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OBILIMUE YKA3AHUA

B onucanun kaxaoi paboThl TEOPETHUECKHUE MOJT0KEHHSI METOJIa M3MEPEHUM
paccMOTpEHBbI KpaTKo, JJis 0oJsiee IIyOOKOro O3HaKOMJIEHUsI ¢ (PU3NYECKUMHU OCHO-
BaMH M3y4YaeMbIX SIBIIEHUI pekomeHayeTcsi autepatypa [1,3,5,6]. Temsl npencras-
JICHHBIX paOOT HEMOCPEACTBEHHO CBSI3aHbI C OCHOBHBIMHU BOMPOCAMU TEOPETUUYECKO-
ro Kkypca. Yucio n HauMeHoOBaHHs padOT AJIs KaKI0TO CTYJEHTa MOTYT pa3iu4aTbCs
B 3aBUCHUMOCTHU OT cneruanbHocTeld. Onucanus paboT 3HAKOMST C COJIEp)KaHUEM U
METOIMKON UX BbINONHEHHUs. [IpumepHas cxema 3amucu pe3yiabTaToB U3MEPEHUU U
ux o0paboTku (popmbl TaOIUI, OTYETA, HEKOTOPHIE MapaMeTphl U3MEPSIEMOTO 00-
pasiia) mpuBeAeHbl Ha pabounx MecTtax. Bompockl k 3a4€Ty B KOHIIE Ka)JI0r0 OIU-
CaHUs MO3BOJISIIOT CTYJIEHTY COCPEIOTOYUTHCS Ha TJIaBHOM. TpeboBaHMs K oopmiie-

HUIO OTYETA U3JIOKEHBI HIKE.

OxpaHa Tpyaa u TexHMKa 0€30I1aCHOCTH NPH NMPOBeICHU U
J1a0opaTOpHBIX padoT

Cobumroienre TeXHUKH 0€30MMacCHOCTH MPH BHITIOJHEHUH J1a00paTOPHBIX paboT
o Kypcy (hM3UKU TPOU3BOJIUTCSA B COOTBETCTBUU C «IIpaBumamu ycTpoicTBa 3JeK-
TPOYCTaHOBOK». (7-€ u3za. — M.: Dnekrpocepsuc, 2002).

K BbeImonHeHHIO 7a00paTOPHBIX pabOT JOMYCKAOTCS CTYIEHTHI, H3yUHBIINE
METOIMYECKHUE yKa3aHHUS K BBIMOJTHCHHUIO JIAOOPATOPHBIX padOT, MPOIICANINE HHCT-
PYKTaX MO TEeXHHUKE 0€30macHOCTH M 00ydeHHbIe 0e30MmacHbIM MeTogaMm padboTel. O
IPOXOKJICHUN MHCTPYKTaXKa JEIAeTCs 3aliCh B KypHAJIC yUeTa IPOXOKICHUS HHCT-
PYKTaXka 1o TEXHHUKE O€30MaCHOCTH, KOTOpask MOATBEPKIAETCS COOCTBEHHOPYYHBIMHU
MOJITUCSIMU CTYJICHTOB, MPOIIEIINX HHCTPYKTAX, U MPENOIaBaTEeNsl WIH JIEKYPHOTO
nabopaHTa, MPOBOUBIIIETO €TO.

[Tepen nmpoBeneHreM J1a00pPaTOPHON pabOTHI HEOOXOIUMO MPOBEPHUTH HAJICHK-
HOCTb 3a3eMJICHHSI AJIEKTPOU3MEPHUTEIBHBIX MPUOOPOB M yCTaHOBOK. [lepen BKIOUe-
HUEM 00OpYyAOBaHHS HEOOXOAMMO yOETUTHCS B OTCYTCTBHUHU IOCTOPOHHUX IPEaME-
TOB B paboueil 30HE U MpeAyNnpeauTh TOBapUIleH 0 Havasie JabopaToOpHO PabOTHI;

710 Hayazia paboTbl TPUOOPHI JOJIKHBI ObITh BBIKITIOYEHHI.



B cinyyae oOHapyXeHUsI HEUCTIPABHOCTEHN, CBA3AHHBIX C TOKOMPOBOASIIUMU
POBOJHUKAMH, M30JIALMEH, TPEIOIIMMHUCS TOKOHECYIIMMHU YacTSAMHU, HEOOXOAMMO
HEMEJIJIEHHO MPEKpaTUTh paboTy U OOpaTUTHCS K MPENOJaBaATENI0 WU JICKYPHOMY
nabopaHTy.
[Tociie okoHYaHuUs 1abOpaTOPHON pabOTHl HEOOXOAUMO BBIKIIOYUTH JIEKTPO-
U3MEPUTENbHBIE TPUOOPHI.
3anpemaercs:
HAXOJIUThCS B IOMEIIIEHUU B BEPXHEU OJICHK]IC;
OCTaBIIATH 0€3 Ha30pa BKIIOUYEHHYIO JJa0OpAaTOPHYIO YCTAaHOBKY;
BBITIOJIHATH paOOTy B OTCYTCTBHE MPENOaBaTessl WK JIeKYpPHOro Jiabo-
paHTa;
KJIACTh CYMKH W JAPYTHE JIMYHBIE BEIIM HA CTOJIBI U JTAOOPATOPHYIO
TEXHUKY.

CryneHTsl, HEe COOJTIOTAIONINE TIPABMIIA TEXHUKU O€30TIaCHOCTH, OTCTPAHSIOT-

sl OT MPOBECHUS TabOPATOPHBIX PabOT.

TpedoBanus kK 0OPMIEHHUIO OTHYETOB

[To kaxmoit nmaboparopHoi padoTe opopMIIIeTCs OTYET, KOTOPBIH JOJKEH
COJIepKaTh:

1) Homep u Ha3BaHUE PaOOTHI;

2) opmyIMpOBKY LENH pabOTHI;

3) dbusmveckoe 000CHOBaHUE MENX PAOOTHI M METOJIa U3MEPEHUS;

4) pabouyro hopmyity ¢ paciudpoBKOil Bcex OYKBEHHBIX 0003HAYCHUI;

5) pe3ysbTaThl NPSIMBIX U3MEPEHUN U BHIYUCIICHUI;

6) Tam, e 3TO MPEAYCMOTPEHO paboToil, rpaduk;

7) BBIYMCIIEHHE NCKOMOM BETTMYHMHBI 110 padoueii popmyiie;

8) BbIBOJI (POPMYJIIBI OTHOCUTEIHHON MOTPEIIHOCTH (HEOMPEAEICHHOCTH) KOC-
BEHHOT'0 U3MEPEHUS U pe3ysbTaT pacueTa 1o 3Toi GpopmyIe;

9) OlLIeHKY MOrPEIIHOCTH (HEOMPEAECIEHHOCTH) U3MEPEHHSI UICKOMOU BEeJINYU-

Hbl. [Ipy oLleHKE HEONPENENIEHHOCTEW NMPSAMBIX W KOCBEHHBIX MU3MEPEHHMM CTYIECHT



JIOJIKEH PYKOBOJACTBOBATHCS MPABIIIAMH OOpaOOTKH pe3yIbTATOB M3MEPEHUH, MpH-
BEJICHHBIMU B JJAHHBIX YKa3aHUAX Ha C. 6...12;

10) moaAnuMCh CTyZieHTAa U JaTy BBIMOJHEHUS JaHHOU J1ab0OpaTOpHOM pabOTHI.

bubianorpaduyeckuii cnmcox
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OBPABOTKA PE3YJbLTATOB U3MEPEHUI

JIro6oe m3MepeHrne Hen30exKHO CBA3aHO ¢ HEKOTOPOW OMIMOKOM. DTO MpUBO-
IUT K HEOIpPEeJeIeHHOCTH pe3yJibTaTa u3MepeHuil. Heonpenenennoctu (morpemHo-
CTH) pe3yJIbTaTOB M3MEPEHUN MMEIOT TPH BHJIa COCTABISIONINX: CIydaiHbIE, CUCTE-
MaTHYECKHE W MTPOMaxu. B Kakmoi KOHKPETHOMU J1abopaTopHO paboTe HEOOXOANMO
OLIEHUTb, KAKOW BKJIAJ] BHOCUT Ka)KAas COCTABIISIONIAsi HEONPEICIECHHOCTH B Pe3YJib-

TaT U3MCPCHUA I[aHHOfI BCINYHUHBI.

MPABUJIA OBPABOTKHU PE3YJIbTATOB INPAMBIX U3MEPEHUM
[IpssMBIMH HaA3BIBAIOT U3MEPEHMUS, [P KOTOPBIX PE3YJbTAT MIOTY4aeTCs HEIO-

CPEIICTBEHHO IO OTCYETHOMY yCTPONCTBY IIprbOpa.

1. Yder cay4ailHBIX COCTABJISIIONIUX HeONMpe1eJeHHOCTH (MOrPeIHOCTH)

CrnydaliHble COCTaBIISIONIME MOTPEIIHOCTH (HEONPEACIICHHOCTH) U3MEpPEHUM
BBI3BIBAIOTCS PSAJIOM MEIKUX, HEKOHTPOJIUPYEMBIX 00CTOSATENbCTB. OHU MOTUNHSIOT-
Cs 3aKOHAM MaTEMaTUYECKON CTaTUCTUKMU.

[Ipu oLieHKE TaKMX HEOMPEAECIEHHOCTEH, MPEAINOIAraloT, YTO OHU SIBIISIOTCS
CIIy4YallHbIMH BEIWYMHAMH, MAJIBIMH 10 CPABHEHUIO C CAMOM M3MEPSEMOMN BEINYHU-
HOM ¥ pacrpeziesieHbl 0 HopMaldbHOMY (rayccoBy) 3akoHy. JlJis OlleHKH Heorpee-
JIEHHOCTH U3MEPEHUM, KOTOPYIO BHOCST CiydailHbIe COCTAaBIAIOIIUE, HEOOXOIUMO
BBITIOJIHUTH CJIEAYIOIIEE:

1. IIpoBecTr n M3MEpPEHUN BEIWYUHBI X. Pe3ysibTaThl U3BMEPEHUN X, X;... X,
3aHecTH B Tabmuity mo ¢hopme 1. 3mepenust JoIKHBI ObITh MHOTOKPATHBIMH (YHCITO
U3MEPEHUH 1 YKa3bIBAETCS MPEIOJABATEIIEM).

2. Ha ocHOBe MOJYyYEHHBIX 3HAYEHUH X|, X;... X, BBIUUCIUTH CpelHee apud-

METHUYECKOE 3HAaYeHHE X TI0 (hopmyIie:

Xep == DX (1)



3. BeIuncauTh OTKJIOHEHUS PE3yIbTATOB OTIEIBHBIX U3MEPEHUH (X;) OT Cpel-
HEro apu()METUYECKOro 3HAYEHUs (X, — X;), 8 3aTEM PACCUMUTATH KBAJPAaTHYHOE OT-

2
KJIOHEHHE (X, — X;)". [lomydennsle TaHHBIE 3aHECTH B TabauIy 1o ¢opme 1.

®opma 1
N 2
OIIBITA Xi (xcp - xi) (—xcp - xi)
1
2
3

4. Ilo naHHBIM MOCEeHEW KOJTOHKUA (opMbl 1 ompenenuTs cpeliHee KBaapa-
tuyHoe oTkioHeHue (CKO) pesynbrara cepuu U3 n U3MEPEHUN OT CpPeAHEro apud-

METHYECKOTO 3HAYEHHS Xp, 110 POpMYyJIE:

(2)

3amedanue: B MexmyHapOIHBIX TOKYMEHTaX, OCHOBaHHBIX Ha « PyKOBOJICTBE MO BBI-
PaKEHUI0O HEONPEISICHHOCTH W3MEPEHUI» CpefHee KBaApaTUYHOE OTKIOHCHHE
(CKO) o0o3HavaeTcsi TepMUHOM CTaHAAPTHAas HeonpeaeaeHHocTh (U.,).

