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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 npakmuueckux paoom

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.

10

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




UH.

11

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

OrnpenenieHre rOpU30HTAILHON COCTABIISIIOIIECH
MHIYKUWHA MarHUTHOTO 10Jisg 3eMJIH.

12

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

13

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.

14

JladbopaTopnasi padora Ne 14. Nzyuenue
BHe1Hero goroagpexra

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

15

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

16

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

17

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

Hroro 3a 1 cemecTp

36

HToro

36




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

.

X

)

DTO OTHOIIECHHE HA3LIBAETCS OMHOCUMENbHOU nocpeutHocnvio U BbIPaAXXacTCA B ITPOLICH-
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 T
ai= 1 2 n :1—1 , (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 3Ha4eHUE U3MEpSAEMOM BETMUUHbI axfi

2. Berunciasem aOCOIIOTHBIE MOrpCIIHOCTH PE3YyJIbTATOB OTACIIBHBIX I/ISMCPCHI/Iﬁ
Dx,| =[x, - &f (i =12,...n) 4)
AOcomroTHas MNOTrpCIIHOCTE UMECT Pa3MCPHOCTD I/ISMepHeMOﬁ BCIIMYHHBI U XapaKTCpHU-

3yeT KaueCTBO OTACIIbHBIX U3MEPEHUHN.
3. Beraucnsiem cpeHio abCOIIOTHYIO MOTPEIIHOCTh

a |bx,
R - - - -1
aDxf) = = . (5)
n n
4. BerunciisieM OTHOCUTENbHYIO MOTPEIIHOCTh
aDxh
axn
5. 3amuchIBaeM OKOHYATENbHBIH pe3yapTaT X =avi =Dxh. (7

Onpe)]e.ﬂelme HOFpeIlIHOCTeﬁ IPpHU KOCBCHHBIX H3MEPCHUAX

B GonbmMHCTBE CiTy4aeB MpU MPOBEACHUU (PU3UUECKUX IKCIIEPUMEHTOB HCCIEayeMast
(u3nueckas BeITUYMHA HE MOXET ObITh U3MepeHa HEMOCPEACTBEHHO, ISl €€ ONpeesieHusl Tpe-
OyeTcsi U3MEPHUTh P IPYTHX BEIHYWH, 2 HICKOMYIO HAWTH, TIOJICTABUB HAl/ICHHBIC 3HAUCHUS B
(hopMyIty, BRIpaXAaIOIIyI0 3aBUCUMOCTh HCKOMOM BEIMYUHBI OT HETOCPEICTBEHHO M3MEPSEMBIX
BennurH. Takue u3MepeHus Ha3bIBalOT KOCBEHHBIMHU.

[ns onpeneneHuss MOTrPeNIHOCTEH KOCBEHHBIX H3MEPEHUUA MOXHO BOCMOJIb30BATHCS
dhopmynamu nuddepeniupoBanus, T.K. POPMYJIIbI HOTPEITHOCTEH MOTYYAIOTCS B TOM K€ IPUOIIH-
JKEeHUH, 9To U GopMyibl s auddepennana Gyaknuu. Bo MHOTHX ciydasx, korma gopmyna
ynoOHa Juist morapuMHUpOBaHUs, OKa3bIBaeTcs Oosee ynoOHOW (opMysa OTHOCHTENBHOH IOo-

9



rpemHocTd. OTHOCHUTENbHAsI MOTPEIHOCTh € =—

D(ln x) 2&,

X

X

dx
, HO d\lnx)=—— wu, cieaoBaTelb-HO,

WHaue roBops, OTHOCUTEIbHYIO TOTPEIIHOCTh MOKHO PacCUMTaTh, €CIU B3ATh Tudde-
pEeHIMall HAaTypaJIbHOTO Jorapudma, onpeAesonuil 3aBUCUMOCTD IaHHOM BETMYMHBI OT U3Me-
psembIx BennuuH. Hanbonee yacto Berpeuaromuecs: GopMyIibl IpUBeIeHbI B Ta0nuie 1.

Tabmuna 1.

Maremarnueckas onepanus

AOCOIOTHAS TIOTPEIIHOCTD

OTHOcHTENbHASI TOTPEIIHOCTh

Xty Ax+Ay Dx + Dy
X+ y
X-y Ax+Ay Dx + Dy
xX=y
Xy yAx+xAy Dx Dy
Ty
Xyz yzAx+xzAy+xyAz Dr Dy D:
X y oz
xJy yhx - XDy D Dy
»? x oy
x" nx" 1 >Dx n%
X
Ux I - 1D
;x” Dx nox
X D Dx
1+x m x{l £x
e’ e Dx Dx
In x Dx Dx
X xInx
sin x cos xDx ctgx XDx
CoSx sin xDx tgx XD
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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, OpomeHHOE 1O YIJIOM & K TOPU3OHTY C HAYaJIbHOM CKOPOCTBIO  [1,, OyzAeT ABHU-

raTbCs 0 KPUBOJIMHEHHON TPACKTOPHH , B JIFOOOH TOUKE KOTOPOW BEKTOP CKOPOCTH MOXKET OBbIThH
pa3JIoKeH Ha JIB€ COCTABISIOLINE — TOPU3OHTAIBHYIO U BEPTUKAIbHYIO (pHc.1).

h
Va

Voh

Puc.1.

[Ipoekunu 3TUX BEKTOPOB HA OCH KOOPJMHAT, HA4aJl0 KOTOPBIX BEIOpAHO B TOUKe Opoca-
HUSI, PABHBI:

u, =u, >Cosa

X

— ; (1
u, =u, Sina - gt

HpI/I OTOM T'OpHU3OHTAJIbHAsA COCTAaBJIAIOIIass CKOPOCTU HE 6YZICT MCHATBCA C TCUCHHUEM

BpPpEMCHH, T. K. YCKOPCHHUC CBO6OI[HOFO nmaacHuss HE UMECT FOpHSOHTaHBHOﬁ COCTaBJ'IHIOH_IGf/’I, a
HaITpaBJICHHO BCPTHUKAJIBLHO BHH3. BCpTI/IKaJ'IBHaSI COCTaBJIAOIIAA CKOPOCTU 6yIICT MCHATBCA I10
3daKOHY PaBHOIICPCMCHHOI'O JIBMKCHHA C YCKOPCHUEM a = &.

H3menenue KOOpAUHAT TCJIa UMCCT BU.

x =u, >Cosa t

2
y:h:uox&'na-g?t @

TpaexTopust Tena, OpOLICHHOTO MO YIJIOM K FOPU30HTY, IPeCTaBisieT co0oii mapaboiy.
B Bepmmne 310l napabosibl BEpTHKaIbHAsl COCTABIISIONIAas CKOPOCTH paBHA HyJt0. B Touke na-
JICHHUs CKOpPOCTh 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.
HauanbHyto cKOpoCTh Tefna ,0pOIIeHHOr0 O] YIJIOM K TOPU30HTY MOKHO ONPEIEIUTh 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

0 =u, >Sina - %t

OTCrOZla BpCM IOJICTa TCJ1a

t:2u0 XSina . @)
g
[ToacraBnss (4) B (3) nonyunm
| >¢
U, =,|——— 5
* \Sin2a ©)

OcHOBHOH 3a/1a4ell MeXaHUKH SIBJISIETCS OIpe/esieHHe MOJI0KEHUs Tea B IPOCTPAHCTBE B
1100011 MOMEHT BpeMeHHU. 3Hasi KOOPAMHATHI Tella BCera MO>KHO HalWTH €ero CKOPOCTH U yCKOpe-
HU (110 ONpEeNIeNeHUI0 3TUX BeIunH). OCHOBHBIMH 3aKOHAMH, CBS3BIBAIOIIMMU 3TH BEJIIMUYMHBI,
CHJIBI U MacCy Tela SBJISIOTCA 3aKOHbI HbIOTOHA M 3aKOHBI COXPaHEHHUS.

Oobopyooeanue u mamepuaol.

YcTraHOBKa, COCTOSINAS M3 MPYKUHHOTO IMHACTOJIETA C MMAPUKOM U JIMHEHKH.

Ykazanua no mexnuxke 6e3onacnocmu.

1. K BbimonHeHuto 1a60paTOPHBIX PA0OT OMYCKAIOTCS CTYACHTHI, H3yYUBILIUE ITPABHIIA TEX-
HUKU O€30MacCHOCTH.
2. JlabopaTtopHble pabOThl MOTYT MIPOBOJIUTHCS TOJIBKO O] PyKOBOACTBOM M HaOJIOJCHUEM
MPeTo1aBaTelsl.
3. Pacnonaraiire npuGopsl, MaTepuaibl, 000pya0BaHHE HAa paboyeM MecCTe B MOPSIKE, yKa-
3aHHOM TIPEIOIaBaTEIIeM.
4. Tlpu BBHINOJIHEHUU JTAOOPATOPHBIX PAOOT C MPUMEHEHUEM IOJIETOB OAJUIMCTHUECKUX Tell
HE CIielyeT HaXOTUThCS B OOJIACTH IOJIETa Tela.
He nep>xute Ha paboueM cToiie IpeaAMEeThl, He TpeOyroLecs i BBITOJTHEHHS 3aJaHHs.
6. Ilepenm Tem, Kak MPUCTYNHUTh K pa0dOTe TIIATEIHLHO M3YYUTE €€ OMHCAHWE, YSICHUTE X0
BBITIOJIHEHHSI pa0OTBHI.

e

3aoanus.

1. Onpenenure B3BEIIMBAHUEM Maccy mapuka /1. Berauciaure OTHOCUTENbHYIO NIOTPeLi-
HOCTH MaccChl 171.

2. 3akpemnuTe MUCTOJET HA BBICOTE h noxn yriioM d . Beuncnure oTHOCUTENBHBIE TO-

IPELIHOCTH BBICOTHI h u yraa d .

3. PacTsHyB npyXuHy IUCTOJIETA HA X CM, ONPEAENHTE MO AMHAMOMETPY cuity F' . Bbi-
YHCIIUTE OTHOCHTENBHBIE TOrpemHocTd X u F .

4. BelctpenuTe 5-7 pa3 Opu OJHMX M TeX e 3HadeHusx X u F' . IIpu KaxaoM BeICTperne
U3MEPSNTE NAIBHOCTH I10JIETA S'. Berancmnre OTHOCHUTEJIbHYIO IIOTPEIIHOCTh HEMOCPEICTBEH-

HOro usSMEpCHUA OaJIbHOCTU S
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5. Beruucnure:
a) KOO PUIHUEHT )KECTKOCTH MPYKUHBI MUCTOJIETA k ;
0) HaYaIbHYIO CKOPOCTH MoJieTa mapuka U ;

B) BEPTUKAJIBLHYIO COCTaBISIONIYI0 HaYaIbHOU ckopocTH U 0y
I') BEPTHKAJIbHYIO COCTABISIONIYIO KOHEYHON CKOpoCcTH U
1) TOPU30HTAIBHYIO COCTaBIIAIONIYIO HaualibHOM ckopoctu U x5

€) TOPU3OHTAIIHYIO COCTABJIAIOILYI0 KOHEYHOM ckopoctu U .
6. Bpraucnure naabHOCTH MOJIETA IO U CPABHUTE CO 3HAYCHUEM, HOHP/‘—IeHHBIM B ITYHKTE 4.
7. Bbluncnute U3MEHEHHUE UMITYJIbCa IIapuKa 3a BpeMsl MojeTa ‘Dp‘ . Beruucnure cuny,

M3MEHUBIIYIO UMITYJIbC IIApHUKa 3a BPEMs I10JIETA.
8. CpaBHUTE 3HAYEHUS MOTEHIMAIBHON PHEPTUU CKATOW NPYKUHBI, HAUaIbHOW KUHETH-

4eCKOW PHEPrUM IIapHKa U KOHEYHON PHEPIUH LIapHKa.

Cooepicanue omuema.

OtyeT no 1abopaTopHbIM paboTaM JOJKHBI COACPIKATD:

- TUTYJIbHBIN JIUCT;

- TIeJIb pabOTHI;

- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIPE/ICICHUH, TOHATUH, (popmMyII;

- OCHOBHOE 000py/10BaHUE, CXeMa YCTaHOBKU;

- OTHMCAHUE IO MyHKTaM BBIOJIHEHHON paboThl;

- pe3ynbTaThl W3MEpPEHUI U pacueToB (Tabuullbl, rpaduKm);

- OLIEHKA IIOTPELIHOCTEN;

- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJIBI IO PE3YJIbTaTaM BBIIIOJIHEHHOW pabOTHI, AaTa, MOIHCh.

Konmponwsnwie eonpocbwt.
1. ChopmynupyiTe TpUHIIMI CYTIEPIIO3UIINH IBIWKEeHUH. [ 1€ oH mpumensiercs?
2. BeiBeauTe ypaBHEHUE /IS ONIPEACICHUS TMOJeTa apuKa, OPOIIEHHOTO MO YIJIoM a K

TOPHU30HTY C HAYaIbHOU CKOPOCTHIO U .

3. BbIBeanuTe MakCHMaNbHYIO BBICOTY ObEMA IIAPHUKA, OPOLIEHHOTO MOJ YIJIOM & K To-
PHU30HTY € HAYaIbHOU CKOPOCTBIO U .

4. BeiBeauTe ypaBHEHHE JAJIBHOCTH MOJIETA IapHUKa, OPOLIEHHOIO MO YIJIoM d K TOpH-
30HTY C Ha9aJbHON CKOPOCTBIO U .

5. Tlox xakuM yriom Hajo OPOCHUTH TEJO, 4YTOOBI JaJIbHOCTH I0JIeTa ObUIa MaKCHUMallbHA?
IIpu kakom yrie OpocaHMs BbICOTA MIOJIETAa PABHA €0 JAJIbHOCTHU?

JladopaTopnasi pabora Ne 2

Tema pa50Mbl. I/I3yqelme 3aKOHOB JUHAMHUKHU NMOCTYNATECJIbHOI0 ABUKCHUA C IMOMO-
b0 MAIIMHBI ATBy}Ia

Lenv pabomer. 1IpoBepka 3aKOHOB MOCTYIATEILHOTO ABUKEHUS C TOMOILBIO MAllIMHBI AT-
ByJa.

Teopemuuecmm yacmo.

13



[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 I
mx =g F

r
1 ) o
TAce m —Macca, @ — yCKOPCHHUC TCJIa, a F - CyMMa CUJI, ACUCTBYIOIIUX Ha TECJIO.

BpamarenpHbIM IBM>KEHUEM HA3bIBAIOT JBUKEHHE, ITIPH KOTOPOM TOUYKH TeJa IBHXKYTCA IO
OKPYKHOCTSIM, LIEHTPbI KOTOPBIX JIeXkKaT Ha OJHOM MPsIMOM, Ha3bIBA€MOM OChI0 BpauieHus. OCHOB-
HOE YpaBHEHHUE BPaIIATEIbHOI0 IBMKEHUS (BTOPO 3akoH HbroTOHA) MMeeT BUA:

r - -
Ie=3g M,

2 o
[ne I, =m, X" - MOMEHT UHEPLIH MAaTEPUATLHOH TOYKH, MOMEHT HHEPIUH BPaIIAIOIIero-

]
Cda TCJIda, PaBCH CYMME MOMCHTOB MHCPHHUU BCCX MATCPUAJIBHBIX TOYCK 3TOr'0 TC-Ja: 1 :a [i

r
o (V)
a M - cymMa MOMEHTOB CHJI, IEMCTBYIOIIUX HA TeJI0. MOMEHT CHIIbI — BEJIMYMHA paBHAsI IPOU3-

BEJICHUIO MOJYJISl CHIIBI Ha TUIEYO 3TOW cHiibl. [1iedoM Cuitbl Ha3bIBalOT KpaTJanIliee pacCTOsTHIE
OT ocH (LIEHTpa) BpaIEHUs 10 TMHUU JICHCTBHS CHIIBI.

Mamuna ATByna (puc.l) npencrasiser coboii 6510k pannyca R, yepe3 KOTOpsbIii IepeKuHy-
Ta HUTh C Tpy3aMu m; U m . Ecau m ;> m;, mo, yuumuieas, ymo HUmo HEPACHISINCUMG, D)3l HPUOVIN &
OBLDICEHIE C OOUHAKOBLIM YCKOpeHUeM . Bok 6y0em epaiyanvcs ¢ yenoebim YCKopeHUueM €, MOYKUL HA €20 0b00e
6)0ym umentb MaH2eHYUATLHOE YCKOPEHUE PABHOE YCKOPEHUIO 2D)306. Ypasnenus osuicerust gpy306 u Gnoka,
NPUHLMAS HANPARTEHUE O8UMHCEHUSL O ocu ocu X, 6)YOym umems Uo:

T - m >g =m X )
T, - m,>g =m, X )
T2>R-T1>R-Mmpzl>e 3)

10e T, u T, - awnt namsoicerus Humu ciesa u cnpasa om o1oka, M, - - Momverm cubsl mperus, yenosoe

yekoperue € :%.
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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: a4 =2 >§/t2
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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:

I, =m Xa+g)

T, =m,Xa+g)
3Hast CHJIbI HATSHKEHHS TPETHETO YPABHEHHS MOKHO HANTH MOMEHT CHUII TPEHMS:
M, =(T,-T )R- [%

mp
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 i, = 0,6 M, unu 0,8 M. BKIIIOUnTh CEKYHAOMEP OJHOBPEMEHHO C BBIKIIOUEHUEM
JJIEKTPOMAarHuTa.

3anucath 10 MOKA3aHUAM CEKyHAOMepa BpeMs ABH)KEHUS Ipy3a.

[ToBTOPUTH ONBIT C BEIOPAHHBIM NEPErPY3KOM HE MEHEE AT pas3.

[ToBTOPHUTE ONBIT IIPH APYTOil BEICOTE. /1, .

o oW

OnpenenuTs 10 pe3ysIbTaTaM ONbITa CPeJHEE 3HAYEHHE BPEMEHH £, M PACCUUTATH 11O (Op-
MyJi€ 3HaYEHUE YCKOPEHHS.

9. BBIYMCINUTD CUITBI HATSHKEHUS] HUTEH M1 MOMEHT CUJIbI TPEHUS.

10. Ilo naHHBIM OMBITa C OJTHUM 3HAYEHHUEM S BBIUUCIATH KUHETUYECKYIO SHEPTHUIO IPY30B B

KOHEYHBI MOMEHT JIBUKEHUS

_(ml+m2)></2 :(m1+m2)>a2 X :(m1+m2)>2>§2
’ 2 2 t’

11.Bbr4ucanTh KHHETUUECKYIO SHEPTHUIO OJI0Ka

I RPN mxt mS?
Kﬁﬂ - - 2 -2
2 22X R 4 t

12.  BbIYUCIUTH U3MEHEHUE MOTECHIIMATBHON YHEPTUHU 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
HEKOTOPBII MAKCUMAJIBHBIN YTOJ | , KOTOPBIH U3MepsieTCsi TPAHCHOPTHPOM — 10 MAKCUMAJIbHO-
My CMEIICHHIO yKa3aTells, )KECTKO 3aKPETICHHOTO Ha CTEP)KHE.

Jl1s IByX MOMEHTOB BpEMEHHU, JI0 yAapa, U MOCJe HEYNPYroro yaapa (mox "ynapom"
MBI TI0JIpa3yMEBAa€M OTHOCUTEIBHO OBICTPBIN MPOIIECC TOPMOKEHUS MYJIU B TUIACTUIIMHE) MOYKHO
IPUMEHUTH 3aKOH COXPAHEHUS MOMEHTA UMITYJIbCA!

2
mua =(1 + ma”)w,,
rae m —macca myi, U — CKopocTsb I1yJId 10 yJapa, d— pacCTOsIHUE OT OCH JI0 TOUKH yJ1apa Iy-Jiu,
I — MoMenT MHepLUMYU MasTHHKA Hocle yaapa. BTopsiM uieHoM B ckobkax B (1) MOKHO TpeHe-

Opeub Janexo He Bcernaa (sl Hallero ciiydas BaM HeOOXOIMMO Ha OCHOBAaHMM M3MEPEHHUH TO-
Ka3aTh (WJIM OMPOBEPTHYTH) BO3MOXKHOCTH 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),

HMETH YIJIOBYIO CKOPOCTH, PaBHYIO . CJ'IGI[OB&TCJ'IBHO oH O J€T UMETb U COOTBECTCTB FOIIIMI
> >

el 3armac KHHETHIECKOMN OHEPIUu, KOTOprI 3aTE€M B MOMCHT HaHOOJIbIIEr0 OTKIOHCHUS (I/I MI'HO-
BEHHOI OCTaHOBKHU MaﬂTHI/IKa) MMpEBPATUTCA B TIOTCHIHUAJIbHYHO SHCPIUIO:

_(U+ ma’ )W,
2

E, 2?\/[ + m%égh
%]

E,

Ek :En , CJIeIOBaTEIbHO

(7 +ma2)W§ _a?w
2 &

rae M — macca GalIMCTHYECKOTO MAATHUKA, /I — BBICOTA MAKCMMAJIBHOTO HMOJHATHS €TI0 IEHTpa

+m?ggh

Macc B TOUYKE OCTaHOBKH, g —9,81 M/c? — ycKOpeHue CBOGOIHOTO MAJEHNUsI HA NIUPOTE

r. [laturopcka, £ — paccTosiHME OT OCH BpalleHHs 10 IIEHTpa Macc MasTHHKa (6e3 mymm). ITo-
CpeACTBOM OallaHCHMPOBKH HCIIOJIb3YEeMOTr0 B JaHHOH pabore (pu3mueckoro MasTHUKA yAaJIOCh
YCTaHOBUTb, YTO IICHTP MACC MAsITHUKA ITOYTH COBIIAJIACT C TOYKOW KPETUICHUS CTEPKHSI C IIUITIH-
apom (1. B Ha puc. 1). Takum o6paszom, paccTossaue / MpUHUMAETCS paBHBIM JuIHHE cTepskHsa OB.

Btopoe (manioe) cinaraemoe B BEIpaKEHUU JIJIs1 IOTEHIIUATBLHOM sHepruu (3) JOMOTHU-
TEJIEHO YYHUTBIBAET, YTO LIEHTP Macc ITyJId B OOIIEM CiIy4ae He COBIAAAET C IIEHTPOM Macc MasiT-
HUKA.

W3 puc.2 Buano, uro i =I- [cosj =I(1- cosj ) ZZISiHZJE, rae / — paccTostHEE OT

OCH BpalliICHUsA 0] A0 IeHTpa MacC MasATHUKA C. I/ITaK, MbI NTOJIYUHIJIN YPABHCHUC

1 ) , & a o} & a O , . 5
— +/ =cm—+ M “gh =2 —+ M Zglsin”—.
2(ma )WO gml 5g 8ml 5g >

Takum o6pazom, Ha ocHOBaHWHU ypaBHeHHH (1) u (5) momy4aem OCHOBHYIO pabouyto dhop-
MyJTy

(ma’ +I)§emc;+Mo_;gl
1]

u=2 sinJ— %
2 ma
Bce BenmmumHbI, BXOSAIINE B BBIpakeHUE (6), MOTYT OBITH ONIPE/ICIICHBI YKCIIEPUMEHTAb-
HO.
Oobopyoosanue u mamepuaol.
YcTaHoBKa, cocrosiimasi u3 (PU3MYECKOro MasTHUKA, MMOJBEHICHHOTO HAa TOPU30HTAIBHOM
OCH Y TPAHCIIOPTUPA, THEBMATUICCKHUI IMTUCTOJIET, 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 uununapa-ynosurens =91 r. JIuneliHas MIOTHOCTh CTEPXKHS, Macca, MPUxo-
JAIIasicsl Ha eIUHUIYY JJIMHBL: m =1,97 r/cM, TorAa mojiHasi Macca CTepKHS m2 :m>l. Cie-

JOBaTeNbHO, Macca MassTHUKA M —m +I’I/12. Paccrosinue - @ oT ocu BpaleHus 10 TOYKHU yaapa

M3MEPSIOT MUJLTUMETPOBOH NMHelHKoH. TTonoKeHne EHTpa MacC MasTHUKA COOTBETCTBYET TOY-
Ke COeJIMHEHHs YIOBUTENS M cTepykHs. JIuHy cTepxkHs / onpeesaroT KaK pacCTOSHUE OT TOUKH
T0/IBECA JI0 TOUKM COEMHEHHS YIOBUTENSA U TPYOKH.
1. OnpegesienHe MOMEHTA HHEPIHH 0ALTMCTHYECKOT0 MASITHAKA
MoMeHT uHepIuH (U3NYECKOTO MasSTHUKA HAXOAT 110 IEPUOJLY €r0 KauaHUii, paBHOMY
1
TP her

(Bemuuunsl M u / yxe onpenenensi).

