEHH.

M3 Bripaxkenus (7) 1 cootHorneHHs u=q/C cIeayeT, 4To

u:%e_ﬁt cos(aot+ )

ClaemnaeM 3dMCHY U{] —q ;’C.‘. H ITIOJIYHHM 3aBHCHMOCTE HAIIPKCHHA Ha KOHACHCATO-
0

pe OT BpEMEHH:

u=U - e Plcos(wt + ) (22)

rae Uo — HavyalmbHa s Pa3HOCTE ITOTCHITHAIIOB.

M3 ypaBHeHH (7) MOKHO OIPEETINTh H 3aBHCHMOCTh TOKa B KOHTYPE OT BpeMeHH

. dg d — Bt B
1= dac dtl:q”e cos(amt + .5:5)]_

=q, e BY— @ -sin(wt + @) — B - cos(awt + )]

JI1s MaJIbIX 3aTyXaHHH [ << m, Torga

— Bt

i:—qﬂ-m-e -SIn (ot + ) -
Odo3HaunM lp = qo ®w, TOrAA | ——1le Pt sin(@wt+ ), TO eCTh
i=Ie cos(at+a+Z): (23)

CpaBHHB BeIpakeHHS (22) 1 (23), MOKHO YBHJIETh, UTO KOJIeOaHHS CHIIBI TOKa OIleperKa-
IOT IT0 (pa3e Ha ﬂ% KoJIeO0aHH s HAITPSKEHH I Ha KOHIEHCAaTOPE.

[Tpeobpazyem BelpaxkeHHST (22) 1 (23) ciueayroInHM 00pa3oM:
[NOKYMEHT NOAMNMCAH 7t

o 1 ?
SNEKTPOHHOW MOAMUCHIO cos(w t+ )
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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L

1—:—;3_15’:’1::_&1‘1(»:3':) t+oa):

Lo
Ecimn BO3BeCTH 3TH ypaBHEeHHS B KBaJpaT H CIOKHTh, TO IOIYYHM YpaBHEHHE (pa30BOH
KPHBOH:
% ° 24)
1 u _ :
n —e 26t (
Ly Ubop

B ciy4yae HesaTyxarommx konebanmii ( R = 0, B = 0) ¢ga3zoBas KpuBas HMeeT (popMy 3JI-

nurica (puc. 4,a). J[is peanbHoro koHTypa (R # 0, R < Ryp) pazoBas xpuBas npeacTaBisieT co00i

CKPYYHBAIOINYIOCS CITHpallb, IPHYeM OONIbIIEMY COMPOTHBIEHHIO KOHTYpPa COOTBETICTBYET
Oonpiiee 3aTyxaHHe (pHc. 4,0 H pHc.4,B).

[Ipu arepuogm4yeckKoM KoinedaHH, KOTla COIIPOTHBIIEHHE KOHTYpa OONbINE KPHTHYECKO-
10 (R > Ryyp), pazoBast kpuBas BEIPOKIAETCS B THHHIO, H300pakeHHYIO Ha PUC. 4.T.

A
T Um 4 TT

4+ 1T T 1T

Ur) — \

U[t+T) /)
S

a |

\

Puc.4.

Obopyodosarue u mamepuaibl.
JlabopaTopHasl yCTaHOBKa COCTOHT H3 OCIUIIorpada H CTeHAa, COAEPIKAIlero JABEe Ka-
TYIIKH HHAYKTHBHOCTH, JIBa KOHIEHCAaTOPa, Mara3sHH COIPOTHBIEHHH H I'eHEPaTOP HMITYIILCOB.
['eHepaTop BBIpabaThBIBAeT KOPOTKHE ITONIOKHUTEIIbHBIE HMITYIILCHEL, B PE3YIIbTATE 3TOrO
KOHJIeHCaTop KoneOaTellbHOIO KOHTYpa IIEPHOAHYECKH ITONYYAET HEKOTOPBIH SIeKTPHYECKHH
3apsa. B mpoMeXyTKaxX BpeMeHH MEKAY HMITYIbCaMH B KOHTYpe OVAYT COBEPINATHCS 3aTyXaro-
1He KonebaHud. ['paduki 3THX KoneOaHH MOKHO OyZeT HaOIIoJaTh Ha SKpaHe OcIuIorpada
1, Jajlee, IO HUM ONpeeIITh MepHo/, JorapH(pMIYecKHIT JeKpeMeHT 3aTyXaHHS, JOOPOTHOCTS,
KPHTHYECKOE COITPOTHRIIEHHE.
HeoOxomiMbIe IJ1S pacyeTOB ITapaMeTPhI AJIEMEHTOB KOHTYPa VKa3aHbI Ha CTEHIIE.
YKazanua no mexHuke 0 e3onacHocmi.

1. K BBOIONMHEHHIO JTa0OpPaTOPHBIX padoT JOITYCKArOTCS CTYACHTBI, H3YYHBIIHE ITpaBHIIA

[OKYMEHT MOAMWUGAH
SNEKTPOHHOM MOAMWCHIO
Ceptudpukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateaHa AnekcaHapoBHa

bCi TOJIBKO IIOJ PYKOBOJCTBOM H HaOIroJeHHEM

CTYACHTAM 3alIPCIAcCTCA.
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- BKITIOYATh CXEMBI ITOJ HapsDKeHHeM 6e3 IIPOBEPKH ITPEIIOfaBaTeN s,
- TIPHKACATHCI K HE3AIMINEHHBIM H30IIMEN YacTsIM CXeMBI, HaXOISIIMXCS 10 HaIlps-
KEHHEM,
- OIPEAEIIATh HAIIMYNE HAIIPSDKEHMS Ha SIIeMeHTax IIEIH IIPH ITOMOIIH MTalbIIEB, IPOBEP-
Ka HAMYM S HAIIPSIKEHHU S IIPOU3BOIUTCS TOIBKO € IIOMOIIBIO BOJIBTMETPA H B IIPHUCYTCTBHH
IIPEIoaBaTellsd,
- IIpu padore Ha 1abopaTOPHOH YCTAHOBKE ITPHKACAThCS OJHOBPEMEHHO CTEH, pagHaTO-
POB CHCTEMBI OTOIUIEHHS H IPYTHX METATIHYECKHX ITPEIMET OB,
-BKJIIOYAaTh PYOWIBHHUKH, HaKHNMAaTh KHOITKH, TIPHKACAaThC K 3IEKTPHYECKOMY 000pPYII0-
BAHIIO, HE OTHOCAIIEMYCS K JaHHOH 1abopaTOpHOH padore 6e3 BeJoMa IIperogaBaTeins,
- IIPOM3BOJIUTE ITO XOIY BBIITOIHEHU A PaOOTHI IIEPEKTFOYEHHS B CXeME, HE 00ECTOUNB €€,
- OpocaTh COeUHHTENBHEIE IIPOBOJIA HA ITOI M Ha HCCIIEAYEMYIO YVCTaHOBKY,
- 3aMEHSTH CTOPEBINHE IMPEAOXPAHHUTEIIN Ha pabouynX IMUTaxX IIPH BKIFOUYEHHBIX PYOHIIb-
HHKAX,
- KIIaCcTh Ha paOoyIii CTOJ ITIOCTOPOHHHE ITPEIMETEHL,
- BXOJIUTH B I1a00PaTOPHIO B BEPXHEH OJIEXK]IE,
- KYPHUTh H 3aKHTaTh OTOHb.
4. Ilepea BKIIIOUEHHEM CXEMBI 00S3aTEIIFHO IPEAYIIPEAHTEL WIEHOB OpHIaabl: «OCTOPOKHO!
Bxiroyaro!».
5. Ilpu pabore Ha yCTaHOBKaX, B KOTOPBIX MOKET HAaOIIOAaThCA PE30HAHC, COOII0IaTE OCO-
OYIO OCTOPOKHOCTB.
0. IIpn HayMYMH B cXeMe KOHAeHCAaTOPHBIX OaTapel, HEOOXOMHMO ITOCIIE OTKIIFOUEHHS ITH-
TAHH S UX Pas3pSAIUTh 1101 HaOIrOIeHHEM TIPEITOgaBaT eIl
7. IIpn oOHapyKeHHH KaKHX — JIH0O HEHCITPABHOCTEHN, HCUE3HOBEHNS HAIIPSKEHHSI B CETH, a
TaKKe ITPH HECYACTHOM CIIy4yae, HEMEJIEHHO IMPEKPaTHTEh PadoTy, OTKIIIOUHTE YCTAHOBKY OT
BIIEKTPOITUTAHNS H COOOIIHTE ITPEITOAaBaTellto.
8. I[IoMHHTB, UTO IIPH OTKIIFOYEHHH IIEITEH IIOCTOSIHHOI'O TOKA ¢ HHAYKTHBHOCTBIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE ITOBBIIIEHHE HATIPSIKEHHS.
9. CTYIEHTEL, HAPYIIMBIIHE ITPaBIUla TEXHUKH OE€30ITaCHOCTH, HE JOITYCKAIOTCS K JalbHEH-
Iei padore B madopaTopHH H IIPHBIIEKAIOTCS K OTBETCTBEHHOCTH.

3aoaHus.
1. Cobpare cxXeMy corjlacHO pHC. 5. COIMpOTHRIIEHHE MarasuHa Ry, CIenaTs paBHBEIM HY-
110. MHAYKTHBHOCTE H EMKOCTh KOHTYPa BEIOPATh IIPOH3BOJIBHO, BHECTH HX ITapaMETPHI B TalII.

11.1.
o C L
TEHEPATOP —
o )
R Bx.Y
O
Puc. 5.
[OKYMEHT NOAMNUCAH _
SNEKTPOHHOW NOAMACKHIO ro B teuyeHue 1-2 MuHyT. Pyukon “@okyc” Xo-
Ceptudoukar; . 12000002A633E3D113AD425FB50002000002A6 NHGKY H3MepeHHit.
Bnapeneu: le6ayxoea TatesaHa AneKkcaHgpoeHa
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3. Bxmouurp reHeparop. C IIOMOIIBIO pydeK YIIPaBISHHS pa3BepTKOH ocImmiorpada
TOOHTHCS HEIOABHKHON KAapTHHBI KOlIeOGaHHI TakK, YTOOBl OOECIIEYHTh JOCTATOYHO TOYHOE H3-
MEPEHHE BPEMEHHBIX HHTEPBaIOB M aMIUIHT VI KOIIeOaHHI.

4. C IIOMOIIBIO TOJIYYEHHOH OCIHIUIOIPAMMBI, aHAJIOTHYHOH PHC. 3, H3MEPHTDH IIEPHOL
KoneOaHui T 0 IpH MIHIMAJIEHOM COITPOTHBIIEHHH KOHTVYpPa, T.€. IIpH Ryr = 0, pe3yinbpTaT BHECTH
B Ta0j. 1 B MIUIJIMCEKVHIAX.

JITIS1 TIOBBIMIIEHN T TOYHOCTH MOYKHO H3MEPHTH ITPOMEKYTOK BPEMEHH, COOTBETCTBYEOLIHIT
HECKOIIBKHM IIepHOoAaM KolneOaHHI, paslellMTh €ro Ha YIHCIO TEPHOIAOB H, TaKUM O0pasoM,
OIPENENTE JJINTEIILHOCTE OJHOI0 IIEPHO/A.

5. YBemMuHBas CONPOTHBRIIEHHE MarasHHa Ry, IPOCIEIUTh 3a BO3pacTaHHEM CKOPOCTH
3aTyXaHHs KojneOaHHH U ONPeJeINTh KPHTHYECKOE COIPOTHRIIEHHE KOHTYPA, COOTBETCTB VIOIIEE
Iepexony OT MepHOAHYEeCKHX KoneOaHHH K allepHOAHYEeCKHM (T.e. IIepeXOoqy OCIIIIOrPaMMbI
OT pHC. 2,B K PHC. 2.T):

Rh‘p = RL + Ry,
rae R — cOOCTBEHHOE COIPOTHBIIEHHE KaT VIIIKH HHAYKTHBHOCTH. [lonyuyeHHOE 3HAaUEHHE
Rip BHECTH B Ta0m. 1.
0. YMEHBIIMTE COMPOTHBRIEHHE Ryg, HAIpUMED, BABOE OT Rip. B KOHTYpe BHOBbL BO3HHK-
HYT 3aTYXarolHe MepHoguyeckue Koinedauus. OIpeeiTh IepUo 3THX KonedaHui T H BMecTe
C TIOJIYYeHHBIM 3HaUYeHHEM CONPOTHBRIEHHI KOHTYpa (R = Ri + Ryr) 3aHectn B Tadmm. 1. YOeauTh-

CA B Pa3JIHYHI IICPHOLOB KonebaHHH T H T:. COOTBCTCTBYIOIIIX Pa3JIHYHbIM 3SHAYUCHHAM COIIPO-
THBIICHIA KOHTVYPaA.

TaGOmmia 1.
No [|C,mMx®@ |L.MIH [RL,OMm |To, Mc Rip,OM |[Ru, OM [R, OM T, Mc

7. IloBTOpHUTE H3MEPEHH I10 ITYHKTaM 4 — 6 TpH pasa I pa3MYHbBIX KOMOHHAIMH L 1
C.

8. JIns BEIOpaHHBIX 3HAYEHHH €MKOCTH C, HHIYKTHBHOCTH L, CONPOTHBIEHHS R H ITOII-
HOI'O COIIPOTHBIIEHHS KOHTYpa R, BHeCeHHBIX B Ta0l. 1, BEIUMCIIMTE H 3aHeCTH B TalIl. 2 Teope-
THYECKHE 3HAYEHHS:

To — o dpopmyre (10); T — mo dopmye (.9);
Rip — 110 popmyme (12); & — 1o popmyie (14),

Q — 1o popmyme (20).
TaOmmia 2.

No To, MC T, Mc Rip, OM R Q

OJOKYMEHT NoanwvcAH

SNEKTPOHHOW NOAMUCHIO
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0. Jis nipon3BONbHBIX 3HaYeHHH L 1 C HccellefoBaTh 3aBHCHMOCTD JIOTapH(QMIYECKOr 0o
IEKpeMeHTa 3aTYXaHHS OT COIPOTHBIIEHHS KOHTYpPa. YBEJHYHMBAas COIIPOTHBIEHHE KOHTYpa C
ITOMOIIBIO MarasHHa COITPOTHBIIEHHH R, H3MEpHTh aMIUIHTYABL A1 H A2, KOTOPEIE COOTBETCTBRY-
IOT MOMeHTaM BPeMeHH, OTIIHYAIOIIMMCS Ha IIepHoJ (pHC. 3).

PesynbTaThl H3MepeHHH BHeCTH B Tadi. 3. IlogcuHTaTh SKCIIEpHMEHTAIbHBIE 3HAYEHH S
JorapH(pMHYecKOro JeKpeMeHTa 3aTyXaHHS Os 1o popMyie (13), mo ¢popmyne (14) — ero Teope-

THYeCKIE 3HAUEeHHS Or.
Ta0rmira 3

No R, Om Al MM Az, MM O Or

.

h B W

10. JIna HaOmrogeHHS (pa30BBIX KPHBBIX COOpPaTh CXeMY ITO pPHC. 0.

< Bxop Y
C L
-
TEHEPATOP —
= Bxop X
-
Rm
1 Kopnyc
PHc. 6.

[Ipn s3TOM Ha BX0A X ITOJAETCSA CHTHAJI C COIPOTHRIIEHHS Ry, KOTOPBIN HaXOMHTCS B (pasze
C TOKOM B KOHType. Ha BxXox Y momaeTcsl cHTHajlI, HaxXOJSIIHICS B (paze C HaITpsSKEHHEM.
HaOmomass (azoBble KpHBEIE UIS Pa3IMYHBIX COITPOTHBJIEHHH KOHTYpPa, MOXHO HCCIeJOBaTh
BIIMSIHHE 3aTyXaHHSI Ha (GopMy (pa30BOH KpHBOH H YTOYHHTh 3HAYeHHE KPHTHYECKOIO COITPO-

THBIIEHHS U1 JaHHBIX 3HAYeHHIH eMKOCTH H HHIYKTHBHOCTH (pHC.4.Tr).
C IMOMOMIBIO (Ppa30BBIX KPHBBIX MOKHO ITPOBECTH TaKike H3MepeHHI o I1.9 (puc. 4,0).

11. I omHOBpeMEHHOI0 HAOIOIEHH S OCIIIIITIOrPpaMM KoneOaHI TOKa M HaITpsDKeHIS
H OIpefielleHns CABHTa (pa3 MeXIy HHMH cOOpaTh CXeMY B COOTBETCTBHH C PHC. 7.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO
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Bxog Y

]
1 kaHan
C L

o

FTEHEPATOP — Bxon Y

2y 2 KaHan
o

Em
1 Kopnyc
Puc. 7.

Ha Bxomel Y IepBOro M BTOPOrO KaHaIOB OCIFIIIOrpada IMOJar0TCS CHIHANBI, ITPOIIOP-
I[HOHAJIbHBIE HAIIPSDKEHHIO H TOKY B KOHTYpe. YOeIHThcS B HAIMYHH CABHTA (pa3 3THX Koleba-
HHI1, OLIEHHTh BEJIHYHHY 3TOr'0 CABHIA.

Cooeparcarue omuemad.
OtueT 110 1adopaTOpPHEIM padoTaM JOIKHEL COAEPKaATh:
- TUTVIILHBII JIHCT,
- 1IeTb PadoTHI,
- KOHCITEKT OCHOBHBIX 3aKOHOB, OITpeelleH I, TTOHSITHH, (POPMYIL,
- OCHOBHOE 000pYIOBAaHHE, CXeMa YCTaHOBKH,
- OIMHCAHHE IT0 ITYHKTAM BEOTOITHEHHOMH PabOTHI,
- Pe3VyIIbTaThl H3MEPEHHI H pacuyeToB (TaOIHIIEI, TpaduKH);
- OIIEHKA TIOIPEIIHOCT eI,
- OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHL,
- BBIBOJIBI T10 PE3YIIbTAaTaM BBIIIOITHEHHOH pabOoTEI, 1aTa, ITOAIICE.

Konmponsmsie 6onpocei.

1. Pacckasars 00 snekTpHYeCcKHX KOneOaHHSIX B KOHTYPE.

2. JlaTh oIlpeJieneHHe aMIUIHT YIbI, YaCTOTHI, (pa3bl, IIepHOjIa KOIeOaHHI.

3. Kakon 1mporecc HasbIBaeTCS arnepHogHYecKHM? UTO Takoe KPHTHUYECKOE COIIPOTHBIIEHHE?
BriBecTH ypaBHeHHE (12).

4. Kakue ITpeBpalleHus SHEPIHH HMEIOT MeCTO IIPH TIEPHOAHMYECKOM H allepHOJHYECKOM ITPO-
Ieccax?

5. Kakue (popMyIbI OIHCBIBAIOT SHEPTHIO BIEKTPHYECKOrO OIS KOHIeHCcaTopa H SHEPIHIO Mar-
HHTHOI'O TTOJIS KaTYIIKH.

0. BrIBeCTH ypaBHeHHE 3aTYXAIOIIHUX SMEKTPHYESCKIX KOIeOaHHIA.

7. Uto Takoe JTorapH(p)MHUYECKHH JeKpeMeHT 3aTyXaHHI? OOBSCHHTh €ro (PH3HYECKHH CMBICII,
BBIBECTH ypaBHeHHE (15).

8. ITosICHUTE (pH3HYECKHH CMBICI JOOPOTHOCTH KOHTYpa. BriBecTH ypaBHeHHe (20).

9. Uto HazeIBaeTCcA (pa30BOH KpHBOH? [10IyyHTE ypaBHEHHE 3TOH KPHBOI.

10. BeiBecTH ypaBHeHHEe (7), TPHMeHHB 3aK0H OMa JI9 HEOJHOPOIHOH 3aMKHYTOI I[EITH.

11. KakxoBa BelmurHa ciBHra (pa3 Mexay KolneOaHHSIMH TOKa H HallpsDKeHHS B HJleallbHOM KOJe-
OareJIbHOM KOHTYpe? Kak MOXKHO H3MEPHTH €€ B PeallbHBIX YCIIOBHSIX?

12. Pacckasare O MpaKTHYECKOM IIPHMEHEHNH KOJIe0ATEIIEHOIO KOHTYPa B TEXHHKE.

JIaboparopHas patdora Ne 13

OOKYMEHT DDﬂﬂHCﬁH 3apsaga 3JIEKTPOoHa METOA0M MAI'HCTPOHA
SNEKTPOHHOW NOANMChHIO
Ceprudcmkar: 12000002A633E30113AD425FB50002000002A6 JIOB B SNEKTPHYECKHX H MAarHHTHBIX IIOJISIX, H3-
Bnapeneu; llleGayxoea TateAHa AnekcaHapoBHa
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T eopemuieckdAa udacmbo.

YIelnbHBIM 3apsSaoM YacTHIBI HasbIBAIOT OTHOIIEHHE ee 3apsga (Q K Macce m. MMeHHO
VIAEIIBHBIM 3aPSIOM /m oImchIBaETCS ITIABHBIM 00pa3oM ITOBEJIEHHE YACTHIBI B JIEKTPHYECKHX
M MarHHTHBIX ITOTISIX.

B Hacrosien padoTe omnmpefensaeTcs YAeIbHBIH 3aps HaHnOOolIee YacTO BCTPEYAIOIIEHCS B
ITPAKTHKE YaCTHIBI-3JIEKTPOHA METOJAOM MarHeTpoHa. MarHeTpoH- 3IEeKTPOHHBIH ITpHOOpP, B KO-
TOPOM ITOTOK AIIEKTPOHOB OJHOBPEMEHHO VYIIPABISIETCS B3aHMHO - IEPIEHIUKYIIIPHBIMH 3IIEK-
TPHYECKHUM M MarHHTHBIM ITOJISIMH. B COBpeMEHHOH TEXHHKE MarHeTPOH HCITOIb3VETCS IJII I'e-
HEPHPOBAHHS CBEPXKOPOTKHX 3JIEKTPOMArHHTHEIX BOJIH HAIIpHMep B pagHonokaimi, CBY- tex-
HHUKE.

B naGopaTopHoI paboTe B KaUueCTBE MAarHETPOHA HCITONB3YETCS ABYXAJIEKTPOAHAS JIaMIIa C
IIITIHHAPHYECKHM aHOAOM A H IPSAMOIHHEHHBIM KaTomoM K, pacIiomoKeHHBIM Ha OCH aHOJIA,
ITOMeIlleHHAasd B aKCHaJIbHOe (HaIIpaBIEHHOE BAOIb OCH aHOJ[a) MarHHTHOE IT0JIE C HHIYKIIHEH B,
CO3MIaHHOE JOCTaTOYHO JIHHHEIM cojieHOHAOM C pHC.]1 DJIeKTPOHEBI HC-
ITyCKaeMbI€ PacCKaJIeHHBIM KaTOAOM ITOJ AeHCTBHEM SIIEKTPHYECKOrO ITOILS
Pa3HOCTBIO ITOTEHIHAIIOB MEKAY KaTOAOM H aHOAOM IIPH OTCYTCTBHH Mar-
HHTHOTO IO ABHKYTCS ITO PaJHAIIEHEIM TPacKTOpHIM (pHC.2a).

