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CepTtudumkar:
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ComepKaHHE

BeeneHie

[lems 1 3amgau H3YYeHH S JUCIMIUIHHEI
OO6opyaoBaHHE U MaTepHAIIBI
HarmveHoBaHMe 1a00paTopHEIX padoT
CopxepxaHie 1ad0opaTOpHBIX padoT

JlaGopaTtopHass pabora Ne 1. OOpaGoTka pe3yIbTaToB (PH3HYECKOIO HKC-
IepuMeHTa. M3ydeHne IBHKEHH S Tela OpOIIEHHOTO II0JT YITIOM K TOPH30HTY
JlaGopaTtopHasg padora Ne 2. M3yueHHe 3aKOHOB JHHAMHKH ITOCTYIIATEIILHOIO H
BpaIaTEIbHOIO ABHKEHHI ¢ TIOMOIIBIO MaIlMHBI ATBY 1A

JlaGoparopHasa padora Ne3. OrnpefeneHHe CKOPOCTH IIOJIETA ITYIIH C ITOMOINBIO
(pH3HYECKOTrO MasTHHKA

JlabopatopHasa g pabora Neod. OrnpeneneHue nepHoja KojleOaHHI (PH3HUYECKOIO
MasITHHKA

JlaGopaTopHas padora NeS. OrnpejeneHHe K03 (pHIMEeHTa BHYTPeHHETO TPeHH
KHIKOCTH METOOM ITaaroIero mapHka (Metofx CTokca).

JlaboparopHas pabdora NeO. OrpefeneHHe OTHOINEHHS YIEIBHBIX TEIUIOEMKO-
CTEHN BO3QyXa MeTOJIOM aaHabaTHYECKOIO PACIIHPEHIS

JlaGopaTtopHag padora Ne/. HM3yueHHe 3IEKTPOCTATHYECKOTO IO .

JlaGoparopHasa pabora Ne8. MsMmepeHHE COIPOTHBIEHHSI C IIOMOIIBIK MOCTa
YHUTCTOHA

JlaboparopHasg padora Ne9. HMccnegoraHne 3JIeKTPHUYECKOH I[EIH ITOCTOSHHOIO
TOKa

JlaboparopHas padora Nel0. M3yueHHe SBIEHHS SIIEKTPOMATrHHTHOH HHIYKITHH.

JlabGoparopHas padora Nell. OnpeneneHne ropH30HTAIBHOH COCTABJISFOIIEH HH-
IYKIIHH MarHHUTHOT'O ITOJISI 3EMITH

JlaGopaTtopHasg padora Nel2. MccrnegoBaHie KojebaHHUH B IIPOCTOM KoeOaTeb -
HOM KOHTYPE

JlaGoparopHasa padora Nel3. MsmepeHHe IIIHMHBI CBETOBOH BOJIHBI C ITOMOIIBIO
TH(PPaKIIHOHHOH PEMIETKH.

JlaboparopHas padora Neol4. U3yueHne BHenIHero poTo3dekra.

JlaGoparopHas padora NelS. M3yueHHe sHEPreTHYECKOI O CIIEKTPa 3JIEKTPOHOB.

JlabGoparopHas padora Nel6. M3yueHHe KOCMIUECKOrO H3TYYSHHS.
JlaboparopHas padora Nel7. [IpoBepka 3akoHa Marroca.

Y4yeOHO-MeTOAHYECKOE H HH( OpMAITHOHHOE 00ecIieYeHHe JHCIUIUTIHEI
IlepeueHsr OCHOBHOH H JIOITOIHHUTEIFHOH JIMTEPATYPRI, HEOOXOAHMOH IS OCBOE-

HIA JHCITHIUIHHBI

LI

U HOKYMEHT AOAAWGAR 7717 0T TT2UeHHA CaMOCTOATENbHOH PaGoTHL 00Y-
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BreneHne

JlaGopaTopHEIE 3aHSATHS CO3JAI0T OITHMAJIbHBIE JUAAKTHYECKHE YCIOBHS IJIS JESTEND -
HOCTHOI'O OCBOEHMS CTYAEHTAMH COIepPKaHHI H METOJOIOITHH H3YYaeMOH JTHCIIHIIIMHBL « DH3H -
Ka», HCIIOIb30BAHHE CIIEIHAIFHOI O J1a00PpaTOpHOro 000PYAOBAHNS H TEXHHYECKHX CpeICcTB. Jla-
OOpaTOpHBIE 3aHATHS 3aHHMAIOT ITPEHMYIINEeCTBEHHOE MECTO ITPH H3YYeHHH OOIIenpodecCHO-
HaJIbHBIX M IIPO(PeCCHOHAIBHEIX JUCIMIUINH. JIaGopaTOpHEIE 3aHATHS ITPOBOISTCS C LIEIBIO BEHI-
pabOTKH IMpaKTHYeCKHX YMEHHI H IIPHOOPETEHN I HABLIKOB B PEIIEHHH SKCIIEPHMEHTHBIX 3a/1ay,
OTPabOTKH YIIPaXHEHHH, BBITIOIHEHHH YePTEXKeH, IIPOU3BOACTBE PACUYETOB M T.II.

[{enpro maboOpaTOPHBIX 3aHATHH SBIISETCS (pOpPMHPOBaHHE ITPaKTHYECKHX YMeHHH — ITPO-
(peCCHOHAIIPHBIX (BBITOIHATh ONpeJelIEHHBIE ASHCTBHS, OINEpallHi, HEOOXOAHNMBIE B ITOCIIENY -
IOMIEM B IPOQ)eCCHOHAIBHOH JeSTEIbHOCTH) WIH Y4YeOHBIX, HEOOXOAHMMBIX B IIOCIENYIOIIEH
yue OHOH JESTEIbHOCTH IT0 OOIIEIPO(d e CCHOHAIBHEIM H ITPO(J) € CCHOHAILHBIM JTHCI[HIUIHHAM.

BuGmmorpadryeckiii CIMCOK COAEPKHT CBEAECHHS O CIIPAaBOYHOH JIHTEpaType H JOMOIN-

HHTCIIbHBIX H3dAHHAX, HS OOXOJHMBIX IS YIIIY OJIEHHOI'O H3YVUCHITA OTACIIBHBIX BOITPOCOB.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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1. Ilens u 3a0 auu u3yueHus OUCUUNIUHBL

[{enpr0 OCBOEHHUS JUCIIIIHHEL « DH3HKa» SBISETCS (DOPMHPOBAHHE Y CTYASHTOB KOMIIE-
TEHIMI TTO3BOMISIOIIIIT BEIPpaO0TaTh HABEIKH (PH3HYECKHX HCCIeJOBAHHMIL B cpepaxX akaJeMHye-
CKOIH, IMpod ecCHOHAILHOH H O0IeHaYYHOH JIeSTelIbHOCTH.

3agaur OCBOeHHST JHCI[UIDIHHEI:

— H3YHUCEHHC 3dKOHOE OKPYXKAIOIICIO MHPA B HX B3aHMOCBA3H,

— OBJIAaJcHHE (pYHAAMEHTAIPHBIMH IIPHHIIMIIAMHA H METOJAaMH PEIIeHHSI HayYHO-TEXHHYECKHX
3aad;

— (OpMHpOBaHHE HABBHIKOB II0 IIPHMEHEHHIO IIONOKEHHH (PyHAAMeHTAIbHOH (PH3HKH K
IPaMOTHOMY HAayYHOMY aHAJIH3y CHTYalHi, ¢ KOTOPBIMH HH)XEHEpPY ITPHXOIHTCS CTal-
KHBAThCS IIPH CO3JaHHH HOBBIX TEXHOIIOTHIA,

— QOCBOCHHE OCHOBHBIX QJIIBIIIIECIGIX TEDPI]IUI:. INO3BOJEAIOIIIIX OITHCATE ABJIICHHA B ITPHPOAC, H
IMpEAcIOB ITPHMEHHMOCTH 3THX TEGpHﬁ A1 PEHICHITA COBPEMEHHBIX H IICPCIICKTHBHBIX TCX-
HOJIOTHYESCEKIX 3a4.

2. ObopyooeaHite u mamepuaisl

JlaGopatopHeIH cTeH « CkaMbs JKyKoBckoroy. JJaGoparopHein cTeH « MarmHa ATByaay». Jla-
OopaTopHEIN cTeH « MagTHHK Makceesmray. Habop JeMOHCTpallmOHHBIN «MeXaHHYeCKHe SBIIE-
HisT». HaGop mabopaTopHeIi «MexaHHKa» (pacIIMpeHHBIH ).
Bechl TeXHIIeCcKIe HaCTONBHBIE C pa3sHOBECAMH JeMOHCTPAIMOHHEIN. Habop JeMOHCTpaI[HOH-
HBIH « J[HHaMIIKa BpallaTeIbHOr O ABHKEHHS». Tpyoka HeroToHa. Habop gjeMOHCTpaI OHHEIH
«]'a30BBIE 3aKOHBI H CBOHCTBA HACKIIIEHHBIX ITapoB». Habop JeMOHCTpaliHOHHBIN « MOIeKyIIsp-
Hasl (DH3HKaA M TETUIOBBIE SBIEHISDY. HaOop JeMOHCTpaIHOHHEIH « 3BYKOBEIE KOJIeOaHHS H BOJI-
HBI». Habop AeMOHCTpAIMOHHEI « /[HHaMIIKa BpallaTeIbHOr O ABHKeHILT. Habop meMoHcTpa-
ITHOHHBIH «] a30BBIE€ 3aKOHBI H CBONCTBA HACBIIEHHEIX ITapoBy» . Habop JeMOHCTpaIiOHHBIH
«MomnexyisipHas (pH3HKa H TEIIOBBIE SBIECHISD) .

Komrmnekt yueGHOH MeOe .

3. Haumenosanue npakmuueckux paoom

M3 HIIX TIpakTHYEe-
No TeMrI HanmMeHOBaHHEe TeM JHCIMIUIMHEBI, HX KpPaTKOe O0BeM
CKas ITOJATrOTOBKA,
TTUCITHUIDTHHBI CoJlep KaHHE JACOB
JacoB
1 cemecTp

NabopartopHan pabora N2 1. ObpaboTka
pe3ynbTatoB GU3NYECKOTo IKCNepUMEHTa.
N3yuyeHne aBmKeHua Tena bpoweHHoro noa
YIIOM K TOPU3OHTY.

NOKYMEHT MOAMUCAH 0 U rpadunye-
SNEKTPOHHOW NMOAMUCHIO |
Ceptucbukar:  12000002A633E3D113AD425FB50002000002A6 FHTA/IbHbIX
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NabopartopHan pabora Ne 2. N3yyeHune
3aKOHOB AMHAMMKM NOCTYNaTeNbHOro U
BpaLLaTeIbHOro ABUMEHWUI C NOMOLLBIO MaLLn-
Hbl ATBYyAa.

[TpoBepKa 3aKOHOB NOCTYNaTeIbHOTO ABUKe-
HWUA C NTOMOLLbK MaLIMHbI ATBYAa.

1,5

NaboparopHana pabota Ne3. OnpeaeneHue
CKOPOCTM NoseTa Nyam ¢ NoMmoLbio pusnde-

3 CKOro MaATHMKa.

Hayunthscs olmpeeisars CKOPOCTh ITOJIETa ITYIIH
C IIOMOIIBIO (PH3HYECKOTO MAsITHHKA.

1,5

NaboparopHana a paborta N24, OnpepeneHue
nepuoaa KonebaHmm puanyeckoro maaTHUKa.
OnpeneneHHe CKOPOCTH IIONETA ITYIIH ¢ TIOMO-
IHIO (PH3HYECKOr0 MasTHHKA.

1,5

NabopartopHana pabota Ne5. OnpeaeneHue
KoadpdnUMeHTa BHYTPEHHEro TPeHUA XNAKO-
CTWU MeTO4O0M NagaloWero Wwapuka (metoa
CtoKca).

[To3HaKOMHTBCS ¢ METOJIOM H3MEPEHHS BS3KO-
CTH KHIKOMH CPeJIbL.

1,5

NlaboparopHana paborta N26. OnpeageneHue oT-
HOLWEHMA yaeNbHbIX TENA0EMKOCTEN BO3AyXa
MeToA0M aanabaTtnyecKkoro paclmpeHms.
M3y4ulTh ra30BbI€ 3aKOHEI, IIEPBBIH 3aKOH TEP-
0 MOIHHAMHKH H ITOHATHE TEIUIOEMKOCTH. OIIpe-
IEIHTh OTHOIIIEHHE TEITIOEMKOCTEH BO3IyXa
ITPH ITOCTOSHHOM JIARIIEHHH H ITOCTOSHHOM

o6beMe (koaprameHT IIyaccoHa) B YCIIOBHSX,
OJIM3KHX K HOPMaJIbHBIM.

1,5

NaboparopHan pabora Ne7. M3y4yeHune anekx-

TPOCTATMHECKOTO MNOANA.

7 HB}"‘IEHIIE NIEKTPOCTATHYCCKOI'O ITOJIA, ITO-
CTPOCHHC SKBIHITOTCHITHAJIbHBIX HGEEPKHGCTEﬁ
TTOIIA.

1,5

NaboparopHana pabota Ne8. N3mepeHune
CONPOTUBAEHMA C NOMOLLBIO MOCTa YUTCTOHaA.
[{enpro paboThI SBIISIETCS H3YUEHIE METO/IA

8 H3MePeHHS COIIPOTHRIIEHISI IIPOBOIHHKOB C
TIOMOIIEI0 MOCTOBOH CXEMEI H OIIpe/ielIcHHE
yJIEIIbHOI'O COMMPOTHBIIEHHS MaTepHala IIpo-
BOIHHKA.

1,5

NlabopartopHan pabota N29. MccneposaHue

HJ'IEHT[.‘JH'-IECHDH LHernM NOCTOAHHOIO TOKA.

9 HB}"‘IEI—HIE 3dBHCHMOCTH CHJIBI TOKd., HAITPAZKC-
HIA, TTOJIHOM ITOJIE3HOH MOIIHOCTH M K.IT.JI. HC-
AOKYMEHT NOANMMCAH 3KI.

1,5

SNEKTPOHHOW NOAMUCHIO 1eHue sB/e-
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6 |

Bnapeneuy; lLebayxoea TateaHa AnekcaHapoBHa 1.
O3HH-

1,5
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KalOIHX ITPH ABJICHHI BHEI{TPGMHI‘HHTHDﬁ HH-

JTYKITHH.

11

NaboparopHana pabota Nell. Onpegenerue
rOPU30OHTANILHOW COCTaBAAIOLWEN UHAYKLUNN
MarHUTHOro NonA 3emnu.

OnpeneneHHe TOPH30HTAILHOH COCTABRIISIOIIEH
HHTYKIMH MarHUTHOT'O ITOJIS 3EMITH.

1,5

12

NaboparopHana pabota N2el2. NccnepgoBaHue
KonebaHUM B NPOCTOM KonebaTteNbHOM KOHTY-

pe.
M3ydeHne 3aTyxarox 3IIeKTPHYECKHX KO-

nebaHi KomebaTeIbHOM KOHTVPE.

1,5

13

NaboparopHana pabota N2l13. N3mepeHune onn-
Hbl CBETOBOW BOJ/IHbI C NOMOLLBIO ANPPAKLNOH-
HOWM peLeETKMN.

[To3HaKOMHTCS ¢ SBIeHHEM JTH(PaKIHH CBeTa

B MMapaUIeIbHBIX Ty4Yax JH(PaKIHOHHOH
pPEelIeTKH.

1,5

14

NabopartopHana paboTta Nel4. N3yyeHUe BHeLU-
Hero ¢otoadpdekKra.

N3yueHne ABNeHUA SNeKTPOHHOIO BHELHero
doToaddekrTa.

1,5

15

NlabopartopHan pabora Ne15. M3yyeHune

IHEPreTUYecKoro CNeKTpa 3/1IeKTPOHOB.
OrpefeneHHe JUIHHBI ITpo0era 3lIeMeHTaPHBIX
JACTHII B BO3yXe IIPH aTMOC(EPHOM JaBIIe-
HHH H OITpeJIe]IEHHE MaKCHMAaIbHOM SHEPrHH
OeTa-yacTHI IIPH ITOMOIIH MeTOJa ITOITIOIE-
HH 5L

1,5

16

NlabopatopHan pabora N216. M3yyeHne Koc-
MMUYECKOro U3Ny4eHus.

OnpeneneHne BeNN4NUHbI U MHTEHCUBHOCTM
KOCMWYECKOro U3ny4yeHus.

1,5

17

NabopartopHan pabota Nel7. [lpoBepKa 3aKo-

Ha Mantoca.
I IpoBEpHTE BHIITOIMHEHHE 3aKOHA Majmroca.

1,5

18

NabopartopHan pabora N218. M3yyeHue

HEPreTUYecKoro 3NeKTPOHHOIo CNeKTpa.
OrpefeneHHe JUIHHBI ITpo0era 3lIeMeHTaPHBIX
JACTHII B BO3yXe IIPH aTMOC(EPHOM JaBIIe-
HHH H OITpeJIe]IEHHE MaKCHMAaIbHOM SHEPrHH
OeTa-yacTHII IIPH ITOMOIIH MeTOJa ITOITIOIE-
HH L

1.5

Hrtoro 3a 1 cemectp

27

Hrtoro

27

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO
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4. Cooepacarue 1adopamopHslx pad om

JladbopaTopnas padora Ne 1

Tema padoomsi. OOpadoTKa pe3yJbTaroB (H3HYECKOro SKcnepuMeHTa. H3ydeHHe
JBIKEHH A TeJ1a, OPOIIIeHHOr 0 Mo/ YIJIOM K FOPH30HTY.

Ilens padbompr. N13yunTh MeTOABI KOITHYECTBEHHOTO H I'Pa(pHUECKOro IPeICTaBIECHHS SKC-
MEPHCMEHTAJIbHEIX Pe3yIbTaToB. [IOATBEPIHTE Ha OIBITE CIIPaBEJJIMBOCTE (DOPMYI KHHEMA-
THKH.

T eopemuieckdn uacmsos.

Kiaccupukanusa norpeiHocTen

HcrurHOe 3HadYeHHe (DPH3HYECKOH BEMHMYHHBI aOCOIMIOTHO TOYHO ONPEEIHTh HEelb3S.
[Ipn m3MepeHHSIX (PH3HYECKHX BEJIHYHH IO JeHCTBHEM CaMBIX pa3zHOOOPa3HBIX ITPHYHH BO3HH -
KalOT noepeuirHocmu W3MEPEHII. Bce MOTrpeIHOCTH MPHHSATO PasAellaTh Ha cichmemamudeckue,
cayuaiinvie v npomaxiu (OIHOKH).

Cucmemamudeckoili Ha3bIBAIOT TAaKVIO ITOrPEIHOCTh, KOTOPas OCTAETCS ITOCTOSHHOIM
IUIH 3aKOHOMEPHO H3MEHSETCS IIPH ITOBTOPHEIX H3MEPEHNSIX OJHOH H TOH K& BEIHYHHEI. Takwue
IO PEIMHOCTH ITOSIBIISFOTCS BCIEACTBHE HEHCIIPABHOCTH IIPHOOPOB, HETOUYHOCTH METOJa HCCIIE -
IOBAHMS, KaKHX-THOO VITVIIEHHI 3KCIIEPHUMEHTATOPA, a TaKKe ITPH HCIIOIb30BaHNH JJISI BEIYIC -
JIEHHH HETOYHBIX 3aBHCHMOCTEH ((pOpMYyII), KOHCTAHT H T.JI.

Cayuaiinoii Ha3BIBAETCS IIOIPEINMHOCTh, KOTOPas BBIZLIBACTCS JIEHCTBHEM HE IIOJ-
TAIOIMXCS KOHTPOIIIO MHOTOYHCIIEHHBIX, HE3aBHCHMBIX APYT OT JApyra (pakTOpoB. 3HAUYCHHE
CIIYYAHHOH IIOrPEMHOCTH KOIedIeTcs OT OJHOIO H3MEPEHH I K IPYTOMY, UTO JIENAET HEBO3MOK -
HEIM TOYHOE IIPEJCKa3aHHe pes3yiabTaTa B KaXJIOM OTIECIBPHOM HM3MepeHHH. OIHAKO IIpH
PaCCMOTPEHHMH TIOBTOPHBIX H3MEPEHHH OOHApPYKHUBAETCS XapakTepHasd 3aKOHOMEPHOCTE
PE3YIIBTATOB, UX OIPENIEIIEHHAS YCTOMYHBOCTh, KOTOPAs H CIYVKHT OCHOBOH JJII MaTeMaTHYeE -
CKOIH 00pabOTKH OIBITHRIX JaHHBIX, BEIUHCIIEHHS CIIYYAHHBIX TTOTPEIIHOCTEH.

IIpomaxom WIH ouirtbxoii Ha3bIBAIOT TaKYyIO ITOTPEITHOCTh H3MEPEHHS, KOTOpasi OKa3bl-
BACTCS 3HAYHUTEIILHO OOJIBINE OKHIaeMOH IIPH JaHHBIX YCIOBHAX. O1mOKa o0sa3aTeIbHO JOKHA
OBITh HCKIIFOUEHA M3 PE3YIIbTaTOB H3MEPEHHH.

Onpegeienne NOrpeniHOCTeH NPH NPAMbBIX H3MepP eHH AX

Hpﬂubwu HA3bIBAIOT TAKHC H3MCPCHIA, ITPH KOTOPBIX (bHBHIIEGI{EIH BCIIMYHHA H3MCPA-
€TCA HCITOCPSACTBEHHO IIPH ITOMOIITH ]’[p]?[ﬁﬂpﬂ.

H}"CTL X — IeHCTBHTEIIbHOE 3HAaUeHHE HBMEPHEMGﬁ BEJIIHYHHEBI, 4 X — ITOKA34HIA l’[pHﬁG-
pa. AOCOMOTHOH IIOI'PCIIHOCTBIO HA3BIBACTCA BCIIHYIHHA

Ax] = |, —
- (1)

TouHOCTB H3MCEPCHHA XaPaKTCPH3YCTCA OTHOIICHHCM aOCOMIOTHOH ITOI'PEOIHOCTH K

,[[EﬁCTEIITEHLHDIﬁJ}" SHaAYCHHIO HBMEPHEMDﬁ BEIIMYHHEBI

| Ax|
p=i
[OKYMEHT NOANWCAH
SNEKTPOHHOW MOAMUCHIO (2)
Ceptucbvkar:  12000002A633E3D113AD425FB50002000002A6 )
Bnapgeneu; LLleBbayxoBa TatbaHa AnekcaHapoBHa tHmejabHol HGEpEMHGC”Ih?ﬂ H EBIPHH{HETGH B
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[JorpentHOCTH, JOITycKaeMbIe ITPH IIPSIMBIX H3MEPEHH X, HEPEIKO Ha3bIBAIOTCS Hpibop-
Hulmi, TaK KaK OOYCIIOBJIEHBI KIIACCOM TOYHOCTH IIpHOOpPa, KOTOPBIH YKasbIBaeTcqd THOO Ha
caMoM ITpubope, THOO B Mmacropre. B Tex cinyyasx, Korga Ha IpHOope Kiace TOYHOCTH He YKa-
3aH, a0COJIFOTHAS ITOTPEIIHOCTE IIPHHHUMAETCS PABHOIH ITOJIOBHHE LIEHBI TEICHHS.

CIy4yaiHbIe ITOIPEMHOCTH HMEIOT CTAaTHCTHYECKHH XapaKTep, HX MaTeMaTHYecKas 00-
paboTKa IIPOM3BOAHUTCS C IIOMOIIBIO TEOPHH BepOATHOCTeH. IIpH MHOTOKpaTHOM H3MepeHHH
PAaBHOBEPOSTHO ITOINYYHTh Pe3yIbTaT KaK OOINBIIHI, TAaK H MEHBIIHI, YeM HCTHHHOE 3HAUYEHHE
H3MEPSAEMOH BEITHUHHEI.

[IycTh ImpoBeaeHO N H3MEPEHHH BEIIHYHHEI X H B Pe3yIbTaTe ITOIYYEHO 1N 3HAUEHHH . X,
X, ...X, . BenTHuHa

n n n (3)

HA3BIBAETCS CcpeoHUM aplipmemuyeckim 3HAUeHHEM, SBISETCS XOPOIIHM IPHOIHKEHHEM K HC-
THHHOMY 3HAUEHHIO H3MePSEMON BEIIHYHMHEL H, KaK ITPABHIIO, HCIIOJIb3YeTCS KaK OKOHYATEIIb HBIH
HTOI' CEPHH H3MEPEHHI.

PaccMOTpHM HECKOJIBKO OCHOBHBIX 3TAaIllOB VIIPOIIEHHOH MaTeMaTH4eCKOH 00palboTKH
PE3YIILTATOB H3MEPEHHIL.

1. Haxorm cpeHee apH(pMETHYECKOE 3HAYEHHE H3MEPSIEMOI BEIMUMHEL '/
2. BriuncisieM aOGCOMIOTHBIE TIOIPEIHOCTH Pe3yIIbTaTOB OTAENbHBIX H3MePeHHI

/
Ax|=[x.—(x)| | |
‘ i i\ |II—1,2,M,HI|+ (4)
AOGcomroTHad ITOT'PEITHOCTD HMECT Pa3MCPHOCTD HBMEPHEMGﬁ BCJIIMYHHBI H XdPAKTCPH -

3yeT KaUeCTBO OT/ICJIbHBIX H3MEePEHHI.
3. BrerumcisieM cpeiHIOI0 aOCOIMIOTHYIO ITOIPENTHOCTD

(40 |Ax |+ Ax,|+...+]|Ax | ; [Ax]
wib'el— —_ .
' n n (5)

4. BRIUHCIIsSIEM OTHOCHTEIIFHYIO IIOTPEIHOCTE

_{Ax)
e=| ;,
uxx

E’LIOOQﬁ.
(6)

-
1
e
ﬂ-_:h: -
|+
T
=
o

(7)

5. 3aImMCchIBaEM OKOHYATEIIbHBIH PE3YIIbTAT

OﬂpE,[[E.]IEHHE l]ﬂI'pEIIIHDETEﬁ IIpH KOCBCHHbIX H3MEPECHNHAX

B GombIIHMHCTIBE CIIVHACE IIPH ITPOBCACHHII (bHBHLIEEI{PD{ JKCIICPHMCEHTOB HCCIICIYCMaA
QJIIBII‘IECI{EIH BeIIMYHHA He MOXeT OBITh H3MEPEHA HCIIOCPSACTBEHHO, [JIA €€ OIIPCACIICHIA
TpEﬁ}"ETGH H3MCPHTD PALd APYI'HX BCIIHYHH, d HCKOMYIO HEIIUITH:, IIOJCTaBHB HalJcHHbIE 3HAUCHH
R (honMvTIV_ RETNAXATOTIIVE) RARUCHUMOCTR  UCKOMOI BEJIMYHHEBEL OT HEITOCPSACTBCEHHO H3MCPA-

OOKYMEHT NoarnncAH .
SNEKTPOHHOWM NOANUCHIO PBEHHLIMI. .
Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6 BEHHBIX H3MCPCHHII MOHO BOCIIOJIb30BATbhCH
Bnapeneu: Llebayxoea TateaHa AnexkcaHapoBHa 1L ]'[GI‘pEIlIHIDCTE:ﬁ IIOJIYYAIOTCS B TOM JKE ITpH -
Nencreutened: ¢ 20.08.2021 no 20.08.2022 d (b3 [HH. Bo MHOrHX € ) » KOIZla @GPM}"'
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Ta yaoOHa M norapH()MHpPOBAaHHS, OKas3bIBacTCSA Oomnee yAOOHOH (OpMyla OTHOCHTEJILHOH

AX dx
E=— dllnx|=—
TOrpelHocTH. OTHOCHTENbHAS IIOTPEIHOCTD X HO X W, cleloBaTelbHoO,
- - Ax
Allnx|=—
X

MHaye roBopst, OTHOCHTEILHYIO ITIOrPEIIHOCTh MOXKHO PacCUHTaTh, €CIH B3SITh THP)E -
PEHITHATI HATYPaIbHOTO JIOrapH(pMa, ONpe eSO 3aBHCHMOCTE JaHHOH BEITHYHHEI OT H3ME -

pPSeMBIX BelIMunH. HanOonee yacTo BCTpeyarompe cs (popMyIIsl IIpHBeAeHEl B TaOmHIle 1.

Tabmara 1.
MareMaTH4ecKas oIeparis AOCOIIOTHAS ITOI'PEIIHOCTD OTHOCHTEIBLHAS IIOIPEIITHOCTE
Xty AX+Ay Ax + Ay
X+y
X-y &X‘F.&y Ax + &y
X—Y
X Y
Xyz YZAX+XZAY+Xy Az Ax . Ay . Az
X b% Z
x/y VAX — xAy Ax N Ay
p)
y- x Yy
xﬂ ”xﬂ—l ) &x . g
X

—x" Ax
n x
n
X Ax Ax
'
1+ x 1+ x)° xl1+ x|
X A
e e’ Ax Ax
In x Ax Ax
X xln x
T NOKYMEHT NOANUCAH COSXAX ctgx - Ax
3NEKTPOHHOW NOANUCHIO
Ceprucbukar: 12000002A633E3D113AD425FB50002000002A6 ™ tox - Ax
Bnapeneu; lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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1gx Ax 2Ax
cos? x SN 2x

ctgx Ax 2Ax
sin > x sin 2x

HS}"IEHHE ABHARCHHA TCJIA, ﬁpﬂ[[lEHHﬂI‘ﬂ noa yrjioM K ropmi3oHTy

|

[
Teno, GpOIEHHOe IOJ YITIOM < K TOPH3OHTY C HA4YaldbHOH CKOPOCTBIO ', OVIET
IBHTaThCS IO KPHBOIMHEHHOI TPaeKTOPHH , B JIFOOOH TOUYKe KOTOPOH BEKTOP CKOPOCTH MOXKET

OBITh Pa3lIO’KeH Ha JIBe COCTABILIIOIIHE — T'OPH30HTAIBHYIO H BEPTHKAIBHYIO (pHC.1).

h
‘--,____!h:_
————— 7 "
vOh |
|
' h
I
x“x |
a N |
\ 4 ¢
vOx

Puc.1.

HPGEKT_[I]II ITHX BCKTOPOB Had OCH KOOPAHHAT, Ha1dJIO KOTOPBIX ELIﬁpElHG B TOYKEC 61)(}'3&-
HITA, PaBHBI.

ux=uD-Cﬂscr
uy:uD-Smcr—gt )

HPH JTOM T'OPH30HTAJIbBHAaAd COCTABIIIIOIIAS CKOPOCTH HC 6}*’,I[ET MCHATBECH C TCHCHHCM
BpEMCHIL, T. K. YCKOPCHIIC CBOOOHOIO IMaJcHHSI He HMeeT FGPIIBGHTHJ]LHDﬁ GGCTHBJIHIGH.[E:ﬁ: d
HAIIPpaBJICHHO BCPTHKAJIIBEHO BHH3. BEPTI]I{EIJ]LHHH COCTABIIAIOIIIAA CKOPOCTH 6}",[[ET MCHATECH 110
3dKOHY PAaBHOIICPCMCHHOI'O JBHAKCHIIA C YCKOPCHHEM d = &.

HM3MeHeHIEe KOOPJIHAT TCJIa HMECT BHI.

X=UD'CDS a t

: L
y=h= Un-Smu—g—
NOKYMEHT NMNOoAanncAH (2)
SNEKTPOHHOW NOANMMUChLIO
CEDTHdJHHEITZ 12000002A633E3D113AD425FB50002000002A6 MK TDPIIBDHTy HPEI[GTHBH_HET Gﬂﬁﬂﬁ Hﬂpﬂﬁﬂ]’[}"
) :
Bnapeneu; LWebayxoea TateAHa AnekcaHopoBHa

g ( s ABJLIOINAS CKOPOCTH paBHA HYIIO. B Touke Ia-
[leiicTenTener: ¢ 20.08.2021 no 20.08.2022 SCIIHMHHE CKOPOCTH TClla B TOYKC 6pDCElHIIH, d
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HaITpaBJICHHE €€ COCTABIIIET TOT K€ YIOJI, YTO H B TOYKe OpocaHHI. OTO cllelyeT H3 CHMMETPHH
nmapaboIkl H HMEET MECTO B OTCYTCTBHE COIIPOTHBIIEHHS BO3yXa.
HayamsHy0 CKOpOCTh Tejla ,0pOIIeHHOTO IO/ YITIOM K TOPH30HTY MOKHO OMpPeJeIHTh H3
ypaBHeHHA (1).
?
07 Cosat
oS o (3)

I'me { - JambHOCTH MONETA - H3MEHEHHE ITOJIOKEHHS TeJjla IO OCH X.

Bpems 1ojieTa MOKHO OINpeAelINTh H3 YpaBHeHHS (2). B HaHBBICIIEH TOYKE TPAcKTOPHH
IBIDKEHHS Tela CKOpocTh Vy—0. BpeMs, COOTBETCTBYIOIEE STOMY MOMEHTY, COCTaRBIISIET IIOIORH -
HY BCET'0 BPEMEHH I10JIeTa Tella, Toria

0= v, Sin ﬂf—it
2 3
OTCIOJIa BpeMS ITONIETa Tella
20, Sina
[=
g . (4)
[Togcrarnsaa (4) B (3) momydsm
p.
I J
Sin 2a (5)

OCHOBHOH 3aJlauyeH MeXaHHKH SBIISCTCS QITPEACIICHIIC ITOJIOMKCHHNA TClIAd B IIPOCTPAHCTBE B
TTFOO0H MOMEHT BPCMCHH. 3Has KOOPAMHATBI TCIld BCCI Jda MOXKHO HaHTH ero CKOPOCTH H YCKOPC-
HITA (]'[0 OIIPEACIICHHIO 3THX EE:J]II‘]IIH). OCHOBHBIMH 3aKOHaMI1, CBA3BIBAIOITTHMIL 3TH BCIIHYIHHEBL,
CHIIBI H MACCV TCJlad ABJIAIOTCH 3aKOHDI HrroTOHA H 3aKOHEI COXPaHCHHA.

QOobopyodosarue u Mmamepuaibl.
YCTaHOBKa, COCTOMIIAS H3 IPYKHHHOIO ITHCTONETA C IIAaPHKOM H JIHHEHKI.

YKazanusa no mexHuke 0e30nacHocmi.

1. K BrimonHeHnroo mabopaTOpHBIX paboT DOITYCKAKOTCS CTYASHTHI, H3YUMBIIIE ITpaBIIIa
TEXHHUKH Oe30ITaCHOCTH.

2. JlaBGoparopHeie pabOTEl MOT'YT IIPOBOAHUTHCS TOJIBKO ITOJ PYKOBOICTBOM H HAaOIIOIEHIEM
ITPETOlaBaTENs.

3. Pacnomaranre rmpHOOpPEL, MaTepHalbl, 000pPYI0BaHIe Ha paboyeM MeCTE B IOPSIKE, VKa-
3aHHOM ITPEIOfaBaTEIIEM.

4. Ilpu BBOIOMHEHHH JIA0OPAaTOPHBIX PadoT ¢ IIPHMEHEHHEM IIOJIETOB OAIUIMCTHYECKHX TEN
He ClIeAyeT HaXOIHThCS B 00JIaCTH IIOJIETA TEMNA.

5. He gepxute Ha pabodyeM CTOIE IMPeAMETHI, He TPeOVYIOIHECS AJ1 BRITOITHEHH S 33 JaHHS.
6. Ilepen TeM, KakK IIPHCTYIMTE K padoTe TIATEJIBHO M3YUHTE €€ OIHCAaHHE, YSICHHTE XOI
BBITIONIHEHHS PalOTHI.
SaoariA.

1. Onpenemnre B3BEIMBAaHHEM MacCy IMapHka M .| BEIYHCIHTE OTHOCHTEIbHYIO
MOrPEIMHOCTh MacCcel M

2. BRKPE:HHTE ITFCTOJIET Ha BBICOTC h ImoJ yIjiioM @ BBIUHMCIHTE OTHOCHTEIIbHBIE

IIOI'PEHIHOCTH BBEICOTEI h H ¥T'II4 a

OOKYMEHT MNnoarnncAH F
SMEKTPOHHOWM MOANUCHIO CM, OIIPSACIIHTC IIO JHHAMOMCTPY CHIIY
Ceprudmkat: 1 12000002A633£3D113A0425FB50002000002A6 H F
Bnapeneu: lLlebayxoea TaTeAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

13



4. Brictpemmire 5-7 pa3s IpH OOIHHMX H TeX Ke 3HAaUeHHSIX X H F IIpn KaxaoMm
BEICTPENIE H3MEPSITE JAaJIbHOCTD IIOJIETA S . BRI CIIHTE OTHOCHTEJIbHYIO ITOTPEIIHOCTh HEITO-

CPEICTBEHHOI'O H3MEPEHHS JalTbHOCTH S
5. Brrumciaure:

a) Ko3( pHITHEHT KeCTKOCTH IIPYKHHBI ITHCTOIIETa k ;
U
0) Ha4aIbHYIO0 CKOPOCTH ITONeTa IIapHKa 0 -
- U
B) BEPTHKAIIBHYIO COCTABIISIOIYIO HAYaTbHOI CKOPOCTH V)
U

I') BEpTHKAJIBLHYIO COCTABIISIOIIYIO KOHEYHOH CKOPOCTH )

. U
,I[) I'OPH30HTAJIbHYH COCTABIIAIOIIYIO HAY4JIBHOH CKOPOCTH 0x .

- U
) TOPH30HTAIIFHYIO COCTABISIOIIYIO KOHEYHOH CKOPOCTH X

0. BrIumCIHTEe JaIBbHOCTH ITOJIETA IO H CPABHHIC CO 3HAUCHHEM, ITOJIVHCHHBIM B ITYHKTC 4.

=+

7. BrIUMCIINTE H3MEHEHHE HMMITYIIbCa INapHKa 3a BpPeEMsS II0JIETa ‘ p . Breruncimre
CIUTY, H3MEHHBIITYIO HMITYJILC IIIApHKa 3a BpeMs ITOJIETA.
8. CpaBHHTE 3HAUYEHHS ITOTEHI[HAIBHOHN SHEPIHH CKATOH IIPYKHHEI, HAYaIbHOH KHHETH-
YeCKOH SHEPrUH IMapHKa H KOHEYHOH 3HEPTHH IapHKa.
Cooepacarnue omuemada.
OTueT 110 1abopaTOpHEIM padoTaM JOMKHEL COAEPKATh:
- THTYJIbHBIH JIHCT,
- LIETIb PadoTHI,
- KOHCIIEKT OCHOBHEBIX 3aKOHOB, OITpelelIe HHI, ITTIOHSATHH, (POPMYII,
- OCHOBHOE 000PYIOBAaHHE, CXEMa YCTAaHOBKI,
- OITHCAHHE IT0 ITYHKTAM BBIITOIHEHHOH PaloTHI,
- pe3yIbTaThl H3MEPEHHH H pacyeToB (TaOmHIlbL, TPapHKH),
- OIIEHKA ITOT'PEITHOCTEMN,
- OTBETHI HAa KOHTPOIIbLHBIE BOITPOCHL,
- BEIBOJIBI TIO Pe3VyIIbTaTaM BRITIOTHEHHOH PabOThI, JaTa, ITOAIIHCE.

Konmponsusie 6onpocot.

1. CdopMynHpyHTe MPHHIIHII CYIIePIIO3HIIHH JBHKEHHIH. ['Ie OH IpHMeHIeTCA?
2. BrIBeauTe ypaBHeHHe JI OIpeAelIeHHS IoJIeTa INapHKa, OpOIIeHHOIO IO VYITIOM

- U
@ K FOPH3OHTY C HaYalbHOH CKOPOCTBIO U

3. BrIBegnTe MaKCHMAaJIbHYIO BEICOTY IOJbEMa IIapHKa, OPOINEHHOIO IO YVITIoOM ¢ K

. U
I'OPH30HTY C HAYdJIbHOH CKOPOCTBIO 0

4. BrIBeaHTE YpaBHEHHE JAIFHOCTH ITOJIETA IIapHKa, OPOIIEHHOrO IO VITIoM & K ro-
- Uﬂ
PH30HTY C HAYAJIbHOH CKOPOCTBHIO
5. Ilox xaxkum yriioM Hajgo OpOCHTE TEIO, YTOORI JAlbHOCTE I10IeTa OblIa MaKCHMAaJIbHa?

HpH KaKOM VTIIC 61)(}0&}]1[}1 BBICOTaA IIOJIETA PdBHA €10 TaIIbHOCTH?

NOKYMEHT NMNOoAanncAH
SNEKTPOHHOWM NOANUCHLIO
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6 'Hasl paﬁma Ne 2
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

AMHKH IIOCTYIIAT€JIBHOI'0O ABHKECHHH C ITOMO-
Nencrearened: ¢ 20.08.2021 no 20.08.2022
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Ilens padomet. 1IpoBepKa 3aKOHOB ITOCTYIIATEILHOIO JABHKEHHS C TIOMOIIBIO MAIIIHHEI AT-
BY/]IA.

T eopemuieckdn uacmbo.

ITocTynarenbHBIM ABHIKEHHEM HA3bIBAIOT JABH KEHHE, IIPH KOTOPOM JIto0as IIHHHS, ITpPOBe-
IEHHAs B Tele, OCTaeTCs IMapalllIeIbHOM camMoH ceOe. IIpu TakoM ABHKEHHH TPaeKTOPHH, CKO-
POCTh H YCKOPEHHS TOYEK Tejla COBITaJaroT. ClIeoBaTelIbHO, ABHKEHHE TeJla MOKHO 3aMeHHTh
IBIDKEHHEM €I0 OJHOH TOYKH. Yarre Bcero, BRIOHPArOT ABIJKEHHE IeHTpa TSKeCTH Tella.

OCHOBHOE YpaBHEHHE ITOCTYITATEIIbHOIO ABHKEeHHS, (BTOPOH 3aKOH HBhIOTOHA) HMEeeT BHJ!

_=T _'.
HHEEY ;f

NP
- - .
TJle m —Macca, ! — yCKOpeHHe Tela, - CyMMa CHII, JIEHCTBYIOIIHX Ha TEIIO.
BparmaremsHBIM JBHKEHHEM HA3BIBAIOT JBIDKEHME, TIPH KOTOPOM TOYKH Tella JBIDKYTCS
10 OKPY/KHOCTSIM, I[SHTPBI KOTOPHIX JIe’KaT Ha OJHOI ITPSMOFL, Ha3hIBacMOIl OCHIO BpAIl[CHMSL.

OCHOBHOE YpaBHEHHE BpalaTeIbHOrO ABHKeHHS (BTOPOH 3aKOH HbIOTOHA) HMEET BH/I;

=N
I-£=32M
3
f =m-r -
FI[E - MOMCHT IIHEpI_[I]II MﬂTEpIIﬂHLHDH TOYRI, MOMCHT IH—[EPI_[I]II
EpElI_T_[ElIGH_[EI‘DCH TCIIA, pElEEH G}*’I\[ME MOMCHTOB HHE’:pI_[]?]II BCCX ME],TEPHEU]I:-I{BIK TOYCK STOTO TClIAa.
N1
[=%§ & f 5
- - C}"Iﬁ.ﬂﬁdﬂ MOMCHTOB CHIL, ,[[EIIGTE}J’IOH_[ID{ Ha TclIO. MGMEHT CIHJIBI — BCSIIHYIHHA

paBHAas MPOU3BEICHHIO MOIYIIS CHIIBI Ha IUIe4Y0 STOH CHIIBL. [IIeuyoM CHIIBI Ha3BIBAXOT KpaTyal -
IIIee PACCTOSHHE OT OCH (LIEHTpa) BPAIleHHS O JIMHHH JeHCTBHS CHIIBIL.

ManmiHa AtByaa (puc.l) mpeacraBimgeT coboi 010K pagmyca R, yepe3 KOTOPBII MepeKH-
HyTa HUTh C Tpy3aMHU m; U m . Ecau m i m;, mo, Yiumsléas, Who HLnib HEPAcHsICLUMA, 2P)V3bl HpiL-
OV @ OQDICeHLIe ¢ OOLHAKOBLIM Yekaperiiem d. Kok 6yoem epauantocs ¢ venosvim YeKopeHLiem €, NOYKLL HA e20

0000e DYV LiMENT> INAH2EHLILITEHOR YCKOPEHLIE PAGHOe YCKODEHLIIO V306 Vpagrenia oaviceria anzoeu
QnoKa, HPUHLUMAS HAMPAGTeHLIE OaIICeHLIS. O ocl ocLlX , BYOVI LiMenTs aLo:

Io—m g =m -d

(D
IL—m.-g=m, 2
. -1 — =r-& 1
o= - K-=-M =7 3
I M
Ioe "' 1" -t HamsDIceHLIs HLITLL Clead 1L apaea ol GloKd, - MOQMEHI1 CLUTbl NIPEHLIS, Veloeoe

_as
YCKQDEHLIe f_frr‘i{.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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[R—

;g
PUCYHOK 1- MALIIHHA ATEVOA

OmicaHne YCTAHOBKH, BbIBO/ PACUETHBIX (pOpPMY.I

OO1i BHA YCTAaHOBKH ITPHBEJAEH Ha pHCYHKe 2. Ha BeprHuxanpHOH CTOMKe 1 pacrio-
JIOKEHBI TPH KPOHINTEHHA . HHKHHH 2, CPEJHHHA 3, BEPXHHH 4.

Ha BepxHeM KpoHInTenHe 4 KperrTcs OI0K, Yepes KOTOPBIH IEPEKHHYTA HHTh C IPy3aMH
5, OMUHAKOBOH MAacChl. BHH3Y HAXOQUTCS 3IEKTPOMarHHT, KOTOPBIH ITPH IOjiayue Ha HETO HaITps-
KEHHMS VIEPKHUBAET CHCTEMY C I'Py3aMH B HEITOABIKHOM COCTOSHIH.

Ha BeprukapHOH CTOHKe | YKperrieHa caHTHUMETPOBas IIMHENKA 8, II0 KOTOPOH OITpee -
JSFOT HAYaJIbHOE M KOHEYHOE ITIOJIOKEHHE I'PY30B, a, CIEeIOBATEIIbHO, M IIPOHJEHHBIH ITYTh.
HayanpHOE ITONMOXKEHHE OIPEHEIIOT BU3YAIBHO I10 HIDKHEMY CpPe3y Ipys3a, KOHEYHOE - II0
HHJIEKCY (KpacHas MeTKa) CpeJHEer0 KPOHINTEeIHa.

CekyHIOMEP ¢ LM(POBOH HHIHMKAIEH BpPeMeHH 3aKpeIUIEH Ha OCHOBAHHH ITPHOOpA.
[ IprHIpIT paGoTel mpHOOpa 3aKIrovacTCsa B CIEAVIOMEM. Kormga Ha KOHI[AaX HHTH BHCSAT I'PY3bI
OIMHAKOBOH Macckhl M; =] 00 r, cHcTeMa HaXOJHUTCSA B paBHOBECHH. ECIIH Ha OIHH M3 I'PY30B I10-
JIOKHTh IIePerpy30K Macco Am, (M,=m;+ Am) cHcTeMa BBIXOIHT H3 PaBHOBECHS H JIBHIKETCS
pPaBHOYCKOpeHHO. Macca 0rmoka pasHa 102 rpanmma, pamyc O10Ka paBeH 7 CM, MOMEHT HHEPIHH
OlI0Ka paBeH ITOJIOBHHE ITPOH3BEJEHHS MacChl er0 H KBajApaTa ero pajnyca (Kak CIUIOIIHOIO
IHCKA).

[IpH paBHOYCKOPEHHOM JIBHKEHHH YCKOPEHHE I'PY30B MOXKHO HANTH M3 H3BECTHOIO CO-

OTHOIIICHIH A
5= &
[OKYMEHT MOAMWCAH Z
SMNEKTPOHHOU MNOArnncChIio - -
Ceptudmkar: = 12000002A633E3D113AD4 25FBS0002000002A6 SHAUCHIIC YCKOPCHITA HaHACM HCPC3 H3BCCTHBIH
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

HNencrentened:'c 20.08.2021 no 20.08.2022
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HPH ITPOBCACHHH OIIBITda C OJHIIMI 3HAYCHHAMII ]’[pﬂﬁ,[[EI-H-[GI‘G IIVTH S H H MaCCBI IICPCTPY 3K A
M, U3 IIEPBBIX JIBYVX }"I)ElBHEHI]ﬁ CHCTCMbI MOKHO OIIPCACIIHTD CHIIBI HAT K CHHA HHTEH:

I =m fa+g)

I.=m-fa+g)
3HasI CHUIBI HaTSIKEHHS TPEThET O YPaBHEHH MOKHO HAHTH MOMEHT CHII TPEHH:
M, =(T.-T)R-1-¢

OIBIT ¢ OJHHMH ITeperpy3KaMH ITPOBeCTH JJII ABYX 3HaueHHH S (0,6 M H 0.8 M).
CpaBHMTh 3HAYeHHS CHJI HAaIIPsDKeHHS H MOMEHTEI CIUT TPEHHS I 3THX JABYX CEPHH MOMEHTA.
QOobopyodosarue u Mmamepuaibl.

ManmHa ATByza, 3JIeKTPOMAarHiT, CEKYHIOMED, HAaOOp ITeperpy30B.

YKkazanua no mexHuxe 0e30nacHocmit.

1. K BHIIOMHEHHIO JTabOpaTOPHBIX padoT IOITYCKAXOTCA CTYAEHTHI, H3YUMBIIHE ITpaBHIIA
TEXHUKH Oe30ITaCHOCTH.

2. JlaBGopatopHbie pabOTE MOT'YT IIPOBOAHUTHCS TOJIBKO IO PYKOBOICTBOM H HAaOIIOIEHHEM
IIPETTOaBaTEIIA.

3. Pacrniomaraiire rnmpHOOpEI, MaTepHalbl, 000pYAOBaHIE Ha padoyeM MecCTe B IIOPSAKE, VKa-
3aHHOM IIPEIolaBaTelIeEM.

4. He pepxute Ha pabodyeM CTOIE MPEAMETHI, He TPeOYIOIHECS I BEIIOTHEHN S 33 TaH 5.

[ IpOSIBIISITE OCTOPOKHOCTh M AKKYPaTHOCTh ITPH HEIIOCPEACTBEHHON padoTe ¢ I'Py3aMH,

IIPYKHHAMH 1 HHBIMH HEOOXOIHMBIMI U1 PA0OTHI ITPHCITOCOOIIEHH SIMH.

6. Ilepexm TeM, Kak IMPHUCTYIMHMTh K paboTe TINMATENBHO H3YUHTE €€ OITHCAaHHE, YSICHHUTE XOJI
BBITIOITHEHHS PaOOTHI.

3aoarnuas.

hd

BKITXOUNTE B CETh MIHYP ITHTAaHHSI IIPHOOPA.
[lepemMecTHTH HUTH C I'Py3aMH TaK, YTOOBI IIPABEIH I'PY3 3aHSI BepXHEe ITONIOKEHHE.

BKITIOUNTE 3JIEKTPOMArHNUT, VAEPKUBAIOIIIIL CHCTEMY B ITOIIOKEHHH ITOKOSL.
IIOMOKHUTE Ha IIPaBBIM I'PY3 OAHH H3 IEPETPY3KOB. YCTAHOBHTEH CPEIHII KPOHIITEHH Ha

oTMeTKe ' | = 0,6 M, i 0,8 M. BKIIFOUHTE CEKYHIOMEP OJHOBPEMEHHO C BBRIKIIFOUEHHEM
AIIEKTPOMAarHuTa.

3arucars I10 MTOKa3aHHIM CEKYHIOMEpa BpeMs ABHKEHI IPy3a.

[IOBTOPHUTE OITBIT C BEIOpaHHEIM IIEPETrPY3KOM He MEHEE TISATH pas.

"l S

IIOBTOPHTE OITBIT IIPH JIPYI OH BBICOTE. s

Omnpenemrs 0 pe3yiabTaTaM OIBITa CPedHEe 3HAYEHHE BPEMEHH [, M PACCUHTATh IIO
(opMyTIe 3HaUEHHE YCKOPEHHL

. BBRIMHCINTE CIUIBI HATSKEHHS HUTEH H MOMEHT CHIIBI TPEHHS.

10. Ilo maHHBIM OIBITA ¢ OAHHM 3HAYEHHEM S BEIUHCIISITH KHHETHYECKYIO SHEPTHIO I'PY30B B
KOHEYHBIII MOMEHT JIBHKEHHS

XK= S

fam + o vt (g )-a” -t (w4, )28

"

ﬂl ﬂl [

1 1. BRIUMCIINTS KHHETHYECKYIO SHEPIrHIO OII0Ka

= " = - -

NOKYMEHT NOAMNMUCAH Ko eyt ome
SNEKTPOHHOWM NOANUCHIO - H.‘ B _1 B |"'L
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6 =
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

ol JHEPI'HI I'PY30B
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All=m-e-8

- WYV R W N
13.  HanTn 3HaYeHHEe BBIPaKeHH ] : i

14. OOBSICHUTH ITOIYUYEHHBIN Pe3yiIbTar.

9 ] |
oy 2 1l
ey T
= 1
(- Ry -
LIS mp gy

Puc. 2. OO0 BH 3KCIIEPHMEHT AJIbBHOH YCTaHOBKH

Cooepacarnue omuemad.

OTYeT 110 J1abopaTOpHEIM padoTaM JONIKHEL CONEPKATE:

- TUTYIILHBIH JIICT,

- LIeNIb PadoTHI;

- KOHCIIEKT OCHOBHEBIX 3aKOHOB, OITpelelIe HHI, ITTIOHSATHH, (POPMYII,
- OCHOBHOE 000PYIOBaHHE, CXEMa YCTaHOBKIL,

- OITHCAHHE IT0 ITYHKTAM BBIITOIHEHHOH PaloTHI,

- pe3yIbTaThl H3MEPEHHH H pacyeToB (TaOmHIlbL, TPa(pHKH);

- OIIEHKAa ITOTPEITHOCTEM,

- OTBETHI HAa KOHTPOIIbLHBIE BOITPOCHL,

- BEIBOJIBI IO Pe3yIiIbTaTaM BRITIOTHEHHOH PadOThI, JaTa, ITOAIHCE.
Koumponsrsie 6onpocet.

