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BBEJIEHUE

Hucuumnnna «®u3nyeckue OCHOBBI MOTyYEHUS] HHPOPMAIUU» SBIIS-
ercsi 0a30BOM ISl MOArOTOBKM HMHXEHEpOB Mo crneruanbHoctu 200106
«MHpopmManmoHHO-U3MepUTENIbHAS TEXHUKAa U TeXHOJorum». OHa uMeer
00JIBIIOE CAMOCTOSITENIbHOE 3HAYEHHE, a TAaK)KE€ TOTOBUT CTYJIEHTOB K H3Y-
YeHUI0 KypcoB «l3mepurenbHble WH(GOPMAIIMOHHBIE CHCTEMBI», «I Hapo-
aKyCTHUYECKHe Mbe3omnpeodpazoBarenu», «lIbezompeodpasoBarenu BuOpa-
nuit», «IIbe3onpeoOpazoBarenu napiaeHus», «lIbe3onpeoOpazoBarenu ass

AJIEKTPOHUKHA U MUKPOCUTEM» U JIP.

Jlannoe ydeOHOe MmocoOue mpeaHa3HaYeHO ISl O3HAKOMIICHUS CTY-
JICHTOB C OCHOBAaMH B3aMMOJICUCTBUS (PU3NUYECKHUX TOJIEH C BEIIECTBOM U
dbuznueckumu 3P HeKTamMu, UCIOJIH3YEMBIMU JIJIS TTOTYUYCHUST U3MEPUTEIb-
HOM MH(pOpMAIINH, a TAKKE C MPUHIIMIAMU paOOThl JATYUKOB U METOJAAMU
aHalu3a U CUHTE3a (U3UYECKUX SBJICHUW JUISI CO3MAHUS PA3TUUYHBIX
CPEICTB U3MEPEHUSI, TUarHOCTUKHA U KOHTPOJISL.

HeoO6xoaumMocTh B co31aHUU Y4eOHOT0 ITOCOOus MPOIUKTOBAaHA OTpa-
HUYEHHBIM JIOCTYIIOM, a TaKK€ OrPOMHBIM O0OBEMOM HMH(OpPMALIMH, TPEI-
CTaBJICHHOM B CYIIECTBYIOIIMX MOHOTpadusx (B TOM 4MCI€ M HA HHO-
CTPaHHBIX SI3bIKAX ), TOCBAIICHHBIX TIYOOKOMY U JETATFHOMY aHAIHN3Yy TEX
WJIM UHBIX METOJIOB U3MepeHuid. B To Bpemsl, s naHHOM y4yeOHOM quciu-
IJIMHBI HEOOXOAUMO €03/1aTh 00llee U, IO BO3MOXKHOCTH, BCECTOPOHHEE
MpEACTaBICHUE O CYLIECTBYIOIIUX METOJAaX U3MEPEHUHN U UX Kiaccuduka-
IIUM, OMyCKasi MaTepuaj, U3J0KEeHHbIN paHee B Kypcax «O0men husuku»,
«DNEKTPOTEXHUKHU U SIEKTPOHUKHU» H T.J., a TAKXKE MaTepuai APyrux cre-
[MAJbHBIX TUCIMIUIMH, YATAEMbIX HAa CTAPUINX KypCax.

CoBpeMeHHas HH()OPMALIMOHHO-U3MEpPUTEIbHAS TEXHUKA pacrioJiara-
€T CpeliCTBaMU U3MEpeHHs 0oJiee ABYXCOT Pa3auvHbIX (PU3UYECKUX BEIU-
YUH — DJIEKTPUUYECKUX, MarHUTHBIX, TETJIOBBIX, aKYCTUYECKUX, MEXaHUYe-
ckux u T.1. [lomaBnsroniee OOJBITMHCTBO 3TUX BEJIMYHUH B MPOIECCE U3ME-
peHusi mpeoOpa3yeTcsi B BEIMYUHBI JICKTPUUYECKUE, KaKk Haubosee ymoo-

HbIE IS Tepefadyu, YCWICHHsS, MaTeMaTH4eckoil oOpaOOTKHM M TOYHOIO
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u3mepenus. [loaTromy B JaHHOM MOCOOMU OCHOBHOM YIIOp ClejaH Ha MpH-
MEHEHHue MpeoldpazoBaTesield pa3HOro pojaa PU3NYECKUX BEIUYHUH B DJIEK-
TPUUYECKUE BEIIMUUHBI.

Marepuan mocooust U3J0kKeH TaKUM 00pa3oM, 4TOObI JaTh BO3MOXK-
HOCTh YUTATENIO MOCIEAOBATENbHO U3YUUTh (DU3UUYECKUE SIBJICHUS, JIexkKa-
I[M€ B OCHOBE HM3MEPUTEIBHOI'O0 METO0JIa, BO3MOXXHBIE€ KOHCTPYKTHUBHBIE
WCIIOJTHEHUSI M3MEPUTEIBHOIO 3JIEMEHTA, NPEUMYIIECTBA W HENOCTATKU
MeToza, 00JIacTH MPUMEHEHHMs], a TaKKe OCYLIECTBUTh CPAaBHEHHUE C ApPY-
MM BO3MOXXHBIMH METOJIaMU U3MEPEHHS TON UM MHOW (PU3UYECKOI Be-
JUYUHBI.

[Tocobue BrirOYaeT B ce0st MHGOPMAITHIO TT0 OCHOBHBIM METOJIaM U3-
MepeHuii. [lepBas riaBa, MOCBAILIEHA A3JICKTPUUECKUM METOJIAM, BKIIIO-
YaloluM B ce0sl pEe3UCTUBHBIC, €EMKOCTHBIE, TEPMO- U MbE303JEKTpUYe-
ckue. Bo BTOpoil r71aBe u30KeHbl METOAbl U3MEPEHN MAarHUTHBIX MOJIEH.
B03MOXXHOCTH MCIIOJIB30BAHUS ONTHUYECKUX METOJOB, B TOM YHUCJE U OIl-
TOBOJIOKOHHBIX TEXHOJOTWH, ISl Pa3IMYHbIX U3MEPEHUN MPUBEICHBI B
TpeThel raBe. YeTBepTas U nATast TaBbl MOCBSIIEHB PAIUAIIMOHHBIM Me-
TOJaM U METOJIaM CIIEKTPOCKOIHUH.

[TocoOue HaCBIIIEHO Pa3IMYHBIMU MPUMEPAMHU W 3aJayamMu, MO3BO-
JSIOIUMH TIPHOOPECTH MPAKTUYECKUE HABBIKA B 00JACTH MOJYYCHUS WH-
dbopmaruu ¢ TOMOIIBIO PA3TUYHBIX U3MEPUTEITBLHBIX CHCTEM, a TaKXKe Ha-
BBIKM JUISl OCYILIECTBJICHUS] TPAaMOTHOTO MHXKEHEPHOI0 BbIOOpaA BUIA Ipe-
oOpazoBaresiel HHpOpMaIUU TIPU pa3pad0TKEe KOHKPETHOT'O HM3MEPHUTENb-
HOT'O YCTPOMCTBA WJIK aBTOMATU3UPOBAHHOTO KOMILJIEKCA.

Marepuan, OpUBEICHHBIM B MPUIOXKEHUSX, HE SBIACTCS Ha HAaIll
B3IJIA]1 00s13aTeNbHOM MH(pOpMalMen, 0JHAKO HECKOIbKO PAaCIIMPSET KPYy-
ro30p MBITJIMBOTO YUTATElNs B 00JACTH NPUMEHEHUS YIbTPAa3BYKOBBIX Me-
TOJOB U3MEPEHUM, a TAKKE CXEMOTEXHUYECKUX PEIICHUA U3MEPUTEIBLHOTO

TpakTa.
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I'nasa 1. BJICKTPI/I‘ICCKI/IC METOAbI U3MEPECHUA

1.1. Pe3ucTUBHBIC JATYNKH

ConpoTuBieHUE PE3UCTOPA 3aBUCHUT OT €r0 JUTHHBI /, TOTIEPEYHOTO Ce-

YCHUA S nu yI[CJ'IBHOFO COHpOTI/IBJ'IeHI/IH MaTepI/IaJIa p KakK
)
Rozp-J.dl/S. (1.1)
0

Ecin ceuenne nocTOsIHHO IO €ro JUINHE, TO

R,=ps (1.2)
S
W3menenne moja JeHCTBUEM KaKUX-JIHOO BO3JEUCTBUN JIOOOro W3
AJIEMEHTOB, BXOAAuX B Gpopmyiny (1.2), npUBOAUT K U3MEHEHHUIO COMPO-
TUBJICHUS, KOTOPOE, B CBOIO OUYEPElb, MOKET OBITh U3MEPEHO DIIEKTpUYE-
CKMMH METOIAMHM.
PaccMoTpuM mpuMepbl MOCTPOEHHUS Pa3iIMYHbIX JATYUKOB, OCHOBAH-

HBIX Ha U3MEPEHUU COMPOTUBIICHUS.
1.1.1. IToreHuMOMeTPHI (PEOCTATHI)

PeocraTHpIM 1aTYMKOM HA3BIBAETCSA PEOCTAT, IBUKOK KOTOPOTO IEpe-
MEILAETCA MO ACHCTBUEM U3MEPSAEMON HEIIEKTPUUECKON BEIUMYUHBI. Ec-
TECTBEHHOM BXOJIHOM BEJIMYMHOW TaKUX IMpeoOpa3zoBaTesieil sIBISETCS Ie-
pEMEILICHUE JIBUXKKA, & BBIXOJHOM BEIWYMHOU — COIPOTHUBJIEHHE. Takum

00pa3oM, COPOTUBIICHHE R 3aBUCUT OT MO3ULIUH X:
R(x)=x-R,,0<x<1, (1.3)

rie Ry — TIOJTHOE COMPOTHUBIICHHUE PEocTaTa.

B cnydyae HeHarpy:kKeHHOro peocrara ero Hanpspkenue U, =x-U,. Ko-

I/la peocTaT Harpy»keH Ha conpoTtusiieHue R, (puc. 1.1), ero HampsixeHue
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U =— X (1.4)

" R
1+ (x—x*)—2
( )R

1

®opmyna (1.4) nepexonut B popmyny (1.3) mpu R, — oo. lns ocye-
CTBJICHUS TAKOTO IIEPEX0/1a MOXKHO UCIOJIB30BATh CXEMY C ONEPallMOHHBIM
ycuiurteneMm (puc. 1.2), olHUM U3 CBOMCTB KOTOPOTO SIBJsiETCS] OECKOHEY-

HOe (B peaJlbHOCTH O4YeHb 00Jbioe — ['OM) BX0HOE CONPOTUBIICHHUE.

o— —_

R[] Rl] ) L
Ug| o, o o >
A R

puc. 1.1 puc. 1.2

[n}
o

0

Obnacme npumererus. NaT4uKn JIMHEMHOT O U YTIJIOBOT'O IO3UITUMOHHUPOBAHUS.

IIpeumywecmea: BbICOKOE pa3pelIeHUE, XOPOoIlas JIMHEIHAs 3aBUCUMOCTb,
IIAPOKUN AUANa3oH U3MEPEHUU (~ 3 M), MPOCTHIE FIECKTPOHHBIE U3MEPHU-

TCJIbHBIC LICTIN.

Heoocmamku: mexanuueckasi Harpy3ka (TpeHue), GU3U4eCKril KOHTAKT C
00BEKTOM M3MEpPEHUs, HU3Kass CKOpocTh (10 10 M/c), BIUSHUE OKpYKaro-
men cpensl (MbUib, BojAa, BUOpaluu), u3Hoc (1o 100 MUIIMOHOB TIepeMe-

IICHHI).

1.1.2. Mera/uin4eckue JaTYMKH TeMIIEPATyPbl

Y enbHOE CONPOTUBIICHUE O 3aBUCHUT OT TEMIIEPATYPhI, IPUYEM MO-
Pa3HOMY Y Pa3IMYHbIX MaTEPUAJIOB (TPOBOIHUKOB, TOJTYIPOBOHUKOB).

PaccmoTpuMm B Hauane meraimmnueckue naTyuku. Kak n3BecTHO, B Me-
TaJlJIax UMEIOTCSI CBOOOJIHBIC AJIEKTPOHBI, KOJIMYECTBO KOTOPHIX MpPaKTHUYe-
CKM HE MEHSIETCSI C M3MEHEHUEM Temneparypbl. OQHAKO NpH YBEIUYEHUU
TeMIepaTypbl YBEIMYUBAIOTCSI CKOPOCTU KOJ€OaHWsS aTOMOB KPHCTAJLIH-

YeCKOM PEHICTKU U XaOTHYCCKOI'0 ABHIKCHUS JICKTPOHOB, UTO 3aTPYIAHACT
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UX TPOXOXKJECHHUE Yepe3 NPOBOJHUK U IPUBOIUT K BO3PACTAHUIO COIIPO-
THUBJICHUS.
3aBUCHUMOCTh COINPOTHUBJIEHUSI IPOBOJHUKA OT TEMIIEPATYPHI OINMUCHI-

BacTCA ITIOJIMHOMOM:
RAT)=R,(1+a AT + B-AT*> +y- AT’ +...), (1.5)

rie Ry — conpoTHBieHHe mpoBoaHKKa npu Temmeparype T, = 0 °C; AT —
pasnoctb Temneparyp AT =T —T,, T — n3mepsiemas TeMIeparypa; &, 3, y-
TeMIiepaTypHble KO3()(PUIIMEHTHI, 3aBUCALINE OT IPOBOJHUKA.

Marepuansl, TpUMEHSEMBIE I METAUIMYECKUX TEPMOAATYUKOB,
JIOJDKHBI 00J1a1aTh BBICOKOM CTAOMJIBHOCTHIO M JIMHEHHOW 3aBUCHMOCTBIO
conpoTuBieHus ot Temneparypsl. Ha puc. 1.3 (a, 6) npuBenens! rpaguku
3aBUCUMOCTH conpoTtusiaeHus: miaatnHoBoro (Pt 100) u HukeneBoro (Ni
100) natuukoB oT Temmepatypsl (uucio 100 B 0603Haue€HUU JaTYUKOB CO-
OTBETCTBYET BEJIMYHMHE CONpOTHBIeHNs B [OMm]ax mpu temmeparype 0 °C).
Kak BuaHO U3 rpaMKoB OTKJIOHEHHE OT JTUHEHHOW 3aBUCUMOCTH HaYyMHa-

eTcs y IUIATHHOBOTO Aatdrka ¢ 300, a y Hukenesoro yxe ¢ 40 °C.

R, Om | | | | P
| | | | i
U T ] I T T A
| | | | 7 |
260 T ————— T —————= | P - ol B
| | | P |
240 - — S I IR~ A B
| | | = | |
220 —————— +———— ] — o —— +— ————
| | | | |
200 —————— +————— —— At ——— +—————— ==
| | | | |
180 - ————— AT t———— t————— ==
| | | | |
160 = ————— e = t—————= ="
| | | | |
10— ——— — — = |- ———— —_——— 4 ]
| | | | |
120 - — < —+ —— — — — - e 4= -
| | | | |
0 100 200 300 400 500 e

puc. 1.3. a (Pt)
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puc. 1.3. 6 (Ni)

B Tabn. 1.1 npuBenensl TemnepaTypHbie KOAQPUIMEHTH U AUaNa30H
U3MEpPEHUH HEKOTOPHIX HanOoliee YacTO HCIOJIB3yeMbIX MeTauioB. Kak
BUJIHO, TUIATMHA SIBJISICTCS HA CETOAHSIIHUNA MOMEHT HauOoyiee MOAXOs-

UM MaTCpUuaJIoOM JJIsd TCPMHUUICCKUX JATIYNKOB.

Tabnuya 1.1
Mamepuan a 1/K B UK % 1/K° Juanazon
Pt 3.908*107 -0.580%10° 0 200 + 500 °C
Ni 5.485*%107 6.650%10° 0 -60 + 150 °C
Ir 4.041%107 0.364%10° 0.470%10” HET JaHHBIX
Cu B cpexHeM o = 4.330%107 B guamasone -50 +150 °C

Hzmepumenvuasa cxema: PaccMOTpUM TIpUMEpP U3MEPEHUS CONMPOTHUB-
JICHUSI TPU TIOMOIIM MPOCTOro Aenutens Hanpstkenus (puc. 1.4). Ilycte
Hanpspkenue Uy = 10 B, conporusnenue Ry = 100 Om, a B kauecTBE UCIbI-

Tyemoro conpotuBiieHusa R, — naruuk Pt 100. Hanpsioxenne

R
U =Uy —*—

. , 1.6
R +R, (1.0

Ipu tremneparype 0 °C — U, = 5 B. TIpu H3MEHEHNH TEMIIEpaTypsl Ha

0.1 usmenenue conporusinenuss AR=R,-a-AT, = AR=4-10" OM, a
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Hanpsbkenue U, = 5.001 B, uyto coorBerctByeT 0.02 %. Takum obGpazom
CHUTHAJI C JaTYMKA OYCHb MaJl AR/ R << 1 u ero BbIAcNeHNE HA (hOHE TTOMEX
U IIYMOB JIOCTATOYHO 3aTPyIHHUTENbHO. JlJIs permeHus 3Toil mpoOiaeMbl

0OBIYHO MCTIONB3YIOTCS cXeMbl U PepeHITaTbHBIX MOCTOB.

VA iz
UBX 'L'I'
7 BBIX 74
puc. 1.4 puc. 1.5

[Ipocroit nuddepeHmaibHblii MOCT TIpUBEICH Ha puc. 1.5. YcioBue

OayaHca MOCTa MOKHO 3aIliCaTh B CIEIYIOIIEM BU/JIC

4 _2%

) 1.7
77 (1.7)

rae Z; — KOMIUIEKCHBIM MMIIEAAHC COOTBETCTBYIOILIETO djieMeHTa. 1Ipu BbI-
nonHeHuun ycinosus (1.7) Uy, = 0 — mocT cbanmancupoBad. [Ipu Hapyie-
HUK OajaHca MyTeM W3MEHEHHUs OJHOro u3 conpoTtusieHuil U, cTaHO-
BUTCS OTJIWYHBIM OT HyJs. J(uddepeHnnanbaplie MOCTBI MOTYT OBITH HC-
MIOJIb30BaHbl HE TOJBKO JJISI U3MEPEHHUS] aKTUBHBIX CONPOTHUBJIEHUM, HO U
JUJI PEAKTUBHBIX — KOHJAECHCATOPOB, KaTYyIIEK.

Obaacmsb npumereHus::

1. KOHTaKTHbIE TEMIIEPATYPHBIE NATYUKHU. TEII0 MEpenaeTcs 4epe3 Co-

MMpUKaCaroIINCCs IMOBCPXHOCTHU CPCAbl U JaTYHUKA. KonuuecTBo TEmiIoThI

dQ nepena"Hoe 3a Bpems dt onpeaensiercs no Gopmyie
dO=a-S-(1,-T)-dt, (1.8)
rae T — u3Mepsiemasi Temieparypa oobekra, 1 — Temneparypa gaTyuka,

o — TepMuYecKasi MPOBOAUMOCTb, S — IIOIIAAb CONMPUKOCHOBEHUs. C

JPYTrOil CTOPOHBI
dQ=m-c-dT, (1.9)

rac ¢ — yaciabHasd TCIINIOEMKOCTD, 1 — MacCCa JdTYHKaA.
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N3 ypaBuenuii (1.8, 1.9) MoxHO noayuuth GopMyity Juisi TEMIIEpaTyphl:
4
Tt)=T,-(T,-T,)-e ", (1.10)

rie BpeMeHHasi KoHcTauta T=mc/aS. U3 (1.10) Bugso, uro T — T,
npu ¢t — co. TakuM 00pa3oM, y4UTBIBas BBIIIECKA3aHHOE, Ul YBEJINYE-
HHsI CKOPOCTH PEaKLUHU JaTYMKa HEOOXOIUMO, YMEHBIIATh 11 -C W yBe-
AWYMBaThL -S. DBblYMCIeHHME HMCTHHHOTO 3HAYEHWsS TEMIIEpaTyphbl

MOJKHO IIPOBOJHUTD IO PACUHCTY CKOPOCTU U3MCHCHH TCMIICPATYPHI.

. TepMOaHEMOMETPHI. IL&T‘II/IKI/I A1 U3MCPCHUS IIOTOKA KHUAKOCTHU HIIU

raza. Merojq u3MepeHus OCHOBAH Ha CHOCE Terula ABUKYIIUMCS MOTO-
koM. [Ipu momenieHuu B JBUXKYILYIOCS KUIKOCTh WM Ta30BYIO Cpely
HarpeBacéMoro TOKOM TEPMOPE3UCTOPA CHOC TEIIa MOTOKOM SBIISIETCS
OCHOBHBIM (DAKTOPOM, BIUSIOIIMM HA TEIUIOOTAAUy JIEMEHTa. Y paBHe-

HHE TEIUIOBOTO OajaHca TEPMOPE3UCTOpa UMEET BUJT
I’R=0-5-(T,-T,), (1.11)

rne o — Kod(Q(PUIMEHT TerIo0Taauu, 3aBUCSIINN OT CKOPOCTH JIBIKE-
HusA cpenbl; T, u T, — COOTBETCTBEHHO TEMIIEpaTypa TEPMOPE3UCTOPA
(maTtumka) u cpefpl; S — IOWAAL TOBEPXHOCTH TEPMOPEZUCTOPA.
TepMope3ucTtop OOBIYHO BKIIIOYACTCA B MOCTOBYIO H3MEPHUTEIBHYIO
uenb. [Ipu 3TOM OH MOXKeT paboTaTh Kak B peKUME 3aJaHHOTO TOKa, TaK
U B pexuMe 3aiaHHoN Temmeparypbl. [locneanuii pexum Oosee mpen-
MOYTUTENEH, 0COOEHHO MPU U3MEPEHUHU BBICOKOCKOPOCTHBIX MIOTOKOB.
Paccmotpum cxemy BKIIIOUEHMS, TPUBEAEHHYIO Ha puc. 1.6. Ilpu Hyne-
BOM CKOPOCTH MOTOKA YEPE3 TEPMOPE3UCTOP MPOXOAUT HEKOTOPBIA Ha-
YaJlbHBIM TOK, KOTOPBIA HArPEBAET €ro A0 HOMMHAJIBHOW TEMIEPaTyphl,
IIPpU KOTOPOW MOCT HAXOAWUTCS B paBHOBecHU. lIpu ABMKEHHMHM MOTOKA
MIPOUCXOIUT OXJIAXKICHUE TEPMOPE3UCTOPA U UBMEHEHUE €TI0 COMPOTHUB-
JIEHUS, BBI3BIBAIOLIEE HAPYILIEHUE paBHOBecUsl MocTa. Ha BeIxoze ycuiu-
TEJIST TOSIBJISETCS 100ABOYHBIA TOK, YaCTh KOTOPOrO MPOXOAMUT 4Yepe3

TCPMOPEC3UCTOP BBIACIIAS TCILUIO, KOTOPOC KOMIICHCHPYCT IMMOTCPH TCILIA,
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yHOCUMOTO NIOTOKOM. [Ipn 3TOM Temmneparypa U CONPOTUBIECHUE TEPMO-
pe3ucTopa BOCCTAHABIMBAKOTCSA A0 HOMHUHAJIBHBIX 3HaueHuW. M3mepse-

Masg CKOPOCTb OIIPCACIIACTCS 110 3HAYCHUTIO TOKA, IMMUTAROIICTO MOCT.

R]' R3 ¥ CILIMT eJIb

%

puc. 1.6

JpyruM, MoxoxuMm METOJI0M JJIs1 U3MEPEHUS MMOTOKA SIBJISETCS METOJ C
TEPMHUYECKHA M30JMPOBAHHBIM HarpepareneM. B aToM ciiydae B MOCTO-
BOM CXEME BKJIFOYEHBI JIBa Tepmopesucrtopa. [Ipu yctaHOBKE B u3Me-
pPAEMBIA MOTOK MEXIYy HHUMHU yCTAaHABIMBACTCS HArpeBaTEIbHBIN dJIe-
MeHT (puc. 1.7).

[Ipu HyNeBOM CKOpOCTH 00a 3JIeMEHTa HarpeThl OJMHAKOBO. J[BHKEHME
MIOTOKA MPUBOJUT K TOMY, UYTO TEMIIEPATYPHl TEPMOPE3UCTOPOB HAUM-

HArOT OTJIMYATLCA, a, CJICA0BATCIIbHO, HAPYIIACTCS U OajlaHc MocCTa.
YCTpaHeHHe K )IeK TP OHHKe

TYpOy/IeHTHOCTEH % @
A )|

S | |
—— AN i
4

— >
e — >

HATPEEATE/Ib  TEPMOPEIHCTOPLI
puc. 1.7
llpeumywecmea mepmuveckux O0am4uxko8 NOMOKA: XOpoIIas TOY-

HOCTB, 0COOCHHO JJIs1 HU3KHUX CKOpOCTCﬁ; OTCYTCTBUC ITOABHUKHBIX KOMIIO-

HEHTOB, IIIMPOKUN TMHAMUYECKUHN JUAIIa30H.
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1.1.3. IlosrynpoBOTHMKOBBIE JATYMKH TEMIIEPATYPbl

B nmonynpoBogHuKax, B OTIWYHE OT METANIOB, KOJUYECTBO CBOOO/I-

HBIX HOCHUTEJIEH YyBEIMYMBAETCA C YBEJIWYEHUEM TeMIIepaTypbl. DTOT 3-

E

J0HA IPpOEOTHMOCTH

AE,

JaNpelieHHan 30Ha

BA/ICHTHAH 30HA

(beKkT MOXeT ObITh OOBSCHEH C TOUKH 3PEHUS
30HHOM Mojenu (puc. 1.8). Ilockosbky 3yek-
TpOHAM HEOOXOJMMa dHEPTHs IS Mepexoaa u3

TaK Ha3bIBAEMOM BAJICHTHOW 30HBI B 30HY IPO-

puc. 1.8

BOAJUMOCTH, TO HX YHCIIO 6YI[GT 3aBHUCCTH OT

CTENEHU HATrPETOCTH MOJYNPOBOJHMKA. TakuM 00pa3oM COMPOTUBIICHHE

MOJIYITPOBOIHUKA YMEHBIIAETCA C YBEIUUEHUEM TeMIiepaTypsl (puc. 1.9).

R, Om
3200 — — —

3000

2800 +
2600 +

2400

2200 +

T T T T T ]
e B B e
e B B e e S
S A
S S A IS A S

£=3000K | | | | | |

2000 +
1600 +

1600 41—
1400 — — —|
20 - — —

1000 — — — — — —

800

******** 1T T T T
" Tt —t——r——
0 - ————— —t——+——+

__.’___
200 - —
]

&
puc. 1.9

3aBHCUMOCTD COIIPOTUBJICHHUA OT TCMIICPATYPbI MOKHO OIIMCATH CJIC-

ayrorieit hopmyoin

1 1
R(T)=R. -ex ———
(T)=R, pﬂ’TT

0

R,=R(1,). (1.12)
Temnepatypa Ty 1151 MOJYNPOBOJHUKOBBIX JTATYUKOB OOBIYHO paBHA

T, =273+ 25K ; nocrosiHHas [3 B 3aBUCMMOCTH OT MaTepuaja MEHSETCS B

nuarmazone ot 3000 K zo 5000 K.
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TemniepaTypHbIif KOXPPHUIUEHT MOTYITPOBOIHUKOBBIX TEPMOPE3IUCTO-
POB OTPUIIATENICH U YMEHBIIAETCS OOPAaTHO MPOMOPIUOHATBHO KBaIpaTy
abCOIIOTHOM TeMIlepaTyphl:

Obnacmo npumeHerusd. KOHTAKTHBIC TEMIICPATYPHBLIC JAaTUWKU C IIH-

pokuM paGounM amamasoroM (10 1000 °C), smemenTsl TeMmepaTypHOit

KOMIICHCAIIUH, JATYUKH ITIOTOKA U YPOBH:I.

R, Om | | | | \ | | \ |
e e e A i I IR B
3000
B0 -\ i empmaesmm 1 — 1 ——+——+——=%
semn | \repmoxoadbdmmenrom | | | |
2400 + ] N [N PN RN S 1S BN S S
-

2000 4 —]—_—T_—T__T—__
1800 1 _'____1____’___1___
1600 1 f+ff+fi+iij;ii
| yememr
T

1000 4 ) .__l__|___‘___|___
T T T T T T T
[l s Ei i i
—t————t——+——
F— [ R O B
| Y B e

0 10 20 30 40 a0 &0 70 a0 40 I;BC

puc. 1.10

- 1L __ 1 __ __
TI-II € TI0JI0KEIT £7I6 HEIR

__repyoxoyddimmenton

1400 1
1200

800
600
400
200

1}

[ToMUMO MONYNPOBOAHUKOB C OTPHUIATEIBHBIM TEMIIEPATYPHBIM KO-
3 PUIMEHTOM CYIIECTBYET 0COOBIN KJIacC MOIYNPOBOJHUKOBBIX MaTepHra-
JIOB, COMPOTHUBIICHUE KOTOPBIX PE3KO BO3PACTAET B HEKOTOPOM JIMANa30HE

Temneparyp Belme temneparypsl Kropu 7 >T.. Hanpumep, BaTiO; ¢ La,

Ni wnm Ta npumecsmu. Takoe Bo3pacTaHUE COIPOTUBIIEHUS CBSA3aHO C Ha-
PYLICHHEM YHOPSIOYEHHON CTPYKTYpbl aunojiei. OIHaKo, TEPMOPE3UCTO-
pBl U3TOTOBJICHHBIE M3 TAKUX MaTEpHUaJOB 00JaalOT HE OYEHb XOpOIIei
MOBTOPSIEMOCTBIO, YTO CHMIKAET CTA0MIIBHOCTD JaTYMKA, U IOTOMY IIpUMe-
HSIOTCSI B OCHOBHOM B Ka4€CTBE BBIKJIKOYATENECH JJIs 3aIUThI LIETIEU U ABU-

raTeieu.
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Ha puc. 1.10 cxemarudyecku n3o0pakeHbl rpauku 3aBUCUMOCTH CO-
MPOTHUBJICHUSI OT TEMIIEPATYPHI JIJIsi TPEX BBIIICONMUCAHHBIX TUIIOB TEMIIE-
paTypHBIX TaTYHUKOB.

JlocTaTo4HO OOJBIIYI0 TEMIIEPATYPHYIO 3aBHCUMOCTh MUMEET W p-n —
Nepexo/] B MOJIYIPOBOIHUKOBBIX JUOJaX U TproAax. Ha 3Tom ero cBoiicTBe
OCHOBaHa paboTa TepMOIUOIOB M TEPMOTPaH3UCTOPOB. Eciu p-n — mepexon
MOJIKJIFOYEH K MCTOYHUKY MOCTOSIHHOTO TOKA, TO PE3yJbTUPYIOIIEe HaIps-
KCHHE SIBIISICTCSI MEPOU TEMIIepaTyphl Iiepexoia.

3aBUCUMOCTh COTIPOTHBJICHHUS OT TeMIIEpaTyphl HA KPEMHHEBOM JTUOJIC

TMIpY NMOCTOSHHOM BEJIMYMHE TOKA MpecTaBieHa Ha puc. 1.11.

R, Om [ [ [
| | |
| | |
| | |
| | |
| |

3000 |

fffff R R < I

2000 |

|
|
1000 | |
- 50 0 50 1

puc. 1.11

J{71s1 TOJTyITpOBOTHUKOBOTO JIMO/ia MOYKHO 3arucaTh

e'V
I=1,-exp| — |, 1.14
: p(”j (1.14)
Vzk—Tln £ , (1.15)
e I,

rae k — nocrosiHHas bonbivana; 7' — abcomtoTHas Temneparypa B Kenbsu-

Hax; Iy — TOK; e — 3apsij] AIECKTPOHA.
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1.1.4. ®oTope3ucropsl

N3meHneHne COMpPOTUBIICHHUSI MAaTEpUANIOB TIOJI BO3JICUCTBHEM CBETO-
BBIX JIyuyed MPOUCXOAUT B pe3yibrare sBiaeHus ¢otoddpdexra. Kak wusz-

BeCTHO (PoTOH obnanaer sHepruedd E, =h- f =c- h/ A, tie h — mocrosHHAs

[lnanka; ¢ — CKOpPOCTh cBeTa; f U A - COOTBETCTBEHHO YacTOTa M JJIMHA
BOJIHBI CBETOBOTO M3NydeHMs. Kak ObUIO yKe cKa3aHO BBIIIE, /IS IEPEX0-
Ja SJEKTPOHA W3 BAJICHTHOH 30HBI B 30HY MPOBOJUMOCTH HEOOXOIMMa
sHeprusi. B nanHom ciiydae — 310 sHeprusi potona. Yem Oosbliie ocBe-
IIEHHOCTh, TEM OOJIbIIEe KOJINYECTBO (POTOHOB, a, CIECIOBATEIHLHO, M AJICK-
TpOHOB. TakuM 00pa3oM, MpH YBEIHMYSCHUH OCBEIICHHOCTH COMPOTHUBIICHHE
Marepuaia yMeHbIIaeTrcs. MakcuManbHas JJIMHA BOJHBI COOTBETCTBYIO-
11asi MUHAMAaJIbHO HEOOXOAMMOM SHEPTHHU JJIsl IPEOIOTICHHUS 3aNPEIICHHON

30HBI MOKET OBITh 3alMcaHa B BUJC

A(mrm) =1.24/ E(5B). (1.16)
Yasmpadpionem Buoumstii ceem
\ LOO / 700 Hugpaxpacusui
- - o =
100
o
S 8o} cdS
 ¢0 :
£ ZnS
g /
§ 60T
&
3 X
Lof
: |
g x CdSe /
20 /
/
0 X Y
300 500 1000 2000 5000 10.000

AU GORHBE (HM) i

puc. 1.12
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Pa3nnunble MaTepransl OKa3bIBalOT MAKCHUMAJIBHYIO PEAKIMIO HA CBeE-
TOBO€ M3JIy4YE€HUE Ha Pa3HbIX JJIMHAX BOJH. Puc. 1.12 wmroctpupyer cnek-
TpaJIbHYIO 3aBUCUMOCTb PEaKLUHU pa3InyHbIX (poTope3uctopos. B Tadm. 1.2
IIPUBEACHBI BEIMYMHBI 3AIPCIICHHBIX 30H M COOTBETCTBYIOIIMX MAaKCH-
MAaJIbHBIX JUIMH BOJIH IS Pa3JIMYHBIX MATEPUANIOB, UCIIOIb3YEMBIX IS CO3-

naHus (POTOpPe3uCTOPOB.

Tabnuya 1.2
Mamepuan Hlupuna 3anpeuiennoii 30nwl, 3B MAKC. OJIUHA 80JIHbl, MKM

ZnS 3.6 0.345
CdS 241 0.52
CdSe 1.8 0.69
CdTe 1.5 0.83

Si 1.12 1.10

Ge 0.67 1.85

PbS 0.37 3.35
InAs 0.35 3.54

Te 0.33 3.75
PbTe 0.3 4.13
PbSe 0.27 4.58
InSb 0.18 6.90

Baxxno moMHuTH, uTO MoMUMO GoTod(PdeKrTa, COMPOTUBICHHUE JIFOOOTO
MOJTYTIPOBOTHUKA TAKXKE 3aBUCUT U OT TEMIIEPATypbl. ITO BJIHSHUE OCO-
OCHHO BEJIMKO MPU HU3KOW OCBEIICHHOCTU. TemmepaTypa sSBISCTCS TaKXKe
¥ TPUYMHON TEIUIOBBIX IIyMOB. [lo3Tomy, nmaT4Wku, MpUMEHsEMble Ha

HHMU3KHX AJIMHAaX BOJH AOJIZKHBI JOITIOJIHUTCIBHO OXJIaXAAaTbCA.

Obnacmob npumenenusi: N1ETEKTOPHl OTHS U CBETA, JIEMEHTHI BUICOKa-
Mep, JaTYUKU IPUCYTCTBUS U TO3ULIUOHUPOBAHUA.

IIpeumywecmea: o4eHb UyBCTBUTEIbHBI MPU MAJIOW OCBEIIEHHOCTH,
HU3Kasi CTOMMOCTb, MPOU3BOJBHBIE pa3Mepbl, BO3MOXHOCTb U3MEPEHUI
0e3 JOMOJHUTEIBLHOTO YCUIICHHS CUTHAJIA.

Heoocmamxu: HU3Kas 4acToTa MEpeKIrOYeHus: (HECKOIBKO Tepir), 3a-

BHCHUMOCTb OT TEMIIEPATypbl, CTAPEHUE.



17 -
1.1.5 daryuku nepopmannu

CormacHo ¢opmyne (1.2) compoTuBiieHHEe OAHOPOJAHOTO MaTepHalia
3aBUCHUT OT TPEX MapaMeTpPOB — YAEIbHOE CONMPOTHBIICHUE, UTMHA H TLIO-
[aib MOMEPEYHOTO CeueHus. B mpeapimymux pa3aenax Mbl pacCMOTPENH
JATYUKH, TIPUHIIAI IEHCTBUS KOTOPHIX OCHOBAH HAa U3MEHEHHUH YJIEITHHOTO
COTPOTHUBIICHHUSI TIOJT IEUCTBUEM Pa3IUYHBIX (DakTOpoB. MI3MEHEHHE NITUHBI
U TIONIEPEYHOTO CEYCHHS MaTepuaja MoJ JEeHCTBUEM MEXaHWYECKUX Ha-
MPSOKEHUN TaKKe MPUBOJIUT K M3MEHEHUIO CONMPOTUBIEHUSA. OTHOCUTEIb-

HOE U3MEHEHHUE COMPOTHUBIICHUS 3anuiieM u3 hopmyisl (1.2):

dR _dp  dl_dS

—_—. (1.17)
R p I S
D-dD Mexanunueckoe Hanpsbkenue (puc. 1.13):
~ ‘L 5-ds
Y Y % dF
7, WA ( ( 7, o=—2", (1.18)
" T ds
1 +di ’
Puc. 1.13 rae F, — HOpMaJIbHasi KOMIIOHEHTA CHIIBI,
IIPUJIOKEHHAA K IIOIaau S.
OTtHOocuTenpHas TPOAOJbHAS U TIOTIepedHast 1ehopMaliu:
dl dD
) D

rae D — nuamerp o6pasiia.

Takum oOpa3om, Mpu PacTsHKEHUH WM CKATHHU MPOUCXOAUT HE TOJIb-
KO M3MEHEHUWE JJIMHBI, HO U IIONEPEYHBbIX pa3mepoB. CBsA3b OTHOCUTEIb-
HBIX MPOAOJIBHON U MOMEpeuHol aedopMaliuii 3anuchIBaeTCs yepe3 Ko (|-

¢bunment [lyaccona i
E,=—U-E. (1.20)

Koaddumuent Ilyaccona oObruyHO nexuT B auanazone ot 0 mo 0.5
(Hanpumep, 11 ctanu — 0.303, s meau u anmromunus — 0.33)
Hanpspkenne npu ynpyroit nedopmaruu Temna mpornopiuoHaibHO OT-

HOcHUTeNbHOU nedopmarnu (3akoH ['yka):
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o=FE-¢g, (1.21)
rme E — momyas FOHra — xapaxrtepucrika marepuana (crans — 2.1%10°
H/MMZ; crexno — 0.6%10° H/MMz; amomunanii — 0.6%10° H/MMz).