O6paTuTe BHUMAHKE, YTO JUIS JOCTATOYHO HAJEKHOTO M3MEPEHHs MEepPHO/a KauaHUi Mbl
JIOJIKHBI 00ECIIEYUTh BBINOIHEHUE CIIEAYIOIMX yCIOBMIA:

— aMIUTUTyJa KadyaHUH JOJDKHA OBITh JOCTATOYHO Malia, YTOOBI MOXHO OBLIO TIPEHe-
Opeub ee BIUSHUEM Ha Mepro/ KauaHHi;

— HYKHO IIPOCIEAUTh 32 OTCYTCTBHUEM KayaHWUN MAasTHHKA IO IPYroil OPTOrOHAIbHOU
ocH (WIH JOXAAThCS WX IMOJHOTO 3aTyXaHMs, €CIM OHHM 10 KaKUM-JIMOO MPUYHMHAM
BO3HUKJIN);

— TEpHOJl Ka4yaHUH HAJIO0 ONpeAeNUTh Kak cpeaHee 3a 20—30 kauaHuid, 9TOOBI YMEHbB-
IIUTH TOTPEIIHOCTh U3MEPEHUS] BPEMEHHU CEKYHIOMEPOM.

MoOMEHT MHEPIHMH BBIUUCIAETCS, UCX0os U3 (7), Kak

_ MgIT?
4p?

TeopeTnueckoe 3HaYeHNE MOMEHTA MHEPLIMHU MOXHO HaWTH KaK CyMMY MOMEHTA UHEPLIUU

CTEpXKHS OTHOCHUTEJIBHO OCH BpallleHUs, MEPHEHAUKYJISIPHON CTEp)KHIO M MPOXOJIIel udepes
2

1 o
OJJWH U3 €0 KOHIIOB ICT = 57’!’[261 U MOMEHT MHCPUHH YIOBUTEIIA, KOTOPBIN (B CBs3U C JOCTAaTOYHO

OOJIBIIMM PAcCTOSHUEM JI0 OCH BpAIICHHS) MOKHO MPUHATH 32 MaTe€pUAIbHYIO TOYKY, TOTJa

1

Iyn = 1114°, a TEOPETHYECKOE 3HAUCHUE MOMEHTA HHEPIIHH OAa/LTHCTHIECKOr0 MAsTHUKA

- =1 2 2
ITeop = Ier. +Iyn =3Maa” + myas.
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|ITeo -
Paccuurath norpentsocts n3menenus. 0 =—— -100%.
Teop

2. Onpenesnenne CKOPOCTH MOJIETA MU

Macca kaxxa0i myJiv onpeaessieM B3BeIIMBaHUEM. JTO MOYKHO CJlIeJIaTh OTOMY, YTO JIOTa-
pUPMHUUECKUI TeKPEMEHT 3aTyXaHUs ATUX KoJeOaHUil BecbMa Mall M MX aMIUIUTYAa JOBOJIBHO
JI0JTO0 OCTAaeTCsl MOYTH MOCTOSHHOW (IIOMBITalTECh 3KCIIEPUMEHTAIBHO OLEHUTh BEIMUYUHY [Ie-
KpeMeHTa!).

1) 3mepuTh B3BelIMBaHUEM Maccy IMyiau. OLEHUTh MOTPEIIHOCTh ONPEEICHHSI MAaCChl.

2) Ipoussectu BhicTpen. OTMETUTh MAaKCHUMaIbHBIA yron & OTKIOHEHHUs yKa3aTels II0
TpaHcnoptupy. M3MepeHue yria oTkioHeHus A HajiexkHee IPOU3BOIUTE HE TOIBKO 110 aMILIUTY-
Jie OTKJIOHEHMs MasTHUKA IpU NEPBOM KauyaHUH, HO M MO Pa3Maxy €ro KoieOaHui, AIAIIUXCS
HEKOTOpOE BpeMsl Iociie yaapa (IIpy 3TOM IMOJIE3HO PUMEHATh U YCPEAHEHUE OT/AEIbHBIX OTCYE-
TOB). BrICTpEn Npou3BOAUTE TOJBKO MO HEMOABMKHOMY LIMIUHAPY. [IOBTOPUTH OMBIT 5 pas.
HaiiTu cpennee 3HaueHue yriia OTKIOHEHUS U IOIPEIIHOCTh U3MEPEHHUS yTJIa.

3) Bobruucnute 3HaYEHHE CKOPOCTH ToJjeTa mysu 1o ¢opmyie (6). Beruucnuts norper-
HOCTb OIIPEJENIEHUS CKOPOCTH MOJIETA ITYJIN.

4) 3anucatb OKOHYATENbHBIN pe3yibTaT. Caenarb BHIBO/I.

Cooepicanue omuema.

OT4er 1o 1a00paTOPHBIM pabOTaM JIOJDKHBI COIEPIKATH:

- TUTYJIBHBIH JIUCT;

- [IeTh paboTHI;

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

- OTIMCaHUE IO IMyHKTAaM BBIIOJIHEHHON paboTHI;

- pe3yabTaThl U3MEPEHUH U pacyeToB (TabauIbl, rpaduKn);

- OIICHKA MOTPEITHOCTEH;

- OTBETHI HA KOHTPOJIbHBIE BOTIPOCHI,;

- BBIBOJIBI TIO PE3YJIbTAaTaM BBITIOJTHEHHOW Pa0OTHI, JaTa, IMOJITUCH.

Konmponsnsie éonpocbi.
1. Kak ompenernsercs KHHETHYSCKAst YJHEPTHsI IPH TIOCTynareabHoM jaBrokeHnun? [Ipu Bpa-
IaTEILHOM JIBVOKCHUH?
2. OOBsICHHTE, TIOYEMY TIPU HEYIIPYTOM yJape HE BBIMOJHICTCS 3aKOH COXPaHEHUS MeXa-
HUYECKOH SHEPTHH.
3. ChopmynupyiiTe U 3alUIIATE 3aKOH COXPAHCHUS MMITYJIbCA JIUISI HEYNPYroro B3anMO-
JIEeHCTBUS My U (PU3HUECKOro MasiTHUKA (00bsicHUTE BbIBOJ hopMyiibl (1)).
4. Chopmynupyiite Teopemy lllTeitHepa.
. Uto takoe mMoMmeHT mHepuuu? Kak ompenensercss MOMEHT MHEPIUU CTEPXKHS OTHOCH-
TEJIHO OCH, TIPOXOJISIICH Yepe3 OJMH ero KOHIIOB.
6. BriBectu popmyiny (6).

9]

JlabopaTopnas paGora Ne 4
Tema padbomer. OnipenesieHue nepuoaa KoaedaHui Gu3n4ecKoro MassTHUKA
Llenwv pabomet. OtipeienieHNe CKOPOCTH IOJIETA ITYJTH C IIOMOIIBI0 (PU3HUECKOTO MAasITHHKA.

Teopemultecmm uacms.
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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.
& mglf

I — momenT HHCPpUUN MaATHUKA OTHOCUTCIIbHO OCH KOHe6aHHﬁ,

m — Macca MasiTHHKaA, Puc. 1
[— pacCcTosHnuEC OT OCH OO0 EHTpa MaccC.

HepI/IO,[[ KoJIeOaHMM OIPEACIIICTCA COOTHOILICHHUEM

(1)

I
T=2p |— (2)
mgl
(DI/I?;I/IIIGCKOMY MAasATHUKY MOXET OBITH IIOCTABJIEH B COOTBETCTBUE MATEMATUUYECKNAI MasT-
HUK, I/IM€IOH_II/H71 TOT XK€ IEpUOa

r=0p |k 3)
g
L — OJJIMHA MAaTEMATUYCCKOT'O MasATHHUKA (HpHBe}ICHHaﬂ JJINHA (1)I/I3I/I‘-ICCKOFO MafITHI/IKa).
JlinHa MaTeMaTHYECKOTO MasiTHHKA, ITIEPHO]] KOJICOaHH KOTOPOTO paBEeH NEPHOAY KOJIe-
6aHI/II>’I (I)I/I3I/IIICCKOFO MasaATHHKA, HA3bIBACTCA HpHBeHéHHOﬁ Z[HHHOﬁ (I)I/I3I/ILIGCKOFO MajgdTHHUKA

L :L 4)
ml

B nanHoit paboTe ¢puznueckuii MasTHUK MPECTaBIsET COO0H CTAIBHOU CTEepXKeHb (puc. 1).
Ha crepxne npocBepsieHbl OTBEpCTUSIMHU Ha paccTositHuu 10 cm apyr ot npyra. CTepxeHb MoJI-
BEUIMBAIOT Ha IITHIPh O. BeiOupas oTBepcTHE HAa CTEPIKHE, MOKHO PEryJIUpPOBaTh PACCTOSIHUE OT
TOYKH To/iBeca cTepkHs O 110 LleHTpa macc crepxkus C, HanpuMep, Ha puc. 1 paccrosaue OC
paBHO 40 cm. Lentp macc C OJHOPOTHOTO CTEPXKHS HAXOUTCS MOCEPETUHE CTEPIKHS.

Ecnu cTepKeHb OTKIOHHTE OT I10JI0%eHus paBHoBecus Ha yroa 3° | 59, 1o on Gyner cosep-
m1aTh KojaeOaHus OMM3KUE K TapMOHUYECKUM. Bpemst konebanuii uaMepseTcsi 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

T =2p £
g

2

rae L — npuBeAeHHas JIMHA (U3HUUECKOTO MasTHHUKA.
Ilpusedennas onuna GHU3NUECKOT0 MasTHUKA paBHA JJIMHE MAaTEMaTUYECKOTO0 MAasTHHKA,
UMEIOIIETO TaKOW ke Mepro]] KoJieOaHH KaK y JaHHOTO (PU3HUECKOTO MasiTHHUKA.
[IpuBenennas nuHa GU3NYECKOTO MasITHUKA ONpeAesieTcs: GopMyion

="
md ’

rae: J — MOMEHT UHEPIMH MasgTHHKAa OTHOCUTEJBHO TOUYKHU nojBeca O;

m — Macca MasiTHUKA;

d — paccTostHuE OT TOYKH nojBeca O 110 1ieHTpa Mmacc mastHuka C.

Teopema IllImeiinepa. Momenm unepyuu J mena omHocumenbHo RPOU3BOIbHOLU OCU PABEH
cymme momenma uHepyuu Jy mena omHoCUmenbHO OCU, NPOBEOeHHOU Yepe3 YeHmp macc mena
napanieibHo OAHHOU OCU, U NPOU3BEOeHUsl MACCbl M mena Ha keaopam paccmosHus d mexncoy
IMUMU OCAMU:

J=J,+md"’

B nanno#i maGopaTopHoi paboTe MOMEHT WHEPIIUU CTEPKHSI OTHOCUTEIHHO OCH KadaHHs
O Bruucnsiercs no teopeme Llreitnepa. [l 0THOPOJHOTO CTEPKHS MOMEHT UHEPLUUU OTHOCHU-
TEJIbHO LIEHTPA Macc CTEP>KHS (COBMAAET C LIEHTPOM CTEPIKHS)

Jo :Lml2
12

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

2 2
J =Jy +md* = mi? +ma? =" F1240)
12 12
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[IpuBenennas anuHa GU3NYECKOrO MasTHUKA B JAHHOM JabopaTopHOi pabore ompenens-
eTcs o GpopmyIie:

J _m(*+12d*) I’ +12d° s
md 12md 12d )

Torna nmepuoxa konebanuii GU3NIECKOTO MasITHUKA B TAaHHOW JIaOOpaTOpHOU paboTe ompe-
nensieTcs mo gpopmyiie:

L =

—2p > +12d° ]
12dg ©)

Obopyoosanue u mamepuansl. YCTaHOBKA JUISI UCCIIETOBaHHUA KoJieOaHUH (HU3MIECKOTO
MasiTHUKA, JINHEHKa, CEKyHIOMED.

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

HUKU O€30M1aCHOCTH.

2. JlabopaTtopHble pabOThI MOTYT MPOBOIUTHCS TOJHKO MO/ PyKOBOACTBOM U HAOIIOJCHUEM
IIPETNoIaBaATEIIs.

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

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

5. Ilepen Tem, Kak MPUCTYNHUTHh K pabOTe THIATEIILHO U3y4yUTe €€ OMHCAHHUE, YSICHUTE XOJI
BBITIOJIHEHUSI pa0OTHI.

3aoanus.

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

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

Boraucnsior cpeHee 3HaUeHUE BpEMEHH

at
id

L<ft>=
n
[Tepuon onpenenstoT mo hopmylie
<t>
7‘:131! =
) N

2. TloaBemMBarOT MasTHUK Ha IITHIPh BTOPHIM, TPETBUM M YETBEPTHIM OTBEPCTHUSIMH IO
Ouepe/IM U TIOBTOPSIOT U3MEPCHHS TTyHKTa 1.

IIpu atom d, = 30 cm, d3 =20 em, dy = 10 cm.

Jlnvna crepxHs [ =1 m.

JlanHbIe U3MEpPEHUH 3aHECTH B TAOIUILY
Tabmmma 1.
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d < Tusn L Thacu
M c C M c
0.4
0,3
0,2
0,1

3. BeUUCHAIOT IPUBEAECHHBIE JTTUHBI q)nzﬂquKoro MasiTHHUKA IUIS BceX d
I +12d°
12d

4. BblYMCHSIOT MepHOAbl KoJeOaHuil (U3NUEeCKOro MasgTHUKA JJIs BCEX 3HAYCHUH IpUBe-
JICHHOM JUTMHBI (PU3NIECKOTO MAasTHUKA

L
Tpacu :2p E

5. Hoctponts rpaduky neprona nsmepernoro 1, =f(L) u pacuernoro Tpaw =f(L) 8

usm

3aBUCUMOCTHU OT IPUBEICHHOM JIUHBI L.
6. CpaBHUTH U3MEPEHHBIE M pACUETHBIC 3HAYCHUS TIEPHOJIOB KOJICOaHMIA.
Crenatb BBIBOJI O XapaKTepe 3aBUCUMOCTH NepHroa KojaebaHui Gpu3nyeckoro MasiTHUKa OT
NPUBEJAEHHOM JIINHBI.
Cooeprcanue omuema.
OTtyeT no 1abopaTopHBIM paboTaM JOJKHBI COACPIKATD:
- TUTYJIbHBIN JIUCT;
- TIeJTb pabOTHI;
- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIPE/ICIICHUH, MOHATUH, (popmMyII;
- OCHOBHOE 000py/I0BaHUE, CXEMa YCTaHOBKU;
- OTHMCAHUE IO MyHKTaM BBIIIOJIHEHHON paboThl;
- pe3yJbTaThl U3MEPEHUN U pacueToB (TabJauIIbI, rpaduKm);
- OLICHKA IIOTPEIIHOCTEH;
- OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI;
- BBIBOJIBI IO PE3YJIbTAaTaM BBIIIOJIHEHHOW PabOTHI, 1aTa, MOIMHUCH.
Konmponwvuwvie gonpocoi.
Jaiite onpeneneHre rapMOHUYECKUX KOJIeOaHHH.
UYro Ha3pIBacTCA MaTEMaTUYECKUM MAATHUKOM?
Uro Ha3bIBaeTCs NPUBEAEHHON JUIMHON (PU3NUECKOTO MassTHUKA?
Chopmynupyiite Teopemy llTeiinepa.
BriBectu dopmyiy nepuoaa koieOaHuii (GU3NIECKOro MasTHUKA.

M S

JlabopaTopnasi padora Ne §

Tema padompr. Onpenesienne K03(p(PpuUeHTa BHYTPEHHEI0 TPEHUA KUIAKOCTH METO-
aoM najgawuiero mapuka (meroa Crokca).

Ilenwv padomui. 1103HaKOMUTBCSI C METOJIOM U3MEPEHHUS BA3KOCTH KUAKOU CPENBI.

Teopemuuecxaﬂ yacms.
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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=h2Ys, (1)
Dx

ax

(3 4

rae Kod(pQUUUEHT MPONOPLUUOHATIBHOCTU 7, 3aBHCALIMM OT HPUPOABI >KUIKOCTH, HA3bIBACTCS
AMHAMHYECKO# BA3KOCTHIO (WIH MMPOCTO BA3ZKOCTHIO).

Enununa Ba3koctu — nackanb-cekyHaa (Ilaxc): 1 [TaXc paBeH AuHaMUUECKOM BA3KOCTH
Cpelibl, B KOTOPOU MpH JIAMUHAPHOM (TJ1aIKOM) T€UYEHUH U IPAIUEHTE CKOPOCTU C MOJYJIEM, paB-
HeIM 1 M/c Ha 1 M, BO3HUKaeT cuia BHyTpeHHero Tpenus B 1 H Ha 1 mM? moBepxHOCTH KacaHus
CJI0€B (1 Maxc=1 Hxc/m?). [IpumensieTcs Takxke BHecUcTeMHas exununa — myas (I1):
1TTa-c =10 I1.

UYem Oouibliie BA3KOCTh, TEM CHIIbHEE KMJIKOCTh OTJIMYAETCS OT UJCAIbHOM, U TeM OOJIbIINe
CWJIBI BHYTPEHHETO TPEHUS B HEM BO3HUKAIOT. BS3KOCTH 3aBUCUT OT TEMIIEPATYPHI, IPUUEM Xa-
paKTep 3TOM 3aBUCUMOCTH IS )KUJIKOCTEUW M Ta30B pa3iauydeH. [l )KUIKOCTEN 77 C yBEIUYEHUEM
TEMIIepaTypbl YMEHBIIAETCS, Y ra30B, HA000POT, YBEINUMBAETCS, YTO YKa3bIBAET Ha pa3Iuyue B
HUX MEXAaHM3MOB BHYTPEHHEro TpeHus. Tak, TuHamMHuueckasl BSI3KOCTb BOJbl YMEHBILIAETCS OT
1,792-1072 T no0 0,284-10 2 I1 (t.e. B 6,3 pasa) npu yBenudenun temneparypst ot 0 °C 1o 100 °C,
a'y BO3JyXa B 5TOM € JMaNa30He BA3KOCTh yBenmuusaercs oT 1,709-107* 11 go 2,175-107* I1.

CymecTByeT ABa pexuMa Te4eHUs )KUIKocTel. Teuenue Ha3pIBaeTCs JJaMHMHAPHBIM (CJI0-
HMCThIM), €CJIM BJOJIb MOTOKA KaXKIBIM BBIJICICHHBIM TOHKHWM CJION CKOJB3UT OTHOCHUTEIBLHO CO-
CEIHUX, HE NIEPEMEIINBASICh C HUMHU, U TYPOYJICHTHBIM (BUXPEBbIM), €CIIU BJIOJIb IIOTOKA IIPOUC-
XOJUT UHTEHCUBHOE BUXPEOOpa30BaHKE U NIEPEMELINBAHUE KUIKOCTH (Ta3a).

JlamuHapHOe TeueHHe KHUJIKOCTH HaOII01aeTcs Mpy HEOOJbIINX CKOPOCTAX €€ JIBUKEHUS.
Buewnuil cinoi )KUIKOCTH, TPUMBIKAIOIIUN K MOBEPXHOCTU TPYObI, B KOTOPOH OHA TEYET, U3-3a
CHJI MOJIEKYJIIPHOTO CLETJIEHUS NPUIMIAECT K HEH U OCTaeTCsl HEMOABMKHBIM. CKOpOCTH IOCIIe-
JYIOILMX CJI0EB TeM O0JIbIlIe, YeM OOJIbIIIE UX PACCTOSIHUE /10 TOBEPXHOCTHU TPYObI, M HANOOIbILIEH
CKOPOCTBIO 00JIaJlaeT CJIOH, ABMKYILIUICS BAOIb OCH TPYOBI.

