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OBILIUE YKA3AHUA 11O BBIITIOJTHEHUIO JIABOPATOPHBIX PABOT

JlaHHBIE METOIMYECKUE YKA3aHUS BKIFOYAOT PaOOTHI, BHIMOJIHIEMbBIE C UCIIOIh30BaHHUEM
IpOrpaMMHOro KoMmiuiekca «BupTyanbHas nadoparopusi GU3MKM» Mo pazaenam «IJeKTpude-
CTBO M MarHetusm», «OnTuka.

JlaGopaTopHbie pabOTHI MOCBAIIECHBI 3aKPETUICHUIO 3HAHUN OCHOBHBIX MOHATHA M (DYH-
JaMEHTAIBHBIX 3aKOHOB (DM3HWKH, OBJIAJCHUIO METOJAAMH TECOPETUUECKOTO U IKCIICPUMEHTAb-
HOTO HCCIICIOBaHUS (PU3HUECKUX SIBJICHUH, MMPOIIECCOB U OOBEKTOB, a TAK)KE MPOBEICHUIO IKC-
MIEPUMEHTOR TIO 33/ITAaHHON METOJIVKE U aHAJIN3a UX Pe3yIbTaTOB.

K BBINOTHEHNIO JTA0OpATOPHON pabOTHI JOMYCKAIOTCS CTYICHTHI, MPEABAPUTEIHHO O3HA-
KOMUBIIIHECS C €€ OCHOBHBIM COJICP)KAaHHEM I10 METOAMYECKUM YKa3aHUSIM U PEKOMEHIyeMOM
JUTEepaType.

OTtyeTHas TOKYMEHTAIMs KaX 01 J1JabopaTOpHOM pabOTHI JOJIKHA COAEPKATh:

— TUTYJIBHBIN JINCT YCTAaHOBJICHHOTO 00pasIa,

— (hopMyHMpOBKa 1L1€JIK Ja00OPaTOPHOI pabOTHI;

— cxeMa J1abopaToOpHOM YCTaHOBKHY;

— pacueTHble (HOPMYJIIbI, pe3yJabTaThl PACYETOB U T. M., MOJTYyYaeMbIE TEOPETUUECKU MPHU
MOATOTOBKE K paboTe WM Mpu 00paboTKe pe3yIbTaTOB IKCIIEPUMEHTOB;

— pe3yJIbTaThl SKCIIEPUMEHTOB (TaOIHUIIBI U3MEPEHUI );

— KpaTKHE BBIBOJIBI IO BCEM ITyHKTaM IMPOICTIaHHON pabOThI (COOTBETCTBUE DKCIICPUMEH-
TaJbHBIX JAHHBIX TEOPETHUECKUM; €CIIH HET COOTBETCTBUS, TO YKa3aTh HA BO3MOXKHBIC MTPUIH-
HBbI HECOOTBETCTBHUSI; YKa3aTh IPUYUHBI UCCIICTYEMOTO SBJICHUS U T. 1.);

— TIepeYeHb 000PYI0BAHUS, UCIIOIB3YEMOTO TIPH BBHITTOJTHCHHH SKCIIEPHUMEHTOB.



JlaboparTopnasi padoora 3.1
N3yuyenue 3akona Oma

1. TeopeTuyeckmne cBeIEHUS

DnekmpudecKkum moxKom Ha3bIBAIOT YIOPSAJOUYECHHOE JBUKEHUE 3apsHKCHHBIX YaCTHIL] WIH
3apsHKEHHBIX MAKPOCKOMMMYECKUX Tell. PaznuyaroT aBa BUAA IEKTPUUECKUX TOKOB — TOKH MPO-
BOJIMMOCTH U KOHBEKI[MOHHBIE TOKHU.

Toxom npogooumocmu Ha3bIBAIOT YIOPSIAOYEHHOE JIBH)KEHHE B BELIECTBE MJIM BaKyyMe
CBOOOTHBIX 3aPsHKCHHBIX YaCTHI] — AJIEKTPOHOB MPOBOJAUMOCTH (B METAIIIAX ), MTOJOKUTEITBHBIX
U OTPUIATEIBLHBIX MOHOB (B AJEKTPOJIUTAX), JICKTPOHOB M MOJIOKUTEIBHBIX MOHOB (B raszax),
AJEKTPOHOB MPOBOJIUMOCTH U ABIPOK (B MOJYIMPOBOJAHUKAX), ITYYKOB JEKTPOHOB (B BaKyyMe).
OTOT TOK OOYCJIOBIIEH TE€M, YTO B MPOBOJAHUKE MO/ IEUCTBUEM MPUIIOKEHHOTO dJIEKTPUUECKOTO

0JISL HAMIPSKEHHOCTHhIO E mpoucxonuT nepemenieHre CBOOOAHBIX JIEKTPUUECKUX 3aPSI0B.

Konsexyuonnvim snexmpuueckum mokom Ha3bIBAIOT TOK, O0YCIIOBJICHHBIN NIEpeMEIICHH-
€M B IMPOCTPAHCTBE 3aPSKEHHOTO MAaKPOCKOIMYECKOTO TEa.

J171s1 BOBHUKHOBEHUS M MOJJIEP>KaHUSI DJIEKTPUIECKOTO TOKA TPOBOJUMOCTH HEOOXOTUMBI
CHEAYIOLIUE YCIOBUS:

1) Hanuuue cBOOOHBIX HOCUTEIIEH TOKa (CBOOOHBIX 3apsiI0B);

2) HaJIU4Ke 3JIEKTPUUYECKOTO MOJIsA, CO3AAIOIIET0 YIOPSIA0YEHHOE TBHKEHUE CBOOOIHBIX
3apsJI0B;

3) Ha cBOOOHBIE 3apsAbl, TOMUMO KYJIOHOBCKHX CHJI, TOJKHBI A€HCTBOBATh CMOPOHHUE
CUbl HEAIEKTPUUECKOW MPHUPOABI; 3T CHJIBI CO3/IAIOTCS PA3IUYHBIMU UCHOYHUKAMU MOKA
(raTpbBaHMYECKUMHU DJIEMEHTAMHU, aKKyMYJISITOPAMHU, SJICKTPUICCKUMU T€HEPATOPaMHu U JIp.);

4) 11e1b IEKTPUYECKOTO TOKA JOJKHA ObITh 3aMKHYTOM.

3a HampaBJICHHE AJIEKTPUYECKOTO TOKA YCIOBHO MPUHUMAIOT HAIMPABICHUE IBHKCHUS
MOJIOKUTENBHBIX 3apS0B, 00pa3yIOIINX STOT TOK.

Konuuecmeennoii mepoii d3AEKTPUUECKOTO TOKa sBIsieTcs cuia moka | — ckanspuas du-
3U4eCKasi BEJIMYMHA, ONpeAeisieMast AIEKTPUUECKUM 3apsiioM, TPOXOASIIUM Yepe3 MONEPEUHOe
CEYEeHHE S MPOBOJIHUKA B €IMHUILY BPEMEHHU:

|-
dt

Tok, cuna U HampaBieHUEe KOTOPOTO HE M3MEHSIIOTCS C TEUCHHEM BPEMEHH, Ha3bIBACTCS
NOCMOAHHBIM. [I151 TOCTOSTHHOTO TOKA

1=d
t

DJIEKTPUYECKUIN TOK, U3MEHSIOLINNCS C TEUEHUEM BPEMEHM, HA3BIBACTCS NEPEeMEHHbIM.
IIprumepoM Takoro TOKa SBIISIETCA CUHYCOUIAJIBHBIN DJJIEKTPUYECKUM TOK, IIPUMEHSEMBIN B
ANEKTPOTEXHUKE U IEKTPOIHEPTETUKE.

Enununa cuiiel Toxka — amnep (A). B CU onpenenenue enUHUIBI CHIIBI TOKa (POpMyu-
pyetcs cienyronuM oopasom: 1 A — 3To cuiia Takoro MOCTOSIHHOTO TOKa, KOTOPBINA MPHU MPOTe-
KaHUM 10 JABYM MapajuIeIbHBIM TPSIMOJIMHEHHBIM TPOBOJHUKAM OECKOHEYHOW NJIMHBI U HHU-
YTOKHO MaJIOTO MOMEPEYHOT0 CEUEHHS], PACIIOI0KEHHBIM B BAKyyMe€ Ha paccTOsiHUU | M oMH



OT JPYroro, CO3MAET MEX/Iy STHMH MPOBOIHUKAMH CHTy, paBHyio 2-107" H Ha kammblii MeTp
JUTUHBI.

Jlist XapakTepuCTUKK HAMPaBJICHUS SJIEKTPUYECKOT0 TOKa MPOBOAUMOCTH B Pa3HBIX TOY-
KaxX MOBEPXHOCTH MPOBOJHMKA U PACIPECIICHUS] CHIIBI TOKA IO 3TOM MOBEPXHOCTU BBOJUTCS
IUIOTHOCTD TOKA.

[TnomHocmpio moka | Ha3BIBAKOT BEKTOPHYIO (PU3UYECKYIO BEIMYUHY, COBIAAIOIIYIO C
HaIpaBJICHUEM TOKa B pacCMaTpPUBAEMOMN TOUYKE M YMCIEHHO PABHYIO OTHOIIEHUIO CHUJIbI TOKa
dl, mpoxopsriero yepe3 3IeMEHTAPHYIO MOBEPXHOCTbD, MEPICHANKYIISIPHON HANIPABICHUIO TOKA,
K IJIOIAIU ATOU MOBEPXHOCTH:

. dl
1= as

E/MHAI@ [UTOTHOCTH TOKA — amnep Ha kéadpamuwiti memp (A/MP).

[1710THOCTH MOCTOSIHHOTO SJEKTPUYECKOTO TOKA OJIMHAKOBA MO BCEMY IMOMNEPEYHOMY Ce-
YEHUIO OJHOPOIHOTO MPOBOAHMKA. [103TOMY I MOCTOSTHHOTO TOKAa B OJJHOPOJIHOM MTPOBOJTHH-
K€ C IJIOIIAJIBI0 MONEPEUYHOr0 CEYEHUs S CHila TOKa paBHA

I =jS.

B nanbHelieM Mbl OyieM Ha3bIBaTh JI000H MPOBOAHUK, IO KOTOPOMY TEUET AJIEKTPUUE-
CKUH TOK 9/1eKmpuueckoil yenvio (W TIPOCTO — UEnblio).

Ecnu B anexkTpuyeckoil 11eny Ha HOCUTEIN TOKA JIEHUCTBYIOT TOJBKO CHUJIBI QJIEKTPOCTATH-
YECKOro MOoJs, TO MPOUCXOAUT MEPEMEIICHUE 3apsAJ0B OT TOUYEK C OOJBIIMM MOTEHIHUAIOM K
TOYKaM C MEHBIIMM MOTEHIUAIOM. DTO MPUBOAUT K BHIPABHUBAHUIO MOTEHIIMAJIOB BO BCEX
TOYKAX LENH U K UCUE3HOBEHUIO ToKa. [loaTOoMy 17151 mojAep:KaHusl TIOCTOSTHHOTO 3JIEKTpUYe-
CKOT'O TOKa B IIETIH HEOOXOMMO HAJIMYUE YCTPOICTBA, CHOCOOHOTO CO3aBaTh U MOIJIEPKUBATh
Pa3HOCTh MOTEHIIMAJIOB 32 CUET PabOThl HEKOTOPHIX CTOPOHHUX CHII. Takue ycTpoicTBa Ha3bl-
BAIOT UCHOYHUKAMU MOKA.

[Tox neficTBUEM CTOPOHHUX CHJI HOCHUTEIM TOKA ABUKYTCS BHYTPH UCTOYHHKA DIJICKTPH-
YECKON PHEPrUU MPOTUB CHJI DJEKTPOCTATHUECKOTO MO (MPOTUB KYJIOHOBCKHX CHJI, BBI3BI-
BAIOIINX COCAMHEHUE PA3HOMMEHHBIX 3apsI/iOB, a CIIEI0OBATEIHHO, BHIPABHUBAHKE TTOTCHIIMAJIOB
Y MCUYE3HOBEHUE TOKA), TAK YTO HA KOHIAX BHEIIHEW LIETH MOJIEPKUBACTCS MOCTOSIHHAS pPa3-
HOCTb MOTEHIIMAJIOB U B IIEMU MPOTEKAET MOCTOSHHBIN AJIEKTPUUECKUHN TOK.

CtopoHHHE CHIIBI COBEPIIAIOT pabOTy MO MEPEMEIICHHUIO JIEKTPUUECKUX 3apsiioB. Du-
3uyecKas eeiuduna, onpeoensiemas padomoii CmopPOHHUX CUl NPU nepemeujeHul eOuHuY-
HO20 NONIOMHCUMENbHO20 3apAda, Ha3zvleaemca Inekmpoosuxcyuiei cunou (3/C) ucmounu-
Ka:

Enununa uzmepenust 1C — éonrom (B).
CTopoHHsAs cuia, JeUCTBYIOIIas Ha 3apsii (p, MOXKET ObITh BBIPAXKCHA UEpPE3 HAIPSKEH-

— —

HocTh E_,, mons croponnux cun F,,

ch =E cm qO '
Torﬂa pa6OTa CTOPOHHHX CHJI IO IIEPEMCIICHHIO 3apsaa qO Ha 3aMKHYTOM YYaCTKC ICITU 6leCT
paBHaA:

A, =§F-dl =q,§E,, -dI.
| |

»



3/1ech KPY>KOK B IIEHTPE WHTErpajia 03HA4aeT, 9YTO paboTa yJacTOK IEMH SBIISICTCS 3aMKHYTHIM.
Paznenus nocnennioo popmyny Ha (|, noayduM BeipaxkeHnue i1 DJC, neicTByromeil B ne-
nu:

g:§Ecm I,
|

1.e. O/C, nelicTByronmas B 3aMKHYTOM LENHU, €CTh [UPKYJSALHS BEKTOPA HAIPSKEHHOCTU TOJIS
CTOpOHHUX cuJl. Eciu Mbl paccMOTpUM HEKOPTOPBIA y4aCTOK 3aMKHYTOM 1eNU (KOTOPBIM MbI
0003HaunM Kkak 1-2), 2JIC Ha 3TOM y4dacTke 11enu OyAeT paBHa:

2
812 :J.Ecmdl .
1

Ha 3apsan (, IOMHMO CTOPOHHHMX CHJI JCHCTBYIOT TaKXKe CHIBI JIEKTPOCTATUYECKOTO
nouist (KyiaoHoBckue cuibl) F. =(Q,E. Takum oOpa3om, pedynbrupytomas cuia, JeHCTBYOIIAs
B LICTIH Ha 3aps] (,, OIpeAeIsaeTCs CIEeyIOIUM 00pa3oM:

F=F, +F =q,lE,, +E)
Torna pabota, coBepiaemasi 3Toi CHIION Haj 3apsaoM (|, Ha yyacTke 1-2 nenw, paBHa

2 2
A, =0o[E,, -dl +0,[E-dI.
1 1
2
Hcnons3ys mocnennon Gopmyiny u cootHouenune i~ ¢ :_[E -dl , MBI MOXEM 3aIli-
1
caTh:
A =01, + 0o ((01 — ¢, )
JI1s 3aMKHYTOM 1enyu paboTa 2IEKTPOCTATHIECKMX CHJI PaBHA HYJIIO, IIO3TOMY B TaKOM Iie-
0%
A =gy

PaznenuB nannyro Gopmyity Ha 0y, HOITy4UM

h:‘912 + ((Pl _902)’
Jo

2
Bennunna Ha3bIBACTCS HANPAdCeHuem Ha ydacTke 1enu 1-2 u obo3navaercs kak U,
0

U, =&, + (0 - 9,)
Takum 00pa3oMm, Hanpsaicenuem Ha yuacmke yenu Ha3vleaemcsa Quzuueckas 6e1UdUHA, ON-
peodenaeman pabomoil, co6epuiaemMoil CyMMapHbIM nOAeM KYIAOHOGCKUX U CHOPOHHUX CUJL
npu nepemeueHul eOUHUYHO20 NOJIOHCUMENbHO20 3apaoda.

Takum 06pazoM, HampsHKEHHE SIBISIETCS Oojiee OOIMUM MTOHSTHEM, YeM Pa3HOCTh MOTCH-
[AAJIOB: HAMpPSKEHHE HA YYacCTKE LIEMH PaBHO PA3HOCTH MOTEHIIUAJIOB TOJBKO B TOM Ciyyae,
€CJIM Ha 3TOM ydacTke He aeicTByeTr DJIC, T.e. CTOpPOHHUMH CHUJIaMHU HE COBEpIIaeTcs padora.
Takoil y4acTOK 3JIEKTPUYECKOM 1IEMU HA3bIBACTCSI 0OHOPOOHbIM. ECIN HA y4yacTKe 1eNu JEUCT-
ByeT DJIC, TO Takoil y4acCTOK Ha3bIBAECTCA HEOOHOPOOHBIM.

Hemenkuit puszuk I'. Om (1787-1854) skcnieprMeHTaIbHO YCTAHOBUII, YTO CHJIAa TOKa B
0OHOPOOHOM NPOBOOHUKe TIPOIIOPIIMOHATIFHA PA3HOCTH MOTEHIIMAIOB HAa €r0 KOHIaX U 00paTHO

MPONOPIIMOHANIEHA COMPOTUBIICHUIO TPOBOIHUKA (3aKoH OMa 015 yuacmKka yenu):
7



IR=U
W

IR=¢ —¢,,

rae R — anekmpuueckoe conpomuenenue npoBOHUKA, ONPEICISIONIEE YIOPATOYSHHOCTD T1e-
peMenIeHus: CBOOOIHBIX HOCUTENIEH TOKA.

DNEKTPUYECKOE COMPOTUBICHUE METAJUIMYECKOTO MPOBOJHUKA OOYCIOBJIECHO TEM, YTO
CBOOOJIHBIE BJIEKTPOHBI MPU CBOEM JIBHXKEHHHM B3aMMOJCHCTBYIOT (COYAApSIOTCS) C MOJIOXKH-
TEJIbHBIMU NOHAMU KPUCTAIMYECKOM pemeTku. [103ToMy conpoTHuBiieHHE TPOBOJHUKOB 3aBU-
CUT MPEXKJE BCEro OT Marepuasia MPOBOJAHMKA, T.€. CTPOCHUS €ro KPUCTAIIMYECKON PELIETKH.
JI1st OAHOPOTHOTO IMWIMHAPUIECKOTO MPOBOJIHUKA JUTMHOM | M MIommaapio monepevyHoro ceve-
HUS S COMPOTHUBIICHUE OTIpeessieTcs o Gopmyiie

|
R=po
s
rac
RS
=T

— yoenvHoe conpomugienue (CONPOTUBIEHUE OAHOPOJIHOTIO UMIMHAPUYECKOTO MPOBOJIHUKA,
MMEIOIIETO €IMHUYHYIO JUIMHY W €JUHUYHYIO IUIOIIAa/b MOMEPEYHOI0 CEUEHUs), XapaKTepH-
3yIOIIee MaTepuai IPOBOIHHKA.

Enununa conporusnenns — Om: I Om — CONPOTUBIEHUE TAKOTO MPOBOJIHUKA, B KOTOPOM
MIPY HaIPSHKEHUH [ B TeueT MOCTOSTHHBINA TOK CUJION [ A.

Benuuuna

c-L
R

oOpaTHasi CONPOTUBIICHUIO, HA3BIBACTCS IMEKMPUUECKOU nposooumocmsvlo. EqyuHuna nposo-
TUMOCTH — cumeHc. I Cm — dieKTpuueckas MpOBOJAUMOCTb MPOBOJHUKA COMPOTUBIeHUEM 1
Owm.

PaccmoTpum Tenepb HeoOHOpoOHbLil yIacTOK 1ienu 1-2 (CM. pUCYHOK HUXKE), T/Ie AEHCT-

ByeT DJIC ucroyHuka &, U Ha KOHIIaX KOTOPOTO MPUJIOKEHA Pa3HOCTh MOTEHLIUAIIOB @ — (5.

&, =¢ R &, =—¢ R
I | -
1——A——F—2 1>
a o

3akoH OMa JJ1s1 HEOJJHOPOJIHOIO y4yacTKa IeNu ToaydaeTcs u3 3akoHa Oma Jjisd OJIHO-
poanoro yuactka nenu IR=U ecnu nox HanpsskenneM U moHMMaTh HampsiKEHUE HA HEOM-
HOpOHOM ydacTke tenu Uy, = &, + ((p1 — (pz). B stoM ciiydae nosnyyaem:

IR=g, +(p —9,)

Ilocneonee ypasnenue ecmsv 3akon Oma 011 HeOOHOPOOHO20 yuacmKa yenu. OTMETUM, YTO
B 3T0i popmynie DJIC &, Oepercst TMOO ¢ MONOKUTEIBHBIM, JTUOO C OTPUIIATEIIHLHBIM 3HAKOM.
Eciu OJ1C cnocoOcTByeT ABMKEHHUIO TIOJOKUTENbHBIX 3apsI0B B HalpaBiieHnU o0xojia (B Ha-
npasiaeHun 1-2), To &, >0 (puc. a). Ecmn DJIC npensaTcTByeT ABMKEHHIO IMOJIOKUTEIBHBIX

3apsI0B B HaIpaBlIeHUH 00Xoma, To &, <0 (puc. 6).
8



DnekTpudecKas Ienb MPEACTaBIsSeT CO00M COBOKYIMHOCTh PAa3IMYHBIX MPOBOJIHUKOB U
HMCTOYHHUKOB TOKa. B 001eM ciydae 1emnp sSBISEeTCS Pa3BETBICHHONW U COJIEPKHUT YYACTKH, T
IPOBOJHUKHA MOTYT COEIMHATHCA IMOCIEA0BATEIBbHO U NTAPAJUIENbHO.

[Ipu nocnenoBaTeIbHOM COEAMHEHUH MPOBOAHUKOB (CM HM)KE PUCYHOK @) Mbl UMEEM:

a) CWJIa TOKa BO BCEX 4acTsX Ienu ofuHakosa (| =const);
0) HampspPKEHUE Ha 3a)KMMax IEMK PaBHO CyMME MMaJICHUN HaNps>KeHU Ha OTNIETBHBIX yda-

n
ctkax (U = ZUl ).
i1

YYHTBIBas 3TH MOJIOKCHUS M UCTIOIB3Ys 3aKkoH OMa I OJHOPOHOTO yJacTKa, HalaeM
oO11ee (3KBUBAJIIEHTHOE) COITPOTHUBIICHHUE 1IETIH:
IR,5, = IR, + IR, +...+ IR,

401041

n
Rypy = Z R;.
i=1

Takum 00pa3oM, odusee conpomueiienue yenu, COCMoAULell U3 NOC1e008ameIbHO COCOUHEH-

HbIX NPOBOOHUKOE, PABHO CYMME CONPOMUGIEHUI OMOEIbHbIX NPOEOOHUKOE.
[Ipu napanienbHOM COEAMHEHUH MPOBOAHUKOB (PUCYHOK 0) Mbl UMEEM:

a) cuJja TOKAa B HEPA3BETBJIECHHOM YacCTH LIEMH paBHA CYMME CUJI TOKOB, MPOTEKAIOMINX B

n
pa3BETBICHHBIX yuacTkax uemn (| = Z Ii);
i=1
0) mameHus HANPsDKEHUS B MApalICIbHO COSAMHEHHBIX ydYacTKaX IEMHA OJWHAKOBHI U
paBHBI HanpspKeHHIo Ha 3axumax nermm (U, =U, =...=U_ =U).
C y4eToM 3TUX TOJIO)KEHUH M Ha OCHOBAaHWU 3akoHa OMa IS OJTHOPOIHOTO yJacTKa Ieru
HaiijieM oO11iee (PKBUBAJICHTHOE) COITPOTHURIICHUE TICTIH

U u U U
— =t —+ ...+ —,
R06u4 R1 RZ Rn
701051
1 31
Ro6u4 i=1 Ri

Takum 06pa30M, npu napaijieibHom COeOUHeHUU npoeodnukos CK1a0bl8aromcs eejiudunol,

oOpammuble cCOnpomMueIeHUAM OMOEIbHBIX YUACMKO8 Uenu (npo8oOUMOCmU 6emeell).
9



2. lleab padoThl. CxeMa IKCNIEPUMEHTAJIbHOM YCTAHOBKH

Llenbro paboOTHI SBISIETCS:

1) 3HAKOMCTBO C MPOCTEHIINMU IEKTPHUSCKUMH CXEMaMH M TIPUOOPETEHNE HABBIKOB pa-
OOTBI C AIEKTPO-U3MEPUTEIBHBIMU MTPUOOPAMU;

2) SKCIIepUMEHTaJIbHAs MPOoBepKa 3akoHa OMa JUIsl yuacTKa dJCKTPUICCKOH IIETIH.

Cxema BKCHepHMeHTaHBHOﬁ YCTAHOBKH IIPCACTABJICHA HA PUCYHKC!

bI1 — 610k nuTaHus:

B — BBIIIpAMUTEND;

1] — nmoTeHIIOMETD;

V — BonbT™METP;

K — xmrou;

A — MAWIITHaMIIEPMETD;
R — Mara3uH COIpOTUB-
JICHUN

3. Onucanue METOAUKH U3MepPeHU

Cornacno 3akoHy Oma Ui OJTHOPOJHOIO Y4acTKa IeNM, CHjia TOKa Ha y4acTKe IeNu
MpsIMO TIPOIMOPLIMOHATIbHA HANPSKEHUIO (pa3HOCTU noteHuuanoB) U Ha 3TOM yyacTke u 00-

1
paTHO MPOIMOPLMOHATIEHA €r0 CONPOTUBIICHUIO R (MM MpSAMO NpONOpPLUHUOHATIbHA BEJIMYUHE —
R

|l=—=U.= (1)
R R
Bripaxkenue (1), xopoiiio nu3BecTHoe Kak 3akoH Oma /1Jisl yJacTka 1Ieu, TO3BOJIsET, B Ua-

CTHOCTH, OMMPCACINUTL COIMPOTUBJICHUC 3TOI0 y4aCTKa 10 U3MCPCHHLIM 3HAYCHUAM CHJIbI TOKA U
HaIIpsAKCHUA:
U

R== @)

Ecnu, He MeHsisl HaNpsKEeHUs, U3MEPATh CUITY TOKA MPU Pa3IMYHBIX 3HAYEHUSIX COMpPO-
TUBJICHUS, TO, corjacHo (1), Hampsbkenne U Oyner kod(phUIMEHTOM MPONOPIMOHAIBHOCTH
Mexay TokoMm | u Benmumuo#t 1/R. Takum oOpasom, rpaduk 3aBucumoctd | (1/R) momxken
MPEACTABISATH COO0M MPAMYIO, TPOXOASIYIO Yepe3 Hauajlo KOOpAUHAT. 3HAUYECHUE HAMPSKEHUS
MO>KHO HaWTH KaK TaHI'€HC yTjla HAKJIOHA 3TOM MpsSMOi K ocu abcuucc:
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U=— (3)

W cTouHNKOM MUTaHUS B SKCIEPUMEHTAILHON YCTAaHOBKE CIIY>KUT TIEPEMEHHOE (CETEBOE)
HarpspbkeHue. BeimpsimuTtens B, BXOIAmUM B cocTaB 0jioka nutanust bII, mpeoOpasyeT 3To Ha-
npsKEHUE B MOCTOSIHHOE. [loTeHnnomeTp /7 MO3BOMISET U3MEHATh BEJIMYUHY MTOCTOSTHHOTO Ha-
npsbkeHust U Ha BbIxojie U3 OJoka mUTaHUs (MPAKTUYECKH 3TO OCYIECTBISIETCS BpalleHUEM
pyuku Ha na"enu bI1). 3mepsierca BenmunHa U BobTMETpOM V, 1IKaJla KOTOPOTO TAK)KE BbI-
BeJicHa Ha naHenb bl1.

UccnenyeMblil yd4acTOK 1€MW COCTOUT M3 TOCJIENOBATENIbHO COCIMHEHHBIX Kitoda K,
MUWITUAMIIEpMETpa A, CIyKalllero i U3MEepeHus cuiibl Toka |, 1 marazuna conpotuBieHui R
(compoTuBIIEHNE MUJUTHAMIIEpPMETPA U MOABOSIIUX IPOBOJIOB MPEHEOPEKUMO MAJIbI).

4. Ilopsinok u3MepeHnii 1 00padOTKH pPe3yJIbTAaTOB
Ynpaoicnenue 1. U3YYEHUE 3ABUCUMOCTU CUJIBI TOKA OT HAIIPSKEHUA

1. V3HaiiTe y npenonaBareiss HOMEP CBOETO BapuaHTa U ¢ noMousto [Ipunoxenus 1 (B
KOHIIE OIMCAHUS K JAHHOM paboTe) ONpelesnTe HOMEP CBOEH 1a00paTOpHOM YCTAHOBKH H
naHHble K Bameir pabore.

2. O3HaKOMBTECH C IIEKTPOU3MEPUTENBHBIMU NprOopaMu. OnpenesnnuTe K1acc TOUHOCTH
BosibT™MeTpa Ky 1 mmmmammnepmerpa K, a Takke ux npenens! usmepenus U, u | . 3a-

numure BenuunHbl Ky, Ka, U, 1 |, B Terpags. Paccunraiite neHy neneHus 3TUX IpUoo-

max
POB ¥ HAYYUTECh CHUMATh WX TIOKa3aHMUS.

B supmyanvnoii n1abopamopnoii pabome Kiaccvl MOYHOCMU MULIUAMAEPMEMPA U
soIbMMempa 0003Ha4UeHbl Ha ux wikanax yugpamu (coomsemcmeenno 0,2 u 2,0 na pucyuke
HuoiCce):

4 [
\\1“\”5||\|||r|||',.””r” 3
Wt I'f"'r‘f

‘-, 10
s

-
\\

3. O3HaKOMBTECh C Mara3uHoM comnpoTtuBieHuid. OnpenenuTe ero kiacc TouHoctu Ky u
3alUIINTE 3Ty BEJIMYMHY B TETpa/b. BpallleHHneM COOTBETCTBYIOIIUX pydeK (PYUKy «x1000»
He TPOraThb!) yCTAHOBUTE PEKOMEHAYEMOE 3HaYEHUE CONMPOTUBIEHUS Ry , KOTOpoe ykazaHo B
[Tpunoxenun 1 B COOTBETCTBUE C BapuaHTOM Barieir paboTel ¥ Takke 3allUIIUTE €T0 B TET-
panp.
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B supmyanvnoti nabopamopnoti pabome Kiacc mouHOCMU MA2A3UHA CONPOMUBTIEHULL
obo3nauen 6 e2o Hudxchel yacmu (0,2 Ha pucynke Hudice):

Bpameﬂue pPyueK macasura conpomueﬂeﬂuﬁ ocywecmeiiaemcsa KHONKamu-cmpeiakamu,

PACNONIOHCEHHBIMU HUIICE Hadnucu ((MCIZCZS’MH conpomueﬂeﬂuﬁ»:
MarazuH conpaTHENEHUE

TelcA4M ComHM
S
W
Decarki EauHKHUE
S S
] ]

4. O3HaKOMBTECHh CO CXEMOM YCTAaHOBKH, Y6GI[I/IBHII/ICI>, yto kmou K Pa30MKHYT. Bxito-
YUTE B CETh OJIOK MuTaHusa bI1 u 3amMkHuTE KoY K.

3amvikanue u PAIMBIKAHUE KIOUA OCYWECMEIIAenCA KHONKO1L ((3aMKHy7’I’lb)). Ilocne 3a-
MOBIKAHUSL HA YMOU KHONKE NOSABISEeMCs HAONUCD «P(JS’OMKH_)/I’I’ZZ)». Brarouenue 6r1oxka numanus 6
cemb ocyulecmeiislemcs knonkot « Cemwy.

B nok. muraHua [B1] tarazuH conpoTHENEHMI
Frers Trica4M ComHM
A
A

MoreHyMoreTp (] v hd
HecArku EqmHuMLE

Fonrau (K] ~ ~

JarEHYTE v v

5. BpamienueM pydku MOTEHIMOMETpPA HA maHenu bI/ yCTaHOBUTE HAYalIbHOE 3HAUEHUE
Hanpsokenust U = 3 B.

B supmyanvhoii 1abopamopnoii pabome 8paujenue nomeHyuomMempa oCcyuecmeiienmcs
KHONKAMU-CMPETKAMU «BEEPXY U «GHU3Y .

[MoreHuuomeTp (1]
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Ilpu smom nonsynox nomenyuomempa Ha cxeme (0003HaAUeHHBIU cmMpenKol) 6ydem nepeme-
wamocs.

[
S

6. Co mkajapl MAJUTHAMITEPMETpa CHUMUTE 3HaueHue Crutbl Toka |. [Tokazanus mprudopon
(Benmmumubl U w 1) 3aHecuTe B COOTBETCTBYIONIME CTOIOMBI Tab. 1.

Tab6mumna 1
Homep U,B |, mA R, Om AR=R-R Om (AR)2 COM°
OIIbITa
1
2
3
4
5
5 5
z Rl Z(ARI )2 =
ﬁ — =l — i=1
5

7. YBenuuuBas Ha OJIMH BOJIBT 3HaYEHUE TI0/1aBaeMoro Hanpsokenust U, moBTopuTe neii-
CTBUS, OIIMCAHHBIC B II. 6, €111e YeThIpE pasa.

8. [lepeBoas cwty Toka | B amrepsl, BeIauciuTe 1o ¢popmysie (2) u 3aHeCUTe B TAOJIUILY
3HAYEHUS COMPOTUBIICHUS R JUIs1 KaXA0T0 OIbITA.

9. PaccuuraiiTe cpenHee 3HaueHHEe R HaliJleHHBIX 3HAYEHUII CONPOTUBIIEHUS U 3allH-
IITUTE €€ B TaOJIHITy.

10. Beruucnure 1 3aHecUTe B TAOIHILY OTKIOHEHHS AR Kak10T0 U3 3HAYEHUI COMPOTHUB-

JICHHUA OT CPCAHCTO, 4 TAKIKC KBAAPAThl 3THUX OTKJIOHCHUH. CYMMy KBaJApaToB OTKJIOHCHMH 3a-

5
. 2
HecuTe B AUeiiky « Y (AR, )" =...».
i=1
11. Haiinure BenuuuHy ciydaiiHOM morpenrHocTu AgR, 3a1aBasich TOBEPUTEILHON Be-
positHoCcThIO ¢ = 0,95:

A R:tn,a 'GR

N=5 - uucio usmepenwui, t, , =2.78.
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12. Tlo kmaccy TOYHOCTU M Tpeneiay HU3MEpeHHs MprOOpOB OIpeneauTe abCOMIOTHBIE

npuOOpHbIE OTPEIIHOCTA U3MEPEHUs HanpskeHus: OU u cuibl Toka Jl, a Takke OTHOCHTENb-
Hele omnoOku Ey u E;.

_ KV ‘U max
100

oU

oU
— )
U min
ol
E, =—.
min

13. Onenute abCOMOTHYIO TPUOOPHYIO MOTPEIIHOCTH KOCBEHHOT'O U3MEPEHUSI COIIPO-

tuBiieHus OR. [Ipu HeoOXoAMMOCTH BOCIIONIB3YyUTECH (hOPMYIIOH

SR=RE,*+E,’

14. OuenuTe nojiHbIE A0COMIOTHYIO A U OTHOCUTENbHYI0 E morpemnocTu. CrnenaB He-
00X0IUMBIE OKPYTJICHHS, 3aITUIITNTE OKOHYATEIBHBIA PE3yIbTaT U3MEPEHHUS CONIPOTHUBIICHUS.
CormocTaBbTe TTOJTYICHHBIA JOBEPHUTEIBHBIN HHTEPBAJ C YCTAHOBIICHHBIM 3HAYCHUEM COTIPO-
TUBJICHUS Mara3uHa Ry.

15. Beruucnure abCOMOTHYIO MTPUOOPHYIO OMIKUOKY CONPOTUBIIEHUSI Mara3uHa

Ky R
SRy=—M__0
100
U OLICHUTE €T0 JIOBEPUTENbHBIA HHTEPBaAT Ry = ORy . CpaBHUTE €ro ¢ paHee MoJTy4YeHHbIM UH-

tepBanoM. CaenanTe BRIBOAbI O XapaKTEePe 3aBUCMMOCTH CHJIbI TOKA OT HANPSKEHUS HA y4acT-
KE DJIEKTPUYECKOU 1IEMH.

Ynpaorcnenue 2. UI3YUEHUE 3ABUCHUMOCTHU TOKA OT COITPOTHUBJIEHUA

1. Pydkoil MOTEHITMOMETpPA YCTAHOBUTE PEKOMEHAyeMoe 3HaueHue HampspkeHus Ugp. 3a-
[UIIUTE 3TO 3HAYEHUE B TETPALb.

2. YCcTaHOBUTE HA MarasuHe COMpoTUBIeHUI HadyanbHOe 3HadyeHue R = 1000 Om.

3. Co mkasibl MUJUITMAMIIEpMETpa CHUMUTE 3HaueHue cuiibl Toka l. [lepeBeaute 31O 3HAUE-
Hue B amriepsl. [Tokazanus nmpubopos (Benmuunsl R u |) 3anecure B Tab. 2.

Tabanma 2
Howmep 1 2 3 4 5 6 7 8 9 10
U3MEPCHUS
R, Om
I, A
l Om !
R
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4. YBenuuuBash 3HAYEHUE COIMPOTUBIICHHS Mara3mHa C MOMONIIbI0 Pydku «x100» Ha
100 Om, moBTOpUTE ACHCTBUS, IEPEUUCIICHHBIE B I1. 3, €llle CeMb pa3.

5. Pyuko#i moTeHIIMOMeTpa YMEHBIIUTE MOJaBaeMOe HampspKeHue 0 HyJs. OTKItounTe
ceTeBOl TyMOJep Ha MaHenu 0JI0Ka MUTAaHUS U BBIKJIIOUUTE YCTAHOBKY U3 CETH.

y 1 y
6. [TocTpoiiTe rpaduk 3aBUCUMOCTH CHIIBI TOKa | OT Benmunabl — . CaenaiTe BHIBOJ O Xa-

paKTepe 3aBUCUMOCTH CUJIBI TOKA OT CONPOTUBIICHUS YYacTKa LEIH.

/. IIpoBeauTe CriIaKMBAIOMIYIO MIPSAMYIO Ye€pe3 Hayallo KOOPAMHAT U 3KCIEPHUMEHTAIbHbBIE
TOoukH. BeiOepure Ha 3TOI psAMOI JBE TOUKH (OAHON M3 HUX MOXKET ObITh Hauajao KOOPIWHAT)
Y 110 TAHT'€HCY YIJIa HAaKJIOHA MPSIMOM, HCOob3ys popMyity (3), paccuuTaiTe 3HAUEHHUE HAIpSI-
xenus U.

8. CpaBHuTe nosyueHHoe 3HaueHue U ¢ paHee 3ammcaHHbIM NOKa3aHueM BosibTMeTpa Up .
OneHuTe uX OTHOCUTENIBHOE OTKJIOHEHHE

£=1Y =Yl 1000

0

5. KonTpoJibHbIE BONPOCHI

p—

. Uto Ha3kIBaeTCs QJICKTPUICCKUM TOKOM?
. Uto Ha3bIBaeTCA KOHBCKIIMOHHBIM TOKOM, TOKOM HpOBOI[I/IMOCTI/I?
. Kakue YCJI10BHUA H€O6XOI[I/IMI>I I BOSBHUKHOBCHHA U ITIOAACPIKAHUA SJICKTPHICCKOI'O

W N

TOKa.
. Cuna Toka (onpeneneHue).
. [ImoTHOCTB TOKA (OIIpeaecHuE).
. UTo Ha3bIBAIOT UCTOYHHUKAMU TOKA?
. UTo Ha3bIBAETCS ANEKTPOJABUKYIIEN CHIION?
. UTO Ha3pIBaeTCs HANPSHKEHUEM HA YYaCTKe LEnu?

9. Kakoif ygacToK 11ery Ha3bIBaeTCsl OJHOPOIHBIM (HEOTHOPOIHBIM)?

10. 3axon Oma 1151 OAHOPOIHOTO U HEOTHOPOJHOIO YUACTKA IICTH.

11. ConpoTuBneHue MpoOBOHUKA.

12. ITocnenoBaTenbHOE U MapauieIbHOE COCIUHEHUE COMPOTUBICHUM.

13. JloBeputenbubiii uHTEpBaI. [IOpSA0K OLIEHKHU CIIy4aitHOM MOTPEITHOCTH.

14. Knacc TOYHOCTH 3IEKTPOU3IMEPUTENbHOTO Mpubopa. OrieHKka aOCOMOTHON U OTHOCH-
TEILHON MPUOOPHBIX OIIMOOK IO KJIACCy TOYHOCTH U TIPSy U3MepeHus mpuoopa.

15. TlorpemHocTs KOCBeHHOTO n3Mepenus. [loaHas abcoaoTHas U OTHOCUTEIbHAS OIINO-
k1. OKOHYATEIbHBIN PE3YIBTAT U3MEPEHNUM.

16. TlocTpoenue rpadudeckux 3aBUcCHMOcTel. Omnpeaenenrne GU3NIECKO BETMIUHBI TI0
TaHIEHCY yTIJla HaKJIOHa Tpaduka.

17. IIpocTeie 3a1aun HA TOCTOSIHHBIN TOK

03N L A~
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Ilpunoscenue 1
BapuanTtsl Kk 1a00opaTopHoii padore 3.1

Howmep BapuanTa Howmep 3HaYeHUe CONPOTUBICHNU R, B Marasue
(TTOPsIAKOBBIN HOMEP YCTaHOBKH CONPOTHUBJIEHUH B YnipaxkHeHuu 1, Om
B JKypHaJIC)
1 1 1000
2 1 1020
3 1 1045
4 1 1075
3) 1 1100
6 2 1050
7 2 1090
8 2 1125
9 2 1150
10 2 1175
11 3 1100
12 3 1130
13 3 1160
14 3 1175
15 3 1195
16 4 1120
17 4 1150
18 4 1175
19 4 1200
20 4 1225
21 9) 1190
22 5 1220
23 5 1245
24 5 1275
25 5 1305
26 6 1225
27 6 1260
28 6 1300
29 6 1325
30 6 1350
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Jlaboparopnasi padora 3.2
HccnenoBanue 3JIeKTPOCTATUHYECKOTO MOJIA

1. TeopeTnyeckue cBeJAeHUA

JIro00¥ HEOABMXKHBIN JIEKTPUUECKUM 3apsij] CO3/IaeT B OKPYXKAIOIIEM €ro MPOCTPaHCTBE
ANEKTPOCTATUYECKOE ToJie. DTO MoJie OOHAPYKUBAETCS MPU BHECEHUU B HETO JAPYrux (mpoo-
HBIX) AJIEKTPUUYECKUX 3apsiioB MO Cuiie, ACHCTBYIONIEH Ha 3TU 3apsanbl. CUIOBOM XapakTepu-
CTHUKOM 3JIEKTPOCTATUYECKOTO MOJISI SIBJISIETCA €T0 HAPSKEHHOCTD.

HanpskeHHOCTh 3JE€KTPOCTATUYECKOTrO MMOJI YHUCIEHHO paBHA CHIIE, C KOTOPOW IOJIe
JNEUCTBYET HA €AMHUYHBIN MOJIOKUTEIBHBIN 3aps/l, IOMEIICHHBIM B JAHHYIO TOUKY MOJIS:

E= T (1)

]
Qo
rae E — BekTop HampsyKEHHOCTH 3yleKTpocTatudeckoro mois, B/m; F — cuna, neiictByromas
Ha 3apsn, H; Q, — Bemmuuna npoGHoro 3apsiaa, K.

HaHpH}KGHHOCTB — BCKTOpHAA BCIMYHMHA, KOTOpasa COBIIAAACT C CHJ'IOﬁ, IIGP'ICTBYIOHIGI?'I Ha
TOYCYHBIN 3apsmd, HOMGIHGHHBIﬁ B JAHHYIO TOYKY ITOJIA.

PaCCMOTpHM I10JIC, CO3AAHHOC TOYCYHBIM 3apAA0M Q IIo 3dKOHY Ky.]'IOHa BCJINYMHA CH-
JIbI BBaHMOﬂeﬁCTBHH MCXKAY ABYM:A TOUYCYUHLBIMH 3apsaaMH Q )51 QO’ HaXOJAINMMHUCSA Ha pac-

CTOSIHUH I' APYT OT ApPYyTa, paBHA:
F= 3% )
4m-goe-r
TJIe €5 — JIEKTPHUECKas MocTosiHHast, papHasi B CU 8,85-10™% d/m; & — mudeKTprdecKas mpo-
HHI[AeMOCTh CPEebl, B KOTOpoi Haxomarcs 3apsasl Q n Q, (mwig BakyyMma, a MpHOIMKEHHO U

ISl BO3yXa € =1); I — pacCTOsTHHE Ha KOTOPOM HaXOJISITCS 3apsiibl, M.

N3 Beipaxkenuii (1) u (2) caeayer, 4To HAIPSHKEHHOCTD MOJIS, CO3JAHHOTO TOYEYHBIM 3a-
psaoM Q, ompenensieTcsi COOTHOIICHUEM:

E=— 3
Anee,r

['padrueckn mosie mpuUHATO U300pakaTh C MOMOINBIO CUJIOBBIX JUHUU. JluHuUs, Kaca-
TEJIbHAsI K KOTOPOM B KaXJOW TOYKE COBIAJAET [0 HAIIPABJICHUIO C BEKTOPOM HaIIPSYKEHHOCTH
AIEKTPUYECKOTO MOJIs, HA3bIBACTCS CUTOGOU TUHUE.

CreroBaTesbHO, CUJIOBBIE JIMHUU ONPEACIISIOT HANPABJICHUE HAINPSIYKEHHOCTH B KaXKIOM
TOYKE MOJIS, YepPE3 KOTOPYIO OHHU MPOXOJAT, TYCTOTA CUJIOBBIX JIMHUM, MPOHU3BIBAIOIIUX €U~
HAYHYIO IUIOIIAJIKy NEPNEHAMKYJSPHYIO K JIMHUSAM, PABHA YHUCICHHOMY 3HAYECHHIO BEKTOpA
HanpsvKeHHocTH E .

Enie oHON XapakTEpUCTUKON JIEKTPUYECKOTO MOJI sABisAeTcs noreHuuan. [lorennuman
SABJISIETCS YHEPTETUUYECKOM XAPAKTEPUCTUKOU MO, JJIsl JTaHHOW TOYKM SJIEKTPOCTATUYECKOIO
MoJIs MOTEHUMAN ¢ YHUCIEHHO paBeH paboTe, COBEpIIaeMOil cuiiaMu MOJjsl MPU MepeMelieHUN
€AMHUYHOTO MOJIOKUTEIBHOTO 3apsia U3 3TOM TOUKH B OECKOHEUYHOCTb, T. €.:

A
= 4
(0 0, (4)
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rae A, — paboTa 1o NnepeMeIeHHIo MOJIOKUTEIbHOro 3apsina Q, u3 JaHHOW TOUKH B Oecko-

HEYHOCTb, JIK.
PaGota snexTpocTaTH4ecKOro mojsi, CO3AAHHOTO TOYEYHBIM 3apsaoM Q mo mepemere-
HUIO 3apsana Q, u3 Touku mois 1 B Touky 2 (puc. 1) paBHa:

A QQ QQ _QQl 1

dree,r;  4dmegyl, A4megy\n 1,

: ()

rje Iy U I, — paauychl-BEKTOPBI TOUEK NoJis 1 u 2.

Qo

Puc 1.