JIn1st 06pa3IoB KPYyTIIOTo MOMEPeYHoro ceueHns S =7- D’ / 4, Torma c
yuetom (1.20):
d?sszDz—Z-,u-e. (1.22)

Ucnonszys (1.19) u (1.22) 3anumem gopmyny (1.17) B Buge:

P

[IpeoOpazyeM OTHOCUTEIBHOE U3MEHEHHE YIEIbHOTO COMPOTUBIICHUS:

d_pzc'd_V’ (1.24)
o \%

rae V — oobem obpazua; C — ko3 PUIMEHT TpOonopIHOHAIBHOCTH, KOTO-
pBIi 3aBUCUT OT CBOMCTB MaTepuaia (ciiaBa). Marepuainbl, 0OBIYHO MPH-
MEHSIEMBIC JJIsI CO3JJaHus TaTuYuKOB fedopmariuii, umeroT kodhduruent C

B npenenax ot 1.13 go 1.15. J{nsg moaynpoBOAHUKOB |C | > 100.
[IpoBenem cnenytroiiee mpeodpa3zoBaHue:

d%:%+d—szg-(1—2-ﬂ). (1.25)

Torma, okoHUaTENBHO, 3anuiieM Boipaxenue (1.23) B Buze:

dR

7=[1+2-ﬂ+c-(1—2-ﬂ)]-g=k-s. (1.26)

Koaddumment k Hazoem — daxrop nepopmamuu. J{ns oObaHO TIPH-
MCHSICMBIX CIUIaBOB (KOHCTAHTaH: Meab — 57%, aukenb — 43%; MaHTaHWH:
Menb — 84%, mapranen] — 12%, aukenb — 4%) — C = 1 = k = 2. [lna nna-
TUHOBBIX CIUIaBOB (PtW) — k = 4, 111 KpeMHUEBOTO N-TIOTYNPOBOJIHUKA - K

= -100, 11 KPEMHUEBOTO P-NOJYHIPOBOAHUKA - k = +200.
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Hsmepumenvhas cxema: OTHOCUTEIBLHOE U3MEHEHUE CONPOTHUBIICHUS
npu aedopMaiisax 06eaHO Mano (Menee 107), MO3TOMY peKOMEHIyeTcs
UCIOJIb30BaHue cxeMmbl auddepeHunansHoro mocra (puc. 1.5). s
YMEHBILIECHUS JEHCTBUS MOMEX U YCUJICHUS! CUTHAJIa MOKHO MCIOJIb30BATh
OoJiee CIIOXKHYIO cxeMy AudPepeHIInaIbHOTO MOCTA C CEJIEKTUBHBIM YCH-
JneHueM curHaia (nmpuinoxenue 1). Hanpspkenue Ha Beixoae mocra Uy, 3a-

IMAIICM 9CPEC3 HAIIPAKCHUC Ha BXO/IC ng H 3HAYCHU A COHpOTHBHeHHﬁI

U, =U, |- &

6bLX ox - (127)
R +R, R;+R,

PaccMoTpuM 3aBUCHMOCTH BBIXOJHOTO HAIpPSHKEHUS MOCTa OT KOJIU-
YeCTBa BKJIIFOUEHHBIX B HETO JATYMKOB AehopMaIinu:

1. Ecnu B cxemMy MOCTa BKJIFOYEH TOJBKO OJIUH JaT4YMK JiehopMaliuu

(4eTBepTh-MOCT) U B HE AehOPMUPOBAHHOM COCTOSIHHH BCE YETHIPE

pe3nucTopa UMEIOT COMPOTUBIICHHE R, TO

Usmx:U@x' M_l =Uex'i° (128)
2R+AR 2 4R +2AR

HenocrtatkoM >TOW CXEMBI SABJISA-

2 /1
M @% ercs TOT (PaKT, YTO JAaT4UK Je-

[ dbopmaruu  Oyner  MOJBEpPKEH

puc. 1.14 TaKk€ M TEIIOBOMY BO3IEHCT-

BUIO. [[JI1 KOMIEHcalnu 3TOTO
spdekra HEO0OXOOUMO B NPOTUBOMOJOXKHYIO CTOPOHY MOCTa
BKJIIOUATh AaHAJOTUYHBIN JTaTYUK, HO B IIJIOCKOCTU MEPIEHANKYJISAP-
HOHM TIJIOCKOCTU M3MEpPEHUM, yToObl n3dexath rddekra nedopma-
uuu (puc. 1.14).

2. IlockonbKy mepBasi cxema B JHOOOM ciiydae TpeOyeT MCIOJIb30Ba-
HUE BTOPOrO JaTYMKa B IPOTUBOIOJIOKHOM MAaroHadu MOCTA, €ro
yloOHee pacnoJiaraTh B INIOCKOCTH U3MEPEHHs], HO TaKUM 00pazoM,
yTOOBI €ro JaedopMaius ObLTa TPOTUBOIOIOXKHA O 3HAKY Aedop-
MalHH MEPBOro JaT4yuKa (MoJaymMocT). B 3Tom citydae HanpshkeHue

Ha BBIXOAC 3aIIMChIBACTCA B BUJIC!
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R+AR I}ZU“'ﬁ. (1.29)

207 2 R

USbl.x = UBX ’
2R 2

Takum 00pa3oM NpH TaKOM BKJIFOUEHHHM aBTOMATUYECKH MOJIy4aeT-
csl TeMIlepaTypHask KOMIIEHCAlUsl CUCTEMBbI, Ooyiee TOro sl Ha-
MPSOKEHUST HA BBIXOJIE MOJy4YaeTcsl JIMHEHAs 3aBUCUMOCTh OT OT-
HOCUTEJIBHOTO U3MEHEHUS! COMPOTUBIICHHUS.

3. Cnyyait BKJIIOUCHHS TpeX JATUYMKOB HE MPEJCTaBIISIET 0COOOT0 MH-
Tepeca, MoATOMY NepeiieM cpazy K cXeMme, IJie BCe YEThIPE COMpPOo-
TUBJICHHS TIPEACTABISAIOT COOOW nmartuuku aedopmaruu, Mmpuiem
conpoTuBlieHus] R| 1 R4 UCTIBITHIBAIOT JePOpMaIMK OJHOTO 3HAKAa,
a R, u R; — nedopmarnuu MPOTUBOIOIOKHOTO 3HaKa (TIOJIHBIM

MOCT):

=U, —. (1.30)
2R 2R R

68X

UW:U&C.[R+AR_R—AR} AR

[TomMuMO BCceX IMPEUMYLIECTB IIOJYMOCTa B 3TOM CXEME €Ile BIBOE

YBCIMYCHA BCIINYKMHA BBIXOAHOI'O COIIPOTUBJIICHHUA.

[TpuBeaem mpubamxeHHsle Beraucienus Gopmyss (1.27). Conporus-

JCHUE KaXIOro NaT4yvKa 3amuiueM B Buie R, = RT AR, yuuTbIBasg, 4To

AR/R << 1, npeHeOpexeM BETMINHAMU MOPSIKA AR

U :Uex. ARI_ARZ_ARTS_i_AR4
| R R R R

(1.31)

C yderom ¢popmyiibl (1.26) MOXKHO 3anucaTh CIEAYIOIIEE BhIpaKEHUE:

U@X
U,,= i le, —&-¢&+¢,]. (1.32)
TOFI[a AJIs1 TPCX BBINICOINMMCAHHBIX CIIYYACB 3HAYCHUS BBIXOJHBIX Ha-

NPsDKEHU OYTyT BBITJISIIETH CIEAYIOLUIMM 00pa3oM:

k-U
juist ueTBepTh-MocTa: U} = T“x £
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TS YETBEPTh-MOCTA C TEPMUYECKON KOMIICHCAIIUEN:

U k-U
Ul =(1+,U)'Tgx-8; s moiymocta: U =Tg’“-8; JUIS TIOJTHOTO

B8blX B8blX

mocta: UM =k U -¢.

8blX

PaccMoTpuM elie oguH TUN JATYUKOB JAeQOpMaIuu, TaK Ha3bIBaeMbIi
«0amMYUK ¢ A6mMomamuyeckou Komneuncayueir». IlomectTuM OOBIUHBIM
natyuk aedopmaruu ¢ KO3 UIIMEHTOM TEIJIOBOIO PaCHIUpEHUst ) |
yAEIbHBIM KOA(PPUIIMEHTOM (&, Ha TIOJJIOKKY C KOIPDUITMEHTOM TEIJI0OBO-
ro pacllupeHust &, # ¢,. IIpu u3MeHeHun TemiepaTypbl CUCTEMbI yJIJIUHE-
HUe Jarumka cocraBut Al =[l-o,-AT, a yIIUHEHHE NOMJIOKKH
Al =1-0 -AT . I1oCKOJIBKY NaT4MK XECTKO 3aKpEIUICH Ha IIOJIOKKE, TO
€ro OTHOCHTENBHOE Y/UIMHEHHE COCTaBUT €, =(a, —¢,)-AT u B cooTBeT-
crBuu ¢ Gpopmynoii (1.26) AR/R=k-¢€,.

C npyroil CTOpPOHBI 3a CYET M3MEHEHHSI TeMIepaTypbl MPOUCXOJUT
M3MEHEHUE CONMPOTHBIIEHUs corinacHo (opmyie (1.5): AR/R=q«, -AT .

Ob6a »ddekTa OyayT KOMIIEHCUPOBATH APYT APYTa, €CIU BBHINOIHIETCS pa-
BEHCTBO:

a AT=ke = a-a+2=0. (1.33)

DTO yCIOBHE MOXET OBITh BBIOJHEHO MPU COOTBETCTBYIOIIEM IOJ-
O0ope maTepuaios.

Obnacms npumeHenusi: CyIECTBYIOT pa3iHYHble KOHPUTYpAIHK 1aT-
YUKOB JedopManuu B 3aBUCUMOCTH OT MECTa W Croco0a NMPUMEHEHUS
(puc. 1.15). Jlatunku oOBIYHO KJIEATCS WU NMPUBAPUBAIOTCSA K AehOpMU-
PYEMBIM JIEMEHTaM.

Ha ocHoBe nedopmanmui MOKHO H3MEPSATH pa3iuyHbie (HU3UYECKUE
BEJIMYMHBI, B YacTHOCTU: cuiy (puc. 1.16 a), naBnenne (puc. 1.16 6), mo-
MeHT BpatieHus (puc. 1.16 ), yckopenue (puc. 1.16 2), CKOpOCTh MOTOKA
KUJIKOCTH (puc. 1.160).
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30HA OTPEHHYHTTEHBIH
H3THOa 3a30p

puc. 1.16 2 puc. 1.16 0
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OcraHoBuMCsl OIpoOHEE HA JaTYMKE MOTOKAa. B TpyOe ¢ muomaabpto
MOTIEPEYHOTO CeUeHUs S, T/I€ HEOOXOAMMO H3MEPSITh CKOPOCTh JABUKCHUS
KUIKOCTH, TIOMEIIACTCSI OTPE30K TPYOhI HEKOTOPOTO MEHBIIIETO CEUEHUS S,.
CoenuHuTENbHBIE TPYOKH M3 00JacTel ¢ pa3IMYHbIM MOMEPEYHBIM CEUCHH-
€M TIOJIKJIFOUEHBI C IBYX CTOPOH K KaMmepe, B IIEHTPE KOTOPOH YCTaHOBJICHA
nuadparma. Ha auadparmy npukieeHsl JaT4yuku aegopMaliuii, 3aga4a Ko-
TOPBIX OMPEIEIATh PA3HOCTh JaBICHHUM. ECiN KHIKOCTh HEC)KUMaeMa, TO

JIUIsL Hee MOJKHO 3aIicarh ypaBHeHHe BepHyIUIM B CIEIYIOIIEM BHIE:
_ P2 2
AP—P1_P2—E(V2 -V ), (1.34)

IJi€ p; U V; — COOTBETCTBEHHO JaBJICHUE U CKOPOCTh KUJIKOCTH B CEUCHUU C
IJIOIIAJIbIO S;, O - TUIOTHOCTDb >KUAKOCTH. JIJIsl CTallMOHAPHOTO JIBHXKEHUS

CIIpaBeUIMBO YPaBHEHHE
v oS =v,-S,. (1.35)

Bripazum u3 ypaBHenuii (1.34) u (1.35) ckopocTh )KUJIKOCTH Vy:

2 S;

—. 2 __.Ap. 1.36
P p (1.36)

v, =
W3mepuB mpu MOMOIIM AATYUKOB Jedopmari pa3HOCTb JaBJICHUN
Ap ¥ 3Has IWIOTHOCTH KUAKOCTU U IUIOLIAJH MONEPEYHBbIX CEUEHUN, MOXK-
HO OIIPEACIUTb UCKOMYIO CKOPOCTb IIOTOKA KUJIKOCTH.
K HepgocraTtkam Takoro meroza M3MEPEHUs MOKHO OTHECTH 3aBUCH-

MOCTb CKOPOCTH OT IJIOTHOCTH XUJIKOCTH U OT TEMIIEPATYPHI.
1.2. EMKOCTHBIE JATYHKH
EMKOCTh METAITHYECKUX MPOBOIHUKOB 3aBUCHUT OT (POPMBI MPOBOJ-

HHUKOB, pPaCCTOAHUA MCXKAY HHUMHU H I[HBJ'IGKTpH‘ICCKOﬁ IMPpOHUITACMOCTH

Cpebl, 3aNOTHSIONICH ATO PACCTOSIHUE.
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HarmpuMep, eMKOCTh IIJIOCKOTO KOHJIEHCATOpa, COCTOSIIEr0 U3 JBYX
MapayiyIeIbHBIX METAUIMYSCKUX TUIACTUH TUIOIIAbI0 S, HaXOMAIIUXCS Ha

paccTosiHuH [ APYyT OT Apyra paBHA:

C=€O-€%, (1.37)

rAe & — DJEKTpUYECKas IMOCTOSIHHAA, £ - JUAJIEKTPUYECKash MpPOHUIIAe-
MOCTh CpE€Jibl, 3aMOJIHSAIONIECH MPOCTPAHCTBO MEXY IUIaCTUHamMu. Eciu
IJIACTUHBI OPUEHTUPOBAHBI HE TOYHO OJHA MPOTHUB APYroM, TO MOJ IIO-
AbI0 S TOAPa3yMEeBaAETCs TOIBKO IIJIOMIAAb MEPEKPHITHUS IIACTHH.
EMKOCTh IUIMHIPUYECKOTO KOHJIEHCATOpa WM KOAKCUAIbHOW JTMHUU
JUTMHOM [, ThaMeTpOM BHYTPEHHETrO MPOBOJHUKA d U TUAMETPOM BHEIIIHE-

ro npoBogHuka D paBHa:

[

C=2r-&-&———.
° " In(D/d)

(1.38)

Ncxons uz dopmyin (1.37) u (1.38) BUIHO, 4TO EMKOCTh KOHJIEHCATOPA
M3MEHSIETCS NPU U3MEHEHUHU JIUAJIEKTPUUYECKOW MPOHUIIAEMOCTH 3amoi-
HSIOLIEH Cpe/bl U MPU U3MEHEHUHM B3aUMHON OpHEHTAIlUH METaUTUMYECKUX
MMOBEPXHOCTEH, 00PA3yIOITUX KOHACHCATOP.

OrnpenenyuM 4yBCTBUTEIBHOCTD MJIOCKOTO0 KOHAEHCATOPA MPU U3MEHE-
HUM PACCTOSIHUSI MEXy IactuHamMu [. HamomMHUM, 4TO 4yBCTBUTEIb-
HOCTb JlaTurka E omnpenensercss Kak OTHOIICHHE MPUpPAIEHUs] BBIXOIHOTO

napaMmeTpa JaTdyuka K MpUpaIleHruIo BApbUPYEMOro apaMmerpa, T.e.

Ezd—cz—eo-e-%~i2. (1.39)
dl [~ 1
®opmyna (1.39) mo3Bonsier caenarh BBIBOJ, YTO UYBCTBUTEIBLHOCTD
IJIOCKOTO KOHJIEHCATOpa BEJIMKA MPHU MajbIX [, 4TO JENaeT BO3MOMXHBIM
MIPUMEHEHNE TAKUX JATYUKOB B MUKPOCTPYKTypax.
[IycTh HayaibHOE 3HAYEHUE €MKOCTH IUIOCKOTO KOHJEHCATOpa PaBHO
Co, a paccTosiHue MEX 1y TiacTuHamu — [y. [Ipu u3amMeHeHuu paccTosiHus Ha

BeJIMUNHY Al ”3BMEHEHUE EMKOCTH COCTaBUT
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AC=€O-8-£—80-€-L=CO-L, (1.40)
Ly ly+Al l,+Al
4 OTHOCHUTCJIBbHOC NU3MCHCHUC CMKOCTH, COOTBCTCTBCHHO
ac__Al : (1.41)
C, [,+Al

PaccmoTpuMm ciywaid caBura OJJHOM IUIACTMHBI KOHAEHCATOPA OTHOCH-
TesbHO Apyrout (puc. 1.17). [locne cnBura M3MEHEHUE €MKOCTH KOHJICHCa-
TOpa COCTaBUT

. “Aa)-b
ACzeo-e-aolbO—eo-e-(ao @) b_¢ . Ad (1.42)

0 Ly a,

HemocTaTkoM Takoro mMeTona SBISETCS CTPOToe COONIIOACHHUE Tapai-

JEeIBbHOCTH UIACTUH KOHAeHcaTopa (ly = const).

b
Iu«"'”u/f)

i

N

Ad

puc. 1.17 puc. 1.18

Ene onaum nmpumepoM KOHIEHCATOpa ¢ IEPEMEHHON eMKOCThIO SBJIS-
eTcsa Bpamarouuiicss kouaencarop (puc. 1.18). Ecnu Takoit KoHIeHcCATOp

COCTOHUT U3 1 +1 MIACTUH, TO €r0 eMKOCTh Onpenensercs no popmyie

C=ne-e2% (1.43)
|l 7w

Hzmepumenvnasa cxema. EMKOCTH AaT4YMKOB OOBIYHO OYEHBb Malbl, a
U3MepsAeMbIe U3MEHEHUsI EMKOCTH elle MeHblie. [loaToMy amnst ocymiecTs-
JIEHUS] U3MEPEHU HeoOXO0AUMO coOmoAaTh HeKoTophie ycioBus. Coenu-

HUTEJIbHBIE KaOeJIM OT JaTdYHKa K 9JICKTPOHUKCE TOJIZKHbBI OBITb MaKCUMaJb-
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HO KOPOTKHMH U XOPOIIO SKPaHUPOBAHBI, YTOOBI UX €MKOCTh HE IMPEBBI-
majga eMKOCTh Jartuuka. ['1e 3To MpeacTaBIsieTCs: BO3MOKHBIM, PEKOMEH-
nyercsi 00benuHEHUE (MHTErpaibHbIE CXEMbI) SJIEKTPOHUKH W H3MEpH-
TEJILHOTO AJIeMeHTa. EMKOCTHBIE JaTYMKKA YyBCTBUTENIBHBI K 3arPs3HEHUIO,
BO3JICHCTBUIO CTOPOHHUX DJJICKTPOMArHUTHBIX TOJIEH, (IIyOpecleHTHBIX
WCTOYHUKOB.

OnHUM W3 BApUAHTOB 3AIIUTHI €MKOCTHBIX JTATYMKOB SIBJISIETCS HC-
MOJIb30BAHME TAK HA3BIBAEMOI0 «3alIUTHOTO KoJibla» (puc. 1.19). Korna
BHEIIHEE KOJIBLO MOJJAEPKUBACTCS MPU TOM K€ HANPSKEHHH 4TO U CaM
JATYUK, OCYIICCTBIISICTCS JKPAaHUPOBAHWE OT BHENIHUX BO3JCUCTBUU U

KpaeBbIX 3 (PeKToB.

 V y V v o
oLt [|rs
o T
{ } ) Bem Ry
«0 b T
puc. 1.19 puc. 1.20

Haunbonee cranaapTHON M3MEPUTENBHON CXEMOMU SBISETCSA, KaKk U B
PE3UCTUBHBIX JaTuuKax, cxema nuddepenunaibHoro Mocta. s eMKoCT-
HOTO JaTYMKa B CXEME MOCTA MPOU3BOJMUTCS 3aMEHa JIBYX PE3HCTOPOB Ha
nBa koHaeHcaropa (puc. 1.20). Ilpu satom cornacHo dopmyine (1.7) ycio-

BUE paBHOBecue MocTa Oyaer BoinosiHeHo. Korna Z, = Z, BelpakeHUe 11
BBIXOJIHOT'O HAIMPSHKEHUS BBITIISIUT CIEIYIONIUM 00pa3oMm:

Vo 422

= . 1.44
w747, (144)

ECJ'II/I, TOJIBKO OJHWH M3 KOHACHCATOPOB ABJIKCTCA CMKOCTHBIM JaT4H-

KOM (‘-ICTBepTB-MOCT), TO IIPpU UBMCHCHUHN PACCTOAHUA MCIKAY IIJIACTUHAMUA

Ha Al umnienanc OyJeT paBeH:

+
7, =L . LEAL (1.45)
jo &,-€-S



=27 -

[ToncraBum (1.45) u aHaoruyHOE BhIpKEHUE I Heae(opMUpoBaH-
HOTO KOHJIeHcaTopa Z, B hopmyiy (1.44):
U, | l,xAl-1, | U +Al

Uebzx =—" =— . (146)
2 | EAI+ | 2 2-0,%Al

Kax BuaHo u3 Gpopmyinsl (1.46) 3aBUCHUMOCTD BBIXOAHOTO HATIPSKEHUS
OT MU3MEHEHMs PACCTOSAHMUS MEXAY IJACTUHAMHM KOHAEHCAaTopa HeJIUHEH-
Hasl.

PaccmoTpuM cxemy MoOCTa, B KOTOPYIO BKJIIOUEHBI JIBA €MKOCTHBIX
JaTyvKa (OJIyMOCT), MPUYEM, €CIU JJIsl OJHOTO PACCTOSIHUE MEXAY IUia-
CTUHAMU YBEIMYMBAETCS, TO JJIS APYroro OHO JIOJDKHO YMEHbBIIAThCS Ha
TyXe BeauuuHy. Takas cTpykTypa Ha3biBaeTcs nuddepeHunanbHblii KOH-
nencatop (puc. 1.21). MMneganc KOHIEHCATOPOB 3aMMUCHIBAIOTCA B 3TOM

cJIydac B BUJIC:

le_i.ﬂ; ZZ:_L.M’ (1.47)
jo & -€-S jo & -€-S

4 BBIXOJJHOC HAIIPAKCHUC!

Uﬁ’blx = ng ) lO +Al_lo +Al = ng 'ﬂ- (1-48)
2 |, +Al+1,—Al 2

Takum oOpazoM, K MpeuMyIIecTBaM Moiaymocta ¢ auddepeHnmnannb-
HBIM KOHJIEHCATOPOM MOKHO OTHECTH CJCAYIOIIWe: YABOCHHE YYBCTBH-
TEIBLHOCTH, JIMHEWHASI 3aBUCUMOCTh BBIXOJHOTO HAIMPSHKEHUS OT M3MEHE-
HUSL PAaCCTOSHUS MEXIy IUJIaCTUHAMH, BO3MOXXHOCTH OTpEAeNieHUs Ha-

IMpaBJICHUA CMCIICHUA, KOMIICHCALIUA ITOMEX N BHCITHHUX BOSHeﬁCTBHﬁ.

.

(3] L

- c

puc. 1.21 puc. 1.22
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Hpyrum noctaTtoyHo 3(PPEKTUBHBIM METOJIOM U3MEPEHUS U3MEHEHUS
E€MKOCTH KOHJICHCATOpa SIBIISETCS KoyieOaTenbHbIA KOHTYp (puc.1.22). Us-

MCHCHHUC CMKOCTH ITPUBOAUT K U3BMCHCHUIO COOCTBEHHOM YaCTOTHI KOHTYDpaA:

1
f=——F,
2-n\NL-C
rac L 51 C — COOTBCTCTBCHHO, 3HAUYCHUA I/IHI[yI(TI/IBHOCTI/I U EMKOCTHU KOH-

Typa.
Yacrota MoxkeT 1100 (PUKCHPOBATHCS HEMOCPEICTBEHHO, MO0 Mpe-

(1.49)

00pa30BBIBATHCS B HAIPSYKEHHUE.

Obnacmov npumeHenus: NATYUKA YTIIOBOTO U JTUHEWHOTO TepeMerie-
Hus (puc. 1.23a); naruuku npubmmwkenus (puc. 1.236); naT4uku CUIBI U
naBnenust (puc. 1.23g); akcenepometrpsnl (puc. 1.232); MaTuukyd TONIIUHBI

(puc. 1.230) — cootBeTcTBYIOIIAsA (popMyJsia Jjisi BBIYMCICHUS €MKOCTH 3a-
nuceiBaeTcs Kak: C(x) =€, -S-S/[e-l—(e—l)-x]; JaTYUKH YPOBHS KHJI-

koctu (puc. 1.23e); n1aTYMKU OTHOCUTEIBHOUN BIIAXKHOCTH BO3AyXa (pHC.
1.2351c); naTumku BIaxHOCTU MaTepuanoB (puc. 1.233).

Jaaum HeOoIbIIMe MOSACHEHHS K (PYHKIIMOHUPOBAHUIO JAaTYMKa OTHO-
CUTEJBHOM BJIAXHOCTH BO3ayXa. Ha mojinokky HaHeceHbl pacnpejesieH-
HBIE DJIEKTPOJIbI, OOpa3yromire KoHaeHcarop. Cucrtema u3MepsieT HEKOTO-
poe 3HaueHue eMkocTH. [Ipu oXJIaKaeHUU MOMJIOKKH 10 HEKOTOPOU TEeM-
neparypbl IMPOUCXOJIHUT KOHJICHCAIMS BOJbI MEXKIY BJEKTPOJIaMH, 4YTO
MPUBOAUT K PE3KOMY U3MEHEHHUI0 €MKOCTH. Takum 0o0pa3om, 3Hasi B MO-
MEHT KOHJEHCAllUM TEeMIEPaTypy, MOKHO ONPEAECIUTh OTHOCHUTEIbHYIO
BJIQYKHOCTB BO3/1yXa.

IIpeumywecmea: BbICOKasi YyBCTBUTEIBHOCTh, OCOOEHHO MJIi MUKPO-
CTPYKTYP; BBICOKasi CTaOMIILHOCTh U MOBTOPSEMOCTD; HU3Kasl 3aBUCUMOCTb
OT TeMIIepaTypbl; HE MPOU3BOAUT OOJIBIIUX AJIECKTPUUYECKUX WIM MArHUT-

HBIX HOJ'IGI‘/JI; IIUpOKasd 001acTh IMPUMCHCHMNA.
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ji (=118

MTIEK rpm:)
Wt

IIPOE OJHHE

IMEPHTeJILHEIH
ITMEKTPOT,
Hy.JIeE0ii
ATEKTPOA

puc. 1.23a puc. 1.236
S, IUIoIAIhL
T ILTACTHHLI
F
; | e— \ 4

0o BO3O¥X I—)i

- - =
U
JHVWIEKTPHE , £ l
puc. 1.238 puc. 1.232 puc. 1.230
s O 9 ‘C‘
€ €

WIEKTPOI-1 MeTawI(WIeKTpog-2) IIEKTPpoa-1 JIIEKTpox -2

puc. 1.23e

JATYHE TeMITEPpaTyphI

= % | MATEPHAT .
IepeMEeHHOH
-— BTAEHOCTH
N | | —
WIEKTPOIbI IIOTTOEEA I

puc. 1.23xc puc. 1.233

Heoocmamxu: H30JAIMA 1 B3aMMHOC PACIIOJIOKCHHUC TINIACTHH OOJIK-
HBI OBITH IMOCTOSHHBI; YYBCTBUTCIBHOCTH K 3arpsA3HCHUIO, CBIPOCTH H

BHEIIHUM BO3IEHCTBUAM, 3aBUCUMOCTb OT EMKOCTH COEAWHUTENbHBIX Ka-
oeneil.
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1.3. Tepmonapsbi

SIBneHune TepMolaeKTpuuecTBa ObUIO OTKPHITO B 1823 roay 3eebekom
Y 3aKJII0YaeTCs B cieAyromeM. Eciu cocTaBuTh LENb U3 IBYX Pa3IU4YHBIX
MPOBOJHUKOB A U B, COeNMHUB UX MEXAYy co0oi koHIamu (puc. 1.24),
npuyem temrneparypy 7 OJIHOro MeCTa CO€UHEHHUS CAeNIaTh OTIIMYHON OT
TeMreparypsl 1y Apyroro, To B LeNU moreder Tok nox nercreuem DJIC,
HazeiBaeMoil Tepmo-3/[C. ITogoOHas nens Ha3bIBaeTCs TepMonapoil. 3Ha-
yeHue tepmo-2/1C 3aBUCHUT TOJIBKO OT MPUPObI IPOBOJHUKOB U OT TEM-
nepaTypbl ClaeB M HE 3aBUCUT OT paclpeleeHusi TeMIrepaTypbl BAOJIb

ITPOBOJTHUKOB:

2 2
E=ay T+Pp T +..—0y T,— Py Ty —...=

2 (1.50)
= Oyp '(Tl_To)+:BAB '(Tl_To) +...

31nech Qup U [ — TEPMOIIEKTPUIECKUE KOI(D(DHUIIMEHTHI, 3aBUCSIIIE
OT CBOMCTB MaTepuaia. [Ipu 3ToM, HHIIEKC AB O3HAYAET NMEPEXO] U3 MaTe-
puana A B matepuan B. [Ipu oOpaTHOM nepexojie 3HaK MEHSIETCSl Ha TPO-

TUBOIIOJIOKHBIN:

gy =—Cygs Py =Py (1.51)

[TpuBenaem 3HaYeHUS KOA(D(PHUIIMEHTOB HEKOTOPHIX YaCcTO IPHMCHSIC-
MbIx Tiap MatepuanoB: Fe-CuNi: ayp = 52.3 MmxB/K u S5 = 0.1351 uB/K?;
Cu-CuNi: o,z = 39.4 MxB/K u Bz = 0.3144 uB/K*. Kak BUIHO 3HAaUCHHE
K03 uIneHTa Qyp 3HAUNTEILHO OOJbINe KOd(duneHTa f£,p, MO3TOMY B
psae BBIYUCIICHUH TTOCIICTHUM MOXKHO IpeHeOpedh U pacCMaTPUBATh 3aBU-
cuMocTb (1.50) kak TuHENHYIO.

TepMoaIeKTpUYeCKHii KOHTYP MOYKHO pPa3opBaTh B JIIOOOM MeCTe U
BKJTFOYUTH B HETO OJIMH WJIM HECKOJIBKO Pa3HOPOIHBIX MPOBOIHUKOB. Ecin
BCE IOSBHUBIITUECS TIPH 3TOM MECTa COSTUHCHHUM HAaXOAATCS MPHU OJMHAKO-

BOM TeMIepaType, TO He BOZHUKAET HUKAKUX Napa3suTHbIX TepMo-I/1C.
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T, T,
0 @ 0
iy l
T, T,
_
A
A B A B A B
T; T T
puc. 1.24 puc. 1.25 a puc. 1.256

Kontyp AB M0XHO pa30MKHYTh B MECTE€ KOHTAKTa TEPMO3JIEKTPOIOB
A v B ¥ BCTaBUTH JOINOJTHUTENBHBIM NPOBOJHUK MeXAy HUMU (puc. 1.25
a). HanipspkeHue B 3TOM citydae onpezensercs Kak:

V=a, T +a T,+0:,1,=

1.52
=aAB'Tl+aBA'YZ)=aAB'(TI_YI))‘ ( )

Mo3kHO pa3opBaTh TakXke OJUH U3 AJIEKTPOJOB U BCTABUTH JOTIOTHHU-
TeJIbHBIA MPOBOJHUK B MeCTO paspbiBa (puc. 1.25 6). B atom ciyuae Ha-
npspKeHUe:

V=, T+ Ty +0 1)+ 0, T, =

1.53
=aAB'Tl+aBA'To=aAB'(Tl_TO)' ( )

Takum ob6pazom, mpubop st m3mepenus Tepmo-IJ[C mMoxeT ObITh
BKJIFOUYEH KaK MEXay CBOOOAHBIMU KOHLIAMU TE€PMOIAphl, TaK U B pa3pbiB
OJIHOTO U3 TEPMODIJIEKTPOIOB.

Jljis aBTOMaTHYEeCKOW KOMIIEHCAIIMM W3MEHEHHs] TeMIlepaTyphl Hepa-
00uyuxX craeB MOXKHO HCHOJb30BaTh Clenymomlyo cxemy (puc. 1.26). B
Lenb TepMOoNapbl U MUJUTUBOJIBTMETPA BKIFOUEH MOCT, OJIHUM M3 ILJIeY KO-
TOPOTO SIBISIETCS. TEPMOPE3UCTOP, OMEIICHHBIA BO3JIE HEpaOOUUX CHacB
Tepmomnapbl. MocT cbanaHcupoBaH Ipu HekoTopou Temrieparype Ty. [lpu
MOBBIILICHUU TEMIIEPATypbl HEPAOOUMX CIIAEB CONMPOTUBIICHUE TEPMOPE3U-
CTOpa TaK)Xe YBEIMUYMBAETCS, MOCT BBIXOJUT U3 PAaBHOBECHUS M BO3HUKAIO-
1iee HampsDKEHWE Ha BBIXOJHOW JMAaroHald MOCTa KOPPEKTHUPYET yMEHb-

menue Tepmo-3/1C Tepmonapsl.
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LN
Nl
puc. 1.26

Tepmonapbl 0OBIYHO TPUMEHSIOTCS JJII U3MEPEHUS OYEHb BBICOKHX
temrnepatryp. B 1ab. 1.3 mpuBeneHsl AuanazoHbl U3MEPEHUN HEKOTOPBIX

HanboJiee UCTOIb3YEMbIX TEPMOIIAP.

Tabnuya 1.3
Komnozuuus Jluanaszon, 'C
Pt (6%)/ponuym — Pt (30%)/poauym 38 + 1800
W (5%)/peanym — W (26%)/pennym 0+2300
XpOMEIb — KOHCTAaHTaH 0+982
’KeJie30 — KOHCTaHTaH 0+760
XPOMEIb — AJIIOMEJb -184 =+ 1260
nukpocun (Ni/Cr/Si) — aucun (Ni/Si/Mg) -270 + 1300
Pt (13%)/pomuym — Pt 0+ 1593
Pt (10%)/poanym — Pt 0+ 1538
MeIb - KOHCTaHTaH -184 + 400

CB0OOIHBIE KOHIIBI TEPMONAPHI TOJKHBI HAXOAUTHCS MPU MOCTOSIHHOM,
M3BECTHOM C XOpOIIEeW TOYHOCThIO Temmeparype. OQHAaKo HE Bcerja BO3-
MOYKHO CJIeJIaTh TEPMOAJIEKTPOAbl TEPMOIAPbl HACTOJIBKO IJIUHHBIMU H
THOKUMU, 9TOOBI €€ CBOOOTHBIE KOHITHI Pa3MEIIaINCh Ha TOCTATOYHOM Y/la-
JeHuu oT padouyero cnas. Kpome TOro, nmpu MCHojb30BaHUM OJaropoHBIX
METAJIJIOB JIeNIaTh JJIMHHBIEC AJIEKTPOJIbl 3KOHOMHUYECKU HEBBITOJIHO, MO3TO-
My NPUXOJUTCSA NPUMEHITH MPOBOJAA U3 Apyroro marepuana (puc. 1.27).

Tz Ty
"
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o
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I |
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YToOB! NpU BKIIIOUEHUU YAJIUHUTENBHBIX TEPMOAIIEKTPOAOB U3 MaTe-
pHATIOB, OTIMYHBIX OT MAaTEPUAIIOB OCHOBHBIX TEPMOAIIEKTPOJIOB, HE U3ME-
Hs1ach TepMo-2JIC TepMonapbl, HEOOXOAMMO BBITIOJHUTH JABA YCIOBHUS:

1. Mecra IpPUCOEOUHEHUS YIJIUHUTENBHBIX TEPMOIEKTPOIOB K OCHOB-

HBIM T€PMO3JIEKTPOJIaM JO0KHBI UMETh OJJUHAKOBYIO TEMIIEPATYPY
2. YIJIMHUTENbHBIE TEPMOAIEKTPOIbI TOJKHBI UMETh T€ K€ TEPMODJICK-

TpU4eckue KO3(PQGUIUEHTHl B JAHMANa30HE BO3MOXHBIX TEMIIEpaTyp

mecta coequnenns (mpumepro ot 0 1o 200 °C). Hampumep, mis tep-

Momapbl XpoMenb — antoMenb (Tad. 1.3) yUIMHUTENbHbIE AJIEKTPOIbI

M3rOTABJIMBAIOT U3 MEIHM U KOHCTAaHTAHA C UIEHTUYHBIMHU KO3 puim-

enTamu B npeznenax 10 150 °C.

SIBneHME TEPMOAIEKTPHUECTBA MPUHAUICKUT K YUCITY OOpaTHMBIX
sBiaeHui. O0patHbii 3¢ dexT 661 OTKPHIT B 1834 1. XK. [lenpThe 1 Ha3BaH
ero umeHeMm. Eciu depe3 1enb, COCTOSIIYIO U3 JIBYX Pa3IUYHBIX MPOBOJ-
HUKOB WJIH TOJYMPOBOIHUKOB, MPOMYCTUTH JICKTPUUECKUN TOK, TO B O/I-
HOM crmae OyJieT MOTJIOMmIAThCs, @ B IPYTOM BBIJIEIATHCS HEKOTOPOE KOJIH-

YECTBO TCIIJIOTHI:
dQ=+I1,,-dt, (1.54)

rae Q — konudecTBo Ternothl; 11,5 — koadpdunment IlenwpThe; i — cuna to-

Ka; t — Bpems. s koagdunuenta IlenbThe cripaBeaIuBO COOTHOLIECHUE:
[M,=-a,T. (1.55)

B ornmuume oT 1KOYynIEBOM TEIUIOTHI, MPOMOPLMOHAIBHON KBaJpary
CWJIBI TOKAa W BCETJa BBIJICTSIONICHCS B MPOBOJIHUKE, TerioTa llenbrhe
MPONOPILHUOHATBHA TIEPBOM CTENEHU CHJIbI TOKA, 4 €€ 3HaK 3aBHCHUT OT Ha-
MpaBieHUs TOKa B cmae. TakuMm 00pa3om, TeMmreparypa XOJIOAHOTO cras
OylleT yMEHbIIIaThCsA MPHU YBEJIMYEHUHU ToKa 3a cueT 3ddekra IlenpThe, B
TOXE BPEMS ¢ YBEIMYCHUEM TOKa yBenn4yuBaercs teroTa [[xoyms, u a¢-
(hexT HarpeBaHUs MPHU OOJIBIIMX TOKaX CHIKaeT dpdekT oxnaxaeHus. [1o-
ATOMY MUHUMAaJbHAas TEMIIEpaTypa XOJIOIHOIO CIasl JIOCTUTAETCs MPHU He-

KOTOPOM OIITUMAJIbHOM TOKC.
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1.4. IIbe303/1eKTpHYECKUE NATYUKH

[1be30371eKTpUYECKUMU HA3BIBAIOTCS KPUCTAIUIBI U TEKCTYPHI, HA Tpa-
HAX KOTOPBIX MOJ JEHCTBHEM MEXaHMYECKUX HAIPSKEHUN MOSBISIOTCS
ANEKTPOCTATUYECKHUE 3apsiAbl (POUCXOIUT HOJSAPU3ALMS — MPIMOU MHE30-
a3 dekT) u KoTophie AeHOPMUPYIOTCS B IJIECKTPUUECKOM Toyie (0OpaTHBIM
nbe303¢dexT). IIbe30apdext obrmagaeT 3HAKOUYBCTBUTEIBHOCTHIO, T.C.
MPOUCXOAUT U3MEHEHUE 3HAKOB 3apsija MpU 3aMEHE CHKaTUsl PACTKEHUEM
Y U3MEHEHUE 3HaKa jAedhopMaIiuy Mpu N3MEHECHUHN HAITPaBJICHUS TOJISI.

[1be30371eKTpUUECKUMU CBOMCTBAMU 001aat0T MHOTHE KpHUCTAJIIINYe-
CKHME€ BEIIeCTBA: KBapIl, TypMajiliH, HUOOAT JIUTUSI, OKCUIBI U CYJIbQUIBI
IIUHKA U T.1., @ TAKXKE UCKYCCTBEHHO CO3/1aBaeMasi U CIEIUAIbHO MOJISIPH-
3yeMasi B AJIEKTPUYECKOM MOJI€ MbE30KepaMHKa: TUTAHAT Oapus, TUTaHAT
cBUHIA U T.J. CyIIecTBYeT TakKe OTICNbHBIM KIacC MOJMMEPHBIX MbE30-
anekTpukoB ( — CH; — CF, — ), KOTOpbIE M3TOTOBJISIFOTCS B BUJIE IUICHOK
(pomer).

N3 MOHOKpHUCTAIIMYECKUX MbE303JEMEHTOB HaWOOJbIICH MOIMyJIsp-
HOCTBIO TMOJIB3YETCSl KBapll Oarogapsi CBOe MEXaHUYECKON U dJIEKTpUYe-
CKOM CTaOWJIBLHOCTH, JIMHEWHBIM CBOMCTBAM, Majol TeMIIEpaTypHOH 3aBU-

CUMOCTBIO (HeT mupodpexTa), MaabIM THCTEPEIUCOM.

i i ¢IBHI OBLIH
PO A0TLHBI TIOTIE] e YHB I _, oaE

npaMoH E h_f E - i)
Ihe303dpPperT ! : L ’—‘
T ©

odpaTHBL
Ihe303dpPperT

=
1
1
1
L _

puc. 1.28

[TosiBrieHMe 3aps 0B HA TpaHAX MbE30KPUCTAIIA MpH AedopMaliu co-

OTBCTCTBYCT IIOABJICHUIO BCKTOpPA MOJISIPHU3AIIHUH B OIIPCACIICHHOM HaAIlIpaB-
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neHuu. Paznuuaror Tpu Buaa nbe3odddexra (puc. 1.28): npoaonabHbIA —
JUHUS JIEUCTBUA AeQOpMUpYIOIIEH CUIIbI COBNAAAET C JMHHUEH BEKTOpa
MOJISIpU3alMy; MONEPEYHbIA — JIMHUSL JIEUCTBUSI CUJIbI MEPIEHAUKYISIPHA
JIMHUM BEKTOpA MOJSPU3ALNN; CIBUTOBBIM — CHJIa HAIIpaBJIEHA BIIOJb OJ-
HOW U3 rpaHei.

