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HPEIANCJTOBUE

Bropas yacth kypca obuielt pu3nku, TpaIMIMOHHO BKIIIOYAONIas B ce0s pase-
76l «DNEeKTPOMAarHeTu3M, KoueOaHus, BOJHBI U ONTHKA», Oazupyercs Ha GyHIaMeH-
TaJbHBIX TEOPETUUYECKHUX IMPEJICTABICHUSAX, OXBATBHIBAIOIIUX OrPOMHOE MHOXKECTBO
pazHoobOpasubix 3¢ PexToB U sBiaeHU. OcBOeHHE TaOOPATOPHOTO MPAKTHUKYyMa IMO3-
BOJIIET CTYJEHTaM IMPOJIEMOHCTPUPOBATH OCHOBHBIE 3aKOHBI 3JEKTPOMArHeTu3Ma u
ONTUKH, O3HAKOMHUTHCS C MPHUHLHUIIAMHU pabOThl U3MEPUTENBHOMN ammapaTypbl; Mpu-
BUTh UM HABBIKU 3KCIEPUMEHTAILHON PabOThI, pa3BUThH CIIOCOOHOCTH MIAHUPOBATH U
IPOBOIUTH IKCIIEPUMEHTHI 0 3a/1aHHBIM METOIUKAM.

HacTtosmee yuebHoe nocobue nmo BTopoit 4actu Kypca «Pu3nkay» sBIsSETCS UTO-
TOM MHOTOJIETHETO OombITa paboThl Kadeapsl «Puznkay CeBacTOMOILCKOIO rocyaap-
CTBEHHOTO YHUBEPCHUTETA CO CTYACHTAMH psiia MHXKEHEPHBIX crienuaibHocTe. [lo-
cobue coaepKuT onucanue 38 1abopaTopHbIX padboT Mo pazaenaM «IIEKTPUIECTBO U
marHeTu3M. Konebanus u BosnHbl. ONTHKA» W HAITUCAHO B COOTBETCTBUU C MPOTpaM-
Moi maucruiuinabl «Pm3ukay st 'OC 3-ro nmokoneHus. bonpmmHCTBO padboT pac-
CUMTAHO HA BBIMOJIHEHUE B TEUEHUE IBYyXYACOBOTO 3aHSATHSI.

B omnucanuu kaxmoit mabopatopHO paboThI comepKarcs, 1ellb SKCIEPUMEHTA,
pEKOMEHyeMast JIUTepaTypa, TEOPETUIECKOE BBEICHNE, 000CHOBAHNE HUCTIONb3YEMBIX
METOJUK, TPUOOPHI U MPUHAJICKHOCTH, TOPSAIOK BBIOJIHEHUS PadoT, MOTydYeHUE U
00paboTKa IKCIIEPUMEHTAIBHBIX JaHHBIX. B 3aKiroueHne mpeanokeHbl KOHTPOJIbHbBIE
BOIIPOCHI JIJIsi CAMOTIOJTOTOBKH CTYCHTOB.

B nporecce noaroToBku K J1aDOpaTOPHBIM 3aHATHUSIM CTYJEHT JOJKEH U3YUYUTh
TEOPHIO BOIPOCA B COOTBETCTBUU C PEKOMEHOBAaHHOM JINTEPATYPOM, COCTaBUTh B pa-
Oouelt TeTpaan KpaTKWW KOHCTEKT BBIMOIHIEMOW pabOThl C OMHCAHHEM TeOopeTHYe-
CKOTO OOOCHOBaHUS, CXEMbl J1a0OpATOPHOW YCTAaHOBKH, METOIAMKH OOpabOTKH pe-
3yJbTaTOB AKCIIEPUMEHTANbHBIX HccieoBaHui. OTAENbHO COCTABIsAETCA OTUET K Jia-
OopatopHOi paboTe Mo ycTaHOBIICHHOW (popme. B oruere k ;maGopaTopHOi pabote
CTYIEHT IIOJDKEH MPEACTABUTH JUIS 3allUThl 3aIOJTHEHHbIE TaONHUIBI YKCIIEPUMEH-
TaNbHBIX JIaHHBIX, PE3YJbTAThl BBHIYUCICHHA M OLIEHKHU MOTPEIIHOCTEH H3MEpEeHUH.
Oco0oe BHMMaHHE IOJKHO YIEIAThCS Trpaduveckoil oOpabOTKe JaHHBIX, a TaKXKe
BBIBOJIAM IO BBINMOJIHEHHOW padore. CTyEHT AOHKEH OCBOUTh COBPEMEHHBIE METO b
OILICHKHU MOTPEIIHOCTEN U3MEPSAEMbIX U PACCUUTHIBAEMbIX BEJIMUMH C UCTIOJIb30BaHUEM
AJIEMEHTOB TEOPUHU BEPOSITHOCTEN U MATEMATUYECKON CTATUCTHKM.

Hacrosimiee yuebHoe mocoOue moAroTOBICHO K U3aHUIO KOJUIEKTUBOM Kadeapsl
¢uzuku: C.d. bapanorckwuii (71.p. 10, 15), A.I1. Bopounun (11.p. 17, 19), O.C. 3aBbsiio-
Ba (.p. 1, 13, 24), MLII. Escturuees (i1.p. 2, 9, 21), B.B. KoctiokoB (i1.p. 5, 18, 37),
A.O. Jlantymenko (1.p. 16, 20, 22), AJI. JleontoBuu (11.p. 34), B.A. Jluctotun (J1.p.
3,4,7,), BJL JIyuun (n.p. 6, 11), A.A. MocynoB (i.p. 22), I[LE. T'aBpuios (.p. 23),
H.B. [letpenko (1.p. 25, 26, 38), O.B. Porosa (;.p. 10, 28, 30,), K.A. Pri6akosa (J1.p.
11, 18, 29), M.A. Py6usrcosn (i.p. 14, 27), B.A. Curaes (11.p. 8, 26), 1.B. T'onoBueHKO
(.p. 35), FO.B. Myxuna (71.p. 33, 36, npuinoxeHuc)

Odopmiienre mocoOust ¥ MOATOTOBKA €r0 K TeYaTH OCYIIECTBICHBI JOIIEHTOM
O.C. 3aBbs10BOI.
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JABOPATOPHASA PABOTA 1

MN3YYEHUE JIEKTPOCTATHYECKOI'O ITOJIA
METOAOM MOAEJUPOBAHUSA

1. HEJIb PABOTbI

Onpenenuth XapaKTEPUCTHKHU SJIEKTPOCTATHUECKHUX TOJEH pa3INYHbIX KOH-
buryparmii.

2. BUBJINOTPA®UYECKHUI CIIMCOK

1. CasenneB U.B. Kypc ¢usukm: yueb. mocobue ais CTyACHTOB BTYy30B.- [B
3-x T.]. - T.2: DnextpudecTBo ¥ MaruetusM. Bonnel. Ontuka. - M.: Hayka, 1989. -
496 c.

2. Tpopumona T.U. Kypc puzuku: yue6. mocobue nist By3oB / T.1. Tpodu-
MoBa. - 19-e u3n. - Akagemus, 2012. - 560 c.

3. Hetnad A.A., SABopckuit b.M. Kypc ¢uzuku. - Akagemus, 2009. - 720 c.

3. TEOPETUYECKOE BBEJIEHUE

[Ipu KOHCTPYUPOBAHUM SJIEKTPOHHBIX MPUOOPOB TpeOyeTCs 3HAHUE XapaKTe-
PUCTHK DJIEKTPOCTATUYECKOTO IOJIS B MMPOCTPAHCTBE MEXAY JIEKTPOJAMU 3aJaH-
HOIl opmbl. TeopeTnueckuil pacuer Takux MOJied B OOIIEM Ciy4yae 3aTpyJHEH,
II0ATOMY YaCTO UX UCCIEAYIOT HIKCIEPUMEHTAIIBHO METOJIOM MOAECITUPOBAHUS.

OCHOBHBIMM ~ XapaKTEPUCTUKAMHU DJIEKTPOCTATUYECKOIO IIOJS  SIBISFOTCS
HANPSKEHHOCTh U NoTeHIHa1. CHIOBOM XapaKTEPUCTUKOM TOJIA CIIYKHUT BEKTOP-

Hasd BCIIMYHUHA HANPANCEHHOCMb IJJICKTPUYCCKOI'O ITOJIA E, paBHasA OTHOIICHHIO

cuinbl F, aeiicTByroIIeH cO CTOPOHBI TOJISI HA TOYCYHBIM MPOOHBIM 3apsi, OMe-
IIEHHBIA B PACCMATPUBAEMYIO TOUKY IOJISI, K BEIMYMHE (o 3TOTO 3apsaa:

E-—, (1)
Jo
Eciu mosie co31aH0 TOYEYHEBIM 3apsI0M [, TO HAIIPSHKEHHOCThL Ha PACCTOSHHUU
I OT TOTO 3apsia OIPEAEISIETCS COOTHOIEHHEM
E— LZ , )
drEe or
TIIE €0 - DIIEKTPUYECKAs TOCTOSHHAS, € - OTHOCUTEJbHAS AUIJIEKTPUYECKAs IPOHHU-
11AEMOCTh CPEJIBL.

DHEPreTUYECKON XapaKTEPUCTUKON TI0JIS ABJISETCS nomeHyuan, Gu3udecKuil
CMBICJI KOTOPOTO COCTOMT B TOM, YTO OH OIpPENEIAeT IMOTEHIUAILHYIO SHEPIHIO
€IMHUYHOTO TIOJIOKHUTENLHOTO 3aps/ia, MOMENEHHOr0 B JaHHYIO TOYKY 1oJist. Ync-
JIEHHO TOTEHIMAJ PaBeH Pa0oTe 10 NEPEMENIEHUIO €ANHUYHOIO MOJ0KUTEILHOIO
3apsia CUJIaMU [OJIS U3 JAHHOM TOYKH M0 B OECKOHEYHOCTE!

p=A,10,. (3)

[ToTeHIMaI OIS TOUYEYHOr0 3apsiia paBeH

p=0q/4ms,r. 4)
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['eoMeTpuyecKkoe MECTO TOUEK PABHOI'O MOTEHIIMAJIA HA3BIBAETCS dKGUNOMEH-
YUATIbHOU NOBEPXHOCMbIO.

['padmyecku 37IEKTPOCTATHUECKOE TMOJIE U300pakaroT ¢ TMOMOIIBIO CHUJIOBBIX
JMHUN ¥ DKBUINOTEHUHUAIBHBIX MOBEpXHOCTEW. Cunogol aunuel Ha3bIBACTCS JIH-
HUSI, KacaTeybHasg K KOTOPOW B KaXJOM TOYKE MPOCTPAHCTBA COBNAJAET C HAIPaB-
JIEHUEM BEKTOpPA HANPSHKEHHOCTH MMOJS B 3TOM Touke. CUIIOBBIE JIMHUU 3JIEKTPO-
CTaTUYECKOTO ITOJISI HE SIBJIAFOTCS 3aMKHYTBIMHM, OHM HAUMHAKOTCS HA TOJIOKUTEIIb-
HOM 3apsiic M 3aKaH4YMBAIOTCSA HA OTPULATEIIBHOM WM, B CIy4ae OJUHOYHOIO IIO-
JIOKUTENIBHOTO 3apsiia, yXOAAT B OECKOHEYHOCTh. DTO XapaKTEpPHO ISl MOTEHIIH-
aJIbHBIX MoJiel. B moreHnmanbHOM 1osie padboTa CUIl MOJIs 1O NMEPEMEIIECHHUIO 3apsi-
Jla HE 3aBUCUT OT (POPMBI IyTH, a ONpPENESAETCS HavyaabHbIM U KOHEUYHBIM I10JIO-
xkeHueM 3apsfa. CWIOBBIE JIMHUM NEPHEHAMKYJISAPHBI 3KBUIIOTCHIMAIBHBIM I10-
BEPXHOCTSIM.

BekTop Hanps>KEeHHOCTH MOJISL M MOTEHIMAN CBA3aHbl Mexay coOoil. [Ipu me-
peEMENIeHNH 3apsiia ( U3 TOYKU & SKBUIOTCHIMAIBHON MOBEPXHOCTH C NMOTEHIIHA-
JIOM (0 B TOUYKY D SKBHITOTEHITMAILHOW MMOBEPXHOCTH C MOTeHIaNIoM ¢ +d ¢ (puc.
1) coBepmaercst pabota

dA=q(p—(p+dp)), ()
KOTOpyIO MOXHO BBIpaBI/ITB Hu qepe3 HaHpﬂ)KeHHOCTB
dA=qEdr. (6)
[IpupaBHKMBas OTU IBA BEIPAKEHUS 11 pa0oTel dA, moayuaem
E——dp/dr. )

) (p+d(p
Pucynok 1

Bemnuuna do/ dr xapakrepusyer OBICTPOTY M3MEHEHMs MOTEHIMAIA C pac-

CTOSIHUCM B HAIIPABJICHUKW HOPMAJH K BKBI/IHOTGHHI/IaHBHOﬁ MMOBCPXHOCTHU U HA3bI-
BAacCTCA IrpaAMCHTOM IMOTCHIMAJIA

E=—grade. (8)

3HaK [IOKA3bIBAET, YTO BEKTOP HAIPSHKEHHOCTH HAINPABIEH B CTOPOHY
YMEHBIIECHUS ITOTEHIINAANIA.

Merton MaTeMaTH4eCKOTO MOACIUPOBAHUS IEKTPOCTATUYECKOTO OIS OCHO-
BaH Ha TOM (paKTe, 4TO 3JIEKTPUUECKOE MOJIe MPU CTAIMOHAPHOM TOKE B CJ1abo
IIPOBOASIIEH KUIAKOCTH WM TBEPIOM Cpele ABIIAETCS NOTECHUUAIBHBIM, KaK H
anekTpocratnyeckoe. dopMa W B3aMMHOE PACIOJIOKEHHUE JIJIEKTPOJIOB JIOJKHBI
OBITh TAKMMHM K€, KaK U B MojenupyemMom mnpudope. [Ipu TakoM MopenrpoBaHuu
CUJIOBBIM JIMHUSIM 3JIEKTPOCTATHYECKOTO IOJIsI COOTBETCTBYIOT JIMHUHU TOKA, a MO-
BEPXHOCTSIM PaBHOT'O MOTEHLMAJIA - IOBEPXHOCTU PABHBIX HarpsbkeHuil. M3mepe-
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HHE T0JI1 B TOKONMPOBOJSAIIEH CpPEe BBIIOJIHUTH 3HAYUTEIIBHO MPOLIE, YEM B HE-
npoBosimei. i Takux U3MEPEHUI UCIIONIb3YIOTCS 30HbI (JIEKTPOJIBI), KOTOPBIC
MPEJCTABIAIOT COOOM XOpPOIIO M30JMPOBAHHBIE MO BCEH JIMHE, KPOME KOHIIA,
MPOBOJIHUKH. [[711 M3MepeHus: pa3HOCTH MOTEHLHATIOB MEXY ABYMs TOYKAMHU I10-
71 B TOKOIIPOBOJAIICH cpeie HeoOXOAUMO TIOMECTUTh B 3TH TOYKH 30HBI, TMO/I-
KIIIOYEHHBIE K BOJIBTMETPY. Tak MOKHO Ha TOKOMPOBOJSIIECH Oymare HaMETHUTh
JIMHUU PABHOTO MOTEHIHAJIA U MTOCTPOUTH CUJIOBBIC JIUHUU HANPSKEHHOCTH, Iep-
NEeHINKYJISIPHBIEC K JUHUSM PAaBHOIO MOTEHIIMAA.

4. TIPUBOPBI U TPUHAVIEZKHOCTHU

1. [InaHmier ¢ 3IeKTpoIaMHu.
2. MukpoammnepMmerp.

3. Uctounuk nuraHus.

4. 3ou.

5. HOPAAOK BBIIIOJHEHUSA PABOTHI U OBPABOTKA
PE3YJIbTATOB 3KCIHIEPUMEHTAJIbHbIX U3MEPEHUI

5.1. Yupa:xxuenmue 1

5.1.1. B mnacrosimieit paboTe MOACIHUPYETCA paclpeeieHue MoTeHIrana
ANEKTPOCTATUYECKOTO IMOJSl BHYTPUM LWIMHIPUYECKOTO KOHJeHcaTtopa. K Toxko-
MpoBOJIAIIEH Oymare MpUXKaThl JBAa KOAKCUATBHBIX IMUIMHAPUYECKUX DIIEKTPOJA.
[110THOCT TOKA HAa PACCTOSHUM I OT OCU CUCTEMBI PaBHA

) I I
r)===-—:, 9)
S 2ad
rie d - TommmHaa Oymarw, | - MoJIHBIN TOK, MPOXOASINUI o Oymare.
N3 3akona Oma B nuddepennmanbaoi hopme cieayer

E(n)=j(r)/ o

E(r)=1/2arod (10)

IJI€ G - AJCKTPOIPOBOJHOCTh OyMaru.

DKcnepruMeHTalIbHAsl YCTaHOBKAa cOOpaHa Tak, YTO MU3MEPSETCs Pa3HOCTh MO-
TeHImanoB (Hanpspkenue U) Mexmy HapyKHBIM AJIEKTPOJIOM, IMTOTSHIIUAT KOTOPO-
rO MPHUHST PaBHBIM HYJIIO, ¥ JAHHOW TO4KoW moust. M3 cootHomenus (7) cienyer,
4TO

U(r)=—[E(r)dr, (11)
OTKyJa
! __ Yo (12)
20d  In(r, /ry)
Torna

:¢|nri’ (13)
In(r, /r;) r

U(r)
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In(r, /rg) r
[{ens mabopaTopHOil pabOTHI COCTOUT B OMPEICTICHUU ONBITHBIM ITyTEM 3aBHU-
cumocteit U(r) u E(r) u cpaBHEHHH MX ¢ TEOPETUICCKUMH BBIpAYKaeMBbIMUA (POPMY-

namu (13) u (14).
5.1.2. Onucanue ycmanoexku u memoouKka npogedeHus IKCnepumMeHma

DnexTpuyeckas cxema u300paxkeHa Ha puc. 2, rae 1 - HapyXHBIA 3JIEKTPOA
paamyca I'y; 2 - mpoBojsmas oymara, 3 - MEHTPaIbHBIA AIEKTPOJ paauyca Ig; 4 -
30H/I; 5 - MUKpOamIrepMeTp; 6 - JOTOIHUTEIHHOE COTPOTUBRIICHHE.

—
_|_ —
1

! H 3

5

4@7

Pucynok 2

CxeMa muTaeTcss NOCTOSHHBIM DPETYJIHPYEMBIM HamnpsukeHHeM. B kadecTse
U3MEPUTENILHOTO NMPUOOpa HCIOJIb3YIOT MUKPOAMIIEPMETP, KOTOPBIA M3-3a 00JIb-
IIOT0 JIOTIOJIHUTEIBHOIO CONpOoTUBiIeHUs R, paboTaer B pexxume BojabTMeTpa. bia-
rofapss OOJBIIOMY JOMOJIHUTEIbHOMY COMPOTHUBICHUIO TOJIKIIOYEHHE H3MEpH-
TEJIbHOU LI HE BHOCUT 3aMETHBIX MCKAXECHUN B U3MEPSAEMYIO CHIly TOKA, CIIENO0-
BaTENILHO, U B TMaJieHre HanpspkeHus U(r) Mexay ucciaenyeMoil TOYKoi U Hapyx-
HBIM JIEKTpoJoM. Eciin npenedpeyub CONpOTUBIEHHEM B KOHTAKTE 30HJa C IMPOBO-
el Oymarod M BHYTPEHHUM CONPOTHMBIIEHUEM MHUKpOaMIEPMETpPa, TO TOK,
MIPOTEKAOIIUI YEPE3 MUKPOAMIIEPMETP, PABEH

I(r)=U(%d. (15)

Jlns Gonee TouHoro onpexnencHus |(r) naMepeHus MPOBOAST ISl HECKOIBKUX
TOYEK, HAXOSIIUXCS Ha OJIMHAKOBOM PACCTOSHUM OT OCHU MOJICIH, U OepyT cpel-
Hee 3HauCHHe

() =230, (16)
rae N - yucio uamepenuu. Torma
U(r):<l(r)>-Ra. (17)

Haxomum U(r), u3meHsst I B HTEpBaie ot I'g 10 Iy ¢ mmarom Ar. HampsokeH-
HoCcTh E(I) MOKHO MPHOIMIKEHHO OMPEIETUTh KakK:
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E(r):U(r)—U(r+Ar).

(18)
Ar

5.1.3. IlopsiioK BbINOJIHEHUS] PA0OTHI

1. IToaAKTIOYHUTH SJIEKTPUIECKYIO CXEMY K UCTOUYHUKY ITUTAHHUS.

2. KocHYTBCsSI 30HIOM BHYTPEHHETO AJIEKTPOJA W TMOBOPOTOM PYKOSITKH TIO-
TEHIIMOMETPA, PETYIUPYIOMIETO HaIpsKEHUE, JTOOUTHCS TOTO, YTOOBI CTpelKa
MHUKpOaMIIepMeTpa OTKJIOHHWJIACh HAa BCIO IIKay, MOKa3bIBas MaKCHUMAJIbHBIH TOK
lo, mpoTekaromuii yepe3 npudop. Torma

Uo = |o Ra.

3. YcranaBnuBas 30H]I B TOYKH C PaJUaIbHBIMU KOOpAUHATaAMU I, U3MEHSIO-
mmmucs Ha 0,01 M, T.e. (rg + 0,01) ™, (rg + 0,02) M, (rg + 0,03) M u 1.1. Ha TOKO-
npoBojsiield Oymare okoso jyda 1 (puc. 3), 3amucaTh NMOKa3aHHUS MHKpOAMIIEp-
Metpa B Tab. 1.

Pucynok 3

Tabnuma 1
Ne | Paccrosmaue Tox li(r), A CpeIHUI TOK u(r), B
/1 rMm Jlyun < I (r)>, A DKcrepum. Teoper.
1123 4 U(r) U(r)

N

4. TToBTOpUTH U3MEpEeHUs Ha 2-, 3-, 4-M Jy4ax.
5. BeiximrounTh nuTanue, 30H]1 BCTABUTH B THE3/I0 HA YCTAHOBKE.
5.1.4. Oopabomka pe3yrvmamoe uzmepeHnuil

1. Berunciutes Upg = g Ry.
2. PaccunTath JUIs KaXXI0r0 3HAYCHHUS I
a) cpelHee 3HAYCHHE TOKA

1 n
<|(r)> ==> Ii(r)
Niz
0) PKCIIEPMMEHTAIBLHOE 3HAYCHUE PA3HOCTH IIOTCHIIMAIOB

U(r)=(I(r))-R,

B) TEOPETUYECKOE 3HAUCHHE Pa3HOCTH IMOTECHIHAIOB

U I
Ur(r)=—2—In-2
(") In(ry /rg) 1
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T') 3aHECTH TOJyYCHHBIE Pe3yabTaThl B Ta0M. 1.

3. PaccuuTaTth myia BceX yKa3aHHBIX 3HAYEHHUH I TEOPETHYECKHE 3HAYCHUS
HaIPsHKEHHOCTH 110 hopMyIIe
U, 1
Er() =2

In(r, /ry) r
H B

4. Haiity 11 TeX e 3HAYeHWHl I' SKCIIEpUMEHTAIIbHBIE 3HAUEHUS HAIPSIKEH-
HOCTHU
U(r)-U(r+0,01)

0,01 '

5. Buectu 3nauenus E(r) u E(r) B Tabum. 2.

E(r)=

TaOnuma 2

Paccrosinue r, M
E(r), B/m
EA(r), B/m

6. [1o nanubM Taba. 1 u 2 noctpouts rpaduku 3aBucumoctd Ut u U oT I u
Er u E OT I ¥ cpaBHUTH SKCIIEPUMEHTAIBHBIC KPUBBIC C TEOPETUUECKUMH.

5.2. YupaxkHenue 2

5.2.1. Onucanue ycmano6xku u mMemoouxka npogedeHus IKCnepumMeHma

QHCKTpI/I‘-IeCKOC IIOJIC MOXXHO MOJCIMPOBATHL M ITI0JICM, CO3JdaBaCMbIM IICPC-
MCHHBIM TOKOM 3BYKOBOfI 9aCTOTHI.

Pucynok 4

B 1aHHOM oOmbITE 3JIEKTPOABI, MOIKIKOYECHHBIE K 3BYKOBOMY T'€HEPATOPY,
pacrnoyiaraloTcs Ha BJIAKHOW Oymare, KOTOpPOW TOKpBITA TEKCTOJUTOBAS IUIUTA,
noMelleHHass B BaHHOUKY (puc. 4). MHaukatopoM CIyKUT TeiaedoH, MpoBoaa OT
KOTOPOI'0 3aKaHYMBAKOTCA LIynaMu. Eciiv miymnbel monanyd Ha pa3jIM4yHbIe 3KBUIIO-
TEHIIMAJIbHBIE MOBEPXHOCTH, TO 4epe3 TenedOoH MOTeUeT TOK, M HCCIEI0BaTelNb
YCIBIIIUT B HAYIIHUKAaX 3BYK. ECIW LIynbl pacroioxKEHbl HA OJJHOW U TOM JKE DK-
BUIIOTEHIIMAILHOW TMOBEPXHOCTH, TO 3BYK OTCYTCTBYET. OCHOBBIBAACh Ha 3TOM,
MO>KHO IMOCTPOUTH CUCTEMY IKBUIIOTCHIUAIBHBIX JIMHUM.

5.2.2. llopaook evinonnenus padomaol
1. HanuThk B BAHHOYKY HEMHOTO BOJBI M XOPOIIIO CMOYUTH B HEW JIUCT OyMar.
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2. Mokpyto Oymary HaJO>XUTh Ha TEKCTOJIMTOBYIO IUTy. CIeauTh 3a TeM, 4To-
Ob1 Oymara He mojicbixasna. Pacmonoxurts Ha Gymare 3J1eKTpO/Ibl U C TIOMOIIBIO COeTU-
HUTEHHBIX TIPOBOIOB MOATh Ha HUX HAINPSHKEHUE OT 3BYKOBOTO reneparopa (30).

3. llyn, okaHUMBarOMUNACA METAUNIMYECKUM OCTPHUEM, YCTAaHOBHUTH Ha pac-
crosHun 1 — 1,5 cM oT omHOTO M3 31eKTPoI0B. BTOpEIM mIymom (¢ rpudenem Ha
KOHIIe) HaiiTh u oTMeTuTh 8 — 10 Touek, Ay KOTOPBIX B TelnedOHE OTCYTCTBYET
3BYK (M 3ByK MuHHMMAajeH). COCTUHUTH BCE 3TU TOYKHU JIMHHUEH, OTPENeIisisi TeM
cambIM JIMHUIO paBHOro mnoreHnuana. IlepecraBute nepselii myn eme Ha 1 — 1,5
CM U HalTH HOBYIO 3KBUIIOTEHLUAIbHYIO JUHHIO. [[OBTOPUTE 3TO HECKOJBKO pas3,
OTME€Yasi COOTBETCTBYIOLIUE SKBUIIOTEHUUANbHbIE JUHUU. OTMETUTh Ha Oymare
IIOJIO’KEHUE BJIEKTPOJOB, 00Bens MX KapaHAamoM. ONBITHI BBIIOJHUTE NpU pas-
JMYHBIX KOH(UTYpaUsIX JIEKTPOIOB:

a) moJie MJI0CKOTo KOoHeHcaTopa (puc. 5).

Pucynok 5

0) Mexnay miacTUHaAMU IUIOCKOTO KOHJIEHCATOpPa HAXOAUTCS METALTNYECKOE
KOJIb1IO (puc. 6). OTMETUTH SKBUMOTECHIIUAIBHBIC JTUHUU MEXIAY KOJBIOM U TIa-
CTUHAMH KOHJeHcaTopa. YOeIUThCs B TOM, YTO BCSl TOBEPXHOCTh BHYTPHU KOJIbIIA
SIBJIIETCS DKBUIIOTEHIIMATILHOM.

Pucynok 6

B) [lone toueunoro 3apsga (puc. 7). Oany kiaemmy ot 3 MOAKIIOYHTE K
KOJIBLIEBOMY 3JICKTPO/IY, @ BTOPYIO — K 3JIEKTPOAY MaJIoro pa3Mepa, MOMEIIEHHOMY
B IICHTPE KOJIBIIEBOTO.
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Pucynok 7

r) [Tose ABYX TOYEYHBIX OJHOMMEHHBIX 3apsaoB (puc. 8). Oba 3apsaaa Haxo-
JIITCS BHYTPH KOJIbIIA U COEAMHEHBI MEKTY COOO0M MPOBOHUKOM.

1) [one pazHomMeHHBIX 3apsanoB (puc. 9).

g4

Pucynox 9

4. Ha ocHOBaHMM BBINIOJHEHHBIX HM3MEPEHUM MpeaCTaBUTh rpaduueckoe
M300paKEHUE M3YUYEHHBIX AJIEKTPUUYECKUX MOJIEH, TOCTPOUB AKBUIIOTEHIIUAJIbHBIC
MMOBEPXHOCTHU U COOTBETCTBYIOIIEE CEMEUCTBO CUIIOBBIX JIMHUM TTOJIS.

6. KOHTPOJIBHBIE BOITPOCBHI

1. aliTe onpeesieHUe HAMPSHXKEHHOCTH M MOTEHIMANIA AIIEKTPUYECKOTO TTOJIS.
Ha3zoBure equHULIBI ©X U3MEPEHUS.

2. BeiBenute (opMysibl HANIPSHKEHHOCTH M TIOTEHITMAJIA AJICKTPUUYSCKOTO IT10-
JI, CO3/IaBAEMOTr0 TOYCUYHBIM 3aPsIOM.

3. [aiite ompeaeneHue CUIOBOM JIMHUM, SKBHUIOTCHIIMAILHON MOBEPXHOCTH
BJIEKTPUYECKOTO MOJIS.

4. BeiBegute (opMyJly YCTaHABIMBAIOIIYIO COOTHOIIEHUE MEXKIY PAa3HOCTHIO
MOTEHIIMAJIOB W HAMIPSYKEHHOCTBIO 3JIEKTPUUYECKOTO MOJIS.

5. Jlokaxkute, 4YTO CWJIOBBIC JIMHUM TEPIEHIUKYJISIPHBI SKBUIIOTCHIIMATBHBIM
MTOBEPXHOCTSIM.

6. [losicHuTe CyTh UCIIOIB3YEMBIX METOJIOB MOJICIMPOBAHUSI AJICKTPOCTATHYE-
CKOT'O TOJIS.
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JABOPATOPHASA PABOTA 2

OIIPEAEJIEHUE EMKOCTHU KOHAEHCATOPA
C IIOMOUIbIO MOCTA COTTH

1. HEJIb PABOTbI

I/I3yquI/Ie MOCTHUKOBOM CXEMBI U OIIPCACICHUC C €€ ITOMOIIBIO EMKOCTH KOH-
ACHCATOpPA.

2. BUBJINOTPA®UYECKHU CIIMCOK

1. CaBenweB U.B. Kypc ¢usuku: Yued. mocodue uisi CTyI€HTOB BTY30B. - [B
3-x T1.]. - T.2: DnextpudecTBo U MarHeTu3M. Bomabl. Ontuka. - M.: Hayka, 1989.-
496 c.

2. Tpopumosa T.U. Kypc usuku: yueb. mocobue s By30B /
T.U. Tpodumosa. - 19-e uza. - Akagemus, 2012. - 560 c.

3. Metmad A.A., SABopckuit b.M. Kypc ¢usuku. - Akagemus, 2009. — 720 c.

3. TEOPETHYECKOE BBEJIEHUE

SHGKTPOGMKOCTB C IMPOBOAHHKKA YHCJICHHO paBHA BCIMYNHC 3apAaa, KOTOpBII;’I
HYXKHO COO6IHI/ITB IIPOBOJHHKY, YTOOBI H3MEHHUTH €T0 IMOTCHIHAJI Ha CANHUILY.

N = %

EMKOCTh TpOBOAHUKA 3aBUCUT OT (POPMBI, €ro JIMHEHHBIX pa3MepoB U JIH-
ANEKTPUYECKON MTPOHUIIAEMOCTH CPEMBI, OKPYXKAOIIEH MPOBOAHUK. EnuHunen em-
koctu B CU siBnisercs papana, 1 @ - eMKOCTh MPOBOJHUKA, B KOTOPOM HM3MEHEHUE
3apsiia Ha 1 KyJIOH MEHSIET €ro MOoTeHIHaI Ha 1 BOJIBT.

Pucynok 1

B TexHuKe UCHOJIB3YIOT YCTPOIMCTBA, COCTOAIIME M3 JABYX WM Oojee pa3Ho-
MMEHHO 3apsKCHHBIX MMPOBOJHUKOB C PaBHBIMH 110 BEJIMYMHE 3apsiiaMUd Ha3bIBae-
MBIX KOHJIeHcaTopamu. B 3aBucuMocTH OT (hOpMBI MMPOBOJHUKOB KOHJICHCATOPHI
OBIBAIOT TMJIOCKUMU, CPEepUUECKUMH, ITUIMHAPUIECCKUMH U T.I. EMKOCTH KOHICH-
caTopa XapaKTepu3yeT CUCTEMY OOOMX NMPOBOJHUKOB B UX B3aUMHOM PACIIOJIOXKe-
HHUH, & HE OTICIbHBIN MPOBOJHMK. JUJISI MPAKTUKM Ba)XHO YMETHh TOYHO U3MEPATH
BEJINYMHY DJIEKTPUYECKOM €MKOCTH KOHZAEHcaropa. lJist 3TOr0 B DJIEKTPOTEXHUKE
MCIIONIb3YIOT pa3jIMyHble METONbl U cXeMbl. Hanboisiee TOUHbIE pe3ysbTaThl JAIOT
MOCTOBBIE CXEMBI UBMEPEHUS FJIEKTPOEMKOCTH.
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B nannoii pabGote s ompeneneHus €MKOCTH KOHJIEHCATOpa MCIONb3YIOT
MocT COTTH, cXeMa KOTOpOTro M300pakeHa Ha puc. 1. B cxeme BBeAEHBI CIEAYIO-
e 0003HaYEeHUS:

T - TeneoHHBIC HAYITHUKH,

Cx - HEU3BECTHAs EMKOCTD,

C - U3BeCTHAs EMKOCTD,

Rc - pe3ucTop ¢ M3BECTHBIM COMPOTUBIICHUEM,

R - MarasuH pe3ucTopos.

[IepemMeHHBIN TOK B TOUKE A Pa3BETBIACTCS O JBYM HampasieHUusM AMB u
ANB. B Touke M TOK BHOBb Pa3BETBIISIETCS], OJIHAKO, €CIU MOTEHIUAIbI TOYeK M 1
N oauHakoBbl, To 0 yyacTky MN Tok He moreueT, U B TenedOHHbIC HAYUTHUKH
CUTHAJI, TI0JIaBaeMblii 3ByKOBBIM reHepaTopoM 3/, moctynaTh He Oy/eT:

g _ Ok
Uy-Uy==; Uy —Ug =27,
e C, . (1)
Eciau Uy = Uy, To 4eThipe ypaBHEHUS ITpeoOpa3yroTcs B ABa:
9_1r, o R, )
C C,

Ecnu uepes tenedon Tok He moTedeT, TO KoHAeHcaTOphl C u Cx MOXKHO CUH-
TaTh COCTUHCHHBIMU TIOCJICIOBATEIBHO, U TOra ( = (x. Kpome Toro, Toku B BeT-
Bsix AN u NB Toxe Oyayt paBHbl. Paznenus paBenctso (1) Ha (2), yuuTbiBas pa-
BeHCTBO TOKOB B BeTBsIX AN 1 NB 1 paBEeHCTBO 3aps/I0B KOHACHCATOPOB, TOJIYYHM:

C, R R

—X=—C ym C, =—72. (3)
C R R

[TonyueHHOE BBIPAKEHHE MTO3BOJISIET BEIYMCIUTE EMKOCTh HEM3BECTHOIO KOH-

aeHcaropa, eciu B Gpopmyity (3) MOACTaBUTH 3HAYEHHE COMPOTHBIeHUS R (momo-

OpaHHOE C MOMOIIBI0 Mara3uHa PE3MCTOPOB), NMPU KOTOPOM B Tejae(oHe OTCyT-

CTBYET CUTHAJL.

4. MIPUBOPHI U TIPUHAJVIEZAKHOCTHU

. 3BykoBoii reneparop (3I).

. DTaJIOHHBINA KOHJEHCATOP.

. Konnencarop ¢ HEM3BECTHOM EMKOCTHIO.

. Pesuctop ¢ ussectapiM conpotusieHreM (1000 Om).

. MarasuH pe3ucTopoB.

. Tenedon (HayIIHUKK) U COSAMHHUTEIbHBIC TPOBOIHHUKH.

OO WN -

5. HOPAAOK BBIIIOJTHEHUSA PABOTBI

1. Cobpatb cxemy, n3o0pakeHHy1o Ha puc. 1.
2. 3anucarth 3HaueHue C - EMKOCTH 3TAJIOHHOTO KOHEHCATOpa!

(C+ AQ).
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3. 3anucaTth 3HaYCHHE U3BECTHOTO COMPOTUBIIECHUS RC:
(Rc £ AR).

4. Toaxmounth ouH kKoHaeHcatop Cyi U, MEHsIsl conpoTuBieHue R, 100UThes
MUHUMAJIHOW CIIBIIIMMOCTH CUTHAJIAa B HaylIHUKaX. ONbIT HOBTOPUTH TPH pa3a. 3a-
TEM MOJKIIIOYUTH Ipyroi KonaeHcaTop Cy U MPOJENaTh T€ K€ onepanuu. Te xe us-
MEpPEHUsI MPOJIENaTh MPU MOCIEAOBATEIEHOM U NapajyIeIbHOM COCIUHEHHU JBYX
KOHJIEHCAaTOpoB. Pe3ynbrarhl u3mepeHuid 3amucath B Tabn. 1. Beruuciaute Cyx 10

opmyzre (3).

Tadbauma 1

Ne R, Om <R>, Om Cy, D
1.

2. Ca=

3.

1.

2. Cx2:

3.

1.

2. anoczze():
3.

1.

2. Cx napan =
3.

5. Onpenenutb NOTPEITHOCTH U3MEPEHUH sl OJTHOTO KOHAEHCATOpA.
6. O1ieHUTH TpaHUIly JOBEpUTEITHLHOTO HHTEpBaa ACy TIPH 3aJaHHON HAJIEK-
HOCTH Ol 110 (hopMyIie

2 2 2
AC, = (ch (ACY? + (Cj R F + RS ] (ary,
R R R?

rjae caeayet npuHATh R = <R>, C = <C>, R, = <R:>.

Jlsist 5TOTO0 HEOOXOAUMO TpeABApPUTENbHO HallTH AR, (cTatuctuueckoe) mo
3aJJaHHOM INpenojaBaTeseM HaaexKHocTH U AR, (mpubopHOE) 1o Ki1accy TOUHOCTH
MarasuHa Pe3UCTOPOB, M €CIIM UX BEIIMYUHBI MMPUOIM3UTEIBHO PaBHBI, TO OIpE/Ie-
JUTH TPAHUILy T0BepuTEIbHOrO HHTepBasia AR o gpopmyie

AR=_[t2(n)- (ASy ) + (@T (AR, F.

/. Cnenathb BBIBOJIBI TIO paboOTe W 3amuicaTh OKOHYATEIBHBIA pE3yJbTaT B

BHJC

C =<C> +<AC>,<D; P :@ -100%.

)
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6. KOHTPOJIBHBIE BOITPOCHI U 3AJIAHUSA

1. TaiiTe onpeenenrne eMKOCTH ITPOBOAHNKA, HA30BUTE €IMHUIIBI €€ U3MEpe-
Hus B cucteme CU.

2. Hanmiure ¢hopMyIibl Uis 3JIEKTPOEMKOCTH IJIOCKOTO KOHJIGHCATOPa | IIapa.

3. BeiBegute Gopmyssl eMKOCTH MpU MOCIEAOBATEILHOM U MapajliebHOM
COETMHEHUH KOHJEHCATOPOB.

4. OOBACHUTE CYIIHOCTh MOCTOBOW CXEMbI U3MEPEHUSI EMKOCTH, MEPEUUCIIU-
TE€ €€ JOCTOMHCTBA U HEJJOCTATKH.

5. O0BsICHUTE METOJUKY OLIEHKH MOTPEIIHOCTH U3MEPEHUS EMKOCTH KOH/JICH-
catopa B JaHHOU paboTe.
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JABOPATOPHASA PABOTA 3

N3YYEHUE DJIEKTPOU3SMEPUTEJIBHBIX TIPUBOPOB.
N3MEPEHUE MOIIHOCTHU JJIEKTPOJAMIIBI

1. HEJIb PABOTbI

1. 3HaKOMCTBO C YCTPOWCTBOM M Ha3HAYEHHUEM Pa3IMYHBIX JJIECKTPOUZMEPH-
TEJTBHBIX TPUOOPOB: aMIIEPMETPA, BOIBTMETPA, BATTMETPA.

2. 3ydenue crnoco60B MOJIKIIOYEHUS MPUOOPOR B 11CTIb.

3. I3mMepeHune MOITHOCTH JIaMIThl HAKAJIBAaHU.

2. BUBJINOTPA®UYECKUMN CITUCOK

1. CasenneB U.B. Kypc ¢uszuku: yueb. nocobue ajisi CTyJA€HTOB BTYy30B.- [B
3-x 1.]. - T.2: DnekTpudecTBo U MarHeTu3M. Bonnsl. OnTuka. - M.: Hayka, 1989. -
496 c.

2. Tpopumosa T.U. Kypc usuku: yueb. mocobue i BYy30B /
T.U. Tpodumosa. - 19-e uza. - Akagemus, 2012. - 560 c.

3. Hetnad A.A., SABopckuit b.M. Kypc ¢usuku. - Axkagemus, 2009. - 720 c.

3. QJJIEKTPOU3SMEPUTEJIBHBIE ITPUBOPbI

DIIEKTPOU3MEPUTEIbHBIM MPUOOPOM HA3BIBACTCS YCTPOMCTBO, MpeIHA3HA-
YEHHOE I U3MEPECHUS SJICKTPUYECKUX BEIMYMH: TOKA, HANpsDKEHUA U T.1. Bcee
AIIEKTPOU3MEPUTENIbHBIE MTPUOOPHI MOAPA3ACIAIOTCA HA NPHUOOPHI HEMOCPEICTBEH-
HOM OIIEHKU U TpUOOpkI cpaBHEeHUs. B mprbopax mnepBoro tuma usmepsemas Besu-
YMHA OTCUMTHIBACTCS IO MOKA3aHUAM MPEBAPUTEIILHO OTIPAIyHPOBAHHBIX TIPHOO-
poB. B mpubopax BTOporo Tuma B MPOLIECCE M3MEPEHUS MPOU3ZBOJIUTCS MPSMOE
CpaBHECHHUE C ITAJTOHHON Mepoit (KoMIieHcaTopbl, MOCThI). B 1aHHOW paboTe OymyT
PacCMOTPEHBI AIIEKTPOU3IMEPUTEITHHBIC TTPUOOPHI HETIOCPEICTBEHHOM OIICHKH.

OCHOBHBIMM [TaHHBIMH, XapPaKTEPU3YIOIIUMHU JJIEKTPOU3MEPUTEIbHBIA TPHU-
Oop, SBIAIOTCA: CHCTEMA, KJIAacC TOYHOCTH, MpeAeibl U3MEPEHUs, YYBCTBUTEIIb-
HOCTb U BHYTPEHHEE COMPOTHUBIIEHUE MpuOopa. Bece 3TH naHHbIe 0OBIYHO OTMEYe-
HBI Ha IIKaJIe MPUOOpa YCIOBHBIMU 3HAKAMU.

N3 0CHOBHBIX TEXHUUECKUX TPEOOBAHUI, MPEIBSIBISIEMBIX K DJICKTPOU3MEPHU-
TEJIBHBIM MPUOOpaM, CIeAyeT yKa3aTh CIEIYIOUIUE. MPUOOp IOJKEH MOTPEOIATh
MaIYIO MOIIIHOCTh U HE BHOCUTH 3aMETHBIX UCKAXKEHUH B DJICKTPUUECKYIO 1IETb.

B 3aBucumoctd OT TOro, kakoe (pu3amyeckoe SIBJICHUE MOJIOKEHO B OCHOBY
JeUCTBUA TIprOOpa, AIEKTPUUECKUE H3MEPHUTENBbHBIC MPUOOPHI MOIPa3ASISIIOTCS
HA CJIEYIOIINE CUCTEMBI. MAarHUTORJIEKTPUUYECKYIO, JIEKTPOMArHuTHYIO, JJIEKTPO-
JTUHAMUYECKYIO, (eppOoaNHAMUYECKYIO, WHAYKIIMOHHYIO, TEPMODICKTPUUYECKYIO,
BUOPAIMOHHYIO, TEIJIOBYIO, JETEKTOPHYIO, 3JEKTPOHHYIO, (DOTOIIEKTPUUYECKYIO,
AJIEKTPOJIMTUYECKYIO, SJIEKTPOCTATUUECKYIO.

YcerpolicTBO TpHUOOPOB HEKOTOPBIX HAMOOJEe PaCIpPOCTPAHCHHBIX CHUCTEM
OyJleT pacCMOTPEHO HUXKE.
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3.1. OcHOBHBIE XaPAKTEPUCTHKHU 3JIEeKTPON3MEPUTEIbHBIX NPUOOPOB

3.1.1. Knacc mounocmu

Bce anexrponsmeputensHbie Ipubopsl pazaestores Ha 8 kinaccos: 0,05; 0,1,
0,2; 0,5; 1,0; 1,5; 2,5; 4,0. Knacc TouHocty npubdopa y YUCICHHO paBEH BBIPAKCH-
HOM B TIPOIIEHTaX OTHOCUTEIIBHON MOTPEITHOCTH BU/Ia U3MEPCHUS

y =22 100%,
A

M
rae AA - makcuMmaibHasi a0COTIOTHAs! MOTPEIHOCTh; A, - MaKCUMAaJIbHOE 3HaYe-
HUE Auana3zoHa npudopa.

Ilpumep. Munnmamnepmerpom Ha 75 MA m3meper Tok 30 MA. Knacc TounocTu
npubopa 0,2, To ectb ¥ = 0,2%. CrnenoBaTenbHO, MaKCHUMaibHas BO3MOXKHas
omuOKa Mpu U3MEPEHUH JIF0O0ro ToKa B npenenax 0...75 MA Oyner
0
4 ‘A, = 0,2% -75MA = £0,15mMA
100% ~ 100%

Y OTHOCHUTEJbHAS OTPEIIHOCTh U3MepeHus Toka 30 MA paBHsETCS:
015MA
30 MA

3.1.2. Yyecmeumenwvnocmsp

E= -100% = 0,5 %.

I‘IyBCTBI/ITGJII)HOCTI)IO QJICKTPOUSMCPUTCIIBHOT'O HpH60pa Ha3bIBACTCsA OTHO-
IICHUE JIMHEWHOTO WU YIJIOBOI'O IICPEMCIICHUA YKAa3aTClIsd K HSMGPHGMOﬁ BCJIN-

o n .
YMHC, BbI3BABHICH 3TO IICPCMCUICHUC, T. €. S = —, 1€ N - YIJI0BOC UM JIMHCUHOC
X

IIEePEMCIICHHE, X - U3MEepsieMas BEINYNHA.

Llpumep. 1Tpu uzmepenuu toka | = 2,5 A ykazarens npudopa U3MEHUII CBOE TOJIO-
xenue Ha N = 50 penenuii. CneqoBaTeNIbHO, YYBCTBUTEILHOCTh MPUOOPA TIO TOKY

n 50 nen el
OyzneT paBHa S|=T2$:2 %.

3.1.3. Ilpeoenvt uzmepenuit u yena oenenusn

3HaueHUE U3MEPSIEMON BEITMYMHBI, TIPH KOTOPOM CTpeJiKa MpruOopa OTKIOHS-
€TCsl 10 KOHIIA IITKaJIbl, Ha3bIBACTCS MPEICTIOM U3MEPEHHS ITOT0 MPUOOopa Ay

DNeKTPOU3MEPUTENbHBIC TPUOOPHI MOTYT UMETh HECKOJIBKO MPEIETIOB H3Me-
penuit (MHOTONpeaeabHbIe MPUOOPHI). HeoOX0AMMO MOMHHTB, YTO MPU U3MEPEHU-
X TAaKUM NMPUOOPOM Ha Pa3IUYHBIX MpeAeliax IeHa JAesieHus OyeT pa3IuyHOu.

[lena neneHusi mpubopa paBHA 3HAYEHUIO U3MEPSEMOM BEJIMYMHBI, COOTBET-
CTBYIOIIECH OJJHOMY JI€JICHUIO LIKaJIbI MPUOOpa.

Llpumep. AmuiepmeTtp numeeT ABa npenena usmepenuii: 15 A n 30 A. Illkana umeer
15A A
150 nenenuii. Ilena nenenus mna npenena 15 A pasna ——— =01—, nmus
0 men e

npezaena 30 A paBna 0,2 i .
i g
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3.2. CucTeMbl 2JIeKTPOU3MEPUTEIbLHBIX NPUOOPOB

3.2.1. Macnumoasnexmpuueckasn cucmema (puc. 1)

[TpuOope! 3TON CUCTEMBI MPEIHA3HAUEHBI U1 U3MEPEHUI BEITMYUHBI TOKA U
HaIpsDKEHUS. B LEIMAX MMOCTOSHHOro Toka. Cxema ycTpoicTBa mpuOopa MarHUTo-
ANEKTPUYECKOU CUCTEMBI CIIEAYIOIIA.

Mexnay noJsirocamu IOCTOSSHHOTO MarHWTa PacrojlOKEHAa paMKa, IO BUTKaM
KOTOPOM NPOTEKAaeT U3MepsAEeMbIN TOK. IIpu OTCYTCTBMM TOKa IUIOCKOCTH BHUTKOB
pPaMKM pacIoyIaraeTcsi NapajleIbHO CUJIOBBIM JIMHUSAM MarHuTHOro mnois. Ilpu
IPOXOXKIEHNU TOKA paMKa CTPEMUTCS IOBEPHYTHCA TaK, YTOOBI €€ MIIOCKOCTh OKa-
3aJ1aCh NEPIEHANKYJIIPHOM CWJIOBBIM JIMHUSAM MarHUTHOTO IOJISl. DTOMY ITOBOPO-
Ty IPOTUBOACHCTBYET NPYyKUHA.

Kax TOJIbKO MOMEHT CHJIBI YIIPYTOCTHU NPY>KUHBI M> CTaHET paBHBIM MOMEHTY
CUJIBl B3aMMOJICVICTBUS MarHUTHBIX ITOJIEN - MOJIA TOKA M IOJIS ITOCTOSTHHOI'O Mar-
HuTta Mi, pamka octaHaBiuBaeTcsa. K paMKe HENMOABHKHO NMPUKPEIVIEHA CTPEIKA,
KOTOpas 1aeT BO3MOXHOCTB I10 IIKAJIE€ IPOU3BECTH OTCUET U3MEPSIEMOMN BEIIMYUHBI
TOKA WJIA HANPSHKCHUS.

Bpamaromuii MOMEHT, BO3HUKAIOIIMKA H3-3a B3aMMOJEWCTBHS MarHUTHBIX
I0JIEH, MPONOPLIMOHAJIEH TOKY, TEKyIeMy 1o paMmke: M, =k I .

[IpoTuBOAEHCTBYIONIMI MOMEHT NPYKUHBI IPONOPLIMOHAIIEH YTy IMOBOPOTA

Ks

paMmku (yriay 3akpyuuBaHus npyxussl): M, =k,l. Otcrona ¢ = 2t.] =kl,T. e.
2

yToJ MOBOPOTA PaMKH, a CJIE€I0BATEIBHO, U CTPEJIKH, TPOIOPIIMOHAIIEH CHJIE TOKA,

4TO 00ecreunBaeT paBHOMEPHOCTD IIKaJbI pubopa.

JIOCTOMHCTBAMHM MarHUTORJIEKTPUUECKUX IPUOOPOB SBIISIOTCS: BBICOKAs UyB-
CTBUTEJIBHOCTh U TOYHOCTH IOKA3aHUI, PABHOMEPHOCTh IIKAJIbI, Majlas YyBCTBH-
TEJIBbHOCTh K BHEIIHUM MarHUTHBIM IIOJISIM.

3.2.2. Dnekmpomacnummuasn cucmema (puc. 2)

[TpuOopbl >IE€KTPOMAarHUTHOM CUCTEMBI MpEJHA3HAYAIOTCS NJIs U3MEPEHMs
CWJIbl TOKA U HAIPSKEHUsS B LIENIHU MepeMeHHOoro Toka. [IpuHuun neiictBust mpudo-
POB ATOM CHCTEMBbI OCHOBaH Ha B3aUMOJICUCTBMM MAarHUTHOTO MOJISi KaTYLIKH, 11O
KOTOPOM MPOTEKAET U3MEPSIEMbIN TOK, M KEJIE3HOTO WK (DEPPUTOBOIO CEPACUHH-
Ka, ABJISIFOIIETOCS MOJABUKHOU YaCThIO.

XKenesnblii cepieyHUK B (popMe Kpyriou MIaCTUHBI 3aKPEIJIEH 3KCUEHTPH Y-
HO Ha ocH. [Tpu npoxokaeHNN TOKA MO HEMOABUKHOMN KAaTyIIKE CEpACYHHUK BTSTH-
BAETCSI BHYTPb KATYILIKU TaK, YTOOBI €ro Mepecekasio Kak MOKHO OO0JIbIlIe CHIIOBBIX
JIMHUM MAarHUTHOTO NOJIsl. JIBUIKEHUIO CEpACYHUKA MPOTUBOACHUCTBYET CIIMPAIbHAS
NpyKrHa. MarHuTHOE MoJie KaTyIWIKU MPONOPUUMOHAIBHO TOKY, HAMAarHWYMBAaHHE
CEpJIEYHUKA TOXE YBEIHMYMBAETCS C BO3pacTaHueM Toka. [loaromy MoxHO mpu-
OJIM3UTEIBHO CUUTATh, YTO B AJIEKTPOMArHUTHOM MpUOOpE BpaIIAIOMIUNA MOMEHT
M, nponopuuonaneH kBaapary Toka M, =k,|> (Ki - ko3dpuuuent nmponopumo-

HaJbHOCTH, 3aBUCAIIMN OT KOHCTPYKUUU mpubdopa). [IpoTuBoaeicTByOmMii Mo-
MEHT M>, cO31aBacMBbIil PYKUHOM, IPOIIOPLIMOHAJIEH YIUIy IOBOPOTA MOABUKHON
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Pucynok 2

Otcroma BHUIHO, YTO Y TPHOOPOB 3JIEKTPOMATHUTHON CHCTEMBI OTKJIOHCHHE
CTPEIKH, CKPETICHHOM C CEepJICUHIKOM, MPOMOPIIMOHATIBHO KBAIpaTy TOKA, T.€. IIKa-
Jla Takoro npubopa HepaBHOMepHa. C M3MEHEHUEM HAIIPaBJICHUS TOKA MEHSIETCST KaK
HaTpPaBJICHUE MarHUTHOTO TIOJIST HETIOABMKHOW KATYIIKH, TaK M MOJIIPHOCTh HaMar-
HUYHMBAHUS cepJieuHrKa. [1o3ToMy npy W3MEHEHWH HAIPaBJICHUS TOKA CEPJICYHUK HE
Oy/leT BBITAJIKUBAThCS, a OYJET BTATHBATHCA. TakuMm 00pazom, MpuOOpHI JIEKTPO-
MarHUTHOW CHCTEMBI MOKHO MPHUMEHSTH MPH U3MEPEHHSIX KaK MOCTOSHHOTO TOKa,
TaK ¥ IEPEMEHHOT0. B 3TOM 0CHOBHOE JTOCTOMHCTBO TIPUOOPOB 3TOM cucTeMbl. Kpo-
M€ TOTO, K JIOCTOMHCTBAM 3THUX MPUOOPOB HY>KHO OTHECTH: MPOCTOTY KOHCTPYKITHH,
MEXaHUYECKYIO TIPOYHOCTb, BBIHOCIUBOCTH B OTHOIIICHUN TIEPETPY30K.

Henoctatkamu npuOOpOB AIEKTPOMATHUTHON CHUCTEMBI SIBJISIOTCS: HEPABHO-
MEPHOCThH IIKAJIbI, MEHBIIIasi TOYHOCTh, YeM y MAarHUTOAIEKTPHUUECKUX MPUOOPOB,
OoJIbITIas 3aBUCHMOCTD ITOKAa3aHUH OT BHEIITHUX MarHUTHBIX TIOJICH.
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3.2.3. Dnekmpoounamuueckasn cucmema (puc. 3)

BJIGKTpOI[I/IHaMHLIeCKI/Ie HN3MCPUTCIIbHBIC HpI/I60pI>I MpCAHA3HAYCHBI IJIsSI HU3-
MCPCHUA TOKA, HAIIPSXKCHUA WU MOIIHOCTH B HCILIX ITOCTOAHHOI'O U IICPECMCHHOI'O
TOKaA.

JAUHAMHUYCSCKOH CHCTEMEI C KPYTJIOH KaTyIIKOU

- IS TIEPEMEHHOTO W MOCTOSHHOTO TOKA

Cxema yeTpo#icTBa Mpubopa pIeKTpo-

~
—

2kV
- U30JAIASA UCTILITaHa HATIPSIKEHUEeM 2kV

E—j:f - JJEKTpOAMHAMHAYECKAA CHCTEMA

O3YITHBIN
YCIIOKOHUTEIIL

I1pOTHBOICHCTBYIONTAS

Mpy>KUHA

[ToaBmKHas
I

SHGKTpO,HI/IHaMHIIGCKOﬁ CHCTEMbI

HepaBHOMCpHaA
€ IPSIMOYTOJIBHOHN KATYIITKON

Cxema ycTpoHcTBa aMIiepMeTpa

HenoaBu:xkHas
KaTyIIKa

Pucynoxk 3

[TpuHumn nedcTBUsl MPUOOPOB ANEKTPOJIUHAMHUYECKOM CHUCTEMbI OCHOBAaH Ha
B3aMMOJICHCTBUH KATYIIIEK, IO KOTOPBIM MPOTEKAeT M3MepsieMblii Tok. Takum obOpa-
30M, TIPUOOPHI AEKTPOTUHAMUYECKON CUCTEMBI OTJIMYAIOTCS OT IPUOOPOB MarHUTO-
IIEKTPUYECKOW CUCTEMBI TEM, YTO MAarHUTHOE I10JI€ CO3/1AETCS HE ITOCTOSHHBIM Mar-
HUTOM, a KaTyIIKOM, MUTaeMOi n3MepsieMbIM TokoM. Ha prc. 3 cxematudecku u300-
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pakeH MpUOOp AMEKTPOANHAMUYECKON CHCTEMbl. BHYTpH HEMOABMKHO 3aKpETLICH-
HOM KaTylIKH | MOKET BpalaTbCsl Ha OCH MOABMKHAS KATYIIKA 2, C KOTOPOM KECTKO
CBSI3aHA CTpeENIKa 3, IepeMelaronascss Haja WKamon. M3mepsemslii TOK IIPOTEKAaeT
yepe3 00e KaTylmkd. BHYTpU KaXIoil KaTylikd BO3HHKAaeT MarHuTHOE mose. B3au-
MOJICVCTBHE MAarHUTHBIX NOJIEM ¥ IPUBOJUT K CO3JAHUIO BPAIAIOLIETO MOMEHTa My,
M0J] BIIUSIHUEM KOTOPOTO TOABIKHAS KaTylIka OYyAET CTPEMHUTHCS TIOBEPHYTHCS TakK,
YTOOBI TUIOCKOCTh €€ BUTKOB CTalla MapajuieibHa MJIOCKOCTH BUTKOB HETIOABHKHOM
KaTYIIKH, a UX MarHUTHBIE TIOJISl COBIAIM OBl 10 HAMpPaBJICHUIO. DTOMY IPOTUBOICH-
CTBYET npykuHa. [loBrKHAs KaTylIKa OCTaHABJIMBAETCS TOT/IA, KOTAAa BpaIAlOIINN
MOMEHT CTaHET PaBHBIM MMPOTUBOAECHCTBYIOIIEMY .

Karyikyu B 31eKTpoAMHAMUYECKUX MPUOOpax B 3aBUCUMOCTH OT Ha3HAYEHUS
COCIMHSIIOTC MEXIy COOOM MapajuiebHO WM TocienoBaTenbHo. Ecim kaTyiku
npudopa COCMHUTD MapauIeIbHO, TO OH MOXKET OBbITh UCIIOJIL30BaH KaK aMIIEpMET).
Eciu sxe KaTylky COeTUHUTD MOCTEeI0BATEIbHO U MPUCOESANMHUTL K HUM T0OABOYHOE
COIIPOTHUBJIEHUE, TO TPUOOP MOXKET OBITh UCIOJIB30BaH KAK BOJIBTMETP.

B nepBoM npuOIMKEHUN BpalllalOIUii MOMEHT, JEHCTBYIONIUN Ha TMOJABUXK-
HYIO0 KaTylIKy, IPONOPLHOHAIIEH KaK TOKYy, MPOTEKAIIIEMY MO MOJIBHXHOM Ka-
Tyuike |y, Tak ¥ TOKy, MPOTEKAIOIIEMY IO HETIOJBUKHOM KaTyuike |»:

M1 = k1|1|2.

[IpoTHBOAEHCTBYIOMINI MOMEHT, CO3/1aBAEMbIM MPYKUHOU, ITPOITOPLUHUOHAIICH
YLy 3aKpy4ddBaHUs, T.C. YIIIy IOBOpOTa cTpesiku My = Ky-ar. IlogBrkHas KaTyIka
octaHaBiauBaercs, korga M1 = My, T.e. Kil1lo = koo i

a= k-|1|2 . (l)

Eciii KaTyIIKU cOeTMHERBI ocieoBaTensHo, To 1=l u a = k12,

OTcrozia BUIHO, YTO LIKaJIa 3JEKTPOJIUHAMHYECKOTO MpruOOopa HEPABHOMEPHA.
TeMm He MeHee, COBEPIIEHCTBOBAHUEM KOHCTPYKIMU KATYIIEK MOXHO YJIYYIIUTH
[IKany, IpUOJIM3UTh €€ K PABHOMEPHOM.

[Ipu mepemeHe HarpaBieHHUsI TOKa B 00€MX KaTyllKax HalpaBJICHHE Bpara-
IOLIETO0 MOMEHTa HE MEHSIETCs, T.€. MPUOOPBI ATOM CUCTEMbI IPUTOJIHBI I U3Me-
PEHHUsI KaK IIOCTOSIHHOTO, TaK U MIEPEMEHHOI0 TOKA.

3.2.4. Dnekmpoounamuuecxkuit sgammmemp (puc. 4)

YCTpOUCTBO 3IEKTPOAMHAMHYECKOIO BATTMETPA NPUHLMUIIMAIBHO TaKOE ke,
KAaK M JJEKTPOAMHAMUYECKUX AMIIEPMETPA M BOJBTMETPA, OTIIMYMS 3aKIIOYAIOTCS
JMIIb B MapaMeTpax KaTyleK W B Coco0e MX MOJKIoUeHus. Battmerp umeer He
MeHee 3..6 koHTakTOB. HemoaBmkHas KaTylika BaTTMETpa HamMOTaHa TOJICTHIM
IIPOBOJIOM U BKJIFOYAETCS IMOCJIEA0BATENIBHO C TEM YYaCTKOM LIENH, MOLIHOCTh KO-
Toporo uzMmepsiercs. [loaBrkHas Karymika coAep UT OO0JIBIIOE YUCIIO BUTKOB TOH-
KO MPOBOJIOKM M MOJAKIIIOYAETCs napaienbHo norpedurento. [locnenoBaTensHo ¢
MOJIBYDKHOM KaTYIIKOW BBOJUTCS 0OABOYHOE COTMPOTHBICHHE. TOK, MAYIIMA TIO
MOJBWKHOM KaTYIIKE, TPONOPLMOHAIIEH HAITPSKEHUIO, TOJAABAEMOMY Ha HArPy3KY:

U

=
? R.+r,
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Buenami BUA KOHTPOJIBHOTO 3ICKTPO-

JUHAMHMYCCKOTO BATTMCTPA

/
@

BATTMETPAbI
DneKTpoAUHAMUYECKHI BaTTMETP

H CXCMd BKIIOYCHHA

[IpuHIMI ACHCTBHS

BHyTpeHHUI BUJ KOHTPOIBHOTO AIEKTPO-

AUHAMHUYCCKOI'O BATTMETPA

N e
Pucynok 4
VYT0J1 OTKIIOHEHUS CTPENIKK pubopa B cooTBeTCTBHH C (1):
U
o=kl ——.
R, +r1,
Tak kak 11U = W - MmomiHOCTB, TOTpeOIsieMast Ha Harpy3Ke, TO
a=kW. (2)

Taxkum 00pa3oM, OTKIOHEHHE MOABHKHOW YaCTH MPOIMOPIIMOHATBLHO MOITHO-
CTH, ¥ TIO3TOMY IIKaTy IprOOpa MOKHO MPOTPaayupoBaTh B BaTTax. M3 ¢opmMyb
(2) cnenyer, 4TO 1IKaIa BATTMETPA PABHOMEPHA.

3.2.5. Dnekmpuueckuii cuemuux (puc. 5)

[IpnuGop >IEKTPOAMHAMUYECKON CHCTEMBI MOXHO HCIIOJB30BaTh W IS
ompeaeneHus padoThel Toka. Takue mpuOOPHI Ha3bIBAIOTCS cueTunkamu. Padory,
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IPOU3BEACHHYIO TOKOM, MOXKHO moacuutaTh mo opmynram A=W -t (mpu W =
t

= const) um A= |Wdt, r.e. cueTunk ABIAETCA HHTETPUPYIOIIUM IIPHOOPOM.
pupy puoop
0

Pucynok 5

s Toro 4yToOBl IPUOOP AIIEKTPOJIUHAMUYCCKON CHUCTEMBI CACNIATh CUCTUYU-
KOM, HY’KHO K OCH TOJBUKHOM KaTYIIKH HE MPUKPEIUISITh MPYKUHY, a HACATUTh
Ha OCh METAJUIMYECKUI JHUCK, KOTOPBIMA, BpaIasCh, MIPOXOJUT MEXKIAY IMOTIOCAMU
MOCTOSIHHOTO MarHuTa.

[Ipu nBUXEHUU AUCKA B MATHUTHOM I0JI€ B HEM OyayT BO3HHKATh WH]IYKIIU-
oHHbIE TOKU DyKo. B3anmoaeiicTBUe MarHUTHBIX MOJIEH (MATHUTHOTO TOJIS TOKOB
@®yKO U MarHUTHOTO TMOJI MOCTOSTHHOTO MarHuTa) MPUBEAET K BO3HUKHOBEHUIO
TOPMO3SIIETO MOMEHTA.

BennunHa MHAYKOIMOHHBIX TOKOB DYKO MPOMOPUUOHAIBHA CKOPOCTH H3ME-
HEHUS MArHUTHOIO MOTOKA, MPOHU3BIBAIOIIETO JHUCK, TO €CTh MPONOPHHOHAIbHA
YTII0BOM CKOPOCTH BpaieHus. CieqoBaTeNbHO, U TOPMO3SIIIHA MOMEHT M; Oyaer

. ,da
NPOTOPIMOHAIICH yIIIOBOM ckopoctu: M, =k'—W .

dt
Ecnu nonBmwxHyI0 KaTymky npudopa MOAKIIOYUTh NapalijieIbHO Harpy3Ke, a
HETIOJIBIXKHYIO - MOCE0BATEIbHO, TO BpAIAOIINI MOMEHT M1 OyJeT nponopiiu-
oHasieH MomHocT M; =k"W .

Juck OyzaeT BpamiatbCsi paBHOMEPHO TOT/a, KOTJIa CyMMa MOMEHTOB BCEX
CWJI, ICUCTBYIOIIUX Ha HEro, OyJEeT paBHA HYJIO, TO €CTh KOTJIa BpAIIaroIIuil MO-
MEHT OyJieT paBeH TopMossmemy: My = My, wium

kW = k' 9% oriyna der = KW, k =<
dt K
NHTerprupoBaHne NOCIEIHETO PABEHCTBA IACT:
t
a =27 =k[Wdt =kA. (3)
0

Takum 06pa3om, yros moBopoTa MOJBIKHON YacTu mpubdbopa OyaeT mpomnop-
IIHOHAJICH padoTe, MPONU3BOAUMOIN TOKOM.

Bast cuetumka cBsi3pIBaeTCS Uepes UCPBAUHYIO Mepeaady ¢ JeCATUYHBIM CUET-
HBIM MEXaHHU3MOM, KOTOPBIN cuuTaeT uncio ooopotoB. M3 Gopmyisl (3) cienyer,
YTO YHCII0O 0OOPOTOB OCH Baja CUCTYHMKA MPOTIOPIIMOHAIBHO MPOU3BEICHHON pa-
oore.
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3.2.6. Tennosas cucmema (puc. 6)

[Tpunuun aecTBUsi MPUOOPOB TEIJIIOBOM CHCTEMBI OCHOBaH Ha W3MEHEHUU
JUIMHBI MPOBOJHUKA, IO KOTOPOMY HIPOTEKAET TOK, BCIEICTBUE €T0 HArpPEBaHUS.
YcTpoiicTBo mprOopa TEMIOBOM CUCTEMBI CXeMAaTUYECKH TOKa3aHo Ha puc. 6.

Hepapnomepuaa
AT

Ietannuaeckan
IpoBoIoKa 1

-
-

Enox-ponux Metannuueckana

Ilpwmunwa |

HHTE

MTyana npubopa

Pucynok 6

N3mepsieMblid TOK MPOXOAUT IO MPOBOJIOKE 1, KOHIIBI KOTOPOW 3aKpEIUICHBI.
OTa MpOoBOJIOYKA U3TOTOBIISETCS U3 CIUIAaBa IJIATHUHBI ¢ UpuaAneM uiu cepedpom. K
HEH IocepeIvHe NpUIIasiHa Apyrasi MeTaJuIndecKas IIPOBOJIOKA 2, KOTOPast OTTATH-
BaeTCS TOHKOM LIEJIKOBOW HUTHIO, IEPEKMHYTOU uepe3 Osok-ponuk. Konen sToi
HUTHU NPUKPEIUIEH K CTAJIbHON MpPYKUHE, KOTOpask U MPOU3BOJUT HATSKEHUE HUTH.
K 6noky mpukpermiena ctpesika npudopa, nepeMearonascs Hal HKaJIou.

[Ipn mpoTexkaHnM TOKa MO NMPOBOJOKE | MPOHMCXOAUT €€ HarpeBaHUE, B pe-
3yJbTaTe YEro OHA YJUIMHSETCA, HATSHKEHUE MPOBOJIOKM 2 WM HHUTH OCJIa0EBaET,
MPY>KMHA OTXOJUT BJIEBO, YTO M BBI3BIBAET OTKJIOHEHUE CTpeNKHU. Tak Kak Konuue-
CTBO TEIUIOTHI, BBIIEISEMON TOKOM, NPOINOPLHOHAIBHO CPEAHEMY 3HAYEHUIO
KBaJpara TOKa W HE 3aBHCUT OT HampasiieHUs Toka Q = | fp Rt, To mpubops! Ten-
JIOBOM CHUCTEMBI ITPUTOJHBI Ul U3MEPEHHSI KaK MOCTOSSHHOTO, TaK U MIEPEMEHHOIO
Toka. OJIHaKo 1Kaia npudopa HepaBHOMEPHA.

3.2.7. Buympennee conpomuegieHue npuoopos

[To poxy u3mepseMol BETMYMHBI IPUOOPHI JEIATCS HA aMIIEPMETPHI, BOJIbT-
METpPbl, OMMETPbI, BATTMETPHI U T.JI.

AMIIEPMETPHI - nipubopsl, ciyKalllie ajs H3MEpPEHUsl BEIMYMHBI TOKa U
BOJIBTMETPAHI - npubopsl, ciyxalliue AJis ONpeAesieHus HalpsHKeHUsT Ha KaKOM-
100 y4yacTKe IIeNU, MOTYT UMETh OJIMHAKOBYIO MPUHLIUIHUAIBHYIO CXEMY YCTPOU-
ctBa. OTiMYalOTCS Takve MNPUOOPHI JHIIb BHYTPEHHUMM XapaKTEPUCTUKAMH U
CI0cO00M MOJKITIOYCHHUS.

AMIiepMeTp BKIIIOYAETCS B IEMb MOCIENI0BATENbHO, TaK Kak 4yepe3 mpuoop
JOJDKEH MPOMTH BECh TOK, BEJIMYMHA KOTOPOro u3Mepsiercs. BHyTpeHHee compo-
TUBJICHHE aMIIEpMETPa JOJKHO OBITh MajIbIM, YTOOBI IPUCYTCTBUE U3MEPUTEIHHO-
ro Mpudopa Kak MOXKHO MEHBIIIE BIMSIIO HA paboTy IeMHu.
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2
MonHocTh MOTEps B amrepMmerpe paccuutbiBaetTcs mo gopmyine W =1°R

6H'
13 KOTOPOH BUAHO, YTO MOTEPH OYIyT TEM MEHBIIE, YEM MEHBIIIE COMPOTUBICHUE
npudopa Rg,.

BonbrMmeTp moakitoyaeTcs napalieIbHO TOMY YYacTKy €U, HaNpsHKeHUE
Ha KOTOPOM HEOOXOIUMO W3MepUTh. UTOOBI Yepe3 BOIBTMETP IMIET KaK MOXKHO
MEHBIIINN TOK, BHYTPEHHEE COMPOTUBIICHNE BOIBTMETPA TOJDKHO OBITH OOJIBIIIIM.

MOMIHOCTh MOTEPh B BOIBTMETPE PACCUUTHIBAETCS 11O POPMYIIE \\ = Uiz s

cp
3TOW (POPMYIIBI CIIETyeT, YTO MOTEPH MEHBINE TOTJA, KOTJa BHYTPEHHEE COIPO-
TUBJICHHE PUOOpPA BEIUKO.

ITo pony ucnonap3yeMoro Toka Bce MPUOOPHI AENATCS Ha 3 TuIa: MPUOOPHI,
MIPUMEHSEMBIE B TIEMSAX MOCTOSHHOTO TOKA, MPUOOPHI, MPUMEHIEMBIC B IETISX IIe-
PEMEHHOTr0 TOKa, MPUOOPHI, KOTOPHIE MOTYT OBITh UCMOJB30BAHbI KaK B IEMAX MO-
CTOSIHHOTO TOKa, TaK U B LIETSIX IEPEMEHHOIO TOKA.

Kaxx it npubop nMeeT Ha MaHe I 3HaK:

=[ | pRGOp I" ke peHRd TOCTOAHROTO TOKS
-] [prrfop pime FaMepETETg TepeMEHFOr: TORS

-TIpREop, IPEAARAEICHARH A1 A3MEPEAHA KAK
MOCTOAAHOTD, Tak H MEPEMEHHOID TOKA,

|H|

Ha manenu npubopa Tak:ke UMeeTcsl 3HaUOK, MOKa3bIBAIOIIUN CHCTEMY ITprOopa:

f2) -MAarHHTORIEKTPHIECKAS CHCTEMA.

{ -SJ'IGKTpOMaFHHTHaH CHCTCMA.

% - GHCKTpO,I[HHaMI/IT-IGCKaH CHUCTCMaA.

Y -TennoBast cHCcTeMA.

3.3. IlepemenHbIe pe3ucTOPHI

JUi U3MEHEHUs PEKUMOB PabOThI SJIEKTPUUECKOM LIENU MPUMEHSIOTCS Iepe-
MEHHBIE PE3UCTOPbI, KOTOPbIE MOKHO BKJIIOUATh B CXEMY pa3jIMYHBIMH criocoOa-
Mmu. PaccmoTpum Ba crioco0a BKIIFOUEHUS pE3UCTOPa B CXEMY.

3.3.1. Peocmamut

ITepeMeHHBIN pe3UCTOpP, BKIIFOUEHHBIM B CXEMY IOCIJIEI0BATEIIbHO, HA3BIBACTCS
peoctatoM (puc. 7). C moMoIipio peocTaTta MOKHO MEHSTh BEJIMUMHY TOKA B IIEITH.

Pucynok 7
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Korna nBuxox peocrata C HaXOAUTCS B TOUKE A, TOK B MM HMMEET MAaKCH-
manbHOe 3HaueHue. Korna nemxok C cIBUHYT B TOUKY B, TOK B LIENTM MUHUMAJICH.
OnHaKO TEOPETUYECKH YMEHbIIaTh TOK 10 HYJS MPU TaKOM IMOJKIIIOUEHUU Tepe-
MEHHOI'O PE3UCTOpPa HEBO3MOXKHO (IIJI1 3TOr0 HEOOXOAMMO HMETh OECKOHEYHO
JUTMHHBIN peocTar).

3.3.2. Ilomenyuomempot

[ToreHromeTpudeckuii crioco0 BKIIIOYEHUS MIEPEMEHHOI0 Pe3nCTopa B CXe-
My IpUBEJCH Ha puc. 8.

\—®
e X O
B
Pucynok 8

Ecmu nBmxkok C mOABHHYTH K TOYKE B, TO Pa3HOCTh MOTEHIUAIOB MEXKIY
toukamu B u C OyaeT paBHa HyJt0, 0 yyacTKy BVAC TOK He moTeyer.

OtonBurasi ABM>KOK OT TOYKH B, Mbl YBEJIIMYMBAECT PA3HOCTh IOTCHIHAIOB
Mexy Toukamu B u C. Uem nanbliiie Mbl OTOABUTAEM JABUXKOK, TEM OOJIbIIIas pas-
HOCTb MOTEHIIUAJIOB BOZHUKAET MEXAy Toukamu B u C, T.e. TeM 0oJiblliee Hampsi-
JKEHHUE TO0JIaeTCs Ha Harpy3ky. Korjga IBUYKOK NEpEeMECTUTCS B TOUKY A, TO Ha
Harpy3ky OyJeT CHUMAThCS MaKCHMAaJIbHOE HampsHDKEHHE, PaBHOE HAIPSHKCHHIO
HCTOYHHKA TOKA.

BennunHa TOKa Harpy3Kd TOXe OyJIeT MEHSATHCS MPH MEPEMEIICHNUN JIBIKKA
OT TOYKU A K TOYKE B OT MaKCUMAJIbHOTO 3HAYCHUS JI0 HYJIS.

3.4. Pacuer XapaKkTepucTHK NPUOOPOB NMpH cOOPKe cXeMbl

[Ipu cOopke moTeHIHOMETpa HEOOXOAMMO OOpaTUTh BHUMAaHHUE HA MapKH-
POBKY IprOOpa, B KOTOPOH yKa3aHo, ISl KAKUX PEKUMOB paboT, OH NpegHa3HAUYEH
(mauo R 1 Imax).

UTOoOBI BBISICHUTH, IPUTOCH JIM JAHHBIA PE3UCTOP B JIAaHHOW CXeMe, HYKHO
MIPOU3BECTH CIENYIOWHNN pacyeT. [Ipennonoxum, 4To K HICTOYHHUKY HANPSKEHUEM
220 B nogxiirouaem pesuctop conpotusiieHrneM 300 Om, Torna npu OTKIFOUYEHHOU
Harpyske (Wi To9ku B 1 C COBMEIICHBI) TI0 COMTPOTHBIICHUIO MOTEUET TOK IAg.

Ecau nBmxok C 0TOABUHYTH OT TOYKH B, TOK IOTEYeT U 1o Harpyske. [Iycth
BEJIMYMHA TOKA Harpy3k# I,. Ha ocHoBanuu 3akoHa Kupxroda Tok Ha yuactke AC
paBEH CyMMeE TOKOB Ha HAarpy3ke u Ha ydactke BC:

iAC = IH + ch-

[Ipu nepemenieHnn ABUKKA OT TOUKU B K TOUKe A TOK Ha Harpy3ke BCE BO3-
pacTtaeT (Tak Kak Bce OoJblliee HANpsDKEHHWE MOJAeTcss Ha Harpysky). CriemoBa-
TEJIbHO, BO3pacTaeT 1 TOK Ha yyactke AC.

Korna nBmwxkok 61u30k Kk Touke A4, o ydactky AC TedeT TOK, paBHBINA Mpak-
TUYECKHU

IACmax: IH,max+ IBC !
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] U 220B
rac |BC:E:mE73OMA.
Ecnu namna HakanuBanus paccuntana Ha 60 BT, To
i, = 7001 A+2801 A ~ 1A 038 €26 . =902 _ o501 A,
ANmax I max 220 A

JIs OTEHIIMOMETPUYECKOTO BKIIFOUEHHUS IMEPEMEHHOTO PE3UCTOpa B IIEMh
HEO0OXO0JMMO, YTOOBI JIONMYCTUMOE 3HAYCHHE TOKa Yepe3 pe3ucTop ObuIo OOJIbIe
WJIM PaBHO CYMME€ MaKCHUMaJbHBIX TOKOB Harpy3Ku U peocTaTa, 3aMKHYTOI'O Ha UC-
TOYHHK ITHUTaHUS.

Jlanee ripu cOOpKe cxemMbl HEOOXOAUMO BBIICHUTH, KAKOT'O JMana3oHa mpuodo-
PBI HY’)KHO HCTIOJIB30BAaTh.

Jlnara3zoHoOM WM TPEAEIOM HM3MEpPEHHs] MPUOOPOB HA3BIBAETCS TO MAaKCH-
MaJIbHO€ 3HAYEHUE M3MEPSEMON BEJIIMYUHBI, IIPU KOTOPOM CTpeka mpudopa oT-
KJIOHSICTCS 10 KOHI[A IIKAJIEL.

Pacdet npon3BOAUTE CIEAYIOMIMM 00pa3oM.

LlIpumep. MomHOCTh UCTIONb3yeMoU Jtamnbl 60 BT, Hanpsikenne ucrounuka 220 B,
COOTBETCTBEHHO, MAaKCUMAaJIbHBIN TOK, KOTOPBIM MOKET T€Ub B IIETH JaMIIbI

] 60 Br
Ly max = —220 B =280 MA,

CJIe0BaTEILHO, IMAa30H aMIIepMeTpa T1okeH ObITh He MeHee 300 MA.
AOcomroTHas omrOKa U3MEpPEHUsl y IAaHHOTO MpUOopa MOCTOSHHAS NpU (HHUK-

CHPOBAaHHOM Mpenenie u3MepeHus. Kak ObUIO cKa3aHO BHIIIE, OHA PaBHA MPEICITy

HM3MEepEeHHUs, YMHOKEHHOMY Ha KJIacC TOYHOCTHU U JieiaeHHoMy Ha 100 %.
OTtHOocHUTeNbHAs OMMOKA JTAaHHOTO M3MEPEHHUs paBHA aOCOJIFOTHOW OIIHOKE,

. Al o
JieJIeHHOM Ha pe3ynbTaT usmepenus: & =—100%.
I

Yem Ooutbliie U3MEepPEHHAs BEJIMUYMHA |, TeM TOYHee OHa omnpenaeisercs. U cie-
JIOBATEIIBHO, HY)KHO M30eraTh TaKMX M3MEPEHUH, ITPH KOTOPHIX U3MepseMas BEIH-
YUHA HAMHOTO MEHBIIIE €€ MPEeIeTbHOr0 3HaYeHUs, T.€. JUara3oHa.

MakcumanbHOE HanpsbKeHUe Ha jtamre Oynet nopsiaka 220 B, cienoBatensHo,
HYKHO MOJ00paTh BOJIBTMETP COOTBETCTBYIOLIETO Anana3oHa (nopsaka 300 B).

3.5. IMoakarw4vyenue BaTTMETpPA B 1CIIb JJId UBMCPCHUA MOIIMHOCTH

BarT™merp, ucnons3yeMmblii B JaHHOW J1abopaTOpHOW paboTe, MHOTOJUara-
30HHBIN WM MHOTOMpEAeIbHbI mpuOop. [ToaBukHasS KaTyIIka BaTTMETpa UMEET
HECKOJILKO Pa3IMYHBIX JT0OABOYHBIX pe3ncTopoB. [logkimtoueHrne 100aBOYHBIX pe-
3MCTOPOB MPUBOJIUT K M3MEHEHUIO JUarna3oHa mpuoopa.

HemoaBsmxHas TOKOBas KaTyIlka TakKe€ COCTOUT M3 JIBYX CEKIIUH, KOTOPBIC
MO>KHO TIOJIKITIOYATh JTMOO MOCIeI0BaTeNbHO, 100 mapamiensHo. [Ipu sTom MeHs-
€TCSl COMPOTUBIICHNE HETIOJIBIXKHON KATYIIKH, YTO TAK)KE MPUBOJUT K U3MEHEHUIO
JauanaszoHa npubopa.

JIo0aBOYHbIE PE3UCTOPHI TIOAKIIFOYAOTCS C MOMOIIBIO pyKOSITKA A (puc. 9). Tle-
PEKITIOUEHUE CEKIM HETIOJBIKHONW KATYIIKH TPOU3BOJAT C TIOMOIIBIO JIATYHHBIX
TUTAaHOK.
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Jlns onpenenenust nuana3ona (mpejaena U3MepeHus) BaTTMETpa HEOOX0IUMO
YMHOXXHTB TIPEJIeNT U3MEPEHUS TI0 HANPSHKCHHIO - YHCIIO, CTOSIIEE MPOTHB TOYKH
Ha PYKOSITKE A, Ha MCHBIIUHA TPEeNl U3MEPEHUs M0 TOKY, €CIH BAaTTMETpP MO/I-
KJIFOYEH B COOTBETCTBHU C puc. 9, a), U Ha OOJBIINI Tpeae] U3MEPEHHUS 110 TOKY,
ecIy MPUOOP MOKITFOYEH B COOTBETCTBHH C puc. 9, 0).

:L ’A ’J Ti i,q. |
. gﬁ J@fé?
= =

a) 0)
Pucynox 9
Y100BI BBIPA3UTH IIOKA3aHUS BATTMCTPA B BATTAaX, HA10 HaWTH HCHY OCJICHUA
npubopa (1.4.). Jdnst aroro auamna3zon BarrmeTtpa Wy Hajo pa3ienuTh Ha MOJIHOE

YHCIIO JIeTeHUH Ha MKaje Npax, T.€. 1. = —2. Toraa mokasanue npubopa X pas-
nmax

HO N'(I.1.), TZIe N - YUCIIO JIeTICHUH, TTOKa3bIBAEMbBIX CTPEJIKOW Mpubopa mpu J1aH-
HOM U3MEPEHUMU.

4. MOPAAOK BBIIIOJTHEHUSA PABOTBI

4.1. BoIACHUTH MOIIHOCTH JaMIbl HakaimuBaHus. OmNpeneauTh MPUTOTHOCTD
JTAHHOTO PE3UCTOpa KaK MOTEHIIMOMETPA pacueToM, MPUBEICHHBIM B MyHKTE 3.4.

4.2. PaccuuTtaTh HEOOXOJMMBIC IWAIa30HBI aMIlepMeTpa U BOJBTMETpPA, CO-
IJIaCHO MyHKTY 3.4, yCTAaHOBUTH UX Ha TpHOOpax.

4.3. BeiOpaTh npesessl U3MEpEeHUs M0 TOKY U 0 HANpPsHKEHUI0 Ha BaTTMETPE
¥ YCTAaHOBUTH MX Ha MpUOOpE, Kak moka3aHo B 1. 3.5. Paccuntarh quanazoH BaTT-
MeTpa.

Pucynok 10

4.4, 3aHecTd B OTYET JIAHHBIE BCEX AJIEKTPOM3MEPHUTEIBHBIX MPUOOPOB: CH-
cTeMy Mpuoopa, KIacC TOUHOCTH, IMAIa30H, YUCIO JEICHUN KAk,

4.5. CoOpathb 3JEeKTPUUECKYIO 1I€Th, COTJIACHO CXeMe, U300paKeHHOU Ha pHU-
cynake 10. [Ipu BKIIFOUCHHH BaTTMETpPA B IIEMb HY)KHO COSIUHATH BMECTE KOHITBI OT
HETOABMYKHOU 1 TTOJABMYKHOM KaTyIleK, 0003HAYCHHBIC 3BE3/I0YKaMHU.
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4.6. Ilepen Tem, kak mojaTh MUTAHWE B CXEMY, HEOOXOAMMO OOS3aTEIHHO
YCTaHOBUTH JBUKOK IIOTEHIIMOMETPA TaK, YTOObI HAIIPSHKEHUE HA HArpy3Ke OTCYT-
CTBOBaJIO (T. €. JBMKOK COBMECTUTH C TOukoi B). [lonaTe HampspkeHne Ha MOTEH-
LUOMETD.

4.7. C noMoIlpl0 NOTEHIMOMETPAa YCTAHOBUTH 3HAUYECHMS HAIPSOHKEHUS Ha
JaMIIe€ HaKAJIMBAHMS 10 YKa3aHUIO MTPENO/1aBaTels.

4.8. JIns Kaxxaoro 3alaHHOTO 3HAYEHUSl HANPSIKEHUS CHATh MOKa3aHUS aM-
epMeTpa, BOJIbTMETPA U BATTMETPA, PE3YJIbTaThl 3aHECTHU B Ta0d. 1.

TaOonuma 1

U AU I Al Wit AW sy Whacu AW,pacy
Ne m.J.=... mJ.=... .J.=...
nen | B B e MA MA e Br | Br | % Bt Br | %
1
2
3

4.9. Ilocne cHATHS TOKa3aHUN TPUOOPOB OTKIIIOUYUTH MTUTAHKE.

4.10. OnpenenuTs IS KaXKJIOr0 U3MEPEHUs] a0COJIIOTHBIE U OTHOCUTEIIbHBIC
MpUOOPHBIE MOTPEITHOCTH aMIIEPMETPa, BOJIbTMETPA U BaTTMETpA.

4.11. PaccuuTaTh ajsi KaxJa0ro M3MEPEHUs] MOIIHOCTD JIaMIIbl HaKaJUBaHUs
10 MOKa3aHUsSM aMIIEpMETPa U BOJIBTMETPA!

Wpiew = 1U.
4.12. OnpenenuTh MOTPEIIHOCTH
AW, . =1-AU+U-Al uneg,

pacu
rae | u U - usmepenHsie 3HaueHus: Toka u Hanpsbkenus; Al u AU - npubopHsble no-
I'PEIIHOCTH aMIIEPMETPA U BOJIBTMETPA,;

AW
e=—".100% =(&+A—Ij -100%.
pacu U I

4.13. Caenatb BBIBOJIBI IO pab0OTE, OKOHYATEIIBHBIM PE3yJIbTaT IMPEACTABUTH B
BUJIE:

Uit Wik = Wit AW ; Wi e, = Wi £ AW ; 5=AV://V-100%-

5. KOHTPOJIBHBIE BOIIPOCBHI

1. OnummTe ycTpOoWCTBO M IPUHLIMI ACHCTBUS 3JIEKTPOU3MEPUTENBHBIX MPU-
O00poB pasznuyHbIX cucTeM. OxapakTepu3yilTe HUX TOCTOMHCTBA M HEIOCTATKH,
YKQXKUTE TPAHUIbI TPUMEHEHUS.

2. JlaiiTe onpeneneHue npeaesna u3MepeHus, EHbl AeJIeHNs], YyBCTBUTEIbHO-
CTH U KJlacca TOYHOCTH 3JIEKTPOU3MEPUTENBHOTO MprUdopa.

3. HapucyiiTe cxeMbl BKIIFOUEHHSI B 3JIEKTPUUECKYIO LIETIh aMIIEPMETPA, BOJIb-
TMETPA, BATTMETPA.
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4, KakuMu JOJDKHBI OBITh BHYTPEHHUE COIPOTHBIICHUS aMIIEPMETpa, BOJIBT-
metpa? [louemy?

5. PaccumraiiTe 1o 3aaHWIO0 TpenojaBaTels MIYHT JUIS amIepMerpa, J100a-
BOYHOE COIPOTHUBIICHUE JIJISI BOJIBTMETDA.

6. [laitiTe onpezenenne paboThl M MOIITHOCTH TOKA.

7. ChopMynupyiiTe TOHATUSI MOITHOCTH MOCTOSHHOTO ¥ ITEPEMEHHOTO TOKa,
JEHCTBYIONNX 3HAYCHU TOKA M HAMIPSDKEHUS, KOAPPUITUSHTA MOIITHOCTH.
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JABOPATOPHAA PABOTA 4
MN3YYEHUE JIEKTPOHHOI'O OCHUJIJIOT' PADA
1. HEJb PABOTHBI

1. O3HakomJIeHHE C YCTPOMCTBOM, HA3HAYEHUEM U MPHUHIUIOM JCHCTBUS
AJIEKTPOHHOTO ociuiorpada.
2. 3Mepenue 4yBCTBUTENBHOCTH ocuiorpada v 4yBCTBUTETIBHOCTH TPYOKH.

2. BUBJINOTPAOUYEKUM CITIUCOK

1 CaBenweB U.B. Kypc ¢usuku: Yueb. mocobue st CTyJAEHTOB BTY30B. - [B
3-x T.]. - T.2: DnextpudecTBo ¥ MarueTusM. Bonnel. Ontuka. - M.: Hayka, 1989. -
496 c.

2 Tpodumona T.U. Kypc pusuku: yue6. mocodbue musa By3oB / T.U. Tpodu-
MoBa. - 19-e m31. - Axkagemus, 2012. — 560 c.

3 Hetnad A.A., ABopckuit b.M. Kypc puzuxu.- Akagemus, 2009. — 720 c.

3. TEOPETUYECKOE BBEJIEHHME

DNEeKTPOHHBIA OcUMUIOrpad) — MHOTO(DYHKIIMOHABHBIN pPalOU3MEPUTEIb-
HBII pUOOp, NMpeIHa3HAYECHHBIN JJI1 HAOMIOACHUSI UMIYJIbCHBIX cUTHaNOB. C mo-
MOIIbIO OCHHIIIOrpada MOKHO HCCIEN0BaTh POPMY KPHUBBIX, ONMUCHIBAIOIINX CHUT-
HaJl, U3BMEPUTH JUIUTEIIBHOCTD, AMIUIMTY1y U YaCTOTY CUTHAJIA.

3.1. OcHoBHbBIE 0,10KH (Y3JIbI) YJTEKTPOHHOT0 ocuuJLIorpaga

OcHOBHBIE OJIOKU AJEKTPOHHOTO ocuuiorpada: 3IeKTpOHHO-JIy4YeBasi TpyoO-
Ka, YCHJINTEH BXOAHBIX CHUTHAJIOB, TEHEPATOp Pa3BEPTKH, OJOK MUTAHUS, CHHXPO-
HU3UPYIOLIEE YCTPOUCTBO.