B> Bxp

Puc.2

Kak H3BeCTHO Pa3zHOCTh ITOTEHIHAIOB YHCIIEHHO paBHa padoTe IO MEPEHOCY €MHHHYHOIO
3apsga U3 OJHOH TOYKH ITONS B APYIVIO. B JaHHOM ciydyae pasHOCTH ITOTEHI[HAIOB, PaBHAas
AHOAHOMY HaIpsoKeHHIO Up, COBEpPIIAET IIEPEHOC OT KaToJa K aHOAY 3IIEKTPOHA 3apsaoM
Q=e=1,610"" Ki1. ¥ BBINONHAEMAS SIeKTPHYECKHM T1011eM padora A=eUa HIET Ha COOOINEHHE
SIIEKTPOHY KHHETHYECKOH SHEPIHH, PaBHOH mv~/a.

-y

mV-
CregoBaTeIbHO elUa= >
OTcroza CKOpOCTh V 3NIEKTPOHA JOCTHITIETO aHOAA OVIET paBHOM
NOKYMEHT MNoanncAH
3NEKTPOHHOW NOANMUCHLIO e |
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CreayeT 3aMeTHTh, UTO 3IeKTPHUYECKOE IIOJIE MEKAY aHOAOM H KaTOJAOM Pe3KO HEOIHO-
POAHO. I'yCTOTA CIUIOBBIX JIMHHI, a CIIEJOBAaTelbHO, H HAIIPSLKEHHOCTH ITong E, BOIMM3H KaToma
MHOro OOJIbIlle 4YeM B CpeJHeH H IpHaHOAXHOH oOnacTH (puc.2a). [IocKOnbKY HaNpsKeHHOCTD
€CTh I'paUEHT IIOTEHI[HAlIAa, TO €CTh pPaBHA HM3MEHEHHIO IOTEHI[HANIa Ha €IHHHI[E PACCTOSHH S
BIOJIb CHJIOBOH JIMHHH, aHOIHOE HaIlpsoKeHHe Ua pacipenenneHo B IIPOCTPAHCTBE MEXIY aHOLOM
H KaTOJIOM HepaBHOMepPHO. OCHOBHAS YacCTh €r0 I1aJacT Ha IIPHKATOMHOM YVYACTKE CHJIOBBIX IIH-
HiOl. Uaeannsupysi, MOKHO CUHTATh, YTO BCE AHOJIHOE HAIIPSDKEHHE IIaJacT HAa OYEHb MAaJIOM
y4yacTKe BOIM3H KaTo[a, Ha KOTOPOM H ITPOHCXOIHT Pa3rOH JIEKTPOHOB, a JAlbIIE, T.€. IIPAKTH-
YeCKH Ha BCEM CBOEM ITYTH OT aHOMAA K KaTOAY, 3IEKTPOHBI ABHKYTCS C IIPAKTHYECKH ITOCTOSH-
HOI IT0 BEIIMYHHE CKOPOCThIO. DTa CKOPOCTh H OMpeAerisieTcs 1o ¢popmyie (1).

E CIH 110 IIMHHOMY COJIEHOHMAY IIPOITYCTHTH TOK CHIIOH Ic, TO BHYTPH €ro CO31acTCa OJHO-
POIHOE MAarHHUTHOE TI0JIE ¢ HHAYKI[HEH

N

B =y, T I, (2)

IJie |L -MarHHTHas IIPOHHIlaeMOCTh cpeldbl (B JaHHOM cirydae L =1); n 0=4x 10-7 I'n/m —
MarHHTHas ITOcTOSHHAS, N- ynciao BUTKOB corneHonga (N=2000); | - mimHa cojeHOoH/Ia.
Kak H3BeCTHO, Ha AMIeKTPOH, ABHIKYIIHICSA B MATHUTHOM I10/Ie JeHCTBYET cHia JIopeHIla

F = e[f«’-ﬁ (3)

Tak KaK B CHITy KOHCTPYKIIMH MaTrHeTPOHA BEKTOPRLV_H B OpTOrOHAIbHbIE, TO BETHYH-
Ha CHIEI JIopeHila OyaeT paBHa
F = eVB, (4)
a ee HampaprleHHe F orpejiennsgeTcs H3 BEKTOPHOI'O IPOH3BeIeHHS (3) HIIH I10 TIPaBHITY Jie-
BOH PYKH C YUYeTOM OTPHI[ATeIIbHOTO 3HaKa 3apsjaa snekTpoHa (prc.20). U3 dopmynsl JlopeHiia
(3) creayeT, YTO MarHHTHOE ITOJIE B OTIIMYHE OT 3JIEKTPHYECKOrO JEHCTBYET TOJIBKO Ha JIBHKY-
1ryrocs yactuiy: mpH V=0, F=0. Kpome Toro 3To AeHCTBHE HE ITPHBOAHT K H3MEHEHIIO BEJIHMYH-

HBI CKOPOCTH 4YacTHIBEL. JIeHCTBHTEIIBHO 3leMeHTapHas padora crikl JlopeHna dAA paBHa
dAA=Fdr cosa , rme o.- yrom Mexnay IepeMelneHHeM 4YacTHIBI dr B cuiml F. M3 BekTopHOro

— (dr

npousBeicHHA (3) cinexyeT, uro F1V, cnegoBatensHo Fldr (T.k. V = — ) 1 cosa=0. 3HaYHT,
t

pabora cuibl JlopeHa dAA paBHaA HYIIIO, T.€. B MarHHTHOM IT0JIE€ KHHETHYECKAS SHEPTHS YaCTH-

]
mV-

ITEBI OCTAEeTCs HEM3MEHHOH H €€ CKOPOCTD I1O BCIIHYHHC ITIOCTOSIHHOH (V=CGI’ISD TaKHM 00-

Pa30M MarHHTHOE IT0JIe He YCKOpseT YacTHIBI (He H3MeHSeT BEIIHYHHBI HX CKOPOCTH), a TOIIBKO
HCKPHBIIIET HX TpaeKTopHio. Crira JIopeHIa sSIBIsSeTCS CHIIOH LEHTPOCTPEMHTEIbHOM, H 110 BTO-
poMYy 3aKOHY HBIOTOHA HMeeM

F=eVB=mV Ir (5)
e - PAIHYyC KPHBH3HEI TPAeKTOPHH YaCcTHIIEL (37IEKTPOHA).

V

€ g
m

13 (5) s r momyyuMm r (6)

Kak BugHO H3 (hopMymsl (6) B OJHOPOJHOM OPTOrOHAIIbHOM MarHHTHOM ITojle (B=const)
TPaeKTOPHS YaCTHIBI- OKPYKHOCTh (r=const). [Ipu 3ToM yuTeHO, 4TO V=const, T.K. MarHHTHOE
IT0JI€ BIIEKTDOHBI HE VCKODSET. a TeOMeTDHS SIIEKTPHYECKOro IO B JJAHHOM MarHeTPOHE IT03-

[OKYMEHT MOAMNUCAH | -
SNEKTPOHHON NOANUCKIO 3MeHHBIMH Ha OOJIbIIIEH YacTH IIVTH OT dHOdd K
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C poCTOM HHIVKIIMH MAarHHTHOTO ITOJIS B pamiycel TpaeKTOPHH 3IIEKTPOHOB YMeHBIIIa-
IOTCS H IIPH HEKOTOPOM 3HaueHHH B=BKp (KpHTHYeCKOe) OHH CTaHYT PaBHBIMH IT1OJIOBHHHBIMH
PACCTOSHH S MeK Y aHOJOM H KaToAoM (pHc. 2 B)

r=(R,-R,)/2 (7)

B 3TOM ciryyae 3IEKTPOHEI IIEPECTAHYT JOCTHIaTh aHOJa M OYIYT ITO0 OKPYKHOCTH BO3-
BpalateCsd K KaTtoxy. lIpu sroM aHOAHEIN TOK IA JaMITIBI, ITPOIIOPIMOHAIBHBIN KOIHYECTBY
BJIEKTPOHOB, JIOCTHIAIOIMX aHOJd B €IUHHI[Y BpPEMEHH, PE3KO

A 4 yMeHbIIIaeTCs TeopeTHYeCcKH A0 HYII (KpHBad (a) Ha puc.3). Ilpu

TaJIbHEHIIEM YBEIIHYEeHHH HHYKIIHH MarHHTHOro 1ois (B>Bxkp)

AIIEKTPOHBI OYIYT Kpyde 3aBOpPAaYHBaTh K KaTOXY, a aHOIHBIH TOK

OcTaHEeTCS PaBHEIM HYIIIO (pHc.2). HaGmrogeHHe cKkauKooOpa3HOro

yMeHbBIIIEHHSI aHOJHOI'O0 TOKa MarHeTPpOHa B 3aBHCHMOCTH OT Be-

JIMYHHBI MarHATHOI'O ITOJIS JIEXKHUT B OCHOBE HCITOJIb3YEMOI'0 METO-
» Jla OIpelelleHNs YAEIbHOIO 3apsja 3MeKTpoHa. PacueTHast ¢op-

MylIa JI9 e¢/m JerKO IOIy4aeTcs M3 BBIpaKeHHS IS pagmyca
Puc. 3 KPHBH3HEI (0), eCIIH Y4eCTh ero KpHTHYeCKOe 3HaueHHe (7) H BHI-
Pa3HTh CKOPOCTH AMEKTPOHOB H3 (POpMYIIHI (1)

€
R,-R, V \/ ZQUA e 8U ,
= — OTKyAa IMOIYYHM: = — 5
2 ‘g ™ m BQF(RA_RK)
m ¥ m”

Brrpaxast By 13 (popMyIiel (2) OKOHYATEIBHO HAJIEM, YTO

-y

¢ Ua rie K=2 2l (8)

m I Mt N (R, — Ry)

Yepes Ixpy 0003HAUEHO 3HAUEHHE TOKA COIEHOHAA Ic COOTBETCTBYIOIEE HHAYKIMH B=DByp.
Kos(drment K 3aBHCHT TOIBKO OT KOHCTPYKIIHOHHBIX JaHHBIX MAarHETPOHA.

Taxrm o6pasoM, IS OINPENEIIEHHS VIEIBPHOIO 3apsaaa 3JIeKTPOHAa MeTOJOM MAarHeTpOHa,
JOCTATOYHO CHSTH 3aBHCHMOCTH aHOIHOTI'O TOKa JIaMITEI IA OT TOKa B coneHoue Ic, TaKk Ha3bIBa-
eMYyI0 COpPOCOBYIO XapaKTepHCTHKY. O4eBHIHO, (popMa Ipaduka 5TOH 3aBHCHMOCTH JOJLKHA
OBITh aHaOTHYHOH KpHBOH IA= f(B), npeacrarneHHOH Ha pHc.3. Mcmonb3ys IMOIMYyYeHHYIO KpH-
BYIO, Ha Hel MOKHO HaHTH 3HaueHHe Ikp, a 3aTeM 1o popMyie (8) BEIUHCIHTE e/m.

Ha puc.3 npexacrapieHa HicalH3HpoBaHHas (a) H IpakTHYecKass(0) cOpOCOBBIE XapaKTe-
PHCTHKH. Ha 1mocieaHen, criaJarollHi yYacTOK O0ee pa3sMBITHIN. OTO OOBSICHSIETCS KaK pa3iIiHy-
HOI'O POJla HECOBEPIIIEHCTBAMH KOHCTPYKI[MH MarHeTpoHa. Cro[a OTHOCSTCS HE TOYHAS KOAKCH-
allbHOCTh aHOJla M KaToja, He CTporas OZHOPOJHOCTh MAarHHUTHOI'O IO BHYTPH COJIEHOHIA H
ap. Ocobo HYKHO OTMETHTH TEIUIOBOH Pa3zOpoc HAYaIBHBIX CKOPOCTEH 3IIEKTPOHOB, BBIIETAIO-
II[IX C TIOBEPXHOCTH KaToJa, ITPHBOMSIIII K PasMBITHIO KPHBOH. B CBSI3H C 3THM 3aTPYAHSAETCS
OTCYET COPOCOBOrO, T.€. KPHTHUECKOT O 3HAUYEHH I HaMaTrHHYHBAIOIero Toka Ikp. Ilo-Bumgmmomy,
HaHOoJIee YIOBIETBOPSIOIIEMY TEOPHH, CIEAYET CUHTATh TO 3HAauYeHHe Ic, IIpH KOTOPOM
HaOIroMaceTC s HaHOONIbINlee H3MeHeHHE [A.

CxeMa 3KCIIeDHMEHT AJIBHON YCTAHOBKH
AOKYMEHT NoanmncAH

ONEKTPOHHOW MOANKUCHIO 3y ee COCTaBJIIeT 3IeKTPOHHAA 1amra JI, mome-
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puc.4

IlocTostHHOE aHOmHOe HaMpsokeHHe UA CHHMAETCS ¢ VHHBEPCAIIbHOI'O HCTOYHHKA ITHTaHILS
(YUII-2), perymHpyeTcs IOTeHIIHOMETPOM R, pykKosSTKa KOTOPOIO pacliolaraeTcs Ha ITaHelIH
YUII-2 u usmepsieTcsa BOIBTMETPOM V. AHOTHBIN TOK H3MEPAETCI MITIMaMIiepMeTpoM mA. Ha
rmadenu YHUII mmeroTcs Takke KIeMMBI, ¢ KOTOPEIX CHHMAaeTCS HaIlpsKeHHe 2 B, IpeaHasHa-
YEeHHAas IS ITHTaHH HaKajla HUTH KaTo/1a.

Hamarnmunsaronmics cojieHoH C rmraercsa or BeIIpaMHTENS B b3-7. Tok coneHonaa
PETYIIHPYETCS PYUYKAMH Ha ITAHEIH BRINIPSAMHTEIIS H O0lIee IIIaBHO peocTaroM R.

Hamepsiercs IC ammepmeTpoM A.

Obopyooearue U Mamepuas.

MarueTpoH - snekTpHueckas jamiia 21[2C (muox), pacrojokeHHas BHYTPH COJIEHOH]IA.
YHHBepcanbHbIH HCTOYHHK IHTaHH (Y HUII-2), BempsnvmTens BE5-7 ¢ perymHpyeMbIM HaIlpsDKe-
HHEM, BOJIbTMETP, aMIIEPMETP, MITIJIHAMIIEPMET]P, PEOCTar.

YKazanua no mexHuke 0e30nacHocmi.

I. K BemromHeHH:o j1abopaTOpHBIX pabdoT MOIMYCKAIOTCA CTVASHTHI, H3VUHBIIINE ITpaBHIIA
TEXHHKH 0e30ITaCHOCTH.
2. JlaBGopatopHble pabOTH MOT'YT IIPOBOJHTHCS TOJIBKO ITOA PYKOBOACTBOM H HaOIFOAEHHEM
ITPETIONAaBATENS.
3. Pacnionararnre nmpuOoOpsI, MaTepHansl, 000pyJoBaHHe Ha padoyeM MeCTe B ITOPSIKE, VKa-
3aHHOM IIPEIOJaBaTEIIEM.
4. He gepxute Ha pabodeM CTOIE IIPeAMETHI, He TpeOVIOHeCs IS BEIIIOTHEHHS 3a{aHH .
Ilepen TeM, KakK IPHCTYIIMTL K padoTe TINMATEIILHO H3VUHTE €€ OIMCAHHE, VACHHTE XOI
BBITIOJIHEHH ST PA0OTHI.

3aoanuas.
1.CobGpath cxemy (puc.4). IIpH 3TOM peryisropsl BBIXOJHOTO aHOJHOIO HAIIPSKEHHS

YHUII-2 u Beipsmurensa b5-7 yCTaHOBHTE Ha HYIIEBOE 3HAaUYeHHe. CXeMY HE BKIIIOYATEH JO ITPO-

BEPKIL €€ ITPCITIOJaBATCIIEM HIIH HﬂﬁDpEIHTDM.
2. llocie BKIMFOYEeHH S CXEMBI ITOJOXKIATh 2-3 MITHVTBI, IIOKad ITPOI'PCCTCA KaTOd MAI'HCTPO-

hd

Ha.
3. Ilo 3amamizo ITPEIIOAABATCIIA YCTAHOBHTE BCIIMYHHY dHOJHOI'O HAIIPSOKCHITA UA u 3armi-

caTh €€ B OTYET I10 pabore.
4. TlognepxmBast Bce BpeMd UA cTporo IocTosSHHBIM (0CO0eHHO B KPHTHYECKHI MOMEHT )

ITOCIICOOBATCIIbHO YECIIHMYIBAA HaMaTrHHYHBAIOIIHH TOK COJIeHOHIa Ic CHATH GﬁpGCGE}JTO XdpPdK-

OOKYMEHT NOAMWCAH AIHcaTh B TaOIHILY.
ANEKTPOHHOW NOANUCHLIO
Ceptudmkar:  12000002A633E3D113AD425FB50002000002A6
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[A(mA)

HMHTepBaiIbl H3MEHEHHS I H YHCIIO H3MEPeHHH ITOZ00paTh CaMOCTOSTENILHO, OOlee TIIa-
TEIBHO U3MEPSS KPUHTHUYECKHH YYACTOK.
5.I1ocTpuTh rpaduk cOPOCOBOH XapaKTepPHCTHKH MarHeTPOHA.
0.OIIpegermiTh 10 HEMY KPHTHYECKOE 3HAaUEHHE i U 3aIllcaTh €ro B OTUET.
J.3armicars B OTYET KOHCTPYKTHBHEIE JJaHHBIE MarHETPOHA:
yHci10 BUTKOB coneHouga N=2000, paguyc katoga Rx = 0,1cM 1 aHoga Ra=0,95cM. Usme-
PHUTH U 3aIlHcaTh JJIMHY COIeHOou A .
8.PacunraTh 1o popmyie (8) BemmuuHYy KoadHieHTa K 1 ormpeienurs 3HaYeHHE ¢/, IS
3JIEKTPOHA.
9.CpaBHHTE ITOTYYEHHOE 3HAUEHHE /), ¢ TAOJMYHBIM H BRIPA3HTh PasHUILY B ITPOLIEHTAX.
Cooepocarnue omuema.
Ot4eT 1o madopaTopHEIM padoTaM JOJIKHBI COAEPHKAT:
- TUTYIILHBIH JIHCT,
- 1IeTb PadOoTHI,
- KOHCITEKT OCHOBHEBIX 3aKOHOB, OITPeelIeHHH, ITIOHSITHI, (DOPMYII,
- OCHOBHOE 000PYIOBAaHHE, CXEMA YCTAHOBKH
- OITHCAHHE IT0 ITYHKTAM BEOTOITHEHHOH PadOTHI,
- pe3yIbTaThl H3MEPEHHH H pacdyeToB (TaOIHIBI, TPaHKH);
- OIIEHKA TIOTPEITHOCTEMH,

- OTBETHI Hda KOHTPOJIbHBIC BOIIPOCEL,
- BBIBOJIEI ITO PE3VIIBTATAM BBITIOITHEHH O pﬂﬁGTBI:, HaTa, ITOAITHCE.

Konmponsusie 6onpocei.

1 . YUT0 HaspIBaeTCA YAESIbHBIM 3apSa0oM YacTHI[?

2 .Kak IeHCTBYET 3IEKTPHUYECKOE TTONE Ha 3apsKEHHVIO YaCTHILY?

3. Kak JIeHcTBYeT MarHUTHOE TTOJIE Ha HAXOIAIIYIOCSI B HEM YaCTHILY?

4 KakoBO YCTPOHCTBO HCIIOJIB3YEMOIO B paboTe MarHeTpoHa?

5.Kak ABHKYT CS 3IIEKTPOHBI B MAarHETPOHE?

0.Pacckaxnure 0 KpHTHYECKOM peXKHMe paboThl MarHeTpoHa?

7.Kakme wmpeanusaiMi BBOISTCS IIPH PaCCMOTPEHMH IBMKEHHIS 3JIEKTPOHOB B MarHe-
TPOHE?

8. BrBecTH pabouyro popmyny (8).

JlaboparopHas padora Ne 14

T'ema pabomesr. M13MepeHHe NJIHHBI CBETOBOH BOJIHBI C IOMOIILI0 JHQPPAKIHOHHOMN
pelETKH

Ilens padomst. 1.11o3HaKOMHTCS ¢ SBJIEHHEM IH(PAKI[HH CBETa B IAapaUIeNIbHBIX JIydax
TH(PAKITHOHHOHN PEIEeTKH.

2 .OIpeaenniTh JIHHY CBETOBOH BOJIHEI C IIOMOIIBIO JH(PPAKIMOHHONH PEIIETKH.

[IpnGopel H IIpPHHAJJIEKHOCTH. YCTaHOBKA C HMCTOYHHKOM CBETa, INEJIbI0 H JH(]paK-
I[THOHHOM PEIETKOM.

LOKYMEHT MOAMVCAH
SNEKTPOHHOM MNOAMUCHIO
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu; [Llebayxoea TaTeAHa AnekcaHapoBHa _
CBCTOBBIMI BOJIHAMH BCTPCSHHBIX ITPCIIAT CTBHIH.
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Ceptucbmkar:  12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: LleG3ayxoea TaTtbAHa AnekcaHgpoBHa

B Oonee MHpPOKOM cMBIcTIe JH(PaKIMeH CBeTa Ha3bIBASTCS COBOKYIIHOCTE SBIIEHHI, 00Y-
CIIOBJIEHHBIX BOITHOBBIMH CBOHCTBAMH CBETAa H HAOIIOJaeMEIX ITPH €r0 paclIpoCTpaHEHHH B CPELE

C PEe3KO BBIPaKEHHBIMH HEOJHOPOJHOCTSIMH (OTBEPCTHS B HEITPO3PAaYHBIX 3KpaHaX, IPaHHIIbL He-
IIPO3pAaYHBIX TeI M T.JI.). fIBIeHHe AUQPaKIHH yKa3bIBaeT Ha HapYyIIEHHE 3aKOHOB I'eOMETpPHYE-

CKOH ONTHKH. SIBneHHe AudpaKIHH HaOIrogaeTcsI Ha PacCTOSHHH £ ot TIPEIISTCTBHA (x D142
;e D - IHHelHBIe pa3Mepbl NPEISITCTBHS, A - JJIHHA BOIHEI (yCIOBHE HaOMIOAeHHS TH(]pPaK-
I[HH).

JInnsg pereHHS THQPPaKIMOHHBIX 3aJady - OTBICKaHHEe paclpejlelIeHHsI Ha SKpaHe HHTEeHCHB-
HOCTH CBETOBOH BOJIHBI, PACIIPOCTPAHSIOIIEIHCS B CPelle C IMPEIITCTBHAMH, - IIPHMEHSIOTCS IIPH-
OIIMKeHHBIE METOMBI, OCHOBAHHEIE Ha IIPHHIMMIIAX [ ronreHca H I roireHca - OpeHes.