[Tonyuum dhopmyiibl 175 CBA3U AePOpMUpYIOLIEH CHIIBI U 3apsiia, Mo-
SIBJISIFOIIETOCS] HA TpaHAX IMbE303JeMEeHTa. BeKTOphl mossipu3aiuyu MOTryT
OBITh HAMpPABJICHBI IO TPEM OPTOTOHAIBHBIM HampaBieHusM (puc. 1.29).
HazoBem ux ycnoBHo 1, 2, 3. BBegemM TeH30p MeXaHUUYECKUX HAMPSHKEHUM

JUIsI COOTBETCTBYIOIIUX I'paHEd O; j TaK, 4TO WHIEKC [ COOTBETCTBYET Ha-

IIPABJICHUIO CIBHUIra, 4 MHJEKC j — IPaHU NPUIIOKECHUS CHIIbl. MexaHnue-
CKH€ HANpsDKEHUs ISl JIEBOM, HIDKHEW W 3aaHed TpaHu OyAyT paBHBI U
IIPOTUBOIIOJIOKHBI 110 3HAKY COOTBETCTBYIOIIMM KOMIIOHEHTaM, yKa3aH-

HBbIM Ha puc. 1.29.

A3
L T3
1 £
e LY LY
] ﬂ-z
' 2
Oyl _ | =002 S
L Oy
- n
1
puc. 1.29

JI1s TeH30pa MEXaHNYECKUX HAIIPSKEHUH CIIPABELIMBO PABEHCTBO
0, =0. (1.56)

Ecmu 0003HauuTh 1711 y10OCTBa KOMIIOHEHTHI O, KaK O, TO OKOHYa-
TEJILHO MOJIY4aeM, YTO JUI IOJIHOrO ONHUCaHus AedopManuu HEOOXOUMO
IIECTh KOMIIOHEHT TEH30pa MEXaHUYECKUX HaIpsHKEHUI:
O-l’ 62’ 63’ 623’ 613’ 0-12'
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Jlist cBsi3u BekTopa mossipusaumu p=(p;; p,; p;) ¥ MEXaHAYECKOTO

HaNpsDKEHUs BBOAUTCS TEH30P NMbE30MOAYNS djj, XapaKTEPU3YIOIIHUNA CBOM-
CTBA KOHKPETHOI'O ITb€30MaTepuaa:

O,

0,
P d, dy, dsd, ds dg -
Py |=| dy dy dyy dyy dys dyg 0_3 (1.57)
2 dy dyy dy; dy dys dyg .

O3

Oy,

Ecnu npencrasuts p, =g, / S, a o, =F ; / S, roe S — mwIomane i-ou

FpaHI/I, TO MOKHO HOHy‘—II/ITB BBIpa)KeHI/Ie CBsiA3U Sapﬂz[a " CUJIBI.
g =d;F,. (1.58)

[IpuBeneM mpuMepbl TEH30POB MBE3OMOAYJSA JI HEKOTOPHIX YacTo
HCIIOJIb3YEMBIX MAaTEPUAJIOB:

dy —d, 0dy, O 0
Ksapu: 0 0 00 —d, -2d, |, (1.59)
0 000 O O
dy = 2.3%10"* Ki/H; dys = 0.7%10"* Kon/H.

0 0 0 0 dj-2d,
LiNbO5: ~d,d, 0 dg 0 0
d31 d31 d33 d34 O O
dis = 68*10" > Ki/H; d>, = 21*10 > Ki/H;
dy; = -1*¥10"? Ki/H; ds; = 6%107 2 Ko/H.

: (1.60)

0 0 0 04dg0
BaTiO;: 0 0 0ds 00], (1.61)
dy dy dyy 0 00
dis = 250%10"* Ki/H; ds; = -78*10"* Ki/H; dx; = 190*10™" Ki/H.
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PaccmoTpuM monpobHee npumep KBapieBoro oopasia. OopaTtumcs K
puc. 1.29 u popmynam (1.57) u (1.59). B teHzope mbe3oMomysst KBapia
BCE KOMIIOHEHTHI TPEThel CTPOKH paBHbI (). ITO TOBOPUT O TOM, YTO MOJS-
pu3alus 3apsA0B BIIOJIb TPEThE OCH HE BO3MOXKHA HU MPHU Kakux aedop-
Malusx.

[Tonsipuzanmst Booab ocl | BO3MOXKHA MPU MEXaHUYECKUX HaIpsDKe-

HUSIX: O, - IPOAOJBbHBIN Mbe303QPEKT, O, - MONepeyuHblil Mbe303(deKT,
O,;- CABUTOBBIN IIbe303(DPEKT.

Honﬂpmaum[ BJOJIb OCH 2 BO3MOKHa Inpn ABYX CABHUI'OBBIX MCXAaHHU-

YECKUX HANPSDKEHUSX - O3 U 0.

Hzmepumenvnas cxema: nedOpMHUPOBAHHBIA MMbE303JIEKTPUUECKUIA
AJIEMEHT C MPHUKPEIJIEHHBIMU Ha TOBEPXHOCTH 3JIEKTPOJAAMHU 00pa3yeT
KOHJIEHCATOp C HEKOTOpoi eMKocThio C, U 3apsanoM q. Jlid u3mepeHus
ATOT 3aps]l JOJDKEH OBITh MpeoOpa3oBaH B cTabmibHOE HampspkeHue. He-
MOCPEJCTBEHHOE TOAKIIOUYEHUE BBIXOJIa JaTYMKaA JaXe K BBHICOKOOMHOM
Harpy3ke MPUBOIUT K OBICTPON pa3psiike KOHJIEHCATOPa, YMEHbILIEHHUIO
YYBCTBUTEIBHOCTH U HEBO3MOKHOCTU U3MEPSTh CTATUYECKUE U3MEHEHUS.

['1aBHBIM HEOCTATKOM MPUMEHEHHS YCUIIUTEIISI HAMPSHKEHUS SBJISIET-
csl TOT (PaKT, YTO HAMPSIKEHUE 3aBHCHUT OT COCIMHHUTEIIbHBIX MPOBOJIOB U
BHYTpeHHEN eMKocTu ycunurtens. CoOCTBEHHAss eMKOCTh MPOBOAOB OOBIY-
HO u3aMmensiercd B npeaenax ot 70 no 150 nd® Ha MeTp AJIMHBI U 3aBUCUT OT
MOJIOKEHUSI KaOessi, TeMIEepaTypbl OKpYKaroleld cpeapl U Apyrux (pakro-
poB. EMKOCTB KBapliieBOro reHeparopa koJiedsercs B npeaenax ot S5 go 50
n®. EMKOCTH HEKOTOpBIX Kepamuk moryT gocturarb 1000 nd, ogHako
OHM 3aMETHO YCTYMNAaloT B CTA0OMJIBLHOCTH KBapity. Jljisi mpuMeHeHus yCumu-
TEJsl HANpPSDKEHUS MPUXOJUTCS MO BO3MOXKHOCTH MHTETPUPOBATH DIICK-
TPOHHBIE CXEMBI BMECTE C JATYMKOM HJIA TIOCTOSTHHO KaTuOpOBaTh JATUUK
pyu Majeumux u3MeHeHusx. OqHaKko, MOCTOSIHHAs BPEMEHU (BpeMs pas-
PSAIKH KOHJIEHCATOPa - MbE303JIEMEHTA) B 3TOM METO/IC HE MPEBBIIIAET OJI-

HOW CEKYHJIbI.
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C XopomuM BapUaHTOM [UIsl MbE30JaTYUKOB
7 SBIIAETCA CXeMa YCWIHTeNns 3apsnga (puc.
T g ' U’ 1.30). B 310l cXeM€e BBIXOJHOE HaIpsKEHUE
BEIX
l . HE 3aBUCHUT OT EMKOCTH IIPOBOJIOB U PaBHO:
puc. 1.30 U ~-4, (1.62)

B8blX C

[TocTostHHAST BpEMEHU 3aBUCUT TENEPh OT EMKOCTU CTAOMIHHOTO KOH-
JICHCATOPA U MOXET COCTABJISATH COTHU CEKYH]I.

Obnacms npumeHeHust Nbe30INeKMPULeCcKUX 0amuyuKos oepopmayuu:
BO MHOI'OM SIBJISIIOTCS aIbTEPHATUBON PE3UCTUBHBIM AaT4vKaM Jedopma-
1 (puc. 1.16): natunku cuibl 1 gasienus (1.31 a); akcenepoMeTpsl (Cxa-
tue (puc.1.31 6) u caBur (puc.1.31 6)); DaTINKU aKyCTHUESCKOU SMUCCHUH.

MBE303IEMEHT

F
HHEPIHOHHAH
Macca
a [ 1 nnezodmemeHt
| EE—
puc. 1.31 a puc. 1.316
HHEPIHOHHAR
nMacca
L ML E303TEMEHT
| EEpE—
puc. 1.31 8

JlaTuuKy aKyCTHYECKOW 3MHCCHMM — HOBOE HalpaBjeHUE B 00JacTu
HEpa3pylIaroueld AMarHOCTUKU. MUKpOTPEIIMHBI B MaTepHUalle TeHEPUPY-
I0T BOJHOBOM (poHT mpu Aedopmanuu. [Ipm moMmomm mpe301aTYUKOB
yaeTcs TOYHO ONPEAEIUTh KOOPAUHATHI JedeKTa.

Obaacme npumenenus: nbe3021eKMPUIeCKUX Pe30OHAHCHbIX 0AMUYUKOE:
SBJICHUE PE30HaHCa BO3HUKAET B IbE30JATUMKAX MPHU NPUOIMKEHUH Yac-
TOTBl BO30YKIAIOLIET0 HANpsHKEHUS K COOCTBEHHON 4YacTOTE Ibe303Je-

MCHTA.
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TGpMO‘IYBCTBI/ITCHBHBIC NNbE30PC30HAHCHBIC TATYHUKH. B 3aBucumoctu
OT HAIIPABJICHHUA CPC3a B KPUCTAIIAX KBApPIA YAACTCA BBIACIINTL KakK
TepMOCTa6I/IJIBHBIe, TaK U TCPMO3aBUCHUMBbIC. 3aBHCUMOCTbH YaCTOTHI OT

TEMIICPATYPbl MOKHO 3aIlIMCAaTh B BUJIC:
F@=f, (14K - T-T)+K, (T-T,) +K; (T -T,)’). (1.63)

Hanpumep, s kBapra K; = 90%10°; K, = 60%10™; K; = 30%10°™"2,
Macc - 4yBCTBUTENIbHBIE TbE30PE30HAHCHBIE JATYUKU. BBITOIHAIOTCA
B OCHOBHOM M3 TEPMOHE3aBHUCHUMBIX Cpe30B kBapua. Ha matuuk mpu-
KpPEIUISIETC HEKOTOPBIM MaTepual, Macca KOTOPOTr0 MOXKET MEHATHCS
BCJIEJICTBHE, HAIIpUMep, adCcopOLMK KUJIKOCTUA WM raza. B aTom ciy-
4ae U3MEHEHUE YaCTOThI IPONOPLUUOHAIBHO U3MEHEHNUIO MACCHI.
JIaT4uK MOBEPXHOCTHBIX AKYCTUYECKUX BOJIH. [IOBEpXHOCTHBIE aKy-
ctuueckue BoJiHbl (ITAB) — 3T0 BosiHbI Penesi, pacnpocTpanstonmecs
BOJIM3M TpAaHUIIBI TBEPAOTO Teja U OBICTPO 3aTyXalollUe YK€ Ha He-
OOJBIIMX PACCTOSHUSIX OT MOBEPXHOCTH. J[J1s1 BO30YXKACHUS U MPUHS-
s [IAB Ha MOBEpXHOCTh NBE303JEMEHTAa HAHOCATCS JABE OJHMHAKO-
BbIX I'PEOCHKH BCTPEYHO BKIIOUEHHBIX DJIEKTPOJOB PA3HECEHHBIX HA
HEKOTOpoe paccrosiHue (puc. 1.32).

WIEKTPOILI

padotan
od/1acTE

NLE30NIEKTPHI¢CRAA
TLTEHKA

puc. 1.32

ITAB B030y»1aembie B OJHOM M3 IpeOCHOK MPUHUMAIOTCS 4Yepe3 He-
KOTOpPOE€ BpeMsi ipyroi. M3MepsieMoil BETUUUHOM SIBJISIETCS BPEMS 3a-
JIEPIKKH, KOTOPOE 3aBUCHUT OT MEXaHMYECKUX JaedopMariuii, Temmnepa-
Typbl, 3alOJIHEHUsS] TMOBEPXHOCTH TOHKMMH IUleHKamu. Ha ocHoBe

[TAB MOXHO KOHCTpYMpOBAaTh JATUYUKH JaBJIECHUs, AePOopMaIluu, MO-
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MEHTa BpallleHUs, BA3KOCTH KUJIKOCTH, INIOTHOCTH T'a30B, KOHIIEHTpa-

IIUH DJIEMEHTOB B ra3ax.

Ilpeumywecmea: Nbe30JJaTYUUKUA HE HYX JAIOTCS BO BHEUIHEM HMCTOY-
HUKE TTUTaHUS; 00J1aIal0T BHICOKOW YUyBCTBUTEIBHOCTBIO U pa3peliaroiei
CIIOCOOHOCTBIO; MUPOKUM JTUAa3oH U3MEPEHUH; NETEKTUPOBAHUE MaJIbIX
nedopmariuii; BEICOKast )K€CTKOCTD.

Heoocmamiu: 0TCyTCTBUE CTaTUYECKOU CTaOUIBHOCTH.
1.5. ITupo3nekTpryecKue 1aTYUKH

[Irpo3sIeKTpUUECKUE FIEMEHTHI BXOJAT B TPYNIY IMbE303JIEKTPUKOB.
[MuposnexTpuueckuit 3pPexT 3akiodaeTcs B TOM, YTO 3aps] Ha TpaHsIx
AJIEeMEHTa MOSBISAETCS IMOJI JEHCTBHEM TeMIlepaTyphbl. 3HaU€HHE 3apsia

onpeienseTcs Kak
qT)=y-S-T, (1.64)

I7I€ ¥ - TUPOIIEKTPUUYECKUI KO3 (UIIMEHT 10 COOTBETCTBYIONIEH ocH, § -
IIoUIab IEMEHTa, I — Temneparypa. K nuposnexkrpukaM OTHOCHUTCS Pzt
MbE30JIEKTPUUECKUX KPUCTAJUIOB, HanpuMep TutaHat O6apus BaTiO; - y=
4*%10* Kn/(m* K). B Tabn. 1.4 mpuBeieHbl XapaKTEPHCTHKH HEKOTOPBIX

NbE30MATCPUAIOB, IPUMCHACMEBIX B ITUPOIJICKTPHUUICCKUX JaTUYHUKAX.

Tabnuya 1.4
Mamepuan Temnepamypa Juanekmpuueckasn Ilupoanekmpuueckuii
Kwopu, ’'c HPOHUUAEMOCHLb K03hpuyuenm
LiTaO; 618 45 2#10™ Ki/(m” K)
BaTiOs 120 1000 4107 Ki/(m” K)
PbTiO; 470 200 2.3*%10™ Kn/(m” K)
TIOJIAMEpHI 205 12 0.4%10™ Kn/(m” K)

M3mepuTenbHbIe CXEMBI IUPOIEKTPUUECKUX JTATUYMKOB COBIAJAOT CO
CXeMaMH JJi Mbe303JIeKTpuyeckux. OCHOBHAs 00J1aCcTh MPUMEHEHHUS TUPO-
ANEKTPUUYECKUX JATYUKOB — JATYMKU TEIUIOBOTO M3NydeHus (MH]pakpac-
HbIE IeTEKTOPHI). B Tepmorpadumu, T.€. mpu cheMkax 0e3 OCBelIeHUs M03BO-

JISIEOT OMPEJIETHTh PA3HUILY TEMIIEPATyp pasanuHbIx npeameros 0 0.1 °C.
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SAJAYN K T'JIABE 1

1. TlorenmumomeTp o0MmIeH NIUHOM /) = 1 M, TTOJTHBIM COMTPOTUBJICHUEM R\ =
I xOM moaki4YeH K UCTOYHHMKY NUTaHus Hanpsskenuem Uy = 10 B.
[Ton3yHok HaxoauTtcs Ha ypoBHe [ = 0.6 M. K BbIXOly mOTEHIIMOMETpA
MOJKIIFOYEHA U3MEPUTENBHAA CXEMA C BXOJIHBIM COIIPOTUBJIEHUEM R, =
1 kOm. Ecnu cuuTarth BBIXOJHOE HAMPSKEHHE MPONOPIHUOHAIBHBIM
CMEILICHUIO TIOJI3yHKA MOTEHIHOMETPA, TO KaKas MO3ULIMS PEATBHO W3-

Mmepsiercs?

2. B xauectBe conpotuBieHus R; nuddepeHIupyomnero Mocra BpICTynaer
PE3UCTUBHBIA JAaTYUK AePOpMalMd C HOMHHAJIBHBIM CONPOTUBICHHEM
120 Om u dakTopom aedopmaiuu k = 2.0. J1j1s1 KOMIIEHCAIIMHY UCTIOJb3Y-
€TCS BTOPOM AHAJIOIMYHBIA JAaTYMK, HE YYaCTBYIOIIMK B H3MEPEHUSIX
(KaK OH JOJIKEH OpHEeHTHpoBaThCs?). OCTaBIIMECS ABA PE3UCTOPA MOCTA
uMmeroT (pukcupoBanHoe compotuBieHne 120 OM. MakcuMaabHBIA TOK
yepes naruuk paBeH 30 MA.

a) Onpenenure MaKCUMaJIbHOE HANPSHKEHUE UICTOYHUKA TUTAHUS.

0) Ecnu natumk nedopmaiuy NpukpervieH K cTallbHOMY o0pasiy (£ =
210 I'Tla) 1 MocT nHUTAaETCs OT UCTOYHUKA C HampsbkeHueM S5 B, To ka-
KOBO BBIXOJHOE€ HAMPSIKEHHE MOCTa KOIJa MPUIOKEHHOE MeXaHU4e-
CKOe HarpspkeHne paBHo o = 70 H/em™.

B) IIpyn OTCYTCTBMM KOMIIEHCHPYIOUIETO JAaTYMKA ONPEAEIIUTHh BBIXOJ-
HOE HANpSDKEHHE MU yBeIMYeHnH Temieparypsl Ha 15 °C. Kakoii je-
dbopmanuu OyeT COOTBETCTBOBAThH BBIXOJHOE HampshkeHue? Temmepa-
TypHBI Ko3d@urment natanka 10.8%10° 1/K.CooTBeTcTBYIOIIHME KO-
3¢ bUIEeHTbl TeIIoBOro pacmupennst mist crama 11.7%10° 1/K, mms
natunka 26.82*%10° 1/K.

3. N300pa3uTh CXeMaTUYECKH W ONHCATh TMPUHIMN JEHUCTBHS aTydKa
MOMEHTa BpaIleHHUs Ha 0a3e YeThIpeX PE3UCTUBHBIX NATIYMKOB AcOp-
Manuu ¢ gakropoM jaedopmanuu k = 2 1 HOMHUHAIBHBIM COMPOTHUBIIC-
HueM R = 600 Owm. Jlatuuku nedopmaiiuv COCAMHEHBI MO MPUHIIUITY

muddepennupyromero mMocra. OnpeneauTh BBIXOJHOE HaIpsSKEHUE
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MocTta npu otHocutenbHOU Aedopmaru 0.003 %, ecnu HampsiKEHUE

mutanusa Uy = 10 B.

. AxcenepoMeTp, M300paKEHHBIA HAa PUCYHKE (POPMHU- [ e
pyer muddepeHuuanbHbId KOHAEHCaTop. Jlokaxure, m
YTO OTHOCHUTEIBHOE H3MEHEHHE PACCTOSHUS MEKIY [\ e |

ANEKTPOIAMH PABHO

Ad C -C,
d C+C,

. B TexHonormyeckoM mpouecce IPOM3BOJICTBA T e
Oymaru HEOOXOIUM KOHTPOJb TOJILIMHBI JIUCTA, [ P
KOTOPBIM OCYIIECTBISIETCS MpPU MOMOIIU E€MKO- | - T "

MENIERTPHE , &

CTHOTO AaTyuka ¢ napamerpamu S = 10 CMZ, d=
1 mMm. [QuanexkTpuyeckas mpoHUIiaeMocTb Oymaru € = 2.3. PaccunTaiite
U3MEHEHHE eMKOCTH KOHAEHCATopa NpU HW3MEHEHUH TOJIIUHBI OT 50
MKM 110 55 MkMm. KakuM 06pazomM MOXKHO yBEJIMYUTh YyBCTBUTEIHHOCTh

TaKoro Jatyuka?

. Ha pucynke uzo0pakeH MeTo u3MepeHusi aOCOTIOTHOU TeMIepaTyphl
C moMolbio Tepmomnapbl. KakuM a0KHO ObITh cooTHOuIeHue 1 u 71,

9TOOBI HAIIPSIKEHUE 3aBUCENO0 TOJBKO OT 717

A [ --aBp---C
VY
T :Tl: :Tz: o
AL LA
B .--Ja+--Jd¢

. KBapruieBbiii 351eMeHT KyOudeckoi hopMbl, CO CTOPOHON a = 2 MM Je-
dbopmMupyercs MEXaHUYECKUM HamnpspbkeHuem o = 10 H/™M* B HarpasJie-
HUH OCH - 1 (x), IPUI0KEHHBIM K ITOCKOCTH 1-3 (x-z). 3apsia kakoi Be-
JUYMHBI M HAa KaKUX TUIOCKOCTAX MHpH 3ToM oOpaszyercsi? Kakod Tun
nee303¢pdexra ucnonnzyercs? I'ae OynyT pacnosaraTbCsi 3€KTPOIbI?
dy —d, 0dy, O 0
0 0 00 —d, —2d, |dy=2.3*%10"Kw/H; dy, =0.7%10"Kn/H.
0O 0 00 O 0
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8. PaccuuTaiiTe MNbE30IEKTPUUECKUNA AKCEIEPOMETP CIBUIOBOTO THIA
ucnionb3yss BaTiOs;. Jlo kakoli MakCHUMaJIbHOW TEMIEPATYPbl MOYKHO
UCIIOJIb30BaTh ATOT Mbhe3omaTepuai, noueMmy? Kak HeoOXxoaumo opueH-
TUPOBATh MbE30JJIEMEHT I JIOCTHKEHUS MAKCUMAaJIbHOM YYBCTBHU-
TEJIbHOCTH, UCIIOJIb3YSl B KAUECTBE AJEKTPOAOB LIEHTPAIBHBIN KpEexK U
WHEPLUHOHHYIO Maccy (cM. pucyHok)? Kakoil momxHa ObITh BEIUYUHA

MHEPIUHOHHOM Macchl, 4ToObl momyunth 3apsa 107" K npu yckopernn
10 m/c*?

I &30 IEMEHT O O O O dl5 0

AN 00 0d, 00
HHEPITHOHHAH

Mace d31 d31 d33 O O O

d;s = 25010 *K/H; ds, = -78*10 *Kw/H;
dy; = 190%10 " *Ka/H.

9. Paccunraiite Mbe303JIEKTPUUECKUN aKCEIEPOMETP KOMIIPECCOPHOIO TH-

Na, HUCIOJb3YS MbE30IEKTPUUECKYI0 KEPAMHUKY C TEH30pOM IbE30MO-

JUYJISL:

Emepmmrman 0O 0 0 O dlS 0
& 1 mesoomement 0 0 04500
ToIoAKa dy, dy; diy 0 0 0

dys = 584*10"°Kn/H; ds, = -171%10"*Ka/H;
ds3 = 374*10"°Kw/H.
Kak HeoO0XoIUMO OpHEHTHUPOBATH OCH Ibe30dJeMEHTa (X, y, Z), €CIH
AJIEKTPOJIbl HAHECEHBI Ha MOJIJIOKKY M MHEPITMOHHYIO MacCy (CM. PHUCY-
HOK)? BbIBecTH 3aBUCHMOCTH BEIMYHUHBI 3aps/ia, MOSBIISIONIETOCS Ha
AIEKTPOJIaX, OT YCKOpeHus aaruvka. Kakol nomkHa ObITh BEIUYUHA
WHEPIIMOHHON MAacChl, YTOOBI TTOTYIUTh 3apsi] 10" Kn MIPU YCKOPECHUH

2
10 m/c*? OnipenennuTe 4YyBCTBUTEIBHOCTh JATUMKA.
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I'naBa 2. MarHuTHbIE METO/AbI H3MEPEHUA
2.1. 'anbBaHOMArHUTHBIE JaTYHKH

2.1.1. Iddexr Xoaaa

Ecnm 3apsig g ABUKETCS CO CKOPOCTBIO V' B 3JIEKTPUUYECKOM mojie E u

-

MAarHuTHOM Moje B, Torna cuia F', IeHCTBYIOIIAas Ha 3TOT 3apsij, CKIIabl-
BAETCA U3 JJIEKTPUYECKOM M MAarHUTHOM COCTABJIAIOIIMX W HOCUT Ha3BaHUE

cuibl JIopeHna:
F,=q-E+q-|vxB]. 2.1)

Oddexrom Xomra Ha3bIBa€TCS BOSHUKHOBEHHE IOMEPEUYHOTO AJICK-
TPUYECKOTO TOJS U Pa3HOCTH MOTEHIIMAIOB B METAIIJIE WM TOIYIIPOBO/I-
HUKE, TI0 KOTOPHIM MPOXOJUT IEKTPUUECCKUN TOK, MPU TMMOMEIICHUHA UX B

MAarHuTHOE MOJI€, NEPIEHAUKYJISIPHOE K HampaBJIeHUIO ToKa (puc. 2.1).

puc. 2.1.

Pazgenenuie 3apsa/10B NPUBOJIUT K MOSBICHHUIO 3JEKTPUYECKOTO OIS,
CJIEIOBATENIBHO, COCTOSIHUE PABHOBECHsI JIOCTUTaeTCs B Ciy4ae, Koraa
MarHuTHas COCTaBJstolIast cuibl JlopeHlla ypaBHOBEUIMBAETCS €€ DIICK-
TPUYECKOUN YaCThIO:



E =—[\7><B]. (2.2)

Hanpspkenre mo ocu X B 3TOM Cilydae 3alMChIBACTCS B CJIEIYIOIIEM
BUJIE:

U,=E,d=-v, B, -d, (2.3)
a ChJia TOKa BAOJIb OCH V:

d d
Iy=—Q=n-q~b~d~—s=n~q-b-d-vy, (2.4)
! dt
rzie n — 00beMHasi KOHLUEHTPALNs HOCUTENEH, ¢ — 3apsii HOCUTEIIS.
N3 gopmyn (2.2) u (2.3) nmosyuuM BhIpRXKEHHUE ISl HATIPSKEHUS:
1 I,-B, I, B,

U, =—— -R,, - ——, 2.5
i ng b b (@)

Ha3bIBaeMoro HampspkeHneM Xosuia. KoHcranta R, =1/ng HasbiBaeTcs

KOHCTaHTOM XoJjjaa. 3aMeTUM, 4TO 1O MOIYII0 Ry Mano y meramioB (n —
BEJIMKO) U BEJIMKO Y MOJYIIPOBOJHUKOB (1 — MaJio), Oojiee TOro, HampshKe-
HUE YBEITUYNBACTCS C YMEHBIIICHHEM TOJIIUHBI 00pasIia.

Oddext Xomna yaaerca 3aQUKCHUpOBATh TOJBKO MHPH JOCTATOYHO
MPOTSHKEHHOM 00pasiie, MOCKOJIbKY B IMPOTHBHOM CiIy4ae MOTEPEUHOE
ANEKTPUYECKOE MoJie OYJEeT 3aKOpauMBaTHCS ANEKTPOAAMH, CO3/IAI0IINUMU
BHEIIIHEE MPOAOIBHOE JJIEKTPUUECKOE MOJIE.

Hpyrum nmapaMeTpoM, XapakTepu3yromuM dQPeKT

ffffff Eotm
Bl Xomna, sBISETCS YroJl MEXJIy BEKTOPOM CyMMApHOWU
Ey
HANpPSDKEHHOCTH TOJIsE B 00paslle U BEKTOPOM Hampsi-
puc. 2.2 ’KEHHOCTH BHEIIHEro 1oJjis (puc. 2.2):
E
1g®= Ex : (2.6)

y
Ecin y4ects, 4T0 CKOpOCTH 3apsiioB v, CBSI3aHA C HATPSDKEHHOCTHIO

nonst E, gepes MoJBIKHOCTE HOCHTENICH 1 KaK

v, =l-E,, 2.7)
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T0 hopMmyia (2.6) ¢ yuetom (2.2) mpeodpasyeTcs K BUIY:

v B u-E -B
e@=——2_*=_ Y *_Uu-B. 2.8
8 7 z M- B, (2.8)

y y

B Tab6n. 2.1 npuBeneHsl napamMeTpbl HEKOTOPBIX MOIYIPOBOIHUKOBBIX

MaTCcprajos, HanboJIee YacTo HCIIOJIB3YEMBIX [JId CO3JaHUA JaTYUKOB

XojJuia.
Tabnuya 2.1
IlapameTpsbl InSb InAs Si GaAs
MOJIBYKHOCTB, L [eM*B' ¢! 7.7%10" 3*10" 1.5%10° 8*10°
3anpeleHHas 30Ha, 3B 0.24 0.45 1.12 1.43
IUIOTHOCTEL HOCHUTEJEH, CM - 2%10" 6%10" 1.5%10™ 10’
koHcTanTa Xomna, [em® A ¢'] 380 100 ~ 3000 ~60
a[K"] 2%107 +1%107 +5%107 +8*%10™
MPOBOIUMOCTb, olom'm™Y 2.3%10" 1.7¢10° 22.5 3.3%10°

YpaBaenue (2.5) BBITONHAETCS TOJIBKO MPU YCIOBUHU, KOTJa JJIMHA
IJIaCTUHBI [ MHOTO OOJbIle ee TONUHBL b. B obmiem ciydae HeoOX0auMo

YUUTBHIBATH JOMOIHUTENbHBIN (PaKkTop, 3aBUCSIIUNA OT TEOMETPUU U yriia ®:

U, = G(l @jR !, 5. 2.9)
H — b’ H b . .

Htak, KaKk y>ke 0TMeUajaoCh, JJIsl TaTYUKOB XO0Juia OOBIYHO HCIIOJIb3Y-
IOTCSl TOHKHE TUIACTUHBI C HU3KOW KOHLIEHTpaluen Hocutenei 3apsaaa. On-
HaKO, HEOOXOJAMMO TTOMHHTh, YTO TaKOW 0Opa3zell 00J1alaeT BHICOKMM CO-
MIPOTHUBJICHUEM, & 3TO MIPUBOAUT K 3aMETHOMY IMaJICHUIO HATIPSDKCHUSI.

[IpoBenem HekOTOphIE BhIUKCICHUA. CONMPOTURIICHUE TIJIACTUHBI XOJI-

JJa 1 COOTBCTCTBYIOIICC MMAJACHNC HAIIPSIKCHUA 3allMIICM KaK:

[ 1 )
b-d q-un b-d

U=R-1I, (2.10)
r€ O — YyIeIbHOE CONPOTUBIEHUE MaTepuaya. Torma s HampsHKEHUS

XoJuia;:

d

Uy=p-7GB-U. (2.11)
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Kak BuaHO M3 ABYX MOCIEIHUX ypaBHEHUH, CONPOTHUBJICHUE, a, CIEI0-
BaTEJIbHO, U TAJCHUE HAMPSHKEHUS MOXKET ObITh MUHUMHU3UPOBAHO 32 CUET
HCIIOJIb30BaHUSI MATEPUAIOB C BRICOKOU MOJIBHIKHOCTBEO HOCUTENEH - [L.

Obnacmo npumernenus: IHPEKT X0J7Ia MOXKET OBITh UCIIOIB30BaH IS
W3MEPEHUS CIEAYIONIUX MapaMeTpoB (2.5): IIIOTHOCTh HOCUTENEH 3apsiia B
Marepuaie npu U3BECTHBIX B, I, b; cuna Toka npu U3BECTHBIX B, Ry, b;
TOJIIIMHA 00pa3iia Npu U3BECTHBIX B, Ry, I, WHAYKIUS MarHUTHOTO TOJIS
MIpU U3BECTHHIX I, Ry, b.

Puc. 2.3 wutoctpupyeT NpuMEHEHUsI JaTYMKOB XoOJula JJIsl Onpese-
JIEHUs TapaMeTPOB BpaIleHHs 3y0darhix Kojiec. [Ipu mogkimtoueHnn AByx
JTaTYNKOB B MU PEPEHIMPYIOMUA MOCT Ha BBIXOJIE MOTYyYaeTCs] CUHYCOU-
JalbHBIN curHai (puc. 2.4).

®

3ybuamoe
Koneco

MR, MR,

. St \:
: N Deppomazremuk | N I
LAS | ST |

{ /

¥
~,
FlocmoaHHbBIT MasHum

Mosuyus : I I1 III
puc. 2.3.
Uou?
| //’ \\\
| / \
\
/ \
\
| / \
/ \‘
| N
| ! \
| ' \\
| N/
|
| | \\__,//
| | i
I | |
| | i
flosuyus: I II 11

puc. 2.4.
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I[EIT‘-II/IKI/I XoJjna MOT'YyT OBITH TAK)KE HMCITOJIH30BaHBI AJIs1 OIIPCACIICHUA

pPacCTOAHUM, IEPEMELICHNN, YIia U CKOPOCTH BpPALIECHHS IOCPEACTBOM
MU3MEPEHUS U3MEHEHNH MarHUTHOro noJisd. [IpuBenem Huxke psij npuMepoB

(Tabm. 2.2).

Tabnuya 2.2

AxkmueHas obnacmb

Hamviik
&
d

1

4—-‘—‘—5

—_—dunzZ

TTocmosHHbI
MazHum

out

s =constant =0

by

out

d=costanf

Uouf

— /—'
d = constant / \\

5

dJ——E—] / \\\
}_— )‘P n / m
p i :
/ v
/
/’
_,/
J J Uuut
1] d =1
d = constant
0T b
1 s
-~l= |
- §
’_l 1 Uouf
=
d = constant

Va
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Ta6nuna 2.2 (npog.)

out

\ s =constant

U

out

d = constant

_

= Y
-—[—b- S
|
|
! QeppomasHLUmHbii Unuf
Mamepuarn
V
d = constant
%R
s
I—l dl
N
S
XKeresHbiil cepdedHuk
Uuuf
Uul..ll‘
d = constant

Ve
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JlaTuuk AaBiieHHs C MPUMEHEHHEM JaTyuka Xojula M300pakeH Ha

puc. 2.5.
’P
T Uout
Luacbpaama
2
1 7 P /‘ P —
5 ]
S
/]
locmosaHHbI
Macnum Hamd4uk Xonna
puc. 2.5.
lre Eme onna obGnacth nmpuMeHeHHsT — OECKOH-

?

Raranc Xonna|  TQKTHOE M3MEPEHHE TOKA B MpoBOAHUKAX. Kak u3-
rasensiiinie
25

n 4 MarHuTHOE TI0JIe, KOTOPOE ompeaenseTcs mo (hop-

BECTHO MPOBOJHUK C TOKOM CO3JAaeT BOKPYI ceOs

MyJIe:

(

puc. 2.6 Bzﬂo'#’ (2.12)

rne [ o — MarHuTHasa IIOCTOSAHHAI, I — cuna Toka B IMPOBOJHUKE; r - pPacC-
CTOJAHHC OT LCHTpa IMPOBOJHHUKA JO TOYKH HM3MCPCHHUA MAIrHUTHOI'O IIOJIA.

[Ipumep n3mepeHus CUiIbl TOKa TAKUM METOJIOM IIOKa3aH Ha puc. 2.6.

OddexT cxoaHblii 0 CBOMM CBOMCTBaM ¢ 3pdexrom Xosuia mpuMeHs-
eTCsl JUIsl CO3[JaHUsl MarHUTOMHIYKTUBHBIX JAaTYUKOB MOTOKA MPOBOSIINX
xuakocret (puc. 2.7). B coorBercTtBue C (2.3), HanmpsokeHue XoJia B

ATOM ciy4dae OyJeT paBHO:

U,=-v-B-2a, (2.13)

TJI€ a — paanuycC TPYOBI.
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Kamytuka
Hzonauyus
anexkmpodsi

puc. 2.7.

Ilpeumywecmea: u3mepeHuss HE3aBUCUMBI OT (PU3MYECKUX TapamerT-
POB XHAKOCTU (TemIieparypa, JaBJICHUE, INIOTHOCTh, BA3KOCTh); OTCYTCT-
BYIOT MEXaHUYECKH IMOJIBUKHBIC YACTU; OTCYTCTBYIOT IOTEPH JaBJICHUS 3a
CYET M3MEHEHHUS MOMEPEYHOTO CEUCHUS; M3MEpPEHHUs JaXke B CHUJIbHO 3a-
TPSI3HCHHBIX KHUIKOCTAX; OOJIBIION MHUAMa30H JUaMETpPoB TPyO (OT CM 110
M); BbICOKasi TOUHOCTh (0.2%); OOJBIION JHANa30H HU3MEPSIEMBIX CKOPO-
creit (oT cMm/c 1o M/c).

Heodocmamku: moaXoIUT TOJBKO ISl MPOBOJAIIMX JKUAKOCTEH (Tpo-
BOJUMOCTh > 1kMCM/cm). CM — CUMEHC; HEe UCIIOIb3YEeTCs JJIsl Ta30B U Ma-

CCJI; BBICOKaAs IICHA 110 CPABHCHUIO C IPYTUMU MCTOAaAMMU.

2.1.2. MarHuTOpe3ucTOpbI

Kaxk u B cinyuae a¢dexra Xomna, cBOOOAHBIC HOCUTENH 3apsi/ia UCIIbI-
THIBAIOT OTKJIOHEHHE MO AeicTBrEeM cuibl JlopeHa. 1ot 3ppexT MoxkeT
TPAKTOBATLCS KaK yBEJIMUYCHUE JIJTMHBI IMyTH HOCHTEICH MEXIy JJICKTPO-
namu (puc. 2.8), a, ClIeOBATEIBHO, U YBEJIMYEHUE COMPOTUBIICHUS MaTe-
puana. O¢pdeKT Bo3pacTaHusi COMPOTUBIICHUS HE 3aBUCUT OT HAIIPaBJICHUS
MarHuTHOTO TIOJIS U TOKAa B Marepuaiie. HanboJibiee OTKJIOHEHWE HOCUTE-
JIY WCTIBITHIBAIOT BOJM3H AJIEKTPOAOB (yron ® H0CTaTOYHO BENHK), B IICH-
TpaJIbHON 4acTH o0Opa3iia OTKJIOHECHUS MPAKTHUECKH HET, IIOATOMY U U3Me-
HEHUE COINPOTHBIICHUS TOXKE OTCYTCTBYET. 3aBHCHMOCTBH COIPOTHBIICHHS

OT BEJIMYMHBI MAarHUTHOTO TIOJS MOXKHO 3aIlicaTh B CIEIYIONMIEM BUJC
(puc. 2.9):
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RB=R0~(1+C-(,u-B)2), (2.14)

rac C- KOHCTaHTa, 3aBUCAIIAs OT TCOMCTpPHUU.

!
b

A a8 "% as

8, 8~

a)

puc. 2.9.

BriOop matepuana njis MarHUTOPE3UCTOPOB BO MHOTOM 3aBHCHUT OT
BEJIMYMHBI TIOJIBUKHOCTU HOCHUTENEH 3apsiaa - 4 B Tabn. 2.1. nmpuBeneHsI
XapaKTEPUCTUKU HEKOTOPBIX MCIOIB3YEMBIX MOIYyNpOoBOAHUKOB. Kak Buj-
HO U3 TaOJIUIEI HAMOOJBINEH MOABUKHOCTHIO U HAMMEHBIIIEH KOHIICHTpA-
nuent oo6nagaet InSb. OgHako HaMOMHUM, YTO TOMHUMO MarHUTOPE3UCTUB-
HOTO 3(pdekTa conmpoTUBIECHNE MOTYNPOBOJHUKA BCErAa 3aBUCUT OT TEM-
neparypsl, BO3JCHCTBUE KOTOPOW B IAHHOM ClIydae SIBJSETCS Mapa3uTHBIM
s pexkTom. TeMnepaTypHYyIO KOMIICHCAIUIO KaK ¥ paHee MOYKHO MOJYYUTh
IIPU UCTIONB30BaHUU AU HEPEHIINATBHOTO MOCTA.

Obnacmb npumereHus: BO MHOTOM COBMAAaeT ¢ 00JAaCThIO TIPUMEHEe-
HUSI TaTYUKOB XO0JUla, HO OTMETHUM €III€ pa3, UTO U3MEHEHHE COMPOTHUBIIE-
HUSI MAarHUTOPE3UCTOPOB HE 3aBUCUT OT HAIMPABJICHUSI MATHUTHOTO TOJIS U

CHJIBI TOKaA.