[Tpu TypOyA€HTHOM T€UEHMH YaCTHULBI )KUIKOCTH IPUOOPETAIOT COCTABIISIIOIINE CKOPOCTEH,
NEPIEHIUKYJIAPHBIE TEYEHHIO, TIO3TOMY OHHM MOTYT NEPEXOAUTH U3 OJHOTO cJiosl B Apyrou. Cko-
POCTB YaCTHUI KUAKOCTH OBICTPO BO3PACTAET IO MEPEe YJaJICHHsI OT TIOBEPXHOCTH TPYOBI, 3aTeM
M3MEHSETCS TOBOJBHO HE3HAYUTEIbHO. TaK KaK 4acTULbl )KUIKOCTH NEPEXOIAT U3 OJHOTO CJIOS
B JPYroil, TO UX CKOPOCTU B PA3NIMYHBIX CIOSIX Mayo oTinyarorcs. M3-3a 6ombioro rpaauenTa
CKOpOCTEH y MOBEPXHOCTEH TPyObl 0OBIYHO ITPOUCXOIUT 0Opa30BaHNE BUXPEH.
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[Tpoduib ycpeHEeHHOM CKOPOCTH NIPU TYpOYJICHTHOM TE€USHUH B TPyOax OTIMYAETCA OT Ia-
pabonmieckoro mpoduis Mpyu JIAMHHAPHOM TeUEHHH 00Jiee OBICTPHIM BO3pacTaHUEM 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:

r(u)d
Re :T . 2)

rae  p — IUVIOTHOCTh KUAKOCTH;
<U > — CpeHsis IO CEYEHUI0 TPYOBI CKOPOCTH KUJIKOCTH;

d —XapakTepHbIi JIMHEHHBIN pa3mep, HaIpUMeEp JHUAMETp TPYyObI;

/) — IMHAMHYECKas BSI3KOCTb KHJIKOCTH.
Otnomenue N = #/p HasbIBaeTCA KHHEMAaTHYECKOIi BA3KOCTBIO, 103TOMY (2) MOXKHO Mpei-
CTaBUTh CIAEAYIOLUM 00pa3oM:

Re =U)d 3)

ITpu maneix 3HadeHusx uyucia PeitHonbaca (Re s 1000) nabGnrogaercs JaMHUHApHOE Tede-
HHe, TIepPEeX0]l OT JIAMUHAPHOTO TEUYCHHs K TypOyJICHTHOMY Hporcxoxut B oGmactu 1000% Re £
2000, a mpu Re = 2300 (mns rmagkux TpyO) TeueHnue TypOysnentHoe. Ecnu uncno Pelinonbaca
OJIMHAKOBO, TO PEKUM TEUCHHSI PA3IMYHBIX KUAKOCTEH (ra30B) B TPyOax pa3HbIX CEUEHUI O/U-
HaKOB.
Teopusi MeTO1a ¥ ONIUCAHHE YCTAHOBKH
BsI3KOCTh TIpOSIBISICTCS TIPH JIBMXKEHUU HE TOJBKO XKUAKOCTU IO COCYyAaM, HO U Tel B
KHUIKOCTU. [Ipy HEOOIBIIUX CKOPOCTSAX B COOTBETCTBUM € ypaBHeHHEeM HpioToHa cuia conpo-
TUBJICHUSI IBIKYIIEMYCS Ty MPOMOPIIMOHATFHA BI3KOCTH JKHIKOCTH, CKOPOCTHU JIBIKEHUS
TeJIa U 3aBUCHUT OT pa3MepoB Tena. Tak Kak HEBO3MOXKHO YKa3aTh OOIIyI0 ()OpMYITY AJIsi CHIIBI
COIIPOTHBIICHUS, TO OTPAHUYMMCSI PACCMOTPEHUEM YaCTHOTO CITyYasl.
Haubonee nmpocroii hopmoit Tena siBnsiercst chepa. st chepudeckoro Tena (apuk) 3aBu-
CHUMOCTH CHJIBI COTIPOTUBJICHHUS TIPU €T0 JABIKEHUH B COCYJZIE C KHUIKOCTBIO OT MEPEYHCICHHBIX
BhIIIE (PAKTOPOB BBIpaXKaeTcs 3akonom Cmokca:

F,, =6phr, @

r7ie ¥ — paAuycC IapuKa;

0 — CKOPOCTb JABUKCHHUS.
DTOT 3aKOH MOJIYYEH B IPEANOI0KEHNH, YTO CTEHKH COCY/Ia HE BIMSIIOT Ha IBUYKEHUE TeJa.
[Tpu mageHnu mwapuka B BI3KoU cpefie (puc. 3) Ha Hero AEMCTBYIOT TPU CUIIBL:

® CUJa TSIKECTU mg :ér pr3g 5
® BHITAJKUBAIONIAs (apxumeznosa) [ y=m,g 2% r..p e g,

TJIE My — Macca BRITECHEHHOW IIAPOM JKUIKOCTH; Py — €€ TUIOTHOCTB;
® [, — cuia CONPOTHUBIICHUS, BeIUucsgemas 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:

ng

Puc.2.

l 1 1
mg+F,+F, =0. Q)
B ckanstpHoit GpopMe mpu MOACTAHOBKE COOTBETCTBYIOIIHX BBIPaKe-

Hult a7 cui, popmyna (5) Oyaer uMeTh BUA

irpxig- 4r prig- 6phru, =0, (6)

rae Uy — ckopocTs paBHOMEPHOTO JABIKCHHS (IIafieHHs) MaprKa. 13

(6) momyyaem BbIpa)keHUE JJIs JUHAMUYECKOMN BS3KOCTH:

(7

®opmyna (7) cripaBeaauBa AJs ABH)KEHUS IIapUKa HE TOJIBKO B KHJI-
KOCTH, HO U B rase.

DKclepuMEHTANIbHASL YCTAHOBKA COCTOUT U3 CTEKJISIHHOTO LIMJIMH/IPA, 3aII0JIHEHHOTO TIIMIIE-
puHoM. Ha nunuuape HaHeceHs! 1B€ TOPU30HTAIbHBIE METKU (IIPOBOJIOYHBIE KOJIBLIA), PACIIOJIO-

KEHHBIE JIPYT OT JPyTa Ha paccTosAsHuK Z (BEPXHss METKA JIOJIKHA OBITh HUKE YPOBHS IJIMIIEPHHA

Ha 5 — 8 cM.). Bsi3kocTh riuiiepuHa 3aBUCUT OT TEMIEPaTyphl CIEAYIOIMIUM 00pa3oM:

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

Oobopyooeanue u mamepuaol.

CTeKJIIHHBIM LWJIMHAP, 3all0JIHEHHBIM INIMIIEPUHOM, CEKyHAOMEp, MUHLET, IIApUKU, MU-
KPOMETP WA OTCUYETHBI MUKPOCKOIL.

Ykazanua no mexnuke d6ezonacnocmu.

1. K BbINoNIHEHUIO Ta00PaTOPHBIX pa0dOT AOMYCKAIOTCS CTYACHTHI, U3YUYHBILINE MPABUIIA TEX-
HUKH 0€301TaCHOCTH.
2. JlabopaTtopHbie pabOTHl MOTYT MPOBOAUTHCS TOJIBKO MO/ PYKOBOJCTBOM M HAOIIOACHUEM

nmpernoagaBaTeiis.

3. Pacnonaraiite npubopsl, MaTepuaibl, 000pya0BaHHE HAa paboyeM MecTe B MOpsIKE, yKa-
3aHHOM IIPEINOJIaBaTeICM.
4. He nepxute Ha paboyeM CTOJIE MPEIMETHI, HE TPEOYIOIUECs ISl BHITOIHEHUS 3a/1aHusL.

e

BBITIOJTHCHHUA paGOTH .

[Tepen TeMm, kak MpUCTYNUTh K paboTe TIIATEIHHO M3Y4YHUTE €€ ONMUCAHUE, YSICHUTE XOJI
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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. Bbraucauth CKOpOCTh najaeHus mapukos Ly = Utep.

7. TlonctaBUTh 3HAYEHHE CKOPOCTH B (hopMyiy (7), BBIUUCIUTH BI3KOCTH TIIUIIEPUHA.

8. PesynbTaThl H3MEpEeHU 3aHeCTH B TaOIHITy 1.

Tabnuna 1.
t]: c tZ) c t3:c t4’c t5r c t6) c t71 c t81 c tQ} c tCD: c }/', M VO’ Z, M na
Mm/c [TaXc
Ipumeuanue: IJIOTHOCTH cBUHIA p = 11,350 r/cm?

MJIOTHOCTB TIJIMILIEPUHA Py = 1,264 r/cMe.

Cooepicanue omuema.

OTder 10 1a00PaTOPHBIM pabOTaM JIOJDKHBI COICPIKATH:

- TUTYJIbHBIH JIUCT;

- [IeTh paboTHI;

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

- OTIMCAHUE IO IMyHKTaM BBIIIOJIHEHHON paboThI;

- pe3ynbTaThl W3MEPEHUI U pacueToB (TabuuLbl, rpauKn);

- OIICHKA MOTPEIIHOCTEH;

- OTBETHI HA KOHTPOJIbHBIE BOTIPOCHI,

- BBIBOJIBI TIO PE3YJIbTAaTaM BBITIOJHEHHOW Pa0OThI, JaTa, MOJITUCH.

Konmponsnsie eonpocoi.

MRS

Uro Takoe BHyTpEeHHEE TpeHue?
OT yero 3aBUCUT CHUJIa BHYTPEHHETO TPEHUS?
Kak 3amuceiBaercst popmyiia HeroToHa /1 BHYTPEHHETO TPEHHUSI?

Yto noka3sIBaeT I'paAuCHT CKOpOCTI/I? B kakux eguHuiax oH I/ISMep}IeTCH?

OT yero 3aBUCHUT CUJIA TPEHUS MPH IBUKEHUU TeJl I1apooOpa3Hoil GopMBI B BSI3KOI cpe-

ne?

Kakue cuiibl 1eCTBYIOT Ha MaAarolui B BI3KOM Cpejie MIApUK U KaKOB XapaKTep JABUMKE-

HUS 11apuKa’?
B xakux eguHUIIaX U3MEPAIOT BSI3KOCTH? OT 4ero oHa 3aBUCUT?

JlabopaTopnasi padora Ne 6

Tema paoomsi. OnipenesieHre OTHONIEHUS YAeJbHBIX TEMJI0EMKOCTeH BO3IyXa MeTO-
J0M aIUA0ATHYECKOr0 PACIIMPEeHNs.
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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 TEMIIEPATYPhI:
Q=cm(T,- 1)), (1
TJIe ¢ - yaelbHas TeIJIOeMKOCTh BemecTBa. M3 popmyinsl (1) cnemyer

__ 9

= . 2
=T @)

Yoenvnoit mennoemkocmoro Ha3zpIBacTCs KOJIUYECTBO TEILIOTHI, HEOOXOAMMOE IIJIsS Ha-
rpeBanus Bemectsa Mmacco 1 kr va 1 K. B «CH» [c] =1 _ﬂ‘)*c .
ke XK
KpoMe ynenbHOM TEIIOEMKOCTH BELMIECTBA MCIIOIL3YETCS MOJISApHAs TeIoeMKocTh CY,
Monapnoii menjioemMKocmslo Ha3bIBaCTCS KOJUYECTBO TEIUIOTHI, HEOOXOUMOE JUTsl HArpeBaHUS
1 mons BemectBa Ha 1 K. U3 onpenenenus yaenbHOM TEIUIOEMKOCTH CIIEAYET, UTO OHA CBSI3aHa C
MOJISIPHOM COOTHOILICHUEM

M _
C" =Mc 3)
rae M - monspHas macca BemectBa. B «CW» eaununa wusmepeHus [CM]=1
HC
_ A CocTosH1E Ta3a MOXKET ObITh OXapaKTEPU30BaHO TPEMS TapaMeTpaMu: JaBICHUEM
mone XK

p, 00beMoM V u temnepatypoii 7. YpaBHEHHE, CBSI3BIBAIOIIECE 3TH BEIUYHHbI, HA3BIBACTCS ypas-
HeHuem cocmosanua 2a3za. JI1s ciydas UIeanbHOro ra3a ypaBHEHUEM COCTOSIHUS SIBIISICTCS ypae-
Henue Menoeneesa-Knaneiipona

pV =%RT, 4)

rzie R - yHUBepcalbHas Ta30Basi MOCTOSHHAS.
BennuuHa TEII0eMKOCTH T'a30B 3aBUCUT OT YCJIOBHM HarpeBaHus. BoisicHUM 3Ty 3aBUCH-
MOCTb, BOCIIOJIB30BABIIICH YPABHEHHEM COCTOSHUS (4) U nepevim HA4anom mepmoouHamMuKu,
KOTOPOE MOKHO COPMYJIMPOBATH CIEAYIOIIMM 00pa3oM: KOJIUYECTBO TEIJIOTHI 0, IepelaHHOe
CUCTEMe, 3aTpaylBacTCs Ha yBeJIMYeHHE ee BHYyTpeHHel sHepruu dU u Ha paboTy JA4, coBepiia-
€MYIO0 CUCTEMOW IPOTHB BHEUIHUX CUJI
00 =dU + 04. (5)
ITo onpeneneHnto TEMI0EMKOCTh paBHA
C= d9 _dU N dA.
dr dT dT

W3 ypaBHeHwus (6) BUIHO, YTO TEIUIOEMKOCTh MOXET UMETh Pa3IMuHbIC 3HAYCHUS B 3aBH-
CUMOCTH OT CITIOCOOOB HAarpeBaHMs Ta3a, TaK KaK OJTHOMY M TOMY )K€ 3HAYeHUIO d MOTYT COOT-
BETCTBOBATh pa3inuHble 3HaueHust dU u dA.

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

(6)

paBHa:
I m
U @
m v . ~
A€ —— - KOJIMYECTBO MOJICH ra3a, I - YUCJIO CTCIICHCU CBO6OHH.
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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 pucynke 2 nmokaszaHa 3aBUCHUMOCTbh MOJISIPHOM TEMIO0EMKOCTH CV Bogopozaa (H;) ot

TEMIIEpPaTypbl, U3 KOTOPOH CIIEIyeT, YTO TeIIIOEMKOCTh PEabHOTO T'a3a HE 3aBHCUT OT TEMIIepa-
TYpBI TOJIBKO B ONPENIEICHHBIX TeMIIepaTypHbIX HHTepBanax. [Ipu stom B untepsaine 1-1¢ HeoO-
XOJMMO YUUTBIBaTh TOJILKO IIOCTyNATEIbHbIE CTENEHU CBOOOABI (1=3); B UHTEepBaje 2-2¢ - oCTy-
natesjbHbIC U BpalaTenbHble (i=5); B UHTepBaiie 3-3' - mocTynarelbHble, BpallaTelbHbIe U KO-
nebarenbHble (i=6). OnucaHHas 3aBUCUMOCTh TEIUIOEMKOCTH PEalbHOIO ra3za OT TeMIIepaTypbl
00ycJ0BIeHa KBaHTOBOM MPUPOION MOJIEKYI U OOBACHSAETCS B COOTBETCTBYIOIIUX pa3jiesiax Kyp-
ca (pU3UKH.

Temmneparypsl, BbllIe KOTOPbIX HEOOXOJMMO YUYUTBHIBATH TEMIEPATYPHYIO 3aBUCUMOCTb

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 u3 ypaBHenuit (6) u (7) ciaenyer, 4To MOJISIpHAsi TEIJIOEMKOCTh ra3a
IpY TIOCTOSIHHOM 00beMe paBHA
v _dU i
C, =——=—R (8)
dT 2
H300apnwuii npoyecc. IIpouecc, MpoTeKaOMNN NPU MOCTOSIHHOM JIAaBIEHUH p = COnst 1
m=const, Ha3pIBaeTcsa n300apHbIM. [t aTOoro ciydast popMmyiia (6) epenuuieTcs B BUIE:

du  dv
Cl =——+p—. (9)
dT dT
W3 ypaBHEHHS Ta30BOTO COCTOSIHUS (4) UISL OTHOTO MOJIS TTOJTy4aeM:
pdV + Vdp = RdT. (10)
Ho p = const u dp = 0. CnenoBarensHo, pdV = RAT . Iloactasisist 3T0 BbIpaKEHUE
B ypaBHeHue (9), momyunm
i+2
¥ ="R. 11
» ) (11)
U3 ypasuenuii (8) u (11) cnenyer, uro
cl =C)' +R. . (12)

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

dQ:dA, TO €CTh BHYTPEHHsA DHEPIUs ra3a OCTAETCs IOCTOSHHOW M BCE MOABOAMMOE TEIUIO

pacxojyercst Ha padoTy.

Aouabamuueckuit npoyecc. Ilpouecc, nporexaronuii 0e3 TerooOMeHa ¢ OKpyKaromei
cpenoH, Ha3bIBaeTCs ajguadaruveckuM. [lepBoe Hayano TEPMOTUHAMHUKH JUISI TAKOTO IpoIecca
oynet umeth BuA: dQ = 0, dU + dA = 0, dA = -dU, 1o ecTh ipu ainadaTHIecKoM MpoIecce pa-
00Ta coBepIIaeTcsl ra30oM TOJBKO 33 CUET H3MCHEHUS 3araca BHYTPEHHEH SHEPTHH.

BreiBenem ypaBHeHHE anuabaTmueckoro mporecca. [Ipu aamabaTHd4eckoM paciiupeHUH
paborta coBepmiaercs 3a cueT yObulM BHYTpeHHeW 3Hepruu dA = - dU. Ho dA = pdV n

dU :C,ﬁddT, 3HAYUT
pdv =-C)dr. (13)

Paznenus ypaBuenue (10) Ha (13) u yuursiBas (12), nomyuum

cY-c)
S _ 5 Sy — =-g—, (14)

1
pdV Cﬁl p |4
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CM
— P

rne § = Ha3eIBaeTCA noxazamenem aouabamvt Vv Koygppuyuenmom Ilyaccona. Vu-
V

TEerpupyst U NOTCHIUPYs ypaBHeHue (14), monyuum ypaenenue Ilyaccona (ypaBHeHue aauada-

TUYECKOTO MpoIiecca):
pVg =const. (15)
C yuetoMm (8) u (11) xoaddunment I[lyaccona pasen

g—iﬂ—i+2

Ccy i

(16)

Ota ¢opmyna crnpaBennBa Kak Il OTHOIICHHUS] MOJISIPHBIX, TaK U YACIBHBIX TEINIOEMKOCTEH
rasos.

=
O
0
o
G
I
o

BOSHYX ABJIACTCA B OCHOBHOM CMECBHIO IBYXaTOMHBIX I'a30B: a30Ta U KHCJIOpO/Ja. ITosTo-

My €ro MOKHO PaccMaTpuBaTh B Iie-
ﬂ(ﬁé | JIOM Kak JByXaToMHbIH ra3. Cosma-

B JI€HUE DKCIEPUMEHTAIbHO HalJCH-

= HOTO 3HadeHusi KodduimerTa y ¢

paccurTanHbIM 110 Gopmyte (16) s

JIByXaTOMHOI'O HJEaIbHOTO raza Mo-

KET CIYKUTb KPUTEPUEM INPUMEHU-

T MOCTH TE€OPUH HJCAIbHOTO Tas3a JJis
H(h) OIIMCAaHMS PEAIbHBIX I'a30B.

/’ % 7
2 x| |2

i

Oobopyoosanue u mamepuaibl.
ITpennaraeMelii METOJ, ONpPEAEIICHUS
koaddurmenta [lyaccona g ocHoBan
__________________ Ha NMPUMEHEHUH ypaBHEHMH aanabda-
TUYECKOTO U U30XOPHOTO MPOIECCOB
1 3akoHa boiug-Mapuorra.
Pucynok 3 — Cxema yCTaHOBKHU VYcTaHOBKa COCTOMT U3 CTEK-
JSIHHOTO OajyloHa A, COEIUHEHHOTO
C BOJSHBIM MaHoMeTpoM B u Haco-
coM (pucyHok 3). [TocpenctBom kpana [l 6ayuioH MokeT ObITh COEMHEH C aTMOC(hEpOii.
[Iycth B HauaJabHOM COCTOSIHUM JaBJIEHHWE BO3[yXa B OaJlJIOHE PaBHO aTMOC(HEPHOMY.
Ecnu 3aKkpbITh KpaH U ¢ MOMOIIbIO HACOCA HAKAYaTh B OAJUIOH HEKOTOPOE KOJIMUYECTBO BO3IyXa,
TO JlaBJieHHE B OAJUIOHE MOBBICUTCS; HO €CJIM 3TO MOBBIIICHUE OBLJIO MPOU3BEACHO AOCTATOYHO
OBICTPO, TO CTOJIOMK BOJBI B MAaHOMETpE HE cpa3y 3aiiMeT OKOHYATEJIbHOE MOJIOKEHHE, TaK KaK
IpU CXKaTUM BO3JyXa TeMmIiepaTrypa ero nobicutTcsi. OKOHUYATeNbHAs Pa3HOCTh YPOBHEH BOABI B
KOJIEHaX MaHOMeTpa /{ yCTaHOBUTCS TOJIBKO TOI'JIa, KOTAa TeMIepaTypa Bo3lyXa BHYTpH Oaiio-
Ha CpaBHAETCS, OJarogaps TEIIONPOBOJAHOCTH CTEHOK, C KOMHATHOM TeMIepaTypoi
O603HaunM uepe3 7 KOMHATHYIO TEMIIEPATypy U Yepes p) - AaBICHHUE I'a3a BHYTPH COCY-
Jla, COOTBETCTBYIOLIEE TIOKa3aHUI0 MaHoMeTpa /. O4eBHUIHO, UTO J1aBJICHUE, YCTAHOBUBILIEECS B
6amione, Oyzaer Oosble aTMOC(HEPHOTo Ha BenUUuHy A p = pgH:

=
I
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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,Vy, (19)
npoiecc 2 —3 (U30x0pa) Vo =1"Vs, (20)
kpuBas 1 —3 (u3otepma)  pi V) = p3li. (21)
B ypasuenue Ilyaccona (19) Ha ocHoBanuu paBencTBa (20) noxcraBuM V3 BMecTo Vo:
pVe =p,Vy. (22)
W3 ypaBHenus uzorepmsl (21) Beipazum 00bEM V3:
P
v, ==LV, (23)
Ps
[Tonyuennoe 3nauenue V3 moacraBum B ypaBHuenue [lyaccona (22):
.9
_ & 0
Ve —pzéﬁ‘Vl - (24)
P @
[IpencraBuM BeipaxeHnue (24) B Buje:
V¥ =p,pVPps°. (25)

CokparuB 00e 4acTu Ha Vlg , IEPEHECS p| BIPABO, @ P, P3° BICBO U IOMEHSB JEBYIO
HpaBon qaCTu MECTaMu, HOHy‘-H/IM:

pZ =p3'ps. (26)
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[ToMHOXHUM TIpaBYIO YacTh HA pg ng (oT4ero paBeHCTBO HE HAPYIIUTCS) U CAEIAEM CO-

OTBCTCTBYIOIIUC Hp€O6paSOBaHI/I$I, O6T)€JII/IHI/IB YJICHBI C OAMHAKOBBIM OCHOBAHHUEM CTCIICHU

gl _ gl g -9
Pr =Py P3Py - (27)
IMonenum Ha pg : JICBYIO | MPABYIO YACTH YPABHEHHUSI, IOy IHM:
.01 ..
0] (0)
&P, 2 _2P; :. (28)
P @ Pr o
[IpencraBum naBneHus: ra3a B Oa/uioHe B Toukax 2, 1 U 3 COOTBETCTBEHHO KaK
P2~ Po, (29)
p1=pot Apy, (30)
P3=potAps, (31)

IZie po— AAaBICHHE OKPY KaIoLIel cpelbl, TO ecTh aTMOCc(epHoe AaBieHue, Ap; u Ap; — naBieHue,
IPONOPLHOHATILHOE PA3HOCTH YPOBHEH >KUJIKOCTH B MAaHOMETpE B COCTOSHHUAX | u 3 cooTBeT-
CTBEHHO.

[Toncrasus (29), (30), (31) B ypaBHeHue (28), OIy4YuM

.01 ..g
§?+%% :a?+%°i. (32)

Po @ Po @

PaznoxuB 00e 4acTH MOJTYYEHHOTO BBIPAKEHHS B PSIII [0 MaJlOMy HapaMeTpy U OrpaHH-
YUBILIUCH IEPBBIMU JBYMs WICHAMH psAJa (B CUIIy MaJOCTH BTOPBIX CJIaraéMbIX B JIEBOM U IPaBOM
4acTsIX), MOIYy4UM
21+ g_3 (33)

Po Po

1+(g-1)
Bripasum u3 ypasuenus (33) koaddunuent [lyaccona:

Dp,
= (34)
J Dp, - Dp;

Ecmu yaects, uto Apy = pgH, a Aps = pgh, T0 omyuum pabodyto GopMyIry AJis ompese-
nenus kodddurumenta [lyaccona:

T

VYkazanua no mexunuke 6e3zonacnocmu.

1. K BbInosiHEeHU!O 1a00paTOPHBIX pabOT AOMYCKAIOTCS CTYACHThI, U3yUMBILNE IPAaBUIa TEX-
HUKH 0€30TacHOCTH.

2. JlabopaTtopHble pabOTHl MOTYT IPOBOAUTHCS TOJIBKO MO/ PYKOBOJCTBOM M HAOIIOACHUEM
MpernoaBaTels.

3. Pacnomaraiite npuOopsl, MaTepualibl, 000pyJ0BaHUE HA paboyeM MeCTe B MOPSIKE, YKa-
3aHHOM TIPEIo/IaBaTeIeM.

4. He nepxxute Ha paboueM CTOJIEC IPEAMETHI, HE TPeOyIoMmuUecs /IS BBITOJTHEHUS 3a1aHUS.

[Tepen TeM, kak MPHUCTYNHUTHh K pabOTe TIIATEIHHO U3YUYUTE €€ ONMUCAHUE, YSACHUTE XOJI

BBITIOJTHEHUS 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,

5. OTKpBITH KpaH TakK, YTOOBI BO3yX B OaytoHE ObLT coenHEH ¢ aTMochepo, u ObICTpO
€ro 3aKphITh B MOMEHT, KOT/Ia YPOBHH JKHIKOCTH B 000MX KOJICHaX MAaHOMETpa CpaBHAIOTCA. [Ipu
9TOM JIaBJICHUE BO3lyXa B OaJUIOHE CTAHET paBHBIM aTMOC(EPHOMY py — 3TO COCTOSIHHE, COOTBET-
CTBYIOIIIEE TOYKE 2 HA PUCYHKE 4.