5. OueHUTh TOBEPUTENbHBIA UHTEPBAJ, T.€. UHTEPBAJ, B KOTOPOM C Tpedye-
MO TOBEPUTEIHHON BEPOSTHOCTHIO p HAXOAUTCS U3MepsieMasi BeTUYNHA X. 3HAUCHHE
P 3aJlaeTcs MpernoiaBaTesieM, UCX0 IS U3 TPEOOBaHUI KOHKPETHOTO IKCIIEPUMEHTA.

['paHuIbl TOBEPUTEIHHOTO MHTEPBAJIA JIJIi U3MEPSEMOI BETMYMHBI X OTIpeie-
Jst0TCs 110 hopmyIie:

X EA X, THE Ax = t(p,n)S(xcp) : (3)

3nech t(p,n) — ko3hdurment CThIOICHTA, 3aBUCSIIUN OT p U 1.
Omnpenenuts ko3pduirieHT CThIOJIEHTa PU BIOPAHHOU TOBEPUTENILHON Be-
POSITHOCTH p U TaHHOM YHCJI€ U3MEPEHHUI 77 MOKHO U3 TaOIHILIBI 1.
6. 3anucath pe3yabTaT NPsIMOro U3MEPEHUS B BUJIE:
(Xep —Ax) ... (X + Ax).
7



Takas 3anuch O3HA4YaeT, YTO M3MEPEHHAsI BEJIMYMHA X C JIOBEPUTEIbHOU Be-
POSITHOCTBIO p HAXOJAUTCS B HHTEPBAJE OT (X, — Ax) 10 (X, + Ax).

Hampumep, ecnu nipu u3MepeHnn 1uaMerpa d mapuka MUKPOMETPOM CpeiHee
apu(pMeTHIeCKoe 3Ha4eHue d., = 5,29 MM, pacueTHOE 3HaUY€HHE TPAHULBI JOBEPU-
TEeIbHOrO uWHTepBasia coctaBisier Ad = 0,01 MM, TO OTBET HMEET BUJ:
d =(5,28...5,30) mm.

Crnenyer 3aMeTUTh, 4TO JJII BCEX MU3MEPSEMBIX B JIaHHOW JabOpaTOpHOU pa-

00Te BEIUUHNH 3a4acTCA OJHO U TO KC 3HAYCHHC HOBGpHTGHBHOfI BCPOATHOCTHU p.

Tabawnma 1
p| 0.7 0.8 0.9 0.95 0.98 0.99 0.999
- 2 1.3 1.9 6.31 12.71 31.82 63.66 | 636.62
3 1.3 1.6 2.92 4.30 6.69 9.92 31.60
4 1.2 1.5 2.35 3.18 4.54 5.84 12.94
5 1.2 1.5 2.13 2.78 3.75 4.60 8.61
6 1.1 1.4 2.02 2.57 3.36 4.03 6.86
7 1.1 1.4 1.94 245 3.14 3.71 5.96
8 1.1 1.4 1.90 2.36 3.00 3.50 5.40
9 1.1 1.4 1.86 2.31 2.90 3.36 5.04
10 1.1 1.3 1.83 2.26 2.82 3.25 4.78
50 1.1 1.3 1.7 2.0 2.7
100 1.0 1.3 1.7 2.0 2.6
0 1.0 1.6 2.0 2.6

2. Y4eT HeonpeaeJIeHHOCTEi, 00yCJIOBIEHHBIX CHCTEMATHYECKUMU

OIINOKAMHU

Takue HeomnpeaeIeHHOCTH (CUCTEeMaTUYECKUE MOTPEIIHOCTH) CBA3aHbI C Me-
TOAOM WM CPEJICTBOM M3MepeHHil. OLeHKa TaKUX MOrPEIIHOCTEN (HEonpeIeIeHHO-
cTeil) OOBIYHO MPOBOJUTCA Pa3pabOTUUKOM HWIJIM M3roToBUTEIeM mpubopa. Cymiect-
BYET HECKOJBKO CIOCOOOB OIIEHKHM TaKMX HEOMPEACIICHHOCTEH MpU HCIOJIb30BAHUU

npubopa B 1ab0paToOpuu MPU PEKOMEHOBAHHBIX YCIOBUAX €TI0 PabOTHI.



1. Ucnonb3ys nuHpopMalnio, IpuBeICHHYIO B acOpTe Mpuodopa.

B macnopre npubopa ykazplBaeTcs Ipeel TO0IMYyCTUMON HEOIPEIeIEeHHOCTH
(MOTrpeHOCTH) O UM IPUBOAUTCA pacueTHas GopMyJia AJisl €€ BBIUYUCIICHUS.

2. Ha ocHOBaHUM Kj1acca TOYHOCTH IpHOoOpa.

MHorue npuOopsl (aMIepMeTpbl, BOIBTMETPBI, BATTMETPBI U Ap.) HOPMHUPY-
I0TCS 110 IPUBEACHHON IMOIPEIIHOCTH, BBIPAXKAaEMOUW B MPOLEHTAaX OT BEPXHETO Ipe-
nena u3MepeHuil. MakcumanbHas TMOTPEIIHOCTh (HEOMPEIeIeHHOCTh) U3MEpPEHUM
npuOOpPOM B 3TOM CITydae BBIUUCISIETCA 1O PopMyJIe:

e @
100
7€ kK — Kjacc TOYHOCTH NMPUOOpa; X, — BEPXHUI MIpees U3MEepEeHuid mpuoopa.

3. Ilo niene nenenus npudopa.

Ecnu xnacc TouyHocTu npubopa He yKasaH, TO 3a IOTPELIHOCTh (Heompese-
JIEHHOCTbh) O MpuOOpa MPUHUMAIOT MOJIOBUHY LI€Hbl HAMMEHBIIETO JEICHUS LIKAJIbI
npubopa. B cnydae mpubopa, cTpenka KOTOpOro nepeMeiaeTcs HepaBHOMEPHO, TO-
IPEIIHOCTh NpHUOOpa CYMTAIOT PABHOM ILEHE JAeneHus npuodopa. (D10, Hampumep,
UMEET MECTO y MEXAHHYECKOTO0 CEKYHJOMEpa, CTpPEiKa KOTOpOro IepeMeliaeTcs
CKauKaMHu).

['panvnia OBEPUTENBHOIO HHTEPBAJA, OIpelesieMas CUCTEMaTUYECKUMU

olmrOKaMHu, onpenensercs no Gopmyie:

Avg =1, -2 (5)

3
3nech t, — kodpuruent CThIoeHTA IIPU 1 = ©, O — IOBEPUTEIIbHAS TPAHU-

ma CHUCTEMaTHUUYECCKOM IMOTPCHIHOCTH.

3. Ilpomaxu
['pyObie ommOKu (MpOMaxu) — 3TO OIIUOKU M3MEPEHUs, BOSHHUKAIOUINE B
pe3yJsibTaTe MOTPEIIHOCTH OIepaTopa, HEBEPHOro OTcueTa 0 MpUOOpy, Hempa-
BUJILHOTO BKJIIOYEHUs NpuOOpa MM HEJOCTaTKa BHUMAHHUSA HKCIIEPUMEHTATOpA.

BremnuMm IMPU3HAKOM IIpoOMaxa ABJIACTCA €TI0 PC3KOC OTIMYHNC 110 BCJIMYUHC OT pC-



3yJIbTaTOB OCTAJIBHBIX HM3MepeHuu. [loyduB Takon pe3ymnbpTar, €ro Ciemyer Hc-

KJIIFTOYHUTH N3 I[ﬂﬂbHCﬁHIHX pacucToB.

4. JloBepuTeJbHBIN HHTEPBAJ B 0011IEM CJIy4ae
B o0miem cnydae HEOOXOUMO YUUTHIBATH KaK CllydailHble, TaK U CUCTEMAaTH-
YECKHE HEOMpPEACTICHHOCTH (MOTrPeIHOCTH) u3MepeHuil. Torjia rpaHuilbl JI0BEpU-

TCJIBbHOI'O HMHTCpBAaJia OJIA CYMMapHOﬁ HCOIIPCACICHHOCTH MOXHO BBIYHUCIIUTH II0

dbopmyiie:

AJC:\/(AXA)2 +(Axp)”. (6)

3necy Ax, = t( p,n)S( X.,) — I'PaHHL@ IOBEPUTEIBHOTO UHTEPBala, O0YCIOBICHHOIO

. " )
CIIy4aiHBIMHM OIIMOKAMM M3MepeHuil; Axg =1, '3 IrpaHula JOBEPUTEIBHOIO HH-

TepBaJla, BbI3BaHHAs! CUCTEMAaTHYECKMMH OLIMOKaMH U3MEPEHUH.

[Ipu ompeneneHU T'paHULl TOBEPUTEIHHOTO MHTEpBAIa HEOINPEAECICHHOCTH
(MIOTPEIIHOCTH ) U3MEPEHUI, 00YCIOBICHHBIX BKJIAJIOM KaK CIy4alHBIX, TAaK U CHUCTE-
MaTHYECKUX OMIMOOK, BbIUUCICHUE AX, U Axp CleyeT IPOBOAUTH MPU OJHOM U TOM
K€ 3HAYEHUU JOBEPUTEIIBLHON BEPOATHOCTH p.

B npakTtuke yuyeOHBIX J1a0OpaTOPHBIX padOT OOBIYHO MPHUHSITO OpaTh 3HAUE-
HHUE JOBEpUTENbHON BeposTHocTH p = 0,68, Torma xo3ddumnuent CTpiofeHTa mpu
n = 10 cocraBysier ¢ = 1,1, ampu n = «© ¢, = 1,0. BepostHocth p = 0,68 03Hauaer,
YTO PE3yJbTaT U3MEPEHUSI BEIUUYUHBI X C BEPOSITHOCTHIO 68 % Momnanaer B MHTEpPBAI
(Xep — AX; X + AX), T.€. IPUMEPHO KaXKJIO€ TPEThE U3MEPEHHUE IAET pe3yJbTaT 3a

npcaciiaMu JaHHOI'O MHTCpBaAJa.

OBPABOTKA PE3YJIbTATOB KOCBEHHBIX H3MEPEHUM
1. KocBEeHHBIMU SIBIISIIOTCSI U3MEPEHMUS, IPU KOTOPBIX UCKOMYIO (DPU3UUECKYIO
BEJINYMHY Z ONPENEIAIOT IIyTEM BBIYMCIICHUN MO Pe3ysIbTaTaM MPSIMBIX U3MEPEHUN
IpYrux BeJW4uH. [1oaTOMY mociie npoBefeHus NpsIMbIX U3MEPEHUHN U OLICHKH UX He-

OTPE/ICICHHOCTEN (TOrpenrHocTei) HEOOX0AMMO BBIYUCIIUTEL CpeIHEe 3HAUYEHUE HC-
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KOMOM BEIMYUHBI (Z,) 10 paboueil GopMmyiie, B KOTOPYIO MOJACTABISIOT CpPEIHHE
3HAYECHUS BEJINYMH, ITOJIyYEHHBIX U3 MPSIMBIX U3MEPEHUN.

2. JIs OLIEHKU HEONpeAeNeHHOCTEH (MOrperIHOCTe) KOCBEHHBIX U3MEPEHUI
BEJIMUYMHBI Z HE0OXO0IMMO BBIBECTH (POPMYITY JJISl €€ OTHOCUTEIHHON MOTPEIIHOCTH .
[Iyctb uckomasi BenuunHa Z SBJISETCS (PYHKIMEW HECKOJBKUX MEPEeMEHHBIX:

Z=f(1n.Y,...Y,).