3.1.1. Dnexkmponno-nyuesas mpyoka

DJNeKTpOHHO-Ty4YeBasi TpyOKa sBIsICTCS TIaBHOW AeTanbio ocimniorpada. Ha
puc. 1 cxemarndecku H300pakeHa KOHCTPYKIMS TPYOKH. BHYTpH CTEKISIHHOTO
0aJuIOHA PaCIONIOKEHbI «IJIEKTPOHHAS MYyIIKa», COCTOALIas U3 HUTH Hakana «H-Hy,
noJiorpeBaeMoro karojaa «K», ynmpapisioniero aiekrpoa «Y 9», IByX YCKOPSIOIUX
AIIEKTPOJIOB — aHOAOB «A1» U «A2» U ABYX Nap OTKIOHAIOMUX TacTu - Il u I1,.
DKpaH 3JIEKTPOHHO-JIy4eBOM TpPYyOKHU TOKPBHIT JIOMHUHOGOPOM, CBETSIIUMCS O]
JefCTBHEM MOMNaIaloLINX Ha HETO AJIEKTPOHOB. [IpOBOIHUKY OT 37IEKTPOAOB TPYOKH
BBIBEJICHBI Yepe3 CTEKJI0 OaJJIoOHa U OPOPMIICHBI CHAPYKU B BUJE IOKOJS TPYOKH.
Buytpenuuii 00beM TpyOKH OTKau€H /10 COCTOSTHUSI BHICOKOT'O BaKyyMa.

DJEeKTpOHHAs MyIIKa CO3/aeT MOTOK AJIEKTPOHOB M (OPMHUPYET €ro B IJICK-
TPOHHBIA JTyd. DIEKTPOHBI, H3Ty4aeMble BCICACTBUE TEPMIIECKTPOHHON dIMHCCUU
katogoM «K», yckopsitoTcsi U (DOKYCHUPYIOTCS B TOHKHM SJEKTPOHHBIA JIyd MpHU
MTOMOIIY HUJIMHIPUYECKHUX DIEKTPOIAOB «YID», «A1» U «Az». KOHCTpyKIIMS MyIIKH
MO3BOJIACT MPOU3BOJUTEH PETYIHMPOBKY SPKOCTH M Pa3MEPOB CBETAIIETOCS MATHA,
CO3/1aBa€MOT0 JJICKTPOHHBIM JIy9OM Ha dKpaHe ocimuiorpada. BHyrpenaue cren-
KU CTEKJISTHHOTO OaJlJIOHa MOKPBIBAIOT TOHKUM MPOBOISIINM CJIOEM, KOTOPBIN HC-
MOJIb3YETCS JJI1 OTBOJIa BO BHEIIHIOKO 1IENb BTOPUYHBIX 3JIEKTPOHOB, BEIOMBAaEMBIX
AJIEKTPOHAMHM JIy4ya C MOBEPXHOCTH SKpaHa, a TAaKXKe AJIsl SKPAaHUPOBAHUS JIyya OT
BHELIHUX IOJIEH.
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Pucynok 1

YrpasieHue dIEKTPOHHBIM JIYIOM, T.€. TIEPEMEIICHUE €T0 M0 3KPaHy B JIBYX
B3aMMHO TICPIEHANKYJISIPHBIX HAIMPaBICHUSAX, OCYIIECTBISCTCS TPH ITOMOIIN
IEKTPUUECKUX MMojei. Ha myTH 3JeKTpOHHOTrO Jyda MOMEMIAIOT OTKIOHSIONINE
mwiactunel [1y u Il,. Kaxxnas mapa OTKIOHSIIOIIMX IUIACTHH NPEACTaBIsET COOOM
IJIOCKUN KOHJIEHCATOP, CO3MIAIOIINNA OJHOPOJAHOE DJIEKTPUYECKOE I0JIE€ Ha IyTH
Jy4a. DIEKTPOHHBIN JIyd MOCIEOBATENbHO MPOXOJAUT CHAYaja MEXIy MEepBOH, a
3aTeM MEXJy BTOPOM MapaMu IJIACTUH, PACIIOJIOKEHHBIX BO B3aMMHO MEPIICH/IHU-
KYJISIPHBIX TIJIOCKOCTSIX. DJIEKTPUYECKOE TOJIE MEXY IIIACTUHAMU KaXJIOW Mapbl
BBI3BIBAET OTKJIOHEHHUE JIEKTPOHHOTO JIy4a U MepeMEIIeHUE CBETAIIEHCS TOUYKH Ha
sKkpaHe TpyOku. [Ipu 3TOM BEpPTHUKAIBHO PACIOJIOKEHHbBIE TIACTHHBI BBI3BIBAIOT
OTKJIOHEHHUE Jiydya B TOPU3OHTAJIHLHOM HampaBieHUU (X - IJIACTHHBI), TOPU30H-
TaJbHO PACIOJIOKCHHBIC TUTACTHHBI - B BEPTUKAIIBHOM HamnpasieHud (Y - TIacTH-
HBI).

OTKJIOHEHHE TOYKM Ha 3KpaHE MPOMOPIIMOHAIBHO BEIMYMHE HAIPSHKCHUS,
MIPWIOKEHHOTO K TUTACTUHAM, W, CIICIOBATEIBHO, MOJOKEHNE TOYKHA Ha DKpaHE B
JTAHHBI MOMEHT BPEMEHH OJHO3HAYHO OMPENEISAETCS B MPAMOYTOJIBHOW CHCTEME
KOOpJIMHAT BEJIMYMHAMHU M 3HAKaMU HANpPsDKCHWM Ha OTKIIOHSIONIUX TUIACTUHAX.
Takum oOpaszom, Oiiarogapss HAIMYUIO B DJIEKTPOHHO-TYYEBOM TpyOKe ABYX B3a-
UMHO TEPIECHIUKYIISIPHBIX CHCTEM OTKJIOHEHUS, YIPABJISIONIUX dJIEKTPOHHBIM Y-
9JoM, Ha DKpaHe MoIydaeTcs BUaAUuMoe n3o0paxxenue rpaduka QyHKIUH.

PaznuuaroT 1Ba OCHOBHBIX peKMMa pabOThI ociiiiorpada.

B mepBoM, OCHOBHOM peXuUMe, UCCIIeNYEeTCs JIUIb OJIUH BHEUIHUW CUTHAIL
[Ipm 5TOM B KadyecTBE BTOPOTO CHTHAJA HMCIOJB3YETCS BBIXOJHOE HAIPSIKECHUE
UMEIOIIEeTocs B ociuiuiorpade reHeparopa pasBEepTKH, OOCCICUHMBAIOIIEE TIEpe-
MEIEHUE JTyda 10 TOPU30HTAJU C IMOCTOSHHOM CKOPOCThIO. Tak Kak darie BCETo
WHTEPECYIOTCS UCCIICTOBAHMEM BHEITHETO CUTHAIA KaK (YHKIIMA BPEMEHH, TO BBI-
XOJIHOE HAIpsDKEHUE TeHepaTopa pa3BEPTKH JICTAI0T JIMHCHHO MEHSIOIINMCS C Te-
YCHUEM BPEMEHHU.

Bo BTOpOM pekrnMe Ha OTKIIOHSIOIINME IUIACTHHBI TOJAIOTCS JBAa BHEIIHUX
CUTHAJIA.
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3.1.2. I'enepamop pazeepmku

['enepaTop pa3BepTKH BbIpadaTHIBAET UMITYJIbChI HAIPSYKEHUS TUI000pa3HOM
¢dopmbl. Ha puc. 2 noka3aHa GyHKUMOHAJIbHAsI CXeMa IeHepaTopa pa3BepTKH, OC-
HOBO KOTOpOTO sIBJIsieTCSl Ln(po-aHaiorosbiil nmpeodpaszosarens (LIAIL) u rene-
paTop JIMHEIHO HapacTalero HuppoBoro Koaa.

Ha BX0J cMHXpOHHM3aTOpa NOCTyNaeT ucciaenyemblii curain. CHHXpOHU3aToD,
B 3aBHCHUMOCTH OT BBIOPAHHOTO peXuMa padOThl (BHYTPEHHSSI CUHXPOHU3ALMS,
KAYLIIUH PEXUM) B OINPEACIICHHBIE MOMEHTBHI BPEMEHU BBIPA0ATHIBAET KOPOTKUMN
MMITYJIbC, IOCTYNAKOUIMI Ha CXEMY 3aIlyCKa.

I'enepaTop pa3BepTku
Cxema I'eneparop
3amycka > KOJa | LAI
* ) Brixos.
Bxoxn CHUHXPOHH- Cxema |« IInnoobpasHoe
= 3a1Op c6poca HaIpsHKeHHE
Pucynox 2

Hamnpumep, npu BHyTpeHHEH CUHXPOHHU3AIMHU (OT CAMOTO CUTHAA), UMITYJIbC
3almycka MOXET BbIpadaThiBaThCs, Korjaa (ha3a MepuoJMYEecKOro CUTHalIa UMEET
CTPOrO ONpEeEICHHbIE 3HAUEHUS C YYETOM MPOU3BOJIBHON KPATHOCTU MPOITYCKOB.
B cnyyae Henepuognueckoro curxaiga (KAyIIMil pexuM) UMITYJIbC 3aIyCcKa BhIpa-
OaTbIBaeTCs, KOI/1a BXOJHOE HANPSKEHHE MTPEBBICUT OMPEIETICHHOE 3HAUEHUE, pe-
IyJIUpYyEMOE PYUKOH «ypOBEHb 3amyckay. HOra ucnosb3yercst Tak K€ U peKuM
BHEILIHEW CHMHXPOHM3AIMH, KOT/Ia 3aMyCK OCYIECTBIISAECTCS MPU MOCTYIUIEHUH MO-
CTOPOHHETO CUT'Haja, BpEMEHHBIE MapamMeTpbl KOTOPOTO KECTKO MPHUBSI3aHbI K HC-
ciegyemMoMmy curtairy. Cxema 3amycka BKJIIOYAET FeHEepaTop JUHEWHO HapacTaro-
miero 1mudpoBoro kona. [lpocrelimas peanusaiusi TeHepaTopa Koja — TaKTOBBIN
reseparop (MMIYJIbCOB) C BO3MOXXHOCTBbIO HM3MEHEHHUs Tepuojia (4acTOThl) UM-
MyJIbCOB B IIUPOKUX Mpejenax (pydka «macmTad pa3BepTku») u cuetduk. [[AII
npeoOpa3zyeT 1udpoBoil Ko B mpornopiroHansHoe Hanpsikenue U (puc. 3), moma-
BA€MOE Ha IJIACTHHBI, BBI3BIBAIOIINE OTKIOHEHHE JIy4a [0 OCU X, BCIIEICTBUE YETO
AJIIEKTPOHHBIN JTy4 COBEpIIAET MPSMOM XO0J1 — MEepEeMEeIaeTcsa 0 TOPU3OHTANIU Clle-
Ba HaIpaBo CO CTPOTO MOCTOSTHHOM CKOpOCThIO — yuacTku A-B u C-D.

Kak Tonbko 1U(PPOBON KOJ JOCTUTHET OMPEAECIIEHHOW BEIMYMHBI, COOTBET-
CTBYIOIIEH KpailHEMy MpPaBOMY TOJIOKEHHUIO AJIEKTPOHHOTrO Jiydya (Touka B u D),
cpabaTbiBaeT cxema cOpoca Koja, ¥ JIyd COBepIlaeT oOpaTHBIM X0 - OBICTPO Tiepe-
MenlaeTcs BJIeBO, B Hauano pa3BepTku — ydyactku B-C u D-E. OOpatnblii xon yda
Ha DKpaHe TPYOKH HE BHJICH, TaK Kak B OoCIWLIOrpade nMeeTcs: yCTpOHUCTBO, racs-
1mee JIyd BO Bpemsi 00paTtHOro xoja (010K ramenus odpatHoro xoxaa). [lumoobpas-
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HOE HANPSDKEHHE JENAI0T CUMMETPUYHBIM OTHOCUTENBHO HYJIA, ITO3TOMY MPHU OT-
CYTCTBUM CUTHAJIA JIyd HAXOAMTCS B LIEHTPE JKpaHa. Jlajiee NUKIbI pa3BEPTKU NEPU-
OJIMYECKU MTOBTOPSIOTCA.

U

B D
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| |
'\/ 'X/
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C E
Pucynoxk 3

OpHoBpeMeHHO mMojaBasi Ha X-TUIACTUHBI HANpsDKEHHE OT reHepaTtopa pas-
BEPTKHU, a Ha ¥Y-TUIACTHHBI — UCCIEAYyEeMOe HANpsHKEHHE, MOJIy4aoT Ha SKpaHe OC-
nuiuiorpada pa3BEepHYTYIO KPHUBYIO M3MEHEHHS HCCIIEIyEeMOTO HampsHDKEHHS BO
BpPEMEHH.

Ecnu uccnenyemsplil epuoauvecKUil Mpolecc UMEET MEpPHOJ, PaBHBINA WU
KpaTHBIN MEepUOJly MUI000Pa3HOTO HAMPSHKEHHUS, TO HAYaJI0 KaXo0ro IUKIIa mepe-
MEUIEHUs JIyda 10 3KpaHy OyleT NPOUCXOAUTh MPU OJHON U TOl ke (ha3e uccie-
JyeMOTO HampspKeHus. Bee muKIibl mpu 3ToM OyIyT TOUYHO HAKIIAIBIBATHCS IPYT HA
apyra, 1 u300paxxeHue MX Ha dKpaHe (ocuuiuiorpamMma) OyAeT Ka3aTbCs HEmo-
JIBIKHBIM.

3.1.3. Ycunumenu 6xoonvix cucnanos

Nwmeromuecs B ocuwiorpade ycunurenu KaHaioB Y U X MO3BOJISIOT yCH-
JUTHh UCCIIEyEeMbIe CUTHAJBI TIepe]] Mojadeil X Ha OTKJIOHSIONIME TuiacTuHbl. K
YCWJIMTEII0 BEPTUKAIBLHOTO OTKJIOHEHUs (Y) B mpodecCHOHANBHBIX OCIUIIIOrpa-
dax (B ToM uncie u MudPOBBIX) MPEABIBISIOTCS UCKIIOYUTEIEHO BHICOKHE TPEOO-
BaHMUSI 110 CTAOMIBHOCTU KOA(D(PHUITMEHTa YCUTICHUS B TUANIa30HE YaCTOT OT HYJIS 70
COTeH Merarepll (IIMPOKOIOJIOCHOCTH) U JuHEHOCTU. TpeboBaHus K YCHIUTEINIO
KaHa1a X 3HAYUTEIIbHO MEHEE CTPOTH.

3.1.4. Baok numanusn

brox nutanus obecneunBaeT MOCTOSHHBIM HAaIMPsDKEHWEM BCE 1LIeTIH Mprudopa
U DJIEKTPOHHO-TTy4€BOU TPyOKU. BJIOK MUTaHUS COCTOUT U3 BBIIPSIMUTENEH U CTa-
OMITM3aTOPOB AJIS MUTAHUS DJIEMEHTOB CXEMBI U YCKOPSAIOMUX U (POKYCHPYIOIINX
AIEKTPOAOB TPYOKH.

3.2. CTpyKkTypHasi cxeMa ocuM/jiorpaga u oprasbl ynpaBjieHust

Ha puc. 4 moka3aHa CTpykTypHasi cxema ocuuiuiorpada, a Ha TIaHIIeTe OKO-
70 J1abopaTopHOi paboThl — (hoTorpadus naHeau yrnpapieHUs MpodecCuoHaIbHO-
ro ocumorpada.

PerynupoBka sSipKOCTH JEKTPOHHOTO Jy4ya M ero (POKYyCHpPOBKa OCYIIECTBIIS-
€TCSl TIPU TIOMOIIU TOTEHIITMOMETPOB «SpKoCTh», «DOKYyCY», 3aTar0IINX HAMPsDHKE-
HUS, TTUTAIONIME COOTBETCTBYIOIINE DJIEKTPOMBI JIEKTPOHHOU TpyOku. IloctosH-
HOE CMENIEHHUE Jy4ya MO0 TOPU3OHTAIU U BEPTUKAIM U3MEHSIETCS C MOMOIIBIO I0-
TeHIMoMeTpoB «bamanc X» u «bamanc Y».
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Hccnenyemoe HampsbKeHHE TIOJACTCsl Ha «BXOJ Y», U Uuepe3 BXOAHOH yCHITu-
TEJb, JIUHUIO 3aJIEP)KKU, U MOUIHBIN yCUJIWTEIh KaHama Y MOCTYyMaeT Ha BEpPTH-
KaJbHO OTKJIOHSIONIVE IJIACTUHBL. Pa3max cuUTHama Ha 3KpaHe Peryaupyercs W3-
MeHeHHEeM K03 (UILIMeHTa YCHIICHUS BXOJHOTO YCUIUTENS C MOMOIIBIO TePeKITIo-
yarenst «Bonbr/nenenuey. Jlunus 3aaepxku He0OOXOAMMA JUIST TOTO, YTOOBI MOYKHO
ObU10 HAOMIOJATh (PPOHTAIBHYIO YaCTh UMITYJILCHOTO CUTHAJIA.

Pesxxum paboThl reHepaTopa pa3BepTKU 33JaeTCs C MOMOIIBIO IMEPEKITIoYaTeNs
PEKMMOB pPa3BEepTKU: aBTOKOJIeOATENbHBIN pexXiM «BHYTpEHHSS CHHXPOHHU3AIHY,
OKAYIIAR» PEeXUM, «BHEIIHSS CHHXPOHH3AIMSD», «OJHOKPATHO», «BX0o4 X». Ya-
CTOTa MUJI000PA3HOTO HANPSDKEHHs TeHepaTopa pa3BEepPTKH 337aeTcsl MepeKIioda-
TeneM «Bpewmsi/neneHue.

/' Bonbt/nenenue
Brixon.
Bxon V| Bxoxnoit TTvEIS Momsbeii | K gractumam Y
| YCUIUTEIIL [P 3a1epIKKH =P! YCUIIUTCIID [r————
KaHata Y KaHai1a Y
Cexkynp/neneHue
CrabuiapHOCTD
YpoBeHb
HenpepeiBHbIH,
SKIYLIUI \
y Brixog.
Bxon X | Cornmacyrompuii ['eneparop K mnactumam X
ﬁ YCUINTCIIb > paSBepTKI/I >
kaHama X 2+
Oo6xox.
K nmactunam X \
Spxocts, \ Beikimrouenue
/ Poxyc pa3BepTKU
Ot cetn
220 B Biok =l [[OCTOSHHBIE HANPSHKEHUS TUTAHUS
> —p 6110K0B ocuuiuorpada 1 SJIEKTPOH-
MATAHWA HO-JIy4eBOH TpyOKH

Pucynok 4

CuHXpOHH3aLMsA C HUCCIECIYEMBIM HAIPSKEHUEM OCYIIECTBIISIETCA C MOMO-
HIbI0 peryiasaTopoB «CTaOMIBHOCTEY U «YPOBEeHb» WM «CHHXpoHM3auus». B pe-
KUME «BXOJ X» I'€HEpaTOp pa3BEPTKH BBIKIIFOYAETCS, & HA TOPU30OHTAIBHBIC IJIa-
CTHHBI YEpEe3 COIVIACYIOIINN YCUIUTENb X MTOAAETCS] CUTHAII OT «BX0Aa X».

3.3. OcHOBHBbIE TapaMeTPbI OCHUIIOrpadoB

1. [Tonoca mponyckaHusi — BayKHEHIIasi XapaKTepUCTUKA IPUOOpa, orpeaens-
eMas KaueCTBOM ycwiauTenen kaHana Y. OrpaHMYMBaeT AMana3oH 4acTOT CHUTHa-
JIOB, UCCJIEIOBAHUE KOTOPBIX BO3MOXKHO Ha JaHHOM THUIIEe ocuusiorpada.
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2. UyBCTBUTENBHOCTh OCHMIIIOrpada - BeIMUrHA OTKJIOHEHHUS JIyda Mo JKpa-
Hy NpU OpuiiokeHUH HampsbkeHus 1 B Ha mamHOoM Bxoxe ocuumiorpada. Uys-
CTBUTEJIBHOCTh OCHIILIOrpada MOKHO M3MEHSTH C MIOMOIIBIO PETYIUPOBKH KO3 (-
(bUIIMEHTOB 0CJIa0ICHUS C TIOMOIIBIO aTTEHI0ATOpa JIN00 KOIPDUIIMECHTA YCUIICHHUS
YCUJIUTENS Ha COOTBETCTBYIOIIEM BXxoze. [l xapakTepucTHKH ocumiorpada
YKa3bIBAETCS BETMYMHA MaKCUMAJIbHON YyBCTBUTEIBHOCTH, U3MEPEHHAs TPU MaK-
CUMaJIbHOM K03(p(PHUIMEHTE YCUTICHHS COOTBETCTBYIOIIECTO YCHUITHTEIIS.

3. MuHUMalbHOE BpeMs pa3BEepPTKH - XapaKTEPUCTHKA T€HepaTtopa pa3BepT-
KU, OTIPEACIISIONasi BO3MOKHOCTh «PACTSHYTh» CUTHAJ BO BPEMCHH.

4. Kpome TOro, BaXHBIMU TapaMmeTpamMu ocHuuiorpada sBISIOTCS: pa3Mep
9KpaHa, BXOJHOE COMPOTUBIICHUE (Y4eM OOJbIle — TEM JIyYIle), BXOAHAS €MKOCTb
(ueM MeHbIIIe — TeM JIy4Ille), MOTpedsiemMast OT CETH MOIIHOCTb.

4. IPUBOPHI U IPUHAJVIEZ KHOCTHU

1. Ocuminorpad.
2. Jlabopatopusiii Tpanchopmatop tumna UIII-YXITY wim 3BykoBO# TeHE-
patop (3I).

5. MOPAJOK BBITIOJIHEHUS PABOTbI
5.1. BkiiloueHnne U HACTPOKA ocUIOrpada

Crnenyer oOpaTuTh BHUMAaHUE, YTO B 3aBHCHMOCTU OT KOHKPETHOTO THIIA OC-
uiorpada, Ha3BaHue pydyeK YIpaBJICHUS U UX PacIlONIOKEHUE Ha MEepeHeN TaHeIu
MOYET MEHSATBCSI, OJJHAKO OOLLNI MOPSIIOK BKIIFOYEHUS U HACTPOMKH — CTaHJAPTHBIM.

Bunky mHypa nutaHus BKIIOYUTH B CeTh. BximounTs TymOnep «CeTb».
JomkHa 3aropetbcsi KOHTpoJibHas jammnouka. [Iporpets 2...3 munyTsl. Ha skpane
JIOJKHA MOSBUTHCS TOPU3OHTAJIbHAS JIMHUS PAa3BEPTKU. Eciii IMHKS HE NOSIBISET-
Csl, TO 3TO SIBJISIETCS CIEACTBUEM OTKJIOHEHMS Jiy4ya 3a MpeJelibl dKpaHa, Ju0o Ma-
JOW SIPKOCTH Jiyya, JIMOO HE3allyCKOM TeHepaTtopa pa3BepTku. B stom ciyuae -
«SIpkoctb» - Ha MakcuMyM. C TOMOIIBIO COOTBETCTBYIOIIMX NEPEKIIFOYATENEH T1e-
pPEBECTU T'€HEPATOP Pa3BEPTKU B aBTOKOJIEOATENbHBIM PEXKUM (BHYTPEHHSS] CHH-
XpoHu3alus), pydky «CTaduiIbHOCTE», « CHHXPOHU3ALMS - 110 YACOBOM CTpEJKe
(Ha MaKCUMyM), pyUKy «YPOBEHbB) - TPOTHUB YACOBOU CTPEIKU (HAa MUHUMYM). {7151
BO3BpauleHus yy4ya pyukn «bamanc X» u «bamanc Y» - mocepenune. Ilocne
HAXOXKJEHUS JIyda YMEHBIIUTh IPKOCTh, OTPETYIUPOBATh (POKYCUPOBKY U YCTaHO-
BUTBH JIMHUIO Pa3BepTKU Nocepeanne skpana. Ocuumiorpag rotos K padbore.

5.2. CHATHE aMIVIMTY/AHON XapaKTePUCTUKU U ONpPejieIeHne
YYBCTBUTEJIbHOCTH OCHHJLIIOTPada

AMIUIUTY/IHAasl XapaKTEPUCTUKA — 3TO 3aBUCUMOCTh pa3Maxa JIMHUU Ha
9KpaHe OT BEJIMUYMHBI HAMPsDKeHUs Ha cooTBeTcTBYOMEM BXoze I(U). Y xoporero
ocmuiorpada aMIUIUTyIHAs XapaKTEPUCTUKA JOKHA OBITh CTPOTO JTMHEHHOM.

CHsTHE aMIUIMTYJTHOM XapaKTepUCTHKU KaHala Y. BBIKIIOUUTH pa3BEepTKYy.
CBeTsIyrocsl TOUKY MPUBECTH B LIEHTP dKpPaHa. Y CTAHOBUTH CPEAHIOI0 BEIUYUHY
ycuienus no kaHaimy Y. CoenuHUTh BXoA Y € KaIMOPOBaHHBIM UCTOYHUKOM ITH-
TaHusA. ATTEHIOATOPOM Ha HCTOYHHMKE TNUTAHUS YCTAHOBUTh MAaKCHUMAIIbHOE
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HaIpsHKEHUE U OTKOPPEKTUPOBATh YCUIICHHE TI0 KaHATy Y Tak, 4TOOBI pa3Max Jin-
HUU HE MPEBOCXOJIWJ pPa3MEpPOB 3KpaHa. [lepekiouuTh aTTeHI0ATOp HA MUHH-
MaAJIBHOC HaHpH)KCHI/Ie, n CTYHquaTO €ro YBeJII/I‘-II/IBaH, YCTaHOBI/ITB COOTBECTCTBUC
MG)KI[y pa3Max0M BepTHKaHBHOﬁ JIMUHUAX W BXOJIHBIM HaHp}I)KeHI/ICM. 3aHOJ'IHI/ITB
Tabm. 1.

TaOonuma 1

Uy, MB ly, MM Uyx, B Ix,, MM

CHATHE aMIUIUTYTHOM XapakTepucThku kaHana X. [loBTopuTk Bce neicTBUs
npenplayIero ad3amna, ToJbko Ui KaHana X. 3anoaHuTh Tadu. 1.

AMITTUTYTHBIE XapaKTEPUCTUKU TpeAcTaBuTh B Buae rpadukos |(U,) u
l.(Uy). Cnenath BBIBOJ O JMHEWHOCTH aMIUIATYIHBIX XapakTepucTuk. [IpoBems
YCPEIHEHHBIE MPSMBIE TaK, YTOOBI OHH IMPOXOJIUIIN MAKCUMAIBHO OJIU3KO KO BCEM
AKCIIEPUMEHTAJIBHBIM TOYKaM, ONPEIEIUTh YCPEAHEHHYIO UyBCTBUTEIBHOCTH OC-

uunnorpada no kananam Y u X no gopmyne: S = SN (M/B).

5.3 OnpenesieHne 4acTOTHI M AMILUIATYAbI HATIPSIKEHU S
B OCBETUTEJBHOM CeTH

Bxi1tounTh pa3BepTKy B aBTOKOJIEOATEIbHBIN peKUM (BHYTPEHHSISI CHHXPOHH-
3alusi), 3alyCTUTh Pa3BEPTKy, MOBEPHYB pYyuKy «CTaOMIBHOCTH» MO 4YacOBOMU
crpenke. Ilepexmtouarens macmTaba pa3BepTKU YCTAaHOBUTH B MoJioxkeHue «1...5
Mc/nenenuey. JIuHuoo pa3BepTKU YCTaHOBUTH MO LEHTPY dKpaHa. [lepeximtounthb
aTTEHI0AaToOp 0JIOKA MUTaHUSI HA MAaKCUMAaJIbHOE HampsbKeHue B pexume «Y». [oa-
KJIFOUYUTH BBIXOJ OJIOKa MUTAaHUS KO BXOAy Y ocuuiuiorpada, mpu 3TOM Ha SKpaHe
JIOJDKHA  TOSBUTBbCS  CMaszaHHas, Oerymas cuHycoupaa. llepekimouaTens
«B/nenenue» ycTaHOBUTH Tak, YTOOBI pa3Max M300pakeHUs] ObLT HE MEHEE TO0JI0-
BHUHBI 3KpaHa. HacTpouTh CMHXpOHHU3ALIUIO: MOBEPHYTh pyYKkd «CTaOUIBHOCTDHY,
«YpOBEHb» MIPOTUB YACOBOI /10 yropa (Ipu 3TOM pa3BepTKa MPONaeT); MeIJIEHHO
Bpaimias pyuky «CTaOUIbHOCTBY JOOUTHCS Haydanda «MepIiaHusy pa3BepTKH; MOBO-
paunBasi pyuky «YPpOBEHb» MOOUTHCS YCTOMYHMBOW pa3BEPTKU M YETKOTO, HEMO-
JABUYKHOTO M300pa)KeHHsI CHHYCOMJIbI Ha sKpaHe. CMEeCTUTh CUHYCOUAY, TaK, YTO-
OBl ee cpeliHee 3HaUeHHE PacIoJiarajioch MOCepPeIMHE dKpaHa.

[lepexntoyass Mmacmitad pa3BepTKH, U3MEPUTH MEPUOJ CUHYCOUIBl C MAKCH-
MaJIbHOW TOYHOCTBHIO. BBIUUCIUTD 4aCTOTY IIEPEMEHHOI0 HaNpsKeHus. M3mMepurh
aMIUTUTYAY HampsikeHus (WM pa3Max — YJIBOCHHYIO aMIUIUTYAy, Kak yJloOHee)
Ha Bxojae Y. 3Hasg kod(DPUUMEHT ociabieHuss O0J0Ka MUTAHUS, BHIYUCIUTH aM-
IJIUTY1Y HaOpsDKEHUS! B OCBETUTENIBHOW CeTH. 3anmucaTh B OTYETE YpaBHEHUE IS
MTHOBEHHOI'O HAaNpsDKEHUS B CETU. BBIUMCINTH JNEHCTBYIOIIEE HAINPSKEHUE B
OCBETHUTEJIbHON ceTH. B oTueTe HapucoBaTh IrpayK MTHOBEHHOT'O HANpSKEHUS
Ha MPOTSHKEHUHU 2-, 3-X TIEPUOJIOB.
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6. KOHTPOJIBHBIE BOITPOCBI

1. YcrpoicTBO M MPUHIUIT IEUCTBUS AIEKTPOHHO-TYyYEBOM TPYOKH OCIUILIO-
rpada.

2. JIBKeHUe 3apsHKCHHOM YacTHUIIBI B DJIGKTPUICCKOM U MATHUTHOM TTOJISIX.

3. Haznayenwne reHepaTopa MuJI000pa3HOro HAPSDKEHUST 1 CHHXPOHU3ATOPA.

4. CtpykTypHas cxema ocruiuiorpada.

5. OcHOBHBIE TapaMeTphl ocuusuiorpada.

6. Kakne xapakTepuCTUKH HEM3BECTHOTO CHTHAJa M KaK MOXHO U3MEPHUThH C
MOMOIIIBI0 ocuuiorpada?
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JABOPATOPHASA PABOTA 5

CHSATHUE I'PAJIYUPOBOYHOM KPUBOM TEPMOIIAPHI
METOJ1OM KOMIIEHCALIUHN

1. HEJIb PABOTbI

1. 3ydyenue MeToaa KOMIIEHCAIIUU JJISI OTIPEACIICHUS SIIEKTPOIBIKYIIEH CH-
JIbl UICTOYHHKA TOKA.

2. UccnenoBanue 3aBUCUMOCTH TEPMOAJIEKTPOABUKYILEH CHIIBI OT Pa3HOCTU
TEMIIEPATyp CIAEB TEPMOMAPBL.

2. BUBJINOTPA®UYECKHUI CIIMCOK

1. CagenwseB U.B. Kypc ¢usuku: y4ued. mocodbue ajis CTYJEHTOB BTY30B. - [B
3-x T.]. - T.2: DnextpudecTBo ¥ MarueTusM. Bonnel. Ontuka. - M.: Hayka, 1989. -
496 c.

2. Tpodpumona T.U. Kypc dbusuku: yued. mocodue mist By3oB / T.M. Tpodu-
MoBa. - 19-e u3n. - Axkagemus, 2012. - 560 c.

3. Hetnad A.A., SABopckuit b.M. Kypc ¢pusukn.- Axagemus, 2009. - 720 c.

3. TEOPETUYECKOE BBEJIEHUE

Jnst onpeneneHrsi BEIUYUHBI JJIEKTPOABIKYIIEH CUIIbI TEPMOIAPbI UCIIOJb-
3yeTCsl METOJ KOMITCHCAllUH, TaK Kak npu usMepenuu IJ]C BOIpTMETPOM Bceraa
BHOCHTCS OIIMOKA, paBHAs MaJICHUIO HAMPSXKEHUSI HA BHYTPEHHEM CONPOTUBIICHUU
TEPMOIIapHhI.

[IpyuHIMIT U3MEPEHUN METOJIOM KOMIICHCAIMM MOXHO IOSICHUTh HA TIPUMEPE
CXEMBbI, TOKa3aHHOU Ha puc. 1.

_|E
A fol B ERQ,

B4
|

Pucynok 1

[IpuHIMO U3MEPEHHUI METOJIOM KOMIIEHCAIIMU MOKHO TMOSICHUTh HAa MPUMEPE
CXEMBbI, MOKa3aHHOi1 Ha puc. 1.

Ecmu 3/1C ucrounuka Ex menpmie, yem DJIC Garapen E, TO MOXHO moj10-
Opath Takue COMPOTUBIIEHUS PE3UCTOPOB R1 1 Ry, 4TOOBI MafeHne HaANPsDKEHHS Ha
pesuctope Ri ObUIO paBHO 3MEKTpOABMXKYIIEH cuie Ex. B 3Tom ciydae Tok Ha
yuactke AE,B He mpoTekaer, 4To JETKO MOKHO OOHAPYXHUTh C MOMOIIBIO HYJIb-
ranbBaHoMeTpa [, BKIIFOUEHHOTO B 1ienb Ha 3ToM y4dacTtke. 3Had OJIC E u BHYT-
pPEHHEE COMPOTHUBIICHHE I OaTaper, a TakKe COMPOTUBIICHUST pe3ucTopoB Ri u Ry,
MOYHO C OOJIbIIION TOYHOCTBIO paccuutatrh Ex. [lo 3akoHy Oma TOK B KOHType
AR;1BR:EA paren
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E
== 1)
R +R,+r
quTBIBaH, 4dTO INAaACHUC HAIIPAKCHHA HA COIIPOTHBIICHHUH R]_ PaBHO EX, 3a-
nMmemM

E =Ry (2)
Pemmast coBmectHo (1) u (2), morygaem
B ~E—— b . )
R +R,+r

Y1oObl HE BHOCUTH B PE3yJbTaT U3MEPEHHs OIIUOKY, CBSI3aHHYIO C M3MEHe-
HueM DJ[C HCTOYHMKA C TEUEHHEM BPEMEHH, B IIEMb BKIIOYAIOT CUMMETPUYHO
tepmonape Ex HopManbHbIi 3nemeHT E,, Benmnunna 3/1C KoTOpOro cTporo mnocro-
ssaHa (puc. 2).

l! EH
— S
e
R E Ra E
£
'l
Pucynok 2

BxiirouuB B 1€Mb C MOMOIIBIO TEPEKUIHOTO KiItoUa K HOpMaJIbHBIN 3JIEMEHT,
MOKHO MOJ00paTh Takue 3Ha4eHs conpoTuBieHU Ri' u R', 4ToOBI TOK uepe3
raJlbBaHOMETp He mnpoTekan. Torma cornacHo (3) Oyaem uMeTh

E,=E, . " (4)
R +R,+r
Pemast coBmectHo (3) u (4), moydaem
E —E R(R,+R,+Tr) (5)

= :

R(R,+R, +r)

B ypaBuenun (5) O/IC umcrounuka E, ¢ TMOMOIIBIO KOTOPOTO JOCTHrajaach
KOMIICHCAIIHSI, OTCYTCTBYET.

4. MTIPUBOPHI U INTPUHAIJIE2XKHOCTH

1. UcTOYHMK MUTAHUSI TOCTOSHHOTO TOKa (BCromMoraresbHas oarapest).

2. HopmanbHbIN 271€MEHT.

3. MarasuH pe3ucTopoB.

4. IByXHOJIOCHBIN NEPEKITIOYATEND.

5. CrtangapTHas TepMoIiapa.

6. MUIMBOJIETMETP, MPOTPATyHPOBAHHBIN HA CTAaHAAPTHYIO TEPMOIIAPY .
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7. Uccnenyemas Tepmomnapa.
8. DnekTpuyeckas meys.
9. 'anpBaHOMETD.

5. OIMCAHHUE YCTAHOBKHA

Jlnst uccnenoanus 3asucuMoct /1C TepMoniapbl OT pa3HOCTH TEMIEparyp ee
CIIaeB UCIIOJIB3YEeTCs SJEKTPUUECKast ETb, CXeMa KOTOpOoM n300pakeHa Ha puc. 3.

)
O/ 1 i J, ST
[N Vo)
EHJ._ K T, T,
R T
g 11
Ry
~220 B
Pucynok 3

3nech E - BcomoratenbHasi Oarapesi; £y - HOpMabHBIA 35ieMEeHT BecToHa,
ero OJIC npu temneparype 20 °C paBna 1,0183 B; mpu apyrux temmeparypax
OJ1C HOpMabHOTO AJIEMEHTa onpeenseTcs no Gopmyse

E, = 1,0183 — 0,0000406(T — 20 °C) (B),

rae T - temneparypa, °C; Tx - uccnenyemas tepMmonapa; 7. - cTaHgapTHas TepMo-
rapa, MOJAKJIFYEHHAs K MUJUIMNBOJIBTMETPY; C MOMOLIBIO 3TOM TepMONapbl U3MEPSI-
€TCs Pa3HOCTh TEMIIEPATYP MEKIY TOPSYUM cliaeM (TOMEIICHHBIM BHYTPH TICUN) U
XOJIOAHBIM (HAXOISAIIMMCS TIPU KOMHATHOU Temrieparype); K - mepekirouaTelib; C
€ro IMOMOIIBIO B LIENb BKJIIOYAIOT MOOYEPEAHO HCCIECIYEMYIO TEPMOIIApy U HOp-
MaJIBHBIN 3JIEMEHT M CUMTAIOT, YTO UCCIEAYEMask TEPMOIIapa UMEET TaKyI0 ke pas-
HOCTh TEMIlepaTyp CIaeB, Kak M KOHTpoJdbpHas; Ol - snextponeub ¢ pabouum
HamnpsbxeaueM 220 B.

6. HOPAJOK BBIIIOJTHEHUS PABOTbI

1. IIpoBeputs 11enb 1Mo cxeme (puc. 3).

2. [TomecTuTh B AJIEKTPOIIeYb Cllau KOHTPOJIBHOM U HCCIIeTyeMOi TepMomnap.

3. IloctaButhk nepexiarodatesib K B mosioskenue 1 (mpu 3TOM B IIeMb BKIIIOYA-
eTcss HOpMalibHBIN 35eMeHT Ey). [lomoOpath compoTuBieHHs Ri' Tak, 4ToObI TOK
yepe3 rajbBaHoMeTp I’ oTcyTcTBOBal. BenumuumHa comnpoTtuBiieHus Ri' mnpu 3tom
MOPSIKA HECKOIBKHUX ThIcad OM.

4. BKIIIOYMTB B CETh JJIEKTPOIeYb U, JaB eif HarpeThes Ha 100 Bole KoMHaT-
HOM Temmeparyphl (4To OyaeT OTMEUYEHO C ITOMOIIbI0 KOHTPOJBHOM TEpMOIaphl U
COCIMHEHHOTO ¢ HEI0 MUJUTMBOJIBTMETpA), n3Meputh DJIC uccieayeMoit TepMorna-
pbl. Jlis sToro nepexitoyatenas K MOCTaBUTh B MOJIOKEHHWE 2 U CHOBA IMMOJI00paTh
R1 Tak, 4TOOBI TOK Yepe3 TrajibBaHOMETP He mpoTekal. [Ipu 3Tom BennunHa conpo-
TuBJeHUS R; mopsiaka equaui] OM.
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5. [ToBroputs usmepenus I/1C tepmonapbl NpHU YBEIUYEHUH PA3HOCTH TEM-
neparyp AT ee cnaes uepes kaxanie 10°,

6. DJ1C uccnemyeMoit TepMonapbl BEIYUCIUTH 110 Gopmyte (5).
7. Pe3ynbTaThl ©13MEepEeHUN U BIUUCICHUN 3aHeCTH B Tad. 1.

Taoauma 1

Ey,

R,, R,, r, AT, Ry, Rz, Exi, ai Ao
mB OM OM Om °C OMm OmMm MB MB MB
°C °C

8. o mosmy4eHHBIM aHHBIM TOCTpouTh Tpaduk Ex = f(AT), oTkiaapiBas mo

ocH abCIUCC 3HAYEHUS pa3HOCTU TeMmrepaTyp AT cmaeB, a o OCH OpAMHAT - Tep-
MORJIEKTPOABKYIIYIO CUTy Ey.

9. s Bcex 3HaueHwit Ex = f(AT) HaiiTm MOCTOSHHYIO TepMONaphl O IIO
(E X)I

dbopmyne , _
4 (aT)

10. Onpeaenuts <a>.

11. Berauciauth <Ao™> METOJIOM CPEAHUX 3HAYCHUM.

12. Cnenath BBIBOJI 11O pabOTE U PE3yJIbTATHI IIPEACTABUTH B BUJIC
<Aa >

a=<a>F<Ao> &&=——

<a>

7. KOHTPOJIBHBIE BOITPOCHI

1. TlosicHUTEe MPUHIIUIT METOa KOMIICHCAIUH.
2. Kakoe mpuMeHeHHe HaXOAAT TepMOTIaphl?

-100%.

3. [losicauTe, M1 Yero B IEMb BKIIOYAIOT HOPMaJIbHBIN JIEMEHT?

4. Kakas BennunHa Ha3bpIBA€TCA MOCTOSTHHOM TepMonapbl? OT 4ero oHa 3aBH-
CUT U B KaKMX €IUHULAX U3MepsieTcs?
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JABOPATOPHASA PABOTA 6
I'PAAYUPOBKA TEPMOIIAPBI C HOMOIIBIO BOJIBTMETPA

1. HEJIb PABOTbI

HccnenoBanue 3aBUCHMOCTH IEKTPOABHIKYILEH CHIIBI TEPMOIAPHI OT Pa3HO-
CTH TEMIIEPATYP €€ CIAEB.

2. BUBJINOTPA®UYECKHUI CIIMCOK

1. CasenbeB U.B. Kypc pusuku: yueb. mocodue 1j1si CTYyJIEHTOB BTY30B. - [B
3-x T.]. - T.2: DnextpudecTBo 1 MarueTusM. Bonuel. Ontuka. - M.: Hayka, 1989. -
496 c.

2. Tpobumona T.1. Kypc busuku: yued. nocooue maist By3oB / T.U. Tpodu-
MoOBa. - 19-e u3n. - Akagemus, 2012. - 560 c.

3. Hetnad A.A., SABopckuit b.M. Kypc ¢usuku. - Akagemus, 2009. - 720 c.

3. TEOPETUYECKOE BBEJIEHUE

Ecnu n3 nByX pa3snuyHbIX METAJUIOB WJIM MOJYNPOBOJIHUKOB COCTABUTH 3a-
MKHYTYIO IIeTlb M1 MeCTa KOHTAKTOB (CIlan) MOJACPKUBATH IIPH Pa3HBIX TeMIIepa-
Typax, TO B LIENMA BO3HUKAET JJICKTPUUECKAN TOK. Ero Ha3pIBalOT TEPMOTOKOM, a
OTIMCaHHOE BBIIIE YCTPOUCTBO - TepMoIiapoii. B TepMonape npoucxoauT npeoodpa-
30BaHME TEIIOBOW YHEPTUU B DJICKTPUUECKYIO!

K

n
E. =—In—+(T,-T,), 1
PN )

TJIE e - 3apsi]l AJIEKTPOHA; K - mocTosiHHas bosbivMaHa; Ny, Nz - KOHIEHTpAIKs CBOOO/I-
HBIX 3JIEKTPOHOB B KAX0W U3 BETBEU TepMonapsl; 71 U 1> - TEMIIEpaTyphl CIIAEB.
n

K o
Benmnunna o = —In— Ha3wiBaeTCs MOCTOSHHOM TEPMOIIAPHI.
€ N
2

3.1. Onpenesnienue 3IeKTPOABHKYIIEH CHJILI TEPMONIAPHI
¢ NIOMOLIBIO BOJILTMETPA

DNEKTPOABMKYLIYIO CHUIIY TEPMONApbl MOKHO U3MEPATHh BOJIBTMETPOM, €CIIU
€ro BHYTPEHHEE CONPOTUBIIEHUE JIOCTATOYHO BEJIMKO IO CPABHEHHIO C BHYTPEH-
HUM COIPOTUBIIEHUEM TEPMOIIAPHI.

CocTaBUM SJICKTPUYECKYIO IEMb W3 UCTOYHUKA TOKA (C AJIEKTPOABHXKYIICH
CWIOW £ M BHYTPEHHHM CONPOTUBIEHUEM I W BOJIBTMETPA, BHYTPEHHEE COIPO-
TUBJICHHE KOTOporo Rg (puc. 1).

Conporusienne noasoasmux nposogos R. CornacHo 3akony Oma

E=Ir+IR+ IRg, )
rue
Ug = IRg; (3)

- IaJACHHUC HAIIPSKCHUSA Ha BHYTPCHHEM COIIPOTHUBJIICHUHN BOJIBTMETPA.
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Pucynox 1

[Ipu n3mepenun I1C TepMonapsl BOJITMETPOM, MOIPA3yMEBAETCS, UTO
UB =F , (4)
T.C. JOIIYCKACTCA CUCTEMATHYCCKaAs 0HII/I6Ka
AEc=I(R +7), (5)
qTO B HpOI_[eHTHOM OTHOIIICHUH K H3M€p51€MOfI BCIIMYHNHC E COCTABJISAACT

502%'100%,

rB+ R (6)
-100%.

WIH Oy =
B
CompoTuBIICHHE BETBEW TepMoOMaphbl ' U COMPOTUBIICHUE TOIBOISAIINX IPO-
BomoB R - manel (=102 Owm). Ilpu BHYTpEHHEM CONpPOTHBIECHHUHM BOJIBTMETPA
Rg ~ 10° OM cucremaTHueckas omroKka oKa3bIBaeTCsl HE3HAYUTEIHHOIN:

8c = (10%/10°)-100 % = 10° %. (7)
4. OIMCAHME YCTAHOBKHA

[IporpagyupoBaTh TEpMOIIApy - O3HAYAET IMOJIYYNUTHh 3aBUCUMOCTh €€ TEPMO-
OJ1C Ex ot paznoctu Temneparyp crnaeB AT.

B nannoit pabore TepmoD/IC 1 pa3HOCTh TeMmepaTyp CrHacB ONPEISsiOT C
IIOMOIIBIO OJTHOTO U TOT'O YK€ BOJBTMETPA.

Jns u3MepeHus pasHOCTH TEMIIEpaTyp CIIA€B UCCIIEAYEMOW TepMOIIapbl HC-
IIOJIB3YIOT KOHTPOJIBHYIO XPOMEJb-KOIIEIIMEBYI0 TEPMOIIapy, I'pagyupOBOYHAs
KpHUBasi KOTOPOM 3aaHa rpa)uueCcKy U B BUJI€ TAOJIHIIBI.

Cnan KOHTpONBHOW A W HCCAenyeMou B Tepmomnap NoMemaroT B Y3KyH U
JUTHHHYO TIe4b, T. €. IOJICPKUBAIOT IIPU OJIMHAKOBOH Temrieparype Tx (puc. 2).

~220 B

T,

A Ty

Hl#ﬂz

7

Pucynok 2

Konusr Tepmonap C u D BeIBOIAT HapyKy U NOIAEPKUBAIOT PU KOMHATHOM
temneparype 71. C nomombto nepekntoyarens 11/, BOIbTMETP MOKHO IOJKIIIO-
4aTh ITIO0OYEPEIHO TO K OJHOM, TO K APYTOM TepMoTape.
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N3mepus O/1C KOHTPOIBHOM TEPMOIIAPHI, 10 TPATYUPOBOYHON KPUBOM Ompe-
JENAI0T pa3sHOCTh Temneparyp A7 ee craeB, a CIeqOBaTEIbHO, U CIIAEB UCCIENye-
MOW TEPMOTAPHI.

5. MIPUBOPBI 1 ITPUHA IVIEZKHOCTH

1. CrannaptHas (XpoMesb-KOIelIneBas) TepMorapa.
2. JIByXIIOJIFOCHBIN TTepEKITI0YaTeb.

3. DIeKTponeyb.

4. Uccnenyemas Tepmoriapa.

5. BompT™eTp.

6. HOPAJOK BBIIIOJTHEHUS PABOTbI

1. BKITIIOUUTH 3JEKTPONEYb U HATPETh €€ 10 YKa3aHHOW Ha YCTAaHOBKE TEMIIe-
paTyphl.

2. Nzmeputh BombT™MeTpoM DJIC Ex uccieayemoi TepMonapsl (mepexioda-
TEJIb B TOJIOKCHUH 117).

3. Usmeputp DJIC E KOHTpPOJBHOU TepMomaphl (MEpEeKI0YaTeNlb B MOJI0XKE-
uue Ih).

4. BBIKJIIOUMB T1€Yb U3 CETH, IPOBECTH MOMapHbIe n3MepeHus: Ex u E no 1.1
2,3 yepe3 Kaxayro MUHYTY JI0 TeX IOp, MOKa TeMIeparypa BHYTPHU €YU HE CTaHET
IIOCTOSIHHOM.

5. [To rpagyupoBouHOMYy TpaduKy XpOMETb-KOMEINEBOM TepMOomaphl Ompe-
JNEIUTh pazHocTU Temneparyp AT = 17 - T1 Wit BceX U3MEPEHHBIX 3HadYeHu. Pe-
3yJbTaThl 3aHECTHU B Ta0. 1.

Tadonuma 1

Ne omeiTa Ex, MB E, MB AT, K a,MB/ K
1

o O B W N

7. Tlo pe3ynbraTam U3MEpPEHUI M BBIYHUCIICHUH TIOCTpOouTh rpaduk Ex=f(AT).
8. BeruncnuTh cpeHee 3HaUCHHE TIOCTOSTHHOM TepMonaphl <o™>.
9. Caenathb BBIBOJIBI O paboTe.

7. KOHTPOJIBHBIE BOITPOCHI

1. Onumurte u3BecTHbIE MeTOIbI U3MepeHus: DJIC, mpoaHaIM3UpynTe UX J10-
CTOMHCTBA U HEIOCTATKH.

2. O6ocHyiiTe ToyHOCTH, MeTona u3mepeHuss DJ{C UCTOYHHMKA C MOMOUIBIO
BOJIBTMETpA.

3. Onummre ycTpoicTBO M Ha3HAUYEHUE TEPMOMaphI.
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JABOPATOPHASA PABOTA 7

OIIPEJIEJIEHUE 'OPU30OHTAJIBHOM COCTABJISIIONIEN
BEKTOPA UTHAYKIHNU MATHUTHOI'O IOJIA 3EMJIN

1. HEJIb PABOTbBI

OcBoUTh METOJ| ONPEACIICHUSI TOPU30HTATIBLHOM COCTABJISIIONICH BEKTOpA WH-
JYKIMY MAarHUTHOTO TOJIs1 3EMJIU U TIOJIYYUTh €0 3HaUYCHHUE.

2. BUBJIMOT PA®OUYECKUN CIIUCOK

1. CaBenbeB U.B. Kypc ¢usuku: y4ued. mocodbue i CTyIEHTOB BTY30B. - [B
3-x 1.]. - T.2: DnekrpuuecTBo U MaruetusM. Bomubl. Ontuka. - M.: Hayka, 1989. -
496 c.

2. Tpodumona T.U. Kypc buzuku.- M.: Beici. mk., 1998.- 542 c.

3. TEOPETUYECKOE BBEJIEHUE

3emiii uMeeT Qopmy diuHMIcouaa BpaiieHus. Ecnu npeneOpeub ee cruio-
IIEHHOCTBIO (Pa3HOCTh PaJMyCOB Ha 3KBATOPE W MOJIOCAX cocTaBisier 21 k),
3eMIII0 MOKHO MIPUHATH 3a map. Bpamaroniuiicss 3eMHOW 1ap HAMarHW4eH U 00-
JAJaeT MarHUTHBIM MOJeM. MarauTHoOE oJje mapa NpakTHYeCKH COBIAAAET C IO-
JIEM CTEpP’KHEOOpPa3HOr0 MArHWTa WJIM JMIONS, PACIONIOKEHHOTO B €ro ILEHTPE.
[TosTOMy 3eMIII0 MOKHO paccMaTpUBaTh KaK TMTAHTCKHM MAarHuT, KOTOPBIM CMe-
mien npuMmepHo Ha 400 kM OT mEHTpa MiaHETHl B CTOPOHY THXOro okeaHa U
HAKJIOHEH K OCH BpAIIeHUs 3eMIU MpUOImM3uTeasHo mof yrnom 12°. Touku Ha mo-
BEPXHOCTH 3€MJIM, B KOTOPBIE MPOEKTUPYETCS OCh TAKOI'O JUIIOJS, HAa3bIBAKOTCS
r€OMAarHUTHBIMU TorocaMu. Crenyer UMeTh B BUJY, YTO B CEBEPHOM IOJIYIIAPUN
PACIIOJIOKEH FOYKHBIM MAarHUTHBIN MOJIIOC, a B 10KHOM - CEBEPHBII.

JEMHAA OCk

MarHuTHaA ock

NT s
Pucynok 1

Ecnu nmoaBecuTs MarHUTHYIO CTPEJIKY TaK, 4TOOBI OHA MOTJIa CBOOOJTHO Bpa-
IAThCS BOKPYT LIEHTPA TSHKECTH, TO OHA YCTAHOBUTCS [0 HAIIPABJICHUIO KacaTellb-
HOM K CHMJIOBOM JMHHUM MAarHUTHOTO MOJIS B JJAHHOM TOYKE 3eMJIM. | eOMarHuUTHEBIE
MOJIFOCa HE COBMAJAIOT C Teorpad@uuecKuMH. YTOJI MEXIy reorpaduueckuM u
MarHMUTHBIM MEPHJIHaHaMHU B JIIOOOM TOUYKe IUIaHeThl (KpOMe MOJIIOCOB) Ha3bIBACT-
csl MacHuUmuwuIM ckionenuem D. Ecnu cTpenka kommnaca OTKJIOHSETCS K BOCTOKY, TO
CKJIOHEHHE CUMTAETCA MOJIOKUTEIBHBIM, €CJIA - K 3aIaay, TO - OTPULIATEIbHBIM.
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Crpernka, yKperuieHHasi Ha BEpTUKAJIbHOW OCH, PaCIIOIOKEHHOM NEPIeHINKY-
JSIPHO K reorpaguueckoMy MepuauaHy, HAKJIOHSETCA IMOJ HEKOTOPBIM YIJIOM K
TOPU30HTAIILHOW TOBEPXHOCTH. OTOT Yrojl MOJYYWJI Ha3BaHUE MACHUMHOZO
Hakaonenuss 1. OHO IOJIOKUTENBHO, €CJIM CEBEPHBIM KOHEI| CTPEJIKM HaIlpaBileH
BHYTpPb 3€MJIH, 1 HA00OPOT.

BGKTOp WHAYKIOUHA MAaroHuTHOT'O ITOJIA 3emin B moxHO Pa3J0KUTh Ha IBC CO-

—

CTaBJIAIOIINE. TOPU3OHTANIBHYIO0 B, u BepTuKanbHyo B, . Eciim MarnuTHas ctpen-

Ka MOXET BpalllaThCsl TOJIBKO BOKPYT BEPTHUKAJIBHOW OCH, TO OHA OyJeT yCTaHaB-
JIUBATHCSl TOJBKO MOJ JIEMCTBHEM TOPU30HTAJIBHOW COCTABIISIONIEH BEKTOpA WH-
JTYKIIMA MAarHATHOTO MOJIsi 3€MJIM B TJIOCKOCTH MAarHUTHOTO MepuauaHa. I opu3oH-

—

TaJIbHas cocTaBisitomas By, maruuTHOe ckioHeHue D u Hakimonenue | Ha3bIBaIOT-
Csl anemMeHmamu 3emMHo2o macHemusma. Ha puc. 2 mokazaHo pa3ioKeHHE BEKTOpa
MAarHUTHOW MHAYKIHHU B Ha OpTOrOHaJIbHBIE KOMIOHEHTHI X, Y, Z U 3JEMEHTHI
I§O, D, | nns mpousBoiabHOM TOYKKM () CEBEPHOIO MOJyIIapHs. Y CTaHOBIICHO, YTO
BCE IIOKAa3aTeJIM 3€MHOI0 MArHUTHOI'O MOJS MOHOTOHHO HM3MEHSIOTCS M3 Toja B
I'oJI, U3 CToJeTHs B cToneTue. OMHAKO MAarHUTHOE I0JIC 3EMJIM MOKET M3MEHSITHCS
1 33 KOPOTKOE BPEMSI: OT HECKOJBKUX JHEW 10 TOJEH CEKYH/IbI.

Hamparmerme ma Hamparmesme Ha 300 HEG
CEEBRPHEL Te0TE. TG

D

PucyHok 2
4, TIPUBOPHI U ITPUHAVIEXKHOCTH

1. TanreHc-ranbBaHOMETD.

2. Kommnac.

3. AMmnepMmerp.

4. Peocrar.

5. UeThIpeXIOaOCHBIN NEPEKITI0YATEb.

6. [IpoBOgHUKH.

/. ICTOYHUK TUTaHUS.

PaccMOTpuM KpyroBo# MPOBOAHUK (TaHI€HC-TaabBaHOMETP) M3 N BHUTKOB,
JIOCTATOYHO IJIOTHO HNPHJIETAIOIIUX APYT K APYTY, PACIION0KEHHBIX BEPTUKAJIBHO B
IJIOCKOCTA MAarHUTHOTO MepuauaHa. B 1ieHTpe NmpoBOJHMKA MOMECTUM MarHuT-
HYIO CTPEJIKY, BpPAIlarolIyocsi BOKPYT BepTHUKaIbHOM ocH. [loka TOK Mo Karyuike
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HE MPOITyCKAETCsl, CTPEIIKA PACIoNiaraeTcs B INIOCKOCTH MAarHUTHOTO MepuanaHa (B
TUTOCKOCTH Karyiiku). Eciii mo Karymke mpomycTHTh TOK |, TO B OKpyKaromem
KATYILIKYy MMPOCTPAHCTBE BO3HUKAET MAarHUTHOE I10JI€, BEKTOP UHAYKIHHA KOTOPOTO

B« Oyzer HampaBieH NEPNEHIUKYJSPHO K IUIOCKOCTH KPYrOBOI'O IPOBOJHUKA.
Takum 00pa3om, Ha CTpeNIKy OyayT NEeWCTBOBATH JBa B3aUMHO IMEPIEHIUKYISP-
HBIX IIOJISI. MarHUTHOE Tosie 3eMiM (ero TOpH30HTaNbHAs CoCTaBisiomas By) u

—

MarHuTHOE I10JI€ KpyTrOBOro Toka By .

BexTtoppl MarHuTHOM MHAYKLIHMHM JTHX IOJEH B3aMMHO IIE€PIICHIUKYJISIPHBI.
Crpenka yCTaHaBIMBAECTCS IO HAMPABICHUIO PE3YJIBTUPYIOLIErO BEKTOpa I§P
BJI0JIb TMArOHAIM MapajuleJorpaMMa, CTOpOHaAaMH KOTOpPOro OyayT BEKTOpPbHI Mar-
HUTHOU UHIYKIIMH I§OH I§K.

Ha puc. 3 mokazaHo ceueHne KaTyIku TOPU30HTAILHOM MJI0CKOCTHI0. BekTop
I§o - TOPU30HTAJIbHASI COCTABIISAIONIAs BEKTOPA MHAYKIIUA MAarHUTHOTO TOJS 3EMIIH,

—

BK - BCKTOPp HHAYKIIMKU MAaIrHUTHOTO IIOJI KAaTYIIKH.
I 02

—
Bo

I

I
L]
I I;I y

p

—sy

e T By

Pucynok 3
N3 pucynka BUIHO, 4TO
Bk = Botg B (1)
Ha ocHoBanum 3axona buo-Caapa-Jlannaca 3HaueHue BEKTOpa UHAYKLWA B
IIEHTPE KPYTrOBOTO BUTKA C TOKOM BBIYHCIIACTCS 1O (hopMyIie
B, = M )
2R
7€ |\ - MArHUTHAS IPOHULAEMOCTh cpebl (Ui Bo3ayxa p= 1); no = 4nl07' I'n/m -
MarHuTHasi IOCTOSIHHAS;, N - YUCIIO BUTKOB B KaTyIike; R - pagnyc BUTKA.
[TpupaBHsB npaBbie yacTu Boipakenuit (1) u (2), momydum

HoN!
= B.tgs,
R olaf

OTKy/a
o= ®
2Rtgp
Takum 00pa3oM, 3Has BEJIMYHMHY TOKA, IPOTEKAIOIIETO MO KATYIIKE, PaarycC
BHUTKOB U HM3MCPHB OTKJIIOHCHHC MarduTHOM CTPCJIIKH, MOXHO OIIPCACIUTL I'OpHU-
SOHTAJIbHYIO COCTABJIAIOITYIO BEKTOpPAa HHAYKIIMWU MArHUTHOI'O TTOJISA 3eMiIn.
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5. HOPAAOK BBIIIOJTHEHUS PABOTbBI

1. 3aHecTd B OTYET NaHHBIE DJIEKTPOM3MEPUTEIBHBIX MPHUOOPOB: CHUCTEMY,
KJIACC TOYHOCTH, JIMAIa30H, YUCIIO ACIICHUNA IIKAIIBI.
2. BoiOpathb nuarna3on amnepMerpa. Paccuntars 1ieHy JelieHHs aMIepMeTpa.

3. Haiitu npubopHyto norpemHocts Al amnepmerpa u APy, komnaca.
4. ITpoBepUTh ICKTPUUYCCKYIO IIETh Ha COOTBETCTBHUE e cxeMe (puc. 4).

Pucynoxk 4

5. C momompi0 peocrata yCTAaHOBUTH CIICAYIOIINE 3HAYCHHS YTIIOB OTKJIOHE-
Hus cTpenku komnaca: 30°, 450,

6. CHATH OKa3aHUs aMIIEpMETpa U 3aHECTU uX B Taou. 1.

7. IToMeHsITh NOJSPHOCTH MOAABAEMOT0 Ha TAHTEHC-TAIbBAHOMETP HarmpsiKe-
HUS C TIOMOIIBIO YEThIPEXITOIIOCHOTO MEPEKITI0YaTEeIs.

8. C momoIipio peocraTta yCTAaHOBUTH 3HAUCHUS YIJIOB OTKJIIOHEHUSI CTPEIKU
xomnaca: -30°, -45°, [Tokazanus ammepmeTpa 3aHecTH B Taou. 1.

9. Boruuciauts By - BenTuYnHY ropu30HTAILHON COCTABJISIONIEH BEKTOpA WH-
AYKIAW MarHUTHOTO 1ot 3eMiiu 1o popmyite (3) 1ist KaXKaoro u3 yrios.

10. C wmenplo yMeHBLIEHWS CHCTEMAaTHYECKOM OIMMOKM' HalTH cpemHue
apu(pMeTHIECKHE 3HAUCHUS BEKTOpa MAarHUTHOW WHAYKIMH <Bo> mnmsa kaxmon
napsl yriaos 30° u -30°, 45° u - 45° cooTBeTcTBEHHO. CpenHue 3HAYEHHS 3aHECTH
B TaOIMILy.

11. OnpeaenuTh aOCOMIOTHYIO MOTPEIIHOCTh

AB, = <Bo>(AIIHP + Aim’ + iﬁé’;j

12. HaiiT OTHOCUTENBHYIO OMIMOKY pe3yibTaTa AJisl KaXI0i mapbl YIriioB 10
bopmyie

AB0 — A|17P +AR17P +2-Aﬂ17P 100%,
(By) I R  sin2p

E =

rne Afp - IpuOOpHas NOTPENIHOCTh KOMIIAca, BEIPAXKEHHAs! B pajiuaHax.
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13. BeiOpaTh U3 paccuMTaHHBIX 3HaYeHUU By TO, KOTOPOMY COOTBETCTBYET
MEHBIIIasi OTPEITHOCTh M JIJISl HErO 3alrcaTh OKOHYATENIbHBIN pe3ynbTaT B BHIEC:
Bouer = <Bo> +ABo. Crienarts BBIBOBI 10 padore.?

Taoauma 1

p ABup , | Alwp, | By, | <Bo> | ABo, & = AB/Bo
pan nein. | MA MA Tn Tn Tn x100%

30°

-30°

45°

-45

6. KOHTPOJIBHBIE BOITPOCBHI

1. Yto Takoe MHAYKIMS MAarHUTHOTO noJiA? Enunuiia uamepeHus.

2. Yto Takoe HanmpsHKEHHOCTh MAarHUTHOTO 1oJisi? Equnnia nsmepenusi.

3. Uto Takoe MarHUTHBIN MOTOK? ENWHWIIA M3MEPEHHS MarHUTHOTO TTOTOKA.

4. Chopmynupyiite 3akoH buo-Capapa-Jlamnaca.

5. Paccumraiite, ucnonbs3ys 3akoH buo-Capapa-Jlamnaca, THIYKIIMIO MarHuT-
HOTO TOJISI B LIEHTPE KPYrOBOI'0 TOKA.

6. OOBsACHHTE TNPUYMHBI HM3MCHEHHUS IIOJIOKEHHMS CTPEJIKH KoMmIlaca IIpH
BKJIFOUCHUHU TaHT€HC-TaJbBaHOMETpA.

7. OnuimTe MarHUTHOE 110J1€ 3eMIIH.

! Onpenensromeii ommuOKoi TPH pacdeTe TOPH30HTAIBHON COCTABIAIONIEH BEKTOPa MHIYKITHH
MarHUTHOTO TOJISl 3eMJIM METOJIOM TaHTeHC-TaThBAaHOMETpA SBJISIETCS CHCTeMaTH4ecKas Oluo-
Ka, KOTOpasi MOXET OBbITh CBS3aHA KaK C HEKOTOPHIMU HETOCTATKAMH KOHCTPYKIIUH U3MEPHUTENh-
HOW yCTAaHOBKHM, TaK U C HECOBEPIICHCTBOM H3MEpPHUTENbHBIX MpuOopoB. Tak, Hampumep, HA
CTPEJIKYy KOMITIaca MOTYT OKa3bIBaTh BIUSHUE OKPY>KAIOIIUE TOCTOPOHHUE JKEIE3HBIE MPEIMETHI,
OTKJIOHSIIOLIUE CTPEJIKY OT MOJIOXKEHUS] MarHUTHOT'O MepuanaHa. Pasmep cTpenku u ee moJioxe-
HHE OTHOCHUTEIIBHO TIJIOCKOCTH KOJIBIIA JIOJDKHBI OBITh TAKUMH, YTOOBI OHA IIEJIMKOM TTOMEIaiach
B OJIHOPOJIHOM YaCTH MarHUTHOTO IOJIS KOJIell (Ui 3TOro ee JUIMHA He JoJKHA npeBbimath 0.1
R xouerr). YuuThIBas 3TH 3aMeUaHusi, B paboTe MpeaaracTcs pacCuuTaTh MPHOOPHYIO OMIHOKY
pe3ynbTaTa U clieJaTh 3TO JUJIS KaXKJ0r0 yrila OTKJIIOHEHUS CTPEJIKU KOMITAca.
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JABOPATOPHASA PABOTA 38
OINPEAEJIEHUE OTHOWEHUSA 3APAIA DJIEKTPOHA
K EI'O MACCE METOIOM MATHETPOHA
1. HEJIb PABOTbI

1. DxcnepuMeHTaIBHOE ONPEIETICHUE YASIBLHOIO 3apsia AIeKTPOHa.
2. 3yuenune moBeneHUs 3apsDKCHHONW YaCTHUITHI B DJICKTPUYECKOM M MAarHUT-
HBIX TOJISX.

2. BUBJINOTPA®UYECKU CIIMCOK

1. CasenbeB U.B. Kypc puzuku: Yueb. mocobue st CTyJ€HTOB BTY30B.- [B
3-x T.].- T.2: OnexrpuuectBo U MarHeTusM. Bonubl. OnTuka.- M.: Hayka, 1989.-
496 c.

2. Tpodumona T.U. Kypc ¢usuku: yued. mocodbue s By3os / T.U. Tpodu-
MoOBa. - 19-e u3n. - Axkagemus, 2012. — 560 c.

3. Hetnad A.A., AABopckuit b.M. Kypc ¢pusukn.- Axkagemus, 2009. — 720 c.

3. TEOPETUYECKOE BBEJIEHUE

B nannoit paboTe OTHOIIEHUE AJIA JIEKTPOHA ONMPENENAeTCs 'METOJIOM Mar-
HeTpoHa'. DTO Ha3BaHUE CBS3aHO C TEM, UTO pUMEHseMas B pabore koHpuUrypa-
IIUS SJIEKTPUICCKOTO W MAarHUTHOTO TIOJICH HAIIOMHHAET KOH(PUTYPAIUIO TOJeH B
MarHeTpoHax-TeHepaTopax dJIEKTPOMArHUTHBIX KOJIEOaHUI B 00J1aCTH CBEPXBHICO-
KHX 4acToOT.

B pabore ucnonp3yercs 3JIEKTpOHHAs JiamMna ¢ KOAKCUaJTbHBIMU IWJIMHIPH-
YeCKMMHU KaTOJIOM U aHojoM (puc. 1).

N

Pucynok 1

Jlamna mmoMeraeTcss BHYTpU COJICHOMA, CO3JAIOLIEr0 MarHUTHOE II0Je I1a-
paJyIEIbHO KAaToAy. B OTCYTCTBHME MArHUTHOTO MOJISI AJIIEKTPUUYECKOE MOJIE, Tepe-
Mellasi 3JCKTPOHBI OT KaTojaa K aHOAy IO pajauycy, coBepiiaeT padory eU (e —
3apsi 2ekTpoHa, U - pa3sHOCTh MOTEHIIMATIOB MEKIY aHOJOM M KaTOIOM), B pe-
3yJbTaTe Yero JIEKTPOHBI MPUOOPETAIOT KHHETHUECKYIO YHEPTHUIO

eU =mv>/. (1)

Tak KaK MarHUTHOE MOJIe TMepHeHIuKyIsIpHO ckopoct (Sin(V,B) = 1), To
cuna JlopeHra cooOmIaeT 3JIEKTpOHAM HOPMAJIBHOE YCKOPEHHUE, W3MEHSIOIIee
HANpPaBJICHUE CKOPOCTU B KAX/bIM TAHHBIA MOMEHT BpEMEHU. TpacKTopus JIBUXKE-
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HUsl DJIEKTPOHOB CTAHOBUTCSI KPUBOJMHEWHOW; KpHBas HAYMHAETCS HA KAaTOJIE M
KOHYaeTcs Ha aHoxe. lIpu ompeneneHHOM COOTHOLIEHUU MEXKIY CKOPOCTBIO DJIEK-
TPOHOB V 1 HaNpPsSHKEHHOCTHIO MAarHUTHOTO MOJS 3JEKTPOHBI MEPECTaHyT JOCTH-
raTh aHoJla ¥ aHOJIHBIM TOK B JIaMIIe JOJDKEH MpeKpaTuTbes (puc. 2). YUuThIBas,
4yr0 B = yuH 1 3HaueHHE MAarHUTHOH NPOHMIIAEMOCTH Ul Bo3ayxa p = 1, 3a-

nuieM BTopoi 3akoH HeroToHa juid BpamarensHoro apwxkenus. [pu H = H,,, no-
2

m
JAy4uuMm: epoH,,V=——, rae I - paguyc KpUBU3HbBI TPAEKTOPUH HIIEKTPOHA.
r

Pucynok 2

Ecnu HpeHe6peqL paanyCcoM Katolda BCICACTBHUC €T'0 MAJIOCTH 110 CPABHCHUIO
C paauycoM aHoja Iy , TO

§ 2mV
r«2 rte euyH, =—-
2 Ho Kp ra

BosBeeM 00€ 9acTH IOCIIEHETO PABEHCTBA B KBAAPAT M MOACTaBUM Tyaa V 2
u3 (1):

8mu
e/,lOZH 2Kp = 2 y
a
OTKyJ1a
e 8U
P T (2)
m Ho HKp ra

st Toro 4yToObI onpenenutb Hyp, HY’)KHO TOCTPOUTH TaK 3aBUCUMOCTh aHO/I-
HOT'O TOKA |3 OT HaNps>KEHHOCTH MarHUTHOTO 1oJs H.

Ecnu Ob1 Bce AIEKTPOHBI MOKHUIAIU KaTOJl ¢ HAYAJIbHONW CKOPOCTBIO PaBHOU
HYJII0, TO @aHOJIHBIN TOK C YBEJIMYCHHEM MAarHUTHOTO TOJISI M3MEHSUICS OBl TaK, Kak
MOKa3aHO Ha PUCYHKe 3 IMITPuUXoBoW nuHUel. Ha camom nene asnekTpoHbI 001a-
JAF0T Pa3IMYHBIMKM HAYadbHBIMH CKOPOCTSIMH U KpuBas |, (H) uMmeer Bua CIUTONI-
Hoii muHUM. B kauecTBe Hy, OepeTcs 3HaueHne, COOTBETCTBYIOIIEE TOUKE Nepernoda
KPUBOM.
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0 Hep H

Pucynok 3

4. MTIPUBOPBI U TPUHAVIEZAKHOCTHU

1. DnexTpoHHAs JIaMIa ¢ HUITUHAPUYECKUM aHOJIOM.

2. CoseHou.

3. Amniepmetp Ha 1 A.

4. BonbT™meTp.

5. [lorenmomerp.

6. Peocrar.

7. MummmaMniepMeTp ¢ HECKOIBKUMH JTHarla30HaMH U3MEPCHHH.

5. OIMCAHHUE YCTAHOBKHA

B pabote ucnons3yercs nuon 2112C, cxema BKIIOYEHHS] KOTOPOTO M300pa-
keHa Ha puc. 4. Jlamna noMeniaercsi B EHTPaIbHON YacTH COJICHOU/IA, CXeMa IH-
TaHUs KOTOPOTO MOKa3aHa Ha PHUC. .

® -
O L " ®
|

oM

Au220B Rl

Tk | =

Pucynok 4 Pucynok 5

6. IIOPSATOK BBIIIOJIHEHUA PABOTBI

1. Bxirounts nutanue (220 B) u 3aMkHyTh Ki1to4 K.

2. C noMouisto noteHuomerpa Ry ycranoBuTh anogHoe HanpsibkeHue 10 B.

3. 3aMKHYTh KIt04 K>.

4. Vamensisi ¢ momoinbio peoctara Ry Tok conenouna lc ot 0 no 0,8 A, cHATH
3aBUCUMOCTh aHOJHOIO TOKa l, OT TOKa cojieHOMaa MpU MOCTOSHHOM aHOJAHOM
Hanpsbxenuu 10 B, 15 B, 20 B, 25 B.

5. 3aBucumoctu l, = f(lg) mss U = 10 B, 15 B cHuMaTh mipu AMana3oHe u3Me-
penust Muunamnepmerpa B 1 MA, a st U =20 B u 25 B - npu ananazone 3 MA.

6. Pe3ynbpTaThl U3MEpeHuil 3aHecTy B Ta0uI. 1.
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Tadbauma 1

Ie, A 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
H, A/m
Ia,.MA
npu U1=10 B

Ia,MA
npu U=15B

Ia,MA
npu Uz3=20B

Ia,.MA
npuUs=25B

7. OBPABOTKA PE3YJIbTATOB U3MEPEHUH

1. ITo popmyne H = I N/l Berariciuts H niist Beex 3HadueHui lc. Ynuceao BUTKOB
coneronga N = 500 ButkoB, a ero mmna | = 0,1 M.

2. TToctpouTts rpaduku 3aBucumoctH |, = f (H) 11 Bcex M3MEpEHHBIX aHOI-
HBIX HANpPSOKEHWM, ONpENenTh 3HaueHus HH,, (3HaueHue H, npu KOTOpOM HaOJIIo-

JaeTcs neperud KpUuBoi).
8u

2112 .2
Ho HKpra

€ o
3. ITo popmyne —= ONPENENNUTh yIEIbHBIN 3apsA]l dJIEKTPOHA AJIs
m

Kaxkaoro 3HaueHus: H,, (panuyc anoaa r,=0,01 m, =1, o= 47107 Tu/m).

m
5. Haiitu qyist kaxaoro pesynbTaTa a0CONMIOTHYIO OTPEITHOCTb.

e\ e
m/ m|
6. Bbrunciauth cpeiHio aOCONIOTHYIO HMOTPEIIHOCTD < A e> U OTHOCHUTEIb-
m
€
o m
HYIO TIOTPENTHOCTh 3Mepennit & = ———-100% .
€
/. Pe3ynbTaThl BBIYMCICHUI 3aHECTH B TA0JI. 2.

8. CpaBHUTH MOYUCHHBIA pe3yIbTaT C TCOPETUYECKUM 3HAYCHUEM U CIIeIaTh
BBIBO/IbI IO paboTe.

4. OnpenenuTs CpeHee 3HAUYCHUE <e>.

AL -
m
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TaOnwuma 2
£ € A € e
No H,, , m' ml’ m' AZ : g, %
H/H A/M KH/KF KH/KF KH/KF KH/KF
1
2
5

JlonoJIHUTEeIbHOE YIIPAYKHEHHE

Mooenuposanue mpaekmopuu 3J1eKMpPoOHA 8 MACHEMPOHeE
UccnenoBanue TpaeKTOpUU ABUKEHUSI AJIEKTPOHA B CKPEIICHHBIX JICKTpHUYE-
CKOM M MarHUTHOM TIOJISIX HA OCHOBE MaTEMaTUYE€CKON MOJEIM MarHeTpoHa.

Onucanue MOACIN

MareMaTrnyeckasi MOJIENb IBIDKCHHSI DJICKTPOHA B MarHETPOHE OCHOBaHA Ha
YpaBHEHUSAX TUHAMUKH 3apsOKCHHOW YacTHUIBI, HA KOTOPYIO AehcTByeT cuia Jlo-
peHIla B PaJWaIbHOM JJICKTPUYECKOM W OCEBOM MAarHHTHOM TOJISAX. DJEKTPOH
HAYMHACT ABMKCHHUE C TIOBEPXHOCTH KaTO/a, IIPH 3TOM 3a/IaHbI €r0 pajanaibHas Vo
U KacatenbHas Vo KOMIIOHEHTBl HadaiabHOUW ckopoctH (nmpoeknus V; = 0). [Tapa-
METpaMH MOJIEIM SABJSIOTCSA. paguychl Katofa W aHoga R, (Ra > Ry), aHomHoe
HanpspkeHue U, 1 Tok conenonna lc , a taxxe Vor 1 Vo,

[TporpamMma mo3BoJIsSIET MOCTPOUTH Ha SKpaHEe MOHUTOPA TPACKTOPHIO (ceMeii-
CTBO TPAcKTOPHIi) 3JIEKTPOHA B MEKIJIEKTPOJAHOM IpocTpaHcTBe. OQHOBPEMEHHO
Ha DKpaH BBIBOASATCS YCTAaHOBJICHHBIC 3HAUCHUS ITApaMETPOB MOJICIIH.

HODH,Z[OK BBITNTOJIHCHHUS YVITPAKHCHU A

1. BKIIOYMTH TIEPCOHATBHBIN KOMITBIOTEP M 3arpy3UTh MPOTpaMMy MOCTpOe-
HUS TPACKTOPHH DJICKTPOHA.

2. BBecTr 3HaUYCHHS BapbUPYEMBIX MTapaMETPOB 3a7a4M COTJIACHO YKa3aHHBIM
npeaesiaM U PeKOMEHyeMbIM 3HAUCHHSIM:

R« - panuyc kaToma, MM,

Ra - paguyc anona, M,

N - YKCJIO BUTKOB COJICHOMIA HA €MHMILY JUIMHBL, M1,

U, - anogHoe HanpsikeHnue, B,

Ilc - TOK coneHOMAa, A,

Vor - HaYaIbHas paguaibHas CKOPOCTh DJIEKTPOHA, M/C,

Vo: . HauabHas KacaTellbHas CKOPOCTh 3JICKTPOHA, M/C.

3. IIpoBecTr HaOIIOACHUE TPACKTOPHM AIEKTPOHA Il YCTAHOBJICHHBIX 3HA-
YEHUH MMapaMeTPOB MOJICIIH U MPOCICAUTh XapaKTep U3MEHEHUH TPACKTOPHH TIPH
BapbupoBanuu U, u lc. [lo ykazanuro mpemnojaBaTens pacrevaraTh (3apucoBaTh)
MOJTyYCHHBIE TPACKTOPHH.

OOpatuTh BHUMaHUE HAa U3MEHEHHS] KPUBHU3HBI TPACKTOPUHU MO Mepe yiaalie-
HUSI DJICKTPOHA OT KaTo/1a.
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4. Il ognoro u3 3HavueHuit U, (mpu mapamerpax MoJeNd, COOTBETCTBYOIINX
UCIIOJIb3YEMOMY B 3KCIIEPUMEHTAIBHOW YCTAHOBKE MarHeTpoHy) Moa00paTh 3Haue-
Hue lc, mpyu KOTOpOM TpaeKTopusi MPAaKTUYECKU KacaeTrcd aHoja. CpaBHUTH MOITY-
YEHHOE 3HaYEHUE KPUTUYECKOTO TOKA COJIEHOMIA C PE3yJIbTaTaMU SKCIIEPUMEHTA.

5. Cnenatb BBIBOJIBI 1O padoTe.

8. KOHTPOJIBHBIE BOITPOCHI

1. OnumuTe MoBeAeHUE 3apsHXKEHHON YacTHUIBI B AJEKTPUUYECKOM U MarHUT-
HOM IIOJISIX C BBIBOZIOM MTaPaMETPOB TPACKTOPHUH YACTHIIHI.

2. BeiBeaute pacueTHyo (GpopMymy Ui YASTBLHOTO 3aps/a.

3. OnuiuTe Apyrue crnocoObl onpeaeaeHus YIeIbHOT0 3apsiia YacTHll.

4. 3anumnTe BeIpaxeHue A cuiibl JIopeHiia B BeKTOpHOHM (hopMe U YKaKUTE,
KaK OTpeJIesIeTCsl HAlPABJICHUE 9TON CHUIIBI.

5. O0OBsicHUTE, KaK U3MEHUIACh OBl (pOopMa TpaeKTOpHH, €l Obl 3apsiKEeHHAs
JacTHUIAa UMeNa BABOE OOJIBITYIO MACCy, BABOE OONBIIHIA 3apsia?
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JABOPATOPHASA PABOTA 9
HNCCIEJOBAHUE DOPEKTA XOJIJIA B TIOJYITPOBOAHUKAX

1. HEJIb PABOTbI

Uccnenosanue >ddexra Xoma U onpeaeneHne TUMA, KOHIICHTPAIUU | TI0-
JBMDKHOCTH HOCHUTEJICH 3apsijia B MOJYIIPOBOJIHUKE.

2. BUBJIMOT'PA®USA

1. CagenweB U.B. Kypc ¢usuku: ydued. mocodbue ajisg CTYJEHTOB BTY30B. - [B
3-x T.]. - T.2: DnextpudecTBo ¥ MmarueTusM. Bonnel. Ontuka. - M.: Hayka, 1989. -
496 c.

2. Tpopumosa T.U. Kypc usuku: yueb. mocobue i By30B /
T.U. Tpodumosa. - 19-e uza. - Akagemus, 2012. - 560 c.

3. Hetnad A.A., SABopckuit b.M. Kypc ¢usuku. - Akagemus, 2009. - 720 c.

3. TEOPETHYECKOE BBEJIEHUE

Cytp 3¢dekra Xosmia 3aKar0YaeTcss B CIEAYIOUNIEM: €CIH Yepe3 MeTalllu-
YEeCKYI0 WM MOJYNPOBOJHUKOBYIO IJIACTUHKY, TOMEIIEHHYI0 B MarHUTHOE I0JIE,

IIpOITYyCTUTD IIOCTOSIHHBIM TOK MJIOTHOCTBIO J , HAIIPaBJICHHUC KOTOPOI'O IMCPIICHIH-

—

KyJISIpHO BEKTOpY B, TO Ha ee mIOCKOCTAX B HampaBlICHUH, MEPIECHANKYIIPHOM

j u B, BO3HUKHET pa3HOCTh MOTCHIIMAIOB (1 - (2. [[0sABICHUE MONIEPEYHOM pa3HO-

CTH MTOTEHIIHAJIOB Ha MPOBOJIHUKE C TOKOM B MAarHUTHOM IT0JI€ Ha3bIBaeTCs 3dek-
tom Xoiuta (puc. 1).
zZ) / B
|

(Pll//'
| /
!

—— / —_——— —
R e v A

S 2
"
¥y

Pucynok 1

)

XOJIJIOBCKAs pa3HOCTh NTOTEHIIMAJIOB OIPEIEIISIETCS BBIPAKEHUEM
Uy =Rb | B, 1)
rae b - paccrosHHe MEXAY pacCMaTPUBACMbBIMH IMApaUICIbHBIMM TPAHSIMH IPO-
BOJIHMKA, | - TUIOTHOCTh TOKA; B - MarHuTHas MHIYKIHS o, R - koaddurmeHt
PONOPIMOHATLHOCTH (ITOCTOSIHHAST X0J11a).

[Ipocreitmas Mmukpockonuaeckas: Teopus A dexra Xoia oCHOBaHa Ha MPe/-
CTaBJICHUHM O CBOOOJHBIX HOCHUTENISX 3apsjia B MPOBOAHUKE. PaccMOTpuM mpoBojI-
HUK B (popMe PSMOYTOJIBHON TUIACTUHKH, YePe3 KOTOPYIO T€YET TOK MIIOTHOCTHIO
J (puc. 2).

B orcyrcTBHME MarHMTHOIO MOJis TOK B IUIACTMHKE OOYCJIOBJICH JJICKTpHUYE-
CKUM TI0JIEM EO, CO3/1aBa€MbIM BHEIIHUM HCTOYHUKOM. DKBUIOTCHIUAIBHBIE TIO-
BEPXHOCTH JTOTO TOJISI OOpa3ylOT CHUCTEMY TMEPIEeHIUKYISIPHBIX K BEKTOPY
Eo MJI0CKOCTEH. J[Be M3 HUX M300paKeHbI HA pUC. 2 CIUIOMIHBIMU JUHUAMH. [lo-
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TEHIIHAJI B JII0O00M TOYKE Ka)KIOM M3 IJIOCKOCTEH, a, CIIEJ0BATEIILHO, M B TOUKax 1
U 2, omuHakoB. [10CKOJIbKY HOCHUTENH 3apsia - AIEKTPOHBI UMEIOT OTPHUIATSIIHbHBIN
3apsii, TO CKOPOCTh UX YIOPSJOYECHHOTO JBMKEHUs V HampaBlieHa ITPOTHBOIO-
JI0OKHO BEKTOPY IJIOTHOCTH TOKA f .

#4
| — — - — 7 — — — =
- \ N
(7 \l \J[_'_'il 5
=z P 2 N Yz ZTT%
& A 8 vy <
\

\
+++ + F e+t
Pucynox 2

[Ipu mosiBIEHUU MarHUTHOTO TOJISI, IEPIIEHIUKYIIIPHOTO HAMIPABJICHUIO TOKA,
KK/l HOCUTEIIb OTPUIIATEIHLHOTO 3apsiia OKa3bIBACTCS MO BO3/IEHCTBUEM CHUIIBI
JlopeHnia, elcTBYIOIIEH CO CTOPOHBI MAaTHUTHOTO TOJISL M HAIMIPaBJICHHOM, KaK Mo-
Ka3aHO Ha pHUC. 2, BJIOJIb OCH Y BBEpX:

F, =e[V xB] ()

WJIU B CKaJIsipHOU hopme:
F.=e-<V>-B. (3)
B pesynbTaTe y 3JIEKTPOHOB MOSBISIETCA COCTABISAIONIAS CKOPOCTH, HAaIpaB-
JICHHAsl K BEpXHEH rpaHulle TUIACTUHBI. Y 3TOM rpaHu oOpa3yeTcsi H30BITOK OTPH-
LATEJbHBIX 3apsIOB, Y HUKHEM, COOTBETCTBEHHO, X HENOCTAaTOK. ClenoBaTeNnbHO,

BO3HHUKAET JOTOJHUTEIFHOE TIONEPEeYHOe AIeKTpuUueckoe mone £, u cuna (e E,),

JEUCTBYIONIAs HA HOCHUTENIM TOKAa B HANPABJICHHH, MPOTHBOIMOIOXKHOM cuie Jlo-
peHua. Ilpu paBeHCTBE ATHX CHJI YCTaHABIMBAETCS CTALMIOHAPHOE PaCIpeleICHHUE

3aps70B B IIONEpEYHOM HarpasieHnu. COOTBETCTBYIOLIEE 3HaUeHUe £, onpenens-
€TCsl YCIIOBUEM

Fo=Fe,
WA
e-<V>-.B=c¢ek,
OTKyJia
E, = <V>B. 4)

-

ITone E, ckmagsiBaercs ¢ nojem E , oOpasys pesyinbTupymomee noiae E.

[ToCcKOMBKY 3KBUIIOTEHIIMAIBHBIE IOBEPXHOCTU JOJKHBI OCTABATHCS MEPIEHINUKY-
JSIPHBIMU BEKTOPY HAMPSHKEHHOCTH TIOJIS, OHU 3aiMYT MOJIOKEeHUE, N300paKEeHHOE
Ha puc. 2 myHKTupoM. Touku 1 u 2, KOTOpbIe MpeXxe JeKalu Ha OJTHON U TOU Ke
SKBUINOTEHIHAIBHOM IMOBEPXHOCTH, TENEPh UMEIOT Pa3HbIE MOTEHIMANbI. Pa3HOCTH
MOTEHIIMAIOB MEXKIy TOYKaMu 1 u 2 CBs3aHA C HAMPSIKEHHOCTHIO OIS Eb COOT-

HOIICHUEM

U1,2=bEb:b'<V>°B. (5)
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YuuTeIBast, 4YTO CpeAHAs CKOPOCTH YIOPSAOYEHHOTO ABMIKEHHS HOCUTEIEH
3apsAa CBA3aHa C INIOTHOCTBIO TOKA COOTHOIICHUEM

j=en<V> wm <V>=j/en, (6)
HaX0UM

jbB
U,=—. 7
2= U

[Tosryuennas hopMyira coBnaaaet ¢ BelpakeHueM (1), eciii oJ0KUTh
rR=t. ®)
en

Takum 00pazoM, MOCTOSIHHAS XOJUIa 3aBHCHT OT KOHIICHTPAIlMU HOCHUTEJEH
3apsiia. OnpenenuB 3KCIEPUMEHTATBPHO R, MOKHO HAWTH M KOHIIEHTPAIUI0 HOCH-
TEJIEU 3apsaa.

BaxxHol xapakTepuCTUKON MPOBOJHUKA SIBJISIETCA MOJABMKHOCTh B HEM HOCHU-
Tenent 3apsaa. [loABMKHOCTBIO HOCUTEIICH 3apsijia Ha3bIBACTCS CPEAHASA CKOPOCTD,
npuoOpeTacMasi HOCUTEIISIMH B 3JISKTPHUECKOM I10JI€, HAIPSKEHHOCTh KOTOPOTO
paBHa €IMHUILIC:

o) =YL ©)

[ToABMKHOCTH MOXKHO CBA3aTh C IPOBOJAUMOCTBIO G U KOHIEHTpPALIUEN HOCHU-
Tened 3apsga. [ewcrButenbho, | = eN-<V>. [logenum o0e 4acTH paBEeHCTBAa Ha
HANPSKEHHOCTH MO £

iV,

E-E
V)

HpI/IHHB BO BHMMAHHC, YTO E = = < > , IHOJIYYHUM

E
c=en<Vy>. (10)
W3mepuB moctosiHHy0 XoJuia ¥ IPOBOJUMOCTh G, MOXKHO 10 hopmynam (8)
1 (10) HaliTH KOHIIEHTPAIMIO M MOJIBUKHOCTh HOCUTENICH TOKa B 00pasIie.
HetpyaHo BHIETH, 4TO 3HAK MOIMEPEYHONW pa3HOCTH NOTeHIUanoB Ui, 3aBH-
CUT OT 3HaKa JBIKyImXcs 3apsfaoB. Ha puc. 3 mokasan addext Xomna mis 00-
pasIoB C MOJOKHUTEIBHBIMHA U OTPULIATSIILHBIMHU 3apsiIaMHu.

++ + + + ++

w
-
o
b
i
+
o

——————— +++ + + ++
Pucynok 3

Hanpagiienne MarauTHON CWJIbl U3MEHSETCSA Ha IIPOTUBOIIOJIOXKHOE, KaK IIpU
W3MCHEHUM HANpPaBJICHUS IBYIKCHUS 3apsfa, TaKk U IPU U3MEHEHHMM €ro 3Haka.
CnenoBatenbHO, U IBYX Pa3sHbIX 00pa3LoB IIPU OJUHAKOBOM HAIIPABJICHUU TOKA
U II0J1s, MarHUTHasl CHJIa, JEHUCTBYIOLIAs HA IOJOKUTEIbHBIE U OTPULIATEIIbHBIE
HOCHUTEIM, UMEET OJMHAKOBOE HarpasieHue. 1103ToMy, B ciiydae MOJ0KUTEIbHBIX
HOCHUTENIEW MOTEeHUHaNl BepxHel (puc. 3) rpaHu, BbIlIe, YeM HIDKHEH, a B cliydae
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OTPHUIATENBHBIX HOCUTENEH - HUKe. TakuM 00pa3oM, OnpeIenB 3HaK XOJIIIOBCKON
Pa3HOCTH MOTEHIMAIOB, MOKHO YCTAHOBHUTH 3HAK HOCUTEJEH 3apsAaa.