6. Beokaarb, 4ToObI BO3IyX B OaJUIOHE MOCIE ainabaTHOTO PacIIMpPEHHs Harpeycs, U ero
TeMIlepaTypa MpuOIU3MIach K KOMHATHOM TeMneparype. [Ipu 3Tom naBieHue B OanaoHe MOBBI-
CHUTCS U BHOBb MOSIBUTCS Pa3HOCTh YPOBHEH KUAKOCTH B MaHoMmeTpe. Koraa ypoBHU nepecTanyT
HepeMeIIaThCs, CAETIaTh HOBBIM OTCYET NMOKAa3aHNW yCTAaHOBHUBIIMXCSI YPOBHEW B KOJIEHAX MaHO-

MeTpa h§ u h}};, . Onpenenuts pa3sHOCTb YPOBHEM 4.

7. IIpn momomu kpana | coemMHUTH 0AJIOH ¢ aTMOCHEPO.

8. OnbIT HOBTOPUTH HE MEHEE 5 pa3 1o MyHKTaM 1-7 (110 yKa3aHUIO IPEroaaBaTens).

9. Paccuuratp o dopmyie (35) y; AJI KaXKIOTO ONBITA MPOBEACHHON CEpUU U3MEPECHUIA.

10. Haiitu cpennee apudmernaeckoe agh.

11. BelyuciuTh NOJYMIUPUHY TOBEPUTEIHHOTO MHTEpBajia Ay, Kak AN CEpUU MPSMBIX
U3MEpPECHUM.

12. Pe3ynbraT npeacTaBuTh B Bune y=agh+ Ay, o = 0,95.

13. BeIBoJ clienath M3 CPaBHEHUS SKCIIEPHUMEHTABHO MOJYYSHHOTO 3HaYeHHUs Kod(du-
uenTa [lyaccona u paccuurannoro no ¢gopmyse (16) yepes creneHrn cBOOObI MOJIEKYI BO3/Y-
xa.

Tabnuma pe3ynbTaToB U3MEPEHUM
Tabmuma 2

Ne hy, MM | h,,, MM | H, MM hg; MM hgp , MM h, MM o] <g> 49;

D B W N

Cooeporcanue omuema.

Otuet 1o 1abopaTOPHBIM paboTaM JOJKHBI COJEPKATH!
- TUTYJIbHBIN JIUCT;

- IeTb 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-
TPHIECKOE TIONIE XaPAKTEPH3YETCA B Ka)kJI0M TOYKE BEIMYMHAMHU: CHJIOBOW — BEKTOPOM DJIEKTPH-

YeCcKoi HaIPAKCHHOCTHU E u BHGPFCTI/IIICCKOI/I CKaJISIpHOI/I BEIIMYMHOMN — HOTCHIII/IaJIOMJ
HaHpH)KCHHOCTBIO QJICKTPHUYCCKOI'O ITOJIAA HA3bIBACTCS (1)I/I3I/I‘leCKa$I BCINM4YNHA, YUCJICHHO
1
PpaBHad MU COBIAaJAroIIas 110 HAIIPAaBJICHHIO C cunonn F . ,HeﬁCTBYIOIHeﬁ CO CTOpPOHBI IIOJIAA Ha

€IMHUYHBIN IOJI0KUTEIbHBIM TOUCUHBIN 3apsn qO , IMOMEIICHHBIN B paccMaTpuBaCMyO TOUYKY:
1

;
E=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 , IOMCHICHHOI'O B 9Ty TOUKY

] = (2)
9,
HOTGHHI/Iaﬂ 1 HAIPAKCHHOCTD 3JICKTPHUYCCKOI'O ITOJIA CBA3aHbBI COOTHOIICHUEM
E =- grad] (3)

HamoMHUM, YTO TIpajMEHTOM JIO0ON CKAJIAPHON BEJMYMHBI |  HA3BIBAIOT BEKTOD,
HANPABJIEHHE KOTOPOTO COBIAIAET C HANPABIEHUEM OBICTPEHIIIETO YBEINYEHHS BEMYMHBI | , a
MOJlYJIb PABEH HM3MEHEHHWIO |  TIpU IMEPEMELICHMH HA EIUHUIYY JIMHBI B HAIPABICHUH
ObICTpeiiiero u3Menenns | . 3HaK «MHHYC» B (opMyie (3) MOKA3bIBAET, YTO HAMPSIHKEHHOCTH

OIS E HaIpaBjieHa B CTOPOHY YOBIBaHUS MOTCHITHAIA.

Hanpasnenrne BekTopa Hanps>KEHHOCTH JJIEKTPUYECKOrO IMOJIS B KaXKIOM TOYKE IOJSA U
pacrmpeiciecHne  TMOTCHIIMAJIOB  TOJISI  MOXHO  CAENaTh OCOOCHHO  HATJSIHBIM,  €CIH
BOCIIOJIb30BAThCS NOHATUSIMU O CUJIOBBIX JIMHUAX M O MOBEPXHOCTAX PABHOIO IOTEHIMANA, TaK
Ha3bIBAEMbIX SKBUITOTCHIIMATBHBIX TOBEPXHOCTSIX.

CuUsioBbIMU JIMHUSIMU HAa3bIBAlOTCA JIMHUHU, KacaTellbHbIE B KaXJOW TOYKE KOTOPBIX
ONPEACNSIOT HAIMPAaBJICHUE BEKTOPOB HAMPSKEHHOCTEH AJIEKTPUYECKOro mosis. Yucno xe
CUJIOBBIX JIMHUKA MNPOXOASALIMX 4YEPE3 €AUHULY IUIOMIaAd, HOPMAJIbHOM K OTHUM JIMHUSM,
ONpeAeIIsieT BEIMYMHY BEKTOPA HAIPSKEHHOCTH 3JIEKTPUUYECKOTO OIS B LIEHTPE ATOM IIJIOIIAIH.
JIuHMM  HANpsSHKEHHOCTH  DJIEKTPUYECKOrO0  IOJISI  HE3aMKHYThl, OHM HAUMHAKOTCS U3
MOJIOKUTENIBHOTO 3apsia U 3aKaHYMBAIOTCS HA OTOPULIATEIILHOM 3apsije.

['eomeTpuyeckoe MECTO TOUEK IEKTPUUECKOIO MOJIsA, IOTEHIMAJIbl KOTOPBIX OJUHAKOBBI,
HA3bIBACTCS SKBUIIOTCHIIMAIIBHON MOBEPXHOCTHIO. DKBUIIOTCHIIMAIBHBIC TTOBEPXHOCTH TTPOBOIST
TakuM 00pa3oM, YTO pa3HOCTh MOTEHIMAIIOB JIJIS IBYX COCEIHUX MMOBEPXHOCTEN BCIOy OJIHA U Ta
’Ke. DTO TMO3BOJISIET MO TYCTOTE SKBUIOTCHIIMAIBHBIX IMOBEPXHOCTEW CYJIUTh O BEIMYHUHE
HaNpPs>KEHHOCTH TTOJIS.

BekTopbl HANpsKEHHOCTH JIEKTPUYECKOTO MOJIS U, CJIEI0BATENBHO, CHIIOBBIEC IMHUHU TIOJISI
HOPMAaJIbHBI K 3KBUIOTEHIMAJIbHBIM OBEPXHOCTSAM. Ha puc.l cuinoBble TMHUM HEKOTOPOTO MOJIs
MPOBEJICHBI CINTONTHOM JIMHUEH, & SKBUIIOTEHI[MAJIbHbBIE TOBEPXHOCTU-IITPUXOBOM.

~ |

W‘
?=ansi‘_ B

puc. 1

HBBCCTHO, 4YTO SKCICPUMCHTAJIBHOC U TCOPECTUYCCKOC HM3YUCHUC PACIPCACIICHUSA IMOTCHUIMNAIOB
QJICKTPHUYCCKOI'O IIOJIA ITPOoIIC, YCM OIPCACICHUC HaHpﬂ)KCHHOCTeﬁ I10JIA. HOBTOMy B JJaHHOM
pa60Te SKCHCPUMCHTAJIIBHO ONPCACTIACTCA PACTIPCACICHUEC MMOTCHIUAIIOB 3JICKTPOCTATUYCCKOIO,
T.C. HC UBMCHAIOIMICTOCA CO BPEMCHEM JJICKTPHYCCKOI'O ITOJIA. CHJIOBEIC JIMHUU HU3y4aeMOro 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
) =2U (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=r . (1)
S

rae I — yJIeiapHOe CONPOTHUBIICHHE MaTepualia IPOBOIHUKA, | — IJIMHA TIPOBOJIHUKA; .S — 1J10-

I13]1b €T0 MONEPEUYHOr0 CEUEHUS.
N3 popmysl (1) MOXKHO BBIPAa3UTh YAEIbHOE COPOTUBIICHUE:

r :R|—>§, (2)

OTKyJa BUJHO, YTO YZAEJIBHOE CONPOTHBIICHHE YHMCIEHHO PaBHO CONPOTHUBIICHUIO IPOBOIHMKA
€AMHUYHON JJIMHBI, UMEIOLIETo IJIONAb NOMEPEYHOI0 CEYEHMsI, PaBHYIO €IMHUIIE Ilomaau. B
cucreme CU yznenbHOEe CONPOTUBICHHUE U3MEPSAIOT B oMMeTpax (OM-M).

OnHMM 13 METO/I0B U3MEPEHUS CONIPOTUBIICHHUSI SIBIISIETCS METOJI MOCTa Y UTCTOHA.

Moct YutcToHa mpenHazHayeH s U3MEPEHHsI COMPOTUBICHUM.
OH coctouT U3 ABYX pe3uctopoB R; u R,, 4yBCTBUTENBHOTO rajabBaHO-
MeTpa G, IByX pe3uCTOpOB — 3TaIOHHOTO R, 1 HensBecTHOTO R} (pHC.1).
PaccmoTrpuM cxeMy Ipu ycinoBuu, 4yTo 110 ydactky ED Tok He nmpoTekaer.
3amkuéM Kkimrou K, Toraa mo yuactky AB moTedér Tok u BJ0JIb HETO OY-
JeT HaOJI01aThCsl MaJICHUE MOTEHIaIa OT BEJIMUUHBI Qa (B TOUKE A) 10
BeIMYUHBI @, (B Touke B). B ienu AEB notiner Tok Iy u Oyner Habmro-
JaThCs NAJICHUE MOTEHIIMANIA OT @A A0 O (Ha pe3uctope Ry) u oT @p
1o @p (Ha pesucrope R»).

OueBuIHO, TOTEHIIMANI B TOYKE € UMeeT 3HaueHue QOE mpomexy-

TOYHOE MEeXAy 3HaueHUIMH @A u @B. [losTomMy moadopoM pe3ucTopos
R1, R2 u R» Bcerga MoXHO TOOUTHCS, TOTO YTO B TO4Yke D MmOTeHIHaN
oD Oyner pasen notennmany OE: ¢D=¢E. Eciiu mexny Toukamu D u E
BKJIIOYEH rajgbBaHoMeTp G, TO B 3TOM CiIy4yae TOK uepe3 HEero He MOoiieT,
T.K.

(PE'(PDZO-
Takoe mojio)KeHUe Ha3bIBAeTCSA paBHOBECHUEM MOCTA. HoxameM, YTO YCJIOBHUEC PABHOBCCUS
OmnpeacisICTCd COOTHOICHUCM:
R, R

. G
R R (1)

42



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;

47



- 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.

Benuunna 9.4.C. THAYKIIUU e o OHIPCACISICTCA 3aKOHOM BHCKTpOMaFHI/ITHOI\/JI HHAYKOWUN

UH

dapanes: 5.1.c. SIEKTPOMATHUTHON MHIyKIuH €

o> B 3AMKHYTOM TPOBOJISIIEM KOHTYPE YHC-
JICHHO paBHa nu HpOTI/IBOHOJIO)KHa I10 3HaKy CKOpOCTI/I N3MCHCHHUA MAariHuTHOI'O ITIOTOKa @ CKBO3b

HOBCpXHOCTI), OFpaHI/I‘IeHHYIO 9TUM KOHTypOM
e =492 (1)

dt

3HaKk MUHYC B (OPMYJI€ COOTBETCTBYET npasuy Jlenya: pu BCIKOM H3MEHEHUH MAarHUT-
HOI'O IIOTOKa CKBO3b HOBerHOCTB, orpaHquHHon SaMKHYTBIM KOHTypOM, B IIOCJICIHEM BO3HU-
KaceT I/IHJIYKHI/IOHHI:Jﬁ TOK TAaKOI'O HaHpaBJ'IeHI/ISI, qT0O €ro CO6CTB€HHO€ MAarduTHOC I10J1€ HpOTI/I-

BOHeﬁCTByCT HN3MCHCHHNIO MaroHuTHOT'O ITOTOKA, BBI3BABIICTO I/IH,Z[YKI_II/IOHHHﬁ TOK.
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Puc. 1.

IIpnyrHa BOZHUKHOBEHUS MHIYKIIMOHHOIO TOKA B HEMIOJABUKHOM KOHTYpPE 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
BO3HMKAET IEKTPUUECKUH TOK, HA3bIBAEMbIN MHAYKIIUOHHBIM 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
rie S — IIomaab NOBEPXHOCTH, OFPaHHYEHHON KOHTYpoM L, @ — yron Mexay HalpaBjieHHEM
CWJIOBBIX JIMHUH (HalpaBJI€HUEM BEKTOPA U HOPMaJIbIO n ox IIOBEPXHOCTHU, OTPAHUYECHHON KOHTY-
pom).

[TycTh MarHuTHOE MoJe CO3AaeTCs MUIMHAPUIECKON KaTyIIKON (COMEHOUIOM), IO KOTO-
pOM MPOTEKAET NEPEMEHHBIN JIEKTPUUECKUI TOK

I =1, coswt (3)
rae 1 o — AMIUIUTYJHOE 3HaYEHHE TOKA, W _ nuknnyeckas gactora Toka W :2pn ;N — qa-
CTOTa TOKa.
Torna MarHuTHAs HHAYKIMA B 10 BHYTPH KaTyIIKX ¥ BOJIHM3H €€ TOPLIOB paBHA
B =mmm/
i ¢ yaetom (3)
B=mmmi, cosm 4)

rae M — MarHUTHAs NPOHULAEMOCTh CepAeuHuKa KaTyiuku; [T) — MarHuTHas MOCTOSIHHAS; N —
YHCJIO BUTKOB KaTyILIKK Ha equHUIle JUInHbL. [lo/icTaBuB Belpaxkenue (4) B GpopMyity (2), HaxoIum
MarHUTHBIHN [TOTOK Yepe3 KOHTYP, PacloyIOKEHHBIN BOJIM3HM TOpIA KaTyIIKH
@ =mmm/,S cosa coswt
OTcroz1a CKOPOCTh U3MEHEHUS] MArHUTHOTO [TOTOKA paBHa,
do
dt
Takum 006pa3zoM, CKOPOCTb U3MEHEHUS] MAarHUTHOIO MOTOKA MPONOPLHOHAIBHA aMIUTUTYAHOMY

=- mmnl ,SW cosa sin Wt Q)

3HAYCHHIO TOKA B KaTyIIKE 10 1 KOCHUHYCY yrIJjia a . HOI[CTaBI/IB BBIPpAXKCHUE (5) B (I)OpMYJ'Iy (1),
ImoJrydyacm
eu/t() :C[O cosa (6)

re C= mWaSNSiert_

52



£.MB o3 £.MB I3
/ /
/ /f/ I
v s a R
// 4 2 // /// 2
/ d /// '/ ///
¥ Y / &
/ / - o= Of] // // /// [I
; o L / . L
7al o - T
L5 S
2 e ;s
i sl
[ . MA geiied
Puc.2.

3aBUCUMOCTb 9.71.C. dNEKTpOMarHuTHON uuaykuun €  or 4 u COSl (mpumepHbIii B
n300paXkeH Ha puc.2.

Oobopyooeanue u mamepuaol.

. Muwimnamnepmerp.

. Maruwur.

. Katymika-mMoTok.

. UcTouHuk TOKa.

. Peocrar.

Korou.

. Karymika ot anekrpomarsura.
. CoelMHUTENBHBIE TPOBO/JIA.

I e Y N T

Ykazanun no mexnuke 6esonacnocmu.
1. K BbInosiHEeHUIO 1a00paTOPHBIX pabOT TOMYCKAIOTCS CTYACHTHI, U3y4YMBILNE MPAaBUIa TEX-

HUKH O€30TIacCHOCTH.

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

MpernoaBaTels.

3. Ilpu BeInoaHEHUH JaOOPATOPHBIX PAabOT CTyAEHTaM 3allpelaeTcs:

- BKJIFOYATh CXEMBI TI0]] HaMpsDKEHUEM 0e3 MTPOBEPKU MPEToaaBaTels;

- MIPUKACAThCS K HE3AIMIIEHHBIM U30JISIHUENH YacTAM CXEMbl, HAXOJALIMXCS MOJ1 Hamlps-
KEHHEM;

- OIpENIeNATh HAJTMUYKUE HANIPSDKEHUS Ha 3JIEMEHTaX ey MPUIIOMOLIH MaJblEB; IPOBEpPKa
HAJIMYUS HAPSDKEHUS TPOU3BOAUTCS TOJIBKO C TIOMOIIIBIO BOJBTMETPA U B IIPUCYTCTBHH TIpe-
MO/ TaBaTES;

- pu paboTre Ha TabOPaTOPHON YCTAaHOBKE MPUKACATHCS OJHOBPEMEHHO CTEH, PaauaTo-
POB CHCTEMBI OTOIICHUS M IPYTHX METALTUICCKUX TIPEIMETOB;

- BKIIFOUATh PYyOMIBHHUKH, HAXKMUMATh KHOTIKH, MIPUKACATHCS K DIIEKTPUIECKOMY 000pYI0-
BaHMIO, HE OTHOCSIIIEMYCS K JaHHOU JTabopaTopHOU paboTe 6e3 Bemoma Iperno1aBaTers;

- MPOU3BOJIUTH IO XO/Iy BBITIONHEHUS pa0OThI MEPEKITIOYCHHSI B CXeME, He 00eCTOUUB e€;

- OpocaTh COeIMHUTEIBHBIC MPOBOA HA MO M Ha UCCIIETyEMYI0 YCTAaHOBKY;

- 3aMEHSITh CTOPEBIINE MPEIOXPAaHUTENN Ha PaboUMX IIUTaX MPHU BKIFOYEHHBIX PYOHIIb-
HUKaXx;

- KJIACTh Ha pabo4uil CTOJ MOCTOPOHHUE TPEIMETHI;

- BXOJUTH B J1aOOPaTOPHUIO B BEPXHEH OEKIC;

- KypeHHe U 38KUTaHHE OTHS.

4. Tlepen BKIIFOUEHHEM CXEMBI 00s3aTEIBHO MPEIYyIPEIUTh YIeHOB Opuraabl: «OcTopoxkHO!
Bxarouaro!».

5. Ilpu Hanuuum B cXxeMe KOHJICHCATOPHBIX OaTapeid, HeOOXOAMMO MMOCIIE OTKIFOYCHHS TTUTa-
HUS X Pa3psLIUTh 0] HAaOII0JHEHEeM MPENoJaBaTENs.

53



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.
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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:

-dWe=dW, +dQ, (1)

rae W - SHEprust KOHJICHCATOPa, w, = q 2/9C,

WL - oHEeprus MarHUTHOT'O MOJIS KaTyIIKH, \\/ L = Li2 /2.
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31ech q - 3apsi/l KOHJeHcaTopa B IaHHBII MOMEHT BPEMEHH, 1 - CUJIa TOKA B KOHTYPE B 3TOT
7K€ MOMEHT.
KonndectBo Teruia, BeACTAIONIEECS B IPOBOJAHUKE 3a BpeMs dt:

dQ =1i* Rdt.
Hcnonb3yst 3TH COOTHOIICHUS, Hpeo6pa3yeM ypaBuenue (1):
e 120
-d g———d L _+ 12- R -dt =0-
2Cg

f2q dq+% 2i-di+i?R dt =0’

chq+L-i-di+i2R-dt:O- @)
Tax xax ; =dq/dt " dg=1idt,
TO BhIpaKEeHHE (2) MOXXHO MPeoOpa3oBaTh K BUIY

Qaqg+ L %94i+iR 3aq =0-
C dt

CoxpartuB Ha dq ¥ UCIIOJIB3YsI COOTHOIIEHUE
di _d3q
dt dt?

2

moJTydaeM cienyroniee quddepeHinaipHoe ypaBHeHUE:
2
dq+5.d_q+izo- )
dt> L dt LC

B sTOoM ypaBHeHHHU clieniaeM ClIeyIolue 3aMEHbI:

L
1 ©)
tewo’
rae b - koaddunpenT 3aryxanus, Wy - COOCTBEHHAsI 4aCTOTa KOHTYpa.
Tornma
dq ., dg
—+2b—+w,q =0 6
e at °q (6)
Juddepennuanpaoe ypaBaeHue (6) umeet (pu b < W () cienyroiee perieHue:
= b t 7
q =q,e  cos(wt+a), (7
rie
1 2, (8)
W =yw’-b’ - R
LC 4L°

qoHu a- HEKOTOPBIC ITOCTOAHHBIC, COOTBETCTBYIOLINEC HavaJILHOU AMIIIUTYAC U HavaJIbHOU
(aze konebaHusl.
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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:

9)
T:z_p
\'\
q
s
\X
T~ 4t
T q(t+T)
- ——-
"
- T
-~
-
P

Puc. 3.