Torma

, 2 , 2 , 2
AY, AY. AY,
AZ ||y AT N Sra AY, - Sym AY,,

Y= = , (7)
Z Z Z Z
. o7
rne f,, :87 — YaCTHBIE NIPOU3BOJAHBIE, KOTOPHIE BBIYUCISAIOTCS MPU CPEIHUX 3HA-

m

YEHHUSIX PE3YJIbTATOB MPSAMBIX U3MEPEHUN V,;
AY,, — TpaHuLa 10BEPUTEIBHOIO UHTEPBAJa IS IPSIMOTO U3MEPEHUS V).

®opmyna sl pacyeTa OTHOCUTEIBHOU HEOIPEICIIECHHOCTH KOCBEHHBIX U3Me-
pEHUM B HEKOTOPBIX MPOCTEHIINX CIydasiX MpeacTaBieHa B TaOIuIe 2, IIe CUMBOJIbI

AY 00603Haual0T TPaHUIIBI TOBEPUTEILHOIO HHTEPBAJa JAJIsl U3MEPSIEMBbIX BEJIMUMH Y.

Tabmuma 2
Bun OTHOCHTEIbHAS CTaHIAPTHAS HEONPEICICHHOCTD
byHKIIMOHATBHON AZ,,
3aBUCUMOCTH Y= 7
cp
=Y, +
Z=Y 20, JAY))? +(aY, )P /1 £ 1)
2 2
Z=YY, AY, N AY,
Y Y,
2 2
Z=Y,/Y, AY, | L [AY,
Y Y,
2 2 2
AY AY AY
_yoe yB Y (xz il § 21 =22 +... 2 i
Z=Y"Y)..Y) \/ Y, p Y, Y Y
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3. Iocne BBIBOAA (HOPMYJITBI OTHOCHTEIBHON TOTPEITHOCTH HEOOXOIUMO TI0
HEW BBIYMCIIUTH 3HAUYCHUE Y, a 3aTEM ONPENECIUTH JTOBEPUTEIbHBIN UHTEpBal AZ Hc-
KOMOU BEJINYMHBI:
AZ =27, 7.
OxoHYaTeNbHBIN Pe3yJIbTAT CIAEAYET MPEACTaBUTh B CTAHAAPTHOUN dopme:

(Zey—AZ) ... (Zoy+A2).
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PABOTA 81. ONPEJAEJIEHUE IOCTOSIHHON
CTE®AHA - BOJIBIIMAHA U IIOCTOSSHHOM IJTAHKA

1. Heab padoThI

Lenbro paboTHI SIBISIETCS 03HAKOMIJICHHE C 3aKOHAMU TETJIOBOTO U3ITyUYEHUs U
ONTHUYECKUM METOJIOM U3MEPEHUs TeMIIepaTypbl HaKaJICHHBIX TEJl.

[Ipu BeIMOMHEHUU pabOTHl Tpedyercs: 1) onpenenuTh NOCTOSHHYIO G 3aKOHA
Credana — bonpliMaHa 1Mo U3Ty4YEHUIO HEYEPHOTO Tela (Ceporo); 2) OonpeaeIuTh Imo-
cTossHHyto Ilmanka /4 M3 3aBUCHMOCTH JTy4eHCIyCKAaTE€IbHOM CIIOCOOHOCTH Tena OT

TeMIIepaTyphbl.

2. Kparkas Teopus UCCJIeyeMOro siBJICHHS

TemnepaTypHbIM WX TEIUIOBBIM U3JyYEHUEM HA3bIBACTCS W3JIy4YEHUE HArpe-
ThIX TeJl. [Ipy 3TOM 3HEPTHs TEMIOBOrO ABUKEHHS YaCTHUI TEIa HEMPEPBIBHO MEpPE-
XOAUT B BHEPTHIO UCITYCKAEMOT0 JIEKTPOMArHUTHOTO U3JIYyYCHHUS.

OCHOBHOW KOJIMYECTBEHHON XapaKTEPUCTUKOW menniogo2o WU3INY4YEHHUs SIBIIS-
€TCS €ro HHTerpajbHas HEpreTuyveckas CBETUMOCTh (M3IydaTelibHOCTh) R, T. €.
SHEPrusl U3JIyYEHHUs], UCITyCKaeMasi €IUHHULIEH TTOBEPXHOCTHU Tela B €IUHUILY BpEMe-
HU. OHa 3aBUCUT OT TEMIIEPATYPBbl U MPUPOJBI TeJId. DTa SHEPIUsl YHOCHUTCS DJIEK-
TPOMAarHUTHBIM HM3Jy4YE€HHEM, UMCIOIIUM CILTOMHON crekTp (0<A <o0), mpuueM HH-
TEHCUBHOCTD M3JIy4YE€HUS pa3jIMyHa B Pa3HbIX yYaCTKaX CIIEKTpa.

DHeprus U3Iy4YeHUs ¢ JJIMHOM BOJHBI OT A 10 A + d\, HCITyCKaeMOro e/u-
HULIEW MOBEPXHOCTH M3IYyYAOLIEro TEJa 3a €IWHMILy BPEMEHH, NMPOMOPIHUOHAIbHA
BEJIMYMHE BBIJICJICHHOTO UHTEpBaIa JJIMH BOJH

Dr=r.r dA (1)
31€eCh 1), 7 — CIIEKTpajbHAs IJIOTHOCTh YHEPTETUUECKON CBETUMOCTH TeJa, T.€. dHEp-
rUs, U31ydacMas €IMHUIICH TOBEPXHOCTH B €AMHUILY BPEMEHH W MPUXOIAIIASICA HA
CIMHUYHBIA HHTEPBAN JUIMH BOJH; 75 7 3aBHCHT OT JJIMHBI BOJHBI A U TEMIIEPATyPhI

Tena 7.
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Ecnu Teno yacTUYHO MOrIOMAET MaJarollee Ha €ro MOBEPXHOCTh U3yYEHHUE,
TO OTHOILEHHUE MOTJIOIIEHHOMN TEJIOM SHEPTUM K MaJarollei Ha3plBaeTcs ero Ko3pdu-
[IUEHTOM IIOTJIOIICHHUS dj, .

Teno, KOTOpO€ MONMHOCTBIO MOIJIOMIAET MAJArOIIEe Ha HEr0 M3JyuyeHue, Ha-
3bIBa€TCA A0CONIOTHO 4YepHBIM. [[1s1 abCOMOTHO YepHOro Tena a; rs = 1 Ui Bcex
JUIMH BOJH. JIJ11 BCeX peabHO CYLIECTBYIOLIUX T€N a) s < 1, T.€. aOCOJIOTHO uep-
HBIX TEJI B IPUPOJIE HET, a aOCONIOTHO YEPHOE TeNlo — Hay4Hast abcTpakuus. OaHako,
MOJIENIBI0 a0COIOTHO YEPHOTO Tela MOYKET CIYKUTh MOBEPXHOCTH MAJIOTO OTBEP-
CTHS, BEIYIIETr0 B 3aMKHYTYIO IOJIOCTh, AMAMETP KOTOporo nopsaka 0,1 monepedynu-
Ka nojiocTu. M3iydeHnue, MpoHUKAIOIEe Yepe3 OTBEPCTUE, MaJaeT HA CTEHKHU MOJIO0C-
TH, YACTUYHO MMHU IOIJIOLIAETCS, PACCEMBAETCA WJIM OTPAXKaeTCs, BHOBb IaJIa€T Ha
CTEHKH U T.1. IIOBTOpHBIE NOIJIONIEHNS Ha CTEHKAX MPUBOIAT K TOMY, UTO MpaKTUYe-
CKU BECh CBET JIFOOOW YacTOTHI MOTJIOMIAETCA TaKoW MonocThio. Ecnu HarpeBarh Ta-
KYIO MOJIENb, TO U3IyYEHUE, BOSHUKAIOIEE BHYTPHU MOJIOCTH U BBIXOJAIIEE YEPE3 OT-
BEPCTHUE, MOYKHO MPUHATH 32 U3TyUEHUE a0COIIOTHO YEPHOI'O Tea.

CornacHo yctraHoBieHHOMY Kuprogom 3akoHy OTHOILIEHHE CHEKTPaTIbHOM
IUIOTHOCTU 3HEPIEeTUYECKOW CBETUMOCTH JIFOOOrO TEMIIEpaTYpHOIO0 MCTOYHHUKA IpU
POU3BOJIBHOM JUIMHE BOJHBI A U Temneparype 7' K ero Ko3p(uuueHTy NOrIoEeHus
(mpu Tex ke 3HAUeHUAX A U 1) He 3aBUCUT OT CBOMCTB M3JIy4arollero mMarepuaia.
OHO 17151 BceX OAMHAKOBO U PAaBHO CHEKTPAJIbHOM IJIOTHOCTH PAaBHOBECHOTO U3JIyde-
HUS a0COTIOTHO YEPHOTO Tea 7y 75

v

T
=lrs- (2)
a, r

Bun ¢ynkuuu r;, rs 0611 ycTanoaeH Maxcom [lnankom B 1900 roxy, ncxo-
151 U3 TPEINONIOKEHHUs, YTO U3IyUYCHHE UCITyCKAeTCs TeJlaMU HE HENpEephIBHO, a OT-
JENBHBIMU MOPIMAMU — KBAaHTAMM. DJHEPIUs KBaHTa 10 rumorese Ilianka € =Av,
r7le V — 4acToTa KoseOaHui; s — MOCTOSHHASA, MOJIyYMBIIasi Ha3BaHUE MOCTOSIHHOM

Il1anka.

14



®opmyna, nomyyeHHas [lnankom, nmeer BUA:

_ 2mhe? 1 3
ors = 2 he . ( )
e 1
31ech ¢ — CKOPOCTH cBeTa; I’ — aOCOoMIOTHAS TEMIIEPATyPa U3IIy4aIOIIEro abCOMIOTHO

YyepHOro Tena; k — mocrossHHas boneiimana, paBHas 1,3 810 Jx/K.

[Ipu onpeneneHnu BEIUYUHBI ¥y s 14 Temiepatyp nopsaka 1000 K u ginun

BOJIH BUIJUMOT'O CBCTA (I)OpMYJ'Ia [Inanka HECKOJIBKO ynpouracTcs, TaKk KakKk B 3HAMC-

he

HaTeJle MOYKHO IpeHeOpedb eIUHHMIECH 110 cpaBHeHuIo ¢ e’ | u dopmyiy (3) MOKHO

3aIInucaThb B BUJC

2 he
. _ 2mhce ) e—ﬁ

— 4)

ATLS 5 (
A

Ha pI/ICI MMPUBCACHBI KPUBBIC 3aBUCUMOCTHU 7 ; 15 OT JJIMHBI BOJIHBI ITPH pa3-

JIMYHBIX TCMIICpATypax.

I\T,5

A Makc
Buoumas obracme

Puc. 1

N3 popmyinsl [Tnanka MOKHO MOIYYUTH CIIETYIONTNE 3aKOHBI TETUIOBOTO U3-

JTy4eHus: abCOIOTHO YEPHOTo Tena.
1. 3akon Credana — bonbliMana: moigHas 3HepreTuyeckasl CBETUMOCTh a0co-

JIOTHO YCPHOI'o TCjia IPOIMOPHHUOHAJIBHA IIGTBCpTOI\/'I CTCIICHHU CIro TCPMOAWHAMHNYC-

CKOU TeMIIepaTypsbl:
Rs=cT" (5)
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rae K03 PUIMEHT NPONOPLHUOHAIBHOCTH G — IMTOCTOSTHHAS BETMYHHA.
N3nydeHne HEUEpHBIX TEJl MOJUUHSIETCA TAKOW K€ 3aKOHOMEPHOCTH, OJTHAKO

X HU3IIYUCHUC IJIA Ka)XJI0M JJIMHBI BOJIHBI B a, , pa3 MCHbIIC, 4CM I a0COJIIOTHO

YEpHOI'o Tena

4
R=a oT". (6)
AT
2. 3akoH cMemeHuss BuHa: moyioxkeHrne MakKCUMyMa H3JTy4daTeIbHOW CITOC00-
HOCTH aOCOJIOTHO YEPHOTO Tejia MPHU MOBBIIMICHUH TEMIEPATypbl CMEIIAETCsS B CTO-
POHY KOPOTKHUX JJIMH BOJIH. /[JTMHA BOJIHBI, HA KOTOPYIO IPUXOAUTCS MAKCUMYM 7, 7.5,

o0paTHO MpONopIHOHATbHA A0COIIOTHOM TeMIiepaType Tena:

_C

"vake T

(7)
3nech C' =2.9%10Mx K — MOCTOSIHHAsI [IepBOTo 3aK0HA BrHa.
3. Bropoii 3akoH BuHa: MakcuMalibHOE 3HAUCHUE DHEPTETUICCKON CBETUMO-
CTH aOCOJIFOTHO YEPHOTO TeNa (Fyaxc) MPAMO MPOTOPIIMOHAIBHO TSATOW CTETICHU €ro
TEPMOJIMHAMUYECKOU TeMITepaTyphl:
Fyae = C'T°. (8)

3neck C"=1,3*10"B1/(K” M™) — mocTosiHHAsSI BTOPOro 3aKoHa BuHa.

