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Conepxanue

BBenenue

Henp 1 3a1a4n U3y4eHUS TUCIUTUTHHBI
O6opyaoBaHue U MaTepUAIIbI
HaumenoBanue mabopatopHbix padboT
ConeprkaHue 1a00paTOPHBIX padoT

JlaGopatopHas padota Ne 1. O6paboTka pe3ynbTaToB PU3NUIECKOTO IKCIIEPUMEH-
ta. VI3ydeHue IBMKEHHUS Tena OpPOIIEHHOTO O] YTIIIOM K TOPU30HTY
JlaGopatopHas pabota Ne 2. M3ydyeHne 3aKOHOB JUHAMUKHU MOCTYNATEIbHOTO U
BpAIllaTEeJIbHOTO ABUKEHUH C TOMONIBI0 MAallIMHbI ATBY1a

JlaGopatopHnas pabora Ne3. OmnpeneneHue CKOPOCTH IOJIETa IMyJIH C MOMOILBIO
(u3nyecKoro MasiTHUKA

JlaGopatopHas 51 pabota Ned. Onpenenenue nepuona kojaeOaHuit puznyeckoro
MasiTHAKa

JlaGopatopHas pabota Ne5. Onpenenenue korphuIMeHTa BHyTPEHHETO TPEHUs
YKUJKOCTH METOJIOM Tajaromiero mapuka (meroa CTokca).

JlaGopatopHnast pabota Ne6. OnpezneneHre OTHOLIEHUS YJEJIbHBIX TEIIOEMKO-
CTE BO3/yXa METOIOM aTuabaTHIECKOTO PaCIIHPEHHS

JlaGopatopHas pabota Ne7. M3yueHue 371eKTpOCTaTUYECKOTO MOJIS.

JlaboparopHast pabota Ne§. Mi3mepeHue CONpOTHBIICHHUS C TOMOIIBIO0 MOCTa Y UT-
CTOHA

Jlaboparopuas pabora Ne9. HccnenoBanue 3JIEKTPUUIECKON [ETH MOCTOSHHOTO
TOKa

JlaGopatopHas pabota Nel0. Vzydenue siBIeHUs 3JI€KTPOMAarHUTHON MHITYKIIHH.

JlabopaTtopHnas padota Nel 1. Onpesenenrie ropu30HTAIBHON COCTaBJISIONIEH
WHAYKIIMA MAaTHUTHOTO MO 3eMITH

JlabGopaTtopHas pabota Nel2. MccnenoBanue kojaebaHui B IPOCTOM KoJieOaTeb-
HOM KOHTYpe

JlabopaTtopnast padota Nel3. M3mepeHne AIUHBI CBETOBON BOJHBI C TTIOMOIIBIO
TU(HPaKIIMOHHON PEIIETKY.

JlaboparopHas pabota Nel4. M3yuenue BHemrHero hoTodddekra.

JlaGopaTtopHnas padota Nel5. 3yueHnne sHEPreTUUECKOTro CIIEKTPa JIEKTPOHOB.
JlaboparopHas pabota Nel6. M3yueHne KOCMHUUECKOTO H3ITYUCHHS.
JlaGopatopnas padota Nel7. IIpoBepka 3akona Mamoca.
Y4eOHO-MeToAMYecKOe  NH(DOPMAIIMOHHOE 00eCTICYCHHE JTUCTIUILTAHBI
[lepeyeHr OCHOBHOM U JOMOJHUTEIBHON JIUTEPATypPhl, HEOOXOAMMOM JJISI OCBO-
€HUs JUCHUILINHBI

[lepeyenp yueOHO-METOAMYECKOTO 00ECIICUEHUSI CaMOCTOSITEIbHOM paboThl 00y-
YaroIIMXCS 10 JUCLUILINHE

[lepedyensr pecypcoB HMH(POPMAIMOHHO-TEIEKOMMYHUKAIMOHHOW ceTn MuTep-

Crp.



HECT, HCO6XOI[I/IMLIX JJI1 OCBOCHUA JUCHUITIIMHBI



BBenenue

JlaGopaTopHble 3aHATUS CO3JAlOT ONTHUMAJIbHBIE NUJAKTUYECKUE YCIIOBUS IJI JIE€ATENb-
HOCTHOI'O OCBOEHHSI CTYI€HTaMM COZAEPKAaHUS M METO/I0JIOTUU U3y4aeMON AUCHUILINHBI «Du3u-
Ka», UCIOJIb30BAHUE CIIEUAILHOIO J1a00paTOpHOro 000py10BaHUS U TEXHUUECKUX CpeacTB. Jla-
OopaTopHbIE 3aHATHS 3aHMMAIOT NPEUMYILIECTBEHHOE MECTO IpU H3yueHHH obuenpodeccuo-
HAJIbHBIX U NMPO(ECCUOHANBHBIX AUCUUILINH. JIabopaTopHble 3aHATHS IPOBOAATCA C LIEIbIO BbI-
pabOTKU MPAKTUYECKUX YMEHUHN U MPUOOPETEHUS HaBBIKOB B PELLICHUH YKCIIEPUMEHTHBIX 3a/1a4,
0TpabOTKM yNpaKHEHHH, BBIMOJIHEHUH YepPTEkKei, TPOU3BOJICTBE pacU€TOB U T.I1.

Lenbto 1a0OPaTOPHBIX 3aHATHH sBiIgETCS HOPMUPOBAHHE MPAKTUUECKUX YMEHHUH — Mpo-
(heccroHaNBHBIX (BBIOIHATH ONPENEIEHHBIE IEHCTBHSA, ONEepaIlii, HEOOXOJUMBIE B TIOCIEIYIO-
ieM B NpodeccuoHaIbHOMN AESITENbHOCTH) WM YUYEOHBIX, HEOOXOIUMBIX B IOCTeAyIoUIel yueo-
HOM JI€ATEeIbHOCTH M0 00IenpoecCHOHAIbHBIM U TPOPECCHOHATBHBIM TUCIIUITITMHAM.

bubnuorpadudeckuii CIMCOK COAEPKUT CBEACHHUS O CIIPABOYHOM JIUTEPAType U AONOTHU-

TCJIIbHBIX U3JaHUAX, HGO6XOHI/IMBIX JJIA yFHYGJIeHHOFO HU3YUYCHUSA OTACIBbHBIX BOIIPOCOB.



1. Ilenw u 3a0auu uzyyeHus OUCyUNIUHbL

[{enpro ocBOEHUS TUCTUTIITUHBI « DU3MKa» sSBIsSETCA (POPMUPOBAHHUE Y CTYACHTOB KOMIIE-
TEHIUI MO3BOJISIOUINI BEIpaO0OTaTh HaBBIKU (PU3HUECKUX HCCIeOBaHUMN B cepax akajgemMuye-
CKOM, mpodeccHOHANBbHOMN U 00IIeHAyUYHON JesTeNbHOCTH.

3a£[atm OCBOCHUA TUCHUIIIINHBI:

U3Y4YCHHE 3aKOHOB OKPY KAIOILETr0 MUPa B UX B3aUMOCBSI3H;

OBJIa/ieHue (PyHIaMEHTaJIbHBIMHM MPUHLIUIAMUA U METOJAMU PELICHUs] HAYyYHO-TEXHUYECKUX
3azay;

(bopMHpOBaHKE HABBIKOB MO MPUMEHEHHIO MOJOXEeHUH (pyHIaMeHTaIbHOM (DU3MKM K Ipa-
MOTHOMY HayYHOMY aHaJM3y CUTyaluil, C KOTOPbIMU UH)KEHEPY NMPUXOAUTCS CTAIKUBATHCA
IIPU CO3JJaHUH HOBBIX TEXHOJIOTUH;

OCBOEHHE OCHOBHBIX (PM3NYECKUX TEOPHil, O3BOJSIOLIUX ONUCATh ABJICHUS B NMpPUPOJE, U
MpeieJIOB MPUMEHUMOCTH 3TUX TEOPHI JIJIsl PEILIEHUS] COBPEMEHHBIX U MEPCIEKTUBHBIX TEX-
HOJIOTUYECKHUX 3a/1ay.

2. Obopyooeanue u mamepuanol

JlabopaTtopusbiii cteHa «Ckambst JKykoBckoroy. JlabopatopHslii creHn «Mammmaa ATBynay. Jla-
OopaTtopHbIii cTeH «MasTHuk MakcBema». Habop nemoHcTpanimoHHbIil « MexaHU4YeCKre sB-
nenus». Habop nmaboparopusiii «MexaHuKay (paclIupeHHBIN).

Bechl TexHn4ecKkne HACTOIBHBIE C pa3HOBECAMH JJIeMOHCTpaMoHHbIi. Habop nemMoHcTpannon-
HBIH «/lMHaMuKa BpamarenbHOro aBmkeHus». Tpyoka HetoTona. Habop neMoHCTpannoHHBIH
«["a30BbIC 3aKOHBI ¥ CBOMCTBA HACHIIIICHHBIX MapoBy. Habop qemMoHCTpannoHHBINH «MONeKysip-
Hast (pu3uKa U TeryIoBbIe ssBIeHUs». Habop JeMoHCTpanMoHHbIH «3BYKOBBIE KOJIEOaHUS U BOJI-
HbD». Habop nemMoHcTpannoHHbIN «/[nHAMUKA BpamaTebHOTO ABMKECHU». Habop nemMoHcTpa-
UOHHBIHN «]'a30Bble 3aKOHBI U CBOICTBA HACKIILIEHHBIX TapoB». Habop neMoHCTpalimoHHbIN
«MonekynspHas pU3UKa U TEIJIOBbIE SBICHUS.

KomruiekT yuebHoit mebemn.

3. Haumenosanue nadopamopHnuix padom

N3 Hux npakTu-

Ne Tembl HanmeHnoBaHue TeM TUCHMILUIMHBI, UX KPATKOE Ob6bem
4yecKast MOAroTOB-
JUCLUIIIUHBI colepKaHue 4acoB
Ka, 4acoB
1 cemectTp

JlabopaTopnast pa6oraNe 1. O6paboTka pe-
3yJIBTAaTOB (PU3NYECKOTO dKcrepuMenTa. U3y-
YCHHUE JIBKCHUS Tella OPOIIICHHOTO O] YTJIOM
K TOPU3O0HTY.

W3y4nTh METOJIbI KOJIMYECTBEHHOTO U rpadu-
YCCKOro npeACTaBJICHHUA OKCIICPUMCHTAJIbHBIX




pe3ynbraToB. [loaTBEpAUTH Ha ONBITE CIIpa-
BEJIUBOCTb ()OPMYJI KHHEMATHUKH.

JlabopaTopnasi padoraNe 2 M3yuyenue 3axo-
HOB JJUHAMUKHU IOCTYIATEIbHOIO ABUKEHHUS C
IIOMOUIbIO MallIUHbI ATBY/a.

ITpoBepka 3aKOHOB MOCTYNATEIBHOTO JBUKE-
HUS C IOMOILBIO MAaIIUHBI ATBy/1a.

JlaGoparopHas padoraNe 3. Onpenenenue
CKOPOCTH TI0JIETA ITYJIU C MTOMOIIBIO (hr3mye-
CKOTO MasiTHHKA.

Hayuuthcst onpenensitTe CKOPOCTh MOJIeTa MyJIu
C MOMOIIIBI0 (PU3UYECKOTO MAsTHUKA.

JladopaTopnasi padora Ne 4. Onpezenenue
nepuoJia KojaeOaHuit pU3nIecKoro MasiTHUKA.
Omnpenenenne CKOPOCTH TOJIETA ITYJIU C TIOMO-
b0 (PU3HUYECKOTO MAsITHUKA.

JladopaTopnasi padora Ne 5. Onpezenenue
K03 pHIIMEeHTa BHYTPEHHETO TPEHHUSI KUIKO-
CTH METOJOM ITaJJAafOIIEero mapuka (MeTox
Croxca).

[To3HAKOMUTBCS C METOIOM U3MEPCHHS BSI3KO-
CTH YKHJIKOH CPE/IBL.

JladopaTopnasi padora Ne 6. Onpenenenne
OTHOIICHHUS yJISIBbHBIX TEIUIOEMKOCTEH BO3TY-
Xa METOJIOM aIMadaTHIeCKOr0 PACIIUPEHHS.
W3yunTh ra3oBbie 3aKOHBI, TIEPBbII 3aKOH TEp-
MOJUHAMHUKH U TIOHSATHE TeroéMKkocTr. Omnpe-
JICTTUTh OTHOIIICHUE TETIOEMKOCTEH BO3IyXa
[IPY TIOCTOSIHHOM JIaBJICHHH U TIOCTOSTHHOM
ooweme (korddunment [lyaccona) B ycnoBusix,
OJM3KHUX K HOPMAJIbHBIM.

JlabopaTopnasi padora Ne 7. 13yuenue smek-
TPOCTATUYECKOT'O MOJIS.

N3y4enue aneKTpoCTaTUYECKOro MoJIs; 1o-
CTPOCHUC SKBHUIIOTCHINAJIBbHBIX HOBCpXHOCTefI
OIS

JladopaTopnasi padora Ne 8. Mzmepenue co-
MIPOTHUBJICHUS C IOMOUIBI0O MOCTa Y UTCTOHA.
[enbto paGoThI sIBIISIETCSA U3YUYEHHE METO/1a
MU3MEPEHHS COTPOTUBIICHUS! TPOBOIHUKOB C
MTOMOIIIBI0 MOCTOBOW CXEMBI U OTIPE/ICTICHNE
yAEJIBHOI0 COMPOTUBIICHUS MaTepuala mpo-
BOJHHUKA.

JlabopaTopHasi padora Ne 9. MccnenoBanue
AIIEKTPUIECKOM IETH TTOCTOSIHHOTO TOKA.
I/I3yquHe 3aBUCHUMOCTH CHJIBI TOKA, Hanpsmce-
HUS, TIOJTHOM IT0JIC3HON MOITHOCTHY M K.II.J[. HC-
TOYHHKA OT COIMPOTUBJICHUA HAI'PY3KHU.

JlaGoparopnas padora Ne 10. M3yuenue siB-
JICHUA DJICKTpoMar HUTHOU WHAYKIOWU.
N3ydeHue 31eKTpuyecKux TOKOB BO3HUKAIO-
[UX MPU SIBJICHUM JIEKTPOMATHUTHON UHAYK-




UH.

JlaGoparopnas padora Ne 11. Onpenenenue
TOPU30HTAJILHON COCTABIIAOLICH UHAYKIIUU
MarHuTHOTO 1OJIA 3eMJIH.

OrnpenenieHre rOpU30HTAILHON COCTABIISIIOIIECH
MHIYKUWHA MarHUTHOTO 10Jisg 3eMJIH.

JladopaTopnasi padora Ne 12. MccinenoBanue
KoJie0aHui B KOJIeOaTeIbHOM KOHTYpE.
N3ydenne 3aTyXxammux dMEKTPHIECKUX KOJIe-
OaHUH K0JIeOATEIIbHOM KOHTYPE.

JladopaTopnas padora Ne 13. l3mepenue
JUIMHBI CBETOBOI BOJHBI C TIOMOIIIBIO TH(pak-
LIMOHHOM pEeETKH

W3yyenue qBUKEHUI 3apsA0B B dJIEKTpUYE-
CKMX ¥ MarHUTHBIX TTOJISAX, U3MEPEHUE Y/IeITb-
HOTO 3apsiJia JIEKTPOHA.

JladbopaTopnasi padora Ne 14. Nzyuenue
BHe1Hero goroagpexra

[To3HaKOMUTCS € SIBJIEHHUEM TU(PPAKIIAN CBETA
B MapaJUICNIbHBIX JIyyax Ju(PaKIHOHHON pe-
IIETKH.

JlabopaTopnas padora Ne 15. N3yuenue
9HEPreTUYECKOr0 CHEKTPa JIEKTPOHOB
IIpoBepuTh BBINIOJIIHEHNE IIEPEHOCA JJIEKTPO-
HOB.

JlabopaTopnast padora Ne 16. 13yuenue koc-
MHUYCCKOI'0 U3JTYyYCHHA
OmnpezeneHne CKOPOCTU MEPEMELICHHUS.

JlaGoparopnas padora Ne 17. [IpoBepka 3a-
KoHa Mamroca.
IIpoBepuTh BBIMOJHEHHUE 3aKOHA Maitroca.

Hroro 3a 1 cemecTp
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4. Cooeporcanue nadopamopnuvlx padom

JlaGopaTtopnas padora Ne 1

Tema padomer. O6padoTKa pe3yJbTATOB (PU3NIECKOr0 IKcepuMenTa. U3yuyenue nBu-
JKeHHsl TeJia, OPOIIEHHOT0 MO/ YIJIOM K TOPU30HTY.

Ienv pabomer. VI3ydanTh METOBI KOJMYECTBEHHOTO U IPa(hUIecKOro mpeacTaBIeHuUs KC-
NEPUCMEHTANIBbHBIX pe3yabTaToB. [loaTBEepAUTH Ha OIBITE CIIPABEIUBOCTD (POPMYIT KUHEMATUKH.

Teopemuuecmm yacmo.

Kaacendpukanus norpemnocreit

HctuHHOE 3HaueHue (HU3MUECKON BEIMUYMHBI aOCONIOTHO TOYHO OIPEACTUTHh HENb3sl.
[Tpu u3MepeHUsIX GU3NISCKUX BEITMUUH IO JICHCTBUEM CaMbIX pa3HOOOPa3HBIX MPUYHH BO3HH-
KalOT nocpeuwiHocmuy U3MEpeHnuil. Bece MOTpenHoCTH MPUHSTO pa3ieisaTh HA cucmemamuieckue,
caydatinvle u npomaxu (OUTHOKN).

Cucmemamuyeckoli Ha3bIBAIOT TaKyl MOTPEIIHOCTb, KOTOPask OCTAE€TCS MOCTOSHHOU
WJIM 3aKOHOMEPHO U3MEHSETCS IPHU MMOBTOPHBIX U3MEPEHUSIX OJTHOW M TOW K€ BEIMIMHBI. Takue
MOTPEIIHOCTH TOSBIISIFOTCS BCJIEICTBUE HEUCTPABHOCTH MPUOOPOB, HETOYHOCTH METOJIa UCCIIe-
JOBaHMSI, KAKUX-JINOO YITYIICHUH 3KCIICPUMEHTATOPa, a TaK)Ke IMPU HCITOJIb30BAHHUH JIJIST BBIYHC-
JICHUH HETOYHBIX 3aBUCUMOCTEH ((hopMyIT), KOHCTAHT U T.1.

Cnyuaiinoti Ha3bIBaCTCS MOTPENTHOCTh, KOTOPasl BBI3BIBACTCS JECHCTBUEM HE TOJIAf0-
HIUXCSI KOHTPOJIIO MHOTOYHMCIIEHHBIX, HE3aBUCUMBIX JPYT OT JApyra (pakTopoB. 3HaUCHUE CITydaii-
HOW TOTPEITHOCTH KOJIEOJISTCS OT OJHOTO M3MEPECHHS K JIPYroMy, 4TO JeJaeT HEBO3MOXXHBIM
TOYHOE TMpe/ICKa3aHue pe3ybTaTa B KaXKA0M OTACIbHOM n3MepeHuu. OHaKO P PaCCMOTPEHUN
MIOBTOPHBIX M3MEPEHUI OOHAPYKUBACTCS XapaKTepHas 3aKOHOMEPHOCTh Pe3yJIbTaTOB, HX OIpe-
JIEJICHHAs] YCTOMYMUBOCTD, KOTOPAs U CIIy>KUT OCHOBOM /Il MAaTEeMaTHYEeCKO 00pabOTKU OMBITHBIX
JTAaHHBIX, BBIYMCIICHUS CITy9IaliHBIX TTOTPEITHOCTEH.

Ilpomaxom wnu owubKol Ha3bIBAIOT TaKyIO MOTPEIIHOCTh U3MEPEHUs, KOTOpast OKa3bl-
Ba€TCS 3HAYUTEIILHO OOJIbIIIE 0’KUIaEMOM TP TaHHBIX YCIoBUAX. OmmbKa 00s3aTeIHbHO JOJDKHA
OBITh UCKJIFOUYEHA U3 PE3yJbTATOB U3MEPEHUH.

Onpenesnenue MOrpemIHOCTe MPU NPSIMbIX H3MePEeHHUsIX

Ipsmvimuy Ha3BIBAIOT TaKWE U3MEPEHUS, TIPU KOTOPBIX (pU3HUecKast BETUUMHA U3MEPSIET-
Csl HETIOCPEICTBEHHO TIPH IIOMOIIH TTPpHOOpa.

[Tycth X — IelCTBUTENbHOE 3HAUCHNUE U3MEPSEMOM BETMYHMHBI, a X| — MOKa3aHUs MPUoo-
pa. AGCOIIOTHOM TTOTPEITHOCTHIO HA3BIBACTCS BETMUMHA

O] =|xq - . (1)

TouHOCTh U3MEPECHHSI XapaKTePU3YETCsI OTHOIIICHHEM aOCOFOTHON MOTPEITHOCTH K JIeH-
CTBUTEJILHOMY 3HAUEHUIO U3MEPSIEMOI BEITMUYHUHBI

o=

X

2)

OTO OTHOIICHHE HA3LIBACTCS OMHOCUMENbHOU nozcpeuHocnvio U BbIPpaKacTCA B IIPOLICH-
Tax.



[TorpemHocTH, JOMyCKaeMbIe MPU MPSIMbBIX H3MEPEHUAX, HEPEAKO HA3BIBAKOTCS Npubop-
HbIMU, TAK KaK 00YCJIOBJICHBI KJIACCOM TOYHOCTH MPpHOOpPa, KOTOPHIN YKa3bIBACTCs JIMOO HA CaMOM
npudope, mud0 B macmopre. B Tex ciydasx, Koraa Ha MpuOope Kiiacc TOYHOCTH HE yKasaH, ab-
COJIFOTHAS] TOTPEIIHOCTh MPUHUMAETCSI PaBHOM MOJOBUHE LIEHBI ICJICHUS.

CrnyuaiiHple MOTPEIIHOCTH UMEIOT CTAaTUCTHMUYECKUN XapaKTep, UX MaTeMaTrhdeckas o0-
paboTKa MPOU3BOIUTCS C MTOMOIIBIO TEOPUHU BEpOsITHOCTEH. [Ip MHOTOKpaTHOM M3MEPEHUH PaB-
HOBEPOSTHO TMOJNYYUTh PE3yJbTaT KaK OOJNBIIHA, TAK U MEHBIIHA, YeM UCTUHHOE 3HAUYCHUE U3-
MEpSIEMOMN BEJIMYHUHBI.

[lycTh mpoBEaEHO N U3MEPEHUI BEJIMUMHBI X U B PE3YJIbTATE MOJYYEHO N 3HAYECHUH: X,
X, ...X, . BennamHa

, . X, +tXx,+...+X
aci= 1 2 n — i3 , (3)
n n

Ha3bIBACTCS CPeOHUM apugmemuyecKkum 3HAYEHUEM, SBISIETCS XOPOLIUM MPHUOIMKEHUEM K HC-
TUHHOMY 3HAYEHUIO U3MEPSEMOM BEJIMYUHBI U, KaK IIPABUIIO, UCIIOJIB3YETC KaK OKOHYATEIbHBIN
UTOT CEpUU U3MEPEHUH.

PaccMOTpUM HECKOJIBKO OCHOBHBIX JTAlOB YNPOUICHHOW MaTeMaTHYecKond oOpaboTKH
pE3yJIbTaTOB U3MEPEHUH.

1. Haxoaum cpeanee apupmMeTHuecKoe 3HaueHUe U3MepseMoi BeTnUuHbI axfi

2. BeruncasgeM aOCOIIOTHEIE MOrpCIIHOCTH PE3YyJIbTATOB OTACIIBHBIX H3MepeHHﬁ
Dx,| =[x, - &f (i =12,....n) 4)
AOCOMOTHAs TTOTPEIIHOCTh UMEET Pa3MEPHOCTh M3MEPSIEMON BEJTMYUHBI M XapaKTepu-

3yeT KaueCTBO OTAEIbHBIX U3MEPEHUI.
3. Beruucinsiem cpeaHIon adCOII0THYIO HOIPEIIHOCTD

Dif{ = _ . )

4. BoluucisgeM OTHOCUTEIBHYIO MOTPENTHOCTh

aDxiy
axn
5. 3amuchIBaeM OKOHYATEIbHBIN pesyabTar X =axi +aDf. (7)

OmnpenesieHne NOrpenIHOCTel NP KOCBEHHbIX H3MEPEeHUAX

B GonbmMHCTBE CiTy4aeB MpH MPOBEACHUU (PU3UIECKUX SKCIIEPUMEHTOB HCCIIEayeMast
¢u3nyeckas BEIMYMHA HE MOXKET ObITh M3MEPEeHa HEMOCPEACTBEHHO, JUI €€ ONpeesieHHs Tpe-
OyeTcst UBMEPUTH Pl IPYTUX BEJIMYUH, a HICKOMYIO HATH, TIOACTAaBUB HAlJICHHbIC 3HAYCHUS B
(dopMyITy, BBIpa)KaloIly0 3aBUCHMOCTh UCKOMOM BEIMYHMHBI OT HEMOCPEICTBEHHO M3MEPSIEMbIX
Be4KH. Takue n3MepeHus: Ha3bIBalOT KOCBEHHBIMHU.

s ompeneneHuss MOTPEUIHOCTEH KOCBEHHBIX HM3MEPEHHUH MOXKHO BOCIOJIb30BATHCS
dbopmynamu auddepeHpoBanus, T.K. (GOPMYJIIbI MOTPEUTHOCTEH MOTYUYaIOTCS B TOM e MPUOITH-
XKEeHUH, 4To U PopMmyisl A aupdepenuunana pyHkuud. Bo MHOrUX ciydasx, korga gopmyina
ya00Ha Uil Torapu(MUpOBaHus, OKa3blBaeTca Oojiee yao0HOM (popmyia OTHOCUTEIBHOU MO-

9



X dx
rpemHocTH. OTHOCHUTENBHAs TOTPEemHOcTh € =—— | HOo d (ln x)=— H, CIIeI0BaTEb-HO,

D(ln x) 2&.

X

X

X

Wuave ToBOpPsI, OTHOCUTEIILHYIO IMOTPEITHOCTh MOXHO PACcCUYUTATh, €CIIU B3SITh JU(de-
PEHIIMAT HATYpaJbHOTO JorapudMa, ONpeeNSIONNi 3aBUCUMOCTh TAHHOH BEJTMYUHBI OT U3Me-
pseMbIX BennuuH. Hanboree gacto Berpedaromuecs GopMyIibl pUBeIeHBI B TabmuIe 1.

Tabmmma 1.

Maremarnueckas onepanus

AGCOIOTHAs IOTPELTHOCTh

OtHOCUTENbHAS MOrp€IIHOCTb

x+y Ax+Ay Dx + Dy
X+ y
X-y Ax+Ay Dx + Dy
X-y
Xy yAX+xAy Dx Dy
Ty
Xyz yzAx+xzAy+xyAz Dr Dy, D:
x y oz
x/y yhx - 2Dy Dv Dy
»? x oy
x" nx™ ! >Dx n&
X
T z-l [
;x” Dx N ox
X Dix Dx
Tex (=) s
e’ e“Dx Dx
In x Dx Dx
X xInx
sin x cos xDx ctgx XDx
COSX sin xDx tgx XD

10




tgx Dx 2Dx
coS 2 X sin 2)(

ctgx Dx 2Dx
sin 2 x sin 2x

N3yuenne nBUKeHUsI Tesia, OPOLLIEHHOI0 MO YIJIOM K TOPU30HTY

o 1
Teno, OpolieHHOE 1O YIJIOM & K TOPU3OHTY C HaYaJIbHOM CKOPOCTBIO [, OyzAeT ABHU-

raThCs M0 KPUBOJIMHEHHON TPACKTOPHUH , B JIFOOOM TOYKE KOTOPOH BEKTOP CKOPOCTH MOYKET OBIThH
pa3NoKeH Ha JIBE€ COCTABISIONIUE — TOPH3OHTATIBHYIO U BEPTHKAIbHYIO (puc.1).

h
Va

v

Voh

Vih

Puc.1.

[Tpoexiuu 3THX BEKTOPOB Ha OCH KOOPAMHAT, HA4ajI0 KOTOPIX BBIOpaHO B TOUKE Opoca-
HYSI, PABHBIL:

u, =u, >Cosa

u, =u, Xina - gt 1

ITpu >TOM rOpU3OHTaIbHAS COCTABIISIONIAS CKOPOCTH HE OYIEeT MEHAThCA C TEUCHHEM
BPEMEHHM, T. K. YCKOPEHUE CBOOOJHOIO IMaJIeHUS] HE UMEET FOPU3OHTAILHON COCTaBISIOLIEH, a
HalpaBJIEHHO BEPTUKAJIbHO BHU3. BepTukanbHas cOCTaBIAIONMIAs CKOPOCTH OyleT MEHSATHCS 1O
3aKOHY PaBHOIIEPEMEHHOI'O ABMKEHUS C YCKOPEHUEM a = g.

W3meHeHne KoopauHAT Tena UMEET BUJ.

x =u, >Cosa t

2
y=h=u0>Sina-g—t @

TpaexTopus Tena, OpOLICHHOTO MO YIJIOM K FOPU30HTY, IPEACTaBisieT co0oii mapaboiy.
B Bepmmne 310l napabosibl BEpTHKaIbHAsl COCTABIISIONIAas CKOPOCTH paBHA HyJt0. B Touke na-
JICHHUsl CKOPOCTh Tejla paBHA MO0 aOCONIOTHOM BEIMUYMHE CKOPOCTH Tejla B TOUKEe OpocaHus, a

11



HalpaBJICHUE €€ COCTABISET TOT K€ yrojl, 4TO M B TOUKe OpocaHus. DTO CleAyeT U3 CUMMETPUU
napaloJibl U UMEET MECTO B OTCYTCTBHE COMPOTHUBIICHHUS BO3/TyXa.
HauanbHy1o CKOpOCTh Tefa ,0pOIIEeHHOr0 MO YIJIOM K TOPU30HTY MOKHO ONPENEIUTh U3

ypaBHeHus (1).
I

U, =——mm
Cosa X

3)
I'me € - ganpHOCTH MoOJIETA - U3MEHEHUE TTOJIOKEHHUS TEJa M0 OCH X.

Bpems moneta MOXXKHO ompeneinTh U3 ypaBHeHus (2). B HauBbICcIIel TOYKE TPaeKTOPHUH
JBMKCHHUS Telaa CKOpocTh vy=0. Bpems, cooTBeTCTByIONIEE 3TOMY MOMEHTY, COCTaBJIET IMOJIO-
BHHY BCET0 BPEMEHHU TOJIeTa Tena, Toraa

t,
0=u, ><Sina-g7

OTCIOJIa BpeMs 10JIeTa Tefa
_2u, >Sina

g

t

(4)
[Toncrasnss (4) B (3) nonyuum

=[5 s
Sin 2a
OcHOBHOW 3a7aueli MEXaHUKHU SBJISICTCS OTPE/CIICHNE TTOJI0XKEHHS Tela B IPOCTPAHCTBE B
000K MOMEHT BPEMEHHU. 3Hasi KOOPJAMHATHI TeJla BCET/1a MOKHO HAHUTH €ro CKOPOCTH M YCKOpe-
HUs (110 ONPEICTICHUIO STUX BeIMYWH). OCHOBHBIMHU 3aKOHAMU, CBSI3BIBAIOIIIMMHU 3TH BEIIMYUHBI,
CHWJIBI M MacCy TeJa SIBJISIIOTCS 3aKOHbl HBI0TOHA U 3aKOHBI COXpaHEHUS!.
Oobopyooeanue u mamepuansl.
YcTaHoBKa, COCTOSIIAS U3 MPY>KMHHOTO MUCTOJIETA C IIIAPUKOM U JTMHEHKH.
Ykazanuna no mexnuxe 6ezonacnocmu.
1. K BbInosiHEeHUIO 1a00paTOPHBIX padOT HOMYCKAIOTCS CTYACHTHI, U3yUHBILINE MPABUJIA TEX-
HUKU O€30MMaCHOCTH.
2. JlabopaTtopHble pabOTHl MOTYT HPOBOAUTHCS TOJIBKO MO/ PYKOBOJCTBOM M HAOIIOACHUEM
IperoaBaTers.
3. Pacmomaraiite nmpuOopsl, MaTepualibl, 000py0BaHUE HA paboYeM MecTe B TIOPSIKE, YKa-
3aHHOM TIPEIo/IaBaTeIeM.
4. Tlpu BbINOTHEHUH JTAOOPATOPHBIX PabOT C MPUMEHEHHEM I0JIETOB OaJUIMCTUYECKUX Tel
HE CIIeyeT HaXOJUTHCS B 00JAaCTH MOJIETa Tema.
He nepxwute Ha paboueM cToje MpeaMETHI, He TPeOyIOIIHecs Il BHITOJTHEHUS 3aJaHMsl.
6. Ilepen Tem, Kak MPUCTYNUTH K padoTe THIATEILHO U3y4HUTE €€ OMHCAHHE, YSICHUTE XOJ
BBITIOJTHEHHSI pa0OTHI.

e

3aoanus.

1. Onpenenme B3BCIIMBAHUEM MAcCy LIapuka /71. BeIYUMCIUTE OTHOCUTEIBHYIO MOrPEIll-
HOCTh MAaccChl /1.

2. 3aerHI/ITe IIUCTOJIET HA BBICOTC h moa yriom d . Briuncanute OTHOCHUTEIBHEIE I1O-

IPELIHOCTH BHICOTH /1 1 yrima a .

3. PacTsHyB Npy>kHHY ITHCTOJIETAa HA X CM, ONPEAEINTE N0 AMHAMOMeTpy cuiny [ . Bbl-
YHCIMTE OTHOCHTENbHBIE orpemsocty X u F.

4. BeicTpenuTe 5-7 pa3 NpH OJHMX M TeX ke 3HadeHusx X u I . IIpu Kax1oM BeICTpeIne
U3MepSITE NalbHOCTD MOJIeTa S'. Boeraucmnre OTHOCHTEJIBHYIO MOTPEUIHOCTh HEMOCPEICTBEeH-

HOT'O USMCPCHUA JaJIbHOCTHU S .
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5. Beruucnure:
a) KO3 PHUIHUEHT )KECTKOCTH MPYKUHBI MUCTOJIETA k
0) Ha4aNbHYO CKOPOCTH MmoseTa mapuka U ;

B) BEPTHKAILHYIO COCTABIIAIOLIYIO HAYANBHOM cKOpocTH U |
I') BEPTUKAILHYIO COCTABISIONIYI0 KOHEYHON CKOpocTH U
J1) TOPU3OHTAIbHYIO COCTABJISIONIYIO HaYallbHOM ckopoctu U | ;

¢) FOPU3OHTAIIBHYIO COCTABJIAIOILYI0 KOHEYHO# ckopoct U .
6. Brpluncnure gaqbHOCTH MOJIETA IO U CPABHUTE CO 3HAUEHUEM, HOJ'I?/‘{eHHLIM B IIyHKTE 4.
7. Bpluucnure U3MEHEHHE MMITyJIbCa LIapHKa 3a BpeMs MoJjeTa ‘Dp‘ . Berunciure cuiy,

WU3MEHHBIIYIO UMITYJIBC IIAPUKa 32 BPEMs TI0JIeTa.

8. CpaBHMTE 3HAUYEHUS MOTEHLUAIBHOM SHEPIUU C)KATOW MPY>KUHBI, HAYAIbHOM KMHETH-
YECKOM DHEPIUH MIApUKa U KOHEYHOW dHEPI'UH IIapuKa.
Cooeporcanue omuema.

Otuet 1o 1a00paTOPHBIM paboTaM AOJKHBI COJEPKATH!

- TUTYJIbHBIN JIUCT;

- Lesb paboThI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIPE/ICIICHUH, MOHATHH, (popmMyIr;
- OCHOBHOE 000pY/JIOBaHHUE, CXEMa YCTAaHOBKH;

- OTIMICAaHUE T10 ITyHKTaM BBIITOJIHEHHON paboTHI;

- pe3yJbTaThl U3MEPEHUil U pacyeToB (TabauLbl, rpaduKn);

- OLICHKA MOTPEUIHOCTEN;

- OTBEThI HA KOHTPOJIbHBIE BOTIPOCHI;

- BBIBOJIBI TIO PE3YJIbTAaTaM BBITIOJTHEHHOW PaOOTHI, 1aTa, TMOIIHCh.

Konmponwvuwvie eéonpochwi.
1. ChopmynupyiiTe IpUHLIMT CYNepHO3ULINHU IBHKEHUH. [ 1e oH npumensiercs?
2. BeiBeauTe ypaBHEHUE IS ONpeAeNIeHUs MoJeTa apuKa, OpOIIeHHOro o yIiioM ad K

TOPU30HTY C HAYaIbHOU CKOPOCThIO U .

3. BeiBenuTe MaKCUMAIBHYIO BBICOTY MOAbEMA IIApUKa, OPOIIEHHOTO MO yTaoM d K ro-
PHU30HTY € HAaYaIbHOU CKOPOCTBIO Ul .

4. BsiBeauTe ypaBHEHHE JAbHOCTH MOJIETA IIApHUKa, OpPOIIEHHOr0 Mo YIJIoM d K ropu-
30HTY C HaYaJbHOW CKOPOCThIO U .

5. Tlox xakum yriioM Haj0 OPOCHUTH TEJI0, YTOOBI JATBLHOCTH MOJieTa Oblla MaKCUMaJIbHA?
[Ipu xakom yriie OpocaHus BRICOTA MOJIETa paBHA €0 JaTbHOCTH?

JlaGopaTtopnas pab6ora Ne 2

Tema pabomer. N3yyenne 3aKOHOB JUHAMMKH MOCTYNATEJIbHOr0 JBUKEHHS € MOMO-
b0 MAIIUHBI ATBY/a

ILlens pabomot. [IpoBepka 3aKOHOB TIOCTYIIATEILHOTO ABMUKEHUS C TIOMOIIBIO MAITMHBI AT-
ByJa.

Teopemuuecr«m yacmo.
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[TocTynarenbHbIM ABMXKEHHEM Ha3bIBAIOT JBM)KEHUE, IPU KOTOPOM Jt00asi TMHUSA, IPOBE-
JICHHasl B Telle, OCTaeTCsl mapajienbHoi camoit cebe. [Ipu TakoM JABMKEHMM TPAaeKTOPUH, CKO-
POCTb M YCKOPEHHMsI TOUEK Tena coBnanaroT. CiaenoBaTeNIbHO, IBUKEHUE TEIa MOKHO 3aMEHUTD
JBI)KEHUEM €ro OJJHOM ToukH. Yaie Bcero, BRIOMPAIOT ABIKEHHUE LIEHTPA TSKECTHU Tea.

OcCHOBHOE ypaBHEHUE MOCTYNATEIBHOIO JBMKEHMSI, (BTOpOi 3akoH HbroTOHA) MMeeT BU:
r o r
mx =g F

r
1 o v
IJIe M — Macca, a — yCKOpeHue Tena, g F - cyMMa cuil, AEUCTBYIOLIUX Ha TEJO.

BpamareiabHbpIM ABM)KEHHEM HAa3bIBAIOT IBH)KEHUE, IPU KOTOPOM TOUYKH TeJla JABHKYTCS 110
OKPYKHOCTSIM, IEHTPbI KOTOPBIX JICIKAT HA OJIHOM IIPSIMOM, Ha3bIBa€MOM OChIO BpaleHus. OCHOB-
HOE€ ypaBHEHUE BpalllaTeJIbHOTO ABMKEHHU (BTOpoii 3akoH HpioTOHA) nMeeT BU:

r o I
Ie=g M,

2 .
I'ne I, =m, X - MOMEHT HHEPIIMN MaTEPHAIBHON TOYKH, MOMEHT MHEPIUH BpAaIIaloIIe-

o
rocd T€j1a, paBC€H CYMME MOMCHTOB MHEPIMHU BCEX MATCPHUAJIBHBIX TOUCK 3TOTO TC-JIa: 1 :a [].

r
o ()
a M - CyMMa MOMCHTOB CHUJI, ACUCTBYIOIIUX HA TEJIO. MOMEHT CHIIBI — BEIUYNHA paBHas Mpon3-

BEJICHUIO MOJIYJISl CUJIBI Ha TUICYO 3TOM CHJIbl. [1J1Ie40M CHIIbI Ha3bIBAKOT KpaTYalIlIee pacCTOSHHE
OT ocH (LIEHTpa) BpaIllCHUS 10 JTMHUHU JICHCTBHSI CHIIBI.

Maimnuna ATByna (puc. 1) npencraBiser co0oi 0710k paauyca R, yepe3 KOTOpbIii IEpEeKUHY-
Ta HUTb C Tpy3aMu m; U m . Ecau m ;> m;, mo, yaumvieas, 4mo Humb HEpacmsicuma, gpyabl HpUoym 8
OBLDICEHIE C OOUHAKOBLIM YCKOpeHueM a. 1ok 6yoem gpawamvca ¢ yenosbiM YCKOpeHUeM €, MUK Ha €20 0600e
0YOVImM uMenb MAHLCHYUATTHOR YCKOPEHUE PABHOE ) CKOPEHUIO ZD)Y306. Ypasrenus osuicerus 2py306 u Gioka,
MPUHUMAST HANPAGTIEHUe 08UdCeHUsL NO ocu ocu X, 6YOYm umentb 6UO:

Tl'm1>g:m1>a ()
Tz_m2>g:m2>a )
]12 >R- ]—I>R- Mf'”p :]>e (3)

10e T, u T, - cwmr namsicenust Humu ciesa u crpasa om onoka, M, - - MomeHm cumbl mperus, yenosoe

=da
yekoperue © R
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. I 1
| —

mg
PHcyHOK 1- MallHMHA ATEVOA

Onucanue yCTaHOBKH, BbIBOJ PACYeTHBIX (hopMYy.JI

OOwwmii Bu ycTaHOBKH MpUBEAEH HA pucyHKe 2. Ha BepTukanbHoii cToiike 1 pacnosnoxe-
HBl TP KPOHIUTENHA: HYKHUN 2, cpeiHul 3, BepXHuil 4.

Ha Bepxnem kpoHureline 4 kpenurcs 6J0K, yepe3 KOTOPbIH NepeKuHyTa HUTh C Tpy3aMu
5, OIMHAKOBOHM Macchl. BHN3y HaXOQUTCS 3JEKTPOMArHUT, KOTOPBIN NPU N01a4e Ha HETO HaIpsi-
KEHUS YICPKUBAET CUCTEMY C IPy3aMHU B HEMIOJBMKHOM COCTOSTHUU.

Ha BeptukanbHOl cTOlKe 1 yKperuieHa CaHTUMETPOBas JIMHEKA 8, 10 KOTOPOM omnpee-
JSAI0T HaYaJlbHOE W KOHEYHOE IOJIOKEHHE I'PY30B, a, CIEI0BATEIbHO, U MPOIeHHbIN yTh. Ha-
YaJIbHOE MOJIOKEHHE ONPEIEISAIOT BU3YaIbHO 110 HIKHEMY Cpe3y I'py3a, KOHEYHOE - 10 HHIEKCY
(KpacHast METKa) CpETHETO KPOHIITEHHA.

Cekynnomep ¢ 1U(pPOBON MHIUKAIMEH BPEeMEHHU 3aKpeIIEH Ha OCHOBAaHUM IMpHOOpa.
[punmun paboTsl mpubopa 3akiarodaeTcst B cieayronieM. Korja Ha KOHIAX HUTH BUCST T'PY3bl
0JMHAKOBOM Maccel 1117 =100 1, cucTeMa HaXOAUTCA B paBHOBeCUH. Ecnu Ha 0lMH U3 TPY30B I0O-

J0KUTh NEPErPy30K Maccoit Am, (111, = my+ Am) cucTeMa BBIXOAUT U3 PABHOBECHS M ABHKETCS
paBHOYcKopeHHO. Macca 61oka paBHa 102 rpamma, paauyc 610Ka paBeH 7 M, MOMEHT UHEPLIMH
0J10Ka paBeH MOJIOBUHE IPOM3BEACHUS MACChl €r0 UM KBaJpaTa ero paanyca (Kak CIUIOMIHOTO JHc-

Ka).
[Tpu paBHOYCKOPEHHOM JBM)KEHUH YCKOPEHUE IPY30B MOKHO HAWTH W3 U3BECTHOTO CO-
OTHOIICHHS
2
s =8
2

S=h - nmyTb, IPOHJEHHBIN TPy3aMH,
! - BpeMs UX ABWKECHMS. DKCIEPUMEHTAIbHOE 3HAUEHUE YCKOPEHUS HaWJEM 4epe3 U3BECTHBIN

nyTh ¥ Bpemst: =2 %
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[Ipu npoBeneHNM OMbITA C OTHUMU 3HAUEHUSIMU [TPOMJEHHOIO IyTH S U U Macchl Eperpys3ku A
1111 U3 NIEPBBIX JBYX YPABHEHUI CUCTEMBI MOKHO OIPEACIUTh CUIIbI HATSKEHUS HUTEH:

T, =m Xa+g)
T, =m,Xa+g)

3Hast CHIIBI HATSDKEHUS TPEThEro YPaBHEHUSI MOKHO HAWTH MOMEHT CHJI TPEHHS:
Mmp :(TVZ - 7;)>R- I ©
OmnsIT ¢ OIHUMU Neperpy3KkaMu NpoBecTH Juist AByX 3HaueHuid S (0,6 Mmu 0,8 m). Cpas-
HHUTh 3HAYCHUS CHJT HANIPSDKCHUST 1 MOMEHTBI CHJT TPEHUS JUIS ATUX JABYX CEPHIl MOMEHTA.
Qobopyoosanue u mamepuaol.

Mammwnnaa ATBYAA, YJIEKTPOMArHUT, CEKYHIOMEp, HA0Op TIEpEerpy30B.
Ykazanus no mexnuke 6ezonacnocmu.

1. K BeImonHeHUIo 1a00paTOPHBIX PA0OT IOIYCKAIOTCS CTYACHTHI, H3yYHBIINE ITPABHJIA TEX-
HUKU O€30MaCHOCTH.

2. JlabopaTopHble pabOThl MOTYT IPOBOIUTHCS TOJBKO MO PYKOBOJCTBOM U HAOIO/IEHUEM
IpernoaaBaTers.

3. Pacnomnaraiite npubopsl, MaTepuaibl, 000pya0BaHUE HA paboueM MecCTe B OpsSIKE, YKa-
3aHHOM TIPEToIaBaTeeM.

4. He nepxxurte Ha paboueM CTOJIEC IPEAMETHI, HE TPEOYIOMIUECs JIJIsl BBITOJTHECHUS 3aJaHUS.

[IposBIATE OCTOPOKHOCTh M aKKypPaTHOCTh MPHU HETIOCPEICTBEHHON paboTe ¢ rpy3aMu,

Npy>KHHAMH U THBIMH HEOOXOAUMBIMHU JJIs1 paOOTHI PUCTIOCOOICHUSIMH.

6. Ilepen Tem, Kak MPUCTYNUTH K paboTe THIATENLHO U3y4UTEe €€ OMHCAHME, YSICHUTE XOJ
BBITIOJIHEHUSI pa0OTHI.

3aoanuas.

e

1. BxirouuTh B ceTh WIHYpP NUTaHUS IpUOOpa.

2. IlepemecTuTh HUTH C IPy3aMH TakK, YTOOBI IPaBbIH I'Py3 3aHsT BEpXHEE MOJI0KEHHUE.

3. BKIIIOUUTH 3JIEKTPOMArHUT, yAECPKUBAIOIINNA CUCTEMY B ITOJIO)KEHNUHU TIOKOS.

4. IlonoxuTh Ha MpPaBbIi TPY3 OJUH U3 MEPErpy3KOB. Y CTAHOBUTH CPEIHUI KPOHIUTEHH Ha
ormetke 4, = 0,6 M, unu 0,8 M. BKIFOUHTH CEKyHIOMEP OJHOBPEMEHHO C BBIKIIOYECHHEM
JJIEKTPOMArHuTa.

3anucath 10 OKA3aHUAM CEKyHIOMepa BpeMs ABMXKEHUS Ipy3a.
[ToBTOPUTH ONBIT ¢ BEIOPAaHHBIM MEPErPy3KOM HE MEHEE IISATH Pa3.

[TOBTOPHTH OMBIT IIPH APYTO BEICOTE. /1, .

N

OmnpenenuTs 10 pe3ysIbTaTaM ONbITa CPEJHEE 3HAYEHUE BPEMEHH £, K PACCYMTATH IO (Op-
MyJi€ 3HAaUEHUE YCKOPEHHUS.

9. BBIUHMCINUTH CUJIBI HATSYKEHHUSI HUTE K MOMEHT CUJIbI TPEHUS.

10. [To naHHBIM OMBITA C OAHUM 3HAYEHHEM S BBIYHMCIATh KUHETHUECKYIO SHEPTHIO TPY30B B

KOHEYHBIM MOMEHT JIBIKECHUS

% :(ml+m2)><z2 :(m1+m2)>(12 X :(m1+m2)>Q>S2
? 2 2 t’

11.BBIYUCINTh KHHETUYECKYIO SHEPTHIO OJIOKa

I RPN mxt ms?
K6,7 - - 2 - 2
2 222 R 4 t

12. BpIunucIUTh U3BMEHEHUE NOTCHIIMAIBHON YHEPTUU TPY30B
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DIl =m>¢ X8

13. Haiitu 3HaueHue BBIPAXKECHUS DI7- (K, +K,)

14.  OOBACHUTDH NOJYUYCHHBIH pe3yJIbTaT.

y
S 3_/5@[]3/“
2 _LEL;,'j 2 |
=
g e T

Puc. 2. O6muii BUI 3KCTIEPUMEHTAIBHON YCTaHOBKH

Cooeporcanue omuema.

Otuet o 1abopaTOPHBIM paboTaM AOJKHBI COJEPKAT!

- TUTYJIbHBIN JIUCT;

- IeTb paboTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIPE/ICIICHUH, MOHATUH, (popmMyII;
- OCHOBHOE 000pYy/1I0BaHUE, CXEMa YCTaHOBKU;

- OIIMCAHME I10 MYHKTaM BbIIIOJTHEHHON palboThI;

- pe3ynbTaThl W3MEPEHUI U pacuyeToB (TaOuuLIbl, rpauKn);

- OLICHKA MOrPEIIHOCTEN;

- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJIbI 10 Pe3yJIbTaTaM BBIIIOJIHEHHON paboThl, AaTa, MOIIHCH.
Konmponwvnwvie gonpocoi.

1. aliTe onpeneneHre nocTynareibHOrO ABUKEHUST TBEPIOTO Tella.

2. Yto Takoe MaTepualibHas TOUKa U aOCOIIOTHO TBEPIOE TEI0?

3. OOBsICHUTE, YTO TAKOE CHUCTEMA OTCUETa?

4. Ilepeuncnute U OOBSICHUTE OCHOBHbIE KHHEMAaTHUECKUE XAPAKTEPUCTUKH TOCTYyHaTEb-
HOTO JIBUYKEHUS.

5. Copmynupyiite nepsblil 3akoH HproToHa.

6. JlaiiTe onpeneneHns Macchl U UMITyJIbCa TeNa.

7.Chopmynupyiite BTOpoi 3akoH HproToHa.
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8. Uro Takoe paBHOAEHCTBYOIAs cuia?
9. O6bsacHUTE TpeTuii 3akoH HproToHa.
10. JlaTe onpenenenue cui yrnpyroctd. Uto takoe ynpyras aedopmarus ?

11. Ha yeM oCHOBBIBaEeTCS BEIBOJ pacyeTHBIX (hOPMYJI B JaHHOW J1abopaTopHOM padoTe?

JlabopaTopHas padora Ne 3

Tema pabomsr. OnpeneneHne CKOPOCTH MOJIETA MYJIH € IOMOUILIO (pU3HYECKOr0 MasIT-
HHKA.

Llenwv pabomer. HayunThcs onpenensiTh CKOPOCTh MOJIETa MyJIU C MOMOIIbIO (PU3UYECKOTO
MasiTHUKA.

Teopemultecmm uacms.

Ou3nyeckuii MasSTHUK COCTOUT u3 yiosurens ("A" Ha puc.l) B Buae HUIMHAPA, 3aM0IHEH-
HOTO IUIACTUYHBIM MaTE€pPUaIOM, KOTOPBII 3aKpEIUICH Ha CTeP)KHE, CTIOCOOHOM CBOOOTHO, C OYEHB
MaJIbIM TPEHHEM, KauaThCs BMECTE C yJIOBUTENIEM BOKPYT HEMOABIKHOM ocu. Ha pucynke 1 sta
ochb BpanieHus (Touka "O") neprneHANKYJsSpHA K IJIOCKOCTH PUCYHKA.

BricTpen mpou3BOIUTCS W3 MHEBMATHYECKOTO MHCTOJIETA, YCTAHOBIEHHOTO TaK, YTOOBI
BEKTOpP CKOPOCTH ITyJU OBLJI HampaBjIeH TOPU30HTAIBHO IO MPSIMOU, MPOXOAIIEH Yepe3 HEHTP
UUWIMHAPA C IJIACTUIIMHOM U NepHeHANKYIsipHO ocu BpauleHus O. [lyns, 3actpeBas B 1acTUIN-
HE, TepsET CBOI HAYAIBHYIO CKOPOCTh M OJHOBPEMEHHO COOOMIACT MASTHUKY HEKOTOPBIH MO-
MEHT MMITYJIbCA.

[To 3aBepiieHUN HEYIIPYTOTO yAapa MaTHUK OTKJIOHSAETCS OT BepTukaibHou JuHuu OC Ha
HEKOTOPBIIf MAKCUMAJIBHBIN YTOJ | , KOTOPBIA U3MEPSETCS TPAHCIIOPTHPOM — IO MAKCHMAJIBHO-
My CMEIICHHIO yKa3aTelis, KECTKO 3aKPEIICHHOTO Ha CTEP)KHE.