1. Jlarire orpeienieHHe IIOCTYIAaTEIbHOT'O JIBHKEHH I TBEPIOrO Tela.

2. Uto Takoe MaTepHanbHasI TOUKA H aOCOJIFOTHO TBEPHAOE TEI0?
3. OOBSCHHTE, UTO TAKOE CHCTEMa oTcyeTa?
4. Ilepeuncmite H OOBSCHHUTE OCHOBHBIE KHHEMATHUYECKHE XaPAKTEPHCTHKH ITOCTYIIATEllb -

HOI'O IBHACHHA.
AOKYMEHT MOANMCAH 19
SNEKTPOHHOW MOAMUChLIO '
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 Tea.
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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8. UTto Takoe paBHOAEHCTRYIOIIAS CHIIa?
9. OOBSICHHTE TPeTHH 3aKOH HproTOHA.
10. JlaTh onpeeneHne cHII YIIPYTOcTH. UTo Takoe yIIpyTras JedopMarms ?
11. Ha yeM oCHOBEBIBAaeTCS BRIBOJT PaCUETHEIX (DOPMYII B JaHHOH J1abopaTopHOIL padore?

JIabopaTopHas padora Ne 3

Tema pﬂﬁﬂﬂlbl. OI[])E,[[E.]IEHHE CKOPOCTH IMOJIETA IIVJIN € TIOMOIINbIO (l)HSH‘IECEﬂI’ﬂ MAHT-
HHKA.

Ilens padomer. HaydnThes ONPEIESITh CKOPOCTE ITOJIETA ITYIIH C IIOMOMIBIO (PH3HYECKOIO
MaSITHHKA.

T eopemuieckdn uacmbo.

DH3HYeCKHIT MasSTHHK COCTOHT M3 yIoBHTEI ("A" Ha pHc.1l) B BHIe IMIHHApPA, 3aII0IHEH -
HOI'O IUIACTHYHBIM MaTEpHAIOM, KOTOPBIH 3aKpPEIUIEH Ha CTEpP)KHE, CIIOCOOHOM CBOOOJHO, C
OUEeHb MaJIbIM TPEHHEM, KauaThCs BMECTE C YIIOBHTEIIEM BOKPYT HEITOABIDKHOH OCH. Ha pHCYHKe
1 3Ta och BpammeHus (Toyka "O") nepleHANKYIIpHA K INIOCKOCTH PHCYHKA.

BrICTpen IPOM3BOAUTCSA M3 IMHEBMATHUECKOI'O ITHCTOIETA, YCTAHOBIEHHOI'O TaK, YTOOBI
BEKTOP CKOPOCTH ITYTIH OBLII HAIlPaBJIEH T'OPH3OHTAIBHO II0 ITPSAMOH, IIPOXOAMIIEH Yepes LEHTP
IUTHHPA C IDIACTHIIMHOM H ITEPIIEHAUKYIISIPHO OocH BpareHus O. [1ymns, 3acTpeBas B IDIaCTHIIH -
He, TEPSET CBOKO HAYaJIbHYIO CKOPOCTh H OJHOBPEMEHHO COOOIIAET MASTHHKY HEKOTOPBIH MO-
MEHT HMITYJIbCA.

10 3aBepIIIEHHH HEVITPYTOr'O yapa MasTHHK OTKIIOHSETCS OT BEPTHKAIBHOMN JIMHHH OC Ha

HEKOTOPBII MaKCHMAIIbHBIH YTOJI @ KOTOPBIH H3MepSeTCs TPAaHCIIOPTHPOM — IT0 MaKCHMAJIb -
HOMY CMeMIEHHIO YKa3aTells, )KeCTKO 3aKPEeIUIEHHOI'O Ha CTepKHE.

Jl1g ABYX MOMEHTOB BpPeEMEHH, JIO YAapa, H II0CcJe HEYIIPYyroro yiaapa (rox "yna-
poM" MBI ITOAPa3yMEBAEM OTHOCHTEILHO OBICTPHIH ITPOIECC TOPMOKEHHS ITYIIH B IUIACTHIIHHE)
MOJKHO IIPHMEHHTE 3aKOH COXPaHEeHHS MOMEHTA HMITYIIbCA:

mua = (1 +ma e,

FORMAT ()
— CKOPOCTh ITYIIH JO yJapa, d— pacCTOSHHE OT OCH JO TOYKH yiapa

11\* MERGE-

rne M — macca mym,

ITYIIH, | — Moment HHEPIHH MasSTHHKA ITOCIe yAapa. BTopeIM WwieHOM B Ck0OKax B (1) MoKHO
IpeHeOpeYs JaleKo He Beerga (A1 HaIero CIy4asl BaM HEOOXOQHMO Ha OCHOBAaHHH H3MEPEHHIT
MTOKa3aTh (MM ONMPOBEPIHYTh) BO3MOKHOCTh TAKOI'O YIIPOIIEHH ).

C N L
ho|-acmmmmm TN h
NOKYMEHT NnoarnncAH

SNEKTPOHHOW NOANUCHIO

CepTtudumkar:
Bnapeneu:

12000002A633E3D113AD425FBS50002000002A6
tebayxosa TateAHa AnekcaHOpoBHa
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Bic.1

Puc. 1

Prc.]1. OuspdecKiii MasITHHK

[Ipu HeymIpyroM yaape 3aKOH COXpaHEeHHS MeXaHHYeCKOH SHepPrHH He BBIITONIHSETCS, OJHAKO, K
Ipolleccy KayaHHI MasSTHHKA, MbI MOJKEM ITPHMEHHTh 3aKOH COXPaHeHHI SHepruH. Hemocpen-
CTBEHHO ITOCIIE yapa MasTHHK BMeCTe C 3aCEBIIEH B HeM ITylel OyAeT, KaKk Mbl BHAETH H3 (1),

e -
HMETh VITIOBYIO CKOPOCTh, PaBHYKO . ClneJgoBaTellbHO, OH OyZeT HMETh H COOTBETCTBYIOIIHIA
el 3arrac KHHeTHUYeCKOH JHEPIHH, I{IDTIDPLIﬁ 3aTeM B MOMeHT HaHOOIBIIIEr0 OTKIOHEeHHT (II
MIHOBEHHOH OCTAHOBKH MEIHI‘HI]I{E],) IMPEBPATHTCA B ITOTCHITHAJIIBHYHO SHCPIHIO.

Fo_ ([ + ma)er,

2 22\* MERGEFORMAT

()

(!
E =M +m—gh
> 331* MERGEFORMAT

E =E

" CIIEJOBATEIIBLHO

([ +ma Y, | a
= ‘ M +m 7 gl
- 44\* MERGE.
FORMAT ()
I'JAc M — Macca GammICTHUYECKOT O MAATHIEKA, h — BBICOTAd MAKCHMAJIbHOI'O ITOJHATHA CI'0 LICHTPA
o =98 :
MdCC B TOYKC OCTaHOBKIL, = & I M/C — YCKOPEHHC CEG@GI[HOFG IMaJcHITA Ha ITIH -

pore T. IIaruropcka, | _ pPacCcTOSHHE OT OCH BpallleHHS JO IIeHTPa Macc MasSTHHKa (0e3 ITyIH).
[TocpeicTBOM OamaHCHPOBKH HCIIOIL3YEMOI'O B JaHHOH padoTe (PH3HYECKOI0 MasTHHKA Y aJI0oCh
YCTAHOBHTH, UTO I[EHTP MacC MasTHHKA ITOYTH COBITaJacT ¢ TOYKOI KPEeIUIEHHSI CTePXKHS C IfH-

muHapoM (T. B Ha puc. 1). Takum oOpa3oMm, paccTOsHHE -H IIPHHHMAETCS PaBHBIM JJIHHE CTEPIK-

Hga OB.

Bropoe (Manoe) cnaraeMoe B BBIpaKeHHH IS ITOTeHIHAJIbH O SHEPIrHH (3) JOITOTHH -
TEJIBHO VUHTBIBAET, YTO LIEHTP Macc ITYIH B OOIIEM ClIy4yae HE COBITAZAcT C IIEHTPOM MacC Masir -
HHKA.

. N L
h=1—lcosp=I(1-cosp)=21sm S

U3 pHC.2 BHIAHO., HYTO , TJE f — PACCTOAHHE OT
OCH BpalllCHHA O 1o IIEHTPA MAaCC MdAATHIKA C. I/ITEII{:, MBI ITOIIYHHIIH YPdaBHCHIHEC

%‘. ma- + 1| e :‘ me 4 M afi :2‘ me M gz’ﬁiﬂ'%
- . . = 55\* MERGEFOR-
MAT ()
AOKYMEHT MOANNCAH mit (1) u (5) momy4aeM OCHOBHYIO PadOYyIO

SNEKTPOHHOW NOAMUCHIO
Ceptudurar: - 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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(ma- - f]‘l FH;—f1 M ‘ af

.|;."J

Z Il _ 66\* MERGEFOR-

MAT ()
Bce BelmnyuHHBI, BXOASIIHE B BeIPakeHHE (6 ), MOI'YT OBITh OIIpeJIeNIEHBI SKCIIEpPHMEHTAJIb -

HO.

Obopyodosarue u mamepuaibl.
YcTaHOBKa, COCTOSINAS M3 (PH3HYECKOrO MasTHHKA, ITOJBEIIEHHOI0 Ha TOPH30HTAJIbHOH
OCH M TPaHCIIOPTHPA, ITHEBMATHYECKHH ITHCTOIIET, JPOTHK.

YKazanusa no mexnuke 0e30nacHocn.

1. K BEITOMHEHHNIO JTa0OpPaTOPHBEIX padoT IOITYCKAXOTCA CTYAEHTBI, H3YVUHBIIIE IIpaBHIIa
TEXHHKH Oe30ITaCHOCTH.

2. JlaGopatopHbie pabOTE MOT'YT IIPOBOAHUTHCS TOJIBKO IO PYKOBOICTBOM M HAaOIIIOIEHHEM
TIIPETOgaBaTells.

3. Pacnomaranre rmpHOOpPEL, MaTepHalbl, 000pPYI0BaHIe Ha paboyeM MeCTE B IOPSIKE, VKa-
3aHHOM IIPEIOlaBaTEIIEM.

4. 1lpu BBEOIOMTHEHHH JTa0OPAaTOPHBIX PaboT ¢ IMPHMEHEHHEM ITOIETOB OAlUIHCTHYECKHX TEl
HE CIEAYET HaXOAHTHCSA B OOIACTH ITOJIETA TENA.

5. He gepxute Ha pabodyeM CTOIE MPEAMETHI, He TPeOVIOIHECS I BEIIOITHEHN S 33 IaH 5.

0. Ilepexm TeM, Kak IPHUCTYIMHTh K padoTe TINMATEINBHO H3YYHTE €€ OITHCAHHE, YSICHUTE XOJI
BEITIOIIHEHHS PaOOTHI.

3aoaruA.
— ) [

/ -
Macca IMIUITHAAPa-YIIOBHTCILA r. JIMHeHHas ITIOTHOCTD CTCPXKHA, MaAcCCd, ITPHXO-

= 1.4, My = ti- !
[ISIASICS HA eIHHIIY UIHHBL . I/CM, TOTJa TIOJHAS Macca CTEpXKHSI - ¢ .

AM=m + n.
IOBATEIFHO, Macca MasSTHHKA | * . PaccTostye - @ OT OCH BpaIlleHHS JO TOYKH yia-

pa H3MCPAIOT Pvﬂ[HJ]IIME'I‘pGEGﬁ JTHHeHKOH. llomoxeHme IOEHTPA MACC MAATHIKA COOTBCTICTBYCT

Ci1e-

TOYKE COEJHHEHHS YIIOBHTENIS H CTEP’KHS. J[JIHHY CTep KHS f ONPeAEIsOT KaK PacCTOSIHHE OT
TOYKH ITOJBECA JO TOYKH COeIHHEHHS YIIOBHTEIS H TPYOKH.
1. Onpeaesiene MOMEHTA HHEPIIHN 02/ LIHCTHYIECKOT0 MAATHHKA
MOMEHT HHEPIHH (pH3HYECKOr0 MasSTHHKA HAXOMAST IO IIEPHOAY €ro KauaHHil, paBHOMY

77\*
MERGEFORMAT ()

(BE IIMYHHBI M H f VKE OIIPEEIIEHSI).
OOparuTe BHHMAaHHE, YTO JUIS JOCTATOYHO HAAEKHOIO M3MEPEHHS IIEPHOJA KaUaHHH MBI
IOJIKHBI OOECIIEYHTh BBIIIOIHEHHE CIIEAYIOIIHX VCIIOBHH

— aAMIUIMTYJa KayaHUH JONKHA OBITH JOCTATOYHO Maja, YTOOBI MOJKHO OBLIIO IIPEHE-
Opeub ee BIHSHHEM Ha IIePHOJ KauaHHI,
[OKYMEHT MOANMUCAH KayaHMI MasTHHKa 110 APYTOH OPTOr OHAJIBHOH

3NEKTPOHHOW MOANMUCHIO | )
CepTudbukar:  12000002A633E3D113AD425FB50002000002A6 \TyXAHHUSL, ECTIH OHH 110 KAKHM-TIOO TIPHHHAM

Bnapeneu: lLlebayxora TateaHa AnekcaHapoBHa
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— TIEPHOJ KadaHHH HaZO OIPEJelTh Kak cpegHee 3a 20—30 KauyaHHH, YTOOBI YMEHE -
IIIHTH ITOTPEIIIHOCTh H3MEPEHH I BpeMEHH CEKYHIOMEPOM.
MOMEHT HHEPIHH BEIYHCIIIETCSL, HCXOAS 13 (7), KaK

- MelT-

/
T 88\* MERGEFORMAT ()

TEOPETIHECKDE 3HAYCHHE MOMCHTA HHEPITHIT MOMHO HaHTH KakK CYMMY MOMCHTA4 HHEPIHH
CTCPAHA OTHOCHTCIIbHO OCH BPAIIICHIA, HEpHEH,[[I]IC}’JI&IpHGﬁ CTCPXHIO H ]’[pﬂKﬂl[HH.[Ef[ HEPE3

1 2 -
OOHH H3 CI'0 KOHIIOBE Icm: 5 mg d M MOMCHT IH‘[EPHHH }"HGEHTEHH, KGTGPBIH (E CBA3H C JOCTATOY -

HO OOJIBbIIHM PaCcCTOAHHEM JO OCH EpaH_[EHI[H) MOYKHO IIPHHATD 34 MATCPHAIIBHYIO TOUKY, TOI'/ld
Ivn. :mlﬂz:, d TCOPCTHYCCKOC 3HAUCHHC MOMCHTd HHCPITHII OaJITIMCTHYECKOr O MasSTHHKA

1

—; _ b . 100%7
Paccumrarh IIOI'PEHOIHOCTE H3MCHCHH 4. 0=6 IIHEUP Iv T 100 /6{'.

meop

2. Onpee/ieHHe CKOPOCTH MOJIETA IYJIH

Macca KaXmoit ITYIIH OIIpeliesieM B3BelIHBaHHEM. DOTO MOKHO CZIelIaTh ITIOTOMY, YTO JI0ra-
pHMHYEeCKHI JeKpeMeHT 3aTyXaHHSI ATHX KoneOaHHI BechbMa Mal H HX aMIUIHTYAa JOBOJILHO
JIONTO OCTaeTCs ITOYTH ITOCTOSHHOMH (ITOIBITaHTeCh SKCITe pHMEHTATBHO OIIEHHTh BETHUHHY g -
KpeMeHTa!).

1) U3MepuTh B3BeNIHBaHHEM Maccy ITyIH. OIeHHTh IIOrPeIIHOCTh OITpeJlelIEHHS MacCHI.

2) IIpomsBecTH BBICTpen. OTMETHTh MAKCHMATIBHBIT IOl  OTKIOHEHHS yKa3aTeld IT0

TPAHCIIOPTHPY. M3MepeHHe VyITIa OTKIOHeHHS ‘Y HajeXHee IIPOM3BOAHTL HE TONBKO IIO
aAMIUINTY/JI€ OTKIIOHEHHN S MasTHHKA ITPH IIePBOM KadaHHH, HO H IO pa3sMaxy ero KoineOaHuil, -
IIHXC I HEKOTOPpOe BpeMs ITOCIIE yAapa (IIpH 3TOM ITOJIE3HO IIPHMEHATh H YCPEIHEHHE OTAEIbHBIX
OTCUETOB). BBICTpen IPOH3BOAHTE TOIBKO IO HEMOABIXKHOMY IHIHMHIAPY. IIOBTOPHTE OIBIT
5 pa3. Hantu cpeiHee 3HAYEHHE YITla OTKIIOHEHH S U ITOTPENIHOCTh H3MEPEHHS YIJIA.

3) BeruncimTh 3HaYeHHE CKOPOCTH IIONeTa ITYIH 1o (opmyne (6). BEMHCIHTE ITOrper-
HOCTB OITPEJIETIEHHS CKOPOCTH ITOJIETA ITYIIH.

4) 3armicaTh OKOHYATEIIbHBIH pe3ynbTaT. CaenaTh BEIBOJ.

Cooepacanue omuemada.

OT4eT 110 j1adopaTOpHEIM padoTaM JONIKHEL COAEPKATh:

- THTYJIbHBIH JIHCT,

- LIeNIb PadoTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OITpeielIe HHI, TIOHSITHIH, (POPMYII,
- OCHOBHOE 000pYIOBAHHE, CXeMa YCTAaHOBKH,

- OIIHCAHHE I10 ITYHKTAM BEITTOJIHEHHOM PalOTHI,

- pe3yIbTaThl H3MEPEHHH H pacyeToB (TaOMHIlbL, TPagpHKH),

- OILIEHKA TTOT'PEITHOCTEH

- OTBETHI Ha KOHTPOIJIbHBIC BOITPOCHI,

AOKYMEHT MOANUCAH I, JJaTa, TIOJITHCS.
SNEKTPOHHOW NOOMUCHIO
CepTuchukat: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu; Iebayxoea TaTteaHa AnekcaHopoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

22



1. Kak ompemenserca KHHETHYECKas SHEPIHS IIPH IIOCTYIIATEIIbHOM JBIDKEHHH? [IpH
BpANaTeIbHOM JBHKEHHH?

2. OOpsAcHHTE, ITOYEMY IIPH HEYIIPYIOM YAape He BBIIIOJHSASTCS 3aKOH COXPaHEHHS MeXa-
HHYEeCKOH SHEPrHH.

3. ChopmynmupyiTe H 3allMIIATE 3aKOH COXPaHEHHMS HMITYIIbca JJI1 HEYIIPYTOro B3aH-
MOJICHCTBHA ITYIIH H (PH3HUYECKOro MasITHHKA (00BSICHHUTE BRIBOJ, (DOpMYTIHI (1)).

4. Chopmynupyiite TeopeMy IITeliHepa.

. Uro Takoe MmoMeHT HHepIHH? Kak omnpegensercs MOMEHT HHEPIIMH CTEPKHS OTHOCH-

TeJIbHO OCH, IIPOXOJIAIIeH Yepe3 OJHH er0 KOHIIOB.

6. BriBecTH hopmymy (6).

LN

JIabopaTopHas padora Ne 4

Tema pavomsr. Onipeaesienne nepuoaa KoJaedanuil PH3HIECKOro MasTHHKA

HEJI[: paﬁﬂmm. OHPE,I[EJIEHIIE CKOPOCTH IIOJICTa ITIYIIH C ITOMOIIBIO (bHBH‘IECI{GI‘G MAaATHH -
Kad.

T eopemuieckdn uacmbo.

Dusuyeckum MasmHUKom Ha3bIBAeTCs TBEPLOE TEJI0, COBEPIIAIOIIEE |
KOIIeGaHHs OTHOCHTEIBHO HEITOABHAKHOIN OCH ITOJ AEICTBHEM CIIIBL TSDKE - ﬁ:'_H %
ctH (puc.1). ;f: t:H‘k "1“-

DTa OCh ABILIETCA FOPH30HTANIHOIL, H OHA He IIPOXOAHT Uepe3 LEHTP Lo \
Macc Tela (Takas och Ha3BIBAETCS OCHEO KAUaHHS MASTHHKA). IIpH MalbIxX [“? \:-K
YIIaX  OTKIIOHEHHS OT IIONIOKEHHS PABHOBECHS H B OICYICTBHE CHII | W N
COIPOTHBIIEHHU A IBIKeHHE MasTHHKA OITHCHIBAeTCS YPaBHEHHEM | “'5:3*"
Puc.1. |

I

{ r':' — — .'_E_F.'I r'?
(1)
I — MOMeHT HHEPIHI MAaATHHKA OTHOCHTCJIBHO OCH KGJIE@HI—]I]II:
1Tl — MACCa MAaATHITKA, Puc. 1

| — paccTOsIHHE OT OCH JI0 IIeHTPa Macc.
[Iepuon xojreGaHHH OIPeAelISIeTCI COOTHOIIIEHHEM

T=2m L
mgl (2)
(DHBHIIECHGI‘J}" MAATHHKY MOKCT OBITEH ITOCTARJIEH B COOTBETCTBHE MaTeMaTHUECKHI MasT -
HIEK, IH‘HIEIGH.[I]IT TOT KC IICPHO

T=2n £

g (3)
L. — jymiHa MaTeMaTHYECKOIO MasTHHKA (IIpHBEAeHHAS JUIHHA (PH3HYECKOr0 MasTHHKA).
JlimpHa MaTeMaTHYeCKOr 0 MasiTHHKA, IepHOJ KojJeOaHHI KOTOPOro paBeH IEPHOAY KO-
ne0GaHMi (PH3HYECKOr0 MasSTHHKA, Ha3bIBAETCS IPHBEAEHHOMN UIHHON (PH3HYECKOro MasTHHKA

L=—

ml A
AOKYMEHT MOAMVCAH 4)
SNEKTPOHHOW NOAMUCHIO MmpelcTaBIsgeT coOOH CTaIbHOH CTepKeHb (pric.
CepTudbmkart; . 12000002A633E3D113AD425FB50002000002A6
. pacctosHHHM 10 cm apyr or apyra. CTepKeHb

Bnapeneu: Webayxoea TaTeAHa AnekcaHgpoBHa
[dS Ha CTCPXKHCE, MOXHO PCI'VIIHPOBATD PaCCTOMA-
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HIIE OT TOYKH ITOABECA CTEPKHS O IO LIeHTpa Macc CTeEPKHA C, HAIlpHUMED, Ha puc. 1 paccTosHIe
OC paBHO 40 cm. LleHTp Macc C OJJHOPOAHOIO CTEPKHS HAXOMUTCS IIOCEPEIHHE CTEPAKHSI.
Ecmi cTepKeHb OTKIIOHHTH OT IIONOXKeHHS paBHoBecHd Ha yroil 3° + 5% To oH Oyger

COBepIIaTh KolleOGaHH OIMM3KHe K rapMOHHUYECKHM. BpeMsa xoneOaHiil H3MepsSeTcs CeKyHIOMe -
POM.

O O 0 0 0O O

Puc. I. Mawem
hLE LY eCK g aamenr

[Tepuoy xoneOannii (PH3HMUECKOT0 HIIH MaTeMaTHYeCKOI0 MasITHHKA B OOIIEM CIIy4yae 3aBH-
CHT OT aMIUINTYIBI KoneOaHHH MasSTHHKA. Ho eciii yromn OTKIIOHEHHS MassTHHKA @ < 5°, TO ¢ XO-

pDH_[Eﬁ TOHYHOCTBIO MOHO HpEHEﬁpE‘IB 3dBHCHMOCTLBIO IIEPpHOA4 OT aMIUIHTVYIbBI H ]'[pHﬁJIH}I{EHHG
CHHTATDb., YTO MAATHIK COBCPHIACT I'dPMOHHYCCKIIC KorieOaHH .

[Tepnon xoneGaHmi (PH3HYECKOr0 MasSTHHKA OITPEAEIISIeTCS 110 (POpPMYIIe

T=2n £

g,
rae L — ITPHBCACHHAA JJIHHA QJIIBIHEGI{GI‘G MAATHIIKA.

HPHEE@EHH{IH ONMUH A (I)HBHT-IECI{GI‘G MAATHHKA PaBHa AJIMHC MATCMATHYCCKOI'O MAaATHHKA,
HMEIOIETrO TaKOH Ke IIEPHO KomeOaHHI KakK Y AdHHOI'O (IJHBHIIEGHDI‘O MAATHITEKA.

[IpuBemeHHas IHHA (PH3HYECKOrO MasTHHKA OIpeersieTcs (pOpPMYIIOH

L=-_
md :

rae: J — MOMEHT HHCPIHH MaATHHKd OTHOCHTCJIBHO TOYKIH ITOABCCA O;
1 — MACCd MaJdTHHEKA,

d — paccTosIHHE OT TOYKH IToABeca O 10 IegHTpa Macc MasTHHKa C'
Teopema Illmennepa. Momeum unepyrut J mena omuocumensHo Npou360abHOILL OCUL PAGeH
cyMMe MoMeHma uHepyuil Jy mena omHocunmensHo ocil, NpoeodeHHoll uepes 1eHmp Macc mena

napannenbHo OAHHOILL OCl, 1 NPOU368e0eHli Maccyl M nena Ha Keaopam paccmosHus d mexcoy
SMUMIU OCAMIL

J=J,+md"
D 'IT-I"!iT'I"I'l'ﬁH’ WﬂﬁﬁﬂﬂTﬁﬂTTﬁH’ ﬂﬂﬁﬁ"l’*.ﬂ. A raTrm
NOKYMEHT NOOMVCAH HHCPILHI CTICPHA OTHOCHTCIIBHO OCH KaYdaHHS
SNEKTPOHHOW NMoanumcekio HOPOOAHOI'O CTEP¥HA MOMCHT HHCPITHIT OTHOCH -
Ceptudhukar: 11 12000002A633E30113AD425FB50002000002A6 "POM CTEPKH H)
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Jﬂ=lm12
12

rae / — JUIMHA CTEPIKHS, /1 — Macca CTEPIKH.
Taxmm oOpazoM

m(!2+12d2)
12

[IpuBemeHHasa AIHHA (PH3HYECKOrO MAasITHHKA B JaHHOMH JTaOopaTopHOH padoTe oImpeierid-
eTcs 110 (pOpMYyIIE:

J:Ju+md2:im12+ md* =
12

f JoomiC+12d7)y P +12d
it BRFTITE, | 2d ()

Torma nepron KoneGaHHi (PH3HYECKOrO MasTHHKA B JaHHOH I1a0opaTOpHOH paloTe OIpe -
JensieTcs o (pOpMyIIe:

=+ 12d”

|2

i 27 . (6)

QOobopyodosarue u mamepuansl. Y CTaHOBKa /I HCCIIeOBAaHHI KoneOaHHH (DH3HUYECKOIO
MAasTHHKA, JTHHeHKa, CEKYHIOMED.

Ykazanusn no mexnuke 0 ezonacHocmit
1. K BBIITOIHEHHIO JTa0OpaTOPHBIX PpadOT JOITYCKAIOTCA CTYAEHTBI, H3YUHBIIME ITpaBHIIA

TEXHHUKH Oe30ITaCHOCTH.

2. JlabGopatopHeie pabOTE MOT'YT IIPOBOAHUTHCS TOJIBKO ITOJ PYKOBOICTBOM H HAaOIIIOIEHHEM
IIPeTOlaBaTEN.

3. Pacnomaranre rmpHOOpPEL, MaTepHalbl, 000pPYI0BaHIe Ha paboyeM MeCTE B IOPSIKE, VKa-
3aHHOM ITPEIOJAaBATEIIEM.

4. He ACPAHHITE Ha pﬂﬁ(}l{EM CTOJIE ITPEAMETRBI, HE TpEﬁ}"IOH_[HECH JIL BEOTOJIHEHITA 34 JJaHITA.

5. Tlepem Tem, KaK MPHCTYIIHTh K paCoTe TI[ATEIbHO H3YYHTE €€ OIHCAHHE, YSACHHTE XO[
BBITIOJIHEHHS PaOOTHI.

3aoanus.

1. ITogBenmparOT MasTHHK Ha INTBHIPh IIEPBEIM OTBEPCTHEM. OTO 3HAYHT YTO PACCTOSHHE
OC=d, =40 cm.

OTKIIOHSIOT MasATHHK Ha Maibhi yroi okomo 3° + 5 u ormyckaroT. [IpH IOMOIIHM CEKYH -
ToMepa H3MepsroT BpeMA £ (=1, 2, 3) aima N=30 nonHeIxX konebaHmii. M3sMepeHHsI TOBTOPSIOT 7
= 3 pasa.

BRIUHCIISIIOT cpefiHee 3HAUEHHE BPEMeHH

I

[.
I
. i=1
C t o —
n
TTenuom ormeaTanatoT 1o chonnvve
NOKYMEHT NnoanwncaH -
SNEKTPOHHOWM NOANUCHLIO —('J t}L G
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6 B
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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2. IlogBelmHBarOT MAasITHHK Ha INTBIPh BTOPBIM, TPETBHM H YETBEPTHIM OTBEPCTHSMH IIO
O4YepeIH H ITOBTOPSIIOT H3MEPEHHS ITyHKTa |.

ITpu stom d> =30 em, ds=20 em, ds = 10 cm.

JlmmHa crepxaa/ =1 m.

JlaHHBIE M3MEPEHHH 3aHECTH B TaOIIMIY

TabOmmara 1.
d <r> y L Tocu
M C C M C
0.4
0.3
0,2
0.1

3. BRIMHCILTIOT IIPHBEJIeHHBIE JUTHHBI (DH3HYECKOr 0 MAasITHHKA JIIS BceX d
= P+12d°
12d
4. BEIYHCIISIOT ITepHOABI KoleOaHHH (PH3HUeCKOro MasSTHHKA JJIS BceX 3HAUeHHH ITpPHBE -
JTEHHOH JUIMHBI (PH3HYECKOI0 MasTHHKA

L
T,,,=2M—
’ g

I =1L r . .=1(L)
5. IlocTpouTh rpaduKH NMepHoIa H3MEPEHHOTO ' ' M pacyeTHOIO . B

3aBHCHMOCTH OT IIPHBEIHHOH JUTHHEI L.
6. CpaBHHTh H3MEPEHHBIE H PacyeTHBIE 3HAUEHHS IIEPHOJ 0B KOIeOaHHI.
CpenaTh BBEIBOJ] O XapaKTepe 3aBHCHMOCTH IIepHOJa KojeOaHHH (PH3HYeCKOro MasTHHKA

OT ITPHBEIEHHOM JIJTIHHEI.
Cooepocarnue omuema.

OTueT 110 1abopaTOpHEIM padoTaM JOMKHEL COAEPKATh:

- THTYJIbHBIH JIHCT,

- LIETIb PadoTHI,

- KOHCIIEKT OCHOBHEBIX 3aKOHOB, OITpelelIe HHI, ITTIOHSATHH, (POPMYII,
- OCHOBHOE 000PYIOBAaHHE, CXEMa YCTAaHOBKI,

- OITHCAHHE IT0 ITYHKTAM BBIITOIHEHHOH PaloTHI,

- pe3yIbTaThl H3MEPEHHH H pacyeToB (TaOmHIlbL, TPapHKH),

- OIIEHKA ITOT'PEITHOCTEMN,

- OTBETHI HAa KOHTPOIIbLHBIE BOITPOCHL,

- BEIBOJIBI TIO pe3VyIbTaTaM BRITIOTHEHHOH PaboThI, JaTa, TTOAIHC.
Konmponsrsie 6onpocet.

1. JlanTe ompeaeneHHe rapMOHHYECKHX KOIeOaHIH.

2. UYto HaspIBaeTCd MaTeMaTHUYECKHM MASTHIEKOM?

AOKYMEHT NOANMCAH -. D
SNEKTPOHHOW NOAMACKIO VHIHYCCKOI'O MAATHIEKA :

Ceptudchmkar: - 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: LleGayxora TateAHa AnekcaHapoeHa |1)]§IBI[IIECK(}I‘(} MAITHHEKA .
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JIabopaTopHas padora Ne 5

T'ema pabomst. OnpeaesieHne Ko3(PPUIHEHTA BHYTPEHHEr0 TPEeHHA KHAKOCTH METO-
oM najaronrero mapuka (Mmeroa Crokca).

H €Jib paﬁ omblt. 1103HAKOMHTECS ¢ METOOM H3MCPCHIA BASKOCTH KHIKOH CPEABbI.
T eopemuieckdAa udacmbo.

BA3KoCcTh (BHYTpPEeHHee TpPEHHE) — 5TO CBONCTBO PEAIBHBIX JKHIKOCTEH OKa3hIBaTh
COITPOTHRIIEHUE TIEPEMEIIEHHUIO OJTHOHM YaCTH KHIAKOCTH OTHOCHTEIILHO APYIroH. IIpH nepemerrie -
HHI OJHHX CIIOEB PealbHOH KHIKOCTH OTHOCHTEILHO JAPYIHMX BO3HHKAIOT CHIIBI BHYTPEHHET O
TPEHISL, HaIIPABIIEHHEIE T10 KacaTellbHOH K IIOBEPXHOCTH CJIOEB. J|eHCTBHE BTHX CHII TIPOSBILSIET -
CSd B TOM, UTO CO CTOPOHBI CJIOS, ABHIKYIIETOCS OBICTpPEe, Ha CIIOH, ABHXKVIIHHICSI MEIJICHHEE,
IEHCTBYET YCKOpsroIas crwia. Co CTOPOHBI K€ CJIOS, ABIDKYIIETOCS MEIJIEHHEH, Ha CIIOH,
IBIKVINHICS OBICTPEE, AEHCTBYET TOPMO3SIIAs CHIIA.

Ciia BHYTPEHHET O TpeHHUA F TeM Oonblie, yeM OOJIbINE paccMaTpHBacMas IIoIaab I10-
BEPXHOCTH CIIOEB S, H 3aBHCHT OT TOI'0, HACKOIILKO OBICTPO Me-
HSETCS CKOPOCTh TEYEHHS JKHJIKOCTH IIPH TIEPEXOHE OT CIIOA K
ciIor0. Ha pHCYHKE IIpeJICTaBIIEHRI BA CIIOS, OTCTOSIIHE APYT OT
Ipyra Ha pacCTOSHHH Ax M IBHKYIIHECS CO CKOPOCTSMH v H D-.
IIpu 5TOM »; — v> = Aw. HampasieHie, B KOTOPOM OTCUHTBIBACTCS
, DAaCCTOSHHE MEKY CIOSIMI, NEPNEeHOUKYIAPHO CKOPOCTH Teye-
¢ HHA caoeB. BemmrumHa Av/Ax mmokaspIBaeT, Kak OBICTPO MEHSETCS
2 CKOPOCTH ITPH IIEPEXOIE OT CIOS K CIIOIO B HAIlpaBIEHHUH X, IIEP-
IEHINKYIIPHOM HAaIIpaBIEHHIO JIBIHJKEHHS CJIIOEB, M Ha3bIBASTCS TIpPAAHEHTOM CKOPOCTH.
Taxrm oOpa3oM, MOKHO CUHTATh, YTO MOIYJIb CHIIBI BHYTPEHHETO TPEHIS PaBEH:

Av
F:”‘E‘S

dx

: (1)

r1e KO3()(PHIMEHT ITPOITOPIMOHATIBHOCTH #, 3aBHCSIIHI OT IIPHPOABI KHIKOCTH, Ha3bIBAETCS AH-
HAMHI€CKOH BA3KOCTBIO (IUIH ITPOCTO BA3ZKOCThIO).

ExmamIa BI3KOCTH — mackajb-cekyHaa (Ila-c):; 1 Ila-c paBeH JHHAMHIYECKOH BI3KOCTH
CpeZbl, B KOTOPOI IMPH ITaMHHAPHOM (IT1aJKOM) TeUeHHH H I'paJHeHTe CKOPOCTH C MOIYIIEM, PaB-
HEIM 1 M/c Ha 1 M, BO3HHKaeT ciiIa BHYTpeHHero TpeHHsI B 1 H Ha 1 M’ ITOBEpXHOCTH KaCaHHI
CIIOEB (1 ITa-c=1 H-c/M"). IIpuMeHseTCS TaKKe BHECHCTEMHAS equHmIa — myas (I1):
1ITa:c =10 1L

YeM Gorblile BA3KOCTD, TEM CIJIbHEE KHIKOCTh OTIIHYAETCS OT HAEAIbHOH, H TeM OOIIBIIHE
CIUIBI BHYTPEHHEI'O TPEHHS B HEHMl BO3HHKAIOT. BSI3KOCTh 3aBHCHT OT TEMIIEPATYPHI, IIPHUYEM Xa-
paKTep 3TOH 3aBHCHMOCTH UIS KHIKOCTEN M r'a30B pa3imyeH. I KHAKOCTEH # C YBEIHYEHHEM
TEMIIEPATYPEI YMEHBINAETCA, YV Ta30B, HA000POT, YBEITHUHBAETCS, YTO YKA3bIBAET HA PA3IIMUIE B
HIIX MEXAHH3MOB BHYTPEHHEIO TpeHHS. Tak, JHHAMHYeCKas BS3KOCTh BOJBI YMEHBIIAETCS OT
1,792:10™° IT mo 0,284-107° II (t.e. B 6.3 pasa) mpH yBemrdeHHH TeMrepaTypsl or 0 "C mgo 100 °C,
a y BO3yXa B 3TOM JKe JHAIla30HE BA3KOCTh yBennunBaercs or 1,709-107* IT go 2,175-107* II.

CyIIecTBYeT JBa pekKHMa TeueHHS KHAKOCTEH. TeueHHe Ha3plBacTCd JAMHHAPHBIM (CJI0-
HCTBIM), €CIIH BIOJIb ITOTOKA Ka’KIBIH BBIJAEIIEHHBIH TOHKHI CIIOH CKOIB3HT OTHOCHTEIIBHO CO-
CeHHX, He IIEpEMEINHBASCh C HHMH, H TYPOYJeHTHbIM (BHXpeBbIM), €CIIH BJOIb IIOTOKA

an%ﬁgﬁﬂgﬁﬂ%ﬁmﬁ ¢ TiepeMelllMBaHHe KHIKOCTH (Ta3a).
Cepricbukar: 12000002A633E3D113AD425FB50002000002A6 \€TCS ITPH HeOOIIBIIHX CKOpOCIIX €€ NBHARCHIAL
Bnapenel; | le63yxopa TatbaHa AneKcanapoBHa DBEPXHOCTH TPYObI, B KOTOPOIl OHA TEUET, H3-3a

HeH H ocTaeTcsd HEIIOABHKHBIM. CKGPGCTH ITO -
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CIEAVIOIMX CIIOeB TeM OobIle, 4yeM OOINBINE HX PACCTOSHIE JO0 ITOBEPXHOCTH TPYORI, U HaH-
OOIBINEH CKOPOCTRIO O0IAMAeT CIIOH, IBIZKYIIIICS BIOIb OCH TPYOHL.

[Ipn TypOylIeHTHOM TeUYeHHH YaCTHI[BI KHIKOCTH ITPHOOPETArOT COCTABILIIOIIHE CKOPO-
CTEH, TIIEPIIEHAHKYIIIPHBIE TEUEHHIO, IIO3TOMY OHH MOTI'YT IEPEXOIUTH M3 OJHOIO CIIOS B IPYTOH.
CKOPOCTh YacTHI[ KHAKOCTH OBICTPO BO3pacTaeT II0 MEpPE VIAJIEHHS OT ITOBEPXHOCTH TPYOHI,
3aTEM H3MEHSIETCS JOBOIBHO HE3HAUHTENBHO. TaK KaK YacTHIEI KHUAKOCTH ITePeXOJT U3 OQHO-
IO CJIOA B JIPYIOi, TO HX CKOPOCTH B Pa3IMYHBIX CIIOSX MAJIO OTJIMYAOTCS. F3-3a OOIBIIOro
IpaJHeHTa CKOPOCTEH Y IIOBEPXHOCTEH TPYORI OOBIYHO IIPOHCXOIUT 00pa30BaHHe BHXPEH.

[Tpodmis ycpeTHEHHOH CKOPOCTH ITPH TYPOYIIEHTHOM T€YeHHH B TpyOaxX OTIIHYAETCS OT
MMapa0oIIYEeCcKOro IMPOQHII IIPH TaMHHAPHOM Te4eHHH Ooliee OBICTPEIM BO3pacTaHHEM CKOPO-
CTH Y CTEHOK TPYOBI H MEHBIIIEH KPHBH3HOM B IIEHTPAIbHOH YaCTH TEUEHH .

Anrmmmiickui yueHBIH O. PeiHompjc (1842—1912) yeTaHOBHII, YTO XapaKTep TeUYeHHS 3a-
BHCHT OT Oe3pasMepHOH BEJIMYHHEI, Ha3bIBaeMOH YHCIIOM PeHHOIbICA:

_plu)d

Re f . (2)

I'ac P — ITIOTHOCTD KIIKOCTIH,

{ i
1l
W CPEeIHSA II0 CEYEHHIO TPYOBI CKOPOCTH KHJIKOCTH,
d — XapaKTepHBIH THHEHHBIH pa3Mep, HaIlpHMeP JHAMETP TPYOHI,
y — JMHAMIHYeCKas BSI3KOCTh KHIKOCTH.

OtHomeHHe VY = i/p Ha3bIBaeTCSI KHHEMATHYECKOH BA3ZKOCTbIO, IT03TOMY (2) MOJKHO ITpe/I-
CTAEHTE GHE,[[}*’IOI_[[IM GﬁpﬂS(}Mi
_{v)d
Re v (3)

[Ipn manpIx 3HadYeHHIX 4Hciaa PeliHompaca (Re ¢ 1000) HaOmomaeTcs TaMHHapHOE Te-
UeHHe, TIEPEX0] OT JIAMHHAPHOIO TeueHHs K TYypOYIeHTHOMY IIPOHCXOAHT B obmacTtH 1000 ¢

Re ¢ 2000, a mpu Re = 2300 (mis rmagxux TpyO) TeueHHe TypOylIeHTHOe. ECIH 4HCIOo
PeliHombica OMHHAKOBO, TO PEKHM Te€UEHHS Pa3lIHYHBIX JKHIKOCTeH (ra30B) B TpyOaxX pasHBIX
CeYeHHH OHHAKOB.
Teopuns MeToaa 1 onlcaHNe YCTAHOBKH
BSBKOCTE TIPOSBIISIETCS TIPH JIBIDKEHHH He TOJBKO KHIKOCTH IO COCYZaM, HO H Tell B
K¥HAKOCTH. [IpH HeOONBIMX CKOPOCTSIX B COOTBETCTBHH C YypaBHeHHeM HbpIOTOHa cHIa
CONPOTHBIIEHHS JABHKYIIEMYCS TelIy IIPOITOPIHOHAIbHA BS3KOCTH JKHIKOCTH, CKOPOCTH
JIBHKeHHS Tela H 3aBHCHT OT pa3MepoB Tella. TaK KaK HEBO3MOKHO YKa3aTh OOIIYIO (popMy -
Ty JJIS CHIIBI COITPOTHRIIEHHS, TO OTPAHHYIMCS PacCMOTPEeHHEM YaCTHOIO CITyYas.
Hamnbonee nmpocToi ¢opMoH Tema SBirsteTcs cdepa. g ceprdeckoro Tena (IapHK) 3aBH-
CHMOCTDH CHIIBI COITPOTHBIIEHIS ITPH €r0 JBIDKEHHH B COCYE C KHIKOCTBIO OT IEPEYHCIIEHHBIX
BEIIIIE (PAaKTOPOB BEIpakaeTcs 3axkoHom Cmokca:

£ =671 4 ()
I7le ¥ — PaiyC IapHKa,
U — CKOPOCTb ABHKCHIA.
TOT 3aKOH ITOJIVHCH B IIPEAIIOIIOMKCHIH, YTO CICHKIL COCYId HEC BJ/IHMAIOT Ha JABHXCHHC

AOKYMEHT NoanmncAH
ANEKTPOHHOW NOANMUCLIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Llebayxoea TateAHa AnekcaHgpoBHa

>. 3) Ha Hero JHCTBYIOT TPH CHIIBI:
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Fio=m g=3p 71"¢
e BBITAJIKHBAIOINAS (apXHMeJLOBa) ~ - e A =,

TZIE Ny, — Macca BRITECHEHHOH IIapOM KHIKOCTH, 4 — €€ INIOTHOCTE,

e F., — CIUIa COMPOTHBIIEHHS, BEIYHCIISIEMAs 1O (hopMyIie (4).

[Tpu momajaHuH MmapHKa B BSBKYIO JKHJIKOCTh €r0 CKOPOCTh YMEHBINAETCS. TaK Kak CHiIa
COITPOTHRIIEHHS IIPSMO ITPOMOPIOHAIFHA CKOPOCTH, TO H OHa OYeT YMeHBIIaThCS IO TeX II0p,
ITOKa JBHJKEHHE HE CTaHET PaBHOMEPHEIM. B 3TOM ciryyae:

mg +F +F, =10

()
FA
B ckamsapHoit popmMe ITpH MMOACTaHOBKE COOTBETCTRYIOMHX BBRIpaKe -
Y
Frp HII 771 cHIL, (popMya (5) OyzieT HMeTh BHJL

1 %J,:ILT T — ij; i g—bmnrtg =0 ©)

Mg
Puc.2.

U
e 0 — CKOpPOCTh paBHOMEPHOI'O JBHKeHHS (MafeHHs) mapruka. M3 (6) momydyaeM BeIpake-
HHE IS JHHAMITYeCKOI BS3KOCTH:

-

20 P—pPy g
L th

1=
(7)

(DDPI\{}"HE], (7) CITpaBCJIHBA JJJIA ABHKCHHA IITAPHKd HE TOJIbKO B AKHAKOCTH, HO H B I'd3€.

SKGHEPHMEHTHJ]LHHH YCTAHOBKd COCTOHT H3 CTCKIIIHHOI'O HHJIHHAPA, 3aIIOJIHEHHOI'O IJIH -
IHEPHHOM. Ha IMHJIHNHAPE HAHCCCHBI ABC I'OPH30HTAJIBHBICE MCTKI (HPDEDHGIH{BIE I{DHBI_[E],):, PacIIO -

JIO’KEHHBIE APYT OT APyra Ha PacCTOSHHI | (BepXHSISI MeTKa JIOJDKHA OBITh HHJKE YPOBHS ITIH -
I[epHHA Ha 5 — 8 C¢M.). BS3KOCTB ITIHIIEpHHA 3aBHCHT OT TEMIIEPATYPHI CIIETYIOIIHM 00pa3oM:

T,°C 3 18 21
7 NOKYMEHT NOAMWUCAH 10,69 7,78
SNEKTPOHHOW NMOANUCHLIO 8,48 8,18

Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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CTeKISHHBIH IIUTHHIP., 3aITOITHEHHBIH INIHOCPHHOM, CCKYHIOIOMCP, ITHHIICT, MIAPHKIL, MHK-
POMETP HIH OTCUYETHBIH MITKPOCKOIIL.

Ykazarnua no mextike dezonacHocmil

hd

K BBIITOIHEHHIO HﬂﬁﬂpﬂTDpHLIK pﬂﬁOT AOITYCKAIOTCA CTYACHTBI, H3YVUHBIIIMC IIPpAaBHIIA

TeEXHHKH Oe30ITaCHOCTH.

JIaGopaTopHBIe padOTEI MOI'YT IIPOBOJHTHCS TOIBKO IO PYKOBOACTBOM H HaOIIFOAeHHEM

IPCITIOJaBaTCIIA.

Pacrmojraranre rmpHOOpPEI, MaTepHaibl, 000pyA0BaHHE Ha padodyeM MECTE B IIOPSAKE, VKa-

3aHHOM IIPCIIOdBATCIJIC M.

He ACPAHHITE Ha pﬂﬁ(}l{EM CTOJIE ITPEAMETRBI, HE TpEﬁ}"IOH_[HECH JIL BEOTOJIHEHITA 34 JJaHITA.
HEPE,I[ TCM, KadK IIPHCTYIIMIE K pﬂ,ﬁﬂTE TIHATCIIBHO H3YYHIC €€ OITHCaHHE, YACHHTC XO/]

BBITIOITHCHITA pﬂﬁGTBI.

3aoaHuA.

1.

I/IBMEI}HE AHAMCETP IIIapHKa, OITYCTHID HIAPHK B *KHIKOCTE KaK MOMKHO OIOIDKe K OCH IH-

TTHHJpPA.

2.

BKITIOUHTB CEKYHIOMCEP B MOMCHT ITPOXOZKICHITA HIaPHKOM EEp}{I-IEﬁ MCTEIH.
3. BHKTIOUHTH CEKYHAOMEDP B MOMCHT IIPOXOKACHHA IIIaPHKOM HIKHEH METKH.

4. TIOBTOPUTH OIBIT HECKOIBKO (7 — 9) pa3. Berumcimurs cpegHee BpeM f,, 3a KOTOPOE
IIAPHK ITPOXOAHT MeKIY ABYMS METKAMI.

| MCHIAY MCTKAMIIL.

5. HM3MepHTH paccTOSHHE
6. BBIUWHCINHTH CKOPOCTH MaJIeHHS IMAPHKOB U = [/1,.
7. TlompcraBHTh 3HaYeHHE CKOPOCTH B (pOpMyIY (7), BEIYHCIHTD BSI3KOCTh ITTHIIEPHHA.
8. Pesymprarsl H3MepeHHH 3aHeCTH B Ta0mHIy 1.
Tabmma 1.
thc |tbyc |tie|tac |tsc|tsc|tyc|tscC|loC|lyC |y Vo, [ m n,
M/C Ila-c
Ipumeuariie: IUIOTHOCTB CBHHIIA p = 11,350 r/cm’

- OCHOBHOC Gﬁﬂp}fﬂﬂEﬂHHE: CXEMd YCTAHOBKIL,

TUIOTHOCTD LIHIEPHHA px = 1,264 T/CM°.
Cooepacarnue omuemad.
OTYeT 110 J1abopaTOpHEIM padoTaM JONIKHEL CONEPKATE:
- THTYJIbHBIH JIHCT,
- LIETIb PadoTHI,

- KOHCIIEKT OCHOBHEIX 3aKOHOB, OITPeIelIeHII, ITIOHATHH, (POPMYII,

- OITHCAHHE TI0 ITYHKTAM BBITTIOJTHEHHOH pa0OTHI,
- pe3yIbTaThl H3MEPEHHH H pacyeToB (TaOmHIlbL, TPapHKH),
- OLIEHKA ITOTPENTHOCTEH,
- OTBETHI HAa KOHTPOJILHBIE BOIIPOCHI,
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3. Kak 3ammceiBaeTcs popmyina HeroToHa 719 BHYTPeHHETO TPEHHA?

4. UYto mokaseIBaeT IPaJHEHT CKOPOCTH? B KaKHX eIHHHI[aX OH H3MEPSETCS?

5. OT 4ero 3aBHCHT CHJIa TPEHHS IIPH JBH KEHHH Tell IapooOpa3HOH (POPMEI B BI3KOH cpe-
ne?

0. Kakwme cHibl JeHCTBYIOT Ha ITaJarOIIHI B BS3KOH Cpejie IIapHK H KAKOB XapakTep JIBHKE-
HH IIapHKa?

7. B KakMX eIMHHIAX H3MEPSIOT BI3KOCTh? OT YEro OHa 3aBHCHUT?

JIadopaTopHas padora Ne 6

Tema pﬂﬁﬂlﬂ[al. OHpE,[[EJ]EHHE OTHOHOICHHHA YIC/JIbHbBIX TelJ10eMKOCTeH BO3aYXa METO-
JOM MHHﬁﬂTH‘IECEﬂFﬂ PpacloiHpPEeHNA.

I[ens padomsr. I3ydHUTh Ta30BbIE 3aKOHEI, IIEPBEIH 3aKOH TEPMOJHHAMHKH H ITOHSATHE Tell-
TOEMKOCTH. ONPEeJeINTh OTHOIIEHHE TeIUIOEMKOCTEH BO3yXa IIPH ITOCTOSHHOM JaBIeHHH H IT0-
CTOSIHHOM 00BbeMe (Koa(rarreHT IlyaccoHa) B yCIIOBHSX, OJIM3KIX K HOPMAaJIbHEIM.

T eopemuieckda uacmbo.