2.2. UHaQyKIIMOHHBIE JATYNKHU

SIBrieHNE 3IIEKTPOMArHUTHOW MHIYKIIMM COCTOUT B TOM, YTO B IPOBO-
JSIEM KOHTYpEe, HaXOASIIEMCS B NMEPEMEHHOM MAarHUTHOM I0OJi€, BO3HHU-
kaeT DJIC uHnykiuu. Ecin KOHTYp 3aMKHYT, TO B HEM BO3HHUKAET 3JIEK-
TPUYECKUN TOK, Ha3bIBAEMbI MHIAYKIIMOHHBIM TOKOM. 3aKOH 3JICKTpOMar-

HUTHOW uHAYKIuK (Dapajes) 3anuchiBaeTCs CICAYIOINIUM 00pa3oM:
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_do

E=——,
dt

(2.15)

rae @ — MarHUTHBIN MOTOK, YE€PE3 NOBEPXHOCTh, OTPAHUYEHHYIO KOHTYPOM.
PaccMoTpuM mpuMepbl MOCTPOEHUS JATYMKOB, OCHOBAHHBIX Ha 3(-

(heKTe 2JIeKTPOMArHUTHOM MHIYKIIUU.

1. JlaTuMK JMHEHHOW CKOPOCTHM — €CJIM IIOCTOSHHBIN

MAarHuT BJABUIaCTCA C HGKOTOpOﬁ CKOpPOCTBIO B HH-

TYKIIMOHHYIO KaTywky (puc. 2.10 a), To uagynupo-

puc. 2.10 a

BaHHas B kartymke DJ[C OyaeT mpomopriuoHaILHO
CKOPOCTH.

2. Jaruuk ckopocTH BpameHus (puc. 2.10 6). deppomaraurHoe 3youa-
TOE KOJIECO NP BPALLIEHUU M3MEHSET MAarHUTHBIM MOTOK 4Yepe3 MH-
OYKUMOHHYI0 Katymky. MHaynupoBanHas J3/[C 3aBucHT OT yrioBoi

CKOPOCTH BpallleHHs! (MPU MaJIbIX CKOPOCTSX — MaJible HAPSKEHUS).

Kopniye

nipueMAa Kamyuika
puc. 2.106
3.  DOnexrtponuHamuyeckuii MUKpooH (puc. 2.10 ). U3rub memOpanb

IMPUBOAUT K CMCIICHHUIO MHAYKIIMOHHBIX KATYIICK OTHOCHTCIIBHO ITIOCTO-

SIHHBIX MAarduTOB, UYTO IIPUBOJWUT K H3MCHCHHNIO MAarHUTHOI'O ITOTOKA.

Vair = ﬂft Membpara
Kamyluka

puc. 2.10 ¢
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[ToMUMO MOCTOSIHHBIX MAarHUTOB B MHIYKIHMOHHBIX JATYMKAX MOMKET
UCITOJIB30BaThCS CXeMa TpaHc(hopmaTopa — MEPEMEHHOE HamNpsDKEHUE -
TaeT MEePBUYHYI0 OOMOTKY W BbI3bIBaeT DJ[C B3aMMOUHIYKIIMH BO BTO-
puuHOi oOmoTKe. M3mMeHeHue uHayrupoBaHHOro J/[C MOXXHO BBI3BATH
nepemMenieHneM (peppoMarHuTHOTO CepJieYHrKa BHYTpU TpaHchopmaTopa.

ls

——iy

R W ° L, °

+

Yo

‘VM"
&

puc. 2.11

Paccmotpum cxemy Ha puc. 2.11. HampspkeHue B 1enu nepBUYHON
O0OMOTKHM 3aIMChIBACTCS KaK:
di,

Vo=i, R+ L, - e

(2.16)

rae L; — MHAYKTUBHOCTb NMEPBUYHON 00MOTKH. HanpsbkeHue ¢ gatuuka:

0
V,=V,-V,=(M,-M,)- =2 (2.17)
dt
M — B3anmHasg HHAYKTHUBHOCTD!:
M:ﬁ%ﬁa (2.18)

m

rae Ny, N, — 4HiClI0 BUTKOB B TEPBUYHON M BTOPUYHONW OOMOTKaX, R, -
MAarHuTHOE COMPOTUBIICHUE CEPACUHUKA.

Jlnst u3Mepenust HanpsbKeHust V), JTydiiie BCero MOAXOIUT cxema aud-
(hepeHIIMATBLHOTO YCWIMTENS ¢ HU3KOYACTOTHBIM (GuiabTpoM. OOBIYHO pa-

Ooumne 4acToThl TeHepaTopa JiexaT B auamnazone ot 1 g0 5 kI’ (mpu 601b-
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IIMX YaCTOTaX MarHUTHAas MPOHUIIAEMOCTh CEPJICUHUKA, a, CIIeI0BATEIIHHO,
Y YyBCTBUTEIBHOCTh CUJILHO YMEHBIIIACTCS).

['padpuk 3aBUCUMOCTH BBIXOJTHOTO HAMPSDKEHUS OT MEPEMEIISHUS Cep-
JeUHrKa n300pakeH Ha puc. 2.12. Takue MaTyuku HOCAT Ha3BaHUE — JIM-

HelHbI nuddepennuanbabii Tpanchopmarop (JIAT).

t

ApyXuHa-

KpOHWMeliH
celicmMuyeckas

ock cMeweHus | (CepdeyHuk)

i
: Kopnyc
(B repemMeleHue

1] -

nosuyus Ce,an‘-IHUKa
el

pasa

AR R Y

-180 ¥,
puc. 2.12 puc. 2.13

Obnacmev npumenenus JIJ[T: nepemenieHde U TMO3UIIUOHUPOBAHUE;
JNaTYUK YCTAHOBKHU HYJISI; JATUYUK yCKOopeHus (puc. 2.13).

Ilpeumywecmea: HET TPEHUSI MEXKTY NMOJABUKHBIMU 3JIEMEHTAMU; BbI-
cokas nuHernHocTh (10 0.05%); Beicokoe paspemnienue (< 0.1 MKM); BbICO-
Kasg 4YyBCTBUTEJIBLHOCTh, BBICOKAs MOBTOPAEMOCTb; 3aBHCHUMOCTh OT Ha-
MPaBJICHUS TIEPEMEIIIECHUS; MaJIbIii BBIXOJJHOM MMIIEAAHC; TBEPAs U JKECT-

Kasd KOHCTPYKIMA; MaJIOYYBCTBUTCIIbHA K 3arpsA3HCHUAM.

2.3. UHayKTUBHBIE JATYNUKHU

Bo3nuknosenue J/IC MHAYKIIMM B LIENIA B PE3YJbTATEC U3MEHEHUS TO-
Ka B 3TOW LEMH HA3BIBAETCS SBJICHUEM CAMOMHAYKIMUA. MarHuTHbIA OTOK

B 3TOM CJIy4ae PaBeH:
o=L-1, (2.19)
rae [ — TOK B KOHType, L — HHIyKTUBHOCTb KOHTYpa. [{ns conenonna, 1iu-

Ha KOTOpOro MHOIO 0ombIIe AUaMCTpa BUTKA, HHAYKTHBHOCTL 3aIlMChIBa-

CTCA KakK:
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L=u,-p-N*

% (2.20)

rae f - MarHUTHasi MIPOHUIIAEMOCTh (PEPPOMATHUTHOTO cepaeyHuka, N —

YHMCJIO BUTKOB, S — IUIONIAJb BUTKA, [ — JJIMHA COJIEHOUIA.

heppomazHumAbii
cepleyHuK

ot

l e AN
I'-'L—D’-L-——*J*”‘"’I Kamyuika

puc. 2.14
AL = L,-L,
L, PRl Thee , =
- \>/ \ // \\(L,
7 \L/ N -
- - ’ - - ~
A - _ —— [ N —
}.L‘_I hEPPOMacHUMHBIL 5 g Pt
cepleyHuK
—AILd-—‘v—— +ak at
puc. 2.15

U3 popmynsr (2.15) 3anumem D/]C unaykuuu:

8:—L-£. (2.21)
dt

[Tpy M3MeHEeHUU TOJIOKEHHSI CEpJCYHHUKA B COJICHOHMJIE MPOUCXOIUT
W3MEHEHHE [/, &, CIIEOBATEeIbHO, W W3MEHEHHE WHIYKTUBHOCTH (pHC.
2.14), xoTOopoe MOXET ObITh M3MepeHO. Takas CTpykTypa He oOjagaer
YYBCTBUTEILHOCTHIO K HAMPABJICHUIO JBIKCHHS, TIO3TOMY Yallle MPUMEHSI-

ercst nuddepeHnnanbabii Meto (puc. 2.15).

2 Jlis  w3MepeHus W3MEHEHUsS WHIYKTUBHOCTH B
L Ry
2 muddepeHInaTBLHOM METOJE HCHOJB3YETCA YiKe
17,
= Ussex | |p, | M3BecTHAs cxema nubQepeHnmansHoro MocTa, /e
1
.3 B OJIHY M3 CTOPOH, KaK U B CIIy4ae C €eMKOCTHBIMU

puc. 2.16
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JNaTYNKaMU, BKIIOYEHBI JBE MHIYKTUBHOCTU (puc. 2.16). [lo anamoruu c
dbopmynoii (1.44):

U —
wa — x| ﬁ (2.22)

2 L+L

Hus niuddepennmansroro cosnenonna L, = L+AL; L, = L— AL, Toraa:
U. AL
oy = ——. (2.23)
2 L

_’1&'?__ N3MeHeHne WHIYKTUBHOCTH MOJXKET
N [FEZZZZZZZ (| Fe MPOUCXOAUTH U TpH MPUOIMKeHUU heppo-

- =3 === Mar"Hetuka Kk cosieHouny (puc. 2.17). B

9TOM ClIy4dac 3aBUCUMOCTb MHAYKTHBHOCTH

Kamyuwika
OT BO3JIYLITHOTO 3a30pa MEXIY COJIECHOUIOM
puc. 2.17 o .
1 (GeppOMArHUTHON TIJTACTUHOM 3aIlChIBA-
€TCA B BUIC.
foN*-S
LA =0 = (2.24)
lFe / /u + Al
rie lp, — AJIMHa MarHUTHOTO ITyTH B (peppOMAarHeTHKe.
AL = L,-L,
[ T S
1 ———Aat
| —3 +3

! l [

\rl L1 rJC. LZ

IJ ’_T f

-—————t l—-r:——_ .
-8 o +8 = — 4
L
"L
1
puc. 2.18

Huddepenumanbabiii MeTO ] NpeicTaBieH Ha puc. 2.18. JlaTuuku, oc-
HOBaHHBIC HAa 3TOM METOJIE, MPUMEHSIOTCS 11 TOYHOTO MO3UITMOHUPOBA-

HuA (puc. 2.19), a Takke BO MHOTMX NPUJIOKEHUSAX ONMHUCAHHBIX BBIIIIE.
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Kamyuwku s CEPOEYHUKUY Kamyuxu cepdeyHuKy

= 7 L

T L\ A

duachpacma

spatyarowuiics yunuHdp

puc. 2.19
2.4. BuxpeToKkoBble HHAYKTHBHbIE 1aTYUKH

Kak y»xe roBopuiiock, coriacHo 3akony dapanes (2.15), B 3aMKHYTOM
KOHTYpE, IOMEIICHHOM B MNEPEMEHHOE JJIEKTPUYECKOE IOJIE, BO3HHUKAET
BUXPEBOM MHAYKIMOHHBIM TOK. [Ipnuem, cornmacHo npaswiy JleHma: mH-
OYKIMOHHBIM TOK B KOHTYPE MMEET BCET/IA TAKOE HAIIPABIICHUE, YTO CO3-
JABAEMbBI UM MArHUTHBIM IMOTOK CKBO3b MOBEPXHOCTh, OTPAHUYEHHYIO
KOHTYPOM, YMEHBIIIAET T€ U3BMEHEHHSI MAarHUTHO MOTOKA, KOTOPHIE BbI3BA-
JIY TIOSIBJIGHUE WHAYKITMOHHOTO ToKa (puc. 2.20). Omyckast moapoOHbIe Ma-

TCMATUYICCKHNC BBIKIIAJIKU IIPUBCACM LCIIOYKY ITPOITOPHUOHAIIBHOCTH:
B~1, ~0-FE~0c-U,, (2.25)

r7i€ G - SJIEKTPUUECKasi TPOBOJAUMOCTb KOHTYpA.

@ @
8

g
1 j : [
= B — g e S I°d
o o,
AN £ ilk
de/dt=>0 d@/dt<0
puc. 2.20

Bocnonszyemcs dhopmysoit (2.15) u Bo3bMeM W3MEHEHHWE MarHUTHOTO

IOTOKA B ciefyronieM Buje: @ = @, -sin @r , TOr1a OKOHYATEIbHO TOTYYHM:
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B ~c-0-®,. (2.26)

T.e. co3maBaeMO€ MarHMTHOE IOJI€ TEM OOJBIIE, YeM OOJIbIIE aMILIH-
TyJla ¥ BBIIIIE€ YacCTOTa U3MEHEHUS BO30YKAIOIIEr0 MAarHUTHOTO MOJISI, YeM
OoJbIIe yenbHas MPOBOAUMOCTh KOHTYpA.

Taxkum 00pa3oM, mpu JOCTATOYHO BHICOKUX YACTOTAX MArHUTHOTO TIO-
as (ot 50 xkI'm ;o 10 MI') B BBIIIEH3IIOKEHHBIX UHAYKTUBHBIX U UHIYK-
IIMOHHBIX METOJIaX HauMHaeT NnpeodiazaTh 3PHEKT BUXPEBBIX WHIYKIIH-
OHHBIX TOKOB.

NHnynmupoBaHHOE MarHUTHOE MOJIE MO0 U3MEHSIET MAarHUTHBINA IMTOTOK
BO BTOpHYHBIX 00OMoTKax (JIT), mubo mpuBOAUT K M3MEHEHUIO WH]IYK-
THBHOCTH COJICHOH/IA.

I'my6una ckun-3¢gexTa 119 BUXPEBbIX HHAYKIIMOHHBIX TOKOB:

o~ B (2.27)

JU-@-O
OCHOBHBIMU TIPEUMYIIIECTBOM BUXPETOKOBBIX WHIYKTHUBHBIX JaTUU-
KOB SIBJISIFOTCS: 00Jiee BBICOKHE YaCTOTHI TO3BOJISAIOT PACHIMPUTH JUHAMU-
YECKUM JTUATa30H U yBEIUYUTh TOUHOCTh U3MEPEHHUS; B KAUECTBE CEpIeU-
HUKOB M TUIACTUH TPUOIMKEHUS HE 00s3aTelIbHO HCIOJIb30BaTh (eppo-

MAarduMTHBIC MaTCpHaJibl, a MOKHO pa6OTaTI> C JTFOOBIMU IMPOBOAHNKAMM.

heppoMacHumHbIi i—x—-{
KOpAyC T
LTS T
* b
smopuYyHas sMmopuYHasa [} P %/Konbuo
o6momKa ™~ frepsuyLas 1~ obmomxa ! [
obmMomsa |
L(0) TooooZitzl |
' Vo
Gt —o }—o ] ! v
] !
¥ it L . REREP I
MposodHuK 1 -— mposodwuk 2 |7 - ]
puc. 2.21 puc. 2.22

[ToMuMO BBIIIE OMUCAHHBIX TPUMEHEHU OTMETUM €LIE IBA METO/A:
1. CBapka mBOB (puc. 2.21) — 7aTYUK UCMOJIB3YETCA ISl TOUCKA 1IBA Me-
KOy IByMms npoBojgHukamu. Korma moB Haxonutcs nocepenune E-
CEp/ICUHMKA, PAa3HOCTh HAMNPSDKEHU BO BTOPUYHBIX OOMOTKax paBHA

HYJIIO.
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2. Ckomp3d1iee KoJIbO (JaTYUK MEPEMEIICHUS) — MEHOE KOJIBIIO CKOJIb-
3UT MO0 BHYTpeHHEW ocu E-cepaeunuka (puc. 2.22), orpaHu4MBas Mar-
HUTHOE TI0JIE 033K ce0s (MarHUTHBIN n30isTop). [lo3umus onpenens-

€TCsl 10 U3MEHEHUIO UHTYKTUBHOCTH.
2.5. HaMmarunynBaHue U 3KPAHUPOBAHHE MATHUTHOTO MOJS

BekTop MHAYKINY pe3yJIbTUPYIOLIEr0O MATHUTHOTO TOJISI B MAarHETUKE
pPaBEH BEKTOPHOM CyMME MAarHMTHOM WMHIYKUWHW BHEUIHEro (HaMarHW4u-

BAIOIIIEr0) U BHYTPEHHETO TMOJICH:

— —

B, = +7, (2.28)

6Hew

rae J — BEKTOp MarHMTHOM MOJISIPU3ALIUY.
HanpskeHHOCT MAarHUTHOTO TIOJISI CBSI3aHA C UHAYKIUEW BBIPAKEHUEM:

—

B=u,-H, (2.29)

toraa ¢popmyiy (2.28) MOKHO 3aIUCaTh KakK:

— —

Boﬁm:luo.ﬁenem-i_luo'M’ (230)

rne M =J / M, - BEKTOp HAMarHM4YMBaHMS.

BGKTOp HaMaronimBaHUs WM HAIIPSAKCHHOCTH BHCIIHCTO MArHUTHOTO

M0JIs CBSI3aHHBI KO3 (PUIIMEHTOM ¥, — MarHUTHOM BOCIIPUMMYUBOCTHIO:

— —

M=y, -H,_. (2.31)

Torna ypaBHenue (2.30) MOXHO nepenucars B CIEAYIOIIEM BUIE:

—

By =Mty Hy ¥ o X Hopore = Mo M H, s (2.32)

rae # =1+ y, - OTHOCUTEIbHAsA MArHUTHAS IPOHHUIIAEMOCTD BEIIECTBA.
DeppoMarHeTMKaMy Ha3bIBAIOTCS MArHUTHBIE BEILECTBA, B KOTOPBIX
COOCTBEHHOE (BHYTPEHHE) MarHWTHOE I0JI€ MOKET B COTHU U THICSYH pa3

IMPEBOCXOJUTL BbI3BABHICC €I'0 BHCIIIHEC MAIrHUTHOC I10JIC.



HGHGLU

meepdbiii

puc. 2.23

I'paduk 3aBUCUMOCTH MAarHUTHOW HWHIYKUHUU OT HANpPsHKEHHOCTH
BHEIIIHETO MAarHUTHOIO MOJIA NTOKa3aH Ha puc. 2.23. Takas kpuBas Ha3bIBa-
eTcsl meTyied rucrepe3rca. MarHUTHbIM TUCTEPE3UCOM (eppOMarHEeTUKOB
Ha3bIBAECTCSl OTCTABAHUE W3MEHEHUS MAarHUTHOW MHAYKIHUHU OT U3MEHEHUS
HanpsH>KEHHOCTH BHENTHEr0 HaMarHWYMBAIOIIErO (pa3MarHMYMBAIOLIETO)
1oJisi, O0YCIIOBJIEHHOE 3aBUCUMOCTBIO MHAYKIIMU OT €€ MPEbIAYyIIUX 3Ha-
yeHUl. MarHUTHBINA TUCTEPE3UC €CTh CIeICTBHE HEOOPATUMBIX U3MEHEHUI
MpY HAMAarHMYMBAHUU U NepeMarHnunBanuu. BennunHa + B; — Ha3bIBaeT-
CA MHIAYKIMEW HACBIMICHUS, a = B, — OCTATOYHOW WHIYKIMEH, COXPaHIIO-
LIEHCsl TPYU U3MEHEHUU BHEIIHEro mons ot + Hy no nynsa. HanpsokeHHOCTD
H, oOpaTHOTO 1OJIsI, IOBOJSIIEr0 MAarHUTHYIO MHAYKIHMIO O HYJIs, Ha3bl-
BAETCS 3aJCPKUBAIOIIEN HAIPSKEHHOCTHIO, HAIPSKEHHOCTHIO KO3PIIU-
THUBHOI'O TOJISI WIM KO3PUMTUBHOW cuioil. Ilnomanps nernu rucrepesuca
MPSIMO TIPOTIOPITMOHAIBHA pa0OTe, COBEPIIEHHON NPH MepeMarHuYuBaHUN
(motepu Ha rucrepesuc). [lo BennunHam rucrtepesuca (HeppoMarHeTUKU
MOJIpa3/ICNISIIOT Ha MTKKE (Majias TUIoIajib) U KecTKUe (OOJbIIKe IIoIa-

I[I/I) — IIOCTOSAHHBIC MAaIrHUTHI.

IKpanuposanue nOCMOIHHO20 U HUZKOUAC-
MOMHO20 MACHUMHO20 NOJISI: DKpaHbl, BBIMOJ-
HEHHBIE U3 MATKUX (DEPpPOMArHETHUKOB C BBICO-
KO OTHOCUTEJIBbHOM MAarHMTHOW MPOHHUIIAEMO-

CTbIO, KOHOCHTPUPYIOT MArouTHOC IIO0JIEC B OC-

Hanymp << Hevou HOBHOM BHYTpPHU c€0s M MPAKTUUYECKH HE IPO-
puc. 2.24
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MyCKaloT BHYTPb (puc. 2.24). DkpaHupyrouuid (HaKkTop — OTHOILICHHE Ha-

MPSKEHHOCTEN BHEIIHETO U BHYTPEHHETO TOJICH:

§ = Hoew (2.33)

8HYmMP
DKpaHUpyIOLIee 3aTyXaHUE:
a=20-1gS§. (2.34)

Hampumep, nns cgepuueckoro skpana ¢ auamerpom 100 mm u TO7I-
mHoM 1 MM, BeimosHeHHOro u3 ciiaBa NiFe, skpanupyromuii ¢haktop
paBeH: s ctatuueckoro noist — 400, ans dacrorsl 50 T'm — 1000, ans
gacTtoTsl 400 ' > 10°.

IKpanuposanue 8biICOKOYACMOMHO20 MACHUMHO20 NOJIs. HAWUITydlllen
3alUTOM OT MArHUTHBIX MOJICH BBICOKOM YaCTOThI SIBJISIFOTCS OIMCAHHBIC
paHee BUXPEBBIE TOKM MHAYKTHUBHOCTH. BO3HUKaromee 3a C4eT TaKkuX TO-

KOB MarHUTHOE T0JIe 0CJIA0JISIeT MOJIe BHYTPU dKpaHUPYEeMOil 00IacTu.
2.6. AHM30TPONHBbIE MATHUTOPE3NUCTOPHI

ComnporuBieHue GheppoOMarHeTUKOB 3aBUCUT OT MPHUJIOKEHHOTO Mar-

HUTHOTI'O ITOJIA. y,Z[CHBHOG COIIPOTUBJICHHUC MOXHO 3aIlMCaTbh B BUC:
1 Il 1 2
p(o)=p +(p —-p )-cos Q, (2.35)

I7I€ (@ - YTOJ MEXAYy HampaBJICHUEM AJIEKTPUUYECKOro TOKa (/) 1 BEKTOpOM

HamarauuuBanus (M) (puc. 2.25).

¢ 4
Reply z R=pe 2
o 4
b o y
L 3 S ta 1j ’
‘ M. L] X
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BHeninee MarHMUTHOE TOJI€ HAMPABIECHO MEPHEHAMKYISIPHO 3JIEKTPH-
YECKOMY TOKY U JIGKUT B TUIOCKOCTH 00pa3ma (Ijisi MarHUTOPE3UCTOPOB,
ONHMCaHHBIX B pazjene 2.1.2., MarHUTHOE MOJIE OPUEHTUPOBAHHO TEPIICH-
TUKYJIsIpHO 00pa3iyy). Korma mHayKUuMs Mojsi paBHA HYJIO, HampaBieHUE
ANEKTPUUYECKOIO TOKA COBMAJAET C BEKTOPOM HaMarHWYMBAHHUS, a COMPO-
TUBJICHHE (eppOMarHeTvka MakCUMaibHO. [Ipu yBeIMYeHUM MarHUTHOTO
I0JIs1 BEKTOP HaMarHW4MBaHus Bpanjaercs ot @ = 0, 10 ¢ = 90° u compo-

THUBJIEHHUE YMEHbIIaeTcs (puc. 2.26).

I\R
Rmax
AR
Rmin- . § . — x . —
-1 05 0 05 1 H, 105 0 05 1 H,
puc. 2.26 puc. 2.27

[ToguepkHeMm elie pa3, 4To 3TOT 3PDHEKT NPUHIMIHAIBHO OTINYAETCS
Mo (pU3MUECKOU MPUPOJIC U METOIY OT OMKMCAHHOTO B pazaene 2.1.2, u sB-
asroerocs caeactsueMm s¢gdexra Xomna. [IpuBenem nias cpaBHeHHs Ha
puc. 2.27 rpaduKu 3aBUCUMOCTH COMPOTHUBJICHUSI OT BHEIIHETO TOJIS IS
JBYX 3THUX CIy4aeB.

B kadecTtBe M3MEpUTENBHON CXEMBI Il (PUKCUPOBAHMS W3MEHEHUS
COTNPOTHUBIICHUSI IpUMEHsIETCS TUdPepeHITNaTbHBIN MOCT.

[ToMUMO BBIIEYTIOMSIHYTBIX MPUIIOKEHUH JJI1 MAarHUTHBIX JTATYMKOB,
AHU30TPOTTHBIE MAarHUTOPE3UCTOPHI MPUMEHSIIOTCS IS TIOCTPOEHUS CIIOU-
CTBIX MArHUTOPE3UCTUBHBIX JATYMKOB. Takol NaTyMK COCTOUT U3 OOJb-
moro yucia (>35) nap Torkux (1 HM) cioeB deppomarneruka (Co) u He
dbeppomarneruka (Cu) (puc. 2.28). Cnou peppoMarHeTuka nomapHo Mpo-
THUBOIOJIOKHO TOJIIPU30BaHbl, YTO MPUBOJUT MPHU OTCYTCTBUU BHEIIHETO

MAardvMTHOTIO ITIOJIA K BBICOKOMY COIIPOTHUBJICHHIO JaTUHUKaA.
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Cu Cu
—> Co —> Col =2
Cu Cu B
«—— Co —> Co 3
Cu Cu
—> Co —> Co
- -
13 13
puc. 2.28

[Ipu nosiBI€HUM MarHUTHOTO TMOJSI BEKTOPAa MAarHUTHOM MOJISIpU3aLUN
OPUEHTHUPYIOTCS B OJIHOM HalpaBJ€HUH, B PE3yJbTaTe YEro COMPOTHUBIIE-
HUE JaT4yuKa MajaaeT. Takue AaTYMKH MO3BOJISIOT MOJTYYUTh OTHOCHUTEINb-

HO€ U3MeHeHue conpotusiieHus 10 70%.
2.7. Marauroynpyrue 1aT4MKu

MarnuTHas TpPOHUIIAEMOCTh 4 (PEpPPOMArHUTHBIX TEJ HU3MEHSACTCS
MOJT JCHUCTBUEM MEXAHWYECKUX HampsikeHWd. l3MeHeHue MarHuTHOU

NPOHULAEMOCTH A/l s pasiu4YHBIX Marepuanos cocrasiser 0.5 — 3 %

P U3MEHEHUU MEeXaHU4ecKoro HarpsbkeHus Ha 1 MlIla. B kauectBe ma-
TEPUAJIOB [UJII MArHUTOYINPYTHMX JATYAKOB B OCHOBHOM HCIIOJB3YHOTCA
aMmop(dHbIC METAJLIIBI.

[IpuBeneM nmpuUMepsl UCHOJIB30BAHUS MAarHUTOYNPYTUX AATYUKOB JUIS
MU3MEPEHUS PA3ITUYHBIX TAPAMETPOB.

JlaTuuMKyA CHJIBI M JABJIEHHS CXEMAaTHUYECKU MPEICTABIEHbl Ha PUC.
2.29 a. I3MeHeHne MarHMTHOW NPOHUIAEMOCTH MPUBOJIUT K U3MEHEHUIO
WHIYKTUBHOCTH COJICHOUJA, KOTOPOE MOXHO M3MEPUTH C TIOMOIIBIO AUD-
(hepeHIMPYIOIIEro MOCTa.

JlaTuuk caBura mpencrasieH Ha puc. 2.29 6. JIBe oOMoTku hopMUpY-
10T TpaHchopmaTop. B HeaedhopMUpOBaHHOM MOJIOKEHUU HAMPSKEHUE BO
BTOPUYHBIX OOMOTKaX paBHO HyJI0. MI3MEeHEHHe MarHUTHOrO MOTOKa MpHU

CMEILICHUH MTPUBOJUT K TosiBJIeHUIO0 DJIC BO BTOPUYHBIX OOMOTKAaX.
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puc. 2.29 6

Hatuuk BpamareiabHo MoMeHTa. Hanbosiee nonysisipHel 1Ba TUMA AAT-
YUKOB: nepekpecTHslid (puc. 2.30 a) 1 1aTYuK C YETHIPbMS BETBSIMU (pHC.
2.30 6). Ha pucyHkax BMecTe C IPHUHIIUIIOM JCHCTBUS MOKa3aHbl U JKBU-
BaJICHTHbIE MAarHUTHBIE CXEMBI.

B HenepopMUpOBaHHOM COCTOSIHUM HAIpSKEHUE BO BTOPUYHBIX 00-
MOTKaX pPaBHO HYJIIO, T.€. JOCTUraeTcsl cOalaHCupoBaHHOE cocTosiHue. [1o-
SBJICHUE BpalaTeIbHOIO MOMEHTa IPUBOJIUT K TOMY, YTO MAarHUTHAS MPO-
HULIAEMOCTb, a, CJIEA0BATEIbHO, U UHYKTUBHOCTb B 30HE CXKAaTHUs U B 30HE
pacTsDKEHMsI HAUMHAIOT OTJIMYAThCS U BO BTOPUYHBIX OOMOTKAX IMOSIBIISET-

ca OJ1C unaykumm.
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Ma2HUMHbI — M UHGYKMUSHOCMb
nomok
—{}— pesucmop

puc. 2.30 a

&, BpawamencHuill
MOMEHM

[ptiemHble

Kamywxu \

BpatuamensHeit
MOMEHM

puc. 2.30 6
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SATAYN K T'JTABE 2

1. Jlokaxwure, 4to ais JuHEHHOTO nuddepeHmansHoro Tpanchopmaropa
(CM. pUCYHOK) CIIpaBEJIMBO CIEAYIOIAsi 3aBUCUMOCTh
U() _ ]a)(Ml _MZ)
U, JOL,+ R,

2. PaccuuraiiTe HanpsipxkeHre Xojula Ha JaTYMKE TOJIMIUHON 2 MM, BBINOJI-
HEHHOM U3 InAs ¢ kKoHCcTaHTON XoJl1a paBHOU 10* [M3/KJI], €CIIn Yepes
JIaTduk nporyckaercs Tok 30 MA, a BO3JICCTBYIOIEE MAarHUTHOE TOJIE
paBHo 200 mT.

3. Onpenenure BEIWMYMHY MAarHUTHOTO TMOJsA, HU3MEPSIEMYIO0 JTaTYUKOM
” o 143

Xonna ¢ koHcTanTo Xosuia paHor 10 [M”/Kin], ecnu TonmnHa nat-

yyuKa — 2 MM, TOK depe3 nardyuk — 30 MA, duxcupyeMoe HampsKeHHE

Xomna 1 mB.
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I'maBa 3. OnTuueckue METOAbI U3MEPCHUA

3.1. OnTnueckoe nziayuyenne. OCHOBHbIE 3aKOHbI

OnTuyeckoe U3JIy4eHHEe — ATO 00JIACTh CHEKTPa JIEKTPOMATHUTHOIO
U3JIy4eHUSs, TPOCTUPAIOIIASICS OT HU3KOYACTOTHBIX PaJMOBOJIH IO BBICO-
KOHEPreTHUYeCKUX KOCMHUYECKUX Jydeil. PacripocTpaHeHue siaeKTpomar-
HUTHBIX BOJIH TIOJIHOCTBIO OMHCHIBACTCS CUCTEMOU auddepeHInanIbHbIX
ypaBHEHHI MakcBeiuia ¢ y4€TOM 3JIEKTPOMArHUTHBIX CBOMCTB cpenbl. C
JIPYTOM CTOPOHBI CBET MOKET TPAKTOBATHCS KaK MOTOK YaCTUI] (KBAHTOB) —

(hOTOHOB, SHEPTHU KOTOPHIX OMPEACIISICTCS U3 YpaBHEHUS DUHINTEHHA:

E=h-f, (3.1)

34

rjae f —dactora BoJIHBL, h = 6.6261*%10™" (JIx*c) — nocrossHHas [1naHka.

JUJIvHa BOJIHBI COOTBETCTBEHHO OIPENEISAETCS BBIPAKEHUEM:
c
A= ?, (3.2)

IJI€ ¢ — CKOPOCTh CBETA B BaKyyMe.
OnTUYecKkuil CIIeKTP BKIIOYAET KOPOTKOBOJIHOBOE YIHTPA(PUOIETOBOE
u3nydeHue, ooaacte BuauMoro ceera (0.38 + 0.75 MKM) U TJIMHHOBOJIHO-

Bo¢ uHbpakpacHoe uznydeHue (puc. 3.1).

BUANMEBINA
kocMUyeckoe S KoMMyHMKaLUoHHOE
n3ny4eHue Yo nany4veHue MK nanyveHue n3ny4veHue
PEeHTIeHOBCKO®S ‘ ‘ Munnuvetposoe| TB
n3nyyeHwe
YacTota (L) 10% 10" 10° | fo" 10" 10" 10®
-« | | | \ | | | EI | | \ \ | | |
I |
o 5 Y N H
OnuHa BorHeLl (M) 107" 10” Lo 10° T

puc. 3.1

IIpu pacmpocTpaHeHUH CBETa B CPEZE, €ro CKOPOCTh CTAHOBUTCS OT-
JMYHOM OT CKOPOCTH CBETa B BaKyyMe€ U 3aBUCUT OT YaCTOThI U3ITYUYCHHUS.

Ot1oT 3 dekt u3BecTeH Kak d3PpdekT nucnepcuun cBera. 31ech HE00X0IUMO



- 69 -

BBECTH pa3jInyue MEXIy JABYMsl THUIIAMH CKOpOCTEH: (ha3oBasi CKOPOCTh —
CKOPOCTh JBMIKEHUS Ba30BOTO (PpOHTA BOJHBI U TPYIIOBAsl CKOPOCTh —
CKOPOCTh pacrpocTpanenusi nHpopManuu (BOJTHOBOTO makera). OTHOIIe-
HUE CKOPOCTH CBETa B BaKyyMe K (pa30BOW CKOPOCTH B CpeJie Ha3bIBAETCs

[I0Ka3aTeeM IpeJIOMIICHUS:
c

n=—. (3.3)
%

PaccMoTpyM OCHOBHBIC 3aKOHBI TIPEIIOMIICHUS U OTPAKCHHS CBETA.

[TycTh MMeeTcs TpaHuIla pa3ena ABYX Cpell ¢ MOKa3aTeNIsIMH TPeIoM-
JeHus n; U n,. Eciu Ha TpaHUIly MagaeT MOHOXpOMaTHYECKas CBETOBAs
BOJIHA MO/ YTJIOM ¢ K HOpMaJin (puc. 3.2), TO yroa OTpakKE€HHOro Jy4a pa-
BEeH YIJIy MAJarolIero, a s MPETOMIICHHOTO CIPaBEIJIMBO CIICTYIOIIEe

ypaBHCHHE:

Inq,
Sin naj =& (34)

mag | Forp : :
sina,,

n, N3 ypaBHenus (3.4) BUHO, YTO NPU MAJACHUU

n,

Jy4a U3 ONTHYECKH MEHE IUIOTHOM Cpellbl B OINTH-
Uy yecku 0oJiee TUIOTHYIO IPETOMIICHHBIN JIyd «IpH-

JKUMACTCs» K HOPMAJIM, a IMPHU MaJACHHUHU U3 OIITH-

yecKu 0oJiee IJIOTHOM Cpcabl B OIITUYCCKH MCHCC
puc. 3.2

IUIOTHYI0 HA0O0OpOT, «IPIKUMAETCA» K TPAaHUILIC

pazzena. B aToM ciydae CymecTByeT HEKOTOPBIM yroJi, pU KOTOPOM IIpe-
JIOMJICHHBIM JIy4 TIOWJAET BJOJb TPAaHULBI pa3fesna, a Npu AajlbHEUIIeM
YBEIIMUCHUH yTIJIa MajJeHus BOOOIe HE TepenieT BO BTOpyo cpenay. IIpe-
JENbHBIN YTOJI HA3bIBAETCS YIJIOM IMTOJIHOTO BHYTPEHHETO OTPAKECHUSA:

: _n,
SIN &, = —

(3.5)

L
OTHOIIEHNE MHTEHCUBHOCTEN OTPa)KEHHOW WM MaJarolleil BOJH Ha3bl-

BaeTcs KOAUIIMEHTOM OTpaXeHHUsl - R, a OTHOIIEHWE WHTCHCHUBHOCTEH
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MPEJIOMJIEHHOM U MaJlalolieil BOJH, Ha3bIBaeTCs KOA(PPUIIMEHTOM TPOITyC-

kaHus — 7. [I7s He MOoriIomamux cpe] CpaBe1JInBO PaBEHCTBO:
R+T =1. (3.6)
Cornacio ¢opmynam @penensi, npyu NaJeHUU HA TUIOCKYIO TPaHHUILY

JIBYX Cpe€J TUIOCKOW HEMOJISIPU30BAHHOM BOJIHBI (€CTECTBEHHBIN CBET), KO-

3 ULIMEHT OTpaKEHUS PABEH:

s 2 2
1 | sin (anaﬂ—anp)+tg (P — )

=5 =2 3 ; (3.7)
2 | sin (e, to,) 18 (a,, +a,)
a B CJIy4ac HOPMaJILHOTO ITaACHUS JIy4da
2
n,—n
R=| =—1|. (3.8)
n, + n

Ecnu npu najeHuu TMHEMHO MOJSPU30BAHHON BOJIHBI BEKTOP Hampsi-

JKCHHOCTH JJICKTPHUYCCKOI'O IIOJIA - E xonebiercs B IIOCKOCTH naacCHus,

TO KOA(PGUIIMEHT OTpakKE€HUS PaBEH:

RII _ tgz(anan _anp)
=— .
187 (A, + anp)

Jut

(3.9)

—

Ecnu konebanus Bektopa E mpOUCXOIAT B IUIOCKOCTH, MEPHIEHAUKY-

JSIPHOM TUIOCKOCTH MaJIeHUs, TO KO3(PPHUIIMEHT OTpa’KEeHUsI paBeH:

)
L sin (X — )

= . 3.10
sin’( +a,) G-10)

Tmaj

N3 dhopmyn (3.7), (3.9), (3.10) cnenyert, 4to:

I
R:E-(R”+RL). (3.11)
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Ha puc. 3.3 npuBeneHa 3aBUCHMOCTb
KO3((DUIIMEHTOB OTpakKeHHsI OT yrjla maje-
HUS JUIS TPAHMIIBI pa3zesia «BO3AYX — CTEK-
no». ITloka3zarens mpenoMieHUs CTEKIa pa-
BeH 1.52.

Kak BHOHO W3 PHUCYHKa, CYIIECTBYET
yroJ MajeHus, Mpu KOTOpOM Kod(puireHt
R" = 0. Dror yron HassBaeTcst yrioMm Bpio-
crepa. [lpyn maneHuu HEMONSIPU30BAHHOTO
CBETa Ha TpaHMIly pazjiena JBYX Cpel IOoJ

yriaoMm bproctepa, oTpaxeHHbIN cBeT Oyner

JIMHEVHO TOJISAPU30BaH, a yroia MEXAY NaJarolUuM U IIPEIOMIIEHHBIM JIy-

yaMu OyJIeT COCTaBIISITh 90°,

[Ipu npenomieHUU B ONTUYECKA HEOJHOPOIHON CpeJie C HEMPEPHIBHO

MCHAIOMIUMCA OT TOUKHM K TOYKE ITOKA3aTCJICM ITPCIOMIICHHA Ha6J'IIO,Z[a€TCSI

HCKPHBJICHUE CBETOBBIX JIydei. IJTO SBJICHHE Ha3bIBaeTCs pedpakiueit

cBeTa. XOpOIIUM MPUMEPOB pePpaKlUU CPeIU €CTECTBEHHBIX MPUPOIHBIX

SIBIICHUU SIBJISIFOTCS MHUPAKU.

[lepeiinemM Teneps K pacCCMOTPEHMIO €II€ JIBYX BaXKHBIX SBJICHHI: WH-

TephepeHnn U JudpaKiuy CBETa.

puc. 3.4

KOFepeHTHBIMI/I BOJITHAaMHM HAa3bIBAKOTCs BOJIHBI

OJIMHAKOBOM YacTOThI, Pa3HOCTh (a3 KOTOPHIX HE
U3MEHSIETCS CO BpeMeHeM. B pesynbTaTe Haioxe-
HUSL KOT€PEHTHBIX BOJIH, JIMHEHHO MOJSPU30BAHHBIX
B OJHOM IJIOCKOCTH, MPOUCXOJIUT OCJIA0TCHHUE WU
YCUJICHME UHTEHCUBHOCTU CBETa B 3aBUCUMOCTH OT

cooTHOUIeHUs (pa3 A@ CKIaAbIBAEMBIX CBETOBBIX

BOJIH (puc. 3.4):

A(D =27T-m - yciosue MmakCumyma UHmMeHCuBHocmu,

Ap=1x-2m+1) - ycnosue munumyma uHmeHCu8HOCmu.
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DTo sBJIEHUE Ha3blBaeTcs MHTepdepeHuuen cpeta. [Ipu HanoxxeHuu
HEKOTEPEHTHBIX BOJIH UMEET MECTO TOJIbKO YCUJICHUE CBETa, T.€. HHTepde-
pEHIIUS HEe HAOII01aeTCA.