Jl71s IByX MOMEHTOB BpEMEHHU, JI0 yAapa, U MOCJe HEYNPYroro yaapa (mox "ynapom"
MBI TI0JIpa3yMEBAaeM OTHOCUTEIBHO OBICTPBIN MPOIIECC TOPMOKEHUS YU B TUIACTUIIMHE) MOYKHO
IPUMEHUTH 3aKOH COXPAHEHUS MOMEHTA UMITYJIbCA!

2
mua =(1 + ma”)w,,
rae M —wmacca nyiau, U — cKopocTs IyJIM 10 yJ1apa, 4A— pacCTOSHUE OT OCH J10 TOUKH y1apa Iy-Ju,
1 — MoMeHT uHepuMM MasTHHKA T0C/Ie yaapa. BropbiM uieHoM B ckobkax B (1) MOXHO TpeHe-

Opeub JaneKo He Bcernaa (Uil Hallero ciiydas BaM HeOOXOIMMO Ha OCHOBAaHMM M3MEPEHHUH TO-
Ka3aTh (WJIM OMPOBEPTHYTH) BO3MOYKHOCTH TAKOTO YIIPOIICHHUS ).

—
? TN
v C
o) .
h ¢ ---------- SN h
! B A C Puc. 2
=op----------1 A
Puc. 1
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Puc.1. ®usmnyeckuii MaITHUK

HpI/I HCYIIPYIroM yaape€ 3aKOH COXPAaHCHUA MEXaHU4YeCKOH OHCPIvUH HC BBIIIOJHACTCA, OAHAKO, K
Impoueccy KadyaHus MasATHUKA, Mbl MOKCM IIPUMCHUTDH 3dKOH COXPAHCHUSA SHCPTHUU. Henocpeﬂ—
CTBCHHO IIOCJIC Ydapa MadTHHUK BMECTEC C 3aCeBIIEH B HEM nyneﬁ 6yI[eT, KaK Mbl BUJACIIN HU3 (1),

HUMCTb YTJIOBYHO CKOPOCTH, pABHYIO WO . CJ'IC,Z[OBaTeJ'IBHO, OH 6y,[[eT HUMCTBh U COOTBeTCTBYIOH_[I/Iﬁ

eil 3armac KHHEeTUYEeCKON SHEPTruM, KOTOPHIi 3aTeéM B MOMEHT HAaUOOJIBIIET0 OTKIOHEHUS (M MTHO-
BEHHOM OCTAaHOBKM MasiTHHKA) IPEBPATUTCS B IOTEHIUAIBHYIO SHEPTHUIO:

E, _(+ mzaz)wj

E zg?\/[ +m£i_j;gh
)

E, =E , cnenoBatensHo

(I +ma )W —B/ +m h

rae M — macca GayUTHCTHYECKOTO MAasATHHKA, /I — BHICOTA MAKCUMAIBLHOTO MOHATHS €10 IIEHTPa
Macc B TOUKE OCTAHOBKH, g =9,81 m/c? - yckopenue cBo60IHOTO MageHus HA MUPOTE
r. [laturopcka, [ — paccrosHue OT OCH BpalleHus 0 [IEHTpa Macc MasTHUKa (63 mynu). [To-
CPEICTBOM OaJlaHCHPOBKH HCIIOJIb3YEMOT0 B JaHHOM paboTe (U3NYECKOro MasiTHUKA YJaloCh
YCTaHOBHTBH, YTO LIEHTP MAacC MasTHHKA IIOYTH COBIIA/IACT C TOUYKOM KPEIUICHHS CTEPXKHS C IIMIIHH-
apom (1. B Ha puc. 1). Takum 06pasom, paccrosiuie / NMprHUMAETCs paBHBIM JiiHE cTepskHs OB.

Btopoe (manioe) cinaraemoe B BEIPaKCHHUH IS IOTEHIIUATBLHOM sHepruu (3) JOTOTHU-

TEJIBHO YUYUTBIBACT, YTO HCHTP MacCC IIyJIh B O6H.[€M cjIydyac€ HE COBIIaAacT ¢ HCHTPOM MAaCC MasAT-
HHUKa.

U3 puc.2 BugHo, uto A =/ - ZCOSj Il(l - COSj ) ZZZSiHZJE, rne / — paccrosHue oT

ocu BpaieHusa O 1o nentpa macc MasitHuka C. Mtak, Mbl IOJTy4uJId ypaBHEHUE

;<ma +1>\N +M_gh 28 l+Mgglsin2j—

Takum o6pazom, Ha ocHOBaHWHU ypaBHeHHi (1) u (5) momydaem OCHOBHYIO pabouyto dhop-
MyJ1y

(ma’ +I)§em?+Mc_?gl
%)

u=2 sinJ— %
2 ma
Bce BennunHbl, BXOAIINE B BhIpakeHUE (6), MOTYT OBITh OIIPEIEIEHBI IKCIIEPUMEHTANb-
HO.
Qobopyooeanue u mamepuaol.
YcraHoBKa, cocTosimas U3 (pU3MYECKOro MasTHUKA, IOABELIEHHOT0 HAa FOPU30HTAIBHOM
OCH U TPAHCIIOPTUPA, THEBMAaTUUYECKHI MUCTOJIET, IPOTHUK.
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Ykazanun no mexnuke 6esonacnocmu.

1. K BBITIOJIHEHHIO JTA0OPATOPHBIX padOT JOMYCKAIOTCS CTYACHTHI, H3yYHUBIIIHE MTPABUJIA TEX-
HUKU O€30MMaCHOCTH.

2. JlabopaTtopHbie pabOThI MOTYT MPOBOIUTHCS TOJHKO MO/ PyKOBOACTBOM U HAOIIOJCHUEM
npernoaaBaTers.

3. Pacmomaraiite nmpuOopsl, MaTepualibl, 000py0BaHUE HA paboYeM MeCTe B TIOPSIKE, YKa-
3aHHOM TIpEernoAaBaTeIeM.

4. Tlpu BBIIOTHEHUH JTAOOPATOPHBIX PabOT C MPUMEHEHHEM I0JIETOB OaJUIMCTUYECKUX Tel

HE ClleZlyeT HaXOJIUTHCS B 00JacTH MOJIeTa Tema.

He nepxute Ha paboueM cToJie IPEAMETHI, HE TPEOYIOMmUecs /JIs BBITIOJTHEHUS 3a1aHUS.

6. Ilepen Tem, Kak MPUCTYMHUTH K paboTe THIATENHLHO U3y4UTE €€ OMHCAHHE, YSICHUTE XOJ
BBITIOJTHEHHSI paOOTHI.

e

3aoanus.
Macca nununapa-ynoBurens 11, =91 r. Jlunelinas MIOTHOCTH CTEPIKHS, MAcCCa, IPUXO-

nsmasca Ha equauny umae: M =1,97 r/cm, Torna nonnas mMacca cTepKHs m, =m>. Cue-

JoBaTeNnbHO, Macca MastHuka M =m, + m,. PacctosHue - @ OT ocH BpaIeHHUs 10 TOYKH yaapa

M3MEPSIOT MIJUTUMETPOBOM JMHEKOM. [lotoxkeHne neHTpa Macc MasTHUKA COOTBETCTBYET TOY-
K€ COCIMHEHHS YIOBUTENS U cTepkHA. JlMHy cTepkus / onpenensioT Kak pPacCTOSHUE OT TOYKH
MOJIBECA JI0 TOYKH COCTMHEHUS YIOBUTENS U TPYOKH.
1. OnpenesieHue MOMEHTA HHEPIUHN OATHCTHYECKOT0 MasiITHHKA
MowmeHT nHepiuu GU3NIECKOTO MasTHUKA HAXOAT 10 MEPHUOIY €ro KauaHWi, paBHOMY

1
r=2p |—:,
Mgl
(Bemmuuasl M u [ yxe onpeneneHsi).
O6paTI/ITe BHUMAHUEC, YTO IJIA AOCTATOYHO HAACKHOIO M3MCPCHUA IICpHUOaa Ka4aHUU MBI
JIOJKHBI 00€CIIEUNTD BBITIOJHEHUE CIEAYIOIIUX YCIOBHIA:

— aMIUTUTyJa KauyaHUM JOJHKHA OBITh JOCTATOYHO Mala, YTOObl MOXHO OBLIO MpeHe-
Opeub ee BIUSHUEM Ha MEePUO/1 KauaHHii;

— HYXHO MPOCJIEIUTh 32 OTCYTCTBHEM KauaHUN MasTHHKA MO APYTroil OpTOroHaIbHON
ocH (WM JOXKAATHCA WX TOJHOTO 3aTyXaHWs, €ClId OHU 10 KaKUM-JIMOO MPUIHHAM
BO3HUKJIN);

— TEepHOJl Ka4yaHUM HAJl0 ONpeAesuTh Kak cpeanee 3a 20—30 kauaHuii, 4TOObl yMEHb-
[IUThH MOTPEIIHOCTh U3MEPEHUSI BPEMEHH CEKYHIOMEPOM.

MoMeHT uHepIuu Beraucisercs, ucxoas us (7), kak

_ MgIT?
4p*

TeopeTnueckoe 3HaYeHNE MOMEHTA MHEPLIMU MOXHO HaWTH KaK CyMMY MOMEHTA UHEPLIUU

CTEpXKHS OTHOCHUTEJIBHO OCH BpallleHHUs, MEPHEHAUKYJISIPHON CTEp)KHIO M MPOXOJIIei udepes3
2

1 o
OJJVH M3 €0 KOHIIOB Icm = 5m2a W MOMCHT MHCPUHWH YJIOBUTECIISA, KOTOPBIN (B CBs3HU C JOCTATO4-

HO OOJIBIIMM PACCTOSIHUEM J0 OCH BpPALIEHMs) MOXKHO IMPHUHATH 32 MaTEPHANIbHYIO TOUKY, TOT/1a

1

I, = 11,4%, a TEOPETHUYECKOE 3HAUCHHE MOMEHTA HHEPIHH OAILTHCTHYECKOr0 MAsTHUKA

_ _1 2 2
Imeop = I, +Iyr, =3 Mya” +mya’.
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I meop=I
Paccumtarh norpemHocTs n3menenns. 6 = —— -100%.
meop

2. Onpenesnenne CKOPOCTH MOJIETA MU

Macca kaxxa0i myJiv onpeaessieM B3BeIIMBaHUEM. JTO MOYKHO CJlIeJIaTh OTOMY, YTO JIOTa-
pubMuYecKuil IeKpeMeHT 3aTyXaHusl 3THUX KojeOaHui BecbMa Mal M UX aMIUIUTYy/a JOBOJIBHO
JIOJITO OCTAaeTCs MOYTH MOCTOSHHOW (MOMBITAaHTECh AKCIEPUMEHTAIbHO OLEHUTH BEJIUYUHY Je-
KpeMeHTa!).

1) U3mepuTtsh B3BEemIMBaHUEM Maccy Myiiu. OLEHUTh MOTPEUTHOCTh ONPEAEICHUS] MacChl.

2) IlpousBectu BbIcTpen. OTMETUTh MaKCUMAIbHBIA yroid @ OTKJIOHEHUS yKas3arems Io
TpaHcnoptupy. I3smepenue yria oTKIoHeHus: d HaJeXHee MPOU3BOAUTH HE TOJIBKO MO aMILIUTY-
JIe OTKJIOHEHHUS] MasTHHKA MPHU MEPBOM KadaHUHM, HO M IO pa3Maxy €ro KojieOaHuM, JUISIINXCS
HEKOTOpOE BpeMs mocJe yaapa (Ipy 3TOM MOJIE3HO IPUMEHATh U YCPEAHEHUE OT/IENbHbBIX OTCUE-
TOB). BBICTpEeI MPOU3BOIUTH TOJIBKO 1O HETIOABMKHOMY IWIUHIPY. [IOBTOPUTH OMBIT 5 pas.
Haiitu cpegnee 3HaueHue yria OTKIOHEHUS U MTOTPEITHOCTh U3MEPEHUS yTJIa.

3) Bpruucnuth 3HaU€HHE CKOPOCTH MoJjieTa Mysu no ¢gopmyie (6). Beruncaurs norper-
HOCTb ONPEJIEIICHNS CKOPOCTH MOJIETa MyJIH.

4) 3anucath OKOHYATENbHBIN pe3yiabTaT. CaenaTh BBIBO/I.

Cooepicanue omuema.

OTuet 1o 1a00paTOPHBIM pabOTaM JOJKHBI COAEPKATD:

- TUTYJIbHBIN JIUCT;

- TIeJTb pabOTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEICTICHUH, TOHITHIA, (HOpMYIT;
- OCHOBHOE 000py/I0BaHUE, CXEMa YCTaHOBKU;

- OMKUCAHME 110 MYHKTaM BBITTOJIHEHHOU PabOThI;

- pe3yJbTaThl MU3MEPEHUH U pacueToB (TabJauIIbl, rpaduKH);

- OLICHKA IIOTPEIIHOCTEH;

- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJIBI IO Pe3yJIbTaTaM BBIIIOJIHEHHOUW pabOThI, AaTa, TIOIUCH.

Konmponsusie eonpocbt.
1. Kak onpenensercs KHHETHUECKas YJHEPTHsl IPpU TocTynarenbHoM aBrkeHuun? [Ipu Bpa-
IaTeJIbHOM JIBUXKEHUU?
2. O0bsicHUTE, TOYEMY MPU HEYIIPYTOM yJape He BBINOJHAETCS 3aKOH COXpaHEHUS Mexa-
HUYECKOM DHEPIUHU.
3. ChopmynupyiiTe U 3alUIINTE 3aKOH COXPAHEHUS MMITYJbCa JIJIsl HEYNPYroro B3auMo-
JIEHCTBUS My U (PU3MUECKOTO MasiTHUKA (00BSICHUTE BBIBOJ (hopMyIikI (1)).
4. Chopmymupyiite Teopemy lllTeiinepa.
UYro Ttakoe MoMmeHT mHepiuu? Kak ompenensercs MOMEHT MHEPIUU CTEPKHS OTHOCH-
TEIBHO OCH, IPOXOSAIICH Yepe3 OJNH €ro KOHIIOB.
6. BeiBectu gopmymy (6).

e

JlaGoparopnas padora Ne 4
Tema padomer. OnpenesieHne nNepuoaa KoaedaHni pu3n4ecKoro MasTHUKA
Llenw pabomel. OripeienieHNe CKOPOCTH TOJIETA MYJIH C OMOIIBIO (PU3HMUECKOT0 MasITHUKA.

Teopemuuecmm yacmo.
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Qusuueckum MasmuuKomM Ha3bIBaeTCs TBEPIOE TEJIO0, COBEPILAIOIIEE
KoJe0aHusl OTHOCUTEIHHO HEMOABIKHOM OCH IO JICWCTBUEM CUIIBI TSKe-
ctu (puc.l).

DTa 0Ch ABISETCS TOPU3OHTAIHHON, M OHA HE MPOXOJIUT Yepe3 IEHTP
Macc Tena (Takas OCh Ha3bIBaCTCS OCHhIO KadyaHUs MasTHUKA). [Ipu Manprx
yIiaxX OTKJIOHEHUS OT ITOJIOKECHHSI PABHOBECHS M B OTCYTCTBHE CHJI COITPO-
TUBJICHUS JIBIDKEHUE MAsITHUKA OMUCHIBACTCS YPaBHCHUEM

Puc.1.
11®. mglf

[ — MOMEHT uHepIUY MasiTHUKA OTHOCUTEILHO OCH KOJICOaHHIA,

m — Macca MasiTHHUKA, Puc. 1
| — paccTosiHUE OT OCH JI0 IIEHTpa Macc.

[Tepuon xonebanuii ONpeaeNIsIeTCss COOTHOIICHUEM

1
I'=2p |— 2)
mgl
Du3NUeCKOMY MasITHUKY MOKET OBITh TIOCTABJICH B COOTBETCTBHE MAaTEMAaTHUECKHUI MasiT-
HHK, UMEIOIIUN TOT K€ MEPUOL

(1

r=2p £ 3)

4
L — nivHa MaTeMaTHYeCKOro MasiTHUKA (IpUBEAEHHAs JUIMHA (PU3UUYECKOr0 MasiTHUKA).
JlnuHa MaTeMaTH4eCKOTr0 MasiTHUKA, IEPUOJT KOJIeOaHUI KOTOPOTo PaBeH Nepuoy Koie-
0aHui PU3NUECKOr0 MasSTHUKA, HA3bIBACTCS MPUBENEHHON TITHMHON (PU3MUECKOTO MasTHUKA

1
L=— 4)
ml

B nannoii pabote ¢pu3nuecknii MAATHUK MpEACTaBIIET COO0M CTaNnbHOM cTepxens (puc. 1).
Ha crepxHe mpocBepieHbl oTBepcTHsIMU Ha paccTtosHuu 10 ey apyr ot apyra. CtepxeHb HoJ-
BEIIMBAIOT Ha WTHIPb O. BeiOupas oTBepcTHE Ha CTEP’KHE, MOKHO PETyJIUPOBATh PACCTOSIHUE OT
TOYKH TojABeca cTepxkHs O 10 ueHtpa macc crepxHsi C, Hanpumep, Ha puc. 1 paccrossaue OC
paBHo 40 cu. Lentp macc C 0AHOPOJAHOTO CTEPIKHS HAXOUTCS MTOCEPEIUHE CTEPHKHS.

Eciu cTepkeHb OTKIOHHUTE OT MoJIoKeHus paBHoBecus Ha yroi 3° | 59, 1o on Gyner coBep-
maTh KosieObanus OJM3Kue K rapMOHUYECKUM. Bpemst konebanuii uaMepsieTcs CEKyHIOMEPOM.
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[ 00000 odge )

Puc. 1. Maxem
"usuvecxuli masnmux "’

[lepuon konebanuit GU3NUIECKOro MM MaTEMaTUYECKOI0 MasiTHUKA B OOIIEM Cilydae 3aBU-
CHUT OT aMILIUTY/bl KoJieOaHui MasiTHUKa. Ho eciau yros oTKiIOHEHUs MasgTHUKA ¢ < 5°, TO ¢ XO-
poliel TOYHOCThIO MOXKHO MpeHeOpeyb 3aBUCUMOCTbIO NMEPHOAA OT aMIUIUTY/ bl U IPUOIMKEHHO
CUMTATh, YTO MASITHUK COBEPILAET FAPMOHUYECKUE KOJICOaHMUSI.

[lepuon xonebanuit pusnueckoro MasiTHUKa onpeaessercs no popmyse

L
T =2p . |—

g
)
rae L — npuBeAeHHas JiMHA (U3UYECKOTO MasTHHUKA.
Ilpusedennas oruna HU3NYECKOTO MasiTHUKA paBHA JJIMHE MAaTeMaTUYECKOTO0 MAasTHHKA,
UMEIOIIET0 TaKOU ke MeproJ] KoiebaHHi KaK y JaHHOTO (PU3HYECKOT0 MasiTHHUKA.
[IpuBenennas uHa GU3HUECKOTO MAsTHUKA OMPEACsAeTCs POpPMYIIOi
L="
md ’
rae: J — MOMEHT MHEPIIMU MasiTHUKA OTHOCUTENBHO TOUKH o/iBeca O;
m — Macca MasiTHHUKa;
d — paccrosiHEE OT TOUKH mojBeca O 110 neHTpa Macc masitTHuka C.
Teopema llImennepa. Momenm unepyuu J mena omuocumenbHo NpouU380aAbHOU OCU PABEH
cymme momenma uHepyuu Jy mena omHoCUmenbHO OCU, NPOBEOEHHOU Yepe3 YeHmp macc meia

napaiiebHo OAHHOU OCU, U NPOU3BEOCHUsI MACCHl M mena Ha Keaopam paccmosus d mexcoy
IMUMU OCIMU:

J=J,+md’

B manno# maGopaTopHoi paboTe MOMEHT WHEPIIMU CTEPKHSI OTHOCUTEIBHO OCH KadaHHs
O Brruncnsercs no teopeMme llreiinepa. i1 0IHOPOIHOTO CTEPKHA MOMEHT MHEPLIUM OTHOCH-
TEJIbHO LIEHTPA Macc CTEP>KHS (COBMAAET C LIEHTPOM CTEPIKHS)

1
J, =—ml’
12

rje / — JUIMHA CTePXKHS, M — Macca CTEPKHS.
Takum oOpazom

2 2
J =Jy +md* = mi? +ma> =" 1240
12 12
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[IpuBenennas anuHa GU3NYECKOrO MasTHUKA B JAHHOM JabopaTopHOi pabore ompenens-
eTcs o GpopmyIie:

J _m(?+12d*) I’ +12d°
md  12md 12d )

Torna nmepuoxa konebanuii GU3NIECKOTO MasiTHUKA B TAaHHOW JIaDOpaTOpHOU paboTe ompe-
nensieTcs mo gpopmyiie:

L =

1> +12d°
T=2p |————.
P 12dg ©)

Obopyoosanue u mamepuansl. YCTaHOBKA JUIsI UCCIIETOBaHHUA KoJieOaHUH (hHU3MIECKOTO
MasiTHUKA, JINHEHKa, CEKyHIOMED.

Ykazanun no mexnuke 6esonacnocmu.
1. K BeImonHeHuto 1a60paTOPHBIX PA0OT OMYCKAIOTCS CTYACHTHI, H3yYHBIINE ITPABHJIA TEX-

HUKU O€30MaCHOCTH.

2. JlabopaTtopHble pabOThI MOTYT MPOBOAUTHCS TOJHKO MO/ PyKOBOACTBOM U HAOIIOJCHUEM
IPENoIaBaATEIs.

3. Pacnomnaraiite npubopsl, MaTepuasbl, 000pya0BaHHE HA paboueM MecTe B OpsAKe, YKa-
3aHHOM IIpENoAaBaTEIEeM.

4. He nepxxurte Ha paboyeM CTOJIE MIPEAMETHI, HE TPEOYIOIIUECs AJIsl BBITIOTHEHHS 3a/1aHUS.

5. Ilepen Tem, Kak MPUCTYNHUTHh K pabOTe THIATEIILHO U3y4UTe €€ OMHCAHUE, YSICHUTE XOJI
BBITIOJIHEHUSI pa0OTHI.

3adanus.

1. [loxBemnBaOT MasgTHUK Ha HITHIPb NMEPBBIM OTBEPCTHEM. DTO 3HAUYMUT YTO PACCTOSTHUE
OC=d; =40 cm.

OTKIOHAIOT MasATHUK Ha Manbii yroa okono 3° , 5° u ormyckaror. ITpy oMoy cekyH1o-
Mepa u3MepstoT Bpems ¢; (i = 1, 2, 3) st N=30 nonsbIx KosnebaHuil. MI3smepeHus moBTOPSIOT 1 =
3 paza.

Boraucnsior cpeHee 3HaueHUE BpEMEHH

Qo=
=~

|

<t>=1=
n
[Teprox onpenenstoT mo hopmyJie
_ <t>
wm N

2. TlogBemMBarOT MasTHUK Ha IITHIPh BTOPHIM, TPETHBUM M YETBEPTHIM OTBEPCTHUSIMH IO
OYepe/IM U TIOBTOPSIOT U3MEPEHHS TyHKTa 1.

[pu atom d, = 30 cm, d3 =20 cm, dy = 10 cm.

Jnuna crepxus [ =1 m.

JlaHHbBIC U3MEPECHUIA 3aHECTH B TAOIUILY
Tabnuna 1.
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d <> Tosm L Tyueu
M c C M (4
0,4
0,3
0,2
0,1

3. Beruucasior npuBeieHHbIE IJTMHBI (PU3HUECKOTO MasiTHUKA JIJIS BCeX d
I +12d°
L=
12d

4. BBIYHCISIOT EpHOABI KOJeOaHUi (PU3NIECKOTr0 MasTHUKA JJIS BCEX 3HAYCHUH IpHBe-
JICHHOMU JJIMHBI (PU3NUECKOr0 MasiTHUKA

L
T acu :2p —
p g .

5. IToctpouTts rpaduku nepuoaa uzmepenroro 1, =f(L) u pacueTHOro T,...=f(L) B

usm
3aBUCUMOCTH OT IIPUBEICHHOM JUIMHBI L.
6. CpaBHUTH U3MEPEHHBIE U PACUECTHBIC 3HAUCHUS TIEPHOO0B KOJICOAHUH.
CraenaTh BBIBOJI O XapaKTepe 3aBUCUMOCTH MEepHO1a KOJIeOaHni (PU3MIECKOro MasiTHUKA OT
IIPUBEJEHHOM JIJINHBI.
Cooepircanue omuema.
OTtyeT no 1abopaTopHBIM paboTaM JAOJKHBI COACPIKATD:
- TUTYJIBHBIN JIUCT;
- TIeJIb pabOTHI;
- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIpE/IeICHUH, MOHATUH, (popmMyII;
- OCHOBHOE 000py/1I0BaHUE, CX€Ma YCTaHOBKU;
- OMMCAHUE IO MyHKTaM BBIITOJIHEHHON paboThl;
- pe3ynbTaThl W3MEpPEHUI U pacueToB (TaOyuLIbl, rpauKm);
- OLIEHKA IIOTPEIIHOCTEN;
- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIBI IO PE3YJIbTAaTaM BBIIIOJIHEHHOW pabOTHI, 1aTa, MOMHUCH.
Konumponwvuwvie gonpocoi.
JlaiiTe onpenenenrne TapMOHUYECKUX KOEOAHUH.
Uro Ha3bIBaeTCsl MAaTeEMaTHYECKUM MasSTHUKOM?
Yto Ha3bpIBaeTCA MPUBEAEHHON IITHHON (PU3UYECKOTO MasiTHUKA?
Chopmynupyiite Teopemy llTeiinepa.
BriBectu dopmyny nepuosa konebaHui PU3NIECKOr0 MasTHUKA.

A

JlabopaTopnasi paGora Ne 5

Tema padompr. Onpenesienne K03(p(PpuIHEeHTAa BHYTPEHHEr0 TPEHUA KUIKOCTH MeETO-
aoM nagawuero mapuka (meroa Crokca).

lle.flb pa60mbt. ITo3HakoMHUTBCS C MCTOJAO0M U3MCPCHUA BA3KOCTH )I(H,HKOﬁ CpCabl.

Teopemuuecmm yacmo.
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Bs3kocTh (BHYTpeHHee TPeHHe) — 3TO CBOWCTBO peajbHBIX JKUJIKOCTEH OKa3bIBaTh CO-
MPOTHUBIICHUE MEPEMENIEHHUIO OJTHOW YACTH KUJKOCTH OTHOCUTENIBHO Apyrou. [Tpu nepememennmn
OJIHUX CJIOEB PEAJIbHOM KUJAKOCTH OTHOCUTEIIBHO APYTUX BOZHUKAKOT CUJIbI BHYTPEHHETO TPEHHUS,
HamnpaBJIEHHBIE MO KacaTEIbHOW K TOBEPXHOCTH CJIOEB. [[eliCTBUE 3TUX CUJT MPOSBISETCS B TOM,
9YTO CO CTOPOHBI CJIOS, JBMKYIIETOCS OBICTpEe, Ha CIOW, MBIKYIIUNCS MEJUICeHHEee, JeHCTBYeT
yckopsitomas cuia. Co CTOPOHBI Ke CIIOS, JABHKYIIErocsl MEIJIEHHEH, Ha CJION, JABWKYIIUNACS
ObICTpee, ACUCTBYET TOPMO3SIIAs CHIIA.

Cuna BHYTpEeHHETO TpeHus F TeM Oobliie, yeM O0JbIlne paccMaTprBaeMas TIOMaah mo-
BEPXHOCTH CJIO€B S, U 3aBUCHUT OT TOT0, HACKOJIBKO OBICTPO MEHS-
€TCA CKOPOCTh TEYEHUS AKUJKOCTH IPU IEPEXOJIE OT CII0S K CIIOIO.
Ha pucynke npeacrasiieHsl ABa CJI0s, OTCTOSIIIUE IPYT OT Apyra
Ha pacCTOSHUU AX W IBUXKYIIMECS CO CKOPOCTAMH 01 U 0y. [lpu
3TOM v — 0y = Av. HanpaBnenue, B KOTOpOM OTCUUTBHIBAETCS pac-
CTOSIHHE MEXKIY CIIOSIMH, HEPREHOUKYIAPHO CKOPOCTU TEUCHUS
cinoeB. Bennunna Av/Ax moka3bIBaeT, Kak OBICTPO MEHSIETCS CKO-
z POCTb IIPH MEPEXOAE OT CJIOSA K CJIOK0 B HAMPABJICHUU X, TIEPIICH-
JUKYJISIPHOM HANPABJICHUIO JBU)KEHUS CIOEB, U HA3bIBAECTCA IPAAHEHTOM CKOPOCTH. Takum
00pa3zoM, MO>KHO CYUTATh, 9YTO MOJYJIb CHJIBI BHYTPEHHETO TPEHHS PaBEH:

F=h|PMs (1)
Dr

ax

(3 4

rae kKod(hPUIMEeHT MPONOPLUHUOHAIBHOCTH 7, 3aBUCSILUNA OT HPUPOJBI KUIKOCTH, Ha3bIBAETCS
AUHAMHYECKOH BA3KOCTBIO (UM POCTO BA3KOCTHIO).

Enununna Ba3koctu — nmackajib-cekyHaa (Ilaxc): 1 [TaXc paBeH quHaMHuecKOi BS3KOCTH
CpeJibl, B KOTOPOU NpH JIJAMUHAPHOM (TJ1aIKOM) TEUEHUH U IPATUEHTE CKOPOCTU C MOJYJIEM, PaB-
HeM 1 M/c Ha 1 M, Bo3HHKaeT cuiia BHyTpeHHero Tpenus B 1 H Ha 1 M? mOBepXHOCTH KacaHHs
CJIOEB (1 MaxXc=1 HXc/m?). [IpuMensieTcs Takxe BHeCHCTeMHas enunauna — myas (I1):
ITa-c =10 IL

YeM Oosbliie BI3KOCTb, TEM CHIIbHEE JKUIKOCTh OTIIMYAETCs OT UACAIbHOM, U TeM OoJbIlne
CWJIBI BHYTPEHHETO TPEHUS B HEil BO3HUKAIOT. BS3KOCTh 3aBUCUT OT TEMIIEpATyphl, IPHUEM Xa-
pakTep 3TOH 3aBUCHMOCTH ISl )KMJIKOCTEHN U Ta30B paziauydeH. i )KUIKOCTEN 7 ¢ yBEINYEHUEM
TEMIIEPAaTypbl YMEHbBILIAETCS, y Ta30B, HAOOOPOT, YBEIMUMUBAETCS, YTO YKa3bIBaeT Ha Pa3IUuyUe B
HUX MEXAaHM3MOB BHYTPEHHEro TpeHus. Tak, qTuHamMuuecKasl BSI3KOCTb BOJbl YMEHBIIAETCS OT
1,792:1072 11 1o 0,284:1072 I1 (.. B 6,3 pasa) npu yBenudenuu Temneparypsl ot 0 °C go 100 °C,
ay BO3/lyXa B 9TOM K€ JJMana3oHe BA3KOCTh yBenuuusaercs ot 1,709-1074 IT mo 2,175-107* 1.

Cy1ecTByeT ABa pekuMa TedeHus )kukocTeil. TeueHue Ha3pIBaeTCs JaMHMHAPHBIM (CJI0-
HCTBIM), €CIIY BJOJb MOTOKA Ka)KJbli BBIJECICHHBIM TOHKUH CIOW CKOJB3UT OTHOCUTENIBHO CO-
CE/IHUX, HE MEePEMEIINBASICh C HUMU, U TYPOYJIEeHTHBIM (BUXPeBbIM), €CJIH BJIOJIb TIOTOKA IPOUC-
XOZMT UHTEHCUBHOE BUXPeoOpa3oBaHUE U NEPEMEIINBAHUE KUAKOCTH (rasa).

JlamuHapHOe TedeHHe KHUAKOCTU HaOIoAaeTcs MpH HEOOIbIINX CKOPOCTSIX €€ JBUKECHHUS.
BHenHuil cioit )KUAKOCTH, MPUMBIKAIOLINNA K TOBEPXHOCTHU TPYOBI, B KOTOPOIl OHA TeYeT, u3-3a
CHJI MOJIEKYJIIPHOTO CLIETIJICHUS] IPUJIMIIAET K Hel U ocTaeTcsl HenmoABMKHbIM. CKOpPOCTHU 1ocIie-
JYIOLIUX CJI0€B TeM 00Jbliie, 4eM 0O0JIbIlIe UX PACCTOSHUE JI0 TIOBEPXHOCTH TPYOBI, U HANOOIbIIEH
CKOpPOCTBIO 00J1a/1a€T CJIOH, IBUKYIIUICS BAOIb OCU TPYOBI.

[Tpu TypOya€HTHOM T€YEHUHU YaCTHULIBI JKUAKOCTH IPUOOPETAIOT COCTABIISIOIINE CKOPOCTEH,
NEePIEHUKYJIIPHbIE TEYECHHIO, IO3TOMY OHH MOTYT MEPEXOAUTH U3 OJHOTO cJiosi B apyroi. Cko-
POCTb YaCTHUI] XKHUJIKOCTH OBICTPO BO3PACTAET 10 Mepe YAaleHHUs OT MOBEPXHOCTH TPYyOBbI, 3aTeM
U3MEHSETCS JIOBOJBbHO HE3HAUMTEIbHO. TaK Kak 4acTUIbl )KUJKOCTH NEPEXOJIAT U3 OJTHOTO CIIOS
B JIPYTOH, TO UX CKOPOCTU B Pa3jIMYHBIX CIOSX Mo OTiIM4YaroTcs. M3-3a 6ONbLIOro rpajueHTa
CKOPOCTEH y TOBEPXHOCTEHN TPYOBbl OOBIYHO MPOUCXOIUT 00pa30BaHKE BUXPEH.
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[Tpoduib ycpeHEeHHOM CKOPOCTH NIPU TYpOYJICHTHOM TE€USHUH B TPyOax OTIMYAETCA OT Ia-
pabonmyeckoro mpoduiIs NP JTAMUHAPHOM T€UEHHH OoJiee OBICTPHIM BO3PACTAaHHEM CKOPOCTH Y
CTEHOK TpYOBl M MEHBIIEH KPUBU3HON B LIEHTPAJIbHON YaCTH TECUCHHUSL.

Awnrnuiickuii yuensiii O. Peltnonpac (1842—1912) ycranoBui1, 4To XapakTep TEUEHUS 3a-
BUCHT OT Oe3pa3MepHOil BeTMUMHBI, Ha3pIBaeMoi unciom Pelinonbaca:

h

Re = (2)

rac P — IUIOTHOCTD KUJAKOCTHU;

<u > — CpCaHAAa 110 CCUCHUIO Tp}I6BI CKOPOCTDb )KUAKOCTHU,

d —XapaxkTepHbI! JIMHEHHBIN pa3mep, HalpUMep JHaMETp TPyObI;
7 — IMHAMHYECKAs BSI3KOCTb KHJIKOCTH.
OtHomenne N = 7/p Ha3pIBACTCSI KHHEMATHYECKOH BA3KOCTHIO, TIOATOMY (2) MOXHO TIpeJICTa-
BUThH CJIEIYIOIIUM 00pa3oM:
u)d
Re =——. 3)
n
[Ipu Manbix 3HaueHUsX uucia Peitnonbaca (Re £ 1000) mabmomaercs TaMUHAPHOE TEYeE-
HUeE, TIEPEXO0]] OT JAMUHAPHOTO TEYEHHs K TypOyJeHTHOMY mpoucxoaut B obnactu 1000£ Re £
2000, a mpu Re = 2300 (ansa rmagkux TpyO) Teuenue TypOyieHTHoe. Ecnu uncno PeitHonbaca
OJIMHAKOBO, TO PEKUM TEUCHUS PA3IMYHBIX KUAKOCTEH (Ta30B) B TPyOax pa3HBIX CEUCHHN OIH-
HaKOB.
Teopust MeT0o2 M ONIUCAHUE YCTAHOBKH
Bs3kocTh nposiBisieTcss IpU JBMXKEHUHM HE TOJIBKO YKMJKOCTU IO COCYAaM, HO U Tel B
AKUJIKOCTU. [Ipn HEOOIBIINX CKOPOCTAX B COOTBETCTBUM ¢ ypaBHeHHeM HbproToHa cuiia conpo-
TUBJIEHUS JIBUXKYIIEMYCsI TeJIy MPONOPILHOHAIBHA BSI3KOCTU JKUIKOCTH, CKOPOCTH JABHKEHMS
TeJla U 3aBUCHUT OT pa3MepoB Tena. Tak Kak HEBO3MOXKHO yKa3aTh O0I1yt0 (GOpMYyITy AJIs CHIIBI
COIIPOTHBIIEHUS], TO OTPAHUYUMCS PACCMOTPEHUEM YaCTHOT'O CIIydasl.
HawubGonee npoctoii popmotii Tena sBisercs chepa. s chepuueckoro Tena (Mapuk) 3aBu-
CHUMOCTb CHJIbI CONPOTUBJICHHUS TIPU €T0 JBMKEHUH B COCYJIE C XKHUJIKOCTBbIO OT MEPEYHCICHHBIX
BhIIIE (DAKTOPOB BBIpaXkaercs 3akonom Cmokca:

F,, =6phm, (4)

IZie ¥ — paAnycC IIapuKa;

0 — CKOPOCTb JABU)KCHHUS.
OTOT 3aKOH MOJIyUY€H B [IPEAINOJIOKEHUH, UTO CTEHKU COCY/1a HE BIUSIOT HA ABM)KEHUE TeJa.
ITpu mageHuu mwapuka B BSI3KoU cpejie (puc. 3) Ha Hero AEMCTBYIOT TPU CUIIBL:

® CUJIa TSDKECTH mg :ér prig;
* BHITAIKKBAIOLIAs (apxuMenoBa) F, =m . g = % r..p g,

TJIE My — Macca BRITECHEHHOW IIAPOM JKUIKOCTH; Py — €€ TUIOTHOCTD;
® [, — cuia CONPOTHUBIIEHUS, BbIUUcseMas 1o Gopmyie (4).
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IIpu nmonaganuy mapuka B BS3KYIO KUAKOCTb €0 CKOPOCTh YMEHbIIAeTcs. Tak Kak cuiia
COIIPOTHUBIICHUS TPSMO MPONOPLUOHATBHA CKOPOCTH, TO M OHA OYyAET YMEHbLIATHCS 0 TEX MOp,
NIOKA JIBUJKEHUE HE CTAaHET paBHOMEPHBIM. B 3TOM ciyuae:

Puc.2.

[ 1 1
mg+FA+Fmp:0' (5)
B ckansipHO#i hopMe IpH MOJICTAHOBKE COOTBETCTBYIOLIMX BhIpake-

HUH Ui cuit, popmyna (5) OyaeT uMeTb BUJ
irp ¥g-4r prig- 6phr, =0 6
p*’g- 4r,prig- 6phm, =0, (©)

rae U, — CKOPOCTb PaBHOMEPHOIO JBWKEHMs (IIaJCHHA) LIapUKa.

W3 (6) nosyyaeM BbIpaXeHHUE ISl JTMHAMUYECKON BA3KOCTH:

(7

®opmyna (7) cripaBeaauBa AJs IBMKEHUS IIApUKA HE TOJIBKO B KHJI-
KOCTH, HO H B rase.

DKCIepuMeHTaIbHasl YCTAaHOBKA COCTOUT U3 CTEKJISTHHOTO IIMJIMHPA, 3aII0JTHEHHOTO TIIUIIe-
puHoM. Ha munmHIpe HaHECeHBI IB€ TOPU3OHTAIbHBIE METKH (TIPOBOJIOYHBIE KOJIbIIA), PACIoJIo-
’KEHHBIE IPYT OT APyra Ha paccTosHun / (BEpXHssS METKA JOJKHA OBITh HUKE YPOBHS ITIMIIEPHHA
Ha 5 — 8 cM.). BS3KOCTh IIHMIeprHAa 3aBUCUT OT TEMIIEPATYPhI CICAYIOIMUM 00pa3oM:

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

Oobopyooeanue u mamepuanol.

CTeKIIHHBIN oUJInHAp, 3aM0JTHCHHBIN rIMOCPUHOM, CCKYHIAOMCEp, MUHLICT, MMAapuKu, MU-
KpOMETpP UJIN OTCUETHBIN MHKPOCKOII.

Ykazanua no mexnuke 6e3zonacnocmu.

1. K BeImonHeHuto 1a60paTOPHBIX PA0OT OMYCKAIOTCS CTYACHTHI, H3yYHBIINE ITPABHJIA TEX-

HHMKH 0€30IMacHOCTH.

2. JlabopaTopHble pabOThl MOTYT IPOBOJIUTHCS TOJBKO MO PYKOBOJCTBOM U HAOJIO/IEHUEM

npernogaBaTcis.

3. Pacnonaraiite npubopsl, MaTepuaibl, 000pyJoBaHUE HA paboyeM MecTe B MOPSIKE, YKa-
3aHHOM TPEIOJIaBATEIICM.
4. He nepxxurte Ha paboueM CTOJIE IPEAMETHI, HE TPEOYIOMIUECs JIJIsl BBITIOJHEHUS 3a1aHUS.

e

Hepeﬂ TEM, KaK INPUCTYIIUTh K pa60Te THIATCIIBHO HU3YYUTC eé OIMMCAHUEC, YIACHUTC XOI

BBITIOJIHEHUSI pa0OTHI.
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3aoanus.

I.

I/I3MepI/IB ANaMCTp mIapuKa, OIMyCTUTH HIapUK B JKUJAKOCTH KaK MOXXHO OJIMKe K OCH ou-

JUHJpA.
2. BxI0YMTH CEKYHIOMEP B MOMEHT MPOXO0XKIECHUS IIIAPUKOM BEPXHEN METKH.
3. BBIKIIOUNTH CEKYHIOMEP B MOMEHT POXOKICHHUS IIAPUKOM HIKHEH METKH.
4. IloBTOPHTH ONBIT HECKOJBKO (7 — 9) pa3. BeI4ucInTh cpefHee BpeMs £, 32 KOTOPOE 1Ia-
PHK MPOXOJUT MEXIY ABYMS METKaMH.

5. W3smeputs paccrosaue / MexXIy METKAMM.

6. BpruncauTh cKOpPOCTh NajieHus WapukoB Uy = I/t

7. TloactaButh 3HaUeHUE CKOPOCTH B hopmydy (7), BBIYUCIUTH BA3KOCTh INIUILIEPHHA.

8. PesynbTaThl H3MEpeHU 3aHeCTH B Ta0HITy 1.

Tabnuna 1.
t, ¢ I, ¢ i5¢ | t4C|ts,Cllg,C |t C|lsC|lyC tcp; c r,M Vo, l; M n,
Mm/c [TaXc
Ipumeuanue: IJIOTHOCTH cBUHIA p = 11,350 r/cm?

IUIOTHOCTD TIIMIEPHHA Py = 1,264 r/eM?,

Cooeporcanue omuema.

Otuet o 1abopaTOPHBIM paboTaM JOJKHBI COJEPKATE!

- TUTYJIbHBIN JIKCT;

- IeTb paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, ONPE/IEICHUH, TOHATUH, (popMyII;
- OCHOBHOE 000pY/JIOBaHHUE, CXEMa YCTAaHOBKH;

- OMMCAHUE 110 MyHKTAM BBIIIOJIHEHHON paboTBhl;

- pe3yabTaThl U3MEPEHU U pacyeToB (Tabauibl, rpaduKkn);

- OLICHKA MOTPEUIHOCTEN;

- OTBEThI HA KOHTPOJIbHBIE BOTIPOCHI,;

- BBIBOJIbI 110 PE3YJIbTaTaM BBIIIOJIHEHHOW pabOTHl, 1aTa, MOIHUCH.

KOHmpOJleble 60RpOChol.

Al e

UYro Takoe BHyTpEeHHEE TpeHue?
OT 4ero 3aBHCHUT CHJIa BHYTPEHHETO TPEHUS?
Kak 3anuceiBaercst popmynia HeroToHa J11st BHYTPEHHETO TPEHUS?

UYto nokaspiBaeT rpaJueHT CKOPOCTH? B KakuX equHUIax OH u3mepsercs?

OT 4ero 3aBUCHUT CHJIa TPEHUS TIPH JIBIKCHHUH TeJl IIapooOpa3Hoi (OpMBI B BA3KOM cpe-

ne?

Kakue cuipl 1eiCTBYIOT Ha AJAIOIINKI B BI3KOM Cpejie MapuK U KAKOB XapaKTep JBHUKE-

HUs mapuka’?
B kakux enquHuUIax U3MepSIOT BA3KOCTh? OT 4ero oHa 3aBUCUT?

JlabopaTopnasi padora Ne 6

Tema paoomwui. OnipenesieHre OTHONICHUS YAeJbHBIX TEIJIOEMKOCTeH BO3IyXa MeTO-
JA0M aINA0aTHYeCKOr0 PaCIIMpPEeHNs.
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Ilens pabomul. VI3yunthb ra3oBble 3aKOHBI, IEPBbIM 3aKOH TEPMOJMHAMUKHU U MIOHSITHE TeTl-
noémkoctu. OnpenenuTh OTHOIIEHHE TEIUIOEMKOCTEH BO3IyXa MPH TOCTOSHHOM JAaBICHUH H
nocTossHHOM o0beMe (ko3¢ durment Ilyaccona) B ycnoBUAX, OJIM3KUX K HOPMaJIbHBIM.

Teopemuuecmm yacms.

OnbIT MOKA3bIBAET, YTO KOJIMYECTBO TEIJIOTH (), HEOOXOAMMOE [l HarpeBaHUs Macchl OJ1-
HOPOJHOIO BellecTBa OT TeMuepaTtypsl 1 10 15, IPONOPLHOHAIBLHO MACCe BEILECTBA U U3MEHE-

HUIO TEMIIepaTyphl:
Q=cm(T, - T, ), (1)
TJie ¢ - yAeNnbHas TeI0eMKOoCTh BemecTBa. U3 popmyssl (1) cnemgyer
_ 9

= , 2
07—)"17’2‘71 ()

Yoenvnoit mennoemkocmoro Ha3zpiBacTCs KOJIUYECTBO TEILIOTHI, HEOOXOAMMOE IIJIsS Ha-
y _y e
rpesanus BemecTsa Maccoii 1 krma 1 K. B «CW» |c|=1—"—.
ke XK
KpoMe yenbHOM TEMIOEMKOCTH BELMIECTBA MCIIOIL3YETCS MOJISApHAsh TeIoeMKocTh CY,
Monapnoii mennoemkocmvlo Ha3bIBaeTCs KOJUYECTBO TETUIOTHI, HEOOXOIUMOE ISl HAarpEBaHMS
1 mons BemtectBa Ha 1 K. VI3 onpenenenus yaenbHOM TEIUIOEMKOCTH CIIEAYET, UTO OHA CBSI3aHa C
MOJISIPHOM COOTHOILIEHUEM

M __
cM =Mc 3)
rae M - monapHas macca BemectBa. B «CH» enununa wusMepeHus [CM] =
e
1 LX‘( CocTosiHHE Ta3a MOXKET OBITh OXapaKTePU30BaHO TPEeMs MapaMeTpaMu: JaBICHHEM
MOTb

p, o0beMoM V' u Temnepatypoil 7. YpaBHEeHHE, CBSI3bIBAIOIIEE 3T BETMYHHbI, HA3bIBACTCS ypas-
HeHuem cocmoanua 2a3za. ][5 ciydasi U1eanbHOI0 ra3a ypaBHEHUEM COCTOSIHUS SIBJISIETCS Ypag-
Henue Menoeneesa-Knaneitpona

oV :%RT, )

rzae R - yHuBepcaabHasi ra30Bas IOCTOSHHAS.
BennuuHa TemioeMKoCTH Ia30B 3aBUCUT OT YCJIOBHM HarpeBaHus. BolsicHUM 3Ty 3aBUCH-
MOCTb, BOCIIOJIb30BAaBUINCh YPABHEHUEM COCTOSIHUS (4) U nepevim HAYA10M MEPMOOUHAMUKU,
KOTOPOE MOXKHO C(OPMYJIUPOBATH CIEAYIOLIIMM 00pa3oM: KOJIUYECTBO TEIJIOTHI 0, IepelaHHOe
cucTeMe, 3aTPAaunBaeTCs Ha YBEIMYCHNUE e¢ BHYyTpeHHel sHeprun dU u Ha paboty JA, coBepIa-
€MYI0 CUCTEMOM IPOTUB BHELIHUX CHJI

00 =dU + 04. 5)

ITo onpeneneHnIo TEMI0EMKOCTh PaBHA
C=or~artar

W3 ypaBHeHwus (6) BUIHO, YTO TEIUIOEMKOCTh MOXET UMETh Pa3IMYHbIC 3HAYCHUS B 3aBH-
CUMOCTH OT CIIOCOOOB HAarpeBaHMs ra3a, TaK KaK OJIHOMY M TOMY )K€ 3HA4eHUIO d MOTYT COOT-
BETCTBOBATh pa3inuHble 3HaueHust dU u dA.

dnemenmapnasn paboma uacaIbHOTO Ta3a paBHa dA = pdV. Buympennasa snepzus 2a3a

(6)

paBHa:
I m
EREYTR ™
m . . .
1€ —— - KOJIMYCCTBO MOJICHU Ia3a, 1 - YHUCJIO CTCIICHCU CB06OI[BI.
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Yucnom cmeneneii c60000bl MOJIEKYJIbI Ta3a HAa3bIBACTCS YNUCIO HE3aBUCHMBIX KOOPIU-

HAT, OTIPEIEISIONINX MOJI0KEHUE MOJIEKYJIBI B IIPOCTPAHCTBE.
[Ipu 1BHKEHUU TOUYKHU 1O MPSAMOM JIMHUM JJIS OLICHKU €€ MOJIOKEHHUS Ha/l0 3HaTh OJIHY KOOpPIH-
HaTY, TO €CTh TOYKa MMEET OJ[HY CTETeHb CBOOObI. Ecin Touka ABMKETCS IO MIIOCKOCTH, €€ T10-
JIOKEHUE XapaKTepu3yeTcs JByMsl KOOpAWHATAMHU, TO €CTh TOYKA 00JIaAaeT OBYMs CTENEHIMH
cBoOobI. [TonmokeHne MaTepruabHOW TOUYKH B TIPOCTPAHCTBE OTPENENSICTCS TpeMsT KOOpAWHATa-
MH (TpU CTETIEHH CBOOOIbI).

MorexyJbl, KOTOpBIE COCTOST U3 OAHOTO aTOMa, CUUTAIOTCS MaTepUATbHBIMA TOYKAMHU U
UMEIOT YUCIIO cTeneHel cBo0o bl i =3. TakuMHU SIBJISAIOTCS MOJIEKYJIBI aproHa, reius u 1p. JByx-
ATOMHBIE  MOJICKYJIbI (H,, N, u 1p.) 065agaroT 4uCIoM CTeTIeHe CBOOO I I = 5; OHM UMe-
10T TPU CTETIEHU CBOOObI OCTYMATENBHOTO ABMKEHHS B10JIb ocell X, Y, Z U JiBe CTENEHH CBO-
00161 BpamieHus: BOKpyr oceil X u Z (pucyHok 1, a). Bpamienuem Bokpyr ocu Y MOXHO IIpe-
HeOpeub, TaK KaK MOMEHT HMHEPIIMU MOJIEKYJIbl OTHOCUTEIBHO 3TOM OCH OYeHb Maj. MOJEKyIbl,
COCTOSIINE U3 TpeX u 0oJiee )KECTKO CBS3aHHBIX aTOMOB, HE JICXKAIUX HA OJHOW MPSMOH (pucy-
HOK 1, 6), IMEIOT YHUCIIO CTeneHel CBOOO b i = 6: TPU CTENEeHU CBOOO/IbI HOCTYIATENFHOTIO ABH-
YKEHUS U TPH CTETICHU CBOOOIBI BpaleHus: BOKpyT ocedl X, Y, Z. CTOJBKO ke CTeTeHeH CBOOOIbI
UMEIOT U IPYT'H€ MHOI'OATOMHBIE MOJIEKYJIbI.

A 7 Az
O —— O X
e
Y Y /
a Puc.9P1 6

PucyHok 1 - Yucno creneHei cBob6oAbl  MOEKY

B ob6mem ciydae i - ko3 pHIIMEHT, paBHBIN CyMMe YHCIIa MTOCTYMATENbHBIX (i,00m), BPA-
IATENBHBIX (Igpay) W YABOCHHOIO YHCIIA KOJIEOATEABHBIX (ixozes) CTENEHEH CBOOOJBI MOJIEKYIIBI
rasa:

= inocm + iepam + 2iK0,’l€6 .
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o . M
Ha pucyHke 2 mokasaHa 3aBHCHMOCTb MoJsipHOit Termoémkoctn C,” Bomopona (H) ot

TeMIIepaTypbl, U3 KOTOPOH CIeIyeT, 4YTO TEMI0EMKOCTh PEAIbHOIO I'a3a He 3aBUCUT OT TeMIlepa-
TYpBI TOJIBKO B ONIPENIEICHHBIX TeMIIepaTypHbIX HHTepBanax. [Ipu stom B nHTepBasne 1-1¢ HeoO-
XOZMMO YYUTBIBATh TOJIBKO ITOCTyHATEIbHbIE CTENEHU cBOOOABI (i=3); B MHTEpBaJe 2-2¢ - OCTY-
naTeNbHbIE U BpaulaTtenbpHele (i=5); B uHTepBaie 3-3' - mocTynareapHble, BpallaTeIbHbIE U KO-
nebatenpHble (i=6). OnMcaHHas 3aBUCUMOCTh TEIUIOEMKOCTH PEaJIbHOrO ra3a OT TeMIIEpaTyphl
00ycJI0BIeHa KBAHTOBOM MPUPOION MOJIEKYI U OOBACHSAETCS B COOTBETCTBYIOIIUX pa3Jiesiax Kyp-
ca (pU3UKH.

