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Conepxanue

Beenenue

Llenp 1 3aa4n MU3yUYECHUS TUCHHUILIHHBI
O06opynoBaHKe U MaTepUabI
HaunmenoBanue 1abopatopHbix paboT
Copnepxanue 1a00paTOpHbIX paboT

JlabopaTtopnas pabGora Ne 1. OOpaboTrka pe3yJbTaToB (PU3UYECKOTO
JKCIIeprMeHTa. M3ydeHune ABMKEHUS Tella OPOIICHHOTO MO/ YTJIOM K TOPU30HTY
JlaboparopHas padota Ne 2. 3ydyeHue 3aKOHOB JUHAMHKH MOCTYIATEIBHOTO U
BpaIIaTeIbHOTO JBMKCHHI C TIOMOIIBIO MAIIMHBI ATBYa

Jlaboparopnas paborta Ne3. Onpenenenrne CKOPOCTH MOJETa MyJIH C MOMOIIBIO
(bu3MIeCKOro MassTHUKA

JlaGopaTtopHas s pabota Ned4. Omnpezenenue nepuoaa KoyeOaHud Gu3nIecKoro
MasiTHUKa

JlabopaTopnas paborta Ne5. Onpenenenue kodpduimeHTa BHyTPEHHETO TPEHUS
KUIKOCTH METOJIOM Tajarouiero mapuka (metoq CTokca).

JlabopaTtopnas  pabora  Ne6.  OmnpeneneHue  OTHOUICHUS  YACIBHBIX
TEIIOEMKOCTEH BO3AyXa METOAOM aIuabaTHUECKOTO PaCIIMPEHHS
JlabopaTtopnas pabota No7. M3ydeHne 37eKTpOCTAaTHIECKOTO TOJIA.

Jlabopatopnast pabora Ne8. M3mepeHue CONMpOTHUBICHHUS C TOMOIIBID MOCTa
Yurcrona

Jlabopatopnast pabota Ne9. VccnenoBanue 3MeKTpUUYECKON e TOCTOSHHOTO
TOKa

Jlabopatopnast pa6ota Nel(. 3yuenue sBieHHs JIEKTPOMArHUTHOW MHTYKITUH.

JlaGopaTtopnas padota Nel 1. Onpenenenre ropu30HTATBHON COCTaBJISIONMISH
WHAYKIIMA MarHATHOTO TIOJIST 3eMITH

JlabopaTtopnas pabGora Nel2. HccrmemoBaHue KojieOaHUH B MPOCTOM
K0J1e0aTeIIbHOM KOHTYPE

Jlaboparopuas pabota Nel3. M3mepeHue JUIMHBI CBETOBOM BOJIHBI C TIOMOIIBIO
T paKIMOHHON PEIETKH.

JlabopaTtopnas pa6ora Nel4. M3yuenue BHemHero gororddexra.

JlaGopatopnas pa6ora NelS. M3yueHne sHEPreTHYECKOTro CIIeKTpa dJIEKTPOHOB.
JlaboparopHnas padota Nel6. M3yueHne KOCMHUECKOTO U3ITYUCHHS.
JlabopaTtopnas padora Nel7. [IpoBepka 3akoHa Masroca.
Y4eOHo-MeToan4YecKkoe 1 HHGOPMAIMOHHOE 00eCTieUeHNe JUCIUTLTHHBI
[lepeueHr OCHOBHON M JONOJHUTENBHOM IJUTEPATypbl, HEOOXOAMMOMN s
OCBOCHMS JUCIUILUIMHBI

[lepeuenp y4eOHO-METOIUYECKOTO OOECHEUEHHUs CaMOCTOATEIbHOW paboThI
oOyJaronuxcs mo JUCIUILINHE

[lepeuens  pecypcoB  HH(DOPMAIMOHHO-TEIEKOMMYHHKAIIMOHHON  CETH

Crp.



I/IHTCpHeT, HCO6XOJ]I/IMLIX JJIs1 OCBOCHUA JHUCITUITIINHBI



Bsenenue

JlaGopaTopHble 3aHATHS CO3JAIOT ONTHUMAJbHBIE JUIAKTUYECKHE YCIOBHSA IS
JEeSITeTIPHOCTHOTO OCBOCHHUSI CTYIEHTAMHU COJCPIKAHMS U METOOJIOTHU M3Y9aeMOU JUCIUTLTHHBI
«®Du3nkay, WCIOIB30BaHUE CIEIHATBHOTO JIAOOPATOPHOTO OOOPYIOBAHUS M TEXHUYECKUX
cpeactB. JlaGopaTropHble 3aHATHS 3aHUMAIOT TPEUMYIIECTBEHHOE MECTO IpPH H3YYEHUH
o0menpoPecCHOHANBHBIX ¥ TPOPECCUOHATBHBIX  AWCHUILINH. JlabopaTopHbIe 3aHATHS
MIPOBOJISATCSI C LIENBIO BHIPAOOTKH MPAKTUYECKUX YMEHUN M TPUOOPETEHHS HAaBBIKOB B PEUICHUN
AKCIICPUMEHTHBIX 3alla4, OTPA0OTKU YIPAXKHCHUH, BBITIOJHEHUU YEPTEKEH, MPOU3BOJICTBE
pac4y€ToB U T.II

Lenbto mabopaTOpHBIX 3aHATHH SBISETCS (OPMHUPOBAHUE INPAKTHYECKHX YMEHUH —
npoeCCHOHATBHBIX  (BBITIOIHATE OINpPEICIEHHBIE JEHCTBUS, ONepalud, HEOoOXOAMMBbIE B
MoCcJenymeM B NPO(QECCHOHATBHOW NEATETbHOCTH) WM  y4eOHBIX, HEOOXOTUMBIX B
nocienyoomeil yueOHol IesTeIbHOCTH MO OO0IIeNpo(peCCHOHATBHBIM U PO ECCHOHATBHBIM
TUCUIUTUIHAM.

bubnuorpaduyecknii CIUCOK CONEPKUT CBEIEHUS O CHOPABOYHON JUTEpaType H

JOIIOJTHUTCIBHBIX U3JaHUAX, H606XO,I[I/IMLIX JUIA erIY6J'ICHHOF 0 U3YUYCHHA OTACIIbHBIX BOIIPOCOB.



1. I]enw u 3a0auu uzyuenusn OucCyuUnIUHbL

[{enbto ocBOeHUS TUCHUIUTMHBI « DU3HKa» ABISETCS (OPMUPOBAHUE Y CTYICHTOB
KOMITICTCHIIMIA ITO3BOJISIFOIIMIA BEIPA00TATh HABBIKK (PU3NUYCCKUX UCCIICIOBAHUM B chepax
aKaJIeMUYeCKOU, TPOPECCHOHATIEHON 1 OOIIIEHAyYHON JCSATEIHHOCTH.

33.,[[3.‘-11/1 OCBOCHUA NJUCHUIIIINHBI:

- M3yuY€HHUE 3aKOHOB OKPY’KAIOIEro MUpPa B UX B3aUMOCBSI3U;

- oBnaaeHue (yHIaMEHTAIbHBIMU NMPUHIUIAMHA U METOJAMH PEIIEeHUs] HayYHO-TEXHUYECKUX
3ajay;

- (¢opMuUpOBaHHE HABBIKOB IO MPUMEHEHUIO TMOJIOKEHUH (yHAaMEHTANbHOH (GU3UKH K
rPaMOTHOMY HAy4YHOMY aHaJU3y CUTyallUuid, C KOTOPHIMH WHXKEHEpPY MPUXOAUTCS
CTaJIKMBATHCS TIPU CO3/IaHUN HOBBIX TEXHOJIOTHIA;

- OCBOEHHE OCHOBHBIX (PM3MYECKHX TEOPHii, MO3BOJSIONINX OMUCATh SBJICHUS B MPUPOJE, U
MIPEAEIOB MPUMEHUMOCTH 3TUX TEOPUH JUIsl PELIEHUS COBPEMEHHBIX M NEPCHEKTUBHBIX
TEXHOJIOTMYECKHUX 3a/1a4.

2. Obopyoosanue u mamepuannl

JlaGopatopusiii ctenn «Ckambst KykoBckoro». JlabopartopHslii crena «MamHa ATBya».
JlaGopatopuslii ctenn «MasTHuk MakcBenna». Habop nemoHcTpaniMoHHbIH « MexaHnyeckue
apneHus». Habop nabopaTtopHblii «MexaHukay (paclIMpeHHbIH).

Becrwl TexHndeckue HaCTOJIbHBIE C pa3HOBECAMHU JeMOHCTpaMoHHbIH. Habop
JIEMOHCTPAIIMOHHBIN «/[MHaMKKa BpamareabHOTo ABIKeHus». Tpyoka HeroTona. HaGop
JI€MOHCTPALIMOHHBIN «['a30BbIe 3aKOHBI M CBOMCTBA HACHIIICHHBIX MapoB». Habop
JI€MOHCTPaLIMOHHBIN «MonekymnsipHas (pusnka u TeraoBble sBiaeHus». Habop
JI€MOHCTPALIMOHHBIN «3BYKOBbIE KOJeOaHus U BONHBDY. Habop nemMoHcTpannoHHbIN «/{nHamuka
BpalllaTeIbHOTO ABMKEeHU». Habop nemoHcTpannoHHbli «['a30Bbie 3aKOHBI 1 CBOMCTBA
HACBILIEHHBIX MapoB». Habop nemoHcTpannoHHbI «MosekynspHas pU3uKa U TeTIOBbIC
ABJICHUSA.

Kommuekt yueOHoi mebenu.

3. Haumenoeanue npa:cmuttecxuxpaﬁom

N3 Hux
Ne Temsbl
— HaumeHoBaHue TeM AMCUUIUIMHBI, UX KpaTkoe | OO0bem NpaKkTU4ecKas
o coJiepKaHue 4acoB IIOJITOTOBKA,
4acoB
1 cemectp
1 JlaGopaTopHnas padoraNe 1. O6paboTka 2
pe3yIbTaTOB (PHU3MUECKOTO IKCIICPUMEHTA.
W3yueHne NBMKEHUS Tela OPOIICHHOTO 10T
YTJIOM K TOPU30HTY.




W3y4nTh METOIbI KOTMYECTBEHHOTO U
rpau4IecKoro MpeaCcTaBICHUS
IKCIIEPUMEHTATBHBIX PE3YJIBTATOB.
[ToaTBepANTH Ha OTBITE CIIPABEIITUBOCTh
dbopMyI1 KUHEMATHKH.

JlabGopaTtopnas padoraNe 2 M3yuenue
3aKOHOB JUHAMHUKU MMOCTYIATCIBbHOI'O
JBUKEHHSI C TOMOIIBIO0 MAIIMHBI ATBY /.
ITpoBepka 3aKOHOB MOCTYNATEIBHOIO
JIBUKEHHSI C TOMOILIBIO0 MAIIMHBI ATBY /.

Jlaboparopnas padoraNe 3. Onpenenenue
CKOPOCTH TIOJIETA ITYJIH C TIOMOIIBEO
(U3NIECKOro MasTHHUKA.

Hayuutbcst onpenensth CKOPOCTbh MOJIeTa MyJTu
C TIOMOUIBIO (PU3HUYECKOTO MASITHUKA.

JlabopaTopHas padora Ne 4. Onpenenenue
neproja kojaebannii GU3MIECKOTO MasiTHHKA.
OnpezneneHue CKOPOCTH TOJIETA MYJIU C
IIOMOIIBIO (1)I/ISI/I‘I€CKOFO MasTHHKA.

JlabopaTopHas padora Ne 5. OmnpenencHue
KO3 dUIMEHTa BHYTPEHHETO TPEHUS
KUAKOCTU METOJOM IAJAroIIEro apruKa
(meron Crokca).

ITo3HaKOMUTBCSI C METOJIOM U3MEPEHNUS
BSI3KOCTH KUJKOU CPEJIbI.

JlabopaTopnas padora Ne 6. Onpenenenue
OTHOIICHHUA YACITbHBIX TEIIOEMKOCTEHN
BO3/1yXa METO/I0M a1abaTHYECKOTO
pacuIpeHHsI.

N3yunTh ra3oBble 3aKOHBI, IEPBbI 3aKOH
TEPMOANHAMUKHU U ITOHATHEC TEMJIOEMKOCTH.
OnpeaenuTs OTHOLICHHUE TETNIOEMKOCTEN
BO3JyXa IIPU MMOCTOSAHHOM OAaBJICHUH U
HOCTOSIHHOM 00BbeMe (K03 HUIEHT
[Tyaccona) B ycinoBusix, OJU3KUX K
HOPMAaJIbHBIM.

JlaGopaTtopnas padora Ne 7. N3yuenue
AJNEKTPOCTATUYECKOTO MO,

N3ydeHue 3neKTpoCTaTUYeCcKOro mois;
MOCTPOCHUC SKBUITOTCHIIUAJIbHBIX
MTOBEPXHOCTEU MOJIS.

JlabopaTopnas padora Ne 8. 1zmepenue
COIPOTHUBIICHUS C MIOMOIBI0O MOCTa Y UTCTOHA.
Llenbio paboOTHI ABISIETCS M3yYSHHE METO/1a
W3MEPEHHSI COMTPOTUBIICHUS IPOBOTHUKOB C
MOMOIIIbI0 MOCTOBOM CXEMBI U OIPEIeNICHUE
YAETHLHOTO COMPOTHUBIICHUSI MaTepuaia
MIPOBOJIHUKA.

JlaGopaTtopnas padora Ne 9. VccnenoBanue
ANEKTPUYECKOMN LEMU MOCTOSHHOTO TOKA.
N3yueHne 3aBUCUMOCTH CHJIBI TOKA,
HaINpsHKEHUs, MOJTHOM NMOJIE3HOM MOIIHOCTH U




K.JI.O. MICTOYHHMKA OT COIIPOTHUBIICHUS HAI'DY3KH.

JlaGopatopnas padora Ne 10. 13yuenue
SABJICHUA BJIGKTpOMaFHHTHOfI WHAYKIHH.
W3ydeHue 1eKTpuIecKiX TOKOB
BO3HHKAIOMUX ITPU ABJICHUHN
AIEKTPOMArHUTHOM MHIYKIIHH.

Jlaboparopnasi padora Ne 11. Onpenenenue
TOPU30HTAIILHOM COCTABIIAIOIIEH UHAYKINN
MarHUTHOTO MOJIST 3EMIIH.

OnpeneneHrie TOPU30HTATBHON COCTaBIIAIOIIEH
WHAYKIIMA MAarHATHOTO TOJIS 3eMJTH.

JlabopaTopHas padora Ne 12. MccnenoBanue
KoJie0aHMi B KOIeOaTeTbHOM KOHTYPE.
M3yueHne 3aTyXaromux 3J1eKTPUIECKUX
KoJie0aHUH Koae0aTeIbHOM KOHTYPE.

JlabopaTopHas padora Ne 13. M3mepenue
JUIMHBI CBETOBOM BOJIHBI C IIOMOILBIO
TUPPAKIUOHHON PEIIETKH

N3yuenune nBukeHUN 3apsa0B B
IEKTPUYECKUX U MarHUTHBIX MOJISX,
MU3MEPEHHE YACIBHOTO 3aps/ia JIEKTPOHA.

JlabopaTopHas padora Ne 14. zyuenue
BHelIHero Gporodddexra

[To3HakoMHTCS C SIBIEHUEM TU(PPAKLIUU CBETA
B MapaJuIETbHBIX JIy4ax AU(pakirnoOHHON
PELIETKH.

JlaGopaTtopnas padora Ne 15. 13zyuenue
SHEPTreTUYECKOr0 CIEKTPa FJIEKTPOHOB
[TpoBepuTH BBITIOJIHEHUE TTEPEHOCA
AJIIEKTPOHOB.

JlaGopaTtopnas padora Ne 16. 3yuenue
KOCMUYECKOTO U3TyYEHUS
Onpenenenyue CKOPOCTH MEePEMEIICHUSI.

JlabopaTopnas padora Ne 17. [Iposepka
3akoHa Matoca.
[IpoBeputs BBINOIHEHUE 3aK0HA Maitoca.

HToro 3a 1 cemecTp

36

Hroro

36




4. Cooepicanue nabopamophnuix pavom

JlaGopatopnas padora Ne 1

Tema padomwpr. OOpabdoTka pe3yabTaTOB (PU3NUYECKOro IKcnmepuMeHTa. M3yueHue
JABUKEHUsI TeJia, POLIEHHOT0 MO/ YIJIOM K TOPU30HTY.

Ilenv pabomer. V3yuntb MeTOIbl KOJIMYECTBEHHOTO W TIpaHUuecKoro MpeicTaBlICHUs
HKCHEPUCMEHTANIBHBIX pe3yibTaToB. [loATBEpaUTh HAa ONBITE CHPABEAIMBOCTH (HOPMYI
KMHEMaTHUKU.

Teopemuueckaa uacme.

Kaaccndukanmus norpemnocreit

HctuaHOE 3HAaYeHHME (PU3MYECKON BEIMYMHBI aOCOIIOTHO TOYHO ONPEACITHTH HENb3s.
[Ipu wm3MepeHMAx (U3MYECKHX BEIUYMH IMOJ JEHCTBHEM CaMbIX DPa3HOOOpPA3HBIX NPHYUH
BO3HHUKAIOT 7NOcpewHocmu W3MEpeHHid. Bce MOrpenrHoCTH TPUHATO — pasfensiTh Ha
cucmemamuyeckue, ciyyatinvle u npomaxu (OMIHOKH).

Cucmemamuyeckotl Ha3bIBAIOT TAKYIO TOTPEIIHOCTh, KOTOPAs OCTAETCs TOCTOSHHOMN
WX 3aKOHOMEPHO M3MEHSETCS MPU MOBTOPHBIX U3MEPEHUSIX OAHOM M TOM e BeNWYMHBL. Takue
MIOTPEIITHOCTHA  TIOSIBJISIFOTCS.  BCIIGACTBUE HEUCIPABHOCTH TPUOOPOB, HETOYHOCTH METOJIA
UCCIIEIOBAHMS, KaKUX-TH0O0 YNyIIEeHHH SKCIEepUMEHTATOpa, a TaKKe HPU HCIOIb30BaHUU IS
BBIYMCIICHUI HETOYHBIX 3aBUCUMOCTEH ((POopMyIT), KOHCTAHT U T.1I.

Cnyyaiinoti  Ha3bIBa€TCsl IOTPEIIHOCTb, KOTOpash BBI3BIBAETCS  JIEHCTBUEM  HE
MOJTAIOIINXCST KOHTPOJIF0 MHOTOYHCIICHHBIX, HE3aBUCHMBIX IPYT OT Apyra (akTopoB. 3HAaYCHUE
CIly4yailHOM TOTPEeIHOCTH KoJjeOJaeTcss OT OJHOTO M3MEpeHHs K JpYroMy, 4TO JellaeT
HEBO3MOXXHBIM TOYHOE TpeJCKa3aHHe pe3yibTaTa B KaXIOM OTIEIbHOM u3MepeHuH. OIHaKo
IPU PAaCCMOTPEHHUU MOBTOPHBIX H3MEPEHHH OOHApYXHBAETCS XapaKTepHas 3aKOHOMEPHOCTh
pe3yabTaTOB, WX OMNpEIeNieHHAass YCTOHYMBOCTh, KOTOpas W CIY)XKHT OCHOBOH st
MaTeMaTH4eCKOi 00pabOTKH ONBITHBIX JAHHBIX, BEIYUCICHUS CIYyYalHBIX TOTPEIIHOCTEH.

Ilpomaxom WM owubOKOU HA3BIBAIOT TaKyK MOTPENIHOCTh HM3MEpPEHHs, KOTopas
OKa3bIBaeTCs 3HAYMTEIHHO OOJbIIE OXKHIAEMON HPU JAHHBIX yCioBusAX. OmmbKka o0s3aTenbHO
JOJDKHA OBITH MCKITIOYEHA U3 PE3YJIbTaTOB U3MEPEHUI.

Onpenenenue NOrpemIHOCTeN NPU NPSAMbIX H3MEPEHUsIX

Ilpamuivu  Ha3bIBAIOT TaKUE M3MEpPEHUs, IpPU KOTOPbIX (U3MUYecKas BeIMYMHA
H3MEPSETCS] HETIOCPEICTBEHHO MPH MOMOIIK TIprdopa.

[Iyctb X — [EWCTBUTENBHOE 3HAYEHHWE H3MEPSAEMOM BEIWYMHBI, a X; — IOKAa3aHUs
npubopa. AGCOMOTHON MOTPEIIHOCTHIO HA3bIBAETCS BETMUMHA
[Ax] =[x, - o
: (1

TouHOCTH HM3MEpPEHUs] XapaKTEepPU3YeTCs OTHOIICHHUEM aOCOIIOTHOM MOTPEUTHOCTH K
JEHCTBUTEIHLHOMY 3HAUEHUIO U3MEPSAEMOIl BEITUYMHBI

2)

OTO OTHOIICHHE HA3BIBACTCA OMHOCUMENbHOU nocpewHocnvro MW BbIPAXKACTCA B
IMpONLCHTAaX.

[TorpemHocTy, JomyckaeMble HpU MNPSAMBIX H3MEPEHUSX, HEPEIKO Ha3bIBAIOTCA
npubopHbLIMU, TaK KaK 00YCIIOBJIEHBI KJIAaCCOM TOYHOCTH MPHOOpa, KOTOPBIN yKa3bIBaeTcs JIMOO

8



Ha camMoM mpubope, 1ubO0 B macmopTe. B Tex ciydasx, Korja Ha mpubOope KJIacC TOYHOCTH He
yKa3aH, a0COTIOTHAS MOTPEITHOCTh MPUHUMACTCS PABHOM IMOJIOBUHE TICHBI JICTICHUS.

Crny4daifHble TMOTPELIHOCTH HMMEIOT CTATUCTUYECKHM XapakTep, UX MaTeMaTH4ecKas
00paboTKa TPOU3BOAMUTCS C TTOMOIIBIO TEOPUU BEPOATHOCTEH. [Ipy MHOTOKpaTHOM HM3MEPEHHUH
PaBHOBEPOSTHO TMOJYYUTh PE3YNIbTAT KaK OONBINNN, TAK U MEHBIIHMA, YeM UCTHHHOE 3HAYCHHE
U3MEPSAEMON BEJTUUUHBI.

[Iyctb mpoBeIeHO N U3MEPEHMI BEIMUYMHBI X U B PE3YJIbTAaTE MOJYYEHO N 3HAYEHUM: X1,
X2, ...Xn . Benmmunaa

3)

Ha3bIBACTCS CPeOHUM apugmemuyecKkum 3HAUCHHEM, SBISETCS XOPOLIMM NPUOIIKEHUEM K
WCTUHHOMY 3HAUEHUIO U3MEpPAEMOW BEIMYMHBI M, KakK MPAaBWIO, HCIOJIb3YEeTCS Kak
OKOHYATEJIbHBIM UTOT CEPUN U3MEPEHUM.

PaccMOTprM HECKOJIBKO OCHOBHBIX ATANOB YNPOUICHHOW MaTeMaThdecKoi o0paboTKu
pE3yJIbTaTOB U3MEPEHUM.

1. Haxomum cpearee apupMETHUECKOE 3HAUEHHE N3MEPSEMOM BEMIMHBL
2. BeruncnsieM abCONMIOTHBIE TTOTPEITHOCTH PE3YIbTATOB OTICIHHBIX H3MEPEHUN
4)
AOcomoTHasT TOTPEIIHOCTh HMMEET Pa3MEpPHOCTh U3MEpsieMOW  BENUYHMHBI U
XapaKTepmyeT Ka4u€CTBO OTACIBbHBIX I/I?,MepeHI/II\/’I.
3. Beraucnsiem cpeqHio adCOTIOTHYIO MOTPEITHOCTh

©)

4. BeruucnsieM OTHOCHTENIbHYIO MOTPEIIHOCTh

(6)

5. 3anuchIBaéM OKOHYATEIbHBIA PE3YIIBTAT . (7)

OmnpenesieHue NOTPeMIHOCTENH MPH KOCBEHHbIX U3MEPEHUSIX

B GonpmmHCTBE CiTy4aeB MpH MPOBEACHUH (PU3MUECKUX SKCIEPUMEHTOB HCCIeTyeMast
¢du3nveckas BETMYMHA HE MOXET OBbITh M3MEPEHa HEMOCPEICTBEHHO, IS €€ OIpeIeIICHHS
TpeOyeTcst U3MEPUTH PSAJ] APYTHX BEIHUYNH, & HCKOMYIO HATH, IOJICTABUB HAlICHHBIC 3HAYCHUS
B (opMyily, BBIpaXAMOIIYKD 3aBUCHMOCTh HCKOMOW BEIHYMHBI OT HEMOCPEICTBEHHO
M3MepSIEeMBIX BeMM4rH. Takne n3MepeHnst Ha3bIBAalOT KOCBEHHBIMH.

Jlnst ompeneNieHus] TOTPEIIHOCTEH KOCBEHHBIX W3MEPEHUH MOXHO BOCIOJIB30BAThCS
dopmyiamun nuddepeHupoBanus, T.K. (OPMYJbI TOTPENTHOCTEH TOTYYalOTCS B TOM IKE
npuOIKeHnu, 4To U dopmynsl ans auddepennmana pyHkuuu. Bo MHOruMX cimydasx, Koria
dbopmyna ymobHa s JorapuMHpoOBaHHS, OKas3bpIBaeTCs Ooinee yaoOHOW ¢dopmyia
OTHOCHUTEIBHOU MOTpemHoCcTH. OTHOCUTENbHAS OTPEIIHOCTh , HO U, CJIEJIOBATEIBHO, .

WNHaue TOBOpS, OTHOCHTENBHYIO TIOTPEIIHOCTH MOXKHO pPAaCcCUMTaTh, €CIH B3STh
middepeHnuan HaTypaibHOTO JiorapudMa, ONpeIeNIONUi 3aBUCUMOCTD JAHHOW BEJTUYUHBI OT
n3MepseMbIX BenmuunH. Hanboee gacTo BeTpevaronecs GopMyIibl IpUBEACHBI B Taduie 1.

Tab6muma 1.

MaremaTuueckas orneparms AOCOIIOTHAS TTOTPENTHOCTD OTHOCHTENbHAS MOTPEIIHOCTh




xty Ax+Ay Ax + Ay
xX+y
X-y Ax+Ay Ax + Ay
X=Y
Xy yAX+XAy Ax Ay
X oy
Xyz yzZAX+XxzAy+xyAz Ax Ay Az
Xy oz
xly YAx - xA '2XAy Ax Ay
y roy
x" " Ax " Ax
X
Vx 1 - 14
" x" Ax nox
X Ax Ax
1+x (1 +x)? x(1 +x)
e’ e Ax Ax
In x Ax Ax
X xInx
sin x cos xAx ctgx -Ax
cosx sin xAx fgx -Ax
1gx Ax 2Ax
cos? x sin 2x
ctgx Ax 2Ax
sin? x sin 2x

N3y4yenne qBUKEeHHS Tesla, OPOLIEHHOI0 MO YIJIOM K TOPU30HTY

Teno, OpomieHHOEe MOA YoM & K FOPU30HTY C HA4aJbHON CKOPOCTHIO
JIBUTATHCS TI0 KPUBOJMHEWHON TPACKTOPHUU , B JIIOOOH TOYKE KOTOPOU BEKTOP CKOPOCTH MOXKET
OBITh Pa3NIO’KEH Ha JIB€ COCTABIISIONINE — TOPU3OHTAIBHYIO H BEPTHKAIBbHYIO (puc.1).

1
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Puc.1.

[TpoeKIMHU STHX BEKTOPOB Ha OCH KOOP/ANHAT, HAYaI0 KOTOPBIX BHIOPAHO B TOUKE
OpocaHmsl, paBHBI:

(1)

[Ipu >TOM rOpM3OHTaNbHAs COCTABIAIONIAsE CKOPOCTH HE OyAET MEHATHCS C TEUEHUEM
BPEMEHH, T. K. YCKOpEHHE CBOOOJHOIO MaJeHUsI HE MMEET FOPU30HTAJIBLHOW COCTaBIISIONICH, a
HaNpaBJIEHHO BEPTUKAJILHO BHU3. BepTuKanbHas COCTaBIAIONIAsi CKOPOCTH OyJIeT MEHATHCS 10
3aKOHY PaBHOIIEPEMEHHOIO JABM)XEHHUS C YCKOPEHHEM a = g.

W3MeHeHne KOOpAMHAT TEJNa UMEET BUAL.

2

Tpaexropust Tesa, OPOMICHHOTO MO YIJIIOM K TOPU30HTY, IPEACTaBIsAEeT co00M mapadoiy.
B Bepumze 3Toi mapa0oiibl BEpTHUKaJIbHAs COCTaBIAIOIIAS CKOPOCTH paBHA HyI0. B Touke
HaJICHUsl CKOPOCTh Tejla paBHA IO aOCOJIIOTHOHN BEIMYHHE CKOPOCTU Tejla B TOUKe OpocaHus, a
HaIlpaBJIEHUE €€ COCTABIISAET TOT )K€ yroJl, 4YTO U B TOUKe OpocaHMs. DTO ClleAyeT U3 CUMMETPUU
napaboIbl ¥ UMEET MECTO B OTCYTCTBHE COIIPOTHBIICHHS BO3yXa.

HauanbHyto cKOpocTh Tena ,0pOLICHHOTO MO YIJI0M K TOPU30HTY MOXHO OIPEACIIUTh U3
ypaBHeHus (1).

3)

I'me £ - maneHOCTEL MoOJETa - M3MEHEHME TIOJIOKEHHUS TeJIa TI0 OCH X.

BpeMst moneta MOXKHO OmpeNienTh U3 ypaBHeHUs (2). B HauBbIcHIeH TOUKE TPaeKTOPUU
JMBIKEHUS Tena CcKopocTh V,=(0. Bpewms, coOTBETCTByIOIIEE 3TOMY MOMEHTY, COCTaBJISET
MOJIOBUHY BCETO BPEMEHU T0JI€Ta TeJa, TOT1a

OTCIOJIa BpeMsI MoJIeTa Telna
4)
[Moncrasnss (4) B (3) monyunm
)

OcHOBHOH 3a/1aueii MEXaHUKH SIBISIETCS ONPEACTICHUE MOJIOKEHUS Tella B MPOCTPAHCTBE B
mo00l MOMEHT BPEMEHH. 3Has KOOPAHMHATHI Tela BCEra MOXKHO HAWTH €ro CKOPOCTH U
yCKOopeHus: (10 OmpeneNieHnto ATUX BeludrH). OCHOBHBIMH 3aKOHAMH, CBSI3BIBAIOIIMMH STH
BEJTMYUHBI, CUJTBI M MAcCy Tella SBJISIFOTCS 3aKOHBI HhIOTOHA M 3aKOHBI COXpaHEHUSI.

Oobopyooeanue u mamepuaol.
VYcranoBKa, cOCTOSIIIAS U3 MIPYKUHHOTO MUCTOJIETA C IAPUKOM M JIMHEUKHU.
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Ykazanus no mexnuke 6ezonacnocmu.

1. K BeImonHeHuto 1a00paTOpHBIX pabOT AOIMYCKAIOTCS CTYACHTHI, W3Y4YHMBIIME IpaBHJIa
TEXHUKU 0€30MacCHOCTH.

2. JlabopaTopHble pabOTHI MOTYT MPOBOIUTHCS TOJHKO TOJT PyKOBOACTBOM M HAOIIOACHUEM
MpernoaaBaTers.

3. Pacnonaraiite mpuOopbl, MaTepuanbl, 00OpyJAoBaHHE Ha pabodeM MecTe B TOPSJIKE,
yKa3aHHOM TPENOaBaATEIICM.

4. Ilpu BbIMOTHEHUH JAOOPATOPHBIX PabOT ¢ MPUMEHEHHUEM IOJIETOB OaNIMCTUYECKHUX Tell

HE CIIeJlyeT HaXOJIUThCS B 00JacTH MoJieTa Tena.

He nepxurte Ha paboyem cTojie IpeAMETHI, HE TPEOYIONTUECS SISl BBITIOJTHEHUS 3a/1aHUS.

6. Ilepen Tem, Kak MPUCTYNUTHh K pabOTe TIIATEIHHO M3YUYUTE €€ ONMUCAHUE, YSICHUTE X0
BBITIOJTHEHHSI paOOTHI.

W

3aoanus.

1. Onpenenute B3BEUIMBAHMEM MacCy IIapuka . BBIYUCIHTE OTHOCHTEIHHYIO
MOTPEITHOCTH MACCHI .

2. 3akpenuTe MHUCTOJET HA BBICOTE MoJl yrJioM . BplYMCINUTE OTHOCUTENBHBIE

MOTPEIIHOCTH BBICOTHI U yIJIA .

3. PactaHyB mpyXHuHY IHCTOJETAa HA  CM, ONPEIAECIIUTE IO JIAWHAMOMETPY CHILY
Brruncnute oTHOCUTENbHBIE TOTPENTHOCTH U .

4. Beictpenure 5-7 pa3 npu OJHUX M TeX K€ 3HadeHMsX U . llpum kaxxaoM BhICTpene
U3MepSNTe JaIbHOCTH MoJieTa . BrIUUCINTE OTHOCUTENBHYIO OTPEITHOCTh HEIOCPEICTBEHHOTO
U3MEPEHUS 1aJIbHOCTH .

5. Beraucnure:

a) KO3 PUIMEHT KECTKOCTH MPYKUHBI TUCTOJIETA ;

0) Ha4YaJIbHYIO CKOPOCTH I0JIETA IIapHKa ;

B) BEPTUKAJIBHYIO COCTaBJISAIOLIYI0 HaYaJIbHON CKOPOCTH ;
I') BEPTUKAJIBbHYIO COCTABIISIONIYI0 KOHEYHOM CKOPOCTH ;

1) TOPU30HTAIBHYIO COCTAaBIISIFOIIY0 Ha4aJIbHOM CKOPOCTH ;
€) TOPU30HTAIIBHYIO COCTABJISIONIYI0 KOHEYHON CKOPOCTH .

6. BplunciuTe 1agbHOCTH MOJIETA 110 M CPABHUTE CO 3HAYEHHUEM, MIOJYUYEHHBIM B ITyHKTE 4.

7. BpruMcinnTe W3MEHEHME HMMIyJbCa IIapHKa 3a BpeMs nosieta . Beramcenure cuiy,
M3MEHUBIIYIO UMITYJIbC IIApHUKaA 3@ BPEMs I10JIETA.

8. CpaBHHUTE 3HAaY€HHsA I[IOTEHUMAIBHOM DSHEPrMM CKATOW IPYKHUHBI, HAYaJIbHON
KMHETUYECKOW SHEPTUU IIapHKa U KOHEYHOW YHEPTUH IIapHKa.

Coodepocanue omuema.

OtyeT no 1abopaTOpHBIM paboTaM JOJKHBI COJEPIKATD:

- TUTYJIbHBIN JIUCT;

- 11eJb paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OTIpEJICJIEHUH, MOHATHH, HopMyT;
- OCHOBHOE 000pY/IOBaHUE, CXEMa YCTaHOBKH;

- OMMCAHME IO MyHKTaM BBITIOJIHEHHOH paboTHI;

- pe3yabTaThl U3MEPEHHM M pacyeTOB (TaOIHUIIBI, TPAPUKHN);

- OLIEHKA MOTPEIIHOCTEN;

- OTBETBI HAa KOHTPOJIBHBIE BOIIPOCHI;

- BBIBOJIBI IO PE3yJIbTaTaM BBIMOJIHEHHON pabOTHl, 1aTa, MOAIMUCH.

Konumponwsnsie sonpocul.
1. CdopmynmupyiiTe IpHHIMI CYTIEPIIO3UIIUN IBIWKESHUN. [ 1e OH mpuMeHsieTcs?
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2. BeoiBeauTe ypaBHEHHUE JJISl ONpENENICHUs TOJeTa MIapuKa, OpPOIIEHHOro MOoJ yIJIoM K
TOPU30HTY C HA4YaJIbHOM CKOPOCTHIO .

3. BbiBenuTe MakKCHMaJbHYIO BBICOTY MOJBEMa IIapUKa, OPOLIEHHOTO MOJ YIJIOM K
TOPU30HTY C HAYaJIbHOM CKOPOCTHIO .

4. BriBeguTe ypaBHEHHE JalbHOCTH IOJIETa INApHUKa, OPOILIEHHOTOo MOJ YIJIOM K
TOPU30HTY C HA4YaJIbHOM CKOPOCTHIO .

5. Tlox kakuM yrioMm Hajo OPOCHUTH TeJO, YTOOBI JaIbHOCTD MoJieTa ObUIa MaKCUMallbHA?
[Ipu xaxom yriie OpocaHus BbICOTA MOJIETa paBHA €ro JaJbHOCTU?

JladopaTopnasi padora Ne 2

Tema paodomwvi. W3ydyeHne 3aKOHOB JUHAMUKHM IMOCTYNATEJIbHOIO [BHKEHHS C
MOMOIIbI0 MAIIMHBI ATBYy/1a

Lenv pabome. 1lpoBepka 3aKOHOB MOCTYNATEIBHOTO JBUXKEHHUS C MOMOIIBIO MAIIMHBI
ATByna.

Teopemuuecxaﬂ yacme.

HOCTyHaTeJILHbIM ABVIKCHUCM HA3bIBAIOT JBHUKCHHC, IIPpU KOTOPOM JIIO6a$I JIMHUA,
MPOBEICHHAS B TeJIe, OCTAETCA MapajuieabHOl camoii cede. [Ipu TakoM ABUKEHUU TPACKTOPUH,
CKOpOCTb M YCKOpPEHMsI TOYeK Tesa coBnaaaroT. ClieqoBaTeabHO, IBUKEHHE Tela MOKHO
3aMCHUTHh ABHKCHHEM €TI0 O)IHOI\/’I TOYKHU. ‘-Iame BCCro, BBI6I/IpaIOT JABMIKCHUC LCHTpaA TAXKCCTU
Tena.

OcHOBHOE ypaBHEHHE IMOCTYNATEIILHOTO JIBIKEHHUSI, (BTOPOii 3aKk0oH HploTOHA) MMeeT BU/I:

o = % F
—

N
rze m —macca, “ — yckopeHue Tea, - CyMMa CHJI, IeMCTBYIOIUX Ha TEJO.
BpamareiabHbIM IBM)KEHHUEM Ha3bIBAIOT ABM)KEHUE, IIPU KOTOPOM TOUYKH TEJIA JIBHIKYTCS
II0 OKPYXXHOCTSIM, LIEHTPBl KOTOPBIX JIEKAaT HA OJHOM IpPSIMOMH, HAa3bIBAEMON OCBIO BPAILLEHUS.
OcCHOBHOE ypaBHEHHE BpallaTeIbHOTO IBUKEHUS (BTOpOM 3akoH HploTOHA) MMeeT BU:

Ie=3M

I =m g .
Fﬂe ' - MOMCHT HHCpIUU MaTCpUuaJIbHOU TOYKH, MOMCHT HWHCpHIHUHU

BpalIaromerocsa Teijia, paB€H CyMME MOMCHTOB MHCPIHUU BCCX MATCPUAJIBHBIX TOYCK 3TOT'O TCJIA:

=¥ M y

— - CyMMa MOMEHTOB CHJI, ICHCTBYIONIMX Ha TeNO0. MOMEHT CHJIbI — BEIUYHHA
paBHasT TPOM3BEACHUIO MOIYJs CHJIBl HAa ITUIEYO 3TOW CHiibl. [lnedoM cuibl Ha3bIBAIOT
Kparyaifliiee pacCTOsIHAE OT OCH (LIEHTpa) BPAILEHHsI IO JIMHUU JICHCTBHS CUIIBI.

Mammuna AtByna (puc.l) mpencraBiser coOoit Omok paamyca R, depe3 KoTopblit
MEPEKUHYTa HUTb C TPY3aMu m; U m . Ecau m, m;, mo, yuumvieas, umo Humo HEPACSIHNCUMA, 2DY3bl
NpUoym 8 O8UICEHIE C OOUHAKOBLIM YcKopeHuem . Biok 6ydem epawamucsl ¢ ynogbiM YcKopeHuem , oYK Ha €20
0000e 0)0ym UMeNTb MAHLCHYUATHHOE YCKOPEHUE PABHOE ) CKOPEHUIO ZD)B06. Ypasrenus osuicerusa 2py306 u
OI0Ka, NPUHUMAS HANPAGTICHUE OBUXNCEHLSL 0 OCU 0CU X, 0Oy UMENTb BUO:

Io-m g =

1)
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PHoyHOK 1- MallHHA ATEVIA.

Onucanue yCTaHOBKH, BBIBOJI PacueTHBIX Gopmy.a

OOummii BUJX ycTaHOBKM HpuBeACH Ha pucyHke 2. Ha BeprukambHOM cToiike 1
PaCIOJIOKEHBI TPU KPOHILUTEWHA: HYXKHUM 2, CpeTHUl 3, BEpXHUU 4.

Ha BepxHeM kpoHITeiiHe 4 KkpenuTcs 010K, 4epe3 KOTOPhIH epeKUHyTa HUTh C Ipy3aMH
5, OOMHAKOBOW Macchl. BHM3y HAaXOIWTCS 2JIEKTPOMArHUT, KOTOPBIM IIPU IIOJAa4e€ Ha HEro
HAIPSDKEHUS yIEeP)KUBAET CUCTEMY C TPY3aMH B HETIOABHIKHOM COCTOSIHHH.

Ha BeprukanpHOM cToiike 1 yKperieHa caHTUMETpoBas JIMHEHKa 8§, M0 KOTOpoi
OTIPE/EIAI0T HAYaJIbHOE M KOHEUHOE IOJIOKEHUE T'PY30B, a, CIEAO0BATENbHO, U MPOMIEHHBIN
yTh. HauanbHOE 10J105KE€HNE ONPENEIIA0T BU3YyaJIbHO 110 HHKHEMY Cpe3y I'py3a, KOHEYHOE - 110
UHJAEKCY (KpacHasi METKA) CPETHET0 KPOHILITEHHA.

Cexynnomep ¢ 1MppoBOi MHAMKAIMEH BPEMEHH 3aKpeIul€éH Ha OCHOBaHMU MpuOOpa.
[Tpuniun paboTsl mpubopa 3akitoyaercs B cienyromeM. Korja Ha KOHIIAX HUTH BUCST TPY3bl
onuHakoBo Maccel =100 r, cucrema HaxoOuTCs B paBHOBECHU. Eciau Ha oguH U3 Tpy30B
MOJIOKUTh TEperpy3ok maccoil Am, (+ Am) cucreMa BBIXOJUT M3 PABHOBECHUS M JIBUKETCS
paBHOYCKOpeHHO. Macca 6110ka paBHa 102 rpamma, paanyc 0Ji0ka paBeH 7 CM, MOMEHT WHEPITUH
0JI0Ka paBeH IOJIOBHHE NMPOU3BEIEHUS MACChl €r0 W KBajpara ero paauyca (Kak CIUIOIIHOTO
JTUCKA).
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IIpn paBHOYCKOPEHHOM JBMKEHUU YCKOPEHHE TPy30B MOXHO HAWTH M3 H3BECTHOIO
COOTHOIIICHMS

S=h - nyTb, IPOWJECHHBIN TPy3aMH,

! - BpeMs HX ABWKEHHUSA. DKCIEPUMEHTAJILHOE 3HAYCHUE YCKOPEHMs HaileM 4epe3 U3BECTHBIN
i =25/,

IIyTh U BPEMSL: -

IIpu npoBeaeHUN OMBITa C OJHUMH 3HAYEHUSIMHM IIPOMAECHHOTO IyTH S U M Macchl EpErpy3ku A

U3 MIEPBBIX IBYX YPABHEHHUH CUCTEMBI MOKHO OIIPEIEIUTH CUJIbI HATSHDKEHUS HUTCH:

Io=m fa+g)
Lo=m fa+g)
3Has CWJIbl HATSKEHUsI TPEThEro YPaBHEHUSI MOKHO HallTH MOMEHT CHUJI TPEHHUS:
M, =T-T)R-17¢
OnpIT ¢ OIHUMU NEperpy3KamMH MPOBECTH JUIs ABYX 3HaueHuid S (0,6 M u 0,8 m).

CpaBHUTH 3HAUEHUS CUJI HANPSXKEHUS. © MOMEHTBI CHJT TPEHUS JUIsl 3TUX ABYX CEpUIl MOMEHTA.
Oobopyoosanue u mamepuaJol.

MarmmHa ATBya, 2IEKTPOMArHUT, CEKyHIOMED, Ha0Op Meperpy3oB.
Ykazanua no mexnuke 6ezonacnocmu.

1. K BbmmonHeHWo 1a00paTOPHBIX padOT MOIMYCKAOTCS CTYACHTHI, M3YYHBIIUE IPaBHIIA
TEXHUKU 0E€30IMaCHOCTH.

2. JlabopaTtopHbie pabOTHI MOTYT IMPOBOJUTHCS TOJIBKO 0T PyKOBOACTBOM M HAOIIOACHUEM
npernoaBaTers.

3. Pacnonaraiite npuOopsl, Marepuaibl, 000OpylIOBaHHE Ha pabodyeM MecTe B MOpSKE,
yKa3aHHOM IIPETo1aBaTeNIeM.

4. He nepxxute Ha paboyeM CTOJIC TPEAMETHI, HE TPEOYIOUTUECS JUTsl BBITIOTHEHUS 3a/IaHUS.

[TposBNATE OCTOPOKHOCTh U AKKypaTHOCTh IPU HEMOCPEACTBEHHOW palboTe ¢ rpy3ami,

MPYXUHAMH U UHBIMU HEOOXOJUMBIMHU U1 pabOThI IPUCIIOCOOIEHUSIMHU.

6. Ilepen Tem, Kak MPUCTYNUTh K paboTe TIIATENBHO M3Y4YUTE €€ ONHCaHME, YSICHUTE XOJ
BBITIOJIHEHHSI paOOTHI.

9]

3aoanus.

BxuttounTh B ceThb IIHYp NUTaHUs nprodopa.
[lepemecTUTh HUTH C TPy3aMH TaK, YTOOBI IPABbII IPy3 3aHsT BEpXHEE MOJIOKEHHUE.

BKJIIOUNTE 3JIEKTPOMArHUT, YACPKUBAIOLINN CUCTEMY B ITOJIOXKEHUH MTOKOSL.
ITooxkuTh Ha MpaBbIi I'PY3 OAUH U3 NIEPErpy3KOB. Y CTAHOBUTH CPEIHMM KPOHIITEWH Ha

oTMerke' ' = 0,6 m, mu 0,8 M. BKIIIOUUTh CEKyHIOMEP OJHOBPEMEHHO C BBIKJIFOUCHHUEM
AIIEKTPOMArHUTA.

3anucaTh 1O MOKa3aHUsAM CEKyHIOMEepa BpeMsi JIBUKEHUS Ipy3a.

[ToBTOPUTH OMBIT C BEIOPAHHBIM TMEPErpy3KOM HE MEHEE IISATH pa3.

RN =

[ToBTOPUTH OMBIT NMPHU IPYTON BHICOTE. "

Onpenenuts Mo pe3ynbTaTaM ONbITa CPEAHEE 3HAUEHUE BPEMEHHM I, M PACCUUTATh IO
dbopmysie 3HaUYEHNE YCKOPECHHUS.

Broruncinuths cuiibl HATSKESHUS HUTEW U MOMEHT CHUJIBI TPCHUA.

10. TTo maHHBIM OMBITA C OJHUM 3HAYECHHEM S BBIYUCIIATH KHUHETHYECKYIO SHEPIUIO TPY30B B
KOHEYHBLIM MOMEHT ABHUKCHUA

=N aw

e
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11. BeruucnuTh KHHETUYECKYIO SHEPTHUIO OJI0Ka
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12.  BpluyucnuTh N3MEHEHHE MOTEHIINAIBLHON YHEPTUH TPY30B
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14.  OOBSACHUTH MOJYYEHHBIN pe3ysIbTaT.
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Puc. 2. O0muii BHI SKCIEPUMEHTAILHON YCTAaHOBKHU

Cooeprcanue omuema.

Otuet no 1a00paTOPHBIM paboTaM JOKHBI COAECPKATD:

- TUTYJIbHBIN JTUCT;

- 11eJIb paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIPEICIICHU, TOHATUH, GOPMYIL;
- OCHOBHOE 000py/I0BaHUE, CXeMa YCTaHOBKH;

- OIMCAHME T10 MyHKTaM BBITIOJTHEHHOH padoThI;

- pe3yJbTaThl U3MEPEHH U pacueToB (TaOIULBL, TPAPHKH);

- OLICHKA MOTPEIIHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOMPOCHI,

- BBIBOJIBI TIO PE3YJIbTaTaM BBITIOJTHEHHOMN paOOThI, JaTa, MOAMKCH.
Konmponwvnwie eonpocui.

1. Jalite onpeaeneHre nocTynarebHOrO JBMKEHUSI TBEPIOTO Tela.



2. Yto Takoe MaTepHalibHasl TOUYKa U aOCOITIOTHO TBEpIOE TeIo?
3. OOBsACHUTE, YTO TAKOE CHCTEMA OTCUETA?
4. Tlepeuncnure W  OOBSICHUTE OCHOBHBIE KHHEMATHUECKHE  XapaKTEPUCTUKH
MOCTYNATENbHOTO JIBUYKEHUSI.
5. ChopmymupyiiTe nepbliii 3aKkoH HetoTOHA.
6. JlaliTe onpeaiesieHus MacChl M UMITYJIbCa TeJa.
7.Chopmynupyiite BTopoit 3akoH HproToHa.
8. Uto Takoe paBHOACHCTBYIOIIas cuia?
9. O6bsacHuTe TpeTHii 3akoH HproToHa.
10. date onpenenenue cui ynpyrocta. Uto takoe ynpyras aegopmars ?
11. Ha yem oCHOBBIBAETCS BEIBOJ] paCUETHBIX (DOPMYJI B JTaHHOU J1abopaTopHOi paboTe?

JlabopaTopHasi padora Ne 3

Tema padoomp. OnpenesieHne CKOPOCTH MOJETA NMYJHM ¢ NMOMOHIbIO (PU3HYECKOTO
MasiTHMKA.

ILlenv pabomel. Haydautbcs onpenensiTh CKOPOCTh MOJIETa MyJIH C MTOMOIIbI0 (PU3UIECKOTO
MasiTHUKA.

Teopemuuecxaﬂ yacme.

@usnueckuii MasTHUK coctouT u3 ynoButens ("A" Ha puc.l) B BHUIEe UWIMHIpA,
3allOJJHEHHOT0 IUIACTMYHBIM MaTepUaioM, KOTOPBIM 3aKpelUieH Ha CTEp)KHE, CIIOCOOHOM
CcBOOO/IHO, C OYEHb MaJIbIM TPEHHUEM, KayaThCsl BMECTE C YJIIOBUTEJIEM BOKPYT HEMOJBUKHON OCH.
Ha pucynke 1 3ta ochk Bpamenus (Touka "O") neprneHAUKyIsIpHA K MJIOCKOCTU PUCYHKA.

BoicTpen mpou3BOOUTCS M3 MHEBMATHUYECKOTO IMHUCTOJIETa, YCTAHOBJIEHHOTO TaK, YTOOBI
BEKTOp CKOPOCTH ITyJIM ObLI HANpaBJieH TOPU30OHTAIBHO IO MPSIMOM, MPOXOASIIEH Yepe3 LeHTp
LWIMHApPA C IUJIACTWJIMHOM M MNepHeHAuKyaspHo ocu Bpamenus O. Ilyns, 3actpeBas B
IUTACTHJIMHE, TEepsSeT CBOI HAyalbHYI0 CKOPOCTh M OJHOBPEMEHHO COOOIIAeT MAasTHUKY
HEKOTOPBI MOMEHT UMITYJIbCA.