Ecimu ry, — oo, TO

Qo

4dreeyn
Y COIVIACHO PaBEHCTBY (4) MOTEHIIMAJ 3JIEKTPOCTATUUECKOIO MOJIs, CO3/1aBaeMblil 3apsaaom Q B
Touke 1, Oyner paBeH:

p= . ©)
Aregyly
Torna paBeHCTBO (5) MOXHO MPEACTaBUTH B BUJIE:
A:Qo(%_(l’z)’ (7)

TA€ @ U ¢ — OTEHIMAJIBI TTOJIS1 B TOUKax | U 2 COOTBETCTBEHHO, B.

Beipaxkenue (7) coxpaHseT CMBICI JIJIs TOJIEH, CO3/IaHHBIX JII0OBIMU 3apsaamu. X pa-
BeHCTB (5) u (7) cnemyer, 4TO B AJEKTPOCTATUYECKOM TT0Jie paboTa, COBEPIICHHAs 10 IepeMe-
LIEHUIO 3apsja U3 OOHOM TOUYKH B JIPYTYIO, HE 3aBUCUT OT TPACKTOPUHU NEPEMEILICHHUS, a 3aBU-
CHUT TOJIbKO OT MOJIOKEHHUSI TOUYEK, MKy KOTOPBIMH COBEpIIIaeTCsl padboTa.

DJIEKTPOCTATUYECKOE MOJIe TOUEYHOTO 3apsijia, 001aaaroliee TaKuMU CBOMCTBAMH, Ha3bI-
BAETCs MOTEHIIUAJIBHBIM.

[Ipu mepemernieHun 3apsija B MOTEHIUAIBHOM IOJIE MO 3aMKHYTOMY KOHTYpY paboTta
paBHa HyJO (cM. BeIpakeHue (7) mpu @1 = ;). ITOT pe3yJbTaT MOKHO 3allucaTh B BUJIE:

A=§dA=§Q-Edl =0,
rae dA — pabota, coBepiicHHas Ha OeckoHeuHO MaynoM ydactke dl, E, — mpoekius HampskeH-

Hoctu E wadl.
Ecnau nepememaercst e TMHUYHBIA MOJIOKUTEIBHBIN 3apsa Q, To

§a-m=o. (8)
Bennunna §E, -dl, uncnenHo paBHas paboTe MO MEPEMEIICHUIO SAMHUYHOTO MOJIOKH-

TEJILHOTO 3apsi/ia 0 3aMKHYTOMY KOHTYPY, Ha3bIBA€TCSl LIUPKYJALMENH BEKTOpa HAMPSHKEHHO-
CTH 3JIEKTPOCTATUYECKOTO TOJIsA, a hopMyra (8) Ha3bIBAETCS TEOPEMOM O ITUPKYJIAINHA BEKTOpa
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HaMpSHKEHHOCTH 3JIEKTPOCTATUYECKOTO 1oJisi. Bripaxkenue (8) sBISIETCS OTIAUYUTEIBHBIM NPU-
3HAKOM TOTEHITMATBHOTO TOJIA. JIMHUM HAMPSIKEHHOCTH ATOTO TOJS HE MOTYT OBITh 3aMKHY-
TBIMH.

[ToTeHIman 31eKTpOCTaTUYECKOro MOJIs SIBIsieTCsl PyHKIMENH paanyca-BeKTopa (WJIn KO-
OpJMHAT) TOYKH, JAJI1 KOTOPBIX MOTEHIIUAN OYJET OJIMHAKOBBIM.

['eomeTprueckoe MECTO TOYEK ¢ OAMHAKOBBIM MOTEHI[MATIOM Ha3bIBAETCS SKBUIIOTCHIIU-
aJbHON MOBEPXHOCTHIO, UIIM MOBEPXHOCTHIO PABHOTO MTOTEHIHATIA.

Hanpumep, st mons, CO3A4aHHOTO TOUYEUHBIM 3apsAJI0M, YKBUIIOTEHIIUAJIbHBIE TTOBEPXHO-
CTH TPEJICTABIIAIOT cO00M ceprueckre MoBEepXHOCTH. JIt00ast TMHUS Ha SKBUIOTCHIIMAIBHON
MTOBEPXHOCTHU OYJET TAKKE IKBUIIOTEHIUAIBHOM.

YCTaHOBUM CBSI3b MEXKYy MOTEHIIMAJIOM M BEKTOPOM HaIpsbKeHHOCTH mouist. JJist ompe-
JIeJICHUS KOJIMYECTBEHHOM CBSI3U MEXKIy @ U E paccmoTpum aBe 0€CKOHEYHO OJIM3KHUE YKBUIIO-
TEHIMAJIbHBIC MIOBEPXHOCTH C TIOTeHIMaIaMu @ u @ + do (puc. 2).

¢ o+ do
Q
o al bl n E
Qo dr
Puc. 2

BeKTop HANpsDKEHHOCTH E HampaBieH 1Mo HOPMAM K SKBHUIIOTCHIMAIBHBIM TOBEPXHO-
CTSIM B CTOPOHY YMEHBIICHHS IOTCHIMAIA U MEPEeCeKaeT 3TH MOBEPXHOCTH B TOYKaX a u b,
paccrostHre MEKIy KoTopbiMu dr. Ilpu mepemMeIneHuy moIoKUTeIsHOro 3apsiaa Q U3 TOUKH a B
TOUKy b coBepmaercs padora:

dA=F-dr=Q-E-dr. 9)
Bripaxas 3Ty ke paboTy yepe3 pa3HOCTb MOTEHIIMAIOB, TOJTYYHM:
dA=Q(¢—(¢+de))=—Q-de. (10)
CpaBHuBas Beipaxkenus (9) u (10), moxyuum:
do
S 11
dr (1)

d
Bemnunna d—(p , XapakTepu3ymliasi OBICTPOTY HM3MEHEHUHW TMOTEHIMaja B HaIPaBJICHUH
r

HOPMAaJIM K CHJIOBBIM JIMHUSIM 3JIEKTPUUECKOT0 MOJIsl, Ha3bIBAETCS TPAMEHTOM MOTEHIMAIA.
HamoMHUM, 4TO TpaJMEHT CKaJsipa (¢ — BeJIMYMHA BEKTOpPHAst 1 0003Havaercs: grade, To-
raa Beipakenue (11) MoxHO repenucaTh B BUJIE:
E=—grade. (12)
Tak Kak CWJIOBBIC JIMHUM BCEr/Ja HOPMAJIbHBI K DKBUMOTCHIIUAILHBIM JIMHUSAM, MOXKHO
HaIUCaTh:

E:_d_¢ﬁ0,

dr

rae N, — eAMHUYHBINA BEKTOP, HOPMAJIBHBIN K SKBUIIOTCHIIMAILHON TIOBEPXHOCTH.
Jl7st omHOpOAHOTO OISt BMECTO BhIpaxkeHus (11) MokHO TpUMEHUTH HOpMYITy:
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A@
S (13)
Ar
rac Ar — paCCTO}IHI/Ie M€>K,Z[y J'IIO6BIMI/I I[ByMSI TOUKaMHU, paCHOJ'IO)KeHHBIMI/I Ha OI[HOI>'I CI/IJIOBOﬁ

JUHUM; AQ — pa3HOCTb TOTEHIIMAJIOB MEXKAY 3TUMH TOUKAMH.
[To 3T0i1 e popMysie MOKHO BBIYHMCIIATH CPEIHIOI0 HAPSHKEHHOCTh B BEIOPAHHOM y4a-

CTKC ITOJIA.

2. Leab padoTel. CxeMa IKCIIEPUMEHTAJIBHOM YCTAHOBKH

HCJ’IBI-O pa6OTI>I ABJEICTCA.

1) OKCIICPUMCHTAJIbHOC HAXOXKIACHHUC TOYCK 3aldHHOI'O IIOTCHIMAJA Ha ILIOCKOM MOACIIN
QJICKTPOCTATHUYICCKOI'O ITOJIA,

2) IMOCTPOCHHUC SKBHUIIOTCHIUAJIBHBIX 1 CUJIOBBIX JIMHUU IT1O0JIA,

3) PaCUCT XapPaKTCPUCTUK II0JIA 110 PE3YJIbTAaTAM SKCIICPUMCHTAJIbHOI'O UCCIICIOBAHUAA.

Cxema 3KCIepUMEHTAIBHON YCTAHOBKH IPEICTABICHA HA PUCYHKE

E — HCTOYHUK MOCTOSH-
Hout D/J1C;

K — xmiou;

R; — peocrar;

V — BoJIbTMETD;

R — peoxopy;

" — HyIIb-TaIbBAHOMETD);
3 —30H;

M — monens.

3. Onucanue MeTOAUKH U3MePEeHUil

[IuTanue >NEKTPUYECKON LENH YCTAHOBKH OCYIIECTBIBIETCS OT UCTOYHHMKA MOCTOSSHHOU
O/1C; 3ambikaercs 1iens kiaouoMm K. Peoctatr Ry cimykut juist peryiupoBaHus MOJaBaeMoro Ha
YCTaHOBKY IMOCTOSTHHOTO HampsbkeHust U, a BOJIbTMETp — JIJIi KOHTPOJISI 3aJIaHHON BEJIMYUHBI
ATOr0 HAIPSIKCHUS.

Peoxopn R npencrapisier co0oit JepEeBIHHYIO JUHEUKY C MUJTUMETPOBBIMU JICJICHUSIMH,
10 OCH KOTOPOW MPOTSIHYT OJHOPOJHBIN METAINIMYECKAN MPOBOAHUK MOCTOSHHOTO CEUYECHUS U
U3BECTHOM HBI loq. BI0oNb MpOBOIHMKA MOXHO MEepeMeEIaTh MOABMKHBIN KOHTAKT e. [Ipu
3aMBIKaHHUH 1IEMTH 10 TPOBOJIHUKY TeUeT TOK | ; B cOOTBeTCTBUM € 3aKOHOM Oma

rae R = Ry — conpoTuBiienne npoBoHuKa. HanpsbkeHne Ha ydyacTKe ce paBHO
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R
UceZI'Rce:UR_Ce’ 1)
cd
rae R, — COMpoTHUBIIEHUE 3TOTO yYacTKa.

OueBHIHO, YTO HAUMEHBIIUM MOTEHIIMAIOM 00Ja/laeT TOYKa C pPeoxopa, HEMOCPEICT-
BEHHO COEJMHEHHAsl C «KMUHYCOM» MUCTOYHHUKA. ECIIM IPUHATH MOTEHIMAT 3TOM TOYKH PAaBHBIM
Hy0 (¢. = 0), To motennuan touku d Oyner paBeH U, a moTeHIMAaN MOABMKHOTO KOHTAKTa
(Touku e) ¢, = Ug. YUuThIBas, 4TO CONPOTHUBIICHHE OJHOPOTHOTO NMPOBOTHUKA HEHM3MEHHOTO
CEYEHHS MPSIMO MPOMOPIUOHAIBHO €0 AJIMHE, MOKHO NlepenucaTh cooTHoueHue (1) B Buze

0. =U = @
cd
rae lee — IMHa ydacTka ce, onpenensemas 1o JIeJIeHUsIM peoxopaa (Hayaio ero MIKajbl J0JDK-
HO COBIAJATh C TOYKOH C).

Mogenb 35eKkTpocTaTH4uecKoro noyist M npeacrasiisieT co0o0il 37eKTpo-IIPOBOAHYI0 Oyma-
Iy, HaKJICEHHYIO Ha IUIAaCTUHY U3 JAMDJIEKTPHUKA U pa3rpaduieHHyI0 KOOpAuMHAaTHOW ceTkoil. K
Oymare mpuKaTbl U3TOTOBJIEHHBIE M3 METaJljia EKTPOA a(«—»), HAKOPOTKO COEIMHEHHBIN C
TOYKOH ¢ peoxoppa, u 3eKkTpoa b («+»), coenuuennslit ¢ Toukoit d. Takum oOpazom, mpu 3a-
MBIKAaHUH IIETH MTOTEHIIHAIBI 3JIEKTPOA0B OyayT paBHbl: @, = @. = 0; @, = ¢4 = U. [Ipu nHanu-
YUU [TOCTOSSHHOM Pa3HOCTU MOTEHUHMANIOB IO OyMare Te4eT MOCTOSIHHbIN TOK. Cie0BaTeNbHO,
I10JIE MOJIEININ HE SIBJISIETCS 3JIEKTpOoCcTaTHYeCKUM. OTHAKO pacnpeeseHue MOTEHINAI0B TOYEK
MOJIETN CTAllMOHAPHO (IIOCTOSIHHO BO BPEMEHM) U HE OTJIIMYAETCS OT TOT0, KOTOpoe chopMupo-
BaJIOCh ObI B 3JIEKTpOCTaTHUECKOM Moiie. [1oaToMy naHHOe mojie MOAETUpPYeT ANEeKTpocTaThuye-
CKO€, a HAJIMYue MPOBOJHUKA (OyMaru) Mexay 3JeKTPoJaMu MO3BOJISET U3MEPSITh OTEHIINAIIBI
Pa3IMYHBIX €r0 TOYEK.

Jlnst onpeneneHuss MOTEHIIMAIOB TOYEK MOJIEIH, a TOUHEee, JUIsl IOMCKAa Ha HEeM TOYeK C
3aJIaHHBIM MOTEHLHUAJIOM, CIYKUT YYacTOK e3 3JIEKTpUUecKOor 1enu. Ero riiaBHbIM 3JIEMEHTOM
ABJISIETCS TAIbBAHOMETp [ — npuOOop 1uist oOHapykeHusl (Ipu HEOOXOAUMOCTH — U I U3Mepe-
HUS) MaJIbIX TOKOB, TEKYIIUX B Pa3IM4HbIX HanmpasieHUsX. OJHa U3 KJIEMM rajibBaHOMETpPA CO-
€MHEHA C TIOJIB>KHBIM KOHTAaKTOM (TOYKOM e) peoxopaa, a K ApYyrou MoAKIIOYEH MeTaJlInye-
ckuil 3087 3. [Ipeanosnoxum, 4To Lenb 3aMKHYTa, U MOTEHIMAJI TOYKH e h3BecTeH. Ecim koc-
HYTBCS 30HJIOM 3JIEKTPOJA a@ MOJENH, TO Yepe3 ralbBaHOMETP MOTEUYET TOK B HAIIPABJICHUH OT €
K 3, T.K. ¢,> @, =0. Ecnu sxe KOCHYTbhCS 30HIOM 3JekTpona b, To HampaBnenue Toka Oyner
MPOTHUBOIOJOKHBIM, T.K. @, < @, = U. IloTeHuman ¢ npon3BojIbHO BHIOPAHHON TOYKH MOJAEINIU
nexut B npeaenax 0 < ¢ < U. OueBHIHO, YTO MEXKIY AJNEKTPOJAMU HAUAYTCA U TaKUE TOUYKH,
MOTEHLHAT KOTOPBIX @ = ¢, (COBOKYIMHOCTh 3THUX TOYEK IPEJCTABISIET COOOU aKeuUnomenyu-
ANIbHYI0 TUHUIO — CEUEHUE 9KEUNOMEHYUANbHOU NO8EPXHOCMU TIOCKOCThIO Mojenn). Ilepeme-
mast 30H7 M0 MOJENIM, MOKHO «HAILYyNaThy» OAHY M3 TaKUX TOYEK; MPH 3TOM PA3HOCTb MOTEH-
[[MAJIOB Ha Y4acTKe e3, a CIel0BaTelIbHO, U TOK 4Yepe3 rajibBaHOMETp OyIayT paBHbI HyJi0. B
ATOM M 3aKJIFOYAETCS MOMCK TOYEK 33JJaHHOTO NMOTEHIMAJIA B MOJIE MOJEIU; OTCIOAA MPOUCXO-
IUT Ha3BaHUe Mpubopa — «HyJb-rajibBaHOMETp». Hamnume KOOpAMHATHOM CETKH MO3BOJISIET
HAHECTH HaWJCHHbBIE TOUYKH Ha YepPTEeX (MIWUIMMETPOBYIO Oymary) M, COeIMHUB UX MEXIY CO-
00H, MOCTPOUTH SKBUIOTECHUHUAIbHYIO JUHUIO. VI3MEHssT MOJ0KEeHHE TMOABMKHOTO KOHTAaKTa
peoxXop/ia U pacCUMTHIBAS HOBBIC 3HAUYCHMSI MMOTEHIIMANA TOYKU e 10 dopmyie (2), MOKHO TO-
JYyYUTh CEMEWCTBO HECKOJbKHMX JIMHMM PABHOTO MOTEHIMaTa. DTO JAaeT BO3MOKHOCTb, BO-
MEPBBIX, U300pa3UTh CUJIOBbIE JIMHUM TOJIS; BO-BTOPBIX, PACCUUTATh 3HAYEHUE HANIPSHKEHHOCTU
1oJist B JItOOOM €ro Touke.
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BCKTOp HaNpPsAKCHHOCTHU E cBs3an ¢ IMOTCHIUAJIIOM 3JICKTPOCTATHUYCCKOI'O ITOJISA N3BCCT-
HBIM COOTHOIIICHHUEM

E =—grade, (3)
rae grade— rpagdeHT noTeHipana. M3 3Toro COOTHOIIEHHS CIEAYET, YTO HAIPSIKEHHOCTh Ha-

IpaBlieHa B CTOPOHY HAWCKOpEHIero yObIBaHUS MOTEHIMAA, T.€. CHIIOBBIC JTMHHUH IOJISI HOP-
MaJIbHBI (TMTEPIICHANKYIISIPHBI) K SKBUTIOTEHITUAIBHBIM TIOBEPXHOCTSIM M HAIPaBIICHBI «OT TUTIOCA
K MUHYCY».

B ciydae oonomepnoco ToNs TIOTEHIIMAT 3aBUCUT JIUIIb OT OJHOW KOOPIAWHATHI I:
@ = @(r). Ha Mozenu Takoro moJist 3J€KTPO/Ibl HMEIOT OJIMHAKOBYIO MPABUIIBHYIO T€OMETPUYEC-
CKyI0 opMy. DTO MO0 MapauIeabHbIE APYT APYTY OTPE3KH (B 3TOM cirydae ock Or Hampasiie-
Ha TIEPIICHIUKYJISIPHO JJICKTpoaaM), MO0 KOHIICHTPUUYECKHE OKPYKHOCTH (Tpu 3ToM ock Or
COBIAJACT C pagualbHON MPSAMON). DKBUMOTECHIUAIBHBIE JIMHUU MOBTOPSIOT MO (hopMe ouep-
TaHUs 3JIEKTPOJIOB, a CUJIOBBIE JIMHUH MPEICTABIISAIOT COO0H CEMEMCTBO MPSMBIX — Mapalieib-
HBIX WM paJdaibHBIX — U HAMPABJICHBI OT MOJIOKUTEIHHOTO AIIEKTPOJIa K OTpUllaTeIbHOMY. B
OJTHOMEPHOM I10JIe BEKTOPHOE COOTHOIICHHE (3) B IpoeKiny Ha ock Or MpUHUMAET BUT

g, =-92 (4)

2

|
|
' |
L
' |
i : 1
Unonon ’
Kak u3BecTHO, 3HaU€HHE MPOU3BOJHOM (PYHKIIMU B 3aJlaHHON TOYKe (I = Iy) YUCIECHHO
paBHO yriaoBoMmy K03 GdUIMEHTY (TaHTEHCY YIJIa ¢ HaKJIOHAa K OCH a0CIIMCC) KacaTelbHOM,
MPOBEJICHHON B DTOM TOYKE K KpHUBOH, m3oOpaxkaromeit rpadpuk QyHkiuu. PucyHox umitocT-
pupyert rpaduueckuii cnocod onpeaeneHns NPOeKIMH BEKTOpa HapskeHHOCTH E, . BeiOpaB Ha
KacaTe’abHON Be TOUkH 1 1 2 (OHU JOIHKHBI PAcIoaraThCsl Kak MOYKHO Jajbllie IPYT OT Apyra
M MOTYT COBMNAJaTh C TOUKAMH MEPECEUECHUS TPSIMOM U OCEl KOOPJIMHAT), HAJEM YIJIOBOM KO-
¢ punrenT:
_Ap_py -y _

tga

Cornacho (4),
E, =—tga=t9(7 — )

401041
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E :¢1_¢2 (5)
h—-n

4. Ilopsinok u3MepeHnii 1 00padOTKH pPe3yJIbTaTOB

1. Y3naiiTe y npenojaBaTessi HOMEP CBOEr0O BapuaHTa U ¢ nomMonisto [Ipunoxenus 1 (B
KOHIIE OMMCAHMs K JaHHOM paboTe) onpeeinuTe HoMep CBOeH 1abopaTopHOi YCTaHOBKH.

2. O3HaKOMBTECh C AJIEMEHTaMHU Ja00paTOPHOI YCTAaHOBKM M M3MEPUTEIBHBIMH MpUOO-
pamu. 3anuminTe B TETPaIhb JIUHY peoxopra leq, BRIpa3uB ee B MIUUTUMETPax. B gupmyanvuom
eapuanme 1a00OPaAmMoOpHoU pabomvl OIUHA PEOXOPOd, a MAKH#CE PEeKOMeHOyeMble 3HAYEHUsL Pa3-
Hocmu nomenyuanos U medxncoy mouxamu C u 0, u 3navenuss Onunvl yuacmxa C—€ peoxopoa
I, =50,150,250,350,450 MM codeporcamvcsa 6 okne 1abopamopHou pabombl (cm. Hudice):

Yemanoexa Ne 1
U'=02828; I_;=500m;
1. =50; 150; 250; 350; 450 »m.

3. O3HaKOMBTECH C DIEKTPUUECKOH 1enbio. OOpaTuTe BHUMaHUE Ha MOJSPHOCTD: HYJIE-
BOE JIeJIeHHUE (TOYKa ¢) peoXopaa, OTPULATENIbHBIN AIEKTPO d MOJEIH U «MHHYC» BOJIBTMETPA
JOJHKHBI OBITh COEIMHEHBI C KMUHYCOM) UCTOYHHKA.

4. Ha muinmuMetpoBoii Oymare nzo0pasute B Macmtade 1:1 Moaens 31eKTpoCcTaTHYecKo-
ro 1oJist (3JEKTPOJIbl U KOOPAUHATHBIE OCH C JIETICHUSIMU ).

5. Beenute peocrar R; MOIHOCTBIO (YCTAHOBUTE €r0 IBUKOK TaK, YTOOBI COIPOTUBIICHUE
peoctara ObUIO MaKCUMaIbHBIM). B supmyanvhom eapuarnme 1ab60pamopHou pabomsl 08UNCOK
peocmama pe2yiupyemcsi KHONKAMU-CMPENKAMU «8NpaAo» U «81eso» Hudce Haonucu «Peo-
cmam (R1)» (cm. pucynox nudice):

Peocrar [R1] [MonsyHok peoXona SoHa,
< >
EricTpo € > OnyeTure
Ko (K] [NepetecTHTE

FaMEHYTE MegneHHD € >

6. BiitounTe NCTOYHUK MUTAHUS YCTAHOBKU. B supmyanvHom eapuanme 1a60pamopHoil
pabomul numanue yoice 6KII0UEHO.

7. 3amkuute kmou K. B eupmyanvnom eapuanme 1abopamopHoii pabomsi K04 3ambl-
Kaemcs KHONKoU «3amkHymboy. Ilpu amom naonucvy na KHONKe MeHsemcs Ha Haonucv «Pa-
30MKHYMbY.

8. [lepemenias aBMXOK peoctata R; u Habmonas 3a mokazaHUAMH BOJBTMETPA, YCTaHO-
BUTE PEKOMEHIyeMoe 3HaueHue HanpspkeHus U. 3anummre 3To 3HaYeHHUe B TETPAIb.

9. PyKOBOJCTBYSICh pEKOMEHAAIUSIMH, YCTAHOBUTE TOJIBMKHBIA KOHTAKT (TON3YHOK) e
peoxopia B HaYaJIbHOE MOJIOKEHUE. B gupmyanvHom eapuanme 1abopamophol pabomul noJ-
3VHOK peoxopoa pe2yiupyemcs KHONKAMU-CMPENTKAMU «BNPABO» U KBNEBON:
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MonzyHor peoxona

BricTpo < >

MeqneHHo <€

10. 3navyenue amuHbBI yyactka | (B MummmMmerpax) 3anecure B Tabmuity. [To hopmyre (2)
paccuuTanTe NOTEHUHAN (), , PABHBIA MOTEHIHATY () TOYEK MCKOMOW SKBUIOTEHLIHAIBHOU JIU-
HUU MOJIEIH, U 3aMIUIIUTE €r0 3HaYEeHUE B COOTBETCTBYIOIIMMA CTONOECI TaOIHIIBI.

Taobmuna 1
Howmep lee , MM o, B Howmep X, Cm ¥, cm r, m
JTUHAH TOYKH
1 1
2
3
4
5
Cpennee 3HaYeHHUeE I
2 1
2
3
4
5
Cpennee 3HayeHuUeE I':
3 1
2
3
4
5
CpenHee 3HaYEHHUE I
4 1
2
3
4
5
CpenHee 3HaYeHHUE I :
5

CpenHee 3HaYeHHUE I :
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11. KocHuTech 30HAOM 3 TOYKH MOJACIH BOJU3HM OTPHUIATSIIBHOTO 3JIEKTPOaa d. 3aloM-
HUTE HaIlpPaBJICHUE, B KOTOPOM «3alllKaJIuBaeT» CTpelika rajbBanoMerpa /. KocHyBIIMCh TOUKH
OJIMKe K TIOJI0KUTCIIBHOMY 3JIEKTpoay D, yOeauTech B TOM, UTO HANpaBICHHUE «3allIKaIuBAHUS
HU3MEHUJIOCH Ha MPOTUBOIIOJIOKHOE. 3aTeéM KOCHUTECh TPEThel TOUKH, PACIIOI0KECHHON MEXTy
aByms niepBeiMH. Cyikas TaKMM 00pa3oM 30HY ITOMCKA, HaWIUTE TOYKY, KaCaHHWe KOTOPOH 00-
paIacT Mmoka3aHus TaJbBaHOMETpa B HYJIb (MMPAKTHUYECKH CTPENIKa MpuOopa AOKHA MPU STOM
YCTAaHOBUTHCS WJIM COBEPINATh MaJible KOJCOaHHUS B Mpejerax ero IKaibl). MCrmonb3ys ceTKy
MOJICIIH, OTIPEICTUTE KOOPANHATHI X U y HAWIGHHON TOYKH M 3aIUINTE X B Ta0uiy. Hanecu-
T€ ATy TOYKY Ha MIJZTAUMETPOBYIO Oymary.

B supmyanvnom eapuanme nabopamopuoi pabomul 051 mo2o, Ymoodsl npueecmu 8 oeli-
cmeue 30H0, HeobXo0uMo Haxcamv Ha KHONKY « Onycmumbsy. [lpu smom Haonuce Ha KHONKe
nomensemcsi Ha Haonucv «lloOnamey. Ynpasenenue nonodiceHuem 30HOA OCYULECMBIIEMCS

KHONKAMU-CmMpeaKamu HUuxdce Haonucu «Hepemecmumb»:
JoHg

Qnyctire

[leperecTTE

Hnozoa nonnocmuvio ycmanosums cmpeiky 2aib8aHoMempa moyHo HA HOb He YOAemcsl.
B smom ciyuae 0oocmamouno, umobvl cmpenka Haxoounacb MaKkCUMAibHoO OJU3KO K HYII0 (Pu-

CYHOK HUJICE):
Modens

0

nlen
”'-.\.""‘ll"' 'I"'r”".r.-"

+ +

12. TloBTOpUTE nelicTBUs, onrcaHHble B 1. 11, He MeHee cemu pa3 (N > 8). Haiinenubie
TOYKH JIOJDKHBI OBITh PACTIONIOKEHBI IOCTATOYHO JAJIEKO APYT OT JApPyra B MOJE BCEH MOAEIN —
TaK, 4YTOObI IO HUM MO>KHO OBLIO MOCTPOUTH SKBUIMOTCHIMAIBHYIO JIMHUIO. B COOTBETCTBUM C
PEKOMEHJAIMAMU TIEPEMECTUTE MOJI3YHOK € PEoX0op/ia B CJICIYIOIIEE MOJIOKEHHUE.

12. TloBTopsist . 10-12, cauMuTe naHHbIe 171 OCTpoeHus] N SKBHITOTEHITMATBHBIX JIH-
Hui (uucno N >4 onpeaensieTcs KOJIUYECTBOM PEKOMEHIYEMBIX TOJIOKEHUN TMOJ3YHKa Peo-
xopaa). Touku, UMeEIoNMe pa3IuvHble 3HAUYCHHUS MOTEHIMasa, MPU MEePEeHECEHUH Ha MUJUIH-
METPOBYIO OyMary keaTeabHO 0003Ha4YaTh MO-pasHOMY (ITyCThIC U 3AIITPUXOBAHHBIE KPYIKKH,
KPECTUKH, pOMOBI U T.I1.).

13. Basxcno: B n1abopaTOpHBIX yCTaHOBKax ¢ Homepamu 1,3, 5 wcmonb3yeTrcs Kpyrias
(dhopma 3IeKTpOIOB, a J1abOPATOPHBIX YCTAaHOBKAxX ¢ Homepamu 2,4, 6 HCMOJIB3YyeTCs MPsSMO-
yrojibHas popma annexTpoaoB. Mcxons uz hbopmbl AIEKTPOAOB, HEOOXOIUMO BHIOpATh HAMPAB-
nenue ocu Or BAOJb CHJIOBBIX JIMHUH MOJIS: I «IPsIMOYTOJIBHBIX» Mojieniel ock Or coBnaja-

et ¢ ochio Ox (I =X), a I «KPYIJIBIX» — HAIpaBJIeHa OT LEHTpa U I =+/X° + y° . Onpenenure

3HAYCHUS KOOPAMHATHI ' HAalJCHHBIX TOYEK M, BHIPA3WB MX B METPaxX, 3aHECUTE B IMOCICIHHUM
cToJioer TaOIUIIBL.
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14. JInst kaxxa0il SKBUNOTEHIIMAIHON JIMHUU BBIUYUCIIUTE CPEIHEE 3HAUEHNE KOOPAUHATHI
' 1 3aIIUIIUTE €0 B COOTBETCTBYIOUIYIO SiUEUKY TaOmuubl. Mcnonb3yst 3TH cpenHue 3HAYEHUS,
NOCTPOITE Ha YepTexe (MIUJTMMETPOBOM OyMare) JIMHUMA PAaBHOTO NMOTEHIIHAIA.

15. M300pa3ute Ha yepTeKe CUIIOBBIE JIMHUHU AJIEKTPOCTATUYECKOTO MOJISL.

16. Ha rpaduk 3aBUCMMOCTH MOTEHLHANA ¢ OT KOOPJAUHATHI I' HAHECUTE SKCIEPUMEH-
TAJIBHBIE TOYKH U IPOBEUTE MO HUM CTJIAKUBAIOLLYIO0 KPUBYIO WITH MPSIMYIO.

17. B yka3zaHHOHM mpenojaBaTeieM TOYKE MOJIA HAWAUTE MOTEHUUAIbHYIO SHEPIHUIO 3a-
JAHHOTO 3apsjia, a TAKXKE BEJIMYMHY JCHCTBYIONIEHM HA HEro cuibl. HampaBieHue cuibl moka-
KUTE HA YepTekKe CTpelKon. PaccumTaiite paboTy mepeMenieHus 3Toro 3apsaa B APyryro yKa-
3aHHYIO0 TOYKY MoJjst. JIis ompeaesieHusl MOTEHIMAIOB TOYEK UCIOIb3YHTe rpaduk 3aBUCHUMO-
ctu @ (r); IUIs HAXOXKICHUS TPOCKIIMHA BEKTOPa HAIPSHKCHHOCTH MPUMEHUTE rpaUUecKuii cro-
co0.

5. KoHTpOJIbHBIE BONPOCHI

Kakoe mosne Ha3piBaeTcs sekTpoctaTnueckuM? Kak ero oOHapyKuTh?
Cdopmynupyiite u 3anummTe 3akoH KynoHa.
Kakas BenmnumHa Ha3bpIBa€TCSl HAPSHYKEHHOCTHIO DJIEKTPOCTATHYECKOTO OIS ?
Pabota cuit 31eKTpoCTaTHYecKoro mossl.
Kakas BennumHa Ha3bIBaeTCs HOTEHIUAIOM ?
Kakue nosnst Ha3bpIBalOTCS MOTEHIIMATBHBIMU?
B kakux egununax B cucrteme CH u3MepsieTcss HalpsKEHHOCTh JIEKTPOCTaTHYe-
CKOT'0 TIOJISI, IIOTCHIINAT?

8. Yro Ha3bIBacTCs LUPKYJSILMEN BEKTOpa HANPSHDKEHHOCTH 3JIEKTPOCTATHYECKOIO
TOJISL.

Q. CdopmynupyiiTe TeopemMy O HUPKYJSLHUA BEKTOpa HANMPSHKEHHOCTH 3JEKTPOCTa-
TUYECKOTO IMOJIS.

10. CwusoBble TMHUU U SKBUIMOTEHIIUAIBHBIE TIOBEPXHOCTH.

11. Ot 4ero 3aBUCAT HANPSHKEHHOCTh U MOTEHIMAN JAHHOW TOYKU MOJIs?

12.  Kakas u3 popmyn BeIpakaeT HAMPsHKEHHOCTD MOJISE TOUYEYHOTO 3apsiaa?

13. Kaxkas u3 popmyn BeIpaskaeT NOTEHIIHAT TOUSYHOTO 3apsiaa?

14. Kaxkas moBepXHOCTb Ha3bIBAECTCS IKBUITOTCHITUATHHON?

15. Kakas cBsi3b MEXy HANPSHKEHHOCTHIO U TOTEHITUATIOM?

16. Kak BbIpaxaeTcss IUPKYJSIUS BEKTOpa HAIMPSHKEHHOCTH 3JIEKTPOCTATUYECKOTO
moJIst?

17.  Jloxaxure, 4TO JTUHUM HAMPSHKEHHOCTH 3JIEKTPOCTATUYECKOTO IMOJISI MEPIEHIUKY-
JISIPHBI K 3KBUMIOTEHIMATBHBIM IIOBEPXHOCTSM.

18.  Kakoe snekTpocTaTHuecKoe MoJie Ha3bIBA€TCs OJHOPOIHBIM, HEOAHOPOIHBIM?

19. IlpuBenute mpumepsl rpaduIecKOro U300paKeHUs dEKTPOCTATUIECKUX TOJIEH C
TOMOUIBIO JINHUW HANPSIKEHHOCTH.

20. IlIpocTtsle 3a1auu 1O IAEKTPOCTATUKE.

NogokowdE
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Ilpunoscenue 2

Bapuantsl k 1a0opaTopHoii padore 3.2

Howmep BapuanTa (mopsiIKOBbIA HOMED B JKypHAaJIe)

Howmep ycranoBku

1

OO WINFPOOTPAIWNIEFPIOIORRWINIFPOOTHPRWNEPOOHPRWIN
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JlaGopaTopnas padora 3.3
OnpenesieHue rOPU30HTAIBHON COCTABJIAIOIIEH
HHAYKIIMY MATHUTHOIO MOJIsl 3eMJIH

1. TeopeTI/lqecmle CBCIACHUHA

OnBIT MOKA3BIBACT, YTO MOAOOHO TOMY, KaK B MIPOCTPAHCTBE, OKPYKAIOIIEM AJICKTPHUC-
CKHE 3apsiibl, BOSHUKAET AJICKTPUUECKOE MOJIe (SBISIOMIEECS CPEION B3aMMOICHCTBUS MEKIY
HUMH), TaK B IPOCTPAHCTBE, OKPYKAIOIIIEM TOKHA U MTOCTOSIHHBIC MAarHUTBI, BOZHUKACT CHUIIOBOE
moJie, Ha3bIBaeMoe MacHumubiM. Hammuue Takoro mojsi oOHapy)KHUBAeTCS MO CHIOBOMY BO3-
JCHCTBHIO Ha BHECEHHBIC B HETO MPOBOJHUKHM C TOKOM WJIM IIOCTOSIHHBIC MarHUThl. Ha3Banue
«MarHUTHOE T10JIC» CBS3BIBAIOT C OPHCHTAIIMCH MAarHUTHOM CTPEJIKH ITOJ] ICHCTBHEM CHIIOBOTO
MOJIs, CO37aBaeMOr0 TOKOM. DTO SIBJICHHE BIIEPBBIC ObLIO OOHAPYKEHO MAaTCKUM (PU3UKOM
X. Opcrenom B 1820 T.

[Ipy mpomyckaHu MO MPSAMOJUHEHHOMY TIO- [

A

PU3OHTAIBHOMY MPOBOJIHUKY MOCTOSTHHOT'O TOKa CH- Y

ot | Haxopsmiasics MOJ HUM MarHUTHasi CTpeKa //////
MMOBOPAYMBAETCSI BOKPYT CBOEH BEPTUKAIBHOU OCH, / o

CTPEMSCHh PACIOJIOKUTHCS TEPIECHIUKYISIPHO MPO-

BOJHUKY ¢ TOKOM (puc. 1). Och CTpesKu TeM TOUHEe 3 % N
COBIAJAET C ATHUM HaIlpaBJIEHUEM, YeM OOJIbIIE CHJIa Fa

TOKa M 4eM cjadee BIUSHUE MarHUTHOTO MOJIA 3eM-
U, OpcTres 0OHApYKHUI, YTO HApaBJICHHE TTOBOPOTA
ceBepHoro moimoca (N) crpenku mon aercTBUEM Puc. 1
ANEKTPUYECKOT0 TOKAa HM3MEHSIETCS Ha MPOTHUBOIO-

JIOKHOE MPU U3MEHEHUH HAIPABJICHUS TOKA B TPOBOHUKE.

B nmanpHeWmeM >KCIEpUMEHTAIIBHO HCCIEIOBAIOCh JECHCTBUE HA MATHUTHYIO CTPEIIKY
AIEKTPUYECKOTO TOKA, MPOTEKAIOIIETO 10 MPOBOJAHUKAM pa3inuHON GopMbl. Bo Bcex crmyuasx
MPOBOJIHUKH C TOKOM OKa3bIBaJIM OPUEHTHUPYIOUIEE ICHUCTBUE HA MAarHUTHYIO CTPEJIKY. Takum
o0pa3oMm, MpU MPOXOKJICHUH MO MPOBOAHUKY AJIEKTPUUECKOTO TOKA BOKPYT HEro BO3HUKAET
MAarHUTHOE MOJIe, JEUCTBYIOIIEE HA MOMENIEHHYIO B HETO MAarHUTHYIO CTPEJIKY.

OnbITHl MOKA3bIBAIOT, YTO BOKPYT BCAKOIO JBMKYLIECTOCA 3apsAna NMOMHUMO JJIEKTpUYE-
CKOTO MOJIA CYIIECTBYET TAK)KE U MArHUTHOE TOJIE. DIJIEKTPUUECKOE TOJIE IEMCTBYET KaK Ha He-
MOJBKHBIC, TAK U HA JBIKYIIUECS 3apsiibl. Badsicheliuasn 0cobeHHoCnb MAHUMHO20 NOJIsL CO-
CTOWUT B TOM, YTO OHO JCHCTBYET TOJBKO Ha 08UdCYUUecs B ITOM MOJIE HIEKTPUUECKHUE 3aPsiIbl.
XapakTep BO3JCHCTBHUSI MATHUTHOTO TTOJIS HA TOK 3aBUCUT OT ()OPMBI ITPOBOIHHMKA, TIO KOTOPO-
My TEYET TOK, OT PACIOJI0KEHUSI MPOBOJHUKA B CUIIOBOM IOJIE€ M OT HampaBiieHus: Toka. Cie-
JOBATEIbHO, YTOOBI OXapaKTEepHU30BaTh MAarHUTHOE IOJIC, HAJI0 PACCMOTPETh €ro JACHCTBHE Ha
ONPEAETICHHBIN JJIEKTPUUECKUN TOK.

[TogoGHO TOMY, Kak TPH HWCCIEIOBAHUM JJICKTPOCTATUYECKOTO IO HCIOIH30BAINCH
TOYEUHBIE AJICKTPUUCCKHUE 3apsA/Ibl, JIs1 OOHAPYKEHUSI U UCCIEAOBAHUS MAarHUTHOTO TOJIS HC-
MOJIb3YETCA 3aMKHYTBIN IUIOCKUA KOHTYP C TOKOM - paAMKA C MOKOM, Pa3MeEPbl KOTOPO Malibl
10 CPABHEHHUIO C PACCTOSHUEM JIO TOKOB, CO3JAIOIIMX MarHuTHOE mnojie. OpueHTauus KOHTypa
B IIPOCTPAHCTBE XAPAKTEPU3YETCA HAMPABICHUEM HOpMaIM N K IUIOCKOCTH paMKu. B kauecTse
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MOJIOKUTENIBHOTO HAMPABJICHUS HOPMaJIU MPUHUMAETCS HAIMIPABJICHHE, CBI3AHHOE CTOKOM Mpa-
8UIOM OYypasuuKa: 3a TMOJIOKUTEIIPHOS HANIPABJICHUE HOPMAIA MPUHUMACTCS HAIpaBJICHUE TO-
CTYNAaTeNbHOIO JBUKEHUS BUHTA, PYKOSTKA (TOJOBKA) KOTOPOIO BPAIIAETCS B HAIpaBICHUU
TOKa, TEKYIIETo B paMke (puc. 2).

Ecnu nomecTuTh paMKy ¢ TOKOM B MarHUTHOE T0JI€, TO T0Jie Oy/IeT OKa3bIBaTh HA PAMKY
OpPUEHTHUPYIOIIee BO3JIEUCTBHE, TTOBOPAUMBAsL €€ COOTBETCTBYIOIIMM 00pa3oM. JTO CBSI3aHO C
ONPENIEIICHHBIM HAIPaBICHUEM MAarHUTHOTO MOJsA. 3a Hanpasienue
MAZHUMHO20 MO NPUHUMAEMCsl Hanpasienue, 00Jb KOMopo2o pac-
nonazaemcst NoOJONCUMENbHASl HOPpMAlbL K pamKke. 3a HaNpaBICHUE
/ * MarHUTHOTO TOJISI MOKET OBITh TaKXe MPUHATO HAIMpaBJICHUE, COBIA-

JAIOIIEE C HAIPABICHUEM CHIIBI, IEMCTBYIOLIECH HAa CEBEPHBIN MOJIIOC

MarHUTHOM CTPEJIKH, TOMEIICHHON B TAaHHYIO TOYKY. Tak kKak o0a Imo-

JII0Ca CTPEJIKU JIeKaT B OJIM3KUX TOUKAX MOJIsA, TO CUJIbI, IEUCTBYIOIINE

/ Ha o0a moJiroca, paBHbI Apyr Apyry. CienoBarebHO, HA MAaTHUTHYIO

//4 CTpEJIKYy ACHCTBYET Mapa CWJI, MOBOpAaYMBAIOIIasi €€ TaK, YTOObI OCh
CTpeJiku, coeaunstomas S-N, coBnagaia ¢ HalrpaBJICHUEM TOJIS.

Pamkoli ¢ TOKOM MOKHO BOCIOJIB30BaThCA U JJISI KOIUYECMBEH-
HO20 ONMCAaHMSI MAarHUTHOTO MOJsi. Tak Kak paMKa HCHBITHIBAET HA Ce-
0e OpueHTUpYIOIllee CUCTBUE TO0JIA, HA HEe B MAarHUTHOM MOJe JAeH-
CTBYET napa cu. Bpamaromnmii MOMEHT CUJI 3aBUCUT OT CBOUCME MACHUMHO20 NOJIsi B JAHHOU
TOYKE U OT TapaMETPOB CAMOU PaMKHU:

n

™

Puc. 2

M:ﬁmX§’ (l)

rae B —esexmop unoykyuu maenumnoeo nons, SBIASIOUUNACS CUJIOBOM XapaKTEPUCTUKOMN MOJIS;
P, —BEKTOp MarHUTHOTO MOMEHTa paMKH ¢ TOKOM. B ¢opmyine (1) 1 x ecTh 3HaK BEKTOPHOTIO

IIPOU3BEACHUS BEKTOPOB.
JI71st II0CKOM paMKu, IO KOTOPOW MPOTEKAET TOK CHIIoN |,
P, = 15n,
rae S — IIomajb NOBEPXHOCTH KOHTYpa; N —€IUHUYHBIM BEKTOp HOPMAajd K MOBEPXHOCTU
pamku. Hanpasnenue P, coBnanaer, TakuM oOpa3oM, C HAlpaBJIECHUEM IOJIOKUTEIBHON HOP-

MaJIu.

Ecnu B JaHHYI0 TOYKY MarHuTHOTO MOJI IOMENIATh PAMKH C Pa3JIMYHbIMU MarHUTHBIMU
MOMEHTaMH, TO Ha HUX OyAyT AEHCTBOBATH Pa3JIMYHBIE MO BEJIMYMHE BpalIAlOUIME MOMEHTHI,
OJHaKo oTHomeHue M __ / p_ st BceX KOHTYpPOB OyJeT OJHUM M TEM e U MOITOMY MOXKET

CIIY)KUTb KOIUYECMBEHHOU XAPAKMEPUCMUKOLU MATHUTHOTO TIOJIs, HA3BIBAEMOU MACHUMHOU UH-
OyKyuet.

B — max ) (2)

P
Takum 00pa3oM, MarHUTHAasE UHAYKIUS B JAHHOW TOYKE 0OHOPOOHO20 TIOJIS OMpPEeNemsieTcs
MaKCHMAJIbHBIM BpallalolliM MOMEHTOM, ACHCTBYIOIIMM Ha PAMKy C MarHUTHBIM MOMEHTOM,
PaBHBIM €IUHUIIEC, KOT/Ia HOpMaJlb K paMKe NMEPHEHIUKYIISIpHA K HANPaBICHUIO MOJs (aHAJIOT

E=1)
o
Tak Kak MarHUTHOE MOJIE SIBJISIETCS] CUJIOBBIM, €r0, M0 aHAJIOTHHU C JJIEKTPUYECKUM I10-
JIEM, U300PAKAIOT C TOMOIUBIO JUHUL MACHUMHOU UHOYKYUU - TAHUHN, KacaTeJIbHbIE K KOTOPBIM
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B KXJOW TOYKE COBMAJAIOT C HAMPABICHHEM BEKTOpa B. Ux HaIMpaBJICHUE OIpPEeeIIIeTCS
mpaBujIoM OypaBuMKa: pyKOsSTKa BUHTA, BBUHYMBAEMOI'O 10 HAMPABICHUIO TOKA, BpaIlaeTcs B
HANpaBJICHUU JTUHUA MATHUTHOU UHIYKIIUU.

JIvHMM MarHUTHOW MHIYKIMW BCETJa 3aMKHYTHI M OXBaThIBAIOT ITPOBOJHHUKHA C TOKaAMHU
WJIM TIOCTOSTHHBIE MarHUThl. DTUM OHU OTJIMYAIOTCA OT JIMHUIN HAMpPSKEHHOCTU 3JIEKTPOCTATH-
YECKOTO0 I0JIsI, KOTOPHIE SBIISIOTCS PA30MKHYTHIMH (HAYMHAIOTCS Ha TMOJIOKUTEIBHBIX 3apsiaax,
O0OpBIBAIOTCS HA OTPUIIATEIIPHBIX M BOJIM3U TTOBEPXHOCTH 3apsHKEHHOTO Tejla HaMpaBJICHBI Tep-
MEHIUKYJISAPHO K HEMl).