OTIBIT ITOKA3BbIBAET, YTO KOITHYECTBO TEILIOTHI (J, HEOOXOANMOE JJIS Har peBaHH I MacChI O/ -
HOPOJHOI'O BEMIECTBA OT TeMIlepaTyphl 1; 10 1>, MPONOPIHOHAILHO MACcCe BEIIECTBA H H3MEHE-
HIIO TeMITePaTyPHI:

Q=cm(T,—T,), (1)
TIE ¢ - YAeIbHasI TEIUIOEMKOCTS BelmectBa. M3 gpopmymsl (1) crenyer
C— . Q =
m|T,~T | (2)

YoenvHoii mennoemkocmpr0 Ha3BIBAETCA KOIMYECTBO TEIIOTH, HeOOXOANMOE JIIA
e
cl=1
HarpepaHH BelecTBa Maccol 1 kr Ha 1 K. B «CH» ke K
KpoMme yaenpHOM TEIIOEMKOCTH BEINECTBA HCIIONL3YETCS MOJISIPHAS TeIllIoeMKocTh C.
Monapuoii mennoemkocmsio Ha3bIBaeTCSA KOIMYECTBO TEIUIOTHI, HEOOXOMMOE IS HarpeBaHH I

] momnsg BemmectBa Ha 1 K. M3 OIPpEACIICHI A }",[[EJILHGﬁ TEINNIOEMKOCTH CJIEAYCT, UTO OH4 CBi3dHa C
MOJIHPHGﬁ COOTHOMICHICEM

M
C =Mc (3)
rae M - mospHas macca Bemectea. B «CHy»  exmHiIla H3MepeHH S [CY] =1
e
monb K Cocrosmme rasa MOKeT GhITb OXAapaKTEPH30BAHO TPeMd IapaMeTpaMH. daBIIe-

HHEM p, 00beMOM V' U TeMIlepaTypor 1. YpaBHEHHE, CBS3BIBAIOINEE 3TH BEIIHUHHBI, Ha3bIBACTCS
YpPasHeHUuem coCmoAHUA 2azda. 111 cirydas HAeallbHOrO ra3a YpaBHEHHEM COCTOSHHS SBIISIETCS
ypaeHeHue Meroeneeea-Knaneiipora

pV =—= RT
Mo (4)
rae R - yHHBepcallbHas ra30Bas IMTOCTOSHHASL
T HOKYMEHT NOONUCAH " OT YCJIOBHH HarpeBaHHS. BBISICHHM 3Ty 3aBH-
ONEKTPOHHOW MOAMUCHIO cToaHHS (4) H nepébiM HAUAIOM MEPMOOU-
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NepelaHHOEe CHCTEME, 3aTpayHBacTCs Ha YVBEIIHYECHHE €€ BHYTPEHHEH sHeprHH dU u Ha padory
04, coBepIIaeMyI0 CHCTeMOH ITPOTHB BHEIIHHX CHII

50 = dU + 64 (5)
ITo QITPEACIICHIIO TCIIJIOEMKOCTE PaBHA
~_8Q_dU A
dT ~ dT dT )

M3 ypaBHeHHS (6) BHIHO, YTO TEIUNIOEMKOCTh MOXKET HMETh Pa3INYHBIE 3HAYEHHS B 3aBH-
CHMOCTH OT CIIOCOOOB HarpeBaHHS I'a3a, TaK KaK OJHOMY H TOMY K€ 3Ha4eHHIO I MOTYT COOT-
BETCTBOBATh Pa3IHUYHbIE 3HAYeHNSI dU u dA4.

DnemenmapHan padoma HIealbHOTO raza paBHa d4 = pdl. BHympeHHAA IHepeUa 2a3a
paBHa:

2 M (7)
m

Y M xommecto Momeit rasa, i - YHCIIO CTEIIEHEH CBOOOIEL.

Hucnom cmenereil 6000061 MOIEKYIIBI T'a3a HAa3bIBACTCS YHCIIO HE3ABHCHMBIX KOOPIH -
HAT, OTIPEIEIISIONINX TIOIIOKEHHE MOJIEKYIIEL B IPOCTPAHCTBE.

[Ipy IBHKEHHMH TOYKH ITO ITPSIMOH JIMHHH IS OLIEHKH €€ ITOJIOKEHHS HaJl0 3HAaTh OJHY
KOOPIHHATY, TO €CTh TOUKA UMEET OJHY CTEIIEHb CBOOOJIBI. ECIH TOUKa ABHIKETCS ITO TUIOCKO -
CTH, €€ IIOJIOKEHHE XapaKTEPH3VEeTCSd ABYMS KOOPAMHATAMH, TO €CTh TOYKa OONIaIacT JBYMS
CTEIeHsIMH CBOOOAEI. ITomokeHe MaTepHalIbHOH TOYKH B IIPOCTPAHCTBE OIPEALISIETCS TPEMS
KOOPAHHATAMH (TPH CTeIIeHH CBOOOJIBI).

MoOIeKyIIBI, KOTOPBIE COCTOSAT M3 OJHOI'O aTOMa, CUMTAIOTCS MaTepHaIbHEIMH TOUKAMH H
MMEIOT YMCIIO CTEMNEeHeH CBOOOIBI i =3. TaknMH SBISIOTCS MOIEKYIIBI aproHa, T'elHs M  JIp.
JIBYXaTOMHBIE  MOJIEKYIIBI (H,, N, u ap.) o0mmajaroT YHCIOM CTelleHell CBOOOJBI i = 5, OHH
HMEIOT TPH CTEIEHH CBOOOBI ITOCTYIIATEIBHOTO ABIKEHHS BIAOIb OCeH X, Y, Z U JBE CTEIIEHH
cBOOOJIBI BpallieHHs BOKpYr ocell X M Z (pHCYHOK 1, a). BpaieHHeM BOKPYT OCH Y MOJKHO
IpeHe0peyh, TaK KAK MOMEHT HHEPIIMH MOJIEKYJIBI OTHOCHTEIIFHO 3TOH OCH OYeHb Mail. More-
KYIIEL, COCTOSIIME U3 TPEX M O0JIee JKECTKO CBS3aHHEIX aTOMOB, HE JIEKAIIIX Ha OJTHOH ITPSMOI
(pucyHOK 1, 0), IMEIOT YHCIO CTeleHeH CBOOOIBI i = 6: TPH CTENEeHH CBOOOJHBI ITOCTYIIATElh-
HOT'O JBHJKEHHS H TPH CTEIIEHH CBOOOJBI BpallleHHI BOKPYT ocel X, Y, Z. CTONIBKO K& CTEIIeHeH
CBOOOIBI HMEIOT H APYTHE MHOI'0aTOMHBIE MOJIEKYJIHI.

A

._
v

Z Vi

—9,

3 Puc.9P1 6
PucyHoK 1 —Yucno cteneHen ceoboabl  MONEKyN

B oOmeM cioydae i - Ko3((HIMEHT, pPaBHBIH CYMME 4YHCIA IIOCTYIIATEIBHBIX (Znoem).
BPAIATENbHBIX (Zzpq,) H YIBOEHHOIO YHCIIA KOMEOGATENBHBIX (fyne5) CTENTEHEH CBOOOIBI MONEKYIIBI
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M

Ha prcyHKe 2 IoKasaHa 3aBHCHMOCTh MOJISIPHOH TEIUIOEMKOCTH Cy Bozmopona (H-)
OT TEMIIEPATYPEI, H3 KOTOPOH CIEAVET, YTO TEINIOEMKOCTE PEAIBHOIO I'a3a HE 3aBHCHT OT TEMIIE -
paTyphl TOIBKO B ONPEIeII€HHBIX TEMIIEPATYPHBIX HHTepBallax. [Ipu sTtoM B HHTEepBane 1-1" He-

00XOJMMO YUHTHIBATEH TOIBKO IMOCTYIIATeIbHBIE CTEIeHH cBOOOARI (i=3); B HHTepBaie 2-2' - 1o-
CTyIaTeJIbHbIe H BpalllaTellbHble (i=J5), B HHTepBajlle 3-3' - IOCTYyIIaTellbHbIE, BPAIaTelIbHEIE H
korebarenbHble (i=6). OImHcaHHas 3aBHCHMOCTD TEIUIOEMKOCTH PeajlbHOrO r'a3a OT TeMIIepaTy-
pPeI 00YCIIOBJIEHA KBAHTOBOM IPHPOJOH MOIEKYII H OOBSICHAETCS B COOTBETCTBYIOIIMX pasielax

Kypca (OH3HKH.
TemriepaTyphl, BHIIIE KOTOPBIX HEOOXOIHMO YUHTHIBAaTh TeMIIepaTyPHYIO 3aBHCHMOCTh
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PHCYHOK 2 — 3aBHCHMOCTEH MOJISPHOH TEIUIOEMKOCTH OT
TeMIlepaTyphl ras3a

BKJIAJIOB B TEINIOEMKOCTh BpaIllaTelIbHOIO M KOJIe0aTelIbHOIrO JBHJKEHHSI MOJIEKYII, ITOYYHIIH
Ha3BaHHE P A AMENbHOU XAPAKMEPUCMUYECKOU U KoJtebamesibHoU xXapaxkme-
pucmuvueckoil memnepanypst COOTBETCTBEHHO. 3HAUEHHS 3THX XapaKTEPHCTHYECKHX TEMIIE-
paTyp AJI BOAOPOAa, a30Ta H KHCIIOpOoAa IIpHBEAeHEI B Ta0miIle 1.

BPEH_T_[EI,TEHLHEIH H KonebaTelnbHasl XAPaKTCPHCTHYCCKHE TEMIICPATYPhIL

HEKOTOPBIX I'a30B
Tadmmra 1
I'as XapakTepHCTHYECKAs TeMIIEpaTypa, K
BpalaTebHas KonebarempHasd
H, 85,4 6100
2 2,86 3340
2 2,07 2230

M3 1npHBeJeHHBIX JaHHBIX CIEIYeT, YTO IIPH TeMIleparypax, OIH3KHX K HOPMalIbHOMH,
peanbHbIE ABYXaTOMHBIE I'a3bl MOKHO PacCMaTpPHBATh KaK HJEalIbHBIH I'a3, MOJIEKYIIbl KOTOPOIO
00J1a1af0T TOIIBKO ITOCTYIATEIbHBIMH H BPAI[aTEIbHEIMH CTEIIEHSMH CBOOOIBI.

PHGGMGT'_[JHM OCHOBHBIC IIPOLCCCHI., IIPOTCKAIOIINC B HACAIBHOM I'd3C IIPH H3MCHCHHH

AOKYMEHT NOANWGAH 'a3a OCTAETCI HEHM3MEHHBIM H PABHO OJHOMY
SNEKTPOHHOWM NOANMUCHIO '
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H3zoxopusiit npoyecc. [1poliecc HaspIBaeTCs H30XOPHBIM, €CIIM OOBEM Tela IPH H3MEHE -
HHH TeMIlepaTyphl OCTaeTcs IIOCTOSHHBIM, T.€. V'=const u m=const. B aToM ciny4ae dl = 0. Cre-
IOBaTellbHO, H d4 = (), T.e. IIPH 3TOM BCS ITOJABOJHMAS K Ira3y TeIUIOTa HAET Ha YBEIIHUEHHE ero
BHYTpPeHHeH sHepruH. Torma u3 ypaBHeHHi (6) 1 (7) clueayeT, YTO MOJIIpHAsA TelJI0eMKOCTh ra3a
ITPH TTIOCTOSHHOM O0OBEME paBHa

dU _ i
Cy=—===R.
dr 2 ®)

H3o0apustii npouecc. 11poriecc, MIpOTeKArOIHH IIPH ITOCTOSHHOM JABJIEHHH p = const H
m=const, Ha3bIBaeTCsI H300apHBIM. [[11 53TOro cirydas popmyia (0) IIepeITHIIeTCs B BHIE:

dU dv
cM= +p—-
P dT dT (9)

M3 ypaBHEHH Ta30BOro cOCTOSHHA (4) IS OJHOIO MO ITOITY4aeM:

pdV + Vdp = RdT. (10)

Ho p = constu dp = 0. CnenoBarenvHo, pdl = RdT . IlofcTaBIsSsa 3TO BEIpaXKeHHE
B ypaBHeHHE (9), TOITYyUHM

CM I+2R
P2 | (11)
13 ypaBHeHuii (8) u (11) cmemgyer, 4To
M_ ~M
C,=Cy+R. (12)

[locnieqHee ypaBHeHHE HA3BIBAKOT ypasHeHuem Maitepa.
H3zomepmuueckuii npouecc. 130TepMIYECKHM ITPOIIECCOM HA3BIBAETCS ITPOLECC, TIPOTE-
KaIOI[HI IIPH IIOCTOSHHOH TemIlepaType I=const U m=const. B stoM ciaydae dI’ = 0 H

dQ: , TO €CTh BHYTPEHHSS SHEPITHS T'a3a OCTAeTCs IMOCTOSHHOM H BCE TTOABOIIMOE TEIUIO
pacxomyeTcs Ha paboTy.

Aouadbamuueckuit npouecc. 11poiiecc, rporeKaroInui 6e3 TeIrroo0MeHa ¢ OKPYKaroIeH
CPEeIOH, Ha3bpIBaeTCs amHadaTHyecKHM. [leppoe Hayamo TepMOJHHAMHKH IS TaKOro ITpolecca
Oyzmet uMeTh BHA. dO =0, dU + d4 = 0, d4 = -dU, 10 ecTb IIpH aJHadaTHYeCKOM IIpoIlecce pa-
00Ta COBEPIIAETCS T'a30M TOJIBKO 3a CUET H3MEHEHHS 3allaca BHYTPEHHEH HSHEPIHH.

BrieegeM ypaBHeHHe agHabarHyeckoro Iporecca. [Ipm amgmabatnyeckoM pacImpeHHH

paboTa coBepHIaeTcsa 3a cueT YOBUIM BHYTpPeHHeH sHepruH d4d = - dU. Ho d4 = pdl nu
_ M
dU =Cy dT , BHAYHT
cM
pdV=- =V dT. (13)
PazgemB ypaBHeHHe (10) Ha (13) 1 yuuTsiBasg (12), momyynMm
M M
W Vodp _ C,—Cy  dp_ Vdv
dv M v
[NOKYMEHT NOANMUCAH

SNEKTPOHHOW NOAMUCHIO
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Y= HAa3bIBAETCS NOKAzamesiem aouad amsl Wil Kol puuyuernmom Ilyaccona. VH-
TErPUPYS U ITOTeHUHPYA ypaBHeHHe (14), ronmyunm ypaeéHernue Ilyaccona (ypaBHeHHe ajgHala-
THYECKOT'O IIpOoIiecca):

pV'=const. (15)

C yuetoM (8) u (11) xoapduimenT IlyaccoHa paBeH

y= Cp 142
CV I (16)
Ora (QopMyna cIpaBeJJIMBa KaK I OTHOMIEHHS MOJISPHBIX, TaK H YJEIbHBIX TeIUIOEMKOCTEH
ra3oB.

Bo3gyx SBISETCS B OCHOBHOM
.HCI: CMeCBhIO JBYXaTOMHEIX T'a30B. a30Ta
B H Kuciaopoma. IloatoMy ero MoXKHO
—1 paccMaTpHBaTh B I[EJIOM KaK JIBYX-
1 aTOMHBIM Tra3. COBIIQJEHHE BKC-
TIe PHUMEHT alIbHO HaiJIeHHOI'O 3HaYe-
HHUA Ko3((HIEeHTa ) C PacCUHTaH-
T HEIM II0 (opmyne (16) IS IBYX-
Hﬂl) aTOMHOIO HeaJIbHOIO Ta3a MOKET
CIIY’KHTh KpHTepPHEM ITPHMEHHMOCTH
TEOPHH HeallbHOI'O I'a3a JJIS OITHCa-

HHS peajIbHbIX I'a30B.

K Hacocy
|
|

3
|

___________________ Obopyoosanue u mamepua-
JIbL.

[IpemmaraeMeI MeTOJI OITpeIeIeHIL
Pucynok 3 — CxeMa yCTaHOBKH koa(rareHTa IlyaccoHa ¥ OCHOBaH
Ha IIPUMEHEHHH YpaBHEHHH aguada-
THYECKOI'O H H30XOPHOI'O ITPOLIECCOB

1 3aKOHa bornsg-MapHorra.

YCcTaHOBKa COCTOHMT M3 CTEKISHHOrO OalmoHa A, COeIMHEHHOIO ¢ BOJSHBIM MaHOMET-
poM B 1 HacocoM (prcyHOK 3). [locpenctBoM KpaHa /I 0aIoH MOKeT OBITh COeHHEH C aTMO-
chepoii.

[IycTp B HayalIbHOM COCTOSIHHH JaBIcHHE BO3AyxXa B OalUIOHE PaBHO aTMOC(EpPHOMY.
Ecim 3aKpheITh KpaH H ¢ IIOMOINBIO HAcOCAa HaKayaTh B OalNIOH HEKOTOPOE KOIHMYECTBO BO3JIyXA,
TO JaBJII€HHEe B OalUIOHE IMOBBICHTCS, HO €CJIM 3TO IIOBHIIIEHHE OBLIO IPOMU3BEAEHO JOCTATOYHO
OBICTPO, TO CTOIOHK BOJILI B MAHOMETPE HE cpas3y 3alMET OKOHYATEIbHOE IMOJIOKEHHE, TAK KaK
IIPH CKAaTHH BO3[yXa TeEMIIEpaTypa €ro IMOBBICHTCS. OKOHYATEIbHAS Pa3sHOCTh YPOBHEH BOJBI B
KOIIeHaX MaHOMeTpa /H yCTaHOBHUTCA TONIBKO TOTa, KOra TeMIlepaTrypa BO3IyxXa BHYTPH Oasrio-
Ha CpaBHSETC, Ormarogaps TEIUIOIPOBOJIHOCTH CTEHOK, ¢ KOMHATHOH TeMIIepaTypon

O0o3HaUNM 4epe3 17 KOMHATHYIO TeMIIEpaTypy H Yepes3 p; - HaBIIEHHE ras3a BHYTPH

ANOUTTA  CANTDATATDUINTTTaA TTaranaumrtn vaunveaTng H OYyeRHIHO. UYTO JaRIeHHEe. VCTAHORBHRBIIIE -
JOKYMEHT NMoAarcAH P HHO, A >

SMEKTPOHHOW NOANMUCKIO 1 BeTHYHHY A py = pgH.
Ceptucbukat: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu; lLleBGayxoea TateAHa AnekcaHapoBHa
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=K P3Val;
AP,
| S
| T PVAT
Pr=P; l 2.5 S EPH3YIOT COCTOSHHE 3IIEMEHTa
s ! : c ‘Touka 1 Ha pHCYHKe 4).
2 Vi V=V, 7 X B OaIUIOHE GYIET PACIIHPSTE -

IMOC(PEPHOMY pg, IIPH 3TOM OH
a3a ¢ rmapamerpamu 1> , Vo m
Pr=p L’%‘t&g% ﬁ‘a- I&l{b&%éﬂgﬂ? rasoBoro npouecca
Ecim cpasy B MOMEHT JOCTHIKEHHSI BTOPOI'O COCTOSHHS r'a3a CHOBA 3aKPHITh KpaH, TO
IaBJIEHHE BHYTPH OallloOHa HAa4YHET BO3pacTarb BCIEACTBHE TOIO, YTO OXIIAJUBIIHIICS IIPH
pacimpeHHH (Tporecc 1-2) Bo3ayx B OaUIOHE CTaHET CHOBA HarpeBaThcs. Bo3pacTaHHE JaB-
JIEHU A IIPEKPATUTCS, KOra TeEMIIEpaTypa BO3AyXa B OalUIOHE CPaBHSAETCS ¢ KOMHATHOM TEMIIEpA -
Typor 7;. O603HauUNM JaBIeHHE BO3AyXa B OallJIOHE B 3TOT MOMEHT 4Yepe3 p; H COOTBETCIBY-
IoIee TOKa3zaHHe MaHOMeTpa - yepes k. OTo OyJeT TpeThe COCTOsSHHe Ta3a:; 1), psH V5 (Touka 3
Ha pHCYHKe 4) . J[aBlIeHHe B 3TOM COCTOSHHH PaBHO
p;=potAps, (Aps=pgh) (18)
[lepexom OT BTOPOro cocTOSHNA (TI0CIE 3aKPBITHSI KpaHa) K TPETheMY IIPOHCXOAHT Oe3
H3MEHEHHI 00beMa, TO €CTh H30XOPHO.
3armiIneM YpaBHEHHS, CBA3BIBAIOINHE TTAPaMETPEI BO3MIYXA B PA3HBIX COCTOSHHSIX:

Y — y
nporecc 1 —2 (aguabara) P1Vi=p,V; :, (19)
nporecc 2 —3 (HM30xopa) Vo =1V5, (20)
kpuBag 1 —3 (m3orepma)  pi Vi = psls. (21)
B ypaBHeHue IlyaccoHa (19) Ha ocHOBaHMH paBeHcTBa (20) moacTaBHM 3 BMecTO Vo
Y — y
piVi=p.Vs (22)
3 ypaBHeHH S H30TepMBI (21) BEIpasHM 00BEM Vs
_P
Vy=—V,
Py (23)
[lomyueHHoe 3HaUeHHe }3 TOJICTaBHM B ypaBHeHHe llyaccoHa (22):
pi |
P, V}i =P P_ v,
S (24)
[TpencraBuM BeIpakeHHe (24) B BHJIE:
y Vy7¥ Y
piVi=p,p1Vips (25)

% N
CokpaTHB 00e YacTH Ha L mepeHecs p, BIIpaBo, a P2 P3 BIIEBO H IIOMEHSB JIE-
BYIO H ITPABYIO HdCTH MCCTaMH, ITOIIYHHNM.

y=1_ —1 y
Pi =P P3 (26)
PPy
[TOMHOXKHM IIpaByIO 4acTh Ha £2F2  (OTYEro paBeHCTBO He HAPYIUHTCS) M CHEIIaeM
COOTBETCTBYIOIHE ITPe0OPa30OBaHIsL, 00BEIHHHB WIEHEI ¢ OXHHAKOBBIM OCHOBAHHEM CTEIEHH:

y—1_ y-1 y —¥
Pi =P2 P3P (27)
y—1
[Togemm Ha % JIEBYIO H ITPaBYIO YAaCTH YPaBHEHH S, TTOITYUHM:
y—1 y
Pl _|Ps
. P2] (28)
AOKYMEHT MNMOAINMUCAH 2.1 1 3 cOOTBETCTBEHHO KaK
SNEKTPOHHOW NOAMMUCHLIO (29)
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
p1=pot Ap, (30)
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P3= potAps, (31)

IJle po— JaBIIeHHEe OKPYJKaOIIEH cpelibl, TO ecTh aTMOc(epHOe JaBlleHHe, Ap; H Ap; — aBIeHHE,
ITPOINOPIHOHAIPHOE Pa3HOCTH YPOBHEH KHIAKOCTH B MAaHOMETPE B COCTOSHISIX 1 H 3 COOTBET-
CTBEHHO.

[ToxcraBus (29), (30), (31) B ypaBHeHHe (28), ITOTYYHM

Ap, '~ Ap., !
1+ﬂ :1+ﬁ

P Po | (32)

PaszmoskiB 00e YacTH MOTYYEHHOIO BRIPaKeHHSI B PSI IO MalIOMy IMapaMeTpPy H OrpaHH -
YHBIIMCH ITIEPBBIMH JABYMS WIieHaMH psAfa (B CHIIy MaJOCTH BTOPHIX ClIaraeMbIX B JIEBOH H IIpa-
BOH YaCTSX), IOITYYHM

1+[.r—1]ﬁ=1+r%
Py by (33)
Brrpasnm u3 ypaBHeHHS (33) koa(rupieHT ITyaccoHa:
y=— D
Ap,—Ap, (34)

Ecm yuects, uto Ap, = pgH, a Ap; = pgh, To TToIIy4rM pabouyro (pOpMYIIY I OIpeie-
neHns Ko duimenTa IlyaccoHa:

H

V=7
H-h (35)

YKkazanua no mexHuxe 0e30nacHocmit.

1. K BHIIOIMHeHHNIO j1a00paTOPHBIX paloT IOITYCKAIOTCA CTYAEHTBI, H3YUHMBIIHE ITPaBHIIA
TEXHHKH Oe30ITaCHOCTH.

2. JlabopaTopHbie paboThI MOI'YT IIPOBOAHTECS TOIBKO ITOA PYKOBOACTBOM H HAaOIIOAECHHEM
TIPeTogaBaTells.

3. Pacnomaranre rnmpHOOPEL, MaTepHalbl, 000PYI0BaHIEe Ha paboyeM MeCTe B IOPSIKE, VKa-
3aHHOM ITPEIolaBaTeIIEM.

4. He pepxute Ha pabodyeM CTOIE IMPEAMETHI, He TPeOVIOIHECS IJI BEITOTHEHH S 33 JaHHS.

[lepen TeM, KaK IMPHCTYIMTEL K padoTe TIATEIIBPHO H3YYHTE €€ OIHCAaHHE, YSICHHTE XOJI

BBITIONIHEHHS PalOTHI.

hd

3aoanuai.
1. IIpu momont kpaHa /I coe JTHHHTE GallIoH ¢ aTMoc(epoi. 3aKphITh KpaH.
2. Hakauatp B OalUIOH BO3IYX TaK, YTOOBI pa3sHOCTE VPOBHEH BOJBLI B KOIEeHAX MaHOMET -
pa coctaBmia 20-25 cm. (4-5 060poTOB PYYKH Hacoca)
3. Beoxaate 1,5-2 MHHYTEL, YTOOBI BO3AYX B OallJIOHE OXJIAIIUICS JO KOMHATHOH TeMIIE -
PaTypel H YPOBHH BOJIBI B MAHOMETPE IIEPeCTAIN IIepeMeInaThbesa. [1omyuyeHHOe COCTOsSHIE COOT-

[IOKYMEHT MOANUCAH
IFNEKTPOHHOU NOANKUCBIO i1 BOIBI /1, W /1, B KOIIeHaX MaHOMeTpa. Orpejie-
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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5. OTKpBITh KpaH TaK, YTOOBI BO3IYX B OalUIOHE ORI COEJHHEH ¢ aTMOc(epoi, H OBICT-
PO €ro0 3aKPhITh B MOMEHT, KOI'Z[a YPOBHH KHIAKOCTH B O00OHX KOJIEHAX MaHOMETPa CPaBHSIFOTCSL.
[Ipu 53TOM maBneHHE BO3AyXa B OallZIOHE CTAHET PaBHBIM aTMOC(EePHOMY pg — 3TO COCTOSHHE, CO-
OTBETCTBVYIOIIEE TOUKE 2 HA PHCYHKE 4.

0. BerKIaTh, YTOOR BO3AYX B OAUIOHE ITOCHE aAHa0aTHOIO PaCIIHpPEHHS HarpesIcs, H ero
TeMIlepaTypa IPHOIM3HIACh K KOMHATHOH TemIieparype. [Ipu aToM garieHne B OaUIOHE TIOBEI-
CHUTCSI H BHOBB ITOSIBUTCS Pa3HOCTh VPOBHEH KHIAKOCTH B MaHOMeTpe. Korga ypoBHH IepecTaHyT
IIepEMEIATLCS, CAEIaTh HOBBIH OTCUET ITOKAa3aHHH YCTAHOBHBIIIMXCS YVPOBHEH B KOIIEHAX Ma-

h, h

HOMETpa n " . OmnpeleanTrs pasHOCTh YPOBHEH /.
7. ITpn momormu xkpaHa /I coeTHHHUTE GallIoH ¢ aTMOC(epOoH.

8. OIBIT IIOBTOPHTH HE MeHee 5 pa3 1o IMyHKTaM 1-7 (110 yKa3aHHIO IIPeIlofaBaTells).
9. Paccunrath 1mo ¢popmymne (35) y: U1 Ka)KI0ro OIMbITa IIPOBEIeHHOH CEPHH H3MePEHHI.

Lyt
10. Haittu cpesiHee apH(pMETHIECKOE VY
11. BRIYMHCIIMTE TONVYIIMHPHHY JOBEPHTEJIPHOIO HMHTEpBalia Ay, KaK IS CEPHH ITPSMBIX
H3MEPEHHII.

12. PesynbTaT IMpeCTaBUTE B BHJE )= ¥ + Ay, o= 0,95.

13. BeIBOA, celaTh H3 CpaBHEHHS 3KCIIEPHMEHTAIbHO ITOIYYeHHOIO 3HaYeHHS KO3((hH-
mpeHTa IlyaccoHa m paccunraHHOro 1mo gopmyie (16) depes creneHH cBOOOABI MOJIEKYI BO3-

ayxa.
Tabmuia pe3ynbTaToB H3MEPEHHI
Tabmmia 2
No o, MM | Ap, MM | H, MM h, hnp h, MM % <y> Ay,
MM MM
1
2
3
4
5
Cooepicarue omuemad.
OT4eT 110 j1adopaTOpHEIM padoTaM JONIKHEL COIEPKATE:
- THTYIILHBIH JICT,
- LIeNTb padoTHI;
- KOHCTIEKT OCHOBHBIX 3aKOHOB, OIpeJlelIeHHI, TIOHSITHI, (POPMYTI,
- OCHOBHOE 000pYIOBaHHeE, CXeMa YCTAaHOBKIL,
- OITHCAHHE TI0 ITYHKTAM BBITIOJIHEHHOH PaloOThI,
- pe3yIIbTaThl H3MEPEHHH H pacyeToB (TaOnHIIBL, Ipa]HKH);
- OLIEHKA TTOTPEITHOCTEN
- OTBETHI Ha KOHTPOJIBHBIE BOIIPOCHL,
- BBIBOJBI I1O Pe3yIbTaTaM BEIITOIIHEHHOH pabOoThI, TaTa, IIOIICE.
[OKYMEHT NOAMNMUCAH
SNEKTPOHHOWM NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lleGayxora TatkAHa AneKkcaHapoBHa leaJIbHOT'O rasa I[EIIUITE OIpeJeneHHe BeHYHH
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3. Uto HaspIBAETCA YMCIIOM CTEIEHEH CBOOOBI CHCTEMEI? KAaKOBO YHCIIO CTEIIEHEH CBO-
OOZBI OJHO-, IBYX- H MHOIOATOMHOH MOIeKYIEI? UeM 0OYCIOBIEHO paslIHYIe YHClIa CTEIIEHEH
CBOOOIBI 171 PAa3HBIX MOIEKYII?

4. UYto Takoe BHYTPEHHSS SHeprusa? Kak HANTH BHYTPEHHIOK SHEPrHIO HJIEalIbHOI'O
rasa?’

5. Hazorute criocoOrl H3MeHEHHS BHYTPEHHEH sHepruu. Kak paccunrars paboTy HIE-
allbHOI'O rasa?

6. CdopMyIHpyHTe IIepBOe HaYyaI0o TePMOJHHAMHKH.

7. JlanTe OIpeelneHHs TEIUIOEMKOCTH CHCTEMBI, VAEIBHOH H MOJISPHOH TEIUIOEMKO-
CTEH.

8. JlamTe oIpeleneHHSI H30TEPMITUECKOMY, H300apHOMY, H30XOPHOMY H agHabaTHye-
CKOMY Ta30BBIM IIpoOI[eccaM, IPOAHAIH3HPYHTE HX C ITOMOIIBIO IIEPBOr0 Hayajla TEPMOJHHA-
MHKH. [ IpHBeHTE IpapHKH COOTBETCTBYIOIIX H30IIPOIECCOB.

0. 3ammmTe QOpMYIIBI I MOJISPHBIX TEIIIOEMKOCTEH HAeaIbHOroO raza. OOBSICHHUTE,
IIOYEMY  TEIUIOEMKOCTBH Ias3a IPH ITOCTOSHHOM JaBIIEHHMH OONIBINE, YEM IIPH ITOCTOSHHOM
O0BEME.

10. Brrpazure ko3 duimpeHT [IyaccoHa yepes YHCIIO cTelleHeH CBOOOIBI MOJIEKYIIBI.

11. IlocTpoiiTe rpauK IIPOLECCOB, ITPOHCXOISINIX C BO3AYXOM ITPH BEIITOTHEHHH JaH -
HOH paOOTHI H OOBSICHHUTE E€TO.

JIabopaTopHas padora Ne 7

Tema pﬂﬁﬂﬂlbl. HS}"IEHHE IIEKTPOCTATHYECCKOI0 ITI0JIH

HEJH: pﬂﬁﬂlﬂbl. HB}"‘IEHHE AJIEKTPOCTATHUCCKOI'O ITOJIA, ITOCTPOCHHE SKBHIIOTCHITHAJIBHBIX
]’[DEEPKHGGTEﬁ TTOJIA.

T eopemuieckda uacmbo.

I/IBEEGTHG:, HTO BOKPYVT TIFOO0T 0 3apdaga HIIH 3apPLKCHHOI'O TCJld CYINECTBYCT JJICKTPHMYC -

CKoe Itojle. B »ToOM IT0oe Ha BHECEHHBIH B HETO ,I[p}’TGfI 3apAn ,I[EﬁCTE}"ET KYIIOHOBCKdA CHIIA.
SHEI{TPIFIECI{GE IIOJIE XAaPaKTCPH3VETCA B KaXKIOH TOYUKE BEeIIHYHHAMH. CIJIOBOH — BCKTOPOM

AIIEKTPHYECKON HaIIPsSKEHHOCTH E , H DBHEPreTHYeCKOH — CKalIIpHOH BEIHYHHOH —
rMoTeHIpanoM 9
HarpsskeHHOCTBIO 3JIEKTPHYECKOrO ITOJISI HazbkIBaeTCs (PH3HYECKas BEIIHYHHA, YHCIEHHO

pPaBHAA H COBIIAJAHOIINAA IO HAIIPABICHHIO C CIUIOH F . ,[[EﬁCTE}’TOH_[Eﬁ CO CTOPOHRBI ITOJIA Ha

& IMHIYHBIH TTOIOKHTENBLHBIH TOUESYHBIH 3ap s 9o , IOMEIIEHHBIN B PACCMATPHBAEMYIO TOUKY:

i (1)
HOTEI—EL[HEIJIGM BHEKTIJI[‘IECI{GI‘G TIOIId B ,I[ElHHGﬁ TOUKSZ HABBIBACTCH CI{E],JUI[JHEIH EEJ]II‘II]HE],:,
YHHCIICHHO pﬁBHﬁH ]'[DTEHI[HEIJILHGﬁ BHEI}I‘I]II U CAHHIHYHOI'O TIOIIOKHTCIIBHOI'O TOYESHYHOI'O BE],pH,I[El

q"] , IIOMCIICHHOT'O B 3TY TOYKY
b= U
ONOKYMEHT NoanncAH (2)
SNEKTPOHHOWM NOoanUCbLIO
Ceprudhikat: - 112000002A633E30113AD425FBS0002000002A6 TOJId CBA3aHEBEI COOTHOIIICHIHCM
Bnapeneu; LlebGayxoea TateAHa AnekcaHapoBHa ¢
3)
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HarmoMHHM, 4TO I'paJHEeHTOM IIHOOOH CKaJIIPHOH BEIIHMYHHEI ¢  HasBIBarOT BEKTOP,
HaITpaBIIEHIE KOTOPOr'O COBITAAAET C HaIIpaBIeHHEM OBICTPEHIIETO VBEIMUEHH I BEIIHUIHEI 0 ,
a MOIYIbL PAaBEH H3MEHEHHIO 0 IpH IIEPEMEIEHHH Ha EIMHHIIY JIMHBI B HAIlPaBIICHHII
OBICTPEHIIETO H3MEHEHH S ¢ . BHak «MHHYC» B ¢opmyle (3) IIOKa3pIBaeT, 4YTO

HAIIPTKCHHOCTD ITOJIA E HalIpdaBJIICHA B CTOPOHY YﬁL]BElHH_H ITOTCHITHAIIA.

HEalElBHEHIIE BEKTOPA HAIIPAKCHHOCTH JIICKTPHYCCKOI'O ITIOJIA B KaKIOH TOYKE IIOJII H
paclipcAc/ICHHES  IIOTCHIIHAJIOB  IIOJIA MOMXHO  CACIATbE  OC 00eHHO HAalJIAAHBIM,  CCIIH
BOCIIOJIB30BATB CA ITOHATIAMII O CHIIOBBIX JIHHIAX H O IIOBCPXHOCTAX PABHOI'O ITOTCHIIHAIIA, TAK
HA3BIBACMbIX 3KBHIIOTCHITHAJIbHBIX IIOBCPXHOCTAX.

CHIOBBIMH JIHHHSIMH Ha3bIBAIOTCS JIMHITH, KACAaTCcIIbHBIC B KaXJI0H TOUKe KOTOPBIX
OITPEACIIAIOT HAIIPABIICHIC BCKTOPOB HEalHH(EHHGCTEﬁ AJICEKTPHYCCKOI'O  ITOJIAL. YHcrno xe
CIUIOBBIX ITHHHII IIPOXOAAIIX HCPC3 CAHHHITY ILIOMIaAIL, HGPMEIJ]LHDﬁ K STHM JIIHIAM,
OIMpEACITACT BEIIHMTHHY BCKTOPAd HAITPAKCHHOCTH 3JICKTPHYCCKOI'O ITOJIA B IICHTPC STOH IIIIOILA/ H.
JIMHIH HAIIPSOKEHHOCTH  JJICKTPHYCSCKOI'O  ITIOII  HE3daMKHYTBI, OHH  HAUHHAHIOTCA - H3
ITOITOKHTCIIBHOI'O 3aPiid H 3dKaHTHBAIOTCA Hd OTOPHITATCJIIBHOM 3dPALC.

FEGMETPH‘IECI{GE MECTO TOHUCK JJICKTPHYCCKOI'O ITIOJIA, ITOTCHITHAJIBI KOTOPBIX OJHHAKOBEIL,
Ha3bIBAETCS SKBHIIOT cHI[HAIbHOH ITOBCPXHOCTDBIO. OKBHIIOTEHIH AL HBIE ITOBCPXHOCTH ITPOBOIAT
TaKIIM Gﬁp&BGM: HTO PA3HOCTD ITOTCHIIHAIIOB JJIA ABYX COCCIHHX ]’[GEEP}{HGGTEﬁ BCHOJY OJHA H
Ta »Ke. OTO IIO3BOIISIET IIO I'VCTOTE SKBHIIOTCHIIHAIIBHBIX ]’[OEEPKHOCTEﬁ CYOAHTb O BCJIMYHHCE
HAIIPKCHHOCTH ITOJIA.

BEI{TGPLI HAITPKEHHOCTH JJIICKTPHYCCKOI'O IIOJIA H, CIICAOBATCIIBHO, CIJIOBBIC JIMHHH
ITOJISAI HOPMAJIBHBI K SKBHITOTCHIIAJIBHBIM ITOBEPXHOCT AM. Ha PHC. ] cHIIOBBIE TIHHHH HEKOT Ooporo
ITOJIA ITPOBEACHDI CIUIOIIIHOH JIIH—]IIEﬁ:, d JKBHIIOTCHI[HAJIBHBIC HDEEI)}{HGGTH-H[TPHX(}Eﬂﬁ.

pHc. 1

I/IBEEGTHG:, UTO 3KCIICPHMEHTAJIBHOC H TCOPCTHYCCKOC H3YVHUCHHE PACIIPEACIICHHA ITOTCHITHAIIOB
SANEKTPHYECKOI'O ITOJIA ITPpOIIE, YEM OIIPEACIICHIIC HﬂHpﬂ?I(E:I—H—IDCTEﬁ TTOIIA. HIDBTGI*J}" B JJaHHOH pa-
0oTe IJKCIICPHMCHTAIIBHO OIIPCACIIACTCA PacCIIpCACIICHHE ITOTCHIHAIIOB 3JIICKTPOCTATHYHCCKOIO,
T.€. HE H3MCHAIOIIECTOCH CO BPEMEHEM 3JICKTPHUYCCKOI'O ITOJIAL CHIIOBBIE JTHHHH H3YIacMOI'O I10JIA
MOKHO IIOCTPOHTL ITOTOM, KdK KPHBBIC, OPTOI'OHAJIBHBIC K 3KCIICPHMCHTAJIEHO HaHIeHHBIM I10-
BEPXHOCTAM PABHOI'O ITIOTCHIIAJIA.

PE],CHPEI[EHEHIIE INOTCHITHAJIOB 3JICKTPOCTATHYCCKOI'O ITOJIA MOXKHO H3Y4aTh METOJOM 30HI OB, 34-
KIIFOYAIOIMIEMCA B CIICAVIOHOICM. B HCCICAYEMYIO TOUKY IIOJIAd BBOJHTICH IIOTIOITHHUTEIIbHBIH SIIEK -
Tpﬂ,[[ — 30H/, }"GTPGEHHBIH Tak, yTOOBI OH MHHHMAJILHO HapvyIiall CBOHM IIPHCYTCTBHEM HCCIICOAY -

T NOKYMEHT MOANACAH T TOUTNH TIONS, B KOTOPYIO OH IOMeIleH. lIpu atux
SNEKTPOHHOM MOAMMUCHIO 11 COEJHHSIETCS IIPOBOAHHKOM, OYAYT IaBaTh
Ceprucukar; . 12000002A633E3D113AD425FB50002000002A6

JIOB B HCCIICAYCMOM IIOJIC.
[HOCTH 3JICKTPOCTAaTHUCCKIIX HBMEPEHI]IT ITPpHBCEC -
NeicrenTenen: ¢ 20.08.2021 no 20.08.2022 KTPOCTATHYCCKIX TIOJIEH — ITYTEM HCKYCCTBCH-

40

Bnapeneun: lebayxoea TatesaHa AnekcaHOpoBHa



HOI'O BOCITPOHS3BCACHITA HX CTPYKIYPERI B ITPOBOJAIINX CPCAdX, ITO KOTOPBIM IIPOITYCKACTCA I1O-
CTOSIHHBIH TOK. T aKiHM IIYVTIEM IIPAMOC H3VUCHHE JJICKTPOCTATHYCCKOI'O IIOJIA 3aMCHACTCA H3VHC -

HHEM €I0 TOYHOH M Oonee yao0HOH MOJIETIH.

OImMCcaHHBIH METOJ HCCIIELOBAHMS, KOTOPHINT HA3BIBAETCS MOIEITHPOBAHHEM SIIEKTPOCTATHYE-
CKOI'O ITOJIS, MMEET INHPOKOE IMPHMEHEHHE Ha IPAKTHKE. DTOT METOJ ITOJIE3EH IS H3YUEHHS
CIIOKHBIX IEKTPOCTATHYECKHX TTOIEH, TOYHBIH pacyeT KOTOPBIX 3aTPYIHHTEIIEH H3-3a CIIOKHO-
CTH TPaHHYHBIX VYCIOBHH (MHOIOANIEKTPOJHBIE PaJHOIAMIIBI, SIeKTPOCTaTHYECKHE JIHMH?3BI,
(pOTORIEKTPOHHEIE YMHOKHTEIH H T.JI.).

Oobopyooearue U mamepuaisl.
CrieriHaabHasg YCTaHOBKA, TalIbBAHOMETP, HCTOUHHK TOKA.

YKazanusa no mexnuke 0e30nacHocmi.
1. K BBEIMOMHEHNIO JTabOpPaTOPHBIX padoT IOITYCKAXOTCA CTYAEHTHI, H3YUMBIIHE ITpaBHIIA
TEXHHUKH OE30ITaCHOCTH.
2. JlabopaTopHbIe pabOThI MOTI'YT IIPOBOAHTECS TOIBKO IO PYKOBOACTBOM H HAaOIIOAEHHEM
IIPETOgaBaTes.

3. Pacnoyaranre rmpHOOPEL, MaTepHalbl, 000pPYI0BaHIe Ha pabouyeM MeCTe B IOPSIKE, VKa-

3aHHOM IIPEIOlaBaTEIEM.

4. He pepxute Ha pabo4yeM CTOIIE MPEAMETHRI, HE TPEOVYIOIHMECS I BEITOTHEHN S 33 TaH L.
[lepenm TeM, KaK MPUCTYIMTE K padoTe TIATEIIBPHO HM3YUHTE €€ OIHCaHHE, YSICHHTE XOJI
BBITIOITHEHHS PalOTHI.

3aoaruas.

1. IlpoBepHTE cXeMy SKCIIEPHMEHTAIBHOH YCTAHOBKH.

2. BKIIOUHMTE BROIPSIMHTEID B ceTh 220 B.

3. YCTaHOBHTH JBHKOK PEOXOPJBI Ha PacTOSHHH 8-10 ¢M OT OZHOIO M3 KJIEMM PEOXOP/IEI.

OrnpeaelnTh IMOTeHIHA JBHKKa IT0 popMmyie (4).

4. IlepeMernas 30HJ BpalllcHHEM pPYYeK KOOPAHHATHHMKA, HAaXOJUTh TaKHe TOYKH, IS

KOTOPBIX TOK TaJbBaHOMETPa paBeH HYIO. KOMMYEeCTBO 3THX TOYEK JOKHO OFITH

AOCTAaTOYHO IS TIOCTPOESHHS JIMHHH SKBHITOTEHITHATBHOH ITOBepXHOCTH (7-10 Touek).

KoopauHaTel TOYEK OTCUHTHIBATE I10 JIMHEHKAM KOOPAHHATHHKA.

5. Ha”ecTH Ha MIWIIIMMETPOBYIO OyMary HanJeHHBIE TOYKH H COSJHHHTH HX INIABHOM

THHEH. Ha IMHMHM HaITicaTh ero moTeHIH Al

0. M3MeHHB ITOJIOKEHHE PEOXOPABI TIOBTOPHTS ITI.4, 5. YHCIIO IIOBTOPEHHMH OITbITa 4-5 pas.

7. Hcrions3ys HalAeHHBIE JIMHUH SKBHITOT €HI[HAIIBHBIX TTOBEPXHOCTEH, ITOCTPOHTE CIUIOBBIE

mHHM 1oid. [IpH 3ToM HaAmo MMETh B BHAY, YTO B TOYKAxX IIEPECEYEHHUS JITHHHH

BKBOITOTEHI[HAIbHBIX ITOBEPXHOCTEH M CHIIOBBIE JIMHHH JIONKHEI OBITH HOPMAJIBHEL IPYT K

APYLY.
(CxeMa SKCIIEpHMEHTAIFHON YCTaHOBKH IIPEJICTABIIEHA Ha pHC. 2.

T

hd

Puc. 2
NOKYMEHT NOoAaAnmcAH
ANEKTPOHHOW noannuceo £EMY, COCTOMNYIO H3 3JICKTPOIAOB Awu C:, ITOJIC
Bnapeneu; leb3yxoea TatesaHa AnexkcaHgpoBHa
UTPSDKEHHE Had 3JICKTPOJIBL AuC ITOJACTCH C
NeiicTBuTeneH: ¢ 20.08.2021 no'20.08 2022 BbIITPAMHTCIIA B. Cpenmon, IO3BOISIONIEH

41



MOJIEIIHPOBATh AEKTPOCTAaTHYECKOE ITOJIE, CITY2KHT TOKOITPOBOINAS OyMara, KOHTYPBI KOTOPOH
MTOKa3aHbl Ha PHC. 2 IITPHXOBBIMH JIHHHSIMH.

[TprHIH paGoTel YCTAaHOBKH MOKHO TIOHSTH M3 CIeAyrommero. Ilepememiass IBHKOK
PEOXOPABI, TOMY ABHKKY MOKHO ITPHJIaBaTh Pa3IHYHbIE 3HAYEHHS ITOTEHI[HAIa OTHOCHTEIbHO
ANEKTPOAOB. Hamnune WiIH OTCYTCTBHE TOKa B ILIETIH 3aBHCHT IIPH 3TOM OT TOr'O, B KaKOH TOYKE
TTONTSI HaXOAUTCS 30HJ. ECIH OH HaXOJHUTCA B TaKOH TOYKE IO, IMOTEHI[HAI KOTOPOH pPaBeH
MTOTEHI[HATY, YCTAHOBJIEHHOMY Ha JIBIDKKE PEOXOpAbL, TO TOKa B IEIIH TallbBaHOMETpPa He
OyJier.]'eoMeTpHYeCKOE MECTO TOYEeK ITIONIS, IS KOTOPBIX TOK B IIEIIH TalbBaHOMeTpa OyaeT
paBeH HYI0, 00pa3yeT SKBHIIOTEHI[HAIBHYIO ITOBEPXHOCTh B HCCIIeAyeMoM Itone. [loTeHiman ¢
ATOH ITOBEPXHOCTH OTHOCHTENBHO 3MIeKTpoAa C MOKHO HaHTH KaK

p=-U
N (4)

rae U — HaITPAKEHHE Hd BBIXOJC BBOIPAMHTCIIA, N — 4YHCIO AelleHHH IIKaJIbl PEOXOPIABL, 11 —
ACIICHIC HIKAaJIBI., Had I{DTDPLIﬁ YCTAHOBIICH ABHAKOK.

YcraHoBKa cHaO)KeHa CIICITHAIIb HhIM HpIICHGCGﬁHEHHEM —  KOOPAHHATHHKOM,
ITO3BOILAIOINHM BpalllCHHEM PVHCK KOOPJIHHATHHKA IICPCMCIIATE 30H[, d TAKMKE OTCHHTIBIBATD
KOOPAOHHATBI HaHJIeHHBIX TOYEK SKBHITOTEHITHAIbHOH ITOBEPXHOCTI.

Cooepacarnue omuemad.

OT4eT 110 J1adopaTOpHEIM padoTaM JONIKHEL COAEPKATE:

- THTYJIbHBIH JIHCT,

- LIETIb PadoTHI,

- KOHCIIEKT OCHOBHEIX 3aKOHOB, OITPeIelIeHII, ITIOHATHH, (POPMYII,
- OCHOBHOE 000PYIOBAHHE, CXeMa YCTAaHOBKH,

- OIIHCAHHE 10 ITYHKTAM BEITIOJIHEHHOMH PalOoTHI,

- pe3yIbTaThl H3MEPEHHH H pacyeToB (TaOmHIlbL, TPapHKH),

- OLIEHKA TIOT'PEIITHOCTEMH

- OTBETHI Ha KOHTPOILHEIE BOIIPOCHI,

- BRIBOJIBI I10 Pe3yIIbTaTaM BBIITOITHEHHOH PaboTEl, JaTa, ITOAIHCE.

Kounmponsusie 6onpocot.

1. KakrMi BelIHYMHAMH XapaKTePH3YETCS 3IIeKTpHUYecKoe 1ojie? JlanTe oIpedelleHHE STHX
BEIIHMYHH H HAITMIIHTE eQHHHIIBI HX H3MEPEe HHA.

2. KakoBa CBs3p MEKAY HAIIPSDKEHHOCTBIO M IIOTEHI[HAIOM SIEKTPOCTATHYECKOI'O IO B
O0IlEM CIIy4yae H B CIIy4Yae OJHOPOIHOIO IT0IS?

3. KakiuMH ITOHATHSMH IIOJIB3VIOTCS JUIS HAITISAHOIO ITPEACTABIEHHS SIIEKTPHYECKOIO
T1OJIS?

4. Hapucyiite CHIIOBBIE JTHHHH H SKBHIIOTEHI[HAIBLHBIE ITOBEPXHOCTH IIONS TOYEUHOIO
3apsaa, IBYX pasHOHMMEHHBIX 3apsIoB.

5. Kakie sKCIiepHMEHTAJIbHBIE METOMIBI HCIIOIB3VIOT UIS H3YVUEHHSI 3JIEKTPOCTAaTHYECKOIO
T10J1S?

JIabopaTopHas padora Ne 8

Tﬂﬂiﬂpﬂﬁﬂﬂlﬂ. HSMEPEHHE COINIPOTHBJICHHA C ITOMOINbBIO MOCTA ¥urcrona.

Ilens padomer. 1lenbro paboTHl SBISIETCS H3YUEeHHE METOAA H3MEPEHHS COIPOTHBIIEHHS

AOKYMEHT NOANMMCAH OIPEJIETIEHHE YAEIIbHOIO COIPOTHRIIEHHS MATE -
ANEKTPOHHOM NOANUCLIO
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BHemxpﬂcﬂnpﬂmuﬁﬂmue npoeé 00HUKA — BTO CKaJIAAPHaAA QJIIBII‘IECI{EIH BCIIOMYIHA, XdPaKTIC-
PH3VIOIIAA €I'0 3JICKTPOIIPOBOJAIIHE CBOHCTBA. CGHPGTI[EHEHHE ITPOBOAHIIKA 34dBHCHT OT €TI0
Q)GPBIBI:, Pa3MEPOB H 3JIICKTPOITOBOAIIHX CBOHCTB MATCPHAJI4, H3 KOTOPOI'0O H3I'OTOBJICH ITPOBO -
HHK. B HpDGTEﬁLHEM ClIydac OAHOPOJHOI'O ITPOBOJHHKA C ITOCTOAHHBIM IIOIICPEYHBIM CCHCHICM,
COITPOTHEBIICHIIC ITPOBOJHHKA OIIPCACIIACTCA CJICYHOIIIM DﬁpﬂBGMZ

4
R=p—

5 | (1)
I'Je ,0 — }*’,[[EJILHGE: GGHIJGTI[BJIEHIIE MﬂTEpHElJIEl HpGEG,[[HIIKa:, € — JIJIHHA Hp(}EGl[HI]I{a;
S — IJIOIIaJdb €10 HDHEPEIIHGI‘G CCYUCHITH.

3 popmymel (1) MOKHO BEIPa3HTh YIEIbHOE COITPOTHBIIEHHE:
_R-S
t (2)

OTKYZla BHIHO, YTO YJIEIIbHOE COIIPOTHBIIEHHE YHCIEHHO PaBHO COIIPOTHBIIEHHIO ITPOBOJHHKA
e JHHHYHOH JJTHHBI, HMEFOIIETO TIIOM[Alb ITONepeYHOro ceueH I, PaBHYIO eIHHHIlE IDTomaaH. B
cucrteMe CH yIenpsHOe COMPOTHRIEHHE H3MEPSIIOT B oMMeTpax (Om-M).

OIHHM H3 METOJ0B H3MEPEHHS COIIPOTHBIICHH SIBIIISTCI METOJ MOCTa Y HTCTOHA.

MocT YHUTCTOHA IIpeaHa3HaueH I H3MEPEHHS COIMPOTHBIEHHH.
OH COCTOHT M3 JABYX PE3HCTOPOB R; M R, YYBCTBHTENBHOI'O rajibBaHOMETpa G,
23HCTOPOB — A3TaloHHOro R, H HemszBecTHOro Ry (pmc.l). PaccmoTprmM
__ VYCIIOBHH, 4YTO ITO yV4yacTKy ED TOK He mporekaeT. 3aMKHEM Kmro4u K,
TOraa 1o yyactky AB IIOTeUET TOK M BAOJb HEero OyAeT HaOIrOAAaThCs ITaJicHHE
TIOTeHIHAaNIa OT BeIIHYHHBI ( (B TOUke A) J0 BEIHYHHEL @ (B TouKe B). B 1ierm
nmonzeT ToK It 1 OyaeTr HAaOMIOmATHCA IAJeHHe IOTeHI[HaIa OT @i OO0 @f
3HcTOpE Ry) H OT @ 70 @p (Ha pe3mncTOpe R7).
HO, TIOTEHI[HAJI B TOUKE € MMEET 3HaYeHHe OE ITpoMeXyTOUYHOE MEKIY 3Ha-
Bpg. [TosToMy moxdopom pesucropos R1, R2 1 R» Beerma MoOKHO JOGHTE-
D morentman ¢ D Oyaer paBeH noreHinany oE: o D=0E. Ecimm Mexny Tou -

puc. 1

Qe-9=0.
Takoe IMOIOKEHHE Ha3bIBAeTCS paBHOBECHEM MocTa. [TokakeM, UTO YCIIOBHE PAaBHOBECHS
OIIpeJelIsIeTCs COOTHOIIIEHHEM:

R,
R

Rl

R
3 2 (1)
JleliCTBHTEILHO, Ha OCHOBAaHHH BTOPOro 3akoHa Kmupxroda ai1g mo00ro 3aMKHYTOIO
KOHTYpa CyMMa ITaJieHHI HallpsSDKeHHH paBHA CyMMe SIIeKTPOABHIKYIIIHX CHII, JEBCTBYIOIIHX B
STOM KOHTYPE:

i=1 i=1 | (2)

3armieM 3TH ypaBHeHHS U1 KOHTYpoB AED n BED mpu paBHOBeCcHH MoOCTa , T. €. IIpH
OTCYTCTBHH TOKa Ha y4yacTtke ED.