ITo 3aBepLIEeHNN HEYIIPYTOro yaapa MasTHUK OTKJIOHSAETCs OT BepTukanbHou tuHuu OC Ha

HEKOTOPBI MAKCHMAIbHBI yrom ¥ | KOTOpBIA M3MepSercs TPAHCIOPTHPOM — IO
MaKCUMaJIbHOMY CMEILEHHUIO YKa3aTells, )KECTKO 3aKPEIUIEHHOIO Ha CTEpIKHE.
Jlns 1ByX MOMEHTOB BpEMEHHM, 0 yjAapa, W TOcie HEeylpyroro yuapa (mox

"ynapoMm" MBI MOApa3syMeBaeM OTHOCUTENIBHO OBICTPBI NPOLECC TOPMOXKEHHUS MyJIud B
TUIACTUIIMHE) MOKHO MIPUMEHHUTH 3aKOH COXPaHEHHsI MOMEHTa MMITYyJIbCa:

mua =( +ma Y,

MERGEFORMAT ()
rae M — macca mymn, ¢’ — ckopocTs My 10 yaapa, — paccTosHIe OT OCH JI0 TOYKH yAapa Iy,

11\*

[ MOMEHT HHEpIHMHM MasTHHUKa Mocie yaapa. BropeiM uieHoM B ckoOkax B (1) MoxHO
npeHedpeyb Janeko He Beerja (JUls Hallero ciaydas BaM HeoOXO0AMMO Ha OCHOBaHMU M3MEPEHUI
[0Ka3aTh (WM OIPOBEPrHYTh) BO3MOXKHOCTb TAKOTO YIPOLICHHS).
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B

Disr 1

o B VT C Puc. 2

Puc. 1

Puc.1. ®dusnueckuii MaATHHK

[Ipu HeynpyroMm yaape 3aKOH COXpPAHEHHS MEXaHWUYECKON YHEPTHH HE BBINOJIHIETCS, OAHAKO, K
MpoUecCcy KayaHus MAasATHUKA, Mbl MOXXEM MPUMEHUTh 3aKOH COXPAHEHUS DHEPTUH.
HemnocpenctBenHo mocie ymapa MasTHUK BMECTE€ C 3aceBIICd B HEM TyJied OyJeT, KaK MBI

)
Bugenu u3 (1), UMeTh yIiIoByIO CKOpOCTh, paBHyro . CnemoBareibHO, OH OyneT UMETh U
COOTBETCTBYIOIIMI €l 3armac KMHETUYECKOW PHEpPruH, KOTOPHIM 3aT€M B MOMEHT HauOOIBIIETO
OTKJIOHEHHS (M MTHOBEHHOI OCTAHOBKH MasTHUKA) IPEBPATUTCS B MOTEHIIMATBHYIO YHEPTHUIO:

(L +ma e,

E,
) 2 22\* MERGEFORMAT
| 0
a |
E, :‘ M +m—|gh
I 33\* MERGEFORMAT
0
E, =F
& ', CJIENOBATEIBLHO
([ +ma er | a |
Ly ma ey z‘ M +m—|gh
2 /
= / 44\*
MERGEFORMAT ()
rae M— macca 6aHHI/ICTI/I‘~ICCKOFO MasiTHUKa, 'Iilil — BBICOTA MAKCUMAJIBHOT'O ITIOOHATHUSA €TI0 ueHTpa
— e
Macc B TOYKE OCTAHOBKH, g .81 M/c? — YCKOpEHHE CBOOOJHOTO INaJeHUs Ha

mwmpore T. Ilsturopcka, I paccTosiHHE OT OCH BpallleHHsl 10 LIEHTpa Macc MasTHHKa (0e3
nynn). IlocpeacTBom GanaHCHPOBKHM MCIOIB3YyEMOr0 B JaHHOM paboTe (pU3NUECKOro MasiTHUKA
yZajgoch YCTaHOBUTb, YTO LEHTP MacC MasATHUKA II0YTH COBIANAET C TOYKOM KpEIJICHUS

cTepkHs ¢ MaUHApoM (T. B Ha puc. 1). Takum oGpa3om, paccTosHue ! [IPUHUMAETCS PABHBIM
uiiHe ctepxHsa OB.

Btopoe (manoe) crmaraemoe B BBIpQXEHUHU ISl MOTEHIIMATBHOMN sHepruu (3)
JIOTIOJIHUTENIBHO YYUTBHIBAET, YTO LIEHTP Macc IyJH B OOILIEM cily4yae HE COBNAJAET C LIEHTPOM
Macc MasiTHUKA.

h =l - lcosg =I(1- cosg) =2/sin”

b |5

4 k3 pI/IC2 BHUAHO, 4TO , TAC 'III — PpacCTOSAHUC OT

OCH BpalllCHUA O A0 IEHTpa MaCcC MasTHHUKA C. I/ITaK, MbI NTOJIYUHJIN YPABHCHUC
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| S ] a
;[mfr +1 ], :| mT+_-'\-f ah =2 mT+ M

elsin

¥4
2

55\*
MERGEFORMAT ()
Takum oOpa3zom, Ha ocHOBaHuMM ypaBHeHui (1) m (5) momydaem OCHOBHYIO pabOUyrO

opmyiry

(ma-+ 1) ‘ m ;—'r + M

i J'In'l
=

v =2sinL
2 M _ 661%
MERGEFORMAT ()
Bce Benmuuunbl, BXoadumue B BbelpakeHue (6), MOryT OBITb  OIpEIEIEeHbI
9KCIEPUMEHTAIBHO.
Oobopyoosanue u mamepuaol.
YcraHoBKa, cocTosmas U3 (U3NYECKOr0 MasTHHKA, MOJBEIIEHHOIO HAa TOPU30HTAIBHOMN
OCH U TPAHCHOPTHPA, THEBMATHUECKUN MUCTOJIET, TPOTHK.

Ykazanua no mexnuxe 6ezonacnocmu.

1. K BbImoNHEHHIO 1a00paTOPHBIX Pa0OT JOMYCKAIOTCSA CTYACHTBHI, M3YYHBIIHE IPAaBHIIA
TEXHUKHU 0€30I1aCHOCTH.

2. JlabGopaTopHble pabOTEI MOTYT HMPOBOJUTHLCS TOJIBKO 0T PYKOBOACTBOM M HAOJIIOICHUEM
MpernoaaBaTers.

3. Pacnonaraiite mpuOOpBI, MaTepHalbl, 00OpPYyIOBAaHHUE Ha pabdoYeM MeECTe B TOPSJKE,
YKa3aHHOM TIPEI0/1aBaTeIIeM.

4. Tlpu BBHIOJHCHHH Ja0OPATOPHBIX PabOT ¢ MPUMEHEHHUEM IOJICTOB OaUIMCTUYCCKHUX TeIl

HE CIIeJlyeT HaXOJIUThCS B 00JaCTH IMOJIeTa Tena.

He nepxwurte Ha pabodyeM CTOJIE MPEAMETHI, HE TPEOYIOIIUECs JJIs BBITIOJTHCHHMS 3a/1aHNs.

6. Ilepen Tem, Kak MPUCTYNUTHh K pabOTe TIIATEIHHO M3YUYUTE €€ ONMUCAHUE, YSICHUTE XOJI
BBITIOJTHCHHSI PaOOTBHI.

9]

3aoanus.

m, =91
Macca IMIHHIPA-YIIOBUTEIS

=197

r. JIuHelHass MJIOTHOCTH CTCPIKHA, Macca,

m, =1 -l

npuxogAamadacsa Ha CAMHULY JJIMHBI: r/ CM, TOrJa IoJiHas Macca CTCPKHA -

M =m + m.
CHeILOBaTCHLHO, Macca MasiTHUKaA ' -. PaCCTO}IHI/Ie - a 0T OCH BpaH_ICHI/IH J0 TOYKH

yAapa HU3MCPAIOT MPIJ'IJ'IPIMCTpOBOfI nmuHelikon. IlonoxeHue OCHTpa MacCcC MasTHUKaA

COOTBETCTBYET TOUKE COCAMHEHHS YJIOBUTENSA U CTEPKHS. [IMHY CTEp:KHS ! ONPEAEIISIOT KaK
paccTosTHUE OT TOYKH TMOJBECA JI0 TOUKH COCTMHEHHUS YIOBUTEINS U TPYOKH.
1. OnpenesieHne MOMEHTA HHEPIUHN OAUTHCTHYECKOTO MASITHUKA
MowmeHT uHepuu GU3NIEeCKOro MasiTHUKA HaXOST 1O TIEPUOTY €r0 KauaHUW, paBHOMY

77\*
MERGEFORMAT ()

(BeTMYMHBI M u ! yKe OIPE/ICIICHBI ).
OOparuTe BHUMaHKE, YTO IS TOCTATOYHO HAJICKHOTO M3MEPEHUS MEePHO/Ia KauaHW Mbl
JIOJKHBI 0OECTICYUTh BBIMTOJIHEHHUE CIICIYIOUINX YCIOBHUI:
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— aMIUIUTyJa KadyaHu{ JODKHA OBITh JOCTaTOYHO Majla, YTOOBI MOXKHO OBLIO
npeHeOpeys ee BIUSHUEM Ha MepUoJl KauaHHiH;

— HY)XKHO IPOCJEAUTh 32 OTCYTCTBUEM KadaHWI MasTHUKA MO APYrod OpTOrOHaJbHOMN
ocH (WJIM JTOKAAThCSl UX TIOJHOTO 3aTyXaHUs, €CIIM OHU IO KaKUM-JTHOO MPUYHHAM
BO3HUKJIN);

— TEpHOJ KavYaHWi Hamo ompeaenuTh Kak cpeaHee 3a 20—30 kauaHui, 4YTOOBI
YMEHBUIUTH NOTPEITHOCTh U3MEPEHUSI BPEMEHU CEKYHIOMEPOM.

MomMeHT WHEPIUH BBIYUCTAETCS, ucxos u3 (7), Kak

_ Mgl r-

f=——
47t 88\* MERGEFORMAT ()

TeopeTnueckoe 3HaYEHNE MOMEHTA WHEPLIMUA MOXHO HalWTH KaK CYMMY MOMEHTa UHEPIHH
CTepXHS OTHOCUTEIIbHO OCH BpAalllEeHUs, MEPIECHIUKYISIPHON CTEpKHIO U MPOXOASIIEH yepes
OJIMH U3 €r0 KOHIIOB ¥ MOMEHT MHEPIIMH YJIOBUTEISI, KOTOPHIH (B CBSA3H C JOCTATOYHO OOJBIINM
PACCTOSIHUEM JI0 OCH BpAIIEHHS) MOKHO MPUHATH 32 MaTepPHAIbHYIO TOUKY, TOTAA ,a
TEOPETUIECKOEe 3HAYCHHE MOMEHTA MHEPIMH OATUCTHUYECKOTO MasiTHUKA

99\* MERGEFORMAT ()
Paccumnrats MOrpCHOCTb USMCHCHUA.
2. OnpenesieHue CKOPOCTH M0JIETA IMYJIH

Macca kaxIoil Tynau ompeaenseM B3BEIIMBaHHEM. JTO MOXHO CIeNaTh MOTOMY, YTO
Jorapu(pMHUUECKUIl JTEKPEeMEHT 3aTyXaHusl AITUX KojeOaHWii BechMa Mal M HX aMIUIMTYJa
JOBOJIBHO JIONTO OCTAeTCS TMOYTH TOCTOSHHOW (TIOMBITAWTECh SKCIIEPUMEHTAIBHO OICHUTH
BEJIMYUHY JIEKpeMeHTa!).

1) U3mepuTtsh B3BEMIMBaHUEM Maccy MyJu. OLIEHUTh NOTPEUTHOCTh ONPEAEIEHUS MacChl.

2) ITpoussecTu BicTped. OTMETHTh MaKCHMAaNbHBIA yron (f OTKIOHEHHS yKasaTels IO

TpaHcropTupy. Msmepenue yrma oTkinoHenus ‘f HajexxHee NpOM3BOAMTH HE TOJNBKO IO
aMIUTUTY/Ie OTKJIOHEHUS MasTHUKA MPHU MEPBOM KayaHWU, HO U MO pa3Maxy ero KojedaHui,
JUIAIUXCS HEKOTOpPO€ BpeMs Iocie yzaapa (IIpM 3TOM IOJE3HO IPUMEHATh U YCPEIHEHHE
OTHENBbHBIX OTCUETOB). BrIicTpen mNpOM3BOAUTH TOJABKO IO HENOABI)KHOMY LMIMHADPY.
IToBTOPUTH OMBIT 5 pa3. Haiitu cpenHee 3HaYeHHE yIIa OTKIOHEHHUS U MOTIPELIHOCTH
U3MEPEHHUs yIUIa.

3) BpluuciuTh 3HaUYEHHWE CKOPOCTH Tojiera mynun 1o dopmyne (6). Beramcnuts
MOTPEIIHOCTD ONPEIEICHUA CKOPOCTH TI0JIETA ITyJIH.

4) 3anucath OKOHYATENbHBIN pe3ynbTar. Caenars BIBOI.

Cooepicanue omuema.

Otuet o 1a60OpaTOPHBIM paboTaM JOKHBI COAEPKATh:

- TUTYJIbHBIN JIUCT;

- 11eJb PadoTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIPEJICICHUH, MOHATHH, HopMyIT;
- OCHOBHOE 000py/I0BaHUE, CXEMa YCTaHOBKH;

- OITUCAHME T10 ITyHKTaM BBITIOJTHCHHOHN pa0oThI;

- pe3yabTaThl U3MEPECHHH M pacyeTOB (TAOIHUIIBI, TPAPUKH);

- OLIEHKA MOTPEIIHOCTEN;

- OTBETHI HA KOHTPOIILHBIE BOIIPOCHI;

- BBIBOJIBI IO PE3YJIbTaTaM BBITIOJIHEHHON paboTHI, 1aTa, OIHCh.
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Konmponwsuwie éonpochi.

1. Kak ompenensiercs KHHETHYECKash dHEPTHUS MPH IMOCTynaTedbHOM JBrkeHUH? [Ipu
BpallaTeIbHOM JIBUKEHUU?

2. OObsicHUTE, TMOYEeMYy IPH HEYNPYroM yJape HE BBHIMONHICTCS 3aKOH COXPaHCHHS
MEXaHUYECKOI HEPTUu.

3. ChopmynupyiiTe ¥ 3anMIIMTE 3aKOH COXPAHCHHS WMITyJbca JUISI HEYIPYroro
B3aUMOJICHCTBUS MyJIH U (PU3NIECKOTO MassTHHUKA (00BsICHUTE BBIBOA (hopMytbl (1)).

4. Chopmynupyiite Teopemy LlTeitaepa.

5. Uro Ttakoe MoMeHT wuHepuuu? Kak omnpenenseTcsi MOMEHT HWHEPIHMH CTEPKHS
OTHOCHUTENILHO OCH, IPOXOJISIIEH Yepe3 OJUH ero KOHIIOB.

6. BriBecTu dpopmyiy (6).

JlabopaTopnasi padora Ne 4
Tema pabomer. OnpenesieHue nepuoaa KoaedaHuii pu3nueckoro MassTHUKA

Ilens pabomer. OrnpeneneHue CKOPOCTH TOJeTa IYJIW C TOMOIIBIO  (PU3UIECKOTO
MasiTHUKA.

Teopemuuecmm yacme.

Dusuueckum MasmHUKOM Ha3bIBACTCS TBEPAOC TCJIO, COBCPIIAIOIICEC

KOJe6aHUs OTHOCHTEIBHO HEIOIBIKHOM OCH IOJ IeHCTBHEM CHIIbI 2"3,:,! <
TsxectH (puc.1). t;': i.:\ S

D12 0Ch ABNSAETCA TOPU3OHTAIBHOMN, U OHA HE IPOXOIHUT Uepe3 LEHTP L\_x
Macc Tena (Takas OCh HA3bIBAETCS OCHIO KAYaHMS MasTHHKA). [IpH Manbix M, \:\‘}"’
YIIaX  OTKJIOHEHHS OT TMOJOKEHHsS PAaBHOBECHS M B OTCYTCTBHE CHII | ‘{~\"~
COTIPOTHBIICHHS JIBUKEHHE MAsTHUKA OMMCHIBACTCS yPABHEHHEM |
Puc.1. B | -"‘-.‘

! @ =-mg 7/ i |

(1)

I — MOMEHT nHepLK MasiTHUKA OTHOCUTEIILHO OCH KOJICOaHUIA,

m — Macca MasTHHUKA, Puc. 1

[ — paccTosiHME OT OCH JI0 LIEHTpa Macc.

[Tepuon xonebanuil onpeaensieTcs COOTHOIIEHUEM

()

®u3nyeckoMy MAasTHUKY MOXET OBITh IOCTaBI€H B COOTBETCTBHE MAaTeMaTHUECKUI

MAasTHUK, UMEIOIIUI TOT %ke Mepruo
3)
L — nyivHa MaTeMaTu4ecKoro MasTHUKA (MIPUBEACHHAS JJIMHA (U3MYECKOTO MAsITHUKA).
JlnHa MaTeMaTHYeCKOro MasiTHUKA, MEpHUOJ| KoJeOaHUN KOTOPOro paBeH IMEPUOIY
KoJIeOaHUH (U3NUECKOro MasiTHUKA, HAa3bIBAETCS MPUBEAEHHON ATMHON (PU3HMUECKOro MasiTHUKA
4

B nanno#t paGore (u3nuecknii MasTHUK MpencTaBiseT cOOOW CTalbHOM cTepikeHb (puc.
1). Ha ctep:xHe mpocBepiieHbl OTBepcTHSAMHU Ha pacctostHuu 10 cwm apyr ot apyra. CtepkeHb
MOJBEIIMBAIOT Ha IUThIpb O. BpiOupas oTBepcTHE Ha CTEp)KHE, MOYKHO pEryJIMpOBaTh
paccTosiHHE OT TOYKM IMojBeca cTepxkHs O 10 LeHTpa Macc crepxkHs C, Hampumep, Ha puc. |
paccrosinue OC paBHO 40 cm. Llentp macc C OJHOPOJHOTO CTEP)KHA HAXOAUTCS IOCEPEAMHE
CTEPIKHSI.
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Eciu crep)KeHb OTKJIOHHTH OT TIOJI0KEHUs paBHOBecHus Ha yroi 3° + 5° 1o om Oyzer
coBepmiaTh KosebaHusi OJM3KME K TapMOHMYECKMM. Bpemsi koneOaHumii u3MepseTcs
CEKYHJIOMEPOM.

[0 ocoocooowge}

Puc. I Maxem
"dusuyecui Masmmur "

[Teprion konebGaHuil (HU3MUECKOTO WM MATEMAaTHMYECKOTO MasTHUKAa B OOIIEM ciydae
3aBUCHUT OT aMIUTUTYbI KosieOaHui MasiTHUKa. Ho eciu yron oTkIIoHeHus: MasiTHUKa ¢ < 5°, TO ¢
XOpoIIeil TOYHOCTBIO MOXHO TMpEeHeOpeub 3aBHUCHMOCTBIO TMEpHoJa OT aMIUIUTYAbl U
NpUOIMKEHHO CUYUTATh, YTO MasiTHUK COBEPIIIAET FApMOHHUYECKHE KOIeOaHusl.

[Tepuon xonebanuii GU3NMUECKOTO MasTHUKA ONpeaenseTcs mo popmyie

)
rae L — npuBefeHHas JMHA (GU3HMYECKOTO MasTHHUKA.

Ilpusedennas oruna GU3NUECKOTO MASITHUKA PaBHA JJIMHE MAaTEMaTHYECKOTO MasiTHUKA,
HUMEIOIIET0 TaKOU ke Mepro]] KoyiebaHuii KaK y JaHHOTO (PU3HUECKOT0 MasiTHHUKA.

[TpuBenennas amuHa HU3AIECKOTO MAsSTHUKA OIpeaesieTcst popmyIioi

)

riae: J — MOMEHT MHEPLMH MasgTHUKAa OTHOCUTENIbHO TOYKH nojBeca O;

m — Macca MasiTHUKa;

d — paccTosiHME OT TOYKH TojiBeca O 110 1ieHTpa Macc MasTHuka C.

Teopema IlImeninepa. Momenm unepyuu J mena omnocumenbHo npoussoIbHOU OCU PAGEH
cymme momenma unepyuu Jy mena omHocUmenbHo OcCuU, NPOBeOeHHOU Yepe3 YeHmp mMacc meid
napanienbHo OaHHOU OCU, U NPOU3Be0eHUsl MACCLL m mena Ha Keaopam paccmosanus d medxcoy
SMUMU OCAMU:

B nmanHoli 1abopaTtopHOil paboTe MOMEHT WHEPIUU CTEPIKHS OTHOCHTEIHLHO OCU KadaHUS
O Beruuciserca no teopeme llrtelinepa. Jlis OJHOPOAHOrO CTEPKHS MOMEHT HMHEpPLUU
OTHOCHUTEJIBHO LIEHTPA Macc CTEPKHs (COBINAAAET C LIEHTPOM CTEPKHS)

b

rzie / — IJMHA CTePIKHS, M — Macca CTEPIKHSL.
Takum o6pazom

[IpuBenennas npnuHa (QU3MYECKOTO MAsSTHHUKAa B JIAaHHOW JlabopaToOpHOM pabote
ompenenseTcs mo Gopmyie:
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[ = o mll+12d7) 12
il | 2l 12 (5)
Torma mnepuon kosjeOaHuii (DU3MYECKOrO MasTHUKA B JIaHHOW JIabopaTopHOU paboTe
omnpeensercs no GopmyIe:

(6)

Oébopyooeanue u mamepuansl. Y CTaHOBKA JUIS UCCIIEOBaHUS KojeOaHUN (PU3NYECKOTO
MasiTHUKA, JIMHENKA, CEKYHIOMED.

Ykazanusa no mexnuxe 6ezonacrnocmu.
1. K BeImonHeHuio 1a00paTOPHBIX pabOT AOIMYCKAIOTCS CTYACHTHI, W3YYHBIIME MpaBHIIa

TEXHHKH 0€30IaCHOCTH.

2. JlabopaTopHble pabOThHl MOTYT POBOIUTHCS TOJIBKO MO/ PYKOBOJICTBOM U HAOJIOICHUEM
MperoaaBaTers.

3. Pacnonaraiite mpuOOpsl, MaTepualibl, 00OpyIOBaHHE Ha pabodyeM MecTe B MOPSJKE,
YKa3aHHOM TIPEIo/1aBaTesIeM.

4. He nepxxute Ha pabodyeM CToJIe IPEIMEThI, HE TPEOYIOLTUECs sl BBIMIOJTHEHUS 3aJaHusl.

5. Tlepen Tem, Kak MPUCTYNUTHh K pabOTe TIIATEIHHO M3YUYUTE €€ ONMUCAHUE, YSICHUTE XOJI
BBITIOJTHEHUSI PAOOTHI.

3aoanus.

1. [loxBemnBaOT MasgTHUK Ha HITHIPH MEPBBIM OTBEPCTUEM. JTO 3HAUUT UYTO PACCTOSHUE
OC=d, =40 cm.

OTKJIOHAIOT MasATHUK Ha Manbii yroa okomo 3° + 5° m ormyckaror. Ilpu momomnn
ceKyHaoMmepa u3MepsitoT Bpems t; (i = 1, 2, 3) nna N=30 nonnbix konedanuil. M3mepenus
MOBTOPSIIOT 7 = 3 paza.

Bpruncnsior cpeiHee 3Hau€HNE BPEMEHU

[lepuon onpenenstoT mo hopmyie
2. TlogBemMBarOT MasiTHUK Ha IITHIPh BTOPHIM, TPETHUM M YETBEPTHIM OTBEPCTHSIMH TIO
OYepe/I U MIOBTOPSIFOT U3MEPEHHUs TyHKTa 1.

ITpu atom d> = 30 cm, d5 =20 cm, ds = 10 cm.
Jnuna crepxus [ =1 m.

JlaHHbBIC U3MEPEHUIA 3aHECTH B TAOIUILY

Taomuna 1.
d <> Tusn L Tpacu
M C Cc M C
0,4
0,3
0,2
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0,1

3. Bbruucasior npuBeieHHbIE JUIMHBI (PU3NYECKOr0 MasiTHUKA i Beex d

4. BpruucnsgioT mnepuoabl KojieOaHWuW (U3MUECKOr0 MasTHHKA JJIS BCEX 3HAYCHUH
MPUBEICHHOM JUTMHBI (PU3MUECKOTO MasiTHUKA

T ={(L)
5. IloctpouTts rpaduku mepruoaa U3BMEPEHHOTO W pacYeTHOTO

3aBUCUMOCTH OT NPUBEICHHOMN JJINHBI L.
6. CpaBHUTBH U3MEPEHHBIE U PACUETHBIEC 3HAUEHUS NIEPHOI0B KOJIeOAHUH.
CraenaTb BBIBOJ O XapakTepe 3aBHCUMOCTH Iepuoja KoieOaHui (U3MUecKOoro MasTHUKA
OT IIPUBEICHHON JIUITVHBI.
Cooepircanue omuema.
Otuet no 1abopaTOpHBIM paboTaM JOJKHBI COJEPKATh!
- TUTYJIbHBIN JIUCT;
- 11eJIb paboTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIPE/IEICHUN, TOHATUH, GOPMYII;
- OCHOBHOE 000pY/IOBaHHUE, CXEMa YCTAaHOBKH;
- OIIMCAHME M0 IIYHKTaM BBIIOJIHEHHOMN padoThI;
- pe3yJbTaThl U3MEpPEHHH U pacuyeToB (TaOIULbl, TpapUKH);
- OLIEHKA MOTPEIIHOCTEN;
- OTBETBI HAa KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIBI TI0 PE3YJIbTaTaM BBIIIOJHEHHOW paOoThl, 1aTa, MOIKCH.
Konmponwvnwvie éonpochwi.
JlaiiTe onpeseneHne rapMOHNYECKUX KOJIeOaHUH.
UYro Ha3pIBaeTCA MaTEMaTHUYECKUM MAasATHUKOM?
UYro Ha3piBaeTCs NPUBEAEHHON IIMHON (PU3UYECKOTO MasiTHUKA?
Coopmynupyiite Teopemy Ll Teitnepa.
BriBectu popmyiy nepuoaa konedanuii pu3nueckoro MasiTHUKA.

=/(L)

nk

Nk W=

JlabGoparopHasi padora Ne 5

Tema paboome. Onpenenenne ko3gduIUeHTa BHYTPEHHEr0 TPEHUSl KUIKOCTH
MeTOoA0M najaawinero mapuka (Meroxa Crokca).

Ilenv pabomoi. 1103HAKOMUTBCS ¢ METOIOM U3MEPEHHUS BA3KOCTH KUIKOU CPEIbI.
Teopemuueckaa uacme.

BsaskocTh (BHyTpeHHee TpeHHMe) — 3TO CBOMCTBO pEalbHBIX J>XKUJIKOCTEH OKa3bIBATH
CONPOTHUBJICHWE MEPEMENIEHUI0 OJHOM YacTH KUJIKOCTH OTHOCHUTENbHO Apyrou. I[lpum
MEepEMENICHUN OJHUX CIIOEB PEaTbHOM >XUJIKOCTU OTHOCUTEIBHO JIPYTUX BO3HUKAIOT CHIIBI
BHYTPEHHETO TPEHMs, HANPABICHHbIE IO KacaTeJIbHOW K IOBEPXHOCTH cloeB. JlelcTBUE 3THUX
CHJI TIPOSIBIISIETCS. B TOM, YTO CO CTOPOHBI CJIOS, IBMXKYILErocsi ObICTpee, Ha CIOH, ABMKYIIHHACS
MeJJIEHHEe, JEHCTBYET ycKopstomas cuiia. Co CTOPOHBI XKe €05, ABHXKYILErocs MEUICHHEH, Ha
CIIOM, ABIKYIIHICS OBICTpee, NeMCTBYET TOPMO3AIIas CUia.

Cuna BHyTpeHHEro TpeHusi F TeMm Oojblie, yeM OoJbIie
paccMarpuBaeMasi IJIOMIa b MOBEPXHOCTH CIOEB S, U 3aBUCUT
OT TOT0, HACKOJBKO OBICTPO MEHSETCSI CKOPOCTh TEUEHUS
KHUAKOCTU IIpU Iepexoie OoT cios K cioro. Ha pucynke

24

aAx

U3 4



IIPEJICTABJIEHBI ABa CJIOsl, OTCTOSLIME APYr OT Apyra Ha paccTOSSHUM AX M JIBHXKYIIUECS CO
CKOpOCTSIMH 01 U 0. [lpu 3TOM ©; — v, = Av. HampaBinenue, B KOTOPOM OTCUHTHIBAETCS
pacCTOSHUE MEXAY CIOSMHU, HEPREeHOUKYIAPHO CKOPOCTH TedeHUs cioeB. Bemnumna Av/Ax
MIOKa3bIBAET, KAK OBICTPO MEHSETCS CKOPOCTh IIPH MEPEXO/IE OT €0 K CIIOK0 B HAIPABJICHUH X,
NEPIIEHINKYJIIPHOM HalpaBJIEHUIO JIBWKEHUS CIIOEB, U Ha3bIBAECTCS I'PAJMEHTOM CKOPOCTH.
Takum o0pa3oM, MOKHO CUUTATh, YTO MOJYJIb CUJIbl BHYyTPEHHETO TPEHUS PABEH:

; (1)

rae kKod3(@UIMEHT MPONOPLUUOHAIBHOCTU #, 3aBUCSILUNA OT HPUPOJIBI JKUIKOCTH, Ha3bIBAETCS
AUHAMMYECKOH BA3KOCTbIO (WU MPOCTO BA3KOCTHIO).

Enununna Bsizkoctn — nackagab-cekyHaa (Ila-c): 1 [1a- ¢ paBeH nuHaMu4ecKol BSI3KOCTH
cpeabl, B KOTOPOH NpH JaMHHAPHOM (TJIaJIKOM) T€YEHUH M TPAJAUEHTE CKOPOCTU C MOJAYIIEM,
paBHbIM 1 M/C Ha 1 M, Bo3HMKaeT cuiia BHyTpeHHero Tperus B 1 H na 1 M”> noBepXHOCTH KacaHus
CJI0EB (1 Ma - c=1 H- ¢/m?). IlpumensieTcs Takke BHeCHCTeMHas exununa — myas (I1):
IITa-c =10 II.

Yem Ooutbliie BI3KOCTh, TEM CHIIbHEE KUIAKOCTh OTJIMYAETCS OT HJI€aJIbHOU, U TeM OoJIbLIne
CWJIbI BHYTPEHHETO TPEHMsI B HEW BO3HHUKAIOT. BS3KOCTh 3aBUCHT OT TeMmIlepaTypbl, IpUYEM
XapakTep 3TOM 3aBUCUMOCTH JUIsl JKUIKOCTEW M ra3oB pasaudeH. [l sxuakocred # ¢
YBEJIMUYEHUEM TEMIIEPATypbl YMEHbBILIAETCS, Y Ta30B, HA00OPOT, YBEIUYUBAETCS, YTO YKa3bIBACT
Ha pas3iIuyue B HUX MEXaHU3MOB BHYTPEHHEro TpeHus. Tak, AMHaMHUYecKas BSA3KOCTb BOJIbI
ymenbmaercs ot 1,792-1072 1T mo 0,284-107 I1 (T.e. B 6,3 pa3a) Ipu yBeIMIEHHU TEMIIEPATYPEI
ot 0 °C 0 100 °C, a y BO31yXa B 3TOM K€ JHManasoHe BA3KOCTh yBenuuusaercs ot 1,709-107* I1
10 2,175-10* I.

CymectByeT nABa pexuma TEUEHHUS JKUAKOCTeH. TedyeHne Ha3bIBaeTCsl JIAMHHAPHBIM
(CJI0MCTBIM), €CITM BJOJb MOTOKA KaXKJIbIA BBIJICICHHBIA TOHKUH CJIOM CKOJIb3UT OTHOCUTEIBHO
COCEHUX, HE MEPEMEIINBASICh C HUMHU, U TYpOYJEeHTHBIM (BHXPEBbIM), €CIM BIOJb IOTOKA
MIPOUCXOJUT UHTEHCUBHOE BUXPEOOpa3oBaHue U MEPEMEIINBAHNE KUIKOCTH (raza).

JlaMuHapHOE TeUeHHE KUIKOCTU HAOJII0JAeTCsl MPU HEOOIBIINX CKOPOCTIX €€ JABMIKEHHS.
Buemnuii ci1oi )XUIKOCTH, MPUMBIKAIOUINN K TOBEPXHOCTH TPYOBl, B KOTOPOM OHA TEUeT, U3-3a
CWJI MOJIEKYJISIPHOTO CLEIUIEHUS NPWIMNAeT K HEM M ocTaeTrcs HenoABWKHBIM. CKopocTH
MOCIEAYIOIUX CJIOEB TeM Oouiblie, 4YeM OO0Jbllle MX PACCTOSHUE JI0 MOBEPXHOCTU TPYOBI, U
HauOoJIbIIEH CKOPOCTHIO 00JIAAAET CIION, ABHKYIIMICS BIOJIb OCHU TPYOBI.

[Ipu TypOyJIEeHTHOM TEYEHUM YaCTULBI SKUJIKOCTH MPUOOPETAIOT COCTaBJISIOLINE
CKOpPOCTEH, NMEPHEHAUKYIISIPHBIE TEUEHUIO, I03TOMY OHU MOTYT IEPEXOAUTHh U3 OJHOIO CJIOS B
npyroi. CKOpOCTh YacCTHIL KHJIKOCTH OBICTPO BO3pacTaeT MO Mepe yAaJeHHs] OT MOBEPXHOCTH
TpyOBI, 3aT€M U3MEHSAETCS I0BOJIbHO HE3HAYUTEIbHO. Tak Kak YacTUIIbI KHUJIKOCTU NEPEXOIAT U3
OJIHOTO CJIOSI B IPYTOM, TO UX CKOPOCTHU B PA3IMUHBIX CJIOSAX Majlo oTiinyaroTcs. 13-3a 60sb110ro
IpaJii€HTa CKOPOCTEH Y MOBEPXHOCTEH TPyObl OOBIYHO MPOUCXOAUT 00pa30BaHNUE BUXPEH.

[Tpodunb ycpeqHEeHHON CKOPOCTH NMpHU TypOYJIEHTHOM TE€YEHMH B TpyOax OTIMYAETCS OT
napabonuyeckoro mnpodwis NOpU JaMUHAPHOM TEYEHUH Oosiee OBICTPHIM BO3paCTaHHUEM
CKOPOCTH Yy CTEHOK TpyObl U MEHbILIEH KPUBU3HOM B LIEHTPAJILHOM YaCTH TEUEHHUS.

Anrmmiickuii ydensiii O. PeitHonbac (1842—1912) ycranoBui, 4To XapakTep TEUYEHHUs
3aBHCUT OT Oe3pa3MepHOl BEIMUYMHBI, Ha3bIBaeMol 4yucioM PeitHonbaca:

Re. (2)

rie  p — INIOTHOCTh KUJKOCTH;
— CpeHsIs IO CEUYEHUI0 TPYObl CKOPOCTh KUJIKOCTH;
d — XapaKTepHbIU JUHEWHBIN pa3Mep, HallpuMep JUaMeTp TpyObI;
y — IMHAMHYeCcKasl BSI3KOCTb )KHJKOCTH.
OTHoIIeHNE = #/p Ha3bIBACTC KHHEMaTHYeCKO# BA3KOCTBIO, 103TOMY (2) MOKHO
IPEJCTaBUTh CIEAYIOIINUM 00pa3oM:
Re. 3)
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[Tpu maneix 3HadeHusx yucna Peitnonsaca (Re 1000) HaGmromaercst TaMuHapHOE TEUYCHUE,
nepexo OT JJAaMHHAPHOTO TeUeHUs K TypOyleHTHOMY npoucxoauT B obmactu 1000 Re 2000, a
npu Re = 2300 (ans rmagkux TpyO) Teduenue TypOyneHtHoe. Ecnm umcno PeiiHonbiaca
OJIMHAKOBO, TO PEXUM TEUEHUS PA3IMUYHBIX JKUAKOCTEeH (Ta30B) B TpyOax pa3HBIX CEUYEeHUI
OJTMHAKOB.

Teopusi MeTOa U ONMUCAHNE YCTAHOBKH
Bsi3kocTh TIposIBIISIETCS TIPW ABMDKEHUH HE TOJBKO JKUAKOCTH TI0 COCyZlaM, HO M Te B
xuakoctu. [lpu HeOONBIIMX CKOPOCTAX B COOTBETCTBUM € ypaBHeHHMEeM HbroToHa cuiia
COIIPOTHBIICHUS JBIXKYILEMYCs Tely IpONOPIMOHAIbHA BA3KOCTH KHJIKOCTH, CKOPOCTH
JBIDKEHUS Telda W 3aBUCUT OT pa3MepoB Tena. Tak Kak HEBO3MOYKHO yKa3aTh OOLIyIO
bopMyTy A CUIIBI CONPOTUBIICHUS, TO OTPAaHUYUMCS] pACCMOTPEHHEM YaCTHOI'O CIIydasi.

Haubonee mpocroii ¢opmoii Tena sBusercs chepa. s cepuueckoro tena (IIapHk)
3aBUCUMOCTh CHJIBI CONPOTHUBICHHUS TPH €ro JABIKEHHM B COCyJle C IKHJIKOCTbIO OT
MEPEYHCIICHHBIX BBIIIE (DaKTOPOB BhIpaxkaercs 3akonom Cmokca:

= g
Fp =001 ’ @
TZ€ 7 — paAuycC IapuKa;
0 — CKOPOCTb JIBHKEHUS.
OTOT 3aKOH IOJIy4eH B MPEANOJOKEHUH, YTO CTEHKH COCyJa HE BIMAIOT Ha JIBUKCHUE
Tena.
[Tpu nmageHuu mapuka B BSI3KOM cpefie (puc. 3) Ha Hero JAEUCTBYIOT TPU CHUIJIBL:

meg =3 pme
® cua TKECTH = 3 S

® BBHITAJIKMBAIOIIAS (ApPXUMET0BA) Fy=m.g :-47"{ I TE :“{,

TJIe My — Macca BBITECHEHHOW IIAPOM >KUIKOCTH; P — €€ TUNIOTHOCTB;

¢ F.,— CHja CONPOTUBJICHNUS, BBIUHCIsieMas 1o hopmyie (4).

[Tpu momananuu MIapuKa B BSI3KYIO )KHJIKOCTh €r0 CKOPOCTh yMeHbIaeTcs. Tak Kak cuia
COTIPOTUBIIECHUS MPSIMO MPOMOPIHOHATIBEHA CKOPOCTH, TO ¥ OHA Oy/IeT YMEHbBINIATHCS 10 T€X MOp,

IOKa ABUKCHHUEC HC CTAHCT PaBHOMCPHbBIM. B atom ciIyvac:

mg+F +F =0

)
FA
L o B ckansipHoit hopMe mpu 1MoICTaHOBKE COOTBETCTBYIOIINX
FTp BbIpaKeHUH 1151 cull, popmyna (5) Oyner uMeTh BUJ
mg

Puc.2.
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TOT 1 g 0,7 g - 6y, =0

: (6)

I1le — CKOpPOCTbh PaBHOMEPHOTO ABMKEHM (majgeHusi) mapuka. M3 (6) moayuyaem BbIpakeHHE
JUIS TUHAMHYECKOHN BS3KOCTH:

i al
) _3 l- 2= a*r}.\.ﬁ'zl e
/ 9

[

(7)
®opmyina (7) cripaBeanuBa AJis ABMKCHUS IApUKa HE TOJIBKO B )KUJIKOCTH, HO U B rase.

OKCIEpUMEHTAIbHASL YCTAHOBKA COCTOUT W3 CTEKJISHHOIO IWJIMHAPA, 3all0JIHEHHOTO
riuepuHoM. Ha munuHape HaHeceHbl JBE TOPU30HTAIBHBIE METKU (IPOBOJIOYHBIE KOJIBLIA),
pacrojoXKeHHbIE JIpYTr OT JIpyra Ha pacCTOSHUM (BEPXHSAsS METKa JOJDKHA ObITh HIDXKE YPOBHS
rIMIepuHa Ha 5 — 8 cM.). BA3KocTh rinieprHa 3aBUCUT OT TEMIIEpPATypPhl CIEAYIOINUM 00pa3oMm:

T,°C 3 18 21
n, I1 42,20 10,69 7,78
v, eM*/c 33,40 8,48 8,18

Oobopyoosanue u mamepuaol.

CrexnsHHBIA LWIMHIAP, 3aNOJHEHHBIM TIJIMLEPUHOM, CEKYHJIOMEp, MUHIET, LIapUKH,
MUKPOMETP WJIN OTCYETHBI MUKPOCKOIL.

Ykazanua no mexunuke 6ezonacnocmu.

1. K BbmonHeHuro 1ab0paTOpPHBIX PadOT JOMYCKAOTCS CTYACHTHI, M3YUYHBIIUE IpaBHIIA
TEXHHUKHU 0€30MacHOCTH.

2. JlabGopaTopHbie pabOTHl MOTYT MPOBOJUTELCS TOIHKO MOJI PYKOBOACTBOM U HAOIIOICHUEM
MpernoaaBaTers.

3. Pacrnonaraiite mpuOopbl, Marepuaisl, 00opynoBaHHe Ha paboueM MecTe B MOpSJKE,
YKa3aHHOM TIperoiaBaTesieM.

4. He nepxxurte Ha paboyeM CTOJIE IPEAMETHI, HE TPEOYIOUTUECS /ISl BBITIOTHEHUS 3a/IaHUS.

5. Ilepen Tem, Kak MPUCTYNUTh K pabOTe TIIATEIHHO U3YUYUTE €€ OMUCaHUE, YSICHUTE XOJ
BBITIOJIHEHUSI paOOTHI.

3aoanus.

1. V3mepuB nuameTp mIapHKa, OMYCTUTh MIAPUK B KUAKOCTh KaK MOXXHO OJIKEe K OCH
LHWIMH]IpA.

2. BKIIOYUTH CEKyHAOMEP B MOMEHT IIPOXO0K/ICHUS IIAPUKOM BEPXHEN METKHU.

3. BBIKIIIOUNTH CEKYHJIOMEP B MOMEHT ITPOXOXKACHUS IIAPUKOM HUKHEH METKH.

4. TloBToputh OmbBIT HeCKONMBKO (7 — 9) pa3. Beiuncinuth cpegHee Bpems fe, 32 KOTOpPOE
IAPUK TIPOXOJIUT MEXKIY IBYMS METKaMH.

5. H3meputhb pacCTOSIHUE MEX1Yy METKAMH.

6. BBIUMCIUTH CKOPOCTH MAACHUS MAPUKOB o = [/fp.

7. TloacraButh 3HaUEHUE CKOPOCTU B (hopmyiy (7), BBIYUCIUTH BA3KOCTh TIIHMIEPHUHA.
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8. PesynbraThl U3MEepeHUi 3aHeCTH B TaOnuIty 1.

Ta0mmma 1.
e |tyc || tyc |t ¢l C|lC |1 C 1l C|lpC|py Vo, [ m n,
Mm/c Ila-
c

Ipumeuanue: IWIOTHOCTH cBHHIA p = 11,350 r/cm’
IJIOTHOCTD TIIMIEPUHA px = 1,264 r/cM’.
Cooepocanue omuema.
OtyeT no 1abopaTopHBIM paboTaM JOJKHBI COIEPIKATD:
- TUTYJIbHBIN JIHCT;
- 11eJ1b paboTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIpeJIeJIEHUH, MOHATHH, hopMy;
- OCHOBHOE 000pYy/I0BaHUE, CXEMa YCTaHOBKHU;
- OMMCAHME IO MyHKTaM BBIIOJIHEHHON paboThl;
- pe3ysbTaThl U3MEPEHHUH U pacueToB (TabaULbl, TpadUKH);
- OLICHKA MOTPELIHOCTEH;
- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIbI IO PE3YJIbTAaTaM BBIMOJIHEHHON paboThl, 1aTa, HOJIHCh.

Konmponwnsie éonpocui.

UYro Takoe BHyTpeHHEE TpeHue?

OT 4ero 3aBUCUT cUJIa BHYTPEHHETO TPEHUs?

Kak 3anucsiBaercs popmyna HproToHa 17151 BHYTPEHHETO TPEHUS?

YTo moka3bpIBaeT rpaIMeHT CKOpocTu? B Kakux eanHUIAX OH U3MepsieTcs?

A e

OT yero 3aBUCUT CUJIa TPEHUS MIPH JBMKEHHUH TeJ mapooOpa3Hoit Gopmbl B BA3KOM

cpene?

6. Kaxue cunbl eiicTBYIOT Ha AIAIONIKI B BSA3KOM Cpejie IIapUK U KaKOB XapakTep
JIBIKEHUS IIapuKa’?

7. B Kkakux enuHUIAX U3MEPSIOT BA3KOCTh? OT 4ero oHa 3aBUCUT?

JlaGoparopHasi padora Ne 6

Tema paoomei. OnpeneneHne OTHOLIEHUSI YAeJbHBIX TeIUIOEMKOCTEH BO3ayXa
MeTO0M aIua0aTHYeCKOI0 pacuInpeHus.

Ilenv padompr. VI3yunTh ra3oBble 3aKOHBI, NEPBBIM 3aKOH TEPMOJIMHAMHUKU WM IOHATHE
TeroéMKoCcTH. OnpenennTs OTHOLIEHUE TEIJIOEMKOCTEN BO3JyXa IIPU IIOCTOSSHHOM JABJICHUU U
ocTostHHOM o0beMe (ko3 duument [lyaccona) B yciioBusix, OIM3KUX K HOPMAJIbHBIM.

Teopemuueckaa uacme.

OMNBIT MOKa3bIBAET, YTO KOJUYECTBO TEIUIOTHI (), HEOOXOIUMOE JIJIsi HArpEBaHHUS MAacCChl
OJTHOPOJIHOTO BeIIeCTBa OT Temreparypsl 1; 1m0 7>, MPOIOPHHOHAILHO Macce BelecTBa M
WU3MEHECHHUIO TEMIIePATyPhI:

(1)

TJie ¢ - yAeIbHas TeII0eMKOCTh BemectBa. U3 dopmymsl (1) cnegyer
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Yoenvnoii mennoemxocmoro Ha3biBaeTCs KOJIWYECTBO TEIUIOTHI, HEOOXoauMoOe s
HarpeBaHus BeniectBa Maccoil 1 krHa 1 K. B «CH» .

Kpome ynenbHON TEMmIOEMKOCTH BELIECTBA UCIIOIB3YETCS MOJSPHAs TEMIOeMKOCcTh CY.
Monapnoii menioemKkocmpio Ha3bIBACTCsI KOJTMYECTBO TEIIOThI, HEOOXOAUMOE JIJIsl HArpeBaHUs
1 mouns BemectBa Ha 1 K. U3 onpenenenus yaeiabHON TEIITIOEMKOCTH CIEAYET, UYTO OHA CBsI3aHa C
MOJIIPHOW COOTHOLIEHUEM

3)
rae M - monspHasa macca BemectBa. B «CH» enununa usMepeHUs [C"]=1.

CocTosHHE raza MOXeT ObITh OXapaKTEpHU30BAHO TPEeMs MapaMeTpamu: JaBICHHEM p,
oobeMoM V' u Ttemmeparypoil 7. YpaBHEHHE, CBS3bIBAalOIIEe OSTH BEIMYUHBI, Ha3bIBACTCS
YypasHeHuem cocmosanua 2aza. J|jis ciydasi UIeaJbHOTO ra3a ypaBHEHUEM COCTOSHUS SIBJSIETCS
ypasnenue Menoeneesa-Knaneitpona

: 4
rze R - yHuBepcaibHas ra30oBast IOCTOSIHHAS.

BenuunHa TEMIOEMKOCTH Ta30B 3aBHCUT OT YCJIOBUM HarpeBaHUs. BBISICHUM 3Ty
3aBHCHUMOCTb, BOCIIOJIb30BaBIINCh YpPaBHEHUEM COCTOsSHUA (4) U  nepevim Hauaiom
mMepMOOUHAMUKU, KOTOPOE MOKHO C(HOPMYJIHPOBATh CIEAYIOIUM 00pa3oM: KOJUYECTBO
TEIUIOTHI 0(), TIepeJaHHOEe CUCTEME, 3aTpauyuBaeTCs Ha yBEeJIMUEHHE ee BHyTpeHHeH sHeprun dU
1 Ha paboTy 04, COBEpIIAEMYIO CUCTEMOM MPOTHUB BHEIITHUX CHJI

0Q =dU + oA. (5)

[To onpenenenunio TEMIOEMKOCTh paBHA

(6)

U3 ypaBHeHus (6) BUAHO, UYTO TEIUIOEMKOCTh MOXET MMETh pa3lM4yHble 3HAYCHUS B
3aBHCUMOCTH OT CIIOCOOOB HarpeBaHUs Tasa, Tak Kak OJHOMY M TOMY € 3HAa4eHHUI0 d1 MOTyT
COOTBETCTBOBATH pa3inuHble 3HaueHust dU u dA.

Dnemenmapnan paboma uieanbHOTO Ta3a paBHa dA = pdV. Buympennsas snepausn 2aza
paBHa:

, (7)
r7ie - KOJMYECTBO MOJIeH ra3a, i - YUCIOo CTereHel CBOOOIBI.

Yucnom cmeneneit c60600b1 MOJEKYJIbl Ta3a Ha3bIBAGTCS YHUCIO HE3aBUCHUMBIX
KOOPJMHAT, ONPEESAIOMINX OJI0KEHNE MOJIEKYJIbl B IPOCTPAHCTBE.

[Ipu ABMKEHUW TOYKHU TIO MPSIMOU JIMHUU JIJISl OILICHKW €€ TMOJIOKEHHUS HaJl0 3HATh OJHY
KOOpJMHATY, TO €CTh TOYKa HMEET OJHYy CTeleHb CBOOOAbl. Ecnm Touka IBUXKETCS IIO
IUIOCKOCTH, €€ IOJIOXKEHHE XapaKTepU3yeTcsl AByMs KOOpJAMHATaMM, TO €CTh TOYKa oOjanaer
IBYMsI cTereHsMu cBoOobl. [lonokeHne MarepranabHOM TOYKM B MPOCTPAHCTBE OMpEIesaeTcs
TpeMsi KOOpAMHATaMH (TPH CTENEHU CBOOOIbI).

Momnekyiibl, KOTOpbIE€ COCTOSIT U3 OJTHOI'O aTOMa, CUATAIOTCS] MaTepUaIbHBIMU TOUKAMH U
MMEIOT YMCJIO CTereHe cBoOoabl i =3. TakuMu SBISIFOTCS MOJIEKYJIBI aproHa, Teiaust Hu Jp.
JIByXaTOMHBIE  MOJIEKYJIbI (Hz, N, 1 1p.) o6magaror unciom creneHeit cBo0oab! i = 5; OHU
MMEIOT TPH CTENEHU CBOOOIBI MOCTYNATEIHHOTO ABMKEHHUS BIOJb ocel X, Y, Z U JIBE CTeNeHu
cB00OBI BpalleHusi BOKpyr oceid X u Z (pucyHok 1, a). Bpamenuem Bokpyr ocu Y MOXKHO
npeHeOpeyb, TaK KaK MOMEHT HWHEPIMU MOJIEKYJbl OTHOCHUTEIBHO 3TOH OCH OYEHb Mall.
Monekynbl, cocTosiie U3 Tpex U Ooyiee )KECTKO CBSI3aHHBIX aTOMOB, HE JIeXKAIIUX HA OJHOMN
npsMoit (pucyHok 1, 06), UMEIOT YHMCIIO CTeNeHeW CBOOOIBI i = 6: TPU CTENEHHU CBOOOIBI
MOCTYNAaTEeNFHOTO JABMKEHUS U TPH CTETIEHU CBOOO B! BparieHus BokpyT oceil X, Y, Z. CTonpko
e CTeTIeHel CBOOOIbI UMEIOT U APYTHE€ MHOTOATOMHBIE MOJICKYJIBI.
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a Puc.9P1 6
PucyHok 1 - Yucno cteneHelt ceo6oabl  MoAeKyn

B oOmewm cayuae i - xod(QdUIHUEHT, paBHBIA CyMME YHCJIA TOCTYHNATEIBHBIX (Inoem),
BpaIIaTeNbHBIX (Igpay) U YIBOSHHOTO YHCIA KONEOATENBHBIX (ixores) CTETIEHEH CBOOOIBI MOJICKYJIBI
rasa:

i = inocm + iepam + ZiKa.rleﬁ .

Ha pucynke 2 noka3zaHa 3aBUCUMOCTb MOJIIpHOW TeruioéMkocTH Bopopona (Hx) ot
TEMIIEPAaTypbl, U3 KOTOPOH CJemyeT, 4TO TEeIJOEMKOCTh peajbHOro Ta3a He 3aBUCUT OT
TEMIIEPATypPhI TOJIBKO B ONPEACTICHHBIX TeMIIepaTypHBIX UHTepBanax. [Ipu stom B uHTEpBase 1-
1" HEOOXOIMMO YUYUTHIBATh TOJIBKO MOCTyMATEIbHBIC CTEIIEHH cBOOO B! (i=3); B nHTepBaye 2-2
- IOCTyNaTeNbHbIE U BpalaTelbHbie (i=5); B MHTepBalie 3-3' - mocTymnaTeabHble, BpalllaTeIbHbIe
n KojebarenbHble (i=6). OmnmcaHHas 3aBUCUMOCTh TEIUIOEMKOCTH pPEAJIbHOrO0 Traza oOT
TeMIepaTypbl 00yCIIOBICHAa KBAHTOBOM IPHUPOJION MOJIEKY U OOBSCHSAETCS B COOTBETCTBYIOIINX
pasnenax Kypca Gpu3ukm.

TemmepaTypsl, BbIIIE KOTOPBIX HEOOXOIUMO YUUTHIBATh TEMIEPATYPHYIO 3aBUCUMOCTD

X nol~
o

(T[N
=

0 T

PucyHok 2 — 3aBUCUMOCTb MOJISIPHOM TEINIOEMKOCTH OT
TeMIeparypbl rasa

BKJIQJIOB B TEIUIOEMKOCTh BPAIIaTeIbHOTO M KOJIEOATEIHPHOTO JABUKEHUS MOJIEKYJ, TOTy9IHiIn
Ha3BaHUE 6pawiamenbHoll  XapaKmepucmuyeckou u Ko1e0amenvHoll
Xapakmepucmuueckou memnepamypsl  COOTBETCTBEHHO.  3HAY€HUs ATUX
XapaKTepUCTUYECKUX TeMIIepaTyp IS BOJOPO/ia, a30Ta U KUCIOPO/ia MpuBeeHbI B Tabmule 1.