[ Tpraipm ['rolireHca’, kaxmas Touka S1,S2,...,.Sn ¢poHTa BomHEI AB SBISeTCS HCTOYHHKOM

HOBBIX, BTOPHYHBIX BOITH. HoBoe monoxkeHne ¢ppoHTa BOomHEL Al Bl depes Bpems At ITPEICTaB-
51T c000H OrHOAIOIIYIO ITIOBEPXHOCTh BTOPHYHBIX BOIH (pHC.1).

SF

‘4 Puc.1

[IpHHIpmI ['rolTreHca SBIISETCS YHCTO reOMeTpHUYeCKHM. OH ITO3BOJISIET, HAIIPHMED, OOBSIC-
HHTH PAaBEHCTBO VITIOB ITAJIEHHS 1 M OTpakeHHI 1' Ha MOBepXHOCTH MN Cpeanl IpH OTpakKeHHH
cBeTa (puc.2). PasHocTe xoma CB mydyenn AA2 u BB2 cozmaer takol ¢poHT DB oTpakeHHOI
BOIHEBIL, YTO M3 IIPSMOYTOIBHEIX TpeyrodbHHKOB ADB 1 ACB (AD=CB) ciexyeT paBeHCTBO: i=i'
(puc.2). Takke MOKHO OOBSICHHTD 3aKOH ITPeJIOMIEHHS.

Prc.2

[IprHigon 1rorreHca-OpeHenss. BCce BTOPHYHBIE HCTOYHHKH S1, S2 ...Sn, pacIionOKeHHBIE
Ha ITOBEPXHOCTH (PPOHTa BOIH, KOrepPeHTHBI MeKIY co00H. AMIIMTYAA H (paza BOIHEI B OO0

Touke M IIpoCTpaHCTBA - 3TO Pe3ylIbTaT HHTep(epPeHIMH BOIIH, H3TydaeMbIX BTOPHYHBIMH HC-
TOYHHKaMH (pHC. 3).

[ IpssMOTIMHEHHOE PacCIpOCTPaHEHHE Iy4da SM, HCITYIIIEHHOI'O
[IOKYMEHT MOAMNWUCAH I e,  OOBSCHSETCS  IpHHIpOIOM  ['roireHca-
INEKTPOHHOW MNMOANMUCHIO AEMBIE BTOPHYHBIMH HCTOYHHKAMH, HaXOJSIIH-

CsI B pe3ylbTaTe HHTep(epeHIHH, KPOMe BOIIH OT
Ke cpepHYEeCKOro cerMeHTa ab, IepreHIHKYILIp-
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HOro K SM (puc.3). CBeT paclpocTpaHsIeTCs BIOIb Y3KOr0o KOHYyca C OYeHb MallbIM OCHOBAaHHEM,
T.€. MPaKTHYEeCKH ITPSMOIIHHEHHO.

B psime nupakiHOHHBIX 3ajad, 00IIaJaroIHX OCEBOHM CHMMETPHEH, pacueT HHIep(epeH-
I[HH BTOPHYHBIX BOJIH MOXKET OBITH CHIIBHO VIIPOIIEH C ITOMOINBIO HAITISITHOTO TeOMETPHYECKOTO
METOAA pa30HEeHHS (PpOHTa BOJIHEI HAa KOJIBIEBEIE YYACTKH, Ha3bIBacMble 30HaMH DpeHens. Pasz-
OHeHHe Ha 30HBI ITPOH3BOHTCS TaK, YTOOBI ONTHYECKAS Pa3HOCTh XOJ[a OT CXOACTBEHHBIX I'PaHHI]

(BHYTPeHHHX HIIH BHEIIHHX) KaKIOH ITaphl COCeTHHX 30H J0 paccMaTpHBaeMOH TOYKH M paBHS-

A

JI4Ch . BTGPH‘EIHLIE BOJIHBI OT CXOJCTBCHHBIX TOUCK JBYX COCCOHHX 30H IIPHXOIAT B TOUKY MB

e

IIPOTHBOIOIOKHEIX (pazax H B3aHMHO OCIalOILIIOT IPYT APYyra IIPH HAJTOKEeHHH.

-
\"'"'-h-,___h -
SeFoms
.5; x‘h
_ - b ]
- - /-7 Jora

| -E-7 30NT
T- Jova
/-5 FoMnT
Pruc. 4

Ha pruc. 4 nmokazaHo nmocTpoeHHe 30H DpeHensa B cIydyae cepHYeCKOH BOIHBI BO30yXKIae-
MO HCTOYHHKOM S.

Taxk kak a © b » A, TO IIpH He cIHIIKOM OOnbIIOM K Imromaau nmepBeIX k 30H DpeHels oaH-
HAKOBHBI:

T-abA
a—+b

S, =8,=.S, =

L4

B cirydae IIOCKOro BOIHOBOIO (DpOHTA
S, =8,=.85, =7m-bA

Paznmyaror aBa cirydast JH(QPAKIHH. ECIH HCTOYHHK CBeTa H TOYKa HaOMoAeHHS P paclio-
JIOKEeHBI OT IIPEIIITCTBHS HACTOIIBKO JAJIEKO, YTO JIYYH, ITaJarolfHe Ha IIPelsSICTBHE, H IIy4H,
HVIOHE B TOUKY P 00pa3yroT IMpaKTHYeCKH ITapalUlelbHBIE ITYYKH, TOBOPST O AH(pakimi OpayH-
rodepa WIiH 0 JHQPAKIHH B ITapaljIe]IbHBIX TydyaxX. B IPOTHBHOM CIIy4ae TOBOPST O AH(PPaKIHH
Openens, T.e. gudpakineii MDpeHelIs Ha3bIBAIOT TaKHe AHQPAKI[HOHHBIE 3aJayll, B KOTOPHIX

Hellb3s ITpeHeOperarh KPHBH3HOH BOIHOBBIX ITOBEPXHOCTEH Mafaroliel H JH(parHpoBaBIIeH
BOJIIH.

2. Iudpaxingisa cBeTa Ha MIenH. /[HpaKI[HOHHAs peIIeTKa.

[IycTh Ha HEIpO3payHBIN SKpaH E. B KOTOPOM ITpopesaHa y3kas meins BC, HMeroIas 1mo-
CTOSIHHYIO mpHHY b=BC u mmmHy L»b, majaer nepneHAHKYISIPHO K SKpaHy ITYYOK ITapaiieilb-
HBIX JTy4eH MOHOXPOMATHYECKOI'O CBETA (PHC 5).

AOKYMEHT NoanncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Ha nskpaHe O, yaaleHHOM OT IIEIH Ha pacCTOSHHH |, OyaeT HaOmogaThcs SIBIIeHHe JH(pPpaK-
1pH. Eciti OBI 3TOro SIBJIeHHS He OBIIIO, TO Ha 3KpaHe 3, YCTaHOBIIEHHOM B (DOKaJIbHOH IIIIOCKOCTH
coOnparonieH mHH3bI MJI, B Touke FO rimaBHOro (pokxyca JIMH3BI ITOTYYHIOCH ObI H300pakeHHe HC-
TOYHHKa cBeTa. [IpH mudpakipi Ha y3KOH IIelH Ha SKpaHe HaOmromaeTcs HHTepd)epeHIHOHHAS
KapTHHA. ITOCIeJOBATEIPHOCTE Pa3sMBITEIX H300pakKeHHI HCTOYHHKA CBETA, Pa3IElICHHBIX TEM-
HBIMH ITpOMeXXyTKaMH. B Touke F@ Ha 3KpaHe coOHparoTCs BCe IMapajUlelbHBIE YU, TTaJaroIHe
Ha JIMH3Y IO YITIOM ¢ (Yroil Ju(pakiii) K onTHYecKoi ocH OF( THH3EI, MepIIeHIHKYIIIPHOH K
(PpPOHTY BOIIHEI.

Tak xak BTOpHYHEIEe (DHKTHBHEIE HCTOYHHKH (ppoHTa BOIH BC TOYeUyHEBIE, TO (PPOHTHI BOJIH,
H3Ty4YaeMbIX HMH C(EepHYeCKHEe, a CIeJOBaTelIbHO, AH(parHpOBaHHEIE JIYUH HIYT BO BCEX
HaIpaBlIeHHSX. BriOepeM Te, KOTOpBIe HAYT IOJ YVITIOM (p K HaIIpaBJIEHHIO ITaJarOIMIX JIYUel.
[Tamasg Ha IHH3Y 3TH IIy4YH cOOHparoTcd B OJHOH Touke F¢ (poKaIbHOH INIOCKOCTH.

MBEICIIEHHO pa300beM IeIb HAa YYACTKH, KpaliHIie TOYKH KOTOPBIX ITOCBUTIAIOT JIVUH C Pa3sHO-

A
CTBhHO XOd4d PR B sToM CIIVHAC BCC JIVHH, ITIOC/IAHHBIC IICPBBIM YH4dCTKOM 6}",[[}’1‘ ITOI'dlIICHBIL JIyYad-

MIT BTOPOro vHacCTKa, JIVHILT TPCTBCT O - JIVHAMH HCTBCPTOIO H T.14. CHE,I[GE&TEHLHG: cCIIH YIICIIO

A

YYaCTKOB Pa3zOHeHH s YETHOE, T.€. ECIIH O =2m: , To B Touke Fp OymeT TeMHO (MHHHMYM OCBE-

il

II[EHHOCTH). ECIH Ke YHCI0 YY4aCTKOB pa30HeHHSI HeueTHoe, TO Touka Fo OyeT ocBelneHa (Mak-

CHMYM OCBEIIEHHOCTH).
Taxim oGpa3oM, ycHIeHHe cBeTa (JHQpaKI[HOHHBEIE MAaKCHMYMEBI) ITPH JHQPAKIMH Ha V3-
KOH IIelH HaOJIFoaeTCs IO YITIaMH O, Y OBIIETB OPSIOIIHMH YCIIOBHEO

. A
bsmp=2m+ 1)5,(;?1 =0,1.2,3...)

YcnoBre ocnalneHHS cBeTa (JH(PaKI[HOHHBIE MHHHMYMGBI ).

bsin @ = ng,(m:O,Z,....)*

YHCcI0 m HazbIBaeTCs TTOPAIKOM I[H(l’)pﬁKL[HGI—]HGI‘G MAKCHMVMa HIIN MITHHMYMaA. BemuiiHa

0=CD=Db sin@ npeacraBisIer coOOH ONTHYECKYIO PA3HOCTh X0/a MeXay KpaiHnvH 1ydyamid CN

v RM_wmurmmemier ot et ion vremon o (nuc S). B HanpaBineHHH (=0 HaOIrogaeTcs caMbIH HH-
AJOKYMEHT NoarnncAH

SNEKTPOHHOW NOOMUCHIO nopsnaka. B Touke Fo Bcerga HabmrogaeTcs yCH-
CepTudmkar: | 12000002A633E3D113AD425FB50002000002A6 YIHEBI A
Bnapeneuy: ebayxopa TatekAHa AnekcaHapoBHa HAa TTEITH B GeTIoM CReTe

KpaHe OKa3bIBAETCA OKPAaIlIeHHOH. B
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TH(PAKITHOHHOM MaKCHMYME Ka K Or 0 MOpsIIKa (m=const) Omxe K
I[EHTPaJIbHOMY,  HEeOKpalleHHOMY MAaKCHMYMY  OKa3bIBAaIOTCS JH(PPAKIHOHHBIE MaKCH-
MYMBI ¢ MEHBIITHMH JJTHHAMH BOJIH.

JInpaKIMOHHONH PEIIETKON B ONTHKE HA3BIBAETCS COBOKYITHOCTh OONIBIIIOrO YHCIIa ITPEerLT-

CTBHH H GTEEPCTH]?I:. COCPCHOTOUCHHBIX B OI'PAHHYCHHOM ITPOCTPAHCTBC, Hd KOTOPBIX ITPOHCXOIHT

TH(PaKI[HI CBETA.
[Tpocreiimein TH(PaKIIHOHHOH PeMIeTKOH SBISETCSA CHeTeMa H3 N OJJHHAKOBBIX ITapajliIellh-

HBIX IelleH B IUIOCKOM HEITPO3Pa4YHOM 3KPAaHE IIHPHMBI b KaxJdaAd, PACIIOIIOAKCHHBIX Hd PABHBIX

HEIPO3PayHbIX ITPOMEKYTKAX a JIPYT OT Apyra (pHC. 0).
Bemiurina d=b+a Ha3sIBaeTCS IMOCTOSHHON AH(PPaKIHOHHON PEIIETKH.

AR R LI ]

- e o
_—
-

- —
__—._-

Puc.6

[Io npuHImITy ['roireHca-OpeHensS Kaxaas IElb SBISETCS HCTOYHHKOM KOTePEHTHBIX
BOIIH, CIIOCOOHBIX HHTep(epHpoBaTh APYT ¢ ApyroM. EciIH Ha JHPPaKIMOHHYIO PEIIETKY Iep-
TIEHIHKYISIPHO K HeH ITajaeT ITYYOK ITapalelbHbBIX IyYeH cBeTa, TO MO YITIOM JH(PaKIIHH (¢ Ha
AKpaHe 33, pacIoIOKEHHOM B (DOKAIBLHOH IUIOCKOCTH JIHH3BI, OyJIeT HaOmIoJaThCs CHCTEMA JTH-
(P PAKITHOHHBIX MaKCHMYMOB MHHHMYMOB, ITOJIyUeHHasd B pe3ylIbTaTe HHTep(epeHIMH CBeTa OT
Pa3IIMYHEBIX IIETIEH.

ITycTh IpH ITajleHHH IIIOCKOH MOHOXPOMATHYECKOH BOIHBI Ha JH(PPAKIHOHHYIO PEINeTKY
TY4H, JH(parHpoBaHHbIe Ha OJHOM INENH JaloT B Touke Fp MakKCHMyM OCBEIIEHHOCTH. OTO eIle
HE 3HAUHT, YTO B TOUKE F@ OyaeT MakKCHMYM OCBEIIEHHOCTH, TaK KaK JIVUH ITOCIIAaHHEIE 3TOH IIE-
JIBEO MOT'YT OBITH ITOTAIIEHBI IYYOM OT COCEMHEH, HIIM HaoO0OpOT YCHIEHEI. ECIN YCHIIEHEL, TO B
Touke F@ Oymer OombInas OCBEMEHHOCTh, YeM OT OJHOH INenH. Torjga, YUUTBEIBAS YCIOBHE YCH-
JIeHH I BOJIH IIPpH HHTep(epeHIHH, I'TaBHble MAaKCHMYMBI ITPH JH(QPaKIHH Ha pelieTkKe HaOIIroma-
FOTCS TIOJ, VITIaMH (¢ VI OBJIETBOPSIOIINMH YCIOBHIO

d sin ¢ = kA,
r1e k=0,1,2.3 Ha3zpIBaeTCs IMTOPSIKOM ITIaBHOIO MakcHMyMa. BemuriHa 0 = DK = dsing aBnsgercs
OIITHYECKOH Pa3sHOCTHIO XO[a MeXIAY CXOACTBEHHBIMH JTyyaMy BM 1 DN, HIyIIHMH OT cOCeIHHX
1enei (puc.6).

['1maBHBIE MHHHUMYMBI Ha JH(QPAKIMOHHOH pelieTKe HaOIIOJAIOTCS IO TaKHMH YIJIAMH @
ITH(ppaKIHH, IS KOTOPBIX CBET OT Pa3HBIX YacTeH KaKIOH INEIH ITOIHOCTRIO TaCHTCSA B HA OHOM
e

b sin ¢ = mi, (m=0, 1,2,3,...).

Tak Kak eciIH HH OJHA M3 IIeJIeH He IOCBUIAET JIYYEH B 3TOM HaIIlpaBIIEHHH TO B COOTBET-
CTBYIOIIIEH TOUKE Ha 3KpaHe OYAEeT TEMHOTA.

[Ipn HaOIrOMEeHHH THQPaKIMH B HEMOHOXPOMATHYECKOM CBETE BCE ITIABHBIE MAaKCHMYMEI,

NOKYMEHT NOOMUCAH JAITICHHEI. C YBCIIHYCHICM JJIHHBI BOJIHBI I'TTABHBIC
SNEKTPOHHOW NOAMUCHIO ‘ArOT ¢S IO OONBIINMMH YITIaMH OT IL[EHTPAIbHOTO.
CepTuchukar: 12000002A633E3D113AD425FB50002000002A6 YT (BHOIETOBOTO 10 KPACHOIO (CUMTASTCS OT I[CH-

Bnapeneu. LLlebayxoea TatbAHa AnekcaHapoBHa
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TPalbHOI'O MAaKCHMYyMa), Ha3bIBaeTCA TH(PPaKIIHOHHBIM CIIEKTPOM. J[H(paKI[HOHHAS PelIeTKa SB-
ISIeTCS OJHHM H3 IPOCTEHIIIX JOCTAaTOYHO TOYHBIX YCTPOHCTB JJIS H3MEPEHHS JUIHH BOJIH.

TEﬂpHH METO/Ja H OITHCAHHE YCTAHOBKI.

PaccMOTpHM OJHH H3 METOAOB OIpeAelIeHHS JIIHHBI CBETIOH BOJIHBI ITPH ITOMOIIH JH(PaK-
I[THOHHOH pemeTKH. Ha oInTHYecKoil ckamMbe (WIH CIIEIHATbHOH peHKe) YKPelsgeTcs JTH(PaKIH-
OHHAas peleTKa P M IepleHIHKVIISPHO OCH ITOABHKHAS MIJUIMMETPOBAS JMHeNKa AB ¢ IEnbIO
[I]. JlemeHus IMHENKH, eI M INTPHXH PEIETKH PAcIIoaraoT ITapaUleIbHO APYT Apyra. Iemns
OCBeIaeTCsI HCTOYHHMKOM S H paccMaTpHBaeTCs 4epe3 pemleTKy ria3oM (puc. 7). Ha miHelike
ITPOEIIMPYIOTCA H300pakeHHS ITTaBHBIX MAKCHMYMOB H H3MepSeTcs paccTosHie 1k Mexmy Mak-
CHMYMOM 1-ro Imopsgaka H MaKCHMYMOM HYJIEBOT'O ITOPSIAKa (T.€. OT IIENH)

20 5
S z:[ e oliE .
e
rE 5
s
Puc. 7

Xop myder mocie TH(PpPaKIMOHHOH PeIlleTKH COOTBETCTBYET XOAY IIy4eH Ha pHc. 6. OT Hc-
TOYHHKA CBETA S Uepe3 IMIMPOKYIO LIENH B JIMHEHKE AB IpOXOoaHUT IMy4yoK OeJIoro CBeTa H IoIaa-
eT CHavala Ha JH(PPAKIHMOHHYIO PEIIeTKY, a 3aTeM B INla3 HaOmromaTensd. JIydm, HayImHe Hapal-
JIeJIbHO TTIABHOH ONTHYECKOH OCH XPYyCTaJHKa JAaroT B (JOKYCe ILeHTPalIbHEIH (HYIeBOH) MAaKCH-
MYM Fo OCBEIIIEHHOCTH OEJIBIM CBETOM.

JIyun, cosparoliie B HEKOTOPOH TOYKE CETYATKH F(@ MakCHMyM OCBEINEHHOCTH KaKHM-
THOO LBeTOM (HAITpHMEP, (PHOIIETORBIM) ITaJar0T HAa XPYCTAIHK ITOJA YITIoM ¢. CleIoBaTelbHO,
OHH BHIHEI KaK OBl BEIXOMSIIIMMH H3 TOUKH (D, ITOIM0XKEHIE KOTOPOIl OIPEAEISIeTCS 110 IIKaJIE JIH-
HeHnKH AB.

Taxzv o6pa3oM ponb THH3BL JI (CM. pHC. 6) BEIIONHSAET XPYCTAIHK ITTa3a, KOTOPBIH (POKY-
CHpPYET MapaJljIe]IbHbIe IIYYH, ITIOTYYeHHBIE B pe3yibTare AU pakipm (HarmpuMep, 1yda M 1 N) Ha
ceTyaTOH 000JIOUKe ITa3a (HIrparoIleH Polb 3KpaHa).

Yc1oBHE MAaKCHMYMa OCBEII[EHHOCTH HMEET BHI.

dsing = kh (1)
M3 pHCYHKa BHIHO, YTO
. 4
S @ = — (2)
\/H 4l
ClenoBaTelIbHO
4
pe— 3)
k\/H S

Tak, kak H » [, TO

P dl 4)

- kH
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1.

hd

K BeOTONMHEHNIO TaOOpaTOPHBIX PabOT JOIMYCKAIOTCS CTYASHTHI, H3YYHBINNE ITpaBHIIA

TeXHHKH 0e30ITaCHOCTH.

ﬂﬂﬁﬂpﬂTﬂpHHE pﬂﬁDTBI MOI'YT ITPOBOJHTECAH TOJIIBKO ITOJ PYKOBOJACTBOM H HaOIroJeHHEM

ITPEIIOAABATCIIA.

Pacrionararire ripuOopel, MaTepHalbl, 000pyIoBaHHe Ha padouyeM MeCTe B ITOPSIKE, VKa-

3dHHOM IIPEIIOJ4BaTCIICM.

He ACPAHTE Ha pﬂﬁDIIE:M CTOJIC ITPEAMCTRIL, HE TPC 5}7IOH[HECH HIIA BBITIOJITHCHI 34 1aHITA.
HEPE,I[ TEM, KdK IIPHCTVYIIHNTE K pﬂﬁGTE TITATCIIBHO H3VUHTC e€ OIMHCaHHE, YACHHTIC XO/J1

BBITIOJIHCEHITA paﬁm‘m.

3aoaHuA.
OmnpeAelIiTh MAKCHMAJIbHbIE TIOPSIOK CIIEKTPa HaOI0aeMOro B JAHHOH padoTe, YUHTHIBAS

yto d=0.01 v

1. YcranoBuTh muHeHKY AB Ha 3agaHHOM paccTosHHH H oT mudpaximonHon pemeTkH (H

> 300 MM). BKIrOUHTE HCTOYHHK CBeTa S H, ITIAAI dyepe3 JH(PaKIHOHHYIO PEIleTKy He IIelb,
IIPOBeCTH HaOMIOAeHHe JH(PAKIHOHHOIO CIIEKTPa.

1-ro B 2-T0 TOPSIZIKOB CITEKTPOB.