3. U3mepsieMblii 00beKT
B xauecTBe u3nmyuaromero tena B paboTe UCTIONb3YeTCS HUTh JIAMIThl HAKAJIH-
BaHMUS.
4. IlpuHuun meroaa u3mepenni u padouas popmyna
Onpeoenenue nocmosanuou Cmegpana —bonvymana
Tak kak sHeprus, norpedisemMas JamMIoul, MOYTH LEIUKOM pacxoAyercs Ha
U3ITy4eHHEe, TO Ha OCHOBAHUU (HOPMYJIBI (6) MOKHO HaNMCaTh

% =a,,0T". 9)

3ILCCB w— MOIDHOCTb TOKa, TCKYLICTO YCPC3 HUTD, S — mojHas IMOBECPXHOCTh HUTH,

@, ; — KO3 PUIMEHT MOTTIOIIEHNS TIOBEPXHOCTU HUTHU; T — TEMIIEPATypa HUTH.
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N3 dpopmyasl (9) nomyunm popmyity U1 pacdeTa G 1O U3MEPEHHBIM 3Haue-

4
HUusM W, aM,T us.

G=— (10)

Hs’yueﬂue saesucumocmu cnekmpafleoﬁ niomrocmu aﬂepzemuquKoﬁ
ceemumocmu meaa u onpedeﬂeﬂue nocmosunou llnanxka

[Ipu cusatum 3aBucumocty 7, , = f(I') ucions3yercst mokcmerp. OH COCTOUT

u3 (OTOANEMEHTA C 3aIMUPAIOIIUM CJIOEM M raibBaHoMeTpa. POTO3IEMEHT 3aKPhIT
KpPacHbIM (UIIBTPOM, MPOMYCKAIOIIUM JIyYd C JIMHOU BOIHBI A =660 HM. DoTose-
MEHT TIOMEIIEH BHYTPU KOKyXa Jamnbl. [Ipu mageHnn cBeta Ha (POTO3JIEMEHT B HEM
Bo3HUKaOT DJIC U (HOTOTOK, MPONOPIUOHAIBHBIA OCBEIIEHHOCTH. DOTOTOK H3Me-
pseTCsl TalbBAHOMETPOM. Tak Kak OCBEUICHHOCTh MPOMOPIMOHANBHA JIyYEHUCITyCKa-
TEJIbHON CIIOCOOHOCTH HUTH, TO MOYHO 3aIUCaTh
1= bVX,T:bd;L,Tr;L,ps, (11)

rje / — mokasarelb JIIOKCMeTpa; b — K0d3PhUIIMEHT, 3aBUCSIINI OT B3aMMHOTO PacIio-
JoXeHus (POTOITIEMEHTa M HUTH U OT BEJIMYMHBI MOBEPXHOCTH Tocheanei. [Tomoxe-
HUEe (OTORIEMEHTA BO BpEeMsI OTIbITA HE MEHSIETCS, U B MOCienyomeM Ko3hOUuineHt
b MOXXHO CUMTaTh MOCTOSHHOW BEIMYMHOM, YMCIOBOE 3HAYEHUE KOTOPOro JIJIsl HAC

HecylecTBeHHO. KauecTBeHHYO 3aBUCUMOCTD 7, , (1) MOXHO TOJY4UTb, TOCTPOUB

I =f(T).
Jlnst HaxoxaeHus: noctosHHou [lnanka noacraBum B popmyiy (11) 3HaueHue

¥, 1.s 13 COOTHOILIEHUS (4) U, mposnorapuMupoBaB MOJTYYCHHOE BRIpaXKEHUE, HailneM

21the’ B ch
A AT

In7 =1n| ba, .

(12)

W3 (12) BuzaHO, 4TO mpH Cl1a00 M3MEHSAIOLIEMCS 3HAaYeHUU d, , (ITO CIpPaBEAIUBO

JUISL HE CIMIIKOM OOJIBIIMX MHTEPBAJIOB TeMiiepaTyphl) In/ cBsa3an ¢ 1/T nuHeitHOM
3aBucuMOCThIO. [locTpouB rpaduk 3aBucumoctu In/ = f{(1/7T), BbIOUpalOT Ha HEM JIBE

IIPOU3BOJIbHBIE TOYKH, JOCTATOYHO JAJIEKO PacHoJIOKEHHbIE NIpYyr oT apyra. Eciu
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dbopmyny (9) HamucaTh IS IBYX TOYEK Ha rpaduke, orMeTuB 3HaueHus [ u T mis
OJIHOM TOYKM MHAEKCOM 1, a uisi Ipyrod — MHIEKCOM 2, TO, BBIYUTAsl OJHO BbIpaxke-
HUE U3 JPYroro W mpousBelsi mpeoOpa3oBaHus, MOJYYUM PacYETHYIO (GOpMYyITy Ui
ompeseeHus /1 o U3MEPEHHBIM 3HAYCHUSIM TOKa [} U [, TIpU IBYX 3HAUYCHUSX TEM-

nieparyp 1 u Ty:

In| -

- 1
B Inf, —inl, _ ) . (13)
c(1l 1 c(1 1

aMm\T, 1) wM\T,7T,

5. OKkcnepuMeHTAJIbHAS YCTAHOBKA
DnekTpuyeckas cxeMa JaHa Ha puc. 2. OHa COCTOMT U3 M3JIy4aroLEero Tejaa —
JIEHTOYHOM JIAMITbl HAKAJIMBAaHUS U CXEMBI €€ IUTAHHUS.
Bo Bpemsi paboThl peoctaroM R MEHSIOT Hakal HUTU. BarTtmeTpoM wuiu

BOJIBTMETPOM U aMIIEPMETPOM U3MEPSIOT MOIIHOCTE W, TOTpeOIIsieMyT0 JIAMITOH.

b
Y ?oj
R
Puc. 2

Temneparypa U3TydarolIero Tejla M3MEpSeTCs MPU MOMOIIM ONTHYECKOTO
nupomeTpa ¢ “‘ucyesaronieil HUTbO . OnpeneneHue TeMneparypbl CBOIUTCS K CpaB-
HEHUIO SPKOCTH HCCIEAYEMOIO Teja C SIPKOCTBIKO IPOrpajydpOBaHHOrO 3TAJIOHA —
HUTH JlamIbl upomeTpa. CxeMa nupomeTpa (a) U ero BHEIHUMN BU (6) N300paKeHbI
Ha pHUC. 3, HA KOTOPOM TIOKAa3aHa JiamMIia C BOJIOCKOM B BHJIE MOJYyKpyra: OykBoi O

o0o3HaucHa BBIITYKJIasA JIMH34, ABJIAIOIIAACA O6T)CKTI/IBOM; JI— JIMH3a, CJIyKallasa OKy-
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asipom; @ — KpacHblil GunbTp, @, — npiMuaTeiii GuILTP; R — peoctar; G — ranbBa-

HomeTp. KpacHbIit QUIIBTp MPOMyCKaeT CBETOBBIE BOJIHBI IJTMHON 660 MK.

Puc. 3

Hauunas u3MepeHusi, yCTaHaBIUBAIOT OKYJsIp JI Tak, 4TOObl HUTH JIAMIIBI
nupoMeTpa Obljla YETKO BUHA. 3aT€M HaBOAST MUPOMETP Ha UCCIIENYEMBbII OOBEKT U
nepeMenieHrneM o0bekTHBa O JOOMBAIOTCA PE3KOro HM300paKEHUS HCCIEyeMOro
npenMeTa. BepxHIOw 4yacTh HUTU MUPOMETPA COBMEMIAIOT ¢ M300pakeHueM TOM Jac-
TH 00BEKTa, TeMIlepaTypy KOTOPOro HaJ0 M3MEpHTh. Jlajee, u3MEHsS C MOMOIIBIO
peoctara R TOK 4epe3 HUTh MUPOMETPA, TOOMBAIOTCS TOTO, YTOOBI SIPKOCTh HUTH
CPaBHSIACH C SIPKOCTBHIO M3IIydaromiero rena. IIpu stoM HUTE mupomMeTpa “ucyesaer”
Ha (poHe moBepxHOCTH Tena. [Ipu HenocTaTouHOM Hakajle HUTh OyJIeT TeMHee Mpe-
METa, IIPU MOBBIIIEHHOM — sIpUY€ €ro.

[TupomeTp mpeaBapUTENbHO TPaAyUpyeTcss Mo aOCOMIOTHO YEPHOMY Tely.
3HavyeHus1 TEMIEPATYPhl Ha IIKaje MUPOMETpa AaHbl B rpaaycax Llenbcus.

Ecnn mzmydyaroimiee Teno HE SBISAETCS YEPHBIM, TO NMHUPOMETP MOKA3bIBAET
TEMIIEPATYPY TAKOI'O YEPHOT'O TeNa, IPKOCTh KOTOPOr0 OJMHAKOBA C SAPKOCTHIO JaH-
HOro Ttena. Takas TeMnepaTrypa Ha3bIBaeTCs IPKOCTHOU. Tak Kak 7 r < 15, s, TO APKO-
CTHAsl TEMIIEpATypa BCET1a HUKE UCTUHHOW, TEPMOJIUHAMUAYECKOU. SIpKOCTHAS U HC-

TUHHAs TEMIIEpaTypbl Pa3IuYaroTCs TeM OOoJbllle, YEM MEHbILE IOTJIoNIaTeIbHAs
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CIIOCOOHOCTH T€Na a; 7 (€€ 3HaUueHHe MOXHO ONpPENeTuTh Mo rpaduKy, KOTOpbIA Ha-
XOJIUTCS HA CTOJIE YCTAHOBKH).

[IepeiiTn OT SAPKOCTHOM TEMIIEPATypbl K MCTUHHOW MOXHO, €CJIU HU3BECTHBI
3HauCHUA @) 7. B paboTe M3MepSIOT APKOCTHYIO TEMIIEpaTypy MO MUPOMETPY, a UC-
TUHHYIO ONPEACINIAIOT 1Mo rpaduKy 3aBUCUMOCTHA UCTUHHOM TeMIiepaTyphl OT SIPKOCT-

HOW U1 JaHHOTO Tesa Hakazia. ['paduk HaxoIuTCs Ha CTOJIE yCTaHOBKH.

6. Ilopsinok BbINMOJIHEHUSI PA0OTHI

1. BkitodaoT ucciaeayeMylo JIamIy M MUPOMETP M YCTaHABIMBAIOT MHUPO-
METp, KaK 3TO OBLIO ONMUCAHO BBHIILE.

2. 3a/1aB )KenaeMyr TeMIEpaTypy IO MUPOMETPY, U3MEHSIOT MOIIHOCTD, I0-
TpeOJIsIeMy 0, UCCIENYEMOI JIaMIIOM, TaK, YTOObI CPAaBHSUIMCH SPKOCTU HUTH MHUPO-
METpa U Jamibl. BelpaBHUBaHUE SIPKOCTEW NMPOU3BOAAT NPH BKIFOYEHHOM KPacHOM
buneTpe (A =660 HM).