4. IPUBOPHI U IPUHAJVIEZAKHOCTHU

1. Jatuuk XoJa.

2. MuwinmiaMnepmeTp.

3. Peocrar.

4. VICTOYHMK MOCTOSIHHOTO TOKA.

5. DIIEKTPOMArHuT.

6. Perynupyemplii ICTOYHUK TTOCTOSTHHOT'O TOKA MATAHUS JICKTPOMArHUTA.
7. MUJLITUBOJIBTMETD.

5. OIMCAHUE YCTAHOBKHA

Hcnonb3zyembie mpuOOpsl Mokazanbl Ha puc. 4. Jlatunk Xosuia pacroioxeH
MEXIy MOJIOCHBIMU HAKOHEYHUKAMU - KOHIEHTpPATOpaMu MarHuTHOro mojis. O6-
MOTKa 3JICKTPOMArHUTa MOAKII0YEHA K HCTOYHUKY TTOCTOSTHHOTO TOKA C PEryJupy-
eMBIM HampspkeHueM. [lyTeM peryiampoBKH TOKa B OOMOTKE 3JIEKTpOMarHuTa
yCTaHaBIMBAETCS HEOOXOIMMOE 3HaYeHHEe MHAYKIHMU B B 3a30pe MEXIy €ro Imo-
JrocamMu. B mpoionbHOM HampaBiieHHWH Yepe3 AaT4yuK XOoJia MPOIyCKalT TOK, Be-
JUYMHY KOTOPOTO YCTaHABJIMBAIOT C TIOMOIIBIO peocTata 3 U U3MEPSIOT C MOMO-
b0 MuutMamiiepmerpa 2. Bennuuna toka | He nomkHa npessimaTth 3 MA. B no-
MEPEYHOM HANpPAaBJICHUH K KOHTAaKTaM JaTdyhka XOoJula MOAKIIOYEH MUJUTUBOJIBT-
MeTp 7, KOTOPBIM ompenenseT pa3HocTh noreHiuanoB Us,. [lpumensemass koH-
CTPYKIIMS JaTdyrKa XoJijla HE MMEET BBIBOJOB JIJIsi KOMIICHCAIIMM HA4YaJbHOM pas-
HOCTH TIOTEHIIHAJIOB, TOATOMY JIaXe MPU OTCYTCTBUM BHEITHETO MArHUTHOTO TOJIS
1 HEeOOJIBIIIOM TIPOJIOILHOM TOKe | uepes oOpasen, CylecTByeT HEKOTOpas IoIie-
pedHasi pa3HOCTh noTeHImanoB U,, He cBa3anHas ¢ a¢dextom Xosia.

i
I

uu!“'.....,...... T

E

g
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Pa3HocTh moOTEHIMANOB, CBA3aHHYIO ¢ 3¢ ¢deKToM Xoiuia ONMpeaeisioT MpU
HaJIMYUW MArHUTHOTO TIOJISI M TOKa 4epe3 00paszell Kak pasHUIly MEXIy U3MEpeH-
HBIM 3HAYEHHEM pa3HOCTHU noteHnuanos U, u HayansHbIM 3HaYeHueM U, npu aaH-
HOM TOK€ uepe3 o0pasell

Ug=U,-U,. (11)

Takum oOpa3oM, pacyeTHBIM MyTEM KOMIICHCHUPYETCS HadabHas Pa3HOCTh
NOTEHIINAJIOB, HEe oOycioBieHHas dpdexkrom Xomna. Bennunna U, paznuuna ams
pa3NMYHBIX 3HaUYeHUU Toka | dyepe3 matumk u mMoxkeT o6o3Hauatbest Kak Ui, Ugy,
Uz u T.1. Crieyer OTMETUTh, 4TO TpHOOp 7 MMEET HEBBICOKOE BXOJHOE COIpPO-
TUBIICHHE, MOATOMY €ro mNokaszaHusi Henb3s npuHumarh 3a DJIC Xomma. UToOwl
paccuntath DJIC Xoina, HEOOXOAMMO BOCIOIB30BATHCS 3aKOHOM Oma Juisl 1moJi-
HOM 1IeTH, MPUHSB BHYTpPEHHee corpoTuBieHune oopaszna I = 200 Om. Hanpumep,
€CJIM B pe3yJbTare dKCIepuMeHTa omnpesaeneHo 3Hadenne Uy = 200 MB, | = 0,2 MA,
TO 3Has CONPOTUBIIEHWE BHEWIHEW uenu, T.e. mpudopa (R, = 1000 Om), MOxKHO
onpenenutsb IJ]C Xoina o popmyie

BACy=1-(R,+r)=0,2- (1000 + 200) = 240 mB,
rae | - Tok (B MA) OTKIIOHEHUSI MPUOOPa, COOTBETCTBYIONIUN MPUTIOKEHHON pa3-
HOCTH MOTEHIIMANOB. BelnurnHa 3TOro Toka, B3sTasi B MKA, YHCIIEHHO COBIIAJAET C
BEJIMYMHON MOTNIEPEYHOIN PAa3HOCTH MOTEHIIUAJIOB, B3ATON B MB. DT0 00yci10BIEHO
O0COOEHHOCTSIMU TOCTPOCHUSI IITKAIBI U3MEPUTETHLHOTO MPUOOpa, YTO U MO3BOIUIO
HETOCPEACTBEHHO HCIIOJIb30BaTh 3TO YHUCJIOBOE 3HAYEHHUE IUISl IMOJCTAaHOBKHU B
dbopmyny onpeaenenus: DJIC Xomia, HO ¢ UBMEHEHUEM €€ Pa3MEPHOCTH.

6. HOPAJOK BBIIIOJIHEHUSA PABOTbBI

1. CHATH BOJIBTAMIICPHYIO XapakTepucTHKy aaturka Xojuia | = f(U) mpu ot-
CYTCTBHUM MAarHMTHOTO TOJISl M 3HAYCHHSIX MUTaromlero HampspbkeHust U, matuumka,
yKa3aHHBIX B Ta0JI. 1.

Tadonuma 1

U, B 1 2 3 4 5 6 7 8 9 10
I, MA

2. IToctpouts rpaduk 3aBucumoctu | = f(U).

3.1. OnpenenuTh pa3HOCTh MOTEHIMANOB Xoimia Uy B 3aBUCHMOCTH OT Mar-
HUTHOW MHAYKIIMU B TIpu TpexX 3HaueHWsX Toka | depe3 matumk: |3 = 1 MA,
|2:2MA, |3:3MA.

3.2. YcraHOBHTH 3HaY€HHE TOKA yepe3 natyuk |l; = 1 MA u npu B = 0 ompe-
JIENUTH OCTaTouHOE HanpspkeHue Up B JaTUnKe pU JAHHOM TOKE.

3.3. YCTaHOBUTH pa3InyHbIe 3HAYCHUSI MHAYKIIUM MarHUTHOTO TOJIsI B myTem
U3MCHCHHS HANIPSHKCHUS TUTAHUS dJIeKTpoMarauTa (Tadm. 2).

Tabnuma 2

Uwm,B 0 4 8 12 16 20 24

Im, A 0,5 0,75 1 1,25 1,5
B, Tn 0 1 2 3 4 5 6

o
o
N
(6}




JlaGopartophas pabota 9 65

3.4. JIns xaxmoro 3HA4eHHWs] MHIYKIUU MarHUTHOTO TOJsI B OmpeneiauThb
Hanpspkenue U,, BOZHHMKArOIIee Ha JaT4yuKe XoJuia, U 3aHeCTH B Ta0. 3.

I,=1mMA Taonuma 3.1
B, Tn 0 1 2 3 4 5 6 7
U,, MB
Un=U,-Up1, MB

I,=2MA Taonuma 3.2
B, Tn 0 1 2 3 4 5 6 7
U,, MB
Un=U,-Up1, MB

;=3 MA Taonuma 3.3

B, Tn 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
U,, MB
Unp=U,-Uo1, MB

3.5. BbUMCIUTH 3HAYEHUS PA3HOCTH NOTEHIMAIOB XOJUla KaK pPa3HOCTh
U, - Up:; u 3anecTtH B Ta0I. 3.

4. AHanioruuHble u3MepeHus npoussectu s I =2 MA, I3 = 3 MA, noBTOpUB
.. 3.1, 3.2, 3.3, 3.4. JlanHble 3aHeCTH B Ta0OII. 3.

5. IMoctpouts rpaduku 3aBucumoctu Uy = f(B) s Iy, |2 u |s.

6. PaccunTtats mocTossHAYI0 X0JU1a 1mo ¢hopmysie

R:UX-b
|-B

rreb=2-10%wm.

7. Paccuutarh KOHIIEHTpAlMIO HOCUTENEeH 3apsma N = 83?” , TIe

e

e=16-10"° K.

8. PaccunTaTh MOABMIKHOCTH HOCUTEJICH TOKA G = 8R , tne p = 0,2 Omm -

3np

YACIBbHOC COIIPOTHUBIICHUEC ITPOBOAHHKA.

7. KOHTPOJIBHBIE BOITPOCHI

1. OnumuTe MoBeAeHUE 3apSHKEHHON YaCTHUIBI B AJIEKTPUYECKOM M MarHUT-
HOM TIOJISIX.

2. 3anummTe BhIpaXeHHUE Jisi Cuiibl JIopeHIia U yKakuTe HampaBlIEHUE TOU
CHUTBI.

3. O0BsicHUTE MEXaHU3M BOSHHUKHOBEHHS XOJIJIOBCKOM Pa3HOCTH MOTEHITUAJIOB.

4. O0wsacaute ddext Xoa ¢ TO3UIUN AIEKTPOHHON TEOPHUH.

5. Uto Takoe «MmoJBMKHOCTh HOCUTENEH 3apsia»?

6. Kak cBs3aHa MOABM)KHOCTH HOCHTENCH 3apsjia ¢ MPOBOJUMOCTBIO G H
KOHIIEHTpaImei N?
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JABOPATOPHASA PABOTA 10

WCCJEIOBAHUE MATHUTHBIX CBOWCTB
OEPPOMATI'HETHUKOB

1. HEJb PABOTbBI

1. CHsaTHE OCHOBHOI KPUBOIl HAMarHMYMBaHUS.

2. IlocTpoeHune 3aBUCUMOCTH MarHUTHON MPOHUIIAEMOCTH OT HAMPSKEHHOCTU
MarHUTHOTO TOJISI.

3. Onpenenenne ocTaTouyHON MHAYKIMU By 1 kospuutuBHOM cmiibl Ho dep-
POMarHeTUKOB.

2. BUBJIMOT'PA®USA

1. CagenweB U.B. Kypc ¢usuku: y4ued. mocodbue a1 CTYJEHTOB BTY30B. - [B
3-x 1.]. - T.2: DnekTpudecTBo U MarueTu3M. Bomnel. OnTuka. - M.: Hayka, 1989. -
496 c.

2. Yepkamma B.I1. ®usuka. DnektpudectBo u MarHetusMm. - Kues: Brimia
k., 1986. - 168 c.

3. [paktukym mo ¢usuke / [lox. pen. ®.A. Hukonaesa.- M.: Bricm. mik.,
1991. - 151 c.

4. Yomman I1.I1. OcHoBu (i3uku: HaBu. mociOHUK.- Kues: Bemma mk., 1995.-
488 c.

3. TEOPETUYECKOE BBEJIEHUWE

[To MarHuTHBIM CBOMCTBaM (PM3UUYECKUE TEJIa MOKHO Pa3AeuTh Ha TPU KJlac-
ca: IMaMarHeTUKH, apaMarHeTUKu U GeppoOMarHeTHKH.

JlnamarHeTuKu XapakTEPU3YKTCSI OTHOCUTEIBHOW MAarHUTHOW ITPOHULIAEMO-
CThiO WL < 1, T.€. 3TH Tesa, BHECEHHbIE B MarHUTHOE T0JIe, ocnabdisoT ero. K aua-
MAarHeTHKaM OTHOCATCSI MHEPTHBIE Ta3bl, JUCTUUIMPOBAaHHASA BOJA, MEb, 30JI0TO,
cepeOpo, LIMHK, BUCMYT, T.€. T€Jla, aTOMbI U MOJIEKYJIbl KOTOPBIX XapaKTePU3yOTCS
OJIU3KKUM K HYJIFO MArHUTHBIM MOMEHTOM B OTCYTCTBMHM MarHUTHOTO TOJIS.

[TapamarHeTkyn XapakTepu3yroTcs U = 1. OHM HECKOJIBKO YCHIIMBAIOT Mar-
HUTHOE T0Jie, OOBIYHO HA COTHIE JOJM MPOLEHTAa, €CIM MX BHECTH B 3TO TOJIE.
ATOMBI TapaMarHeTUKOB UMEIOT HEOOJIBIION MATHUTHBIII MOMEHT U B OTCYTCTBUU
MarHuTHoro noiig. K mapamarseTnkaM OTHOCSTCS INEJIOYHBIE METAJUIBI, alOMU-
HHM, KUCJIOPOJ, a30T.

Haunbosnee spko MarHuTHbBIE CBOMCTBA MPOSBIAIOTCS y (PEPPOMArHETHKOB,
JUISL KOTOPBIX L >> 1, TO €CTh MPU BHECEHUH BO BHEIIHEE MArHUTHOE IOJIE€ OHU
YCUJIMBAIOT ero Bo MHOro pa3. K ¢eppomarnernkam OTHOCATCA >KE€JI€30 U €ro
CIUIaBbl, B TOM YHCJE IIMPOKO MCIOJIb3yEMbIE B MOCTOSHHBIX MArHUTax ajalOMH-
HUEBO-HUKEJIEBbIE CTAJIU, HUKEIb, KOOABT, MOJIYIPOBOJHUKOBBIE COSAMHEHUS TH-
na MeO Fe,O3, Ha3bIBaeMble PeppuTaMu, UCMONb3YEMbIE B PAAUOIIEKTPOHUKE U
AJIEMEHTAaX BBIYMCIIUTEIbHON TEXHUKHU.

Teopus peppomaraernsma MokeT ObITh BKpaTIE CBEJIEHA K CIIEAYIOIIUM IO0-
JIO)KEHUSIM: B (heppOMarHeTukax Mpu TeMIeparypax, He MPeBbIIIAIOIINX KpUTHIe-
CKUX 3HAUEHUM, XapaKTEPHBIX JJISl KaXKA0r0 Tuna peppoMarHeTuka U Ha3bIBa€MbIX
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Toukoi Kropu (manpumep, miis xenesa touka Kiopu pasna 770 °C), cymectsyror
HeOonbmue obnactu ¢ pasmepamu 104...10° M, camonpon3BoNbHO HAMarHMYEH-
HBIE JI0 HACBIIIECHHUS, 3TO - MArHUTHBIE TOMEHBl. MarHUTHbIE MOMEHTHI Pa3TUYHbBIX
JIOMEHOB B OTCYTCTBHH BHEIIHETO MAarHUTHOTO TOJII OPHEHTUPOBAHBI XAaOTHUYHO,
MO3TOMY Bech (heppOMarHeTUK B ILIEJIOM MPAKTUYECKH HE 00JagaeT MarHUTHBIM
MOMEHTOM, HAMarHM4E€HHOCTh €ro OJIM3Ka K HYJIIO.

[IpuunHOil 0O6pa3zoBaHMs AOMEHOB SIBJISIETCS B3aWMOJICHCTBHE COOCTBEHHBIX
(CTIMHOBBIX) MAarHUTHBIX MOMEHTOB JJIEKTPOHOB B aToMax (heppoMarHeTHKOB,
NpUBOAAIIEE K OPUEHTAMM WX MOMEHTOB B OJHOM HarpaBiieHHH. [lockonbky
SHEPIUs MarHUTHOTO TIOJISI BO3PACTAET MPOMOPIIMOHAIBHO KBaApaTy MarHUTHOTO
MOMEHTA, TO SHEPTreTUYECKH HEBBITOJTHO, YTOOBI BCE TEJO, MO0 €ro KpyImHbIe Ya-
CTH, OBUTM HAMAarHWYEHBl B OJHOM HANpaBJICHUU, UMEHHO MO3TOMY MPOUCXOIUT
NpoOJieHue MarHeTHKa Ha JIOMEHbl, CPAaBHUTEIBHO HEOOJIBIINE MAarHUTHBIE MO-
MEHTBI, KOTOpble KOMIIEHCUPYIOT APYT APyTa.

CoBepIieHHO OTIMYHON OT JPYTHMX MAarHeTHUKOB SIBISETCS 3aBUCHMOCTH BEK-

TOpa HaMarHWYeHHOCTH QeppoMarHeTnka | W MarHuTHONM wWHAyKnum B ot
HaprDKeHHOCTI/I BHCIITHCTO MAarHUTHOTI' O ITOJI H

J=(u-D)H=,H, (1)

e=puJ+uH, (2)

rJie - MarHUTHAsI BOCIPUUMYHUBOCTH eppomarHeTuka; n0 = 4n-10-7 ['a/m - mar-
HUTHAs TOCTOSTHHASL.

“H. 0 /Hc Hy

Pucynok 1

OTH 3aBUCUMOCTH HOCSIT HEJIMHEWHBIN XapakTep U 00pa3yloT KPUBYIO, Ha3bl-
BacMyI0 TeTJIel rucTepesnca (0T rpedeckoro - 3amnas3asiBanue). Ha puc. 1 mokasan
obmwmii Buj 3aBucuMocTH B = f(H).

[Ipu yBenMYeHHH HANPSLKEHHOCTH MAarHUTHOIO MOJIS O HEKOTOPOTO 3Haye-
Hus Hs HacTymaer mpenesbHOE 3HAY€HHE By NMPH MOJHOM, HACBIIAKOIIEM 3HaYe-
HUW HAaMarHM4E€HHOCTH Tesa cepaedHuka Js. IIpy yMeHbIIeHnn HanpspKeHHOCTH
MarHMTHOTO TOJISL IO HyJIsA, 00pa3ell COXpaHsAeT OCTaTOUYHYI0 MarHUTHYIO MHIYK-
o Br (ocTarouHyr0 HaMarHWU4eHHOCTh Jr). DTO CBOMCTBO (peppoOMarHETHKOB
UCITIOJIB3YETCSl B 3JIEMEHTaX NaMsATH BBIYMCIMTENIBHBIX MAIIMH U B IOCTOSHHBIX
MarHuTax.

Ecnu u3MeHuTh HampaBlieHHWE MArHUTHOTO MOJSI HA MTPOTUBOIIOJIOXKHOE Mep-
BOHAYaJIbHOMY, TO MPU 3HAYEHUH HAIpPSHKEHHOCTH '-Hc " HaMarHM4eHHOCTh Tena
CeplleyHUKa o0paiaercs B Hyjlb. Takoe 3HaYEHUE HANPSHKEHHOCTH MAarHUTHOTO
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II0JIs1, TP KOTOPOM OCTAaTOYHAsi HAMarHWYEHHOCTh MCYE3aeT, HAa3bIBAETCSA KOIPLU-
THUBHOM CWJIOW. MarHuTOTBEpIBIE MaTepUalibl XAPAKTEPU3YIOTCS KOIPLUUTHUBHOU

cunoit He > 400 % , @ MAaTHUTOMSATKHUE Xapakrepusyrores He < 10 % . [Inomanp

HEeTIN THCTepe3rca MPONOPLUOHAIbHA padOTe MO NEPEMarHWYMBAHUIO E€IWHULIBI
o0beMa peppoMarseTuka. [103ToMy NOHATHO, YTO MAarHUTOMSITKHE MaTepHalibl, Xa-
pakTepu3yeMble Y3KOM MeTNEl rucrepesunca, UCIOIb3YIOTCA B CEPACUHUKAX TpaHC-
(dbopMaTOpoOB, TO €CTh TaM, I/Ie HaJ0 CHIKATh OTEPHU PHEPTUHU HA MEepeMarHMYNBa-
HUE, 3 MArHUTOTBEP/IBIE CTAIN UCIIONB3YIOTCS B IOCTOSIHHBIX MarHUTAaX.

4. IPUBOPBI U TIPUHAJUVIEZKHOCTHU

1. TopouganbHelil TpaHchopMaTop.

2. DIEKTPOHHBIN ociuiuiorpad.

3. INonwmxkaromuii Tpanchopmatop 220/42.

4. Uctounuk nutanus (YUII-2, wim neaurenb HaNpsHKCHHS).

5. OIIMCAHUE YCTAHOBKUA

[TpyuHuunuanpHas cxema J1abopaTOPHOW YCTAHOBKU I M3ydeHus (eppo-
MarHeTUKOB B MIEPEMEHHOM MAarHMTHOM I10JIe U300pakeHa Ha pUCyHKe 2. B kaue-
CTBE HCCIIEyEMOro 00paslia UCIONb3yeTcss (PeppOMarHUTHBIN CEPIEUYHUK TOPOU-
JaJIbHOTO TpaHcopmaTopa 7, mepBUYHas 0OMOTKa KOTOPOTO MUTAETCS OT MOTEH-
uomeTpa Ry, MOAKIIIOUEHHOTO K UCTOYHHUKY epeMeHnHoro HanpsbxeHus U = 42 B.
Bo3nukarommii ipu 3ToM TOK |1 co3gaer Ha conmportuBiieHnd R; majneHue Hamps-
xeHusi Uy, CBSI3aHHOE C HAIpPSKEHHOCTBbIO MEPEMEHHOI0 MAarHUTHOro mojis H

Tpanchopmaropa T COOTHOIIEHHUEM
N N, U N
H=—21.],=—1.=%X —KU_, Ky=—+, 3)
I R I,R
1 1 1 1™
rae |1 - amuHa nepBuvHO# 0OMoTKM Tpanchopmartopa 7' (CpemHss AJIMHA TOPOU-
JaNbHOTO CepAeYHHKa); |1 - cuna Toka, HaMarHnuMBarouero oopasen; N; - yucio

BUTKOB MEPBUYHON OOMOTKH.

3
L

!

Pucynok 2
Taxum oOpazom, Ha Bxoa X ocuusuiorpada noaaercs Hampsbkenue Uy, mpo-
MOPLIMOHATILHOE HAMPSYKEHHOCTH H MarHUTHOTO TOJI TOPOUIAIBHOTO TpaHchop-
maropa 7.
JIist u3MepeHus MarHUTHOM MHAYKIUU B B (QeppoOMarHUTHOM CepIeYHUKE
TOpoUJanbHOro TpanchopmaTopa 7 MPUMEHSAETCS METOJ, OCHOBAHHBIN Ha 3aKOHE
3JIEKTPOMArHUTHON UHIAYKIUU
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_ do
dt
HOCKOHBKy IIOTOKOCHCIIJICHHUC OHpC,Z[CJ'DIeTCH KaK
@ = BSN,,

rae S - cedenue topouna; N - 9MCIO BUTKOB BTOPUYHONW OOMOTKH TpaHChopMa-
topa 7T, TO
dB _ |Ey
dt N,S
CrnenoBaTenbHO, HAIpsHKEHHE BO BTOPUYHOM OOMOTKE MPOMOPIIMOHAIBHO
MPOU3BOHON e Jlist Toro yToObI MOJATh Ha BXOJ Y ociiuiuiorpada HarpsiKeHue

Uy, nponopuroHaibHOE B, HEOOXOAUMO MEXYy BTOPHUUHOM 0OMOTKOM TpaHCc(op-
Matopa 1 u BXomoM Y ocmmniorpada BKIIOYUTh HHTETPUPYIONIYIO 1menouky R,C
(pucyHok 2). JleiicTBUTENBHO, TPeoOpa30BaB MPEAbIIYIIEE BbIpAKEHUE, TOTYyUYUM

1 t
B=—— dt, 4
stg\Ez\ (4)

2

1
E, =1, |RE+| wl— - 3axoH OMa U1 IEPEMEHHOrO TOKA,

rae |, - Tok Bo BropuuHOi 00MOTKe TpaHnchopmaropa 7; Ry - akTHBHOE CONTPOTHB-
nenue (puc. 2).

OJIC caMOMHIYKIIMM BTOPUYHOM OOMOTKM CUMTA€M HE3HAUUTEIIBHOM, T.K.
YHUCJIO BUTKOB HEBEIIMKO.

R> u C momoOpanbl Takum 00pa3oM, YTO UHAYKTUBHOE M €MKOCTHOE COIIPOTHUB-

JIEHUsI IPEHEOPEKUMO MaJIbl 10 CPABHEHUIO € AKTUBHBIM Ry, Torna E 0= I,R, n
R t
B=——2-1,dt, (5)
N 2S 0

t
rie I |, dt = g - BenmumHa 3apsina Ha oOknankax koHaercaropa C. CienoBaTenbHO,
0
R,C R,C
_ -2 _ _ R
qg=CU,,B=—-U, =KU, K, =—"—.
N,S N,S
Taxum oOpa3zom, HanpsbkeHne Uy Ha koHzeHcaTope C, monaBaemoe Ha Bxox Y
ocruuiorpaga, TponopliUOHATBHO WHIYKIIMKM MarHuTHoro nojs B B deppomar-
HUTHOM CEpJICYHIKE TOPOUIAIBHOTO TpaHchopmaropa 7.
[Tpu monave HampskeHus: Uy Ha TOPU30HTATBHO OTKJIOHSIONIUE IJIACTUHBI, a
Uy - Ha BEpTUKAIBHO OTKJIOHSIOIIME TUIACTHHBI MIPOUCXOAUT CIIOKEHHE JBYX B3a-
UMHO TICPIICHIUKYISIPHBIX KOJIEOaHUH AJIEKTPOHHOTO J1yda. B pesynbpTaTe 3a mos-
HBIN TIepuo]T KoeOaHuii JTyd BOCIIPOM3BOJUT HA dKpaHe ociuiuiorpada B onpese-
JIEHHOM MaciiTabe MeTII0 TUCTEePE3nca, KOTopask MOXKET CIIYKUTh OCHOBOM JJist
W3YYEHUSI MAarHUTHBIX XapaKTePUCTUK (PEepPPOMArHETHKOB.
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6. HOPAJOK BBIIIOJTHEHUS PABOTbI

a) [loaroroBKa ycTaHOBKH K H3MEPEHUAM

1. BkmrouuTth ocumiiiorpad, mporpeTs €ro 5...7 MUHYT.

2. YCTaHOBUTH PYyUYKH yNPABICHUS YCUICHUEM BXOJHBIX CUTHAJIOB OCIUILIO-
rpada 1o ocsm X" u "Y" B HyJI€BOE MOJI0KEHHE.

3. DIEKTPOHHBIN Ty4 ocuuiutorpada coKyCHpoBaTh B IIEHTP dKpaHa.

4. BxmounTh pabo4yyr0 YCTaHOBKY Yepe3 MOHIKAIONIMK TpaHchopmaTop
220/42 B ceTb M MOAKIIOYNTH ee K ociuniorpady. Hanpsokenus ycraHoBku Uy u
Uy monath cooTBETCTBEHHO K BXoaaM X u Y ocumyuiorpada (mpu 3ToM KIIeMMbI
“Semis” ocouyutorpada U YCTAaHOBKH COSAMHSIIOTCS MKy COOO0H).

5. Pyuky noreHunomerpa R, yCTaHOBUTH B NOJIO)KEHHE, COOTBETCTBYIOLIEE
MaKCUMaJbHOMY HampsHDKEHUIO HA TEpBUYHON 00MOTKe Tpanchopmaropa T u mo-
JYyYEHUIO HACBIIIICHHOM METIIM THCTEepe3uca Ha dKpaHe ociuuiorpada.

6. Pyukamu “Ycunenue" u "Cunxp” 100UThCA ONTUMAIBHOTO PACIIOJIOKEHUS
HACBIIICHHOW METJIM TUCTepe3uca Ha 3KpaHe ocuuutorpada (mpu JanbHEHIINX W3-
MEpPEHUSIX 3TH PYYKH HE TPOTaTh).

0) [IpoBeneHue u3mMepeHuii
1. Usmeputp (B aeneHusx mKaibl Mo ocsiM X U Y) KOIPUUTHBHYIO CHITY

H [ x = o B.|y, = loy
o| Xo =", | W OCTATOuHYI0 MarHMTHYIO MEAYKIMIO B, Yo = | Ha moxyqen-

Hou nerine ructepesuca (lox u loy- JTUHBI ceyeHus monmaay netim oceto X u Y).
Pe3ynbrathl u3MepeHuii 3anecty B TaoI. 1.

Tabonuma 1

_ los oy
A

SR Uo., B Ho, Al Yo=7, Uoy, B Bo, Tn

JCII. nenl.

2. OTKJIIOYHB ycujieHHE 10 ocH Y (OTCOSTUHUTH YCTAHOBKY OT Bxona “Ycu-
aenue Y ocuuiutorpada), U3MEpUTh JUIMHY OTpe3ka |y, COOTBETCTBYIOIIErO CHT-
Hay Ha Bxoze X. Toxe mpousBecTu ¢ ycuieHueM 1Mo ocu X, U3MEPUB JUIMHY OT-

pe3ka ly; mo ocu Y. M3mepeHHble 3HaueHHs X1 U Y1 3aHeCTH B TaOi. 2 (ctomberr
I s
“HachIllieHne”, X, =%, y, =-2).
2 2
3. YMeHblIIas NeTiIo rucTepe3rnca ¢ MOMOIIBI0 MOTEHIMOMETpa R, ycTaHOB-
KU, TIPOBECTH TaKue ke u3MepeHus |y u lyi amst 5 pa3nuanbix nerens. 3aHeCTH 3Ha-

_ Ixi Iyi

qeHUs ' 9’ Yi ~ o BTabm 2.
4. TlpousBecTu rpaayupoBKy ocuuiiorpada mo myHKTY B).
3. YMeHblas MneTiio rucrepesuca ¢ MoMoIbio MOTeHIuoMeTpa R, ycTaHOB-
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KU, IPOBECTU Takue ke m3meperus |y u |y amst 5 paznuunbIx merenb. 3aHeCTH 3Ha-

Xi

YEeHUs X; =

Yi =

4. [IpousBecTH rpayupoOBKYy OcHuiLIorpada mo myHKTY B).

" B 126, 2.
2

Tadonuma 2

Hackbi- Jlo HachlEeHUH
i HICHUE
1 4 5 6 7
x = hi
2
Uxi (B)
Hi (A/m)
| .
yi
Yi = 5
Uyi (B)
Bi (Txn)
L

B) I'pagynpoBka 3xpaHHoil ceTKH ocun/iorpaga
1. OTkmrounTh pabovyro YCTaHOBKY OT ocuusuiorpada.

Taonuma 3

6

Uxi (B)

|

Uyi (B)

| .
=N

2. Tlogate Ha “Bxox X” HanpspkeHue Uy OT MCTOYHHMKA MOCTOSTHHOTO TOKa
(menuTens) U 3aMEPUTh AIUHY lyj COOTBETCTBYIOIIETO €My CHrHaja Ha dKPaHHOMN

Xi

ceTke ocuuiiorpada. Pe3yabTarsl usmMmepeHu X; =? u Uy 3anectu B Ta0n. 3 u

MOCTPOHUTH rpaayupoBouHbiii rpaduk Xi = f(Uy).
3. AHaJOrM4HbIE U3MEPEHUSI IPOBECTU MO ocu Y, mojaBas HanpspkeHHus Uy,

Ha “Bxox Y” u 3amepss quuny lyi. Pesynbrater Y, = % u Uyi 3anectr B Ta0ONI. 3 1

HOCTpouTh 3aBUCUMOCTSH Y = f(Uy;).

r) O6padoTka pe3yJibTaTOB U3MEPEHU
1. Paccuurats HanpsikeHHOCTh Hi 1 MarHuTHyto uHAyKIuto Bimo popmymnam

N, .

k, =
IR,
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R,C
N,S

Pesynbratel pacueroB 3anectr B Ta0n. 2. Ho = kiUox, Bo = koUgy - 3aHEecTH B
Tabn. 1.

2. TlocTpouth OCHOBHYIO KpuBYI HamarHuumBanus Bj = f(Hi) mo manHbIM
Tab. 2.

3. PaccunMrtarh OTHOCHTENHHOE 3HAYEHHE MATHUTHOW MPOHHUIIAEMOCTH IO
bopmyne H;= Hi’ 3aHECTH 3THU 3HAYEHHS B Ta0J. 2 U MOCTPOUTH rpaduk 3a-

i Hoi

Bucumoctu L = f(H;).

4. To rpaduky pi = f(Hi) onpenenuts MakcMManbHOE 3HAYEHUE MATHUTHOU
tga

H,
HAKJIOHY KacaTeJIbHOM, MPOBEICHHON B HaYaIbHOU Touke kpuBoit B = f(H;)).
5. [lonyyennble xapakTepucTUKH (peppomMarHeTuka 3aHecty B Taou. 4.

B, =k,U

k, =

yi!

IPOHUIIAEMOCTH [max U €€ HadajabHOEe 3HaueHue Ay~ (oo ompenensercst 1o

Tadbnuuma 4

JlanHbIe Llmax L Ho, A/m Bo, Tn

JlaGopaTopHbie

CnpaBouHble

OTKiI0HEHHE

7. KOHTPOJIBHBIE BOITPOCHI

1. JlaiiTe omnpenaesieHne HANPSKEHHOCTH M MHAYKIMHM MarHutHoro mnoss. Ka-
KOBa CBSI3b MEXKIY HUMU?

2. JlaiiTe ompeneseHrne MarHUTHON mpoHHUIaeMocTH. Jlaiite kimaccudukaimio
MarHeTUKOB: TMaMarHeTUKH, TapaMarHeTHK, (eppoMarHeTHKY.

3. OOBsicHuTe TIOBEICHUE (PeppOMArHETHKA B IEPEMEHHOM MAarHUTHOM TIOJIE
(MarHUTHBIN THCTEPE3HC).

4. O0BsCHUTE, OT YE€TO 3aBUCUT IUIONIAAb TETIN THCTEPE3Hca.

5. O6bsicHUTE 00pa30BAHUE OCTATOYHON HAMAarHUYCHHOCTH.

6. [lepeuncanre OCHOBHBIE XapaKTEPUCTHUKU (PEppPOMArHETUKOB, UX OMpee-
JICHHWE C TTIOMOIIBIO TIETIIN THCTEpe3uca.

7. OnumuTe MPUHIUIHAIBHYIO CXEMY YCTaHOBKH ISl H3yYSHUS SBICHUS TH-
cTepesuca.
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JABOPATOPHASA PABOTA 11

OIPEAEJIEHUE HHAYKTHBHOCTH KATYIIKH
N ITPOBEPKA 3AKOHA OMA UIA QJIEKTPUYECKOU LHEIINA
HEPEMEHHOI'O TOKA

1. HEJIb PABOTbI

1. 3yueHue sIBIEHUSI CAMOUHYKIIUH.

2. Onpenenenre MHAYKTUBHOCTH KaTYIIKK Oe3 cepledyHHKa U ¢ deppomar-
HUTHBIM CEPJICYHUKOM.

3. [IpoBepka 3akona OMa JJ1s 2JIEKTPUUECKOM 1IENMU IEPEMEHHOT0 TOKA.

2. BUBJINOI'PAD®USA

1. Caenber U.B. Kypc dbusuku: ydued. mocobue Jjisi CTYJEHTOB BTY30B.- [B
3-x T.]. - T.2: DnekTpudecTBo U MarueTn3M. Bosnbel. Ontuka. - M.: Hayka, 1989. -
496 c.

2. Tpodumona T.U. Kypc ¢usukm: yueb. mocodue naiasi BY30B /
T.W. Tpodumona. 19-e uzn. - Akamemus, 2012. - 560 c.

3. detmad A.A., SABopckuit b.M. Kypc pusuku. - Akagemus, 2009. - 720 c.

3. TEOPETUYECKOE BBEJIEHUE

[Ipy u3MeHeHUn CUJIbl TOKA B MPOBOISIIEM KOHTYPE U3MEHSETCS BEIIMUMHA
MarHUTHOTO MOTOKA, CUEIJIEHHOTO C 3TUM KOHTYypoM. ClieoBaTeNbHO, B MOCIE-
HeM, cortacHo 3akoHy dapanes, OyAeT UHIYIHMPOBATHCS AICKTPOABIKYINAS CUJIa
E, (3JC) Bozuukuaoenne D/1C MHIYKINH B TPOBOASAIIEM KOHTYpE NPU U3MEHe-

HHUM B HEM CUJIbI TOKA Ha3bIBaeTcsl camouHaykuuen. 9J1C caMOMHAYKIUM TTPONIOP-
IUOHAIbHA CKOPOCTH U3MEHEHUS CUJIbI TOKA B KOHTYpPE
B, =-L9 @
dt

Koaddunment nponopimoHanbHOCTH L Ha3bIBaeTCs WHIYKTUBHOCTBIO WITU
ko3 puIeHTOM caMOMHAYKIMU U u3Mepsiercs B reHpu (['H). MHIYKTUBHOCTH
KOHTYpa SIBJISIETCS MEPOM €ro "MHEPTHOCTU' 1O OTHOLICHUIO K M3MEHEHHIO CHUJIbI
TOKa B HEM M 3aBHCHUT OT pa3MepOB KOHTYpa, €ro0 T€OMETPUUECKON (POPMBI, TIIIOT-
HOCTH HAMOTKH MPOBOJIHUKA U OTHOCUTEIIBHOM MarHUTHOM ITPOHULIAEMOCTH CPEBI
LL, U3 KOTOPOU U3TOTOBJIEH CEPJICUHUK.

Ecnu snextpuueckyro Lenb, COAECPKALIYI0 MOCIENI0BATEIIBHO COECIUHEHHBIE
PE3UCTOP C OMUYECKUM HWJIM aKTUBHBIM COMPOTHUBIICHHEM R, KaTyIIKy WHIYyKTHUB-
HOCTH L 1 koHAEHCATOP 3IeKTpoeMKOCTH C, MOJIKIIOYUTh K UCTOYHUKY TIEPEMEH-
HOT'O HaNPSKEHUs], TO B TAKOW LIEMIA BOZHUKHET MEPEMEHHBIN JJIEKTPUUECKUN TOK
(puc. 1).

[Tycth HanpsKeHHEe UCTOYHUKA U3MEHSETCS IO TAPMOHUYECKOMY 3aKOHY

U =U,cosat, (2)
rjae Up - aMIuIuTy THOE 3HaUYCHHUE HATIPSKEHUS.

Torna Tok B 1ienu OyeT paBeH

| = I,cos(at — ), 3)
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rae lo - aMmMTyAHOE 3HaYeHNE CHIIBI TOKA; ( - Pa3HOCTH (cABHT) a3 MEeXAY MpH-
JIO’)KEHHBIM HaIPSKEHUEM M CUJION TOKa.

5 U g
Pucynok 1
H&I[CHI/I}I HAIIPSOKCHUA Ha OTACJIBHBIX YHACTKaX HCIH OIPCACIIANOTCA COOT-

HOIMICHUAMU

= IR,
L =lo

L, (4)

cC C C

I
¢ wC

rle o - MUKInYeckas yactoTa (o = 2nv); R — aktuBHOe conportusienue; R = ol -
1
UHIYKTUBHOE COIIPOTHBIIEHUE; R = —— - eMKOCTHOE COIPOTUBIICHHUE.

B nenu nepeMeHHOro ToKa UMEET MecTo cABUT 1o ¢aze mexay Ugr, UL u U,
YTO MOKHO IPEACTABUTH Ha BEKTOpHOU nuarpamme (puc. 2). Konebanusa nanps-
KEHUSI HA €eMKOCTH OTCTAlOT Mo (a3ze oT KoJeOaHWil CUilbl TOKa Ha T/2, a Kojeba-
HUSI HANIPSDKCHUST HA WHIYKTUBHOCTH OIEPEXKAIOT KOJICOAHUsS CHIIbI TOKa Ha TU/2.
HanpspkeHre Ha akTHBHOM COTIPOTHBIICHUN U3MEHSETCS B (ha3e ¢ TOKOM.

rA I,

Oc¢hb TOKOB

Pucynok 2
D¢ddexTuBHBIC WK ACHUCTBYIONINE 3HAYCHUS CUJIBI TOKa |y u Hanpsokenust U,
CBSI3aHbl C aMIUIUTYAHBIMU 3HAYCHUSIMU TlepeMeHHOro Toka lo u Uy cooTHO1IEHH-
SIMA

I U
l,=—2U,=—2. )
0= 0T ()
3akon Oma nnsa RLC — uenu (puc. 1) umeer Bua
l-p—te .U, (6)

1Y *
4 ob———
R ( wcj
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Z=|R*+ (a)L—lj (7)

rac

@C

- IIOJIHOC JJICKTPUYICCKOC COIIPOTHUBJIICHHUC (I/IJ'II/I I/IMHQZIaHC);

R - akTuBHOE (MJIM OMHUYECKOE) COMPOTUBIICHHUE;

RL_RC:C‘)L_;&: (8)
- PEaKTUBHOE CONPOTHUBIICHUE (WJIH PEAKTAHC).
Caur 1o ¢asze MEeXIy TOKOM B IIENU U NMPHIOKCHHBIM HaNpspDKEHUEM (pHC.
2) onpenensieTcsi COOTHOIIEHUEM

oL- T

oC
tgp=——Y~ 9
go A (9)

B gactHOM ciydae, eciiv 1eTb IEPEMEHHOTO TOKa COACPKUT JIMIIb PE3UCTOP
R u karymky uHAyKTUBHOCTH L, popmymna (6) umeeT Bua

U,

| =—22
" IR+’
rae R?+w’l? =2 , OTKyJa
Z°-R’
L=V&e "R, (10)

Takum oOpazoM, JJis OnpeaeaeHrus WHIYKTHUBHOCTH KaTYIIKH HEOOXOJIUMO
3HATh €€ TOJIHOE CONMPOTHBJICHUE Z, aKTUBHOE CONPOTHBJICHNE R M ITUKIMYECKYIO
JacTOTy ® MEPEMEHHOI'0 TOKa, KOTOpas CBs3aHa C OOBIYHOM YaCTOTOM V COOTHO-
meHueM o = 27tv. J{is nmpomelnuienHoro Toka yacrora v = (50 £ 1) I'm.

4. MIPUBOPHI U NIPUHAJVIEZKKHOCTHU

. Katymka nHIyKTUBHOCTH.

. @eppOMarHUTHBIN CEPIACUHUK.

. Konnencarop.

. Peocrar.

. BonbT™eTp.

. AMmepmerp.

. UCTOYHUK IEpEMEHHOTO HANPSKEHUS.
. MOCT OCTOSTHHOTO TOKA.

5. HOPAAOK BBIIIOJTHEHUSA PABOTBI

Ynpaosicnenue 1
OmnpeneneHne MHIYKTUBHOCTH KaTYIIIKU

coONO OIS~ WN -

1. '3mMepuTh ¢ TOMOIIBIO MOCTA MIOCTOSTHHOTO TOKa aKTUBHOE COMTPOTHUBJICHUE
KaTylmku R u onpenenuth norpemHocts AR.
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Pucynok 3

2. BpiOpaTh quanazoHbl U ONPENEIUTh IIEHY JeJICHUs BOJBTMETpPA U aMIiep-
MeTpa.

3. Cobpatb cxemy (puc. 3). 3nech A u V - amnepmeTp u BoJIbT™METp, L — Hc-
cienyemas Katymka, R, — morenimometp. K kinemmam ab npuioxkeHo nepeMeHHoe
HanpspkeHue 220 B.

4. 3aMKHYTh 1IETIb ¥ ONPENCITUTh CHIIy TOKA, HAYIIETO Yepe3 KaTyIKy, Il
TpeX pa3IUIHBIX HanpspkeHn U, Ha ee KOHIIaxX.

U .
Boruucnuts Z o popmyne 7 = —2 u HailTU cpeAHee 3HadeHue < Z >.
I
0

Boruncnuth a0CoNOTHYI0 NOrpemHoctbh AZ 1o ¢popmyie
AZ =<z>(£+A_'j,
U I
rae AU u Al - cooTBeTCTBEHHO MPUOOPHBIE OMIMOKU BOJIBTMETPA U aMIIEPMETPA.
Hailinennsie 3nauenus < Z >, < R > u o noacraButh B popmyiy (10) u onpe-
JEJINTh UCKOMYIO HHIYKTUBHOCTD < L >,
OnpenenuTth aOCOMOTHYIO MOTpetHOCTh AL 1o popmyre

2)-az+(R) R av),

2 2 '

(Z)"=(R) v

5. [IoBTOpUTH OMBIT JUIsI OHOTO 3HAaYeHUs Hanpsbkerus U,, BKIaapIBas B Ka-

TYIIKY TTIOOYEPETHO pa3IudHbIC cepAeUHNKNA. HaliTh WHIyKTUBHOCTH L KaTymiku ¢
CEPJICYHUKOM U BBIYHUCIIUTH a0COJIIOTHYIO MOTPEIHOCTh u3Mepenus AL (1o m. 4).

6. [TomydyeHHBIC pe3yabTaThl U3MEPECHHUIA W BBIYUCIICHUH 3aHECTH B Ta0OI. 1.
7. Pe3ynbTaThl BBIYMCIECHUH 3allUCaTh B BUJIE:

AL =

Tadonuma 1

U AUHP ! Alnp Ziv <Z>a AZi, <AZ>, Ll <L>| AL ' <AL>
oo.=... B oAa=... A 0) (0] r r
gen | B aen | MA " Y| Om | om " Tu Ho| Tn

bes
cep-
Jiey-
HUKa

cep-
ned-
HU-

KOM
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=080 (1) = 5006 e cponn

L= <L> + <AL> (FH) << L>> 100% - C CEpACYHUKOM.

Ynpaoicnenue 2
[TpoBepka 3akona Oma Jij1s IeNu IEPEMEHHOTO TOKa

1. BeimoaHuTh 111, 1 ¥ 2 ynpaxHeHus 1.

2. CobOpatb cxemy (puc. 4). 3aec A u V - amnepMeTp U BOJIbTMETp, L - ka-
TylIKa UHAYKTUBHOCTH, C - KOHIeHcaTtop, R, - moreHumomerp. K knemmam ab
IIPUJIOKEHO NepeMeHHoe Hanpspkenue 220 B.

o

® 4|

Pucynox 4
3. 3aMKHYTb LIETIb U OMPEACIUTh CHIIy TOKa JUJIS TPeX pa3IUYHbIX 3HAUYCHUH
HanpsbkeHuil U, Ha ee KOHLax.

U
Boruucnuts Z o popmyne Z = I—‘) U HaWTU cpeliHee 3HaueHue < Z >.

0
Breruncnuth a0comtoTHY0 norpemHocts AZ no popmye
AU AI)

sz= 2|

rae AU u Al - cooTBeTcTBEHHO MpUOOpPHBIE MOTPEUTHOCTH BOJIBTMETPA U amIep-
MeTpa.
Pe3synbraTel BBIYACIEHUN 3aIIUCATh B BUJIE:

Z=(z)%(Az) Om)

——> 100%

(2)

4. Beruucauts Z o popmyiie (7) 1 3anucatb pe3ynbTar.
5. CpaBHUTH pe3yabTaThl ILI. 3 U 4 U cIeNaTh BBIBOJ.

6. KOHTPOJIBHBIE BOITPOCHI

1. OObsicHUTE, B UEM COCTOUT SIBJICHUE DJIEKTPOMArHUTHOW WHIYKIIMH, CaMO-
VHIYKIWAHW U B3aUMHOU UHIYKIIUU.

2. ChopmynupyiiTe W 3alUIIUTE OCHOBHOM 3aKOH SJECKTPOMArHUTHOW WH-
aykunu, IJ1C caMOMHIYKIHUH.

3. laiiTe onpeaeneHue UHTYKTUBHOCTH.
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4. Chopmynupyiite npaBuio Jlenua.

5. [aiiTe onpeneneHue NEUCTBYIOIINX 3HAYCHUW HANPSKEHUS U CUJIbI IEepe-
MEHHOI'O TOKa.

6. Hanumure dhopMyIibl uMIieianca, peakTaHca Leru.

7. laiiTe onpeaeneHue nua-, napa- u peppoMarHeTUKOB.

8. O0BsicHUTE, B KAKyI0 CTOPOHY U IMOYEMY H3MEHSATCS TIOKa3aHUs aMIIepPMET-
pa, eciu MpU HEM3MEHHOM HaIpsHKEHUH B KaTYIIKY BBECTH CEPJICUHUK U3: a) JAHa-
MarHeTvka; 0) mapamartHeTuka; B) eppomMaraeTuka?

9. N3o0pa3ute BEKTOPHYIO AMAarpaMMy U C €€ MOMOIIbIO ONpPEIeTUTe CABUT
o ¢aze Mexay TokoM B RLC-1ienu u HanpspkeHUEM Ha €€ KOHITax.

10. Chopmynupyiite 3akoH Oma AJi ey NEePEMEHHOr0 TOKa, COoAepIKaIlei
RLC-ygacTku. PaccMoTpuTe YacTHBIE CTydau.

11. IToxyuure Gpopmymy ajis onpeaeacHus adCoIOTHON MorpemHocT AL.
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JABOPATOPHASA PABOTA 12

MN3YYEHUE INEPEXOJAHBIX ITPOLHECCOB ITPU 3AMBIKAHHUU
N PASMBIKAHUWMU LEIIN

1. HEJIb PABOTBI

1. I3y4enne 3KCTPATOKOB 3aMBbIKAHUS U PA3MbIKAHUS IICTIH.
2. OnpenenieHre MHIYKTUBHOCTH COJICHOU A 0€3 CepICYHHKA U C CEPACUHUKOM.

2. BUBJINOI'PAD®USA

1. CaBenbeB U.B. Kypc dusuku: yue6. mocodue Jiist CTyJIeHTOB BTY30B. - [B 3-x
T.]. - T.2: DnexrpuuectBo 1 MarHeTu3M. BonHbl. Ontuka. - M.: Hayka, 1989. - 496 c.

2. Tpodumona T.U. Kypc duszuku. - M.: Beici. mk., 1998. - 542 c.

3. letnad A.A., SABopckuit .M. Kypc puzuku. - M.: Beici. mik., 1989. - 608 c.

3. TEOPETUYECKOE BBEJAEHUE

B 3aMKHYTOM TIpOBOASIIEM KOHTYpPE MPU U3MEHEHUU TTOTOKA MAarHUTHOM WUH-
JTYKIUH Yepe3 MOBEPXHOCTh, OTPAHUUYEHHYIO ATUM KOHTYPOM, BOZHHKAET AJIEKTPO-
JBIDKYIAS CUJIA €, KOTOpas MPUBOAUT K BOBHUKHOBEHUIO TOKa B KOHTYpE. DTO
SBJICHHE TIOJYYUJIO Ha3BaHUE sAGlIeHusi snekmpomacHumuon unoykyuu. JC un-
JTYKIHMHU paBHAa CKOPOCTH M3MEHEHUSI MarHUTHOTO MOTOKA U HE 3aBUCHUT OT CIOCO-
0a, KOTOPBIM OCYIIECTBIISIETCS 3TO U3MEHEHUE:

o= dPn (1)
' dt

3Hak "MHHYC" B pOpMyJie SIBJIAETCS MATEMATHUYECKUM BBIPAKEHUEM Npasuid
Jlenya, cornacHO KOTOPOMY MHAYKIIMOHHBIA TOK B KOHTYpE MUMEET TaKOe Harpas-
JIeHUe, 4TOOBI CO3/1aBaéMO€ MM MAarHUTHOE I0JI€ MPEMSITCTBOBAIO W3MEHEHUIO
MAarHUTHOTO TOJIsl, BBI3BABIIETO ATOT MHAYKIIMOHHBIN TOK.

Econ 3/IC uHAyKIMU BbI3BaHA U3MEHEHUEM MAarHMTHOTO MOTOKA, CO3JaHHO-
ro MEHSIOIIMUMCS TOKOM B CAMOM 3aMKHYTOM KOHTYpPE, TO 3TO SBJICHUE HA3bIBACTCS
CAMOUHOYKYUETLL.

Wunykiysa B MarHUTHOTO Moy TOKa | mpomopiiMoHanbHa BETMYMHE 3TOTO
TOKa, IOPTOMY M MarHUTHBIN MOTOK, CO3/IaBa€MbIii TOKOM, TPOTIOPLIMOHAJICH MY

&, =LI. (2)

Koaddumment L Ha3piBaeTCs MHIYKTUBHOCTBIO KOHTYpa WK KO3 GUIIUCH-
TOM CaMOMHIYKIMU. 3a €AUHUIYY UHAYKTUBHOCTH 1 ['eHpu mpuHUMAaETCs MHIYK-
TUBHOCThH TaKOT'O MPOBOJAHUKA, Y KOTOPOTO MPHU CUJIE TOKAa B HEM B 1A BO3HUKAeT
CIETIJICHHBIN ¢ HUM MarHUTHBIN IOTOK 1 Bebep.

NHIyKTUBHOCTh KOHTYpa 3aBUCHUT OT €ro reoMeTpuu (pazmepoB U GopMbl) U
MarHUTHBIX CBOMCTB cpeabl (L).

NHIyKTUBHOCTh IOCTATOYHO JIJIMHHOI'O COJICHOUA

2 2
L=,u0,unIS=,u0,unv, (3)
rae po = 4w107 /M - MarHuTHas MOCTOSHHAS, |L - MATHUTHAS IPOHUIIAEMOCTD

CpeIlbl, 3aIOJHSIONICH 00beM COJICHOWA; N - YHUCIIO BUTKOB HA €IWHHUILY JJIMHBI
cojieHona; V - o0beM COJICHOMIA.
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C yuerom (1) u (2) umeem qs D1C caMOMHIYKIMU KOHTYpa

_ d®d,  d(Ll) di dL
gs=-C = _—[Ldt+ldt). (4)
Ecny mHOyKTHBHOCTE KOHTYpa OCTAETCS HEU3MEHHOU, TO UMEEM
go=-LY (5)
s dt

3Kcmpam01<u PA3ZMbBIKARUA U 3AMBIKAHUA
HpI/I 3aMbIKaHUH HOCIIKM TOK CAMOMHAYKIHWH IPCHIATCTBYCT HApPAaCTAHUIO OC-
HOBHOTO TOKa, IIO3TOMY TOK YCTAaHABJIMBACTCA HC MITHOBCHHO, a4 IIPU Pa3MbIKaHUHN
OH MagacT IIOCTCIICHHO, TdK KdaK TOK CAMOMHIYKIHWH COHAIIPAaBJICH C OCHOBHbLIM
TOKOM.

il

o
Hr:.- NE
1" |

Pucynok 1

Paszmvikanue yenu. HYCTB B IICIIM ¢ MHAYKTUBHOCTBIO L, OMHYCCKUM COIIPO-

tuBieHueM R u ucrounukom DJIC € TedyeT TOk = € B moment Bpemenu t =0
0= =
R

OTKJIFOUMM HCTOYHUK MUTAHU, OCTaBUB nepekiatouaTens 11 B monoxenue Il. Kak
TOJIBKO CHJIa TOKa B LIETIH HA4YHET yObIBaTh, BO3HUKHET D/]C camonHaykuuu, npe-
IIATCTBYIOIAS 3TOMY:

_
Es dt '
ITo BTOpoMmy 3akoHy Kupxroda anreOpamveckas cymma majeHHd Harpsxe-
HU B 3aMKHYTOM KOHTYpE paBHa aiireopanyeckoi cymme J/1C, T.e.
1 I R
IR = —Ld—, WA d—+—[ =0,
dt dt L

dl R R
oTkyna —=—-—dt n Inl =——t+InC.
1 L L

R
——t o
ITorenuupyem: | =C .- L .KoHcTaHTy HaxoauM W3 HayalbHBIX YCJIOBMIA:

&
npu t=0: |,=—, cnenoBatensHo, C = lo. Torna 3aBUCUMOCTb TOKa OT BPEMEHU
R

IIpH pa3MbIKaHWHW LCIIH UMCCT BUI
R

l=1,-g L. (6)

3amvikanue yenu. Ilepexmtouatens I1 ctaBum B monoxkenue |. Kpome 31C

camonHAyKuu B nenu ectb J/JC ncrounuka €. B 3TOM ciiyyae BTOpOUl 3aKOH
Kupxroda
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di
R=&—L—
dt
di 1
PazieniM repeMeHHbIE: =—dt.
E—R L
YMHO)XHUM 00€ yacTu ypaBHeHus Ha (-R):
Rdl R
- =——dt,
£ -1R L
WITH
d(e - 'R):—Edt.
E-1R L

[Tocie nHTErpUPOBAHHUS MTOTYyYAEM

R R
In(& - |R)=—Et+InC = &-IR=ce [\

&

O0o3HauuB <

=1, TAe lo — ycTaHOBUBIIMIAICS TOK, MTOJTy4aeM 3aBUCUMOCTD
R

TOKa OT BPCMCHH IIPpU 3aMBIKAHHUH LCIIN

(7)

Pucynok 2

BCJ’II/I‘H/IHy T IEHEBBIBaIOT BPCMCHCM pPCJIaKCallUH - 3TO BPEMS, B TCUCHHC

KOTOPOTO CHJIa TOKA MPU Pa3MbIKAaHUM 1IETIH YMEHBIIAETCS B € pa3. IKCIOHEHIIH-
aJIbHBIC 3aKOHBI U3MEHEHHS TOKa MPU pa3MbIKaHUM 1 ¥ 3aMBIKAaHUU 2 1IETH MOKa-
3aHbI HA PUC. 2.

4. MPUBOPHI U NMNPUHAVIEZXKHOCTH

1. Ucrounuk nurtanus UDIIII-2.
2. Karymika uHTyKTUBHOCTH.

3. ®eppoMarHUTHBINA CEPICUHUK.
4. JTabopaTOpHBII CTECH]I.

5. Ocuumnorpad C1-83.

5. X0 PABOTHBI

1. TlogkmrounTe UCTOYHUK MUTAaHUS W J1abopatopHbld cTteHa K cetu 220 B.
(OnekTpuyeckas cxema JJabopaToOpHOro CTEeHa MPUBEAcHa Ha pHC. 3).

2. Bxmiounte ocummiorpad tymbiepom "ocmmmiorpad', pacroioXeHHBIM
Ha MaHeN JJabopaTOPHOTO CTEHJIa U TaliTe eMy IPOrpeThesl B TEUEHHUE OAHON MU-
HYTHI.



82 N3yueHne nepexoHbIX MIPOLIECCOB MIPU 3aMBIKAHUU U Pa3MBbIKAHUU L(EIIN

3. Bximrounte uctounuk nutanus tymonepom "CeTs" U yCTaHOBHUTE C TIOMO-
IIbI0 MOTEHIMOMETPA HA NIEPEIHEN MTaHEeI UCTOYHMKA HanpsbkeHue 4 B.

K ocumno,
‘ rpady Y
R, Ty

Pene

!
&L ~36B 14:3
2

) T2

Pucynox 3
Ynpaxnenue 1

Habnwoenue umnynscrhoco cuenana npu 3amMblKaHuu U pa3movlKaHuu yenu

Llernb cOCTOMT M3 MOCIENOBATENBHO cOeqUHEHHBIX HcTouHuka JJIC, compo-
TUBJICHUS R1 1 KoHTaKkTOB pere (puc. 4). C conpotuBienuss R; HanpspkeHue, mpo-
nopumonansHoe Toky | (g & =IR ) TIonaeTCs Ha BEPTHKATbHOOTKIOHAIONINE TLTa-

CTUHBI ociiuiuiorpada.

4. YcranoBute Ha JlabopatopHoM cteHae Tymonep 1 B nmonoxenue Il u tym-
onep 2 B nonoxenue . 2

5. HaGmroparonryrocsi Ha skpaHe ociuiorpada yCTOWYMBYIO KapTUHY Tps-
MOYTOJIbHOTO UMITyJIbCa IEPEHECUTE HA MUJUIUMETPOBYIO OyMmary.

Pucynok 4

2V tymbnepa T1 B monokeHun | KOHTaKThbI 2-3 3aMKHYTbI, KOHTaKTbI 1-2 pa3oMKHYThI; B mojioxeHuu |l
KOHTaKTHl 3-2 pa3OMKHYTHI, KOHTAaKTHI 1-2 3aMKHYTHL. Y TymOmnepa T2 B momoxxeHun | KOHTaKkTH 4 -5
Pa30MKHYTHI, B To0okeHUH || - 3aMKHYTHI.
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YnpaxHenue 2
Habnooenue sxkcmpamokos 3amvikanus u onpeoeieHue
UHOYKMUBHOCMU KAMYUIKU

6. YcranoBute TymOnep 1 B monoxenue |, tymOnep 2 B nonoxkenue l. [Ipu
3TOM B DJIEKTPUYECKYIO IIeTh OYAET JOMOJHUTEIHLHO BKIIOUEHA KaTyIIKa MHIYK-
TUBHOCTH (pHC. D).

7. Ha nkpane ocuumiorpada Oyner HaOII0IaThCs KapTHHA HapacTaHUs
HANpsDKEHUST HAa COMPOTUBIECHUU Ri (IIPOMOPIIMOHAIBLHOTO SKCTPATOKY 3aMbIKa-
HUS) B 3aBUCUMOCTH OT BpeMeHH. [loib3ysach crenuanbHON MIKajJoW, 3amMepbTe
HanpspkeHus, cootBercTByomue 0, 1, ..., 6 OonbmIUM AeNeHUusIM OCH BPEMEHH.
Ilena GONBIIOrO AENEHHS 110 TOpH30HTanbHOM ocu: 2-107 ¢/men., a mo BepTHKaIb-
HOU -
0,2 B/nen.

DKcnepuMeHTalIbHbIE JaHHbIC 3aHecCuTe B Ta0. 1.

L
R1
//]
J
il | Ve
|| -
B
Pucynoxk 5
Taonuma 1
Bpews Aere- | g 1 2 3 4 5 6
HUN
c
Karymika 6e3 Uu,B
CepAcYHUKaA ; U o~ U
niUO
Karymika ¢ U B
CEPACYHUKOM P Uy-U
n U,

8. Paccuuraiite 171 Bcex 3HAUEHU BpEeMEHHU y:mUO_U rae Up - makcu-

0
MaJIbHOC 3HAYCHUC HAIIPSKCHHUA, COOTBCTCTBYIOIICC YCTAHOBUBIICMYCA TOKY |0.

9. [lo nannbiM Tabxa. 1 mocTpoiiTe rpaduk, OTKIAABIBAs 10 BEPTUKAIBHOU OCH
y= InM, M0 TOPU3OHTAIBHOM OocH - Bpems t. ['paduk 10mKEeH MPeacTaBIATh
0

co00# MPSMYIO JIMHUIO Y :—%t, rae R=R;+Ry, R1=2:10% Om, R=2200 Om (ak-

TUBHOE COMPOTUBIICHUE KATYIIKH).
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[Ipsimyto mo TOYKaM MPOBOAMTE, MPUMEHsSS "METOJ HAaUMEHbIINX KBajapa-
TOB". OH OCHOBAaH Ha BBITEKAIOIIEM U3 TEOPUHU OIIMOOK MOJOKEHHUH, YTO HAWITY4-
mrast IMHUS JOJDKHA pacrosiaraThesl Ha miockoctd XOV Tak, 4ToObl CyMMa KBaj-
paToOB OTKJIOHEHUH 3KCIIEPUMEHTAIbHBIX TOUEK OT Hee Obljla MUHUMAaJIbHA.

Y
4 3 )

)

P
oty
2 ’,l 1’ :#

il ﬁ"“*-‘.él

0 1 2 3 4 5 6 t

Pucynox 6

[TocTpoeHue BBIOIHANTE CIEAYIOIUM 00pa3oM: COEIMHUTE TOYKU 1 1 2 OT-
pPE3KOM TIPSMON M, JABHTrasichb OT TOYKM 1 K Touke 2, oTMeThTe 2/3 paccTosHus
Mex 1y HUMU. COSTUHUTE MOTyYEHHYIO TOUKY C TOYKOW 3 ¥ CHOBa OTMeThTe 2/3S.
[ToBTOpSiiTe MpoLeAYypy A0 TEX MOp, MOKa He OyJeT MmoyydeHa MOCIeAHss TOUKa,
KOTOpas M JIEKUT HA HAWIYYLIEH IPAMOM. 3aTEM HAYHUTE NOCTPOECHHUE C APYTOTO
KOHIIA (IBUrasch OT MOCJIEIHENH 3KCIEPUMEHTAIBHOW TOUKH K MPEANOCIEIHEN U
T.Jl.) U TOJYYUTE BTOPYIO TOUKY, JEKAI[yI0 Ha Hawiydiied npsamoil. CoenuHUTe
npsiMOW JTMHUEH 3TH Touku. Ha puc. 6 mokasaHO mocTpoeHue Takoil MpsiMOW 1O
IIATU TOYKAM.

10. Ilo TanreHcy yriia HaKJIOHA MPSMOM K OCH BpeMeHHU o = y_ T U U3-
R
BeCTHOMY R orieHuTe HHIYKTUBHOCTD KaTymku L =——t.
y

11.BcTraBbTe B KaTylIKy (heppOMArHUTHBIN CEPJICYHUK U TIOBTOPUTE JICHCTBUS
B ImyHkTax 7, 8, 9, 10.

12.3Has MHIYKTUBHOCTh KATYIIKU 0€3 CepACUYHHUKA U C CEePJACUYHUKOM, OIpe-
JICIUTE MArHUTHYIO MPOHUIIAEMOCTh (heppOMarHeTUKa M CpaBHUTE MOJYYCHHBIN
PE3yNbTAT C TAOTHMYHBIM 3HAUYCHUEM.

VYnpaxunenue 3
Habnwooenue sxcmpamorxos pasmuikanus

13. Ycranosute TymOnep | B monoxenue 1, tymGnep 2 B nonoxenue 1. ITpu
ATOM IO CPAaBHEHUIO C YMPAKHEHHEM 2 BKIIIOYACTCS B DJCKTPUUECKYIO IEMb €Ille
conportuBienue R, (puc. 7).

14. Ha skpane ocrusuiorpada HabmoaaeTcss KapTUHA, COCTOSIIas U3 ABYX Ya-
CTEH, COOTBETCTBYIOIIMX IKCTPATOKaM 3aMbIKaHMs U pa3MbikaHus. [lepenecure ee
HAa MUJUTUMETPOBYIO Oymary. BcTaBbTe B KaTylIKy CepACUHUK M CHOBA 3apUCyHTE
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OCLUJLIOrPaMMYy.

R2 /1
— \</ J
il ] -

|| r
E E
Pucynok 7

JOIIOJIHUTEJIbHBIE YITPAXKHEHU A
VYnpaxuenue 4

15. Tlonp3ysch OCHMIIOIPAMMOM 3KCTpaTOKa pa3MbIKaHUs, ITOBTOPUTE JCH-
CTBUS, yYKa3aHHbIEe B myHKTax 7, 8, 9, 10, 11, 12 ynmpakHeHus 2, y9UTHIBAsI, YTO

U
R=Ri+Rk+ Rz, r1e R2=250Omu y = InU—. CpaBHuTe ¢ pe3ysibTaTaMu, Mojiy-
0
YEeHHBIMU B YIIPAKHEHUH 2.
VYrpaxHenue 5

16. Vcnonp3yst ocIuuiorpaMMy TOKa Pa3MbIKaHUSA, OMPEIETUTe UHIYKTHB-
HOCTh KaTYIIKH C CEpJCYHUKOM M 0e3 cepJeuHHKa [0 BPEMEHHM pelaKcaluuu

T= R ,3Has1, YTO 3TO BPEMsI, B TEYEHUE KOTOPOrO CHJIa TOKA YMEHBIIAETCS B € pas.

(T.e. L:@zz,n). Jns mamepenuid Up 1 U mpumeHuTe Ty XK€ CHEUATbHYIO
|
KAy, YTO B YIPOKHEHUH 2.
17. Cpenaiite BbIBOABI MO pabOTE W BBIMHUIIUTE MOJYYCHHBIC 3HAYEHUS WH-

JYKTUBHOCTH KaTYIIKU 0€3 CEpJIEYHUKA U C CEPICUHUKOM.

6. KOHTPOJIBHBIE BOITPOCHI

1. B ueM 3aKiIr09aroTCs SBJICHUS JICKTPOMArHUTHOW MHAYKITUH, CAMOWHTYK-
IIUY, B3AMMOWH TYKIIHH?

2. Chopmynupyiite npasmio JleHia.

3. Ot uvero 3aBucut IJ1C caMOMHIyKIIHH?

4. Ot 4ero 3aBUCUT UHAYKTUBHOCTh KOHTYPA, U B KaKMX €IMHUIIAX OHA U3MeE-
psieTcsi?

5. BeiBenute hopmysbl 3aBUCUMOCTEN OT BPEMEHU TOKOB pa3MbIKaHUS U 3a-
MBIKAHHS ICTIH.

6. UTo Ha3bIBaeTCS BpEMEHEM PEaKcaIiiy?

7. Kak MocTpouTh HAMIIYYINYIO MPSMYIO, IMOJIB3YSACh rpad)deCKUM METOIOM
HAaWMEHBIIINX KBaJIPaTOB?
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JABOPATOPHASA PABOTA 13

N3MEPEHUE AKTUBHOI'O COITPOTUBJIEHUSA
HNPOBOAHUKOB CIIOCOBOM AMIIEPMETPA-BOJIBTMETPA
N ITPU HOMOILIHN MOCTA ITOCTOAHHOI'O TOKA

1. HEJIb PABOTbI

1. V3yyeHrne METONMKHU ONpPENENEHUsI CONPOTUBIICHUS MPOBOJIHUKOB CIIOCO-
O00M ammepMeTpa U BOJIBTMETPA HCIONb3YsI TEXHUUYECKHI METOJ C TOYHBIM OTpe-

ACJICHUCM TOKA WUJIN HAIIPAKCHUS.

2. I/I3yquI/Ie MCTOAMWKHU OIIPCACIICHUA COIMPOTUBJICHUA ITPOBOJHUKOB IIPH I10-
MOIIIM MOCTAa ITOCTOSAHHOI'O TOKA.

3. OHpCI[CJIGHI/Ie YACIIBHOT'O COIIPOTHUBJICHUA ITPOBOAHUKOB.

2. BUBJIMOT'PA®UA

1. CaBenbeB 1.B. Kypc dusuku: yued. mocodue 1y CTYJICHTOB BTY30B. - [B
3-x 1.]. - T.2: DnekTpudecTBo U MarueTu3M. Bomnel. OnTuka. - M.: Hayka, 1989. -
496 c.

2. Tpopumona T.U. Kypc ¢pusuku. - M.: Beicur. mik., 1998. - 542 c.

3. Hetnad A.A., Asopckuii b.M. Kypc ¢usuku. - M.: Beicm. mik., 1989. - 608 c.

3. TEOPETUYECKOE BBEJIEHUWE

3.1. MeToauka n3MepeHHs CONpoOTHBJIeHUs HAa npudope FPM-01
W3mepenne yaenbHOro CONMPOTHBICHHUS C MOMOILIBIO aMIEPMETpa U BOJBT-
Metpa B npudope FPM-01 ocymiecTBiisieTcsi HA OCHOBE TOYHOI'O M3MEPEHHUS TOKA
WJTA HaTPsDKEHUS.
1. PaccMOTpUM cXeMy M METOJMKY U3MEPEHHSI AKTUBHOTO COMPOTUBIICHUS O
TEXHUYECKOMY METOJIy C TOYHBIM U3MEPEHUEM TOKa (pHc. 1).

/ ]

/J

Pucynox 1
Ecnu R, - conmporuBiieHne amrepMeTpa, R, - CONPOTUBIICHUE yYacTKaA PE3H-

ctopa CD, To comporuBienne R ydactka BD moxer ObITh ompeseneno mo ¢op-
MyJie
R=R,+R;.
Orcroga conporuBienue R, ydactka CD pesucropa ompenenurcs u3 BhIpa-

KCHU
R, =R—R,. (1)
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Tak kak B JJaHHOW CXE€ME aMIIepMETP MOKa3bIBA€T TOYHOE 3HAYEHUE TOKa,
MPOXOJISIIETO YEPE3 PE3UCTOP, & BOJIBTMETP ONPEIEISIET HANPSKEHUE HA YUACTKE
BD, To aJis 1TaHHOTO y4acTKa TOK OMpeAeanTcs U3 3akoHa Oma

u,
"R
OTCI-OI[a COIIPOTUBJICHHUE R PaBHO
U
R==Y, )

[ToncraBnsst 3HaYCHHWE COMPOTUBIICHHUS R W3 YpaBHEHHs (2) B BhIpaKEHHE
(1), momyunm pabouyio Gopmyry UIsi onpeaesieHUs] COMPOTUBIICHUST ydacTKa pe-
suctopa CD:

R, =—Y —R,. 3)

YIIGJ'IBHOC COIMPOTHUBJICHUC OAHOPOAHOI'O Y4aCTKa IIPOBOAHHUKA MOIKCT OBITH
OIIPCACIICHO M3 BBIPAKCHUA
I

PaccmoTpum cxemy M METOAWMKY M3MEPEHHsI AKTHUBHOTO CONPOTHUBIIEHUS IIO
TEXHUYECKOMY METOJY C TOYHBIM N3MEPECHUEM HaIpsDKEHUS (pHc. 2).

Ia

; ]

/I

Pucynok 2

Ecmu R, - CONPOTUBIEHHME BOJIETMETPA, R, - CONPOTUBIECHHUE y9aCTKa PE3U-
ctopa CD, To conporuBienue R ydactka BD moxer ObiTh onpezgeneno mo ¢op-
MyJie

1 1 1

R R, Rp
Orcroga conporuBiaenue R, ydactka pesucropa CD ompexenurcs u3 BhIpa-
KEHUS

111 6)
R R R,

Tak kak B JaHHOU cXxeMe BOJIbTMETP MOKA3bIBAET TOUHOE 3HAUCHHUE HampsKe-
Hus Ha ydactke BD (comportuBnennem noasoasmux npoBojioB Ha ydyactke BC u
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IPYrUX Y4acTKax MpeHeOperaeM), a aMIepMeTp OonpeesieT TOK Ha 3TOM Y4acTKe,
TO JUIsl JAHHOT'O y4acTKa TOK ONpeAennTcs u3 3akoHa Oma

UV
="
OTCIOI[a COHpOTI/IBJIeHI/Ie R paBHO
U
A

[ToxcraBmsisi 3HaYCHUE COMPOTUBIICHUSI R W3 ypaBHEHHs (6) B BBIpaXCHHE
(5), momyuum pabouyio Gopmymy IS OmpeAeeHUsT CONMPOTHBIICHUS y4acTKa pe-
suctopa CD:

1 1 1
Re Uy R,
I A
OTcro1a MOKHO OIIPENEIUTh CONPOTUBIIEHHE R, ydacTKa pesuctopa CD:
R =5~ A4 7
a1 U, R
UV RV

YaenpHOE CONPOTUBICHHWE OJHOPOJHOTO ydYacTKa MPOBOJIHHMKA, KaK U B
MPEBIAYIIEM CITydae, MOKET ObITh OMPE/ICNICHO U3 BhIpKEHUS (4).

3.2. Onucanue npudopa FPM-01

O6uuit Bug npudopa FPM-01 npexacrasnen Ha puc. 3. OcHoBanue 1 ocHa-
IICHO PETYJUPOBOYHBIMU BUHTAMHU, KOTOPHIE TTO3BOJISIFOT MPOU3BECTH BHIPABHUBA-
HUE ToyioxkeHue nmpudopa. K ocHoBaHUIO MpUKpersieHa KOJIOHHA 2 ¢ HAaHECEHHOM
MeTpruueckoil mkanoi 3. Ha KOJOHHE MOHTHpPOBaHBI JBa HEMOJBHXKHBIX KPOH-
mTelHa 4 M OJWH TNOJBWKHBIM KPOHIUTEWH S5, KOTOPBIM MOXKET IMEepeBUTATHCS
BJIOJIb KOJIOHHBI M (PUKCHPOBATHCA B JIFOOOM TMOJIOKEHUU. Mexay BEpXHUM U
HKHUM KPOHIITEHHAMH HATSHYT PE3UCTUBHBIN MPOBOJ 6, KOTOPBIA MPUKPEILICH
K KyOukam 7 ¢ momoIbi0 BUHTOB. Ha MOABMKHOM KpOHINTEHHE HaHECEHA YepTa,
KOTOpasi o0JieryaeT ompeiesieHue JUIMHbI OTpe3Ka H3MEpSieMOro pPe3HCTHBHOIO
MpoBOAHMKA. HyKHWI, BEPXHMM M LEHTPAJbHBIA KOHTAKTBl PE3UCTUBHOIO MIPO-
BOJIHMKA TOJBEJACHBI MPU MOMOIIX MPOBOJHUKOB HU3KOTO COMPOTHUBJIEHUS K W3-
MEpUTENIbHOU YacTu npudopa.

3.3. ®yHKUMOHAJIbHOE HA3HAYEHUEe MAHUNTYJISIIIMOHHBIX 3JIEMEHTOB
npudopa FPM-01

Knasuma W1 - (ceTs) - BKIItOUeHHE Npubopa B CETh MEPEMEHHOTO HamlpshKe-
Hus 220B. HaxaTue KJIaBUIIM B CETh BBI3BIBACT BKIIOUCHHUE HANPSKEHUS IMUTA-
HUs. Bu3yanbHO TIpy BKITIOYEHUH 3aropaeTcs HEOHOBAs JTaMIIOUKa.

KnaBuma W3 - (MocTuk) - mepekitouarensb Buaa pador. [Ipu omkarum kia-
BUIIIK TTPUOOP obecneunBaeT paboTy ¢ MOCTUKOM MTOCTOSIHHOTO TOKA.

[Tpu Ha)xkaTUU KJIABUIIIK MPUOOP MO3BOJISET MIPOU3BECTU U3MEPEHUE aKTUBHO-
IO CONPOTUBIICHUS MPOBOIHUKA 10 TEXHUYECKOMY METO/TY.
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KnaBuma W2 - nepexirodarens peKHMOB TEXHUYECKOTO METO/Ia U3MEPEHUS
COTPOTHUBJICHUS: PY OTKAHUHU KJIABUIIH - TOYHOE U3MEPEHUE TOKA, TIPU HAKATHH
KJIABHIIIN - TOYHOE U3MEPECHUE HAPSIKCHHUS.

Pykositka P1 - perynnpoBka ToOka - HOTEHIIMOMETP PETYJIUPOBKH TOKA.

Z11, 712, Z13 - maGopaTopHbIC 3aKUMBI JIJIs1 TIOJKITFOYCHHS] MOCTa TIOCTOSTH-
HOTO TOKa.

Z17 - 3auM U1 TIOAKIIFOYEHHUS 3a3€EMIICHHU.
4

[} Pl

q\*/
-v-
X

711 z12 713 w3 w2 wi
CeTb

Pucynok 3
4. TIOPAJOK BBINTIOJTHEHUSA PABOTHI ITPU UBMEPEHUN

COITPOTUBJIEHNA 110 TEXHUYECKOMY METOLY

4.1. TouHoe u3MepeHne TOKa

Haxwmure knasumry W3 nepekiouarens Buaa padot. (B HaxxatoMm mosioxe-
HuM knaBumn W3 u3MepeHue CONMpOTUBIICHUS MPOU3BOAUTCS MO TEXHUYECKOMY
METOIY).

Oroxmute knaBuiry W2 mnepekiroyaTenss peKUMOB TEXHHUYECKOTO METoAa
U3MEPEHHUs CONPOTUBIICHUS. (B OTKAaTOM IMONOKEHNN WU3MEPEHHE MPOU3BOJIUTCS
IIPY TOYHOM OTPEICTICHUH TOKa, puc. 1).

BxrounTe npubop B ceTh nepemeHHoro Hanpspkenus 220 B tym6iepom W1
(ceTn).

YcraHoBUTE NMpU MOMOUIM MOTEHUHMOMETpa pPeryiaupoBku Toka Pl Takoe
3HAYEHUE TOKa, YTOOBI BOJBTMETP MOKa3bIBaJl MPUMEPHO 2/3 U3MEPUTEIBHOTO
JMana3oHa.

3anuimTe noka3aHusi aMIepMeTpa u BoJapTMeTpa B Tad. 1.
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Onpeodenume npu nOMowu MUKpoOMempa ouamemp ucciedyemozo nposood 8
namu moukax. Paccuumaume cpeonuii ouamemp nposooa. Pezyivmamul pacuema
3anecume 6 maon. 1.

Haiipgure nnuHy mcciienyemMoro npoBojia 1o IiKajie Ha KOJIOHHE. Pe3ynbrarsl
M3MEpEHUs JIJTUHBI 3aHecuTe B Ta0. 1.

3anumuTe B TaOIUITy BEIMYNHBI BHYTPEHHETO COMTPOTUBIICHUS aMIIepMETpa 1
BOJIbTMETPA.

Tadbauma 1

Ne I, 4 U, B d, m I, m R, Om ol
n/n Om-M
1
2
BryTpenHnee conpoTHBIEHME MUJUTMAMITEPMETPA - Owm.
BryTpenHnee conpoTUBIeHNE BOJIBTMETPA - Owm.

Paccuuraiite mo popmynam (3) u (4) CONPOTUBIICHUE U YACIBHOE COMPOTUB-
JICHUE U3MEepsAEeMOoro MmpoBojia. Pe3ynpTaTel pacyeTa 3anuiuTe B Tad. 1.

N3MeHnTe MIMHY HCCIETyEMOrO MPOBOJHUKA HA 2-3 CM U MOBTOPUTE U3MeE-
peHus u pacuetsl. Pe3ynbratel uamMepenuit 3anumure B Tadm. 1.

PaccuunTaiiTe abCOMIOTHYIO U OTHOCUTEIBHYIO TOTPEIIHOCTH COMPOTUBICHUS
U YAEIBHOTO CONMPOTHUBJIEHUS UCCIENYEMOTO MPOBOJHUKA METOJIOM CPEIHUX 3Ha-
YEeHUN M BEPOSTHOCTHBIM METOJIOM TpHU 3aJ]aHHON HAJAEKHOCTH (10 YKa3aHHIO
MpenoaaBaTeis).

OKOHYATENBHBIN PE3yJIbTAT 3AMUIINATE B BUJE:

(<R>E<AR>)Om, &5, %.; (< p>1<Ap>)Om, ¢,,%.

4.2. TouHoe u3MepeHue HANPSIsKeHUs1

Haxwmure knaBumy W3 nepekitouarens Buaa padot. (B HaxaroMm mojoxe-
Huu knaBumu W3 u3MepeHne CONMPOTUBICHHS MPOU3BOAUTCS MO TEXHUYECKOMY
METOLY).

Haxwmute xnaBunry W2 nepekitouaTens peXUMOB TEXHUYECKOTO METO/1a U3-
MepeHHs conpoTuBieHus. (B HakaTOM MOI0XEeHNH U3MEPEHNE TPOU3BOIUTCS TIPU
TOYHOM OTIPENICIICHUN HANIPSDKEHUS, pHC. 2).

Bxotounte npubop B ceTh nepeMeHHoro Hanpsbkenus 220 B tym6iaepom W1
(cetp).

YcTaHoBUTE MpY MOMOIIY MOTEHIIMOMETpa PETyIUpOBKU Toka P1 Takoe 3Ha-
YeHHE TOKa, YTOOBI BOJBTMETP MOKA3bIBAI MIPUMEPHO 2/3 NM3MEPUTENILHOTO AHarna-
30Ha.

3anumuTe MoKa3aHusl aMIepMeTpa U BOJIbTMETpa B TabII. 2.



JlaGoparopnas pabota 13 91

Tabauma 2

Ne I, 4 U, B d, m L, m R, Om o
n/m OM-M
1 2 3 4 5 6 7

1

2

3

4

5
BHyTpeHHee conpoTruBIeHIE MUJUTHAMIIEPMETPA - Owm.
BHyTpeHHee conpoTHUBIECHUE BOIBTMETPA - Owm.

Onpenenure quaMeTp U JJIMHY MCCIEIYEMOT0 MPOBOJia MPU NOMOIIU MHKPO-
METpa U IIKaJIbl Ha KOJOHHE. Pe3ynpTaThl M3MepeHUs IINHBI 3aUIIUTE B Ta0I. 2.

3anuimure B TAOJUIy BEJIMUYMHBI BHYTPEHHETO COITPOTUBIICHHS aMIIEPMETPa U
BOJIbTMETDA.

PaccuuTtaiite mo dopmynam (3) u (4) COpOTUBIICHUE U YIEIHHOE COMPOTHUB-
JIEHHE U3MEPSEMOTo NMpoBoja. Pe3ynpTaThl pacuera 3anuimuTe B Ta0. 2.

M3MeHuTe JIMHY UCCIIEyeMOTO IPOBOJHUKA HA 2-3 CM M IIOBTOPUTE H3MeE-
peHus U pacuetsl. Pe3ynbTaTel U3MEpeHui 3anummTe B Tadl. 2.

Paccuuraiite abCONIOTHYIO U OTHOCUTEIBHYIO MOTPEIIHOCTH CONPOTUBIICHUS
Y YJIEJIBHOTO CONPOTUBIIEHUS UCCIEAYEMOTO ITPOBOJHUKA METOJIOM CPEIHUX 3Ha-
YEHUH M BEPOATHOCTHBIM METOJIOM MpPH 3aJaHHOW HAJEKHOCTU (IO YKa3aHUIO
Iperno1aBaTes).

OKOHYATENbHBINA PE3yJIbTAT 3ANUILINTE B BUJE:

(<R>£<AR>)Om, &5, %.; (< p>E<Ap>)Owm, €,,%.

4.3. U3mepeHue cOMPOTUBJIEHHUS PH MOMOIIHM MOCTA MOCTOSIHHOTO TOKA

Otoxmure kiasuiry W3 nepexntovarens Bujaa padbot. (B omxatom monoxe-
HuM ki1aBu W3 u3MepeHue ConpoTUBICHUS MPOU3BOIUTCS MPU MOMOLIM MOCTa
MOCTOSTHHOT'O TOKQ).

[ToaxmrounTe MOCT MOCTOSIHHOIO TOKA K 3akuMmam Z11, Z12.

[lepenBrHBTE MOABUKHBIM KPOHILITEWH Ha PACCTOSIHUE, PUMEPHO paBHoe 0,7
JUIMHBI TPOBOJIA IO OTHOLIEHUIO K OCHOBAHMIO.

Bxutrounte MOCT MOCTOSIHHOTO TOKa (TIOPSAOK BKJIIOYEHUS U paboTa ¢ MOCTOM
IIOCTOSIHHOI'O TOKa NPHUBEJIEHBI B OTAEIBbHON MHCTpYKLMM). V3MepbTe CONpOTHB-
JICHHE HCCIelyeMOro MpoBOAHMKA. Pe3ynbTaTsl H3MepeHusl 3anuiuTe B Tadm. 3.

Tadbauma 3

Ne d, m l, m R, Om £, 0MM

2 3 4 S)




92 N3mepenne akTUBHOTO COITPOTHUBIICHUS

Onpenenure nuaMeTp U JUIMHY UCCIEIYEMOrO MPOBOJa MPU MOMOIIN MUKPO-
METpa U IIKaJIbl Ha KOJOHHE. Pe3ynbTaThl M3MepeHus ATUHBI 3aUIIUTE B Ta0I. 3.

Paccuuraiite mo gopmyne (4) yneapHOE COMPOTUBICHUE U3MEPSIEMOTO TIPO-
Boja. Pe3ynbrarel pacuera 3anummure B Ta0JI. 3.

N3mennTe MIMHY HCCIIETyeMOro MPOBOJHUKA HA 2-3 CM U IIOBTOPUTE U3MeE-
peHus U pacueTsl. Pe3ynbrarel u3MepeHuit 3anuimuTe B Tad. 3.

PaccuunTaiiTe aOCOMIOTHYIO U OTHOCUTEIBHYIO TIOTPEIIHOCTH COMPOTUBICHUS
U YJI€JIBHOTO COMPOTUBJICHUS UCCIIEAYEMOTO MPOBOJHUKA METOJIOM CPEIHUX 3Ha-
YEeHUN M BEPOSTHOCTHBIM METOJOM MpH 3aJ]aHHON HAJEKHOCTH (M0 YKa3aHHIO
pernoiaBaTess).

OkoHYaTeNbHBINA PE3YJIbTAT 3AMUIIUTE B BUJIC:

(<R>2<AR>)Om, &5,%.; (< p>+<Ap>)Om, ¢,,%.

CrenaiiTe KpaTKue BBIBOIBI IO paboTe.
5. KOHTPOJIBHBIE BOITPOCBI

1. 3anummre 3akoH Oma u [xoyns - JIeHna B uHTerpaibHou U AudQepeHnn-
anbHOH opmax. [TosicHUTE CMBICT BEIMYMH, BXOAAIIUX B 3TH 3aKOHBI.

2. OOBsICHUTE METOJUKY HW3MEPEHUSI CONPOTUBIICHUS MPOBOJHUKOB IO TEX-
HAYECKOMY METONY.

3. OOBSCHUTE METOAMKY HM3MEPEHUsl CONMPOTHUBIICHUS MPOBOAHHUKOB MOCTO-
BBIM METOJOM. BbIBEIUTE COOTHOILICHUE IS ONPEAEICHNUs COIPOTUBIIEHUSA C I10-
MOIIBIO MOCTA IIOCTOSTHHOT'O TOKA.

4. TloscHuTe TeMIepaTypHYI0 3aBUCHMOCTb COINPOTHUBIICHHUS METAJIOB, IO-
JyIIPOBOJIHUKOB U DJIEKTPOJIUTOB.

5. OOBsicHUTE CMBICI SIBIEHUS CBEPXIPOBOAMMOCTH. Il0sSICHUTE CYIIHOCTH
BBICOKOTEMIIEPATYPHOU CBEPXIIPOBOAUMOCTH.
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JABOPATOPHASA PABOTA 14

OIIPEAEJIEHME YAEJIBHOI'O 3APAIA QJIEKTPOHA
METOJIOM TOMCOHA

1. HEJIb PABOTbBI

Onpez{eﬂeHI/Ie OTHOHICHHA 3apsaa 3JICKTPOHA K €0 MaCCC Ha OCHOBC B3aWM-
HOM KOMIICHCAalIu 1 OTKHOHGHHﬁ, BBI3BIBACMbIX B3aWMMHO IICPICHANKYJIISIPHBIMHA
QJICKTPUICCKHUMH U MAIrHUTHBIM I1O0JISIMU.

2. BUBJIMOT PA®GUYECKU CIIUCOK

1. CaBenpeB U.B. Kypc dbusuku: yued. mocobue st CTyI€HTOB BTY30B.- [B
3-x T.]. - T.2: DnextpudectBo u Mmaraetu3M. Boinael. Ontuka. - M.: Hayka, 1989. -
496 c.

2. Tpodpumona T.W. Kypc dbusuku: y4ued. nocodue mis By3oB / T.M. Tpodu-
MoBa. 19-e m311. - Axagemus, 2012. - 560 c.

3. Hetnad A.A., SABopckuit b.M. Kypc pusuku.- Axkagemus, 2009. - 720 c.

3. TEOPETUYECKOE BBEJIEHUE

Nnesa merona omnpenesieHus yACIbHOTO 3apsifa 3JEKTPOHA IPUHAIICKUT U3-
BeCTHOMY aHriuiickomy ¢usuky Jx. Tomcony. OH HCHOJIb30Bal 3TOT METOM B
1897 1., 4TOOBI YCTAHOBHUTH MPUPOJY KATOJIHBIX M AHOJHBIX Jy4deil B TpyOKax c
Pa3pEKEHHBIMU T'a3aMH. DTH OIBITHI IIPUBEIIA K OTKPBITUIO 3JIEKTPOHA U U30TOIIOB.
BrniepBble ObLT ONpeieNieH YACIbHbBIN 3aps]l JIEKTPOHOB.

»____f_“'_“_',___:;
1 II|I'...._HI|I

Pucynok 1

Ha puc. 1 cxematnuecku nokaszad mpuOop AJis OnpeaesieHus YAEeIbHOro 3a-
pAlla 3JIEKTpOHA METOAOM TOMCOHA. HCTOYHUKOM DJIEKTPOHOB CIIY>KUT ITOAOTPEBa-
eMblil kaToJ K. rcmycKkaemble KaTOJOM 3JIEKTPOHbI YCKOPSIOTCS U (DOKYCHUPYIOTCS
aHozoM A4, umeroum popmy nmauHApa. CHOKyCHpOBaHHBIA MYYOK JIEKTPOHOB
MONAaJgacT B MPOCTPAHCTBO MEXKIY IJIACTUHAMU [/ TIOCKOTO KOHAEHCATOpa, a 3a-
TeM Ha (IIyOpecCIUpYIONUNA dKpaH I, BBI3BIBASI €r0 CBEUCHUE MPU COYMAPEHUU C
anekTpoHaMmu. Bee anmeMeHThl mpubopa MmoMenieHbl B CTEKISHHBIN COCY/I, B KOTO-
POM CO34aHO pa3pspkeHne. ECu Ha MIIaCTUHBI KOHAECHCATOPA NOAATh HANPSKEHUE,
TO TMYYOK DJIEKTPOHOB OYJET JBUTATHCSA B MPAKTUYECKH OJHOPOIHOM BJICKTpUYE-
CKOM T0JI€, KOTOpOe Oy/eT OTKJIOHATH AJICKTPOHBI B BEPTHUKAIHLHOM HAIPABIICHUU.
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Bcenencreue 3100 My4oK 37€KTPOHOB MONAJAET HE B LIEHTP DKPaHa, & CMECTUTCS Ha
HEKOTOpPOE pacCTOsHUE ¥ (pUC. 2). BrlUMCINM BEITUYHHY 3TOTO CMEIICHHUS.

PaccmoTpum y3Knid ydOK 3JEKTPOHOB, KOTOPBIM BCJIEACTBUE AIEKTPUUECKOTO
I0JIs ITOMANaeT Ha 3kpaH B Touky O. HaiinéM oTKIOHEHUE ciiefja Ha dKpaHe, BbI3bI-
BAEMOTO OJHOPOAHBIM JJIEKTPUUYECKUM IIOJIEM, NEPIIEHANKYIISIPHBIM K HaIlpaBJic-
HUIO IBIKCHUS DJICKTPOHOB M JICHCTBYIOIINUM Ha ITyTH JJTUHON .