BpamaTeJleaﬁ 1 KoJieOaTeabHas XapPaKTCPUCTUUICCKHUC TEMIICPATYPhI

HEKOTOPBIX Ta30B
Tab6mumna 1
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I'asz Xapakrepuctuueckas temmneparypa, K
BpalaTenbHas KonebarenbHas

H, 85,4 6100

Nz 2,86 3340

0, 2,07 2230

W3 npuBefeHHBIX NaHHBIX CIEAYyeT, YTO MpH TeMIleparypax, OJM3KUX K HOpPMAallbHOH,
peanbHbIe ABYXaTOMHBIE ra3bl MOXKHO pacCMaTPHUBATh KaK MCAIbHBINA T'a3, MOJIEKYJbl KOTOPOTO
001a/1al0T TOJIBKO MOCTYNATEIbHBIMU U BPALATEIbHBIMU CTEIIEHSIMU CBOOO/IBI.

PaccmoTpuM OCHOBHBIE TPOLIECCHI, MPOTEKAIONIME B UACAIBHOM ra3e MpU W3MEHEHUU
TEMIIEPaTypbl, KOIJa KOJUYECTBO BEIIECTBA ra3a OCTAeTCS HEU3MEHHBIM U PaBHO OJHOMY
MoJi0. KonmudecTBo TETIoThl, HEOOXOAMMOE ISl HarpeBaHusi OJJHOro MoJs raza Ha 1K, paBHO
MOJIIPHOU TETJIOEMKOCTH.

H3oxopuoiii npouecc. llponecc Ha3bIBAaeTCS H30XOPHBIM, €CITH 00BEM Tena IMpH
M3MEHEHUU TEeMIepaTypbl OCTAETCS MOCTOSHHBIM, T.e. V'=const u m=const. B a3Tom cnyuae dV =
0. CnenoBarenvHo, U dA = (), T.e. Ipu 3TOM BCsSl TOJIBOAWMAS K Ta3y TeIJIOTAa HJIET Ha
yYBEIWYCHUE €ro BHyTpeHHeW sHepruu. Toraa u3 ypaBHeHui (6) u (7) ciaemyer, 4To MOJspHas
TEIJIOEMKOCTh T'a3a MPH MOCTOSTHHOM 00beMe paBHa

(8)

H306apnsuit npoyecc. I1pouecc, mpoTeKaOUUi PU MOCTOSHHOM JTAaBICHUU p = const U
m=const, Ha3bIBaeTCs N300apHBIM. J1J1s 3TOTO Citydast popmyna (6) mepenuiiercs B BUIE:

)
W3 ypaBHEHHUs Ta30BOT0 COCTOSIHUSA (4) U1 OJTHOTO MOJISI ITOJTy4aeM:
pdV + Vdp = RdT. (10)
Ho p = const u dp = 0. CnenoBatensHo, pdV = RdT . IloacTaBisisi 3TO BeIpaKeHUE
B ypaBHeHue (9), nonyuum
(11)
W3 ypaBuenutii (8) u (11) cnexyer, 4ro
(12)

[locnennee ypaBHEHME HA3BIBAKOT ypasneHuem Maiiepa.

H3zomepmuueckuit npoyecc. V30TepMHUYECKUM MPOLIECCOM HAa3bIBAETCS IPOLIECC,
MIPOTEKAIONIUI MPU MOCTOSSHHON Temneparype T=const u m=const. B atom cinydae dT = 0 u , TO
€CTh BHYTPEHHSISI SHEPTHS Ta3a OCTAETCS TIOCTOSHHON U BCE TIOJIBOJTUMOE TETIJIO PACXOIyeTcsl Ha
paborty.

Aouabamuueckuit npoyecc. IIporecc, mporekaronuii 03 TEI000MEHa ¢ OKPYKAIOIICH
cpenoli, Ha3bIBaeTca anuabaTuueckuM. IlepBoe Hayamo TepMOAMHAMHUKH Ui TAaKOTO Mpolecca
oynet umeth Bua: dQ = 0, dU + dA = 0, dA = -dU, 10 ecTb mpu annabaTUYECKOM IMPOIECCE
paboTa coBepIIaeTcss Ta3oM TOJIBKO 3a CUET M3MEHEHHs 3araca BHyTPEHHEN SHEPrui.

BeiBenem ypaBHeHue ammabaTtmueckoro mporecca. [lpyn aanadatnyeckoM paciimpeHud
paboTa coBepiiaeTcs 3a cueT yobuld BHyTpeHHel sneprun d4 = - dU. Ho dA = pdV u , 3HauuT

pdV = -dT. (13)

Pa3znenus ypasuenue (10) Ha (13) u yuurtsiBas (12), nomyuum
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(14)

I7le HasbIBaeTCs nokazamenem aduadamvl Ui KoIgguuyuenmom Ilyaccona. VHTerpupys u
noTeHuupys ypaBHeHue (14), momyuuMm ypaenenue Ilyaccona (ypaBHEHHE annabdaTHUECKOTO
mporecca):

(15)

C yuerom (8) u (11) koadpunment Ilyaccona paBen

(16)

Ora dopmyna cnpaBeivBa Kak JJisi OTHOIIECHUS MOJISIPHBIX, TaK M YJEIBHBIX TEIUIOEMKOCTEH
ra3oB.

Bo3nyx sBisiercs B OCHOBHOM CMECBHIO JIBYXaTOMHBIX Ta30B: a30Ta W KHCIOPOJA.
[TosTOMy €ro MOXXHO paccMaTpuBaTh B IIEJIOM KakK JBYXaTOMHbBIH Ta3. CoBHaaeHHe 3KC-
MEPUMEHTATBHO HAHJACHHOTO 3HaYeHHs KO3 PUIHeHTa y ¢ paccuuTaHHbIM 10 dopmyie (16) ms
JIBYXaTOMHOTO WJICATBHOTO Ta3a MOXKET CIY)XUTh KPUTEPHEM IPHUMEHUMOCTH TEOPUU

UACaTbHOTO Ta3za /s ONHCAHUS

;II:[ [:% PE€aIbHBIX TI'a30B.

| B

— Oobopyoosanue u
Mamepuasl.
T [IpennaraeMblii METOA ONpPEAECIEHUS
—+ koa(durmenta ITyaccona Yy
T OCHOBaH Ha PUMEHEHUU ypaBHEHUN
H(h) aanabaTU4eckoro ¥  M30XOPHOTO
nmpoueccoB W 3akoHa  boiuns-
Mapwuorra.

YcraHOBKAa ~ COCTOMT W3
CTeKJIISIHHOTO OamioHa A, coenu-
------------------- HEHHOTO C BOJTHBIM MaHOMeTpoM B
nu HacocoM (pucynok 3). Ilo-
cpenctBoMm kpana [[ OalioH MOXKeT
OBITH COEMHEH C aTMOC(EPOH.

Ilycte B Ha4yaJbHOM
COCTOSIHMM JIaBJICHHE BO3JAyXa B
Oamtone paBHO atMochepHoMy. Eciu 3akpbITh KpaH M ¢ TIOMOIIBIO HAcOoca HaKadaTh B OaJIJIOH
HEKOTOpOE KOJIMYECTBO BO3/yXa, TO JAAaBJICHHWE B OAJJIOHE MOBBICUTCS; HO €CIIU TO MOBBILICHHE
OBUTIO TPOM3BENICHO JOCTAaTOYHO OBICTPO, TO CTOJOWK BOJBI B MaHOMETPE HE Cpa3y 3aiMer
OKOHYATENbHOE TMOJIOKEHHE, TaK KaK NpU CXKATHUM BO3JIyXa TeMIepaTypa ero MOBBICHUTCS.
OxoHuaTenbHAs Pa3HOCTh YPOBHEW BOJBI B KOJICHaX MaHOMETpa H yCTaHOBUTCS TOJBKO TOT/IA,
KOrJla TeMIlepaTypa BO3/AyXa BHYTpPH OajuloHa cpaBHseTcs, Ojaroaaps TEIUIONPOBOJAHOCTH
CTEHOK, C KOMHaTHOW TeMIlepaTypoun

O603naunMm vepe3 7| KOMHATHYIO TEMIIEpaTypy U 4epe3 p; - JaBJICHHUE ra3a BHYTpPHU
COCylla, COOTBETCTBYyIOIIEE TIOKa3aHWIO MaHomerpa /. OueBHAHO, 4YTO JaBIICHHE,
ycTaHOBUBIIEecs B OaioHe, OyaeT Oosblie atMochepHOro Ha BenuuuHy A p, = pgH:

K Hacocy

prs
|
I

Pucynok 3 — Cxema ycTaHOBKH

pr=potdpr  (17)

rae po - arMocdepHoe
nasinenue. Ilapamerpel 77 u
P1 XapaKTepU3yIT COCTOSIHHE

P 1 PViTh
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Pop=P; ! 2
i i
D 1 1 -
Vl V2=V3 W
PucyHOK 4 - inarpamMma rasoBoro npotiecca 1neM rasa (Touka 1 Ha pUCyHKe

4).

Ecnmu Tenmepp Ha KOpPOTKOE BpeMsi OTKPBITH KpaH, TO BO3AyX B OauioHe OyIeT
paciupsThCs aaradaTHYecKy, oKa JIaBJIeHHE ero He CENIaeTCsl PaBHBIM aTMOC(EPHOMY po; IPU
3TOM OH OXJIAJUTCS J0 TeMIiepatypsl 7>. OTo OyneT BTOpOEe COCTOSHUE ras3a c napaMmerpamu 1, ,
V> 1 po=po(TOUuKa 2 Ha pUCyHKE 4).

Ecnu cpasy B MOMEHT JOCTHKEHHS BTOPOTO COCTOSIHHUSI Ta3a CHOBA 3aKPHITh KpaH, TO
JaBJIeHWE BHYTPU OaJlJIoHa HauyHET BO3pacTaTh BCJEACTBHE TOrO, YTO OXJAaJMBIIUICS TpU
pacmpenun (mporecc 1-2) Bo3ayx B OajuloHE CTaHET CHOBAa HarpeBaThcs. Bospactanue naB-
JIEHUs] TPEKpaTUTCs, KOrJa TeMIleparypa BO3JAyXa B OaJIOHE CpaBHSAETCS C KOMHAaTHOMN
temneparypoil 7;. O0Go3HauMM JaBleHME BO3JyXa B OaljloHE B 3TOT MOMEHT 4epe3 p; H
COOTBETCTBYIOIIIEE [TOKa3aHWE MaHOMETpa - uepe3 /. 1o OyAeT TpeThe cocTosiHue raza: 1i, p3u
V3 (Touka 3 Ha pucyHke 4). JlaBieHre B 3TOM COCTOSIHIH PaBHO

ps=po tAps, (Aps=pgh) (18)

ITepexoa OT BTOPOro cocTosiHUs (TOCNe 3aKpBITUSl KpaHa) K TPETheMy MPOUCXOIUT 0e3
M3MEHEHUs1 00beMa, TO €CTh H30XOPHO.

3anuinemM ypaBHEHUS, CBSI3bIBAIOIINE MTapaMeTPhl BO3/IyXa B Pa3HBIX COCTOSTHUSX:

mporecc 1 —2 (agmabara) (19)
nporecc 2 —3 (u30xopa) V,=V;, (20)
kpuBas 1 —3 (uzotepma)  pi Vi = psbs. (21)
B ypaBuenue Ilyaccona (19) Ha ocnoBanuu paBeHcTBa (20) mojactaBum V3 BMecTo Va:
(22)
W3 ypaBHeHus uzorepmsl (21) Boipazum o0bEM Vit
. (23)
[TonyuyenHoe 3HaueHue V3 noacraBum B ypaBHeHue [lyaccona (22):
(24)
[IpencraBum Beipaxkenue (24) B Buie:
(25)

CoxpatuB 00e yacTu Ha , IEpEHeCs p; BIPaBO, a BJIEBO U MOMEHSB JICBYIO U NPaBYIO
4acTU MECTaMH, MOJIyYHUM:
. (26)
[TomMHOXHMM TIpaByl0 dYacTb Ha  (OTYEro paBEHCTBO HE HAPYUIUTCS) M CAEIaeM
COOTBETCTBYIOIIHE MTPeoOpa3oBaHusi, 00bEAMHUB YJICHBI C OIMHAKOBHIM OCHOBAHUEM CTEICHU:

[ToaenuM Ha JIEBYIO U NIPABYIO YaCTH YPABHEHHUS, TIOJYUHM: 7

HpeHCTaBI/IM JAaBJICHUS TI'a3a B 6aHHOHe B TOUKax 2, 1u3l COOTBCTC.TBCHHO KakK (28)
P2= Do, (29)

pPr=pot Apy, (30)

P3=DpotAps, (1)

TJI€ po— JAABJICHHUE OKPYXKAIOIMIEH Cpeibl, TO €CTh aTMOchepHOe naBieHue, Ap; u Ap; — naBlieHUE,
MPOMOPIMOHAIBHOE PA3HOCTH YPOBHEH JKUJIKOCTH B MAHOMETpE B cCOCTOsHMSIX 1 u 3
COOTBETCTBEHHO.

[MoxcraBus (29), (30), (31) B ypaBHeHue (28), moayuyum

(32)

PasznoxxuB 00e YacTh MOJy4EHHOTO BBIPAXKEHHUS B  Psij [0 MajJoMy NapaMeTpy u
OTPaHUYMBIINCH IEPBBIMU ABYMS WICHAMHU psjia (B CHITy MaJIOCTH BTOPBIX CJIara€MbIX B JIEBOU U
MIPaBOX YaCTAX), MOIYIUM
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(33)
Bripazum u3 ypasuenus (33) koaddunment [lyaccona:
(34)

Ecmu yuects, uto Ap: = pgH, a Aps = pgh, To moayunm pabouyro GopMymy Ist
onpexaenenus kodddurnmenrta [lyaccona:

(35)
Ykazanua no mexnuke 6ezonacnocmu.

1. K BbIONHEHWIO 71a00paTOPHBIX Pa0OOT JOIMYCKAIOTCS CTYACHTHI, M3YYHBIIHC IPAaBHIIA
TEXHHUKHU 0€30MaCHOCTH.

2. JlabopaTtopHble pabOTHI MOTYT IPOBOIUTHCS TOJHKO 0T PyKOBOACTBOM U HAOIIOJACHUEM
MpernoaaBaTers.

3. Pacnonaraiite mpuOopbl, MaTepuaibl, 00OpyJoBaHHE Ha pabodeM MecTe B TOPSJIKE,
yKa3aHHOM TPENOaBaATEIICM.

4. He nepxxute Ha paboyeM CTOJIC TIPEAMETHI, HE TPEOYIONTUECS SISl BBITIOJTHEHUS 3a/1aHUS.

5. Tlepen Tem, Kak MPUCTYNUTHh K pabOTe TIIATEIHHO M3YUYUTE €€ ONMUCAHUE, YSICHUTE XOJI
BBITIOJTHEHHSI paOOTHI.

3aoanus.

1. I[Tpu momotu kpana | coeAMHUTH OaJIIOH ¢ aTMOc(hepoid. 3aKphITh KpaH.

2. Hakayarb B Oa/UIOH BO3AYyX Tak, 4TOOBI Pa3HOCTb YpPOBHEH BOJBI B KOJEHAaX
MaHomeTpa coctaBuia 20-25 cm. (4-5 060pOTOB pydKH Hacoca)

3. Beokmate 1,5-2 MuHYTBHI, 4TOOBI BO3AyX B OQlJIOHE OXJaaAWICA 10 KOMHATHOMN
TEeMIIepaTypbl U YPOBHHU BOJIbI B MAHOMETpE TepecTanu nepemeniatbes. [lomyuenHnoe cocrosinue
COOTBETCTBYET TOUKE | Ha pucyHke 4.

4. 3amucath B TaOmuily 2 BBICOTY ypOBHEH Boabl A, u h,, B KOJEHaX MaHOMETpA.
Onpenenuts H :

5. OTKpbITH KpaH TakK, 4ToObl BO3AyX B OayloHE OBLI COEAMHEH ¢ aTMocdepoil, u
OBICTPO €ro 3akpbiTh B MOMEHT, KOTJa YPOBHHM >KUAKOCTH B OOOMX KOJEHAaX MaHOMeTpa
cpaBHstoTcs. [Ipu 3TOM naBieHue Bo3ayxa B OajUIOHE CTaHET PaBHBIM aTMOC(HEPHOMY po — 3TO
COCTOSIHHE, COOTBETCTBYIOILIEE TOUKE 2 HA PUCYHKE 4.

6. Bepkaate, 4ToOBl BO3yX B OajIOHE Mocie auabaTHOrO paclIMpeHus Harpecs, U ero
Temreparypa HpuOIM3mWiIach K KOMHATHOM TemmepaType. Ilpu 3ToM ngaBieHue B OajioHe
MIOBBICUTCS U BHOBb IOSIBUTCSI PAa3HOCTb YPOBHEH XHAKOCTM B MaHomeTpe. Korma ypoBHU
MepeCTaHyT NEpPEMEIIAThCs, CAelaTh HOBBIM OTCYET IMOKA3aHWUM YCTAaHOBHBIIMXCS YpOBHEH B
KoJIeHaX MaHoMmeTpa U . OnpeaenuTb pa3HOCTh YPOBHEH /.

7. Ilpu momoru kpana J| coemuHNUTh 0aIOH C aTMOC(EPOH.

8. OnbIT NOBTOPUTH HE MEHEE 5 pa3 Mo IMyHKTaM 1-7 (110 yKa3aHHIO MPENnoIaBaTes).

9. Paccuurate mo dhopmyie (35) y; A1 KaKI0TO OTNBITA TPOBEACHHONW CEPUU N3MEPCHHIM.

10. Haiitu cpennee apupmeTryeckoe .

11. BpruucauTe NOJYHIMPHUHY JOBEPUTEIBHOTO MHTEpBANAa Ay, KaK JUIl CEPUH IPSIMBIX
U3MEPECHUM.

12. Pe3ynpTaT npencraButh B Buae y=+ 4y, a = 0,95.

13. BpiBog cpaenatb W3 CpPaBHEHHS OKCIEPUMEHTAJIbHO IIOJIyYEHHOTO 3HAYCHMS
koaddurmenta [lyaccona u paccunranroro mo popmyse (16) depes creneHrn cBOOOIBI MOJICKYJT
BO3/yXa.
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Tabnuia pe3yapTaToB U3MEpPEHU
Tabmuma 2

Ne hy, MM | by, MM | H, MM , MM , MM h, MM Yi <y> Ay

DN B W N

Cooepicanue omuema.

OTuet 1o 1abopaTOPHBIM paboOTaM JOJKHBI COJEPKATh!

- TUTYJIbHBIN JIUCT;

- 11eJ1b paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OTIPEJICIICHUH, TOHATHH, HopMyIT;
- OCHOBHOE 000pY/IOBaHHUE, CXEMa YCTaHOBKH;

- OTIMCaHME T10 ITyHKTaM BBIIIOJIHEHHOH paboTHI;

- pe3yNbTaThl U3MEPEHHM U pacueToB (TaOMUIlbl, TpadUKH);

- OLIEHKA MOTPEIIHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJIBI IO PE3YJIbTaTaM BBITIOJIHEHHON pabOTHI, 1aTa, TO/IHCh.

Konmponvnwie eonpocui.

1. Yro Takoe uaeanbHbIH ra3?

2. 3anummMTe ypaBHEHHUE COCTOSIHUSI MIeanbHOro rasza. Jlaiite ompejieneHre BEIUYUH,
BXOJISIINX B HETO.

3. UYro HazbIBaeTCs 4MCIOM cTeneHeil cBo0oabl cucteMbl? KakoBo uncio creneHeil cBo-
0016 OJTHO-, IBYX- 1 MHOTOATOMHOM MoJieKyJbl? Uem 00ycIOBIEHO pa3inyue Yuciia CTerneHen
cBOOO/BI 17151 pa3HbIX MOJIEKYJ?

4. Yto Takoe BHyTpeHHss sHeprua? Kak HallTH BHYTPEHHIOI SHEPTHUIO HJI€ATHHOTO
rasza?

5. HazoBurte cmnocoObl W3MeHEeHHs BHYTpeHHeil sHepruu. Kak paccuutath paboTy
HealIbHOro rasa?

6. CdopmynupyiiTe mepBoe HauaI0 TEPMOAMHAMUKH.

7. Jlaiite  ompeneneHUs  TEIJIOEMKOCTH  CHCTEMBI, YACIBHOW W MOJIIPHOMN
TEIUIOEMKOCTEH.

8. [aiite  ompeneneHuss  U30TEPMHUUYECKOMY,  HM300apHOMYy,  H30XOPHOMY U
annabaTHYecKOMy Ta30BBIM IpolieccaM, MpPOaHANU3UPYWTEe UX C MOMOIIbIO TEPBOTO Hauaia
TepMoauHamMuKH. [IpuBenuTe rpadKu COOTBETCTBYIOIIMX H30IPOIIECCOB.

9. 3Banummre Gopmyssl IUIsI MOJSPHBIX TEIIOEMKOCTEH uaeanbHOro raza. OOBsCHUTE,
MoYeMy  TeIUIOEMKOCTh ra3a TpW THOCTOSHHOM JaBJIEHHUH OOJIbIIE, YeM MpPH IMOCTOSHHOM
o0Beme.

10. Beipasute koaddunment Ilyaccona yepes 4ncio creneHei CBOOOIbI MOJIEKYJTBI.

11. Toctpoiite rpaduk MPOLECCOB, MPOUCXOASIMIUX C BO3AYXOM IMPH BHINOJHEHHH
JTAHHOU paboThl U OOBACHUTE €TO.
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JlabopaTopnasi pabora Ne 7
Tema pabomor. U3ydyenne 31eKTPOCTATHYECKOTO MOJIsI

Ilenv padomel. 3yueHne 311€KTPOCTaTUUYECKOTO TOJIST; TOCTPOEHUE SKBUIIOTEHIIMATIBHBIX
MOBEPXHOCTEH MOJIS.

Teopemuuecmm yacme.

M3BecTHO, uTO BOKpPYr Ji0OOOro 3apsiia WM 3apsDKEHHOrO Tella  CyIIECTBYET
NIEKTpUYECKOE M0JIe. B 3TOM I10JIe Ha BHECEHHBIN B HErO APYIoM 3apsij IEHCTBYET KYJIOHOBCKas
cuia. OJEKTPUYECKOE II0JI€ XapaKTepu3yeTcsl B KaKJOHW TOUYKE BEJIMYMHAMM: CHJIOBOM —
BEKTOPOM 3JIEKTPUUYECKON HANPSIKEHHOCTH , U DHEPreTUYECKOM — CKAISIPHOW BEJINYMHOM —
MOTEHIIUAJIOM .

HanpskeHHOCTBIO 3JIEKTPUUYECKOTrO IMOJIsl Ha3bIiBaeTcs (pu3nyeckasl BeIUUMHA, YHCICHHO
paBHas W COBHAAIONIAs MO HAIPABJICHUIO C CHJIOM , JACUCTBYIOUIEHM CO CTOPOHBI IOJIA Ha
€MHUYHBIN [I0JIOKUTENBHBIN TOYEUHBIN 3aps]l , IOMEIIEHHBIN B paCCMaTpUBAEMYIO TOUKY:

(1)

[loTeHnnanoM 3JIEKTPUYECKOrO OJIS B JaHHON TOYKE HA3bIBAETCS CKAJIIpHAs BEJINYMHA,
YUCJICHHO paBHasA HOTCHHI/I&J’IBHOﬁ OHCPIrun U CAUHUYHOI'O IIOJIOKHUTCIIBHOI'O TOYE€YHOI'O
3apsja , HOMELEHHOTO B 3Ty TOUKY

@)
IToTeHnman 1 HaPSPKEHHOCTD 3JIEKTPUYECKOTO TOJISI CBSI3aHBI COOTHOILIEHUEM
3)

HanoMHum, 4Yro rpaaveHTOM J000M CKaJspHOW BEJIMYMHBI  HA3bIBAIOT BEKTOP,
HaIpaBJIEHUE KOTOPOTO COBMAAAET C HANpaBJIEHUEM OBbICTpPEMILero yBEeIUYEHHUs BEJIUYUHBI , a
MOJYJIb PaBE€H HU3MEHEHUI0  IPU IEPEMELIEHUM Ha €IUHUIYy [UIMHBI B HAalpaBICHUU
ObICTpelIero u3MeHeHus: . 3HaK «MUHYC» B ¢opMmylie (3) MOKa3bIBaeT, YTO HANPSKEHHOCTh
NOJISl HAamIpaBjIeHA B CTOPOHY YOBbIBaHUS MOTEHLUAIA.

Hampasnenue BekTopa Hamps>KEHHOCTU 3JEKTPUYECKOrO MOJIS B KaX/JI0M TOUKE MO U
pacripesieieHie  MOTEHLUAIOB MOJS MOXHO  CHelIaTh OCOOGHHO  HArfsAHBIM, €CIH
BOCIIOJIb30BaThCS MOHATUSIMU O CHJIOBBIX JIMHMSX M O IIOBEPXHOCTSIX PaBHOrO MOTEHIIMaja, TaK
Ha3bIBAEMBIX 3KBUIIOTEHLUAIbHBIX IOBEPXHOCTSX.

CunoBbIMU JIMHUSMU Ha3bIBAIOTCS JIMHUM, KacaTEeJbHbIE B Ka)XJO0H TOYKE KOTOPBIX
OIIPEAEIAIOT HAIPABJIEHUE BEKTOPOB HAIPSDKEHHOCTEW JJIEKTpUYECKOro nojsd. Yucio xe
CWIOBBIX JIMHUHA MPOXOJSIIMX Yepe3 €AUHMILY IUIOIIAJU, HOPMaJbHOM K JTUM JIMHUSIM,
OIIpEAEIAET BEIMUMHY BEKTOpA HANPSHKEHHOCTH AJIEKTPUUECKOIO MOJIA B LIEHTPE 3TOM IUIOIAIH.
JluHMM  HampsDKEHHOCTH  3JIEKTPUYECKOrOo  MOJsl  HE3aMKHYThI, OHM HayMHAIOTCS U3
II0JIO’KUTENBHOIO 3apsia U 3aKaHUYMBAIOTCS Ha OTOPULIATEIIBHOM 3apsije.

['eomeTpryeckoe MECTO TOUEK JIEKTPUUECKOTO MOJIsl, HOTEHIHAJIbl KOTOPBIX OJHMHAKOBBI,
Ha3bIBAETCS] IKBUIIOTCHIIMAJILHON TIOBEPXHOCTHIO. DKBUIIOTEHIIUAIBHBIE IOBEPXHOCTH IPOBOJAT
TakUM 00pa3oM, YTO Pa3HOCTh MOTEHLUAIOB JUIsSl IBYX COCEIHUX MOBEPXHOCTEN BCIOY OJHA U
Ta €. OTO IO3BOJISET IO I'yCTOTE€ 3KBUIIOTEHLUAIbHBIX IMOBEPXHOCTEH CYAMTH O BEIMYUHE
HANPSDKEHHOCTH MOJIS.

BekToppl HanpsKEHHOCTH AJIEKTPUYECKOTO IOJISI U, CIEN0BATEIbHO, CUJIOBBIE JIMHUU
I0JI1 HOpMaJibHbI K 9KBUIIOTEHIIMAIBHBIM NOBepXHOCTAM. Ha puc.1 cunoBble TMHUN HEKOTOPOTO
I10JIs1 IPOBEJEHBI CIUIOIIHOM JIMHUEH, a SKBUIIOTEHIIMAJIbHbIE IOBEPXHOCTU-LITPUXOBOM.

~ |
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puc. 1

W3BecTHO, YTO KCIEPUMEHTAIBHOE U TEOPETUUYECKOE M3YyUEHUE paclpeiesieHus] MOTEHIINAIOB
3JIEKTPUYECKOT0 TOJIsI MpPOIe, YeM OnpefeseHue HampspbkeHHocTell moins. I[loatomy B naHHOM
paboTe SKCHEPUMEHTAIBHO ONpPEJEIeTCsl paclpe/ielieHHe NOTEHIINAIOB IEKTPOCTaTHIECKOrO,
T.€. HE U3MEHSIOLIET0Cs CO BpEMEHEM JIeKTpUUYecKoro mojsi. CHUIoBble TUHUU N3y4aeMOro Mo
MOKHO IIOCTPOUTH IIOTOM, KaK KPHBBIC, OPTOTOHAJIBHBLIC K JSKCICPHUMCHTAJIBHO Haf/'IZ[eHHI)IM
MIOBEPXHOCTSIM PAaBHOT'O MOTEHIIMANIA.

PacnpeneneHue MmoTeHUUANOB 3JIEKTPOCTATUYECKOTO MOJS MOXKHO HM3y4aTh METOJOM 30HJOB,
3aKJIIOYAIONIEMCS. B CIEAYIOLIEM: B HCCIEAYEMYI0 TOYKY I0JII BBOJUTCS JIOTOJIHUTEIbHBIN
AIIEKTPOA — 30HJI, YCTPOCHHBIH TaK, YTOObI OH MHHHMMAJBHO HapylIajl CBOMM IPUCYTCTBHEM
ucclielyeMoe 1oJie ¥ MPUHUMAI OTEHIMA TOM TOUKHU HOJIsl, B KOTOPYIO OH nomenieH. [Ipu stux
YCJIIOBUAX ITOKa3aHHA an/I60pa, C KOTOPBIM 30HJ COCAUHACTCA ITPOBOAHHUKOM, 6YI[}’T JaBaThb
NPaBUIbHYIO KapTUHY pacnpeeseHHs IOTEHIAIOB B UCCIIEAYEMOM TOJIE.

CrnoxHocTH paboOTHl € 30HAAMH H, BOOOIIE, TPYAHOCTH DJIEKTPOCTATHUECKUX H3MEPEHHIA
IOpUBEIM K pa3paboTke 0co00ro MeToja HU3y4YeHMs DJICKTPOCTATHUECKUX TMOJNed — MyTeM
HCKYCCTBEHHOI'0O BOCIHPOU3BEICHUS HX CIPYKTYpPHl B IIPOBOMAIINX Cpeax, II0 KOTOPBEIM
IPOIYCKAeTCs MOCTOSTHHBIN TOK. TakuM myTeM IpsMoe M3y4YeHHE 3JIEKTPOCTATUYECKOTO IOJI
3aMEHSETCs U3yUYEeHHEM €0 TOUHOW U OoJiee yI0O0HOM MOIeH.

OnucaHHbIN METOJ UCCIIEIOBaHMS, KOTOPBIH Ha3bIBACTCS MOJIETUPOBaHUEM
AJIEKTPOCTATUYECKOTO IMOJIsI, UMEET IIHMPOKOE NPUMEHEHUE Ha MPAKTUKE. DTOT METOJ IOJIE3EH
IUI M3YUYEHHUS CIIOXKHBIX 3JIEKTPOCTATHUECKUX MOJIEeH, TOUHbIM pacueT KOTOPBIX 3aTpyAHUTENIEH
H3-3a CJIOKHOCTH I'PaHUYHBIX YCJIOBI/Iﬁ (MHOFOBHGKT})OI{HBIG paanoIaMIibl, SJICKTPOCTATUYCCKUC
JIMH3BI, (POTOINEKTPOHHBIE YMHOXKHUTEIH U T.11.).

Oobopyoosanue u mamepuaibl.
CrnennanbHasi yCTaHOBKA; TaJIbBAHOMETP; UCTOYHUK TOKA.

Ykazanua no mexnuke 6ezonacnocmu.
1. K BbimonHeHuto 1ab0paTOpPHBIX PabOT JOMYyCKAarOTCS CTYACHTHI, M3Y4YMBILUE IpaBHUiIa
TEXHUKU OE30MacHOCTH.

2. JlaGopaTopHble pabOThl MOTYT IPOBOJUTHCS TOJIBKO MO/ PYKOBOJCTBOM U HAOJIIOAEHUEM

npernoaBaTers.

3. Pacrnonaraiite npubopbl, MaTrepuaisl, 000opy/loBaHHE Ha paboueM MecTe B HOpsJKe,

YKa3aHHOM TIpEeno/IaBaTeseM.

4. He nepxxute Ha pabodyeM CTOJIE IPEIMETHI, HE TPEOYIOIHUECs ISl BHITIOIHEHUS 3a1aHMs.
[lepen TeM, kak MPHUCTYNUTH K paboTe TIIATENFHO M3Y4YHTE €€ ONMUCAHUE, YSICHUTE X0
BBITOJIHEHHSI paOOTHI.

3aoanus.

1. IIpoBepuTh cXeMy IKCHEPUMEHTAIBHON YCTaHOBKH.

2. BxiounTh BBITpSIMUTEND B ceTh 220 B.

3. YCTaHOBUTH JABMKOK PEOXOPbl Ha pacTossHUM 8-10 ¢cM OT OHOTO U3 KJIEMM PEOXOP/IBI.

OnpenenuTs MOTEHIMAT IBUXKKA 110 Gopmyie (4).

4. Tlepemeniasi 30HI BpAaLICHHEM pYy4YeK KOOPJMHATHUKA, HAXOAWUTh TaKW€ TOYKH, IS

KOTOPBIX TOK TrajlbBaHOMETpa paBeH Hymo. KolndecTBO STHX TOYEK JOJKHO OBITh

9]
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JIOCTaTOYHO JJisi TOCTPOCHHUS IUHUHM JKBUIMOTCHIUAThHONU moBepxHOCcTU (7-10 Touek).
KoopauHatel ToYek OTCUUTHIBATH MO JIMHEHKAM KOOPAMHATHHUKA.

5. Hanectn Ha MWITUMETPOBYIO OyMary HalJeHHbIE TOYKM W COCIUHUTH WX ILUIABHOU
ymaned. Ha muaun HanucaTh ero MOTEHIIHAII.

6. V3MeHMB NOJI0KEHUE peoXOpAbl TOBTOPUTSH MI1.4, 5. YMCIIO TOBTOPEHUN oNbITa 4-5 pas.
7. Wcnonb3ys HalICHHBIC JIMHUW SKBUMOTECHIIMAIBHBIX TOBEPXHOCTEN, MOCTPOUTH CHIIOBBIC
amuauu tons. Ilpm 3TOM Hago MMETh B BHJAY, YTO B TOYKax IEPECEUCHUS JIMHUHU
AKBOIIOTEHITUATBFHBIX TTOBEPXHOCTEH M CHJIOBBIC JTMHUH JOJDKHBI OBITh HOPMAJBHBI APYT K
Apyry.

Cxema 3KCrieprUMEHTaTbHOM YCTAHOBKH MPE/ICTaBIEHA HA puUC. 2.

Puc. 2

Omna npezcraBisieT co00M MOCTOBYIO CXE€MY, COCTOsIIYIO M3 3nekTpofoB A u C, moie
MEX/1y KOTOPBIMH U3ydaeTcs, peoxopabl P, Hynb-raibBanomeTpa G, COETUHEHHOTO C 30H/IOM Z,
U HMCTOYHMKA NuTaHus — Belpsamutens B. Hanpsbxkenue Ha snmextponel A u C mopmaercs c
peoxopabl P, DNOAKIIOYEHHONW Ha BBIXOJX BBIIPAMUTEIS B. Cpenoii, mno3zBostomiei
MOJICJINPOBATh JIEKTPOCTATHUECKOE T0JIE, CIIYKUT TOKOMPOBOANIAs Oymara, KOHTYpbl KOTOPOH
[IOKa3aHbl Ha PUC. 2 IITPUXOBBIMU JIMHUSIMHU.

[Tpuniun paGoThl yCTAaHOBKM MOXKHO MOHATH M3 cieaytomiero. llepememnias ABMXKOK
peoxXopabl, 3TOMY JABHKKY MOKHO IPHIaBaTh Pa3JIMYHbIE 3HAUEHUS MOTEHLMANa OTHOCUTENIBHO
aneKkTpoioB. Hanuune wim oTCyTCTBHE TOKA B LIENH 3aBUCHUT IIPU ITOM OT TOTO, B KaKOM TOUYKE
1oJisi HaxoAuTcs 30HA. EciM OH HaxoauTcs B TaKOM TOYKE MOJS, MOTEHIMA KOTOPOW paBeH
IIOTEHLMATy, YCTAaHOBJIEHHOMY Ha JBHM)KKE PEOXOpPIbl, TO TOKAa B LENU TaJbBAHOMETpA HE
Oyzaer.l'eoMeTprudeckoe MECTO TOYEK TOJs, JUIS KOTOPBIX TOK B IIETIM TrajbBaHOMETpa Oyaer
paBeH HyJ0, 00pa3yeT SKBUIOTEHIMAIBHYIO TIOBEPXHOCTh B HccieayeMoM nosne. [loTeniuman @
3TON MOBEPXHOCTU OTHOCUTEIBHO 371eKTpoaa C MOXKHO HalTH Kak

4
rae U — HanpshkeHHe Ha BBIXOJE BBINPAMUTENS, N — YUCIIO AENEHUH LIKaabl PEOXOpIbl, 7 —
JICJICHUE ILIKAJIbl, HA KOTOPBIN YCTaHOBJICH JBUXKOK.

VYcraHoBka cHaOXeHa  CHELMAIbHBIM  IPUCHOCOOJIEHHUEM —  KOOPAUHATHUKOM,
MO3BOJIAIOIIMM BpAalICHUEM pydYeK KOOPAMHATHUKA INEPEMEIATh 30HI, a TAK)KE€ OTCUHUTHIBATH
KOOPJIMHAThI HAlJIEHHBIX TOYEK IKBUIIOTEHIIMATIbHON TOBEPXHOCTH.

Cooepircanue omuema.

OTuet no 1abopaTOPHBIM paboTaM JOJKHBI COJEPKATH:

- TUTYJIbHBIN JIUCT;

- 11eJIb paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEJICIICHUH, MOHATHH, (HopMyIT;
- OCHOBHOE 000pY/IOBaHUE, CXEMa YCTAaHOBKH;

- OTIMCAHME TI0 IyHKTaM BBITIOJIHEHHOH paboTHI;

- pe3yJbTaThl U3MEpPEHHH U pacuyeToB (TaOIULbl, TpapUKH);

- OLICHKA MOTPEIIHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOMIPOCHI;

- BBIBOJIBI TI0 PE3YJIbTaTaM BBITIOJIHEHHON pabOTHI, 1aTa, TIO/IHCh.
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KOHmpOJleble 80RPpPOChl.

1. Kaknmu BenmumHamu xapakrepusyercs aekTpuueckoe noise? Jlaiite onpeneneHue 3Tux
BCJIMYNH U HAITUIINUTE CAUHUIIBI UX I/I3MepeHI/I$[.

2. KakoBa cBsi3b MeX]ly HaNpsKEHHOCTHIO M MOTEHLUAJIOM 3JEKTPOCTATUUECKOTO IO B
o011eM ciryyae u B CiIydae OJTHOPOTHOTO TOJIs?

3. KakuMu TNOHATHSAMU NOJB3YIOTCS ISl HAMVISIAHOTO TPEACTABICHUS AJIEKTPUUYECKOTO
nonsa?

4. Hapucyiite cuioBble JTUHUM U SKBUIOTEHIUAIbHBIE MOBEPXHOCTH IMOJISI TOYEYHOTO
3apsna, IByX Pa3HOMMEHHBIX 3apsIOB.

5. Kakue skcniepuMeHTanbHble METOABl UCHOJIB3YIOT JJIsi U3YUYEHHS JIEKTPOCTATHUYECKOTO
nonsa?

JladopaTopnasi padora Ne 8
Tema paoomui. U3MepeHne CONPOTHBJICHHUS € IIOMOIIBIO MOCTA YUTCTOHA.

lleﬂb paﬁombl. HGHBIO pa6OTI)I ABJICTCA U3YUCHUC METOJAa UBMEPCHHUSA COIPOTUBJIICHUA
IMPOBOAHUKOB C IMOMOLIBIO MOCTOBOM CXEMbl H OIpPCACICHUC YACIBbHOI'O COIPOTUBIICHHUA
Marcpualia IpoBOAHHUKA.

Teopemuuecxaﬂ yacmo.

Inekmpoconpomugnienue NnPoOGOOHUKA —OTO  CKalsgpHas  (u3MuyecKas  BEJIUYMHA,
XapaKTEepU3YIOIlas €ro JEKTPONpoBoaAIUe cBolcTBa. CONpPOTHBIIEHNE NPOBOJAHHUKA 3aBUCUT
oT ero (opmbl, pa3MepOB U 3JIEKTPOMOBOIALINX CBOMCTB MaTepuania, U3 KOTOPOrO M3rOTOBJIEH
NpOBOJHUK. B mpocreifiiem ciiydyae OJHOPOJHOIO NMPOBOAHUKA C MOCTOSHHBIM MONEPEYHBIM
CEYeHHEM, COIPOTUBIICHHUE TIPOBOIHIKA ONPEEISETCS CIeTYIOINM 00pa3oM:

: (1

rjie — yAeIbHOe CONPOTUBICHUE MaTepHala IPOBOJHUKA, — JJIMHA IPOBOJHMKA; S — IJIOMIAb
€ro MONepeyHOro CeUeHUs..

N3 dpopmysl (1) MOKHO BBIpa3UTh YAECTHHOE CONPOTHUBIICHHE:

; )

OTKyJia BHJIHO, YTO YJEJIbHOE CONPOTHUBIEHUE YHCIEHHO PAaBHO COINPOTUBJICHHUIO MPOBOJHUKA
€IMHUYHON JUTMHBI, UMEIOLIETO IJIOLIA/(b MONEPEYHOro CEYEeHNUs, PaBHYI0 €AMHUIIe Tuomaau. B
cucreme CHU yaenbHOE CONPOTUBIIEHNE U3MEPSIOT B oMMeTpax (Om-m).

OpHMM M3 METOI0B U3MEPEHMSI CONIPOTUBIICHUS ABJIETCSA METOJ MOCTa Y UTCTOHA.

MocT YuTCTOHA npeaHa3HadeH JUIs U3MEPEHHUs COIPOTUBIICHUM.

OHn cocrout u3 AByX pe3uctopoB R; u R,, uyBcTBUTENBHOrO TamsBaHomerpa G,

e3UCTOPOB — 3TajoHHOro R, m HemsBectHoro R, (puc.l). Paccmorpum

} yCI0BUM, 4TO 1O ydacTky ED Tok He mporekaeT. 3aMkHEM kitou K,

tdrna nmo yyactky AB moTeuér TOK M BHOJNb HEro OyJeT HaOMoIaThes MaJeHHue

MOTEHITAIA OT BEJIMYHUHBI @A (B TOUKE A) 10 BEIHYUHBI @, (B Touke B). B mernn

noiiger Tok Iy 1 Oynmer HaOmroAaThes MajgeHWe MOTCHIMAA OT (A JO Qg
pesuctope Ry) 1 oT @k 10 ¢ (Ha pe3uctope Ra).

OdeBuiHO, MOTEHLIMAA B TOYKE € MMEET 3HaueHue QE npomMexyTodyHoe

Bspauenuamu @A u o¢B. ITosTomy noabopom pesuctopoB R1, R2 u R»

Rx

B (PE'(PD:O-
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Takoe MmoyoXKeHHe Ha3bIBACTCS PAaBHOBCCUCM MOCTA. HOKa)KCM, 4TO YCJIIOBHC PAaBHOBCCUA
OnpeacisICTCA COOTHOIICHUEM!

(1)

JleficTBUTENIbHO, Ha OCHOBaHWUHM BTOpOro 3akoHa Kupxroda s 1r000ro 3aMKHYTOTO
KOHTypa CyMMa Ha}IeHI/II\/'I HaHpSDKeHI/II\/'I paBHa CyMMC JJICKTPOABHKYIINX CHUJI, ICBCTBYIOIIUX B
3TOM KOHTYpe:

h m
ZIiRi :ZEZ
i= i= (2)

3anuiem 3TH ypaBHeHus U1 KoHTypoB AED n BED npu paBHOBecun MocTa , T. €. IpH
OTCYTCTBHH TOKa Ha y4acTke ED.

W3 5TuX ypaBHEHHI JIETKO TojlydaeM cooTHomreHue (1).

R, =R, X

Orxyza: R, 3)
3nag, uto R;=270 OMm, R,=47,6 Om u noabupas R,, Haiinem R..

Oobopyoosanue u mamepuaol.
Moct VYwurcroHa, HaboOp CONpPOTUBICHHH, MarasuH CONPOTHBIICHUN, TIaJbBaHOMETD,
MCTOYHUK MTOCTOSIHHOTO TOKA.

Ykazanus no mexnuke oezonacnocmu.
1. K BoImonHEHUIO 1a00paTOPHBIX PabOT AOIMYCKAOTCS CTYIIEHTHI, M3yYMBIIHUE IpaBUJIA

TEXHHUKHU 0€30MaCHOCTH.

2. JlabopaTtopHbie pabOThI MOTYT IMPOBOJUTHCS TOJIBKO 0T PyKOBOACTBOM M HAOIIOACHUEM

MpernoaaBaTers.

3. Ilpu BeimoaHEHUHU 1a00PATOPHBIX PAOOT CTYACHTAM 3aIPEIIacTCs:

- BKJIFOYATh CXEMBbI O] HampshDKEeHHEeM 0e3 MPOBEpPKU MpernogaBaTes;

- TpUKacaThCcsd K HE3ANMIIEHHBIM M30JSIIUEH YacTsIM CXEMbl, HaXOJAIIUXCS O]
HaANPSOKEHUEM;

- ONpEACNATh HANWYUE HANPSDKCHHWsT Ha SJEMEHTaX IEeMH IPU TIOMOIIU TaJbIIEB;
MpPOBEpPKAa HAJIMYWs HAMNPSHKCHUS MPOU3BOAMUTCA TOJNBKO C TOMOIIBIO BOJBTMETpPA M B
MIPUCYTCTBUH TIPETIOIABATEIIS;

- BKIIOYATh pyOWUTPHUKM, HAXKUMATh KHONKH, MPHUKAcaTbcs K JIIEKTPUUYECKOMY
o00OpyI0BaHHIO, HE OTHOCAIIEMYCS K JaHHOM JjabopaTopHoii pabore 0e3 Bemoma
MpernoaaBaTens;

- IPOM3BOJIUTH T10 XOJTy BBIIOJTHEHUS PAOOTHI MEPEKIIIOUCHHS B CXEME, HE 00ECTOUUB €€;

- OpocaTh COeIMHUTENBHBIC IPOBOJIA HA TOJI U HA UCCIIETYEMYIO0 YCTAaHOBKY;

- KJIaCTh Ha pab0O4Mii CTOJI MOCTOPOHHUE MTPEAMETHI;

- BXOJUTH B J1a00paTOPHUIO B BEPXHEH OICKIC;

4. [lepen BKIIFOUEHHEM CXEMBI 0053aTEIbHO MPEAYNPEaUTh WieHOB Opuraasl: «OCTOPOKHO!
Bxurouaro!».
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5. Ilpy Hanmuuuu B cXxeMe KOHACHCATOPHBIX OaTapeil, HEOOXOAMMO TOCTE OTKIIOUYCHUS
MMUTAHMS KX PA3PSIUTh 0] HAOTIOJHEHEM MTPETIoIaBaTells.

6. [Ipu oOHapyKeHNU KaKUX — JINOO HEUCIIPABHOCTEH, NCUC3HOBEHUS HATIPSDKEHUS B CETH,
TakKe MPU HECYACTHOM ClTydae, HEMEJICHHO MPEKPATHTh pa0d0Ty, OTKIIOYUTh YCTAHOBKY OT
AIIEKTPOTUTAHUS U COOOIIUTH MPEIOo1aBaTeNio.

7. [IoMHHTB, 9TO TIPH OTKJTFOUCHUH TIETICH TTOCTOSIHHOTO TOKA C HHIyKTHBHOCTHIO BO3MOYKHO
KPaTKOBPEMEHHOE Pe3KOe MOBBIIICHUE HAIPSIKCHUS.

8. CrymeHTHl, HApyIIWBIINE TIPaBWJIa TEXHUKH OC30IMACHOCTH, HE JIONMYCKAIOTCS K
JanbHeiIe pabote B 1a00OpaTOPUH U MPHUBJIEKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.

1. Cobpats cxemy (puc. 1).

2. IMomoOpaTh Ha Mara3uHe CONPOTHBIICHUH TaKOe CONPOTHBIICHHE R, MpHM KOTOPOM TOK
gepes raJibBAHOMETP PaBEH HYIIIO.

3. Bwruucauts Ry mo gpopmyie (3).

4. T1oBTOPUTH U3MEPEHUS ISl BTOPOTO COMPOTUBIIEHUSI RX,, U 117151 TpeThero Rxs.

5. V3MepuTh CONPOTHBIICHUS TIPH TOCIIEIOBATEIIFHOM W MapajUICILHOM COCIMHEHUN RX;,
Rx, u Rx3 u mpoBepsitor (HopMmynbl A TOCIEAOBATEIBHOTO U MAPAUIEIBHOTO COCTUHEHHS
CONPOTUBJICHUM:

1 1 1 1
+

+
R, . =Rx +Rx,+Rx, R Rx, Rx, Rx,

nocin napai.

6. OnpenenuTh NOTPeIIHOCTh U3MEPEHUH.
7. 3anucath OKOHYATENIbHBIA PE3yJIbTaT.

Cooeporcanue omuema.

OtyeT no 1abopaTOpHBIM paboTaM JOJKHBI COIAEPIKATD:

- TUTYJIbHBIN JTUCT;

- 11eJIb paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIpeJIeJIEHUH, MOHATHH, HopMy;
- OCHOBHOE 000pYJI0BaHUE, CXeMa YCTAaHOBKH;

- OMMCAHME I10 MyHKTaM BBIIOJIHEHHON paboThl;

- pe3yJIbTaThl U3MEPEHHM U pacueToB (TabauLbl, TpadUKH);

- OLICHKA MOTPELIHOCTEH;

- OTBETHI HAa KOHTPOJIBHBIE BOTIPOCHI,

- BBIBOJIbI IO PE3YJIbTAaTaM BBIMOJIHEHHON paboThl, 1aTa, HOJIHCh.

Konmponvuwvie éonpochwi.

1. CpopmynupoBats 3akoH Oma.

2. Chopmynuposats npasuia Kupxroda.

3. BriBecTH ycnoBus paBHOBECHS MOCTa MCIOJIB3Ys npaBmia Kupxroda.

4. 3MeHuTCA M YCIOBHE PaBHOBECHSI MOCTA, €CIU TajJbBaHOMETP M HMCTOYHHUK TOKa
MIOMEHSITh MeCTaMu?

5. Kak onpenensiercs yAeapHOE CONPOTUBIICHUE?

JladbopaTopnasi padora Ne 9
Tema padomuwl. UcciienoBaHue 3JIeKTPUYECKOM 1eNU MOCTOSTHHOTO TOKA.

Ilenv pabomer. V3yueHue 3aBUCHMOCTH CHJIbI TOKA, HANPSKEHHUS, MOJTHON MOJE3HOU
MOIIHOCTH U K.II.Jl. ICTOYHUKA OT COMPOTUBIICHUSI HATPY3KHU.
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Teopemultecmm uacms.

JIroGast snekTpuueckas Ielb COCTOMT U3 MCTOYHHMKA M MOTPEOUTENs SHEPrHM, a TaKxKe
Pa3UYHBIX PETYIHUPOBOYHBIX YCTPONCTB U H3MEPUTEIHHBIX TPUOOPOB.

Puc.1.

IK3

Puc.2.

Ha puc. 1 npencrasiena npocreiias Lelb, COCTOSIAs U3 NCTOYHUKA IOCTOSTHHOTO TOKA C
DJC E u BHyTpEeHHUM CONMPOTHBICHAEM » U Harpy304Horo peocrata R . JIs u3MepeHus CUIIbI

TOKa ¥ HANpsHKCHHS HA HArpys3Ke B IeNb BKIOYeHb amrepmerp 4 u BoabT™MeTp V' B raxoii
LEeNd CWIa TOKa, HalpsHDKEHUWE Ha HAarpysKe, IOJIHAs U II0JE€3Has MOIIHOCTU OKa3bIBAaIOTCS
3aBUCUMBIMH OT BeJTMUMHBI Harpy3ku. Cuia Toka, HanmpuMep, yObIBaeT ¢ pOCTOM CONIPOTHBIICHUS
Harpy3Kkd B COOTBETCTBUU C U3BECTHBIM 3aKOHOM Oma.

E
R+r (D)

I =

OueBuaHO, HaMOONBIINKI TOK OyAET B Cilydyae KOPOTKOIO 3aMblKaHus, T.e. mpu R=(. Ero
E

BenuuuHa I, 7 (puc. 2).
N3 (1) nerko nosnyyaem

E=IR+Ir =U, +U, )
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rae Up =IR u U, =Ir najeHusl HanpspDKeHUs (MM MPOCTO HAIpPSDKEHHs) Ha
BHEIIIHEM U BHYTPEHHUM y4acTKaXx LIEH COOTBETCTBEHHO.