CornacHo npenmnojoxeHuto ppaniry3ckoro ¢uzuka A. Ammepa, B JI0OOM TeJle CYIIeCT-
BYIOT MUKPOCKOTIUYECKHE (MOJICKYJISPHBIC) TOKH, O0YCIOBJICHHBIC ABMYKCHHEM DJICKTPOHOB B
aToMax M MOJIEKYJIax. ITH TOKH CO3JIal0T CBOE€ MAarHUTHOE T0JI€ U MOTYT IIOBOPAYMBATHCS B
MAarHUTHBIX TMOJSX MAKpPOCKOMUYECKUX TOKOB (TOKOB, TEKYIIMX B MpoBOJHHKAX). Tak, eciu
BOJIM3M KaKOro-To Teja (Cpesibl) HOMECTUTh MPOBOJIHUK C TOKOM, T.€. MAKPOTOK, TO MO IEUCT-
BHEM €r0 MarHUTHOTO TOJISI MUKPOTOKH B aTOMax Teja ONpe/IesICHHbIM 00pa3oM OPUECHTHUPY-
FOTCS, CO3/1aBasi TEM CaMbIM JIOIMOJHUTEIBHOE MAarHuTHOE mnose. [103ToMy BEKTOp MarHMTHOU

—

MHAYKUMU B XapakrepusyeT peszynvmupyioujee MazHumHoe nojie, CoO3AaBaeMoe BCEMU MaKpoO-
¥ MHKPOTOKAMH, T.€. TIPH OJHOM M TOM k€ TOKe | M IpounX paBHBIX YCIOBHAX BEKTOp B B
pa3IMYHBIX cpesiax OyAeT UMETh pa3Hble 3HAUCHHS.

MarsuTHoe 1oJIe, CO34aBaeMOE€ MAKPOTOKAMH, XAPAKTEPU3YETCs BEKTOPOM HANPsKEH-
HOCTH MAarHMTHOTO monist H . JIns oJHOPOAHON M30TPOIHOM Cpelsl CBA3b MEXKTY BEKTOPAMH

—

HHAYKIOIUU B u HaIIPAKCHHOCTH H marauTHOTO I0JIA OIIPCACIIACTCA BhIPpAKCHHUCM
B=ppuH, 3)

-7
rne o =47-10"" I'i/M —MarHuTHasE TMOCTOSHHAS, [/ —MAarHUTHAs TPOHHUIIAEMOCTh CPEIbI

(Oe3pazMepHas BenuvMHA), MOKA3bIBAIOLIAsl, BO CKOJIBKO pa3 MarHUTHOE I0JIE MaKpOTOKOB
YCUJIMBAETCS 32 CYET MOJII MUKPOTOKOB IAHHOW CPEJIbI.

EnunHuna HanpspKeHHOCTH MarHUTHOTO MOJS — amnep Ha memp: 1 A/M - Hanps>KEHHOCTD
TaKOTO ITOJIsl, MArHUTHAsA MHAYKIUS KOTOPOTO B BaKyyme paBHa 471 07 Tn.

[locne onbITOB DpcTena HAYAIMCh MHTEHCUBHBIE UCCIEAOBAHUS MArHUTHOTO MOJS IO-
CTOSIHHOTO TOKa. @paniry3ckue pusuku buo n Casap B nepBoii yerBeptu XIX B. nu3yyanu mar-
HUTHBIE TOJIsI, CO3/IaBAEMbIE€ B BO3yX€ MPSIMOJIMHEUHBIM TOKOM, KPYTOBBIM TOKOM, KaTYIIKON
C TOKOM U T.. Ha OCHOBaHMM MHOTI'OYMCIEHHBIX 3KCIIEPUMEHTOB OHU IPHILIN K BBIBOJY, YTO
MarHuTHas MHAYKIUS MOJs IPOBOJHUKA C TOKOM IPONOPLUMOHAIBHA CHJIE TOKA, 3aBUCUT OT
(GbopMbI U pa3MepoB MPOBOAHMKA, @ TAK)KE OT PACHOJIOKEHUS pacCMaTpUBAEMOM TOUKM OIS
OTHOCUTEJILHO MPOBOJIHUKA.

buo n CaBap nmonbITanuch NOJIYYUTh 3aKOH, KOTOPBINA MO3BOJISUT Obl pacCUMTHIBATH MH-
OYKIHIO B K&KIOW TOYKE MarHUTHOIO MOJIS, CO3/JaBa€MOr0 TOKOM B MPOBOJHUKE J1I000H (op-
Mbl. OgHako (popmann3oBaTh JaHHYIO 3a7ady OHM He cMmorid. [lo ux mpockOe 3Toil 3amaueit
3aHsuics (paHiy3ckuid pu3nk u matemaTuk Jlamnac. OH yuen BEKTOpPHBIA XapakTep MarHUTHOM
MHIYKIMU U BbICKAa3aJl TMIOTE3Y, YTO JIJIi MATHUTHOTO MOJISI CIPABEAJIMB MPUHIIMI CYTIEPIO3H-
1[MH, T.€. IPUHIUI HE3aBUCUMOCTH JIEUCTBHUSI MOJIEH:

8- 6, - [d5,
i=1 |

rae 0B —uHayKIus MarHuTHOTO Mot Mayoro 3nemenTa dl mpoBoaHMKa ¢ TOKOM, a HHTEIPH-
POBaHKE MIPOBOJAUTCS IO BCEU JVIMHE MPOBOHUKA.
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3axon buo-Casapa-Jlannaca nisi npoBOAHUKA C TOKOM |, 37e-
MeHT KoToporo dl co3maer B HEKOTOPO TOUKEe A WHAYKIUIO TTOJIS

dg 3aIIMChIBACTCA B BUJIC:
dl§:k—|3 dl =T, (4)
r

rne dl —Bektop, mo Momyno paBHbI jumHe Ol MpoBOgHMKA M
COBNAJAIONIMI [0 HANpPABJICHHUIO C TOKOM; [ — paJnyc-BEKTOp,
HpOBeCHHBINA OT 37eMeHTa Ol mpoBojHKMKA B TOUKY A mons; I —

MOJYIh pamuyca-BekTopa. Hanpasnenue dB meprenamKymispHO

Puc. 3

dl u F, T.e. mEPICHANKYSIPHO ILUIOCKOCTH, MPOBEACHHON depes
ATU BEKTOPHI U COBMAJAET C KacaTEIbHOM K JMHWU MArHUTHON MHIYKIMU. DTO HAIpaBJICHUE
HAXOJUTCS O MPaBUITy OypaBUMKa.

Koaddumuent nponopiioHaibHOCTH K 3aBHCHT OT BbIOOpa cucteMbl eiaunuil. B CU
ATO pa3MepHasl BEJIMYMHA, paBHAs

k=20,
A
II€ i, —MarHuTHas noctosiHHas. Takum obpazom, B CU 3akon buo-Casapa-Jlamiaca umeer
BU/I:
dB = “0'3 dl xF. (5)
4ar

Tax kax Moxynb BekTopHOro npousBeaeHus dl x T pasen dl-rsina, TO MOIYTh BEKTOpa
dB ompenensiercs BeIpaKeHUEM

dB:ﬂldlsma. (6)
4r 1’
N3 Beipaxkenus (5) ciaeayer, YTO MarHUTHAs MHIYKIUS TOJIsI, CO3/1aBa€MOT0 B BaKyyMe
TOKOM |, UTyIuM 1Mo MpOBOHUKY KOHEYHOU JIJTMHBI U JTF000M POopMBI, paBHA
5 Hol J‘ dl x F. @)
4r o re
3akoH buo-Casapa-Jlanmaca cOBMECTHO C
MIPUHITUTIOM CYIIEPIIO3UIIMN TIO3BOJISIET pac-
CUMTHIBATh MarHUTHBIC TIOJISI, CO3/1aBacMbIC
JTOOBIMH TIPOBOAHUKAMHU C TOKOM.

1. Macnummnoe none npsimoco moxa.

B nanHoM ciydae mosie co3maercs TOKOM,
MPOTEKAIONUM IO TOHKOMY TMPSIMOMY TIPO-
BOJIHUKY OeckoHeyHoW juHbl (puc. 4). B |
MPOM3BOJBHON TOYKE A, YJaJCHHOM OT OCH
IIPOBOJHUKA HAa paccTosHue R, BekTops OB
oT Bcex diieMeHToB Toka Ol mmeror ogmnako-
BO€ HaNpaBJICHHE, MEPIEHIUKYISIPHOE TUIOC-

KocTH yeprexa. [loaromy ciokeHne BeKTopoB (B MOKHO 3aMEHUTH CIIOKCHUEM UX MOYJICH.

Puc. 4

31



B kadecTBe MOCTOSTHHOW MHTETPUPOBAHUS BHIOEPEM YTOJ ¢, BBIPA3UB YEPE3 HETO BCE OCTANTh-
HbI€ BenuuHbl. 13 puc. 4 cnenyer:

. R R
Sine=—, oTkyaa I =——;
r

sing
. : CD rda rda
C ApYroil CTOPOHHI, Slna:W:W, orkyna dl =——. TloacraBisisi 3TH BBIPAKCHHS B
SIna

dhopmyiy (6), OTYyUUM:

B ol rdasinasin® a  u,l
A sinaR’ 47R

Tak kak yroi o it BCEX 3JIEMEHTOB MPSIMOTO TOKa U3MEHsIeTCs B mpezenax ot 0 10 7, To co-

riacHo (7) u (8) momyuum:

d Sinada. (8)

B=[dB = [sinada =2 (9)
4Ry 27R

2. Mazcnummnoe none 6 yewmpe Kpy208020 NpOBOOHUKA ¢ mokom. B JaHHOM ciiydae Bce
aneMeHThl dl KpyroBoro mpoBoHUKA ¢ TOKOM CO3/Al0T B IICHTPE MAarHUTHOE TI0JIC OJINHAKOBO-
ro HarpaBJjeHHUs — BIIOJIb HOpMaiu OT BUTKa (puc. 5). Ilo-

sToMy cioxkerne OB MOXHO TakKe 3aMEHHTb CIOKCHHEM
ux MoayJiei. Tak kak Bce aeMeHThI poBogHKKa dl mepreH- R
IUKYISAPHBI paguyc-BeKTopy (Sina =1) u paccTosHHe BCEX
AJIEMEHTOB MPOBOJIHMKA JIO IIEHTPa KPYrOBOIO0 BUTKA OJMHA-
KOBO U paBHO R, TO

dl

46, B

dB:’UOI dISIZna:,uOI izdl.
dr r 47 R Puc. 5

WuTterpupys 310 BeIpakeHue 110 |, momydmm:

2R
Hol Hol
B=|dB= dl =22, 10

,j 47zR2£ 2R (10)

JIto60M TPOBOJHUK C TOKOM CO3JAeT B OKpY-
JKAIOIIEM IIPOCTPAHCTBE MArHUTHOE Inose. B cBorO B
ouepellb TOK TMPEACTaBIAET COOOM YNOPSAOYEHHOE
JIBWKEHUE DJIIEKTPUUYECKUX 3apAnoB. OTCrona cienyer, A
YTO KaXKJbIN ABVKYIIUICS B BAKYYME WIH CPENIE 3apsl
CO3JaEeT BOKPYT ce0sl MAarHUTHOE TOJIE.

B pesynbrare 00001IEHUSI OMBITHBIX JdaHHBIX
ObLJT YCTAHOBJIEH 3aKOH, OMNPEIEISIOIUNA MarHUTHOE
I10JIE I/IHJIyKuI/Ieﬁ I§ TOYCYHOTO 3apsana (, CcBOOOIHO Puc. 6
JBYKYILIETOCS C HEPEIATUBUCTCKON CKOPOCTBIO V :

=l

q (94

v
<l

= Vxr
B= Ho G —, (11)
Az v
rae I - paanyc-BEKTOp, MPOBEACHHBIN OT 3apsaa ( K JaHHOW TOoYke nojs. Bekrop B Hampas-
JIEH NMEPHEHIUKYISPHO K TJIOCKOCTH, MPOBEICHHON yepe3 BeKTOpbl I U V, a UMEHHO: €ro Ha-
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NPaBJICHHE COBMAJACT C HANPABICHHEM IOCTYMATEIBHOTO JBIXCHHS MPABOTO BUHTA MPHU €T0
BpameHnn ot V k I (puc. 6).
Mopys BeKTOpa MarHUTHOW MHAYKIUK B ompenensieTcst BhlpakeHHEeM

B = ﬂq—\:sina. (12)
Adrrr

CpaBuuBas (11) ¢ BepakeHHeM (5), MOXKHO C/I€JIaTh BBIBOJI, UTO JABYIKYIIHKUCS 3apsi 11O
CBOMM MarHUTHBIM CBOKWCTBaM COOTBETCTBYET 3JICMEHTY TOKa:
HoQ VT _ ol dl xF
Ar % Ax ¥

WIIH
ldl = qv.
[IpuBeneHHbIE 3aKOHOMEPHOCTU CIPABEAJIUBLI JIMIIb MPU OTHOCUTEILHO MajbIX CKOPO-
CTAX JABUXKYIIUXCS 3apsgoB (V<< C), T.€. KOTJIa AIEKTPUUYECKOE MOJE CBOOOTHO ABUKYIIETOCS
3apsia MOKHO CIUTATh SJIEKTPOCTATHICCKUM.
Cuna, TeHCTBYIOMAs CO CTOPOHBI MATHUTHOTO TOJIS Ha JBIDKYIIMICS B HEM DJICKTpPUYC-
CKMM 3apsiJl, Ha3bIBaeTCA cuiou Jlopenya:
F =qv xB. (13)
Hamnpasnenue cuibl JlopeHIia onpeaensieTcst npaguiom Jiegoti pyKu: eCiu JIaJJoHb JIEBOU
PYKHU pacCIONIOKUTh TaK, YTOObI B HEE€ BXOJWIIN JIMHUM WHIAYKIIUM MarHUTHOTO TIOJISA, & YEThIpe
BBITSHYTBIX TajJbIla HAIPAaBUTh BIOJIb BEKTOpa V, TO OTOTHYTHIN ® -
OOJIBIIION TaJjel] MOKaXET HaIpaBJIEHUE CHUJIbI, JAEHCTBYIONICH Ha B
nonoxcumenvuuli 3apao (puc. 7). Ha oTpunatenbHbIl 3apsij cuiia
CO CTOPOHBI MAarHUTHOTO TOJISI JEUCTBYET B IPOTHBOIIOJIONKHOM
HaIlpaBJICHUU.
Monynb cuinbl JIopeHiia onpenensiercs no Gopmyse
F =qvBsing, F  Puc.7

Te o - Yrod Mexay Bektopamu V u B. Dra dopmyna eme pas
[TOKa3bIBACT, YTO MATHUTHOE II0JIE HE JEUCTBYET HA MOKOSAIIUECS JJICKTPUUECKUE 3aPsi/Ibl.

Cuina JlopeHua Bcerjia NeprneHIuKyIsipHa BEKTOpY V JIBUKEHUS 3apsSKEHHOW YacCTHULIBI,
MIOATOMY OHA HE MU3MEHSET MOMAYJSl €€ CKOPOCTU. JTO O3HAYAET, YTO MOCTOSIHHOE MAarHUTHOE
M0JIE HE COBEpIAeT pabOThl HAJ ABMKYIIEHCS B HEM 3apsHDKCHHOW YaCTHUIEH M KMHETHYeCKas
SHEPrusi ITON YaCTHULIBI IIPU IBMKEHUU B MAarHUTHOM IT10JIE€ HE U3MEHSETCS.

Ecnu Ha ABMKYIIUICS 3JIEKTPUUYECKUHN 3apsl IOMUMO MarHUTHOTO I0JIA C MHAYKUuuen B

<

NEHCTBYeT M EKTPHYECKOE T0JIe HANPSHKEHHOCThIO E, TO pesynpTupyromas cuna F , mpu-
JIOKEHHAs K 3apslly, paBHA BEKTOPHOM CyMME JIBYX COCTABJISIIOIIUX — DJICKTPUUECKOW M Mar-
HUTHOU (popmyna Jlopenya):

F =qE +qv x B.

Paznenenne cunpl JlopeHna Ha 3IEKTPUYECKYH0O U MAarHUTHYHK) COCTAaBJISIFOIIME OTHOCH-
TEJbHO, TaK KaK OHM 3aBUCAT OT BbIOOpA MHEPIMAIBHON CUCTEMBI OTCUYETA. ITO OOBICHICTCS
TE€M, 4TO IPU MEPEXOJE OT OJHOM MHEPIMAIBHOW CUCTEMBI OTCUETA K APYTrOd U3MEHSIOTCS HE
TOJNBKO CKOPOCTH 3apsijia, HO M CHJIOBBIE XapakTepucTHkn E n B moneii. COOTBETCTBEHHO pa3-
JETICHUE DJIEKTPOMArHUTHOTO MOJISl HA AJIEKTPUYECKOE MU MATHUTHOE TOJISI TOXKE OTHOCUTEIBHO.
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06061_[[35[ PE3YyJIbTaThI HCﬁCTBHﬂ MAarHvMTHOI'O I10JIA Ha pa3JIMIHbIC ITPOBOJHUKU C TOKOM,

A. Ammnep ycranoBui, uto cwia dF , ¢ koTopoit MmarHuTHOE TONe NeiicTByeT Ha diemeHT dl
MPOBO/IHUKA C TOKOM, HAXOJISIIIIErOCsi B MAHUTHOM TIOJIE, IPSIMO TPOTIOPIIMOHATIbHA CUIIE TOKa

| B IMPOBOJHUKE U BEKTOPHOMY IIPOU3BCACHUIO 3JICMCHTA JJIMHDBI dl IMPOBOJHHWKA HA MAIrHUT-

—

HYIO MHAYKIUIO B:

dF = Idl x B. (14).
®opwmyna (14) sBrsieTcsi yHUBEpCAIBHON U MPUMEHUMOM KaK ISl 0OHOPOOHbIX MAarHUTHBIX TO-
JeH, Tak U 111 HeOOHOPOOHDBIX.

Hanpagpienne cunbl dF  omnpenensercs nMpaBuiIoM JICBOW pyku. Moyl cuiibl Amriepa

HAXOJUTCS 10 popMyJie
dF = IBdl sine, (15)

rae o - yroa Mexay Bekropamu dl u B.
N3 popmymsr (15) cnemyet, uro cmta dF MakcumalibHa, €CiIM 3JIEMEHT IPOBOJIHHKA C
TOKOM PACTIOJNIOKEH MEePIECHANKYISIPHO JTHHUSAM MarHUTHOW WHIYKITUU:

dF_, = 1Bdl.
W3 nocnenHero BeIpaXeHUsI MOXKHO MOJIYYUTh (DOPMYITy AJI YUCIEHHOTO OIpPENETICHMS

MaFHHTHOﬁ I/IHI[YKI_[I/II/I:
L
dl )

T.e. MarHUTHas WHAYKIUS YUCJICHHO pPaBHA OTHONIECHUIO CWUJIbI, JIEUCTBYIOLIEH CO CTOPOHBI
MAarHUTHOTO TIOJISI Ha MaJibli 3JIEMEHT MPOBOJHUKA C TOKOM, K TMPOU3BEICHUIO CUJIBI TOKA Ha
JUIMHY 3TOTO 3JIEMEHTA, €CIM OH TaK PACIOJIOKEH B I0JIE, YTO YKa3aHHOE OTHOILIECHWE HaH-
OombIIee.

Enunuiia marautHo#t uaaykuuu — mecaa (Ta): 1 Tn — 370 HHIyKIMS TaKOro OJJHOPOJIHO-
0 MarHUTHOTO MOJIsI, KOTOpoe AehcTBYyeT ¢ cuioil B 1 H Ha kaxaplid METp JJIMHBI MPSIMOJIU-
HEWHOTO MPOBOJHUKA, PACIIOJIOKEHHOTO NMEPIEHINKYJIAPHO HAMIPABICHUIO TOJISI, €CIIU IO 3TO-
My IPOBOJHUKY MTPOTEKAET TOK B | A:

1 Tn=1H/Awm).

3akoH AMIiepa IPUMEHSETCS I ONPEACIICHUSI CUIIbl B3aUMOJAEHCTBUS TOKOB. PaccMOT-

PHUM J1Ba IPOTSKCHHBIX MAapaJICIbHBIX IPOBOJHUKA ¢ TOKamMu |, m |, (HampaBieHHs TOKOB B

MPOBOJAHUKAX «K HaM»), pacCTOsIHUE MeXAy KoTopbiMu R (puc. 8). Kaxaplii U3 mpoBOHUKOB
CO3Ja€T MarHUTHOE I0JIe, KOTOPOE JEHUCTBYET MO 3aKOHY A8
Ammnepa Ha Apyrod NpoBOAHUK ¢ TOKOoM. Ompenenum cu- !

1y, ¢ KOTOPOM ACHCTBYET MAarHUTHOE Ioj€ TOKa |, Ha

snement dl BTOporo mpoBogHMKa ¢ TOKOM |, .

Tok |, co3naer Bokpyr ce0si MarHuTHOE I0JIE, JIU- dr,
HUM UHAYKIIUK KOTOPOTO MPEACTABISIOT COOON KOHIICH-
Tpuueckue okpyxHocTd. Hanpasienue Bekropa B, ompe- < >

JeNseTcss MpaBuiIoM OypaBuWKa, a MOIYJb HAXOAUTCS TIO
YK€ U3BECTHOM (opMyIie

ol

YR
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Hanpasnenue cunbl dF;, ¢ xotopoit noie B, neiictByer Ha ydactok dl BTOpOro mpo-
BOJHHMKA C TOKOM, OIPEAEIIAeTCs 10 MpaBuily JEBOM pyKH U yKa3aHO Ha pucyHke. Moynb 3Toi
CHJIBI C Y4ETOM TOT'0, YTO YIOJI MEXKJy JJIEMEHTOM TOKa |, 1 BekTopoM B, mpsiMoid, paBeH

dF, =1,B,dl.
[Toncrasisis crona 3HaueHue B, , momyunm:

dr, = 4elile g (16)
27R

Paccyxnmas aHaorudaHo, MokHO ompenenutb cuty dF,, ¢ KoTopoit MarHUTHOE TOJIe TOKa
|, neiictByer Ha sneMeHT Ol mepBoro mpoBoAHUKA ¢ TOKOM |,. DTa cuia HampaBiieHa B Ipo-
THBOIIOJIOXKHYIO CTOPOHY U IO MOJIYJIO paBHa

dF, = 1.B,dI :%dl. (17)

Cpasuenue (16) u (17) nokaseiBaer, uto dF, =dF,, T.e. 1Ba mapauIeNnbHBIX TOKA OJHHA-
KOBOT'O HaIlpaBJICHUS MIPUTATHBAIOTCS JIPYT K APYTY C cpmoﬁ

dF = #elile g (18)
2R

Ecnu TOku B MpOBOJHUKAX UMEIOT MPOTUBOMOJIOXKHBIE HANPaBIEHUS, TO, UCIOJb3Ys Mpa-
BUJIO JIEBOM PYKU, MOXHO TOKa3aTh, YTO MEXY HUMHU JIEUCTBYET CUJIa OTTAJIKUBAHUS, OTIpEIe-
nsieMas popmyioit (18).

2. Leanb padorel. CxemMa IKCIEPUMEHTAJIBHOH YCTAHOBKH

[enbto pabOTHI SABIISIETCS:

1) npakTHYeCKOEe M3Y4YCHHE MArHUTHOTO TOJI KPYrOBOTO TOKAa M IMPHHIIMIIA CYIEPIO3H-
LMY TOJIEH;

2) 3KCIIEPUMEHTAIBHOE OINpPE/IC/ICHUE TOPU30HTAIBHON COCTABIISIONICH MarHUTHOTO ITOJIS
3emu.

Cxema 3KCIeprMEHTaIbHON YCTAHOBKH MPE/ICTABICHA HA PUCYHKE:

TT’— TaHreHC-TaJIbBAHOMETD;

_ + M K — xommac;
‘@_? 1] — nepekntoyarenb;
A — MAJITTMaMIIEPMET;
R — peocrar;
U — HCTOYHUK MOCTOSTHHOTO Ha-
PSIKEHUS
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3. Onucanue MeTOAMKH M3MepeHuil

OCHOBHBIM 3JIEMEHTOM JITA0OPATOPHON YCTAHOBKH SBJISIETCSI TaHT€HC-rajgbBaHomeTp 17,
MPEICTaBIAIONINN CO00 KOPOTKYIO KaTYIIKY CPaBHUTEIHLHO OOJBIIOrO paauyca I, BATKH KO-
TOPOM PACMOJIOKEHBI B BEPTUKAIBHOMN MIOCKOCTU. B 1IeHTpe KaTylIku Ha ClielUaibHOM ropu-
30HTaJBHON TUTOmAaAKe HaxoauTces kommnac K. Karymika cocrout uz N BUTKOB MpoBO/Ia, KOHIIbI
KOTOPOTO TOJICOSANHSIOTCS Yyepe3 NnepeKitoyaTenb [/ K 1end UICTOYHUKA IMOCTOSTHHOTO Hampsi-
xenuss U. Kak BUIIHO U3 CXeMbl, YCTAHOBKA KOHTAKTa MEPEKII0YATENsl B CPEIHEE MOT0KEHUE
OCTaBJISIET IIEMb PA30MKHYTOM, a (pUKcalMsi €ro B JIEBOM M IPABOM TMOJOKEHHUSIX 3aMbIKAET
L[eTlb, IPUYEM HAIpPaBICHHUE TOKA YEpe3 KaTYIIKy B ATUX CIydasx OyJeT MPOTHUBOIMOJIOKHBIM.
JIns u3MEeHEeHUs1 BETMYUHBI TOKA B 1I€TIh MCTOYHUKA BKJIIOUEH peocTaT R, a i u3MepeHus cu-
JIbI TOKA CY>KUT MUJUTAAMIIEPMETP A.

[IpoTekanue TOoKa MO MPOBOJHHMKY CO3JAET B OKPYKAIOIIEM MPOCTPAHCTBE MArHUTHOE
noze. Tak Kak JJIMHA KaTYIIKU BO MHOTO pa3 MEHBIIE €€ pajuyca I, ee MOKHO pacCMaTpUBATh
KaK OJIMH KPyrOBOM BUTOK, [0 KOTOPOMY T€UET TOK |, , paBHBII

I, = NI, 1)
rae | — cuna Toka Bo BHemniHe# (MO OTHOIICHUWIO K Karyiike) nenu. M3 3akona buo-Casapa-
Jlarzaca ciefyer, 9TO HHAYKIHs MATHATHOTO 10 B, B LEHTpe KpyroBOro BUTKA PagHycoM I

MIpU MPOTEKAHUHU 110 HEMY TOKa |, paBHa 1O MO0
I
B =0t e, (2)
2r
TJI€ Ly — MArHUTHAs MOCTOSIHHAS; 4 — OTHOCUTEIbHAs MarHUTHas MIPOHUIIAEMOCTb cpenbl. B
BO3lyXe 1 ~ 1; Takum oOpa3oMm, ¢ yueTtoMm cooTHoieHus (1) popmyna (2) npumet Bua

g — NI 3)
2r

B nanpHelimem BenuuuHy B, OyAeM Ha3bIBaTh MHAYKLIMEH MAarHUTHOTO MOJSI KaTYLIKH.
Hanpasnenue Bektopa B, cBsi3aHO ¢ HampaBieHHEM TOKa NMPaBUIIOM MpaBoro BUHTA (OypaByu-

Ka), T.e. B, HampaBieH BJ0JIb OCH KaTyIIKH.

KOFI[a QJICKTPHUYCCKAsd LECIIb Pa30OMKHYTA, MarHUTHAasA CTPCJIKAa KOMITaca K HAaXOOUuTCA 1104,
BOSHGﬁCTBHCM CAUMHCTBCHHOI'O BHCIIIHCTI'O MAarHuTHOI'O ITOJIA — I10JIA 3eMIIn. HpH 9TOM CTPCJIKa
OpUCHTHPOBAaHa BAOJIb MArHUTHOI'O MCEpHAMAaHa, COBHAAAOMICTO C HAIIPaBJICHUEM T'OPHU30H-

—

TaJbHOM cocTaBisitomeld B, uHaykuuu marautHoro nojisi 3emud. llepen Hayanom muaMepeHuit

HE00XOJAMMO YCTAaHOBUTH IMJIOCKOCTh KAaTYIIKK MapajjieIbHO MarHUTHOMY MEpPUANAHY; B 3TOM
Clly4yae HalpaBJICHHE CTPEJIKU NEPHEHAUKYIISIPHO OCH KATYIIKH.
[Ipu 3aMbIKaHUM 1€MW MO KATYIIKE TEYET TOK, U MArHUTHAsl CTPEJIKa OKa3bIBAECTCS MOJ

BIMSTHUEM JBYX MoJeil: mons 3emiu ¢ uHaykuuen B, m mons xatymku ¢ unaykuuen B, . Co-
TJIACHO TIPHUHIIUITY CYNEPIIO3UIINN UHAYKIMS B pe3ynbTupyromnero MarHuTHOTO MOJjIsl paBHA
B=B,+ B,

Crpenka KoMIlaca OpUEHTHPYETCSI B HANPABIECHUHU PE3yIbTUPYIOIIETO MOJIA, T.€. OTKIIO-
HSETCS OT TIEPBOHAYATLHOTO HAIIPABJICHHUS Ha HEKOTOPHIHN yroi ¢ (puc. 1). Ha puc. 2 mokazano
B3aMIMHOE PacrojiokeHue BeKTopoB B,, B, m B B ropu3oHTanpHOHN MIOCKOCTH, MPOXOISAIICH
gyepe3 LEeHTP KaTymku. [Ipu yclioBHM HavYalbHOW OPHEHTAIIMU TUIOCKOCTH KaTYIIKH Tapaj-
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JIeTbHO MarHUTHOMY MEpHIMaHy BeKTOopsl By, u B, B3auMHO nmepneHAMKYISIpHBI; KaK BUJHO U3
PHUCYHKA, UX MOJIYJIHM B 3TOM CITy4ae CBSI3aHbI COOTHOIIICHHEM

B. =By tg({),
OTKyAa, ¢ yueToM (3),

_# N1 (@)
2rtgop
Takum 06p8,30M, C IIOMOIIBIO TAHI'CHC-TAJIbBAHOMCTPA MOKHO SKCIICPUMCHTAJIBHO OIIPC-
ACJIINTh BCIIMYNHY FOpHSOHTaHBHOfI COCTaBJI}HOH_[eﬁ HHAYKOWUHA MArHuTHOI'O ITOJIA 3eMIIn. I[J'IH
3TOI0 HCO6XOI[I/IMO 3HATh pagnycC I 1 unciio BUTKoB N KaTyIlKH, a4 TAKKC U3MCPUTHb CUITYy TOKa I
Y COOTBETCTBYIOIIUM yTOJ ¢ OTKIOHEHUS MAarHUTHOU CTPEIIKH.

0

Puc. 1 Puc. 2

C nenbto momydyeHus:i Oosiee JOCTOBEPHOIO PE3YJIbTATA CIENYET MOBTOPUTH OMBIT He-
CKOJIBKO pa3 MpHU pa3IMYHbIX 3HAUEHUAX cuiibl ToKa |. [Ipu aTOM BenuuuHsl tp, N U I He u3Me-
HAIOTCS, U popmyity (4) 1ienecoodpa3Ho MpeACTaBUTh B BUJIE

By=C-— , (5)
L)
rac
c=toN (6)
2r

TouHO yCTaHOBUTH IJIOCKOCTh KaTYIIKHA MApAJICTbHO MAarHUTHOMY MEpUIUAHy TTPaKTH-
YECKU HEBO3MOXKHO. J[J1s TOro, YTOOBI YMEHBIIUTh BO3HUKAIOIIYIO M3-3a 3TOTO OMIHOKY, HYKHO
MIPU OJTHOM U TOM K€ BEJIMYMHE TOKa | M3MEpATH YIIIbl OTKJIOHEHUSI CTPEIKU (1 U (P2, COOTBET-
CTBYIOIIIME MPOTHUBOIMOJIOKHBIM HAIMpaBJICHUSIM TOKa 4yepe3 KaTyiiky, a B dopmyny (5) moa-
CTaBJIATH Cpe/IHEe 3HAUCHHE yTria

_P TP (7)

=

4. Ilopsaoxk usmMepeHuii 1 00padOTKHU pPe3yJIbTATOB
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1. V3naiiTe y npenojiaBaTensi HOMEP CBOEro Bapuanta v ¢ nomoibto [Ipunoxenus 1 (B
KOHIIE OMKMCaHMs K JaHHOU paboTe) onpeienTe HOMEp CBOEH J1ab0paTOpHON YCTAaHOBKHU.

2. O3HaKOMbTECH C JJAOOPATOPHON YCTAaHOBKOM. 3alMIINTE B TETPaJb 3HAUCHUS pajinyca
katymku I (B Merpax) u unucia BUTkoB N. Ilo ¢popmyie (6) paccuuraiite koHcranty C; ee 3Ha-
yenne (B [h/u%) TakKe 3aIHIINTE B TETPab. B GUpmyansHoM sapuanme 1a6opamopHoli pabo-
Mol 3HAYeHUs: paouyca Kamywkuy U 4Ucia 6UMKoO8 8 Hell Npe0CmasieHbl 8 OKHe 1abopamopHoll
pabombi:

Vemanoerxa Ne 1

Upenao evros katywed N = 80;
PAQMYC KATYWEH F — D=24 M
©, = 30° . 60°% Ap = 6°.

3. Onpenensem knace Tounoctu K, , npenen n3mepenns |, (MakcumanbHOE 3HaYCHUE

IIKaJIbl) ¥ IIEHY JeJICHUS MUJIIMaMIIepMETpa.
Knacc mounocmu K, munnuamnepmempa ykazan noo €20 wKaiou.

100
50 Paled 150
e 1D

™

Paccumraiite aOCONFOTHYHO IPHOOPHYEO TIOMPEITHOCTH H3MEPEHHS CHJTHI TOKA O

Sl = KA ) Imax
100
3nauenus Ky, lna 1 Ol 3anumure B TeTpab.
4. OnpenensieM LEHY AeJI€HUs KoMIaca.

3 3
=3 = 27 = -6.28=0.052
[lena nenenns=3 rpagyca 360 T 360 pan

OreHnTe aOCOMOTHYIO MPUOOPHYIO MOTPEITHOCTE O

Spp = JCHRACTCHHT _ 656 .

JlaHHO€ 3HaYEeHUE 3AMUIINTE B TETPAb.

5. Ha mmomagke B LEHTpe KAaTYIIKH TaHTeHC-TAThbBAaHOMETpAa yCTaHOBUTE Kommac K.
Pacmonoxwure ero Takum obpazom, uyTo0sl uaus C — FO wm 0 — 180° nexana B mIIOCKOCTH Ka-
TYLIKU NEPIEHANKYIISPHO €€ OCU. B gupmyanvnom éapuanme pabomvl KOMNAC yiHce Haxoo0um-
Csl 8 YeHmpe KamywKu U pacnoiodicer npasuibHo.

6. Onpenenure 1eHy AEICHUS KOMIIaca U HAyYUTECh CHUMATh YIJIbI OTKJIOHEHHUS CTpell-
KM B 00OMX HampaBlEHUSX OT HyjeBoro jaeneHus. OueHuTe aOCOMIOTHYIO NPUOOPHYIO MO-
TPEITHOCTh 0@ W, BHIPA3HB €€ B PaJIMAHAX, 3aUIINUTE B TETPAb.

7. OcBobonute cTpenky kommnaca. [ToBepHUTE MIIOCKOCTh KaTYUIKH TaK, YTOObI CTpEKa
KOMIIaca YCTaHOBHJIACh Ha HYJIEBOM JelieHUU. OJc8ob0ocoeHue cmpenky KOMNaca ocyuecme-
nsiemes knonkoti « Oceo6o0umuy. Ilpu smom Haonucy Ha KHONKe USMEHUMCA Ha HAONUcy «3a-
AHCAMb .
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|:T|:IE.I1K-EI KOrANaca

CceoSogHTE

IInockocmo KamyuwlKku nosopaiusaemcsi KHONKamu-cmpeikamu, pacnojlOxNCeHHbIMU HUJICE HAO-
nucu «Hoeopom Kamywixuy.

[MoEOpOT KATYLLIKM
<:< D
8. O3HaKOMBTECH C ANEKTPUUECKON cxeMoll ycTaHOoBKH. [IpoBeprTe, HE HapylIwiIach Jiu
YCTAaHOBJICHHAs] pAHEE OPUEHTAIUSI KOMIIAca U MJIOCKOCTU KaTYIIKH.
9. YcranoBuTe mepeKIIOYaTeNlb B CpeHee TojiokeHne. Beeaurte peoctat R mOIHOCTHIO.
Bxitounte yCTaHOBKY B CETh MOCTOSTHHOTO TOKA. B gupmyanshou 1abopamopuou pabome yc-
manoska yoice ekaouena 6 cemv. CpeoHee nonodcenue nepexuouamens YCMAaHaeIueaemcs

knonkou () (cm. pucyHoK Hudce):

MNepermoyarent [[1]

1 1] 2

10. 3aMKHUTE KOHTAKT MNEPEKIOYATEIISL B OJHO U3 KpaﬁHHX MMOJIOKEHUN (6 nojoxcenue 1
UIU 6 nojoxcerue 2 ) HepeMemaﬂ ABHMKOK p€ocTaTa CTpCIIKaMH-KHOIIKaMHU
PeocTar [R]

]
b

1 HaOIIOJas1 3a MOKa3aHUSAMU KOMIIaca, YCTAaHOBUTE PEKOMEHyeMOe 3HaUYeHHE yTila TOBOPOTa
CTPENKU @ 1. Pexomenoyemvie 3nauenuss @1 yKazaumvl 8 OKHe 1aO0pamopHol pabomol.
|1f’cmaﬂas;ca Ne | |

Yucno surkos karywed N = 80;

pagmyc karywku ¥ = 0,24 3 ;

o, =30° . 60°% Ap=6".
[To mokazaHusM MIULTHAMITEPMETPA OMPESITUTE COOTBETCTBYIOIIEE 3HaUeHUE CHiIbl Toka |. He
MEHSISI BEJIMYMHBI TOKA, U3MCHHUTE €T0 HaIpaBJICHHE, MEPEKUHYB KOHTAKT IEpEKIIoUaTess B
MIPOTUBOIMOJIOKHOE TMOoJokeHue. OnpenenuTe yrojl OTKIOHEHUS ¢, . 3HadueHus | (B ammepax),
@1 ¥ @, (B Tpagycax) 3aHECUTE B COOTBETCTBYIOIIUE CTOJIOIBI TaOIHIIbI 1.

Tabnuna 1
Homep | |, A P1, P2, Qs tgp Boi» AB;, (ABOi )2’
OTBITa, rpaa. | rpam. | rpam. mxTn | mxIn (mKTn)?

QB |WIN|F
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6

Y. (ABy ) =...

i=1

o
)
I

11. YBenuuuBasi 3HaYeHHE yIiia ¢ Ha 33JaHHYIO BEJIMYUHY, IOBTOPUTE NCHCTBUS, OMH-
CaHHBIC B I1. 8, 1IeCThb pas.

12. Vicnonw3yst Bbipakenue (7), s KaKIOTO OIbITa HaWIUTE CpelHee 3HAaYeHUe yriia
OBOPOTa ¢0; C IOMOIIBI0 MUKPOKAJIBKYJISITOpa WK Tabnui onpeaenure tge. PesynbraThl 3a-
MUTITUTE B TAOIHUITY.

13. 1o dhopmyie (5) BEIYUCTUTE SIS KaXKJIOTO U3 ONBITOB BETUYMHY TOPHU30HTAIBHOM CO-
CTaBJISIONIECH MHIYKIMA MAarHUTHOTO ToOJiA 3eMiu By M 3aHecuTe ee B TaOJuIly, BBIpAa3UB B
mx 1.

14. Onpepenute cpeiHee 3HAYCHAE B, .

15. BelnoHUTE BCE pacyeThl, HECOOXOAUMBIE JJISI OLIECHKHU CIIy4alHOM MOTPEIIHOCTH U3-
Mepenust ABy. Haliqure BennunHy ciyyaiiHoil morpemHoctd AqBg, 3a1aBasich 10BepUTENBHON
BEpOATHOCTHIO O, = 0.95:

6

2.(ABy; )

=1
n-(n-1)
257, ABy=t,, oy .

16. OnieanTe abCOMIOTHYIO MPUOOPHYIO MOTPEITHOCTh KOCBEHHOTO M3MEpeHus OB, 1o

dbopmyre
2 2 2
= |l ol 20 or
éBO = BO _— + _—(0 + | —
Imin SIn(2¢min) r
rae |, - MUHUMaJabHOE 3HAY€HHE CUJIBI TOKA (M3 Tabumupl), Ol - aDCONOTHAs IPUOOpPHAs I1O-

N=6 - unucno u3mepenni, t,,

TPEITHOCTh U3MEPEHUS CUJIbI TOKA (BBIUMCICHO paHee),
0p=0.026 pan (BBIYMCICHO paHEE) , @i, - MUHUMAJIbHOE 3HAUE€HUE yria ¢ (U3 TabJIuIbl)

I 6epercs U3 JaHHBIX yCTaHOBKH, Of =0.005 M.
17. OueHuBaem NoyHY a0COMIOTHYI0 AB, IOrpemnHocCTs.

AB, :\/(AsBo)2 “L(d?’o)2 -

18. 3anuchiBaeM OKOHYATENbHBIN pPe3yJbTaT U3MEPEHUS.

5. KoHTpoOIbHBIE BONIPOCHI

1. MarauTHOE 1noJIe.
2. BekTop MarHuTHON MHAYKIIUH.
3. BeKTOp MarHuTHOr0O MOMEHTA PAMKH C TOKOM.

4. 3axon buo-Caapa-Jlannaca.
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5. BekTop HanpssKeHHOCTH MAarHUTHOTO TTOJIS.

6. IIpuHIIMI CyNEPHO3ULIUU JIJI1 MATHUTHOTO TIOJISL.
7. 3axon buo-Casapa-Jlamnaca.

8. MaruuTHoe MoJie NpsiMOro TOKA.

9. MarauTHog I10JI¢ B LOCHTPC KPYIroBOro NMpoBOJHUKA C TOKOM.

10. MarautHoe 1oJie JBUXKYIIErocs 3apsia.
11. Cuna Jlopenua
12. Cuna Amnepa, 3aKkoH AMriepa.

13. Cuna B3auMOICHCTBUS IBYX MPOBOJHUKOB C TOKAMH.

14. BeiBectu (hopmyiTy JiJ1si TOPU30HTATBHOM COCTABIISIONIECH BEKTOpA MHAYKITUN MarHUT-

HOTO TI0JIsT 3€MJTH, UCTIOh3YEeMOU B TaHHOU paboTe.

15. OtieHka NOrpenHoCcTel N3MEPEHUs B JaHHOU padoTe.

16. IIpocTeie 3anaun Ha 3aKoH bro-CaBapa-Jlannaca, cuny Jlopenua u cuity Amrepa.

Ilpunoscenue 3

BapuanTsl k 1a00paTopHoii padore 3.3

Howmep BapuanTa (mopsiIKOBBI HOMED B JKypHAJIE)

Howmep ycranoBku

2
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JlabopaTopHas pabora 3.4
N3yuyeHue MATrHUTHBIX CBOMCTB (pepPOMATrHETUKOB

1. TeopeTuyeckmne cBeIEHUS

Maznummnutii momenm. VI3BeCTHO, UTO OKOJIO MPOBOJHUKA C TOKOM CYILIECTBYET Mar-
HUTHOE moJie. Eciivu mpOBOJIHUK M3TOTOBJIEH B BUJE 3aMKHYTOTO IJIOCKOTO KOHTYpa IUJIOIIA/IbI0
S 1 mo Hemy mpomyckaeTcst TOK cuioi |, To BemmunHa

p=1-S-n
HA3bIBAETCS MarHUTHBIM MOMEHTOM KOHTypa. HampaBiieHne BekTOpa MarHMTHOIO MOMEHTa
COBIAJAET C HAMPABICHUEM €IMHUYHOTO BEKTOpa N, KOTOPHIH, B CBOIO OYepelb, HAIIPABJICH 110
HOpMaJIU K KOHTYPY B CTOPOHY, CBSI3aHHYIO C HAIIPABJICHUEM TOKa B KOHTYpE MPaBUIIOM MPaBO-
ro BuHTa. Bce 00beKThI (MMPOBOJHUKU C TOKOM, ITOCTOSIHHBIE MAarHUThI, aTOMBI U Jp.), UMEIO-
1€ MarHUTHBIE MOMEHTBI, CO3/1al0T MarHUTHBIE 1OJIs1. Eciu Takue 00beKThl HAXOASTCS B Mar-
HUTHOM TI0JIE, TO MPU OTCYTCTBUU JAPYTUX BO3IACHCTBUN MX MAarHUTHBIA MOMEHT OPHUEHTHPYET-
Csl BIOJIb HaIpaBJICHUs] MAarHUTHOTO ToJis. [loaToMy 3a HampaBlieHME MarHUTHOTO TOJIS TpPH-
HUMAIOT HalpaBJEHHWE BEKTOpa MAarHUTHOTO MOMEHTa CBOOOJHOIO KOHTypa ¢ TOKOM. WHTEH-

CHUBHOCTb MAarHUTHOTO TIOJIsI, CO3/IaHHOTO TOKaMH, XapaKkTepusyeTcsl HanpsbkeHHocThio H . Ha-
MpaBJCHUE BEKTOpa HAMPSHKEHHOCTH MAarHUTHOTO MOJISI COBNAJAET C HAMpPaBICHHUEM ITOJIA.
Eannuna naMepenus HanpsokeHHOCTH [A/M].

Maznummnule ceoiicmea éewjecmea. Bce dieMEHTapHBIE YaCTHULIBI, BXOJAIIME B COCTAB
aTOMOB, UMEIOT MarHUTHBIE MOMEHTBI. MOMEHTBI HEUTPOHOB U IPOTOHOB B THICAYHU Pa3 MEHb-
II€, YeM Yy AJIEKTPOHOB, B CBSI3U C 3TUM B NEPBOM NPUOIMKEHUU CUMUTAIOT, YTO MArHUTHBIE
CBOMCTBa BCEX aTOMOB U, CJIEOBATEJIBHO, BCEX BEUIECTB ONPEAEIAIOTCS 3IeKTpoHamu. [1oaTo-
MY BCE€ BEILIECTBA SIBJISIFOTCS. MarHETUKaMHU, T. €. 00JIaJalOIMMU MarHUTHBIMU CBOWCTBAaMHU.

DJNEeKTPOH UMEET OPOUTANIBHBIM MarHUTHBIA MOMEHT [, O0YCIOBICHHBIN €r0 IBUKECHH-

€M B aTOM€ U COOCTBEHHBIN (CIIMHOBBIN) MAarHUTHBIA MOMEHT .. Ilocaennuil He 3aBUCUT OT

TOT0, TJIe HAXOAUTCS AJEKTPOH, U KaK OH ABMKETCS. CIIMHOBBIM MAarHUTHBIA MOMEHT 3JIEKTPO-
Ha SIBJISIETCSI €r0 HEOTHhEMJIEMBIM CBOMCTBOM TakK K€, KaK mMacca W 3apsij. [1oaHbIi MarHUTHBINA
MOMEHT aToMa [),, paB€H I'€OMETPHUUECKON CyMMe OpOMTAJIbHBIX M CIMHOBBIX MOMEHTOB €rO

3JIEKTPOHOB:
Pa =22 P, + 2P -
FCOMeTpI/I‘leCKaﬂ CyYMMa MAronuTHbIX MOMCHTOB BCCX aTOMOB TCJIa CO31acT MarHUTHBIN
MOMCHT OTOI'O T€Ia:
Pr = Z Pai -
\

MaruutHbli MOMEHT J euHUIBI 00heMa V BelIecTBa HA3bIBACTCS 8EKMOPOM HAMASHU-
YUEAHUA, NN HAMACHUYEHHOCMbIO DTOTO BEIleCTBa:
j= Pr
V

OT1O0T BCKTOP HAIIpaBJICH KaK MarHuTHBIM MOMEHT TeJIa.