Jlnst masnbix 3HadeHud R nomyyum

T, :3v_p :2p IL.C - (10)

B cootBercTBHU ¢ ypaBHEHHEM (9) ITpU yBEIMUEHUH CONIPOTUBIEHUS KOHTypa R, nepuoa
KoJeOaHuil OyaeT, CTpeMsACh K OECKOHEUHOCTH TIPH

b:W(). (11)

3TO 03HAYaeT, YTO KOJIEOATENBLHBINA MPOLIECC MEPEXOUT B aneproAndecKuii. Mcrmonb3ys
ypaBHeHUs (4) u (5) u3 BeipakeHus (11) MOXKHO MOTYYUTh 3HAUYEHUE KPUTHUYECKOTO COMPOTHB-
JICHUS:

. (12)

JIist XapaKTepUCTUKH 3aTyXaHUsl KOJEOaHUI 4acTo MOJB3YIOTCS Jl02apugmuueckum oe-
Kkpemenmom 3amyxanus d u doopomnocmuio Q.
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JlorapumMuyecKkuii 1eKPEMEHT 3aTyXaHHs paBeH HaTypajJbHOMY Jiorapu(My OTHOLICHHUS
aMIUIATY 1 KoJie0aHUil, COOTBETCTBYIOIIMUX JBYM MOMEHTaM BPEMEHH, OTIMYAIOIIMMCS Ha TIepU-
o

— A(t) . (13)
d =In A(t+T)

3nech A - aMmIuTyAa KoineOaHui BEIMYUHBI 3aps/ia, TOKa UIU HanpspkeHus (puc. 3). Mc-
1oJib3ys ypaBHeHue (7), moxydum

t

-b
— q.€ .
d =In 7%6' BT =T

Jnst HeOonmpImx 3HaueHuni R, ¢ yuerom ypaBuenwii (4) u (10), norapudmmyaeckuii nexpe-
MEHT 3aTyXaHHs MOKHO OIIPEJIEIUTh Yepe3 MapaMeTphbl KOHTYpa:

d :pR\/?. (14)

[Tycts t - Bpems penakcanuu, B TeYeHHE KOTOPOTO aMIUTHTY/1a KOJIeOaHUH YMEHbBIIAeTCs
Be @ 2.7 pa3, N, - urciio koje0aHnil COBEPIICHHBIX 3a BpeMst peakcaiiuu. Toraa MOXKHO JIETKO
JI0Ka3aTh, 4TO

1 (15)

Hob6potHocTh Q mpencTaBisgeT co0Oi YMHOXKEHHOE Ha 2P oTHouieHue sHepruun W(t) B
JTAHHBI MOMEHT BpPEMEHH t, K SJHEPTUH, TepseMoii 3a iepuo konedanus T:

W (t) , (16)

P W)

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

W(t)=%' (17)

3Hepr1/151 KOHTYpa 4€pe3 BpEM:A, paBHOC NIEPpUOAY, YMCHBIIUTCA B COOTBECTCTBUU C YMCHb-
IMUBIIUMCSA 3apA10M:

(q ¢ PT)?
— 10 . (18)

W (t+T) — 50

[ToncraBus Beipaxenus (17) u (18) B ypaBuenue (16), momydanm
Q=2 _ 2% . (19)

1-e 26T -e-2d

N3BecTHO cOOTHOIICHHE € * » 1+X , BBIMOIHAIOMIEECS JUTsl MAJIBIX 3HAYCHUH X: (X << 1).

C yuetom sToro Beipakenue (19) ynpoctures:

Q :B . (20)
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JIoOpOTHOCTH MOXHO BBIPa3UTh U Uepe3 MapaMeTpbl KOHTYpa, NpuMeHHUB popmyiry (14):

1 [T, Q1)
Q=p¢

N3 ypauenutii (20) u (15) cnenyet Taxxe, 4T0 JOOPOTHOCTH MPOMOPIIMOHATIEHA YUCTY KO-
neGaHuii B KOHTYpE, COBEPILUBIIMXCS 32 BPeMsl peIaKcallud, B TEUEHHUE KOTOPOro aMILIUTYAA
YMEHBIIAETCS B € Pa3:

Q=pN..

B psne ciydaeB kosebaTenbHBIM MPOIIECC MOXKHO MCCIIEAOBATh, U3ydas B3aUMO3aBUCH-
MOCTb MEAY HAIPSDKEHUEM U U TOKOM 1 B KOHTYDE.

I'paduk, nzobpakaromuii 3Ty 3aBUCUMOCTh, Ha3biBaeTcs (pa3zoBoit kpuBoil. CocTostHME
K0JIeOATENbHOM CUCTEMBI JJIsl II0OOr0 MOMEHTa BpEMEHH M300pa3uTCs TOUKOW Ha 3TOM KPUBOU

(puc. 4).

VYpaBHeHue (HazoBOH KPUBOH MOKHO TOJTYYHTh, UCHOIB3YsI 3aBUCUMOCTH TOKA M HaIps-
KEHUS OT BPEMEHH.

N3 Beipaxkenus (7) u cootHommenus u=q/C ciaeayer, 4To

u:%e'btcos(wt+a)'

Cnenaem 3ameny [/ 0 :qo / C , ¥ noy4um 3aBUCHMOCTh HANPSKEHHS HA KOHJIEHCATO-
p€ OT BpEMEHHU:

u:UO>e'btcos(Wt+a)’ (22)

rae Uo - HadanbHast pa3HOCTb MOTEHITUATIOB.

N3 ypaBHeHust (7) MOKHO OTIPEJEIUTH M 3aBUCUMOCTb TOKa B KOHTYPE OT BPEMEHH

i =da =igq0e' bleos(wt+a )g =

=q, e bt[. w Xin(wt+a)-b -cos(wt+a)]

Jlns ManeIx 3aTyxaHuit b << w, Torma

. ‘bt .
1=-q,We smnWwt+a).

O06o03naunm Iy= qo®W, Torma | =- Ie bt sin (Wt +a ), TO €CTh

i =Ie "'cos(wt+a +B)- (23)

CpaBHuB BblpakeHus (22) u (23), MOXKHO YBUIETh, YTO KOJEOaHUsI CUIIBI TOKA ONEpEKa-
10T 1o (hase Ha pé KosieOaHus HaPsDKEHUST Ha KOHJIEHCATOPE.
[Ipeobpasyem BeipaskeHus (22) u (23) cneayromum o0pazom:

u _e-bt

— = + b
Ue cos(wWt+a)
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i - - :
1 - o blgp (wt+a)
Lo
Ecnu Bo3BecTH 3T ypaBHEHUs B KBaJpaT M CIOXKHUTh, TO MOJYYHM YpaBHEHHE (a30BOH
KpUBOM:

.2 2
@& 0 22u O _ -opt. 24
i 9§ -ont (24)
lhg éUog

B cnyuae Hesatyxaromux konedanuit ( R = 0, b = 0) ¢a3oBas kpuBas umeer Gopmy 31-
nurnca (puc. 4,a). {ns peanmsroro kontypa (R ' 0, R < Ry,) hazoBast kpusas npencTasiseT coooit

CKPYUMBAIOLIYIOCS CIHpalb, TpPUYEeM OOJBIIEMY CONPOTHUBICHHIO KOHTYpa COOTBETCTBYET
OonpIiee 3atyxanue (puc. 4,0 u puc.4,B).

[Tpu aneproanyecKoM KoeOaHUH, KOTJ]a COMPOTUBIIEHUE KOHTYpa OOJbIIe KPUTUYECKO-
ro (R > R,), GpazoBas kpuBas BBIPOKIAETCS B JIMHUIO, N300paKEHHYIO Ha PUC. 4,T.

18 1g3)

TIet+T7

i /;% i
i

L

)
TIt+1)

Sl

B I

NN,

Puc.4.

Oobopyoosanue u mamepuaol.
JIaGopaTopHasi yCTaHOBKa COCTOHT M3 ocuuyutorpada u CTeHIa, COAepIKaIlero IBe KaTyIll-
KU MHJyKTUBHOCTH, JIBa KOHJIEHCATOPA, Mara3uH CONPOTUBIICHUI U T€HEPATOP UMITYJIbCOB.
I'eneparop BeIpabaThIBa€T KOPOTKHE IMOJIOKUTEIBHBIE UMITYJIBCHI, B PE3yJbTaTe ITOTO
KOHJIEHCATOp KOJ1e0aTeIbHOr0 KOHTYpa MEPHOAMYECKH MOJIY4aeT HEKOTOPBIM 3JIeKTpUUYEeCKUN
3apsia. B mpoMekyTkax BpeMEHH MEXIly UMITYJIbCaMHU B KOHTYpe OyAyT COBEPIIAThCS 3aTyXaro-
mue konedanus. ['paduku 3TUX KonebaHMi MOKHO OyeT HabI0AaTh Ha SKpaHe ocuusuiorpada
", Jajee, 0 HUM ONpEIeIsTh NepHo/I, JJOTapu(pMUIECKHiA TEKPEMEHT 3aTyXaHHs, T0OPOTHOCTD,
KPUTUYECKOE CONIPOTHUBIICHHE.
Heo0xoaumeie ai1st pacdeToB mapaMeTphl IEMEHTOB KOHTYpa YKa3aHbl Ha CTEH/IC.
Ykazanua no mexnuxe 6ezonacnocmu.
1. K BeImonHeHUo 1a00paTOPHBIX PA0OT IOITYCKAIOTCS CTYACHTHI, H3yYHBIINE ITPABHJIA TEX-
HUKHU 0€30MacHOCTH.

2. JlabopaTtopHble paOOThI MOTYT MPOBOAUTHCS TOJHKO MO/ PyKOBOACTBOM U HAOIIOJCHUEM
MPEerno1aBaTells.
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3. Ilpu BbImonHEHUM J1a00PATOPHBIX PAOOT CTYACHTAM 3alpeIiacTCs:

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

- MPUKACATHCS K HE3AMMIIEHHBIM U30JISIMEH YacTIM CXEMbl, HAXOISAIINXCS MO HAmps-
JKEHUEM;

- OTIPEIeNATh HAIMYNE HAIPSDKEHUS Ha DJIEMEHTAX 1IeTH MPY TTOMOIIY NaNbIIEeB; TPOBEPKa
HaJIN4YUA HAMPSXKCHUA ITPOU3BOAUTCA TOJBKO € ITIOMOIIBIO BOJIBTMETPA U B IPUCYTCTBUHU IIPE-
M0J1aBaTes;

- pu paboTe Ha JTabOPATOPHOH YCTAaHOBKE MPHUKACATHCS OJHOBPEMEHHO CTEH, PaHaTO-
POB CHCTEMBI OTOILIEHUS M IPYTHX METAITTMYECKUX TPEIMETOB;

-BKJIIOYaTh pyOMIbHUKHU, HA)KUMATh KHOIKH, MPUKACATHCS K 3JIEKTPUYECKOMY 000pyI0-
BaHUIO, HE OTHOCAIIEMYCS K JaHHOU T1abopaTtopHoit pabore 6e3 BegoMa MperoaBaTess;

- IPOU3BOJIUTH IO X0y BBIIIOJHEHUS padOThI MEPEKITIOYEHHSI B CXeME, He 00eCTOUUB e€;

- OpocaTh COeIMHUTENbHBIC TPOBOA HA TIOJ M HA UCCIIETyEMYIO YCTAaHOBKY;

- 3aMEHSTh CTOPEBIINE MPENIOXPAHUTENN Ha pabouMX IIUTAX MPHU BKIFOUYEHHBIX PYOHIIb-
HUKAaX;

- KJIACTh Ha pa0OYMil CTOJI MOCTOPOHHUE TIPEIMETHI;

- BXOJIUTH B 1a00paTOPHUIO B BEPXHEH OJICK]C;

- KYpUTb U 3aKHUIraTb OI'OHb.

4. Ilepen BKIIOUEHUEM CXEMBI 003aTeNILHO MPEAYNPEAUTH YJICHOB Opuraasl: «OCTOpOKHO!
Bxurouaro!».

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

6. [Ipu Hanmu4Mu B cXxemMe KOHJIEHCATOPHBIX OaTapeii, HE0OOXOJUMO MOCIIe OTKIIIOUEHUS TUTa-
HUS UX Pa3psAATh T0] HAOIIOCHUEM MPETIOIaBaATEIS.

7. IIpu oOHapyKeHUH KaKuX — JTMO0 HEHCIPABHOCTEH, NCUE3HOBEHHSI HATIPSKEHHSI B CETH, a
TAaKXE IMPU HECCYHACTHOM CJ1ydac, HEMCAJICHHO IIPCKPATUTDH pa60Ty, OTKJIIOYUTH YCTAHOBKY OT
ANEKTPONUTAHUS U COOOIIUTH MPETOAABATEIIO.

8. HOMHI/ITB, 4TO IpU OTKIIFOYCHUN uenefx'l IMOCTOAHHOI'O TOKa C MHAYKTHBHOCTBIO BO3MOKHO
KpPaTKOBPEMEHHOE PE3KOe MOBBIIICHHE HAMPSKEHUS.

9. CryneHTsl, HapyIIMBILIKE MpaBUa TEXHUKU 0€30MaCHOCTH, HE JOITYyCKAIOTCS K JajbHei-
nreit pabote B 1aOOpPaTOPHH U MPUBIIEKAIOTCS K OTBETCTBEHHOCTH.

3aoanus.
1. CoGpats cxemy cormnacHo puc. 5. ConpoTuBienue Mmarasuna Ry, cienars paBHBIM HYITIO.

WNHAyKTUBHOCTH U €MKOCTh KOHTYpa BbIOpaTh MPOU3BOJILHO, BHECTH UX MapaMeTpsl B Tabdd. 11.1.

o C L
FrEHEPATOP —
O <
Rm Bx.Y
— 10
Puc. 5.

2. Bxitounts ocuuiuiorpad, nporpeTs ero B Teuenue 1-2 Mmunyt. Pyukoii “@oxyc” xopo-

1110 c(hOKyCHPOBATH JIyd, YTOOBI YMEHBIIUTh OLINOKY U3MEPEHUH.
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3. Bximtounts reneparop. C MoMoIpio pydek yrnpasieHHus pa3BepTKoi ocuusuiorpada mao-
OUTHCS HETOABMKHOW KapTHUHBI KOJIEOAHWN TaK, 4TOOBI 00ECTICUUTh IOCTATOYHO TOYHOE M3MeE-
peHHE BpEeMEHHBIX HHTEPBAJIOB M aMIUIUTY/]] KOJIeOaHUil.

4. C noMOIIBIO MOJIYYEHHON OCIMILIOTPAMMBI, aHAJOTUYHON pHUC. 3, U3MEPUTH MEPUO
kosiebanuit To mpu MUHMMaIbHOM CONPOTHUBICHUM KOHTYPA, T.€. pu Ry = 0, pe3yibrar BHECTH
B Ta01. | B MUJUTHCEKyHIaX.

JU1 OBBIIIEHNS TOYHOCTH MO>KHO U3MEPUTH ITPOMEXKYTOK BPEMEHHU, COOTBETCTBYIOIIMM
HECKOJIbKUM TeproiaM KojeOaHul, pa3IeuTh €ro Ha YMCIIOo IEPUOI0B U, TAKMM 00pa3oM, orpe-
JEJIATh JJINTENBHOCTh OJHOTO NIEPHOAA.

5. YBenuuuBas CONPOTHBIIEHHE MarasuHa Ry, mpocieauTs 3a BO3pacTaHHEM CKOPOCTH
3aTyXaHHs KoJeOaHUi U ONpeaesuTh KPUTUIECKOE COMTPOTUBIIEHUE KOHTYpa, COOTBETCTBYIOLIEE
Mepexo1y OT NePUOANYECKUX KOJICOAHUN K allepHOANYECKUM (T.€. IEPEXO0Ly OCHUIIIOTPAMMBI OT
puc. 2,B K puc. 2,r):

RKp = RL + RMa
rae Ry - cobcTBeHHOE CONPOTUBIEHUE KAaTyIIKU UHIYKTUBHOCTHU. [loyueHHOe 3HaueHue
R, BHECTH B TabmI. 1.
6. YMeHbpIINTE conpoTusieHne Ry, Hampumep, BABoe 0T Ry,. B KOHType BHOBb BO3HHK-
HYT 3aTyxarolue nepuoauueckue konedanus. Onpenenuts nepuos 3Tux koiedanuii T u Bmecte
C IIOJIyYEHHBIM 3Hau€HueM conpoTusiieHus: KoHTypa (R = Ry + Ry,) 3anectu B tabin. 1. Yo6eauts-
csl B pa3nu4uu nepuoaoB konebanuit To 1 T, COOTBETCTBYIOIIMX Pa3IMUHBIM 3HAYCHUSM COMPO-
TUBJICHUS KOHTYpA.
Tab6mumna 1.

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

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

8. Jlns BeIOpaHHbIX 3HaueHur emkoct C, MHAyKTUBHOCTH L, conporuBienus Ry u mosn-
HOT'O CONPOTHUBIICHUS KOHTYpa R, BHeCeHHBIX B Tabi. 1, BEIYMCINUTE U 3aHECTH B Ta0JI. 2 Teope-
TUYECKHE 3HAUCHUS:

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

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

Q - o popmye (20).

Tabmamma 2.
Ne Ty, MC T, mc Rip, OM d Q
1
2
3
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9. lns mpousBonbHBIX 3HaueHud L u C wuccnenoBaTh 3aBUCUMOCTD JIOTapU(PMHUUECKOTO
ACKPEMCHTA 3aTyXaHUsA OT COIPOTHUBJICHHA KOHTYpaA. VBennuusas COIIPOTUBJIICHHUEC KOHTYpa C
MOMOIIBIO Mara3uHa COMPOTUBICHUH R, m3Meputh aMmutyabl A U A,, KOTOPbIE COOTBETCTBYIOT
MOMEHTaM BPEMEHH, OTJIMYAIOIIUMCS Ha iepuoy (puc. 3).

PesynbTarel u3mepenuit BHectu B Tabn. 3. IlogcuuTaTh SKCIIEpUMEHTANbHBIC 3HAYCHUS
JorapupMHUECKOT0 JIeKpeMenTa 3atyxanus d, mo ¢popmyste (13), mo popmyne (14) - ero Teope-
TUYECKUE 3HaueHUs d,.

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

10. dyst Habmroienus Gpa3zoBbIX KPUBBIX cOOpaATh CXeMy IO puc. 6.

= Bxoa ¥
C I
&
FTrEHEPATOP —
= Bxon X
&
BRm
-1 Kopnyc
Puc. 6.

[Tpu »ToM Ha BXOJ X MOJAETCSI CUTHAJ C COMPOTUBIEHUs R,,, KOTOpHI HaxoauTcs B (haze
¢ TokoM B KoHType. Ha Bxon Y mozgaercst curnan, Haxoasumiics B pase ¢ HanpspkeHrneM. HaGuro-
nasi ¢ha3oBble KpUBbIE JJI Pa3IMYHBIX CONPOTUBIEHUN KOHTYpa, MOKHO MCCIIEIOBATh BIIMSHUE
3aTyxaHus Ha popMy (a30BOH KPUBOH M yTOUHUTH 3HAUYCHHE KPUTHUYECKOTO COMPOTHBIICHUS JUIS
JTAaHHBIX 3HAYEHUN €MKOCTH U UHAYKTUBHOCTH (pHC.4,T).

C nomotsio $a30BbIX KPUBBIX MOKHO ITPOBECTH TakXke nu3MepeHus no 1.9 (puc. 4,0).

11. JIyist oTHOBPEMEHHOTO HAOIIOACHUS OCIUIUIOTPAaMM KoJieOaHUN TOKAa W HAIPSKCHHS
U ompeaesieHus caBura a3 Mexxay HUIMU cOOpaTh CXeMy B COOTBETCTBHH C PUC. 7.
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Bxoa Y

@ 1 KaHan
C L

O

rEHEPATOP — Bxoa Y

2 kaHan
o

Rm
1 Kopnyc
Puc. 7.

Ha Bxoas! Y mepBoro u BTOporo KaHajoB ocIuuiorpada mogaroTcsl CUTHAIbI, TPOMOPIIH-
OHaJIbHbIE HAIPSDKEHUIO M TOKY B KOHTYpe. Y OeauThCsl B HAIMYMH cBUTA (Da3 3TUX KojeOaHHId,
OLICHUTH BEJIMUMHY 3TOTO CIIBUTA.

Cooepircanue omuema.
OTuet 1o 1a00paTOPHBIM pabOTaM JOJKHBI COAEPKATD:
- TUTYJIbHBIN JIUCT;
- TIeJIb pabOTHI;
- KOHCIIEKT OCHOBHBIX 3aKOHOB, OIIPEICTICHUH, TOHITHIA, (HOpMYIT;
- OCHOBHOE 000pYyI0BaHUE, CXEMa YCTaHOBKU;
- OMUCAHME I10 MMYHKTaM BBITIOTHEHHON paOOTHI;
- pe3yJbTaThl U3MEPEHUH U pacueToB (TabJauIIbI, rpaduKH);
- OLICHKA IIOTPEIIHOCTEH;
- OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJIBI IO PE3YJIbTAaTaM BBITIOJIHEHHOW PabOThI, 1aTa, MOJIIKCh.

Konmponwsnwvie éonpochwi.

. Pacckasath 00 251eKTprUecKuX KojieOaHUsX B KOHTYPE.

. JlaTp ompenenenue aMIuIUTY/Ibl, YaCTOTHI, (ha3bl, MepHoa KOIeOaHUH.

3. Kakoii mpoiiecc Ha3bpIBaeTCs anepuoandeckum? YTo Takoe KpUTUIECKOE COnpoTHBieHue? BhI-
BecTH ypaBHeHue (12).

4. Kakue npeBpalilieHus: SJHEPrul UMEIOT MECTO IIPU NEPUOANYECKOM U allepHOINUECKOM MpoIiec-
cax?

5. Kakue popmysbl OMUCHIBAIOT SHEPTHIO AIEKTPUUECKOTO MOJIsi KOHJIEHCATOpa U SHEPTHUIO Mar-

HUTHOTO I0JISI KaTyLIKH.

. BeiBecTH ypaBHEHHE 3aTyXarOMIMUX dJEKTPUUECKUX KOJIeOaHHi.

7. Uro Takoe norapuMuueckuil n1eKpeMeHT 3aryxaHus? OOBSICHUTH ero (pU3MYECKUil CMBICI,
BbIBeCTH ypaBHeHue (15).

8. IosicHUTD (PU3NUECKUN CMBICI JOOPOTHOCTH KOHTYypa. BriBecTn ypaBHeHue (20).

9. Uto Ha3piBaeTcs ¢azoBoii kpuBor? [omyuuTs ypaBHEHHE 3TON KPUBOH.

10. BoiBectu ypaBHeHue (7), mpuMeHuB 3aKkoH OMa 1J1si HEOJHOPOAHOM 3aMKHYTOM 1IeTH.

11. KakoBa BenuunHa casura a3 Mexay KoieOaHUsIMU TOKa U HalpsHKEHUS B UCaIbHOM KoJie-
6arenbHOM KOHTYpe? Kak MOYKHO U3MEPUTH €€ B PEeaIbHBIX YCIOBUAX?

12. Paccka3ath 0 MpakTHYECKOM IPUMEHEHUH KOJIe0aTeTbHOTO KOHTYPa B TEXHHUKE.

N —

@)

JlabopaTopnasi paGora Ne 13

Tema padomer. U3mepeHne JVIMHBI CBETOBOM BOJHBI ¢ IOMOLIbLIO IM(PPAKLIUOHHON peléT-
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).

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.

85



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

e U3 — max ) (2)

Takum 06pazom, u3mepss Ha onbiTe Us, MOKHO BBIYUCIUTH MAKCUMAaJIbHYIO KHHETUYECKYIO SHEP-
THIO0 3JIEKTPOHOB, BBUIETAIOIINX U3 KaTO/a.
Oobopyooeanue u mamepuainsl.

[Ipu n3zyuenun 3akoHoMepHOCTEH (poTo3(PpdPexTa B paboTe UCIONB3yeTCsl BaKyyMHBIN (OTO-
3JIEMEHT, IPUHLIUIIHAIbHAS CXeMa BKIIOYEHHUS KOTOPOTO B 3JIEKTPUUECKYIO LIENb IpUBEIeHA Ha
puc. 4.

1. ®orosnement @, ceetopmnbTp C® U UCTOYHHMK CBETa (CIEKTpasibHasi pTyTHas jamma) JI
IIOMEIIEHBI B 3aKpPbIThII KOHTelHep. CBeT oT Jamibl, Mpoxoas uepe3 cBetopuinstp CD, craHo-
BUTCSI MOHOXPOMATHUYECKHUM U, TIafiasi Ha KaToll (poTolreMenTa, Bei3biBaeT (hoTodddext. Mukpo-
amrepMmeTp MA u3MepsieT cuity poToToka, a BoIbTMETp V — HanpshkeHHue Ha (poTosrsieMeHTe.