OnTuyeckor IJIMHOW MYTH HA3bIBACTCS MPOU3BEICHUE T€OMETpUYe-
CKOM JUITMHBI d IyTU CBETOBOM BOJIHBI B JIAHHOM cpejie Ha MoKazaTeilb Mpe-

JIOMJICHUS 3TOU CpebI n:
oc=d-n. (3.12)
Pa3HocTh (a3 onpenenseTcss B 3TOM Cllydae Kak:

ap=2T-A0, (3.13)

rae Ao — onruyeckas pa3HOCTh X0Ja. TakuMm o0pa3oM, yCIOBHE HUHTEp-
(bepeHLnn 3aMChIBACTCA B CIAEAYIOIEM BUIE:

max: Ao=A-m;
(3.14)

: A
min: Ac==-(2m+1).

2
Jlndpakuueil BOIH Ha3bIBAETCA SBIEHHE OTMOAHWS BOIHAMHU Pa3ind-
HBIX TIPEMSATCTBHIL, BCTPEYAIOMIMXCS HA MX MyTH, T.€. OTKIOHEHHE BOIH OT

IIPSMOJIMHENHOTO PaCIPOCTPAHECHUS.
3.2. /leTeKTOPHI CBETOBOI0 U3JIy4YeHUsI

OauH BUJ CBETOBBIX JETEKTOPOB — (DOTOPE3UCTOPHI yKe ObLI pac-
CMOTpPEH Hamu paHee B pazzaene 1.1.4. Onumem Teneps Apyrue NpUHIUIIBI
MU3MEPEHMUSL.

doroanoasl — MPEACTaBIAOT cO00 OOBIYHBIE MOJIYNPOBOIHUKOBBIE
IMOJbI, HO OOJIBIIMX Pa3MEpoB M, KaK MPaBWIIO, B MPO3PAYHOM KOpITyCe,
YTOOBI TO3BOJMUTH CBETOBBIM JIydyaM IONACTh B YYBCTBUTEIBHYIO 30HY.
UyBCTBUTENBHOM 30HOW SIBJISICTCS 3alUPAIONIUIN CIION, KOTOPBIA BOZHUKAET
IIpU KOHTAKTE JBYX MOJYNPOBOJHUKOB C pa3HbIM TUIOM mHpumecHu. Eciau
GbOTOH ¢ 3Heprueit Oosbliel, YeM MUPHUHA 3alpelIeHHOW 30HbI MOTJIONIa-

ercs (poTouOoI0M, TO 3TO MPUBOJUT K TEHEPAIUU IJIEKTPOHHO-IBIPOYHOM
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nappl. DTO HapyllaeT PaBHOBECHOE paclpeielieHne HOCUTENed TOoKa U
MPUBOAUT K U3MEHEHUIO KOHTAKTHOW Pa3HOCTH MOTEHIIMAJIOB, T.€. K BO3-
HUKHOBeHUIO doTo - DJC.

[IpuBenem npumep pacyera (OTOTOKA yepe3 KPEeMHHUEBBIA (HOTOINOI.
[Tycts m3nydenue ¢ miuHON BOJHBI A = 500 HM u MomHocThio W = 1 Br
nagaetr Ha ¢doroamon. Kaxneiii ¢dortoH obOmamaer suepruer (3.1):
E=h-f=h c/ A. ®ortoH ¢ amuHoi BomHbl 500 HM o0magaeT sHepruei £

= 4%107" Ix = 2.5 3B, Torna 1 Bt cooTBeTcTBYET 2.52%10'® ($hoTOHOB B
CEeKyHAy. 3ampenieHHas 30Ha KpeMHus cocrtasisier 1.122 3B, cienosa-
TeJIbHO, PHEpruu (POTOHA JOCTATOYHO MJIA MPOU3BOJCTBA 3JIEKTPOHHO-
aeipouHoil mapsel. [Ipeamnonoxkum, uro Bce magaroiiue (oToHbI npeolpa-
3YIOTCSl B TIapbl (MACAbHBINA AMOJ), TOTJa MOJy4aeM 2.52%10'® BJIIEKTPO-
HOB B ceKyH.y. T.K. 3aps 3nektpoHa paseH e = 1.6%10™"” K1, To okonua-
TEJILHO nostydyaeM Tok paBHbIl 0.4 A. IlocrmenoBaTenbHOCTh MPOACTaHHBIX

BBIYUCIICHUN MOXKHO MPEACTAaBUTh B BUE OJTHON (hOPMYJIBI:

I=E-e=W'e-/’i
E h-c

(3.15)

Takum oOpa3oM mosyyaeTcsl JUHEIHas 3aBUCUMOCTb TOKA OT JIJTUHBI
BoJiHbl. Ho, cormacHo dopmyne (3.1), sHeprus ¢hoTOHA YMEHBIIAETCS C
JUTMHOW BOJIHBIL, © B TOT MOMEHT, KOI/la OHA OKa)KETCS MEHbIIE IIHPUHBI
3aIPENIEHHON 30HbI, TOK IPEKPATUTCS, MMOCKOJIBKY dJIEKTPOHHO-IBIPOYHBIE
napsl He OyIyT TreHepupoBaThCs. MaKkCUMaIbHBIM TOK, COOTBETCTBYIOITUI
sHepruu 1.122 3B (mupuHa 3ampeiieHHoN 30Hbl KpeMHHUs), OyJeT paBeH
0.9 A.

Ha puc. 3.5 npencrasiensl rpaduku 3aBUCUMOCTA HOPMHUPOBAHHOTO
(oTOTOKA OT JJIMHBI BOJHBI JJI1 MJIEATLHOTO M PEATbHOIO KPEMHHUEBBIX

AUOO0B.
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w KpemHuesbili pomoduod
0.8]
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0.6t meopemuyecKkas ‘\
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0.2}
_ \
- Ll
200 400 600 800 1000 A, (HMm)
puc. 3.5

Jlis paciimpeHus 3anuparoiero cjiosi B AUOJE, a, CIeI0BaTeNbHO, U
pacUIMpeHusi aKTUBHOM 30HBI MMPUMEHSIIOT TaK Ha3bIBAEMbIE pin — JUOJBI,
coJiepKaliue Mexay JByMs MPUMECHBIMU MOJYPOBOJHUKAMU P- U N-THUIMA
MOJIYIIPOBOAHUK C COOCTBEHHOM MpPOBOAMMOCTHIO (1 — intrinsic). [ns mo-
BbIIIICHUST A(DPEKTUBHOCTH HMCIONB3YIOT TaKXe JaBUHHBbIE (DOTOAMOJBI, B
KOTOPBIX JOMOJHUTENbHBINA P-TMOJYIPOBOJAHUK MMOMEIIAETCA MEXY N- U i-

MOJIYNPOBOHUKOM (puc. 3.6).

puc. 3.6

DTO MPUBOAMUT K TOMY, YTO OKOJIO MOJIOKUTEIBHOTO SJIEKTPO/Ia MOSIB-
JSIeTCS 30Ha CHUJIBHOTO 3JIeKTpHYeckoro mossi. Korma amekTpoH, mosBHB-
HIMICS B i-ClI0€, HAUMHAET JBUKEHUE K IMOJIOKHUTEIBHOMY 3JIEKTPOY, OH
YCKOPSIETCS ATUM TIOJIEM M MPU CTOJIKHOBEHUH C aTOMOM PEIIETKH MOYKET
BBIOUTH ApPYTHE€ DJIEKTPOHBI, KOTOPHIE, B CBOI OYEpEib, Pa3rOHAACH, BbI-
ouBaroT aApyrue u.T.1. [lonydaercs 3 dexT 1aBUHbI, KOTOPHIA MPUBOJIUT K
3HAYUTEIBHOMY YCUJICHUIO CUTHaNA (B CpPEIHEM YCHIIEHHE MPOUCXOAUT C
dakTopom 100).

Ha takom xe addext ocHoBaHO aeiicTBUe (HOTOyMHON)UTENS. DOTO-
YMHOXKHUTEIh MPEJICTaBIseT co00i BaKyyMHYIO TPYOKY CO CBETOYYBCTBH-
TEIHHOU MOBEPXHOCTHIO, KOTOpas MOIoNaeT (pOTOHBI U MCITYCKAET DJICK-

TPOHBI. HpI/IJ'IO)KeHHaH PAa3HOCTb IMOTCHOUAIIOB PA3rOHSCT 3JICKTPOHBI U
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IIPU COYAAPEHUM C BHYTPEHHUMM IUIACTUHAMHU YMHOXHUTENS NMPOUCXOIUT
BBIOMBAHUE JOIMOJHUTEIBHBIX ANMEKTPOHOB (puc. 3.7). Mcnonb3ys aecsTh-
JBEHAAIATh MPOMEXYTOUHBIX IJIACTHH, YAACTCS MOIYYUTh (HAKTOP YMHO-
KEHUS 1O MWIUIMOHA, YTO JIe7aeT (POTOYMHOKUTEIN HE3AMEHUMBIM JETEK-

TOPOM MaJIbIX CBETOBBIX M3JTYyYECHUH.

\\\ ot? *%

e 2_33“’ '.}::Oﬂ_ﬂ!: .

Ve -3;5.‘6.3- % W
¢ R SN /...\/ \\g
4

U
puc. 3.7
Haubonee ncnonb3yeMbIM CBETOBBIM JAETEKTOPOM IPHU CO3JaHUU H30-
OpakeHUN SIBISIOTCS ycTpoicTBa ¢ 3apsgoBoil cBsizpio (CCD — charge
coupled device). B suelikax kpeMHus 1oj nercTBueM (POTOHOB MPOUCXO-
JUT TeHepalus IEKTPOHHO-IBIPOYHOM Maphl. 3apsi, NPONOPLHOHAIBHBIN
VHTEHCUBHOCTH W3JIyYEHHs, aKKyMYJIUPYETCA B Kaxaou suenke. llocne-
JIOBATEIbHOE CYUTBHIBAHUE 3aPSAJ0B U3 AYEEK AACT BO3MOKHOCTD IOJY4YHTh
HH(pOPMAIIHIO 0 3apsae Kaxaou (puc. 3.8).

PerncTp cHMThIBaHMA

/
+ L Bbixop,

CeKumns XpaHeHKs,

salWLLeHHaA OT —m[
CBETA

ONTHYECKN ——|

YyBCTBMTEMbHAS
ceKkyua

TCTOI'I KaHan

puc. 3.8
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3.3. UICTOYHHUKH CBETOBOI0 H3JTYYCHHUA U NOTJIOIEHUE CBETA

[TpuHIMI AEMCTBYSI ICTOYHUKOB CBETOBOIO M3JIyYEHHUSI IPSMO MPOTH-
BOIIOJIO)KEH TMPUHIUIY JEHCTBUS NPUEMHHUKOB. Eciu IpH MOIVIOIIEHUH
(OoTOHA HEKOTOPOI YaCTOTHI MPOUCXOTUT BO30YKICHIE aTOMOB U MIEPEX0/]T
Ha 0oJiee BBICOKHE PHEPreTHUYECKUE YPOBHHU, TO, COOTBETCTBEHHO, MpPHU Ha-
JUYHMU TaK Ha3bIBAEMOW MHBEPCHOW HACEJIEHHOCTH, T.€. KOTJa KOHIIEHTpa-
Usl aTOMOB Ha 0oJiee BBICOKHMX HHEPreTUUYECKUX YPOBHSX IPEBBIIIAET
KOHLEHTPALMIO HAa HUKHUX, MOXET IPOUCXOIUTh IEpPEXoj aTOMOB Ha
HUKHUE YPOBHM C U3JydeHHEM (DOTOHOB C YAaCTOTOW, OMpeAesieMOd U3
dbopmynsr (3.1).

WHBepcHas HACEIEHHOCTh CO3AAaeTCs NO-Pa3HOMY Ui PA3JIMUHBIX HC-
TOYHMKOB H3JlydeHMs. Hanpumep, nis p-n-nepexoqa NpoucXoauT T'eHepa-
LY U3JTYyYEHHS B 3alMPAOIIEM CJIO€ NP MPUIOKEHUH PA3HOCTH IMOTEH-

IIMaJIOB — HA 9TOM MPHUHIUIIE OCHOBaHa paboTa cBeroauoaa (puc. 3.9).

(a) £ (b)
E,
@ 31EKTPOH B 30HE NPOBOOWMMOCTU
O Abipka B BaneHTHOW 30He
puc. 3.9
3 FeHepaHI/IH CBCTOBOI'O M3JIYy4YCHUA MO-
AR, KET OCYIIECTBIATHCS U B TaK Ha3bIBAEMOMU

TPEXypOBHEBOW Mojenu aroma (puc. 3.10).

~~__» | Ilog pedicTBMEM BHEHIHUX CHJI IIPOMCXO-

JUT HaKayka aTOMOB Ha TPETHUU YPOBEHb,

MIOCJI€ YEro aTOMbl MOTYT BEPHYTHCS Cpasy

puc. 3.10 Ha ypOBEHb | MIIM COBEpIIUTHL OE3M3IIyda-
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TEJIbHBIA MIEPEXO0J] HA YPOBEHb 2 (3HEPIUs B CIIydae TaKOro Mepexojia uaeT
Ha HarpeBaHue kpucrtamia). [Ipu mepexose aToMOB C YpOBHS JBa Ha ypo-
BEeHb | MPOUCXOIUT U3TydeHHE (POTOHOB CBETA.

Ecnu gacTe u3mydeHus] ONTHYECKON CHCTEMBI TIOJIaTh C BBIXO/1a CHOBA
Ha BXOJ, TO MOXHO TIPU OMNpPEACIECHHBIX YCIOBUSX MOIYYUTh TCHEPAIUIO
CBETa 3a CYET BHIHYKJIeHHOTO n3inydeHus — jgazep (LASER — Light Ampli-
fication by Stimulated Emission Radiation). IIpu sTom Heobxoaumo, uro-
OBl TIOTEPU SHEPTHH KOMIICHCHPOBAINCH BHEITHUM HCTOYHHKOM, U YTOOBI
n3MeHeHne (as3pl KoJieOaHUM Ha MyTH OT BBIXOJIa CUCTEMBI Ha BXOJI OBLIO
KpaTHO 2T.

B kauecTBe cHUCTEMBI, OCYIIECTBISIONICH HEOOXOAMMYIO OOpaTHYIO

CBSI3b, MOXKET MpUMEHThC uHTephepomerp Padpu — Iepo (puc. 3.11).

Hakauka

AKRTIBHAR
cpexa

Brixon
Jepranac Jepraae
puc. 3.11
CBETOTHO aazep @adpu-Ilepo
54 S A
-15 to -25 dBm Oto -10 dBm
1 100 nm : 3nm
! |
| |
1 ; |
/\
1 ! I
| |
i
1 Ly
| |
1300 2 (nm) 1300 % (nm)
puc. 3.12

3epkana umHTepdepoMeTpa pa3HECEHbl Ha PACCTOSHUE, HEOOXOIUMOE
JUISl BBITIOJTHEHUS yCJIOBUS uHTepdepeHiiuu BojH (3.14). YacTs u3mydeHus

HUPKYJIUPYET B CUCTEME, a YacTh NOMajaeT Ha BeIxol. Takum oOpazom, Ja-
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3ep 00JamaeT y3KUM CIEKTPOM M OOJbIIONW MOITHOCTHIO, B OTJIMYHUE, Ha-
puMep, oT ceeroaunoaa (puc. 3.12).

JpyruM BUAOM H3IIyYEHHUS SIBISIETCS TEILIOBOE M3IyUYEHHE, MPOUCXO-
JsiIiee 3a cueT BHyTpeHHeH sHepruu Tena. JIroboe TBepaoe Teso Mpu TeM-
neparype T u3iyyaeT B OKpy’Karoliee MPOCTPAHCTBO 3JIEKTPOMArHUTHBIE
BOJIHBI.

AOCOJIIOTHO YEPHBIM TEJIOM Ha3bIBAETCS TEJNO, KOTOPOE IMOJTHOCTHIO
MOTJIONIAET MAJaoNIee Ha HEero M3IydeHHe. 3aBHCUMOCTh JTy4eHCITyCKa-
TEIbHOU CIIOCOOHOCTH € A0COIIOTHO YEPHOI'O TeJa OT JUIMHBI BOJHBI U30-

Opaxena Ha puc. 3.13.

JIYIEHCITYCKATE b HAS
‘ CIMOCOOHOCTD

(Wm2pmT)

108

108

104

{x 4x}
102

1.0

10-2

10-4 =
01 . 100 5 (um)

puc. 3.13

NHTEHCUBHOCTh W3IIy4eHUS, XapakTepuzyeMas IUIOLIAJbI0 MO KpH-

BOH & omnuchiBaeTcs 3akoHoM Credana — bonbimana:

oo

lzjg(/l,T)d/1=a-T4, (3.16a)

0

rae 6=5.67-10° Br-m > - K™,
Onucanue caMoi JIy4eHCIyCKaTeIbHOM CIIOCOOHOCTH OBLIO MPOBEE-

Ho [[l1ankOM Ha OCHOBE MPEACTaBIECHUM O KBAaHTOBOM Tpupoje cBera (3.1):



2
g(/l,T)=27;5C S (3.166)
eﬁ.‘kT -1

3nas (3.166), 1erko NIpoBEPUTH CIIPaBEATUBOCTb Gpopmydbl (3.164a).

Kax BugHO w3 puc. 3.13, kaxjgas KpuBas MMEET MaKCUMyM BOJIU3U
HEKOTOPOW JUTUHBI BOJHBI Anay , KOTOPBINA CMEMIAETCS C TOBBIIICHUEM TEM-
nepaTypbl B 00J1aCTh MEHBIIUX JJIMH BOJIH. Tak, HarpuMmep, JUisl perucrpa-
IIMU TETJIOBOT'O U3JIYyYEHHUS YEJIOBEYECKOro Tena HeoOX0AMMO UMETh KaMme-
Py C TUKOM YYBCTBUTEJIHHOCTH Ha 10 MKM.

PaccMmoTpuM Takxke sBJIEHHE MOTJIOMICHUS! CBETa — SIBJICHUE YMEHbIIIe-
HUE€ SHEPTUU CBETOBOU BOJIHBI MPU €€ PACIPOCTPAHEHUHU B BEILIECTBE, IIPO-
UCXOJIsIIIee BCIEACTBUE MPE0OPa30BaHUsl SHEPTUU BOJHBI BO BHYTPEHHIOIO
SHEPTHI0 BEIIECTBA WM B 3HEPTUI0 BTOPUYHOTO HM3JIYYEHHS, UMEIOIETO
MHOM CIIEKTPAIIBHBIA COCTAaB M MHOE HalpasieHHue pacrnpoctpaHenus. [lo-
TJIOUIEHUE CBETA HE CTOUT MYyTaTh C SBJICHUEM YMEHbIIICHHUS SHEPTUU CBe-
TOBOM BOJIHBI B ONTHUYECKH HEOJHOPOJHOMN Cpejie BCIEACTBUE PACCESHUS
CBETA.

[Tornomenue cBera onuckiBaeTcs 3akoHoM byrepa — JlambGepra:
—ud
[=1,-¢"", (3.17)

rae Iy u I — MHTEHCUBHOCTH CBETOBOM BOJIHBI HAa BXOJE B CJIOM MOTJIO-
[IAIONIETr0 BEIIEeCTBAa TOJIIMHON d M Ha Bbixoje u3 Hero. Koaddumuent

IO IO CHUA:

,u=477[-n-,1’, (3.18)

1€ 1 — NIOKAa3aTelb NPEJOMIICHUS, } - TUAIEKTPUUECKAsi BOCIPUUMYHUBOCTD.
Jliis pa30aBlieHHBIX PAacTBOPOB TMOIJIOMIAIOIIETO BEIIECTBAa B HE IIO-

TJIONIAFOIIEM PACTBOPUTENIE CTIpaBeINB 3aKoH bepa:
U=A-c, (3.19)

rac ¢ — KOHOCHTpanus paCTBOPCHHOI'O BCUICCTBA, A — 1mocTosiHHas 3aBH-

csas OT CBOMCTB PACTBOPCHHOI'O BEIICCTBA U OT 4aCTOThI CBETA.
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Takum 00pa3om, sIBJIEHUE MOTJIOUIEHUS CBETA MPUMEHSIETCS ISl OTIpe-
JEJIEeHUS KOHIIEHTPAlMU BEIIECTB C OYEHb BHICOKOW CTENEHbIO TOYHOCTH,
MopsiiKa OJJHOM YacTUIIbl HA MWJUIMOH W MeHble. JlJisi pa3inudyHbIX Be-
IIECTB MOIJIOLIEHUE MPOUCXOINUT B PA3JIMYHBIX YACTIX CHEKTPA, MPHU 3TOM,
€CJIM U3MEPEHUS TPOU3BOAATCS B BUJUMOM CBETE€ HEOOXOAMMO HCIOIb30-
BaTh PEAreHT, 00pa3yroUIui ¢ ONpeAesieMbIM KOMIIOHEHTOM OKpaIlleHHbBIN
pacTBOp, U UCTOYHUK, HACTPOEHHBIM HA COOTBETCTBYIOIIYIO yacToTy. Ha-
MIOMHUM, YTO €CJIM PAaCTBOP M MPOXOAsIIas BOJIHA UMEIOT OJIUH U TOT XKe

OBET, TO ocja0JieHre MHTEHCUBHOCTHU HE IMPOUCXOIUT.

3.4. UuTepdepomerpsl

Kak ObUTO CKa3aHO BBIINIE, TIPU HAJIOKEHUM B HEKOTOPOW TOUYKE MPO-
CTpaHCTBA JABYX WJIH 00Jiee KOTePEHTHBIX BOJH MPOUCXOIUT YCUJICHUE WU
ocnabJiecHre MTHTCHCUBHOCTH CBETA B PE3YJIbTATE SIBJICHUS HHTEP(DEPEHITUN.
Kak BugHO U3 omnpeneneHus: KOrepEeHTHOCTH, TAKWE BOJIHBI B MPHUPOJIE HE
cymecTByroT. OJIHaKO, MOKHO TOJIYYMTh BOJIHBI MPHUTOJIHBIE K HHTEpde-
PEHIINM, €CJIM OHU BO3HUKAIOT B PE3YJIbTATE PA3JCICHUS OJHOM M TOM KE
BOJIHBI Ha JIBE WM OoJiee yacTeil. B 3ToM cirydae Bce 4acTH BOJIHBI B OTHO-
IIIEHUW YaCTOTHI U (Pa3bl SIBJISIOTCS TOYHBIMU KOMUAMH UcxoaHOU. K coxa-
JICHUIO, TOJHOM aHAJIOTMM ¢ UHTEep(EepeHIIMel MOHOXPOMATHYECKUX BOJIH
3/1ECh HE IMOJY4aeTCs, MOCKOIbKY Ka)K/1as U3 BOJIH UMEET KOHEUYHOE BpeMs
KOT€PEHTHOCTH, OIPEAEIAIONIEC MAKCUMAIIBHYIO 3aJICPKKY MEXKY JIy4aMHu,
MIPY KOTOPOH errie HaOmroaeTcst HTephepeHITHsI.

YcTpoiicTBa, MO3BOJISIONIME TMPOU3BOAUTL IMOA0OHOE pasjciicHue,
Ha3piBatOTCAa MHTEppepomerpamu. C MX TOMOIIBIO YAACTCS MOCTPOUTH
BBICOKOTOYHBIE U3MEPUTEIH JJIMHBI U NIEPEMEILICHUN KaK JIMHEWHBIX, TaK U

BpallaTCIbHBIX.
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duKcupoBaHHoe _
3epKano
NoABIBKHOE
/3ep|<ano nepegaT4mK
Naszep
Nasep :Izzzz nepenaTyrK [ — OnTr4ecKuid
/ —— neTekTop
pasgenurensHoe
3apPKano  [Onruyeckuid HUKCUPOBaHHOE NoABWKHOE
JeTekTop 3epkano 3epkano
puc. 3.14a puc. 3.14s
3epkano
duUKcupoBaHHoe  pasgenuTensHoe
3epkano 3apkano
D OnTrnyeckni
JeTeKTop
nogBWKHoe
.~ 3epKarno /
INasep Nasep
N 3epkano

pasgenvrenbHoe \

3apkano
e OnNTU4eCcKuiA

nepegatyurk LOETEKTOP

puc. 3.146 puc. 3.142

PaccMoTpuM mpuHIUI JEHCTBUS HanboJiee YacTO MPUMEHSEMbIX HH-

TeppepomerpoB (puc. 3.14):

1. Unrepdepomerp Maiikenncona (a). CBeToBasi BOJIHA OT UCTOYHHKA TIOTIa-
JIaeT Ha MOJIYIPO3PAYHYIO IUIACTUHY, PACIIONOKEHHYIO 1101 yriiom 45° k
HaMpaBJICHUIO PACIIPOCTPAHEHUS Jy4a, U Pa3leisIeTCs Ha JBE MPUMEPHO
paBHBIE IO UHTEHCUBHOCTH YacTU. OJIHA YacTh OTPAXKAECTCS U UJIET B Ha-
IpaBJeHUU 3a(UKCUPOBAHHOTO 3€pKajia, a BTOpas 4acTh MPOXOAUT Yepe3
IUTACTUHY W JBWXKETCSA K MOJBMKHOMY 3epkaity. OTpakasch OT 3epKa,
00€ 4acTu BOJIHBI CXOSTCS B MECTE PACHOIOKEHHUS ONTHYECKOTO JIETEK-
TOpa, UMesl YK€ MO YETBEPTH HHTEHCHUBHOCTH HCTOYHHUKA. VHTEHCHB-

HOCTb CBCTA WX IUIOTHOCTDb ITOTOKA S9HCPIUU OIIPCACIIACTCA KaK:
1 :
I=§-Re(E E). (3.20)

BOJIHBI, HAYyHIMC B HAIIPABJICHHUU JICTCKTOPA, OITMCBIBAIOTCS YPABHCHUSMMU:

1

E = By e E=o By (3:21)

1 2

| =
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TOrAa UHTCHCUBHOCTD, (bI/IKCI/IpyeMa}I ACTCKTOPOM, 3aIllUChIBACTCA B BUJC:
1 * *
I =Z-Re[(E1 +E;)-(E, +E2)]=

:i-Re[EfEl +E,E, +E|E, + EJE, |= (3.22)

:iEOz '(1+COSA¢):%'IO -(1+COSA¢),

rae I, = E02 / 2, Ap =@, —¢,. PazHocTb X0/12 1ydeil B uHTEphepoMeTpe:
A=2-(1,-1,), (3.23)

rae [y u [, — paccTostHuE OT pa3AeistoNieil MIACTUHBI 10 HEMOABUKHOTO

¥ TIOJIBIYKHOTO 3€PKaJI COOTBETCTBEHHO. Bo3HMKaro1Iast pa3HoOCTh (a3:

A¢=277[-A, (3.24)

rae A - JJMHA BOJHBI HCTOYHHUKA M3ITyYCHUSI.

N3mepsis MHTEHCUBHOCTD CBETA JIETEKTOPOM, MOXHO OTPEICIIATH C BbI-
COKOM TOYHOCTBIO (ITOpsIIKa AJIMHBI BOJIHBI; HAIPUMED, KPACHBIHN [IBET ~
10 MKkM) cMenieHre MOABUKHOTO 3epKaa.

. UnTepdepomerp Maxa — Ilennepa (6). [IpuHimn AEUCTBUS 3TOTO WH-
Tepdepomerpa Takou ke, Kak U Il uHTepdepoMerpa MaiikenbcoHa.
JIyd, pa3zneneHHbI Ha JIB€ 4acCTH IOJYIPO3PAuYHbIMM IUIACTUHAMH, OT-
paXkasch OT 3epKajl, CXOJUTCS B ONTHYECKOM JIETEKTOpe. IHTEHCUBHOCTh
CBETa B JIETEKTOPE 3aBUCUT OT Pa3HOCTH (a3 (pa3HOCTH X0Ja) Jy4ei, Ko-
TOpasi U3MEHSETCS NPU MEPEMELICHUH TMOABMKHOTO 3epKana. OgHako y
3TOr0 MHTEPPEPOMETPaA €CTh OJJHO OOJIBIIOE MPEUMYIECTBO, CBSI3aHHOE
c TeM, 4To B HHTepdepomeTpe MaliKkenbCOHa YacTh U3IYy4YCHHUS] BO3Bpa-
niaercss oOpaTHO K MCTOYHMKY (Ja3epy) M MOXKET BIMATh Ha €ro cra-
ounbHOCTh. UHTEpdepomerp Maxa — Llenaepa u3baBieH OT 3TOro He-
JI0CTaTKa, MOCKOJIbKY JIYYH PaclpOCTPAHSIOTCS TaKUM 00pa3oM, 4TO HX
OTpa)KEHHBIE WM MPOIIEIINE YEPE3 MOIYIPO3PAYHYIO INIACTUHY YaCTH,

HC Yy4aCTBYIOIIKUC B UBMCPCHUH, HC BO3BPAIIAIOTCA K NCTOYHHKY.
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3. Unrepdepomerp Dadpu-Ilepo (8). CocTouT U3 ABYX ILIOCKOIMapa-
JENBbHBIX 3€pKall ¢ KO3PPUIUEHTOM OTpakeHusi nopsaaka 95%. Jlyu,
NOMaIaloIIKK B MPOCTPAHCTBO MEXIY 3€pKajaMH, UCIBITHIBAET MHOTO-
KpaTHOE OTPAKEHUE, IIPH ATOM Ha Ka)KJIOM dTalle 4acTh d3HEPTruu (~ 5%)
NPOXOAUT Yepe3 3epkana. B pe3ynbrare Ha ONTUYECKUN JETEKTOp TO-
najaeT cepus uHTephepupyomux gydeit. Ecou h — paccrosiHue Mexmay
3epKajiaMH, @ - yroj majeHus Jiyda Ha 3epKajio, TO pa3HOCTh (a3 ABYX

COCEIHUX JIyUEH:
A¢=2-h-cose-27”. (3.25)

Takum 00pa3oM, U3MEHEHHE PACCTOSHUE MEXIY 3€pKajaMH MPHUBOJUT
K U3MEHEHHMIO MHTEHCUBHOCTH U3JIyYEHHUS HA JIETEKTOpE.

Kak y>xe roBopusiocs Beliie, untepdpepomerp ®adpu — Ilepo ucnosnp3y-
€TCs TAKXKE B KAYECTBE ONTUYECKOr0 PE30HATOPA B Jlazepax.

4. Nurepdepomerp Canbsika (2). CBETOBOM MOTOK OT JIa3€PHOT0 UCTOYHM-
Ka pazaensercs Ha aBe dyacTu. OJuH, OTpaxkasich OT TPeX 3€pKall, JBU-
JKETCS TI0 YaCOBOM CTPEJIKE M IMOMNAIAECT HA JECTEKTOP, BTOPON — JBUTA-
SICh IPOTUB YAaCOBOM CTPEJIKH, MPOXOJUT TOT XK€ MYTh U TOXKE MOMAAaeT
Ha nerekTop. Ecnu moboe u3 3epkan nepeMeniaeTcs nepreHInKyIsIPHO
OTpaXKaroIIe MOBEPXHOCTH, TO JUIMHA MyTH KaXI0Tr0 J1y4a U3MEHSETCS
Ha OJIMHAKOBYIO BEJIHMYMHY, MO3TOMY H3MEHEHUS HMHTEHCUBHOCTH Ha
JETEKTOpe He MpoucXoauT. PaccMoTpuM moBopoT uHTEpPepoMeTpa Ta-
KM 00pa3oM, 4TOOBI OCh BpaIlleHUs] OblIa MEPICHANKYJISIPHA TUIOCKO-
CTU ABWXKeHus Jyda. [Ipu moBopoTe Mo 4acoOBOM CTpPEJIKE JIyd, ABUKY-
IIUICS B TOM )K€ HalpaBJCHUU, OyIeT 3ama3/ibIBaTh, a JIy4, ABUKYIIHAN-
Csl MPOTUB YAaCOBOM CTPENKHU, HAOOOPOT, ONEpeKaTh MEPBOHAUATIBLHOE
NBIDKEHHE. B pe3ynbrare 3TOro mosBIsSETCA Pa3HOCTh (a3 MEeXay HUH-
TephepupyIOIIMMU JIydaMu Ha JIETEKTOpe, 3aBHUCSIIas OT YyIIOBOW CKO-
poctu BpaueHusa. Muareppepomerp CaHbsika HUCMOIb3YyETCA AJIS CO3/a-

HHS BBICOKOYYBCTBUTCIIBHBIX JATYMKOB BpalllCHUSA (I‘I/IpOCKOHOB).
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PaccmoTpuM cxematuueckue rpaduMku 3aBUCUMOCTH MHTEHCUBHOCTHU
OT pa3HOCTH (a3 Ha ONTHYECKHUX JETEKTOpPax BBIIICONUCAHHBIX MHTEpPe-
POMETPOB.

Ha puc. 3.15 a mnpusencHa

3aBUCUMOCTb JId ABYJIYUCBBIX

uHtepdepomeTpoB — Malikeabco-

HHTE€HCHBHOCTH

Ha, Maxa — [lennepa u Canbsika.

Pa3HOCTh
pas,

L 1
0 ™2 ~ 3m/2 2n
puc. 3.15 a

MNHTEHCMBHOCTh 3aBUCHUT OT pas-

HOCTHU da3 o 3aKOHY
[ ~(1+cosAg).

WnTepdepennus unrepdepomerpa ®adpu — [epo (puc. 3.15 6) ckxna-

ABIBACTCA U3 OOJBIIOTO 4YHCIA

Jy4eu, IAe KaXKAblM IOCIEAYIO-

HHTE€HCHBHOCTH

A HUMEET OTHOCUTEIBHO Ipe-

AbLAYIICTO OI[I/IHaKOBBII‘/JI II0CTO-

Pa3HOCTH

a3
/2 L4 am/2 27 | gHHBIA cIBUT (a3bl. BeipaxeHue
puc. 3.156

AJI1 UHTCHCHUBHOCTHU H3JIYUYCHUSA

Ha ONTUYECKOM JIETEKTOPE MPOMOPIUOHATIBHO IPOOH:
sin® (N -Ag/2)
sin® (Agp/2)

rae N — aucio uHTepdepupyromux IydeH, 3apucsiiee oT Ko3hOUIMEeHTOB

(3.26)

MPONyCKaHUs U oTpakeHus 3epkai. M3 dopmynsl (3.26) cieayer, 4To UH-
TEHCUBHOCTh PE3KO YMEHBIIIAETCSl MIPU CMEIIEHUH pa3HOCTHU (pa3 U3 TOYeK
0, 27, 47w T.4., IpUYeM, 4eM OOJIbIIE YUCIO MHTEPPEPUPYIOMINX JTyUeH,
TeM cuibHee 3ToT 3¢ dekt. [lomoOHass 3aBUCUMOCTh JenaeT UHTepdepo-
Metp ®abdpu — Ilepo ropasno 4yBCTBUTEIbHEE OCTAJIbHBIX, U Ha CEro-

I[H?IIHHI/Iﬁ JACHDb HauoOoJee YYBCTBUTCJIBbHBIM JaTYUKOM CMCHICHUS.
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3.5. Bos1okoHHAasI ONITHKA

OcHoBHasi TeOpUs ONTOBOJIOKOHHBIX JUHHU (CBETOBO/I0B)

CBeTOBBIC BOJIOKHA IIUPOKO MPUMEHSIFOTCS JUISl YIIPABICHUS JIBYIKE-
HUEM CBETOBBIX IMy4ykoB. OHU NEUCTBYIOT Kak CBETOBOMABIL. [Ipu m3rnbanmm
BOJIOKOH, €CJI TOJBKO PaguyCc KPUBHU3HBI HE YPE3BBIYAMHO Majl (TIOpsIKa
JUTMHBI BOJHBI CBETA), CBETOBOM ITy4OK CIIEIyeT 3a M3THMOaMH BOJIOKHA.
BoabmuM JOCTOMHCTBOM CBETOBBLIX BOJOKOH SIBISIETCS Majas BeIdYuHA
MOTEPHh SHEPTUU MPU PACTIPOCTPAHEHUU B HUX CBETOBBIX MYUYKOB. DTH IO-
TEepPH 3HAYUTEIHLHO MEHBIIE, YeM IMOTEPH B MPOBOJAX MPHU Iepeaade COOT-
BETCTBYIOIICH SHEPTUHU C TTOMOIIBIO TIEPEMEHHBIX TOKOB. [103TOMY UX BBI-
TOJIHO TIPUMEHSATH IS Tepeaayr nHpopmaruu. OTHAKO TIaBHOE MPEHMY-
IIIECTBO MCIIOJIb30BAHUS CBETa I Tiepenadd WH(opManuu CBS3aHO C
OOJBIITION YaCTOTOM CBeTa, OJIarogaps 4emy Mo CBETOBOMY ITyYKYy B CBETO-
BOJIE MOXXHO Iepe/aTh O4eHb O00JbIIoN 00heM uHbopManuu. CBETOBOA
TOJIIMHOW B YEIIOBEYSCKHI BOJIOC B COCTOSHUHM OOCCIEYHUTH Iepeaady
nH(popManKK, SKBUBAJICHTHYIO MHOTHM COTHSM Telle(OHHBIX JuHUN. He-
MaJIOBQXXHBIM TMPEUMYIIIECTBOM CBETOBOJIOB SIBIISIOTCS TAKXKE HUX MaJbId
TUaMeTp, UX HM3TOTOBJICHHWE W3 JHAJICKTPUUYECKUX MATCPHUAIOB, YCTOWYH-
BBIX K KOPPO3UH U APYTHM BPEIHBIM BO3IACHCTBUSIM.

[TpuHIAIT AEHCTBHUS CBETOBOJIOB OCHOBAH Ha 3(PQEeKTe MOTHOTO BHYT-
penHero otpaxenus (3.5). CBeToBoA OOBIYHO HMMEET IMJIMHIPHUYECKYIO

(bopMy U COCTOUT U3 TPEX OCHOBHBIX clioeB (puc. 3.16):

1. EHTpaJIbHBIA CEpPJICYHUK, BBI-

KOKYX

MOJHEHHBIM W3  MPO3PAYHOTO

HOKPBbITHE (J1s1 JTaHHOW 4YacTOThI) MaTepua-
Jla C BBICOKMM TOKa3aTeyeM Ipe-
JIOMJICHMS,

2. BTOPOU CJIOW — TOKPBITUE C TO-

CepAeTHHRK

KazaTelieM IPEJIOMIICHUS MEHb-

puc. 3.16 UM, 4YeM Y CepACYHHKA, s
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o0ecreueHns yCI0BUS MOJTHOTO BHYTPEHHETO OTPAXKEHHUS;
3. 3amuUTHBIN KOXKYX, O00€CTEeUMBAIONIUNA TMPOYHOCTH ONTOBOJIOKOHHOM
JIVHUH.

JIyu cBera, monajarouui B CEPACYHUK, PACIIPOCTPAHSIETCS BAOJb JIH-
HUU, OTPaXasiCh OT TPaHUIIbI pa3eia — CepACUHUK-TIOKphITHE. 1o Tomu-
HE U CBOMCTBAM IOKa3aTess MPEJIOMIICHUS CEepACYHHKA CBETOBOJIbI MO/I-
pazaenstot Ha Tpu Buaa (puc. 3.17): 0oIHOMOIOBBIE C TOCTOSTHHBIM MOKa3a-
TEJEM MPEIOMJIEHUSI, MHOTOMOJIOBbIE C IMOCTOSIHHBIM IOKa3aTejIeM Mpe-
JIOMJIEHUSI, MHOTOMO/IOBBIE C TPAJIMEHTHBIM MOKa3aTEIEM MPETIOMIICHHUSL.

npoKb N MOMEpPeYHOE CeYEHWE W XOf, NyYel  XapakKTepHbIW pasMep

I ( 125 mem
a2 O —— 8-12 mKm

0f,HOMO/OBbIW CBETOBOA,

n

125-400 mrm

:
_’-_’a_' @m Q/ 50-200 mxm

MHOMOMOAOBLIA CBETOBOS,

”1I :n1

:_r_ a 125 MKkm
r=0 50-200 mrm
o /

rpagWeHTHbIA MHOrOMOOBbIM BOMHOBO/,

puc. 3.17

s nyda, pacnpoCTpaHsIONIErocsi B Cpelie ¢ NEPEMEHHBIM TTOKa3aTe-
neM npenomsieHus: n(r) (sl CBETOBOJOB 3aKOH M3MEHEHHsSI OOBIYHO OJIH-
30K K MapaboJIMYecKOMY) CIIpaBeUIMBO cieaytoiiee auddepeHuanbHoe

YpaBHEHHUE:

dzr_ 1 .dn(r)
dz? n(r) dr

: (3.26)

IJie 7 — HampaBJieHUE paclpoCTpaHeHUS JIyda, 7 — PACCTOSIHUE OT OCH Z.
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UucnoBas aneprypa cetoBoja (H.A.) ompenensercd Kak IOJOBHHA
yrIJjia, BHYTPYU KOTOPOTO BCE JIy4YH UIYIIUE K CBETOBOJY, MONAJAI0T BHYTPb
cepaeuyHuka (puc. 3.18). Jlig rpanuisl BO3AyX — CEPACYHUK CBETOBO/IA 3a-
MULIEM:

: sin@’
sing, =——=, (3.27)

n

rae HC' — yToJl B BO31lyXe, 6. — yroj B CEpJACUHUKE, 1| — ITOKa3aTesb Mpe-

JIOMJICHHA  CCPACYHHKA. I[H?I rpaHunbl  CCPACHYHUK —  IMOKPBITHC:

cos, =n,/n,, Torna:

YA =sin@ =+ln’—n2, (3.28)

rAc ny; — MMoKa3arceiib IPCIOMIICHHNA ITOKPBITHA.

puc. 3.18.