{

r-

Pucynok 2

O003Ha4YMM MTEPBOHAYATIBHYIO CKOPOCTH AIIEKTPOHOB uepe3 Vo. Ha anektpon
B DJICKTPHUYECKOM TIOJIe JCUCTBYeT cmiia £ = eE | koTopas cooOIIaeT eMy mocTo-

AHHOE [0 BEIMYMHE U HamlpapjeHHIo yckopenue 4, = eElm. Tox neiicTBuem
AIIEKTPUICCKOTO ITOJIS SJICKTPOHBI HaxX0o4aTcs B TeueHue Bpemenn t = 1/Vo. 3a ato
BpEMSI OHH CMECTSTCS Ha PACCTOSIHUE

at’ 1e |
== () E
2 2m v,
U IPUOOPETYT NEPIEHAUKYIIPHYIO K Vo COCTaBISIONIYIO CKOPOCTH v, paBHYIO
e |
v, =—— E.
m v,

3a mpenenaMu Mojsi (BHE KOHJEHCATOpa) 3JEKTPOHbI OYyAYyT ABUTATHCS IO
MHEPIUH MPSIMOIUHENHO NOJI HEKOTOPBIM YIJIOM Ol K HAMPAaBJIEHUIO CKOPOCTH V.
Torna

tga=-21E (1)
vV, my;

BcnencrBue Takoro npsiMOJIMHEHHOTO JBHXKEHHSI IO YTIIOM Ol K OCH MpUOo-
pa BBUICTEBIIMIA M3 KOHJECHCATOPA U JOCTHUTIIINI dKpaHa 3JICKTPOH JOTOTHUTEIIHBHO
CMECTHTCS Ha paccTosiHue Y. mo BepTukanu. Ecimu 0603HauuTh uepes L paccros-
HUE OT dKpaHa JI0 OJrbKaiImero Kpas KOHJICHCAToOpa, TO CMEIICHHE Y, MOYKHO BBI-
YUCTUTH 110 hopMyIie

Yy, = Ltga =EI—|; E.
m v,

Takum 06p330M, ITOJIHOC CMCIHICHHUC 3JICKTPOHOB B 3JICKTPHUYCCKOM II0JIC

e | 1 1
y=yl+y2=EE(L+EI)E=tga(L+§I). (2)



JlaGoparopnas pabota 14 95

U3 popmysl (2) caemyer, 9TO 3NEKTPOHBI, TOKUAAS MOJIE, ABMXKYTCS TakK, KakK
ecim ObI OHM BBUICTAI U3 IIeHTpa KoHaeHcaTtopa O' moa yriioM o (puc. 2), onpe-
nensembiM cootHornenneM (1). Tak kak £ = U/d, roe d — paccrosiHre Mexay 00-
KJIaJKaMH KOHZICHCATOpa, TO JJIs BeIUKCIIeHUs elm HeoOXoauMo 3HaTh apaMeTphl
npubdopa |, L, d, a Taxxe Vo, y, U. Benuunnbl U 1 y MOXKHO JICTKO MU3MEPHUTh, a IJIs
onpenesieHus Vo TOMCOH TIPEIOKUI CIASAYIOIIUNH METO, CYTh KOTOPOT'O COCTOUT
B TOM, 4YTO B 00JIACTH MPOCTpPaHCTBa MpUOOpa, riae uMeeTcs IESKTPUIECKOe ToJIe,
CO3/Ia€TCSI OJJTHOBPEMEHHO M MarHuUTHOE ToJie (IMMyHKTHUpHas 00JIacTh Ha puC. 2).
MarauTHoe 1osie MEePIeHIUKYISIPHO K DJEKTPUIECKOMY M HAdaJbHON CKOPOCTH
3JIEKTPOHOB Y . DTHM 00ECIEeUHBAIOCh OTKJIOHEHHE 3JIEKTPOHOB B MArHHTHOM
MoJIC B TOW K€ TUIOCKOCTH, YTO M DJIEKTPUYECKOM II0JIe, T. €. B BEPTUKAIHHOU
MJI0CKOCTH. HampapiieHne MarHUTHOTO TOJST BEIOMPAETCS TaKUM, YTOOBI MTydOK B
HEM OTKJIOHSJICS B CTOPOHY, IMPOTHBOIOJIOXKHYIO €r0 OTKJIOHCHUIO B AJICKTPHUE-
cKoM moJjie. HIyKIus MarHuTHOTO TOJisi B MobKHA OBITH TaKo#, 4TOOBI BEPTH-
KaJIbHasi COCTaBIISAONMIast Crubl JIopeHIia, TeMCTBYIONIEH HA 3JIEKTPOHBI B MarHUT-
HOM I10JI€, PaBHSIACh 3JIEKTPUUYECKON CUJIE eE = ¢ [V 0% B ]. Ilpu Takom ycioBuu
MTyYOK JICKTPOHOB B IpHOOpE HE OYyIET UCIIBITHIBATH OTKIIOHEHUS, T. €. MIOMAJET B
TouKy O Ha 3KkpaHe. 13 yciioBusi paBeHCTBA JEKTPUUECKONM U MArHUTHOM CUJI HO
OTIPENICIIUTh Va U BBIPA3UTh €€ Yepe3 IKCICPUMEHTAIbHO U3MEPsSeMble BEIIMUUHBI.
JlelicTBUTENBHO,

E U
Vg=—=——.
B su,Hd

Ecaum mMarauTHOe mose co3gaercs ¢ MOMOIIBI0 cojieHouaa, To H = nl, u ¢

Y4E€TOM TOTO, 4TO 4 = 1, monydaem

v — U
0o — '
Lonld
rae | — cuma Toka B COJIEHOWAE, 71 — YHCIIO BUTKOB COJICHOW/A Ha €AWHHIE €To

JUIMHBI. B MpaBoil 4acTU MOJyYEHHOTO BBIPAKEHUS CTOST BEJIUYUHBI, KOTOpPHIE
MOHO U3MEPUTH Ha OTBITE, U, CJIEIOBATEIBHO, ONPEAEIUTH Vo

[TopcTaBuB mogyuyeHHOE BBIpaXKEHHE M Vo B popMyiy (2), HaliieM ynemnb-
HBIU 3apsi]l DJIEKTPOHA

U
( )y
2
%: Vo])-/ _ /uom](-j 5 ZkUF/JO, 3)
I(L+=DE I(L+=1—
(L+DE I(L+ D)
e
1
k= 4)

yjnzl(L+;l)d

- HEKOTOpas BEJIMYMHA, 3aBUCSINAs OT MapaMeTpOB MPUOOpa U SIBISIOLIASCA, 110-
CTOSIHHOM U1 JaHHOro npudopa. M3mepsia Ha onwite U, /, y U 3Has MOCTOSTHHYIO
npubopa K, MoxxHO 110 popmyiie (3) BBIYHCIUTD YISIBbHBINA 3apsil JJICKTPOHA.
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4. ONUCAHMUE SKCHNEPUMEHTAJIBHOM YCTAHOBKHU

DKcnepruMeHTaIbHAST YCTAaHOBKA ISl U3MEPEHUS YJIEIBHOTO 3apsiia JIeKTPo-
HOB MeToioM TomcoHa coOpaHa Ha 6a3e cepuitHoro ocuuorpada J/IO-70 ¢ smek-
TPOCTATUYECKUM YTMPABICHUEM JIy4OM. DIIEKTPUUECKOE OJIe CO3AaeTCs B 001acTu
MEXTy BEPTUKAIBHO OTKJIOHSIONUMH TUIACTHHAMH [ 3JIEKTPOHHOIYYEBOU TPyO-
ku (puc. 3). [locrossaHOE Hanpshkerne U Ha MIIaCTHHBI MOAAETCS OT BHYTPEHHETO
HMCTOYHHKA ociuiiiorpada a ero BeIMYWHA PEryIupyeTcs MOTCHIIMOMETPOM R u
HU3MEPSIETCS] BBIHOCHBIM BOJIBTMETPOM V.

@—
20-300B
L L
@ bt )
R _
I
Pucynok 3

MarsnuTHoe€ 10J€, CUIOBBIE JINHUA KOTOPOT'O UAYT TOPU30HTAIBHO, CO3/1a€TCsA
B TOHM k€ 00JIaCTH MPOCTPAHCTBA, YTO U AJIEKTPUUYECKOE MOJIE C TOMOIIbIO JBYX
KaTylIeK MHAYKTUBHOCTH MOHTHPOBAaHHBIX CHapYX M 3JEKTPOHHO-TYy4YeBOH TpyO-
k. Karymku L nutatorest ot Beixona YHUIla «20 - 300 By». Cuna toka, npoxos-
IIEr0 Yepe3 KaTylUIKH, PEryJIupyeTcss NOTeHIMoMeTpoM Bbixoaa «20 - 300 B» YU-
[la 1 u3MepseTcs MUIMAMIIEPMETPOM, CMOHTHPOBAHHBIM Ha €ro MepeaHeil naxe-
mu. B cooTBeTcTBUM ¢ TpeOOBAHMSIMU METOJIa MAarHUTHOE TOJIE SIBJIAETCS MPAKTH-
YECKU OJHOPOAHBIM B 00JIACTU MEXIy MilacTuHaMu I/ 1 ObICTpO yObIBaeT BHE 00-
JACTU DJIEKTPUUYECKOTO MOJIS.

[Mapametps! yctanoBku | = 10 mm, L= 45 mm, d = Smm, a = 4-10° M. Pasmep
SYEUKH CETKHU dKpaHa ocumuiuiorpada 6 x6 M.

5. HPUBOPBI U TIPUHAVIEZKHOCTHU

1. Octumnorpad tuma JIO-70.
2. Karyika nHIyKTHBHOCTH.
3. baok muranmns YUII-2.

4. BoasT™eTp.

5. IlepemMeHHBIN pe3UCTOP.

6. HOPAJOK BBIIIOJIHEHUSA PABOTBI

1. YcranoButh pyuku noteHiuomerpa R u perynsropa Beixoga «20...300 By
YU lIa B kpaiiHee J1€BO€ MNOJIOKEHUE.

2. Bxmrounts ocrmsuiorpad u 6ok |[muranust YUII-2 B ceTs U 1ath UM mpo-
rpetbest B Teuenne 10 muH. [IponsBecTu nmpeaBapuTeIbHYIO PETYIUPOBKY OCITHII-
norpada. BeIKIIIOUnTh reHepaTop pa3BepTKH ocuuuiorpada U yCTAaHOBUTH CIIEN
Jy4a B IIEHTPE dKpaHa.
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3. Bpamas pyuky norenuuometpa R, mogats Ha muactunsl /7 Hanpsbkenne U
TaKOM BEJIMUYMHBI, YTOOBI CBETAIIASACSA TOUKA HA dKpaHe ocuusuiorpada cMecTuiIach
OT LEHTPA Ha paccTosiHue J...20 MM. BennunHy cMeeHus Y 1 COOTBETCTBYIOIIETO
emy HanpsbkeHusa U 3anucats B TaOIuILy.

4. Bpamienuem pyuyku peryisaropa Beixoga «20 - 300 By YUIIa yctaHOBUTB
Takoil Tok | B kaTymikax L, 4ToObI CBETAIIAsACS TOUKA HA SKPAHE BEPHYJIACh B CBOE
NEepBOHAYANILHOE MOJIOKEHUE B LIEHTPE dKpaHa. 3amucaTh B TaOIUIly cuily Toka |,
uzMepsemoro npudopom Y Ulla.

5. [ToBTOpUTH M3MEpEHUSs, ONMCaHHbIe B M1. 3 U 4, 5 - 8 pa3, MeHsIsl BEIUUYUHY
CMEILEHHUS CJIe/Ia SJIEKTPOHHOIO JIy4ya Ha YKpPaHe .

7. OBPABOTKA PE3YJIbTATOB U3MEPEHUM

1. PaccunTaTh BEIMYHHY IOCTOSSHHOTO MHOKHUTENS K 10 hopmyiie (4).

2. [lonb3ysich TaHHBIMU TAOJMIIBI, ONIPEACIIUTD YACIbHBIN 3apsij] JIEKTPOHOB
o ¢opmyiie (3) A Kaxka0ro U3 OMbITOB.

3. Haiitu cpenHee 3HaueHHE yIETBHOTO 3apsjia AJIEKTPOHA IO JaHHBIM BCEX
OTIBITOB W OMNPEACINUTh a0CONMIOTHYIO W OTHOCHUTEIBHYIO TIOTPEITHOCTH MOTyYCH-
HOT'O pe3yJIbTaTa 0 CPABHCHHIO C TAOJUYHBIM 3HAYCHHEM e/m.

4. OnpeenuTh CPEeIHIOI CKOPOCTh JIEKTPOHOB IO JAHHBIM OJHOTO W3 OIIbI-

TOB 10 opMmyie V _E_ U
PYIE o T B T nid”

8. KOHTPOJIBHBIE BOITPOCBHI

1. ITo xakoii TpaekTOpusi OyAEeT ABUTAThCS 3apsHKEHHAS] YaCTUIA, BIIETAOMIas
B OJJHOPOJITHOE MAarHUTHOE M0JI€ NEPIEHAUKYISPHO K JTUHUSIM UHIYKIIUHU TOJISI?

2. KakoB xapakTep JBMKEHUS 3apsSKEHHOW YaCTHUIIBI B OJTHOPOJHOM MarHUT-
HOM 1oJje?

3. Kak BbIBOAMTCS ypaBHEHUE KPUBOM, IO KOTOPOM OYJET MPOUCXOAUTH JIBU-
KEHUE 3apsSHKEHHOW YacCTHUIBI B OJHOPOJHOM DJIEKTPUYECKOM ToJie (HaudajabHas
CKOPOCTb YaCTHUIIbI NEPIEHAUKYISIPHA K CUJIOBBIM JIMHUSAM TT0JIs1)?

4. Kak BBIYMCIHTD JJISl IPEbIAYIIETO CIy4asi BEIUYMHY CMEIIEHUS YaCTHIIbI?

5. B ueM cyth MeTos1a ToMCOHA 1O ONpeeeHUIO YASIBHOTO 3apsi/ia YaCTHIIhI?

6. Kak yctpoen mpubop anst u3MepeHus: yaelabHOTO 3apsAaa dJIEKTPOHOB Me-
ToxoM TomcoHa?
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JABOPATOPHAA PABOTA 15

OIIPEJIEJIEHUE TAPAMETPOB JIBYMEPHOM PEIIETKH
MHUKPOCKOIMNYECKUM U JTUDPPAKIIMOHHBIM METOJAMMU

1. HEJIb PABOTbI

OnpeneneHuie napaMeTpoB ABYMEPHOM PEIIETKU (CETKH) MUKPOCKOMUYECKUM U
T(PPaKIIMOHHBIM METOIaMH, aHAJTU3 M COTIOCTABIICHUE TTOJTyYEHHBIX PE3yIbTATOB.

2. BUBJIMOI'PA®UA

1. CasenneB U.B. Kypc ¢usuku: yaed. mocodue mjisi CTyJEHTOB BTY30B. - [B
3-x T.]. - T.2: DnextpudecTBo ¥ MarHeTu3M. Bomael. Onruka. - M.: Hayka, 1989. -
496 c.

2. Tpopumona T.U. Kypc pusuku: yue6. mocodue s By3oB / T.U. Tpodu-
MoBa. - 19-e u3n. - Axkagemus, 2012. - 560 c.
3. Hertnad A.A., Asopckuit b.M. Kypc puzuku. - Akanemusi, 2009. - 720 c.

3. TEOPETHYECKOE BBEJIEHUE

[loa nudpakMOHHON PEMIETKON B IIMPOKOM CMBICIIE CJI0BAa NOHUMAIOT BCS-
KYIO CTPYKTYpY, 00JIaJaloly0 IPOCTPAHCTBEHHOM MepHOANUHOCTbI0. Eciiu cBOi-
CTBA CTPYKTYpPBI IIEPUOJIAYECKU MEHSAIOTCA TOJIBKO B OJJHOM HAIIPaBJIEHUH, TO pe-
LIETKAa Ha3bIBAC€TCAd OJHOMEPHOU WM JIMHEWHOU. Eciy e nepuoaudHOCTh pemeT-
KM MMEET MECTO B JIBYX WJIM TPEX HAIIPABIICHUAX, TO PELIETKA HAa3bIBACTCS COOT-
BETCTBEHHO JIBYX- WJIK TPEXMEPHOH (IPOCTPAaHCTBEHHOM ).

Teopust nuHeHON TUPaKIMOHHON PEIIETKU AAET CIEAYIOLIee BhIpaXKEHUE
JUIsl UTHTEHCUBHOCTH CBETA, PACIPOCTPAHSIOLIEIOC M0 YIJIOM ¢ K HOPMAaJM I10-

cie qudpakiyy Ha MPABUIIBHOM CTPYKTYype U3 N wIeneu

. sinz(ﬁbsin (%12) sinZ(Nﬂd sin %j n
(ﬂb sin %j sinz(ﬂd sin %)

rae b - IIMpPUHA WIETU, d - MIEPUOJ PELIETKH, A - JJIMHA BOJHBL. MHOXUTED I

1)

ompeneisieT UHTEHCUBHOCTh CBETA, M3JydyaeMoro B HampaBieHun ¢ =0, koTtopas
3aBUCHUT OT ITOTOKA SHEPIUU MAJAIOIIETr0 Ha PEIETKY cBeTa. [IepBbIi MHOXKUTED
XapaKTepu3yeT pachlpeeliCcHHe MHTEHCUBHOCTH B pe3yJibTaTe AUGPaKIUU III0C-
KO BOJIHBI Ha K01 menu. OH oOpaiaercs B HyJlb B TOUKAX, JUIsl KOTOPBIX

bsingp=xkA (k:1,2,3,...). (2)
B 3Tux TOYkax MHTEHCUBHOCTb, CO3JaBacMas Kaxa0M U3 WEJIeH B OTACIbHO-
CTH, PaBHA HYJIIO.
Btopoit MHOXHTENb, YIUTHIBAIONTUN UHTEPHEPEHITUIO MEXKIY IMyYKaMH, HC-
XOIAMIMMHU OT BCEX ILIeJel, IPMHMMAET 3HaYeHHE N? B TOYKaX, yJOBICTBOPSIO-
IIMAX YCIOBHIO

dsinp=#mi (m=012,..). (3)
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I
Ha puc. 1 nokazano pacnpeneneHie HUHTEHCUBHOCTH ¥ | TpH TUpPaKIIH
0

CBETA Ha MPABUIBHOM CTpYKTYype u3 N 1esneii:

a) natepdepenimonnas kaptuHa N ydKkoB OT pa3HBIX IIETICH;
0) uHTepPepeHIIMOHHAS KapTHHA OT KaXKJIOH IIEIH;
B) CYMMapHO€ pacrpeesieHue HHTCHCUBHOCTH TSl TU(PaKIIMOHHON perieT-

d 5

KW 1 N:6OI/IE=—.

A000-

4000+

0.2 0.1

0.1 0.z

-0z -0

200

2804

2004

1504

1004

0.1 oz

0.2 -0.1

Pucynoxk 1

0.4 0.z
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N3 dbopmyn (1), (2), u (3) cneayer, 9TO UHTEHCUBHOCTD m -TO TJIABHOTO MaK-

cuMymMa
sinz(mn%)
T b2nZm?

1
13 ananusa opmyist (4) cienyer, 910 [, ~—, T.¢. C YBEIHICHUEM MOPSI/IKA
m

-d®N?l,. (4)

m

TUPPAKIUKI JOCTATOYHO OBICTPO YMEHBIIAETCS MHTEHCUBHOCTh COOTBETCTBYIOIIIE-
ro IrIaBHOTO Makcumyma. Ciaeayer OTMETUTD, YTO 3TOT BBIBOJ CIPABEMINUB TOJIBKO
JUISL PEIIETKH, COCTOSIIIEN M3 MEPUOJUUYECKH YEepENYIOMMXCs MPO3padyHbIX LIeJIeH
¥ HEMPO3PavyHbIX MECT, T.€. KO3 (UIIUEHT MPOMYCKaHUS PEIIETKH MEHAETCS BJIOJIb
Hee mepuoanyeckuMu ckaukamu ot 0 mo 1. Tak, mpu Audpakiuu Ha pelieTke,
IPO3pPaYHOCTh KOTOPOM MEHseTCs 10 CHHYCOHJAJIbHOMY 3aKOHY, HaOJIIOAaroTCs
MAaKCHMYMBI TOJIBKO IEPBOTO MOpsiaka. KpoMe TOro, MHTEHCUBHOCTh CBETA B M-M

MAaKCHMYM€ CYIIECTBEHHO 3aBUCHUT OT OTHOLIEHUS % JeiictButensHo, U3 Gop-

My (2) u (3) BBITEKAET, YTO TJIaBHBIM MAaKCUMYM M-ro MOpsiKa MNPUIETCS Ha k -i

MUHUMYM OT OJHOM ILENH, €ciii OyAEeT BBINOJIHEHO PABEHCTBO d - mk . Dto

BO3MOXKHO, CCJIM d b PaBHO OTHOILICHHUIO JBYX LEJBIX YUCEI I U S. Torna rjiaB-

HBIN MAaKCHUMYM r -T'O IIOPSAAKa HAJIOKUTCA HaA S-u MHUHHUMYM OT OHHOﬁ mcejan, MaK-
CUMYM 2r -0ro IIopsaKa Ha 25 -1 MHUHUMYM U T.A., B pE3YJIbTATC YCI'O MAKCUMYMBI

opsiiKoB I, 2r, 3r OyayT OTCYTCTBOBATb.

OmnucaHHbIC BBIIIE OCOOCHHOCTH AM(PPAKIIMOHHOW KAPTHUHBI OTHOCSATCS K
CIydar0 OJHOMEPHOH pemieTKd, Ko3((HUIMEHT MpONMyCKaHUs KOTOPOM MEHSCTCS
TOJIBKO BJIOJIb OJHOIO HaIpaBjIeHHS. PaccMOTpUM JBYMEpPHYIO PEIICTKY, Mpei-
CTaBJISIONIYI0 COOOM CKpeIleHHbIe epIeHIUKYIIPHBIE PELIETKH ¢ nepuogamu d,

u d,. Y3Kkuil my4oK MOHOXPOMAaTHYECKOTO CBETA, PO Yepe3 MEPBYIO PEIIETKY

C BEpTUKAJIbHBIMH, HATPUMEP, IITPUXAMU JA€T COBOKYITHOCTh MAaKCUMYMOB BJIOJIb
TOpU30HTAIBHON JTUHUU. CBETOBOM IMYyYOK, COOTBETCTBYIOIIUN KaXKIOMY MaKCH-
MyMY, IPOXOAs 4€pe3 BTOPYIO PELIETKY, pacragacTcs Ha HOBYIO COBOKYIHOCTH
My4YKOB, JAIOIIUX MAaKCUMyMbl BJOJb BEPTUKaIbHOW nuHUU. [lonHas kapTuHa
CrieKTpa moi00Ha n300paxkeHunto Ha puc. 2. L{udpsl moka3pIBarOT MOPSAIOK CIIEKTpa
B MEPBOM U BTOPOH pEIIETKAaX; MHTEHCUBHOCTh UX YOBIBACT MO 3aKOHY pachpejie-
JICHUSI ”THTEHCUBHOCTH B JU(PAKIIMOHHBIX CIIEKTPAX PEIICTKHU.

Ecnu pemerku ¢ d; 1 d, He B3aMMHO NEPIIEHANKYJISPHBI, TO TOJIOKEHUS pe-

¢dexcoB (MakcMMyMOB) OyayT 3aBHCETh U OT yrjia MEXAY LITPUXaMHU PEIIETOK.
Taxum 0o0pa3om, MO pacMoNOKEHUIO pe(IEKCOB MOXKHO CYyJIUTh O CTPYKTYpE IO-
BEPXHOCTH: O BEIMYUHE NepruoaoB 0, u d, ¥ B3aUMHOM OPUEHTAlUU PELIETOK.

Ecnu noBepXHOCTHas CTPYKTypa HE MEepUOJNYHA, KapTHUHA MOJTYYUTCs Oojee
CJIOXHOM. B yacTHOCTH, €ciu CTPYKTypa COCTOUT M3 YaCTHULl, OJIM3KUX 10 (hopMe U
pa3MepaM, HO BCEBO3MOKHO OpPUEHTUPOBAHHBIX, HAIPUMEP 3allblICHHAs TIACTHH-
Ka, TO Takas CTPYKTypa 3KBHBAJIEHTHA COBOKYIHOCTH MPOCTBIX PEIIETOK BCEX
BO3MOXKHBIX OPUEHTUPOBOK, @ COOTBETCTBYIOIIAs TU(PAKIUOHHAsA KapTHUHA Mpe-
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CTaBUTCS B BHJE KOHIICHTPUYCCKUX KOJIEIl. DTOT cliydal uccieayercs B Jrabopa-
TopHOU padote 30 (ynpaxHeHue 5.2).

+2

+1

m, -2 -1 0 +1 +2
Pucynok 2

Ha puc. 2 cxemarnueckoe u3o0paxeHue pacnpeieeHus IHTEHCUBHOCTHU TPU
nudpakiMy CBeTa Ha IBYMEPHOM penieTke (CeTKe).

4. MTIPUBOPHBI U ITPUHAIVIE2XKHOCTHU

1. JIBymepHas nudpakiiMoHHas perieTka (CeTka).
2. Mukpockorl.

3. Onruyeckasi CKaMbsl.

4. ITonyrpoBOTHUKOBBIN J1a3ep.

5. DkpaH.

5. HOPAAOK BBIIIOJTHEHUSA PABOTBI

5.1. Onpenenenne napamMeTpos (Mepuoia U NIUPHHBI LIEJTH)
JABYMEPHOM pelieTKH (CeTKH) MUKPOCKONIUYECKUM METOA0M

[IpumeHsieMblii B 1aHHOM pabOTe MHKPOCKON CHAO0XKEH OKYJSPHBIM MHKpPO-
METPOM, T.€. CTEKJISIHHOW IMJIACTUHKOM CO IIKaJOW, pacroyioKeHHOU B (DOKAIbHON
IJIOCKOCTH OKYJISIpA.

JI71st TOro 4TOOBI ONPENEIUTh pa3Mep MpeaMeTa Hal0 MPOTrpagyupoBaTh IIKa-
Jy OKYJIIPHOTO MUKpPOMETpa B JIEJICHUSX IPYroro maciirada, pacrojaraeMoro Ha
MECTe UCCIIeNyeMOoro mpenMera. TakuMm MacimtaboM SBISIETCS OOBEKT — MHUKPO-
MeTp, T.€. 00BEKTHAas IIKaja, IieHa aeiaeHus kotopoil uzpectHa (0,01 mm). UToOb!
MOJYYUTh YETKOE M300pakeHHuEe OOBEKTHOM IIKaJIbI TyOyC MHMKPOCKOIA CHauasa
NepeMeNatoT BHU3 BUHTOM TIpyOOl HABOJIKHM MOYTH A0 yIopa B 0OBEKT. 3a pac-
CTOSTHUEM MEXIy MpEeAMETOM U OOBEKTHBOM YIO0OHO CIEIUTh, TJISIAS COOKY B
IJIOCKOCTH paccMaTpuBaeMoro oobekra. ObpaiiaeM 0co60€ BHUMaHUE CTYACHTOB
Ha TO, YTO MPU OTCYTCTBUHM KOHTPOJsSI COOKY TyOyC MHUKpPOCKOIA MOKHO IepeMe-
marth ToiabKO BBepx! Ilpw nBMKEHWM BHU3 HETPYMHO TMPOCKOYUTH MPABHIBHOE
paccTosiHiEe U OOBEKTUB YIPETCS B pPaCCMATPUBACMbBI OOBEKT, - 0OBEKT WU 00h-
€KTUB TIPH ATOM MOTYT OBITH McHopueHbl. Habmomass B MUKPOCKOM, MEJJICHHO
NOJIHUMAIOT TyOyC BUHTaMU IpyOOl U TOYHOW HABOJKH, NMOKa HE Oy/AeT MOIydeHO
pe3koe m3o0paxkenue mkaiabl. [loBopaunBasi u caBuras OOBEKTHYIO IIKATy Ha
MPEIMETHOM CTOJIMKE, YCTAHABJIMBAIOT €€ TaK, YTOOBI JEICHHs] 00X IKal ObLITN
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napajuIeNIbHBL. 3aTeM HAXOAAT TaKue JEICHUS OKYJISIPHOHM IIKaJbl, KOTOPHIC COB-
MEIIA0TCS C ABYMS JICICHUSIMH O0BEKT — MUKpoMeTpa. LleHy aeneHus: oKyIsapHOM
IITKAJIBI B MM OIIPEACIISIOT 0 (hopmyrie

S _ 0,01V |

Vv
rie U - 9UCIIO JENEeHUN OOBEKT - MUKPOMETPA, a V - YUCIIO AEICHUN OKYJIIPHOU
LIKAJIBI, HAXOASAIIUXCS HA OTPE3KE MEXKIY COBIIAJAIONIMMU JIEJICHUSIMU MIKal. Tak,
€CJIM Ha O JEJEHUH MIKanbl 00bEKT — MUKpoMeTpa npuxoautcs 10 geneHuil oky-

JIAPHOM LIKAJIBI, TO LIEHA JECJEHUS 3TOU Kbl S =0005 am,

Jlnst onpeaesieHus mapaMeTpoB IBYMEPHOM PEIIETKU CIETYEeT YKPENUTh €€ Ha
MPEIMETHOM CTOJIMKE MUKPOCKOIIA U IOOUTHCS YETKOTO ee n300pakeHus (puc. 3).
IToMHMTE, YTO KaKk U Mpu paboTe ¢ OOBEKT-MUKPOMETPOM, MPU OTCYTCTBUU KOH-
TpoJisi COOKY TyOyC MUKPOCKOIIA MOXKHO TepeMeniaTh ToJIbKO BBepX. CoBMeCTUTE
0 JVIMHE, a 3aTeM IO MIHUPUHE U300pAKEHHUE PEIICTKU CO IIKAJIOW OKYyJsipa U OT-
CUMTANTE KOJIMYECTBO JEJICHUN IIKaJbl, YKJIaJbIBAIOIICECS HAa HYKHOM Yy4YacTKe
nzo0paxkenus. [logydyeHHOE YMCIIO JIETIEHUN MIKajdbl YMHOXXbTE€ Ha ILIEHY OJIHOTO
NEJICHUA.

—» |
1
b2 T 2
— 11 —
Pucynok 3

Ha puc. 3 u3o6paxeHa qBymMepHasi peleTka B MUKPOCKOIIE

B ciyuae pemerku ¢ kBaapatHeiMu siueiikamu d, =d, =d u b, =b, =b. Us-
MEpEeHUsl IPOU3BECTH ILIECTh pa3 (B CIydae KBaJpaTHOU pEeIIETKU 3 B BEPTHKAJb-
HOM U 3 B FOPU30HTAJIBHOM HAIIPABIECHUAX) B Pa3HBIX MECTaX PELICTKU U Pe3yib-
TaThl 3aHECTHU B Tad. 1.

Taonuma 1

Ne d (d) Ad (Ad) b (b) Ab (Ab)
n/m

OO (WIN|F-
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5.2. TeopeTuueckuii pacuer KapTUHBI AU(PAKIMN HA IBYMEPHOIi pelleTKe

Pe3ynpTarhl MUKPOCKONMYECKOTO U3YUYEHUs IBYMEPHOU PEMIETKU JAKOT BO3-
MO>KHOCTb IpeJCKa3aTh XapakTep MU(PaKIMOHHON KapTUHBI. Tak, eclid penieTka
UMeeT KBaJpaTHbIC STUCUKH, TO TUPPaKIIMOHHAS KapTUHA TaKKe AOHKHA 00JagaTh
OCbI0 CUMMETPHUH YETBEPTOTO MOPSAJIKA U UMETh BUJI, TTOJIOOHBIA N300pAKEHHOMY
Ha puc. 2.

Hcnons3ysa naker nporpamm MAPL, no 1aHHBIM MUKPOCKOMMYECKUX HU3MEpE-
HUI TIepro/ia PEIIeTKU (d) W MMPHUHBI e (b) MOCTporTe TpaduKi COMHOKHUTEICH

B BeIpakeHnu (1) u momayro GyHkImio. B kauecTBe apryMeHTa MOXKHO MCIIOJIB30BaTh
Kak yroi Audpaxiyu, Tak U ero cuHyc. Takoil rpaduk moka3piBaeT HE TOIBKO MOJIO-
YKEHUSI TJIaBHBIX MAKCUMYMOB, HO U MX OTHOCUTEIbHYIO HHTEHCUBHOCTb.

5.3. Onpenesnenne napaMeTpoB ABYMEPHOIi pelIeTKU
1o AMppaKuUOHHON KapTHHE

YcTaHOBKa A MPOBENEHUS STOTO YIMPAKHEHUS COCTOUT W3 ONTHYECKOU
CKaMbH, Ha KOTOPOU pa3MeIaroTcs Jia3ep, TudpakiimoOHHAas PeleTKa U dKpaH IS
HaOmoeHus TU(PPaKIIMOHHON KapTHHBI.

JudpakiMOHHYIO peleTKy U dKpaH Jjs HAOMIOJEeHUs yCTAaHABIMBAIOT NEp-
NEHJAUKYJISIPHO K OCH Jyda jazepa. ljis 3Toro cBeToBOM OJIMK, OTpa)KEHHBIH OT
IUIOCKOCTH PELIETKH, CIEAYET BBIBECTH TOYHO Ha CEPEAUHY BBIXOJHOIO OKHA Jia-
3epa. Taxke NEPHEHIUKYJISAPHO K JIydy Ja3epa YCTAHABIMBAIOT U JKpaH Js
HaOJTI0ICHUST HHTEPPEPEHIIMOHHON KapTUHBI (puc. 4).

L =

Oxpar

Pucynok 4
Pacuer nepuona pemetku nposeaute mno ¢gopmyne (3). Yron mnudpaxnuu
OTIPEICTTUTE U3 COOTHOIICHHUS

. X X
sing, = =T, (5)
5 L2+XL;” \/4L + X

I7Ie x, - PACCTOSIHHE MEXKIY IEHTPAMU CUMMETPUYHBIX peIeKCOB (MAKCUMYMOB)
OJTHOTO TIopsAiKa, L — paccTosHre oT mupakImOHHON PENIETKH 0 SKpaHa.
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IMopsinoKk BHINOJIHEHHUA YNIPasKHEeHUs 3

1. 3mepbTe paccTosTHUE MEXAY MOJIYIPOBOJHUKOBBIM JIA3€POM U DKPAHOM.

SanmimmTe IMHY BosHbI dasepa A =6,6-10"" u. Pe3ynbraThl H3MepeHHUil 3armm-
muTe B TaoI. 2.

2. OnpenenuTe pacCTOSHUS MEXIY LEHTPaMU CUMMETPHUYHBIX TJaBHBIX JIH-
(bpaKIMOHHBIX MAaKCUMYMOB x, JJISl TIEPBOTO, BTOPOTO W T.J. MOPSAKOB CIEKTPA.

m

Pe3ynbrarel u3mMepeHuii 3anummrTe B Tadi. 2.

3. OneHute OTHOCHUTENbHBIE WHTEHCUBHOCTU IU(PPAKIIMOHHBIX PEIICKCOB
(MakcCUMyMOB TI0 TIATHOATBHOM IIKaJe: 0.C. — OYE€Hb CUJIbHAS; C. — CHJIbHAS; Cp. —
CpenHsisi; ci. — cliabasi; 0.Cll. — OYeHb cnabas. Pe3yiabTaThl U3MEpEHUH 3aUIINTE B
Tadi. 2.

4. Paccuuraiite no dopmyse (4) nepuon AUGPaKIUOHHON PEMIETKU d , CPe-
HEe 3HaueHue nepuoja (d), CpeAHIOK aO0CONIIOTHYIO (Ad) U CPEIHIOI0 OTHOCUTENb-
HYIO ¢ MOTPEIIHOCTH METOJIOM CPEIHUX 3HAUYCHUU. Pe3ynbTaThl U3MEpPEHHN 3amu-
muTe B Ta0II. 2.

Tabnuma 2

[Topsiok WuTeH- X, M sing o d,m <d>, Ad, <Ad>, &
MaKCHUMyMa | CHBHOCTb " M M
1
2
3

[TorpemHocTs U3MepeHusl nepuoaa AUQPPaKIMOHHON PENIETKH OCHOBAHO Ha
aHanause cooTHomeHus (3). JlelcTBuTenbHO, U3 BhIpakeHus (3) ciemayeT, 4To Io-
TPEIIHOCTH ONPECIICHUS MIEPUoia PEIICTKA MOKHO PaCCUUTATh 1O (hopmyJie

Ad =dctgAe. (6)

Kax BHIHO, 3Ta MOTPENTHOCTh YMEHBIIACTCS TP YBEIUYCHUH yTiia qudpak-
uuu. [lostoMy, myist 6ojiee TOYHOTO OMpeNesieHUs] d CIeayeT MCIOIb30BaTh IO-
cineanue 3 - 5 pediekcoB U3 HAOII0JaeMbIX Ha DKpPAHE.

PesynbTaThl pacueToB MpencTaBuTh B Buae d = <d> + <Ad> :

Yo6enautech, 4TO MEPUOJT PEIICTKH, OMPEIEICHHBIN MO TU(PaKIIMOHHON Kap-
TUHE, B MpeJenax MOTPEUIHOCTH SKCIEPUMEHTa COBMAAAeT C TAaKOBBIM, OMpejie-
JICHHBIM MHKPOCKOTIMYECKUM METOJOM. YOEIUThCs TaKXkKe, 4YTO HauOOoJbIIee
ocnabjieHue UHTEHCUBHOCTH PEQIIEKCOB UMEET MECTO B TOM CiIydae, KOTJa IMoJjo-
KEHUS MaKCUMYMOB TpU Tu(PaKIMK HA PEIIeTKe OJMM3KH WM COBHAJAIOT C TO-
JIO’)KEHUSIMU MUHUMYMOB TPH TU(PPAKIIUK HA IIEJIH 3TON PEIIETKH.

5. Cnenaiite KpaTKKe BbIBOJIBI 110 padoTe.
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6. KOHTPOJIBHBIE BOITPOCHI

1. Kakoii kpuTepuii onpeaensieT OTIHIus Mexay Audpakiausimu OpeHens u
®paynrodepa?

2. [lonyunte ycnoBUsi MUHUMYMOB U MakCUMyMOB Tipu audpaxiun OpayH-
rodepa Ha mIeNH.

3. IlomyuyuTe ycioBuUs TTIaBHBIX MaKCUMYMOB ipu audpakuuu OpayHrodepa
Ha PEeILIETKE.

4. OOBsACHUTE 3aKOHOMEPHOCTH M3MEHEHHUSI HHTEHCUBHOCTH TJIaBHBIX MaKCH-
MYMOB IIpH JU(paKIUy Ha PEIIETKE.

5. Kakue mMakcuMyMbl uUcue3arOT IpH IpU IU(pakIuy Ha pelIeTKe, MEepUo
KOTOpOM B 3 paza 00Jbllie IUPUHBI IIENN?

6. Kax onpenenute N — uncio mesnei, yaacTBYIOUIMX B CO3/IaHUU TUpaKu-
OHHOW KapTUHBI PEIIETKHA?

7. Onumure npouenypy nepemelieHus Tyoyca MUKpOCKona JAjsi OJy4eHus
YETKOT'0 N300pakeHHsI 00BEKTA.
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JABOPATOPHAA PABOTA 16

I'PAIYUPOBKA 3BYKOBOI'O 'EHEPATOPA
C IIOMOLBIO PUT'YP JIMCCAKY

1. HEJIb PABOTHBI

1. Onpenenenue 4acTOThl HEU3BECTHOIO CUHYCOUAAIBHOTO KOJeOaHus ¢ Mo-
Motibio Guryp Jluccaxy.
2. 'pagyupoBKa 3ByKOBOTO T€HEpaTopa.

2. BUBJIMOT'PA®USA

1. CaBenbeB U.B. Kypc ¢usuku: yued. mocobue 11t CTyACHTOB BTY30B. - [B
3-x 1.]. - T.1: Mexanuka. MonekymnsipHas ¢pusuka. - M.: Hayka, 1989. - 350 c.

2. Koptes A.B., Py6nes FO.B., Kynenko A.U. IIpaktukym no ¢usuke. - M.
Breicm. k., 1965. - 568 c.

3. Tpodumona T.U. Kypc dusuku. - M.: Beicur. mik., 1998.- 542 c.

3. TEOPETUYECKOE BBEJIEHUE

Jliig onpeieneHns 4acTOThl HEM3BECTHOTO TapMOHUYECKOTO KOJIEOaHUs YacTo
ucnoib3yetcst Meros ¢puryp Jluccaxy, KOTOpbIi 3akitoyaeTcs B cienyromeM. He-
U3BECTHOE HCCIIEyEMOE CHHYCOMJAJIbHOE KOJIEOAHHWE CKIIAJbIBAIOT C B3aUMHO
NEPIEHIUKYJIAPHBIM €MY CHHYCOMJAJIBbHBIM KOJIEOaHHMEM H3BECTHOM 4YacTOTHI, B
pe3yJIbTaTe Yero MoJIydaroTcsl KPUBBIE CIOKHOM (pOpMBI, Ha3bIBaeMble (PUTypamMu
JInccaxy, Mo o0ImeMy BUAY KOTOPBIX MOXHO OIPEIEIUTh YaCTOTY HEU3BECTHOIO
K0J1e0aHus U B HEKOTOPBIX CIIydasX pa3HOCTb (ha3.

PaccMmoTpum J1Ba B3aMMHO NMEPHEHAMKYJIAPHBIX Konebanus X U Y ¢ yactora-
MU 0Ox = ® 1 ©y = N-0. Toraa

X = X, COS t

n=—- y
o, B {y = ycos(nat + ¢,) @)

TJI€ X0, Y0 - AMIUTUTYIHbIE 3HAUCHUS X U Y; ¢p - HauajabHasi pa3HOCTh a3 MexIy
KoJieOaHUSIMU; N - HOMEP FTaPMOHUKH.

Cucrema ypaBHeHuit (1) mpeacraBisieT co60i ypaBHEHHE TIJIOCKOWM KPHUBOM,
SBJISIFOLLICHCS PE3YJbTaTOM CJIOKEHHS JIBYX B3aUMHO NEPHEHIUKYISPHBIX rapMo-
HUYECKHUX KOJcOaHuH, 3aJJaHHOM B TapaMeTpudecKkon Gopme.

OnpenenuM ypaBHEHHE 3TOM KPUBOU B SIBHOM BUJE, UCKIIIOYAsi U3 CUCTEMBI
ypaBHenu# (1) Bpems. HecnoxxHbie MaTeMaTH4YeCKUe MpeoOpa3oBaHuUs IPUBOISAT K
ypaBHEHUIO BUAA (2).

Pasnaras npaByto wacth ypaBHeHus (2) mo OuHomy HeloToHa u mpupaBHUBAs
JIEWCTBUTEIBHBIC YaCTH CJIeBa U CIpaBa, MOJy4yaeM YpaBHEHHUE KPUBOW B SIBHOM
BUJIC, SIBJISIIOIICICS TpaeKTOpUEeH KOJICOJIOMIeCsl TOUKU. DTa KpUBasi Ha3bIBACTCS
burypoii Jluccaxy.
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(2)

Y +isin- n(a)t + %j =

Yo n w )2 X
+1i- 1—(} cos 22 + X sin %0

Ilpumep. PaccMoTpuM CIIOKEHHE KOJIEOAHWH C OAMHAKOBBIMH YacCTOTAMHU
(n=1). Torma ypaBHeHue (2) IpUMET BH]I

y

Y= Zcosg, - 3)
Yo %o
OTKyJ1a
x )’ ’ X
(—j +(lJ —2-—-l-c05¢0:sin2¢0. (4)
Xo Yo Xo Yo

VYpaBHeHue (4) sBiseTCs YpaBHEHHEM 3JUIvIica. PaccMOTpUM YacTHBIE CIIy-
Yaul 3TOTO YPaBHEHHUS.

1. Konebanusa X u Y npoucxoaar B OAMHAKOBBIX (azax, T.e. Yo=0 — o = 0.
Torna ypaBHeHnue (4) npuMeT BUJ

2
[i—lJ =0 ww y:ﬁ-x,

Xo Yo Xo
T.€. DJUTHIIC BBIPOXKIAACTCS B MpsAMYto (puc. 1).

|
I
-1 _ ]

Pucynok 1 Pucynok 2

r— 71
|

/

i

(.

2. Ilpu pazHoctu pa3z @o = m ypaBHEHHE (4) CTaHET ypaBHEHHEM MPSMOMN
(puc. 2)

2
(i+l] =0 wu y:—ﬁx.
Xo Yo Xo

3. Ipu o = 1/2 noayuum ypaBHeHue diutnmca (puc. 3)
LS

2 2
X Yo
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Pucynok 3 Pucynok 4

4. B cimyyae npou3BOJIbHBIX 3HaUEHUH Qo ¢purypa Jluccaxy Oyaer UMeTh BUA
AJUINAIICA, KaK TTOKa3aHOo Ha puc. 4.
Takum oOpazom, mpu N = 1 cymmapHoe KojeOaHHE MPOUCXOAUT B OOIIEM

cilydae 1o auincy. Bun snnunca onpenensiercs pa3HOCTbIO HaYalbHbBIX (a3 @o.
bonee cnokHble KpUBBIE MOJIYYAOTCS MPU HEpaBHBIX yacToTax (N # 1). Ecin

@
n= 7 HC ABJEICTCA palOHAJIbHBIM YHCJIOM, TO KpHBasid 6y,[[€T HCB&MKHYTOIZ (He-

Wy

MOBTOPSAIONICICS) U C TEYEHUEM BPEMEHU 3aII0JIHUT BECh NPSIMOYTOJBHUK CO CTO-
poHaMu 2xg U 2Yp.

Ecin n - panroHanbHOE 4uClo, T.€. N = n—x, rae Ny U Ny - UeNble Yucia, TO

My
ypaBHEHHE (2) OyIeT ONpenensTh pa3MyHble KPUBBIE, BUJ KOTOPBIX 3aBUCUT OT
3HaYeHUs N ¥ Pa3HOCTU HAYAIbHBIX cpa3 (o. Bun paznuuHbIX (a3 mokasaH Ha puc. S.

3mid T

. O'%H\'
w::ﬁgzﬂ Hgij |
13\§|||‘§'§|?‘2 '
4S8 @5 S
S0l =ele

Pucynok 5
h O Yy T
o, vy T, n,

rae oy, vy Tx 1 oy, vy, Ty - COOTBETCTBEHHO 4YacTOThl U NEPUOABI KOJICOaHUH B
HarpaBieHusix X u Y. Torga nyTy = nTy = At, rae At; - mpoMexxyTOK BpeMeHH, 32
KOTOpPBIM TOYKa COBEPIIUT Ny NOJHBIX KOJI€OaHUI B HanpaBiaeHUH ocu Y U Ny MOJ-
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HBIX KOJIeOAaHWW B HAmNpaBJICHHH OocH X. 3a CICAYIONINI IMPOMEKYTOK BPEMEHU
At = At; xone6aHusI B TOYHOCTH TTOBTOPSIFOTCS.

B pesynbraTe konebanus OyayT HakJIaAbIBATHCS APYT HA JApyra U NaayT 3a-
MKHYTYI0 ycTOHuuBYI0 (purypy Jluccaxy.

4. TIPUBOPHI U ITPUHAIVIE2XKHOCTH

1. DnexTpoHHBIN OocIILIOTPad.
2. 3ByKOBO# TeHEpaTOP.
3. JlabopaTopHhsrit aBToTpanchopmatop ¢ BobTMeTpoM (JIATP).

5. OIMCAHUE YCTAHOBKHA

B Hacrosimelt paboTe cpaBHEHHE YacTOT MPOU3BOAUTCSA C MOMOUIBIO AJIEK-
TPOHHOTO ociuiuiorpada.

st aToro Ha Y-BXoj ocuuiuiorpada mojaeTcsi CHHYCOMAIbHOE HaIpsike-
HUE OT 3BYKOBOT'O T€HEepaTopa, a Ha X-BXOJ - CHHYCOMJIAJIbHOE HAIPSKEHUE C Ya-
crotoii ® = 271tV (v = 50 I'1) OT KJIIeMMBbI «KOHTPOJIbHBIN CUTHAI» Ha OCIIMJLIOrpa-
de. (CunyconpanbHoe HampsikeHue ¢ v = 50 ['p MmokHO mojgaBaTh Ha X-BXOJ OT
CETH IepeMeHHOro Toka yepe3 JIATP).

B pe3ynbrare ciiokeHUs! BYX B3aUMHO MEPHEHANKYJISPHBIX HANPSDKEHHUH C

14 n
YacToTaMH —- = —*, rjie Ny 1 Ny - LeNIble YuciIa, Ha ocLuIorpade moTydnTes 3a-
ve N,
MKHYTas ycToiuuBas kpuBas (¢purypa Jluccaxy). Torna
n
_ X
vy =V it (5)

y

Jlis onpeneneHust OTHOLLICHUS M PEKOMEHYETCSI UCIOJIB30BaTh CIEAYIO-
Ny

niee npasuiio. [IpoBoasiTcs B3aMMHO MEepNEHAUKYIISIPHBIE KOOPAUHATHBIE OCH X U
Y uyepe3 nonydeHnyro gurypy Jluccaxy. [logcuntsiBaem 4uciao TOYEK mepecede-
HUSI KpHBOH ¢ ockio X (Ny) 1 ¢ ockio Y (Nny).

B ciydae, Korga ochb ONpOXOIUT Yepe3 TOUYKY MEepeceyeHus BETBE KPUBOU
(Touka A, puc. 7), npu noacyere ee cuutaroT ABaxabl. g durypsr Jluccaxy,
n300pakeHHOM Ha puc. 7: Ny = 3; Ny =4, T.e.

6. XO PABOTHBI

1. Cobpath cxemy B COOTBETCTBUU C PUC. 6.

2. BBIKITIOYUTH TeHEepaTop pa3BepTKU ocuuiuiorpada (pykosiTka «auamnazoH
4acCTOT» B MOJIOKEHHUE «BBIKJL.») U YCTAHABIUBAIOT PYKOSTKH YCUJICHHUS MO OCIM X
u Y Ha HOJb. Pykosarka 31" «aMIUIUTy1a» Tak:Ke YCTaHABJIMBAETCS HA HOJIb.
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F !
«KOHTP
ar o CHIHam A X
o110, Oug, |
O o= " |
l - 1

C «KOHTP.CHTHANAY |
JIATPa »nu o7 3F

Pucynok 6 Pucynok 7

3. BxumrounTs B 1emb 3BYKOBO#M TeHepatop, ocimuiorpad u JIATP (JIATP
BKJIIOUAETCS B IIeTlb, €CH y ocuuiuiorpada Het « KOHTPOJIBHOTO CUTHAAY).

4. ChokycupoBaTh CBETOBOE IISITHO HA YKpaHE ocmiiiorpada.

5. YBenuuuBasi aMIUIMTYly CHUTHaja OT 3ByKOBOTO T€HEpaTopa M MEHsSl ero
4acTOTy (MMOBOPOTOM JIUMOa TreHepaTopa), MoIyduTh psia uryp Jluccaxy u mo ux
dbopMe orpenenuTh 4acTOTy CUTHaja 3BYKOBOI'O I'€HepaTopa IpH JaHHOM IMOJ0-
KEHUU €ro Jumoa.

6. 3apucoBath HaOmoAaeMmble purypsl Jlnccaxy kKak MOKa3aHO Ha puc. 5 u
3anucaTh B TAOJUIly HAMICHHYIO YaCTOTY U MokazaHus jumba 31

7. IlocTpouTh TpagyupOBOYHBIN rpaduK, OTKIAAbIBas O OCH abCIHCcC Jerne-
Hus 31, a Mo OCH OpAMHAT COOTBETCTBYIOIINE YACTOTHI.

7. KOHTPOJIBHBIE BOITPOCBI

1. Kakum ciocoboM MOXHO ONpPENETUTh YaCTOTy HEM3BECTHOIO TapMOHUYE-
CKOTr'0 CUTHaJIa?

2. Kak ompenenuTs pa3HOCTh HAa4albHBIX (Da3 AJsl JBYX CHUTHAJIOB C PaBHOM
4acTOTOM?

3. ®uznyeckas uaTepnperanus puryp Jluccaxy.

4. Kak onpenenuTs 4acTOTy HEM3BECTHOI'O CUTHANA M0 BHEUIHEMY BUAY (-
rypsl JIuccaxy?
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JABOPATOPHAA PABOTA 17

NCCJIEAOBAHUE 3ATYXAIOIUX JIEKTPOMATHUTHBIX
KOJIEBAHUU

1. EJb PABOTHBI

1. 3yueHue BIMSAHUS €MKOCTH U aKTHUBHOTO CONPOTHBIICHHS KOHTYpa Ha Ta-
paMeTphl 3aTyXaMOIIUX KOJICOaHUH.

2. Onpenenenue aorapuMUYECKOTO TEKPEMEHTA 3aTyXaHus, kodhdumueHTa
3aTyXaHus, JOOPOTHOCTH KOJIEOATEIIEHOTO KOHTYPA.

2. BUBJIMOT'PAD®USA

1. CaBenbeB U.B. Kypc pusuku: Yued. mocobue ajist CTyIeHTOB BTY30B.- [B
3-x 1.].- T.3: KBanrtoBas ontuka. ATomHas pusuka. ®usmka tBepaoro rena. du-
3MKa aTOMHOTO SIApa U dJIEMEHTapHbIX yacTull. - M.: Hayka, 1989. - 301 c.

2. lernad A.A., SABopckuit b.M. Kypc ¢usuku: yue6. mocodbue ajis BTy30B. -
M.: Beicm. mik., 1989. - 608 c.

3. Tpodpumona T.U. Kypc ¢usuku. - M.: Beicm. mik., 1998. - 542 c.

4. PyKoBOJACTBO K JIAOOpATOPHBIM padOTaM IO MEIUIIMHCKOM M Ouosioruye-
ckoi (usuke: yueb. mocobue st measy3oB / Ilox pen. A.A. PemesoBa. - M.:
Bricm. mk., 1987. - 271 c.

3. TEOPETUYECKOE BBEJIEHUE

PaccmoTpum koisieOaTeNbHbIM KOHTYpP, COCTOSIIIUNA M3 KOHJEHCATOpa €MKO-
ctbto C, KaTylmku MHIYKTUBHOCTH L 1 akTHBHOTO comnpotuBieHus R (puc. 1).

Tak Kak paccMaTpUBAEMbIi KOHTYpP COJIEPKUT aKTHMBHOE CONMPOTUBIEHUE R,
TO TNpU MPOTEKAHUU HIIEKTPUUECKOTO TOKA B PE3UCTOPE BBIACISIETCS TEIIoBas
DHEPrUs U NEKTPOMATHUTHBIE KOJIeOaHUs OYIyT 3aTyXalOIUMH.

OnpenenuM mnepuoj 3aTyXarollMX KOJeOaHWM M HalJeM 3aKOHOMEPHOCTH

HN3MCHCHHU:A 3apiada Ha KOHIACHCATOPC CO BPCMCHCEM.
R

| S|

Pucynok 1
[Ipu pa3psiie KOHIEHCATOpa B KaTyLIKEe MHAYKTUBHOCTH Bo3HHMKaeT D/IC ca-

di
MOUHAYKIMU E = —La, KOTOpasi Mo BTopoMmy 3akoHy Kupxroda paBHa cymme

NaJicHUN HamnpsDKEHU Ha KoHjeHcatope U :% U aKTUBHOM COITPOTHBIIEHUH

Ui =IiR, Te.
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di g

-L—=iR+—. 1
dt C @
Tak kak | = d%t , TO BeIpaxkeHue (1) MOKHO IPUBECTH K BUILY
d’ d7q R dq q

—— =0. 2
dt? L dt LC )

Brenem cnenyromye 06003HauCHUS:
R 1
- = 2 y 2 =
L ph o LC

rac ﬂ - KOB(b(bI/IHHeHT 3aTyXaHusd, @, - cOOCTBEHHAs 4acToTa QJICKTPOMAruuTHBIX

KoJ1e0aHU KOHTYDA.
Tornma ¢ ydeToM BBOJUMBIX 0003HAUEHUN ypaBHEHHE (2) MOXHO 3alucaTh B
BUJIC
d?
R+ 2p ]+ ofa-o. 3)

Bripaxxenue (3) saBisgercs audpdepeHIUaNIbHBIM YPaBHEHUEM 3aTyXaoIIUX
JIEKTPOMAarHUTHBIX KOJIEOAHWM paccMaTpUBaEMOro KoJIeOATeIbHOrO KOHTYpa,
pelIeHre KOTOPOro UMEeT BUJL

q =0, exp(—pt)cos(at+ ¢, ), (4)
rac qo - MaKCI/IMaJIBHBIﬁ 3ap;m Ha 06KJIaI[KaX KOHI[eHcaTOpa;
A(t) =0y exp(— ys) t) - aMIUTUTY/1a 3aTyXalolUX KoJieOaHu B MOMEHT BpEMEHH {;

o=va;-f°, (5)
IJIe (® - KpyroBasi 4acToTa 3aTyXarolnux KoJieOaHui.
Ha puc. 2 nokazana 3aBUCUMOCTb 3apsijia Ha KOHJIEHCATOPE OT BPEMEHHU.
JI1s1 XapakTepUCTUKU OBICTPOTHI 3aTyXaHus KOJI€OaHUI BBOJUTCS BEIUYMHA,
Ha3bIBaeMas JIOrapupMHUUECKUM JIEKPEMEHTOM 3aTyXaHUs

At
p=in A ©)
A(t+T)
rae A(t) u A(T+t) - 3HaYeHHS aMIUIMTY, COOTBETCTBYIOIIIMX MOMEHTAaM BPEMCHH,
OTJIMYAIOIINMCS Ha TICPUO]I.

-3
A i P _
Takkak A =A™, 1o A=1In Ao AT = [T .
2
A Tt
Orcrona ,3:? n Alt)= Age
3a Bpems T, B TEUEHHE KOTOPOTO KOTOPOE aMIUTUTY1a KOJIeOaHU YMEHbILINT-
csi B € pa3, cucrema ycneer coBepmuth N, = % kosnebanmii. M3 ycmoBus

45
e T =e 'noayuurcs, uro ﬂ?—lN =1. Orcroma A= }I/\I ClietoBaTeNbHO,

norapu(MHUYECKHI TEKPEMEHT 3aTyXaH!s 00paTHO MPOMOPITUOHAIICH 110 BEJTMYHHE
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YHCIly KoJieOaHU#, COBEpIIAEMbIX 32 TO BPeMsl, 32 KOTOPOE aMIUIUTY1a KoJieOaHui
YMEHBILIAETCS B € pas.

Bpemn, t

-
Pucynok 2

OnHOM M3 OCHOBHBIX XapaKTEPUCTHK KOJIeOATETBHOTO KOHTYpa SBISETCS €T0
JIOOPOTHOCTb:

-7
Q=7
[Tockonbky A = }{\I , To Q=7N,. Cnenosarensno, 106poTHOCTL TPOHOP-
e

IIMOHAbHA YHCITy KoJieOaHuit Ne, COBepIIaeMbIX CHCTEMOM 3a BpeMs, B TCUCHUE
KOTOPOTO aMILIUTY 1a KOJIcOaHNH YMEHBIIIACTCS B € pa3.

MOXHO TakXe JT0Ka3aTh, YTO JOOPOTHOCTH ¢ TOYHOCTHIO JO MHOKHUTEISI 270
paBHa OTHOILICHHUIO PHEPIHH, 3allaCCHHON B CHCTEME B JaHHBI MOMEHT, K YObUIH
SHEPI'UH 3a OJUH MEePUO KOJICOaHUH.

CootHomieHue (5) MOXeT OBITh HCIIOJIB30BAaHO JJIsI AKCIECPHUMEHTAIBLHOIO
OTIpeICJICHUS] EMKOCTH KO0JIeOATEIIbHOTO KOHTYpA.

27 2 1

Tak kak W =——, —
° T, JLC

, TO TIOACTABJIAA 3HAYCHUA wUW w,B

T
ypaBHeHHUeE (5), MOJay4yaeM BbIpAKEHUE
1 4z? L 52
c e 7
W3 mocnenHero COOTHOILIEHUS HETPYAHO HAWTH €MKOCTh KOJeOaTeIbHOTro
KOHTYypa:

C= : (7)

4. MTIPUBOPHI U ITPUHAIVIE2XKHOCTHA

1. T'enepatop npsIMOYTOJIbHBIX UMITYJIBCOB.
2. DNEeKTPOHHBIN ocuIorpad.
3. DKcrepuMeHTalIbHasl yCTaHOBKA.
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5. OIIMCAHHUE YCTAHOBKHA U MEOJUKA PABOTHBI

Ha puc. 3 u3o0paxeHa cxeMa 3KCIEpUMEHTAIbHON YCTAaHOBKH JJISI U3YUCHUS
3aTyXaronuX JIEKTPOMArHUTHBIX KOJICOaHUH.

UL JESEERI | ®

TTIN OCI

Pucynok 3

VYcTaHoBKa COCTOUT U3 KATYIIKA MHAYKTUBHOCTH L, 3HaUeHHE KOTOPOH 3a1a-
€TCsl TIPU BBITIOJIHEHUH PaboThl, KoHieHcaTopoB C1 u Co, pe3uctopoB Ry u Ry, re-
HepaTopa IpsMOYTroJbHbIX UMITYyJIbCOB (I'TIM) U 31€KTpOHHOIYYE€BOrO OCLUILIO-
rpada (OCII). C nomompto nepekitouarenein K1 u Ky B konebaTenbHbI KOHTYP
MOYHO MOOYEPEIHO MOAKII0UaTh KoHieHcaTopbl C1 u Cy, pe3uctopsl Ry u Ry, Ta-
KM 00pa3oM, JaHHAas YCTAHOBKA MO3BOJIAET MOJYYUTh YEThIPE KOJIeOATEIbHBIX
koHTypa: RiCiL, R.CiL, RiC.L, R,C,L. [Ipu momade Ha KOHTYp UMITYJIbCHOTO
HaNpspKeHUsT (4acToTa M JUIMTENbHOCTh MMIYJBCOB MOAOUPAIOTCS SKCIEPUMEH-
TaJbHO) HA JKpaHe ocuuiuiorpada HaOIMOAAeTCs KapTHHA 3aTyXaloIIUX dJIEKTPO-
MarHUTHBIX KOJICOAHU.

6. HOPAJOK BBIIIOJTHEHUS PABOTbI

1. Ycranosure nepekimtouatenu Ki; u Ky B MOJNOXKEHHSI, COOTBETCTBYIOLINE
BKJIFOYEHUIO B 11e1b KoHTypa R1CiL.

2. Bxitounrte ocupuiorpad ¥ reHepaTop NpsMOYTrojibHbIX UMITYJIbcOB. [loiy-
YUTE Ha IKpaHEe YCTONYMBYIO KApTUHY 3aTyXarOMIMX KoJieOaHUM U 3apucyiiTe e€ Ha
MUJUTMMETPOBOM Oymare.

3. 3mepbTe BEIMUMHY TpEX Map MOCIEI0BATEIbHBIX aMILTUTY]l KOJeOaHUH.
Pe3ynbTaThl n13MepeHuil 3anecuTe B Ta0. 1.

4. Paccuuraiite orapuMHUUECKUl AEKPEMEHT 3aTyXaHUs MO M3MEpPEHHBIM
3HAQYEHUSIM MOCJIEOBATENBHBIX AMIUIUTYJ W ONPEACINUTE €r0 CPEeIHEe 3HAYEHUE

<>,
5. Paccumnraiite 1OGPOTHOCTH KOJI€0ATETLHOTO KOHTYpa Mo (hopMyIie
T
Q="
(4

6. Onpenenure JIUTENLHOCTH 4...7 KoJleOaHUM M paccuUTalTe NEPHUO]] 3aTy-
XaoIUX KOJIEOaAHH.
7. Haiimure koaddunmeHT 3aTyxanus 1o ¢popmyse
PR
T
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Tadbauma 1

Kontyp R1 C1 L R C> L Ri C» L R Ci L

[TapameTpsl 1 2 3 1 2 3 1 2 3 1 2 3
A(t), mm

A(t+T), mm
An

A=In

n+1
D>

Q=Tn
T, c

8. OHpGIICJIHTC BCIIMYNHY aKTHUBHOTI'O COIIPOTHUBIICHUA KOHTYpPA I10 (1)OpMy.TI€
R=2AL.

9. PaccumnTaiiTe eMKOCTB K0JI€0aTeILHOTO KOHTYpa 1Mo hopMyIie

10. Pe3ynbrarsl u3BMepeHUii ¥ BHIYUCIICHUM 3aHecuTe B Ta0I. 1.

11. Usmensis nonoxkenue nepeximodareneit K; u Ky , mpoBenute ananorny-
HBIC M3MEPEHUS U pacueThl I KonebaTrenbHbIX KOHTYpoB: RoCil, RiCol, RoCoL.

12. Ouenute MOTPEMIHOCTH U3MEPEHHH (0 3aIaHUI0 TPEToaaBaTes): Jora-
pUMHUYECKOTO JIEKPEMEHTa 3aTyXaHHWs, Mepruoaa KoyieOaHWi; TOOpOTHOCTH; KO-
s dunrieHTa 3aTyXaHus; BEITUINHBI aKTUBHOTO COTIPOTHUBIICHUS;, BETMIMHBI €MKO-
CTH K0JIeOATETLHOTO KOHTYpA.

13. Caemaiite KpaTKie BBIBOJIBI IO paboTe.

7. KOHTPOJIBHBIE BOITPOCHI

1. Tlonyuute nmuddepeHInanTbHOEe ypaBHEHUE IS 3aTyXaIOIUX AJIEKTpoMar-
HUTHBIX KOJICOaHWH U MPOaHATM3UPYNUTE €r0 PEIICHHE.

2. JlaiTe ompeneneHue JorapuMUUYECKOTO JTEKPEMEHTa 3aTyXaHus U J100-
POTHOCTH KOJ1e0aTeIbHOr0 KOHTYpa.

3. OOBSICHUTE METOAUKY ONPEEICHUS BETUYMHBI aKTUBHOTO CONPOTUBIICHUS
U EMKOCTH K0J1e0aTeIbHOr0 KOHTYpa.

4. O0OBACHUTE METOAMKY pacyeTa MOrPeIIHOCTEN U3MEPEHNU.
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JABOPATOPHASA PABOTA 18

W3YUYEHUE BBIHY KJIEHHBIX KOJIEFAHUM
B NOCJIEAOBATEJIBHOM KOJIEBATEJIBHOM KOHTYPE

1. HEJIb PABOTbI

N3yuyenue paboThl NOCAEAOBATEIBHOIO KOJIEOATENBHOIO KOHTYPA, CHSTHE €r0
PE30HAHCHBIX XapaKTEPUCTUK U ONpeAeIeHIUE JOOPOTHOCTH KOHTYpA.

2. BUBJIMOI'PA®UA

1 CaBenne M.B. Kypc ¢usuku: y4ued. mocobue /uis CTYJICHTOB BTY30B. - [B
3-x T.]. - T.1: Mexanuka. MonekynsipHas ¢puszuka. - M.: Hayka, 1989. - 350 c.

2 CagenweB U.B. Kypc pusuku: yued. mocodue /i CTyACHTOB BTY30B. - [B 3-x
T.]. - T.2: DnexkrpudectBo n MarHeTu3M. Bonnbl. Ontuka. - M.: Hayka, 1989. - 496 c.

3 Yepkamun B.I1. ®usuka. OnekrpuuecTBo U MarieTusm. - Kues: Beima k.,
1986. - 168 c.

3. TEOPETUYECKOE BBEJIEHUE

[IpuHuunuanpHas cxema IOCJIEI0BATENbHOTO KO0J1e0aTeIbHOTO KOHTYpa
n3o0paxkeHa Ha puc. 1. UToObl B KOHTYype COBEPILAIUCH BBIHYXICHHbIE KOje0a-
HUSA, HEOOXOIMMO BKJIIOYHUTH MOCIEAOBATEIBHO C 3JIEMEHTAMH KOHTYpa MepeMeH-
Hyto D/IC, co3paroniyr0 Ha KOHTaKTax pa3pbiBa LEMHA MNEPEMEHHOE HAIPSHKEHUE
U=U_cos(at).

Pucynok 1
VYpaBHeHue Koe0aTeIbHOTO KOHTYpa ISl BRIHYKJIEHHBIX KOJI€OaHUI UMEET BUJT
y , U
q+264+wiq :T’“cos(a)t),

rre coOCTBEHHas 4acToTa KoJeOaHMM KOHTypa @yU KOI(QQUIMEHT 3aTyXaHHs
[ onpenenstores mo popmysiam
1 R
“=Jc e
[Tpu yCcTaHOBUBIIMXCS BBIHYKIEHHBIX KOJIEOAHHMSIX M3MEHEHUE BEIMUHHBI 3a-
psiia Ha OOKJIaJKaX KOHIEHCATOPa OMUCHIBACTCS YPaBHEHUEM
Q=0 coS(at—y),
rIe
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20w R
gy = zﬂ 2 -1
@@ = gl

Cuna ToKa B KOHTYpE NPU YCTAHOBUBUIMXCS KOJIEOAHUSAX MU3MEHSAETCA IO 3a-
KOHY

i ==, cos(at—p) =1, cos( at—gp),
rac Q= (//i% - CABUTI IIO (1)3.36 MCKAY TOKOM B KOHTYPC U IIPHUIIOKCHHBIM HAIIPs-

xeHueM U . 3nauenus |, u ¢ onpeznensercs u3z Gopmyi

I, = Yn (1)
\/R2+(a)L—)2
n
RIS
tgow = — = aC (2)
tgy R

Mo>xHO CHHUTATh, YTO CyMMa HaI[eHI/Iﬁ HaIIPAKCHUA B K0JIeOaTeIbHOM KOHTY-
PC€ paBHA HAIIPSAIKCHUIO, ITPUTOKCHHOMY H3BHC
Ug+U.+U, =U  cosat,
TAC HAIIPSKCHUA HAa KaAXKIOM M3 3JICMCHTOB KOHTYpa PaBHBI
Ui =Rl cos(at —¢),

_n

Uc C cos(at —w) =U_, cos(a)t—go—%),

V4
3nauenus U, u U, cBs3aHbl ¢ |, COOTHOICHUAMU

I
Ucn :Em u U, =awll,.

dazosrle cooTHOMIEHN MEXLY Uy, U 1 U MOXKHO IIPEACTaBUTH C IIOMO-

IIbI0 BEKTOPHOM AuarpamMsbl, MOKa3aHHOM Ha puc. 2. HanpsokeHune Ha €émkocTh
oTcTaét 1o ¢asze oT Toka Ha 7/2, a Ha MHIYKTUBHOCTHU OIIEPEkKAET TOK Ha T/2.

~3| =3 =
LIS |
§ |
L\é \T q) OCBTOKOB]
= Rlm Uk
3
= }UC
Pucynok 2

Hampsixkenue Ha akTUBHOM COIIPOTHUBJICHUH H3MeHseTcs B daze ¢ Tokom. [Ipu
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a)L>i NPWIOKEHHOE K KOHTYpY HampsbkeHue U omepexkaeT Tok mo ¢asze u
aC
1
@ >0 (B coorBercTBHM ¢ (Qopmynoit (2)); npu wl <E TOK OyJIeT omepexaTh

1
Hanpspkenne u @ <0. [pu ol = e TOK B KOHType OyJIeT OnpenensThcs 3Haue-

HHUCM aKTHUBHOI'O COIIPOTHUBJICHUSA Ru 6y,Z[CT MaKCHUMAaJIbHBIM:
=1, =om
m = "mpes. — R
DTO SBJICHHE HA3bIBACTCS PE30HAHCOM HANPSDKCHMM, TaK Kak IIpu 3TOM
HAIIpsHDKCHHUEC Ha KOHACHCATOPE UC B Ka)XJIbIi MOMEHT BpEMCHU 6yI[eT paBHO IIO

BEJIMYMHE HAIIPSLKEHUIO HA MHAYKTUBHOCTH U | , HO MPOTHUBOIIOJIOKHO €My 10 (ha-

1
3e. Pe3oHaHCcHas yacToTta JJisl TOKa B KOHTYPC w; =—==m,, T.C. pC30HAHCHAA

ipes \/E

94acTOTa ISl TOKA paBHA COOCTBEHHOW YacTOTE KOHTYpA.

KpuBas 3aBUCMMOCTH aMIUIMTYAbI CHUJIBI TOKa B KOHType | OT 4YacTOTHI

m
BHEUIHEro uctouyHnka o (popmyna (1)) Ha3pIBaeTCs PE30HAHCHOW KPUBOM JUIs
ToKa. Bua 3T0il KpuBOM A pa3NUYHBIX 3HAUEHUH KO3(PPUIMEHTa 3aTyxXaHUs P
MOKa3aH Ha PUCYHKE 3, U3 KOTOPOTO BUAHO, MAKCUMYM IIPU PE30HAHCE TEM BBIILIE
U OCTpee, YeM MEHBIIIE aKTUBHOE CONpOoTHBIeHHEe R 1 Oosblie MHAYKTUBHOCTS L.
IIpu @w=0 Tok | =0, T. €. IpU NOCTOSHHOM HANPSKEHUHU YCTAHOBUBIIMICS TOK B
LEMU ¢ KOHAEHCATOPOM MPOXOIUTh HE MOXKET.

)

Pucynok 3

AMIIMTYAHOE 3HAYECHUE HAIIPSLDKEHU Ha KoHAeHcaTtope U TakKe 3aBUCUT

oT 4acToThl @ BHemHero ucroynuka JDJ[C. [Ipu 3ToM MakcuMmalibHOE 3HAYCHUE
Ucm OCTUTAETCA MPU YaCTOTE

2

=1/ O,
a)Upe3 0

Ha3bIBAEMOM PE30HAHCHOM YaCTOTOW Il HAIPSHKEHUS, KOTOpas B PEAIbHOM KOH-
Typ€ MEHbIIIe COOCTBEHHOM YaCTOTHI KOHTYpa () -

Bun pe3oHaHCHBIX KpHUBBIX MUl HANPsDKEHUS HA KOHJECHCATOPE MOKa3aH Ha
puc. 4 nis paznuunbix . [Ipu @ — 0 pe3oHaHCHBIE KPUBBIE CXOIATCS B OJHOM
touke ¢ opauHatol Ucgn = Uy paBHOW HaNpsHKEHUIO HA KOHJEHCATOPE MPH TMOJI-
KJIFOYEHUU €r0 K UCTOYHUKY MTOCTOSTHHOTO HanpspkeHust Un.
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Pucynox 4

[IInpoko KCIONb3yeMOM XapaKTEPUCTUKON KOJIE0aTEIbHOrO KOHTYpPA SIBISET-
cst ero Jo0poTHOCTh Q. DTO Oe3pa3mepHas BEIMUMHA, XapaKTEPU3YIoLasi OTHOCH-

W
TEJIbHYIO BEJIMYMHY MOTEPh 3HEPTrUU B KOHType: Q= Zﬂm, rne AW - moreps

sHepruu 3a ofuH nepuog u W - sHeprus B KOHTYpE B JaHHBIH MOMEHT. Jl0OGpoOT-
HOCTb CBS3aHa C JIOrapu(MHYIECKUM JIEKPEMEHTOM 3aTyXaHHS A W YHCIOM KOJIe-
6anuii Ne, coBepIIaeMBIX 3a MIPOMEKYTOK BPEMEHH, B T€YEHHE KOTOPOTO aMILIH-
Ty/la yMEHBIIAETCS B € Pa3, COOTHOMICHHEM
Q="=
== N..
[Ipu manom 3atyxanuu (B2 << o?)

g Yempe 1 [L
U, RVC
Takum 06pa3om, T0OPOTHOCTh KOHTYpa IMOKAa3bIBAET, BO CKOJIBKO pa3 HaIps-
YKEHHE Ha KOHJEHCATOPE KOHTYpPa MOKET MPEBBINIATH MPUIIOKEHHOE HAIIPSHKEHUE.
JIoOpOTHOCTH KOHTYpa OMpEALIseT TAKKe OCTPOTY Pe30HAHCHBIX KpUBbIX. Ha
pucC. 5 moKa3aHa MHUpPHUHA PE3OHAHCHOM KPUBOM A® U1l AMIUIUTYIBI TOKA, pPABHOM
0,7lmpes, YTO COOTBETCTBYET 0,72 ~ 0,5 MOIHOCTH NPy pe3oHaHce. MOKHO MOKa-
3aTh, UTO MIPU MAJIOM 3aTyXaHUU
Q=""2, 3)
Aw
T.€. YeM MCHBIIIC IMUPHUHA PE30HAHCHON KPHUBOM, TEM BBIIIIEC IOOPOTHOCTD.
I,
1 — =

07
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4. MIPUBOPBI U ITPUHAVIEZKHOCTHU

1. 3ByKOBOW reHepaTop.

2. DIEeKTPOHHBIN ocuiuiorpad.
3. [TepeMeHHEI# pe3ucTop.

4. Karymika WHTyKTHBHOCTH.

5. CXEMA DKCIIEPUMEHTAJIbHOH YCTAHOBKH

JUis u3yyeHus BBIHYKICHHBIX KOJIeOaHUI B KOHTYpE UCIOJIb3yETCS YCTaHOB-
Ka, n300pakeHHas Ha puc. 6, a. C MOMOIIBIO 3TOI YCTAHOBKM MOKHO M3Yy4aTh 3a-
BUCUMOCTh aMIUIUTYJHOTO HamlpsyKeHUus Ha KoHaeHcatope Ucm OT 4acTOTBl ®
BHEIIHEro ncTouHuka »ic. [lpu atom Ha Bxox Y ocumsuiorpada mojgaercst Hampsi-
xKeHue ¢ KonaeHcatopa C. B kadecTBe BHEIIHEr0 HCTOYHHMKA IEPEMEHHOIO
HaIpsKEHUS UCTOJIb3YeTCs 3ByKOBOM reHeparop 3. AKTHMBHOE COIPOTHUBIICHHE
KOHTYpa MOXHO MEHSTh C IOMOIIbIO IEPEMEHHOTO pe3ucTtopa R.

R T -
30 a fL
IR 22
& & © c fg
L L® = 119
T ~ g id
Pucynok 6

6. HOPAJOK BBIIIOJTHEHUS PABOTbI

1. Bxorounth ocuuiuiorpad u 3ByKOBOM T'€HEpaTop B Ce€Th W AaTh UM IPO-
rperbes S..."7 MUHYT.

2. YCTaHOBUTH Ha BBIXOJIE reHepaTopa Hanpsbkenue 110 3 B.

3. Ycunenue ocuumuiorpada U ero BpeMEHHYIO pa3BEPTKY YCTAaHOBUTH Tak,
4TOOBI Ha PKpaHe HaOMoAaI0Ch 0K0JIO0 10 mepro0B KoeOaHui.

4. MeHsis 4acTOTy reHepaTopa ; U ycuJieHue Ha Bxojie Y ocuuiuiorpada jao-
OuBaemcst TOro, 4ToObl pU pe3oHaHCe (MakcuMaibHasg aMIUIUTY A Ucmpes) CUTHAI
HE BBIXOJWJI 3a paMKHU 3KpaHHOU ceTku. CONMmpOTUBJIEHHUE KOHTYpa JOJKHO OBITh
MIPU 3TOM MUHUMAJTbHBIM.

5. CHATH 3aBUCUMOCTb aMIUTUTY/IbI HanpspKeHUST Ucmi (B I€TEHUAX SKpaHHON
ceTku ocruiuiorpada) ot yactothl ; (Bcero 8...10 uzmepenuit). PesonancHelie 3Ha-
YEHUS JOJDKHBI HAaXOJUTHCS IPUMEPHO MOCEpPEIMHE Juana3oHa u3MepeHuil. 3aBu-
cumMocTh Ucmi(®i) CHATH JUIsl pa3HBIX 3HAYEHUH compoTuBicHHUS R;. PesymbraTh
M3MepeHuii 3aHecTy B Ta0i. 1.

6. He mensist ycunenus Bxona Y ocumiorpada, moaath Ha 3TOT BXOJ BMECTO
uccienyeMoro HampsbkeHus: Uen HalpsKeHHe HENOCPEICTBEHHO CO 3BYKOBOTO Te-
Hepatopa (kiemMa I). OnpenenuTs aMIUTMTYAHOE 3HAYEHUE HAIPSKEHUS! TeHepa-
topa Un (Takke B JeNeHHUSIX CeTKU dkpana). Hanpsokenue Uy qomkHO c1abo 3aBu-
CeTh OT R, MOATOMY MOYKHO OTPAHUUYUTHCS U3MEPEHUEM ITOTO HAMPSHKEHUS TOJIBKO
JUISl OTHOTO 3HAYEHUSI aKTUBHOTO CONTPOTHUBJICHUS.

N3meputh HanpsikeHue, mojaBaeMoe oT 3ByKoBoro reneparopa Uny . st aTo-
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T0 HAMpSOKEHUE ¢ KIEMMBI [ mogaTh Ha BXOM BOJBTMETPA, OTCOSAMHUB OT HETO
KoHJieHcaTop (puc. 6, a).

Taoauma 1

R(xOm) 1 2 3 4 5 (pe3oHanc) 6 7 8 9
R1=0 i
Ucmi
R2=10 0]
Ucmi
R3=20 0]
Ucmi
R4=30 0]
Ucmi

7. OBPABOTKA PE3YJbTATOB U3BMEPEHUMI

1. TTo manubIM Taba. 1 moctpoutk pe3onancHbie kKpuBble Ucm = U(w) mtst pas-
JU4HbIX R.

2. Ilo pe3ynpraTam rpauuyeckoro M3MEpEeHUsl IHUPUHBI PE30HAHCHBIX KpU-
BBIX A® OmNpenenuTh J00pOTHOCTh KOHTYpa Aid pa3Hbix R mo ¢opmyne (3). Pe-
3yNbTaThl 3aHecTH B Ta0u. 2. [loctpouts rpaduk 3aBucumoct Q = Q(R).

TaOoauma 2

COnpoOTHUBIECHHUE
Hobport- R1 R2 Rs3 R4
HOCTh
_ 9
Ao
Q _ Ucmpes
Um

cmpes

3. Ompenenuth T0OPOTHOCTH KOHTYpa Q= st pa3Hbix R. Pe3ynbrathl

m
3aHecTH B TabOi. 2. Hanectn nonydennsie Touku Ha rpaduk Q = Q(R) u cpaBHUTH
MOJTyYEHHBIEC PE3yIbTATHI.

8. JONOJIHUTEJIbHOE 3AJAHUE

Onpenenuth cABUT (Pa3 MEXAY TOKOM B LIETIH U MPHIIOKEHHBIM HAIPSKEHU-
€M B 3aBUCUMOCTH OT 4acToThl BHemHed D/IC, T.e. CHATh (ha30BYyI0 XapaKTepUCTHU-
Ky KOJIeOaTeIbHOTO KOHTYpa ¢ = P(®).

Jist cHsiTust (pa3oBOM XapaKTEpUCTUKU KOHTYpa MCIOJBb3YETCs Ta K€ IKCIIe-
pUMEHTabHasl YCTAHOBKA, YTO M MPU BHINIOJHEHUH OCHOBHOTrO 3afaHus. C momo-
HIbI0 MEpPEeKIIIoYaTessi MOXKHO MEepedTH OT CXEeMbl, MOKa3aHHOW Ha puc. 6, a), K
cxeme Ha puc. 6, 6). I[Ipu sTom Ha BXoa Y ocuwiorpada nogaeTcsi HalpsKeHue,
MPONOPIIMOHATIEHOE TOKY B KOHTYpE, a Ha BX0J X - HalpsKeHUE 3BYKOBOT'O TeHe-
patopa.

[TomoOpaB coOOTBETCTBYIOIEE YCHJICHHE MO KaHajiamM X U Y, MOJy4uM Ha
DKpaHE 3JUIMIIC, SBISIOIIMICS PE3YJNbTATOM CIIOXKEHUS JIBYX B3aWMHO MEPIICHIU-
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KYJSIpHBIX KosneOaHuil. OpueHTaIys 3JUIMIICa OTHOCUTENIBHO KOOPAMHATHBIX OCel
3aBUCHUT OT yruia ciBura a3z ¢ (popmyna (2)), KOTOpbIi, B CBOIO OYEPE/Ib, 3aBUCUT
OT 4acToThl ®. M3mepsist mosryocu siuturica a u b, MoxkHO onpenenuts caur das ¢:

tg%z% u ¢:2arctg%.

B 3amananm HEOOXOIUMO OMpeAenuTh CABHT (a3 I Pa3IUIHBIX 3HAYCHUI
gactoTbl BHemHeH DJ[C. /[ 3TOro, M3MeHss 4acTOTy TeHepaTtopa o BOJM3U pe-
30HAHCHOM 4acCTOTHI (PE30HAHC COOTBETCTBYET BBIPOKACHHUIO AJUIUIICA B TIPSAMYIO),
MU3MEPUTH MOJIYOCH DJUIUIICA Ha DKPAHE M 3aHECTH JaHHbIe B Ta0u. 3. OmbIT mpoie-
J1aTh i 2...3 3HaueHuH R.

TaOnwuma 3

R1 RZ
o a, MM b, MM 0 o a, MM b, MM [

[To manHbIM TaOIUIBI 3 MOCTPOUTH (Ha30UACTOTHBIC XAPAKTEPUCTUKU P=@(®).
[TpumepHsIiii BUT (Ha3049aCTOTHON XapaKTEPUCTUKHU MTOKA3aH HA PUC. .

@
o - — — — — —
w4l /—
0 / -

‘_/ T

—qid

—T/Z

Pucynok 7

9. KOHTPOJIBHBIE BOITPOCBHI

1. BeiBenure ypaBHEHHE YCTAaHOBUBIIUXCS BBIHYXKJIEHHBIX KOJI€OaHUN B TO-
CJIeI0BATEILHOM KO0JIE0ATEeIbHOM KOHTYPE KOHTYpE.

2. OnumuTe (Ga3oBble COOTHOIICHUS MEXKIY CHUJION TOKa W HANpsSKEHUEM Ha
€MKOCTH M WHAYKTUBHOCTH B IOCJIEJI0BATEILHOM KOJEOATEIIbHOM KOHTYpE MpH
BBIHYKJICHHBIX KOJICOAHUSX.

3. M3o0pa3ute BEKTOPHYIO IUarpaMmy HamnpsHpKeHUW ISl KosieOaTeabHOTro
KOHTYpa MPHU BBIHYKJICHHBIX KOJICOAHUSIX.

4. OObsicHUTE, YTO Takoe 'pe3oHaHCHoe HampsbkeHue". M3o0pasute peso-
HaHCHBIC KPUBBIE ISl TOKA U HAIMPSDKEHUSI HA EMKOCTH B KOJieOaTeIbHOM KOHTYPE.

5. YkaxuTe, Kakoil BUJI MMEET BEKTOpHas JAUarpaMma HalpspKeHHM Tpu pe-
30HaHCE.

6. O0BsCHUTE, YTO TaKOE TOOPOTHOCTHh KOHTYpA.

/. Hanmmmre BUJ ypaBHEHUS PE3YIbTUPYIONIETO KOJIEOaHUs, MOTyYaroIIero-
Csl TIPU CJIO’KEHUU JBYX B3aMMHOMEPIICHIUKYIISIPHBIX KOJICOAHNUN OJMHAKOBOM Ya-
CTOTBI.
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8. YkaxwuTte mpu Kakod pazHOCTH (a3 CKIAJABIBAEMBIX B3aMMHOIIEPIICHIUKY-
JSPHBIX KOJEOaHWI pe3ydbTUPYIOIIee JABUKEHUE OYIeT COBEPIIATHCS: a) BIOJIb
psMOit; 6) IO OKpYKHOCTH?

9. U3obpa3ute, Kak M3MEHSIOTCA XapaKTEPUCTHUKU PE30HAHCHBIX KPHUBBIX C
WU3MEHEHHEM JOOPOTHOCTH.

10. OnumnTe KaKk MPOBOAMUTCS 3KCIHEPUMEHT C IETBI0 MOJYYCHUS JTaHHBIX,
HEOOXOUMBIX ISl TIOCTPOCHHSI PE30HAHCHBIX KPUBBIX IS HATIPSOKEHUSI.

11. OObgcHUTE, YTO TaKOE IMIMPUHA PE3OHAHCHON KPUBOM U KaKOB ee (U3H-
YECKUU CMBICI.

12. Onumure MEeTO T U3MepeHus casura das.
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JABOPATOPHASA PABOTA 19

NCCIEJOBAHUE PA3PAIA KOHAEHCATOPA
N ONNPEJEJEHHUE EI'O EMKOCTH

1. HEJIb PABOTbI

1. I3yuenue npoiieccoB pa3psiaa KoHaeHcatopoB B RC-ienouke.
2. Onpenenenre NOCTOSTHHONW BPEMEHH LIETIH U eMKOCTH KOHJICHCATOPA.

2. BUBJIMOT'PA®USA

1. CasenveB U.B. Kypc ¢pusuku: yue6. mocobue amsi CTyJI€HTOB BTY30B. - M.:
Hayxka, 1978. - T.2.: DnekrpudectBo u maruetusM. Bonusl Onrtuka. - 480 c.

2. Tpodpumona T.U. Kypc ¢usuku: yued. mocodue s By30B. - 2-€ U31., Ie-
pepab u jgor. - M.: Beicmr. mik., 1990. - 478 c.

3. Hernad A.A., ABopckuit b.M. Kypc dbusuku: yued. mocodue /ist BTy30B. -
M.: Bricmr. mk., 1989. - 608 c.

3. TEOPETUYECKOE BBEJIEHUE

3.1. RC-uenouka, noCTOSTHHAS BpeMeHH M Pa3psi/i KOHJIeHcaTopa

Pucynok 1
Paccmotpum 1iemb, coctosimyto u3 KoHaeHcatopa C u compoTtuBieHus R
(puc. 1). CooOurm oOKIIaZKaM KOHJCHCATOpa pa3sHOMMEHHBIC 3apsabl. Torma B
LIeTH BO3ZHUKHET 3JIEKTPUUECKUN TOK | 1 3apsa Ha oOKIIaikax KOHJeHcaTopa OyieT
yobiBath. Ecit U — MrHOBEHHOE 3HAUCHHE HANpPsDKCHHS Ha 0OKJIaKaxX KOHICHCA-
Topa, R — conpoTtuBiieHne pe3ucropa, To 1o 3akoHy Oma cuiia Toka | B 1ienu paBHa

U
| =— 1
A 1)
VYuuteiBas, uto U = g, BbIpaxkeHue (1) 3anuceiBaercs B Bujae | = RiC U €ro

muddepeHiran MoxkeT OBITh MIPEACTaBNICH cheayromuM oopaszom (RC — mocTostH-
Hasl BEJIMYUHA):

dg
dl =—. 2
RC (2)
IMoxacrasmsist dq = —Idt (3Hak MuHYC yka3siBaeT Ha yObUIbH 3apsijia Ha IUIACTH-

Hax KOHJIEHCaTopa MpU ero paspsje), noinyduM auddepeHimansHoe ypaBHEHUE,
OTHMCHIBAIOIIIEE 3aKOHOMEPHOCTh U3MEHEHHS TOKa B JAHHOM ICTIH:
Idt
dl =

R (3)
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Penmm muddepennmansaoe ypaBHeHue (3) METOIOM pa3/ieeHHs IEPEMEHHBIX:

a4 @

Eciy B HauanbHBIA MOMEHT BPEMEHHU TOK paBeH |,, TO, IPOMHTETPUPOBAB

|  RC

BhIpakeHue (4):

a_p
.1 5 RC
IMOJIyUUM
nt -t (5)
I, RC

[ToTeHuupys nocnaeaHee COOTHOIICHHE, HailaeM Tok |
t

I = Ioe RC ! (6)
rie 7 = RC Ha3pIBaeTCs MOCTOSTHHOM BPCMCHHU ICIIN.

BoiscHuM (pusnyeckuii CMBICI TOCTOSSHHON BPEMEHH 7 : MPH ¢t =7, U3 YPaB-
I

HeHns (6) ciemyer, uto | =—%. Takum 06pa3oM, MOCTOSHHAS BPEMEHH 7 paBHA
€

TOMY MPOMEXYTKY BPEMEHU, NPU KOTOPOM CHJIa TOKA B LIEMH YMEHBIIAECTCSA B €
pa3. Uem OoJblle 3Ta BEIMYMHA, TEM MEUICHHEE CIAJaeT CHIa TOKa B LIENH, CO-
JepaKalien eMKOCTb U IIOCTOSIHHOE COIPOTUBIICHUE.

3.2 MeToanka onpenejeHus MOCTOAHHON BpeMeHH U €eMKOCTH KOH/IEHCATOPA

I t I
W3 Beipaxenns (5) cuexyer, uto In—2=——. Takum obpasom, In—2 -
Il RC I
HEHHO 3aBUCUT OT BPEMEHHM ¢, TPH ITOM TaHTCHC HAKJIOHA MPSMON paBeH

1
tqg0 = R_C W JaHHAaA IpsMast JUHWA JOJIKHA IMMPOXOAUTh Y€PC3 HAYAJIO KOOpAWHAT.

I
[TocTpous B nomynorapupMuueckoM macirade 3aBUCUMOCTh InT0 KaK (yHKITUIO

BPEMEHH, MOKHO HAWTU MOCTOSIHHYIO BPEMEHU LIEIN U EeMKOCTh KOHAEHCATOPA.
4. TIPUBOPHBI U IPUHA VIEZKHOCTH

1. JlabGopaTtopHass ycTaHOBKA Ui WCCIEIOBAHHs pa3psjaa KOHACHCATopa |
MU3MEPCHHUS €T0 €MKOCTH.

2. ludposoit mynsTumMerp M-83, muxkpoamnepmerp Ha 50 MKA, nBe Oarta-
PEUKH.

3. Cexynmomep.

5. OIIMCAHHUE YCTAHOBKH

Ha puc. 2 npencraBnena anekTpuyeckas cxema jJabopaTOpHOW YCTaHOBKH
JUISL KCCIIEIOBAHMS TIPOIIEcCca pa3psiia KOHJAEHCATOpa U U3MEPEHHUSI €ro eMKOCTH. B
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paboTe MPUMEHSIOTCS AJICKTPOJUTUYECKUE KOHAEHCATOphl eMKOoCcThio 400...2500
MK®, paccuntaHHble Ha Hanpspkenue 6...12 B. Pesucrop R umeeT conportuBiieHne
100...150 kOm. [lns u3mepeHust Toka MpuMeHsieTcsl MuKkpoammnepmerp Ha 50 MKA
i myastuMetp DT — 830. HanpsbxkeHune usmepsieTcss MyJbTUMETPOM.

=
i
0

2

K1

+ -+ —}—

Pucynox 2
6. IOPSA1OK BBITIIOJIHEHUSA PABOTDI

1. O3HaKOMBTECHh C YCTAHOBKOM, MOJKIIIOUUTE K KJieMMaM 4 U 5 MUKpoamIep-
METp il u3MepeHus: Toka. TymOnep K2 ycraHOBUTE B HIDKHEE monoxenue. [lpu
TaKOM IIOJIOKEHUH B LIEIb NoAKIr04aeTcs kouaeHcatop Cl. B cpenHeM u B BepHEM
MOJIO’KEHUH TyMOJiepa MOIKIII0YatoTCs COOTBETCTBEHHO KoHAeHcaTopsl C2 u C3.

2. 3amkHuTe K04 K1, onpenennure HayaubHbli TOK |,. 3HadyeHNE HaYalIbHO-

ro TOKa 3anuiure B Taos. 1.

3. OTKIIOYUTE UCTOYHHUK IMOCTOSHHOTO TOKa OT KOHAeHcatopa. [[is aToro
BBIKJIFOUMTE K04 K1 1 BKimtounTte cekyHaomep. KoHeHcaTop HaYHeT pa3psxaTh-
Csl Yepe3 COMPOTHUBIIEHUE PE3UCTOPA, TOK CO BPEMEHEM OYJET YMEHbBIIATHCS.

4. Caumute 10...15 nokazanuit cuiel Toka yepes kaxasie 10...20 c. Pe3ynbra-
ThI U3MEPEHUN 3anuiuTe B Taos. 1.

5. IloBTOopuTe M3MepeHus JUIsl CPEIHEr0 M BEPXHEro MOJIOKEHUsS TymOiepa
K?2. Pe3ynbrarhl u3MepeHuit 3anumure B Tao. 1.

o |
6. PaccunTaiite 11 BceX 3HAUCHUI BPEMEHH BEJIMUUHBI In TO .

. v 1!
7. Tlo mauHbM Tabu. 1 mocrpoiite rpaduku 3asucumocteii IN- ot Bpemenn

JUISL pa3NMYHbIX eMKocTel. [1o BepTuKaibHOW OCH (OCHM OpJIMHAT) OTKJIAJbIBANTE

| .
sHaueHus, 1N 1o ropusonTanbHol ocu (ocu aberyce) — Bpems t.