PesynbTaThl 3aHECTH B TaOIHITY.
3.11o ¢popmymne (4) BEIYHCIHMTE JIHHBI BOJIH YKa3aHHBIX JTHHHI.
4. YkazaTh H OLIEHHTh OCHOBHBIE ITOTPEIIHOCTH JAaHHOIO MeTOJa H3MEPEeHHS, a TakKxke IIO-

TPEIHOCTD, JOITYCKAEMYIO ITPH HCITONb30BaHIN (OopMyIIs (4), a He (3)

2. OnpeneneHue IMONOXKEHHE [k 1S CHHEH, 3eJIEHOH M KPAaCHOH JIMHHH CIIEBA H CIIpaBa IS

PE3YIJIbTATEI USMEPEHHHA.
d=0,01 nvm H= (M)
[Topsmok k()
criekTpa k — — =
(DHOIETOBBIH 3eneHbIH KpacHbIHn
JIEBBIH IPaBBIH JIEBBIHN ITPaBBIH JIEBBIH IIPABBIH
|
Il

Cooepacarue omuemd.
Ot4eT 1o 1adoparopHEIM padoTaM JOJIKHBI COAEPKATE:
- TUTYIILHBIH JIHCT,

- 1IeTb PadOoTHI,

- KOHCITEKT OCHOBHEIX 3aKOHOB, OITPEe/IEHHH, ITIOHSITHI, (DOPMYII,

- OCHOBHOE 000pYIOBAaHHE, CXeMa VCTaHOBKH

- OITHCAHHE ITO ITYHKTAM BEOTOITHEHHOH PadOTHI,

- pe3VyIIbTaThl H3MEPEHHH H pacyeToB (TaOIMHIbI, TpaHKH),

- OI[EHKA TIOIPEITHOCTEMH,

CepTtudhumkar:
Bnapeneu:

LOKYMEHT MOAMMUCAH
ANEKTPOHHOW MOANMCHIO
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1. Uto HazpIBaeTcd JH(PPaKIFOHHOIO cBeTa? KakoBHl YCIIOBHS HaOTIOMEHHSI 3TOrO SBIe-
1305528

2. CdopmMymipoBaTh IPHHIMII ['FORTEHCA.

3. Cdopmymipopars MpHHIHII ['TolTeHca-DpeHens.

4. OOBSCHHTD C HCIIOIb30BaHHEM IIpHHIIHIIA | ToHreHca- (DpeHeNd 3aK0H IMTPSIMOIHHEHHOTO
PacCIIpOCTPaHeHHS CBETA.

5. Uro Takoe «30HEI OpeHels. Kak ormpeaersroTcs IUIOIAaaH TEPBBIX K 30H?

6. Uro Takoe aH(ppaKIHOHHAA pemeTka? OnpeenTh YCIOBHS JH(PPAKI[HH Ha PelIeTKe.

7. Bremectn Qpopmyiy (4).

JIadoparopnas padora Ne 15
T'ema pabomest. 11poBepka 3akona Mamroca
Ilens pabomet. 11poBepHTE BEIIOJIHEHHE 3aKOHA Mairroca.
Teopemuueckana uacme.

Kak H3BECTHO, IITIOCKasl SIeKTPOMAarHHTHASA CBETOBAS BOIHA SBISETCS IOIEPEYHOH  H
IIPEACTABIISIET PACIIPOCTPAHEHHE B3aHMHO IEPIIEHANKYIIIPHEIX KOneOaHMI: BEKTOPa HaIIpsDKEH-
HOCTH 3JIEKTPHYECKOro Mois E M BeKTopa HaIlpsbKeHHOCTH MarHHTHoro Homs H (puc.la). Kak
ITOKa3bIBAET OITBIT, (PH3HONOTHYecKoe, (POTOXHMHIYECKOEe, (POTO3JIeKTPHUYECKOe H JApPYTHe Iei-
CTBHS CBETA BBEIZBIBAIOTCSI B OCHOBHOM KOJeOaHHSIMH 3JIEKTPHYECKOr0 BeKTopa. Bexrop E Hazbl-
BAeTCS CBETOBBIM BEKTOPOM, H BCE PACCYKIEHHS Mbl OTPaHHYHM PACCMOTPEHHEM 3TOI'0 BEKTOPA.
Hammune Bexropa H mmogpasymeraercs.

pucl.

CBeTOBOH ITYYOK, B KOTOPOM pas3lIMYHEIE HallpaBiIeHHI BeKTopa E B IornepeuHon K Halpas-
JIEHHIO PAacIPOCTPaHeHHS BOIIHBI INIOCKOCTH PaBHOBEPOSTHEI, Ha3bIBAETCS €CTECTBEHHBIM (pHC. 1
6)

CBeT, B KOTOPOM HaIIpaBIeHH KOolleOaHHI BEKTOpa VIIOPSAAOYEHBI KAKHM-IHO0 00pa3oM H
TTOMYHHSIOTCA HEKOTOPOHM 3aKOHOMEPHOCTH, Ha3bIBACTCS IIONSAPH30BAHHBIM. Ecm KonebaHHS
BEKTOpPa MOI'YT COBEPINATHCA JIMIIBL B OJHOM OIIPEAEIIEHHOM HAIIPAaBIIEHHI, TO CBET HA3BIBAETCS
JTHHEHHO HJIH IUIOCKOIIOISIPH30BaHHEIM (PHC. 2a).

Ecmu ke kKoneGaHNsa BeKTopa E COBEPIIAOTCS TaK, YTO €r0 KOHEL OIMHCHIBAET KPYT HIH 371-
JIHTIC, TO CBET HA3BIBAETCS COOTBETCTBEHHO ITOJIIPH30BAHHBIM I10 KPYIy (pHC. 20) HIH 3ILIHIITH-
YeCKH IOJIIPH30BaHHEIM (pHC.2B). [IpH IIMHEHHOH MOISPH3alHH IIIOCKOCTh, COAeprKaIiasi IIyd H
BeKTOP E, Ha3BIBAeTCA INIOCKOCTHIO KONMeOaHII, IWIH IITIOCKOCTHIO TTOISPH3ALH BOIHEI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Puc 2.

Jl1g monydeHHS JTHHEHHO ITOISPH30BAHHOIO CBeTa ITPHMEHSIOTCS CIIeI[HaJIbHBIe OITTHYE-
CKHE ITPHCIIOCOOIeHNSI- ITONISApH3aTOPel. IIMOoCKOCTh KoneOaHHMH 3IeKTPHYECKOIO 'BEKTOpa B
BOIIHE, IPOIIEAIIeH Yepe3 IMOIsIpH3aTOopP, Ha3bIBaeTCs IJIOCKOCTHIO ITOISIpH3aTopa. I momyde-
HHS IDIOCKOIIOIISIPH30BAHHOI O CBETA HCITOJIb3YIOT HECKOIEKO CIIOCO00B.

a) OTpakeHHe cBeTa OT ITOBEPXHOCTH JHAIEKTPHKOB.

OTpaXeHHBIH OT JHAJIEKTPHKa CBET BCerja YaCTHYHO IOISpH30BaH. Ha pHCYHKe YepHEIE
TOYKH COOTBETCTBYIOT KOlIeOaHHSIM BeKTOpa E NeprieHauKyISIpHBIM IUIOCKOCTH MaJIeHHs, a CTpe-
JTOYKH - KorneOaHHSIM B IIOCKOCTH ITageHHs (Prc.3). CreneHs IONSpH3alHH OTPaKeHHOTO JIy4ya
3aBHCHT OT OTHOCHTEJIBHOIO ITOKa3aTelld ITpelIoOMIIeHH nl2 1 oT yria ImageHnus o. [Ipu mageHm

nyda E Ha rorockocts MN 1mox yrimoMm bprocTepa ab OTpakKeHHBIH Iy4 E | IIOTHOCTBIO ITOISIPH30-
BaH. IIpenomneHnem nyy El1 momsspu3oBaH yacTHYHO. COOTHOINEHHE Iga’B = n21 Ha3bIBACTCSI

3dKOHOM EPIDGTEPE],. IImockocTh KoneOaHIi JJIEKTPHYCCKOI'O BEKTOPA B OTPAXCHHOM CBCTC IICP-
IICHAHKYIIAPHA INIOCKOCTH IIaJCHIA.

3

Puc.3

0) IIpemoMiieHHe CBeTa B CTOIE CTEKIISIHHBIX ITIacTHH (cTorma CTOIETOBA).

IToCKOIBKY OTpakeHHBIH OT JHAIEKTPHYECKOH IJIACTHHKH CBET YAaCTHYHO (HIIHM Jla)Ke ITOJI-
HOCTBIO) ITOIISIPH30BaH, MPOXOASIIHI CBET TaKKe YaCTHYHO TIOJIIIPH3VETCS H CTAaHOBHTCS CMe-
IMTAaHHBIM  CBeTOM. lIpeHMMyIecTBeHHBIe KONIeOaHHI SIeKTPHYECKOro BeKTOpa B ITPOINEIIEM
cBeTe Oy YT COBEepIIAaThCS B ITIOCKOCTH ITaJleHHsI. MakcHMalIbHasI, HO He ITOIHAS CTelleHb IT0JId-
PH3AIHH ITPOXOIMIIIEr 0 cBeTa JOCTHTaeTC s IIPH TaJleHHH 1o, yriioM bproctepa. /[ yBemmyeHH
CTEIEHH TIOISIPH3alMH ITPOXOASIIErO CBeTa HCIIONL3YIOT CTOITY CTEKISIHHBIX TUIACTHHOK (CTOITY
CTOIETOBRA), PACIIONIOKEHHBIX ITOJI YITIOM bprocTepa K IMaJarolieMy CBETY. B 3TOM ciIydyae MOXKHO
ITOTYYHTh MPAaKTHYECKH MOTHOCTEHIO ITONMSPH30BAHHBII ITPOXOASIIHI CBET, TaK KaK KakJIoe OTpa-

KeHHe ocnadisaeT ITPOITYIICHHBIC KDHE@HI—]IIH, IEPIICHIHKYIAPHBIC ITJIOCKOCTH IIdaCHHA B OIIPCAC-
JICHHOM OTHOITICHHIH.

AOKYMEHT MOANWCAH FOIMX KPHCTAUIaX.
INEKTPOHHOW MOAMNUCHIO
Ceprudmkar:  12000002A633E3D113AD425F B50002000002A6 I, KBapL, CIFORa H P.), @ TAkKe HEKOTOPBIE H30-
Bnapenieil: |1 ILieGayxosa Tarbsha AnekcaHaposHa KX Harpy30K HIIH 3IIeKTPHYeCKHX Morneit) o6ma-

HPEHGMJIH_HCL B TAKOM KPHCTAIJIEC, CBETOBOH JIVU
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pa3AeiIeTCd Ha IBa JIMHEHHO TOISIPH30BAHHBIX JIyYya CO B3aHMHO IEPIEHIUKYIISPHBIMI HaIlpaB-
IeHHSIMH KojieGaHui. OJHH M3 IYYEH Ha3bIBAeTCS OOBIKHOBEHHBIM H 0003HauaceTcss OYKBOH 0. a
BTOPOH -HEOOBIKHOBEHHBIH H 0003HauaeTcs OYKBOH €. OOBIKHOBEHHBIN JIVY VAOBIETBOPSET
OOBIYHOMY 3aKOHY IIPEJIOMIIEHHS H JIEKHUT B OJJHOH IUIOCKOCTH C ITaJarOIHM JIYYOM H HOPMAJIBIO.

J11s1 HeOOBIKHOBEHHOI'O JIY4Ya OTHOINEHHE CHHYCOB VIJIAa IMaJeHNs M YIJIa IIPEIOMIIEHISI HE OCTa-
eTCS IIOCTOSHHBIM ITPH H3MEHEHHH VIJIa ITaJeHHS.

Kpome Toro, HeoOBIKHOBEHHBIH 1YY, KaK ITPABHIIO, HE JIEKHT B IIOCKOCTH ITAfeHHs H OT-
KJIOHSeTCS OT Jiydya O Jake IMpH HOPMAaJIbHOM ITaJeHHH cBeTa. OTKIOHSS OQHH H3 JIYUYeH B CTOPO-
HY, MOKHO ITOIIYYHTh IUIOCKOITOIISPH30BAaHHBIN Iy4Y. TaK yCTpoeHa, HallpHMep IpH3Ma HHKOI
(prc.4). ]JIBe ecTeCTBEHHBbIe I'pPaHH KpHCTalla HCIAHJICKOrO IIMIaTa CPe3aloTcs TakK, YTOOEI
YMEHBIIHTE YT'OJI MEKIY ITOBEPXHOCTSIMH J0 08°.

3areM KPHCTaJUI PacIIIHBAETCS HA JABE YaCTH IO TUIOCKOCTH BD mox yriiom 90° K HOBEIM
rpassM. [locrie MomMpOBKH MTOBEPXHOCTH PACITIUIA CKIIEHBAIOTCSA KaHAIACKHM Oab3aMOM, HMERO-
II[MM ITOKa3aTellb IIPEIIOMIIEHHS N, VIOBIETBOPSIOIIHI YCIOBHIO Ne<n<no, TJE Ny H Ne - ITIOKa3aTe-
TIH TIPEIOMIIEHH S HCIIAaHACKOT O IIMTaTa A1 OOBIKHOBEHHOI'O H HEOORIKHOBEHHOIO JIYYa.

[Tagas mmox yriioM, OONIBIIE MIPEAETLHOIO, HA ITIOCKOCTE BD, OOBIKHOBEHHBIN 1YY IIPETEP-
TIEBAET IIOJIHOE BHYTPEeHHEE OTPaKeHHEe Ha I'paHuIle ImiaT - 6amb3aM. HeoOBIKHOBEHHEBIH IIyY, IS
KOTOPOIr' O, BEIXOIHUT M3 IIPH3MBI JIMHEHHO ITOIISIPH30BAHHBIM.

Puc.4

r) [lormoimeHue cBeTa B JHXPOHYECKHX IUIACTHHKAX.

Y HEKOTOPHIX ABOSKOIPEIOMISIONINX KPHCTAIUIOB (HAIlpHMep. TypMalHHa) KO3 HIIHEH-
THI TIOTTIOMIEHHS CBETA IS ABYX B3aHMHO TEPIIEHIHKYIIIPHEIX ITOTSIPH30BAHHBIX JIYUYEH OTIIHYa-
IOTCSI HACTOJIBKO CHJIBHO, UTO YK€ ITPH HeOOIBINOH TOIIIHHE KPHCTAIIA OAHH H3 JIYYeH TacHTCS
ITPAKTHYECKH ITOTHOCTRIO M M3 KPHCTAIIA BEIXOAHUT JIHHEHHO ITOJIIPH3HPOBAHHEIT ITYYOK CBETA.
OTO SBIIEHHE HAa3BIBAETCSI AMXPOM3MOM. B HacTosllee BpeMs IHUXPOHYECKHE TUIACTHHKH H3-
TOTOBJISIOT B BHIE TOHKHX IUNIEHOK - ITOJIIPOHMIOB, HMEIOIIMX IIHPOKOE IMpHMeHeHHe. B 0o0b-
IMHHCTBE CITydyaeB OHH COCTOST M3 MHOKECTBa MaJeHbKHX (TOMIIMHOH A0 0,3 MM) MapaiIelIbHO
OPHEHTHPOBAHHBIX KPHCTAIIIIOB CEPHOKHCIIOTO HOJHCTOrO XHHHHA-TeparaTHTa, HaXOISAIIIXCS
BHYTPH CBSI3VIOLIEH CPEIBI - ITPO3PaYHOH IUIEHKH.

JIst McclneqoBaHMS XapakTepa M CTEIEHH IIOISpH3al[HH CBETa IIPHMEHSIOT YCTPOMCTBA,
Has3bIBacMBIE aHalM3aTopaMi. B KauecTBe aHAIH3aTOPOB HCIIOIBL3YVEOT TOXKE YCTPOHCTBA, KOTO-
pBIe CITYKaT JJI IMOITYYEHH S JIMHEHHO-TIOJIIPH3HPOBAHHOTO CBeTa (TTOISPH3aTOPHI).

[IycTh Ha monApH3aTOp IMAMAeT IIOCKOIMOISPH30BAHHBIH CBET aMIUIMTYABI Ao H HHTEH-
cHBHOCTBIO o (Puc. 5). CkBO3p MOIIpH3aTOP IMPOHJIET COCTABILTIONIAA KOIeOaHHI ¢ aMIDIHTYOH
A =Apcosa , TJIE 0. - YTOI MEXKIY INIOCKOCTRIO KoIeOaHHH IMaJaroIero CBeTa M INIOCKOCTBIO I10-
IsgpH3aTOpa. A TaK KaK HHTEHCHBHOCTBH CBETa ITPOIIOPLHOHAIbHA KBAApaTy €ro aMIUIMTVABI, TO
HHTEHCHBHOCTS ITPOIIEAIIETO CBETA OIPEEIISIeTCS BRIpakeHHeEM [=Ipcos a.

DTO COOTHOIIIEHHE HOCHT Ha3BaHHE 3aKOHA Maroca.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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IAOCKOCTh MOAAPHIATODE

A,

A, sina

Puc. 5

ITocTaBHM Ha ITyTH €CTECTBEHHOrO Iy4a ITojiIpu3aTop P u anammzatop A (puc.6). U3 moms-
PH3aTOPa BBRIHAET IUIOCKOIIOISSPH30BAHHBII CBET, HHTEHCHBHOCTH KOTOPOI'O COCTABHT ITOIIOBHHY
HHTEHCHBHOCTH €CTECTBEHHOIO CBeTa, T.e. I1= Ip /2. CormacHo 3akoHy Manroca U3 aHajIH3aTropa
BBIHJIET CBET HHTEeHCHBHOCTBIO: I>=Ijcos2a. (rze a yrom MeXay INIOCKOCTSMH ITOISApH3aTopa H
aHaim3aropa). TakuM oOpa30M, HHTEHCHBHOCTh CBeTa, ITPOIIEAINero Yepe3 MOISIpH3aTOp H aHa-

JIN3aTop paBHaA [2= L I, cos’ & .

2

Puc.6 A

Onucanne YCTAHOBKH.

B HacTosmeit paboTe A1 ITOTYYEHHS H HCCIIEM0BAHI S JIMHEIHOrO MOJIIPH30BaHHOIO CBETa
ITPHMEHSIOT TTOJIIPOHALI. OHH H3rOTABIHBAIOTCI H3 OUYEHbh MEJKHX KPHCTAJIOB TYPMalHHA HIH
reparatiTa, HaHeCEHHBIX Ha LEJUIYIIOHIHVIO IUIEHKY. OINTHYECKHE OCH KPHCTAJUIOB CIIeI[Hallb-
HBIM O00pa3OM OPHEHTHPYIOT B OJHOM HaIlpaBJIeHHH. KpHCTAIIBI TYPMAIHHA ITPOITYCKAIOT CBET
TOIIBKO C OIPEAEIIEHHON OPHEHTAI[HEN CBETOBOI'O BEKTOPA M ITOYTH ITOIHOCTRIO ITOITIOINAOT BCE
IEPIIEHANKYISIPHBIE COCTARISIOIINE CBETOBOIO BEKTOpa K HAITPaBIEHHIO OCH KpHcTamIa. CxemMa
YCTAHOBKH IIPHBeicHa Ha Puc 7.

B®

= A,

AOKYMEHT NoarnmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

84



CBeT OT HCTOYHHKA CBETa S MPOXOIUT Yepe3 HEIMOABIKHEIH IonsapH3aTop P. AHam3aTop
A 3aKpervieH BO BpaIlaroIleMcs AUCKE. YTOI ITOBOPOTa aHalM3aTopa H3MEPSETCS IT0 IIKalle
IHCKa, pasaeieHHOH Ha 360 meneHwdi. lIporgs IMOnISpH3aTOp M aHaIM3aTop, CBET IaJacT Ha
BEHTHJILHBEIH (poToanneMeHT BO (coimHeuyHbIN 37eMeHT). [IpH He oueHb OONIBIIMX OCBEINEHHO-
CTSX CHJIa (DOTOTOKA ITPOIIOPIHOHAIEHA CBETOBOMY ITOTOKY. BemmumnHa (pOTOTOKa H3MEPSAETCS
MHKpoaMIiepMeTpoM. MeXIy ITOISpH3aTOpoM H aHAIH3aTOPOM HMEETCS KaMepa, B KOTOPYIO
MO2KHO ITOMEINATh 00paslbl IS HaOIFOeHHS SBIIEHHS (DOTOYIIPYTOCTH H HHTep() epeHIHA T10-
TISIPH30BAHHEBIX JTYUYEH.
Obopyodosarue u mamepuaibl.
1. YcTaHOBKa J719 IIPOBEPKH 3aKoHa Mamnroca. 2. MCTOYHHK cBeTa. 3. MuKpoaMIiepMeTp.
YKazanua no mextHuke dezonacHocmi.
1. K BBOIOMHEHNIO JTa0OparOpHBIX padoT IOMYCKAKOTCA CTYIASHTHI, H3YVUHBIINE IIpaBHIIA
TEXHHUKH O€30ITaCHOCTH.
2. JlabopaTopHble pabOTHI MOI'YT IIPOBOMHTECS TOIBKO ITOA PYKOBOACTBOM H HaOIIFOIEHHEM
ITPEerolaBaTelIs.

3. Pacnomarante npuOOopEl, MaTepHaibl, 000pyIOBaHHE Ha paboyeM MECTE B IIOPSJIKE, VKa-

3aHHOM ITPEIOIaBaTEIIEM.

4. He pepxure Ha pabodyeM CTOJIE TIPEAMETEL, HE Tpe OVIOIMECS IS BRIITOITHEHNS 3a]aHHS.
Ilepen TeM, KaK IIPHUCTYIMMTE K padOTe TINATEIILHO M3VUNTE €€ OIMMCaHHE, VACHHTE XOJ
BBITTIOTTHEHH S paboTHI.

3aoanuas.
] BKIFOYUHTEH HCTOYHHK CBETA.
2 Bpamasa a”anmszatop, JOOHTHCS MaKCHMAJIBHOIO OTOpOca CTPEIKH MHKpOaMIIEpMETPa
(A MOXeT OBIThH clIeqyeT JOOHBAThCcI MHHHMAaIbHOro? Ilouemy? UeMy paBeH yIrol B 3TOM CIIy-
yae?).

3.3aImiChIBAIOT ITOKAa3aHMs MHKpoOaMIIEpMeTpa M B JaJIbHEHINEM, ITOBOpauyHBasl aHallH3a-
TOp, 4epe3 10 rpagycoB 3aImChIBAIOT COOTBETCTBVIOIIHE 3HAYEHHE TOKA.

4 Kaxmm o6pa3oM 10 IMOTYYEHHBIM JaHHBIM MOKHO YOSIHThCS B ITPABHIIBHOCTH 3aKOHA
Mamoca? Kakiie rpapuky 13 HIKE TIEPEYHCIIEHHBIX CIeAYET ITOCTPOHTH JUIS IIPOBEPKH 3aKOHA?
(BBIOOp apryMeHTHPOBATH )

I 1 I o
T () I J(cosp) e f(cos™ @)
[=f(p),12=f(p), "° , 0 , 0
5. IlocTpouts rpauK 3aBHCHMOCTH.

6. CaenaTh BRIBO/IL.

hd

PesyabTarbl H3MepeHn .

a. | COSsal cos20.

Cooepocarnue omuema.