Temmeparypsl, BbIIE KOTOPbIX HEOOXOJMMO YUUTBHIBATH TEMIEPATYPHYIO 3aBUCHMOCTb

o N
fn

N
=

0 76

PucyHok 2 — 3aBUCMMOCTB MOJIIPHON TETNIOEMKOCTH OT TEM-
nepaTypsl raza

BKJIAJIOB B TEIUIOEMKOCTh BPAIIaTEIbHOTO M KOJEOATENBHOTO ABMXXCHHUS MOJIEKYI, TOTyUUIn
Ha3BaHHE 6pawiamebHoll XapaKmepucmu4eckoi u KoslefbamebHou xapaxkme-
pucmuueckoiu memnepanmypsl COOTBETCTBEHHO. 3HAYCHHSI ITHX XapaKTEPUCTUUECKUX TEMIIe-
patyp IUIsl BOJOpO/ia, a30Ta U KUCIOPO/ia MpUBeeHbI B Tabmule 1.

BpaH_IaTeJIBHaSI U KonebaTenpHast XapPaAKTCPUCTHICCKUC TCMIICPATYPhL
HCKOTOPLIX I'a30B

Tabmua 1
I'as Xapakrepuctuueckas Temneparypa, K
BpauaTesbHas KonebarenbHas
H, 85,4 6100
N, 2,86 3340
0, 2,07 2230

W3 npuBeeHHBIX NaHHBIX CIEAYET, YTO MPU TEMIEepaTypax, OJU3KUX K HOPMaJIbHOM, pe-
aJIbHBIE JIByXaTOMHBIE Ta3bl MOXHO paccMaTpUBaTh KaK MJEaJbHBIN ra3, MOJEKYJbl KOTOPOIO
00J1a/1a10T TOJILKO OCTYNAaTEeNbHBIMU U BpalllaTeIbHBIMU CTETIEHIMU CBOOO/IBI.

PaccMoTpuM 0CHOBHBIE ITPOLIECCHI, TPOTEKAIOLINE B UI€ATIBHOM ra3e pU U3MEHEHUN TEM-
nepaTyphbl, KOIrjla KOJIMYECTBO BEIECTBA I'a3a OCTAETCS HEU3MEHHBIM U PABHO OJHOMY MOJIKO.
KonugectBo TemioTsl, HE0OX0AUMOE /711 HarpeBaHMsI 0IHOro MoJIs ra3a Ha 1K, paBHO MossipHOiA
TEIJIOEMKOCTH.
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H3oxopnutii npoyecc. Tlporiecc Ha3pIBAETCS U30XOPHBIM, €CITU 00bEM Tela MPU U3MEHE-
HUU TeMIIepaTypbl OCTAeTCsl IOCTOSIHHBIM, T.€. V'=const u m=const. B atom cinyuae dV = (. Cne-
JI0BaTeNIbHO, U dA = (), T.e. IpU 3TOM BCsI TIOJBOJMMA K ra3y TEIUIOTa UJIET Ha YBEIHMYCHHE €TO
BHyTpeHHel sHepruu. Toraa u3z ypaBHenuii (6) u (7) cienyer, 4To MoJisipHas TEMJIOEMKOCTh ra3a
IpY TIOCTOSIHHOM 00beMe paBHA

dU _i
cM =22 ="R 8
VT o (8)

H300apnwrii npoyecc. Ilpouecc, NpoTeKaOMUi NpU NOCTOSIHHOM JIaBIEHUH p = COnst 1
m=const, Ha3bIBaeTcs n300apHbIM. {111 3TOTO Ccydas popmysia (6) nmepenuiieTcs: B BUIE:

dU dv
C)l =——+p—. 9)
dT dT
N3 ypaBHEHMs ra30BOro cOCTOSIHUA (4) ISl OJJHOTO MOJIS MOTYYaeM:
pdV + Vdp = RdT. (10)
Ho p = const u dp = 0. CnenoBarensno, pdV = RdT . IloactaBmsis 3TO BeIpaXeHUE
B ypaBHeHue (9), noixydum
v _1+2
C » _T R.. (11)
U3 ypaBuenwuii (8) u (11) cnenyer, uro
cll =C) +R . (12)

[Tocnennee ypaBHEHUE HA3bIBAIOT ypasnenuem Maiiepa.
H3zomepmuueckuii npoyecc. V130TepMAYECKUM IPOLIECCOM Ha3bIBAECTCS IpoLECC, Mpo-
TEKAIOIIUKA TpU TOCTOSHHOW Temmeparype I=const u m=const. B atom cnydae dT = 0 u

d(Q =dA, to ects BHYTpeHHsS SHEpPrUs ra3a OCTAeTCS TOCTOSHHON M BCE MOABOAMMOE TEILIO

pacxojyercs Ha paboTy.

Aouabamuueckuii npoyecc. llponecc, nporexaromuii 6€3 TerIo00MeHa C OKpy>KaroIiei
cpezol, Ha3bIBaeTcs angunabarudyeckuM. [lepBoe Hauano TepMOIMHAMUKHM JUIsL TAKOTO Ipolecca
oyner umeth Bum: dQ = 0, dU + dA = 0, dA = -dU, To ecTb npu agquabaTUIECKOM IpoIiecce pa-
00Ta coBepIIaeTCcsl ra30M TOJBKO 3a CUET U3MEHEHUS 3araca BHYTPEHHEH SHeprHH.

BriBennem ypaBHeHue anmabatudeckoro mporecca. [Ipu agmabaTndeckoM pacHIMpeHHd
pabota coBepiuaeTcst 3a cueT yObUIM BHyTpeHHel sHeprun dA = - dU. Ho dA = pdV nu

dU =C)"dT , snauur
pdV =-C)dT. (13)

PaznenuB ypaBuenue (10) Ha (13) u yunrtsiBas (12), momyuum

vdp _ C'-C/ dp _ dV
I+—— = ——"—b  —=-g—, (14)
pdV C, p Vv
CM
rae 9 :—; Ha3bIBACTCS noKazamenem aouadamol i kodgppuyuenmom Ilyaccona. Nurte-

V
rpupys U NoTeHIupys ypaBHenue (14), nonyuum ypasnenue Ilyaccona (ypaBHeHUE anuadaTu-
YECKOro MpoIiecca):
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pVg =const. (15)
C yuerom (8) u (11) koaddunment Ilyaccona pasen

Cp i+2
g="—= (16)
Cy !

Ora gopmyna crpaBeauBa Kak IS OTHOIICHHS MOJISIPHBIX, TaK U YICJIBHBIX TEIUIOEMKOCTEH
ra3os.

Boznyx siBisieTcss B OCHOBHOM CMECBIO JIBYXaTOMHBIX ra3oB: a30Ta U Kuciopoja. IToaro-
My €ro MOKHO paccMaTpUBAaTh B IIEJIOM KaK JByXaTOMHBIN ra3. CoBnajeHle SKCIIePUMEHTAIbHO
HaAlJICHHOTO 3HaYCHUs KO3PPUIIMEHTA ¥ C pacCUUTaHHBIM 10 hopmyre (16) it IBYXaTOMHOTO
UJICANIBHOTO ra3a MOXKET CIIYKHUTh KpUTEPHUEM MPUMEHUMOCTH TEOPUH HJI€ATbHOTO Ta3a A OIU-
CaHUs peaJibHBIX Ta30B.

Oobopyoosanue u mamepuansl.

-H Oéé IIpennaraemblidi METOJ ONPEACICHUS
| R koa(ddurmenta [lyaccona g ocHoBaH

o I Ha NMPUMEHEHUH ypaBHEHHI aanada-
£ THYECKOTO U U30XOPHOTO MPOLIECCOB

.

O

O

O

b

s 3

e

u 3akoHa boins-Mapuorra.
/’ X g8 YcTaHOBKa COCTOUT U3 CTEK-
T JSTHHOTO OaylyloHa A, COCIUHEHHOTO
H (h:] C BOJSHBIM MaHoMmeTpoM B u Haco-
coMm (pucyHnok 3). [TocpencrtBom kpa-
Ha JI 0a/10oH MOXKET OBITh COCAUHCH
¢ atMoc(hepoii.

[IycTh B HayalbHOM COCTOSI-
___________________ HUW J1aBJICHHE BO3[yXa B OajuioHe
paBHO artmocdepHoMmy. Ecmu 3a-
KpPBITh KpaH M C IMOMOIIBI0 Hacoca
HakayaThb B Oa/JIOH HEKOTOpPOE KO-
JUYECTBO BO31yXa, TO JaBIICHUE B
OaJlJIOHEe TOBBICUTCS; HO €CIH 3TO
MOBBIIICHUE OBUIO MPOU3BEACHO TIOCTATOYHO OBICTPO, TO CTOJOWK BOJBI B MAHOMETPE HE Cpasy
3aiiMeT OKOHYATEeIbHOE MOJIOKEHUE, TaK KaK MpU CKATHH BO3/1yXa TEMIIEpaTypa ero MOBBICUTCS.
OxoHuaTenapHas Pa3HOCTh YPOBHEW BOJBI B KOJIEHAX MaHOMeTpa H yCTaHOBHUTCS TOJNBKO TOT/IA,
KOI'Jla TeMIepaTypa BO3[yXa BHYTpU OallJIOHa cpaBHSETCs, Ojaroaapsi TEIUIONPOBOJAHOCTH CTe-
HOK, C KOMHAaTHOW TeMIepaTypou

O603HaunM uepe3 T) KOMHATHYIO TEMIIEpaTypy U Uepe3 p; - AaBJICHUE Ta3a BHYTPU COCY-
Jla, COOTBETCTBYIOIIEE TTOKa3aHUI0 MaHoMeTpa H. O4eBHIHO, UTO aBICHUE, YCTAHOBUBIIICECS B
6aytone, Oyaet Oosbiie aTMochepHOTO Ha BeTu4nHy A p; = pgH:

N
/
N

=
I

Pucynok 3 — Cxema ycTaHOBKH

34



pr=potdp;  (17)
r7ie po - arMocdepHoe aaB-
nenue. Ilapamerpsl 77 u p;
XapaKTepu3yIOT  COCTOSIHUE
nmeMeHTa oObema V) rasa,
KOTOpO€ MBI Ha30BEeM Iiep-
BBIM COCTOSTHHEM ra3a (To4ka
PsV3T 1 Ha pucyHke 4).

Ecimu Ttenepr Ha Ko-
POTKOE BpeMsI OTKPHITh KpaH,
TO BO3AyX B Oamnone Oyjaer

e e e T

PV, T,
Py=P; 2! pacmmpsATecs  aanadaTrude-
i CKH, TOKa JABJEHUE €r0 HE
0 : clenaeTcs paBHBIM  aTMO-
A VeV v A P

chepHOMy po; TPU ITOM OH
OXJIQJUTCS IO TeMIEpaTyphbl
T,. D10 Oyner BTOPOE COCTO-
SSHUE Tra3a C I[apaMeTpamu

PucyHok 4 - [iInarpamma razoBoro npotuecca

T, , V) v p=po (TOUKa 2 HA pUCYHKE 4).

Ecnu cpa3y B MOMEHT JOCTHIKEHHSI BTOPOTO COCTOSIHUS Ta3a CHOBA 3aKPbITh KPaH, TO JIaB-
JieHHe BHYTpH OajuloHa Ha4yHET BO3pacTaTh BCIEJACTBUE TOTO, YTO OXJIAJAMBIIUKCS MPH PaCIIH-
pennu (mpouecc 1-2) Bo3ayx B OaJIJIOHE CTaHET CHOBA HarpeBaTbes. Bo3pacTanue naBieHus npe-
KpaTHUTCs, KOrja TemrepaTypa Bo3ayxa B OalJloHE CpaBHSETCS ¢ KOMHAaTHOW TemmepaTypoit 7.
O6o03HayuM JaBlieHHE BO3/AyXa B OAJJIOHE B 3TOT MOMEHT 4epe3 p3; U COOTBETCTBYIOIIECE MTOKa3a-
HUE MaHOMeTpa - uepe3 /. DTo OyneT TpeThe cocTosiHue raza: 1) , p3 u V3 (Touka 3 Ha pUCyHKe
4). JlaBneHue B 3TOM COCTOSIHUU PaBHO

P3=po TAps, (Aps=pgh) (18)

[Tepexon ot BTOporo coctosiHus (IIOCIie 3aKphITUS KpaHa) K TPEThEMY MPOUCXOIUT 0e3 U3-
MEHEHHS 00beMa, TO €CTh U30XOPHO.

3anuiieM ypaBHEHUS, CBSI3bIBAIOLIHE MTapaMETPhl BO3AYXa B Pa3HBIX COCTOSHUSX:

npouecc 1 —2 (ammabara) p,V,° =p,V;?, (19)
nporecc 2 —3 (u30Xx0pa) V,=17Vs3, (20)
kpuBas 1 —3 (u3zorepma)  pi V) = p3bi. (21)
B ypaBnenue Ilyaccona (19) Ha ocHoBanuu paBeHctBa (20) noactaBum V' BMecTo Vo:
pV® =p.Vy. (22)
W3 ypaBHenust uzorepmsl (21) Beipasum 00béM Vi:
v, =Ly, (23)
Ps
[TonyuyenHoe 3HaueHue V3 nojcraBuM B ypaBHeHue [lyaccona (22):
g
&, ., 0
PV =PV T (24)
P @
[IpencraBuM BeipaxeHnue (24) B Buje:
pVe =p,pVieps°. (25)

CoxpaTtuB 00e yacTu Ha Vlg, TIEpEHeCst p; BIPABO, & P, P; ° BIEBO U NMOMEHSB JIEBYIO 1
IPaBYIO YaCTH MECTaMH, MTOTYYHM:
gl — -1_9g
Py =P Ps3- (26)
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[TOMHOXHUM MpaByIo YacTh Ha p5 p,° (0TYEro paBeHCTBO HE HAPYIIMTCS) U CETAEM CO-

OTBCTCTBYIOLIUC Hp€06p330BaHI/ISI, O6B€,HI/IHI/IB YJICHBI C OJMHAKOBBIM OCHOBAaHUECM CTCIICHMU:

-1 -1 -
pi =p3 pip,°. (27)

Tonemum Ha pd ' neByIo 1 MpaByro YacTH ypaBHEHHS, HOJIqu/IMI

&

Bl B @

| 2%’ Pro

I[IpencTaBuM faBieHus ra3a B GAJUIOHE B Toukax 2, | ¥ 3 COOTBETCTBEHHO KaK
P2~ Do, (29)

p1=pot Apy, (30)
DP3=po+Aps, (31)

/1€ po— JaBJIEHUE OKPY>KaIoIlel Cpeibl, TO ecTh aTMochepHoe naBienue, Ap; u Ap; — naBieHue,
IIPONOPLHOHAIIBHOE PAa3HOCTH YPOBHEW JKMIKOCTH B MAaHOMETPE B COCTOSHHUAX | U 3 cooTBeT-
CTBEHHO.

[ToncraBus (29), (30), (31) B ypaBHeHue (28), mOTydyum

? L _g+ T (32)
o 05'

PaznoxuB 00e 4acTH MOJTYYEHHOTO BBIPAXKEHHS B PSIJI [0 MaJIOMy IIapaMeTpy U OrpaHH-
YUBILUCH IEPBBIMU JBYMs WICHAMH psAJa (B CUIIy MaJOCTH BTOPBIX CJIaraéMbIX B JIEBOM U IPaBOi
4acTsIX), MOIYy4UM

+(g- l)Dp1 _1+gDp3 . (33)
Po Po

Bripasum u3 ypasuenus (33) koaddunuent [lyaccona:

Dp,
= . 34
? Dpl - Dp3 G4

Ecmu yaects, uto Ap, = pgH, a Aps = pgh, T0 omyuum padodyio GopMyIry AJis ompese-
nenus koddduruenta [Tyaccona:

—i (35)
T

VYkazanua no mexnuke 6e3zonacnocmu.

1. K BeimosHeHMO 7a00paTOPHBIX paOOT JOMYCKAOTCS CTYACHTHI, H3YYHBIITUE TPAaBUIA TEX-
HUKU O€30MMaCHOCTH.

2. JlaGopaTopHble pabOTHl MOTYT IPOBOJUTHCS TOIBKO IO PYKOBOJICTBOM U HAOJIOACHUEM
IperoaaBaTers.

3. Pacnomaraiite npuOopsl, MaTepualibl, 000pyA0BaHUE HA paboyeM MecTe B TOPSIKE, YKa-
3aHHOM TIPEIO/IaBaTeIIeM.

4. He nepxute Ha pabodyeM CTOJIE MPEIMETHI, He TPEOYIOIINECS IS BEITIOTHEHUS 3a/1aHUSL.

[lepen TeM, kak MPHUCTYNHUTHh K pabOTe TIIATEIHHO U3YUYUTE €€ OMUCAHUE, YSICHUTE XOJ

BBITIOJTHEHHSI paOOTHI.

e
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3aoanus.

1. ITpu momomu kpana | coenuHUTh 0ayUIOH ¢ aTMOCchepoil. 3aKPHITh KpaH.

2. HakauaTh B 0aJUIOH BO3AyX TaK, YTOOBI pa3HOCTh YPOBHEH BOJBI B KOJICHAX MAHOMETPA
coctaBuia 20-25 cm. (4-5 060pOTOB pyUKH Hacoca)

3. Beokaath 1,5-2 MUHYTHI, 4TOOBI BO3AYX B OaJIJIOHE OXJIAaWiICS JO KOMHATHON TeMIie-
patypbl ¥ YPOBHHU BOJBI B MAHOMETpE MEpeCcTaliv nepeMemarhses. [lomydeHHoe coCcTosTHIE CoOT-
BETCTBYET TOUKE | Ha pUCYHKE 4.

4. 3anucaTh B TaOIMIy 2 BBICOTY YPOBHEW BOIBI /1, U h,, B KOJleHax MaHoMeTpa. Omnpene-
Th H :

H=h -nh

a np

5. OTKpBITH KpaH TakK, 4TOOBI BO3AYX B OaJIJIOHE OBLI COETMHEH ¢ aTMOC(epoi, U OBICTPO
€ro 3aKPBITh B MOMEHT, KOTJIa YPOBHH KHJIKOCTH B 000MX KOJICHaX MaHOMeTpa cpaBHstoTCs. [Ipn
9TOM JaBJICHHE BO3/yXa B OaJlJIOHE CTaHEeT paBHBIM aTMOC(HEPHOMY py — 3TO COCTOSIHUE, COOTBET-
CTBYIOIIIEE TOUKE 2 Ha PUCYHKE 4.

6. Bepxaath, 4TOOBI BO3IyX B OajsioHe MOcje ainadaTHOrO pacIIupeHus Harpesncs, U ero
TeMIepaTypa MpuOIM3IIACh K KOMHATHOU Temmepatype. [Ipu aTom naBineHue B 6alioHE MOBBI-
CUTCSI M BHOBb MOSIBUTCS Pa3HOCTh YPOBHEH KHUAKOCTH B MaHOMeTpe. Korja ypoBHM nepecTaHyT
nepeMeniaThCs, CAeNaTh HOBBIM OTCYET TTOKa3aHUI YCTAHOBUBIIUXCS YPOBHEH B KOJIEHAX MaHO-

metpa h§ u h 557 . OnpenenuTh pa3HOCTh YPOBHEH /.

7. IIpn momomu kpana J{ coemMHUTH O0AJUIOH ¢ aTMOCHEPOi.

8. OmBIT TOBTOPUTH HE MEHEe 5 pa3 1o myHKTaM 1-7 (10 yKa3aHHUIO TperoaaBaTes).

9. Paccuurats o dopmyie (35) y; AJIg KaXKAOTO ONBITA MPOBEACHHON CEpUU U3MEPECHHUI.
10. Haiitu cpeanee apudmerndeckoe ag.

11. BBUUCINT MONYIIUPUHY JOBEPUTEILHOTO MHTEpBaia Ay, KaK Ui CEPHUH TPSIMBIX
U3MEPECHUM.

12. Pe3ynbTaT mpeactaBuTh B Buae y=agi+ Ay, o = 0,95.

13. BeIBOJI clienath M3 CPaBHEHUS SKCIEPUMEHTAIBHO MOJYYEHHOTO 3HaYeHUs Koda(du-
nuenta [lyaccona u paccuutannoro mo ¢opmyie (16) yepe3 creneHu cBoOOABI MOJIEKYI BO3/TY-
Xa.

Tabnuua pe3ynbTaToB U3MEPEHUI
Tabnuna 2

Ne hy, MM | By, MM | Ho MM | B¢, mm hgp ,MM | h, MM g <g> Vilef

| B W N

Cooepicanue omuema.

OTuer 1o 1a00paTOPHBIM paboTaM JOJKHBI COAEPKATD:
- TUTYJIbHBIN JIUCT;

- TIeJIb pabOTHI;
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- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIPE/ICIICHUH, TOHATUH, (popmyII;
- OCHOBHOE 000pY/JJOBaHUE, CXEMA YCTAaHOBKH;

- OTIMCaHUeE I10 MyHKTaM BBIITOJIHEHHON paboThl;

- pe3ynbTaThl W3MEpPEHUI U pacueToB (Tabuullbl, rpaduKm);

- OLICHKA IOTPEIIHOCTEN;

- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJIBI IO PE3YJIbTaTaM BBINIOJIHEHHOW pabOTHI, 1aTa, MOJIMHUCH.

Konmponwsnwvie éonpochwi.

1.Yto Takoe naeanbHbIN ra3’?

2.3anuimmMre ypaBHEHUE COCTOSIHUS MI€aIbHOIO ras3a. /[aiite onpeneneHue BEIUUYHMH, BXO-
JSIIMX B HETO.

3.Yrto Ha3bIBaeTCs YUCIOM CTeneHell cBoboabl cucteMbl? KakoBo umcio creneneii cBodo-
JIbl OJTHO-, IBYX- 1 MHOTOQTOMHOI MOJIeKyJbl? UeM 00yCI0BIE€HO pa3inyue Yucia CTeNeHen CBo-
00b! IS pa3HBIX MOJIEKYJ1?

4.Yto Takoe BHyTpeHHss sHeprus? Kak HaliTH BHYTPEHHIOIO SHEPTHUIO U1€aJIbHOTrO ra3a’?

5.Ha3zoBure criocoObl U3MeHEHMs BHyTpeHHel sHeprun. Kak paccuutars paboty uaeanb-
Horo raza?

6.CopmynupyiiTe nepBoe Ha4aI0 TEPMOJIUHAMHUKH.

7.JlaliTe onpeneneHus TEMIOEMKOCTH CUCTEMBI, YIEIBHON U MOJIIPHOHN TEIUIOEMKOCTEH.

8.JlaiiTe onpezneneHus U30TEPMUUECKOMY, H300apHOMY, U30XOPHOMY M auabaTHYECKO-
My Ta30BbIM IIpolieccaM, MPOAaHAIU3UPYITE UX C MOMOIIBIO IEPBOr0 Hayana TEPMOJIUHAMUKH.
[IpuBenure rpadMKu COOTBETCTBYIOLIMX M30IIPOLIECCOB.

9.3anumuTe GopMyJibl JUIsl MOJISIPHBIX TEINIOEMKOCTEN ueanbHoro raza. OobpsacHuTe, 1no-
4yeMy TeMJIO0EMKOCTb I'a3a IIPU NOCTOSIHHOM JIaBJIEHUH OOJIbIlIe, YEM ITPH TOCTOSIHHOM OOBEME.

10. Bripasute koo dunuent [lyaccona uepes uncio creneHeil cBo00 bl MOJIEKYJIbI.

11. IToctpoiite rpadguk NpoLeccoB, MPOUCXOASIINX C BO3YXOM IPHU BHIIOIHEHUU JIaH-
HOM paboThl U OOBSICHUTE €TO.

JlaGoparopnas pabdora Ne 7
Tema padomer. U3ydyenne 371eKTPOCTATHYECKOTO MOJISI

Ilenv padomel. VI3yueHue >1€KTPOCTATUUECKOTO TOJIS; TOCTPOCHUE SKBUIIOTEHIIMATbHBIX
MIOBEPXHOCTEHN OJIA.

Teopemultecmm uacms.

W3BecTHO, 4TO BOKPYT JIFOOOTO 3apsijia WM 3apsHKEHHOTO Tela CYLIECTBYET 3JIeKTpUye-

CKoe noJje. B 3ToM nosie Ha BHECEHHBIN B HETO APYIOU 3apsi/l JEHCTBYET KyJIOHOBCKAsI CUia. DJIeK-

TPUUECKOE TI0JIE XapaKTEPU3YETCs B KAXK10M TOUKE BETUUUHAMU: CUIIOBOM — BEKTOPOM 3JIEKTPH-
1 -

YecKoi HaNps’KCHHOCTHU E , v 3HCpFeTquCKOﬁ — CKaHHpHOﬁ BEJIMYMHOM — NOTCHLIHAJIOM J .
HaHpH)KeHHOCTLIO QJICKTPHUYCCKOI'0 IMOJIA HAa3bIBACTCA (1)I/ISI/I‘~I€CKa$I BCJIMYMHA, YUCJICHHO
1

paBHas W COBIAJAIOUIAs IO HANPABJICHUIO C CHIIOU F, JICACTBYIOLLIEW CO CTOPOHBI MOJISI HA

€IMHUYHBIN N0JI0KUTENbHBIN TOYEYHBIN 3aps] ¢, IOMEIIEHHbINH B pACCMaTPUBAEMYIO TOUKY:
1

;
=L (1)

4,
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HOTGHI_II/Ia.HOM SJICKTPUYCCKOTIO IIOJIA B I[aHHOI\/'I TOYKC HA3bIBACTCA CKaJIIpHAasA BCJIMYHHA,
YHUCJICHHO paBHasA HOTeHHHaHBHOfI OHEPIrUun U CANHUYHOTO ITOJOXKUTEIIBHOIO TOYCUYHOT' O 3apdaa

qo , IOMCIHICHHOI'O B 3Ty TOYKY

2)

.U
j ==
9,

HOTCHIII/IB.JI N HAINPA)KCHHOCTD 3JICKTPUYCCKOT'O IOJIA CBA3aHbI COOTHOIICHHUEM

—_—

E =- gradj (3)
HamoMHuM, 4TO rpagMeHTOM JH00OH CKalsIpHOH BEIMYMHBI |  HA3bIBAIOT BEKTOP,
HaIpaBJIeHHEe KOTOPOTO COBIIAJAET C HANPABJICHUEM OBICTPEHIIIEro yBEIMYCHHs BEIMYMHEL | , a
MOJyJIb PAaBCH WM3MCHEHHMIO | IpH MNEPEMEIICHMH HA CIMHUIY [UIMHBI B HalpaBJICHUH
ObIcTpeiiniero u3MeHenus | . 3HaK «MHHYC» B opmyie (3) mokasbIBaeT, 4TO HANPsHKEHHOCTD

1
nonst E wanpasiieHa B CTOPOHY yObIBaHHS MOTEHIIMANIA.

HamnpaBnenue BekTopa HaNMpsKEHHOCTH AJIEKTPUUECKOTO TMOJISI B KaXJA0W TOYKE MOJIA U
pacmpenelneHre IMOTEHIMANoOB TMOJii MOXHO  clenatb OCOOEHHO  HArjsAHbIM, €CiH
BOCIIOJIB30BATLCA MOHATHUAMHU O CHUJIOBBIX JIMHHUAX W O MMOBCPXHOCTAX PABHOI'O MOTCHIIMAJIA, TAK
Ha3bIBAEMBIX 3KBUIIOTEHLIUATBHBIX TOBEPXHOCTSIX.

CHUJIOBLIMH JIMHUSIMU Ha3BLIBAIOTCS JJUHHUH, KaCaTCJIbHBIC B Ka)K,Z[Of/'I TOYKEC KOTOPBIX
OTIpEe/IeIIAIOT HAIpPaBJICHUE BEKTOPOB HAMPSIKEHHOCTEH JleKTpuueckoro mnons. Ywucno ke
CUJIOBBIX JIMHUU OpoxoAdmux 4YCepe3 CAUHULY IUIOoIIaau, HOpMaJII:HOfI K JOTHUM JIMHHUAM,
oTpesiesisieT BEIUUMHY BEKTOpa HAPSXKEHHOCTHU AJIEKTPUYECKOTO MOl B LIEHTPE ATOM IUIOMIA/IH.
JIunnu HAIMps>KCHHOCTU SJICKTPHUYCCKOTO I10JIs1 HC3aMKHYTHI, OHHU Ha4YUHAKTCA u3
MOJIO’KUTENBHOTO 3apsia U 3aKaHUMBAIOTCSI HA OTOPULIATEIHLHOM 3apsije.

['eomeTpryeckoe MeCTO TOUEK IIEKTPUUECKOTO MOJIsl, TOTEHIIHMAIBI KOTOPBIX OJJUHAKOBBI,
Ha3bIBACTCS HKBUIIOTEHIIMAIBLHON MOBEPXHOCTHIO. DKBUIOTEHIMATbHBIE TOBEPXHOCTU MPOBOISAT
TakuM 00pa3oM, YTO pa3HOCTh MOTEHITMAIIOB JIJISl IBYX COCEIHUX MMOBEPXHOCTEH BCIOY OJIHA U Ta
*Ke. OTO MO3BOJSET MO TyCTOTE AKBUIOTEHIMAIBHBIX IMOBEPXHOCTEH CYAUTh O BEJIUYHHE
Hanps’KCHHOCTHU IOJIA.

BexToph! HANPsAKEHHOCTH 3IEKTPUUYECKOTO OJIA U, CIIE0BATEIbHO, CUJIOBBIE JINHUU MOJIS
HOPMaAJIbHBI K 9KBUIIOTCHIHUAJIbHBIM ITOBECPXHOCTAM. Ha pI/ICI CHUJIOBLIC JIMHUU HECKOTOPOTI'O IOJIA
MIPOBEJICHBI CILNTONTHOM JIMHUEH, a SKBUIIOTEHI[MAJIbHbBIE TOBEPXHOCTU-IITPUXOBOM.

~ |

W‘
?=ansi‘_ T

puc. 1

I/ISBCCTHO, YTO SKCICPUMCEHTAJIBHOEC U TCOPETUUYCCKOC M3YUCHUC PACIPCACIICHUSA IMOTCHUINAIOB
QJICKTPHUYCCKOIr'0 IOJIA IpoulIC, 4€M OIIPCACIICHHUC HaHpH)KeHHOCTCﬁ I10JIA. HOZ—)TOMy B JaHHOM
pa60Te SKCHCPUMCHTAJIIBHO ONPEACTIACTCA PACIIPCACICHUEC IMMOTCHIHUAIIOB 3JICKTPOCTATUYCCKOIO,
T.C. HC USMCHAIOIICTOCA CO BPCMCHEM JJICKTPUUICCKOTO ITOJIA. CunoBble IMHUH HU3y4aceMOro 1moJisa
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MOYKHO ITOCTPOHTH TTOTOM, KaK KPHBbIC, OPTOTOHAJILHBIE K SKCIEPHUMEHTAJIBHO HAMICHHBIM TO-
BEPXHOCTSIM PaBHOTO MOTCHIIHAIA.

PacnipeneneHne MOTEHIMAIOB 3JIEKTPOCTATHYECKOTO OIS MOXKHO M3ydaThb METOJIOM 30HIOB,
3aKJTFOYAIOIIEMCS B CIICAYIOIIEM: B UCCIIEIYEMYIO TOUYKY MOJIsl BBOAUTCS JOMOJTHUTEIBHBINH JJICK-
TPOJ — 30H/, YCTPOCHHBIH TaK, YTOOBI OH MHUHUMAaJIBHO HapylIajd CBOMM IPHCYTCTBHEM HCCIIe-
JyeMoe ToJjIe ¥ MPUHUMAIT TIOTSHIIUA TOW TOYKH I0JIs, B KOTOPYIO OH momeriieH. [1pu 3Tux ycio-
BUSIX ITOKa3aHUs IPHOOPA, C KOTOPBIM 30H/1 COSIMHSIETCSl TIPOBOJIHUKOM, OYAyT AaBaTh MPaBUIIb-
HYIO KapTHHY pacIpeeeHUs MOTECHIIMATIOB B UCCIICyEMOM IOJIe.

CnoxxHOCTH pabOoTHI ¢ 30HAAMH H, BOOOIIE, TPYTHOCTH IEKTPOCTATHYECKUX M3MEPEHUI IpHBe-
JH K pa3paboTKe 0COOOro METo/a M3yUeHHs DIICKTPOCTATUYECKUX TOJICH — MyTeM HCKYCCTBEH-
HOTO BOCIIPOM3BEACHUS UX CTPYKTYpBI B TIPOBOMSIINX CPeax, MO0 KOTOPHIM IPOITyCKaeTcs Mo-
CTOSIHHBIA TOK. TakuMm myTeM IpsMoe M3YYEeHHUE IIEKTPOCTATHYSCKOTO IOJISl 3aMEHSICTCS M3Y-
YEHHEM ero TOYHOU U Oosee yA00HO!H MOJIeH.

OmnucaHHBIA METO]T KCCIICAOBaHUs, KOTOPBIH HA3bIBAETCS MOCIMPOBAHHEM JICKTPOCTATHYECKO-
TO TOJISA, UMEET IIMPOKOE MPUMEHEHUE Ha MPAKTHKE. ITOT METOJ TIOJIE3EH /ISl U3YUCHHS CIIO0XK-
HBIX DJICKTPOCTATUYECKUX TOJICH, TOYHBIH PacdyeT KOTOPBIX 3aTPYIHUTEIICH H3-3a CI0KHOCTH
T'PaHUYHBIX YCIOBUI (MHOTOJICKTPOTHBIE PAIHOJIAMIIBL, JIEKTPOCTATHYECKHE JIMH3bI, (POTOIICK-
TPOHHBIE YMHOXKUTENHU U T.JI.).

Qobopyooeanue u mamepuaol.
CrenuanbHasi yCTaHOBKA; TAJIbBAHOMETP; UCTOYHHK TOKA.

Ykazanun no mexnuke 6ezonacnocmu.
1. K BpInonHeHu1o 1a00paTOpHbIX pabOT AOMYCKAIOTCS CTYACHThI, M3y4YHBILKE PaBUiIa TEX-
HUKHU 0€30MacHOCTH.
2. JlabopaTopHble pabOThl MOTYT IPOBOJIUTHCS TOJBKO MO PYKOBOJCTBOM U HAOJIOICHUEM
IIpEenoaaBaTess.

3. Pacnonaraiite npubopsl, MaTepuaibl, 000pya0BaHUE HA paboueM MecTe B OpsAKe, YKa-

3aHHOM IIPENOIABATEIIEM.

4. He nepxxurte Ha paboueM CTOJIEe IPEAMETHI, HE TPeOYIOMUEecs /71 BBITIOJTHEHUS 3a1aHUS.
Ilepen TeM, Kak NMPUCTYNHUTh K paboTe THIATEIbHO U3yuUTE €€ OMHMCAHUE, YSICHUTE XOJ
BBITIOJTHEHUSI pa0OTHI.

3aoanus.

1. IIpoBepHUTh cXeMy IKCIIEPUMEHTAIbHON YCTAaHOBKH.

2. BxurouuTh BeIpsiMUTENb B ceTh 220 B.

3. YCcTaHOBUTH JABMXXOK PEOXOP/Abl Ha pacTossHUU 8-10 ¢cM OT OJHOTO W3 KJIEMM PEOXOP/bI.

Onpenenuth MOTEHLIUAT IBUXKKA 1O GopmyTe (4).

4. Tlepemeniast 30HJ BpALLEHHUEM pYyUYEK KOOPAMHATHHKA, HAXOAUTh TAaKHUE TOYKH, IS

KOTOpPBIX TOK TadbBaHOMETpa paBeH Hym0. KoIW4ecTBO ATHX TOUYEK JIOJDKHO OBITh

JIOCTaTOYHO JJIsi MOCTPOEHHUS JIMHUU HKBUIIOTEHLIMAIbHOW moBepXHOCTH (7-10 TOYEK).

KoopauHatsl TOYeK OTCYMTHIBATH IO JTUHEHKAM KOOPAMHATHUKA.

5. Hanectn Ha MMWIIUMETpOBYIO OyMary HalJeHHbIE TOYKM M COEAMHHUTHb WX IUIABHOU

nuHuel. Ha nuauu Hanmucath ero nmoTeHIuan.

6. VI3MeHUB NOJI0KEHUE PEOXOP/Ibl TOBTOPUTH MI1.4, 5. UNCIIO NOBTOPEHUH onbITa 4-5 pas.

7. Vicnonb3ysi HaiiIeHHbIE TUHUH KBUMOTEHIUATBHBIX MTOBEPXHOCTEH, MOCTPOUTH CUIIOBBIC

auHuM nons. llpm 3TOM Hajgo MMeTh B BHJY, YTO B TOYKax I[EPECEUYECHUs JIMHUU

HKBOIOTEHIIUATIBHBIX MOBEPXHOCTEH U CHUJIOBBIC JTUHUH JOJKHBI OBITH HOPMAaJbHBI IPYT K

ApYTY.

Cxema 3KCriepuMEHTAIbHOM YCTaHOBKH MpEJCTaBlIeHa Ha puc. 2.

e
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Puc. 2

Omna npecTaBisieT coO00i MOCTOBYIO CXEMY, COCTOSIIIYIO U3 AIEKTPoa0B A u C, 1mose Mex-
Iy KOTOPBIMU H3y4YaeTcs, peoxopasl P, Hymb-rampBanoMerpa G, COEIMHEHHOTO C 30HIOM Z, U
MCTOYHMKA NUTaHUs — Beinpsimutenst B. Hanpsbxenue Ha snektpoast A u C mogaercsi ¢ peoxopabl
P, monxmiouenHod Ha BbIXOA BeIMpsmuTens B. Cpemoil, mo3BOJISIONMIEH MOICITHPOBATH
ANEKTPOCTATUYECKOE TIOJIE, CIY>KUT TOKOMPOBOsAIIAs Oymara, KOHTYpPbl KOTOPO# MOKa3aHbl Ha
pucC. 2 MTPUXOBBIMU JTUHUSMHU.

[TpuHuMn paboThl YCTAaHOBKM MOXKHO MOHSITH M3 cienyromiero. llepemerasi ABHKOK
pPeoXopabl, TOMY JABM)XKY MOXKHO MPUJIABATh PA3IMYHBIC 3HAYCHHS MOTEHIINANa OTHOCUTEIBHO
31eKTpo1oB. Hanuuue miam oTCyTCTBHE TOKA B LIEMH 3aBUCUT IIPU 3TOM OT TOr0, B KAaKOH TOUKE
noJisi HaxoAWTcs 30HA. Ecm OH HaxoauTcs B TaKOM TOYKE IMOJIs, TOTCHIIMAT KOTOPOW paBeH
NOTEHI[MATy, YCTaHOBJIEHHOMY Ha JBHW)XKE PEOXOpAbl, TO TOKa B LIENH TaJIbBaHOMETPA HE
Oyner.I'eoMeTprudyecKoe MECTO TOUYEK TOJISA, 11 KOTOPBIX TOK B IEIK TajlbBAaHOMETpa OyA€T paBeH
HYJTI0, 00pa3yeT 3KBUIIOTEHIIMATIbHYIO TTOBEPXHOCTh B HccaeayeMoM moje. [loreniman ¢ »Toi
MOBEPXHOCTH OTHOCUTENBHO 3JIekTpoaa C MOKHO HalTH Kak

. n
] ==U (4)
N
rae U — HanpsbkeHue Ha BBIXOAE BBIIPSAMUTENSA, N — YHMCIO JEJICHUM IIKaJIbl PEOXOpAbL, 1 —
JIeJICHUE IIKaJIbl, HA KOTOPBIN YCTaHOBIIEH JBUXKOK.
VYcraHoBKa  CHa0)ke€Ha  CIELUAIbHBIM  IPUCIOCOOJIIEHHEM —  KOOPJMHATHUKOM,
MO3BOJIAIOIIMM BpPAIICHUEM PY4YeK KOOpJAMHATHUKA IEPEMEINAaTh 30HJ, a TAaKKEe OTCUUTHIBAThH
KOOPAMHATHI HAWJIEHHBIX TOYEK IKBUIIOTCHIIMAIbHONU TOBEPXHOCTH.

Cooeporcanue omuema.

OT4er 1o 1a00paTOPHEIM pabOTaM JIOJDKHBI COIEPIKATH:

- TUTYJIBHBIH JIUCT;

- [IeTh paboTHI;

- KOHCTICKT OCHOBHBIX 3aKOHOB, OTIPE/ICIICHUH, MOHATUH, (popMyIT;
- OCHOBHOE 000pY/JIOBaHUE, CXEMa YCTAaHOBKH;

- OTIMCAHUE IO MyHKTAaM BBIIIOJIHEHHON paboThI;

- pe3ysbTaThl W3MEPEHUI U pacueToB (TabuuLbl, rpauKm);

- OIICHKA MOTPEIIHOCTEH;

- OTBETHI HA KOHTPOJIbHBIE BOTIPOCHI,

- BBIBOJIBI IO PE3YJIbTAaTaM BBITIOJTHEHHOW Pa0OThI, JaTa, MOJITUCH.

Konmponsnwie eonpocot.

1. Kakumu BenmmumHaMu XapakTtepusyeTcs JieKTpudeckoe nosie? Jlaite onpeaeneHue 3Tux
BEJIMYMH U HAMMUIIUTE STUHUIIBI UX U3MEPEHUSI.
2. KakoBa cBs3b MCKAY HANPSAKCHHOCTHBIO M IMOTCHIHAJIOM JJICKTPOCTATUYCCKOI'O IMOJIA B
o01ieM ciydae ¥ B cliy4ae OJJHOPOJIHOTO TOJIsI?
3. Kaknmu nonstusimu MOJIB3YIOTCA IJIA HArJIAAHOTO IMTPEACTABIICHUA 3JICKTPUICCKOTO moJisi?
4. HapucyiiTe cunoBble JIWHUU W HSKBUIOTEHIMAIBHBIE MOBEPXHOCTH TMOJS TOYEHYHOTO

3apsa, IByX pa3HOMMEHHBIX 3apsi0B.
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5. KaKI/Ie 3KCHepI/IMCHTaJIBHLIe METOObI I/ICHOJIBSYIOT JJIA I/I3yquI/I}I BHGKTpOCTaTI/I‘{CCKOFO
nonsa?

JlabopaTopnasi padora Ne 8
Tema padbomur. I3mepeHune cCONPOTUBJICHUSA € TOMOIIBIO MOCTa YUTCTOHA.

Llenv pabomet. 1lenvio paboThl SBISETCS U3yUYEHHWE METO/a U3MEPEHUs CONMPOTHBIICHUS
MPOBOJIHUKOB C MOMOIIBI0O MOCTOBOM CXE€MbI M ONpEENICHUE yAEIbHOI0 CONPOTUBIICHUS Ma-
Tepuala MpOBOIHUKA.

Teopemuuecxaﬂ yacmo.

Ddnekmpoconpomuenenue nposoOHUKa — 3TO CKaNApHast pU3NIecKas BeIMUMHA, XapaKTe-
pu3yIolIasl ero JEKTPOIpoBoAIIMe cBoWcTBa. CONPOTHBIEHHE NMPOBOJHUKA 3aBUCUT OT €ro
(hopMBI, pa3MEpOB U ANEKTPOIIOBOISIINX CBOMCTB MaTepuaa, i3 KOTOPOTrO U3rOTOBJICH MPOBO/I-
HUK. B npocreifiem ciryyae 0JHOPOJHOIO MIPOBOJHUKA C MOCTOSIHHBIM MONEPEYHBIM CEUECHHEM,
COIIPOTHBIICHUE MTPOBOIHUKA OIPEIEIISETCS CIEIYIOINM 00pa3oM:

R=rl. (1)
S

rae [ — yienbHOE COMPOTUBIIEHNE MaTepraia MPOBOTHHUKA, I — JJTMHA TIPOBOJIHHKA; S — TUIO-

111a]1b €r0 MONEPEYHOr0 CEUEHUS.
U3 popmysl (1) MOXKHO BBIPAa3UTh YAEIBbHOE COPOTHUBICHUE:

:R|>S ’ 2)

OTKYyJa BHUJHO, YTO YACJIIBHOC COIPOTUBJIICHUC YHCJICHHO PABHO COIIPOTHUBJICHUIO ITPOBOAHHKA
€AMHUYHOM JJTUHBI, UMEIOIIETO IJIONAb MOMEPEYHOT0 CEYCHHsI, PaBHYIO eIMHUIIE Ilomaau. B
cucrteme CU ynenbHOE CONMPOTUBIICHUE U3MEPSIOT B oMMeTpax (Om-m).

OnHUM U3 METO/I0B U3MEPEHUS CONTPOTUBIICHHUS SIBISIETCS METOJl MOCTa Y UTCTOHA.

Moct YurcroHa nperHa3Ha4eH I U3MEPEHUS! CONPOTUBIICHUMN.
OH coctouT u3 AByX pe3uctopoB R; u R,, 4yBCTBUTENBHOIO rajabBaHoO-
MeTpa G, IBYX pe3UCTOpOB — ATAIOHHOTO R, 1 HensBecTHOrO Ry (puc.1).
PaccmotpumM cxeMy npu ycinoBuu, 4To 1o ydyactky ED Tok He nmpoTekaer.
3amkuaéM kmou K, Torga no yyactky AB motedér Tok U BIOJIb HEro Oy-
JIeT HaOJI01aThCsI Ma/IeHe TOTSHITHAIA OT BEJIMUUHBI (A (B TOUKE A) 10
BETUYUHEI @ (B Touke B). B e AEB moiiner Tok I; u Oyner nabmio-
JaThCs TAJICHUE TIOTCHIINANIA OT (@A 10 O  (Ha pe3uctope Ry) u oT g
1o @p (Ha pe3uctope R»).

OueBuHO, MOTEHIMANI B TOUKE € UMeeT 3HaueHue OE mpomexy-

TOYHOE MEXAy 3HauYeHUAMHU QA u @B. [loaToMy mogOopoM pe3ucTopoB
R1, R2 u R» Bcerna MoKHO TOOUThCS, TOTO YTO B TOuke D moTeHInan
¢D 6yner paBen notenuuany OE: oD=0¢E. Eciu mexny Toukamu D u E
BKJIFOYEH rajgbBaHoMeTp G, TO B 3TOM CiTydae TOK 4Yepe3 HEero He MOMIeT,
T.K.

@e-¢p=0.
Takoe moJyiokeHue Ha3bIBAETCS pPaBHOBCCUECM MOCTA. HOKa)KeM, 4TO YCJIIOBHUC PaBHOBCCHUSA
OonpeacisICTCd COOTHOICHUEM:
R, R

S G S
R, R, (1)
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JleiicTBUTENHHO, HA OCHOBAaHUM BTOPOTO 3akoHa Kupxroda aiis 1060ro 3aMKHYTOrO KOHTY-
pa cyMMa MaJeHU HaIpsHKEHUH paBHA CyMMeE JJIEKTPOJABHKYIIMX CHJI, JEBCTBYIOIIMX B 3TOM
KOHTYpE:

h m
alR=aE 2)
i= i=

3anuieM 3Ty ypaBHeHUs A KoHTypoB AED u BED npu paBHOBecuun MocTta , T. €. IpH
OTCYTCTBMHM TOKa Ha y4yacTtke ED.

W3 3TuX ypaBHEHMI JIeTKO TojydaeM cooTHomeHue (1).

R
Otkyna: R, =R, X+t (3)
2

3Has, uro R1=270 Om, R,=47,6 Om u nmondupas R,, Haiimem Ry.

Qbopyoosanue u mamepuaol.
Moct Yurcrona, Habop CONMPOTUBIIEHUH, Mara3uH COMPOTUBIICHH, ralbBaHOMETp, UCTOU-
HUK TTOCTOSTHHOTO TOKa.

Ykazanus no mexnuke 6esonacnocmu.

1. K BbInosiHEHUIO Ta00PaTOPHBIX padOT AOMYCKAIOTCS CTYACHTHI, U3YUHBILINE MPABUJIA TEX-

HUKU O€30M1aCHOCTH.

2. JlabopaTtopHbie pabOTHl MOTYT IPOBOAUTHCS TOJIBKO MO/ PYKOBOJCTBOM M HAOIIOACHUEM
peroaaBaTess.
3. Ilpu BeImoaHEHUH JaOOPATOPHBIX PabOT CTyAEHTaM 3allperiaeTcs:

- BKJIOYATh CXEMBI T10]] HaNpsDKEHUEM 0e3 IPOBEPKH MPETNOoAaBaTes;

- MpUKacaThCsl K HE3AIIMIIEHHBIM U30JSLUEN 4acTsIM CXEMbl, HAXOIALIUXCS O] HaIps-
KEHUEM;

- OIPEAEIATh HAJTMYKE HAMPSKEHUS Ha 3JIEMEHTAaXx ey IPY NOMOLIM NaJIbLIEB; IPOBEPKaA
HAJIUYMs HAPSHKEHUS TIPOU3BOUTCS TOIBKO C TIOMOIIBIO BOJIBTMETPA U B IPUCYTCTBUU TIpe-
MO/1aBaTeNs;

- BKJIIOYaTh pyOMJIBHUKH, HAXKMMATh KHOIKH, IPUKACATHCS K AJIEKTPUUECKOMY 000pyI0-
BaHUIO, HE OTHOCAIIEMYCS K IaHHOM 1abopaTtopHoit paboTe 6e3 BegoMa MperoaaBaTess;

- IPOU3BOJIUTH IO XO/Iy BBIIIOJHEHUS padOThI IEPEKIIOYEHMSI B CXEME, HE 00€CTOUUB €€;

- OpocaTh COeIMHUTENbHBIC TPOBOA HA MO M HAa UCCIIEyEMYIO YCTAHOBKY;

- KJIaCTh Ha pabO4uil CTOJI MOCTOPOHHUE TPEMETHI;

- BXOJIUTH B 1a00paTOPHIO B BEPXHEH OJICXK]E;

4. Ilepen BKIIIOUEHUEM CXEMBI 00S3aTEIILHO NPEIYNPEAUTD YWICHOB Opuraasr: «OCTOPOKHO!
Bxarouaro!».

5. Ilpu HanM4YUM B CXeMe KOH/IEHCATOPHBIX OaTapeil, He00X0AUMO MOCIE OTKITIOUEHHS MHTa-
HUS X Pa3psLAUTh N0 HaOII0JHEHeM MPEnoJaBaTes.

6. [Ipu oOHapyKeHUH KaKUX — MO0 HEHCIPABHOCTEH, NCUC3HOBCHHSI HATIPSKCHISI B CETH, a
TaK)Ke MPU HECUACTHOM cllyyae, HEMEJIEHHO MPEKPaTUTh paboTy, OTKIIOYUTh YCTAHOBKY OT
AIIEKTPOIHUTAHUS U COOOLIUTH MPEIOIaBATEIO.

7. IIOMHHTB, YTO IPH OTKIIFOUEHHUH LIETIEN TOCTOSHHOIO TOKA C MHAYKTUBHOCTBIO BO3MOKHO
KpPaTKOBPEMEHHOE PE3KO€ NOBBILIEHUE HAIIPSHKEHUS.
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8. CTyeHTbl, HapyIIMBIINE NPaBUIa TEXHUKH O€30MacHOCTH, He JOMYCKAIOTCS K JaJIbHE-
et paboTe B 1abOpaTOpUu U MPHUBJICKAIOTCS K OTBETCTBEHHOCTH.
3aoanus.
1. CoOpats cxemy (puc. 1).
2. IlonoOpaTh Ha Mara3uHe CONPOTHUBICHUH TaKO€ CONMPOTHBIEHHE R, Mpu KOTOpOM TOK
yepes3 ralbBaHOMETpP paBeH HYJIIO.
3. Beruncnuts Ry mo popmye (3).
4. IloBTOpPUTE M3MEPEHMS 111 BTOPOTO CONPOTHUBIEHUS RX,, U s TpeTbero Rx;.
5. I3MepuTh CONpPOTHUBIIEHUS IIPU TMOCIEN0BATENBHOM U NApaUIEIbHOM COeIMHEHUH RXj,
Rx; m Rx3 u mpoBepstoT popMyIibl Al IOCIEA0BATENBHOIO U NapauIeIbHOTO COSAUHEHHUS CO-
IIPOTHUBJICHUN:

1 1 1 1
=+ +
R Rx, Rx, Rx,

napai.

Rnocn :Rxl + R‘x2 + R‘x3 5
6. OnpenenuTh NOrpeliHOCTh U3MEPEHUH.
7. 3anucaTh OKOHYATEJIbHBIN pe3yJbTarT.

Cooepicanue omuema.

Otuet 1o 1abopaTOPHBIM paboTaM AOJDKHBI COJEPKATH!

- TUTYJIBHBIH JIUCT;

- IeTb paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, ONPE/IEIECHUH, TOHATUH, (popMyII;
- OCHOBHOE 000pY/JIOBaHHUE, CXEMa YCTAaHOBKH;

- OMMCAHUE 10 MyHKTAaM BBIIIOJIHEHHON paboThl;

- pe3yabTaThl U3MEPEHU U pacyeToB (Tabauibl, rpaduKn);

- OLICHKA MOTPEITHOCTEN;

- OTBEThI HA KOHTPOJIbHBIE BOTIPOCHI,;

- BBIBOJIbI IO PE3YJIbTaTaM BBIIIOJIHEHHOW PabOTHl, 1aTa, MOIHUCH.

Konmponwsnwie eonpocbt.