[IOKYMEHT MNOOMNWUCAH
SNEKTPOHHOW NOANUCHLIO
CepTudbmkar:  12000002A633E3D113AD425FB50002000002A6
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OTKya: - (3)
3Has, yro R;=270 Om, R,=47,6 OM u nogOupas R, HarjeM R,

Oobopyooearue U mamepuaisl.
MocT YHurcroHa, Habop COIMPOTHBIIEHHH, Mara3HH COIIPOTHBIIEHHI, TaJIbBAHOMETP, HCTOY -
HHK ITIOCTOSHHOI'O TOKA.

YKazanusa no mexHuke 0e30nacHocmi.

1. K BrimonHeHnroo mabopaTOpHBIX paboT DOITYCKAKOTCS CTYASHTHI, H3YUMBIIIE ITpaBIIIa

TEXHHUKH Oe30ITaCHOCTH.
2. JlaBGoparopHeie pabOTEl MOT'YT IIPOBOAHUTHCS TOJIBKO ITOJ PYKOBOICTBOM H HAaOIIOIEHIEM

ITPETOlaBaTENs.
3. IIpu BEIIOIHEHHH 1a00pAaTOPHEIX paboT CTYAEHTAM 3aIlPEIAETCS:

- BKIIFOYATh CXEMEI IO HaIIpsDKeHHeM Oe3 IMPOBEPKH ITPEIoJaBaTesd,

- TIpHKACaThCI K HE3AIHIIEHHBIM H30JBIHEH YACTSIM CXeMBI, HaXOJSIIHXCS IO HaIIps-
KEHHEM,

- OITPEJIEIISATh HAJIMYHe HAIIpSKEHH S Ha SIeEMEHTaxX LI IIPH ITOMOIIH ITalIBIEB, IIPOBEP-
Ka Ha/IMYMS HaIIPSDKEHIS ITPOH3BOAUTCS TOJBKO C ITOMOIIBIO BOIIBTMETPA M B IIPHCYTCTBHH
IIpEINOJaBaTElsd,

- BKIIXOYaTh PYOWIBHHKH, HAXKHMATh KHOIIKH, IIPHKACATHCA K AIEKTPHUYECKOMY O00OPYIO-
BAHHIO, HE OTHOCAIIEMYCS K JaHHOH I1adopaTopHOH padore 0e3 BeoMa IIPerogaBaTeiid,

- TIPOM3BOIUTE 10 XOIY BBITIOIHEHHS PalboThI NEPEKIIOYEHHSI B CXEME, He 00eCTOUNB €€,

- OpocaTh COEMHHHUTEIBHBIE IIPOBO/IA Ha IO M Ha HCCIEAYEMYI YCTaHOBKY

- KITaCTh Ha paOoO4Hil CTOM ITOCTOPOHHIE ITPEIMETEL,

- BXOZHUTE B 1a00paTOPHIO B BEPXHEH OIEXKIE,

4. Ilepen BKIIIOUEHHEM CXeMBI 003aTENBHO IPEAYIIPEAHTE WIEHOB OpHIaabl: « OCTOPOKHO!
Bxrrouaro!».

5. Ilpn Hayoumy B cXeMe KOHJIEHCATOPHEBIX Oataper, HEOOXOMMMO ITOCTIE OTKIIFOYEHI S ITHTa -
HIS UX PaspaAuTh 104 HaOMIOHEHEM IIPETIOfaBaTEN.

6. IIpu obHapyKeHHH KaKHX — JIHO0 HEHCIIPABHOCTEH, HCUE3HOBEHIS HAIIPSDKEHHS B CETH, a
TaKKe IIPH HECYACTHOM CIIy4ae, HEMeJJIEHHO IIPeKPaTHTh padoTy, OTKIIIOUHTH YCTAaHOBKY OT
BIIEKTPOIMHMTAHH S H COOOIIHTE IIPEIOIaBaTEILO.

7. IIOMHHTB, UTO ITPH OTKIIFOUYEHHMH I[EIIEH ITOCTOSHHOI'O TOKA ¢ HHIYKTHBHOCTHIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE MOBHIIIIEHHE HAIIPSDKEHHSL.

8. CTYIeHTHl, HapVIIHBIIHE ITPaBIUla TEXHHKH Oe30IIaCHOCTH, He JOITYCKAITC K JalIbHEN -
Ieil pabote B 1abopaToOpHH H IIPHBIIEKAIOTCSI K OTBETCTBEHHOCTH.

3aoaruas.

1. CoGpaTh cxemy (puc. 1).

2. IlogoOGpars HA MarasHHe COIIPOTHBIIEHHH TAaKOe COIIPOTHBIEHHE R, IIPH KOTOPOM TOK
yepes raJlbBAaHOMETP PaBeH HYIIIO.

3. Beruncnuthk Ry 1o dpopmyie (3).

4. 11OBTOPHTE U3MEPEHHS IJISI BTOPOr'O COMPOTHBIEHMS RX,, M IS TPeThero RXs.

5. U3MeEpPHTEH COIPOTHBIIEHHS IIPH ITOCIEA0BATEILHOM H IapallIeIbHOM COETHHEHHH RX;,
Rx, 1 RxX; m mpoBepstor (pOpMyIBl IS ITOCIIELOBATEIIbHOIO H ITapallIelIbHOIO COEHHEHHS

COITPOTHBIIEHHH:
NOKYMEHT NoanncAH 1 1 1 1
3NEKTPOHHOWM NOANUCHIO — = + +
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 :fﬂ apan Rxl Rx. Rx3
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa B
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7. 3armcaTh OKOHYATEIBHBIN PE3YIILTAT.

Cooepacarnue omuemad.

OT4eT 110 j1adopaTOpHEIM padoTaM JONIKHEL COAEPKATh:

- THTYJIbHBIH JIHCT,

- LIeNTb padoTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OITpeielIe HHI, TIOHSITHIH, (POPMYII,
- OCHOBHOE 000pYIOBaHHE, CXeMa YCTaHOBKIL,

- OITMCAHHE IT0 ITYHKTAM BBIITOIHEHHOH PaloTHI,

- pe3yIbTaThl H3MEPEHHI H pacyeToB (TaOmHIlbL, TPagHKH),

- OIIEHKAa ITOTPEITHOCTEM,

- OTBETHI HAa KOHTPOIIbLHBIE BOITPOCHL,

- BEIBOJIBI IO pe3yibTaTaM BEITIOTHEHHOH PabOThI, JaTa, ITOAIHC.

Kounmponsrsie sonpocet.

1. ChopmymmupoBaTs 3aK0H OMa.

2. Copmymnupopats ImpaBuna Kupxroda.

3. BeIBeCTH YCIIOBHS paBHOBECHS MOCTa HCIIOJIb3Y S ITpaBiiia Kupxroda.

4. MI3MeHHTCS IIH YCIOBHE PABHOBECHS MOCTA, €CIH TaJlbBAHOMETP M HCTOYHHK TOKa
IIOMEHSTh MECTaMH?

5. Kak ompeziensercs VIeIbHOe COIPOTHRIEHHE?

JIabopaTopHas padora Ne 9
Tema pabomst. UcciieqoBaHne 3JIeKTPHIECKOI IIeNTH MOCTOAHHOI0 TOKA.

Ilens pabomsr. V3yueHHe 3aBHCHMOCTH CIJIBI TOKa, HAIPSDKEHMS, ITOJIHOM ITOJIE3HOH
MOIIHOCTH H K.IT.J{. HCTOYHHKA OT COIIPOTHBIIEHH I HaTPY3KH.

T eopemuieckdn uacmbo.

JIroGas snekTpHdecKas ellb COCTOHT H3 HCTOYHHKA H ITOTPeOHTENISI SHEPIHH, a TaKKe pas-
JIMYHBIX PETYIHPOBOYHEIX YCTPOHCTB H H3MEPHTEIbHBIX ITPHOOPOB.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Puc.1.

IK3

Ha puc. 1 mpeacrarineHa mpocTenInas Ielb, COCTOSINAS H3 HCTOYHHKA ITOCTOSHHOIO TOKA C
DJIC E 1 BHYTPEHHHM COIIPOTHBIIEHHEM M Harpy304HOro peocrara X . J[IIs H3MepeHH CHIIBL

TOKa W HAIPSDKEHHS Ha HarpysKe B I[ellb BKIFOUeHH amrepMerp 4 u BompTMerp Y . B Takoit
I[ETTH CHIIa TOKa, HAaIIpsKeHHe Ha Harpy3Ke, TTONMHAI H IoJIe3Has MOIITHOCTH OKa3hIBAFOTCS 3aRH -
CHMBIMH OT BEIIHYHHBI Harpy3kH. CHIa TOKa, HaIlpHMep, YOBIBAeT ¢ POCTOM COITPOTHBIICHHSA
Harpy3KH B COOTBETCTBHH C H3BECTHBIM 3aKOHOM OMa.

E
R+r (1)

I —

OuYeBHIHO, HAHOOJIBIIMI TOK OYAET B CIIydyae KOPOTKOIO 3aMBIKaHHS, T.€. IMpH R=0. Ero
E
BemmumHa I,. 7 (pmc. 2).
13 (1) nerko nmomydaem

E=IR+Ir=U, +U, )

UE = IR H U" =1r - IIAACHHA HAITPAKCHIA (HJIH IIPOCTO HHHPHH{EHIIH) Ha BHCIII-
AOKYMEHT MNOAMWUCAH THO.

3MEKTPOHHOWM NOANMUCHIO
Ceptichikar: 12000002A633E3D113AD425FB50002000002A6 OTy4aeM 13 (2) 3aBHCHMOCTD HaNpPsDKeHHA Uy OT

Bnapeneu: Webayxosa TatkAHa AnexcasgpoBHa

IIc
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E E
U,=——R=——
R+r +F‘

R (3)

OTcroga BHIHO, YTO C POCTOM COIIPOTHBIICHITA HAaI'PY3KIH HAIIPsKCHHC Ha HeH BO3PacCTacT,

ACHMIITOTHYECKH IIPHOIMIDKAsICh K BeunHe 2/]C rmpu R — (pHc. 2).
[IpH IMpOXOKIEHHH SIEKTPHYECKOIO TOKAa B I[EITH ITPOHCXOJANUT BBIIEIEHHE ITOITHOH MOIII-
HOCTH
P=1IE (4)
ITPH STOM MOIIHOCTB, BEIAEIISIEMAs Ha HAIPYy3Ke

PE:IUEj (5)

SIBIISIETCSI TIOTIE3HOH MOIITHOCTEIO.
U3 (4) BHIHO, HTO ITIOJIHAA MOIITHOCTD. Pda3BHBACMaAA HCTOYHHKOM, 3dBHCHT OT COITPOTIHBIIC -

HHS Harpys3kH R Tak ke Kak H CIIa TOKa I'=1(R) Opa makciMambHas IIPH KOPOTKOM 3aMBbIKa-
HHH (R=0)

~y

PR.E‘ — IH.E‘.E —
", (6)
HO B 3TOM CIy4ae BBIJIEIISIETCS B caMOM HCTOYHHKE H OKa3bIBaeTCsI OeCITONEe3HOI, a 3a4acTyIo
BPEJTHOMH, BRI3BIBASA BBIXOJ HCTOYHHKA H3 CTPO. C poctoM R IomMHAs MOIIHOCTD YOBIBAET,
CTPeMSICh K HYIIO IIPH R—>» (puc. 3).

3aBHCHMOCTDL TIOJIE3HOH MOIITHOCTH, BHIZIETIIEMOH Ha HAI'PY3KE, OT R OITPEACIIACTCA
BhIPdXKCHHCM

EE
— R
(R+71r)

P.=JU. =1"R

R R

(7)

AJOJIEHAa HMCETE MdAK-

P, = P, (R)

AHamm3 BeIpakeHH (7) IMOKa3bIBAET, YTO 3aBHCHMOCTD

P.=0

CHMYM, TaK Kak B IPEeJENbHBIX CIIy4YasxX. IIPH KOPOTKOM 3aMbIKaHHH (R=0) m mpu

R—>w

. R
Harimem 3HaueHHe ~ 0 , IIPH KOTOPOM ITOJIE3HAaA MOIIMHOCTL, OT 6HPHEME1H OT HCTOYHHEKA, 6}"-

neT HanOomnbinas. J[11g storo npoguddepenuupyeM Gopmymny (7) B IIpHpaBHIEM TPOH3BOTHYIO
HYIIIO

APy _ o R+1)(R+1r)-2R] _

0
dR (R+7)"

(8)

R I
OTcro/ia HaXOAHUM, YTO Pr — MaKcHMasbHa ITpH = ¢ , T.€. KOTJia COITPOTHBIIEHHE HAI'Py3-
KH PaBHO BHYTPEHHEMY COITPOTHBIIEHHIO HCTOYHHKA (pHC.3). ITpn s3ToM HampsokeHHe Ha Harpy3-

E
URU — —
KC pElEHlD ITOJIOBHHE Sﬂcj T.C. 2 , d CHIId TOK4 — ITOIIOBHHE CIUIBI TOKa KIDPDTKGI‘ID SdMEI -
J. = ‘L'ﬁ
)
KaHIA
NOKYMEHT NMNOoAanncAH

SNEKTPOHHOW NOANUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
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PR

PK3

IIomnesHas MOOIHOCTL, B 3TOM CJIYVHAC, COCTABIIMCT HCTBEPTh MOINHOCTH KOPOTKOI'O 3dMbI-
KaHI.

OTHOIIeHHE TT0JIe3HON MOIIHOCTH KO BCell MOIIHOCTH, Pa3BHBaeMOH HCTOUHHKOM B IIEITH,
orpeersteT KoshUITIeHT TTonesHOro AeficTBH (K.I1.A.) '/ HCTOYHHKA.

P, IU, U, R
P IE E R+vr (9)

U3 sroif GopMymsl ciemyeT, uTo ! 6ymeT TeM GOJbINe, YeM OONbINE COMPOTHBICHIE

n:

Harpysku R . [lpu =0 7= O 4 acuMmroTineck: cTpeMuTca K 117 1 mpu K= IIpu

1
L _ n N -
R=r , T.€. TIPH MaKCHMAaJIbHOH ITOIE3HOH MOIIHOCTH K.ILJ. HCTOYHHKA 2 , T.e. cOCTaBIIIeT
509%.
HMMeHHO HCClIeqOBaHHE 3THX 3aKOHOMEPHOCTEH SBISIETCH LEIBI padorel. HeobOxommmo

ITOIIVHHTE JKCIICPHMCHTAJIbHBIC 3dBHCHMOCTH CHJIIBI TOKd 1 , HAIIPTKCHIA u

TesHOfl Pz, a TaK e K.ILA. || OT BeTMUMHEL COMPOTHBIICHIS HATPY 3K

Obopyodosarue u mamepuaibl.

VMCTOYHHK ITOCTOSHHOIO TOKAa, PeOCTaT I MCKYCCTBEHHOI'O VBEIMYEHHS BHYTPEHHETO
COITPOTHBIIEHN S HCTOYHHKA, HAIPY30YHBIH PeOCTaT MITIIMAMIIEPMET], BOJILTMETP.

R TIOIHOH P H T10-

Ykazarnua no mextuxe o ezonacHocmit

1. K BBIITOTHEHHIO JTa0OpaTOPHBIX PadOT AOITYCKAOTCA CTYAEHTHI, H3YUHBIIHE ITpaBHIIA
TEXHHKH O€30ITaCHOCTH.

[AOKYMEHT NOAMUCAH bCSI TOILKO IO, PYKOBOACTBOM H HaOIIIOEHHEM

SNEKTPOHHOW NOANMUCHIO
Ceptudurkar:, 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Lebsyxoea TateAHa AnekcaHOopoBHa CTyAcHTaM 3alIpEelacTCA.

3 ITPOBCPKH IIPCIIOAaBaTCIIA,
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- IIPUKACATHCS K HE3AIMINEHHBIM H30ILIHMEN YacTsM CXEMBI, HAXOMSIIMXCS 10 HaIIpsI-
KEHHEM,

- OIIPEeJEIIATh HaIIHYHe HAIPSKEHHS Ha 3IeMeHTaX I[EIH IIPH ITOMOIIH IaJIbIlEB, IIPOBEP-
Ka HAIMYHS HAIIPSDKEHUS IIPOH3BOIHTCS TOIBKO C IIOMOIIBIO BOIBTMETPA H B IIPHCYTCTBHHU
IIPEIOaBaTellsd,

- BKIIIOYaTh pyOIIFHUKH, HaXKHMaTh KHOIIKH, ITPHKACaThCA K AIeKTPHUECKOMY O000PYI0-
BAHHIO, HE OTHOCAIIEMYCS K JaHHOH I1adopaTopHOH padore 0e3 BeIoMa IIPerofaBaTesid,

- IIPOM3BOIUTE ITO XOY BEITIOTHEHHS PaOOTHI MIEPEKIFOYEHHI B CXeMe, HE 00ECTOUNB €€,

- Opocartk COeUHHTEIBHEIE ITPOBOIa Ha II0JI H Ha HCCIIEAYEMYIO YCTaHOBKY,

- KIIaCTh Ha pabOYHH CTOJ ITIOCTOPOHHHE ITPEIMETEL,

- BXOJIUTH B I1a00paTOPHIO B BEPXHEH OHEXKIE,

4. Ilepes BKIIFOUEHHEM CXeMBI 003aTEIBHO IIPEAYIIPEAHTE WIEHOB OpHragbl: « OCTOPOKHO!
Bxrrouaro! ».

5. Ilpn HayouMy B cXeMe KOHJIEHCATOPHBIX OatapeH, HEOOXOAHMO ITOCTIE OTKIIFOUEHH S ITHTa -
HI S UX PaspsaUTh 104 HaOIIkOMHEHEM IIPEITOgaBaTENIA.

0. I[Ipu oBHapyKeHHH KaKHX — THOO0 HEHCITPABHOCTEH, HCUE3HOBEHIS HAIIPSDKEHHS B CETH, a
TaKKe IIPH HECYACTHOM ClIy4dae, HEMeJIEHHO IMPEKPaTHTh padoTy, OTKIIOUHTE YCTAHOBKY OT
BIIEKTPOIMTAHNS H COOOIIHTE ITPEIIOIaBaTENIO.

7. IIoMHHTB, UTO TIPH OTKIIFOUEHHH I[EIIEH ITOCTOSHHOI'O TOKA ¢ HHAYKTHBHOCTHIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE ITOBBIIIEHHE HAIIPSDKEHHSL

8. CTYIEHTBI, HAPYIIHBINHE ITPpaBIila TEXHHUKH Oe30ITaCHOCTH, He JOITYCKAIOTCS K JalbHEH -
Ieil paboTe B madopaTOpHH H IIPHUBIIEKAIOTCS K OTBETCTBEHHOCTH.

3aoaruas.

Pabouas cxema n3odpaxkeHa Ha pHc. 4. B KauecTBe HCTOUHHKA MOI'YT HCITOIB30BAThCS aK-
KYMYIISTOPEI HWIIH BBIIPSIMHTEND, JAIOIIHEe HANPSKEeHHEe BEIHMYHHON HECKOJIbKO BOILT. BHYTPEH-
Hee COIPOTHBIIEHHE TAKHMX HCTOYHHKOB, KaK ITPAaBHJIO, MalO - IMOPSAKa AecAThIX aoinel Oma.
[TosTOoMY, Kak cleqyeT H3 BBIMIEH3IIOKEHHOTO, U1 IIOCTPOEeHHS I'Pa(pHKOB HCKOMBIX 3aBHCHMO-

CTEH H&IpYBD‘II—[bIﬁ pPeOCTAaT R Toxe momkeH HMETH COITPOTHBJICHIE IIOPAAKA JCCHTBIX JIoJIen
Oma. IlogoGHEIE PEOCTAThI ABIAIOTCA YVHITKAJIb HBIMI. HGBTGI\J}*' BHYTPCHHCC COIIPOTHBIICHHC HC-

TOYHHKA B JAaHHOH pﬂﬁGTE HCKYCCTBCHHO YBCIHUHBACTCAH IIYVTEM IIOCIICAOBATCIIBHOI'O BEIIFOYC -

r

HIS JIOITOJIHUTEIIBHOIO peocTaTa *» , HMEIOMIErO BEJIMYHHY HEeCKOJBKHX AecATKOB OmoB. [IpH
STOM COOCTBEHHBEIM BHYTPEHHHM COITPOTHBIEHHEM » HCTOYHHKA MOKHO ITpeHeOpeYb.

M3 cxemel (puc.4) ciexyeT, 4YTO BHYTPEHHee COIPOTHBIEHHE MIUIIHAMIIEPMETPa H
BOJIbTMETPA COCTABIIIIOT € COITPOTHBIEHHEM HArpy304HOIO peocTara eQHHOe Ieloe. TakKHM
00pa3oM, JIEBYIO YAaCTh CXEMEI CIIEAYET pacCMaTpPHBATh KaK HCTOUHHK, a IIPaBYIO KaK HaIPy3KYy.

NCTOYHMK MA

rl -
AOKYMEHT NoarnnMcAH
SNEKTPOHHOW NOAMUCHIO
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Puc. 4.

1. CoOparp pabouyro cxemy (pHc.4). BEISSICHHTE MapaMeTphl ITPHOOPOB. JIBHKKH PeocTa-
TOB YCTAaHOBHTEH B ITOIIOKEHHE HAHOOIBINET O 3HAYEHHSI COIIPOTHBIIEHHA.

2. Tlocne mpoBepKH cXeMbI IIpeItogaBaTeeM HIH 1a00paHTOM BKIIOYHTE HCTOUYHHK ITHTA -
HHS. OTCUHTATh ITOKAa3aHH ITPHOOPOB H 3aHECTH B TaOJIHITY.

3. Jlaree, yMeHBIINAS COIPOTHBIIEHHE HAarpys3KH R, CHATH 8-10 3HaYeHIMI TOKa B IierH | 1
HanmpsokeHHd Ug [locimegHss Touka MOIMKHA COOTBETCTBOBAaTh KOPOTKOMY 3aMBIKAHHIO. [IpH
3TOM TOK JOILKEH PAaBHATHCS I;, a HAIIPSDKEHHE JOIKHO OOPaTHTLCS B HYIIb. BEIKITIOUHTE CXEMY.

4. OrpeAelHB ILeHbl AeJIEHHH Ha HCIIOJIb30BAHHEIX IIpeleiaxX H3MepeHHH aMIlepMeTpa H
BOIIbTMETPA BRIYMCIHTL H 3aHECTH B TaOIHIy 3HAUEHHS TOKa B aMIlepaX H HaIpsKeHHS B
BOJIbTaX.

5. Paszgemme Mony4eHHBIE 3HAUEHHS HAIPSKEHIS HAa COOTBETCTBVIOIIME 3HAUEHHS TOKa

PacCUHTATh M 3aHECTH B TaOIHI[Y COIMPOTHBIIEHHE HATPY3KH R
TabOmmara 1.

N I Usr P=IE Pr=1Ug P,

Ur 1
R= 1/ P

A B OM Bt Bt

0. Bermunny 35/]C E cnexyer cuMTaTh M3BECTHOH, ITHOO M3MEPHTh 3HAYeHHE E IpH OT-
KITFOUEHHOH Harpy3Ke.
7. Ilo dhopmynam (4,5.9) paccunTaTh 3HAUYEHHS ITONIE3HOH Pr ITOMHOH P MOIIHOCTH H K.IL.JI.

n ., COOTBCTCTBYIOIIHE HaH JeHHBIM BelTHYHHAaM R.

I=IR) U,=U

8. Ilo ITOIIYHUCHHBIM 3HAUCHIIM IIOCTPOHTE KPHBBIC R(R) Ha OJHOM

rpaduke 1 P=P(R), Pr=Pz(R) u 7 ="(R) Ha xpyrom.
0. OTMeTHTH Ha ITepBOM I'paHKe COMPOTHRIEHHE Ry=7 , IIpH KOTOPOM TOK H HaIIpsSKeHHE

I/
COCTABILSIIOT, COOTBETCTBEHHO, ITOJIOBHHY TOKa KOPOTKOI'O 3aMBIKAHHS * M IIOJIOBHHY E. Ha

= F PR

- RD = P.(R)
BTOPOM I'papHKe HaHTH 110 MaKCHMYMY 3aBHCHMOCTH . CpaBHHTE MEXKIY

- R R
cOOOH 5TH 3HaUYeHH 0. HPIMEPHDE PABCHCTBO MCHAY STHMH JIBYMA 3HAYCHIAMII U gBIIET-
CA KPHTICPHCM IIPABHJIBHOCTH BBIITOJIHCHHBIX HBMEPEHI]IUI. EcnH Takoro PaBCHCTBA HCT, H3MCPC-
HITA CIICAVCET ITPOJACIIdTh BHOBD.

Cooepacarnue omuemad.

OT4eT 110 j1adopaTOpHEIM padoTaM JONIKHEL COIEPKATE:

- THTYIILHBIH JICT,

- LIeNTb padoTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OITpeielIe HHI, TIOHSITHIH, (POPMYII,
- OCHOBHOE 000PYIOBaHHE, CXEMa YCTaHOBKIL,

- OITHCAHHE IO ITYHKTAM BBIITOIHEHHOH PalOTHI,

- pe3yIbTaThl H3MEPEHHI H pacyeToB (TaOmHIlbL, TPagHKH),

- OIIEHKAa ITOTPEITHOCTEM,

. MATTDATTT TTA TAATTITIWARTIT TIT TS T AT T RGOT T

NOKYMEHT NMOANMACAH
SNEKTPOHHOWM MOONUCKIO I, daTa, ITOAITHCH.
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. 3armmTe 3aKkoH OMa B 0000IIeHHOH (popMe H 1 3aMKHYTOH IIEeTTH.

: HPDEE,I[HTE MATEMATHHCCKOC HCCIICTOBAHIIC (b}fHIG_[I]fI UR(R) H I(R)

2
3
4. JlanTe olmpefelneHHe MOIITHOCTH SMEKTPHYECKOIO TOKA.
5
0

: HPGEEI[HTE HCCIICOBAHHC 3dBHCHMOCTH PR - PR (R)

. YTo Takoe K.II.J. HCTOYHHKA"?

Jladboparopnan padora Ne 10

T'ema pabomest. F13ydeHne ABJICHHA YJIEKTPOMATrHATHOH HHIAYKIIHH.

HEJH: pﬂﬁﬂﬂ!ﬂ. I/IB}”IEHHE AJNIEKTPHYCCKILIX TOKOB BO3HHEKAIOIIHX IIPH ABICHHI 3JICKTPO-
MaTrHHTHOH HHIYKITHH.

T eopemuieckdAa udacmbo.

MarHMTHbIH IOTOK Yepe3 ITIOCKYIO IIOBEPXHOCTh — 3TO CKalIpHas (PH3HYeCcKas BeITHYH-
Ha, YHCIIEHHO paBHAas ITPOH3BEIEHHIO MOIYJISI MAarHUTHONH HHIAYKI[HH HA TUIOMIAAb IIOBEPXHOCTH,
OrpaHMYEHHON KOHTYPOM, H Ha KOCHHYC yITIa MEXKJY HOPMAJIBIO K ITIOBEPXHOCTH M MATrHHTHOI
HHAVKIHeH 17 okrabpa 1831 roga aHrmickHi yueHBIH Markia @apaliell OTKPBIT SBIICHHE
WIEKTPOMATHHTHOH WH Y KI[HH.

ABJIeHNEeM JIEKTPOMATHHTHON HMHIYKIHM HA3bIBACTCS SBJIEHHE BOSHHKHOBEHHS TOKAa B
3aMKHYTOM KOHTYPE ITPH H3MEHEHHH MarHHTHOIO ITOTOKA, IPOHM3BIBAIOIIETO 3TOT KOHTYP. A
IOJTYYEHHEBIN TAKHM CITOCOOOM TOK, HA3BIBAETCS HHAYKIIMOHHbIM.

3aKOH JIEKTPOMATHMTHOH HHAYKIIHH: CPeJHee 3HAUEeHIE EeKTPOABHIKYIIEH CHIIBI HH-
IVKI[HH B IIPOBOMAMIIEM KOHTYPE IMPOIOPIHOHAIIBHO CKOPOCTH M3MEHEHH S MAarHHTHOI'O ITOTOKA
yepes IMOBEPXHOCTD, OTPaHHYEHHYIO KOHTYPOM.

BenmunHa H HarpasieHue 5 1C HHIYKIHH

PaccMoTpuM TeIeph, KaKOBEL OYIYT BEIINYMHA M HAIIPaBIIEHHE HHAYKTHPOBAHHOH B IIPO-
BOJIHHKEe DJ[C.

Bemmumnza 35/1C HHAYKIHMH 3aBHCHT OT KOIHYECTBA CHJIOBBIX JIMHHH ITOJS, TIEPECEKAIOIIIX
IIPOBOJHHK B eHHUITY BPEMEHH, T. €. OT CKOPOCTH ABHKEHHS IIPOBOJHHKA B ITOJIE.

BenmnmunHa HHAVKTHPOBAaHHOH JJ[C HaXOAHTCS B IPSAMOH 3aBHCHMOCTH OT CKOPOCTH
IBIZKEHIS IIPOBOJHIKA B MAarHUTHOM IIOTIE.

BenmnmumHa HHAYKTHPOBAaHHOH 3J[C 3aBHCHT TakKKe H OT JJIMHBI TOH YacTH ITPOBOJHHKA,
KOTOpas IepeceKacTcs CHIIOBBIMH JIMHHSMH TTI0JI1. Yem OoJbImass 4acTh ITPOBOJHHKA TIEpEce-
KAaeTCS CHJIIOBBIMH JIMHHSAMH IIOJISI, TeM Oombinasg 3/|C HHIYVKTHPYETCS B ITPOBOAHHKe. U,
HAKOHEIL[, YEM CIHJIPHEE MAarHHTHOE IIOJIE, T. €. UeM OOJIbIEe €ro MHAYKINA, TeM OombImnas 31C
BO3HHKAET B IIPOBOJIHHKE, TIEPECEKAIOIIEM ATO IIOJIE.

Hrak, BenmnmunHa 3J|C HHAVKIMH, BO3HHKAIONIIEH B ITPOBOJHHKE ITPH €ro JABHKEHHH B
MArHHUTHOM ITOJIE, TIPSIMO ITPOMOPITHOHAILHA HHAYKIIHH MarHUTHOT'O ITOJISL, JUIHHE ITPOBOIHIKA H
CKOPOCTH ET0 IePEMEIEHH .

3aBHCHMOCTH 3Ta BeIpakaeTcs popmyroi E = Blv,

rae E — DJ1C mHaykigin, B — MarHuTHasS HHIYKIHS, | — JUIHHA IIPOBOIHIKA, V — CKO-
POCTh JABHKEHHS ITPOBOIHHKA.

CrexyeT TBEPAO TTOMHHTH, YTO B IIPOBOJHHKE, IEPEMEINAFOIIEMCS B MAarHHTHOM IIOJIE,
OJ1C MHAYKIMH BO3HHKAET TOIBKO B TOM CIIy4Yae, €CIHM 3TOT IIPOBOJIHUK IEPECEKAETCS MarHHT -
HEIMH CIJIOBBEIMH JIMHISMH ITOTIS. ECIH K€ IMPOBOIHHK IEPEMEINAETCS B0 CIIOBBIX JIHMHII
TIOJIS, T. €. He TMePeceKacT, a KaK Obl CKOJIB3HUT IT0 HUM, TO HHKaKoi JJIC B HEM HE HHIYKTHPYVET -

OOKYMEHT noanMcaH dBCUIHBA TOJIbKO B TOM CJIyHac, KOI'’Zld ITPOBOJ -
SNEKTPOHHOW NOANUCHIO :
oIM CHIIOBBEIM JIFIHFLAM ITOJLA.
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HarmpaBnenne mHAYKTHpoBaHHOH BJ[C (a Takke H TOKa B IIPOBOJHHKE) 3aBHCHT OT TOT'O, B
KaKyIO CTOPOHY ABHIKETCS ITPOBOMHHK. ]IS OIIpedelIeHHs HallpaRIeHH I HHIYKTHPOBaHHOH 2] C
CYILIECTBYET ITPABIIIO ITPaBOH PYKH.

Ecm gepxarh J1al0Hb IIPaBOH PYKH TaK, YTOOBRI B HEE€ BXOIIIH MarHHUTHBIE CHIIOBBIE JIH -
HHH ITOJISL, @ OTOTHYTBIN OOJIBIIION ITaJIell YKa3bkIBall OBl HAIIpaBIIeHHE ABHKEHH S IIPOBOIHHKA, TO
BEITAHYTRIE YETHIPE Malblia YKaXXyT HaIlpaBIIeHHE JAeHCTBHS HHIVKTHPOBAHHOH 3]C M HaIlpas-
JIEHHE TOKa B ITPOBOIHHKE.

[IpH IBHKEHHH BHYTPH KaTVIIKH IIOCTOSHHOI'O MarHHTa B HeH HHAVKTHpyercsa DJ1C 3a
CYET TOT'O, YTO MAarHUTHBIN ITOTOK MarHuTa IepecekKaeT BHTKH KaTYIIKH, T. €. TOYHO TaK e, KaK
3TO OBLIO IIPH ABHKEHHH IIPSAMOIHHENHOIO IIPOBOAHNKA B ITOIIE MarHUTA.

ECm MarHMT OITYyCKaTh B KaTVIIKY MEIJIEHHO, TO BO3HHKaromas B HeH OJIC Oymer Ha-
CTOJILKO Malla, YTO CTPeiIKa IMpHOopa MOKET Jlake He OTKIOHHUTHCS. Ecim e, Hao00pOoT, MarHuT
OBICTPO BBECTH B KaTYIIKY, TO OTKJIOHEHHE CTPENKH OyaeT OOIBIIMM. 3HAYHT, BEIIHYHHA HHIVK -
tupyeMon 3J]C, a clegoBaTelIbHO, H CHIIa TOKAa B KaTVIIKE 3aBHCAT OT CKOPOCTH JIBHIKEHIL
MarHura, T. €. OT TOr'0, HACKOJILKO OBICTPO CIJIOBBIE JIMHHH ITOJIS IMIEPECEKAIOT BUTKH KaTVIIKH.
Ecm Temepp ImoodepeaHO BBOAHTH B KaTVIIKY C OJHHAKOBOH CKOPOCTBIO CHayala CHIbHBIH
MArHHT, a 3aTeM CIa0BIH, TO MOKHO 3aMETHUTh, UTO IIPH CHJIbHOM MarHHTe CTpelika Impudopa Oy -
IeT OTKIIOHSATHCSA Ha OONIBINMH VIOl 3HAYHT, BEIHYHHA HHIAVKTHpyeMoH O/]C, a ciaemoBareb-
HO, M CHJIa TOKa B KaTYIIKE 3aBHUCAT OT BEIIMYHHLI MATHUTHOT'O ITOTOKA MarHHTa.

M, HaKOHEIL[, €CIIH BBOAUTE C OJMHAKOBON CKOPOCTHIO OAHH M TOT K€ MAarHHT CHayaja B
KaTYIIKY ¢ OOJBIIIM YHCIOM BHTKOB, a 3aTeéM CO 3HAUHTEIILHO MEHBIIHM, TO B IIEPBOM CIIYYAE
CTpenka Impudopa OTKIIOHHTCS Ha OONIBIIII YIOI, YeM BO BTOPOM. 3HAYMT, BEJIMYHHA HHIYKTH-
pyemon 3/]C, a cliemoBaTellbHO, M CIJIa TOKAa B KaTVIIKE 3aBHCST OT YICJIAa €€ BUTKOB. Te XKe
PE3YIIBTATEl MOKHO ITOJIYYHTh, ECIIH BMECTO ITOCTOSHHOTO MarHHUTa IIPHUMEHSTE 3JIEKTPOMArHHT.

Hampagnenne 35J/|C HHIYKIIMH B KaTVIIKE 3aBHCHT OT HAaIlPaBJICHHUS IIepPeMEIlCHHS
MarHura. O TOM, KaK OIIpPeJelsIrh HamnpasieHne 5/]C HHIYKIMH, TOBOPHT 3aKOH, YCTAHOBJIECH -
HBIH O. X. JleHIleM.

3aKoH JleHI[a g 3JIeKTPOMarHHTHON HHAVKIHH: Beskoe H3MEeHEHHE MarHHTHOTO IIOTOKa
BHYTPH KaTVIIKH COIIPOBOKIAETCS BOSHHUKHOBEHHEM B HeH O /]C MHIYVKIMH, ITpHYeM YeM OBICT -
pee U3MEHSEeTCS MAarHHUTHBIOL ITOTOK, IMPOHM3LIBAFOIIMIL KAaTYIIKY, TeM Oomnbinasa 3/]C B HEH HH-
IYKTHPYETCSI.

Ecmi Karyika, B KOTOPOH co3fgaHa 3/[C HHAVKIHH, 3aMKHYTa Ha BHEIIHIOK IETH, TO 110
BUTKAM €€ MJIET HHAYKIHOHHBIN TOK, CO3MAIOINH BOKPYT IIPOBOJHHKA MATHHUTHOE IT0JIE, B CHITY
Yero KarTyIlKa ITpeBpalacTcsa B coleHou. llomydaeTcs TakuM o0pa3zoM, UTO H3MEHSIFOIIEECS
BHEIIHEE MaTrHUTHOE TI0JIE BRI3BIBAET B KATYIIKE MHAYKIIHOHHBIN TOK, KOTOPOH, B CBOIO OUEPEb,
CO3JaceT BOKPYT KaTYIIKH CBOE MATHHUTHOE ITOJIE — ITOJIE TOKA.

M3yyasg sro seieHHe, D. X. JIeHI[ YCTAHOBIII 3aKOH, OIPEACIISIOIIHI HAIIPaBJIEHHE HH-
IVKIIHMOHHOI'O TOKA B KaTVIIKE, a CIeJOBaTelIbHO, M HarpaBileHne 2)[C mHIyKImH. D5/]C HH-
IVKIMH, BO3SHHUKAIOIAs B KaTYIIKE IIPH MU3MEHEHHN B HEH MAarHHUTHOIO ITOTOKA, CO3JAcT B Ka-
TYIIKE TOK TAKOT'O HaIlpaBIIEHHUS, IIPH KOTOPOM MArHHTHBIH ITOTOK KATVYIIKH, CO3JaHHBIN 3THM
TOKOM, IIPEILITCTBYET H3MEHEHHIO ITOCTOPOHHET O MAar HUTHOT'O ITOTOKA.

3axoH JleHIia cripaBeUINB JJI BCEX CIIYUAeB HHAYKTHPOBAHHS TOKa B IIPOBOAHHKAX, HE3a -
BHCHMO OT (DOPMBI ITPOBOJHHKOB H OT TOI'O, KAKHM CIIOCOOOM JOCTHTAETCS H3MeHEeHHE BHEII-
HET'O MarHUTHOT O ITOIISL.

£ ”
BemuiHa 5.7.C. HHAYEKITHH UHd OITPEACIIACTCA 3dKOHOM 3JICKTPOMAI' HHTHOH HH-

oyvkipm @Dapajges: 5..C. SJIeKTPOMAarHHTHOH HHIYKI[HH €1 , B 3aMKHYTOM ITPOBOJSILIEM

KOHTVDE YHCIIEHHO DABRHA H TIDOTHROIIOIIOAERHA 110 BHE]K}" GI{DPOCTH H3MCHCHIA MAI'HHTHOI'O
[OOKYMEHT NOANUCAH

SNEKTPOHHOW NOAMUCHIO PIHM KOHTYPOM
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3HaK MHHYC B ()OPMYJIE COOTBETCTBYET Hpaeiiay Jlenija: TIPH BCIKOM H3MEHEHHH MarHHT -
HOT'O ITOTOKA CKBO3b ITOBEPXHOCTh, OrPAHHYEHHYIO 3aMKHYTBIM KOHTYPOM, B ITOCIIEHEM BO3HH -
KaeT HHIYKIHOHHBIH TOK TaKOI'O HAaITpaBIIEHHS, YTO ero COOCTBEHHOE MAarHHTHOE IIOJIE ITPOTH-
BOJIEHCTBYeT H3MEHEHHIO MarHHTHOI'O ITOTOKA, BRI3BABIIIETO HHAYKI[HOHHEIH TOK.

Puc. 1.

[IpriiHa BOSHHKHOBEHNS HHAYKIIHOHHOI'O TOKA B HETTOJABHKHOM KOHTYPE COITIaCHO TEO-
PHH 3JIEKTpOMarHeTH3sMa MakcBeIa COCTOHT B TOM, YTO ITPH H3MEHEHHH MarHUTHOI'O TI0JIS BO3-
HIKAaeT BHXPEBOE 3NMEKTPHYECKOE TI0JIE, T.€. 3IEKTPHYECKOE II0JIE C 3aMKHYTBIMH CIUIOBBIMH IIH -
HISIMH. 1o IeficTBHEM 3TOTO IOJI CBOOOMHEIE 3apsabl KOHTYPa IepeMEIaloTCs, T.€, B KOHTYPE
BO3HHKAET BJIEKTPHYE CKHI TOK, Ha3bIBAEMBIH HHAYKIHOHHBIM TOKOM.

[IycTh IDIOCKHI 3aMKHYTBIH IIPOBOISINHI KOHTYP L HaXOMUTCSA B OJHOPOJIHOM MaIHHT-
HOM ITOJIe ¢ HHAYKIHeH B (puc. 1). Torma MarHHUTHBIN NOTOK @ (ITOTOK BeKTOpa MarHHTHOH HH-
IYKIHH ) Yepe3 ITOBEPXHOCTh, OTPaHHYEHHYIO KOHTYPOM L, OIpeIelsieTcsI BEIpaKeHHEM

d=BScosa (2)

2

rje S — IUIoIaJb ITOBEPXHOCTH, OTPAHHYEHHOH KOHTYpoM L., & — yroJl MeKIy HalpaBJIcHHEM

CIUIOBBIX JIMHIII (HaIlpaBIIeHHEM BEKTOpa M HOPMAlIbl0 || K IIOBEpXHOCTH, OIPaHHYEHHOIL
KOHTYPOM).

[TycTh MarHHTHOE ITOJIE CO3acTCs IFUITHHAPHYECKOH KaTYIIKOH (COIeHOHOM), IT0 KOTO-
POH IIPOTEKAET IIEPEMEHHBIN 3JIEKTPHYE CKHI TOK

I=1_ coswt
’ 3)
rje Ly _ AMIUINTYIHOE 3HAYEHIE TOKA, © — IMKIMYEcKas 4acrora Toka ®@=27V -
V. —vyacToTa TOKa.
Torga MarHUTHAS HHIYKIHS B MO BHYTPH KaTYIIKH H BOITH3H €€ TOPILIOB paBHA
B=pp,nl
HIIH ¢ Y4eToM (3)
B=py,nl ,cos wt

(4)

rme H — MarHMTHasg IIPOHMIIAEMOCTh CepAeYHHKA KaTYIIKH, Mo _ MarmmrTHas ITOCTOSIHHAS,
1 — YICIIO BUTKOB KaTYIIIKH Ha eJHHHIIe JIHHBI. [logcTaBUB BeIpakeHHe (4) B opmymy (2), Ha-
XOJIMM MAarHHTHEIH ITOTOK Yepe3 KOHTYP, PAacIIONOKeHHBII BOIH3H TOPIa KaTyIIKH

@=pp nl, Scosacoswt

OT1croga CKOPOCTb H3MCHCHHA MAI'HHTHOI'O ITIOTOKd PdBHA.,

dﬁ:—ppﬂ nIﬂSm Cos o sin wt

dt (5)

Taxim DﬁpﬂSDM:, CKOPOCTh H3MCHCHITA MAI'HHTHOI'O ITOTOKA ITPOITOPIIHOHAJIIBHA dNILUIMTYIHOMY

SHAYEHHIO TOKAa B KaTymke ! # KocHHycy yrida @ . IlomcTaBuB BEIpakeHHe (5) B (hOpMyITy

(1Y% rrAammiraans

NOKYMEHT NoanncAH
SNEKTPOHHOWM NOANUCHLIO (6)
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3aBHCHMOCTD 3.J1.C. SIeKTPOMArHHTHOH HHAYKIIMH U OT I
HBIH BHJ H300pakeH Ha pHC.2.

QOobopyodosarue u Mmamepuaibl.

. MurmaMIie pMeTp.

. MarHur.

. Karymka-MOTOK.

. UCTOYHHK TOKa.

. Peocrar.

. Kimrou.

. Karyimka ot ajieKTpoMarHura.
. CoeIHHUTEIILHBIE IIPOBOIA.

G0 -1 Sy h = W o

YKazanua no mexrHuke 0e30nacHocmit.
1. K BrimonHeHnroo mabopaTOpHBIX paboT DOITYCKAKOTCS CTYASHTHI, H3YUMBIIIE ITpaBIIIa

TEXHHUKH Oe30ITaCHOCTH.

2. JlaBGoparopHeie pabOTEl MOT'YT IIPOBOAHUTHCS TOJIBKO ITOJ PYKOBOICTBOM H HAaOIIOIEHIEM

ITPETOlaBaTENs.

3. IIpu BEIIOIHEHHH 1a00pAaTOPHEIX paboT CTYAEHTAM 3aIlPEIAETCS:

- BKIIFOYATh CXEMEI IO HaIIpsDKeHHeM Oe3 IMPOBEPKH ITPEIoJaBaTesd,

- TIpHKACaThCI K HE3AIHIIEHHBIM H30JBIHEH YACTSIM CXeMBI, HaXOJSIIHXCS IO HaIIps-
KEHHEM,

- OTIPEJEIISATh HATTHUME HAIIPsDKEeHN I Ha SIIeMeHTax IIEIH IIPHIIOMOIIH ITaJIbIIER, IIPOBEPKA
HAIMYMS HAIMPSDKEHHMS IIPOH3BOJAUTCSI TOJMBKO C ITOMOIIBIO BOJIBTMETPA M B IIPHCYTCTBHH
IIpEINOJaBaTElsd,

- TIpH paboTe Ha J1a00paTOPHOH YCTAHOBKE ITPHKACATHCSA OJHOBPEMEHHO CTEH, PagHaTO-
POB CHCTEMBI OTOIUIEHHS H IPYTHX METAJIIIMUECKHX IIPEAMETOB;

- BKIIOYaTh PYOWIBHHKH, HAXKHMATh KHOIIKH, IIPHKACAaThCA K BIEKTPHUYECKOMY 000PYIO-
BAHIIO, HE OTHOCSIIEMYCS K JaHHOH 1adopaTOopHOH padore 663 BeJoMa ITperogaBaTers,

- TIPOM3BOIUTE 10 XOIY BBITIOIHEHHS PaldOTHI MEPEKIOYEHHI B CXEME, He 0OECTOUNB €&,

- OpocaTh COeMHHHTEIBHBIE IIPOBO/IA Ha IO H HAa HCCIEAYEMYI YCTaHOBKY

- 3aMEHSTh CTOPEBIIHE IPeJOXPaHHTEIH Ha pabouix IHUTaxX IIPH BKIFOYEHHEIX PYOIIIb-
HHKAaX,

- KIIaCTh Ha pabO4Mil CTOJM ITIOCTOPOHHHE ITPEIMETEL,

- BXOJHUTE B 1a00paTOPHIO B BEPXHEH OIEKIE,

- KYpPEHHE U 3aKUTaHHe OrHSL

4 T il

_HGWMEHTHDD,HMCAH T INpe AYIIPEAHTE YIICHOB 6PIH‘ELI[LIZ {{OCTDPGH{HG!
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0. IIpn oOHapyKeHHN KaKHX — THO0 HEHCITPABHOCTEH, HCUE3HOBEHIS HAIIPSDKEHHMS B CETH, a
TaKKe IIPH HECYACTHOM ClIy4dae, HEMeJIEHHO IMPEKPaTHTh padoTy, OTKIIOUHTE YCTAHOBKY OT
BIIEKTPOIMTAHNS H COOOIIHTE ITPEIIOIaBaTENIO.

7. IIoMHHTB, UTO TIPH OTKIIFOUEHHH I[EIIEH ITOCTOSHHOI'O TOKA ¢ HHAYKTHBHOCTHIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE ITOBBIIIEHHE HAIIPSDKEHHSL.

8. CTYIEeHTHI, HapVYIIMBIIHE IIPaBIUia TEXHHKH Oe30ITaCHOCTH, He JOITYCKAIOTCS K JaIbHEH -
Ieil paboTe B madopaTOpHH H IIPHBIIEKAIOTCS K OTBETCTBEHHOCTH.

3aoaruas.

DKCIIEpPHMEHT |

Haurnem mabopatopHyio paboTy co cOopa yeTaHOBKH. UTOOEI coOOpaTh CXeMy, KOTOPYIO MBI
OyIEM HCIIOIB30BaTh B JIaOOpaTOpHOH padoTe, TPHCOSIHHHM MOTOK-KATYIIKY K MII-
THaMITEPMETPY H HCIIOIb3YEM MarHHT, KOTOPBIH OyaeM IMpHOIDKATh WIH YVIAISTh OT KaTYIIKH.
OJHOBPEMEHHO C 3THM MBI JOIDKHEI BCIIOMHHTB, YTO OVYIET IIPOHCXOINTH, KOrja OYIET ITOSEB -

JITBCA IIH,I[}"KL[IIGH[{BIﬁ TOK.

Puc. 1. OxciepumeHT |

[logymarite HaJ TeM, KaK OOBSCHHTEL HAaOIOgaeMOe HaMH SBJIeHHe. KakuM o0pas3oM BIIHS-
€T MarHHUTHBII IIOTOK HAa TO, YTO MBI BHINM, B YAaCTHOCTH ITPOHCXOXJIEHHE 3JIeKTPHYECKOr O
TOKa. /{715 3TOro IIOCMOTPHTE Ha BCIIOMOTaTelbHEIH PHCYHOK.

OO0paTture BHHMAaHHE, YTO JIHHHH MAarHHTHOH HHIYKIIHH BBIXOJST H3 CEBEPHOIO ITOIIOCA,
BXO/ST B FOKHBIH ITOIXOC. IIpH 3TOM KOIMHYECTBO 3THX JIHMHHI, MX I'YCTOTA pasiyHa Ha Pa3HbBIX
y4yacTKaX MarHurta. OOpaTHTe BHHMAaHHE, YTO HallpaBIeHHEe HHAYKIIHH MATHHTHOIO ITOIS TOXKE
H3MEHSETCSA OT TOYKH K TOUKe. I103TOMY MOZKHO CKa3aTh, UTO M3MEHEHHEe MATHHTHOIO MOTOKA
NPHBOAUT K TOMY, 4YTO B 3aMKHYTOM IIPOBOJHHKE BO3HHKAET JJIEKTPHYECKHH TOK, HO
TOJIbBKO NPH JBHKeHHH MArHHTA, CJI€J0BATEIbHO, H3MEHAET CH MATHUTHBIM IIOTOK, IPOHH-
3bIBAKINHA ILJIOINAAb, OTPAHHYEHHYI0 BHTKAMH 3TO0H KATYIIKH.

OKCIIEPHMEHT 2

CIIeIVIOMIMH 3Tall HAIIIErO HCCIIEJOBAaHHS AIIEeKTPOMArHITHOH HHIYKIIHH CBSI3aH C OIIpE -
JeleHHeM HaNpaBJdeHHs HHAYKIHOHHOTO Toka. O HaIpaBIeHHH HHAYKI[HOHHOIO TOKa MBI
MOJKeM CYIHTh IT0 TOMY, B KaKyI0 CTOPOHY OTKJIOHSIETCS CTpelIKa MIJIIHaMIIepMeTpa. BocIons -
3yeMCSI AYrooOpasHbIM MAarHHTOM H YBHIHM, 4YTO IIPH NPHOIIDKEHHH MarHHTa CTpelKa
OTKJIOHHTCS B OJHY CTOpOHY. EcIm Temeph MarHHT JBHIAaTh B JAPYIYIO CTOPOHY, CTpelIKa
OTKJIOHHTCS B JPYIVIO CTOPOHY. B pesylbTate ITPOBEAEHHOIO SKCIIEPHMEHTAa MBI MOXKEM
CKa3aTh, YTO OT HAIlpaBJIeHHS ABIDKEHHS MarHHTa 3aBHCHT H HaIlpaBJIeHHe HHIYKIIHOHHOIO

O NOKYMEHT NOANMMUCAH 1 TOXEC 3dBHCHT HAIITPABJICHIIC HHIAYEKIITHOHHOI'O
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Ceptudurkar: 12000002A633E3D113AD425FBS0002000002A6

| [OHHOI'O TOKa 3aBHCHT OT CKOPOCTH IICPEMCE -
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Bropas yacTte HaieHn 1adopaTopHOH padoThl CBA3aHa OVAET ¢ APYIHM 3KCIIEPHMEHTOM.
[JocMOTpHM Ha cXeMy 3TOr0 SKCIIEpHMEHTA H O0CYIHM, YTO MBI OyAeM TEIEeph JeaTh.

K KNy
L.