—_

B o0uiem ciyyae HAMarHMYEHHOCTh TPOMOPIIMOHANIbHA HANPSYKEHHOCTH H MarHuTHOTO
110151, B KOTOPOM HaXOJIUTCs TEJIO:

—_

J:Z.H! (1)
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rac ¥ — MariuTHas BOCIIPUUMMYHUBOCTDL BCIICCTBA.
Eciau B MarHuTHOE 10JIE HOMECTUTH TCJI0, TO OHO HAMAarHu4mBacTCA U €Tro MarHUTHBIN
MOMCHT CO31a€T AOIMOJHUTCIBHOC MAarHUTHOC IIOJIC. PGSYJIBTI/IPYI-OIHG@ I10JIC XapaKTCPU3YCTCs

MAarHUTHOM MHAYKIUEN B. B OQHOPOIHON U30TPOMHOM CPEAE MAarHUTHAS UHIYKIHS CBSA3aHA C
HANPSKEHHOCTHIO MArHUTHOTO TOJII COOTHOILICHUEM

— —

B :“MOH 1 (2)

IJIe |\ — MATHUTHAS IPOHMI[AEMOCTb cpefbl (11 BakyyMa W = 1), po= 47-107 ['H/M — MarHuTHas
MTOCTOSTHHAS.

MarnuTHass UHIYKIAS B CPEJIE OMPEACISIeTCS MarHUTHOW MHAYKIIMEH B BaKyyMe M Ha-
MarHU49eHHOCTBIO CPEIbI:

B =p,(H+J). (3)
wim ¢ yueroM (1) momydaem:
B=po{l+y)H. (4)
N3 cpaBuenus (2) u (4) cnenyer, 4to:
p=1+y. (5)

MarsuTtHass BOCIPUMMYHMBOCTh M MATrHUTHAs MPOHMUIAEMOCTh XapaKTEPU3YIOT MarHUT-
HbIE CBOMCTBA BEUIECTBA, B YACTHOCTHU, UX CIIOCOOHOCTh HAMAarHU4YUBAThCSI.

Bce BemniecTBa o MarHUTHBIM CBOMCTBAaM pa3/eIAIOTCS Ha JTUAMarHETUKH, MapaMarHe-
TUKH, PeppOMarHeTuku, peppuMarieTuku (peppuThl), aHTUPEPPOMATrHETUKHU U AP.

Jluamacnemuxu. ITO BEIIECTBA, KOTOPbIE HAMATHUYMBAIOTCS BO BHEIIHEM MAarHUTHOM
T10JIE B HANPABJIEHUH, IPOTUBOIOJIOKHOM HANpPaBJIECHUIO BEKTOPAa MArHUTHON MHTYKIIUH TOJISI.

B oTcyTcTBHE MArHUTHOTO MOJISi MArHUTHBIE MOMEHTBI 3JIEKTPOHOB B Ka)KJI0M aTOME JIha-
Mar"HeThKa CKOMIICHCHPOBaHbI, I0O3TOMY MarHMUTHBIE MOMEHTBI HX aTOMOB paBHbI HyIt0. Ha puc.
| Kpyxo4ykaMu YCJIOBHO MOKa3aHbl aTOMbI JWAaMarHeTHKa MPU OTCYTCTBUM MAarHUTHOTO ITOJIS.
MarautHoe 10JIe HaBOJUT B KaXKJIOM aTOME€ MarHMTHBII MOMEHT, HAPaBJIEHHBIA IPOTUBOIIO-
JIOXHO MO0 (Ha puc. 1 3T0 MoKa3aHO MaJeHbKUMHM CTpEJIKaMU; OOJIBIIMMHU CTPEJIKaMU MOKa3a-
HO HaIlpaBJI€HUE BHEIIHErO0 MarHUTHOrO 1oJist). Ilose, co3nanHoe HaMarHM4EeHHbIM THaMarHeTH-
KOM, HAaIlpaBJIEHO MPOTUBOIOJIOKHO HaMarHU4YMBarouieMmy (BHewHemy) noito. [loatomy BHem-
HEe MarHUTHOE TOJI€ IIPY BHECEHUH B HETO JUaMarHeTHKa OclIabisieTcs.

BocnpuuM4YnBOCTh AMAMarHeTUKOB OTPULATENIbHA, & MATHUTHAS MPOHUIIAEMOCTh MEHb-
e eIMHULbI. JInaMarHeTUKY BBITAJIKUBAIOTCS U3 HEOAHOPOJIHOIO MAarHUTHOTO moss. Jluamar-
HETU3M IPUCYILl BCEM aToMaM, HO OOHApyKMBAETCS TOJBKO TOrJa, KOrJa He MmojaBiseTcs 00-
Jiee CHJIbHBIMU MarHUTHbIMH 3(ddexrtamMmu. MarHuTHas BOCIPUUMYUBOCTh TUAMArHETUKOB HE
3aBUCUT HU OT TEMIEPATypbl, HI OT MarHUTHOTO TOJs, & 3aBUCUT TOJBKO OT POJa BEIIECTBA U
umMeeT BemuanHy mopsaka Z-107 (Z — mopsaKoBblii HOMEp SIeMEHTa B EPHOANYECKO TabHIe
sanemenToB J.U. Menzeneena).

OO0 00O O OO0 cdowene ¢ //:; = \\\\
-
OO0 000 O OO0 peorned g oeow a |ttty Z v
000000 0O ocduneod d o o W[ =] =z
Ceoceee oo ettt NI = = = _
ceceoeoee oo H oo o oo & oo H 6| = = = H
cococooc oo o O O O O O O O = = =
Puc. 1 Puc. 2 Puc. 3
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Ilapamaznemuxu. ITO BEIECTBA, KOTOPHIE HAMArHUYMBAIOTCS BO BHEILIHEM MarHUTHOM
II0JIE B TOM )K€ HAMPABJICHUH, YTO U HAIIPaBJICHUE BEKTOPAa MAarHUTHOM MHAYKIIUH TOJIS.

MarHuTHble MOMEHTBI aTOMOB ITapaMarHETUKOB JIaXe IPU OTCYTCTBUM MarHUTHOT'O TOJIS
HE paBHbI HYJI0. M3-3a Xa0TUYHOCTH MX HANpPaBJICHUI HAMATHUYEHHOCTH TeJa IIPU 3TOM paBHA
HyJ10. B MarHuTHOM IoJIe MarHUTHbIE MOMEHTHI aTOMOB IapaMarHeTUKa OPUEHTUPYIOTCS B
HampaBJIeHUM MOJISI U yCWINMBAIOT ero (puc. 2). IlapaMarHeTMKM HAMAarHU4YMBAKOTCS B HAIPaB-
JICHUH TOJIs1 ¥ BTATMBAIOTCS B HEOJHOPOAHOE MAarHUTHOE 1oJj€. [Ipy BBIKIIOYEHUN MAarHUTHOTO
[O0JIi HAMarHW4eHHOCTh MMapaMarHeTUKOB McYe3aeT. MarHuTHas BOCHPUHUMYHUBOCTD IOJIOXKH-
TeJbHA, OHA 3aBUCUT OT TEMIIEPATYphl, HO HE 3aBUCUT OT BEJIMYMHBI HANPSIKEHHOCTH MAarHUT-
HOI'O IIOJIs1 ¥ UMEET BEJIMYUHY ITOPAIKa 10°-107.

JInst iua- 1 mapaMarHeTUKOB MarHUTHAs MPOHUIAEMOCTh MaJjlo OTIMYAETCS OT €IUHULBI,
T. K. MOKHO MpeHeOpedb UX MarHUTHOW BOCIPUUMYHBOCTBHIO MO CPABHEHHUIO C SAMHMIICH (CM.
dbopmyny (5)). [loatomy ecnu HE TpebyeTcss 0codast TOYHOCTh, TO VIS Tha- U MapaMarHeTHKOB
npuHuMaroT p=1. Takue BelecTBa CYUTAIOTCA CTA0OMATHUTHBIMHU.

Deppomaznenmuku. ITOT KJIAcC MAarHETUKOB OTHOCUTCS K CHJIBHOMarHUTHBIM
BelecTBaM. MX MarHuTHasi BOCIPUUMYHUBOCTh UMEET BEJIMUMHY OT HECKOJIBKUX €IMHUI IO Be-
maunHb opsiaka 10° 1 3aBHCHT OT HAIPSDKEHHOCTH BHEIMIHETO MATHHTHOTO IO M TEMIIepa-
Typbl. [ XapakTepUCTHKU (PEPPOMArHETHUKOB Yalle MOJb3YIOTCS BEIUYMHOW MarHUTHOM
MIPOHUIIAEMOCTH, T. K. B opmyie (5) eIUHULIEH MOXKHO MPEHEOPEYb.

OCHOBHOE CBOWCTBO (PEPPOMATHETUKOB — OHU CNOCOOHbL NpuU memnepamype Hudice on-
Peoenenno20 3HaueHus, cnocoonbl 001a0ams HAMACHUYEHHOCMbIO 8 OMCYMCHEUEe GHEeUHe20
MazHumHoz20 nois. Jns xaxnoro gpeppoMarHeTHka UMEETCs ONpeeIeHHas TeMIeparypa, Ha-
3pIBaeMasi TOUKou (Temmneparypoii) Kropu, mpu KOTOpoil OH TepsieT CBOM (PeppOMarHUTHbHIE
CBOMCTBA U CTAaHOBUTCS MapaMarHeTukoM. IIpu HarpeBanuu Beie Touku Kropu ¢eppomarne-
TUK TNpEeBpaIlaeTcsi B OObIUHBIN MapaMarHeTuK, a MpHU OXJIAXIECHUU HUXKe Touku Kropu cHoBa
CTaHOBUTCS (hePPOMArHEeTUKOM.

[TonobHo mapamarHeTukaMm (eppOMAarHETHUKU YCHJIMBAIOT MarHUTHOE I0JI€, B KOTOPOM
OHU HaxOJATCSl, HO MOCJIE BBIKJIIOYEHHSI MAarHUTHOTO TIOJISl OCTAlOTCA HAMarHUYEHHBIMU U CaMU
CO3Jal0T MarHUTHOE TOJIE.

Ilpupooa gpeppomaznemusma. Y cTaHOBICHO, UTO (DEPPOMATHUTHBIE CBOMCTBA O0YCIIOB-
JIEHbl CIMHOBBIMM MArHUTHBIMH MOMEHTaMU 3JEKTPOHOB. PeanbHblil (heppoMarHuTHBIN 00pa-
3e1l (Te’0) COCTOUT M3 psia 00JacTel, Ha3bIBAEMbIX JOMEHAMHU, JIMHEWHBIE pa3Mepbl KOTOPBIX
uMeroT mopsinok 107107 MM. BHYTpH KaX/0r0 TOMEHA MATHHTHBIC MOMEHTBI BCEX CITHHOBBIX
MOMEHTOB 3JIEKTPOHOB NapaJljieNibHbl APYyr Apyry. OQHAKO HampaBlieHUs BEKTOPOB HAMAarHH-
YEHHOCTH Pa3JIMYHbIX JOMEHOB MOTYT OBITh HANpPaBJIEHbl XaOTUYHO. B TaKOM COCTOSIHMM TEJI0
pa3MarHuyeHo, T. K. MAarHUTHbIE MOMEHTHI IOMEHOB KOMITIEHCUPYIOTCS (pHC. 3, a).

Buemnee mosie OpHeHTUPYET MAarHUTHbIE MOMEHTBI HE OTJIEIbHBIX aTOMOB, a LIEJIBIX J10-
MEHOB, U MO3TOMY BBI3bIBACT CHUJIBHOE HAMarHWYMBAaHUE BEIIECTBA B CPABHUTEIBHO CIAOBIX
noJisix (puc. 3, 0).

PacueTsl MoKa3bIBalOT, YTO CHJIbI, YCTAHABIMBAIOIIME CIIMHOBBIE MOMEHTHI 3JIEKTPOHOB B
JOMEHaxX MapajuieNIbHO JIPYT IPYTy, HE MOTYT ObITh MarHUTHBIMH. OKa3ajaoch, YTO TAaKUMHU CH-
JaMH SIBJISIIOTCSI 3JIEKTPOCTATHUECKUE CHJIbI, KOTOpPbIE JOOABISAIOTCA K CHJIAM KYJIOHOBCKOTO
B3aMMO/JICHCTBUS IPU NMEPEKPHIBAHUH BOJTHOBBIX (DYHKIUI 3JIEKTPOHOB COCEIHUX aTOMOB. Takoe
B3aMMO/JICHCTBUE HA3bIBAETCSI OOMEHHBIM, a JEHCTBYIOIIKE MPU 3TOM CUJIbl — OOMEHHBIMU CHJIa-
MU. OOMEHHBIE CHJIbI SIBJISIFOTCS CIIEJCTBUEM KBAHTOBO-MEXaHMYECKUX 3((EKTOB U HE MUMEIOT
KJIaccuueckoro aHajiora. [Ipu onpeneneHHbIX YCIOBUSX 3TH CUJIbI CTPEMSITCSI YCTAHOBUTD CITUHBI
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AJIEKTPOHOB MapaUIeIbHO IPYT APYTY BO BCeM (heppoMarHuTHOM KpucTtaywie. Ecimu Ob1 neicTBo-
BaJIM TOJILKO CHJIbI OOMEHHOTO B3aHMMOJAEWUCTBUS, TO JII000H (peppoMarHeTHK JOJKEH OBITh Ha-
MarHuyeH 10 HachileHus. Kak mocTosiHHbI MarHUT OH CO3/aBajl Obl ToJie, KOTOpoe o0Jaaaer
sHeprueil. T. K. yCTOWYMBOMY COCTOSIHUIO CHUCTEMbI COOTBETCTBYET MUHHUMYM MOTEHIIMAIBLHON
SHEPTUH, TO MIPOUCXOAUT pazOueHue heppoMarHeTuka Ha JOMEHbI, TaK YTO BHEITHEE MATHUTHOE
noJie, cozaaBaeMoe (peppoMarHeTUKOM, U SHEPTHsI STOTO MOJISI MUHUMAJIbHBI UM OTCYTCTBYIOT.

Hauanvnasa xkpueasa namaznuuueanus. Ilemna cucmepesuca. 3aBUCMMOCTh HaMarHu-
YEHHOCTH OT BHEIIHETO MAarHUTHOTO TOJIsi UMEET HEJIMHEWHBIN XapakTep U B 00IIEM cilydyae He
MOXXET OBITh ONKCAHA KAKUM-JTMOO MaTEeMaTHYECKUM BbIpakeHHeM. Eciii pa3MarHM4eHHbIN
(dbeppoMarHeTUK MOMECTUTh B IMOCTETNICHHO YBEIWYWBAIOIICECS MArHUTHOE IOJI€, TO 3aBUCH-
MocThb J oT H BeIpazutcs ydactkoM Oa (cM. puc. 4). OTa TuHUS Ha3bIBAETCS HAYaIbHON KPUBOM
HamarHuuuBaHus. [Ipu nanpHelieM yBeIMYEHUU HANPSHKEHHOCTH MArHUTHOTO MOJIsl, HaMar-
HUYEHHOCTh CTAHOBUTCSI MTOCTOSIHHOM U paBHOU J,. Benmuuuna J, Ha3bpIBaeTCs HaMarHU4eHHO-
CTBIO HAChIILEHUA. Hamaenuuennocmos Hacvlyenuss — 95mMo 8eIUdUHd, K KOMOPOU CMpemMumcs
HAMACHUYEHHOCMb NPU YEeNUUeHUU HANPAICEHHOCMU 8HEUHEe20 MASHUMHO20 NOJIA.

[Ipy yMeHbIIEHHH HAMPsHKEHHOCTH TMOJSl OT MaKCUMAIbHOIO 3HAYEHUS 10 HYJS MOoJyva-
eTcst KpuBasi aJ;. BennunHa HaMarHW4eHHOCTH J; Ha3bIBACTCS OCMAMOYHOU HAMACHUYEHHOCbIO
U SIBJISIETCS] XapaKTepUCTUKON (peppomMarneTrka. st yHUITOXKEHUs] OCTATOYHOW HaMarHU4eHHO-
CTH HEOOXOJIUMMO TIPUJIOKUTH 00paTHOE TOJIe ¢ HaNpshKeHHOCThIo H,. Benuunna H, Ha3biBaeTcs
KOAPIIUTUBHOMN CUJION U TAKXKE SIBJSIETCS XapaKTepucTUKon geppomarHeTrka. [Ipu nanpHeimem
YBEJIMYEHUU 00paTHOTO HAMATHUYMBAOIIETO MOJIsI BHOBb JJOCTUTACTCS HACKIIIICHHUE.

Ecmm ot Toukn Hackimennss C yMEHBIIATh MATHUTHOE TIOJIE 10 HYJIS, a 3aTEM, H3MCHUB
HalpaBJICHUE, YBEJIUUYMUBATh M0JIE, TIOJYYUM 3aMKHYTYIO KPUBYIO, KOTOpasi Ha3bIBA€TCs METIIEH
rucTepesuca. JTa NeTisl ONUCBIBAET AGIeHUe MACHUMHO20 2UCEpPe3Uucd, Komopoe cocmoum 8
COXpaHeHUUu HAMASHUYEeHHOCMU 6ewecmsed Npu BbIKII0YeHUU GHEeUHe20 HAMACHUYUBAIOue20
nozs npu memnepamype, Hudxce mouku Kiopu. I'uctepesuc oObsSCHIETCS TOMEHHON CTPYKTYpOU
(heppOMarHeTUKOB: MOCJI€ BBHIKJIIOYEHUS HAMATHUYUBAIOIIETO MOJISI IOMEHBI HE BO3BPAILIAIOTCS
B HCXOJIHOE COCTOSIHHUE.

[letnu rHcTepe3nca MOXKHO MONYy4YuTh A 3aBucumoctd B(H). MMeHnHo Takue metin
rUCTepe3uca pacCMaTpUBAIOTCS B JaHHOU padore. OAHO U3 OTIIMYUN 3aKITFOYAETCS B TOM, YTO
MIPU HACBIIIEHUU UHIYKIMS OyIeT BO3pacTaTh 3a CUET YBEIMUCHUS HAMPSXKEHHOCTH MAarHUTHO-
ro nosst H. Ilo Takoii meTiie BMECTO OCTaTOYHOM HaMarHWYEHHOCTH aHAJIOTHYHO OTPEIEIIseTCs
ocTaTo4yHasi MHAYKIMS By, a Takke KOIPIUTUBHAS CUJTIA.

Eciau nmocTeneHHO yBENMYHMBATh MAaKCUMAIIbHOE TOJIE, TO MOKHO MOJYYUTh CEMENCTBO
neTesb rucrepesuca (puc. 5).

J a

7 i
Y/
: 7

Puc. 4 Puc. 5
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Bnaroz[apﬂ TUCTCPEC3NCY MHAYKIUA IIPU JAHHOM 3HAUCHUM HAIPAKCHHOCTHU ITOJIA H wmo-
JKCT UMCTb MHOTO PAa3JIMYHbIX 3HAQUCHUM B 3aBUCUMOCTH OT TOI'0, KaK YCTaHABJIMBAJIACb HAIIPsI-
KCHHOCTBH IT10JIA.

Ecnau usmenenue HHAYKIUU IIPOHUCXOAUT OT HACBIIICHWA B OAHOM HaIlpaBJICHHWHU 10 Ha-
ChIIICHUA B APYIrOM HaAIIPpaBJICHHUHW, TO IICTIIA THCTCPC3HMCA HA3BIBACTCA M&KCHM&HLHOﬁ, HNJIn
HpGI[GJIBHOfI. I[pyme METJIM Ha3bIBAIOTCA 4YacTHhIMU. HauvanpHas KpuBasds HaMalrHU4YHWBAHUA
IMPOXOOUT YCPC3 BCPIINMHBI YdCTHBIX IICTCIIb TUCTCPC3HCA.

2. Hean padoTbl. CxeMa IKCIIEPUMEHTAIBHON YCTAHOBKH
[enbto paboOTHI SIBISIETCSA CHATHE OCHOBHOW KPMBOI HAMAarHMYMBAaHUA U TIETIIN THCTEpe-
3uca (heppoMarHeTuka.

Cxema 3KCIepUMEHTaIbHON YCTAaHOBKY U300pakeHa Ha PUCYHKE:

U — UICTOYHUK TTOCTOSHHO-
ro HampsHKCHUS;

p T — TymOnep;
P — norenuuomerp;
v P R — peocrar;

A — ammnepmerp;

11 — nepexitoyaTenb;
L — conenonp;

F — dbeppomarnuTHbIi
CepACYHHUK;

K — xommac

3. Onucanue METOAUKH M3MepPEeHUit

[Tutanne 1abOPaTOPHOIN YCTAHOBKH OCYIIECTBIISIETCS MCTOYHUKOM IOCTOSIHHOTO HAIpsi-
xkeHust U; ais 3aMbIKaHUs LEMU CIYKUT TymOinep (Beikmtodarens) 7. IlorteHmumomerpom P
MOKHO PEeryJMpoBaTh MOJaBa€MOE Ha YCTAHOBKY HAIpsOKEHHE, a peocTaTtoM R — cuily Toka B
uenu. J{ns u3Mepenus Toka B Lenb BKIoUeH amiepmerp 4. C momoursio nepexntouarens 7
MOXHO HM3MEHATH HampaBjeHHe Toka uepe3 coineHoup. Comenoun L mpencraBisier coOoif
JUIMHHYIO TIPSIMYIO KaTYIIKy, B KOTOPYIO MOMEIIAETCs UCCIeAyeMbI oOpa3zel (CepAeUHHK) —
cTepkeHb F u3 gpeppomaruutHoro crasa.

[Iporexanue Toka | Mo BUTKaM COJICHOW A CO3/AAa€T BHYTPH HETO MPAKTHUECKH OJHOPOI-

—

HOE MarHUTHOE T10JIe, HANPSDKEHHOCTh H KOTOpOTo paBHA IO MOYIIIO
A€ 71 — 4YUCJIO0 BUTKOB, HpI/IXOI[SIHleeCH Ha eI[HHHHy JJIMHBI COJICHOHWIA. I/IHI[YKI_[I/IH MArHuTHOI'O

—

mois B, B oTimyme oT HAanpsHKEHHOCTH, 3aBUCHUT OT CBOMCTB CPEJIBI:
B=u-puy-H, (2)
T/I€ Ly — MAarHUTHAs TOCTOSIHHAS; [{ — OTHOCUTEJIbHAS MATHUTHAS] TPOHUIIAEMOCTb CPEIBI.
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[Ipu nomenieHnu B COJEHOUA (PEPPOMArHUTHOIO CEPACUYHHMKA T0JIE€ B HEM YCUJIMBAETCS
BO MHOTO pa3 (x#>>1); Tak KaKk MarHuTHas MPOHUIIAEMOCTh (PEPpPOMArHETHKA CYIIECTBEHHO
3aBHCHUT OT HaIPsLDKEHHOCTH TOJIs, COOTHOLIEHHUE (2) ctaHOBUTCA HenuHeHbIM. Kpome Toro,
BEJIMYMHA MArHUTHOM MHIYKIUU B 3aBUCUT OT IPEIbICTOPUN MaTepuana (OT 3HaUYEHUs HaIpsi-
’KEHHOCTH B MPEAbIAYIINE MOMEHTBI BPEMEHHU ); BCIEIACTBUE ITOIO U3MEHEHHUE BEJIMYMHBI B OT-
CTaeT OT U3MeHeHMs H. DTo siBIEHME MOJIyUYUJIO Ha3BaHUE cucmepesuca (3anazapiBanus). Tu-
nu4YHas 3aBucUMOCTh B(H) nns deppomarHeTuka — nemjsi eucmepesuca — U300pakeHa Ha
puc. 1. [lycTs nmepen HayajoOM OMbITa CTEPKEHBb pa3MaruuyeH (B = 0) ¥ TOK B 1IeNH OTCYTCTBY-
et (H = 0). Hauanpubiii yyactok netian OA, COOTBETCTBYIOIIUN YBEJIMUEHHUIO HAPSKEHHOCTH
H ot Hynsi 10 MakCUMaJlbHOTO 3HAYEHUs, HA3bIBAETCS OCHOBHOU Kpueou HamazcHudenus. Ilpu
YMEHBUIEHUHU HANPSKEHHOCTH 10 Hys (yyacTok AC nernu) nose B (heppoMarHeTuKe He ucye-
3a€T; 0CMmamoyHoe HAMacHUu4eHue XapakTepu3yeTcs 3HAUeHHMEM MarHUTHOM WHAYKIUHU B, .
Jlis CHSATHS HaMarHWYeHHs] He0OXOUMO TPUJIOKUTH BHEITHEE MAarHUTHOE MOJIe TPOTHBOIIO-
noxkHoro HanpasiieHus (ydactok CD). CooTBeTCTByrOIIee 3HAUCHNUE HAMPSX)KEHHOCTH H, Ha3bI-
BaeTCsl Koopyumuenot cunoti. JlanpHelliee yBeITUUeHUE HaNpsHKEHHOCTU 10 MAaKCHUMaJbHOTO
snauenus (DE), ymensmenue no nyns (EF) u, mocne usmenenus HanpapieHus BHEIIHETO TOJIS
Ha TIepBOHAYANILHOE, YBeTUYeHHUE 10 MakcumyMa (FA) 3aMbIKalOT MeTIto.

Wtaxk, 11 CHATUS NETIIN THCTEpe3rca HE0OXOAMMO U3MEPATh BEIMUNHY HANPSKEHHOCTH
NoJisi B cojieHoue H 1 COOTBETCTBYIOIIYIO BEITUYMHY MArHUTHOM MHIYKIUU B CTEp)KHE B.
3Has YMCJIO0 BUTKOB Ha €IMHUILLY JUIMHBI COJIEHOMAA 1 U U3MepUB cuily Toka |, mo ¢opmyre (1)
MOKHO paccuMTaTrh 3HadeHue H. J{ns ompeneneHnss MarHUTHON MHIYKIIUU cITy>KuT kommac K.
Ilepen HayanmoM OMbITa yCTAHOBKA pacMojaraeTcsi TakuM 00pa3oM, YTOoObI OCh COleHOU 1A Obla
NEepHEeHANKYJIIpHa MAarHUTHOMY MepUAuaHy. B 3ToM citydae npu OTCyTCTBUM TOKa B COJIEHOM-
7€ ¥ OTCYTCTBUHU B HEM CEpACYHMKA (WJIA MPHU TOJHOM pa3MarHMYEHHUH IMOCJIEIHEr0) CTpeiKa
KOMITIaca HaMpaBJieHa B CTOPOHY FOPU30HTAIBHON COCTABIIAIONIEH MHAYKIIMM MarHUTHOTO MOJIS

—

3emnu B, (puc. 2). Ilpu Hanuuuu MarHuTHOTO TOJISL B CTEPXKHE €ro MHAYKIMSA B Hampaiena

BJIOJIb OCHU coJieHoua (1 cTepskHs). CUIIOBBIC JIMHUM MarHUTHOTO TMOJIsl 3aMKHYTHI (JIBE€ U3 HUX
MOKa3aHbl Ha pUCYHKe). Eciu koMmmac pacmnosiokeH MPOTUB CEPEeIUHBI COJICHOU A (CTEPIKHS),

To HHIYKIMs B' moms, co3zmaBaeMoro ¢peppoMarHeTHKOM B IIEHTPE KOMIIaca, HalpaBlieHa Ta-

paynenbHO B B MpOTHMBOMNOJIOXKHYIO eMy cTOpoHy. [lose BHe (heppomMarHeTuka CymecTBEHHO
48



cirabee, 4eM BHYTPH €ro. DKCIEPUMEHTAIBHO YCTAaHOBIICHO, YTO B MECTE PACIIOJIOKCHHUS Mar-
HUTHOMW CTpeJKu OHO ociadeBaet B K pa3: B' = B/K, otkyma
B=k-B' (3)
Takum oOpa3om, CTpenKa KoMIaca 0OKa3bIBaeTCs MO BO3JCHCTBHEM JIBYX MAarHUTHBIX
noJjieit: moJist 3eMiId ¢ UHAYKIUEH éo ¥ royst heppoMarHeTrKa ¢ nHayknuei B'. B atom ciy-

—

yae cTpesika Oy/1eT OpHMEHTHPOBAHA B HANPABJIEHUH PE3YIbTUPYIONIETO MO ¢ HHAYKIMeH B,
OTKJIOHHMBIIMCH OT MATHUTHOTO MEpHIMaHa Ha yroy « . Kak BUIHO U3 PUCYHKA, IPH YCIOBUH
B3aUMHO# MEPIICHIUKYISIPHOCTH BeKTOpoB By, u B' ux Mosynu cBsi3aHbl COOTHOIIICHHEM
B' =B, 9o
C yueroM (3) MarHuTHasi HHAYKIUS B DEpPOMArHUTHOM CEPACYHUKE MOXKET OBITh pac-
CUnTaHa KakK

B =k-By-tga (4)
Tp
ETE
el &
Puc. 3

Jiist mpuBenieHus peppoMarHUTHOTO CTEPKHSI B UICXOHOE Pa3MarHUYEeHHOE COCTOSTHUE
UCIIOJIb3YETCsl BCIOMOTaTeIbHasl yCTAHOBKA, CXeMa KOTOpoii n3o0paxkeHa Ha puc. 3. CTep>KeHb,
MOUIeKAIINI pa3MarHUYEHUIO, TAK)KE MOMEIIAETCS B cojieHOU . [JlaHHasi yCTaHOBKA MUTAETCS
Yyepe3 MOHKAIMK TpanchopmaTtop 7p OT ceTH epeMeHHOro Toka Hanpspbkenuem 220 B u
gactoroit 50 [y. [locne 3ambikanus TymOiaepa 7' v yBeTudeHus (C MOMOIIbIO TOTeHIIoMeTpa P
U peoctara R) CHIIbI TOKa B COJICHOUIE CTEP)KEHb OKA3bIBAETCS B IEPEMEHHOM TI0 BEJIMYUHE U
HaIpaBJICHUIO MATHUTHOM M0JIe; pu 3ToM ¢ riepuogom 0,02 ¢ «onuchIBatOTCS», CMEHSSL IPYT
Jpyra, BCE HOBBIC METJIU TUCTEPE3UCa. Y MEHBIIICHUE TOKA OT MaKCUMyMa JI0 HYJIsl PUBOJUT K
TOMY, YTO TIE€TIN «CTATUBAIOTCS» B TOUKY 0, T.€. CTEpIKEHB MOJTHOCTHIO pa3MarHMYNBaCTCS.

4. Ilopsinok u3MepeHunii 1 00padoOTKH pPe3yJbTATOB

1. V3Hnaiite y npemnogaBaTesisi HOMEp CBOETO BapuaHTa U ¢ nomotisto [Ipunoxenus 4 (B
KOHIIEC OMTMCAHUs K JAaHHOM paboTe) onmpenenuTe HoMep CBoei 1abopaTOpHOM YCTaHOBKH.

2. O3HaKOMBTECh C JTAOOPATOPHOU YCTAaHOBKOHW. 3alMIIUTE B TETPaab 3HAUCHUS YHCIIA
BUTKOB Ha €IUHUILY JJIMHBI COJICHOUa n (B M) 1 ko UIMEHTa 0CTabICHHs MATHUTHOTO
noJist K, a Takke BEJIMUMHY TOPH30OHTAILHOW COCTABIISIONICH HHAYKIIMA MAarHUTHOTO TIOJIS 3eM-
m By. B supmyansbrom eapuanme 1abopamopHot pabomsl 3HAYEHUS YUCIA BUMKO8 HA eOUHU-
Yy OnumblL conenouda n (6 m ), kosgpduyuenma ocrabnenus macnumnozo nois K, u eenuuuna
20PU3OHMANBHOU COCMABNAIUel UHOYKYUU MACHUMHO20 noisi 3emau By npedcmasnenvt na
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cmpanuye 1abopamopHoil pabomsl (6 coomeemcmeue ¢ 8apuaHmom 1abopamopHoll YCmaHo -
Ku):

Yemanoexa Ne 1
n=10° a7} k=10* By = 18 mxTh.

|:H.I'I':| TOKAS B CONeHOH4 e I HEMEHATE

no taogymo or O go 0.8 4w ofparho
c warora 020 A,

3. M3yunTe mkaibl aMmrnepMeTpa U KOMITAca; OMPEACIUTE UX IeHy JCICHHUS U HAy4YuTeCh
CHUMATh MTOKa3aHUs ITUX MIPUOOPOB.

4. N3Bnexkure eppoMarHuTHBIN cTep:keHb F u3 coneHouna L. YOeaurech B OTCYTCTBUH
TOKa B cojieHouie (YCTaHOBKA JIOJDKHA OBITH BBIKIIIOUEHA U3 ceTH). Pacmomoxkure kommac K B
OTBEJICHHOM JIJI1 HETO MECTE MPOTUB CEPEIUHBI COJICHOU 1A TAKUM 00pa3oM, YToOkl JtuHUS C —
1O (0 — 180°) 6buta neprieHANKYJIIpHA €ro OCH.

B supmyanvnom éapuanme nabopamopnoii pabomel nocie ee 3anycka QeppomacHumHubliL
CMEPIAHCEHb U3BIeUEeH U3 CONEHOUOA U KOMNAC YHCE PACNOTIONCEH HYHCHBIM 0OPAZOM.

5. [ToBepHUTE MaHeTh YCTAHOBKH TaK, YTOOBI OCBOOOKIEHHAS CTPEIKa KOoMIIaca yCTaHO-
BIJIACh HA HYJICBOM JICTICHUH.

B supmyanvnom eapuanme nabopamopuoii pabomul 015 NOBOPOMA NAHeU YCMAHOBKU
UCNONIL3YIOMCSL CIMPENKU-KHONKU.

MNosopoT naHem
C‘ D

[oToED

Ilocne moco, KakK Bol 0oocmueneme NOJIOJNCEHUA, NOKA3AHHO20 HA PUCYHKE.

(cmpemca Komnaca cmoum Ha Hyﬂe), 8bl 00JIXICHBL HAJXNCAMb HA KHONKY «l'omosoy.

6. [Tomecture CTCPKCHb B COJICHOMA YCTAHOBKH /IJIsI pasMarHu4cHHUs. Bxmrounte yC-
TAaHOBKY B CCTb U 3aMKHHUTC TyM6J'I€p. HOHBSYHCB MNOTCHIUOMETPOM M PCOCTATOM, YBCINUYLTC
TOK 10 MaKCHMMyMad, a 3aTCM YMCHBIOHUTC OO HYJIA. Brikarouns YCTAaHOBKY, HM3BJICKHUTC CTCP-
XKeHb. B supmyanvrhom eapuanme pabomol 0Jisi paA3MASHUYUBAHUS CMEPIHCHS HEOOX0OUMO Mbl-
Wbro ommemums NYHKN «pasmacHunumas)»

T EQPOMATHHTHEIN CTER#EHE
OCEDGO0MT B

MOMECTHTE B CONSHDHE
(®) PESrArHUTHTE
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U nooodcoamsw HeKomopoe e6pemsl. Veenuuenue u YMeHbUlIEeHUE nmoKa npu pasmacHUu4ueaHuu
npoucxooum 6e3 Bawezo yuacmus. Ilocie 5mo2o uysxcno ommemums nyHKm «0C60000UMb»:
% EppOMArHMTHRIH CTEMEH
(®) ocEOGOOMTE

() MOMECTHTE B CONEHOMA
() paSarHUTHTE

7. [lomecTuTe cTepKeHb B COJICHOM Ha JIaDOpaTOpPHOW YCTaHOBKE. Y OeIUTEeCh B TOM,
YTO OH pa3MarHu4eH (CTpelika KoMIiaca He JIOJKHA pearupoBaTh Ha €ro mpucyrcraue). s
MIOMEILEHUS CTEPKHS B COJICHOU]] HY>)KHO OTMETUTD ITYHKT «IIOMECTUTh B COJICHOU):

' £ POMATHHTHEIA CTERH#EHE
() ocEOSOoHTE
(®) NOMECTHTE B CONEHOH
PASMATHHTIHTE:

8. YcTaHoBuTe ABMKKH MOTEHIIMOMETpa P 1 peocrara R
WzreHeHME TOKa B CONEHOMOE

Ly Ly
W W

MoteHumoretp P Peocrar B
B TIOJIO’KCHHUSI, IPU KOTOPBIX CHUMAEeMOE HAIpPsHKEHWE W CHJIa TOKA B IIEMU COJICHOWIa OymyT
MUHHUMAJIbHBIMHU.

9. BkimtounTe yCTaHOBKY B CETh NMOCTOSTHHOTO TOKA (6 supmyanvbHom sapuanme 1abo-
pamopHol pabomul ycmanogka yoe ekaouena). 3aMkaute Tymosnep 7 (KHomka «3aMKHYThY) U
YCTAaHOBUTE KOHTAKT IMepekitodaresnisi // B OJHO U3 KpallHUX MOJIOXKeHUM (mosiokenue 1 wim
nosoxxenue 0):

Kontou [ryragnep] T MNepeknnouarens [1

JarEHYTE 1 ] 2

B nanpHeliniem HampaBlieHHE TOKA, COOTBETCTBYIOIEE BHIOPAHHOMY IMOJIOKEHHUIO MEpPEKIIoda-
TN, CAUTAUTE MOJTOKUTETBHBIM.

10. 3anecurte B TabNUIly pEKOMEHIyeMble 3HAUCHHUS YIJIa TIOBOPOTAa MAarHUTHON CTPENKH
a.

Howmep o ,rpa. I, A tga B, Tx H, A/m
OIIbITa

1 0 0 0 0 0

OO N OB WIN

[EEY
o

[EEY
[EEN

[EEY
N

[HEN
w
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14
15
16
17
18
19
20
21

10. 3anonHKTE MEPBYIO CTPOKY TAOIMIIBI HYJISMH, YTO COOTBETCTBYET HAYaJIbHOU TOUKE
0 ocHOBHOM KpUBOM HaMarHWYCHHMS (MM KPUBOM HaMarHWMYMBaHus) (cM. puc. 1).

11. anee Bam Oynetr He0OXOAMMO U3MEHSTh 3HAYEHUS CUJTBI TOKA B COJICHOUJIE OT HYJIS
710 HEKOTOPOT'O0 MaKCHMAJIBbHOTO 3Ha4YCHMsI (YKAa3aHHOTO B OKHE JJabopaTopHOU paboThl) U 00-
paTHO. BHMMAaTENbHO MOCMOTPUTE YEMY PaBHO 3TO MAaKCHUMAJIbHOE 3HAYEHWE, M C KaKUM Ia-
rOM HEO0OXOJMMO U3MEHSTh CHUITY TOKA.

12. MennenHo mepeMeniasi ABMKKA MTOTSHIIMOMETPA U peocTaTa, HaOI0JalnTe 3a CTpe-
KOW KOMITaca, JOKUJAsICh YCTAHOBIICHUS €€ HAa OYEpPEAHOM 3aJaHHOM JeJIeHUH MKaibl. CooT-
BETCTBYIOILIEE 3HAYEHUE CHIIbI TOKa |, MOKa3pIBaeMOe aMIepMETpPOM, BbIpa3uTE B aMmIiepax U
3aHecuTe B Tabiuily. HauanpHoe HampaBiieHHWE OTKJIOHEHUS CTPEJIKU B JAJbHEWIIEM CUUTaiTe
NOJOXKUTENBHBIM (¢ > 0).

Buumanue! 1lpu v3MeHEHUM CHIBI TOKAa CTApalWTECh HE «IPOCKOYHTH) CIEAYIOLIYIO
TouKy. Ecii 3TO pou30MIET, TO «BEPHYTHCS» K HEW HENb3s M3-3a HAIMYUA THUcTepe3nca. B
ATOM CJIy4ae HeOOXO0IMMO BHOBb HauaTh paboTYy C II. .

13. IMoBTopsiiTe m. 11 70 MaKCUMAaNBEHOTO U3 PEKOMEH/IOBAHHBIX 3HAYCHHUM yTiIa OTKIIO-
HEHHSI CTPEJIKH (TEM CaMbIM OYET NpoiiieHa OCHOBHAsI KpHrBasi HaMarHu4eHus: OA).

14. C noMonip0 NOTEHIMOMETPA U PeOCTaTa HAYMHANWTE YMEHbIIATh TOK B LEMU, He W3-
MEeHsIsl ero HanpaBJieHusl. [Ipy ycTaHOBIEHMM CTPENIKM Ha 3aJaHHBIX JEJICHUSIX (QUKCUpYWUTE
3Ha4YeHMs CUJIbI TOKA U 3alKChbiBaiiTe WX B Tabnuiy. [1o nocTmkeHnn HyneBoro 3HaYeHHs ToKa
(Touka C meTaM) nepeBeAUTe KOHTAKT MEePEKIoYaTess B IPOTUBOIOIOKHOE cocTosiHue. [locne
ATOr0 HAYMHAWTE BHOBb YBEJIMYMUBATh TOK, 3aIIMCBIBAsI €0 3HAYEHUS B TAOJIMILY CO 3HAKOM «—».

15. Tlpogomxast neiicTBOBaTh aHAIOTUYHBIM 00pa3oMm, «mpoiaute» BetBu CE u EF met-
u rucrepesuca. [lepen cHatuem 3amMpikaroieil BeTBU FA BHOBb U3MEHUTE MOJIOXKEHHUE Mepe-
KJIFOYaTeNs U Jaiee 3alKMChIBATe 3HAYEHMS CHIIBI TOKA CO 3HAKOM «+).

16. ITo okoHYaHNM W3MEPEHUI YCTAaHOBHUTE ABUKKHU MIOTEHIIMOMETPA U peocTaTa B MC-
XOJTHOE MOJI0KeHHE (CM. 1. 7). BeIkmtounTe TyMOJep U OTKIIIOUNUTE YCTAHOBKY OT CETH.

17. ITo popmyne (1) paccunraiite 3HaUCHUSI HANPSYKEHHOCTU /{ MarHUTHOTO MOJIS COJIe-
HOMJA JIJISl KaXKIAO0TO U3 MPOJEIAHHBIX U3MEPEHUI; pe3yJIbTaThl 3aHECUTE B TAOJIHILY.

18. C momotipto TabJIUIl WM MUKPOKANBKYJISTOpa HaiiiuTe 3HaYeHHsI 1 M BRIUMCITHATE
o ¢opmysie (4) 3HAUCHUS UHAYKIIMN B MarHUTHOTO TIOJI B peppOMArHETHKE. 3aMOIHUTE OC-
TaBIIIAECS CTOJIOIBI TAOTHUIIBI.

19. IloctpoiiTe Ha MUITUMETPOBOM Oymare rpaduk 3aBucumMocTu B(H) — netito rucre-
pesuca.

20. Jlnsa yka3aHHOM MpernoaaBaTesieM BEIMYMHbBI HAMPSX)KEHHOCTH TOJI OLEHUTE 3Have-
HUE OTHOCUTEIHbHON MarHUTHOM POHUIIAEMOCTH 4 (peppoMarHeTuka.
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5. KoHTpOJILHBIE BONIPOCHI

Urto Ha3bIBAETCSI MATHUTHBIM MOMEHTOM?

Kaxkas BenmnumHa Ha3bIBa€TCs HAMArHUYEHHOCTHIO?

Kak cBs3aHa HaMarHUYEHHOCTD C HANPSHKEHHOCTHbIO MAarHUTHOT'O TOJISI B MarHeTHKe?
Kax cBs3ana MarHuTHasi MHAYKIMS U HANPSHYKEHHOCTh MAarHUTHOTO TOJISI B MarHETUKE?
Kak cBsi3aHbl MarHuTHasE BOCIIPUUMYUBOCTh M1 MArHUTHAS IPOHUIIAEMOCTh?

Kaxkue BelecTBa Ha3bIBAOT AMAMarHeTUKaMu?

Kaxkue BelecTBa Ha3bIBAIOT MapaMarHeTUKamMu?

Kaxkue BemecTBa Ha3pIBaOT heppoMarHeTHKaMu?

. Urto Takoe 10MeH B peppoMarHeTuKe?

10 B dem 3akntouaercs siBJI€HUE MAarHUTHOTO TUCTepe3nca’?

11.Kakas BenmMuMHa Ha3bIBAETCS OCTATOYHON HAMAarHUYE€HHOCTHIO?

12. Kakas Benmu4rHa Ha3bIBACTCS HAMAarHUYCHHOCTHIO HACHITIICHUS ?

13.Kakast Bemu4rHa Ha3bIBACTCS KOIPIUTUBHON CHIION?

14. Yro takoe Touka Kropu?

15. IlpocThie 3a1a4 HA MATHETUKH.

CoNoakrwdE

Ilpunoscenue 4
BapuanTtsl Kk 1a0opaTopHoii padore 3.4

Howmep BapuanTa (IOps,IKOBBIA HOMED B JKypHAJIE) Homep ycTaHOBKM
1 3
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JlabopaTopHas pabora 5.1
HNurtepdepenuus cera. OnbiT FOHIra

1. TeopeTuyeckmne cBeIEHUS

Humepgpepenyun 601n — 370 SIBICHUE YCTOMYMBOTO BO BPEMEHU YCUJICHHS WUJIM OClIa0-
JICHUS KOJIeOaHWH B pa3HbIX TOYKAX MPOCTPAHCTBA, KOTOPOE MPOUCXOAUT MIPU HAJIOKEHUH JIBYX
win 6onee BoaH. UHTepdepenius Bo3MoKHA A7l BOJH JIt000i mpupoasl. Hanbonee nnrepec-
HBI MIPOSIBIICHUSI HHTEP(EPEHITNH dJIEKTPOMAarHUTHBIX (CBETOBBIX) BOJH. MHTEepdepeHnus crera
XapaKTepU3yeTCs YepelOBAaHUEM B MPOCTPAHCTBE 00JIACTEH MOBBINICHHOW W MMOHW)KCHHOW WH-
TEHCUBHOCTH, KOTOPbIE BO3HUKAIOT B PE3yJIbTaTe HAJOKEHUS TaK HA3bIBAEMBIX KOT€PEHTHBIX
BOJIH. Kozepenmmuvimu 601Hamu Ha3bIBAIOTCS BOJHBI OJIMHAKOBOM YaCTOTHI, KOJIEOaHUS KOTO-
PBIX OJJMHAKOBO HAIIPABJICHBI, & Pa3HOCTh UX (pa3 MOCTOSIHHA.

PaccMoTpuM [1Be 3J1€KTpOMAarHuTHBIE BOJIHBI OJAMHAKOBOM YacTOTHl @) = @ = @, KOTO-
phie, HaKIIaJbpIBasICh APYT HA APYyTra, BO3OYKIAIOT B HEKOTOPOU TOYKE MPOCTPAHCTBA JBa KOJe-
0aHMs OAMHAKOBOTO HampaBieHUs. [I0CKONBbKY SJeKTpuuecKkas W MarHUTHAas COCTaBIISIONINE
AIIEKTPOMATrHUTHBIX BOJIH KOJEOIIOTCS B OJMHAKOBOH (aze, JOCTATOYHO PACCMOTPETH TOJIBKO
OJIHy W3 HUX. DIIEKTpUYECKas COCTABJISAIONIAsi OKa3bIBaeT TOpas3io Oosbliee BO3ACHCTBHE Ha

—

BECIICCTBO. HOBTOMY B OIITUKC IIPHUHATO paCCMaTpPHUBAThb CJIOKCHUC BCKTOPOB E , KOTOPLIC Ha-
3bIBAIOT CBECTOBBIMMU. I/ITaK,

—

, = Ep; cos(at + 6,);

my My
Il

, = Eg, cos(at +6,),
I71€ BEJIUYUHBI O, = —Izl ‘T+pu o, = —IZZ -T 4+ @, XapakTepu3yroT (a3bl KoJeOaHU B JaHHON
TOYKE TIPOCTPAHCTBA C PaIUyC-BEKTOPOM I .

Amurtyay EO PE3YIBTUPYIOLIETO BEKTOpA

E = El + Ez = EO COS(a)t +0 ) JIETKO HAWTH € IMOMOUILIO METO/1a BEKTOP-

HBIX AWarpaMMm (WJIH C MOMOIIBI0 (DOPMYIT CIIOKEHHUSI TAPMOHHYECKUX
KoseGannii). VI3 pucyHKa BUIHO, YTO JUIMHA BekTopa E (ammmmtyma O
PE3YIBTUPYIOLIETO KOJIeOaH!s) ONPEaesieTCs 0 TEOPEME KOCHHYCOB:
E5 =Eg, + Eg, + 2Eq;Eq, c0s(5, — &,).