[Tpunumas Bo BHUMaHue 3akoH OMa (1), moxydaem u3 (2) 3aBucuMocTh HanpspkeHust U, oT
CONPOTUBIICHUS Harpy3ku R:

E E
= R =
R+v7r 147
R

UR

3)
OTCIO,Z[a BHUAHO, YTO C POCTOM COIIPOTUBJICHHA HATI'PY3KH HAIIPAKCHUC HA Hel BO3pacTacT,

ACUMIITOTHYECKHU TTpuOImxkasck k Benmmunne DJ1C npu R— o (puc. 2).
IIpy npOXOXKAEHUU HIIEKTPUYECKOrO0 TOKAa B ILENU IIPOUCXOIUT BBIACIICHHE IOJHOU
MOIITHOCTH
P=IE, &)
MIPU ATOM MOIIHOCTb, BBIICIsIeMast Ha Harpy3Ke

P, =1U,

SIBJIAETCS ITOJIE3HON MOIIHOCTRIO.
N3 (4) BuAHO, 4YTO TIOJIHAS MOUTHOCTh, pa3BUBaeMas HMCTOYHUKOM, 3aBHCHT OT

©)

COITPOTUBJICHUSA HArpy3KH R TaK K€ KaK M CHJIa TOKa 1 :I(R) . OHa MakcuManbHas npu

KOPOTKOM 3aMbIKaHu# (R=0)
2

E
PK.3 :IK.3.E =
", (6)
HO B 9TOM CIIyYae BBIJCISACTCS B CAMOM HCTOYHHMKE M OKa3bIBAeTCs OECIOJIE3HOM, a 3a4acTyro
BPEJIHOM, BBI3bIBAs BHIXOJ[ HCTOYHUKA U3 CTPOS. C poctoM R nosnast MOIIHOCTH YOBIBAeET,
CTPEMSICh K HYJTIO TIPH R— o (pyc. 3).

3aBI/ICI/IMOCTL HOHGSHOP'I MOIIHOCTH, BBII[CJ'IHGMOﬁ Ha Harpy31<e, oT R OHpeI[eJ'ISIeTCH
BBIPAXXCHUEM
2
P, =IU,=I’R= E—R
R R 2
( R+r) 7)

JO0JIDKHAa HUMCTH

Pp =P(R)

Ananus BBIPAXKCHUA (7) IIOKa3bIBA€T, 4YTO 3aBHCHMOCTH
P, =0

MakCHUMyM, TakK Kak
R— o

B MpeAeNbHBIX CIOy4asx: Ipu KOpoTkoM 3ambikaHuu (R=0) u npu

. R
Haiinem 3HaueHwe ~°, mpu KOTOPOM IOJIe3HAS MOIIHOCTb, OTOMpaemMas OT MCTOYHHKA,
Oyner HaumOonbmias. Jns »storo mpomuddepenuupyem dopmyny (7) u  mnpupaBHsIeM
HPOU3BOAHYIO HYIIIO

dpP, _p (R+7)[(R+7)- 2R]

=0
dR (R+r)*

(8)

R, =r
Otcrona HaxoauM, 4yTo Pr — MakcumanbHa mpu ~ © T.€. KOTJa COIpPOTHBIICHHE
b >
Harpy3kyd paBHO BHYTPEHHEMY CONPOTHBIIEHHIO McTouHUKaA (puc.3). IIpu aTom HampspkeHue Ha
E

R, — A~
Harpy3ke paBHo nosioBune J/IC, T.e. 2 | a cuia TOKa — TOJOBUHE CHJIBI TOKA KOPOTKOT'O

K3

R, 2
3aMBbIKaHUA
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PR

Pk3 n

v

RO=r

Puc.3.

[Tone3Hast MOIIHOCTh, B 3TOM CJIy4ae, COCTaBISET 4YETBEPTh MOIIHOCTH KOPOTKOTO
3aMbIKaHU.
OTHoOIIIEHHE TTOJIE3HOH MOIIHOCTH KO BCEH MOIIHOCTH, pa3BUBAEMOW UCTOYHUKOM B IICIIH,
onpenenser kKo3hdHUIMEHT Tone3Horo aeiicTBus (K.1.1.) ' ucrounuka.
P, IU, U, R

T’_?_IE _7_R+r 9)

U3 sT0it opMyisl ciemyer, 4to ! GymeT TeM Ooublie, yeM OOJNBIIE CONPOTHBICHHE

Harpysku R . Ipu R =0 7 =0 4 acummrorHueckn ctpemurcs k =1 mpu K= © IIpu

1
— . . g )
R =r  1.e. mpu MakcUManbHOM MOJIE3HON MOIIHOCTH K.ILJ. HCTOYHHKA , T.€. COCTaBJIAET
50%.
VIMeHHO HccieoBaHHEe ATHUX 3aKOHOMEPHOCTEH sBIsieTcs Leibio paboTsl. Heobxomumo

Uk , TTomHOM P m

TIOJTyYHMTh JKCIEPMMEHTATIBHBIE 3aBMCUMOCTH CHJIBI TOKa I, HampsokeHus
TONe3HOH Py a Tak e K.ILJ. | OT BeTMYHHEI CONPOTHBICHHS HATPY3KH.
Oobopyoosanue u mamepuaol.
HcTOYHUK NOCTOSTHHOTO TOKa, PEocTaT [UIsl HCKYCCTBEHHOI'O YBEJIWYEHHS] BHYTPEHHETO

COIMPOTUBJICHUSA NCTOYHUKA, Hany30‘-IHBII71 peocTaT MUWJIJIMaMIICPMETP, BOJIBTMCTP.

Ykazanus no mexnuke 6ezonacnocmu.
1. K BrImonHEHUIO 1a00paTOPHBIX PabOT AOMYCKAOTCS CTYJEHTHI, M3yYMBIIHNE IPaBUIIA
TEXHHUKHU 0€30MacHOCTH.
2. JlabopaTopHble pabOTHI MOTYT MPOBOJUTHLCS TOJBKO 0T PyKOBOACTBOM U HAOIIOACHUEM
MPEno/1aBaTels.
3. Ilpu BeimoaHEHUHU Ta00OpPATOPHBIX PAOOT CTYACHTAM 3aIPEIIaeTCs:
- BKJIFOYATh CXEMBbI TI0]T HampshDKeHHeM 0e3 MPOBEpPKHU MperogaBaTes;
- TIpUKacaThbCcsd K HE3ANMIIEHHBIM M30JSIIUEH YacTsIM CXEMbl, HaXOJSAIIUXCS O]
HaATNPSDKEHUEM;
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- ONpeAeNATh HaNW4YUe HANpPsHKEHMsT Ha SJEMEHTaxX LEeNW IMPU TNOMOIIM NalbIEB;
npOBepKa HaJINn4usia HaprDKeHI/ISI HpOI/ISBOJII/ITCﬂ TOJBKO C IIOMOIIIBKO BOJ'II)TMeTpa n B
MIPUCYTCTBUU NPENOJABATENS;

- BKJIKOYaAThb py6I/IJ'II)HI/IKI/I, HaXuUMaTb KHOIIKH, HpI/IKaCElTI)Cﬂ K 3J'IeKTpI/I'-ICCKOMy
00Opy/IOBaHUIO, HE OTHOCSIIEMYCS K JlaHHOW JnabopaTtopHoil pabore 0e3 Bemoma
MIPENo/1aBaTels;

- MPOU3BOJIUTH IO XOJTy BBITIONHEHUS pa0OTHI MEPEKIIOYCHUS B CXeMe, He 00eCTOUYUB ef;

- OpocaTh COeTMHUTEIBHBIC TIPOBOIA HA TTOJ M Ha HUCCIIETyEeMYI0 YCTaHOBKY;

- KJIACTh Ha pabouuil CTOJ MOCTOPOHHUE TPEIMETHI;

- BXOJIUTH B TaOOPATOPHIO B BEPXHEH OJCKIC;

4. Ilepen BKIIOUEHUEM CXEMBI 0053aT€IFHO MPEAYNPENAUTh WICHOB Opuraapl: «OCTOpoxkHO!
Bxirogaro!».

5. Ilpy Hanmuuuu B cxXxeMe KOHACHCATOPHBIX OaTapeil, HEOOXOAMMO TOCTE OTKIIOYCHUS
MMATaHUS UX PA3PSAUTH O] HAOTIOJHEHUEM TTPETIOIaBaTEIIs.

6. [Ipu oOHapyKeHNUU KaKUX — JINOO HEUCIIPABHOCTEH, MCUC3HOBEHUS HANIPSDKEHUS B CETH,
TaKKe TIPH HECYACTHOM ClIydae, HEMEJICHHO MPEKPaTUTh padoTy, OTKIIOUNUTh YCTAHOBKY OT
AIIEKTPOTHUTAHUS U COOOIIUTH MPEIO01aBaTeNio.

7. HOMHI/ITI), qToO HpI/I OTKJIHOUYCHUHN uenel‘/'l IIOCTOSSHHOT'O TOKA C I/IH)IYKTI/IBHOCTBIO BO3MOXHO
KPaTKOBPEMEHHOE PE3KOE MOBBIIICHUE HATIPSHKCHMUSL.

8. CryzaeHThl, HapylIMBIIME IMpaBWJa TEXHUKH OE30MAaCHOCTH, HE JOMYyCKaroTCs K
JanbHeiIe paboTe B 1a00OpaTOPUH U MPUBJICKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.

Pabouast cxema m3o0pakeHa Ha puc. 4. B kadecTBe MCTOYHHMKA MOTYT HCIOJIb30BATHCS
aKKyMYJIATOPbl WM BBIIPSIMUTENb, JAIOIIME HAMPSHKCHUE BEIMYUHONW HECKOIBKO BOJIBT.
BHYTpeHHee COIMPOTHUBJICHUC TaKWX MCTOYHUKOB, KaK IIpaBUJIO, MaJIO - MOPAAKAa JCCATBIX )IOJ'ICI\/'I
Owma. IlosTOoMy, Kak cieIyeT W3 BBIIMICH3IOKEHHOTO, IJI MOCTPOCHHs TpadUKOB HCKOMBIX
3aBUCUMOCTEN HanyBo‘IHBIfI peocTar R toxe JOJDKEH UMETH COIMPOTUBIICHUC MOPAAKA JECATHIX
noneii Owma. [lomoOHBIE peocTaThl SBISIOTCS yHHUKAIbHBIMU. [lodTOMy BHYyTpeHHeEe
COIMPOTHUBJICHUC HCTOYHHKaA B JIaHHOﬁ pa60Te HCKYCCTBECHHO YBCIIMYUBACTCA IYTEM

I4

MOCJICZIOBATEIHOTO BKJIFOUEHHSI JIONOJHUTEIBHOTO peoctaTa 7, HMMEIOIIETr0 BEJIHYHHY
HECKOJIbKUX JiecsITKOB OMoOB. Ilpu 3TOM COOCTBEHHBIM BHYTPEHHHUM COIPOTHUBJICHUEM 7
MCTOYHHUKA MOKHO MPeHeOpeyb.

N3 cxembl (puc.4) ciemyer, 4To BHYTPCHHEEC COINPOTHUBIICHHE MUJLIHAMIIEPMETpa H
BOJIbTMETPA COCTABISIFOT C CONPOTHBIIGHHMEM HArpy304HOro peocraTa eIuHoe Ienoe. Takum
00pa3oM, JICBYIO 4aCTh CXEMBbI CIIeyeT PACCMAaTPUBATh KaK HCTOYHHK, a ITPABYI0 KaK HArpy3Ky.

NCTOYHMK mMA

O

ri
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Puc. 4.

1. Cobpatps pabGouyro cxemy (puc.4). BeiscHHTH mapaMeTpsl MpUOOPOB. JIBMKKH
pEOCTaTOB YCTAaHOBUTH B MI0JIO)KEHNE HAUOOJIBILIEr0 3HAYEHHS COITPOTUBIICHMUS.

2. Ilocne mpoBepkH CXEMbl IpernojaBaTelieM WX JaOOPaHTOM BKJIIOUUTH HCTOUYHUK
nuTtadust. OTCYUTATh MTOKA3aHUs TPHOOPOB U 3aHECTH B TAOIHITY.

3. Jlanee, yMeHbIIasi cONpoOTUBJIEHHUE HArpy3ku R, cHaTh 8-10 3HaueHuit Toka B nenu [ u
HanpsbkeHuss Ug [locnenssss Touka JOJKHA COOTBETCTBOBATH KOPOTKOMY 3aMblKaHuio. [lpu
3TOM TOK JIOJIKEH PaBHATHCA Iy, @ HAMPSHKEHUE TOJKHO 0OpaTUTHCS B HYJb. BBIKIIOUUTDH cXeMy.

4. OmnpenenuB LEHBI AEJIEHUI Ha MCIOJB30BAaHHBIX INpeAeaaXx U3MEpPEeHUN amIepMeTpa U
BOJITMETPA BBIYHUCIUTh U 3aHECTH B TAONMUIly 3HAYEHUS TOKAa B amIiepax W HANpsOKeHHs B
BOJIbTAX.

5. PaznenuB mosjyyeHHbIE 3HAYEHUS HANPSHKEHUS HAa COOTBETCTBYIOLIME 3HAYCHMSI TOKa
paccuUMTaTh U 3aHECTH B TAOIIMITy CONPOTUBJICHHE HArPy3KH

Tabmuna 1.

N I UR P:IE PR:IUR PR

Ye
R= 1

A B Om Bt Bt

6. Beimmuuny 3/1C E cnenyer cuumrtaTh M3BECTHOM, OO u3Meputh 3HadeHue E mpu
OTKJIFOYEHHOW Harpyske.
7. Ilo hopmynam (4,5,9) paccuntath 3HaueHUs Moje3HONU Pr monHOM P MoutHOCTH M K.IT. 1.
"1, cooTBeTCTBYIOMIME HAlIEHHBIM BeTHuMHAM R.

8. Ilo mosiy4eHHBIM 3HAYEHUSM IOCTPOUTH KPUBBIE I =1(R) , Ur =UR(R) y OJIHOM
rpaduke 1 P=P(R), Pr=Pr(R) u "7 ="(R) na apyrom.
9. OT™MeTHTH Ha TIEPBOM T'paduKe CONMPOTUBIICHHE R(=7", MpU KOTOPOM TOK U HaIpPsKECHUE

1
COCTaBJISIIOT, COOTBCTCTBCHHO, ITOJIOBUHY TOKa KOPOTKOI'O 3aMbIKaHHA “ M IIOJIOBHHY E. Ha
o R, =r =
BTOpOM I‘pa(bI/IKe HauTHu 0 0 MakKCMMyMy 3aBUCHUMOCTHU PR PR (R) . CpaBHI/ITI) MCKOY

. R R
co00il 3TH 3HaueHUs 0. IlpuMepHOE pPaBEHCTBO MEXKIYy JTHUMM [JBYMs 3HAUYCHUAMH
ABJIACTCS KPUTEPUEM IPABUIBLHOCTU BBINIOJHEHHBIX M3MEpPEHMH. Eciu Takoro paBeHCTBa HET,
U3MEPEHHUs CIIEyET MPOAEIIaTh BHOBb.

Cooeporcanue omuema.

OtyeT no 1abopaTOpHBIM paboTaM JOJIKHBI COJEPIKATD:

- TUTYJIbHBIN JIUCT;

- 11eJb paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OTIpEJIeJIEHUH, MOHATHH, HopMy;
- OCHOBHOE 000py/I0BaHUE, CXEMa YCTaHOBKHU;

- OMMCAHME IO MyHKTaM BBIIIOJIHEHHOH paboTHI;

- pe3yabTaThl U3MEPEHHH M pacyeTOB (TAOIHUIIBI, TPAPUKHN);

- OLIEHKA MOTPEIIHOCTEN;

- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJIBI IO PE3YJIbTaTaM BBIMIOJIHEHHON paboThl, 1aTa, MOIHCh.

Konumponwsnsie gonpocbi.
1. Yrto takoe BJ1C?
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. 3anumute 3ak0oH OMa B 00001IeHHOM GopMe U IS 3aMKHYTOH TIETIH.

. HpOBeI[I/ITe MaATEMAaTHYECKOEC NCCICIOBAaHUC (bYHKI_[I/Iﬁ UR (R) u ](R) .

Jlaiite ornpeneneHrne MOIHOCTH 3JIEKTPUYECKOTO TOKA.

Py =Py (R)

. HpOBC)II/ITC HCCICI0OBAaHUEC 3aBUCHUMOCTHU
. Uto Takoe K.I.1. HCTOYHHUKA?

JlabopaTopHas paGora Ne 10
Tema paoomor. Uzyuenue siBj1eHHS 3JIEKTPOMATHUTHOH MHAYKIMH.

Ilens pabomer. VI3yueHue SIEKTPUUYECKMX TOKOB BO3HUKAIOIIMX IIPU  SIBICHUU
3JIEKTPOMAarHUTHON MHIYKIINU.

Teopemuuecxaﬂ yacme.

MarHuTHblii MOTOK dYepe3 IUIOCKYI0 TOBEPXHOCTh — JTO CKaJsipHas (u3ndeckas
BEJIMYMHA, YUCJIICHHO paBHas IPOM3BEICHUIO MOJYJI MarHMUTHOW HMHAYKIMM Ha IUIOMIA/b
MIOBEPXHOCTH, OFPAaHUYEHHON KOHTYpPOM, U Ha KOCHHYC YIJIa MEXJy HOPMaJblO K IIOBEPXHOCTH
W MarHUTHOW mHAyKIuer 17 okTsaOps 1831 roma aHrnmmiickuii yuenblit Maiikin ®apaneid OTKpbLT
SIBJICHUE 3JIEKTPOMATHUTHON MHAYKLIMH.

SBeHMEM JIEKTPOMATHUTHOW MHAYKIUM Ha3bIBACTCA SBJICHHE BOSHUKHOBEHHUS TOKA B
3aMKHYTOM KOHTYp€ NpH W3MEHEHUM MAarHUTHOI'O MOTOKA, MPOHU3BIBAIOLIETO 3TOT KOHTYp. A
MOJTyYEHHBIH TAKUM CITIOCOOOM TOK, Ha3bIBAETCS HHAYKIIMOHHBIM.

3aKOH 3JIEKTPOMATHMTHOM MHAYKIMM: CpEJHEE 3HAYCHHE AIIEKTPOJBMKYILEH CHIIBI
WHIYKIMA B TPOBOJSALIEM KOHTYpPE HPOMOPLHMOHATIBHO CKOPOCTH HM3MEHEHHS MAarHUTHOTO
IIOTOKA Yepe3 MOBEPXHOCTh, OTPAHUUYEHHYIO KOHTYPOM.

Bennuuna u nHanpasnenue 3/]C nnaykunn

PaccmoTpum Temepph, KakoBbl OyAyT BEIMYMHA W HANpaBiICHHE HMHIYKTUPOBAHHOW B
npoBoaHuke D/C.

Bennunna 9/1C MHAYKIMY 3aBUCUT OT KOJIMYECTBA CHJIOBBIX JIMHUM MOJIs, MEPECEKAIOIUX
MIPOBOJIHUK B €AMHUILY BPEMEHH, T. €. OT CKOPOCTH JIB>)KEHHSI IIPOBOJHUKA B IOJIE.

Benuunna unayktupoBanHoil OJIC HaxoauTcss B NpsIMOM 3aBUCUMOCTH OT CKOPOCTH
JBUYKEHUS TPOBOJIHUKA B MArHUTHOM I10JI€.

Benuunna nnayktupoBanHod 3JIC 3aBUCHUT TakKe M OT JUIMHBI TOM YacTH IPOBOJHMKA,
KOTOpasi TepeceKkaeTcs CUJIOBBIMU JHHUAMH 1oiss. Yem Oounblnas 4YacTh MPOBOJHHUKA
NepeceKaeTcs CUIOBBIMU JTUHHUAMU 1107151, TeM Oounbinas DJC uHIyKTHpYEeTCsS B IpoBOIHUKE. U,
HAKOHEIl, YeM CHJIbHee MarHUTHOE TOoJje, T. €. YeM OOoJjblle ero MHAYKIHs, TeM Oombias IJ[C
BO3HMKAET B IIPOBOJIHUKE, MIEPECEKAIOIIEM ITO IOJIE.

Wrak, BenmnunHa OJIC MHAYKIMM, BO3HUKAIOMIEH B NPOBOJHUKE IMPU €r0 JABUKEHUU B
MarHMTHOM II0JI€, IPSMO IPONOPLUOHAIbHA UHAYKIUN MarHUTHOTO MOJIS, JUIMHE TPOBOJAHMUKA U
CKOPOCTH €r0 MepeMeLCHUS.

3aBUCHUMOCTH 3Ta BeIpaxkaercs ¢popmyroi E = Blv,

raie E — DJIC unaykuuu; B — marnutHas uHAayknus; | — aivHa NpoOBOJHMKA; V —
CKOpPOCTb JIBU’KEHUS IIPOBOIHUKA.

Crnenyer TBepAO NOMHHTB, YTO B MPOBOJHHUKE, MEPEMENIAIOIIEMCS B MAarHUTHOM IIOJIE,
OJIC uMHIyKIUM BO3HMKAeT TOJBKO B TOM CIy4ae, €CIM 3TOT IPOBOJHUK IepeceKaeTcs
MarHUTHBIMM CHJIOBBIMH JIMHUAMM M0JIs1. Eciin ke MPOBOJHMK MEPEMEIAETCsl BJIOJIb CHUIOBBIX
JUHUW TIOJsI, T. €. HE TMEepeceKaeT, a Kak Obl CKOJIB3UT Mo HUM, To HHkakod DJ[C B HeM He
unaykrupyercs. [lostomy mpuBeneHHas Beilie ¢opMmylia CHpaBeiMBa TOJBKO B TOM cilydyae,
KOTI'/la IPOBOJHUK MEpEMEIIAeTCsl NEPIEHANKYIIPHO MarHUTHBIM CHJIOBBIM JIMHUSIM T1OJISL.
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Hanpasnenue nnaykrupoBanHoit D/1C (a Takke U TOKa B MPOBOIHUKE) 3aBHCUT OT TOTO, B
KaKyl0 CTOPOHY JBWXXETCSI IPOBOAHUK. [[1s1 onpenenenus HanpasieHUss MHAYKTUpoBaHHOU D1C
CYILECTBYET IIPABUJIO NIPABOU PYKH.

Ecnu nepxath nafoHb MpaBoM pyKd Tak, 4ToObl B HEE BXOAMJIM MAarHUTHbIE CHIIOBBIE
JIMHUM TI0JIs, @ OTOTHYTHINM OOJIBIION masel] yka3biBaji Obl HampaBiieHUE JABMKEHHS POBOAHUKA,
TO BBITSAHYTBHIE YETHIPE MAJbLA YKaXXYT HaNpaBlIeHWE IEHUCTBHA MHAYKTUpoBaHHOW J/IC m
HaIlpaBJICHUE TOKA B IIPOBOJIHUKE.

[Ipy nBM>KEHMM BHYTPH KAaTyLIKH ITIOCTOSIHHOTO MarHuta B Hel mHAayktupyercs OJIC 3a
CYET TOr0, YTO MarHUTHBIM ITOTOK MarHUTa MEePeCceKaeT BUTKU KATYIIKH, T. €. TOYHO TaK XKe, KaK
3TO OBLIO MPU JBUKEHUH MPSMOJIUHEIHOTO MPOBOAHMKA B 110JI€ MarHUTA.

Ecnu mMarHuT omyckarh B KaTyIIKy MEIJIEHHO, TO Bo3HMKaromas B Heil DJIC Oyner
HACTOJIBKO Maja, YTO CTpeika Mpubopa MOXKET Jake He OTKIOHUThCA. Ecnm ke, HaoOOpoT,
MarHuT OBICTPO BBECTH B KaTYIIKY, TO OTKJIOHEHHE CTPEJIKU OyaeT O0NbIIMM. 3HAUUT, BETUUYNHA
naayktupyemorn OJIC, a crnenoBaTrenpHO, M CWJIA TOKA B KATyLIKE 3aBUCAT OT CKOPOCTH
JBMDKEHUSI MarHuTa, T. €. OT TOT0, HACKOJIBKO OBICTPO CHJIOBBIC JIMHUU IOJIS IEPECEKAIOT BUTKU
Karymkd. Eciou Teneps moOYEpeHO BBOJWTH B KaTyIIKy C OJMHAKOBOW CKOPOCTBIO CHadaja
CHJIbHBI MarHuT, a 3aTeM CJIa0bIi, TO MOXKHO 3aMETUTh, YTO MPU CUIBHOM MarHuTe CTpeliKa
npubopa OylneT OTKJIOHATHCS Ha OONbIIMK yros. 3HauuT, BenuuumHa uHaykrtupyemoil D/IC, a
CJIEIOBATEIILHO, U CHUJIA TOKA B KATYIIKE 3aBUCAT OT BEJIMYMHBI MArHUTHOI'O IIOTOKA MAarHUTa.

W, HakoHen, eciii BBOJWUTH C OJIMHAKOBOM CKOPOCTBIO OJIMH M TOT K€ MarHUT CHadajla B
KaTyIIKy ¢ OOJIBIIMM YHCJIOM BHUTKOB, a 3aT€M CO 3HAYUTEIbHO MEHBIINM, TO B IIEPBOM Cllyyae
CTpesika TpuOopa OTKIOHHUTCS Ha OOJBIIMK yTod, YeM BO BTOPOM. 3HAUYWT, BEJIMYMHA
unaykrupyemoit DJIC, a cienoBareiabHO, M CHJIa TOKA B KaTyIIKE 3aBUCAT OT UMCIIA €€ BUTKOB.
Te e pe3ynbTaTbl MOXHO IIOJY4YUTh, €CIM BMECTO IIOCTOSIHHOTO MArHWTa NPHUMEHITh
JJIEKTPOMArHUT.

Hamnpasnenne O/IC umHOyknMM B KaTyIIKe 3aBUCHT OT HAIPABICHUS IE€PEMELICHUS
Maraura. O TOM, Kak omnpeaenats HanpasieHue OJ[C MHIYyKIMH, TOBOPUT 3aKOH,
ycTaHoBiIeHHBIN J. X. JleHuem.

3akoH JleHna Juisl 2JIEKTPOMAarHUTHON MHIYKIUH: Besikoe M3MEeHEeHne MarHUTHOTO MTOTOKA
BHYTPH KaTYyIIKH COIIPOBOXKJIAETCS BO3HMKHOBeHHMEM B Hed JJ[C MHIyKnHMH, IpUYeM dYeMm
ObICTpee M3MEHSIETCS MAarHUTHBIN MMOTOK, MPOHU3BIBAIOLINH KaTyIIKy, TeM Oosibmas D/IC B Heit
WHIYKTUPYETCS.

Ecnn xarymika, B kotopoil cozgana 3/1C uHIyKIuy, 3aMKHYTa Ha BHELIHIOKO LIETb, TO 110
BHUTKaM €€ MJIeT MHAYKIIMOHHBIN TOK, CO3/Iaf0IIMI BOKPYT MPOBOJAHUKA MAarHUTHOE T0JIE, B CHITY
4ero Karyllka IpeBpaiaercss B cojeHous. [lomydaeTcss TakuM o0pa3oM, YTO H3MEHSIOIIEECs
BHEIIIHEE MArHUTHOE T0JI€ BBI3BIBAET B KaTYyIIKE MHAYKIIMOHHBIN TOK, KOTOPOH, B CBOIO OY€pEb,
CO37acT BOKPYT KATYIIKHA CBO€ MarHUTHOE I10JI€ — I10JIE TOKA.

N3zyuas sto saBaenue, O. X. JIeHI] yCTaHOBWJI 3aKOH, OMNPEACISIONIMI HAMpaBICHUE
MHAYKIIMOHHOTO TOKa B KaTylIKe, a cliefoBarenbHOo, W HampasieHue JOJC muayknuu. 3/1C
VWHIYKIWY, BO3HHMKAKOIIAsA B KaTylIKe MPU M3MEHEHMHM B HEH MAarHUTHOIO NOTOKA, CO3/1aeT B
KaTyILIKe TOK TAKOT'O HAIIPaBJICHUS, IIPU KOTOPOM MATrHUTHBIN IIOTOK KaTYIIKH, CO3JAaHHBIM 3TUM
TOKOM, IIPEMATCTBYET U3MEHEHHUIO TIOCTOPOHHETO MAarHUTHOTO MOTOKA.

3akoH JleHna cnpaBeyIMB A BCEX CIIy4aeB HMHIYKTUPOBAaHUS TOKa B IPOBOJHMKAX,
HE3aBHCHMO OT ()OpPMBI MPOBOAHUKOB M OT TOrO, KaKUM CIIOCOOOM JOCTUTAETCs H3MEHEHHE
BHEIIHEI'O MAarHUTHOTO IOJIS.

Benmnuuna 5.4.c. MHOYKOWH — ONpPEAENAECTCS 3aKOHOM JJIEKTPOMATHUTHOM WHIYKIUU
@apaned: 3.4.C. JIEKTPOMATHUTHON UHAYKIUHU , B 3aMKHYTOM IPOBOJSAIIEM KOHTYPE YHUCIECHHO
paBHa W TPOTHBOINOJOXHA IO 3HAKy CKOPOCTHM HM3MEHEHHsS MAarHUTHOIO IOTOKa @ CKBO3b
MIOBEPXHOCTb, OTPAHUYECHHYIO 3TUM KOHTYPOM

(1)
3HaKk MHHYC B (OpMYyJe COOTBETCTBYET npasuny Jlenya: TpU BCAKOM H3MEHEHUU
MarHuTHOT'O MOTOKA CKBO3b MOBEPXHOCTh, OTPAHUYEHHYIO 3AMKHYTBIM KOHTYPOM, B TIOCIIETHEM
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BO3HUKACT I/IHI[yKI_[I/IOHHHﬁ TOK TaKOT'O HalpaBJICHUA, YTO C€Iro COOCTBEHHOE€ MAarHUTHOE II0JIe
HpOTHBO}IeﬁCTByeT U3MEHCHHIO MarHuTHOT'O ITOTOKA, BBI3BABIICTO I/IH,ZIYKI_[I/IOHHHﬁ TOK.

Puc. 1.

[IpyunHa BO3HMKHOBEHHs HHAYKIMOHHOIO TOKa B HEMOJABHKHOM KOHTYPE COIJIACHO
TEOPHH EKTPOMArHeTn3mMa MakcBeuia COCTOUT B TOM, YTO NP U3MEHEHWH MarHUTHOTO ITOJIS
BO3HMKAET BUXPEBOE DJIEKTPUYECKOE II0JIE, T.€. MIEKTPUUECKOE I10JI€ C 3aMKHYTBIMU CUJIOBBIMU
muausmu. [lox neiictBuem 3Toro mosst cBOOOJHBIE 3apsiibl KOHTYypa IMEpeMelaloTcs, T.e, B
KOHTYpP€E BO3HUKAET DJICKTPUYECKUN TOK, Ha3bIBAEMBIA MHYKIIHOHHBIM TOKOM.

IIycTp TIOCKMH 3aMKHYTBIM NPOBOIAIIMM KOHTYp L HaXOOUTCA B OJHOPOJHOM
MarHuTHOM Tmosie ¢ uHAykuued B (puc. 1). Torma marHuTHBIE TOTOK @ (TOTOK BEKTOpa
MarHMUTHOM WHAYKIMHU) Yepe3 IOBEPXHOCTb, OrPAaHMYECHHYIO KOHTypoM L, ompenensercs
BBIPAKECHUEM

, 2)
rae S — miomaas MOBEPXHOCTH, OTPAaHUYEHHOW KOHTYpOM L, — yroi MeEKIy HalpaBlIEHUEM
CWJIOBBIX JIMHUM (HAmpaBlIEHUEM BEKTOpa M HOpPMalbi0 K IIOBEPXHOCTH, OTPaHHUYEHHOM
KOHTYpPOM).

[Iyctp MarHuTHOE TOJ€ CO3AAeTCsd LMIMHAPUYECKOW KaTyIIKOH (COJEHOUIOM), IO

KOTOPOH ITPOTEKAET NEPEMEHHBIN dJIEKTPUIECKUN TOK

3)
II€ — aMIUIMTYZAHOE 3HAYCHHE TOKA; — LUKJIMYECKAst 4acTOTa TOKA ; — 4acTOTa TOKA.
Torga MarHUTHas UHIYKIMS B 101 BHYTpU KaTyIIKH U BOJIM3U €e TOPLIOB paBHA

uiu ¢ yuetom (3)

4)
A€ — MAr"uTHas HpOHI/IHaeMOCTI) Cep)Ie'-IHI/IKa KaTYHIKI/I; — Mar"duTHas IIOCTOsSIHHAaA, 7 — YUCII0
BUTKOB KaTYIIKW Ha emuHuIe AnuHbL. [loacraBuB Beipaxenue (4) B dopmyny (2), Haxoaum
MarHMTHBIN MMOTOK Yepe3 KOHTYP, PacloiIOKEHHbINH BOJINM3H TOpLAa KaTyIIKH

OTcroaa cKOpoCTh U3MEHEHUS! MarHUTHOTO MOTOKA paBHa,

)
TakuMm 00pa3zom, CKOPOCTb M3MEHEHHUS] MarHUTHOTO MOTOKA MPOMOPIHOHAIBHA aAMILTUTYHOMY
3HAYEHUIO TOKAa B KaTylmIke U KocuHycy yria . IloacraBuB Beipaxenue (5) B ¢opmyny (1),
HOJIy4aeM

rae .
g.MB a &.MB 1
,U3 ; ,t3
/ // /
; a K
// - 2 / // 2
/ s / //
i /s s
Ve Ve e
// / e 0!1 / // - I]
e — / - -
e - e
S T /o e
o S
L g
7. MA cosor
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Puc.2.

3aBUCUMOCTb 3.]1.C. JEKTPOMArHUTHOM MHIAYKIHMU OT M (MPUMEPHBIN B M300pa)keH
Ha puc.2.

Oobopyoosanue u mamepuaol.

. Munnuamnepmerp.

. Maruwur.

. Karymxka-moroxk.

. UcTouHuk TOKa.

. Peocrar.

Kitrou.

. Karymika ot anekTpoMarsura.
. CoenHUTENBHBIE TIPOBOJIA.

Ykazanusa no mexnuke 6ezonacnocmu.

1. K BbImonHeHUI0 71a00paTOPHBIX PadOT AOIMYCKAIOTCS CTYACHTHI, W3YYHBIIME MpPaBHIIa

TEXHUKH 0€30MMacCHOCTH.

2. JlabGopaTtopHble pabOTHl MOTYT MPOBOJUTECS TOIBKO MOJI PYKOBOACTBOM U HAOIIOICHUEM

IpernoaaBaTess.

3. Tlpwu BeIMOTHEHNUU Ta00PAaTOPHBIX PAOOT CTYIEHTaM 3aMpelacTcs:

- BKJTIOUATh CXEMBI 10J] HANPsDKEHHEM 0€3 TTPOBEPKH MPETIogaBaTes;

- TpUKacaThCsi K HE3AMMIIEHHBIM H30JAIMEH YacTsAIM CXEMbI, HaXOMISIIUXCS TOJ
HaNPSOKCHUEM;

- OTIpEeNIeNsITh HATMYKEe HANIPSDKEHUS Ha DJIEMEHTAX IENH MPUTIOMOIIIH MajbIeB; TPOBEpKa
HAJTMYUSl HAMPSHKCHHUS TIPOU3BOAMTCS TOJIBKO C IOMOIIBIO BOJBTMETPA M B MPHUCYTCTBUHU
MpernoaaBaTens;

- mpu paboTre Ha J1abOpaTOPHOW YCTAHOBKE TMPHUKACAThCS OJHOBPEMEHHO CTEH,
paaToOpOB CUCTEMBI OTOTUICHUS U IPYTHUX METAIITUYECKUX MPEIMETOB;

- BKJIIOYATh pPyOWIHHUKH, HAKAMATh KHOIIKHA, TPHKAcAThCcs K JIICKTPUICCKOMY
0o0Opy/IOBaHUIO, HE OTHOCSIIEMYCS K JlaHHOW JnabopaTtopHoil pabore 0e3 Bemoma
MpernojaBaTes;

- MPOU3BOJIUTH IO XOJTy BBITIONHEHUS paOOTHI MEPEKIIOYCHUS B CXeMe, He 00eCTOUYUB ef;

- OpocaTh COeTMHUTENbHBIE TPOBOJIA HA MOJI U Ha UCCIIEIyeMYIO0 YCTaHOBKY;

- 3aMEHTh CrOpeBIINE TMPEAOXPAaHUTENM Ha padOYuX MUTaX MPHU BKIIOUEHHBIX
pyOMIIbHHKAX;

- KJIACTh Ha pabouuil CTOJ MOCTOPOHHUE TPEIMETHI;

- BXOJIUTH B TaOOPATOPHIO B BEPXHEH OJEKIC;

- KypeHHUEe ¥ 38)KUTAaHHE OTHSL.

4. [lepen BKIIFOUEHHEM CXEMBI 0053aTEIIbHO MPEAYNPEIUTh WiIeHOB Opuraasl: «OCTOPOKHO!
Bxutouaro!».

5. Ilpu Hamuymu B cxeMe KOHJIGHCATOPHBIX OaTapeil, HEOOXOIUMO TOCIEe OTKIIOUYCHUS
MUTAHMS] KX PAa3pAIUTh 0] HAOIIOJHEHEeM MpeTojaBaTels.

6. [Ipu oOHapy)EeHUU KaKuX — OO HEHCTPABHOCTEH, NCUC3HOBEHHS HANIPSHKCHUS B CETH, a
Tak)Ke MPU HECUACTHOM cllydae, HEMEAJIEHHO MPEKPATUTh padoOTy, OTKIIOYUTh YCTAHOBKY OT
AJIEKTPONUTAHUS U COOOLIUTH MPEINo1aBaTeNio.

7. [IoMHHUTB, 9YTO TIPU OTKJIFOYECHUH IENE TTOCTOSITHHOTO TOKA C HHIyKTUBHOCTHIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE MOBBIIIICHUE HATIPSKCHHUS.

8. CryaeHThl, HapyIIMBIIUE TMpaBUJIa TEXHUKH OE30MACHOCTH, HE JOMYCKAIOTCSI K
nanbHEHIIe padoTe B 1aGOpaTOPHH M MPUBIICKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.
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OkcniepuMeHT 1

Haunem nabopaTopuyto padboty co cobopa yctaHOBKH. UTOOBI cOOpaTh cXeMy, KOTOPYIO MbI
OyZeM HWCIoNb30BaTh B JA0OpaTopHOW  paboTe, MPUCOCTUHUM  MOTOK-KATYIIKy K
MUJJIMAMIIEPMETPY M HCIIOJIb3YeM MarHuT, KOTOpBIM OyJaemM NpuOImkKaTh WIA YJIAlsITh OT
karymku. OZHOBPEMEHHO C 3TUM MbI JIOJDKHBI BCIIOMHUTB, YTO OyAET MPOWCXOIUTH, KOT/a
OyJIeT OSIBISATHCS WHYKITMOHHBIN TOK.

Puc. 1. Okcnepumenr 1

[Togymaiite Hag TeM, Kak OOBSCHUTH HabOOgaemMoe Hamu sBieHue. Kakum oOpazom
BIUSIET MAarHUTHBIN MOTOK HA TO, YTO MBI BHJIUM, B YACTHOCTH MPOUCXOXKICHUE AIEKTPUIECKOTO
ToKa. JIJ1s1 5TOro mocMoTpUTE Ha BCIIOMOTATEIbHBIN PUCYHOK.

OOparute BHUMaHWE, YTO JIMHUA MAarHUTHOW WMHIYKIIMK BBIXOMAAT M3 CEBEPHOTO IOJIOCA,
BXOIAT B IO)KHI;II\/JI TIOJIFOC. HpI/I 3TOM KOJIMYECCTBO 3TUX J'II/IHI/II\/JI, nux FyCTOTa pa3quHa Ha pa3HI>IX
ydacTkax marauta. OOpaTuTe BHUMaHHE, YTO HAMpaBJICHWE WHIYKIIMA MAarHUTHOTO TOJIS TOXE
WU3MEHSIETCSl OT TOUYKHU K Touke. [103TOMy MOXHO CKa3aTh, YTO H3MEHEHHe MATHUTHOI0 MOTOKA
NPUBOAUT K TOMY, YTO B 3aMKHYTOM NPOBOJIHHKE BO3HHKAET IEKTPHYECKHH TOK, HO
TOJBKO NPH [BUKEHUM MATHUTA, CJeJ0BAaTeJbHO, HM3MEHSETCSI MATHUTHBIA MOTOK,
NPOHM3bIBAIOIIMIi IJIOIA/Ib, OTPAHNYEHHYI0 BUTKAMM 3TOMH KaTyIIKH.

DKCIEpUMEHT 2

Crnenyroomnmi 3Tan HAIIEr0 HWCCICAOBAHMS AJIEKTPOMAarHUTHOW WHAYKIUHA CBSA3aH C
Onpe/elICHUEM HANPABJIECHUS MHAYKIHUOHHOrO Toka. O HampaBlIeHUM WHAYKIIMOHHOTO TOKa
MBI MOXEM CYAWTHh IO TOMY, B KAaKyl0 CTOPOHY OTKJIOHSIETCS CTpejKa MILIHaMIlepMeTpa.
Bocnonbeizyemcst 1yroo6pa3HpIM MarHUTOM U YBUAUM, YTO TIPU MPUOIMIKEHUN MAarHUTa CTpeNKa
OTKJIOHHTCA B OJHY CTOpOHY. Ecnu Temepp MarHWT ABUTaTh B JIPYTYHO CTOPOHY, CTpEJKa
OTKJIOHUTCA B JPYTYI0 CTOpOHY. B pesynbTaTe NpPOBEACHHOIO JKCIEPUMEHTAa MBI MOXEM
CKaszaTb, 4TO OT HaHpaBHeHI/ISI JOBMKCHHUS Mar"dHurta 3aBHCUT U HaHpaBHeHI/Ie I/IH)IYKIII/IOHHOFO
Toka. OTMETHM U TO, YTO OT MOJIOCa MAarHUTa TOXE 3aBUCUT HAIpPaBICHUE WHIYKIMOHHOTO
TOKA.

OOpatuTe BHUMAaHHE, YTO BEJIMYMHA WHAYKIIMOHHOTO TOKa 3aBHCUT OT CKOPOCTH
nepeMemeHI/m MarbLsura, a BMECTE C TEM U OT CKOpOCTI/I N3MCHCHUS MAarHUTHOT O ITOTOKA.

Bropast yacTp Hameit naGopaTopHoii pabOTHI CBs3aHa OyJIET C IPYTHUM 3KCTIEPUMEHTOM.
[TocMoTpHUM Ha cXeMy 3TOrO 3KCHEPUMEHTa U 00CYUM, YTO MBI Oy/1eM Tereph JeaTh.
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Knwoy

PeocTtaTt

| | I II
* MCTOYHMK TOKa

Puc. 2. Oxcniepument 2

Bo BTOpoil cxemMe B NpPUHIMIE HUYEr0 HE HM3MEHHIOCh OTHOCHTEIBHO H3MEPEHUs
MHIYKIMOHHOTO TOKa. TOT e caMblif MIJUTHAMIIEPMETp, MPUCOSANHEHHBIH K MOTKY KaTYIIKH.
Ocraercst Bce, Kak ObuUIO B mepBoM ciydae. Ho Tenmeph M3MEHEHHWE MAarHHTHOTO IOTOKA MBI
OyzeM MoiryuaTh He 3a CUET JIBWKCHHUS IOCTOSIHHOTO MarHuTa, a 3a C4eT U3MEHEHHs CHIIBI TOKa
BO BTOPOI1 KaTyIIKe.

B nepBoii yactu OyaeM ucciieoBaTh HaMUME UHIYKIIMOHHOTO TOKA MPU 3aMbIKAaHUU U
pa3MblkaHuu 1enu. MTak, mepBas 4acTh OSKCHEPHMEHTa: MblI 3aMblkaeM Kitod. OOpartute
BHUMaHME, TOK HapacTaeT B IeNH, CTpeJKa OTKIOHHJIACh B OJHY CTOPOHY, HO oOparure
BHUMaHHE, ceifyac K04 3aMKHYT, a JEKTPUYECKOTr0 TOKa MHJUIMAMIIEPMETP HE MOKAa3bIBAET.
Jleno B TOM, YTO HET U3MEHEHHUSI MarHUTHOTO MTOTOKA, MBI yke 00 3TOM roBopmid. Ecnu Tenepsb
KJIFOY pa3MbIKaTh, TO MIJITHAMIIEPMETP MOKaXeT, YTO HAPaBICHHE TOKA H3MEHHIIOCH.

Bo BTOpOM 3KcliepuMEHTE MBI HMPOCIEANM, KaK BO3HUKAET MHIYKIIMOHHBIN TOK, KOTJa
MEHSETCS HIICKTPHUECKUI TOK BO BTOPOM IIETIH.

Crenyromas 4acTh OmbITa OyAeT 3aKII0YaThCsl B TOM, YTOOBI MPOCIEANTH, KaKk Oyaer
M3MEHATHCS MHIYKIMOHHBIM TOK, €CII MEHSATHh BEIMYMHY TOKA B IIENIM 3a CYET peocTaTta. Bbl
3HAETE, YTO €CJIM MBI U3MEHSIEM AJIEKTPHUYECKOE COMTPOTHBIICHHE B LIEMH, TO, clenys 3akony Oma,
y Hac OyAeT MEHSThCS M DJCKTPUYECKUH TOK. Pa3 m3MeHseTcss 31eKTpU4ecKuil Tok, OyneT
M3MEHATBCS MarHuTHOe moje. B MOMEHT mnepememieHus] CKOJB3SIIEro KOHTAaKTa peocTara
M3MEHSCTCS MAarHUTHOE T10JI€, YTO MPUBONT K MOSBICHHIO MHIYKIIMOHHOTO TOKA.

Ne Cnocod I B Bm ADdm
ONBITA | MOJyYeHHs
HHIYKIHOHHOTO
TOKa

1 BHecenue B — — +
KATYHIKY
CeBEPHOI0
1noJIIca
MAarHurTa

2 Ynajinenue u3 «— «— -
KaTyIIKH
CEeBEPHOIo
noJroca
MAarHuTa
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3 BHecenue B — — +
KATYHIKY
F0KHOT0 IOJII0CA
MATrHHTA

4 Yaanenue us — — -
KATYLIKH
I0KHOT0 MO0JII0CA
MArHHuTAa

Cooepircanue omuema.

Otuet no 1a00paTOPHBIM paboTaM JOKHBI COAECPKATD:

- TUTYJIbHBIN JIUCT;

- 11eJ1b paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIPEICICHUN, TOHIATUN, (OPMYIT;
- OCHOBHOE 000pYy/I0BaHHUE, CXEMa YCTaHOBKHU;

- OIIMCAHME IO MyHKTaM BBITIOJTHCHHOHN pa0oThI;

- pe3yabTaThl U3MEPECHHM M pacyeTOB (TAOIHUIIBI, TPAPUKH);

- OLIEHKA MOrPEIIHOCTEN;

- OTBETHI HA KOHTPOJILHBIE BOIIPOCHI;

- BBIBOJIBI TI0 PE3yJIbTaTaM BBITIOJIHEHHOW PabOTHI, 1aTa, MOIIHCH.

Konmponwvnuvie éonpochwi.

B ueM 3akiroyaeTcs siBII€HNE 3JE€KTPOMArHUTHOM MHIYKIUN?

Kaxoit Tok Ha3bIBalOT MHIYKIIMOHHBIM?

CdopmynupyiiTe 3aKOH IEKTPOMarHUTHON MHAYKIMU. Kakoit popmMysioi oH onuceiBaeTcs?
Kak ¢hopmynupyercst npasuio Jlenma?

KaxoBa cBs3b npaBuia JIeHIa ¢ 3aKOHOM COXpAaHEHMS SHEPruu?

Nk W=

JlaGopaTtopnas padora Ne 11
Tema pabomw. OnpenejieHue TOPU3OHTAJIBHON  COCTABJISAOIIEH HMHAYKIHH
MATHUTHOTO MOJIA 3eMJIU.
Ilenv pabomwr. OnipenenieHre TOPU3OHTAIBHOM COCTABISAIONMICH WHIYKIMA MarHUTHOTO
MoJst 3eMJIH.

Teopemuuecmm yacmo.

3emiist B IEJIOM TPEACTABISAET COOOM OTrpOMHBIN mapoBoil mMarHut. [losTomy B mo0oit
TOYKE IPOCTPAHCTBA, OKPYKAIOLIETO 3€MIII0, U Ha €€ MOBEPXHOCTH CYIIECTBYET MAarHUTHOE
oJie, CUJIOBBIE JIMHUK KOTOPOTo M300pakeHbl Ha pucyHke 1. [Ipu 3ToM ceBepHBIH MarHUTHBIH
nomoc N HaxonuTcs BOMM3M I0kHOTro reorpaguueckoro O u Haobopor. Ha skBarope
MarHuTHBIE CUJIOBBIE JINHUH HAIIPABJIECHbI TOPU30HTAIIBHO, A Ha MOJIOCAX - BEPTUKAIBHO.

B ocTanmpHBIX TOYKaX 3eMHOMU MOBEPXHOCTU MHAYKIUSA MAarHUTHOI'O ITOJISA HAIlpaBJICHA IO
HCEKOTOPBIM YIJIOM K IINIOCKOCTH 3CMJ'II/I, T.C. UMCECT U I'OPHU30OHTAJIbHYIO B.u BCPTUKAJIBHYIO B:
COCTaBJIAIOIIHUCE.
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Puc.1.

HampaBnenue ropH3OHTAJIBHOM  COCTaBISIOIIEM  IPUHUMAETCS  3a  HaIpaBJICHUE
MarHMTHOTO MEpHJMaHa, T.K. B OTOM HAIPABJICEHWM YCTAHABIMBAETCS CTPEIKa KOMIIAca,
BpalllaloLasicsi B TOPU3OHTAIBHOM MI0CKOCTH. Llenbio HacTosmel paboThl SBISETCS U3MEpPEHUE
BEJIMYMHBI TOPU30HTAJIIBHOM COCTAaBIISIIOIIEH MHAYKIMM MAarHUTHOTIO MOJIA 3€MJIM C TMOMOILBIO
TaHT'€HC-TAJIbBAHOMETpA.  TaHreHc-raJibBAHOMETP  NPEACTaBiseT  co0OM  BEpPTHKAIbHO
PacrojoXKEeHHbIE N KPYTOBBIX BUTKOB paanyca R, o KOTOpbIM IpomycKaeTcs MOCTOSHHBIA TOK
cwioil I. B neHnTpe 3T0i COBOKYIHOCTH BUTKOB (KOPOTKOW KaTyLIKK) rmomemiaeTrcst komnac. [lpu
OTCYTCTBMM TOKA B BUTKAaX MAarHUTHAsI CTPEJIKA KOMIIaca yCTAaHOBUTCS 10

/N
20 € 90

Puc. 2.

MarHuTHOMy Mepuauany. lIpu mpomyckaHuu TOka IO BHUTKaM CTpEIKa IOBEPHETCS Ha
HEKOTOPBIM YroJ 0, T.K. TEIEepb HA HEE MOMHMO TOPU30HTAIBLHOM COCTABJISIOLIEH MAarHUTHOTO
noJist 3eMiu OyJieT NeHCTBOBATh €Ile MarHUTHOE IoJie, co3aBaeMoe TokoM | B n BuTkax. Eciu
BUTKM COPHUEHTHPOBATH TAaK YTOOBI HMX IUIOCKOCTH COBMAJAld C IUIOCKOCTBIO MarHUTHOTO
MepHIMaHa, TO Ha CTPeJKy OyayT AeWCTBOBaTh JBa B3aUMHO NEPIECHANKYJSPHBIX IMOJIS: MOJe
3emun B; u nosne Toka B, (puc.2).

Crpenka koMIiaca yCTaHOBUTCSI B HallpaBJICHUM PaBHOACUCTBYIOIICH 3TUX IOJIEH, BJIOJIb

B =B, + B,
, T.€. TI0 AMaroHaJld MapajiesiorpaMMa, CTOpoHaMH Kotoporo 0yayT B, u Bs. Cwm.
puc.2, Ha KOTOPOM H300paX€HO CEYEHHUE BHUTKOB C TOKOM, OPHUEHTUPOBAHHBIX BJIOJb

BO
lgO{ :B—
MarHMTHOTO MEpHJMaHa, FOPU30HTAJIBHON IUIOCKOCThIO. M3 puc. 2 crnemnyer, yTto 3,
OTKYyJ1a
B
B, =—%
fg (04 (1)
_ uol
Tak Kak HHIYKIUS MarHUTHOTO TOJISI B IIEHTPE KPYTOBOTO TOKa ° 2R , TO B LIEHTPE N
u,In
B, =
BHUTKOB OYE€BUIHO 2R (2)
w,In
, =
[ToncraBuB (2) B (1) momyuum 2R 1ga 3)
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Ota ¢opmyna UCHONb3yeTcs B HAcTOsIIEeH paboTe MAjs ONBITHOTO OIpeNeeHUs
TOPU3OHTAJIBLHOM COCTaBJstomEed MarHuTHOTO ot 3emun. @opmyina (3) 3amucaHa B CHCTEME
CH, nosromy B; nomyuures B Tecnax.

DJeKxTpuyecKas cxeMa YCTaHOBKH JUIsl u3MepeHusl B; cocToUT U3 TaHreHc-ralbBaHOMETpa

G, ucTouHHKA ToKa € ,peoctata R u ammepmerpa A i peryjaupoBKH U H3MEPEHUS TOKa

(puc.3).
B cxeme wucnonp3yercs mepekiarodatenab I[I i M3MEHEHHs HAIlpaBJiCHUS TOKa,

MpoXOoAAIeTO YC€PE3 TAHT'CHC-TaJIbBAHOMCTD.