= Peocrar
@ +_
‘ : iji—

* VICTOYHMK TOKa

Puc. 2. DKcriepuMeHT 2

Bo BTOpOH cXeMe B IIPHHIMMIIE HHYErO He H3MEHHIIOCh OTHOCHTEIIBHO H3MEePEHHSI HH-
IVKITHOHHOI'O TOKa. TOT e CaMblil MHJUITHAMIIEPMETP, ITPHCOSAHHEHHBIH K MOTKY KaTVIIIKH.
OcTtaeTrcs Bce, Kak OBIIIO B IIepBOM ciiydyae. Ho Terneps H3MeHEHHE MAarHHTHOI'O ITOTOKA MBI Oy -
JIEM TTONIYYATh He 3a CUeT ABH KEHHS ITOCTOSHHOI'O MarHHTa, a 3a CUeT M3MEHEHHS CIJIBI TOKA BO
BTOPOH KaTVIIIKE.

B mepBoil yacTH OyJeM HCCIeJ0BaTh HAJIMYHE HHAYKIIHOHHOIO TOKA ITPH 3aMBIKAHHH H
pa3sMBIKAaHHH 1IelH. FTak, repBas 4acTh SKCIIepHMEHTA: MBI 3aMbIKaeM KoY. OOpaTHTE BHHMA -
HHE, TOK HapacTaeT B IIEIH, CTPEIKa OTKIOHHIAChE B OAHY CTOPOHY, HO OoOpaTHTe BHHMAHIE,
cefJac KIIXOY 3aMKHYT, a 3IEKTPHYECKOr0 TOKAa MIUIIHAMIIEPMETP He IIOKa3bIBaeT. /(€10 B TOM,
YTO HET HM3MEHEHHS MarHHTHOI'O ITOTOKa, MBI YKe 00 3TOM TOBOPIINH. ECIH Tenepp KIHOY
pa3sMBIKaTh, TO MITIIHAMIIEPMETP TTOKAaKET, YTO HaIlpaBlIeHHE TOKA H3MEHIUIOCE.

BO BTOpOM 53KCIIEpHMEHTE MBI IIPOCIEINM, KaK BO3HHKAeT HHAYKI[HOHHBIH TOK, KOIjJa
MEHSETCS SIEKTPHYE CKIIL TOK BO BTOPOH I[ETTH.

Crenviomas 4acTh ONbITa OyAeT 3aKiIO4YaThbCs B TOM, YTOOBI ITPOCIIEANTH, KaK OyAeT

H3MCHATBECA IIH,I[}"KL[IIDHI{BIﬁ TOK, €CIIll MCHATDL BCJIIHYIHY TOKA4 B IICIIH 34 CHUCT PCcOCTaTa. BrI
SHACTC, HTO €CIIH MBI H3MCHACM 3JICKTPHYCCKOC COIIPOTHBIICHHE B IICITH, TO, CIICAYA 3dKOHY OME],:,

y Hac OyJeT MeHAThCS H SIeKTPHUYECKHI TOK. Pa3 H3MeHseTcs 3IeKTPHYeCKHII TOK, OyIeT H3Me -
HSTHCS MATHHTHOE I10JIe. B MOMEHT IlepeMelieHH s CKOIb3SIIero KOHTaKTa peocTaTa H3MeHIeTCS
MAarHHTHOE TI0JI€, YTO MPHBOINT K MOSBIIEHHIO HHAYKIIHOHHOIO TOKA.

Ne Cnocod nmosryue- | I B Bm AdPm
ONbITA | HHSA HHAYKIIH-
OHHOI'O TOKA

1 BHeceHe B Ka- — — +
TYIIKY ceBep-
HOT'0 I10.110CA
MAarHHT 2

OJOKYMEHT NoanmvucAH
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2 YaajieHue u3 — «— -
KAaTYIIKH CeBep-
HOr0 IOJIIOCA
MATHHTA

K BHeceHHe B Ka- — — +
TYHIKY HOKHOTO
[10JIK0CA
MArHHMTA

4 YaajieHue u3 — — -
KATYIIKH H07K-
HOTI'0 II0JII0CA
MATHHT A

Cooepacarnue omuemad.

OtueT 110 1adopaTOpHEIM padoTaM JOIKHEL COAEePKAaTh:

- TUTYIILHBIH JIICT,

- LIETIb PadoTHI,

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OIpeJlelIeHHI, TIOHSITHI, (POPMYTI,
- OCHOBHOE 000pYIOBAaHHE, CXeMa YCTAaHOBKI,

- OITHCAHHE II0 ITYHKTaM BBIIIOJIHEHHOH PaloThI,

- pe3yIbTaThl H3MePEHHIT H pacueToB (TaOmHIIEL, TpaHKH);

- OLIEHKA TTOTPEITHOCTEN

- OTBETHI Ha KOHTPOIBHBIE BOIIPOCHL,

- BBIBOJBI I10 Pe3yIIbTaTaM BEIITOIIHEHHOH pabOTHI, aTa, IIOIIHCh.

Konmponsusie 6onpocot.

1. B 4deM 3akmoyaeTcs SBJIeHHE 3JIEKTPOMATHITHOH HHIYKIHH?

2. Kakomn TOK Ha3hIBarOT HHIYKIHOHHEIM?

3. CdopMyIIHpPYHTE 3aK0H 3IEKTPOMArHHTHOH HHAYKIHH. Kakoi (popMyI0i OH OITHCHIBAETCS?
4. Kaxk popmympyeTcs ImpaBHiIo JleHia?

5. Kaxkopra cBs3b ITpaBHiIa JIeHIla ¢ 3aKOHOM COXPaHEeHHS SHEPTHH !

JIaboparopHas padora Ne 11
T'ema paboms:. OnpeaesieHHe TOPH30HTAJBHON COCTABJIAIOINEH MHIYKIHA MATHHT-
HOI' 0 MOJISI 3eMJIN.
I{ens pabomsr. OnpeAelcHHEe TOPH30HTAIIBHOH COCTABJISIOIIEH HHIAVKIIHH MarHHTHOIO
TTOJIST 3EMITH.

T eopemuieckdn uacmbo.

3eMIIS B 1IETIOM IIPEACTAB/ISIET COOOH OIPOMHEIN IIapOBOH MarHuT. I1o3ToMy B IFOO0H TOY -
Ke IMPOCTPaHCTBA, OKPY KAIOIIETO 3eMI0, H Ha €& IOBEPXHOCTH CYIIECTBYET MarHHTHOE IIOIIE,
CHITORKIE THHUH KOTODOTO M300DakeHkl Ha DUCVHKE 1. [IpH 3TOM ceBepHBIH MarHHTHBIH ITOIEOC

NOKYMEHT NOAMNUCAH | )
SHEKTPOHHOM NOANUCHIO » FO n HaoGopor. Ha skBatope MarHUTHEIE CHIIO

CepTudpidiar: || 12000002A633E3D113ADA25FB50002000002A6 YIFOCAX - BEPTHKAIIHHO.
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B ocTalmbHBIX TOUKaX 3eMHOH ITOBCPXHOCTH HHAVKIIHA MAIHHTHOI'O ITOJIA HAIIPABJICHA IO
HEKOTOPBIM VITIOM K IUIOCKOCTH BEMJ]II:, T.€. HMCCT H I'OPH30HTAJIBHVYIO B.u BEPTHKAJIIBHYIO B,

COCTAaBILATOIIIIEC.

Puc.1.

HarpagrieHiie TOpH30HTAJIbHOH COCTABRIISIONIIEN IIPHHHMAETCS 3a HAITpaBJIIEHHE MAarHHT-
HOI'O MEpPHIHaHa, T.K. B 3TOM HaIlpaBIeHHH YCTAaHABIIMBAETCS CTPENKA KOMITaca, BPaIlarolIasics
B TOPH30HTAIbHOM TIJIOCKOCTH. [[elIbro HacTosIeH paboThl SBISIETCA H3MEPEHHE BEITHYHHBI T'O-
PH30HTAIIPHONH COCTABILIFOLIEH MHIAYKIH MarHHTHOI'O IO 3EMIM C IIOMOINBIO TaHTE€HC-Tallb-
BaHOMeTpa. TaHTeHC-TaIbBaHOMETP IIPEACTABISIET COOOH BEPTHKAIBLHO PACIIONOKEHHBIE N
KPYTOBBEIX BHTKOB pajHyca R, IT0 KOTOPBIM ITPOITYCKAETCS ITOCTOSHHEBIN TOK CHIIOH I. B 1ieHTpe
ATOH COBOKYITHOCTH BHTKOB (KOPOTKOH KaTYIIKH) ITOMemaeTcsa Kommac. [IpH oTCyTCTBHH TOKa B
BUTKAaX MarHHTHAas CTPEJIKa KOMITaca YCTaHOBHTCS IO

90

180

Puc. 2.

MarHHTHOMY MepHAHAHY. I1pH IIpOITyCKaHHH TOKAa IT0 BUTKAM CTPEIKA IIOBEPHETCS Ha He-
KOTOPBIH YTOJI O, T.K. TENEPh Ha Hee ITOMHUMO I'OPH30HTaJIbHOH COCTABIISIOIIEN MAarHHTHOT'O ITOJIS
3emim OyIeT AEHCTBOBATH €IIl€ MarHHTHOE TIOJE, CO3/laBacMoOe TOKOM [ B n BHTKaX. Ecim BHTKH
COPHEHTHPOBATh TaK YTOOBI HX IUIOCKOCTH COBITAJAIH C IIOCKOCTBIO MAarHHTHOI'O MepHIHaHa,
TO Ha CTPeJIKy OYyAyT AeHCTBOBATh ABAa B3aHMHO IePIIEHAUKYIISPHBIX IO IT0Ie 3eMIH B; H

none Toka B, (puc.2).
CTpelnlKa KOMIIaca YCTAaHOBHTCS B HaIlpPaBIEHHH PaBHOJEHCTBYIOMIEH ATHX ITOJNIEH, BIOIIb

B=B,+B,
, T.e. IO JHATOHAIH ITapajulejIorpaMMa, CTOpOHaMH KoToporo oyayT B, m B;. Cwu.
PHC.2, Ha KOTOPOM H300pa’keHO cedYeHHe BHTKOB C TOKOM, OPHEHTHPOBAHHBIX BAOJIb MAarHHT-

NOKYMEHT NMNOoAanncAH _ Bn
SNEKTPOHHOWM NOANUCHLIO fg{x B B_
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B, =
Igo (1)
B _ ."':":[Ijr
Tak KaK HHIYKI[HS MarHATHOTO ITOMIS B IIEHTPe KPYTOBOrO TOKa 2R | 10 B IleHIpE I
.BD — .HDIH
BHTKOB OYE€BHIHO 2R (2)
B, - ,} w, In

ITomcrarus (2) B (1) momyyrm 2R -1gcx (3)

DOra (QopMyna HCIIONB3YETCS B HACTOSINEH padoTe M OILITHOIO OIpPEeJelIeHHS IOpPH-
30HTAIBLHOM COCTABIISIONIEH MarHHTHOTO ITonsg 3emimH. Dopmyna (3) 3amiacaHa B cucreMe CU,
II03TOMY B3 IIONTYUHTCS B TECTIAX.

DNeKTpHYecKasl CXeMa YCTAaHOBKH IS H3MepeHHS B; COCTOHT M3 TaHI'€HC-TaJIbBaHOMETPA

G, HCTOYHHKA TOKa & peoctaTa R W aMmepMmerpa A [T PETYIHPOBKH H H3MEPEHHS TOKA

(puc.3).

B cxeme HCITOIB3YCTCA IICPCKIIIOYATCIIb I g H3MeHeHHT HalIlpaBJIICHIMA TOK4d, ITPOXO1Aa-
SO 4CpEe3 TAHI' CHC-I'daJIbBAHOMETP.

Q
]

Puc. 3
QOobopyodosarue u Mmamepuaibl.
TaHTeHCc-ralbBaHOMETP, aMIIEPMETP, PeOCTaT, HCTOUHHK TOKA.
YKazanua no mexnuke 0e30nacHocmi.
1. K BHIIOIMHeHHNIO j1a00paTOPHBIX paloT IOITYCKAIOTCA CTYAEHTBI, H3YUHMBIIHE ITPaBHIIA
TEXHHKH Oe30ITaCHOCTH.
2. JlabopaTopHbie paboThI MOI'YT IIPOBOAHTECS TOIBKO ITOA PYKOBOACTBOM H HAaOIIOAECHHEM
TIPeTogaBaTells.
3. IIpu BEIMOIHEHHH 1a00OpPAaTOPHEIX PadOoT CTYAEHTAM 3allPEIAacTC:
- BKIIIOYATh CXEMBEI IO HampspKeHHeM 0Oe3 IIPOBEPKH ITPEIIOfaBaTellsd,
- TIPHKACATHCS K HE3AI[HINEHHBIM H30ILIIHEH YacTsM CXeMBI, HaXOMSIIXCS 10 HaIpsI-
[JOKYMEHT NOAMNUCAH
SNEKTPOHHOW MNOANUCHIO TeMeHTax I[eIH ITPHITOMOIIH ITaIbIeR; IIPOBepKa
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- IIpH padore Ha 1abOopPaTOPHOHN YCTAHOBKE IIPHKACATHCSI OJHOBPEMEHHO CTEH, PagHaTO-
POB CHCTEMBI OTOIUIEHHS H IPYTHX METATIIHYECKHX ITPEeJIMETOR;

- BKIIIOYAaTh pyOWIBHUKH, HAa)KHMATh KHOIIKH, ITPHKACAaThCA K BJIeKTPHUECKOMY O00PYIO-
BAHHIO, HE OTHOCAIIEMYCS K JaHHOH I1adopaTopHOH padore 0e3 BeoMa IIPerogaBaTeiid,

- IIPOM3BOJIUTE ITO XOAY BEITIOTHEHHS PaOOTHI MIEPEKIFOYEHNI B CXEME, HE 00ECTOUNB €€,

- Opocarthk COeUHHTENBHEIE ITPOBOIa Ha IO H Ha HCCIIEAYEMYIO YCTaHOBKY,

- 3aMEHSTH CTOPEBIIHE IIPEAOXPAHHUTEIIN HAa pabOyMX IMUTAX IIPH BKIFOUEHHBIX PYOHIb-
HHKAX,

- KIIaCTh Ha pabOYHH CTOJ ITIOCTOPOHHHE ITPEIMETEHL,

- BXOJIHTH B I1a00OPaTOPHIO B BEPXHENH OLEXKIIE,

- KYPEHHE H 3aKHTaHIHe OTHAL

4. Ilepes BKIIFOUEHHEM CXeMBI 003aTEIBHO IIPEAYIIPEAHTE WIEHOB OpHragbl: « OCTOPOKHO!
Bxrrouaro! ».

5. Ilpn HayouMy B cXeMe KOHJIEHCATOPHBIX OatapeH, HEOOXOAHMO ITOCTIE OTKIIFOUEHH S ITHTa -
HI S UX PaspsaUTh 104 HaOIIkOMHEHEM IIPEITOgaBaTENIA.

0. I[Ipu oBHapyKeHHH KaKHX — THOO0 HEHCITPABHOCTEH, HCUE3HOBEHIS HAIIPSDKEHHS B CETH, a
TaKKe IIPH HECYACTHOM ClIy4dae, HEMeJIEHHO IMPEKPaTHTh padoTy, OTKIIOUHTE YCTAHOBKY OT
BIIEKTPOIMTAHNS H COOOIIHTE ITPEIIOIaBaTENIO.

7. IIoMHHTB, UTO TIPH OTKIIFOUEHHH I[EIIEH ITOCTOSHHOI'O TOKA ¢ HHAYKTHBHOCTHIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE ITOBBIIIEHHE HAIIPSDKEHHSL

8. CTYIEHTBI, HAPYIIHBINHE ITPpaBIila TEXHHUKH Oe30ITaCHOCTH, He JOITYCKAIOTCS K JalbHEH -
Ieil paboTe B madopaTOpHH H IIPHUBIIEKAIOTCS K OTBETCTBEHHOCTH.

3aoaruas.

1. CobuparoT 3IeKTPHYECKYIO LIETIH II0 CXEME PHC.3

2. IloBopaunBasi TaHT€HC- TaJIbBAHOMETP, YCTAHABRIMBAIOT €r0 IUIOCKOCTh B IUIOCKOCTH
MAarHHTHOI'O MepHJIHAaHAa, TaK YTOOBI MarHHTHAS CTPelka YCTaHOBHIIAch B HarpaBiIeHHH 0 -180°.

3. YcraHaBIHBas JBHKKOM peocTaTa 3aJaHHYIO BEIHYHHY TOKa (3afjaeTcs ITpernoja-
BaTeleM) H3MEPHTD YT OJI OTKIIOHEHHS MarHHTHOH CTPEIKH 0.

4. He u3MeHssI BeIHYHHY TOKA ITIOMEHSTH IepeKiIrodareieM [ HarpasieHe ToKa Ha ITpo -

(o +a,)

- cp
THBOITOJIOKHOEe. OTCUMTATh HOBBIH YT'OJI OTKIIOHCHIA CTPEJIKIT Oz, BEIYHCITHTH 2
5. HGETGPHTL H3MEPCHITA O H O ITPH HECKOJIBKIIX JPVYIHX 3aJaHHBIX 3HAYUCHIX TOKA.
6. IloacTraBnsaa mocueaoBaTelIbHO H3MEPCHHBIC COOTBCTCTBYIOIIHE 3HAUCHITL TOKa [ u

o, g
yCpeIHEeHHbIe 3HaUeHHS yIiaa | B (opMyny (3) HaittH 3HaueHHI B;. ( BemmunHel n 1 R ykasa-
HbI Ha TaHTe€HC-TaJIbBAHOMETPE).

7. Bce pesynbTaThl H3MEPEHHH H BBIYHCIIEHHI 3aHECTH B Ta0II. |
Tadm. 1

1A o, [a ]« tea | Bs | AB | 8B

(cp)

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOATVICEIO M3MEPEHHS B3 H pe3ynbTaThl 3aHECTH B Ta0I. 1
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Cooepicarue omuemad.
OTYeT 110 J1abopaTOpHEIM padoTaM JONIKHEL CONEPKATE:
- THTYJIbHBIH JIHCT,
- LIETIb PadoTHI,
- KOHCIIEKT OCHOBHEBIX 3aKOHOB, OITpelelIe HHI, ITTIOHSATHH, (POPMYII,
- OCHOBHOE 000pYIOBaHNE, CXeMa YCTaHOBKIL,
- OITHCAHHE IT0 ITYHKTAM BBIITOIHEHHOH PaloTHI,
- pe3yIbTaThl H3MEPEHHH H pacyeToB (TaOmHIlbL, TPapHKH),
- OIIEHKA ITOT'PEITHOCTEMN,
- OTBETHI HAa KOHTPOIIbLHBIE BOITPOCHL,
- BEIBOJIBI TIO pe3VyIbTaTaM BRITIOTHEHHOH PaboThI, JaTa, TTOAIHC.
Konmponsrsie 6onpocet.
1. Kaxon BHJ HMeeT MarHHTHOE T10JIe 3eMIIH?
2. B 4yeM 3aKimrovacTCa HAES H3MEPEHH S TOPH30HTAIbHON COCTABILSFONIEH HHIYKI[HIH
MarHUTHOTI'O ITOJIS 3eMITH?
3. Kak yCTpoeH TaHI'€HC-TaJIbBaHOMETP?

4. BeieeguTe (hOpMYITY HHIYKIIHH By, B IIeHTpe KPyTrOBOI'O BHTKA C TOKOM.
5. IlodeMy IDIOCKOCTh TaHI'€HC-TalIbBAHOMETPa CIeAyeT OPHEHTHPOBATh B HAITPABIIEHHH

MAI'HHTHOI'O MEPHII [aHa?

JIaboparopHas padora Ne 12

Tema pavomst. UcciieqoBanne KoJ1e0aHAH B K0J1€0aTeJILHOM KOHTYpe

I{ens pabomsr. V3ydeHHe 3aTyXalolX HSIEKTPHUYECKHX KoneOaHHII KojlebaTelIbHOM
KOHTY]E.

T eopemuieckdAa udacmbo.

[IpocToi KonmeGaTenbHBIH KOHTYP COCTOHT H3 ITOCIENOBATEIIBHO CO-€AHHEHHBIX SJIEMEH -
TOB: EMKOCTH C, HHIYKTHBHOCTH L. M aKTHBHOI'O COIIPOTHBIIEHHS R
CpeaH pa3IHYHBIX NEKTPHUYECKIX SBJICHHH OOJIBIION HMHTEPEC IPEACTABRISIOT 3IIEKTPH-
YeCKHe KonmeOaHHs, IIPH KOTOPBIX HEKOTOPHRIE ANEKTPHYECKHE BEJIMYHHEL, TAKHE KaK ITOTEHI[HAII
CIUIa TOKA, HIH 3aps H3MEHSIOTCSI BO BpeMeHH. OIHHM H3 IIPOCTEHIINX HCTOYHHKOB IIOJIYYE -
HHS 3JIEKTPHYECKHX KOJIeOaHHH SBIISIETCS EKTPHYECKHH KoneOaTeIbHBIH KOHTYP.
PaccMOTpHM IIpOCTOH KONneOaTeIbHBIH KOHTYP, COCTOSIIHH H3 IIOCIEAOBATEILHO COeIH -
HEHHBIX KOHJeHcaTopa C, HHIYKTHBHOCTH L, pe3ucTtopa R u ximroua K (puc.l, a). Ecmi koHIeH-
caToOp 3apsSIHTh, a 3aTeM 3aMKHYTh K04 (pHc.]1,0), TO KOHJIeHCcaTOp HauHHAeT paspspkaThesa B

IMETDT TTOABIIACTCA EGBP&CTEIIGH_[Hﬁ TOK f:, B KaTVIIKE HHAVYKTHBHOCTH — COOTBCTCTBYIOHICC
MAI'HHTHOC IIOJIC.

K K
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Puc.1.

ToK paspsga KOHAEHCATOpa I, IIPOTEKad Yepes KaTYIIKY, ITOpokaaeT B HeH D J[C caMOHH -
ovKipm. BosHukaromasa 2/[C caMOMHIYKIIHH 3aMeUISeT pasps KOHAeHcaTopa, a IIOCIE TOro,
KaK KOHJIEHCAaTOp ITONMHOCThIO paspsamurca O/[C CcaMOMHAYKIHH, HAO00OpPOT, HAaUYMHAET IIOJ-
IEPAKIBATEL TOK B IIPEKHEM HaAIIPABIICHITH.

B pes3ynbTaTe 3TOro KOHAEHCATOP Iepe3apsSaHuTICs, IIOCIIE Yero IIPOIecC IMMOBTOPHTCS, HO
IBIDKEHHE 3apsIoB OyIeT IMPOHCXOIHTh B IIPOTHBOITONIOKHOM HaITpaBJIeHHH (pPHC.2.B).

[IepBOoHayaIbHas 3HEPrHS BIEKTPHUECKOTO ITONIS 3apsKEHHOI0 KOHEHCAaTOpa BO BPEMS
€r0 paspsja MEPeXOUT B SHEPIHIO MAarHUTHOIO IO KaTYIIKH. [IpH Iepe3apsmae KOHIeHcaTopa
IIPOMCXOANUT OOPATHRIN IEPEXON SHEPIrHM MATHHTHOIO ITONS KATYIIKH B SHEPTHIO SIIEKTPHYE -
CKOrO ITONIS KOHAeHcaTopa. B HacanbHOM KoneOaTellbHOM KOHTYPE COIPOTHBIIEHHE R paBHO
HYIIIO H BO3HHKIIINE SNEKTPHUECKHE KOJIeOaHHU S OYAYT He3amyXar uiumu (puc. 2.a).

B peampHOM KorneGareIbHOM KOHTYpe R OTIIMUHO OT HYIIS, IIO3TOMY IIPpH ITPOTEKAHHH
TOKA YEepe3 HETO IMPOHCXOIHT BBIJICIEHHE TeIlla. BeneacTBHe 3Toro OOIMIl 3arac SHEPIHH B
KOHTYPE YMEHBIIAETCS, H KOJIeOAHIS 3amyxXar m (pHc.2.,0).

C VyBeIHMYEHHEM COIIPOTHBIIEHHS R CKOpPOCTH 3aTyXaHHsS KoleOaHHH YBEIHYHBACTCS
(puc. 2,B), a IIpH JOCTaTOYHO OONBIIOM 3Ha4eHHH R kojaeGaHns BooOIe He BO3HHKAIOT - HAOMIIO-
TaeTcs anepuodudecKuil pa3psn KoHaeHcaTopa (pHC. 2.T).

COITPOTHRIIEHHE KOHTYpa, IPH KOTOPOM KOJleOaTelIbHBIH ITPOLECC IEPEXOIHT B allepH-
OMYECKHIT, Ha3bIBAETCSI KPUTHYECKIM (R,y).

AAAR L T A
TRAVRTRY Y

Puc. 2.

Haitgem YPaBHCHHE, OITHCBIBAIOIEC 3dTYXAIOHNIHE JJICKTPHYCCKIIC KonmeOaHHI B KOHTVYPCE.
B COOTBETCTBHH C 3aKOHOM COXPaHCHHA SHEPI'HH }fﬁbIJ]I: JHEPTHH KOHJACHCATOPA ITPH €I'0 Ppa3pPA-

AOKYMEHT MNOAMNMWCAH MAarHHTHOTO ITOISI KaTyIukH dW . H BBIJIeIIeHHE
SNEKTPOHHOW MOANWUCHIO

Ceptudbmkar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: LlebGayxoea TateAaHa AnekcaHapoBHa
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CepTtudumkar:
Bnageneu;

*r 1
- _.-'.|I 2 (:
2

rne We — SHEPTHI KOHAEHCAaTOoPa, We =4

=Li"/2

WL - SHEPIHA MAaI'HHTHOI'O ITOJIAH KaTVYIIIKH, W L

371ech (q — 3apiAa KOHJACHCATOpPa B IIAaHHBIH MOMEHT BPCMCHH, 1 — CHJIa TOKa B KOHTYpPC B
JTOT XK€ MOMCHT.

KommiecTBo TellIa, BRIIEISIOIeecs B ITPOBOIHIKE 3a BpeMs df:
dQ =1" Rdt.
Hcrons3ys 3TH cOOTHOMIEHHS, ITpeo0pa3yeM ypaBHeHHe (1):

—d EI—--):d lﬂr1+f-R-(H::U

20 ) 2

26 dq+ = 2i-di+i’R -dt=0

.

..}

]
3

%dq+L-i-di+FR-dt:0

Tax kak ¢ =99/ dt i dq=1idt,
TO BEIpakeHHe (2) MOKHO ITpeoOpa3oBaTh K BHIY

_I
L—_ iq + L

i clt
CGKPHTI[B Ha dq H HCITIOIIB3YAd COOTHOIIICHHE

i d- (]

99 45 +iR -dg =0

dt dt-

IoIrydyaeM cliegyromee JH(depeHIHaIbHOEe YpaBHEHHE:
2
d qg -+ R -’._.dq + q =
d’tt L dt LC
B 3TOM ypaBHEHHH CIelIaeM CIEIYIOIIIE 3aMEHEI:
R

—_— = 2 ﬁ
L 2
]_ - &} ;’;
L/C :
rjae 3 — Koa(ppHIHeHT 3aTyXaHHS, Oy — COOCTBEHHAS YacTOTa KOHTYPa.
Torma
l..j':L - dc ,
—:] 20 o =10
dt” dt
JnddepenipiansHOe ypaBHeHHE (0) MMeeT (TpH B < ® o) clIeAVIOIee pelleHHe:
—pt
[NOKYMEHT NOANMUCAH » COS(wt+ar)
ANEKTPOHHOW NOAMNUCHIO ;

12000002A633E3D113AD425FBS50002000002A6
lLleBGayxoea TateAHa AnekcaHapoBHa
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ﬁ | 1 R
"'“:wfﬂ-’.'.‘ﬁ' T T T
LC 41 (8)

2

(o H© 0. — HEKOTOPBIE TTOCTOSHHEIE, COOTBETCTBYIOIINE HAYATBHON aMIUINTY/le M Hayajb-
HOH (paze KoJle OCaHH 4.

Bripaxenne (11.7) ecTh ypaBHEHHE 3aTyXaIOIIHX AMeKTPHYECKHX KOIeOaHHH, IHKIHYE-
CKasl 4acTOTa KOTOPBIX PaBHA (0, a aMIUINTYa SKCIIOHEHI[HAILHO YOBIBAET C TEUEHHEM BPEMEHH

(puc. 3).

Ilepuong 3THX KoeOaHHII:

T _ 2T 27
() | R
[C 41 -
)
q
.
H'“H.
.
~ . 4
—
T qit+T)
AN A
N
- T
-__,.4-"
e
o

Puc. 3.

JI1s MaJIeIX 3HAYeHHH R ITomyynm

T.=2% - onJL7C
a | (10)

B cooTBeTcTBHH ¢ ypaBHeHHEM (9) ITpH YBeIHYEHHH COIPOTHBRIECHHSA KOHTypa R, mepmH-
o KojieOaHuH OYyIEeT, CTPEMSCh K O6CKOHEYHOCTH ITPH

NOKYMEHT NOANWCAH (11)
SNEKTPOHHOW NOANMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6 [ECC IIEPEXOOHUT B anep}[gm[qecm]ﬁ_ I/IGHGJ]LS}"H
Bnapeneu; lLebayxoea TateAHa AnekcaHapoBHa

2 ITOIIVUHTE 3HAaUYCHHS KPHTHYCCKOI'O COIIPOTHE -
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R_2""'£

Kp C (12)

JI1s XapaKTepHCTHKH 3aTyXaHHS KOJleOaHHI YacCTO IONIb3VIOTCS JIo2APUPMUUECKUM Oe-
KPEMEHMOM 3amyxXanus o 1 0oopomuocmuio Q.

JlorapuMideckii JeKpeMeHT 3aTyXaHHS PaBeH HaTypaJIbHOMY JIOTapH(MY OTHOIIEHH S
aMILINTY I, KOIIeOaHMil, COOTBETCTBYIOIMX ABYM MOMEHTAM BPeMEHH, OTJIMYAIOIIMMCS Ha IIEPH -

O
Alt)

6 = In :
A(t+T) (13)

3nech A — aMIuIuTyJa KoneOaHHI BeIHYMHEI 3apsiia, TOKa HIIH HamnpsokeHHsa (pHc. 3).
Hcronp3ys ypaBHeHHE (7), ITOTYYHM

B

Qe o,
0 _lnq xe—ﬁ’[f+T]_B !
0

Jlnsa HeOompIIHX 3HaYeHHH R, ¢ ydyeToMm ypaBHeHHH (4) u (10), morapudmirdeckiii jae-
KpeMeHT 3aTyXaHHI MOKHO OITpeJlelIHTh Yepe3 MapaMeTPhl KOHTYpa:

rﬁzﬂ*"R*"\/E
L (14)

H}"GTB T — BPEMA PCIIaKCAlll, B TCUCHHE KOTOPOI'O aMIUIHTYI4d KOrteOaHHIH YMCHBIIACTCA

B e = 2.7 pa3, N. — yHciI0 KoneOaHHH COBEPIIEHHBIX 3a BpeMS penakcaiui. Torga MOXHO JIETKO
I0Ka3aTh, YTO

Ne (15)

Jlo6poTtHOCTE Q MpecTaBIsgeT coO0OH YMHOKEHHOEe Ha 27 OTHONIeHHe »HeprHH W(i) B
ITAHHBII MOMEHT BPpEMEHH t, K SHEPrHUH, TEPSIEMOH 3a ItepHof KoinebaHHsa T

i Wit
W(t) — W(t+T) (16)

2

Q=2

Eci B HayambHBIH MOMeHT BpeMeHH (t = () sHeprus KOHTYpa COCTOHT H3 SHEPTHH 3aps-
’KEHHOI'O KOHJIeHCaTopa, TO

W[ /t ;] — i
2C (17)
BHEPI‘I[H KOHTYPpa 4Ycpe3 BpCMA, paBHOC IICPHOAY, YMCHBIIHTCA B COOTBCTCTEBHI C YMCHbD -
HIHBITIIMCA 3aPAJIOM.
g e M7
uff[‘ft_l_T']: -0 _
NOKYMEHT NMNOoAanncAH . ; C _ (18)
SNEKTPOHHOWM NOANUCHLIO
Ceptuchmkar:  12000002A633E3D113AD425FBS0002000002A6 BHEHIE (16) TIOJTY UM
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa ’
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. ZH . I
Q= L, =BT T =278
17—e - _ (19)

3BecTHO COOTHOIIEHHE € *& 1+X , BRITOIHSFOINEECS IS MaIbIX 3HAYeHHH X: (X << 1).

C y4eTOM 3TOro BeIpakeHHe (19) yIIpocTHTCS:

)
75 (20)

JloOpOTHOCTh MOKHO BEIPA3HTh H YEPE3 ITAPAMETPHI KOHTYPa, IIPHMeHHB (hopMyy (14):

1 [T
°“rlc (21)

M3 yparHeHmit (20) u (15) cnemyeT Takke, YTO JOOPOTHOCTH ITPOITOPIIHMOHAIbHA YHCITY
KoneOaHMi B KOHTYPe, COBEPIIHMBIIIXCS 3a BPeMS pellaKcallii, B TeYeHHE KOTOPOro aMIUIHTYa
YMEHBIIIAETCS B € Pas:

Q=m N..

B pAgc CIIYVHACB KomneOaTelIbHbIH ITpOHECC MOXHO HCCICAOBATDL, H3VHUdd B3aHMO34BH-
CHMOCTDb MCHAY HAIIPAAKCHHEM 11 H TOKOM 1B KOHTYPCE.

['paduk, HM300pakarolii 3Ty 3aBHCHMOCTB, HasbIBaeTcd (pa3oBOH KpHBOH. COCTOSHIE
KOe0aTeIbHOH CHCTEMBI IS JIF0OOOr0 MOMEHTA BPEMEHH H300pa3sHTCSA TOUKOH HA HTOH KPHBOH

(puc. 4).

YpaBHeHHe (Da30BOH KPHBOH MOXKHO ITOIYYHTh, HCIIONIB3YSI 3aBHCHMOCTH TOKa H HaIIps-
KEeHIS OT BpeMeHH.

3 BeIpakenusa (7) H cooTHomeHHI u=q/C cleayeT, 4YTo

— % Bt o (ot+a)

-

("Fr[l — qtj (“

CrenaeM 3aMeHY
Pe OT BpEMEHH:

. H ITIOJIYVHHM 3dBHCHMOCTE HAIIPSKCHIA Hd KOHIACHCATO-

L7t

U=U,-e coslw’t+a) (22)

rae Uo — HadanmpHas Pa3HOCTD ITOTCHITHATIOB.

M3 ypaBHeHH (7) MOKHO OIPENENIHTh H 3aBHCHMOCTE TOKA B KOHTYPE OT BpeMeHH

dq d —B7t
I = = — e cos”“ |l t+a )| =
v
e qDE P r[—m-s.in"{mt+{x]l —,BLE!]S"{GJI‘+H}|] .
J171s1 MaTIBIX 3aTVXaHHH P << @, TOraa
ONOKYMEHT MOONWUCAH ot
SNEKTPOHHOW NOAMUCHIO — -

CepTucbukar:  12000002A633E3D113AD425FB50002000002A6 » s (ot +a)
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa '
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=] sin (et + )

O06o3HauuM Iy = g ®w, TOrAa , TO eCTh

1=I[e"'cos(wt +ax+%&
- (23)

CpaBHHB BbIpakeHHS (22) u (23), MOXKHO YBHJETh, YTO KoneOaHHSI CHIIBI TOKa OIIe-
Ve
peKaroT I10 (pasze Ha /2 xoneGanus HAITPSDKEHHS Ha KOHJIEHCATOPe.
[IpeoOpaszyem BoipakeHHT (22) 1 (23) cneayroIHM 00pa3oM:

u —B7t -

—— =€ cos lwt+a
u wera)
I' N

— =€ sin “ (@ t+a )
I,

Eci BO3BECTH 5TH ypaBHeHHS B KBaApaT H CIIOKHTH, TO ITOIYYHM YpaBHeHHE (pa3OBOIH
KPHBOH:
i -27/B’t
I e
Lo [ V70 . (24)

/

B ciyuae HezaTyxarommx kojeOanuii ( R = 0, B = 0) ¢azoBas KpHBas HMeeT (popMy 3II-

mutica (puc. 4,a). Jling peampHoro koHTypa (R # 0, R < Ryp) pazoBast kpuBas IpejcTaBisIeT coO0MH

CKPYUHBAIOIIYIOCS CITHpalb, IIPHYeM OONBIIEMY COITPOTHBIIEHHIO KOHTYPa COOTBETCTBYET OO -
Imee 3aTyxXaHue (puc. 4,0 0 pHc.4,B).

[Ipn anepuogmieckoM KoneOaHHH, KOTJa COIPOTHBIEHHE KOHTYypa OOJbINe KPHTHYE -
ckoro (R > Ryy), pa3oBast KpHBasi BEIPOKIAETCS B JIMHHIO, H300paKeHHYIO Ha pHC. 4.T.

B A= U
e U |
o . —
4 h UIr+T) ™
o e
i = i
] @ )
\\ —
) H"‘“MR_I e .
. TT 4 TT
) ™
[T Eah
Uit+1) \ )
—_ 1 1
,-’f ) \'l "
‘\RLJ /
B 1 — L

OOKYMEHT NnoarnmncAH A
SNEKTPOHHOW NOANUCHIO

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa
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['eHepaTop BEIpaOaTEIBAET KOPOTKHE IIOJIONKUTEIBHBIE HMITYIILCEL, B PE3YILTATE 3TOTO
KOHJIEHCATOp KONeOaTelIbHOrO0 KOHTYpa IEPHOMMYECKH ITOIYYAeT HEKOTOPBIH 3JIEKTPHYECKHI
sapsa. B IpomexyTkaxX BpeMEHH MEXIY HMITYIbCAMH B KOHTYpe OVIVT COBEpINAThCS 3a-
TyxarolnHe KoneGaHHA. I'paduky 3THX KoneOaHHIT MOKHO OyAeT HaOIIomaTh Ha SKPaHE OCIIH-
wiorpadga M, Jajiee, IO HHM OIPeJesIsarh IEPHOJ, JIOTapH(PMHUYECKHH IeKpPeMeHT 3aTyXaHHS,
TOOPOTHOCTE, KPHTHYECKOE COITPOTHBIIEHHE.

HeoOxomiMele 1 pacyeTOB ITapaMeTPhl JIEMEHTOB KOHTYPa VKa3aHbl Ha CTEHIIE.

YKazanusa no mexnuke 0e30nacHocmi.

1. K BHIIOMHEeHHIO JTabOpaTOPHBIX padoT IOITYCKAXOTCA CTYIAEHTHI, H3YVUMBIIHE ITpaBHIIa

TEXHHUKH OE30ITaCHOCTH.

2. JlabopaTopHbIe pabOThI MOTI'YT IIPOBOAHTECS TOIBKO IO PYKOBOACTBOM H HAaOIIOAEHHEM
IIPETOgaBaTes.
3. IIpu BeIOIMHEHHH 1a00pAaTOPHEIX paboT CTYAEHTAM 3allPEIAcTCS:

- BKIIFOUATh CXEMBEI ITOJT HApsDKEHHEM Oe3 IIPOBEPKH ITPEIIOaBaTEN S,

- IIPUKACATHCS K HE3AIMINEHHBIM H30ILIHMEN YacTsM CXEMBI, HAXOMSIIMXCS 10 HaIIpsI-
KEHHEM,

- OIIPEJIEIISATh HaIIHYHe HAIPSKEHHS Ha 3IIeMeHTaX I[EIH IIPH ITOMOIIH IaJIbIlEB, IIPOBEP-
Ka HAIMYHS HAIIPSDKEHUS IIPOH3BOIHTCS TOIBKO C IIOMOIIBIO BOIBTMETPA H B IIPHCYTCTBHHU
IIPEIOaBaTellsd,

- IIpH padore Ha 1abOopPaTOPHOHN YCTAHOBKE IIPHKACATHCSI OJHOBPEMEHHO CTEH, PagHaTO-
POB CHCTEMBI OTOIUIEHH S H IPYTHX METATIIIMYECKHX ITPeIMETOR;

-BKJTIOYATh PYOIIBHHKH, HaKHNMATh KHOITKH, ITPHKACaThCI K 3IEKTPHUECKOMY O000pPYI0-
BAHHIO, HE OTHOCAIIEMYCS K JaHHOH I1adopaTopHOH padore 0e3 BeoMa IIPerogaBaTeiid,

- IIPOM3BOJIUTE ITO XOAY BEITIOTHEHHS PaOOTHI MIEPEKIFOYEHNI B CXEME, HE 00ECTOUNB €€,

- Opocartk COeUHHUTEIRLHEIE ITPOBOIA Ha IO H Ha HCCIIEAYEMYI YCTaHOBKY,

- 3aMEHSTH CTOPEBIIHE IIPEAOXPAHHUTEIIN HAa pabOyMX IMUTAX IIPH BKIFOUEHHBIX PYOHIb-

HHKAX,

- KIIaCTh Ha pabOYHH CTOJ ITIOCTOPOHHHE ITPEIMETEHL,

- BXOJIHTH B I1a00PaTOPHIO B BEPXHEH OLEXKIIE,

- KYPUTh H 3aKHTaTh OTOHb.

4. Ilepes BKIIFOUEHHEM CXeMBI 003aTEIBHO IIPEAYIIPEAHTE WIEHOB OpHragbl: « OCTOPOKHO!
Bxrrouaro! ».

5. IIpu paboTte Ha ycTaHOBKaX, B KOTOPBIX MOKET HaOIIOAATEC A PEe30HAHC, COONMIONATE OCO -
OVIO OCTOPOKHOCTE.

0. IIpn HaIIYMHM B cXeME KOHAEHCATOPHBIX OaTapen, HEOOXOAHMO TTOCIE OTKITFOUEHH S TTHTAa -
HH S UX PaspsSIHTh 10 HaOMIOIeHHEM IIPETIOgaBaTells.

7. IIpu oGHapyKeHHH KaKHX — JIHO0 HEHCIIPABHOCTEH, HCUE3HOBEHHS HAIIPSDKEHHS B CETH, a
TaKKe IIPH HECYACTHOM CIIy4Yae, HEMEIJIEHHO MPEKPAaTUTh PadoTy, OTKIIOUHTE YCTAHOBKY OT
BIIEKTPOIMMTAHIS H COOOIIHTE ITPEIIOIaBATEINFO.

8. IIoMHUTB, UTO TIPH OTKITFOUYEHHH I[ETIEH ITOCTOSHHOIO TOKA ¢ HHAYKTHBHOCTBHIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE ITOBBIIIIEHHE HAIIPSDKEHHSL.

9. CTYIEHTHI, HAPYIIHBINHE ITPaBIila TEXHHUKH Oe30ITaCHOCTH, He JOITYCKAIOTCS K JalIbHEH -
Iei paboTe B madopaTOpHH H IIPHUBIIEKAIOTCSA K OTBETCTBEHHOCTH.

3aoanua.
1. Cobparp cxeMy cormacHo puc. 5. COmpoTHBRIeHHe MarasumHa R, caenars paBHBIM

HYIIHO. I/IH,I[}"KTI[BHDGTL H SMKOCTb KOHTYP4A ELIﬁpElTB ITPOH3BOJIBHO, BHCCTH HX IIAPaMCTPBI B

Tabm. 11.1.
NOKYMEHT NoanncAH
3NEKTPOHHOW NOAMUCLIO
Ceptuchmkar:  12000002A633E3D113AD425FB50002000002A6
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Puc. 5.

2. Bxmounts ociiorpad, MporpeTh ero B TeyeHHe 1-2 MHHYT. Pyukon “@okyc” Xo-
poIo ¢ OKyCHpPOBATH JIyY, YTOOBI YMEHBIINTH OMIHOKY H3MePEHHIH.

3. Bxarounts reHepartop. C IOMOIBK Py4YeK YIIPaBIECHHI Pa3BePTKOH ocIpunIorpada
TOOHTHCS HEIOABHKHOHM KapTHHBEI KOJIeOaHMH TakK, 4TOOBl OOECIIeYHTh JOCTAaTOYHO TOYHOE
H3MEPEHHE BPEMEHHBIX HHTEPBAIOB H aMITINTY I KOJIeOaHH.

4. C IOMOIIBIO TOJIYYEHHOH OCIHIUIOIPAMMBI, aHAJIOTHYHOH PHC. 3, H3MEPHTEH IIEPHOL
KonebaHui T o IMpH MHHHMAIIbHOM COITIPOTHBIIEHHH KOHTYPa, T.€. ITpH Ry = 0, pe3ylbTaT BHECTH
B Talbn. 1 B MIUIIIHMCEKVHIAX.

JITIST TIOBBIMIIEHHUS TOYHOCTH MOYKHO H3MEPHTE ITPOMEKYTOK BPEMEHH, COOTBETCTBYIOIHI
HECKOJIPKHM TIepHOAaM KoneOaHMI, pas3fielINTh €ro Ha YHCIIO IIEPHOMOB H, TaKHM OOpPasoM,
OIPENEINTh JIMTEIIFPHOCTh OMHOIO IIEPHOIA.

5. YBeIM4YHBas COIIPOTHBIIEHHE MarasHHa Ry, IIPOCIEANUT: 3a BO3PACTAHHEM CKOPOCTH
3aTyXaHHS KoneOaHII H OIPEeIeINTh KPUTHUECKOE COIMMPOTHBIIEHHE KOHTYPa, COOTBETCTRVIOIIIEE
MEPEXOAY OT IEPHOAHYECKHX KOJIeOaHHH K allepHOAHYECKHM (T.e. TEPeX0IY OCIIIIOIPaMMEI
OT PHC. 2.B K PHC. 2.T):

RKP =Ry + RM:.
rae Ri. — cOOCTBEHHOE COIMMPOTHURIEHHE KaTYIIKH HHAYKTHBHOCTH. | lOoMyYeHHOE 3HAYEHHE
Ry, BHECTH B TalmI. 1.
0. YMEHBIIHTE COIPOTHBIEHHE Ry, HarpuMmep, BABOe OT Ry,. B KOHTYpe BHOBb BO3HHK-
HYT 3aTyXaroI[He IepHOoAHYecKHe KoneOaHHa. OINpeaelmTh IepHo 3THX KonebaHu T 1 BMecTe
C TTIOTYYeHHBIM 3HaYeHHeM COITpoTHBIeHHT KOoHTYpa (R = Ry + Ry) 3a”HecTH B Tadm. 1. YOeHTh-
Cs B pasiMYMH ITEPHOLOB KoneOaHH 1y M T, COOTBETCTBYIOIMX Pa3sIMYHBIM 3HAYEHHSIM COITPO-
THBJIEHH S KOHTYpa.
TaOmmra 1.

Ne |C,mMx® |L,MIH Re, OMm To, MC Rip,OM  [Ry, OM  |R, Om T, Mc

7. IloBTOpPHUTE H3MEPEHHS I10 ITyYHKTaM 4 — 6 TpH pa3a g Pa3IHMYHbBIX KOMOMHAIN L 1
C.

AOKYMEHT MNOANUCAH ~, HHIYKTHBHOCTH L, corpoTHBIeHHS R 1 110J1-

3NMEKTPOHHOM NOAMUCHIO
Ceprucpitkar: 12000002A633E30113AD425FB50002000002A6 Ta0I. 1, BEIYHCTINTD H 3aHECTH B TaOIl. 2 TEOpE-

Bnapeneu: IebayxoBa TateAHa AnekcaHgpoBHa
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R, — 110 popmyie (12); & — mo popmyme (14),
Q — 1o gpopmyie (20).

TaGmmia 2.
No To, MC T, Mc Rip, OM R Q
]
2
3

9. Jlnsg mpon3BONBHEIX 3HaueHMit L 1 C HccleoBaTh 3aBHCHMOCTE JIOrapH(MIUecKOro
JTeKpeMeHTa 3aTyXaHHI OT COIPOTHBIIEHHS KOHTYpa. YBelIMYHBas COIIPOTHBJIEHHE KOHTYpa C
ITOMOIIBIO MaraszHHa COIIPOTHBIEHMIT R, H3MepHTh aMIUIMTYIBI A; H A,, KOTOPEIE COOTBETCTBY-
IOT MOMeHTaM BpeMeHH, OTIIMYAIOIIHMCS Ha IIEpHOJ (pHC. 3).

PesympTaTel H3MepeHHII BHeCTH B TalOn. 3. IlogcunTarh 3KCIIepHMEHTAIbHBIE 3HAUYECHHS
JIOrapH(MHYECKOro JeKpeMeHTa 3aTyxaHHg O, o ¢popmyie (13), mo dopmyne (14) — ero teope-
THYECKHE 3HAUEHH Or.

TaGmmra 3
No R, Om Ay, MM As, MM O, Or
1
2
3
4
5

10. Jima HaOmromeHHS (pa30BBIX KPHBBIX cOOpaTh CXeMY I10 pHC. 6.

2 Bxon Y
C L.
.
FTEHEPATOP E——
= Bxop X
O
Rm
1 Kopnyc
Puc. 6.
NOKYMEHT NoanmncAH

ANEKTPOHHOM MOANMUCHIO .
Ceprucpukar: 12000002A633E3D113AD425FB50002000002A6 CONPOTHBIIEHNA Ry, KOTOPBIH HaXOMUTCA B (ase

Bnapertey: - We6ayxopa TatbsaHa AnekcaHapoBHa THAII, HaXOMSAIIMICA B (pase ¢ HaIIPSKEHHEM.

IZGHPGTI[BHEHI]IUI KOHTVYP4d, MOXHO HCCICIAOBATb
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BIISIHHE 3aTyXaHHSI Ha (popMy (pa30oBOH KPHBOH M YTOYHHTH 3HAYEHHE KPHTHYECKOI O COITPOTHR -
TIEHH S JUIS JaHHBIX 3HAYeHHI eMKOCTH H HHIYKTHBHOCTH (pHC.4.T).
C IMoMoInpio ()a30BBIX KPHBBIX MOKHO IIPOBECTH TaKXke H3MepeHHsI o 11.9 (puc. 4,0).
11. Jlina ogHOBpeMeHHOI0 HAOIIOAEHH S OCIPUIIIOrpaMM KoneOaHIH TOKA H HAaITPSDKEeHIS
H OITpeJleNIEHHS cABHTa (pa3 MeKIY HIMH cOOpaTh CXeMY B COOTBETCTBHH C PHC. 7.

Exaon 7

|_ ) 1 kanan

|

MrMEe " ERFPATOPRP Bxon

| * 2 KaHan

o
\ | | 1im
1 Kopnyc

Puc. 7.

Ha Bxompl Y nepBoro H BTOPOro KaHaJIOB OCLIHIUIOrpada IoJaroTCs CHIHAIIBL, ITPOITOPLIH -
OHAJIbHbIE HAIIPSCKEHHIO H TOKY B KOHTYpe. ¥ OeTHThCS B HAIIMYHH CABHIa (pa3 STHX KOJIeOaHHI,
OLIEHHUTH BEIIMYHHY 3TOTO CIABHTA.

Cooeporcarnue omuema.
OtuyeT 110 nabopaTOpPHEIM padoTaM JOIKHEL COAEPKaTh:
- THTYJIbHBIH JIHCT,
- LIETIb PadoTHI,
- KOHCIIEKT OCHOBHEBIX 3aKOHOB, OITpelelIe HHI, ITTIOHSATHH, (POPMYII,
- OCHOBHOE 000PYIOBAaHHE, CXEMa YCTAaHOBKI,
- OITHCAHHE IT0 ITYHKTAM BBIITOIHEHHOH PaloTHI,
- pe3yIbTaThl H3MEPEHHH H pacyeToB (TaOmHIlbL, TPapHKH),
- OIIEHKA ITOT'PEITHOCTEMN,

- OTBETBI Ha KOHTPOJIBEHBIE BOITPOCHI,
- BRIBOJIBI I1IO PE3YIIbTATaM BEITIOITHEHH OH pElﬁGTBI:, HaTa, ITOAITHICE.

Konmponsrusie éonpocul.

1. Pacckasath 00 3neKTpHYe CKHX KOIeOaHHIX B KOHTYPE.

2. JlaTh OIlpeJieleHHe aMIUIHTY/IbI, YaCTOTHI, (pa3sbl, ITepHOIa KOIeOaHHH.

3. KakoH ITpoIlecC Ha3pIBAECTCS arepHoAn4YecKHMM? YUYTO Takoe KPHUTHUYECKOE COITPOTHBRIIECHHE?
BriBecTH ypaBHeHHe (12).

4. Kakmne rmpeBpameHusa 5SHEPrHH HMEIOT MECTO IPH IIEPHOAHYECKOM H allepHOAHYECKOM
Iporieccax?

5. Kakne (QopMymIbl OITHCHEIBAIOT SHEPIHIO AJIEKTPHYECKOrO ITONS KOHIEHCAaTOpa H SHEPrHIO
MarHHUTHOTO ITOJIS KaTYIIKH.

0. BriBecTH ypaBHEHHE 3aTYXAIOIHX 3JIEKTPHYECKHX KOJIeOaHHH.

7. Uro Takoe morapH(pMHYECKHI JeKpeMeHT 3aTyxXaHHI? OOBSICHHTh €ro (PH3HYECKHH CMBICIH,
BBIBECTH YpaBHeHHE (15).

8. IloscHHUTE (pH3HYECKHH CMBICI JOOPOTHOCTH KOHTYpa. BrBecTH ypaBHeHHe (20).

9. Uto HazpIBaeTc (pazoBoit KpHBOH? [10TyUHTE ypaBHEHHE ATOH KPHBOM.

10. Berrectu vbarHeHHe (7). TDUMeHHR 3aKoH OMa JITI1 HEOTHOPOHOH 3aMKHYTOH IIEITH.

AOKYMEHT NoarnnucAH L ]
SNEKTPOHHOWM NoanUChIo YAHIAMH TOKad H HAIIPSKCHISA B HACAIIBPHOM KO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 Th €€ B PCAJIbHbBIX }J‘CJIGEI[&IK'?
Bnageneu; lHebayxora TaTkAHa Anekcadapoeda YIe0aTeIbHOTO KOHTYpa B TEXHHKE.
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Jladboparopnan padora Ne 13
Tema padomsr. OnipenesieHNe YaeJbHOI0 3apaaa AIeKTPOHA MEeTOJ0M MArHeTPoOHA

HEJII’: pﬂﬁﬂlﬂb!. H3YUCHHE IIBHKEHIH 3dpAI0B B JJICKTPHYCCKHX H MAIHHTHBIX IIOJIAX,
H3MCPECHIIEC YACIIBHOI'O 3dPpAfdad 3JICKTPOHA.