3. U3mepsitoT MOITHOCTE W, moTpeOasieMyto JTaMIlOi, U MOKa3aHUsl JIIOKCMET-
pa [. Takue u3mMepeHus: NPOU3BOIAT IPH IATU 33JaHHBIX 3HAYEHUSAX TEMIIEPATyphl B
unteppasie 900 — 1400 °C. Ilpu temneparypax Bbiie 1200 °C AOMOTHUTENBHO K
KpacHOMY CBETO(QWIBTPY BBOJAT AbIMuaThiii pusibTp. (Ha cTone ycTaHOBKU yKa3aHo,
KaKoM IIKaJIOM MUpOMETpa CIIEeyeT MOJIb30BATHCS MPU padboTe ¢ ABIMUYATHIM (PUIIBT-
pom u 0e3 Hero.)

4. Bce naHHble 3aHOCATCS B TAOJIUILY 1O yKa3aHHOU (popme.

Ne UH’ Im A VI/, Bt ’ Tﬂp., K Tucm.aK o,

uzmep. | B JIK M2K*?

5. Ucnonb3ys rpaduk (OH UMEETCsl Ha CTOJIE YCTAHOBKH), MEPEXOAAT OT sIp-
KOCTHOM TeMIiepaTypbl K UCTUHHOM.
6. Boruucnoutk o gopmyse (10) 3HaueHUe G IS KaXJ0TO 3HAYCHUS TeMIIe-

patypsl. Ucnionb3ys npaBuiia 00pabOTKU pe3yJbTaTOB U3MEpeHui (CM. ¢. 6), BBIYHUC-
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JIMTh T'PpaHULy OOBCPUTCIIBHOTO HMHTCpBAJIa IJIA Ac. PGBy.HBTaT 3armcarb B BHAC

c=0,tAc_.
cp cp
7. Crpost rpaduk 3apucumocts [ = f(T). OH Ka4yeCTBEHHO BOCIPOU3BOIUT

3aBucUMOCTh ¥, , = f(T).

8. Ctposit tpaduk 3aBucumoctu In/ = f(1/T) u no gopmyne (13) BbIuuC-

JISFOT A.

7. KOHTpoOJIbHBbIE BONIPOCHI

1. Kak n3MeHsS0TCA Npyu BO3PACTAHUM TEMIIEPATYPhI B 2 pasza:

a) MOILIHOCTb M3Ty4YECHUS;

0) MaKCUMYM HU3Ty4aTesIbHOW CIOCOOHOCTH;

B) JUIMHA BOJIHBI, HA KOTOPYIO MPUXOAUTCS MAKCUMyM H3ITy4aTeIbHOM CIO-
cobHOCTH?

2. YUeMmy paBHO OTHOIIIEHUE U3TYy4aTEeIIbHON CIIOCOOHOCTH K IMOTJIONIATEIbHON
CIIOCOOHOCTH TeMa JJIA 3aIaHHON JUITMHBI BOJIHBI U TEMIIEPATyPhI?

3. B onbiTe OBUIO YCTaHOBJIEHO, UTO MPU HEKOTOPOW TeMIepaType MOIIHOCTh
MOHOXPOMAaTUYECKOTO U3IyueHHUs Tena B 1,5 pa3a MeHbllie, 4eM y abCOTIOTHO YEPHO-
ro tena. KakoBa mornomniarenbHas CriocOOHOCTh Tena?

4. AGcooTHO YepHoe Teso Harpenu oT -3° 1o +267 °C. Kak npu 3ToM u3me-
HUJIUCH:

a) IUTMHA BOJIHBI, HA KOTOPYIO MPUXOJAUTCS MAKCUMYM U3ITyUEHUS;

0) MaKCUMaJIbHOE 3HAYEHUE U3Ty4aTeIbHOU CTIOCOOHOCTH;

B) TIOTJIOIIATEIbHAS CTOCOOHOCTH?

Jluteparypa: [2], § 35.1-35.3;5 [5], §1-4.
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PABOTA 82. U3YYEHUE BHEIIHEI'O ®OTO®PEKTA

I. Ileas paGoTbl

O3HaKOMIJIEHHE C BHEIIHUM (POTOINEKTPUUIECKUM 3PdekToM. 3aadya COCTOUT
B MMOJIYYEHUHU BOJLT-aMIIEPHON M CBETOBOM XapaKTEPUCTUK (HOTOIIEMEHTA U OTpeIe-
JICHUU €Tr0 4YyBCTBUTEIBHOCTH.

2. Kpatkasi Teopus HCCJIelyeMOTr0 siBJIEHUS

Buemnnii hotoaddexr, mim HoTodrIeKTpOHHAS IMHUCCHS, 3aKII0YAETCS B HC-
MyCKaHWUU 3JIEKTPOHOB BEIIECTBOM IO JeHcTBUEM cBeTa. HamMeHblias sHeprus,
KOTOPYIO HEOOXOMMO COOOIIUTH IEKTPOHY, YTOOBI YIaTUTh €r0 U3 BEIIECTBA B Ba-
KyyM, Ha3bIBaeTcsi paboTo BhIXx0/a A.

Ecnu hv— sHeprus xkBaHTa — 00JbIle padOThl BBIXO/a 3JEKTPOHA U3 MeTallia

(hv > A), To 4acThb ee MpeBpaIACTCA B KHHETUYECKYIO SHEPTUIO 3JIEKTPOHA

2
v = A+ 2 e (1)
2
Cootnomenue (1), Ha3pIBaeMoe ypaBHEHUEM OWHINTEHHA, SIBISIETCS OCHOB-
HBIM 3aKOHOM (oTOd(h(PeKTa, BEIpaXKAIOIIUM 3aKOH COXPAHEHUS YHEPTUH.
OueBuAHO, 4TO NpU 3HEeprun poroHa hv < A4 pororpdext HabMOIATHCA HE
Oynet. YactoTta cBeTa, mpu KOTOpou mpekpamaercs GporodddhekT, Ha3pIBaeTCs Kpac-
. . hc
HOH rpanuneit porospdexra (hv, , =A4 nmm — = A4).
Kp
s nabmonenust ¢pororddekra miacTuHa U3 MaTepuana, B KOTOPOM HcCclie-
ayercst ¢potorddekT, pacronaraeTcsi B MPO3pavyHOM COCYJe, U3 KOTOPOro OTKa4aH
BO3AyX. B 3TOT e cocya moMemaeTcss BTOPOU 3JEKTPOI, BHIMOJIHSIOMMNN POJIb aHO-
na. Ecau npu ocBenieHny ucciaenyemMon miacTUHbI — QOTOKATO1a MEXK/1y HEIO U aHo-
JIOM TIO/IaTh HANPSDKEHUE, TO UCIYIIEHHBIE (DOTOKATOAOM AJIEKTPOHBI OYIyT MPHUTSI-
THBAaThCSl TOJIOKUTENBHO 3apaKCHHBIM aHOIOM. Bo3HUKIIHNIT (OTOTOK 3aBHCHUT HE
TOJIKO OT OCBELIEHHOCTU KaTo0Jla, HO M OT HAIPsDKEHUS MEXAY KaTOJIOM U aHOJIOM.

Takas 3aBHCUMOCTBE (OTOTOKA iy OT HanpsDKEHUS U NIPH IOCTOSTHHOM JIyYHCTOM II0-

TOKe @ Ha3bIBACTCA BOJIbT-AMIIEPHON XapakTepUCTHKON (orosnementa. [Ipu Heko-
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TOPOM HAIpPsHKCHUHN BCE BBIPHIBAEMBIE CBETOM AJIEKTPOHBI ((POTOINEKTPOHBI) TOCTH-
raroT aHona. [Ipu 3ToM TOK B 11enu OyJIeT MaKCUMaIbHBIM, €T0 Ha3bIBAIOT TOKOM Ha-
CBIIEHUS: I, = Ne, TIAE N — YUCIIO (POTOIICKTPOHOB, BEIPHIBAEMBIX M3 KAaTOJa B €/IH-
HUILy BpEMEHHU, e — 3apal dekTpoHa. [Ipu dotosddexre kaxkapiit KBaHT B3aUMOICH-
CTBYET C OIHHM JJICKTPOHOM, OTJACT €My CBOIO DHEPTHIO U MEPECTacT CYIIECTBO-
BaTh. ClieI0OBaTEIbHO, YUCIIO AJIEKTPOHOB 7, BRIOMBAEMBIX M3 METa/Ula B CIAMHHILY
BPEMEHH, MPOMOPIHUOHAIBHO YHCIY KBAHTOB /N, MajaronIuxX Ha MeTaul. A Tak Kak
cBeToBOM noToK @ = Nhv, TO
iHac = CCD; (2)
rae C — ko3 puImeHT nponopImoHaIbHOCTH.
3aBUCUMOCTh TOKA HACBIIMICHUS I, OT BEIIMYUHBI JTYYUCTOTO MOTOKA @, Ia-
JIAIoIero Ha (POTORIEMEHT, HAa3bIBACTCS CBETOBOM XapaKTEPUCTUKON (OTOITIEMEHTA.
CootHomieHue (2), cormacHO KOTOPOMY TOK HACHIIIEHUS TIPOTIOPIIMOHATICH CBETOBO-

My MOTOKY, Ha3bIBaOT 3aKOHOM CTOJIETOBA.

3. IIpuHuun meroaa udMepeHus u padouue GopmyJibl

B paGote u3MmepsitoTcst HanpspKeHHE, 1mojaBaeMoe Ha (oTodeMeHT, u (hoTo-
TOK, MPOTEKAIOIIUNA B 1IeNu POTOANEeMEeHTa. 3aTeM CTPOUTCS BOJIbT-aMIIEpHAs XapakK-
TEPUCTHUKA.

JUisl moy4eHHsl CBETOBOM XapaKTEPUCTUKU HEOOXOAWMO MEHSTh BEJIUUYHHY
JYYUCTOTO TOTOKA, MAJArolEero Ha (OTO3JIEMEHT. DTO JOCTUTaeTCs U3MEHEHHEM
paccTostHUS OT (hOTOdJIEMEHTA 10 UCTOuHUKA cBeta. [1o onpenenenuro @ = E'S, rae
E — ocBenieHHoOCTh (hOTO?TIEMEHTA, a S — ero iou@aab. Eciu ¢ HEeKOTOPhIM MPUOIIU-

ZKCHUECM CUHNTATh HCTOYHHUK CBCTA, HCHOJ’IB?;YGMBIﬁ B pa60Te, TOYCYHBIM, TO

=L 3)

2
r

3neck I — cuiia CBeTa UCTOUHUKA, @ 7 — €T0 PACcCTOSIHUE OT (POTO3IEMEHTA.
Ecnu cuna cBeTa BeIpakeHa B CBEYAX, a ' — B METPax, OCBEUICHHOCTh BhIpa-
3UTCS B JtOKcax. Takum oOpa3om, MOTOK MOKHO paccyuTaTh 1o hopmyiie:

o="_5. (4)
r
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JlyuucTelil TOTOK OyAeT U3MEPAThCA B JIFOMEHAaX, €clid £ h3MepeHa B JIIOK-
cax, a S — B KBaJpaTHbIX MeTpax. Cuia cBeta / ¥ miomaas GorodneMeHTa S yKa3aHsl
Ha ycTaHOBKe. MHTerpaabHON 4yBCTBUTEIBHOCTHIO BaKyyMHOTO (DOTO3JIEMEHTa Ha-
3bIBAIOT BEJIMYMHY, PAaBHYIO OTHOIICHUIO CHJIbI ()OTOTOKA HACBILIEHUS K MalalolemMy

Ha OTOIIEMEHT JIyUYUCTOMY IOTOKY:
__ "Hac
’Y - s (5)

TA€ i, — CUIa (OTOTOKA HACHIIIECHUS, MKA ; @ — Ty4YUCTBINA MOTOK, JIM.