1. CopmynupoBats 3akoH Oma.

2. ChopmynupoBath npaBuia Kupxroda.

3. BbIBecTH yCIOBUS paBHOBECHSI MOCTa MCIIONIB3Y4 MpaBmia Kupxroda.

4. VI3mMeHHTCS I yCIIOBUE PaBHOBECHUSI MOCTA, €CJIM FaJIbBAHOMETP U UICTOYHHUK TOKA IIOMe-
HSTh MecTamMu?

5. Kak onpenensieTcst yaeabHOE CONPOTUBIECHUE?

JlabopaTtopnas padora Ne 9
Tema padbomupi. UcciienoBanue 3J1eKTPUYECKOM LeNU MOCTOSTHHOT0 TOKA.

Ilenv pabomuer. V3yueHue 3aBUCUMOCTH CUIIBI TOKA, HAIIPSDKEHHUS, IOJTHOM 11OJIE3HON MOII-
HOCTH U K.II.J. HCTOYHUKA OT COMPOTHUBIICHUSI HATPYy3KH.

Teopemuuecxaﬂ yacme.

JIroOast anekTpudecKast erb COCTOUT U3 UCTOYHUKA M MOTPEOUTEIIST SHEPTHH, a TAKXKE pa3-
JIMYHBIX PETYJINPOBOYHBIX YCTPONCTB U U3MEPUTENIBHBIX TPHOOPOB.

44



Puc.1.

|K3

Puc.2.

Ha puc. | npencraBnena npocreinias nenb, COCTOAIIAs U3 UCTOYHUKA ITOCTOSHHOTO TOKA €
O/1C E u BHYTpEHHUM CONIPOTUBJIEHUEM 7 W Harpy3oudHoro peocrara R . J{is usmepeHus cuibl
TOKA U HaNpsyKEHUs Ha HAarpys3Ke B LIENb BKJIIOUEHBI amnepmMeTp A u BosubT™MeTp V' . B Takoi
LMY CWJIA TOKA, HAIPSDKEHWE Ha HarpysKe, IOJIHas U MOJIE3HAas MOIIHOCTH OKa3bIBAKOTCS 3aBH-
CHUMBIMH OT BeJIMYMHBI Harpy3ku. Cuia Toka, HarpuMep, yObIBaeT ¢ pOCTOM COIIPOTHBIICHHS Ha-
I'PY3KH B COOTBETCTBUHU C U3BECTHBIM 3aKOHOM OMma.

| = E
R+r

(1

OueBuaHO, HaMOOJIBIINN TOK OYJIET B CIy4yae KOPOTKOIO 3aMbIKaHus, T.€. mpu R=0. Ero Be-
E
mnuuHa I, =— (puc. 2).
r
U3 (1) nerko nonyyaem

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

rme U, =IR u U, =Ir - najenus HanpsokeHus (MM TIPOCTO HANPSHKEHHS) HA BHEIL-

HEM M BHYTPEHHHUM y4YacTKax IeMH COOTBETCTBEHHO.
[Ipunumast Bo BHUMaHue 3akoH Oma (1), monyyaem u3 (2) 3aBucumoctb Hamnpsikenus Uy oT
COTMPOTHUBIICHUS Harpy3ku R:
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E E

U = R+r k= r- )
1+—
R
Otcroia BUJHO, YTO C POCTOM COMPOTHUBJICHUSI HATPY3KHU HANPsHKEHUE HA HEH BO3pACTaeT,
ACUMITTOTUYECKHU NpuoImKasch K Beaunanae DJC mpu R® ¥ (puc. 2).
[Tpu pOX0XKACHUH NEKTPUIECKOTO TOKA B LIETIH IPOUCXOAUT BbIIETICHHUE MTOJIHOM MOIIHO-
CTH
P=IE, 4
IIPU 3TOM MOIIHOCTb, BhIIE/IsieMasi Ha Harpy3Ke
P, =1IU,, )

SBIISIETCS TIOJIE3HOM MOITHOCTBIO.
N3 (4) BUgHO, 4TO MOJIHASE MOLTHOCTH, pa3BUBaeMasi UCTOUHUKOM, 3aBUCUT OT CONPOTHUBJIE-
HUS Harpy3kd R Tak ke Kak u cujia Toka [ =/ (R). OHa MakcUMaJibHasl TIPU KOPOTKOM 3aMbl-

kaHuu (R=0)

E2
Foo =1, B =—, (6)
HO B 9TOM CIly4ae BBIJIENISETCS B CAMOM MCTOYHHMKE M OKa3bIBaeTCsl OECIOJIE3HOMW, a 3a4acTyro
BPEIHOM, BBI3BIBAS BBIXOJl UCTOYHUKA U3 CTPOSI. C poctoM R mOIHAs MOIIHOCTH yOBIBAET,
CTpeMSCh K HYJIO NPU R® ¥ (puc. 3).

3aBUCUMOCTb I10JIE3HONW MOIIHOCTH, BBIJAEJIIEMON Ha Harpyske, oT R ompenensercs Belpa-
KEHUEM

EZ
TR M

Ananus Beipaxkenus (7) MoKasbIBaeT, 4To 3aBucuMocth P, =P, (R) momxHa nMeTh Mak-

P, =1U,=1R

cuMmyM, Tak kKak P, =0 B IpelesbHBIX ciaydasx: Npud KOpoTkoMm 3amblkanuu (R=0) u npu
R® ¥ .
Haiinem 3HaueHue R, Ipu KOTOPOM IOJI€3HAs MOIIHOCTb, OTOMpaeMas OT UCTOUHHKA, Oy-

net HauOomnbas. s sToro nponuddepenmpyem dopmyiy (7) u npupaBHIeM NPOU3BOIHYIO
HYJIIO

dP, _p (R+71)[(R+7r)- 2R]
dR (R+r)*

OTCIO,Z[a HaxoauM, 4To PR — MaKCHUMaJIbHA IIpH RO =r , T.C. KOTAa COIMPOTHUBJICHUC HAT'PYy3-

=0 (8)

KU paBHO BHYTPEHHEMY COMPOTHUBIICHUIO UCTOUHUKA (puC.3). [Ipu 3TOM HampsikeHHe Ha Harpy3-

E
ke paBHo nosnosure JJIC, T.e. Uy :3, a cujia TOKa — IOJIOBUHE CWJIBI TOKa KOPOTKOI'O 3aMbl-

K3

2

Kanus [, =
0
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Pr

v

Puc.3.

[Tone3nast MOIIHOCTB, B TOM CITy4ae, COCTABJISET YeTBEPTh MOIITHOCTH KOPOTKOTO 3aMbIKa-
HUS.

OTHOILLIEHHE MOJE3HON MOIIHOCTH KO BCE MOIIHOCTH, Pa3BUBAEMON UCTOYHUKOM B IIEIIH,
ompeaenseT KO3PPUIUESHT MOJIe3HOTO0 AeHcTBHs (K.I1.1.) h UCTOYHHKA.

h P _WUs Uy _ R o
P IE E R+r

W3 sroit popmynsl crenyer, uto h Oyaer Tem Ooubliie, yeM OOJbIe COMPOTHUBICHUE Ha-

rpy3ku R . IIpu R =0 h =0 u acumnrotuuecku crpemurci Kk h =7 npu R® ¥ . [Ipu R =r,
. . 1
T.€. IPU MaKCUMAJILHOM TOJIE3HONW MOIITHOCTH K.I1.JI. ICTOYHHKA h :5, T.e. coctaBageT 50%.

HmeHHO nccneoBanue STHX 3aKOHOMEPHOCTEH SBIIsieTCs 1eibio paboTsl. Heo6xommumo mo-
JTy4UTb 3KCIIEPUMEHTAIIbHbIE 3aBUCUMOCTH CUJIbI TOKa / , HanpsbkeHus U , , OJIHOM P U mosnes-

HOM Pp a Tak ke K.II.A. h 0T BeIMYMHBI CONPOTUBIICHUS HArPy3KH.

Oobopyoosanue u mamepuaol.
HcTounnk moCTOSTHHOTO TOKA, PEOCTaT JIJIsi HCKYCCTBEHHOT'O YBEIMYECHHS BHYTPEHHETO CO-
MPOTUBJICHUS] UCTOUYHUKA, HATPY30UHBIM PEOCTAT MIUJIHAMIIEPMETP, BOJIBTMETD.

Ykazanun no mexnuxe 6ezonacnocmu.
1. K BemonHeHuto 1a60paTOPHBIX PA0OT OMYCKAIOTCS CTYACHTHI, H3yYHBIINE ITPABHIIA TEX-
HUKHU 0€30TaCHOCTH.
2. JlabopaTopHble pabOThl MOTYT IPOBOJUTHCS TOJIBKO MO PYKOBOJCTBOM U HAOJIO/IEHUEM
npernoaBarers.
3. Ilpwu BeImoNHEHUH Ta00PATOPHBIX PAOOT CTYACHTAM 3alpeIiacTCs:
- BKJIIOYATh CXEMBI T10]] HANIPsDKEHUEM 0e3 IPOBEPKH MPETIoAaBaTes;
- MIPUKACATHCS K HE3AIMIIEHHBIM M30JIAIIUEH YacTAM CXEMbl, HaXOAAIIMXCS 1O/ Hampsi-
KCHUEM;
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- OIPEEIATh HAJTMUKE HAIIPSKEHUS Ha 3JIEMEHTAaX LeNH MPY MOMOLIY NaJIbLIEB; MPOBEPKA
HaJU4us HAPsHDKSHUS TPOU3BOIUTCS TOJIBKO C TIOMOIIBIO BOJIBTMETPA U B IPUCYTCTBUU TIPe-
MO/1aBaTes;

- BKJIFOYATh PyOMJIBHUKH, HAKUMATh KHOIIKH, TPUKACATHCS K AJIEKTPUIECKOMY 000py10-
BaHUIO, HE OTHOCAIIEMYCS K IaHHOU TabopaTopHoit paboTe 6e3 BeoMa MperoaBaTers;

- POU3BOJIUTH T10 X0y BBITOJTHEHUS PaOOTHI MEPEKIIIOUCHHSI B CXEME, He 00€CTOUYUB e€;

- OpocaTh COeIMHUTENbHBIC TPOBO/A HA TION M HA UCCIIETyEeMYIO YCTAaHOBKY;

- KJIaCTh Ha pab04YMii CTOJI TOCTOPOHHUE TTPEAMETHI

- BXOJIUTH B 1a00paTOpPHUIO B BEPXHEH OJICKIE;

4. Tlepen BKIIOUEHHEM CXEMBI 00s3aTEIBHO MPEIYyIPEIUTh YIeHOB Opuraabl: «OcTopoxHO!
Bxarouaro!».

5. Ilpu Hanuuuu B cXxeMe KOHJICHCATOPHBIX OaTapeid, HeOOXOAMMO MOCIIE OTKIFOYCHHS TTUTa-
HUS UX Pa3psLIUTh O] HAaOIIOJHEHEeM MPENOJaBaTENs.

6. IIpu oOHaApy ) KEHNU KaKUX — JIMOO HEUCITPABHOCTEH, NICUE3HOBEHHUS HAMPSHKEHUS B CETH, a
Tak)Ke MPH HECUACTHOM cllydae, HEMEJIEHHO MPEKPaTUTh paboTy, OTKIIOYUTh YCTAHOBKY OT
3JICKTPONUTAHUS ¥ COOOIIUTH MPETOAaBaTENIO.

7. IIOMHHTB, YTO TPU OTKIIFOUEHHUH LIeTI€l TOCTOSHHOIO TOKA C MHAYKTUBHOCTBIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE MOBHIIIICHUE HATTPSHKCHHUS.

8. CTyneHThl, HAPYIIMBIIUE MMPaBUIa TEXHUKH O€30MacHOCTH, HE JIOMYCKAIOTCS K JalbHEeM-
et paboTe B J1a0OpaTOPUH M MPUBJIICKAIOTCA K OTBETCTBEHHOCTH.

3aoanus.

PaGouas cxema uzobpaxena Ha puc. 4. B kauecTBe HCTOUHHUKA MOTYT HCIIOIB30BATHCS aK-
KyMYJISSTOPBI WJIA BBITIPSIMHUTENh, JAFOIIHE HAMPSHKCHHE BEIIMYMHONW HECKOJIBKO BOJIBT. BHYTpeH-
HEE CONMPOTHUBJICHHE TaKWX HMCTOYHUKOB, KaK MPaBHIIO, Majo - MOPAAKA AECIThIX Aoieil Oma.
[ToaTomy, Kak cienyeT U3 BBIMIECU3I0KEHHOTO, IS TIOCTPOSHUS TPAPUKOB UCKOMBIX 3aBUCHMO-
CTeil Harpy304HbIil peocTaT R ToXe MOMKEH MMETh CONMPOTHUBICHUE MOPSAKA NECATHIX JOJIeH
Owma. [TomoOHBIE peocTaThl SBIISIOTCS YHUKATGHBIME. [109TOMY BHYTpEHHEE COTIPOTHBIICHUES HC-
TOYHHUKA B IAaHHOU paboTe UCKYCCTBEHHO YBEIMYUBAETCS IMyTEM MOCIIEIOBATEILHOTO BKIIIOUEHUS
JIOTIOJTHATEIHHOTO peocTaTa ¢, UMEIOIIETO BEIMUNHY HECKOIBKUX JIecATKOB OMOB. [Ipu aTOM

COOCTBEHHBIM BHYTPEHHUM CONPOTHUBIICHUEM » MCTOYHHKA MOXKHO MPEeHEOpeyb.

U3 cxemsl (puc.4) crieqyer, 4To BHYTPEHHEE CONPOTUBIEHUE MUJUIMAMIIEPMETPA U BOJIBT-
MeTpa COCTaBJIAIOT C CONPOTUBICHUEM Harpy30YHOI'O peocTara eJuHoe 1enoe. Takum obpazom,
JIEBYIO YaCTh CXEMBI CJIEAYET pacCMaTpPUBaTh KAK UCTOYHHK, a IIPABYIO KaK Harpys3Ky.

NCTQUHMK mA

%,

r1

Puc. 4.
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1. CoOpatb pabouyto cxemy (puc.4). BeisicHUTh TapameTpsl NpUOOPOB. [IBHKKH peOCTaTOB
YCTaHOBHTH B TOJIO)KEHNE HANOOJIBIIETO 3HAYCHHS COTIPOTUBIICHUSI.

2. Ilocne mpoBepKU CXeMBbI MpenoaBaTeiaeM UK JJAOOPAHTOM BKJIIOUUTh UCTOUYHUK MUTA-
Hus. OTCUUTATh IMOKa3aHUS MPUOOPOB U 3aHECTH B TAOJIHILY.

3. Jlanee, ymeHblasi cONpoTUBIEHUE Harpy3ku R, cHATh 8-10 3HaueHuii Toka B nenu I u
Hanpspkenus: Ug Tlociensss Touka JomKHA COOTBETCTBOBATh KOPOTKOMY 3aMBIKaHHUIO. [Ipu sTOM
TOK JTOJDKEH PaBHATHCS Iy;, @ HAPSYKEHHUE JOJKHO OOPAaTUThCA B HyJIb. BBIKITIOUNTH CXeMy.

4. OnpenenuB LEHBI JeICHUA HAa MCIIOIB30BAHHBIX IpeleiaX U3MEPEHU aMIepMerpa H
BOJIBTMETpPA BBIYMCIIUTD U 3aHECTH B TAOJIMIY 3HAUEHHSI TOKA B aMIlepax U HAPsKEHUs B BOJIbTaX.

5. Pa3nenuB moiydeHHBbIE 3HAYCHUS HANpPsDKEHUS HAa COOTBETCTBYIOIIME 3HAYEHUS TOKA
paccuuTaTh U 3aHECTH B TaOJIMIly CONPOTUBICHUE HArpy3ku R

Tabmmma 1.
N I UR _ & P=IE PRZIUR h — &
1 P
A B Om Bt Bt

6. Benuuuny 3/1C E cnenyert cuntath U3BECTHOM, 1100 M3MepuTh 3HaueHue E npu oTkitto-
YEHHOW Harpy3kKe.

7. Ilo hopmynam (4,5,9) paccuntarh 3HaUeHUs 10JIe3HON Pr monHON P MomHOCTH M K.I1.A.
h, cooTBeTCTBYIOIIME HAICHHBIM BeTUYMHaM R.

8. I1o mosry4eHHbIM 3HaYSHUSIM OCTPOUTH kpuBble / =/(R), U, =U ,(R) Ha OIHOM Ipa-
¢uke u P=P(R), Pr=Pr(R) u h =h (R) na gpyrom.

9. OTMeTUTh Ha MepBOM rpauke CONPOTUBIEHUE Ry=7, MpH KOTOPOM TOK M HAIpsKEHUE
COCTaBJISIFOT, COOTBETCTBEHHO, MOJOBUHY TOKa KOPOTKOro 3amblkaHus /,, u nonoBuHy E. Ha

BTOpPOM TIpaduke HaiiTh R, =7 1O MAKCUMyMy 3aBHUCUMOCTH P, =P,(R). CpaBHUTb MEXKIy
co00i1 3Tn 3HayeHus R, . [IpuMepHOE paBEeHCTBO MEXy STUMM JAByMs 3HAUECHUAMU R, SBISAETCS

KPUTEPUEM IIPABUIBHOCTH BBIITOJIHEHHBIX U3MEPEHUNA. ECM Takoro paBeHCTBA HET, U3MEPEHUS
ClenyeT IPOoJenaTb BHOBb.

Cooepircanue omuema.

OTder 10 1a00PaTOPHBIM PabOTaM JIOJDKHBI COICPIKATH:

- TUTYJIbHBIN JIHUCT;

- [IeTb paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, ONpE/IeIeHUH, MOHATUH, (popmMyII;
- OCHOBHOE 000pY/JIOBaHUE, CXEMa YCTAaHOBKH;

- OMMCaHUE 10 MyHKTAaM BBIIOJIHEHHON paboThl;

- pe3ynbTaThl W3MEPEHUI U pacueToB (TabyuLbl, rpauKn);

- OLICHKA [OTPELIHOCTEH;

- OTBETHI HA KOHTPOJIbHBIE BOTIPOCHI,

- BBIBO/JIbI IO PE3YJIbTAaTaM BBIIIOJIHEHHOW pabOThl, 1aTa, OIHUCH.

Konumponwvnsie éonpocot.
1. Yrto Takoe DC?
2. 3anumute 3akoH OMa B 0600111eHHOM popMe U I 3aMKHYTOH LIETH.
3. IIpoBenuTe MaTemMaTndeckoe uccueqoBanue Qynkuuii U, (R) u I(R).

4, I[aﬁTe OIIpCACIICHUC MOITHOCTH 3JICKTPUICCKOI'O TOKA.
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5. IIpoBenuTe UCCIEIOBAaHUE 3aBUCUMOCTH P, =P, (R) .
6. UTto Takoe K.II.J. HICTOUYHHUKA?

JlabopaTopnasi padora Ne 10
Tema padomot. I3ydyenue siBjieHUs 3JIEKTPOMATHUTHOH MHIAYKIUH.

Ileny pabomui. V3yuenne 3JI€KTPUYECKUX TOKOB BOZHUKAIOIINX MPHU SBJICHUH JIEKTpOMar-
HUTHOW UHAYKLHWH.

Teopemultecmm uacms.

MarHuTHbBI NOTOK Yepe3 MIIOCKYI0 MOBEPXHOCTh — 3TO CKaJIsipHas (pu3ndecKkasi BeInyu-
Ha, YUCJICHHO paBHAas MPOU3BEICHUIO MOIYJISi MATHUTHON MHYKIIUU HA TUIOMIAh TOBEPXHOCTH,
OTPaHMYEHHON KOHTYPOM, M Ha KOCHHYC yIJla MEXJIy HOPMaJbIO K MOBEPXHOCTH M MarHUTHOM
uHaykuuen 17 okts0ps 1831 rona anrnuiickuii yuensiii Maiikn ®@apajieil OTKpbUI SIBJICHHUE JJIeK-
TPOMATHUTHOM MHAYKIIUH.

SIBjeHNeM 3J1eKTPOMArHUTHOM MHIYKIIMM HA3bIBAETCS SBJICHHE BO3HUKHOBEHHS TOKa B
3aMKHYTOM KOHTYpE NPU U3MEHEHHH MarHUTHOTO MOTOKAa, MPOHU3BIBAIOLIETO 3TOT KOHTYp. A
MIOJTyYEHHBI TAKUM CIIOCOOOM TOK, Ha3bIBACTCSI HHAYKIIMOHHBIM.

3aKO0H 3J1eKTPOMArHMTHON MHAYKIUM: CPEIHEE 3HAUCHHUE DJIEKTPOJABMKYILIEH CHIIBI HH-
OYKIUWA B TIPOBOJSIIIIEM KOHTYpPE MPOMOPIMOHATBEHO CKOPOCTH M3MEHEHHSI MarHUTHOTO TOTOKA
yepe3 NOBEPXHOCTh, OTPAHUYEHHYIO KOHTYPOM.

Benmnuuna u nanpasnenue 3/1C unaykuuu

Paccmotpum Teneps, KakoBbl OyAyT BeJIMYMHA M HAIlpaBJIeHUE WHAYKTUPOBAHHON B MpO-
BogHuke DJIC.

Bennuuna OJIC MHIYyKIHMH 3aBUCHUT OT KOJIMYECTBA CHJIOBBIX JIMHUM MOJIS, IEPECEKAIOIINX
MIPOBOJIHUK B €IMHUILY BPEMEHH, T. €. OT CKOPOCTH JIBMXKEHHSI IPOBOAHUKA B TOJIE.

Bennuuna nnaykrupoanHoit 3/[C HaxoauTcst B IpsIMOM 3aBUCUMOCTH OT CKOPOCTHU JBU-
YKEHUs MMPOBOJIHUKA B MArHUTHOM TI0JI€.

Bennuuna unaykrupoanHoi 3/[C 3aBUCUT TakkKe U OT JUIMHBI TOW YaCTH MPOBOJIHUKA, KO-
TOpasi MePECEKASTCS CUIIOBBIMU JIMHHUSMHE TI0JIsl. UeM OolibIias 9acTh MPOBOJIHUKA TIEpeCceKaeTcs
CWJIOBBIMH JIMHUAMH 110J1s1, TeM Oonbiuas /[C unaykrupyercsa B mpoBoanuke. 1, HakoHelr, uem
CUJIbHEE MarHUTHOE TO0JIE, T. €. 4YeM O0JIbIlle ero UHIyKius, TeM Oosbinas 3/]C Bo3HUKAET B Mpo-
BOJHUKE, IEPECEKAIOIIEM 3TO TOJIE.

Wrak, Bennunna O/]C MHIyKIMU, BO3HUKAIOLIEH B IPOBOJHUKE IIPH €TI0 ABMKEHUU B Mar-
HUTHOM I10JI€, MPSIMO IPOINOPLMOHAIBHA MHIYKIIMM MAarHUTHOIO IOJs, JJIMHE MPOBOJHHMKA U
CKOPOCTH €T0 MEePEeMEILICHHUS.

3aBUCHMOCTB 3Ta BeIpaxkaercs popmyioit E = Blv,

rae E — 3J1C unaykuun; B — marautHas unaykuus; [ — niauHa npoBOJIHUKA; V — CKO-
POCTh IBMKEHUS IPOBOJHUKA.

Crnenyet TBEp/10 IOMHUTD, UTO B IPOBOJHUKE, IIEPEMELIAIOIIEMCS B MArHUTHOM 11oJ1e, 3J{C
WHIYKIUN BO3HHMKAET TOJBKO B TOM CIIy4ae, €CJIM 3TOT MPOBOJAHUK MEPECEKAECTCS MATHUTHBIMU
CUJIOBBIMH JIMHUSIMU T0JIs1. ECin ke MpOBOJHUK MepeMeaeTcs B0Jb CUIIOBBIX JTUHUM MOJS, T.
€. He TIepEeCceKaeT, a Kak Obl CKOJIB3UT 10 HUM, TO HuKakoi DJ1C B HeM He uHaykTupyetcs. [loato-
My MpUBEICHHAS BBIIIE (opMyJia CIpaBeIMBa TOIHKO B TOM CiIydae, KOTr/ia MPOBOJIHUK Tepe-
MENIAeTCs NEPHEHANKYIISIPHO MArHUTHBIM CHJIOBBIM JIMHUSIM MOJIS.

Hanpapnenue unnykrupoBannoit /]C (a Takxke U TOKa B MPOBOJAHUKE) 3aBUCUT OT TOTO, B
KaKyl0 CTOPOHY JBHXKETCSI MPOBOAHUK. JJIsl onpenesieHus HanpaBieHuss UHAyKTupoBaHHo D/[C
CYILIECTBYET MPABUJIO MPABON PYKH.

Ecnu nepxatpb naoHb MpaBoi pyKH Tak, YTOOBI B HEE BXOJWJIM MarHUTHBIE CHUJIOBBIE JIU-
HUU TI0JI5, @ OTOTHYTBIN OOJBIIION Majel] YKa3plBall Obl HAMPABICHHUE IBHYKEHUS IPOBOJIHHUKA, TO
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BBITSIHYTBIE YETBHIPE MaJblla YKaXXyT HampasieHUe AeiicTBus nHAykTupoBaHHoi DJIC u Hamnpas-
JIEHHE TOKa B IPOBO/IHHUKE.

[Ipn nBHXEHUM BHYTPM KaTyIIKH IIOCTOSHHOTO MarHuTa B Hel uHaykrupyercs DC 3a
CYET TOT0, YTO MAarHUTHBIM MOTOK MarHUTa MepecekaeT BUTKH KaTYIIKH, T. €. TOYHO TaK Ke, KaK
9TO OBUIO MPH JBMKEHUH MTPSIMOJIMHEHHOTO MPOBOJHHKA B MOJIE MAarHUTA.

Ecny MarHuT onmyckath B KaTyIIKy MeAJIEHHO, TO Bo3HUKaromas B Helt DJ[C Oy ieT HacTob-
KO MaJla, 4TO CTpeJKa Mpubopa MOXKET Ja)ke He OTKJIOHUThCS. Eciu ke, Ha000poT, MarHUT ObI-
CTpPO BBECTHU B KaTYIIKY, TO OTKJIOHEHHUE CTPEJIKH OyAeT OosbliuM. 3HAYUT, BEIMYMHA UHAYKTU-
pyemoni 3/IC, a ciaenoBaTeNbHO, U CHJIa TOKA B KaTYIIKE 3aBUCST OT CKOPOCTU ABW)KEHHS Mar-
HUTA, T. €. OT TOr0, HACKOJIBKO OBICTPO CUJIOBBIE JIMHUU TOJIS IEPEeCeKaroT BUTKU KaTymku. Ecin
TENepb MOOYEPENIHO BBOAUTH B KAaTyIIKy C OAMHAKOBOM CKOPOCTBIO CHa4asla CUJIbHBINA MarHur, a
3aTeM ciadblif, TO MOXHO 3aMETHUTh, UTO IPU CUJILHOM MarHuTe CTpesika npudopa OyJeT OTKIIO-
HATBbCS Ha OONBLIMKA yrois. 3HA4MT, BenuunHa uHAykTupyemonn D/1C, a cienoBarenbHO, U CUila
TOKa B KaTYILIKE 3aBUCST OT BEJIMYMHBI MAarHUTHOTO ITOTOKA MAarHUTA.

W, naxonen, eciy BBOJUTH C OMHAKOBON CKOPOCTHIO OJMH U TOT )K€ MarHUT CHayaJla B Ka-
TYWIKY C OOJIbIIMM YHUCJIOM BHUTKOB, a 3aT€M CO 3HAYUTEILHO MEHBIIMM, TO B MEPBOM Cllydae
CTpeJiKa mpubOopa OTKIOHUTCS Ha OOJBIIUI yroJ, 4eM BO BTOPOM. 3HAUUT, BEIMYMHA UHIYKTH-
pyemoii O/IC, a cnenoBaTenbHO, M CHJIa TOKA B KaTYLIKE 3aBUCST OT YUCIIa €€ BUTKOB. Te ke pe-
3yJbTAThl MOYHO IOJIy4YHUTh, €CJIM BMECTO ITOCTOSSHHOTO MarHuTa MPUMEHSATD 3JIEKTPOMAarHuT.

Hampasnenne 9/1C uHAyKIMK B KaTyIIKE 3aBUCUT OT HAlpaBiICHUs NEepEeMELICHUs] MarHU-
ta. O ToM, Kak onpenensaTh HanpasieHne J/1C MHAyKInH, TOBOPUT 3aKOH, YCTAHOBJIEHHBIN J. X.
Jlenuem.

3akoH JleHna U1l 2JIEKTPOMAarHUTHOW MHAYKUUU: Besikoe n3MEHEeHne MarHuTHOrO MOTOKa
BHYTpPHU KaTyLIKU CONPOBOKIAeTcsi BO3HUKHOBeHUEM B Hel DJIC MHAyKUMHU, IPUYEM 4yeM Obl-
CTpee U3MEHSETCS] MArHUTHBIN MOTOK, MPOHU3BIBAIOIIMI KaTyIIKy, TeM 6onbias 9JC B Helt HH-
TYKTUPYETCSL.

Ecnn xatymka, B koropoil coznana 9/[C mHayKIny, 3aMKHYTa Ha BHELIHIOKO LENb, TO 110
BUTKaM €€ MJIeT WHIAYKIIMOHHBIM TOK, CO3JAI0IINI BOKPYT MPOBOJIHNKA MarHUTHOE T0JI€, B CHIIY
4yero KarTyllka IpeBpamaercs B cojeHouA. Ilomyuaercs Takum oOpa3oM, 4TO M3MEHSIOLIEECS
BHEIIHEE MarHUTHOE TI0JI€ BBI3BIBAET B KATYIIIKE MHIYKIIMOHHBII TOK, KOTOPOi, B CBOIO OUEpE/lb,
CO3/a€T BOKPYT KaTYIIKHA CBOE MArHUTHOE I0JI€ — TI0JI€ TOKA.

N3yuas 370 siBnenue, 3. X. JIeHIl yCTaHOBUI 3aKOH, ONPEAEIAIONIUI HalpaBIeHUEe UHAYK-
IIMOHHOT'O TOKa B KaTylLIKe, a cienoBaTesbHo, U Hanpasiaenue J/1C nanyknuun. 9/1C nuanykuumy,
BO3HUKAIOILAsl B KaTyLIKe MPU U3MEHEHUH B HEW MAarHUTHOIO MOTOKA, CO3JA€T B KaTYLIKE TOK
TaKOr0 HalpaBJIEHUs, IPU KOTOPOM MAarHUTHBIA MOTOK KaTYIIKH, CO3JaHHBII 3TUM TOKOM, Ipe-
HSATCTBYET U3MEHEHHUIO MIOCTOPOHHEr0 MarHUTHOTO MOTOKA.

3akoH JleHna cnpaBeuIMB AJIs BCEX CIIy4acB MHAYKTUPOBAHUSA TOKA B IIPOBOJHUKAX, HE3a-
BHUCUMO OT (DOPMBI TPOBOJHUKOB U OT TOT0, KAKUM CIIOCOOOM JJOCTUTAETCS U3MEHEHHE BHEIIHE-
I'0 MarHUTHOTO TOJIS.

Benuuuna o.1.c. uaayKiMu - € o ONPENEIAETCSA 3aKOHOM DJIEKTPOMAarHUTHOM MHIYKIMH

d)apane;l: 3.4.C. SHeKTPOMaFHHTHOﬁ HHAYKOUN e B 3aMKHYTOM IHPOBOJAIIEM KOHTYPC 4YHC-

uHo
JICHHO paBHa u HpOTI/IBOHOHO)KHa 10 3HaKy CKOpOCTI/I N3MCHCHUS MAarHUTHOI'O ITIOTOKA D CKBO3b
IMMOBCPXHOCTH, OTPAHNUYCHHYIO 3TUM KOHTYPOM
e = d® 1)
uHO dt
3HaKk MUHYC B (OpMYJI€ COOTBETCTBYET npasuy Jlenya: pu BCIKOM H3MEHCHUH MAarHUT-
HOT'O ITOTOKAa CKBO3b HOBerHOCTB, OrpaHI/ILIeHHyIO 3aMKHyTBIM KOHTypOM, B IIOCJIEAHEM BO3HU-
KacT HHHYKHHOHHBIﬁ TOK TAaKOI'O HaIIpaBJICHUA, YTO CI'0 COOCTBEHHOE MAarHUTHOE IT10JI€ IIpOTH-
BOHeﬁCTByeT HU3MCHCHUIO MAarHuTHOI'O ITOTOKA, BbI3BABIIICTO I/IH[[yKI_[I/IOHHBIf/i TOK.
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Puc. 1.

[IprurHa BOZBHUKHOBEHUS UHAYKIIMOHHOIO TOKA B HETIOJBU>KHOM KOHTYpE COIJIaCHO TEO-
puH AreKTpoMarseTn3sma Makcpeiia COCTOUT B TOM, YTO IIPY U3MEHEHWH MarHUTHOTO OJISI BO3-
HUKAET BUXPEBOE IEKTPUYECKOE IOJIE, T.€. DJIEKTPUUECKOE T0JI€ C 3aMKHYTBIMU CUJIIOBBIMHU JIM-
HusaMmu. [lox nelicTBreM 3TOro moJis CBOOOHBIE 3apsiAbl KOHTYpa MepEMEIalTcs, T.€, B KOHTYpe
BO3HUKAET IEKTPUUYECKUIN TOK, HA3bIBAEMBIN UHIYKIIMOHHBIM TOKOM.

IlycTp NMIOCKUI 3aMKHYTBIA MPOBOASIIANA KOHTYP L HaXOOUTCA B OJHOPOAHOM MArHHT-
HOM moJie ¢ uaaykuuen B (puc. 1). Torna MarHUTHBIN MOTOK @ (MMOTOK BEKTOPAa MAarHUTHOW MH-
IYKIMH) Yepe3 MOBEPXHOCTh, OTPAaHUUEHHYIO KOHTYPOM L, OIpeiesieTcsl BhlpakeHUEM

@ =BScosa , 2)
rae S — IIoma s IOBEPXHOCTH, OTPAaHUYEHHON KOHTYpOM L, @ — Yroj MeXIy HallpaBJIE€HUEM
CWJIOBBIX JIMHUH (HaIlpaBJI€HUEM BEKTOpa U HOPMaJIbIO n K MMOBEPXHOCTH, OTPAHUYEHHOU KOHTY-
poMm).

ITycTh MaruuTHOE 1MOJ€ CO3AaeTCA MUINHAPUYECKON KaTyIIKON (COIEHOUIOM), 110 KOTO-
PO IPOTEKAET MEPEMEHHBIN AJIEKTPUUECKUM TOK

I =1, coswt 3)

rae [, — ammnTynHoe 3Ha4YeHue Toka; W — [UKIMYEecKas 4acToTa Toka W =2pNn ;N —wyacro-

Ta TOKA.
Torna MarHuTHas MHIYKIMS B 10JIsE BHYTPH KAaTyIIKA U BOJIHM3H €€ TOPLIOB paBHA
B =mnm/
Wi ¢ yuetom (3)
B =mnml, coswt “)

rae M — MarHuTHas OPOHMIAEMOCTh CEPACYHMKA KAaTyIIKH; ) — MarHUTHas NOCTOSHHAS; 1 —
YHUCJI0 BUTKOB KaTYIIIKK Ha eMHMIIC JTHHBL. [loncTaBuB Beipaxkenue (4) B popmyity (2), Haxoaum
MarHUTHBIA MOTOK Yepe3 KOHTYP, PACTIONOKECHHBIN BOJIU3H TOPIA KATYIIKH

@ =mnnl,S cosa coswr

OTCIOHa CKOPOCTb UBMCHCHUA MArHUTHOI'O ITOTOKA paBHA,

il_(tp =- mnw/,SW cosa sinw¢ (5)

Takum 006pa3zoM, CKOPOCTh MU3MEHEHHUs] MAarHUTHOTO MOTOKA MPOMOPIHMOHAIBHA aMILTUTYAHOMY
3HAUCHHMIO TOKa B KaTymke /, u kocuHycy yrina @ . [ToncraBus Beipaxenue (5) B popmyiy (1),
nojgy4yaeM

e,, =Cl,cosa (6)
rae C =- mnmSWsinwz .
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3aBUCHMOCTB 3.]1.C. HIEKTPOMAarHUTHON HHAyKIuH €, oT / u COSA (HIpUMepHSIH BUL

)
n300paxkeH Ha puc.2.

Qobopyooeanue u mamepuaol.

. Munnuamnepmerp.

. Maruwur.

. Karymka-moToxk.

. UcTouHMK TOKa.

. Peocrar.

Kirou.

. Karymika ot anekrpomarsura.
. CoelMHUTENBHBIE TTPOBO/IA.

I R N N

Ykazanus no mexnuke 6ezonacnocmu.
1. K BbInosHEHUIO Ta00paTOPHBIX pabOT AOMYCKAIOTCS CTYACHTHI, U3YUMBILINE MPAaBUIa TEX-

HUKH 0€30MMaCHOCTH.

2. JlabopaTtopHbie pabOTHl MOTYT IPOBOAUTHCS TOJIBKO MO/ PYKOBOJCTBOM M HAOIIOACHUEM

IpernoaaBaTess.

3. Tlpu BeImoaHEHUH JaOOPATOPHBIX PabOT CTyAEHTaM 3allpelaeTcs:

- BKJIFOYATh CXEMBI T10]] HAMPsDKEHUEM 0€3 MTPOBEPKHU MPETIOAaBaTelIs;

- MPUKACAThCS K HE3AMMIIEHHBIM U30JISAIHUENH YacTAM CXEMbl, HAXOAUIMXCS MOJl Hamlps-
KEHUEM;

- ONpeNeNsITh HaTMUKEe HAMIPSDKEHUS Ha 3JIEMEHTaX LEeNU MPUITOMOIIH MalbIEeB; POBEepKa
HaJIMYUA HAPAKCHUA IMIPOU3BOAUTCS TOJIBKO C ITIOMOIIBIO BOJIBTMETPA U B IIPUCYTCTBUH IIPC-
10J1aBaTes;

- pu paboTe Ha TabOPATOPHON YCTAaHOBKE MPUKACATHCS OJHOBPEMEHHO CTEH, PaIUaTO-
POB CHCTEMBbI OTOILICHUS U IPYTHX METAITIMYECKUX PEIMETOB;

- BKJIIOYATh PyOWJIbHUKH, HAKUMATh KHOIIKH, IIPUKACATHCS K 3JIEKTPUUECKOMY 000py/10-
BaHUIO, HE OTHOCAIIEMYCS K JIaHHOM 1abopaTtopHoit pabote 6€3 BegoMa MperoaBaTess;

- IPOU3BOJIUTH 10 X0y BBIIIOJHEHUS paOOThI IEPEKIIOYEHMS] B CXEME, HE 00€CTOUUB €€;

- OpocaTh COeMHUTEIbHBIC TPOBOA HA MO M HAa UCCIIETyEMYIO YCTAHOBKY;

- 3aMEHATHh CTOPEBIINE MPEIOXPAHUTEIN HA pabounX HIMTAX MPU BKIOUYEHHBIX PYOHIIb-
HUKaX;

- KJIacTh Ha pabO4Mii CTOJ MOCTOPOHHUE MTPEAMETHI;

- BXOJIUTH B 1a00paTOpHIO B BEPXHEH 0JIEK]IC;

- KypeHue U 3aKUTr'aHue OTHS.

4. Tlepen BKIIFOUEHHEM CXEMBbI 00s3aTEIPHO MPEIYyNPEIUTh YIeHOB Opuraabl: «OcTopoxkHO!
Bxrouaro!».

5. Ilpu Hanuuum B cXeMe KOHJICHCATOPHBIX OaTapeid, HeOOXOAMMO IOCIIE OTKIFOYCHHS TTUTa-
HUA UX PaspsAUuTh IOJq H36JHO,Z[HCI/IGM npenoagaBaTeiA.
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6. [Ipu oOHapykeHUH KaKuX — JTUO0 HEUCIPABHOCTEH, MCUE3HOBEHUS HANIPSDKEHUS B CETH, a
TaK)Ke MPU HECUACTHOM cllyyae, HEMEIJIEHHO MPEKPaTUTh paboTy, OTKIIOYUTh YCTAHOBKY OT
JIEKTPONUTAHUS M COOOIIUTH MPETI0IaBaTENIO.

7. IIOMHHTB, 4TO TPH OTKJIFOYEHHH LIETIEN IOCTOSHHOIO TOKA C MHAYKTUBHOCTBIO BO3MOKHO
KPaTKOBPEMEHHOE PE3KOE MOBBIICHUE HATIPSIKCHUS.

8. CTylieHThl, HAPYIIMBIIUE NPaBUIa TEXHUKH O€30MacHOCTH, HE JIOMYCKAIOTCS K JalbHEN-
el pabore B 1a0OpaTOPHH U MPUBIIEKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.

OkcnepumeHT 1

Haunewm naboparopHyto paboty co cOopa ycTaHOBKU. UTOOBI cOOpaTh cXxemy, KOTOPYIO MBI
OyzIeM HCToJb30BaTh B JIAOOpAaTOpHOUW paboTe, MPUCOCAMHUM MOTOK-KATYIIKy K MUJUIAAM-
HepMeTpy M UCIOIb3yeM MarHuT, KOTOPbIM OyzeM mpuOamkarh WM yAAIATh OT KaTymku. Ox-
HOBPEMEHHO C 3THUM MBI JIOJKHBI BCTIOMHHTD, YTO OYJET MMPOUCXOANTH, KOTIa OYyAET TMOSBISATHCS
UHTyKIIHOHHBIN TOK.

Puc. 1. Oxcnepumenr 1

[Togymaiite Hax TeM, Kak 0OBICHUTH HaOIto1aeMoe Hamu siBiieHne. Kakum oOpazom Bius-
€T MarHUTHBIN IIOTOK Ha TO, YTO MBI BUJUM, B YACTHOCTH MPOUCXOKIEHUE FJEKTPUIECKOTIO TOKA.
J1s1 5TOTO MOCMOTPUTE HA BCIIOMOTaTEIbHBIA PUCYHOK.

OOpatuTe BHUMaHHUE, YTO JTUHUU MArHUTHOW MHIYKIIUU BBIXOMASAT U3 CEBEPHOTO TOJIOCA,
BXOJSIT B I0KHBIN MOMIOC. [Ipy 3TOM KOJIMYECTBO 3TUX JIMHUM, UX T'YyCTOTa pa3juyHa Ha PAa3HbBIX
ydacTkax mMaraura. OOpaTuTe BHUMaHUE, YTO HAMPABICHHE MHIYKIIMM MATHUTHOTO TOJIS TOXE
HU3MEHSIETCA OT TOYKHU K Touke. [[03TOMy MOKHO CKa3aTh, YTO M3MEHEHHEe MATHUTHOIO MOTOKA
NMPUBOJMUT K TOMY, YTO B 3AMKHYTOM IPOBOAHUKE BOSHUKAET JIEKTPHUYCCKHUN TOK, HO TOJIb-
KO NP IBUKEHMH MAarHUTA, CJIeJ0BaTeIbHO, U3MEHACTCS MATHUTHBIN MOTOK, IPOHU3bIBA-
OLIMH IUI0IIAAb, OTPAHUYEHHYI0 BUTKAMM I3TOM KATyIIKH.

DKCMEPUMEHT 2

Crenyroomnuii 3Tan HaIIero UCCIeI0BAHUS JIEKTPOMAarHUTHOW MHIYKIIMU CBSI3aH C Ompe-
JICJICHUEM HANPABJIEHUS WHAYKIHOHHOrO Toka. O HampaBi€HUU HHAYKIIMOHHOTO TOKA MBI
MOXEM CYAHTh IO TOMY, B KaKyl0 CTOPOHY OTKJIOHSIETCS CTpeJIKa MIJITHammepmeTpa. Bocmosb-
3yeMcst TyrooOpa3HbIM MarHUTOM M YBUIHMM, YTO NMPHU MPUOTMIKEHUH MarHUTa CTPENIKAa OTKIIO-
HUTCS B OJTHY CTOPOHY. Eciii Tenepb MarHuT IBUTATh B IPYTYIO CTOPOHY, CTPEIKA OTKJIOHUTCS B
JIpYTyl0 CTOpOHY. B pe3ynbrare mpoBEIEHHOTO HKCIEPUMEHTa Mbl MOKEM CKa3aTh, 4YTO OT
HaIpaBJICHUS JBMKEHUS MarHUTa 3aBUCUT M HAMPABICHUE WHIYKIIMOHHOTO ToKa. OTMETUM U TO,
YTO OT ITOJIFDCAa MarHuTa TOXXE 3aBUCUT HanpaBneHHe I/IHI[yKLII/IOHHOFO TOKa.

OO6parute BHUMaHKE, YTO BEIMUYMHA WHIYKIIMOHHOTO TOKA 3aBUCUT OT CKOPOCTH TIepeMe-
mMCHUA Mardura, a BMECTEC C TEM U OT CKOpOCTI/I N3MCHCHUSI MAarHUTHOI'O ITOTOKA.
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Bropas uacTp Harmiel abopaTtopHoil paboThl cBA3aHA OyAET C IPYTUM 3KCIIEPUMEHTOM.
[TocMOTpHM Ha CXeMy 3TOTO SKCIIEPUMEHTA U 0OCYANM, YTO MBI Oy/IeM TeTeph JeNaTh.

K Knoy
&
Peocrar
R
mA ;g
—i|i|s l
* MCTOYHMK TOKa

Puc. 2. Dxcnepumenr 2

Bo BTOpOI1 cxeMe B IPUHLIMIE HUYETO HE U3MEHUIIOCh OTHOCUTEIBHO U3MEPEHUSI HHIYK-
LUOHHOTO TOKa. TOT k€ caMblii MUJUIMAMIIEPMETP, MPUCOECUHEHHBIN K MOTKY KaTymku. Ocra-
eTcs Bce, Kak ObUIO B epBoM ciiydae. Ho Teneps n3aMeHeHne MarHuTHOTO TTOTOKa MbI OyeM T0-
Jy4yaTh HE 3a CUET JABM)KCHHS TOCTOSTHHOTO MarHuTa, a 3a CYeT M3MEHEHHUsI CHIIBI TOKA BO BTOPOM
KaTyIIKE.

B mepBoit yactu OyneM uccienoBaTh HATMYUE HHIYKIMOHHOTO TOKA MPU 3aMBbIKAHUU U
pa3mbikaHuy 1enu. Mtak, neppas yacTh SKCIEPUMEHTA: MbI 3aMbIKaeM Kitod. OOpaTuTe BHUMA-
HUE, TOK HApacTaeT B LIEIH, CTPEJIKa OTKIOHUIACH B OJIHY CTOPOHY, HO 00paTUTEe BHUMAaHUE, CEi-
4ac KIII0Y 3aMKHYT, a 3JIEKTPUYECKOr0 TOKa MHJIJIMAMIIEPMETP HE MOKa3bIBaeT. [[eno B ToM, 4TO
HET U3MEHEHHsI MarHUTHOTO TIOTOKA, MBI YK€ 00 3ToM roBopwin. Eciiu Teneps KITt04Y pa3MbIKaTh,
TO MIJJTMAMIIEPMETP MOKAXKET, YTO HAIIPABIICHUE TOKA U3MEHHIIOCH.

Bo BTOpOM 3KcIIEpUMEHTE MBI IPOCIIEINM, KaK BO3HUKAET UHYKIIMOHHBIN TOK, KOI/1a Me-
HAETCS DIEKTPUUECKUIA TOK BO BTOPOM LIETH.

Crnenyromiast 4acTh OMbITa OYJET 3aK/II0OYAThCS B TOM, YTOOBI IPOCIEIUTh, KaK OyJeT u3-
MEHSTBHCS UHIYKIMOHHBIN TOK, €CJIM MEHSTh BEJIMUUHY TOKA B LIETIH 3a CUET peocTaTta. Bbl 3HaeTe,
YTO €CJIM Mbl U3MEHSIEM 3JIEKTPUUYECKOE COIPOTHUBIIEHHE B LIEMH, TO, clieays 3akoHy Oma, y Hac
OyJleT MEHSThCS U DJIEKTPUUECKUI TOK. Pa3 u3MeHseTcs JIeKTpUUeCcKuil TOK, OyAeT U3MEHSIThCS
MarHuTHOE ToJsie. B MOMEHT mepeMenieHusi CKOJIb34I1ero KOHTaKTa peocTaTa U3MEHSIETCS Mar-
HHUTHOE I10JI€, YTO IPUBOJNUT K IOSIBICHUIO HHAYKIIMOHHOI'O TOKA.

Ne Cnoco6 moayue- | I B Bm ADM
ONbITA | HUSI MHAYKIU-
OHHOI'0 TOKA

1 BHecenue B ka- — — +
TYHIKY C€BepPHO-
ro IoJIIca Mar-
HUTA

2 Yianenue u3 — — -
KATYLIKH ceBep-
HOI'0 I0JII0CA
MATHHUTA
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3 BHecenue B Ka- «— — +
TYIWIKY I07KHOTI'0
moJII0Ca MarHm-
TA

4 Yaanenue us — — -
KATYIIKH 03K-
HOI'0 IOJII0CA
MATHHUTA

Cooepircanue omuema.

OTder 1o 1a00paTOPHBIM pabOTaM JIOJKHBI COIEPIKATH:

- TUTYJIbHBIN JIUCT;

- IeTh paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIpEICTICHHH, MOHATHIA, (HOpMYyIT;
- OCHOBHOE 000pY/JIOBaHHUE, CXEMa YCTAaHOBKH;

- OMUCaHMeE 0 MyHKTaM BBITIOJTHEHHON paOoThI;

- pe3yabTaThl U3MEPEHUI U pacyeToB (TabauIbl, rpaduKn);

- OLIEHKA MOTPELIHOCTEH;

- OTBETBI HA KOHTPOJIbHBIE BOTIPOCHI,;

- BBIBOJIBI IO pPe3yJibTaTaM BBIIIOJIHEHHOM paboThl, AaTa, MOIUCH.

Konmponwsnwvie eéonpochwi.

B uem 3akitoyaercs sBJIEHUE 3JIEKTPOMAarHUTHOM MHAYKLINN?

Kaxko# TOk Ha3bIBatOT MHIYKIIMOHHBIM?

Cdhopmynupyiite 3aK0H 1€KTpOMAarHUTHON MHIYKIMK. Kakoit hopmyioii oH onuceiBaercs?
Kak ¢popmymnupyercs nmpasuio Jlenna?

KaxoBa cBs13p npaBuiia JIeHIIa ¢ 3aKOHOM COXpaHEHMsI SHEprun?

M

JlabopaTopnas padora Ne 11
Tema padomwr. OnpeneneHue rOPU3OHTAIBHON COCTABJSIIONICH HHAYKIIMA MATHUTHO-
ro noJjst 3emJiu.
Lleny pabomui. OnipeiesieHre TOPU30HTAIBLHOM COCTABIISAIOIIEH HHYKIIMA MAarHUTHOTO 10~
7151 3eMUTH.

Teopemultecmm uacms.

3eMJIs B 11€JI0M TpeACTaBiIsieT co0oi OrpoMHbIi mapoBoi MaruuT. [loatomy B 060 TOY-
K€ MPOCTPAHCTBA, OKPY’>KAIOLIEr0 3eMIII0, U Ha €€ MOBEPXHOCTU CYLIECTBYET MAarHUTHOE IOJIE,
CHJIOBBIE JIMHUU KOTOPOro n300paskeHbl Ha pucyHKe 1. IIpu 3TOM ceBepHBI MarHUTHBIN MOJIOC
N HaxomuTcst BOIU3U 10KHOro reorpaguueckoro KO u Haobopot. Ha skBatope MarHUTHbIE CH-
JIOBBIE JINHUU HaNpaBJI€Hbl TOPU3OHTAIBHO, @ HA MOJIFOCAX - BEPTUKAJIBHO.

B ocTasibHBIX TOUKAX 36MHOM MOBEPXHOCTU MHAYKIIMS MATHUTHOTO MOJIsl HAIPABJICHA MO/
HEKOTOPHIM YTJIOM K IIJIOCKOCTH 3€MJIH, T.€. UMEET U rOpU3OHTaNIbHYI0 B, 1 BepTukansuyio B,
COCTaBJISIOLIKE.

56



Puc.1.

HanpasiieHne ropu3oHTaJIbHON COCTABIIAIOIIEH IPUHUMAETCS 3@ HAIIPaBJICHUE MarHUTHOTO
MepyAuaHa, T.K. B 3TOM HaIlPaBJICHUHU YCTAHABIMBACTCS CTPEJIKA KOMIIACa, BPAIIAIOIIASCS B IO-
PHU30HTANIBHOM IuIocKocTH. Llenblo HacTosmel paboThl SIBISETCS M3MEPEHUE BEJIUYMHBI TOpU-
30HTAJIbHOM COCTAaBIISAIONIEH MHAYKIMM MarHUTHOTO MOJs 3€MJIM C ITOMOIIBI0 TaHI€HC-TajlbBa-
HOMeTpa. TaHreHc-rajlbBaHOMETP NPEACTABISIET COOON BEPTHKAIBHO PACHOJOKEHHbBIE N KPYTro-
BBIX BUTKOB pajanyca R, 0 KOTOpBIM IIPOITyCKaeTcs MOCTOSIHHBIN TOK cwiol I. B nenrtpe sroi
COBOKYIHOCTH BUTKOB (KOPOTKOH KaTYIIKH) MoMelaeTcs kommnac. [Ipu oTcyTCTBUM TOKa B BUT-
KaX MarHUTHas CTPeEJIKa KoMIlaca yCTAHOBUTCS 110

/N
p)Ouf € 2

Puc. 2.

MarHuTHOMY Mepuauany. [Ipu nporyckaHuu ToKa 1o BUTKaM CTpEJIKA MOBEPHETCS Ha He-
KOTOpLIfI YToJa a, T.K. TCIEpbh Ha HEC TIOMUMO FOpI/I3OHTaJ'II>HOI\/’I COCT&BJ’IS[I-OHIGﬁ MAarauTHOTIO I10JIA
3emiu OyneT AeHCTBOBATH €Ille MarHUTHOE MoJie, co3aBaeMoe TokoM | B n BuTkax. Eciu BUTKH
COPUCHTUPOBATH TAK 9TOOBI UX IIJIOCKOCTH CoBIMaagalu € MIOCKOCTbIO MArHUTHOI'O MCpUraHa, TO
Ha CTpeJIKy OyJyT JecTBOBaTh /IBa B3aUMHO MEPIEHAUKYIAPHBIX Mo nose 3emin Bs u none
Toka B, (puc.2).