Ot4eT 110 1abopaTopHBIM paboTaM JIOIIKHBI COAEPXKaTh:

- TUTYJIBHBIH JINCT,

- 1IeNb PadoTHI,

- KOHCITEKT OCHOBHEBIX 3aKOHOB, OITPeIe/ICHHI, TIOHSATHIL, () OPMYII,

- OCHOBHOC Gﬁﬂp}"ﬂﬂEﬁH}IE: CXEMa YCTAHOBKH.,

- OTTUCAHUA TTO TIVHKTAM REMTOTHAHHON NAOOTRT
OOKYMEHT noanncAH

SNEKTPOHHOW MOANMUCHLIO  TPaduKID),
Ceptudbmkat: 1 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu. lebayxoea TateAHa AnekcaHpoBHa
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Koumponsnsie éonpocet.
1. Uro npeacraBnsgeT H3 cedsa CBeTOBAS BOJIHA?
Kakme AelcTBHS OKa3bIBAET CBET? brarogaps yeMy 3TO BO3MOKHO?
Yrto Takoe momsapuszalma? Kakon CBET Ha3bIBaIOT €CTECTBEHHBIM? [lomsapH30BaHHEIM?
OIMHIIHMTE BHABI IIOTISIPH3ALHH.
[Iepeuncimre criocoORI ITOINYYEHHS ITOISIPH30BAHHOI O CBETA.
CdopMmymmpyiiTe 3aKk0oH Mairoca.
7. Kaxme maHHBIe B paOoTe IMO3BOILIIOT YOEIHTCS B CITPaBeIIMBOCTH 3aKoH Mairroca ? (oT-

BeT C)OPMYIIHPYIITE).

AU o

JIaboparopHas padora Ne 16

T'ema pavbomesi. 13ydeHne BHeIIHer 0 o103 PeKxTa
I[ens padomst. I3ydueHne SBIICHNS 3I1eKTPOHHOr O BHEIMHET0 (poTo3(eKTa.
Teopemuueckan uacme.

Pazmigaror TpH BHAa (hoTo3ddekTa:

o Buewnum pomosgpgexmom Ha3bIBACTCSI BBIPEIBAHHE JIIEKTPOHOB M3 BEMIECTBA IIOJ
IEHCTBHEM HSIEKTPOMATHHTHOIO H3IydyeHHSA BHemmmii ¢otosddekr HabOmomgaeTcs
IIPEUMYIIIECTBEHHO B IIPOBOHHKAX.

o Ilpu enympennem ¢pomosghghexme >IeKTPOHBI TIOJ JEHCTBHEM CBeTa TEPSIOT CBS3b CO
CBOHMH aTOMaMH H MOJIEKYIIaMH, HO OCTalOTCS BHYTPH BelllecTBa. Takoi BHJ (oTo3ddekTa
BO3MOJKEH TOIBKO B ITOIYIIPOBOIHHKAX.

o Benwmunvusiii pomosgghexm 3aKimrodaeTcs B BOZHHKHOBEHHH (POTO-3.J.C. IIPH OCBEI[eHHH
KOHTaKTa ABYX Pa3HBIX IOIYIIPOBOAHHKOB HIH IIOJIYIIPOBOAHHKA M MeTaria Oe3 HaTH4Hs
BHEIIHET O BJIEKTPHYECKOIO ITOMI L.

B nmaHHOI paGoTe U1 H3YYeHHS 3aKOHOMEPHOCTEH eHeuiHez2o o-
mosghghexma NCIIONB3YIOT BaKYYMHEBIH (DoT03neMeHT. OH IpeJicTaBIIsSIeT
cOOOH CTEKIISHHBIH OTKaYaHHBIH c(hepHUeCKHH OalIOH, B IIEHTPe KOTO-
POro pacIioNOKeH aHO A B BHJIe KOJIbI[a HIN IDIACTHHKH (pHc.1). YacTs
BHYTPEHHEH IMOBEPXHOCTH OalUIOHAa ITOKPHITa TOHKHM CJIOEM METallla,
KOTOPBIH CIYXHT ¢homoxamoodom. Ha puc.l. n3oOpaxkeHa ITPHHIIHITH-
allbHasI cXeMa, C ITOMOIIBIO KOTOPOH HCCIIeAyeTCS BHEIIHHH (POTO3(-
pexT. Mexay aHoaoM H KaTOJ0M HCTOUHHK TOKa CO3JaeT BIeKTpHYe-
CKoe Imoie. Tak KakK 3MeKTpHYecKas IIEMb Pa3OMKHVYTa, TO IIPH OTCYI-
CTBHH CBeTa 3IeKTPHYeCKHII TOK uepe3 (poToaneMeHT He HjueT. [lpm
OCBEIIEHHH KaTOJa CBET BBIPBIBAET H3 HETO AJIIEKTPOHBI, KOTOPHIE ITOJ

e CTBHEM CHII 3JIEKTPHYECKOro ITOIS JBIKYICS K aHOAY. B Iierm 1o- 1 P
SIBIISIETCS AIEKTPHYECKHI TOK, Ha3bIBaeMBIN ghomomoxom. CHna (oro-
TOKa H3MEPSETCS raibBaHOMeTPOM (G, HaIlpsDKEHHE MEXY aHOIAOM A U — 2 F

¢orokaTogoM K — BompTMeTpoM V. M3MeHIq HallpsyKeHHE C ITOMO-

INBIO IOTEHIHOMeTpa P, HaXomar 3aBHCHMOCTh CHIIBI (POTOTOKA OT

HaIIPSDKEHH 1 — BOJIbTAMITEPHYIO XapaKTEPHUCTHKY.

Ha pmc. 2 m3obpaxkeHa BOIbTaMIIEpHas XapaKTEpPHCTHKA Ba-

KyymHoro oroanemMenra. Ilpu U = 0 (MeKIQy KaTOIOM H aHO-

L = TOM ATeKTNUYeCKOrO II0JIS HET) CHila (pOTOTOKa BCce paBHO He
an%ﬁggﬁ:;ﬁqﬂ%nﬂ%ﬁiim OTO0 OOYCIIOBIIEHO TEM, YTO 3SIIEKTPOHEI, BBI-

CepTudmkar: 12000002A633E3D113AD425FB50002000002A6 OM H3 Karoia, HMEIOT HEKOTOPYHO HaYallbHYIO

ESI'IEI,D,EJ'IEL.I,f UJEEE}"KGEEI TaTeAHa .ﬂxﬂEHEEIH,D,p'DEHa BHEP'IIIT:, H IGH'[ETIHEGK}’TO BHEPH[HJ) H YACTE H3
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HHX MOKET JOCTHTaTh aHOAA H ITPH OTCYTCTBHH 3IEKTPHYECKOTO TTOJI.

Ecim yBenHYHBaTh HaIpsDKEHHE MeKIY KaTOJOM H aHOAOM (TToaBas OTPHILIATEIbHEI I10-
TeHI[HAI Ha KaTOJl, a Ha aHOJ — ITOJIOKHTEJIbHEIHN), OYIET YBEIIHYHBATHCS CHIAa TOKA. JTO 00b-
SICHSIETCS TEM, UTO TEINEPD 3IEKTPOHBI, KOTOphbIe IpH U = () He JOCTHTalIH aHOJa, IO/ JeHCTBHEM
CHJI BIIEKTPHYECKOI0 ITOJII IIPUTSTHBAIOTCSA K aHOTY.

M3 rpadmka BHAHO, YTO IpH HekoTopoM 3HaueHHH U = U, cuma (oToToKa JOCTHTAaeT

HaHOONBIIETO SHAUCHH A, ITOIIYHHBIICIO HA3BAHHC TOKd HACBIICHIA I ,HEIJ’JLHEﬁH.[EE YBCIITYC-
HHE HAIIPAKCHIA YKE HE BBISBIBACT POCTA CHIIBI TOKA. 10 SHAYHT, YTO BCC 3IICKTPOHBI, BbI-
PBAHHBIC CBCTOM H3 KATOAd, JOCTHIAIOT dHOJ/JIA4. EciH za E@HHHI;}F epemerii CBCT BBIPBIBACT H3
d)DT OKATOd4d n 3JICKTPOHOB, TO TOK HACBIIICHH A 6}",[[ET PABCH

Li=e-n, (1)

IJie € — 3apsj dJIeKTPOHA.

Ecim IMOMEHSTE TOISPHOCTE 3IEKTPOHOB, TO €CTh IIOAaTh Ha KATO IIOIOKHUTEIbHBIH I10-
TEHI[HAJ, a Ha aHOJd — OTPHIIATEIILHEII, TO MEKTPHUYECKOE ITojie OYAET TOPMO3HTE IBHJKEHHE
SIEKTPOHOB OT KaTOAa K aHOAY. 3a cueT pabOThI CHII 3JIeKTpHYecKoro noid (Ag = ell) KHHETH-
YeCcKas SHEPrus IBHKYIIHXCS SIEKTPOHOB OYAeT YMeHbINAThC. Eci nepBoHavYaIbHas KHHETH-
yeckas SHeprysa 3jekTpoHa Wy Oyzer Oombine paboTwl snekTpHuyeckoro noiusd (We>AEg), siek-
TPOHBI OVAYT TOCTHIaTh aHOAA, B LI OyaeT HATH TOK. IIpun Wi< el 5i1eKTpoHBI aHOZA HE JI0-
CTHTHYT H TOK IIpeKpaTHTCI. HanmeHbINlee HallpsoKeHHe, IIPH KOTOPOM ITpeKpalnaeTcs (pOTOTOK,
Ha3LIBACTCS 331 P/KHBAFOIIIIM.

IIpu U = U; naxxe caMmble OBICTpPBIE 3JIEKTPOHBI, HMEIOIIE MAaKCHMAIIBHYIO CKOPOCTh, HE

IOCTHTaIOT aHoHa. B ATHX YCIIOBHAX

-

eU , = —mz . 2)

TakmM oOpaszoM, H3Mepssa Ha OIBITE Uz, MOXHO BBRIUYHCIIMTH MAKCHMAIbHYIO KHHETHYECKYIO
SHEPIHIO 3IEKTPOHOB, BEIIETAOIIHX H3 KaTOA.
Obopyodosarue u mamepuaibl.

[Ipu n3yyeHnn 3aKoHOMepHOCTEHN (oTO3()(peKTa B pad0oTe HCITONMB3YEeTCS BaKYYMHEBIH (POTO-
3JIEMEHT, IIPHHIMUITHAILHAS CXeMAa BKIIFOUEHH ST KOTOPOI'O B 3JIEKTPHYECKYIO 1IETh IIPHBEICHA Ha
puc. 4.

1. @orosneMmeHT @, cBeTopIbTp CP M HCTOYHHK CBeTa (CIeKTpalbHas pTyTHas namia) JI
TIOMEIIEHBI B 3aKPBITHIH KOHTeHHEP. CBeT OT JIaMITBI, ITPOXO/ I Yepe3 cBeTopmIsTp Cd, cTaHo-
BHTCS MOHOXPOMATHUYECKHM H, ITaJasi Ha KaToJ OTO3JIeMeHTa, BEI3bIBAeT (hoTo3(PekT. Muxpo-
aMITEpMETP MA H3MepseT CHIIY (POTOTOKA, a BOIbTMETP V — HallpsDKeHHEe Ha (POTO3IIEMEHTE.

2. YCTaHOBKa COCTOHUT M3 O0BEKTa HCCIEIOBAHHSI H YCTPOHCTBA H3MEPHTEIIFHOI'O, BRIIIOIHEH-
HBEIX B BHJIE KOHCTPYKTHBHO 3aKOHYEHHBIX H3JIEIIHH, YCTaHABIMBaeMbIX Ha TabopaTOpPHOM CTOJIE
H COeIMHSIEMBIX MEXIY COO0H KademeM.

3. OOBEKT HCCIeNOBaHHSA KOHCTPYKTHBHO BBIIIOIHEH B BHAe COOPHOrO KOPITyCca, B KOTOPOM
YCTAHOBJIEHBI OCBETHTEINb (CIIeKTpalbHas PTYTHASA JIaMIla) ¢ HCTOYHHKOM ITHTaHHS, OJIOK HH-
Tep(epeHIMOHHBIX cBeTOPHIETPOB Nel (A=407 mxnM), No2 (A=435 MrM), Ne3 (A=546 mxm), Nod
(A=578 MKM) H YCTPOHCTBO PEryJIHpPOBKH OcBellleHHOCTH. IlomokeHne "0" Omoka cBeTO(]HIIb-
TPOB COOTBETCTBYET ITPOXO0KIAECHHIO CBeTa Oe3 CBETO(IUIFTPOR H MOXKET IPHMEHSITHCS JIJIS CHS-
THS HHTErPaIbHBIX BOIBTAMIIEPHBIX H JIFOKCAMIIEPHBIX XapaKTepPHCTHK, a ITOJIOKeHHe "S" - IIe-

NOKYMEHT NOANWCAH 3KH HOIISL. K KOPIIYCY C ITIOMOIIBHD I{pﬂHH_lTEﬁ]-IEl
SNEKTPOHHOW NOAMMCHLIO ' KPBIOTIKY KOTOPOI'O YCTdHABIIHBAIOTCS CMCHHBIC

Ceptudomkar: 12000002A633E3D113AD425FB50002000002A6 3 HPH yCTAaHOBKE QJGTGHPHEW]I{OE X TIPHEM-

Bnapeneu: lHebBayxoea TateaHa AnexkcaHgpoBHa
CTHICIIA H 3daKPbhIBAIOT ITPH ITOMOIITH 5JIEH,[EBI.
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Ha mepegHeit maHem oO0bpeKTa HCCIIEAOBAHMSI HAXOMATCS CETE€BOM BBRIKIIFOYATENh C HMHJIHKA-
TOPOM BKIIXOUEHHS ceTH. Ha 3aaHell maHerm oObeKTa HCCIIeJOBAaHH A PaCIIONOKEHBl KIeMMa 3a-
3eMJIEHHS, JepKaTell IMPefoXpaHHTEIeH H CETEBOH IIHYP ¢ BHIKOH. Ha GOKOBOH CTEHKe pac-
ITOJIOKEHO BBIXOJHOE OKHO OCBETHTENISI H YCTPOHCTBA JJISI CMEHBI HHTeP()epPeHIIHOHHBIX CBETO-
(IIIBTPOB H PEryIHPOBKH OCBEINEHHOCTH. Ha OOKOBBIX ITOBEPXHOCTSX YCHIIMTEISI (POTOTOKA
PACIIOIIOKEHBI COEJHHHUTEILHBIN IIHYP ¢ Pa3beMOM IS TTOAKIIFOUEHHS 00BeKTa HCCIIE0OBAaHH K
YCTPOHCTBY H3MEPHTEIILHOMY H peryiaTopksl 6anaHca yerimrTelsa ' PYEO u TOYHO.

OOBEKT HCCIIEAOBAHHS C IIOMOIIBIO CETEBOTO INHYpa MoAKIIrovaeTca K cet 220 B, 50 I'mr.

4. YCTPOHCTBO U3MEPHUTEIILHOE BBIITOIHEHO B BHIE KOHCTPYKTHBHO 3aKOHYEHHOI'O H3JEIHS. B
HEM ITPHUMEHEHA OJHOKpPHCTaIbHAsS MHKPO - OBM ¢ COOTBETCTBYIOIIHMH JOITOTHUTEIIBHBEIMI
YCTPOHCTBAMH, ITO3BOIISIOIHMH ITPOH3BOAHTE H3MePEHHE TOKa (POTO3JIeMEHTa, YCTAaHOBIIEHHOT O
B 00BbEKTE HCCIEeIOBAaHHS, YCTaHABINBATh H H3MEPSATh ITHTAONIHE HAIIPSKeHHS Ha (POTO3JIEMEH-
Te, a TaKXKe OCYINECTBIISATh (DYHKIIHH YIIPaBJIEHHS YCTaHOBKOH (YCTAaHOBKA PEKHMOB ITPSMOIO
I 0OpaTHOrO H3MEPEHHSI H T.II.). B cocTaB yCTpoMCTBAa H3MEPHTEIIBHOIO BXOMSAT TaKXKe HC-
TOYHHKH €70 I TaHH L

Ha mniepeHen ImaHeIn yCTPOHCTBA H3MEPHUTEIILHOIO pa3sMEINEHBI CIEIVIOIHE OpTraHbl YIIpaBIIe-
HHA H HHAUKaIMH. KHomnka [IPAMAZSA - OBPATHAZMA ¢ COOTBETCTBYIOIIMMH HHAHKATOPAMH -
IIpeJHa3HAauYeHa JUIS BKIIIOUEHH S IIPSAMOTO HIIH OOPaTHOI'O PEXHMOB H3MEPEHH ST, KHOITKH "+", "-"
1 CBPOC - mpemHazHauyeHBI A1 PerYIHPOBKH HaIIpsSKeHHA Ha (POTO3NIEMEHTE H ero cOpoca B
HOIb, HHIHKATOPEI B M MKA - IpeiHazHaYeHbl IS HHAHKAIHMH 3HaUYeHII BEIMYNH HaIIPsDKeHHI
Ha (pOoTOANIEMeEHTE H (POTOTOKA B Ipoliecce paboThl. Ha 3aHelH maHeIn yCTPOoHCTBa H3MEPHTENIb-
HOI'O pacrionokeHsl BeIKIOUarelh CETh, ximeMma 3a3eMiIeHHS, AeprKaTelnH ITpeJOoXpaHHTeIeH
(3aKpBITHI TTPeJOXPAaHHTEIILHON CKOOOH), CETEBOH IMHYP C BHJIKOH H pa3beM JJII IMOIKIFOUYEHHS
0O0BEKTA HCCIIEMOBAHIS .

Y CTPOHCTBO U3MEPHTEIIBHOE C IIOMOIIBIO CETERBOTO IIHYPa MOoAKTIoUaeTcsS K ceTH 220 B, 50 I'1r.
5. IlpuHIMI JelcTBHS YCTaHOBKH OCHOBAH Ha H3MEPEeHHH TOKa Yepe3 (POTOIEeMEHT ITPH H3Me-
HEHHH ITOIISIPHOCTH H BEIIMYHHEI IIPIIOKEHHOI'O K HEMY HAIIPSDKEHH S H H3MEeHEHH S CIIEKTPalb-
HOI'O COCTaRa H BEIIHYHHBI OCBEIIEHHOCTH KaTo/a (POTO3IIEMEHTA.

6. B mporecce BRINOIHEHH S Ta00OpaTOPHBIX Pad0T CHHMAIOTCS 3aBHCHMOCTH TOKa 4Yepe3 (POTo-
3JIEMEHT OT ITPHIIOKEHHOI'O K HEMY HAITpsHKeHHS. [IpH 5TOM MeHSeTCS MOISIPHOCTh HAITPSIKEeHH S
(T.e. pa3IellbHO CHHMAKOTCS IpsMas H oOpaTHas BETBH BOIITaMIIEPHOH XapaKTEPHCTHKH (POTO-
AIeMeHTa). XapaKTePHCTHKH CHHMAKOTCS ITPH Pa3IMYHBIX 3HAYEHHSX OCBEIeHHOCTH H ITPH H3-
MEHEHHH JIHHBI BOJIHBEI OCBeIeHHS (poTosneMeHTa. [Io pesyinbTaraM H3MepeHHIH CTPOSITCS Ce-
MEHCTBa BOJIbTAMIIEPHBIX XapaKTePHCTHK M, HCIIONB3YS COOTBETCTBVIOIIME METOILI pacuera,
YHCJIEHHO OIIEHHBAETCS 3HAUYEHIE ITOCTOSHHON [ ImaHka.

YKazanusa no mexnuke dezonacHocmiu.

I. K BeOIOMHEHHIO TaOOparOpHBIX padoT MOIYCKAIOTCS CTYACHTHL, H3YVUYHMBIIIE ITpaBIIIa
TeXHHKH 0e30ITaCHOCTH.

2. JlaBGopatopHble pabOTHE MOT'YT IIPOBOJHTHCS TOJIBKO ITOA PYKOBOACTBOM H HAOIOAEHHEM
ITPEITOaBaTeIsl.

3. Pacnomarante npuOOpEL, MaTepHaibl, 000pYyAOBaHHE Ha paboyeM MECTE B ITOPSAKE, VKa-
3aHHOM IIPEIofaBaTeIIeM.

4. He pepxute Ha pabodyeM CTOJIE IIPEAMETEI, He TPeOYIOMMECS 1S BEIITOIHEHH A 3aJaHH .

5. llepen TeM, KaK IMPHCTYIIHTL K padoTe TI[ATEIILHO H3YUHTE €€ OIMMCAHHE, YSICHHTE XO
BBITIOJIHEHH ST PA0OTHI.
3aoaHuA.
AOKYMEHRT MNOATMCAH IDAKTEPHCTHKH (oT 03/ IeMeHTA
3NEKTPOHHOW NOANUCHIO P P ¢
CepTudukar: - 12000002A633E3D113AD425FB50002000002A6 ONPHEMHHK C HCCIIEAYEMBIM (POTO3IIEMEHTOM H
Bnapened; LeBzyxoBa TaTeAHa AneKkcaHgpoeHa [EHTA.

| HSMEPHTCIIBHOI'O H 00BeKTa HCCIIeJOBAaHHS K
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CETH M BKIIOUNTE YCTPOMCTBO M3MepHUTENbHOe BRIKIOYaTeneM CETD Ha ero samHeH ITaHEIIH.
[Ipu aToM goimkeH 3aroperbes HHAHKATOPEl OBPATHAZS, B u MKA yCcTpoHCTBa H3MEPHTEILHO-
ro. Ha nagnkarope B JOIKHEI YCTaHOBHTBHCS HYIH (IOITyCKAeTCs HHIHKAIMHS J0 3HAYeHHST 2
MIIaJIero paspsga). Ilocne 5 muHyTHOro rmporpesa pyukamu Y CTAHOBKA HVYJIA Ha oObekTe
HCCIIEIOBAHNS YCTAHOBUTE HYIIEBOE 3HAUYCHHE HAa HHAHKATOPE MKA YCTPOHCTBA H3MEPHTEIIBHO-
TO.

3. Bxmounrte 0o0beKT HccneqoBaHud BeiKrouareieM CETD Ha ero niepemHen ma”ead. IIpu 3ToMm
noipkeH 3aroperbes HHANKaTop CETh oObkekra Heclie;oBaHms.

4. JlaTh j1aMIle OCBETHTEIIS IIPOrPETHCS B TEUEHHE 15 MIH.

5. C nmomorpio KHOMKH [IPAMAA - ObPATHA BriOGpaTs HEOOXOMHUMBIN PEKHUM H3MEPEHHA.
6. YcraHOBHTE cBeTOPHIIBTP Nol moBopoToM aucka Omoka Cd.

7. M3MeHsq 3HaueHH S HanpsokeHHd yepes 0,5 B ¢ moMornpro KHomok "+" u "-" H CUHTHIBas I10-
KazaHHI (POTOTOKA C HHAHKaTopa "MKA" NMOTy4YHTEe JaHHBIE IS ITOCTPOEHHS BOIBTaMIIEPHOH
XapaKTEPHCTHKH.

8. YcTaHaBIHBaS JHCK CO CBeTO(MIBTPaMH B ITONOKeHHe "5" H IMpoBepsd YCTaHOBKY HYIII TOKa
ITPH HYIIEBOM 3HAYEHHH HAIPSKEHHS, ITOBTOPHTE JEHCTBHS II0O IOI. S5...7 HACTOAIIErO pasieiia
IS APYTHX cBeTO(PHIETPoB (CD2-CD4).