Puc. 3
Oobopyoosanue u mamepuaol.
TaHreHc-raabBaHOMETp, AMIIEPMETP, PEOCTaT, UCTOYHUK TOKA.
Ykazanusn no mexnuke 6ezonacnocmu.
1. K BbimonHeHuto 1abopaTOpHBIX PabOT JOMYCKArOTCS CTYACHTHI, M3YUYHBILHE IpaBHiIa

TEXHHUKHU 0€3011aCHOCTH.

2. JlaGopaTopHble pabOThl MOTYT HPOBOJUTHCS TOJIBKO MO/ PYKOBOJCTBOM U HAOJII0I€HUEM

IpernoaaBarTess.

3. Ilpu BeimonHeHNH Ja00PATOPHBIX PabOT CTYAEHTAM 3aIlpeliaeTCs:

- BKJIFOYATh CXEMBI IT0]1 HANpsDKEHUEM 0e3 TIPOBEPKH TPEIoaBaTeris;

- TpHUKAcaThCs K HE3AIUIIEHHBIM H30JALUEH YacTAM CXEMbl, HaXOMALIMXCS I0]
HaTpsHKCHUEM;

- ONpeAETATh HAIUYKME HANPSOKCHUS Ha 3JI€MEHTAax 1eNH IPUIIOMOIIH MaJIbIIEB; IPOBEpKa
HAJIMYHS HAMPSDKEHHST TPOM3BOJUTCS TOJIBKO C MOMOINBIO BOJBTMETPAa W B TPUCYTCTBHU
IIpero/iaBaTe’s;

- mpu pabore Ha 51abOpaTOPHOW YCTAHOBKE TMPHUKACATHCS OJHOBPEMEHHO CTEH,
pazuaTopoB CUCTEMBI OTOIJICHUS U IPYTHX METAIMYECKUX IPEIMETOB;

- BKJIOYATh pPYOWJIBHUKH, HA)KUMaTh KHOIKH, TIPUKACATBCS K DIIEKTPUIECKOMY
00OpYyJOBaHUIO, HE OTHOCALIEMYCs K JaHHOW jabopartopHoil pabore 06e3 Beroma
IpenojaBaTes;

- IPOU3BO/IUTH 110 XO/1y BBIIIOJIHEHUS pabOTHl NEPEKITIOUEHHSI B CXeMe, He 00eCTOUUB e€;

- OpocaTh COEIMHUTENbHBIE TPOBO/IA HA OJI U Ha UCCIIEYEMYIO0 YCTaHOBKY;

- 3aMEHATh CrOPEBIIME MPEJOXPAaHUTEIM Ha pabodyMx MIUTAaX MPHU BKIOYEHHBIX
pyOMIbHUKAX;

- KJIACTh Ha pabO4Mil CTOJI HOCTOPOHHUE MPEIMETHI;

- BXOJIUTH B J1a00OpaTOPUIO B BEPXHEU 0/IEXKE;
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- KypEeHHE U 3a)KUTaHUE OTHSL.

4. [lepen BKIIFOUEHHEM CXEMBI 0053aTEIIbHO MPEAYNPEIUTh WieHOB Opuraasl: «OCTOPOKHO!
Bxutouaro!».

5. Ilpu Hamuyuu B cxeMe KOHJIGHCATOPHBIX OaTapeil, HEOOXOIUMO TOCIe OTKIIOUYCHUS
MUTAHMS KX PAa3pAIUTh 0] HAOIIOJHEHEM MpeTojaBaTes.

6. [Ipu oOHapyXEeHUU KaKuX — JTUOO HEHCTPABHOCTEH, NCUC3HOBEHHS HANIPSHKCHUS B CETH, a
TaKXe MPU HECYACTHOM Clly4yae, HEMEIJICHHO PEKPaTuTh paboTy, OTKIIOYUTh YCTAHOBKY OT
AJIEKTPONUTAHUS U COOOLIUTH MPEINOo1aBaTeNIo.

7. IIoMHMTb, 9YTO IPU OTKJIFOYEHNH LIENEN TOCTOSIHHOTO TOKA C MHyKTUBHOCTBIO BO3MOYKHO
KpPaTKOBPEMEHHOE Pe3KOe MOBBILICHHE HAPSKEHUS.

8. CryneHThl, HapylIMBLIME TMpaBHJa TEXHUKHM O€30IacHOCTH, HE JIOMYCKaloTCsI K
nanpHeie padote B 1aOOpaTOPUH U MPUBJIEKAIOTCS] K OTBETCTBEHHOCTH.

3aoanus.

1. CobuparoT 3JEKTPUIECKYIO IIETTb 110 CXeMe puc.3

2. TloBopaumnBasi TaHT€HC- raJlbBAaHOMETP, YCTAHABIMBAIOT €ro IJIOCKOCTh B IUIOCKOCTH
MarHMTHOTO MepUMaHa, TaKk YTOObl MarHUTHAs CTPEJIKa ycTaHOBWIIAach B HampasyieHuu 0°-180°.

3. YcranaBnuBas ~ JIBDKKOM  peocTara  3aJaHHYI0  BEJIMYMHY TOKa  (3amaercs
IpernoaaBaTesieM) U3MEPUTh YToJl OTKIIOHEHHS] MATHUTHON CTPEJIKH o;.

4. He u3MeHsisi BENMYMHY TOKa MOMEHATH mnepekitouarenem [l HampaBiieHue Toka Ha
MPOTUBOMNOJOXKHOE. OTCuMTaTh HOBBIM yrojll OTKJIOHEHHUS CTPEIKH Op. BbIUMCINTH

_(a, +a,)
a, =
5. TTOBTOPUTH U3MEPEHHUS Q1 U O, IPH HECKOJIBKUX JAPYTHX 33aHHBIX 3HAUYCHHUSIX TOKA.
6. TloxcTaBisiss MOCIIENOBATENBHO H3MEPEHHbBIE COOTBETCTBYIOIIME 3HAYEHHMs ToKa I; u

. o
yCpeaHEeHHble 3HaueHus yriaa | B ¢opmyny (3) HaiiTh 3HaueHus Bis. ( Bemnuumnst n u R
yKa3aHbl Ha TAHT€HC-TAJIbBAHOMETPE).
7. Bce pe3ynbTaThl U3MEPEHHUM U BBIYHUCICHUH 3aHeCcTH B Tab. 1
Tab6mn.1

I(A) a, a, | a tga B3 AB | 0B

cp cp

(cp)

8. O1eHHTD MOTPENIHOCTh MPOBEACHHOTO U3MeEpeHus B; 1 pe3ynbraTel 3aHecTd B Tabm. 1
9. 3anucaTe pe3yJbTaT B BUJIE
B; =B:» £ABs,
Cooepicanue omuema.
Ot4er o 1a6OPaTOPHBIM pabOTaM JOTKHBI COACPKATh:
- TUTYJIbHBIN JIUCT;
- 11eJTh paboTHI;
- KOHCTIEKT OCHOBHBIX 3aKOHOB, OIPEICIICHU, TOHATHH, (OPMYT;
- OCHOBHOE 000pYyIOBaHHUE, CXeMa YCTaHOBKH;
- OTIMCAHHUE TI0 TTYHKTaM BBITIOJIHEHHON PaboTHI,
- pe3yJbTaThl U3MEPEHHI U pacueToB (TaOMUIlbI, TPadUKH);
- OLICHKA MOTPEITHOCTEN;
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- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIBI TI0 PE3yJIbTaTaM BBITIOJIHEHHOW padoThl, 1aTa, MOMKCH.
Konmponwvuwie éonpochi.
1. Kakoi#i Bu mMeeT MarHUTHOE T10JIe 3eMitn’?
2. B uem 3akimrouaeTcs ujes N3MEpPEHHs TOPU30HTAIBHOM COCTaBIISIFOIIEH HHAYKIIMH
MarHuTHOTO NOJIst 3eMIIH?
3. Kak ycTpoeH TaHreHc-rajibBaHOMETp?
4. BoiBenute Gopmyiny HHAYKIMU By, B IEGHTpe KpyroBOTO BUTKA C TOKOM.

5. Iloyemy MIOCKOCTh TaHT€HC-TaJIbBAHOMETPA CJIEYET OPUEHTUPOBATH B HAIIPaBICHUHU
MarHMTHOTO MepuinaHa?

JlabopaTopnasi padora Ne 12
Tema padomer. UccnenoBanme koJjed0aHuii B KoJie0aTeJJbHOM KOHTYype

Ilenv pabomwr. V3yueHue 3aTyXarloluX 3JICKTPUUYECKUX KoJiebaHM KojebaTelbHOM
KOHTYPE.

Teopemultecmm uacms.

ITpocTtoii KkoneGaTeNbHBI KOHTYP COCTOMT U3 IMOCJIENOBATENIbHO CO-€IMHEHHBIX
3JIEMEHTOB: EMKOCTH C, HHAYKTUBHOCTHU L u akTmBHOTO COITIPOTUBJICHUA R

Cpenu pasauuHBIX DJIEKTPUYECKUX SBJIECHUM OONBIION MHTEpeC MpeACTaBIsAI0T
QJICKTPUYCCKHUC KOJ'I€6aHI/I$I, IIPU KOTOPBIX HEKOTOPBLIC JJICKTPUUYCCKHUE BCIWYHHBLI, TAKHEC KakK
MOTEHLMAl CWIa TOKa, WIH 3apsj] U3MEHAITCd BO BpeMeHH. OmHMM U3 NpOCTEHUIINX
HUCTOYHHKOB ITOJYUCHUSA IJICKTPHUUYCCKUX Koae0aHui SBIsETCS BHCKTpI/ILIeCKI/Iﬁ KoneOaTeabHbIN
KOHTYD.

PaccmoTpuMm mpocToil  koseGaTeNbHBIM  KOHTYpP, COCTOSIILIMNA M3 IOCJEI0BaTEIbHO
coeIMHEHHbIX KoHJeHcaTopa C, uHAyKTUBHOCTH L, pezuctopa R u kmoua K (puc.l, a). Eciu
KOHJIEHCATOp 3apsiauTh, a 3aTeéM 3aMKHYTh K4 (puc.1,0), TO KOHJIEHCATOp HAYMHAET
paspskaTbcs. B menu mosBisieTcs BO3pAcTAOLIMM TOK i, B KaTylIKe HWHIYKTUBHOCTH -
COOTBETCTBYIOILIEE MAarHUTHOE IOJIE.

K K K
-
L. L.
1. C C
+ + : — :
—e — =" i
— = +
R
R R
a) 0) B)

Puc.1.

Tok pa3spsna koHaeHcaTopa i, IpOTEKas uepe3 KaTylKy, nopoxkaaer B Hell IIC
camonHykIMu. Boznukaromass 3/IC caMOMHIyKIIMK 3aMeUIIeT pa3ps] KOHAEHcaTopa, a mocie
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TOr0, KaK KOHJEHCATOp MOJHOCTHbIO paspsautcs DJIC caMOMHAYKIUH, HA00OPOT, HAYMHAET
MOJIIEP’KUBAThH TOK B TIPEKHEM HAIIPABIICHHH.

B pesynbrare 3TOr0 KOHJEHCATOp Mepe3apsauTcs, MOcie Yero Mpolecc MOBTOPUTCS, HO
JBYDKEHHE 3apsi/IoB OyIET MPOUCXOANUTH B IIPOTUBOIIOJIOKHOM HAIpaBJICHUH (pHC.2,B).

[lepBoHauanbHasi SHEPTUS HICKTPUUECKOTO MOJIS 3apPsHKEHHOI0 KOHJIEHCATOpa BO BpeMs
€ro paspsijia MepeXoAuT B SHEPTHIO MAarHUTHOTO OIS Katymkd. [Ipu mepesapsiae KoHIeHcaTopa
NPOUCXOMUT OOpaTHBIA MEpexoJ]] HHEPrMd MArHUTHOIO MO KaTYHIKM B  DHEPrUIo
AIIEKTPUYECKOTO TOJIsl KOH/IeHcaTopa. B niaeanbHOM KollebaTelbHOM KOHTYpE COMPOTHBIIEHHE R
PaBHO HYJIIO U BO3HHKILIKE JIEKTPUUECKUE KoJieOaHust OynyT Hezamyxaouumu (puc. 2,a).

B peanbHOM KOII€OaTENEHOM KOHTYpe R OTIMYHO OT HyIsl, TOATOMY TPH MPOTEKAHUU
TOKa 4epe3 Hero MPOMCXOIMT BBIJEIEHHE Teria. BeiencTBue »Toro oOmuii 3amac SHEpruu B
KOHTYpP€ YMEHBIIIAETCsI, U KOJIeOaHUsI 3amyxarom (puc.2,0).

C yBenuyeHueM COMPOTUBIECHUS R CKOpoOCTh 3aTyxaHHs KoJeOaHUI yBEeTUYHBaCTCS
(puc. 2,B), a mpu JAOCTaTOYHO OOJBIIOM 3HaueHHH R konebGaHus BOOOIIE HE BO3HHUKAIOT -
HAOII0IaeTCs anepuoduueckuil pa3ps KoHaeHcatopa (puc. 2,r).

ConpoTuBieHHE KOHTYpa, MpPH KOTOPOM KOJeOaTeTbHBIH MpOIecC MEPEeXOqUT B
arnepuoAMYECKUM, Ha3bIBaeTCs KpUTHUECKUM (Ryp).

PAAA . Toaa
WAL

N t t

v

Puc. 2.

Haiinem ypaBHeHue, onmHMChIBaIOIIEE 3aTyXalOIIKe dEKTPHUECKUe KOoIeOaHusl B KOHTYpE.
B cooTBeTcTBUM C 3aKOHOM COXpaHEHHUs IHEPruu YObUIb DHEPrUU KOHACHCATopa MpPU €ro
paspsage -dWc pacxomyeTcss Ha YBEIMUEHHE JHEPTUM MArHUTHOTO Tois kKatymku dWp u
BhiiesieHne Teria dQ B conpoTuBieHuH R:

-dWe=dW,_+dQ, (1)

A
W =9~/ ZL..’

rae We - sHeprusi KOHJIeHcaTopa,

w, =LiZ/2

WL - 3HEprust MarHUTHOTO MOJISI KaTYIIKH, )

3nech q - 3apsia KOHAEHCATopa B JAHHBIM MOMEHT BPEMEHH, 1 - CHJla TOKa B KOHTYpE B
3TOT )K€ MOMEHT.
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KomnuecTBo Teria, BeIAEIsIONIEECS B IPOBOIHUKE 3a Bpems dt:
dQ =i* Rdt.
Hcnonb3ys 3TH cooTHOIIEHUs, Tipeodpasyem ypaBHeHHe (1):

Q2| L |
- d‘ q_ =d|L—=| +i*-R-dt =0
2c) Y T2
L ooqedq+ 220 di+iR - dt =0
2C 2
44q+L-i-di+i’R-dt =0
C : )
Tax xax | =4/l y dq=idt,
TO BhIpayKeHHe (2) MOXKHO MpeoOpa3oBaTh K BUIY
d dg ,. | - _
—dgq+ L —=di+1R -dg =0
C dt .
CokpartuB Ha dq ¥ HCTIONB3YS COOTHOIIIEHUE
di _d-q
dt dt”
noyrydaem cienytomee auddepeHnnansHoe ypaBHEHHE:
3)
B »TOM ypaBHEHUM clenaeM CIeIyrOIIie 3aMEHBI:
: 4)
, )
rae f - koo pumeHT 3atyxanus, wy - COOCTBEHHAs 4aCTOTa KOHTYpa.
Torna
ﬂ + Zﬁd—q + g =0
dt dt _ (6)
Juddepenunansaoe ypaBHeHue (6) umeet (pu f§ < o) claeayrolee perieHue:
= « COS(ewt+ax
q q []' e ( ) , (7)

rac

®)

Qo ¥ O - HEKOTOpbIe IOCTOSHHbBIC, COOTBETCTBYIONIME HAYAIbHOW aMILIMTYIC |
HavYaIbHOU (pa3e KoseOaHwms.

Breipaxenne (11.7) ectb ypaBHEHHE 3aTyXaroIIUX AJIEKTPUYECKHX KOJIEOaHMH,
LUKJIMYEcKasl 4acTOTa KOTOPBIX PaBHA ), a aMIUIUTY/A 3KCIIOHEHLIMAIBHO YOBIBAET ¢ TEUEHUEM
BpeMeHu (puc. 3).

[Tepuon 3TUX KOJICOAHUA:

59



)

Puc. 3.

s manbix 3HadeHud R nonyyum

(10)

B cootBerctBuM ¢ ypaBHeHueM (9) NpH yBEJIMYEHHM CONPOTHUBIEHUS KOHTypa R,
nepuoJ Konebanuit Oyaer, cTpemsich K 06CKOHEUHOCTHU TPU

B = wo. (11)

DTO O3HAYaeT, YTO KOjaeOaTeIbHbIN MPOIECC MEPEXOANT B anepuoandeckuii. cmonb3ys
ypaBHeHust (4) u (5) w3 BelpaxkeHus (11) MOXKHO MOMYYUTh 3HAUYEHHUE KPUTHUUYECKOTO
COIIPOTUBIICHHUS:

(12)

Jlisg XapakTepUCTUKHM 3aTyXaHHsd KOJIeOaHUN YacTO NOJb3YIOTCS J02apumuyecKum
O0eKkpemenmom 3amyxanusn d u 0oopomunocmoio Q.

Jlorapudmuueckuit TeKpeMEeHT 3aTyXaHUsl paBEeH HaTypalbHOMY JIOrapupmMy OTHOILIECHUS
aMIUTATY KOJIeOaHWI, COOTBETCTBYIOIIMX JBYM MOMEHTaM BPEMEHH, OTIMYAIOIIUMCS Ha
MepUoA;

(13)

3nech A - aMIUTUTYyAa KoJeOaHWW BENMYMHBI 3apsiia, TOKa WM HampspkeHus (puc. 3).
Hcnons3ys ypaBHeHue (7), MOTydInM
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Jns weOGompmmx 3HaueHud R, ¢ yderom ypaBuenuit (4) u (10), morapubmudeckuit
JIEKPEMEHT 3aTyXaHHs MOKHO OTIPE/ICIUTh Yepe3 MmapaMeTpbl KOHTYpa:

(14)

[TycTh T - BpeMs penakcaliyu, B TeUeHHEe KOTOPOTo aMIUIUTY1a KoJeOaHui yMEHbIIIaeTCs
B e = 2.7 pa3, N. - uncio KojeOaHnii COBEPIICHHBIX 32 BPEeMsI pellakcariii. Torjaa MOKHO JIETKO
JI0Ka3aTh, YTO

o) l

Ne (15)

HobpotHocth Q mpeacTaBisieT co00i YMHOKEHHOE Ha 27 OTHOIIeHHE »Heprun W(t) B
JTaHHBII MOMEHT BPEMEHH t, K SJHEPTUH, TepseMON 3a Tiepro;] KosjeOanus T:

; (16)

Ecin B HavanpHbIi MOMEHT BpeMeHH (t = 0) oHeprus KOHTypa COCTOUT M3 IHEPIUU
3apsKEHHOT0 KOHJIEHCAaTopa, TO

(17)

DHeprusi KOHTypa uepe3 BpeMsi, pPaBHOE IEPUOAY, YMEHBIIUTCS B COOTBETCTBUU C
YMEHBUIUBIIUMCS 3aPsIOM:

(18)
[ToxcraBus Boipaskenus (17) u (18) B ypaBuenue (16), nomyuum

(19)
N3BecTHO cooTHOIIEHHE € * ~ 14X , BRIOTHSIOMIEECS TSl MAlIbIX 3HAYeHHH X: (X << 1).
C yuerom 3toro Beipaxenue (19) ynpocturcs:

(20)
J1oOpOTHOCTH MOKHO BBIPa3UTh U Uepe3 mapaMeTpbl KOHTYpa, IpUMeHuB hopmyiy (14):

1)

W3 ypaBuenwmii (20) u (15) cnexyer Takxke, 4To JOOPOTHOCTH MPOMOPIHOHAIBHA YHCITY
KoJIeOaHUH B KOHTYpE, COBEPIIMBIINXCS 32 BpeMsl peIaKcalli, B TeUEHHE KOTOPOro aMIUIMTY A
YMEHBLIAETCS B € pas:

Q=m N..

B pane CJIydacB KosebaTeIbHbIH mponecc MOKHO HCCICO0BATH, n3ydas
B3aMMO3aBUCUMOCTb MECKAY HAIIPAKCHHUEM U U TOKOM 1B KOHTYpC.

I'paduxk, n3o0pakaromyii 3Ty 3aBUCUMOCTb, Ha3biBaeTcs (ha3oBoii kpuBod. CocTosHUE
KOJIeOATEeIbHOM CHCTEMBI /ISl JTII000T0 MOMEHTa BPEMEHHU M300pa3uTCs TOYKOW Ha 3TOW KpUBOU

(puc. 4).

VYpaBHeHue (a3oBoil KpUBOW MOMXKHO TMOJYYHUTh, HCIONB3Ys 3aBHCHUMOCTH TOKa U
HaIpSDKEHUSI OT BPEMEHHU.

W3 Beipakenus (7) u cootHomeHus u=q/C ciieayer, 9ro
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U =g /C
Cnemaem 3aMeHy 0 1 ,

KOHACHCATOPC OT BPECMCHU:

U TO0JYy4YUM  3aBUCHUMOCTL HAIPSIKCHUA  Ha

: (22)

rae Uo - HauanmpHAs Pa3HOCTh MOTCHIIUAJIOB.

U3 ypaBHeHus (7) MOKHO ONPEEIUTh U 3aBUCUMOCTh TOKa B KOHTYPE OT BPEMEHHU

s manbix 3aTyXaHui 3 << w, Toraa

- =Pt _
1=-q,®¢ -5111{(4)t+u).

i = Le " sin(wt +a)

O603naunm [y= qo®w, Torma , TO €CTh
1=le"cos(wt+a+ZL
- (23)
CpaBuuB BbeipakeHus (22) u (23), MOXHO yBUAETh, YTO KOJEeOAaHUS CHIIBI TOKa

JT)

/
orepexarot 1o ¢asze Ha /2 KoJeOaHMs HAMPSOKEHUS HA KOHICHCATOPE.

[Ipeobpazyem Beipaskenus (22) u (23) ciegyrommm o0pa3om:

2

Ecnu Bo3BeCcTH 3TH ypaBHEHHs B KBAaJpaT M CIOXUTh, TO MOJYyYUM ypaBHEHHE (ha30BOU
KpHBOM:

24)

B cnyudae neszaryxatommx konebanmii ( R = 0, § = 0) da3oBas xpuBas umeer Gpopmy
amurica (puc. 4,a). ns peanpHoro koutypa (R # 0, R < Ry,) da3oBas kpuBas npeacrasiser
co00# CKpYUYMBAIOIIYIOCS CIIUPAIIb, IPHYEM OOJIbIIEMY COTPOTUBIIEHUIO KOHTYpa COOTBETCTBYET
OompIniee 3aTyxanue (puc. 4,0 u puc.4,B).

[Ipu amepuommyeckoM KoyieOaHWHM, KOTJIa CONPOTUBJICHHWE KOHTypa OoJjblie
kputndeckoro (R > Ry,), hazoBast kpuBasi BRIpOKIaeTCS B JIMHUIO, N300paKEHHYIO Ha PHC. 4,T.
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I

I +T)

i ﬁ@;ﬁ i
P

Tt
Tit+T)

e
N

B r

K/’ - kjc

Puc.4.

Oobopyoosanue u mamepuaJol.

JlabopaTopHasi yCTaHOBKa COCTOMT M3 ocuwuiorpadga M CTEHIA, COJCp)KAaIlIero [Be
KaTyIIKd WHAYKTUBHOCTH, JIBa KOHJIEHCATOpa, Mara3uH CONPOTUBICHWH W TEHEpaTop
UMITYJILCOB.

I'eneparop BeIpabaThIBaeT KOPOTKHE IMOJOKUTEIHHBIE MMITYJIECHI, B PE3YJIbTAaTE 3TOTO
KOHJICHCATOp KOJIEOATeTbHOTO KOHTYpPa MEPUOJMYECKH IOTYYaeT HEKOTOPBIA AIIEKTPUYECKHUH
3apsin. B mpomexyTkax BpeMEHH MEXIy HMITyJbCaMH B KOHType OYyIyT COBEpIIATHCS
3aryxaromue koneOanus. ['paduku 3Tux koneGaHuil MOXKHO Oyner HaOmIOIaTh HA SKpaHE
ocimuiorpada u, gajiee, o0 HUM OTIPEeNITh ePUo/I, JOrapuPMHUUECKUI TEKPEMEHT 3aTyXaHusl,
TOOPOTHOCTh, KPUTHYECKOE COIIPOTHUBIICHUE.

HeoOxoauMeie asist pacdeToB MmapaMeTphl IIEMEHTOB KOHTYpa YKa3aHbl HA CTEH/IC.

Ykazanun no mexunuke 6ezonacnocmu.

1. K BbmmonHeHNo 1a00paTOPHBIX PadOT MOMYCKAOTCS CTYACHTHI, M3YUYHBIIUE IPaBHIIA

TEXHHUKH 0€30TMaCHOCTH.

2. JlabopaTtopHble pabOThI MOTYT IMPOBOJUTHLCS TOJIBKO TOJI PyKOBOACTBOM U HAOJIIOACHUEM

IpernoaaBaTes.

3. Ilpu BeImonHeHNUH 1a00paTOPHBIX PA0OT CTYIEHTaM 3alpeIaeTCs:

- BKITIOYATh CXEMBI 110/ HaIlpsHKEHUEM 0e3 MPOBEPKH MPEeToJaBaTels;

- TpPHUKAcaThCs K HE3AMMUIIEHHBIM HW30JIUEH YacTAM CXEMBbI, HAXOMISAIIMXCS IO
HaIpsDKeHNEM;

- OmNpeneNnaTh HaJMYUe HANPSHKCHUS Ha DJIEMEHTaxX IIeMd TMPH TMOMOIIU MaJbIEB;
NpOBEpPKa HAIWYMS HANpPsDKEHUS TPOU3BOAUTCS TOJBKO C IIOMOINBIO BOJBTMETPA MU B
MIPUCYTCTBUH TIPETIOABATEIS;

- mpu pabore Ha 1a0OPAaTOPHOW YCTAaHOBKE NPUKACATHCS OJHOBPEMEHHO CTEH,
panuaTopoB CHCTEMBI OTOIICHUS U IPYTHX METATHYECKUX NPEIMETOB;

-BKJIIOYATh PYOWJIBHUKH, Ha)XUMaTh KHONKH, MPUKACATBCS K OIEKTPUYECKOMY
00Opy/IOBaHWIO, HE OTHOCSIIEMYCS K JaHHOW JlabopatopHOoii pabore 0e3 Bemoma
npernoaaBaTeds;

- MPOU3BOIUTH TI0 XOJTy BBITIOJHEHUS paObOTHI IEPEKITIOUEHHSI B CXeMe, He 00eCTounB e€;

- OpocaTh coeAMHUTENbHBIE TIPOBOJIA HA TTOJT M HA UCCIIEyeMYIO YCTaHOBKY;

- 3aMEHSTHh CrOPEBIIME MPEJOXPAaHUTETN Ha pabodMx MIUTAaX MPH BKIIOYEHHBIX
pyOMIbHHKAX;

- KJIACTh Ha pab04Mii CTOJI TOCTOPOHHUE MPEIMETHI;
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- BXOJIUTH B J1a00OpaTOPHUIO B BEPXHEH O/ICKIC;
- KYpUTb U 3aXHUT'aTb OT'OHb.

4. Ilepen BKIIOUEHUEM CXEMBI 00s3aT€IFHO MPEAYIPENAUTh WICHOB Opuraapl: «OCTOpoxkHO!
Bxumrouaro!».

5. Ilpu pabGoTe Ha yCTaHOBKAaX, B KOTOPBIX MOXET HAOJIOJIaThCS PE30HAHC, COOIIOIAThH
0CO0YI0 OCTOPOKHOCT.

6. Ilpyn Hamuuuu B cxeMe KOHACHCATOPHBIX OaTapeil, HEOOXOAMMO TOCTE OTKIIOUYCHUS
MMUTAHKS KX PA3PSIUTH 0] HAOTIOACHHEM MTPETIoaBaTells.

7. Ilpu 0OHapyKeHUU KaKUX — JINOO HEUCIIPABHOCTEH, MCUC3HOBEHUS HATIPSDKEHUS B CETH,
TaKKe TIPH HECYACTHOM ClIydae, HEMEJICHHO MPEKPaTUTh padOoTy, OTKIIOUNUTh YCTAHOBKY OT
ANIEKTPOTHUTAHUS U COOOIIUTH MPEIO01aBaTeNIo.

8. HOMHI/ITB, 4TO IIpH OTKIIFOYCHUU uenef/'I MMOCTOAHHOT'O TOKAa ¢ UHAYKTUBHOCTHIO BO3MOXXHO
KpPaTKOBPEMEHHOE Pe3KOe MOBBIIICHUE HAMPSIKSHUS.

9. CryneHTbl, HapylIMBIIME IpaBWJIa TEXHUKM OE€30MacHOCTH, HE JOIYCKAITCS K
JanpHeiIe paboTte B 1a00OpaTOPUH U MPHUBJICKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.
1. Co6parp cxeMy cormacHo puc. 5. CompoTuBieHHE MmarasmHa R, clemaTh paBHBIM
Hymt0. HAYKTUBHOCT M €MKOCTh KOHTYpa BBIOpaTh MPOU3BOJILHO, BHECTH UX IMapameTphl B
tabm. 11.1.

lj Fou T b v
|

PRI
r

FTrrEHEFPRPATOPR

|
]

Puc. 5.

2. Bxumounth ocuwiorpag, mnporpetb ero B TeueHue 1-2 muHyT. Pyukoi “@okyc”
X0opo1o ¢(hOKyCHpOBaTh JIy4d, YTOObI YMEHBUIUTh OIMIMOKY U3MEPEHUH.

3. Bxumounts reneparop. C MOMOIIbI0 pydeK YHpaBJICHUS pa3BepTKOW ocumiuiorpada
TOOUTHCSI HEMOJBMKHOW KapTUHBI KOJEOAHWI Tak, 4TOOBI OOECMEYUTh TOCTATOYHO TOYHOE
U3MEpEeHUE BPEMEHHBIX HHTEPBAJIOB U aMILIUTY 1 KOJIeOaHUH.

4. C noMOLBI0 MOJYYEHHOW OCHWILIOTPAMMBI, aHAJOTUYHON pHUC. 3, U3MEPUTh MEPUOL
kosiebanuit To mpu MUHMMAJIBHOM CONIPOTHBIICHHH KOHTYpAa, T.€. pu Ry = 0, pe3ynbTaT BHECTH
B Ta0s1. 1 B MAJUTHCEKYH/IaX.

JIy1 IOBBIIIEHNS] TOYHOCTH MOKHO U3MEPHUTH IIPOMEKYTOK BPEMEHH, COOTBETCTBYIOLIUI
HECKOJIbKMM TepHoJaM KoJieOaHUM, pa3/ieluTh €ro Ha YHCIO MEPHOJOB U, TaKHUM 00pazom,
OIIPEAETUTH IJIUTEIBHOCTD OJHOTO IIEPHUO/A.

5. YBenuuuBas CONpOTHBIEHUE Mara3uHa Ry, NMpociennTs 3a BO3pacTaHUEM CKOPOCTH
3aTyXaHus KoJeOaHWi U ONpeaeTuTh KPUTHUYECKOE COPOTUBIICHUE KOHTYPA, COOTBETCTBYIOIIEE
nepexoly OT NEPUOANYECKUX KOJeOaHUM K anepHoAHYecKUM (T.€. Mepexoay OCIHIIIOrPaMMBbI
OT pHC. 2,B K puC. 2,T):

RKP = RL + RM,
rne Ry - coOCTBEeHHOE CONPOTHBIICHNE KATYIIKA WHAYKTUBHOCTH. [lorydeHHOe 3HaUeHne
R, BHEcTH B Ta0m. 1.
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6. YMeHpuTH compoTuBieHHe Ry, Hampumep, BaBoe OT R,,. B KOHType BHOBB
BO3HUKHYT 3aTyXarollue nepruoandeckue konedanus. Onpeaenuts nepuoj 3Tux kojaedanut T u
BMECTE C MOJYYECHHBIM 3HAa4eHHEM compoTuBieHHs KoHTypa (R = Rp + Ry) 3anectu B Tabm. 1.

Y6enutecss B paziauuuu nepuonoB konedanuid Ty w1 T, COOTBETCTBYIOIIMX pazIUYHBIM
3HAYEHHUAM COIIPOTUBIICHUS KOHTYpA.

Tabmmma 1.

Ne (C,mMx® |L,mMIH R.,OM To, McC R, OM  [Ry, OM  [R, OM T, mc

7. IloBTOPUTH U3MEpPEHUs 0 MMyHKTaM 4 - 6 Tpu pasa 1 pa3nanyHbix komOuHamii L u C

8. Jlns BbIOpaHHbIX 3HaueHud emkoctu C, uHAYKTHBHOCTU L, compotuBinenus Rp u
MIOJTHOTO COMNPOTHUBJICHUsI KOHTypa R, BHeceHHbIX B TaOxn. 1, BHIYMCINUTH U 3aHeCTH B Tabi. 2
TEOPETUYECKHE 3HAUCHUS:

Ty - mo popmyne (10); T - mo popmyne (.9);

Ry - o popmyiie (12); 6 - mo hopmyie (14),

Q - o popmyzie (20).

Tabmuma 2.
Neo To, Mc T, mc Ry, OM 0 Q
1
2
3

9. lnsa npousBonbHbIX 3HaueHU L u C uccnenoBaTh 3aBUCUMOCTD JIOTApU(PMUIECKOTO
JIeKpEMEHTa 3aTyXaHHUs OT CONPOTUBIICHUS KOHTypa. YBEIMUYUBAas CONPOTHUBICHHE KOHTypa C
MIOMOUIbI0 Mara3uHa comnpoTuBieHMd R, wusmepurs ammumryasl A; u A, KOTOpbIE
COOTBETCTBYIOT MOMEHTAM BPEMEHH, OTJIMYAIOLIMMCA Ha nepuoa (puc. 3).

Pesynbrarsl n3mepenuit BHectu B Ta0xa. 3. [logcuuTaTth SKCHEpUMEHTANIbHBIE 3HAUEHUS

Jorapu(MHUECKOro JeKpeMeHTa 3aryxaHus O, mo dopmyine (13), mo dopmyne (14) - ero
TEOPETUYECKHE 3HAYCHUS O.

Tabmuia 3
Ne R, Om Al, MM A, MM 0, O:
1
2

65



10. Ins vaGmroenns (pa3oBbIX KPUBBIX COOpaTh CXeMY IO puUcC. 6.

= Bxoa ¥
C L
>
FTrEHEPATOP —
= Bxopg X
&
Em
-1 Kopnyc
Puc. 6.

ITpu 5TOM Ha BX0o1 X MOAaeTCsl CUTHAJ ¢ CONPOTUBIEHUS R,, KOTOpbIi HaxoauTcs B daze
c TokoM B KoHType. Ha Bxom Y momaercst curHaji, HaxXomsImMics B ¢aze ¢ HAmpsHKCHHEM.
Habmronass ¢a3oBble KpuBbIe U pa3IMYHBIX CONPOTHUBICHUH KOHTYpPa, MOXKHO HCCIIEIOBaTh
BIUSHUE 3aTyxaHus Ha Qopmy ¢a30Boil KpUBOM W YTOYHUTH 3HAUEHUE KPUTHUUYECKOTO
COIIPOTHUBIICHHS [UI JAHHBIX 3HAUYEHUH eMKOCTU ¥ UHAYKTUBHOCTH (pHc.4,T).

C nomoipio (a30BbIX KPUBBIX MOKHO MPOBECTH TakKe u3Mepenust no 1.9 (puc. 4,0).

11. s oAHOBpPEMEHHOTO HAOIIOACHUS OCIMIUIOTPaMM KoJjeOaHHM TOKa M HAINPsKEHUS
U oTIpe/ieNIeHHsI ciBUTa (a3 MeXly HUMU coOpaTh CXeMy B COOTBETCTBHUU C puC. 7.

Bxoa Y

1 kanan
< j
o

rrEdEPATOP — Bxoa Y
2 kanan

Kopnyc

Puc. 7.

Ha Bxomer Y mepBoro u BTOPOro KaHAJIOB oOcCImUIorpada MOMalOTCs CUTHAIBL,
MIPOMOPLUOHANIFHBIE HAIIPSHKEHUIO M TOKY B KOHTYpe. YOeauThcsl B HAIMYMK cBUra (a3 3Tux
Kosie0aHul, OIEHUTh BEIMYMHY 3TOTO CABUTA.

Cooeprcanue omuema.
Ot4er o 1abopaTOPHBIM pabOTaM JOJKHBI COACPIKATH:
- TUTYJIbHBIN JTUCT;
- [1eJTh paboTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIPE/ICICHUN, TOHATUH, HOPMYII;
- OCHOBHOE 000pYJI0BaHUE, CXEMa YCTAaHOBKH;
- OIMCaHME IO MyHKTaM BBIMIOJIHEHHOHN paboThI;
- pe3yJIbTaThl U3MEPEHHI U pacueToB (TaOIUIIbI, Tpa(UKH);
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- OIICHKa HOTpCH.IHOCTGfI;
- OTBCTBI HA KOHTPOJIbHBIC BOITPOCHI;
- BBIBOJIbBI I10 pC3yJibTaTaM BBITIOJIHEHHOM pa6OTLI, Jara, IOAIHCH.

Konmponwvnwie éonpochi.
. Pacckazatp 00 anekTpuyeckux KojaeOaHusIX B KOHTYpE.
. JlaTh onpezieneHre aMIUTUTY b, YaCTOTHI, (pa3bl, mepuoaa KoaedaHui.
. Kakoil mpouecc HasbiBaercs anepuoandeckum? YTo Takoe KPUTHYECKOE CONPOTHBIICHHE?
BeiBectu ypaBuenue (12).
Kakue mnpeBpallieHusi SHEPrUM HMEIOT MECTO MpH TMEPUOJUYECKOM U arepHOIUYECKOM
npoieccax?
. Kakue Qopmynbl OnMCHIBAIOT SHEPTUIO AJIEKTPUUYECKOTO IMOJSI KOHJEHCATOpa M SHEPruio
MarHMTHOTO MOJIS KaTyLIKH.
. BeiBecTH ypaBHEeHHE 3aTyXalOIUX dJEKTPUUECKUX KOJICOaHHH.
7. Uto Takoe jorapupMHUUEcKuil JekpeMeHT 3aTyxaHusi? OObACHUTH ero (U3NYEeCKUi CMBICI,
BbIBECTH ypaBHeHue (15).
8. ITosicHUTh (pU3NUECKUil CMBICI JOOPOTHOCTH KOHTYpa. BriBecTn ypaBHenue (20).
9. Yto Ha3biBaeTcs (azoBoil kpuBoit? IlomyuuTs ypaBHEHHE 3TOM KpUBOH.
10. Boiectu ypaBHenue (7), npuMeHHB 3akoH OMa U1 HEOHOPOIHOM 3aMKHYTOH 1IeTu.
11. KakoBa BenuuuHa caura ¢a3 Mex1Iy KojeOaHUSMU TOKAa U HaIpsHKEHHUS B UA€aJIbHOM
KosiebarenbHOM KOoHType? Kak MOKHO U3MEPUTh €€ B PeabHbIX YCIOBUAX?
12. Paccka3aTh 0 MpakTU4YE€CKOM MIPUMEHEHUHU K0JIe0aTeIbHOTO KOHTYPa B TEXHHUKE.

(@)

JlabopaTopHas paGora Ne 13

Tema paoomoi. U3Mepenue JJMHBI CBETOBOM BOJHBI ¢ IOMOLIbIO AU (PPAKIMOHHOI
peléTKu

Heﬂb paéombt. HN3YUCHUC I[BI/I}KCHI/Iﬁ 3apsAA0B B JJICKTPUYECKHUX W MArdHMTHBIX IIOJIAX,
HU3MCPCHUC YCIBHOIO 3apsAaaa 3JICKTpOHA.

Teopemuuecmm uacms.

Y aensHBIM 3aps0M YacTUIIBI Ha3bIBAIOT OTHOIIEHHE ee 3apsana Q xk macce m. MMeHHO
YACJIBbHBIM 3apsA10M Q/l’l’l OIMIUCBIBACTCA I''ITaBHBIM o6pa30M MOBCACHUEC YaCTHUIBI B JICKTPUUCCKHUX
Y MarHUTHBIX TOJISX.

B HacTosimielt pabote ompeaenseTcs: yAeNbHbBIN 3apsl Hanboee 9acTo BCTPEUArOIICHCs B
MPAKTUKE YaCTUIBI-3JIEKTPOHA METOJAOM MarHeTpoHa. MarHeTpoH- 3JEKTPOHHBIM Mpudop, B
KOTOPOM IOTOK OJJICKTPOHOB OAHOBPEMCHHO YIHPABJIACTCA B3aUMHO - IICPICHAUKYIAPHBIMU
AIIEKTPUUYECKUM U MAarHUTHBIM MOJIIMU. B cOBpeMeHHOM TeXHUKE MarHeTpOH HCIOIb3YeTCs IS
TE€HEPUPOBAaHUSI CBEPXKOPOTKHX 3JIEKTPOMArHWTHBIX BOJIH HallpuMmep B paauonokauuu, CBY-
TEXHHKE.

B naGopatopHoii paboTe B KauecTBE MarHeTpOHa MCIIONB3YETCs ABYXDJICKTPOIHAS JIaMIIa C
HWIMHIPUYECKUM aHOAOM A U MPSIMOJIMHEHHBIM KatoaoMm K, pacroiiokeHHbIM Ha OCH aHOJa,
MOMENICHHAs B aKCHUajbHOE (HampaBJICHHOE BAOJIb OCH aHOJ/a) MarHUTHOE T0JIe C MHAYKIuen B,

CO3/JaHHO€  JOCTAaTOYHO JUIMHHBIM cosieHonnoM C puc.l DneKkTpoHBI

A A @  WUCIyCKAaeMble PACKAJICHHBIM KaTOAOM IO/ JACHCTBHUEM DJIEKTPUUYECKOTO
> IOJISI PA3HOCTBIO MOTEHIIMATIOB MEXKIY KaTOAOM U aHOJIOM IpU OTCYTCTBUHU
> { MarHMTHOIO IOJIS ABMXKYTCS 10 PaAualbHBIM TPAEKTOPHAM (pHc.2a).

AT 8
=
Q
oy




(?.) B:O
Bir>B>0

Puc.2

Kak M3BECTHO Pa3sHOCTH IOTEHIMAIOB YHCIEHHO PaBHA PaboTe 110 IEPEHOCY €AUHUYHOTO
3apsAna U3 OMHOM TOYKM MONS B APYrylo. B JaHHOM ciaydae pasHOCTH IIOTEHIMANIOB, PaBHAs
aHOIHOMY HanpsokeHuio Ua, COBEPINAET IEPEHOC OT KaTola K aHOLy OJIEKTPOHA 3apsaoM
Q=¢=1,610" Kn. 1 BeImomHsemas 3eKTpuueckuM noseM pabora A=eU, uaer Ha coobIeHne
3JIEKTPOHY KHHETHYECKOM SHEPIHHU, PABHON Mv~/s.

mV?

CrnenoBaTeabHO U= 2

OTcroaa ckopocTh V 371eKTpOHa JOCTUTILIET0 aHoja OyaeT paBHON

v=2%U,
" (1)

Cnenyer 3aMeTHTb, YTO OJJIEKTPUYECKOE IIOJIE MEXKAY aHOIOM M KaTOJOM pe3KO
HEOJIHOPO/HO. ['ycToTa CUJIOBBIX JIMHUH, a CII€0OBATEIbHO, U HamNpsKeHHOCTh noiid E, BOMM3n
KaToJa MHOro Ooiblle 4YeM B cpeiHedl M npuaHofHoi obOnactu (puc.2a). Ilockombky
HaIpSDKEHHOCTh €CTh TPAJUEHT IIOTEHIMana, TO €CTh paBHA M3MEHEHHUIO NOTEHIMAa Ha
€IMHULE PAcCTOSHUS BJOJb CWJIOBOW JIMHUM, aHOJHOE HampspbkeHHe Ua paclpenencHo B
IIPOCTPAHCTBE MEXKIY aHOJAOM M KaToAoM HepaBHOMEpHO. OCHOBHas 4acTh €ro MaJaeT Ha
IIPUKaTOJHOM YYacTKE CHJIOBBIX JIMHMW. Mneanusupysi, MOKHO CUMTaTh, YTO BCE AHOJHOE
HanpsDKCHUE TMajaeT Ha OYCHb MaJloOM y4yacTKe BOJM3M Karojaa, Ha KOTOPOM M IMPOUCXOIUT
pasroH JJEKTPOHOB, a Aajblle, T.. NMPAKTUYECKH Ha BCEM CBOEM ITyTH OT aHOJA K KaTony,
AJIEKTPOHBI JIBUXKYTCS C NMPAKTUYECKH MMOCTOSHHOM MO BEIMYMHE CKOPOCTHIO. JTa CKOPOCTh U
onpenensercs mo gopmyne (1).

Ecnu no JMHHOMY COJIEHOMJY NPOIYCTHUTh TOK CWIOW ., TO BHYTpM €ro cosumacrcs
OJIHOPOJIHOE MArHUTHOE T0JIE C MHAYKIHEH

N
B=uu,—1

c
! 2)
r7ie |\ -MarHuTHas TPOHHUIIAEMOCTh cpefbl (B gaHHOM ciydae | =1); u 0=4xw 10-7 T'a/m —
MarHUTHas ocTostHHAs; N- yrcio BUTKoB conieHonaa (N=2000); | - qyimHa coneHounaa.
Kak u3BecTHO, Ha 3JIEKTPOH, JABIKYIIUNCS B MATHUTHOM IT0JI€ JeiicTByeT criia JIopeHia

F :elf ‘B 3)

Tak kak B CuITy KOHCTPYKIIMM MarHeTpoHa Bek¥opst /' u B oproromambHsle, TO
BEIM4YMHA cuiIbl JlopeHna OyaeT paBHa
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F =eVB, 4

a ee HampasieHue F ompenensercs m3 BEeKTOPHOIO IMpou3BeAeHUs (3) WM Mo MpaBuily
JIeBOH pPYKH C YYeTOM OTPHLATENFHOIO 3HaKa 3apsijia »JekTpoHa (puc.26). M3 dopmysns
Jlopenna (3) cneayeT, 4TO MarHUTHOE T0JIE B OTJIMYKE OT AJIEKTPUUECKOT0 JEHCTBYET TOJIBKO Ha
naBKyIyrocs gactuily: npu—V=0, F=0. Kpome Toro sto aeiicTBue He NPUBOJIUT K U3MEHEHHIO
BEJIMYMHBI CKOPOCTH 4YacTHUIlbl. JleWcTBUTENbHO dsnemMeHTapHas pabora cuibel Jlopenma dAA
paBHa dAA=Fdr coso , rme o- yronm Mexnay nepemenieHueM uactuiel dr m cunel F. U3

= (ar

g b7
BekTopHOTO mpomsBeacHus (3) cnemyer, uro FLV, cnemoBarenpro FLldr (T.k. ! ) u
cosa=0. 3nauut, pabora cwibl Jlopenna dAA paBHa HymO, T.e. B MarHUTHOM TIOJIe

mV?

KHHETHUECKAs SHEPrHs YaCTHIBI 2  OCTACTCS HEM3MEHHOM H ee CKOpOCTb MO BEITMUYHHE
noctosiHHON (V=const) TakuM 00pa30M MarHUTHOE MOJ€ HE YCKOPSAET YacTHIbl (HE M3MEHSIET
BEJIMYMHBI UX CKOPOCTH), @ TOJIBKO UCKPUBJISIET ux Tpaekroputo. Cuia JlopeHna siBisieTcst Cuiioi
LEHTPOCTPEMHUTEIBHOM, U 110 BTOPOMY 3akOoHY HproToHa nMeem

F =eVB Zm;Z /r (5)

i€ T- painyC KPUBU3HBI TPAEKTOPUH YACTHUILIBI (3JIEKTPOHA).

N3 (5) nnd r nonyuum m (6)

Kak BugHO u3 opmyiiel (6) B OIHOPOJHOM OPTOrOHAJIFHOM MarHuTHOM moje (B=const)
TPAEKTOPUS YaCTHULbI- OKPYKHOCTh (r=const). IIpu 3ToM yuteHo, 4yro V=const, T.K. MATHUTHOE
II0JIE JJIEKTPOHBI HE YCKOPSET, a T€OMETPHsS IEKTPUYECKOrO IMOJs B JAHHOM MAarHETpOHE
MIO3BOJISIET CYUTATh UX CKOPOCTH NMPAKTHUUECKH HEU3MEHHBIMU Ha OOJIbILEH YacTH IyTH OT aHOJa
K KaToAy, O 4YeM MHCAJIO0Ch BHIIIIE.

C pocroM HWHAYKIMM MarHuTHOro mojis B paguycel Tpaekropum 3JIEKTPOHOB
YMEHBIIAIOTCI U TpPU HEKOTOpOoM 3HaueHuu B=Bkp (kpuTuueckoe) OHM CTaHYT pPaBHBIMHU
IIOJIOBUHHBIMHU PACCTOSIHUS MEKIY aHOJIOM U KaToAoM (puc. 2 B)

r=(R,-R)/I2 o

B »ToM ciy4ae »ieKTpoHBI MepecTaHyT JAOCTUraTh aHoAa W OyayT MO OKPYKHOCTH
BO3BpaIaTbes K karoxy. IIpu atom aHoaHbIN TOK A namIbl, TPONOPIMOHAIBHBIN KOJIMYECTBY
AJIEKTPOHOB, JOCTUTalOUIMX aHOJ B €AMHUIy BPEMEHH, PE3KO YMEHBIIAETCS TEOPETUYECKU 10
Hyna (xkpuBas (a) Ha puc.3). Ilpu panpHeimeM yBeIUYEHUH
UHIYKIMM MarHUTHOro mnoist (B>Bkp) anekTpoHsl OyayT kpyue
3aBOpavMBaTh K KaTOMY, @ aHOJIHBIM TOK OCTAHETCSl PaBHBIM HYIIIO
(puc.2). HaGmonenne ckaukooOpa3sHOTO YMEHBIIECHHS aHOJHOTO
TOKa MarHeTpoHa B 3aBUCUMOCTH OT BEIMYUHBI MAarHUTHOTO ITOJISI
JIEKAT B OCHOBE MCIOJIB3yEMOIO0 METOJA ONPEIEIECHUS yIEIbHOIO
3apsna odnekTpoHa. PacuetHas dopmyna s e/m JIETKO
NIOJTy4aeTCcsl U3 BBIPAKEHHUs MJI1 paauyca KpuBU3HBI (6), ecin

Puc. 3 y4ecTb ero Kpuruuyeckoe 3HaueHue (7) W BBIPa3UTb CKOPOCTH
3JIEKTPOHOB U3 hopmyJsl (1)
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e e
;ka ;ka m Bf (R = R )2
OTKyna nosyyum: P

Bripaxas B, u3 popmyiier (2) okoHUATENTBHO HaifieM, 9To

2

U, 2

e
— =K~ K =2
m Il(p AuAuON(RA - RK)

(8)

, rIe

UYepes I, 0003HaueHO 3HaYeHHE TOKa cojieHouaa Ic coorBercTByloniee HHAYKINN B=B,.
Koadduuuent K 3aBUCUT TOJIBKO OT KOHCTPYKIIMOHHBIX JJAHHBIX MarHeTpOHa.

Takum oOpasoM, Uil onpeAeneHusl yASIbHOro 3apsaa AJIEKTPOHAa METOJOM MarHeTpoHa,
JOCTaTOYHO CHSATHh 3aBHUCHMOCTh AHOJHOrO Toka JaMmmbl [A or Toka B coineHouzae Ic, Tak
Ha3bIBACMYI0 COpPOCOBYIO XapakTtepucTuky. OueBumHO, ¢GopmMa Tpaduka STOW 3aBUCHUMOCTH
JoKHA ObITh aHanmormuHoi kpuBoil [A= f(B), mnpencraBnennoit Ha puc.3. Hcnonbssys
MOJTy4YEeHHYIO KPUBYIO, Ha HEl MOXKHO HalTH 3HaueHue Ikp, a 3aTtem mo ¢opmyie (8) BEIYUCIUTD
e/m.