CBeToBOJ (haKTUUECKH MPECTABISAET COOOM IMITHHAPUICCKUIN TUDIICK-
TPUYECKUN BOJHOBOA. [103TOMY OH IMOJIHOCTBIO ONUCHIBACTCS JIEKTPOIU-
HaMUYECKMMHU ypaBHeHHsIMU MakcBemna. Kak u s mo0ol anexkTpomar-
HUTHOW BOJIHBI, JIJIS1 CBETOBBIX BOJIH B BOJIHOBOJIE CYIIECTBYET TUCKPETHBIM
HaOOp peIIeHNid BOJHOBOTO YPaBHEHHUS, Ha3bIBaeMbIX MoaaMu. Kaxmast Mmo-
71a XapaKTepH3yeTcsi CBOEH MOCTOSHHOM pacrpoctpaneHus f. Yucio Mo,
CHOCOOHBIX PACHpPOCTPAHITHCS B CBETOBOJIE C 3aJaHHBIMHM TapaMeTpaMu,

ONPEAENSAETCA 3HAYCHUEM MMPUBEAECHHOU IPYIIIOBOM CKOPOCTH:

LA P (3.29)

© A

rac a —paanyc CBCToBO/JA, A- JJIWHAa BOJIHBI B CB06OI[HOM IMPOCTPAaHCTBC.
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Ha puc. 3.19 npexcrasiena 3asucumocts (V). U3 pucyHKa BHAIHO,

T-a
uto mpu yciouu V, <2.4 wmn A Zﬁ-«/nf — 1. ycTaHaBJIMBAeTCS OJl-

HOMOJIOBBIN pexuM g ontoBoJiokHa. [Ipu satom, u3 (3.28) u (3.29) cie-
IyeT, 4TO NpH (UKCUPOBAHHOW JUTMHE BOJIHBI YMEHBIICHUE paauyca CBe-

TOBOJIa PUBOJMT K YBEJIMYECHUIO YNUCIIOBOU alepTypHI.

rokpbiTve Moga HE,; sBnsgeTcs oCHOBHOM MOJIOil CBETOBOja
W ceppenk|  (puc. 3.20). Ecam TonbKO 3Ta MoAa pacnupoCTpaHsIeTCs
B CBETOBO/JI€, OH HA3bIBAECTCS OJTHOMOJIOBBIM, B MPOTHB-

puc. 3.20 HOM CJIy4ae CBETOBOJI Ha3bIBACTCSA MHOTOMO/IOBBIM.

HOTepl/l B OIITOBOJIOKOHHBIX JIMHUAX

[ToTepn mnpomyckaHus — BaKHEHIIas XapaKTEpUCTHKA CBETOBOJOB,
OIIpEAEIIAIOIIas BO3SMOKHOCTh UX MPAKTUYECKOTO IPUMEHEHMS. 3aTyXaHue

CBCTOBOI'O CUI'HAJIA.

1 P
B=—-10-1g| -2« |, 3.30
710 (3.30)

68X

rae Pg u P, — MOITHOCTHA CUTHAJIA B CBETOBOJIC JUIMHOW L Yy BXOJHOTO U

BBIXOJHOT'O TOPIOB COOTBCTCTBCHHO.
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[ToTepu npomyckaHusi B ONTHYECKOU cpesie 00yCIIOBIEHb B OCHOBHOM
JIEHCTBHEM MEXaHU3MOB a0copOIMH (TTOTJIONIECHUS) U PACCESTHUSI.

[ToHOE TOTIIONIEHNE CKITABIBACTCS U3 HECKOIBKHUX d(DPEKTOB:

1. cobcTBeHHOE MoOroeHue (OTOHOB MAaTepHAIOM CEpJICUHUKA CBe-
TOBOJIa, Hampumep, AUoKkcuaoMm kpemuus — SiO,. Ha kopoTkux
JUTMHAX BOJIH (YAbTpadUOJIET U BUAUMBIA CBET) MOIJIOUIEHUE UACT
3a CUET JJIEKTPOHHBIX MEPEXO0JIOB KPEMHUS U YOBIBAET C yBEIUYE-
HUEM JUTMHBI BOJIHBI. B omosiHeHWe, MPOUCXOIUT MOTJIOUIEHUE 3a
CYET BpallCHUs KHUCIOPOJHO-KPEMHHUEBBIX CBS3EH, OKa3bIBAIOIIIEE
CUJIbHBIN 3P eKT B uHGpaKpacHOM Jraria3zoHe.

2. BHemiHee norionieHue nonamu npumeceir Mmeraios (Fe, Cu, Cr,
Co) u nonamu runpokcmwibHON rpynnsl (-OH), HemszOexHO npu-
CYTCTBYIOUIMMH B Marepuaie cBeToBojaa. Kpome OCHOBHOro Mak-
cuMyMa Ha 2.72 MKM THJIPOKCUJIbHAs TPyIa UMEET MHOTO MEHb-

HIMX MUKOB, 00ycioBIIeHHbIX o0epToHamu (1.24; 0.94; 0.72 Mkm).

P
<7 Bugumbli S
o CBET

P I I | N VWA

[AvanasoH ans
CBETOBOA0B

\ | | ! M |
0.4 0.5 0.6 HU.? .SH 0.9 1.0 1.1 1.2 HYS 1.4 iy 1.6 [MKM
670 780 850 1300 1550 1625 Hu

KoagpgpuyueHm samyxaHusa o 0rng duokcuda KpeMHUS

10

= 1-& OKHO 2-& OKHO |— 3-€ OKHO
MHOTOMOZ,0BbI
L — \_\ - CBeTOBO,
OLHOMOJOBHI
1 ot e AN / cBeToBOf,
A WK
AR nornoLyeHue
T e B
]\ Peneesckoe
\ = pacceaHune
—— ~ 134
041
800 1000 1200 1400 1600 A, HM
—
puc. 3.21

ITorepu Ha paccesHue 3aBUCAT, MPEXKIE BCETO, OT HAJTUYHUS HEOHO-

POIHOCTEN — IMY3BIPHKOB, KPUCTAUIMYECKUX BKIOYEHHM U T.1. [lomumo
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HEOJTHOPOJHOCTEH, pacCesHHE MOXKET OBITh BBI3BAHO (IYKTYalUSIMHU
IJIOTHOCTA WJIM COCTaBa Marepuaina mo oowemy. [lotepu Ha paccesHue
CHJIBHO 3aBHCAT OT JJIMHBI BOJIHEI CBETA (~7\f4 — PEJNIEEeBCKOE PACCESHHUE).

C yueTroM BceX BBIIICONHUCAHHBIX MOTEPh B ONTHUYECKHUX BOJOKHAX
MOXXHO CXEMaTUYECKH MPEACTABUTh 3aBUCUMOCTh IMOJHOTO 3aTyXaHHS OT
JUTUHBI BOHBI (puc. 3.21 — TuoKcug KpeMHUS).

TakuM oOpa3zom, yJaeTcsi BbIJICIUTh TP OCHOBHBIX OKHA, B KOTOPBIX
3aryxanre muHuMmanbHo — 850, 1300, 1550 HM. OTU AJIMHBI BOJH U HC-

IMOJB3YIOTCA I IEpCaAadn CUI'HAJIIOB 110 CBETOBOAAM.

104 T T

T TTT
L1111l

3aTyxanve (ab/im)

-
o
L]

- [ W
2 3 4 5 6 7 8 9 10 11
paguyc usruba (mMm)

puc. 3.22

10

[Tomumo 3aTtyxaHusi, BHOCUMOTO B HEAC(POPMHUPOBAHHYIO ONTOBOJIO-
KOHHYIO JINHHUIO, CYIIECTBYIOT TaKXXe U MOTEPHU MPU U3rudax. ITH MOTEPU
OOBACHAIOTCS TEM, YTO YACTh JIy4e B U30THYTOM y4dacTKe MaJaeT Ha rpa-
HULYy pa3fena — CEpACUYHHUK-TIOKPBITHE O] YIIIaMUd MEHBIIUMH, YEM yTOJ
IIOJIHOTO BHYTPEHHEr0 OTPAXKEHHSI U B PE3YyJbTaTe 3TOr0 MOKHIAOT Cep-
neyHuk. Puc. 3.22 ummocTpupyer 3aBUCMMOCTD BEIMYMHBI 3aTyXaHUSI OT
paanyca paBHOMEPHO M30THYTOI'O CBETOBOJIA C Pa3IMYHBIMHM YHCIOBBIMU
anepTypaMy IpH NPOXOKJIECHHH YE€pe3 HEro CBETOBOM BOJIHBI C JUIMHOMN
0.83 HM™.
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3.5.3. lucniepcusi B ONTOBOJIOKOHHBIX JTUHUAX

Jlucniepcusi CBETOBOTO MMITYJIbCca MPU €ro0 PaclpOCTPAHCHUU IO BO-
JIOKHY OIpEIENseTcss B OCHOBHOM JUCIIEpCUEN MaTepuania, T.€. 3aBUCHMO-
CTBIO MOKa3aTess MPEIOMJICHUs] OT JJIMHBI BOJHBI, U BOJHOBOJHOW JHC-
nepcueii, oOyCIOBJICHHOM pa3IuyueM CKOPOCTEH pacrpoCTpaHEHUs s
pasnmuuHbiX Moa. Eciu 1myist mpoCTOTHI UCIONB30BATh MPEICTABICHUS T'€0-
METPUYECKON ONTUKH, TO BTOPOW U3 Ha3BaHHBIX 3P(HEKTOB MOKHO OOBSIC-
HUTH pa3InuyveM IyTed, MPOXOJAMMBIX CBETOBBIM JIy4OM, pacrpocTpa-
HSAIOIIMMCS BIOJIb OCH CBETOBOJA, U JIYYOM, MAJAOIIUM Ha TOpPEI] MO
MaKCUMAIbHBIM YoM 6. OueBHIHO, YTO AUCIIEPCHS CUTHAIA OYIET TeEM

OonbIre, yem OoJbIle YncioBas aneprypa (puc. 3.23).

CepASYHMK ﬂ ’\ /\

— \_/\ y -

BxoaHo#H / BbIXoaHOM
UMNYNbC UMNYrbC

NOKPbITHE

MoaoBaAa Aucnepcua B CBeTOBOAE
puc. 3.23
3 >tux IMPOCTBIX HpeI[CTaBJIeHI/Iﬁ CIICAYCT TAKXKC, YTO B I'PaIUCHTHOM
CBETOBOJIC BOJTHOBOJIHAS JTUCIIEPCHS JOJKHA OBITh MEHBIIIE, T.K. B miepude-
PUHHBIX 00JIACTSAX BOJIOKHA M3-3a YMEHBILIEHUS N CKOPOCTh CBETa OOJIbIIE
YeM B IIEHTPE, YTO BEJET K HEKOTOPOMY YCKOPEHHIO PaCHpOCTpaHEHUS HE

OCEBBIX Jiyueit (puc. 3.24).

cepaeyHuK

BxogHoMn BbixogHoOU
MMNynsc MMNynbe

NOKpbITHE

YMeHblleHue MOOBON AUCNepCcUn B NrpagueHTHOM CBeTOBOAE

puc. 3.24
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[IpoBeaem pacuer pacHIMpeHHs JJIUTETbHOCTH UMITYJIbCa JJIsi MHOTO-
MOJOBOIO BOJIOKHA. Bpems JBWXEHHs Jiyda, paclpOCTPaHSIOLIETOCs

BIOJIb OCH CBCTOBOAA, OIIPCACIIACTCA KaK:
T=—n, (3.31)

rae L — navHa ImyTH, ¢ — CKOPOCTb CBETA, 11; — ITOKAa3aTeNb IPEIOMIICHHS Cep-
Ie4HUKa. Bpems 1BukeHns Jiyda, BOIIEIIETO B CEPACUYHHK MO yIIIoM 6.
2
L L n
— : — 1
T,=—-n,-sinf, =— —, (3.32)
c c n,
r1e n, — 0Ka3aTelb MPEIIOMICHHS NOKPBITUSA. TakuM 00pa3oM, pa3HOCTb
BPEMEH PacIpPOCTPAaHEHUs, ONpPENENAIOmas PACUIMPEHHs IIUTENbHOCTH

HMITYJIbCA paBHA!
AT =7,—7,=|L—pn |- 2=t Ap 2= Y 2 (333)
n

rae An=n, —n,.

[Tockomnpky J1H000M U3Nydareslb HE SIBISETCS CTPOro MOHOXpPOMATHY-
HBIM, TO SBJICHHE BOJHOBOJHOW NHCHEpCcUH (pa3MBITHE CUTHaIA) HAOJFO-
JAeTCs U B MpeJeaax OJHOW MOJBL, T.€. U B OMHOMOJOBBIX CBETOBO/IAX.

Hucnepcus B MaTepuaie CBETOBOIA TAKKE MPUBOAUT K PACIIUPEHUIO

HMITYJIbCa, OIIPEACIIACMOMY COOTHOIICHHUECM!:

AT, =AL-A-

2
dn L (3.34)
C

=
dA
rae AA - NUpUHA CIEKTPATbHON TUHUHA UCTOYHUKA.

JucnepcroHHbI ko3P duireHT D 3anruchIBaeTCs B CICAYIOIIEM BUJE:

2
p=_A7r _dn 4 (3.35)
L-AA dA” ¢

Puc. 3.25 u 3.26 WIoCcTpUpyrOT 3aBUCUMOCTh MOKa3aTessl MPEIoM-
JIEHUS W JAUCHEPCHUOHHOTO0 KO3 (UIMEHTAa OT JJIUHBI BOJHBI B JUOKCUJE

KpEMHHUSL.
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=
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i
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=
I

100 1~

i
=
S

I

1.480 =

301
1.460 =

1.440 =

[NokasaTenk npenomMneHUs

Aucnepcua matepuana, nc/{(HMeKm)

1420 —

0 \
1.400 ! L1 | l

0.2 04 06 1.0 2.0 4.0
AnuHa BOMHEl, MKM

-50 ] 1 ] 1 1 1 ] 1 ]

T T T 1 T

T T
0.8 1.0 1.2 1.4 1.6

AnnHa BOMHbI, MKM
puc. 3.25 puc. 3.26

Kak BunHO u3 puc. 3.26 aucnepcusi B MaTepuaie MOXKET ObITh KaK OT-
PHUILIATEIIBHOM, TaK U MOJIOKUTEIBHOM, a IPU ONPEACICHHON JJIMHE BOJIHBI
OHa paBHA HYJIO. DTOT 3P(HEKT UCTIOIB3YETCA AJIsi KOMIIEHCAI[UU BOJIHO-
BOJIHOW aucrnepcuu. PaccMOTpuM NpUMEP OOHOMOIOBOIO CBETOBOAA C
nuametrpamu 4.5 u 11 mxm (puc. 3.27). HanmomMHuM, 4TO Ipy YMEHBIIIEHUH
JAAMETPA YBEIUYMBACTCS YUCIIOBAs alepTypa, a, CIEA0BATEIbHO, COTJIac-

HO (3.33), 1 BOJTHOBOAHAS TUCIIEPCHSI.

— BonHoeogHaa
§ 10 aucnepcus
=
e T R L d=11um
g  (p==-=NmmmmmmRem o mmmmm s m e oo
<
=
8
o -10
g N Q d=4.5um
=

T = o aucnepcus

S0k HAucnepcug ) ™~ =11

=3 maTeprana ~ d um

40 1 1 |

1.2 1.4 1.6 1.8 2.0

AnnHa BONHLI, MKM

puc. 3.27
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CmuionHbIe TUHUM HAa PUCYHKE MOKA3bIBAIOT MOJHYIO TUCIIEPCUIO CBE-
toBOoJa. Kak BUIHO, 32 cUET BOJHOBOJIHOW JUCIIEPCUU MPOUCXOJUT CIIBUT
JUTMHBI BOJIHBI C HYJIEBOM NHMCHEPCUEH, MPUYEM, YEM MEHBIIE TUAMETP,
TeM OOJIBIIIE DTOT CIABMUI.

Takum oOpa3om, npu BEIOOPE MaTepUaioB CBETOBOJOB U JJIMHBI BOJ-
HbI ICTOYHUKA HEOOXOJUMO YUUTHIBATh JIBA OCHOBHBIX KpPUTEpHUs: 3aTyXa-
HUE — ONTUYECKHE OKHA M JUCIIEPCHUIO — 00JacTh HYJIEBOW aucrnepcun. B
COBPEMEHHBIX CBETOBOJAX YNAETCA JOCTHUYb BEIUYMHBI JTHUCIEPCUU

D<2r[c/ (KMHM) BaxxHo Taxk)ke NMOMHHUTBL, YTO AK€ B OJHOMOJIOBOM

CBETOBOJIE MOT'YT PacCIpOCTPAHITHCS JIBE BOJHBI C OPTOTOHAJIBHBIMU I1OJIS-
puzanusamMu. Marnelmue HEeOJHOPOJHOCTH MOTYT NPHBOJIWUTH K Hepepac-
MPEACIICHUIO HPHEPTUM MEXay HuMHU. st yMeHblueHus 3Toro 3¢dexra
CO3JAI0T CBETOBOJBI C PA3TUYHBIMU CKOPOCTSIMU PaCIPOCTPAHEHUS BOJIHBI

BJI0JIb OPTOTOHAJIBHBIX OCEU.
OnToBOJIOKOHHBIE JATYUKH MU3MEHEHNS] HHTEHCMBHOCTH CBETa

Jatunk mokazarens npenomsieHus (puc. 3.28). Jlyu cBera, pacmopo-
CTPAHSIOLINNCS B CEpACYHUKE CBETOBOJAA, UCIBITHIBAET JABOMHOE OTpa)e-
HUE OT IPaHUIlbl CEPICUHUK — OKPY>KaoIIas cpeia u 3epkaia Takum oOpa-
30M, YTO OTPaKEHHBIN JIyd BO3BpAIaeTCsi 0OPaTHO TOYHO MO TOMY XK€ ITy-
TU. DTO JIOCTUTAeTCsl COOTBETCTBYIOIINUM MOJ00POM MOKa3aTenei mpenom-
JeHusl ¥ yriaoB cpesa. [lpu u3meHeHnn noj AeicTBUEM KaKuX-1ubo (ak-
TOPOB ITOKA3aTelIsl IPEJOMIIEHUS OKPYKAIOIIEH CPEbl 113 OTPAKEHHBIN J1y4
OTKJIOHSIETCSI OT UCXOJHOUM TPAEKTOPUH, YTO MPUBOJIUT K MAJICHUIO0 UHTEH-
CUBHOCTH CBETA HA JIETEKTOPE.

Kak yxxe o0Ocyxk1anoch, Ipu M3rudax CBETOBOJA BO3ZHUKAIOT MOTEPH,
CBSA3aHHBIE C TEM, YTO YacTh M3JIyYEHHs BBIXOAUT U3 CEPACUYHHKA B IIO-
KpbITHE. DTOT 3Q(DHEKT UCHONBb3yeTCs ISl CO3AaHUsl AATYMKOB MHUKPO/IE-
dbopmanuii (puc. 3.29).
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F F
l Jedopmayus l

CpeToBoj

NOKPbIThE nz\\na
cepaeyHK M . ‘

MOKPbITHe })aepkano ‘
i /. //7/1—/ /////%zé / ////7/ f2 / 7 ///A

puc. 3.28 puc. 3.29

Jatuuk nepememienust (puc. 3.30). B 3a30p Mexay AByMs OTpe3Kamu
CBETOBOJIa TTOMEIIEHA apa PEeUIETOK TaKUM 00pa3oM, YTO B HaUYaIbHBIA MO-
MEHT CBET U3 OJIHOTO OTPE3Ka CBETOBOJIa HE MPOHUKAET B Jipyro. [Ipu cme-
HIEHUU OJIHOM M3 PEIIETOK OTHOCUTEIBHO JAPYroil 4acTh W3IIyYCHHS] IPOHU-
KaeT 4epe3 3a30p, B Pe3yjIbTaTe Yero B MPUEMHON YacTH CBETOBOAA (DUKCH-
pyeTcsi HEKOTOpass MHTEHCUBHOCTh. [Ipu yBenMueHUM CMEIEHUS! MPOUCXO-
JTUT TIEPUOANYECKOE M3MEHEHHME MHTEHCHMBHOCTH. Ha Takom e mpuHIMIE
OCHOBaHa paboTa u garuuka aaBieHus (puc. 3.31).

— Awnacbparma N

NOABKHAs HeropaBILKHas
peLleTka \. pelleTka
P MOKpLITUE MoKpLITHE )
cepaeYHnK CEPASHHUK sxon — —
BXOf, =
s —— K LETEKTOPY ———v [ |
_ N
nHza
peweTka
l NOKpPLITIE MOKpHLITHE
puc. 3.30 puc. 3.31

OnToB0JIOKOHHBIE HHTEP(pEepPOMeTPbI

B paznene 3.4. 6p11u paccMOTpeHbl UHTEPGEPOMETPHI B CBOCH TUITHY-
HOM KOH(UTYypaluu — 3epKajia, BO3AYUIHbIe 3a30pbl. Mcnonb3ys npeumy-
[IECTBA ONTOBOJIOKOHHBIX JIMHUA MOHO COCTaBUTh aHAJIOTMYHBbIE MHTEP-

(dhepoMeTphl Ha 6a3e 0OTHOMOJIOBBIX CBETOBOAOB (puc. 3.32).
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a)MHTepepomeTp MaiikenbcoHa B)MHTepdepomeTp CaHbaka

306 passeTBUTEND
}

NWHTepdepometp dadpu — Mepo

~ . LeTekTop I Iﬂaaepi‘* .\ — ) — /: —"I [Jetekrop |

T YACTNUHO MpOMycKaKoLLMe 3apkana

34E pa3sBeTBUTEND

J'IaaeplL 1 o
Ve

oTpaxaTtenun

q)
1
|

ETEeKTO
A P L

nepeaaTynuk HeTexTop

G)VIHTepcpepomeTp Maxa — LleHgepa

puc. 3.32

JIlyd cBera OT J1a3€pHOTO MCTOYHHMKA pa3AeisieTCss Ha PaBHBIC YacTH
nipu nomoinu 3 1b — pa3BeTBUTENA, U MOCTE MPOXOKACHUS PA3TUYHBIX OI-
TUYECKHX ITyTEH MO ONTOBOJIOKOHHOMW JTMHUU CXOIUTCS Ha (POTOJIETEKTOpE.
Nurepdepenunonnbie Gopmyibl, NpUBeAeHHbIE B paszaene 3.4. crpaBel-
JIUBBI U JJI1 ONTOBOJOKOHHBIX MHTEepdepomeTpoB. [IpuBenem 3aeck Gop-

Myny ais caBura a3 uarepdepomerpa CaHbska.

27 LD

A
4 A ¢

Q, (3.36)

rae L — njauHa ONTOBOJOKHA, CBEPHYTOTO B KOJIBIO; D — 3(peKTUBHBIIM
JMaMeTpP ONTOBOJIOKHA; ¢ — CKOPOCTh CBETA; A - JJIMHA BOJHBI H3ydYaTes;
() - yriioBasi CKOpOCTh TOBOPOTA.

Hcnonb30BaHnE CBETOBOJOB BMECTO CUCTEMBI 3€PKAN ISl KOHCTPYK-
MU UHTEeP(HEPOMETPOB MO3BOIHIO U30aBUTHCA OT OFPAHUUYECHHUI paccTosi-
HHM, TPOXOJAUMBIX JIy4aMHU, YTO BO MHOTO pPa3 yBEIMYUIO YYBCTBUTEIIb-
HOCTb 3THX YCTpoMCTB. K Ipyrum mpemmMyniecTBaM CTOUT TAKXKE OTHECTH
KECTKOCTh U HAJEKHOCTh KOHCTPYKIIMH, 3al[UIIEHHOCTh OT BHEIIIHUX BO3-

JIICUCTBUU U ITIOMEX.
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I'nasa 4. PagyuanuoHHbIE METOAbI U3MECPCHUA

4.1. PaguoakTuBHBIN pacnaj

Hcropudeckn OTKPBITUE PAIMAIMOHHOTO U3TYyUYEHHUS TPOU3O0ILIO CITy-
yaitHo O6osiee 100 net Hazan B 1896 roxy. I'. bekkepens ucnoab3oBai Ka-
MeHb (coAepKalluii ypaH) B KauecTBe Ipecca A XpaHeHUs Qoro-
miactul. [locne Toro kak Ha (oTorpadusx CTalld MOSBIATHCA 3aCBEUYCH-
HbIE MATHA, OH MPUIIEN K BBIBOAY O TOM, YTO B KaMHE €CTh YTO-TO, YTO
nopTut potodymary.

[To3xe, B 1898 rony M. u I1. Kropu npoBenu cucremaTnyecKuid aHa-
nu3 ypana. Crnenom Obul HaleH euie OJUH 3JEMEHT, KOTOpPbIN o0sanan
emie 0oJiee MOIIHBIM H3JIy4YeHUEM — pajui, a 32 HUM LIEJIbIA Pl JAPYrux
aneMeHToB. TakuM oOpa3oMm, ObUIO MOJOXKEHO Hayalo (U3MKU PaTUOaAK-
TUBHOTO U3ITyYEHHUS.

SAnpo KaxkI0ro XMMUYECKOr0 3JIEMEHTA XapaKTepU3yeTcs JBYMs YHUC-
JlaMu: Z — 4HUCJIO TPOTOHOB (3apsij sA/ipa) U A — YUCJIO IPOTOHOB U HEUTPO-
HOB (MacCOBO€ YMCJIO 411pa). A1pa, UMEIOIINE OJHO U TO k€ Z MPU pa3HbIX
A Ha3BIBaIOT U30TOIAMM.

PaMoakTUBHOCTBIO HA3bIBA€TCS CaMOIPOU3BOJIBHOE IMPEBPAILLECHHE
HEYCTOMYMBBIX U30TOMNOB OJHOTO XMMHUYECKOIO JIEMEHTA B U30TOIBI APY-
roro 3JIEMEHTa, COMPOBOK/IAIOIIEEC UCITyCKAHUEM HEKOTOPBIX YaCTHII.

CdopmynupyeM OCHOBHOM 3aKOH paJMOAaKTHUBHOTO pacmana. [Tycts N
— YHUCJIO PAAUOAKTUBHBIX SIIEP B MOMEHT BpeMeHu f. Ecnu 3a Bpems dt

pacmagaercs dN sigep, TO MOXKHO 3aMUCaTh CISNYIOIIee COOTHOIIICHHUE:
dN =-A-N-dt, 4.1)

rae A — TOCTOsSHHAs PaJlOaKTUBHOTO pacmajaa. Ilociie MHTerpupoBaHHUS

MOJIyYaeM CIEAYIONIYIO 3aBUCUMOCTb:
R
N=N,-e", 4.2)

T.€. YUCJIO HE pacHaBUIUXCS SAEp YObIBAET BO BPEMEHHU HKCIIOHEHIIMATIBHO.
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BBGI[GM TAaKKC BCIMYHUHY 7 — CPCOHCC BPEMA KHU3HH PATUOAKTHUBHOI'O
sAapa, CBA3aHHYIO C MOCTOSIHHOM pPaaroOaKTUBHOI'O paciiajia CICAYOIHUM CO-

OTHOILICHUEM:
T=—. 4.3)
®opmyina (4.2) ¢ yuerom (4.3) OyneT BRIMIAAETH CASAYIOIMM 00pazoMm:
N =N, ~a 4.4)

BpeMH 71/2, IO UCTCUCHHUH KOTOPOI'0 4YHUCJIO pPAAHMOAKTHBHBIX aTOMOB

y6BIBaeT B ABa pa3a, HaA3bIBACTC IMCPUOAOM HIIM BPCMCHCM II0Jypaciiaja.

T
N _l2
T.e. N =70= NO e v, 4.5)
OTKyJa
T, =7In2. (4.6)

Uwucno pacnazoB siiep JaHHOTO BEIIECTBA B CIMHUILY BPEMEHH Ha3bl-
BaeTCsl aKTUBHOCTHIO. ENMHUIIEH M3MepeHHs] aKTUBHOCTHU SIBIISIETCSI OeKKe-
penv: 1 bk = lpacnan/lc. bonee panHeil equHUIIEH U3MEPEHUST PATMOAK-

1
TUBHOCTU siBJistnack kopu: 1 Ku = 3.7*%10 0 bk, onpenensiemas, Kak 4ncCIIO

pacnafoB |1 r u3zorona paaus — 28286Ra.

4.2. Buapbl PAAHANMOHHOIO M3JIYYCHUS U UX B3aUMO/IeHCTBHSA

C BCIIECTBOM

Anvgha-pacnad — camMonpoOU3BONBHBIN MpPOLECC MCIYCKAaHUS SIpaMu
((-4aCTUll, B Pe3yJIbTaTe KOTOPOI'0 MacCOBOE YUCIIO SIpa YMEHBIIAETCS Ha

4eThIPE, a 3apsiJl YMEHBIIAETCS Ha J1Ba:
A A4 4
2 X =, X+ ,He. 4.7)

DHeprus O-4acTull 0ObIYHO JISKUT B auanazone 2-8 MaB. [Tockonbky

Macca IMPOTOHOB U HeHUTpoHOB Oosiee yeM B 1800 pa3 Gosibliie Macchl dJIeK-
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TPOHA, TO O-4acTULA (AIpO aToMa reyns) Tshkenee aekTpoHa B 7300 pas.
[ToaTOMy, CTOJIKHOBEHHUSI C D3JEKTPOHAMH MPAKTHUYECKH HE OKAa3bIBAIOT
BJIMSIHUSL HA TPACKTOPUIO IBMOXKEHUS O-YACTHIIBI, XOTS KaXJI0€ CTOJIKHOBE-

HUE YMEHBIIIAET €€ YHEPIHUIO.

- - — - — — -

puc. 4.1. puc 4.2.

Ha puc. 4.1 nokazana 3aBUCUMOCTb UHTEHCUBHOCTH [ ITy4Ka Ol-4aCTHI]
OT BEJIMYMHBI podera R npu NpOHUKHOBEHHH B BellecTBO. Kak BUAHO U3
pUCYHKAa MHTEHCUBHOCTh ITydKa MPAKTUYECKU HE U3MEHSETCS, a B 00J1acTh
KOHIIAa MOHU3AIIMOHHOTO MPOOera MPOUCXOIUT PE3KOe MaJCHIEe UHTCHCHUB-
HOCTH, YTO COOTBETCTBYET MAKCUMAJIBHBIM HHEPrETUYECKUM MOTEPAM
nyuka (puc. 4.2). Benuuumna mpobera OOBIYHO 3amaeTcs HE B CM, a B
MI/CM’, T.€. «MacCOBOE POHHKHOBEHHUE.

JIns MimroCcTpaluy npouecca NPOHUKHOBEHHUS (-4acCTHUIl B BEIIECTBO,
PAacCMOTPUM CIEAYIONIMNA MPUMEpP: O.-4acCTHUIlbl ¢ dHeprue 5 MaB umeror
B BO3/lyX€ BEIUYHHY mpobdera 3 mr/cm”. TInoTHOCTD Bo3ayxa 1.4 Kr/M® HITH
14  wmr/cm’.  JluHeliHOE  pAcCTOSHHE,  IPOXOAUMOE  MYYKOM:

[ = R/ p;l=2.14cm . DHeprus noHU3aIuu B Bo3ayxe o0bvHO paBHa 30 3B,
TOrJa  KOJIMYECTBO  HMOHU3MPOBAHHBIX  Map  3apsAoB  PaBHO:
N=E,/E,, =~166000 nap. Eciu mpeamnonokuTh, 4To pacrpeieleHue Ho-
HU3MPOBAaHHBIX I1ap PABHOMEPHO, TO ILIOTHOCTh HMOHU3ALMU COCTaBHT:
d =N/l =80000 map/cm.

Kak BuAHO IJIOTHOCTh MOHM3ALIMK OYEHb BellnKa. B Bone 3Ta Benuuu-

Ha Bo3pacret emie B 700 pa3 nu3-3a 6oJbIiei MI0THOCTH.
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bemma-pacnao — caMonpou3BOILHBINA POIECC, KOHEUHBIM PE3YJIbTa-
TOM KOTOPOTO SIBIISIETCS MPEBPAILCHUE B SApPE HEUTPOHA B NMPOTOH WIIU

IIPOTOHA B HEUTPOH:

;X = 4X+ 0B (4.8)

DHeprus -yacTui; OOBIYHO JIKHUT B Juana3oHe Sk3B — 2 M»aB. B-
JYy4Yd COCTOSAT U3 OBICTPBIX 3JEKTPOHOB, MO3TOMY MPU COYIAPEHMSIX C
ANIEKTPOHAMU BEILECTBA MPOUCXOAAT CIIyYalHbIE U3MEHEHUs B HaIlpaBJie-
HUU JIBUKEHUS YACTHL], BO3MOKHBI OOJIBIINE YTIIIbl OTPAKEHUS U J1aXKe 00-

patHoe u3nyudenue (puc. 4.3).

puc. 4.3. puc. 4.4

WMHTEHCUBHOCTH MyYKa HAYMHACT YMEHBIIATHCS Cpa3y MpH MO aHuN
B BemecTBo (puc. 4.4). Ilonstue mnpobOera, aHagorM4HOe Mpodery o-
YaCTHIL, IS 3-4aCTHIl OTCYTCTBYET, OJHAKO CYIIECCTBYET HEKOTOpas MakK-

CHUMaJIbHO JOCTUKHUMas BeJIUYUHA R, . (F/CMz)I
5 12
Rmaxzo.ll-[(1+22.4-Emax) —1] (4.9)

Paccmotpum mpumep PB-msnydenuss Cs137 ¢ sueprueir 0.5 Mae. B
3TOM ciydae Rne = 0.17 r/cm’. JIuHeHHOE pacCTOSHHE B BO3LYXE

=R, /p=120 cwm, B cramu (p = 7.7 r/em’) — [ = 0.2 Mm. KommuecTso
MOHM3NPOBAHHBIX I1ap 3apsioB B BO3Ayxe paBHo: N =E; /E,.(m = 16600
nap. TlnotHocTs MoHM3aMu coctaBut: d = N/I =130 nap/cMm. Drta Benu-

YyHA ropa3/io0 MEHbIIIE, YeM aHAJIOTUYHAS JJIs1 ((-4aCTHII.
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l'amma-usnyuenue — >IEKTPOMArHUTHOE H3JIyYEHHE, BO3HMKAIOLIEE
IpH MEePEX0/ie aTOMHBIX AJIep U3 BO30YXKICHHBIX B OOjiee HU3KUE HIHEpre-
TUYECKHE COCTOSIHUSA. B Takux mpoueccax yucia HEUTPOHOB U MPOTOHOB B
AJIpe HE U3MEHSIOTCS, HO MCITYCKAIOTCS Y-KBAHThl. DHEPTUs Y-KBaHTOB, UC-
IIyCKAaEMBbIX aTOMHBIMU SIAPaMHU, OOBIYHO JIEKUT B Mpezaenax oT 5 k3B 1o 8
M>5B. TunudHoe yrioBoe pacrpeaeaeHnue Y-u3aydeHUs IPUBEACHO Ha PHUC.
4.5. Kak BHOHO W3 PHCYHKa MOMHUMO MNPSAMOTO H3IYYEHHUS CYIIECTBYET
JIOCTATOYHO OO0JIbIIIOE OOKOBOE M 0OpaTHOE M3TydeHHue, TpeOyrollee yuera

U, TIPY HEOOXOIMMOCTH, SKPAHUPOBAHHSI.

180°

puc. 4.5

DHeprus Y-kBaHTa win GotoHa (3.1) MoxkeT ObITh onpeieseHa o Gopmysie:

E:hv:E, (4.10)
A
rae h — nocrosiHaas [lnaHka, ¢ — CKOPOCTh CBeTa, V U A - COOTBETCTBEHHO
4acToTa U JIJTMHA U3JTy4aeMOU 3JIEKTPOMAarHUTHON BOJIHBI.

["amma u3nmydeHue o0nanaeT BbICOKOW MPOHUKAIOIIEH CIOCOOHOCTHIO,
OHO MOJKET IPEOA0JIeBaTh AaXKe JOCTATOYHO TOJICTYIO 3aIUTy W3 OETOHA,
ctanu uiu cBuHIa. [Tockosbky (POTOHBI HEUTpaIbHBI, TO B IpoOLIEcCe pac-
MIPOCTPAHEHUS] OTCYTCTBYET MOHHU3alMs. BMecTo 3TOro CcymiecTByloT TpU
npoiiecca, U3MEHSIOIME CBOMCTBA (POTOHOB:

1. ®ororddext. Ilpu HoTOMEKTPUIECKOM TOTJIOMIEHUH BCS SHEPIUs Y-
KBaHTa 3aTPayMBaETCsl HA BBIPHIBAHUE OJHOTO W3 BHYTPEHHUX 3JIEKTPO-

HOB aromMa. VMIHTEHCHUBHOCTH H3JIIY4YCHUA Y6I>IBaeT OKCIIOHCHIHUAJIBHO C
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paccrosinueM. [locTosiHHAs MOMIOMIEHUsT L YOBIBACT C YBEIMYCHHUEM
DHEPIUM Y-U3JIyYEHUS W YBEIMYMBACTCS C YBEIMYEHUEM IMOPSIAKOBOIO

HOMCpa MOrjIomaroicro Mmarcpuaia:

Z 4=5

.
E7

I=1,-¢e"" u~ (4.11)
. Dbdext Komnrona. Ecnu sHeprust y-KBaHTa CyIIECTBEHHO MPEBBIIIACT
DHEPTUI0 CBS3U AJIEKTPOHOB B aTOME, TO IOJIYYaeM YHPYroe B3aMMO-
JEeUCTBUE C COXpaHeHUeM Y-kBaHTa (puc. 4.6). Bocnonas3oBaBIINUCh 3a-
KOHAMM COXPAHEHHMsI SHEPTUH U UMITYJIbCA, MOKHO HAWTU CBA3b MEXIY
HHEPTUsIMU KBAHTA JI0 U TOCII€ B3aUMOJICUCTBUS, & TAKXKE YIIIbl pacces-

HUA U SHCPIUIO JICKTPOHA.

Avy pRE
.;ﬂ-’l ,-Iﬂ.’ .;E'.V] .;QVI
2 €+ E?+
puc. 4.6. puc. 4.7.

. OOpazoBaHue 5JIEKTPOHHO-TIO3UTPOHHBIX Tap. [lapel poxmaroTcs B
AIEKTPUIECKOM TIOJIC SIZIEP, TIPU ITOM Y-KBAHT HMCUYE3AET, & €T0 DHEPTHUs
MOJTHOCTBIO TIepeaeTcss 00pa3oBaBIIEMyCsl SJICKTPOHY M MO3UTPOHY U
MOXKET PacIpeieaThCsl MEXKIy HUMU TO-pasHOMY. MUHUMAIBLHO HE00-
XOJIUMasi HEPrus Il 00pa3oBaHUsS TMaphl paBHA JABYM MaccaM dJIeK-
TpOHa (511K3B/02), 1.¢. 1.022 M»1B. Korna o6pa3oBaBiiiecs: 4acTHIIbI
PEKOMOUHUPYIOT, IPOUCXOIUT UCITYCKAHHUE IBYX Y-KBAaHTOB C YHEPTHUS-
mu 511x3B kaxnawni (puc. 4.7). Takum obpazom, oauH (POTOH B UTOTE

MIPOU3BOAUT ABa (POTOHA C MOJIOBUHHOMN YHEPTHUEH.
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4.3. UcTOYHUKH PAaAHAIIMOHHOI0 U3JTYICHUS

Wznydenue o, B, ¥, a Takke HEHTPOHOB MOYKET OCYIIECTBIIATHCS pas-
JMYHBIMU criocobamu. B 4acTHOCTH, Ui CO37aHUS MCTOYHHMKOB O-  [3-
M3JIyYEHHS PAIMOAKTUBHBIE 3JIEMEHTHI TOMEIAIOTCS B KUJIKOCTh WIH Tas,
WJIM PaCIIoNararoTcsl Ha MOJJIOKKaX. AKTUBHOCTb 3TUX UCTOYHUKOB HEMO-
CTOSIHHA U OAYMHAETCA 3aKOHY (4.4).