I Ipmveuanne 1: I1pu HEOOXOMMMOCTH C ITOMOIIBIO IIOBOPOTA KOJIBI[A, PACIIONIOKEHHOIO Ha BHI-
XOJIHOM OKHEe 00BEKTa HCCIIEAOBAHNS MOKHO H3MEHSITh OCBEIIEHHOCTh (DOTO3IIEMEHTA.
[Iprveuanne 2: [Ipu onpeaeIeHHH 3allHParOIer 0 HapsoKeHI (PoTosneMeHTa HeOOXOMIMO HY-
JIEBOE 3HAYEHHE TOKA CUHMTHIBATE ITIPH YMEHBINEHHH HAITPSOKEHHS OT HYJIIEBOTIO 3HAUEHH S JIO 3Ha-
YEHH S 3aITHPAOINETO HAIIPSIKEHN S, a He HA000poT. He peKOMeHIyeTcs TaKKe YCTaHABIIMBATh
3HAUCHHE HAITPSUKEHNA HIKE 3aITHPAKOITETO.

9. [Ilo oxoH4anmnn paG®oTEl HEOOXOMMMO OTKIFOUNTH ITHTAHHE YCTAHOBKH BBIKITFOYATEILSMIL
CETDL (Ha 3agHelt ITaHelIH YCTPOICTBA H3MEPHTEIHHOIO M IIepeJHel MaHemH o0beKTa HCCIeI0-
BaHHSI) H OTKIIFOUHTH CEeTEBbIe BIJIKH YCTPOHCTBA H3MEPHTEIIFHOIO H O0beKTa HCCIIeJOBAHHS OT
ITUTAOIIEN CETH.

10. Pexmmv paloThl YCTAHOBKH ITPEPBIBHCTEIA - Uepe3 Kakable 45 MHHYT

paboTHI IepeprIB Ha 15-20 MIH.

[To maHHBIM TaGIHITEI 1 TOCTPOHTH BOJIBTAMIIEPHYIO XapaKTEPHCTHKY, TO eCTh IpahHK 3aBHCH-
MOCTH CHIIBI (poToTOoKa I (abcifycca) oT HanpspkeHHs Ha (poroaneMmenTte U (opaHHaTa).

Tabmira 1

Onpedenenile pabomvl €bixo0d NeKNMPOoHd, KpAcHoll paniiysl pomosghghexma it nocmoaHHoil

U
Coh ’
B
Nel
I, mrA
U
Coh ’
B
Ne2
I, mrA
U
Coh ’
B
Ne3
I, mrA
I
[OKYMEHT NOANMUCAH
3NEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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1. C nomompio KHONKH [IPAMAN - OBPATHAJS BeiOpaths pexmm m3mepeHns OBPATHAM
(He JemaeM YCTaHOBKY HYIIS KaK B IIepBOH YacTH paboThl!).

2. HM3MeHSd 3HAYeHHS HaIIPSKEHHS ¢ IIOMOIIBIO KHOIOK "+" M "-" YCTaHOBHUTEH ITOKA3aHMS HH-
mHKaTopa Qororoka "MKA" paBHBIM (. 3aHECTH NOIYYEHHOE 3HAUeHHe 3aJIep KHBAIOIIETO

HanpsokeHU s Uz B Ta0mmiy 2.
[ToBTOPHTP ITYHKTHI 1 1 2 IJI APYTHX CBETO(MIIHTPOB.
4. Ilo romy4yeHHBIM 3KCIIEPHMEHTAIBHBIM 3HaYeHHIM Uz pacCUNTATh:

(sd

a) KHHETHYECKYIO SHEPIHIO (POTO3IEKTPOHOB: Wi = e Us
b) padory BEIXOAa 3JIEKTPOHOB: h-c
o) . A =———¢e-U
KpacHYIO IpaHHIy porosddekra: BELX p) 3
h-c
‘ZJITIL:[H —
AEHX
Tabmiia 2
— WR Asbn: —
No 11/11 _ . MKM Us B ’ _ max, MKM
’ 10" 107 T e
C
5. Ilo momy4eHHBIM JaHHBIM IIOCTPOHTE I'PadHK 3aBHCHMOCTH Uz OT v, Tlie V = Z .
) AU, h
6. Hcromp3ys nomydyeHHBIH rpaHK, BEIYHCIHTD IO gopMmyle g0 = A — — H OILCHHTH
V €

IIOTPEIITHOCTh H3MEPEHHIH.
Cooepocanue omuema.
Ot4yeT 1o madopatopHEIM padoTaM JOJIKHBI COAEPHKATE!
- TUTYIILHBIH JINCT,
- 1IETIb PabOTHI,
- KOHCIIEKT OCHOBHEBIX 3aKOHOB, OITpeelIeHHH, ITOHSITHI, (DOPMYIL,
- OCHOBHOE 000pY/IOBAaHHE, CXeMa YCTaHOBKH
- OITHCAHHE ITO ITYHKTAM BEOTIOITHEHHON PadOTHI,
- Pe3VIbTaThl H3MEPEHHH H pacyeTOoB (TaOIMHIbl, TpaHKH),
- OI[EHKA TIOTPEITHOCTEH,
- OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI,
- BBIBOJIBI T10 PE3YIIbTaTaM BBIITOIHEHHOH paboTEl, 1aTa, ITOAIHCE.

Konmponsreie éonpocet.

1. Yro HazpBaeTcs ¢poroaddexrom? Kakre ObiBaroT BHABL (poTo3(pekra?

2. B deM 3aKIOYar0TCcs 3aKOHBI (poTo3(ppeKTa?

3. Kaxk cBs3aHBI JUTHHA BOITHEI H YacTOTa (pOTOHA?

4. Kaxkag HMeHHO 0COOeHHOCTh (POTO3(eKTa He MOKET OBITh OOBSICHEHA C TOUKH 3PeHH
BOITHOBOH TEOPHH CBETA?

5. BanummTe U oORICHUTE VhaRHeHue DitHTireiiHa Ui @ orosddexra.
OOKYMEHT MNOArnUucAH 9
SNEKTPOHHOWM MOAMUCHIO hekTa M OT Yero oHa 3aBHCHT®
CepTucpukat: ' 12000002A633E3D113AD425FB50002000002A6 :ast SHEPrHd (POTO3IEKTPOHOB?
Bnapeneu: LWebayxora TaTbAHa AnekcaHapoBHa PaKTEPHCTHKY dmm:ad)(bema.

[0 rpaHHILI poTo3(dPekTa B JaHHOIT padore?
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JIaboparopHas padora Ne 17

Tema padomst. YI3ydeHHe SHEPreTHYECKOI 0 CIEKTPA 3JIEKTPOHOB

Ilens padomer. OnipeneneHue IIHHBI ITpo0Oera sIeMeHTapPHBIX YAaCTHI[ B BO3yXe ITPH aT-
MOC(EPHOM JABJIECHHH H OIPeAclIcHHE MAaKCHMAIBHOH SHEPrHH OeTa-YacTHIL IIPH ITOMOIIH Me-
TO/Jla TIOTTIOIIEHH.

T eopemuieckdn uacmsos.

SIBnIeHMe pagHOaKTHBHOCTH ObIIO OOHapyxkeHO bekkepenem (1890 r.). OH 3aMeTHI, 4YTO
HEKOTOpPBIE BEIleCTBa, COJAEpIKaIllie YpaH, o0nagaroT 3aMedaTellbHOH OCOOeHHOCTBIO CaMOIIPO-
H3BOIILHO, 03 BCSIKOr0 BHEIHETO BO3AEHCTBHS, H3IYYATh JIYUH, CIIOCOOHEIE IIPOXOANTH CKBO3b
HEIIPO3payHbIe IS BHANMOIO CBETA BEIIECTBA.

Pa/i0aKTHBHOE H3IyYeHHe OBIBAET TPEX BHAOB: O -IIyuH, [J-TydH H ¥ -TydH.

O -TIVYH TIPEJICTABRIISIOT MOTOK SAep FEIMEBBIX aTOMOB, HIH, HHBIMH CIIOBAMH, ITIOTOK T'EIH-
EBBIX HOHOB C 3apsioM +2e.

TOXIeCTBEHHOCTh (X -JIVUEH C ITOTOKOM T'E€IIHEBBIX SIIEp OBI- !
Jla YCTAHOBIIEHA C TTOMOIIBIO CIIEAVIOIIETO OIBITA, IIPOM3BEICH- m
Horo Comuam.

Cocyr A (puc. 1) ¢ TOMOIIEI0 TOHKOH CTeKIISIHHOH IIEPEero- & _/_\ Z
ponku G pasgersuicd Ha ABe yactTH B u C. B yactu B [lomMerna- - i v
JIOCh PaJHOaKTHUBHOE BEINECTBO F, . [
H3nyuaroniee & -mydl. [leperopoaka G moxbupanack TaKOH TOI- f'r y,
IIMUHBI, YTOOBI (X -IIYUM MOLJIM ITPOXOAHTH CKBO3b Hee. JIpyrasg
YacTh 3TOro cocyaa C coeHHSTIACh Yepes KpaH K ¢ BaKyyMHBIM
HAcOCOM, H B 3TOH YacT$ CO3/1aBaJIOCh JOCTAaTOYHO CHIIBHOE pas-
PEKEHHE.

B tpyOke H, coemmHeHHONH ¢ cocyaoM C, MOMEIIAINCH JABa 3MeKTpoaa D, E, ¢ mMoMOIIEo
KOTOPBIX MOKHO OBUIO BEI3BATE paspsa B Tpyoke H. BakyyMm B cocyie C cosmaBaics CTOIEb BEI-
COKIHMIL, YTO IIpH IPWIOKEeHHH K D 1 E pasHOCTH ITOTEHIHAIOB B HECKOJILKO COTEH BOJIBT 3JIEK-
TPHUYECKHH paspsa He BO3HHKaAN. [locie oTkauku cocysl A OTCOeIHHSUICS OT Hacoca. CITyCTS He-
CKOJILKO JTHEH, OMHAKO, ITOCIIE IIPIWIOKEHHS Pa3sHOCTH IOTEHIMAIOB MeXxay D u E BO3HHKaI
3IIEKTPHYECKHH Pa3psill, HHTEHCHBHOCTE KOTOPOI'O ¢ TEUEHHEM BPEMEHH BO3pacTalla.

CBeT, HCXOIAIIMH ITPH paspsae 13 TpyOkH H, OB ITpoaHATH3HPOBAaH € IIOMOIIBIO CIIEKTPO-
rpada. OKazanock, YTO CIIEKTP 3TOTO H3IYYEHHS B TOYHOCTH COBITQJIaeT CO CIIEKTPOM H3IIyYe-
HHS, BOSHHKAIOIIHM ITIPH 3JIEKTPHYECKOM Paspsie B ra3000pa3sHOM I'eJIHH.

B tpyOke H remnns He Ob1I0, HO CIOAa H3 B IMPOHHKAIIM (X -4aCTHIILL, H3IIYYaeMbIE PagHOaK-
THBHBIM ITperaparoM. [I0CKONMBEKY B pe3yiIbTaTe TaKOro IIPOHHKHOBEHHS B TPYOKe C ITOSBHIINCH
aTOMBI TE€NIHS, TO, CIIEIOBATEILHO, (X -HACTHIILI H SBIISFOTCS T'eIIHEM, ITpaBja, HE aTOMaMIL, a SI-
pamu remus. Sapa remis (& -4acTHIBI) 3aXBaTBIBAIOT M3 OKPYJKAIOIIEH Cpefbl 2 3IeKTPOHA H
IIPEBpAINAIOTCI B «HOPMAIIBHBIE» aTOMBI relus. MTak, & -4acTHIIBI SBISIOTCS SAPaMH aTOMOB
T eI

XapakKTepHOH BEIMYHMHON HX SBISETCS 3HEeprusd. DOHEPrHusd (& -4acTHI[ BEJIHKa — ITOpPsIKa
HECKOIIBKHX MHIUTHOHOB 3JIEKTPOHBOILT. PasmiuHble pagHOaKTHBHBIE BEIECTBA H3IYYAOT & -
YACTHI[BI Pa3IHYHON SHEPIHH, HO BCE (X -YACTHIBI, HU3IIYUEHHBIE JaHHBIM paJilOaKTHBHBIM Be-
II[ECTBOM, HMEIOT BIIOJIHE OIIPEAECIIEHHYIO SHEPTHIO.

Puc.1 OnbiT Coaau

| 1"

NOKYMEHT NoanncAH ) 3dPSDKCHHBIX TaCTHIT. SHaK - (hﬂ]H}fG) ITPpH 5}1{-
SNEKTPOHHOWM NOoANUCLIO
Ceptudcbmkar: . 12000002A633E3D113AD425FBS0002000002A6 - €
Bnapeneu;: ebayxoea TateaHa AnekcaHapoBHa I'PHIATCIIBHBIH 3aPAN. OTHOIIEHHE ; AT HHX
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OKd3dJIOCh B TOYHOCTH TAKIM €, KdK H J[JIX 3JICKTPOHOB. ﬂ -IIVHH ABIIIOTCHA B IeHCTBHTEIIBHO-

CTH ITIOTOKOM 3JICKTPOHOB. OTImuHe ﬁ-H}HIEﬁ OT OOBIYHBIX KaTOIHBIX JI}”IEﬁ HE KAaUSCTBCHHOE,

d KOIIHMYCCTBCHHOC. SHEPI‘HH JJICKTPOHOB
ﬁ-H}HIEﬁ SHAYHTCIIBHO IMTPCBOCXOANT SHCPIHIO KdTOIHBIX JI}"‘IEﬁ H HMCCT BCIIMYIIHY IIOPAIKA

MITJUIOIOHA 3JICKTPOHBOIIBT.
Y -IIYUH, He OTKIIOHAeMble HH MarHHUTHBIM, HH 3JIEKTPHUYECKHM IIOJIEM, HE HECYT 3JIEKTPH-

HECKOI'O 3apA/4d. IIo cBoeH IIPHPOJIEe ) -IIVYH aHAIIOTHYHbI PEHTTEHOBBIM JIY4YaM, HO OTJIMYAKOTCS

OT HIX OOIBIIEH BeIHUHHON KBAHTOB.
KaK yKe yKa3pIBalIoCh, PaJHOAKTHBHOE H3TYUEHHE IIPOH3BOAHUT CIJIBHOE HOHH3HPYIOIIEE H
(p OTOXHMMHYECKOE JIEHCTBHE H IIO 3TOMY JEHCTBHIO MOXET OBITh PETHCTPHPYeMO. Tak Kak OT-

JIENbHBIE YACTHIBI, BXOAAIIHE B COCTAB PAJHOAKTHBHOIO M3ITy4YeHHS (O ~4aCTHIHI, [f-4acTHIL,
¥ -KBaHTHI), 00J1a/1ar0T OONBIION SHEPrHeH, MOpsAJIKa MHIUIHOHA 3IeKTPOHBOIILT, TO ITPECTaB-

ISeTCSL BO3MOKHOCTh HaOMIOAATh H PETHCTPHPOBATh HE TONIBKO PAaJHOAKTHBHOE H3JIIVUEHHE B
I[EJIOM, HO M OTJEeIIbHBIE YACTHI[BI, BXOASIIHE B COCTAB 3TOI'0 H3IIYUEHH S

Hanbomnee yacto ajig perucrpanyil 1 HaOMOAEHHA OTHEIIbHBIX OBICTPBIX YACTHII IIPHMEHS-
IOT TPH METOJIA:

a) Kamepa Bumscona. B rmape VI Ob1n yKazaH IIPHHIMMIT e CTBHA KaMephl BHILCOHA H ITO-
KazaHbI (poTrorpapuH Imyrei & -yactHil. Kamepa BHibcoHa NpHIogHA H IS HaOTIOMEeHHS ITyTeH

ﬂ-llaGTHI_[. SHaAYHTEIILHOE YCOBCPIICHCTBOBAHIIC B MCTOA KdMCPhI BHIIbcOHa OBIIIO BHECEHO ,H

B. CKOOeIBIbIHBIM.
CxoOGelbIBIH IIOMECTHII KaMepy BHIIbCOHA B MAarHHTHOE IT0j1e. MarHuTHOE IoJle HCKPHUBIIS-

€T TPAcKTOPHIO ﬁ-qﬂGTHH. B ClIIyHdac, KOoI'J1a [?]-IIE],CTHI_[E], ABHZKCTCAH IIEPIICHIHKYIIAPHO CHIIOBBIM
JIHHHAM OOHOPOJHOI'O MAI'HHTHOI'O HOJIA, €C TpﬂEI{TGpIIEﬁ ABIICTCA  OKPYKHOCTD PdAHYCd

R = Meu

eH
IJle 4 - CKOPOCTh YacCTHILI, H - HapssKEeHHOCTh MATHHUTHOIO IIOJSL, e - 3apsij 3JIEKTPOHA, C -
CKOpOCTh CBeTa. B xamepe BHIbCOHA, ITOMEI[EHHOH B MarHHTHOM IIOJIe, TPEKH SIIEKTPOHOB
ITPEJICTABILIIOT YaCTH OKPYKHOCTEH. 110 BelmMunHe pajiyca 3TOH OKPYKHOCTH MOKHO OITpeJie-
JIUTH CKOPOCTH 3IIEKTPOHA.

0) Cuetunk I'elirepa-Mromiepa. CyIecTBYIOT JABa BapHaHTa CUETYHKOB: CUETUHK C OCTPH-
eM (c4yeTyHK ['efirepa) H CYeTYHK ¢ HHTBIO (cueTuHK ['efirepa-Mromepa).

CYeTYHK C HUTBIO (pHC.2) NIpeJicTaBIIgeT IHIHHAP C, IT0 OCH KOTOPOrO HaTSHyTa HUTh AB -
TOHKAS METaIlIMYeCKas IIPOBONIOKA. HUTE B 3IIeKTPHYECKOM OTHOIIIEHHH H30IIHPYETCS OT KOPITY-
ca cueTyrka C. CUETUHK HAIIOIHSIOT Ia30M ITPH HEOOIBIIIOM JaBIICHHH.

| s

7 %
S
£
-.]mlll]l'r -, Puc.2 Cxema yCTPOMUCTBA CHETYMKA
. % [eirepa-Miwonnepa

AOKYMEHT NoarnnMcAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: llleBayxoea TatbaHa AneKcaHApoBHa -OM CHCTHHEKA C ITOMOIIIBHO 6E1TEIPEH E um crie-

1IOT 3JIICKTPHYCCKOC ITOJIC
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Takoro HampspKeHHS, ITPH KOTOPOM B CUETYHKE MOXKET Pa3BHBATLCSI KOPOHHBII pasps.
KOpOHHBIN pa3psa HaUHET Pa3BHBATHCS, €CIIH B IIPOCTPAHCTBE MEXIY HUTHIO H KOPIITYCOM OKa-
KYTCS 3apspKeHHbIe YacTHIBI. 1103TOMY KOPOHHEIH paspsil BOSHHKAET B CUETYHKE BCAKHIL pas,
KOIZla B HETO IIPOHHKHET HOHHM3HPYIOIUAS YacTHIIA-3IeKTPOH Wi ¢ -uactiifa. Takas 4acTHILA,
IBHI'asCh BHYTPH CUETYHMKA, ITPOM3BOANT MOHH3AL[MIO Ia3a, BCIEACTBHE YErO M BO3HHKAET KO-
POHHEIN pa3psan. IlocnemoBaTellbHO ¢ HUTHIO CUETUHKA ITOAKIIFOYAETCS COITPOTHRIIEHHE R, BEln-
YHHY KOTOPOro IMOAOHPAaIOT TaK, YTOORI ITPH PasBHTHH KOPOHHOI'O pa3psAa Ha TOM COIPOTHB-
JIEHHH BO3HHKAJIO JOCTAaTOYHOE ITafeHHe ITOTEHI[HAIa. ECIIH 3TO MajiecHHe ITOTeHIIHAIa OKaKeTCs
IOCTAaTOYHBIM (OKOJIO COTHH BOJIBT), TO BO3HHKIIHH B CUETYHKE KOPOHHBIH Pa3psiyl ITPEPBETCSL.

[I0o BOSHHKIIIEMY B CUETUHKE ['eiirepa HMITYIILCY TOKAa M CYASAT O TOM, YTO Yepe3 CUETUHK
ITPOIIUIa HOHM3HPVIOIAsa YacTHIa. Hara ImpoOMBIIIUIEHHOCTE BEIITYCKAET TaK Ha3bkIBacMEIE YCTa-
HOBKH THIIAa «b», comepxkaliie armapaTrypy, HEOOXOIMMYVIO IS IMHMTAHH S CUETYHKOB, VCHIIHTEND,
C ITOMOIIBIO KOTOPOr'O HMITYIILC TOKA B CUETUHKE YCHIIMBAETCS 0 TAKOH BEJIHYHHBI, UTO IIPHBO-
IHUT B JSHCTBHE Pelle HyMeparopa, IIpeaHa3sHauYeHHOI'0 I OTCcYeTa YHCIa BO3SHHKIIHX B CUET-
ypke ['enrepa HMITynbsCcoB. /{11 TOro yrodrl cueTuyHK I'emrepa «cpadoTtan», HOHH3HPVYIOIIASI Ya-
CTHIIA JOIKHA IIPOHHKHYTh BHYTPh €r0 - IIPOHTH YEPE3 CTEHKH. ECIH M3IIyYeHHE ITOITIOIAeTCs
CTEHKAMH CUETUYHMKA, TO IIPHMEHSIIOT JJI PECHCTPAMH TAKHX YaCTHIL MO0 OYEHbh TOHKHE CTEH-
KH, THOO CIIEI[HAIbHbBIE TOHKHE OKOIIKH.

B TOpIIEBBIX CUETUHKAX HUTh 3aMEHSIETCS HITION A. B IepefHeH CTeHKe CUeTUYHKA JIEIacTCs
OTBepCTHE B, 3aKkprIiBaeMoe (POIBIOH HYKHOH TONIITHHEL (PHC. 3).

CueTuynku ['efirepa IMPUMEHSIOTCS H A1 CYETA ) -KBAHTOB, ) -KBAHTHI BEIZBIBAKOT B CTEH-

KaxX CUETYHKa (POTO3NeKTpHYECKHH 3(PeKT MM KOMITTOH-3()(PeKT. BEIpBaHHBIE H3 CTEHOK CYET-
yHKa (POTO- H KOMIITOH-3JIEKTPOHEI H BO30YKIAIOT Pa3psj B CYETUHKE.

I]I]IIIE

K UEKITOMETITY
Y @ prusiinenso

Puc.3 CxeMa TOpILEBOrO CUETUHKA.