Ha pwuc.3 mpeacraBnena wupeanu3upoBaHHas (a) W TpakTudeckas(6) cOpocoBbie
xapakTepucTuku. Ha mocnennei, cnajaromuii yuacTok 0osiee pa3MbIThIi. ITO 0OBsACHIETCS Kak
Pa3IMYHOrO poJa HECOBEPIICHCTBAMM KOHCTPYKIMM MarHerpoHa. Crofa OTHOCSTCS He TOYHas
KOAKCHAJIbHOCTh aHOJa M KaToAa, HE CTporas OJHOPOJHOCTb MAarHUTHOTO IO BHYTPHU
coneHouga U Ap. Oco00 HYXHO OTMETHTh TEIJIOBOM pa3dpoc HaydajdbHBIX CKOpPOCTEH
JIEKTPOHOB, BBUIETAIOIINX C MIOBEPXHOCTH KaTOJ1a, MPUBOISALINM K pa3MbITHIO KpUBOU. B cBs3H
C ATHM 3aTpyAHSIETCS OTCYET COPOCOBOr0, T.€. KPUTHYECKOTO 3HAYEHMs] HamMarHWYHBAIOIIETO
toka Ikp. [lo-Buagumomy, Hanbosee yA0BIETBOPSIOLIEMY TEOPUH, CIIEIYET CUUTATh TO 3HAUECHUE
Ic, mpu koTopoM HabmrOAETCS HanOobIee n3MEeHeHue [A.

Cxema 3KCIIepPHMEHTAJbLHOH YCTAHOBKH

PaGouass cxema mokazana Ha puc.4. OCHOBY €€ COCTaBNseT 3JeKTpoHHas jamma JI,
nomentennas B coiieHounn C.

puc.4
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IToctosiHHOE aHOHOE HanpspkeHne UA CHUMAETCs ¢ yHUBEPCAIbHOIO HCTOUYHUKA TUTAHUS
(YUII-2), perynupyercs MOTEeHHMOMETpoM R, pykosiTka KOTOpOro pacroiiaraercs Ha MaHeIu
YUII-2 n n3mepsiercss BoIbTMETpOM V. AHOJHBIN TOK U3MepsieTcss MuuinamnepmerpoM mA. Ha
naHenu YUII wumerorcd Takke KIEMMBI, C KOTOpPBIX CHHMMAeTCsl HampsbkeHue 2 B,
IIpeIHa3HaueHHasl U1 MIUTaHUs HaKajga HUTU KaTo/a.

Hamarnnuusaromuiicst conenouny C nuraercs ot Beinpsmurens B b5-7. Tok conenonaa
peryaupyercsi pydkaMu Ha MaHeIu BBIIPAMUTENs U 0ojiee IIaBHO peocTaToM R.

N3mepsercs IC amnepmerpoMm A.

Oobopyoosanue u mamepuaol.

Marnetpon - snekrpudeckas jgammna 21[2C (amon), pacmonoxeHHas BHYTPH COJIEHOHIA.
VYHuBepcanpHplii  ucTOyHMK nuraHus (YMUII-2), Bempsamurens b5-7 ¢ perynupyeMbim
HaNpsDKEHUEM, BOJIBTMETP, aMIIepMeTp, MIJLITHAMIIEpMETp, PEOCTaT.

Ykazanus no mexnuke 6ezonacnocmu.

1. K BeimonHeHuto 1a00paTOpHBIX pabOT AOIMYCKAIOTCS CTYACHTHI, W3Y4YHMBIIME IpaBHJIa
TEXHUKU 0€30MacCHOCTH.

2. JlabopaTopHble pabOTHI MOTYT MPOBOJUTHCS TOJBKO 0T PyKOBOACTBOM U HAOIIOACHUEM
IIpernoaaBaTess.

3. Pacnonaraiite mpuOopsl, MaTepuaibl, 00OpyJAoBaHHE Ha pabodeM MecTe B TOPSJIKE,
YKa3aHHOM IIPENOJaBaTENIEM.

4. He nepxxute Ha paboyeM CTOJIC TIPEAMETHI, HE TPEOYIONTUECS SISl BBITIOJTHEHUS 3a/IaHUS.

5. Tlepen Tem, Kak MPUCTYNUTh K paboTe TIIATENBHO M3Y4YUTE €€ ONMCaHHe, YSICHUTE XOJ
BBITIOJTHEHHSI paOOTHI.

3aoanus.

1.Cobpate cxemy (puc.4). Ilpu 3TOM peryasiTopbl BBIXOJHOTO AHOIHOTO HAIPSKEHUS
YUII-2 n Bempsamurenss b5-7 ycraHoBUTH Ha HyneBoe 3HaueHHe. CXeMy HE BKIIOYATh J10
IIPOBEPKH €€ MperoiaBaTesieM Uil JJaOOpaHTOM.

2. llocne BKIIOYEHMS CXEMbl MNOAOXKAATh 2-3 MHMHYTBI, IIOKa IIPOrpeeTcss KarToj
MarHeTpoHa.

3. Ilo 3apganuio mpenogaBaTenss YCTAaHOBUTh BEJIMYMHY aHOAHOro HampsbkeHus UA u
3amucaTh €€ B OTYET Mo padore.

4. ITopnepxuBast Bce BpeMss UA cTporo nocTostHHbIM (OCOOEHHO B KPUTHUECKUIT MOMEHT)
MOCJIEIOBATEIFHO YBEIWYHMBAsS HAMarHMYMBAIONIMK TOK COJICHOMJA IC CHATH COpPOCOBYIO
xapakTepuctuky IA=IA(Ic). Pe3ynbraThl u3MepeHus 3anucarb B TaOIHILY.

L(A)
[a(mA)

WuTepBanel u3MeHeHus [ M 4YMCIO U3MEpeHH MOoAo0paTh CaMOCTOSTENbHO, Oolee

TIIATEIIEHO U3MEPSISI KPUTHUECKUI YIaCTOK.

5.Hoctputh rpaduk cOpOCOBON XapaKTEPUCTUKH MarHETPOHA.

6.0npeaenuTs Mo HeMy KpUTHYeCKoe 3HaueHHe I, ¥ 3ammcaTh ero B OTYeT.

7.3anucath B OTYET KOHCTPYKTHUBHBIC JaHHBIE MarHeTpOHa!

yucio BUTKOB cosnieHousa N=2000, paguyc karoga Rx = 0,lcm u anoma Ra=0,95cm.
W3mepuTh 1 3anucath JUIMHY cojleHouaa .

8.Pacunrats mo popmyne (8) Benmmuuny kodddurmenta K u onpenenuts 3HaUCHUE %/, IUTS
AJIEKTPOHA.

9.CpaBHHTH NIOJTYYEHHOE 3HAYCHHUE /,, C TAOIUYHBIM U BBIPA3UTh PA3HUILY B MIPOICHTAX.
Cooeprcanue omuema.
Otuet o 1a6OpaTOPHBIM pabOTaM JOKHBI COAEPKATD:
- TUTYJIbHBIN JIUCT;
- 11eJIb paboTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OTIPEJICIICHUH, MOHATHH, HopMyIT;
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- OCHOBHOE 000pYyIOBaHUE, CXEMa YCTaHOBKH;

- OIIMCAaHME IO MyHKTaM BBIMOJIHEHHOHN paboThI;

- pe3yJIbTaThl U3MEPEHHI U pacueToB (TaOMUIIbI, TpadUKH);

- OLICHKA MOTPEITHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJFBI 110 pesym)T aTaM BBIHO.]'IH@HHOf/i pa6OTH, Jara, IoAdIHuCh.

Konmponwvnwie eonpocul.

1.Yrto Ha3pIBaeTCA yAEIBHBIM 3aps0M YacTHILL?

2.Kak neicTByeT 2JIEKTPUYECKOE MOJIE HA 3aPSIKEHHYIO YacTHUILy ?

3.Kak nelicTByeT MarHUTHOE T0JI€ Ha HaXOJAIIYIOCS B HEM 4acTHUILy?

4.KakoBO yCTpOWCTBO UCIOJIB3yeMOTro B paboTe MaraeTpoHa?

5.Kak 1BUKyTCSI 27IEKTPOHBI B MarHeTpoHe?

6.Pacckaxxurte 0 KpUTHUECKOM peKUMe pabOThl MarHeTpoHa?

7.Kakue wpeanuzanuyM BBOAATCA TPU  PACCMOTPEHMM JABM)KEHHS DJIEKTPOHOB B
MarHeTpoHe?

8.BriBecTu pabouyto Gpopmyiy (8).

Jlaboparopnasi padora Ne 14
Tema padomul. Uzyuyenne BHemHero poroddppexra

Henv pabomuwi. 1.1103HaKoMuTCA ¢ siBneHueM (porodddexTa cBeTa B mapayIeIbHBIX JIydax
T(QPaKIIUOHHON PELIETKH.

2.0Hpe):[eJ'II/ITL JJINHY CBETOBOM BOJIHBI C IIOMOIIBIO I[H(l)paKHHOHHOﬁ PCLICTKH.

[TlpuGopel W  TPUHAIICIKHOCTH: YCTAaHOBKA C  HMCTOYHUKOM  CBETa, INENBI0 U
T PaKIIMOHHON PEIIETKOM.

Teopemuuecmm uacms.

1. Mudpaxuus cBeta.

Judpakiueil cBeta Ha3pIBACTCS OTHOAHUE CBETOBHIMHU BOJTHAMH BCTPEUHBIX MPETITCTBUIA.

B Oonee mmpokoMm cmbicie audpaxiueld cBeTa Ha3bIBACTCS COBOKYIIHOCThH SIBJICHHUH,
00YCJIOBJICHHBIX BOJIHOBHIMH CBOMCTBAMH CBETa M HAOJIOMAaEeMBIX MPHU €0 PacHpOCTPAHEHUH B
Cpeie C pPEe3KO BBIPAKEHHBIMM HEOJAHOPOJHOCTAMHU (OTBEPCTUS B HENPO3pPAUHBIX SKpaHaX,
TpaHMIBI HEMPO3PAaYHbIX Tel W T.A.). SIBIeHue Audpakiuy yKa3bplBaeT Ha HapyIIEHHE 3aKOHOB

FeOMeTqueCKOﬁ ONTUKH. SIBIEeHUE ,Z[I/I(l)paKI_II/II/I Ha6JHO,Z[aeTC$I Ha pacCTOAHNUUN fOT MMPETIATCTBUA

C~D*/45 ,rae D - nuHeiHble pa3Mepsl MPensTCTBHs, A - JAJIHMHA BOJHBI (YCIOBUE HAOIIOACHUS
TudPaKInN).

Jns  pemeHust AuQpakIMOHHBIX 337a4 - OTBICKAHUE pacIpelesieHUs] Ha JKpaHe
MHTEHCUBHOCTH CBETOBOM BOJIHBI, DPACIHPOCTPAHSIOILEHCS B cpele ¢ MNPEensITCTBUAMH, -
NPUMEHSIOTCS MPUOIMKEHHBIE METObI, OCHOBaHHbIE Ha NpuHIMNax [toiirenca u I'iolirenca -
Openens.

[Mpunanmn [rolirenca’, kaxnas touka S1,S2.....Sn ¢dponTta BonHbl AB sBIIsIeTCS HCTOYHUKOM

HOBBIX, BTOpPHYHBIX BOJH. HoBoe mnonoxkenue ¢ponta BomHbl Al Bl uepe3 Bpems At
npescTaBisieT co00i OrudaroIyo MOBEPXHOCTh BTOPUUHBIX BOJH (puc.1).
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[Tpuniun [roifreHca sBasiercs 4ucTOo TreomeTrpuyeckuM. OH TO3BOJIET, Hampumep,
OOBSICHUTh PABEHCTBO YIJIOB MaJeHHs i W OTpaxkeHHs 1' Ha moBepxHoctd MN cpensl mpu
oTpaxkeHun cBeTa (puc.2). PazHocts xoma CB nyueit AA2 u BB2 co3naer takoit ¢ppont DB
OTPa’KEHHOM BOJIHBI, YTO U3 MpsAMOYroibHbIX TpeyronbHukoB ADB u ACB (AD=CB) caenyet
paBeHCTBO: i=1' (puc.2). Takke MOKHO OOBACHUTH 3aKOH MPETOMIICHHS.

[Tpuniun Iroiirenca-@penensi: Bce BTOpUUHbIC UCTOUYHUKUA S1, S2 ...Sn, pacnosiokeHHbIE
Ha TIOBEPXHOCTH (PPOHTA BOJIH, KOTEPEHTHBI MKy c000i. AMITUTYAa U (Da3a BOIHBI B JIFOOOM
Touke M mpocTpaHCTBa - 3TO pe3yJbTaT HUHTEPPEPEHIUU BOJH, U3IYYAEMbIX BTOPHUUHBIMH
ucTouHukamu (puc. 3).

[Ipsamonuneitnoe pacrnpocTpaHeHue ay4da SM, HCITYLIEHHOTO
UCTOYHUKOM S B OJHOPOAHOW  cpene, OOBsCHAETCS  HpuHOMIOM  [loiireHca-
®penens. Bece BTopuuHbie TIOJIHBI, M3Jly4aeMble BTOPUYHBIMU HMCTOYHUKAMU,

HaXOJSAIIMMUCS Ha MOBEepXHOCTH (poHTa BOIMHBI AB, racarcs B pesynbTare MHTEp(hEpeHIUH,
KpOME BOJIH OT MCTOYHHMKOB, PACIIOJIOKEHHBIX HAa MaJloM ydacTke c(EepHyYecKOoro cermMeHta ab,
nepneHAuKysipuoro k. SM (puc.3). CeT pacnpocTpaHsieTcsi BIOJb Y3KOIO0 KOHYCa C OYEHb
MaJibIM OCHOBAHUEM, T.€. IPAKTUYECKU MPSIMOIUHENHO.

B psge nudpakuMoHHBIX —3amad, oOJagarOIIMX  OCEBOM  CHUMMETpHEH, pacueT
uHTep(dEepeHIIM BTOPUYHBIX BOJH MOXET OBITh CHJIBHO YMPOIIEH C TOMOIIBIO HATJsSIHOTO
TEOMETPHUYECKOr0 MeToAa pa3OueHust (ppoHTa BOJHBI HA KOJBIIEBHIE YYAaCTKH, HA3bIBACMBIC
3oHamu @Openens. Pazbuenne Ha 30HBI TPOU3BOAUTCS TaK, YTOObI ONTHYECKAs PA3HOCTh XO/a OT
CXOACTBEHHBIX TIpaHUI] (BHYTPEHHUX WIM BHEUIHMX) KaXIOM mapbl COCEAHMX 30H JO

A

paccmarpuBaeMoii Toukn M paBHsnach 2 . BTopHYHBIE BOJTHBI OT CXOJACTBEHHBEIX TOUEK JIBYX
COCE/IHUX 30H MPUXOIAT B TOUKY M B NPOTUBOIOJIOKHBIX (Da3ax M B3aUMHO OCHAOISIOT ApYyT
Jpyra IpH HaJOKECHHH.
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Ha puc. 4 mnokazaHo mnoctpoeHue 30H DpeHens B ciyyae CQEpUUECKON BOJIHBI
BO30Y’KJaeMON UCTOYHUKOM S.

Tak kak a u b » A, To mpu He cnumkoM OosbmoMm k TuTomamu mepBbiXx k 300 dpenens
OJTMHAKOBBI:

_ 7 -abi

S =8, =8, =

B ciydae miockoro BoJHOBOTO (poHTa
S, =8, =..5, =7 -bA

Paznmuuaror nBa ciywas gudpakuuu. EcniM MCTOYHMK cBeTa W Touka HaOmogeHus P
PacIoJIOKEHBl OT MPENSATCTBUS HACTOJIBKO JAJEKO, YTO JIy4H, MaJarolllde Ha TMPEensTCTBHE, U
JTy4d, UAYIKMe B TOYKy P 00pa3yloT mpakTUYeCKH MapasuiesibHbIe MyYKH, TOBOPAT O AU(PPAKITUU
Opaynrodepa win o audpakiuuyd B MapaUIeTbHBIX JIy4ax. B IpOTHBHOM ciy4yae TOBOPST O
muppakuun OpenHens, T.e. qudpaknuert OpeHenst Ha3pIBAIOT Takue AUQPPAKIIMOHHBIC 3a/1a4uu, B
KOTOPBIX HENb3sl MpeHeOperaTh KPHUBH3HOW BOJIHOBBIX IOBEPXHOCTEH Majamomend U
¢ parupoBaBIIeii BOJH.

2. Nudpakmnus cBeta Ha 1mienu. JJudpakmoHHas pemeTka.

Ilycts Ha Hempospaunblii 3kpaH E, B koropom mnpope3ana y3kas miens BC, umeromas
nocrosHHyo mupuHy b=BC u amuny Ly»b, nmagaer nepneHIuKyJIsSpHO K 3KpaHy ITy4yoK
napajvieJIbHbIX Jyuyeld MOHOXPOMATHUECKOro cBeTa (puc 5).

Ha oskpane D, ynmaneHHOM OT Imenu Ha paccTosHUM |, Oyaer HaOmOIaThCs SBICHHE
mudpakuun. Ecnu Obl 9TOro sIBIEHUs HE OBLIO, TO HA SKpaHEe J, YCTAHOBJICHHOM B (DOKAIbHOU
IIOCKOCTH cobupatomnieit nmuu3sl MJI, B Touke FO rmaBHOro (okyca IWH3BI MOTYYHIOCH OBI
n300pakeHHe HCTOYHMKa cBeTa. llpu nudpakuum Ha y3KOM IIenu Ha SKpaHe HaOmojaercs
uHTep(epeHIIMOHHAs KapTHHA: TIOCIEeI0BATEIbHOCTh Pa3MBITHIX H300paKeHUH UCTOUYHUKA CBETA,
pa3lieIeHHBIX TEMHBIMH NMPOMEXyTKamMu. B Touke F Ha skpane coOuparoTcsi Bce mapasiesibHbIe
TMy4d, MaJarole Ha JUH3Y mof yriioMm ¢ (yron audpakmuu) Kk ontuueckoi ocu OF0 nuH3BL,
MEePIEHANKYJISIPHON K (PPOHTY BOJIHBI.
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Tax kak BTOpU4HbIE (PUKTUBHBIE UCTOYHUKH (PpoHTa BoH BC ToueuHsle, TO PPOHTHI BOJH,
HU3IYy4aCeMbIX HMHU cq)epnqecxne, a CJIeaoBaTeIIbHO, )II/I(i)paFI/IpOBaHHI)Ie Jydd HAYT BO BCEX
HarpaBieHusX. BeiOepeM Te, KOTOpbIe MIYT MOJ YIJIOM ¢ K HAlpaBJICHHUIO MAJAlONIUX JIydeH.
[lagass Ha nWH3Y 3TH Jyuydn coOupatorcs B oJIHOM Touke F¢ (okanbHON MIIOCKOCTH.

MpbIcieHHO pa300beM IIelNb Ha YYacTKH, KpallHHME TOYKHM KOTOPBIX MOCBLIAIOT JYy4YH C

A

Pa3HOCTHIO X01a 2 . B 3TOM cityuae Bce JIyuH, IIOCIAHHEIE IIEPBBIM Y4aCTKOM OyIyT IOraIieHbl

JIydaMH BTOpPOro y4acTkKa, JIy4d TpPETbEro - JIydaMHu YCTBCPTOro U T.HO. CJ'IGI[OB&TGJ'II)HO, €CJlIn
A

YHCIIO YUACTKOB PasbHEHNs YeTHOE, T.e. eci © =2m 2, 10 B Touke F@ Gyzer TeMHO (MHHHMyM
ocBenieHHocTH). Ecnu jxe uuciio yuyacTkoB pa3OueHHs HeueTHoe, To Touka Fo Oyzaer ocBelieHa
(MakCMMyM OCBEILIEHHOCTH).

Takum o0pa3zom, ycuieHue cBeTa (IU(PPAaKLMOHHBIE MAKCUMYyMbI) MpU JU(PPAKIUM Ha
y3KOH IIesi HabJII0aeTesl O/ YIVIAMH (0, YAOBJIECTBOPSIONINMH YCIOBUIO

: A
bsingp =(2m + 1)5,(m =0,1,2,3....)
Ycnosue ocnabienus cBeta (IuppakiMOHHbIE MUHUMYMBI). .
bsin @ :2m%,(m =0,2,....)

Yucmo m Ha3bIBaeTCs MOPSAKOM TU(PPAKIMOHHOTO MAaKCHMyMa WJIM MUHUMyMa. Bennmunna

0=CD=b sine npezacrapiseT co00i ONTHUECKYIO Pa3HOCTh X0Ja Mexay KpaHuMH dydamu CN
u BM, unynmmmu ot menu nox yriom ¢ (puc.5). B HanpaBnenun ¢=0 HaOmogaeTcs camblit
MHTCHCUBHBIN LIEHTpaJbHBIH MakCUMyM HyJieBoro mnopsiaka. B Ttouke Fo Bcerna nabmionmaercs
yCUJICHHE CBETa, HE3aBUCUMO OT 3HAYEHUS JJTMHBI BOJHBI A.

[Ipn Ha0JI0IeHU U TP paKIIK Ha 1 (S0) 051 B oenom CBETE
UHTEpepeHIIMOHHAS KapTHHA Ha AKpaHe OKa3bIBaeTCA OKpAIIEHHOH. B
TU(PPaKIIMOHHOM MaKCHMyMe KaXK0ro nopsIKa (m=const) onmxe K
HEHTPAIbHOMY,  HEOKpalleHHOMY  MAaKCHUMyMYy  OKa3bIBAIOTCS T(paKIMOHHbIE

MaKCHUMYyMbI C MEHBIIUMH JJIMHAMU BOJIH.

JudpakoHHON pemeTKkol B ONTHKE HAa3bIBAETCS COBOKYNMHOCTH OOJIBIIOTO dYHCIa
MPENATCTBUA M OTBEPCTHM, COCPEJOTOYEHHBIX B OIPAHWYEHHOM IPOCTPAHCTBE, Ha KOTOPBIX
MIPOUCXOIUT TU(PPAKLIUS CBETA.

[Ipocreiimeir aUQPPAKIIMOHHON PEIIETKOW sIBISETCS cucreMa U3 N OJIMHAKOBBIX
napajieNIbHBIX 1IeJIeH B IJIOCKOM HEMPO3payHOM PKpaHe IUPUMBI b KaXkas, pacloI0KEeHHBIX Ha
PaBHBIX HEMPO3PaUHBIX MPOMEXKYTKAX a IpYT OT Apyra (puc. 6).

Bennunna d=b+a Ha3bpiBaeTCs MOCTOSHHOM TU(PAKIIMOHHON PEIIETKH.
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ITo npunnuny I'roiireHca-®penens kaxnaas IIEIb SABISETCS HCTOUHUKOM KOTEPEHTHBIX
BOJIH, CIIOCOOHBIX HUHTepdepupoBaTh Apyr ¢ npyroM. Eciu Ha nudpakumoHHYIO pemieTky
NEPIEHINKYIIIPHO K HEH MajjaeT My4yoK MapauiedbHbIX Jydel CBeTa, TO MOJ YIJIOM IU(PaKIUU @
Ha dKpaHe D, pacmoyioKeHHOM B (hOKaJIbHOM TUIOCKOCTH JIMH3bI, OyJeT HaOII0IaThcs CHCTEMa
I(PaKIIMOHHBIX MAKCUMYMOB MUHHUMYMOB, TIOJYYE€HHAs B pe3yjbTaTe HHTEp(EpEeHLIMU CBETa OT
Pa3IMYHBIX HIEEH.

ITycTs mpu MmajieHuu TIOCKOH MOHOXPOMATHUYECKOW BOJIHBI Ha TU(PPAKIMOHHYIO PELIETKY
Jy4u, AUPparupoBaHHbIE Ha OJTHOM IIENH JAal0T B TOUKe F¢ MakcMMyM OCBEIIEHHOCTH. DTO elle
HE 3HAYMT, 4TO B Touke F@ OyneT MakcMMyM OCBEIICHHOCTH, TaK KakK JIy4d IOCJIaHHBIE 3TOH
IIEJIbI0 MOTYT OBITh MOTAIIEHBI Ty4YOM OT COCEAHEH, WM Ha000pOT ycuiieHbl. Eciu ycuiensl, To
B Touke F¢ Oyner Goiblas OCBEIIEHHOCTh, YeM OT OJHOM Ienu. Torna, yduTsiBas ycClIOBHE
YCWJICHUSI BOJH TNpU HHTep(epeHInH, TiIaBHblE MaKCUMyMbl Npu JUGPAKIUM Ha pelIeTKe
HaOJII01aI0TCS MO YTIAAMHU () yJIOBJICTBOPSIOIIMMH YCIOBUIO

d sin ¢ = kA,
rre k= 0,1,2,3 Ha3pIBaeTCs MOPSIIKOM IIaBHOTO MakcuMyMa. Bennunna & = DK = dsing siBnsercs
ONTHYECKON Pa3HOCTBIO X0OJa MEXAY CXOACTBEHHBIMU Jlydamu BM 1 DN, uaynmmu ot cocetHux
mieneit (puc.6).

['maBHbIE MUHHUMYMBI Ha AUQPPAKIMOHHOW perieTke HaOMI0JAI0TCS MO/ TAKUMH yIiaMH ¢
T(paKIum, Ui KOTOPBIX CBET OT Pa3HbIX YacTel Ka)KIOH IeIH MOJHOCThIO TaCUTCS B HAa OJTHOU
I (S0

bsin g =mA, (m=0, 1,2,3,...).

Tak kak ecin HH OJHA M3 IIEJEH HE MOCHUIAET JIydedl B STOM HANpaBICHUH TO B
COOTBETCTBYIOIIEH TOUKE Ha FKpaHe OyJeT TEMHOTA.

[Ipu HaGmrofeHnn AUQPPaKIMY B HEMOHOXPOMATHUYECKOM CBETE BCE TJIaBHbIE MAKCHMYMBI,
KpOME€ LIEHTPAJIbHOTO HYJIEBOT'O MaKCUMyMa, OKpamieHbl. C yBEITMUYEHNEM JUIMHBI BOJIHBI [J1aBHbIE
MaKCHMYyMbl BHYTpU JAHHOTO MOPSIKA PAcIoNaratoTcs o O0IbIIMMHU yIIaMH OT LIEHTPAJIbHOTO.
PagyxHas mosiocka, coiepikaiias ceMb IIBETOB OT (DHOJETOBOIO JI0 KPACHOTO (CUUTAETCS OT
LEHTPaJIbHOIO0 MaKCUMyMa), Ha3blBaeTCs NU(PaKUMOHHBIM crieKTpoM. JudpakinoHHas pemierka
ABJIAETCS OJTHUM M3 IPOCTEUIINX TOCTATOUYHO TOYHBIX YCTPOMCTB /11 U3MEPEHNUS JUIMH BOJIH.

Teopnﬂ METOAa U OINMMCAaHUE YCTAHOBKH.

PaccMoTpuM OOMH M3 METONOB OIPEAEIEHMS [UIMHBI CBETIOW BOJHBI INPU TOMOILU
IudpakuoHHOM pemieTkd. Ha onrTuyeckoil ckambe (WM CIEHUANbHON peike) yKperuisiercs
audpakimoHHas pemeTka P v neprneHaukyIsspHO OcH MOJBMKHAS MUJUIUMETpoBast JuHelka AB ¢
mensto L. /Ienenus nuHeky, menb ¥ ITPUXHU PEIIETKH paclionararoT napajuiesIbHO ApYT ApyTra.
[Ilenb ocBemiaeTcss UCTOUHUKOM S W paccMaTpUBaeTCsl uepe3 pemerky riazoMm (puc. 7). Ha
JUHeNKe MpoeuupyroTcs H300pakeHHs TJIaBHBIX MAaKCUMYMOB M Hu3MepsieTcs paccrostHue 1k
MEX1y MaKCUMYMOM 1-ro nopsika 1 MaKCUMyMOM HYJIEBOTO ngpﬂnxa (T.c. OT LIeNN)

Xox sydeit mocie MudpaKkIHOHHONW PENIETKH COOTBETCTBYET XOAy Jiyded Ha puc. 6. Ot
HMCTOYHUKA CBEeTa S dYepe3 IMIMPOKYI IIeNb B JMHEHKke AB mpoxoauT mydok Oeioro cBera u
MOMAaIaeT CHavana Ha JUQPAKIHMOHHYIO PELIeTKy, a 3aTeM B IJia3 HaOmoaarens. Jlyuu, unymue
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MapajuieNIbHO TJIaBHOW ONTHYECKON OCH XpyCTalldKa NaloT B (OKyce LEHTpaIbHBIA (HYIEBOIN)
MaKkCHMyM Fo OCBEIIEHHOCTH OCJIBIM CBETOM.

Jlyun, cozparomye B HEKOTOPOH TOYKe ceTyaTKd F¢@ MakCMMyM OCBEIICHHOCTH KaKUM-
00 1BeTOM (HampuMmep, (PHOJETOBBIM) MAAAIOT Ha XPYCTAIHK Mo yriioM ¢. CienoBareiabHO,
OHU BUHBI KaK OBl BBIXOAAIIUMHU M3 TOUKH D, MOIOKEHHE KOTOPOU OMpeeNseTcs Mo IIKaie
nuHekn AB.

Takum oOpa3oM ponb JuH3BI JI (CM. puC. 6) BBINONHAET XPYCTAIMK TIJia3a, KOTOPBIH
doxycHupyeT mapaieIbHbIC JTydH, MOJIyYeHHBIC B pe3yibTare nudpakiuu (HanpuMep, 1ydu M n
N) Ha cetuaToii 000yI0UKe T1a3a (UrparoIeil poib IKpaHa).

YcioBrue MakCUMyMa OCBEIIICHHOCTH HMEET B,

dsing = kA (1)
W3 prucyHka BUAHO, 4TO
. t
SIN ) =———
vH 2 4 fz (2)
CrnenoBatesbHO
5= dt
kNH? + € 3)
Tak, kak H » [, To
5 ot
Kt (4)

Oobopyooeanue u mamepuaJol.
YcTaHOBKa € HCTOYHHUKOM CBETa, MIETbIO U AU(PPAKIIMOHHON PEIIeTKOM.

Ykazanus no mexnuke 6ezonacnocmu.

1. K BbmonHeHNo 1ab0paTOPHBIX PadOT MOMYCKAOTCS CTYACHTHI, M3YUYHBIIUE IPaBHIIA
TEXHHUKHU 0€30MacCHOCTH.

2. JlabGopaTtopHbIe pabOTHI MOTYT MPOBOJUTKLCS TOJIBKO TOJI PYKOBOACTBOM M HAOIIOICHUEM
MpenoaaBaTers.

3. Pacnonaraiite npuOopsl, Matepuaibl, 000opyroBaHHE Ha pabodyeM MecTe B MOpSIKE,
yKa3aHHOM TMPENOJaBaTENIEM.

4. He nepxxurte Ha paboyeM CTOJIE IPEAMETHI, HE TPEOYIOUTUECS ISl BBITIOJTHEHUS 3a/1aHUS.

5. Tlepen Tem, Kak MPUCTYNUTh K pabOTe TIIATEIHHO U3YUYUTE €€ OMUCAHUE, YSICHUTE XOJ
BBITIOJIHEHUSI paOOTHI.

3aoanus.

OmnpenenuTh MaKCUMAaJIbHBIE TIOPSIOK CIIEKTpa HAOII01aeMOTro B JAHHOW padoTe, YUUTHIBAs
gyro d=0.01 mm.

1. YcranoButh nuHeliky AB Ha 3amanHOM paccrostaun H ot mudpakunonnoit pemerku (H
> 300 mm). BrIrounTh UCTOYHUK CBeTa S U, TSAS 4epe3 NU(PaKIMOHHYIO PEUIeTKy He Ieb,
MpOBECTH HaOroIeHNe TU(PPAKIMOHHOTO CIIEKTPA.

2. Onpenenenue MoMoKeHUe [k 7151 CUHEH, 3eJIeHO U KpacHOW JTMHUHM clieBa U CIipaBa AJis
1-ro u 2-ro nopsKOB CIEKTPOB.

Pe3ynbTathl 3aHecTH B TaONIUILY.

3.ITo dpopmyiie (4) BBIYUCITUTE JITUHBI BOJIH YKA3aHHBIX JIMHUAM.

4. Yka3aTb U OILIEHUTh OCHOBHBIE MOTPEIIHOCTH JAHHOTO METOJa M3MEPEHHUs, a TaKKe
MOTPEIIHOCTD, JOMYCKAEMYI0 MPU UCHOIb30BaHUH GopMyJsl (4), a He (3)

PE3YJIbTATHI UI3MEPEHUIA.
d=0,01 mm H= (Mm)
| [Topsinok | 1k(mm) |
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cnekrpa k

DUOoIETOBBIN 3eneHblit Kpachsrit

JIEBBIN MIpaBbIid JIEBBIN MpaBbIii JIEBBIN MpaBbIii

II

Cooepicanue omuema.

Ot4et o 1a6OPaTOPHBIM pabOTaM JOTKHBI COACPKATh:

- TUTYJIbHBIN JIUCT;

- 11eJTh paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIPE/IeICHUN, TOHATUH, HOpMYII;
- OCHOBHOE 000pYy/I0BaHUE, CXeMa YCTaHOBKH;

- OTIMCAHHUE TI0 TTYHKTaM BBITIOJIHEHHON PaboTHI,

- pe3yJIbTaThl U3MEPEHHI U pacueToB (TaOMUIlbI, TpadUKH);

- OLICHKA MOTPEITHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOMPOCHI;

- BBIBOJIBI TI0 PE3yJIbTaTaM BBITIOJIHEHHOW paOoThl, 1aTa, MOMKCH.

Konumponwsnwie éonpocuwi.

1. Yro Ha3pBaeTca Au¢ppakiMoHHOTO cBeTa? KakoBbl yCIOBHS HAOMIONEHHUS 3TOTO
SIBJICHUSL.

2. CdopmynupoBaTh NpuHIUN [ T0ireHca.

3. CdopmynupoBats npunIun [ oirenca-dpenens.

4. OOBACHUTH C UCHOIB30BaHUEM NpuHIMIA [ TolireHca- dpenens 3aK0oH NMPSIMOIMHEHHOTO
pacnpocTpaHEHHs CBETA.

5. Uro Takoe «30HbI OpeHens». Kak onpenensrorcs miomaan nepBsix K 30H?

6. UYro Takoe audpaknuonHas pemerka? OnpenenuTs ycaoBus 1udpakiyuy Ha perieTKe.

7. BeiBectu Gopmyiny (4).

JlabopaTopHast paGora Ne 15
Tema padbomui. VI3ydeHre SHEPTETUYECKOTO CIIEKTPA JIEKTPOHOB
[TpoBepuTH BBHINOIHEHNE IEPEHOCA SJICKTPOHOB.
Ilenv pabomot. 1IpoBEpUTH BBHIMOJHEHHE MIEPEHOCA IEKTPOB.
Teopemuueckas uacme.

Kak m3BecTHO, TUIOCKasi 3JEKTPOMArHUTHas CBETOBAasi BOJIHA SIBJIACTCS IOMEPEUYHOM U
MPEJICTaBIsIeT  paclHpOCTpaHEHHWE  B3aMMHO  MEPIEHIUKYISIPHBIX  KojeOaHui:  BeKTopa
HaIpPsKEHHOCTH D3JIEKTpUYeckoro mojis E u BekTopa HampspKeHHOCTH MarHuTtHoro Homst H
(puc.la). Kak mokaspiBaeT OmbIT, (hu3Hoioruueckoe, (GoToXuMHUEcKoe, (OTOAIEKTPHIECKOe U
NpyTue JCHCTBHSI CBETAa BBI3BIBAIOTCS B OCHOBHOM KOJEOAHHUSMH DJICKTPUYCCKOTO BEKTOpA.
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Bexrop E Ha3biBaeTcst CBETOBBIM BEKTOPOM, U BCE PACCYKICHUSI Mbl OTPAHUYUM PACCMOTPEHHEM
aToro Bekropa. Hannuue Bexkropa H nogpazymeBaercs.

pucl.

CBeToBOIl My4OK, B KOTOPOM pa3jWyYHble HampaBieHUs Bekropa E B momepedHoil K
HaIPABJICHUIO PACIIPOCTPAHEHUSI BOJIHBI TUNIOCKOCTH PABHOBEPOSITHBI, HA3bIBAETCSI €CTECTBEHHBIM
(puc. 1 6)

CBet, B KOTOpPOM HampaBiIeHUs KojeOaHHil BeKTOopa yHopsI0ueHbl KaKUM-T100 00pa3oM H
MOJUYUHSIOTCS HEKOTOPOM 3aKOHOMEpPHOCTH, Ha3blBaeTCs MNOJsApU30BaHHBIM. Eciu koneGaHus
BEKTOPAa MOT'YT COBEpLIATHCA JIMIIb B OJHOM OIPEEICHHOM HalpaBICHUH, TO CBET HA3BIBAECTCS
JIMHEWHO WM TTIOCKOTIOJIIPU30BaHHBIM (pHC. 2a).

Ecnu xe konebanus Bexktopa E coBepiiarorcs Tak, 4TO €ro KOHEI[ ONHUCBHIBAET KPYyr HIIU
SIUIAIIC, TO CBET HAa3bIBAETCSI COOTBETCTBEHHO NOJSPU30BAHHBIM IO Kpyry (puc. 20) wiu
AIUIMIITUYECKN — TOJIApU30BaHHBIM  (puc.2B). [lpu JuHEHHOM mojspu3auM  IUIOCKOCTb,
cojepkamiasi Jiyd U BekTop E, Ha3bIBaeTcs IUIOCKOCTBIO KOJ€OaHUM, WIH IJIOCKOCTBIO

MOJIAPU3ALIUHU BOJIHBI.

a)

Puc 2.

Jlis  moylydeHHsT JIMHEMHO TMOJIIPU30BAaHHOIO CBETa MPHUMEHSIOTCS — CleluajbHbIe
ONITUYECKUE MPUCTIOCOOTIEHUS- MOIAPU3aTOPhl. [110CKOCTh KONEOaHUN INMEKTPUIECKOTO 'BEKTOpa
B BOJIHE, TMpOIIEIIed uepe3 IMOJIAPU3aTOp, HaA3bIBAETCS IIJIOCKOCTHIO mojspuszaropa. Jlis
MOJTyYEHUs TUIOCKOTIOISIPU30BAHHOTO CBETA MCIIOIB3YIOT HECKOJIBKO CIIOCO00B.

a) OTpakeHue cBeTa OT MOBEPXHOCTH TUAIIEKTPUKOB.

OTpakeHHBI OT AMAJIEKTPUKA CBET BCErJa YaCTUYHO MoJisipu3oBaH. Ha pucyHke depHbie
TOYKH COOTBETCTBYIOT KoyieOaHMsIM BekTopa E mnepneHAuKyIspHBIM IUIOCKOCTH NaJCHUA, a
CTpEJNOYKH - KoyueOaHusM B riockoctu mangeHus (Puc.3). CtemeHp moispu3aliuu OTPa)KEHHOTO
Jy4ya 3aBHCHUT OT OTHOCHUTEJIBHOIO IMOKa3zaress mpenomiieHus nl2 u ot yrna maaenus o. [Ipu

Ei ITIOJITHOCTBIO

. tgaB =751
nosisipu3oBaH. [Ipenomnenssiii nyd El monspusoBan wyactuuHO. COOTHOLIEHHE
Ha3bIBaeTCs 3aKOHOM bproctepa. [110cKkoCcTh KOMe6aHuid AIEKTPHYECKOTO BEKTOPa B OTPAKEHHOM
CBETEe NEePIEHIUKYJIIPHA IUIOCKOCTH MaJICHHUS.

nageHuu ayda E Ha miockocte MN nox yriiom bproctepa ab oTpaskeHHBIN 1y4
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Ey

Puc.3

6) IIpenomiienne cBeTa B CTOIE CTEKIISTHHBIX TU1acTHH (cTona CToseToBa).

[TockonbKy OTpa’k€HHBIM OT IUAIEKTPUYECKOM IUIACTUHKM CBET YacTMYHO (WM Jaxke
IIOJIHOCTBIO) TOJISIPU30BAH, NPOXOASIINN CBET TAKXKE YaCTUYHO IOJISAPU3YETCd U CTAHOBUTCA
CMeIlIaHHbIM cBeToM. [IpenmyIiecTBeHHbIE KOeOaHus 3JEKTPUYECKOTO BEKTOpa B MPOILIEAIIEM
cBeTe OyayT coBepIIaThbCs B IUIOCKOCTH NajieHus. MakcumaibHas, HO HE IIOJIHAs CTEMeHb
MOJIIPU3aLUM  MIPOXOJAIIET0 CBeTa JOCTHraeTcss MpH MajaeHuu mnoxa yriiom bprocrepa. [lns
YBEJIIMYEHMS] CTENEHM MOJSPU3ALUU IPOXOJALIETO CBETAa MHCIOJIB3YIOT CTOIy CTEKISHHBIX
wacTuHOK (ctomy CToJeToBa), pacloyioKEeHHBIX 1Moj yriaoM bprocrepa k magaromemMy cety. B
9TOM CJIyda€ MOXHO IOJYYUTh NMPAKTUYECKHU IOJIHOCTHIO IOJIIPU30BAHHBIA NPOXOSIINN CBET,
TaKk KaK KaXJIoe OTpakeHHe ocjabiseT MpoINyIlleHHble KojeOaHus, MepHeHAUKYIIIpHbIe
IUIOCKOCTH MaJI€HUS B ONIPEAEIEHHOM OTHOLICHUH.

B) [IpesnomiieHne cBeTa B JBOSAKONPEIOMIIIONIUX KpHCTaIIax.

Hexotopele kpucTayuibl (MCIAHACKUN IIIAT, KBapl, CIIOJAa U Jp.), a TaKKe HEKOTOpble
M30TPONHbIE BellecTBa (MO JACWCTBUEM MEXaHHMYECKHUX HArpy30K WIHM 3JEKTPUYECKUX TOJeil)
00J1a71at0T CBOMCTBOM JIBOMHOTO JiydenpeiomieHus. [Ipenomissce B TakOM KpUCTaslie, CBETOBON
Jqy4 pasfensercsd Ha J(Ba JIMHEHHO MOJIIPU30BaHHBIX Jyya CO B3aUMHO NEPIEHIUKYJISIPHBIMU
HafpaBieHusIMH KojeOaHuid. OauH M3 Jyueill Has3bIBaeTCs OOBIKHOBEHHBIM M 00O03Ha4aeTcs
OykBol 0. a BTOpPOM -HEOOBIKHOBEHHBIH M oOOo03Hauaercsi OykBOHl €. OOBIKHOBEHHBIM Jyd
YJIOBJICTBOPSIET OOBIYHOMY 3aKOHY TNPEIOMIICHHS M JIKHUT B OJHOHN IUIOCKOCTH C MaJaiolIuM
Jy4oM U HOpMauiblo. JlJis HEOOBIKHOBEHHOI'O JIy4a OTHOIICHHWE CHHYCOB YIJIa MaJCHUS U YIJa
IIPEJIOMJIEHUS HE OCTAE€TCSl TIOCTOSIHHBIM IPY U3MEHEHUH YIJIa NIaICHNUS.

Kpome Toro, HeOOBIKHOBEHHBIN Jy4, KaK MPaBWIIO, HE JIEKUT B IUIOCKOCTH MAJCHUS U
OTKJIOHsIETCA OT Jiydya O fmake Mpu HOPMAIBHOM MaJeHuu cBeTa. OTKIOHSS OAMH W3 Jydyel B
CTOPOHY, MOXHO IMOJIYYUTh IUIOCKOMOJISIPU30BaHHbIA Jyd. Tak ycTpoeHa, Hampumep Npu3Ma
Huxons (puc.4). JIBe ecTrecTBeHHbIE IpaHU KPUCTAJUIA UCIAHICKOTO IITaTa CPe3atoTcs TaK, YTOObI
YMEHBIIUTB YTOJ MEX]1y IOBEPXHOCTIMU 10 68°.

3aTeM KpUCTaJUl paclMIMBAETCs Ha ABE 4acTH Mo IuiockocTd BD mox yrimom 90° k HOBBIM
rpansM. llociae mMONMMPOBKM TMOBEPXHOCTH pacHuiia CKJICHBAIOTCS KaHAJACKUM Oaiab3aMoM,
HUMEIOLIUM [0Ka3aTeNlb MPEJOMIICHUS N, YAOBIETBOPSIOLIUI YCIOBUIO N.<n<n, I1I€ Ny ¥ N, -
MOKa3aTeIy MPeJOMIICHUS UCIaH/ICKOTO 1IMaTa A OOBIKHOBEHHOIO U HEOOBIKHOBEHHOTO JIyYa.

[Tamass mox yryiom, OoJjble NPEAETbHOTO, Ha IUIOCKOCTh BD, OOBIKHOBEHHBIN Iy4
IIpeTepreBaeT MOJHOE BHYTPEHHEE OTpakKeHHWE Ha IpaHulle mmar - 6anb3aM. HeoObIKHOBEHHBIN
Jyd, ISl KOTOPOT'O, BBIXOAUT U3 IPU3MBbI JIMHEHHO MOJISIPU30BaHHBIM.
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Puc.4

r) [lornomenue cBera B JMXPOUYECKUX MJIACTUHKAX.

Y HEKOTOpBIX  JBOSKONPEIOMIISIONIMX  KPUCTAIOB  (HampuMmep.  TypMaJldiHa)
KOA((UIMEHTH! TOTJIOMIEHUSI CBEeTa ISl JABYX B3aUMHO MEPHEHAMKYJISPHBIX MOJISPU30BAHHBIX
JTy4dell OTIAMYalOTCS HACTOJIBKO CHIIBHO, YTO YK€ MPH HEOONBIIONW TOJIIMHE KPHUCTalsia OJWH W3
Jy4yel racuTcs MPaKTUYECKHU MOJIHOCTHIO U U3 KPUCTAJUIA BBIXOAUT JTMHEHHO MOJISIPU3UPOBAHHBIN
My4OK CBETa. OJTO SBJICHUE HAa3bIBAE€TCA JTUXPOU3MOM. B HacTosdlee BpeMsl IUXPOUUYECKHE
IUIACTUHKA UW3TOTOBJISIIOT B BHUAE TOHKHX IUICGHOK - TIOJSPOUAOB, HMMEIOIIUX ILIUPOKOE
npuMeHeHue. B OOoJIBIIMHCTBE ClydyaeB OHU COCTOSIT U3 MHOXKECTBA MAJICHbKUX (TOJIIHUHON 10
0,3 MM) mnapamieabHO OPHUEHTUPOBAHHBIX KPUCTAIJIOB CEPHOKUCIOrO HMOAMCTOrO XUHHHA-
repanaTuTa, HaxoAIIUXCsl BHYTPH CBSI3YIOIIEH Cpebl - TPO3PayHOM MIICHKH.

Jlng uccrnenoBaHus XapakTepa W CTENEHU MOJSPU3alliUd CBETa MPUMEHSIIOT YCTpOICTBa,
Ha3bIBa€Mble aHaIM3aTOpaMH. B KauecTBe aHaIM3aTOPOB UCHOJIb3YIOT TOXE YCTpPOMICTBa,
KOTOpPBIE CITyXaT JUIsl MOTy4YeHHs TMHEHHO- O PU3UPOBAHHOTO CBETa (MOJISPU3ATOPHI).

Ilycts Ha mnossgpuzaTop MajgaeT IUIOCKOMOJISPU30BAHHBIM CBET aMIUIMTYAbl Ao U
nHTeHCUBHOCTBIO lo (Puc. 5). CkBO3b modspu3aTOp MPOHACT COCTaBIAIONIAS KOJICOAHHS C
aMIUTUTYJI0M A =A,coso , T/ o - Yrojl MEXIy IUIOCKOCThIO KOJeOaHMI Majaroliero cBera u
IUIOCKOCTBIO MOJSIpU3aTopa. A Tak KaKk MHTEHCUBHOCTh CBETa MPOMOPIMOHAIbHA KBAJIpaTy €ro
aAMIUTUTY/IbI, TO MHTEHCUBHOCTH IMPOILLE/IIIETO CBETa ONpeesieTcs: BeipaxkenueM I1=I,cos a.

DTO COOTHOILIEHNE HOCUT Ha3BaHUeE 3akoHa Maittoca.

HAOCKOCTh NOLAPHIATOR:

A, cos a

Puc. 5

[ToctaBUM Ha MyTH €CTECTBEHHOIO Jyda mosspuzatop P u anamuzatop A (puc.6). U3
MOJSIPA3aTOpPa  BBIMAET IIOCKONOJIIPU30BAHHBIA CBET, WHTEHCUBHOCTH KOTOPOIO COCTABUT
MOJIOBUHY MHTEHCHBHOCTU €CTECTBEHHOTo cBera, T.e. I,= Iy /2. CormacHo 3akoHy Mamtoca u3
aHaJIM3aTopa BBIMAET CBET MHTEHCUBHOCTBIO: [,=l;cos2a (rme a yrosm Mexay IUIOCKOCTSIMH
noJjsipu3zaTtopa M aHanuzaropa). TakuM oOpa3oM, MHTEHCHBHOCTb CBETa, MPOIIENNIEr0 yepes

1
—1,co8’ &
TIOJIIPH3ATOP M AHAIM3ATOp paBHa 2= 2

Puc.6 A
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Onucanue yCTAaHOBKH.

B nacrosimeii pabote it HOTy4YEHHUS U UCCIEOBaHMSI JTMHEHHOTO MOJISIPU30BAHHOIO CBETA
MPUMEHSIOT NoJisipouabl. OHU HM3TOTAaBIMBAIOTCS W3 OYEHb MEJIKMX KPHUCTAJJIOB TypMajuHA WU
repanaTUTa, HAHECEHHBIX Ha LEUIYJIOMAHYI0 IUIeHKY. ONTHYecKue OCH KPUCTAIIOB
CHCIMALHBIM 00pa30oM OPHEHTUPYIOT B OJHOM HampaplieHHWH. Kpucramibl TypMannHa
MIPOITYCKAIOT CBET TOJIBKO C OMPEeNIEHHON OpHEeHTAlMEe CBETOBOIO BEKTOPA U MOUYTH MOJTHOCTHIO
IOTJIOUIAI0T BCE IMEPHEHIUKYIISIPHBIE COCTAaBJISIOIIME CBETOBOI'O BEKTOpAa K HAIIPaBJICHHUIO OCU
kpucTtauia. CxeMa yCTaHOBKH NpuBejieHa Ha Puc 7.

B®

mA

b

P

-
b _d

Puc. 7

CBeT OT UCTOYHHKA CBETa S MPOXOIUT Uepe3 HEMOABMKHBIN monspu3atop P. Ananuzatop
A 3akperuieH BO BpallarolieMcsl JUCKe. YToJl IOBOPOTa aHalM3aTopa MU3MEpsieTCs MO ILKaje
IucKa, pasaeneHHoil Ha 360 menenwii. [Ipoiins monspusaTop W aHaIM3aTOp, CBET MajaeT Ha
BEHTHWIbHBIH  QoTodnmemeHT B® (comueunsnii osmement). I[lpm He odYeHbp OONBIIMX
OCBEILIEHHOCTSAX cuiia (OTOTOKA MPOMOPIIMOHAIIbEHA CBETOBOMY MOTOKY. Benmmumna (oTtoToka
U3MEpSETCsl MUKpOaMIIEpMETpoM. Mex 1y moaspu3aTOpoM U aHAJIM3aTOpPOM MMEETCsl Kamepa, B
KOTOPYIO MOKHO TIOMeIIaTh oOO0pa3ibl [Uisi HAOMIOACHHUS SBICHHUS (POTOYNPYTrOCTH U
UHTEpEPEHIINN NOSPU30BAHHBIX JIyYeH.
Oobopyoosanue u mamepuainbi.
1. YcranoBka aiis mpoBepku 3akoHa Maitoca. 2. Mctounuk cBera. 3. Mukpoammepmerp.
Ykazanus no mexnuke 6ezonacnocmu.
1. K BbmmonHeHHo 1a00paTOPHBIX PadOT MOIMYCKAOTCS CTYACHTHI, M3YUYHBIIUE IPaBHIIA
TEXHHUKHU 0€30MacHOCTH.
2. JlabopaTtopHble pabOThI MOTYT IMPOBOJUTHLCS TOJBKO TOJI PyKOBOACTBOM U HAOJIIOACHUEM
MpenoaaBaTers.
3. Pacnonaraiite npuOopsl, Marepuaibl, 000OpyroBaHHE Ha pabodyeM MecTe B MOpSIKE,
yKa3aHHOM TPENOJaBaTENIEM.
4. He nepxxurte Ha paboyeM CTOJIE IPEAMETHI, HE TPEOYIOUTUECS ISl BBITIOJTHEHUS 3a/1aHUS.
5. Tlepen Tem, Kak MPUCTYNUTh K pabOTe TIIATEIHHO U3YUYUTE €€ ONMUCAHUE, YSICHUTE XOJ
BBITIOJIHEHUSI paOOTHI.
3aoanus.
1.BKJIIOYNTh HCTOYHHK CBETA.
2.Bpamas ananuzaTop, HOOUTbCS MaKCHUMaJbHOTO OTOpOca CTpElIKH MHUKpOaMIlepMeTpa
(A moxer ObITh cremayeT AoOuBathcsi MUHMMabHOTO? [loyemy? Uemy paBeH yroia B 3TOM
ciyyae?).
3.3anuchIBalOT MOKa3aHWsT MHUKpOaMIlepMeTpa W B JalibHEHIIEeM, [OBOpayuBas
aHanuzatop, uepe3 10 rpaaycoB 3amMCHIBAIOT COOTBETCTBYIOIIUE 3HAUEHUE TOKA.
4.Kakum o0pa3oM 10 NOJTYyYEHHBIM JAHHBIM MOXHO yOEIUTHCS B MPABUIBHOCTH 3aKOHA
Mamoca? Kakue rpaduku u3 HuXe MEPEUUCICHHBIX CIeAyeT MOCTPOUTH 7Sl MPOBEPKH 3aKOHA?
(BBIOOp apryMEeHTUPOBATH)
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L=f(g) - =f(osq) - =f(cos’ )
I=f(p),12=f(g), ' , 0 0

5. I[ocTpouts rpaduk 3aBUCUMOCTH.
6. CnenaTs BBIBOI,.
Pe3ysabTarhl H3MepeHHI.

o 1 cosa cos2a

Cooeprcanue omuema.