PaccmoTpuM HECKOIBKO TTpUMEPOB. [[JI1 MEIUIUHCKUX HUCCIIEAOBAHUN
4acTO OKa3bIBAIOTCS HEOOXOAMMBI PAJMOAKTUBHBIE BOJHBIE pacTBOphL. B
ATOM CJIy4ae aKTHBHBIC BEIIECTBA M3TOTOBIISIFOTCS B XUMUYECKHX (popmax
(Hampumep, coJib), PaCTBOPUMBIX B Boje. Hambonee mpumeHseMbIM 3iie-
MEHTOM siBiisieTcst u3oton J 131 ¢ nmepuoom nonypacnana 8 IHEil.

JI1s1 HUBKOAHEPreTUYECKUX UCTOYHUKOB M3-3a CHIIBHOTO MOTJIONIEHUS
HCIIOJIb3YIOTCSI OTKPBITHIE MOMJIOKKH C IMOMEIMIEHHBIMA HAa HUX PaJdOaK-
TUBHBIX DJIEMEHTAMH, KOTOPBIE 3aAIIUIIECHB TOHKUM CJIOEM MOKPBITHS (pHC.
4.8). lpyrum nomnyaspHbIM HCTOUHUKOM SIBJISIETCSI METAJUIMYECKas Kamepa,
B KOTOPOM MOMENIEH PaJMOAKTUBHBIN 31eMeHT (puc. 4.9). OqHa u3 cTopoH
KaMmephbl OTKPBITA U 3alUIIeHa TOHKUM cloeM (oiibru. Yepes3 3T0 OKHO U
MPOUCXOAUT HaIpaBlIeHHOE u3iydyeHue. [Ipu 3TOM BaKHO MOMHUTH, YTO
U Ol- ¥ HU3KODHEPIeTUYECKOro [-HU3aydeHHs TONIMHA (OJIBIH JOKHA

OBITh OYCHB Majia, YTOOBI YaCTHUIbI MOI'JIM BBLIICTATh 3a IMIPCACIIbI KaMCEPBhI.

NNV RN VRN 4

puc. 4.8. puc. 4.9.

OcoOBbIil TUIT UCTOYHUKOB COCTABIIIOT UCTOYHMKU HEUTPOHHOI'O H3-
ny4yeHusi. HeHTpoHbI He MOSABIAIOTCS MpU OOBIYHOM pacmaje U, Mo3TOMY,
JOJDKHBI MPOU3BOAMTCS TEXHHUYECKHU. [IpsiMoil MeTOol 3akiroyaercs B HUC-
IIOJIb30BAHUM OYEHb TSKEIIBIX M30TOIOB, Hanpumep, Cf 252, nomyyaeMbix
B AJICPHBIX peaKkUMAX. Sapa HACTOJBKO BEIUKH, YTO CTPEMATCA K CIIOH-

TAaHHOMY pPaCIICIINICHUIO, B PE3YJIbTATC KOTOPOI'O IOABIIAIOTCS HCCKOJIBKO
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HEUTPOHOB. [l71s1 MONMydEeHHS HEUTPOHOB MOKHO TAKXKE HCIIOJIb30BATh
snepHele peakuuu. Hanpumep, mist Sb 124 Bo3MokHa Y-n peakuus, a s

Be 9 — peakusa o-n:
JBe+ja— 2C+n. (4.12)

3aMeTuM, 4TO AJisi HEHUTPOHOB TUIHWYHBIE CHOCOOBI AKPaAHUPOBAHUS
(narmpumep, Pb) okasbiBatoTcsi Oecroie3Hbl, TOCKOIbKY HEUTPOH HE SIBIIS-
€TCs 3apsHKEHHOM 4YacTuler. HaumnydmmMm moryioTUTENEM B 3TOM Cllydae
ABJISAECTCSI BOJOPOJ, KOTOPBIN MPAKTUYECKU COBIIAIAET 10 MAcCe ¢ HEUTPO-
HOM. [loaTOoMy XOpoliee Mmoriomenne 1jisi HEUTPOHOB NOKA3bIBAKOT BOJA,
napaduH, MOJIUITUIICH.

Jns monyueHus: ramMmMma-u3inydeHus ¢ aHeprueit Mmenee 500 koB o0ObIu-

HO UCIIOJIB3YIOTCS pEeHTTeHOBCKas TpyOka (puc. 4.10).

dopMHpOBATENh
TMOTOKA HJIEKTPOHOR H3JIYUCHHE

JOXTasKAeHHe

BhBICOKOE
HANIPEAKCHHE

puc. 4.10

PaccmoTpuMm mpuHIun ee nerctBus. BHyTpu TpyOKu HOJXKEH OBITH
BBICOKMI BakyyM. HarpeBaemblil KaToJ] M3Iy4aeT 3JIEKTPOHBL. DJIEKTPOH-
Hoe 001aK0 (GOKYyCHpPYETCsl B TOHKUN 3JEKTPOHHBIH JIy4, KOTOPBIA YCKOPSI-
€TCA BBICOKMM HANPSHKEHHEM (10 HECKOJBKMX COT ThicAd BOJbT). Korma
AIEKTPOHBI TOPMO3ATCS, YAAPSSCh O KaTOJ, TMOSIBISIETCS PEHTTEHOBCKOE
n3nydeHnue. [[ns mpegoTBpamieHusi paclpoCTPAHEHUSI U3IIyYEHUs BO BCEX
HaIpPaBJICHUSX, TPYOKa IMOKPHIBAECTCS JKPAHUPYIOIIMM MaTepHalioM, Ha-
npumep, CBUHIOM. TakuM 00pa3om, M3IydyeHUE MPOXOAUT TOJIBKO Yepe3

OKHO, 3aKpPbITOC JICTKUMHU MaTCpHualaMu, HAIIpUMEP, aTFOMHUHUCM.
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KII/I peHTreHOBCKUX TPYOOK OOBIYHO OYE€HBb HU3O0K, mopsiaka 1%. Oc-
TaJlbHasi PHEPIUsl UAET Ha HarpeBanwe aHona. [Ipu 3ToM miomanb 3JeK-
TPOHHOI'O MSITHA Ha aHOJE COCTABIISIET JUIIb 1 MM, MIOATOMY €ro OXJIaX-
JICHUE SBJISIETCS TOBOJIBHO CJIO0XHOM 3a1adyer. B kadyecTBe OQHOrO U3 pe-
IICHUH TpeIaraeTcsl UCIOJIb30BaTh BpallalOIIMeCs: aHOAbl, B PE3YJIbTaTe
MOYKHO JOOUTHCS 00Jiee WJIM MEHEE PaBHOMEPHOTO HarpeBaHMs BCe Io-
BEPXHOCTH aHOAA.

CylecTByeT JBa THIMa PEHTTEHOBCKOTO M3JIYyYEHUS — C JIMHEWYAThIM
CIIEKTPOM, HA3bIBAEMOE XapaKTEPUCTUUECKUM, U CO CILIOIIHBIM CHEKTPOM,
Ha3bIBaeMoe OeyibiM. bernoe peHTreHOBCKOE M3JyYEHHE BBI3BIBACTCS TOP-
MOXEHHUEM OBICTPBIX AJICKTPOHOB MPU MX JBIKCHHUH B BEIIECTBE. Xapak-
TEPUCTUYECKOE U3TYyUYCHUE BO3ZHUKAET B PE3YyJIbTATE BBIPHIBAHUS IJIEKTPO-
Ha ¢ OJHOM W3 OJM3KUX K AJpy obOojouek aroMa (aHona). Ha ocBo6ouB-
1eecsi MeCTO MEPEXOUT AIEKTPOH M3 0osiee yAaJIeHHBIX OT siipa 000Jo-
YyeK. JTO MPUBOJAUT K BOSHUKHOBEHHIO PEHTTEHOBCKOTO (DOTOHA COOTBET-
cTByIONIel dacToThl. [locnenoBaTenbHble MEPEXOAbl JIIEKTPOHOB UAYT /0
MOJTHOTO TMEpepaclpe/iesiCHUs: M0 COCTOSIHUSAM B aTOME, TaKUM 00pa3oM,
dhopMupyercs IMHEHYAThIN CIIEKTP U3TyYEHUS.

HenpepbiBHBINT PEHTIEHOBCKUN CIIEKTP TOPMO3HOTO M3JIyYEHHUS Orpa-
HHUYEH CO CTOPOHBI MAJIBIX JUJIMH BOJIH HEKOTOPOW HAWMMEHBIIEW JJIMHOU
BOJIHBI, HA3bIBAEMOM T'PAHUIIEN CIUIOLIHOrO crekTpa. [losiBiieHne rpaHuiibl
CBSI3aHO C TE€M, UYTO MaKCUMAaJIbHAsl YHEPIrUsl pEHTT€HOBCKOTO KBAHTA, BO3-

HUKIIIETO 32 CUET IHEPTUU DJECKTPOHA, HE MOXKET MPEBBIIIATH ATON SHEPTUU:
E =eU,=hv,_,, (4.13)

rae Uy — HanpspKeHUE MEeXAy KaToJIOM U aHOJIOM.

c ch _ch

‘min - -
1% eU, E

e

(4.14)

Hanpumep, mpu ykopsiomem HanpsokeEun 250 kB MUHMManbHas
JUIMHA BOJHBI cocTapister: A =ch/eU,=5-10""u.

JIns mostyyeHus: raMMma JIydel BBICOKHMX YHEPIMM IPUMEHSIOTCS YCKO-

pUTEIHU, TPUHIUIT IEUCTBUS KOTOPHIX OCHOBAH HA PErUCTPALIMU MOCIEACT-
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BUU CTOJIKHOBECHUHW PA3JIMYHBIX 4YaCTHUIl. METOAbl YCKOPEHUS HEIATCA Ha
TPH TPYIIBL: NPAMOM, HHAYKIIMOHHBIN U pe3oHaHCHBIN. [lo dhopme Tpaek-
TOPHUH JBWKEHHS YACTUL YCKOPUTEIU JIEIISTCA HA JIMHEWHBIE W LUKIIAYE-
CKHE (CIUPaIbHBIC).

® B npsAMBIX JIMHEHMHBIX YCKOPUTENSAX YacCTULA OJHOKPATHO MPOXOIUT
ANEKTPUUECKOE T0JIe ¢ OOJIBIION Pa3HOCTHIO MOTEHIIUAJIOB.

e  VYckopureneM HHAYKIIMOHHOTO THUIA sIBJsieTcs OeTarpoH. 37ech HC-
MOJIb30BAHO BO3HUKHOBEHHE B YCKOPHUTEIBHOW KaMepe BHUXPEBOIO
AJIEKTPUUYECKOTO TOJIS MOl BIUSIHUEM HNEPEMEHHOTO MArHUTHOTO TTOJIS
AJIEKTPOMATHUTA.

® B pe30HaHCHBIX LUKIMYECKUX YCKOPUTEISIX, YCKOpsieMas YacTHUla
MHOTOKPATHO MPOXOJUT 4Y€pe3 MEPEMEHHOE AIEKTPUUYECKOE IOJIE IO
3aMKHYTOM TPAeKTOPHUM, KaXIblil pa3 yBEIWYHMBas CBOK JHEPTUIO.
[IpoxoxaeHne 4acTULEH ONPEAECICHHBIX TOUEK IMEPEMEHHOTO JSJICK-
TPUYECKOTO TOJSI MPOUCXOIUT MPUOIH3UTEIHLHO B OJHOM M TOM Ke

ero ¢ase («B pe30HAHCE» ).
4.4. JxpanupoBanue. 3a1UTA OT PAJUANUOHHOTO U3JTY4YeHU S

PaccmoTpuM BHauasie BONPOC O €IWHMIIAX U3MEPEHHUS HOHU3UPYIO-
IIAX U3IYYECHUU. [o30U u3nyueHuss Ha3bIBACTCS OTHOIICHUE MOTJIOIIEHHOM
SHEPruu U3IIy4YeHUs K macce oOiydaemoro BemiectBa (J[x/kr). Buecuc-
TEeMHOW eIWHMIICH HU3MEPEHHS J03bl CIY)XHUT paod: lpaag = 102 JIx/Kr.
Mownocms 00361 u3nydeHus — 3TO J103a, OTHECEHHAsI K €UHUIIC BPEMEHU
(BT/kr). OKxcnozuyuonnas 0oza uznydenus NPeCTaBIseT cOOOM dHEpreTH-
YECKYI0 XapaKTePUCTHKY PEHTTCHOBCKOTO WUJIM FaMMa-U3JIy4eHUs, OICHU-
BaeMylo 1o 3QQeKTy HOHU3ALMNU CyXOoro aTMocdepHoro Bosayxa (Ki/kr).
BHecucTteMHONM €QMHULIEN W3MEPEHUs JKCIIO3UIMOHHOW JIO3bI CIIYKUT
penmeen: 1P = 2.58*%10™ Ki/kr. Mownocmv 3KCno3uyuoHHOU 0036l U3MeE-
pSETCS COOTBETCTBEHHO B A/KT. DK8UBANIEHMHASL 003a U3NYYeHUs1 OICHUBA-
€TCsl TI0 OMOJIOTHYECKOMY BO3JeHCTBHIO M3NydeHus. OHa paBHA MpPOU3BeE-

JICHUIO TIOTJIOMICHHOM J103bI (103bI U3IyUYeHUs) Ha K03 (PUITMEeHT KauecTBa
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K, xapakTepusyronmii OTHOCUTEIbHYIO OMOJIOTHYECKYI0 aKTUBHOCTbH pac-
CMaTPUBAEMOT0 M3Jy4Y€HUs IO CPAaBHEHUIO C PEHTTEHOBCKUM U TamMMa-
usnyyeHussMu. J{ist mocnennux, a takxke s B-usnydenus, K=1, qusa ten-
n0BbIX HeuTpoHoB K=3, mns HelitpoHoB ¢ sueprueit 0.5 MaB K=10, gus
o-gactui K=20.

Kak yxe roBopuioch paHee, O(-4aCTHIIBI 00JIaalOT JOCTATOYHO Ma-
JIOW TIPOHUKAIOIIEH CHOCOOHOCTHIO, HECKOJBKO CM IUIaCTHKA WJIM He-
CKOJILKO MM CTajii CMOTYT oOecreuuTh 3()(PEeKTUBHYIO 3alIUTy OT ITOTO
Tumna u3nydeHus. Jlaxke umes Ha cebe 0Ky, YEITOBEK Y)KE HEIJIOXO 3a-
IIMIIEH OT ((-4aCTHIl, MO3TOMY HaWOOJIBIIMN BpPEJ OHM OKAa3bIBAIOT MPHU
MIOMA/IaHUU BHYTPb OpraHU3Ma 4epe3 JIbIXaTeIbHbIE ITyTH WU MUILIEBO/.

BricokosHepreTnyeckoe P-u3nydeHrne mpoxoast yepe3 BEIIeCTBO Ipo-
W3BOJUT OOJIBIIIOE KOJUYECTBO BTOPUYHBIX AJICKTPOHOB, B PE3yiIbTaTe Kak
BTOPUYHBINA A(HPEKT MOXKET MOSBUTHCS Y-U3ITYUYCHHUE, SKPAHUPOBAHHUE KO-
TOPOTO SABJISIETCA YK€ TOCTATOYHO CIIOKHOU 3aayeH.

Jucmanyuonnstii pakmop. 1lpu yaaneHun oT KICTOUHUKA UHTCHCUB-
HOCTh M3JIy4EHHUS YMEHBIIAETCS OOpaTHO MPONOPIHOHAIBHO KBaJpaTy
PaCCTOSIHHUS:

2

I=1,-|2
r

(4.15)

Taxum oOpa3oM, eciu yBeIUYUTh PACCTOSIHUE JO UCTOUYHUKA B JIECATH
pa3, ToJIbKO 1% MHTEHCHBHOCTHU U3TYyUYEHUS JOCTUTHET 3TOM TOUKH.

Daxkmop noznowenusn. CoriacHo 3akoHy dororddekra (4.11) uH-
TEHCUBHOCTH Y-U3Ty4YEHUS NP MPOXOKJICHUU Yepe3 BEUIECTBO yMEHbIIIa-
€TCsl TI0 dKCMOHEHUUanbHOMY 3akoHy. KoadduuueHT nmoriomieHus oob4-

HO IIPUBOAUTCA B BCIIMYMHAX, HOPMHPOBAHHBIX HaA IINIOTHOCTH BCIICCTBA

(eM?/r) (1ab. 4.1.)

Tabnuya 4.1
E, 10 k>B 30 k2B 100 ksB 300 k2B 1 M>B p (2ler’)
600a 5.18 0.368 0.171 0.119 0.0706 1.0
cmano 180 8.15 0.37 0.11 0.06 7.86
ceuney 142 31.8 5.73 0.391 0.07 11.24
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Paccmotrpum cnenyronuii npumep. Ha paccrosaum 0.1 M oT peHtre-
HOBCKOM TpyOku ¢ HanpsbkenueM 100 kB n3mepenHast 1o3a u3mydeHus co-
craBuia 10 paa. Paccunrars He0OX0IMMOE 3KpaHUPOBAHUE UCTOYHHKA, HC-
MOJIb3Yys CTaJlb UJIM CBUHEII, YTOObI HAa PACCTOSIHUM | M J03a U3Iy4eHus Co-
craBuia 0.05 mpan.

Hcxonst U3 ycinoBus 3ajadyi, MHTEHCUBHOCTD J10JKHA OBITh YMEHBbIIIE-
Ha Ha Qaxtop 10 pan/0.05%107 pax = 200000. 3a cyeT JUCTAHLIHOHHOTO

daxropa: 1(1m)=1(0.1m)-(0.1m/ IM)2 =107>-1(0.1m), cormacao popmyine

(4.15). Takum oOpa3oM, yMEHBIIICHUE WHTCHCUBHOCTH Ha OCTaBIIUUCS

dhaxrop — 2000, HEOOXOAMMO MOJYYUTD 3a CUET MOTJIOLICHHUS:

LU e 111(2000)

I, 2000 ’ ( / )
o,
U3 popmynsl (4.16) monydaem sl CTaau U CBUHIIA COOTBETCTBEHHO:

In(2000)
0.37 (CM2 /2) : 7.86(2/0]143 )

 In(2000). (4.16)

=2.6cm,

In(2000)

5.73(0]!42 /2)-11.24(2/0]143) =12t

CBsi3b MEXY aKTUBHOCTBIO Y-UCTOUHHMKA A U 10301 u3nyueHus D or-

penenseTcs CIeAYIIUM COOTHOIIEHUEM:

daD A
=K, —, 4.17
dr ot ( )
Ilie ' — pacCTOAHUE 10 UCTO4HUKA, K, — ramma daxrop. Pakrop K, 3aBu-

CUT OT OJHepruu 7Y — HcroyHuka: npu 50 k3B wumeer MHUHUMYM

~2.8-107"8 (ﬂDfC'MZ/KZ'C'BK), a B untepBaie or 100 xkaB no 1 M»B

MOXKET MIPUMEPHO OIPEAETATHCS JIMHEWUHOU 3aBUCUMOCTBIO
K,=44510"-E (M2B).
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4.5. PagnanyoHHbIE JaTYMKH

ITon pamualiMOHHBIMU JaTYMKAMHU TPATUIMOHHO MOHUMAIOTCS CUET-
YUKW WIA JAETEKTOPbI, MPUHIMIT ACHCTBUS KOTOPHIX OCHOBaH Ha B3aMMO-
JNEUCTBUU U3NTYyYEHUS C BEIIECTBOM U MCIOJIb30BAaHUM MOHU3AIIMOHHBIX 3a-
PAIOB B KAaYECTBE MEPBUYHBIX CUTHAJIOB. J[aTYMKM MOKHO pa3leiuTh HA
TPU TPYIIBI: Ta30BbIe AATYMKH, CHUHTUUISLMOHHBIC AaT4YWKWA WU TBEPJIO-

TCJIBHBIC JATUYHNKH.

4.5.1. I'a3oBbIe JaTYHKH

HanGonee mpocThIM ra30BbIM JaTYUKOM SIBJISIETCS MOHU3ALMOHHAS Ka-
Mepa, KOTopasi, B TOXe BpEeMsl, SBJISETCS M OJHUM M3 JIy4YIIUX pajuariioH-
HBIX JaT4ukoB. MoHW3alMOHHAs KaMmepa WICHTUYHA LHWIHMHIPHUYECKOMY
KoHJeHcaTtopy (puc. 4.11), e posib aHOJA WUrpaeT BHYTPEHHUN HUTEBUI-
HBI TIPOBOJIHUK, a POJIb KAaToJla BHEIIHAS MeTainueckas TpyOka. Iloma-
Jaroliee B KaMepy H3NydeHHe MPUBOIUT K MoHu3anuu. OOpasoBaBiInecs
3apsisibl, YCKOPSSICh Pa3HOCTHIO MOTEHIMAIOB, JIBMXKYTCSA K AJEKTPOIaM, U
BO BHEIIHEH Lenu PUKCUPYETCS UMIYJIbC TOKA. AMIUTUTYa UMITYJIbCa Xa-
paKkTepu3yeT 00pa3oBaBILUIICS 3apsij, a, CIEAOBATENbHO, SHEPTHIO U3ITyYe-

HHA. I[o:aa N3JTYy4YCHUA IIPONOPHHUOHAIbEHA YaCTOTC CIICA0BAHHA UMITYJILCOB.

puc. 4.11

JIs meTeKkTupOoBaHUsS HEMTPOHOB B MOHU3AILIMOHHOM KaMepe MCIOJIb-
3YIOT 3aIl0JIHEHHME Ta30M, COJAEPKAIIMM DJIEMEHTHI, BCTYIAIOLINE B HEH-
TPOHHBIE PEAKIINU, PE3YIIbTATE MOSBISIOTCS JIETKO JETEKTUPYEMbIC YaCTH-
LbI, HAITPUMED:
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"B+ n— ya+]Li; JHe+,n— H+|p

OnHako, IpU UCIOJIB30BAaHUM MOHU3AIMOHHBIX KaMEpP BO3HHUKAET Psif
TEXHOJIOTUYECKUX TPOOJIEM, CBSI3aHHBIX C MAJOCTHIO TOKOB (~10" A) u
BBICOKUMH HANPSIKEHUSIMUA (MOHBI U AJEKTPOHBI JOJDKHBI Pa3AesiThCs
J0CTaTOYHO OBICTPO, YTOOBI N30€kKATh PEKOMOWHAIINN).

[Ipu noctaToyHO BhICOKMX HampspkeHusix (6onee 200 B) B nonuzaru-
OHHON Kamepe MOXEeT MNPOUCXOAuTh A(PPEeKT Ta3oBOro yCWJICHHS, T.C.
AJIIEKTPOHBI PA3TOHSIOTCS 10 CTOJIH OOJIBIITUX CKOPOCTEH, YTO MOTYT BBIOH-
BaTh BTOPUYHBIC DJIEKTPOHBI U3 HEUTPAIBHBIX aTOMOB, 00pa3yOTCs AJICK-
TPOHHO-UOHHBIE JIaBUHBL. B pe3ynbraTe MOXET HNPOUCXOJUTH YCUIICHUE
curHaia ¢ koagdurmentom 100 u gaxxe 1000.

[Tpu nanpHeiiieM yBelWYeHUH Pa3HOCTH MoTeHuuaioB (6onee 600 B)
B MPOMEKYTKE MEK]Yy KaTOJOM U aHOJOM MOKET 3aKHUIaThCsl CaMOCTOS-
TenbHBIA pa3psa. C TOUKHM 3pEHUS PETUCTpAIMK YacTHI] OCOOBIN HHTEpeC
MPEICTABIISIET KOPOHHBIN Ta30BbIA pa3psii, BOSHUKAIOIIUN B Ta30pa3psiAHOM
MPOMEXKYTKE B T€X CIydasx, KOrja UMEET MECTO PE3KO BhIpaKEHHAs HEOJ-
HOPOJHOCTh DJIEKTPUYECKOTO TIOJIsI, HAIPUMEp, BOJIU3M TOHKOTO HUTEBH/I-
HOro a”oja. MimenHo stoT addekt ucnosnb3dyercs B cueTyukax [eirepa.
Cuerunku ['elirepa UCTIONB3YIOTCS B OCHOBHOM JJISI PETUCTPAIIMUA OBICTPHIX

3apsSHKEHHBIX YaCTHUII U Y-KBAHTOB.
4.5.2. CUUHTH/VISIIHOHHBIC TATYNKH

[Ipu MpoXoXKAEHUU Yepe3 MaTepHAIbHYIO Cpeay PaJaHalliOHHOTO W3-
Jy4EHUsI MOXKET MPOUCXOJUTHh BO30YKJICHHE aTOMOB WJIM MOJIEKYJ Bellle-
CTBa, KOTOpPHIC, BO3BPAIAsICh B OCHOBHOE COCTOSHHE, W3JIy4alOT KBaHTHI
cBeTa (B OCHOBHOM B CHHeW oOmactu crektpa, A ~ 400 am). ITogoGHbIe
KOPOTKHE CBETOBBIC BCIBIINIKK WCIOIB3YIOTCS JJISI PETUCTPAIlMN YaCTHII.
OcHoOBaHHBIC Ha ATOM MPHUHIINAIIC JATYUKU HA3BIBAIOTCS CHUHTHLIATOPAMHU

(scintillate — Onecrerb, cBepkarh). CyllIeCTBYIOT pa3jMYHbBIE TPYIIIIbI
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CUMHTHILISITOPOB: kpuctamimdeckue — NaJ, CsJ, CaF,, ZnS, Bi;Ge;Oy;
IUIACTUKOBEIC; JKMIKOCTHEIC.

Jlst mpeoOpa3oBaHusl CBETOBBIX BCHBIIIEK B HUMITYJIBCHI AJICKTPUYE-
CKOTO TOKa MPUMEHSIOTCS (POTOIIEKTPOHHBIE YMHOXKHUTENH, a Takxke (o-
TOJIUOJIbI, O KOTOPBIX YK€ YIIOMHHAIOCh B I1aBe 3. ®OTOYMHOXHUTEIU 00-
JAIal0T PAIOM MPEUMYIIECTB, B YACTHOCTHU, BBICOKasi CKOpPOCTh (1-2 HC),
OYCHb HHU3KHUE IIyMBbI, OOJbINAs YyBCTBUTEIbHAS 00J1aCTh, OYEHb CHUIILHOE
YCUJICHUE (105 — 107), OJTHAKO HE€ JHIICHBI U HEJOCTATKOB, TAKUX KAaK BBI-
COKOE€ HamNpsDKEHUE, TeMIEpaTypHas 3aBUCUMOCTh (T€HEBOM TOK). [lns
YMEHBIIIEHHUS TOCIEAHEr0 HE0OX0IUMO OXJaxaeHue GOTOYMHOXHUTENS, B
ATOM CiIy4ae BO3MOXXHO JIETEKTUPOBAHHUE Jaxe equHUYHOro (horoHa. OT-
pHUIllaTeTbHOE BO3ICUCTBHE HA (POTOYMHOKHUTENH OKAa3bIBAIOT TAKXKE U Mar-
HUTHBIE TOJIs, U3MEHSIIOIINE TPACKTOPHUIO JBMXKEHUS AJIEKTPOHA, UYTO MPH-
BOJIUT K 3aMETHOMY TaJIcHUI0 K03 PUuIimenTa yCuieHusl.

Jlns mepeHoca CBETOBOIO M3JYyUYEHHS! OT CIIMHTWILIATOPA K (POTOIJICK-
TPOHHOMY YMHOKUTEIII0 MPUMEHSIIOTCS CBETOBOJIbI, NPUHIMUII JIEHUCTBHS
KOTOPBIX TaKkXe omucaH B TiaBe 3. Takum o0pa3oM CHUHTHIUISIIMOHHBIN
JaTYUK COCTOUT U3 CIUHTULISATOPA, CBETOBOAA M (DOTOAIEKTPOHHOIO YM-

HoxuTtens (puc. 4.12).

= YT

CBETOBOA, doTo
CLMHTMNAATOP YMHOXUTENb

puc. 4.12
4.5.3. TBepaoTejibHbIE JATYUKH
B TBepmoTenpHBIX JaTYMKAX, KaK M B Ta30BBIX UCIOJb3yeTCsa d(DdekT

HOHHM3alluu. Paznuuarot TBCPAOTCIBbHBIC JJaTYUKU HA U30JIATOPAX H IIOJIY-

IMPOBOIHUKOBEIC.
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[IpuHIMT MEWCTBUSA JaT4yhKa, B KOTOPOM pabounii 00beM 3arojHEeH
W30JIATOPOM, TOAO0EH MPHUHIUITY JICUCTBUS HWOHU3AIMOHHOW KaMephl.

Cxema BKIJIIOUEHHS TAKOTO JaTYMKa NpuBeeHa Ha puc. 4.13.

HAowemann

Jrenmpodst

Ay cunumerno

puc. 4.13

3apspKeHHas 4yacTulia, IPOXOosl Yepe3 KpUCTal, o0pa3yeT Ha CBOEM
MyTH HEKOTOPOE KOJIMYECTBO CBOOOJHBIX 3JIEKTPOHOB U AbIpoK. [lox neut-
CTBUEM MPUIIOKEHHOW Pa3HOCTH MOTEHIIUAIOB CBOOOJHBIC HOCUTENH 3a-
PSAJI0B HAUYMHAIOT JIBUTAThCS B HAIPABICHUU COOTBETCTBYIOIIUX AJIEKTPO-
JIOB, U B IIENU JJaTYMKaA BO3HUKAET 3JIEKTpUUYecKuil Tok. [Ipu 3Ttom mpexamno-
JlaraeTcsi, 4To CBOOOJHBIE JEKTPOHBI U ABIPKU MOSBISIOTCS B KpHUCTAILIE
TOJBKO B PE3YyJbTAaTe BO3JACHCTBUS PETUCTPUPYEMBIX YaCTHIl, T.€. KpH-
CTaJLI ABJISIETCS] N30SI TOPOM.

OnbIT MOKa3bIBAET, YTO MO MEPE SKCIUTyaTallUd TAKOTO AaTYMKa aM-
IUTUTYIbl UMITYJIBCOB MOCTENEHHO YMEHBIIAIOTCSA. JTO HETaTUBHOE SIBJIE-
HUe oOBsAcHseTcs 3¢pdexkToM mospuzanuu. [loaTomMy, npu IIUTETBHOM
AKCIUTyaTalluu CIEAYET 4epe3 OMpeCICHHbIE MPOMEKYTKA BPEMEHU TEM
WJIU MHBIM CTIOCOOOM CHUMATh COCTOSTHUE TIOJISIPU3AITUH.

N3 mosynmpoBOJHUKOBBIX MaTEpPUATIOB JJISl PETUCTPALMU U3ITYYEHUS
HCIIOJIb3YIOTCSI B OCHOBHOM KPEMHHUW M TepMaHUM, o0Jalarolme Maiaoiu
LIIMPUHOM 3aIPEIIEHHON 30HBI U CPABHUTEIBHO BBICOKOW ITOJBHUKHOCTBIO
HOCHUTEJIEH.

C omgHO# CTOPOHBI, B OJIYIIPOBOJHUKOBBIX JIETEKTOPAX HE BO3HHUKAET
MOJISIPU3AIMOHHOTO0 3 (dEeKTa, 0JJHAKO, C APYrOol CTOPOHBI, OHU 00IaAaI0T

3aMETHOM 3JIEKTPOINPOBOJHOCTHIO, YTO MPUBOJAUT K HAJTIUUUIO B LIETIH JaT-
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YyKa TOKa JIaK€ MPHU OTCYTCTBUU PETUCTPUPYEMOTO H3ITYUEHUSI, KOTOPHIH
OCIJIOXKHSIET U3MEPEHUS, 0COOEHHO CJIa0bIX CUTHAJIOB.

CtouT 3aMETUTh, YTO ISl PETUCTPAIUU Y-U3JIyYEHUs Jy4Ille MOJIXO-
JUT TepMaHul Kak 0oJiee TSKENbIH, a MOTOMY OKa3bIBAaIOIIUM OOJIbIIIEE OC-
J1a0JICHHUE.

Jlnst peructpanvii M3JIYyYEHHUS] MOXKET TaK)Ke HMCIIOJIb30BaThbCS U p-n
nepexo (MoJIynmpoBOAHUKOBBIM nuoj). Kak mM3BEeCTHO, Ha TrpaHUIE JIBYX
MOJIYIPOBOJAHUKOB Pa3HBIX THIOB 0Opa3zyeTcsl 3aluparouiuii cioil, KoTo-
phIH ellle OoJiee YBEIUYUBACTCS MPU Toga4e 0OpaTHOM MOISIPHOCTH HA JU-
on. Ilpu mpoxoxkAeHUM H3IyYEHUs 4Yepe3 MNOJyHNpoBOIHUK (puc. 4.14)
MPOUCXOAUT MOHU3ALMS, B TOM YKCIIE U B 3alUPAIONIEM CJIO€, YTO MPUBO-

JIUT K BOSHUKHOBEHHUIO B IIEMU UMITYJIbca Toka (puc. 4.15).

puc. 4.14. puc.4.15
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SAJAYU K TJIABAM 3 11 4

1. Onpenenutb GPOTOTOK Yepe3 KPEeMHHUEBBIN (HOTOAMO TSI U3TYyUCHHUS C

minHoi BoHbI 600 HM U MorHOCTRIO 1 BT.

2. o-yactullbl ¢ dHeprueit S MsB umeror B Bo3ayxe BenuuuHy mpobdera 3
mr/cm®. TlnotHocTs Bo3myxa 1.4 kr/m’. Ompenenute IMHEHHOE pac-
CTOSIHME, TTPOXOAMMOE MydkoM. Ecnu sHEprusi moHu3aluuu B BO3yXE
paBHa 30 3B, onpenenute KOJUYECTBO MOHU3UPOBAHHBIX Map 3apsiioB.
Ecnu npeanosnioxkuth, 4TO pacupeacieHue MOHU3UPOBAHHBIX Map paB-

HOMCPHO, TO KaKOBa IINIOTHOCTb I/IOHI/I3aI_II/II/I?

3. Jus B-wsnyuenus Cs137 c¢ sueprueit 0.5 M3B BelnunHa MaKCHMallb-
HOTO mpobera coctaBisieT R, = 0.17 /oM’ Onpenenure JTUHEHHOE
paccTOsIHUE, TPOXOANMOE ITy4KOM B Bosayxe (p = 1.4 r/em’), B cramu (p
= 7.7 t/em’). Ecnu sHeprust MoHH3auu B Bo3ayxe pasHa 30 9B, ompe-
JIETIUTE KOJMYECTBO MOHU3MPOBAHHBIX mNap 3apsaoB. Ecnu mpenmodio-
XKUTbh, UTO paCIpeeieHNe NOHU3UPOBAHHBIX MAap PAaBHOMEPHO, TO Ka-

KOBa IUIOTHOCTH HOHHU3ALUN?

4. Ha paccrostauu 0.1 M OT peHTreHOBCKOUM TpyOku ¢ Hampspkenuem 100
kB u3Mmepennas noza msnydenus coctaBuwia 10 pan. Paccuurtats HEOO-
XOJUMO€ SKPAaHUPOBAHWE HCTOYHUKA, MCIOJB3YS CTallb WIH CBUHEL,
yToOBl Ha pacctossHuKM 1 M 1o03a um3nydenust coctaBwia 0.05 mpan.
[ImoTHOCTE cTamu — 7.86 r/CM3, IUIOTHOCTL cBHHIA — 11.24 r/em’. Ko-
3¢ duLreHT noriouieHus u3iaydeHus ¢ sueprueit 100 k3B g cranu —

0.37 em?/r, nus cBuHIA — 5.73 cMT.
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I'naBa 5. CneKTpOMeTpnqecm{e (BO.]IHOBLIC) METOAbI U3MEPCHUA

CriekTpoMeTprUIeCKHue METO/Ibl OCHOBAHBI Ha M30MpPaTENIbHON CIOCO0-
HOCTH Pa3JIMYHBIX BEIIECTB MOMJIONIATh, U3y4aTh, OTPaXKaTh, PACCEUBATh WIH
MPEJIOMJISITH PA3JIMYHOIO POJIA U3ITYUYEHUs. DTa rPyIiNa METOJ0B BKIIIOYAET B
ceOsf MHOTOUYHMCIIEHHBIE METO/IbI, B KOTOPBIX MCIOJB3YETCS MPOKUH CIIEKTP
JUIMH BOJIH - OT 3BYKOBOI'O JIMAIa30Ha (103 ['1) 10 pEHTreHOBCKUX M TaMMa-

W3ITYy4YEHUN (1018 ['m).
5.1. PaamocnekTpoMeTpuyecKne MeTOAbI

K pagmocnekTpoMeTpuYECKUM METOIAM OTHOCSTCSI METOJIBI JIEPHOTO
MAarHuTHOTO pe3oHaHca (SIMP), 3neKTpOHHOrO mapaMarHUTHOTO PE30HAH-
ca (OIIP), CBY u MUKpOBOJIHOBAs CIEKTPOCKOmNUs. B mocnenHee Bpems
ATH METOAbl TMOJYYWIIM IIMPOKOE PACIPOCTPAHEHHE ISl MCCIIEIOBAHUSA
CBOMCTB SiZIEp, MOJIEKYJI, KPUCTAIIOB U JJISl APYTUX (PU3UKO-XUMHUYECKUX
uccinenoBanui. [Ipucymme 3TumM MeTo1aMm BBICOKME METPOJIOTUUECKHE Xa-
PaKTEPUCTUKN OOYCIOBJIMBAIOT TMEPCIEKTUBHOCTh WX TPUMEHEHUS s

dHaJIn3a BCIICCTBA.

Memoo s0epnoz2o maznumHo2o pe3oHaHca OCHOBAH Ha HMCIOJIb30Ba-
HUU MarHUTHBIX CBOMCTB aTOMHBIX s71€p, OOJIBIIMHCTBO U3 KOTOPBIX 00Jja-
NaeT MarHUTHBIM MOMEHTOM. B3anMoOneiCcTBHE MAarHUTHBIX MOMEHTOB
AIep C BHEIIHUMHA MarHUTHBIMM MOMEHTAMH JIPYTUX 4YacTUL (MOHBI, aTo-
MBI, JIEKTPOJABI U JIp.) IA€T BO3MOXHOCTb ONPEAENATh CTPYKTYPY CIOXK-
HBIX COCIMHECHUH, & TAKKE MPOBOAUTH KAYECTBEHHBIM U KOJIUYECTBEHHbIN
aHaJIM3 pa3IUYHbIX BelecTB. B 3aBucumMocTu ot criocoba moyiy4eHus CHUr-
Hajla u3MepuTeapHol uHdopManuu Metoa SAMP pazaensercs Ha METOIbI
SIMP-nornonienus, METOA, SIAEPHOU MHAYKLIHUH, a TAKKE UMITYJIbCHBIE Me-
TOZBI, IPY KOTOPBIX MH(GOPMAIUs O CTPYKTYpE BEIECTBA MOIY4YaeTCs Kak
OTKJIMK CIIMHOBOM CHCTEMBI Ha MMITYJIbCHOE BO3JECTBIE Ha 00pa3ell BbI-

COKOYAaCTOTHBIM TOJIEM PE30HAHCHOM YaCTOThI («CITUHOBOE HX0»).
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N3mepurenbHbiil mpeoopazoBaTeinb SIMP 0ObIYHO COCTOUT M3 OJHOM
WU JIBYX OOMOTOK M pabodero BEMIeCTBa, COJEPKAIero aTOMHBIE sIpa,
oOnagaronie MarHUTHBIM MOMEHTOM. Pabouee BemecTBo MOXKET Haxo-
IUATHCS BHYTPU UWIMHAPUYECKOW, MPAMOYTOJIbHOM WM TOPOUIAIBHOU
obmoTku (puc. 5.1 @), unu, Ha060pOT, OOMOTKAa MOXET OBITh MOMEIICHA
BHYTpHU pabouero BemiectBa (puc. 5.1 6 u g). B nociaegnemM ciaydae yBeu-
yuBaeTcs Kod(PUIMEHT 3amojHeHus Mpeodpa3oBaTesisi, MPONOPIIMOHATE-
HBII1 00beMy paboYero BENIeCTBa, HAXOASIIErocs B BBICOKOYACTOTHOM I10-
Jie, co3/1aBaeMoOM OOMOTKOM. JIjist 3aIUThl OT BHENTHUX MTOMEX Mpeodpaso-

Batenb AMP 00BIYHO MTOMEIIACTCS B KPaH.

VY

4

| li
\ W\ —

L7

puc. 5.1

B mnpeobOpazoBarensix SIMP Hanbosee 4acTo MCHOJB3YETCS KUIKOE
JIMaMarHUTHOE BEIIECTBO, COACPIKAIIEe aTOMHBIC pa C OTIUYHBIM OT HY-
7S MarHUTHBIM MOMeHTOM. [locneanuii paBeH HYJIIO TOJIBKO Yy aTOMHBIX
A7ep, COCTOSIIIUX M3 YETHOTO YHUCIIa IPOTOHOB M YETHOTO YHUCIAa HEUTpO-
HOB. B MOCTOSSHHOM MarHMTHOM TIOJI€ aTOMHbIE A1pa, 00Janarolue Mar-
HUTHBIM MOMEHTOM, 3aHUMAIOT OIPEICIICHHBIC YHEPIeTHUYECKUE YPOBHH,
YHUCJIO KOTOPBIX paBHO 2i + 1.