CTpeJIKa KOMIIaCa YCTAHOBUTCS B HAIIPpABJICHUU paBHOHCﬁCTBYIOHlefI 9THUX HOJ'ICI\/'I, BIOJIb
1 1 1

B =B, +B;, 1.e. mo auaroHany napajieiorpaMma, CTOpoHaMu Kotoporo oyayt B, u B;. Cwm.
pI/IC.2, Ha KOTOpOM I/1306pa)KeHO CCUYCHUC BUTKOB C TOKOM, OPUCHTUPOBAHHLIX BJI0JIb MArHUTHOI'O
o BO
MepHUJInaHa, TOPU3OHTAIBHON TIIOCKOCTHIO. 13 puc. 2 cinexyer, uro {ga =B—, OTKyJa
3
B
B, =— (1
tga
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1
Taxk xak WHAYKOWA MAarHuTHOI'O I10JIA B HEHTPE KPYI'OBOI'O TOKa Bo :m;, TO B HCHTPE n
2R

I
BUTKOB OYEBUHO B, =M (2)
2R
In
[ToncraBus (2) B (1) nomyuum B, _min_ 3)

2R ga
Orta ¢dopMylia UCHOIB3YeTCsl B HACTOAILIEH paboTe Al ONBITHOIO OIpe/eseHHUs] ropu-
30HTAJIBHON cocTaBsioneil MaruuTHoro nojist 3emin. Popmyna (3) 3anucana B cucteme CU,
o3ToMy Bj momyuurcs B Tecnax.
DnexTpuyueckas CXxeMa YCTaHOBKH NIl U3MEpPEHUsl B3 COCTOMT M3 TaHTe€HC-TajJbBaHOMETpA
G, ucrounnka Toka € ,peocrara R u ammepmerpa A I peryIupOBKY M U3MEPEHUS TOKa (puc.3).
B cxeme ucnoinb3yercs nepekitodarens 1 1 n3MeHeHus: HanpasieHUs TOKa, IPOXOAsIIe-
ro 4epe3 TaHI'€HC-TaJIbBAHOMETP.

Puc. 3
Oobopyooeanue u mamepuainsl.
TaHreHc-ragpBaHOMETp, aMIIEPMETP, PEOCTAT, UCTOYHUK TOKA.
Ykazanua no mexnuxe 6esonacnocmu.
1. K BbimonHeHuto 1abopaTOpHBIX PadOT IOMYCKAIOTCS CTYACHTHI, H3yYHBILIUE ITPABHIIA TEX-

HUKHU 0€30MaCHOCTH.

2. JlabopaTopHble pabOThl MOTYT MPOBOJIUTHCS TOJIBKO TOJ] PyKOBOACTBOM M HAOJIOJCHUEM
npenojaBaTers.
3. Ilpu BbImonHEHUM 7a00PATOPHBIX PAOOT CTYACHTAM 3alpeIiacTCs:

- BKJIOYATh CXEMBI 10]] HANIPsKEHUEM 0e3 MMPOBEPKHU NMPENoAaBaTes;

- MIPUKACAThCS K HE3AIIMIIEHHBIM M30JIAUEH 4acTsAM CXEMbl, HAaXOAAIIMXCS MO/ Hampsi-
KEHUEM;

- OTIpEeAETATh HANWYKME HANPSOHKEHUS Ha 3JIEMEHTaX IeNH MPUIIOMOIIH HaJbIeB; MPOBEPKa
HaJIM4Ks HaNPsOKEHUS IIPOU3BOJUTCA TOJIBKO € IIOMOIIBIO BOJIBTMETPA U B IPUCYTCTBUHU IIpe-
1oJIaBaTeds;

- Ipu paboTe Ha J1abOpPaTOPHON yCTAaHOBKE MPHUKACATHCS OJHOBPEMEHHO CTEH, pajuaTo-
POB CHUCTEMBI OTOIUICHUS U APYTUX METAJUIMYECKUX MPEIMETOB;

- BKJIKOYaTh PYOMJIbHUKY, HA)KUMATh KHOIIKH, ITPUKACATHCS K 3JIEKTPUYECKOMY 000py0-
BaHMIO, HE OTHOCSIIEMYCS K JJaHHOM JabopaTopHOil pabote 6e3 BeqoMa npenojjaBaress;

- MPOU3BOJIUTH 10 XOJy BHITIOJTHEHUS paOOTHI MIEPEKITIOUEHHSI B CXeMe, He 00eCTOunB eg;
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- OpocaTh COeAMHUTENIbHBIE TIPOBO/IA HA TOJI U HAa UCCIIEAYEMYIO YCTaHOBKY;

- 3aMEHSTh CTOPEBIINE MPEIOXPAaHUTENN Ha pabouMX IIUTaX MPH BKIFOYEHHBIX PYOHIIb-
HUKaX;

- KJIaCTh Ha paboYMii CTOJI TOCTOPOHHUE MTPEIMETHI;

- BXOJIUTH B 1a00paTOpHIO B BEPXHEH OJICKIIC;

- KYpE€HHUC U 3A)KUTAHUC OT'HA.

4. Tlepen BKIIIOYEHHUEM CXEMBI 00s13aTEIbHO MPEAYIPEIUTh WIEHOB Opurazpl: «OcTopoKHO!
Bxurouaro!».

5. Ilpu HanMuMu B CXeMe KOHJCHCATOPHBIX OaTapeil, HE0OXOAMMO TOCTE OTKIIOYEHHS THTa-
HUS X Pa3psINTh 1O HAOJIIOAHEUEM MIPETIOIaBaTEls.

6. [Ipu oOHapykeHUH KaKuX — JTHMO0 HEHCIPABHOCTEM, NCUE3HOBEHHMSI HATIPSKECHHSI B CETH, a
TaKkKe TPH HECYACTHOM ClIydae, HEMEUICHHO MPEKPATUTh pabOTy, OTKIIIOYUTHh YCTAHOBKY OT
ANEKTPONUTAHUS U COOOIIUTH MPETOAABATEIIO.

7. HOMHI/ITI), 4TO IIpHU OTKIIFOYCHUN ueneﬁ IMOCTOSAHHOI'O TOKa C MHAYKTHBHOCTBIO BO3MOXKHO
KpPaTKOBPEMEHHOE PE3KOe MOBBIIICHUE HAMPSIKCHUS.

8. CTyneHThl, HApYUIUBIIKE TIPABUIa TEXHUKH 0€30MaCHOCTH, HE JOMMYCKAIOTCA K JalbHEH-
nieit pabote B 1aOOpPaTOpPUH U MPUBIICKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.

1. CoOuparoT 31eKTPUYECKYIO LEMb [0 CXeMe puc.3

2. TloBopaumBasi TaHT€HC- TATHBAHOMETp, YCTAHABIMBAIOT €ro IJIOCKOCTh B TUIOCKOCTH
MarHMUTHOTO MEpHUNaHa, TaK YTOOBl MAarHUTHAS CTPEJIKa yCTaHOBUIACh B HampasieHuu 0°-180°.

3. YcranaBnuBasi JBH)KKOM peocTaTa 3alaHHYI0 BEIMYHMHY TOKa (3aJaeTcs INperoiaBa-
TEJIEM) U3MEPHUTH YTOJ OTKJIOHEHUS MAaTHUTHOM CTPEINKH 0l;.

4. He u3MmeHsisi BeIMUMHY TOKA MIOMEHSATH nepekitoyarenem [1 HanmpaBieHue Toka Ha Mpo-
_(@,+a,)

5 .

5. HOBTOpI/ITB HU3MCPCHUA O U Oy ITPU HECKOJIBKUX APYIrUX 3aJaHHBIX 3HAYCHUAX TOKA.

6. TloacraBisisi MOCIEAOBATEILHO W3MEPEHHBIE COOTBETCTBYIOIIME 3HAUCHHs TOKa I M
yCpEIHEHHbIE 3HaUeHus yriia a,; B popmyiny (3) Haiitu 3HadeHus Bs. ( Bennunnel n u R ykazaHsl

THUBONOJI0KHOE. OTCUNTATH HOBBIM YI'oJI OTKJIIOHCHHUA CTPEIIKHU ). Brerauncants a @

Ha TAHT€HC-TaJTbBAHOMETPE).
7. Bce pe3ynbTaThl H3MEpPEHUH U BEIYMCICHUN 3aHECTH B TaOII. |
Tabn.1

IA) |a, |a,|a, |1ma,|B; |AB |dB

(cp)

8. OueHuTh NOrpenHOCTh NPOBEACHHOTO U3MepeHust B; u pe3ynpTaTsl 3aHecTH B Ta01. 1
9. 3anucathb pe3ysbTaT B BUAE
B; =Bs, DB,

Cooepicanue omuema.

Otuet 1o 1abopaTOPHBIM paboTaM JAOJKHBI COJEPKATH!

- TUTYJIbHBIN JIUCT;

- 1IeTb paboTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIpE/IeTICHU, MOHATHIA, (HopMyII;

- OCHOBHOE 000pY/JIOBaHHUE, CXEMa YCTAaHOBKH;
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- OMUCaHME 0 MYHKTaM BBITIOTHEHHON paOOTHI;
- pe3ynbTaThl W3MEpPEHUH U pacueToB (Tabuullbl, rpaduKm);
- OLIEHKa MOTPEIIHOCTEH;
- OTBETHI HA KOHTPOJIbHBIE BOTIPOCHI;
- BBIBOJIBI TIO Pe3yJIbTaTaM BBIIIOJIHEHHOUW paboThl, AaTa, OIUCH.
Konmponsnwie eonpocbt.
1. Kakoli Bug uMeeT MarHuTHOE 1ose 3eMiun?
2. B 4em 3akimodaetcs uies U3MEPEHUS TOPU30HTATHHOM COCTABIISIONICH WHTYKIIMA Mar-
HUTHOTO T0JIs1 3eMIu?
3. Kak ycTpoen TanreHc-raiprBaHoMeTp?
4. BeiBenute Gpopmyny UHIYKINH By, B IEHTpe KPyroBOTO BUTKA C TOKOM.
5. [loyemy MIOCKOCTH TaHT€HC-TATbBAHOMETpA CIICTyEeT OPUECHTUPOBATH B HATIPABICHUH
MarHuTHOTO MepUaAnaHa?

JlabopaTopnasi paGora Ne 12
Tema pabomer. UcciienoBanue kojied0aHuii B KoJ1ie0aTeJIbHOM KOHTYpe

Llens pabomut. VIzyueHue 3aTyXaroNMX YJICKTPUUECKUX KoneOaHui KoiaebaTeTbHOM KOHTY-
pe.

Teopemuuecxaﬂ yacme.

[Ipocroii koneOaTeNbHBINE KOHTYp COCTOHMT M3 MOCIIEIOBATEIIEHO CO-CIUHEHHBIX JJIEMEH-
TOB: eMKOCcTU C, MHAYKTUBHOCTH L M aKTUBHOTO cONMpOTUBIeHHs R

Cpenu pa3inuyuHbIX 3JEKTPUUYECKUX SBJICHUN OOJIBIION MHTEPEC MPEACTABISAIOT 3IEKTPH-
YecKue KoJieOaHus, Ipu KOTOPBIX HEKOTOPbIE IEKTPUYECKUE BEIUYUHBI, TAKHE KaK MOTEHIMAI
cuJjia TOKa, Wi 3apsi] U3MEHSIOTCS BO BpeMeHU. OTHUM U3 IPOCTEUIITUX UCTOYHUKOB MOJTYYEHUS
INEKTPUUYECKUX KOJICOAHUMN SBISETCS SIEKTPUUECKUN KOIeOaTeNbHbBIN KOHTYD.

PaccmoTpuM mpocToii KonebaTeNbHbI KOHTYP, COCTOSIINN U3 TMOCIIEA0BATEIIEHO COCAH-
HEHHBIX KoHAeHcaTopa C, nHAyKTUBHOCTU L, pesuctopa R u ximrova K (puc.1, a). Ecniu koHaeH-
caTop 3apsAIuTh, a 3aTeM 3aMKHYTh KItod (puc.l,0), To KOHIEHCATOP HAYMHACT pa3pspKaThes. B
LU MOSBISETCS BO3PACTAIONINM TOK #, B KATYIIKE HHAYKTUBHOCTHU - COOTBETCTBYIOIIIEE MArHUT-
HOE I0JIE.

K K K
5
L L.
1. (& C
+ + s — :
—— C — 1 —— 1
= - +
R
R E
a) 0) B)

Puc.1.
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Tok pa3psiga KoHIEHcaTopa i, IpOTeKas Yepe3 KaTyliky, nopoxaaer B Hell DJ1C camouH-
nykiuu. Bo3nukaromas 3/]C caMOMHAYKIMH 3aMeUIsieT pa3psi KOHAEHcaTopa, a Mmocie Toro,
KaK KOHJICHCATOp MOJHOCTHIO paszpsautcs I/C caMOMHAYKIUH, HA000pOT, HAUMHACT MOAJIEp-
KMBATh TOK B MIPEKHEM HAIIPABJICHUH.

B pesynbrare 3TOr0 KOHAEHCATOp Mepe3apsIuTcs, MOCcie Yero Npoiecc MOBTOPUTCS, HO
JIBYDKEHUE 3apsIoB OyIeT MPOUCXOANTH B TIPOTHBOTIOIOXHOM HalpaBJIeHUH! (pHC.2,B).

IlepBoHauanbHast SHEPTUs HIEKTPUUYECKOTO MO 3apsHKEHHOT0 KOHAEHCATOpa BO BpeMs
€T0 pa3psiia MepexouT B SJHEPTUI0 MArHUTHOTO TOJIsl KaTymku. [Ipu nepesapsiie KoHaeHcaTopa
OPOMCXOIUT OOPATHBIN MEPEeX0 ] SHEPIMU MAarHUTHOT'O TOJISI KATYIIKKA B SHEPTHUIO AJIEKTPHUYECKO-
TO ToJIs KOHJIeHcaTopa. B maeanpHOM KoseOaTeTbHOM KOHTYpE CONPOTUBIICHHE R paBHO HyITO
U BO3HUKIIIHE dJIEKTpUUECKUE KoueOaHus OyayT Hezamyxaroujumu (puc. 2,a).

B peanpHOM KoNIeOaTeIEHOM KOHTYPE R OTIIMYHO OT HyJIS, TOATOMY IIPH MPOTEKAHUH TO-
Ka uepe3 Hero MpOUCXOIUT BblieIeHue Teruia. BeneacTBue 3Toro oomuii 3amnac sSHeprium B KOHTY-
pe€ yMEHbBIIIaeTCs, U KOJICOAHUs 3amyxarom (puc.2,0).

C yBennueHHeM CONpOoTUBIEHUS R ckopocTh 3aTyxaHus kojaeOaHUi yBenuuuBaeTcs (puc.
2,B), a IpHU IOCTAaTOYHO OOJIBIIOM 3HaU€HUHU R KoneOaHus BoOOIIe HE BO3HUKAIOT - HaOIr01aeTcs
anepuoouueckuil pa3psa KouaeHcaropa (puc. 2,r).

CompoTuBiIeHNE KOHTYPa, IPU KOTOPOM KOJIEOATENBHBINA TPOIIECC MEPEXOTUT B ariepHo-
JMYECKHH, Ha3pIBaeTCa KpUTHIECKUM (Ryp).

AAAN L Aop s
TRTRTAY ’

Puc. 2.

Haiinem ypaBHEeHUe, OMUCHIBAIOIIEE 3aTyXAIOIINE IEKTPUUSCKHE KOJICOaHUs B KOHTYpE.
B cOOTBEeTCTBHM C 3aKOHOM COXpaHEHUsI SHEPTUU YObUIb SHEPTHH KOHJICHCATOPA MPU €ro pas3psi-
ne -dW¢ pacxomyercst Ha yBeJIUYCHHE YHEPrHHA MarHUTHOTO MoJjist Katymkun dWp U BbLIeneHue
teria dQ B conporuienuu R:

-dWc =dW, +dQ, (1)
riae W - sHeprust KoHJeHcaTopa, We= q2 /2C,

WL - 9HEpIrUsi MArHUTHOTO MOJISL KATYIIKU, W , =L 12 /2.
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31ech q - 3apsi/l KOHJeHcaTopa B IaHHBII MOMEHT BPEMEHH, 1 - CUJIa TOKA B KOHTYPE B 3TOT

K€ MOMCHT.

KOHI/ILICCTBO TCI1J1a, BBIACIIAIOICECS B HpOBOI[HI/IKe 3a BpeMSI dt

dQ =i R
Hcnone3ys 5TH COOTHOIIEHHS, peobpasyeM ypaBraenue (1):
20 x 120
R L——+ 2 R dt =0-
e2Cg

1

o dq+% 2i di+i’R dt =0-

%dq+L-i-di+i2R-dt =0-
TaKKaKi:dq/dt ndq=1idt,

TO BbIpaKEeHHE (2) MOXKXHO MPeoOpa3oBaTh K BUIY

idq+Ld—qdi+iR Xq =0
C dt

CoxpatuB Ha dq ¥ UCTIOIB3YS COOTHOIICHHE
di d?q
dt dt?

moJTydaeM cienyroniee quddepeHinan-Hoe ypaBHeHUE:

2
d_q+R dq+ q =0 -

dt2 L dt " LC

B stom YpaBHCHHHU CACIIACM CIICAYIOIINEC 3aMCHBI:

R

—=2b >
L
! _W
Lc
rae b - koaddumnuenT 3aryxanus, Wy - cOOCTBEHHast 4aCTOTa KOHTYpa.
Tornma
d’q d
940 M 0q =0
dt? dt
JuddepenunansHoe ypaBHeHue (6) nMeeT (Ipu b < W () crieyroniee penieHue:
g =q,e bt coswi+a )

rac

2

)

4
)

(7

Jo U @ - HCKOTOPAIC ITIOCTOSHHBIC, COOTBCTCTBYIOIIMEC HaJaJbHOM AMIUIMTYAC U HavaIbHOM

(haze xoseOaHus.
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Bripaxenue (11.7) ecTb ypaBHEHHE 3aTyXaOLIUX JIEKTPUUECKUX KOJIeOaHHM, IUKINYe-
CKas 4acTOTa KOTOPBIX paBHA W, a aMIUIMTYJa SKCIIOHEHIIMAIbHO YOBIBAET C TEYEHHEM BPEMEHU

(puc. 3).
[lepuon 3Tux KoNeOAHMA:

©)
T = 2_p
w
q
"
\\
T~ 4t
LI o (t_'_T)
T ——-
\/_F - __\-4—
P
- T
-~
~
-
Puc. 3.
Jlnst masnbix 3HadeHud R nomyyum
T _2_P —2p /LC - (10)

B cootBercTBUU ¢ ypaBHEHHEM (9) ITpH YBEIMUECHUU COMTPOTUBIICHUS KOHTypa R, mepuon
KoJIeOaHuil OyaeT, CTpEMACHh K OECKOHEYHOCTH TIPH

b:W(). (11)

3TO 03HAYaeT, YTO KOJEOATEILHBINA MPOILIECC MEPEXOUT B arlepHoAndecKuid. Mcmomb3ys
ypaBHeHus (4) u (5) u3 BeipakeHus (11) MOXKHO MOTYYUTh 3HAUEHUE KPUTHUECKOTO COMPOTHB-
JICHUS:
_~ L. (12)
R =2,/
Kp C
JInst XapaKTepUCTHKH 3aTyXaHHs KoJeOaHWH 4acTo TOJIB3YIOTCS J102apudmuieckum Oe-
Kpemenmom 3amyxanus d v doopomnocmoio Q.
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JlorapumMuyecKkuii 1eKPEMEHT 3aTyXaHHs paBeH HaTypajJbHOMY Jiorapu(My OTHOLICHHUS
aMIUIATY 1 KoJie0aHUil, COOTBETCTBYIOIIMUX JBYM MOMEHTaM BPEMEHH, OTIMYAIOIIMMCS Ha TIepU-
o

d =In AWM . (13)

A(t+T)

3nech A - aMIUIMTY1a KojeOaHui BEIMUMHBI 3aps/ia, TOKa UK HanpsbkeHus (puc. 3). Uc-
noJb3ys ypaBHeHue (7), moIydum

Jlst HeGopIMX 3HaYeHWH R, ¢ yaerom ypaBHenuit (4) u (10), morapudmudeckuii 1ekpe-
MEHT 3aTyXaHHs MOXHO OMPEACIIUTh Yepe3 mapaMeTpbl KOHTYpa:

C 4
m— " (1 )

[Tycts t - BpeMs penakcaiiu, B T€4eHHE KOTOPOTO aMIUIUTY/1a KOoJeOaHU yMeHbIIaeTcs
Be @ 2.7 pa3, N, - unciio kojicOaHUil COBEPIICHHBIX 3a BpeMs peakcainuu. Toraa MoKHO JIETKO
JI0Ka3aTh, 4TO

1 (15)

Ho6poTtHOcTh Q TpencTaBisieT co00i YMHOKEHHOE Ha 2P OoTHoleHHe »Heprun W(t) B
JAHHBII MOMEHT BPEMEHH t, K DHEPTUH, TepIeMoi 3a nmepuo koedanus T:

W (t) , (16)
W(t)- W(t+T)

Q=2p

Ecnu B HavanbHbIM MOMEHT BpeMeHH (t = () sHeprus KOHTYpa COCTOUT U3 SHEPTUH 3aps-
KEHHOT'0 KOHJEHCATOpa, TO

2
W(t)zzq—(oj' (17)

DHeprus KOHTypa yepe3 BpeMs, paBHOE MEPHUOY, YMEHBIIUTCS B COOTBETCTBUU C YMEHb-
HIUBIIUMCS 3apSJIOM:

(q,e ®")?
— 0 . (18)
W (t+T) 5C
[ToncraBus Beipaxenus (17) u (18) B ypaBuenue (16), momyanm
Q= 2p — 2p . (19)
1- e-ZbT 1- e-2d

N3BecTHO COOTHOIICHHE € * » 1-+X , BRIMOIHSIOMIEECS JUTsl MaJIBIX 3HAYCHUH X: (X << 1).

C yuetom sToro Beipakenue (19) ynpoctures:
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_P. (20)
Q=

JIoOpOTHOCTH MOXHO BBIPA3UTh U Yepe3 MapaMeTpbl KOHTYpa, NpuMeHHuB popmyiry (14):

_1 [T, @1
Q=pyc

W3 ypasuenwuii (20) u (15) cnemyer Takke, 4T0 JOOPOTHOCTH MPOMOPIIMOHAIBHA YHCITY KO-
neGaHuii B KOHTYpE, COBEPILUBIINXCS 32 BpeMsl pelaKcalud, B TEUEHHUE KOTOPOro aMILIUTYAa
YMEHBIIAETCS B € Pas3:

Q=pN..

B pAaac CiIy4acB KoJIeOaTeIbHBIN nmponecc MOKHO HCCICAOBAThb, U3y4dasd B3aUMO3aBUCH-
MOCTBb MCXKAY HAIPSXKCHUEM U U TOKOM iB KOHTYpC.

I'paduk, n300pakaromyii 3Ty 3aBUCUMOCTh, Ha3biBaeTcsl (a3oBoil kpuBoil. CocrosiHHe
K0JIeOATENbHOM CUCTEMBI AJIs IIOOOr0 MOMEHTA BpeMEHH M300pa3uTCs TOUYKON Ha 3TOM KpUBOH

(puc. 4).

VYpaBHenue (pazoBol KPUBOH MOKHO MOJTYYHTh, UCHOJIB3Ys 3aBUCUMOCTH TOKA M HaIps-
KEHUS OT BPEMEHH.

W3 Boipaxkenus (7) u cootHomenus: u=q/C ciemyer, 4To

u Z%e'btcos(wt+a )

Cz[enaeM 3aMCHY U 0 =q / C , 1 TIOJTYYHM 3aBHUCHUMOCTDb HAIIPSXKCHUSA Ha KOHACHCATOPEC
0

OT BPCMCHHU:

u=U0>€'btcos(Wt+a)’ (22)

rae Uo - HavalbHas Pa3HOCTL IMOTCHIIUATIOB.

W3 ypaBHenus (7) MOKHO ONPENEIUTh U 3aBUCUMOCTh TOKa B KOHTYpE OT BPEMEHH

._dq _dg -bt -
1=qp —dredee = cos (wt+a )g—

=q,e" bt[— w Xin(wt+a)-b -cos(wt+a )]
Jlns ManeIx 3aTyxaHuit b << w, Torya
. -bt .
1=-q, We sin(wt+a)-
O6o03naunm [p= qp®w, Torna | =- Ie bt sin(Wt+a ), To ecTb
i =Ie "'cos(wt+a +B)- (23)

CpaBuuB BbIpakeHus (22) u (23), MOXKXHO YBUIETH, YTO KOJeOaHUsI CUIBI TOKA OTMepeKa-
10T 110 haze Ha F% KOJIcOaHMs HAPsDKEHUS Ha KOHEHCATOpe.

[Tpeobpazyem BoipakeHus (22) u (23) ciaeayromum 00pa3om:
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u _— -bt
- = cos(wt+a )’
Uo © ( )

Il—:- e'btsin(wt+a)-
0

Ecnu Bo3BecTH 3TH ypaBHEHHS B KBAJpPAaT M CIOXKUTh, TO TIOJYYUM ypaBHEHUE (a30BOM
KpUBOII:

.2 2
& 0 aeu 0O - . 24
§*i+9*+:e 2bt (24)
Ing eUog

B ciygae nesaryxaromux konebanuit ( R = 0, b = 0) da3oBas kpuBas umeer hopmy 3J1-
nurca (puc. 4,a). Jlns peansHoro kontypa (R ' 0, R <Ry,) ha3oBas kpusas npeacraBisieT coboi
CKPYYHMBAIOIIYIOCSl CHHpaib, MPUYEM OOJBIIEMY COMNPOTHUBIECHUIO KOHTYpa COOTBETCTBYET
6onbliee 3atyxanue (puc. 4,0 u puc.4,B).

[Ipu anepruoanyeckom KosneOaHUM, KOTJJa CONPOTUBIIEHUE KOHTYpa O0JIbIlle KPUTUYECKO-
ro (R > R;,), GpazoBas kpuBas BBIPOKIAECTCs B JIMHUIO, H300paKEHHYIO Ha PUC. 4,T.

Y IS
W, 5
3

P

It 4

Tx+T)

Sl

Puc.4.

Oobopyooeanue u mamepuainsl.
JIabopaTopHasi yCTaHOBKa COCTOUT M3 ocIiuIiorpada u creHaa, CoaepsKamiero IBe KaTyI-
KU MHAYKTUBHOCTH, JIBa KOHAEHCATOPa, Mara3uH CONPOTUBICHUN U T€HEPaTOP UMITYJIbCOB.
I'enepaTop BbIpabaThIBa€T KOPOTKHE IMOJOKHUTEIBHBIE HMITYJIbCHI, B PE3YJIbTATE ITOTO
KOHJICHCATOp KOJIeOaTeTbHOr0 KOHTYpa MEPUOAMYECKU MOJIy4YaeT HEKOTOPBIA 3JIEKTPUYECKUN
3apsn. B mpomexxyTkax BpeMEHH MEXIy UMITYJIbCaMU B KOHTYpe OyIyT COBEpIIAThCS 3aTyXaro-
e kosebanus. ['paduku 3TUX KOIeOaHMit MOKHO Oy/IeT HaOIoAaTh Ha dKpaHe ociuorpada
U, Jasee, o HUM ONPEeNATh Mepuo, JorapuMuueckuil TeKpEeMEHT 3aTyXaHus, JOOPOTHOCTbD,
KPUTHUECKOE COIIPOTUBIICHHE.
Heobxonumbie U1 pacueToB mapaMeTphl 3JIEMEHTOB KOHTYpa YKa3aHbl HA CTEH/IE.
Ykazanus no mexnuke 6ezonacnocmu.
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1. K BbimonHeHuto 1a60paTOPHBIX PAdOT OMYCKAKOTCS CTYACHTHI, H3yYHBILINE ITPaBHIIA TEX-

HHUKH 0€30IaCHOCTH.

2. JlaGopaTopHbie pabOTHl MOTYT IPOBOJAUTHCS TOJIBKO MO PYKOBOJCTBOM M HAOIIOACHUEM

TIpeToIaBaTelIs.

3. Tlpu BeIMOIHEHNH JaOOPATOPHBIX PAbOT CTYACHTaM 3aIperaeTcs:

- BKJIFOYATh CXEMBbI T10]] HanpshKeHHEeM 0e3 MPOBEPKHU MperoaaBaTes;

- MPUKACATHCS K HE3AMMIIEHHBIM U30JISIMEN YacTIM CXEMbl, HAXOISAIINXCS MO Hamps-
JKEHUEM;

- OTIPEIeNATh HAIMYNE HAIPSDKEHUS Ha DJIEMEHTAaX LeTd Py TOMOIIY NaNIbIIEeB; TPOBEpPKa
HaJIN4YUus Haprl)KeHI/ISI HpOI/IBBOHI/ITCSI TOJIBKO C IOMOIIIBIO BOJ'H)TMeTpa U B HpI/ICYTCTBI/II/I npe-
OJaBaTels;

- pu paboTe Ha JTabOPATOPHOH YCTAaHOBKE MPHUKACATHCS OJHOBPEMEHHO CTEH, PadaTO-
POB CHCTEMBI OTOILICHUS M IPYTHX METAITTMYECKUX PEIMETOB;

-BKJIIOYATh PyOMJIbHUKH, HAXKUMaTh KHOIKH, TPUKACATHCSA K DJIEKTPUUECKOMY 000py10-
BaHUIO, HE OTHOCAIIEMYCS K IaHHOU T1abopaTopHoit paboTe 6e3 BegoMa MperoaBaTess;

- IPOU3BOJIUTH IO XO/y BBIIIOJHEHUS padOThI MEPEKIIIOYEHHSI B CXeMeE, He 00eCTOUUB €€;

- OpocaTh COeIMHHUTENbHBIC TPOBOA HA TIOJ M HA UCCIIEyeMYIO YCTaHOBKY;

- 3aMEHSTh CTOPEBIIME MPEIOXPAaHUTENN Ha pabouMX IIUTAX MPHU BKIFOYEHHBIX PYOMIIb-
HHKaX;

- KJIACTh Ha pa0OYMil CTOJI MOCTOPOHHUE TIPEIMETHI;

- BXOJIUTH B 1a00paTOPHUIO B BEPXHEH OJICK]C;

- KypI/ITB 1 3aXXKHUTrartb OIOHb.

4. Ilepen BKIIOUEHUEM CXEMbI 0053aTeNIbHO MPEAYNPEAUTh YIeHOB Opuraasl: «OCTOPOKHO!
Bxrogaro!y.

5. IIpu paboTe Ha yCTaHOBKAX, B KOTOPBIX MOXKET HAOIIOIaThCSl PE30HAHC, COOIII0IaTh OCO-
OYI0 OCTOPOKHOCT.

6. [Ipu HanmuuKMK B cXeMe KOHJIEHCATOPHBIX OaTapeii, HE0OOXOJUMO MOCIe OTKIIIOUEHUS TUTa-
HUS X Pa3psIATh T0] HAOTIOICHUEM MPETIOIaBATEIS.

7. IIpu oOHapyKeHUH KaKuX — MO0 HEHCIPABHOCTEH, NCUE3HOBEHHUSI HATIPSKEHHSI B CETH, a
TAKXEC HpI/I HECHAaCTHOM cnyqae, HEMCOJICHHO HperaTI/ITI) pa60Ty, OTK/IIFOYUTH YCTaHOBKy oT
ANEKTPONUTAHUS U COOOIIUTH MPETOAABATEIIO.

8. HOMHI/ITB, qTo HpI/I OTKJIHOUYCHUHAN ueneﬁ IIOCTOAHHOTO TOKA C I/IHI[YKTI/IBHOCTI)IO BO3MOXHO
KPaTKOBPEMEHHOE Pe3K0e MOBBIIICHHE HAMPSKEHUS.

9. CTyneHThl, HApYIIMBIIKE TPAaBUJIa TEXHUKU 0€30MacHOCTH, HE JOIMYCKAIOTCS K JTaTbHEH-
nreit pabote B 1a0OpPaTOPUH U MPUBIIEKAIOTCS K OTBETCTBEHHOCTH.

3adanus.
1. CoGpats cxemy cormacHo puc. 5. ConpoTuBienue Mmarasuna Ry, cienars paBHBIM HYITIO.
NHAyKTUBHOCTh U €MKOCTh KOHTYpa BbIOpaTh MPOU3BOJIBHO, BHECTH UX MapaMeTpsl B Tabmd. 11.1.

o C L
FTEHEPATOP —_—
O <
Rm Bx.Y
’—%)
Puc. 5.
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2. Bxuitounts ocumiuiorpad, mporpeTs ero B reuenue 1-2 MuHyT. Pyukoii “@okyc” xopo-
110 ¢(hOKyCHpPOBATh JIy4, YTOOBI YMEHBIINTH OMIMOKY U3MEPEHHIH.

3. Bximtounts renepartop. C MoMoIpio pydek ynpasieHHus pa3BepTKoi ocuusuiorpada mao-
OUTHCS HEMOABMKHOW KapTUHBI KOJIEOAHWN TaK, 4TOOBI 00ECTIEUUTh IOCTATOYHO TOYHOE M3MeE-
peHMEe BpeMEHHBIX HHTEPBAJIOB M aMIUIUTY ] KOJIeOaHUi.

4. C noMOILIBIO MOJIYYEHHOW OCIMJLIOTPAMMBI, aHAJOTUYHOM PHUC. 3, U3MEPUTH MEPUOJ
kosiebanuit To mpu MUHMMaIbHOM CONPOTHUBICHUM KOHTYPA, T.€. pu Ry = 0, pe3yibrar BHECTH
B Ta0s1. | B MUJUTHCEKyHAAX.

JU1g IOBBIIIEHNS TOYHOCTH MOKHO U3MEPUTH ITPOMEXYTOK BPEMEHHU, COOTBETCTBYIOIIMM
HECKOJIbKUM TeproiaM KojeOaHul, pa3euTh €ro Ha YMCiIo IEPUoI0B U, TAKMM 00pa3oM, orpe-
JEJIATh JJINTENBHOCTh OJHOTO NIEPUOAA.

5. YBenuuuBas CONPOTUBIEHUE Mara3uHa Ry, mpocieauTs 3a BO3PACTAHMEM CKOPOCTH
3aTyXaHHs KoJeOaHUi U ONpeaesuTh KPUTUIECKOE COMTPOTUBIIEHUE KOHTYpa, COOTBETCTBYIOLIEE
Mepexoy OT NePUOANYECKUX KOJICOaHUN K allepHOANYECKUM (T.€. IEPEXO0Ly OCHUIIIOTPAMMBI OT
puc. 2,B K puc. 2,r):

RKp = RL + RMa

rae Ry - cobcTBeHHOE CONPOTUBIIEHUE KAaTyIIKU UHIYKTUBHOCTHU. [losyueHHOe 3HaueHue
R, BHECTH B TabmI. 1.

6. YMeHpIINTE conpoTusieHne Ry, Hampumep, BABoe 0T Ry,. B KOHType BHOBb BO3HHK-
HYT 3aTyxarolue nepuoauueckue konedanus. Onpenenuts nepuos 3tux koiedanuii T u Bmecte
C IIOJIyYeHHBIM 3HaueHueM conportusiieHust KoHTypa (R = Ry + Ryy) 3anectu B Tabin. 1. Yo6eauts-
csl B pa3nu4uu nepuoaoB konebanuit To 1 T, COOTBETCTBYIOIIMX Pa3IMUHBIM 3HAYCHUSM CONpPO-
TUBJICHUS KOHTYpA.

Tabmumna 1.

Ne |C,mMmx® |L,MmI'H Ry, Om Ty, MC R, OM  |Rym, OM R, OM T, mc

7. IloBTOpUTH M3MEPEHUS IO IMyHKTaM 4 - 6 Tpu pa3a sl pa3IuyHbIX KoMOuHanuii L u
C.

8. Jlns BeIOpaHHbIX 3HaueHur emkoct C, mHAyKTUBHOCTH L, conporuBienus Ry u mon-
HOT'O CONPOTHUBIEHHS KOHTYypa R, BHECEHHBIX B Tabi. |, BBIYMCIUTH U 3aHECTH B Talx1. 2 Teope-
TUYECKHE 3HAUCHUS:

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

Ry, - mo popmyie (12); d - mo hopmyne (14),

Q - o popmye (20).

Tabmma 2.
Ne Ty, MC T, mc Rip, OM d Q
1
2
3
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9. Ilns mpousBodibHBIX 3HaUeHW L 1 C uccaenoBaTh 3aBUCHMOCTD JIOTapU(MHUUECKOTO
JEKpPEMEHTa 3aTyXaHUs OT CONMPOTUBIICHUS] KOHTypa. YBEJIWYUBas COINPOTHUBIICHHE KOHTYpa C
MTOMOIIIbIO Mara3uHa CONMPOTHBICHUH R, m3mMepuTh aMmumuTy sl A ¥ A, KOTOPBIE COOTBETCTBYIOT
MOMEHTaM BPEMEHHU, OTJIMYAIOIIUMCS Ha iepuoy (puc. 3).

Pesynbrarel u3mepenuit BHecTu B Tabiu. 3. [logcumTarh SKCIIEpUMEHTAIBHBIE 3HAYCHHS
Jorapu(pMHUECKOTo JIeKpeMeHTa 3atyxanus d, mo ¢popmyse (13), mo popmyne (14) - ero Teope-
THYECKHE 3HaueHus d,.

Tabmuua 3
Ne R, Om A, MM Ay, MM d, d,
1
2
3
4
5

10. JInst HabmroaeHust pa3zoBBIX KPUBBIX COOPATH CXEMY T10 pHC. 6.

= Bxon ¥
C L
&
FTrEHEPATOP —
< Bxog X
&
Rm
-1 Kopnyc
Puc. 6.

[Ipu 3Tom Ha BXoa X MojJaeTcsi CUTHAJ C CONPOTUBIeHUs R,,, KOTOpbIil HaxonuTcs B (ase
¢ TokoM B KoHType. Ha Bxon Y nozjaercst curnan, Haxoasuuiics B gase ¢ HanpsbkeHueM. HaGuro-
nast ¢pa3oBble KpUBbIE JJIsl Pa3IMYHBIX CONPOTUBIEHUN KOHTYpa, MOKHO MCCIIEIOBAaTh BIIMSHUE
3aTyxaHus Ha popMy (a30BOH KPUBOIM M yTOUHUTH 3HAUEHHE KPUTUYECKOT'O COITPOTHBIICHUS JUIS
JTAaHHBIX 3HAYEHUN €MKOCTH U UHAYKTUBHOCTH (pHC.4,T).

C nomotpio $a30BbIX KPUBBIX MOXKHO ITPOBECTH Takxke nu3MepeHus no 1.9 (puc. 4,0).

11. Jlns ogHOBpeMEHHOI0 HAOIIOACHUS OCLMIUIOrpaMM KoJeOaHUN TOKa M HaIpsKEHUs
U onpezieNieHus cABUra (a3 Mexay HUMHU coOpaTh CXEMY B COOTBETCTBUU C pHC. 7.
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Bxoa Y

1 KaHan
C L

o

rEHEPATOP —— Bxoa Y

2 KaHan
o

Rm
1 Kopnyc
Puc. 7.

Ha Bxoxbl Y mepBoro u BTOpOro KaHajioB ocumuiorpada mogaroTcs CUTHANIBI, TPONOPIIH-
OHAJIbHBIEC HAINPSKEHUIO U TOKY B KOHTYpe. YOeauThCsl B HAIMYUU CABUTA a3 ITUX KOJeOaHUH,
OLIEHUTH BEJIMYUHY 3TOTO CIBUTA.

Cooeprcanue omuema.
Ot4er 1o 1a00paTOPHBIM pabOTaM JOJKHBI COACPIKATH:
- TUTYJIbHBIN JIUCT;
- IeTb paboTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIpE/IeTICHUH, MOHATHIA, (hopMyII;
- OCHOBHOE 000pYy/I0BaHUE, CXEMa YCTAaHOBKU;
- OMUCaHMe M0 MyHKTaM BBITIOJTHEHHON paOoThI;
- pe3yabTaThl U3MEPEHUI U pacyeToB (TabauIbl, rpaduKn);
- OLIEHKA MOTPEUTHOCTEN;
- OTBETHI HA KOHTPOIILHBIE BOIIPOCHI,
- BBIBOJIBI TIO Pe3yJIbTaTaM BBIIIOJIHEHHON paboThl, AaTa, MOIMHCH.

Konmponsusie eonpocbt.

. Pacckazath 00 37eKTpUUECKUX KOJEOAHUSIX B KOHTYPE.

. JlaTb onpenenenre aMIUIUTYAbl, YaCTOTHI, (ha3bl, mepruoia KoneOaHuil.

3. Kakoii mporecc Ha3pIBaeTcs anepruogndeckum? YTo Takoe KpuTHIECKoe conpoTrBieHue? Bol-
BecTH ypaBHeHue (12).

4. Kakue npespallieHus: 3JHEPIrui UMEIOT MECTO IIPU NEPUOANUYECKOM U allEPHOANUECKOM IIPOLIEC-
cax?

5. Kakue GopMyIibl ONMUCHIBAIOT SHEPTHIO HJIEKTPUYECKOTO IMOJIsi KOHACHCATOPa U SHEPTUI0 Mar-
HUTHOTO IOJISI KATYIIKH.

6. BeiBecTu ypaBHEHHUE 3aTyXaIOUINX SJICKTPUUECKUX KOJIeOaHHIH.

7. Uto takoe jorapudpMHUUECKHil JeKpeMeHT 3aryxaHusi? OObSICHUTH €ro (PU3NYECKHUl CMBICI,
BbIBeCTH ypaBHeHue (15).

8. [TosicHuTh (pu3nyeckuii CMBICT TOOPOTHOCTH KOHTYpa. BriBecTn ypasuenue (20).

9. Yto HaszbiBaetcs (a3oBoil kpuBoii? Iloayduuts ypaBHEeHHE 3TOI KPUBOA.

10. BeiBectu ypaBuenue (7), mpuMeHuB 3aKkoH OMa 1)1 HEOJHOPOAHOM 3aMKHYTOM TICTIH.

11. KakoBa BenuunHa ciBura (a3 Mexay KoJeOaHUsIMHU TOKA U HANPsDKEHUS B UI€ATbHOM KoJie-
OatenbHOM KOHTYpe? Kak MOYKHO U3MEPUTH €€ B PCATbHBIX YCIOBHUSX?

12. Pacckasarh 0 IpakTHYECKOM MPUMEHEHUH K0JIe0aTeIbHOr0 KOHTYpa B TEXHHUKE.

N —

JlabopaTopnasi padora Ne 13

Tema padbomer. I3mepeHne NJIMHBI CBETOBO BOJIHBI ¢ TOMOIIbIO TU(PPAKIIUOHHON peméT-
KH
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Llenwv padbomel. n3yyeHne IBMKEHUN 3apsi10B B 3JIEKTPUUECKHUX U MAarHUTHBIX MOJISIX, U3MeE-
pPEHHE YACIBHOTO 3apsiia 3JIEKTPOHA.

Teopemuuecxaﬂ yacmo.

VenpHbIM 3apsiIOM YacTHUIbl HA3bIBAIOT OTHOIIEHHE ee 3apsna Q xk macce m. Mmenno
yIEIBHBIM 3aps0M %/m onmuchIBaeTCs IIaBHBIM 00pPa30M MOBEIECHHE YACTHIBI B JIEKTPUUECKHUX
1 MarHUTHBIX ITOJIIX.

B Hacrosmeit pabote onpenenseTcss yaeabHbIN 3aps] HauboJee 4acTo BCTpeYaroeics B
MPAKTUKE YaCTHIIBI-3JIEKTPOHA METOJOM MarHeTpoHa. MarHeTpoH- ANEeKTPOHHBIN MPUOOp, B KO-
TOPOM TOTOK 3JIEKTPOHOB OJIHOBPEMEHHO YIPABJISAETCS B3aUMHO - MEPHEHIUKYISIPHBIMU SJICK-
TPUYECKUM U MAarHUTHBIM MOJSIMU. B COBpeMEHHON TeXHHMKE MarHeTpOH MCIOJIb3YeTCsl NS Te-
HEPUPOBAHMS CBEPXKOPOTKHUX JICKTPOMArHUTHBIX BOJIH Hampumep B paauoiokanuu, CBU- Tex-
HUKE.

B maGoparopHoii paboTe B Ka4eCTBE MarHeTpOHa UCIIOJIB3YETCs ABYXAJIEKTPOIHAS JIaMIIa C
UWIMHAPUYECKUM aHOAOM A M NPSIMOJIMHEWHBIM KaToaoM K, pacrosioeHHbIM Ha OCH aHOJa,
MOMEIIICHHAs B aKCHaJIbHOE (HAIPaBJICHHOE BOJb OCH aHOJa) MarHUTHOE TI0JIe ¢ MHAYKIHeH B,

CO3JJaHHOE JIOCTATOYHO JUIMHHBIM cosieHou1oM C puc.l DneKTpoHbl uciyc-
A @  KaeMmble paCKaJICHHBIM KaTOAOM IOJ] IEMCTBUEM BJIEKTPUUECKOIO MOJIsS pas-
HOCTBIO MOTEHLUAIOB MEXK/y KaTOJAOM M aHOJIOM IMPU OTCYTCTBUM MAarHUT-

-; HOTO TOJISA IBUKYTCS 110 paJualbHBIM TPAeKTOpHsAM (puc.2a).
M €
Q
*-—— ‘.'c
—\
Y
~L (Q) (2)
B=Bgp

B> Bkp

Puc.2

Kak n3BecTHO pa3HOCTh MOTEHIIMATIOB YHCIEHHO paBHA paboTe MO MEePeHOCY €AMHUYHOTO
3apsijia U3 OJHOM TOYKHM TOJIsI B APYTYI0. B 1aHHOM cilydae pa3HOCTh MOTSHIIMAIOB, PaBHASI aHO/I-
HOMY HanpspkeHuto Uy, COBEpIIaeT NepeHoc 0T KaToja K aHOLy 3JeKTpoHa 3apsaoMm Q=e=1,610"
9 Kn. U Bemonasemas >aexTpuueckuM noseM paborta A=eU, MAET Ha COOOIIEHUE DIEKTPOHY
KHMHETHYECKON SHEPTHH, PABHOM mv2/,.

mV?
CiegoBaTeIbHO eUp= T

Otcroga ckopocTh V 3JIeKTPOHA JOCTUTTIIETO aHOIa OyAeT paBHOM
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V=[2"U, (1)

Cremyer 3aMETHTBh, YTO JIEKTPUIECKOE MOJIE MEXK/Ty aHOJIOM U KaToI0M PEe3KO HEOTHOPO/I-
HO. ['yCTOTa CUIOBBIX JIMHHIA, a CIEI0BATEBHO, U HAMPSKEHHOCTH moJist E, BOIM3M KaTo1a MHOTO
OoJbIlle YeM B CpPeHEH M MpHuaHOHOM 00acTH (puc.2a). [IockobKy HaNpsyKeHHOCTh €CTh I'pa-
JTUEHT MOTEHIIMAaa, TO €CTh paBHA U3MEHEHHIO MOTCHIIMANIA HAa SMHULIE PACCTOSIHHS BJIOJIb CH-
JIOBOM JIMHUH, aHOTHOE HanpspkeHne U, pactpeiesieHo B MPOCTPAHCTBE MEXKAY aHOJOM M KaTo-
noMm HepaBHOMEpHO. OCHOBHAs YacTh €ro IMajgaeT Ha MPUKATOJHOM YYacTKE CHUJIOBBIX JIMHHIA.
Wpneanu3upysi, MOKHO CUMTATh, YTO BCE aHOTHOE HANPSHKCHUE MAJaeT HA OYSHb MAJIOM Y4acTKe
BOJIM3M KaTo/1a, Ha KOTOPOM U MPOUCXOJUT Pa3roH 3JIEKTPOHOB, a JAIbIIe, T.€. MPAKTUISCKH Ha
BCEM CBOEM ITyTH OT aHOJa K KaToy, dJIEKTPOHBI ABIKYTCS C MPAKTHYECKU MMOCTOSIHHOM TI0 Be-
JUYHUHE CKOPOCTBIO. ITa CKOPOCTH U ompeaensiercs mo ¢popmye (1).

Ecnu 1o JuIMHHOMY COJIGHOMY MTPOMYCTUTh TOK CHIIOH I, TO BHYTpH €ro co31acTcs OJHO-
POJIHOE MarHUTHOE TIOJIE C UHIAYKITHEH

B =mmglc o)

/I L -MarHuTHAas IPOHUIIAEMOCTh cpebl (B 1aHHOM cirydae | =1); p 0=4n 10-7 I'n/m — mar-
HUTHAs MOCTOsTHHAS, N- unciio BUTKOB cosieHona (N=2000); 1 - jymHa coneHoupa.
Kak u3BecTHO, Ha 3JEKTPOH, ABIKYIIUNACS B MATHUTHOM T0J1e AeicTByeT cua JlopeHa
F =8 3)
Tak Kak B CHJIy KOHCTPYKIIMH MAarHETPOHA BEKTOPLLY W B OPTOTOHAIBHBIC, TO BEINUHHA
cuibl Jlopenua Oyner paBHa
F =eVB, (4)
a ee HampasieHue F onpenensercs U3 BEKTOPHOTro NMpousBeAeHus (3) WK 1o MpaBuily Jie-
BOIl pyKH C y4eTOM OTpHUIATENILHOTO 3HaKa 3apsijia snekTpoHa (puc.20). U3 dopmynsr Jlopenna
(3) cnenyet, YTO MarHUTHOE MOJIE B OTJIMYME OT AIEKTPUUECKOrO AEHCTBYET TOJIBKO Ha JBUXKY-
urytocst yactuny: npu V=0, F=0. Kpome Toro sto aeficrBue He NpUBOAUT K U3MEHECHHUIO BEIUYH-
HBl CKOPOCTH 4YacTHIbl. JleHCTBUTENBHO 3iieMeHTapHas pabora cwibl Jlopenna dAL paBHa
dAL=Fdr cosa, rae a- yros Mmexay nepeMenieHiueM 9actuiibl dr v cuitbl F. M3 BekTOpHOTO IIpOu3-

« . — &RIro

Benenus (3) cnenyet, uro F'V, cnenoBarensuno Fdr (T.x. V =§d— <) u cosa=0. 3naunr, padbora
;o
(%]

cunel Jlopenna dAL paBHa HyIt0, T.€. B MArHUTHOM I10JI¢ KHHETHYECKAsh SHEPTHS YaCTH-I[bI
2
mV

OCTaeTCsl HEU3MEHHOU M €€ CKOPOCTh 0 BEJIMUMHE MOCTOSTHHOM (V=const) TakuM oOpa3om

MarHUTHOE T10JI€ HE YCKOPSIET YaCTHUIII (HE H3MEHSET BEIMYUHBI UX CKOPOCTH), & TOJIBKO UCKPHUB-
nseT ux Tpaekroputro. Cuna JlopeHna siBisieTcs CUIIOW LHEHTPOCTPEMUTEIBHOM, U IO BTOPOMY
3akoHy HproToHa nmeem

F=cVB=mV /r ®)]
TJIe - PaJINyC KPUBU3HBI TPACKTOPUH YACTHUIIBI (JIEKTPOHA).

4

(6)

N3 (5) nnst r momydnm r=

Kax BugHO 13 dopmyisl (6) B 0OTHOPOJAHOM OPTOTOHAILHOM MarHuTHoM mnose (B=const)
TPAaEKTOPHUS YaCTHIIbI- OKPYKHOCTb (r=const). IIpu 3ToM yuTeHo, yto V=const, T.K. MATHUTHOE
1I0JI€ 3JIEKTPOHBI HE YCKOPSET, @ TEOMETPUS IEKTPUUECKOTO OIS B JAHHOM MarHETpOHE I103-

72



BOJIICT CYUTATh UX CKOPOCTHU IMPAKTHUYCCKU HCU3MCHHBIMHU Ha OoJIBIIIEH YacTH IMyTH OT aHOJZIa K
KaTroay, O 4Y€EM MHUCAJIOCH BBIIIC.