T eopemuieckdAa udacmbo.

YIelbHBIM 3apsaoM YacTHIBI HasbIBAIOT OTHOIINEHHE ee 3apsgga Q K macce m. MMeHHO
VIEIBHBIM 3aPsAOM %M OIMHCHIBAETCS TTIABHBIM 00pa30M ITOBEJAEHHE YACTHI[EI B SIEKTPHYECKHX
H MarHHUTHBIX ITOJISIX.

B Hacrosien padoTe OIMpelelsSeTcs VAEIbHBIH 3aps) HanOolee YacTO BCTPEYAIOIIEHCS B
IIPAKTHKE YACTHI[BI-3TIEKTPOHA METOAOM MArHETPOHA. MAarHeTpPOH- SIEKTPOHHEIN IIPHOOpP, B
KOTOPOM IIOTOK 5JIEKTPOHOB OJHOBPEMEHHO VIIPABISIETCS B3aHMHO - IEPIIEHIHKYIISIPHBIMH
AIEKTPHYECKHM H MarHHUTHBIM ITOJISIMH. B COBpeMeHHON TEXHHKE MarHeTPOH HCIIOIBL3YETCS IS
TeHEPHPOBAHHSI CBEPXKOPOTKHX 3JIeKTPOMArHHTHBIX BOIH HAIlpHMep B pagHojIokaifuu, CBU-
TeXHHKE.

B maGopaTopHoI pabore B KaUeCTBe MarHeTPOHA HCIIONB3YETC ABYXAIEKTPOAHAS IIAMIIA C
IPUIHHAPHYECKHM aHOAOM A H IIPSMOIHHEHHBIM KaToAoM K, pacIiono’XKeHHBIM Ha OCH aHOJIA,
ITIOMEIeHHAS B aKCHaIIbHOE (HallpaBIeHHOe BIOIb OCH aHOJa) MarHHTHOE ITOJe ¢ HHAVKIHEH B,
CO3/IaHHOE JOCTAaTOYHO JUTHHHBIM COIEHOHI0M C pHC.]l DIEKTPOHEI HCITYyC-
KaeMble pacKaJeHHBIM KaTOAOM IO AeHCTBHEM IEKTPHUYECKOTO ITOJIS Pas-
HOCTBIO ITOTEHI[HAIIOB MEKAY KaTOAO0M H aHOAOM ITPH OTCYTCTBHH MAarHHT -
HOT'O ITONIS IBIKYTCS 110 paJHalIbHBIM TPaeKTOPHSIM (pHC.2a).

B> Byp

Puc.2

Kak H3BeCTHO Pa3HOCTh IIOTEHI[HAIOB YHCIEHHO paBHaA padoTe I10 IEPEHOCY eIHHHYHOIO
3apsaga M3 OJHOH TOYKH IO B JPYIVIO. B JaHHOM CiIyyae pasHOCTh ITOTEHIHAIOB, paBHAas
AaHOJHOMY HaIpsKeHH:o Uy, COBEpIIAET IEpPeHOC OT KaToja K aHOAY SJIEKTPOHA 3apsaoM
Q=e=1,610" Ki1. 1 BBITOIHsAEMAas 3IIEKTPHYECKHM ITOIIEM padoTra A=eU, HIET Ha COOOIIEHHE

AOKYMEHT MNOANMCAH &3
QNIEKTPOHHOW NMoAarnncbio
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

mV -
Bnapeneu: le6ayxoea TateaHa AnekcaHgpoBHa

:UA: 2
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OTCIOIa CKOPOCTh V 3JIeKTPOHA JOCTHIIIIETO aHOAa OVIEeT paBHOM

V= [22U,
]! (1)

Crexyer 3aMETHTh, YTO 3JIEKTPHUYECKOE ITOJIE MEXAY aHOJAOM H KaTOIOM PEe3KO HEOJHO-
pOJIHO. ['yCcTOTa CHIIOBBIX JIMHHI, a CIEQOBATEIIFHO, H HAIIPSHKEHHOCTE 1o E, BOIM3H Karoma
MHOTO OONbINe YeM B cpeJHEH H ITpHAaHOTHOH obmacTH (pHc.2a). ITocKombKy HanpsKeHHOCTD
€CTh I'PAJHEHT TIOTEHI[HANIa, TO €CTh PaBHA H3MEHEHHIO TIOTEHI[HAIAa Ha eJIHHHIE PacCTOSHIS
BJIOIIb CHUIOBOH JIMHHMH, aHOJHOEe HaIlpskeHHe U, pacIiipeielIeHO B ITPOCTPAHCTRE MEKIY aHOJIO0M
M KaTOJOM HepaBHOMEPHO. OCHOBHAS YacTh €0 ITaJacT Ha ITPHKATOJHOM YYaCTKe CHIIOBBIX JIH -
Hil. Mjaeannsupys, MOXKHO CUHTaTh, YTO BCE aHOAHOE HAIIPSLKEHHE ITajlacT HAa OYEHH MaJIOM
y4yaCcTKe BOJIH3H KaTojla, Ha KOTOPOM H IIPOMCXOMHUT PasrOH 3IEKTPOHOB, a JalbIle, T.€. IPAKTH -
YeCKH Ha BCEM CBOEM IIVTH OT aHOJa K KaTOAY, SJIEKTPOHBI ABIKYTCS C IIPAKTHYECKH ITOCTOSH -
HOH IT0 BEJIMYHHE CKOPOCTHIO. Ta CKOPOCTh H onpeaernsercs mo gopmyie (1).

EcI 110 JJIMHHOMY COJIIEHOHIY ITPOITYCTHTEH TOK CHIIOH I., TO BHYTPH €r0 CO3J1acTC OJHO-
POJIHOE MarHHUTHOE ITONE C HHAYKIIHEN

N
B=puu,—1I
f 2)
IJle |L -MarHHUTHas ITPOHHIIAeMOCTh cpelbl (B JaHHOM cirydae [L=1); u 0=4w 10-7 I'n/m —
MAarHHTHas ITOCTOSIHHAS, N- UHciI0 BUTKOB corneHona (N=2000); 1 - 1miHa coneHoHIa.
Kak M3BECTHO, Ha MEKTPOH, ABHIKYIIMICSI B Mar HHTHOM II0JI€ JEHCTBYET CHiIa JIopeHI[a

F=eV-B )

Tak Kak B CHIIy KOHCTPYKIIMH MarHeTPOHAa BEKTOPs-—u B opTOroHalbHEIE, TO BEIHYH-

Ha CHIIBI JlopeHIla OyAeT paBHa
F =elB, (4)

a ee HallpaBlIeHHe F ompegenseTcs H3 BEKTOPHOIO IMPOM3BeAeHH (3) HIIH 10 IIpaBHITY Jie-
BOH PYKH € YYETOM OTPHIIATEIILHOIO 3HaKa 3apsia 31eKTpoHa (prc.20). U3 ¢popmyisl JlopeHiia
(3) creayer, YTO MAarHUTHOE II0JIE B OTIIHYHE OT 3IIEKTPHYECKOrO JIEHCTBYET TOIBKO Ha JBHXKY -
Iyrocsa yacTuiry: npu V=0, F=0. Kpome Toro 310 JeHCTBHE He ITPHBOIUT K H3MEHEHIIO BETIYH -
HbI CKOPOCTH YacTHIBI. JIeHCTBHTEILHO 3NIeMeHTapHasd pabdora cuiabl JlopeHiia dAA paBHa

dAA=Fdr cosa , rae o- yrom Mexkay nepeMelleHHeM 4dacTHIBI dr H ciibl F. M3 BekTOpHOrO

— (dr

S

I
nmpon3BeseHHd (3) crmexayet, uro F1V, cnegoratemsHo FLdr (T K. ) u coso—=0. 3HaywmT,
pabGora cmibl JlopeHia dAA paBHa HYIIO, T.€. B MAarHHTHOM IT0JIe KHHETHYECKAsI SHEPTHI YaCTH-

-

mV-

L 2 ocTaeTcs HeH3MEHHOI H ee CKOpPOCTh IO BeIHUHMHE IOCTOSHHOI (V=const) TakuM
00pa3oM MarHHTHOE IIOJIE He YCKOpSIeT YacTHI[BI (He H3MeHSeT BeJIMYHHBI HX CKOPOCTH), a
TOIIbKO HCKPHRBIISIET HX TpacKTOpHIO. Crula JIopeHI[a SBISETCS CIJIOH LIEHTPOCTPEMHTEIBHOH, H
IO BTOPOMY 3aKOHY HbpIOTOHa HMeeM

F=eVB=ml Ir (5)

rJIe I- paJilyCc KPHBH3HEI TPAEKTOPHH YaCTHI[EI (3IIEKTPOHA).

|
AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Lebayxoea TatbaHa AnekcaHgpoBHa (6)
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Kak BHIHO H3 (popMymIEI (6) B OJHOPOJHOM OPTOrOHAJIBHOM MarHHTHOM ITone (B=const)
TpaeKTOPHI YacTHI[BI- OKPYKHOCTE (1=const). IIpu sToM yureHo, uto V=const, T.K. MarHHTHOE
TTOTIE AIEKTPOHBI HE YCKOPSIET, a TeOMeTPHS AIeKTPHUYECKOro IT0MIA B JaHHOM MarHeTPOHE TI03BO-
JIIeT CYHTATh MX CKOPOCTH ITPaKTHYECKH HEH3MeHHBIMH Ha OOJBINEH YacTH ITYTH OT aHOJa K Ka-
TOJY, O UeM ITHCaJIOCh BHIIIIE.

C poCTOM HHAYKIMH MarHHTHOT'O IIOJII B pagHychl TpaceKTOPHH 3IeKTPOHOB YMEHbD-
IIAFOTCS M IIPH HEKOTOPOM 3HauyeHHH B=Bkp (KpHTHYecKOe) OHH CTaHyT PaBHBIMH ITOJIOBHH-
HBIMH PAcCTOSHHSA MEKY aHOJAOM H KaTOAOM (pHC. 2 B)

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

B 3TOM ciyyae B3JIeKTPOHBI IMEPECTAHYT MOCTHIrATh aHOAa H OVAYT IO OKPYKHOCTH BO3-
BpamarsCcd K Karoxy. lIpH ToM aHOAHBIN TOK [A JIaMIIBI, IIPOITOPIIHOHAIBHEIN KOIHYECTBY
AIEKTPOHOB, JOCTHTAIONX aHOJ B €IHHHI[Y BPEMEHH, Pe3KO YMEHBINAETCS TEOPETHUECKH IO

| Hy1 (kpuBasg (a) Ha puc.3). [Ipn gampHeHIeM YBeIHYEeHHH HH-
IYKIIMH MarHUTHOTO 1011 (B>BKp) 311eKTpoHHEI OYyAYT Kpyue 3aBO-

= pauyHBaTh K KaToXy, a AHOAHBIH TOK OCTAHETCS PaBHBEIM HYIIIO
™ (puc.2). HaOmojeHne cKayKOOOPa3HOIO YMeHBINEHHS aHOTHOIO
! TOKAa MAarHeTPOHA B 3aBHCHUMOCTH OT BEIMYHHBLI MAarHUTHOI'O ITONIS
\ JIEKHUT B OCHOBE HCIIOIIB3YEMOIO METOA OIPEEIIEHIS YVACIBHOIO
v | 3apsja 3lekTpoHa. PacueTHad (opMyiia AJIg e/ JIETKO IOoIyYacT-
Bkp CSI M3 BBIpaKeHHS JUIS pajHyca KpPHBH3HEI (6), eCIIH y4ecThb €ro

Puc. 3 KPHTHYECKOe 3HadeHHe (7) H BBIPa3HTh CKOPOCTh SIIEKTPOHOB H3

hopmymr (1)

ep  ep = — ,
m m OTKya MOy YHM: " B’?!’(RH_RK -]

Bripaxasa By, H3 popmyns (2) OKOHYATEILHO HAHJIEM, YTO

1

U 2
w KT ho2 _Nﬁ R
m KD ; T,[[E ﬂ.uljl ( A K) (8)

Yepes L, 00603HaUEHO 3HAYEHHE TOKA COJIEHOHAA IC COOTBETCTBYIOIIEE HHAVKIIMH B=B,,;.
Kosddrment K 3aBHCHT TOIBEKO OT KOHCTPYKIIHOHHBIX JaHHBIX MarHETPOHA.

Taxkrm oOpasoM, I ONpeNelIeHHs VASIBHOrO 3apsaga 3IeKTPOHAa METOJOM MarHeTpPOHa,
IOCTATOYHO CHSTH 3aBHCHMOCTh aHOJHOI'O TOKa J1aMIlbl IA OT Toka B colleHoHjie Ic, TaKk Ha3bIBa-
eMYI0 COPOCOBYIO XapaKTepHCTHKY. O4eBHAHO, (popMa IpadHKa 3TOH 3aBHCHMOCTH JOJIKHA
OBITh aHAJIOTHYHOH KpHBOH IA= {(B), nmpeacraBneHHoH Ha pHCc.3. MCITomb3ys MOTyYeHHYIO KPH -
BYIO, Ha Heil MOKHO HaHiTH 3HadeHHe IKp, a 3aTeM 110 popmye (8) BEIYHCIIHTD /1.

Ha puc.3 npeacraBieHa HAealIH3HpoBaHHAS (a) H IMpakTHYecKasi(0) cOpOCOBBIE XapaKTepH-
CTHKH. Ha rocnegHeH, ciaJarolHH y4acTOK OoJiee PasMBITBIH. OTO OOBSCHSETCS KaK pasiIvy-
HOI'O pOJia HECOBEPIIIEHCTBAMH KOHCTPYKIMH MarHeTpoHa. CroJla OTHOCSTCS He TOYHAasI KOAKCH -
ATThHOCTR AHONA W KATONA He CThOTAS OTHONONHOCTh MAarHHTHOI'O IIOJIS BHYTPH COJIEHOMAA H

NOKYMEHT NOANWUCAH .

SNEKTPOHHON rMnoanmceio OC HaYalIbHBIX GI{?pDGTEH JJICKTPOHOB, BBIJIC

Ceptudomkar: || 12000002A633E3D113AD425FB50002000002A6 . Pa3MBITHIO KPHBOII. B cBSI3H ¢ A THM 3aTPpYIHA -
Bnapenety: Liebayxopa TaTeAHa AnexcaHapoBHa 3HAUEHHS HAMATHHUYHBAIOIIETO TOKA II{p. TTo-
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BHIMMOMY, HaHOOIEee YAOBIETBOPSIOIIEMY TEOPHH, CIEeAYeT CUMTATh TO 3HAYeHHe Ic, IIpH
KOTOPOM HaOIroaeTc s HanOomIblllee H3MeHeHHE [A.
CxeMa 3KCIIepHMEHT AJIbHOH YCTAHOBKH

Pabouas cxema IrokasaHa Ha pHc.4. OCHOBY €€ COCTaBJISIET 3IeKTPOHHAS j1amiia JI, rmoMe-
IeHHas B colleHou C.

puc.4

[TocTrosaHHOEe aHOHOE HanpspkeHe UA CHHMaeTCs ¢ YHHBEPCAIIBHOTO HCTOYHHKA TTHT aHH S
(YHUII-2), perymipyercs IIOTeHIIHOMeTPOM R, pyKoOsSITKa KOTOPOI'O pacIiolaraeTcs Ha ITaHelH
YHII-2 n u3sMepseTcs BOJIbTMETPOM V. AHOIHBIN TOK H3MEPSETCSI MITUTHAMIIepMeTpoM mA. Ha
rmaHenn YHII mMeroTcs Takxe KIEMMEBL, ¢ KOTOPBIX CHIUMAETCS HaIpsDKeHHE 2 B, ITpeiHa3HaYEH -
Has IS IIMTaHN s HaKajla HUTH KaTOo/a.

Hamarnmunsaronmics coneHoHp C rmraeTcsa oT BeIIpaMHTeNII B B3-7. Tok coneHonga
PETYIHPYETCA PYUYKaMH Ha ITaHelIH BBRIIIPSAMHTEIIS H O0lee IIIaBHO peocTaToM R.

HMaMmepserca IC ammepmeTpoM A.

Oobopyooearue U mamepuaisl.

MarHeTpoH - snekTpryeckasd mamma 21[2C (mrox), pacrmonokeHHasS BHYTPH COJIEHOHIA.
YHuBepcaabHbIH HCTOYHHK IHTaHHA (YHUII-2), BempsmvuTens B5-7 ¢ perynupyeMbIM HaIIpsDKeE -
HHEM, BOJIbTMETP, aMIIEpPMETP, MITIIHaMITIEPMETP, PeOocTar.

YKazanusa no mexHuke 0e30nacHocmi.

1. K BEITOMHEHHNIO JTa0OpPaTOPHBEIX padoT IOITYCKAXOTCA CTYAEHTBI, H3YVUHBIIIE IIpaBHIIa

TEXHHKH Oe30ITaCHOCTH.
2. JlaBGoparopHeie pabOTEl MOT'YT IIPOBOAHUTHCS TOJIBKO ITOJ PYKOBOICTBOM H HAaOIIOIEHIEM
IIPETOgaBaTes.

3. Pacnomaranre rmpHOOpPEL, MaTepHalbl, 000pPYI0BaHIe Ha paboyeM MeCTE B IOPSIKE, VKa-

3aHHOM IIPEIOlaBaTEIIEM.

4. He pepxute Ha pabodyeM CTOIE MIPEAMETHI, He TPeOVIOIHECS I BEIIOTHEHN S 33 TaHHSL.
Ilepen TeM, KakK MPHCTYIMTE K padoTe TI[ATEIIBPHO H3YUYHTE €€ OIMHCAaHHE, YSICHHTE XOJI
BBITIOITHEHHS PalOTHI.

3aoaruas.
1.Cob6pate cxemy (puc.4). IIpH 3TOM peryisaropbl BBRIXOJHOIO aHOJHOIO HaITPSDKEHIS

T T TT T L ! o —

------ - NOKYMEHT ﬂDﬂI’IHCﬂH HYJICBOC 3HAYCHIIC. C}{EL{‘_’;" HES BRKIIIOYATE JO

INEKTPOHHOW MOANMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: [Llebayxoea TaTtbAHa AnekcaHapoBHa

hd
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3. Ilo 3amaHmro mperogaBaTeis YCTaHOBHTh BEIHYHHY aHOMHOrO HalpsbkeHHSI UA H 3a-
IICATh €€ B OTYET ITO padoTe.

4. TlognepxmBast Bce BpeMd UA cTporo IocTosSHHBIM (0c00eHHO B KPHTHYECKHI MOMEHT )
IIOCIIEIOBATEIIbHO YBEIHYNBAS HaMar HHUMBAKOIIII TOK COJIEHOHAA I¢ CHATE cOPOCOBYIO Xapak-
TepHcTHKY IA=IA(Ic). Pe3ynpTaTel H3MEpPEHHS 3aIHCcaTh B TaOIHILY.

I.(A)
[.(mA)

HMHTepBanel H3MeHeHHS [. H YHCIO H3MepeHHH IIoJo0paTh CaMOCTOSTENBHO, Oojiee

TINATEIBHO H3ME PSS KPHTHYECKHH YYaCTOK.

5.IlocTputh rpaduk cOpoCcoBOH XapaKTePHCTHKH MarHeTPOHA.

6.0OmpeaelHTh IT0 HEMY KPHTHYECKOE 3HAaUeHHE [, H 3aITHCaTh €r0 B OTYET.

J.3armicaTh B OTYET KOHCTPYKTHBHEIE JJTaHHEIE MarHETPOHA.

YHCIIO BUTKOB cojieHoHaa N=2000, paguyc katoma Rx= 0,1cm u aHoma R.=0,95¢cm. HMame-
PHUTE H 3aIlHCaTh JJIHMHY COJIEHOH A 1.

8 .PacunraTh 1o gopmyie (8) Bemmunuy Ko3gdmpienta K 1 onpelenuTs 3HaYeHHE */;, I
AIIEKTPOHA.

O.CpaBHHTH ITOITYYEHHOE 3HAUYeHHE °/;, ¢ TaOIIHYHBIM H BEIPa3HTh PAa3HHITY B ITPOLEHTAX.
Cooepacanue omuemada.
OT4eT 110 j1adopaTOpHEIM padoTaM JONIKHEL COAEPKATh:
- THTYJIbHBIH JIHCT,
- LIeNIb PadoTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OITpeIelIeHII, TTOHSTHI, (POPMYTI,
- OCHOBHOE 000pYIOBAHHE, CXeMa YCTAaHOBKH,
- OIIHCAHHE I10 ITYHKTAM BEITTOJIHEHHOM PalOTHI,
- pe3yIbTaThl H3MEPEHHH H pacyeToB (TaOMHIlbL, TPagpHKH),
- OLIEHKA TIOT'PEIIHOCTEMH
- OTBETHI Ha KOHTPOJILHBIE BOIIPOCHI,
- BRIBOJIBI I10 Pe3yIiIbTaTaM BBIITOITHEHHOH paboThl, JaTa, ITOAIHCE.

Koumponsrsie 6onpocet.

1 . YUTo HaspIBAETCA YAESIBHBIM 3aPSA0M YaCTHI[?

2 Kak geHcTBYeT 3JIEKTPHYECKOE II0JIE Ha 3aPSDKEHHYIO YaCTHILY ?

3 Kak geHcTByeT MarHHTHOE IT0JIe Ha HAaXOASIIYIOCS B HEM YaCTHILY?

4 KakKoBO YCTPOHCTBO HCIIOJIB3YEMOr O B paboTe MarHeTpoHa?

5.KaK IBHXVYTCS 3IIEKTPOHBI B Mar HETPOHE?

0.Pacckaxure 0 KpHTHUECKOM pPexrMe paboThl MarHETPOHA?

7. Kakme wmpgeanusaiid BBOJSATCS IIPH PaCCMOTPEHHH ABIKEHHS SIIEKTPOHOB B MarHe-
TPOHE?

8.BriBecTH padouyro GpopmMymy (8).

Jladboparopnan padora Ne 14

T'ema padomsr. H3imepeHHe NIHHLI CBETOBOH BOJIHBI ¢ IMOMOIILIO JHPPAKIIHOHHOH

penIeTKH
NOKYMEHT NOAMUCAH

3NEKTPOHHOW NOAMUCHIO eM JH(paKI[HH cBeTa B ITapallyIeIbHBIX TyYax JH-
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Lebayxoea TateAHa AnekcaHapoBHa

OMOIIBIO ITH HOHHOH pelleTKH.
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[IpuGopel M IIPHHAMIEKHOCTH. VYCTAaHOBKAa C HCTOYHHMKOM CBETa, IEIBIO M -
(ppaKIIHOHHOH PEIIeTKOH.

T eopemuieckdn uacmbo.

1. JIndpaximsa cBeTa.
JTudpaximeii cBeTa Ha3bIBaeTCSA OTHOAHHE CBeTOBBIMH BOJTHAMH BCTPEYHBIX ITPETTST CTBHIA.

B Ooree nmpokoM cMbIcile JTH(PaKIHell CBeTa Ha3bIBAeTCS COBOKYIIHOCTH SIBIEHHI, 00Y-
CIIOBJIEHHBIX BOITHOBBEIMH CBOMCTBAMH CBeTa M HaOIOMAaeMBIX ITPH €r0 PACIIPOCTPaHEHHH B CPEJIE
C PE3K0 BEIpa’keHHBIMH HEOJHOPOXHOCTSMH (OTBEPCTHS B HEMPO3PavyHBIX SKpPaHaX, IPAaHHI[bI He-
MTPO3PavYHBIX Tell H T.X.). SIBIeHHe AH(PaKIMH yKa3bIBacT Ha HapyIIeHHe 3aKOHOB IeOMeTpPHYE-

CKOH OITTHKH. SIBIeHHe JH(paKIHH HaOII0AaeTCsI Ha PacCTOSHHH € or TIPETISITCTRH A (=D’ /42
Ine D - miHelHBIE pa3sMephl IIPEIIITCTBHSA, A - JJIHHA BOJHBI (YCIOBHE HAOIMFOACHHSI IH-
(ppaKIIHI).

Jlnsa pereHHS IHQPaKIHOHHBIX 3aJlad - OTHICKAHHE paclipejielleHHsI Ha SKpaHe HHTEHCHB-
HOCTH CBETOBOH BOIHBI, PACIIPOCTPAHSIOLIEHCS B Cpelie C IMPEISITCTBHAMI, - IIPHMEHSIOTCS IIPH-
OIMMKEHHBIE METOABI, OCHOBAHHBIE Ha ITPHHIMMIIAX | ToHreHca H [ ronreHca - OpeHens.

[IprHInm [roiireHca', Kaxaas Touka S1,S2.....Sn ¢ppoHTa BoimHEI AB gBISeTCS HCTOUHHKOM

HOBBIX, BTOPHYHEIX BOITH. HoBoe mosoxenne ¢gppoHTa BOoaHEI Al Bl uepes Bpemsa At IIPEICTaB-
TI5IeT co0O0H OTHOAFOIIYIO ITOBEPXHOCTh BTOPHYHBIX BOIH (pHC.1).

[IprHIpmn 1 rolireHca SBISIETCSA YHCTO TeOMETPHUYECKHM. OH ITO3BOISIET, HAIIPHMED, OOBSIC-
HHTh PaBEHCTBO YIJIOB ITaJicHHS 1 H OTpakeHHS 1' Ha IMOBepXHOCTH MN cpeibl IIpH OTpakeHHH
cBeTa (puc.2). PazHocts Xoma CB myuyeit AA2 u BB2 co3maeTr TakoH (ppoHT DB oTpakeHHOH BOI-
HBI, YTO H3 IPSAMOYTOIbHEIX TpeyronbHHKOB ADB m ACB (AD=CB) cnemgyeT paBeHCTBO: 1=1'
(prc.2). Taxxke MOKHO OOBSCHHTD 3aKOH ITPEIOMIIE HHS.

OJOKYMEHT NoAarnncAH
SNEKTPOHHOW NOANUCHIO
CEDTHdJHHEITZ 12000002A633E3D113AD425FB50002000002A6 YHEI2 FCTOYHHEH S]_:' Sz o SH: paGHDHG}KEI‘H{BIE
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

KTy coOOH. AMIUIMTYZA H (pa3a BOJHEI B JIFOOOMH
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TOouke M ITpoCTpaHCTRa - 3TO Pe3yIIbTaT HHTEP(EPEHIMH BOIH, H3Ty4aeMbIX BTOPHYHEIMH HCTOY -
HHKaMH (pHC. 3).

[ IpsiMOTIMHEHHOE PacIpoCTpaHEHHE oy4ya SM., HCITYIIIEHHOI'O
HCTOUYHHMKOM S B OJHOPOJHOH  cpele,  OOBSACHIETCAd  IIPHHIIMIIOM [ 'rOHreHca-
OpeHensa. Bce BTOpHYHBIE TIOJIHBL, M3IIyYaeMble BTOPHYHBIMH HMCTOYHMKAMH, HaXOJISIIH-

MHCS Ha ITOBEePXHOCTH (ppoHTa BOMHEI AB, racsarcd B pe3ynbTaTe HHTepdepeHIIHH, KpOMe BOIH OT
HCTOUYHHKOB, PAacIIONIO’KEHHBIX Ha MaJIOM YYacTKe c(pepHUYecKOoro cerMeHTa ab, IepIleHIHKYIISIp-
Horo Kk SM (puc.3). CBeT pacIpocTpaHsIeTCs BIOIb Y3KOI0 KOHyca ¢ OYeHb MaJIbIM OCHOBAaHHEM,
T.€. MPAKTHYECKH ITPSMOJIMHEHHO.

B psage mudpakIMOHHBIX 3aja4d, OOIaJaloIHX OCEBOH CHMMETPHEH, pacueT HHTepde-
PEHIIMH BTOPHYHBIX BOIH MOKET OBITH CHJIIBHO YIIPOIINEH C ITOMOIIBIO HATTISIAHOTO TeOMETPHYE -
CKOr'0 MeToza pa30HeHH (PpOHTa BOJIHEI Ha KOINBIIEBbIE YUACTKH, Ha3bIBaeMble 30HAMH DpeHesIs.
Pa30ueHHe Ha 30HBI ITPOH3BOAUTCS TaK, YTOORI OITHYECKAS Pa3HOCTh XOJa OT CXOJICTBEHHEIX I'Pa-

HHII (BHYTPEHHHX HIJIM BHEIIHHX) KaKIOH ITapbl COCEJHHMX 30H JO paccMaTpHBAeMOH TOYKH M
A

PAaBHSIIACH 2 . BTOPIHYHbBIE BOIHBI OT CXOACTBEHHBIX TOUEK ABYX COCEIHMX 30H IIPHXOJSIT B TOY-
Ky M B IIpOTHBOITONOKHBIX (pa3zaxX H B3aHMHO OCIaOISIOT APYT APYyra ITPH HaJIOKEHHH.

|
]
R
|
|'

> I8 S0MHE
AP SO
J-7 Fora

& BT,V

Puc. 4

Ha pHc. 4 moka3zaHo mocTpoeHHe 30H (DpeHelnd B cioydyae c(pepHYeCKOH BOIHBI BO30YXKIa-
E€MOM HCTOYHHKOM .

Tak kak a H b » A, TO ImpH He cirInKoM OonbIIOM K 1mrommai nmepBeiX kK 30H MpeHes oaH-
HAKOBBI:

_m-abA
a+b

S =S,=.5,

B cirydae IDIOCKOro BOITHOBOTO (PPOHTa
S, =8=.8=7n-DA

Pasznnuaror aBa cirydast JU(pakiH. ECIIH HCTOYHHK CBeTa H TOYKa HaOmoAeHHSI P pacIio-
TIOKEHBI OT ITPEISITCTBHS HACTOIBKO JAJIEKO, UTO JIYYH, ITaJal0IlHe Ha IIPEISTCTBHE, H IIVUH, HY-
e B TOUKY P 06pa3yioT IMpaKTHYeCKH IapalulelbHbIe ITyYKH, TOBOPAT O AHdpakinm OpayHro-
depa WIH O AHPPAKIHH B ITapalIeIbHBIX Jy4dyaX. B IPOTHBHOM ciIydyae TOBOPST O JH(PAKIHH
Openensa, T.e. audpakipen OpeHellsa Ha3bpIBAIOT TakHe JH(MPAKIHMOHHBIE 3aJadyH, B KOTOPBIX
HeIb3s IpeHeOperarb KPHBH3HOH BOJHOBHIX ITOBEPXHOCTEH MaJarolled H IH(pparHpOBaBIIEH

BOJIH.
AJOKYMEHT [_'ID.EI,H MCAH JHHAs PCHICTKA.
SNEKTPOHHOW NOAMCHIO
Ceprudmkar: 12000002A633E3D113AD425FBS0002000002A6 )OM IIpOpE3aHa y3Kas IIeTIb BC: HMEROITAas IIOCTO-
Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa

PIIEHAHKYIBIPHO K 3KPdHY IIVHOK ITapallICIIBHBIX
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=)

Ha skpaHe O3, yJaJeHHOM OT IIEIH Ha paccTOSHHH 1, OyaeTr HaOmogaThes SIBJIEHHE JIH-
¢paxim. Ecimi OBl 3TOro SBIeHHI He OBIIO, TO Ha AKpaHe O, YCTAaHOBIIEHHOM B (DOKaJIbLHOH ITIIOC-
KOCTH coOmparorei mH3eI MJI, B Touke FO rmaBHOro (poKyca ITHH3BI ITOTYYHIIOCE OBl H300pake-
HHEe HCTOYHHKA cBeTa. [IpH Ju(pakii Ha y3KOH IelH Ha 3KpaHe HaOmogaeTcs HHTepdepeHIH -
OHHAasl KapTHHA. TTOCIeA0BATEIIPHOCTh PAa3MBITEIX H300pakeHII HCTOYHHKA CBETA, Pas3elIeHHBIX
TEMHBIMH IIPOMEXYTKAaMH. B TOouke F¢@ Ha sKpaHe cOOHMparoTCS BCE IapalUlellbHBIE JIVYH, IIa-
TAIOIHe Ha JIMH3Y IO YIIIOM ¢ (Yyron audpaxinn) K onTHyeckon ocH OF0 IHH3EL, IEpIIeHIH-

KYJISIPHOH K (DpOHTY BOJIHEI.
Tak Kak BTOpHYHbEIEe (DHKTHBHEIE HCTOYHHKH (ppoHTa BOIH BC TOYeUyHEIe, TO (PPOHTHL BOJIH,

H3IIy4aeMbIX HMH Cc(epHYecKHe, a CIeJOBaTelbHO, AH()parHpOBaHHBIE IYYH HAYT BO BCEX

HaItpaBIIeHNUAX. BeiOepem Te, KOTOpEIE HAYT IO YITIOM (0 K HAIlPABJIEHHIO TTAJAFOINIX JIYYEH.
[Tamag Ha THH3Y 5TH IYYH cOOHMpaloTcsI B OJHOH Touke F¢ QokamsHOI ITITOCKOCTH.

MpIcIIeHHO pﬂSGﬁLEM IIEJIb Ha YHACTKIIL, KpﬂIuH-IHE TOYKH KOTOPBIX ITOCBIJIAIOT JIVHIL C PA3HO-
A

CThIO XOOa 2 . B sToMm CIIYHAC BCC JIVHIH, ITOCJIAHHBIC IICPBBIM YHACTKOM 6}",[[}’1‘ ITOT'allICHBI JIY-
HaMH BTOPOI'O YVHACTKA, JIVHH TPCTBCI'O - JIVHAMH HCTBCPTOI'O H T. 4. CHEI[DE&TEJ]I:HG: cCIIT HYHCIIO

A

YYaCTKOB pa30HeHHS YeTHOe, T.€. eCIIH 0=2m 2 1o B TOUKE Fo Oyaer TeMHO (MHHIMYM OCBE-
IIEHHOCTH). ECIHM Ke 4HCI0 YYacTKOB pa30HeHHS HedeTHOe, TO Touka F¢ OyzeT ocBereHa (Mak-
CHMYM OCBEIINEHHOCTH).

Taxmnv 00pa3zoM, YCHIEHHe cBeTa (M PpaKIIHOHHBIE MAKCHMYMEBI) ITPH JH(PAKIHH Ha Y3-
KO ITlelTH HaOIromaeTCs MO YIJIaMH (O, YIORIETBOPSIOIIMH YCIOBHIO

. A
bsmep =2m+ I)E, (m=0123..)

YcnoBre ocnalineHHs cBeTa (JH(PaKIHOHHbIE MHHHMYMGBI ).

: A
bsin @ = 2m?,(m =0,2,....)
NOKYMEHT NMOAMNUCAH | :
INEKTPOHHOW NOANWCDBIO HOHHOI'O0 MaKCHMyMa HIH MHHHMyMa. BenmunHa
CepTudmkar: 12000002A633E3D113AD425FB50002000002A6
ESI'IEI,D,EHE'HI LUEEI'E}"KGEEI TateAHa .ﬁnﬂEHﬂﬂH,ﬂ,ﬂﬂEHE O pHBHGGTL Kﬂﬂa Memﬂy KpElIu]HIMI H}n{m[ CN

). B HampaBneHmm =0 HaOmromaeTcsl caMblil HH-
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TEHCHBHEBIH ILIeHTPaIbHBEIH MaKCHMYM HYJEBOIO ITopsaka. B Touke Fo Bcerga HaOmromaeTcs ycH-
JIeHHE CBeTa, He3aBHCHMO OT 3HA4YeHHS JJIHHBI BOJTHBI A.

[Ipn Ha OITFOJIeHHH TH(ppaKIHn Ha IETTH B OernoM CBETE
HHTep(epeHLIHOHHAS KapTHHA Ha SKpaHe OKa3bIBAETCSI OKpaIlleHHOH. B
TH(QPaKITHOHHOM MaKCHMYME Ka K 0r O IOpsIKa (m=const) OImKe K

I[EHTPAaIbHOMY,  HEOKpaIleHHOMY  MAaKCHMyMY  OKa3bIBAlOTCA JH(PAKIMOHHBIE MakK-
CHMYMBI ¢ MEHBIIINMH JIITHHAMH BOJIH.

JIndpakioHHON PEIeTKOH B ONTHKE Ha3bIBAETCS COBOKYITHOCTh OONIBIIOrO YHCIA ITPETLsT-
CTBHH H OTBEPCTHI, COCPENOTOUYEHHBIX B OTPaHHYEHHOM IIPOCTPAHCTBE, Ha KOTOPBIX ITPOHCXOIUT
TH(PaKIHI CBETA.

ITpocTeiimei qupakIMOHHON PeMIeTKOH SBIIeTCS cHcTeMa H3 N OJHHAKOBBIX ITapajlIellh-
HBIX IIeJIeH B ITIOCKOM HEITPO3PayHOM SKpaHe IMHPHMBI b Ka)kIasl, paclolOKeHHBIX Ha PaBHBIX

HEITPO3PaYHBIX ITPOMeXXYTKaxX a IPyr OT Apyra (pHc. 6).
BemmunHa d=b+a Ha3pIBaeTCS ITOCTOSHHOH JH(PAKIIHOHHON PEIIETKH.

§oigh btk dob bt

I S
M 3 ———= A
—_——f e ———
N P
e iy
PHc.6

[Io mpuHIpmry ['roireHca-DpeHens KaxAas INelb SBISETCS HCTOYHHKOM KOI€PEeHTHBIX
BOJIH, CITOCOOHBIX HHTep(]epHpoBaTh APYT ¢ ApyroM. Ecmm Ha JHpaKIOHHYIO PelIeTKy IepIie-
HIHKYIISIPHO K HeH MajaeT IMYyYOK ITapaulelIbHBIX JIyYeH CBeTa, TO IOJ YITIOM JH(PAKIIHH (¢ Ha
sKpaHe 3, Paclol0KXeHHOM B (POKAIIbHOH INIOCKOCTH ITHH3BI, OyAeT HaOIroJaThbcs CHCTEMA JIH-
(ppaKIIHOHHBIX MAaKCHMYMOB MHHHMYMOB, ITOIYYeHHAs B pe3ylbTaTe HHTep(epeHIIHH CBeTa OT
PA3IIMYHEBIX IIETIEH.

ITycTs IpH IMaJieHHH IDIOCKOH MOHOXPOMATHYeCKOH BOJHEI Ha JH(PPAKIHOHHYIO PEINeTKY
IIy4YH, JH(]pparHpoBaHHBIE Ha OJHOH IMEeNH JarT B ToOukKe F(@ MaKCHMYyM OCBEIeHHOCTH. OTO eIlle
He 3HAUYHT, YTO B TOUKe F( OyaeT MaKCHMYM OCBEIIEHHOCTH, TaK KaK JIYYH ITOCJIaHHBIE 3TOM IIe-
JILF0O MOT'YT OBITH ITIOTAIlleHBI JIYYOM OT COCEMHEH, HJIH HAa0O0OPOT YCHIEHEI. ECIH YCHIEHBI, TO B
Touke Fo Oymer OompInast OCBEIIEHHOCTE, YEM OT OJHOMH INeiH. Torga, VUNTEIBAs VCIOBHE YCHIIE -
HHS BOJIH IIPH HHTep(epeHIHH, ITTaBHbIe MAKCHMYMBI ITPH JH(MPAKIHH Ha pelleTKe HaOIroqaroT -
CSITIOZ YITIaMH () YAOBIIETBOPSIOIIHMH YCIOBHEO

d sin ¢ = kA,
rae k= 0,1,2,3 Ha3pBaeTCcs MOPSAKOM ITITaBHOIO MakcHMyMa. BemrunHa 0 = DK = dsing sSBIsgeTcs
OIITHYECKOH Pa3sHOCTBIO XOJa MEXIY CXOACTBEHHBIMH ITyyaMi BM 1 DN, HAVIIIMH OT COCEIHIX
1menei (puc.6).

['1maBHBIE MHHHUMYMBI Ha JH(QPAKIMOHHOH pelieTKe HAaOIIOMAIOTCS ITOJ TaKHMH YIJIAMH ¢
TH(PaKIHH, JJIS KOTOPBIX CBET OT Pa3HbIX YacTeH Ka)KJIOH INEeIH ITOTHOCThIO TaCHTCSA B Ha OJHOM

I[ETTH
[OKYMEHT MOAMUCAH | =mA, (m=0,1,2,3,..).
SNEKTPOHHOW MNOANMNCBIO UIaeT JIYYEH B TOM HAIIPaBJIEHHH TO B COOTBET-
CepTudpmkar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: llleG3ayxoea TaTesaHa AneKkcaHgpogHa
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HpH HaOJIFOleHHH ,I[H(bp&KL[I]II B HCMOHOXPOMATHHCCKOM CBCTC BCC I''IdBHbBIC MAKCHMYMBDBI,
KPOME IICHTPAJIBHOI'O HYJICBOI'O MAKCHMYMaA, OKPaIIICHBI. C YBCIIMHYCHHEM JJOMHBI BOJIHBI I''TABHBIC
MAaKCHMYMbBI BHYTPH JaHHOI'O ITOPAJKA PACIIOIIAI'alOTCA ITO O OIIBIIIFMH YIIIAMI OT LIEHTPAJIBHOIO.
PEI,[[}"}I{HEIH ITOJIOCKA, COACPKallladad CEMb IIBETOB OT QJIIDHETDEGI‘G J0 KPdCHOI'O (CIIHTE],ETCH OT IIcH-

TPaJIbHOT'O MAaKCHMYMa), Ha3bIBAETCS JH()PAKIIHOHHBIM CITEKTPOM. H(paKIOHHAS PEIleTKa SB-
JISIeTCS OJTHHM H3 IIPOCTEHIIIHX JOCTaTOYHO TOYHBIX YCTPOMCTB AN H3MEPEHHS JIJIHH BOIIH.

TEﬂpHH METOJa H OITHCAHHE YCTAHOBKI.

PaccMoOTpuM OJIMH M3 METOMOB OIIPEAEIIEHUS IJIMHBI CBETIIOH BOIHBI ITPH ITOMOIIM H-
(ppaKIIHOHHON pereTKH. Ha onTmueckoil ckaMbe (MM CIEITHATIBHOH peiiKe) VKpeIvigeTcsa IH-
(ppaKIHOHHAS pelleTKa P H IepneHIHKYISIpHO OCH IOABHIKHAS MIJUIHMETPOBas IHHeiKa AB c
mensro . JeneHns THHEHKH, I1eIb H INTPHXH PEMIETKH PACIIOararoT IapavielIbHO JIPYT ApYyra.
[Ilerms ocBelmaeTcss HCTOYHHKOM S H pacCMaTpPHBAETCS Yepe3 pelleTKy InazoM (puc. 7). Ha mu-
HEHKe ITPOELHPYIOTCS H300paKeHN S TTIABHBIX MaKCHMYMOB H H3MEPSETCS paccTOsIHHE 1K Mexmy
MAaKCHMYMOM 1-T0 Imopsaka H MaKCHMYMOM HYJIEBOI'O MTOPSAKA (T.€. OT IIeIIH)

Xop mydeH Ioclie JH(PPAKIIHOHHOH pPellleTKH COOTBETCTBYET XOAY Iy4eH Ha pHC. 6. OT HC-
TOUYHHKA CBETA S Yepes IIMHPOKYIO IIENb B IHHEHKE AB IIpoXOoaHuT ITy4OoK OelIoro cBeTa M IIoIajaa-
eT CHayalla Ha JH(PaKIHOHHYIO pellleTKy, a 3aTeM B ITIa3 HaOmogarens. JIydum, HAyIHe Hapa-
JIENIbHO TTIABHOH ONTHYECKOH OCH XpyCTallMKa JalT B (JOKYCE I[EHTPaIbHBIH (HYIEBOH) MakK-
CHMYM FO OCBEII[eHHOCTH OElbIM CBETOM.

JIyun, cospgarolie B HEKOTOPOH TOYKE CETYAaTKH F@ MakCHMyM OCBEIEHHOCTH KaKHM-
MO0 IBeTOM (HampHMeEp, (PHOIETOBBIM) ITaJal0T Ha XPYCTAIHK ITOX yriIoMm ¢. ClleIOBaTelbHO,
OHHM BHJIHBI KaK OBI BRIXOISIIMMH H3 TOUKH O, ITOI0KEHHEe KOTOPOH OITPEAENSIETCS I10 IIKae JIH-
HenKH AB.

TaxunM o6pa3oM pomnb JTHH3EL JI (CM. pHC. 6) BEIIIOIHIET XPYCTAIHK ITIa3a, KOTOPBIH (POKY-
CHpPYET ITapallIelIbHEIE JTYYH, ITOTYYeHHBIE B pe3ylIbTaTe JH(MPaKIHH (HarpuMep, IIya M u N) Ha
ceTyaToH 000JI0YKe IT1a3a (MIparolieil poib SKpaHa).

Y C10BHE MAaKCHMyMa OCBEI[EHHOCTH HMEET BHI.

dsing = ki (1)
M3 pHCcyHKa BHIHO, YTO
. 4
SINQ = - -
‘\/H“ + £ (2)
ClenoBaTelbHO
df
‘2’ = 5] 5]
kNH + 07 3)
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Oobopyooearue U mamepuaisl.
YcTaHOBKa ¢ HCTOYHHKOM CBeTa, INENbI0 H JH(PPAKI[HOHHOH PeIeTKOH.

YKazanusa no mexnuke 0e30nacHocn.
1. K BrimonHeHHro mabopaTOpHBIX paboT AOITYCKAKOTCSA CTYAEHTHI, H3VUMBIIHE ITpaBHIIA
TEXHHKH 0e30ITaCHOCTH.
2. JlaGopatopHbie pabOTE MOT'YT IIPOBOAHUTHCS TOJIBKO IO PYKOBOICTBOM M HAaOIIIOIEHHEM
ITpeTOlaBaTENs.

3. Pacnoyaranre rmpHOOPEL, MaTepHalbl, 000pPYI0BaHIe Ha pabouyeM MeCTe B IOPSIKE, VKa-

3aHHOM ITPEIOIaBaTEIEM.

4. He mepxute Ha pabodeM CTOJIe IPpeAMETHI, He TPeOVIOMIMECS AJI BEOTOTHEHH S 33 JaHHsL
[lepen TeM, KaK IPHCTYIMHTL K padoTe TIMATEIBHO M3YUHTE €€ OITHCaHHe, YSACHHTE XOJI
BBHITIOJIHEHHS PaGOTHI.

3aoaruas.

OrpenenuTh MaKCHMAaJIbHEIE ITOPSAOK CIIEKTpa HaOllroaeMoro B JaHHOH paboTre, YUHTEIBAS

yro d=0.01 noM.

1. YcranoButh muHeHKY AB Ha 3agaHHOM paccToSHHH H oT gudpakimoHHoH pemeTkH (H
> 300 vM). BKIIOUHTE HCTOYHHK CBeTa S H, ITISAA Yepe3 MHQPPaKIHOHHYIO PEIleTKy He IIeNb,
ITPOBECTH HAOIIOIeHHE JH(PAKITHOHHOTO CIIEKTPA.

2. OnpeneneHne nonoxkeHHe /k A9 CHHEH, 3eJIeHOH M KpacHOH JIMHHH cJIeBa H cITpaBa JUId
l-rou 2-ro MOPSIKOB CIIEKTPOB.

PesyIbTaThl 3aHECTH B TaOIHITY.

3.1Io ¢popmymne (4) BBIYHCIINTD JUITHHBL BOJIH YKa3aHHBIX JTHHHI.

4. YKa3aTh H OLIEHHTh OCHOBHBIE ITOIPEINMHOCTH JAaHHOI'O METOJAa H3MEPEHHS, a TaKKe
TTOr PEIIHOCTB, AOIMYCKAEMYO IIPH HCIIONh30BaHIN (OpMYIIHI (4), a He (3)

hd

PE3YJIETATEI USMEPEHHH.
d=0,01 nmM H= (M)
[Topsamok k()
criekTpa Kk — — —
(DHOIETOBBIH 3eTeHbBI KpacHrbli
JIEBBIH IIPaBBIH JIEBBIN ITPABLII TIEBBIH IIPABBIH
|
[1

Cooepacarnue omuemada.

OT4eT 110 J1adopaTOpHEIM padoTaM JONIKHEL COAEPKATE:

- THTYJIbHBIH JIHCT,

- LIETIb PadoTHI,

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OITpeIelIeHII, TTOHSTHI, (POPMYTI,

NOKYMEHT MOANNCAH
3NEKTPOHHOW MOANCHIO
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- OTBCTEI Ha KOHTPOJIbHBIC BOIIPOCHI,
- BRIBOJIBL 110 PE3YIIbTATAM BBHITTOITHEHH OH pﬂﬁGTLI:, HdaTa, ITIOAITHCE.

Kounmponsusie 6onpocot.

1. Uto HazpIBaeTCS THQPPAKIMOHHOIO CBeTa? KakKOBHEI YCJIOBHS HAOMIOJEHHS 3TOrO SIBIIE-
HIT.

2. CdopmyIHpoBaTh IIPHHIMII [ ToHTeHCa.
3. CdopmynHpoBaTh IIpHHIHII I folireHca-DpeHens.

4. OOBSCHHTE C HCITOIb30BAHHEM IIPHHITHIIA [ ToHTreHCca- DpeHeNs 3aK0H IMPSMOJIMHEHHOIO
pacIpoOCTPaHEHHS CBETA.

5. UYro takoe «30HBI OpeHensy. Kak onmpeensroTcs IUIOINaaH MEPBRIX K 30H?
6. Uro Ttakoe gu(ppaKIHOHHAA peieTka? OnpeJleInTh YCIOBHI JHPPAKIHH Ha PeIleTKe.

7. BrBectH Qopmymny (4).

JIadboparopHas padora Ne 15

T'ema pabomesi. 11poBepka 3axona Mamoca
I{ens pabomet. 11poBepHTE BRHINIOJIHEHHE 3aKOHA Mairroca.
Teopemuueckan uacme.

Kak m3BeCTHO, IIOCKas 3JIeKTPOMAarHHTHAS CBETOBas BOJIHA SBIISETCSA IIOIEPEYHOH U
IpeJCTaBIIET pacIpOCTPaHEHHE B3aHMMHO IIEPIIeHAHKYIIIPHBIX KOneOaHHi: BEKTOpPa HaIlpsDKeH-
HOCTH 3JIEKTPHYECKOTIO IO E 1 BeKTopa HallpsDKeHHOCTH MarHHTHOro Hois H (puc.la). Kak mo-
KasbIBAET OITBIT, (PH3HOIOrHYeCKoe, (POTOXHMHYECKOE, (POTOREKTPHUYECKOE H APYIHE JeHCTBHS
CBETA BBIZEIBAIOTCS B OCHOBHOM KOJIEOaHHMSAMH 3IIeKTPHYECKOrO BeKTopa. Bekrtop E HaszpIBaeTcs

CBETOBBIM BEKTOPOM, H BCE PaCCY’KIEHHSI Mbl OTPaHHYHM PacCMOTPEHHEM 3TOro BekTopa. Hamm-
yie BekTopa H moapasymeBaeTcsl.

pucl.

CBeTOBOH ITYYOK, B KOTOPOM pPa3IMYHEIE HAITpaBJIEHHS BeKTopa E B mornepeyHOH K HaIIpaB-
JIEHHIO PAcIIPOCTPAHEHIS BOJIHEL INIOCKOCTH PaBHOBEPOSTHEI, Ha3BIBAETCS €CTECTBEHHBIM (pHC. 1

6)

CBeT, B KOTOPOM HaIlpaBIIeHHS KOJIeOaHHH BEKTOPa YIIOPSAAOYEHBI KAKHM-JIHOO 00pa3zoM H
TIOMYMHSIOTCS HEKOTOPOH 3aKOHOMEPHOCTH, Has3bIBAeTCS IIONISPH30BAaHHBEIM. EciH KojeGaHIs

BEKTOPa MOI'YT COBEPIIATHCS JIHIIL B OJHOM OIIPeJIElIEHHOM HaIlpaBJIEHHH, TO CBeT Ha3bIBAETCS
JIMHEHHO HJIH TUIOCKOITOIIPH30BAHHBEIM (PHC. 2a).

Ecmi Ke xonebaHH BCKTOPa E COBCPHIAIOTCA TAK, UYTO €I'0 KOHEL OITHCBIBACT KPVI HIIOI 3JI-
JIMIIC, TO CBECT HA3BIBACTCHA COOTBCTCTBCHHO ITOIIAPH30BAHHBIM ITO KPVI'Y (pHG. 26) I 2JIITHITTH-

s TR T

U ﬂﬂlﬁ"MEHT nDﬂﬁMCAH [P T eHHPH ITOJIAPH3aIlHH ITIIOCKOCTE, COACPKalllad JIVH H
SNEKTPOHHOW MOAMNMUCHIO I ITIOCKOCTBRIO ITOJIAPH3AIHH BOJIHBI.

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
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Pric 2.

l[JIE[ ITOJIYVHCHI A JIHHEHHO ITOIIAPH30BAHHOI'O CBCTA IIPHMCHAIOTCA CIICITHAIIBHBIC OITTHYC-
CEIIC HpHCHGCGﬁHEHIIH- ITOIIIPH3aTOPDI. IImockocTs KOnebaHHH JNEKTPHUYCCKOI'O 'EEI{TGPH B BOIJI-

HE, ]'[pGH_[E,[[H_[E:ﬁ HEPE3 IIOIAPH3daTOP, HA3BIBACTCA INIOCKOCTBIO ITOIIAPH3ATOPA. ,HJIH ITOJIVHCHH A
ITTIOCKOITOIIAPH30BAHHOI'O CBETA HCITOIIB3YIOT HECKOJIBKO CITIOCOOO0B.

a) OTpakeHHe CBeTa OT IIOBEPXHOCTH JHAIEKTPHKOB.