DHeprus CBETOBOW BOJHBI MPOIOPIMOHAIbHA KBaJIpaTy BEKTOpa HAMPSHKEHHOCTH DJIEK-
TPUYECKOTO MoJIsl. BBeneM Benmuuuny — unmeHncugHocms céema. IT10 €CTh CKANAPHAA u3u-
yeckas 6enuvuHd, KOMopas 4YUcCieHHO PAGHA YCPEOHEHHOI 3a nepuood Koa1eOanuil 601Hbl
IHep2UU 60JIHbL, NPOXOOAULEIl Yepe3 eOUHUUHYIO NIOUWAOKY, PACNONO0NCEHHYI0 NEPNEHOUKY-
JIAPHO HANPAGNEHUI0 PACRPOCMPAHEHUA GOJIHbL, 34 €OUHUUY 6pemeHuU. MOXKHO TO0Ka3aTh,
YTO MHTEHCHBHOCTH CBETa MPOMOPIIMOHATIbHA KBaJApaTy aMIUIMTYIbl KoJeOaHHMil BEKTOpa Ha-

TIPSKEHHOCTH HIEKTPHUECKOTO OIS B CBETOBOI BONHE, T.e. | ~ E..
2 2 2
3anumem ypaBHenue Ej = Eg, + Ej, + 2E,,E, 008(52 - 51) 4yepe3 BEIUYHHY |
=1, +1,+2/I,1, -cos(5, - &,).
3ameTnMm, 4TO MbI HaOMmoxaeM He BenuunHy |, a Bemmunny (1), KOTOpPOE €cTh ycpe/iHeHue Be-
auauHbl | 0 BpeMeHU pa3pelieHus IPUEeMHHKA CBETa, KOTOPOE SBISETCS HAMHOTO OOJIBIIEM,
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YeM MepHuo] KojJeOaHus BOJIHbBI, HO HAMHOTO MEHBIIEM, YeM XapaKTepHOE BpeMsl HAOIIOACHUS
3a BOJIHOW. Y CPETHUM MOJIYYEHHOE BBIPAKEHUE 110 ITOMY BPEMEHU

<|>:<|1>+<|2>+<2\/E'COS(52 _51)>-

CunTasi, YTO aMIUIUTY 1Bl UCXOHBIX KOJICOAHHI HE 3aBUCAT OT BPEMEHH, HO 3d 8peMs paspe-
WeHUs npUueMHUKAa ceéema aszvl 8, U 6, MO2Ym MEHAMbCsl, MOXKHO 3aIIUCATh

(=1, +1,+ 21,1, - (cos(5, - &,)).

Ananu3 noixydeHHOH (HOPMyIIBI MPUBOIUT K CIEAYIOIIUM PE3yIbTaTaM:
1. Ecnu 8, — &, =const, To

t
(cos(8, —4,))= % _[ cos(s, — &, ) dt = cos(5, — &,).
0

Torna Mel UMeeM
(=1 +1,+2/1,1, -cos(5, - &,).

To ecTh, HHTEHCUBHOCTD PE3YIBTUPYIOIINX KOJICOAHUH OTIMYAETCS OT MPOCTONH CYMMBI HHTEH-
CHBHOCTEH HCXOIHBIX Kojnebammii. Tperbe ciaraemoe 24141, -c0s(5,—38,) B dopmymne
(D=1, +1,+ 21,1, -C0S(5, — 5, ) HA3BIBAIOT UHMEPPePEHUUOHNBIM,

2. Ecnin &, -, #const, T.e. COS(5,—0,) MPHHUMAET BCEBO3MOXKHEIC 3HAUCHHS, TO
<COS(52 - 51)> =0. B aToMm cityyae uHTepEpEeHIHS OTCYTCTBYET.

MEI BHIUM, 9TO B Cilydae o, — O; = CONSt HHTEHCHUBHOCTD PE3YJIbTHPYIOUINX KoJeOaHuH
3aBHCHT HE TONBKO OT HHTEHCHBHOCTH CKJIa/IbIBAEMBIX BOJIH, HO M OT BeNHUMHbI (J, —J) ), Ha-

3BIBAEMOM cosuzom ¢haz. Ecnu O, v &, paBHbI WK OTIHYAIOTCS Ha 2M (M — 1eI0e Yncio), TO
eCThb

0, —0,=27m,
TO MHTEHCUBHOCTH OyJIeT MakcuManbHa. Eciin ke 0 u &, oTim4arores Ha (2m+1) 7z, To ecThb
5, — 6, =n(2m+1),
TO UHTEHCUBHOCTH Oy/JIeT MUHHMMAaJIbHA. PacniuiiieMm BeIpakeHue A1t caBura ¢as
%, _51:(_E2 'F+¢2)_(_ lz1'F+(P1):_lz'r+(€02 ~p),
re K =K, K.
Bripakenus

—

52—51=(—k2-F+¢2)—(—k1'f+(p1):—k'I?+(q02—(01)

— —

(=1, +1,+2,/1,1, -cos(5, - &,)
IMOKa3bIBAOT, YTO MHTCHCUBHOCTL CBETA MCHACTCA IO CMHYCOHMJAJIbHOMY 3aKOHY. HOBCpXHO—
CTHU OOAVMHAKOBBIX MHTEHCUBHOCTEN MMPEACTaBIIAIOT coboi IJIIOCKOCTH, IICPIICHAUKYJISIPHBIC BCK-

topy K . Paccrosare Ax MeXIy COCEIHHMH IUIOCKOCTSIMH PaBHOM

X
MHTEHCUBHOCTH HAXOAATCS U3 ycoBust K-AX = 21, Tak KaKk JJMHbI )
BextopoB K, u k, omunakoss k; =k, =27/, To ] >
.« 27 V3 A O 8
k=2ksin—- = Ax=—= = : > 1
2 k  kgsin(e/2) 2sin(e/2) ‘kl\‘ Ax > ©
X

JIist MaibIX yriioB AaHHas ¢opmysa NpUHUMAET BUJL e
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AX=~ Ao

Ecny nocTaBuTh MIOCKUHN SKpaH NapajuIelIbHO BEKTOPY k , To Ha DKpaHe IOSBSITCS CBET-
Jbl€ U TEMHbIE HUHTEPPEPEHIIMOHHBIE MTOJIOCHL. PaccTosiHMe AX B 3TOM Cilyyae Ha3bIBACTCS UWil-
PUHOU UHmMepPpePeHUUOHHOI NONOCHL.

PaccMoTpenHblii citydaii BO3HMKHOBEHUS MHTEPPEPEHLUU SIBISIETCS HIACATU3UPOBAaH-
HbIM. MBI npeanosaraiy, 4To JB€ MOHOXPOMAaTUYECKHUE BOJIHBI OJJMHAKOBOW YaCTOTHI U ITOCTO-
SHHOHM pa3HocTH (ha3 CKJIaAbIBAINCh B HEKOTOPOM TOUYKE MPOCTPAHCTBA. Takoe MpoTeKaHHE
BOJIHOBOTI'O IIPOIIECCA HA3BIBAIOT CO2NACOEAHHBIM NI KozepenmHbim. CTEIIEHb KOTEPEHTHOCTH
MOJKET OBITh Pa3INYHOM.

PeanpHbple MCTOYHHMKM CBETAa HE MOT'YT HCIIyCKaTh MOHOXpPOMAaTH4eCKUe BOJIHBL. CBETO-
BbI€ BOJIHBI, HCITYCKAa€MbI€ PEAIbHBIMU HUCTOUYHUKAMH, OOPa3yIOTCsl HAJOKEHUEM KOJICOaHUH ¢
pa3IMYHBIMH YaCTOTaMH, B HEKOTOPOM JIMAMA30HE YacTOT, U KpOME TOro, (ha3a U aMIUIUTya
ATUX KOJIEOAHUH MPETEPIeBaOT Xa0TUYECKHUE U3MEHEHUSI.

OnpIT NOKa3bIBAET, UTO KOTJA JBAa HE3aBHUCHUMBIX MCTOYHHMKA CBETA WJIM JaXKe JBa pas-
JMYHBIX y4acTKa OJHOTO M TOTO K€ TeJla MOCHUIAIOT CBETOBBIE BOJIHBI B OJHY 00JIacTh Mpo-
CTpAaHCTBA, TO UHTEepdepeHuU He HaOmoaaeTcs. OTCYyTCTBHE YCTOMYMBON MHTEpPEPEHIIMOH-
HOI KapTHUHBI OOBSCHIETCS TEM, UTO UCTOYHHUKHU HE SIBJISIOTCS KOI€PEHTHBIMU, TOCKOJIbKY CBE-
TOBBIE BOJIHBI, UCITYCKA€Mbl€ MMM, HE SIBJIAIOTCS MOHOXpomaTuuyeckuMu. [IpuumHa HEMOHO-
XPOMAaTUYHOCTH PEAJbHOTO H3JIyYEHHS] COCTOUT B TOM, YTO MCIyCKAaHUE CBETA MPOUCXOIUT
BCJIE/ICTBHE BO30YXK/IE€HUS aTOMOB, HE 3aBUCUMBIX JPYT OT JApyra. B kaxaoM U3 Takux aToOMOB
U3JIy4EeHHE JUINTCA OYEHb KOPOTKOe BpeMs. [locie npekpanieHuss cBeYeHHsl aTOM MOKET BHOBb
Ha4yaTh UCIyCKaTh CBETOBBIC BOJIHBI, HO, KOHEUHO, YK€ C HOBOI HauajbHOU (ha3oi. [Toaromy
pa3HOCTh (a3 Mexay U3IYyYEHUSMHU JABYX HE3aBHCHMBIX aTOMOB Oy/Ie€T MEHAThCS MpHU Hauaje
Ka)KJ0r0 HOBOI'O aKTa MCIyCKaHHsA. MrHOBeHHbIe MHTEP(EPEHIIMOHHBIE KapTUHBI, JaBaeMble
UMH, CMEHSIOTCA HACTOJBKO OBICTPO M OECHOPSIOYHO, YTO MBI MOYKEM HAOJIIOJAaTh TOJBKO
CPEIHIOIO KApTUHY.

OpHako, Ha MPAKTUKE MOXKHO IOJYYUTh MHTEP(PEPEHIMIO, €CIU HCIOIb30BATh BCErO
JUIIb OJIMH UCTOYHMK M3IIydeHHs. J{Jis 3Toro HeoOX0AUMO UCITyCKaeMOe U3JIyYeHHUE pa3AesiuTh
Ha JiBa MOTOKA, & IOTOM 3aCTaBUTh UX BCTPETUThCA. Takum 00pa3oM, MbI 3aCTaBUM HUHTEp(e-
pUPOBATh BOJIHBI, BBIIEIIINE U3 OJHOTO UCTOYHUKA, HO B pa3HOE BpeMs. 3ana3/ibIBaHuE BOJIH
APYT OTHOCUTEIIBFHO JAPYyTra JIOJKHO OBITh HACTOJIBKO MaJIbIM, YTOOBI MX KOT€PEHTHOCTh COXpa-
HSUIACh. ITOTO MOXKHO JTOOMTHCS, €CIIM TEOMETPUUCSCKHUE JUTMHBI ITyTel | BOJIH Maslo OTIMYaIuCh
APy OT Apyra.

PaccMoTpuM Kilaccuueckue NMpUMEpPbI MOJyYeHUs: UHTep(EPEHIMH OT JABYX TOYEUHBIX
UCTOYHUKOB. Crioco0 MoTy4eHHsI KOTePEHTHBIX MyYKOB JI€JIEHUEM BOJHOBOIO (DPOHTA.

B omnbrtax FOHra cBeT 0T MOHOXpOMAaTHYECKOIO HCTOYHHMKA CBE-
Ta MapajijieJIbHbIM TyYKOM IaJall Ha 3KpaH C y3KOH IIeNbio S, sBIIsi0-
HIEICS UCTOYHUKOM PacCXOJAIIErocs CBETOBOrO MOTOKa. B kadecTBe
napajieIbHoro uctoyHuka FOHr HCHONB30Ball COJIHEYHBIM CBET,
npoueamuil yepe3 ceetopuibTp. CBET OT MUCTOYHMKA S TOMAajal Ha
JIBE MapajuiesibHbIe Y3KUE IIETU S; U Sy, pacloioKeHHbIE Ha PaccTosl-
Huu d apyr ot npyra. B pesynbrate Ha sKpaHe, B 00JIACTH MEPEKPhI-
BaHMSI CBETOBBIX MOTOKOB OT BTOPUYHBIX UCTOYHHUKOB S; U Sy Mex 1y Toukamu A u b, Bo3HuKka-
Ja uHTepPEpPEeHLIMOHHAs KApTUHA B BUJE YEPEIYIOIINXCS TEMHBIX U CBETJIBIX MOJIOC.
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Cnenaem pacuer B Onbite HOnra. Ilycth cBeT OT IBYyX
KOTEPEHTHBIX UCTOUYHHUKOB S; U Sy, MOMYYEHHBIX pa3/iesieHHeM v
CBETOBOTI'0 IOTOKA, I0MalaeT B TOUKY dKpaHa P, rae Habmona- S1
eTcsl MaKCUMYM HHTepdepeHIn ¢ KoopAnHaToil X. PazHOCTb \
xoia BONH, uHTephepupyiommx B Touke P, pasma | >
A=S,P-n,—S,P-n,. [Ipeanonoxxum, 4To BOJHBI pacnpocTpa-

|
>

HAIOTCS B OJHOM M TOM K€ cpele, TO ecTb N, =N, =N. s
MPOCTOTHI YCIOBHUMCS, YTO Cpeloi sBisieTcst Bakyym (N = 1).
Torma onTuyeckas pasHOCTb X0J1a PaBHA PA3HOCTH F'€OMETPUYECKUX MYyTEN BOJIH
A=S,P-SP.
Tak xak B Touke P HabmogaeTcss MaKCUMyM, TO U3 YCIOBHUS MaKCUMyMa UHTEpPEpeHITNN
MOJYy4YUM

A=S,P-§P=2mA.
Jliss HaxOXKIeHHsSI KOOPAMHATHI X MaKCHMyMa IpOHW3BEIeM CIeAyIoliue apudmeTudecKkie
npeodpa3zoBaHUs
S,P?=D?+(x+d/2)°; S,P?=D?+(x—d/2).
Bbrutem 13 mepBOTO ypaBHEHUS BTOPOE M PACKPOEM CKOOKH B MPaBOM YacTH MOIy4YEHHOTO
paBEeHCTBA
S,P?—§,P? =(D?+x*+d?/4+x-d)- (D2 + x2 +d2/a—x-d)
17031
S,P? —S,P? = 2dx.
PacnicaB pa3HOCTh KBaIpaTOB B JICBOM YaCTH, TIOJYYUM CIICAYIONIEE COOTHOIICHUE
(S,P+S,P)-(S,P—S,P)=2dx.

VYcnoBue KOrepeHTHOCTU UCTOYHUKOB COOJIIO/IaeTCsl B TOM ciyyae, eciu S;P u S;P npu-
HUMAIOT Onm3kue 3HaueHus. [IpakTuyecku 310 03Hauaer, yto D >> d. Torma nepBblii MHOXKU-
TEIb B JIEBOM yacTu paBeHcTBa S,P + S P ~ 2D, a BTOpOif mpencrasiser He 4TO MHOE, KaK pa3-
HocTh Xoma S,P —S,P=A. Orkyna

2D -A=2dx wm X:B-A.

d

Hcnonb3ys ycioBust Makcumyma MHTeppepeHnu A = AM, MOJTYyYUM BBIPAKEHUS IS
JIBYX COCEIHUX MAaKCUMYMOB B BU/JIE

D D D D
Xp=—"-A=—mA Xpp=—"A=—(M+1)4.

Torma paccTosiHiEe MEXy COCETHUMH MaKCUMyMaMu AX OyeT paBHO
D D D
AX= Xy =X =—(M+D)A——-mi=—-1.
d d d
AHaJTOrMYHBIM O6pa30M MOXHO OIpCACINTbh KOOPAWMHATbBI MHUHHMYMOB, OJIS KOTOPBIX

A:%@m+D.

2. Hean padoTbl. CxeMa IKCIIEPUMEHTAJIBHOI YCTAHOBKH
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[enbto paboOTHI SIBISETCS:

1) HabmoneHre UHTEPPEPEHIIMOHHON KApTUHBI OT JBYX MapaUIeNIbHBIX IIeIeld B MOHO-
XpOMAaTH4YECKOM CBETE;

2) ompenerneHue JTUHBI BOJIHBI JIA3EPHOTO U3ITyUCHHSL.

CxeMa HKCIIepUMEHTAIbHOM YCTaHOBKU M300pa)KeHa Ha PUCYHKE:

’J]_.,?]F____H _______ BE i
/,f
~I~—| bl EU:Q

1, 2, 3 — mrtaTuBsL; 4,5 — peryIMpOBOYHBIE BUHTHI; JI — Ta30BbIH Jlazep;
bI1— 6nox nuTtanus na3epa; [/ — miacTUHKa co WIeNAMH; O — dKpaH

=

3. Onucanue METOAUKH M3MepPeHU

HcTouHrKoM MOHOXPOMATUYECKOTO U3ITyUYECHHs B JAHHOW paboTe SIBIsIeTCS ra30BbIi Jia-
3ep /I, 3aKperyieHHbI TOPU30HTAIBHO B IITaTUBE 1; BKIIOYEHHE JIa3epa OCYIIECTBIIACTCS
TymOJiepoM Ha maHenu Oyioka nutanus bI1. B mtatuse 2 pa3mernieHa Henpo3payHasi 3a4epHEH-
Hasl IJIACTUHKA //, Ha KOTOPYIO HAaHECEHBI HECKOJIBKO Nap TOPU3OHTAIIBHBIX IIEJIEH, pacioio-
’KCHHBIX Ha MajioM pacctosiHuu d mpyr ot apyra (GpoHTaNIbHOE H300pakeHUE MJIACTUHKU CO
HIEISIMU JTAaHO HA CXEME YCTaHOBKH cripaBa). OcnaOuB peryJIupoOBOYHBIN BUHT 4, MOXKHO Tiepe-
MEIIATh IUIACTUHKY // TI0 BEPTUKAJIM, HAITPABJISIS JTA3EPHBIN JIyd HA PA3JIMYHbIC MAphbl MIEIICH.
HNuTepdepeniimonHas kapTuHa Habr01aeTCs Ha dKpaHe 2, 3aKPEIVICHHOM B IITaTUBE 3 U y/a-
JIEHHOM Ha pacctosiHie D oT miiacTUHKH cO 1mIeasiMu (Ha cXeMe IUIOCKOCTH TUIACTUHKU ] 1 IK-
paHa O nepneHauKYISPHbI TUIOCKOCTH YePTEkKa).

["a30BbIi1 J1a3ep UCITyCKAeT y3KUil My4YOK MOHOXPOMATHYECKOro (KpacHoro) nsera. Kak
M3BECTHO, CBET MPEACTABIISIET COOOM 2JIEKTPOMArHUTHYIO BOJIHY; B CJIy4ae Y3KOTO Iydka ()pOHT
3TOM BOJIHBI MOKHO CUMTATh IUIOCKUM. Y PaBHEHHUE IIIOCKOW BOJIHBI UMEET BU/]L

E(rt)= Em-cos(w.t_z’;'fj, (1)

rae E(r,t) — mpoekuus cBETOBOTO BEKTOPA (HAMPSHKEHHOCTH JIEKTPUIECKOTO TTOJIs) Ha TUIOC-
KOCTb €ro KoJieOaHUil B TOUKE, HaXOAAIENCs Ha PACCTOSIHUM I OT ICTOYHHKA CBETA B MOMEHT
BpeMeHu t; Ey, — ammintyaa kosnebaHuil; @ — HMKIMYECKasi 4acToTa; A — JJIMHa BOJIHbI U3IyYe-
HUSL.

U3 Beipaxenus (1) cnenyer, uro 3HaueHue E onpenensercs Ga3oit konedaHuii

(p:a)-t—zz.r. (2)
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Puc. 1

[Tonamas Ha rutacTuHKY /1, Myd ja3epa MpoXOJIUT Yepes JIBE Y3KHUE U OJIM3KO PacIoio-
KEHHBIC JIPYT K Apyry menu S; u S, (puc. 1). Kaxayro u3 aTux meneit MOKHO paccMaTpuBaTh
KaK HCTOYHHK CBCTA, IIPUICM 6J1aroz[ap;1 O,Z[HHaKOBOﬁ YacTOTE U IMMOCTOSIHHOMN BO BPCMCHH pPa3-
HOCTH (1)213 9TH UCTOYHHUKH KOT'CPCHTHBI. PaCXOI[HIHI/IGC}I OT HUX CBCTOBBLIC ITYYKHU IICPCKPBIBA-
IOTCs, U HAa 3KpaHC 3 MOXKHO Ha6JIIOI[aTI> PE3YbTAaT NX HAJIOKCHHUA, T.C. KAPTHHY I/IHTep(bepeH-
LIUH.

B npou3BoabpHy10 TOUKY M 3KpaHa MPUXOJAT ABE BOJHBI U BO30YKIAIOT KOJIeOaHUs

E,=E,-cosp, u E,=E_-cosp,,
pa3HOCTh (ha3 KOTOPHIX, COriacHo (2), paBHa
27 A 3)

O=Q1—@,= 1

riae A = (r; — ;) — pa3HOCTb X0/ Jy4el OT UCTOYHUKOB JI0 TOUKH M. AMIUTUTYAA Pe3yIbTH-
pyroliero kojebanusi B Touke M onpenensieTcsi BhipakeHueM
E2=2E,°-(1+c0s6),
a THTEHCUBHOCTh CBETa B JAHHOU TOYKE
| =2l,-(1+c0ss), (4)
riae lo — MHTEHCUBHOCTH OT KaKJI0T0 U3 UCTOYHUKOB B OT/ICJIBHOCTH.

Takum 0Opazom, pe3ynbTaT UHTEPHEPEHIINN 3aBUCUT OT BETMYMHBI COSO. [Ipu C0So = -1
MHTEHCUBHOCTH | = 0; COBOKYIMMHOCTh TaKUX TOYEK HA dKpaHe 00pa3zyeT psiJl TEMHBIX MOJIOC.
ITpu c0SO = 1 uHTeHCUBHOCTH MakcUMalibHa: | = | oy = 41g — Takue TOUKHU 00Pa3yIOT CBETIIbIC
MIOJIOCHI.

Kak u3BectHo, C0SO= 1 npu 0= 2kz u c0so =-1 npu 6= (2k + 1)z, tne k € Z. C yue-
TOM BbIpa)keHHU4 (3) MOIYyYUM yCIOBHUS HAOMIOAEHUS MAKCUMYMOB

A=kA (5)

n MI/IHI/IMYMOB
A= (2K + 1)-%_ (6)

Haiinem nosioxeHrne COOTBETCTBYIOIIUX TOUYEK, T.€. KOOPAUHATHI CBETJIBIX U TEMHBIX I10-
noc Ha 9kpane. HampasuMm ock Oy BepTHKaIBHO B TUIOCKOCTH KpaHa J; Havajao KOOPAUHAT CO-
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BMECTHM C IIEHTPOM HabJt01aeMoi KapTuHBI (cM. puc. 32). Bocrons3yemcs Teopemoit [uda-

ropa:
d 2
2 .
rl _ D2 +(y __] :

d 2
r22=D2+(yM +E) .

BrIrunTast no4seHHO IEPBOE YPABHEHHUE U3 BTOPOTO, MOJIYIUM

r?—r?=2yd
15R10
(rz+ry)(r2-ry) =2yd (7)

(31ech U B TaJIbHEHIIIEM UHJEKC «M» y KOOPJUHATHI UCCIEYEMOI TOUKHU OMYIIEH).

Paccrosane mexmy miensimu d cocTaBisieT MeHee 1wy, a pacCTOSHUE OT MIENeH 10 K-
pana D — HecKkoJIbKO J€CATKOB CaHTUMETPOB. [103TOMY MOXKHO C IOCTATOYHOM CTENEHbIO TOY-
HOCTH TOJIOXHUTh Beauuuny (rp + rp) ~ 2D. YuuteiBas Takxke, uro ( I - Fy) = A, npeoOpasyem
(7) x BURY

d
Koopaunatel cBETIIbIX MOJIOC HaljieM, oAcTaBisis (8) B yciioBue Makcumyma (5):
Y, = kDA
k d '

Hupuna naTepdepeHIIMOHHOM MOT0CH AY (pacCTOSTHHE MEXIY COCETHUMH MaKCHMY-
MaMU WIM MUHUMYMaMH) MOKET ObITh OIIPEIeIeHa KaK
DA

Ay=Yk+1_Yk=T-

[Tony4yeHHOE COOTHOIIICHHWE TO3BOJISIET O M3BECTHBIM pacctostausaM 0, D u Ay Haiitu
JUTUHY BOJIHBI U3JTYyUYCHUSI:

Ay -d
2="Y5 (9)
D
[TpumepHsIii BU HHTEP(HEPEHIIMOHHOM KapTUHBI OT IBYX IIeJieil oKa3aH Ha puc. 2.

Puc. 2
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JIi IpaKTHUYECKOTo OIpeieNeHHs IMUPUHBI MHTEPPEPEHLIIMOHHON TI0JI0CH HEOOX0IMMO HU3Me-
puTh paccTosiHue Ly, Ha KOTOpoM ykJaasiBaeTcs 1enoe ynciao N cBetbix nosioc. [upuna no-
JIOCBHI HAXOUTCS U3 OUEBUIHOTO COOTHOLLIEHUS

L
Ay = N (10)
y N

(uem Oonbire N, TeM TouHee OyIeT onpeneicHa BelIuunHa AY; B IPUBEICHHOM Ha pHC. 2 TpHU-
mepe N = 7).

4. Ilopsinok u3MepeHnii 1 00padOTKH pPe3yJIbTAaTOB

1. V3Hnaiite y npemnoaaBaTesisi HOMEp CBOETO BapuaHTa U ¢ nomouisio [Ipunoxenus 5 (B
KOHIIE OMKCaHMs K JaHHOU paboTe) ompeienTe HOMEp CBOEH J1ab0paToOpHON YCTAaHOBKHU.

2 . O3HaKOMbTECH C MpUOOpaMH HA paboyeM CTOJIe, PACIOJIOXKUTE UX B HY>KHOH IocJe-
JIOBaTEJIbHOCTU Ha ofHOU mpsimoii. [logkmiounte k cetn 650k nutanust bl nazepa. C momo-
nplo0 TymOnepa Ha manenu b1 BximouuTe jaszep. B eupmyanvHom eapuanme 1abopamopHou
pabomel  docmamouno npocmo Hadxcamv kHonky « Cemovy noo umaonucwvio «Jlazep (JI)» (cm.
PUCYHOK HUDICE).

Nazep [1] [MnacTHHEA co Wenardid dkpaH NuHedka Nazep (M)
HEurare

S
Mono#eHue £ >
W

Cete MpunosHTe CeTh

3. OcnabuB peryaupoBOYHbIN BUHT 4 mITaTUBa 2 U MepeMenias IacTUHKY [/ 1o BepTu-
KaJii, 10OeHTECh TOT0, YTOOBI JIa3epHBIN JIyd TOYHO IMOMaJiail Ha pEKOMEHI0BaHHYIO Mapy Iiie-
neit. 3apuKcUpyiTe 3TO TOJOXKEHHUE TUTACTUHKU BUHTOM 4. B gupmyanvHom eapuanme 1aoo-
pamopHol pabomul 07151 nepemeujeus: NIACMUHKY He0OX00UMO HANCUMAMb KHONKU-CMPETKU
«86epX»-«BHU3Y» NOO Haonucwlo «llnacmunka co wenamuy (Cm. pucyHOK 8vliie).

4. YcraHoBUTe 3KpaH O Ha TaKOM PACCTOSHHMM OT IJIACTUHKH [/, 4TOOBI HaO/IIOAaIacCh
YyeTKas KapTuHa UHTep(EPEHIINH C XOPOIIO Pa3TNIUMbIMU CBETJIBIMU (KPAaCHBIMHU) U TEMHBIMU
noyiocaMu. B eupmyanvnom eapuanme 1a00pamopHol pabomul 0/ nepemeujeHusl SKpaHa He-
00X00UMO HAXHCUMAMb KHONKU-CIMPETKU «BNPABON-KBIEB0» NOO HAONUCHIO «IKPAHY(CM. pucy-
HOK @blule).

5. Onpenenute paccrosiHue Mexay mensmu d. B supmyanshom eapuanme nabopamop-
HOU pabomwl paccmosinue d yoice usmepeHo u e2o 3HaueHue 6bleedeHo B OKHO paboThL. /anHoe
3HaueHue 3a8Ucum om napul weiel, Ha KOmopwvle HA8eOeH 1a3ePHbIU 1YY (CM. PUCYHOK HUICE).
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6. C moMOIIbI0 CAHTHMETpPA WU PYJIETKH U3MEPhTE paccTostHre D Mexmy miacTuHkoi 17
1 3KpaHoM O (T.e. MEXy IEHTPaMHK MTATUBOB 2 U 3). B supmyanvhom sapuanme 1abopamop-
Hou pabomul paccmosinue D yoice usmeperno evli6edeno 6 okHo pabomwi (CM. pUCyHOK vlue).

7. 3anecute BenmuuHbl d 1 D B COOTBETCTBYIONIUE CTOIOLBI TAOIHIIEI 1.

Ta6nuna 1
Homep | dmm | Domm | N | Ly,MM | Ay,Mm A HM A4 = (A, )2 ,
OTIbITA A — A HM HM’
1
2
3
4
5
6
6 6
/T=12/1, = >(A4) =
6 i=1 i=1

8. [Ipunoxkute K 9kpany O MHHEWKY. TImareapHO OTCUNTANTE BO3MOKHO OOJIbIIIEe YHCIIO
cBeTbIX mosioc N 1 u3MepbTe pacCTOSHUE MEXAy HUMH Ly, Kak oKa3aHO Ha pucC. 2. 3HAYeHUS
N u Ly 3aHecute B TaOnuiy. B supmyanvHom eapuarnme 1abopamopHol pabomsl OJis usmepe-
HUSL PACCMOSIHUSL MEHCOY WeTISIMU HEOOX00UMO Haxdcamb Ha KHONKY «lIpunosicumuvy noo Haonu-
coto «Jlunetixay. Ilocie smozo 6 okHe pabomvi NOAGUMCA MULIUMEMPOBAST TUHEUKA, KOMOPYIO
MOJHCHO 08U2AMb KHONKAMU-CIMPEIKAMU «BBEPXH-KBHU3ZY U «BNPABON-(BILEGON.

9. U3menure paccrosiaue D mexay mensimu u skpanom. [loropuTe . 6-8.

10. [ToBTopuTe n. 3-9 ¢ emie AByMsl peKOMEHJOBAaHHBIMU MapaMHu I1eseil (o0iee ynucio
OTIBITOB JOJKHO OBITH PABHBIM IIECTH).

11. JInst Ka)Ka0ro U3 onbITOB paccuntante o ¢popmyse (10) mupuny nHTEpPEPEHITNOH-
HOI moJIochl Ay, a 3aTeM — JJIMHY BOJIHBI M3nydeHus A mno gopmyne (9). PesynapTaTs pacyeToB
3aMuUIIUTe B TaOIUILy, IEpEeBE/s 3HAaUeHUEe A U3 MM B HM.
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12. Beruuciure cyMMy HaiJICHHBIX 3HAYCHUN A U ONPENeNIUTe ee CpeaHee 3HAaUCHUE ] .

13. BelnosiHuTE BCE pacyeThbl, HEOOXOIUMBIE [l OLIEHKH CIIy4ailHOM IMOTPEIIHOCTH U3-
MEpeHUs JUIMHbI BOJHBI Ag A. CHavana HaiiiuTe CpeqHIO KBaIpaTUUHYIO OIPELIIHOCTh
6
>.(a% )"
i=1
n-(n-1°
rae N=6.3aTeM BBIYUCINUTE BEIMUMHY CIYYailHON MOTPEIIHOCTH

AA=t,,-0,,

rae koa¢pduuueHt CThIoJeHTa NpU N=6 U3MEPEHUN €CTh IPU JOBEPUTEIBHOM BEPOATHOCTH
o = 0.95 paBen

t,, =2.57.
14. OnennBaeM MpuOOPHBIE TOTPEITHOCTH MPSAMBIX HW3MEPCHHUIA:
oy =0.5Mm
od =0.0005 mm
oD =0.5mm
OTHOCHUTENTBHBIC TIOTPEITHOCTH TIPU 3TOM PaBHBI
o
" min(Ly)’
A
~min(d)’
oD
~ min(D)’
15. HaxonuM aGCoMIOTHYIO TPUOOPHYIO MOTPEITHOCTh KOCBEHHOTO U3MEPECHHUS JTHHEI
BOJIHBI OA 110 hopMmyie

Eq

Ep

- 2 2 2
SA=7 ~JE 2 +E +Ep
16. OniennBaeM MOYIIMPUHY JOBEPUTEITHLHOTO HHTEPBaia AA U 3alUChIBAEM OTBET

AL =\ AN + 61

17. 3anmceiBaem otBeT B hopMe A=A = AL,

5. KoHTpOJILHBIE BONIPOCHI

1. Tlonstue uHTEephEepEHIIUU CBETOBBIX BOJIH.

2. KorepeHTHBIE CBETOBBIC BOJIHBI.

3. YpaBHeHUE )i BEKTOpAa HAMPSHKEHHOCTH AJIEKTPUYECKOTO TOJIS B TUIOCKOW MOHO-
XpOMAaTUYECKON CBETOBOI BOJIHE.

4. YpaBHeHUE IJIT MHTCHCUBHOCTH CBETa MPHU HAJIOKCHUH JIBYX CBETOBBIX BOJH OJMHA-
KOBOM YaCTOTHI.

5. VYcrmoBue MUHHMYMOB M MaKCHMYMOB MHTEHCHBHOCTH CBETa MPH MHTEP(PEPEHIINH.
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6. Ilouemy peanbHBIE HCTOYHUKH CBETA HE MOTYT UCITyCKAaTh MOHOXPOMAaTHYECKHE BOJI-
HbI?

7. Tlouemy nBa pa3HbIX UCTOYHHMKA PEAIBHOTO M3JIyYE€HUS HE MOTYT ObITh KOI'€pEHTHBI-
mu?

8. B uem cocrout onbIT o KOHra Habmonenno nuTeppepeHnn?

9. ®opmyia 411 KOOpAUHAT MaKCUMYMOB B onbiTe FOHra.

10. ®opmyna as paccTOSIHUS MEXKIY COCETHUMU MakCUMyMaMH B onbiTe FOHra.

11. Ilo xako#t ¢popMyJie B JaHHOU paboTe Il KaXKAO0r0 U3 OIBITOB PAaCCUUTHIBACTCSA LIHU-
pUHa UHTEPPEPEHLIMOHHON NOJIOCHI AY?

12. Tlo xako¥t hopMyIie B TaHHOM paboTe AJIs KasK0TO U3 OMBITOB PACCUUTHIBACTCS -
Ha BOJIHBI U3Ty4YCHUS A?

13. IIpocTeie 3amaun Ha UHTEP(PEPEHITUIO CBETA.

Ilpunosicenue 5
BapuanTsbl k 1a0opaTopHoii padore 5.1

Howmep BapuanTa (IOps,IKOBBIA HOMEP B )KypHAJIE) Howmep ycTaHOBKHM
1 4

|
(6]
R OO OWNREFPOIOHPARWNIFRPOOHHPAWNEPOIOIAWNIEFLIO O

65



29

N

30

66




Jlaboparopnasi padora 5.2
N3yuyenue nudppakuum ceera
HA OJIUHOYHOM IIeJIU U TU(PPAKIMOHHOU pelIeTKe

1. TeopeTnueckue CBeICHUA

Ob6mme cBenennsi 0 AMPppaKkuum CBeTOBbIX BOJH. [loa dughpakyueii ceera moHUMAIOT
BCAKOE OTKJIOHEHHE CBETa OT MPSIMOJMHEHHOTO PacIHpoCTpaHEHUs, €CJIM OHO HE MOXET ObITh
UCTOJIKOBAHO KaK pe3yibTaT OTPAKECHHUS, MPETIOMJICHHUS WM U3rMOaHMsI CBETOBBIX Jyded B
cpellax C HENpephIBHO MEHSIOIIMMCS IOKa3aTeneM mpenomiieHus. Ecnu B cpene UMErOTCs
MeJTbYalilie YacTUIlbl TOCTOPOHHETO BEIIECTBA WM MOKa3aTeslb MPEJIOMIICHUS 3aMETHO MEH -
€TCSl Ha PACCTOSIHUSX MOPSAKA JUIMHBI BOJHBI, TO TOBOPSIT O PACCEIHUM CBETa U TEPMHUH "NH-
bpakuus" He ynotpebnsercs. Judpakmusa, B 9aCTHOCTH, TIPUBOJUT K OTHOAHUIO CBETOBBIMU
BOJTHAMU TIPETIATCTBUI W NMPOHUKHOBEHHUIO CBETa B 00JIAaCTh TeOMeTpuieckoil Tenu. Jljis Ha-
omonenns TUpakIuy cBETa HEOOXOIUMO CO3/IaHHUE CIIEIIUATBHBIX YCIOBUMA. JDTO 00YCIIOBIIE-
HO MaJIOCTBIO JIJTUH CBETOBBIX BOJIH.

Camoe oO1ee onpeaenenue qudpaxkuuu — craenyouee. Jugpakyuei navieaemces co-
60KYRHOCMb A61EHUIl, HADII00AeMbIX NPU PACHPOCMPAHEHUU C6ema 6 cpeoe C Pe3KUMU He-
00HOpOOHOCMAMU (Hanpumep, 601U3U ZPAHUY, HENPOZPAYHBIX UIU RPO3PAYUHBIX MeETl, CKE8O3b
Majiple OmMeepcmus u m.n.) U CA3AHHBLIX ¢ OMKIOHEHUAMU NPU PACRPOCMPAHEHUU Céema
Om 3aKOHO08 2e0MempPuiecKoll ONMuKu.

Mexny unTepdepeHnret u nudpakiueit HeT CyIEeCTBEHHOrO (U3UYECKOTO PazIuyusl.
O06a sBIEHUS 3aKJIIOYAIOTCS B MEepepaclpeIeICHU UHTEHCUBHOCTH CBETa B pe3yJbTaTe Halo-
*eHust BoJiH. [lepepacnpenenenue, BO3HUKAIOIIEE B Pe3yJIbTaTe CYNEPIIO3ULIUUA BOJIH, BO30YX-
JTAEMBIX KOHEYHbIM YWCIIOM JUCKPETHBIX UCTOYHUKOB, Ha3bIBaloT HHTEpPepennueit. [lepepac-
npeeeHre, BO3HUKAIOIIEE BCIEJACTBUE CYNEPHO3UIIMU BOJIH, BO30YKIA€MbIX KOT€PEHTHBIMU
HMCTOYHUKAMU, PaCIOJIOKEHHBIMU HeNpPepbléHO, HA3bIBAIOT TU(PPaKIIHCH.

Cxema HaOmoAeHUS AUPPAKIMU TaKOBA: HA IMyTH CBETOBOM BOJIHBI MOMEIAIOT Mperpa-
ny. 3a mperpajiol pacrnoJiaraloT 3KpaH, Ha KOTOPOM HaOI0Aal0T AUGPAKIIMOHHYIO KApTHUHY.
Paznuyaror nBa Buja audpakiuu. Eciu HCTOUYHHMK CBETa M TOUYKA HAOJIOACHUS PACIIOIOKEHBI
HACTOJBKO JAJIEKO, UYTO JIy4YH, MaJarollue Ha MPENATCTBUE W WAYIIME B TOYKY HAOJIOACHMUS,
00pa3yloT MOYTH MapajijiesibHbIEe My4YKH, TO TOBOPAT O nudpakuuu @payuzoghepa. B npotus-
HOM citydae — o nudpakiuu Ppenens.

Besikas nudpakimonnast 3ajada, eciy €€ paccMaTpUBaTh CTPOTO, CBOJUTCS K PEIICHHUIO
ypaBHeHUN MakcBeiia, Ipu OMNPECTICHHBIX TPAaHWYHBIX ycloBUsX. OJHAKO Takue 3aaadu
CJIOXKHBI. B onTuke 3HauUMTENHHO OOJIbIlIee 3HAYEHNUE UMEIOT HECTPOTUE METOJIbI PEIICHUS JTH-
(GpakMOHHBIX 3aJlay, OCHOBaHHbIE Ha mpuHIMNE [roiireHca,
000061meHHOM DpeHeneM.

Ilpunyun [I'toiicenca omnpenenser Ccrnocod MNOCTPOSHUS
(GbpoHTa BOJHBI. BoiHoebim hponmom Ha3bIBACTCS T€OMETpUYE-

CKO€ MECTO TOYEK, JI0 KOTOPBIX JIOIIA BOJIHA B HEKOTOPBIN MO- A
MEHT BpeMeHHu. Hanpumep, B ciiydae U3TydyeHHs] BOJH TOUCYHBIM A,
HMCTOYHUKOM B OJHOPOJHOM cpelie, BOJTHOBOU (pOHT Oyner
MPEJCTaBIATh CO00M chepy ¢ EHTPOM B TOUKE, COBMAAOIICH C y — ~ |
MOJIO’)KEHUEM HCTOYHUKA CBETa M PaJdyCOM, PaBHBIM IPOU3BE- ‘ \
JIEHUIO CKOPOCTH CBETA B BEIIIECTBE HAa MHTEPBAJ BPEMEHHM MOCJE Haydaja U3IydyeHus. AHajo-
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THYHBIM 00pa30M MOKHO MOCTPOUTH BOJHOBOW (PPOHT ((hPOHT BOIHBI) I MPOU3BOJIBHOTO UC-
TOYHHKA. B yacTHOCTH, BOJIHOBBIM (PPOHTOM OECKOHEYHOMN IMIOCKOCTH OYIET MIOCKOCTh TOH-
KON OECKOHEYHOW HUTU — KOaKCHUaJIbHbIE IWJIMHJPHI U TaK Jajee. B mpuBeaeHHBIX mpuUMepax
TOBOPSAT O ChEepUUECKUX, IUIOCKUX WM HUIMHAPUYECKUX BOJIHAX, UMes B BUILY (hOPMY BOJHO-
BOro (ppoHTA.

Pacnipoctpanenuie cBeTOBBIX BOJH ['TOHTreHC OOBACHSII TaK: KakJas TOYKa, O KOTOPOi
JOXOJUT BOJIHA, CIY’KUT LEHTPOM BTOPUYHBIX BOJIH. [IpuHuumn ['tolirenca yctaHaBIMBAaET CHO-
€00, ¢ MOMOIIbI0 KOTOPOTO MOKHO IMOCTPOUTH (PPOHT BOJIHBI B MOMEHT BpeMeHHu t+At, ecnu usz-
BECTHO IOJIOKEHHE (DPOHTA B MOMEHT BpeMeHH 1.

[TycTh TOYeuHBI MCTOYHUK CBeTa S M3nydaeT chepuueckyro BoiHy. Eciu B MOMeEHT
BpeMeHu t BoHa JoiaeT 10 KpaeB oTBepcTusi AB, To 3TO O0TBEepcTHE BBIPEKET W3 BOJIHOBOTO
¢ponrta yuyactok ABB. Eciu mocTtpouth M3 Kakaod TOUKH 3TOTO ydyacTka cepbl paguycom
C-At, To orubaromias TuX cep OyJeT yKa3blBaTh MOJOKEHUE (PPOHTA BOJIHBI B MOMEHT BpeMe-
HU t+At (yuactok A;biB;). B3sB 3T0T PpoHT 3a MCXOAHBIN, MOXKHO TOCTPOUTH HOBBINA BOJIHO-
Boll ppoHT — A,b,B,. Crneayer oTMETUTh, YTO MOJOOHYIO MPOLEAYPY MOKHO MPOBOJUTH U B
orcyrcTBue nperpanasl. [IpuHnun [rolireHca He JaeT HUKaKUX yKa3aHUM OTHOCUTEJIBHO UHTEH-
CUBHOCTH BOJIH, PACIPOCTPAHSIOIIUXCS B PA3JIMYHBIX HAIIPABICHUSX.

Wrak, npunnun [rolireHca MOXXHO CHOpPMYIUPOBATH CIEAYIOIMIMUM 00pa3oM: Kajcoas
MOoUYKa, 00 KOMOPOU 00XOO0UM BOJHOBOE BO3MYUEHUE, CIVHCUM YEHMPOM GMOPUYHBIX BOJIH,
npu 3MoM 02udarowias dMux 60JH YKA3vleaem NoaodceHue Gponma 0aHul 8 CAeOVIOWUL MO-
Mmenm eépemenu. B Takom BujJie npuHUIMN [toiireHca ecTh He 0ojiee YeM T€OMETPUUECKUN CIIO-
co0 MOCTpOEHUsI BOJHOBBIX (POHTOB. BO Bcex MpUMEHEHUSAX BTOPUYHBIE BOJIHBI BHICTYAIOT HE
KAaK peajbHbIe BOJIHBI, & KaK BCIIOMOTaTeNbHbIE C(epbl, UCIOJIb3yEeMbIE Il TAKOTO MOCTPOe-
HudA. OcTaeTcss HESCHBIM, MOYEMY MPU PACIPOCTPAHEHUH BOJHBI HE BO3HHMKAET oOpaTHasi BOJI-
Ha.

@peHenpb onoiaHuA runoredy ['rolrenca, cieayromuyM MpUH-
numoM. Kaxayro Touky, 0 KOTOpO# J0IIa CBETOBAsk BOJIHA, MOXKHO
paccMaTpuBaTh KaK HCTOYHMK BTOPUYHBIX BOJIH, PacIpPOCTPAHSIO-
LIMXCSl BO BCEX HAIIPABJIEHUSAX. JTH BOJHBI KOTE€PEHTHBI, IIOCKOJIBKY
BCE OHM BO30YKIAIOTCS OJHUM M TEM K€ NEPBHUUYHBIM HCTOYHHUKOM.
CeTOBOE T0JIe, BO3HUKAIOIIEE B pe3yibTaTe X HHTEpdepeHuuu,
COBMNAJAECT C IIOJIEM pPEAJbHBIX MCTOYHHUKOB cBeTa. [Ipunumn I'tou-
reHca, JIomnoJiHeHHbI @dpeHenem, MOAy4YuI Ha3BAHUE HPUHUUNA
T'touizenca-@penens.

Takum o6pazom, npunuun Iroiirenca-dpeHenss MOKHO CHOPMYIUPOBATH CIETYIOITUM
o0pa3oM: KaxAblil 3JIeMEHT BOJHOBOI0 (DPOHTA MOKHO pPacCMATPHBATh KAaK LEHTP BTO-
PUYHOI0 BO3MYIIEHUSI, MOPOKIAOIIEIr0 BTOPHUYHbIE c(hepuuecKHe BOJIHBI, a pe3yJbTH-
pymoliee CBeTOBOE MOJie B KAaXKA0H TOUYKe MPOCTPAHCTBA OyleT omnpeaeJsiThcsi uHTepde-
peHIMeH ITUX BOJIH.

Crnenyer OTMETUTh, YTO, ONIUPASICh HAa NpUHLHII [ toiirenca-dpeHenst, MOKHO BBIYHMCIIATD
MHTEHCUBHOCTbH BOJIHBI B TU(PaKIMOHHBIX 3a/layax. Permienne Au@pakiOHHOM, KaK U UHTEp-
(hepeHITMOHHOM, 3a7a4d 3aKJII0YaeTCsS B pacyeTe MHTEHCUBHOCTH B JII0O0OH TOUKe MUDPaKIIHOH-
HOUW KapTHHBI.