8. DKcnepuMeHTaANIbHbIN rpaduK AOJKEH MPEACTABISATH COOOU MPSIMYIO JIU-
HUIO, MPOXOJAILYIO Yyepe3 Hadaslo koopauHat. IToctpoenne rpaguka HeoOxoaumo
JIeNaTh C UCIOIb30BaHUEM METOa HAMMEHBIINX KBAJPATOB.
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9. Tlo rpaduky ompenenuTe TAaHTEHC yria HAKJIOHA HKCIEPUMEHTAILHOU

IV
IPSMON K OCH BPEMEHH tqgp = <1 — 1

t RC
JeHus pesucropa R paccunraiite eMKOCTh KoHaeHcaTopa C.

N 110 U3BCCTHOMY 3HAYCHHIO COIIPOTHB-

Tadbauma 1
C, Mx®

[Monoxenue Bpewms, I, MKA | n o tqe 1

Tym6Giepa K2 t,c I—O y=In i €= Rtqe

0
10
20
Huxnee 30

100

0
10
20

Cpennee 30

100

10
20
Bepxnee 30

100

Emkocts, C, CZI: : C2 = C3=
MKD

Conpotusienue, R, Om R=

7. KOHTPOJIBHBIE BOITPOCHI U 3AJIAHUSA

1. latite ¢uszndeckoe 0OBICHEHHE IPOIICCCOB, MPOUCXOIAIINX TIPH paspsiie
KoHJIeHcaTopa. [lomyunuTe 3aBUCUMOCTD CHUJIbI TOKA OT BPEMEHU MPH pa3psie KOH-
JIEHCATOpa Yepe3 aKTUBHOE COMTPOTHUBJICHUE.

2. O0BsICHUTE METOJIUKY OMPENETICHUsI JIEKTPUUECKOW E€MKOCTU B JaHHOU
nabopaTopHO# padoTe.

3. B uem cocTouT hu3uUecKuii CMBICI IMOCTOSSHHON BpemeHu 7 = RC mernm?

4. OOBbACHUTE TIOYEMY MPHU BKIIOYEHUU DJIEKTPOJUTUYECKOrO0 KOHAEHCATOpa
B LIETTh HEOOXOUMO YUUTHIBATH €TI0 MOJISPHOCTD.

5. Kak Oyner BnuaTh Ha Bpems 3apsja U paspsia KOHAEHcaTopa U3MEHEHHE
HaIpPsHDKEHUST UICTOYHUKA TTOCTOSIHHOTO TOKA, U3MEHEHHE COMPOTUBIICHUSI PE3UCTO-
pa?

6. Kakyto OmacHOCTh MPENCTABISAIOT OOCCTOUYCHHBIC ILIEMU C 3apsSKEHHBIMU
KOHJIeHCaTopaMu?
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JABOPATOPHASA PABOTA 20
MN3YYEHUE JIEMEHTOB ®OTOMETPUU

1. HEJb PABOTbBI

1. O3HakOMJIEHHE C OCHOBHBIMH MOHATHSAMHU (POTOMETPHUH.
2. O3HaKOMIJIEHHE C YCTPOUCTBOM M MOJYyYEHHE HABBIKOB PAOOTHI C JIFOKCMET-
pom FO 117.

3. [IpoBenenne PoTOMETPUIECKUX U3MEPEHUM.
2. BUBJINOT'PA®USA

1. CaBenweB U.B. Kypc pusuku: yue6. mocodue ajisi CTYJACHTOB BTY30B. - [B 3-x

T.]. -T. 2: DnexkrpudectBo n MarHeTu3M. Bonnbl. Ontuka. - M.: Hayka, 1989. - 496 c.
2. CuByxuH JI.B. O6mmii kypc ¢usuku. Ontuka. - M.: Hayka, 1980. - 752 c.
3. Tpodumona T.U. Kypc dbusuku. - M.: Beicur. mik., 1998. - 542 c.

3. TEOPETUYECKOE BBEJIEHHME

doTomMeTpUs — pas3Ael ONTUKH, 3aHUMAIOLIUNCS BOIPOCAMU U3MEPEHUS MH-
TEHCUBHOCTH CBETa U €ro UCTOYHUKOB. B (hoTOMeTpuM mcnosb3yloT aBa BUJA Be-
JIMYUH, XapaKTEPU3YIOUIUX ONTUYECKOE U3IIyYCHUE: JHEPIETUYECKUE U CBETOBBIE.

OHeprerudeckue (HOTOMETPUUECKHUE BEJIUYUHBI OIPENESIOT BPEMEHHOE,
IIPOCTPAHCTBEHHOE, CIIEKTPAJIBHOE PACIIPEAEIICHUE IHEPTUU ONITUYECKOTO U3Iyde-
HUsI, KOJMYECTBEHHO BBIPAKAEMBIE B €IWHMIAX DHEPTUM WJIM MOIIHOCTH WM B
MPOU3BOAHBIX OT HUX. YTOOBI M3MEPUTh SHEPreTUUECKUE BEIMYMHBI HEOOXOIUM
YHUBEPCAIbHBIN MPUEMHUK, HAIIPUMEDP, TEPMOIIIEMEHT, AEUCTBUE KOTOPOTO OCHO-
BAHO Ha MPEBPAILCHUH BCEW MOTJIOMIEHHON CBETOBOM YHEPTHUM B TEIUIOBYIO. O/iHA-
KO ropas3fo yaule B KauyeCTBE MPUEMHUKOB M3JIyYEHHUS HCIIOJB3YIOT YCTPOMCTBA,
peaKuusl KOTOPBIX 3aBUCUT HE TOJIBKO OT DHEPTUH, IPUHOCUMOM CBETOM, HO TaKkKe
U OT €ro CHEKTPAIBHOIO0 COCTaBa. TakMMH BeCbMa PACIPOCTPAHEHHBIMHU CEJICK-
TUBHBIMH MMPUEMHHUKAMU SBIAIOTCS (DOTOIICHKA, (POTOIEMEHT U OCOOEHHO Yello-
BEUECKUH TJI1a3, UIPAIOLIUN UCKIIOUYUTEIBHO BAXKHYIO POJIb U IIPU IOBCEIHEBHOM
BOCIPUATHUN CBETA, U KaK MPUEMHUK H3ITYYEHHUS BO MHOTHX ONTHYECKUX NPUOO-
pax. UyBCTBUTEIBHOCTD IJ1a3a K CBETY Pa3jIM4YHOM JJIMHBI BOJHBI MOXKHO OXapak-
TEpU30BaTh KPUBONW OTHOCUTEIBHON CHEKTPAIbHOW YYyBCTBUTEIBHOCTH (KpUBOM
BUJHOCTH), TPHUBEACHHON B MPWIOKEHUM K JaHHOMY Y4YeOHOMY MOCOOHIO
(crutonHas KpuBasi OTHOCUTCA K JHEBHOMY 3PEHHIO, IYHKTHPHAsA — K CYyMEpPEYHO-
My). Kak u rnas, qpyrue npueMHUKU U3TYyYEHUs XapaKTepU3yrTCs CBOEH KpUBOU
YyBCTBUTEIBHOCTH K CBETY PA3JIMYHBIX JJIMH BOJH. [103TOMY CBETOBBIE U3MEPEHMUS,
ABIISAACH CYOBEKTHUBHBIMH, OTJIMYAIOTCS OT OOBEKTUBHBIX, SHEPreTUUECKUX W IS
HUX BBOJSTCSI CBETOBBIE €IMHUIIBI, UCIIOJIB3YyEMbIE TOJIBKO ISl BUIUMOTO CBETA.

Jist o603HaueHus: poToMeTpudeckux BeduuuH pazHbix BuaoB ['OCT 26148-
84 (PotomeTpusi. TepMUHBI U ONIPEICIICHHS) YCTAHABIUBAECT MOACTPOYHBIE UHIEK-
ChI € JUIsl DHEPTETUYECKUX U V JUIsl CBETOBBIX BEIMYMH. JlOIyCKaeTCs HE UCIIOIb30-
BaTh 3TU MHAEKCHl B 0003HAYEHUSIX BEJIMUYMH, KOTJa UCKIIOYEHA BO3ZMOXKHOCTh UX
HEOJIHO3HAYHOTO TOJIKOBaHUsA. [TockonbKy HUXke pedb OyAeT UATH TOJIBKO O CBe-
TOBBIX BEJIMYMHAX UHIEKCHI V HE UCTIOJIB3YIOTCS.
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OCHOBHOH CBETOBOI BEIWYMHOMU gBJIgeTca cuia ceera. Cuia ceera | - Benu-
YMHA, paBHasi OTHONICHUIO CBETOBOT'O MOTOKA K BEJIMYMHE TEJIECHOTO yTiia, B KOTO-
POM pacIpoCTPaHSIETCSI CBETOBOM MOTOK:

rae | - cuna cBera; @ - CBETOBOM MOTOK; @ - TEIECHBIN yroJl.

3a equuuily cwibl cBeta | B MexayHapoaHoi cucteme CU mpuHumaercs
kaHjena (x0) (nar. “kandela” — cseua).

[IepBOHAYANIBHO 3a KaHJETy NMPUHUMAJIACh CUJIa CBETA CTEAPUHOBOW WJIM Ma-
paduHOBO# cBeun omnpeneneHHoW mMaccel. B 1979 r. Ha ['eHepanibHOM KOHpepeH-
LMY 110 ME€paM U BecaM IPHUHATO ONPEIEIICHUE KaHJIEIbl, OJJHO3HAYHO CBS3bIBAIO-
1iee CBETOBbIC €AMHUIIBI C IHepreTudeckuMu. Crnocod MOCTpOoeHus 3TajoHa KaH-
JIeNbl KaXxaasi CTpaHa BBIOMPAET CaMOCTOSITENIbHO. TakuM 00pa3oM pa3MepHOCTh U
€IUHULIA CUJIbI CBETA, KaK M BCEX OCHOBHBIX BenuuuH CH ycTaHOBIIEHBI ITPOU3-
Bombro: diml =J, [I]=1x0.

CaetoBoil noToKk ®, cmyckaemblii U30TPOMHBIM TOUEUHBIM HCTOYHUKOM CBE-
Ta B IpeAenax TEJIECHOrO yria «, B BEPIIMHE KOTOPOTO HAaXOAUTCS HCTOYHUK,
omnpenensercs: GopMysion

o=lw, (1)
TEJICCHBIN YTOJI @ MOYHO ONPEICIHTD 10 hopMyJe
o =2r(1-cos @)= 4xsin® g , ()

rae 6 - yroia MexIy OChbI0 KOHyca M ero oopasyrouieil. PazmepHocTs U enuHuIa
CBETOBOI'0 IIOTOKA:!
dim@=1J; [®]=1x0-cp (xaumena — crepamuan).

DTa eIWHUIIA, Ha3bIBaeMas JIIOMEHOM (JIM), paBHA CBETOBOMY MOTOKY, UCITyC-
Ka€MOMY TOYEYHBIM MCTOUYHUKOM CHJIOW CBETa B | KJ BHYTpHU TEIECHOro yria B |
Cp IpH PAaBHOMEPHOM I0JIE U3ITYYEHHUS.

OCBEIIEHHOCTh £ — BEJIMYMHA, paBHAs OTHOLICHWIO CBETOBOIO NOTOKA, Ia-
JAIOLLEr0 Ha TOBEPXHOCTH K €€ MIOMIAIH:

@

PaSMepHOCTB N €AUMHHUIa OCBCIICHHOCTU.
dimE=L"2J, [E]=1 au/ n?

DTa eauHUIA OCBEIIEHHOCTH Ha3bIBaeTCs JIIOKC (JIK): 1 JIK — OCBEIIEHHOCTh
IOBEPXHOCTH, Ha 1 M2 KOTOPOH MazaeT CBETOBOM MOTOK 1 M. OCBEMIEHHOCTb, CO-
3aaBacMas N30TPOITHBIM TOYCUHBIM MCTOYHHUKOM CBCTA, MIOAYUHACTCS 3aKOHY «00-
PATHBIX KBaApPaTOB»:

I
E:r—ZCOSS, 4)

re I' - pacCTOSHUE OT MOBEPXHOCTH JI0 UCTOUHUKA CBETA; & - YIOJI MAJACHUS JTyUeH.
SPKOCTBh CBETALIECNUCS WA OTPAXKAIOLIECH MOBEPXHOCTH — BEIMYMHA, PaBHas



130 W3yuenue 3neMeHTOB (POTOMETPUH

OTHOILLIEHUIO CWJIbI CBETA K IUIOIIANAA O NPOECKLUHUH CBETALICHCS MOBEPXHOCTH Ha
IJIOCKOCTD, MEPIEHIUKYISIPHYIO 3TOMY HAIPAaBJIEHUIO:

L=1, 5)
(o)

rae | cuia cBera B HampaBiICHUM HAOMIONEHUS, o - IUIOMAAh MPOSKIIUHA CBETS-
LIENCS TIOBEPXHOCTH.

PasmepHOCTB U euHMIA sprocTH: dimL =L2J, [L]:l k0l M2,

Kangena na kBajgpaTHBII METp paBHa SIPKOCTU CBETAILICHCS MOBEPXHOCTH

10 aAbIO 1 »° IMIpu CUJIC CBCTA | K. HpKOCTB — HPCBBBIqafIHO BaXKHasl BCIIMYH-
Ha, TaK KaK UMCHHO Ha APKOCTb HCIIOCPCACTBCHHO PCArupycT IJias. HMctounuku

GobIoit siproctH (cbiie 16-10° k0 / m?) BBI3BIBAIOT GONE3HEHHOE OLIYIICHAE B
rjiazy, Mo3TOMY IpH paboTe C HUMH HCHOJB3YIOT pa3IMyHbIE MPUCIIOCOOIEHUS,
HaIlpuMep TEMHBIC 3alUTHBIE OUKH. VICTOUHUKH, IPKOCTh KOTOPHIX OJMHAKOBA I10
BCEM HarpaBlICHUSIM (L =C0nst), Ha3BIBAIOTCS JIAMOSPTOBCKUMH (TI0TYHUHSFOIIIH-

Mucs 3akoHy JlamOepTa) WM KOCHHYCHBIMM — MOTOK, MOCBLIAEMBII 3JIEMEHTOM
TAaKOr0 UCTOYHHKA, POMOPIIOHANIEH COS 6.

CBETUMOCTD CBETSIIECHCS WM OTPaXKarOLIEH IMOBEPXHOCTH — 3TO BEIMYHHA,
paBHasi OTHOILIIEHHUIO CBETOBOI'O IIOTOKA K IUIOIIAN CBETAILECHCS WU OTPAKAIOLIEH
ITIOBEPXHOCTHU:

2]
Mzg, (6)

riae @ — CBETOBOM MOTOK, UCITYCKAEMBIN MTOBEPXHOCTBIO, S - IUIOIIAJb ATOM IIO-
BEPXHOCTH. Pa3MEpHOCTh U €AUHUIIA CBETUMOCTH:

dimM =L72J, [M]=1 kol m?.
JIroMeH Ha KBaApaTHBIM METP PABEH CBETUMOCTH IOBEPXHOCTH ILIOMIAAbIO |

Mm%, ICITyCKaroIel CBeTOBO MOTOK 1 M.
CBETUMOCTb U APKOCTh JaMOEPTOBCKOTO MCTOYHUKA CBSI3aHbI MPOCTHIM COOT-
HOIIICHHEM
M=n. (7)
VYnenbHasi MOIIHOCTh MCTOYHUKA CBETAa paBHA OTHOIICHHUIO MOTPeOsieMOit
AIEKTPUUYECKON MOIIIHOCTH K CUJIE CBETA UCTOYHUKA CBETA:

p=r. ©®)

Ennanna yaeasHOW MOIIHOCTHU:
[p]:l Bm/ xo.

CeTroBasi 0T/1a4a UCTOYHMKA CBETA paBHA OTHOILIECHUIO CBETOBOTO MOTOKAa K
MOTPEOIAEMOM DIEKTPUIECKON MOIITHOCTH:

77:;- 9)

Enununiia cBeTOBOM OTIA4H:
[7]=1 ! Bm.
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4. TIPUBOPHLI U NIPUHAUVIEXKHOCTHU

1. JTrokemeTp FO116.

2. Jlammibl HAKaIMBAHUSL C PA3IMYHBIMUA CBETOBBIMU XapaKTEPUCTUKAMH.
3. MepHas JIMHENKa UK PyJIETKa.

4. YcTaHOBKaA 7Sl U3yYEHUS JIEMEHTOB (DOTOMETPHUH.

5. OIMCAHUE YCTAHOBKHA

CxeMa yCTaHOBKH ISl U3y4EHHsI 3aKOHOB (DOTOMETPUH TMPEJICTaBICHA Ha PHUC.
1. YcraHoBKa COCTOUT U3 OCHOBaHUS 1, MEPHOM MIKaJbI 2, JIaMIIbl HAKATUBAHUS 3,
BBEPHYTOU B MaTPOH 4, TIOKCMETPA, COCTOSIINNA U3 (POTOIEMEHTA 5 U OTCUETHOTO
npubdopa 6, OTrpayupoBaHHOTO B €IMHUIIAX OCBEIIEHHOCTH JIIOKCaX (JIK).

/5] (e ]

L~ ]

OO OO

| l%llll%llll%lli I—l—l—l—l—*—l—l—l—l-l—ﬂ\\\‘\\\\\\\\l
Pucynok 1

Paboma c noxcmempom

OCHOBHBIM U3MEPUTETBHBIM MTPUOOPOM, UCIIOJIB3YEMBIM B JTAOOPATOPHOM pa-
oore, aBisercs (ortosnexkrpuyeckuid okeMmerp FO116, koTopelil npenHazHaueH
JUISL. U3MEPEHMS] OCBEILIEHHOCTH, CO3/1aBAEMOM JIaMIaMH HAKaJIMBaHUA W €CTe-
CTBEHHBIM cBeTOM. OH COCTOUT U3 u3Meputens (6), mporpaayupoBaHHOTO B JIFOK-
cax, U celleHOBoro QorosnemeHTa (5) B OTAEIbHOM Kopityce. POTO3IEMEHT MO~
KJIFOYAeTCAd K M3MEPUTENIO MTPOBOJIOM CO IITENCENbHBIM pa3beMoM. i1 n3MeHe-
HUS AUana30HOB U3MEPSEMbIX 3HAYEHHH OCBEIEHHOCTH NPEJHA3HAYEH KOMIUIEKT
HAca/IoK, Ha/IeBaeMbIX Ha (DOTOAJIEMEHT.

Jlo Hayana nmpou3BOACTBA M3MEPEHHII BHUMATEILHO O3HAKOMBTECH C TEXHHU-
YECKUM ONMMCAHUEM U MHCTPYKIMEHN MO SKCIUTyaTaluu U NPUMEHEHUIO JTIOKCMETPA.
HenpaBunbHbie, o1rO04YHbIE JEHCTBUS MOTYT BBIBECTH TPUOOP U3 CTPOSL.

6. ITIOPAJOK BbIIIOJIHEHUS PABOTDI

Vnpaorcnenue 1. Onipenenenue oCBEIIEHHOCTH, CO3/IaBaeMO JlaMIiaMu Haka-
JUBAaHUSl PA3IMYHON MOIIMHOCTH U KOHCTpYKIMU. COMOCTaBJIEHUE PE3YJIbTaTOB
AKCTIEPUMEHTAJILHBIX UCCIIEIOBAHUMN.

1. BkpyTtute nammny HakanuBaHus (3) B matpoH (4), ycTaHOBUTE (POTORIEMEHT
JOKCMeTpa Ha paccTosiHud 0,5 M OT JaMIibl HAKaJTMBaHUS, BKIIOUUTE JIAMITy HaKa-
nuBaHus B ceTb 220 B u onpenenuTe 0CBEIIEHHOCTh, CO3/JaBAEMYIO JIAMIION, B Me-
CT€ pacroyioxkeHus (HoTodIeMeHTa.

2. Onpenennure OCBEIICHHOCTh Ha paccrosHusax 1; 1,5; 2; 2,5 M oT JaMIibl.
Pesynbrarel u3mepenuit 3anummure B Tadi. 1.
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3. [loBTopuTe myHkT 2 st tammn HakanuBauus 40, 60 Bt ¢ o6braabiM 1 60 BT
C MOJIOYHBIM CTEKJIOM JIaMIIbl. Pe3yIbTaThl U3MEPEHUS 3auiuTe B Tao0I. 1.
4. Caenaiite KpaTKHe BbIBOJIBI 1O YIPAKHEHUIO 1.

Taonuma 1

Ne P,Br Paccrosiue, 7, M I xn @D, M
0,5 10 | 15 | 20 | 25

15
25
40
60
75

gl B~ W N -

Vnpaorcnenue 2. IlpoBepka 3aKOHOB 00paTHBIX KBajpaToB. Pacuer ynenbHOM
MOIIHOCTHU ¥ CBETOBOW OTJAYH.
[IpoBepka 3aKOHOB OOPATHBIX KBAJIPaTOB OCHOBAaHA HA aHAIN3€ COOTHOIICHUS

(4). Ecmu cose =1, 10 E = Lz Otcrona

r
1 1,
—=—r°, 10
= (10)

N3 ypaBuenus (10) craegyer, uto E 3aBHCHUT OT I 10 JIMHEMHOMY 3aKOHY.

BuaHo, uto npsimasi IuHUS, COOTBETCTBYOIAs 3aBucuMocTH (10), momxHa mpoxo-
JIUTh Yepe3 Hayajlo KOOPJMHAT, a KOTAHITE€HC YyIja HAaKJIOHA 3TOW JIMHUU MPONop-
LIUOHAJICH CHUJIE CBETa HMCCleayeMoi JlamMnouku. Ha 3ToM ocHOBaHa mpoBepka 3a-
KOHOB 00OpaTHBIX KBaJPATOB U OMPE/ICICHUE CHIIbI CBETA JIAMIIOYKH.

Tlopsdok evinoneHus ynpaxcHenus 2
1. B cOOTBETCTBUU C IKCIEPUMEHTAIBHBIMU JTAHHBIMU, TIPEJICTABIICHHBIMU B

. 1
tabnuiel, nmoctporte rpaduk 3aBHCHMOCTH E = f(l‘z), OTKJIaJIbIBasi MO BEPTHU-

1
KaJIbHOU OCH BCIIMYMUHY 06paTHYIO OCBCIICHHOCTHU (E , a4 I1I0 TOPHU30HTAJIbBHOU OCH

— KBAJPaT PACCTOSHMUS OT JIAMIIBI 10 (hoTodIeMenTa JokeMerpa I2. Tpaduk mo-
KEH MPEACTABIATh COOOM MPSAMYIO JIMHUIO, IPOXOASAIIYI0 Yepe3 Havyallo KOOPIH-
HaT. [IpsMy10 MO TOYKaM MPOBOJAUTE, MPUMEHSS METOJI HAUMEHbBIIHUX KBAJpPATOB.
Ecnu sxcniepumenTanbHas 3aBUCMMOCTbh HE COBMA/IAET C MPSMOM, TO COOTHOLIEHUE
(4) He BBIMOJHAETCA.

2. Paccunraiite cuity cBeTa UCCIEAYEMOM JIaMITbl IO KOTAHT€HCY yTIJla HAKJIO-
Ha MpoBejeHHoi Tpsamoil (ctga = 1). PesynbraThl pacuera 3anummte B Tadm. 1.

PaccuunTaiiTe mosHBIN CBETOBOM MOTOK CO37aBA€MBbIi JIAaMITON TI0 (JOpMYyJIE:
D, =ol =44 .
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Pe3ynbrartsl pacyera 3anumute B Ta0I. 1.
3. Cnenaiite KpaTKre BBIBOJBI IO YIPAKHEHUIO 2.

Tadonuma 2

DIek- VY nenvHas CaeroBas CBeTUMOCTh SpkocTb, HuameTtp
TpHY. MOIIIHOCTb, oTJaya, 1)) | JaMIIbl,
Mol P 10)) M=—, L=—, d,m
HOCTb, p=—, n=—, S o}
| P /M2 KH/M?
B1/xH am/Bt 2 2
(S=nd") (6=77)
P,Bt 4
15
25
40
60
75

Ynpaoscnenue 3. OnpeneneHue yaeabHONM MOIIHOCTH, CBETOBOW OTJA4yd HC-
TOYHHKOB CBETA, paCUET CBETUMOCTH U SIPKOCTH HETOYCUHBIX HICTOYHUKOB CBETA
1. PaccuuTaiite o popmynam (8) u (9) yaenbHYIO MOIIIHOCTh p U CBETOBYIO

OTIavy 7 JIaMI Pa3IMYHON MOITHOCTH. Pe3ynbTaTel pacuera 3anecute B Ta0. 2.

2. Paccuwnraiite o popmymnam (5) u (6) cBetumocts M u sipkocTh L mammel ¢
2

MOJIOYHBIM cTekJioM. Ilpum pacuerax cuuTath G:T(rmomam, Kpyra),

S = 7d ?(mmomans chepsl), rae d - qEaMeTp KoaObl MOJOYHON JTaMIIBl HAKAIHBA-
Hus. Pe3ynbpTaThl pacyeTa 3anuimTe B Ta0m. 2.
3. CnenaiiTe KpaTKUE BHIBOJIBI 10 YIIPAXKHEHUIO 3.

7. KOHTPOJIBHBIE BOITPOCHI U 3AJIAHUSA

1. KakoBbl JOJKHBI OBITH MOIIHOCTH TIOTOKOB opamxkeBoro (A =600um) u
cunero (A =450nm) cBera, co3jarolIeil 3pUTENBHOE OIIyIICHHE TAKOH XKe MHTEH-
CHBHOCTH, KaK MOTOK JKENTO — 3eNeHbIX sydeit (A =5551m) mommocTeio 1 Br?

IIpu pacuere monap30BaThCS KPUBOM CIEKTPAIBHOM YYBCTBUTEIBHOCTH IJla3a I
JTHEBHOT'O 3pEHUSI.

2. [laTe omnpeneneHus: OCHOBHBIX (DOTOMETPUUYECKHUX BEIIMYUH, UX Pa3MEPHO-
CTEeH U €AUHMUII.

3. Haiitu nosiHbIii CBETOBOW MOTOK, UCITYCKAEMbIH N30TPOIHBIM UCTOYHUKOM,
cuia ceera koroporo 10 kx.

4. BeiBectu hopmyiy (4).

5. Onpenenuth yeabHYI0 MOIIHOCTH (B BaTTaxX Ha KaHENIY) U CBETOBYIO OT-
Jlauy JIaMIIbl MOILITHOCTHIO 75 BT, co3paroiiield Ha pacCTOSHUM 3 M PU HOPMAJIBHOM
MaJIEHUH JIy4eil OCBELIEHHOCTD § JIK.
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6. OnpenenuTh NOJHBIA CBETOBOM MOTOK, CBETUMOCTD U SIPKOCTh CBETUJIHHH-
Ka U3 MOJIOYHOTO CTeKJIa, umeroiero Gopmy mapa guamerpom 20 cMm. Cuiia cBeta
mapa 80 k.

7. Topsiine ynuaHble (OHAPH B BHJIE MOJIOUHBIX IIAPOB KaXKYTCS OJJUHAKOBO
ApKkuMU ¢ pacctostaust, Harpumep 20 M u 40 M. Kak 310 00BACHUTE?
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JABOPATOPHASA PABOTA 21
N3YYEHUE JIEKTPOMATI'HUTHBIX BOJIH

1. HEJIb PABOTbBI

OHpC,ZIeJIGHI/IG JJINHBI BJICKTpOMaFHHTHOfI BOJIHBI, HCCJICAOBAHUC €C IIOJIAPH-
3alli 1 THTCHCHUBHOCTH.

2. BUBJIMOI'PA®UA

1. CaBenneB U.B. Kypc ¢usuku: yaed. mocodbue 11 CTYISHTOB BTY30B. - [B
3-x T.]. - T.2: DnextpudectBo u MmaraeTu3M. Bomael. Ontuka. - M.: Hayka, 1989. -
496 c.

2. Tpodumona T.U. Kypc ¢pusuxu. - M.: Beicir. mk., 1998. - 542 c.

3. TEOPETUYECKOE BBEJAEHHUE

N3 ypaBHeHuii MakcBeiia ClenyeT, 4TO 3JEKTPOMArHUTHOE IOJIE B IPO-
CTpaHCTBE MOXKET CYIIIECTBOBATh B BUJIE BOJH. B paboTre u3ydaercst 4aCTHBIN CIty-
Yyail 3JIEKTPOMArHUTHOM BOJIHBI - MOHOXPOMAaTHUYECKasi BOJIHA, B KOTOPOU BEKTOPBI

HANPSHKCHHOCTH JJICKTPUYECKOTO M MAarHUTHBIX moed E m H wm3mensrorcs B
IIPOCTPAHCTBE U BO BPEMEHU 110 TAPMOHUYECKOMY 3aKOHY

E = E_, cos (et —kF),

H = HA_ cos (et —Kkr), (w:k-c:%),

— —

rne K - BOJHOBOW BEKTOp; ¢ - CKOPOCTh cBeTa B Bakyyme. [Ipu sTom BekTop E

BCErZ[a TEPIICHIUKYISPEH BeKTOpy H M KaXmblii M3 HEX ICpICHIUKYISIPCH
HAMpaBJICHUIO PACIPOCTPAHEHUSI BOJHBI, KOTOPOE OMPEIEIISeTCS] BOJIHOBBIM BEK-
Topom K .

Jlns Bone YKB-nmuanazona (ynbTpakopoTkux pamuoBosiH BoiH (A <03m),
U3y4aeMbIX B paboTe, XapaKTepHa IUIOCKas (JMHEWHas) MOJIIpU3alus: KoJIeOaHus

—

BeKkTOpa E mpoucxomsit TOIpKO B OJHOM TIOCKOCTH, ONpEesieMOl BeKTopamu E
m K.

NHTeHCUBHOCTH | AIEKTPOMArHUTHOM BOJHBI B BaKyyMe€ MPOIMOPIIMOHATbHA

. 1
KBaJIpaTy aMIUTUTY/IbI HAMPSHKEHHOCTH JEKTPUUECKOTO mmouist: | = (E C&y Eri , TaK

YTO U3MEpsa KBaJApaT aMIUIUTYAbl HANPSLDKEHHOCTU 3JIEKTPUUYECKOTO TMOJIs, MOKHO
C TOYHOCTBIO 10 KO3 PUIIMEeHTa ONPEeAeIUTh UHTEHCUBHOCTD TAKOW BOJIHBI.

B kadectBe mpuéMHUKa SJIEKTPOMArHUTHOW BOJIHBI B pabOTE HCIIOIb3YETCS
JMOJTHBIN (KPUCTAJUTMYECKHI ) BEHICOKOYACTOTHBIN JIETEKTOP, UMEIOIINI TPUOIN3H-
TEJIbHO KBaJIPAaTUYHYIO 3aBUCHUMOCTh TOKAa OT HAMPSHKEHUS HAa HAYaJIbHOM y4acTKe
BosbTaMIIepHOM xapakrepucTuku (i ~ U?). I1o3TOMy TOK, NpOXOSAIINIA Yepe3 1u-
0, TIPOTIOPIHOHAIEH HMHTEHCUBHOCTH »JIEKTpOMarHuTHoi#i Bomel (i~U?, a
U,~Em, T.e. i~E.~I). [ToMmumo 3TOr0, Takoi mpuéMHUK 00JagaeT n30upaTeabHO-
CTBIO MO HAMPABIICHUIO KOJEOAHUM AIEKTPUUECKOTrO MOJIs, YTO MO3BOJISIET U3Yy4aTh
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CBOWCTBA MOJIIPU3ALMU 3JIEKTPOMArHUTHOW BOJIHBI. Hampumep, miiocKkonoisipuso-
BAaHHAsI 3JIEKTPOMArHUTHasl BOJIHA MOAYMHSETCS 3aKOHY Mairoca: HHTEHCUBHOCTD
BOJIHBI, U3BMEPEHHAs J€TEKTOPOM B IUIOCKOCTH, COCTABIIAIOIIEH Yrojl oL ¢ MIOCKO-
CTBIO KOJIeOaHM1 BeKTOpa £, onpeensercs Kak
| = I, cos?a,
riae lo - ”HTEHCUBHOCTB OErylIeil BOJIHBI.
3akoH Mairoca JIerko OOBSICHUTB, €CIIM y4YeCTb, YTO AETEKTOpP PEarupyer
TOJIBKO Ha MPOCKIMIO BekTopa E Ha och camoro merexrtopa. Ilycts Eo - aMmmTy-
Ja HanpsKEHHOCTH 3JIEKTPUYECKOTO TOJIS MaJarouie BOJIHbI, TOTAA AETEKTOp Oy-
JEeT BOCIPUHUMATH TOJIBKO COCTABIISIFOIIYIO ¢ aMIutuTyoi En = Eocosa[] (puc. 1).

[1W3MepsieMas NeTeKTOPOM HHTeHCHBHOCTS |~ E 2 | oTcrona u cienyer 3akoH (1).

|
§ Ocr

| metexTopa

Pucynoxk 1

Ecnu Ha myTH MIOCKOW 3JEKTPOMArHMTHOW BOJIHBI MOCTABUTH OTPAKAFOILYIO
MMOBEPXHOCTh, MOKHO TMOJYYUTh CTOSIYYIO BOJHY C paclpeieieHueM Y3J0B (WU
MyYHOCTEN) B IPOCTPAHCTBE Uepe3 o/2 i KaXJA0ro U3 KOJIECOTIONUXCS BEKTOPOB
EuH:

E(x,t)=2E, cos at-coskx
(mnst cTosiuel BOJHBI MEXAY BEKTOpaMuU E u H kax Bo BPEMEHH, TaK U B MPO-
CTpaHCTBE HaOtomaeTcst caBur a3 Ha o/2). M3mepss pacnpeneneHue y3noB (WU
MyYHOCTEN) HANPSHKEHHOCTU SJIEKTPUUYECKOTO MOJISI CTOSUEH 3JIEKTPOMArHUTHON
BOJIHBI BJI0JIb HATIPABJICHUS PACIIPOCTPAHEHH S, MOYKHO ONPEICIIUTh IJIMHY BOIHBI.

4. ITIPUBOPBI U TPUHAIVIEZKHOCTHU

1. PynopHs1ii u3iny4arens.

2. Kpucranimyecku IeTeKTop.
3. BonbeTmeTp.

4. Ontuyeckas CKaMbsl.

5. OTpaxareb.

5. OIMCAHUE YCTAHOBKHA

YcranoBka (puc. 2) COCTOUT U3 TeHEpATOpa dJIEKTPOMArHUTHBIX Kojebanuit 1
C PYNOPHBIM M3Ty4aTesieM, METAUIMYECKOTO oTpaxkaTess 6, JeTekTopa 2, MUJLUIH-
BOJIbTMETPA U UCTOYHUKA MTUTAHMUS.



JlaGopartopHas pabota 21 137

Hanpsiokenne U Ha Harpy304HOM COMPOTUBIEHUM JETEKTOPA, MPOMOPIINO-
HAJIBHOE TOKY | JIETEKTOpa, U3MEPSAETCS MIJLIUBOJIETMETpOM. JleTekTop 2 yKpen-
JEH Ha KOHIIE Aepkareis 3, CACIaHHOTO U3 MEHOoIUIacTa (AUAIEKTpUYECcKas Mpo-
HUIIAEMOCTh TICHOIIIacTa OJIM3Ka K JUAJICKTPUYCCKON MPOHUIIAEMOCTH BO3yXa,
MOATOMY 30H]1 U3 MEHOIJIACTA MPAKTUYECKHA HE UCKAXKAET KapTUHY TOJIA).

Jepxarensb 3 MOXKET BpalaTbCsl BOKPYT CBOEH TOpU30HTAIBHOM ocH. [1Ikana
4 cayKuT 17151 OTCYETA YIII0B TOBOPOTA JIETEKTOPA.

KpoHIITEHH ¢ OETEKTOpaMH M OTCYETHBIM YCTPOWCTBOM MOKHO IOCTYyIIa-
TEJIbHO TEpEMEIIaTh BAOJb HampaBistomend 5. [lepeMelieHne U3MepsIoT Mo Jiu-
HEMKE HA HAINPABJIAIONIEH.

6

5

i LA L AR o211 LA SAI LN RAKILEAY L ML (A1) AR LA LALD LAY LEA R I

Pucynox 2

6. BBIIIOJIHEHUE PABOTDI

1. Onpeoenenue Onunbvl I1EKMPOMACHUMHOU BONHbL

VYcraHoBUTE METAIUTMYECKUN OTpaskarenb 6 (puc. 2) HAmpOTUB U3mydaTess 1.
Bxirounte nutaHue reHepatopa U MWJUIMBOJIBTMETpa. Bpamas neTeKTop BOKPYT
TOPU30HTAIBHON OCH, HAAUTE MOJ0KEHUE, PU KOTOPOM MOKA3aHUSI MUJLJTUBOJIb-
TMETPa MaKCUMaJlbHbI (IIOJIOKEHUE AETEKTOpa HE JOJDKHO COBIAIATh C Y3JIOM
AJIEKTPOMArHUTHOM BOJIHBI). JloOeiTech mepneHANKYISIPHOCTH PACTIONIOXKEHUS OT-
paxarensi K HallpaBJICHUIO pACIPOCTPAHEHHS BOJIHBI: TOKAa3aHUS MUJTUBOJIBTMET-
pa B y3Ji€ JOJDKHBI ObITh OJIM3KUMU K HYJIO, @ B ITyYHOCTH - HAUOOJIBIIIUMH.

CHumuTe 3aBUCHMOCTh HampspkeHust U geTexkrtopa OT ero KOOpAWHATHI X.
[IpoBenuTe HE MeHee JeCSITH U3MEpeHui depe3 2...3 MM, OCOOCHHO TILIATEIbHO
bukcupyst mojokeHus myuHocrteit u ysnos. [lToctpoiite rpaduk 3aBucumoctu U(X)
Y TI0 HEMY ONPEIEIUTE Ol.

2. I[Iposepka 3axona Mantoca

Y6epute oTpaxkaTenb. Y CTAHOBUTE JETEKTOP MPOTUB U3Nydartens (puc. 2) Ha
paccrostauu | >70 cm ot mocneaHero. Bpaiiast 7eTeKTOp BOKPYT TOPH30HTAIBHOM
OCH, CHUMHUTE 3aBHCHUMOCTb HampspkeHuss U nerekTopa or yria moBopora o (1o
MOy 4). Caumure 20...25 nokaszanuii yepes 5°, QUKCUPYs yIIIOBBIE MOJNOKEHUS
MaKCUMYMOB U MHUHHMYMOB MHTEHCHBHOCTH BOJHBI. [loctpoiite rpaduxk U(a) u
CPaBHHTE C TEOPETUYECKOW 3aBUCUMOCTBIO |(@), HOPMUPYS TEOPETUUECKYIO KpH-
BYIO 110 MAKCUMYMY JKCIIEPUMEHTAIIBHON KPUBOM.

3. Uccneoosanue 3a8ucumocmu UHMEHCUBHOCTNU BOIHBL O PACCMOSAHUS

[IpuémHBIA JETEKTOp YCTAHOBUTE [0 MAKCUMyMy [OKa3aHUs MUJLIU-
BoJbTMETpA. [lepemenias uzmydarens 1, CHUMUTE 3aBUCUMOCTh HanpsbkeHust U ot
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paccTOsSHUS X MEXy U3TydyaTelleM U JeTeKTopoM. V3mepeHus: mpoBenuTe B MH-
TepBaje 3HaueHui X ot 40 1o 80 cM uepe3 Kaxple 5 cM.

[Toctpoiite Tpaduk 3aBucumoctu IgU ot Igx. Berumcimure Tanrenc yria
Hak1noHa rpaduka (s ceprueckoil Bomasl U~X?, U TaHreHC yria HaKJIOHA Ipa-
¢uka momwkeH ObITh paBHBIM NByM). CrenaiTe BBIBOJ O XapakTepe H3IydaeMoun
BOJIHBI.

7. KOHTPOJIBHBIE BOITPOCHI

1. Hanummre ypaBHEHHE TUIOCKOM M chepruecKOil IeKTPOMArHUTHON BOJI-
Hbl. Kak 3aBUCHT MHTEHCUBHOCTH CEpPUUECKOI BOJIHBI OT PACCTOSHUS 10 MCTOY-
HUKa?

2. Uto mpexacraBisier coOoi Oerymias MIoCKOmoIsIpu3oBanHas BoiaHa? Yem
OTJIMYAETCS CTOAYAs SJIEKTPOMAarHUTHASI BOJIHA OT OeryIiei?

3. [MosicauTe, kak o 3aBucumoct U(X), momydeHHOW B 3amaHuu 1, omnpene-
JIUTH JUIMHY 3JIEKTPOMarHUTHOW BOJIHBI.

4. OOBsicHUTE, KaKUM 00pa3oM B JIaHHOHM paboTe MpPOBOIUTCS MpPOBEpKa 3a-
KoHa Maitroca.
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JABOPATOPHASA PABOTA 22

OIIPEAEJEHUE INTOKA3ATEJIA ITPEJIOMJIEHUSA CTEKJIA
C IIOMOIbIO MUKPOCKOITA

1. EJb PABOTHBI

OHpC,ZIeJII/ITI) IMOKa3aTCJIb IPCIIOMIICHUA CTCKIIA.

2. BUBJINOI'PAD®USA

1. CaBenseB U.B. Kypc ¢usuku: yuebd. mocobue i CTyI€HTOB BTY30B. - [B
3-x T.]. - T.2: DnexrpudectBo u MaraeTu3M. Bomnbl. Ontuka. - M.: Hayka, 1989.-
496 c.

2. MaiicoBa H.H. [Ipaktukym mo kypcy obmieit ¢pusuku. - M.: Beicor. mik.,
1970. - 448 c.

3. TEOPETUYECKOE BBEJIEHUE

B ocHOBe MeTO/A JIEKUT SIBIICHUE KaXKYILIETOCS YMEHBIIECHUS TOJIIUHBI CTEK-
JSTHHOW TUTACTUHBI BCIIEICTBUE MPEJIOMIICHUSI CBETOBBIX JIyYed, NPOXOASIINX Ye-
pe3 CTEKJIO MpHU paccMaTPUBAHHUU INITACTUHKKA HOPMAJIBHO K €€ moBepXHOocTH. Cxe-
Ma MIPOXOKICHUS JTyuel yepe3 TUIACTUHKY MpUBEIeHa Ha puc. 1.

FZ 1
« B~
O
A
h {
TR N
e
X
/
A
1 1
2
Pucynok 1

Jlyd 1, nagaromuii Ha MJIACTUHKY B TOYKE A TOJ yrjoM I, IpeIoMIIsieTcs U
BBIXOJMT M3 IIacTUHbI B HamnpaieHun OD. Jlyu 2, maparomuii Ha MJIACTUHKY B
TOYKE A HOpPMaJIbHO, IPOXOAMUT €€ He mpenomisisick. Habmonarens, paccMarpu-
BAOIMI [JJACTUHKY CBEPXY, YBUIUT IepecedeHue aydeil 1 u 2 He B Touke A, a B
Touke A'. Takum 00pa3om, TOJIIIMHA TUTACTUHKYU OyneT kazarbest paBHo A'C. Jlns
Jdy4ei, OMM3KUX K HOPMAJIbHO MaJaloUIiM Jy4yaM, YIJIbl MaJeHUs] U MPeIOMIICHUS
MaJbl. B 3TOM citydae 3aKOH mpesoMIIeHUsI MOKHO 3alicaTh B BUJIE

sinr tgr
Nemera= ot O (1)
sini  tgi
N3 reometrpun pucyHka HETPYAHO BUJIETH, YTO
CO CO

tgr=——; tgi=——.
gr === tgi=—2
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Takum 06pazom,

H
=—. 2
Nemerna h ( )

4. MIPUBOPBI U ITPUHAVIEZKHOCTH

1. Muxkpockon MBY.
2. Mukpomerp.
3. [ImacTuHKa U3 CTEKIIA.

5. HOPAAOK BBIIIOJTHEHUS PABOTbBI

1. 3mepuTh MUKPOMETPOM MUCTUHHYIO TONIIUHY TUIACTUHKHU H.

2. HanecTn Ha HIDKHIOIO U BEPXHIOI MOBEPXHOCTU TUIACTUHKH IEpeCceKaro-
HIMECs IUTPUXH.

3. OnpeaenuTh KaKyIIyIOCs TOJIIUHY CTCKJISTHHOM TUTACTHHKH h.

JIJist ATOTO TMOJIOXKUTH TUIACTUHKY Ha MPEAMETHBIA CTOJIUK MUKPOCKOIA TOJT
OOBEKTHUB TaK, 4YTOOBI 00a IITPUXa NEPECEKATN ONTUYECKYIO OCh IpUbopa.

[Tepememnias TyOyc MUKpOCKoMa, JOOUTHCS YETKOrO M300pa)kKeHUs IITPUXA,
PacoJIOKEHHOTO Ha HM)KHEW MOBEPXHOCTH IUIACTUHKH. 3alucaTh OTCYET MHUKpPO-
METPUYECKOTO BUHTAa MUKPOCKOIIA U TIPUHSTH €r0 33 HYJIEBOE JEJICHHUE.

BHOBB nepemecTuTh TyOyC MUKPOCKONA U MOJYYUTh YETKOE M300pakeHue
HITPUXA, PACTIOIOKEHHOTO HA BEPXHEW MOBEPXHOCTHU MIIIACTUHKHU.

[Ipu Haimem ycioBuHM TOCJEAHEE NMEepeMelleHne Ty0yca MUKpockomna Oyner
COOTBETCTBOBATh KaXKyUIEiCs TOJIIMHE MIACTUHKU. BennunHa 3Toro nepemerie-
HUS paBHA

h=(N-z+0,002-m)mm, (3)
rae N - 4nciio moJHbIX 000pOoTOB OapabaHa MUKPOMETPUYECKOTO BUHTA; Z - mIar
BuHTa: Z = 0,002%50 MM ("50" - 9ucao AeneHuid B OJTHOM MOJTHOM 000poTe Oapa-
0ana; 0,002 mMm/men - rieHa OJHOTO JeJIeHHs OapabaHa; M - YKUCIIO JeJICHUN B He-
oJTHOM obopoTte OapabaHa).

4. Nsmepenus nposectu 10 pa3. Pe3ynbratel 3anucats B Ta01. 1.

Tadonuma 1

Ne H, AH, MM N m hi, Ahi, | (Ahi)?Mm? <n>+<An>
OMBI- | MM npuOopHas MM MM

Ta

1

2

3

9

10

<h>= Z(Ahl)z ....................
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5. Berancnuts cpeiHee 3HaUeHUE MOKa3aTess MpejoMIIeHus o popMyie

H

n)= . 4
< > <h> %

6. Berancnuts 1oBepUTEIbHBIN HHTEpBAJ MpHU HaexHocTu o = 0,95:

2
<An>= hlz~(AH I ;' .(AhY. (5)
7. Pe3ynpTaThl 3a11McaTh B BUJIE:
h=<n>+<An> ¢ :ﬂ -100%.
<n>

8. [Ipomenarh OMBIT MO U3YUYECHHUIO 3aBUCHMOCTH TIOKA3aTe sl MPEITOMICHHS OT
JUTHHBI BOJIHBI CBETA, UCIIOIB3Ys HA0OP I[BETHBIX CTEKOJL.

9. Iloctpouth rpaduk 3aBHCHMOCTH IIOKa3aTess MPEIOMICHHS OT JIJIMHBI
CBETOBOM BOJIHBI N = f(A).

6. KOHTPOJIBHBIE BOITPOCBHI

1. OnummTe ycTpoCTBO MUKPOCKOIIA.

2. HauepTuTte X0/ JIy4eil B MUKPOCKOTIE.

3. Uto Ha3pIBaeTCs IMOKa3aTelieM MPEIOMJICHHS U KaKOB €ro (U3MYeCKui
CMBICH?

4. OOBACHUTE 3aBUCUMOCTD ITOKa3aTelsl MPEJOMIIEHUs OT JUIMHBI BOJIHBI Ia-
JAIOLLIErO CBETA.

5. CopmynupyiiTe 3aKOHBI OTPAKEHUS U MPEIOMIICHUS CBETa MPHU €ro Mnpo-
XOKJICHUH Yepe3 TBEPbIE TeIa.

6. BriBenute pacuernsie hopmyibl (2) u (5).

7. Ha3zoBure npyrue, usBecTHble Bam, MeTonbpl ompeneneHusl MmoKa3aTes
IIPEJIOMIICHUS TBEPABIX Tell. [lalTe X KpaTKoe ONMCAHUE.
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JABOPATOPHASA PABOTA 23

OIIPEJIEJIEHUE TOKA3ATEJISI IPEJTOMJIEHUS )KUJKOCTEM
C MOMOUIBIO PE®PAKTOMETPA

1. HEJIb PABOTbI

1. O3HaKOMIICHHE C TIPUHITUTIOM pabOTHI pePpaKTOMETpA.

2. Onpenenenre Noka3aTels MPeTOMIICHUST Pa3InIHBIX PACTBOPOB, YCTAHOB-
JICHUE 3aBUCUMOCTH TIOKAa3aTelsl MPEIOMIICHUSI OT KOHIEHTpAIMU PacTBOPEHHOTO
BEIIECTBA U ONpe/IEICHUE M0 Hel HEM3BECTHOW KOHIICHTPALIUU PacTBOPA.

3. Pacuér nmonsipuzyeMocTu MOJIEKYJT paCTBOPEHHOTO BEIIECTBA MO 3HAYEHU-
M TIOKa3aTess MPeOMIICHHS pacTBOpA.

2. BUBJIMOT'PA®UA

1. CaBenbeB U.B. Kypc ¢usuku: yue6. mocobue st CTyACHTOB BTY30B. - [B
3-x T.]. - T.2: DnextpudecTBo 1 MaraeTn3M. Bomael. Ontuka. - M.: Hayka, 1989. -
496 c.

2. MaiicoBa H. H. Ilpaktukym mo kypcy obmieit ¢pusuku. - M.: Beicmr. mik.,
1971. - 448 c.

3. TEOPETHYECKOE BBEJIEHUE

AOCONIOTHBIM TOKA3aTENEM MPEIOMIIEHHS N HEKOTOPOM Cpelibl Ha3bIBAETCs
Oe3pa3MepHasi BEJIMYMHA, paBHAsI OTHOIIEHHIO CKOPOCTH CBETAa B BaKyyMe K (a3o-
BOM CKOpPOCTH cBeTa B cpene. s mpo3payHoil M30TPOIHOM Cpenbl NOKa3aTellb
IIPEJIOMJIEHUS SIBISIETCS JACHCTBUTENBHONW BEIUYMHOW, HE 3aBHUCSIIECH OT HaIlpaB-
nenust pacnpocrpaHeHus ceera. CormacHo teopuu k. MakcBema, mokasareib

npenomiIeHus N = /g M, , TIE &y M [y - IADIICKTPUIECKAs M MarHUTHAs NPOHMIIA-

CMOCTH CpCabl, COOTBCTCTBCHHO, U3MCPCHHLIC HAa 4YaCTOTC V, U CJICIOBATCIIBHO,
OIIPCACIIACTCA ITOJIAPU3YECMOCTBIO YaCTUIl, U3 KOTOPBIX COCTOUT CpCaa. B ontuue-

CKOM 00IIaCTH CIIEKTPa AJIs BCEX MPO3PAYHBIX BEWECTB U ~1, u N~ /g , T.€. MO-

JIEKyJbl TJIaBHBIM 0OOpa30M B3aWMOAECHCTBYET C 3JEKTPUUYECKON KOMIOHEHTOU

AJIEKTPOMArHUTHOTO TOJIsl CBETOBOW BOJIHBI (CBETOBBIM BGKTOpOME ). TlockonbKy
STH B3aUMOJICHCTBUS MOTYT U3MEHSTHCS C YACTOTOW CBETOBOW BOJIHBI, TO HAOIIO-
JaeTcsl 3aBUCUMOCTh €€ (ha30BOM CKOPOCTH, U COOTBETCTBEHHO, KO3 (UIIMEHTA
NPEIOMIIEHUSI OT YacTOThl. Takas 3aBUCMMOCTb Ha3bIBaeTCs JAUCIIEPCHEN CBETa B
cpene. g BemiecTs, MpoO3pavyHbIX B JaHHOW 001acTH CIIEKTpa, UMEET MECTO HOP-
MaJibHas aucnepeus (On/ol < 0, rae A - iMHa BOJIHBI). JIJ1s OKpallleHHBIX BEIICCTB
BOJIM3HU TI0JIOC TOTJIOIICHUSI MOXKHO HaOJII0AaTh aHOMAJIBHYIO Jucriepcuio (T. €.
onloa > 0).

[Tpupony ymenbiienust Gpa3zoBoii CKOPOCTH CBETa B cpelie Kilaccuueckas Qu-
3MKa OOBACHSAET TEM, UTO MOJIEKYJIbI CPEJIbl, COBEpILasl BbIHYXICHHbIE KOJeOaHus
NoJl JEHCTBUEM CBETa, MEPUOJNYECKU MOJSPUIYIOTCS U CaMHU CTaHOBSATCS MCTOY-
HUKAMH 3JICKTPOMAarHUTHOTO HM3TyYEHUS aHAJOTMYHOTO HW3IIYYCHHIO OCIHILIUPY-
IOLIETO 3JIEMEHTAPHOr0 AMIOJSL. DTO HOBOE MOJI€ OT MHOXKECTBA MOJIEKYJI, HHTEP-
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bepupyst ¢ UICXOJHBIM, U3MEHSIET ero. VI3MeHEeHHne T0JIs1 BOJHBI SKBUBAJICHTHO TO-
MY, 9TO TIPOUCXOIUT CABHUT (ha3bl IEPBOHAYAIBLHOW BOJHEI. 3-3a2 TOTO, 94TO CIBHT
¢a3pl MPOMOPIIMOHAIICH TOJIIMHE MaTeprana, 3P(GEKT B 1IeJIOM OKa3bIBACTCs IKBU-
BAJICHTHBIM U3MEHEHHUIO (ha30BO CKOPOCTHU CBETA B CPEJIC.

B obnacti onTHYECKHX YacTOT TUAJIEKTpUYECKasl MPOHUIIAEMOCTh 00YCIIOB-
JICHA TIOYTH TIOJTHOCTHIO 3JIEKTPOHHOH MOJIAPU3YyeMOCThI0. [0/ HOHHOW B OpHCH-
TAI[MOHHOMW TMOJIAPU3YEMOCTEH Majbl M3-3a BBICOKON WHEPIIMOHHOCTH MOJICKYJ M

MOHOB. DJIEKTPOHHAS TMOJSPU3YEMOCTh O CBA3BIBACT JIOKAIBHOE JJIEKTPUUECKOE
H
nosie E wx, JEHCTBYIOIIEE HA MOJIEKYIY, U UHIYIIUPYEMbIH TUMOJIbHBIA MOMEHT

-> > -
MOJIEKYIBI p (p= oo E wx). I MPUOIMIKECHHOTO TEOPETUIECKOTO pacuéra Io-

Ka3aTeisl IpEIOMIICHUA N OﬂHOKOMHOHeHTHOﬁ CpCabl MOKHO BOCIIOJIBb30BATbHCA

dbopmynoit Kimaysmyca-MoccoTTu

n2—1_ Na’ (1)

n“+2 3g,

rae N - 9uciio MoJeKys B eTMHAIIE 00BEMA; Ol - SJIEKTPOHHAS MOJSIPU3YyEMOCTD; £p
- 3JIeKTpUYecKas noctosHHas. Ecium cpema npencrasiaser co00i cMeCh HECKOJIBKUX
KOMIIOHEHT, TO KaXkaas M3 HUX JaéT CBOW BKJIAJ B Mmojisspu3aiuio cpeapl. [lomHas
MOJIIPU3YEMOCTh B 3TOM cliydae OyJeT ONmpeNesaThCs CyMMOM BKIJIQJIOB pa3iiny-
HBIX KOMIIOHCHT CMecH. B ciydae cMecH ABYX BEIIECTB MMOKA3aTeNb MPEIOMIICHUS
He OyJIeT CpeTHHMM JBYX IOKa3zaTeliel, a ONpeIesIeTcss Yepe3 CyMMY JIBYX MoJIe-
KYJSIPHBIX TTOJISIPU3YEMOCTEH Ol M Oz, HAI[pUMED, B clIydae pacTBopa caxapa B BO-
Jie - MOJICKYJI BOJBI M MOJICKYJ caxapa. OJHAKO U B 3TOM CJIydae MOXHO ITPOBO-
auTh pacuét mo gopmyie (1), B koropoit Noo = Njop + Nootz, Tie Ni, N2 - uncno
MOJICKYJT BOJBI M caxapa B €IWHHUIIE 00BhEMa, COOTBETCTBEHHO. I[IpuMeHMMOCTH
JTAHHOUM (HOPMYJIBI OTIPEACIISICTCS TEM, UTO caxap MpPEeCTaBIsIeT COO0M MOJIEKYIISAP-
HBIM KPUCTAJUT U TEPEXOIUT B PACTBOP 03 MOHM3AIMHU U APYTHX XUMHUECKUX H3-
MEHEHUU.

N3mepuB ko3 PUITMEHTHI TPEIOMIICHUS YUCTOTO PACTBOPUTEIIS U pacTBOPA H
Iperoaras, 4ro Mmojasipru3yeMoCTh BObI IIPH BCEX KOHIICHTPALMAX OJIHA M Ta XKeE,
MO’KHO PaCCUHMTATh HOISAPU3YEMOCTH MOJIEKY BOABI K caxapo3sl (Ci2H12011).

Jns u3mepenus koddPuUIMeHTa IPeIOMIICHUS] 9acTO HCIOJIB3YIOT SBJICHHUE
MOJTHOTO BHYTPEHHETO OTPaKCHMS, HAOrogaeMoe MpH TaJICHUH SJISKTPOMArHuT-
HOHM BOJIHBI HA TpaHUIly pasjelia JIByX Cpell CO CTOPOHBI ONTHYECKH 0oJiee TUIOT-

HO¥ cpespl. U3 3akona Cuemna > %1 _ N2 npu yrie @; = n/2 1€rko MOTyYnTh 3HA-
Sin ) n1

YEHUE MPEJEIBHOrO yria (@p) MOJIHOIO BHYTPEHHETO OTPAKEHUS, KOTOPOE OIHO-
3HAYHO CBSI3aHO C OTHOCHUTEJIbHBIM MOKA3aTeIeM MPEIOMIICHUS! TPAHUYAIUX CPE/I.
Ha pucynke 1 moka3an XoJ jdy4yei Npu MPEAEIbHOM YIJIE€ MOJTHOTO BHYTPEHHETO
oTpakeHUsl. MeXaHu3M JaHHOTO SIBJICHUSI CTAHOBUTCS SICHBIM W3 PEILICHHS ypaB-
HeHuM MakcBemia i naJaruend, OTpaKEHHOM U IPETOMIEHHOW 3JIEKTpoMar-
HUTHBIX BOJIH. OKa3bIBaeTCsl MpH yrjax MajeHus OOJbIIMX @, “TIPEIIOMIIEHHAsS
BostHa” E; (1, X, Z) Oynet uMeTh BU
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Ez(t,X,Z)~ Eg*e Bza -i(wt-kx)’
rae t - Bpems; o - Kpyrosas 4yactora; K - BonHOBOE uncio; £, - aMIUIMTYIa BOJIHBI
BO BTOPOH CpeJe.

Z J‘Eg ‘

N,

a) 0)
Pucynok 1

Takum oOpazom, ¢ yBeJIMYE€HHEM Z (OCh Z MEPHEHAUKYISIpHA TPAHUIIE) aM-
IUINTYya BOJHEI BO BTOPOii cpene £, OyaeT SKCIOHEHIUAILHO MaaaTh ¢ Ko3pdu-
mueHToM 3atyxanus [ (f~1/A). 3aTyxaHue BOJIHBI B TIYyOb CpeIbl IPH OTCYTCTBUU
B HEW MCTUHHOTO MOTJIOUICHUS (IMCCUNIAIIMKM SHEPTUH) 03HAYAET, YTO MOTOK SHEP-
MM U3 NIEPBOM BO BTOPYIO CPeLy B CpelHEM OTCYTCTBYeT (BekTop IloiftuHra Bo
BTOpPOI cpelie MMEET JIMIb X-KOMIIOHEHTY). TakuM o0pa3oM CBET NMPOHMKAET 3a
rpaHully pasjiena BO BTOPYIO Cpelly Ha IiyOuHY Mopsiika €ro JJiMHbl BojHbl. Ha
puc. 1, 6) nokazan cnaj, aMIUIUTYAbl CBETOBOM BOJIHBI BO BTOpo# cpene. OTcrona
MOKHO CJielaTh BBIBOJI, YTO B CIy4ae KOHTAKTa JIBYX Cpell ¢ JOCTAaTOYHO TOHKOMH
MEepPEXOqHON 00JacCThIO MPEACNbHBIA Yroa OyJIeT ONpenensiTbCsa TOJIbKO UX KO3(]-
¢unuentamu npenomiieHus. Kpome Toro Bo3MOXXHO omnpenenieHue Kodppuurenrta
MPEJIOMJIEHUSI OKPALIEHHBIX U MYTHBIX CPEJl, TAK KaK MOTJIOUIEHUEM CBETa BO BTO-
poii cpejie MpH MOJTHOM BHYTPEHHEM OTPaKEHUU MOKHO MTPEeHEOpeyb.

4. MIPUBOPBI U TIPUHAJUVIEZKHOCTHU

1. Pedpakromerp UPD-22.

2. HabGop pacTBOpOB pa3invyHON KOHIIEHTpAIUH.
3. OcBeTuTENb.

4. ®unbTpoBasibHas Oymara.

5. Tepmomerp.

5. IBMEPEHHUE KO®PUIMEHTA INPEJTOMJIEHUA

OCHOBHBIMH METOJAMU PEPPAKTOMETPUH SBIISIOTCS:

1) METOI IPSAMOTrO U3MEPEHHS YITIOB IPENTOMIEHHS (TOYHOCTE IIPUMEPHO 107);

2) MeroAbl, OCHOBAHHbIC HAa SIBJIEHUU IOJIHOTO BHYTPEHHETO OTPaKEHUS
(TIIBO) cBeta (TounocTh nopsaka 107°);

3) unTepepeHMOHHbBIE METO b (TOYHOCTH mopsaaka 107...108).
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Haubonee mmpoko pacmnpocTpaHeHbl pepakTOMETPbl BTOPOTO TUIIA, TaK Kak
OHH MUMEIOT CIIEYIONINE NPEUMYIIECTBA!

1) m03BOMAIOT MOJIB30BATHCSI HICTOYHUKOM O€JIOr0 CBETa U IPH ITOM ONpeJie-
JSATh 3HAYEHHE MOKa3aTessl MPEJIOMIIEHUSI COOTBETCTBYIOIIEE CTAaHAAPTHOMN JJIMHE
BOJIHBI (KENTHIA AyOsier D-TuHUM B CHEKTpe HATpus, CpeHee 3HAaueHUue Ap =
= 589,3 um);

2) nnsi U3MEPEHMS N KUJKOCTU JOCTATOYHO BCEro0 HECKOJIBKO Karlejib, a B
ciydae TBEPI0ro oopasiia I0CTaTOYHO MCIOIB30BATh JIUIIb OJIHY €0 TPaHb;

3) Hanuuue B MpruOOpe KOMIIEHCAIMOHHBIX MPU3M AMUYH MO3BOJISET OINpe/ie-
JSITh YIIENBHYIO TUCTIEPCHUIO0 TIOKa3ates mpenomierus (1/n -on/ol);

4) oOpazel 10CTaTOYHO JIETKO TEPMOCTATUPYETCS.

st u3mepenus: ko3QpUIUeHTa TPEOMICHUST MPO3PAYHBIX JKUJIKOCTEH HC-
IIOJIB3YETCSl TAaK HA3bIBAEMBIN METOJ] CKOJIB3SIIETO JIy4da, IPU KOTOPOM I10 CpaBHeE-
HUIO C NIOJHBIM BHYTPEHHUM OTpa)X€HHEM XOJ Jydeil oOpamén. Ha puc. 2 u306-
paXkeHa CXeMaTHYHO M3MEpUTEIbHAs TOJOBKA pedpakToMeTpa, COCTOsIIas U3 13-
meputenbHoi ABC u ocBetutenbHOl A'B'C' mpsiMBIX TpEyroibHbIX MOpPU3M
(mpu3mbl AOOE), YCTAaHOBJIEHHBIX C HEOOJIBIIMM 3a30pOM Tak, 4yTo Ipanu AB u
A'B' cTporo napajuienabHbl. 3a30p 3aM0JIHEH UCCIAEAYEMOU KU IKOCTHIO.

Oceemumenvras

Inacmunka c npusma
nepexpecmuem

/
/ Ovexmug
%oy

Oxynsp

H3mepumenvhuas
npusma

ITlosopomnas
npusma

Ipusmer Amuyu

Pucynok 2

Cucrema npusm ocsemaercst co ctoponsl rpann C'B’. I'panp A'B’ BTOpO#t
MPU3MBI CAEIaHa MaTOBOM, U, pACCEMBASICh HA HEW, CBET NMAJacT HA TPAHULLY KU-
KOCTh - cTeksio (rpanb AB) moa pasubimu yriamu. [TockonbKy TouHa 3a3opa
Majia IO CPaBHEHUIO C pa3MepamMu I'PaHEi, TO yroJl MaJeHUs] IPAKTUYECKU JOCTH-
raet 90° (yron ckonbxeHusi). [IpenoMn€HHble Iydu HanmpaBi€Hbl B U3MEPUTEIb-
HOU npusMe B npenenax oT 0 10 @qp. Beixomsmue u3 rpann AC J1ydn co31aroT B
3pUTEIHLHON TPyOe KapTUHY pa3TpaHUYEHHBIX BEPXHEro CBETJIOTO U HIDKHETO 3a-
TeHEéHHOTO Toyier. M3-3a qucnepcuu cBeTa TpaHWIla CBETa M TEHH MOXET OBITh
OKpanieHHOH. {1 ycTpaHeHUs] ATOTO U U3MEPECHUS YACIbHON TUCIEPCUM UCCIIe-
JIyeMOTO BEIIECTBA MEXIy MPU3MaMHU U 3PUTEIBLHON TPyOKOH yCTaHOBJIEHA CH-
CTEMa aXxpOMaTU3UPYIOIIUX TUCIIEPCUOHHBIX MPU3M (AMHUYM), TIPU TTOBOPOTE KO-
TOPBIX MOXKHO JIOOUTHCSI HCUE3HOBEHUS Pady>KHOU OKpacku rpanullsl. [locie Toro
KaK JIOCTUTHYTa MaKCHUMaJIbHO BO3MO>KHAsI PE3KOCTh IPaHUIIbI pa3jiesia CBETIOr0 U
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TEMHOTIO TOJIEN, TIOBOPAYMBAS CUCTEMY MPU3M BOKPYT TOPU30HTAIIBHOM OCH, yCTa-
HaBJIMBAIOT TPAHUIy TOYHO B IIEHTPE MOJISI 3peHUs (HA CKPEIICHUH BOJIOCKOB B
okyisipe). [TockosibKy HM3MepUTeNbHAsi TOJOBKA JKECTKO CBS3aHA C OTCUETHBIM
YCTPOMCTBOM, TO HAOIIOJAEMOE B OKYJIAP MOKA3aHUE €ro IIKaibl, COOTBETCTBYIO-
1Iee MOJIOKCHUIO MPU3M, JaéT 3HaueHHe Kod(h(UIIMeHTa MPEIOMICHUS UCCIIETye-
MO JXHJIKOCTH. B CBOIO odepens mokazaHusl MKalkl OapabaHa KOMIIEHcaTopa Ja-
10T uH(popMaIuio 06 e€ cpeaHelt nucnepcumn.

st onpeneneHuss KodppuimeHTa MpeIoMIICHUS OKPAIIEHHBIX M MYTHBIX
KUJAKOCTEH, a Tak ke TBEPABIX 00PA3IOB UCIOIB3YETCS METO]I TIOJHOTO BHYTPEH-
HEro OTPaKeHMsI, TIOCKOJIbKY B ATOM CiIy4yae I'paHMIly pasjielia lejaecoodpasHee
OCBeIIaTh cO CTOpoHbl n3MepurenbHor npusMbl ABC. I'pans CB cpenana marto-
BOH, U JIy4H, paCCEUBASICh, NAJAIOT HA TPAHULLy pa3aeia U3MEPUTEIIBHOU MPU3MBI
U uccieayemoro BemiecTBa (rpanb AB) nop pazueimu yriaamu. [Ipu oTpaskeHuu ot
He€ JIy4Hd ¢ yriaamMu MaJeHus OOJIBbIINMHU @y UMEIOT OOJIBIIYI0O HHTEHCUBHOCTD, TaK
KaK IMPOUCXOJUT IIOJHOE BHYTPEHHEE OTpakeHue. B pesynbrare B 3pUTEIBHOU
TpyOe HaOIroJaeTCsl HUKHEE CBETJIOE T0JIE U BEpXHEE MMoJie MoixyTeHu. JlanbHei-
masi HacTpolKa pePpakToMeTpa U CHATHE MOKAa3aHUN MPOU3BOUTCS aHAJOTUYHO
METOY CKOJIB3SILIErO JIyya.

6. HOPAJOK BBIIIOJTHEHUS PABOTbI

1. CuaTh nokaszaHus TepMoMeTpa (Temrneparypa B KOMHATe, €Ciu HE Tpou3-
BOJIUTCSI TEPMOCTATUPOBAHUE U3MEPUTEIBLHOM TOJOBKH). [I0 OKOHUaHUU 3KCIepH-
MEHTa IMOBTOPHO CHATh MOKA3aHMUSI.

2. OTKMHYB BEPXHIOIO YacTh, B KOTOPYIO BCTPOEHA OCBETHTEIbHAS MPHU3MA,
M3MEPUTEILHON TOJIOBKH pedpakTOMETpa, MPOMBITh MOBEPXHOCTU MPU3M JTUCTUII-
JUPOBAHHOM BOJION M 3aT€M OCTOPOKHO MPOTEPETh UX (GUIBTPOBATILHON OymMaroi.

3. YcTaHOBHUB M3MEPUTEIHHYIO MPU3MY TOPU30HTAIBHO, aKKYpPaTHO HAaHECTH
IJJACTMACCOBOM MAJIOYKOM Ha €€ MOBEPXHOCTh HECKOJBKO Kamelb IUCTHILIUPO-
BAHHOW BOJIBI, 3aT€M OCTOPOXHO 3aKPBITh FOJIOBKY. Uepe3 OKHO B BEPXHEU YacCTH
rosioBku (rpanb C'B’) mpoBepuTh, MOJHOCTBHIO JIM BOJA 3arOJHUIA 3a30p MEXKIY
MIPU3MaMH.

4. PerynupoBKOi 3epkajia T0OUThCSI pABHOMEPHOTO OCBEIICHUS (UYepe3 BepX-
HEe OKOLIKO T'OJIOBKH) MOJIsl 3peHMsl B OKyJisipe. [Ipu 3ToM HMKHEe OKOIIKO (TpaHb
CB u3MepuTenbHOM NPU3MbI) 3aKPBITO KPBIIIKOH!

5. HactpouTts 3putenbHyto TpyOy Ha pe3koe HM300paxxeHue NEePEeKpPeCcTHsi BO-
JIOCKOB B OKYJISIPE.

6. Bpamias MaxoBUK, TOBOPAYMBAIOIINN N3MEPUTEIHHYIO TOJIOBKY, M HAOJIIO-
Jasi B OKYJIsSIp, HAWTW TPaHUIy CBETa U TeHU (Il BOJBI TPAHUIIA HAXOAUTCS B
patione 1,33 mokazaHuil MIKajdbl B OKYJsIpe). YCTpaHUTh, TIOBOpadynBas Oapaban
KOMIIEHCATOPa, Py KHYIO0 OKPACKy I'PaHUIIbI pa3iea.

7. TOUHO COBMECTHUTHh M300paXE€HUsSI TPAHUIIBI pa3jielia CBeTa U TCHU C Iepe-
KkpectueM okyisipa. CHATH OTCYET 1O mKaie KOA(h(UIIMEHTOB MPETOMIICHUS pPe-
(dbpakToMeTpa ¢ YETHIPbMsI JECATUIHBIMUA 3HAKaMU, OIICHUBAS ICCITUTHICIYHBIC HA
rJ1as.



JlaGopartopHas pabota 23 147

8. [lns yMeHbIIeHHs CIy4allHOM MOTPEUIHOCTH HACTPOIMKH, HECKOJIBKO pa3
CMECTHUTh MOJIO)KEHUE TPAaHULbI U 3aTEM BBIIIOJIHUTH ONEpaLlUu 110 1. 6.

9. Ilpon3Becty U3MEpEHUs TOKa3aTesel MPEJIOMIICHHS TPEX BOJIHBIX PAaCTBO-
POB € U3BECTHOM KOHIIEHTpaIMEl caxapa (B mopsake ux Bozpacranus). [Ipu cmene
00pa3I0B OCTOPOKHO MPOTUPATH MIPU3MbI (PUIBTPOBATBEHOM OyMaroi.

10. U3meputh KOAPGUITUEHT MPETOMIICHHUS paCTBOpPa C HEM3BECTHOM KOHIICH-
Tpalnuyeun caxapa.

11. OTKpBITH KPBIILIKY HUKHETO OKOIIKA U OCBETUTH 3epKajioM rpaHb CB u3-
MepuTenbHOU mpu3Mbl. [IpousBecT u3zMepeHue Kod(pduureHTa NpesoMIICHUS
KUIKOCTH 10 METOAY ITOJIHOI'O BHYTPEHHETO OTPAKEHUS.

12. IIpOMBITh U3MEPUTENBHYIO TOJIOBKY AUCTWIMPOBAHHOW BOJOHM M MpOTE-
peThb puIBTPOBATBLHON OyMarom.

7. OBPABOTKA SKCIIEPUMEHTAJIBHBIX PE3YJIBTATOB
1. 3aHecTu nony4yeHHbIe 3HAUCHUS KO3 (PULIMEHTA ITpeoMIieHus B Taou. 1.

2. Paccunrtath cpennue 3Ha4eHUS KOA(D(PUIIMEHTOB MPETOMICHHS TUCTHILIHU-
POBaHHOW BOJBI U UCCIEAOBAHHBIX PACTBOPOB, a TAKXKE CIyYalHYIO MOTPEIIHOCTh
U3MEPEHUII METOAOM CpEeIHMX 3HaueHui. (B ciydyae nmpoBeneHus u3MepeHuil npu
temriepatype oriauaaor ot 20+0,2 °C caenate momnpaBKy O, Ha TeMIEpaTypy IO
bopmye

on = (t-20) (ony/at) siny,
rae t- cpeanee 3HaueHue Temmeparypsbl, °C; (0n,/ot) - TemrepaTypHblii K03 du-
LMEHT ITOKa3aTels NMPEIOMIICHUs CTEKJIA U3MEPUTENIBHON MPU3MBL; Y - YroJl 3aaa-
BaeMblil KOHCTpYKIMEN nprbopa.

Jns ucnons3zyemoro pedpakromerpa MP®-22 B uHTEpBajie Temmeparyp
5..35°C on,/ot = 0,084x10*K™?, y= 0,87 u B pesynsrate 8, = 0,073 (t-20)x10%).
BbrancnuTh HCTUHHOE 3HaUE€HUE KO3(PPUIIEHTa TPETOMIICHUS

N2 = <N>+3y.
Tabnunma 1

Howmep Huctrmmpo- I ] Il “X”
pacTBopa BaHHAs BOJIA
Ci,Bec. %

N1

Ns
<n>x<An>

20
r]D

Oli

3. CpaBHUTH TNOJYyYEHHOE 3HayeHUE KOdPPUIMEHTa MPETOMIICHHUS] BOIBI C
TaOJIMYHBIM.
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4. Tloctpouts rpaduk 3asucumoctu N(C) u mo rpaduky OmpeneanTb HEeus3-
BECTHYIO KOHIICHTpaIuio oopasma “X” (o0ocHOBaTh BBIOOP MacmiTaba ocel Koop-
nuHAT Tpaduka).

5. IMonw3ysces popmyroii (1) paccuutath 3HaUEHUE MOJIIPU3YEMOCTH caxapo-
361 B BOJHOM pacTtBope s oOpasma Il (C3 = 15 %, mimoTHOCTh pacTBOpa
p3=1,0592 kr/m3).

8. KOHTPOJIBHBIE BOITPOCHI

1. OObscHUTE SIBJICHUE MPEIOMIICHUS, JUCIEPCUH U MOJHOTO BHYTPEHHErO
OTpakeHHS CBETA.

2. PacckaxuTte 0 MeTofax u3MepeHus KodhPuirenTa npeaoMIeHUs KUTKAX
1 TBEPABIX 0OPa3IIoB.

3. Pacckaxxute 0 MpUHIMIHAIBHON ONTHYECKON CXeMe, YCTPOHCTBE HCIIONb-
3yeMoro pedpakToMeTpa U METOJIMKAX U3MEPEeHUIN Ko PuIIMeHTa MPEeIOMIICHUS.

4. ITpuBeauTe IpPUMEPHI TPUMEHEHUS SBICHUA TPEITOMIICHHS, TIOJTHOTO BHYT-
PEHHETO OTPAXKEHUS U TUCIIEPCUU CBETA B HAYKE U TEXHUKE.

5. OOBsicHuTe HAOIIOIAEMYIO 3aBUCUMOCTh KOd(h(PUIEeHTa MPeIOMIICHUS OT
KOHIIEHTpauu pactBopa. KakoBa Ha Bamn B3risig Oyner 3Ta 3aBUCHUMOCTH MpU
JanbHeWIeM yBeaTudeHun KoHieHTpauuu? [IpuBenure npuMepsl APpyrux ONnTHYe-
CKHX METOJI0OB U3MEPEHUS KOHLIEHTPALIU PaCTBOPOB.
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JABOPATOPHASA PABOTA 24

OIIPEAEJIEHUE ITTABHOI'O ®OKYCHOI'O PACCTOSIHUSL
COBUPAIOILIEN U PACCEMBAIOIIEN JIMH3

1. HEJIb PABOTBI

N3ydenne crnocoboB orpeaencHuss (GOKYCHOTO PacCTOSHUS coOuparomend u
pacceuBaromie JUH3, MOCTPOECHUE U300PAKEHUN B HUX.

2. BUBJINOI'PAD®UA

1. Tpodpumona T.U. Kypc pusuku. - M.: Beicmr. mik., 1998. - 478 c.
2. CasenbeB U.B. Kypc ¢usuku: yued. mocodbue sl CTyJEHTOB BTY30B. - [B

3-x T1.]. - T.2: DOnexrpuuectBo U MarHeTu3M. Konebanust u BoiHbl. Ontuka. - M.:
Hayxka, 1989. - 496 c.

3. TEOPETUYECKOE BBEJIEHUE

JIuH3bl TpenCcTaBIAIOT cOO0M MpO3payHble Tela, OTPaHUYEHHbIE ABYMS IO-
BEPXHOCTAMH (OJHA M3 HUX OOBIYHO cepuyeckas, a Bropas chepuyeckas HId
IJI0CKAas), MPEJOMIIIOIIMMHI CBETOBBIE Jy4d, CLIOCOOHBIE (OpMHUpOBaATH M300pa-
YKEHUS MIPEIMETOB.

JInH3a Ha3pIBaETCA TOHKOM, €CIIM €€ TOJIIIMHA 3HAYUTEIbHO MEHBIIIE 110 CPaB-
HEHHUIO C pajuycaMH MOBEPXHOCTEH, OrpaHUYMBAIOMIMX JUH3Y. [Ipsamas, mpoxo-
Jsasl yepe3 LEeHTPhl KPUBU3HBI MOBEPXHOCTEH JIMH3BI, HA3BIBAETCS IJIABHOM OI-
TUYECKON OCBhIO. JIJIs1 BCAKOM JIMH3BI CYIIECTBYET TOUKA, HA3bIBAEMAsl ONTUYECKUM
LEHTPOM JIMH3BI, JIeKalllasi Ha TJIaBHOM ONTHYECKON OCH M 00Jiajaroniasi TeM CBOIi-
CTBOM, YTO JIy4H, IPOXOAS Yepe3 HEE, HE MTPEIIOMIISIOTCS.

Ecnn nyun, napasienbHble TJIIABHOW ONTUYECKOW OCH, IOCIIE MPOXOXKIACHUS
yepes JIMH3Y, epPeceKaroTcs], TO JIUH3a Ha3bIBaeTCsl COOUpAIOLIe, a ToUKa nepece-
YeHHs Jiydel Ha3piBaeTcsi (OKyCcOM JUH3bL. Eciu ny4u, mapajuiesbHble TJIaBHON
ONTUYECKOW OCH IMOCJE MPOXOKIECHUS Yepe3 JINH3Y pacXoaaTcs, TO JUH3a Ha3bIBa-
€TCS pACCEUBAIOIIEH.

dopMyIia TOHKOM JIMH3bI UMEET BUJ

L11,

F d @

rae F - ¢okycHoe pacctosiHue nauH3bI;, d - paccTOSHUE OT MpeaMeTa A0 JIUH3BL,
f - paccTostHHe OT JIMH3BI 10 U300paXKEHUSL.

3HaKW TepeNl CllaraeMbIMU B 3TOM (popMylie OmpenenstoTcs THUIIOM JHUH3bI
(cobuparoriasi WM pacCEeUBaIOIIasi) U BUIOM H300paxkeHus (IeHCTBUTEIBHOE WIIH
MHHUMOE).

Benuunna, oOpatHasi GOKyCHOMY PacCTOSIHUIO, HAa3bIBAETCSA ONTUYECKON CH-
JIOW JINH3BI:

1
f ]

1
+F

=1D.
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Kaxnas nuH3a npu 3a1aHHOM PACCTOSTHUHU OT MPEAMETA 10 JIMH3BI TAET OIpe-
JEJIEHHOE yBEINYEHUE, IO KOTOPHIM IMOHUMAETCS OTHOIIEHUE JIMHEHUHBIX pa3Me-
POB M300paKE€HUs K JIMHEWHBIM pa3MepaM NpeaMera:

r==, 2)
h
rne H - muHeiHbIe pa3Mepbl n300paxeHus; N - muHeiHbIe pa3Mepsl IpeaMeTa.
W3 reomeTprueckux cooOpakeHUii MOKHO MOKa3aTh, YTO

H_[M]
h[d’
OTKyJa

I :m. (3)
d

Ecnu paccrosiHue MeXIy NpeIMETOM M JKpaHOM, Ha KOTOPOM HaXOIUTCS
n3zo0paxenue, 6omnpiie 4F, To Bcerna HailyTcs 1Ba TaKUX MOJIOKEHUS JIMH3bBI, IPU
KOTOpBIX Ha 3KpaHEe MOIYy4aroTcsl OTUYETIIMBBIE M300paKE€HUs NMpEAMETa, OIHO -
YMEHBILIEHHOE, JIpyroe - yBenuueHHoe. Ha nmocieqHem yTBepKaeHUU U Ha IpUMe-
HEHUU (POPMYJIBI TOHKOW JMH3BI OCHOBAaHBI Pa3jMYHBIE CIIOCOOBI OMpEAeTICHUs

(OKYCHOTO pacCTOSIHUS JIUH3.

4. IPUBOPBI U TIPUHA/UVIEZKHOCTHU

1. Onrrueckast CKaMbs C ITOICTaBKAMHU.

2. Cobuparomas L 1 paccenBaromas Ly THH3HL.
3. OcBerurens S.

4. Dkpan .

5. ONPEJEJIEHUE ®OKYCHOI'O PACCTOSIHUS
COBUPAIOIIEH JIMH3bI

5.1. Cnoco6 1 (meTox A60e)

Pacnonoxute npubopsl cornacHo cxeme (puc. 1). Ilomyunts mzobpaxeHue
npeaMera Ha dkpaHe. M3meputs pacctosaue d ot npeamera AB mo aun3el Ly u f
oT JuH3bI L1 10 uzobpaxkenus A'B’. Onpenenuts pokycHoe paccrosaue F cobu-
patoieit muH3bI o Gopmysie (1). MeHsist moaoxkeHus TUH3bI U dKpaHa, TOBTOPUTH
M3MEPEHUsI TPH pasa.

Pucynox 1

Pe3ynbraThl n3MepeHuit U BEIYUCIEHUH TOMECTUTH B Tab. 1 (omsbit 1, 2, 3).
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Taonumpa 1

HOMED dMm| f,Mm AB, | A'B, ILbm | Lim| F AF;, AF#,
OIIbITa M M M M M2
Crmo- 1
co0 1 2
(AGOGe) 3
Crmo- 4
co0 2 5
(bec- 6
cest)
Crmo- 7
co0 3 8
9
<F>=.......

5.2. Cnocod 2 (metoa becces)

Pacnonoxute npubopsl o cxeme (puc. 1). 3ameputs paccrosinue L mexnay
PEMETOM U IKpaHoM (puc. 2).

B]\‘N 11
. ) .

5 L
Pucynok 2

[TonyunTs, nepemeras JuH3y L1, yeTkoe yBeIMUYEHHOE U300pakKeHUe Mpe-
MeTa Ha 3KpaHe W 3aMEeTUTh MosiokeHue nuH3bl |. IlepenBuras nuH3y, MOTYYUTh
YMEHBUIEHHOE M300pa)KeHUE MpeaMeTa U 3aMepuTh nosoxenue nuH3bl |l. U3me-
puthb paccrosiaue | Mexy nBymst monoxxeHusimu jaun3 | v 1. Yuurteiasi, 4to

|=f1-f2=d2-d1,

L=di+fi=dr+1,
U U3 COOOpaKeHUI CUMMETPHUH

di=foud,=f,

MOZKHO 3aIliucaTb
1
dy = (L), @
1
d, =2 (L+]), (5)

[Moacrasmsst (4) u (5) B (1), momydaem dhopmyny aiist onpeaesieHus PoKyCHO-
IO PaCcCTOSIHUS JIMH3bI
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L? 17
Ty ©)

W3mepenus moBTopuTh 3 pasza ais pasHeix L u |. PesynbTarthl u3mepenuit u
BBIYMCJICHUH 3aHeCTH B Ta0J. 1 (ombIThI 4, 5, 6).

5.3. Cnioco0 3

Pacnonoxute npubopsl o cxeme (puc. 1). [loayuuts pe3koe mzo0OpakeHue
npeamera. U3meputs Benmnuuny npeamera AB, BeanunHy ero uzoopaxkenus A'B'
U pacctosiaue oT uzodpaxkenus A'B’ no muu3el f. Ucnonb3ys ypasuenus (1), (2) n
(3) monryuum popMyity it onipesiesieHus (POKYCHOTO PacCTOSIHUS JIMH3bI

_ f-AB )
AB+A'B'

MeHsist TOJIO’KEHHE JTMH3BI U DKpaHa, n3MepuTh Bennduabl AB, A'B' u f - 3

pasa. PesynbraTsl 3aHecTr B Tabmiy 1 (ombiThl 7, 8, 9).

6. ONPEJEJTEHUE ®OKYCHOI'O PACCTOSIHUSI
PACCEUMBAIOLIEU JINH3bI

CoOpaTb cxeMy, Kak B ciiydae coOuparonieil auH3bl (puc. 1). 3aMeTuThb mo-
JoXKeHue 3kpana D, korja moiyvaercs 4eTKoe n3o0paxeHue npeamera (puc. 3).

Mexnay cobuparomeil IMH30M U Toukoi D momMecTuTh paccenBaromlyto JMH3Y
L,, koTopas otoaBuraer uzoOpaxenue npeamera B Touky E. Ilonws3ysice oOpaTu-
MOCTBIO XOfa JIyued, MOKHO pacCMaTpHUBaTh 3TU Jy4d CBETa KaK pacrpocTpaHs-
romuecsd u3 Touku E. Toraa Touka D Oyger MHUMBIM n300paxeHueM Touku E mo-
cie mpenomiieHus ydeit B auH3e Lp. Cnenosatensno, EC = @i, DC = a,. Haiitn
ATHU PAcCTOSIHUS HE MEHee 3 pas.

Pucynoxk 3

VYuuteiBas, uto F 1 @, uMeroT oTpUIIaTeNIbHBINA 3HAK, (hOpMyJia JJIs Onpee-
JeHust POKYCHOTO PacCTOSIHUS OYJIeT UMETh BU/T
1 1 1 a,a
_———— = —— ) NIin F = 1—2 .

Pe3ynbTaThl U3MEPEHUI M BEIYUCICHUN TIOMECTUTD B Ta0JI. 2.

(8)
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TaOnuma 2

Ne di, m a2, M F, M AFi, M AF2, M?

WIN[F-

7. BBIMACJEHUE MOTIPEINHOCTEM N3MEPEHUI

n
2F
1. Paccuurarth cpenHee 3HaueHue < F> =it |
N

2. BBIYUCINTh CpeAHEKBAAPATUIHYIO TOTPEIIHOCTD

3. Onpenenutb ko3ddunuent CrprrogeHTa to(N) mo Tadbmuie s KodpPuim-
€HTa HaJIS)KHOCTH 3a/IaHHOTO MPENOIaBATEIIEM.
4. PaccunTaTh BEJIMYUHY JOBEPUTEILHOTO MHTepBanma <AF> = t,(n) - AS u

MpCaACTAaBUTDb PC3YJIbTAT B BUAC

< AF >
F=<F>x<AF>, ¢=
<F>

-100% .

8. KOHTPOJIBHBIE BOITPOCHI

1. laliTe onpeesieHUe JIMH3bI U ONITUYECKON CUCTEMBI.

2. YKa)XUTE OCHOBHBIC XapaKTEPUCTUKN TOHKOW JIMH3BI: ONTHYECKUN IICHTP,
rJIaBHasi ¥ MOOOYHAs ONTUYECKUE OCH, (POKYCHI, PoKaIbHas IIOTHOCTb.

3. laiiTe ompezeneHue ONTUIECKON JTHH3BI.

4. OnumuTe XoA Jy4yed B JIMH3aX U CIOCOObI MOCTPOEHUS M300pakKeHUs B
JIMH3aX U ONTUYECKUX CUCTEMAX.

5. O0BsICHUTE METO/IBI ONPENEIEHHS (POKYCHOTO PACCTOSTHUS JIMH3.
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JABOPATOPHASA PABOTA 25

N3YYEHUE 3AKOHOB IOINIOINEHUA CBETA B PACTBOPAX
HA YHUBEPCAJIBHOM MOHOXPOMATOPE

1. HEJIb PABOTbI

1. VI3ydeHune 3aKOHOB ITOTJIOIICHHUS CBETA B )KUIKOCTSIX.
2. O3HaKOMJICHHE C YCTPOMCTBOM U PabOTOi MaorabapuTHOTO YHHBEPCAIb-
HOTO MOHOXpOMaTopa.

2. BUBJIMOT'PA®UA

1. CagenweB U.B. Kypc ¢pusuku: y4ued. mocodbue a1 CTYJEHTOB BTY30B. - [B
3-x T.]. - T.2: DnexrpudectBo u MarHeTu3M. Kosnedanus u Boiaubl. Onrtuka. - M.:
Hayxka, 1989. - 496 c.

2. ITons P.B. Ontuka u aromuas ¢usuka. - M.: Hayka, 1986. - 332 c.

3. MaiicoBa H.H. Ilpaktukym no kypcy obmeit ¢pusuku. - M.: Hayka, 1970. —
412 c.

3. KPATKOE TEOPETHYECKOE BBEJIEHUE

Caet, npoxos yepes o0yt cpeny, nornomaercs. [lornomenne ceera cBs-
3aHO ¢ MPeoOpa30BaHUEM B BEUIECTBE PHEPIUU 3JIEKTPOMATHUTHOTO M3IIYYECHHS B
npyrue Bubl dHeprun. C TOUKM 3pEHUS DJIEKTPOHHOW TEOPUU B3aWMOJECUCTBUE
CBETA U BEILECTBA CBOJMUTCS K B3AMMOJACUCTBHIO 3JIEKTPOMATHUTHOTO MOJISL CBETO-
BOM BOJIHBI C aTOMaMH U MOJIEKYJIaMH BEIIECTBA. DJIEKTPOHBI, BXOJAIINE B COCTAB
aTOMOB, MOTYT KoJieOaTbcs MO JAEUCTBUEM MEPEMEHHOIO AJIEKTPUUYECKOTO OIS
CBETOBOI BOJHBI. YacTh SHEPruM CBETOBOM BOJHBI 3aTPAayMBAETCS HA BO30YXKIe-
HUE KoJeOaHUU 37eKTpOoHOB. YacTUYHO 3Heprusi KojaeOaHush BHOBb MEPEXOAUT B
HHEPrUI0 CBETOBOT'O U3JIYUYEHHUS, a TAaKXKe MEPEXOIUT U B Ipyrue (popmbl SHEPTHUH,
HaIlpuMep, B SJHEPTHUIO TEIUIOBOTO JBMKEHUS. [|eCTBUTENBHO, OTJIOIEHNE CBETA
CONMPOBOXKIAETCS HarpeBaHueM Ttena. [lornonieHue cBeta MOXKHO B OOLIUX YepTax
OnKcaTh C YHEPreTUYECKON TOUKH 3PEHUsI, HE BXOJS B JIETaI MEXaHU3Ma B3aUMO-
JEUCTBUS CBETOBBIX BOJIH C aTOMaMHU U MOJIEKYJIAMH TTOTJIOMIAIOIIETO BEIIECTBA.

IlycTp 4epe3 OOHOPOIHOE BEHIECTBO PACHPOCTPAHSAECTCS IYYOK MHapajlieib-
HBIX MOHOXPOMAaTHUYECKHUX JIy4eil JJIMHON BOJNHBI A. Pa3o0beM clioil moriomarone-
0 BEIIECTBA Ha PSJI 3JICMEHTapHBIX ciioeB ToutuHo dl (puc. 1).

i

ldll

.:J' | paar, |1

I i)

Pucynok 1

IIpu mpoxoKaeHuu cBeTa CKBO3b TaKOM CIIOM M3MEHEHUE NHTEHCUBHOCTH CBETA
dl Ha myTr dl pomOPIMOHATEHO BETMYMHE STOTO YTH M MHTEHCUBHOCTH CBETA
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- dl = ko Ldl. (1)

Koaddumment K, ompenensercs CBOWCTBAMH IOTJIOIIAIONICTO BELICCTBA U
Ha3bIBaeTcs ko3 duirienToM nornomienus. Uaterpupys ypasuenue (1), moimydaem
Inl - Inlg = -kl (2)

N3 (2) cnenyer 3akoH byrepa
| =1,e"kal. 3)
3nech

230 1y _ 23D _23lg(ut)

ke=™ | |

rne D :—Ig(% ) - ONTUYECKas MJIOTHOCTh; t = % - Kod3(ppuIueHT npomnycka-
0 0

HUS; | - ”HTEHCUBHOCTD CBETA, BBHIIIE/IIIECTO U3 MOTJIOIIAOIIETO BemecTa; | - uH-
TEHCUBHOCTh CBETA, BOIICAIIEIO B CJOH IOIJIONIAIONIETO BEIIeCTBa (MOTEPSMHU
CBETa MMPU OTPAXKEHUHU OT T'PAHMI] TIOTJIONIAOIIEH CpeIbl MpeHeOperaeMm).