4. U3mepsiemblii 00beKT
OOBeKTOM HccieoBaHus sBsieTcs BakyyMHbIN (oTosnemeHnt CL[B-51, cxe-
MaTU4YeCKU M300pakeHHbIN Ha puc.l. OH nmpeacTaBiasieT cOO0M CTEKISTHHBINA OaJIoH,
U3 KOTOPOTO OTKayaH BO3AyX. Ha BHYTpeHHIOIO MOBEPXHOCTh KOJIObI HAHECEH TOH-
KM ciaoil Metaia K, KOTOPBI UIPAET POJIb KaTOAA U COECIHUHSIETCA C OTPHUILATENb-
HBIM I1OJII0OCOM UCTOYHHKA HANPSKEHNUS. AHOJOM CITY>KHUT IIPOBOJIOYHOE KOJIBLO A.
A

Chem

Puc. 1

5. IKkcnepuMeHTAJIbHAS YCTAHOBKA B CTATHKE M THHAMHUKE

Jnia uzyyenus: poroddpderra UCroab3yercs: IKCIepUMEHTalbHasl YCTaHOBKA,
cxeMa KOoTopo# m3oOpaxeHa Ha puc.2. OHa COCTOUT U3 MCTOYHUKA CBETA — JIAMIIbI
HakanuBaHus JI, KoTopas yCTaHOBJIEHA Ha OJTHOM ONTHYECKOW OCU ¢ (POTOANEMEHTOM
®. McTouyHUKOM HampsiKeHHsI Ha (OTORIEMEHT CIyKUT 070k nutanus b. Hampsixe-
HHUE U3MEPSIETCA ¢ MOMOLIBIO BobTMETpa V, HoTOTOK — MHKpoamnepmerpoM A. [lpu
ocBeleHUuU (OTORIEMEHTa CBETOM U IPH MOJavye Ha HEro HampsDKEHUs BO3HUKAET
dotorok. Hampsikenue Ha oToreMeHTe peryiaupyercs noteHimomerpom R. Pac-
CTOSIHME MEXAY (POTO3IEMEHTOM M JIAMIIOM MEHSAETCS MyTeM NEepPEeMEIICHHS JaMIIbl

10 ONTUYECKON CKAMbE U U3MEPSETCS C HOMOIIBIO JIMHEUKHU.
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6. ITopsiioK BHINOJIHEHUS PA0OTHI

I. CHAaTHE BONBT-aMIIEPHON XapaKTEPUCTUKHU.

1. Ilepea cHATHEM BOJNBT-AMIEPHOM XapaKTEPUCTUKU HEOOXOIUMO YCTaHO-
BUTH TNpeesl U3MEpEeHU HanpsokeHus. i1 3Toro HaJlo MOMEeCTUTh (POTORIEMEHT Ha
paccrosinre 20-25 ¢M OT JaMIibl ¥, YBEJIMYHUBATh HANPSKEHUE MOKA HE YCTAHOBUTCS
TOK HACBIIIEHHs. JTO OyJeT BEpXHUM IpenesoM u3MepeHus. OTBECTH HaNpsHKEHHE
110 «0».

2. YCTaHOBUTh MUHUMAJIbHOE HANPSHDKEHHE B LEMU, PU KOTOPOM MOXKHO U3-
MEPATH 3HaYEHUE POTOTOKA, U ONPEACTUTH 3HaUeHHE (POTOTOKA.

3. IInaBHO yBenuuuBasl HaNpSKEHHE, TOBTOPUTh U3MEpEHUs Mg 7-8 3Haye-
HUUN HaNpsDKEHMS, IOKA HE YCTAHOBUTCS TOK HACBIILIEHUS Iy,

4. 3HaueHUs HANPSOHKEHUS] M COOTBETCTBYIOIIME UM 3HaueHUs (POTOTOKA 3aHO-

csATcs B Tabnwmiry mo gopme 1.

II. CHsATHE CBETOBOM XapaKTEPUCTUKHU.

1. Pacnonoxuth QgorosneMent Ha pacctosHuu 30-35 cm ot jmammbl. M3me-
PHUTH 3TO PacCCTOSIHUE, TaHHBIE 3aHECTU B TAOIUILy 1Mo Gopme 2.

2. YCTaHOBUTh MMUHUMAJIBHOE aHOJHOE HAIPSHKEHHE U BKIFOUUTh UCTOYHUK
CBETA.

3. IlocTeneHHO yBenMYMBas HAIPSHKEHUE, ONPEIEIUTh TOK HACBILICHUS MPU

JAHHOM pacCTOSTHUU (POTOSTIEMEHTA OT JIAMIIBI.
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4. Ypansas $OTORIEMEHT OT MCTOYHMKA, MOBTOPUTH M3MEpPEHUE TOKa HaChI-
IIEHUs NP 6-7 3HAUEHUAX paccTOsTHUS (POTOIIEMEHTA OT JiaMIibl. /laHHBIE 3aHECTHU B

Tabnuiy mo gopme 2.

7. BuruucieHus 1 00padoTKa pe3yjbTaTOB U3MEpPeHH s

1. Ucnionw3ys qanHble TaONUIBI 1, MOCTPOUTH BOJIBTAMIIEPHYIO XapaKTEepHU-
CTUKY (poTOdIEMEHTA.

2. Ucnonw3ysa dopmyny (4) u 3HaueHUs mapaMeTpoB Tabi. 1, paccuuTaTh
3HAYEHHE CBETOBOI'O MOTOKA MPHU PA3IMYHBIX PACCTOSIHUAX (POTOIIEMEHTA OT JIAMIIBI.
ITocTpouts rpauku 3aBUCUMOCTH TOKA HACBIILIEHUS OT CBETOBOI'O IOTOKA.

3. HailTu uHTerpajibHyr0 YyBCTBUTEJIBHOCTH (HOTORIEMEHTa MO (opMmyIie

(5). PesynbTaThl 3aHeCcTH B Tabnuily 1o Gopme 2. BHIYUCINUTD CPEHEE 3HAUCHHE 7,

¥ 3aHECTH B Ta0JI. 110 opme 2.
4. Beruncnuth mo dopmysie (5) 3HaueHnue y. Mcnonb3ys npaBuia oOpaboTKU
pe3yNbTaTOB U3MEPEHHH (CM. €. 6), BBIYUCIUTH TPAaHUILy JTOBEPUTEIHLHOTO MHTEpBaja

nist Ay . Pesynbrar 3anmcath B Buzge y =y, T Ay, .

®opwma 1

Hanpsoxenue U, B

Cuna dotoToka 1y, MKA

®opma 2

Paccrosinue, m

Tox HaCBIIEHUS i,,., MKA

OcBemenHocTs E, 1K

Jlyuucteiii notok @, nM
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8. Tabmna HeoOXOAUMBIX KOHCTAHT U apaMeTPoOB

Tabmuna 1

2
[Tnomans ¢poTosnementa S, M Cuna cBera ucrtounuka /, Bt

810" 100

1.

9. KOHTpOJIbHLIe BOIIPOCHI

B 1em cocrout sinenue BHemHero Gporo3adpdexra? 3anumunre ypaBHEHHE

OiHITeiHa 11 hoToddhdeKTa.

2.

B uem 3akiiro4yaroTcsi OCHOBHBIE 3aKOHBI BHEITHEro ortosddexra?

. Uem oObsicHsieTcs BHemHUM (oTodddhexT?
. Yro Ttakoe (HOoTOH, UeMy paBHa €Tro SHEPTUs?

. Urto Takoe BOJIbT-aMIepHasi XapaKTepUCTUKa POTOdIeMEHTa?

3
4
5
6.
7
8

OOBsICHUTE X0/ CBETOBOW XapaKTEpUCTUKHU (HOTOdTIeMeHTa?

. UTo Takoe cuiia CBeTa, U B KAKUX €IMHULIAX OHA U3MepseTcs?

. Yto Takoe J'Iy‘-IHCTLIﬁ IIOTOK, U B KaKUX ¢JWHHNIIaX OH I/IBMCp}IeTCH?

Jlureparypa: [1], § 202, 203; [5], § 9.
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PABOTA 83. HCCJIEAOBAHUE YPDEKTA XOJIUIA B METAJIVIAX 1
MMOJYINPOBOJHUKAX

1. Heab padoThI
Nzyuyenue mexanuszma s3ddekra Xouia U ero 3aKOHOMEPHOCTEH. DKcrnepu-
MEHTAIBHOE OMPEEICHUE IICKTPOPUINIECKUX XaPaKTEPUCTUK TBEPAOTO Teia: To-
cTostHHOM XoJu1a, KOHIIEHTPALMKU CBOOOHBIX 3JIEKTPOHOB M UX TOJIBUIKHOCTH, U3ME-

PEHHBIX B PCKUMCE IMTOCTOAHHOI'O TOKA.

2. KpaTkas Teopusi uccjieyemMoro siBJieHust

Ecnu npoBoAHUK (MIJIM TOJYIPOBOJAHUK), 10 KOTOPOMY TE€YET TOK, IOMECTUTh
B OJTHOPOJHOE MAarHUTHOE I0JIE€, HAITPABJIIEHHOE O] YIJIOM K CUJIOBBIM JIMHUSM JJIEK-
TPUYECKOTO TOJIsA, BBI3BIBAIOIIETO MPOTEKAHUE TOKA, TO B HEM BO3HHUKAET PAa3HOCTH
MOTEHIIMAJIOB, HAMPABJIEHHAS NEPNECHANKYISPHO IJIOCKOCTH, COJECPIKAIIEN BEKTOPBI
IUIOTHOCTH TOKa M HANPsLDKEHHOCTH MAarHUTHOTO MOJiA. ITOT 3G (dEKT, Ha3BaHHBIM
B 4eCTh XOJUIA, OTKPBIBIIETO €ro B 1879 romy, ctan ofHUM M3 CaMbIX JEHCTBEHHBIX
METOJIOB UCCJIEOBAHUS CBOMCTB HOCUTEIIEH 3apsAa B MOJYIPOBOJHUKAX.

[Touemy k€ MPOUCXOIUT BO3HUKHOBEHHUE IMOIMEPEYHON Pa3HOCTU MOTEHIMA-
naoB? Paccmotrpum oOpaselr] MNOJIyNPOBOAHUKA C 3JIEKTPOHHOM MPOBOJUMOCTHIO,
BJIOJIb KOTOPOT'O MIPOTEKAET 3eKTpuueckuit Tok / (puc. 1), TOMEIIEeHHbIN B OJJTHOPO/-

HOE MarHUTHOE T0JIE C UHAYKIUEN B.

Puc. 1
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B stoMm CJIydac Ha 9JICKTPOHBbI, ABMIKYIIUCCA 110/ I(CﬁCTBHCM CHJI BJICKTpHUYC-

CKOT'O ITIOJIsA, BBISBIBAOIICTO IIPOTCKAHHUC JJICKTPHUYCCKOI'O TOKaA I, CO CTOPOHBI Mar-

HUTHOTO IOJA AeucTByeT cuna JlopeHua F, = evBsin[B, 5] WU B BEKTOpHOU (op-

me F, :elﬁ,BJ. 31mecy e — 3apsj JICKTpoHA; U — JApeidoBas CKOPOCTh JIBMKCHUS

JJIEKTPOHOB IOJ JIE€HCTBUEM IIPOJOJIBHOIO IEKTPUYECKOro noiis £, ; B — BeInynHa

BEKTOpPa MATHUTHOW UHAYKLIWH.
[Tox nevicrBueM cuibl JIOpEeHIA AJIEKTPOHBI OTKIOHSIOTCS K BEPXHEN I'paHU
oOpa3ua, 1 Ha 3TON I'paHU HAKaIUIMBAETCS OTPULIATENIBHBIN 3apsij, a Ha MPOTUBOIIO-

JIO’KHOW TPaHM OCTAE€TCS HECKOMIIEHCUPOBAHHBIN IOJOKUTENBHBIN 3apsia. Bemencr-
BUE 3TOT0 BO3HUKAET IOMEPEUHOE EeKTpUuUeckoe noie £, u nomnepedHas (XOJJI0B-
CKasi) pa3HOCTh MOoTeHIuanoB Uy.