2. VYcTaHOBKa COCTOUT M3 O0BEKTA MCCIEAOBAHUSA U YCTPOMCTBA U3MEPUTENHHOIO, BHIIIOIHEH-
HBIX B BUJIE KOHCTPYKTUBHO 3aKOHYCHHBIX M3/ICTUH, YCTaHABIMBAEMbBIX Ha 1TA0OPATOPHOM CTOJIe
U COCMHIEMBIX MEXKIy CO00M KabemeM.

3. OOBeKT uccieoBaHUsl KOHCTPYKTHBHO BBITIOJHEH B BHJE COOPHOTrO KOpIyca, B KOTOPOM
YCTaHOBJIEHBI OCBETHUTENb (CHEKTpalibHasl PTYTHAs jlamMIla) C HCTOYHUKOM MHUTaHuUs, OJIOK UHTEp-
¢depernnonHbIX cBeTOGUIBTpoB Nel (A=407 mxm), No2 (A=435 mxm), Ne3 (A=546 mxm), Ned
(A=578 MKM) 1 yCTpONCTBO peryIupoBku ocBemnieHHOCTH. [Tonoxkenue "0" G10Ka CBETOPUIHTPOB
COOTBETCTBYET IPOXOKICHUIO CBETa 0e3 CBETO(MUIBTPOB U MOXKET MPUMEHATHCS JUIsl CHATHUS MH-
TerpajbHbIX BOJBTAMIEPHBIX U JIFOKCAMIIEPHBIX XapaKTEPUCTHK, a MojiokeHue "S5" - mepekpsbl-
BaeT JIaMILy M UCIIOJIb3YETCs Ul yCTaHOBKHU HOJIsL. K KOopITycy ¢ MOMOIIBIO KPOHILITENHA TPUKPETI-
JIEH YCUJIMTENb (POTOTOKA, HA BEPXHIOK KPBILIKY KOTOPOTO YCTaHABIMBAIOTCS CMEHHBIE (OTO-
npueMHUKH ¢ GoTtoanemenTamu P-8 u @-13. Ilpu ycraHOBKE (POTONPUEMHUKOB MX MPUEMHOE
OKHO COBMEIIIAETCS C BBIXOJIHBIM OKHOM OCBETHUTEJIS U 3aKPbIBAIOT IPU MOMOIIH OJIECH]IBI.

Ha nepenneii manenu o0beKTa UCCIEOBAHUS HAXOAATCS CETEBOU BBIKIIOYATENb C MHJIUKA-
TOpOM BKJIO4YeHMs ceTu. Ha 3anHelt maHenu oObeKTa MCCIeI0BaHUs PACIIONOKEHbI KIeMMa 3a-
3eMJICHHUS, JIepKaTeNld IpeoXpaHuTeNneld U ceTeBoi mHyp ¢ Buikoid. Ha G0koBoii cTeHke pac-
MIOJIO’KEHO BBIXOJHOE OKHO OCBETHUTENSI U YCTPOMCTBA JJIsi CMEHbI MHTEP(EPEHIIMOHHBIX CBETO-
(GUIBTPOB U PEryIUPOBKH OCBELIEHHOCTH. Ha OOKOBBIX MOBEPXHOCTAX YCHIIUTEINS (POTOTOKA pac-
MIOJIO’KEHBI COEMHUTENbHBIN IIHYP C Pa3beMOM ISl MOJKIIOYEHHS] 00bEKTa HCCIEeIOBaHUS K
YCTPOMCTBY U3MEPUTENHLHOMY U peryisTopsl 6ananca ycunurens [ PYBO u TOYHO.

OObeKT Hcciae10BaHus C IOMOIIBIO CETEBOTO MIHYpa nojakioyaercs k cetu 220 B, 50 I'a.

4. VYcTpoiCTBO U3MEPUTEIBHOE BBINOIHEHO B BUJIE€ KOHCTPYKTUBHO 3aKOHUEHHOIO u3aenus. B
HEM NpPHUMEHEHa OJHOKpHUCTalIbHas MUKPO - OBM c COOTBETCTBYIOIIMMHU JOMOJHUTEIbHBIMU
yCTPOHCTBAMHM, O3BOJISIOIMME MPOU3BOJUTH U3MEPEHUE TOKA (POTOAIEMEHTA, YCTAHOBIEHHOTO
B 00BEKTE MCCIIEOBAHNS, YCTAHABINBATD U U3MEPSTh MUTAIOIINE HANPSKEHUS Ha (POTOIIEMEH-
T, a TaKKe OCYIIECTBIATh (PYHKIIMU YIIPABICHUS YCTAaHOBKOH (YCTaHOBKA PEXUMOB MPSIMOTO
WM 00paTHOTO U3MEPEHUs U T.11.). B cocTaB ycTpolcTBa M3MEPUTENBHOTO BXOAT TAKXKE 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

90



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. Vcnonb3ys noiaydeHHbIH rpaduk, BBIUMCIUTH 10 hopMmyie /[ga = =— ¥ OILICHUTH

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
HENpO3payvHbIe JIJIs BUAMMOIO CBETa BEIIECTBA.

Pa/i0akTHBHOE H3IydeHHE ObIBACT TpeX BUAOB: A -nyur, b -nyun u g -myun.
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d -1yuu HpecTaBIIAIOT MOTOK SAEp eMEBBIX ATOMOB, MM, HHBIMU CIOBAMM, IIOTOK T'eJIH-
€BBIX HOHOB C 3apsaaoM +2e.

ToxkaecTBeHHOCTh A -ITyueil ¢ MOTOKOM FelIMEBBIX sSIep Obl-

Ja yCTaHOBJIEHA C TIOMOIIBIO CJIEIYIOIIETO OIbITa, MPOU3BEICH- L 2
noro Copu. v, , I

Cocyn A (puc. 1) ¢ TOMOIIBIO TOHKOW CTEKISHHOM IEpero- /. Xdf 4
ponku G pazgensuica Ha aBe yactd B u C. B vactu B Ilomema- e T S S
JIOCh PaJJMOAKTUBHOE BelecTBo F, Sy ]
usnyydatomee A -nyun. Ileperopoaka G noadupanach Takoi To- [l H i
WKHbl, 4T00bl & -Jlyun MOIIM IPOXOAMTH CKBO3b Hee. JIpyrast  puc1 Onw Coaam
yacTb 3TOro cocyaa C coenunsuiach yepes KpaH K ¢ BakyyMHBIM
HAcoCoOM, U B 3TOW YacTs CO3[aBajoCh IOCTATOYHO CUIILHOE pas3-
pEXKEHHUE.

B tpy6ke H, coenunennoii ¢ cocynom C, nomemanucse aBa annekrpoaa D, E, ¢ momoso ko-
TOPBIX MOXHO OBLJIO BBI3BATh pa3psn B TpyOke H. Bakyym B cocyne C co3naBaicsi CTOIb BbICO-
KW, 4TO IpU NpUiokeHnH K D u E pasHOCTH NOTEHIMAIOB B HECKOJIBKO COTEH BOJIBT JIEKTPH-
YeCcKul paspsj He BozHuKall. [Tocie oTkauku cocyr A orcoeuHscs oT Hacoca. CIyCTsl HECKOJIb-
KO JHEH, 0JJHaKO, MOC/IE MPUIOKEHHUS Pa3HOCTU MOTEHIMaIoB Mexty D u E Bo3HuKai anexTpu-
YECKUH pa3psill, HHTEHCUBHOCTh KOTOPOTO C TEYEHHNEM BPEMEHU BO3pacTaa.

Cser, ucxoasamuii npu paspsae u3 Tpyoku H, Obul mpoaHanu3upoBaH ¢ IOMOIIbIO CIIEKTPO-
rpaga. Okazanaock, 4TO CIEKTP 3TOT0 U3IYUYEHUS B TOUHOCTH COBIAJIACT CO CIIEKTPOM HM3JIyUeHHUs,
BO3HUKAIOIIKM IIPU IEKTPUUECKOM paspsijie B ra3000pa3HOM IeJINH.

B tpy6ke H renus He 66110, HO clofa u3 B nponukany @ -4acTUIb], H3TydaeMble PaldoaK-
TUBHBIM IIpenapaToM. [IoCKoNbKy B pe3ynbTare Takoro NpOHUKHOBEHUS B TpyOke C MOSBUINCH
aTOMBI TeJIHs, TO, CJIEI0BATENBHO, A -4aCTUIIBI M ABJIAIOTCS TEJMEM, TIPAB/Ia, HE aTOMaMH, a si/[pa-
mu renus. Slnpa renms (@ -uacTHIBI) 3aXBaTHIBAIOT M3 OKPY’KAIOIIEH Cpeibl 2 SIeKTPOHA U
IIPEBPAINAIOTCSA B «HOPMAJIbLHBIE» aTOMBI renus. Mrak, @ -4acTHIIBI ABIAIOTCS AApaMU aTOMOB
reusl.

XapaKTepHOH BEJIMYUHOM MX SBJIAETCS SHEprus. DHeprusi A -4acTHIl BEIMKA — IOPAIKA
HECKOIBKMX MUJUIMOHOB 3JIEKTPOHBONBT. PasinuHble pajloakTHBHEBIE BEIECTBA M3TyyaloT d -
YaCTMIIBI PA3IMYHON SHEPTHH, HO Bee A -4aCTHIbl, M3TydEHHBIE JAHHBIM PaJHOAKTUBHBIM Be-
IIECTBOM, UMEIOT BIIOJIHE OIPEIEICHHYIO SHEPTHIO.

b -nyuu SIBISIOTCS MOTOKOM OTPULIATENBHO 3apSKEHHBIX YaCTHIl. 3HaK - (MUHYC) MPH OyK-

3}
X

e
Be b MNOAYCPKUBACT, YTO 3THU YACTUILIBI HECYT OTpI/IHaTCHBHHﬁ 3apsaa. OTHolmeHne — JJI1 HUX
m

OKa3aJIOCh B TOUHOCTH TaKUM K€, KaK U JJIs JIEKTPOHOB. b -JIy4H SIBJIAIOTCS B ACHCTBUTEIBHO-
CTH TIOTOKOM JIEKTPOHOB. OTiuune b -JIydeid OT OOBIYHBIX KATOIHBIX JTy4Yei HE KaueCTBEHHOE,
a KOJIMYECTBEHHOE. DHEPTHS JIEKTPOHOB

b -ny4yell 3HAUUTENBHO MPEBOCXOJUT SHEPIUI0 KATOAHBIX JYyUYE€ M MMEET BEIUYUHY MOpPSIKa
MHWJUTMOHA 3JIEKTPOHBOJIBT.

J -1yun, HE OTKJIOHSIEMBIE HY MarHUTHBIM, HU DJIEKTPUYECKUM II0JIEM, HE HECYT DJIEKTPH-
yeckoro 3apsana. [lo coei npupone J -aydyu aHaJIOTUYHBI PEHTIEHOBBIM JIy4aM, HO OTJIMYAOTCS
OT HUX OOJIbIIIEH BETUYNHON KBAHTOB.

Kak yxe yka3bIBalioch, paIiOaKTUBHOE U3IyUYEHUE MPOU3BOJUT CUIIBHOE HOHU3UPYIOILEE U
(hoTOXUMHUECKOE ACHCTBUE U TIO ’TOMY JICUCTBUIO MOXKET OBITh pETUCTPUPYEMO. Tak KaK OTAeIb-
HBIE YaCTHIIbl, BXOJSIIME B COCTAB PAJUOAKTUBHOIO U3JIYYEHHUS (a -4acTulbl, b -yactuusl, J
-KBaHTHI), 00J1a7a10T OOJIBIIION YHEPTUEH, TOPSIIKA MUJUTMOHA JICKTPOHBOJIBT, TO IIPEICTABIISICT-
Csl BOBMOYKHOCTh HAOII0JIaTh U PETUCTPUPOBATH HE TOJIBKO PAJIMOAKTUBHOE M3TYUCHHE B IEJIOM,
HO U OT/ICJIbHBIE YaCTHUIIbI, BXOSIIME B COCTAB 3TOT0 U3JIyUYEHUS.
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Haubosee yacto /i perucTpaiuy U HaOIIOACHUS OTAEIBHBIX OBICTPBIX YAaCTHUI] IPUMEHS-
FOT TPU METO1A:

a) Kamepa Bunbcona. B rmase VI Obu1 yKa3aH NpUHIMI JeicTBUS KaMepbl BuibcoHna u mo-
Ka3aHbl potorpapuu myteit A -yactuin. Kamepa Buibcona npuroana u 1yis HabmoieHus my-Teii
b -uacTui. 3HaUUTETHLHOE YCOBEPLICHCTBOBAHME B METOJ KaMepbl BuibcoHa O6bu10 BHeceHO /1.

B. CkoOEenbIBIHBIM.
CkoOenblIbIH TOMEeCTU KaMepy BuibcoHa B MarHUTHOE moJsie. MarHUTHOE TOJi€ UCKPUB-
JSIET TpaeKTopHuio b -yactwi. B ciydae, korga b -gactuia IBHKETCS MEPICHIUKYIISIPHO CHIIO-

BBIM JIMHUSAM OOJHOPOAHOTO MArHuTHOI'O HOJIA, €€ TpaCKTOpHCﬁ ABJIICTCA OKPY’KHOCTBH painy-Ca

R —meu

eH
rae U - ckopocTh yacTHIbl, H - HaNpsHKEHHOCTh MarHUTHOTO TOJS, e - 3apsij JIEKTPOHa, C -
CKOpPOCTh cBeTa. B kamepe BunbcoHna, momenieHHoi B MAarHUTHOM TI0JI€, TPEKHU SJIEKTPOHOB MPei-
CTaBJISIFOT 9acTH OKpY>XHOCTeH. [lo BenmumHe paamyca 3TOW OKPYKHOCTH MOKHO OTIPEICIIUTH
CKOPOCTbH 2JIEKTPOHA.

0) Cueruuk [eitrepa-Mromiepa. CyliecTBYIOT JIBa BApMaHTa CUETUYHUKOB: CUETUHK C OCTPH-
eM (cueruunk ['elirepa) u cyeTurK ¢ HUTHIO (cueTuuK I eiirepa-Mrosiepa).

Cueruuk ¢ HUTHIO (puc.2) npeacrtasisieT HUIUHAP C, O OCH KOTOPOTO HATsAHYTa HUTH AB -
TOHKasi MeTaJ/In4yeckasi MpoBoJIoka. HUTh B 3JIEKTPUUYECKOM OTHOILLIEHUHU U30JHUPYETCA OT KOp-
nyca cuetynka C. CY4EeTUMK HAMIOJHSIOT Ta30M MPU HEOOJIBIIOM 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 O6atapeu E wnu crenu-
aJIBHOT'O BBINPSMUTENBHOIO YCTPOUCTBA CO3AAIOT DJICKTPHYECKOE T10JIE

Takoro HanpsKeHHs, IPU KOTOPOM B CUETYUKE MOXKET pa3BUBAThCS KOPOHHBIN paspsia. Ko-
POHHBIN pa3psii HAYHET Pa3BUBATHCS, €CIIM B IIPOCTPAHCTBE MEXKIY HUTBIO U KOPILyCOM OKaKyT-
csl 3apsbKeHHbIEe yacTULbL. [103TOMY KOPOHHBIH pa3ps BOSHUKAET B CYETUMKE BCAKUH pa3, Korjaa

a

B HETO NPOHMKHET HOHU3UPYIOLIAs YaCTULA-UIEKTPOH Win < -yactuna. Takas yactuua, JBUra-
ACh BHYTPU CYETYHMKA, IPOM3BOAUT MOHMU3ALMIO Ia3a, BCICICTBUE YE€TO0 U BO3HUKAECT KOPOHHBIN
paspsa. IlocnenoBarenbHO ¢ HUTBIO CUETUMKA MOJKIIIOYAETCS CONPOTHUBIIEHUE R, BEMM4YMHYy KO-
TOPOro MOAOMPAIOT TaK, YTOOBI IIPU Pa3BUTHH KOPOHHOI'O pa3psiia Ha 3TOM CONPOTUBJICHNUHU BO3-
HUKAJIO JOCTaTOYHOE MaJIeHue noTeHuana. Eciu 3To najgeHne NoTeH1yana OKaKeTcs 10CTaTod-
HBIM (OKOJIO COTHH BOJIbT), TO BOHUKIIHMH B CUETYMKE KOPOHHBIH pa3psl npepBeTcs.

Ilo Bo3HuKIIEMYy B cyeTuMKe I'eiirepa UMIIyJIbCy TOKA U CYIAT O TOM, YTO 4epe3 CUETUUK
IIPOLLIA HOHU3UPYIOIIAs yacTuld. Hamia mpoMBIIIIIEHHOCT BBIIMYCKAET TaK Ha3bIBA€MbIC yCTa-
HOBKH Tuna «by, cogepxaiye anmnapatypy, HEOOXOJUMYIO JJIsl MUTAHHUS CYETYUKOB, YCUIUTENb,
C MOMOUIbIO KOTOPOTO UMITYJILC TOKA B CUETUMKE YCUIIUBACTCS 10 TaKOW BEIMYMHBI, YTO IPUBO-
JUT B JIEUCTBHE pelie HyMepaTopa, NPeJHa3HAaueHHOT 0 AJI OTCUETa YKCiia BO3HUKIIMX B CUET-
yuke ['eitrepa ummynbcoB. st Toro 4to0sl cuetynk ['eirepa «cpaboTtam», HOHU3UPYIOIIAs Ya-
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CTHMLIA JOJKHA NPOHUKHYTH BHYTPh €T0 - IPOMTH Yepe3 CTeHKU. Eciu u3iryuenune noraomaercs
CTEHKaMHM CUETUYHKA, TO IPUMEHSIOT JUI PETUCTPALNU TaKUX YaCTHUI] TUO0 OY€Hb TOHKUE CTEHKH,
1160 crielanbHblE TOHKHE OKOLIKH.

B Top1ieBbIX cueTUMKax HUTh 3aMEHseTC UTiior A. B mepeaHel CTeHKe CUeTUHKa JIETaeTCst
otBepctue B, 3akpbiBaemMoe (onbroil Hy>kKHOM TOIIMHBI (pHUC. 3).

Cuerunku ['eiirepa npumensrores u 11 cdera J -KBaHTOB, J -KBaHTBI BBI3BIBAIOT B CTCH-

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 MpicoBckuM U KnaHoBbIM. VMU H3rOTOBIISIIUCH ClielMANbHbIE (DOTOIIIACTUHKHU C
yTOMIIEHHBIM crioeM (hoTtoamynberu (50—300 mx).d -yacTUIBl IPH ABMKEHHH B TAKOM CJIO€
BBI3BIBAIOT pasioskeHue OPOMUCTOTO cepedpa TONIbKO B TEX 3epHaX, Yepe3 KOTOPbIe OHU MPOIILIH.
[Tociie mposiBIICHUS TaKOW IUIACTUHKU B HEW BO3HUKAIOT «JOPOKKI» U3 OCATUBIIETOCS cepedpa,
XOpOoII0 BUANMBIE B MUKpockorie. Kaxkaas Takast JOpoxKa nmpeacTaBisieT coO00H cies IBUraBuieii-
cs1 yacTuipl. [To BenmuuuHe npodera & -4acTHIBI MOKHO OIPEETHTh €€ SHEPIUIO.

Toncrocnoiinbie (OTOIIACTUHKN TPUTOIHBI Ul PETHCTPALMM HE TOIbKo A -Tydeid, HO U
JPYTUX CUJIBHO MOHMU3MPYIOIIMX YaCTHI] - IPOTOHOB, IEUTPOHOB. B HacTosdIee BpeMsl U3rOTOB-
JSIOTCS ¥ Takue (OTOIUIACTUHKU, B KOTOPBIX MOKHO OOHApY’KHMBATh CJIEIbl YAaCTUIl HE CTOJb
CHJIbHO MOHU3UPYIOUINX, B YACTHOCTH, SJIEKTPOHOB OOJIBIIION SHEPTHUH.

Oobopyooeanue u mamepuainsl.

B pabote ucnonb3yetcst TopioBblii cueTunk I eitrepa-Mromepa. Vccnenyemslii paaroax-
TUBHBIM MCTOYHHK B F€PMETUYECKOM Karlcysie pa3MelleH Ha Jep)karese, cBOOOIHO MepeMenia-
IOLLEMCS 110 CKAMbE OTHOCHUTEILHO CUeT4YMKa. 11 U3MEPEHUs pacCTOSIHUS MEXy CUETYUKOM U
0o0pa31oM Ha CKaMbe YCTaHOBJIEHA U3MEpUTENIbHAs JINHEHKA, a Ha JiepKaTesie o0paslia HaHeceHa
pucka. [lornorurenem GeTa-4acTuIl sIBJISETCS HAOOP TOHKUX AJTIOMHHUEBBIX TUIACTHH, TOMEIICH-
HBIX Ha CIIEHUAJIbHOM Jeprkarene. TonmmuHa KaX a0 IIaCTUHBI YKa3aHa Ha KOJIbLE JAepKaTesl.

Ykazanua no mexnuxe 6ezonacnocmu.
1. K BbImonHeHuto 1a60paTOPHBIX PadOT TOMYCKAIOTCS CTYACHTHI, H3yYUBILNE ITPABHIIA TEX-
HUKHU 0€30MaCHOCTH.

2. JlabopaTopHble pabOThl MOTYT MPOBOJIUTHCS TOJIBKO O] PyKOBOACTBOM M HAOJIIOJCHUEM

npenojgaBaTers.

3. Pacnomnaraiite npubopsl, MaTepuaibl, 000py 0BaHHE HA paboYeM MECTe B MOPSIKE, YKa-

3aHHOM IIPEINOIaBaTEIIEeM.

4. He nepxxute Ha paboyeM CTOJE MPEIMETHI, HE TPEOYIOIIUECs IS BBITIOIHEHUS 3a1aHusl.
Ilepen teM, kak NpUCTYNUTh K paboTe THIATENBHO U3yuyUTe €€ OMMCAHUE, YSICHUTE XOJ
BBITIOJIHEHHSI PaOOTBHI.

3aoanuas.

1. Bkrounth mprOOphI YCTAaHOBKH | JIaTh UM MPOTPEThes B TedeHune 10 MuH.

2. YCTaHOBHTD Ha CYETUHKE pabodee HANPSKEHUE U ONPENENIUTh «(HOH» CUSTUUKA.

3. IToMecTHUTh B «JJOMUK» HCCIEIyEeMbIii HCTOYHUK O€Ta-U3Ty4eHUs U ONPEACTUTh Hauaslb-

HYIO HHTEHCUBHOCTb O€Ta-M3ITyueHHsI IPH OTCYTCTBUU TTOTIIOTUTEIIS.

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 memsax 0oJiee TOYHOTO OomnpeaciIiCHud MaKCUMAJIbHOT'O np06era RMaK( 9KCTPAIOJIAAIHUIO

HEOOXOAUMO MPOU3BECTH IO rpaduKy KPUBOK MOTJIOMICHHUS (TI0 OCH OPJAWHAT OTKJIABIBAIOT 3HA-
yeHus In/, a mo ocu abcnuce — d).

6. Ucnonb3ys Gpopmyiy (8) ¥ HaliIeHHOE ITyTeM SKCTPAIOJISIIIAHA 3HAYCHUE RMa,«, ompe/e-

JUTh BEJIMYMHY MaKCUMAJIbHOM SHeprun 6eTa-yacTHIl.