CBeT pa3IUyHBIX JJIMH BOJIH MOTJIOMIAETCS PAa3IMYHO, TOATOMY KOA()PHUITHECHT
HOTJIONICHMS Ky 3aBHCHUT OT JUIMHBI BOJIHBI. 3aBHCHMOCTH KO3()(HIIMEHTa ITOIiIo0-
IICHHS OT JIJTMHBI BOJHBI Ha3bIBACTCS CIICKTPOM IOTJIOMICHHS (pHC. 2).

K|

e—
Pucynok 2

Ocnabnenne UHTEHCUBHOCTH CBETA MPU €0 MPOXOXKICHUH Yepe3 BEIECTBO
MOKET MPOUCXOJUTh TAKXKE U 3a cueT ero paccesHus. OJIHaKO B ciiydae Mmpo3pad-
HBIX CpeJl paccessHhEeM CBETa MOXHO TpeHeOpeub. Eciu mormorureneM siBisieTcs
PAcCTBOPEHHOE B KUJKOM WJIM TBEPJIOM PACTBOPUTEIIE BEIIECTBO, TO MOTJIOIICHUE
OyzeT Tem Ooblie, ueM OO0JIbIlle MOJIEKYJ PAaCTBOPEHHOTO BEIIECTBA CBET BCTPE-
yaeT Ha cBoeM yTH. [loaTomy B cirydyae paz0aBiIeHHBIX PACTBOPOB, T.€. KOT/Ia B3a-
UMOJICHCTBUE MOJIEKYJI PACTBOPEHHOT'O BEIIECTBA Majio, KO3(PPUIIMEHT MOTIIOIIe-
HUS TIPOTIOPITMOHAJICH ero KoHIeHTparuu C

ki, = XC,
rae y - KodhGUIMEeHT TPONOPIHMOHATEHOCTH (KOXDPHUITMEHT SKCTHHIINM), TaKkKe
3aBUCSIIUHN OT JUTMHBI BOJTHBI A.
Torna, moacrasus ki, B popmysy (3), monyuum 3akoH byrepa-bepa

| =1,e7%%" 4)

MOKAa3bIBAIOIINI M3MEHEHHE WHTEHCHUBHOCTU CBETa IMpPHU TOTJIOLUIEHUU €ro B pas-
OaBJICHHBIX PacTBOpax.
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4, TPUBOPBI U TPUHAJVIEZKHOCTHU

1. ManorabapuTHbIi yHUBEpcalbHbI MOHOXpoMaTop (MYM).
2. K1oBeTBI C pacTBOPOM.

5. YCTPOMCTBO U PABOTA MAJIOTABAPUTHOI'O
YHUBEPCAJIBHOI'O MOHOXPOMATOPA

OcHoBHBIMU y311aMu MYM sBisirotes (puc. 3):

1. Uctounuk uznydyeHus (1), KOTOpbIM SIBISE€TCA rajoreHHas Jamra Hakaau-
Banus tuna "KI'M12-100". CBeToBO# MOTOK BBIBOJUTCA Y€pe3 KOHAEHCOP, BCTPO-
€HHBIN B CTEHKY KOXyXa UCTOYHUKA. CXeMOil MpeayCMOTPEHO U3MEHEHHE HaKaja
namibl ("Hakan-Hegokan") ¢ moMoup0 TyMOaepa, pacioyioKEHHOTO B CTEHKE KO-
KyXa UCTOYHHKA.

Pucynok 3

2. IlpenmeTHas cToiika, Ha KOTOPOUM yCTaHABIMBAIOTCS KIOBETHI (pa3HOM JJTU-
HBI) C PaCTBOPAMH.

3. Ontuueckuit 670K (3) COCTOUT U3 BOTHYTOM MUQPPAKIIMOHHOWU PEIICTKH,
KOTOPAsi BBITIOJIHAET POJIb (POKYCUPYIOMIETO U JUCTIEPTUPYIOIEero 3yeMenTa. CBer
Ha Hee MOMajaeT OT UCTOYHUKA Yepe3 KOHACHCOP, BXOIHYIO IIeiIh U MOBOPOTHOE
3epkayio. MOHOXPOMAaTHUYECKHH JTy, TIOJTydaeMbIi MTPU TTPOXOKICHUN Trudparupo-
BAaHHOTO W3IIyYCHHS Yepe3 BBIXOJAHYIO IIEJb, MomnagaeT Ha mnpueMHuk. Illemm
(BXOmHAS M BBIXOJHAS) CMEHHBIE, TIOCTOSSHHOM IMIUPUHBI, OMMHAKOBBIC. JIJIsT TTOTy-
YeHUsT OOJIBIICH CTICKTPAIIBHONW YMCTOTHI BBIICISEMOTO H3IYUYCHUS MPU padoTe B
obnactu cnektpa 290...710 HM BxoJHas M BBIXOJHAs IEJIH yCTAaHABJIMBAIOTCS B
nonoxenue |, a mpu padore B obnactu crnekrpa 200...290 am u 710...800 HM menu
yCTaHaBJIMBAIOTCS B mojioskeHue 1.

HomuHnanpHbIe pa3Mepbl CMEXKHBIX IeNield 1 0003HaYeHUE TOJIOKEHUS TN
HaHECEHbI Ha MX MTOBEPXHOCTH.

CkaHUpOBaHHUE CIEKTPA OCYIIECTBISAECTCS MOBOPOTOM JU(PPAKIIMOHHOU pe-
meTkd. OTcueT IIMHBI BOJIHBI MOHOXPOMATHYECKOTO JTy4a, BHIXOSIIETO U3 ONTH-
YEeCKOT0 0JI0Ka, OCYIIECTBISIETCS C TIOMOIIBIO ITU(POBOTO MEXaHUYECKOTO CUETIH-
Ka ¢ ToYHOCThIO (0,2 HM.

4. bnok nmpueMHHKAa MOHOXPOMAaTHYECKOro u3aydeHus (4) coctouT u3 (oro-
anemenTa (P-26) U ycuauTens deKTpuyeckoro curHaia. CBeTOBOM MOTOK, maja-
IOIINK Ha KaToJ (DOTO3JIEMEHTA PETYJIUPYETCs C IIOMOIIIBIO PYYKH, BHIBEICHHON Ha
OOKOBYIO CTEHKY NMPHUEMHHKA W M3MEHSIOMIMK packpeiThe nuadparmel. Ha katon
(doTosnemenTa nopaercs HanpsokeHue 45 B oT Onoka nutanus. AHOAHAs Harpy3ka
(dhoToriemMeHTa NpeaCcTaBiIseT coO00N HAOOP PEe3UCTOPOB, C MOMOIIBIO KOTOPBIX pe-
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TYJUPYETCS 4yBCTBUTEIBHOCTh MOHOXPOMATOpPa. DTO OCYIIECTBIISIETCS MEPEKITIO-
yaTesieM, BhIBE/ICHHBIM Ha OOKOBYIO CTEHKY IMPUEMHHUKA (TTON0KEeHHS 1...4).

C aHomHOM HaArpy3Kku (OTO3JIEMEHTa CUTHAJ TIOJACTCsl Ha BXOJ U3MEPUTENb-
HOTO YCHJIMTENSl, COOpAaHHOTO Ha 3JEKTpoMeTpudeckoil mamme OM-7, obnanaro-
e BEICOKMM BXOJHBIM COITPOTHBIICHHEM.

5. C BBIXO/Ma yCHJIUTENS CUTHAI TOJAeTCS Ha BXOA IU(POBOTO BOJIBTMETPA
(B7-22), koTOpbIH MOXET OBITh BKJIIOUCH JIMOO KaK MHJUIMAMIEPMETP, JUOO0 Kak
HEIMOCPEJICTBEHHO BOJBTMETP. Perucrpanus MHTEHCUBHOCTH U3IyYEHUS OCY-
HIECTBIISIETCS TIO0 MIKaJe U(POBOTO BOJIBTMETPA B OTHOCUTEIBHBIX €UHUIIAX.

6. [luraHue mMpuUeMHUKA OCYIIECTBIISIETCS C MOMOIIBIO UCTOYHUKA MUTAHUS
(6), Ha OOKOBYIO CTEHKY KOTOporo BbIBeJeHBI TymoOsepbl "Cetn", "Haxkai-
Henokan", "dorosnemMeHT" U rHe3da I MOAKIIOUCHHS BOJbTMETpa. B G0k mu-
TaHUS BXOJAT: CUJIOBOM TpaHc(opmaTop, cTabmiIM3aTop U Mpeodpa3oBaTelib
HanpspkeHusl. CTabuan3aTop BKIIIOYAET B ce0sl BBIIPSAMUTEINb, HICTOYHUK OMOPHOTO
HaIpsDKEHUsT Ha CTaOWJIMTPOHE, NBYXKACKaAHBIA ycunutenb. [IpeoOpa3zoBarens
IPEACTaBIET COO0l aBTOreHEpaToOp C MHAYKTUBHOM CBSI3bI0, KOTOPBIN MUTAETCA
OT cTabuiIU3aTopA.

6. HOPA1OK BBIIIOJIHEHUSA PABOTbBI

a) [lo0comoeka ycmano6ku K usmepeHusm

1. Toaxnrounte ONOK MUTaHUS K ceTH W BkItouute TymoOnep "Cets". Ilpu
TOM JIOJDKHA 3aropeThbCs CHUTHalbHasg Jamrodka. Tymonep "Hakan-memoxan"
JIOJDKEH HaXOJUTHCS B CPEIHEM IOJIOKEHUHU (MCTOYHUK CBETa OTKIOUYEeH). Bxito-
yute TyMOsep "dorosnemMent".

2. Tlogxmounte BosmbTMETp B7-22A k ceru. Bxmmounte Tym6Gnep "Certs" u
nporpeiite nmpubop B TeueHue 15 muH. [logkimrounTe BONBTMETP K OJOKY IMUTAHMUS.
[ToctaBbTe OpraHbl yrnpaBiaeHUs B pabouee mojoxeHne (HaxmuTe KHorku MA u 02).

3. [locne mporpeBa yCTaHOBKH YCTAaHOBHTE HYJIEBOE TIOKa3aHUE BOJIBTMETPA C
nomoliplo pyuku "YcranoBka "0"" Ha OOKOBOU CTEHKE MpuUeMHHKA. JlomycTUMBI
nokaszanus Ha BoJapT™MeTpe B uHTepBasie 0...0,0005.

4. YcTaHOBUTE Hayalo JIMara3oHa CIEKTPa MOTJIOHMIEHUS] C TOMOLIBI0 PYYKH
"JlnvHa BosHBI" Ha onTHdeckoM Onoke (360 HMm).

5. YcraHoBUTE MepeKIIoyaTeseM Ha MPUEMHUKE YYBCTBUTEIBHOCTh B IMOJIO-
xenue "I".

0) Ilposedenue usmepenuii u ux obpabomka

1. YcraHoBuUTE Ha IPEAMETHYIO CTOMKY (2) KIOBETY C pacTBOpUTENieM (CBET-
Jast )KUIKOCTh).

2. BxitounTe UCTOYHUK, TIOCTAaBUB TyMOJIep Ha OJIOKE MUTaHUS B MOJIOKEHUE
"Haxkan".

3. YcranoBute ¢ nomoinbio pydku "Junadparma" Ha MpUEMHUKE €TUHUYHOEC
nokaszanue Ha Tabso BoapT™MeTpa (0,100+£0,002), yTo OyaeT coOOTBETCTBOBATH 3HA-
YEeHUIO lo B OTHOCUTENbHBIX €UHULIAX.
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4. 3aMEHHTE KIOBETY Ha aHAJOTMYHYIO C PAaCTBOPOM M 3alUIIMTE IMOKA3aHUE
BOJILTMETPA, KOTOPOE COOTBETCTBYET 3HAUCHHUIO | (B OTHOCUTENbHBIX €IMHUIIAX), B
Tabn. 1.

5. YBenuubTe IIMHY BOJIHBI HAa 20 HM U IOBTOPUTE 3KCIIEPUMEHT, YCTAHOBHB
lo = 0,10040,002 u uzmepuB | mist pactBopa. Pe3ynbTaThl n3MepeHuil 3aHECUTE B
Tabn. 1.

6. ITo pe3ynpTaTam u3MepeHHid paccunTaiite BenuunHbl t, D, Ky 1 3aHecuTe nx
B Ta0m. 1.

7. IlocTpolite rpadyk 3aBUCUMOCTH K , = f(/l) U TI0 HEMY ONPEACIIUTE Amay

COOTBCTCTBYIOIICC MAKCUMAJIbHOMY 3HAYCHUTO kx.

Taonuma 1

A (am) lo I :%) D:Jg%) N

/
360
380
400
420
440
460
480
500

8. Ompenenure 3aBUCUMOCTh ONTHYECKOW MIOTHOCTH D OT HIMHBI KIOBETHI
1T A = Amax. JlanHble 3aHecuTe B Taba. 2. Iloctpoiite rpaduk 3aBUCHMOCTH
D= f(l).

9. IloaTBepauTe MPSAMYIO TPOMOPIIMOHATIBHOCTDh KOA(DPHUITHEHTA TTOTIIOICHUS
OT KOHIIeHTpainuu, 3Hasg, 4to Ci; = 4(C,. [ns 3TOro mpu Amax OIpPEACIINUTE
k1= f( 1) Iy, = f(Cz) Y HalJIUTE UX OTHOLIECHHUE.

10. 3Has KOHIICHTPAIMIO PACTBOPA, OMpeaeauTe KOIPPHUIIMEHT IKCTUHKIIUU
no gopmyne y = % mpu A = Amax-

1
TaoOnuma 2

I, cm lo I D=—|g|—

o

0,100
0,100
0,100
0,100
0,100

QB (WIN|F-
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7. KOHTPOJIBHBIE BOIIPOCHI

1. Chopmynupyiite 3akonbl byrepa u byrepa - bepa.

2. O0bACHUTE MEXaHN3M B3aUMOJICHCTBUS CBETA C BEILIECTBOM.

3. Uto ompenensieT onTuyecKas MiIOTHOCTh U KOA(PHUIIUEHT MPOITYCKaAHUS?

4. Kak cBsi3aH KO3((UIHMEHT MOTJIOUICHHUSI C ONTUYECKON MIOTHOCTRI0? Ka-
KOB (PM3HUECKUN CMBICT KO3(PPHUIIHEHTA TOTIOIICHHS?

5. OOBsicHUTE METOJ ONpeeIeHNUs KOOPPUIIMEHTA TOMJIOIEHUS, UCTIONb3Ye-
MBIH B JaHHOU padoTe.

6. Kakue npyrue metoasl onpeaeneHus kodhpuurenTa norjaoueHus UCIoiab-
3yIOTCSl Ha MPAKTUKE?

7. O0BACHUTE IPUHLUI pabOThl YHUBEPCAIILHOTO MOHOXPOMATOPA.
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JABOPATOPHASA PABOTA 26

MN3YYEHUE 3AKOHOB INOIVIOIEHUSA CBETA
C IIOMOUIbIO ®POTOMETPA

1. HEJIb PABOTbI

W3ydeHnue siBIeHUS MOTJIOMICHUS CBETa BEIIECTBOM M OMpesesieHne Kodpdu-
IIMEHTA TOTJIONMICHUS C TIOMOIIIBIO BU3YaIbHO-(OTOIIEKTPHUIECKOTO oTOMETpA.

2. BUBJIMOI'PA®UA

1. CasenweB U.B. Kypc ¢pusuku: ydued. mocodbue a1 CTYJEHTOB BTY30B. - [B
3-x T.]. - T.2: DnexrpuuectBo u MarHeTu3M. Kosnedanus u Boiaubl. Onrtuka. - M.:
Hayxka, 1989. - 496 c.

2. Tpobumona T.U. Kypc ¢usuku. - M.: Beici. mik., 1998. - 542 c.

3. MaiicoBa H.H. Ilpaktukym mo xypcy o6mieit ¢usuku. - M.: Beicul. mik.,
1970. - 448 c.

3. TEOPETUYECKOE BBEJIEHUE

[Tormomennem (abcopOuuei) cBeTa Ha3bIBAETCS SIBJIEHUE MOTEPU SHEPTUU
CBETOBOI BOJIHBI MPU MPOXO0KJIECHUU €€ Yepe3 BEIIECTBO. DHEPrUsl CBETa BO30YX-
JaeT KoJieOaHUs 3JIEKTPOHOB, U3JTyYaIOIIMX 3aT€M BTOPUYHBIE BOJIHBI, 4 YACTUYHO
MEePEXOIUT BO BHYTPEHHIOO YHEPTHUIO, B PE3YJIHTATE YErO BEIIECTBO HArpEeBAETCHl.

[lycTh MOHOXpPOMATUYECKHUI CBET ¢ UHTEHCUBHOCTHIO lg M JJIMHOM BOJIHBI [
[aJaeT NapaJUIeIbHBIM ITyYKOM HOPMAJIBHO K ITOBEPXHOCTH IOIJIOMIAOIIETO Tea
(puc. 1). YMeHblIeHHEe HHTEHCUBHOCTU CBETA NP MPOXOXKIECHUU CJIOS BEILECTBA
TonmuHo# dl mponoprnoHaNbHO HHTEHCHBHOCTH CBETA, MAAIOIIETO Ha 3TOT CIIOH,
Y TOJILIUHE CJIOS

-dl=k,12dl. (1)

KoaddumumenT Ki 3aBHCHT OT CBOICTB MOTJIOMIAIOIIETO BENIECTBA U JJTUHBI
BOJIHBI CBETA M HE 3aBUCUT OT MHTEHCHUBHOCTH CBETA M TOJIILMHBI ITOTJIOMIAIOLIETO
ciosi. [Ipounrerpupyem ypaBaenue (1), npeaBapuTeabHO pa3aeanuB NepPEMEHHBIE!

L dI '
J.—/Iz—kljldl, Inl'ln IOz'k/l Il
i, 12 0
OTKYyOa

I :Ioe_kil (2)

Ota ¢opMyia HOCHT Ha3BaHHe 3akoHa byrepa. 3 3akona byrepa BugHO, 4TO
YUCJIEHHO KOA()PHUITUEHT MOTJIOMEHNs — BeTMYMHA oOpaTHAas TOJIIIUHE CJI0S BEIIIe-
CTBa, MPU MPOXOKIECHUHU KOTOPOTO MHTEHCUBHOCTh CBETA YMEHBILIAETCS B € Pa3.

3aBucumocTh Ki(A)[] HasbiBaeTcs crekTpoMm moryomeHus (puc. 2). Y mpo-
3payHbIX TEJ MOJIOCHI MOTJIONIEHHUS JIEKAT, B OCHOBHOM, B 00J1acTU MH(PAKPACHBIX
U yIbTPa(PHUOJIETOBBIX YYACTKOB CIIEKTPA, a Y OKPAIICHHBIX - B COOTBETCTBYOIINX
y4acTKax BUIUMOM 00sacTu criekTpa. Hampumep, KpacHBIM SIBISIETCS CTEKIIO, Cla-
00 moriomarIee KpacHble U OPAH)KEBBIC JIYYH U XOPOIIO TMOTJIONIAIOIIEE 3elie-
HbIE, CHHHE U (DHOJIETOBBIC.
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Pucynok 1

OmHOAaTOMHBIE Ta3bl U MAphl METAILIOB, B KOTOPBIX aTOMBI PACIIOI0KEHBI Ha
3HAYMTEIHHBIX PACCTOSHUS IPYT OT APYra, MMEIOT MaKCHMYyMBbI ITOIJIOMICHHUS LIS
OYEeHb Y3KHX CIIEKTpanbHbIX oOmacteit (107%2,..10 M), coorBeTcTBYIOMMX YacTO-
TaM COOCTBEHHBIX KOJICOAHUN 3JEKTPOHOB B aTomax, T.€. y HHUX JIMHEHYaThIU
cnekTp moryomenus. CHeKTp MOIJIOMIEHUs OTAETBHBIX MOIEKYII, OIPENeIIeMBblil
elle ¥ KoneGaHusIMU aTOMOB B MOJIEKYJIAX, XapaKTEPU3YETCS MOJIOCAMH TIOTJIONIE-
aus (mpumepHo 1071°...107 m).

| &,

A

Al AR,
Pucynok 2

Mertasisl UMeroT 6060l Ko3dpuuuent nmornomenuns (10°...107 M) u ne-
MPO3payHbI UIsI CBETAa. DTO OOYCIIOBIIEHO HAJUYHEM OOJIBIIOTO KOJUYECTBA CBO-
OOJHBIX AJICKTPOHOB, ABIKYIIUXCS IO ACHCTBHEM JJICKTPUYECKOTO TOJIS CBETO-
BOH BOJIHBI, T.€. BO3HUKAIOT OBICTPOIIEPEMEHHBIE TOKH, COMPOBOKIAIONTUECS BBI-
JIeJICHUEM JKOYJIeBOW TeroThl. [103TOMy »HEprusi CBETOBOM BOJIHBI OBICTPO
YMEHBIIIAETCs, MPEBpaIlasiCh BO BHYTPEHHIOI HSHEPrut0. Uem BbIlIE MPOBOIH-
MOCTh METaJlJIa, TEM CHJIbHEE B HEM TOTJIONIEHUE CBETA.

Kosdpuuuent nornomenus aas audiekTpukos Hepemuk (107...103m?). Jlu-
IEKTPUKUA UMEIOT CPABHUTEILHO IIMPOKUE TOJIOCHI MOTJIONIEHUS, T.€. CIUIOIIHON
CIIEKTp TOTJIOMICHHUS, OJTHAKO, B ONPEICIICHHBIX MHTEPBAIAX JIJIMH BOJH HAaOJI0/a-
eTCsI CeJICKTHBHOE rmoryomenue u Ky [1pe3ko Bo3pacTtaer. ITO CBSI3aHO C TEM, YTO
B JIMDJIEKTPUKAX TIOYTH HET CBOOOJHBIX AJICKTPOHOB U TOTJIOMICHUE CBeTa 00y-
CJIOBJICHO SIBJICHMEM PE30HAHCA TPU BBIHYXKJICHHBIX KOJIEOAHUSIX DJIEKTPOHOB B
aToMax W aTOMOB B MOJIEKYJIaX TUAJICKTPHKA.

3aBUCUMOCTBIO KOd(DPHUITMEHTA TOTJIOMEHUS OT ITTUHBI BOJTHBI OOBIICHSIETCS U
OKpAIIIEHHOCTh TMOTJIONIAONMX Tell. MneanbHo OenbIM Ha3bIBA€TCS TaKOE TENO, Y
KOTOPOTo KOA(DPHUIIMEHT OTpakeHHs paBeH 1, modToMy KOd(DPHUITMEHT OTpaKeHUs
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I' (3TO OTHOILIEHNE UHTEHCUBHOCTH OTPAXEHHOT'O CBETa K MHTEHCUBHOCTHU Ma/aro-
IIET0) XapaKTepu3yeT CTEMEeHb OCNMM3HbI, a KOA(PPHUITUEHT TOTIIOMEHUS - CTEIICHb
YEepHOTHI Tela.

OTHoLIIEHNEe WHTEHCUBHOCTU MPOIIEIIET0 Yepe3 BEIIECTBO CBETa K MHTEH-
CHUBHOCTH TAIAI0IIETO HA3bIBACTCS KOIPPHUIIMECHTOM MPOIMYCKAHHUS:

I _
t:—:e kﬂ“l.

Iy
1
Ecnu teno wenpospauno, ot =0 u r + k, =1. Bennuuna D = Igf Ha3bIBa-

€TCSl ONITUYECKOM MIOTHOCTBIO AAHHOU cpenbl. OnTuyeckas INIOTHOCTh, paBHas 1,
cootBeTcTBYyeT 10 % mpomyckanus cBeta, paBHas 2 - 1% u 1.1.

2,3
N3 Inll‘):kll u D:IgIT0 nveem 2,3D =Kl wm K, ZI_'

4. IPUBOPBI U TIPUHAUVIEZKHOCTHU

1. BusyanbHo-doTtoanekrpuueckuii oromerp OM-58.
2. JJabopaTOpHBIN CTEH]I.

3. Uccnenyembie 00pasiibl.

4. biok nutaHus.

5. OIIMCAHME ITPUBOPA

B ocHOBy ycrpoiictBa (hoTOMETpa MOJIOKEH MNPUHIMUI YPAaBHUBAHUS ABYX
CBETOBBIX MOTOKOB IIyTEM HM3MEHEHMsI OJJHOTO M3 HUX C MOMOIIBI0 JuadparMsl C
[IEPEMEHHBIM OTBEPCTUEM.

OnTuyeckas cxema BU3YyallbHO - oTodniekTpuueckoro poromerpa DM - 58
n3o0paxkeHa Ha puc. 3. CBeT OT JaMmbl HaKaJIUBaHUs 1 OTpakaeTcs OT 3epKai 2,
MIPOXOJIUT Yepe3 KOHACHCOPHI 3 U MOJIOYHBIE WM MaTOBBIE paccenBaTenu 4 U, BbI-
XOJI U3 OCBETUTENs ABYyMs napayenbHbiMu mydkamu | u Il, monagaer B mpubop
yepe3 AuadpparMbl 5, CTENEHb PACKPBITHS KOTOPBIX peryiaupyercs 6apabanamu 6.
OTtcyer Mo mKazamM H3MEPUTENbHBIX 0apadaHOB MPOU3BOJUTCA C MOMOILIBIO MH-
nekcoB. [[ns ymoOcTBa mikanbl 0apabaHOB OCBEMIAIOTCS U HAJl HUMH MOMEIICHBI
Jymbl. 3aTeM MyYKH JIydel MPOXOoJsAT Yyepe3 OOBEKTUBbI 7 U pOMOUYECKUE TPU3MBI
8, mocye vero momnanarT Ha Ournpusmy 11. JlelicTBue OMIPU3MBI 3aKITIOYACTCS B
TOM, YTO OHAa CBOJUT [IBAa IydyKa K OCH OKYJspa, IPUYEM YacThb MPABOIO My4Ka,
nomajas Ha JIEBYIO TOJIOBUHY OUIIPU3MBIL, CO3JaeT SIPKOCTh JIEBOM MOJIOBUHBI TOJIS
3peHus, a ipyras 4acTh, MOMNajaronias Ha MpaByl0 IOJOBUHY OUIIPU3MBI, OTKJIO-
HSIETCSl B CTOPOHY M TOTJIONIAeTCA BHYTpH Ipubopa. JIeBbli My4oK MpOXOAUT aHa-
JOTUYHO. Mexay poMOMYEeCKMMH MpU3MaMu M OUIIPU3MON PacHoJIOKEH IUCK C
OJIMHHAJIIATHIO CBETOPUIBTPAMH.

[Ipu BbIXOZE M3 OKYJIsipa 15 CBETOBBIEC MyYKH MMONAAAIOT B I1a3 HAOIIOAATES.
Oxkynsip CHaOXeH KOJIBLIOM, C MOMOIIbI0 KOTOPOTrO MPOU3BOJUTCS YCTAaHOBKA Ha
pPE3KOCTh JIMHUM pazzenia noss 3penus. Ha kopnyc okynsipa HajgeT 300HUTOBBIN
HarJIa3HUK, A1 yA00CTBA UMEETCS U BTOPOU IIyXOM Harla3HUK, KOTOPBIA MOXKET
3aKpbITh HEPAOOTAIOIIUIA IJ1a3.
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Pucynok 3

[Ipu GoTO’NEKTPUUECKOM METOE U3MEPEHUI B ONTUYECKYIO CXEMY C TTOMO-
B0 PYKOSITKH, KOTOPYIO HY>)KHO OTTSHYTh Ha ce0s, a 3aTeM IMOCTAaBUTh B BEpXHEE
MOJIO’KEHHE, BBOJMUTCS MpU3Ma - KIUH 9. B 3TOM ciydae mydku CBETa, OTPa3UB-
IIMCh OT 3epKai 12 u npoias maToBbie cTekaa 13, magatoT Ha GOTOdIEMEHTHI 14,
MOAKIIOYEHHBIC TI0 U PEepeHIInAIbHON CXeMe, B PE3yJIbTaTe YeTro Ha CETKU YCH-
JUTEIHLHON JIaMITbl TIOAAETCSl HaMpsKeHUE pazHocTH (oToTokoB. HysneBbiM uHIM-
KaToOpoM sBjIsieTCs ragbBaHomeTp. CTpeska rajbBaHOMETpa CTOUT Ha HYyJIE B TOM
ciydae, Korja (POTOTOKM paBHBI U, CJIE€I0BATEIbHO, PABHBI MOTOKM CBETA, MaAaro-
e Ha (OTOATIEMEHTHI.

Korna nuadparmpl 0JuHaKOBO PaCKPBITHI M OCBEIEHBI, IPKOCTh 00€HX MOJI0-
BUH TOJIA 3peHUsI OJAMHAKOBa. Eciin Ha MyTH OJHOTO W3 MYYKOB CBETA MOMECTUTh
MOTJIOIIAOIIIEE BEIIECTBO, TO (hOTOMETPUUYECKOE paBHOBecHe HapyruTcs. st ero
BOCCTAaHOBJICHUSI HY)KHO YMEHBIIUTH auadparmy, 4yepe3 KOTOPYI0 MPOXOJUT BTO-
poif mydok cBeta. Ha m3aMmepuTenpHbIX OapabaHaX HaHECEHBI JIBE MIKAJBI - YEpHAS
U KpacHas. YepHasl MOKa3bIBA€T B MPOILIEHTAX OTHOIIEHUE IUIOMAAU OTBEPCTHS
nuadparmMpl IpU TaHHOM €€ PACKPBITUH K MOIMIAAN MPU €€ MaKCHMaJIbHOM pac-
KpbITUU. T.K. CBETOBOM MOTOK PAaBHOMEPHOIO ITy4Ka CBETA, MPOXOJAIIETO YEPE3
nvadparmy, IponopIMoHajeH MIOMAIU €€ PACKPBITUSI, TO OTHOIIECHUE TIIOMIaIeH
oTBepCcTUi auadparmMel JaeT OTHOIIEHHE CBETOBBIX MOTOKOB. Cieq0oBaTeIbHO, 1MO-
Ka3aHUsl YEepHOM HIKanpl OapabaHa MAIOT HEMOCPEACTBEHHO KOA((UIMEHT mpo-
nycKaHus (WM OTpaKeHMs I) Juis AaHHOTO oOpasiia B mpolieHTax. [lo kpacHoi
IKaJIe ONPEAENISIOT ONTUYECKYIO INIOTHOCTh 00pa3ia.
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doToMeTphl NMpeAHa3HAUEHBI IS U3MEPEHHs KO3(PPHUIIMEHTOB MPOITyCKaHUs
TBEPABIX U KUIKUX MPO3PAUYHBIX Cpell, KO (PUIIMEHTOB IPKOCTH CBETa pacceuBa-
IOIMX 00pa3loB U ux Onecka. IX MpUMEHSIOT B ONITHYECKON U TEKCTUIILHOM IPO-
MBIIIJICHHOCTH, OYMa)XHOM U KO>K€BEHHOM IPOU3BOJICTBE. B XMMHUECKUX KIMHU-
YecKuX JabopaTopusx ¢ MX MOMOIIBI0 MPOU3BOIAT KOJIWYECTBEHHBIC aHATH3BI
Pa3IMYHBIX BEUIECTB KOJOPUMETPUUECKUM METOIOM.

6. HOPAJOK BBIIIOJTHEHUS PABOTbI

|. Onpeoenenue xoagppuyuenma nocnowenuss npospauno2o oopazya

1. BKIIIOUUTh YCTaHOBKY.

2. BKitouuTh uepe3 TpaHc(hopMaTop JamIly OCBETUTENS U OCBEIICHUS LIKaJ.

3. YcTaHOBUTH NEpEKIoYaTellb CBETO(UIBTPOB B MOJI0KEHHE 12 (cBOOOHOE
OTBEPCTHE).

4. IlpaBblil 6apaban yctaHOBUTH Ha aeneHue 100 mo yepHoil miKaie, a JeBbIM
O0apabaHoOM ypaBHATH 00€ MOJIOBUHBI MOJI 3peHUs MO ApKOCTH. [1oBTOpUTH 3TO
[ATHh Pa3 ¥ BBIYUCIUTH CpPEIHEE 3HAUCHUE MOKa3aHuil JeBoro 6apadana npu (oto-
METPUYECKOM PaBHOBECHH. Y CTAHOBUTH Ha OapabaHe 3TO 3HAUCHHE.

5. Uccnenyemplii oOpaser] MOMECTUTh Ha MPEIAMETHBINM CTOJUK MO JIEBOU
auadparMoii, Mpy 3TOM TMpaBasi OJOBHHA TOJIA 3pEHUs MOTeMHeeT. Bpamas npa-
BBl OapabaH, JOOUTHCA (POTOMETPUUECKOTO paBHOBECHS M CHATH oTcueT Dj mo
KpacHOH mikaje mpaBoro Oapabana. IIpogenars 3TO HATH pa3 U HANTH cpeaHEe
apudmeTnyeckoe 3HadeHue <D>.

23
6. ITo dopmyne k :F< D > BbluuciauTh KO3((PUIMEHT NOTJIOIIEHUsS HC-

cieayemoro oopasia (d - TommmHa 00pasia).
7. Omnpenenutb aOCOJMIOTHBIC IMOTPEITHOCTH ONTHYECKOH IUIOTHOCTH
AD; =< D > —D; u cpeHI010 a0COJIOTHYIO NOTPELUIHOCTb

n
Z\ADi\
<AD>="
n
8. ITo dhopmyne

X X 23

Ak:—AD+—Ad=—<AD>+&
A A d

2 Ad

HaWTH a0COJIIOTHYIO MOTPEIIHOCTh KOAh(DUIIMEHTA MOTJIONIEHUS U OTHOCHTEIIbHYIO

Ak

MTOTPEIIHOCTD 827-100%. OKOHUATENbHBIM PE3yJabTaT  3alUCcaTh B BUIE

K+ Ak.
9. PesynbpTaThl U3MEpEeHUI U BBIUMCICHUH 3aHeCTH B Ta0. 1.



JlaGoparopHas pabota 26 165

Taonumpa 1

d, M Ad, m Di | (D) | ADi | (AD) | k,wm* | Ak ! g, %

10. TToBTOpUTH ACHCTBUSA TyHKTOB 5, 6 co cBeTodmnbTpamu Ne 1, 2, 3, 4, 5, 6,
10, 11 u 3amoaHuUTH TAOII. 2.

Tabauma 2

Howmep ¢uib- A 107 M D1 D2 D3 (D) ka, Mt
Tpa
1 4
2 4,43
3 49
4 5.4
5 5,82
6 6,1
10 6,65
11 7,26

11. ITo gaHHBIM TabJI. 2 MOCTPOUTH rpaduK 3aBUCUMOCTH Kod(duLreHTa mno-
TJIOLICHMS OT JUTMHBI CBETOBOM BOIHBI K, = f(1).

. H3yqeﬂue 3A6UCUMOCIU ONMUYUECKOU NIAOMHOCU
om moJauUHbl nozjiowarouieco CnoA

1. U3meputh TOIIMUHY 00pa3ioB, U3TOTOBICHHBIX M3 OJHOIO M TOTO K€ Be-
[ECTBA.
2. OnpenenuTh ONTHYECKYIO INIOTHOCT 3THX 00PasI[oB.
3. IIposeputs 3aBucumocts D = A d (A =k/2,3), .e. A= D /d= const.
4. Crenarb BBIBOJI O TOM, KaK 3aBUCUT ONTHYECKAs IUIOTHOCTH OT TOJIUHEI
IIOTJIOIIAOILETO CIOS.
Taonuma 3

Howmep di,m | do,m ds, m <d> D1 D2 Ds (D) (D)

obpasnua (d)

1. M3yuenue 3asucumocmu xo3ppuyuenma nponyckanus
Om MOAWUHBL NOTIOWAIOULE20 CLOS

1. Jlnst Bcex 0Opa3IoB pa3IMyHON TOJIMHBI, HO U3 OJJHOTO BEIIECTBa, ONpe-
JeJUTh MO0 4YepHOU mmiKaje KodPGUIMEHTHI Tpomyckanus t. 3HaYeHUs TOJIIUHBI
00pasIoB B3STh U3 MPEABIAYIIETO OMbITA.

2. I'paduyeckn n300pa3uTh 3aBUCUMOCTh KO3 UIIMEHTA MPOIYCKaHUS OT
TOJIIMHBI MOTJIOMIAOIIETO CIIOSI.
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Tadbnuua 4

Homep d, m t1, % t2, % t3, % (t), %
oOpasma

7. KOHTPOJIBHBIE BOITPOCHI

1. OOBsicHUTE MEXaHU3M B3aUMOJICICTBUS CBETA C BELIECTBOM.

2. [Tonyuure 3akoH byrepa.

3. Uro HazbpiBaeTcsi KOA(G(GUIMEHTOM MOTJIOMICHHS, TPOMYCKaHHs, ONTHYe-
CKOM IJIOTHOCTBIO BellecTBa?

4. Ot 4ero 3aBUCHUT KO3 (OULIUEHT MOTJIOMEHNs?

5. Uem 00OBsicHsI€TCA pa3auyHasi OKPAILIEHHOCTh Te?

6. Hauepture ontmyeckyro cxemy (GoTomMeTpa M OOBSICHUTE MPUHIUI €ro
NENCTBUSL.

7. JIns kakux 1enelt npuMensiercs poromeTp?
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JABOPATOPHASA PABOTA 27

N3YYEHUE BPAINEHUSA IIVIOCKOCTU ITOJIAPU3ALIUU CBETA.
3AKOH MAJIIOCA

1. HEJIb PABOTbI

OmnpeneneHne MHTEHCUBHOCTH CBETa IO YIVIy OTHOCHUTEIBHOIO IOBOPOTA
JBYX TOJISIPU3aTOPOB.

2. BUBJIMOI'PA®USA

1. CaBenbeB U.B. Kypc ¢usuku. T.2. - M.: Hayka, 1988. - 496 c.
2. Tpodumona T.W. Kypc ¢uszuku. - M.: Beici. mk., 1998. - 542 c.

3. TEOPETUYECKOE BBEJIEHUE

SIBneHune MMoJeIpru3aluu CBCTA XapaKTCPU3YCTCA OHpGIIGJIGHHOfI OpI/IeHTaHI/Ieﬁ
MAarduTHOI'O M 3JICKTPHUYCCKOI'0 BEKTOPOB CBETOBOM BOJIHBI B IMPOCTPAHCTBC. Bek-

TOPBI HAIPSIKEHHOCTEH ICKTPUYECKoro £ M MarHUTHOTo H IoNel B3aHMHO Iep-
NEHIUKYJSIPHBI U KOJICOIIOTCSl MEPHEHANKYJISIPHO BEKTOPY CKOPOCTU V pacipo-
CTpaHEHHUsI BOJIHBI (MIEPHEHAUKYISIPHO Ty4y). [loaTomy aiisg onucanus 3aKk0HOMEP-
HOCTEH MOJISIPU3ALNU CBETA TOCTATOYHO 3HATH IMOBEJICHUE OJTHOTO U3 BEKTOPOB.

ry)

£ £

' f

a) 6) B)
Pucynok 1

OOBIYHO BCE pacCyXKIEHHUS BEIYTCS OTHOCHTEIILHO CBETOBOTO BEKTOpa — BEK-

TOpa HANPSHKEHHOCTU FE 3IEKTPUYECKOTo Moisl (3TO Ha3BaHUE OOYCJIOBIEHO TEM,
YTO NPU JACHCTBUU CBETA HA BEIIECTBO OCHOBHOE 3HAYCHHE MMEET DJICKTPUUYECKas
COCTABJISIFOIIAsl TOJISl BOJHBI, JIEUCTBYIOIIAs HA AJICKTPOHBI B aTOMaxX BEIIECTBA).
CBer mpencraBiseT co00i CyMMapHOE 3JIEKTPOMArHUTHOE M3TyYeHHE MHOKECTBA
aTOMOB. ATOMBI K€ M3JTy4alOT CBETOBBIC BOJIHBI HE3aBUCHUMO JIPYT OT APYTa, MO3TO-
My CBETOBAasi BOJIHA, M3JIy4aeMas TEJIOM B II€JIOM, XapaKTepU3yeTCs] BCEBO3MOKHbBI-
MU PaBHOBEPOSITHBIMU KOJICOAHUSIMU CBETOBOTO BeKTOpa (puc. 1, a; iyd mepreHau-
KYJISIpEH IUIOCKOCTH PHUCYHKa). B JgaHHOM cilydae paBHOMEpPHOE pacCIpeiesiCHHE
BEKTOPOB E OOBACHAETCS OOJIBIIMM YHCIOM aTOMAPHBIX U3JTydaTeliel, a PABEHCTBO
aAMIUIUTYTHBIX 3HAYEHUN BEKTOPOB E — 0MHAKOBOI (B cpeiHEM) HHTEHCUBHOCTHIO
U3IIYYEHUS KaXXI0ro U3 aToMOB. CBET CO BCEBO3MOKHBIMU PAaBHOBEPOSATHBIMU OPH-
CHTAIUSIMU BEKTOPa E (u ciienoBatenbHo, E ) HA3bIBACTCS €CTECTBEHHBIM.

CBeT, B KOTOpPOM HarpaBJICHUs KOJEOAHUI CBETOBOTO BEKTOpPa KAaKHUM-TO 00-
pa3oM YIOPSI0YEHBI, HA3bIBACTCS MOJISIPU30BaHHBIM. Tak, €ciiu B pe3yJsibTaTe Ka-
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KUX-TM00 BHEIIHUX BO3JEHCTBUN TOSBISETCS MPEUMYIIECTBEHHOE HAIMpPaBIICHUE
Kojebanuii Bektopa £ (puc. 1, 6), TO UMeeM JIeJI0 ¢ YaCTUYHO MOJIIPHU30BAHHBIM

cBeToM. CBET, B KOTOPOM BEKTOP E (¥ clieoBaTebHo, H ) KosieOJIeTCs TOJIBKO B
OJIHOM HaIlpaBJIEHUH, NEPHEHANKYIJIAPHOM Jyuy (puc. 1, B), Ha3bIBaeTCs IIOCKO-
MOJISIPU30BAHHBIM (JIMHEWHO MOJISIPU30BAHHBIM).

[TnockocTh, mpoxoAsias depe3 HampaBleHHE KOJeOaHUil CBETOBOTO BEKTOpa
IUIOCKOIIOJIIPU30BAHHON BOJIHBI M HAIlPaBJIEHUE PACHPOCTPAHEHUsI ITOM BOJIHBI,
Ha3bIBAETCS IUIOCKOCTBIO MOJsipu3aluu. [110CKONoaspu30BaHHBINA CBET SIBISETCA
IPEJESIbHBIM CIIy4aeM JUIMIITUYECKU MOJIIPU30BAaHHOTO CBETA — CBETA, AJIS1 KOTOPO-
ro Bektop E (Bekrop H ) M3MEHsIETCS cO BPEMEHEM TaK, 4TO ero KOHEIl OIIHCHIBACT
AIUIUIIC, JIEKAIIUU B IUIOCKOCTH, NMEPIEHAUKYISIPHON JIydy. Ecnu ammuric nonspu-
3alliy BBIPOXKJIACTCS B MPSAMYIO (IIpH pa3HOCTH (a3 ¢, paBHOM HYNIIO WIH T), TO
MMEEM JIEJI0 C PACCMOTPEHHBIM BBILIE IUIOCKOMOJISIPU30BAHHBIM CBETOM, €CIHM B
OKPYKHOCTb (IIpU (@ =+ 7/2 ¥ paBEHCTBE aMIUIUTYJ] CKJIaIbIBAEMbIX BOJIH), TO UMe-
€M JIEJIO C HUPKYISPHO NOJISAPU30BAHHBIM (TMOISIPU30BAHHBIM T10 KPYTY) CBETOM.

ﬂm-’—l—l—»—é

Pucynox 2

EcTtecTBeHHBIN CBET MOXHO MpeoOpa3oBaTh B IMIOCKOMOJSIPU30BAHHBIN, HC-
MOJIb3ysl TaK Ha3bIBa€MbIE MOJSPU3ATOPHI, MPOMYyCKAIOIIUe KOJIeOaHUsI TOIBKO
OTIpEJICJICHHOTO HampaBlieHUs (HalpuMep, MPOMyCKarolue KojebaHus, mapal-
JIeNbHBIC TUIOCKOCTU TOJIAPU3AINK, W TIOJHOCTHIO 3aJiepiKUBAloNUe KojeOaHus,
MEePHEHANKYJISIPHBIE ATOW TUIOCKOCTH). B KauecTBe MOnspu3aTOpoB MOTYT OBITh

WCIIOJIb30BaHbl CpE/bl, aHW3OTPOIHBIE B OTHOIICHWW KojeOaHuii Bekropa E,
HaIlpuMep, KpUCTaJuibl. B 4acTHOCTH, MIIOCKOMOJISIPU30BAHHBINA CBET MOYKHO TMOY-
YUTh 3a CUET SIBJICHUSA JTUXPOU3MA, T.€. PA3JIUYHOTO IMOTJIOUIEHUS CBETA B 3aBUCH-
MOCTH OT OPHUEHTAIUM DJIEKTPUUECKOTO BEKTOpa CBETOBOM BOJHBI (MPUMEPOM
CUJIBHO JIUXPOMYHOIO KPHUCTAIA SIBJISIETCS TYpMAaJIMH). BOJIBIIMHCTBO KpHUCTAJI-
JIOB, HE OOJafaronmMx KyOMYEeCKOM CHUMMETpUEH, MpU MPOIMYCKAHUHM Yepe3 HHUX
CBETa, pa3/IeISIOT CBETOBOM MyYOK Ha JIBa JIy4a, MOJISIPU30BAHHBIX B JIBYX B3aUMHO
MEePIICHIUKYJISIPHBIX HaNpaBieHUAX (puc. 2). DTO sIBJICHUE MOJYYHIO Ha3BaHUE
SIBJICHUS JIBOMHOTO JiydenpenomiieHus. OJIUH MydoK, KOTOPBIM MOAYUHSIETCS 3aK0-
HaM TMPEJIOMJICHUSI CBETa, Ha3bIBACTCS OOBIKHOBEHHBIM (0), IpYyroi, MmpocCTpaH-
CTBEHHO CMEILEHHBIN M0 OTHOILIECHUIO K MEPBOMY, KOTOpBI B 0OIIEM cilydyae He
MOYMHAETCS KJIACCUUYECKUM 3aKOHAM MPETOMIICHHS, Ha3bIBAE€TCS HEOOBIKHOBEH-
HBIM (€).

HamnpaBnenue B ONTHYECKH AHU30TPOMHOM KPUCTAILIE, MO KOTOPOMY JIyd
CBETA PacCHpOCTPAHSETCS, HE UCIBITHIBASI IBOMHOTO JIy4ePEIOMIICHHS], Ha3bIBACT-
Csl OMITHYECKOM OChI0 KpHUCTaya. JIro0asi mIOCKOCTh, POXOIAIIAs YEPE3 ONTHY -
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CKYIO OCh U CBETOBOM JIy4, Ha3bIBACTCS TJIABHBIM CEUEHHUEM WJIH TJIABHOU TUIOCKO-
cTbio KpucTauia. Konebanus, neprneHIuKyIsIpHbIE TIIaBHOMY CEYEHHUI0 0003Have-
HBl TOYKaMH, a KojeOaHus, mapasuieJbHble TIaBHON MJIOCKOCTH KpUCTallja U300-
pakeHBI IBYCTOPOHHUMHU CTPEITKAMH.

TUMUYHBIM TIPEACTABUTENEM MOJSIPU3AIMOHHBIX MPUOOPOB SBISETCS TIPU3Ma
Huxouns, Ha3piBaeMast yacTo HuKoJieM. [Ipuzma Hukouns (puc. 3) mpeacTaBisier co-
0ol BOHYIO MIPU3MY M3 MCIIAHJCKOTO ITaTa, CKJICCHHYIO BAOJIL TUHUN AB crie-
IIUATBHBIM KJIEeM — KaHAJICKUM 0ah3aMOM ¢ MTOKa3aTeseM MPEeIOMIICHHUS N.

A D

.ﬁgﬂ
¢ o 8
Pucynox 3

OOBIKHOBEHHBIN JIyd (0) Ha rpaHUIle AB UCHBITHIBAET MOJTHOE BHYTpPEHHEE
OTpaXE€HUE U TOTJIOMIAETCS 3a4yepHEHHOUM OO0KoBOW moBepxHOCThI0O CB. HeoOblik-
HOBEHHBIN TIJIOCKOTIONSPU30BAHHBIN JTyd (€) BBIXOIUT, HECKOJIHKO CMECTHBIIIHUCH,
napauIeJIbHO MajaroneMy Jiyay (Ne< N < Np).

[TonsipuszaTopsl MpoMycKaT KojaebaHus, mapajijiesibHbIe TJIOCKOCTH MPOIMYC-
KaHUs TIOJIAPU3ATOPa, W TMOJHOCTHIO 3a/IePKUBAIOT KOJIEOAHUs, MEPHEeHIUKYIISP-
HBIE K HEH.

Ecnu Ha nmonsipuzaTop majaeT IIOCKOMOJIAPU30BAHHBIA CBET aMILTUTY b E,,
TO Yepe3 HeTro MPOMJIET COCTaBIIOIIAs KojaeObaHus ¢ aMiatygon E = E, COS ¢,
I7Ie (@ - YroJI MeKIY IUIOCKOCTBIO MOJSPHU3AIIMN U TIOCKOCTBIO TIPOITYCKAHUS T10-
asipu3aropa. Tak Kak MHTEHCUBHOCTh CBETa MPOIMOPIIMOHAIIEHA KBaJIpaTy aMILIH-
Tymsl (| ~ E?), TO MHTEHCHMBHOCTB CBETA, MPOIIEAIIETO Y€PE3 MONAPU3ATOP, PABHA

| =1,cos?@. (1)

OTO COOTHOLIEHME Ha3bIBaeTCs 3aKkoHOM Maioca. CrnenoBaTesbHO, UHTEH-

CUBHOCTh IPOLUEAIIET0 Yepe3 MIACTUHKU CBETa M3MEHSETCS OT MUHUMyMa (TI0JI-

HOE raleHue CBeTa) Npu ¢ = 1/2 (ONTUYECKHUE OCHU TUTACTUHOK MEPIEeHIUKYIISIPHBI)
110 MakcuMyma npu @ = () (ONTHUYECKUE OCH TJIACTUHOK MapaljIebHBbI).

{ 2{4«5
;/"_ f/'-r"/_

7777777 i rrrinn

6 - ~

=N

Pucynok 4
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4. MIPUBOPHBI U ITPUHAVIEZKHOCTHU

1. JIazepHblii U3IIy4aTelb.

2. IlepBrbrit moNsIpU3aTOP.

3. Bropoii monsipuzarop.

4. DOkpaH.

5. ®OTO3IEMEHT.

6. I3MeputenbHbIi Mpuodop.

5. HOPAJOK BBIITIOJIHEHUSA PABOTBI

1. CoOpatb cxeMy, U300pakeHHYI0 Ha puC. 4. YCTaHOBUTH JIa3€pHBIM U3ITYy-
yaTenb 1.

2. benble TOUKHU, HAHECEHHBIE Ha ONpaBax IEPBOT0 U BTOPOTO MOJIIPU3aTOPOB
YCTAaHOBUTH HAIIPOTUB HYJIEBOIO JICJICHUS IIKAJIBI.

3. BKIounTh Ja3ep U OTKOPPEKTUPOBATH €0 MOJIOKEHHUE TaK, YTOOBI €ro JIy4
nonajaall B oTBepctue (porossieMeHta 5, a mpubop 6 mokasbiBal MaKCHMaJIbHOE
3HAUYEHHUE U3MEPSIEMOro (GOTOTOKA.

4. YcTaHOBUTH Ha U3MEPUTEIHLHOM YCTPOMCTBE 5 O€mblil 3KpaH M Bpaias oJi-
HOBPEMEHHO MEPBbIA U BTOPOM MOsipu3aTopsl (2 u 3) yOenuTbes B TOM, YTO fAp-
KOCTb JIA3€pHOTO Jy4ya Ha 3KpaHe uaMeHserca. CAenarb BbIBOJ O CTENEHU MOJISIPU-
3alUH JIA3EPHOTO U3ITyYEHHUS.

5. CHATB 3KpaH, YCTAaHOBUTH 00a MOJIIPU3aTOPa B UCXOAHOE MOJIOKEHUE (CM.
IOYHKT 2) U YOeAUTbCA B TOM, UTO JIa3€pHBIN JIyd JOCTUraeT gorosnieMeHTa. [lpu
3TOM MOKa3aHUE U3MEPUTEIBLHOTO MPUOOPA JOHKHO OBITh MAKCUMAIBHO.

6. 3anectn MakcuMaibHOE 3HaUeHne (hoToToKa B Tabiwmiry 1 B cronberr ¢ ¢ = 0°.

Tadonuma 1

@, rpaj 0 10 20 180

I, LA

7. 3mensia yrosa noBopota rnepBoro nossipuzatopa Ha Ag = 10°, B quamazone
ot 0° 1o 180°, 3aHECTH COOTBETCTBYIOIINE MOKa3aHus B Ta0J. 1.

8. Mcnonb3ys pe3ynsTathl Tabi. 1, moctpouts rpaduk | = f (oS 2 ¢) nuzmene-
HUs (DOTOTOKA OT KOCHHYCa KBajJipaTa yrjia MoBOpoTa Mojsipu3aTopa.

7. Cnenatb BBIBOABI O COOTBETCTBUH MOJYYCHHBIX PE3yJIbTaTOB 3aKOHY Ma-
Jroca.

6. KOHTPOJIBHBIE BOITPOCHI

1. Kakoii cBeT Ha3bIBaeTCA MOJSIPU30BAHHBIM?

2. Onumure cnocoObl MOJYyYEHHUs MOISPU30BAHHOTO CBETA.

3. Chopmynupyiite 3akoH Maoca.

4. IHTEeHCHBHOCTh €CTECTBEHHOI'O CBETA, MPOMYIIEHHOIO Yepe3 Ba MOJIPH-
3aTopa, yMEHbIIMIach BABOE. Kak opueHTHpPOBaHbI NOJSPU3ATOPHI?

5. YTto mpencTaBistoT CO0O0M MOISIPU3aTOPHl U aHATU3ATOPHI?

6. Kak npakTHU4eCKM MOXHO OTJIMYUThH IUIOCKOIOJISIPU30BAHHBIA CBET OT
€CTECTBEHHOI0?
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JABOPATOPHASA PABOTA 28

OIIPEJIEJIEHUE JI/IMHbI CBETOBOM BOJIHBI
C ITIOMOIbIO KOJIEIIl HBIOTOHA

1. EJb PABOTHBI

I/I3yquHe SABJICHHUA I/IHTep(I)epeHHI/II/I Hn OIpPCACIICHUC OJIMHBI BOJIHBI MOHO-
XPOMATHYCCKOT'O CBCTA C IOMOIIBIO KOJICT HrroTona.

2. BUBJIMOT'PAD®USA

1. CaBenveB U.B. Kypc ¢usuku: yue6. mocobue /uisi CTyI€HTOB BTY30B. - [B
3-x T.]. - T.2: DnextpudectBo u MmaraeTu3M. Bonnael. Ontuka. - M.: Hayka, 1989. -
496 c.

2. MaiicoBa H.H. Ilpaktukym mo kypcy oOmied ¢uszuku. - M.: Beicl. 1mik.,
1971. - 448 c.

3. Tpopumona T.U. Kypc pusuku: yued. nocodue s By3os / T.1. Tpodu-
MoOBa. - 19-e m31. - Axkagemus, 2012. - 560 c.

3. TEOPETHYECKOE OBOCHOBAHUE PABOTHBI

CxeMa HaOMIOAEHUS TaK Ha3bIBAEMBbIX Kosey Hviomona n3zolOpaxeHa Ha puc.
1. IlmockoBbInyKias MH3a O4eHb Oonbinoro paauyca (10...100 m) npuxumaercs
BBIMTYKJIOW CTOPOHOM K IJIOCKOW TUTACTUHKE TaK, YTO MEXKIy HUMH 0O0pazyercs
BO3AYIIHBIA KIWH niepeMeHHou Tonmmabl d. Tommmaa d 3aBUCHT OT pacmolioxke-
HUS TOYKH B u xapakrepusyercs paguycoM I. 13 npsaMoyroiabsHOro TpeyroiabHUKa
OAM umeem:

r*=R’-(R-d)* =2Rd-d* ~ 2Rd,

rz (1)
wm d~—.
2R
O
\
\ R
\
\
\
\
S r_ NS *
M _~l4d
D cl |
Pucynoxk 1

[ly4ox mapajuiesIbHBIX JIy4yel Majaer cBepxy Ha auH3y. Jlyd, noxomsdmun 1o
TOYKM B, 4aCTUYHO OTpakaercs, YaCTUYHO MPOXOJUT B BO3AYIUHBIN KIUH (Tpak-
TUYECKHU BEPTUKAJIBHO BCJIEACTBUE MAJION KPUBU3HBI JIMH3bI). OTpaxkasch B TOUKE
D or mimacTuHKM, OH BO3BpallaeTcss 0OpaTHO W MHTEepdepupyer ¢ JydoM, OTpa-
*eHHbIM B Touke B. Tak kak B Touke D mpoucxomut oTrpaxeHuUEe OT ONTUUYECKU
0oJiee MIOTHOM CPelbl U TePSETCs MOJIBOJIHBI, TO ONTHUYECKAsh Pa3HOCTh XoAa 000-
uX UHTep(YEepUPYIOMNX OTPAKEHHBIX JTyueil OyeT paBeH:
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2
A=2d+ 2o 2 (2)
2 R 2

[Ipn ocBenieHMM CUCTEMBI MOHOXPOMATHYECKUMH JIy4aMH B OTPAKEHHOM
cBeTe OyAyT HAOIIOATHCS MEPEMEKAIOUINECS CBETIIbIE M TEMHbBIE KOJIbIIA MOCTO-
SIHHBIX paJNycoB I'«. Pagnycpl TEMHBIX KOJIEL OIPEAEIIAIOTCS U3 YCIOBUS rallleHus
UHTEPHEPUPYIOLINX Tydeil

A:(2k+l)%, (k=0,1,2,...), (3)
WJ ¢ yuyeTtoM (2)
2
r—Jr&:k}w&, 4)
R 2 2

OTKyJa paanyc K-ro TeMHOTO KOJIblia
r.=vkiR. (5)

Pamnycel mociaenoBaTenbHBIX CBETIIBIX KOJICI HAXOMSATCS U3 YCIOBHS WHTEP-
(hepeHIIMOHHOTO MaKCUMyMa

A:ZK%, k=1,2..). (6)
T.C.
S ]
. Z_xz, (7)
R 2 2
OTKYJa I10JIY9acM BBIPAKCHUC OJIA PaANyCOB CBCTJIBIX KOJICIT
A
re=y(@k-DRZ. ®)

CueT TeMHBIX KoJsiell HaunHaeTcs ¢ K = 0, T.e. OT caMoro IieHTpa MHTepde-
PCHIIMOHHOM KapTHHBI. CUeT CBET/BIX Koyell HaunHaeTcs ¢ K = 1. Paguych kosen
pacTyT MPOIOPIHOHAIEHO KOPHIO KBaJPaTHOMY M3 MX HOMepa K, T.e. 4em maiblie
OT IIEHTPA, TEM 3TH KOJIbIIa PacIoJiaraloTcs TYIIIE.

[Ipu ocBemenuu mpubdopa OeIbIM CBETOM CBETJIBIC KOJIbIIA CTAHOBSITCS COOT-
BETCTBEHHO OKPAIICHHBIMH.

W3mepuB pamumychl Kojei Fk, MOKHO (3Has paguyC KPHUBHM3HBI JIMH3BI R),
OTPENEINTh JJIMHY BOJIHBI OCBEIIABIIETO MPUOOpP CBETa A M OOpaTHO, MO U3BECT-
HOM JJTHHE BOJHBI A HAWTH painyC KPUBU3HBI JTUH3HI R.

BcenenctBue ynpyroi mpegopmManuu CTeksia, HEBO3MOXKHO JOOUTHCS HICANThb-
HOTO CONPUKOCHOBEHHUS CPepUUeCKON MOBEPXHOCTHU JIMH3BI U TUIOCKOW TIIIACTHHBI
B OJTHOM TOYKE, MOATOMY HanboJiee TPABIIbHBINA PE3yIbTaT MOJTYIUTCS, €CITU  BBI-
YUCJIUTH A 10 PA3HOCTH PAIUYCOB JIBYX KOJIEII Ik U I}

2 -2 =(k-1)RA, (9)
OTKyZa ( )( )
I~ NArgtr
A= Rk-1) (10

riae K u | - mopsiikoBele HOMepa COOTBETCTBYIOMIUX KOJICII.
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VYyuThIBa€M MONPABKY HA YBEIUYEHUE, KOTOPOE JAET NPOECKTUPYIOLIAs JIMH3a

!

ra d;
rae I' - paanyc KOJiblia Ha 3KpaHe; I - UCTUHHBIA paJuyC KOJbLA; 8z - PACCTOSHUE
OT PKpaHa J0 MPOCKTUPYIOLIEH JIMH3bI; 81 - PACCTOSIHUE OT MpeaMeTa J0 MPOEKTH-
PYIOLIEH JTUH3BI.
Pacuetnas hopmyna oKOHIATETEHO UMEET BUJT

r _azzN’I/mI/I r:é.r’,

(r = r'r'+ r’l), ai 2_ (11)
R(k—1) as

4, TIPUBOPHI U NNPUHAVIEZKHOCTH

1. OnTryeckas cKaMbs.

2. lcTouyHuK cBeTa.

3. CBeTOQUIBTPHI.

4. YCTpOoWCTBO 15 Noy4deHus kosien HeroToHa.

5. JInnza.

6. DKpaH ¢ MIJZTUMETPOBON KOOPIMHATHOM CETKOM.

5. HOPAJOK BBIITIOJHEHUA PABOTHBI

1. Pacnionoxuth npubopsl o cxeme (puc. 2), BKIIOUYUTh YCTAaHOBKY B CETh
(220 B), monyuuTh Ha 3KpaHEe 4eTKOe M300pakeHue kojel HeproToHa ajist 6ernoro
CBETa.

2. ITomecTuTh y OKHa MCTOYHHMKA CBETa KpacHbI cBeToduasTp. Ha sxpane
3aKpenuTh OCNbI JTUCT Oymaru, Ha KOTOPOM 3apHUCOBaTh MHTEP(PEPEHIIMOHHYIO
KapTHHY CBETJIBIX U TEMHBIX Kojel HeroToHa.

S : DuinT A
[ & i \

I
L1

OkpaH al

a:

Pucynok 2
3. [lomeHsTh KpacHBIN CBETOPWIBTP HA 3€JICHBIN U 3apucoBaTh UHTEPhEPEH-
IIMOHHYIO KapTUHY CBETJIBIX U TEMHBIX KoJiell HbloTOHa /1st 3€71€HOT0 1IBETA.
4. Ha mony4eHHbIX HHTEP(PEPEHIIMOHHBIX KapTHHAX U3MEPUTH PATUYChl TPEX

TCEMHBIX KOJICI] er A1 KpaCHOr'o CBC€Ta WM TPEX TEMHBIX KOJICI] r! JJIA 3€JICHOI'O

3en
uBseTa. [y yMEeHbIIEHUS MOTPEIIHOCTH U3MEPEHUM KAXKIBIA PAIUyC TOJIYYUTh KakK
CpeIHEE 3HAYCHHWE M3MEpPEHUN 3...4 pa3iIuYHbIX JAHAMETPOB COOTBETCTBYIOILIETO
KOJIBLIA.
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5. MI3MepuTh paccTostHUE a1 OT MpeAMETa A0 NPOEKTUPYIOLIEH JIUH3bI U a2 OT
MIPOEKTUPYIOLLIEH JTUH3BI 0 SKpaHa.
6. Pe3ynbpTaThl ©3MEpEeHUI U pacyeToOB MOMECTUTH B Ta0. 1.

TaOonuma 1
HOMepa ai, M az, M r|Kp, M Iseny, M
KOJIEIL
1
2
3

7. CunTas JUIMHY BOJHBI KPACHOTO IIBETA PABHOU Ap=7-10" M, BBIUMCIHUTDH
p ’

paanyc KpUBU3HBI JIMH3bI IS TPEX Iap 3HAYCHHUH I, 10 hopMynam:

M(ﬂz o (r's)z—(r'z)z,[al)z;

R1 = =
' Aip- (2 _1) az Aip - (3_ 2) az
2
R3:M(a1j |
7\‘Kp'(3_1) az

8. BeruncanTh cpeqHee 3HaUYCHUE pailyca KPUBU3HBI TUH3bI <R> U OLEHUTH

norpemHocTb AR MET010M CpeIHUX 3HAUYEHUU.
9. PaccunTtath JJIMHY CBETOBBIX BOJIH 3€JICHOTO IIBETA VISl TPEX Map 3HAYCHUN
r’, , UCTIONb3Ys CpeHee 3HaUeHHE pajanyca JuH3bl <R> no gopmynam:

) M.(mf: . M.(mf;

l_<R>-(2—1) ar 2_<R>-(3—2) a
2
N (3P -(rf(a
37 <R>(B-1)0ay)

10. BerYuCIuTh cpeaHee 3HAYCHHE <A™ M OIICHHTH MOTPEITHOCTh M3Mepe-

HUSA Alsey METOJIOM CPEJITHUX 3HAYEHUH.
11. Pe3ynbTarhl pacueToB 3aHECTH B Ta0I. 2.
12. Caenatb BBIBOJIBI 11O paboOTE.

Taonuima 2

Howmepa R, M AR, m (<R>+ AR), m Aser, M | Alsen, M (A>+ AL), m
KoJIen|
2-1
3-2
3-1
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6. KOHTPOJIBHBIE BOITPOCHI

1. YUro Takoe wuHTepdepeHmms BoiH, uHTepbepeHius cBera? llpuBemute
IpUMEpHI HAOJIOIEHUS U IPUMEHEHUS SIBICHUS UHTEP(EPEHINH CBETA.

2. JlaiiTe MOHATHE IPOCTPAHCTBEHHON U BPEMEHHON KOT€PEHTHOCTH.

3. OxapakTepu3yiTe OCHOBHBIE CTIOCOOBI MTOTYYCHUST KOTE€PEHTHBIX BOJIH.

4. O6bsicHuTEe BO3HHMKHOBeHHE Konen Hrprorona. Hapucyiite X0 CBETOBBIX
ay4eil npu HaOmoaeHuu Kojel HproToHa B OTpakeHHOM U ITPOXOJISLIEM CBETE.

5. Ilomyuute BbIpaXeHUs Ul ONITUYECKOM pa3HOCTH X0Jla JIyuyel B OTpaXkKeH-
HOM U NPOXOJALIEM CBETE.

6. BriBenure popmyssl paguycoB CBETIBIX U TEMHBIX KoJjiel, HploToHa B OT-
PaXEHHOM M IPOXOJSAIIEM CBETE.

7. BeiBeauTe pacueTHy0 GopMyiTy JUlsl ONPEIeIeHUs JUIMHBI CBETOBOI BOJIHBI
¢ IOMOI11IbIO0 KoJiel HproToHa.

8. [lepeuncaure mpenMMyIiecTBa U HEIOCTATKH METOAA ONpEACICHUS JITUHBI
CBETOBOI BOJIHBI, UCTIOJIB3YEMOTO B JAHHOU padoTe.

9. Kakue npyrue MeToibl H3MEPEHHUS JUTMHBI CBETOBOM BOJHBI BHI 3HAETE?



176 Onpez[eﬂeHHe JJIMHBI CBETOBOM BOJIHBI C IIOMOIIBIO ;[H(bpaKuHOHHOﬁ pemeTKu

JABOPATOPHASA PABOTA 29

ONPEJEJEHUE JJIUHbI CBETOBOM BOJIHBI C IOMOIIBIO
JUDPAKIIMOHHOM PEIIETKH

1. HEJb PABOTbBI

Nzydenne siBneHus: Tudpakiuy cBeTa Ha AUQPpPaKIHOHHON pemieTke. Ompe-
JIeJIeHUE ITUHBI CBETOBOW BOJIHBI C TOMOIIBIO AU(PPAKIIMOHHON PEIIETKH.

2. BUBJINOTPA®UYECKHU CIIMCOK

1. CasenweB U.B. Kypc ¢pusuku: y4ued. mocodbue ajis CTYJEHTOB BTY30B. - [B
3-x T.]. - T.2: DnextpudecTBo ¥ MarueTusM. Bonnel. Ontuka. - M.: Hayka, 1989. -
496 c.

2. Tpobumona T.U. Kypc ¢usuku: yue6. mocodbue mis By3oB / T.1. Tpodu-
MoBa. - 19-e m31. - Axagemus, 2012. - 560 c.

3. Hetnad A.A., SABopckuit b.M. Kypc ¢usuku. - Akagemus, 2009. - 720 c.

3. TEOPETUYECKOE BBEJIEHUE

JudpakiMOHHON pPEIIETKOW Ha3bIBAE€TCA COBOKYIMHOCTH OOJIBIIOTO YHCIIA
OJIMHAKOBBIX IIEJEH, OTCTOAIIMX IPYr OT Apyra Ha OJHO M TO € PACCTOSHHUE
(menp mpo3payHa Jiis cBeTa) (puc. 1).

d

f b

Pucynok 1

[Mepuon pemetku d (TOCTOSIHHAS PENIETKN) paBEH CYMME pa3MepOB IICIHU a U

pa3MepoB MoJIOCH b, Herpo3padHoii JJis CBETA
d=a+Db.

OcBeTuM AUPPAKIMOHHYIO pelieTky D MOHOXpOMaTHYECKUM My4YKOM Mapa-
JCITBHBIX JTy4YeH, TaIaloNiX IePICHINKYISIPHO K TTOBEPXHOCTH PEIICTKH (pUC. 2).

PaccmoTpum cooTBeTcTBEHHSBIE JIyuH 1, 2, 3,..., OTCTOSIIIME APYT OT ApYyra Ha
pacCTOSIHUM, PAaBHOM Tieproay Audpakuuonnoi pemerku d. CBeT, mpoxos yepes
IEJIM @, UCTIBITHIBAET NU(PaAKLHIO, T.€. OTKIOHSIETCS OT CBOETO MEPBOHAYAIBHOIO
HarpaBieHus. [Ipu 3TOM OTKIIOHEHHWE Jydel MPOMCXOAMT IOJ Pa3HbBIMU yriaMu
mudpakiua ¢ .

YcraHoBuM napauiebHO AUGPAKIIMOHHON peleTke COOUparoIlyto JUH3Y J1,
B (DOKaJbHOM MJIOCKOCTH KOTOPOM MoMecTUM 3KpaH . M3 pucyHka 2 BUIIHO, YTO
ONTHYECKash Pa3HOCTh X0Jla O MEXKIY COOTBETCTBEHHBIMH JIydaMH pPaBHA OTPE3KY
AC. U3 tpeyronsunka ABC Buano, uto 6 = AC=dsing. Ecau B onTuyeckoii
Pa3HOCTH XO0/1a YKJIabIBACTCs 1IeJI0€ YUCIIo AauH BoiaH (0 =mA; m=0, 1, 2, 3, ...
.), TO TIpU JTaHHOM yTJie Audpakiud Ha dKpaHe HabromaeTcs oOpa3oBaHUE CBET-
JBIX TOJIOC, T.€. BO3HUKAIOT TJIABHbIE MaKCUMYyMbI. Takum o0Opa3oM, yciioBue 00-
pa30BaHUs IJIaBHBIX MAKCUMYMOB JIJIsl AU(PPAKIUOHHON pEeIETKA UMEET BU/T

dsinp=+mAi. (1)
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JludpakiimoHHass pemieTka COCTOMT M3 COBOKYIHOCTH IIejedl @, MO3TOMY
yCIIOBUSI 00pa30BaHUs MUHUMYMOB /IS IIeJIeil OyayT SIBISTHCS YCIOBUAMH oOpa-
30BaHUsI MUHUMYMOB U JUIsl TU(paKIMOHHON pemeTku. Takum o0pa3oM, MUHH-
MyMbI (TEMHBIE TMOJIOCHI Ha PKpaHe) MpH AU(PPAKIUUA OT IIETH BO3ZHUKAIOT MPHU
YCIIOBUU

asinp=+kA4, (2)
rnek=0,1,2 3....

b
0

Pucynok 2

Ecimu N - gucno meneld B qupakiiMOHHON pEIIETKE, TO MEXIY COCEAHUMU
IJIaBHBIMM MakCMMyMaMU Ha skpaHe oOpazyrorcs N-1 mo6ouyHbIXx MUHUMYMOB U N-
2 no6oYHBIX MaKCUMYyMOB. [Ipu 3TOM ycnoBue 0oOpa3oBaHus TOOOYHBIX MUHUMY-
MOB UMEET BUJ

dsin(pzikﬁi, 3)
rae k'=1, 2, 3,...,(N-1), (N+1),...,(2N-1), (2N+1)... .

OCHOBHBIMH XapaKTEPUCTUKAMHU TUDPAKITMOHHON PEIICTKH SIBIISIOTCS:

ap
1) yrioBas gucnepcus D =-—-;
) yr p 5
. A
2) nuHelinas qucnepens D, = —.
ol

Jucnepcusi onpenenser yriioBoe WIM JUHEHHOE PacCTOSHUE MEXAY ABYMS
CHEKTPATbHBIMU JIMHUSIMU, OTJIUYAIOIIUMHUCS HA €IUHUILY JUTUHBI BOJIHBI.

Pa3pemaromas cuia onpenenseT MUHUMAaJIbHYIO Pa3HOCTh JJWH BOJH OA,
MPU KOTOPOU ABE JTMHUM BOCIIPUHUMAIOTCA Ha CIIEKTPE pa3feiIbHO B COOTBETCTBUU
c kputepuem Panes. Paspemaromas cuna R cnekrpaibHOro mpubopa mpornopIiuo-
HaJIbHA MOPSAJKY CIIEKTpa M 1 yuciy menen N:

R=mN.

Merton onpeaenacHus JUIMHBI CBETOBOM BOJIHBI ITPH TOMOIIN AU(PAKITMOHHOMN
PELIETKHA COCTOUT B ciienyronieM. [lapaniensHblid MydoK CBETa, CO3/1aBa€MbIi UC-
TOYHMKOM cBeTa J/ (JJaMITOil HakajJuBaHUs) MaJaeT Ha AUPPAKIUOHHYIO PEIIETKY
D (puc. 3). Jlyuu cBera, nudparupys moja pazidyHbIMU yTiaMH ¢, TONAJAl0T B
XPYCTaJIMK TJ1a3a HAOMIoAaTeNs U COOMPAIOTCS Ha CeTYaTor 000JI0UKE TJ1a3a B TOY-
ke K. Eciu mipu sTom BeInonHsieTcs yciosue (1), To ucciemnoBarens HaOM01aeT



178 Onpez[eﬂeHHe JJIMHBI CBETOBOM BOJIHBI C IIOMOIIBIO ;[H(bpaKuHOHHOﬁ pemeTKu

IVIABHBIM MAaKCUMYyM IIOJ| YIJIOM (@, T.€. B TOYKE M, OTCTOSLIEN OT LIEHTpa AHa-
(dparmel 5kpana B Touke O Ha paccTosHuH .

D! M M

I
I
I
I
l
I
|
T
I
I
I
I
I
I
I
¢
b

Pucynok 3

O4eBUHO, YTO CHIEKTP M - r0 MOpsAIKa, HaOIIOJAEMBbI Uyepe3 nudpakiruoH-
HYIO PEUIeTKY, HaXOAUTCs Ha paccTosiHud |, oT meHTpa mkais (T.e. ot Touku O).
IIpu 3TOM

|, = , (4)

rae |; u | - paccTossHMS OT TITaBHBIX MakKCUMYMOB M - TO MOpsKa 10 IEHTpa
mkaiel (Touka O).

W3 puc. 3 BUAHO, 4TO NPH MAJBIX yriax @, Mo KOTOPHIMH HAOIIOJAI0TCA
[JIABHBIE MAKCUMYMBI, BBIIIOJIHAETCSA COOTHOILIEHUE

singo;tqgo:%’, (5)

rae L - paccTosnue ot nudppakumoHHON pemeTky A0 mkaibl. [TogcTaiss 3Haue-
HUe SiNQ u3 ypaBHeHUs (5) B BeipakeHue (1), momydaem

|
d=-2=mAa,
L

OTKYyJa OTPEIEeIIIeM IJIMHY BOJTHBI A

| d
A= (6)
Lm
C yuerom BeIpaxkeHus (4) cooTHomreHue (6) 11l OpeaCIICHUS ITTHHBI CBETO-
BOM BOJIHBI OYJIET UMETh BHU/I

z:%. )

4. MIPUBOPBI U TIPUHA/UVIEXKHOCTHU

1. Ontuueckas CKaMbsl.
2. UcTounuK cBeTa U CBETOMUIIBTPHI.
3. MudpakuronHas pemierka.

5. HOPAIOK BBIITIOJIHEHUA PABOTBI

1. Pacnonioxxuth npudoOp Tak, 4TOObI TOPU3OHTAIILHO PACIOJIOKEHHAs! perKa-
mkana MM Obuta Ha ypoBHE TJ1a3 HabmomaTess. Y CTAaHOBUTH ATy KAy Ha pac-
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crosinuu L, paBaom 40...50 cM oT neprxkatens qudpakiimOHHON pemeTku (paccTos-
Hue L ycraHaBiamBaeTcsi MAaKCUMAalIbHO BO3MOKHBIM IS COONMIOCHUs ycaoBus (5)
Y YBEJIIMYEHUS TOYHOCTU U3MEPSEMBIX JIJIUH BOJIH).

2. BecraButh audpakiroHHyo pemetky D B gepxkatens (mepuoj audpakiiy-
oHHo# pemeTku paBeH d = 0,01 mm). [Ipu 3TOM WITPUXM, HAHECCHHBIC HA TU(pPaK-
[MOHHOM peIleTKe, MIOJDKHBI OBITh MapauleNIbHbl MPSMOYTOJIbHOW Juadparme
skpana MM.

3. YCTaHOBUTH 32 SKPAHOM AJIEKTPUUECKYIO JTAMIIOUYKYy B TOouke JI, BKIIOUHUTH
AIIEKTPUUECKOE MUTAHHE M, paccMaTpuBas UCTOYHUK CBeTa yepe3 MudpakiroH-
HYIO pelIeTKy, HabmoaaTh MudpakiuoHHbIi ciekTp. OOpaTUTh BHUMaHUE Ha Xa-
paKkTep CIEeKTpa, pacIoIOKEHNE JTyYel pa3InyHON IBETHOCTHU B CIIEKTPAaX MEPBOTO
(m=1), Broporo (m = 2) u 60Jice BHICOKUX ITOPSIKOB.

4. M3meputs paccrosinus |1 u |, oT nenrpa mkanst (ot Touku 0) 10 TIaBHBIX
MaKCUMYMOB JIy4edl 3aJaHHOW IBETHOCTH (Hampumep, (PUOJETOBBIX U KPACHBIX
Jdy4yell uiau JoOBIX APYTUX IO 33JaHUI0 MPENoJaBaTeNs) B CIEKTpax MEpBOTO
(m=1) u BToporo mopsakos (M = 2).

5. PesynbTaThl u13MepeHuit 3aHecTu B Tad. 1.

6. YMeHnbmmTh paccrosiaue L Ha 1...5 ¢cM 1 MOBTOPUTH MU3MEpPEHUS IS JIyden
3aJJaHHOW [IBETHOCTH B COOTBETCTBUU C ITYHKTaMHU 3...5.

Taonuma 1

[{BeT yimHMM crieKTpa (KPACHBIN, PUOICTOBBIN M T.J1.) = weevveeveeareeerieeanveeeees

Ne Paccrosnue, IMopst- | l,m | Io,m | lep, M JnuHa Cpennsis
L, M JIOK, BOJIHEI, JUIMHA
m A, M BOJIHBI
<}\,>, M
1 |Li= m=1 A=
2 | L= m=2 o=
3 Lo= m=1 A3=
4 Lo= m=2 Aa=
5

6. OBPABOTKA SKCIIEPUMEHTAJIBHBIX JTAHHBIX

1. PaccumTaiiTe JIMHY CBETOBOM BOJIHBI 3aJIaHHOM IBETHOCTH JJI KaXKJIOTO
W3MEPEHUS TIPU PA3TUIHBIX 3HAUeHHUIX L 1 m mo dhopmyre (7)

Ll

2L m
Pe3ynbTaThl pacyeTa 3aHecute B TaOu. 1.
2. Beraucnure cpegHee 3HaYCHUE JJTMHBI BOJIHBI 3aJaHHOM IIBETHOCTH <A>.
3. Berunciure abCOMIOTHBIC MOTPEITHOCTH OTACIBHBIX M3MEpPEHUU 10 dop-
MyJie

Aﬂ,i :‘</1>_ﬂ«i"
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4. BpUuCIUTe KBaapaThl aOCOIOTHBIX MOTPENTHOCTEH OTICIBHBIX H3MEpe-
HUM.
5. Paccunraiite cpenHIO0 KBaAPAaTUYHYIO TOTPEITHOCTD 10 (hopMyIie

6. 3amaiiTe 3HAaUCHHUE HAJICKHOCTH O (B COOTBETCTBUH C YKa3aHUEM TIpeIoa-
BaTeJsl WM IPUMUTE 110 ymordanuio o = 0,95).

7. Onpenenure 1o Tabmunam kodddumment Creromenta to(N) as 3amanHoM
HAJISKHOCTH O ¥ JJAHHOTO Yrcia u3MepeHuit N.

8. BrruncauTe rpaHuUIlbl JOBEPUTEILHOTO HHTEpBaIa (CPEIHIOI a0COIIOTHYIO
MOTPEIIHOCTBD)

<AA >:ta(N)AS/1-
9. Pacch/ITaﬁTe CpGI[HIOIO OTHOCI/ITGJIBHYIO HOI‘pGHIHOCTB

<AAL>
=—-100%.
<A>
10. OxoHYATENbHBIA Pe3yabTAT JJIS Jy4ed pa3IudHON IIBETHOCTU 3aIlUIINTE
B BUJIE

&

(<A>E<ALl>), M £, %.
11. Cnenaiite kpaTKu€ BBIBOJIBI 11O paboTe.

7. KOHTPOJIBHBIE BOITPOCHI

1. TlomyuuTe yciOBHS BO3HHKHOBEHHWS TJABHBIX MAaKCUMYMOB, MOOOYHBIX
MUHUMYMOB U MAaKCUMYMOB JJIsl TU(PPAKITUOHHOU PEIIETKH.

2. [TomyuunTe ycaoBUS MUHUMYMOB M MAaKCUMYMOB TIpH TU(PpaKITUK Ha IIEITH.

3. JlokaxxuTe 3aKOHOMEPHOCTh U3MEHEHHUSI MHTEHCUBHOCTA MaKCUMYMOB.

4. JlaiiTe ompenaesieHUs YIJIOBOM W JHWHEHHOW nucnepcuu. I[losicHuTe CBA3B
MEXy YTJIOBOM IHUCTIEpCUEN U XapaKTepUCTUKaAMU JUPPAKIUOHHON pEHIETKH.

5. JlaitiTe ompexaeneHue paspemarIieii CrmocoOHOCTH AUGPAKIIMOHHON pe-
wertku. [losgcaure kputepun Panes mis paspemieHuss CneKTpaibHbIX JIMHUA. J]0-
KOKHUTE CBSI3b MEXKIy pa3perniaronieil CnocoOOHOCThIO M YHCIIOM Inelied B qudpak-
UOHHOW pENIETKE.

6. [Touemy mipu ocBereHUN TU(PAKITHOHHON PEIIECTKU «OCIBIM CBETOMY HY-
JIEBOM MaKCUMYM «OeJTbIi»?

7. Chopmynupyiite npunnumn ['rolirerca - @penenst. O0bsicHUTE TUGPAKIIHIO
®dpaynrodepa u OpeHens Ha MIETH.

8. O0BsCHUTE CBOMCTBA 30HAJILHBIX IJIACTUHOK.
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JABOPATOPHASA PABOTA 30

T'A30BbI JIABEP HEITPEPBIBHOI'O JEHCTBUSI.
N3YUYEHMUE SABJIEHUS TUDPAKIIUU CBETA

1. EJb PABOTHBI

W3yuenue mpuHIUNA ASHCTBUS U KOHCTPYKIIMU Ta30BOTO Jia3epa U UCIOIb-
30BaHHE €ro Kak MOHOXPOMATHYECKOTO KOTE€PEHTHOT'O MCTOYHHUKA IS U3y4YCHHS
SBJICHUS TU(PpaKIINU CBETA.

2. BUBJIMOT PA®GUYECKU CIIUCOK

1. CaBenneB U.B. Kypc dusuku: yded. mocodue s CTYISHTOB BTY30B. - [B
3-x T.]. - T.2: DnextpudectBo u Mmaraetu3M. Boinael. Ontuka. - M.: Hayka, 1989. -
496 c.

2. CuByxwuH [.B. O6uwmii kypc ¢pusuku. - M.: Hayka, 1980. - 752 c.

3. byruxoB E.W. Ontuka: yue6. mocodue st By30B / [Tox pen. H.W. Kanure-
eBckoro. - M.: Beicur. mik., 1986. - 512 c.

3. TEOPETUYECKOE BBEJIEHUE

Ipunyun deticmeus cenuti-HeoH08020 1azepa

'l

S,

(\—"7)

Pucynok 1

sl

["a30BbIil J1a3ep npeacTaBisier coOOW MpUOOp, OTHOCSIIMICS K ONTUYECKUM
KBaHTOBBIM F€HEPATOpaM.

OCHOBHBIM 3JIEMEHTOM T'€JIMEBO-HEOHOBOTO JIa3epa HEMPEPBHIBHOTO AEHCTBUS
ABJIsICTCS ra3opaspsaHas Tpyoka T (puc. 1), uMerorias HakaiauBaeMblid karon K u
anon A. TpyOka nanosiHeHa cMmechlo renus (He) (mapuuansHoe gaBieHue He 1 MM
pt. ct) u HeoHa (Ne) (mapumanbHoe nasienue Ne 0,1 mm prt. cr). BHyTpenuwuit
nuametp Tpyoku 1..10 MM, qIrHA OT HECKOJBKHUX JCCATKOB CAHTUMETPOB JI0
1,5..3 m. KoHlbl TpyOKH 3aKpBITBHl IUIOCKOMAPAJIIEIBHBIMU CTEKISHHBIMUA WIIA
KBapleBbIMU OKHamHu P u P, ycTanoBieHHbIMU moJ yriioM bprocrepa k ee ocu.
JInst TMHEMHO MOSIPU30BAHHOTO M3JYYEHHUSI C DJIEKTPUYECKUM BEKTOPOM B IJIOC-
KOCTH TIaJieHusI KO3 GUIIMEHT OTpakeHUs OT HUX paBeH Hyto. [loaTomy Oprocre-
POBCKHE OKHA 00ECHeuMBaIOT JIMHEWHYIO MOJSPU3ALUI0 U3ITyYeHUs Jlazepa U HcC-
KJIFOYAIOT TOTEPU DHEPTUM TIPU PACTIPOCTPAHEHUU CBETA U3 aKTUBHOM 30HBI K 3€p-
KasaM 1 obpatHo. TpyOka momernieHa B pe3oHaTop, 0Opa30BaHHbIN 3epkaiamu B u
B> ¢ MHOTOCIIOWHBIM JUAJIEKTPUYECKUM NOKPBITHEM. Takne 3epKaja UMEIOT OYEHb
BBICOKUH KOA(P(HUIIUEHT OTPaKEHUSI B pabOUeM CIIEKTPAIIbHOM HHTEpPBAJIC U MpaK-
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TUYECKU HE MOTJIOMIaoT cBeT. [IpomyckHas cnmocoOHOCTh 3epKaja, Yepe3 KOTopoe
MIPEUMYIIIECTBEHHO BBIXOJMUT U3IIyUYCHHE Jla3epa, cocTaBisier o0braHoO 1...2 %, apy-
roro - meree 1 %.

Ha snextpoas! TpyOku mogaetcs HanpspkeHue 1...2 kB. [lpu HakaneHHOM Ka-
TOAE M YKa3aHHOM HANpsDKEHHH B HANOJHAIOMIMX TPYOKy razax MOXKET HOIJEp-
KUABATHCS TIICIOLIAN AIEKTPUUYECKUN pa3psana. Tnerommil paspsa co34aeT yCIOBUA
JUIsl BOSBHUKHOBEHUSI THBEPCHUH HACEIICHHOCTEW ypOBHEW B HEOHE. TunuyHas cuia
TOKa B Ta30BOM Pa3psizie - I€CATKA MUJLTUAMIIED.

Bunumoe usnydeHnue paspsja JAaeT HEOH, HO HEOOXOJIMMOE AJii ATOr0 BO3-
OyXJeHUE aTOMOB OCYIIECTBISIETCA C IMOMOIIBIO AaTOMOB Telus. YTpOIIeHHAs
cxemaThdeckasi KapTuHa SHEPreTUYecKux ypoBHer atromoB He u Ne moka3zaHa Ha
puc. 2.

3a cyeT coyJapeHuil ¢ 3JIEKTPOHAMU aTOMbI He MepexoJsaT B BO30YKIECHHOE
cocrostaue (23S u 21S). DTn ypoBHM MeTacTaOuIbHBI ¢ sHepruei 19,82 u 20,61 5B
COOTBETCTBEHHO. CITOHTAHHBIM PaJUAlOHHBIA NEPEXOJ C ATUX YPOBHEW HaA OC-
HOBHOI ypOBEHb I10 ITpaBujaM 0TOOpa 3arpeuieH, T.€. IPOUCXOJUT C OUEHb MaJIOn
BEPOSATHOCTBIO.

[N ]
[
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(CTIOHTAMHEIH IIEPex0r
(OABMEHDE CEEUEHHE HEOHA)

| Hupgyena

Fexui Heown

IEU;EF}MEI I-meamempnm-mmt P‘J I
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Pucynok 2

BpeMs sxu3HM atoma Ha ypoBHAX 2'S u 23S Benuko B cpaBHEHHH ¢ BpeMEHEM
’KU3HU Ha OOBIYHBIX BO30YKJIEHHBIX YPOBHSAX, TO3TOMY Ha 3THUX METacTaOMIIbHBIX
YPOBHSIX HakarjuBaeTcs o4eHb MHOTOo atoMoB He. Ho ypoBHu Heona 3S u 2S
IPAKTHYECKH COBHAAIOT C METACTAOMILHEIMU ypoBHsAMH 2'S u 23S remus. Bnaro-
Japs 3TOMY, IIPU CTOJIKHOBEHUH BO30YXJIeHHbIX aToMOB He ¢ atomamu Ne mpowuc-
XOIAT mepexoanl aToMoB Ne B BO30ykIEHHOE COCTOSIHUE C PE30HAHCHOU mepeaa-
4eil SHEpPTUU aTOMOB T'eJIHsl aTOMaM HEOHa.

[Ipouiecc Bo30yxkaeHuss aToMOB Ne M300pa’keH rOpU30HTAIBHBIMU MTyHKTUP-
HBIMU CcTpenikamu (puc. 2). B pe3ynpTaTe KOHLEHTpAlMu aTOMOB HEOHA Ha YpOB-
HX 3S 1 2S cuIbHO BO3pacTarOT, U BOSHUKAET WHBEPCHAS 3aCEIEHHOCTh dHEpre-
TUYECKUX YPOBHEW MO OTHOUIEHHUIO K YpoBHIO 2P. B TpyOke co3/aercs akTUBHas
cpena, coctosiias u3 aromoB Ne, o01aaronMX HHBEPCHOM 3aCEIEHHOCThIO SHEP-
reTUYECKUX YPOBHEU AJIEKTPOHOB.
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CroHTaHHOE H3JIyYE€HHE OTAENbHBIX BO30YXJICHHBIX aTOMOB MPUBOAHUT K
pacmnpoCTpaHEHHUIO B aKTUBHOU cpefie POTOHOB, COOTBETCTBYIOMIUX SJIEKTPOHHBIM
nepexo/iaM B aTOMax HeoHa ¢ ypoBHel 3S Ha ypoBHu 2P.

[lon mercTBHEM IIEKTPOMArHUTHOTO ITOJIS PACHIPOCTPAHSIOIIMXCS B pa3pse
¢$OTOHOB (CHayaslla CIOHTAHHO M3IYYCHHBIX BO30YXJICHHBIMH aTOMaMH HEOHA)
MPOUCXOAUT WHAYIUPOBAHHOE KOT€PEHTHOE H3IY4YCHHE IPYTMX BO30YKIECHHBIX
aTOMOB HEOHa, T.€. aKTUBHOW cpejbl, 3alloJIHAIOIIEeH TpyOKy sa3epa. MaccoBoe
HapacTaHue 3TOTo Mpolecca 00eCIeYnBAETCs] MHOITOKPATHBIM ITPOXOXKIACHUEM U3-
JTy4YEeHUs] MeXy 3epKajlaMu B1 u B, pe3oHaropa, yTo NpUBOAUT K (OPMUPOBAHUIO
MOIIIHOI'O HMHIYLMPOBAHHOTO IMOTOKA HAIPABIECHHOTO KOI€PEHTHOI'O W3JIy4YEHUS
Ja3zepa. MuHUMasbpHas yrioBas IIMPHUHA JIA3EPHOIO CBETOBOTO Iy4YKa OIIPEACIIAeT-
csi nudpakuyei, CBI3aHHON ¢ OrpaHHMYEHUEM IIONEPEYHOr0 CEUEHHs Iy4yKa, T.C.
TOJIBKO C BOJHOBBIMHU CBOWCTBAaMHU CBETa. DTO BaKHEWIEE 0OCTOSATENBCTBO OTIH-
YaeT JIa3epHbI UCTOYHUK OT JHOOO0r0 IPYyroro MCTOYHHUKA CBETA.

4. TIPUBOPHBI U ITPUHAIVIE2XKHOCTHU

1. I'azoBwIit azep JII'78.

2. OnTryeckasi CKaMbsl.

3. briok mutanus.

4. TudpakirioHHas penieTka.

5. CTexsiHHBIC TUIACTUHBI C HAMBUICHHBIMA MEKTy HUMU MUKPOYACTUIIAMH.
6. DKpaH ¢ MIJZTUMETPOBOM HIKAJIOM.

5. PABOTA C I'A30BbIM JIABEPOM

Bxmrounts Tym6nep "Cets". Ilepexmtouarens "PerynupoBka Toka" ycTaHOB-
JieH B paboueM MOJIOKEHUHU TpernojaaBaTesieM win jJadopantoMm. Kareropuyecku
3anpelaeTcs NIEPEBOAUTD €ro B APYroe MOJI0KEHHUE.

Bo Bpemst paGoThl ¢ J1la3epoM HEOOXOIMMO MOMHUTD, YTO HONAdaHue 8 21a3d
NPAMO20 1A3ePHO20 U3TYYEeHUsl ONACHO OJisl 3PEHUSL.