Ot4er o 1a60PaTOPHBIM pabOTaM JIOKHBI COACPKATH:

- TUTYJIbHBIN JTUCT;

- 11eJ1b paboThI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIPE/IeICHUN, TOHATUH, HOPMYII;
- OCHOBHOE 000pY/I0BaHUE, CXEMa YCTaHOBKH;

- OMMCAHME IO MyHKTaM BBIMIOJTHEHHOHN paboThI;

- pe3yJIbTaThl U3MEPEHUM U pacueToB (TaOIULbl, Tpa(UKH);

- OIICHKA MOTPELTHOCTEH;

- OTBETHI HA KOHTPOJIbHBIE BOTIPOCHI,;

- BBIBOJIBI TI0 Pe3yJIbTaTaM BBITIOIHEHHOU paboThl, 1aTa, MOIMHCH.

Konmponwsnsie sonpocul.

1. UYro npencrasisier u3 cedsi cBeTOBast BOJIHA?

Kakue neiicTBusi okaszpiBaeT cBeT? biaromapst 4emy 3TO BO3MOKHO?

Uro Takoe nongpuzanus? Kakoli cBeT Ha3pIBatoT ecrecTBeHHBIM? [lonsspuzoBaHHBIM?
Onumure BUIBI MOISPU3AIIH.

[Tepeuncnure criocoOBI OTyUEHUS TIOJSIPHU30BAHHOTO CBETA.

ChopmynupyiiTe 3akoH Maioca.

7. Kaxue nannbie B paboTe MO3BOJSIOT yOSIUTCS B CIIPaBENTUBOCTH 3aKOH Masroca ?

SANNANE Bl

(oTBeT chopmyHpyHTE).

JlabopaTopHasi paGoTa Ne 16
Tema pabomor. U3yyeHune KOCMUYECKOT0 U3TydeHUs
Ilenv pabomwi. OnipenenieHre CKOPOCTH TIEPEMEIICHHS.

Teopemuuecxaﬂ uacms.

PaznunuatoT Tpu Buna potorddexra:

Brewnum ¢omosgpgpekmom HazpIBaeTCs BBIPhIBAHUE DIIEKTPOHOB W3 BEHIECTBA IOJ
NEHCTBHEM DIIEKTPOMAarHUTHOTO W3NydeHus. Bremnuit dotodrddexr Habmogaercs
MIPEUMYIIICCTBCHHO B TIPOBOJTHUKAX.

IIpu enympennem ¢omosghgpexme >MEKTPOHBI MOJ JIEHCTBHEM CBETa TEPAIOT CBS3b CO
CBOMMH aTOMaMH W MOJIEKYJIaMH, HO OCTAlOTCsI BHYTpHU BemiecTBa. Takoil Bua Gororddexra
BO3MOXXEH TOJILKO B TIONYTPOBOTHUKAX.

BeumunvHoiti homoaghghpexm 3axiarogaeTcsi B BOZHUKHOBEHUH (DOTO-3.7.C. TIPU OCBEIICHUU
KOHTaKTa JIBYX Pa3HBIX MOJYMPOBOJAHUKOB WM MOIYMPOBOJHUKA M MeTasia 0e3 HaIU4dus
BHEITHETO JICKTPHYECKOTO TIOJIS.
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B nanHOW pabGoTe s M3y4YeHHs] 3aKOHOMEpHOCTEH
sHewHe20 (omosghghexma WCTIONB3YIOT BaKyyMHBIA _(oTo-
—— onemedT. OH TpeACTaBisieT COOOW CTEKJISIHHBIM OTKauaHHBIH

chepudeckuii 0aJUIOH, B IIEHTPE KOTOPOTO PACIIOIOKEH aHOI A B

BUJE KOJbIla WM TulacTUHKU (puc.l). YacTh BHyTpeHHel

MOBEPXHOCTU OayuloHa TMOKpPhITa TOHKUM CJIOEM MeTajia,

KOTOPBI CIYy)KUT ¢pomoxkamooom. Ha puc.l. uzobpaxena

-@ ___, TpWHIOWIHMAIbHAs CXeMa, C IMOMOLILI KOTOPOH HCCIEMyETCs

17 BHemHU#M ¢porodddext. Mexay aHOAOM U KATOAOM HCTOYHHK

TOKa CO3/aeT 3JIeKTpHUecKoe mosie. Tak Kak 3jeKTpudeckas Lemb

P Pa30MKHYTa, TO IPU OTCYTCTBUU CBETA DJIEKTPUUECKHUM TOK Uepes

E— ¢dotornieMeHT He uzaeT. [Ipu ocBemieHnn KaToja CBET BBIPHIBAET

U3 HEro 3JIEKTPOHBI, KOTOpBIE MOJ JEHCTBHEM CHJ 3JIEKTPUUECKOIO

+ - moJisl IBMXKYTCS K aHoAy. B 1enu mosBIsSETCS AJIEKTPUYECKHH TOK,

Puc. 1 Ha3bIBaeMBbIii gomomoxom. Cuna ¢dotoToka u3MepseTcs

rasibBaHoMeTpoM G, HampshKkeHHe Mexly aHooM A U ortokatogom K

— BoabTMETpOM V. W3MeHss HampspkeHHe ¢ MOMOIbI0 moTeHiuuomeTrpa P, HaxomsT
3aBHCHUMOCTH CHJIBI (DOTOTOKA OT HAIIPSKEHUSI — BOJIbTAMIIEPHYIO XapaKTEPUCTHUKY.

Ha puc. 2 u3o0pakeHa BobTaMIIepHas XapaKTepUCTHKA BakyyMHOro (otosnementa. [Tpu U =0

(Mexy KaToJoM M aHOJOM 3JIEKTPUYECKOro MOJs HeT) cuia (POTOTOKa BCe PaBHO HE paBHA

HyI0. OJTO OOYCJIOBIEHO TEM, YTO OJJIEKTPOHBI, BBIPBAHHBIE CBETOM W3 KaToJa, HMEIOT

HEKOTOPYIO HauyalbHYI0 CKOpOCTh V (a 3HAYUT, U KUHETUYECKYIO0 HHEPrui0) M 4YacTh U3 HUX

MOJKET JOCTUTaTh aHOJIA ¥ PU OTCYTCTBUU ANEKTPUIECKOTO TOJISL.

Ecnu yBenuuuBaTh HampspKeHHE MEXIY KaToJOM M aHOJIOM (IojaBas OTpULATENbHBIN
MOTEHIIMAT Ha KaToJ, a Ha aHOJ — TIOJOXKUTENbHBIN), OyleT YBeIU4YUBaThCA CHIIA TOKa. ITO
OOBSICHSIETCSI TEM, YTO TENepb AJIEKTPOHbI, KOoTopble mpu U= 0 He nocTuranu aHoja, MOJ
JEHUCTBHEM CHJI DJICKTPUUECKOTO TOJISI IPUTSATHBAIOTCS K aHOTY.

U3 rpaduka BuUIHO, uTO IpH HekoTopoM 3HadeHun U = U, cuna poToToKa AOCTHraeT
HauOONbIIEr0 3HAYEHUS, TMOJY4YMBIIEr0o Ha3BaHMe Toka HaceimeHus [, JlanmpHeiimee
yBEJIMUYEHUE HANPSHKEHUS YK€ HE BBI3BIBAET POCTA CUJIBI TOKA. DTO 3HAYHT, YTO BCE AJIEKTPOHBI,
BBIPBaHHBIE CBETOM M3 KaTo/a, IOCTUraloT aHona. Ecnu 3a edunuyy épemenu CBET BBIPHIBACT U3
(dboToKaToa 1 SIEKTPOHOB, TO TOK HACHILIEHHSI OyAeT paBeH

I.=e-n, (1)

r7ie e — 3aps]l DIEKTPOHA.

Ecnu moMeHATh TONSIPHOCTH 3JIEKTPOHOB, TO €CTh IMOJaTh HAa KATOA HOJIOXKHTEIbHBIA
MOTEHIIMAJ, a HAa AHO/ — OTPUIIATENbHBIN, TO ANEKTPHUUYECKOE MMoJie OyIeT TOPMO3UThH JIBUKECHUE
AJIEKTPOHOB OT KaroAa K aHoay. 3a cyeT paboThl cui anektpudeckoro mnonsa (Ag = el)
KUHETHYECKasi SHEPTusl JABMKYIIUXCS AJIEKTPOHOB OyneT yMeHblaThed. Eciin mepBoHavanbHas
KMHETU4ecKasi SHeprus aiekTpoHa W, Oyzaer Ooisblie paboThl anekTpudeckoro noius (W.>Ag),
AJIEKTPOHBI OYAYT IOCTUTATh aHOJA, B LienH OyneT uat Tok. [Ipu W< eU snekTpoHbI aHOJA HE
JIOCTHTHYT M TOK TpeKpaTHTcs. HamMmeHbplliee HampspkeHHE, TPU KOTOPOM  TPEKpariaeTcs
($OTOTOK, Ha3bIBACTCS 33JICPKUBAIOLIIM.

[Ipu U = U, naxe cambie OBICTpBIC JIEKTPOHBI, HMEIOIINE MAaKCUMAIbHYIO CKOPOCTH, HE
JIOCTUraroT aHoja. B aTux ycioBusx

2)

Takum obOpazom, usmepsiss Ha onbiTe Us, MOXHO BBIYMCIMTD MAKCHUMAIbHYI) KHMHETHUYECKYIO
SHEPIHUIO IEKTPOHOB, BBIIETAIOLINX U3 KaTOAA.
Oobopyoosanue u mamepuainbi.
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[Tpu u3zyuennn 3akoHOMepHOCTEH hoTodhdekTa B paboTe NCHOIB3YETCs BAKYyMHBIH
(OTORIIEMEHT, MPUHIUIHAIIbHAS CXEMa BKJIFOUEHHUSI KOTOPOTO B JIEKTPUUYECKYIO 1IeTIh
IIpUBE/IEHA Ha puc. 4.

1. ®otosnement @, ceeropunbTp CP® U UCTOUHUK CBeTa (CHEKTpajbHas pTyTHas Jjamma) JI
MOMEIICHBl B 3aKpBIThIA KOHTeHHep. CBeT OT jammbl, npoxons uepe3 cBeropuiabtp CD,
CTAaHOBUTCSI MOHOXPOMATHUECKUM H, Tajas Ha Katoja (oTolrneMeHTa, BbI3bIBaeT (PoTodh(dEKT.
Mukpoamnepmerp MA u3Mepser cuily (OTOTOKa, a BOJBTMETp V — HaIpsDKEHHE Ha
¢dboToriemenTe.

2. VYcTaHoBKa COCTOMT U3 OOBEKTa UCCIEIOBAaHMSA U YCTPOMCTBA H3MEPUTEIHHOTO,
BBINIOJTHEHHBIX B BUJAE KOHCTPYKTHUBHO 3aKOHYEHHBIX W3JIEJIMHA, YCTaHABIMBAEMbIX Ha
71a00paTOPHOM CTOJIE M COSTMHIAEMBIX MEXIy cO00H KabeneM.

3. OOBeKkT uccieqoBaHHUs KOHCTPYKTHBHO BBINIOJHEH B BUAE COOPHOro Kopmyca, B KOTOPOM
YCTAQHOBJICHBI OCBETUTENb (CHEKTpalibHas PTyTHas Jiamra) ¢ HCTOYHMKOM MUTaHUsA, OJIOK
uHTepdepeHoHHbIX cBeTOMIbTPOB Nel (A=407 mxm), No2 (A=435 mkm), Ne3 (A=546 mxm),
Ne4 (A=578 MKM) © YCTpPOWCTBO pEryJUpOBKH ocBemleHHOCTH. [lomoxkenue "0" Omoka
CBETO(PHUIBTPOB COOTBETCTBYET MPOXOXKIACHHUIO CBETa 0€3 CBETOPMIBTPOB U MOXKET MPUMEHSATHCSA
JUI CHATHUS MHTETPAJIBHBIX BOJIBTAMIIEPHBIX M JIFOKCAMIIEPHBIX XapPAKTEPUCTHK, a MOJOXKEHHUE
"5" - mepekpbIBaeT JamMIly M MCHOJB3YyeTCs Il yCTAaHOBKHM HOIsA. K KopIyCy ¢ MOMONIbIO
KpPOHIITEHHA TMpPUKpEIUIEH YCHIUTEIb (POTOTOKA, HAa BEPXHIOK KPBIIIKY KOTOPOTO
YCTaHABIIMBAIOTCA CMEHHbIE (hOTONpHEMHUKH ¢ (oTortemenTamu @-8 u @-13. Ilpu ycraHoBke
(OTONPHEMHUKOB MX IPHUEMHOE OKHO COBMEIIACTCS C BBIXOJHBIM OKHOM OCBETUTENS MU
3aKpbIBAIOT IPU MTOMOIUIH OJI€H/IBI.

Ha mnepennelf maHenu oOBeKTa HCCIEAOBAHHUS HAXOIATCS CETEBOIM BBIKIIOYATENbh C
WHAMKATOPOM BKJIIOUeHHs ceTH. Ha 3anHell maHenum oObeKTa HCCIEIOBAHUS DPACIIOJIOKEHbI
KJIEeMMa 3a3eMJICHHUS, JIepKaTellu MpeIoXpaHuTeNlell U ceTeBod IMHyp ¢ BHIKOH. Ha OokxoBoit
CTEHKE  pAacloJOXEHO BBIXOJIHOE OKHO OCBETUTENS U  yCTpOMCTBa i  CMEHBI
UHTEPPEPEHIIMOHHBIX ~ CBETOQHUIBTPOB U  PETYJIMPOBKH OCBEHIeHHOCTH. Ha  OGOKOBBIX
MOBEPXHOCTAX YCUIIUTENsT (POTOTOKA PACHOJIOKEHBI COCAMHUTENbHBIA LIHYP C Pa3beMOM IS
MOJKIIIOUYEHUs] 00BbEKTa HUCCIICAOBAHMS K YCTPOHCTBY M3MEPUTEIILHOMY M PEryJsTophl OanaHca
yeunurens ['PYBO u TOUYHO.

OOBEKT HccIeI0BaHuUs C MMOMOIIBIO CETEBOT0 IIHYypa nojakiaovaercs k cetu 220 B, 50 .

4. VYcTpoilcTBO U3MEPUTEIHHOE BBIMOJIHEHO B BHJI€ KOHCTPYKTHBHO 3aKOHUYEHHOTO u3zenus. B
HEM IPUMEHEHA OJHOKpPUCTAIbHAs MHUKpO - OBM ¢ cOOTBETCTBYIOUIMMH AOIMOJHUTEIBHBIMU
yCTpOICTBaMH, MO3BOJISIFOIIIMMHU ITPOU3BOJIUTH U3MEPEHHE TOKa (DOTO3IEMEHTa, YyCTaHOBIEHHOTO
B OOBEKTE WCCIIEJOBAaHUsS, YCTAHABIMBATh W M3MEpATh TNHTAIONIME HANpSOHKCHUS Ha
(boTorIeMEHTE, a TaKXKe OCYIIECTBIATh (GYHKIMH YIIPABJICHUSI YCTAHOBKOM (YCTaHOBKA PEXUMOB
IpSMOTo MM OOpaTHOrO M3MEpeHus U T.N.). B cocraB ycTpoiicTBa M3MEPUTENBHOIO BXOISAT
TaK)K€ UCTOYHHUKH €T0 MUTaHUS.

Ha mnepenHeli maHenu ycTpoWcTBa M3MEPUTEIBHOIO PA3MEILEHBl CIEAYIOIINE OpraHbl
ympaBiaeHuss u uHAukanuu: kHomka [IPSIMAS - OBPATHAS ¢ cooTBeTCTBYHOITUMHU
WHIMKATOpaMHM - TpeJAHa3HadeHa s BKIIOYEHUS TMPSMOrO MM OOpaTHOrO pEXHUMOB
n3mepenust; kHonku "+", "-" m CBPOC - mpenHa3HadeHb! JUIsl PETYJIHPOBKHM HANPSIKEHHS HA
¢dorosneMenTe U ero copoca B HOJb; MHAUKATOPHl B M MKA - mpenHa3zHaueHb! A MHIUKAIUN
3HAYCHUM BETTWYMH HaIpsDKeHUs Ha (porolnemente u GporoToka B mporecce padbotel. Ha 3agHeit
MIAHEJIM YCTPOMCTBA U3MEPUTENBHOIO pacnofiokeHsl Boikitodarens CETD, kinemma 3a3emienus,
JepKaTeNu npeloXpaHuTesel (3aKpbIThl MPEI0XPAHUTENbHOM CK000i1), CeTeBOM IHYp ¢ BUIKOM
U pa3zbeM Ui MOJIKII0UYEHUs] 00bEKTa UCCIEIOBAHNUS .

Y CTpoicTBO H3MEPUTEIIBHOE C TOMOIIBIO CETEBOTO MIHYpa noAkIouaercs k cetu 220 B, 50 I'm.
5. IlpuHuun AeWcTBUS yCTAaHOBKM OCHOBAH Ha M3MEPEHHMU ToKa 4depe3 (HOTODJIEMEHT IpH
W3MEHEHUU TMOJIIPHOCTU W BEJIUYMHBI NPUJIOKEHHOTO K HEMY HANpsKeHUs W U3MEHEHHS
CMEKTPAJILHOTO COCTaBa M BEJIMYMHBI OCBEIIEHHOCTH KaTo/1a (hOTO3JIEMEHTA.

6. B mpouecce BbIMOIHEHUS J1IaOOPATOPHBIX PA0OT CHUMAIOTCS 3aBUCUMOCTH TOKa 4Yepes
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($OTO37EeMEHT OT MPHUJIOXKEHHOTO K HeMy HampsbkeHus. [Ipu 3ToM MeHsieTcs MONSAPHOCTD
HanpspkeHust (T.e. pa3felibHO CHUMAloTCA NpsiMas W oOpaTHas BETBU BOJbTaMIIEPHOM
XapaKTepUCTUKU (OTO3IEMEHTa). XapaKTepUCTUKA CHHUMAIOTCS MpPHU PA3IUUHBIX 3HAYCHUAX
OCBEILIEHHOCTH M IPU M3MEHEHUH JUIMHBI BOJHBI OCBelleHus ¢orolneMmenTa. [lo pesynapraTam
U3MEPEHUM  CTPOSATCA  CEMEWCTBAa  BOJIBTAMIIEPHBIX  XAPAKTEPUCTHK W,  UCIOJIb3Ys
COOTBETCTBYIOIIME METO/IBI PACUETa, YACICHHO OLIEHUBAETCS 3HAYCHNE OCTOsTHHOM [1nanka.

Ykazanua no mexnuxke 6ezonacnocmu.

1. K BbImonHeHUI0 1a00paTOPHBIX pabOT AOIMYCKAIOTCS CTYACHTHI, W3YYHBIIHE MpPaBHIIa
TEXHUKH 0€30MMaCHOCTH.

2. JlabGopaTtopHble pabOTHl MOTYT MPOBOJUTHLCS TOIBKO MOJI PYKOBOACTBOM U HAOIIOICHUEM
MIPETOo/1aBaTelIs.

3. Pacnonaraiite mpuOOpsl, MaTepuaibl, 00OpyIOBaHHE Ha pabodyeM MecTe B TOPSJKE,
yYKa3aHHOM TIpeToiaBaTesIeM.

4. He nepxute Ha pabodyeM CToJIe IPEIMEThI, HE TPEOYIOLTUECs sl BBIMIOTHEHUS 3aJaHusl.

5. Tlepen Tem, Kak MPUCTYHNUTh K pabOTe TIIATENbHO U3YUYUTE €€ ONMUCaHUE, YSICHUTE XOJ
BBITIOJTHEHUSI PAOOTHI.

3aoanus.
IlocTpoeHune BoJIbTaMIIEPHOM XaPAKTEPUCTUKHU (POTOIJIEMEHTA.

1.  VYcraHoBuTe Ha OOBEKT HCCIIEAOBAHUS (POTONMPUEMHHUK C UCCIEAYEeMbIM (POTOIIEMEHTOM U
3aJIBUHbTE OJIEHIYy OCBETUTEISI B OKHO (POTODJIEMEHTA.
2. TloaxmiouuTe CeTeBbIE IIHYPHl YCTPOHCTBA M3MEPHUTEIBHOIO M OOBEKTa HCCIEIOBaHMUSA K
CETH M BKJIIOYUTE YCTPOMCTBO m3MmepurenbHoe BbikatouaTesnieM CETD Ha ero 3agHel maHenw.
IIpu »TOoM gpomkeH 3aroperbea uHAMKaropsl OBPATHAS, B u MxA ycrpoiictBa
n3MeputensHoro. Ha nnnukarope B 10KHBI yCTAaHOBUTHCS HYJIH (IOMyCKaeTCsl MHANKAIMS J10
3HaueHust 2 miaawmero paspsaa). Ilocne 5 munyTtHOro mporpeBa pyukamu YCTAHOBKA
HVJIAl na oObekre wuccienoBaHHs YCTAaHOBUTh HYJIEBOE 3HAUYE€HHWE HA MHJIUKATOpEe MKA
yCTPOMCTBA U3MEPUTENIBHOTO.
3. Bxurounte 00bekT uccnenoanus BeikimodareneM CETD Ha ero nepenneit manenu. [lpu stom
nosokeH 3aropetbes uaankarop CETb obwvekTa uccnenoBanus.
4. JlaTh namIie OCBETUTEISI IPOIPEThCS B TEUEHHE 15 MUH.
5. C nomomursto kHonkU [TPSAIMAS - OBPATHA {1 BeIOpaTh HEOOXOAUMBINA PEKUM U3MEPEHUSI.
6. YcranoButb cBeTopmiibTp Nel moBoporom arcka 6yioka CD.
7. N3MmeHsas 3HaueHus HanpspkeHus depe3 0,5 B ¢ momompro kHOmok "+" un U CUYUTBIBAs
MoKa3aHusi GOTOTOKA C MHAMKATOpa "MKA" MOJy4YuTe JaHHbIE ISl HOCTPOEHUS BOJIbTaMIIEPHOM
XapaKTEPUCTHUKH.
8. YcraHaBnuBas JUCK cO CBETO(UIbTPAMU B MoJIoKeHHE "5" U MpoBepsisl yCTAaHOBKY HYJISI TOKa
IIPY HYJIEBOM 3HAUEHUU HANPSIKEHUs, IOBTOPUTE AEHCTBHS MO MII. S...7 HACTOSILEro paszelna
i qpyrux cBetopunbTpoB (CO2-CD4).
[Tpumeuanue 1: I1pu HEOOXOTUMOCTH € TIOMOIIBIO TOBOPOTA KOJIBIIA, PACIIONOKEHHOTO Ha
BBIXOJIHOM OKHE 00BbEKTa UCCIIeI0OBAaHUS MOYXKHO U3MEHATh OCBEIIEHHOCTh (DOTO3IEMEHTA.
[Tpumeuanue 2: Ipu onpeneneHny 3auparoniero HanpsHkeHus GoTorieMeHTa He0OX0JUMO
HYJIEBOE 3HAUYEHNE TOKA CYUTHIBATh IPU YMEHBIIICHUU HANPSHKEHUS OT HYJIEBOTO 3HAUYEHUS 10
3HAYEHUS 3aIMPAIOIIEro HaNpsHKEeHUs, a He Ha00opoT. He pekoMeHtyeTcst Takke yCTaHaBIUBATh
3HaYeHHE HAIPSHKEHUS HUKE 3aITUPAIOILIETO.
9. TIlo okoHYaHUM pabOTHI HEOOXOJUMO OTKIIOYMTH MUTAHWE YCTAHOBKU BBIKITIOYATEISIMU
CETb (Ha 3amHeil maHenu yCTpOMCTBA H3MEPUTENBHOTO M TeEpeaHeil mMmaHenn oObeKTa
UCCIICIOBAHMs) M OTKJIIOYUTH CETEeBbIE BHJIKU YCTPOICTBA H3MEPUTENLHOTO U 00BEKTa
WCCIIEIOBaHMS OT MUTAOIIEH CETH.
10. Pexxum paboThl YCTaHOBKHM HPEPHIBUCTHIN - uepe3 Kaxable 45 MUHYT
paboTh epephiB Ha 15-20 MuH.

nmn
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ITo nanHBIM TaOIHIBI 1 TOCTPOUTH BOJBTAMIIEPHYIO XapaKTEPUCTUKY, TO €CTh IpaduK

3aBUCUMOCTH CHiIbl (hoToToKa I (abcrmcca) oT HanpsbkeHus Ha Gorodnemente U (opauHaTa).

Tabmauua 1

Onpedenenue pabomsl 6b1x00a INEKMPOHA, KPACHOU cpaHuybl homospgexma u nocmosHHoU

IThanka

1. C nmomompto kHOKU [TPSAMAS - OBPATHAS BeiOpath pekum m3meperuss OBPATHAS
(He nenmaeM yCTaHOBKY HYJISI Kak B IIEPBOM yacTu paboThl!).

2. HW3meHsia 3HaYEHUs HAOPSOKEHUSI C MOMOIIbIO KHOMOK "+" u

"-" yCTaHOBUTH IMOKa3aHUS

uHaukaropa ¢orotoka "MKA" paBHbIM (. 3aHECTH MOJYYEHHOE 3HAUYEHUE 33JIePKUBAOIIETO

HanpstxeHus: Us B Tabmuity 2.
[ToBTOPUTH MyHKTHI 1 ¥ 2 AJis APYTUX CBETOMUIBTPOB.
1o mony4eHHbIM SKCIIEpUMEHTAIbHBIM 3HaueHUAM Uz paccuuTaTh:

W

a) KHHETHYECKYIO SHEPTHIO (POTORIEKTPOHOB: Wk=eUs
b) paboTy BbIXOJa JIEKTPOHOB:
C) KpacHyto rpaHully potorddexra:
Tabmuma 2
WK Asblx,
Neo n/mt @ VKM U; B 10" 10" T @,.., MKM

5. Tlo nomyyeHHBIM JaHHBIM HOCTPOUTH Tpaduk 3aBucumoctd Us OT v, Te .

6. Hcnonb3ys mnojy4yeHHBIH TpaduK, BBIYHCIUTH 1O (opmyie

HU3MEPEHU.

Cooepircanue omuema.
Otuet no 1a00paTOPHBIM paboTaM JOKHBI COAECPKATD:

- TUTYJIbHBIN JIUCT;

- 11eJ1b paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIPEICICHUN, TOHIATUN, (OPMYIT;

U OLCHUTH IMOI'pCIIHOCTH
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- OCHOBHOE 000pYyIOBaHUE, CXEMa YCTaHOBKH;

- OIIMCAaHME IO MyHKTaM BBIMOJIHEHHOHN paboThI;

- pe3yJIbTaThl U3MEPEHHI U pacueToB (TaOMUIIbI, TpadUKH);

- OLICHKA MOTPEITHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJBI 110 pesym)T aTaM BBIHO.]'IH@HHOf/i pa6OTH, Jara, IoAdIHuCh.

Konmponsnsie éonpocoi.

1. Yro HazpiBaercs porodddexkrom? Kakue O6b1BatoT BUIbI (hoTodPdexra?

B uem 3axmrouarorcs 3akoHbI poTorddexra’?

Kak cBsi3aHbI JyTHA BOJIHBI M YacToTa GoToHA?

Kaxkas umenno ocod6eHHOCTh (hoTod(PdekTa HE MOKET OBITH OOBSICHEHA C TOYKH 3PEHUS
BOJIHOBOH TeopuH cBeTa?

3anummuTe u 00BSICHUTE YpaBHEHHE DUHINTEHA 11 hoTodddekTa.

UYro Ha3bIBaeTCs KpacHOU rpanuieit porodddexra u OT 4ero oHa 3aBUCUT?

OT 4ero 3aBHCUT MaKCUMaJIbHAsI KWHETUYECKAst SHEPTHS (DOTOIIEKTPOHOB?

Hapucyiite 1 00bsICHUTE BOJIBTAMIIEPHYIO XapaKTepUCTHKY (oTodddekTa.

Ha gem ocHOBaH crioco6 omnpeaenenust KpacHou rpaHuilsl porodddexra B ganHOM padoTte?

Rl el

LR W

Jlaboparopnasi padora Ne 17
Tema padomut. IlpoBepka 3axkona Masrca

Llenv pabdomer. OripenencHue NIUHBI MpoOera 3JIEMEHTAapHBIX YAcTHI[ B BO3AyXe MpHU
aTMoc(epHOM NIaBJICHUHM M OIpEAeTCHHEe MaKCUMAIbHOW JHEPruM OeTa-4acTUIl MPH MOMOIIH
METO/Ia TOTJIOIIECHHUS.

Teopemuuecxaﬂ yacmo.

SABnenue panuoakTUBHOCTH ObLIO OOHapyxkeHo bekkepenem (1890 r.). On 3amerun, 4to
HEKOTOpbIE BEIIeCTBa, COJEp)Kalle ypaH, oO0JaJalT 3aMeyaTellbHOM O0COOEHHOCTHIO
CaMOTIPOM3BOJIbHO, 0€3 BCSIKOTO BHEIIHETO BO3ACHCTBUSA, W3IydaTh JIy4d, CIOCOOHBIE
MIPOXOJAUTH CKBO3b HEMPO3pAUYHbIE JIJIs1 BUJUMOTO CBETA BEILIECTBA.

PannoakTuBHOE M3Ty4YeHHE OBIBACT TPEX BUIOB: -TY4H, -JIYIH U -JIyYH.

-Iy4d TIPEACTABJISAIOT IMOTOK sAep TeIMEBBIX aTOMOB, WM, WHBIMU CIIOBAMH, IOTOK
TeJIMEBBIX MOHOB C 3apsiioM +2e.

ToXIeCTBEHHOCTh -JIy4el ¢ MOTOKOM TelMeBbIX sAnep Oblia !
YCTaHOBJICHA C TIOMOIIBIO CIIEAYIOIIETO OMbITA, TPOU3BEIECHHOTO . J_ 5
Conmn.

Cocyn A (puc. 1) ¢ mMOMONIIBIO TOHKOW CTEKJISTHHOM
neperoponku G paszpensics Ha ase yactd B u C. B ywactu B ~ i 0:
[Tomemanock pagnoakTuBHOE BEECTBO F, ‘ Z
usnyvatoriee -myuu. [leperopoaka G moabupanack Takoit -2
TOJIIIUHBI, YTOOBI -JIydd MOTJIM MPOXOJUTH CKBO3b Hee. [[pyras
yacTh 3T0ro cocyna C coeaunsnach uepe3 kpaH K ¢ BakyyMHbIM ey
HACOCOM, M B JTOM dYacTd CO3JaBaJIoOCh JOCTATOYHO CUJIBLHOE I
pa3pexeHue.

B tpy6xe H, coequnennoit ¢ cocymom C, momemanuchk aBa siekrpona D, E, ¢ momorisio
KOTOPBIX MOKHO OBLITO BBI3BaTh paspsn B TpyOke H. Bakyym B cocyme C co3maBaics cToinb
BBICOKHM, YTO INpU NpWwIokKeHUH K D u E pa3HOCTHM NMOTEHIMAIOB B HECKOJIBKO COTEH BOJIBT
ANEeKTpUYECKUl pa3psa He Bo3HUKall. [locne oTkauku cocyn A orcoeaussuics ot Hacoca. CrycTs
HECKOJIbKO JTHEH, OJTHAKO, MOCIIe MPUIOKEHUS PAa3HOCTH MOTEHIMaNIOB Mexxay D u E Bo3Hukan
ANEKTPUYECKUH pa3psia, UHTEHCUBHOCTh KOTOPOT'O C TEUEHWEM BPEMEHH BO3pacTala.

& Z

Puc.1 OnbiT Copam
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Ceet, ucxonsamui npu paspaae u3 TpyOoku H, Obl1 mpoaHanu3upoBaH € IMOMOILBIO
cnektporpacda. Oka3aioch, 4YTO CHEKTP ATOr0 M3JIY4YEHHS B TOYHOCTU COBIAAAET CO CIIEKTPOM
U3JTY4YEHUs, BOSHUKAIOLIUM IIPH IEKTPUUYECKOM paspsijie B Ta3000pa3HOM I'ellnu.

B Ttpybke H renuss He ObUio, HO cioa U3 B NpoHUKaNM -4acTULBI, H3ITydyaeMble
pannMoakTUBHBIM MpenaparoM. [Tockonbky B pe3yibTaTe TaKOro MPOHMKHOBEHHs B TpyOke C
MOSIBUJIMCh aTOMBI TE€NIHs, TO, CJIEAOBATENIbHO, -YaCTUIbl W SBIIAIOTCS TEIWEM, NpaBaa, He
aToMaMH, a spaMu renus. Sapa renus (-4acTHIbI) 3aXBaThIBAIOT M3 OKpPY)Karolled cpensl 2
AJIEKTPOHA U MPEBPALAIOTCS B «HOPMAJIbHBIE» aTOMBI renus. VTak, -4aCTUIbI SBJISAIOTCS SAPAMHU
aTOMOB TE€JIHSL.

XapakTepHON BEJIMYMHON MX SIBIIAETCS JHEPTHs. DHEPrusl -4acTUIl BEIWMKA — IOpsJKa
HECKOJIbKMX MWIJIMOHOB 3JIEKTPOHBOJIBT. Pa3zinuuHble pajiMOaKTUBHBIE BELIECTBA M3JIydaroT -
YaCTHUIbl PA3JIMYHOM HHEPIruU, HO BCE -YACTHIBI, H3JIyYCHHBIC JAHHBIM DPaJHOAKTUBHBIM
BEILIECTBOM, UMEIOT BIIOJIHE ONPEAEICHHYIO DHEPTHUIO.

-JIy4d SIBJISIFOTCS] TIOTOKOM OTPHUIATENBHO 3apsKEHHBIX YacTHIl. 3HAK - (MMHYC) IIpH OyKBe
MIOIYEPKUBAET, YTO 3TU YaCTHUILbl HECYT OTPULIATENbHBIN 3apsa. OTHOIIEHUE AJI HUX 0Ka3aJloCh
B TOYHOCTH TaKMM K€, KaK U JUISl JIEKTPOHOB. -JIyYH SIBJISIOTCS B JEMCTBUTEIBHOCTH MMOTOKOM
9NIeKTpOHOB. OTiuuue -iydyell OT OOBIYHBIX KATOJHBIX JIydell HE KaueCTBEHHOE, a
KOJIMYECTBEHHOE. DHEPIHUs dJIEKTPOHOB
-Jlydell 3HAYUTENIbHO NPEBOCXOAMT SHEPrUI0 KATOAHBIX JIydell M UMEET BEJIWYMHY MOpsAIKa
MHJUTMOHA 3JI€KTPOHBOJIBT.

-ly4d, HE OTKJIOHSAEMbIE HHM MAarHUTHBIM, HH OJIEKTPUYECKUM IIOJIEM, HE HECYT
aneKkTpuueckoro 3apsga. Ilo cBoed mpuponae -mydd aHAJIOTWYHBI PEHTIE€HOBBIM JydaMm, HO
OTJIMYAIOTCA OT HUX OOJbIIeH BETMYMHON KBAaHTOB.

Kak y»xe yka3pIBajaoch, paJuOAKTUBHOE U3JIyYEHHE TIPOU3BOIUT CHIBHOE HOHU3UPYIOIIEE U
(doToxumMHUECKOoe NeHCTBUE M MO ATOMY JACWCTBUIO MOXET OBITh perucrpupyemo. Tak Kak
OTJENIbHBIC YACTHIIbI, BXOIINE B COCTaB PaJAMOAKTUBHOTO M3ITY4YeHUs (-4aCTUIbI, -4aCTULIBI, -
KBaHThI), 00JaAal0T OOJBIION  SHEpruei, mopsAKa MHUIMOHA  3JIEKTPOHBOJBT, TO
MPEJICTaBISIeTCST BO3MOXHOCTh HAOMIOaTh M PEruCTPUPOBaTH HE TOJBKO PaJHOaKTUBHOE
U3JIy4CHHE B LIEJIOM, HO U OTACIIbHBIC YACTHULIbI, BXOASAIINE B COCTAB OTOI'0 U3JIy4YCHHUS.

Haubonee wacto s perucrpaniid W HAOMIONCHUS OTACIBHBIX OBICTPBIX YaCTHI]
MIPUMEHSIOT TPU METOAA:

a) Kamepa Buiibcona. B rmaBe VI Obln ykazaH nmpuHUUI AeHWCTBUS Kamepbl BuibcoHa u
nokasassl ¢ororpaduu mytei -dactun. Kamepa Bunbcona npuroana u Juist HaOIM01eHUS Ty TeH
-4acTHIl. 3HAYUTENIbHOE YCOBEPIICHCTBOBAHUE B METO] kKamepbl Bunbcona 6bu10 BHeceHo /[I. B.
CKOOeTBIIBIHBIM.

CkobenblibIH TIOMeCTWJT KamMepy BuibcoHa B MarHuTHOe 1mosie. MarHutHoe Toje
UCKPHUBIISIET TPAacKTOPHUIO -4acTULl. B ciydae, korja -dacTuia ABMXKETCS IEPHEHIUKYISIPHO
CWJIOBBIM JIMHUSIM OJTHOPOJHOTO MarHUTHOTIO HOJIS, €€ TPAaeKTOPUEH SBISAETCA OKPYKHOCTb
paauyca
I7I€ - CKOPOCTh YaCTULBI, /1 - HANPs)KEHHOCTh MArHUTHOTO IOJISA, € - 3aps] 3JEKTPOHA, C -
CKOpPOCTb CBeTa. B kamepe BuibCOHa, IMOMEIEHHONM B MarHUTHOM IIOJIE, TPEKU DJJIEKTPOHOB
MPEACTABISIIOT YacTH OKpYykHocTed. [lo BenumumHe pagumyca STOM OKPYKHOCTH MOKHO
OIPENEIUTh CKOPOCTh JJIEKTPOHA.

0) Cuerunk [eiirepa-Mromiepa. CymiecTBYIOT JBa BapHaHTa CUETYHMKOB: CUETYHK C
octpueM (cuyetuuk ['eiirepa) u cueTunk ¢ HUTHIO (cueTyrk I elirepa-Mromnepa).

CueTtunk ¢ HUTBIO (puc.2) npeAcTaBiseT HHAP C, MO0 OCH KOTOPOTO HATAHYTa HUTH AB -
TOHKasi MeTaJyIn4yeckass IMpoBOJOKAa. HHUTH B 3IIEKTPUYECKOM OTHOLIEHWUH HW30JIMPYETCS OT
kopmyca cuetynka C. C4eTYnK HaOJHSIOT Ia30M IPH HEOOJIBIIOM JaBJICHUU.
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Mexay HUTBIO M LWIMHAPUYECKUM KOPITyCOM CUeTYMKa ¢ ToMollpio Oarapen E wnnm
CHELUATBHOIO BBIIPSIMUTEIBHOIO YCTPOUCTBA CO3/IAI0T JJIEKTPUUECKOE T0JIE

Takoro HampspKeHUs, IPU KOTOPOM B CUETUHMKE MOXKET pa3BUBATbCS KOPOHHBIA paspsii.
KoponHblil pa3psl HayHET pa3BUBATBCS, €CIM B IMPOCTPAHCTBE MEXKIY HUTBIO U KOPIIyCOM
OKaXyTcCsl 3apspKeHHbIE YacTULbl. [109TOMY KOPOHHBIM pa3psi] BO3HHUKAET B CUETYMKE BCSAKHUI
pa3, Korja B HEro NPOHUKHET MOHU3UPYIOIAsl YaCTULIA-3JIEKTPOH WIX -4acTula. Takas yactuua,
JBUTasCh BHYTPU CUETYMKA, NPOU3BOAUT HOHM3ALMIO Ta3a, BCIEACTBUE YEr0 M BO3HUKAET
KOpOHHBIN pa3psan. [locnenoBatenbHO ¢ HUTHKO CYETYMKA MOJKIKOYAETCS COMPOTUBICHHE R,
BEJIMYMHY KOTOPOTO MOAOMPAIOT TaK, YTOOBI MpPHU Pa3BUTUU KOPOHHOTO paspsiia Ha 3TOM
CONPOTUBJICHUU BO3ZHUKAJIO TOCTATOYHOE IMaJIeHHE NOoTeHIana. Eciii 3To najgeHune noreHuuana
OKa)XETCSl JOCTaTOYHBIM (OKOJIO COTHH BOJIbT), TO BO3HUKUIMI B CUETUMKE KOPOHHBIA Pa3psn
MIpEePBETCS.

ITo BO3HMKIIEMY B cueTduKe l'elirepa UMIYJbCy TOKA U CyAsT O TOM, YTO 4epe3 CUETUUK
Mpolia WOHM3UPYIOIIAs 4acThna. Hama mnpoMBINUIEHHOCTh BBIITYCKAE€T TaK Ha3bIBa€MbIE
ycraHoBku Ttumna «by», comepkamue anmaparypy, HEOOXOAMMYIO JJIsl THUTaHHUS CYETUHKOB,
YCUJIUTEIb, C TOMOIIBIO KOTOPOTO UMITYJIbC TOKA B CUETYMKE YCHUIMBAETCS 10 TAKOW BEIMYHHBI,
YTO IPUBOJUT B JICHCTBUE pEJIe HyMEPATOpa, IPEIHA3HAYEHHOT'O JIs1 OTCUETA YMCIIa BOSHUKIINX
B cuetynke ['eiirepa wummynscoB. Jlns Toro droOwsl cuetumk [eiirepa «cpaboTaiy,
MOHM3MpYIOLIasl 4YacTHLa JOJDKHA NPOHMKHYTH BHYTPb €r0 - IPOWTH uepe3 CTeHKU. Eciau
M3JIy4eHHE NOIJIOMAETC CTEHKAMU CYETYMKA, TO NPUMEHSIOT IJIsl PErMCTPAlUU TAKUX YACTHIL
00 OYEHb TOHKHUE CTEHKH, JIN0O CIEIUaAIbHbIE TOHKHUE OKOIITKH.

B TopiieBbIX cueTUMKax HUTh 3aMEHAETCs Urioil A. B nepenHeit CTeHKe cueTynka JAenaeTcs
otBepctue B, 3akpriBaeMoe (hosibroit Hy>kKHOM TONMMIUHBI (puc. 3).

Cuerunku [elirepa NpUMEHSIOTCA U ISl CUETA -KBAHTOB, -KBAHThI BBI3BIBAIOT B CTEHKaX
cueTunka (poTornekTpuyeckuit F3PpPexT uium KoMnToH-3¢GeKT. BripBaHHbIE U3 CTEHOK CUETYHKA
($0TO- ¥ KOMOTOH-3JIEKTPOHBI M BO30YKJIAIOT Pa3psl B CUETUHKE.

u|:|.||f_r_|
~ |_ A Eﬂy

K ACKITIEOMETIDY
L YCURUREND

Puc.3 Cxema TopiieBOro cueTyuka.

B) MeToa TOICTOCTOWHONW (POTOIIACTHHKUA. MeToa TOJICTOCIONHBIX (DOTOTUIACTUHOK OBbLT
pa3pabotan MpeicoBckuM u JKaaHoBbIM. MIMU M3rOTOBISUTHCH CHeMAIbHBbIE (OTOTUIACTUHKU C
yTOJMIEeHHBIM ciioeM (oTodmynbenn (50—300 MK).-9acTUIBl TIPU JABMXKCHHH B TaKOM CJIO€
BBI3BIBAIOT PA3JIOKEHHE OpOMHUCTOrO cepedpa TONBKO B TEX 3€pHAx, uepe3 KOTOphbie OHH
npouutd. [locne nposiBiieHus: Tako# MIACTUHKY B HEH BO3HUKAIOT «JOPOKKID U3 OCATUBIIETOCS
cepebpa, XopoIIo BUIUMBIE B MUKpockore. Kaxmast Takast TOpoKKa MpeACTaBIseT co00i cres
nBurasineics yactuipl. [1o Bennyune npodera -4acTUIBI MOXKHO ONPEAETUTH €€ SHEPTHIO.

90



Tonctocnolinbie (OTOIUIACTUHKA TPUTOTHBI IS PETHCTPAllMd HE TONBKO -ITydei, HO U
JIpPYrHMX CHWJIBHO MOHHU3UPYIOIIMX YacTUI[ - IPOTOHOB, NEHTpoHOB. B HacTosiiee Bpems
W3TOTOBJISIIOTCS U Takue (DOTOTUIACTUHKH, B KOTOPBIX MOXHO OOHapYy>KMBATh CJENbl YaCTHUI] HE
CTOJIb CUJIbHO HOHU3UPYIOLIUX, B YACTHOCTH, AJIEKTPOHOB OOJIBIION IHEPIHHU.

Oobopyoosanue u mamepuaivl.

B paGore wucnomb3yercss TopuoBblld cuetuynk [ eirepa-Mromnepa. Hcciaemyemsrit
pPaIMOaKTUBHBIM HCTOYHHK B TEPMETUYECKOM KallCcylie pa3MelleH Ha jaep:karene, CBOOOJHO
NepeMenarnieMcsl 0 CKaMbe OTHOCUTENIbHO cyeTyuka. (s m3aMepeHHsl pacCTOSHHUS MEXay
CUETYMKOM U 00pa3lloM Ha CKaMbe YCTaHOBIIEHA HM3MEpUTENbHAs JHHEWKa, a Ha JaepiKarese
oOpa3ia HaHeceHa pucka. [lornotutenem OGerta-yacTuil ABISETCS HAOOP TOHKUX AITIOMHUHHMEBBIX
MJIACTHH, TIOMEILIEHHBIX Ha CHEHaJIbHOM Jiepkaresie. TouHa KakKI0i TUIACTUHBI yKa3aHa Ha
KOJIbIIE JIeprKaTes.

Ykazanun no mexnuke 6ezonacnocmu.
1. K BeImonHeHHto 71a00paTOPHBIX PabOT AOMYCKAIOTCS CTYACHTHI, M3YUYHUBIIHE MpaBHIIa
TEXHHUKHU 0€30M1acHOCTH.
2. JlabGopaTtopHble pabOTHl MOTYT MPOBOJUTHLCS TOIBKO MOJI PYKOBOACTBOM U HAOIIOICHUEM
TpernoiaBaTers.
3. Pacnonaraiite mpuOOphl, MaTepuaibl, 00OpyIOBaHHE Ha pabodyeM MecTe B TOPSJKE,
YKa3aHHOM TIPETo/IaBaTeIICM.
4. He nepxxute Ha pabodyeM CcToJie PEeIMEThI, HE TPEOYIOLTUECs sl BBIMIOJTHEHUS 3aJaHusl.
5. Tlepen Tem, Kak MPUCTYNHUTH K pabOTe THIATEIHHO M3y4YUTE €€ ONMHCaHHE, YSICHUTE XOJI
BBITIOJTHEHUSI PAOOTHI.
3aoanus.
1. BkirouuTs IpuOOpsl YCTAHOBKH U JJaTh UM MPOTPEThCs B TeueHue 10 MuH.
2. YCTaHOBHTH HA CUETUYHKE pabouee HAPsHKCHHUE U ONPEACIIUTD «()OH» CUeTUHKA.
3. TlomecTuTh B «IOMHK» HCCIEAYEMBbI HCTOYHUK O€Ta-u3MydyeHHs] U ONpeAelUTh
HavaIbHYI0 HHTEHCHUBHOCTD O€Ta-M3JIydeHUs! IPH OTCYTCTBUH TOTJIOTUTEIIS.

4, I/ICHOHIBYH H2160p AJIIOMHMHHUCBBIX IJIACTHH, CHATH 3aBUCUMOCTh MHTCHCHBHOCTHU Octa-
HU3IY4YCHUA OT TOJIIWHBI d TIOTJIOTHUTENS. HOCTpOI/ITI) M0 TIIOJYYCHHBIM OJaHHBIM KpPHUBYIO
IOTJIOIICHMA.

91



5. B nemsx Oojiee TOYHOTO ONPEAEICHUS MaKCHMAJIbHOTO Mpobera  3KCTParoJisaLuio
HE0OXOUMO TPOM3BECTH MO TIpadUKy KpHUBON MOTJIOLIEHUS (IO OCH OpJIMHAT OTKJIAJbIBAIOT
3Ha4eHud In/, a mo ocu abcuuce — d).

6. Ucnonw3ys popmyity (8) U HaliIeHHOE TTyTeM IKCTPAMOJISAIUNA 3HAYCHUE , OTPEICITUTh
BEJIMYMHY MaKCUMaJIbHOM SHeprun 6era-yacTull.

7. OLIeHUTH NMOTPEIIHOCTh PE3YJIBTATOB.

CHsiTHEe 32aBHCHMOCTH MHTEHCUBHOCTH 3JIEMEHTAPHBIX YaCTHI OT PACCTOSIHUS /10
HUCTOYHUKA U3JTyYeHHUsI

1. BKJIIOUNTB YCTAaHOBKY B CETh YCTAHOBUTH BpeMs peructpanuu 10 cexyHa.

3. VYcraHOBHTH HayalbHOE paccTOssHUE R MeXIy CUMHTWUIALMOHHBIM SKPAaHOM H
IIPENnapaToM, COOTBETCTBYIOIEE HYJIEBOM TOUKE IIKAJIBI.

4. Hcnonp3ysh yCTaHOBKY, ONpPEIEIUTh WHTEHCHUBHOCTh | 3Jl€MEHTapHBIX YacTHIl JUIs
HA4aJIbHOT'O paccTosHus R.

5. VYBenumuuTh paccTOsSHUE MEXAY HSKpaHoM M mpemnapatoM Ha 0,5 ¢cM U NOBTOPHUTH
U3MEpPEHUS] UHTEHCUBHOCTH.

6. Ilpomoimkas yBenmnuuBarh pacctosHus R yepe3 0,5 cM, NOBTOpATH H3MEpEHUS
MHTEHCUBHOCTH 3JIEMEHTApHBIX YaCTHUII IO BCEH JUIMHE TUHEUKU pudopa.

7. Ilo mony4eHHBIM JAaHHBIM MOCTPOUTH rpaduk 3aBucumoctH | = f (R) u onpenenuts
cpeanuit mpoder Ry, sxcTpanonupoBannbiii R, 1 mapametp pasopoca s.

8. IlpomuddepenuupoBas rpaduuecku mnomydeHnyro kpuyio I = f (R) ompegenuts
cpeanuit mpoOer Ry kak abciuccy MakcuMyMa KpHBOM:

9. OLeHNUTBH NOTPEIIHOCTh PE3YJIHTATOB.

Cooeporcanue omuema.

OtyeT no n1abopaTopHBIM paboTaM JOJKHBI COIEPIKATD:

- TUTYJIBHBIN JIUCT;

- 11eJIb paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIpEJIeJIEHUH, MOHATHH, HopMy;
- OCHOBHOE 000py/I0BaHHUE, CXeMa YCTaHOBKHU;

- OMMCAHME IO MyHKTaM BBIIOJIHEHHON paboThI;

- pe3ysbTaThl U3MEPEHHH U pacueToB (TabauIbl, TpadUKH);

- OLIEHKA IIOTPEITHOCTEN;

- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJIbI IO PE3yJIbTaTaM BBIMOJIHEHHON paboThl, 1aTa, MOIHCh.

Konmponwvnwvie éonpochwi.

UYrto Takoe paIMOaKTUBHOCTH? BH/IbI paInOaKTUBHOIO U3ITyUYECHUSI.

dusnueckas IpUpoOAA -, - U - U3IIyYCHUM.

MeTop1 perucTpaluuy pauoakKTUBHBIX U3TyUSHHN.

Omnucath paboty cuetunka I eiirepa-Mromepa.

CdopmynupoBaTh npaBuia paauoaKTUBHOTO U3ITyUYEHHUS.

3anucath (GopMyidy paJMOaKTHBHOrO pacrazaa. l[louemMy KiaccMdyeckuid MeTOJl He

00BSCHSIET MPUPOTY -pactaga’?

Omnwucars -pacnaj ¢ MO3ULUNA KBAHTOBOM MEXaHUKH.

Onucats -pacnaj] ¢ TO3UIMHA KBAHTOBOW MEXaHUKH.

9. B uewm 3axiouaeTcs METOJ| ONpeeNeHHs JUIMHBI CBOOOJHOro mpobera 3JIeMeHTapHOM
YaCTHIIBI B TaHHOHN paboTe?

10. 3anucats popmyuity I'eiirepa.

11.B dyem 3akmrouaeTcss METOJ OMNPEICIICHHsS] SHEPTHH AJIEMEHTAPHBIX YacTHI[ (METO
MOTJIOIICHHMS)?