C pocTOM MHAYKLHMN MarHUTHOTO 0JIsi B paguychbl TpaeKTOPUH 31EKTPOHOB YMEHbBILIAIOT-
Csl M IIPU HEKOTOpOM 3HaueHun B=Bxkp (kputnueckoe) oHM CTaHyT paBHBIMHU ITOJIOBUHHBIMH pac-
CTOSIHUS MEX/1y aHOJIOM U KaTo/10M (puc. 2 B)

r=(R,- R, )2 @)

B sTOM citydae 35eKTpOHBI epecTaHyT JOCTUTaTh aHOAA U OyAyT MO OKPY>KHOCTH BO3Bpa-
marbed K karony. Ilpu aToM aHogHblil TOK [A jaMIibl, IPONOPLHUOHAIBHBIN KOJUYECTBY JJIEK-
TPOHOB, JOCTUTAIOIINX AaHOJ B €IUHUIY BPEMEHHU, PE3KO YMEHb-
In & II1aeTCsl TeOpeTUYeck 10 Hyss (kpuBas (a) Ha puc.3). Ilpu nanb-
HEWIeM YBETMYECHUN WHIYKIIUA MarHuTHOTO 1ojsi (B>Bkp) snek-
TPOHBI OYAYT Kpyde 3aBOpauMBaTh K KaTOy, a aHOAHBIM TOK OCTa-
HETCS paBHBIM Hymio (puc.2). HaGmrogeHme ckauykooOpa3HOTO
YMEHBILIEHUSI aHOJHOIO TOKa MarHeTpOHa B 3aBUCUMOCTH OT Be-
JMYMHBI MAaTHUTHOTO TIOJIS JIEKUT B OCHOBE UCIOJIB3YEMOTO METO-
» Ja OIpeZeNeHNs YAENbHOIO 3apsaa 2jaeKkTpoHa. Pacdyernas Qop-
MyJia 1715 €/m JIErKO MOJTy4aeTcsl U3 BhIpaXKEHUS Ui pajinyca Kpu-
Puc. 3 BU3HBI (6), €CITU y4ecTh ero KpuTuueckoe 3HaueHue (7) u BbIpa3uTh
CKOpPOCTb 3JIEKTPOHOB U3 popMyJibl (1)

8U
Otkyna nomy4nm: < 5 4 >
2 EB EB m BK/)(RA-RK)
m m

Beipaxas B, n3 popmyisl (2) OKOHIATENBHO HANIEM, YTO

2

U & o}
—2A ) rie K :2§ 2 +
[K/) mrB]N(RA - RK ) @

m

Yepes I, 0003HaYE€HO 3HAYECHHE TOKA CONEHOUAA Ic cOOTBETCTBYIOIIEE HHAYKIIMUA B=By,.
Koadduruent K 3aBUCUT TONTBKO OT KOHCTPYKIIMOHHBIX JAHHBIX MAarHETPOHA.

TakuMm o0pa3oM, Uil onpeAeneHusl yAeIbHOro 3apsja AJIEKTPOHAa METOJOM MarHeTpoHa,
JIOCTaTOYHO CHSITh 3aBUCUMOCTb aHOJHOTO TOKa JaMiibl [A oT Toka B conenousie Ic, Tak Ha3bIBa-
eMYI0 COpOCOBYIO XapakTepucTuky. OueBuaHO, hopma rpaduka 3TOi 3aBUCIMOCTH JIOJIKHA OBITh
aHajornyHou kpuBou IA= f(B), npencraBnennoi Ha puc.3. Vcnonp3ys Moiny4eHHy0 KpUBYIO, Ha
Hell MOXHO HalTh 3HaueHue Ikp, a 3aTem o hopmyrie (8) BEIUUCITUTH €/m.

Ha puc.3 npeacrasiena uaeann3upoBanHas (a) u npaktudeckas(6) cOpocoBbIe XapaKTepH-
ctuku. Ha mocneanel, cagaromii y9acToK 0oJiee pa3MBbIThIA. DTO OOBSICHSACTCS KaK pa3IndHO-
ro poJia HECOBEPIICHCTBAMU KOHCTPYKIIMU MarHeTpoHa. Crofia OTHOCATCS HE TOYHAs! KOaKCHalb-
HOCTh aHOJIa M KaToja, HE CTporasi OJAHOPOJHOCTh MAarHUTHOTO TOJIsI BHYTPH COJICHOWAA U JP.
Oco00 HY>KHO OTMETHUTH TEIJIOBOM pa30poCc HaYaIbHBIX CKOPOCTEN AJIEKTPOHOB, BHIICTAIOIINX C
MOBEPXHOCTU KATO/a, MPUBOJISAIINN K PA3MBITUIO KPUBOU. B CBSI3M € 3TUM 3aTpyIHSAETCS OTCUET
cOpOCOBOTO, T.€. KPUTUUECKOTO 3HaUEHUsI HaMarHuuuBarouero toka Ikp. [lo-suaumomy, Han6o-
Jiee yAOBIETBOPAIOLIEMY TEOPUH, CIIEAYET CUMTATh TO 3HaUEHUE Ic, mpu KoTopoM Habmronaercs
Hauboblee n3MeHeHue 1A.

Cxema IKCIIepUMEHTAJIbHON YCTAHOBKHU
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PaGouas cxema nokazana Ha puc.4. OCHOBY €€ COCTaBIsieT dIEKTpoHHas Jamma JI, mome-
meHHas B coienouns C.

puc.4

[TocrosinHOE aHoHOE HanpsikeHrne UA CHUMAeTCsl ¢ yHUBEPCaIbHOTO HCTOYHUKA MTUTaHUS
(YUII-2), perynupyeTcs MOTEHUMOMETPOM R, pyKosTKa KOTOpPOIO pacrojiaraeTcsi Ha IMaHelu
YUII-2 n n3mepsiercss BOIbTMETPOM V. AHOIHBIN TOK U3MepsieTcs MuuMamnepmerpoM mA. Ha
nanenn YMUIT umerorcs Takxke KJIeMMBbl, C KOTOPBIX CHUMAETCsl HallpsbkeHue 2 B, npegnasHaveH-
Hasl JUIsl MUTaHUS HAKaJla HUTU KaToja.

Hamarunuusaromuiics conenoun C nuraercs ot Beinpsimutens B b5-7. Tok conenonna
perynupyercs pyuykaMy Ha MaHed BRIIPSAMUTENS U OoJiee M1aBHO peocTtaToM R.

N3mepsercs IC amnepmerpom A.

Obopyoosanue u mamepuaol.

MarnetpoH - anekrpuueckas jgamna 2I1[2C (auon), pacnoiokKeHHass BHYTPU COJICHOMJA.
VYuuBepcanbhblii nctounuk nutanus (YUII-2), seimpsmurens b5-7 ¢ perynupyeMmbiM Hampsixe-
HUEM, BOJIbTMETP, aMIIEpMETP, MUJLJIMAMIIEPMETP, PEOCTaT.

Ykazanus no mexnuke 6ezonacnocmu.

1. K BeimosiHeHMI0 7a00paTOPHBIX pabOT JOIMYCKAIOTCS CTYACHTHI, U3Y4YHMBIINE IPaBUiIa TeX-

HUKU O€30MaCHOCTH.
2. JlaGopaTopHble paboThl MOTYT IPOBOJUTHCS TOJIBKO MO/ PYKOBOJICTBOM U HAOIIOACHUEM
IIPETO1aBaATEIIS.

3. Pacnonaraiire npu6opsl, MaTepuaibl, 000py 0BaHHE HAa paboyeM MecTe B MOpsIKE, yKa-

3aHHOM IIPENoAAaBaTEIEM.

4. He nepxute Ha paboyeM CTOJIE MPEIMETHI, HE TPEOYIOIIUECS ISl BHITIOIHEHUS 3a1aHusL.
[lepen TeM, kak mpUCTYNHUTHh K paboOTe TIIATEIbHO U3Y4YUTE €€ ONMUCAHUE, YSACHUTE XOJ
BBITIOJTHEHUSI PaOOTHI.

3aoanus.

1.Cob6patb cxemy (puc.4). [Ipu 3TOM perymsTopsl BBIXOJHOTO aHOHOTO HanpshkeHus: Y UT1-
2 u BeimpsAMuTens b5-7 yctaHOBUTH Ha HyseBoe 3HaueHue. CxeMy He BKIII0YaTh J0 MIPOBEPKHU €€
IpernoaaBaTeNeM HIn JTa00paHTOM.

2. Ilocne BKJIIOUEHHUS CXEMBI [TOJI0K1aTh 2-3 MUHYTBI, IIOKa IPOrPEETcsl KaToJ MarHeTpoHa.

3. Ilo 3apanuto npenoaaBaTeisl yCTAHOBUTh BEIMUYMHY aHOAHOTO HamnpstkeHus UA u 3anu-
caTh ee B OTYET 110 padoTe.

4. llonnepxusas Bce Bpemsi UA cTporo nocTOSTHHBIM (OCOOEHHO B KPUTHYECKHIT MOMEHT)
IOCJIEI0BATENbHO YBEIUYMBAsi HAMAarHUUMBAIOIIUN TOK COJIEHOU A Ic CHITH cOpPOCOBYIO Xapak-
tepuctuky [A=IA(Ic). PesynpTaTsl u3MepeHus 3anucarh B TaONIHUILY.

e
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L(A)

IA(mA)

WuTepBansl usmeHeHus I, 1 unciao u3mMepeHuit monodpaTh caMoCTOSITENbHO, OoJiee TIa-
TEJIBHO U3MEPsIst KPUTHUECKUH Yy4acTOK.
5.Iloctputh rpaduk cOpoCcoBOM XapaKTEPUCTUKH MarHETPOHaA.
6.0npeniesuTh 10 HEMY KPUTHYECKOE 3Ha4eHHeE I, ¥ 3amucarh €ro B OTYET.
7.3amucarh B 0TYET KOHCTPYKTUBHBIC JJaHHBIE MarHeTPOHa!
yucio BUTKOB coneHonsia N=2000, paguyc karoga Rx = 0,1cm u anoga R,=0,95¢cMm. U3me-
PUTH ¥ 3aMKCaTh JUIMHY coleHOuAa 1.
8.Pacuntate no ¢popmyne (8) senuunny kodpdunuenta K u onpenenuts 3HaueHue ¢/, s
JJIEKTPOHA.
9.CpaBHHTb NOJIYUYEHHOE 3HAYECHUE */;, C TAOJIMYHBIM U BBIPA3UTh Pa3HUILYy B IPOLIEHTAX.
Cooeprrcanue omuema.
OtyeT no 1abopaTopHbIM paboTaM JOJKHBI COACPIKATD:
- TUTYJIbHBIN JIHUCT;
- TIeJIb pabOTHI;
- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIpe/IeIeHNH, MOHATUH, (popMyII;
- OCHOBHOE 000py/1I0BaHUE, CX€Ma YCTaHOBKU;
- OMMCaHUE IO MyHKTaM BBIITOJIHEHHON paboThl;
- pe3ynbTaThl W3MEPEHUI U pacueToB (TabuuLbl, rpauKn);
- OIICHKA MOTPELIHOCTEH;
- OTBETHI HA KOHTPOJIbHBIE BOTIPOCHI,
- BBIBOJIBI IO PE3YJIbTaTaM BBIIIOJIHEHHOW pabOTHl, 1aTa, MOIMHUCH.

Konmponwvnwvie gonpocoi.
1.YTo Ha3bIBaeTCs yIETBHBIM 3aPS0M YaCTHUIl?
2.Kak elicTByeT AJIEKTPUUECKOE MOJIE Ha 3apsKEHHYI0 YacTHILY ?
3.Kak neiicTByeT MarHUTHOE I0JI€ Ha HAXO/ISIIYIOCS B HEM YaCTHILY ?
4.KakoBO yCTPONCTBO KCIIOJIb3YEMOTr0 B paboTe MarueTpoHa?
5.Kak 1BUXKyTCSI 371€KTPOHBI B MarHeTpoHe?
6.Pacckaxute 0 KpUTHUECKOM peKUME pabOThl MarHeTpoHa?
7.Kakue nneanu3annuu BBOJSATCS IPU PACCMOTPEHUU ABUKEHUS SJIEKTPOHOB B MAarHETPOHE?
8.BriBecTr pabouyro popmyy (8).

JlaGopaTopHas paGora Ne 14
Tema paoomer. U3ydyenne sHeminero ¢gporodpdexra

Ilenv padomul. 1.11o3nakomutcs ¢ sBIeHneM GoTodddekra cBeTa B mapauIeabHBIX JTydax
IU(GPAKIMOHHON PELICTKH.

2.0npenenuTs AJIMHY CBETOBOM BOJIHBI C TIOMOIIBIO TU(PPAKITMOHHON PEIICTKH.

[TpuOopbl M MNPHUHAJIEIKHOCTH: YCTAaHOBKAa C HCTOYHUKOM CBETA, IIEJbIO U AU paKiu-
OHHOMU PELICTKOM.

Teopemuuecmm yacms.

1. Judpakuus ceTa.
Judpaxiueil cBeta Ha3bIBaeTCs OrHOaHUE CBETOBBIMHU BOJIHAMHU BCTPEUHBIX MPETISATCTBUI.
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B Oonee mmpokom cMmbicie audpaxiyeil cBeta Ha3bIBA€TCSl COBOKYIHOCTh SIBJICHUN, 00Y-
CJIOBJICHHBIX BOJTHOBBIMH CBOMCTBaMH CBETA M HAOIIOIAEMBIX IIPH €r0 PACIPOCTPAHEHHUH B CpEle
C PE3KO BBIPAXKEHHBIMU HEOTHOPOIHOCTSIMU (OTBEPCTHS B HEMPO3pAYHBIX AKpaHaX, IPaHUIIbI He-
MPO3payvHBIX TET | T.J.). SIBIeHNE TU(pPaKINU YKa3bIBaeT Ha HapyIICHHE 3aKOHOB T€OMETpUYe-

CKOH OIITHUKH. SIBnenue ,I[I/I(bpaKHI/II/I HaGJ’IIOI[aCTCSI Ha  paCCTOAHHUH I OT HIpCIIT-

creus | » D/ 4l ;e D - muHeltHbIe pa3Mephl MPEnsSTCTBUS, A - JJIMHA BOJHBI (YCIOBHE HAOIIO-
JeHus TUGPaKIIIM ).

Jlist perienust AUQPaKIIMOHHBIX 33724 - OTBICKAHHUE paclpeieNieHus] Ha SKpaHe NHTCHCUBHO-
CTH CBETOBOM BOJIHBI, PACITPOCTPAHSIONICHCS B CPEie C MPETSATCTBUSIMH, - TPUMEHSIOTCS TTPUOJIN-
JKEHHBIE METO/Ibl, OCHOBaHHbIE Ha NpuHIMNax ['tolirenca u I'roiirenca - @penes.

[Tpunmun Iroiirenca’, kaxxmas Touka S1,S2,...,Sn dponHTa BoHBI AB SIBISIETCS HCTOYHUKOM

HOBBIX, BTOPUYHBIX BOJIH. HoBoe monoxenue ¢ponra Boaubl Al Bl uepe3 Bpemst D¢ HpeCTaB-
JsieT co0ol OrubaroIyI0 MOBEPXHOCTh BTOPUYHBIX BOJH (pHC. 1).

S¢

A Puc.1

[punnun I'rolirenca siBisieTcst YUCTo reoMerpuyeckuM. OH MO3BOJISET, HalIpUMep, 00bsiC-
HUTb PAaBEHCTBO YIJIOB NaJeHUs 1 U OTpaxkeHHs 1' Ha noBepxHocTH MN cpenbl pu OTpaXxeHUn
cgeta (puc.2). Pasnocts xona CB myueit AA2 u BB2 coznaer Takoii ¢ppont DB oTpaxenHoii Boi-
HBI, 4TO U3 MPSAMOYTOIBHBIX TpeyroibHHKOB ADB u ACB (AD=CB) cnenyer paBenctBo: i=i'
(puc.2). Taxxe MOKHO OOBSICHUTH 3aKOH MPEIIOMIICHUS.

[Ipunnun I'rolirenca-®peHens: Bce BTOpUYHbIE UCTOYHUKK S1, S2 ...Sn, pacnonoxeHHbIE
Ha TOBEPXHOCTH (PPOHTA BOJH, KOI€PEHTHBI MEXy cOO00M. AMIIUTya U (pa3a BOJIHBI B J11000H
TOYKe M MPOCTPAHCTBA - 3TO Pe3yJIbTaT UHTEPPEPEHIIMU BOJIH, U3]Ty4aeMbIX BTOPUYHBIMU UCTOY-
HuKamu (puc. 3).

[IpssmMonunenHoe pacrpocTpaHeHue a1yda SM, UCITyLLICHHOT'O
HCTOYHUKOM S B OJIHOPOJAHOM  cpene,  oObscHsercs  npuHuuMnoMm  [rolirenca-
Openens. Bee BTopuuHbIe IIOJIHBI, U3J1y4aeMble BTOPUYHBIMM HMCTOYHMKAMH, HAXOIALIU-

MHCS Ha TIOBEPXHOCTH (poHTa BOJIHBI AB, racsrcs B pesynbrare HHTEp(EpPEHINH, KPOME BOJIH OT
UCTOYHUKOB, PACIOJIOKEHHBIX Ha MAJIOM y4acTKe c(PepHuecKoro cerMeHta ab, rneprneHauKyJsp-
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Horo K SM (puc.3). CBeT pacnpoCTpaHsSeTCs BAOIb Y3KOTO KOHYCa C OYEHb MaJIbIM OCHOBAHHEM,
T.C. MPAKTUICCKH MPSIMOIMHEHHO.

B psae audpakimoHHbIX 33124, 00JIaJaroiX 0CEBON CUMMETPHEH, pacueT HHTEpPepeHITnU
BTOPHYHBIX BOJH MOXET OBITh CHJILHO YIPOIICH C IOMOIILI0 HATJISAHOTO T€OMETPUICCKOTO Me-
To/a pa3dueHus (ppoHTa BOJHBI HAa KOJBIEBBIE YYAaCTKH, Ha3biBaeMble 30HaMu Dpenens. Pa3ou-
€HHUE Ha 30HBI IMIPOU3BOJIUTCS TaK, YTOOBI ONTHYECKAs PA3HOCTh XOJa OT CXOJICTBEHHBIX T'PaHUI]
(BHYTPEHHHX WU BHEITHUX) KaXKJOW Maphbl COCEHUX 30H JI0 pacCMaTpUBaeMoil TOUYKH M paBHsI-

I
Jach 3 BTopuuHbie BOJIHBI OT CXOJCTBEHHBIX TOUEK ABYX COCEIHUX 30H MPUXOIAT B TOUKY M B
MIPOTUBOMOJOKHBIX (ha3ax ¥ B3aUMHO OCJIA0JISIIOT IPYT Ipyra Mpy HAJIOKEHUU.

.

~ai 11371 > ]

T 3
\ - /-5 FOHE

- 3OHZ
~T-m Josa
“H-7 oM

Puc. 4

Ha puc. 4 nokazano nocrpoenue 30H OpeHens B ciiydae chepuuecKoil BOITHBI BO30YXk1ae-
MOU UCTOUYHHUKOM S.

Tak kak a u b » A, To mpu He ciUIKoM OoJbiiom k Turomaau nmepBeix k 300 Openens onuHa-
KOBBEI:

_p >abl

S, =5, =..5
1 2 k a+h

B ciydae miiockoro BoJHOBOTO (poHTa
S, =8, =..5, =p I

Paznuuatot nBa ciydas audpakuuu. Eciu ucTouHMK cBeTa U Touka HabmoneHus P pacnosno-
YKEHBI OT NPEINATCTBUSA HACTOJIBKO AAJIEKO, YTO JIy4YH, MaJAI0LIUE HA IPENSATCTBUE, U JIyUHd, UIYIUE
B TOUKy P 00pa3yloT mpakTHuecKH MapajjiesibHble My4YKH, TOBOpAT o audpakuuu dpayHrodepa
WIK 0 TU(paKIMK B MapajuleIbHbIX Jydax. B mpoTuBHOM citydae roBopst o audpaxiuu Openerns,
T.e. Audpakuueir OpeHenst Ha3bIBAIOT TaKUe AUPPAKIIMOHHBIE 33]]a4ul, B KOTOPBIX HEJb3s IPEHe-
OperaTh KpUBHU3HOM BOJIHOBBIX IMOBEPXHOCTEN Majaroliel 1 JudparupoBaBiieil BOJH.

2. Mudpakmnus ceera Ha mend. JJudpakimoHHas pernieTka.

Ilycth Ha HEnmpo3pauHkli SkpaH E, B koTopoM npopesana y3kas meib BC, umeronias nocro-
sHnyto mupuHy b=BC u anuny L»b, magaetr nepneHIuKyISspHO K SKpaHy Iy4OK MapauieIbHbIX
Jydel MOHOXPOMATHYECKOTO cBeTa (puc 5).
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Ha skpane D, yiaieHHOM OT IIEIH HAa pacCTOSTHUU |, OyneT HaOmoaaThesl sIBICHUE TUpaK-
un. Eciau Obl 9TOT0 sIBleHHS He OBLIO0, TO HA DKpaHe D, YCTAaHOBICHHOM B (DOKaJIbHOM MIOCKOCTH
cobuparomieid 1361 MJI, B Touke FO riaaBHOTO (hOKyca JTMH3BI MTOTYyYHIIOCH OBl H300paskeHNe HC-
TouHWKa cBeTa. [lpu mudpakium Ha y3KOW IIeNU Ha SKpaHe HaOmonaeTcss HHTephepeHIIMOHHAS
KapTHHA: MOCJIEI0BATEIbHOCTh Pa3MbIThIX N300paKEHUH NCTOUHUKA CBETA, Pa3ACICHHBIX TEMHbI-
MU npoMexyTkamu. B Touke Fo Ha skpane cobuparoTcs Bce mapasuieibHble Tyuu, Magaronme Ha
TUH3Y Tox yrioM ¢ (yron audpakmun) K ontudeckord ocu OF(0 nuH3BI, MepHeHAUKYISIPHONH K
(bpOHTY BOJIHBI.

Tax xak Bropu4HbIe (PUKTUBHBIE HCTOYHHUKH (poHTa BOH BC TOUeuHbIe, TO PPOHTHI BOJH,
U3Ty4aeMbIX UMU CepUUYECKHE, a ClIeI0BaTeIbHO, N parupoBaHHbIe TyUd HIyT BO BCEX HAIPaB-
neHusix. BeiOepem Te, KOTopble UIYT MO YIJIOM ¢ K HalpaBieHUIo najaomux adyyeil. [lagas Ha
JUH3Y 3TH Jy4d coOuparorcs B OJHOW Touke Fo@ ¢okanbHOM MI0CKOCTH.

MpbiciieHHO pa300beM 1eNb Ha YYaCTKH, KpallHUEe TOYKU KOTOPBIX IOCHUIAIOT JIyYH C Pa3HO-

CTBIO X0OZa 7 B sTOM cnyuae Bce J1yuu, MOCTaHHBIE IEPBBIM YYaCTKOM OYyIyT MOTAIIEHBI TydaMH

BTOpOI'O y4dacCTKa, Jy4Yu TpPETbEro - JiydaMHd 4YCETBCPTOro U T.AO. CHC,I(OB&TCJ'IBHO, €CJIM 4YuCIIO

I
y4acTKOB pa30ueHus 4eTHoe, T.e. eciu d =2m5, To B Touke F@ Oyner TeMHO (MMHUMYM OCBe-

nieHHocTH). Ecnu ke 4uciio yyacTkoB pa30ueHus: HedeTHoe, To Touka Fo Oyner ocBelieHa (Mak-
CUMYM OCBEIICHHOCTH).

Takum 006pa3om, ycuseHue cBeta (IuPpakIimoOHHbIE MAKCUMYMBI) TIPU TUPPAKIIAN HA Y3KOU
ey HabroJaeTes Mo yriaaMu (@, YIOBIETBOPSIOIIUMU yCIIOBUIO

- I
bsinj =(2m+ 1)5, (m =0,1,23....).
VYcnoBue ocnabneHus cera (IUGPaKInOHHbIE MUHUMYMBI).
. I
bsinj =2m5,(m =0,2,....) .

Yucao m Ha3bIBaCTCA MOpAAKOM I[I/I(i)paKIII/IOHHOI“O MakKCuMyMa WM MUHUMYMa. Bennuunna

0=CD=Db sin@ npencraBiseT coOOH ONTUYECKYIO PAa3HOCTh X0Ja MEeXAy KpaitHumu mydyamu CN
1 BM, uaymumvu ot menu noxa yriom ¢ (puc.5). B Hanpanernnn ¢=0 HaOIrOMaeTCSI CaMblid WH-
TEHCHUBHBIM HEHTPaAJbHBIH MaKCUMyM HyJIeBOro mopsinka. B Touke Fo Bcermga nabmromaercst ycu-
JIEHHE CBETa, HE3aBUCHUMO OT 3HaYE€HHUs AJIUHBI BOJHBI A.

[Ipn HaOII0ICHUU mdpaxum Ha Hieau B oenom CBETE
UHTEpPEepeHIIMOHHAS KapTHHA Ha JKpaHe OKa3bIBACTCS OKpAaIlIEHHOH. B
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TUGPAKITIOHHOM MaKCUMYyMe KaXXJ10T0 nopsiaka (m=const) Onmxe K
IIEHTPAIbHOMY,  HEOKPAIIEHHOMY  MaKCUMyMy  OKa3bIBalOTCS IU(PAKIIMOHHBIE MaKCH-
MYMbI C MEHBIIIUMH JITUHAMU BOJIH.

JudpakioHHON PEIIETKON B ONTHUKE HA3bIBAETCS COBOKYITHOCTH OOJIBIIIOTO YUCIA TIPETISIT-
CTBUH U OTBEPCTHM, COCPENOTOYEHHBIX B OTPAHUYEHHOM MPOCTPAHCTBE, HA KOTOPBIX IMTPOUCXOIUT
Tudpakus cBeTa.

[Ipocreiimieit nudpakinOHHON PEMIETKON ABISETCS cucTeMa U3 N OJJMHAKOBBIX Mapaluielb-
HBIX IEJeH B TUIOCKOM HEMPO3pavyHOM 3KpaHe MIUPUMBI b KakIas, pacmoyioKeHHBIX Ha PaBHBIX
HEIPO3pauHbIX MPOMEXKYTKAX a IPYT OT Jpyra (puc. 6).

Benmnunna d=b+a Ha3piBaeTCs MOCTOSHHON AUGPAKIIMOHHON PEIIEeTKH.

a4
—
g
Puc.6

ITo npunuuny I'rolirenca-Openens Kaxaas Meb SBIASETCS HCTOYHUKOM KOT€PEHTHBIX BOJIH,
crocoOHbBIX UHTEephepupoBaTh Apyr ¢ ApyroM. Ecnu Ha AMQpakiMOHHYIO PElIeTKY MepHeHInKY-
JISIPHO K HEH MajjaeT My4voK NapajljIeIbHBIX JIydei CBETa, TO MOl YIiIoM JTudpakiuu ¢ Ha dSKpaHe O,
pacmoI0KeHHOM B (POKANBHOM MIIOCKOCTH JMH3BI, OyIeT HAOII0AaThCs cucTeMa AUPPaKIIMOHHBIX
MaKCUMyMOB MHUHHUMYMOB, MOJyY€HHAas B pe3yjbTaTe MHTEPPEPECHIINH CBETA OT PA3IUYHBIX IIIE-
JEn.

[lycTh mpu majgeHruy MIOCKOW MOHOXPOMATHYECKOW BOJHBI Ha MU(MPAKIIMOHHYIO PEIIETKY
Ty4u, AUQparupoBaHHbIC HA OJTHOM IIENU JAIOT B TOYKE F( MakCUMyM OCBEIIEHHOCTU. DTO €Ile
HE 3HAYHT, 9TO B Touke F¢ OymeT MakcCuMyM OCBEIIEHHOCTH, TaK KaK Jy4YHd MMOCIaHHBIC ITOU IIie-
JBI0 MOTYT OBITH MOTAIICHBI Iy4OM OT COCEIHEH, Wi HaoOOpOT ycuieHbl. Ecnu ycuieHsl, To B
touke F Oyaer GonbInasi OCBEIMIEHHOCTh, YeM OT OAHOM mieiu. Toraa, yuuThiBasi yCIOBUE YCH-
JICHHs BOJIH MIpH WHTep(epeHInH, TTIaBHbIE MAKCUMYMBI TIpH JUGPAKIINN Ha pelleTKe HaOmroaa-
FOTCSI TIOJT yTIIaMU () YAOBJIETBOPSIOMIUMHE YCIOBHIO

d sin @ = kA,
rae k= 0,1,2,3 na3zpiBaeTcs MOPSIKOM IIaBHOTO Makcumyma. Bennunna 6 = DK = dsing siBasieTcst
ONTUYECKOM pa3HOCTHIO X0J1a MKy CXOACTBEHHbIMU tyyaMu BM u DN, uaymummu ot coceiHux
nienei (puc.6).

['maBHBIE MUHHUMYMBI Ha AU(PPAKIHMOHHOW pelieTke HaOMIOJAI0TCS MO TaKUMHU yTiIamMHu ¢
nudpakIym, 7t KOTOPBIX CBET OT Pa3HbIX YacTel KaXJI0W MIEIH TOJHOCTHIO TAaCUTCS B HA OJTHOU
11 (Sh) 051

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

Tak kak eciiv HY OJ/HA U3 LIEJEH He MOChUIAeT Jy4ueld B 3TOM HAlPABJICHUH TO B COOTBETCTBY-
IOIEeN TOYKE Ha dKpaHe OyAeT TEeMHOTA.

[Tpu HaGmroneHun AUQPAKIHK B HEMOHOXPOMATHYECKOM CBETE BCE TJIaBHBIE MaKCHMYMBI,
KpOME IIEHTPAIBHOTO HYJIEBOTO MaKCUMyMa, OKpalieHbl. C yBeTUYCHUEM JUTMHBI BOJHBI TJIABHBIC
MaKCHMYyMbl BHYTpPU JAHHOTO MOPSKA PACIIONAraloTCs Mo/ OONBIIMMHU YIIIaMH OT LIEHTPAIBLHOTO.
PanysxHas moyiocka, comepikamiasi CeMb IIBETOB OT (PHOJIETOBOTO IO KPACHOTO (CUUTACTCS OT IICH-
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TPaJbHOIO MAaKCUMYMa), Ha3bIBaeTCs AU(PAKIIMOHHBIM CHEKTpOM. JudpakunoHHas pemeTka sB-
JS€TCS OHUM M3 IPOCTEUINX JTOCTATOYHO TOYHBIX YCTPOUCTB JIJIsl U3MEPEHHUS ITIUH BOJIH.

Teopml METO/1a U OIMMUCAHUEC YCTAHOBKMU.

PaccMoTpuM 01MH U3 METOJIOB OIpeeeH s ATUHBI CBETIONW BOJIHBI IPU MOMOIIHU Judpak-
IMOHHOH perieTkd. Ha ontuyeckoil ckambe (WM cHelManbHON peiike) ykperuisercs: Tudpakiu-
OHHas peleTka P u nepnesauKyIsipHO OCH MOJBHMKHASI MIJUIMMETpPOBas JuHelHka AB ¢ mensto
1. /lenenus NUHENKH, IIEIb U IUTPUXU PELIETKU paclojararT napauienabHo Apyr apyra. llens
OCBEILlaeTCsl UICTOYHUKOM S U paccMaTpHUBaeTcsl uepe3 penierky riasoM (puc. 7). Ha nuneiixe
IPOELUPYIOTCS N300paKeHU INIaBHBIX MAaKCUMYMOB U U3MepsieTcst pacctosinue 1k mexay makcu-
MyMOM |-ro mopsiika ¥ MaKCUMyMOM HYJIEBOTO TIOpsiKa (T.e. 0}) 1 (0179

Xon myyeit nmocie TuppakMOHHON PElIeTKU COOTBETCTBYET X0y Jydel Ha puc. 6. OT uc-
TOYHHKA CBETa S Yepe3 MIHUPOKYIO IIeJb B JUHEHKe AB nmpoxoauT my4dok 0eoro cBeTa v 1momnaaaet
CHayvaja Ha AU(PaKIHOHHYIO PELIETKY, a 3aTeM B a3 Habmogarens. Jlydu, uaymue napamieb-
HO IJIaBHOW ONTHYECKON OCH XpyCTalHKa AatoT B (POKyce IeHTpalbHbIN (HyIeBoil) MakcumyM Fo
OCBEIICHHOCTU O€JIbIM CBETOM.

Jlyun, co3naroniyie B HEKOTOPOH TOUKe ceTyaTKu F@ MakCMMyM OCBEIIEHHOCTH KaKHMM-TH00
1[BETOM (HampuMmep, (PHOJIeTOBBIM) MaIal0T Ha XPYCTAIHK MO yriaoM ¢. CiaenoBaTebHO, OHU BH/I-
HBI KaK OBl BBIXOISIIUMHE U3 TOUKH D, MOJI0KEHNE KOTOPOH OmpeiesieTcs 1o mKaie JuHeiiku AB.

TakuMm oOpazom porb MUH3HI JI (CM. pHC. 6) BBIOTHIET XPYCTAIMK I1a3a, KOTOPBIH Gokycu-
pyeT mapajuiesibHble Jy4H, MOJTy4YeHHbIE B pe3yibTarte audpakuuu (Hampumep, qyun M u N) Ha
ceTdaToi 000104Ke Th1a3a (Urparomiei pojab 3KpaHa).

VYcnoBue MakcuMyMa OCBELIEHHOCTH UMEET BU/I.

dsing = kA (1)
W3 pucyHka BUIHO, 4TO
. I
sinj =———— (2)
H2 +I 2
CrnenoBaTenbHO
I
| __da 3)
KNH? +1°
Tak, kak H » /, TO
dl
| =— 4
kH )

Oobopyooeanue u mamepuainsl.
YcTaHOBKAa € HMCTOYHHUKOM CBETa, MIENBIO U AU(PPAKIIMOHHON PEIIETKOM.

Ykazanua no mexnuke 6ezonacnocmu.
1. K BBIOJIHEHUIO JTAOOPATOPHBIX Pa0OT JIOMYCKAIOTCS CTYACHTHI, U3YYHBIINE MPABUJIA TEX-
HUKU 0€30I1aCHOCTH.
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2. JlabopaTopHble pabOThl MOTYT MPOBOJUTHCS TOJIBKO O] PyKOBOACTBOM M HaOJIIOJCHUEM
MpenojaBaTelis.

3. Pacnonaraiire npuGopsl, MaTepuaibl, 000py 0BaHHE HAa paboyeM MeCTe B MOPSIKE, yKa-

3aHHOM IIPEIo/1aBaTeseM.

4. He nepxute Ha paboyeM CTOJIE MPEIMETHI, HE TPEOYIOIUECs ISl BHITIOIHEHUS 3a/1aHUsL.
[lepen TeM, kak mpUCTYNUTHh K paboTe TIIATEIbHO U3Y4YUTE €€ ONMUCAHUE, YSACHUTE X0
BBITIOJIHEHHSI Pa0OTBHI.

3aoanus.

Onpenenuts MakCUMaIbHbIE TIOPSIOK CIIEKTpa HAabI0AaeMoro B JaHHOM padoTe, yUUThIBas

yt0o d=0.01 MMm.

1. Ycranouth auHeliky AB Ha 3amanHoM pacctosHuM H oT nudpakunoHHON perieTku

(H > 300 mM). BK1rOYUTh HCTOYHHK CBETA S |, IS Yepe3 Tu(PaKIMOHHYIO PEIIeTKY HE IIeIb,

MIPOBECTH Habr0AeHNe TU(BPAKIIMOHHOTO CIIEKTPA.

2. Onpenenenue MojaoKeHue [k st CHHEH, 3eJICHON M KPaCHOM JIMHUM CJIeBa U CTIpaBa JJis
1-ro u 2-ro NOpsIKOB CIEKTPOB.

PesynbTatsl 3aHecT B Tabnuily.

3.ITo popmyne (4) BBIYUCTUTH ATUHBI BOJIH YKa3aHHBIX JIMHUU.

4. YKka3aTh ¥ OLEHUTh OCHOBHBIEC MOTPEIIHOCTH JAHHOI'O METOJla U3MEPEHMsI, a TaKXkKe IO-

TPEUIHOCTh, IOMYCKAaeMYI0 P UCTIONb30BaHuK (hopmysl (4), a He (3)

PE3VJIbTATBI UBMEPEHUI.

e

d=0,01 Mmm H= (MM)
[Mopsimox Tk(Mm)
cnekrpa k - - —
®uoJIeTOBBIN 3eneHsbli Kpachbpiii
JIEBBIN IIpaBbIid JIEBBIN IIpaBbIil JIEBBIN IIpaBbIi
I
II

Cooeporcanue omuema.

OTtyeT mo 1abopaTopHBIM paboTaM JAOJKHBI COACPIKATD:

- TUTYJIbHBIN JIUCT;

- TIeJTb pabOTHI;

- KOHCIIEKT OCHOBHBIX 3aKOHOB, OTIPE/IeICHUH, TOHATUH, (popmMyII;
- OCHOBHOE 000pY/JIOBaHUE, CXEMa YCTAaHOBKH;

- OMMCAHUE I10 MyHKTaM BBIIIOJIHEHHON paboThl;

- pe3ysibTaThl W3MEpPEHUI U pacueToB (TabuuLbl, rpauKm);

- OIICHKA MOTPELIHOCTEH;

- OTBETHI Ha KOHTPOJIBHBIE BOTIPOCHI,

- BBIBOJIBI IO PE3YJIbTAaTaM BHIIOJIHEHHON pabOTHI, 1aTa, MOMHUCH.

Konmponwsnwie éonpocoi.
1. UYro Ha3biBaeTcs audpakuuoHHOro csera? KakoBbl ycinoBusi HaOJIIOJIEHUS 3TOTO siBJie-
HUSL.
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2. Cdopmynupoats npunmmi [ roiireHca.

3. CdopmynupoBats npuHIun [ oirenca-Openens.

4. OOBACHUTH C UCIOTB30BaHKUEM IpuHIHMNa [toiireHca- @peHenst 3aK0H NPSAMOIMHEHHOTO
pacnpocTpaHeHus CBETa.

5. Yro takoe «30Hb Openenss». Kak onpenensrorces miomaay NepBoix K 30H?

6. UYro takoe audpakiuonHas pemeTrka? OnpenenuTs yeaoBus 1udpakiuy Ha perieTKe.

7. BeiBectu Gopmyiy (4).

JlabopaTopnas padora Ne 15
Tema padomet. VI3ydeHre SHEPreTHUECKOTO CIIEKTPA JIEKTPOHOB
[TpoBepuUTH BBITIOJIHEHUE TIEPEHOCA ITEKTPOHOB.
Lenv pabomet. 1TpoBEepUTH BBINOJHEHUE IEPEHOCA AIEKTPOB.
Teopemuueckasa uacme.

Kax n3BecTHO, I10cKast 3JIEKTPOMAarHUTHAsI CBETOBAs! BOJIHA SIBJISIETCA MIONIEPEUYHON M Ipen-
CTaBJISI€T PacCHpPOCTPAHEHUE B3aMMHO INEPIEHIUKYJISPHBIX KOJIeOaHUN: BEKTOpa HANpPsHKEHHOCTH
anekTpuyeckoro nossd E u Bekropa HanpsbkeHHOCTH MarHuTHoro Houst H (puc.la). Kak nmokassi-
BAET OMBIT, (pU3HoNOrnYecKoe, (POTOXUMUIECKOE, (POTOIIEKTPUIECKOE U Jpyrue JelcTBUs cBeTa
BBI3BIBAIOTCSI B OCHOBHOM KOJIEOQHHMSIMHU 3JICKTpUUECKOro Bekropa. Bektop E Ha3piBaeTcs cBeTo-
BbIM BEKTOPOM, U BCE PACCYKACHUS Mbl OIPaHMYMM PACCMOTPEHHEM 3TOro BekTopa. Hamuune
BekTopa H nonpasymesaercs.

pucl.

CBeToBOI MyU4OK, B KOTOPOM pa3jInyHbIe HalpaBieHUsl BEKTOpa E B monepevyHon K Hampas-
JICHUIO PACTIPOCTPAHEHUS BOJHBI TIOCKOCTH PABHOBEPOSTHBI, HA3BIBAETCS €CTECTBEHHBIM (puc. 1
0)

CBeT, B KOTOPOM HAIpaBlieHUs KoJieOaHUN BEKTOpa YMOPSA0YEHBI KaKUM-THO0 00pa3oM u
MOTYMHSIOTCS HEKOTOPOH 3aKOHOMEPHOCTH, Ha3bIBA€TCA MONIPU30BaHHBIM. Ecnu KonebaHus Bek-
TOpa MOTYT COBEpPIIATHCS JIUIIb B OJTHOM OMPEICICHHOM HAMPAaBICHUH, TO CBET HA3bIBAETCS JIH-
HEIHO WM MJIOCKOMONIIPU30BaHHBIM (puc. 2a).

Ecnu ke konebanus BekTopa E coBepiiaroTcs Tak, 4To €ro KOHEIl OMUCHIBAET KPYT WU J1-
JIMIIC, TO CBET HA3bIBAETCS COOTBETCTBEHHO MOJIIPU30BAHHBIM MO KPYyTy (pHUC. 20) WK IIUMNTH-
YECKH TMOJSIPU30BaHHbBIM (puc.2B). [Ipu nmuHEHHON MOIsSpU3aluK MIOCKOCTh, CoJepKalas J1yd u
BekTOp E, Ha3pIBaeTCs MIOCKOCTHIO KOIeOaHUH, MU TNIOCKOCTHIO MOJSPU3AIIMH BOTHBI.

/’]F\\

/
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Puc 2.

JI1s1 mony4yeHus TMHENHO MOISIPU30BAaHHOTO CBETA IPUMEHSIOTCS CIIEHUATIbHBIE ONITUYECKHE
pUcnoco0IeHus - OApU3aTopsl. [10cKoCTh KoNebaHuil AIeKTPHUECKOTOo 'BEKTOPa B BOJIHE, MPO-
HIeIeld yepe3 Moysipu3aTop, Ha3bIBAETCs IVIOCKOCTBIO Moisipu3aTopa. sk moay4eHus TI0CKO-
HOJISIPU30BAHHOTO CBETA MCIIOJIB3YIOT HECKOJIBKO CIIOCOOOB.

a) OTpaxkeHue cBeTa OT OBEPXHOCTHU JAUIJIEKTPUKOB.

OTtpakeHHBI OT IUAJIEKTPUKA CBET BCEI/la YAaCTUYHO Iosisgspu3oBaH. Ha pucyHke depHsble
TOUYKH COOTBETCTBYIOT KosieOaHUSIM BekTopa E mepneHauKyIspHbIM IJI0CKOCTH MaJCHUs, a CTpe-
JIOYKHU - KoyiebaHUsM B TuIocKOCTH majeHus (Puc.3). Ctenenp monsipu3anuy OTPaXEHHOTO Tyda
3aBUCUT OT OTHOCHUTEIIBHOIO MOKa3aTels npenoMieHus nl2 u ot yrna najgenus o. [lpu nagenun
nyda E Ha miockocts MN nog yriiom bprocrepa ob oTpaskeHHbIN JIyd E. IOJHOCTBIO MOJISIPU30-

BaH. I[Ipenomiuennslii nyu E1 nonspusosan yactuuHo. CooTHOLIEHUE tgaB =n21 Ha3bIBACTCS

3akoHOM bprocrepa. [ImockocTs KoneOaHmil SMEKTPUIECKOTO BEKTOPA B OTPAKEHHOM CBETE Tep-
NEHUKYJISIPHA MIOCKOCTH MaJICHUS.

E , £

%

Es

Puc.3

6) [IpenomiieHne cBeTa B CTONE CTEKJIAHHBIX IU1acThH (crona CtoneToa).

[TockonbKy OTpa)K€HHBIH OT AUAIEKTPUUYECKON IIACTMHKU CBET YaCTUYHO (MJIM JJaXKe MOJI-
HOCTBIO0) TIOJISIPU30BaH, MPOXOSAIINN CBET TaKXKe YaCTHYHO TIOJIIPU3YETCSl ¥ CTAHOBHUTCS CMe-
IIaHHBIM cBeTOM. [IpenmyIiecTBeHHbIE KOJIeOaHUs 3JEKTPUUIECKOr0 BEKTOpa B MPOILIEAIIEM CBe-
Te OyIyT COBEpIIAThCA B IUNIOCKOCTH MajieHusl. MakcuMaibHasi, HO He MOJIHAsl CTENEHb MOJIspu3a-
IIUM TPOXO/ISILEro CBeTa JOCTUTAaeTCs pu najeHuu nox yriom bprocrepa. Jlns yBenuueHus cre-
NEHU TOJSPU3ALNH POXOASIIEr0 CBETa UCIOJB3YIOT CTOIY CTEKISIHHBIX MIIACTUHOK (cTomy Cro-
JIeTOBa), PACIOJIOKEHHBIX O] YIJIoM bprocTepa k majaromemMy cBeTy. B 3ToM ciydae MOXKHO 1o-
JYYHUTH MPAKTHYECKHU MOTHOCTHIO MOJIIPU30BAHHBIN MPOXOISIINI CBET, TaK KaK KaXI0€ OTpaxke-
HHE ocalIsieT NpoMnyIleHHbIe KoneOaHus, ePIEeHIUKYJIIIPHbIE TNIOCKOCTH Ma/IEHUS B ONIpeIeNeH-
HOM OTHOIIICHHH.

B) [Ipenomienne cBeTa B ABOSKONPEIOMIISIONINX KpUCTaIIax.

HekoTopseie kpucTamibl (MCIaHACKUI MINAT, KBapll, CI0Ja U Ap.), a TAaKXKe HEKOTOpbIe U30-
TPOIHbIE BellecTBa (IO JeHCTBUEM MEXaHWYECKHUX Harpy30K WM JIEKTPUUYECKUX Mosel) o0ia-
JTAl0T CBOMCTBOM JIBOMHOTO JTydenpenomieHus. [Ipenomissace B TakoM KpUCTaJlIe, CBETOBOM JTy4
paszensieTcs Ha JiBa JMHEWHO MOJISIPU30BaHHbIX Jyya CO B3aUMHO MEPIEHIUKYIISIPHBIMU HaIPaB-
neHussMu koneOanuit. OnuH U3 Tydeil Ha3bIBaeTCs OOBIKHOBEHHBIM U 00O3Ha4YaeTcsi OyKBOM 0. a
BTOPOI -HEOOBIKHOBEHHBIH U 0003HavaeTcst OykBoi €. OOBIKHOBEHHBIH JIyY yA0BJIETBOPsIET 0ObIU-
HOMY 3aKOHY IPEJIOMJICHUS U JIEKUT B OJHOM IJIOCKOCTH € MaJAlOUIUM JIy4OM U HOpMalibto. Jlis
HEOOBIKHOBEHHOTO JIyya OTHOIIEHHE CHHYCOB yIJla HaJeHHUs U yIJa MPeOMJICHUS HE OCTAeTCs
HOCTOSIHHBIM TIPY M3MEHEHUH yTJIa MMaJCHUS.

Kpome Toro, HeOOBIKHOBEHHBIH JTyd, KaK IPABUJIIO, HE JIE)KUT B IUIOCKOCTH MAJIEHUs U OTKJIO-
HseTcs oT ay4ya O nake Npu HOPMaJIbHOM NajeHUu cBeTa. OTKIIOHAS OJMH U3 Jy4yell B CTOPOHY,
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MOHO ITOJIyYUTb IUIOCKOIIOJISPU30BAaHHBIN JIyd. Tak ycTpoeHa, Hampumep npusma Hukoms
(puc.4). JIBe ecTecTBeHHBIC TPaHU KPUCTAJUIA UCIAHJICKOTO IITaTa CPEe3aroTCs TaK, YTOOBI YMEHb-
IIMTH YTOJI MEXAY IIOBEPXHOCTSAMU 110 68°.

3aTeM KpHCTaul paCIIMBAETCS HA JIBE YacTH Mo miockoctd BD moa yrimom 90° k HOBbIM
rpassaM. [locne monupoBKH MOBEPXHOCTH PACHUIa CKIEUBAIOTCS KAaHAJICKUM 0ajb3aMOM, HMEIO-
UM [IOKA3aTelb MPEJIOMIIEHUS N, yIOBIECTBOPSIOIINN YCIOBUIO N<n<n, TJI€ Ny U N - TOKA3aTeIN
IpeIOMIIEHUS UCIaHCKOTO IINaTa JiIsi OObIKHOBEHHOTO U HEOOBIKHOBEHHOTO JIyya.

[Tagast mox yriom, O0JIbIe IPEACIbHOTO, Ha TUIOCKOCTh BD, 0OBIKHOBEHHBIH JTyd MpeTepIie-
BAET IOJIHOE BHYTPEHHEE OTpa’KeHHE Ha TpaHule ImnaT - 6amb3aM. HeoObIKHOBEHHBIN J1yd, A7
KOTOPOT0, BBIXOJIUT U3 MPU3MBI HHHeﬁHOBHOHHpHSOBaHHBIM.

Puc.4

r) [Tornomenue cBeta B JUXPOUUECKUX MIACTUHKAX.

Y HEKOTOPBIX ABOSKOIPEIOMIISIONINX KPUCTAIIOB (HAlIpUMeEp. TypMaInHa) KO UITHESHTHI
HOTJIOIIEHHSI CBETa ISl IBYX B3aUMHO MEPIEHAMKYIISIPHBIX MOISPU30BAHHBIX JTy4el OTINYAIOTCS
HACTOJIBKO CHJIBHO, YTO YK€ IPH HEOOJIBIION TONIIMHE KPUCTAJUIA OJWH U3 JTydeil TacuTCs TpakK-
TUYECKH ITOJIHOCTBIO U U3 KPUCTAJUIA BEIXOANT JIMHENHO MOJIIPU3UPOBAHHBIN IIy4OK CBETa. JTO
SIBJICHUE Ha3bIBaeTCs JUXpOU3MOM. B Hacrosiee BpeMsi IUXPOUYECKHE IUIACTUHKU U3TOTOB-
JSIFOT B BUJI€ TOHKHX IUIEHOK - MOJIAPOUIOB, UMEIOIUX IIUPOKOE MpUMeHeHne. B OosblimHCcTBE
CIIy4aeB OHHM COCTOSAT U3 MHOXECTBA MaJICHbKUX (TOJMIIMHOM /10 0,3 MM) mapajjiebHO OpUEHTH-
POBaHHBIX KPUCTAIJIOB CEPHOKHUCIOrO HOJUCTOr0 XMHUHA-TepanaTUTa, HaXOAALIXCSl BHYTPH CBSI-
3YIOLIEH CPEIbl - MPO3PAYHON IICHKH.

Jlis nccneioBaHus XapakTepa U CTENEHU NOJspU3alui CBETa IPUMEHSIOT YCTPOWCTBA, Ha-
3bIBa€Mbl€ aHaIM3aToOpaMu. B kauecTBe aHaIM3aTOPOB UCIOJB3YIOT TOXKE YCTPOICTBa, KOTOPbHIE
CIIy’KaT JUIsl [TOJTyYeHHsI TMHEHHO-TIOISIpU3UPOBAHHOIO CBETa (T10JIIPU3aTOPBI).

[lycTb Ha nonsipu3arop mNaAaeT MIOCKOIOJISIPU30BAaHHBIA CBET aMIUIMTYAbl Ag U UHTEHCUB-
HocThlo lo (Puc. 5). CkBO3b monsipu3aTop MpOHAET COCTABIAIONIAsA KOJIEOAHUs C aMIUINTYJoH A
=A(CoS0 , TJIe 0 - YroJl MEXy IJIOCKOCTBIO KOJICOAHNH MaJaroIlero CBeTa U INIOCKOCTBIO MOJIs-
puszaropa. A Tak Kak HHTEHCUBHOCTb CBETa MPOMOPLUOHATIbHA KBAAPATy €r0 aMIUIUTY/Ibl, TO MH-
TEHCHUBHOCTH IIPOILEIIIEr0 CBETA ONpeaeisiercs Beipaxenuem [=Iycos a.

OTO0 COOTHOIIEHHE HOCUT Ha3BaHHE 3aKkoHa Maoca.

ILTOCKOCTh NOPUATOP:

A, cos a

Puc. 5
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[ToctaBuM Ha MyTH €CTECTBEHHOTO Jiyda noisipuzarop P u ananuzarop A (puc.6). 13 nomus-
pu3aTopa BbIIIET MJIOCKOMOJISIPU30BAaHHBIA CBET, MHTEHCUBHOCTh KOTOPOTO COCTaBUT MOJIOBUHY
MHTEHCUBHOCTH €CTECTBEHHOTO cBeTa, T.e. I)= Iy /2. CormacHo 3akoHy Maitoca U3 aHanusaropa
BBINJIET CBET MHTEHCUBHOCTHIO: [,=I;cos2a (T11e a yroy Mexay MmiIoCKOCTIMHU NOJIIprU3aTopa 1 aHa-
nau3aropa). Takum 0O0pa3oM, MHTEHCUBHOCTb CBETA, MPOILEAIIETO Yepe3 MOISpU3aTop U aHaIN3a-

TOp paBHA I2=%IO cos’a .

Puc.6 A

Onncanue yCTAHOBKH.

B nacrosmen padboTe 111 MOTy4EHUS U UCCIIEA0BaHMS IMHEMHOTO MOJISIPU30BAHHOIO CBETA
NPUMEHAIOT NoJsipouabl. OHM M3rOTaBIMBAKOTCS U3 OYEHb MEJKHUX KPUCTAJUIOB TypMajuHA WIIU
reparnaTuTa, HAHECEHHbIX Ha LIEJUTYJIOUAHYIO TUIeHKY. ONTHYECKHE OCH KPUCTAJIOB ClIeUaTbHBIM
00pa3oM OPHEHTUPYIOT B OAHOM HallpaBieHUH. KpHucTanibsl TypMaluHa MPOMYyCKaloT CBET TOJIBKO
C OIPEJICIEHHON OpUEHTALUEl CBETOBOIO BEKTOPA U MOYTH MOJTHOCTHIO MOIJIOLAIOT BCE MEPIEH-
JUKYJIIPHBIE COCTABIISIOLINE CBETOBOIO BEKTOPA K HAIIPABJIEHUIO OCH KpUcTa/1a. Cxema yCTaHOB-
KM IpuBeieHa Ha Puc 7.

BO®

B A
S mA

.-1".
-
w

o

-

Puc. 7

CBeT OT UCTOYHMKA CBETA S MPOXOJUT YEepe3 HEMOABUKHBIN nossipuzaTop P. AHanmuzarop
A 3aKperuieH BO BpalllaloleMcs IMCKe. YT0JI IOBOPOTa aHaIM3aTopa U3MEPSAETCs 1O IIKaJle T1c-
Ka, pazaeneHHoi Ha 360 nenenuid. [Tpoiias nonspuszaTop u aHAIU3aTOP, CBET MAJA€T HA BEHTWIIb-
HBII (oTodneMeHT B (conmHeunslii snemenT). [lpu He odueHb OGONBIIMX OCBEUICHHOCTSAX CHJIa
(hoTOTOKA MPOMOPILMOHATIbHA CBETOBOMY MOTOKY. Benmunna (oToToka nsmepsercs MUKpoam-
nepMeTpoM. Mexly Mossipu3aTOpOM U aHAIM3aTOPOM MMEETCS KaMepa, B KOTOPYH0 MOYKHO I10-
MeIaTh o0pa3ibl AJisi HAOIIOACHHS SBICHUS (POTOYNPYrocTH U HHTEP(PEPEeHIINH MOJSIPU30BaH-
HBIX JTy4eH.