B) MeToJI TONCTOCIOIHOI (poToImmacTHHKH. MeToJ TOICTOCIONHBIX (POTOIIIACTHHOK OB
paspadoraH MbICOBCKHM H JKIaHOBBEIM. MIMH H3rOTOBIISDIHCE CITELHAIbHBEIE (POTOIUIACTHHKH C
YT OIIIeHHBIM clIoeM (poTo3MyIbCcHH (50—300 MK). & -4acTHIIBI IIPH JBHKEHHH B TaKOM CIIOE
BBI3BIBAIOT PaslIOKeHHe OpOMHCTOrO cepedpa TOJBKO B TE€X 3€pHAX, Yepes3 KOTOPEIE OHH ITPO-
1. [locrime mposiBIIeHNS TaKOH INIIACTHHKH B HEH BO3HHKAIOT «JIOPOKKH» H3 OCAJIHBIIIETOCS Ce-
pebpa, XOpoIllo BHANMEIE B MHKpocKoIe. Kaxmas Takass JOPOXKKa IIPEICTABIISIET COOOH CIEN
IBHT aBIIIEHCSA YacTHIEI. [0 BemmyumHe rpobera ¢ -4aCTHIEI MOJKHO OITPEIEIIHTE €€ SHEPIHIO.

ToncrocnoitHble ()OTOIUIACTHHKH IIPHTOAHBI JJISI PETHCTPAIMH He TOIBKO (& -IIy4ei, HO H
IPYTHX CIJIBHO HOHH3HPYIOIIHX YaCTHI[ - IIPOTOHOB, JIEHTPOHOB. B HacTosIIee BpeMs H3T OTOB-
JISIFOTCS H TaKHe (POTOIUIACTHHKH, B KOTOPBIX MOXKHO OOHapy’KHBaTh CIeIbl YacTHI[ HE CTOJb
CHIIbHO HOHH3HPVYIOIMX, B YACTHOCTH, 3JIEKTPOHOB OOJIBIIION SHEPIHH.

QObopyooeaHue U mamepualsl.

B pabore HCImone3yeTcs TOPLOBBIH CUETUHK | 'eHrepa-Mromiepa. MccneayeMbli pagHoak-
THBHBIH HCTOYHHK B I'epMETHYECKOH KaIlCylle pasMeIlleH Ha Jepkarene, CBOOOIHO IepeMella-

INTITAMAT TN AT AML A ATITAATITATLIIN AraTirura T 1g JRMeDeHH S DACCTOSHHST Me CYUETUHKOM H
JOKYMEHT MNogrinCAH P P b

SNEKTPOHHOW NOANUCKIO [as JOTHEHKa, a Ha ACPAATCIIC GﬁpﬂBHa HaHCCCHaA
Ceptudpukar: 1 12000002A633E3D113AD425FB50002000002A6 Haﬁgp TOHKHX aJTFOMHHHEBBIX ITIIACTHH, ITOME-
Bnapeneu: Web3zyxoea TatbaHa AnekcaHaposHa 1 KaJKIOI TIJIaCTHHBI yKa3aHa Ha KOJbLE AepiKa-
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YKazanua no mexHuke 0e30nacHocmil.
1. K BeOIOMHEHHIO Ta0OpaTrOpHBIX PadoT MOITYCKAKOTCS CTYAEHTHI, H3VUMBIIHE ITPaBHIIA
TEXHHKH O€30ITaCHOCTH.
2. JlabopaTopHble pabOTHI MOI'YT IIPOBOMHTECS TOIBKO ITOA PYKOBOACTBOM H HaOIIFOIEHHEM
IIPEITOAaBaTENIA.
3. Pacnomarante npuOopEl, MaTepHaibl, 000pyaOBaHHE Ha paboyeM MECTE B ITOPSAKE, VKa-
3aHHOM IIPEIOIaBaTEIIEM.
He mepxuite Ha paboueM CcTONE IIPeAMETHI, He TpeOVIOIHMECS IS BRITTOTHEHHS 3a{aHIs.
[lepen TeM, KaK IIPHCTYIMTE K paboTe TINATEIBLHO H3YUHTE €€ OIMMCAHIE, YICHHTE XOII
BBITIOIHEHH S PAOOTHI.
3aoanui.
1. BKmrounTs mmpuOOpEI YCTAaHOBKH H JATh HM IIPOTrPETHCA B TeueHHe 10 MHH.
2. YCTaHOBHTE Ha CUYETYHKE pabouee HAIPSDKEHHE H OIPEIEIHTh «(QOH)» CUETUHKA.
3. IloMecTHTs B «JOOMHK» HCCIEAYEMBII MCTOYHHK OeTa-H3IYyUYeHHS H OIPEeIcIHTh
HAYaJIbHYIO HHTEHCHBHOCTE OeTa-H3IIYUYEHHS IIPH OTCYTCTBHH ITOTTIOTHTEIISL

B

WcTouHiK GEra = yacTal

Halop amoMsHHEBGIX NIACTHH

HaMepsTensHoe YeTpoRcTeo Topuoets cueynk Medrepa-Mannepa

; BNO NHTRHWA CHETYMES N,
& l.:l'| LY

rww.ﬂi___ L B
- 09

#

i

4. HCHGHLB}’H Hﬂﬁﬂp AJITTOMITHIICBBIX IUIACTHH, CHATH 3aBHCHMOCTE HHTCHCHBHOCTIH OeTa-
H3JIIVICHHA OT TOIIIHHEBI d TIOTTIOTHTEIISL HGCTPGH'I"L ITO ITOJIVHEHHBIM JdHHBIM KPHBVYIO ITOI'TIO-
I SHITA.

5. B 1ensax Gonee TOYHOIO OIPeNeNIeHH I MaKCHMaIbHoro rmpodera R,,,,, SKCTPaIIOISIIIO

HeOOXOIHMO IPOH3BECTH IO Ipa(pHKy KPHBOH ITOITIONIEHHS (ITI0 OCH OPJHHAT OTKIIaJBLIBAOT
3HadYeHH In/, a 1o ocH adciuce — d).

6. Ucrombsysa popmyny (8) M HafileHHOE ITyTeM SKCTPAIlOSIMH 3HaueHne R, .., oIpe-

JIEIHTh BETHYHNHY MaKCHMAaJIbHOH SHEPIHH OeTa-4acTHII,
7. OLIEHUTBh IMOrPEIHOCTE PE3YIIHTATOB.
CHATHE 32aBHCHMOCTH HHT €eHCHBHOCTH 3JIEMEHTAPHBIX YACTHII OT PACCTOSHHA 10 HC-
TOYHHKA H3JIYYeHH S

1 nmﬁdﬁfﬁE_H:fﬁ{flﬁﬁﬁh}{ﬁ oD T b BpeEMA PEIrHCTPpaIlHI 10 CCKVYH/.
SNEKTPOHHOM NOANMUCKIO MCAHAY CIHHHTHIUIAITHOHHBIM SKPAHOM H IIPEIIAd-
Ceptudhikar: . 12000002A633E3D113AD425FBS0002000002A6 I
Bnapeneu; lLlebayxoea TaTeAHa AnekcaHgpoBHa
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4. Hcmonb3yd YCTaHOBKY, OIPEACIHTh HHTEHCHBHOCTL [ SIeMeHTapHBIX YaCTHI[ IS
HAYaJIbHOI'O PacCTOSHHS R.

5. YBEIHYHUTE PACCTOSHHE MEXKIY 3KPaHOM H ITperraparoM Ha 0,5 ¢cM H IIOBTOPHTh H3Mepe-
HISI HHTEHCHBHOCTH.

0. Ilpomomxkas yeemmunBark paccTosHNSI R dyepes 0,5 ¢M, TTOBTOPSTE H3MEPEHNS HHTEH-
CHBHOCTH 3JIEMEHTAPHBIX YaCTHI[ 10 BCEH IIIMHE JIMHEHKH ITPHOOPA.

7. 1lo momy4YeHHBIM JaHHBIM ITOCTPOHTh I'paduk 3aBHCHMOCTH I = f (R) H ompemenHTh
cpeaHHH IIpolder Ry, sKcTparompoBaHHEIH R H mapameTp pasbpoca s.

8. IIpomnd depeHimporaB rpadguieckn monyyeHHy0 KpuByio I = (R) onpegermiTts cpen-
HHI ITpoder Ry Kak abcIipiccy MaKCHMYMa KPHBOM: % =w(R)

l

9. OLIEHHTS ITOI'PEIHOCTh PE3YIIHTATOB.
Cooeporcanue omuema.
OTt4eT 110 1ab0opaTOpHEIM padoTaM JIOIIKHBI COAEPKaTh:
- TUTYJIBHBIH JINCT,
- 1IeNb PadoTHI,
- KOHCITEKT OCHOBHEBIX 3aKOHOB, OITpee/IeHHH, ITIOHSITHI, (DOPMYII,
- OCHOBHO€ 000pYyIOBaHHE, CXeMa YCTaHOBKH,
- OITHCAHHE IT0 ITYHKTAM BBOTOTHEHHOH paboTHI,
- pe3VyIbTaThl H3MEPEHHH H pacyeToB (TaOIHIbL, TpaHKH);
- OLI€HKA ITOTPEITHOCTEM,
- OTBETHI HAa KOHTPOJIbHBIE BOITPOCHI,
- BBIBOJIBI ITO PEe3YIIbTaTaM BBITIOIIHEHHOH padoThI, JaTa, IIOIHCE.

K OHMPOJIbHbBIE 601POCHI.
I. Yrto takoe pE]l[IIDElKTI[BHGGTB? BH b PaIHOAKTHBHOI'O H3JIYACHHA.

Dusnueckas Mpupoaa & -, f-Hu y - H3TYYEHHI.

MeToAbI perucTpaliii pagHOaKTHBHEIX H3TYUEHHIH.

Omnucath pabdoty cuetunka I enrepa-Mromepa.

CopMyITHpOBaTh IIPaBHIA PaJHOAKTHBHOIO H3TYYEeHH .

3armicarh opMyIIy paJHOAaKTHBHOIO pacliafa. IlouemMy KiraccHYeCKHI MeTOJ He OObsC-
HSIET IIPHPOY & -pacriaga’?

Omnmucarhk ¢ -pacnaj ¢ ITO3HIHH KBAaHTOBOH MEXaHHKII.

Omnucares £ -pacnaj ¢ ITO3HIMH KBAHTOBOH MEXaHHKH.

9. B 4eM 3akmoyaeTcs METOJ OIIpPeJelIeHHs JIHMHLI cBOOOMHOro mpodera srneMeHTapHOH
YaCTHI[BI B JaHHOH padore?

10. 3armcaTe popmymy [eiirepa.

11. B 4yeM 3akximrodaeTcs MeTOJ OINpeJelIeHHSI SHeprHH 3JIeMeHTapHBIX YacTHI[ (MeTOJ ITO-
TTIOIIEeHH)?

AL

o0

3. Vuebno-memoouueckoe u uHgpopmanuioHHoe obecneueHue OUCUUNIUHbl

5.1 IlepeueHsv OCHO6HOI U 0ONOJIHUMEILHOU JIUMEPAMYPbl, HEO0DX00UMOIL 0J14 0C60e-

HUHA ﬂHCHHHJIHHM

ATl DT Tonouour nruneunti TiImonamuney »
L ]
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2017. - 136 c¢. : Tabm., r7rpad., cxem. - ISBN 978-5-394-00691-3;-URL.:
http://biblioclub.ru/index.php?page=book&1d=450772

2. TammeikoBa-bymkerny, M., Ouspka : B 2 4. / M.M. TammeikoBa-bymkeBuy. — 2-e
H3J1., Herp. — MuHcek : Bermimas mxona, 2014, — Y. 1. Mexannka. MomnekyisipHas (H3HKa H
TEPMOIMHAMUKA. JIEKTPHYECTBO M MarHeTU3M. — 304 ¢. : WL, cXeM. — PeuM JocCTyIIa: I10 IIO/I-
rmHcke. — URL: http://biblioclub.ru/index.php?page=book &i1d=235732

3. TammeikoBa-bymkepny, M., @usuka : B 2 4. / V.M. TanmmbeikoBa-bymkeBuy. — 2-e
H3JL., Herp. — MuHcek : Beomaiimas nkomna, 2014, — U, 2. Ontuka. KBanToBas ¢pusnuka. CTpoeHHe

H (pH3HUYeCKHe CBOHCTBA BelllecTBa. — 232 ¢. : HII., CXeM., TaOl. — PekiM JOCTyIIa: I10 ITOAIIHCKE.
— URL: http://biblioclub.ru/index.php?page=book &1d=460883

3.1.5 Ilepeuens 0ononHumenbHOU mMepamypsl:

1. Jlexinu o y4yeOHOH JucHHIUIHHE «OCHOBBI TeOPEeTHYEeCKOH (PH3HKHY. DIeKTPOJaHHA-
MHKa. | OIeKTpoHHBIH pecype] : yueOHoe nmocobue / E.M. Kyxaps. — DOIIeKTpoH. TeKCTOBEIE JaH-
HEle. — Bomrorpaa: Bonrorpaackuil rocyaapcTBEHHEIH COIHAIbHO-TIEAAr OTHUECKII YHHBEPCH-
TeT, 2017. — 57 ¢. — 2227-8397. — Pexym gocrtyma: http://www.iprbookshop.ru/7073 1. html

2. Hukepos, B.A. ®u3nka: coBpeMeHHBIH Kypc / B.A. HukepoB. — 2-e u3x. — Mockaa :
M3parenscko-Toprosas Koprioparus «Jlammos 1 K°», 2016. — 452 ¢. . 1. — PexxuM gocTyria: 1mo
noarmicke. — URL: http://biblioclub.ru/index.php?page=book&1d=453287.

5.2 Illepeuens yuedOHO-MemOOUUECKOZ0 ODecneueHUs CcamocmosmesbHou padomsl
obyuaroniuxca no OUCUUNIIUHE

1. MeTtoguueckne peKOMEHIAI[HH IS TIOJATOTOBKH K J1a00paTOPHBEIM 3aHSTHSAM IO JHC-
IIHe «DH3HKa».

2. MetoauyecKue peKOMEHIAIIMI IT0 OpraHMU3aI[iHi CaAMOCTOSATEIIBHON PadOTHl CTYAEHTOB
10 JUCIMIUIMHE «(DH3HKaY.

5.3 Illepeuens pecypcoé UHEOPMAUUOHHO-METEKOMMYHUKAUUOHHOU cemu Humep-
Hem, Heo0X00UMBIX 0714 0C6 0eHUA 0UCUUNIUHDI

L. http://www.biblioclub.ru -ObC "YHuBepcHTeTCKas ONOITHOTEKA OHIANH"

2. http://www.iprbookshop.ru/ - SnekTpoHHO- OuOnHoTeuHas cucremMa [PRbooks

3. http://e.lanbooks.com - OnneKTpoHHO-0HOIHOTEYHAS cHcTeEMA JIaHb
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MWHHUCTEPCTBO HAVYKHU U BEICHIET'O OBPA3OBAHUS POCCUHMCKOU OEJIEPAIIUU
OEJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE YUPEX/IE-
HHUE BEICHIEI'O OBPA3SOBAHUA
«CEBEPO-KABKA3CKUU ®ENEPAJIBHBIA YHUBEPCUTET»

[Iaruropckwit HHCTHTYT (proman) CKOY

MeToanuecKkue peKoMmeHIauuu

110 OpraHH3aIHH CaMOCTOSTEIIFHOH padoThl 00VYAIOIIHXCS
1o gucruIumHe « DU3UMKA»
JUISI CTYZEHTOB HaIIpaBIEHHS ITOJT OTOBKH /CITEIHAIIEHOCTH
10.03.01 MHpopMaImioHHasa O0e30MacHOCTh, be30ImacHOCTh KOMITBEOTE PHBIX CHCTEM
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ComepKaHHE

BeepeHie
1 OO0Ias XapaKTepHCTHKA CaMOCTOSTEINBPHOH Pad0Thl OOYYAIOIIETrOCS IIPH H3YYe-

HUH THCIHIDIHHBL « DU3UK A »

2 [TnaH-rpadHK BEITOTHEHHS CaMOCTOSTEIbHOH paOoThI
3 KOHTPOIBHEIE TOUKH M BHBI OTUETHOCTH I10 HIIM
4 MeToanyuecKkie peKOMeHIaIIHH 10 H3YYEHHIO TEOPETHYECKOI O
MaTepHaia
3 CIIHCOK PEKOMEHIYEMOH JIMTE PATYPHI.
OOKYMEHT NOAMNUCAH

SNEKTPOHHOW NOAMUCLIO
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BBeaeHune

CamocTtosarenbHasa pabora — ImaHHpyeMas yueOHas, yueOHO-HCCIIe0BaTeIbCKasl, Hayy-
HO-HCCIIeJJoBaTeNlbcKasd paboTa CTYAEHTOB, BBIOIOIHSIEeMAas BO BHeayJIHTOPHOe (ayZHTOPHOE)
BpeMd 10 3aJaHHIO H ITPH METOMHYECKOM PYKOBOJICTBE IPeItofaBaTeisa, HO 0e3 ero HeIocpes-
CTBEHHOI'O yyacTHS (IIpH YacTHYHOM HEMOCPeICTBEHHOM YYAacTHH IIpeIlojaBaTelsl, OCTaBIISIO-
IIeM BeA YIIYIO POJIb 3a pa0OTOH CTYAEHTOB).

CaMocTosTelIbHAA padora CTYAEHTOB B BY3e MBISeTCS BaKHBIM BHIOM YV4UeOHOH H
HAYYHOH JEeSATeIbHOCTH CTYAEHTA.

Benayimas 1ieins opranuszaiini H ocyinecTeieHHs CPC moikHa coBMIaJarh ¢ LEIBI 00Y-
YEeHHS CTYJeHTa — IIOATOTOBKOH OakajiaBpa ¢ BBRICIIHM oOpasoaHHeM. [Ipn opranmszaimm CPC
Ba)KHBIM H HeOOXOIHMBIM YCIIOBHEM CTAaHOBATCS (POPMHpPOBAHHE YMEHHSI CaMOCTOSATEIIFHOH pa-
OOTHI I IIPHOOPETEHNS 3HAHHI, HABBIKOB M BO3MOKHOCTH OpraHH3aIMH YUeOHOH H Hay4yHOH
HIESTEIILHOCTH.

[{enpr0 caMOCTOSATEIILHOH PaboThI CTYIEHTOB SBISIETCS OBJIaJieHHe (DyHJaMeHTalIbHBIMH
3HAHHSMH, ITPO(eCCHOHATBHBIMH YMEHHSIMH H HaBBIKAMH JeSTeJIbHOCTH IT0 ITPO(IIIO, OITBITOM
TBOPYECKOH, HCCIIeJOBATEILCKOH AeaTeIbHOCTH. CaMOCcTOSATeNbHAas padoTa CTYIEHTOB CIIOCO0-
CTBYET PasBHUTHIO CaMOCTOSTEIBLHOCTH, OTBETCTBEHHOCTH H OPraHH30BAaHHOCTH, TBOPYECKOIO

ITOJIX0/Ia K PEMIEHHIO ITPo0IeM y4eOHOro H Mpo(eCcCHOHATBHOIO YPOBHS.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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O0nras XapakTepHCTHKA CAMOCTOAT €/IbHOH Pa00ThI 00Y4UaIOIIerocsi MpH M3y YeHHH

NTHCHHILINHbLI «PH3HKA»

CaMocTosTelIbHAA padoTa - IUIaHHpyeMas yueOHas, yueOHO-HCCIeAOBaTelIbCKasl, Hayy-
HO-HCCIeoBaTenbcKasd padoTa CTYIAEHTOB, BBIOIONIHAEMAas BO BHeayAHTOPHOEe (ayZHTOPHOE)
BpeMd TI0 3aJJaHHIO H ITPH METOMMYECKOM PYKOBOJICTBE IPEIToAaBaTeis, HO O6e3 ero HeIrocpes-
CTBEHHOI' O y4acTHS (IIpH YaCTHYHOM HEMOCPEACTBEHHOM YYaCTHH ITPENOJABATENS, OCTABIISIO-
II[eM BeIVIIYIO POJIb 3a PaOOTOH CTYIEHTOB).

CaMocTosTellbHAA padora CTYAEHTOB B BY3e gBISeTCS BaKHBIM BHIOM YV4ueOHOH H
HAYYHOH JEATEIIbHOCTH CTYAeHTa. CaMOCTOATEIbHAs padoTa CTYAEHTOB HIPAET 3HAYHTEIIFH VIO
POJIb B PEHTHHI OBOH TEXHOJIOTHH 00yueHHS. B CBs3H ¢ 3THM, 00yueHHe B BY 3¢ BKIIFOUAET B Ce-
O ABe, IMMPAKTHYECKH OJHHAKOBBIE TI0 00BEMY H B3aHMOBJIHSHIIO YaCTH — IIpoIiecca OOYUEHI H
nporiecca camMooOyueHHs. Ilostomy CPC gomkHa craTh 3 (QeKTHBHOH H IieleHaIIpaBIeHHOH pa-
OOTOH CTYIEHTA.

K coBpeMeHHOMY CITEI[HAIICTY OOINECTBO IIPedb ABISIET JOCTATOUYHO IMMHPOKHI IIEPEUYEHB
TpeOOBaHHH, CpeJH KOTOPBRIX HEMAJIOBAKHOE 3HAUEHHE HMEET HAIMYHE YV BBIITYCKHHKOB OITPEJIE-
JIEHHBIX CIIOCOOHOCTEN M YMEHHS CaMOCTOSTEIbHO JOOBIBATh 3HAHHMS M3 Pa3IHYHBIX HCTOYHH-
KOB, CHCTEMATH3HPOBRATh ITOJIY4EHHYIO HH()OPMAIHIO, JaBaTh OL[EHKY KOHKPETHOH (DHHAHCOBOM
cutyarii. GopMHpOBAaHHE TAKOT'O YMEHHS ITPOMCXOAHUT B TEUYEHHE BCErO IEpHOJa OOYUEHHS
yepes YYacTHe CTYIAEHTOB B IPAKTHUYECKHX 3aHSATHAX, BEIIOTHEHHE KOHTPOIBHBIX 3aJaHHH U Te-
CTOB, HaITHCAaHHE KYPCOBBIX H BBHITYCKHBIX KBaIH(PHKAI[HOHHBIX paboT. IIpH 3TOM caMoOCTOS-
TelbHas padoTa CTYASHTOB HIPAeT PEIAIOIYIO POJIb B X0/ BCEro YueOHOTO IIPOoIlecca.

Beavyias 1ens opraHmzalii H ocyinecTeiIeHnsI CPC IoiKHa COBIIAJaTh C LENIBIO 00Y-
YEHHS CTYAEHTa — ITOATOTOBKOH CIIEIHAINCTAa M OaKalaBpa ¢ BEICIIIMM oOpa3oBaHHeEM. IIpH op-
raamzanui CPC BaXXHBIM H HEOOXOIHMBIM YCIOBHEM CTAaHOBATCS (POPMHPOBAHHE YMEHHS CaMO-
CTOSATEIIBHON pabOoThI IS ITPHOOPEeTEHHS 3HAHHH, HABBIKOB M BO3MOKHOCTH OpraHH3aIHi yuel-
HOH M HAYYHOH JIESITEILHOCTH.