[ToaToMy mipu paboTe ¢ Ja3epoM €ro CBET HaOIIOJAETCs MOCHe OTPaKEHUS Ha
HKpaHE C paccenBaroUIed TOBEPXHOCTHIO.

Kamezopuuecku 3anpewyaemcs cmompems na npsamou aazepuuii ayyu! Briio-
yamo aazep MONCHO MOJILKO NOO KOHMPOAEeM npenooasameisi uiu 1abopanma

6. MOPA1OK BBIIIOJIHEHUSA PABOTbBI

VYnpaxuenue 1

H3mepenue Onunvl 801HbI U3TYYEHUS 1A3EPA NPU NOMOWU
OUPpPaKyuoHHOU peuemxu

HanpaBiieHHOCTh W MPOCTPAHCTBEHHAss KOTEPEHTHOCTh H3JIyYE€HUs Jiazepa
MO3BOJISIET IPUMEHSTH €T0 B Psijie U3MEpPEeHU 0e3 peIBapUTEILHON KOJIITUMAIIUH.

YcTaHoBKa T NPOBEAEHUS JAHHOTO YIIPAXXHEHUS BKIIFOYAET JIa3ep, peuTep ¢
Tu(PaKIIMOHHON PEIIeTKOM, dKpaH ¢ MAJUTMMETPOBOM IIKAJION JIsi HAOIIOIEHUS
TUPpaKIHOHHOM KapTHHBI (puc. 3).
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I emHii-HEOHOBBIH HudpakunoHHas DKpaH
Tazep peleTKa
@) r— -
LA L WA W LA TR
]
Pucynok 3

JudpakimonHas pemeTka yCTaHaBIMBAETCS MEPIEHANKYIISIPHO K OCH CBETO-
BOTI'0 JIy4a, BBIXOAALIEro U3 jaszepa. [lyg 3Toro cBETOBOM OJMK, OTpak€HHBINA OT
TUIOCKOCTH PEUIETKH, HEOOXOAMMO MTPOBECTH TOUHO HA CEPEANHY BBIXOAHOTO OKHA
Ja3epa, T.e. JOOUThCS COBIAIEHUS BBIXOJAIIETO U3 Jla3epa CBETOBOIO Iy4Ka U €ro
OTPaXEHUSA OT IIIOCKOCTH PEIIETKH.

BBu1y MOHOXpOMAaTHYHOCTH M3IIy4yeHHs Jlazepa, Ha SKpaHe HaOJIolaeTcs
MHO>KECTBO HETIEPEKPHIBAOIINXCS TU(PAKIIMOHHBIX CIEKTPOB Pa3IMYHBIX MOJIO-
KUTEJIbHBIX ¥ OTPULATENIbHBIX MOPSAIKOB. DTH CIEKTPbl 00pa3yroT Ha 3KpaHe sl
KpPacHBIX IMOJIOCOK, MOBTOPSAIOIIMX CEYEHHE MEPBUYHOTO CBETOBOIO ITydKa, Iaja-
IOLIETO Ha PELIETKY.

DKpaH yCTaHABJIMBAETCS MEPHNEHAUKYJISIPHO K ITyUKY CBETa, U MOPSAIKU CIEK-
TPOB pacnojaraloT CAMMETPUYHO OTHOCUTENIHO HYJIS ILIKaJIbl SKpaHa.

[Ton paccTosiHueM MexAy IU(PaKUUOHHBIMU CHEKTPAMHU M CIIEKTPOM HyJie-
BOTO MOpsi/IKa HAaJ0 MOHMMATh PACCTOSTHUE MEXAY CepeIuHaMH HaOII0JaeMbIX
CHEKTPOB (MOJIOCOK).

Pacuet nimHbI BOJTHBI BeIeTCs IO (hopMyIie

dsing, ==*k4, (1)
rie d - mocrosiHHas pemeTkH (B HameM ciaydae d = 0,01 mm); @ - yron auQpak-

1uH; K - MOPSIZIOK CIIEKTPa; A - JUIMHA BOJHBI JIA3EPHOTO M3ITyUCHHUSI.

4.,_‘
- I 3
4] 1
L 1
I
Pucynok 4
erH ,Z[I/I(I)paKLII/II/I OHpeI[eJIHeTCSI N3 COOTHOIILICHUA
Xk _ i
I—tg(ok~5|n¢k, (2)

rae X, - PaccTOsHHE MKy JIEBBIM M IPaBbIM MakcMMyMaMH mopszaka K; L - pac-

CTOSIHUE OT IIOCKOCTH TU(PPAKIIMOHHONW PEIIETKH JI0 IIOCKOCTH 3KpaHa (puc. 4).
[Toacrasnss (2) B (1), monyuaem



JlaGoparopnas pabota 30 185

_ X,d
Tk (3)

llopsooxk evinonnenus ynpasxcrenus 1

A

1. U3smeputs pacctosuue X , B cnekrpe nepsoro (kK = 1), Broporo (k = 2) u

tperbero (K = 3) mopsaKoB Mpu pa3IMYHBIX PACCTOSHHIX dKpPaHa OT AU(paKIuoH-
HOM PEIIETKH.

2. PesynbTatThl n3MepeHuit 3aHecTd B Ta0. 1.
3. BBIUMCIUTH JUIMHY BOJIHBI, COOTBETCTBYIOILYIO M3JIyUYEHHIO Jlazepa.

Tadbauma 1

X, M A M <>, | Adi, | (AL)?, | AS(R) () A,

0
ki |ke |ks |41 |A2 | A3 M M M .M M & %

L.u

WIN -

O6paboTKa PKCIIEPUMEHTATBLHBIX TAHHBIX
1. BeIuncIuTh JIUHY BOJHBI U1 KX A0T0 u3MepeHus 1o dhopmyie (3).

1 n
2. BBIUHCIIUTE CpEHEE 3HAUCHUE <i> - H Z ﬂ,p rae N - 4hCiI0 U3MEPEHUM.
i=1
3. Berauciuth aOCOMIOTHBIE OMTMOKU OTICTBHBIX U3MEPEHUN
ALi= </1> ~Ai-
4. TloncunTath CPEIHIOI KBAIPATUYHYIO IMOTPEITHOCTH
n
Y AL
i

i=1

AS; = n(n-1)’

5. 3anaTh 3HaUEHUE HAJICI)KHOCTHU O (TT0 YKa3aHUIO MPEroiaBaTes).
6. Onpenenuts no tadauue CThroeHTa t,(n) ¥ BBIYUCIUTH MPAHULIBI JOBEPH-

TenbHOrO MHTepBana A =t (n)Asy.

AL . .
7. BBIYUCIUTH OTHOCUTEIBHYIO MOTPEHIHOCTh & =-—. 3HAu€HWE HailJeHHOU

(4)

BEJIMYMHBI A UCITOJIB30BaTh B pacucrax, HCO6XO)II/IMBIX B CJICAYIOIIEM YIIPA)KHCHHUH.

Ynpaxunenue 2

@payHneopeposa oupparyus 1a3eproco uny4eHus
HA MATBIX KPY2IbIX YACTUYAX

MOHOXpOMaTUYECKUH, XOPOIIO KOJUIMMUPOBAHHBIA U MPOCTPAHCTBEHHO KO-

TePEHTHBIN JTyY Jla3epa JaeT BO3MOXKHOCTh HEMOCPEICTBEHHO HAOMI01aTh qudpak-
LU0 CBETA HA KPYTJIBIX YAaCTHUI[AX.
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J5is TOro 4To0b! yriibl qudpakiui Ha YacTUIAaX ObLIM 3HAYUTENbHBIMH, pa3-
Mep YacTHIl JOJKeH ObITh ManbiM. OJTHAKO €ClIM B CBETOBOM Iy4YOK MOMECTHUTH
OJIHYy MaJlyl0 4acTHIly, TO JJaBaeMyI0 i Ha yAaJeHHOM 3KpaHe AU(PPaKIUOHHYIO
KapTUHY HaOmioaath OyneT TPyAHO, T.K. KapTHHA OyAeT MpPOEKTHUPOBATHCS Ha
CBETJIbIN (JOH, CO3/IaHHBIN YaCTHIO CBETOBOT'O My4YKa, HE UCTBITABIICH TUDPAKIHIO.

JlJis moMy4eHus] XOpOIIO BUIUMON NU(PPAKIIMOHHON KapTUHBI HYXHO TMOMe-
CTUTh Ha IIyTU CBETOBOIO ITy4Ka MHOXECTBO XaOTUYECKH PACIIOJI0KEHHBIX OJIMHA-
KOBBIX YacTull. B caMom Jfiene, mocKobKy uccienyercst gppayHropeposa audpak-
1y, Jir00ask OTJeNbHAs YacTHUIA, HE3aBUCUMO OT €€ IOJIOXKEHUS B IIOCKOCTHU IO-
IIEPEYHOTO CEUEHUsl CBETOBOI'O IydKa, JA€T OJUHAKOBOE paclpeneicHue audpa-
TMPOBAHHOIO CBETA.

IIpy OTHOBPEMEHHOM IIPUCYTCTBUU B CEYEHHMHM ITy4YKa MHOTHX YacCTHUI, yTJIO-
BOE paclpeziesieHue JUPpparupoBaHHOrO CBETa, CO3/1aBa€MOI0 KaXkJ10i yacTuiei B
OTZIETTbHOCTH, HE HAPYILIAETCS, €CJIM HET CHCTEMaTHYECKOTr0 HHTEPPEPEHIIMIOHHOTO
s dexTa Mexay CBETOBBIMU ITyYKaMH, THPPArupoBaBUIMMU Ha Pa3HbIX YacTHUIIAX.

Ecny B mIOCKOCTH MOMEPEYHOTO CEYEHHsI CBETOBOIO IyYKa YaCTULBI PACIO-
JIO’KEHBI XaOTHYECKH, TO B CHIIy PaBHON BEPOSITHOCTH BCEX 3HA4YE€HHH (a3 BOJIH,
Iu(parupoBaHHbBIX 0 PA3JMYHBIM HANpPaBJICHUSIM, CKJIAAbIBATHCS OYyAYT TOJBKO
MHTEHCUBHOCTU CBETOBBIX MYYKOB, TU(parupoOBaHHbIX HA pa3HbIX yacTulax. J(u-
¢paxkuuonHas kaptuHa oT N yacTHIl ycuIuTCs MO MHTeHCUBHOCTH B N pa3 mo
CPaBHEHHUIO ¢ TU(PaKIUOHHON KApTUHOM OTIENbHON YaCTHIIbl, HE U3MEHss CBOEH
CTPYKTYpPBL. DTO OOCTOATEIBCTBO U UCIOJB3YETCS B HACTOSIIEM SKCIIEPUMEHTE.

YcTaHoBKa ocTaeTcsl TOH ke, UTO M B YIpaKHEHUH |, HO BMecTO Tu(paKLu-
OHHOM pEIIETKU Ha PEUTEPE YCTAHABIMBACTCS ONPABKA CO CTEKJISIHHBIMU IJIACTH-
HaMH, MEXJIy KOTOPbIMH HAalbUICHbl YaCTMYKHU JMKOMOJUS (CHOpBI pacTeHUus
1JIayHa), MpeCTaBIsomue co00 Mapuku, TPUOIU3UTEIHPHO OJIMHAKOBOTO MaJlo-
ro pasmepa.

Ha skpaHe mocie BKIIIOYEHHs Jia3epa MOXKHO OyAeT HaOJtonaTh CHCTEMY
KOHLICHTPUYECKUX CBETJIBIX M TEMHBIX TU(PAKIIMOHHBIX KOJEL, OKPYKAOIINX
CBETJIBIN KPYT.

YT0BBIE painyChl Oli TEMHBIX KOJIEL TOAYUHSIOTCS COOTHOLLICHUSIM:

sina1:0,61%; sinaszl,llé, sina5:1,62%. 4)
YrnoBbIe painyChl Olj CBETIIBIX KOJIEL]
sina2=0,82%; sina4=1,34%, (5)
r7e I - paJlyC YacTHUIIbl, BEI3BABIICH TU(PAKIINIO CBETA.
3HaueHHUA SinOCi pacCYUTBIBAOTCS U3 YCIIOBH:
sinaiztgai:%, (6)

rae Di - nuHelHBI AuaMeTp COOTBETCTBYIONMIETO AU(MPAKIIMOHHOTO KOJblla Ha
AKpaHe; L - paccTosiHuEe OT CTEKJISIHHOM IJIACTUHBI JI0 IKpaHa.
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Ilopsoox evinonnenus ynpasxcrenus 2
u 0bpabomra IKCNEPUMEHMATILHBIX OAHHBIX

1. Usmeputh muametpbl nepBoro (Di) um Broporo (D3) TeMHBIX Kojel mpu
pasnuYHBIX pacctosiHUAX L. Pesynprare 3anecTn B TadI. 2.

2. IToctpouts rpaduk 3aBucumoctd D = f(L) amsa xaxmoro u3 audpakimoH-
HBIX MUHUMYMOB, T.¢. D1 = f(L) u D3 = f(L).

3. OmpenenuTh TAHTCHCHI YIIIOB TU(PAKIIUU, COOTBETCTBYIONIUX MTEPBOMY U
BTOPOMY TEMHOMY KOJIbILY, HCTIONB3Ys hopMyiy (6), U cpeiHee 3HauUeHUE pajmyca
YJACTHUIIBI C TIOMOIIBIO COOTHOIICHUH (4).

4. OnpenenuTs MOrPEeIIHOCTh U3MEPEHHA. 3alrcaTh OKOHYATEIbHBIA PE3yJib-
Tat B BUJE I = <>+ <Ar> (m).

5. CaenaTh BBIBOJIBI IO paboTe.

TaoOnuma 2

Ne L, | Dim | D2,m | tgou tgo ry, M r2, M | (Sr>%Ar), m €,
OIIbITA M %
1
2
3

7. KOHTPOJIBHBIE BOITPOCHI

1. O0BsiCHUTE NPUHIUIT JEHCTBUS U KOHCTPYKIIUIO Ta30BOTO Ja3epa.

2. Chopmynupyiite nmpuniun [roirenca - @penensa. Kak oH mpumensiercs
IIpU U3y4eHHUHU sBieHUI Tudpakiuun? Yto takoe 30Hb1 Openens?

3. B wem 3axmouaercs qudpakius @paynrodepa n nudpakius Openens?

4. IlomyunuTte ycinoBUs IJIaBHBIX MaKCHUMYMOB, MMOOOYHBIX MaKCUMYMOB JIJIs
Tu(hPaKIIMOHHON PEIIETKH.

5. IomyuunTe yCia0BHs IIIaBHBIX MAKCUMYMOB TIpH JUGPAKITUU CBETA HA IIEIIH.

6. Uto Takoe paspemiaromas cuia I1u(pakiiMOHHON PEeIIeTKU U KaK OHa U3Me-
HSETCSA C U3BMEHEHUEM YHCIIa IeJIen?

7. Uto Takoe TuHEHAas1, yrioBas JUCIepcur TU(PPaKIMOHHON PEIIETKH U KaK
OHM OIPENIEIA0TCA?

8. O0mwsicuute audpakiuio dpayHrodepa Ha cCHUCTEME MaJIbIX KPYTJIbIX Ya-
ctull. Kak 3aBUCUT MHTEHCUBHOCTH AUPPAKIUOHHON KapTUHBI OT YKCIa YacTull?
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JABOPATOPHASA PABOTA 31

MN3YYEHUE BPAINEHUS IIVIOCKOCTU ITOJIAPU3ALIMU CBETA
OIITUYECKUN AKTUBHBIM BEHIECTBOM

1. HEJIb PABOTHBI

1. HabOmronenue siBJICHUS! BPAILEHUS TUIOCKOCTH TMOJISIPU3allMM CBETA PACTBO-
pOM caxapa.

2. OmpezneneHue KOHILIEHTPAllMM caxapa B pPacTBOpax IO YIiy MOBOPOTa
IJIOCKOCTH TMOJISIPU3aLMU CBETA.

2. BUBJIMOT'PA®USA

1. CaBenneB M.B. Kypc dusukm: y4ue6. mocobue st CTyIeHTOB BTy30B. - [B 3-x
T.]. - T.2: DnexkrpruuectBo u maruetnsM. Bonnsl. Ontuka. - M.: Hayka, 1989. - 496 c.

2. Tpopumona T.U. Kypc ¢usuku: yue6. mocodue nmnst By3os / T.M. Tpodu-
MoBa. - 19-e u3n. - Axkagemus, 2012. - 560 c.

3. Hetnad A.A., SABopckuit b.M. Kypc ¢usuku. - Axkagemus, 2009. - 720 c.

3. TEOPETUYECKOE BBEJIEHUE

Caer npeacTasiisieT cOO0M MOMEPEUHYIO 3JIEKTPOMAarHUTHYIO BOJIHY, KOTOpPast
XapaKTePH3yeTCsl HATPSHKCHHOCTSME JJIEKTpHIeckoro E u marauroro H moueii.
Bekropsl Eu H Kkomne6moTest Bo B3aMMHO IEPICHIMKYISPHBIX HAINPABICHHSX B
OJMHAKOBOH (hase, a CKOPOCTb PACIPOCTPAHEHHs BONHBI V IEpIIeHIHKYISpPHA
BEKTOpaM EuH (pucynok 1). [TosTomy 11st onKrcaHusi 3aKOHOMEPHOCTEN MOJs-
PU3AIAN CBETa JOCTATOYHO 3HATH IOBEICHHE JIHIIb oHOro Bektopa (Emmn H).

OOBIYHO BHIOMPAIOT BEKTOP E, Ha3wIBas ero CBETOBBIM BEKTOPOM, TaK Kak (U3HO-
JIOTUYecKoe, (POTOXUMHUYECKOE U (POTOAIEKTPUUECKOE IEUCTBUS CBETA BBI3BIBAIOT-
s K0JIeOaHUSIMU UIMEHHO 3TOTO BEKTOpA.

i

Pucynox 1

CseToBas BoJHaA CKJIaAbIBACTCA M3 MHOKCCTBA HC3aBUCHMbBIX CBECTOBBIX U3J1Yy-
YCHUM OTACJIBbHBIX aTOMOB, ITIOOTOMY PAa3JIMYHBIC HAITPABJICHUSA KoeOaHus BCKTOpa

E B Helt paBHOBeposATHBL. CBET CO BCEBO3MOKHBIMH PAaBHOBEPOSITHBIMU OPHCHTA-

MUAMH BEKTOpPa E Ha3niBaeTcs ecTECTBEHHBIM. CBGT, B KOTOpOM KojeOaHMs CBe-
TOBOT'O BCKTOpa KaKHUM-TO O6p8_30M YHOPAAO0YCHBI, HA3BIBACTCA ITOJAPU30BAHHBIM.
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Ecin xone0aHusi CBETOBOTO BEKTOPA MPOUCXOAAT TOJBKO B OJTHOM IJIOCKOCTH, TO
9TO IIOCKOTIOMSAPHU30BAHHBI CBeT. IT0CKOCTB, B KOTOPOH Koenercs BekTop E

Ha3bIBACTCS IJIOCKOCTBIO KoyieOanuid. [17I0CKOCTBIO TOAPHU3ALMH  HA3BIBACTCA
MJIOCKOCTh, B KOTOPOW KOJIEOJIETCS BEKTOP H . Eciu BEKTOP E menstercs co Bpe-
MEHEM TaK, YTO €ro KOHEI[ ONMMUCHIBACT JUIHIIC, JICKAITUIN B TIOCKOCTH, IIEPIICH TH-
KYJIIPHOH JIydy, TO CBET SBJSCTCS SJUTUITUYCCKH MOJIIPU30BAHHBIM, €CJIA KPYT -
HOJISIPU30BAHHBIM 110 KPYTY.

A A

Ay

[InockocTh ONIpPH3AITI

Pucynok 2

[Tonmapru30BaHHBINA CBET MOJIYYAKOT C MOMOIIBIO HNOJISIPU3ATOPOB, MPOITYCKAIO-
X KOJ€OAaHMs TOJIBKO OMNPENEIECHHOrO HalpaBieHUsl (KPUCTAJIbI UCIAHJICKOTO
mmnara, TypMaJlHa, KBapia, nojaspouisl). [lomsipusaTtopsl cBOOOAHO MPOMYCKAOT
KoJIeOaHusl, MapaieJbHble MJIOCKOCTH, HAa3bIBAEMOW IUIOCKOCTBIO MOJISIPU3ATOPA,
Y TIOJIHOCTBIO 33/ICPXKUBAIOT MEPIICHIUKYIIsIpHbIC K Hell. Konebanus ¢ aMImuTynoi
A, coBepuiaromMecs B INIOCKOCTH, 00Opa3yoliel yroi ¢ ¢ MIOCKOCThIO MOJISIpU3a-
TOpPa, MOKHO Pa3JIOKUTh HA JIBAa KOJIEOAHUs C aMIUIUTYJaMu

A =Acosp u A =Asing
(puc. 2). IlepBoe konedaHue mpoiaer uyepes npudop, a BTopoe OyJeT 3a/ieprKaHo.
NHTEHCUBHOCTH NIPOILIEAIIEN BOJIHBI

A’ =A% cos® p=1cos® p.

B ecTecTBeHHOM cBeTe BCE 3HAYEHUS (P PABHOBEPOSITHBI, IOATOMY J0JIs1 CBE-
Ta, NPOLIEAIIEr0 4Yepe3 NoJspu3aTop, OyAeT paBHA CpeAHEMY 3HAUYECHHIO
cos® @ = 1/2. TIpu BpaleHUH MOJAPU3ATOPA BOKPYT HANPABJICHHS €CTECTBEHHOTO
Jy4ya UHTEHCUBHOCTb MPOLIEIIEr0 CBETAa HE U3MEHSETCS, & MEHATHCS OyJIeT JIMILb
OpHUEHTALMSI IIJIOCKOCTHU €Tr0 KOJIeOaHUH.

Ecnu Ha monsipuzaTop majgaeT miIOCKONOISPU30BAHHbIN CBET aMILTUTYIbI Ag U
WHTEHCUBHOCTH lo , TO mpoiimer cocraBisiomias KoJeOaHWS C aMIUTMTYAON
A =Ay COS ¢ ¥ MHTEHCHBHOCTH IpolIeero ceera passa | =1, cos? ¢. D10 co-
OTHOILIEHHE Ha3bIBaeTcsi 3akoHOM Maimtoca. Ilpu Hanuuue AByX MOJSIPU3ATOPOB,
IUIOCKOCTH TOJISIPU3AIMHI KOTOPBIX 00pa3yroT Yyroil ¢, U MaJeHUH Ha MepBbIil ecTe-

o 1
CTBCHHOI'O CBC€TA, N3 MCPBOIr'0 BHIMACT CBET HHTCHCHUBHOCTHU Elecm. , 4 U3 BTOPOIro —

I\)ll—‘

1
. cos’ . pu ¢ =0, Inax = Elecm" npu go:% Imin= 0 - mossipu3aTopsl
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ckpetieHsl. [Ipu BpalieHun BTOpOro moyisipu3aTopa BOKPYT HampaBieHUs Jyda 0y-
JIEM HaOII01aTh U3MEHEHNE NMHTEHCUBHOCTHU CBETA OT Imax A0 Imin
[lonspu30BaHHBIM CBET MOXXHO NOJYYUTb U NPH NALEHUHA E€CTECTBEHHOTO
CBETa Ha rpaHully pas3jelia IByX AUAIEKTPUKOB (HapHMeEp, Ha MOBEPXHOCTh CTEK-
JSHHOM TUTaCTHHKM). Eciiv yrona majeHus OTJIMYEH OT HyJs, TO OTPaXKEHHBIA U
MPEJOMJIEHHBIN JTy4u OyAYyT YaCTHYHO MOJISPU30BaHbl. CTENEeHb MOISPHU3ALNH 3a-
BHCHUT OT yrua najeHus. J[. bprocrep ycTaHOBUII, YTO IIPU yIJIe MaJCHMUs, OIpeie-

JSIeMOM COOTHOIIeHUeM tg | =n—2, OTPaXEHHBIN JyY IMOJTHOCTHIO MOJSIPU30BAH
1

(COIEPKUT TOJIBKO KOJIeOaHUsI MEPHEHAUKYISIPHBbIE IIOCKOCTH TAaJIeHUs), a Tmpe-

JIOMJICHHBIN - 9acTU4HO (puc. 3). OTpakeHHbIH U MPETOMIICHHBIN Jy4l B3aUMHO

nepneHauKysspHbl. CTeneHb MOJIIpU3alii MPEJIOMIIEHHOTO Jydya MOKHO YBEJHU-

YUTh, MPOMYCTUB €ro 4epe3 Ha0op MapauieIbHbIX CTEKJISHHBIX TUIACTHHOK, Ha3bI-

BaeMBII CTOMOMU.

Pucynok 3

Bce npospaunble KpucTaibl (KpoMe UMEIOIUX KyOHMYECKYI0 peleTKy) 00-
Jaal0T CHOCOOHOCTBIO JBOMHOIO JIydelpeslioMIICHUs], OOHAPYKEHHOTO BIIEPBBIC
D. bapToNMHOM B KpHCTAIIE HUCIAHJICKOrO Mmara. J[BOMHOE JydenperoMIIEeHUE
3aKJIFOYAETCS B TOM, YTO B KPHUCTAJUIE JIyd CBETA pasleisieTcs Ha J1Ba: OOBIKHOBEH-
HBIU (0) U HCOOBIKHOBEHHEIH (€) (puc. 4).

e

o

Pucynoxk 4

OOBIKHOBEHHBIN INOOJYHUHACTCI BCEM 3aKOHaAM I‘GOMGTpPI‘IGCKOfI OIITHKH, a HEC-
OOBIKHOBEHHBIA HE JIEKUT B OJTHOM IJIOCKOCTH C MaJa0IIHM JIy4OM U HOpMaJIbIO K
sini,
sini,
IIpru UISMCHCHHUHU yTJIa MaJCHHA i1. O)IHaKO, B KpUCTAJJIC €CTb HAIIPpAaBJICHHUC, BAOJIb
KOTOpPOIr'0 JIy4Hd PacCIpOCTPAHSIOTCS C OAMHAKOBOM CKOPOCTBIO, HE Pa3JeiIssCh.
JIrobas mpsmasi, mapajsiesibHas JaHHOMY HAMNpPaBJICHUIO, SBISETCS ONMTHUYECKON
OCbKO KpHCTAJIA. HJIOCKOCTB, npoxondmas 4epe3 JIyd U OITUYCCKYIO OChb KpH-
cTajlyia, Ha3bIBaACTCs TJ1aBHOM IIOCKOCTRIO. O0a JIy4da IIJIOCKOIIOJISIPU30BAHBI, ITPH-

I'panunc pasaciia Cpea U i1 HCTO OTHOLICHHUC HC OCTAaCTCiA IIOCTOSAHHBIM
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4YeM HEOOBIKHOBEHHBIN B TJIaBHOM IJIOCKOCTH, 2 OOBIKHOBEHHBIN MEPIIECHINKYIISP-
HO K Heil. KpucTamiel ObIBatOT OJHOOCHBIE U IBYOCHBIE.

J{nst mostydeHust MOJISIPU30BAHHOTO CBETA OOBIYHO MPUMEHSIIOT IPU3MBI U T10-
asipouibl. [Ipu3Mel gendrcs Ha NOJSIpU3AUOHHbBIE, JAKOIIME TOIBKO IIOCKO IMOJIS-
PU30BAaHHBIN JIy4 U JBOSKOINPEIOMIIIONINE, JAIOIIUE JBa JIy4a, MOJSIPU30BaHHBIX
BO B3aUMHO TMEPIEHANKYJSIPHBIX IUIOCKOCTSAX. [IpuMepoM mosisipu3aliuOHHON
IPU3MbI MOXKET CIYXKUTh npusma Hukoms, npeacTasisiomas co0oi ABe MPU3MbI
U3 UCJAHJCKOTO IIMAaTa, CKICCHHbIE KaHAJCKUM Oanb3aMOM (CMOJ000pa3HOE Be-
IIECTBO, TIOJy4aeMoe U3 KaHaJCKOW muxThl, ¢ N = 1,55) (puc. 5). OObIKHOBEHHBI
Jy4d Ha TpaHMIle AB WCHBITHIBAET MOJTHOE BHYTpEeHHEe oTpaxeHue (Ng=1,66) u mo-
rJIoIaeTcs 3a4epHEHHON OO0KOBOM moBepXHOCThI0O CB. HeoOBIKHOBEHHBIN BBIXO-
JUT MapajuIeNIbHO MAIAI0IIEMY JIyYy, HE3HAUUTEIIbHO CMECTUBIINC.

JIBOSIKOTIPEIOMJISIIOIINE KPUCTAUIBI 001a/1al0T CBOMCTBOM JUXPOU3MA, TO

€CTb Pa3JIMYHOTO TOTJIOICHHUS CBETa B 3aBUCHMOCTH OT OpUEHTaluu BekTopa E.
Hanpumep, nnacTuHka TypMajiuHa TOJLIMHOW 1 MM moriomaer oObIKHOBEHHBIN
1y, IPOIYCKasl TOJIBKO HEOOBIKHOBEHHBIN. Pa3zinuure B MOTIOMEHNH 3aBUCUT U OT
JUIMHBI BOJIHBI, YTO JTA€T Pa3JINYHYI OKPAaCKy KpUCTAJLIa 10 Pa3HbIM HAlpPaBJICHU-
SM TIpU OCBELICHUM €ro OesIbIM CBETOM. J{MXpOMYHbBIE KPUCTAILIBI MPUMEHSIOTCS
IIPY U3TOTOBJICHUH NOJIIpOUIOB. [IprMepom Moasponia MOKET CIYyKUTh TOHKas
IUIEHKA U3 LIEJUTYJIONa, B KOTOPYIO BKpAruIeHbl KPUCTAUIMKK repanatuTa (cepHo-
KHUCJIOTO MOAXUHMHA). Takas MIeHKa Npy TOJILIUHE OKOJIO | MM MOJHOCTBIO MOTJI0-
11aeT OOBIKHOBEHHBIE JIy4d B BUAMMOW 00s1acTH criekTpa. [lonsiponabl MOryT HMETh
OO0JIBIIYIO TUIONIA/Ib, HO OHH MEHEE PO3PAavyHbl U TEPMOCTONKH, YEM MPU3MBI.

A D

Pucynoxk 5

OnTUYecKyro aHU30TPOIMHUI0O MOKHO MOJYYUTh M MCKYCCTBEHHO. ONTHYECKU
M30TPOIHBIE BEUIECTBA CTAHOBATCSA aHU30TPOMHBIMHU IO/ IEWCTBUEM:

1) OAHOCTOPOHHEIrO CXKATUS WU PACTSHKEHHS (KpUCTAJIbI KyOMYECKOM CH-
CTEMBbI, CTEKJIA);

2) BAEKTPUYECKOT0 NoJisi (KUAKOCTH, aMOpP(HBIE TeJa, Ta3bl);

3) MarHUTHOTO MOJs (3KMJIKOCTH, CTEKJIA, KOJUTOUbI).

Hekoropsle BemecTBa (HanpuMmep, KBapll, caxap, KHHOBapb, BUHHAsA KUCJIOTA,
ckunuaap) o0JanalT COCOOHOCThIO MOBOPAUYMBATh IUIOCKOCTH MOJSPU3ALMUA U
Ha3bIBAOTCS ONTHUYECKH aKTUBHbIMU. OHM pa3leistoTCs Ha MpaBo- U JIEBOBpalla-
romue. Bpamenue miockocTu nosgpu3anuu 0eu10 00bsicaeHo O.dpenenem. [no-
CKOIOJIIPU30BaHHBIN CBET MOYKHO pPAacCMaTpyBaTh, KaK HAJOKEHHUE JIBYX JIy4eH C
OJIMHAKOBOW YaCTOTOM M CKOPOCTBIO PACIPOCTPAHEHHUS, HO IMOJISIPU30BAHHBIX 10
KpYyTy BIPaBO U BJIE€BO. BceliecTBUE HANOXKEHUSI CBETOBBIX BEKTOPOB 000OMX KOJIe-
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—

OaHuil pe3ynpTUpPYIOIIMNA BeKTOp E, B Kaka0ol TOYKe MoJisd pacroiaraercs B of-

HOM IJIOCKOCTH. B onT4ecKkn akTMBHOM Cpelie CKOPOCTh pACIPOCTPAHEHHUSI JIyUEH,
ITOJISIPU30BAHHBIX I10 KPYTY BIIPABO M BJIEBO, pa3iMyHA. B Takux cpepax pesysb-

—

TUpYIOIU BeKTop E oTkioHsiercs oTHocuTenbHo E, Ha yroa trem Oosbiuuni, uem

Oouibllle IIMHA ITyTH CBETA B JAHHOM cpeje.
JInst BeNW4MHBI yIila MOBOPOTa IUIOCKOCTH MOJIIPU3ALUKN PACTBOPOM IKCIIE-
PUMEHTAJIBHO YCTAHOBJIEHA CIIEYIolIas 3aKOHOMEPHOCTb:
a=qaycl,
TIe ¢, - yAeJIbHas MOCTOSHHAs BPAICHHUS, ¢ - KOHLEHTpAaIua pacTBopa; | - miuHa
IyTH JIy4a B pacTBOpE.
WsmepuB «, | 1 3Hag @y, MOKHO OTIIPENICITUTH KOHIIEHTPALIUIO pacTBOPA.

4. MTPUBOPHI U NTIPUHAVIEZKHOCTH

1. CaxapumeTp yHUBEpCATbHbIN.
2. lonspumeTtpudeckas TpyOKa.
3. PacTBOpHI caxapa pa3nuyHOM KOHIIEHTPAIUH.

5. OIIMCAHME YCTAHOBKHA

Onrtuyeckasi cxeMa yHUBEPCAJILHOIO caxapUMeTpa IpecTaBieHa Ha puc. 6.

Pucynok 6

3nech 1 - anekTpuyeckas JJamMrnoyka; 2 - cBeTopuiIbTp; 3 - MaTOBOE CTEKIO; 4
- KOHJIEHCOpHAas JuH3a; 5 - noJysipuzatop (mpusma Hukomns); 6, 7 - TpyOka ¢ pac-
TBOPOM caxapa; 8 - HEeMOABIWKHBIA KBapleBbid kiuH; 9, 10 - moaBmKHBIE KBapIie-
Bble KJIMHbs. KBapiieBbie kiuHba 8, 9, 10 06pa3ytotr komneHcaTop. Kiun 8 caenan
13 JICBOBPAILIAKOLIErO KBapua, a kiauHbd 9, 10 - u3 npaBoBpamaromero. Mensis Ha
MyTH Jiy4a TOJMMHY KiMHa 10, MOXHO MOBOpauyMBaTh IUIOCKOCTh MOJISIPU3ALUU
CBETa BIIPaBO Ha pasznuyHble yribl. 11 - aHanuzaTop, 0OHAPYKUBAIOIIHUIA TOBOPOT
IJIOCKOCTH MOJSPU3ALIUY.

Jiis OoJblelt TOUHOCTH PE3yNIbTaTOB B caXapuUMeTpax HCIOIb3YIOT "TOTyTe-
HeBble" aHaMM3aToOphL. JIJIsi U3TOTOBJICHUS TAKOTO aHanu3aTopa oObrYHBI HukOIH
PEXYT BIOJIb AMATOHAIM, IPOXOAAIIEH Yepe3 TYMbIE YIUIBl U Y KaXX10M MOJOBUHBI
COLUTM(OBBIBAIOT MO HEOOJBIIOMY KIMHOOOpPA3HOMY CJIO0, @ 3aT€M 3TH IOJIOBH-
HbI ckiienBatoT. Kosnebanus, mpormyckaeMble MpaBoi U JIEBOW MOJOBUHAMU TaKOTO
aHAJIN3aTOpa, COCTABISIOT MEXITY c000i HeOOIbIIoN yroa. Ecim miockocTs Koie-
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OaHMil BeKTOpa E NEPHEeHAUKYJIIPHA MJIOCKOCTH CKJIEUBAHUS MOJIOBUHOK ITPU3MBI,
TO TH TOJOBUHKU aHAJIU3aTOpa OCBEIEHbI paBHOMEpHO. [Ipu moBopore Mmiocko-
CTH KOJeOaHMI Ma/Ialolero Jiyda OJJHOPOJHOCTh OCBEeIlleHUs Hapyiaercs. 12, 13 -
JIMH3bI OOBEKTHUBA 3PUTEIILHON TpyObl; 14 - OKyJIsAp 3pUTEIbHOU TPYOBI. 3pUTEIIb-
Has TpyOa JaeT yBenndeHHOe U300pakeHue JIMHUU pa3jielia Mol 3peHust mpudopa.
15 - oTpaxkarenpHas MpU3Ma, MOBOPAYMBAIOIIAs JIyd CBETa OT JAMIIOYKH Ha YroJl
90° s ocBelIeHus NIKANIBI IPUOOpPa. 16 - 3aMIMTHOE CTEKIIO, PACCEUBAIOILEE CBET.
17 - mkana, 18 - Honmyc. 19, 20 - nyna, coctosimas u3 AByx jauH3. [llkana 17 cBs-
3aHa C MOJBUHBIM KBaplEBbIM KIMHOM, MO3TOMY CMEIICHHE KJIMHA MPONOPIIHO-
HaJIbHOE YIIIy MOBOPOTA IJIOCKOCTU MOJIIpU3AIMH, NepelaeTCs Ha IKaIy U OTCUH-
THIBAETCS IPU MOMOIIH JTYTIBI.

OCHOBHBIMHM YacTsIMU NpUOOpa SBJISIIOTCS y3€Jd M3MEPUTEIHLHOM TOJIOBKU U
OCBETHUTENIbHBIN y3€Jl, COEIMHEHHBIE MEXTYy COOOI TpaBepcoi, Ha KOTOPOW YKper-
JieHa KaMepa i oJIIPUMETPUYECKUX TpyOok. B HIbkHEN 4acTu u3MepuTeIbHOU
TOJIOBKM HAaXOJUTCS PYKOSITKA KPEMaJIbEpPHOM Iepenayd g MEePEMEIICHHS T10-
JBM>)KHOTO KBapIl€BOTO KJIMHA U IIKAJIbI.

B caxapumetpe npumensetcs mkana Benrike. Caxapumertp nokassiBaeT 100,
KOTJIa B IOJISAPUMETPUYECKYI0 TpYOKy ammHoi 200 MM mpu 20° C Hamut pacTBop,
coaepxanuii B 100 cm® 26,026 T XUMHYECKH YUCTOH caxapo3bl. OTCIo1a CJIEAYET,
YTO JIsl MOJYyUYEHHS] KOHIIEHTPAIlMU pacTBOpA HY>KHO OTCUMTAHHBIE TI0 IIKaJe Ipa-
nychl yMHOKUTH Ha (0,26026.

6. HOPAAOK BBIIIOJIHEHUS PABOTbI

1. BKJIIOUHTH caxapuMeTp B CETh.

2. OTperynupoBath OKYJISIpHI IO TJ1a3y HaOMto1aTens Tak, YTOOBI YeTKO Oblia
BUJIHBI BEPTUKAIbHAS JIMHUS, PA3JICTISIONIas 1MOJIe 3pSHHS Ha JIBE MOJOBUHKH,
MITPUXHU U TUPPHI TITKATIBL.

3. IIpoBepuTh ycTaHOBKY MpuOOpa HA HYJb. [10JIOBUHKY OIS 3pSHUST JOJIK-
HBI OBITh OJJMHAKOBO OCBEIIEHBI TIPY COBMEIICHUM HYJICH IIKaJIbl U HOHWYCA, €CITH
B KaMepe OTCYTCTBYET MOJISIpUMETpUIECKast TpyOKa.

4. B xamepy npuOopa MOMECTUTh MOJSIPUMETPUIECKYIO TPYOKY C OJTHUM M3
pacTBOpoB. IIpu 3TOM HapymIaeTcss OJHOIBETHOCTH IMOJOBHHOK 3peHMs. Bpamas
PYKOSITKY KpeMaJlbepHOUW Tepenadn AOOUTHCS OJUHAKOBOW OCBEUIEHHOCTH TOJIS
3penus. [Ipon3BecTy oTcUYEeT MoKa3aHuil ¢ TouHOCThIO 10 0,1 neneHus mkansl (pu
OMOIIIM HOHMYca). I3MepeHus moBTOPUTH TPH pasa.

5. 3mepuTh MO TpHW pasa yIJIbl MOBOPOTA IUIOCKOCTH TOJIIPU3AINHA BCEMHU
pacTBOpaMH caxapa ¥ JIaHHbIE 3aHeCTU B TaoOuI. 1.

6. Jlis KaxIoro pacTBopa HAMTH cpefHee 3HA4eHHEe <o> W 1o (opmyne

Z .
c= ﬁ ONpEEUTh KOHIIEHTPALIMIO B KI/M°.

<
7. Ilo dopmyne < gy >=

| BBIYUCIINTL YACJIBbHYIO ITOCTOAHHYIO Bpa-
C-

IICHHUS.
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n
ZOloi

8. OnpenenuTth cpeiHee 3HAUCHUE o=

n
9. Haifti abCOMIOTHBIE TOTPEITHOCTU < gig>=< ag>—agi X CPETHIOI0 abCOIIOT-

n
Z‘AOK Oi‘
HYIO MOTPEIIHOCTD < Ay >=it .
10. PesynwTar 3anucarhb B BUJIE
< >
<Aao> .100%.
< Ao >
11. OnpenenuTs KOHUEHTPALMIO HEU3BECTHOTO PACTBOPA
<a) >
C= -
Xdo’
12. Tloctpouts rpaduk 3aucumoctu Z = f (o) 1 HalTH IO HEMY KOHIICHTpa-
IIMI0 B MPOIEHTAX JIJI1 HEU3BECTHOT'O PacTBOpA.

A=< >E<A0cp> €=

13. ITo dpopmyne p,= szloo HaWTH IIOTHOCTh PAcTBOPA.

14. Tlonmy4yeHHbIe pe3yabTaThl 3aHECTH B Ta0JI. 1.
Tadonuma 1

Ne| Z, [ p-10%, | o, (@), | C,xr/m’ 00, (oty) Aai,
% | k/m® | °Brip | B “Brurm?/kr | OBpym/kr | OBTICM/KT

7. KOHTPOJIBHBIE BOITPOCHI

1. Kakoii cBeT Ha3bIBaeTCs MOJSPU30BAHHBIM MO KPYTY U JJUIUIICY BIOPABO U
BJIEBO, ITOCKOIOJISIPU30BAHHBIM?

2. KakumMu MeTtomamMu MOXKHO TIOJMYYUTHh TUIOCKOMOJSPU30BaHHBINA cBeT? B
YEeM 3aKJIFOYAETCS SIBJICHUE IBOMHOIO JTyUYEIPEIOMIIEHUS?

3. KakoBsI cBOICTBa HEOOBIKHOBEHHOTO JTy4a?

4. Kak yctpoena mpuszma Hukos?

5. Chopmynupyiite 3akonsl Mantoca u bprocrepa.

6. Kak ycTpoeH noiyTeHeBoi aHainu3aTop?

7. Kakue BemiecTBa Ha3bIBaIOTCS ONTHYECKU aKTUBHBIMU?

8. Kak ycTpoeH caxapyMeTp U B UeM 3aKJII0YaeTCsl MPUHIIUI €T0 JeHCTBUS?
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JABOPATOPHASA PABOTA 32

N3YYEHUE BPAINEHUS IIVIOCKOCTHU HOJISAPU3AIIMU CBETA
B MAT'HUTHOM II10JIE

1. HEJIb PABOTbI
Onpenenenue nocTosHHOM Bepae xunkoctu.
2. BUBJIMOT'PAD®USA

1. CaBenveB U.B. Kypc ¢usuku: yue6. nocobue /s CTyI€HTOB BTY30B. - [B
3-x T.]. - T.2: DnextpudectBo 1 MmaruetusM. Bonnel. Onrtuka. - M.: Hayka, 1989. -
496 c.

2. Tpobumona T.U. Kypc ¢usuku: yued. mocodue s By3oB / T.M. Tpodu-
MoBa. - 19-e n3n. - Akagemus, 2012. - 560 c.

3. Hetnad A.A., SABopckuit b.M. Kypc puszuku. - Akanemus, 2009. - 720 c.

3. TEOPETUYECKOE BBEJAEHHUE

OnTHyueckn HEaKTHUBHBIC BEIECTBA, OyAydH MOMEIICHHBIMU B MATHUTHOE T10-
jie, TOBOPAYMUBAIOT TIOCKOCTH TMOJSIPU3ALAN TPOXOMASIIE CBETOBOM BOJHBI (-
dbext Dapanest). 310 siBIEHUE HAOIIOAETCsl B JIOOBIX MPO3PAYHBIX BEIIECTBAX -
TBEP/bIX, JKUJIKUX, Ta3000pa3HbIX. Takum 00pa3oM, MarHUTHOE TOJIe MPEeBpaIacT
ONTUYECKH HEAKTUBHYIO CpeAy B aHM30TpONHYI. KauecTBeHHOE 00BsicHEHHE 3(-
dbexra Dapajes 3akiodaeTcs B cleayroieM. BzauMoaeicTBie MarHuTHOTO TMOJIst
C TOKaMU OpOUTAJIBHBIX 3JIEKTPOHOB MPUBOAUT K MEPEPACIPENICTICHUIO dJIEKTPOH-
HOTO 3apsijia B aToMax M MoJieKynax. BeneacTBue 3Toro cnocoOHOCTh 3JIEKTPOHOB
coBeplIaTh KoyueOaHUsl MOJA ACHCTBHEM BHEUIHETO MEPHOAMYECKOrO 3JIEKTpHUe-

ckoro moms E craHoBuTes pa3HOM I pa3lIMYHbIX HANPABICHUW JIBUKCHUS Ya-
ctull. Kak M3BECTHO, OTKJIMK AJIEKTPOHOB HA BHEIIHEE BO3JACHCTBHUE OIPEIECISET
CKOpPOCTh PaCHpOCTPAHEHUS JJIEKTPOMAarHUTHOW BOJHBI B cpeae. [lockonbky B
IIPOCTEUILIEM CITy4Yae HaIlPaBJICHUE ABUKECHUS 3aPSKEHHOW YaCTHUILIbI KOJUIMHEAPHO

—

BEKTOpY E, TO CKOpOCTH BOJHBI OyIET 3aBUCETh OT HAMPABJICHUS HANPSHKCHHOCTH
AIEKTPUYECKOTO MOJIs. JIMHEWMHO MOJIIpU30BaHHBIA CBET MOKHO PA3JI0KHUTh Ha CY-
IIEPHO3UIAIO IBYX KOMIIOHEHT, CBETOBBIE BEKTOPBI KOTOPBIX BPAIArOTCSA BO B3a-
MMHO NEPNEHAUKYISPHBIX HAIpaBlICHUSIX. BBUAY pasnuuus CKOpOCTEW pacmpo-
CTpPaHEHMSA DTUX KOMIIOHEHT B MAarHMUTHOM II0JI€ INIOCKOCTH IOJISIPU3ALMHA CBETa
IIOCJIE IPOXO0XKACHUS YEPE3 BEIIECTBO IIOBEPHETCS HA HEKOTOPBIN IO

o= fwcosHIH’ (1)

2cn,

I7€ O - 4acTOTa CBETa; Np - MOKa3aTeab MPEJIOMIICHUS CPEabl B OTCYTCTBUE Mar-
HUTHOTO TI0J1s1 H; C - CKOPOCTh CBeTa B BakyyMe; |- [uihHa myTH CBETa B BEIIECTBE;
@ 11101 - yroa MeXIy HampaBlICHHEM BEKTOpa HaNPSHKEHHOCTH MAarHUTHOTO ITOJIS
Y HaNpaBJICHUEM PACIPOCTPaHEHHs CBETOBOW BOJHBI; f - mocrosiHHAs, 3aBHCAIIAS
oT nipupojsl BemectBa. [locrosianas f MoxkeT OBITH Kak OTpPHUIIATENLHON, TaK U TO-

noxwurtenbHoit. Ecim f > 0 u Bextopsl H 1 k mapamnensHsl apyr apyry (cosé = 1),
TO HANPAaBJICHUE BPAIICHUS TUIOCKOCTH TMOJIIPU3AIMK COBIAJACT C HAIPABICHHEM
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BekTopa K . [Tpy 9TOM, eciiu CMOTPETh BOJIb BEKTOPa K , TOCKOCTh HOMSIPH3AIAH
MOBOpAYMBAETCA MO 4acOBOW cTpenke. Takue BellecTBa Ha3bIBAIOTCS MPaBOBpa-
maronmu. B ciaydae neBoBparnaronux Beriects f < 0, ¥ MI0CKOCTh MOJIIpU3AIH
MIOBOPAYMBAETCS IPOTUB YaCOBOU CTPEJIKHU.

N3 Beipakenus (1) BbITekaeT, yTo aOCONMIOTHAS BEIMYMHA yTJIa MIOBOPOTA ¢

—

MaKCHUMaJlbHa, KOT/1a BOJITHOBOW BEKTOP k KOJUTMHEAPEH BEKTOPY HANPSIKCHHOCTH
fo

marautHoro nons H . Kosdppuument P = 2cng

Ha3bIBAIOT MOCTOAHHOU Bepae.

CremoBarensHo, ipu C0S 6 =1 dopmyiy (1) MOXKHO 3ammcaTh B BUIE
9= plH. (2)
[TogyepkHeM, 4TO MpU 33JaHHOM HANpaBICHUU MAarHUTHOTO TOJIS HarpasJie-
HUE BpAIICHUs IUIOCKOCTU MOJSPU3ALMU (110 OTHOIICHHUIO K BOJHOBOMY BEKTODPY

K ) B citydyae M3MeHeHns 3HaKa K MeHsieTcs Ha oOpaTHOE: IPaBoe BpaIeHHE Tepe-
XOJIUT B JieBoe U HaoOopoT. [loaToMy, eciii Jyd TMPOXOJUT OJUH MYTh JBAXKIbI
(Hanpumep, mocle OTpaKeHUs OT 3€pKaja), TO CyMMapHBIi yroa MOBOPOTa
@ [1Oyner BaBO€E 0OJIbIIIE, YEM MOCIE OJHOTIO MPOXOKICHUS.

4. OIMCAHUME YCTAHOBKH

PabGota nmpoBoauTcs Ha npubope, Ha3piBaeMoM caxapumerpom (puc. 1). Crer
OT JlaMIlbl | MPOXOIUT Yepe3 MONAPU3ATOP 2, UCCIETYEMOE BEIIECTBO 3, KOMIICH-

catop 4 u nmonsipu3arop 3J.
5
——m | %

A
IM-‘- —
Pucynok 1

KomrieHcaTop COCTOUT M3 JBYX KBAPLEBBIX KIMHBEB: HEMOJABH)XHOTO - Ipa-
BOBpAIAIOUIEr0 M MOJBMXKHOIO - JeBoBpalnaromero. Ilepememnias moaBUKHBINA
KJIMH TEPHEHAMKYJISAPHO K ONTHYECKOW OCH MpuOOpa, MOKHO CKOMIIEHCHPOBATh
70001 MOBOPOT MJIOCKOCTH MOJISPU3ALMU B UCCIEAYEMOM BEILIECTBE.

[TonstpuzaTop 5 COCTOMT M3 JIBYX HacTe, IIIOCKOCTU KOTOpbIX P1 u P; (puc.
2) 00pa3yroT Mexay co00M HeOONBIION yroa « . [Ipu nmpoxoxaeHuu MmiIoCKOMOoIs-
PU30BAHHOIO CBETA Y€pe3 TaKOW MOJISIPU3aTOp B MOJIe 3pEHUsl OKyJisipa mpubopa
00pa3yroTcs J1Ba CBETOBBIX MOJIsI CPAaBHEHUSI.

B o6mem ciaydae ammiutyasl A1 U A2 KoiaeOaHuM, NIPOMYIIEHHBIX KaX10H ya-

CTBIO TIOJISIpU3aTopa S5, OyayT pa3audHbl (3TO BUIHO U3 puc. 2, Tae A - CBETOBOU
BEKTOP MAIAIOUIETO MJIOCKOMOISIPU30BAaHHOTO cBeTa). CrenoBaTenbHO, pa3InyHbI-
MU OYIyT U SIPKOCTH OOOMX TOJIEH cpaBHEHHUS. SIPKOCTH TOJICH CTAaHYT PaBHBIMH,

—

€CJIA TUIOCKOCTh KOJIeOaHUN CBETOBOTO BEKTOpa A yCTaHOBUTH CHMMETPHYHO OT-
HOCHUTEJIBHO HampaBieHU P1 n P;. DTO OCYIIECTBISETCA NEPEMEIICHUEM KIIMHA
KOMIIEHCATOpa.
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Pucynok 2

Buenrnuit Buj caxapumeTpa moka3aH Ha pucyHKe 3. 31ech | - ocBeTUTENbHAs
rOJIOBKA, B KOTOPOM HaXOJUTCS JIAMITOYKA, JTUH3a, CBETOPWIBTP U MOIIPU3ATOD; 2
- COJICHOH]I, B KOTOPBIN BCTABISIOT TPYOKY C MCCIETYyEMON KHIKOCTBIO; 3 - M3Me-
pUTENBHBIN y3e1 (B HEM HaXOJUTCA KOMIIEHCATOP, MOISPU3ATOP U KpyroBas IlKa-
Ja ¢ HOHUYCOM); 4 - OTCUETHAs Jyna; 5 - OKyJisp; 6 - pyKosTKa JAJI NepPEeMEIECHUS
MOABMKHOTO KJIMHA KOMIIEHCATOpa W CBSI3aHHOM C HMM OTCUETHOW mKaibl. CTO
JIeNIeHHi OTCYETHOM IIKaJbl COOTBETCTBYIOT yrity 34,620 .

L]
—
4 i O e ¢
g
&

ch
Pucynox 3

CoJieHOM] TTUTAETCA OT CETU Y€pe3 BBIIPSMUTENb, Ha TIEPEIHEH MaHEIu KO-
TOPOTO PAaCIOJIOKEHBI: PETYJISITOp HampsHDKEHUs (CrpaBa), BOJIBTMETP, aMIIEPMETP
Y KHOTMKa (CJeBa) - AJIs MOJKIIOYEHUS COJICHOUIA.

5. HOPAAOK BBIIIOJHEHUSA PABOTBI

1. BkiIroyuTe 3JIEKTPUYECKYIO JTAMIIOUKY caxapumerpa. OTperyaupymure oky-
JSIpBI TI0 TJ1a3y HaOJroAaTeNsl Tak, 4TOObl YETKO ObUIM BUIAHBI BEpTUKAIbHAsS JIU-
HUSI, pa3Ielistonias rnoje 3peHus Ha JIBE TOJIOBUHBI, IITPUXU U [IUGPHI MIKATIBI.

2. IlpoBeprTe ycTaHOBKY IpUOOpa HA HYJb. J[JIs 9TOTO MpU OTCYTCTBUU B Ka-
Mepe MOJISIPUMETPUUECKON TPYOKH, Bpalas PyKOSITKY KpeMallbHOM mepeaad, J10-
OeiiTech MOJIHOM OAHOLIBETHOCTU OOEUX TMOJIOBMH MOJs 3penus. [lpu aTom Hyse-
BbI€ JICJICHUS LKAl U HOHUYCA JOJKHBI COBIIA/IATh.

3. B xamepy mpubopa momMecTuTe MoJIPUMETPUIECKYIO0 TPYOKY C HCCIeaye-
MBIM BEIIECTBOM.

4. Bxmounte Tok li. Bpamenuem anammsatopa mobeitech paBHOMEpPHOM
OCBEIICHHOCTH MOJISI 3pEHMUSL.

5. 3anumuTe OTCYET Mo JUMOYy aHanu3aTopa (3HaA4YE€HHE YIiia ¢ B rpagycax
BenTike).

6. [lepexmroyaTesieM U3MEHHUTE HAMIPaBJICHUE TOKA M 3aUIIIMTE HOBOE 3HAYE-
HUE yria ¢ .

7. YuuTbIBas 3HaK HAMpAaBJICHUS TOJI, ONPEACIIUTE PE3YIbTUPYIOIEeE 3HAUE-
HUE yTIiia
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()=>

0 ~Co)=Slo+o)0.

8. Belpazure 3HaueHus yria ¢

B VYIJIOBBIX MHHYTAX, Y4YHUTbIBAsd, 4YTO

1°Br = 0.3462° yru.; 1° yrmosoii = 60 yri. MuHYT. ¢ yria. MuH = ¢ x0,3462x6001,

9. BKCHepI/IMCHT IIOBTOPUTC IJIXI HCCKOJBbKUX 3HAYECHUM CHUJIBI TOKA.

10. lannbie 3aHecuTe B Ta0d. 1.

TaOonuma 1

Cuna ToKa,
A

r.p. Bru.

rp. Bru.

(o)

1
=lo+9)

rp. Bru.

(o)

YIIL.MUH

H, 4/m

o
yria.MuH/A

11. Hanps>KeHHOCTh MAarHUTHOTO TIOJISI paccuuTaiTe mo Gpopmyre

H =

IN_
L

rae L - nouaa conenonna; N - 41cio BUTKOB.
12. IlocTpoiite rpaduk 3aBUCUMOCTH ¢
13. Ompenenure nocrosiuuyto Bepae p, pasgenuB yrioBoil kodhduimeHT
HAKJIOHA TIPSIMOM Ha JITMHY KIOBETHI .
14. Pe3ynbTaThl SKCIIEPUMEHTAITLHBIX U3MEPEHHH 3aHecuTe B Ta0bn. 1 u cre-
JalTe KpaTKUM BBIBOJI 1O padoTe.

In

6. KOHTPOJIBHBIE BOITPOCBHI

:f(H),FJ:[ego = p|H.

1. Kakoii cBeT Ha3bpIBaeTCs MOJSPU30BAHHBIM MO KPYTY U JJUIUIICY BIPABO U
BJIEBO, ITOCKOIOJISIPU30BAaHHBIM?

OCOoOONO OIS, WN

11. Kak u3 rpaduka ¢ = f (H) onpenensiercs p?

. Kaknmu MeTogaMu MOYKHO MOJIYYUTh IJIOCKOIOISPU30BAHHBIN CBET?
. [losicHuTE sIBIIECHWE JBOWHOTO JIy4EPEIOMIICHHUS.
. KakoBpI cBOMCTBAa HEOOBIKHOBEHHOTO JTyJa?

. OOBsicHUTE YCTPOMCTBO U Ha3HAUYECHHE NMPU3MBbI HUKOJIS.
. Chopmymnupyiite 3akonbl Maitoca u bproctepa.
. O0BsicHUTE YCTPOMCTBO MOTYTEHEBOTO aHAIU3ATOPA.

. Kakue BeniecTBa Ha3bIBAIOTCS] ONTUYECKN AKTUBHBIMHU?
. Kak ycTpoeH caxapumeTp ¥ B Ue€M 3aKJII0YACTCS MPUHIUI €T0 JCUCTBUS?
10. B uem 3akirouaetcst apdext Dapanes?
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JABOPATOPHAA PABOTA 33

NCCIEJOBAHUE ®OTOJJIEMEHTOB C BHEIITHUM
POTOIDPPEKTOM

1. EJb PABOTHBI

N3yuyenue 3akoHOMepHOCTEH BHemHero gororddexra. [loctpoenue BobT -
aMIIEPHBIX U JIFOKC - aMIIEPHBIX XapaKTEPUCTUK BAKyyMHOT'O U ra30HANOIHEHHOTO
($bOTORIIEMEHTOB, ONPEICIICHNE YYBCTBUTEIHHOCTH (POTORIIEMEHTOB.

2. BUBJIMOI'PA®UA

1. CaBenseB U.B. Kypc ¢usuku: yued. mocobue /i CTyA€HTOB BTY30B. - [B
3-x T.]. - T.2: DnextpudectBo u Mmaraetu3M. Bonnael. Ontuka. - M.: Hayka, 1989. -
496 c.

2. Tpodpumona T.U. Kypc ¢usuxu: yued. nocodoue mis By3oB / T.U. Tpodu-
MoOBa. - 19-e m311. - Axkagemus, 2012. - 560 c.

3. Hetnad A.A., SABopckuit b.M. Kypc puszuku. - Akanemus, 2009. - 720 c.

3. TEOPETUYECKOE BBEJIEHHUE

BbIX0J1 37IEKTPOHOB M3 TBEPABIX U KUAKUX BELIECTB IO ACHUCTBUEM KOPOT-
KOBOJIHOBOT'O 3JIEKTPOMAarHUTHOI'O M3JIy4E€HHs HAa3bIBAETCS BHEIIHUM (OTOA(DPek-
ToM. SIBneHue otkpbiTo I'. I'eprieM M 00BsicHEHO A. DWHINTEHHOM Ha OCHOBE
KBaHTOBBIX NPEJICTABICHUI O MPUPOJIE CBETA.

B meramnax BHemHH GoTorhDEKT ABISETCA PE3yNbTATOM B3aUMOACHCTBUS
KBaHTOB CB€Ta - (JOTOHOB C HAXOJAIIMMHUCS BOJM3U MOBEPXHOCTU TEJA AJIEKTPO-
HaMU MPOBOAUMOCTHU. [Ipu CTOJIKHOBEHUHU C OJHUM U3 TaKUX AJIEKTPOHOB (POTOH
nepesaeT eMy CBOIO 3HEpruro. i Toro 4ToObl 3IEKTPOH MPOBOAUMOCTH MOT IO-
KUHYTbh METaJlJ1, 3HEpPTUs (OTOHA JOJKHA TPEBOCXOUTH PadOTy BbIXOAA DJIEKTPO-
Ha 13 MeTaIa (Agyy).

Ha ocHoBe 3aK0oHa COXpaHEHMs SHEPTUU ISl 3JEKTPOH-(OTOHHOTO CTOJIKHO-

BEHUSI MOKHO 3aIlKcaTh COOTHOLIEHHE (YpaBHEHUE DWHINITEITHA)

2
MVmax

hVZAszx"'T : (1)
rae hv- sHeprus GOTOHA; Vimax - MAKCHUMAaJIbHAsI CKOPOCTh (POTOIICKTPOHOB.
Ypasuenue (1) onpenenser, B 4aCTHOCTH, MUHUMAJIBHYIO YacTOTY CBETa V,
(«kpacHasi TpaHuIla ), TPU KOTOPOH e1re BO3MOKeH GoTodDPeKT:
Vo = AT . (2)
Crnengyer OTMETHUTbh, YTO «KpacHasl TPAHMIIA» V, MPEACTaBIIET cOO0H mopor
1151 oqHo(oToHHOTO (hoTodh(dEKTa, TPU KOTOPOM DJICKTPOH BHIPHIBACTCS W3 Me-
TaJia 3a CUeT MOTJIONMIEHUSI OAHOTO (poToHA. BMecTe ¢ TeM, AIeKTpOH MOKET MpH-
o0pecTr TOCTaTOYHYIO JUIS BBUIETA DHEPTHIO TAKXKE U B TOM CiIydae, €Clii 4acToTa
MaJalolero CBeTa MEHbINE V,, HO ISl ATOTO OH JOJKEH «IOTJIOTUTH» JBa, TPU
unu 6osiee poToHoB. OOBIYHO BEPOSTHOCTH JBOMHOTO U TPOWHOTO CTOJIKHOBEHUS

9JICKTPOHA C (bOTOHaMI/I HHUYTOXHO Malia, HO IIpH OOJIBIINX MHTEHCUBHOCTSX CBETA
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B MOITHBIX CBETOBBIX IMyYKax, MOJYYCHHBIX C TTIOMOIIBIO JIA3epOB, BKJIa T MHOTO(]O-
TOHHBIX MPOIECCOB CTAHOBUTCS JOCTATOYHO 3aMETHBIM U «KpacHas TpaHuIay ¢o-
Toad(dexTa Toraa He SIBISICTCS OJTHO3HAYHO OIPEICIICHHOM.

DoT03PPEeKT MUPOKO UCTOTB3YETCSI B HAYKE M TEXHHUKE JJISi PETUCTPALlUU U
U3MEPEHHSI CBETOBBIX MOTOKOB, JJII HEMOCPEICTBEHHOIO MPEe0Opa3OBaHMs IHEP-
MU CBETA B HEPIHUIO AJIEKTPUYECKOrO TOKA, ISl MPeoOpa30BaHMs CBETOBBIX CHUT-
HaJIOB B dJiekTpuueckue. [Ipubopsl, neiicTBrEe KOTOPHIX OCHOBAaHO Ha HUCIOJIb30Ba-
HuU (QorosnekTpuueckoro s dexra, Ha3bIBAIOTCSA (PoTorNeMeHTaMu. BakyyMHbII
(OTO2TIEMEHT TPEACTABISIET COOOM IBAKyMPOBAHHBIA CTEKJISIHHBIA OaJUIOH, 4acTh
BHYTPEHHEW MOBEPXHOCTU KOTOPOTO MOKPHITA CIOEM METajlla, UTPAIOLIEro pob
¢doTokaTosa. B kauecTBe aHO/1a UCTIONB3YETCA METAITMYECKOE KOJIBIIO UITU PeliKast
CEeTKa, TaKXe HaxoJsmascs BHYTpU OayuioHa. DOTO3IEMEHT BKIIOYAETCS B IIEMb
HMCTOYHUKA MTOCTOSHHOTO ToKa. [Ipn ocBeleHnN KaToJa CBETOM B LM BO3ZHUKAET
¢doTtoanexkTprdecknit Tok. OTHOIIEHNE BEIHYHHBI (POTOTOKA Iy K BETMUMHE MaJ1a-
IoIEero Ha ()OTOKATOJI CBETOBOIO MOTOKAa @ HA3BIBAETCS MHTETPaIbHOM YyBCTBH-
TEIbHOCTHIO (DOTOATIEMEHTA

'y
Y D (3)

UyBCTBUTENBHOCTD (DOTODIEMEHTA 3aBUCHUT OT CIIEKTPAILHOTO COCTaBa CBETa
U OT HANpPsDKEHUS, TPUIOKEHHOTo K PoTodieMeHTy. MakcuMallbHOE 3HaYEHUE TO-
Ka g4y, Ha3piBaeMoe (DOTOTOKOM HACHIIICHHS, HAOIFOIACTCS MPU TAKUX HAMpsDKe-
Husix U, korzia Bce 2JIeKTPOHBI, BHIOMBAEMbIE U3 KaTO/1a, TOCTUTAIOT aHO/1a, T.€.

Ipn = en, 4)
rae N - 4uciao (oTOANEKTPOHOB, BhUIETAIONMX M3 KaTona 3a BpeMsa t = 1 c. Ilpu
(OTOTOKE HACHIIIEHUS] YYBCTBUTEIBHOCTD (DOTO3JIEMEHTAa MaKCUMAaJIbHA.

@DOTOTOK HACBIIICHUSI U MHTETPAIbHYIO YYBCTBUTEJIBHOCTh MOXKHO 3HAYHU-
TEJIbHO YBEJIUYUTH IyTEM 3alojHEHUs OaioHa (OTOZJIEMEHTa pPa3pPEKEHHBIM
WHEPTHBIM ra3oM (0O0BIYHO aproHoM) mpu AaBieHusx ot 1,33 mo 13,3 ITla. Takue
(oTO2IEMEHTHI HA3bIBAIOTCS Ta30HANOTHEHHBIMH. bolibilias 4yBCTBUTEILHOCTD Ta-
30HATNOJHEHHOIO 3JIEMEHTA, YeM M0JJ0OHOT0 BaKyyMHOT'O, 00YCJIOBJIEHA YBEJIU4e-
HUEM YKCJIa HOCUTEJIEH TOKA BCJIEACTBUE YAAPHOW HOHU3AIIMKU MOJIEKYJI ra3a 3JeK-
TpoHamH. ["a3oHanoaHeHHbIE (POTOIIEMEHTHI, OJHAKO, MEHEE CTAOUIIbHBI B padoTe
1 00s1aat0T 00BN MHEPIIMOHHOCTHIO, YeM BaKkyyMHbIe. ClielyeT TOMHUTh, YTO
HarpspkeHue Ha (OTODJIEMEHTE HE MOXKET MPEBBINIATh HANPSDKCHHE 3aKUTaHUS
AIIEKTPUUECKOT0 pa3psiia B ra3e, HaMoJIHsoneM (HoTo3JIeMeHT. B npoTuBHOM ciy-
yae BO3HUKAET CAMOCTOSITEIbHBINA Ta30BbIi pa3psl U BeTUUYMHA (POTOTOKA Yy>KE HE
OyJeT onpeaeNnsThCsl CBETOBBIM MOTOKOM, TaJAA0IIIM Ha KaTO/I.

BosnbT-amnepHoit xapakTepucTukoi (poTosieMeHTa Ha3bIBaeTCsl 3aBUCUMOCTD
doroToka i OoT mpuiIokeHHoro HampspkeHuss U mexay aHogoMm U (oTokaTomom
npy (PUKCUPOBAHHOM 3HAYEHUU CBETOBOrO Mnotoka @. JIrokc-amriepHas Xapakrte-
pucTuKa (HOTORIEMEHTa MPECTABISICT COO0H 3aBHCUMOCTD (DOTOTOKA OT BEIIMYH-
HbI CBETOBOTO IMOTOKA, MAJAIoNMero Ha GOoTO3JIEMEHT MPU MOCTOSHHOM HaIpsiKe-
HUU Ha (OTOITIEMEHTE.
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N3BecTHO, yTO TipU 00IydeHHH (HOTOKATOAA CBETOM, SHEPTUsi KBAHTOB KOTO-
poro Ooubiiie pabOTHI BBIXOJA AIEKTPOHOB M3 MeTaimia (hv > Ag.x), depe3 ¢oro-
AJIIEMEHT MPOXOAUT HEOONBIION TOK JaKe B OTCYTCTBHE YCKOPSIOIIECH Pa3HOCTHU
MOTEHIIMAJIOB MEX 1y aHofoM U kaTojoM (mpu U = 0). D10 00ycIoBIEHO TEM, YTO
HEKOTOpbIe (DOTODIEKTPOHBI, BhIpbIBaeMbie ¢ (OTOKaTO/a, 00JaJal0T KMHETHYE-
CKOM 3Hepruei, AOCTATOUYHOM I JOCTIKEHUSI aHoja. YToObl MpeKpaTUTh 3TOT
TOK, HaJI0 TI0JIaTh HA aHO/JI 3aJICP>KUBAIOLIUN MOTEHIIUAI (5 10 OTHOIICHHIO K ¢o-
Tokaroay. O4eBUAHO, YTO

€p, = : (5)

r7e e - 3apsia dJeKTpoHa. M3MepeHne 3aepKUBAIOIIETO MOTEHITMAIA MTO3BOJISET
AKCIIEPUMEHTATILHO ONPEACIUTh pad0Ty BBIXOJa JICKTPOHA U3 METalljla Ha OCHO-
BaHUM ypaBHeHUs DHHINTeNHHA (cooTHOIIeHUE (1)).

4. TIPUBOPHBI U ITPUHAIVIE2KHOCTHU

1. OnTuueckas ckambsl, IPOEKIMOHHBIN (POHAPH, CBETOPUIBTPHI.

2. ®OTOdNIEMEHTHI (BaKyyMHBIN U TA30HATIOTHEHHBIH ).

3. McTOUHUK TOCTOSHHOTO TOKa, BOJBTMETP, MUKPOAMIIEPMETP, OTEHLIUO-
METp.

4. VI3smepuTenbHast JIMHEWKA, IITAaHT€HIIUPKYJIb.

5. HOPAAOK BBIITIOJHEHUSA PABOTBI

1. YcTaHOBUTH HA ONTHYECKYIO CKAMBIO MPOEKIIMOHHBIN (hOHAPb, BAKYyMHBIH
(OTOR7EMEHT U OAWH U3 CBETOPHIBTPOB, COOPATH JIEKTPUUECKYIO CXEMY, MOKa-
3aHHYIO Ha puc. 1.

) ( ®_
DI J
R
1 </
K
B s

Pucynok 1

2. BximtounTh npoeKuuoHHbIN (hoHaps (k104 K). BeIMOAHUTE I0CTUPOBKY OI1-
TUYECKON CXEMBbI TaK, YTOOBI MPHU 3aJJaHHOM PACCTOSIHUM OT MCTOYHUKA CBETA /10
dboTo35IeMEHTa OCBEIIEHHOCTh (POTOKATO1a Oblila HAUOOJIBIIICH.

3. Bxurounth anexktponuranue ¢orornemenTa (kmou Ki,). CHATH BOJIBT-
aMIIEpHYI0 XapaKTePUCTUKY (POTOIEMEHTA, U3MEHSISI C TOMOIIBIO MOTEHLIMOMETpa
Harnpspkenue U B nuanaszone ot 0 1o 100 B u onpenensisi cooTBeTcTBYOMMMA (HOTO-
TOK 14 JlaHHBIE 3aHecTH B Tabx. 1.

4. 3amMeHUTh CBETO(PHIBTP U BHOBb M3MEPUTH BOJLT-aMIIEPHYIO XapaKTepH-
CTUKY (OTOIJIEMEHTA.
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5. CHATH JIOKC-aMIIEpHbIE XapaKTePUCTHKHU (HOTOANEMEHTa, nepeasuras ¢o-
TORJIEMEHT T10 ONITHYECKOW CKaMbe U Ompenenss POTOTOK g MPH pa3IMYHBIX pac-
crosHUX | oT mcTounmKka cBera 70 GortorneMmenTa. Hampsokenue Ha GoTodIEMEH-
T€ MOJIEP>KUBATh NOCTOAHHBIM. CBETOBOM MOTOK ONPEAEIIATH KaK

IS

(D:I—z’

rae | - cua cBeTa UCTOYHUMKA B KaHJenax; S - apdexTuBHas miomaas GoTokarosa.
W3MepeHus BIOJHUTH MPH 000UX CBETOQUIBTpax, TaHHbIC 3aHECTH B Ta0I. 2.

6. YcTaHOBUTH HAa ONTHUYECKOW CKaMbe T'a30HANOJHEHHBIN (POTORIEMEHT U
BBITIOJIHUTh T€ K€ MU3MEPEHUs, YTO U JJI1 BaKyyMHOTO (POTORJIEMEHTA COTJIACHO
MyHKTaMm 2...5.

/. IlocTpoUTh BOJIBT-aMIIEPHBIE U JIFOKC-aMIIEPHBIE XapaKTEPUCTUKU ISl Ba-
KYYMHOT'O ¥ T'a30HANOJIHEHHOr0 (POTO3IEMEHTOB MPU 000UX CBETOPUIBTPAX.

Taonuma 1

BOHLT‘aMHepHaH XAPAaKTCPUCTHUKA
BaKyyMHBIN ()OTOIIEMEHT ra30HaINOJHEHHBIN (OTOITICMEHT
U; B I (uoner, MA I OpaHKs MA I duoner, MA I OpaHxK, MA

Tadnuuma 2

JIrokc-amnepHasl XapaKTepUCTHKA
BaKyyMHbIH ()OTORJIEMEHT ra30HarnoJIHEHHbIH (OTOIIEMEHT

I ¢uonert,

MA I OpaHXs, MA @, JM I (I)I/IOJ'ICT, MA I OpaHXs, MA @, JM

I, m

0,1
0,2
0,3
0,4
0,5
0,6

8. PaccuuTtarh uyBCTBUTEILHOCTH (HOTORNEMEHTOB 1o opmyse (3). s Ba-
KYYMHOTO (DOTO3JIEMEHTa YyBCTBUTEIBLHOCTh CIEAYET ONPEAENATh NpHu (HOTOTOKE
HachlleHus. YyBCTBUTENBHOCTh Ma30HANIOJIHEHHOTO (POTORIEMEHTa HAXOAUTh CO-
OTBETCTBEHHO MpPHU (POTOTOKE, pABHOM (POTOTOKY HACBHIIICHHUS B BAKYYMHOM (OTO-
AIIEMEHTE.
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6. KOHTPOJIBHBIE BOITPOCHI

1. JTaiite mousiTie (hOTOHA, €TO SHEPTHH, MACCHI, UMITYJIbCA.

2. ChopmynupyiTe 3aKOHBI BHEHIHETo (GoTodddekrTa, MOHITHE «KPACHOU
rpanuipd hotorddekra.

3. Kak MOXXHO 3KCIEPUMEHTaIbHO OIMpPENEINTh MAaKCUMAIbHYIO CKOPOCTb
(GOTOIIEKTPOHOB, «KpacCHYIO TpaHuily» (poroaddekra, paboTy BeIXOAa IEKTPOHA
U3 MeTamia’?

4. KakoBbl ocooeHHOCTH (poTordPeKTa mpu O0IBIINX HHTEHCUBHOCTSAX CBeTa?

5. Kakue xapaktepHble OTJIMYHMS HAOMIOJAIOTCS B pabOTe ra30HATOTHEHHBIX
(OTORIIEMEHTOB 10 CPaBHEHHUIO ¢ BaKYyMHBIMH, M U€M OHU 00YCIIOBJICHBI?
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JABOPATOPHASA PABOTA 34
MN3YYEHUE TEIVIOBOI'O U3JIYUYEHUA TBEPABIX TEJI

1. HEJb PABOTbBI

1. U3yuenune nmpuHumuna padoThl U yCTPONUCTBA TUPOMETPA.
2. Omnpenenenue nocrosinHoi Ctedana - bonpimana.
3. [Iposepka 3akona m3nydeHus: Kupxroda u 3akona cmeniennsi BuHa.

2. BUBJIMOI'PA®UA

1. letnad A.A., SABopckuii b.M. Kypc ¢uzuku. - M.: Beicm. mk., 1989. - 608 c.

2. CasenbeB U.B. Kypc ¢usuku: yued. mocodue st CTYJICHTOB BTY30B. - [B
3-x T.]. - T.3: KBanToBas ontuka. AToMHas (usuka. ®usrka TBepaoro Tena. du-
3MKa aTOMHOTO $i/Ipa U dJIEMEHTAapHbBIX yacTuil. - M.: Hayka, 1989. - 301 c.

3. Tpodumona T.U. Kypc dusuku. - M.: Beicur. mik., 1998. - 542 c.
3. TEOPETHYECKOE BBEJIEHUE

Bceskoe uziyueHune tenaMu 3J€KTPOMArHUTHBIX BOJIH COMPOBOXKIAETCS MOTE-
peli sHepruu. [loaToMy M3ITydye€HHE MOXKET OCYIIECTBIATHCS JIMOO 3a CUET YOBbUIU
SHEPIruM CaMoro Teja, JIM00 3a CUeT TOro, 4TO TEJIO MOJIydaeT IHEPTUIo u3BHe. 13-
JIYYEHHUE TEJIIOM SHEPTUHU MOXKET MPOUCXOAUTH B PE3YJIbTATE PA3IUUYHBIX MO CBOEH
MPUPOJIE TPOIECCOB: (HOTOIIOMUHHUCIICHIIUA, XEMUIIOMUHUCICHIINN, CBEYCHUS
Pa3peKEHHOr0 rasa, TeIIOBOrO M3JIy4YeHUs. B mociemHeMm ciiydae >HEPrusi U3iy-
yeHUsl OepeTcs 3a CYET Mepe/ladu Tely M3BHE HEKOTOPOIro KOJWYECTBa TEIla U B
KOHEYHOM CYETE 3TOT IPOLIECC CBSI3aH C PA3JIMYHBIMU BUJIAMU TEILUIOBOT'O JBHXKE-
HHSI MOJIEKYJI HAarpeToro tena. JluamnazoH reHepupyemMbIX AJIEKTPOMArHUTHBIX BOJIH
OmnpeAenseTcs Temieparypou tena. [Ipu Hu3kux remrieparypax u3iayqarorcs npak-
TUYECKH JIUIIH DJIEKTPOMArHUTHBIC BOJHBI MH(pakpacHoro auamna3ona. [lpu mo-
CTaTOYHO BBICOKMX TEMIIepaTypax 4acTh U3IIyUYECHHs pacrojiaraetcsi B 00J1acTH BU-
IUMOro cBeta. IHTEHCUBHOCTh WM3JIYyUYE€HUS U PACHPEAECICHUE SHEPTUM IO YacTO-
TaM (CIEKTpalibHOE paclpe/iesieHre) 3aBUCUT OT TEMIIEPATYPhl U3TyYAIOIIEro Tea
U ero (PU3NKO-XMMUYECKUX CBOMCTB. OJHAKO B Cilydae TBEPJbIX TEJl OCHOBHYIO
pOJIb UTPAET TEMIIEpATypa.

Ecnu Teno momydaer oT OKpyKarolied Cpelbl MyTEM MOTJIOMIEHUS SHEPTUU
KOJIMYECTBO TEIlJIa, KOMIIEHCUPYIOIEe YObUIb €ro PHEPTUU 3a CYET COOCTBEHHOTO
W3JIy4YE€HUs, TO MPOLECC HA3bIBAIOT TEIUIOBBIM PABHOBECHBIM H3iMydeHUeM. [Ipu
ATOM COCTOSTHUE W3JTy4aloIIero Tejla MOXKET OBITh OXapaKTEPU30BAHO OIPEICIICH-
HOU MOCTOSIHHOW TEMIIEPaTypOH.

OCHOBHOI KOJIMYECTBEHHOW XapaKTEPUCTUKOUN TEIJIOBOTO U3IIyYEHUS SBIIS-
€TCS €ro PHEpPreTHYecKas CBETUMOCTb Ry T.e. JyuucTas SHeprus, UcIyckaemas
€AVHHUIEH TOBEPXHOCTH TEJIA 33 €IMHUIY BPEMEHH CO BCEMU JJIMHAMU BOJIH IPU
3agaHHOU Temrieparype 7. Jloysi SHepreTuuecKor CBETUMOCTH, MPUXOIAIIASACS Ha
WHTEPBaJ JUTHH BOJH dA, MOXKET OBITh MPE/CTABICHA B BUIC

dR, s =71,y -dA. (1)

Torpa sHepreTuyeckas CBETUMOCTb OyJIET paBHA
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R, = {r“dﬂ,. (2)

Benuuuna I, onpenenser CueKTPalbHYI0 XapaKTEPUCTUKY TEIJIOBOTO H3ITY-
YEHUS MMPOU3BOJIBHOTO TBEPAOrO Telia M Ha3bIBA€TCA MCIYCKATEIbHOU CIIOCOOHO-
CTBIO.

Hapsigy ¢ ucmyckaTenbHOW CIOCOOHOCTBIO KaXKJI0€ TENO XapaKTepU3yeTcs
OTIPEICTICHHONW TOTJIOMATEIbHOM CIOCOOHOCTBIO Ay 1. T€10, MOJHOCTBIO MOIJIO-
Harouiee BCe MaJarollee Ha HEro U3ay4eHue, Ha3bIBaeTCsl a0COIIOTHO YEPHBIM Te-
agom. CornacHo Teopeme Kupxroda, oTHOIIEHHE Ty4eHCIyCKaTeIbHOW U TOTIIO-
1IaTeIbHOM CIOCOOHOCTEN Ui JTIO0BIX Tell MPU OJMHAKOBOM WX Temreparype 1 u
JUTSL OTHOM M TOM e JIIMHBI BOJIHBI A OJIMHAKOBBI U HE 3aBUCHUT OT MPHUPOIBI ITHX
T€Jd. DTO OTHOLIEHUE SIBJISIETCS YHUBEPCAIbHOW (PYHKUMEW JJIMHBI BOJHBI U TEM-
nepaTypsl U paBHO JIy4€UCITyCKaTEIbHOU CITIOCOOHOCTH aOCOIIOTHO YEPHOTrO Tea.

For

a, Eor, 3)
riae Eyr - mydyeucnyckarenbHasi CHOCOOHOCTh a0COJIFOTHO YEPHOIO Tea.

CrHekTp HCIyCKaeMOTO H3JIyYEeHHS SIBIISICTCS HETMPEPHIBHBIM U OXBaTHIBACT
HIMPOKYIO 00JIACTh YACTOT; 3TO OOBACHSETCS OOJIBIIMM YHUCIOM CTENEHEN CBOOOABI
YacTHII, 00pa3yIoNUX TaKUEe CPENIbl, UX TETUIOBBIM JBIKEHHUEM U CHIIAMHU B3aUMO-
neicTBus Mexny HUMH. Cle10BaTeNbHO, A1 TEOPETHIECKOTO N3YUCHHSI TETIOBO-
T'0 U3ITy4eHUs] HEOOXOAMMO MPUMEHATh CTATUCTUYECKHUE METO/IBI.

3aKOHBI CTATUCTUYECKON MEXAaHUKHU MO3BOJISIOT ONPEAEIUTh CPEIHION SHEp-
T'HI0, MPUXOJSAIIYIOCS Ha OAMH FapMOHUYECKHI OCHMIUIATOP B CIydae TEIUIOBOTO
paBHOBecHsI. DHEPIUs N-ro OCLHMILIATOPA €, KpaTHA HEKOTOPOMY 3HAYEHHIO €,

e.=¢gN,rmen=0,1,2, .... (4)

Ecnu cucrema cocrout u3 N 0OBEKTOB, TO MPH TEIJIOBOM PAaBHOBECHH B

€o

kT
e
CpelHEM N,=N © OOBEKTOB UMEIOT SHEPTHIO &n. [10IHAsA SHEPIUs CHCTEMBI

kT
D¢
n
n
E=N e, . Cpemnsis ske SHEprus, MPUXOAIIasIcsa Ha 0IUH 00BEKT, paBHA

E Zn:sne_kT
<e>= N =" n - (5)

Yo

n

[Ipu moactanoBke (4) B BbIpakeHue (5) HMaJIbHEHIIMN pacyeT CBEIETCS K
CYMMHUPOBaHHIO OECKOHEYHOM T€OMETPUUECKON MPOTPecCuH, B Pe3yJbTaTe 4ero
MOJTYyYUM
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€

o

w="u . (6)
ell —1]

Makc IlnaHK, UCXOOA M3 DKCIEPUMEHTAIBHOIO paclpeueeHus MpHUIIel K
BBIBOJY, YTO & # k1, a HY)KHO MPHHSITH € = NV, TIAe V MOKET UMETh IPOHU3BOJIb-
Hble 3HA4YCHMs, a h SBIACTCS YHUBEPCAIBHBIM IOCTOSHHBIM KO3(G(HUIIHEHTOM,
oIpeeIsieMbIM U3 ombITa. Torma cpeaHss SHEPIHs OCHUILIATOPA

hv
<>~ . (7)
el —]

[Toap3ysiCh 3TUM PE3yIBTATOM IS CIIEKTPAIbHON IUIOTHOCTH SHEPTHH, MTOJTY-
yaeM

Stthv’ 1 % 8mth 1
u(v,T)= JE Ty wm 4 (AT)= 7»3- he . (8)

kT _
e —1 e MT
DOTH BBIpOKCHHS TIPEACTABISAIOT COO0H 3aK0oH pacmupeneicHus Ilnanka o0b-
€MHOM MJIOTHOCTHU 3Hepmﬁ COOTBCTCTBCHHO II0 4aCTOTaM H I10 AJIMHaAM BOJIH

U(T) Ojo( T)d T ‘0T LIS
=\u(v,T)dv=|u"(\, =
) ) 15h°¢° '

bonee AOCTYIIHA OKCIICPUMCHTAJIbHBIM HMCCICAOBAHUAM IIOJIHAA SHCPIrusd, U3-

Jydaemas OqHOU CTOPOHOM €AMHUYHON NTOBEPXHOCTH B €IMHUILY BPEMEHU W s

V;/ _ 2n’k? ‘
STISRS T
21k’
I YHUTBIBAS, YTO ~ 5 5 = G = 5,66961(96)-10® Br/m? K* - mocrosnnas Creda-

Ha - BonbliMaHa, MOMyYMM 3aKOH W3JIy4eHHsS aOCOIIOTHO YEpPHOrO Tella - 3aKOH
Credana - bonpmana
We = GT4. (9)
Jy1st peanbHBIX (CephIX) Tl
We = (XGT4, (10)
rae o < 1. Hampumep, xosdduiment cepoctu mis BoidbPpama o = 0,46 npu
T=3000 K mst A = 0,66 MKM.
JImHa BOJHBI Am, COOTBETCTBYIOIIASI MAKCUMYMY pacIpeeieHus: SJHEPTUH B

dU
CIICKTPC U3JIIYUCHUA, OIIPCACIIACTCA YCJIOBUCM W =0, KOTOPOC IIPpUBOAUT K 3a-

KOHY cMmelleHus: Buna
}Lm'T = b,
he 1

raeb = 575

=2,89782-10_3 M-K — mocrossauas Buna.
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4. TIPUBOPHLI U NIPUHAUVIEXKHOCTHU

1. OnTryeckuii MUPOMETP € UCUE3AIOIIEH HUTHIO.

2. ICTOYHHKH IUTAHUS.

3. BonbT™meETp, amniepMeTp, MUKpPOAMIIEPMETP, PEOCTAT.
4. Jlamma ¢ Bomb(paMOBOM HUTHIO HAKAJTUBAHUS.

5. Habop cBeToduibTpoB.

6. ®OTORIEMEHT.

5. OIMCAHUE YCTAHOBKHA

CxeMa sKCIepuMEeHTaIbHON YCTaHOBKH M300paxeHa Ha puc. 1.

" —Hi

Pucynok 1

MontHoCTh, TOTpeOIIIeMYI0 JJaMIION HakaauBaHus L peryaupyror peoctatom
R1 1 u3MepstoT amrnepMeTpoM A1 U BOIbTMETPOM V1. CBETOBOM MOTOK OT JIAMITbI
L1, y3Kuii crieKTpasibHbIM COCTaB KOTOPOTO BBIACISIFOT MPU MOMOIIN CBETOGUIBTpa
C, mmepsitor orodnementom D3, Temneparypy HUTH Jiamrbl HakaduBaHus Lj
M3MEPSIOT MUPOMETPOM € MCUE3AIOLIEN HUTHIO. [IMpoMeTp COCTOUT U3 3pUTEIBHOU
TpyOsI I1, BHYTpH KOTOpO# HaxomuTcs jamna L. JInn3za oObekTHBa |1 mpoekTupyer
M300pakKeHHE U3JIyYarollero Teia B MIOCKOCTh PACHOJIOKEHUSI HUTH JIaMIIbl MH-
pometpa L. M300pakeHre v HUTH JIaMITbl TUPOMETPA PACCMATPUBAIOTCS HAOIOAA-
TEJIeM Yepe3 OKYJISAp, B KOTOPOM HaxosaTcs juH3a |, u kpacHbii cBeTodgmibTp CK.
OH BBIIESET U3 CIIEKTPOB O00UX JaMIl U3JIy4eHHUE ¢ AIMHOM BOJIHBI 660 HM. Tok
HaKaJla HUTH JaMIbl TUPOMETpa peryaupyerca peocrarom R mocpenctsom pud-
JIEHHOT'O KOJIblIa B MepeHEN YacTH TpyObl TUPOMETpA.

JloOUBIIMCH TOTO, YTO HUTH JAMIIbl MUPOMETPA «UCYE3aeT» HA (POHE HUTHU
MCCIIEyEMOM JIaMITbl, CHUMAIOT OTCYET MO MIKaJIEe MUPOMETpA. Y NUPOMETpa ABE
KAk A1d auanasonos Temmneparyp ot 700 °C o 1400 °C u ot 1200 °C mo 2000
OC. Bo BTOpOM cCily4ae Ha IyTH Jydeil BBOAUTCA JbIMUathiii ceeTopuistp ClI.

[IupomeTp perucTpupyer TeMneparypy Teia, pu KOTOpOr SPKOCTb HUTH €ro
JIaMIIbl 11 OMPE/ICJICHHOW JJIMHBI BOJIHBI paBHA SIPKOCTU YEPHOTO Teia sl TOU
K€ JUIMHBI BOJIHBI. Takas Temreparypa Has3bIBaeTCsl SPKOCTHOU. Tak kak jro0oe
TEJIO U3Ty4YaeT MEHbIIE YHEPrHH, YeM aOCOJIOTHO YEPHOE TEJIO MPHU TOU Ke TeM-
neparype, TO €ro TepMOJAMHaMHUYECKasi TEMIIEPATypa BBILIE IPKOCTHOM:
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Trepw = Tope + AT, (11)

rac

AT, Ino(),T)
C, '
3nech a(r,T) = 0,46 11 Bonsppama mpu A = 660 M, C1=1,44 - 10°m-K.

AT= (10)

6. MOPAOK BBIIIOJTHEHUSA PABOTBI 1 OBPABOTKA
PE3YJbTATOB

VYupaxuenue 1
Onpeodenenue nocmosinnou Cmeghana - bonvymana
1. BKITIOUUTD 3JEKTPUUECKYIO 1IETb JIaMITbl HaKaluBaHus L1 1, MeHsis peocTta-
ToM R1 cuimy Toka, ToOOUThCS Hayajga CBEYCHUS JIAMITbI.
2. 3aduxcupoBarh MokazaHus amriepmerpa Ai, BoJbTMETpa V1 U MUKpoamIep-
MeTpa PA mpu cuHeM U kpacHoM cBetodmibTpax C nepen ¢porodnementom OO,

3. IIpn nomomy NUpoOMeTpa U3MEPUTH TEMIIEPATYPY HUTH JIAMIIbI HaKaJIuBa-
HUS.

4. JlanHple 3aHeCTH B Ta0I. 1 1 2.

5. OnbITH TOBTOPHUTH HECKOJIBKO pa3, MeHss 3HaueHue U.

6. BeIUMCINTE 3HAYEHUS G, MIPOU3BECTH CTATUCTHYECKYIO 00pabOTKYy JKCIIe-
PUMEHTAJIBHBIX JTAHHBIX M OMPEICTUTh a0CONIOTHYIO W OTHOCHTEIIBHYIO TOTPEII-
HOCTH. S' = a5, Tae S - TUIoIaah MOBEPXHOCTH HAUTH HAKasa JIAMITHI.

7. CnenaThb BBIBOJIBI IO paboTe.

8. Pe3yibTaThl 3amucaTh B BUIC: G = <G> *+ <AG>.

Tadonuma 1

S, U, T HUTH) TKOMHaT1 6'10_8, <0> 10_81 AG'lO_S, 0
N M? 4 B K K Br/(M*K*) Br/(M*K%) Br/(M*K*) & %
1 < 7
2 | S 9
3 ) 10
4] < 11

YnpaxHenue 2

Kauecmeennas npoeepka 3axona uznyuenus Kupxeogha
u 3aKkona cmewenus Buna

B PaBHOBCCHOM COCTOSIHUHM BCA JJICKTPHUUYCCKAsA MOINMHOCTBL, IMOABOAMMAA K

U
HUTHU HaKaJMBaHUs, N3JTy4aeTCs: <= acT’ , OTKyna

apk

1U
4
SoT,,
BrinonHeHne 3Toro HepaBeHCTBA MOATBEPKIaET 3akoH Kupxroda.