Oobopyooeanue u mamepuaol.

1. YcranoBka [uis mpoBepku 3akoHa Mastoca. 2. Mcrounuk cera. 3. MukpoaMmnepmeTp.

Ykazanusa no mexnuke 6ezonacnocmu.
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1. K BeImonHeHUI0 1a00paTOPHBIX padOT JOMYCKAIOTCS CTYACHTHI, N3Y4YHBIINE MPABUIIA TEX-
HUKH 0€30MacHOCTH.

2. JlaGopaTopHbie pabOTHl MOTYT IPOBOJAUTHCS TOJIBKO MO PYKOBOJCTBOM M HAOIIOACHUEM
MpenojaBaTels.

3. Pacnomnaraiite mpubopsl, MaTepuaibl, 000pya0BaHHE HA paboueM MecTe B OpsIKe, YKa-

3aHHOM IIPEIo/1aBaTeseM.

4. He nepxxurte Ha paboyeM CTOJIE MIPEAMETHI, HE TPEOYIOIIUECs AJIs BBITIOTHEHHS 3a/1aHUS.
[Tepen TeM, kak MpUCTYNUTH K paboOTe TIIATEIHHO M3Y4YHTE €€ ONMUCaHWe, YSICHUTE XOJ
BBITIOJTHEHUSI PaOOTHI.

3aoanus.

1.BkJTtOUUTh UCTOYHUK CBETA.

2.Bpamas aHanuzatop, 100UTbCS MaKCHUMAaJbHOTO OTOpOCa CTPEIKU MHUKpOaMIIepMeTpa

(A Moxer OBITH cliefyeT no0uBaTbcs MUHUMANbHOTO? [Touemy? UeMy paBeH yroi B 3TOM CITy-

qae?).

3.3anmchIBaOT TOKa3aHUsI MUKPOAMIIEPMETPa U B JATbHEHIIIEM, TIOBOpAaYMBasl aHAIU3aToOp,
yepe3 10 rpaaycoB 3amMChIBalOT COOTBETCTBYIOIIME 3HAYEHUE TOKA.
4.KakuMm 00pa3oM 1o NoJyuYeHHBIM JaHHBIM MOKHO YOIUTHCS B IPABHILHOCTH 3aKOHA
Mamtoca? Kakue rpaduku U3 HUXKE MEPEUNCICHHBIX CIeAyeT MOCTPOUTH ISl POBEPKU 3aKOHA?
(BBIOODP apryMeHTHPOBATH)
L=1G) =0y ) - =f(eos'])
=f(¢).[2=f(p), "° , 0 , 00

5. IlocTpouts rpaduk 3aBUCUMOCTH.
6. Cenarp BBIBOJI.

e

PesysbTaThl H3MEpEHUI.

o I cosa. cos2a

Cooeporcanue omuema.

OtyeT no 1abopaTopHBIM paboTaM JAOJKHBI COACPIKATD:

- TUTYJIbHBIN JIUCT;

- TIeJTb pabOTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIPE/ICICHUH, MOHATUH, (popmMyII;
- OCHOBHOE 000py/I0BaHUE, CX€Ma YCTaHOBKU;

- OTMCAHUE IO MyHKTaM BBIIIOJIHEHHON paboThI;

- pe3yJIbTaThl U3MEPEHUH U pacueToB (TabauIbl, rpaduKm);

- OLICHKA IIOTPEIIHOCTEH;

- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJIBI IO PE3YJIbTAaTaM BHIIIOJIHEHHOW PabOTHI, 1aTa, MOIMHUCH.

Konmponwsnwvie éonpochwi.

Uro npeacTasisieT u3 cedsi cBeTOBast BoJHA?

Kaxkue neiictBus okaspiBaeT cBeT? biaronaps uemy 3T0 BO3MOXHO?

Urto takoe nonsipuzanusa? Kakoil cBeT Ha3bIBaOT €cTeCTBEHHbIM? [10Isipr30BaHHBIM?
OnuiuTe BUIBI MOJISPU3ALUU.

[Tepeuncnure crmocoOb! MOIYYSHHS TOJSIPU30BAHHOTO CBETA.

Cdhopmynupyiite 3axon Maroca.

Kakue nanneie B paboTe Mo3BOJISIOT yOeAUTCS B CIIpaBeAIMBOCTH 3aK0oH Maitoca ? (0T-
BET CHOPMYITUPYHTE).

NNk W=
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JlaGopaTopHasi paGora Ne 16

Tema padoompi. U3yueHne KOCMUYECKOT0 U3J1yYeHU S

Lenv pabomei. OnipenenieHre CKOPOCTH TIEPEMEIICHHUS.

Teopemultecmm uacms.

Paznuuatot Tpu Buaa Gortorddexra:
® Buewnum ¢omosghgpexmom Ha3bIBACTCS BBIPHIBAHUE JJIEKTPOHOB M3 BEIIECTBA O[T
JIeficTBHEM 3JIE€KTPOMAarHUTHOTO U3MydeHus. Buemnuii poroaddexr Habmaromaercs npeumy-

IECTBEHHO B IPOBOJAHHKAX.

o [lpu enympennem ¢pomosghgpexme >nEKTPOHBI O] JEUCTBUEM CBETA TEPSAIOT CBSA3b CO CBOM-
MH aTOMaMH 1 MOJIEKYJIaMH, HO OCTAIOTCS BHYTPH BemlecTBa. Taxoi Bux porosddexra Bo3mo-
’KEH TOJBKO B TOJIYIIPOBOTHHUKAX.

*  Benmunvubvli pomosggexm 3aKi04aeTcs B BOZHUKHOBEHUH (DOTO-3.1.C. IPH OCBEILEHUH
KOHTAKTa ABYX Pa3HBIX MOJYIPOBOJHUKOB WJIM MOJIYNPOBOJHMKA M MeTaula 0e3 HaIudus
BHEIITHETO 3JIEKTPUUYECKOTO MOJISL.

B nanHolt paGote 1 U3y4eHUs 3aKOHOMEPHOCTEH gHewne2o homoachchexma uenomwvioT

BaKyyMHbII QoTrodnemeHT. OH npeacraBisieT coOO0N CTEKISHHBIM OTKat
0aJUI0H, B LIGHTPE KOTOPOTO PACIOJIOKEH aHOJ A B BHJIE KOJIbLIA WIIM I1JIacC
BHYTpPEHHE!N NMOBEPXHOCTH OAJIIOHA MOKPBITa TOHKUM CJIIOEM METasula, Ko1 oot L AU K
kamooom. Ha puc.l. n3obpaxxeHa NpUHIMIINAIBHAS CX€Ma, C MOMOIIBIO |
BHEIIHUH (PoTodddexT. Mex1y aHOA0M M KaTOAOM HCTOYHHK TOKa CO
nojie. Tak Kak 3JIeKTpu4ecKasi Lellb pa30MKHYTa, TO IIPU OTCYTCTBHH CBET
gyepe3 GoToaneMeHT He uieT. [Ipu ocBemeHnu Katoia CBET BHIPHIBACT W3
TOPBIE TIOJ AEHCTBUEM CHJI 3JIEKTPUUYECKOTO MOJIS IBUXKYTCA K aHOy. B 1n
TPUYECKHI TOK, Ha3bIBaeMblii pomomoxom. Cuna HOTOTOKa MU3MEPSETCS
HanpspKeHue Mexy aHoioM A u ¢ortokaronom K — Boasrmerpom V. U-

il
I
I
1

=)

IMOMOIIBI0 IMOTCHIMOMETpPA P, HaxXoasaT 3aBHCUMOCTBb CHIJIbI (1)OTOTOKa % F

BOJIbTAMIICPHYIO XapaKTEPUCTHUKY.
Ha puc. 2 n3o00pakeHa BoJIbTaMIIEpPHASI XapPAKTEPUCTUKA BAKYyMHOTO (POTC

+'E,
(-3

(Memz[y KaToOJA0OM M aHOOOM JJICKTPHYCCKOI'O I10JIA HCT) CHJia (1)0TOTOKa B(

110. DTO 00YCIIOBICHO TEM, YTO JIEKTPOHBI, BEIPBAaHHBIE CBETOM U3 KaTo]

I

L,

h

=y

HAYaJIbHYI0 CKOPOCTh V (@ 3HAYUT, U KHHETHYECKYIO SHEPTHIO)
M 4acThb M3 HUX MOXET JOCTUTraTh aHOJia U MPHU OTCYTCTBUU
ANEKTPUYECKOTO TOJIA.

Ecnu yBennuuBath HanmpspkKeHUE MEXKTy KaTOJIOM M aHO-
oM (ToJ1aBasi OTpUIIATENbHBIN MOTEHIIMA Ha KaTo/, @ Ha aHOT
— MOJIOKUTEIBHBIN), OyJeT yBEIMUUBATLCA CUJIA TOKA. JTO
OOBSCHSIETCS TEM, UTO TETeph AIEKTPOHBI, KoTopbie ipu U =0
HE JOCTUralld aHOJA, MOJ JECHUCTBHEM CHJI 3JIEKTPUYECKOTrO
TIOJISI IPUTATUBAIOTCS K aHOAY.

W3 rpaduka BUAHO, YTO TpPH HEKOTOPOM 3HAYCHUU
U=U, cuna $oTroToKa MOCTUTACT HAUOOJBIIETO 3HAYCHUS,
MOJYyYMBIIErO0 Ha3BaHWE TOKa HaceleHus I. [lanpHeiimee
YBEITMUCHUE HAIIPSIKEHUS YK€ HE BBI3BIBAET POCTA CHIIBI TOKA.

910 3HAYHUT, YTO BCC BJICKTPOHBI, BEIPBAHHBIC CBETOM U3 KaTOoAd, JOCTUTAIOT aHOAA. Ecimu 3a eou-
HUuyy epemeHru CBET BBIPbIBACT U3 q)OTOKaTOJIa n 3JICKTPOHOB, TO TOK HACBIIIICHUA 6y216T paBE€H

TZie € — 3apsii JIEKTPOHA.

I.=exn, (D
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Ecan noMeHsTh NOJISPHOCTH 3JEKTPOHOB, TO €CTh MOJAaTh Ha KAaTOJ MOJOXKUTEIbHBINA IO-
TEHIIUAJ, & Ha AHOJ — OTPHUIATEIBHBINA, TO ANEKTPUIECKOE T0JIe OyJeT TOPMO3UThH JIBIKCHUE
JJIEKTPOHOB OT KaTo/Aa K aHOMY. 3a cueT paboThl cui AneKTpudeckoro nous (Ag = elU) xuHeTH-
YecKasi SHEPTHUsS IBIKYIIUXCS AJIEKTPOHOB OyJeT yMeHbIaThesl. Eciu nmepBoHavaibHasi KWHETH-
qyeckasi dJHeprust dNekTpona W, 6yaet Oomnblie paboThl dnekTpuueckoro noins (W, >Ag), aneKkTpo-
HBI OyIyT AOCTHraTh aHOa, B 1ienu Oyaet uaru Tok. [Ipu W, £ eU 31eKTpOHBI aHOAA HE JTOCTHT-
HYT ¥ TOK MpeKkpaTutcs. HaumeHnslee HanpspKeHUE, TPU KOTOPOM TpekpaiaeTcst GOTOTOK, Ha-
3BIBACTCS 3aJICPIKUBAIOIIUM.

[Tpu U = U, naxe camble ObICTPBIC JIEKTPOHBI, UMEIOINE MAKCUMAIIbHYIO CKOPOCTh, HE JI0-
CTUTalOT aHo/a. B aTux ycnoBusax

2
mv

Uy === ©))

Takum 06pazom, u3mepsis Ha onbITe Us, MOKHO BHIYUCTUTH MAKCUMAaJIbHYI0O KHHETUYECKYIO SHEP-
THIO 3JIEKTPOHOB, BBUIETAIOIINX U3 KaTO/a.
Oobopyooeanue u mamepuainsl.

[Tpu n3zyuenunn 3akoHoMepHOCTEN (hoTo3(pPexra B paboTe HCIIONB3yeTCsl BaKyyMHBIN (OTO-
3JIEMEHT, MPUHLIUITHANbHAS CXeMa BKIIOYEHHUS KOTOPOTO B 3JIEKTPUUECKYIO LIENb MpUBEIcHA Ha
puc. 4.

1. ®orosnement @, ceetopunbTp C® U UCTOYHHMK CBETa (CIEKTpasibHas pTyTHas jamma) JI
IIOMEIIEHBI B 3aKpPBIThII KOHTeWHep. CBeT oT Jammbl, mpoxoas uepes3 cBetodpuinstp CD, craHo-
BUTCS MOHOXPOMATHUECKUM H, Majasi Ha KaTol (hoTo3IeMeHTa, BbI3biBaeT potodddext. Mukpo-
amrepMeTp MA u3MepsieT cuity (poToToka, a BOIbTMETp V — HanpspKeHHe Ha (poTosrsieMenTe.

2. VYcTaHOBKa COCTOUT M3 O0BEKTa MCCIEAOBAHUSA U YCTPOMCTBA U3MEPUTEIBHOIO, BHIIOIHEH-
HBIX B BHJI€ KOHCTPYKTUBHO 3aKOHYCHHBIX U3CIHI, yCTaHABINBAEMBIX Ha JaOOPAaTOPHOM CTOJIE
U COCIMHSIEMBIX MEXIy COO0M KabemeM.

3. OOBeKT uccieoBaHUsI KOHCTPYKTHBHO BBITIOJHEH B BHJIE COOPHOTO KOpIyca, B KOTOPOM
YCTaHOBJICHBI OCBETHUTENb (CIEKTpalibHasl PTYTHAs JlamMIa) ¢ HCTOYHUKOM MHUTaHUs, OJIOK UHTEp-
¢depenmonHbix cBeTopunbTpoB Nel (A=407 mxm), Ne2 (A=435 mkm), Ne3 (A=546 mkm), Ned
(A=578 MKM) 1 yCTpOHCTBO peryIupoBku ocBemnieHHOCTH. [Tonoxkenue "0" 610Kka CBETOPUIHTPOB
COOTBETCTBYET IPOXOKICHUIO CBETa 0e3 CBETO(MUIBTPOB U MOXKET MPUMEHSATHCS ISl CHATHUS HH-
TETpajbHbIX BOJBTAMIEPHBIX U JIIOKCAMIEPHBIX XapaKTEPUCTHK, a TosokeHue "5" - mepekpbl-
BAaeT JIaMILy M UCIIOJIb3YETCs Ul yCTaHOBKHU HOJIsl. K KOpITycy ¢ MOMOIIBIO KPOHILITEHA TPUKPETI-
JIeH YCUJIUTENb (POTOTOKA, HA BEPXHIOI KPBIIIKY KOTOPOTO YCTaHABIMBAIOTCS CMEHHBIE (OTO-
npueMHHUKH ¢ GoTtoanemenTamu P-8 u @-13. Ilpu ycraHOBKE (POTONPHEMHUKOB MX MPUEMHOE
OKHO COBMEIIIAETCS C BBIXOIHBIM OKHOM OCBETHUTEJS U 3aKPbIBAIOT MPU MOMOIIH OJI€HIBI.

Ha nepenneii manenu o0beKTa UCCIEOBAHUS HAXOAATCS CETEBOW BBIKIIIOYATENb C MHIUKA-
TOpOM BKJIIOUYeHHs ceTu. Ha 3anHelt maHenu oObeKkTa MCCIe0BaHUS PACIIONOKEHbI KIeMMa 3a-
3eMJICHUS, JIepKaTeNld IpeoXpaHuTeNIeld U ceTeBoi mHyp ¢ Buikoid. Ha G0koBoii cTeHke pac-
MIOJIO’KEHO BBIXOJHOE OKHO OCBETHTENSI U YCTPONCTBA JJIsi CMEHbI HHTEP(EPEHIIMOHHBIX CBETO-
(GUIBTPOB U PETYIMPOBKH OCBEHIEHHOCTU. Ha OOKOBBIX MOBEPXHOCTAX YCHIIUTEINS (POTOTOKA pac-
MOJIO’KEHBI COCMHUTENbHBIN IIHYP C Pa3beMOM JJIsl MOJKIIOYEHHS] 00bEKTa HCCIEeIOBaHUS K
YCTPONCTBY U3MEPUTEIILHOMY M perysTopsl Oananca ycunutens I PYBO u TOYHO.

OOBeKT uccaea0BaHus C TOMOIIBI0 CETEBOTO MIHYpa Mojkitouaercs k cetu 220 B, 50 I'm.

4. VYcTpoCTBO U3MEPUTEIBHOE BBINOIHEHO B BUJI€ KOHCTPYKTUBHO 3aKOHUEHHOIO u3aenus. B
HEM MpPHUMEHEHa OJHOKpPHUCTalIbHAas MUKPO - OBM c COOTBETCTBYIOIIMMHU JOMOJHUTEIHHBIMU
yCTPOHCTBAMHU, O3BOJISIIOIIMMH MPOU3BOJUTH U3MEPEHUE TOKA (DOTOAIEMEHTA, YCTAHOBICHHOTO
B 00BEKTE MCCIIEOBAHUS, YCTAHABINBATD U U3MEPITh MUTAIOIINE HANPSKEHUs Ha (POTOIIEMEH-
TE, a TaK)XX€ OCYLIECTBIATh (YHKIMU YIPABJICHUS YCTAHOBKOM (YCTaHOBKA PEKUMOB MPSMOTO
WM 00paTHOTO U3MEpPEHUs U T.11.). B cocTaB ycTpoicTBa M3MEPUTENBHOTO BXOAT TAKKE UCTOU-
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HUKHU €TI0 ITUTAHUS.

Ha nepenneit nmaHenu ycTpoiicTBa MU3MEPUTENBHOIO pa3MEIICHbI CIEAYIONINE OpraHbl yrpasJe-
Hus ¥ uHaukanuu: kHonka [IPAMAS - OBPATHAS ¢ cooTBEeTCTBYIOIIMMH MHIUKATOPaMU -
MpeiHa3HaueHa JJIsl BKIIIOUEHUs MPSIMOTO MM 00paTHOTrO PEXXKUMOB M3MepeHus; kHonku "+", "-"
u CBPOC - npeaHa3HayeHbl 17151 peryJIMpOBKU HANpsDKeHUs Ha (OTOIIEMEHTe U ero copoca B
HOJIb; UHIUKATOPbl B 1 MKA - npeiHa3HaueHbl ISl HHIAWKALUY 3HAY€HUH BEIHMYUH HAIPSKEHUS
Ha QoToaneMeHTe U HoToTOKA B mporecce padboTel. Ha 3aqHeli maHenu ycTpoiicTBa n3MepuTeb-
Horo pacnojoxkeHsl Boikitouareab CETb, knemma 3azemienus, aep:kateiau NnpeaoxpaHuTesen
(3aKpBITHI MPEIOXPAHUTENILHONW CKOOOI), CeTEeBON IIHYp ¢ BUJIKOW M pa3beM sl MOAKIIOYSHUs
00BEKTa UCCIIEIOBAHUS .

VYeTpoiicTBO U3MEPUTENBHOE € TOMOILBIO CETEBOTO IIHYypa nojakiovaercs k cetu 220 B, 50 I'a.
5. TlpuHiun aeicTBUs YCTAaHOBKM OCHOBAaH HAa U3MEPEHUHU TOKa 4yepe3 (GOTOAIEMEHT MU HU3Me-
HEHUM MOJIIPHOCTU U BEITUYHHBI IPHIOKEHHOTO K HEMY HAIPSDKEHHS U U3MEHEHMSI CIIEKTpaJlb-
HOT'O COCTaBa M BEJIMYMHBI OCBEIIEHHOCTH KaTo/1a (POTOIIEMEHTA.

6. B mpouecce BbInonHeHUs 1a00paTOpHBIX padOT CHUMAIOTCS 3aBUCUMOCTH TOKa yepe3 GoTo-
3JIEMEHT OT IPUJIOKEHHOTO K HeMy HampsbkeHus. [Ipu 3ToM MeHseTcs! TOASpHOCTh HAPSKEHUS
(T.e. pa3znenabHO CHUMAIOTCA IpsMasi U oOpaTHasl BETBU BOJIBTAMIEPHON XapaKTEPUCTUKU (POTO-
3JIeMeHTa). XapaKTePUCTUKU CHUMAIOTCS NPU PA3IMYHBIX 3HAYEHUAX OCBEUICHHOCTH W MPH U3-
MEHEHUU JJIMHBI BOJHBI OcBelleHus ¢orosnementa. [lo pesynpratraM u3aMepeHuil cTposTcs ce-
MENCTBA BOJIBTAMIIEPHBIX XapaKTEPUCTHK M, HCIOJb3Yysl COOTBETCTBYIOIIME METOAbl pacyera,
YHCJIEHHO OLICHUBAETCS 3HaUeHUE NOCTOsIHHOM [ lnanka.

Ykazanua no mexnuxe 6ezonacnocmu.

1. K BeImonHeHUto 1a00paTOPHBIX PA0OT IOIYCKAIOTCS CTYACHTHI, H3yYHBIINE ITPABHJIA TEX-
HUKHU 0€30MacHOCTH.

2. JlabopaTopHble pabOThl MOTYT IPOBOJIUTHCS TOJIBKO MO PYKOBOJCTBOM U HAOJIOICHUEM
npernoaaBaTers.

3. Pacnonaraiite npubopsl, MaTepuaibl, 000pya0BaHUE HA paboueM MecTe B OpsAKe, yKa-
3aHHOM TIPETo/IaBaTeeM.

4. He nepxxurte Ha paboueM CTOJIEC IPEAMETHI, HE TPEOYIOMIUEeCs JIJIs BBITIOJHEHUS 3a1aHUS.

[Tepen TeM, kak MPUCTYNUTHh K paboTe TIIATEIHHO U3Y4YUTE €€ OMUCAHUE, YSACHUTE X0

BBITIOJTHEHUSI pa0OTHI.

e

3aoanus.
IlocTpoenne BOJbTAMIIEPHOI XapaKTepUCTHKH (PoTOI/IEeMEHTA.

1. YcranoBute Ha OOBEKT UCCIEAOBAHUS (DOTOMPUEMHUK C UCCIEAYEMBIM (OTOIIEMEHTOM U
3aJBUHBTE OJICH/ly OCBETUTEINS B OKHO ()OTOIIEMEHTA.
2. Iloaxnrounte ceTeBbl€ LIHYpPHl YCTPOHMCTBA M3MEPUTENIBHOTO U OOBEKTAa HCCIENOBaHUS K
CETH U BKJIIOYMTE YCTPONCTBO n3MeputenbHoe BoikiatodareneM CETD Ha ero 3agneit nanenu. [lpn
3TOM J0JiKeH 3aroperbesd nnaukatopsl ObBPATHAS, B u MKA ycTpoiicTBa uamepurensHoro. Ha
UHIUKaTOpe B 10MKHBI yCTaHOBUTBCS HYJIM (JOMYCKAETCsl MHIUKAIMS 1O 3HAYEeHUs 2 MIIaJIIIero
paspsana). [Tocne 5 munytHoro nporpesa pyukamu Y CTAHOBKA HVYJIS na o6nexrte uccueno-
BaHUS yCTaHOBUTH HYJIEBOE 3HAUYEHUE HA NHIUKATOPE MKA yCTPOWCTBAa U3MEPUTEIIBHOTO.
3. Bxmounrte 00bekT uccienoBanus BoikiatodareaeM CETD Ha ero nepenneii nanenu. [Ipu atom
noskeH 3aropetbest nuHaukatop CETb obbexTa uccnenopanus.
4. JlaTh 1aMIie OCBETUTEINSI IPOTPEThCS B TeUeHHE 15 MuUH.
5. C nomomuisto kHonku [IPSIMAS - OBPATHAS BeiOpaTh He0OXOIUMBIM PEKUM U3MEPEHUS.
6. YcranoButb cBeToQmibTp Nel moBopoTom mucka 6yoka CD.
7. WU3mensia 3HaueHus HanpspbkeHus yepes 0,5 B ¢ moMonipio kHOmok "+" u Y CUUTBIBas I0-
KazaHus (POTOTOKA ¢ MHAMKATOpa "MKA'" MONyduTe JaHHBIC JJISI MOCTPOEHUS BOJBTAMIEPHOU
XapaKTEPUCTHUKHU.
8. YcranaBnuBas IUCK CO CBETOQHMIBTpAaMH B TOJIOKEHHE "5" U poBepsisi yCTAaHOBKY HYJISI TOKa
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IIpY HYJICBOM 3HAYECHHUM HAMPSIKCHMs, IOBTOPUTE NEUCTBHS IO III. S...7 HACTOSILEro pasiena
Uit ipyrux cBeToguibTpoB (CD2-CD4).

[pumeuanue 1: ITpu HEOOXOIUMOCTH € TIOMOIIBIO TOBOPOTA KOJIbI[A, PACIIONOKEHHOTO HA BbI-
XOJTHOM OKHE 00BEKTa MCCIEI0BAHNUS MOKHO U3MEHSATh OCBEILIEHHOCTh (DOTOIIEMEHTA.
[pumeuanue 2: [pu onpeneseHUN 3anyupaoero HarpsbkeHust (poTorieMeHTa HeoOX0IMMO Hy-
JIeBO€ 3HAYEHUE TOKA CYUTHIBAThH MPU YMEHbBILIEHUHU HANPSKEHUS OT HYJIE€BOr0 3HAUYEHUs J0 3Ha-
YEeHHUs 3aIUPAIOIIETO HAMPsKEeHNUs, a He Hao0opoT. He pekoMenayeTcs Takke yCTaHaBINBATh
3HAYEHUE HATIPSKEHUS HHKE 3aITUPAIOILETO.

9. TIlo oxkoHYaHWU PabOThl HEOOXOAUMO OTKIIOYUTH NUTAHHE YCTAHOBKH BBIKIIOYATEISIMU
CETD (na 3anHel maHenu yCTpOMCTBA U3MEPUTEIBHOTO U MepeaHel naHenu o0beKTa Mccleo-
BaHU) U OTKJIIOUUTh CETEBbIE BUIKH YCTPOHCTBA U3MEPUTEIHHOIO U 0OBEKTA UCCIICIOBAHUS OT
MATAOIIEH CETH.

10. Pexxum paboThl yCTaHOBKHU MPEPHIBUCTHIN - uepe3 Kaxable 45 MUHYT

pabotsl iepepbiB Ha 15-20 MuH.

[To maHHBIM TAOJHIEI | TOCTPOUTH BOJIBTAMIIEPHYIO XapaKTEPUCTHKY, TO €CTh TpadUK 3aBUCH-
MocTH cuiibl hoToToka I (abciucca) ot HanpsbkeHus Ha dotodnemente U (opauHaTa).

Tabmuma 1
Onpedenenue pabomsl 6b1X00a NEKMPOHA, KPACHOU cpaHuybl homospgexma u nocmosHHou
ITnanka
co | U
Nel B
I, mxA
co | U
No2 B
j 1, mxA
Co U
Ne3 B
1, mxA
co | U
Neq B
I, mxA

1. C nomomsto kaHoniku [TPSIMAS - ObPATHA S BeiOpats pexum usmepenuss ObPATHAS (e
JieflaeM YCTaHOBKY HYJISI KaK B IIEPBOW 4acTH padoTsl!).

2. W3meHss 3HaUEHHUS HANPSIKEHUS C MOMOILBIO KHOMOK "+" u YCTaHOBUTh MOKAa3aHMS UH-

nukatopa ¢oroToka "MKA" paBHBIM (. 3aHECTH IMOJyY€HHOE 3HAUEHHUE 3aJICPIKUBAIOIIETO

Hanpspkenus Usz B Tabnuity 2.

[ToBTOPUTH MyHKTHI 1 M 2 1)1 APpyTUX CBETO(PUIBTPOB.

4. Ilo nosy4eHHBIM 3KCIIEPUMEHTAIBHBIM 3HaUeHUSIM U3z paccunTath:

(O8]

a) KHHETHYECKYIO SHEPTHIO ()OTOIIEKTPOHOB: Wg=eUs
b) paboTy BbIX0J1a 3IEKTPOHOB: y _hXx U
C) KpacHyto rpanulty porodddexra: BBIX T T €3
_hx
ABb]X
Tabmmma 2
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WK Aebzx
Ne i/ MKM U; B ’ MKM
+, 3 10_19I[)K 10'19)1)K +max,
c
5. Tlo nmoxy4yeHHBIM JaHHBIM MOCTPOUTH rpaduk 3aBucumoctd Uz orv,rae N =—.
. — DU'; —
6. Hcnonp3ys nosyuyeHHbIM rpaduk, BIMUCIUTH 10 (Gopmyne 7ga = =— W OIICHUTH

e
MOTPEIIHOCTh U3MEPEHUI.
Cooeporcanue omuema.
OtyeT no 1abopaTopHBIM paboTaM JOJKHBI COACPIKATD:
- TUTYJIbHBIN JIUCT;
- TIeJTb pabOTHI;
- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIPE/ICIICHUH, MOHATUH, (popmMyII;
- OCHOBHOE 000py/I0BaHUE, CXeMa YCTaHOBKU;
- OTIMCaHUE IO IMyHKTaM BBIIIOJIHEHHON paboTHI;
- pe3yJbTaThl U3MEPEHUH U pacueToB (TabIuIIbI, TpaduKm ),
- OLICHKA IIOTPEIIHOCTEH;
- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIBI IO PE3YJIbTaTaM BBITIOJIHEHHOW pabOTHI, 1aTa, MOIMHUCH.

Konmponsnwie éonpocbi.

Urto HazwiBaeTcs hoTodpdexkrom? Kakue OpiBaroT Bunbl potodrddexra?

B yem 3akimovarores 3akoHbl poToddhdexra?

Kax cBsi3aHb! 1yiiHa BOJTHBI M YacToTa (poToHA?

Kakast umeHHO 0cO0eHHOCTh (hOTOAPPeKTa HE MOXKET ObITh OOBSICHEHA C TOUKU 3PEHUS BOJI-
HOBOW Teopuu cBeTa’?

3anumute 1 00BSICHUTE yYpaBHEHUE DHHIITEeHHA U1t hoTOddeKTa.

Urto Ha3wIBaeTCs KpacHOU rpanutieil otodddexra u OT 4ero oHa 3aBUCUT?

OT yero 3aBHCUT MaKCUMaJlbHasi KWHETHYECKas SHEPTHsI (POTORIEKTPOHOB?

Hapucyiite 1 00bsicHUTE BOIBTAMIIEPHYIO XapaKTepUCTUKy pororddexTa.

Ha yem ocHOBaH crioco0 omnpeneneHust KpacHo# rpanuiibl porodddexra B JaHHOH padore?

b

00NN

JlabopaTopnas padora Ne 17
Tema padoomui. 1IpoBepka 3axkona MaJjiroca

I]ens pabomur. Oripenienenue UIMHBI TpoOera IeMEeHTapHBIX YacTHUI] B BO3yXe MPHU aTMO-
chepHOM J1aBJICHUH U OMpEeJIeIeHNe MaKCUMAIbHON SHEPruu OeTa-yacTHIl IPU MOMOIIHM METoa
HOTJIOUICHMSL.

Teopemultecmm uacms.

SIBnenue paanoakTuBHOCTH ObLI0 0O0HapyskeHo bekkepenem (1890 r.). On 3ameTu, 4To He-
KOTOpBIE BEILECTBA, COJAEPIKAIIME ypaH, 00Jaal0T 3aMe4aTeIbHOH 0COOEHHOCThIO CAMOIIPOU3-
BOJIbHO, 0€3 BCSKOTO BHEIIHETO BO3JCHCTBUS, M3IydaTh JIy4H, CIIOCOOHBIE MPOXOIUTH CKBO3b
HEIpO3payvHbIe JJI BUAUMOTO CBETa BEIIECTRA.

PajnoakTHBHOE U3jlydeHue ObIBaeT TpexX BUIOB: @ -nyuu, D -nmyun u g -nyun.
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A -JIy4u NPEACTaBIAIOT MIOTOK SAEP IEIUEBbIX aTOMOB, WIH, HHBIMM CJIOBaMH, IIOTOK I'€JIN-
€BbIX MOHOB C 3apsoM +2e.

ToxaecTBEHHOCTh A -JIy4eil ¢ OTOKOM T'eIMEBbIX siiep Obl-

Ja yCTaHOBJIEHA C IIOMOILBIO CJIEIYIOIIETO OIBITA, MPOU3BEICH- 1%
nHoro Comu. ) ) \(

Cocyn A (puc. 1) ¢ IOMOIIBIO TOHKOH CTEKJISHHOM mepero- /. \E/ Nalf
poaku G paznemnsuicst Ha nBe yactu B u C. B wactu B Tlomema- =\ s k.
J10Ch PaJMOAKTUBHOE BEIECTBO F,
nsnyyatomee a -myqu. [leperopoaka G moadOupanack Takou TOJ- [ ] }!‘.5 B
IIMHBI, 4TOOBI @ -JIy4d MOIJIM MPOXOJUTh CKBO3b Hee. Jlpyras
yacTh 3T0ro cocyna C coenunsiach yepe3 kpad K ¢ BakyyMHbIM
HAacOCOM, ¥ B 3TOM 4acCTs CO3/1aBaJIOCh JOCTaTOYHO CWIIBHOE pas-
pexeHue.

B tpy6xe H, coenunennoii ¢ cocyaom C, nomemanucs iBa 3ekrposaa D, E, ¢ momombio ko-
TOPBIX MOXHO OBUIO BBI3BaTh pa3psn B TpyOke H. Bakyywm B cocyne C coznmaBaicst CTONb BBICO-
KW, 4TO IpU NpuiIoxeHuH K D u E pasHOCTH NOTEHIIMAJIOB B HECKOJIBKO COTEH BOJIBT JIEKTPHU-
yecKHil pa3psaa He Bo3HUKaIL. [locne oTkauku cocyn A oTcoenuusics ot Hacoca. CIyCTst HECKOJIb-
KO JHEH, 0JHAKO, IOCIIE MPUIOKEHHUS Pa3HOCTU MOTEHIMaNoB Mex 1y D u E Bo3HuKai anekTpu-
YECKHUU pa3psl, UHTEHCUBHOCTh KOTOPOI'O ¢ TEYEHUEM BPEMEHHU BO3pacTasa.

Cger, ucxoasamuil mpu paspsizae u3 Tpyoku H, Obu1 mpoaHaan3upoBaH ¢ TOMOIIBIO CIIEKTPO-
rpada. Okazanoch, 4TO CIIEKTP 3TOTO U3JIyUYEHHUS B TOYHOCTH COBIAAAET CO CIEKTPOM H3ITyUYCHHUS,
BO3HHKAIOIINM TPH 3JEKTPUUECKOM pa3psijie B ra3000pa3HOM T'eITUH.

B tpyOke H renus e 6bu10, HO ctoa U3 B mpoHukanu @ -4acTuIlbl, H3TydaeMble panoaK-
TUBHBIM TpenapaToM. [I0CKONbKY B pe3ynbTare Takoro MpOHUKHOBEHHs B TpyOke C MOSBUINCH
aTOMBI I'eJINs, TO, CJIEA0BATENbHO, A -YaCTHIIbI U SBJISIOTCS T€IUEM, ITPAB/a, HE AaTOMaMH, a Aapa-
MU renus. Sapa renust (@ -4acTHUIb) 3aXBaThIBAIOT U3 OKpPYXKAlOIIeW cpeibl 2 3JeKTpoHA U
MPEBPAILIAIOTCSA B «HOPMAJIbHBIE» aTOMBI renus. MTak, @ -4acTHUIlbl SBISIOTCS ApaMUd aTOMOB
relusl.

XapakTepHO! BETUYMHON UX SIBJISETCS SHEPrusl. DHEprus @ -4acTHUl] BEeJIUKa — MOopsaKa
HECKOJIBKMX MWJIJIMOHOB 3JIEKTPOHBOJIBT. Pa3iinuHble paJOaKTUBHBIE BEIIECTBA M3JIy4aroT d -
YaCTHUILbI PA3JINYHON SHEPIUH, HO BCE A -YaCTHULIbI, U3TyYEHHbIE TaHHBIM PAIMOAKTUBHBIM BEIlle-
CTBOM, UMEIOT BIIOJIHE ONPEACIEHHYIO SHEPTHUIO.

b -nyun ssnsrorca moTokoM oTpuUIATENBHO 3apAKEHHBIX YACTHIL. 3HAK - (MUHYC) IIpH OYK-

}
N

Puc.1 OnbiT Coaaun

"

e
BE b IMOAYCPKHUBACT, UTO 3THU YaCTHUIIbI HCCYT OTPULATCIIBHBIU 3apsd. OTtHomeHne — JJIA HUX
m

0Ka3aJI0Ch B TOYHOCTH TaKUM K€, KaK U I 3JIEKTPOHOB. b -JIy4H SIBJIAIOTCS B JE€HCTBUTEIBHO-
CTH TTIOTOKOM 3JIEKTPOHOB. OTianuue b -JIy4eil OT OOBIYHBIX KaTOJHBIX JIy4el HEe KaueCTBEHHOE,
a KOJIMYECTBEHHOE. DHEPTHs 3JIEKTPOHOB

b -JIy4yeld 3HAYUTEJIBbHO MPEBOCXOIUT SHEPrUI0 KATOAHBIX JIyded W MUMEET BEJIUYUHY IOpsIKa
MHWJUIMOHA 3JIEKTPOHBOJIBT.

J -11y4, HE OTKIOHSAEMBIE HU MATHUTHBIM, HU YJIEKTPUYCCKUM II0JIEM, HE HECYT JIEKTpUYE-
ckoro 3apsana. I1o csoeii npupone J -nydu aHaIOTUYHBI PEHTIC€HOBBIM JIy4aM, HO OTJIMYAIOTCS OT
HUX OOJIbIIEH BEIHYNHON KBAHTOB.

Kak yxe yka3bIBaloch, paIiOaKTUBHOE U3IyYEHUE MPOU3BOJUT CUIBHOE HOHU3UPYIOILEE U
(hoTOXUMHUECKOE ACHCTBUE U TIO ’TOMY JICUCTBUIO MOXKET OBITh pETUCTPUPYyEMO. Tak KaKk OTAeIb-
HBIC YaCTHIIbI, BXOSIINE B COCTaB PaIMOAKTUBHOTO M3Ty4YeHUs (A -4aCTHIIBI, b -wactuuer, g-
KBaHTHI), 00J1a/1at0T OOJIBIIION SHEPTUEH, MOPSIIKAa MAJUTHOHA JIEKTPOHBOJIBT, TO MPEACTABIISCTCS
BO3MOYKHOCTh HaOIIOJaTh U PETHCTPUPOBATH HE TOBKO PAJMOAKTHBHOE U3ITyYCHHE B 1IEJIOM, HO
Y OTAEJIbHBIE YaCTHULIbI, BXOASUIME B COCTAB ATOTO MU3JIYyUYCHHS.
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Haubosee yacto /i perucTpaiuy U HaOIIOACHUS OTAEIBHBIX OBICTPBIX YAaCTHUI] IPUMEHS-
10T TPU METOJ1a:

a) Kamepa Bunbcona. B rmase VI Obu1 yKa3aH NpUHIMI JeicTBUS KaMepbl BuibcoHna u mo-
ka3anbl (potorpaduu myter a -dactuil. Kamepa Bunbcona nmpurogHa u yist HaOJIIOACHUS Ty-TeH
b -wactun. 3naunTensHOe ycoBepmencTBOBaHME B METOZ KaMephl BuibcoHa 66110 BHECEHO [,

B. Cxo0enpbIHbIM.
CkoOebIIbIH TTOMECTHI KaMepy BuiibcoHa B MarHuUTHOE Iojie. MarHUTHOE TI0Jie UCKPHB-

nstet Tpaextopuio D -uactum. B cnmydae, xorma D -wacTuia memxercs mepneHmuKynspHO CHITO-
BBIM JIMHUSIM OJTHOPOJAHOTO MAarHUTHOTO HOJIS, €€ TPAEKTOPUEH SIBIIAETCS OKPYKHOCTh paJNy-Cca

R =ncu
eH

r7ie U - CKOPOCTh YaCTHUIlbl, H - HAPSHYKEHHOCTh MAarHUTHOTO TOJIA, e - 3apsijl AJIEKTPOHA, ¢ - CKO-
pocTh cBeTa. B kamepe BuibcoHa, mOMeneHHOW B MarHUTHOM TOJIE, TPEKU 3JIEKTPOHOB Mpe-
CTaBJISIFOT YacTH OKpY>XKHOCTeH. [lo BenmumHe paamyca 3TOW OKPYKHOCTH MOKHO OTIPEICIIUTH
CKOPOCTbH JIEKTPOHA.

0) Cueruuk [eitrepa-Mromiepa. CyliecTBYIOT JIBa BApUaHTa CUETUYUKOB: CUETUUK C OCTPH-
eM (cueruunk ['efirepa) u cyeT4ynK ¢ HUTHIO (cueTurK I eiirepa-Mrosiepa).

Cueruuk ¢ HUTHIO (puc.2) npeacrasisieT HUIUHAP C, MO OCH KOTOPOTO HATsAHYTa HUTH AB -
TOHKasi MeTaJ/In4yeckasi MpoBoJIoka. HUTh B 3IIEKTPUUYECKOM OTHOILIEHUHU U30JHUPYETCA OT KOp-
nyca cuetynka C. CY4eTUMK HAMIOJIHSIOT Ta30M MPU HEOOJIBIIIOM JaBICHHUHU.

o

P

N
A YOUN RN

Puc.2 Cxema ycTpoicTBa cHETUMKA
”k lerrepa-Mionnepa

5

ii—

Mex 1y HUTBIO U IMIMHIPUYECKUM KOPITyCOM CUeTUHKa ¢ ToMollbio Oatapeu E wnu crenu-
AJIBHOT'O BBINPSMUTENBHOIO YCTPOUCTBA CO3AAIOT DJICKTPUYECKOE I10JIE

Takoro HanpsKeHUs, IPU KOTOPOM B CUETYUKE MOXKET pa3BUBAThCS KOPOHHBIN paspsia. Ko-
POHHBIN pa3psii HAYHET Pa3BUBATHCS, €CIIU B IIPOCTPAHCTBE MEXKIAY HUTBIO U KOPILyCOM OKaKyT-
csl 3apsbKeHHbIEe yacTULbL. [103TOMY KOPOHHBIH pa3psj BOSHUKAET B CYETUMKE BCAKUH pa3, Koraa
B HEro IIPOHUKHET HOHM3MPYIOIIAs YaCTHIA-3IEKTPOH WM A -yacTuna. Takas 4acTHI, JBHUTa-
ACh BHYTPU CUETYMKA, IPOM3BOJAUT MOHMU3ALMIO Ia3a, BCIECICTBUE YETO0 U BO3HUKAET KOPOHHBIN
paspaxn. IlocienoBaTenbHO ¢ HUTBIO CUETYMKA MOAKIIOYAECTCS CONPOTUBIICHUE R, BenuunHy Ko-
TOPOT0 MOAOUPAIOT TAK, YTOOBI TP Pa3BUTHHM KOPOHHOI'O pa3psiia Ha 3TOM CONPOTUBJICHUHU BO3-
HUKAJIO0 JOCTaTOYHOE MaJCHUE NMOTCHIMANA. ECu 5T0 maseHne noTeHnuana OKaXxeTcs J10CTaTou-
HBIM (OKOJIO COTHH BOJIbT), TO BOHUKIIHMH B CYUETYMKE KOPOHHBII pa3psl mpepBeTcs.

IIo Bo3HuMKIIEMY B cyeTuMKe I'elirepa UMITyJIbCy TOKA U CYIAT O TOM, YTO 4Yepe3 CUETUUK
IIPOLLIA HOHU3UPYIOIIAsl YacTula. Hamia mpoMBIIIIIEHHOCT BBIMYCKAET TaK Ha3bIBA€MbIC yCTa-
HOBKH Tuna «by, cogepxanie anmapaTtypy, HEOOXOJUMYIO JJIsl TUTAaHUS CYETYNKOB, YCUIUTENb,
C IIOMOUIBIO KOTOPOTO UMITYJIbC TOKA B CUETYMKE YCHIMBAETCS O TaKOW BEJIMYMHBI, YTO IIPUBO-
JUT B JICHCTBHE pejie HymMepaTopa, MPeJIHa3HAa4eHHOr0 I OTCYETa YMCJIa BO3HMKIIUX B CYET-
yuke ['elirepa umnyibcoB. [ Toro uto6sl cuetuuk I'eiirepa «cpa®otam», HOHU3UPYOLIAS Yya-
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CTHULIA JOJKHA MPOHUKHYTh BHYTPb €r0 - IPOUTH Yepe3 CTEHKH. Eciau u3iydeHue morjiomaercs
CTEHKAMH CUETYMKA, TO MPUMEHSIOT JIJIsl PETUCTPAIIUU TAKWX YACTHUIL JTMOO OUE€Hb TOHKHUE CTEHKH,
1100 crenranbHble TOHKHE OKOIIKH.

B Top1ieBbIX cueTUMKax HUTh 3aMEHseTC UTiior A. B mepeaHel CTeHKe CUeTUHKa JIETaeTCst
otBepcTHe B, 3akpbiBaeMoe (hoabroi Hy>KHOW TOJIIIUHEI (puc. 3).

Cuerunku I'elirepa NPpUMEHSIOTCS U JUIs c4eTa J -KBAaHTOB, { -KBAaHTHI BBI3BIBAIOT B CTEH-

Kax cueTuuka (hotodnekTpudeckuii 3pdext i koMnToH-3¢dexr. BoipBaHHbIE U3 CTEHOK CYET-
ynKka (GOTO- U KOMOTOH-3JIEKTPOHBI M BO30YKIAIOT pa3psi/i B CYETUUKE.

|||||||£——|

{ A]J

K ACKITYPOMETITY
L YLRUTRENO

Puc.3 Cxema TopiieBOro cueTyuka.

B) Metop TosncToCIORHON (hOTOIIIACTUHKUA. METOJT TOICTOCTOWHBIX (POTOIUTACTUHOK OBLI
pa3pabotan MbicoBckuM M JKaHOBBIM. VIMM M3TrOTOBJISUIUCH ClielMaibHble (OTOIIACTUHKU C
yTONIICHHBIM ciioeM (otodmynbeun (50—300 MK).A -4acTHIbI IPU JIBHKEHUH B TAKOM CIIOE
BBI3BIBAIOT pa3Jio;keHue OPOMUCTOr0 cepedpa TOIbKO B TEX 3€pHaX, Yepe3 KOTOPbIE OHU MPOLLIH.
[Tocne nposiBiieHUs TaKOW MJIACTUHKU B HEH BO3ZHUKAIOT «JOPOXKKW» M3 OCaJMBILIErocs cepedpa,
XOpOo1LI0 BUANMBIE B MUKpocKorie. Kaxknas Takast JOpoxKa npeacTaBisieT coO00H ciesl IBUraBuieii-
cst yactuuipl. [1o BennumHe npobera @ -4acTHIIBI MOXKHO ONPEAETUTDh €€ SHEPTHIO.

Toncrocnoiineie (HOTOIUIACTHHKY MPHUTOIHBI U PETUCTPAIIMM HE TOJBKO A -Tydeild, HO U
JPYTUX CUJIbHO MOHMU3MPYIOIIMX YACTHI] - IPOTOHOB, IEUTPOHOB. B HacTosdIee BpeMsi U3rOTOB-
JSIOTCS M Takue (POTOIUIACTUHKH, B KOTOPBIX MOYKHO OOHAapy’>KMBaTh CJEJbl YAaCTHIl HE CTOJb
CHJIBHO MOHU3HPYIOIINX, B YACTHOCTH, 3JIEKTPOHOB OO0JIBILION SHEPTUN.

Oobopyoosanue u mamepuaol.

B pabote ucnonn3yercs TopuoBsiii cuetunk [eiirepa-Mrosiepa. MccneayeMslii paanoak-
TUBHBI UCTOYHUK B F€PMETUYECKOM Karcyse pasMelleH Ha Jiep)Karese, CBOOOAHO mepeMela-
IOLIEMCS 110 CKaMb€ OTHOCHUTEIBHO cueTuMKa. [l u3MEepeHns: pacCTOSIHUS MEX]ly CUETYUKOM U
00pa3loM Ha cKaMbe YCTaHOBJIEHA U3MEpUTENbHAs JIMHEHKa, a Ha JAeprkaresie o0Opa3lia HaHeCeHa
pucka. [lornorurenem GeTa-4acTHIl SIBJISETCS HAOOP TOHKUX ATIOMHHUEBBIX TUIACTHH, TOMEIICH-
HBIX Ha CIIEHUAIbHOM JAepxkarene. TomuHa Kaxk101 JIaCTUHBI yKa3aHa Ha KOJIbILIE IEPKaTENs.

Ykazanus no mexnuke 6ezonacnocmu.
1. K BeImonHeHuto 1a60paTOPHBIX PA0OT OMYCKAIOTCS CTYACHTHI, H3yYHBILINE ITPABHIIA TEX-
HUKU O€30MacCHOCTH.
2. JlaGopaTopHbie pabOTHI MOTYT IPOBOJAUTHCS TOJIBKO MO/ PYKOBOJICTBOM M HAOIIOACHHEM
IpernoaaBaTers.

3. Pacnomnaraiire npubopsl, MaTepuaibl, 000pyI0BaHHE HA padOYeM MECTE B MOPSIKE, YKa-

3aHHOM IIPEIoIaBaTeIeM.

4. He nepxure Ha paboOYeM CTOJIC MIPEAMETHI, HE TPEOYIOIIUECs AJIs BHITIOTHCHHS 3a/IaHUS.
[lepen Tem, Kak IPUCTYNHUTh K pabOTe TIIATENBHO M3Y4YHTE €€ OMUCAHUE, YSICHUTE X0
BBITIOJTHCHHST PAOOTHI.

3adanuas.

1. BkimtounTh puOOpHI YCTAHOBKHU M JaTh UM MPOTpeThes B Teuenue 10 MuH.

2. YCTaHOBUTH Ha CUETYHKE pabouee HAMPSHKEHUE U ONPEAeNIUTh «(POH» cueTUHKa.

3. IToMecCTHTh B «IOMUK» HCCIIEyEeMbIi HCTOYHUK O€Ta-U3Ty4CHUS U ONPEACTUTh Hauallb-

HYI0 MHTEHCUBHOCTb 0€Ta-U3JIy4eHUS [IPU OTCYTCTBUU MOTJIOTUTEIIS.

e
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4. Vcnionp3ysi HA0Op AJIFOMUHHUEBBIX TUIACTHH, CHATH 3aBUCHMMOCTh MHTCHCUBHOCTH OeTa-
M3ITyYeHUs. OT TONMIIUHBI d moraotutens. [IocTpouTh Mo moayYeHHBIM JAHHBIM KPHUBYIO MOTIIO-
IIEHUS.

5. B memax 0oJiee TOYHOrO OonpeaAcCICHUA MAaKCUMAJIbHOTO Hp06er a R maxe IKCTPAIIOTIAITHAIO

HEOOXOMMO MTPOM3BECTH MO rpapuKy KPUBOU MOTJIONICHHS (110 OCH OPAMHAT OTKJIAIbIBAIOT 3HA-
yenwus In/, a mo ocu aberucce — d).

6. Ucnons3ys Gopmyiy (8) u HaiileHHOE ITyTeM SKCTpanonsauuy 3Hauenue K,,,.., onpese-

JMThH BEJIMYMHY MaKCUMAJIbHOM SHeprun OeTa-4yacTHIl.

7. OLleHUTh NOTPEIIHOCTh PE3YIbTATOB.

CHsiTHE 3aBUCMMOCTH MHTEHCHUBHOCTH 3J1eMEHTAPHBIX YaCTHL OT PACCTOSTHUSA 10 HC-

TOYHUKA U3JTyYeHHs

1. BK/I1o4NTh YCTaHOBKY B CETh YCTAaHOBUTH BpeMs peructpauuu 10 cekyHa.

3. YcTaHOBUTH HauajabHOE pacCcTOsIHUE R Mex 1y CHMHTUIUIALIMOHHBIM 3KPaHOM H IIpernapa-
TOM, COOTBETCTBYIOIIIEE HYJIEBON TOUKE ILIKAJIBI.

4. Wcnonb3ysl yCTaHOBKY, OMpPENEIUTh UHTEHCUBHOCTh | dJeMEeHTapHBIX YacTHIl AJisl Ha-
4aJlbHOTO paccrosiHus R.

5. YBenuuuTh paccTOsTHUE MEXKIY 3KPAaHOM M mpenapaTtom Ha 0,5 cM ¥ HOBTOPUTH U3MEpe-
HUSI UHTCHCUBHOCTH.

6. [Iponomxkas yBennuuath pacctossHus R yepes 0,5 cMm, IOBTOPSTh U3MEPEHUSI MHTEHCHB-
HOCTH 3JIEMEHTapHBIX YaCTHII IO BCEH UIMHE TUHEWKH pudopa.

7. Ilo mosry4eHHBIM JaHHBIM HOCTPOuTh rpaduk 3aBucumoctu I = f (R) u onpenenuts cpen-
Hult ipober Ry, skcTpanonupoBanHsbiii R, u mapamerp pasopoca s.