HOHCpG‘{HOC QJICKTPUYICCKOC IIOJIC EX HGﬁCTByeT Ha 3JICKTPOHBI C CHHOfI,

HaIIpaBJICHHOW IPOTUBOIIOIO0KHO cwiie JIopeHua u pasHou I = ek .

[Tpouiecc HaKoOIIEHUS 3apsiia MPOJOJKAETCS 10 TeX MOp, MOKa AEHCTBUE MO-
NIEPEYHOr0 3JIEKTPUUECKOTO MoJii He ypaBHoBecuT cuiy Jlopenua. Ilocme storo
AJIEKTPOHBI OYIyT ABUTAThCS BIOJb 00pa3lia, HAKOTUICHHE 3apsia MPEeKpaTUTCs U yc-

TAaHOBUTCSI CTAl[MOHAPHOE COCTOSTHHE.

ECi BEKTOpP MArHHTHOH MHAYKIMH B IEpICHAMKYISAPSH BEKTOPY HAMpS-
JKEHHOCTH MPOJOIBHOTO SMEKTPUUECKOro moms E, (3TOT Cyyail ¥ peaqn3oBaH B
AKCIIEPUMEHTAIbHON YCTAaHOBKE TaHHOM paboThl), To cuia JlopeHua paBHa F, = evB
U JUIs CTallMOHAPHOI'O COCTOSIHUSA NonydaeM evB = ek, . OTcrofa MOXKHO BBIUUCIUTD

HAIIPSKCHHOCTD ITOIMICPCYHOT'O 3JICKTPUYICCKOI'O ITOJIA
E, =vB.

Oto none E, ckimaapBaercs ¢ noneM E, B pe3yiapTHpyollee none £ , npu

9TOM yros 0 MeXIy HampaBIeHHEM TOKA W PE3YJILTHPYIOUIMM SJIEKTPUYECKAM II0-

E
aeM (yron Xoiuia) MOKHO HaliTu 1o ¢popmylie tgl = E_X
0
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3. Ilpunuun meToaa u3mMepennii u padouast popmyia

Jlist onpenenenrss XOJUIOBCKOW Pa3sHOCTH MOTEHIHMAIOB Uy BOCIIOJIb3yeMCs
CBS3BI0 PA3HOCTH TOTCHIMAJIOB W HAIMPSHKEHHOCTH JJICKTPUYECKOTO MO —
Uy = Exb, IIIOTHOCTH TOKAa

J =env (1)
u cuiibl Toka [ = jS = jba, tne S = ba — muomanp MOMEPEYHOr0 CCUCHUS 00pasa; 1 —
KOHIIEHTpPAITUSI CBOOOTHBIX AJIEKTPOHOB.
Hcnonb3ys 3Ti hopMyIIbl, TOITYyIUM
I Bb IB 1B

U,=Eb=vBb=2LBp=—"="Z_p =
ne en ba ena a

riae Ry =1/en — mocrosHHas XoJa.
Takum obpazom, usmepuB Uy, B, I U a, MOXKHO ONpPEAEIIUTH MOCTOSTHHYIO
Xona

U, a
R, =—X— 2
XxT g (2)

N KOHICHTPpAIIHUIO CBO6OI[HBIX QJICKTPOHOB B ITOJYIIPOBOIHUKE

3Has MPOBOJAMMOCTh 00paslia G M MOCTOSHHYI0 XoJula Ry, MOXHO ompene-

X

JIMTHh TAKOW Ba)XKHBIM MapaMeTp MOJYNPOBOJHUKA, KaK MOABUKHOCTh HOCUTEIIEH TOKA
u . [lonBM>KHOCTH HOCUTENEH TOKa OIpeaensercs Kak AperdoBas CKOpoCTh, MPUoO-

pETeHHAas HOCUTEJIEM B MOJIe HaMPsHKEHHOCTHIO B 1 B/Mm, T. e.

u=v/E,. 4)
[To 3akony Oma B quddepenimansHoi popme j = G Ej. (5)
N3 Beipaxkenutii (1), (4) u (5) cnenyer: 6 = enu = Lu
Takum oOpazom, '
u=Ryo. (6)

D¢ddexr Xomna nMeer emnie 0HO BakHOe npmwiiokerue. Onpenenus 3HaK Uy,
MOYHO OIIPEJICNINTh 3HAaK HocuTenen Toka. Hampasnenue cumel JlopeHa uameHsercs
Ha MPOTHUBOMNOJIOKHOE KaK NMPU M3MECHEHWH HANPABIICHUS JIBW)KEHHUS 3apsjia, Tak U

IIp1 U3MCHCHHU €TI0 3HAKA. CJ'IGI[OBaTeJII)HO, I[P OAMHAKOBOM HAIIPABJICHHUHU TOKa H
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noyst, cuia JlopeHua, qelCcTBYIOMAas U HA 3JIEKTPOHBI, U HA JBIPKU, UMEET OJIMHAKO-
BO€ HampasiieHue. [loaToMy B ciaydae AbIpOK MOTEHLMAI BEPXHEW I'paHU BBIIIE, YEM
HIDKHEW, a B cllydae 3JIGKTPOHOB — HIKE. TakuMm o0pa3om, MO 3HAKY XOJIJIOBCKOM
Pa3HOCTH MOTECHIMAJIOB MOXHO YCTAaHOBHUTH 3HAK HocuTeNer Toka. Jlatunku XoJuia

IMUPOKO UCITOJIB3YIOTCA B TCXHUKC U3MCPCHUA MAI'HUTHBIX MOJICH.

4. U3mepsiemblii o0pazen. JIabopaTopHasi yCTAHOBKA
JlaGopaTopHasi yCTaHOBKa BKJIIOUYAET B CeOsl TOHKOIUIEHOUHBIN 00pa3ell ToJ-

_ 1
muroit 0,01 MM ¥ C yIEIBHOI IEKTPONPOBOANMOCTEI0 G =2,6x107> ——— . 06-

OM xM

pascnu paSMeHléH BHYTpH YCTPOﬁCTBa, COACPKAMCTO HCTOYHUK MAarHUTHOI'O ITOJIA

—

(JIMHUY MarHUTHOM MHIYKIMU B NepreHIuKyJISIpHbI INIOCKOCTA 00pa3lia) U MOTEH-
IIUOMETP C PYUKOH PEryJIMPOBKH HA MuleBor naHenu. [locTosHHBIN TOK yepe3 oOpa-
3e1 MOJAETCSl OT UCTOYHUKA IMOCTOSTHHOTO TOKAa M U perynupyercsi ¢ TOMOUIBIO yIIO-
MSHYTOM pydku noTeHroMerpa. Cuia Toka GUKCUPYETCS MUJTUAMIIEPMETPOM, a

Pa3HOCTb NIOTCHIHMAJIOB UX — JIAaMITIOBBIM BOJIbTMCTPOM.

5. Ilopsinok BbINMOJTHEHUS PA00OTHI 1 00pad0TKA pe3yJIbTaTOB
1. N3MepuTh BEIMYMHY NONEPEYHOW PA3HOCTH MOTEHUHMAIOB U, Nis pa3nny-
HBIX 3HAYEHUU TOKa /.
2. BblyuciauTh NOCTOSHHYI0 XO0JUIa AJIs CPEAHEN U3 BCeX U3MEPEHHI BENYu-

Hbl Uy/I, ucnonb3ys 3aBUCUMOCTbD (2), COTVIACHO KOTOPOM pacueTHas popMysia UMeeT

szﬁ(&j |
BT ),

3. CornacHo paBeHCTBY (3), onpeIeTuTh KOHIIEHTPAIMIO HOCUTENEH ToKa

1

n~-—

Re
~19 . 3
rae e =1,6-107" Ku; n — KOHIIEHTpaIKst HOCUTEEH TOKa, M ™.

BU]T

9
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4. Ha ocHoBaHuu (6) paccurTaTh NOJABUKHOCTh HOCUTEINEH TOKA

u = Ryo,

o 2 -
rI€ # — MOABMKHOCTh HOCHUTENIEH ToKa, M /B " ¢.

5.

Bpraucnurts CPCOAHCC 3HAUYCHUC W TI'paHHULY AOBCPUTCIBHOI'O HMHTCPBAJIA

A(UJ/D) (cm. pazgen «O6paboTka pe3ynbpTatoB m3MepeHuin» u [7]). Jlanubie 3amm-

caTh B TAOJIMIly TIO YKa3aHHOU dopMme.

Cwita TOKa B TOJYTIPOBOJHUKE

I, MA

[IHAJIOB

XO0JUJIOBCKas Pa3HOCTb IIOTCH-

U, MmB

U/, Om

AU/

A S

6. KonTpobHbIE BONIPOCHI

— —

Jlatiite onpeneneHue BeKTopoB £ u B.

Chopmynupyitte 3akoH OMa B nuddepeHnunansHoi hopme.

HamummuiTe v mosicHATE BRIpaykeHHe M1 CHutbl JIopeHTia.

B gem cymuocTh 3ddexTa Xomia u Kak cBs3aHa BenuuuHa Ry ¢ Uy?

Uro Takoe npeiidoBas ckopocTh U ? Hamummre BhIpakeHHE, CBS3BIBAO-

mee IMIOTHOCTh TOKa ¢ Apei(oBOi CKOPOCTHIO ABUKEHUS HOCUTEIICH.

. Yto Takoe IIOABHIKHOCTD HOCHUTEJICH TOKa M KaK OHa CBs3aHa CO CKOpO-

CTBIO UX JIBIKCHHUSA O ?

Yemy Oyaer paBHa XOJUIOBCKas pa3HOCTb TIOTCHIIMAJIOB, €CIU Ha-
IIPaBJICHUS BEKTOPOB £, u B coBnagaror?

Hanummre BeIpakenue Ui y1€IbHON POBOAUMOCTH G.
Hanummre BeIpakeHne 1JIsl CUJIbI, ¢ KOTOPOM JIEKTPUYECKOE I10JIE TEUCT-

BYET Ha 3apsij.

10. OObsicHUTEe, Kak MO 3HAKy XOJUIOBCKOM pa3HOCTH MOTEHIMAJIOB OIpe-

JICJIUTH 3HAK HOCHUTEJEH TOKa.

Jlureparypa: [1], § 202, 203; [2].

32



PABOTA 84. TEPMOJ3JIEKTPOHHASA OMUCCHUA

1. Heab padoTsl
[lenbto maHHOM PabOTHI SABISETCS MPAKTUYECKOE O3HAKOMIIEHHE C (usnuye-
CKUM SIBJIGHUEM — TEPMODJIEKTPOHHOM 3MHCCHEH, HAOMI0JaeMOW B 3JIEKTPOHHBIX
Jamnax, MOJIy4YeHHE BOJbT-aMIEPHOW XapaKTEPUCTUKHU JBYXAJIEKTPOJHOM JIaMIIbI

(Irona) v BEIYHMCIICHHE PA0O0THI BBIXOA SJIEKTPOHOB M3 KaTOa JIAMITHI.