ITo 3akony cMmenieHnss BuHa MakCUMyM 3HEPIUU B CIIEKTPE U3IYyYEHUS C IO-
BBIIIICHUEM TEMIIEPATyPhl CMEIIAETCs B 00J1acTh 00Jiee KOPOTKUX JIMH BOJIH, TO-

o<y, (11)
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3TOMY OTHOIIEHWE MHTEHCHUBHOCTEM MOHOXPOMATUYECKHX M3JIYYCHUN B CUHEU U
KPAaCHOM 4acTsIX CBETa JOJIKHO BO3PACTATh C MOBBIIICHUEM TEMIIEPATYPHI.
CeToBOM MOTOK OT Jiammbl L momagaeT Ha doTodnemeHT DD yepe3 CBETO-
¢unbeTp C. B nienu gorosnemMeHTa BOSHUKAET (POTOTOK, BEIMUMHA KOTOPOTO IMPO-
MOPIMOHATIbHA MHTEHCUBHOCTHU Majaroiiero ceera. [1oaToMmy OTHOIIEHUE WHTEH-
CUBHOCTEM MOKHO 3aMEHUTh OTHOIIEHUEM (HOTOTOKOB, MU3MEPSIEMBIX MHUKpPOAM-
NEePMETPOM LA, COOTBETCTBEHHO MPU CHHEM U KPACHOM CBETO(UIbTpax IMepen
b oTO3]IEeMEHTOM
L(T) _
1 (T)
JIst mpoBepKU pacCMaTPUBAEMBIX 3aKOHOB TEIUIOBOTO M3TyYEHUS HEOOXOIH-
MO CZI€JIaTh CIEAYIOLIEe:
1. 3anonHuTh TAOMI. 2.
2. Beruucnuth 3HadueHus o HepaBeHcTBa (11).
3. Berunciuts 3Hauenus ¢(7).
4. IToctpouts rpaduk Gynkuu ¢(7).
5. IlocTpouThk rpaduk 3aBUCUMOCTH PaCXOIyeMOM MOLIHOCTH OT TEPMOIH-
HAMHYECKON TeMIIepaTypbl HUTH JaMIbl L.
6. Caenath BBIBOJIBI MO padoTe.

o(7), (12)

TaoOnuma 2
Ne|  Tope, K I, A uB U, Br U lc, MKA Ik, MKA o(7)

7. KOHTPOJIBHBIE BOITPOCBI

1. Kakoe uznyueHue Ha3bIBatOT TETIJIOBBIM?

2. Kakoe n3nydeHue Ha3bIBalOT PABHOBECHBIM TEIJIOBBIM U3JIyYEeHUEM?

3. Copmynupyiite 3akonsl Kupxroda, Credana - bonbiiMana U cMeIeHHs
Buna.

4. 3anummre Gopmyny [lnanka mjist pacmpenenaeHust SJHEPTUU B CHEKTPE H3-
Jy4eHHs! aOCOJIIOTHO YEPHOTO TeJjla U MOJyYuTh U3 Hee 3akoHbl Ctedana - bombi-
MaHa ¥ cMmenieHus Buna.

5. Oxapaktepu3yiTe yCTpOICTBO M MPUHIMI JEUCTBUS ONTHYECKOTO MUPO-
METpa C UCUE3AIOIIEN HUTBIO.

6. UTo Ha3pIBalOT APKOCTHOM TEMIEPATYPOW M MOYEMY OHA OTJIMYAETCA OT
TEPMOJIMHAMHYECKON TEMITEpaTypbl HCTOYHUKA CBETA?

7. Uem o0ycnoBiieHa rpaHuIa TEMIEPATYpP, U3MEPSIEMBIX ONTHYECKUM MHPO-
METPOM C UCYE3AOLIEN HUTHIO?
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JABOPATOPHASA PABOTA 35

MN3YYEHUE TEIUIOBOI'O U3JIYYEHUSA. OIPEJAEJEHUE
CTEIHEHU YEPHOTbBI BOJIb®PAMA JIAMIIbI HAKAJINMBAHUSA

1. HEJIb PABOTHBI

1. O3HakomIIeHHE C OCHOBHBIMH 3aKOHAMHU TETIJIOBOTO U3TyUYCHUSI.
2. Omnpenenenre KodphUIMEHTa YEPHOTHI BOJIb(YPaMOBOH JIaMITbl HAKATUBAHUSL.

2. BUBJIMOT'PA®USA

1. Caenber U.B. Kypc pusuku: yded. mocodue Jisi CTYJI€HTOB BTY30B. - [B
3-x T.]. - T. 2: DnexrpuuectBo u Maruetu3m. Bonnsl. Onrtuka. - M.: Hayka, 1989.
- 496 c.

2. CuByxuH [[.B. O6umwmii kypc ¢pusuku. Ontuka. - M.: Hayka, 1980. - 752 c.

3. Hetnad A.A., SABopckuit b.M. Kypc ¢usuku: yued. mocodue isi BTy30B. -
M.: Beicmi. mik., 1989. - 608 c.

4. byxman C.B., I'onoBunckuii I1.A., UpxaBckuii H.M., lecrakoB O.A.
[IpakTukym 10 pusuKe 11 GPOHTATHHOTO BHITIOJIHCHUS C JIEMEHTAMH IPOTPaM-
MupoBaHus: yued. mocodue. - Boponex: M3a-so BI'Y, 1989. - 152 c.

3. TEOPETHYECKOE BBEJIEHME

3.1 TensioBoe M3JIyYeHHE U €r0 XapaKTEePUCTHKH

Tena, HarpeTeie JO AOCTATOYHO BBICOKMX TEMIIEpaTyp, CIIOCOOHBI M31y4YaTh
ANIEKTPOMATrHUTHBIE BOJHBI. CBEUEHHUE TEJl, CBSI3aHHOE C HAarpE€BAHHMEM MOIYYHIIO
Ha3BaHUE TEIUIOBOIO M3Iy4YeHHUS. DTO U3IYyUYEHHUE SBISIETCS CaMbIM pPaclpocCTpa-
HEHHBIM B Iipupoje. TernoBoe u3inydyeHue MOKET ObITh PABHOBECHBIM, T.€. MOKET
HaxXOJIUTbCA B COCTOSSHMHM TE€PMOJMHAMHYECKOTO PAaBHOBECHUS C BEIECTBOM B 3a-
MKHYTOH (TEIJIOU30JIMpOBaHHOM) cucteme. KolnyecTBEeHHON CHEeKTpallbHOM Xa-
PAKTEPUCTUKON TEIJIOBOTO M3JIyYEHHsI CIYXKHUT CIIEKTpajbHas INIOTHOCTh 3HEpre-
TUYECKOW CBETUMOCTH (M3JTydyaTeabHasi CIOCOOHOCTD):

d usi
o = WA
T (1)
rae I,y - CHEKTpanbHas IUIOTHOCTh 3HepreTmdeckoit ceermmoctw; dW' -

SHEPrusl JICKTPOMArHUTHOTO W3Jy4ECHUs, UCITyCKaemas 3a €IUHHUILY BPEMEHH C
CIMHHUIIBI IUTOMIA M MOBEPXHOCTH Tejla B MHTEPBAJIC JJIMH BOJIH OT A 10 A +dA;
XapaKTepUCTUKOW TMOJTHOM MOUIIHOCTH TEIUIOBOIO H3JIYYEHUS C EIUHULIBI
IUIOIIA/IA MIOBEPXHOCTH TeJla BO BCEM MHTEpBaje JIMH BOJIH oT A 10 A+ dA ciy-
KHUT DHEPreTUYECKass CBETUMOCTb R; (MHTerpajgpHas HSHEPreTHYecKas CBETH-

MOCTB):

Ry =[r,;da. (2)
0



JlaGopatopHas pabota 35 211

3.2. ®opmyIia IUIAaHKA U 3aKOHBbI TEIUIOBOE M3JIyYeHHe YePHOro TeJia

3axon Cmegpana - bonvymana

B 1900 r. IInank BIABHMHYJI TUIIOTE3Y, COTJIACHO KOTOPOM aTOMHBIE OCLIMJLIISA-
TOPBI U3Jy4alOT SHEPTUI0 HE HEMPEPBHIBHO, a MOPUUSIMHU - KBaHTaMHu. B cooTBeT-
CTBHE C runorte3oi [lmaHka crnekTpajibHasi MJIOTHOCTh SHEPTETHYECKOW CBETUMO-
CTH OTpeaesIeTCs caeayromniel GopMynoi

25
Nr= 27hc? e (3)
e/ikT _1

N3 ¢dopmynsr [lnanka MOXKHO TONYYUTH BBIPAKEHHUE IS DHEPTETUUYECKOM
ceetuMocTH. [loncTaBuM 3HAUYEHWE CNEKTPAIBHOM IUIOTHOCTH JIHEPreTUYECKOU
CBETUMOCTH TeEJa U3 Q)opMynBI (3) B BeIpakenue (2):

/1—5 ,% /1—
R, = j 27hc? —=——dA =2zhc j da . (4)
hc
JIJis BBIUMCIICHHUSI HHTETpaia (4) BBEIEM HOBYIO IMEpEMEHHYI0 X = ﬂ,kT Or-
hc hc
A=— ddl=-
crond KTx KTx?
0 5+5,,5 44 4 o 3
k>T >x —hc 27K"T X
R, = 27hc? * dx = 5
jh5c5(e ~-1) KkTX? hc? !ex -1 ©)

3 4

Tak kak dx = 71Z—5, TO BBIpaKEHUE (5) AJI1 SHEPTETHUECKON CBETUMOCTH
e -1
OyJeT UMETh CJICAYIOIINI BU/I;
27°k?
iabrsrl f=oT". (6)
15h°c
CootHomienue (6) mpeacrapiseT coboit 3akoH Ctedana - bonblimaHa, rae
5k4
nocrosunas Credana - Bonpumana o = 5h3 =567*10"° B1/(M?’K?). Otcrona
C

BBITEKAET onpeneneHue 3akona Credana - bonbimana:

Dnepeemuyueckas  C8eMUMOCMb  AOCONIOMHO — YEPHO20 mend  NpIMo-
NPONOPYUOHAILHA YemBepmoll CmeneHuy abcontomHou memnepamypul.

B Teopuu TemioBOro M3iaydyeHHs HapsAy C MOJIEIbI0 YEPHOTO Tejla 4acTo
MOJIB3YIOTCSI TIOHSITHEM CEepOTO Tea. Teno Ha3bIBaeTCsl CephIM, €clid ero Koddhhu-
[WEHT MOTJIOIICHUSI OAUHAKOB JJIsl BCEX JJIMH BOJIH U 3aBUCHUT TOJIBKO OT TeEMIIepa-
TYpbl U COCTOSIHUSI TMOBepXHOCTU. {151 ceporo tena 3akoH Credana - bonbiiMana
UMEET BU]T

R, =koT" (7)
rre k - ko3 PUUUEHT N3TyUYeHHsl TEMIOBOro u3mydarens (Ko3pPUIIMEHT YepHOTHI).
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Ilepeswiii 3axkon Buna (3akon cmewenust Buna)

Hccnenyem cootHomienue (3) Ha 3KkcTpeMyM. /{151 3TOro onpeaenum mnepByro
IPOU3BOAHYIO OT CIEKTPAJIBbHOMN MJIOTHOCTH IO JUIMHE BOJHBI M NPUPABHSIEM €€ K

HYJIIO:
£eh%kT
dr,; _ 27hc? KT _5l-0 ®)
dA 6( oS UT NG kT '
(e -1)| e /AT -1
hc
Beenem nepemennyto X = hT Torna u3 ypaBHeHus (8) mosrydum
xe* —5(e*-1)=0 . (9)

TpancueHnnenTHoe ypaBHeHue (9) B 001IieM ciiydae pemaeTcsi METOJOM I10-
CIICIOBATEIbHBIX MPUOIKeHuiA. Tak Kak Ui peajbHbIX TeMieparyp e >>1, To
MOYHO HallTH OoJiee mpocToe peleHue ypapHeHus (9). JlelicTBUTENbHO, IPU 3TOM
yCIIOBHH cOOTHolIeHue (9) ynponiaeTcss 1 NpUHUMAET BUJL

xe* —5e* =0,
KOTOpOE€ UMEET pelieHue npu X = 5. CiaenoBaTenbHo,
hc
=5,
A KT
Otcrona
hc
Ay =——.
5kT

Bbonee Ttounoe pemeHue ypaBHeHUs (9) METOIOM MOCIEAOBATENbHBIX TPU-
OJIMDKEHUN TPUBOUT K CIIEIYIONIEH 3aBUCUMOCTH:

hc b,
Ay=———=2,
4965kT T

=29*107% MK.

(10)

hc

4,965k
N3 cootHomenus (10) BeITeKaeT onpeneneHre NepBoro 3akona Bruna (3akoHa
cMmelenus: Buna).
JlnHa BOJHBL A, COOTBETCTBYIOIIAsA MAKCUMAIbHOMN CIIEKTPAJIbHOM IIJIOTHO-

rae b, =

CTH DHEPTeTUYECKON CBETUMOCTH OOPAaTHOMPOIIOPIIMOHANIbHA TEMIIEpaType Tea.
BennunHa b, nomyuwnia Ha3BaHMeE TOCTOSIHHOM 3aKOHA cMelleHHus Buna.

Bmopoii 3axon Buna

[ToncraBuM 3Hauenue A, u3 ypaBHeHus (10) B BeIpakeHHE CHEKTPAJIBHOM

IJIOTHOCTH JHepreTudeckorl cBetumoctd (3). Torma moiaydyuM MaKCUMAaTbHYIO
CIEKTPAIbHYIO TIJIOTHOCTD:
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3]
= 2
Foa = 27007 1/ 2”?:: x5 —p,T® (12)
e:lkT i b?| e -1
27hc? )
e b, = T/ he N\ =1,29*10"° Br/m2K®.
bo| e -1

N3 cootHowenus (11) BeiTekaeT onpeaeneHne BTOpOro 3akona Buna.

MakcumanbHasi crieKTpajibHasl IJIOTHOCTh YHEPreTUYECKON CBETHUMOCTU a0-
COJIIOTHO YEPHOrO Teja IPSIMOINPONOPLHUOHAIBHA IIATOM CTENEHH aOCOJIIOTHON
TEMIIEPATYPHI.

Bennuuna b, nomy4uia Ha3BaHHE IOCTOSHHOW BTOPOTO 3aKkoHa BuHa.

Ha puc. 1 npencrapiieHa 3aBUCUMOCTh CIIEKTPaIbHOM IUIOTHOCTH 3HEPTETH-
YECKOM CBETUMOCTH OT JJIMHBI BOJIHBI JJIs HEKOTOPOTO TeJja MPU JBYX PA3IAYHBIX
temreparypax. C TOBBIIICHUEM TEMIIEPATYPHI IUIOMIAb MOJ KPHUBBIMH CIEK-
TPAJIbHOM TIJIOTHOCTH JOJDKHA YBEJIMYHMBATHCS MPOMOPIIMOHATIBHO YETBEPTOU CTE-
MEHU TEMIIEpaTyphl B COOTBETCTBUHU C 3akoHOM CTtedana - bonbliMaHa, IiauHa
BOJIHBI, COOTBETCTBYIOIIAsA MAKCUMAJIbHON CIEKTPAIbHOM TNIOTHOCTH YMEHBIIATh-
csi 00paTHOMPOIIOPLIMOHATILHO TEMIIEPATYPE COIJIACHO 3aKOHY cMelleHus Buna u
MAaKCHUMAaJIbHOE€ 3HAYEHUE CHEKTPAJIbHOM IUIOTHOCTH YBEJIWYMBATHCS MPAMONIPO-
MOPIIMOHATIFHO TISITOW CTENEeHU a0CONIOTHOM TeMIepaTypbl B COOTBETCTBUU CO
BTOPBIM 3aKOHOM BuHa.

£“I 2 /5\
[\
X

HOC
—
o

(o0}

CI'IeKTpaJ'IbHaﬂ nnoT
o N A O
—

0 1 2 3 4 5

[1nvHa BOMNHbI, HM

Pucynok 1
4. IPUBOPHI U ITPUHA VIEZKHOCTHU. OITMCAHUE YCTAHOBKHA

B nanHO# paboTe B KauecTBE M3MyUaIOIIETo Tela UCIOIb3yeTCsS HUTh HaKaa
ANEKTPUUYECKUX JIaMI pa3audHou morHoctH (25, 60, 75 u 100 Bt). Jlns onpene-
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JICHUA TEMIICPATypbl HHUTHW HAKAJIMBAHHWA JSJICKTPUYCCKUX JIAMIIOYCK CHHUMACTCA
BOJIBT-aMIICPHAA XapPaKTCPUCTHUKA, 110 KOTOpOﬁ ONnpcACIEICTCA BCIMYMHA CTATHUYC-

CKOIr'o COIMPOTUBJICHUA (R :\%) HHUTH HAKAJIMBAHUA U PACCHUTBIBACTCA €C TCMIIC-

patypa. Ha puc. 2 npencraBineHa THUIIAYHAsS BOJIBT-aMIIEpHAs XapaKTEPUCTUKA
JIaMIIbl HAaKAJIMBaHWs. BUIHO, 4TO ITPU MaJbIX 3HAYEHMSIX TOKA TOK JIMHEMHO 3aBH-
CUT OT IPUJIOKEHHOTO HAIPSDKEHUS], U COOTBETCTBYIOIIAS MpsAMAasi MPOXOAUT YeEPE3
Hayajo kKoopauHar. Ilpy nanpHeneM yBeJIMYEHHHM TOKAa HUTh HaKajla pa3orpeBa-
€TCsl, COMPOTUBJICHUE JIAMITbl YBEJIMYMUBAECTCS U HAOJIIOIAETCS OTKIIOHEHUE BOJIBT-
aMIIEPHOM XapAaKTEPUCTUKU OT JIMHEWHOW 3aBUCHMOCTH, IPOXOAALIEH Yyepe3 Hada-
70 KoopAuHAT. {7151 moaepkaHusl TOKa Mpu OOJbIIEM CONMPOTUBICHUH TpeOyeTcs

Oonbiiee HamnpsbkeHue. [luddepeHnuansHoe cONpoTUBIEHHUE JaMibl R, = dv dl

MOHOTOHHO YMEHBLIAETCS, a 3aTE€M IMPUHUMAET MOYTH MOCTOSIHHOE 3HAYEHUE U
BOJIbT-aMIIEPHAS XapaKTEPUCTHUKA B LIEJIOM HOCHUT HEJIMHENHBIN Xapakrep. Cuuras,
4TO MOTpedIsiemMas AMeKTpUIecKoi tammnoil MmomHocTs P = IV oTBOauTCS M3nyye-
HUEM, MOKHO ONpeNeTuTh Ko3pduimeHT yepHOThl K HUTH HaKaJIMBAHUS JAMITBI
WIM OLIEHUTH NOCTOsIHHYI0 CTedana - bonbsivana o gpopmyie
IV =ko(T*-T*)S, (12)

rae S - IJIOIA/lb HUTH HaKaJUBaHUA JIAMIIBI; k - CTEIIEHb YEPHOTHI; ¢ - TOCTOSH-
Has Ctedana-bonbimana.

N3 dpopmynsl (12) MokHO onpenenuTh KO3(PPUUUEHT YEPHOTHI HUTU HaKaJIu-
BaHMS DJIEKTPUUYECKOH JIAMIIBI.

k=IV/o(T*-T)S. (13)

120
100

80 o
60 |

Tok, I, MA
D
o

20 +

o<
0 50 100 150 200

Hanpspkenune, V, B

Pucynok 2

Ha puc. 3 npencraBiieHa 3JIEKTpUYECKAs CXEMa YCTAHOBKH JJIL CHATHUS BOJIb-
TaMIIEPHOW XapaKTEPUCTUKHU JIAMIIbI, ONPEAEICHUs CONPOTUBIIEHNSI HUTH, €€ TEM-
MepaTypbl U U3YYEHHS 3aKOHOB TemioBoro usnydeHus. Kimouu K1 m K npenna-
3HAYEHBI JIJIS TTOJIKIIFOUEHUS JIEKTPOU3MEPHUTENBHBIX MPUOOPOB C HEOOXOAUMBIMU
IpefenaMy U3MEPEHUS TOKA U HAIIPSKEHUS.

[lepemenHoe conpoTuBieHne R MOKIIOYaeTCs B LEMb IEPEMEHHOTO TOKA C
HarnpspkeHueM cetu 220 B mo moTeHIMOMETpUYecKor cxeme, o0ecreynBaroen
IJIABHOE U3MEHeHue HanpshkeHus ot 0 no 220 B.
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Onpenenenue TeMnepaTypbl HUTH HaKaJlMBaHUS OCHOBAHO HA M3BECTHOM 3a-

BUCUMOCTHU CONIPOTHUBJICHUSI METAIJIOB OT TEMIIEPATYPHI:
R=R,(1+at), (14)
rie R, - conporusnenne nuth Hakamusanus npu 0 °C; « - TemmeparypHbIi KO-

> uIIeHT conpotusieHus Bonbbpama, o =4,7*107° 1/rpax.

Ka

Pucynox 3

3anuiiem BoipaxkeHue (14) 11 KOMHATHOM TeMIepaTypsbl:

R, =Ry(1+at,). (15)

PaznenuB nowienno Beipakenue (14) Ha (15), momyuum
R 1+at

R, 1+at,

K

(16)

OTcrofa onpeaennm TEMIEPATYPY HUTU HAKAJIMBAHUS:

(o RAtat) ) (17)

a R

K

Taxum 00pa3om, 3Hast CTaTUYECKOE CONPOTUBJIEHNE R, HUTH HAKaJUBaHUS B
OTCYTCTBUH TOKa NMPH KOMHATHOW Temmepatype t u compotuBieHne R HUTH mpu

IIPOTEKAaHUHU TOKA MOYKHO OIPENENUTh TemIiieparypy HUTH. [Ipu BbIOIHEHUU pa-
OOTBI CONPOTUBIIEHHWE R _TNpU KOMHATHOW TeMmmepaType u3Mepsercss HU(PpPOBBIM

AIIEKTPOU3MEPHUTEILHBIM TTPHUOOPOM (TECTEPOM), a CTATUIECKOE COTIPOTUBIIEHUE R
HUTU HaKaJMBaHUSI PaCCUUTHIBAETCS MO 3aKkoHy OMa

R:%. (18)

6. HIOPAIOK BBIIIOJIHEHUSA PABOTBI

1. BeikpyTHTE JIaMIy HakKaJMBaHUS W3 MATpOHA U C MOMOIIBIO ITU(PPOBOTO
AIIEKTPOUZMEPUTEITHHOTO MPUOOpa OMPEACIIUTE CONMPOTUBICHUE HUTU HCTIHITHIBA-
€MOM BJIEKTPUUYECKOM JIaMIIbl IIPU KOMHATHOM Temrieparype. Pe3ynbrartsel uzmepe-
HUM 3anuimuTe B Ta6i. 1.

2. BBepHuTe nammny B MaTpOH, CHUMHUTE BOJIbT-aMIIEPHYIO XapaKTEPUCTUKY
JaMITbl (3aBUCUMOCTBH CHJIBI TOKa OT HampspkeHus). Cuiy TOoka u3Mepsiite depes
KaXIble 5 MA MocCj€ HENPOJIOIKUTEIBHON BBIAEPKKH B TeueHue 2 - 5 MuH. Pe-
3yJbTaThl U3MEPEHU 3anuimTe B Tao. 1.
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I/I3yquHe TCIIJIOBOI'O U3JTYYCHHA TBCPABIX TCII

B °CuK.

3. Paccunraiite mo gopmyse (18) u (17) conpoTuBieHne u TeMnepaTrypy HU-

4. Paccumraiite nmo ¢dopmyne (13) xoapduimeHT 4epHOTH HUTH HaKaJIMBa-
Husl. Pe3ynbTaThl pacuer 3anummure B Tabi. 1.

DKcrnepuMeHTalIbHbIE JaHHBIE I pacueTa Kod(uimenTa 4epHOTHI,

TaOonuma 1

Ne | I, MA V,B P, Bt R, Om t, °C T, K S, M K
1 2 3 4 5 6 7 8 9

1 0 0 0

2

3

4

5

6

7

8

9

10

TPEIIHOCTH.

(Ak

E=—-

(%)

5. Ilo nanHbpIM Taba. 1 mocTpoiiTe BOJBTAMIEPHYIO XapaKTEPUCTUKY JIAMIIbI,
3aBHCHUMOCTH CONPOTUBJICHUS U KO3(p(ULIMEHTAa YEepPHOTHI OT TEeMIlepaTyphl U
MOIIHOCTH.
6. Onpenenute [UIs1 HCCIEAYEMOIro TEMIIEPAaTypHOTO HHTEpBaja CpeaHee
3HauYeHHUE KOA(P(UIIMEHTA YEPHOTHI, BEIUUYUHY a0COIIOTHOM U OTHOCUTENIBHOM I0-

)

OKOHUaTeNbHbIE PE3YJIbTATHI

npcacraBbTC B BHIC!

100%. JlaHHBIC pacyeToOB 3aNUIINTE B Ta0I. 2.

(k)£ (Ak),

Tabnuma 2

No k <k> Ak; Aki? AS <Ak> g, %
1 2 3 4 5 6 7 8
1
2
3
4
5
6
7
8
9
10
11
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7. TloBTOpUTE U3MEPEHUS ISl IPYTUX JAMIT HAKAJIUBAHUSA C MOUIHOCTHIO 40,
60, n 75 Br.

8. Cnenaiite KpaTkue BbIBOJbI 1O padore. PesynbpTaTsl pacuera koddduiim-
€HTa YEPHOTHI U OIPENEICHUE NOTPEIIHOCTH U3MEPEHUH.

7. KOHTPOJIBHBIE BOITPOCHI U 3ATAHUSA

1. IMosicaute runoresy u (opmyny I[lnanka, nokaxute 3akon Credana -
bonbkumana, mepBeId U BTOPOUM 3aKOHBI BrHa.

2. O0BSICHUTE METOJUKY OIPEENICHUsI CTETICHN YePHOThl HUTH HaKaJlUBaHUS
ANEKTPUYECKON JIAMIIBI.

3. JlaiiTe ompenesieHHs] SHEPreTUYECKOM CBETUMOCTH, CHEKTPAJIbHOMW ILIOT-
HOCTH DHEPIreTHYeCcKoi cBeTUMOCTH, KoddduirenTa uepHotsl, KI1/] mammsl.

4. N300pa3zute mMpUMEPHBIA CHEKTP HU3Iy4eHHUs] a0COIIOTHO YEPHOIO Tella U
MTOSICHATE 3aKOHOMEPHOCTH W3MEHEHHUs CIIEKTpa NPH W3MEHEHUM TeMIepaTypbl
Tena.

5. [losicHuTe HeNnMHEHbIE CBOMCTBA BOJIBTAMIIEPHOM XapaKTEPUCTUKH JaM-
bl HAKAJINBAHUS.
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JABOPATOPHASA PABOTAZ36
N3YYEHUE ABJIEHUA UHTEP®EPEHIIUU CBETA B OIIBITE IOHTA
N C IOMOUbIO BUTTPU3MbI ®PEHEJIA
1. HEJb PABOTbBI

1. Onpenenenne NJIMHBI BOJIHBI cBeTa B omnbiTe FOHra.
2. OnpeneneHue pacCTOSIHUN MEKTy MHUMBIMU UCTOUHUKAMH CBETA B OIBITE
¢ ounpusmoit dpenernsi.

2. BUBJIMOI'PA®UA

1. CasenneB U.B. Kypc obmieit pusuku. T.3. - M.: Hayka,1982. - 496 c.
2. Tpodumona T.W. Kypc duszuku. - M.: Beichr. mik., 1998. - 542 c.
3. JlanncOepr I'.C. OnTuka. - M.: Hayka, 1976. - 982 c.

3. TEOPETUYECKOE BBEJIEHHME

KorepeHTHbIE MM YACTUYHO KOTEPEHTHBIE MyYKH CBETA MOYKHO IOIYYUTh
IBYMSI CIOCOOAMU: NIEJIEHUEM (DpoHma C8emoBol GONHbI U OeNeHUEeM C8EmOB8020
nyuxka no amniumyde. B HacTosiel paboTe paccMaTpuBarOTCa ABE UHTEpPEpeH-
LIMOHHBIE CXEMBbI, OTHOCSIIUECS K IEPBOMY CIIOCO0Y.

Onvim FOnea. CormacHo onbiTy FOHra HMCTOYHMKOM CBETa CIYKHUT SIPKO
OCBEIIIEHHAs IIENIb S, OT KOTOPOM CBETOBAs BOJHA MaJlaeT Ha JBE y3KHE IIEIH 51 U
Sy, ocmemraemble, TaKUM 00pa30M, pa3IUYHBIMU Y49aCTKaMH OJHOTO M TOTO K€
BOJIHOBOTO (ppoHTa. CBETOBBIE MyUKH, IPOXOAIINE Yepe3 Majible OTBEPCTHS Si U
Sy, pacumpsroTCs B pe3yibpTaTe AU(PpaKIUU U YACTUUHO MEPEKPBIBAIOTCS, CO3/1a-
Bas HHTEPPEPEHIIMOHHYIO KapTuHy (puc. 1).

S

S>3

Pucynok 1

[lenu S; u Sy (puc. 2) HAXOAATCS HA pacCTOSHUK 0 APYT OT Apyra u SBJISIOT-
Csl KOTEPEHTHBIMU MCTOYHMKaMU cBeTa. MHTepdepenuuss HaOmoqaeTcss B Mpous3-
BOJIBHOM TOYKE A 3KpaHa, paclojoKEHHOIO MapauiebHO 00€UM IIENsIM Ha pac-
crosiau | ot HuX, mpuuem | >> d.

Hauyano otcuera BbiOpano B Touke O, CHAMMETPUYHON OTHOCUTEIBHO LIEIEH.
NHTeHcuBHOCTH B J0OOM TOUKE A dKpaHa, JIeKalllel Ha paccTossHuU x oT O, omnpe-
NEeNsieTCs ONTUYECKON pa3HOCThIO Xoaa A= S, - S1. U3 puc. 2 cnenyer

s? =I2+(x+%)2; s/ :I2+(x—%)2
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OTKyJa
s —s/ =2xd
01051
A=s,—s, =2xd /(S;+5S, ).

Yuuteias, uro |>>d, u S1+51~2| monygaem:
A = xd/l. (1)
Torma MakCMMyMbl HHTEHCHBHOCTH HMHTEp(EpPEHIHH cBeTa OymyT HaOIIro-
IaThCs IIPH

X rrax =méﬂ, (m=0,x£1+2..), (2)
a4 MUHUMYMBI COOTBCTCTBOBATH YCJIIOBHUIO
Xmin :(m+%)$/1 (m=0,%£1+%2..). (3)

Paccrosinue Mexay NByMs COCEHUMH MaKCUMyMamH (WJIMW MUHUMYMaMH),
HA3bIBAEMOC UWUPUHOU UHMEPDEPEHYUOHHOU NONOCHI, PABHO

|
AX:Eﬁ,. (4)

AX He 3aBUCHUT OT MOpsijaka uHTep(epeHun (BeIUMUYUHBI M) U ABISETCS IO-
CTOSTHHOHM BeJIMYMHOM 1pu 3a1aHHbIX |, d 1 A. Mcronb3ys ogydeHHOE BBIPAKEHHE
JUIS IAPUHBI MHTEP()EPEHIIMOHHOM MOJIOCHI, PH M3BECTHBIX BenuunHax AX, I, d
MO>KHO PacCUMTaTh JJIMHY CBETOBOM BOJIHBIL:

dAX
A= 1 (5)
bunpusma @penena. IntepdepeHiinonHas KapTUHA MOJydaeMasi C OMOIIbIO
ounpuzmsl Ppenensi BOSHUKAET B PE3yJIbTaTe MPEOMIICHHS] CBETa B OUIpPHU3ME,
NPY HAJTOKEHUHM KOT'€PEHTHBIX BOJH OT MHUMBIX HCTOYHHMKOB S1 U S; (puc. 3).

Pucynok 3

[TapannensHo 0OLIEH rpaHu OMIPU3MBI, HA PACCTOSHUM @ OT Hee, pacrojara-
€TCsl UCTOYHUK cBeTa S. MOXKHO MOKa3aTh, YTO B ClIy4yae, KOr/a MPeIoMIISIFOIIHMA
Jy4 A Maja v yribl NaJCHUs JIydel Ha TpPaHb MPU3MbI HE OYE€Hb BEJIMKH, BCE JIYyUH
OTKJIOHSIFOTCS ITPU3MOM MPAKTUYECKU HA OJMHAKOBBINA YIOJI, PABHBIN
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p=(n-1)0 (6)
(N - moka3aTesb MPEIOMIICHHUS IPU3MBI). YTOJI MaJCHUS Jy4ei Ha OMIPU3MY HEBE-
JIMK, TIO3TOMY BCE JTyYd OTKJIOHSIOTCS Ka)JI0W M3 TIOJIOBHH OMMPU3MBI Ha OJMHA-
KOBBI yroi. B pesynbrare oOpa3yroTcsi IBe KOTepEHTHBIC IIMIMHIPHIECKHUE BOJI-
HBI, HCXOJISIINE U3 MHUMBIX UCTOUYHUKOB S1 M Sy, JIeXkKAIIUX B OJHON MIOCKOCTH C
MUCTOYHHKOM CBeTa S.
B maHHOM SKCIIEpUMEHTE PacCTOSTHUE MEXKIY UCTOYHUKAMHU PaBHO
d =2asing ~2ap=2a(n-1)0, (7)
a paccTOsSIHUE OT UCTOYHUKOB JI0 dKpaHa
|=a+Db.
Torna, ucnonb3ys Gopmyny (4), HaiieM MUPUHY UHTEPPEPEHITMOHHOM T10-
JIOCHI CIIEAYIOLTUM 00pa3oM:

2a(n-1)0
O6J’IaCTB HGpCKpBITI/IH BOJIH PQ B TAKOM BKCHepI/IMeHTe nMECET HpOTiI}KCHHOCTL
2btgp ~ 2bp =2b(n-1)0 (9)

U MaKCUMaJbHOE YHCJIO HaOIoAaeMbIX HHTEPGEPEHIMOHHBIX IOJOC MOXKHO
ONPENEIUTh MO cleayrolen popmyie:

\ _dab(n-1)6?
Aa+b)

(10)

4. ITIPUBOPBI U TPUHAIVIEZKHOCTHU

1. OnTuueckas cCKambsl.

2. Jlazep.

3. JIunza

4. Illenu FO#ra.

5. bunpuzma ®Openerns.

6. DKpaH 11 HaOII0ICHHMS.

5. PABOTA C JIASBEPOM

Bo Bpems paboThl ¢ 1a3epoM HEOOXOAUMO MOMHUTB, YTO HOnadauue 8 2nasd
NPAMO20 1A3ePHO20 U3YUeHUsl OnacHo 0 3penus. Kamezopuuecku 3anpewaemcs
cMOmpemv HA NPAMOL JlazepHulil ayy! Bruouamo nazep MONCHO MOJLKO NOO KOH-
mpoJiem npenooasamens uiu 1abopanma.

6. ITIOPAJTOK BBIIIOJIHEHUA PABOTDI

Ynpaxnenue 1
Onpeoenenue Onunbvl 801HbL 8 onvime FOHea

1.1. CobpaTh ONTHYECKYIO CXEMY, MIPEACTaBICHHYIO Ha puc. 4, a. BxiounTs
na3ep. Beectu B nazepHbIi My4OK COOMpPAIOIIYIO JIMH3Y. Y CTaHOBUTH mienu FOHra
(puc. 4, 6) B na3epHbId My4OK U MOJYyYUTh MHTEP(EPEHUMOHHYIO KapTUHY Ha
JKpaHe.
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menn FOnra
unTepdep. )zcapmna

|
=
! , Al

a) 6) 6)
Pucynok 4.
1. Jlazep; 2. Cobuparomas nun3a; 3. lllenu KOnra; 4. Dxpan

1.2. I3mepuTh TUHEWKOH paccTosiHuE | MEX Ty MIeTsIMU 1 DKPaHOM.
1.3. U3meputh mmpuny HHTEPHEPEHIIMOHHOM MOJOCH X1 (PACCTOSHUE MEXTY
COCEIHUMH MakcuMyMmamu). [IoBTOpUB M3MEpEeHHsI HECKOJIBKO pa3 HATH cpeaHee

3HAYEHUE ITUPUHBI ITOJIOCHI: (AX) :

(Ax)=%§xn.

1.4. Ucnionb3ys BeIpaXX€HUE I IIUPUHBI UHTEP(PEPEHIUOHHBIX T0JIoC (4),
paccyuTaTh IJIMHY BOJIHBI JIA3EPHOTO U3ITyYECHHUS
d (AX
(2) :¥_

JlanHple 3aHecTH B Ta0d. 1.

Taonumpa 1

I, M <AX>,M d, m A, M
0,1 107

1.5. Berauciuthb OTHOCHUTCIIbHYIO IOTPCITHOCTDL JJIMHBI BOJIHBI ———

(4)

AL _Ad AAX) AL AL

B d T
Ad = 0.005., A(AX) =Al = 0.5mm.
Haiitu a6comotHyio norpemnocts A4 =(A)- &. Pe3ynbTar 3anucars B Bue
A=(A)£AL.

. AA
Haiinennsie 3HaueHns — [Ju Ad [JOyIyT HCMONB30BATLCS B yIPOKHEHUH

(4)



222 Wzyuenue sBnenus uarepdepeHnn ceera B onbite FOHra u ¢ momornsio ounpusMsl OpeHers

VYnpaxuenue 2
Onpeodenenue paccmosiHus Mex*coy MHUMbIMU UCTOYHUKAMU C8eMa
6 onvime ¢ ounpusmoul Ppenens

2.1. CoOpatTh ONTUYECKYIO CXEMY, U300paKEHHYIO Ha pHc. 5. Brirounts ma-
3ep. BBectu B masepHbIl My4OK COOMPAIONIYIO JIMH3Y. YCTAaHOBUTH OHUIPU3MY
@peHelst B Ja3epHbId IMyYOK M Pa3MECTUTh 3KpaH JJis HaOMIOACHUS HAa MAKCH-
MaJbHO BO3MOXKHOM PACCTOSIHUH, TIOTYYUTh HHTEP(HEPEHIIMOHHYIO KapTHUHY.

s AATEPEP. KAPTHHA
I
1 2 3 [ 4 Xs
a) &)
Pucynoxk 5.

1. JIazep; 2. Cobuparomias nuH3a; 3. bunpuzma Openenst; 4. Dxkpan aist HaOIIOICHUS

2.2. V3meputh nuHelKoW paccrossHue | MeXIy IJIOCKOCTBIO OCHOBaHHS
NPU3MBI M 9KPAHOM, a TaKKe paccTossHue L oT sxpana 10 nuH3bI (puc. 5).

2.3. 3meputh paccTosiHUSL X, MEXIY HECKOJbKUMHU HMHTEP(PEPEeHIIMOHHBIMU
MOJIOCAMU Y HAWTHU CPEIHEE 3HAUEHUE ITUPHUHBI TIOJIOCHI <AX> (Hanpumep, JuIs 1si-

TH TI0JIOC <AX> = % puc. 5):

X
(Ax) =n,
n
2.4. OmnpenenuTh PacCTOSHUE MEXAYy MHUMBIMA WCTOYHUKAMU CBETa, HC-

MOJIb3Ysl BRIPAXKEHUE I TUPUHBI UHTEPHEPEHITMOHHON MOJIOCHI (4)
L-F
(dy=""F2

(&%)

JlanHbIe 3aHeCTH B Ta0. 2.
Tabnuma 2

A, M I ™ L, M <AX> - <d>, M F, M 0, pan n
5102 6103

2.5. BuncnuTh OTHOCUTEIBHYIO TIOTPEITHOCTD 110 (hopMyIie
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Ad AL AF AL A(AX)
= + +—+
) L-F L-F () &

&= Ad—d100%.

AL = Al =Ax=Aa=05mm, AF =0.2mm.
Haiit aGconmoTHY0 IOTrpeIHOCTh 110 hopmyste Ad =(d)- .

OxoHYAaTeIbHBIN pe3ysbTaT 3amucath B Buje d = <d> + Ad.

VYnpaxuenue 3
Onpeoenenue nokazameins npeiomieHus mamepuaia ounpusmvl Ppenens

3.1. Ilo nanHBIM TabI. 2, UCTIONB3Ys BBIpaXKEHUE (8), pacCuUTaTh BEIUYUHY
MoKa3aTelis MpeaoMIIeHUs: N OUIIPU3MBI
(n)= (a+b)(1) L (L-F){4)
2aAx60 2(L-b—-F)Ax6
[TosryueHHBIH pe3ybTaT 3aHECTH B Ta0II. 2.
3.2. PaccuuTtaTh OTHOCHUTEIBHYIO U aOCOJIOTHYIO MOTPEIIHOCTh W3MEpPEHUs
10 CIEeAYOUNM GopMysiaM, YYUTbIBas, UTO
a+b=lI,
An Al AZ Aa A(AX) A6  An
=+t —+

W T Te T

An=(n)-¢

3.3. OxoHYaTeNbHBIN pe3yJbTaT 3aMucaTh B BUJe N = <n> + An.

3.4. Cnenath BBIBOJIBI 11O paboTeE.

7. KOHTPOJIBHBIE BOITPOCBI

1. Jlaiite ompeneraeHUEe MPOCTPAHCTBEHHOW W BPEMEHHOW KOTE€PEHTHOCTH
AIEKTPOMArHUTHBIX BOJIH.

2. [IpuBenute mpuMepsl cxeM HaOIoIeHusT THTep(hEepPEHITNH CBETA.

3. Paccuutaiite mHTep(dEpPEHIMOHHYI0 KapTUHY OT JIBYX TOYEYHBIX KOTe-
PEHTHBIX UCTOYHHUKOB CBETA.

4. BeiBenute (popmyity Ui onpeiesieHHs JUTMHBI BOJIHBI CBETa, B onbiTe FOHTa.

5. BeiBenute hopmysbl 1181 oKa3aTessi IpeJoMIIeHUsT MaTepuaia OUIpru3Mbl
U HAXOXICHUS PACCTOSHMS MEXJIYy MHUMBIMHU HCTOYHHMKAMHU CBETa B OINbBITE C
ounpuszmoit Gpenens.
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JABOPATOPHASA PABOTA 37

MN3YYEHUE 3AKOHOB ABUKEHUS 3APAIA
B MAT'HUTHOM IIOJIE

1. HEJb PABOTbBI

1. DKcniepuMeHTaIbHO UCCIEA0BATh JIEUCTBUE MAarHUTHOTO MOJSl HA JABUXKY-
UNCS 3apsii.

2. I3yuuts neiictBue cwiibl JIopeHIia Ha ABUXKYIIMICS 3apsi.

3. Onpenenuth yaeIbHBIN 3apsig YaCTHULIBI.

4. OnpenenuTs NapaMmeTpbl TPACKTOPUM IBUKECHUS.

2. BUBJINOTPA®UYECKHUI CIIMCOK

1. Tpodpumona T.U. Kypc dpusuku: yuebd. mocodue mis By3os / T.1. Tpodu-
MOBa. - 2-¢ u3a. - M. : Bricui. k., 1990. - 478 c.

2. CapenseB U.B. Kypc oOmieit pusuku: yued. mocobue sl CTy/IeHTOB BTY-
30B. - B 3 1. T.2: DnekrpuyectBo u Maraetu3m. Bomabl. Ontrka / U.B. CaBenbes.
- M.: Hayxka, 1989. - 480 c.

3. Hetnad A.A. Kypc ¢usuku: yue6. mocodbue mis BTy3oB / A.A. Jletnad,
b.M. SBopckuit. - M.: Bercur. mik., 1989. - 608 c.

3. TEOPETUYECKOE BBEJAEHHUE

3.1. I[BI/I)KeHI/Ie 3apm1ceHH01“4 qacTuubl B OTHOPOAHOM MATHUTHOM I10J1I€

Kaxk u3BecTHO, Ha YacTUIly, ABMXKYIIYIOCS B MarHUTHOM I10JI€, IEUCTBYET CH-
na Jlopennia F =qlV x BJ. [ToaTomy 3apskeHHAst 4acTuIla, BJIECTAIONIAS] B MarHUT-

HOE T0JIe, OTKJIOHAETCS OT CBOETO MEPBOHAYAIHLHOTO HAMpPABJICHUS ABUXKEHUS (13-
MEHSET TPAEKTOPHIO), €CJIM TOJIBKO 3TO HAIIPaBJIECHUE HE COBMAAAET C HAMPABIICHH-
eM nojs. B mocienHem ciayyae MarHMUTHOE MOJie BOOOIIE HE JEWCTBYET Ha JBH-
KYILYIOCS YaCTHUILY.

PaccmoTtpum ciydait, Koraa yacTuiia BJIETaET B OJHOPOIHOE T0JIE, CO3/IAHHOE
B BaKyyMe, UM€s HallpaBJICHHUE, IEPIICHANKYIISIPHOE TOJIIO.

[TycTh YacTHIla BETaeT B MarHUTHOE MoJie ¢ uHaykuend B (puc. 1). Jlunun
MarHUTHOW MHAYKIIMH, N300pa)KEHHbIE TOUYKAMH, HAIIPABJICHBI MEPIICHIUKYISIPHO
IJIOCKOCTH PUCYHKA.

Tak kak CKOpOCTb MEPNEHIUKYISApHA cuie JlopeHua, TO U3MEHSAETCS TOJIBKO
HAMNpPaBJICHUE CKOPOCTh JIBMKEHUS YACTHULBI, IPU 3TOM 3HAYEHUE MOIYJISI CKOPO-
cTu He MeHseTca. OTcroa CleayeT, YTO TPACKTOPHUS YACTHUIIBI SIBJISIETCS OKPYKHO-
CThIO, Ha KOTOPOM YacCTHUIy YJEPKUBAET JIOPEHIIOBA CHUJIA, UTPAIOIIAs POJIb LEH-
TPOCTPEMUTENBHON CUIbl. Paguyc OKpyKHOCTH ONpeAenuM, NIPUPABHUBAS JIOPEH-
LIOBY U LIEHTPOCTPEMUTEIBHYIO CUJIBI:

quB = mvr, (1)
OTKyZa
r = molQB. (2)
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Taxkum 00pazom, paaryc OKPY>KHOCTH, IO KOTOPOH JBMXKETCSI YacTHUIIA, TIPO-
MOPIIMOHAJTIEH CKOPOCTH YacCTHUIBI U OOPAaTHO MPOIMOPIIMOHATICH MAarHUTHOW WH-
TYKITAW TIOJISL.

[lepuon oOpateHrst 9aCTHIBI PABEH OTHOIICHUIO JTUHBI OKPYKHOCTH K CKO-
POCTH YaCTHITHI:

T = 2xr/v. (3)

Otkyna

T = 2zm/qB. (4)

CrnenoBatesibHO, TIEPHO/I BPAIIICHHUS YaCTHUI[BI B MAarHUTHOM TI0JI€ HE 3aBHUCUT

OT €€ CKOPOCTH.

° o L e .

PI/ICYHOK 1. I[BI/I)KCHI/IG Sapﬂ)KeHHOﬁ YaCTUllbl B MArHUTHOM IIOJIC

Ecnmm 3apspkeHHas dacTuila BiIETa€T B MarHUTHOE IIOJIE TTOZ YTJIOM O, TO
TanbHEHIIee IBIKCHUE YaCTHIBI TMPEACTABUT COOOM TEOMETPHUUECKYI) CYMMY
JIBYX OJTHOBPEMEHHBIX JIBIKCHUMN: BPAIICHUS 110 OKPYKHOCTH CO CKOPOCTBIO DSINa
B TUIOCKOCTH, TEPIEHIUKYISIPHOW JIMHUSIM HAIMPSHKEHHOCTH, W TEepEeMEeIeHUs
BJIOJIb TTOJISI CO CKOPOCThIO vcosa (puc. 2).

O4eBUIHO, YTO PE3YIABTUPYIONIAS TPACKTOPHS YACTUIIBI OKAKETCS BUHTOBOM
JIMHUEH C IIaroM CIUPAJIH:

h=Touo,. (5)

C moMomipl0 pacCMOTPEHHBIX 3aKOHOMEPHOCTEH JBMIKEHUS 3apsHKCHHBIX

YaCTHI] B MArHUTHOM I10JIE MOKHO DKCIIEPUMEHTATIBLHO OMPENCTUTh YACIbHBIN 3a-
PS 9aCTHUIIBL:

q 2z 6

m T-B (6)

JAYAVATAYA -
\VAVAWAY, 5
7W

LSt~ 1%
|

o
1 == 13 gusox

o

\oE
)

/\
ot

Pucynok 2. /IpuxeHne 3apspkeHHOW YaCTHUIbI O/ YIVIOM K MATHUTHOMY TOJIHO
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3.2. KoMnboTepHbIii IKCTIEPUMEHT

KoMmnbloTepHbIi SKCIEPUMEHT J1a€T BO3MOKHOCTh, U3MEHSIS XapaKTEPUCTUKU
JIBMDKEHUS 3apsijia U UHIYKIUA MArHUTHOTO TOJISI, ONPENEIUTh PajnyC BUHTOBOU
WIK KPYTOBOM TPAEKTOPHUM 3apsifia U ONpPEAeNATh BpeMsl IBMKeHUs. V3MepuB re-
pHOJT IBMKEHUS 3apsiia, ONPENENsoT UCKOMBINA yAENbHBINA 3aps]l YaCTHUIIbI, KOTO-
past ABMKETCS, U 11ar BUHTA.

4. IPUBOPBI U ITPUHAVIEZKHOCTHU

1. KommnsroTep.
2. Ilporpamma «OTtkpeiTas ¢pusnka 1.1» OO0 «Pu3NKOHY.

5. MOPAJOK BbIIIOJIHEHUSA PABOTDI,
OBPABOTKA PE3YJIbTATOB U3MEPEHUI

1. YcranoBute nporpamMmmy «OTKpbITast pusuka 1.1» Ha KOMIIBIOTED.

2. 3anmycTUTE yCTAaHOBJIEHHYIO Mporpammy, B paszaene — «Coaep:kaHue», otT-
KpOHNTE BKIIAJKY «DJIEKTPUYECTBO U MArHETH3M», BHIOEPUTE KOMITBIOTEPHYIO MO-
1eNb — «JIBHKEeHHE 3apsiia B MATHUTHOM TIOJIe», pUcC. 3.

5.1. U3yuenmne aeiictBus cuibl Jlopenna Ha yacruiy,
BJICTAIOIIYIO EPIEHIUKYJIAPHO MATHUTHOMY IOJIIO

1.1. YcranoBute cKOpocTh yacTUllbl. J{jst 3TOro HaskMuTe Ha KiaBuiy «Beioopy.
3aTeM NoJBeaUTe Kypcop K OEr'yHKY IIKalbl Uy, HOKMUTE JIEBYIO KJIaBUIILY MBIIIKUA U
JBUTANTE IIKAITY 0 HYKHOTO MOJOXKEHUs. AHAJIOTUYHO YCTaHOBUTE V; = 0 M/c.

1.2. YcranoBute 3HaueHue nHAyKuu (B > 0) MarHuTHOTO MOJIS.

1.3. HaxxmuTe kiaBuieil MpIkyd Ha kiaBuiie «CtapT» U MOBTOPHBIM HaXka-
THEM OCTAaHOBMTE MPOLIECC MOCIE BYX-TPEeX OOOpPOTOB. 3aMMILINUTE 3HAYEHUE pa-
JINyCca OKPY>KHOCTH.

1.4. Viccnenyiite 3aBUCUMOCTH I' OT B. [l 3TOTO A1 TpeX 3HAYEHUN CKOPO-
CTEl MEeHsITEe 3HaY€HWe MarHUTHOW MHIyKUMU. Bee 3Hauenus 3anecure B T1a0. 1.

Tadonuma 1

Vx1, M/C = Vx2, M/C = Vx3, M/C =
B, MmTn r, M 2, M r3, M

OB WNEF

1.5. Uccnenyiite 3aBUCUMOCTB I' OT vx. JlJIst 3TOrO JyUIsl TpEX 3HaYEHUM MarHuT-
HOM MHAYKIIMHM MEHSINTE 3HaueHue cKkopocTeid. Bee 3HaueHust 3anecute B Ta0JI. 2.
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TaOnuma 2

B1, MTn= B2, MTnn = B3, MTn=
Vx, M/c r,m M, M I3, M

Gl IWIN -

1.6. IToctpoiite rpaduku 3aBucuMocTei I ot B (o gaHHBIM Tad. 1) U I oT vy
(rro maHHBIM TAOII. 2).

1.7. PaccumTaiiTe yaenbHBIM 3apsa dacTuilkl mo (opmyne (6). s atoro
YCTaHOBUTE JI000€ 3HAYECHUE MarHUTHOW MHAYKIUU B > 0 monsa u noboe 3Haye-
HUE CKOPOCTH vx. HaxkmuTe KiaBuieil MbIIKM Ha kiaBuiie «CTapT» U MOBTOP-
HBIM Ha)kKaTHEM OCTAHOBHUTE MPOIIECC MOCJE OJTHOTO 000poTa. 3aNuIIuTe 3HAUCHHE
nepuoja (Bpemsi 0OAHOTro 000poTa YaCTHIIBI).

1.8. 3apucyiiTe TPaCKTOPUIO IBYKCHHS YaCTHUIIHI.

5.2. N3yuenmue aeiictBus cuibl Jlopenna Ha yacruiy,
BJICTAIOIIYIO IO/ YIJIOM K MATHUTHOMY I0JIKO

2.1. YcTaHOBUTE CKOPOCTh YacTUIIbL. J{Jis 3TOT0 MoABeANTE Kypcop K KiIaBH-
e «BbI00op» M HAKMUTE KHOMKON MBIIIKHA. 3aTeM MOJABEAUTE Kypcop K OETryHKY
IIKAJIBI Dy, HAYKMUTE JIEBYIO KJIIABUIITY MBIIIKHA U ABUTAWTE MIKATY 10 HYXKHOIO MO-
JI0’KEHUSI. AHAJIOTUYHO YCTAHOBHTE V.

2.2. YcranoBute 3HaueHue uHAykimu (B > 0) MarauTHOTO MOJIS.

2.3. UccnenyiiTe 3aBUCUMOCTS I1ara CUpad OT 3HaA4eHUs V7. g aToro s
TpeX 3HAYECHUN MarHUTHOW MHAYKIIMM MEHSWTE 3Ha4ueHUus v; (IpU HEU3MEHHOM
3HAYEHUU CKOPOCTH vx). HaKMUTE KJIaBHIICH MBIIIKK Ha KiaBuiie «CtapT» U 1o-
BTOPHBIM HAKaTUEM OCTAHOBUTE IIPOLECC MOCIE IBYX-TPEX BUTKOB criupaiu. Pac-
CUMTAlTe W 3alUIIUTE 3HAYCHUE TEepHoja BpallleHusl (BpeMs OJHOTO 000poTa).
3HavyeHue miara cnupainu h paccunraiite mo popmyse (5). 3anuimmnTe Bce 3HAUCHHUSI
B TaOm. 3.

TaObauma 3

x, M/C = B, mTn = Bo, mTn = B3, mTn =
vz, M/C T c h, m T ¢ h, m T ¢ h, m
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PI/ICYHOK 3- I[BI/I)KGHI/IG 3apsAada BJICTAOMICTO ITOA YIJIOM K MArHUTHOMY ITOJIFO

2.4. TlocTpoiite rpaduK 3aBUCUMOCTH IIara cuupaid h or 3HaveHus v, 1o
IaHHBIM Ta0II. 3.

2.5. Paccunraiite ymenbHBIN 3apsa 4dacTUIlel 1Mo ¢opmyne (6). st sToro
YCTAHOBUTE J1000€ 3HAUEHUE MAarHUTHOM mHayKuuu B > 0 mons u aro0oe 3Haye-
HHUE CKOPOCTH 0x M v;. HaxXxMuTE KiaBHIlEH MBIIIKA Ha KiaBuie «CtapT» U 1o-
BTOPHBIM Ha)KaTUEM OCTAaHOBUTE IPOIIECC MOCIEe OJHOr0 000poTa. 3aNUIlIUTe 3Ha-
YeHue nepuoja (BpemMs 0JHOTO 000pOTa YaCTHUILbI).

2.6. 3apucyiite TPaeKTOPHIO JBUKCHUS YACTHIIBI.

6. KOHTPOJIBHBIE BOITPOCHI

1. 3anumure BbIpakeHue s cuiibl JIopeHIla B BEKTOPHOW W CKaJIIPHOM
dhopme.

2. OnuimmuTe MoBeJAeHNE 3apsHKEHHON YacCTHUIIBI B MATHUTHOM ITOJIE.

3. OT 4ero 3aBUCUT BUJ TPACKTOPUHU MPOTOHA, MPU JBUKECHUU B MAarHUTHOM
noJe.

4. BeiBenute GopMyJIbl 1JIs MAPaMETPOB TPACKTOPHUH YACTHIIBI.

5. DIIEKTPOH IBUKETCS B MAarHUTHOM II0JI€ MO OKPYKHOCTU. Kak 3aBucHT mie-
PHOJ BpAIlICHUA 3JIEKTPOHA OT €r0 CKOPOCTH.
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JABOPATOPHASA PABOTA 38
N3YYEHUE UHTEPOEPEHIIMOHHOI'O OIIBITA IOHT'A

1. HEJIb PABOTbI

1. U3yuuth cxeMy HaOJIOJCHUS UHTEPPEPEHIIMOHHBIX pe(dIeKCOB ¢ MOMO-
b0 omneita fOHra.

2. Paccunrtarh ycinoBusi 00pa30oBaHUsI TEMHBIX U CBETJIBIX MHTEPPEPEHIIMOH-
HBIX ToJ1oC B onbiTe FOHra.

3. PaccuuTaTh paccTosiHUS MEXy CBETJIBIMA U TEMHBIMU HMHTEpP(EpEHIINOH-
HBIMH MoJI0camMu B onbiTe FOHra.

4. PaccuuTtarh YIJIOBOE€ PACCTOSIHUE MEXKIY CBETIBIMU (MM TEMHBIMH) WUH-
TephepEHITMOHHBIMHU TTOJIOCAMHU.

2. BUBJIMOT PA®UYECKHU CIIUCOK

1. Tpodpumosa T.U. Kypc dpusuku: yued. mocodbue s By3oB / T.M. Tpodu-
MOBaA. - 2-¢ u3. - M. : Bricmr. mk., 1990. - 478 c.

2. CasenneB U.B. Kypc oOmie#t ¢pusuku: yaed. mocoOue ajis CTyI€HTOB BTY-
30B. - B 3 1. T.2: DnektpudectBo U MarueTu3Mm. Bomubl. OnTuka / U.B. CaBenbes.
- M.: Hayka, 1989. - 480 c.

3. Hernad A.A. Kypc dusuku: ydue6. mocodue s BTy30B / A.A. Jletnad,
b.M. ABopckuii. - M.: Beicui. mik., 1989. - 608 c.

3. TEOPETUYECKOE BBEJIEHUE

[Tpu u3yyenun ceta emé B 15 Beke ObUIM yCTAHOBJIEHBI (PAKThl MONAAAHUS
CBETa B 00JIaCTh FT€OMETPUUECKON TEHU U MOSBJICHUHU MIPU HAJOKEHUHU MTyYKOB CBE-
Ta YePeyIOUIUXCS CBETIIBIX U TEMHBIX TMOJIOC.

Pe3ynbpTaThl CIOXEHUSI CBETOBBIX MyYKOB OBLUIM BIEPBbIE TOYHO HCTOJKOBA-
Hbl Ha OCHOBE BOJIHOBBIX mpexactaBieHuid FOHrom. Ilpm nmanpHelmeMm u3ydeHUn
sTOro Borpoca KOHT OTKpBLIT NPUHLKIN UHTEPPEPEHIINH (CaM TEPMHUH ObLIT BBEIEH
FOnrom B 1802 roay). Cxema omnbita FOHra npencrasiiena Ha puc. 1.

Mauioe oTBepcTHe A B HENMPO3PAYHOM IKPAHE OCBEIIAECTCS MHTCHCUBHBIM M C-
TOYHHMKOM cBeTa. CorylacHo npuHuuIy [toliresca 370 0TBEPCTHE SABIISIETCS] UCTOY-
HUKOM PACIPOCTPAHEHUsI SJIEMEHTAPHBIX MOJIyCPEpUUECKUX BOJIH. DTU BOJHBI Ma-
JAI0T HA JIBA MAJIBIX OTBEPCTUS B1 U B> , KOTOPBIE B CBOKO OYEPEb CTAHOBATCS HC-
TOYHUKAMHU BOJIH, HAKJIaJAbIBAIOIUXCsl APYT Ha apyra B obnactu D. Tak kak koe-
OaHUs B OTBEPCTHUSAX B M B, BBI3BIBAIOTCS OJHON M TOH K€ Iajalolieii Ha HUX
BOJIHOM, TO UX aMITUTYABI U (ha3bl OIMHAKOBBI. BoJHBI, HCcXoas1IKe U3 ToYek By U
By , cxonmarcs B KaxaoW Touyke obsactu D ¢ pa3sHOCTBIO X0/a, OMpeaesieMoi
IIPOMCHHBIMU UMM IyTAMHU. B 3aBUCHUMOCTH OT 3TOW pa3HOCTHU XOJa OHHU YCUIIU-
BaIOT WJIK OCJIA0JISIOT JPYT Apyra.

Ecnu B pazHOCTH XOAa YKJIaJbIBAETCS LIEJI0€ YUCIIO JJIMH BOJIH (MM YETHOE
YUCJIO JJIUH TMOJYBOJH) TO HaOmoAaeTcs: HHTEpPEpEeHIIMOHHBIN MakCUMyM (CBET-

Jasi 1moJjoca).
A = I, 1)
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rne K - menoe uncio, mopsaok uaTepdepeHmonnoro makcumyma, k = 0,1,2,3...
B>

B,

Pucynok 1. Cxema onbiTa FOHra

Ecnu B pa3HOCTH X042 YKJIaJbIBAETCS HEYETHOE YMCIO JIJIUH MOJYBOJH, TO
Ha0moAaeTcss THTEPPEPEHIIMOHHBIN MUHUMYM (T€MHasl T0JI0Ca).

A:iQk+D%. @)

Takum oOpazom, Ha 3kpaHe B oOnactu D HaOmomaeTcs sIBJICHUE HATOKECHUS
JIBYX BOJHOBBIX IPOLIECCOB, MPOSBISIIONIEECSs B OOpa30BaHUM YCUJICHHBIX U
ocnabJIeHHBIX O0s1acTell B BUJE YEPEAYIOIUXCS CBETIIBIX U TEMHBIX I0JIOC.

Paccunraem nonoxenue nHTEpGEpPEeHUNOHHBIX pedekcoB Ha dkpaHe D (puc.
2). Ilycth TOYEUHBIE UCTOYHUKU BOJIH B1 U By pacmoiioKeHbl JIPyr OT Apyra Ha
paccrostaun d (puc. 2). ByneM cuntaTh, 4To KojeOaHUS B TOUKax Bi u B, coBep-
IaI0TCA B OJTHOM (ha3e C OJIMHAKOBBIMU aMILUIUTYyAaMu. Pe3ynbTaT nHTEpQepeHIINH
BOJIH TTyCTh HAOJIOJaeTCsl HAa DKpaHe D, pacloJIOKEHHOM OT TO4eK Bi u B, Ha pac-
crosiauu L, 6opmum 1o cpaBHenuio ¢ d. Onpenenum pa3HOCTh X01a A, ¢ KOTOpOi
MPUXOJAST BOJHBI B TOUKY C 3KpaHa, OTCTOSIIYIO OT €ro CepeiuHbl A Ha pacCTOSIHUU
|. TTockonbky L>>d u L>>I, To Tpeyronsuuku B1 Bo N u AOC nomoOHBbI.

A

d L
Otcrona
A= l d. (3)
L
Ecnu B pazHOCTH X042 yKIaABIBae€TCs IEI0€ YMCIIO0 JUTMH BOJIH (yciioBue 1),
TO B Touke C Ha ’KpaHe D OyaeT HaOI01aThCs CBETIIas 1MOJIoca.

I
A=—d=1kA4. 4)
L
Ecnmu B pa3HOCTH X0/a YKJIaIbIBACTCS HEUETHOE YHUCIO JJIUH TOTYBOJH
(ycmoBue 2), To B Touke C Ha 3kpaHe D OyAeT HaOMoaaThCs TEMHas T0J10ca.

Id=iQk+Dg. (5)

A=—
L
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By

€
A

D
B,

Pucynok 2. Pacuet pasnoctu xona nyueit B1C u B2C

BuaHo, 4TO CBETIIbIE MOJOCHI PACIIONAraloTCsl Ha PACCTOSHUSIX OT CEPEIUHBI
9KpaHa T. 4, paBHBIX

i

I:ide, (6)

rnek=0,1,2,3...
TeMmHBIE TOJIOCH PACIIONIOKEHBI MEKIY CBETIBIMH. PaccTosiHHEe MEXIYy CO-
CEIHUMH CBETJIBIMU IOJI0CAMHU PABHO:

A
Al ==L. 7
" (7)
|
ITos10KeHHE CBETIBIX MOJOC MOKHO OIPEICITUTH TAKKE YIIIOM O = T T.€
A
a=k=. 8
r (8)

VYTri0Boe pacCTOSTHUE MEXKIY COCETHUMH CBETJIBIMUA WM TEMHBIMH MOJI0CAMU
Ao paBHO:

N3 cooTHomieHust (9) BUAHO, UYTO YIJIOBOE PACCTOSTHUE MEXKIY IMOJIOCAMHU

onpeAcisICTCA OTHOLMICHHUEM T, T.C. OTHOILICHUCM OJIMHBI BOJIHBI AK pacCTOAHHUIO

MeKay ucrouHrkamu d. DTO OTHOIIEHHE HE JOJKHO ObITh MAJIbIM, TaK KaK B IPO-
TUBHOM CJIy4ae MHTEP(EPECHIIMOHHBIC TTOJIOCHI PACIIOJIOKATCS Ha CIUIIKOM MaJbIX
PacCTOSIHHUSAX IPYT OT JpyTa.

[Tpu HaOroneHNU MHTEP()EPCHIIMOHHON KapTHUHBI B KPACHOM CBETE MHTEP-
(epeHITMOHHBIC TOJIOCHI PACIIONIATAIOTCS Ha OOJBIIUX YIVIOBBIX PACCTOSIHHUAX Ad
JPYT OT ApyTa, a Py HAOIIOICHUHN B CHHEM CBETE — HA MEHBIIINX.

Orcroga cremyer, 4To CBET Pa3IMYHOTO I[BETa OTIMYACTCS JAPYT OT Jpyra
JUTMHOW BOJIHBI (Ta0II. 1).
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Tabonuma 1

L{Bet 1iBeTa [TpuOIM3KUTEIBHBIN HHTEPBAI JUTHH BOJIH, A, MKM
Kpachbrit 0,76-0,63
OpanxeBbIit 0,63-0,60
Kenrerit 0,60-0,57
3eJIeHbIit 0,57-0,50
CuHe-3€eJIeHblil 0,50-0,45
Cunnit 0,45-0,43
DuoaeToBI 0,43-0,40

Jlyuu ¢ nqimunamu BosH Oosbiie 0,76 mxm u MeHbIe 0,40 MKM 4eTOBEYECKUIA
rJ1a3 He BocnpuHUMaeT. [lepBbie U3 HUX HA3BIBAIOTCS MH(PAKPACHBIMHU, BTOPHIE —
yIbTPa(HOTETOBBIMH.

CBer kako-mu0o OJHOM OmpeeaeHHON JJIMHBI BOJHBI Ha3bIBAETCS MOHO-
XPOMATUYECKUM.

4. KOMIIBIOTEPHBINA SKCIIEPUMEHT

KoMIbroTepHbIi 3KCIIEPUMEHT MO3BOJISIET IPOBECTH BUPTYaIbHBIA HUHTEP(E-
pPEeHIMOHHBINA ONBIT FOHra, B KOTOPOM MOHOXPOMATHYECKUU JIyd CBETA IPOXOJIUAT
yepe3 JBe OJIM3KO PacloOkKEHHbIE IIETH. DTH LIENIM TeHEPUPYIOT JBE KOTEPEHT-
HbIE CBETOBbIE BOJHBI, KOTOPbIE, HAKJIA/IbIBAsICh B 00JACTH NEPEKPHITHS ABYX CBE-
TOBBIX IIYYKOB, 00pa3yl0T MHTEPPEPEHIMOHHYIO KapTUHY B BUJE YEPEAYIOLIUXCS
CBETJIBIX M TEMHBIX Ios0c. KoMIbrOTEpHAs IporpaMma NpeycMaTpUBaeT pacyer
MOJIO’KEHUSI UHTEPPEPEHLIMOHHBIX MOJIO0C, UX IIMPUHY U YIOJ CXOXAECHUS CBETO-
BBIX JIy4€EH.

5. HPUBOPHI U TIPUHAJUVIEZKHOCTHU

1. KomnsroTep.
2. Ilporpamma «OTtkpeiTas ¢puzuka 1.1», OO0 «PU3UKOHY.

6. MOPAJOK BBIIIOJIHEHUSA PABOTDI.
OBPABOTKA PE3YJIbTATOB U3MEPEHUI

1. YcranoBuTe KOMMbIOTEpHYIO mporpamMmmy «OTtkpbiTas ¢uszuka 1.1» Ha
OBM.

2. 3anmycTUTe YCTAHOBJICHHYIO TPOTPaMMYy, OTKPOWTE COJIEpKaHUE, 3aITyCTUTE
paznen «OnTuka», OTKPOWTE MPOrpaMMy BHUPTYaIbHOW J1a0OpaTOpPHON pabOTHI
«MuTepdepennmnonnsiii onbiT FOHTaY, puc. 3.

3. YcraHoBuTE B COOTBETCTBUE C JAHHBIMU Ta0J. | JJIMHY BOJIHBI MOHOXPO-
MaTu4yeckoro cera A, HM B uHTepBasie 400 - 760 HM 1 paccTOsIHHE MEXTY MIETIIMU
d, mm B muTepBaie 1 - 2 mm. Ilpu npoBeacHUH KOMITBIOTEPHOTO SKCIIEPUMEHTA
paccTostHue L Mexay sKpaHOM U IIEISIMU YCTaHABIMBAETCS MPOrPAMMHBIM CIIO-
co00M. DTO paccTosHUE PaBHO 4 M.

4. BHHUMATEIbHO U3YYUTE HWHTEPPEPEHIIMOHHYIO KapTHUHY BHUPTYaJIBHOTO
onbiTa FOHra. OOpaTuTe BHUMaHUE Ha MOJIOKEHUS CBETJIBIX U TEMHBIX MOJIOC Mep-
BOT'O M BTOPOI'O MOPSAKOB UHTEPPEPEHIIHH.
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5. Paccuwmraiite paccTossHre OT MHTEP(PEPEHIIMOHHON CBETJION IMOJOCHI Tep-
BOT'0 U BTOPOTO MOPSIAKOB CIIEKTpa JI0 CEpeIUHbI SKpaHa. Pe3ynpTaThl pacuera 3a-
MUIINATE B TaOIL. 2.

€)

Pucynok 3. Mogens «MHTepdepeninonnbiii onbIT FOHra»

5. Paccuuraiite paccTosHre OT MHTEP(PEPEHIIMOHHON CBETIJION IMOJOCHI TMep-
BOT'0 M BTOPOTO MOPSIAKOB CIIEKTPA JO CEpEeAUHBI dKpaHa. Pe3ynbrarsl pacyera 3a-
MUIINATE B TAOJI. 2.

TaoOnuma 2

CseTtitag mojoca

Howmep LBet JlnuHa BojiHbI, | PaccrosHue [Topsimox Paccrosnue ot
OnbITa A, HM MEXKITY 1Ie- CreKTpa, K | CBEeTJI0# MOI0CH!
MU, d, MM JI0 LIEHTpa JKpa-
Ha, |, MM
1 2 3 4 5 6
1 KpacHusit
2 OpaHKeBbIii
3 JKenrorid
4 3eneHsblit
5 I"onty0oii
6 Cunui
7 ®HoeToBkIN

6. Paccuuraiite pacctosiHue OT MHTEPPEPEHIIMOHHON TEMHOM MOJIOCHI MTEPBO-
ro ¥ BTOPOrO MOPSAKOB CIIEKTpa A0 CEpeIMHbl 3KpaHa. Pe3ynbTaThl pacuera 3a-
nummMTe B Ta0JI. 3.
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Tabnuma 3
Caetuast mojoca
Homep [Ber Jnuua Bonnbl, | Paccrosiuue | Ilopsimok Paccrosinue ot
OTbITa A, HM MEXy Ie- CIEeKTpa, K | TeMHOI 1OJIOCHI
asivu, d, MM JI0 LIEHTpa JKpa-
Ha, |, MM
1 2 3 4 5 6
1 KpacHb1i1
2 OpaHXeBbIit
3 Kentorit
4 3eneHblii
5 I"ony6oit
6 Cunuit
7 DUONETOBBII

7. PaccunTaiiTe (Mo 3aaHUIO MIpENojaBaresisi) OTHOCUTEIbHYIO U abCOJIOT-
Hyto norpemHocTh . Pe3ynbraThl pacuera 3anumuTe B Ta0. 4.

TabOnumna 4

Howmep
OIbITa

AA, HM

AL, m

Ad, Mmm

A AL Ad
E=—+

— %
L d

A(AD)

N[OOI~ IWIN|EF

8. IloBTOpUTE MOJEIBHBIN IKCIEPUMEHT MO IMyHKTaM | -4 1nus pa3muyHbIX
JUTMH BOJH (11BeTOB) (IO 3alaHuIo MpernojaBaresisi). Pe3ynbTaThl u3MepeHuit 3a-

numure B a0, 3 u 4.

7. KOHTPOJIBHBIE BOITPOCHI

1. O0BsicHuTe cxemy mpoBeaeHus omnbiTa KOHra.

2. IlomyuuTte BeIpayKEHUE JIJISi OMPENEIICHUSI TEMHBIX U CBETJIBIX HHTEpPEepeH-
IIMOHHBIX TI0JIOC B ombITe FOHra.
3. O0BsicHUTE CITOCOOBI MOTYyUYEHUS KOTEPEHTHBIX NICTOYHUKOB CBETA: 3epKajia
Openens, ounpuzma dpenens, omnwiT Jlmoina, ombiT B.I1. JlunHmka, OuivH3a

buite.



INPUJTOXEHMUE

235

duznueckue NOCTOAHHLIE

IToctostHHas Asoraapo Na = 6,02204510% mons™.

ITocrosiHHas bonbimana k = 1,3807-10°% Ix/K.
YHuBepcanabHas razopas mocrossuaas R = 8,31441 JIx/(monp K).
DJIeMEHTapHBIH dIIeKTpHYecKuii 3apsaz e = 1,6021892:10%° Kun.
DnekTpudecKas MOCToIHHAs £ = 8,85418782:1012 d/m.
CkopocTh cBeTa B Bakyyme ¢ =299 792 458 wm/c.

ITocrosiHuas ITnanka h = 6,626176:103* Jxc = 4,136:10° 3Bc;

h = 1,0545887-103 JTxc = 6,59-10 5B-c.

Macca nokos snekTpona Me = 9,109534-103! kr = 5,4858026:10* a.e.m.

OHeprus nokost anekTpona Ege = 0,511 M»aB.

Macca nokost mpotona My = 1,6726485:10% kr = 1,0072776470 a.e.m.
OHeprust mokos nmpoToHa Eqp = 938,26 M3B.

Macca nokos HeiiTpona m, = 1,6749543:10%" xr = 1,008665012 a.e.m.
DHeprus nokost HelTpoHa Eon = 939,55 M»aB.

MarsuTHas ocTosHHAs o = 4w 107 I'n/m.

[Mocrosinnas Dapanes F = Nae = 9,648456-10* Ki/moub.
ITocrosunas Credana-Bonbumana ¢ = 5,67032:10® Br/(m?K*).
[Tocrostunas Buna b = 0,00289782 mK.

[Mocrosuuas Punodepra R.= 10973731,77 ML,

Paauyc nepBoii 60poBcKoii opouTs o= 0,529117706:101° m.
KoMIITOHOBCKas JUIMHA BOJIHBI JJIEKTPOHA Ac = 2,43:10712 M.
Marreron bopa pg = 9,27-102* Ix/Ta.

DHeprus HOHU3alKMK atoma Bogopoaa Ej=2,18:1018 JIx.

I[I/IC)JIGKTPI/IIIGCKI/IG INPOHHUIIAEMOCTH HEKOTOPLIX BEeIIECCTB

JuanexkTpuk € JnanekTpuk €

Bona 81 IMomusTHaeH 2,3
Bozmyx 1,00058 Crrona 75
Bock 7,8 Cnupt 26
Kepocun 2,0 Crekio 6,0
[Tapadun 2,0 dapdop 6,0
IInekcuriac 3,5 D00HUT 2,7
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YaeabHble CONMPOTUBJICHUA ITPOBOAHHUKOB U U30JATOPOB

VY enbHoe TeMmnepaTtypHbIi Y nenbHOE compo-
IIpoBogHMKH COIIPOTHUBIICHUE K03 GULUEHT «, H3omnaropsr TUBJIEHUE P,
(mpm 20 °C) p, kK? Om-M
HOM M

AnroMuHuI 25 4,5 Bymara 1010
Bosnbdpam 50 4,8 [Mapadun 101
Kenezo 90 6,5 Crrona 103
30510TO 20 4,0 dapdop 1013
Menb 16 43 emmax 10
CBunen 190 4,2 DO0OHUT 10t
Cepebpo 15 4,1 SuTaph 107

MarsnurHbie BOCIIPHUMYHBOCTH IMapa- 1 JHAMArHETHKOB

[TapamarneTnkn u-1, 10 JlmaMaraeTHKU u-1, 10
Azor 0,013 Bonopon -0,063
Bozmyx 0,38 Benzon -7,5
Kucnopon 1,9 Bona -9,0
D00HUT 14 Menb -10,3
AroMuHUI 23 Crexiio -12,6
Bonbhpam 176 KamenHas comnb -12,6
ITnatuna 360 Kgapit -15,1
Kuakuit kucmopon 3400 BucmyTt -176

du3nvecKue CBOHCTBAa HEKOTOPBIX MOJIYNPOBOAHUKOBBIX
MaTepHaJIOB

B rtabnuue npuHATHEI 00O3HAUEHUS: P - IJIOTHOCTH; ty; - TemmepaTypa IUIaBIEHUS;
0L - TeMIepaTypHbIii KOAHUIIMEHT JTMHEWHOTO PACIIUPEHUs; € - MIUPUHA 3aMPEIICHHON 30HBI;
LL> - IOJBM>KHOCTD 3JIEKTPOHOB; L7 - MOJABUAKHOCTB JIBIPOK.

Bemectso p, Kr/M° L, a’10°® €0, b, M7/ (Bre) Mo,
°C °C 5B m%/(B-c)
Ge 5326 937 5,75 0,66 0,39 0,19
Si 2328 1417 2,4 1,107 0,16 0,05
Se 4800 219 47 1,79 - 0,0001
Te 6250 452 16,8 0,33 0,17 0,08
GaAs 5317 1238 6,0 1,428 0,8 0,04
GaSh 5614 712 6,9 0,78 04 0,065
InAs 5667 942 5,19 0,356 2,26 0,02
ZnS 4089 1830 6,2 3,6 0,014 0,0005
(700 K)
ZnSe 5260 1520 1,9 2,7 0,053 0,0028
PbS 7610 1113 26 0,41 0,06 0,06
PbTe 6450 924 19,8 0,32 0,17 0,084
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IIpumeuanus
1. K monynpoBoJHUKaM OTHOCAT BEIIECTBA, YAEIbHAs 3JICKTPOIPOBOJHOCTh (G) KOTOPBIX HMEET

Py KOMHATHOHW TeMIlepaType MPOMEXYTOUHOEC 3HAYEHHE MEKIY YACIbHON 3JIEKTPOMPOBOIHOCTHIO
metawios (o ~108...10* Omtem™?) u xopormux auanextpukos (o ~ 101°...1022 Omtem?).

2. Kpemuuii urpaet u B Onmkaiiiem Oyayiiem OyJIeT Urpath OCHOBHYIO POJIb B MOTYIIPOBOAHUKO-
BBIX ycTpoiicTBax. ONHAKO B psijiec OTBETCTBEHHBIX (PU3MYECKHX M TEXHUYECKHX YCTPOMCTB KPEMHHUI
BBITECHSICTCS apceHnAoM rauus (GaAs): y ocieIHero BhICOKast MOBHYKHOCTD JIEKTPOHOB, OOJIbIIas,
4eM y KpeMHUsI, IIMPUHA 3aMpeleHHO 30Hbl, B 3 pa3a 0oJibIiasi yCTOWIMBOCTh K BO3ACHCTBHIO PaIH-
anuu ¥ OoJbIlas TepPMHUYECKasi YCTONYMBOCT (BEPXHHH THpenesl CTaOMIbHOW pabodeii TeMreparypsbl
cocrapisieT 10 200 °C mpotuB 125 °C y kpemuus). KIIJ| portonpeodpaszosateneii na GaAs nocturaet
20%, a na Si ~ 15%.

Kpacunas rpanuna Ao ¢porosrddexra

BemectBo Xo,-107 m BemectBo Ao,-10° M
AnroMuHAR 450 Oxcuy Oapus 1235
Bapuii 484 Oxcun meu (1) 239
bapwuii Ha Bonb(hpame 1130 [apadun 215
Bucmyt 330 [Inatuna 230
Bona 200 PryTp 260
Bonbhpam 272 PyOuanii 573
I'epmanwmii 272 CauHen 310
Kenezo 287 Cenen 220
3o10TO 285 Cepa 230
Kammuit 320 Cepebpo 260
Kammit 550 CypbMma 310
Kanpumii 370 CypbMSIHO-1I€3UEBBIN KaTO 670
Kucnopoano-1ie3ueBsiii Katoj 1400 Topuii Ha Bosb(hpame 473
Jlutnit 500 Le3nit 620
Marawnii 330 Ile3wnii Ha BonmbGpame 909
Mens 270 Ile3uii Ha mIaTHHE 895
Harpwuii 540 Hunk 290
Huxkens 249

ITapameTtpsl poTOpe3rcTOpoB

Marepunan JiinHa BonHel | ['panuma Pabouass | OOGnapyxu- ITocTo- BayTtpen-

YyBCTBH- MaKcHUMaJb- pabouero TeMIIe- TeNbHAs STHHASI Hee COoTl-

TEJNBHOTO HOW 4yBCTBU- | JWana3oHa, | parypa, | CIOCOOHOCTH | BpeMEHH, poTuBe-

HIeMeHTa TEIILHOCTH, 108 m K B! I'n?"cm c Hue, OM

10% m

PbS 2,1 2,7 300 45108 10+ 104-107
PbS 2,7 3,5 78 4-10° 0,5103 10°-107
PbTe 4,1 6,0 78 4108 0,2510* 310’
PbSe 2,3-3,4 5,5 78 2:10° 510° 5106
InSh 5,5 5,7 78 8,6:10° 10 103-10*
Ge:Au 6 9 78 7,510° 10° 108
Ge:Zn 36 40 4,2 410° 108 310°
Hg-Cd-Te 10,6 15 300 10%° 108 5-50
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PabGoTa BbIX0/1a 3J1IEKTPOHOB

BemectBo Pa6Gora BeniectBo Pabora BemiectBo Pa6ora
BBIX0Ja, 5B BBIX07a, B BBIX07a, B

AITOMUHUI 4,25 Maruuit 3,64 PryTh 452
bapwit 2,49 Menn 4.4 PyOunuit 2,16
Bepumnuit 3,92 Monubnex 43 CBuHel 4.0
bop 45 Kanuii 2,22 Cenen 4,72
Bananuii 4,58 Kanpruii 2,80 Cepebpo 4,3
Bucmyt 4.4 KobGanbt 4,41 Cypbpma 48
Bosbdpam 4,54 Kpemuuit 4.8 Tamnuit 3,7
T'epmanmit 4,76 JIntnii 2,38 Tanran 4,12
Keneszo 4,31 Harpuii 2,35 Topuit 3,30
30510TO 4,30 Hukenn 4,50 Yrnepon 47
Nunnit 3,8 Huo6wuii 3,99 VYpau 3,3
Wpnnnit 4,7 Onoso 4,38 Le3nii 1,81
Kagmnii 3,8 OcMmuii 4.7 yak 4,24

ITnatuna 5,32 Iupkonuii 3,9

OcHOBHBIE XapaKTEePUCTUKH (OTOAMOI0B
Mapka O6mnacts criek- | JlnwHa Bomubl | MHTErpanpHas Cuna IToporossrii
¢dotoarona | TpanbHOH YyyB- | MaKCHMMAaJIbHOW | YyBCTBUTEIb- TEMHOBOI'0 MTOTOK, JIM
CTBHTEJIBHO- YyYBCTBHU- HOCTb, Toka, -10% M
cry, -10% M TEJTBLHOCTH, 10 A/nm
10 m

d/I-1 0,4-0,6 1,6 20 30 1,510
DJI-K1 0,5-1,2 1,0 3,0 3,0 3107°
OJI-A2 0,5-1,2 1,0 6-7 3,0 2,510
®dJ1-8K 0,5-1,2 1,0 8.10-6 1,0 1,410
OT-1 0,4-1,9 1,6 170-500 300 5107
OTI-2A 0,4-1,9 1,6 1000 50 2,5107




239

ChnekTpajibHasi YYBCTBUTEJIbHOCTD IJ1a3a *

I I
I Yvacmxu budumozo usznyvenus | o
So ST T T I ‘%g’
HERRIRERE 1§ 3
1 9% oS . . 3 | R S
SEe !l B | kTR 2 2 < ¥
Q.m:r' E ~Q Ql Y "y Q 0O |UD’\
SSY T ISR 3 IEFE 3 (88
S 30 SERENEEDER g ¥
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0 =t | T S | A, HM
300 400 500 600 700 800

CHCKTpaJ'l]:HaH YYBCTBHTCJIBHOCTD I'J1a3a NIPpU JTHECBHOM BUJeHUN"

JlnvHa BOJIHBI, HM V* JlnvHa BOJIHBI, HM V* JlnvHa BOJIHBI, HM V*

400 0,0004 540 0,954 660 0,061
420 0,004 555 1,000 680 0,017
440 0,023 560 0,995 700 0,004
460 0,060 580 0,870 720 0,001
480 0,139 600 0,631 740 0,00025
500 0,323 620 0,381 760 0,00006
520 0,710 640 0,175

IlokasaTenn npejiomienus N3

T"a3bl n Kunkoctu n TBepable Tena n
Asot 1,00030 Benson 1,50 | Ammas 2,42
Bozmyx 1,00029 Bona 1,33 | Ksapi niaBiensrit 1,46
Kucnopon 1,00027 I'munepun 1,47 | Crekio oObIYHOE 1,50

Cepoyriepon 1,63

* V" - uncio, NoKasheIBaKoIEe BO CKOJILKO Pa3 YyBCTBUTENBLHOCTD IJ1a3a K M3JIYYEHHUIO JJAHHOMN [JIMHBI BOJHBI MEHb-
IIe, 9eM K M3JIy4eHHIO C JUTMHON BOJHBI 555 HM, Ha3bIBaeTCSI OTHOCUTEIBHON CBETOBOH 3()(heKTUBHOCTHIO (IIPEXKHEE
HaMMEHOBAHNE - OTHOCUTENbHAs BUTHOCTD).

8 HpI/IMe‘IaHI/IC: Iloxazarenu MIpEIIOMJICHUS 3aBUCAT U OT AJIMHBI BOJIHBI CBETA, [IO3TOMY NPHUBCACHHBIC 3/1CCh 3HAYC-
HHUS N CIIEAYET paCCMaTpUBATh KaK YCIIOBHBIC.
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I[.]'Iﬂ KPHUCTAJIJI0B C IlBOﬁHblM JYIENIpeJIOMJICHUEM

JnvunHa BOJI- IIser Hcnanackuii mmat Kgapig
HBI
A, -10°m Ne No Ne No
687 KpacHBII 1,484 1,653 1,550 1,541
656 OpaHKEBHIH 1,485 1,655 1,551 1,542
589 JKEJITBIN 1,486 1,658 1,553 1,544
527 3€JICHBIN 1,489 1,664 1,556 1,547
486 rory0oii 1,491 1,668 1,559 1,550
431 CUHe- 1,495 1,676 1,564 1,554
(hHOIETOBEII
400 (bHOJICTOBBII 1,498 1,683 1,568 1,558
IToxa3arean NMpeJIOMJICHUSA N BOALI OJIA Pa3/IMIHbIX AJHUH BOJH
(mpu t = 20 °C)
JlnmvHa BOJTHBI, HM n JInHa BOJIHBI, HM n
303,4 1,3581 546,1 1,3345
361,1 1,3474 589,3 1,3330
404,7 1,3428 643,8 1,3314
480,0 1,3374 656,3 1,3311
486,1 1,3371 786,2 1,3289
508,6 1,3360 1256,0 1,3210
3aBHCHMOCTD MOKAa3aTeJ s NMpeJOMJICHUA OT AJIHHBI BOJIHBI
JImrHA BOJIHBL, [Ber Cpena
HM Crekio Crekiio Boga (mput = Kamennas
(TsDKeBIH (JIerKuii KpoH) 20°C) COJIb
(havHT)
656,3 Kpacubiit 1,6444 1,5145 1,3311 1,5407
589,3 JKenTerit 1,6499 1,5170 1,3330 1,5443
546,1 3eleHblit 1,6546 1,5191 1,3345 1,5475
480,0 Cunuit 1,6648 1,5235 1,3374 1,5541
404,7 DUoneTOBbIN 1,6852 1,5318 1,3428 1,5665
IIpenejbHbIN YroJ1 MOJHOIO OTPAKEHUS
BemectBo IIpenenb-uplit BemiectBo IIpenenb-Hblit
yrour, ° YIoJL,
Anmas 25 CTeKIo pas3Ji. cCOpToB 30...42
Bona 49 CTexJ10 ONTHYECKOe
['nmunepun 43 Mapku K80 41
Jlen 50 mapku K80 38
Opr. CTeKIIo 42 Mapku K80 35
Cepoyriepos 38 mapku K80 40
Crupt 47 Dup >THIOBLIH 47
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BpameHne IVIOCKOCTH IMOJIApU3alninu

EcTecTBeHHOE BpallleHHE B KBapIIe MarnunTtHoe Bpamenue (A = 589-10° m)
A, 100%™ ¢, Tpag/mMm KuakocTs V,
yri.MuH/A

404,7 48,93 Benzon 2,59
435,9 41,54 Bona 0,016
491,6 31,98 Cepoyriepon 0,053
589,5 21,72 CHnupT STHUIOBBIN 1,072
656,3 17,32 V - moctosinHas Bepne

670,8 16,54

Ko3ppunueHTnl 0OTpaKeHUs1, MOTJIOLIEHNS M POy CKAHUS
MaTepHuaJIoOB U Cpej

KOS(i)(bI/II_II/IeHTLI OTpAaXXCHUA P, MOIJIOMCHHUA O W HPOIYCKAHUA T IIOKA3BIBANOT, KaKad
YaCTb IIydKa Oemoro OBETa COOTBETCTBCHHO OTPAXKACTCA, IMOIJIOIACTCA, MPOITYCKACTCA JaHHBIM
MaTCpHalIoM, CpC,Z[Oﬁ. B Tanune MNPUBCACHBI 3HAUCHUA YKA3aHHBIX KOB(l)(I)I/II_II/IeHTOB 11 BUAU-

MOM YacCTH CIIEKTpa.

Marepuansl, cpeaibl p a T
3epKanbHbIe
AnroMuHIHA (TTOTUPOBAHHBIH) 0,85-0,90 0,10-0,15 -
XKectp Genas 0,60 — 0,70 0,30 -0,40 -
Huxkens (mosupoBaHHBIN) 0,55-10,60 0,40 — 0,45 -
Cepedpo (CBEXKEIOIUPOBAHHOE) 0,90-0,92 0,08-0,10 -
CTekIITHHOE TTocepeOpsIHOE 3epKaJIo 0,85-0,88 0,12 -0,15 -
Xpom (TIOJIMPOBAHHEIH) 0,61 -0,63 0,37 -0,39 -
[Ipoune

AtMmocdepa (Bo3ayx)* IpH UCKITFOUUTENBHO SICHOM - 0,05 0,95
TIOTOJIC

* TommmHa ciost atMmocepsl — 1 kM

KoappuuueHT oTpakeHus: p MeTalJIaMH 3JIEKTPOMATHUTHBIX BOJIH
Pa3JIUYHOM NJIMHBI, %o

JlvHA BOJIHBI, HM
250 | 300 | 400 | 500 | 600 | 700 | 800
p

ATFOMUHHAI 84 87 89 90 90 87 84
30510TO 39 32 28 47 84 92 95

Menn 26 25 31 44 72 83 89

Huxkenb . 44 53 61 65 69 70
Ilnatuna 34 40 48 58 64 69 70
Cepebpo 26 12 88 92 94 96 96
CraJpb 33 44 50 55 55 58 58

Tajjia

H[)I/IMe‘laHI/Ie: 3HadYeHUS P OpUBCACHBI IJIA ClIydasd HOPMAJIbHOI'O IMaJC€HUs CBCTA Ha MOBECPXHOCTb MC-
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Ko>¢punuentsr CThroneHTa

n-1 0,90 0,95 0,98 0,99 0,999
1 6,31 12,70 31,8 63,7 636,6
2 2,92 4,30 6,96 9,92 31,6
3 2,35 3,18 4,54 5,84 12,9
4 2,13 2,78 3,75 4,60 8,61
5 2,02 2,57 3,36 4,03 6,87
6 1,94 2,45 3,14 3,71 5,96
7 1,89 2,36 3,00 3,50 5,41
8 1,86 2,31 2,90 3,36 5,04
9 1,83 2,26 2,82 3,25 4,78
10 1,81 2,23 2,76 3,17 4,59
11 1,80 220 2,72 3,11 4,44
12 1,78 2,18 2,68 3,05 4,32
13 1,77 2,16 2,65 3,01 4,22
14 1,76 2,14 2,62 2,98 4,14
15 1,75 2,13 2,60 2,95 4,07
16 1,75 2,12 2,58 2,92 4,02
17 1,74 2,11 2,57 2,90 3,97
18 1,73 2,10 2,55 2,88 3,92
19 1,73 2,09 2,54 2,86 3,88
20 1,72 2,09 2,53 2,85 3,85
21 1,72 2,08 2,52 2,83 3,82
22 1,72 2,07 2,51 2,82 3,79
23 1,71 2,07 2,50 2,81 3,77
24 1,71 2,06 2,49 2,80 3,75
25 1,71 2,06 2,49 2,79 3,73
26 1,71 2,06 2,48 2,78 3,71
27 1,70 2,05 2,47 2,77 3,69
28 1,70 2,05 2,47 2,76 3,67
29 1,70 2,05 2,46 2,76 3,66
30 1,70 2,04 2,46 2,75 3,65
32 1,69 2,04 2,45 2,74 3,62
34 1,69 2,03 2,44 2,73 3,60
36 1,69 2,03 2,43 2,72 3,58
38 1,69 2,02 2,43 2,71 3,57
40 1,68 2,02 2,42 2,70 3,55