OTpaXeHHBII OT AHAIEKTPHKA CBET BCerjla YacTHYHO IOISpH30BaH. Ha pHCYHKe UYepHBIE
TOYKH COOTBETCTBYIOT KoJIeGaHHSIM BeKTopa E IeprneHIHKYIISpHBIM IIOCKOCTH ITaJeHHS, a CTpe-
JIOUKH - KolneOaHMsM B IUT0ocKOCTH ITafeHus (Puc.3). CTeneHb IOSIPH3alHH OTPakKeHHOIO JIy4a
3aBHCHT OT OTHOCHTEIIBHOI'O ITOKa3aTelIsd IpejloMiIeHH nl2 1 oT yria mageHus o. 1IpH majgeHnH

nyya E Ha rmockocte MN 1on yriiom bproctepa ob oTpakKeHHBIH Iy4 E | nommoctso TIOJIIPH30-

190l =
BaH. lIpenmomineHHBIN Tyy El1 monsgpusoBaH yacTHYHO. COOTHOIIEHHE b 21 Haspreaerca
3aKOHOM bprocrepa. IInmockocThs KoneOaHMI 3IEeKTPHYECKOrIO BEKTOpAa B OTPAXEHHOM CBETE

IEPIICHANKYJIPHA ITIOCKOCTH ITaACHITA.

.

E

Puc.3

0) IIpenomiieHHe cBeTa B CTOIE CTEKIISHHBIX ITIACTHH (cTorma CTOoIIeToRa).

ITocKOIBbKY OTpa’keHHBIH OT JHAJIEKTPHYECKOH IIACTHHKH CBET YaCTHYHO (HJIH Ja’Ke ITO0JI-
HOCTHIO) TOILIPH30BaH, IPOXOMSIIII CBET TAaKKe YAaCTHYHO  IOISPH3YeTCS M CTaHOBHTCS
CMEIaHHBEIM CBeTOM. IIpenMyIecTBeHHbIE KONeOaHHs SIeKTPHYECKOr0 BeKTOpa B ITPOIIeIIeM
cBeTe OYAYyT COBEPIIATHCS B INIOCKOCTH ITaJieHHsI. MaKcHMalIbHas, HO He IOIIHAS CTeIleHb ITOMIA-
PH3AIHH ITPOXOASINErO CBETA JOCTHIAETCS IPH ITaJleHHH I10]T VITIOM bprocrepa. [ yBeHueHH S
CTEIIeHH TOJIIPH3AIHH ITPOXOASINErO CBETAa HCIIOIB3YIOT CTOITY CTEKISHHEBIX IUIACTHHOK (CTOITY
CroneToBa), pacIioIOKeHHBIX ITOJ YIJIOM bprocTepa K maJaromneMy CBeTy. B 3ToM ciydyae MOKHO
MOITYYHTh ITPAKTHYECKH ITOITHOCTHIO ITOJISIPH30BAHHBIN ITPOXOJSIIHI CBET, TaK KaK KaKIOe OT-
pakeHHe ocJIa0IsIeT IIPONyIeHHbIe KOneOaHHs, IepleHIHKYIIIpHbIE IDIOCKOCTH ITaJeHHS B OIpe-

MaTTAHHAMM ATHATITAHTITT
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VY pasfelseTcs Ha JIBa JIMHEHHO ITOJIIPH30BAHHEIX JIyYa CO B3aHMHO IIEPIIEHAHKYIISIPHBIMH
HAITpaBJIEHHSMH KojeOaHuH. OJUH H3 IIyYeH Ha3bIBAeTCd OOBIKHOBEHHBIM M 00O3HAaYaeTcs OYK-
BOH O. 2 BTOPOH -HEOOBRIKHOBEHHEBIN H 0003HayaeTCs OYKBOH €. OOBIKHOBEHHBIH 1YY Y OBJIETBO-
psieT OOBIUHOMY 3aKOHY IIPEJIOMIEHHS M JIEKHT B OAHOH IUIOCKOCTH C ITQJaroIlHM JIYYOM H
HOpMaJIbIo. /111 HEOOBIKHOBEHHOI'O JIyYa OTHOINEHHE CHHYCOB YITIA ITaJl€HHS M YITIAa ITPEIOMIIE -
HIS HEe OCTaeTCA MOCTOSHHBIM ITPH H3MEHEHHH VITIa T1a{eHIS.

KpoMme TOro, HeOOBIKHOBEHHBIH JIYY, KaK IIPABHIIO, HE JIEKHT B IUIOCKOCTH ITAJeHHS H
OTKIIOHSIETCS OT JIy4ya O Jake IIPH HOPMAJIbHOM ITaJeHHH cBeTa. OTKIIOHSS OMHH M3 JIYUYEH B CTO-
POHY, MOKHO ITOJIVYHUTH TUIOCKOITONISIPH30BAHHBIH JIYY. TaK ycTpoeHa, Harpumep npusMa Hukoms
(puc.4). JIee ecTecTBeHHbIE I'PaHH KpHCTalUIa HCIIAHICKOTIO IIMTaTa Cpe3aloTcs TaK, YTOOBl YMEHb-
IIMHTH YTOJI MEKITY ITOBEPXHOCTSIMH J10 68°.

3aTeM KPHCTaJUI PACIIUIMBAETCS Ha JABE YacTH IT0 ITTocKocTH BD mox yrimom 90° K HOBEIM
rpa”sM. llocime TOIMHPOBKH ITOBEPXHOCTH PACITIUIa CKIEHBAIOTCS KaHAJCKUM Oalb3aMOoM,
HMEIOIHM ITOKa3aTeNb IIPEIOMIEHHS 11, VIOBIIETBOPSIOIIMI YCIOBHIO 1N.<N<Iy, T/ Iy U 1. - II0-
Ka3aTEIH IIPEITOMIEHN S HCIIAHICKOTO IIITaTa A1 OORIKHOBEHHOI'O H HEOORIKHOBEHHOI'O JIYYA.

Ilagag mox vyriaom, OOJbBINE TIPEAEIFPHOIO, Ha IUIOCKOCTh BD, OOBIKHOBEHHBIH IIVY
IIpeTePIIEBAET TIOJTHOE BHYTPEHHEE OTpa’KeHHE Ha I'paHHIle IIIaTr - O0anb3aM. HeoOBIKHOBEHHEIN
IV, JUISI KOTOPOTO, BEIXOMNUT M3 IPH3MBI JIMHEHHO ITOIISPH30BaHHBIM.

Puc.4

r) [lormoreHue cBeTa B JUXPOHYECKHX IUIa CTHHKAX.

Y HEKOTOPBIX JBOSKOIPEIOMISIONIX KPHCTAUIOB (HAIIpHMeEpP. TYpPMallMHa) KO3(HIHEH -
THI TIOTJIOILEHNS CBETa IS JBYX B3aHMHO IEPIEHAUKYIIIPHBIX ITOIMSPH30BAHHBIX JIYUEH OTJIH-
JAIOTCS HACTOIBKO CIJIBHO, UYTO YK€ ITPH HeOOJBIIOH TOMIIHHE KPHCTAlIa OJHH H3 JIyYeH racHT-
CS MPAKTHYECKH ITOJIHOCTBIO M M3 KPHCTAUIa BBIXOAHUT JIHHEHHO ITOISPH3HPOBAHHBIN  ITYUYOK
CBeTAa. OTO SBIEHHE HAa3bIBACTCS AHUXPOHM3MOM. B HacTosiee BpeMsd IHXPOHYECKHE IIIa-
CTHHKH H3TOTOBIISIIOT B BHJE TOHKHX IUIEHOK - ITOISPOHIOB, HMEIOIHX IIIHPOKOE ITPHMEHEHHE.
B OompnmHCTBE clIydaeB OHH COCTOST H3 MHOKECTBa MaJIeHBKHX (TOMIMMHON 10 0,3 MM) ITapall-
TIEJIbHO OPHEHTHPOBAHHBIX KPHCTAIIIOB CEPHOKHCIIONO HOAHCTOrO XHHHHA-TepallaTHTa, HaXo/Is-
IIIXCS BHYTPH CBSIBYIOIIEH CPeIbl - IPO3PAYHOH ITIEHKH.

JI71 HMccneqoBaHIsI XapakTepa H CTEIIeHH IIOISIPH3alHH CBeTa IIPHMEHSIOT YCTPOHCTRA, Ha-
3pIBAacMBIe aHaIH3aTOpaMH. B KauecTBe aHAIH3aTOPOB HCIIOIBL3VIOT TOXKE YCTPONCTBA, KOTOPEIE
CITy>KaT JJIS ITOJTYYeHHS JIMHEHH O-TIOIIPH3HPOBAHHOTO CBETa (ITOISIPH3aTOPEHL).

[IyCcTh Ha ITOISIPH3aTOP ITafaceT IUIOCKOIIOISPH30BAHHBIN CBET aMIUIHTYABI Ay H HHTEHCHB-
HOocThIO [0 (Puc. 5). CKkBO3b IMONMSIpH3aTOP IMPOHIAET COCTABIISIOIIAS KOoNeOaHH ¢ aMIDINTYIOH A
=A[Cos0. , TIIE 0L - YTOII MEKAY IUTOCKOCTRIO KOIeOaHM IMaJaroIero CBeTa M ITIOCKOCTEIO ITOJISIPH -

34TOpa. A Tak KaK HHTEHCHBHOCTB CBEeTa ITPOITOPIIHOHAJIBHA KBAJPaTy €I'0 aMIUINTY/bI, TO HHICH-
CHBHOCTED ITPOHICAIIICT'O CBETA OIIPCACIIACTCA BRIPAAKCHHEM [=Ijcos a.

OTO COOTHOIIIEHHEe HOCHT Ha3BaHHe 3aKoHa Mairoca.

AOKYMEHT NoanmncAH
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IAOCKOCTh MOAAPHIATODE

A,

A, singa

Puec. &

ITocTaBHM Ha ITyTH €CTECTBEHHOIrO Iy4a Iongpu3aTop P u anammzatop A (puc.6). Y3 momnd-
pPH3aTOpa BBRIHAET ITIOCKOIIOISPH30BAHHEII CBET, HHTEHCHBHOCTE KOTOPOI'O COCTABHT ITOJIOBHHY
HHTEHCHBHOCTH €CTECTBEHHOIrO cBeTa, T.e. [;= Iy /2. CormacHo 3akoHy Mamoca H3 aHalIH3aTopa

BBIHJIET CBET HHTEHCHBHOCTBIO. I-=Iicos2a (:I‘,I[E d YI'OII MCHIAY IINIOCKOCTAMH IIOIAPH3ATOPd H
EIHEI.'I]IIBHTGP&). TaxmM GﬁpﬂBGM, HHTCHCHBHOCTD CBCTA4, IIPOHICAIICTO HCPC3 ITOJLAPH3aTOP H aHa-
1

—1,cos’ &
JH3aTop paBHa 2= 2
10 11 1
- —» > >
P — I
Puc.6 A

Onucanne YCTAHOBKH.

B HacTOsmIeH pﬂﬁDT ¢ JIA ITOJIIVHEHITA H HCCJICTOBAHHA JTHHEHHOTO ITOIIPH30BAHHOI'O CBCTA
ITPHMCEHAIOT ITOJIAPOHIBL. OHH H3roTaBIHBAIOTCS H3 OYeHb MEJIKHX KPHCTAJIIIOB TYPMAJIHHA HIII
I'cpallaTiHTa, HAHCCCHHBIX Ha ILCIUIYIOHIHYIO IUICHKY. OIITHYeCKHE OCH KPHCTAIIIIOB CIICITHAJD -

HEIM 00pa30M OPHEHTHPYIOT B OJHOM HaIlpaBIeHHH. KpHCTAIBI TypMalIHHA ITIPOITYCKAIOT CBET
TOIIBKO C ONpeJlelIeHHON OpHeHTAaIHel CBETOBOrO BeKTOpa H IMOYTH ITOTHOCTHIO ITOTTIOINAIOT BCE

IePIIEHAHKYIISIPHBIE COCTABIIIONIHE CBETOBOIO BEKTOPA K HAIIPaBJIEHHIO OCH KpHcTaria. CxXema
YCTAHOBKH ITpHBecHa Ha Puc 7.

B®

mA,
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CBeT OT HCTOYHHKA CBETA S IMPOXOANUT YePe3 HEIMOABHKHEIN MOIspH3aTop P. AHammszatop
A 3aKpellyleH BO BpaIl[arOIeMCs AHCKE. YTOII IIOBOPOTAa aHAIH3aTOpa H3MEPSETCS IO IIKalle
ICKa, pasfenceHHON Ha 300 meneHHH. lIpoHad moagpH3aTop H aHAIM3aTOp, CBET IIaJacT Ha
BEeHTHIbHBIH (poTosneMeHT BOD (comHeyHBIH »neMeHT). IIpH He odyeHb CONBIIIX OCBEIEHHO -
CTSX cHyIa (DOTOTOKA ITPOIIOPIHOHAIbEHA CBETOBOMY ITOTOKY. BemnurHa (oToTOKa H3MepseTcs
MHKpOaMIIepMETpPOM. MeXIy ITONMSpH3aTOpOM H aHAIM3aTOPOM HMEEeTCS KaMepa, B KOTOPVIO

MOJKHO TIOMeIaTh 00pa3Libl 1T HaOMFOAEHHS SBIeHHS ()OTOYIIPYTOCTH H HHTeP( epeHIIHH I10-
IIIPH30BAHHEIX JIYYEeH.

QObopyodosariie u mamepuaibl.
1. YcraHOBKa U1 IIPOBEPKH 3aK0oHa Mamnroca. 2. McTouHEK cBeTa. 3. MuKpoaMIiepMeTp.
YKkazanua no mexruke 0e30nacHocmit.
1. K BHIIOMHEHHIO JTabOpaTOPHBIX padoT IOITYCKAXOTCA CTYAEHTHI, H3YUMBIIHE ITpaBHIIA
TEXHUKH Oe30ITaCHOCTH.
2. JlabGopatopHeie pabOTE MOT'YT IIPOBOAHUTHCS TOJIBKO ITOJ PYKOBOICTBOM H HAaOIIIOIEHHEM
IIPETOgaBaTENA.
3. Pacrniomaraiire rnmpHOOpEI, MaTepHalbl, 000pYAOBaHIE Ha padoyeM MecCTe B IIOPSAKE, VKa-
3aHHOM IIPEIolaBaTelIeEM.
4. He pepxute Ha pabodyeM CTOIE MPEAMETHI, He TPeOVIOIHECS I BEIIOTHEHN S 33 IaH 5.

HEPE‘I[ TEM, KdK IIPpHCTVYIINIDL K pﬂﬁﬂTE TIATCIIBHO H3YHHIC €€ OITHCaHHE, YACHHTE XO/I
BEBEITIOJIIHCHITA pﬂﬁGTBI.

3aoanua.

| BKIIOYHTEH HCTOYHHK CBETA.

2 Bpamas a”Hanmszatop, JOOHTHCS MaKCHMAaJIbHOI'O OTOpoca CTPEIKH MHKpOaMIIEpMETpa
(A moxeT OBITH cllefyeT JoOHBaThCs MHHHMAIbHOro? [louemy? YUemy paBeH yroil B 3TOM CIIy-
yae?).

3.3aImIChIBAIOT IMTOKa3aHMS MHKpOaMIIEpMeTpa M B JaJIbHEHINEM, ITOBOPaYHBasl aHalIH3a-
Top, 4vepe3 10 rpagycoB 3almCHIBAIOT COOTBETCTBVIOIME 3HAUEHHE TOKA.

4 Kaxmm o6pa3oM 10 IMOTYUYEHHBIM JaHHBIM MOJKHO YOSIHTECS B IIPABHIIbHOCTH 3aKOHA

Mamoca? Kakie rpadpuki H3 HIDKe TTepeYHCcIeHHBIX clIeAyeT IIOCTPOUTE JJIS IIPOBEPKH 3aKOHA?
(BEIOOP apIyYMeHTHPOBATH)

= f@) = [Gosp) -= f(eo5’ 9)

=(0).12=f(¢), " , -
5. IlocTpouTh rpauK 3aBHCHMOCTH.
0. Clienars BBIBOJ.

hd

PesybTarbl H3MepEeHHH.

a. I COSsal. cos2a.

Cooepacarnue omuemad.

OT4eT 110 j1adopaTOpHEIM padoTaM JONIKHEL COIEPKATE:

- TUTYIILHBIH JIICT,

- LIETIb PadoTHI,

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OITpe/lelIe HHIL, TIOHSITHH, (POPMYII,
- OCHOBHOE 000PYIOBaHHE, CXEMa YCTaHOBKIL,

- OTTUCAHUA TN TITVHETAM RETTTOTHAHHAT NAOOTRT

JOKYMEHT NnoanwvcAH _
3NEKTPOHHOW NMoanuceio , TPa(HKH);
CepTudukar: 1 12000002A633E3D113AD425FB50002000002A6
Bnapeneu,. LWWebsyxoea TateAHa AneKkcaHpoBHA
NelicTeuTeneH: ¢ 20.08 2021 no 20082022 L, Aata, HOAIHCD.
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KonmponsHsie 6onpocet.
1. Uto nipeacraBisgeT u3 cedOa CBETOBAS BOIHA?
Kakme neHCcTBHS OKa3bIBAET CBET? braromgaps yemMy 5T0 BO3ZMOKHO?

Yrto Takoe mojapuszanug? KakoH CBET Ha3bIBAIOT €CTECTBEHHBIM? [ lonIpH30BaHHEIM?
OIHIIMTE BHABI ITOTISPH3AL[HH.

[Iepeuncimre criocoOORI ITOIYUYEHHS ITOISIPH30BAHHOI O CBETA.
CdopMyITHpYITe 3aK0H Mairroca.
7. Kaxme maHHBIe B paboTe IO3BOISIOT YOeIHUTCS B CIIpaBeJIMBOCTH 3aKOoH Mamoca ? (OT-

BeT C(h)OPMYIHPYHTE).

S AW

JIaboparopHas padora Ne 16
T'ema padomsi. 13ydeHne BHelIHero porosxddexra

Iens pabomel. N3yyeHne ABNEHNA SNEKTPOHHOIo BHelwHero ¢otoadpdekra.
Teopemuueckan uacme.

Pasmiaror TpH BHAa poTosddekra:

® Brewrnum gomosghgexmom Ha3bIBaeTCSI BEIPHIBAHHE 3IeKTPOHOB H3 BEIECTBA IIOJ
IEHCTBHEM SJIEKTPOMArHHTHOIO H3IydyeHHS BHemHmil (QoTtosddext HabOmomaeTcs
IIPEUMYINIECTBEHHO B IIPOBOIHHKAX.

o Ilpu enympennem gomosghgpexme 3>IEKTPOHBI IIOJ JEHCTBHEM CBeTa TEPSIOT CBS3b CO
CBOMMH aTOMaMH H MOJIEKYIIaMH, HO OCTAalOTCS BHYTPH BeIeCTBa. TakoH BHJI (poToa(ddeKTa
BO3MO’KEH TOIBKO B ITOIYITPOBOJHHKAX.

o Beumunvusiii pomosghghexm 3aKMOYASTCS B BOSHHKHOBEHHH (POTO-3.J.C. IIPH OCBEINEHHH
KOHTAKTa JBYX Pa3HBIX IOIYIIPOBOAHHKOB MM IIOTYIIPOBOAHHKA M MeTaina Oe3 Hauis
BHEIIIHET O EKTPHYECKOIO ITOMI L.

B manHOH padore IJI1 H3YUEHHS 3aKOHOMEPHOCTEH 6Heul-

He2o gpomosghghexma UCIIONB3YIOT BaAKYYMHEBIHN (poTosneMeHT. OH

___  TIpeAcTaBIseT coOOH CTEKISHHBIN OTKAaYaHHBIH C(epHyecKHid
OaJUIOH, B IIEHTPE KOTOPOI'O PACIIONIOKEH aHOA A B BHJIE KONIbIla

WIH TTacTHHKH (pHc.]1). YacTs BHyTpeHHeH ITOBEPXHOCTH OalIIo-

Ha ITOKPBITa TOHKHM CJIOEM MeTallla, KOTOPBIH CIIYKHT ¢homoka-
mooom. Ha prc.l. n3o0paxeHa IMpHHIMIIHAIbHAS CXeMa, ¢ IIOMO-

IFI0 KOTOPOH HCclIeAyeTca BHeMHHI ¢QoToaddekT. Mexmy

S T AaHOJAOM I KAaTOJ0M HCTOYHHK TOKa CO3JAacT SIEKTPHYECKOE

v rose. Tak KakK aJIeKTpHYecKas LENb Pa30MKHYTa, TO IIPH OTCVYT-

| P CTBHH CBETa JIIEKTPHYECKHII TOK 4epe3 (POTO3JIEMEHT He HJET.
b [IpH ocCBelleHHMH KaTofa CBET BBIPBIBAET M3 HETO 3JIEKTPOHEIL,
KOTOPBIE TIOJ AEHCTBHEM CHII 3JIEKTPHYECKOTO OIS ABHKYTCS K aHOLY.
B mermm mosBiaseTcsA SIeKTPHYECKHH TOK, Ha3bIBAeMBIH ¢homonioxom.
Cmna (poToTOKa H3MepseTcs raabBaHoMeTpoM (G, HaIpsKeHHE MEXITY

AaHOJIOM A 1 dortokatogom K — BoapTMeTpoM V. M3MeHSII HanmpspKeHHE ¢ ITOMOIIB O

MOTeHIMoMeTpa P, HAXOMAT 3aBHCHMOCTE CHIIBI (DOTOTOKA OT HAITPSDKEHHS — BOJIbTaMIIEPHYEO

XapaKTEPHCTHKY.

Ha puc. 2 m300pakeHa BOIbTaMIIEpHAS XapaKTepHCTHKA BaKyyMHOr o porosnemeHTa. [Ipn U =0

rﬂﬂ'-ﬂ"-I-"T”i" K3 FOqoOny o Ay sy Arer ey oro HOJIY HET) CHIIA (];)DTGTGH& BCC paBHG HC paBHa

CeaT

NOKYMEHT NMOoAanmcAH
SNEKTPOHHOW MOAMNMMUCHIO BbIPBAHHBIC CBCTOM H3 KaTOdd., HMCHT HCKOTO-
Ceprudmkar: 1 12000002A633E30113AD425FB50002000002A6 THYECKVIO BHEpI‘I[BD) H YaCTh H3 HHX MOXeT I0-
Bnapeneu, Webayxopa TateAHa AnekcaHOpoBHa

U0 ITOJIA.
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ecm YBCIIHYIMBATP HAIIPAKCHHE MCAHAY KAaTOJOM H aHOJOM (:]’[DI[EIBEIH GTpHI.[ElTEJ]LI{BIﬁ
ITIOTCHIIHAII Ha KA4TOJ/J, 4 Hda aHOO — HGHG}HITEHLHBIH): 6}*’,I[ET YBCIIMYHBATLCA CHIIA TOKA. 3TO

OOBSICHIETCS TEM, HTO TCIIEPb 3JICKTPOHBI, KOTOPEBIC IIPH U = 0 He gocTHraim dHOdd., IIOJ IeH-
CTBHEM CHII JJICKTPHYECKOI' O ITOJIA ITPHTATHBAIOTCHA K daHOY .
Gk I‘pﬂ(l)I]I{El BHIHO, YTO IIPH HEKOTOPOM 3HAYCHHH U=U,cuna (bDTDTGI{El HOCTHI'ACT HAH-

OOJILIIIETO SHAUYCHHA, IIOIIYVHHBIICT O HA3BAHHE TOKd HACBIIIICHITA L. I[ElﬂLHEﬁH.[EE YBCIIHUYCHIIEC
HAIIPDKCHHA YiKE HE BBISBIBACT POCTA CHIIBI TOKA. DTO0 3HAYHT, YTO BCC 3JICKTPOHDBI, BEIPBAHHBIC
CBCTOM H3 KATOJd, JOCTHI'alOT aHO/14. Ecmi za E@I:‘IHIH;}F eépemerii CBCT BBIPBIBACT H3 d)DTGKﬂTG,I[El
11 JIICKTPOHOB, TO TOK HAaCBIIIICHITA 6}5’,I[ET PaBCH

ILi=e-n (1)

T € — 3apsy EKTPOHA.

Eci ITOMeHSTh IOJIIPHOCTH AIIEKTPOHOB, TO €CTh IIOAATh HA KATOM IIOJIOKHUTEIBHEII
IIOTEHIHAIL, @ HA AaHOA — OTPHIATEIBHBIN, TO IEKTPHUECKOE IMoJIe OYIET TOPMO3HTE ABHKEHHE
AIIEKTPOHOB OT KaTOAa K aHOAY. 3a c4eT paldoTHI CHII 3leKTpHuecKoro noisd (Ag = ell) KiHeTHYe-
CKasl SHEPTH S ABIDKYIIIXCS AIIeKTPOHOB OYyAeT YMeHbIIaThCA. ECIIN ImepBOHaYaIbHas KHHETHYE -
CKasg 3HePrud snekTpoHa Wy OyaeT GombIe paboTHI AleKTpHYecKoro nonsd (Wi>AEg), 3MeKTPOHBI
OVIYT AOCTHIraTh aHOMA, B I[eIH OyaeT HATH TOK. [Ipn W< el 31MeKTpOHBI aHOJA HE JOCTHTHYT
H TOK ITpeKpaTHTcsA. HanMeHbIllee HalpsDKeHHe, IIPH KOTOPOM ITpeKpanfaeTcs ()OTOTOK, Ha3bIBa-
€TCS 3a1€PKHUBAFOLIIIM.

IIpu U = U, paxe camble OBICTPBIE BIEKTPOHBI, HMEIOIME MAKCHMAIIBHYIO CKOPOCTh, HE

IOCTHTAIOT aHoma. B ATHX YCIIOBH X

mv
max
el ,=———

o2 (2)

TakiM oOpazoM, H3MepssI Ha OIBITE U3 MOXKHO BBIUHCIHTE MAaKCHMAJIbHYIO KHHETHUYECKYIO
SHEPIHIO AIEKTPOHOB, BRUIETAOIIMX H3 KaTO/IA.
Obopyodosarue u mamepuaibl.

[Ipu n3yyeHHN 3aKoHOMepHOCTEH (hoTOo3()(peKTa B paboTE HCIIONIL3YETCS BAaKyYMHEIH
(OTO3IEMEHT, IIPHHIMITHAIIEHASI CXeMa BKIIFOUEHH S KOTOPOrO B AIIEKTPHYECKYIO LIETIh IIPHBEJE -
Ha Ha pHc. 4.

1. @orosnemeHT @, cBeTopILTP CP H HCTOUHHK cBeTa (CIeKTpalbHas pTyTHas Jramiia) JI
IIOMEINEHbl B 3aKPBITHIH KOHTeHHep. CBeT OT JIaMIlbl, IPOXoAs 4Yepe3 cBeTOPHIbTp Cd,
CTAaHOBHTCSI MOHOXPOMATHYECKHM H, Iajas Ha KaToJ (pOTO3JIEMEHTa, BBI3BIBAET (POTOR(QEKT.
MukpoammepmMeTp MA H3MEPSET CHIY (OTOTOKA, a BOIBTMETP V — HalpsDKEHHE Ha
(pOTORTIEMEHTE.

2. YCTaHOBKa COCTOHT H3 00BeKTa HCCIIeJOBAaHHSI H YCTPOHCTBA M3MEPHTEIILHOI'O, BBIIIOIHEH -
HEIX B BHJ[€ KOHCTPYKTHBHO 3aKOHUYEHHBIX H3IEIIHI, YCTaHABIHBAaeMBIX Ha TabOpaTOPHOM CTOIIE
H COeIMHSIEMBIX MeXKY cOOOH KabeneM.

3. OOBEKT HCCIEIOBAHMSI KOHCTPYKTHBHO BBIIIOJIHEH B BHJie COOPHOIO KOpITyca, B KOTOPOM
YCTAHOBJIEHBI OCBETHTENDL (CIIEKTpallbHAs PTYTHAS JIaMIla) ¢ HCTOYHHKOM ITHTaHHS, OJIOK HH-
TeppepeHIOHHBIX cBeTOPHILTPOB Nol (A=407 mxm), Ne2 (A=435 mrm), Ne3 (A=546 mxmMm), Ned
(A=578 MKM) H YCTPOHCTBO PETrYIHPOBKH OcBellleHHOCTH. Ilomokenme "(0" Omnoka cBe-
TO(IIILTPOB COOTBETCTBYET ITPOXOKAEHHIO CBeTa 0e3 CBETO(MHIBTPOB H MOXKET ITPHMEHSITHCS

IUISI CHATHS HHTETPABbHBIX BOIMBTAMIIEPHBIX M ITIOKCAMIIEPHBIX XapaKTEPHCTHK, a ITOIOKEHHE
AOKYMEHT NOAMMUCAH 11 YCTAHOBKH HOIL. K KOpITycy ¢ ITOMOIIBIO

o 4o TOOAIOBVCHIG 4 10, A BEPXIIONO KPHIIKY KOTOPOrO yerasas-
Bnapenei: tebayxoea TatbAxa AnexkcaHapoeHa emeHTaMH -8 1 O-13. HPH YCTaHOBKE (bGTE"

C BBIXOJHBIM OKHOM OCBCTHTCIIA H 3daKPbIBALOT
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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ITPH ITOMOIIH OIIEH/IBI.

Ha mepemgHen nmaHem o0beKTa HCCIEAOBAHMS HAXOMSTCSI CETEBOH BBIKIIIOYATEND C HHJIHKA-
TOPOM BKIIXOUEHHA ceTH. Ha 3agHeH rmaHenHn oO0beKTa HCCIeQOBaHM PAaCIIONOKEHB KIIeMMa 3a-
3eMIIEHHS, JepKaTelId IPeIOoXpaHHTeNIeH H CETEROH IIHYP ¢ BIWIKOH. Ha OOKOBOH CTEHKe pacIto-
JIOJKEHO BBIXOJHOE OKHO OCBETHTEIS H YCTPOHCTBA JJII CMEHBI HHTEP()EpPEHIHOHHBIX CBE-
TO(IIILTPOB H PETYIIHPOBKH OCBEIeHHOCTH. Ha GOKOBBEIX MOBEPXHOCTSX YCHIMTESA (pOTOTOKA
PaCIIOIOKEHEI COEJHHUTEIBHBIHN IIHY]P ¢ PA3bEMOM IS IIOAKIIOUYEHH S 00bEKTa HCCIIEAOBAHHSI K
YCTPOHCTBY H3MEPHTEJIPHOMY H peryirsaropsl Oananca ycuwnurensa I PYBO u TOYHO.

OOBEKT HCCIENOBAHHS C TIOMOIIBIO CETEBOTO IIHYPa IMOAKIoUacTcsa K ceTH 220 B, 50 I'1r,

4. YCTPOHCTBO U3MEPHTEIBHOE BBITIOIHEHO B BHJIE KOHCTPYKTHBHO 3aKOHUYEHHOIO H31einid. B
HeM ITPHMeHeHa OQHOKPHCTaIbHAA MHKPO - OBM C COOTBETCTBVIOINMMH JOIIOIHHTEILHBIMI
YCTPOHCTBAMH, ITO3BOISIOITHMH ITIPOH3BOANUTh H3MEPEHHE TOKa (POTOAIEMEHTA, YCTaHOBIEHHOIO
B 00BbEKTe HCCIIeJOBAHHS, YCTaHABIHBATh H H3MEPSTH ITHTAIOIIHE HAIPSOKEHHS Ha (POTO3JIEMEH -
Te, a TaKJKe OCYIIECTBILITh (DYHKIIHH YIIPABJIEHHS YCTAHOBKOH (YCTAaHOBKA PEXHMOB ITPSIMOIO
I 00paTHOI'O H3MEPEHHS M T.I1.). B cOCTaB ycTpoicTBa H3MEPHTEILHOIO BXOIAT TaKKe HCTOY -
HIKH €0 TTHTaHH.

Ha mepeaHen maHenH YCTPOHCTBA H3MEPHTEIBHOIO Pa3sMEIIEHEI CIIEAVIOIIHE OpPraHbl YIIPaBIIe -
HUS U HHAUKAIH: KHoIKa [IPAMAMA - OBPATHASM ¢ cOOTBETCTBYIOIMMH HHIHKATOPaAMH -
IpeAHAa3HaYeHa IS BKIIOUYEHHS IIPSIMOr0 HIH OOPaTHOrO PeKHMOB H3MEPEHHS, KHOITKH "+", "-"
H CBEPOC - mpemHa3zHauYeHHI I PerYIMPOBKH HaIpsoKeHHS Ha (poTO3NIeMeHTe H ero copoca B
HOJIb, HHAHKATOPEl B M MKA - nipeHa3sHaYeHBI I1S HHANKAIHH 3HaYeHHI BEIIMYIH HaITp DK EeHH S
Ha (pOTO3IeMeHTe H (DOTOTOKA B ITporiecce paboThl. Ha 3agHell ITaHeIH yCTPOHCTBA H3MEPHTEIIb -
HOI'O PacIionokeHsl BRIKIOUaTek CETD, xieMma 3azeMiIeHNs, JeprKaTell IIpeJOoXpaHuTeIeH
(3aKPBITHL ITPEJOXPAHHTEILHOH CKOOOH), CETEBOH IIHYP C BIJIKOH H pa3zbeM IS ITOAKIIIOUEHIS
00BEKTA HCCIIENOBAHH .

YCTPOHCTBO H3MEPHTEINBLHOE C IIOMOIIBIO CETEBOrO IHYPa IToAKIIoYaeTca K cet 220 B, 50 I'tr.
5. IlpuHIHIT JeHCTBHS YCTAaHOBKH OCHOBAH Ha H3MepPEHHH TOKa Yepe3 (POTO3JIEMEHT ITPH H3ME -
HEHHH ITOISPHOCTH M BEJIMYHHEI ITPITIOKEHHOTO K HEMY HaIPSDKEHHS H H3MEHEHHS CIIEKTPaJIh -
HOI'O COCTaBa M BEJIMYHHEI OCBEIIEHHOCTH KaToa (POTO3JIEMEHTA.

6. B rmporecce BBOIOMHEHHS Ta0OpPaTOpHBEIX padoT CHHMAIOTCS 3aBHCHMOCTH TOKa Yepes
(pOTO3MEMEHT OT IIPHIIOKEHHOI0 K HEMY HaIpsokeHHS. [IpH 5ToM MeHSeTCS ITOIISIPHOCTh HaITpS -
KeHHS (T.e. pa3ZlelIbHO CHHMAIOTCS IIpsMasi H oO0paTHas BEeTBH BOJIbTaMIIEPHOH XapaKTepPHCTHKH
(oTosnemMeHTa). XapaKTEpHCTHKH CHHUMAIOTCS ITPH Pa’THYHBIX 3HAYEHHSIX OCBEIIEHHOCTH H IIPH
M3MEHEHHH JIJIMHBI BOIHBEI OCBEHIEHHMSA (poTOo3eMeHTa. [lo pesynpTaraM H3MEPEHHH CTPOSTCS
CEMEHCTBA BOIBTAMIIEPHBIX XapaKTEPHCTHK H, HCIIOIB3YS COOTBETCTBYIOIIHE MeTOABI pacyeTa,
YHCJIEHHO OLIEHHBAETCS 3HAUYEHHE ITOCTOSHHON [ImaHKa.

Ykazanua no mexnuke dezonacrocmut
1. K BBINTOMHEHHIO JTaOOpPaTOPHBEIX padOT JOITYCKAIOTCS CTYASHTBI, H3YUHBIIHE ITpaBHIIA
TEXHHKH 0e30ITacHOCTH.

2. JlaGopatopHbie pabOTE MOT'YT IIPOBOAHUTHCS TOJIBKO IO PYKOBOICTBOM M HAaOIIIOIEHHEM
ITPETOlaBaTENs.

3. Pacnomaranre rmpHOOpPEL, MaTepHalbl, 000pPYI0BaHIe Ha paboyeM MeCTE B IOPSIKE, VKa-
3aHHOM ITPEIOIaBaTEIEM.

4. He pepxute Ha pabodyeM CTOIE IMPeAMETHI, He TPeOVYIOIHecs A1 BEITOTHEHH S 3aJaHHS.
5. Ilepem TeM, Kak IIPHCTYIIHTh K paboTe TINMATENBHO H3YUHTe €€ OITHCAHHE, YSICHHTE XO[I
BBITIOIIHEHHS PabOTHI.
JOKYMEHT NOAnNUCAH
SNEKTPOHHOW NOAMUCLIO
Ceptuchmkar:  12000002A633E3D113AD425FB50002000002A6 1PAKTEPHCTHKH (POTONIEMEHTA.
Bnapeneu:  llebsyxoa TaTbAka AnekcaHapoBHa OIPHEMHHUK C HCCIENYEMBIM (POTO3JIEMEHTOM H

[EHTA.
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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2. llogxmroumTe CETEBBIE INMHYPLL YCTPOHCTBA H3MEPHTEIIPHOIO M OOBEKTA HCCIIEHOBAHHS K
CETH M BKIIIOUNTE YCTPOHCTBO M3MepHTEIbHOe BhIKIIOUaTerneM CETH Ha ero s3amHel ITaHEIH.
[Ipu stoMm gommkeH 3aroperbesd HHAHKATOPEI OBPATHASM, B H MKA yCTpOHCTBa H3MEPHTETID-
Horo. Ha mHamkaTope B JOIDKHEI yCTaHOBHTHCS HYJIH (JOITyCKaeTCs HHAHKAIHSI 1O 3HaYeHHT 2
mMiiaamero paspszga). Ilocime 5 mumayTHOTO nporpeBa pyuykamMu Y CTAHOBKA HVYJIS Ha oObekTe
HCCIIeJOBAHHS YCTAHOBHUTL HYJIEBOE 3HAUEHHE HA HMHIHKATOPEe MKA YCTPOHCTBA H3MEPHTEID-
HOT' 0.

3. Bximrounre o0beKT HecnnemoraHnus BeIKIFOUYarejieM CETDE Ha ero niepegHen nmanem. 1Ipu sTom
noJKeH 3aroperbesd HHAHKATOp CETH 00beKkTa HecineoBaH .

4. JlaTh IaMIie OCBETHTEIS IIPOIrPETHCS B TeUeHHE 15 MHH.

5. C nomortpro KHONKH [IPAMAJS - OBPATHAZA BEIOpaTh HEOOXOMHMMBIN PEKHM H3MEPEHH .

6. YcraHOBHTH cBeTO(HILTP Nel moBopoToM arucka Onoka Cd.

7. W3MmeHss 3HauYeHHS HanpsokeHHS yepes 0.5 B ¢ momomnpo KHOIOK "+ 1 "-" H CUHTEIBAS I10-
Ka3aHHSI (POTOTOKa ¢ HHAHKaTopa "MKA'" IOIyYHTEe JaHHBIE IS ITOCTPOEHHS BOJIbTaMIIEPHOH
XapaKTe PHCTHKI.

8. YcraHaBIHMBaA IHCK CO CBETO(INILTPAMH B ITOJIOXKeHHe "5" H IMpoBepsId YCTaHOBKY HYIII TOKa
IIPH HYJIEBOM 3HAYEHHH HAIIPSDKEHHS, ITOBTOPHTE MEHCTBHSA ITO IOI. S...7 HACTOSIIErO pasjeia
VIS APYTHX cBeTOPHIbTPoB (CD2-CD4).

[Iprveyanue 1: IIpu HEOOXOMHMMOCTH € ITIOMOIIBIO ITOBOPOTA KOJIbIlA, PACIIOIOXKEHHOI O HA BEI-
XOJHOM OKHe 00BEKTa HCCIEOBaHH S MOKHO H3MEHSATh OCBEIEHHOCTh (POTOAIEMEHTA.
lIpiveuanwe 2: Ilpn ompeaeneHIH 3alHparONIero HaMpspkeHHS (POTO3NIeMeHTa HEOOXOIHMO HY-
JIEBOE 3HAYEHHE TOKA CUNTHIBATH ITPH YMEHBIIIEHHH HAITPSKEHH S OT HYJIEBOI'O 3HAUYEHHU S JI0 3HA-
YeHH A 3alIHPArOIIEr0 HAITPSIKEHH, a He HaoOopoT. He peKoMeHayeTcs TaKKe YCTaHaBIINBaTh
3HAYCHHE HaIIPSDKEHHUS HHKE 3aITHPaFOIIETO.

9. llo oxkoHYaHHMH PadOTEI HEOOXOAHMO OTKIIFOYHUTE IMMTAHHE YCTAHOBKH BBIKIIFOUATEIISIMIL
CETH (Ha 3agHeH IMaHeIH YCTPOHCTBAa H3MEPHTEILHOIO H NepeJHeH IaHelIH o0beKTa HCCIeJo0-
BaHHS) H OTKIIIOYHTh CETeBbIE€ BHIIKH YCTPOHCTBA H3MEPHTEIBHOIO H O0BEKTa HCCIEJOBAHHS OT
ITUTAFOINEH CETH.

10. Pexum paboTHl YCTAaHOBKH IIPEPRIBHCTHIN - Yepes3 KakIple 45 MUHYT

paboTHI IepepriB Ha 15-20 MIH.

Cdh U
Nel B

B I, mxA
Cdh U
Ne2 B

- I, mxA
Coh U
Nel B

- I, mrA
Cdh U
Ne4 B

- I, mxA

[To maHHBIM TaOIHIEI 1 ITOCTPOHTH BOIBTAMIIEPHYIO XapaKTePHCTHKY, TO €CTh I'PaHK 3aBH-
CHMOCTH CHIBI (poToToKa I (abcIpicca) oT HanpspkeHHI Ha (porosieMeHTe U (OpapHaTa).

[OKYMEHT MOAMNMUCAH TaGmimra 1

SNEKTPOHHOW NOAMUCLIO
Ceptudurkatr: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Lllebayxoea TaTbAHa AnekcaHgpoBHa HKdA

1cHOLL 2panuysl homosghghexma it nocmoanHoil

MeiicTeuTeneH: ¢ 20.08/2021 rio 20.08.2022 1A BeiOpars pexmm m3MepeHus OBPATHAS
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(He JermaeM YCTaHOBKY HYIIS KaK B IIEPBOH YacTH paboTHI!).
2. H3meHqd 3HAYeHHS HAIIPSDKEHHS C IIOMOINBIO KHOMOK "+" M "-" YCTAaHOBHTH ITOKA3aHHS HH-

mHKaTopa (Qororoka "MKA" paBHBIM (. 3aHecTH NOIYyYeHHOE 3HAUYeHHe 3aJIep KHBAIOIIETO
HarpsokeHH s Uz B Tabimiy 2.

[ToBTOPHTE MYHKTEI 1 1 2 IS APYTHX CBETO(IIBTPOB.
4. Tlo momy4yeHHBIM 3KCIIepHMEHTAIFHEIM 3HaYeHHSIM U3 pacCUHTaTh:

a) KHHETHYECKYIO SHEPTHIO (POTOAIEKTPOHOB: Wg=e-Us

e

b) paGoTy BRIXOJa 3TIEKTPOHOB: A _h-c U
C) KpacHYIO I'paHHITy GpoTo3(deKTa: RRIX ™ 3 €Ys
_h-c
mMaAaX AHEI:‘
Tabmmra 2
W A&'I:LT:'
No /1t A, MKM U;, B IO_IQE}K 10" % Anae, MKM
C
V—=—
5. Ilo momy4eHHBIM JaHHBIM ITOCTPOHTE I'pa(HK 3aBHCHMOCTH U3 OT v, IJIE A
AU, h
tga—= =
6. Hcnonb3ys NOMyYeHHBIH IpaHK, BEIMHCIHTE 110 (DOPMYIIe Av ey ouemirs

TIOT PEITHOCTE H3MEPEHII.
Cooepacarnue omuemada.
OT4eT 110 j1adopaTOpHEIM padoTaM JONIKHEL COAEPKATh:
- THTYJIbHBIH JIHCT,
- LIeNIb PadoTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OITpeIelIeHII, TTOHSTHI, (POPMYTI,
- OCHOBHOE 000pYIOBAHHE, CXeMa YCTAaHOBKH,
- OIIHCAHHE I10 ITYHKTAM BEITTOJIHEHHOM PalOTHI,
- pe3yIbTaThl H3MEPEHHH H pacyeToB (TaOMHIlbL, TPagpHKH),
- OLIEHKA TIOT'PEIIHOCTEMH
- OTBETHI Ha KOHTPOJILHBIE BOIIPOCHI,
- BRIBOJIBI I10 Pe3yIiIbTaTaM BBIITOITHEHHOH paboThl, JaTa, ITOAIHCE.

Koumponsusie 6onpochul.

1. Uro HazwiBaeTcAa dporordppekrom? Kakme OpiBaroT BHABI (poTor(PdekTa?

2. B yem 3akmroyaroTcs 3aKoHBI (poTor]pdekra?

3. Kak cBs3aHbI AJIHHA BOTHBI H YacToTa (pOTOHA?

4. Kaxkasg mMeHHO 0coOeHHOCTh (poTo3(ppekTa He MOKeT OBITh OOBSICHEHA C TOUKH 3PeHHS
BOITHOBOH TEOPHH CBETA?

5. BammmiTe H 00OBSACHHTE YpaBHeHHe DHHINTeHHA I1a poTosddekTa.
6. H NOKYMEHT MOANVUCAH i “peKkTa H OT Yero OHa 3aBHCHT?
INEKTPOHHOW MNMOANMMCHLIO :asi SHeprusg (POTOSNEKTPOHOB?
Ceptudavikat; | 12000002A633E3D113AD425FB50002000002A6
PAKTEPHUCTH OTO3() (PEKTA.
Bnapeneu: lHebayxoea TateAHa AnekcaHapoBHa P P Ky (1) (1)(13

[OH I'paHHIKBI poTo3(dPeKTa B JaHHOH paboTe?
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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JIlaboparopHas padora Ne 17

Tema padomst. I3ydeHHe SHePreTHYECKOro CIIEKTPA 3JIEKTPOHOB

Ilens padomer. OrpefeneHHe UIHHBI ITpo0Oera 3IeMeHTapHBIX YacTHI[ B BO3AYXE IIPH
aTMOC(EPHOM JIaBIIEHHH H OIIpejlelIeHHe MaKCHMAIIbHOHN SHEPruH OeTa-4aCTHIL ITPH ITOMOIIH ME -
TOJa ITOTTIOINEHHS.

T eopemuieckdn uacmsos.

SIBIIeHHe paJaHoaKTHBHOCTH OBUI0 0OHapykeHO bekkeperneM (1890 r.). OH 3aMeTHII, YTO He -
KOTOPEIE BEIECTBA, COAECp KaIlliie YpaH, o0lIamaloT 3aMevaTellbHOH OCOOEHHOCTBIO CaMOITPOH3-
BOJIbHO, 0€3 BCSKOI'O BHEIIHErO BO3AEHCTBHS, H3IYYaTh JIYYH, CIIOCOOHBIE IIPOXOAHTL CKBO3b
HeIpOo3payHbIe IS BHANMOI'O CBETA BEILECTBA.

PagnoakTHBHOe H3IyUeHHEe OBIBAeT TPEX BHAOB. @ -IIyuM, B -TydHH Y -y
@ -IIy4yH IPeACTaBIIIOT IMTOTOK SJIEP I'eIMeBBIX aTOMOB, WM, HHBIMH CIIOBAMH, IIOTOK I'e-
JIMEBBIX HOHOB C 3apsoM +2e.

TOXIEeCTBEHHOCT, (O -JIVYEeH C ITIOTOKOM TI'eIIHEBBIX SIIEP .
OBllIa YCTAHOBJIEHA C ITOMOIIBIO CIIEAVIOLIETO OIbITA, IPOH3BE- m
neHHoro CoJyIn.

Cocyn A (puc. 1) ¢ MOMOMIBIO TOHKOH CTEKIITHHOH ITepero-

poaku G paszgensuica Ha ABe yacTH B u C. B yactu B Ilome- = "
I[AJIOCh PaJHOaKTHBHOE BEINECTRO F,
Ha3nyyaromee @ -myud. lleperopomka G mopOupanack TaKoOH \’ ’/f-r V7
TOJOIMHBI, YTOOR @ -Iy4H MOITIH IIPOXOJHTb CKBO3b HEE.  puc 1 OnbiT Conau
Jpyras 4acts 3TOro cocyaa C coeIMHsIIach Yepes KpaH K ¢ Baky-
YMHBIM HACOCOM, H B 3TOH YacTS CO3IaBaIOCh JOCTATOYHO CHIb-
HOE pas3peKeHHE.

B tpyOke H, coemmHeHHOHN ¢ cocyaoMm C, IMOMEINAINCh ABa 3jekrpona D, E, ¢ moMompio
KOTOPBIX MOKHO OBLIIO BEI3BATh paspsad B TpyOke H. BakyyMm B cocyne C co3gaBanics CTOIb BhI-
COKHIL, UYTO ITPH MPHIIOKEHHH K D M E pasHOCTH ITOTEHI[HAIIOB B HECKOIIBKO COTEH BOJIBT BJIEK-
TPHYECKHH paspsa He Bo3HHMKa. [locne oTKaukm cocya A OTCOeqHHSTICS OT Hacoca. CIycTs
HECKOJIPKO JTHEM, OAHAKO, ITOCTIE IIPHIIOKEHMS PasHOCTH ITOTEeHIMaIoB MexXay D u E BosHHKaI
BIEKTPHYECKHH pasps, HHTEHCHBHOCTh KOTOPOI'O ¢ TEUEHHEM BPEMEHH BO3pacTaa.

CBeT, HCXOMMIMA IIpH paspsae u3 TpyOkH H, ObUI IpoaHAIH3HPOBAH C ITOMOIIBIO CIIEK-
Tporpada. OKazaaock, YTO CIEKTP 3TOr0 H3IYYEHHS B TOYHOCTH COBIIQJAET CO CIIEKTPOM H3-
ITYYEHISL, BOSHHKAFOII[HM TIPH 3IEKTPHUYECKOM Pa3psie B ra3000pa3sHOM T'EIIHH.

B tpybke H remms He Opl10, HO CrOZIa M3 B IIpOHHKAIH @ -4acTHIBI, H3IIyYacMbIe Pajio-
aKTHBHBIM ITperapaToM. [IoCKOMBKY B pe3yinbpTaTe TaKOTO IIPOHHKHOBEHHS B TPyOKe C ITOSBH-
JOICh aTOMBI T'elIHS, TO, CIEJOBATElIbHO, @ -YaCTHUIBI M SBISIOTCS TelliieM, IpaBJa, He aTo-
MaMH, a SApaMH rennsd. Sapa reamsd (@ -4acTHIIBI) 3aXBaTHIBAIOT H3 OKPYKAIOINEH CPelbl 2
BIIEKTPOHA M IIPEBPAIAFOTCS B « HOPMAJIbHBIE) aTOMBI I'ellid. Mrtak, ¢ -4aCTHI[BI SIBIISIEOTCS SIJI-
paMI aTOMOB TEJTHS.

XapaKTePpHOH BETHYHHON HUX SBISETCA SHEPTUI. SHeprua ¢ -yacTHI[ BelMKa — ITOpSaKa
HECKOJIPKHX MIULIIMOHOB 3JIEKTPOHBOIBT. PasimyHbIe paJfHOAKTHBHEIE BEMIECTBA H3TyYaroT U

~HACTHIIBI pﬂSJ]II‘H-[Dﬁ JHEPI'HH, HO BCC 0 -yaCTHIIRI, H3JIVICHHBIC AddHHBIM PalHOdKTHBEHBIM
RETITECTROM UWNMAEHNT RITOTTHE OTTNETETTEHHVEY 3HEDTHRD.

& £

L
F

IS

[JOKYMEHT NOANWUCAH
SNEKTPOHHOMW MNMOANMCHLIO bHO 3apsSDKeHHBIX YacTHIl 3HaK - (MHHYC) IIPH
Ceptucukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu; LlebGayxoea TateAHa AnekcaHapoBHa E
[encteureneH: c 20.08.2021 no 20.08.2022 cCVT GTPI]I[HTEJIBHBIﬁ 3dPsI. OTHOILIEHHE m
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LA HIIX OKA434JIOCh B TOUHOCTH TaKIM K<€, KdK H JJIA JICKTPOHOB. B -JIVHI ABJUIHOTCH B IeH-

CTBHTCIBPHOCTH IIOTOKOM 3JICKTPOHOB. OTIHYHE B -H}*"IEﬁ OT OOBIUYHBIX KaTOIHBIX J'I‘_‘;”IE:ﬁ HE
KaUcCTBCHHOC, 4 KOIIHYCCTBCHHOC. SHEPI‘H_H JAJICKTPOHOB

B -H}”IEf[ SHAYHT CJIBHO ITPEBOCXOJHT SHEPI'HIO KaTOJHBIX H}”IEﬁ H HMECT BCIIHYHHY ITOPAIKA
MIIUIHOHA 3JICKTPOHBOJIBT.

Y -JIVHH, HE OTKIIOHACMBIC HH MAI'HHTHBIM, HIT 3JICKTPHYCCKIIM IIOJIICM, HE HECYT JJICK-

TPHUYECKOro 3apsaa. I1o cBoeii mpupoxe Y -IIy4M aHATOIHYHBLI PEHTTEHOBBIM JIy4aM, HO OTIIH-
YArOTCq OT HHUX OONbINeH BeIHUYHHOH KBAHTOB.