DOpMBI CAMOCTOSATENIBFHON PaldOoTHl CTYAEHTOR pa3zHOOOpasHEI. B COOTBETCTBHH ¢ pado-
YyeH IMPOrpaMMON IHCIMIUIMHEL IIPEeAYCMOTPEHEI CIEAVIOIHE BHALI CAMOCTOSATEIIBFHON PabOTH
CTYICHTA:

- CAMOCTOSTEIILHOE H3YUEHHE IIHTEPATYPHI,

- CAMOCTOATCIIBHOC PCIICHHE 3a/a'.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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3adauamu caMOCTOST eJIbHOI O H3YUEHHS JINTEPATYPHI SBIISTIOTC S

° yIIIyOIlIeHHE U pacIHpPeHHe TEOPETHYECKHX 3SHAHHIA,

° (popMHpOBaHHE YMeHHI HCIIOIh30BaTh HOPMAaTHBHYIO, ITPABOBYIO, CITPaBOYHYEO
JOKYMEHTAIIHIO H CIIELIHAJIbHVIO JINTEPATYPY,

o Pa3BHTHE ITO3HABATEILHBIX CITOCOOHOCTEH H AKTHBHOCTH CTYIEHTOB.

Ilens camocmoamensHozo peuteHus 3a0ay - OBIaJeHHE TTPOQeCCHOHATbHEIMH YMEHH SI-
MH H HaBBIKAMH JIeITe IbHOCTH IT0 PO IO OYAYIIEeH JIesITeIhbHOCTH.

3ad auamu caMOCTOST JIbHOI O PEIIEHHS 3a1ay SIBJLTFOTCAL:

o CHCTeMaTH3aIL[HI M 3aKpelUIeHHe ITOIYUEHHBIX TEOPETHYECKHX 3HAHMIT H ITPaKTH-
YeCKHX YMEHHI CTYIEHTOB,

o (pOpMHPOBAaHHE CAMOCTOSTEILHOCTH MBIIIUIEHHS, CIIOCOOHOCTEH K caMOpa3BH-
THIO, CAMOCOBEPIIEHCTBOBAHHIIO H CaMOpeaTH3al{HIH,

° Pa3BHTHE HCCIIeJ0BaTEIbCKHX YMEHHI.

Ilenvro camocmoamentbHOZ0 6bINOJIHEHUA KOHMPObHOI padomst 110 JTUCLIUIUIHHE SB-
IseTcsl OBNajJleHHe (pYHAaMeHTaIbHBIMH 3HAHISIMH, ITPO()EeCCHOHAIbHBIMH YMEHHSMH H HaBBI-
KaMH JIeSTeIbHOCTH 10 IIPOQHIIIO, OIBITOM TBOPUYECKOH, HCCIed0BaTEN b CKOH JIeTeIbHOCTH.

3a0 auamu JaHHOT O BHIA CAMOCTOSTEILHON PaOOTHI CTYIEHTA SBJISTFOTCSL:

o CHCTeMaTH3al[HI M 3aKpelUIeHHe ITOIVUEHHBIX TEOPETHYECKHX 3HAHHI H ITPaKTH-
YEeCKHX YMEHHIL CTYIEHTOB,

° VIIIyOIIeHHE H pacIlHpPeHHE TEOPETHYSCKIX 3HAHHI,

° (popMHpOBaHHE YMEHHH HCIIOIh30BaTh HOPMAaTHBHYIO, ITPABOBYIO, CITPaBOYHYEO
JOKYMEHTALIHIO H CIIEI[HATIbHVYIO IIHTEPaTypy,

o Pa3BHTHE IT03HABATEBHBEIX CITOCOOHOCTEN H aKTHBHOCTH CTYIAEHTOB. TBOPYECKOI
HHHIHATHBREL, CAMOCTOSTEIIbHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH,

o (pOpMHpPOBaHHE CAMOCTOSTEILHOCTH MBIIIUIEHHS, CIIOCOOHOCTEH K caMOpa3BH-
THIO, CAMOCOBEPINEHCTBOBAHHIO H CaMOpeaTH3al{HIH,

° Pa3BHTHE HCCIIeL0BATEIbCKHX YMEHHI,

° HCIIONIB30BaHHe MaTepHaina, COOpPaHHOIO H ITOIYYEHHOIO B XOJIe CaMOCTOSTENb-
HBIX 3aHATHH Ha CeEMHHapax, Ha ITPaKTHYeCKHX H 1a00paTOPHBIX 3aHATHSX, IIPH HAITMCAHIH KY]P-

COBOH padoOTHI.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO
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B pesynpraTe OCBOEHHSA JHCI[HIDIHHBEI (POPMHPYIOTCS CIIEAVIOMIHH IepeuyeHb ITIaHHpYe-

MBIX PC3VYJIbTATOB Gﬁ}"‘IEHI[}I II0 JHCIOIIIIHE, COOTHECEHHERIX C INIAHHPYCMBIMHI PC3VIIbTAaTaMI

OCBOEHHS 00pa30BaTEILHOH IIPOrPaMMBl:

Kom, popmynHpoBka KoMITe-
TEHI[HH

Kox, ¢hopMympoBKa HHIHKA-
TOpa

[ImannpyeMble pe3ylbTaThl
0OyUYeHHS 110 JHCIIHIUTHHE
(MOIYIIIO), XapaKTEPH3YIOIIHE
ATarbl () OPMHPOBAHI S KOMIIE-
TEHLIHIT, HHHKATOPOB

OIIK-4. CriocoOeH IIpHUMEHSTH
HeOOXOAHMEIE (PH3HYECKHE 3a-
KOHBI 1 MOJIETIH IS PEIIEHHT
3aJa4 IIPoQeCCHOHAIBHOH e -
TeIIbHOCTH

WUJI-1 omx4 3HATH: QH3HYE-
CKHe 3aKOHBI H MOJIEIH, He0O-

XOJHMBbIE IIPH PEIeHHH 3aa4
B IMpO()eCCHOHAILHOH JIe -
TEIIEHOCTH.

HNJ1-2 omm4 YMETE: ITpHMe-
HSTh HEOOXOJHUMBIE (PH3HYE-
CKIE 3aKOHBI H MOJIEIH JIJI
peIeHns 3aja4 ImpogeccHo-
HaIIbHOH JEATEIBHOCTH.

3HaeT OCHOBHBIE (PH3HYECKHE
SIBIIeHH I H 3aKOHBI MeXaHHKH,
3JIEKTPOTEXHHKH, TeTUIOTEX-
HHKH, OITHKH H SAePHOH (H-
3HKH H HX MaTeMaTHYeCKOe
OITHCAHHE, METO/bI aHaAIH3a
(PH3HYECKHX SBIeHHH B TeX-
HHYECKHX YCTPOHCTBAX H CH-
cTeMax,

YMeeT IIpHUMeHSITh (PH3HYE-
CKHE 3aKOHBI MEXaHHKH, MO-
TEKYIIIPHOH (PH3HKH, TepPMO-
JTHHAMHKH, 3IIEKTPHYECTBA H
MarHeTH3Ma I peIleHHsI TH-
TIOBBIX 3ajaY.

BrnajgeeT 3HaHHSIMH (pPH3HYE-
CKHX SIBJIEHHI, AJIeMEeHTapHBIX
OCHOB OITTHKH, KBAHTOBOH
MEXAHUKH M aTOMHOM (PH3HKH.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

102




Il.1an-rpadguK BbLINOJIHEHHA CAMOCTOAT eJIbHOH PadoThbI

OO6BeM YaCOB, B TOM YHCIIE
Koapl peammsy-
Cpeacrsa H KoHTakTHasa
eMBIX KOMIIE- Bua gesrermbsHOCTH
- TEXHOIIOTHH padoTta ¢
TEHIMI, HHJI- CTYIEHTOB CPC Bceero
OLIEHKH ITperoIaBa-
KaTopa(oB)
TelleM
1 cemecTp
CaMOCTOSTEIbHOE
OTTK -4 H3VUEHHE THTEPaTYPel | KOHCIIEKT 14,58 1,62 16,2
| 1mo TeMaM Nel-18
Al Tormes IlogroroBka K JIEKI[H-
-2 omx-4 .y KoHCcIIekT 2.43 0,27 2.7
[IogroToBKka K 1abdo- oTer 7.29 0.81 8.1
PATOPHBIM 3aHSTH M
Hroro 3a 1 cemecrtp: 24,3 2,7 27
[JOKYMEHT NMOANMUCAH

SNEKTPOHHOW NOAMUCHIO
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KﬂHTpﬂ.}IhHhIE TOYTKH H BHIbI OTHECTHOCTH ITO HHM

No B neSTelIbHOCTH CTYIAEHTOB CpokH KomuecTtBO
IT/T1 BEITIOJTHEHHS Oaios
1 cemectp

1. JlaGopaTtopHas padora Ne 4 0 Hexemnsd 25
. JlaGoparopHas padora Ne 10 10 Heqens 15
3. JlaGopatopHas padora Ne 17 16 Heqlens 15
Hroro 3a 1 cemectp 55
Hroro 55

MaxcHMaIbHO BO3MOJKHBIH Oalll 3a Bech TEK}*’H.[Hﬁ KOHTPOJIb YCTAHABJIHBACTCAH PAaBHBIM

55. TEI{}*'H_[EE KOHTPOJIbHOC MEPOIIPHATHE CHIITACTCH CAaHHBIM, CCIIM CTVIACHT IIOIIVHIII 34 HCTO

He MeHee 00% OT YCTaHOBIEHHOI'O JJIS 3TOr0 KOHTPOIS MaKCHMalIbHOro Oamina. PEHTHHIOBBIH

63.11]1:. BBICTABILSIEMBIH CIVACHTY 3d TCKYHICC KOHTPOJIbHOC MEPOIIPHATHE, CAdHHOC CTYACHTOM B

yCTaHOBJIEHHBIE I'Pa(PHKOM KOHTPOJIBHBIX MEPOIIPHATHIT CPOKH, OIpeJeseTcs CIIeQyIOIHM 00-

pPa3oM:

YPIDEEI{B BBEIIOIIHCHHA KOHTPOJIBHOI O

PeirtiHroBEIN 0aim1 (B % OT MaKCHMAaJILHOI O Oarl-

3aJ1aHHU S IIa_3a KOHTPOJIBHOE 3a/IaHHE)
OTIIHMYHBIH 100
XOPOIIHIH 30
Y IOBJIETBOPHT EJILHEI 60
HevynoBaeTBOPUTEIBHEII 0
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MeTtomueckne PEKOMERIANNN IO NH3YUCHHIO TCOPETHYIECKOI'0O MAaTEepHaAJIA

CaMocTosTelIbHAA padoTa CTYAeHTa HAaUHMHAETCS ¢ BHUMATEJIbHOI'O O3HAKOMIIEHHS C CO-
IepKaHHeM yueOGHOr 0 Kypca.

M3ydeHHe KaKIOH TEMEBI CIIEAYET HAUHHATh C BHUMATEIIPHOI O O3HAKOMIIEHHS ¢ HabOpoM
BOIIPOCOB. OHH OPHEHTHPYIOT CTYAEHTA, ITOKA3BIBAIOT, YTO OH JOIDKEH 3HATh IO JaHHOH TeME.
Borpocel TeMBl KaK OBl HAaKIaABRIBAIOTCS Ha COOTBETCTBVIOIIYIO IJIaBY M30paHHOro yucOHIKa
HIH yu4eOHOro rmocodus. B urore JOMKHO OBITH SICHBIM, KAKHE BOITPOCKHL TEMBI YUeOHOI0 Kypca H
C KaKOH I'TTYOHHOH PacKPHITEI B KOHKPETHOM Y4eOHOM MaTepHaie, a KaKHe BOOOIIE OITYIIEHEL.
Tpebyercsa TBOPUECKOE OTHOIIEHHE H K CaMOMY COAEPKAHHIO JHCIIHITIIHHEI.

BOITpOCEL, COCTABILIONTHE €€ COJEpKaHHe, O0IaJar0T PasHOH CTEIIEHBIO BaXKHOCTH. ECTh
BOITPOCHI, BBIOTOTHSIONIHE (PYHKIHIO JTOTHYeCKOH CBSI3KH COAep’KaHHSI TeMBl H BCero Kypca,
HMEIOTCS BOIIPOCH! OITHCATEIIFHOIO WIH Pa3zbsACHHTEIIFHOIO XapaKTepa, a TaKKe HCTOPHYECKOIO
B3KCKypca B 00IacTh HM3y4YaeMOH AHCIHIUIMHBL. BCe 3TH BOIIPOCH HE COCTABJISIFOT CYTH IIOHS-
THHHOI'O, KOHIIENITYAJIBHOI'O COAEPKaHHS TEMBI, HO HEOOXOIMMBI IS IETOCTHOIO BOCIIPHATHS
H3YYAEMBIX ITPOOIIEM.

HM3yyaeMass QUCIMIUIMHA HMEET CBOH KaTeTr OpHaIbHO-TIOHSATHIHEBLIN armiapar. HayuHble
IIOHSTHSA — 5TO Ta 0aza, Ha KOTOPOH CTPOHTCS Kaxkias HayKa. IIOHSATHS — VY3IIOBBEIE, OIIOPHEIE
ITYHKTHI KaK HAYYHOI'0, TaK H YUYeOHOI0 ITO3HAHHS, JIOTHUYECKHE CTVIIEHH JBIKEHHSI B yuebe OT
IIPOCTOrO K CIIOKHOMY, OT SIBIIEHHS K CYIIIHOCTH. be3 SICHOrO ITOHMMAHHS ITOHATHH yyeba KparHe
3aTPYAHSETCS, 4 COAEPKAHHE IIPHOOPETEHHBIX 3HAHHI CTAHOBHTCS TYCKIIBIM, PacCIl/IBIBYATHIM.

CTyIeHT OOIDKEH IIOHHMAaTh, YTO CAMOCTOSTEIBLHOE OBIAJEHHE 3HAHHAMH SBJISIETCS
TJIaBHBEIM, OIPEAEILIFOINM. BEICIIas IIKOIa CO3MaeT AJISL 3TOr0 HEOOXOMHMMEIE YCIIOBHSL, ITIOMOra-
eT Oy YIIEMY BBICOKOKBATH()HIHPOBAHHOMY CIIEI[HAIIMCTY OBJIAJeTh TEXHOIIOTHEH CaMOCTOS-
TEIIBHOI'O IIPON3BOACTBA 3HAHHI.

B camocrogrensHOH pabore CTYAEHTAM IIPHXOAHTCS HCIIONB30BATh JINTEPATYPY pasiiHy-
HBIX BHJIOB: IIEPBOHCTOYHHKH, MOHOrpa()HH, Hay4yHble COOPHHKH, XPecTOMAaTHH, Y4eOHHKH,
yueOHBIe TTOCOOHS, XKYpHaIel H Ap. M3yueHHe Kypca IIpeArionaracT 3HaKOMCTBO CTYAEHTOB C
OoJBIIM 00BEMOM HAVUHOH M YUeOHOH JTHTEPaTYpPEl, UTO, B CBOIO OUepedb, ITOPOKIAAET HEOO-
XOMHMOCTE BEIPAOOTKH Y HHX PAallHOHAJIbHO-KPHTHYECKOI'O ITOAX0Aa K H3YYaeMBIM HCTOYHHKAM.

YTOoOH HE «YTOHYTH» B OTPOMHOM O0BEME PEKOMEHIOBAHHBIX eMY UL H3YUYEeHHSI HCTOY-
HHKOB, CTYJEHT, IIPEXK]IE BCErO, JOIDKEH HAVUHTHCS ITPABWIBHO HX YHTATh. IIpaBIIIbEHOE YTEHHE
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[IpempapHTEeNbHBIH ITPOCMOTP KHHIHM BKIFOYAeT O3HAKOMIIEHHE C THTVYIILHBEIM JIHCTOM
KHITH, aHHOTAI[MeH, IIPeaUCIIOBUEM, OITIaBIeHHEM. [IpH O3HAKOMIIEHHMH C OITIaBJIEHHEM HeoO0-
XOJIMMO BBIJEIINTE Pa3eiibl, ITIaBbl, ITaparpadsl, IIpeJcTaBILIOINHE AJI1 Bac HHTepec, Oermo HX
IIPOCMOTPETh, HANTH MecTa, OTHOCSIIHecs K TeMe (a03al[bl, CTpaHHIIbL, ITaparpadpbl), H IIO3HAKO-
MHUTBLCS ¢ HUMH B OOIIHMX YepTax.

HayuHbie H31aHHI COIMPOBOKIAIOTCS Pa3THYHBIMH BCIIOMOraTe IbHEIMH MaTepHalIaMH —
HaYUYHBIM aIlapaTroM, II03TOMY Ba’KHO 3HATh, M3 KaKIX OCHOBHEIX 3JIEMEHTOB OH COCTOHT, KaKO-
BBI €I'0 (D YHKIIHH.

3HAaKOMCTBO C KHHI'OH JIYUIIlE BCEIO HAUMHATL ¢ M3YUYEHHS aHHOTAI[MH — KPaTKOH Xa-
PAKTEPHCTHKH KHHIH, PaCKpBLIBAIOIIEH €€ COAepKaHNe, HICHHVIO, TEMAaTHYECKYIO H KaHPOBVYIO
HAaIIPaBJIEHHOCTh, CBEIeHHS 00 aBTOpPE, Ha3sHAUeHHE H APYIHe O0COOeHHOCTH. AHHOTAI[HI ITOMO-
TacT COCTAaBUTE IIpeJBapHTEIIbHOE MHEHHE O KHIITE.

['myGxe IMOHATE COoAep KaHIe KHHTH IT03BOILSIIOT BCTYIIHTEILHAS CTaThs, B KOTOPOH JTacT-
CsI OLIEHKA COJlepsKaHHSI KHHITH, 3aTparHBaeMOH B Hel ITpoOIeMaTHKH, COAEePKHTCS HH()OPMAIHS
O KH3HEHHOH H TBOPYECKOH OHOrpa()HH aBTOpa, BHICKA3BIBAKOTCH ITOJIEMHYECKHE 3aMeYaHHS,
PA3BACHSIOTCS OTJEIbHBIE IMOJIOKEHHNS KHHIH, HAIOTCId KOMMEHTapHH M T.I. BOT mouyemMmy 3Ha-
KOMCTBO C BCTYIIMTEJILHOH CTaTheH IIPEICTABIIAETCS OUYeHb BaKHBIM. OHO ITOMOTaeT CTVAEHTY
COPHEHTHPOBAThCSA B TEKCTE PAabOTHL, OOpaTHTE BHHMAHHE Ha €€ HauOollee I[EHHBIE H BaXKHBIE
pa3eIbl.

Toit e LenH COMEHCTBYET 3HAKOMCTBO C OITIABIEHHEM, ITPEIHCIIOBHEM, ITOCIIECIIOBHEM.
BecpMa Imone3HsIMH 3JIEMEHTAMH HAYYHOTO allllapaTra SBISIOTCS CHOCKH, KOMMEHTapHH, Talm-
I[bI, TpapHKI, CIHCKH IHTepaTyphl. OHH He TOJBKO WIIIOCTPHPYIOT OTAEIBHEIE ITOIOKEHHS
KHHTH HJIH CTaThH, HO H CaMH IT0 ce0e SBIIIIOTCS JOIOIHHUTEIBHBIM HCTOYHHKOM HH() OpMAL{HI
IULST YHTATENIS.

Ecinu uynrares 3aHHTepecoBajia KakKas-TO BhICKa3aHHAs aBTOPOM MBICIIb, He HaIleIIas
ITOAPOOHOI0 OCBEIEHHS B JAHHOM HCTOYHHKE, OH MOKET OOpaTHThHCA K TEeKCTY HCTOYHHKA,
YIIOMHHAEMOI'O B CHOCKE, THOO K HCTOUYHHKY, KOTOPBIH OH MOKET HANTH B CIIMCKE JINTEPaTypPHL,
PEKOMEHJOBAHHOH aBTOPOM IS CAMOCTOSATEIILHOI O H3YUEHHA.

CyIIeCTBYeT HECKOIBKO (POPM BEJEeHH S 3aITHCEH:

— IUTaH (IIpOCTOH H pa3BepHYTHIH) — HanOolIee KpaTKas (popMa 3aIHCcH IIPOYHTaHHOTO,
ITPEACTABILIIONIASA COOOH IEpeUYeHh BOIIPOCOB, pacCMaTPHBAEMBIX B KHHUIE HIIH cTaThe. PasBep-
HYTBIH IUIAH IIPeACTaBIsIeT coOOH Oofiee IMOAPOOHYIO 3aIlHCh IIPOYHTAHHOIO, ¢ JAeTalH3aleH
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— Te3HCHl — KPaTKO C(OPMYIHPOBAHHBIE ITOTO0KEeHHS, OCHOBHBIE IMONNOXEHHS KHHTH,
craThH. Kak ITpaBHIIO, T€3HCHI COCTABILIEIOTCS ITOCIIE IIPEABAPHTEIIbHOIO 3HAKOMCTBA C TEKCTOM
HCTOYHHKA, IIPH €ro ITOBTOPHOM ITPOYTeHHH. OHH ITOMOraroT 3alIOMHHTh H CHCTEMATH3HPOBATh
HH(OPMAIIHIO.

CocTaBjIeHHE KOHCIIEKTOB

Bombmryto poilb B YCBOSHHH M ITIOBTOPEHHH MPOMHISHHOr0 MaTepHada HrpaeT XOPOIIIHit
KOHCITEKT, COAep Kalliii OCHOBHBIE HAEH IIPOYHTAHHOIO B YUeOHHKE H YCIIBIIIAHHOTO B JIEKITHH.
KoHCIeKT — 3T0, TI0 CYIIEeCTBY, HAOPOCOK, pa3BEPHYTHIH IIaH CBSI3HOI'O paccKasa IT0 OCHOBHBIM
BOITPOCAM TEMBEI.

B Kakoii-TO Mepe KOHCIIEKT paccYHTaH (B 3aBHCHMOCTH OT HHIHBHYaIbHBEIX 0COOEeHHO-
CTell CTyAeHTa) He TOIIbKO Ha HHTEIUIEKTYaJIbHYIO H SMOI[HOHAIIBHYIO, HO H Ha 3PHTEIBHYIO I1a-
MSITE, TIPHUEM TeKCT KOHCIIEKTa HepeJKO acCOI[HHUPYETCS ellle H ¢ TeKCTOM yYueOHHKA HIIH 3alli-
ChIO NIeKIHH. [ToaToMy erde 3alioMHHAETCS COACpIKaHHE KOHCIIEKTOB, HAITHCAaHHBIX pa30opy-
BO, C ITOMYEPKHBAaHHEM HJIH BBIJIETIEHHEM Pa3psIAKOH KITFOUEBBIX CIIOB H (ppas.

CaMOCTOATEIbHO H3Y4YeHHBIE TeMBI ITPeJOCTABIISIOTCS IIpellojlaBaTer0 B (hOopMe KOH-
CIIeKTa, IT0 KOTOPOMY IIPOHCXOIHT coOecefoBaHHe. TeopeTHUYeCKHe TeMbl Kypca (OTAelbHBIE

EG]'[IJGGBI): BEIHOCHMBIC Hd CaMOCTOATCIJIbHOC H3VUCHIC, ITPCACTABIICHEI HHYKE.
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