ANl S

Sl

5. Yueono-memoouueckoe u ungpopmayuonnoe obecneuenue OucyuniuHbl
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5.1 Ilepeuenv ocnoeéHOll u O0ONOIHUMENbHOU JUMEPAMYPbl, HEOOXOOUMOU Ol
0C80eHUA OUCUUNTUHDL
5.1.2 Ilepeuenv ocnosnoit tumepamypeol:

1. ®usuka a8 By30B: MEXaHWKa M MOJICKYJspHas (u3uka [DIEKTpOHHBIH pecypc]:
yueOonnk / B.A. HukepoB. - MockBa : M3narenscko-ToproBasi kopropamus «JlamkoB u K°»,
2017. - 136 c¢. : Tabm., rpad., cxem. - ISBN 978-5-394-00691-3;-URL:
http://biblioclub.ru/index.php?page=book&id=450772

2. TamsikoBa-bymkesuu, U.W. ®usuka : B 2 4. / .M. TamnsikoBa-bymkesuu. — 2-e
u31., ucnp. — MuHck : Beimmiimmas mikomna, 2014, — Y. 1. Mexanuka. MonekynsipHast puznka u
TepMOJMHAMMKA. DJIEKTPUUYECTBO UM MarHeTu3sM. — 304 c. : un., cxeM. — Pexum gocryna: mno
noamnucke. — URL: http://biblioclub.ru/index.php?page=book&i1d=235732

3. TamubikoBa-bymkesuu, .M. ®usuka : B 2 u. / .M. TauusikoBa-bymkesuy. — 2-e
W31., uctp. — MuHck : Beimmiimas mkona, 2014. — Y. 2. Ontuka. KBantoBas pusuka. CtpoeHue
U (u3nueckue CBOMCTBa BeriecTBa. — 232 ¢. : Wil., CXeM., Tabll. — PexxuM mocTyna: 1o mojAmucKe.
— URL: http://biblioclub.ru/index.php?page=book&id=460883

5.1.3 Ilepeuenv oononrnumenvHoil 1umepamypol:
1. Jlekuun mo yueOHoW gucuurimHe «OCHOBBI — TEOPETHUECKOH  (PU3UKM.

DOnekTpoaMHaMHKa. [DNeKTpoHHBIN pecypce]| : yueOHoe mocobue / E.W. Kyxaps. — DnekTpoH.
TEKCTOBble JaHHble. — Bousrorpaa: Bosrorpaackuif  rocyZapCTBEHHBIH — COLMANIBHO-
nejaroruyeckuid  yausepcurer, 2017. — 57 c¢. — 2227-8397. — Pexum pocryna:

http://www.iprbookshop.ru/70731.html
2. Hukepos, B.A. ®usuka: coBpemenHnslii kypc / B.A. HukepoB. — 2-e u3zn. — Mocksa :

W3 narenscko-Toprosas kopnopanus «/lamxkos u K°», 2016. — 452 c. : wi. — PexxuMm goctyna: no
noanucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.

5.2 Ilepeuenv yueoHO-MemoOuueckozo obdecneueHus camocHmoOAMENbHOU padomol
o00yuarowuxca no OucCyunIuHe

1. Meroauyeckue PEKOMEHIAIMU JUISI TIOJTOTOBKM K TPAKTHYECKAM 3aHATHSIM TI0
nucuuruHe « Du3nkay.

2. Meronudyeckue pPEKOMEHIAIMH Il TOJTOTOBKM K JIAOOPATOPHBIM 3aHATHUSM I10
aucuuruHe « u3nkay.

3. MeTtomudeckue peKOMEHIAIMH TI0 OPraHU3allii CaMOCTOSITEIBHON PabOTHI CTYICHTOB
o gucturinHe «duznkay.

5.3 Ilepeuenv  pecypcoé  uHDOPpMAUUOHHO-MENEKOMMYHUKAUUOHHOU  cemu
Humepuem, Heodx00umvlx 0151 0C60CHUA OUCUUNTIUHDBL

1. http://www.biblioclub.ru -ObC "YHuBepcurerckas 6MbIM0TEKa OHIAH"

2. http://www.iprbookshop.ru/ - DnekrponHo- 6ubnmoreunas cucrema [IPRbooks
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MUHUCTEPCTBO HAVKHU U BBICIIIET'O OBPA3OBAHU S POCCUNCKON ®EJIEPAIIN
OEJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIBHOE
YYPEX/JIEHUE BBICHIEI'O ObPA3OBAHUMA
«CEBEPO-KABKA3CKHWI ®EJIEPAJIbHBIN YHUBEPCUTET»

[Tsaturopckuii nacTUTYT (Prmmnan) CKOY

MeToanyeckue peKOMEHIaluu

10 OPTaHU3allUHA CAMOCTOSITEIIFHOM PaOOTHl 00YJAFOIITIXCS
no aucuuminae «OPU3NUKA»
JUISL CTYJIEHTOB HAINpaBJieHUs MOATOTOBKH
10.03.01 MuadopmarmonHas 6e30macHOCTh, be30macHOCTh KOMITBIOTEPHBIX CUCTEM

ITaruropck 2024
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Conepxanue

Baenenue

OOmast xapakTepUCTHKA CaMOCTOSTEIBbHOH paboThl 00yYaromerocs
n3ydyeHuu gucuuiuinabl « DU3NUKA»

[Tnan-rpaduk BHINMOIHEHUS CAMOCTOSITEIILHONW PabOThI

KoHTponbHbIE TOYKH ¥ BUIBI OTYETHOCTH 110 HUM

Meroanueckie peKOMEHIAINH 110 U3YUYEHUIO TEOPETHUECKOTO
MaTepuaia

Crucok peKoMeHAyeMO JINTepaTyphl.

pu
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BBenenne

CamocrosiTennbHast paboTa — TMIaHUpyeMmas ydeOHas, ydeOHO-HCClIeI0OBATEIhCKAs,
HAy4YHO-HCCIeI0BaTeNbCKasi padoTa CTYyCHTOB, BHITIOJIHSEMAas BO BHEAyIUTOPHOE (ayAUTOPHOE)
BpeMs 10 3aJ@HUI0 M TP METOJUYECKOM pYKOBOJACTBE IpenojaBareis, HO 0e3 ero
HENOCPEACTBEHHOTO y4yacTHs (MpU YaCTUYHOM HEMOCPEJCTBEHHOM Y4YacTUHU IpernojaaBaTers,
OCTAaBJISIFOIIEM BEIYIIYIO POJIb 32 paOOTON CTYCHTOB).

CamocTtosTenbHass pabota cTyneHToB B BY3e sBnsieTcss BaXHBIM BHJIOM Y4eOHON U
HAYYHOH J1eATeNbHOCTH CTYJICHTA.

Benymas unenp opranmsanuu u ocyuectBieHus CPC pomkHa coBmagaTh C LEJBIO
oOydeHusi CTyJeHTa — MOATrOTOBKOW OakanaBpa ¢ BeICHIMM OOpa3oBaHueM. llpu opranuzanuu
CPC BaxHBIM U HEOOXOIMMBIM  YCIIOBUEM  CTaHOBATCS  (opMHpOBaHHE  yMEHHS
CaMOCTOSITENILHOM PabOThI Ui MpUOOpEeTeHUs] 3HAaHUH, HABBIKOB M BO3MOKHOCTH OpraHU3alMu
y4eOHOM U HAYYHOU JeATSILHOCTH.

[lenbto camocToATENbHONU PabOTHI CTYJEHTOB SIBISIETCS OBNaJicHue (yHIaMEeHTaIbHBIMU
3HAHUSAMHU, TPOPECCHOHANTBHBIMU YMEHUSIMHU U HaBBIKAMH JESTEILHOCTH MO MPOGUITIO, OMBITOM
TBOPYECKOH, HCClIeoBaTeNbCKOM  fesrenbHocTH. (CamocrodTenbHass paboTa  CTYJIEHTOB
CIOCOOCTBYET Ppa3BUTHUIO CaMOCTOSITEIBHOCTH, OTBETCTBEHHOCTM M  OpPraHU30BaHHOCTH,

TBOPYECKOTO MOIX0/1a K PEIICHUI0 MPo0OJieM YI4eOHOTO U MPOPECCHOHATHHOTO YPOBHSI.
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O0mas xapakTepucTHKA CAMOCTOSATeJIbHOM PadoThl 00y4Yaomerocsi Npu U3y4eHuu

JUCHHUILIMHBI «PU3HKa»

CamocTtosTenbHass pabota - IUlaHUpyeMass YyuyeOHas, ydeOHO-HCClieJoBaTeIbCKas,
HaY4YHO-HMCCIIeI0BaTENIbCKasg paboTa CTy/IEHTOB, BHIMOIHAEMAs BO BHEAYAUTOPHOE (ayJUTOPHOE)
BpeMs 10 3aJaHUI0 M TP METOJUYECKOM pYKOBOJICTBE TpenojaBareis, HO 0e3 ero
HEINOCPEJACTBEHHOTO y4yacTHs (MpU YaCTUYHOM HEMOCPEJCTBEHHOM YYaCTUHU MpernojaBaTers,
OCTaBJISIOIIEM BEAYIIYIO POJIb 32 pabOTOI CTYACHTOB).

CamocrosrenbHass pabota cTyAeHTOB B BY3e sBisercs BaXHbIM BHJIOM Y4eOHOH H
HAy4YHOU JIeATENIbHOCTH cTyAeHTa. CaMocTosTeNbHas padoTa CTYJAEHTOB UIPAET 3HAUUTEIbHYIO
pOJIb B PEUTHHTOBOW TexHoJoruu oOydeHus. B cBs3u ¢ atum, oOyuenue B BY3e Brirouaer B
ce0s 1Be, MPaKTUYECKU OJIMHAKOBBIE 110 00BEMY U B3aMMOBIHUSHHUIO YacTH — Mpoliecca 00ydeHus
u npouecca camoodydenus. [loatomy CPC nomxna crath 3((eKTUBHON U IieNeHaNpaBlIeHHON
paboToii CTyIeHTA.

K coBpemMeHHOMY CHIelIMATUCTY OOIIECTBO MPEABSBISIET TOCTATOYHO HIMPOKUI NEpeUeHb
TpeOOBaHUl, cpeAr KOTOPHIX HEMAJIOBaXHOE 3HAYCHHE KMEET HAJIM4YUE Y BBIITYCKHUKOB
OIpEJICIEHHBIX CIOCOOHOCTEH M YMEHHS CaMOCTOSITENBHO JO0OBIBATh 3HAHUS M3 Pa3IHMUHBIX
MCTOYHUKOB, CHCTEMAaTHU3WPOBATh TMOIYYECHHYI0O HH(GOpMAIHIO, JaBaTh OIEHKY KOHKPETHOM
¢unaHcoBol cutyanuu. @opMupoBaHUe TAKOTO YMEHHS TPOUCXOIUT B TEUEHHE BCEro Meproa
oOydeHusi uepe3 ydacThe CTYIACHTOB B MPAKTUYECKUX 3aHATHUSAX, BBINOJHEHHE KOHTPOJBHBIX
3aJJaHU{ ¥ TECTOB, HAIMCAHHWE KYpPCOBBIX M BBIMTYCKHBIX KBaTM(PUKAIMOHHBIX paboT. [Ipu sToM
camocTosITeNIbHas paboTa CTYAEHTOB HUIpPaeT pEIIAIOUIYI0 poOJib B XOJ€ BCEro y4eOHOro
mporecca.

Benymas nens opranuzaumu u ocymectsieHnss CPC nomkHa coBmajnath € LETBIO
o0y4yeHHUsl CTyZeHTa — MOATOTOBKOM crienuanucTa U 06akajgaBpa ¢ BbICIIUM oOpa3oBaHueM. [Ipu
opranmzaimn CPC BaXHBIM M HEOOXOJMMBIM YCJIOBHEM CTAaHOBSTCA (POPMHUpOBAHHE YMEHHS
CaMOCTOSITENTLHOM pabOThl JJIsl MPUOOPETEHHs 3HAHUM, HaBBIKOB U BO3MOXKHOCTH OpPTaHU3alUU
y4eOHON U HAyYHOH JCATEIHHOCTH.

@OopMBbI  CaMOCTOATENILHOW paboOTBHl CTYJIEHTOB pa3HooOpa3Hbl. B cooTBeTcTBHM C
paboueil mporpaMMoil JUCHUILTUHBI MPETYCMOTPEHBI CIEAYIOUINE BHIBI CAMOCTOSTEIHHON
paboTHI CTy/IEHTA:!

- CAMOCTOSITEIIbHOE U3yUYEHHE JINTEPATYPHI;

- CaMOCTOSTEILHOE PELIECHUE 3a/1a4.

Ileny camocmoamenvHo20 u3yuenus aumepamypvl — CaMOCTOATEIBHOE OBJIAJICHUE

3HaHUAMMH, OIIBITOM HCCJ’I@}IOB&T@J’ILCKOﬁ JACATCIIBHOCTH.
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3adayamu caMOCTOSTENILHOTO U3yUEHHS JIUTEPATYPHI SABIISIOTCS:

o yriayOJeHne U paclIMpeHne TEOPETUUECKUX 3HAHUM;

o dbopMHEpOBaHNE YMEHHI HCIOJIH30BATh HOPMATHBHYIO, MPABOBYIO, CIPABOYHYIO
JOKYMEHTAIMIO U CHIEUAIbHYIO JINTepaTypy;

. pa3BUTHE NO3HABATEIBHBIX CIIOCOOHOCTEN M aKTUBHOCTH CTY/IEHTOB.

Ilenv camocmoamenvnozo pewienus 3aday - OBJAJEHUE MPO(ecCHOHATBHBIMU
YMEHUSMH H HaBBIKAMU JEATEIHHOCTH 110 TPOPIITI0 Oyaytien 1esTeTbHOCTH.

3adauamu caMOCTOSTETBLHOTO PELICHUS 3a/1a4 SIBJISIOTCS:

. cUCTeMaTH3allis W 3aKpeIUIeHHE TOJYYEeHHBIX TEOPEeTHUECKUX 3HAHUH U
MPAaKTUYECKUX YMEHHI CTYICHTOB;

o dbopMupoBanue CaMOCTOSITENIbHOCTH MBIIUICHHUS, crocoOHoOCTeH K
CaMOPa3BUTHUIO, CAMOCOBEPILICHCTBOBAHUIO U CAMOPEAIN3aLINY;

o pa3BUTHE UCCIIEI0BATEIbCKIX YMEHUI.

Llenvro camocmoamenvHo20 6bINOIHEHUA pPACUEMHO-2PAPUUECKOU padompl  TI0
IVCIUIUIMHE SIBIISIETCS  OBNIQJIeHWE (YHIAMEHTAIGHBIMU 3HAaHUSAMH, MPO(HECCHOHATEHBIMU
YMEHHUSMHU U HaBBIKAMH JESTEIbHOCTU MO NMPO(UIIIO, ONBITOM TBOPUYECKOM, HCCIEI0BATENbCKOM
JesTebHOCTH.

3adauamu JAHHOTO BUJA CAaMOCTOSTEIBHON pabOThI CTYACHTA SBIISIOTCA:

o CHUCTEMAaTH3alus W 3aKpEeIUICeHHE TIONYYCHHBIX TEOPETHUECKUX 3HAHUH U
MPAaKTUYECKUX YMEHHUH CTYIEHTOB;

o yriIyOJIeHHEe U pacIIupeHUue TEeOPETUYECKUX 3HAHUIA;

o ¢dbopMHpOBaHHE YMEHHI HCHOJIB30BATH HOPMATHUBHYIO, MPABOBYIO, CIPABOYHYIO
JTOKYMEHTAIIHIO U CIICIIHATBHYIO JINTEPaTypy;

J pa3BUTHE MO3HABATEIbHBIX CIIOCOOHOCTEH M aKTUBHOCTU CTYJIEHTOB: TBOPUYECKON
MHHUIIMATHBBI, CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH M OPraHU30BaHHOCTH;

o ¢dopmupoBaHue CaMOCTOSITENIbHOCTH MBIILUICHHUS, CTIOCOOHOCTEH K
CaMOpa3BUTHUIO, CAMOCOBEPILIEHCTBOBAHHUIO M CaMOpeaIn3aliy;

J pa3BUTHE UCCIIEI0BATEIbCKUX YMEHUIL;

. UCTOJNb30BaHUE  MaTepuasa, COOpaHHOTO M  TOJYYEHHOTO B  XOJe
CaMOCTOSITENIFHBIX 3aHATHI Ha CEMUHAapax, Ha MPAKTUYECKUX U JTAaOOPAaTOPHBIX 3aHATHUAX, TPU

HaIMCaHUH KypCOBON pabOTHI.
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B pesynbrare

OCBOCHU

JUCLUITINHEI

bopmupyroTcs

CICAYIOIIUNA IepeYeHb

IJIAaHUPYEMBIX PE3YJILTATOB O6y‘-ICHI/ISI o JUCHUIIIINHEC, COOTHECEHHBIX C ITaHUPYCEMBIMU

pe3yabTaTaMHi OCBOEHUS 00pa30BaTeIbHOM POrpaMMBbl:

Kon, dopmynupoBka
KOMIETEHIINU

Kona, dopmynupoBka
MHAMKATOpa

[Tnanupyemble pe3ynbTaThl
00y4YeHHs 10 TUCTIUTUTHHE
(Moaymio),
XapaKTepU3YIOIINE ITaIbI
(dbopMupoBaHus
KOMITETEHIINH, HHIUKATOPOB

OIIK-4 CniocobeH npuMeHsTh
HeoOXxoauMbIe pU3nUYecKue
3aKOHBI U MOJEIIHN JIJIst
peIIeHus 3a1a9
npohecCuoHaTbHOM
JIEATEIBHOCTH

W-1onk4 3HaTh: pusndeckue
3aKOHBI " MO/IEIH,
HEOOXOMMbIE TNPHU PELICHUU
3a7a4 B Tpo(deccHoHaIbHOM
JeSITebHOCTU

I/IJ_I-2 OIIK-4 YMeTn:
NPUMEHSATh HE00X0UMBbIC
busznueckue 3aKOHBI u

MOACIIN JIA PCHICHUA 3aJad

npodeccuoHanbHOM

e TeIbHOCTH

HJ1-3 OTIK-4 Bnanets:
HaBBbIKaMU MOACIIUPOBAHUA
JUISL  pelieHus  3aJad B
npodeccuoHanbHON
JIESITEIbHOCTH.

3HaeT OCHOBHBIC (PU3UICCKUE
SIBJICHHSI U 3aKOHBI MCXaHHKH,
AJIEKTPOTEXHUKH,
TCTUIOTEXHUKH, ONITHKU U
sIepHON (PU3UKU U UX
MaTEeMaTHYECKOE OTHMCaHUE.
YMeeT npuMeHsITh
(bu3nYecKre 3aKOHBI
MEXaHUKH, MOJICKYJISIPHOM
(bu3nKH, TEPMOAUHAMUKH,
AJIEKTPUYECTBA U MarHETU3Ma
ISl pEILICHUS] TUTIOBBIX 3a]1ay.
Brnaneer MmeTonamu aHanmm3sa
(U3HYECKUX SIBJICHU B
TEXHUYECKUX YCTPOUCTBAX U
cucTeMax.
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IInan-rpadguk BbIIOJHEHHSI CAMOCTOSATEJILHOM PadoThI

OO0BeM 4acoB, B TOM YHCIIE
Konapr
CpenctBa u KontaktHas
pean3yeMbIx Bun nesrensHOCTH
. TEXHOJIOTHH pabora ¢
KOMIIETEHIIN, CTYJEHTOB CPC Bcero
OIICHKH npenojaBaT
WHIUKaTopa(oB)
eJeM
Ounas ¢gopma o0yueHus, 1 cemecTp
CamocTosTennbHOe CoGece1oBamH
U3y4EHHUE JIUTEPaATyphl : 3,24 0,36 3,6
OIIK-1 1o TeMam Nel-18

WI-1onk.1 [Toxgroroska Co0OecenoBanu 324 0.36 3.6
NJI-2 onk-1 JIEKITUSM €
WJI-3 onk.1 IToarorosxka k

J1a00paTOPHBIM C06eceeﬂOBaHH 9,72 1,08 10,8

3aHATUSAM

Hroro 3a 1 cemectp: 16,2 1,8 18
HTroro: 16,2 1,8 18

MeToauuecKkue PECKOMEHAAIUHA 110 H3YYCHUIO TEOPETUICCKOI0O MaTepuaja

CamocrosrenbHas paboTa CTyI€HTa HAYMHAETCS C BHUMATEIbHOIO O3HAKOMIJIEHHS C
coJiepKaHueM y4eOHOro Kypca.

W3ydenune kaxa0i TeMbl CIeyeT HAaUMHATh C BHUMATEIFHOI'O 03HAKOMJICHHS ¢ HAbOpoM
BonpocoB. OHU OPUEHTHUPYIOT CTYAEHTA, MOKA3bIBAIOT, YTO OH JOJDKEH 3HATh MO JAaHHOU TEMe.
Bonpocsl Tembl kak Obl HaK/IaJbIBalOTCS Ha COOTBETCTBYIOLIYIO IJIaBy MU30paHHOTO ydyeOHMKa
Wy yuyebHoro nocobus. B utore 10mKkHO OBITH SICHBIM, KaKUE BOIIPOCH TEMbI Y4eOHOI0 Kypca 1
C KaKoW TIyOMHOM PacKphITHl B KOHKPETHOM Y4eOHOM MaTepHaje, a Kakue BOOOIIEe OMYIICHBI.
Tpebyercst TBOpUECKOE OTHOIIEHHUE U K CAMOMY COJIEP’KAHUIO JUCLUILIIUHBI.

Bormpocsl, cocTaBistonye ee conepikanue, o0JaaaroT pa3HON CTETeHbI0 BaXKHOCTH. EcTh
BOIPOCHI, BBIMOJIHAIONINE (YHKLHUIO JIOTHYECKOM CBA3KM COJEp’KaHHMs TeMbl M BCEro Kypca,
HMEIOTCS. BOIPOCHI OIUCATENBHOTO MM Pa3bsCHUTEIIBHOTO XapaKTepa, a TAaKKE UCTOPUUYECKOTO
JKCKypca B 00JacTh M3y4yaeMOW AUCHMILIMHBL. Bce 3TH BONpPOCH! HE COCTABIISIIOT CYTH IOHS-
TUIHOT0, KOHLENTYaJIbHOTO COJEP’KaHUsl TeMbl, HO HEOOXOANUMBI JUIsl LIEJIOCTHOTO BOCIPUATHUS
U3y4aeMbIX MPoOIeM.

N3ydaeMass AMCLMIUIMHA MMEET CBOM KAaTerOpHAIbHO-NOHATHIHBIA anmapar. Hayunele
MOHSTUA — 3TO Ta 0a3a, Ha KOTOPOU CTPOUTCS Kakjaas Hayka. [loHSATHS — y35I0BbIE, ONIOPHbIE
IYHKTHI KaK HAyYHOT'O, TaK U y4€OHOI0 MO3HaHMs, JJIOTHYECKHE CTYIIEHU ABMKEHHs B yueOe OT
IIPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIIHOCTU. be3 sicHOro moHMMaHus MOHATHH yueba KpaiiHe

3aTPYAHACTCA, a COACPIKAHUC HpI/IO6peTeHHBIX 3HAHUM CTAaHOBHUTCS TYCKJIbIM, pacCIlIbIBYaThIM.

100




CTyneHT AOKEH INOHHMMAaTh, YTO CaMOCTOSITENIBHOE OBJIQJACHUE 3HAHUSMHU SIBIISETCS
TJIaBHBIM, ONpeleNsIolMM. BpIcmias Imkona co3fgaer Juisi 3TOr0 HEOOXOAMMBIE YCIIOBHUS,
nomMoraer OyJyleMy BbICOKOKBAIM(UIMPOBAHHOMY CIEIUAINCTY OBJIAJEeTh TEXHOJOTUEH
CaMOCTOSITEIILHOTO NMPOU3BOICTBA 3HAHUM.

B camocrosarenbHO paboTe CTyOeHTaM NPUXOAMTCS HCIOJIb30BaTh JINTEPATypy
pa3NUYHBIX BUAOB: TIEPBOMCTOYHHMKH, MOHOTpaduu, HaydHble COOPHUKH, XPECTOMATHH,
y4eOHUKH, y4yeOHble mocoOusi, KypHaiel W Ap. M3ydeHue Kypca mpeamnojaraeT 3HaKOMCTBO
CTYIGHTOB ¢ OOJIbIIMM OOBEMOM HAay4YHOW M y4eOHOW JMTepaTypsl, UYTO, B CBOIO OYEpEb,
MOPOXk/IAaeT HEOOXOIMMOCTh BBIPA0OTKM Yy HHUX pPAlMOHAIBHO-KPUTHUECKOTO TMOAXOAa K
M3y4a€MbIM UCTOYHHKAM.

YroObl HE «yTOHYTH» B OIPOMHOM OO0OBEME pPEKOMEHIOBAHHBIX €My JUIsl HM3Y4YeHUS
WCTOYHHUKOB, CTYJEHT, MPEXKAE BCETO, NOJDKEH HAYyUNUTHCS NMPaBWIBHO MX 4MTaTh. [IpaBuibHOE
YTEHWE PEKOMEHJIOBAaHHBIX MCTOYHHMKOB INPEATNOJIAracT CJIE€JOBAHHE HECKOJIBKUM HECIIOKHBIM,
HO BECbMa I10JIE3HBIM IIPaBUJIaM.

[TpenBapuTenbHbI MPOCMOTP KHUTH BKJIIOYAET O3HAKOMIICHHE C THUTYJIBHBIM JIMCTOM
KHWTH, aHHOTalUWEeH, INpEeAuCIOBHEM, OIIaBieHueM. [Ipy O3HAaKOMJIEHMHM C OIJIaBICHHEM
HE00XOIMMO BBIICIHTh pa3/ieibl, II1aBbl, naparpadsl, MpeICTaBIAIONINE I BaC MHTEpEC, OErIIo
UX TPOCMOTPETh, HAWTH MecTa, OTHOcAUIMecs K TeMe (abzaipl, CTpaHHIbI, maparpadbl), u
MMO3HAKOMUTHCSI C HUMHU B OOLIMX YepTax.

HayuHble u31aHus CONPOBOXKIAIOTCS Pa3IMYHBIMKM BCIIOMOTaTENbHBIMU MaTEpHaIaMu —
Hay4yHBIM alllapaTroM, MOATOMY BaKHO 3HAaTh, U3 KaKUX OCHOBHBIX 3JIEMEHTOB OH COCTOMT,
KAaKOBBI €70 (DYHKIIMH.

3HAaKOMCTBO C KHHUIOW JIydllle BCEro HAYMHATHh C W3Y4YEHUS AaHHOTAUU — KpaTKOU
XapaKTEPUCTHUKU KHUTH, DPACKPBIBAIOIIEH €€ COAepKaHHWEe, HUACHHYI0, TEMATHYECKYH) U
’KAHPOBYIO HAIPaBJICHHOCTb, CBEACHUS OO0 aBTOpe, Ha3HaYeHHE W JApPYrHe OCOOCHHOCTH.
AHHOTAaIMs IOMOTAEeT COCTABUTH NPEABAPUTEIILHOE MHEHUE O KHUTE.

['my0Oxe MOHATH coAepKaHME KHUTH IO3BOJISIIOT BCTYNHUTENbHAs CTaThsi, B KOTOPOM
JlaeTcsl OLIEHKa COJEp)KaHMsl KHUTHW, 3aTparuBaeMol B Heill mNpoOieMaTHKH, COAEpPKUTCS
uHpOpMalUs O XKU3HEHHOM M TBOpUECKOil Omorpaduu aBTOpa, BBICKA3BIBAIOTCS MOJIEMUYECKUE
3aMeuaHusl, Pa3bSCHAIOTCS OTIENbHbIE IMOJIOKEHUS KHUTH, JAIOTCS KOMMEHTapuu W T.1. Bor
MOYEMy 3HAKOMCTBO C BCTYNHTEIbHON CTaTbel MPEICTABIISIETCS OYEHb BaXKHBIM: OHO NTOMOTaeT
CTYIEHTY COPHEHTHPOBATHCS B TEKCTE paboThl, 00paTUTh BHUMaHHE Ha ee Hanbolsee IIeHHble U
Ba)KHBIE Pa3ZeiIbl.

Toii ke 1enu cCoAeuCcCTBYET 3HAKOMCTBO C OIVIABJIICHHEM, NPEAUCIOBHEM, MTOCIECIOBUEM.

Becpma mone3HBEIMH 3JIEMEHTAMU HAay4dHOro arnimapara ABJIIFOTCA CHOCKH, KOMMCHTAapHHU,
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Tabmuupbl, rpaduku, CcHUCKU JuTeparypbl. OHU HE TOJNBKO WUIIOCTPUPYIOT OTICNIbHBIC
IIOJIOKCHUA KHUTH HUJIM CTaTbHU, HO W CaMH IIO cebe SBIAIOTCSA JOINOJIHUTCIBbHBIM HMCTOYHHUKOM
nH($OpMaLUU AJI YUTATENS.

Ecnu durarens 3auHTEpecoBajia Kakasi-TO BbICKa3aHHAs aBTOPOM MBICHb, HE Halle/Ias
MOJPOOHOT0 OCBEIICHUS B JAHHOM HCTOYHHUKE, OH MOXKET OOpaTHTbCS K TEKCTy HCTOYHHKA,
YIOMHHAEMOT'0 B CHOCKE, JTM0O K UCTOUYHUKY, KOTOPBIA OH MOXET HAalTH B CIHCKE JINTEPaATyphI,
PEKOMEHIOBAaHHOH aBTOPOM IS CAMOCTOSITEIEHOTO U3yUEHHUS.

Cy1iecTByeT HECKOJIBKO (JOpPM BEJICHUS 3aITUCEH:

— I1aH (MPOCTOM W pa3BepHYTHIN) — Hambosee kpaTkas (popMa 3aliCcH MPOYUTAHHOTO,
NpeJCTaBysiomas Cco0Oi TepeueHb BOMPOCOB, pPACCMAaTPUBAEMBIX B KHUTE€ WM CTaThe.
Pa3BepHyThlli maH npenacTaBiser coboi  Oosiee MOAPOOHYIO 3amKMcCh HPOYUTAHHOTO, C
JeTanu3anreil OTAEIbHbBIX MOJ0KEHUH 1 BBIBOAOB, C BHIMUCKOM IIUTAT, CTATUCTUYECKUX JIaHHBIX
U T.1. Pa3BepHyTHIH IUIaH — HEOICHUMBIH MOMOIIHUK TPU BBICTYIJICHUH C JIOKJIAJOM Ha
KOHKPETHYIO TEMY Ha CEMHUHApe, KOH(pEPEHIIHH;

— TE3HUCbl — KPaTKO C(i)OpMy.TII/IpOBaHHBIe IIOJIOKEHUSI, OCHOBHBIE IIOJIOKCHHUS KHUIHU,
crathu. Kak mpaBumiio, TE3UCH COCTABISAIOTCS MOCIE NPEABAPUTEIHLHOIO 3HAKOMCTBA C TEKCTOM
MCTOYHHUKA, TIPH €ro MOBTOPHOM IpouTeHHH. OHM MOMOTAIOT 3alIOMHUTh U CUCTEMAaTU3UPOBATh
UHOPMAIIHUIO.

CocraBieHne KOHCIIEKTOB

Bonplryio poias B yCBOGHUHM U MOBTOPEHHM HPOMICHHOrO MaTepuaja UrpaeT XOpOLIHii
KOHCIIEKT, COJIepKAllliil OCHOBHbIE MJI€H POYUTAHHOTO B YUYEOHUKE U YCIBIIIAHHOTO B JICKLIUH.
Koncnekt — 370, 110 CymiecTBy, HaOpPOCOK, pa3BEpHYTHIN TUTaH CBSA3HOTO PaccKasa Mo OCHOBHBIM
BOTIPOCAM TEMBHI.

B kakoil-ro Mepe KOHCHEKT paccuuTaH (B 3aBUCHUMOCTH OT WHIUBHIYaJIbHBIX
0COOEHHOCTEH CTyJEeHTa) HE TOJBKO HA MHTEIUICKTYAIbHYI0 M SMOIMOHAIbHYIO, HO M Ha
3pUTEIBHYIO TaMsTh, MPUYEM TEKCT KOHCIIEKTa HEPEAKO AaCCOIUHPYETCS elle M C TEKCTOM
y4eOHHMKA WM 3aluChio JeKIuH. [lodToMmy Jerde 3amoMHHAETCs COJIEp)KaHWE KOHCIEKTOB,
HalMCaHHBIX pa300pUUBO, ¢ MOJYEPKUBAHUEM WM BBIIEICHUEM DPa3psAAKON KIHOYEBBIX CIOB U
pas.

CaMOCTOATENbHO W3YyYeHHBIE TEMbl MPEOCTABISIOTCS TPEToAaBaTeNio B (dopme
KOHCIIEKTa, TI0 KOTOPOMY IIPOMCXOTUT cobecenoBanme. TeopeTnueckne TeMbl Kypca (OTIebHbIe

BOHpOCLI), BBIHOCHUMBIC Ha CaMOCTOATCIIbHOC U3YUYCHUC, IIPCACTABJICHBI HUKC.
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Bonpocsl k 3k3ameny

OCHOBHBIC TIOHATHS KHHEMATUKA. Y PaBHCHUS JBHUKCHHS MAaTEPHATLHOW TOYKH.
VYrioBasi CKOpOCTh U YIII0BOE YCKOPEHHE.

TanreHnManbHOE, HOPMAIBHOE U TIOJIHOE YCKOPEHHUS.

3akoHsl HproToHa.

[TpuHIMn oTHOCKUTEIFHOCTH [ anmies.

Yupyrue cuiibl, OTHOCUTENbHAS 1eopMalivs, MEXaHUIECKOe HalpsKeHue, 3akoH ['yka.
3aKOH COXpaHEeHMsI UMITYJIbCA.

LenTtp Macc uHepiuu. J{BixeHNe EHTpa UHEPIHH

Pabota, MOIITHOCTH, PHEPTHS: TIOHATHUS U B3aUMOCBSI3b.

. Kunetnueckasi, noreHuaabHas U MOJIHAS MEXaHUUYECKasi SHEPTHs Tea.

. 3aKOH COXpaHEHMsI SHEPTUH.

. CBSI3b OTEHIIMATILHON YHEPTUU U CUIIBI.

. Kunematuka BpamaTCJIbHOI'O ABHUXKCHUS.

. MomeHT cuiibl. YpaBHEHHE JMHAMUKHU BPALIATEIbHOTO JIBM)KEHUS TBEPAOTO TeJa.

. MoMeHT nMIysbca ¥ 3aKOH €r0 COXPaHEHHUS.

. Kunernueckast sHeprus npu BpallaTeJbHOM JBM)KEHHMH. MOMEHT uHepuuu. Teopema

[ITeinepa.

Koneb6arenbHble mporecchl B MexaHuke. MexaHn4eckue rapMOHHUUECKue KojaeOaHus.
DHeprus MaTepUAIbHOW TOYKH, COBEPIIAIOIICH TapMOHUYECKHE KOJICOaHusI.
CBoOoHbBIC 3aTyXarolue KoieOaHus.

Boinyxxnennsie konebanus. Pesonanc.

. YpaBHEHHE COCTOSIHUS U/I€aTIbHOIO rasa.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.

OcHOBBI MOJIEKYJISIPHO-KMHETUYECKOM Teopuu. M3omnporieccs! B razax.
3akoH MakcBeiuia 0 pacpeIelIeHUH MOJIEKYJI JICAJIbHOTO T'a3a 110 CKOPOCTSIM.
bapomerpuueckas hopmyia.

Pacnpenenenue bonbimana.

BHyTpeHHss 3HEeprus uaeabHOrO raza

BHyTpeHHss sHeprus MHOroaToMHOro ra3a Pabora B TepMoinHaMUKe.
Pabora raza npu n30TepMuiecKoM IpolLecce.

IlepBoe Ha4yanO TEPMOJUHAMUKH.

PaGora raza npu u3meHeHuu ero oobema.

AnabaTHbIN U TOAUTPOIHBIN MPOLIECCHI.

TemmoeMkocTh. YpaBHeHue Maiiepa.

IIpuMmeHeHne nepBoro Hayajga TEPMOJAUHAMUKH K U30IIPOLIECCaM.
Outponus. HepaBenctBo Knaysuyca.

Bropoe Hauano TepMOAMHAMUKH.

Temooii nurareins. Teopema Kapho.

Me:xMOoeKyJIIpHOe B3aUMOIECHCTBHE.

VYpaBuenue Ban-nep-Baainbca.

BHyTpeHHss sHEPrus peajabHOro rasa.

KnuakocTi M UX onMcaHue.

CmauuBanue. KanuuispHble sSIBIEHUS.

Huarpamma cocrosinus. TpoliHas To4Ka.

[Tonsitue anexTpudeckoro 3apsana. 3akoH KyioHna. 3akoH coxpaHeHUs 3apsiza.
DNEeKTPUYECKUMA TUTIOND.

Onexrpuueckoe nosie. HanpspkeHHOCTD MOoIs.

Teopema ["aycca 11st HAPSYKEHHOCTH JIEKTPUUYECKOTO TTOJIS.

Pa3snocTh norennuanos. CBA3b HANPSHKEHHOCTH U Pa3HOCTH ITOTEHLIMAJIOB.
OcHOBHbIE YpaBHEHUS 3JIEKTPOCTATUKU B BaKyyMe.
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49. JIMPNEeKTPUKH B IIEKTPUUYECKOM II0JIE.

50. IIpoBOJHUKU B AJIEKTPHUUECKOM IOJIE.

51. DIIEKTPOEMKOCTh YEINHEHHOTO TPOBOJHHKA.

52. KonzaeHcaTopbl. DIEKTPOEMKOCTh KOHJIEHCATOPA.

53. DHeprus 3apsyKEHHOTO MPOBOJHUKA. DHEPIHs 3apsKEHHOTO KOHJIEHCATopa.

54. DHeprus 3NeKTPUYECKOro MoIsl.

55. Dnexrpoasukyias cuia. 3akoH Oma 1711 OTHOPOIHOTO U HEOJTHOPOJHOTO yYacTKa LETH.

56. ConpoTHUBJIEHUE TPOBOJHUKOB.

57. IlpaBuna Kupxroda 1 ux npuMeHeHHEe K pacyeTy 3JIeKTPUUECKUX LIenei.

58. 3akon [Ixxoyns — JleHna.

59. PaboTa 1 MOITHOCTb TOKA.

60. Kinaccuueckas 35eKTpOHHAs: TEOPHUS POBOAUMOCTH MeTaiioB. D¢ ekt Xoia.

61. HaxonuTe CKOPOCTH U yCKOPEHHUE, CPEAHION, CPEAHIOI0 ITyTEBYIO, MTHOBEHHYIO CKOPOCTH.

62. HopManbHO€, TaHT€HIIMAIBHOE U MTOJTHOE YCKOPEHUE.

63. HaxonuTe yriioByt0 CKOpPOCTb M YTIIOBOE YCKOPEHHE.

64. [IpumensTe 3akoHbl Hbl0TOHA.

65. IlpuMeHATh 3aKOH COXPaHEHUS DHEPIHUH.

66. IIpuMeHATh 3aKOH COXpPaHEHUS UMITYJIbCA

67. MOMEHT criIbl OTHOCUTEIBHO TOUYKH U OTHOCUTENIBHO OCH BpAILlEHUS.

68. MOMEHT MMITyJIbCa MAaTE€pUATBHOM TOYKHM OTHOCHUTEIIBHO TOYKH U OTHOCHUTEIBHO OCH
BpalllCHUS.

69. OCHOBHBIE TapaMETPbl MAKPOCHUCTEM.

70. YpaBHEHHUE COCTOSHUS NAEAIBHOTO ra3a (ypaBHeHnue Kianelipona-Mennaeneesa).

71. KonmnuectBo TemnoThl. TermmoeMKocThb. CBSA3b yACIBHON U MOJISIPHOM TETUIOEMKOCTEM.

72. YpaBHEHHE COCTOSIHUSI peabHOTO ra3a (ypaBHeHue Ban-nep-Baanbca).

73. IlpumeHeHue nepBoro Hayaia TEPMOAMHAMUKH K ainadaTHuecKoMy MPOLIECCy.

74. Ypasuenue IlyaccoHa.

75. Jlnarpamma coctosHus. TpoitHas ToUuka.

76. PaboTa 1o nepeMerieHuo 3apsa B 3JeKTPOCTaTUYECKOM TOJIE.

77. IloTeHnma 1mosist TOYEYHOTo 3apsiaa.

78. Cuila TOKa U IJIOTHOCTh TOKA.

79. 3akoH Oma B 00600111eHHO popme.

80. PaboTa n momHocTh TOKa. 3akoH J[xoyms — Jlenma

81. MeronaMu pelieHus 3a/1a4 Mo KHHEMATHKE.

82. MeTtoamu penieHus 3a1a4 0 JUHAMHUKE.

83. HopMmanbpHOE, TAaHT€HIIMATIBHOE U IOJHOE YCKOPEHHE.

84. HaxoauTh yIriloByr0 CKOPOCTb U YIJIOBOE YCKOPEHHE.

85. [IpuMensTh 3akoHbl HhrOTOHA.

86. [IpuMEHSTh 3aKOH COXpAaHEHUsI SHEPTUU.

87. IlpuMeHsTh 3aKOH COXPAaHEHHS UMITYJIbCA

88. MOMEHT CUJIbl OTHOCUTEIBHO TOYKH U OTHOCUTENIBHO OCH BpAILIEHUS.

89. MOMEHT uMIyJIbca MaTE€pPUAIBHOW TOYKM OTHOCHTEIBHO TOYKHM M OTHOCHTEIBHO OCH
BpalllCHUS.

90. YpaBHEeHHE COCTOSAHUS UICATBHOIO Ta3a.

91. KonngecTBo TemIoThl. TeNI0eMKOCTb.

92. CBs13b yaenbHOW U MOJISIPHON TEIIIOEMKOCTEM.

93. YpaBHEHUE COCTOSIHUS PEAIBHOTO Ta3a.

94. [IpumeHeHne epBOro U BTOPOro Hayana TEPMOJAMHAMUKH.

95. Tennosoii aBurarens. Teopema Kapho.

96. MexxMOIIeKyISIPHOE B3aUMOJICHCTBUE.

97. YpaBuenue Ban-nep-Baanbca.

98. BHYTpeHH:s1 SHEPTHsI peajJbHOrO rasa.
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99. Cuna Toka U INIOTHOCTbh TOKa. 3akoH OMa B 000011IeHHOH dopme.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.

BriBoa 3akona Jlxoyns - Jlenna.

MarauTtHoe 1oJie ¥ €ro OCHOBHBIE XapaKTEPUCTUKH.

3akoH buo - Capapa - Jlamiaca u ero npuMeHeHue.

3akoH AMriepa. BzaumoeiicTBue napauienbHbIX TOKOB.

MarauTtHasi UHAYKLHS.

Cuna Jlopenuna.

JIBi>KeHHe 3apsiKeHHbBIX YacTHIl B OAHOPOJHOM MarHUTHOM IOJI€.
HexoTtopslie npuMeHeHHs MarHUTHOTO 1ouist. D¢ ekt Xoa.

Teopema o mupKyJISIMKY BEKTOpa. MarHuTHeIE MOJIS COJICHOMA U TOPOUIA.
ITotok BekTOpa MarHuTHOM MHAYKIMU. Teopema ["aycca i MarHUTHOTO MOJISL.
OnekTpoMarauTHas uHAyKus. 3akoH dapanest.

Nunykumonneii Tok. [IpaBuno JleHuna.

ITpupona 3/1C nanykunn. 3/1C MHAYKIIMY B HENOABM>KHBIX IPOBOJHUKAX.
[upkynsauus BEKTOpa HAPSHKEHHOCTH BUXPEBOTO AIEKTPUYECKOTO TOJISL.
Toxu dyko. CkuH-3)PeEKT.

YpaBuenus Makcsenna.

SIBnenue camouHayKIMH. UHIYKTUBHOCTH TPOBOJAHUKOB.

SIBneHus pH 3aMbIKAaHUU U Pa3MBbIKAaHUH TOKOB B LIETIH ¢ UHAYKTUBHOCTHIO.
B3aumuast uHIyKIMs. DHEprusi MArHUTHOTO MOJIS

KonebarenbHblil KOHTYD.

Onucanue 31EKTPOMArHUTHBIX KOJie0aHHH B KoJiebaTeIbHOM KOHTYpE.
CBoOonHbIe KosleOaHus. BeiHyKIeHHBIE KOJIeOaHUS.

3aK0H MOJHOTO TOKa. TOK CMEIIeHHs.

EnvHas Teopus 371€KTpUUECKUX M MarHUTHBIX sIBJIEHUH MakcBeia.
Cucrema ypaBHeHu MakcBesia.

CKopocTb pacnpocTpaHEHHsI dJIEKTPOMArHUTHOTO TOJIS.
PenstuBHCTCKAs TPAKTOBKA MAarHUTHBIX SIBJICHUH (OOIIME TTOTOKECHHMS).
IlepeMeHHBIH 2IEKTPUUECKUIN TOK: OCHOBHBIE IOHATHUS U 3aKOHBI.
BuxpeBoe 351eKTpudeckoe mnoJe.

Mo1uHOoCTb, BblEsAEMAas B LIENH IEPEMEHHOTO TOKA

®oromerpusi. OCHOBBI T€OMETPUUECKON ONTUKH.

3aKOHBI OTPAYKEHUS U MPETOMIIEHHS CBETA.

SIBnenue nosHOrO BHyTpeHHEro oTpakeHus. [Ipunnun @epma.
JIun3bl, popMyIia TOHKOM JTHH3HI.

OnTuyeckas cuia JUH3bIL.

N300pakeHre MpeMETOB C MOMOIIBIO JIMH3. 3epKaa.

Cucrema JIMH3 KaKk OCHOBA ONTHYECKUX TPUOOPOB.

SIBnenuie nHTEpEPEeHIIMH CBETOBBIX BOJIH.

Jludpakuus cBeToBbIX BOJIH. JudpakinonHas penierka.
B3aumoaeicTBie 37€KTPOMarHUTHBIX BOJIH C BELIECTBOM.

Hucnepcus cseta. Iloriomenue cpera.

Paccesinue cera. Dddext Jlomnepa.

[Tonspuszanus ceera.

3akoHbI TerIoBoro u3nyueHus. 3akoH Credana-bonbimana.

3akoH BuHa.

DorodddexT.

VYpaBHeHue DitHIITeHHA 17151 BHENTHETO (hoTodddekTa.

Macca, sHeprust 1 UMIyJbc (HOTOHA.

JHasnenue ceera. Dpdext KomnrToHa u ero snemeHTapHasi mpupoa.
Monenu aroma Tomcona u Pezepdopaa.

JIuneituartsiii ciexktp aroma Bogopoaa. Iloctynarsr bopa.

105



151. Cnextp atoma Bogopoja no bopy.

152. KopnycKyJsspHO-BOJHOBOM JTyaju3M CBOMCTB BEIECTBA.

153. Hexotopsle cBoiicTBa BOJH ¢ bpoiins.

154. Oouee ypaBHenue llpeaunrepa.

155. DnemeHTHI COBpeMEHHON (PU3UKU aTOMOB U MOJIEKYIL.

156. Cocras, 3apsa aTOMHOTO siipa. MaccoBoe u 3apsI0BOE YUCIa.

157.  Jledext macchl 1 3Heprus cBsi3u sapa. CouH 1pa ¥ €ro MarHUTHBIM MOMEHT.

158.  SnepHble CHIIbI, UX CBOMCTBA, MOJCIH SiApA. 3aKOH PAJMOAKTUBHOTO pacraja.

159. OnemeHrapuble yacTuipl. KocMuueckoe n3imydyeHHe.

160. Knaccuduxanus snemeHTapHbIX yacTull. Ouznyeckas KapTHHA MUpa.

161. 3akon Ammnepa.- BzanmonelicTBrue napauuieabHbIX TOKOB.

162. /IBnykeHune 3apsyKEHHBIX YaCTULl B MATHUTHOM IIOJIE.

163. Pabota o nepeMerieHuo NpOBOAHUKA B MAarHUTHOM TI0JIE.

164. IlpaBuio JleHna. Bpamenue pamku B MAarHUTHOM IoJie. Buxpesbie TOKH.

165. Toxu mpu pa3MbIKaHUH U 3aMBbIKAHUH LIETIH.

166. B3anmHas MHAYKLMS.

167. YpaBHeHue CBOOOIHBIX KOJCOAHUIA.

168. 3aryxaromme kojiebaHus B KOJIeOATEIIHHOM KOHTYPE.

169. BbIHYXJE€HHbIEC 3JI€KTPOMArHUTHBIE KOJICOaHUsI.

170. Ilepemennslil ToK. [lepeMeHHBII TOK Yepe3 pe3UCTop

171.  IlepeMeHHBIN TOK Yepe3 KaTyLIKy UHIYKTUBHOCTH.

172. IlepeMeHHBIN TOK Yepe3 KOHAECHCATOP.

173. llenb nepemeHHOrO TOKa, coaepxkamas R-L-C.

174. Pe3oHaHC HanpsHKEHUM.

175. Pe3oHaHC TOKOB.

176. IlIkana 31eKTpPOMarHUTHBIX BOJIH.

177.  JIMH3BI U UX XapaKTEPUCTUKH.

178. Metoasl HaOMOACHUS UHTEPPEPECHITNHN CBETA.

179.  Ilonockl paBHOTO HAaKJIOHA.

180. Ilonockl paBHOM TOJIIIMHBI.

181.  Koapua HeroToHa.

182. Judpakuus Openens.

183. Mudpaxuus Opaynrodepa.

184. Jludpakuus Ha IPOCTPAHCTBEHHON pellIeTKE.

185. Paznuuus B 1uppakiMOHHOM U MPU3MATHYECKOM CHEKTpax.

186. EcrecTBeHHBIN U MOJISIPU30BAHHBIN CBET.

187. IlpoxoxneHue cBeTa uepes ABa nojispuszaropa. [lonsgpuzanus ceera npu OTpaxeHUH
Y TIPEJIOMJICHUH Ha TPaHUIIE IBYX TUAJIEKTPUKOB.

188.  JIBoitHOE JTy4yenpernoMIICHHE.

189. HckyccTBeHHast ONTUYECKask aHU30TPOMUS, BPAILICHHE TIIOCKOCTH MOJISPU3AIUH.

190. YacTtuia B OJHOMEPHOH NPSMOYTOJIBHOW «IOTEHIMANIBHOM siMe» C OECKOHEYHO
BBICOKMMHU «CTEHKaMM».

191. TyHHenbHBINA Y3PPEKT.

192.  Coektp aToma BOJIOpoOa.

193.  Cnun snextpoHa. CHMHOBOE KBAHTOBOE YHUCIIO.

194. Monekynpl: XUMHYECKHE CBSI3U, TMOHATHE 00 DHEPreTUYECKUX YpPOBHSX.
Mounekynsipaele criekTpsl. [lornomnienue.

195. CnoHTaHHOE M BBIHYK/ICHHOE U3JIy4YCHHE.

196. Bounsl [le-bpoiins u kBanToBbIe ycnoBusa bopa.

197. BepoATHOCTh HAXOXKICHUS MHUKPOYACTHIIHI.

198. VYpasuenue lllpenunrepa B onepatopHoii popme.

199.  IloTeHIManbHBINA MUK ¥ MOTEHIIUATLHBIN Oapbep.
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200. IIpunnun IMaymu.

Cnmcok pekoMeHyeMoii JJuTepaTypsbl

Ilepeuenv ocHo6HOU TUmMeEpamypbl:
1. Imutpuesa E.W. ®usuka [DnekTpoHHbIH pecypc] : yueoHoe nocodue / E.W. JImutpueBa. —
2-e u3a. — DJNEeKTPOH. TeKCTOBbIe AaHHbIe. — Capartos: Ail [1u Op Menua, 2019. — 143 c. —
978-5-4486-0445-4. — Pexxum noctyna: http:/ www.iprbookshop.ru/79822 . html
2. Huxepos, B.A. ®usuka: coBpeMeHHbIH Kypc : yueOHuk / B.A. Hukepos. - 2-e uzn. - Mocksa :
N3 paTenscko-Toprosas koprnopauus «JlamkoB u K°», 2016. - 452 c. : un. - ISBN 978-5-394-
02349-1 ; To xe [Dnexrpounslit pecypc]. - URL: http://biblioclub.ru/index.php?
page=book&id=453287

Ilepeuens oononnumenvnoil 1umepamypol:

1. Pomanosa, B.B. ®u3uka: npuMepsl pemeHus 3a1a4 : yueonoe nocodbue / B.B.
Pomanoga. - Musnck : PUIIO, 2017. - 348 c. : cxem., Tabi. - bubnuorp. B kH. - ISBN 978-985-
503-737-9 ; To xe [Dnexrponnsiii pecypc]. - URL: http://biblioclub.ru/index.php?
page=book&id=487974

Ilepeuens pecypcos ungpopmayuonno-meneKOMMyHuKayuonnou cemu « Mnmepnuemy

1. http://www.biblioclub.ru -OBC "YuuBepcuterckas 6ubnuorexa onmaiiH"

2. http://www.iprbookshop.ru/ - DnekrponHo- 6ubmmoreuynas cuctema IPRbooks

3. http://elibrary.ru/ - eLIBRARY.RU - HAVYUYHASA DOJIEKTPOHHASA
BUBJIMOTEKA
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