Kak y’Ke yKa3bIBalIOCh, PaAHOAKTHBHOE H3TYUYEHHE IIPOH3BOANUT CHIIBHOE HOHH3HPVIOIIEE H
(poTOXHMIUECKOe JISHCTBHE H ITO ATOMY JIeHCTBHIO MOJKeT OBITh PerHCTpHpyeMo. Tak KakK OT-

ACIIBHBIC HAaCTHIIBI, BXOJAIIHE B COCTAB PAJHOAKTHBHOI'O H3IIYVHCHHA ( 0  -yaCTHIIRI, B -Ha-

cTHIBI, Y -KBaHTHI), 00IaJaf0oT OOJIBINON 3HEpPrHeH, ITOPSAKa MIJUIHOHA 3JIeKTPOHBOJIBLT, TO
IIPEACTABIIIETCS BO3MOXKHOCTh HaOMOAATh M PETHCTPHPOBATh HE TOIBKO PAJHOAKTHBHOE H3-
IIVUEHHE B I[ETIOM, HO H OTJe/IbHBIE YaCTHIIBI, BXOAAIIHE B COCTAB 3TOr0 H3TYUEHIL.

HauGornee yacTo mIg perucrpaiii M HAOIMIOAeHHS OTAEIBHBIX OBICTPBIX YACTHI[ ITPHME -
HSEOT TPH METOA:

a) Kamepa Bunbcona. B rimaBe VI ObLT yKazaH IIPHHITHIT JeHCTBHS KaMepbl BHIbCOHA H ITO-

Ka3aHbl (pororpaduu myTern @ -yacthi. Kamepa BmiabcoHa IpHrogHa H IS HaOIIOAEHHS

]’[}"].“Ef[ B -JaCTHIL[. 3HAUHTEILHOE YCOBEPHICHCTBOBAHHE B MCTOJ[ KdMCPEBI BunecoHa OBIIIO

BHeceHO /1. B. CKOOEIBIBIHBIM.
CxoOeIbIBIH IIOMECTHII KaMepy BHIIbCOHAa B MAarHUTHOE I10/e. MarHHTHOE ITOoJIe HCKPHBIIS -

€T TPACKTOPHIO B -yacTHI[. B CIIYHac, KOI'Ja B -HACTHIA JBHXKCTCA IICPIICHIHNKYIIAPHO CH-
JIOBBIM JIHHHAM OAHOPOJHOI'O MAI'HHTHOI'O HOJIA, €€ TPHEI{TDI}HEﬁ ABIIACTCH OKPYHHOCTD PaJHy -

mcu
R=——
ca eH

rage Y - CKOpPOCTBh YaCTHIBI, [ - HAIIPSOKEHHOCTh MAarHHUTHOIO ITOJIS, e - 3apsj JIEeKTPOHa, ¢ -
CKOpPOCTE CBeTa. B KaMepe BHIBCOHA, ITOMEINEHHONH B MarHHTHOM IIOJNIE, TPEKH 3JIEKTPOHOB
IIPEICTABIIIOT YacTH OKpPYKHOCTeH. [lo BelmnumHe pagHyca 3TOH OKPYKHOCTH MOXKHO OIpeJe-
JIMTh CKOPOCTh 3JIEKTPOHA.

0) Cuerumk ['elirepa-Mromiepa. CyIecTBYIOT JBa BapHaHTa CYETYHKOB. CYETUHK C
ocTpHeM (cueTuyHK ['elirepa) M cUETYHK ¢ HUTBIO (cUeTYHK ['elirepa-Mromepa).

CYeTYHK ¢ HUTBIO (pHC.2) MpeAcTaBIseT INUIHHAP C, IO OCH KOTOPOr o HaTSHYTa HUTh AB -
TOHKAas MeTaUIHYecKas IIPOBOJIOKA. HHTH B HIEKTPHYECKOM OTHOLIEHHH H3OIMPYETCI OT
KopItyca cyeTyrKa C. CUeTYHK HAITOIHSIOT ra30M IIPH HeOOIBIIIOM JaBIEHHH.

+7 s

lé:‘..l"

A JOUAL TN

-”I“T”” ‘ 5 Puc.2 Cxema ycTpoMCcTBa CHETYMKA

NOKYMEHT NOAMNUCAH lenrepa-Mionnepa
SNEKTPOHHOWM NOAMUCHIO
CepTucmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu; LlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Mexay HHTBIO H IQUIMHAPHYECKHM KOPITYCOM CUETYHKA C IIOMOIIBIO Oarapen E wwin
CITEIHAJIbPHOI O BRITIPSAMHTEIIFPHOI'O YCTPOHCTBA CO3JIAI0T AIEKTPHYECKOE IT0IIE

Takoro HarpsKEHHS, IIPH KOTOPOM B CUETYHKE MOKET pa3sBHBATHCS KOPOHHBIN paspsn. Ko-
POHHBIHN pas3psii HAUHET Pa3sBHBATHCS, ECIIH B IPOCTPAHCTBE MEXKIY HUTHIO H KOPITYCOM OKaXVT -
CSd 3apsKEHHBIE YaCTHIBI. 1103TOMY KOPOHHBIH paspsji BO3HHKAET B CUETUHKE BCSKHI pas,
KOI'Za B HET'O ITPOHHUKHET HOHH3HPYIOIAsa YaCTHIA-IEKTPOH WIH & -yacTHi(a. Takas 4acTHIIA,
IBUTASsICh BHYTPH CYETYHKA, ITPOM3BOANUT MOHM3AI[MIO ras3a, BCIEACTBHE YErO M BO3HHKAET KO-
POHHBIH pa3psn. IlocineqoBaTellbHO ¢ HUTHIO CUETUHKA TTOJKIIFOYAETCS COIIPOTHBIIEHHE R, Bemm-
YIHY KOTOPOr'o IOAOHPAIOT TaK, YTOOKI ITPH PasBHTHH KOPOHHOI'O pa3psjia Ha 3TOM COITPOTHRBIIE -
HUH BO3HHKAIIO JOCTAaTOYHOE MAaJcHHE IOTeHIHMana. ECIH 3TO majeHHe ITOTEHIHMana OKaXeTCs
JOCTATOYHBIM (OKOIIO COTHH BOJIBT), TO BOZHHKIIIHI B CUETYHKE KOPOHHBIH pa3psijl IIPEPBETCSL

[Io BO3HHKIIIEMY B CUETUHKE ['elirepa HMITYIILCY TOKA M CYAST O TOM, YTO Uepe3 CUETUHK
IPOIIUIa HMOHM3HPYIOM[AA 4YacTulfa. Halrma IIpOMBIIIUIEHHOCTE BBIITYCKAET TaK Ha3bIBacMBbIE
YCTAHOBKH THIIA «b», cozeprkaliie amnmnaparypy, HeOOXOJHUMYIO IS IIHTAHHS CUETYHKOB, YCH-
JIMTENB, C IIOMOIIBIO KOTOPOr0 HMITYJIBC TOKA B CUETUYHKE YCHIIMBAETCS 1O TAKOH BEJIMYHHEI, UTO
IIPUBOAUT B JAEHCTBHE PEIIE HYMEpATOpa, IMpeIHa3sHAUYEHHOIO IS OTCUETa YMCIa BO3HUKIIINX B
cueTuHKe ['elrepa HMITYIIBCOB. 71 TOro YTOOR cUeTUHK [ erirepa «cpabdoTam», HOHH3HPVIOIIAS
yacTHI[A JOIKHA IIPOHHKHYTE BHYTPE €TI0 - IIPOHTH Yepe3 CTEHKH. ECIIH H3TyYeHHe TTOTTIOIIAET -
CS CTEHKAMH CYETYHMKA, TO IIPHUMEHSIOT IS PETHCTPAMH TAaKHX YacTHI[ THOO OYeHb TOHKHE
CTEHKH, JTHOO CIIEIHAIFHEIE TOHKHE OKOITIKH.

B TOPIIEBRIX CUETUHMKAX HUTh 3aMEHSIETCS HITIOH A. B IepeHen CTeHKe CUEeTUHKa JIEIIacTCs
oTBepcTHe B, 3akprBaeMoe (poIbroi HyKHOI TOMITHHEL (pHC. 3).

Cuerunku ['efirepa IPUMeHSIIOTCS H JIII cyeTa Y -KBaHTOB, Y -KBaHTHI BBRI3BIBAIOT B
CTeHKaX CYeTYHKa (POTORNIEKTPHUYECKHI 3(pPeKT HIH KOMITOH-3()(PeKT. BEIpBaHHBIE H3 CTEHOK
CUeTYHKa (POTO- H KOMIITOH-3JIEKTPOHBI H BO30YKIAKOT Pa3psil B CUCTUHKE .

i1

X SACKITIOMETITY
Y wwr przrmmeno

Puc.3 CxeMa TOpILEBOrO CUETYHKA.

B) MeToJI TONCTOCTIONHON (pOoTOIDIacTHHKH. MeTO TONCTOCIONHBIX (POTOITIACTHHOK OBIIT
pazpaboTaH MpIcOBCKHMM H JKIaHOBBIM. FIMH H3rOTOBILSUINCEH CIIEIHAIbHEIE (POTOIUIACTHHKH C
VTOIIIEHHBIM CII0eM (POTOAMYIIbCHH (50—300 MK). @ -4yacTHI[BI IIPH JBHKEHHH B TaKOM CJIOE
BEISBIBAIOT PpasiIokKeHHe OpommcToro cepebpa TOIMBKO B TeX 3€pHAX, 4Yepes3 KOTOPBIE OHH
Iportumi. Ilocie mposBIeHN TaKOH ITIACTHHKH B HEH BO3SHHKAIOT «JOPOKKH» H3 OCAHBIIETOCS
cepebpa, XOpOIllo BUANMEIE B MUKPOCKOITe. Kakmasa Takas JOpOoKKa IPeICTaBIIIeET COOOH Clel
IBUTABIIEHCS YaCTHIEL. [10o BemmymHe mpobera ¢  -4aCTHIBI MOKHO OIIPENEIIHTE €€ SHEPIHIO.

T orcTocIoHHbIE QJGTGHJIHCTI[HI{H IMPHI'OJHEL JJIA PETHCTPAIlHH HE TOIIBKO a -H}"‘IEI‘?‘I: HOH

APYIHX CHIIPHO HOHH3HPYIOLIX YaCTHI[ - IIPOTOHOB, ,I[EfITpGHGE. B Hacrodee BpcMA
H3T'OTOBIIAIOTCH H TaKHC (1)(}T OIUIACTHHEI ., B KOTOPBIX MOXHO GﬁHﬂp}*’}KHEﬂTb CIICABI HACTHII HCE

CTOJIb CIJIBHO HOHH3HPVIOIINX, B YACTHOCTH, SIEKTPOHOB OOJIBIIIOH SHEPIHH.
QObopyodosariie u mamepuaibl.

B—a Ea&ﬁéﬁfﬁaﬁﬁﬁﬁg““*"""‘-TTT”’ =7 UK ['enrepa-Mrosnepa. MccneayeMbId paaHoak -

ANEKTPOHHOW MOANUCHIO pasMeIlleH Ha JepkaTerne, CBOOOTHO IEpeMe-

CepTudimkar: 12000002A633E3D113AD425FB50002000002A6 TI7IS1 H3MEepEHHS PACCTOSHIS MEKIY CUETIHKOM
Bnapeneu: lebayxoea TatesaHa AnekcaHgpoeHa _ ”

bHAS JIMHEHKA, a Ha JiepkaTene oOpasliia HaHece -

[eircteurenen: c 20.08.2021'no 20.08.2022 i Hﬂﬁﬂp TOHKILX aJIIOMITHHEBBIX TUIACTHH, ITOMC -
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IMICHHBIX Had CIICHHAJIIbHOM JCPXKATCIIC. TomiHa KaXIoH IUIaCTHHBI YKd3dHd Hd KOJIBIIC
ACPKATCIIA.

Yrazauua no mexHuxe d ezonacHocmit.

1. K BBIITOIHEHHIO JTa0OpaTOPHBIX PpadOT JOITYCKAIOTCA CTYAEHTBI, H3YUHBIIME ITpaBHIIA
TEXHHKH O€30ITaCHOCTH.

2. JlaGopaTtopHble pabOTEI MOT'YT ITPOBOAHUTHCS TOILKO ITOA PYKOBOJICTBOM H HAOIIOJICHHEM
ITpeTOlaBaTENs.

3. Pacnoyaranre rmpHOOPEL, MaTepHalbl, 000pPYI0BaHIe Ha pabouyeM MeCTe B IOPSIKE, VKa-

3aHHOM ITPEIOIaBaTEIEM.

4. He mepxute Ha pabodeM CTOJIe IPpeAMETHI, He TPeOVIOMIMECS AJI BEOTOTHEHH S 33 JaHHsL
[lepen TeM, KaK IPHCTYIMHTL K padoTe TIMATEIBHO M3YUHTE €€ OITHCaHHe, YSACHHTE XOJI
BBITTOITHEHHS PabOTHI.

3aoanuai.

1. BKIIrounTs 1mpHOOpEl VCTAaHOBKH M 1aTh MM ITPOIrPEThCA B TeueHHe 10 MHH.

2. YCcTaHOBHTE Ha CYeTYHKe pabouee HAIPsDKEHHE H OMPEJSIHTh «(OH» CUeTYHKa.

3. IIoMeCTHTE B «JJOMHK)» HCCIIEIYEMBIH HCTOUYHHK OeTa-H3IIYUYEHH I H OIPEAEIMTh Havyallb -

HYIO HHTEHCHBHOCTE OeTa-U3ITyYeHHS ITPH OTCYTCTBHH ITOTTIOTHTEIA.

hd

4. HEHGHI:-SYH Hﬂﬁﬂp AJIFIOMITHHCBBIX IINIACTHH., CHATH 34dBHCHMOCTL HHTCHCHBHOCTH OeTa-
H3JIYHCHIA OT TOIIITHHBI d TIOTTIOTHTETISL. HDCTPGHTL ITO ITOJIVHEHHBIM JdaHHBIM KPHBVYIHO ITOI'TIO-
ITIEHIA.

R
5. B nemix Gomee TOYHOTO OQIIPEACIICHHA MaKCHMAIIBEHOI'O Hpﬂﬁﬂl"ﬂ MAKE SKCTPAIIO-

TISIIHIO HEOOXOIHMO ITPOH3BECTH IO I'paHKy KpHBOH ITOITIOIIEHHS (II0 OCH OPAHHAT OTKIIaJbI -
BAIOT 3HaueHHI In/, a mo ocu abcirxce — d).

- R
0. Ucrome3ysa popmyny (8) H HaHAEHHOE ITyTeM SKCTPAIlOISIHH 3HaYEHHE wic  OTIPE-

JTEITHTH BeIIHUHHY MaKCHMAJILHOI SHEPTHH OeTa-yacTHII,
7. OLIeHHTh MOTPEIHOCTh Pe3yIIbTaTOB.

AOKYMEHT MNOANUCAH »IEMEHTAPHBIX YACTHII OT PACCTOAHNA 0 HC-
SNEKTPOHHOW NMOANMMUCHIO

Ceptudmkar:  12000002A633E3D113AD425FB50002000002A6 3JIy'ICHU H
Bnageneu:  lWe63syxosa TatbAHa AnekcanapoBHa b BpeMs perucrpanui 10 ceKyHI.

HewncrenteneH: ¢ 20.08.2021 no 20.08.2022
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3. YCTaHOBHTHh HAYaAIIbHOE PaCcCTOAHHC R MCAHAY CHOHHTHILIHITHOHHBIM 3KPAHOM H IIPCIId-
PaTOM, COOTBETCTBVYIOII[CC H}*’HEEGﬁ TOYKE IITKAJIBI.

4. HGHGHLB}"H YCTAHOBKY, OIIPCACIINTE HHTCHCHBHOCTD I JNMEMEHTAPHBIX YACTHIL JIJIA
HAYaJIBHOI'O PACCTOAHITA R.

5. YBEIHYHTE pacCTOSHHE MEXKIY 3KPaHOM H ITperaparoM Ha 0,5 ¢cM H ITIOBTOPHTH H3MepE -
HHSI HHT€HCHBHOCTH.

6. IIpomomxkas yeenHuuBaTh paccTosHHSI R depes 0.5 ¢M, IIOBTOPSTE H3MePEHHS HHTEH -
CHBHOCTH 3JIEMEHTAPHBIX YACTHI[ IO BCEH JJIHMHE JIMHENKH ITpHOopa.

7. Ilo momy4yeHHBIM JaHHBIM IOCTPOHTH I'padHK 3aBHCHMOCTH [ = f (R) m ompexmenurs
cpeaHHI Ipoder Ry, sKcTparompoBaHHEIN R, 1 mapaMeTp pasdpoca s.

8. IIpomuddepeHimporas rpadpuiyecku moryuyeHHy0 KpuByo [ = f (R) ompeennurs cpej -
dl
(R

HHH 1Tpo0er Ry Kak adcIipiccy MaKCHMyMa KPHBOH: dR o

9. OLIEHUTH MOr'PEIHOCTE PE3YIIHTATOB.
Cooepacarnue omuemada.
OT4eT 110 J1adopaTOpHEIM padoTaM JONIKHEL COAEPKATE:
- THTYJIbHBIH JIHCT,
- LIETIb PadoTHI,
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OITpeIelIeHII, TTOHSTHI, (POPMYTI,
- OCHOBHOE 000PYIOBAHHE, CXeMa YCTAaHOBKH,
- OIIHCAHHE 10 ITYHKTAM BEITIOJIHEHHOMH PalOoTHI,

- pe3yIbTaThl H3MEPEHHH H pacyeToB (TaOmHIlbL, TPapHKH),
- OLIEHKA ITOTPENIHOCTEH,

- OTBETBI Ha KOHTPOJIbEHBIC BOIIPOCHI,
- BRIBOJIBL 110 PE3YIIbTATAM BBHITTOITHEHH OH pﬂﬁGTLI:, HdaTa, ITIOAITHCE.

Kounmponsusie 6onpocot.
Yro Takoe pagHoaKTHBHOCTE? BHIBI pa iOaKTHBHOIO H3TYYEHHS.

OusnyecKkasd nmpupoga @ - B H V - H3IyYeHHH.

MeToBl perHCTpallHH PagHOaKTHBHBIX H3ITYUYEeHHI.

OrmicaTth padoty cuerurka I 'enrepa-Mrojiepa.

CdopmymHpoBaTh ITpaBHIa PaJHOAKTHBHOIO H3ITYYESHH .

3amicaTh (popMyITy paJHOaKTHBHOIO pacrHaja. IlouyeMy KilacCHYeCKHH MeTOJ He OOBSIC-
HSeT IpHpoay ¢ -pacriaga?

Ormcare @ -pacraj ¢ IMO3HIMH KBAHTOBOH MEXAHHKH.

DA

OrmcaTh B -pacriaji ¢ IIO3HIH KBAHTOBOH MEXAHHKH.

9. B 4ueM 3akmroyaeTcs METOJ OIIpeAelIeHHS JIIHMHBEI CBOOOJHOrO Ipodera 3rneMeHTapHOH
YACTHIIEI B JaHHOH padore?

10. Bammcars Gopmyny ['elirepa.

11. B yem 3aKimroyaeTcs MeTOJ OIPeIeleHHS SHEPIHH AJIeMeHTapHBIX YacTHIL (MeTO/, TIOITIO-
IeHHT)?

5. Yuebno-memoouueckoe u unghopmauuioHHoe ovecneuerue 0UCUUNTUHBL

3.1 Ilepeuens 0CHO6HOU U 00ONOJIHUMENILHOIL JILMEPAMYypPbl, HEOOX00UMOU 014 0C60¢€-
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1. @u3uKa I719 By30B: MeXaHHKa H MOJIeKyILIpHas (pH3HKa | OIeKTpOHHBIH pecype|: yuel-
HHUK / B.A. HukepoB. - MockBa : M3maTenbcko-Toproasi Koproparms « JlamkoB H K, 2017. -
136 c¢. : Tabm., rpad., cxem. - ISBN 978-5-394-00691-3;-URL: http://biblioclub.riv/index.php?
page=book&id=450772

2. TameikoBa-bymkepny, M., @usuka : B 2 4. / M. M. Tanmumikora-bymkepud. — 2-e
3., Hcrp. — Murck . Bermmsinmag mkona, 2014, — Y. 1. Mexanrka. MornekynnsgapHas (pH3HKa H
TEPMOAHHAMHKA. JJIEKTPHYECTBO H MarHeTHsM. — 304 c. : ui., cxeM. — PeXuM gocTyIa: I1o
rmommcke. — URL: http://biblioclub.rw/index php?page=book&1d=235732

3. TameikoBa-bymkernu, M., Ou3uka : B 2 u. / M.HU. TamumikoBa-bymmkeBuy. — 2-e
H3., HCITp. — MuHCK ;| Beinmsrmmnas mkoma, 2014, — Y. 2. Ontuka. KBanTopast gmsmka. CTpoeHHe

1 (pH3HUEeCKHe CBOICTBA BemlecTBa. — 232 ¢. : WII., cXeM., TaOn. — Pe)XHM JJOCTYIIA: 10 TTOJIIHCKE.
—URL: http://biblioclub.rw/index.php?page=book &1d=460883

3.1.5 Ilepeuens 0onoiHumenbHOU TUMEPAMYPLL:

1. Jleximu 1mo y4yeGHOH IHCIMITIHHE «OCHOBBI TEOPETHUYECKOH (DH3HKI». DIeKTPOIH-
HaMHKa. [ OIeKTpoHHEIH pecype] : yueOHoe mmocobue / E .M. Kyxaph. — DOIeKTpOH. TEeKCTOBBIE
IaHHBIe. — Bomrorpaja: Borrorpaickmil rocyJapCTBEHHEBIN COIHAIIBHO-TIEAAT OTHYECKHI YHH -
Bepcurer, 2017. — 57 ¢. — 2227-8397. — Pexum poctyma: hitp://www .iprbookshop.iu/
70731 .html

2. HuxepoB, B.A. ®u3nka: coppeMeHHBIH Kypc / B.A. HuxepoB. — 2-e n3n. — Mockga :

HM3maTernscko-Topropast Koprioparus « JJammkos 1 K°», 2016. — 452 ¢. : wi. — Pexam gocTyma: 1o
nommicke. — URL: http://biblioclub.rnv/index. php?page=book&1d=453287.

3.2 Ilepeuens yuedHOo-MemoouUuecKozo 0becneueHus camocmoameyibHou pabomst 00y-
Yarowuxca no OUCUUNIIUHE

1. Metomyeckue peKOMEHIAIMH JJIS IO OTOBKH K J1a00PaTOPHBIM 3aHSATHAM I10 JHC-
IPIUIHHE « DH3HKaY.

2. Meromyeckie peKOMEHJAIIHH 10 OPTaHM3alHH CAMOCTOSTEIILHOH PadOTHl CTYIEHTOB
I10 JUCIHILIHHE « DH3HKA .

3.3 Ilepeuens pecypcoé UHPOPMAUUOHHO-MENEKOMMYHUKAUUOHHOU cemu Humep-
Hem, Heo0X00UMBIX 0J11 0C6 0€HUA OUCUUNTTIUHbI

1. http://www .biblioclub.ru -3BC "YHuBepcureTckass OHOIHOTEKA OHIAHH"

2. http://www iprbookshop.rw/ - BnexkrponHo- 6udimoreyHas cuctema IPRbooks

3. http://e.lanbooks.com - OnexTpoHHO-0HOIHOTEYHAS cHeTeMA JIaHb
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MUWHHCTEPCTBO HAVKHU U BBICIIET' O OBPA3SOBAHU I POCCUNCKON GEJIEPAITUU
OEJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIBHOE YUPEXJIE-
HHUE BLEICIIEI'O OBPA3OBAHUA
«CEBEPO-KABKA3CKHWU ®F IEPAJIBHBIM YHUBEPCUTET»

[Iaruropckwit HHCTHTYT (proman) CKOY

MeTtoanueckne peKOMEHIALNH

10 OpraHH3al[HH CaAMOCTOSTelIbHOH paboThl 00y YaFOIIHXCS
1o gucipnumiHe « DUSHKA»
IUIS CTYAEHTOB HallpaBJIeHHA ITIOATOTOBKH /CIIEIHAIbHOCTH
10.03.01 MHpopmarmoHHass 0e30I1acHOCTh, be3onacHOCTh KOMITEIOTEPHBIX CHCTEM

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

99



ComepKaHHE

BBeeHie
1 OO0Iras XapaKTepHCTHKA CaMOCTOSTENBHOH paboThl 00YyYarOIIerocs IpH H3yUe-

HUH THCIHITIHHBL « DU3UKA»

2 [TnaH-rpadHK BEITOTHEHHS CaMOCTOSTEIbHOIH paOoTHI
3 KOHTPOIBHEIE TOUKH M BHIBI OTUETHOCTH 110 HHM
4 MeToanyecKkue peKOMeHIaIlHH 10 H3YUEHHIO TEOPETHYECKOI O
MaTepHaia
5 CIIHCOK PEeKOMEHIYEMOH JIMTEPATYPHI.
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BBeaeHue

CamocrosrenpHasd padoTta — IUIaHHpyeMas yueOHas, y4eOHO-HCCIeIOBaTelIbCKas, Ha-
YVUHO-HCCIIeOBaTelIbcKasl padoTa CTYJEHTOB, BBINIOJHSAEMAas BO BHeayJIHTOPHOe (ayJIHTOPHOE)
BpeMS 110 3aJlaHHIO M IIPH METOAHYECKOM PYKOBOJCTBE IIPEITOAaBaTeNsd, HO 0e3 ero Helocpes -
CTBEHHOr0 Yy4acTHSA (IpH YacCTHYHOM HEMOCPeACTBEHHOM YYaCTHH IIpeItofaBaTelIs, OCTaB-
JISTEOIIEM BeAYIIMYIO POJIb 3a Pa0OTOH CTYIEHTOB).

CaMocTosrebHasa padoTra CTYAEHTOR B BY 3¢ SBIgeTCSA BaXKHBIM BHIOM YueOHOH H HayY -
HOH JIESTEIIbHOCTH CTYIeHTa.

Beayimas 1eimp opraHus3aiii H ocyIecTBIeHHsI CPC TonKHa COBITAIaTh C LENbI0 00yYe -
HHS CTYJEHTa — IIOATOTOBKOH OakamaBpa C BBRICIIIMM oOpazoBaHHeM. lIpm oprammsaipm CPC
Ba;KHBIM H HEOOXOJHMBIM YCIIOBHEM CTAaHOBSTCS (POPMHPOBAHHE YMEHHS CAMOCTOSTEILHOH pa-
OOTHI IJI1 IIPHOOPETEHHS 3HAHHH, HABLIKOB M BO3MOXKHOCTH OpraHH3alMH YueOHOH M Hay4YHOH
IEeSTEIbHOCTH.

[{enpro caMOCTOSTENILHOH PabOoThl CTYJEHTOB SBIISIETCS OBIaJeHHe (DYHIaMeHTaIbHBIMH
SHAHHSMH, ITPO(PecCHOHATIBHBIMH YMEHHSMH H HAaBBIKAMH JESTEIbHOCTH IT0 IIPOQHIIO, OIBITOM
TBOPUYECKOH, MCCIEN0BATEILCKOH JIEATEIPHOCTH. CaMOCTOSTENIRHASL padoTa CTYIAEHTOB CIIOCO0-
CTBYET PAa3BUTHIO CAMOCTOSTEIIBHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH, TBOPYECKOIO

MTOAX0/a K PellleHHIO ITpo0jieM yu4eOHOr o H ITPo(eCCHOHAIBHOIO YPOBHSIL.
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O0Ian XxapakTepHCTHKA CAMOCTOATEILHOI padoThl 00y4arolierocs NpM H3yYeHHH

JHCIHILIHHLI «PH3IHKA)

CaMocTosrellbHasad padora - IIaHHpyeMas yueOHas, yueOHO-HCCIedOBaTelbCKas, Ha-
VUHO-HCCIIEJOBaTeIbcKasl pad0oTa CTYJEHTOB, BBINIOJHSAEMAas BO BHEayJHTOPHOEe (ayJIHTOPHOE)
BpEMS I10 3aJlaHHIO M IIPH METOAHYECKOM PYKOBOJCTBE IIPEITofaBaTels, HO 6e3 ero Helmocpes -
CTBEHHOIO0 y4JacTHSA (IIpH YacCTHYHOM HEMOCPEACTBEHHOM VYYAaCTHH IIPEINIOJaBaTells, OCTaB-
JISTFOIIEM BeAYIIYIO POJIb 3a PaOOTOH CTYJIEHTOB).

CaMocTosrebHasa padora CTYAeHTOB B BY 3¢ gBIgeTCa BaKHBIM BHIOM YueOHOH H Hay4 -
HOH JeSATEIbHOCTH CTYIeHTa. CaMOCTOSTENbHAA padora CTYAEHTOB HIPAeT 3HAUHTEILHYIO POIIb
B PEHUTHHITOBON TeXHOIOIHH OOyueHHS. B CBS3H ¢ 3THM, o0yueHHe B BY 3e BKIO4YaeT B cels
IIBE, IPAKTHYECKH OAMHAKOBBIE IT0 OOBEMY M B3aHMMOBIIMSHHIO YacTH — IIpoIecca OOYUEHHSI H
nporiecca camoo0OyueHHs. Iloatomy CPC nmomxHa craTh 3(p(QeKTHBHOM H IelIeHaITpaBIeHHOH pa-
OOTOH CTYJIEHTAa.

K coBpeMeHHOMY CITEI[HAIIMCTY OOIIECTBO MPEeABABILET JOCTATOYHO IMMHPOKHI IIEPEUYEHB
TpeOOBaHUIL, CpeIH KOTOPEIX HEMAJIOBAKHOE 3HAUEHHE HMEET HaJIMYHE Y BBITYCKHHKOB OITPEJIE -
JIEHHBIX CITOCOOHOCTENH M YMEHHS CAMOCTOSTEILHO JOOBIBATh 3HAHWA M3 PA3IIMYHBIX HCTOYHMH-
KOB, CHCTEMAaTH3HPOBATh ITOJIYYEHHYIO HH()OPMAIIHIO, JaBaTh OL[EHKY KOHKPETHOH (DHHAHCOBOM
curyariii. QOopMHPOBAHIE TAKOI'0 YMEHH S IIPOUCXOIUT B TEUEHHE BCETO IIEPHO 1A OOYUEHI YE -
Pe3 VUYACTHE CTYJECHTOB B IMPAKTHYECKHUX 3aHSITHSIX, BBITOIHEHHE KOHTPOIBHBIX 3aJaHHI H TE-
CTOB, HAITHCAaHHE KYPCOBBIX H BBITYCKHBIX KBaIH(HKAIHOHHEIX pabor. IIpH 3TOM caMOCTOS-
TelIbHas padoTa CTYJIEHTOB HI'PAcT PEMIAIOIYIO POIIb B XOJI€ BCEro YUeOHOro ImpoIlecca.

Beayimas 1ens opraHuszalii H ocyiecTBIeHHS CPC monkHa COBIIAAaTh C IENBIO 00yYeE -
HUS CTYJIEHTa — IMOATOTOBKOM CIIEIHAIMCTa M OaKalaBpa ¢ BEICIIHM oOpaszoBaHHeM. lIpH opra-
HH3anH CPC BaKHBIM H HEOOXOIZHMBIM YCIIOBHEM CTAHOBATCS (POPMHPOBaHHE YMEHHS CaMo -
CTOSITEIIBHOHN PaloThI 1S MIPHOOPETEHH S 3HAHHI, HABLIKOB H BO3MOKHOCTH OpraHH3aIHH y4el -
HOH M HAYYHOM JeSATEIBHOCTH.

DOpPMBI CaAMOCTOSATEINBFHON PadOTHl CTYAEHTOB pasHOOOpa3Hel. B COOTBETCTBHH ¢ pado-
YeH IIPOrpaMMON JHCIMIUIHHEL ITPEAYCMOTPEHBI CIEAVIOIHME BHALI CaMOCTOSTEIIEHOH PadOThI
CTYJIEHTA:

- CAMOCTOSTEIIFHOE H3YUEeHHE JIHTEPaTYPHI,

- CAMOCTOATCIIBHOC PCIICHHE 3a/da'.
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3ad auamu caMOCTOSITEIIBHOIO H3YUEHHS JINTEPATYPhI SBJISIOTCSIL

o yIyOJlIeHHE H pacIHpeHe TeOPeTHYECKHX 3SHAHMI,

o (bOpMHpPOBaHHE YMEHHII HCIIONB30BaTh HOPMATHBHYIO, IIPABOBYIO, CITPABOYHYIO
TOKYMEHTAIIHIO H CIIEIHAIIEHYIO IIHTEPaTYpPYV,

o Pa3sBHTHE ITO3HABATEIBLHEIX CITOCOOHOCTEH H aKTHBHOCTH CTYIEHTOB.

Ilens camocmoamenbHozo pewteHUA 3aday - OBIaJieHHE ITpo(ecCHOHATbHBIMH YMEHH-
SIMH 1 HaBBIKaMH JIeITeIIbHOCTH 10 ITPO(HITIO Oy yIleH AesTelIbHOCTH.

3a0auamu cCaMOCTOSITEIILHOIO PEIlleHHS 3a0a4 SBIISIOTCA:

o CHCTEMATH3ALI M 3aKpellJIEHHE ITOINYUYEHHBIX TEOPETHUYECKHX 3HAHHI H ITPAaKTH-
YECKHX YMEHHIH CTYJIEHTOB,

o (pOpMHPOBAaHHE CAMOCTOSTEILHOCTH MBIIIEHHS, CIIOCOOHOCTEH K CaMOpa3BH-
THIO, CAMOCOBEPIIIEHCTBOBAHHIO H CaMOPeaTH3aI[HH,

° PasBHTHE HCCIIEeI0BATEILCKHX YMEHHI.

Ilenvro camocmoamenbHozo 6bINOJHEHUA KOHMPOIbHOU padomst 110 TUCIHILIIHMHE SIB-
I9eTCA OBJaJieHHe (PYHIaMeHTAIbHBIMH 3HAHHSIMH, ITPOo(pecCHOHATLHEIMH YMEHHSIMH H HaBBI-
KaMH JeSTeIbHOCTH I10 ITPO(]HITIO, OIBITOM TBOPYECKOH, HCCIIeA0BATEIbCKONH AeATEILHOCTH.

3adauamu JaHHOTO BHAA CAaMOCTOSTEILHON PabOTHl CTYIEHTA SBJISFOTCS:

o CHCTeMATH3alMA H 3aKpellIeHHe TIOTYYEeHHBIX TEOPETHYEeCKHX 3HAHMIH H ITPAKTH-
YeCKHX YMEHHI CTYIEHTOB,

o yIIIyOIIEHHE H pPacCIIHpeHe TEOPETHYECKIX 3HAHHII,

o (popMHpOBaHHE YMEHHH HCIIOIF30BaTh HOPMAaTHBHYIO, IIPABOBYIO, CIIPABOYHYIO
TOKYMEHTAIIHIO H CIIEIHAIIEHYIO IIHTEPaTYpPYV,

° Pa3BHTHe IO3HABATEIbHBIX CIIOCOOHOCTEN H aKTHBHOCTH CTYAEHTOB: TBOPYECKOH
HHHITHATHBEI, CAMOCTOSATEIIbHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH,

o (pOpMHPOBaHHE CAaMOCTOSTEILHOCTH MBIIIEHHS, CIIOCOOHOCTEH K CaMOpa3BH-
THIO, CAMOCOBEPIIIEHCTBOBAHHIO H CaMOPeaTH3aI[HH,

o Pa3sBHTHE HCCIIeIOBATEILCKHX YMEHHIT,

° HCITONIB30BaHHe MaTepHala, COOpPaHHOIO H ITOIYYEHHOI'O B XOJ€ CaMOCTOSTEND -

HBIX 3aHSTHH Ha CCMHHdApPadXx, Hd IIPAKTHYCCKIIX H HﬂﬁﬂpﬂTGpHLD{ 3aHATHAX, IIPH HAITHCAHHH KY]P-

COBOH padOTEL
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B pesynpTare OCcBOEHHSI JHUCIHIUIHHEL (DOPMHPYIOTCS CIEAYIOIIHI IepedeHb ITIaHHPY -

EMBIX PC3YJIbTATOB Gﬁ}”IEHI[H II0 JHCIHIUTMHE, COOTHECEHHEBIX C ITIaHHPYEMBIMH PE3YIIbTATdAMIL

OCBOEHHS 00pa30BaTelIbHOH IPOrPaMMBbI:

Kom, ¢ opmymipopka KoMITe- Kox, dhopMmynHpoBKa HHIHKA-
TEHI[HH TOpa

[ImaHHpyeMbIe pe3yIIbTaThl
00yuYeHHS 110 JHCIHIUTHHE
(MOJYIIO), XapaKTEePpH3YIOIITHE
STarbl () OPMHPOBAHIS KOMIIE-
TEHIHI, HHIHKAaTOPOB

HUJ1-1 onx4 3HATE: PHIHYECKHE
3aKOHBI H MOJIEIIH, HEOOXO-
IHMEBIE IIPH PEIIEHHH 3a71a4 B
OIIK-4. CriocoOeH MpHMEHATh | IMpodecCHOHAILHOM JIeTellh-
HeOOXOHUMbIE (PH3IHUECKHE HOCTH.

3aKOHBI M Moger A1 perteHus | MJ{-2 onxs YMETH: IIPHMEHSTH
3a71a4 IMpodecCHOHAIBHOH Jied- | HeoOXOMHMBIE (DH3HYE CKHE
TEILHOCTH 3aKOHBI H MOJIETH IS PEIIIe-
HIS 3a71a4 ITpodeccHOHaIbHOR
NEATEIIFHOCTH.

3HaeT OCHORHEIE (PH3HYECKHE
SIBIIEHHS H 3aKOHBI MeXaHHKH,
BIEKTPOTEXHUKH, TEIJIOTEX -
HHKH, OIITHKH H SIAePHOH (PH-
3HKH H HX MaTeMaTHYECKOE
OITHCAHHE, METOABI aHAIIH3a
(pH3HYEeCKHX SBJIEHHH B TeX-
HHYECKHX YCTPOHCTBAX H CH-
CTEMaX,

YMeeT MpHMEHSTE (pH3HYE-
CKHE 3aKOHBI MEXaHHKH, MO-
TIEKYIISIPHOH (PH3HKH, Tep-
MOJIHHAMHKH, 3JIEKTpPHYECTBA
1 MarHeTH3Ma JJIS PEIeHHU S
THITOBEIX 3a7[aY.

Brajgeer 3HaHHSIMH (DH3HYE-
CKHX SIBIIEHHH, 311eMeHTapHBIX
OCHOB OIITHKH, KBAHTOBOH
MEXAHHKH H aTOMHOH (D H3HKH.
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ILman-rpauk BbIIOJIHEHHA CAMOCTOATEIbLHOH PadOThI

K OfbI peaim OO0BEM YacoOB, B TOM YHCIIE
3yEeMBIX KOMIIE- Bu gesrensHOCTH Cpectaa I K OHTaKTHAS
_ TEXHOJIOTHH padora c
TEHI[MH, HH]IH- CTYIEHTOB CPC Bcero
kaTopa(oB) OIIEHKHU TIIpeIoaa-
BaTeleM
1 cemecTp
CaMOCTOSTEIIFHOE
OTTK-4 H3YUYEeHHE JINTepaTypel | KoHCIEKT 14,58 1,62 16,2
-1 1o TeMaM Nel-18
=1 0OIME-4
IIoaroToBKa K IEKIH-
UIT-2 o HMM U1 Komemexr 2.43 0,27 2.7
[ToaroroBka k mado- S 729 0.81 g 1
PaTOPHBIM 3aHSITH M
Hroro 3a 1 cemecrtp: 24,3 2,7 27
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KﬂHTpﬂﬂbeIE TOYTKH H BHIbI OTHUCTHOCTH 110 HHM

No BHj nesaTelbHOCTH CTYIEHTOB CPOKH BEITION- Komiue-
/I HEHH cTBOOAIIIOB
1 cemecTp

1. JlabGopatopHas padora Ne 4 0 Hexens 25
2. JlaboparopHas padora Ne 10 10 Hemena 15
3. JlaboparopHas padora Ne 17 16 Heena 15

Hroro 3a 1 cemectp S5
Hroro S5

MaxcHMambHO BO3MOIKHBEIH Oallll 3a Bech TEK}*’H.[Hﬁ KOHTPOJIb YCTAdHABJIIBACTCA PdABHBIM

55. TEK}"H_[EE KOHTPOJIIbHOC MCPOIIPHATHC CHHTACTCA CAdHHBIM, CCIIH CTYACHT IIOIIYHHII 34 HCI'O

He MeHee 60% OT YCTaHOBIIEHHOI'O JJIS ATOr0 KOHTPOJISI MAaKCHMAaIbHOro 0ajuia. PENTHHIOBEIH

6&]1]1:, BBICTABIISIEMBIH CTYACHTY 34 TCKYHICC KOHTPOIBHOC MCPOIIPHATHE, CAdHHOC CTYACHTOM B

YCTAHOBJIEHHBIE TPa(PHKOM KOHTPOJIbHEIX MEPOIIPHSTHI CPOKH, OIpelelsieTcs CleIyFOIHM

o0pazoM:

YPIDEEI{B BBITTOIIHCHHA KOHTPOJIBHOI'O

PelrTHHTOBBIH 0aint (B % 0T MaKCHMAaJILHOIO Oarl-

3aJ[aHI S Ta 3a KOHTPOIbHOE 3aJaHHE)
OTIHYHEBIN 100
XOPpOIni 80
Y IOBJIETBOPHT EJILHBII 60
HeyaoBiaeTBOpUTEIBHEII 0
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MeTomiyeckne PEKOMECHIAIIHHA 110 H3YYUCHHIO TCOPETHYECCKOI'0O MAaTEPHAJIA

CamocTosrenbHasa padoTa CTYAeHTa HAUMHAETCS C BHHMATEJIbHOIO O3HAKOMIIEHHS C CO-
Iep kaHHeM yueOHOro Kypca.

M3yuyeHHe KaXI0H TeMBI CIIeAyeT HAYHHAThL ¢ BHHMATEIIbHOI O O3HAKOMIEHHS ¢ HaDopoM
BOITPOCOB. OHH OPHEHTHPYIOT CTYAEHTA, TTOKAa3bIBAIOT, YTO OH JOJKEH 3HATH I10 JAaHHOH TeMe.
Bormpocel TeMbl KaKk OBl HAaKIIaABIBAIOTCS HA COOTBETCTBVYIOIIVIO ITIaBY H30paHHOro yueOHHKa
WIH y4eOHOro ITocoOHus. B HTOre JOMKHO OBITH SICHBIM, KaKHE BOIIPOCHI TEMBI YUEOHOI'O Kypca H
C KaKOH I''TyOHMHOH PAacKpBITEI B KOHKPETHOM YueOHOM MaTepHale, a KaKkHe BOOOIIE OITYIIEHEI.
TpeOyeTcsa TROPUECKOE OTHOIIEHHE H K CAMOMY COAEPKAHHEO JHCIHILIIHHEL

BoImpockl, COCTaRISIOIIIE €& COAep KaHHe, 00Iaar0T pa3HOH CTeleHbIO BaKHOCTH. ECTh
BOITPOCHI, BBIMONHSIOIIHE (DYHKI[HIO JIOTHYECKOH CBS3KH COAEP KaHHS TEMBI H BCErO Kypca,
HMEIOTCS BOIIPOCHI OIMHCATEIFHOI'O HIH Pa3bsICHHTEIILEHOIO XapaKTepa, a TaKKe HCTOPHYECKOIO
AKCKypca B 00IacTh HM3y4aeMOH MHCIIHIUIMHEI. BCce BTH BOIIPOCHI HE COCTABIISIFOT CYTH ITOHS-
THHHOI'0, KOHIIENITYAJIbHOI'O COAEPKAHHS TeMBI, HO HEOOXOANMBI IS LIETOCTHOIO BOCIIPHSTHS
H3y4YaeMbIX ITPOOIEM.

M3y4yaeMass QUCLIHIUIMHA HMEET CBOH KaTer OpHaJIbHO-TIOHSTHIHEBIN arrapar. HayuHele
IIOHATHS — 3TO Ta 0a3a, Ha KOTOPOH CTPOHUTCH Kakaasd HayKa. [IOHSTHS — Y3II0BEIE, OIIOPHBIE
ITYHKTHI KaK HAYYHOI'O, TaK H Yu4eOGHOI'O IT0O3HAHHS, JIOTHYECKHE CTYIIEHH ABIDKEHHS B yueOe OT
IIPOCTOrO K CIIOKHOMY, OT SBIEHHS K CYII[HOCTH. be3 ACHOI 0 IIOHHMMAHIS ITOHATHH yueba KpaitHe
3aTPYAHSIETCS, a COAEePKaHHE IIPHOOPETEHHBIX 3HAHHH CTAHOBHTCS TYCKIIBIM, PACIIIIBIBYATHIM.

CTYIEHT JOIKEH IIOHHMMATh, YTO CAMOCTOSATEILHOE OBIAJcHHE SHAHHSIMH SBIISETCS IT1aB -
HEIM, OIPEIeILIONMM. BEICIas IKOIa CO3MacT IS 3TOr0 HeOOXOIMMEIE YCIOBHS, IIOMOIacT
OyIyHIEMY BBICOKOKBAJIH(PHIIHPOBAHHOMY CITEIHAIHCTY OBIAJIETh TEXHOIIOTHEH CaMOCTOSTEIb-
HOI'O IIPOH3BOJICTBA 3HAHHII.

B camocTosreapsHOH padoTe CTYAeHTaM IIPHXOJAHUTCA HCIIOIB30BATh JIHTEPATYPY Pas3iiid-
HBIX BHIOB. IEPBOHCTOYHHKH, MOHOIrpa(HH, HayyHble COOPHHKH, XPeCTOMATHH, YueOHHKM,
yueOHBIE TTOCOOHSL, KypHalbl M Op. M3ydeHHe Kypca IpeAronaracT 3HAKOMCTBO CTVYAEHTORBR C
OONBIIIMM 00BEMOM HAYUYHOH H YUeOHOH JINTEPATYPRI, YTO, B CBOIO OUEPEdb, ITIOPOKAAET HEOD -
XOJIMMOCTD BEIPAOOTKH Y HUX Pal[HOHAILHO-KPHTHYECKOI'O ITOAX0Aa K H3YyUYaeMbIM HCTOUYHHKAM.

Y100k HE «YTOHYTE» B OTPOMHOM 00BeMe PEeKOMEHIOBAHHBIX €MY IS H3YUEHHS HCTOY -

HIKOB, CTYJACHT, ITPCAHAC BCCI'O, JOIIKCH HAYVAHTBCAH ITPABHIIbBHO HX YHTATh. HpﬂBHJILHGE HTCHIHC
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[IpenBapHTEIbHBIN ITPOCMOTP KHHIHM BKIIFOYAET O3HAKOMIEHHE C THTYIIBHBIM JIHCTOM
KHHUTH, aHHOTAIIHEH, IIPEANUCIIOBHEM, OITIaBIeHHEM. [IpH O3HAKOMIIEHHH C OIJIaBIIEHHEM HEOOXO0-
ITHUMO BBIZIEIIHTH Pa3fellbl, ITIaBhI, ITaparpadsl, IIpeACcTaBISIONIHE AT Bac HHTepec, Oermno Hx
IIPOCMOTPeTh, HAHTH MecTa, OTHOcsImHecs K TeMe (al0zallbl, CTpaHHIBI, IMaparpadsl), H
ITO3HAKOMHTBCS ¢ HUMH B OOIIHX YepTax.

HayuHble H3aHHI COIMPOBOKIAIOTCS Pa3IMYHLIMH BCIIOMOTraTelIbHBIMH MaTepHaIaMH —
HAaYYHBIM aIlapaToM, IT03TOMY BaKHO 3HATh, M3 KaKIX OCHOBHBIX 3JIEMEHTOB OH COCTOHMT, KaKO-
BEI €0 (DYHKITHH.

3HAaKOMCTBO C KHHI'OH JIYUIIIE BCETO HAUMHATE ¢ H3YUYEHHI aHHOTAI[HH — KPaTKOH Xapak-
TEPHUCTHKH KHHIH, PACKPHIBAIOIIEH €€ COAep KaHHE, HIeHHYIO, TeMAaTHYECKYIO H JKaHPOBVIO
HAITPaBIIEHHOCTL, CBeJcHHSI 00 aBTOpe, HasHAaueHHEe H APYrHe OCOOEeHHOCTH. AHHOTAI[HA
IIOMOI'aeT COCTABUTE ITPEIBAPHTEIIPHOE MHEHHE O KHHUTE.

['ryGxe MMOHATh COoJiep KaHIe KHITH ITO3BOJISIIOT BCTYITHTEIbHAS CTAThsI, B KOTOPOH JAET -
CsI OLIEHKA COAEP KaHHS KHHIH, 3aTparHBaeMOH B HeH IpoOIIeMaTHKH, COAEPKHTCSI HH()OPMAIIHI
O JKH3HEHHOH H TBOpYEeCKOH OHorpa()HH aBTOpa, BBICKA3BIBAIOTCS ITOIEMHYECKHE 3aMeYaHHSL
Pa3bBACHSIOTCA OTJAEIBHBIE TIONOKEHHS KHHIHM, JAKOTCId KOMMEHTApHH H T.1. BOT mouemy
3HAKOMCTBO C BCTYIIMTEIIPHOH CTaThel IPeACTABIISICTCS OYEHh BaKHEIM. OHO ITOMOIaceT CTYICH-
TY COPHEHTHPOBATLCS B TEKCTE padoThl, OOpaTHTh BHHMaHHE Ha €€ HaHOOolee IEHHBIE H BaKHBIE
pas3Ielbl.

Toil Ke LenH COMEHCTBYET 3HAKOMCTBO C OITIABJIEHHEM, ITPEIHCIOBHEM, ITOCIECIIOBHEM.
BecbMa MmonesHBIMH 3JIeMeHTaMH HayYHOI'O arlliapara SBIISFOTCS CHOCKH, KOMMEHTApHH, TalIH-
I[bI, TPAHKH, CITHCKH JIHTepaTypbl. OHH He TOIBKO HIIIOCTPHPYIOT OTAEIbHBIE ITOIOKEHHS
KHHTH HIIM CTaThbH, HO H CaMH II0 ceOe SBIIFOTCS JOMNOIHHTEIbHBIM HCTOYHHKOM HH()OPMAIIHIH
IUTSI YUTATETIS.

Ecim ymraTenns 3aHHTEpecoBala KaKas-TO BBRICKAa3aHHAS aBTOPOM MBICIb, HE HaIlle[IIas
IMOAPOOHOI0 OCBEIIEHHS B JAaHHOM HCTOYHHKE, OH MOXET OOpaTHTLCA K TEKCTY HMCTOYHHKA,
VIIOMHHAEMOI'O B CHOCKE, MO0 K HCTOYHHKY, KOTOPBIH OH MOKET HAaHTH B CITCKe JIMTepaTypHI,
PEKOMEHIOBAHHOM aBTOPOM JISI CAaMOCTOSATEIIEHOIO H3YUEHH.

CyIIecTBYET HECKOIBKO (POPM BeJEHH S 3aITHCEH:

— IUTaH (IIPOCTOH H pa3BepPHYTHIH) — HaHOoIee KpaTkas (popMa 3aIlHCH ITPOYHTAHHOTO,
IIpeICTaBILIONas cOO0H IepeyeHb BOIIPOCOB, pacCMaTpHBAEMBIX B KHHIE€ HJIM CTaThe. PasBep-
HYTBHIH ITUIAH IIPeACTaBIIeT cOoOoH Oomee MOAPOOHYIO 3alHCh ITPOYHTAHHOIO, C JeTaH3alHeH
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— TE3HCHl — KPaTKO C(OPMYIHPOBAHHBIE ITOIOKEHHS, OCHOBHEIE ITOJIOKEHHSI KHHTH,
cTaThbH. Kak mpaBHIIO, TE3HCHI COCTABIIIOTCS ITOCHE ITPeJABAPHTEILHOIO 3HAKOMCTBA ¢ TEKCTOM
HCTOYHHKA, ITPH €TI0 ITOBTOPHOM ITpouTeHHH. OHH ITOMOTAaX0T 3allOMHHTh H CHCTEMAaTH3HPOBATh
HH(pOPMAIHIO.

CocTaBjIeHHE KOHCIIEKTOB

Bomnbnryro pons B YCBOEHHH H ITIOBTOPEHHH MPOMASHHOrO MaTepHalda HrpaeT XOPOIIHit
KOHCIIEKT, COJIepKallliii OCHOBHBIE HJeH IIPOYHTAaHHOIO B Y4eOHHKE H YCIBIIIAHHOTO B JIEKI[HH.
KoHcIekT — 3T0, 1o CyHIecTBY, HAOPOCOK, Pa3BEPHYTHIH IUIaH CBSI3HOTO paccKasa II0 OCHOBHEIM
BOITPOCAM TEMBI.

B kakoii-TO Mepe KOHCITEKT pacCYHTaH (B 3aBHCHMOCTH OT HHAHBHIYAIbHBIX OCOOESHHO-
CTell CTyJeHTa) He TOIBKO Ha HHTEIIEKTYaTbHYIO H SMOI[HOHAILHYIO, HO H Ha 3PHTEIbHYIO
MaMSTh, IIPHYEeM TEKCT KOHCIIEKTa HEPEAKO aCCOLMHPYETCS ellle H ¢ TeKCTOM YueOHHKa HIH 3a-
IHCHIO JeKIHH. [lo3ToMY Ilerde 3altOMHHAETCS COepKaHHe KOHCIIEKTOB, HAITHCAHHBIX pa3dop-
YHBO, C ITOUe PKHBAHHEM HIIH BBIJETIEHHEM pa3psaKOil KITIOYeBEIX CIIOB H (hpas.

CaMOCTOSTEIbHO H3y4YeHHBIE TeMBI ITPeJOCTaBILIIOTCS IIperofaBaTelto B (popMe KOH-

CIIEKT4, IIO KOTOPOMY IIPOHCXOIHT cobeceOBaHHE. TEGPETH‘IEGICHE TEMBI KYPCd (DT,I[EJ]LI—[BIE

EGHPDGLI): BEIHOCHMBIC Hd CAMOCTOATCIIBHOC H3VUCHIIC, ITPCACTABJICHBI HHIKC.
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