7. OueHUTh NOrPEUIHOCTh PE3YIIbTATOB.

CHsiTHE 3aBHCMMOCTH HHTEHCHBHOCTH 3J1EMEHTAPHBIX YaCTHI OT PACCTOSTHUSA 10 HC-

TOYHHUKA U3JTyYeHUS

1. BK/IIOUHUTB YCTaHOBKY B CETh YCTAaHOBUTB BpeMs peructpauuu 10 cexyHa.

3. YcTaHOBUTH HauaabHOE paccTOsIHUE R Mex 1y CHMHTUIUIALIMOHHBIM 3KPaHOM U IIpenapa-
TOM, COOTBETCTBYIOIIIEE HYJIEBON TOUKE ILKAJIBI.

4. Vcnonb3ysl yCTaHOBKY, ONpPENEINTh MHTEHCUBHOCTh | 3J€MEHTapHBIX YacTHIl JJIs Ha-
YJaJIbHOTO paccTostHus R.

5. VBenuuuTh paccTosHUE MEXy 3KpaHOM M mpemnaparoMm Ha 0,5 cM ¥ MOBTOPUTH U3Mepe-
HUSl UHTCHCUBHOCTH.

6. [Tponomxkast yBenuuuBath pacctostuust R uepes 0,5 cM, OBTOPSATH N3MEPEHHSI HHTEHCUB-
HOCTH 3JIEMEHTapHBIX YaCTHIL IO BCEH JUIMHE TUHEWKH mpudopa.

7. I1o mory4eHHBIM TaHHBIM MTOCTPOUTH rpaduk 3aBucumoctn I = f (R) u onpenenuts cpen-
Hu#t pober Ry, skcTpanonupoBanHsbiii R, 1 mapametp pasbpoca s.

8. IIpomuddepennmporar rpadpudecku nomydeHnyro kpusyto I = f (R) onpenenuts cpen-

Hu#t npoder Ry kak abcuyiccy MakcuMyma KpUBOM: Z_IIQ =y (R)

9. OLIeHUTH MOTPEIIHOCTh PE3YJIbTATOB.
Cooepocanue omuema.
Otuer o 1abopaTopHBIM paboTaM JOJKHBI COICPKATH:
- TUTYJIbHBIN JIUCT;
- IeTb paboTHI;
- KOHCTIEKT OCHOBHBIX 3aKOHOB, OTIPE/ICIICHUH, MOHATUH, PopMyII;
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- 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.

KOHmpOJleble 60RPOCHL.

1. Yro Takoe paanoakTUBHOCTH? Buabl paaAi0aKTUBHOTO U3ITyUYECHHUS.

2. ®usuueckas npupoaa A -, b - u - u3TydEHUIA.

3. Meroab! perucTpanuu paguoaKTUBHBIX U3JIyYEHUH.

4. Ommcartp paboty cueTunka I eiirepa-Mrosutepa.

5. CdopmynupoBath MpaBuiia paiOaKTUBHOTO U3TyUEHHUS.

6. 3amucaTh QopMyny paauOaKTUBHOTO pacnajaa. [louemy kiaccuueckuii MeToa He 0Obsic-
HseT nmpupoay A -pacnana?

7. Omnucars A -pacnaj ¢ O3UIKMA KBAHTOBONW MEXAHHKH.

8. Omnmucate b -pacnajn ¢ NO3ULKNA KBAHTOBOM MEXaHUKH.

9. B uem 3akirodaercs METOJl ONpeAesIeHUs JJIMHBI CBOOOHOTO Mpodera 31eMeHTapHo! Ya-
CTHUIIbI B JaHHOU paboTe?

10. 3anucats popmyiy I eitrepa.

11. B uem 3akiroqaeTcsi METO/ ONPEICICHHUS SHEPTUU JIEMEHTAPHBIX YacTUll (METOJ MOTJI0-
eHus ) ?

5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnevenue Oucyuniunsl

5.1 Ilepeuenv ocno6HOIl U OONOTHUMETILHOU TUMEPAMYPbL, HEOOXOOUMOUL 0113 0CB0e-
HUA OUCUUNTIUHDL
5.1.2 Ilepeuenv ocnosnoit tumepamypeol:

1. ®usuka 711 By30B: MEXaHHUKA U MOJICKYJIsIpHas (pu3uka [DIeKTpOHHBIN pecypc]: yueo-
UK / B.A. Hukepos. - Mocksa : M3natenscko-toprosasi kopnopanus «lamkos u K%», 2017. -
136 c. : TaoII., rpad., CXEM. - ISBN 978-5-394-00691-3;-URL.:
http://biblioclub.ru/index.php?page=book&i1d=450772

2. TamuteikoBa-bymkesny, U.U. ®uszuka : B 2 4. / .M. TanubeikoBa-bymkesny. — 2-¢
u31., ucrp. — MuHck : Bemmitmas mkona, 2014, — Y. 1. Mexanuka. MonekyssipHas ¢usnka u
TepPMOJIMHAMUKA. DJIEKTPUIECTBO U MarHeTusM. — 304 c. : ui., cxem. — Pexxum gocTtyna: mno moj-
nucke. — URL: http://biblioclub.ru/index.php?page=book&id=235732

3. TamueikoBa-bymkesuu, U.M. ®usuka : B 2 4. / U.W. TanueikoBa-bymkesny. — 2-¢
u31., ucrp. — MuHck : Beimmmitmas mkona, 2014, — Y. 2. Ontuka. KBanroBas ¢usuka. CtpoeHue
u (pu3nyecKkue CBOMCTBA BemecTBa. — 232 ¢. : Wi., CXeM., Taba. — PexuM JocTyma: 1mo moamnucke.
— URL: http://biblioclub.ru/index.php?page=book&i1d=460883

5.1.3 Ilepeuensv oononrnumenvHoii 1umepamypol:

1. Jlexuuu 1o yueOHOM mucruruinHe « OCHOBBI TEOPETUYECKON (PU3HKN». DIICKTPOIUHA-
MHKa. [DIeKTpOoHHBIH pecypce] : yueOnoe mocodue / E.M. Kyxapb. — DJIeKTpOH. TEKCTOBBIC JJaH-
Hble. — Bonrorpan: Boarorpaackuii rocy1apcTBeHHbIN COLMANBHO-TIEArOTMYECKUN YHUBEPCH-
tet, 2017. — 57 ¢. — 2227-8397. — Pexum noctyna: http://www.iprbookshop.ru/7073 1.html
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http://biblioclub.ru/index.php?page=book&id=450772
http://biblioclub.ru/index.php?page=book&id=235732
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

MeToanuyeckue peKoMeH AU
110 OPraHU3alud CAMOCTOSTEIHFHOM PaOOTHI 0O0YJAFOITUXCSI
no aucuuminae «OPU3NKA»
JUTSL CTYZICHTOB HAIPaBJICHUS TIOJTOTOBKA
09.03.02 MadopmanimoHHbIe CUCTEMBI U TEXHOJIOTUH, H(OpMAIIMOHHBIE CUCTEMBI U TEXHOJIO-
ruu 00paboTKH MUGPOBOr0 KOHTEHTA

ITaturopck, 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 PEIIECHHE 3a1a4;

Llenv camocmoamenvro2o uzyuenus numepanmypsvt — CAaMOCTOSITENILHOE OBJIAICHUE 3HA-
HUSIMU, OIIBITOM HCCJIEOBATEIbCKOM 1€ATEIbHOCTH.

3aoauamu caMOCTOSITEILHOTO U3YUYEHUS JINTEPATYPHI SIBISIFOTCSL:
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. yriyOJieHHe U paclIipeHne TEOPEeTHUECKUX 3HAaHU;

. (opMHUpOBaHHE YMEHHUH HCIOJIb30BaTh HOPMAaTHBHYIO, PAaBOBYIO, CIPABOYHYIO
JOKYMEHTAITUIO M CIICIHATIBHYIO JINTEPATYPY;

. pa3BUTHE NIO3HABATENIBHBIX CIIOCOOHOCTEN M aKTUBHOCTHU CTY/I€HTOB.

Ileny camocmoamenvnozo peuwtenus 3adau - oBnajieHue NpopecCUOHATBLHBIMI YMEHUSI-
MU ¥ HaBBIKAMH JICSATEILHOCTH 10 MPOQIITIO Oy IyIel AesITeTbHOCTH.

3aoauamu camOCTOSITENILHOTO PEICHUS 3a/1a4 SIBJISIFOTCSI:

. cucTeMaTH3alys U 3aKpEeIUIeHUE MOJIyUYeHHbIX TEOPETUYECKUX 3HAHUN M MpPaKTHU-
YEeCKUX YMEHUH CTYAEHTOB;

o (hopMHpOBaHKE CAMOCTOSTEIFHOCTH MBIIUICHUS, CIIOCOOHOCTEH K CaMOPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CAMOpPEAIN3alliu;

. pa3BUTHE UCCIIEA0BATEILCKUX 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 cUCTeMaTH3alMs U 3aKPEIUICHUE MOJTyYeHHBIX TEOPETUYECKUX 3HAHUN M MPAKTHU-
YECKHX YMEHHH CTYJICHTOB,;

. yriay0OJieHHe U pacIlipeHne TEOPEeTHUECKUX 3HAHU;

. (opMHUpOBaHHE YMEHHUI HCIIOJIb30BaTh HOPMAaTHUBHYIO, MPAaBOBYIO, CIPAaBOYHYIO
JOKYMEHTAIUIO U CIIEIHATIBHYIO JIUTEPATYPY;

o pa3BUTHE TIO3HABATEIFHBIX CIOCOOHOCTEH M aKTUBHOCTHU CTYJIEHTOB: TBOPUYECKOU
MHHUIIMATHBBI, CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH M OPraHU30BaHHOCTH;

. (hopMHUpOBaHKE CAMOCTOSTELHOCTH MBIIUIEHUS, CIIOCOOHOCTEN K CaMOpPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CaMOpPEaTH3aluH;

. pa3BUTHE UCCIIEAOBATEIILCKUX YMECHUH;

. UCIOJIb30BaHUE MaTepHasa, COOPAaHHOrO U MOJYYEHHOTO B XOJA€ CaMOCTOATENb-
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:

Kopx, dopmynupoBka komme-
TeHLUH

Kon, hbopmynupoBka uHu-
KaTopa

[Tnanupyemblie pe3yabTaThl

00y4YeHHS IO JUCIUTUIAHE
(MoIymI0), XapaKTepu3yIo-
IHe ATaIbl HOPMUPOBAHHS
KOMIICTEHIIMA, HHIUKATOPOB

OIIK-1 CnocobeH MpUMeHSTh
€CTEeCTBEHHOHAYYHBIC U 00IIle-
WH)KCHEPHBIC 3HAHMUS, METO/IbI
MaTeMaTH4ecKOro aHalInu3a u
MOJICTTUPOBAHUS B TIPOPECCHO-
HAJIBHOM JIeSITeIbHOCTH

WNJI-1onk.; 3HaKOM ¢ OCHOBa-
MU MaTeMaTHKH, (PU3UKH, BbI-
LII/IC.]'II/ITCJ'II)HOI\/’I TCXHUKN nu
MIPOrpaMMHUPOBAHUSA

N/-2 opk.; Pemaer crannapr-
Hble MpodeccuoHalbHbIE 3a-
Jaud C TPUMEHEHUEM €cTe-
CTBEHHOHAy4HbIX U 0OIle-
WHXXCHEPHBIX 3HAHWM, METO-
OB MAaTeMaTHYeCKOro aHa-
JIM3a U MOJEIUPOBAHUS

NI-3 onk-1 [IpoBoaut teope-
THYECKOE U IKCTIICPUMEHTAITb-
HO€ HCCIIeIOBaHHE OOBEKTOB
npoeCCHOHATLHON JIesATEIb-
HOCTH

3HaeT OCHOBHBIE (PU3NYECKHE
SBJICHUS Y 3aKOHBI MEXaHU-
KH, DJIEKTPOTEXHUKH, TEIJIO-
TE€XHUKH, ONTHKH U s,IepHON
(GU3UKU ¥ X MaTeMaTH4e-
CKO€ OIHCaHME.

YMmeer npuMeHsTH pruznye-
CKH€ 3aKOHbI MEXaHUKHU, MO-
JEeKyJSIpHON (PU3UKHU, TEPMO-
JTUHAMUKH, 3JIEKTPUUECTBA U
MarHeTusMa Juisl peIeHus
TUIOBBIX 3a/1a4.

Bnageer Meronamu aHannsa
(du3nIecKuX SBICHUIA B TEX-
HUYECKUX yCTPOUCTBAX U CH-
CTEMax.
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IInan-rpadguk BBINOJIHEHHS CAMOCTOSATEJIBLHOM PadoThI

Koasl peanuzy-

OO0BeM JacoB, B TOM YHUCIIC

CpenctBa u KonTaktHas
E€MBIX KOMIIE- Bup nestenpHOCTH
. TEXHOJIOTHH pabora ¢
TECHIIUHU, UHIU- CTYJEHTOB CPC Bcero
OILICHKU penojaBa-
Katopa(oB)
TeJIeM
Ounas dpopma o0yuenus, 1 cemecTp
CamocTosITeIIbHOE Cobecelona-
W3Yy4YEHUE JTUTEPATYPBI A 40,5 4,14 45
OIIK-1 HHE
o TemaM Nel-18
UJT-Tomet [MoxroroBka k eknu- | CobecemoBa-
WUJI-2 onk-1 1,62 0,18 1,8
M3 omer [ —
IloaroroBka k i1abo- CobecenoBa- 6.48 0.72 7.
PATOPHBIM 3aHSATHIM HHE
Hroro 3a 1 cemecTp: 48,6 5,4 54
Hroro: 48,6 5.4 54
3aounas popma o0yueHusi, 3 ceMecTp
CaMOCTOSTEIIbHOC Cobeceona-
HU3y4YECHUE JTUTEPATypPhl A 59,58 6,62 93,2
OIIK-1 HHUE
mo Temam Nel-18
- Lonk-t TloaroroBka K JeKIU- CobecenoBa-
W-2 onk-1 0,36 0,04 0.4
SIM HHE
W13 one IToaroroBska k 1a0o- CobecenoBa-
2,16 0,24 2,4
pPATOPHBIM 3aHITHIM HHE
Hroro 3a 3 cemecTp: 62,1 6,9 96
Hroro: 62,1 6,9 96
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MeToanuyecKkue PEKOMEHAAUHA IO H3YUYCHUIO TEOPETUICCKOI0O MaTepuaja

CamocrosiTenpHas paboTa CTy/€HTa HAUWHAETCS ¢ BHUMATEIHLHOTO O3HAKOMJICHUS C CO-
JepKaHueM y4eOHOTro Kypca.

N3ydenne kaxmoil TeMbl cleayeT HAUMHATh C BHUMATEILHOTO O3HAKOMIIEHUSI C HAOOpOM
BOMPocoB. OHU OPUEHTHUPYIOT CTYACHTA, MOKA3bIBAIOT, YTO OH JOJKEH 3HAThH IO JAHHOU TEME.
Bompocsr TeMbI kak ObI HAKJIAABIBAIOTCS HA COOTBETCTBYIOIIYIO TJIaBY M30paHHOTO YICOHHKA WITH
y4eOHOro 1mocodusi. B urtore mo/mKHO OBITH SICHBIM, KaKHE BOMPOCHI TEMbI Y4€OHOTO Kypca U ¢
KaKoW TTTyOHMHOM pacKpBITHl B KOHKPETHOM Y4eOHOM MaTepHalie, a Kakue BOOoOIIIe omyIieHsl. Tpe-
OyeTcsi TBOPUYECKOE OTHOIICHHUE U K CAMOMY COJICPYKAHUIO JUCIIUILITNHBIL.

Bompocsl, cocTapmstomue ee cogepxanne, 00J1aaloT pa3HOW CTENEHBI0 BAXXHOCTH. ECTh
BOIPOCHI, BBITIOJHSIONINE (YHKIIMIO JTJOTHYECKON CBI3KH COJIEPKAHMS TEMBI M BCETO Kypca, UMe-
FOTCSL BOIIPOCHI OIMCATEIBHOIO MIIN PA3bsCHUTEIIBHOIO XapaKTepa, a TAKKE HCTOPUUECKOTO IKC-
Kypca B 00JaCTh U3y4yaeMOM TUCUUILTMHBI. Bce 3TH BOPOCH! HE COCTaBIIAIOT CyTH MOHSA-TUIHO-
ro, KOHIENTYaJIBHOTO COACPIKAHUS TEMBI, HO HEOOXOAMMBI ISl 1IEJIOCTHOTO BOCIIPHUATHUS H3y4da-
€MBIX MPOOJIEM.

N3yuaemas aucuMIUIMHA MUMEET CBOW KaTerOpUajbHO-NOHATUMHBIN amnmapar. HaydHeie
MOHATUSL — 3TO Ta 0a3a, Ha KOTOPOM CTpOUTCS Kaxaas Hayka. [loHATHS — y3JI0BbIE, OMOPHbIE
MYyHKTHI KaK HAYYHOTO, TaK ¥ Y4E€OHOTO MO3HAHUS, JIOTUYECKUE CTYTICHH JIBIKCHHS B yueOe OT
MIPOCTOTO K CIIOKHOMY, OT SIBJICHHS K CYIIIHOCTH. be3 sicHOro moHMMaHus TOHATHH yueba KpaiiHe
3aTpyIHSETCS, a CO/IepKaHKNEe MTPUOOPETEHHBIX 3HAHUN CTAHOBUTCS TYCKIIBIM, PACILTBIBUATHIM.

CryneHT A0KeH NOHUMAaTh, YTO CAMOCTOSITENIbHOE OBJIa/ICHUE 3HAHUSAMMU SIBJISIETCS I1aB-
HBIM, ONpEeAeIsIomuM. Bricias 1miKoyia co3JaeT I 3TOr0 HEOOXOAMMBIE YCIIOBUS, TTOMOTAET
OyIymieMy BBICOKOKBATHU(UIIUPOBAHHOMY CICIIHAIMCTY OBJIAJAETh TEXHOJIOTHEH CaMOCTOSITENb-
HOT'O IPOM3BO/ICTBA 3HAHUM.

B camocrosiTenbHON paboTe cTyIeHTaM MPUXOIUTCS UCIIONIb30BATh JIMTEPATYPY pa3ind-
HBIX BHJIOB: IEPBOMCTOYHUKH, MOHOTpapuu, Hay4YHbIe COOPHUKH, XPECTOMATHH, YICOHUKH, yIeO-
HBIE TTOCOOUS, )KypHaIBI U Ap. M3ydeHue Kypca npemnoiaraeT 3HaKOMCTBO CTY/ICHTOB C OOJIBIITUM
00BEMOM Hay4HOU M y4eOHOM JTUTEepaTyphl, YTO, B CBOIO OYepelb, MOPOXKAAET HEOOXOAUMOCTh
BBIPA0OTKH Y HUX PAlMOHAIBHO-KPUTUYECKOTO MOAX0/1a K U3y4aeMbIM UCTOYHHKAM.

UTo0OBl HE «YTOHYTH» B OTPOMHOM 00BEME PEKOMEHIOBAHHBIX €MY JUIS H3yUeHUS] UCTOY-
HUKOB, CTYJICHT, IPEXKIE BCEro, JOJKEH HAyUUThCA MPABWIBHO UX YWTaTh. [IpaBuiibHOE YTEHHE
PEKOMEHJOBAaHHBIX UCTOYHUKOB MPEANOJIaraeT cjaeJJOBaHNE HECKOJIbKUM HECJIOAKHBIM, HO BECbMa

TTOJIC3HBIM ITPpaBUJIaAM.
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[IpenBapuTenbHBIA IPOCMOTP KHUTH BKJIIOUAET O3HAKOMIJICHUE C TUTYJIbHBIM JINCTOM KHH-
T'H, aHHOTALlMeH, IPeNCIOBHUEM, OrjaBieHHEeM. [Ipy 03HAKOMIICHUH C OTJIaBICHHEM HEOOXOIH-
MO BBIJICJIATH Pa3Zelibl, TIIaBbl, aparpadsbl, MPEJICTABISIONINE I BaC HHTEpeC, Oeriio ux mpo-
CMOTpETh, HAlTU MecTa, OTHOCSIUECS K TeMe (a03alibl, CTpaHuULbl, aparpadbl), U TO3HAKOMHUTh-
Csl C HUMH B OOIIMX uepTax.

HayuHple M31aHUs COMPOBOKIAIOTCS PA3IMYHBIMK BCIIOMOTaTeIbHBIMA MaTepUaiaMu —
HAy4YHBIM armapaTroM, MO3TOMY Ba)KHO 3HATh, M3 KaKUX OCHOBHBIX DJIEMEHTOB OH COCTOWT, Ka-
KOBBI €r0 (DyHKIUH.

3HAKOMCTBO C KHUT'OM JIy4Ille BCEr0 HAUMHATh C U3yYCHHs aHHOTAIIMM — KPATKOM Xapak-
TEPUCTHKN KHHWTH, PACKPBIBAIOLICH €€ coaep)kaHue, WACHHYI0, TEMAaTHUYECKYI0 U >KaHPOBYIO
HAINpaBJICHHOCTh, CBEJCHUS 00 aBTOpe, Ha3HAUYEHHUE U JIpyrHe 0COOEHHOCTH. AHHOTAIUS TIOMO-
raeT COCTaBUTh NPEBAPUTEILHOE MHEHUE O KHUTE.

I'my6>xe MOHATH colepKaHHe KHUTU TO3BOJISIIOT BCTYIMTENbHAS CTaThs, B KOTOPOU JaeT-
Csl OLIEHKA COJICpKaHMs KHHUTH, 3aTparuBaeMoi B Hell poOIeMaTuKu, COACPKUTCS HHPOpMAaLUs
0 XM3HCHHOW W TBOPYECKOHW OMOrpadmu aBTOpa, BBHICKA3ZBIBAIOTCS IMOJEMHUYECKUE 3aMEYaHHUS,
Pa3bACHAIOTCS OTACIbHBIE TOJIOKEHUS] KHUTH, JAI0TCd KOMMEHTapuu U T.J1. BoT nmouemy 3Hakom-
CTBO C BCTYNUTEJILHOM CTaTheH MPeICTaBIAETCS OYSHb BaXKHBIM: OHO ITOMOT'A€T CTYJICHTY COpH-
E€HTUPOBATHCS B TEKCTE pabOThI, 00paTUTh BHUMAaHKE Ha ee HanboJiee IIeHHbIE M BaKHBIC pa3zie-
JTBL.

Toli ke nenu conencTBYET 3HAKOMCTBO C OTJIABJICHHUEM, NMPEAUCIOBUEM, MTOCIECIOBHEM.
BecbMma monie3HpIMU 37€MEHTaMHM Hay4YHOTO amnmnapaTa SBJISIFOTCS CHOCKH, KOMMEHTapuu, Tabiu-
11b1, rpaUKH, CIMCKHU JIUTepaTypbl. OHU HE TOJIBKO WIUTIOCTPUPYIOT OTACIbHBIC TOJI0KEHUS KHH-
TH WK CTaThH, HO U CaMU 10 ce0e SBISIOTCS JOMOTHUTEIHHBIM UCTOYHUKOM WH(POPMAIUN TS
YUTATEIS.

Ecnu ynraTens 3amHTEepecoBaia Kakas-TO BbICKa3aHHAsl aBTOPOM MBbICIIb, HE Halle/Ias
1OpOOHOT0 OCBEIICHHS B JAHHOM MCTOYHHKE, OH MOXKET OOpaTUTHCS K TEKCTY UCTOUYHHUKA, YIIO-
MHHAEMOTO B CHOCKE, JTHOO K UCTOYHUKY, KOTOPBI OH MOXKET HAWTH B CITUCKE JIUTEPATYPHI, pe-
KOMEH/JJOBAHHOW aBTOPOM JIJIsl CAMOCTOSITEIbHOTO U3YUEHHUS.