PaccmoTpuM kakoil-mubo 3KpaH ¢ OTBEPCTUEM, Yepe3 KOTOPOE MPOXOIUT CBET OT UCTOY-
HuKa. [lycTh HCTOYHUK TOYEUHBINH U MOHOXpOMATHYECKui. Pasmepsl oTBEpCTHS MHOTO 0OJIbIIE
JUTMHBI BOJIHBI majaromiero ceera. [log £ OyaeM MoHMMAaTh aMIUIUTYAY OAHOW M3 KOMIIOHEHT
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BCKTOpa E nim B BJICKTpOMaFHI/ITHOFO I10J1 BOJIHBI. 3a,uaqa COCTOUT B OHpeI[eJ'IeHI/II/I aMIIJIN-
TYZAbI BOJHBI B JIFOOOM Touke P 3a skpaHoM. I[Ipeamnonoxum, 4To aMIuiMTy1a KojaebaHui B TOY-
KaX OTBEPCTHUS TaKOBa, KakOW OHa ObLTa ObI, eciu Obl SKpaHa He ObLIO, a Ha DKpaHE paBHA HY-
mro. [Ipu 3TOM uznuecKkue CBONCTBA 3KpaHa He y4UThIBatOTCs. CyliecTBeHHA TOJIBKO (hopMma
Kpasd OTBCPCTUA. OHBIT ITOKA3bIBACT, YTO TAKOC IIPCAIIOJIOKCHUC CIIPABCIJINMBO, CCJIIM PA3MCPLI
OTBCPCTHA, PACCTOAHHUC OT 3KpaHa OO0 MCTOYHHUKA, a4 TAKXKC OT 3KpdHa A0 TOYKH Ha6JIIOI[€HI/ISI
BCJIMKH I10 CPAaBHCHHIO C ,ZUII/IHOI71 BOJIHBEI.

Paznenum moBepXxHOCTH (2 OTBEPCTHS HA JIEMEHTApHBIC YUACTKH TUIONIaapio dQQ, Maibie
[0 CPABHEHUIO C pa3MepaMu OTBEPCTHS, HO OOJIbIIIKME IO CPABHEHUIO C JUIMHOM BoJIHBIL. Hampsi-
JKCHHOCTD IIOJII Ha HCKOTOPOM J3JICMCHTC dQ STOU ITOBCPXHOCTH 6y,ZIeT

E = E,cos(at +6). (1)

[Tpu BeIUmMCIIeHNH BKIaaa B Ep ot yuacTka d(2 Hy»kHO ydecTh U3MEeHEHHE (Da3bl U aMILTH-

TyAbl BTOPUYHOM BOJIHBI IPH €€ PACIPOCTPAHEHUH. DTO NPUBOJUT K BBIPAKEHUIO

dE, = (@)-%dQ-cos(mHﬁ), B

rae K(®) — dyHKIMs, YIUTHIBAIOIIAS 3aBUCHMOCTh aMILIUTY/ bl BTOPHYHBIX BOJH OT ©.
Beanunna

dE, = (@)-%dQ (3)

SIBJISIETCS. aMIUIUTY10M BTOPUYHOM BOJIHBI B TOUuke P.
[Tonnoe mone Ep B Touke P OyneT npeactaBisTe coOOM CyNepro3uuIo Mojiel BTOpUY-
HBIX BOJIH OT BceX AeMeHToB dQQ Bceit moBepXHOCTH (2

Ep = [dE,.
Q

C ucnosb3zoBaHueM (3) mosyyaem:
EpzjdEpK(@))-%dQ. (4)
Q

®opmyna (4) sBIgeTca MaTeMaTH4ecKoll GopmynupoBkoil mnpuHImMna [roiireHca-
OpeHens.

Judpaxuusa PDpaynrodepa na meau. Judbpakuuonnsie siBnenus Dpaynrodepa
UMEIOT B ONTHKE 3HAYUTENBHO OOJIblIee MPaKkTUUYEeCKoe 3HaueHue, yeM audpaxius dOpenens.
' .. OJTO CBSI3aHHO C TeM, 4TO mpu Audpakumu PpeHens pac-

: CTOSIHUSI OT MCTOYHHUKA JO MNPEMSTCTBUSA U OT MPENSATCTBUS
70 2KpaHa JIOJKHBI OBITh CPAaBHUMBI C pa3MepaMH 3TOTO
OpEensSTCTBUA. A TMpU MPAKTUYECKOM OCYIIECTBICHUHU [U-
dpaknuu dpayHrodepa HCTOUYHUK CBETa S IMOMEIIAETCS B
Vi, ¢doxyce nuu3bl L;. Iudpakius Bo3HHKAeT Ha KakoMm JHOO

npensatcTBuu AB, mocTraBieHHOM Ha MyTH Jy4Yel, MpoIIe-
mux yepes nuH3y L. JudpakuronHas kapTuHa HaOm0aeTcs B POKAIBbHOM MIIOCKOCTH APYTron
JIMH3EI L.

A

e
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[TpocreitiuM 7151 pacyeTa M MPAaKTHYECKH OYE€Hb Ba)KHBIM CIIydaeM sIBisieTcs audpak-
nusi @payHrodepa Ha JIMHHON MPAMOYTOJIbHOM mienu. st onpeneneHus MOI0KEHUST MUHU-
MyMOB U MaKCUMYMOB JAU(PPAKIMOHHOW KapTHUHBI MOXHO BOC-
MOJIb30BaThCs MeTo10M 30H ®Dpenens. Pa-
300b€M pa3HOCTh XOJa MEXAYy JIy4amH,
UIYIIMMU OT KpaeB 1enu Ab miockocTs-
MU, MapajuienbHbIMu MmockocTu bB. Pac-
CTOSIHHE MEXIY COCEHUMHU MIOCKOCTSIMU
npumMeM A/2. DT TJIOCKOCTH Pa300bIOT
mienb Ab Ha 30HBI DpeHensa B BUE MOJIO-
cok mupuHou A/(2sinB). Ceet oT IBYX CO-
CEIHUX 30H OyJeT MPHUXOAUTh B MPOTHUBO(A3e, TO €CTh TaCUTh ApYr Apyra. Takum oOpazom,
ecnu Ha yyactke AB ykiaabIBaeTCsl 4ETHOE YMCIO TOJYBOJIH, TO HA 3KpaHe HaOIIOAAeTCs MU-
HUMyM. Ecnu jxe pa3HOCTh X0/1a paBHAa HEYETHOMY YHMCIIY HOJIYBOJIH, TO HaOIIOIa€TCd MAKCH-
MyM UHTEHCUBHOCTH.

b-sin@=(2m+1)-

— MaKCUMYM WHTEHCHUBHOCTH, 1)

N |

b-sin8=2m % — MUHAMYM UHTCHCUBHOCTH. (2)

[lepBerii MuaumMyM (M = 0) ompenenseTcss YCIOBHEM Siné’:%. Ecmu A/b<<1, 1O

6~ Ab. Mexxay MUHIMyMaMy WHTCHCUBHOCTU HaXOJMSATCSI MAKCHMYMBI PAa3JTMYHBIX TTOPSIKOB.
3HaYeHNE UHTCHCUBHOCTH B MaKCUMyMax ObICTPO yObIBaeT ¢ yBenmdeHreM M. OCHOBHAS 4acTh
CBETOBOT'O IMIOTOKA COCPEIOTAYUBACTCS B IIEHTPAIBHOU ToJ10ce. [Ipy yBenrueHN: MUpUHBI 1Ie-
J¥ yMEHBIIAETCs IUPHUHA MaKCUMyMa. BbicoTa MakcMMyMa MHTEHCHUBHOCTH MPOMOPIIMOHAIIb-
Ha KBaJpaTy MIMPHHBI menu. [Ipu Cy)KeHUU 1Iedn KapTHHA pacuimpsiercs, U npu b ~ A 1meH-
TPaJTBHBIA MAKCHMYM OXBAThIBACT BCE IOJIC 3PCHHSI.

Ecnm mmockast BoJTHA MajaeT Ha MIedbh HAKIOHHO MO YoM 0’ K HOpMaid, TO Pa3HOCTh
X0/a MEXly BTOPUYHBIMH BOJHAMH, PACIPOCTPAHAIONIUMICS B HampapieHuu 0, Oyner paBHa
b-(sin 6 —sin 0'). YcnoBue audpakiMOHHBIX MUHUMYMOB W MaKCUMYMOB B 3TOM CIIy4ae CO-
OTBETCTBEHHO UMEET BH/]

b-(sin@—sin 0')=(2m+1)-

— MaKCUMYM MHTEHCHUBHOCTH, (3)

N |

b-(sin@—sing)=2m- %— MUHUMYM WHTCHCHUBHOCTH. 4)

[Ipu 3TOM LIEHTPAIBHBIM MAKCUMYM OyJE€T HaXOJIUTHCS B HAPaBJICHUU MaJal0NIei BOJI-
HBI, TO €CTh ipu O = 4.

OTtMeTuM, 4TO pacueT MOJOKEHUs NU(PPaKIMOHHBIX MAKCUMYMOB U MUHUMYMOB C TIO-
MOIIIbIO 30H DpEeHes SBISETCS MPUOMKEHHBIM. TOYHBIN pacdeT, KOTOPhI MOMKET OBITh Clie-
JJaH C TIOMOUIBK0 HEMOCPEACTBEHHOIO MpUMEHEHUs npuHuuna Iroirenca-Openens s HOp-
MaJIBHOTO MAaJ€HUsI CBETOBOM BOJIHBI, JACT:

=1 B2 ©)
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b . . .
rae CI):Tsm 0, |, — MHTCHCUBHOCTb CBETOBOI BOJIHBI, PAaCIPOCTPAHSIOMIECHCS OT ILIENIH

NEPIEHIUKYJIAPHO, |, - MHTEHCUBHOCTH CBETOBOW BOJHBI, PACIPOCTPAHAIOILEHCA OT IIENIU

nox yriom 6. ®opmyna (5) AaeT MOJOKEHUS MUHMMYMOB, COBIAJAIONINE C MOJOKEHUSIMM,
onpenaensieMblMu yciaoBueM (2). IlonoxeHus: MaKCUMyMOB ONPEIEIISIIOTCS TPaHCLIEHAEHTHBIM
YPaBHEHUEM

tan® =D,
pelIeHUsT KOTOPOTro coBmaaaroT ¢ (1) ToIpko MpUOIHKEHHO.

JAudppaxkunonnas pemrerka. J(MPppakunoHHOW pEeNIETKON HA3bIBAIOT COBOKYITHOCTh y3-
KHMX [MapajuIeJIbHbIX LIENeH, HAXOMSIIMUXCS Ha HEOOJIBILIOM PACCTOSHHUH JIPYT
or apyra. Ha mpakruke InpakiMOHHBIC PEIICTKU MPEACTABISIIOT COO0H _ %;
CTEKIISIHHYIO HJIM METaJUINYECKYIO IIOBEPXHOCTh, HA KOTOPYIO HAHOCAT MHO- ___ ©—>
KECTBO PABHOOTCTOAIIMX IITPUXOB. IIpocTpaHCTBO MEX Iy IITpUXaMH UIpa- _ p éz
€T poJib ILEJIH, & CAMH IITPUXU — HENPO3pavyHOro sKkpaHa. JudpakunoHHas — - A %
pelieTka XapakTepu3yeTcs IUPUHOM Ienu D, MUpuHON ImTpuxa a, Mepuo- — %;
nom pemetku d = a + b 1 konmvecTBom mieneit N. — a é

Brisichum xapakrep Au(ppakiiMOHHOW KapTUHBI, MOIYYalOIIENncs Ha 9K- — 0

paHe Mpu NEepIEeHIUKYISIPHOM MaJeHUH Ha PEIIETKY IUIOCKOW CBETOBOU BOJI-
Hbl. [lo npunnuny I'toiirenca-dpenenst BTOpUUHbBIE BOJIHBI OyAyT paclpoCTPaHAThCS OT LIeien
PELIeTKU MOJ pa3HbIMH yriaMu. BeibepeM TOJBKO Te Jy4d, KOTOPBIE BBIXOJAT U3 PA3HBIX IIe-
JIed pelIeTKH MO HEKOTOPBIM YIIIoM ¢ . OCBEUIEHHOCTh KaX/I0M TOUKH 3KpaHa OyaeT 3aBUCETh
OT UHTEHCUBHOCTH CBETA OT KaXKJOr0 My4YKa U OT pe3yJabTaTa HHTEPPEPEHIINH I3TUX ITyYKOB.

Pe3ynbrar nHTEpPEpEeHLINN Tydeil OT pa3HbIX IIeeil OyAeT 3aBUCETh OT Pa3HOCTH (a3, ¢
KOTOpOW IMyYKH HaKJaJbIBAIOTCSA JPYr Ha JApyra B (OKalIbHOM IUIOCKOCTH JIMH3BIL. [lpu MoHO-
XpOMaTHYECKOM HCTOUYHUKE CBETa Pa3HOCTh (pa3 B TOUKE BCTPEUU COCEAHMX ITy4YKOB OyIeT 3a-
BHCETH OT Pa3HOCTH X0/1a COOTBETCTBYIOUIUX JIy4el U JUIMHBI BOJIHBI.

OnTuyeckas pasHOCTb X0/a paBHa A = (a+ b)Sin @. Eciin A paBHO 4ETHOMY YHCIY IT0-
JYBOJIH, TO COCEHUE MYyYKH HAKIIAJbIBAIOTCA APYr Ha Jpyra B OJHOW (aze U aMIUIUTyAa pe-
3yJBTUPYIOLIEr0 KoJieOaHusi B Touke M Ha skpaHe, rie coOHuparoTcs Jy4yu, HIyIIHE OT BCEX
niesied pemeTrkyu OyneT paBHAa CyMME aMIUIUTYJl KOJeOaHUW, CO3AaBAEMBbIX KaXKIbIM ITyYKOM.
JUis HaripaBJIeHUM, ONPEENIIEMbIX 3TUM YCIIOBUEM, KOJIeOaHUs OT OTAEJbHBIX IIesiel B3aUMHO
YCUJIMBAIOT JIPYT ApYra, BCIEACTBUE YEro aMIUIMTYAA KOJIeOaHUH B COOTBETCTBYIOLIEH TOUKE
9KpaHa paBHa A, = NA(/,, rae A(p — aMIUTATYJa KoJeOaHuH, MOChIIaeMbIX OJHOM IIENIbIO 1101

YIJIOM @. A MHTEHCHBHOCTb CBETOBBIX KoJIeOGanuit Oymer B N? GoJblile HHTCHCHBHOCTH J o

CO371aBa€MOM B HAIIPABJICHUH (p OJHOM Mebi0. TakuM 00pa3oM Mbl UMeeM
. A
(a+Db)sin @ =2k '~ * YCUIOBHE MAKCHMyMa.

DTO ycioBUE ONPENEISeT NOJI0KEHUE MAaKCUMYMOB MHTEHCUBHOCTH, HA3bIBAEMBIX IJIABHBIMH.
Yucno K maet mopsaok riaBHBIX MAaKCUMYMOB.

B npomexyTkax MeXIy COCEIHUMU TJIaBHbIMU Makcumymamu umeetrcss o N —1 noba-
BOYHOMY MUHUMYMY. DTH MUHUMYMBbI BO3HUKAIOT B T€X HANpPABIEHUSX, ISl KOTOPBIX Koyeba-
HUS OT OTJIEJBHBIX IleJIel B3aMMHO NoramaroT Apyr apyra. Hanpasnenus: 1060aBOYHBIX MUHHU-

. m
MYMOB OIPEIEINISIOTCS U3 ycoBus dsin ¢ = Nl WU
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Ndsing=mA,

rie MIpUHUMAET BCe IeiounciaeHHbe 3HadeHus, kpome 0, N, 2N,..., T.e. Koraa BBITOTHICTCS
ycaosue dsin g =KkA4.

I NHTEeHCUBHOCTH CBETa, pacrpocTpa-
HSIOIIETOCS O] YIJIOM (0 K HOpPMaJlU I10-
cie JUdpaKIuy Ha TPaBIIIBHON CTPYKTYpe
3 N meneid, ompeaensercs BbIpaKEHHUEM
(KoTOpOE MBI TIpEeICTaBIIsIeM 0€3 BBIBO/IA):

A0 sin @ \’('sin N¥\’
Feng l=to =y | "oy )
sin

JludpakimonHas KapTHHA UMEET BUJI, TOKa3aHHbBIN Ha PUCYHKE. 37€Ch CIICIyeT YIUThI-
BaTh, YTO TJIABHBIH MAKCUMYM OIPECIICHHOTO MOPSIKA MPONaaacT, €CIIU ero MOJOKCHHE COB-
naJaeT ¢ KaKUM-HHOYIb MUHUMYMOM JAH(DPaKIIHOHHOW KAPTHHBI OT OHOM I (YCIOBHE MH-
HUMyMa bsin g =kA1).

Cremyer 3HATh M IOMHHUTH, YTO AH(PaKIMOHHAS KapTHHA B JAHHOM ClIydae SBISCTCS pe-
3yJITATOM ABYX MPOIECCOB: TUGPAKIIUU CBETA OT KaKIOH OTACIBHOMN IIeIH B HHTEP(PEPEHIIUH
CBETa OT BCEX IIIEIICH.

b . zd .
rie =—-=sInep, Y=—-=:IN0p.
Ao Pl

2. Hean padoTbl. CxeMa IKCIIEPUMEHTAIBHOI YCTAHOBKH

[enbto paboOTHI SIBIISETCA:

1) HaOoieHre KapTuHbI Audpakiimu OpayHrodepa OT OAMHOUHOM IIETH U AUDPaKIU-
OHHOM pEeIIeTKH B MOHOXPOMATUYECKOM CBETE;

2) SKCIIEPUMEHTAIILHOE OMNpECIICHUE IMUPUHBI SN U Mepuoaa TUPPaKIUOHHON pe-
ICTKH.

CxeMa sKCIepuMEHTaIbHOM YCTaHOBKH M300pakeHa Ha pUCYHKE

-2
—~ bI{
1, 2, 3 — mrratuBsl; 4, S — peryJIMPOBOYHBIE BUHTHI; J/ — Ta30BbIN Ja3ep;
BI1 — 6nox nutanus na3epa; [1] — miacTiuHKa CO MIETbIO;

[P — nudpaximoHHas pemerka; J — dKpaH

3. OnucaHue yCTAHOBKHM M METOAUKHU U3MeEpPeHUi
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YcTraHoBka A U3ydeHus AUPPAKIUN CBETa aHAJOTHMYHA TOM, KOTOpas HCHOIB3YeTCs
U1 HaOMroAeHUs HHTep(GEPEHIIMOHHON KapTUHBI B padoTe 5.1. Paznuune Mexay HUMHU 3aKIIO-
9gaeTcs B TOM, YTO BMECTO IJIACTUHKH /] ¢ TOPU3OHTAIBHBIMH IIEISIMU UCTIONB3YETCS TUIACTHH-
ka II] ¢ ogHOW BepTUKAIBLHOM IIeNbio (yrpaxkHenue 1) u audpakiuoHHas pemerka /P (ym-
paxkHeHue 2). Ix yBenn4eHHOE CXeMaTHIeCKoe N300pakeHre JaHO Ha CXEME YCTaHOBKH CIIpa-
Ba.

PaccmoTpuM mpoxoxkieHre uepes 1eib IMUPUHON b HopMaibHO majaroliei Ha Hee TUIo-
CKO# CcBETOBOI BOJNHBI (Ha puc. | mokazaH «Buj cBepxy»). CormacHo mpuHIMIy I rolireHca-
®peHenst Kakaas ToYKa GpOHTa BOIHBI (CJIEIOBATEIBHO, KaXKIash TOYKA IUIOCKOCTH IIEJHN) SIB-
JSIETCSl ICTOYHUKOM BTOPUYHBIX BOJIH, PACHpPOCTPAHSIONINXCA BO BCEX HAIMPABICHUSAX U 3aXO-
ISIMKX B 00JaCTh T€OMETPUIECKON TeHU. Tak Kak 3TH BTOPUYHBIE BOJHBI KOTEPEHTHBI, IPU Ha-
JIO’)KEHUU APYT Ha JIpyra OHU JAl0T Ha 3KkpaHe D KapTUHY uHTepdepeHiuu. CIoKHOCTh aHAu-
3a 9TOW KapTUHBI 3aKII0YAEeTCI B HEOOXOAUMOCTH ydeTa 0€CKOHEYHOTO MHOKECTBA MCTOYHU-
KOB KOT'€pEHTHBIX BOJIH.

RRRRRRNRE RNy VRN RN NRNY

o e

Puc. 1

BrisicHuM pe3ynbTaT HaJ0XEHHUS JIy4ed B MPOU3BOJIBHON TOUYKE dKpaHa M, pacIionoKeH-
HOHM Ha pacCTOSIHUU Xy OT LEHTpa KapTUHbI (0ch OJXx HampaBi€HA TOPU3OHTAIBHO B IJIOCKOCTH
skpana). Ecam mupunHa menu b U paccTosiHue Xy Malibl M0 CpaBHEHHIO ¢ paccTossHuem D ot
mrenu 10 dkpana (b << D u Xy << D), To nonajaroiune B TOUKy M Jy4u MpaKTUICCKH TMapa-
JIETIbHBI IPYT APYTY U COCTABJISIIOT C MIEPBOHAYAIBHBIM HAMPABICHUEM PACITPOCTPAHEHUSI HEKO-
TOPBIM Masblid yrojl ¢. Pe3ynbrar UHTEpPEPEHIIMU BTOPUYHBIX BOJIH 3aBUCUT OT BEIMYUHBI
ATOTO yTJIa, U UHTEHCUBHOCTH CBETA B TOUKE M ompenesseTcsi BhIpaKeHUEM

_ .| sin®(p) i
o) =1o| TR 1)
rae
o(p)= "D )

A
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|0 — MHTCHCHUBHOCTHL CBCTA, UAYIICTO OT BCel ICJIM B HAIIPABJICHUU IICPBUYHOI'O ITYUKa, A—

JUTMHA BOJIHBI CBETA. N3 (2) caenyer, uro ®(0) =0. YuurbiBas mnepBblii 3aMevaTeaIbHbIN
npenen

lim X% 1,

a—>0 o
noyyuM, 9to npu @ =0 (B IIEHTpEe KApTUHBI) UMEET MECTO MAaKCUMyM OCBEIICHHOCTH:
1,(00)=1,.

®ynkius (1) obparraercs B HyJIb pu yeiaoBund @(@) =+ 7-m, toe m € N. Tloacrassis
B 3TO YCJIOBUE BbIpaxeHue (2), IoJIyduM ypaBHEHHE, TO3BOJISIONICE ONPEICIUTh YIJIbl, PU KO-
TOPBIX HAOIOIAI0TCSI MUHUMYMBI OCBEIIIEHHOCTH (TEMHBIE TIOJIOCHI):

b-singp=+mA. (3)

Ycnosue (3) MOKHO TakKe TMOJIYYHTh, BOCIIOIB30BABIINCH Memodom 30 Ppenens. PazoObem
(GpOHT BOJHBI (IJIOCKOCTH IIENTN) Ha YYaCTKH, PA3HOCTh XOJa OT KOTOPHIX 10 TOYKH M paBHA
MTOJIOBUHE JIJTMHBI BOJTHBI; TAK KaK COOTBETCTBYIOIIAs Pa3HOCTH (a3 paBHa T 77, BOJHBI OT ABYX
TaKMX COCEIHUX 30H IMPHU HATOKEHUH racsiT Apyr apyra. Takum oOpa3zoM, eciivd A JaHHOU
TOYKH OTKPBITO YETHOE 4uciio 30H DpeHensi, TO B HEH HaOIIOAAETCI MUHUMYM MHTEHCHBHO-
cTi. Yucio 30H MOXKHO HAlTH, pa3/iesiuB pa3HOCTh X0/1a KpalHuX jyudei A (cM. puc. 34) Ha 1o-
JIOBMHY JIIMHBI BOJIHBL. YYMTBIBas, 4TO A =D -Sin ¢ ¥ IOJOKUB KOJHUYECTBO 30H PaBHBIM YET-
HOMY YHUCITy 2M, IPUIEM K YCIIOBHIO (3).

Mexnay onpeaensieMbIMi dTUM YCIOBUEM MUHMMYMaMH HaOIIOAAI0TCs C1a00 BhIpaKeH-
Hble MakcuMyMbl. Ha puc. 2 moka3an rpaduk 3aBUCMMOCTA WHTEHCHUBHOCTH OT CHHYycCa yria
nupakiii U COOTBETCTBYIOINIAS eMy TudpaKIMOHHAs KapTUHA Ha SKpaHe.

Iwn

gin ¢

34
7

=R
o
=
o
=~
=
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Puc. 2

Kax BugHO U3 puc. 1, koopauHara x Touku M Ha skpaHe (MHAEKC «M» mpH X 3/1eCh U B
JanbHEHIIeM OMyCTUM) CBsI3aHa C YIJIOM ¢ MPOCThIM cooTHoueHueM X = D-tgg. Ilockonbky
YTOJl @ Majl, UMeeM

Sin¢ztg¢)=%. (4)

[ToncraBiisisi JaHHOE COOTHOIIEHUE B ycioBuUE (3), HAlIeM KOOPJAUHATHI TOUYEK Xy, B KOTOPBIX
MMEEeT MECTO M-I MO cueTy, HauYWHas OT UEHTPA, MUHUMYM OCBEIIEHHOCTH. OrpaHMYMBIINCH
MOJIOKUTENIbHON TOJIyOoChto (X = (), moy4um:

AD
X =m-—. 5
m 0 (5)

KoopauHaty m-ro MEHEMyMa MOKHO HAWTH SKCIIEPHUMEHTAJIBHO MyTeM OOpaOOTKH JTH-
(dbpakimoHHON KapTUHBI (puc. 2). Jisg 3Toro HeoOX0AMMO OTMETUTH MO 00€ CTOPOHBI OT IICH-
TPAJIbHOTO MaKCMMyMa MHHHMYMBI OJTHOTO W TOTO € Topsaka M (B mpuMepe Ha PUCYHKE
M = 3) ¥ U3MEPUTH PACCTOSIHUE MEXKY HUMU L, ; paccTosiHue OT IIEHTpa KapTUHBI 0 M-TO MHU-
HUMYyMa HaXOJUTCS U3 OYEBUIHOTO COOTHOIIEHUS

X, =0 (6)

Ecau u3BectHa JJIMHA BOJIHBI JIA3CPHOI'O U3JIYYCHUA An PaCCTOAHUC OT IICIIN 0 SKpaHa

D, To ¢ moMoIIbI0 BeIpaKeHHUS (5) MOKHO ONPECIUTD MUPUHY HIeH D:
mAD
p— M4 ()
X

m

b )

]

Puc. 3

Hudpakunonnas pemierka (/[P) mpeactaBiser coO00i MIACTUHKY ¢ MHOXKECTBOM Tapai-
JCTBHBIX Y3KHX IIeJICH OAMHAKOBOW IIMPHHBI D, HAXOASIUXCS HA pacCTOsHUK 0 APyTr OT apyra
(puc. 3). PaccrosiHre Mexay LEHTpaMu cocenHux Inesiei d HaspiBaeTcs nocmosinuou (WIn ne-
puooom) TuPpaKIMOHHON PEIIETKH.

IIpn npoxoxkACHUHU Yepe3 PELIETKY HOPMAaJbHO MAJAlOUIEd HAa HEE IIJIIOCKOW CBETOBOM
BOJHBI (CM. pHUC. 3) MPOUCXOIAT cienyronue sBiaeHus: 1) uarepdepeHius BTOPUYHBIX BOJIH,
CO3/7IaBa€MbIX TOYKAMHU B TUIOCKOCTH KaXKIOW W3 IIeJeH (3TO SIBJICHHE MOAPOOHO PaCCMOTPEHO
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BbIIIIE); 2) UHTEP(PEPEHIIUsI CBETOBBIX IMyYKOB OT Pa3IUYHBIX HIenei. B pe3ynpraTe HanoxeHus
ATUX SIBJICHUM Ha ’KpaHe HaOmonaeTcs AudpakiroHHas KapTHHA, UMEIOIas JOBOJIBHO CIIOXK-
HbIH Xapakrep. Tak *ke, Kak ¥ Npu AU(pakuuy OT OAUHOYHOH ILEIN, MHTEHCUBHOCTh CBETA B
TOYKe M 3KpaHa 3aBHCHUT OT yIJla IU(pakLuuu @; B Cllyyae pElIEeTKH OHA ONpEeIIseTcs Bblpa-
KEHUEM

sin[N - ¥(¢)] ]~

sin¥(p) | ®)

I(p)=1,(p)-
e

‘P((p):n-d-smgo’ ©)
A
N — obmiee yucio mienei (IITPUXOB) PEIISTKH, HAKPHIBAGMBIX IMAJIArOIICH CBETOBOM BOJHOM;
l,(@) — pyrkuus, onpenensemas BeipakeHusaMu (1)-(2).
bnaronaps muoxurento |,(¢) Boipaskenue (8) oOpamaercst B HyJdb IIpU yriax Aupak-
I[IMH, OTNPEACIECMBIX YCIOBUEM (3); IPUMEHHUTEIBHO K PEIIETKE OHO SIBJIACTCS YCIOBHUEM Ha-
OJIIOZICHUS 2ABHBIX MUHUMYMOS.
Haitnem 3nauenwue | (@) nmpu Y(@) = 7-k, tae K € Z. PackpbIB HeompeieneHHOCTh B (u-
I'YPHBIX CKOOKaX BbIpayKE€HHUS (8), BBIMUCIUM MPEIEN:

jim SN _ v
as kSN

NHTeHcuBHOCTH cBeTa mpu 3ToM Oyner paBHa N ZIW. Ycnosue W(@) = 7-K ¢ yaerom BeIpake-
Hus (9) umeet BUJ

d-singp=kA4 (10)
U OIPENEIIAET YIJIbl, 10 KOTOPBIMU HAOIIOAAIOTCA 21a8Hble MAKCUMYMbl OCBEIIEHHOCTH. Yunc-
70 K Ha3wIBaeTCs nopsiokom TIIaBHOTO MakcumyMa. B wactHocTH, ipu K = 0 u, ciienoBaTenbHoO,
@ =0 (B LIEHTpE KaPTHUHBI) UMEET MECTO HauboJee SIPKUN YeHmpaIbHbIlL MAKCUMYM UHTECHCUB-
HOCTBIO |pmax = N?ly. Bee ocTanbHbIe TIIaBHBIE MAKCHMYMbI HMEIOT MEHBIIYIO HHTCHCHBHOCTD,
3aBHCSILYI0 OT MHOXHTEIS |, (¢).

OtMmeTuM, 4TO yciaoBue IIaBHOro MakcumyMma (10) MOKHO MOJIy4HTh HAa OCHOBE OoJiee
MPOCThIX cooOpakenuid. Kak ObuIO MOKa3aHO B OMUCaHUU K padoTe 5.1, mydku cBeTa OT cocel-
HUX IIeJIel YCWIMBAIOT APYT APYyTa, €CIU Pa3HOCTh X0Ja MEXKIy HUMU A KpaTHA IIeJIOMY YHUCITY
JUTMH BOJIH, T.€. ToAUMUHseTCs yciaoBuio (5) Ha c. 104. U3 puc. 36 BUaHO, 4yTO B ciiydae Audpak-
LIMOHHOM pemeTkn A =d -sin ¢ . 11oacTaBss 3T0 COOTHOIIEHUE B BBILICYIOMAHYTOE YCIIOBUE,
npuaem k (10).

Jpobb B pUrypHbIX cKOOKax BhIpaxkeHHs (8) oOpainaercs B HyJb IpH V() = %I e |
— menoe yucio, He paBHoe KN. [TosToMy B mpoMexyTKax MEXIy COCEIHHMH TJIaBHBIMH MaK-
cumymamu HaOromaercs mo (N — 1) emopuunvix munumymos, depenyromuxcs co ¢iado BbIpa-
KEHHBIMU emopuunbimu maxkcumymamu. [Ipu 6ompiom yuce meneil N HHTEeHCUBHOCTh caMo-
ro SIPKOTO BTOPUYHOTO MAKCUMyMa COCTaBJIseT MeHee 5% MHTCHCUBHOCTH OJFIKAMIIEro TJiaB-
HOTO MakcuMyMa. B ycrioBusix naHHO# J1abopaTopHOW pabOThl BTOPUYHBICE MAKCUMYMBI TIpaK-
TUYECKU HEpas3IUUMMbl U 00pa3yroT OJEAHYIO CBETIIYIO MOJIOCY, Ha (JOHE KOTOPOH B BHUE SIp-
KHX TATEH HaOII0AAt0TCs TJIaBHbIE MAKCUMYMBI.

Ha puc. 4 nokasan rpaduk 3aBUCMIMOCTH MHTEHCHUBHOCTH | OT SiNg 1 cOOTBETCTBYIOMIAS
emMy nudpakImoHHast KapTHHA Ha SKpaHe.
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T4

TRasHBE MAKCUMYMET [
- . BMOpuUiHLIE MUHLAMYIMET
‘ B MAKCUMPAMST

" TRAEHbIE MUHLAYME

Sin ¢

o

5
B RIERNNN YN

oo

Puc. 4

Tak JKC, KaK U IIpH I[I/I(bpaKI_II/II/I Ha OIIHHOHHOP'I IICJIK, B JIaHHOM CJIY4daC KOOpAMWHATA X Ha

AKpaHe U yroja Audpakuuud ¢ CBs3aHbl COOTHOLIEHUEM (4), ¢ yueTtoM koToporo yciosue (10)
(11)

ITO3BOJIACT Ol‘IpeI[eJII/ITB KOOpI[I/IHaTy k-FO TJIaBHOTI'O MaKCI/IMYMa:
AD
Xk - k .
d

DKCnepUMEHTAIBHO 3HAYEHHUE X MOKHO HAUTH IyTeM 00paboTKu qudpakiMOHHON Kap-

THHBI. HJ’IH 9TOI0 CJICBa M CIIpaBa OT LCHTPAJIBHOI'O MAKCHMMYMa HYKHO OTMCTHUTDH IIOJIOKCHUA

IJIaBHBIX MaKCMMYMOB OJHOTO M TOro ¢ K-ro mopsiaka (B mpumepe Ha puc. 4 K = 4) u usme-
(12)

PUTH PACCTOSIHUE MEXKIY HUMH Ly , mocye yero onpenenuTb KOOpAMHATY Xy Kak
L

(13)

3Has Xy, a TAKXKE PACCTOSTHUE OT PelIeTKH 10 dKpaHa D u qyiuHy BOJIHBI CBeTa A, U3 BhIpaxke-

Hus (11) MoxxHO HalTH niepuo TUPPAKIIUOHHON PEIIETKU:
kAD

d=""=

Xy

4. Ilopsaaok usmMepeHuii U1 00padOTKHU Pe3yJIbTATOB

Ynpaorcnenue 1. OIIPEAEJIEHUE HIWPUHBI LIEJIN
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1. Y3naiiTe y nmpemnogaBaTeas HOMEp CBOETO BapuaHTa U ¢ momombio [Ipunoxenns 6 (B
KOHIIE OMMCAHMs K JaHHOU paboTe) OmpeneanuTe HoMep CBOeH 1abopaTopHOi YCTaHOBKHU.

2. O3HaKOMbTECh C IpHOOpaMHu Ha paboUueM CTOJIe, PACIIOIOKHUTE UX B HY)KHOU MOCIIE0-
BATEJIbHOCTH HA OAHOM MPAMOM, MEXIy J1a3epoM JI U 3KpaHOM O MOMECTUTE IIACTUHKY [/] C
BEPTUKAJILHOMN 1IEbIO. B supmyanvHom eapuanme 1ab0pamopHol pabomel 01 N0020MOEKU
YCMAHOBKU K pabome 00CMAamoyHo MOJbKO YCMAHO8UMb NIACMUHKY CO Weblo Medcoy Ja3e-
DOM U IKPAHOM, HAHCAB HA KHONKY « Ycmanosumbvy:

AnErEHTEI CTEHLA

[MnacTuHES co Wwensm
JudpakuHoHHaA pEWETES | YoTaHOEMTE

Tlocne ycmano8Kku niacmutKu co wenbio Mexcoy i1a3epom U IKPAHOM PACHON0NCeHUe NPUOOPOS
8 OKHe pabombvl OOAHCHO Bbl2NISL0emMb MAK:

3. [Moaxmrounte k cetu 010k nmutanus b1 nazepa. C momonipio TymOiaepa Ha nanenu bI7
BKJIIOUUTE JIazep. B supmyanvHom eapuarnme 1a00pamopHol pabomwl OJisi 8KIOYEHUs OJ10KA
RUMAaHUs He0OX00UMO Hadxcamsv Ha KHONKY « Cemby.

4. 3anuimmTe B TETPab 3HaUYCHUE JJIMHBI BOJIHBI JIazepHOTro n3nydeHus: A = 0,633 mxm.

5. YOenurtech, UTO JTa3epHBIN JTy4d HAIIPaBJICH HA IIETb.

6. Yoenutech, 94TO 2KpaH D YCTAaHOBJICH TaK, YTO HAa HeM HabOmogaeTcs yeTkas audpak-
IIMOHHAS KapTHHA!

7. U3mepbTe paccrosiHre D ot mmienu 10 3kpaHa (MeXIy HEHTpaMHu mTatuBoB 2 u 3). B
BUPMYATbHOM 8apuanme aabopamopHou pabomul 2mo paccmosanue D ykazano 6 okne nabo-

pamopnozZ pa60mbl. E2o moorcro menameo CmMpenKamu-KHOnKamu «Bnpaeo» u «Bnesoy:
JkpaH

< >

8. 3anummTe 3Hauenue D B Tabu. 1, BEIpa3uB €ro B MUJUTUMETpPAX.

Tabmura 1
Jlnmnaa Boaael A = 0,633 mrm.
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. —\2
Howmep Do L, R Ab. =b, —b (Abi )2 :(b| —b)
OITbITA MM Ab, mrm MM
1
2
3
4
5
b= Z i(Abi )2 ~

9. OrcuuTaiiTe cieBa M crpaBa OT LIEHTpa KapTUHBI OJMHAKOBOE YKMCIIO M MHUHHUMYMOB;
U3MEPHTE JINHEWKOW paccTosiHue MeXy HUMU Ly, (cm. puc. 2). 3Hauenus m u Ly, (B mm) 3aHe-
CUTE B TaOIHITY.

10. Usmenss pacctosare D Mexay miensio W dKpaHoMm, moBTopute mi. /-9 eme 4 pasa
(Tak, 94TOOBI OOIIIEE YMCIIO OMBITOB N OBLIO PaBHO 5).

11. JInst kaXXa0Tr0 OmbITa C TOMOIIBIO COOTHOIICHUS (6) HallIUTe KOOPJAUHATY M-TO MU-
HUMYMa Xp. [lo gopmyne (7) paccuuTaiite mmpUHY IIeTu b; mociieaHIO0 BBIpa3uTe B MKM.
3Ha4YeHUsA Xy, ¥ b 3aHecuTe B TaOMUILy. B 6upmyanvhom sapuanme 1abopamopHoi pabomol OJis
usMepeHus KOOpOUHAM MUHUMYMO8 HeoOX00UMO HAX*Camb Ha KHONKY «lIpunoscumey»:

NuHekka

HEurare
MprunokHTE

Ilocne smoeo 6 okHe pabomvl NOAGUMCA JUHEUKA, KOMOPYIO MONCHO O08U2AMb CMPENKamu-
KHonkamu «Bnpasoy-«Bneso» u «Beepx»-«Buuz». Koopounama mM-20 munumyma X, 3mo
ecmb paccmosiHue mexncoy YeHmpom OUGpPaKyuoHHOU KApMuHsl U cepeOUHou M-20 MUHUMYMA:

0 0 O
1] 1 2 3 4 ] B 7 ] 1w 11 12

12. Beiuncnure CyMMy HaWJ€HHBIX 3HaYEHUW MIMPUHBI IIETU U OMPEACIIUTE €€ CpeHee
3HAYEHHE [y .

13. BelnoaHUTE BCE pacyeThl, HEOOXOAUMBIE ISl OIEHKH CIyYaiHOW MOTPEITHOCTH H3-
MepeHUs MIUPHHBI 11eian Agsb. [y mpocToThl pacueTa MPUMEHSITE OIICHKY BETHYUHBI AgD, wc-
1oab3yst (OpPMYJIbl OLICHKH MOTPEIIHOCTH MPSIMOTO U3MEPEHUS. 3aaiiTe TIOBEPUTEIbHYIO Be-
positHocTh @ = 0.95. Haiigure cpeaHio KBaApaTUUYHYIO MOTPEHTHOCTh

rae yucio uzmepenuit N=5. Koadduiment CThrogeHTa npu N=5 U3MEPEHU €CTh MpPHU J0BE-
putenbHOM BeposATHOCTH @ = (.95 paBeH
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t,, =2.78
BuI4KCIINTE BENMUUHY CIIyYalHOMN IIOTPEIHOCTH 110 (hopMyIie
ASb == tn a O-b

14. Ouenute aGCOMOTHBIE TPUOOPHBIE OMIMOKH MPSAMBIX U3Mepenuit 0D u d Ly, a Tak-
’Ke oTHOocHuTebHbIe ommnoOKku Ep u E| . [IpuGopHble morpemnocTy npsMbIX U3MEPEHUHN €CTh:

oL =0.5Mm
oD =0.5MMm
OTHOCUTENbHBIE TOTPEUTHOCTH PABHBI
oL
E, =
min(L,, )
c_ D
min(D)

Haiinute abCconmOTHYIO MPHOOPHYIO MOTPENTHOCTh KOCBEHHOTO M3MEPEHHS O D, BOCIIONB30BaB-
IIUCh (HOPMYIION:

sb=b-\Ex° +E°.

15. Onennre NONYMIMPHUHY TOBEpUTEIHLHOTO HHTEpBasia Ab mo popmye
Ab=./Ab* + Bb?
16. 3anumnmTe OKOHYATEIBLHBIA OTBET B BUJIE

b=b +Ab.

Vnpaxcnenue 2. OTIPEJEJIEHUE TIEPMOJA TU®PAKIIMOHHON PEILIETKU

1. 3amenuTe mTaTUB 2 CO MIENbIO //] Ha TATUB C TU(PAKIIMOHHON perneTko /[P.

2. C moMOoUIbI0 PETyIUPOBOYHOTO BUHTA 4 HANIPaBbTe Ja3ePHBIHN JIyd HA AUPPAKIIHOH-
HYIO PELIETKY.

3. YcTaHoBUTE 3KpaH D Tak, YTOOBI HA HEM HaOMonanachk kaptuHa audpakuuu. M3meps-
T€ W 3aMuIInTe B Ta0I. 2 paccrosiHue D oT pemeTku 10 3KpaHa.

Tabauma 2

Howmep D, mm k Ly, mm Xy, MM d,vm
OIbITA
1
2
3
4
5

d=..

4. OrcumnTaiiTe OT IEHTpa KapTUHBI (CpPEIHEro U3 TpexX HauboJiee SIPKUX MAKCUMYMOB)
BJIEBO M BIIPABO MO OJMHAKOBOMY KOJHMUYECTBY K IIaBHBIX MaKCHMyMOB (HE CUWTasl IEHTPaIb-
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HOTO!); I3MEPBhTE PACCTOSTHIE MEXTy HUMU Ly , Kak moka3aHo Ha puc. 4. 3Hauenus K u Ly 3ane-
CUTE B TAOIHITY.

5. [lopTopute mim. 3 u 4, u3MeHss1 paccTosiHue D OT pemeTku 10 3KpaHa Tak, 4ToObl 00-
II€€ YKCJIO ONBITOB N OBLJIO HE MEHEE YEThIPEX.

6. Jlnsa kaxxmoro ombita 1o dopmynam (12) u (13) paccuuraiite KoopauHATy K-ro Makcu-
MyMa Xy W nepuoj nudpakiuoHHoi perretku d. Pe3ynbTaTel pacueToB 3aHecuTe B Ta0. 2.

1. OHCHI/ITC CpCAHCC U3 UBMCPCHHBIX 3HAYCHUM a " 3aIINIIUTC €Iro B TCTPAlb.
5. KOHTpOJILHbIe BOIIPOCHI

1. Yro Ha3zpiBaeTcs Audpakiueit ceera?

2. B uem otnnune qudpakunu Openens ot audpakuuu OpayHrodepa?

3. UTo Ha3bIBaeTCsI BOJIHOBLIM (hPOHTOM?

4. ITpunuun I'rolirexca.

5. Tlpunmuna I'toiirenca-dpenens.

6. Marematuueckas hopmynupoBka npuninumna ['rorrenca-Openerns.

7. YcnoBuss MAaKCUMYMOB U MUHUMYMOB i nudpakiuu @payHrodepa Ha meau npu
HOPMAaJIbHOM TIaJICHUU TUIOCKOW CBETOBOM BOJIHBI.

8. YcnoBue MakCUMyMOB MU MUHUMYMOB i qudpakuun @payHrodepa Ha mead npu
MaJICHUU TUIOCKOW CBETOBOM BOJIHBI TIOJT YTII0OM 0’ K HOpMaJu.

9. YUrto HazpiBaeTCsa AUPPAKITMOHHON PEIIETKOMN?

10. Ilepuon audpaKIHOHHON PEIIETKH.

11. YcnoBue riaaBHBIX MaKCUMYMOB JuIsi nudpakiuu @payHrodepa Ha 1uPpakimoOHHON
pelIeTKe.

12. YcnoBue BTOPUYHBIX MUHUMYMOB ISl ntudpakiun OpayHrodepa Ha TudpakirmoH-
HOU pELIETKE.

13. IHTEeHCHBHOCTh CBE€Ta, paCIpPOCTPAHSAIOIIEIOCs MO/ YIJIOM (¢ K HOpMajH MOCJe IU-
(dbpakiuu Ha qudpakuoHHoM pemieTke u3 N mene.

14. C nomopto Kakoil (popmysibl B JaHHOW paboTe HAXOAUTCS KOOpJIAMHATa M-TO MUHU-
MyMa Xy 1J1s Judpakiuy Ha menn?

15. C momoripro kakoi (opMyJibl B TaHHOW pabOTe pacCUUTHIBACTCS MIMpUHA mienu b ?

16. C momoripio kakoii GopMyIibl B JaHHOH paboTe HAXOMUTCS KoopauHaTa K-ro MHHU-
MyMa Xy 11 qudpakiuuy Ha qudpakIiiMOHHON peleTke?

17. C nomomisto kakoit ¢GopMysbl B JaHHON paboTe HaXOAUTCS TEPHOJ TUDPAKITMOHHON
pemrerku d?

18. IIpocthie 3amaun Ha AUGPAKIIMIO CBETOBBIX BOJH Ha OJMHOYHOM IIENU U AU PaKIIH-
OHHOM pELIETKE.

Ilpunoscenue 6
BapuanTtsl Kk 1a00opaTopHoii padore 5.2

Howmep BapuanTa (1opsiIKOBBIA HOMED B XKypHAaJIe) Homep ycTtanHOBKM
1 S
2 6
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JlaGopaTopnas padora 5.3
N3y4yeHnne 3aKOHOB TEIJIOBOT0 U3JIy4YeHHs C MOMOIIbIO IPKOCTHOTO NU-
poMeTpa

1. TeopeaneCRne CBCACHHUA

C TOYKHM 3pEHHs KIACCHYECKOM TEOpUH, U3IYYECHHE TEJIAMU 3JIEKTPOMArHUTHBIX BOJIH
IPOUCXOANT B PE3yJIbTaTe KOJIeOaHUS ANEKTPUUECKUX 3apsii0B, BXOIAIINX B COCTAB BEIIECTBA.
[Ipu 3TOM KOJI€OaHNS MOHOB COOTBETCTBYIOT M3JIyUYEHHUIO BOJIH C HU3KUMHU yacToTaMu (MH(pa-
KpPacHOE U3JIYyUYEHUE), a U3TYyUEHHUE JIEKTPOHOB, BXOASIINX B COCTaB aTOMOB, MOKET UMETh BbI-
COKHE YacTOThI (BUIUMOE U YIbTPAPHUOIETOBOE U3IYUECHHUE).