DOHeprus B3auMOJCHCTBYS Spa U BHEITHETO MarHUTHOTO IIOJIS C WH-

OyKIKe By onpenenseTcs BhIpaKeHUEM
E =-muB,/I, (5.1)

rJie m - MarHUTHOE KBAaHTOBOE YUCJO; [ - MAarHUTHBIA MOMEHT sjpa; [ -
CIMHOBOE KBAHTOBOE YHMCJIO, KOTOPOE MOXKET MPUHUMATh 3HAYEHUS, TOJIb-
KO KpaTHble 1/2; Hanpumep, sSapo BOJIOpoaa - MpoToH uMmeet cnuH 1/2. Co-
[JIACHO TpaBUJIaM OTOOpa BO3MOXKHBI TIEPEXOJbI MEXKIY YPOBHSIMHU, IS

KOTOpbIX Am = £1. Takue nepexoibl CONPOBOKIAIOTCS MOTIOIICHUEM (13-



-117 -

Jy4EHUEM) KBAHTOB, SJHEPTUSI KOTOPBIX PaBHA PA3HOCTU DHEPTUHU YPOBHEMN
nepexona:
hf =u,B/1. (5.2)

Ortcroga cienyer, 4To0 MarHUTHBIE JUIIOJBHBIE MEPEXOBI UMEIOT pe-
30HAHCHBIM XapakTep M IMPOUCXOASAT NPU YacCTOTE H3IYyYEHHS, KOTOpasd
COBNAJACT C KIIACCUYECKOW YACTOTOM MPELECCHH aTOMHOIO sapa BO
BHEIIIHEM MarHMTHOM ITOJI€:

w=2mu,B/(I-h)=y-B, (5.3)
rJ€ Y- TAPOMAarHUTHOE OTHOILLIEHUE ATOMHBIX SIJIEP.

Asnenune SIMP MOXHO SKCHIEPUMEHTAIHLHO OOHAPYKUTh O JTOMOTHU-
TEJIbHBIM TOTEPSIM SHEPTUU B KATYIIKE MHIYKTUBHOCTH KOJIEOATEIHbHOTO
KOHTYpa, CO3JAOIIETO BBICOKOYACTOTHOE MOJIe (METOA SIAEPHOTO PE30-
HaHCHOIO noryouenus), wii no 3/1C, HaBoaUMON B NPUEMHOM KaTyIIKe
MPELECCUPYIOUTMMHU sIpaMu (METOJ AJIepHOU MHIAYKLIMK). V3mMepss yacTo-
Ty BBICOKOYACTOTHBIX KOJieOaHMM, MpHU KOTOphIX uMeeT mecto SIMP, u
3Has 3HAYCHME ) U3BECTHOE IJI MHOI'MX THUIIOB SZIEP C IMOTPEIIHOCTHIO
(3...20) 107, MOXHO C BBICOKOH TOYHOCTBIO ONPENETHTh MHIYKIHIO MO-
CTOSIHHOTO MarHUTHOTO MOJIs WIH Apyrue Gpuanyeckue BeJIHYUHbI, IPE00-
pazyeMbple B MarHUTHYIO MHAYKIHIO. Takum 0Opa3omM, cucTeMa aTOMHBIX
anep, 00JIalalouX MarHUTHBIMM MOMEHTaMHM, TPEJICTaBISIET COOOM Hie-
TBHBIM YaCTOTHBIM TMpeoOpa3oBaTeNb, MOCKOJIBKY H3MEHEHUE YaCTOTHI
IIPELUECCUH SAEP TOYHO U MPAKTUYECKM MTHOBEHHO CIEAYET 32 U3MEHEHHU-
€M MarHuTHOW MHIyKIMHU. Pe3oHaHCHas 4acToTa MpH CBOOOIHOM Mperec-
cuu (SAEepHOM, ATOMHOM) YCTAHABJIMBACTCSA 3a JOJIM IEPHUOJA YacCTOTHI
npeueccu W=y-B.

B o1HOpOAHOM MarHMUTHOM IOJIE SiApa NPELUECCUPYIOT C OAUMHAKOBOMN
4acTOTOW, HO C TPOU3BOJIBHBIMU (pazamu. BeneacTBue 3Toro BEKTOp siaep-
HOM HAMarHWYEHHOCTH J, IPEICTABISIOMUNA cOO0M CyMMapHbIN S1€pHBII
MAarHUTHBI MOMEHT €JUHUIIBI 00beMa BEIMIECTBA, UMEET TOJIHKO MPOI0Ib-
HYI0 KOMIIOHEHTY J,, COBIAJAIOLIYIO 10 HANPABICHUIO C BEKTOPOM Mar-

HUTHOU HHAYKIOUH IMTOCTOAHHOTO MAarHUTHOI'O I10JIA Bo.
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JIi1st mosTydeHus BBIXOJTHOTO CHUTHAJIa, HECYIIero nH(opmaiumo o yac-

TOTE Tpereccuu @ = Y- B, Heo0Xoanumo cha3upoBaTh MPEHECCHIO SIEp C

TeM, 4TOOBI BO3HUKJIA MOTEpPEeYHasi KOMIIOHEHTA SCPHONM HaMarHWMYEeHHO-
CTH, TPELECCUI0 KOTOPOM MOKHO MpeoOpa3oBaTh B AJIEKTPUUYECKUN CHUT-
Haj. 9TOT0 MOXKHO JOCTHYb BO3JECHCTBUEM Ha 0Opa3zel JOMOJHUTEIbHBIM
MOJISIPU3YIOIIMM MarHUTHBIM MOJIEM WJIM BBICOKOYACTOTHBIM IOJIEM PE30-
HAHCHOW 4aCTOThI, HAMPABJICHHBIMU NEPIEHIUKYIISIPHO K BEKTOPY B.

B 3aBucumMoctu oT croco0a CUMHXPOHU3AIMHU MPELECCUH sIep U3Me-
putenbHble ycTporcTBa JAMP pasmesnsrorcss Ha TpU TPyIIbL: YCTPOMCTBA
CBOOOJIHOM SIIEPHOM TPEIecchy, padoTarolue B peKUME CBOOOIHBIX KO-
nebaHuii; CIMHOBBIE T€HEPATOPbI, B KOTOPBIX OCYIIECTBISETCS PEKUM Ca-
MOBO30YXAeHUs, U ycTpoiicTBa IMP c BeIHYyX/I€HHON mpeueccuent saep-
HOW HAMAarHWYEHHOCTH.

JIJist cuctemsl sifep, ¢ado B3auMOJICHCTBYIONIMX MEXIy COOOM U pe-
HIETKON (Hampumep, B KUJKUX BEHIECTBaX), U3BMEHEHHE COCTaBJISIOIINX

HI[CpHOﬁ HaMAaroHudcHHOCTHU XOpOIHO OIIUCHIBACTCA ypaBHeHI/IHMI/I Bnoxa:
di jdt=y(J B, —J B, ) ~J./T;
dj,[dt=y(J.B,~JB.)-J, [T, (5.4)
di.jdt=y(J B, —J B )-(J,—J,)/T;

rne J, = yH, - cratuueckas siaepHas HAMarHU4eHHOCTb; /) - BpeMs Ipo-

JOJILHOW WJIM CIIUH-PEIIETOYHOM penakcauuu; 1, - BpeMs NONepeUyHON Uin

CIIMH-CIIMHOBOU pelaKCalyu.
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Maxkpockonuuecku 7'} ONpeaensieTcss Kak MOCTOSIHHAsI BPEMEHH yCTa-
HOBJIEHUS TMPOJOJIBHOW (B HAIPABJICHUM BHEIIHETO ITOJS) KOMIIOHEHTBI
ANEPHOW HAMarHW4eHHOCTH (J;), a 7, — NOCTOsIHHAsk BPEMEHM 3aTyXaHUs
IONIEPEYHBIX KOMIIOHEHT (J, 1 J,).

N3mepsiss 4acTOTy BBICOKOYACTOTHOTO MOJIS, IPU KOTOPOM UMEET Me-
cro curHai AMP npu U3BECTHOM 3HAYEHUU MAarHUTHOU MHIAYKIIAU, MOKHO
MIPOBOJAUTh KAa4YE€CTBEHHBIM AHAJIW3 MHOTOKOMIIOHEHTHBIX BEIIECTB, IO-
CKOJIbKY THUPOMAarHWTHBIE OTHOILICHUS SJAECP Pa3JIM4YHBIX SJIEMEHTOB
(7 =@/ B) OTIMYAIOTCS IOCTATOYHO CHIIBHO M M3BECTHBI C BBICOKOM TOY-
HOCTBIO. AIMP-cieKTp MOXKHO TakKe MOJIYy4YUTh, U3MEHSSI MArHUTHYIO WH-
OYKIUIO MPU MOCTOSIHHOM 3HAaY€HUM 4acTOThI reHeparopa. KonnuecrBen-
HBIM aHAJIN3 IPOU3BOJMTCS IO UHTEHCUBHOCTH curHaia SIMP, nockonbky

aMIUIMTY/Ia CUTHAJIa 3aBUCUT OT YKCIIa SJep B UCCIIeyeMOM oOpasIie.

JI P04

—
Yacmoma

puc. 5.3

Oco6enno a3¢dextuBen metoa AMP nys uccienoBaHusi COeIMHEHUM
CJI0KHOU CTPYKTYphl. BeaeacTBue Tak Ha3pIBAEMOTI0 XMMHUYECKOTO CABUTA
MEX1y PE30HAHCHBIMU YaCTOTAMMU SIJIEP OJHOTO U TOTO K€ AJIEMEHTa, BXO-
JAIIAX B XUMAYECKU HEAKBUBAJIEHTHBIE COCIMHEHUSI, IPOUCXOIUT paciiie-
rmeHue curHaiga SAMP u oH npuoOpeTaeT MyJbTHIUIETHYIO CTPYKTYpy. B
KadecTBe mpuMepa Ha puc. 5.3 nokazan curHan sjaep pocdopa-31 B cmecu
¢docdaros. M3Mepsass THTEHCUBHOCTh OTNIENbHBIX COCTABJISIONIMX CUTHANIA
SMP ot simep KOMIOHEHTOB CIIOAKHOW CMECH, MOKHO OIPEJICIIUTh KOHLICH-
TpalMIO KOMIIOHEHTOB, COJAEPXKAIIUX Spa OJHOrO BUAA. Tak Kak OOBIYHO
OTHOCHUTEJIbHBIM CIIBUT MO YaCTOTE MEXKIY OTAEIbHBIMU JIMHUSIMU TaKOTO
PE30HAHCHOTO CHrHaTa uMeeT nopsigok 107 - 107, To B 9THX cilydasx He-

00X0IMMO HCMOJIb30BaTh amnmnaparypy SIMP c¢ Bbicoko#l pa3zpemiaromieit
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COCOOHOCTBIO (107 - 108), YTO B OCHOBHOM OIPEAEIISETCS OJHOPOIHO-
CTHIO TOCTOSIHHOTO MAarHUTHOTO TOJISI.

PaccMOTpeHHBIM METOJIOM MOYHO OMNPEAENSITh COCTaB psijila Heopra-
HUYECKHX U OPraHMYECKUX BEIIECTB, cOAepKallux Boaopoa, ¢rop, doc-
dbop u apyrue 3IeMEeHTHI, ¢ morpenHocTbio £1%. CoBpeMeHHbIE CIIEKTPO-
MeTpbl AMP 1Mo3BOJISIOT MPOMU3BOAUTH AHATUTUYECKUE U CTPYKTYPHBIE UC-
CJICIOBAHMS JKHUJKUX, TA3000pa3HBIX U TBEPJBIX BEIIECTB U Apyrue Gusu-
KO-XMMHUUYECKHUE UCCIIeOBaHMs B nuamna3zone remmneparyp 4 - 800 K ¢ pas-
perraomeil crroco6HOCTBIO 10 5% 10° rpaxarmii.

Hzmepenue enaxcrnocmu memooom AMP OCHOBaHO Ha 3aBUCHUMOCTH
CUTHAJIa TPOTOHHOTO PE30HAHCa OT YHMCia sA/Iep BOJOpojJa B oOpasiie Be-
1IECTBAa U HA OTJIMYMM BPEMEHH PENaKCallMu MPOTOHOB, BXOJAIIUX B CO-
CTaB CBOOOJHOM BOJbI, OT BPEMEHH pEJIaKCallui MPOTOHOB, BXOJAIIUX B
coctaB uccieayemoro BemiecTBa. [Ipumenenue merona SIMP ocoGenHo
3 PEeKTUBHO IJIsI MU3MEPEHUS BJIAKHOCTH BEIIECTB C OOJBIION 3JIEKTPO-
MPOBOJUMOCTBIO, TAKMX, KaK IMHUILIEBbIE MPOIYKTHI, TOYBA U JIp., TaK Kak
IpYTMe METOJbl, OCHOBAHHBIE HA U3MEPEHUH DIIEKTPONPOBOJIUMOCTH, E€M-
KOCTU U JIUAJIEKTPUUYECKUX MOTEPH, HE 00ECIEUMBAIOT HEOOXOAUMOMN TOY-
HOCTU M3MEPEHUS BIAXXKHOCTU TakuXx BemiecTB. Meton IMP oGecneunBaer
M3MEpEHHEe BIaXXHOCTU B nuanaszone S - 80% c norpemnoctsio 0,2 - 0,5%.
[Ipu 5TOM M3MepeHus MPOBOSTCS 0€3 pa3pylICHHs U 3arpsI3HCHHS UCCIie-
JyEMOr0 BenlecTBa. Bo3M0KHO Takke U3MEPEHUE BIAXKHOCTHU B NIOTOKE U
HACnoJb30BaHue curHana SAMP st aBTOMatuyeckoro peryiaupoBaHMs
BiIaxxHoctu. Hemoctatkom Mmetona SIMP saBasieTcs mosiBiieHHE HOIIOJIHU-
TEJIbHBIX MOTPEIIHOCTEN MPU U3MEPEHUH BJIAXKHOCTU MAaTEPUAIIOB C TPYA-
HOKOHTPOJIMPYEMBIM COJIEPHKAHUEM KUPOB WIH APYTHX BOAOPOIOCOAEP-
JKaIIUX BEIIECTB B *KUIAKOH (hase.

PaznoBumHOCTRIO MeTOna SAAIMP B €ro aHanuTHYeCKOM NPUMEHEHUH
SBJISICTCSI METOJI SIIEPHOTO MAarHUTHOTO KapoTaXka, UCMOJIb3yEMBbIN ISl T10-
nydeHust nHGopManuu 0 HePTEHOCHOCTH CKBAXUH MMyTeM 00pabOTKU CHT-
HaJI0B CBOOOJHOM JIepHOM MpELecCud B MAarHUTHOM T10Jie 3eMJIH OT sJiep

BOJIOPO/1a, BXOJISIIIIMX B COCTaB IJIACTOBOM KUJIKOCTH. B CKBa)XXMHY OITyC-
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KaeTcsl KaTyllka B BHUJIE MPSMOYTOJILHOM paMKH Tak, 4TOObI €€ JJIMHHAsS
CTOpOHa ObIJIa PaCcIoOJIOKEHA BIOJIb OCH CKBaXWHBI. [lepBoHaYanbHO Ka-
TyLIKa MOJIKJIIOYAETCs] K UCTOYHUKY MOCTOSIHHOTO TOKa, U B MOPOJE, OK-
pyXarolieil CKBaXuHy, KpaTKOBpeMeHHO (B TedueHue 5 - 10 ¢) co3maercs
CUJIBHOE TOJIAPU3YIOIIEE MAarHUTHOE I0JI€, HAIPABIEHHOE MOYTH IEPIICH-
OUKYJSIPHO MAarHUTHOMY MoJt0 3emun. [lox aeicTBUEM MONSPU3YIOLIETO
MOJIsl A/ipa BOJAOPOJAA, BXOSIIEr0 B COCTaB IIACTOBOM XKUJKOCTH, OPUEH-
TUPYIOTCSL BIOJb 3TOTO IOJsA, B PE3YJbTaTE YErO CO3MAETCA CYMMAapHBII
MOMEHT HaMarHM4eHHOCTHU siiep Jo, HANpPaBICHHBIA MOYTH NEPHEHIUKY-
JpHO MarHuTHOMY noiito 3emun. [locie 3Toro kartyiika ObICTPO OTKIIIO-
4aeTcs OT UCTOYHUKA MOCTOSHHOTO TOKA M MOJIKII0YAeTCsl KO BXOJy pe3o-
HaHCHOro ycuiutens. [Ipu 3ToM B KaTynike MHIYUUPYETCS SKCIOHEHIIH-
anpHO 3aryxaromas OJIC ¢ 4acToToi fp, ONpenenseMon 3Ha4€HUEM HH-
OYKIHMHU B3 MarHUTHOTO NOJIsSI 3EMJIM B MeCTe KapoTaxa. HaBeneHnHas B ka-
tymke DJIC, ycuneHHas yCcUIuTeNeM, MOJAETCsl Ha HaxoAsuieecs: Ha Io-
BEPXHOCTH WM3MEPUTEIBHOE YCTPOMCTBO, MPHU MOMOILIHA KOTOPOTrO H3MEpsi-
IOTCSL HayaibHas amMIuTyaa naaynupoBanHon D/IC u BpeMs penakcauuu
7. ITo »TuM mapamMeTpaM MOXHO OIPEAEIUTh XapaKTep IUIACTOBOM KUI-
KOCTU U BBISIBUTHh HallMuue HE(PTH, a TaKKe ONPENETUTh MPOAYKTUBHOCTh
HE()TEHOCHBIX TIACTOB.

Memoo snexkmponunozo napamacrumnozo peszoranca (JIIP) sBusercs
OJIHUM U3 HauOoJsiee YyBCTBUTEIbHBIX METOJOB JIJIsl aHAJIM3a MaJIbIX KOJIU-
YeCTB mapaMarHuTHeIX BemiecTB. Meron JIIP mupoko npumeHsieTcs ais
OoOHapy>X€HUsI U U3MEPEHUS] KOHUEHTPALMU MOHOB MEPEXOJIHBIX 3JIEMEH-
TOB, IPUMECEH B TOJIYITPOBOIHUKAX, CBOOOIHBIX PAJTUKATIOB, 00IYICHHBIX
KPUCTAJVIOB M IPYTHUX AJIEMEHTOB M COCMHEHUM, CONECPKAIINX HECTIApEH-
HBIE DJIEKTPOHBL.

Meton JIIP Becbma cxozaeH ¢ MeTtoaoM SIMP, HO TOCKOIBKY MarHuT-
HBI MOMEHT 3JekTpoHa npumepHo B 1000 pa3 Oosnbllie MarHUTHBIX MO-
MEHTOB SIJIEp, a CIUH 3JICKTPOHA paBeH 1/2, TO 3JIEKTPOHHBIM PE30HAHC
0OBIYHO HAOMIOAAETCS B AMANA30HE CAHTUMETPOBBIX M MUJUTUMETPOBBIX

JUIMH BOJIH. Tak kak OHCPIHus, norjiomaeMas 3JCKTPpOHaMH, Ha HCCKOJBKO
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MOPSIIKOB OOJIbIIIE AHEPTUH, ToTonaeMon sapamu npu SAMP, to qis no-
aydeHust curHanoB OIIP mocTaTodyHO BechbMa Majlo€ KOJWYECTBO HCCIIE-
JlyeMOro BelecTsa - opsiaka 1077 r.

Amnanuzatopsl JOIIP, npenHa3HadyeHHble A1 aHANIM3a CBOOOJHBIX pa-
JUKAJIOB, TapaMarHUTHBIX MOHOB U PAUAllMOHHBIX 1€(EKTOB B TBEPABIX U
KUJKUX Cpelax, NMPU KOMHATHOW TEMIIEpAType U TEMIEpaType KUAKOTrO
reJIusl UIMEIOT Hopor uyBcTBHTEnbHOCTH 107" MomB/n. Jlis HempepsIBHOTO
ABTOMATUYECKOTO M3MEPEHUS KOHLIEHTPALIMY [TApaMarHMTHOTO BENIECTBA B
KHUJIKUX cpeflaX pa3padoTaHbl aHAIU3ATOPhI C TOPOTOM UYBCTBUTEIBHOCTH
5%10™"° mosb/1. X OCHOBHAsI IPUBEACHHAS TTOTPELTHOCTD + (2—3) %.

Csepxevicokouacmomuas (CBY) cnekmpockonus IMAPOKO MPUMEHS-
eTcsl JJIsI U3MEPEHUs BIIAXKHOCTH B PA3JIMYHBIX BellecTBax. M3mepeHue
BJIQKHOCTH OCYILECTBIISIETCSI TIO OCJIA0JIEHUIO YPOBHS WJIH CABUTY (a3bl
CBU-konebanuii mpu UX TPOXOXKIECHUM 4YEPE3 HCCIEIyeMOE BEIIEeCTBO.
JlocTomHCTBaMM METOAA SBJIAKOTCS HEOTPAHUYEHHBIM BEPXHUM IIPEIEI U3-
Mepenuid (1o 100%), BbICOKasi YyBCTBUTEIBHOCTh B IIMPOKOM JHANa30HE
M3MEPEHHUI BIAXXHOCTH, OTHOCUTEIBHO MAJIO€ BIIMSIHUE HEPABHOMEPHOIO
pacnpesielieHHs] BJIard M 3JEKTPOJIMTOB, OECKOHTAKTHBIM crioco0 u3Mepe-
HUA, a TakKe€ BO3MOXHOCTb MOJIy4eHHUs MHPOpMAIMU 00 MHTErpajbHON
BJIQXKHOCTU 00BEKTOB 00bIIOro o0bema. Ha pesynbrat usmepeHus: Cuiib-
HO BJIMSIIOT TOJIIIMHA W IUIOTHOCTh HMCCIENYEMOIO0 Marepuasa, a TaKxKe
TEeMIIepaTypa, BIUSHUE KOTOPOH OCOOCHHO BEJIMKO MPU HUCIOJIb30BAaHUU B
KadyecTBe HMH(POPMATUBHOIO TMapamerpa u3MeHeHus amiuntyasl CBY-
KoJieOaHu M.

Memoo mukpoeonnogol cnekmpockonuu HauOoliee MPUTOACH s
aHaJu3a ra3oB U OCHOBAH Ha B3aWMOJICVCTBHUM DIIEKTPUUECKOTO TUTOIBHO-
ro MOMEHTa MOJIEKYJ C BJEKTPUYECKHM IIOJIEM, CO3JAaBAEMBIM I'€HEPATO-
pom CBY, B pe3ynbraTe 4ero npoOUCXOAUT MOTIOMEHUE SHEPTUN OT T'eHe-
patopa, 4TOo OOHapykuBaeTcs nerekTopoM. lloriomienne umeer peso-
HaHCHBIM XapakTep, 03TOMY IO PE30HAHCHOM YacTOTE MOYKHO NMPOBOAUTH
KaueCTBEHHBIN aHaJIN3, a [0 aMIUIUTYI€ CUTHAJA MOTJIOIEHUS - KOJIMYECT-

BeHHBIN aHanu3. HamOoiee MNECPCICKTUBHBIM AWAIIa30HOM JJIMH BOJIH SB-
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agercs 1 - 3 MM, B KOTOPOM HaOIOIa€TCs PE30HAHCHOE IOTJIONICHHE

OHCPTIHUHA OOJIBIIIMHCTBOM BCIIICCTB.
5.2. DJiekTpoonTHYECKHE METO/IbI

DIEKTPOONTUIECKUE METO/IbI OCHOBAHBI HA M30MPATEIHLHOM IOTJIOIIE-
HUU, U3TYYEHUN WM PACCESHUH KOMIIOHEHTAaMU aHAJIM3UPYEMOTO BEIIECT-
Ba CBETOBOI'0 M3JIyYE€HUS B BUIUMOM, HHPPAKPACHOM U yIbTPadrOIETOBOM
Juana3oHax JJIMH BOJH. Y CHENITHOMY Pa3BUTHIO SJEKTPOONTHYECKUX METO-
JIOB CIIOCOOCTBYET MPUMEHEHHE JIa3€PHBIX UCTOUHUKOB U3ITyUYCHHUS.

Memoo ungpaxpacuou cnexkmpockonuu (UK)- B stom Metone uc-
MOJIb3YETCsl N30MpaTEeIbHOE MOTJIONIEHUE PA3IMYHBIMU BEUIECTBAMU U3ITY-
YyeHusi B MH(pakpacHO obnactu crekrtpa. s aHanmuza ra3oB IMIMPOKOE
pacmpocTpaHeHne Mmoyrydmia pasHoBHAHOCTh MK-crnekTpockonuu - onrtu-
KO-aKyCTUYECKHI METOJI, OCHOBAaHHBIM Ha M30MPATEIHHOM MOTJIOMICHUN
Pa3IMYHBIMU Ta3aMU MOJYJIMPOBAHHOTO HU3KOM 4aCTOTOM MH(PPAKPACHOTO
M3JIy4eHUsl U NPpeoOpa30oBaHUU BO3HUKAIOIIUX aKyCTHUECKUX KOJIeOaHUN B
AIEKTPUUYECKUE CUTHAJIBI. BbICOKas 4yBCTBUTENBHOCTh U M30UPATETBLHOCTh
MeTozia 00YCTIOBJICHBI TEM, YTO MPUEMHHUK H3TyUEHUsI, TIPOIIEIIETO Yepe3
aHAIM3UPYEMYIO Ta30BYIO0 CMECh, 3alOJHEH UMEHHO TE€M ra3oM, KOHIEH-
Tpalus KOTOPOTO H3MEpPSeTcs. DTOT METOJ IIMPOKO MNPUMEHSIETCS s
aHaju3a OOJIBIIMHCTBA JIBYXaTOMHBIX T'a30B U MapoB, KOTOPbIE UMEIOT Xa-
paKkTepHbIC MMOJIOCHI MMOTJIOIIEHUS B HHppaKpacHO# obactu crekrpa (A =
0,74 MxMm... 2 mm). s ananuza O,, N,, Cl, 1 mapoB pTyTH UCHOJIB3YETCS
n30MparTeabHOE MOMIOUIEHUE 3TUMH BEIllECTBAMU paJIualiui B yabTpaduo-
JIETOBOM 00JIaCTH CIIEKTpaA.

JlazepHoe W3IIydeHUE MO CPaBHEHHUIO C APYTUMHU MO3BOJISIET HA HE-
CKOJIKO MOPSIKOB TOBBICUTh YYBCTBUTEIBHOCTH OINTHUKO-aKyCTHUECKUX
aHAJIM3aTOPOB, YTO JIa€T BO3MOKHOCTh MPUMEHATh UX JJI HCCIIECIOBAHUS
HIMPOKOTr0 Kjacca BEHIECTB ¢ KOADPHUIIMEHTAaMU TMOTJIOMICHUS 10"°-10°
cM’', HAXOISIIMMHUCS B PA3IMYHBIX arperaTHBIX COCTOSHHSX B AHAA30HE

temmneparyp 2 - 1000 K.
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7 HK-onTuko-akycTuyeckasi CIEeKTPOCKOMUS

z ‘ | MOXeT OBITh TaKKe YCIEITHO UCTIOIb30BaHa IS
i OTIPEJICIICHUS KOHIIEHTPAIIMU TBEPIBIX M KHUJI-

s\ @ KHX BEIIIECTB HA OCHOBE M3MEPEHUsI OOBEMHOTO
: L (lel Kod(uilmeHTa TMOIJIOMICHUsI HEeMPO3payHbIX

y ] | Marepuanos. Ha puc. 5.4 mokasana cxema mpu-

E Oopa 11 u3MepeHHsi KOHIEHTPAUH CyIb(aToB,

sy KOTOPBIE UIPAIOT 3HAUUTEIBHYIO POJIb B 3arpsi3-
puc. 5.

HEHHUU BOJHOMW U BO3AYLIHOW CPEJIBI.

[Ipubop cocToUT U3 MEpeHacTpauBaeMoro B auamnazone 9 - 11,5 Mxm
nazepa 1 Ha uzoromax 12C02 U 13C02 moiHocThio 10 - 500 MBT, ananusa-
TOpa CIeKTpa 2, mpepbiBaTens 3, paboyeit kamepsl 4 ¢ MUKpO(OHOM 5, Ka-
Mepbl CpaBHEHHUs 6 CO CTaHIAPTHBIM 00pa3lioM 7 U MUKPOGOHOM 8, ABYX
(ha30uyBCTBUTENBHBIX AETEKTOPOB 9, m3mepurens otHomeHus 10 ¢ guc-
meeM 11. AHanu3upyeMblid TBEPbIN WK KUJIKUNA oOpasel] IoMeIaeTcs B
aKyCTHUECKHU M30JIMPOBAHHYIO KaMepy 4, 3al0JHEHHYIO T'a30M, U OCBEIla-
eTcs mpepbiBaeMbIM ¢ gactoroit 10 - 10* 'y u3nyuenuem nasepa. Bo3Hu-
KAl ONTUKO-aKyCTUYECKUM CUTHAJ, JETEKTUPYEMBIM C ITOMOUIBIO
MUKpPO(OHA, MPONOPIUMOHATEH aMIUIUTYAE KoJeOaHui TemmepaTypbl Ha
MOBEPXHOCTU oOpa3ua ®, KoTopasi, B CBOIO Ouepeib, MPOMOpPIUOHAIbHA

KO3 GHUIMEHTY IMTOTTIOMICHHS HCCIIETYEMOro BemmecTBa o (A):

J

rae J - MHTEHCUBHOCTD M3JTyYCHHS Ha JUTMHE BOJHBI A; f - 4acTOTa Mpephi-
BAHMS H3IIYYEHUS; O - IIOTHOCTh U C - yzellbHas TEIUIOEMKOCTh HCCIIe-

JIyE€MOT'O BEIIECTBA.
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[Tpunoxenue 1

Cxema ougppepenyupyroweco mocma ¢ ceneKmusHbvIM YCUIeHUeM CUSHANA

[IpuBenem omucanue Haubojiee oOuiel cxembl UG EPEHITUATEHOTO

MOCTA C CEJICKTUBHBIM YCUJICHUEM CUTHaJA (CM. PUCYHOK).

JaTumk YCILIHMTEJE  FMHOKHTEE
——e
X T,
——e
HIT3KOYACT 0 THEIT
HIIBT
r-—"-"1 [l] P
. |
| |
LA
A 0
L__-—- -2
tdazoepamarens

jm' |TeHepaTop

PaccmoTpuM nocinenoBaresibHO paboTy 3TOM CXEMBI:

1. ITycTh Ha BXOJ YMHOKUTENS MOCTYMAIOT JiBAa CUIHAJA: C JATUYUKA -
U,=U,cos(®,t) u c reneparopa - U, =U, cos(®,t+¢). Ha
BBIXOJIE YMHOKUTENS C y4ETOM (PaKTOpa YCHIMTENS — Kk MoTydaeM
curvan U, =0.5-k-U,-U,, -[cos ((0)+cos(2'a)0t+¢)]. Ecnu
Ternephb MOCIe YMHOXKMTENS MOCTABUTh HU3KOYACTOTHBIN (QUIBTp ¢
4acTOTOM oTceyku f, <2-f,, TO B UTOre MOIYy4aeM IOCTOSHHOE
nanpsokenne U, =0.5-k-U U, -cos (@), 3aBucsiee ot casura

dha3 Mex1y CUTHaJIaMH.

2. YcranoBuM npu nomorniu (azospamarens ¢ =0. [Iycts BMecTe ¢
CUTH&JIOM  JaT4MKa Ha CHUCTeMY  BO3JIEWCTBYEeT ToMexa

U,=U, cos(w,t). Takum 0Opa3oM, Ha BBIXOAEC YMHOXHTEJS I10-

JydaeM CJIeAYIOUUA CUTHAI:
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U, =(U1+Un)-U2 =

=0.5-k-Uyy Uy [ 1+cos(2-@,t+9) |+

+0.5-k-U,,-U,,- cos((a)n—a)o)-t)+cos((a)n+a)0)-t)].
Eciu  wacToTa  OTCEYKM  HHM3KOYacTOTHOrO  (uibTpa

f.<f,—f,<2-f,, To momexa OyIeT MOJHOCTBIO IOJABJICHA U

curHain Ha Beixoge Oyzer: U =0.5-k-U\,-U,,.

. IlycTp u3MepsieMblid TapaMeTp HE MOCTOSHEH, & U3MEHSECTCA C He-
KOTOPOM dYacTOTOW f), TOTIa CHUTHAJI C JaTduka OyJeT paBeH
U, =U,cos(@,t) cos(w,t), anocie yMHOKHUTEIIS:
u,=U,U,U,=

=0.5-k-U,, Uy -cos(@,1)+

+0.25-k-U,,-U,, -[cos((2a)0—a)a)-t)+cos((2a)0+ a)a)-t)}.
Takum o0pa3oM, M3MEHEHHE MapaMeTrpa MOXXKHO 3a(pUKCHPOBATh
TOJIBKO IIPH YCJIOBMH, 4TO f, < f..
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[Tpunoxenue 2
Yivmpa3zeykosvie memoowl usmepenus napamempos

OBUIICEHUSL AHCUOKOCU

OTU METOAbl OCHOBAHBI HA MW3MEHEHHHM CKOPOCTH YJIbTPa3BYKOBBIX
KoJIeOaHUH B IMOJIBXKHOM cpejie, KOTOpasi paBHAa T€OMETPUYECKON CyMMe
CKOpPOCTH CpEJIbl U CKOPOCTH 3BYKA B JJAaHHOM HEMOJBMXKHOU cpenie, KOTo-
past u3BecTHa. Eciin ynbTpa3ByKOBbIE KOJ€OaHUsI pACIPOCTPAHSIIOTCS B HE-
MOJIBUKHOM Cpelle CO CKOPOCTBIO ¢, TO B TOU K€ CPEAE, IBUKYLIECUCS CO
CKOPOCTBIO Vv, OHM OyIyT paclpOCTPaHITHCS B HAMPABJICHUH JBUKCHUS
IIOTOKA CO CKOPOCTBIO C+V-COS&, & MPOTUB IOTOKA — CO CKOPOCTBIO
C—V-COS, TAE a - yroJ MEXIYy HanpaBJICHUSMH MTOTOKA U YIbTPa3BYKO-
BOT'0 M3JIy4eHHs. Bpems nmpoxoxkaeHUs yJIbTPa3ByKOBOIO UMITYJIbCA OT U3-
JydaTens A0 MPUEMHHKA, PACIIOIOKEHHBIX JPYT OT Ipyra Ha pACCTOSHUU

L, HazpiBaecMOM 0a30ii, B HaNpaBJICHUHU ITIOTOKA PaBHO

L L V
tf=——————=—|l-—cos |,
c+v-cosax c C

a ITPOTHUB IIOTOKA

L L V
t, =——————=—| l+—cos |.
c—Vv-cosax ¢ c

CyniecTByeT HECKOJBKO Pa3HOBUIHOCTEW YJIBTPA3BYKOBOIO METOJIA
M3MEPEHHS PacXoa: BPEMAUMITYJIbCHBIM, YaCTOTHO-UMIYJIbCHBIN, TOIJIE-
POBCKUH, (a30BbIil U METOJ Ha OCHOBE U3MEPEHUSI MHTEHCUBHOCTU CHOCA
VIbTPA3BYKOBBIX KOJEOAHUN JIBMXKYLIUMCS TOTOKOM. YJIbTPa3BYKOBbIE
METOAbl B OCHOBHOM MPUMEHSAIOTCSA ISl U3MEPEHUN PACXOJ0B KUIAKUX
cpen. it yMeHbIIEHUS HECTAOMIBHOCTH CKOPOCTH 3BYKAa OT M3MEHEHUS
TEeMIIepaTyphl, TNIOTHOCTH, JaBIEHUS U APYruX (aKTOPOB UCHOJIB3YIOTCS
JIBYXKaHAJIbHBIE PAaCXOJIOMEPBI, BKJIIOYEHHBbIE MO AupPepeHnnanbHoMl

CXEMC.
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BpeMaummyibCHbI METOJI OCHOBAH Ha U3MEPEHUM Pa3HOCTH BpeMe-

HH TPOXOKIACHUA YIIbTPA3BYKOBBIX HMMITYJIBCOB 110 ABUKCHUIO IIOTOKA H

IIPOTUB HETO
At=t,—t,=2L-v,, -cos alc®=8mQ-ctgal/(xDc?),

rae m — KO3()PUIMEHT, YUUTHIBAIOIINN OTINYUE CPEITHEH CKOPOCTH TIO-
TOKa V., OT OCPEIHEHHOM IO JJIMHE JIy4a CKOPOCTH IIOTOKa v; D — nua-
METp TPyOOIpOBO/Ia.

YacTOTHO-UMIYJIbCHBIM MeTON. Kaxkaplii M3mydaTenb MNOChUIAET UM-

MyJbC YIbTPA3BYKOBBIX KOJEOAHUI B MOMEHT IIPUXO0/a MPEIbITYIIEr0 UM-
MyJibca Ha COOTBETCTBYIOLIMNA MpUEMHHUK. PazHOCTh YacToT AByX pabo-
TalOIIUX TaKUM O00pa3oM aBTOT€HEPATOPOB MPOMOPIUOHAIbHA H3MeEpsie-

MOMY pacxony:
Af =f,—f,=2-v,, -cosa/ L=8mQ-ciga/(xD’).

[IpeuMyIIecCTBOM YaCTOTHO-UMITYJIbCHBIX PAaCXOJIOMEPOB SIBISIETCS
HE3aBUCHMOCTh PE3YJIbTaTOB M3MEPEHHUN OT CKOPOCTH PacHpOCTpaHEHUs
yIBTpa3ByKa, €clii 00a KaHajla UMEIOT OJJMHAKOBBIE 0a3bl: Li=L,=L.

B (}a3oBbIX pacxojioMmepax HCMOIb3YETCS HENPEPHIBHOE U3ITYUYEHUE MOMIY-

JUPOBAHHBIX YJIbTPA3BYKOBBIX KOJEOAHUMN, HANPaBICHHBIX IO JIBH)KEHHUIO
MOTOKA U MPOTUB HETO, U U3MEPSETCA Pa3HOCTh (a3 MPUHATHIX MPUEMHU-

KOM KOJIeOaHUM.

Ha pucyHke nokasaHa cTpyKkTypHas cxeMa (a3oBOro yiabTpa3ByKOBO-

ro pacxojoMepa. YIIbTpa3ByKOBBIE KOJIEOAHNUs, CO3/1aBaeMbIe TEHEPATOPOM
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1, MOIYIUPYIOTCA C MOMOILIBIO MOJYJISITOpa 2 U TeHepaTropa MOIYJISIIUU
11. MoaynupoBaHHbIE KOJEOaHNUS TOCTYIAIOT HA BO3OyAUTENH 3 JIBYXKa-
HaJLHOTO JIaTYMKA, YCTAHOBICHHOTO Ha TpyOomnpoBojie 4. CUTHAIBI C TIPU-
€MHUKOB YJIbTPa3BYKOBBIX KoJjieOaHui 10 uepe3 ycunurenu 5 u 9, nemo-
nyJsiTopsl 6 U 8 ogaroTcs Ha (azomMeTp 7, MOKazaHUs KOTOPOTO MPOIop-
[MOHAIBHBI PaCXOy.

Crarndeckasi XapakTepUCTUKA TAKUX PACXOJIOMEPOB UMEET BHI:

Ap=at, -t =16m- f Q- ctga/(Dc’)

rje f,, — 4acToTa MOJYJISIIIUU YIbTPA3BYKOBBIX KOJIEOaHU I

Ha ocHoBe (azoBoro meroja co3gaHbl NpUOOPHI IJISI U3MEPEHUS CKO-
POCTH MOPCKHUX TEUEHHH, a TaK)KE pacXoJ0Mephl JJIsI U3MEPEHUST pacxoaa
MPUPOAHOTO raza B MMUPOKOM IUANA30HE (Qmax/Omin=4) C MOTPEITHOCTHIO
0,4%.

BceM ynbTpa3ByKOBBIM METOJaM HM3MEPEHMI pacxojia MpUCYIa Me-
TOAUYECKAs MOTPEUTHOCTh, OOYCIIOBIICHHAS OTIMYHEM H3MEPSIEMON dTUMU
METOZaMU CKOPOCTH JBIKCHHSI CPEJIbI, OCPEIHEHHOM IO MYTHU OT U3JTyda-
TeJsl 10 MPUEMHUKA YIbTPa3BYKOBBIX KOJICOAHHM, OT CKOPOCTH JIBUKCHUS
Cpebl, OCPETHEHHOM IO MUIOMIAIW CEUYCHHUsST TPyOOIpoBoaa. DTa MOTpell-
HOCTB 3aBHCHUT OT CTPYKTYpPHI ITOTOKA, KOTOpas ompenensercs psaoM (ax-
TOPOB,  HampuMep  IIEPOXOBATOCTbIO  TpyOompoBoda,  (pusmko-
XAMHWYECKMMHU CBOWCTBAMHU I€peMELIAIOIIEcs cpeapl u ap. Paccmarpu-
BaeMasl MOTPENTHOCTh MOXKET ObITh YMEHBIIIEHA COOTBETCTBYIOIIUM BBIOO-
POM COOTHOIIIEHUSI Pa3MEPOB YJIbTPAa3BYKOBOTO KaHaja U TpyOOIpoBoa C

YUCTOM €ro mepoxoBaTOCTH.
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