Cy1iecTByeT HECKOJIBKO ()OpPM BEJICHUS 3aIIUCEH:

— MaH (MPOCTOM U pa3BEpHYTHI) — Hanbosee KpaTkas GopMa 3arucu IPOYUTaAHHOTO,
NpeCTaBIsIomas co0ol NMepeyeHb BOMPOCOB, pacCCMaTPUBAEMBIX B KHUTE WM CTaTbe. Pa3Bep-
HYTBIA TUIAH MPEACTaBisieT coOoi Oojee MOApPOOHYIO 3aMKCh MPOYUTAHHOTO, C JACTaIM3aIuen
OT/ICJIbHBIX MOJIOXKEHUI 1 BBIBOJIOB, C BHIIMCKON IIUTAT, CTATUCTUYECKUX JAHHBIX U T.1. Pa3Bep-
HYTBIM IUIaH — HEOLEHUMBbIH MOMOIIHUK MPH BHICTYIUICHHH C JOKJIAJ0M Ha KOHKPETHYIO TEMY
Ha CeMMHape, KOH(pepeH1uY;
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— TE3UChl — KPaTKO CPOPMYJIMPOBAHHBIC MOJIOKEHUS,, OCHOBHBIE IOJIOKEHUSI KHUTH,
cratpu. Kak mpaBuio, T€3UCHl COCTABISIOTCS IOCIIE NMPEABAPUTEIBHOIO 3HAKOMCTBA C TEKCTOM
HWCTOYHMKA, IIPU €ro MOBTOPHOM IpouTeHnr. OHU MOMOraroT 3allOMHHATh U CUCTEMATU3HPOBATH
uHdOpMaITHIO.

CocraBiieHnE KOHCTIEKTOB

bonpuiyro posib B yCBOGHUM U IIOBTOPEHUHU IPOMJAEHHOTO MaTepHajla UrPaeT XOPOLIU
KOHCIIEKT, COJIepP KAl OCHOBHBIE U/I€U MPOUYNTAHHOTO B YUEOHUKE U YCIBIIIAHHOTO B JIEKIIUH.
Koncnekt — 370, 110 Cyl1ecTBY, HAOPOCOK, pa3BEPHYTHIH IJIaH CBA3HOIO paccKas3a 0 OCHOBHBIM
BOIIPOCAM TEMBI.

B kakoii-To Mepe KOHCIEKT paccuuTaH (B 3aBUCUMOCTH OT MHIUBUAYAIBHBIX OCOOCHHO-
CTeH CTyJeHTa) HE TOJbKO Ha UHTEJUIEKTYaJIbHYIO U SMOLIMOHAIbHYIO, HO U Ha 3pUTENIbHYIO Ia-
MSTbh, IPUYEM TEKCT KOHCIIEKTA HEPEJKO aCCOLMUPYETCs €Ille U ¢ TEKCTOM Y4eOHUKa WM 3amu-
cblo JeKuu. I1oaToMy Jierye 3anoMuHaeTCs CoAepKaHUe KOHCIIEKTOB, HAITMCAHHBIX pa300pUuuBoO,
C MOYEPKUBAHUEM WJIH BBIICJICHUEM Pa3psIKON KIIIOUEBBIX CIIOB U (pas.

CaMocCTOATEIbHO U3yUEHHBIE TEMBI IIPEIOCTABIISIFOTCS MIPENogaBaTelto B opMe KOHCIIEK-
Ta, 10 KOTOPOMY IPOMCXOIUT cobecenoBanue. TeopeTrnueckue TeMbl Kypca (OTelIbHbIE BOIPO-

CBI), BBIHOCHUMBIC HA CAMOCTOATCIIbHOC U3YUYCHUC, ITPCACTABICHBI HUXKC.

Bomnpocel k cobecenoBaHuI0

OcCHOBHBIE TIOHATHSI KHHEMATHKH. Y paBHEHHsSI JBH)KCHUS MaTEPUATbHON TOUKH.
VYT0Basi CKOPOCTh U YIII0BOE YCKOPEHHUE.
TaHreHuuanbHOE, HOPMAJIBHOE U MTOJIHOE YCKOPEHUS.
3akoHbl HeroToHa.
[Tpunumn otHocuTenbHOCTH ["anuest.
VYnpyrue cuibsl, OTHOCUTEIbHAS AeopMalius, MEXaHn4ecKoe HalpsbkeHue, 3akoH ['yka.
3aKOH COXpaHEHMsI UMITyJIbCA.
Ilentp mMacc uHepuMHU. J[BHkKEeHNE LIEHTPAa HHEPLIUU
PaboTa, MOLITHOCTB, SHEPTHS: IOHATHUS U B3aUMOCBSI3b.
. Kunetnueckas, noreHuanbHas ¥ NOJIHAs MEXaHUYECKasi SHEPrus Teja.
. 3aKOH COXpaHEHUS SHEPTUH.
. CBsI3b NOTEHLMAJILHOW YHEPTUU U CUJIBI.
. Kunemartuka BpamareabHOro JBUKEHMSL.
. MoMeHT cuinbl. YpaBHEHHE JUHAMUKY BPALaTeIbHOTO IBUKEHUS TBEPAOIO Teja.
. MOMEHT uMITyJibca ¥ 3aKOH €r0 COXpaHEHUS.
. Kunetnueckass sHeprusi mpu BpamaTteabHOM JBHKEHHU. MomeHT wuHepuuu. Teopema
[ITeinepa.
17. KonebatenbHble MpoLECCH B MEXaHUKE. MeXxaHUYecKre rapMOHNYECKHUE KOJIeOaHusl.
18. DHeprus MaTepuanbHON TOYKH, COBEPIIAIONICH rapMOHUYECKHE KOJIeOaHM .
19. CBoOoanbIe 3aTyxaronuye KojacoaHus.
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20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
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31.
32.
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53.
54.
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57.
38.
59.
60.
61.
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63.
64.
65.
66.
67.
68.

69.
70.

Breinyxnennsie konebanus. Pesonanc.

VYpaBHEHHE COCTOSIHUS UACAIBHOIO rasa.

OCHOBBI MOJIEKYJIIPHO-KMHETUYECKOM Teopuu. M3omnporneccs! B ra3ax.
3akoH MakcBeta 0 paclpeaesIeHHH MOJIEKYJI HI€aJIbHOTO T'a3a 0 CKOPOCTSIM.
bapomerpuueckas hopmyia.

Pacnpenenenue bonbimana.

BryTpeHHss dHeprus UACaIbHOIO raza

BHyTpeHHss sHEprusi MHOr0aToMHOro ra3za PaboTa B TepMoIMHAMUKE.
PaboTa raza npu U30TepMHUUECKOM ITpOIIECCE.

[IepBoe HayaI0 TEPMOIMHAMHUKH.

Pabota ra3a npu U3MeHEHUH ero oobema.

AnmabaTHBIN U TOJUTPOIHBINA MTPOLECCHI.

TemnoeMkocTs. YpaBHeHue Maiiepa.

[IpuMeHeHne nepBoro Havana TEPMOAMHAMUKH K U30IIPOLIECCAM.
Ourponus. Hepasencto Knaysuyca.

Bropoe Hauano TepMoOAMHAMUKH.

Tennooii neuratens. Teopema Kapho.

MeKMONEeKyIISIpHOE B3aUMOIEUCTBHE.

YpaBuenue Ban-nep-Baanbca.

BHyTpeHHss dHEeprus peanbHOro rasa.

KuakocTu 1 UX ONMCAHHUE.

CmauuBanue. KanumisipHele sBiieHUS.

Juarpamma cocrosiHus. TpoliHas TOYKa.

[TonsiTue anexTpuyeckoro 3apsiia. 3akoH Kynona. 3akoH coxpaHeHus 3apsijia.
DNEKTPUUYECKUI AUIIOIb.

Onektpuueckoe nojue. HamnpsykeHHOCTh MoJsl.

Teopema I'aycca st HaPSIKEHHOCTH DJIEKTPUYECKOTO TOJIS.

Pa3znocTp norennuanos. CBsi3b HANPSYKEHHOCTU U Pa3HOCTH MOTEHIMAIIOB.
OcCHOBHBIE YpaBHEHUS JIEKTPOCTATUKU B BaKyyMe.

JM3NEKTPUKH B SJIEKTPUYECKOM MOJIE.

[IpoBOAHMKY B 3IEKTPUYECKOM IIOJIE.

DNEeKTPOEMKOCTh YETUHEHHOTO TPOBOJHHKA.

Konznencaropsl. DJI€eKTPOEMKOCTb KOHAEHCATOPA.

OHeprus 3apsyKEHHOT0 MPOBOAHUKA. DHEPIusl 3apsyKEHHOT0 KOHJEHCaTopa.
OHeprus IEKTPUYECKOTO MOJIA.

DneKTpoABMKYyIas cuiia. 3akodH Oma it OJHOPOIHOTO U HEOAHOPOJIHOTO YYaCTKa IEMH.

ConpoTHBieHNE TPOBOJIHUKOB.

[IpaBuia Kupxroga 1 ux npuMeHeHHe K pacuyeTy 3JEeKTPUUECKUX LeTeH.
3akoH J>xoyns — Jlenna.

PaGota u MouHOCTh TOKA.

Knaccudeckast anekTpoHHasi TeOpHUs MPOBOAUMOCTH MeTauioB. Dddext Xomna.

HaxoauTb cKopocTh U YCKOPEHHE, CPENIHION, CPEIHION MMYTEBYI0, MTHOBEHHYIO CKOPOCTH.

HopmanbHoe, TaHTeHIIMaIbHOE U MOJTHOE YCKOPEHHE.

HaxoauTp yrioByro CKOpOCTh M YIJIIOBOE YCKOPEHHE.

[IpumensiTh 3axkoHbl Hhl0TOHA.

[IpuMeHsATh 3aKOH COXPAHEHUS SHEPTUU.

[IpuMeHATH 3aKOH COXpaHEHUsI UMITYJIbCa

MOMEHT CUJIbl OTHOCHUTEJIBHO TOYKH U OTHOCUTEIBHO OCH BpPalICHHUS.

MomeHT HMITYyJIbCa MaTCpHaHbHOﬁ TOYKH OTHOCHUTCIIbBHO TOYKH M OTHOCHTCIIbHO OCH Bpa-

IICHUS.
OcHOBHBIE TapaMeTPbl MAKPOCUCTEM.
VYpaBHeHue cOCTOSIHUS UAcaIbHOTO ra3a (ypaBHeHue Knanelipona-Meneneena).



71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
1.
82.
83.
84.
85.
86.
87.
88.
89.

90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.

KonnuectBo temnotsl. TemioeMkocTs. CBsi3b yAE€IbHONW U MOJISIPHON TEINIOEMKOCTEH.
YpaBHEeHUE COCTOSIHUS peasibHOTO Ta3a (ypaBHeHHEe BaH-nep-Baanbca).
[TpuMeHeHHe IepBOro Havajaa TEPMOJANHAMUKH K aJi1a0aTHYECKOMY MPOLECCy.
VYpasuenue Ilyaccona.
Juarpamma cocrosius. TpoliHas TOYKa.

Pabota no nepemenieHuto 3apsaa B 3J€KTPOCTATHUECKOM TIOJIE.

IToTeHunan nosst TOYEUHOTO 3apsaa.

Cuna Toka U IIIOTHOCTh TOKA.

3axon Oma B 060011eHHOI (hopme.

Pabota u momHOCTE TOKA. 3akoH [[xoyms — Jlenna

Meroaamu peleHus 3a1a4 0 KHHEMAaTHUKE.

MeTtonamu perieHus 3a1a4 1Mo AUHAMUKe.

HopMasbHOe, TaHreHIIMaJIbHOE U ITOJIHOE YCKOPEHHE.

HaxoauTs yriioByto CKOpOCTb U yII0BOE YCKOPEHHE.

[IpumensaTs 3akoHbl Hpr0TOHA.

[IpuMeHsITh 3aKOH COXpaHEHUSI SHEPTUU.

[IpuMeHATh 3aKOH COXpaHEHUsI UMITYJIbCa

MOMEHT CUJIbl OTHOCUTEIBHO TOUYKH U OTHOCUTENILHO OCH BPALLECHUS.

MoMeHT uMnyJibca MaTepUalIbHOW TOUKM OTHOCUTEIBHO TOUYKH U OTHOCUTEIBHO OCH Bpa-
LICHMUS.

VYpaBHEHHE COCTOSHUS UACAIBHOTO rasa.

KonuuecTtBo Teminorel. TemioemMKocTb.

CBs13b yJ1€11bHON ¥ MOJISIPHOM TEMJIOEMKOCTEN.

VYpaBHEHHE COCTOSIHUS PEATILHOTO ra3a.

IIpuMmeHeHne nepBoro U BTOPOro Havauna TEPMOJUHAMUKH.

TermnoBou neurarens. Teopema KapHo.

Me:XMOJIeKyJIIpHOE B3aUMOJEICTBHE.

VYpaBuenue Ban-nep-Baanbca.

BHyTpeHHs1 sHeprus peajbHOro rasa.

Cuia ToKa U TUIOTHOCTH ToKa. 3akoH Oma B 00001meHHoN hopme.

BriBoa 3akonHa /xxoyns - JIenna.

MarauTHoe 1oJjie ¥ €ro OCHOBHBIE XapaKTEPUCTHKHU.

3akoH buo - CaBapa - Jlannaca u ero npumMeHeHue.

3akoH AMmmepa. BzaumoaeiicTBue napanienbHbIX TOKOB.

MarnuTHass UHIYyKUHUS.

Cuna Jlopenna.

JIB>KeHUE 3apsyKEHHBIX YaCTULl B OJHOPOJAHOM MAarHUTHOM TIOJIE.
HekoTopsie npumeHenust MarHUTHOro nosst. pdext Xonna.

Teopema 0 HUPKYJIALUA BEKTOpa. MarHuTHbIE MOJIs COJICHOUA U TOPOUIA.
[ToTok BekTOpa MarHuTHOM MHAYKIMH. Teopema ['aycca ais MarHuTHOTO MOJIA.
DnekTpomaruuTHas UHAyKus. 3akoH dapanes.

WNunyxunonnssii Tok. [Ipasuio Jlenna.

[Tpupona B1C unaykuuu. 3/1C MHIYKIIMU B HETOJABUKHBIX MPOBOIHUKAX.
Hupkynauus BeKTopa HapsHKEHHOCTH BUXPEBOTO AIEKTPUYECKOTO MOJISL.
Toxu ®yko. CkuH-3¢pheKT.

VYpaBHenus Makcsesia.
SIBnenue caMouHAYKIUU. MTHAYKTUBHOCTh IPOBOJHUKOB.

SIBneHus IpU 3aMBIKAHUH U PA3MBIKAaHUU TOKOB B I[ETH C UHIAYKTUBHOCTBIO.
B3anMHast uHayKus. DHEprus MAarHUTHOTO MOJIS

KonebaTtenbHbIil KOHTYD.

OnucaHue 31eKTPOMarHUTHBIX Kosie0aHuil B KoJieOaTeTbHOM KOHTYpeE.
CBoOopanbie konebanus. BeiHy X /1IeHHbIE KOJIeOaHMUsI.
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3aKoH MOJHOTO TOKa. TOK cMenieHus.

Enunas Teopus 3JIeKTpUYECKUX U MAarHUTHBIX SIBIICHUN Makcsea.
Cucrema ypaBHeHuid MakcBesia.

CkopocTb pacnpocTpaHEHHs! 3JIEKTPOMAarHUTHOTO TOJISI.
PensTuBUCTCKast TPaKTOBKA MarHUTHBIX SIBICHUH (0OIIME TTOTOKEHUS).
ITepemeHHBIN AIEKTPUYECKUN TOK: OCHOBHBIE MMOHATHUS U 3aKOHBI.
Buxpesoe anexTpuueckoe noie.

MomHOCTb, BBIJEIsIEMAas B LIETIH IEPEMEHHOTO TOKA
®otomerpusi. OCHOBBI T€OMETPUUECKOM ONTUKHU.

3aKOHbBI OTPAKEHUS U TPEJIOMJIICHUS CBETA.

SIBneHue nmonHoro BHyTpeHHero orpaxkenus. [Ipunuun depma.
JInn3el, GopMysia TOHKOU JTHUH3BL.

Onrtuyeckas cuiia JUH3bL.

N3o0paxenue npeIMeToB ¢ TOMOIIBIO JIMH3. 3epKalia.

Cucrema IMH3 KaK OCHOBA ONTUYECKUX MTPHOOPOB.

SIBnenue naTepdepeHIINU CBETOBBIX BOJIH.

Judpakius cBeTOBbIX BONH. JudpakimoHHas pernieTka.
B3anmoneiicTBre 371€KTPOMArHUTHBIX BOJIH C BEIIECTBOM.
Mucnepcus ceera. Ilornomenue ceera.

Paccesnue cBera. Dddexrt Jomnepa.

[Tonspuszanus ceera.

3aKoHBI TEIJI0BOro n3nyueHus. 3akoH Credana-bonbpimana.
3akoH BuHa.

dotorpdexr.

YpaBHenue DifHiTeitHA 17151 BHEIIHEro (hoTodddekTa.

Macca, sHeprusi ¥ UMITyJIbC (POTOHA.

Jasnenue cBeta. Dddext KomnToHna u ero anemeHTapHasi Ipupo/ia.
Mopenu aroma Tomcona u Pesepdopna.

JInnenuarslii cnektp aroma Bogopoza. Ilocrynarsr bopa.
Crektp atroma Bozopoaa o bopy.

KopmyckynsipHO-BOTHOBOM Jyalii3M CBOMCTB BEILIECTBA.
Hexkotopsie cBoiicTBa BOJIH e bpoits.

O6mee ypaBuenue [llpenunrepa.

DJeMeHTBI COBPEMEHHOM (PU3UKH aTOMOB U MOJIEKY.

Cocras, 3aps1 aTOMHOTO si7pa. MaccoBoe U 3apsA0BO€ YUcIa.

JedexT Maccol 1 SHEprus cBs3H siApa. CIHH sSApa U €ro MAarHUTHBIA MOMEHT.
SnepHble CuIIbl, X CBOMCTBA, MOJENHU AIpa. 3aKOH paJMOaKTUBHOIO pacnaja.

OnemeHTapHble yacTulibl. KocMuueckoe nsiydeHue.
Knaccudukanus snemMeHTapHbIx yacTuil. Ousndeckas KapTUHA MUpA.
3akoH AMmriepa.- BzanmozeiicTBre napaiiebHbIX TOKOB.

JIBrKeHUeE 3apsKEHHBIX YaCTULL B MATHUTHOM I1OJIE.

Pabora o nepemenieHno MPOBOAHUKA B MArHUTHOM II0JIE.

IIpaBuno Jlenua. Bpaiienue pamMku B MarHuTHOM MoJie. BuxpeBbie TOKH.
Toku npu pa3MbIKaHUN U 3aMbIKaHUH LIETIH.

B3anmuas uaayKkuus.

VYpaBHeHUEe cBOOOIHBIX KOJIEOAHUH.

3aryxaromiye KonedaHus B KoedaTenTbHOM KOHTYpE.

BbIHyKI€HHBIE 3JIEKTPOMATrHUTHBIE KOJIEOAHUSI.

[Iepemennsblii Tok. [lepemMeHHBIN TOK Yepe3 pe3UCTop

[IepeMeHHBII TOK Yepe3 KaTylIKy HHIYKTHBHOCTH.

[lepemMeHHBII TOK Uuepe3 KOHJIEHCATOoP.

ens nepemennoro Toka, coaepxariias R-L-C.
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174. Pe3onaHc HanmpsHKeHUH.

175. Pe3oHaHC TOKOB.

176. Illkana 351€KTpPOMarHUTHBIX BOJIH.

177. JInH3BI M UX XapaKTEPUCTUKH.

178. Mertoasl HabmOAeHUS HHTEPGEPEHIINN CBETA.

179. Ilonockl paBHOTO HAKJIOHA.

180. Ilonochl paBHO TONIIMHBIL.

181.  Konbpua HeroToHna.

182. udpakuus Openens.

183. Hudpakmus @paynrodepa.

184. JIudpakuus Ha IPOCTPAHCTBEHHON pelIeTKe.

185. Paznuuus B TupakIMOHHOM U IPU3MAaTHUYECKOM CHEKTpax.

186. EcrecTBeHHBIN U MOJISIPU30BAHHBIN CBET.

187. IlpoxoxzaeHue cBera yepes ABa nossipusaropa. [lonspusanus ceeta npu OTpakKeHUU
Y TIPEJIOMJICHUH Ha TPAHULIE JBYX U3JIEKTPUKOB.

188.  JIBolHOE TydenpeoMIICHHE.

189. MHckyccTBeHHas oNTHYECKas aHU30TPONUS, BpallleHUE INIOCKOCTH MOJIIPU3ALIIH.

190. YacTuma B 0THOMEPHOU MPSIMOYTOJIBHON «ITOTEHIIMATBLHOMN SME» ¢ OECKOHEYHO BHI-
COKHUMU «CTECHKaMM.

191. TyuuenwHbIN P deKT.

192.  Cnekrtp aToma Boaopoa.

193.  Coun anektpona. CiMHOBOE KBAHTOBOE YHCIIO.

194. Monexynbl: XMMHUYECKHE CBS3H, OHITHE 00 YJHEPTeTUYECKUX YPOBHAX. MoONeKysip-
Hble cekTpsl. [lormomenue.

195. CnoHTaHHOE U BBIHYX/IEHHOE U3JTy4YECHHE.

196. Bouns! Jle-bpoiins u kBanToBbIe ycnoBus bopa.

197. BepoATHOCTb HaX0XJIEHUSI MUKPOUYACTHULIBI.

198. VYpasuenue lllpenunrepa B onepatopHout opme.

199.  IloTeHIMaILHBIN SIMK U TOTCHIIMAIBHBINA Oapbep.

200. ITpunuun [Maymu.
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978-5-4486-0445-4. — Pexxum noctymna: http://www.iprbookshop.ru/79822 . html

2. Hukepos, B.A. ®u3uka: coBpeMeHHbIH Kypc : yueOHuk / B.A. Hukepos. - 2-e u3z. - Mocksa :
H3narenbcko-ToproBas kopnopamus «Jlamkos u K°», 2016. - 452 c. : un. - ISBN 978-5-394-
02349-1 ; To xe [DnexTponnbiii pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&i1d=453287

Ilepeuens oononnumenvHoll 1umepamypbol:

1. Pomanosa, B.B. ®u3uka: npumepsl pemeHus 3a1ad : yueonoe nocodue / B.B. Pomano-
Ba. - Munck : PUIIO, 2017. - 348 c. : cxem., Tadin. - bubnuorp. B kH. - ISBN 978-985-503-737-
9 ; To xe [DnexTponnsiii pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=487974

Ilepeuens pecypcoe ungopmayuonno-menekommynukayuounou cemu «Mnmepnemy

1. http://www.biblioclub.ru -OBC "YHuBepcuterckas 6ubnnorexa onnaiie"

2. http://www.iprbookshop.ru/ - DnekrponHo- 6ubimoreuynas cuctema [IPRbooks

3. http://elibrary.ru/ - eLIBRARY.RU - HAYUHAS DJIEKTPOHHAS BUBJIMO-
TEKA
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