N3nyueHue Tena conpoBOXKIAETCS MOTEPEN IHEPTUHU, KOTOPYI0 HEOOXOAMMO IOIOJIHATh
JUIS TOTO, YTOOBI TOJIZICPKUBATH MPOLIECC U3MyUYeHUs OoJiee Wil MEHee JUIUTeIbHOe BpeMs. B
3aBHCHMOCTH OT CIIOCO0a MOMOJHEHHs] YHEPTHH BBIACISIOT PAa3UyHbIe BHUIbI U3Ty4YCHUs, Ha-
3bIBAEMBIC TAKXKE JIOMUHECUEHYUETl, TAKIe KaK XUMHUYECKast, POTO-, SMEKTPOTIOMUHECIICHITHS
u apyrue. Ocoboe MecTo cpeau BCeX BUAOB U3IYUYEHHUS 3aHUMACT menjioeoe usiyuenue. B
ATOM CJIy4ae MOIMOJIHEHNE SJHEPTUU ATOMOB ITPOUCXOINT ITyTEM IMEPEIadr TEITy TETUIOTHI.

TemnnoBoe u3NydeHue, B OTIIMUKE OT JIPYTUX BUIOB, SBIISIETCS paBHOBECHBIM. B oOmiem,
PA6HOGECHbIM HA3BIBACTCS DJIEKTPOMArHUTHOE H3JIYyYEHHUE, HAXOIAIIEeCs B TEPMOAMHAMHUYE-
CKOM PaBHOBECHUU C BEILIECTBOM, €r'0 UCIYCKAOIIUM U IOTJIOLIAOLINM.

s ysCHEHUs NOHATUSA pPAGHO6ECHOe U3ny4eHue PacCMaTPUBAIOT HECKOJBKO Tel, I10-
MEILEHHBIX BHYTPb IIOJIOCTH, CTEHKH KOTOPON HENOJBHKHBI U HENPO3pauHbl. Takxke mpeano-
JIararoT, 4To TeMIEpaTypa CTEHOK IIOCTOsHHA. Eciu Tena BHYTpHU IOJIOCTH, BKJIKOYas CTEHKH,
o0JaalT TeMnepaTypoil Boille a0COIIOTHOTO HYJIs, TO OHU HU3Y4aloT S3HEPTHI0. JTa JTydynucTas
DHEPrus NepeaacTcs APYruM TejlaM BHYTPU CUCTEMBI, KOTOPBIE, IIPUHAB €€, MOMOJHAIOT 3alia-
Cbl BHYTPEHHEU dHEPrum. Takike 3Ta JyducTas SHEPTHUs MOXKET YaCTHYHO OTpaxarecsa. B pe-
3yJbTaTe€ TAKUX MPOLECCOB B ITOJOCTH PAHO WX MO3AHO YCTAHOBHUTCS BIIOJIHE ONPEIEICHHOE
COCTOSIHUE U3JIy4EHUS, IPU KOTOPOM 3a KaXKIbIA IMTPOMEKYTOK BPEMEHHU KOJIMYECTBO U3TyUYCH-
HOI SHEpPruM ONpPENeNCHHON JIMHBI BOJHBI B CpelHEM OYyJEeT paBHO MOTJIOIIEHHONW >HEPruu
TOM € JJIMHBI BOJHBI. DTO COCTOSTHME W HA3bIBA€TCS paBHOBECHBIM. OHO HE 3aBUCUT OT (op-
MBI U MaTepuaa MoJIOCTH, a TAaKXKe U TeJl, HaXoAAuXxcsl BHyTpu Hee. OCOOEHHOCTH paBHOBEC-
HOTO U3JIyYEHHUSI COCTOSIT B TOM, YTO OHO 0OHOPOOHO, U30MPONHO U HENOJIAPUZ06AHO.

BBenem BenuuMHBI, XapaKTEPU3YIOIIME COCTOSHUE W3JIyYEHHs. OTH BEIUYMHBI UMEIOT
CMBICTI 17151 IPOU3BOJIBHOTO U3TYUYEHHS,  HE TOJBKO JAJIsi paBHOBECHOT0. O003HAYMM CHMBOJIOM
W 3HEpruio, U3IYyYEHHYIO B €UHHIIE 00beMa MPOCTpaHCTBA. Ee MOKHO pa3iokKuTh 1O 4acTo-
TaM WIX JJIMHAaM BOJIH

W:TWwda):Twﬂd/l. (1)
0 0

Benwuunsl W, 1 W, Ha3bIBAIOT CHEKMPAIbHOU NIOMHOCHbI0 u3ay4yenus. OHU UMEIOT CMBICIT
00bEeMHOI MJIOTHOCTH HM3JIy4aeMOl JHEPruM B eIHHHYHOM MHTEpPBaje YACTOT WJIH JJIUH
BOJIH. Eciti peub ujer o paBHOBECHOM H3IydYeHHUH, GYHKIUS W, (W;) 3aBUCUT TOJBKO OT @ (1)
U Temrieparypbl Tena 7. OcHOBHaS 3ajiada TCOPUH TEIUIOBOTO M3TyYEHUSI COCTOUT B OIpeJIese-
HUU 3TON (PYHKIIUH.

JIJIS TETIJIOBOTO M3JIYYCHHS C OTKPHITON MOBEPXHOCTH TeJla CIICKTPAILHOE M3TYICHHE 3a-
BUCHUT HE TOJIKO OT TEMIIEpaTypbl, HO U OT MaTepuaia Tena. [ KoJIM4ecTBEeHHON XapaKTepH-
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CTUKH 3TOTO CIIEKTPAIBLHOTO PACHPENEICHUS BBOISIT OHATHE CREKMPANbHOU U3NYYaAmeNbHOU
cnocoonocmu mena R, (R;). CnekTpajabHas u3jaydaTebHasi CIOCOOHOCTH TeJia eCTh dHep-
rusi, u3jay4yaemMasi elMHHMIEH MOBEPXHOCTH Tejia 32 eIMHUIY BPpeMEeHU B €JMHUYHOM HH-

TEPBAJEC YaCTOT WJIK AJHH BOJH

dD dd
© ' R/l = ' (2)
dw dA

HOJ’IHBIfI IIOTOK I/I3J'Iy‘—IeHI/I$I Ha BCCX HACTOTax HUJIM HA BCCX AJIMHAX BOJIH HA3BIBAKOT 9H€p-
2eMUYECKOU C6eMUMOCMbIO HOBCpXHOCTI/I R

R

R=[R,dw=[R,dA. (3)
0 0
VYuuteiBas GU3NUECKUN CMBICT U3Ty4aTeIbHONU CITIOCOOHOCTH, 3aHIIIeM
c c
R,=—W,; R,=—w,. (4)
¢ Ar© Ar

OIHOBPEMEHHO C M3IIYYEHHUEM SHEPTUU TEJI0 MOXKET IMOIJIOATh U3IyYEHHE, Ma1atoIiee
Ha Hero. B nanbHeMImmx paccykAeHusX OyaeM OrpaHUYMBaTLCA YACTHBIM CIIy4aeM, KOrja Tejlo
HEMPO3payHO, TO €CTh TOJIIIMHA TEJa JO0CTaTOYHA, YTOOBI BCSKHM JIyd, BCTYNHUBIIUN B HETO,
MOTJIOTUJICS, HE JOCTUTHYB TPOTUBOIIOJIOKHON CTEHKHU.

CnekTpajbHO# MOIJI0NIATEILHONH CTIOCOOHOCTHIO Tena A, (A;) Ha3bIBaeTcs Oe3pas-
MepHasi BeJIMYMHA, KOTOPasi PABHA OTHOUICHUIO MPUXOAAIAXCA HA eIUHUIY CIIEeKTPaJib-
HOT'0 MHTEPBAJIA MOIJIOIIEHHOT0 TEJOM MOTOKA JHEPTrUU K NMAJAI0IIEMY HA TeJI0 MOTOKY
JHEPIruu. JTa BEJIMUMHA MOKA3bIBAET, KaKas JI0Jsl SHEPIUH MaJalolIero U3JIydeHus Morjoia-
€TCSl pacCMaTpPUBAEMOIl MOBEPXHOCTHI0. MBI OyneM NpHUIIEpKUBAThCA TOM TOYKH 3PEHHUS, UTO
BEeJIUUUHBI R, U A, OyIyT XapakTepuCTUKAaMU TOJIBKO CaMOTro Teja, HE 3aBUCSIIUMU OT OKPY-
xarolieit cpeasl. [Ipu mpounx paBHBIX YCIOBUAX OHU 3aBUCAT TOJBKO OT TEMIIEPATYPhI CAMOTO
tena. O6o3HaunM D, MOTOK U3NYyUYEHUS B MAJIOM MHTEPBAJIC YaCcTOT, MOMABIINN HA €IUHUYHYIO
mwromanky Ttena. Yacte 3toro moroka A,DP, mnormomaercs teinoMm. OcTanbHas YacTh
(1—-A,) @, orpakaercs u paccenaetcs. [TONHBIH TOTOK, H3MyJaeMblii TEJIOM, CKJIaIbIBACTCS
13 OTPAXKEHHOTO U PACCESHHOTO MOTOKA, a TaKkKe COOCTBEHHOW M3JTydaTesIbHOW CIOCOOHOCTH
R,. Tak Kak u3jiydeHrne paBHOBECHOE, TO

@-A)®, +R, =D,
OTKyJa

N3 3T0# opMyIIbl MOKHO CAENATh BBIBOA: JJII PAaBHOBECHOTO M3IYUYEHUS KaKJasi U3 BEITUUYHUH
A, 1 R, MOXET U3MEHSTBCS IIPH NEPEXOe OT OJHOrO TeNla K APyromy, HO oTHomenue R, /A,
ABJISIETCSl YHUBEPCAJIbHON (PYyHKIMEN, HE 3aBUCSIIECH OT MaTepuaia Tena. MakcumalbHOe 3Ha-
YeHHe, KOTOPOE MOXKET MPUHUMATh BeIMYnHa A, paBHO eauHuie. Kupxrod Hazpan rena, y Ko-
Topplx A, =1 BO BCeM HMHTEpBaJE 4YacCTOT U TEMIEPATYp, AOCOIIOMHO YEePHbIMU UIU adCco-
JAIOMmMHO no2nowiarouwiumu. VI3nyyaTenbHyI0 W TOMVIOMIATENbHYIO CIIOCOOHOCTH aOCOJIOTHO

gepHOro Tejaa 0003HavaroT I, U d,, COOTBETCTBEHHO. Torna

Ry _fo (5)

Do
w
A, a
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HNannas dbopmyna onuceiBaet 3akon Kupxzogha. 3akony Kupxrodha MOKHO aTh CIEIYIONTYIO
(GbOpMyIIMPOBKY: OTHOIIEHHE HM3JY4YaTe/JbHOH CIHOCOOHOCTH Tesla K ero MorjaoumareabHOl
CMOCOOHOCTH eCTh YHHBeEpPCAJbHAsA (PYHKIMS YACTOTHI U TeMIEPATYPbI Tejla, pAaBHASI H3-
JIy4aTeJbHOH crnocoOHOCTH a0coII0THO YepHOro tena. M3 3akona Kupxroda cinemyer, 4To
U3TydaTesabHas CloCOOHOCTh TeM 0oJibliie, yeM OO0JIbIlle ero noryiomaTeabHas CnocoOHOCTh. M3
HEro TaK)Xe CJIEIYET, YTO BCSIKOE TEJO MPHU JAHHON TeMIlepaType MU3JIydaeT JIydd MPeruMyIIecT-
BEHHO TeX JIMH BOJIH, KOTOPBIE OHO MPHU TOH K€ TeMIlepaType CUIIbHEE MOTJIOIAET.

Crnenyer OTMETHTh, YTO a0COJIIOTHO YEPHBIX TEJN B MPUPOJE HE BcTpeuaeTcs. Takas Mo-
JeNb ABIsieTCsl PU3nyecKkor abcTpakiyeil mogo0HO MaTepruaIbHON TOUYKE WM FapMOHUYECKON
BosHE. OJTHAKO, CYIIECTBYIOT OOBEKTHI, KOTOPBIE C JOCTATOYHOM JOCTOBEPHOCTHIO MOYKHO Ha-
3BaTh YEPHBIMU. DTO BCEM H3BECTHBIE Caka U "dUepHbI€ ABIPHI". XOpOWUM MPUOIMKEHUEM K
YEpHOMY TeJly MOYKHO CUHMTAThb OTBEPCTUE B CTEHKE 3aMKHYTOH IOJOCTH C HEMPO3PAYHBIMU
CTeHKaMu. Tera ¢ moriouaTeabHON CIOCOOHOCTHIO MEHBIIE €TMHUIBI HA3bIBAIOTCS CEPBIMU.

Ha OCHOBAaHMHU 3KCIICPHMEHTAIBHBIX NaHHBIX Mo3ed Credan (1835-1893) B 1879 rony
IpUILIET K 3aKII0YEHHI0, YTO M3JIydaTeibHas CIIOCOOHOCTH aOCOMIOTHO YEPHOTO Teia MPSIMO
POIOPIMOHATIEHA YETBEPTOM CTEIIEHU TEMIIEPATYPhI

R:jrwda):a-T4. (6)
0

B 1884 roxy Jlronsur Boabivan (1844-1906) BeiBen cooTHoIieHHe (6) TCOPETHUSCKH.
OH HCIOIB30BaNl BHIPAKCHHUE, OIMHCHIBAIOINICE JaBICHUC M30TPOIHOIO H3IYYCHHMs], BBHITCKAIO-
1Iee U3 JIEKTPOAMHAMUKNA MakcBellia, a Tak)Ke YUYUThIBAsk TEPMOINHAMUIECKUE COOOpakeHH.

_ 24,4 o
TToCTOSIHHAS TIPOTIOPIMOHANBHOCTH & =5,67-107° BT/ M°K" monyuyuia Ha3BaHUE HOCHIOAHHOU

Cmedgana-borvymana, a Beipaxenue (6) — sakonom Cmegana-borvumana.

Crenyronmuid BaXXHBIM IIAar B U3YYECHUM PABHOBECHOTO W3JIYYCHMS caenan Bumbrenbm
Bun (1864-1928) B 1893 rony. PaccmarpuBast agunabarnueckoe c:katue paBHOBECHOTO U3ITyde-
HUSI B TIOJIOCTU C WJ€AJbHBIMU 3€PKAJIbHBIMU CTEHKAMH, U, YUYUTHIBAsE U3MEHEHUE YaCTOTHI NPU
OTPAKEHUHU OT MOBEPXHOCTH JBHXKYILIErocs 3epKajia, BUH Mokazal, 4To CHeKTpalibHas MIOT-
HOCTb JOJKHA UMETh BU/T

w,r = f(@,T)=0’F(ofT). (7)
CootHorrenue (7), moyyduBliiiee Ha3BaHUE 3aKoHa Bumna, cBOIWT 3a1ady HaXOXKACHUS (QYHK-
IIUH JIBYX apI'YMEHTOB ® U T K 3a/1aue HaXOXKJeHUs (GYHKIIUH OHOro aprymeHTa o/ T. XoTs U B

3akoHe BuHa BU q)yHKHI/II/I Wa)T JAJICKO HE HBHBIf/'I, HO M3 HET'O BBITCKAIOT HCKOTOPBIC CICACT-

Bus. Hampumep, MOXKHO MoOKa3aTh, 4TO U3 3aKOHAa BuHa ciieqyer emie OAWH 3aKOH, KOTOPBIN
NIOJIy4nJ1 Ha3BaHUE 3aKoH cmewjenus Buna. CornacHo 3akoHy cMmelleHus BuHa myimHa BoJI-
Hbl, COOTBETCTBYIOIAsi MAKCUMYMY M3JIy4aTeJbHON CIIOCOOHOCTH, 0OPATHO NPOMOPIHO-
HaJIbHA 20COJIIOTHOM TemMnepaType. 3aKOH cMelIeHUs: BuHa MOXKHO 3amucaTh Kak

K Ainax :g, b =const. (8)

3nauenne koHcTaHTsl b=29-10°m-K 6buI0 ONPEIICIICHO W3
OTIBITHBIX JTAHHBIX.

W3mepsisi pacnpeneneHue Mo JJIMHAM BOJIH WHTEHCUBHOCTHU
U3NydeHust u3 orBepctusi B nosioctu, Orro Jlrommep (1860-1925) u
OpHcr Ilpunrcreiim (1859—-1917) skcniepuMeHTaIbHO MOKA3aId, YTO
IPY HEKOTOPOM 3HAYEHUM JUIMHBI BOIHBI Amax KpMBast W, HMeEET
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SPKO BBIp@KEHHBIN MakcuMyM. C yBelIMUeHUEM TeMIEPaTyphl MAKCUMYM CMEIIAETCSI B CTOPO-
Hy 00Jiee KOPOTKHX BOJH. DKCIIEpUMEHTAIbHAS TIPOBEpKa, peanpunsTas Jlrommepom u [Ipun-
rcreiiMom, mokasana, uto gopmyna BuHa COOTBETCTBYET ACHCTBUTEIHLHOCTH JIMIIL B 00JacTH
KOPOTKHX BOJIH M COBEPIIIEHHO HEBEpHA sl 00Jiee JITMHHBIX BOJH.

3akonsl Credana-bonpiiMana 1 BuHa He MarOT MOJIHOTO MOHUMAHUS O pacCIpeaesieHUU
SHEPIruu M3MydeHus depHoro Ttena. OOMUN METOJ TEOPETHUECKOro OmpeleseHuss (pyHKIUU
W, Obu1 mpeznoxen JlxxoHom Paneem (1842-1919) u passut [xeiimcom [Ixuncom (1877-

1946). Paneit u J[>kuHC IPUMEHWIM K PABHOBECHOMY M3JIYYEHHIO B MOJIOCTH TEOPEMY KIIACCH-
YECKOM CTaTUCTHUYECKOM MEXaHWKH O PAaBHOMEPHOM paclpe/eIeHUM KUHETUYECKON IHEPTruu

1o cTeneHsAM cBO6OIbI M ToMyuna popmyiy mins dyukimu f(w,T) B 3akone Buna B Buje

2
@

= f(ow,T)=——KT, 9
Wa),T (0) ) 472'2C2 ()

rie C — CKOpPOCTh CBETa B BakyyMme. J[aHHOE COOTHOIIECHHE HA3bIBAKOT (opmynoii Pirnes-
JIcunca. Ona cornacyercs ¢ popmynoit Buna.
B aiMHHOBONMHOBOM 007acTH, TO €CTh MPU MAJIEHBKUX (O,

W, N ITo popmyrne Ilo 3akony
Pones-Jhwmmca Buna dbopmyna Panes-J[kuHCa XOpOIIO COTJAcyeTcsl C AKCIEPUMEHTOM.
\ / Ho npu yBenuueHnn o OOHApYKMBAETCS PE3KOE PACXOXKICHUE C
\ \ AKCIIEPUMEHTOM. J[€MCTBUTEIBHO,
DKCIIEPUMEHT < kT < 2
W:jw da):—ja) dw=oo.
o, T 2 2

P 0 0
PaBeHCTBO u3IIydaTenbHON CHOCOOHOCTH OECKOHEUYHOW BEJIMYMHE
03HA4YaeT, YTO PABHOBECUE MEXK/Y TEJIOM U €ro U3JIYyYEHHEM YCTAHOBUTCS TOJBKO IPHU TEMIIE-
paTtype, paBHOI a0COIIOTHOMY HYJIIO. DTOT BBIBOJ| IPOTUBOPEUUT OMBITY, TAK KAK TeJia HaXO-
JSTCS B PABHOBECUU C MU3ITyUYCHUEM MPU MPOU3BOILHOM, OTIIMUHON OT HYJIA Temreparype. Jlan-
HOE HECOOTBETCTBHE ObUIO HA3BAHO yabmpaguoiemosoit kamacmpodgoii. I IpuanHoil yiabTpa-
(dbuoneToBoi kaTtacTpodbl ABUIOCH TO, YTO U3JIYYCHUE B MOJOCTH MMEET OECKOHEUHOE YMCIIO
creneHel ¢cBo0O0abl. Torma Kak BEMIECTBO BCErla UMEET KOHEYHOE YHUCIIO CTENEHEN CBOOO/IBI.
B 1900 roxy Makc Ilnank (1858-1947) nomyunn opmyny mist GyHKuuu W, paBHO-

BECHOT'O M3JIyYEHHsI, XOPOILIO COMIACYIOIIYIOCS C OMBITOM IPHU BcexX yacTtoTax. [laHK BbIABU-
HYJI TUTIOTE3Y, COCTOSIIIYIO B TOM, YTO CBET MOKeT HU3JY4YaThCsl TOJbKO NOPUMAMH (KBaH-
TaMHM), JHEPIrusi KOTOPbIX £ NPONOPUMOHAJBHO YAaCTOTE CBETOBOM BOJIHBI. [IMaHK Takxke
MPEeAIOKIIT (POPMYITY JIJIsl SHEPTUU KBaHTa

& =hw, (10)
rie /i — moctosiHHas, Ha3BaHHasi nocmoannou Ilnanka. B pesynbrare, [Inank momy4un Beipa-
KEHUE JJIS CIIEKTPAJIBbHOM INIOTHOCTH PABHOBECHOIO U3JIyYEHUS B BUJIE
he' 1
2 12 ’ pho/kKT _q1°
Hannas ¢opmyna (11) monyunia HasBanue gpopmynst Ilnanka. 3ametnm, uro cam I[lmaHk

W, 1 =

@,

(11)

TI0JIB30BAJICS. HE TOCTOSIHHOM /1, a TOCTOSsIHHOM h = 271 = 6,62 -107* JIx - ¢.

®opmyna [Inanka Xopomio corjgacyercs ¢ IKCIEPUMEHTOM MPU BCEX YaCTOTax M TeMIIe-
parypax. J[isi Majbix 4acToT M BbICOKMX Temmeparyp ha/KT <<1. Torma skcroHeHty B Gop-

myie [Tnanka (11) MOKHO pa3jiokHTh B PSIJT
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heo/KT hao

e =1+ —,
KT
MOCJIe Yero OHa MpuHUMaeT Buj popmyisl Panes-/xxunca
ho' 1 *
Ww‘Tzz 5 ho =2 2-kT.
w1yt

KT

2. Heab pa6oThl. CxeMa IKCIIEPUMEHTAIBLHON YCTAHOBKH

Llenbto paboOTHI ABIISETCS:

1) o3HaKOMIIEHHE C TPUHIUAIIOM ACUCTBHS SIPKOCTHOTO MUPOMETPA U MPAKTHUECKOE H3-
MepeHHe IPKOCTHOM TeMIIepaTypbl HarpeToro Teja;

2) npumenenne 3akoHa Kupxroda um ¢dopmynsl [lnanka mns onpeieneHuss UCTHHHOM
TEeMIIEpaTyphl TeNa;

3) aKCIIeprUMEHTAIbHAS TIPOBEPKA CIpaBeTUBOCTH 3akoHa Credana-boabpimana.

Cxema 3KCIepuMEHTaIbHON YCTAaHOBKHM M300pakeHa Ha PUCYHKE:

JI — uccnenyemas nammna; /1 — nupomertp; b — 6aTapest MUTaHUS.
1 — HUTH HaKasa JIaMITbl JI; 2 — 3aIUTHBIA KOXYX; 3 — OKHO;
4 — 00BEKTHB; O — OKYJIAP; 6 — KOJBIO MOTEHIIMOMETPA;
7 — mikana; 8 — BBOJI/BBIBOJT HEUTPAIIBHOTO CBETO(DHUIBTpa

3. OnucaHue yCTAHOBKH M METOJAMKH U3MepeHu il

OOBeKkTOM HCcieoBaHUs B JaHHOW paboTe siBIseTcs packajeHHas HuTh 1 jmammbl JI.
Jlamma rmoMerreHa B 3alTUTHBIA KOXKYX 2, B KOTOPOM UMEETCs MPSIMOYToabHOe oKHO 3. [Tpoxo-
Il 9epe3 3TO OKHO, M3JIy4acMbIA JIaMIION CBET IMomajacT Ha OOBEKTHB 4 SpKOCMHO20 NUpo-
mempa I — cnenuanbsHOro nMpudopa st 0ECKOHTAKTHOTO (OCYIIECTBISIEMOTO Ha PACCTOSHUMN)
HU3MEPCHHSI BBICOKHX TEMITEpaTyp.
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7
2
h

s}
f

T

v

+
B

Puc. 1

| &

Cxema nutanus jnamnbl JI OT BeIIpsAMUTENst B uzoOpaxkena Ha puc. 1. IlomaBaemoe Ha
JaMITy HaNpsHbKEHUE PEryJHPYETCsl C MOMOUIBIO0 MOTEHIIMOMETpa P (MIpakKTUYeCKH 3TO Ocylie-
CTBJISIETCSl BpalllCHHEM PYUYKH Ha IIUTE OJIOKAa MUTAHUs, B COCTaB KOTOPOTO BXOAMT BBIIPSIMHU-

Tenb B) U u3MepsieTcss BOIBTMETPOM Vi; I U3MEPEHHs CHIIBI TOKA, MPOTEKAIOIIET0 M0 HUTHU
Hakaya 1, cimysxut ammepMetp A.

®9

\®iﬁ

e
e

Puc. 2

OcHOBHOI yacTblo mupomeTpa /1 saBisieTcs BMOHTUPOBaHHAs! BHYTPHU MPUOOpa MUPOMET-
puyecKkas dTaJIOHHAas jJaMmra J. DTaJOHHAas JIaMIa MUTAeTCs OT BHEITHEN aKKyMYJISITOpHOU Oa-
tapeu b no cxeme, n300paxkeHHOM Ha puc. 2. Llenb 3ambikaercs TymOnepom K, pacnoyioxeH-
HBIM y OCHOBaHus nupomerpa. lloreHuromerp P, CIy>)KMT AJI pEeryJIMpOBaHUs M0JAaBAEMOIO
Ha JIaMITy O HaIlpsDKEHHUS; Ha MPaKTUKE 3TO OCYLIECTBIISIETCS BpAIllEeHUEM KOJIbla 6 Ha KopIyce
npubopa. TemnepaTypa HUTH Hakaja 3TaJOHHOW JIaMIIbl OJIHO3HAYHO CBsI3aHa C MOJaBaeMbIM

Ha Hee HaIPsSHKEHUEM; TI0ITOMY IIKaja / U3MEPSIOIIEero ero BoJbTMeTpa V, mporpaayrupoBaHa
B rpanycax Llenscust.

Clsem o

B

Jamaet I \I
4 HD 3 K& 5

Puc. 3

[Tonamaroruii Ha OOBEKTUB 4 CBET OT UCCIEAYEMOM JIAMITBI /I TIPOXOJIUT Yepe3 CUCTEMY
JIMH3 ONTUYECKON TPyOBI mupomeTpa (puc. 3), MO3BOJISIONIYI0 HAOII0aTh B OKYJISIP 5 COBMeE-
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IICHHBIC B OJHOW TUIOCKOCTH M300paKCHHsS HUTEW Hakaja ucciemayemoit (/1) u stanonHoi (9)
nammn. PacrionoxeHHbIN B ONTHYECKON TpyOe KpacHbIil cBeToPuinbTp K@ mporycKaeT B OKYJISp
MPaKTUUYECKH MOHOXPOMATUUECKUN CBET C JUIMHOM BOJIHBI A = 660 #a; mosTOMy HM300pakeHus
HUTEW UMEIOT KPACHYIO OKPACKY.

W3meHsis HanpshKeHue, MoAaBaeMOoe Ha 3TAJOHHYIO JIAMITy, MOKHO JTOOHMTBCS OJIMHAKO-
BOI sipkocTu 06enx HuTeil. Puc. 4 mokaspiBaeT HaOMIOJaEMYI0 B OKYJSIp KapTHHY B CIydasx,
KOT/Ia SIPKOCTh HUTH O MeHbIe (a), 6omnbine (0) u paBHa (8) spkoctu HuATH JI. B mocnennem
cllydae 3TaJOHHasg HUTh CTAHOBUTCS HE3aMETHOW Ha (hoHE HccieqyeMoi (I03TOMY MpUOOpPHI
TaKoro THUIIA Ha3bIBAIOT MUPOMETPAMU C UCUE3AIOIIEN HUTHIO).

3 T 3 7T
i

a ] €

Puc. 4

[Ipn BeICOKOM Temmeparype Jlammbl J/ TPeAyCMOTPEHO BBEICHHE HEUTPAJIBHOIO CBETO-
¢unsTpa H® c nmoMomipio pelyakka 8 Ha kopryce nmupoMerpa. HeiTpanbHblil cBETOPUIBTP
YMEHBIIAET APKOCTh M300pa)KeHUss HUTH JI U TIO3BOJISIET YPaBHATH SIPKOCTU HAOJIO/IaeMbIX B
OKYJIIp HUTEW NpHU MEHbIIEM HanpsbkeHuu Ha jamne 3. [Ipu BBepeHHoM cBetoduinbtpe HD
MOKa3aHUsl MUPOMETPA CHUMAIOTCS C €r0 HIKHEH IIKaJIbl, a MPU BHIBEICHHOM (HU3KHE TEMIIE-
paTypbl) — C BEpXHEM.

B orcyrcTBue kpacHOro cBeTohMiIbTpa K@ sipKOoCTh N300paKEHU HUTH TPSIMO MPOTIOP-
[MOHAJIbHA €€ M3Ty4aTeIbHOCTH (SHEPreTUYECKOW CBETUMOCTH) R, T.€. 3HEpruu, u3nydyaemoun
3a eIMHUILY BPEMEHU C €UHUIIBI MIIOIIA/IM MOBEPXHOCTHU Teja (HUTH) BO BCEM JIMAINA30HE IJIUH
BoJiH. Yepe3 cBeTopuiabTp K@ mpoXOaUT JUIIL YacTh 3TOW 3Hepruu AR, cooTBeTCTBYyIOIIAs
WHTEpBay JJIUH BOJH OT A 10 A+ AA. JIns noctaTouHo y3koro uHTepBasia A4 MOXKHO MOJIO-
KUTb

AR, ~r(A1,T)-AA, (1)

drR
rae r(A,T) = d_ﬂj — CIEKTpaibHas TUIOTHOCTh U3Iy4YaTeIbHOCTH (MCITyCKaTEIbHas CIOCO0-

HOCTB) Tena; 7 — ero abCcoI0THAS TeMIlepaTypa.

[IpoGnema rpanyupoBKH MUPOMETPaA 3aKIHOYAETCS B TOM, YTO Pa3jIMyYHbIC Tella UMEIOT
pa3HbIE 3HAYEHHs CHEKTPAIBbHOW IUIOTHOCTH H3JIy4aTeIbHOCTU MPU OJHMX U TEX XKE JJINHE
BOJIHBI M TemriepaType. OTKpBIThIE SKCIEPUMEHTAIBHO U 000CHOBAHHBIE TEOPETUUECKH 3aKOHBI
OIUCHIBAIOT TEIUIOBOC M3IIydeHHE abcomomuo uepro2o mena (A4T). [losTomy mporpaayupo-
BaHHAsl COOTBETCTBYIOIIMM 00pa30M IIKajia MUPOMETPA MOKA3bIBAET HE UCTUHHYIO TEMIIepaTy-
py T HUTH 3TaJOHHOM JaMmIbl O, a TaK Ha3bIBAEMYIO spKocmuyto memnepamypy T, , T.e. Temie-
patypy AYT, UMEIOLIETO TAKYIO K€ ApKOCTh. [Ipn BeIpaBHMBaHWU SIpKOCTEW HUTEW JI U I 3Ha-
yeHus: AR, y HUX CTaHOBSITCS OJIMHAKOBBIMH. YuuThIBas (1), MokeM 3anucaTh
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r(A,T)=r,(A,T,), (2)
rae r,(A,T,) — CHeKTpajibHas IUIOTHOCTh M3Jy4aTelIbHOCTH abCOMIOTHO YEPHOro Tena MpH
temneparype 7.

Kak cnenyer u3 3axkona Kupxeogha, cieKTpalibHbIE INIOTHOCTH H3ITy4aTeIbHOCTH pPeallb-
Horo tena (A, 7) u AYT ro(A,T) cBsI3aHBI COOTHOIIICHUEM
r(A,T)=a(4,T) r,(4,T), 3)
rne a(A4,7) — Ko3pPUIHEHT TOTIIOMEH s (CTEIIeHbh YePHOTHI) Tela. Y MHOTHX Tell, B 9YaCTHO-
CTH, Y BoJIb(ppama, U3 KOTOPOTO M3TOTOBIIEHA HUTH JIaMITHI /I, KOA((OUIIMEHT TIOTJIONICHHUS HE
OUYEHb CHJILHO 3aBUCHUT OT TeMIIepaTyphl (CM. CIIpaBOYHBIC JaHHBIC B MpUIOXKeHHUH). [loaTomy
MOJKHO C JIOCTATOYHON CTETCHBbIO TOYHOCTH MCIOJIB30BaTh IS 3aJaHHOMN JIJTMHBI BOJHBI A OC-
pEeIHEHHOE B JIAaHHOM TEMIIEPaTypHOM JHara3oHe 3HaueHue ;. Torma mocieaHee COOTHOIIE-
HUE PUMET BH]T

r(A,T)=a, 1,(4,T). (4)
[IpupaBHUBas Ipyr Apyry NpaBble YACTU BbIpakeHUN (2) u (4), HoIydnm:
a; - H(AT)=K(4T,). ()

3aBUCUMOCTH CIIEKTPATIHLHOM TUIOTHOCTH U3My4aTeabHOCTH A YT OT AJIMHBI BOJIHBI U TEM-
neparypsl (yHUBepcanbHas gyuxyus Kupxeogpa) ro(A,T) onuceiBaetcst popmynou Ilnanka

-1
27 hc? hc
ro(/l,T):”l—s- exp[mj—l ,

rine h — mocrostanas [1nanka; ¢ — CKOpoCTh cBeTa B BakyyMme; K — moctosiHaas bonbnmana. [Tpu
cpaBHUTENBHO HU3KKX Temneparypax (T < 6000 K) equnutieli B KBaApaTHBIX CKOOKaX MOXKHO
npenedpeus, u Gopmyna [Inanka npumer Buj

2

L(A4,T)= %-exp —%
[ToacTassist mocneaHee BeIpakeHue B (5), MOIyYnM:

a, -exp _he =exp __he

AKT AKT,
WJIH, TIOCTIE JIoTapu(PMUPOBAHHUS:
hc hc
Inaﬂ_m:mg' ©

VYpaBHeHue (6) CBS3bIBAET UCTUHHYIO Temmeparypy 1 W3Iy4arollero Tejla ¢ €ro sipKOCTHOM
temreparypou 7. Pemast ero oTHOCUTENBbHO T, HAXOUM:

T= ot 1 (7)
—+C
Tﬂ
rac
C:lklnaﬂ )
hc

Kak u3BecTHO, TEIIOBOE M3JIyY€HHUE TEJ UMEET MECTO IMpH JII0O0H OTIMYHOM OT abco-
JIOTHOTO HyJs Temneparype. [103ToMy OTKIOYEHHAass OT UCTOYHUKA NMUTAaHUS HUTH JIamnbl J/
M3JIy4aeT YHEPTreTUYECKUMN TTIOTOK
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@, =S-R(T,), )
rae S — momaas noBepxHoctd HUTH; R(Ty) — ee u3myyaTeIbHOCTh MPU KOMHATHOMN TemIiepa-
TypE T 0- ITocne IMOAKIIOYCHUA JIaMIIbl K CETHU IIMTAHUA €€ HUTh Pa3orpeBacTCs 3a CUCT JPKOYJIIC-
Ba TEIUIA A0 TEMMEPATYpPbl 1 M U3IIy4aeT IHEPreTUYECKUM TTOTOK

®=S-R(T), (10)
npeBbimarmui @y Ha BETUYUHY TTOTPEOIIIEMOM JIaMITIOM MOIIIHOCTH:
O-d,=1P, (11)

rae 77— KIIJl nuraromei nenu, y4uThIBAIOIIMN Pa3InMUHbIe SHEPronorepu. MomHocTs P JIeTKo
paccumMTaTh Kak

P=UI, (12)

rae U — nuraroiiiee HanpsbkeHue; | — cuiia Toka B 1ernwu.
C yuetom (9) u (10) ypaBuenue (11) MokHO nepenucaTh B BUJIE

S-[R(T)-R(T)]=7P. (13)

NznygatenbHOoCcTh R(T) onpenensercs U3 MHTErpaibHOTO COOTHOIICHUS
R(T)= Tr(/l,T) -dA
uiu, ¢ yueroM (3): 0
R(T) = Ta(l,T) 1,(4,T)-dA.
0

Cuuras HUTH JlamIbl JI cepvim menom, T.€. IpeHEOperast 3aBUCUMOCTBIO €€ K0dhuIu-
CHTa TOTJIONICHMS OT JJIMHBI BOJIHBI U 3aMeHHUB (pyHknuio o(A,T) ee OCpeHEHHBIM BO BCEM
JMana3oHe JJIMH BOJH 3HAYCHUEM 7, TIOYyUHM:

R~y [L(AT) 42 =y -Ry(T)
0

rne Ro(T) — wm3nydarenpHocTh abcomoTHO uepHoro Ttena. CornmacHo 3axony Cmegana-
Bonvymana 3aBucumoctb Ry(T) umeeT Bua
4
Ry (T)=0T",
rae o— nocrosinHas Ctegana-bonpimana.
C ydeToM MpUHSATHIX AOMyIIeHUI BeipaxkeHue (13) npumer Bua

4
0
oS
3naueHus K0dPuUIMeHTa MOTIOMECHUS o (mpu temniepatype 1p) U o (ipu Temmepa-
Type 1) COCTaBISIOT JNECATHIC JIOJH €IMHUIIBI, T.€. SBISIOTCS BEIMYMHAMH OJHOTO TOPSIKA, B
TO BpeMs Kak aOCOJIFOTHAsl TeMIlepaTypa pacKajJeHHOW HUTH B YETHIPE-TISATH Pa3 MPEBBINIACT

KOMHaTHy0 Temneparypy 7o. Takum obpazom, T o' << T" 1 BBHIYMTACMBIM B JICBOIT YaCTH ypas-
HeHus (14) moxxHo npeHedpeus. [lepenuiiiem 3To ypaBHEHUE B BUJIE

T4~ Cl P, (15)
77 .
oSar
Jlorapudmupys ypasuenue (15) u Beipakas u3 Hero Benuuuny INT, moayunm
InT =C, +0,25InP, (16)
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roe C, =0,25InC;.
N3 cootHomIeHus (16) cnenyer, uro rpaduk 3aBucumoctu INT ot INP gomken nmets xa-
pakrep, OJIM3KUI K JIMHEHHOMY C YIJIOBBIM KO3((pULineHTOM, TpuMepHO paBHbIM 0,25.

4, Ilopsaaok usMepeHuii U 00padOTKHU Pe3yJIbTATOB

1. V3Hnaiite y npemnoaaBaTessi HOMEp CBOEro BapuaHTa U ¢ omouisto [Ipunoxxenus 7 (B
KOHIIE OMTUCAHMsI K TaHHOU paboTe) onmpeennTe HoMep CBOCH 1ab0paTopHOI YCTaHOBKH.

2. O3HaKOMbTECh C JJAOOPATOPHON YCTAHOBKON M M3MEpUTENbHBIMU Iprbopamu. Onpe-
JIeNIiTe 1IeHy JIeJeHus BolbT™MeTpa Vi U ammnepMerpa 4 B LIeTIM MUTaHUS JaMIibl JI; HAy4YUTeCh
CHUMATb MMOKa3aHMsI STUX MTPHUOOPOB.

3. Ybenutech, uTO 3TajOHHAs jamma J/ MOAKIIOUYeHa K Oarapee mutaHus b, 3aMKHYB
TymOnep K y ocHOBaHUs MUpOMETpa. B gupmyanvhom éapuanme pabomul YCMAHOBKA yice Ha-
CMpOEeHa U KII0YEHA, U HU4e20 Nposepsims He mpeoyemcsi.

4. Bpamas mo 4acoBO#l CTpeNIKe KOJBII0 6 MOTeHIHoMeTpa P, Ha KopIyce MupoMeTpa,
yBEJIMUUBAITE MOJIaBA€MOE Ha ATAJOHHYIO JIaMITy O HaIpshKEHUE A0 TeX MOop, MOoKa B OKYJISIP
He OyJleT BUJIHA HUTh 3TOM JamIbl (uMmerorias dopmy nyru). Eciu 310 nzob0paxkenue Habmona-
€TCSl HE B KpPacHOM CBETE, TO BBEAMUTE KpacHbI cBeTopuwibTp K@, mMOBEpHYB MO 4acOBOU
CTpeJIKe HaKaTaHHOE KOJIBIIO Ha ONpaBe OKyJsApa. B eupmyanvHom eapuarnme pabomvl NOMeH-
yuomemp P, epawaemcs kHoOnkamu-cmpeaxamu « Beepx» u « Bnuz» 6 oxne nabopamopmoii pa-
bomwl Hanpomue Haonucu «Apxocms namnel D (nomenyuomemp P2):

[1oTEHUMOMET PRI

>

ApkocTe natdne
[noTeHuMoreTp P1]

£

AprocTe narneld A
[moTeHuMoreTp P2

(®) GricTpo
() MEaneHHD

£

IIpu ysenuuenuu HanpsadiceHus, n00asaemMo2o Ha 1amny 3, 8bl36aHHO20 8pALeHUEeM NOMEHYUO-
mempa Pl, 6 okynape 6o3Huknem ciedyrowee usoopasxcerue Humu iamnol.
__'_,_a-'-'_'_'_'_ -

5. O3HaKOMbTECH C BEpXHEW M HIKHEW LIKajJaMy MMPOMETPa U HAYYUTECh CHUMATh UX
IIOKa3aHUsl.
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6. Yoeautech B TOM, 4TO HEUTpaIbHBIN CBETOPMIBTp H® BBIBENICH. B gupmyanvrom 6a-
puanme pabomul 68edenue (8KOUeHUe) C8emMOPUIbLMPOE COOMBEMCMEYen YCMAHO8Ke 2aJl0-
yeKk 8 wacmu oKHa pabomul ¢ Haonucwvio « Ceemoghuibmpuly:

CEETOPHUNETPRI

K.pacHeIA
HelrpaneHei

CHamue smux 2anodex o3Havaem, Ymo cemopuibmpbl 6b16€0eHbl (8bIKIIOUEHbL).

7. 3anummure B TaONMIy peKOMEeHAyeMble 3HaueHus HanpspkeHus U. JlelicTBysa moteH-
nuoMeTpoM P; ¥ HaOnrofas 3a MOKAa3aHUSIMU BOJIBTMETPA, YCTAHOBUTE HAMMEHBIIEE U3 ITHX
3Ha4eHUH. B eupmyanvrnom eapuanme pabomsi pexomenoyemvlie 3uauenus nanpsaxcenus U u
waz usmenenus nanpsixcenus AU noxazanvl 6 oxne Baweii pabomul u 3asucsm om Homepa
Bawezo eapuanma (nomepa ycmanoexu):

Yemanosxa Nz 1
Hampamenwe L7 =50 100 B: AU =10 5.

Ilomenyuomemp Py e6pawaemcsi kHonkamu-cmpenkamu «Beepx» u «Buuz» 6 okue nabopa-
mopHou pabomwl Hanpomue Haonucu «Apxocms ramnot JI (nomenyuomemp PL).

Howmep | U, B I, A P,Bm | InP t, °C I, K 'T.K InT
OIIBITA

1 =
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8. [TocMmoTpuTe B OKYyJISIp MHpOMETpa U yOenuTech B TOM, YTO HUTH JamIbl J/ BUIHA B
I10JI€ 3PEHUS.

9. CHuMUTE NOKa3aHUs aMIiepMeTpa A U 3aIUIINTE 3HAYCHUE CUIIBI TOKa B TaOJHILY.

10. HaGmroast B oKkyJnissp mupoMerpa u3oOpaxkeHusi 00eux HUTEH W Bpalllas MOTEHIIMO-
Metp P, , nobeiiTech UX OAMHAKOBOM SPKOCTH (CcM. puc. 4 pa3aena 3 - OnucaHue YCTaHOBKHU U
MeToauKu u3MepeHuil). [lo mikange mupoMmerpa ompeaenuTe SPpKOCTHYI0 TeMIepaTypy HUTH U
3aHecute ee 3HaYeHue (B °C) B TabuIy.

11. He risnsg B OKyJsIp, M3MEHUTE TIOJIOKEHHE TTOTCHIIMOMETpa P;, YMEHBIINB SPKOCTh
HUTH U TEM CaMbIM COUB HACTPONKY MHUpOMETpa.

12. IToBropute mmt. 10 u 11 eme aBaxkapl. PaccunTaiite u 3aHecuTe B TaOIUIly CpeaHee
U3 Tpex 3HaueHui temrepatypsl t. [lepeBeaute 310 3HaUeHHe U3 °C B KEJIILBUHBI U 3aMIOJIHUTE
cIeayroIui ctonoer Tadmibl (7).

13. VYBennuuBas Hanpsbkenune U Ha mamme J/ Ha Benmuuny AU, BwimosnnuTe . 9-12
emie nAth pa3. Korna nokasanust nupomerpa OyayT OJU3KM K KOHILY €r0 BEpXHEH IIKaibl, MO-
BOPOTOM phIYaXkKa 8 1Mo 4acoBoii cTpenke Ha 90° BBequTe HEUTpaAIbHBIN cBeTOGOUILTp HD; 1o-
CJIE DTOT'O CUMTBHIBAWTE NMOKA3aHUS C HUXKHEHW IIIKaJIbI.

14. JIns xaxa0ro U3 MpOJEIaHHBIX OMBITOB paccuuTaiite mo dGopmyne (12) momuocts P
u BenuunHy INP; 3aHecuTe HaliIeHHbIC 3HAYEHUS B COOTBETCTBYIOIIHE CTOJIOIBI TAOIHUIIBI.

15. Vcnonbk3ys cnpaBouyHbIe JaHHBIE 0 KOd(h(dUIIMEHTe TOTJoIeH s Boibppama, mpe-
CTaBJICHHBIC Ha TpaduKe HIKE, OICHUTE €ro CpeaHee B UCCICIOBAHHOM TEMIIEpATypPHOM JHa-
Ma30He 3HAYEHUE (; TPpHU JJIMHE BOJHBI A = 660 #u. Beipa3sus BenuunHy A B MeTpax, 1o ¢hop-
myite (8) Boramciute kouctanty C (B K 7) ¥ 3aIHIINTE ee B TeTPab.
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16. [Ins kaxxaoro ombiTa paccuntaite mo ¢popmyie (7) HICTUHHYIO TeMmrepaTypy I HUTH
HaKaJa JamIiel J1, a Takoke BennduHy IN7. 3amoHUTe COOTBETCTBYIONIUE CTOJIOIBI TAOIHUIIBI.

17. IToctpoiite rpaduk 3aBucumoctH INT ot INP. JIna sroro nHanecuTe skcrepuMeH-
TaJbHbIC TOUYKH Ha rpaduk 3aBucumoctH INT ot INP; mpoBennTe M0 HUM CIIIAXKUBAOIILYIO TIPSI-
Mmyto. Onenure (¢ yuetom macirada!) yrioBoit ko3 GUIUEHT ITOM MPSMOH.