8. Ilponuddepenunporas rpaduuecku nomyueHnyro kpusyto I = f (R) onpenenuts cpen-

Huil npober Ry kak alcipccy MakcuMyMa KpUBOM: Z_II{ =y (R)

9. OLICHUTH MOTPEITHOCTH PE3YIHTATOB.
Cooepocanue omuema.
OtueT no 1abopaTOpHBIM paboTaM JOJIKHBI COIEPIKATD:
- TUTYJIbHBIN JTUCT;
- TIeJTb pabOTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OTIPEICTICHUH, TOHITHIA, (HOpMYIT;

95



- OCHOBHOE 000pYy/I0BaHUE, CXeMa YCTAaHOBKU;

- ONMCaHMeE M0 MyHKTaM BBITIOJTHEHHON padoThI;

- pe3ynbTaThl W3MEpPEHUH U pacuyeToB (TaOuuilbl, rpaduKn);

- OLIEHKA MOTPENTHOCTEN;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJFBI 110 pe3ynLTaTaM BLIHOJ'IHCHHOﬁ pa6OTBI, Jara, IIOAIIUCH.

Konmponwvnwvie gonpocoi.

UTto Takoe paAoaKTUBHOCTH? BUIbI paliOaKTUBHOTO U3TyUEHHUS.

dusnveckas npuposa a -, b - u g- uznyuenmii.

Meroasl perucTpaluy paaguOaKTUBHBIX H3JTyYEHUH.

Omnucatp paboty cuerunka [ erirepa-Mromepa.

CdhopmynupoBaTh MpaBuia paInoaKTUBHOTO U3ITyYCHHUS.

3anucath GhopMyIly paaroakTUBHOTO pacnana. [louemy kimaccuyeckuit Mmetos He 00Bsic-
HsIET IpUpoay a -pacmaja’?

Ornucatp A -pacra/i ¢ TO3UIUH KBAHTOBOM MEXaHUKH.

Ommucars b -pacnaz ¢ mo3uiuii KBAaHTOBON MEXaHUKH.

SNk L

o N

9. B uem 3akirodaercs METOJl ONpeAeSIeHUs JJIMHBI CBOOOJHOTO Mpodera 31eMeHTapHo! Yya-
CTHUIIbI B TaHHOU paboTe?

10. 3anucats popmyny [eiirepa.

11. B uem 3akirodaeTcst METO/1 ONPEAETICHUs SHEPIUU 3IEMEHTAPHBIX YacTULl (METO/ MOrJI0-
IeHus)?

5. Yueono-memoouueckoe u ungpopmayuonnoe obecneuenue oucyuniunbl

5.1 Ilepeuenv ocno6HOIl U OONOTHUMENLHOU TUMEPAMYPL, HEOOXOOUMOU 011 0CBOe-
HUA OUCUUNIUHDL
5.1.2 Ilepeuensv ocnosnoii numepamypol:

1. dusuka 715 By30B: MEXaHHUKA U MOJIEKYJIsipHas pu3uka [DNeKTpOHHBIN pecypc]: yueo-
HUK / B.A. Hukepos. - Mocksa : M3natenscko-toproBas kopnopauus «amkos u K°», 2017. -
136 c. : Ta01., rpad., CXEM. - ISBN 978-5-394-00691-3;-URL:
http://biblioclub.ru/index.php?page=book&id=450772

2. TamueikoBa-bymkesnu, M1.W. ®usnka : B 2 4. / M.W. TamusikoBa-bymkesud. — 2-¢
u31., uctp. — MuHck : Beiitmas mkona, 2014, — Y. 1. Mexanuka. MosekyispHas ¢usnka u
TEPMOJMHAMUKA. DIEKTPUUYECTBO U MarHeTu3M. — 304 c. : wi., cxeM. — Pexxum octyna: mo noj-
nucke. — URL: http://biblioclub.ru/index.php?page=book&id=235732

3. TamsikoBa-bymkesuu, U.1. ®usuka : B 2 4. / U.W. TamsikoBa-bymkesnu. — 2-¢
u31., ucnp. — MuHck : Beiniimas mkona, 2014. — Y. 2. Ontuka. KBantoBas ¢usuka. CtpoeHue
U (pU3HYECKre CBOMCTBA BemecTBa. — 232 ¢. @ Wi., CXeM., Ta0. — Pexum JocTyma: 1mo nommcke.
— URL: http://biblioclub.ru/index.php?page=book&id=460883

5.1.3 Ilepeuenv oononnumenvHoil 1umepamypol:

1. Jlexuu o yueOHOM aucuumiuHe «OCHOBBI TEOPETUUYECKON (PU3MKN». DIEKTpOIUHA-
MUKa. [DneKTpoHHBIN pecypc] : yueOHnoe nocodue / E.W. Kyxapb. — D1eKTpOH. TEKCTOBBIE 1aH-
Hble. — Bourorpaa: Boarorpaackuil rocy1apCTBEHHBIN COLMAIBHO-IIEJarOTUYECKUNA YHUBEPCH-
tet, 2017. — 57 ¢. — 2227-8397. — Pexum nocryna: http://www.iprbookshop.ru/70731.html
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http://biblioclub.ru/index.php?page=book&id=460883
http://www.iprbookshop.ru/70731.html

2. Hukepos, B.A. ®u3uka: coBpemenHslii kypc / B.A. Hukepos. — 2-e nza. — Mocksa : U3-
JaTenbCKO-Toproeas kopnopauus «lamkosB u K°», 2016. — 452 c. : un. — Pexxum noctyna: no
nonmnucke. — URL: http://biblioclub.ru/index.php?page=book&id=453287.

5.2 Ilepeuens yueono-memoouueckozo odecneueHus camocmoameibHou padoomot 00y-
yauuxca no OUCYUNIUHe

1. Meroauyeckne peKOMEHJAaluU ISl HOATOTOBKHU K MPAKTUYECKUM 3aHATHUSAM I10 AUCIH-
uHe «Dus3ukay.

2. MeTtoauueckue peKOMEHAAlNH AJIsl TOATOTOBKH K JIAOOPATOPHBIM 3aHATUSAM IO JTUCITH-
mmHe «Pus3ukay.

3. Meronuyeckue peKOMEHIAIIUHU M0 OPTaHU3alUNA CAaMOCTOATEIBHON PabOThl CTYA€HTOB
1o AucuuIuinHe «duznkay.

5.3 Ilepeuens pecypcoeé ungpopmayuonno-menekommynukayuonnoi cemu Humepnem,
Heo0X00UMBIX 07151 0C60CHUA OUCUUNIUHDL

1. http://www.biblioclub.ru -OBC "YHusepcurerckas OubImoTeka oHIaiH"

2. http://www.iprbookshop.ru/ - DnekTponno- oubnuoreunas cucrema IPRbooks
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MMHUCTEPCTBO HAVKH U BBICIIIET'O OEPA30BAHMS POCCUMCKOU ®EJEPALINN
OEJIEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE YUYPEX/IE-
HUE BBICIIEI'O OBPA3OBAHUA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbLHBI YHUBEPCUTET»

[Tarturopckuit unctutyt (pumman) CKOY

MeToauyecKkue peKOMeH/Iauu

110 OPraHU3alud CAMOCTOSTEIHFHOM PaOOTHI 0O0YJAFOITUXCSI
no aucuuminae «OPU3NKA»
JUISL CTYJIEHTOB HAIpaBJICHUS MMOATOTOBKH
10.03.01 Mudopmarmonnas 6e30macHOCTh, be30mMacHOCTh KOMITBIOTEPHBIX CUCTEM

[Taturopck 2025
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Conepxanue

Bsenenue

OO01mas xapakTeprucTUKa CaMOCTOSTEIbHONU paboThl 00y4aroIIerocs npu u3yde-
Hun gucuuiminael « DU3UKA»

[Tnan-rpaduk BHIMOHEHUS CAMOCTOSTEIIEHON paOOThI

KoHTposibHBIE TOUKH ¥ BUABI OTYETHOCTH IO HUM

MeTtoanueckue peKOMEHAAMH 110 U3YUYEHUIO0 TEOPETHUECKOTO

Marepuana

Cnucok peKOMEHyeMOH JINTEPATypBhI.
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BBenenue

CamocrosiTenpHas paboTa — TIaHUpyeMasi ydeOHas, yueOHO-uccae0BaTeNIbCKas, Hayd-
HO-HCCIIeIoBaTeNbCcKasi paboTa CTy/I€HTOB, BHIMOIHsIEMasi BO BHEAYIUTOPHOE (ayAUTOPHOE) Bpe-
M IO 33JJaHUIO U ITPU METOUYECKOM PYKOBOJICTBE IpernoiaBaTess, Ho 6e3 ero HemocpeACTBEeH-
HOTO y4acTHsl (IIPH 4YaCTUYHOM HETIOCPEICTBEHHOM YUACTHH MPETOAaBaTENs, OCTABISIONIEM Be-
TYIIYIO POJIb 32 paOOTOM CTYACHTOB).

CamocrosiTenbHas padora ctyaeHToB B BY3e sBiisieTcst BaXKHBIM BUIOM YU4E€OHOU U HAyY-
HOM JIeATEIbHOCTU CTY/ICHTA.

Benymas uens opranuszauuu u ocymectsienus CPC nomxHa coBnajaTh C LEIbI0 00yde-
HUS CTYyJICHTa — ITOATOTOBKOM OakanaBpa ¢ BeIcIM oOpa3oBanueM. [Ipu opranuzamum CPC Bax-
HBIM 1 HEOOXOAMMBIM YCIIOBUEM CTAaHOBSTCS (POPMUPOBAHUE YMEHUSI CAMOCTOSITEILHON PabOThI
JUTSE TIPUOOpETEHHsI 3HAHWN, HABBIKOB U BO3MOXKHOCTU OpraHM3allvy y4eOHOM U HaydHOU aes-
TEIbHOCTH.

Lenbto camocTosITENEHOM pabOThl CTYJIEHTOB SIBJIIETCS OBJIaJieHUE (YHIaMEHTAIbHBIMU
3HAHUAMH, TPOPECCUOHATHHBIMA YMEHUSMU U HABbIKAMU JIEATEIBHOCTH 0 MPOQUIIIO, OMBITOM
TBOPYECKOH, UCCIIEI0BATENILCKOM JiesiTenbHOCTH. CaMocTosTeNnbHast paboTa CTYJJeHTOB CIIOCO0-
CTBYET Pa3BUTHIO CaMOCTOSITEIILHOCTH, OTBETCTBEHHOCTH M OPTraHM30BAaHHOCTH, TBOPYECKOTO

N0JIX0/1a K PEeLICHHIO Mpo0JeM Y4eOHOT0 U MPOPEeCCHOHANBHOIO YPOBHS.
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O0mas xapakTepucTHKA CaMOCTOSATEIbHOI PadoThl 00y4Yaomerocsi Npu U3y4eHuH

JUCHUILINHBI «DU3UKA)»

CamocrosrenbHas paboTa - IIaHupyemas yueOHas, yueOHo-UCcle10BaTeIbCKasi, Hay4HO-
UcclieoBaTeNbCcKasi paboTa CTYAEHTOB, BBHIMOIHAEMAs BO BHEAyAUTOPHOE (ayAUTOPHOE) BpeMs
10 3a/1aHUI0 U IIPU METOJIMYECKOM PYKOBOJICTBE MPENOIaBaTeNsl, HO 0€3 ero HemoCPEeACTBEHHOTO
y4dacTus (MpU YaCTUYHOM HETIOCPEICTBEHHOM yUaCTUH MPENOJaBaTeNsl, OCTABISAIONIEM BEAYIIYIO
poJIb 3a pabOTOM CTYJCHTOB).

CamocrosrenbHas paboTta cTyieHToB B BY3e sBnsieTcs BaKHBIM BUIOM Y4eOHOM U Hayy-
HOU JIesATeNbHOCTH cTyAeHTa. CaMocTosITenbHas paboTa CTYACHTOB UTPAET 3HAUYUTEIBHYIO POJIb
B PEUTHHIOBOM TeXHOJIOTUU 00yueHus. B cBs3u ¢ aTum, oOyuenue B BY3e Bkitouaer B cedst 1Be,
NPaKTUYECKU OJUHAKOBBIE 10 00bEMY U B3aUMOBJIMSHUIO YaCTH — IIpoliecca 00y4YeHUs 1 Ipoliec-
ca camooOydenus. Iloatomy CPC nomkHa crath 3QQeKTUBHON M LieJIeHarpaBIeHHON paboTon
CTYJEHTA.

K coBpemenHoMy cnienuaiucTy oOIIECTBO MPEIbABISET JOCTATOYHO IIUPOKUNA epeUYeHb
TpeOOBaHUl, cpein KOTOPbIX HEMAJIOBa)XKHOE 3HAUCHHE MMEET HAJIM4Yue y BBIIYCKHHUKOB OIpe-
JIeNICHHBIX CIOCOOHOCTEHN M YMEHHS CaMOCTOATENBHO J10OBIBATh 3HAHUS U3 PA3IMUHBIX HCTOYHU-
KOB, CUCTEMaTH3HPOBATh MOJyYEHHYIO0 HH(POPMAINIO, 1aBaTh OI[EHKY KOHKPETHOH (PMHAHCOBOU
cutyauuu. GopmMupoBaHHE TaKOro yMEHHS MPOMCXOAUT B TEUEHHME BCETO Nepuoja oOyueHus
Yyepe3 ydyacTHe CTYJICHTOB B IPAKTHUYECKUX 3aHATUSX, BBINIOJIHEHUE KOHTPOJIBHBIX 3aJJaHUl U Te-
CTOB, HaIlUCaHHWE KYpPCOBBIX U BBIIYCKHBIX KBATH(UKALMOHHBIX paboT. IIpu 3ToM camocTosTensb-
Hast paboTa CTYZEHTOB UIPAET PEIIAIONIYIO POJIb B X0JIE€ BCETO yU4eOHOT0 Mpoliecca.

Benymas uens opranuszanuu u ocyuectsienus CPC nomxkHa coBnajaTh C LENbi0 00yde-
HUSI CTYJI€HTa — IOJATrOTOBKOM crernuaiucTa U 0akanaBpa ¢ BbICIIUM oOpa3zoBaHueM. [Ipu opra-
Hu3aiu CPC BaXHBIM M HEOOXOJUMBIM YCIOBHEM CTAHOBSTCS (POPMHUPOBAHUE YMEHMS CaMo-
CTOSITENIbHOU paboThI AJIst PUOOPETEHUs 3HAHUM, HABBIKOB M BO3MOXKHOCTH OPTaHU3aLUU yueo-
HOM Y HAYYHOU EATEIBHOCTH.

DopMBI CaMOCTOATEILHON pabOThI CTYACHTOB pa3HOOOpa3Hbl. B cooTBeTCTBUM € paboyei
IpOrpaMMOM JUCIUILIMHBI IPEIYCMOTPEHBI CIEAYIOIINE BUbl CAMOCTOATENBHOM paboThl CTY-
JIEHTa:

- CaMOCTOSTEIbHOE U3YUEHHUE JIUTEPATYPhl;

- CaMOCTOATENIBHOE PELICHHE 3a/au.

Llenv camocmoamenvro2o uzyuenus numepanmypsvt — CAaMOCTOSITENILHOE OBJIAICHUE 3HA-
HUSIMU, OIIBITOM HCCJIEOBATEIbCKOM 1€ATEIbHOCTH.

3aoauamu caMOCTOSITEILHOTO U3YUYEHUS JINTEPATYPHI SIBISIFOTCSL:
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o yri1yOJieHHe U pacIiipeHne TEOPEeTHUECKUX 3HAHUH;

. (dbopMHpOBaHHE YMEHUI HCIOJIB30BaTh HOPMATHBHYIO, NPABOBYIO, CIIPABOYHYIO
JOKYMEHTAITUIO M CIICIHATIBHYIO JINTEPATYPY;

. pa3BUTHE MTO3HABATENIBHBIX CIIOCOOHOCTENW U AKTUBHOCTH CTYACHTOB.

Ileny camocmoamenvnozo peuwtenus 3adau - oBnajieHue NpopecCUOHATBLHBIMI YMEHUSI-
MU ¥ HaBBIKAMH JICSATEILHOCTH 10 MPOQIITIO Oy IyIel AesITeTbHOCTH.

3aoauamu camOCTOSITENILHOTO PEICHUS 3a/1a4 SIBJISIFOTCSI:

. cUCTeMaTH3alys U 3aKpeIuIeHUe MOJYyYEHHbIX TEOPEeTHUECKUX 3HAHUM U MPaKTH-
YEeCKUX YMEHUH CTYAEHTOB;

o (dbopMHpOBaHKE CAMOCTOSTETLHOCTH MBILIUICHHSI, CIOCOOHOCTEH K CAMOPa3BHUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CAMOpPEAIN3alliu;

. pa3BUTHE UCCIIEAOBATENBCKUX YMEHUH.

Llenvio camocmoamenvho20 6bINONHEHUA paCUemHo-2paguueckoil padbomol 110 IUCLU-
IUTMHE SIBJISETCS OBNa/IeHUE (PyHAAMEHTAIbHBIMU 3HAHUSIMU, TPOPECCUOHATBHBIMU YMEHUSIMU U
HaBbIKAMU JESATEIILHOCTH 1O MPOQUIIIO0, ONBITOM TBOPYECKOW, MCCIIEI0BATENbCKON JIEATEIbHO-
CTH.

3adauamu naHHOTO BUA CAMOCTOATEIBHOM PabOThI CTYICHTA SBISIFOTCA:

o CHCTEMaTH3alus M 3aKpeIUIeHNe MOJYyYCHHBIX TEOPETHUECKUX 3HAHUHM U MPaKTH-
YECKHX YMEHHH CTYJICHTOB,;

. yri1yOJieHHe U pacIliupeHne TeOPEeTHUECKUX 3HAHUM;

. ¢dbopMHpOBaHHE YMEHHUH MCIOIB30BaTh HOPMATHUBHYIO, NPABOBYIO, CIIPABOYHYIO
JOKYMEHTAIUIO U CIIEIHATIBHYIO JIUTEPATYPY;

o pa3BUTHE TO3HABATEIFHBIX CIIOCOOHOCTEH M aKTUBHOCTH CTYACHTOB: TBOPYECKOM
MHHUIIMATHBBI, CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH M OPraHU30BaHHOCTH;

. (bopMHpOBaHKE CAMOCTOSTEILHOCTH MBILUIEHHSI, CHOCOOHOCTEH K CaMOPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CaMOpPEaTH3aluH;

o pa3BUTHE UCCIIEN0BATEIBCKUX YMEHU;

. UCIIOJIb30BaHUE MaTepuana, COOPaHHOIO U MOIY4YEHHOIO B XOJE€ CaMOCTOSTEIb-
HBIX 3aHATUN HAa CEMUHApax, Ha IPAKTUYECKUX U JJaOOPAaTOPHBIX 3aHATHUAX, IPU HAIUCAHUU Kyp-

COBOM PabOTEHI.
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B pe3ynbTare 0cBOCHMS JUCHUIUIMHBI (POPMUPYIOTCS CIEAYIOMINI MepeueHb IIaHupye-

MBIX PE3YyJIbTAaTOB O6y‘-I€HI/I$I o JUCHHMIIIIMHE, COOTHECEHHBIX C IJIAaHUPYEMBIMU PE3YyJIbTaTaMU

OCBOEHUS1 00pa30BaTeNIbHOMN MPOrpaMMBbl:

Kona, dopmynupoBka komme-

Kon, dopmynupoBka unam-

[Tnanupyemblie pe3ysibTaThl
00y4YeHHUS TT0 TUCITUTUIHHE
(MomymI0), XapaKTepu3yIo-

TEHIUU KaTopa
IIMe ATarbl HOPMUPOBAHHS
KOMIIETEHIIMI, HHINKATOPOB
3HaeT OCHOBHEIC (PU3HYECKHUE
N-1onks 3Hath: (usmue- b

OIIK-4 CrniocobeH mpUMEeHSTh
Heo0XoAuMBbIe (PU3NIECKHE
3aKOHBI U MOJIENH JUIS perie-
HUS 337124 TPO(eCCHOHATEHON
JEATeIHOCTH

CKHe€ 3aKOHBI ¥ MOJIEJIH, HEOO-
XOJUMBIC TIPU PEIICHUH 3a/1a4
B TpodeccCHOHaTbHON Jesi-
TETHHOCTH

UI-2 onka YMeTh: mpume-
HATh HEOOXOoauMmble (u3mue-
CKH€ 3aKOHBl U MOJIENH IS
pemieHus 3amad mpodeccuo-
HaJILHOU NIEITEIbHOCTH

NI-3 onk.s Bmagers: HaBbI-
KaMu MOJEJIHUPOBAHUS  JJIA
pernieHus 3a1a4d B mpodeccuo-
HaJIbHOM JIeATEIIHLHOCTH.

SIBJICHUS Y 3aKOHBI MEXaHUKH,
ANEKTPOTEXHUKHU, TEIIIOTEX-
HUKH, ONTHUKH U SAEPHON Pu-
3UKH U UX MaTeMaTHYeCKOe
OIMCAaHUE.

YMmeeT npuMeHsITh pusnde-
CKH€ 3aKOHBI MEXaHUKHU, MO-
JEeKyJIpHOU (PU3HUKH, TEPMO-
JUHAMMKH, dJIEKTPUUECTBA U
Mar"eTusma Jyisi perieHus
THUIOBBIX 3a/1a4.

Biageer MmeTomaMu aHanmza
(bu3nYeCKUX SIBICHUH B TeX-
HUYECKUX YCTPOICTBaX U CH-
CTEMax.
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IInan-rpadguk BBINOJIHEHHS CAMOCTOSATEJIBLHOM PadoThI

O06beM yacoB, B TOM YHUCIIE
Konpl peanuszy-
Cpenctsa u KonrakThas
€MBIX KOMITE- Bun nesrensHOCTH
. TEXHOJIOTHH pabota ¢
TEeHIIUH, UHIU- CTYJEHTOB CPC Bcero
OIICHKU Tpeno/iaBa-
Karopa(oB)
TeleM
Ounas ¢gopma o06yueHnus, 1 cemecTp
CamocrosiTensHOE CoBeceroBa-
W3y4YEHUE JTUTEPATYPBI A 3,24 0,36 3,6
OIIK-1 HHE

1o TeMam Nel-18
- lonk-t IMoaroroBka K nekiu- | CobecemoBa-
NI-2 onx.1 3,24 0,36 3,6
V-3 omey M HUE

[Toarorosxka k y1a6o- CobecenoBa- 9,72 1,08 10,8

PATOPHBIM 3aHSATHUSIM HUE

Hroro 3a 1 cemecTp: 16,2 1,8 18
HTroro: 16,2 1,8 18

MeToanyeckue peKOMEHIAUMH M0 H3YYEeHHIO TeOPeTHYeCKOro MaTepuasa

CamocrosrenbHas padoTa CTy/IeHTa HAUMHACTCS C BHUMATEIBHOTO O3HAKOMJICHHS C CO-
JepKaHueM y4eOHOTO Kypca.

N3yyenne kaxaoil TemMbl ciaeayeT HAUMHATh C BHUMATEIbHOTO O3HAKOMIIEHUS! ¢ HAOOpOM
BONPOCOB. OHM OPUEHTHUPYIOT CTYACHTA, MOKA3BIBAOT, YTO OH JOJDKEH 3HATh 110 JTaHHOM TeMe.
Bonpocs! Tembl Kak Obl HAKJIAZBIBAIOTCS] HA COOTBETCTBYIOIIYIO IN1aBy W30paHHOTO Y4eOHUKA WU
y4eOHoro mocodust. B utore MomKHO OBITH SICHBIM, KaKHE BOIPOCHI TEMBI Y4eOHOTO Kypca H ¢
Kakoi TiTyOHMHOM pacKpbIThl B KOHKPETHOM yueOHOM MaTepuale, a Kakue BooOlie onyuieHsl. Tpe-
OyeTcsl TROPUYECKOE OTHOIIEHUE U K CAMOMY COJIEPKaHHUIO JUCLIUILIMHBL.

Bomnpocsl, coctaBnsiomnye ee coaepx anue, 001aJatoT pa3Hoi cTeneHbio BaxkHOCTU. EcTh
BOTIPOCHI, BHITIOJIHAIONINE (DYHKIUIO JIOTHYECKOM CBSI3KU COJCPKAHUS TEMBI M BCETO Kypca, UMe-
FOTCSI BOIIPOCHI ONUCATENBHOIO WM PA3bCHUTEIBHOTO XapakTepa, a TAkKe HCTOPUIECKOTO IKC-
Kypca B 00JacTh H3y4aeMoW TUCUMIUIMHBL. Bce 3T BONpockl HE COCTABIAIOT CYTH HOHA-TUHHO-
r0, KOHIIENITYyaJIbHOTO COJIEPKaHMsI TeMbI, HO HEOOXOAMMBI ISl LIEJIOCTHOTO BOCIIPUATHS U3yya-
€MBIX MTPOOIIEM.

N3yyaemass IHCUMIUIMHA MMEET CBOM KAaTerOpPHAIIbBHO-NOHATUMHBIN annapar. Haydnbie
HOHATHS — 3TO Ta 0a3a, Ha KOTOPOU CTPOUTCS Kakaas Hayka. IIoHATHS — y3J0BbIE, ONOPHBIE
IMYHKThI KaK HayYHOT'O, TaK U Y4eOHOTO MO3HAHUs, JOIMYECKHE CTYNEHH JBMKEHUS B yuebe oT
MIPOCTOT'O K CIIOKHOMY, OT SIBJICHUSI K CYITHOCTH. be3 sicHOro moHnMaHus NoHATHH yueba KpaiiHe

3aTPyAHSIETCS, a COJIep KaHNe MPUOOPETEHHBIX 3HAHUN CTAHOBUTCS TYCKJIBIM, PACTIIIBIBYATHIM.
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CTyaeHT JOKeH MOHUMATh, YTO CAMOCTOATEIbHOE OBJIAJICHUE 3HAHUSIMHU SIBJISICTCS TJIaB-
HBIM, OTIpEACISIOMUM. Bhicias mkoja co3iaeT il 3TOr0 HEOOXOTUMBIE YCIOBHS, IIOMOTAeT
OyIylieMy BBICOKOKBATHU(HUIIMPOBAHHOMY CIEIHAINCTY OBJIAJAECTh TEXHOJIOTHEH CaMOCTOSITENb-
HOT'O IPOM3BOJICTBA 3HAHUM.

B camocTosiTensHON paboTe CTyAeHTaM MPUXOIUTCS UCIIONIBb30BaTh JUTEPATYPY Pa3iny-
HBIX BUJIOB: IEPBOMCTOYHUKH, MOHOTpaduu, HayYHbIE COOPHUKH, XPECTOMATHH, yYEOHUKH, yueo-
HBIE TIOCOOWSL, )KypHaITBI U Ap. M3yueHne Kypca npemnonaraetT 3HakOMCTBO CTYICHTOB C OOJIBIITHM
00bEMOM HayyHOU M y4eOHOM JIUTepaTypbl, YTO, B CBOIO OYepe/ib, MOPOXKIAET HEOOXOAUMOCTh
BBIPAOOTKH Y HUX pallMOHAIbHO-KPUTUYECKOTO MOAX0/1a K M3y4aeMbIM HCTOYHHUKAM.

YroObl HE KYTOHYTH» B OTPOMHOM 00BEME PEKOMEHIOBAHHBIX MY JUIsl H3yUCHHS UCTOY-
HHUKOB, CTYJICHT, TPEKIE BCETO, TOJDKEH HAYYUTHCS MPABIILHO MX YUTATh. [IpaBMIIbEHOE YTCHHE
PEKOMEHI0BAaHHBIX UCTOYHUKOB MPEAIOJIaraeT cael0BaHne HECKOJIIBKUM HECTIOXKHBIM, HO BeChbMa
HOJIE3HBIM MPaBUIIAM.

[IpenBapuTenbHBINA MPOCMOTP KHUTH BKJIIOUAET O3HAKOMIIEHUE C TUTYJIBHBIM JINCTOM KHH-
T'H, aHHOTALlMEH, IPENCIOBUEM, OTJIaBlieHHEeM. [Ipy 03HAKOMJICHHH C OTJIaBICHHEM HEOOXOIH-
MO BBIJICJIUTH pa3zeibl, [NIaBbl, Iaparpadsl, MpeICTaBIAIOLIME A BaC MHTEpeC, Oeriao ux mpo-
CMOTpETh, HAlTU MecTa, OTHOCSIUECS K TeMe (a03alibl, CTpaHuIbl, maparpadbl), 1 TO3HAKOMHUTb-
Csl C HUMH B OOIIUX YepTax.

HayuHple M31aHUsT COMTPOBOKIAOTCS Pa3IMYHBIMK BCIIOMOTaTEIbHBIMHA MaTeprUaiaMu —
Hay4HBIM allapaToM, NO3TOMY BAa)KHO 3HATh, U3 KAKUX OCHOBHBIX 3JIEMEHTOB OH COCTOMT, Ka-
KOBBI €r0 (DYHKIIUH.

3HAKOMCTBO C KHUT'OM JIy4Ille BCETO HAUMHATh C M3yYeHHs aHHOTAIIMM — KPAaTKOH Xapak-
TEPUCTHKN KHHUTH, PACKPBIBAIOIIEH ee coaep)kaHue, UACHHYI0, TEMATHYECKYI0 U >KaHPOBYIO
HalpaBJIEHHOCTh, CBEJICHNs 00 aBTOpE, Ha3HAUYEHHUE U JIpyrue 0coOOEHHOCTH. AHHOTALUs TIOMO-
raeT COCTaBUTh NPEBApUTELHOE MHEHUE O KHUTE.

I'myG>ke MOHATH coepKaHHe KHUTH MO3BOJISIIOT BCTYIHTENbHAS CTaThs, B KOTOPOW JaeT-
Cs OLIEHKA COJICPKAHMS KHHUTH, 3aTparnBaeMoi B Hell poOIeMaTHKH, COACPKUTCS HHPOPMALIUs
0 XM3HEHHOM M TBOpUYECKOH Ouorpaduu aBTOpa, BBICKA3BIBAIOTCA IOJEMHUYECKHE 3aMEyaHMs,
Pa3bIACHAIOTCS OT/AEIbHbIE MTOJOKEHHSI KHUTH, JAal0TCS KOMMEHTAapuH U T.1. BOT nouemy 3Hakom-
CTBO C BCTYNUTEJIBHOM CTAaTheH MPEICTaBIACTCS OYSHb BaKHBIM: OHO ITOMOTAeT CTYJCHTY COpH-
€HTUPOBATHCS B TEKCTE pabOTHI, 00paTUTH BHUMAaHKE Ha ee HanboJiee IICHHbIC W BaKHBIC pa3zie-
JBL.

Toit ke 1enu cofecTByeT 3HaKOMCTBO € OIJIaBJIEHUEM, IPEAMCIOBUEM, MTOCIECIOBUEM.
BecbMa mosie3HpIMU 3J1€MEHTaMH Hay4YHOTO amnmapaTa SBJISIFOTCS CHOCKM, KOMMEHTapuu, Tabiu-

1161, rpauKH, CIMCKU JITepaTypbl. OHU HE TOJNBKO WIUTFOCTPUPYIOT OTACIBHBIC TTOJIOKEHUS KHH-
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I'M WIN CTaTbH, HO U CaMU 10 ce0e SBISIOTCS JOMOJHUTEIbHBIM UCTOYHUKOM MH(pOPMALUU JUIs
YUTaTENS.

Ecnu yuratens 3anHTEpecoBaia Kakas-TO BbICKa3aHHAash aBTOPOM MBICIb, HE Hallle/IIast
HOJPOOHOr0 OCBELICHHS B JAHHOM MCTOYHHKE, OH MOXKET OOpaTUThCS K TEKCTY UCTOUYHHUKA, YIIO-
MHHAEMOT'0 B CHOCKE, JIM0O K UCTOUHUKY, KOTOPBI OH MOXKET HaWTH B CITUCKE JIUTEPATYpPHI, pe-
KOMEH/I0BaHHOM aBTOPOM JJIsi CAMOCTOSITEIbHOTO U3yUEHUSI.

Cy1iecTByeT HECKOJIBKO ()OPM BEICHHSI 3aITUCEH:

— MaH (IPOCTOM U pa3BepHYTHI) — Hanbosee kpaTkas GopMa 3arucy IPOYUTaHHOTO,
npecTaBisiomas coool nepeyeHb BOMPOCOB, pacCMaTPUBAEMBIX B KHUTE WM cTaThe. Pa3Bep-
HYTBIA TUIAaH MIPEACTaBIsIET co00i Oosiee MOAPOOHYIO 3amHCh MPOYUTAHHOTO, C JeTaTH3alren
OTJIEJIbHBIX MOJOXKEHUI 1 BBIBOJOB, C BBIMUCKON LIUTAT, CTATUCTUYECKUX JaHHBIX U T.1. Pa3Bep-
HYTBIH IIJJaH — HEOLICHUMBIM MOMOLIHHUK MPU BBICTYIUIEHUU C JOKJIaJOM Ha KOHKPETHYIO TEMY
Ha ceMHUHape, KOH(PEPEHINH;

— TE3UChl — KPaTKo CPOPMYIMPOBAHHBIC IOJIOKEHUS,, OCHOBHBIC TOJIOKEHUSI KHHTH,
ctatbi. Kak nmpaBuiio, Te3uChl COCTaBISIOTCS MOCIE MPEIBAPUTEILHOIO 3HAKOMCTBA C TEKCTOM
MCTOYHHKA, IIPU €ro MOBTOPHOM Ipo4TeHHH. OHM MOMOraroT 3allOMHUTh U CUCTEMATU3UPOBATh
UH(pOPMALIHIO.

CocTraBiieHHE KOHCIIEKTOB

bonpuiyro posib B yCBOGHMM M MOBTOPEHUH NPONMJIEHHOTO MaTepHaia UrPaeT XOPOIIUi
KOHCIIEKT, COJepKaliil OCHOBHbIE MJIeU IPOUYUTAHHOTO B YUEOHHUKE U YCIIBIIIAHHOTO B JICKIUH.
KoHcnektr — 3710, 1o cyiecTBy, HAOPOCOK, pa3BEPHYTHIH IJIaH CBA3HOI'O paccKka3a 10 OCHOBHBIM
BOIIPOCAM TEMBI.

B kako#i-To Mepe KOHCIEKT paccuuTaH (B 3aBUCUMOCTH OT UHIWBHUIYaJIbHBIX OCOOEHHO-
CTEH CTyZIeHTa) He TOJIbKO Ha MHTEJUIEKTYyaJIbHYIO M SMOLMOHAIBHYIO, HO U Ha 3pUTENbHYIO Ma-
MSTbh, IPUYEM TEKCT KOHCIIEKTA HEPEIKO aCCOLMUPYETCs €Ille U ¢ TEKCTOM Y4eOHUKa WM 3alu-
chl0 JeKuu. [1oaToMYy Jierye 3aoMHHAETCsI COEpKaHNE KOHCIIEKTOB, HAITMCAHHBIX pa300pUuuBoO,
C TOTYEPKUBAHUEM HJIH BBIICJICHUEM Pa3psIKON KIIFOUEBBIX CIJIOB U (pas.

CamocTOATeNbHO N3yUYEHHBIE TEMBI IIPEIOCTABIISIFOTCS PENOAABATEN0 B JOPME KOHCIIEK-
Ta, 10 KOTOPOMY HPOMCXOIUT cobeceoBanue. TeopeTruueckue TeMbl Kypca (OTelbHbIe BOIPO-

CBI), BBIHOCHUMBIC Ha CAMOCTOATCIIbHOC U3YUYCHUC, TPCACTABJICHBI HHUXKC.

Bomnpocsl k 3k3amMeny

106



NN R =

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

28

51

OCHOBHBIC TOHATHS KHHEMATHUKHU. Y paBHEHUS JBH)KCHUS MaTEPUATIbHON TOYKH.
VYrioBas CKOpOCTh U YTIIOBOE YCKOPEHHUE.

TanreHuMaaIbHOE, HOPMAIIBHOE U TIOJTHOE YCKOPEHUSI.

3axons! HeroTOHA.

[Tpunumn otHocuTeabHOCTH ["anumnes.

VYrpyrue cuibl, OTHOCHTENbHAS 1eopMalivs, MeXaHHIeCcKoe HanpshKeHue, 3akoH ['yka.
3aKOH COXpaHEHHS UMITYJIbCA.

[lenTp macc nHepumu. J[BUxkeHHe LIEHTpa HHEPLUU

PaboTa, MOIITHOCTH, SHEPTHUS: TIOHATHUS U B3aUMOCBSI3b.

. Kunetnueckas, moTeHmanbpHas ¥ NOJHAs MEXaHUYECKAsi SJHEPIUs Tela.

. 3aKOH COXpaHEHUS SHEPTUH.

. CBS13b MOTEHLIUATILHON SHEPTUH U CUITBI.

. Kunemartnka BpamareabHOro JBUKECHMSL.

. MoMeHT cuibl. YpaBHEHHE JUHAMUKH BPAIATEIbHOTO JBUKEHUS TBEPJAOTO TEJA.

. MOMEHT uMILysbCa ¥ 3aKOH €ro COXpaHEHHUs.

. Kunernueckass sHeprus mnpu BpamlaTeabHOM JBM)KEHMHM. MOMEHT uHepuuu. Teopema

[MITeitnepa.

KonebatenbHble npoliecchl B MeXaHuke. MexaHndeckue rapMOHUYECKUE KoJIeOaHusl.
DHeprus MaTepUaaIbHOM TOUKH, COBEPIIAIOIICH rapMOHUYECKHE KOJIeOaHusl.
CBoOoaHbIe 3aTyxaromye KojaeoaHus.

Brinyxnennsie konebanus. Pesonanc.

YpaBHEHHE COCTOSIHUS UACAIBHOIO rasa.

OCHOBBI MOJIEKYJIIPHO-KMHETUYECKOM Teopuu. M3omnporneccs! B ra3ax.

3akoH MakcBeilia 0 pacipeieIeHMH MOJIEKYJ UJI€aIbHOIO Ta3a 110 CKOPOCTSIM.
bapomerpuueckas gopmyna.

Pacnpenenenue bonbimana.

BryTpeHHss sHeprus uaealbHOro raza

BHyTpeHHss sHEprusi MHOroaToMHOro ra3za Pabora B TepMoIMHAMUKE.

. Pabota raza npu u30TepMHUECKOM IpOIIeCCe.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.

[IepBoe HayaI0 TEPMOIMHAMHUKHU.

PaGora raza npu nu3MeHeHuu ero oobema.

ATMabaTHBIN U TIOJUTPOITHBIN TIPOIIECCHI.

TermmoemMkocTs. YpaBHeHue Maiiepa.

[IpumeHeHne nepBOro Havajga TEPMOJMHAMUKH K MU30MPOLIECCAM.
Ourponus. Hepasencto Knaysuyca.

Bropoe Hauano TepMOAMHAMUKH.

TemnnoBoii nurarens. Teopema KapHo.

MeXMOJIEKYISIPHOE B3aUMOJEHCTBHE.

YpaBHenue Ban-nep-Baanbca.

BHyTpeHHss dHEeprus pealbHOro rasa.

Kunkoctu u ux onucanue.

CwmaunBanue. KanusuisipHbie sSiBIEHUSA.

Jlnarpamma coctostHus. TpoitHast Touka.

[TonsTue sanextpuyeckoro 3apsiia. 3akoH Kynona. 3akoH coxpaHeHus 3apsijia.
DNEKTPUYECKUIN AUTIOIb.

Onextpuueckoe nojue. HanpsykeHHOCTh moJsl.

Teopema ['aycca s HaPsHKEHHOCTH 3JIEKTPUUYECKOTO MOJISL.
PaznocTs norennuanos. CBsi3b HANPSHKEHHOCTH U PA3HOCTH MOTEHIIMAJIOB.
OcCHOBHbIE YpaBHEHHUS SJIEKTPOCTATUKH B BaKyyMe.

JM3NEeKTpUKH B 3JIEKTPUYECKOM TOJIE.

[IpOoBOJIHUKH B AIIEKTPUUECKOM I10JIE.

. DIIEKTPOEMKOCTh YETUHEHHOT'O ITPOBOHUKA.
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52. KonpaeHcaTopsl. DJIEKTPOEMKOCTbh KOHAEHCATOPA.

53. DHeprus 3apsHKEHHOTO MPOBOJIHUKA. DHEPTHUsl 3apsyKEHHOTO KOHIEHCATopa.

54. DHeprus 3JIeKTPUUECKOTO MOJIS.

55. DnexrpoaBwxKymas cuia. 3akoH Oma 11t OTHOPOJHOTO U HEOJTHOPOJAHOTO YYaCTKA LIETH.

56. ConpoTUBII€HHE IPOBOIHUKOB.

57. TlpaBuna Kupxroda u ux npuMeHeHue K pacyeTy IEeKTPUIECKUX LeneH.

58. 3akoH J>xoyns — Jlenna.

59. PaboTa U MOIIIHOCTE TOKA.

60. Knnaccuueckast 311eKTpoHHas TE€OpHUs MPOBOAMMOCTH MeTasuioB. Dddext Xomna.

61. HaxoauTh CKOPOCTh M YCKOPEHUE, CPEIHIO0, CPETHIOIO ITyTEBYI0, MTHOBEHHYH) CKOPOCTH.

62. HopmanibHO€E, TaHT€HLIMATIBHOE U MOJIHOE YyCKOPEHHUE.

63. HaxoauTh yriioByr0 CKOPOCTh M YTJIIOBOE YCKOPEHUE.

64. IIpumensaTs 3akoHbl HproTOHA.

65. IIpuMeHsATh 3aKOH COXpPaHEHUsI YHEPTHH.

66. IIpuMeHATh 3aKOH COXPAHEHUs UMITYJIbCa

67. MOMEHT CUJIbI OTHOCHUTEIIBHO TOYKH M OTHOCUTEIBHO OCH BpPalllCHUS.

68. MoOMEHT UMITyJIbca MaTEpUaAIIbHON TOUYKM OTHOCUTENIBHO TOUYKH U OTHOCHUTEIBHO OCU Bpa-
LICHMUS.

69. OCHOBHBIE NTapaMETPbl MAKPOCUCTEM.

70. YpaBHEHHE COCTOSHMS HIealIbHOTO Ta3a (ypaBHeHue Kinaneitpona-MeHnaeneesa).

71. KonnuectBo TemnoTsl. TennoeMkocTs. CBA3b yAEIBHON U MOJISIPHOM TEMJIOEMKOCTEN.

72. YpaBHEHHE COCTOSIHHS pealibHOTO Tra3a (ypaBHeHHe Ban-nep-Baanbca).

73. IIpuMeHeHre NepBOro Hayaja TEPMOJAUHAMUKY K aJua0aTHYECKOMY MPOLECCY.

74. YpaBuenue Ilyaccona.

75. lnarpamMa coctostHus. TpoiiHas Touka.

76. PaboTta 1mo nepemMenieHuno 3aps/ia B 3J€KTPOCTATUUECKOM II0JI€.

777. IloTeHman noJst TOYEYHOro 3apsja.

78. Cuna ToKa U MJIOTHOCTh TOKA.

79. 3akon Oma B 0000111eHHOH (hopMe.

80. Pabota u mourHoCTh TOKa. 3akoH J[oyns — JleHua

81. Meronamu pemeHus 3a7ad N0 KUHEMATHKE.

82. MeToiamMu perieHus 3aaad no JuHaAMUKeE.

83. HopManbpHO€E, TAHI€HLIUATIBHOE U TIOJIHOE YCKOPEHUE.

84. HaxoauTe yriaoByrO CKOPOCTh U YTJIOBOE YCKOPEHHUE.

85. IlpumensTs 3akonbl HproTOHA.

86. [IpuMeHATh 3aKOH COXPaHEHUS YJHEPTHH.

87. [IpuMeHsTh 3aKOH COXpaHEHUS UMITYJIbca

88. MOMEHT crjIbl OTHOCUTENBHO TOUKH U OTHOCUTENIBHO OCH BpalllEHUSI.

89. MoMeHT uMIyJibca MaTepHaIbHON TOYKM OTHOCHUTENHHO TOYKHU M OTHOCUTEIBHO OCH Bpa-
LICHMUS.

90. YpaBHeHUE COCTOSIHUS UJCAITBHOTO Ta3a.

91. KonnuectBo TemnoTsl. TenaoeMKoCTb.

92. CBs13b yJeNbHOU U MOJISIPHOM TEIJIOEMKOCTEH.

93. YpaBHEHUE COCTOSIHHS PEeaIbHOTO Ta3a.

94. TlpumeHeHe EPBOTO U BTOPOTrO Havajaa TEPMOIMHAMUKH.

95. Tennosoit aBurarens. Teopema Kapho.

96. MexMoneKyIsipHOe B3aUMOJICHCTBUE.

97. Ypauenue Ban-nep-Baannsca.

98. BHyTpeHH:Isl SJHEPTUs PEallbHOTO rasa.

99. Cuna Toka u INIOTHOCTH TOKa. 3akoH OMa B 00001eHHO# Gopme.

100. BsiBoa 3akona J[>xoyns - JIenna.

101. MarHuTHOE 10JIe ¥ €r0 OCHOBHbIE XapaKTEPUCTUKH.
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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.
I51.
152.
153.

3akoH buo - CaBapa - Jlannaca u ero npuMeHeHue.

3akoH Amrnepa. BzaumoieiicTBre mapajiaeabHbIX TOKOB.

MarauTtHas UHAYKIIHS.

Cuna Jlopenua.

JIB>KeHUE 3apsKEHHBIX YaCTUIl B OJHOPOJAHOM MAarHUTHOM TIOJIE.
HekoTopsie npumenennst MarHUTHOTo nojist. pdext Xomna.

Teopema 0 HUPKYJIALUN BEKTOpa. MarHuTHBIE MOJIsl COJICHOUIA U TOPOUA.

[ToTok BekTOpa MarHuTHOM MHAYKIMH. Teopema ['aycca ayis MarHuTHOTO MOJIA.

DnekTpomMaruuTHas UHAyKus. 3akoH dapanest.

WNunyxunonnsii Tok. [Ipasuo Jlenna.

[Ipupona /IC unaykuuu. 3C UHAYKIUN B HETIOABUKHBIX TPOBOIHUKAX.
[Hupkynsius BEKTOpa HAMPsHKEHHOCTH BUXPEBOTO JIEKTPUUECKOTO OIS,
Toxku ®@yko. CkuH-3PdeKT.

VYpaBHenus Makcsemna.

SIBnenue caMonHAYKIUU. THAYKTUBHOCTh IPOBOJHUKOB.

SIBenns IIpU 3aMBIKAaHUHW U Pa3MbIKaAHWH TOKOB B IIE€TIM C MHAYKTHBHOCTBIO.

B3anMHast uHayKuus. JHEprusi MAarHUTHOTO MOJIS

KonebaTenpHbIi KOHTYD.

Onucanue 1eKTPOMarHUTHBIX KOoJie0aHUi B KoJeOaTeTbHOM KOHTYpE.
CBobOoHbIe KO1eOaHus. BeIHy X 1eHHbIE KOJIeOaHuUs.

3aKOH IIOJIHOTO ToKa. Tok cMenieHus..

Enunas Teopust 3JIeKTPUYECKUX U MAarHUTHBIX SIBJICHUN Makcsea.
Cucrema ypaBHeHuid MakcBesia.

CkopocTb pacnpocTpaHEHHs! 3JEKTPOMAarHUTHOTO TOJISI.
PensTuBUCTCKas TPAaKTOBKA MarHUTHBIX SIBIICHUH (00IIME TTOIOKEHUS).
[IepeMeHHBII IEKTPUYECKUI TOK: OCHOBHBIE ITOHATHUS U 3AKOHBI.
Buxpesoe anexrpuueckoe noie.

Mo1HOCTb, BbIAEsIEMAas B LIS IEPEMEHHOTO TOKA

®oromerpusi. OCHOBBI FT€OMETPUYECKON ONTHUKH.

3aKOHbI OTPAKEHUS U TPEJIOMIICHUS CBETA.

SIBneHue noJHOTrO BHYTpeHHEro oTpaxkeHus. [Ipunnun depma.
JIuu3bl, popMyIia TOHKOM JTHH3HI.

Onrtrueckas cuiia JUH3bL.

N3o0paxeHue npeIMeToB ¢ TOMOIIBIO JIMH3. 3epKalia.

Cucrema IMH3 KaK OCHOBA ONTUYECKUX MPHOOPOB.

SIBnenue nHTEp(HEPEHIINN CBETOBBIX BOJIH.

Judpakius cBeToBbIX BONH. J{udpakinoHHas perneTka.
BzaumopaeincTBre 3IeKTPOMAarHUTHBIX BOJIH C BEILIECTBOM.
Hucnepcus ceera. Ilornomenue ceera.

Paccesinue cBeta. Dddexr Jlorrepa.

[Tonspuszanus ceera.

3akoHBI TerI0BOTO M3myueHus. 3akoH Credana-bonpimana.
3akoH BuHa.

doTtodddexrT.

VYpaBHenue DitHiTeitHa 17151 BHeIIHEro (GoTodddekTa.

Macca, sHeprusi ¥ UMITyJIbC (OTOHA.

JaBnenue cBera. Dddexr KomnTona u ero sanemeHTapHasi Ipupo/ia.
Mopnenu aroma Tomcona u Pezepdopna.

JluneiiuaTeiil ciekTp aroma Bogopoaa. Iloctynatel bopa.

Crektp atroma Bozopoaa 1o bopy.

KopnyckynisipHO-BOJIHOBOM Jyajii3M CBOMCTB BEILECTBA.
Hexotopsie cBolicTBa BOJIH 1e bpoits.
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154. Oomee ypaBuenue llpeaunrepa.

155. DneMeHTH COBpPEMEHHOW (PU3UKU aTOMOB M MOJICKYJI.

156. Cocras, 3apsiq aTOMHOTO s11pa. MaccoBoe U 3aps1I0BOE YUCIIA.

157.  Jedekt maccel 1 3Heprus cBs3u sapa. CruH sapa 1 €ro MarHUTHBIH MOMEHT.

158. SAnepHble cuiibl, UX CBOMCTBA, MOJIEH sApa. 3aKOH pPaIMOAKTUBHOTO pacrajia.

159. DnemenTtapHbie yacTulbl. KocMUYECKO€ U3TyUEHHE.

160. Krnaccudukamus snemeHTapHbIX YacTull. Ousndeckast KapTHHA MUPA.

161. 3akon Amnepa.- BaumoaelicTBre napauieabHbIX TOKOB.

162. JIBuyxeHHe 3apsKEHHBIX YaCTHUIL B MATHUTHOM I10JIE.

163. Pabora mo mepeMenieHnto MpOBOAHINKA B MATHUTHOM TIOJIE.

164. IlpaBuio Jlenua. Bpaiienue pamMmku B MarHuTHOM 1osie. Buxpebie TOKH.

165. Toxu npu pa3MbIKaHUH U 3aMbIKaHUU LEIIN.

166. B3aumHas UHAYKIHA.

167. VYpaBHeHHe CBOOOIHBIX KOJICOAHMIA.

168. 3aryxaromue KojieOaHUs B KOJIeOATEIbHOM KOHTYpE.

169. BpIHyX/I€HHbIE 3JIEKTPOMarHUTHbIE KOJICOaHMUS.

170. Ilepemennsbiii Tok. [lepemMeHHbIN TOK Uepe3 pe3ucTop

171. IlepeMeHHBII TOK Yepe3 KaTyIIKy HHIYKTUBHOCTH.

172. IlepemeHHBIN TOK Yepe3 KOHJAEHCATOP.

173. llens mepemenHoro Toka, coaeprxarias R-L-C.

174. Pe3onaHC HanpsHKEHUH.

175. Pe3oHaHC TOKOB.

176. Illkana 3;1€KTpPOMarHUTHBIX BOJIH.

177.  JIuH3BI M UX XapaKTEPUCTUKH.

178. Mertoasl HabmOAeHUS HHTEPGEPEHIINN CBETA.

179. Tlonmocsl paBHOTO HAKJIOHA.

180. Ilonocsl paBHO TONIIMHBIL.

181.  Konpua HeroToHa.

182. Judpakuus Openens.

183. Hudpakmus Opaynrodepa.

184. JIudpakiuus Ha IPOCTPAHCTBEHHON pelIeTKe.

185. Paznuuus B TupakIMOHHOM U IPU3MAaTUUYECKOM CHEKTpax.

186. EcrecTBeHHBIN U MOJISIPU30BAHHBIN CBET.

187. IlpoxoxneHue cBeTa uepes ABa nojsipusatopa. [lonsipuszanus cBeta npu oTpakeHun
Y TIPEJIOMJIEHUH Ha TPAHULIE JBYX UAJIEKTPUKOB.

188.  JIBoiiHOE JiydenperoMIeHHE.

189. HckyccTBeHHas OoNTUYECKas aHU30TPONUS, BPAIllEHHE INIOCKOCTHU MOJIIPU3ALIIH.

190. YacTuma B OAHOMEPHOH MPSMOYTOIBHON «ITOTCHIUATBHON sIME» ¢ OECKOHEYHO BBI-
COKHUMU «CTEHKaMM.

191. TyHHenbHBIN YPQEKT.

192.  Cunekrtp aTroMa Boaopoa.

193.  Cnun snektpona. CriiHOBOE KBaHTOBOE YHUCIIO.

194. Monekynbl: XMMHUYECKHE CBSA3H, MOHITHE 00 YIHEPTeTUYECKUX YPOBHAX. MoneKysip-
Hble ciekTpsl. [lormomenue.

195. CnoHTaHHOE U BBIHYX/IEHHOE U3ITy4YECHHE.

196. Bouns! Jle-bpoiins u kBanToBbie ycinoBus bopa.

197. BepoATHOCTb HaX0XJI€HUSI MUKPOUYACTHULIBI.

198. VYpasuenue lllpenunrepa B onepatopHoit opme.

199.  IloTeHIMaIbHBIN SIIMK U TOTCHIIMAIBHBINA Oapbep.

200. IIpunuun [Maymu.
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