18. Cnemnaiite BpIBOJ 0 IpuMeHUMOCTH 3akoHa Ctedana-bonbiimMana 11 TaHHOTO 00b-
€KTa UCCIICIOBAHMUS.

5. KOHTpOJIbHLIe BOITPOCHI

1. B pe3ynpTaTe 4ero, ¢ TOYKH 3pEHUS KIACCUYECKOW TEOPUH, MPOUCXOIUT H3IyICHUE
TeJIaMH SIEKTPOMArHUTHBIX BOJIH?
. Kakoe n3nydeHne Ha3bIBAETCS PABHOBECHBIM?
. CriexTpanpHas TNIOTHOCTh U3TyYCHHUS
. CnextpanbpHas u3ydareabHas CIOCOOHOCTh Tela.
. CnextpanpHas morjomareiabHas CoCOOHOCTh Tea.
. DHepreTuyeckas CBEeTUMOCTh Tea.
. [loHsiTHE A0COFOTHO YEPHOTO Tea.
. Kakue tena Ha3pIBaloTcs cepbiMu?
. 3akoH Kupxroda mist uzinydeHus abCoOTHO YEPHOTO Tea.
10. 3akon Credana - bonpriMana 11 U3IIy4eHHUS aOCOTIOTHO YEPHOTO Tea.
11. 3akon BuHa.
12. 3akoH cMmemenus Buna 11 u3mydeHus: abCOTIOTHO YEPHOTO Tela.
13. T'unoresa [1nanka.
14. ®opmyna Penes-Jxunca.
15. B uem coctout «ynbTpadguosieToBas karactpoday B TCOPUH TETIOBOTO U3Ty4CHUS?
16. B gyem cocrtosio runote3a Ilnanka, KoTopas mo3BojiuIa OOBSICHUTH 3aKOHBI TEILIO-
BOT'O M3JIYYCHHS TIPU BCEX YACTOTaX M Temmeparypax?
17. ®opmyna [1nanka.
18. Kakas ¢opmyna ucronb3yeTcss B TaHHOW JTa0OpaTOpHON paboTe JUIisl BBHIYHCIICHUS
VMCTUHHOU TemnepaTypy 1 HAUTH HaKajla JaMIIbl

©OoOo~NoO ok, WwWN
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19. TlupomeTp u ero Ha3HaYEHHE.

20. SpxocTHas TemrepaTypa Tella U €€ CBA3b C HICTUHHOW TeMIIEepaTypoil.

21. Kaxkoil (popMyIioii ONMCHIBAETCS 3aBUCUMOCTB Joraprudma TemnepaTypbl HUTH HaKa-
Ja JJaMIbl OT MOIIHOCTH, TOTPeOIIIeMOH JIaMIIOM?

22. IlpocTble 3a1aun Ha 3aKOHBI TEIIOBOTO U3JIy4YEHUS.

Ilpunoscenue 1
BapuanTsbl Kk 1a00paTopHoii padore 5.3

Howmep BapuanTa (ITOpsIIKOBBIA HOMED B JKypHAJIE) Howmep ycTaHOBKM
1 6

|
(o]
QP WONFRPIOOHPRRIWINIPOIOTAWINRFRPOORRWINFPOOTRWINEF
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JlabopaTopHas pabdora 5.4
DotodddexT

1. TeopeTuyeckmne cBeIEHUSA

B npupoze cymecTBylOT MpoIEecChl, KOTOPbIE BOJHOBAS ONTHKA OOBSICHUTH HE MOXKET.
[Ipu paccMoTpeHun u3iaydeHus: 4epHoro Tena [lnaHky 1ocTaTo4HO ObLIO MPEANOI0KUTh, YTO
M3JIyYEHUE MPOUCXOAUT mopuusiMu (kBaHtaMu). OJHaKO, BO3HUKAET BOIPOC: €CIU U3IIyYEHUE
CBETOBBIX BOJH KBaHTOBAHO, TO KaK K€ MPOUCXOJUT TOTJIOIIEHUE U PACIPOCTPaHEHUE CBETa?
AnpOept DitHmTerH (1879-1955) npeamnoaokuwi, 4To CBET HE TOJIBKO W3Iy4aeTcs, HO U pac-
npocTpansierca nopuusamu. [Ipudem kaxnas mopiust (KBaHT) BEJET ce0sl KaK AUCKpPETHAs 4dac-
tuiia. Takue yacTuilbl ObUTM Ha3BaHbI (POTOHAMM.

C coBpeMeHHOM TOUkH 3peHUsi POTOH - He3MaccoBasi ITeMEHTAPHAS YACTUIA, KBAHT
3JIEKTPOMATrHUTHOI'O U3JIy4YeHHUS U MEPEHOCYHUK IICKTPOMATHUTHOTO B3AaUMOACHCTBHS.

HenocpeacTBeHHOE MOATBEPXKICHUE TUIOTE3bl DWHINTEHHA Aan onbIT Banbrepa bote
(1891-1957). Tonkast osbra momeranach MEKIY JABYMS PETHCTPUPYIOUIMMH YCTPOHCTBAMH.
®onpra obsyvanach ciabbIM MYyYKOM PEHTIEHOBCKUX Jiydei. OT perucTpupyronmx ycTpoicTB
HMITYJIbC TIepeaBajcs Ha OCOOBIM MEeXaHU3M, JCJaBIIMM OTMETKU Ha JBIKYIIeics nente. Ec-
71 OBl HEPTUsl pacIpOCTpaHsIach O BCEM HAIMpPaBIECHUSM PaBHOMEPHO, TO 00a cYeTUHKa cpa-
OaTeiBau Obl OHOBpeMeHHO. OHAKO, OTMETKU Ha JICHTE ObLIM HE OJHAa MPOTHUB JAPYIoi, a
pacrojarajiuch 0ecropsiIouHo.

B ocHOBe KBaHTOBOM T€OpUU CBETA JEKUT (HOpMYJia, CBSI3bIBAIOIIAS SHEPIHUIO (OTOHA U
4acTOTY K0JICOaHUI CBETOBOW BOJIHBI

E=hv=iow.
®DOTOH BcerJa IBMKETCSI CO CKOPOCTHIO CBETAa M UMEET HYJIeBYI0 Maccy nokost m=0. Hecmort-
ps Ha TO, 4TO (DOTOH MOCTOSHHO HAXOJAMUTCS B JIBUKEHUU, JJISI HETO, CTPOTO TOBOPS, HEMPUMe-
HUMO TIOHSITHUE PENSITUBUCTCKON MacChl, MMOCKOIBKY (DOPMYJIbI CHENUATBHON TEOPUH OTHOCH-
1

N
. Ve 2
TCJIBHOCTU IJIA peﬂﬂTHBHCTCKOH MaCChI M pen =M 1— — n Jisa BHCpFI/II/I E =Mm p eﬂCZ, BBIpa—
C

YKCHHOM qcpe3 PCILITUBUCTCKYIO MACCy mp& HC IMPUMCHHUMBI K HaCTULaM, ABWIKYIIUMCA CO

s
CKOpOCTBIO cBeTa. OTMETHM, UTO B CIIELIMAIIBHON TEOPUU OTHOCUTEIBHOCTH, B OTIIMYUE OT Me-
XxaHWKU HpIOTOHA, MEpOIl MHEPLIMM SBJISETCA HE Macca Tena M, , a ero noJyiHas dHeprus E, a

pen?
MMITYJIbC T€Ja [P CBSI3aH C €ro CKOPOCThIO V He cooTHolleHueM HproToHa P =MV, a COOTHO-
IEHUEM

Kpome Toro, st 11060 yacTuiel ¢ sHeprueid E, ummynscom P U Maccoi mokos M crpaBe-

JIMBO COOTHOILICHHC
E2 _ CZ p2 — m2C4
HpI/IMeHI/ITeJII)HO K (bOTOHy MBI HOquaeM
. E_ hv_ #ho._
p =—N=——N=—-N ,
C C c



rjae N - eAMHUYIHBIA BEKTOP, YKA3bIBAIOIIUN HAMpaBiIeHUE ABMKEHUS (hOTOHA. AOGCOIIOTHAS BE-
JTUYMHA UMITYJbca (POTOHA paBHA
_hv he
C c

- Q@ _, . o
HCHOJ’IBS}’H BBIPAXKCHUC AJII BOJIHOBOI'O BCKTOpaA k=—n , TJI€ N - CAMHUYHBIA BCKTOD, YKa3bI-
C

BAIOIIMI HaIpaBJieHUE JBIKEHUSI (POTOHA, BhIpaXKEHHE ISl UMITYyJIbca (POTOHA MOXKHO 3aIlu-

caTh B BEKTOPHOU popme

p= "o nK.
c

OpHuM U3 SABJICHHUM, TOITBEPKAAIOUIUX TUIIOTE3Y O CYIIECTBOBAHUM (DOTOHOB, SIBISIETCSA
gpomornekmpuueckuii Igpghekm (Kopotko pomoagpghexm). BniepBoie dhoTodddext Habmoman
I'enpux I'epir (1857-1894). OH 0OHApPY>XUJI, YTO MIPU OCBEUICHUU YIIbT-
padUoNETOBBIM CBETOM OTPHIIATENIBHOTO 3JIEKTPO/A, HAaXOJSIIErocs
10J1 HANPsKEHUEM, HAaOJI0JaeTCsl MPOCKAKMBAHUE UCKPBI MEXTY dJIEK-
K 8 Tpogamu. CyIIHOCTH SIBICHHs, OOHapyXeHHOro ['epiieM, cOCTOMT B
TOM, YTO TIPU OCBEUICHUH yIbTPa(PHOIETOBBIMH JIy4aMH OTPHUIIATEIHHO
~ 3apsSHKEHHOT'0 METAJUTUYECKOTO Tejla, OHO TEPSIeT OTPULIATEIbHBIN 3apsia
W (poTodrnexkTponnas 3muccusi win BHemHui poroddpdexr). [Ipu oc-

E @) BEIIICHUHU TaKUMHU K€ JTydaMH TOJIOKUTEIILHO 3apsIKEHHOIO Tea, MoTe-
| ' ps 3apsiia He HaAOMIOAAeTCsl, U3 Yero CJIEeAyeT BBIBOJ, YTO TEPSIOTCS

B |_<._|| 1 |+_ 3JIEKTPOHBI. } }

Takum obOpazoM, BHemHHiI (poTo3ddeKT, OTKPHITHIN [epiiem,
COCTOMT B BBIPHIBAHMH 3JIEKTPOHOB M3 NMOBEPXHOCTHOIO CJIOSI BelIecTBa JAeHCTBHEM
JIEKTPOMATHUTHOI0 M3JIy4eHHus (CBeTA).

Kpome BHemnero goroaddexra, paznuyaroT Takke BHyTpeHHU (potodrddext. BHyT-
pernuii Goro3gdeKT — 3T0 BHI3BAHHBIC 3JIEKTPOMATHUTHBIM M3J1y4YeHHeM (CBETOM) mepe-
X0/IbI JIEKTPOHOB BHYTPHU MOJYNPOBOJIHUKA UJIM JUINIEKTPUKA U3 CBA3AHHBIX COCTOSTHUIA
B CBOOO/JHBIE 0€3 BbLJIETa HAPYKY.

Buemnuii ¢otor((PeKT CUIbHO 3aBUCUT OT COCTOSIHUSI MOBEPXHOCTU BemiecTBa. Kpome
TOT0, YTOOBI MOJYYUTh OJHO3HAYHBIE PE3YyJbTaThl MPHU HccieqoBaHUU (HOTOA(DPEKTa, OMBITHI
Jydille TPOU3BOJIUTH B XOPOIIEM BaKyyMe. DJIEKTPOHBI, BEIPBAHHBIC MO/ ICUCTBUEM CBETa, Ha-
3bIBAIOTCS ghomornekmponamu. OOTOANEKTPUUECKUMU CBOMCTBAMM 00JaAal0T KaK METaJlIbl,
TaK W JTUDJIEKTPUKHU, TTOJTYIIPOBOAHUKH U AJIEKTPOIUTHL. [IepBbIM cHUCTEMAaTUUYECKH HCCIIEI0BA
dhoroaddext Anexcanap I'puropsreBud Crosneros (1839—1896). [TpunniunuanpHas cxema dKc-
MEPUMEHTOB Il u3ydeHusi Porodddexkra COCTOUT U3 BaKyyMHOH JIBYXDJIEKTPOIHOM JaMIIbI,
HMCTOYHUKA MOCTOSIHHOTO TOKa, IEPEMEHHOTO COMPOTHUBIICHUS, aMIIepMeTpa U BoJabTMeTpa. Ha
KaToJi BaKyyMHOU JABYXAJIEKTPOHOM JIaMIIbl Yepe3 KBapIIEBOE CTEKIIO MaaeT yabTpaduoneTo-
BbIIA CBET, MPHU 3TOM BBIPBAHHBIE C KAaTOJa CBETOM SJIEKTPOHBI IMOJ| IEUCTBUEM PA3HOCTU MO-
TEHIIMAJIOB JIBXKYTCS B HANpPaBJICHUU aHOJA U B LIEMU JIAMITbl BOBHUKAET AJIEKTPUUYECKUI TOK.
Ha ocnoBe npoBeaeHHbIX HUcciieaoBannii CTOMETOB MpUIIET K CICAYIOIIMM BBIBOJIAM:

— HauOoJIblliee JEHCTBUE OKa3bIBAIOT YIbTPadrOIETOBBIE JTYUH;
— CHJIa TOKAa Ha aMIIEPMETPE BO3PACTAET C YBEIIMUEHUEM OCBEUIEHHOCTH IJIACTUHBI,
— HCIIyCKaeMbl€ MOl JEHCTBUEM CBETA 3aPsIbl UMEIOT OTPULIATEIIbHBINA 3HAK.
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Ecnu npu nocTossHHONW MHTEHCUBHOCTH CBETA M YaCTOTE MaJA0IIEro CBETa YBEINUNBATh
HANPSDKEHUE MEXIY aHOJOM U KaToJ0M, TO cuia (OTOTOKA MEePecTaeT pacTu MOcie HEKOTOPO-
ro 3HaueHus Hampspkenus U,. 3nadenue l,, coorBercTByromee U, Ha3bIBalOT moOKOM Hacwl-
uwjenua. HacplllieHne JOCTUraeTcsl TOrJa, Korjia BCce AJIEKTPOHBI, BRIPBAHHBIE B €IMHUILY Bpe-
MEHHU C IOBEPXHOCTHU KaTo/a, TOCTUTAIOT aHOJIa 32 CIUHHILY BPEMEHH.
[Tpu HexoTopoM 3HaueHUU HanpsokeHus U,, GOTOTOK coBceM ncuesa-
er. [Ipu 5TOM 3Haue€HUH PA3HOCTU MOTEHIMAJIOB DHEPTUH, COOOIICH-
HOM 3JIEKTPOHAM, HE XBAaTaET, YTOObI MOKUHYTHh KaTOA U JOJETETh J10
aHoja. U, — Ha3bIBaIOT 3adeporcusarouium nanpaxicenuem. 3aiepxu-
Balolllee HANPSKEHUE — ITO MUHUMAJIbHOE 00paTHOe HaNpsisKeHHe
MEIKIY AHOIOM M KaT00M, IPH KOTOPOM ()OTOTOK pPaBeH HYJIIO0.

MosxHO OBUTO OBl MMOMBITATHCS 1aTh Ka4eCTBEHHOE O0BsicHeHHEe (HoTod(deKTa ¢ BOIHO-
BOI Touku 3peHusi. CBOOOAHbBIE IEKTPOHBI, UMEIOIIUECS B METAJUIE, YACPKUBAIOTCSA B HEM 3a-
JEPKUBAIOLIUM T0JIeM aTOMOB. PaboTa, KOTOPYIO HYKHO COBEPIINTH, YTOOBI BBIBECTH JJICK-
TPOH U3 METaJlIa, COCTABISIET HECKOJIBKO 3JIEKTPOH-BOJIBT. B 3JIEKTpOMarHUTHOM TOJI€ CBETO-
BOI BOJIHBI DJICKTPOH MPUXOJUT B KoJjiebaTenbHoe ABkeHue. Koraa sHeprus xonedanuit cie-
JaeTcsl JOCTaTOYHO OOJIBLION, 3JIEKTPOH MOJKET MPEOJIOJIETh 3aJ€PKUBAIOIEE T0J€ U MOKH-
HYTb MeTail. Ecu jxe 3JIeKTpOH CBsI3aH, TO Bce OyIe€T NPOUCXOAUTH aHATIOTHYHO.

OnHako, Takoe OOBSICHEHHE HE COTJIaCyeTCs C ONbITOM. Bo-niepBbIX, KHHETUYECKAask SHEP-
T'Hsl 3JIEKTPOHA JOJDKHA ObITh TeM OoJiblile, 4eM 0oJibllle HHTEHCUBHOCTD Majaromiero ceera. Ho
OTIBITHI NTOKA3aJIM, YTO MaKCUMaJbHasi CKOPOCTb (POTORIEKTPOHOB ONPEIEISIETCS TOIBKO YacTo-
TOM MaJarolero cBera. Bo-BTOPBIX, MO KIACCUYECKON BOJHOBOU Teopur (PoTOA(D(EKT T0KEH
MPOUCXOAUTH C 3ama3bIBAHUEM, TaK Kak JJIs HAKOTUICHUS SHEPruu KoyiebaHuii Tpedyercs om-
peneneHHoe BpeMsa. Ho OmbIT MOKa3bIiBaeT, 4T0 (POTOTOK MOSBISAETCS OJTHOBPEMEHHO C TMOSBIIE-
HUEM CBETA.

KopnyckyinsipHas Teopusi CBeTa yCTpaHsIeT TpyAHOCTH npu onucanuu poroaddexra. Co-
TJIACHO €i TP CTOJIKHOBEHUHU (POTOHA U 3JIEKTPOHA (POTOH OTJAET BCIO SHEPTHUIO DJIEKTPOHY U
MPEeKpaIaeT CBoe CyliecTBOBaHuE. [[pyrumu cioBaMu, SJIEKTPOH MPHUOOPETaeT YHEPTHIO B pe-
3yJlbTaTe €IMHUYHOIO aKTa CTOJIKHOBEHUS. DHEPrus, MOTyYeHHAs AJIEKTPOHOM, MOXKET pacxo-
J0BaThCi Ha OTPBIB 2JEKTPOHA OT aroMa M BBIXOJ DJIEKTPOHA M3 BellecTBa. Eciau mpu sToM
AJIEKTPOH OB CBOOOJHBIM, a IPU BbUIETE HE CTAJIKUBAJICA C APYTMMHU YaCTULAMHU BEILLECTBA U
HE pacxo/0Bajl SHEPTHUIO Ha TEIUIO, TO PHEPTHsl ANEKTPOHA TPATUIIACh TOJBKO HA MPEOJ0ICHHE
3aJIep’KUBAIOIINX CUJl. MUHUMAaJIbHYIO SHEPTHUI0, KOTOpasi TpeOyeTcs 3JIEKTPOHY JJIsl BBIXO/1a U3
MeTaljia, Ha3bIBAIOT padomoii evixooa. V13 3aKoHa COXpaHEHUsI SHEPTUU CIIETYET

2
hv:mv%+ABHX.

U

1€ Agux — padoTa BbIX0OJa, a MEPBOE CIaraéMoe B IPABOM YaCTH PaBEHCTBA XapaKTEPHU3YET KU-
HETUYECKYIO SHEPTHUIO 3JIEKTPOHA, KOTOPAas B IAaHHOM cllydae OyJeM MakCUMallbHOU. D1a dop-
MyJia HOCUT Ha3BaHUe GopMyIibl DUHIITEHHA.

N3 popmynbl DiHIITEHHA BBITEKAET HECKOJIBKO CIIEICTBUM, HAXOASIIUXCSA B CTPOTOM CO-
[JIACUU C ONBITOM M HA3BaHHBIX 3AKOHAMU @Heuinezo pomoidghekma vwin 3axonamu Cmo-
J1emoea:

— MAaKCUMaJibHasl KMHETUYECKAsl SHEPTUsl JIEKTPOHOB 3aBUCUT OT YAcCTOTHI MAJAFOIIETO
CBETAa U HE 3aBHCHUT OT €r0 UHTEHCUBHOCTH;

— UHTEHCHUBHOCTb CBETA OKa3bIBAET BJIMSIHUE TOJIBKO HA KOJIMYECTBO BBIPBAHHBIX JJICK-
TPOHOB, HO HE BJIMSIET HA MAKCUMAJIbHYIO KHUHETUYECKYIO SHEPTHIO (POTORJIEKTPOHA;
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— CYIIECTBYET MUHUMAaJIbHAs YaCTOTA MAIAal0IIETo CBETa, Ipu KOTOpoit (hoTodaddexT eme
HaOmonaeTcs (Kpacnas zpanuya homorghghexma).

[lepBble ABa CIEACTBUSL DJIEMEHTAPHO OOBSICHSAIOTCS KOPIYCKYJSPHOM Teopuel CBeTa.
Tak kak (GOTOH MmoryioniaeTcs: AEKTPOHOM B pe3yJbTaTe €AMHUYHOTO aKTa CTOJKHOBEHHUS, U
BEPOSITHOCTh CTOJIKHOBEHUSI OJTHOTO M TOTO € AJIEKTPOHA ¢ JAPYrUuM (POTOHOM Malia, TO SHEp-
T'Usi, OTYYEHHAs! SJIEKTPOHOM, 3aBUCUT OT SHEPIHH MaJalollnuX Ha Katod (POTOHOB, TO €CTh OT
ux 4acToThl. [1o Toi ke caMoil MpUYWHE KOJTMYECTBO BBHIOUTHIX (POTOAIEKTPOHOB MPOITOPITHO-
HaJBHO TUIOTHOCTH (DOTOHHOTO TIOTOKA, TO €CTh MHTEHCUBHOCTH CBeTa. UTO KacaeTcs TPEThero
CJIEICTBHSI, TO JOCTATOYHO TPEIOJIOKUTh, YTO CYIIECTBYET TaKas 4acToTa Vg, P KOTOPOU
DHEPrus NaJAIKUX (POTOHOB PaBHAETCS YHEPIHU BBIXOZA JJIEKTPOHOB U3 KaToxa hv, = A. Ec-

M v <V, To hvy <A, To ecTh SHEpruu, MOIy4YEHHOU IEKTPOHOM OT (POTOHA, HEAOCTATOUHO,

JUTSL TOTO YTOOBI MPEOA0IETh NPUTSHKEHUE HOHHOTO OCTOBA KAaTo/a.

®dotorddexT Halien cBoe MPUMEHEHHE B TeXHUKe. OJIHO U3 HUX COCTOUT B MOJYyYEHUU
PEHTIeHOBCKUX Jyued mpu oopatHoM doTodddexrte. [l peHTTeHOBCKUX JIydeil SJHEeprus cBe-
TOBOTO KBaHTa Nv BelMKa Mo cpaBHEHHUIO ¢ paboTol Beixoaa A. B aTom cityuae BenmnuuHON A B

dhopmyiie DUHIITEHHA MOKHO ITpeHeOpeyh

MV _py o,
2

[IpakT4eCcKkn Mpouecc MOJYyYEHUS] PEHTTEHOBCKUX JIy4e€W TAKOB: MEXAY AJIEKTPOAAMU
-1+ BaKYYMHOP'I JaMIlbl CO3HAI0T PA3HOCTL IIOTCHIIMAJIOB U. B PE3yJbTaTe
- TepMOBHeKTPOHHOP'I OMHUCCHH JJICKTPOHBI IMOKHWIAIOT KAaTOJA W HAIIpaBJIA-
ol IOTCA K aHOA4y. HpH ImornaaaHv Ha aHOJ JJICKTPOHBI TOPMOIATCA IIOJICM
MaTcpuajia aHoaa U U3JIy4arOT SHCPIUIO B BUJIC KBAHTOB. 3HepFI/IH (1)0T0-
_ HOB, a4, CJIICOAOBATCIIbHO, U YaCTOTa PCHTICHOBCKHX queﬁ IIpoIopuouo-
p n HaJIbHA pa3I‘OHSIIOIII€I7I PasHOCTHU ITIOTCHIHAJIOB

_e!u

gl

///]/

14

2. Leab padoTel. CxemMa IKCHEPUMEHTAJIBHOMH YCTAHOBKH

[enbto pabOTHI SBIISIETCS:

1) cusiTHe BonbT-amiiepHOU xapaktepuctuku (BAX) BakyymHoro hoTossiemeHTa;
2) ompeiencHue padoThI BEIXOA SJICKTPOHOB M KpacHOM rpaHullsl hoTodddexTa.
CxeMa 3KCTIepUMMEHTaIbHON YCTaHOBKH M300pa)KeHa Ha pUCYHKE:
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@D — BakyyMHBI# (poTOdIIEMEHT: K — KaTol; @ — aHOI;
JI — uctounuk ceeta; C® — ceeropunbtp; M1 — UICTOUHUK TTUTAHMUS;
11 — nepexmtouarenpb; 4 — MUKpoamnepmeTp; V — BOJIBTMETP

3. Onucanue MeTOAMKHU U3MeEPEHU

Jliist uccnenoBanus siBiieHUs BHelHero ¢GoTodddekrra B TaHHON YCTaHOBKE UCIOJIb3YyEeT-
csi BakyyMHbIH ¢GoTodeMeHT D3. POoTOorNEeMEHT MpeACTaBisieT cO00M OTKayaHHBIN CTEKJISH-
HBI OQJIJIOH, OJTHA TTOJIOBUHA KOTOPOTO MOKPHITA TOHKUM CJIO€M CBETOYYBCTBUTEIHLHOTO BEIIle-
ctBa K, ciykamero katojoM. B meHTpe 6ayutoHa pacnosaracTcst aHO d, BHIIOJIHEHHBIN B BHIIC
KoJbIla M 1mapuka. Kopmyc ¢orosnmeMeHnTa cHaOXeH CHeruaibHBIM KapMaHOM, B KOTOPBIU
nomeriaercsi cBeTopuabTp CP. Pacxomsmuiics mMydok B CBeTa OT MCTOYHHUKA (JIaMIibl JI, TI0-
MEILIEHHOU B CHEIHATbHBIN KOXKYX C OTBEPCTHEM M 3aKPEIUICHHOW Ha IITAaTUBE) MPOXOAUT ye-
pe3 cBeTohuibTp, Oaronaps KOTOPOMY Ha KaTOJ MaJaeT MPaKTHYECKH MOHOXPOMATHYECKOE
U3IIy4eHHE JIJTMHOM BOJHBI A. 3HaueHHue A OmpenemnsieTcs 1BETOM BHIOPAaHHOTO CBETO(MUIIBTpA.
Bennunny cBeroBoro notoka @, magaromero Ha KaToj, MOXHO PEryjJupoBaTh, U3MEHSS pac-
cTosiHue L Mex 1y HCTOUYHUKOM CBETa U (POTODTIEMEHTOM.

Ucrounuk nutanus M1 npeaHazHayeH it 0JIa4d MTOCTOSHHOTO Hanpsbkenust U Mex Ty
KaToJIoM U aHojoM; BenuurHa U mMoxkeT ObITh u3MepeHna BosbTMeTpoM V. [Ipu 3aMbikanuu me-
pexitouarens I/ B mojokeHre 1 Ha KaToj MojaeTcsl OTPUIATEIbHBIA MOTEHIINAI, 4 Ha aHOJ| —
MOJIOKUTENBbHBIA. B 3TOM cilydae BHIOUTBIE CBETOM AJIEKTPOHBI ((homosiekmpoHsl) yCTPEMIIs-
IOTCSL K aHOJy, M IO LIEIH Te4eT TOK (pomomox) |, Ay u3MepeHusi KOTOPOTO CIYKUT MUKPO-
ammiepmeTp A. 3aBucumocth porotoka | ot HanpsokeHus U Ha3bIBaeTCs 801bM-AMNEPHOU Xa-
paxmepucmuxot (BAX) dbotosnemenra. [IpoaHamusupyeM BUI 3TOH 3aBUCHMOCTH HCXOJS W3
Teopuu siBiieHus horodddexra.

CornacHo COBPEMEHHBIM KBAaHTOBBIM IMPEICTABICHUSM, MOHOXPOMATHYECKYIO 3JIEKTPO-
MarHUTHYIO (CBETOBYIO) BOJIHY MOKHO pacCMaTpUBaTh KaK MOTOK OCOOBIX YaCTUI] — homoOHO8,
DHEPIUsl KAXKI0T0 U3 KOTOPBIX £, 3aBUCHUT OT YacCTOTHI V (MJIU OT JJIMHBI BOJIHBI A) N3ITy4EHUS:

Ep= hy = % : (1)
riae h — mocrosinnas [lnanka; ¢ — CKOPOCTh CBETa B BaKyyMe.

BHyTpu MeTamia, U3 KOTOPOro M3roToBjeH katoa K (ortosnemMeHTta, umeeTcs OOJIbIIOE
KOJIMYECTBO CBOOOJHBIX 3JIEKTPOHOB. [Ipy majgeHuu cBeTa Ha KaToj ONpesesieHHas 4acTh (o-
TOHOB B3aUMOJCHCTBYET C 3TUMH DJICKTPOHAMH, OTJAaBas UM CBOO dHepruro. [loayuus mpomos-
HUTEIBHYIO HEPTUIO &4, YIEKTPOH MOXKET COBEPILUTH pabomy 6v6ixo0a A, N MTOKUHYTh KaTONI.
Bennuuna paboThl BbIX0/1a TIOCTOSIHHA JIJISL TAHHOTO MeTaiia, nmodtomy gotodddexr (BpiOuBa-
HUE AJIEKTPOHA) BO3MOKEH TOJIKO MPH BBINOJHEHUH ycaoBus &, > A,. C yuetom (1) 310 ye-
JIOBUE TIPUHUMACT BHU]I

hc

—>A

A
U MO3BOJISIET HAWTH MaKCHMAJBHYIO JITMHY BOJIHBI A, , IPH KOTOPOU e1ie BO3MOXKEH (POTOdd-
dekr:

A = (2)



(3HaueHue A, Ha3BIBAIOT KpacHou epanuyeti GoTodpPeKTa).

Wtak, npu BBINOJHEHUU CHOPMYIMPOBAHHOIO BBIIIE YCIOBHS JIEKTPOH MOXKET MOKH-
HYTh MeTa/1. Pa3Huiia Mexay sHeprueil (oToHa u 3HEprueH, 3aTpaueHHON Ha BBIXOJ, COXpa-
HsETCs B BUJIe KuHeThuueckou sHeprun Wy . MakcuManbHONM KUHETHUYECKOM dHepruen 001aaaroT
T€ AJIEKTPOHBI, B3aUMOJIEHCTBHE KOTOPHIX ¢ (POTOHAMU MPOU3OIILIO HEMOCPEACTBEHHO Y TO-
BepxHOCTH Metama. [IpeBpaimenue sHepruu npu (poTodPderre OmuchBaeTCd H3BECTHHIM
ypasHeHuem JUHuwmenna

&= A, + W) max - ©)

[TokunyBIIME KATO AIEKTPOHBI ABUKYTCS BO BCEBO3MOKHBIX HAMPABICHUSAX, U HEKOTO-
pbI€ U3 HUX MOMNAal0T Ha aHoA. [loaToMy nake mpu OTCYTCTBUU HANPSIKEHUS MEXIY KaToJIOM
u anojgoM (U = 0) B mienu TeveT Mautblid 1o BesmmuuHe GoToTOK | ¢ (Ha puc. 1 mokazan npumep-
HBII BUJ BOJIbT-aMIIEPHOM XapakTepUCTUKU — BAX (oTosnemenTa).

iTA
iTH

Puc. 1

YMeHbpmuTh GPOTOTOK | ¢ MOXKHO MyTeM Mojayu OOpaTHOTO HAMPSKEHUS («—» HA aHO],
«+» Ha Karoj), YTO OCYIIECTBIIAETCS 3aMbIKaHUEM Iepekitouarenss I/ B monoxkeHue 2 (CM.
cxemy ycTaHoBKH). DOTOTOK Oy/ieT MOJHOCTBIO MIPEKPAIleH, eCIu MPUI0KEHHOE TakuM o0pa-
30M AJICKTPUYECKOE T0JIe OYJIeT TOPMO3UTH («3aroHSATH» OOpPaTHO B KaTOMA) CaMble OBICTpbIE
aeKTpoHbl. COOTBETCTBYIOIIEE 3HAUCHUE 3adepacusaroweo (3anuparowezo) nanpsicenuss U,
MOKHO HAWTH M3 YCJIOBHS, YTO pad0Ta CHJI AJICKTPUICCKOTO OISl TIPH 3TOM MOJTHOCTHIO 3aTpa-
YUBACTCS HA «TIOTAIICHUE» MaKCUMaIbHOW KHHETHIECKOW SHEPTHH JICKTPOHOB:
eU, = (W) max - (4)
rZ€ € — 3JIEMEHTAPHBIN AIEKTPUUECKUN 3apsi.
C yuetrom (4) u (1) ypaBHenue (3) NnpruHUMAET BH]I
hc
7 = Ag + eU 3
OTKYyJla MOKHO HaWTH pabOTy BBIXOJIa DJIEKTPOHOB U3 MeTaiia A, MO0 U3BECTHBIM 3HAYCHUSM
JUTMHBI BOJTHBI U3ITyUYCHUS A U 33J€pKUBAIONIETO HanpspkeHust U,

4 =1 ey 5)
A

3

JImHa BOJIHBI U3TYyUYEeHUS A, KaK YK€ OTMEUaoCh, OMPEACISIETCS IIBETOM HCIOJIh3YEMO-
ro ceeropuinbTpa CO. Jns uamepeHus 3aaepkuBaromiero Hanpspkenus U, Heo0XoamMo 3aMK-
HYTh TIEPEKITI0YaTeNb /1 B ON0XKEHNE 2 U YBEIMUMBATH T10/1aBa€MO€ 00paTHOE HAIPSHKEHUE 10
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TeX TOp, MOKa MOKa3aHus MUKpoaMIiepMeTpa 4 He 00paTsITcs B HYJIb, COOTBETCTBYIOIIEE MOKa-
3aHMe BoJbTMETpa V 1 OyAeT nmpeAcTaBiIsaTh co0oi Benmunny U, .

[Mponomkum ananu3 xapakrepa 3aBucumoctd |(U). [Tomava HanpsokeHUs B IPSMOM Ha-
npaBlieHUH («+» Ha aHOJ, «—» Ha KaToM) IMMyTeM YCTaHOBKH INepekiarodarens // B mojoxenue 1
3acTaBisieT (POTORJIEKTPOHBI JBUTATHCSA K aHOMY. YBEJIMYCHHE HANpPSKEHHS! BOBJICKAET B ATOT
nporiecc Bce 00JIbllie BRIOUTHIX JCKTPOHOB, BCIEACTBHE 4ero Tok | Bo3pactaeT (cM. puc. 1).
[Tpu HexoTopom 3HaueHnn U = U, Bce (OTOANEKTPOHBI MOMAAAI0OT HA aHOM, W JalbHEHIIIee
TIOBBIIIICHUE HAMPSOKCHHSI HE TPUBOIUT K YBEIMUYEHUIO (POTOTOKA (HACTYIACT HACbIUjeHUe
BAX). Benuuuna ¢oToToka HachleHus |, psMo mpornopiimoHaibHa O0IeMy YHUCITy BBIOUTBIX
AJIEKTPOHOB, a CIIEOBATEIHHO, KOJUYECTBY MaJaromuX Ha Katof ¢poTtoHoB. KonmnyecTBo ¢oTo-
HOB, B CBOIO OY€pE/ib, ONPEACTSAETCS BEMUYMHON cBETOBOro motoka ®. Takum oOpa3oMm, KBaH-
TOBask TEOPHUsI OOBSACHAET OJIMH U3 DKCHEPUMEHTAIBHO OTKPBITHIX A.I.Cmonemosvim 3aKOHOB
dotordderra: POTOTOK HACKHIMEHUS TPSIMO MPOMOPIMOHANICH OCBEIIEHHOCTH Karoma. s
MPOBEPKHU CIPABEIMBOCTH ATOTO 3aKOHA B JJAHHOW paboTe MpeaycMOTpeHO cHsiTHe BAX npu
JBYX 3HAUEHUSIX CBETOBOrO MmoToka ® m @' < @ (yMeHBIICHHE OCBEIICHHOCTH KaTo/1a OCyIIe-
CTBJISICTCS ITyTEM YBEIIMUYEHUS PACCTOSHHS L MEX Ty MCTOUHUKOM CBETa B (POTORIIEMEHTOM).

4. Ilopsinok usMepeHunii 1 00padoOTKH pPe3yJbTAaTOB
Ynpaosxcnenue 1. CHATUE BAX ®POTOSJIEMEHTA

1. V3Hnaiite y npernojgaBaTesisi HOMEp CBOETO BapuaHTa U ¢ nomolisto [Ipunoxkenus 8 (B
KOHIIE OMTMCAHUs K JaHHOM paboTe) onmpenenuTe HoMep CBoei 1abopaTOpHOM YCTaHOBKH.

2. O3HaKOMBTECH C HKCIIEPUMEHTATILHON YCTAHOBKOW; HAYYUTECH MOJIB30BATHCS HCTOY-
HUKOM TUTAHUS U U3MEPUTEITHLHBIMU TPHOOPAMH.

3. [Tepemeras BIOIb ONTHYCCKON CKaMbU PACIIONOKEHHBIC HA HEH MCTOYHHK CBETa JI M
dbotoanemenT @I, yCTAaHOBUTE MX Ha 3aJaHHOM (COTJIACHO PEKOMEHJAAIUsIM K padoTte) pac-
crostHu L npyr ot npyra. 3nauenue L 3anummure B neByro yacth 1abn. 1. B supmyanvrhom ea-
puanme 1ab60pamopHol pabomoel pekomeHoyemble 3Havenus L (kax 6 ynpasxcuenuu I, max u 6
ynpasxcHenuu 2) ykazamvl 8 oOKHe pabomul U 3a8UCAmM OmM HOMepd 8apuanma (Homepa ycmaHos-
Ku):

Vemanoera Ne 6

UMPA*HEHME 1. Ceetodunerp: KPACHEIR;
L =115 155 aom.

HOPAKHEHWE 20 L = 135 s,

Ilpu smom ycmanoska 3adannozo suavenusi L npouzsooumcs kHonkamu-cmperkamu «Bnpa-
goy-«Bnesoy:

MNonoteHuwe narne

£ >

8 OKHe 1ab0pamopHol pabomol.
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Tabmuma 1

L=...mm L=... mm

U B I, mxA U B I, mxA4

0 0

2 2

4 4

6 6

8 8

10 10

15 15

20 20

25 25

30 30

40 40

50 50

4. 3amkHHUTE TIepekiatouaTenb /1 B nonoxenue 1. Mcrounuk nuranust M1 yctaHoBUTE Ha
HYyJIb CHUMAEMOTO HaIpsKEHUs. B eupmyanvrom eapuanme 1abopamopHoi pabomul nepexiio-
yameinb 3aMbIKAEMCS HAXCamueM Ha KHONKU « 1» unu «2» 6 okne pabomui:

MNepermoyarent (1]

1 0 2

5. IlomecTure B KapMaH Ha Kopmyce (oTodnemMerTa cBeTopmibTp C@ B COOTBETCTBUU C
pPEKOMEHAALUSAMU. B gupmyanvHom eapuanme 1abopamopHoll pabomsl peKomMeHOyemblll Ygem
ceemopuibmpa ykazan 6 okHe pabomsl U 3a6UCAM OM HOMepa 8apuanma (Homepa yCmanos-
Ku):

Vemanoerxa Ne 2

UMPA*HEHME 1. Ceetadunstp: CHHWA 2;
L =120 1 160 am.

UNPAHHEHWE 2. L = 140 aone.

IIpu smom 6v160p ceemoghunbmpa npou3800UMCsL YCMAHOBKOU NEPEeKOUamensi c8emopuibm-
P08 (MOUKU) 8 HYIHCHBLU NYHKIN.

CeeTodneTpEl
() Cuarnaii 1
(®) Cirmis 2
() BeneHei
() A erei
() DpaH#essii
() KpacHsii

6. Bxomtouute B ceth uctrounuk nutanus M1, mudposoit BonbT™MeTp V u ocBeturens JI. B
BUPMYANbHOM 8apuanme 1aO0pamopHoli pabomsl 6ce NPUOOPbl YCMAHOBKU YIHCE BKIIIOYEHDL.
7. YBenuuuBas COTJacCHO PEKOMEHJIAIMSAM I0oJaBaeMoe Ha (DOTOAIEMEHT HampsHKeHUE,

3aHocuTe nokazanus BosibT™MeTpa (U) u mukpoamnepmertpa (1) B Tabmuity A0 Tex mop, nNoka He
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OyAeT NOCTUTHYTO HachllleHue (pu JajbHEHIIeM MOBHIIICHUN HaNpsKeHUs (OTOTOK MPAKTH-
4yecKd He OyAeT U3MEHSThCS). B supmyanvhom eapuanme 1ab60pamopHou pabomsl nooagaemoe
Ha oomosniemenm HanpsadceHue pe2yiupyemcs KHONKamu-cmpeaxamu « Beepxy-« Buusy:

Moreruvorerp [Pl

L]
L

[Hanpaserue U]

Ilpu smom noxazanus onemmempa u MUKpOAMNEPMEmpa CHUMAIOMCS ¢  IMUX npubopos 6
OKHe pabombi:

J Ty
8. I3MeHuTe B COOTBETCTBUU C PEKOMEHIAIMSIMH paccTosiHUE L U 3anummTe ero 3Have-
HUE B TPaBYIO 4acTh Ta0. 1. YCTaHOBUTE NCTOYHHUK MUTAHUS HA HYJIb.
9. IloBTOpHUTE 1. 8.

10. [To pesymbprataM NOpOACIAHHBIX H3MEPEHHUI MOCTPOWTE HAa OJHOM rpadure o6e
BOJIBT-aMIIEPHBIE XapakTepucTuku. CaenanTe COOTBETCTBYIONINE BHIBO/IBI.

nA

Ynpaowcnenue 2. OIIPEJJEJIEHUE PABOTBI BBIXOA 3JIEKTPOHOB

1. YcTaHoBUTE UCTOYHUK NMUTAHUS HA HYJIb CHUMAeMOTO HANPs>KEHUs. 3aMKHUTE Tepe-
KJIoUaTens B osioxkeHue 2. [loctaBbTe mepBblil U3 IEPEUNUCICHHBIX B Ta01. 2 CBETO(PUIBTPOB.

2. YBenuuuBanTe mojaaBacMoe Ha (POTORIEMEHT HaIpsKEHUE 10 TEX Mop, MOKa MoKa3a-
HUS MUKpOaMIlepMeTpa He 00paTaTcsl B HyJIb. 3aHECUTE B TaOJIMILy 3HAUCHUE 3a/I€PKUBAIOIIETO
HanpspkeHus: U,. YMeHbIINTe NoKa3aHusl BOJbTMETPA 10 HYJIA.

TabOmura 2
Homep | CeeTopuastp A, U,, Ay, A - A, ( A —A )2
onbITa MKM B 3B 5B ! ’

Cunmnii 1 0.43
Cunnii 2 0.46
3eseHbli 0.50
Kenterit 0.51
OpanxeBbli 0.52
KpacHubiii 0.57

OB WIN|F-
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3. Mensist cBeTOQUIBTPHI B MOPSIIKE UX MEPEUUCICHUs B TaOIHIIe, TOBTOPSITE 1. 2.
4. Vcionb3ys CrpaBOYHbIE MaTepUalbl U BbIpaxasl JUIMHY BOJHBI A B MeTpax, 1o (hopmy-

e
A, = he eu,,
A
rae h=6.626-10"3 Ix-c, ¢=2.998 .108 M, e=1.602-10""° Ku, paccuuTanTe I KaXJa0ro

c
onbITa pabOTy BBIXOJA ANEKTpOoHA A,. [lepeBoauTe monydyeHHOE 3HAUYEHUE U3 IKOYJIEH B dJIEK-
TPOH-BOJIBTHI U 3aHECUTE €T0 B COOTBETCTBYIOIIMA cTonOer tabnuibl 2. s Toro 4yToObI me-
pPEBECTU 3HAYEHUE U3 JIKOYJIEH B 3JIEKTPOH-BOJIBTHI HY’KHO MOJEIHNTh 3HAYEHHUE B JUKOYIIAX Ha

1.602-107.
5. Beruncanre cyMMy 3HaueHui A, U cpeiHee Kg

_ 1.6
A@ == Z Ae,i
6ia
6. BrimosHUTE BCe PacUcThlI, HCO6XOI[I/IMI>I€ JJIsI OICHKH cnyqaﬁﬂoﬁ IMOTrp€IIHOCTHU U3ME-

peHuii padoThl BbIxoga AsA,. s 3TOro HaUTE OLICHKY CIAyYalHOM MOTPEITHOCTH HU3MeEpe-
HU paboThl BeIxoAa As A, mo GpopmMyrae

i=1
O. =
S )
6-5
3aTeM HaWIUTe BEMUIUHY As A,, 3a71aBasCh TOBEPUTEIBHON BepOsSTHOCTHIO o = 0.95:

AsAe = tn,a Oy,

rie t, , = 257 tia n==6.
7. IIpeneOperast mpuOOPHBIMH OITMOKAMU, 3aMUILIMTE OKOHYATEIbHBIN pe3ybTaT OINpe-
JiefieHus padoThl BBIXOA!
A=A TAA,
8. Ucnonbays cpennee 3Hauenne 4, B Jxoynax (4, B JKoynsx ectb 4, B DJIEKTPOH-

BOJIbTAaX, YMHOXKCHHAsI HA € =1.602-10 Ku ), 1o opmyiie
_hc
Kp fg

HalaWUTe JUIMHY BOJHBI KpacHOU rpaHullbl poTordderra A, .

5. KoHTpoJibHbIE BONPOCHI

1. Yro naseiBaercs poroHOM?

2. ®opmyna, CBA3BIBAIOIIAS YHEPTUIO (POTOHA M YACTOTY KOJICOAHMIT CBETOBOM BOJTHBI.
3. ®opmyna, CBSI3bIBAIOLIAs UMITYJIbC (DOTOHA U YACTOTY KOJI€OAHUIT CBETOBOI BOJIHBI.
4. Yrto Ha3zpIBaeTCs BHEITHUM (hoTordhdpexTom?

5. Uto Ha3biBaeTcst BHyTpeHHUM (poToaddhekTom?

6. B uem 3akitouarorcst onbITel CTONETOBA?

107



7. K xakum BbiBoaM npuniesn CTOJETOB B CBOMX ONBITAX?

8. [louemy B ombiTax CTONIETOBA BOSHUKAET HACKIIICHUE?

9. UYro Ha3bIBaeTCA 3aACPKUBAIOIINM HANpPs>KEHUEM?

10. [Touemy naxke mpu OTCYTCTBUM HANPSHKEHUS] MEX]Ty KaTOJAOM U aHOAOM B IIEMH TeUeT
MaJiblid 1O BeIMYKUHE (POTOTOK?

11. Yro Ha3zwiBaeTcs paboOTOM BbIX0/1a?

12. 3akonsl CrosneToBa.

13. Yro Ha3wIBaeTcs KpacHOM rpanuiieit hotodddexra?

14. ®opmyna DitHITEHA.

15. Yto HazbIBaeTcs BoabTammepHoit xapakrepuctukoit (BAX) dhotosnemenra?

16. ITo xako# opmyse B JaHHOW JTaOOPATOPHON pabOTE paCCUUTHIBACTCS JJI KaXKIIOTO
ombITa paboTa BBIX0/1a JIEKTPOHA?

17. Tlo xako#t gopmyse B JaHHOU JIabopaTOpHOU paboTe pacCUMTHIBACTCS JIJTMHA BOJIHEI
KpacHO# rpanulibl potodrddexra?

18. Ipocteie 3amaun Ha PoTOADDEKT.

Ilpunoscenue 8
BapuanTtsl Kk 1a00paTopHoii padore 5.4

Howmep BapuanTa (1mopsiIKOBbI HOMED B JKypHAJIE) Homep ycTtaHOBKM
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