2. Kpatkas Teopusi uccje1yeMoro siBJieHus

A. O paGoTe BbIX0/1a JJIEKTPOHOB M3 TBEPAOIo0 Tejia

M3BeCTHO, UTO B MeTaJJIaX MHOTO CBOOOJIHBIX 3JIEKTPOHOB. DTU 3JEKTPOHBI
00yClIaBIMBAIOT BBICOKYIO MPOBOAMMOCTh MeTaia. COBOKYMHOCTb 3THUX JJIEKTPO-
HOB, Y4YacTBYIOIIUX B TEIJIOBOM JBWIKEHHM, HA3bIBACTCS JJIEKTPOHHBIM TIa30M.
DONEeKTpOHBI MPOBOJUMOCTH YAECPKUBAIOTCS BHYTPU MeETaila 3a CUET CWJI, ACHCT-
BYIOIIMX Ha AJIGKTPOHBI M HANpPaBJIEHHBIX BHYTph MeTamia. YToOBl 3JEKTPOH MOT
BBIITH M3 MeTajljla 3a €ro IMpeJiesbl, T0JKHA ObITh COBEpIIeHa onpeeaéHHas padoTa
A IPOTHUB 3TUX CUJI, KOTOpas MOJIy4YHJIa Ha3BaHUE padomul 861X00a SIIEKTPOHA U3 Me-
Tajya. OTa padboTa pa3IuyHa JUIsl pa3HbIX METAJIJIOB.

Tak Kak 3JIEKTPOH SIBJISIETCS 3apsSKEHHOW YacCTULEW, TO CYIIECTBOBAHME pa-
OOTBI BBIXOJIa MOKA3bIBAET, UTO B IMOBEPXHOCTHOM CJIO€ METajljla CyIIECTBYET 3/IeK-
mpuueckoe noJe, a, CIe10BaTEIIbHO, DJIEKTPUUECKUN MIOTEHIMA IIPU [IEPEXO0€e Yepe3
ATOT NOBEPXHOCTHBIN CIIOM U3MEHSETCSA HA HEKOTOPYIO BEJIMUMHY (, KOTOpas TaK XKe,
Kak U paboTa BBIXOJA, SIBJISETCS XapaKTEPUCTUKOW MeTaiia. JTa MOBEPXHOCTHAS
pa3HOCTb MOTEHIIMAJA CBsI3aHa C pabOTOM BBIXOJ]a COOTHOIIEHUEM

A=ep, (1)

I€ e — 3apsij DJIEKTPOHA.

PaGota BbIX0/a 3IEKTPOHOB U3 METAJIOB OOYCIIOBJICHA ABYMSI IPUYMHAMHU.

OnHa W3 HUX 3aKII0YAeTCs B MHAYKIHMOHHOM JIEWCTBUU YIAISEMOIO JJICK-
TpOHA Ha METaJUI. TakoW AJIEKTPOH BBI3BIBAET HA MOBEPXHOCTH METAIA IOJIOKH-

TEIbHBIN I/IH,HYKHI/IOHHLIﬁ 3apAan, oT4ero MCXKAy 3JCKTPOHOM U MCTAJIJIOM BO3HHKACT
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CWJIa TIPUTSDKEHUSI, TIPETSTCTBYIONIAS YAAICHUIO AJIEKTPOHA. DTy CHIIy MOXHO pac-
CUMTATh MO METOAY 3€pKaJIbHBIX M300pakeHUl W paboTa MPOTUB ITOW CHIIBI Mpea-
CTaBJIIET COOOM YacTh PabOTHI BBIX0/1a AJIEKTPOHA.

Bropas npuunHa 3akirodaeTrcs B TOM, YTO YacTh AJIEKTPOHOB MeTajlia MpH
CBOEM TEIJIOBOM JIBMXKEHHH CIIOCOOHA MepeceKaTh MOBEPXHOCTh METAINIA U YAAISTh-
csl OT He€ Ha Maunble paccTosiHUS. [l03TOMy HaJ MOBEPXHOCTHIO METallIa CYLIECTBYET
AJIEKTPOHHAs aTMocdepa, MIIOTHOCTh KOTOPOil 04eHb OBICTPO YOBIBAET MO Mepe y/a-
JIeHHS OT MMOBEPXHOCTU MeTasia. B pe3ynbrare, y HOBEpXHOCTH MeTailia o0pa3yercs
KaK Obl 3apsyKEHHBINA KOHJIEHCATOP (IBOMHON AJIEKTPUUECKHI CII0i), OTpULIATENbHOM
0OKJIaJIKOW KOTOPOTO SIBJISIETCSl AJEKTPOHHAs atMocdepa, a MONOKUTEIbHOU — CIOU
MOHOB MeTaia. [IpoxoxkieHue 3MeKTpoHa yepe3 3TOT ABOWHOM CIIOH COMPOBOKIACT-
Csl COBEpIICHUEM OIpeAeNEHHON padoThl, U MOJHAsT paboTa BHIXOJA AJEKTPOHA CO-
CTOMT U3 JIBYX YacTei, 00yCIOBICHHASI 3TUMHU JIBYMS IPUUMHAMMU.

DNEeKTpOHAM MOYXHO Pa3IMYHBIMHU CIIOCOOAMHU COOOIIUTH JTOTOJHUTEIHHYIO
SHEPTHUI0, YTOOBI YaCTh U3 HUX MOJYyYHSia BO3MOXHOCTh MOKUHYTH METAJI U MOYKHO
ObUTO HAOIOIATh SIBJICHNE UCITYCKAHUSI AJIEKTPOHOB, WIIH SJIEKTPOHHOM SMUCCHH.

B 3aBucumMocTu ot crocoba cooOIIeHHs PIEKTPOHAM SHEPTHH Pa3InyaloTCs
pa3Hble TUIBI 3JIEKTPOHHON AMUCCUU. ECIIM 3EKTPOHBI TOMYyYal0T SHEPTHUIO 32 CUET
TEIUIOBOM SHEPryuu Tella MPU TMOBBIIICHUH €ro TEMIEPATypbl, TO 3TO MEepMOIJieK-
MPOHHASL IMUCCUSL; TIPU TIOJIBEJICHUU YHEPTUU CBETOM — 3TO SIBJICHUE (hOmMOIMUCCUl,
ui  gpomosanexkmpuueckuti d3GPEKT; ecau IHEPrus COOOIIAeTCs AJIEKTPOHAM MpHU
OoMOapaMpPOBKE M3BHE KAKUMH-IM0O IPYTMMH YaCTUIAMU (DJIEKTPOHAMHU, NOHAMMU ),

Ha6JIIOI[aCTCH 6MOPUHHAA ITIEKMPOHHRAS IMUCCUAL.

Bb. O TepM03JIEKTPOHHOI YMHUCCHH

Jlist HaOnroAeHUST TEPMODJIEKTPOHHOM AMUCCUU MOXET CIY>KUTh BaKyyMHas
JaMIia, cojepskalias Ba 3JIEKTPoJia: OJUH, B BUAEC TPOBOJIOKH W3 TYTOIUIABKOTO Ma-
Tepuana (Bonbhpam, MOTUOICH U Jp.), pacKasieMblii TOKOM (KaTox), U APYToH, XO-

JIOHBIA 3IEKTPOJ, COOMpAIOIIUM TePMOAIIEKTPOHBI (aHo). [lomoOHbIE TaMMbl 1IK-
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POKO MPUMEHSIIOTCS B PAIUOTEXHUKE NJISI BBIIPAMIICHUS TIEPEMEHHBIX TOKOB (Tak
HA3bIBAEMBIE BAK)YMHbLE OUOODL).

Ecnu cocTaBUTh 3JIEKTPUYECKYIO LEMb, COJEPKAILYIO

()
%4‘ \ﬂ% BAKYYMHBII [IMOJl, UCTOYHUK HANPSHKEHUS U MUUIHaMIEp-
i meTp (puc. 1), To mpu XOJIOAHOM KaToje TOK B IIENU HE BO3-
—'L—_ HUKHET, TaK KaK CHJIbHO DPa3peXKEHHbIM Ta3 BHYTPU AUOAA
o (BakyyMm) HE CONCPXKHT 3apHKCHHBIX YACTHUL, M IOITOMY

Puc. 1

3JIEKTPONPOBOAUMOCTh JUOJa NPAKTUYECKU paBHA HYIO. Ec-
JIY K€ PACKAINTH KATOJ JWOJa IIPU MOMOIIM JIOMOJHUTEILHOIO UCTOYHUKA TOKA 10
BBICOKOW TeMIepaTypbl, TO MUJUTHAMIIEPMETP OOHAPYKUBAET MOSIBJICHUE TOKA.

Cuiia TepMOBJIEKTPOHHOTO TOKA B JIMOJI€ 3aBUCUT OT BEJIMYMHBI MOTEHIIMAIA
aHoJa OTHOCUTEIBHO KaToJa. JTa 3aBUCMMOCTh HOCUT Ha3BaHHWE 3aKkoHa borycias-

ckoro — JIaurmtopa unu "3akona 3/2” u uMeeT BU:

3

I=cU?, 2)
IJIE ¢ — 3aBUCUT OT (JOPMBI B Pa3MEPOB AJIECKTPOIOB.

Kpusasi, nzobpaxaromias 3aBUCH- I A

MOCTb CHJIbI TOKa OT aHOAHOI'O HalIp:-

XKEeHUs (BOJbT-aMIIEpHAas XapaKTEPUCTHU-

Ka), n300pakeHa Ha puc. 2 (kpuBas [-2-

3). BugHo, 4Tro BOJBT-aMIepHas Xapak-

TEPUCTHUKA DJICKTPOHHOM JIaMIIbl HEJIH- 0 Us
HelHast. OTo 00YCIOBIEHO TEM, UTO TIPHU Puc. 2

HAJIUYUU TEPMONIEKTPOHHOM DIMHUCCHH B AU

_|_

IIPOCTPAHCTBE MEXKAY KaTOAOM U aHOJLOM —
B JIIOOO MOMEHT BpPEMEHU HaXOASATCS
JJIEKTPOHBI, JABWXKYIIMECA OT Karoaa K

aHozy, KOTOpble 00pa3zyroT 00JIaKo OTpHU- —

+ 4+ +

LATENIBHOTO 3apsiAa (IPOCTPAHCTBEHHBIN

3apsiT). DTOT 3apsi] U3MEHSET pachpe]ie-
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JIeHUE MOTeHIMana B Auojae. BmecTto nuHeliHOTrO pacnpenenenust (muHus I, puc. 3)
OHO CTAaHOBHUTCSI HETUHEHHBIM (KpuBasi 2, puc. 3), 1 CKOPOCTH AJIEKTPOHOB YMEHb-
IIA0TCA.

OnHako ¢ YBEJIMYEHUEM aHOJHOTO HAMNPSHKEHUS KOHLIEHTPALMS JIEKTPOHOB
B 00JIaKe MPOCTPAHCTBEHHOIO 3apsiga yMeHblnaercs. [loatoMy u Topmo3siiee AeicT-
BHE NPOCTPAHCTBEHHOTO 3apsiga AEIAeTCs] MEHbBIIE U aHOIHBIM TOK YBEJIMYUBACTCS.

Korma moTeHImMan aHoja CTaHOBUTCS HACTOJIBKO OOJBIIMM, YTO BCE DJIEK-
TPOHBI, HCITYCKAEMbIE€ KATOJOM 3a KaXKIYI0 €IMHUIY BPEMEHHU, MOMAJA0T HA aHOJ,
TOK JIOCTUTAET CBOETO0 MAKCUMAJIBHOTO 3HAUYCHUS U MIEPECTAET 3aBUCETh OT AHOJHOIO
HarpsbkeHus. [I10THOCTh TOKa HACBIIIEHHUS J;, T.€. CHUJIAa TOKA HACBIIIEHUS HA KAXKIYIO
€AUHUILY TOBEPXHOCTH KaTOJla, XapaKTePU3YET IMUCCUOHHYIO CNOCOOHOCTMb KATOJa,

KOTOpasi 3aBUCUT OT IPUPOJIbI KATOJA U €ro TEMIEPATYpPHI.

B. O remneparypHO# 3aBUCHMMOCTH TOKA HACBILLICHUS

[TockonbKy IMUCCHOHHAs CITIOCOOHOCTh KaToJa 3aBUCUT OT TeMIEpPaTyphl, TO
BOJIbT-aMIIEpHAsl XapaKTEpUCTUKA Auoja OyJeT TakKe H3MEHSATHhCS ¢ M3MEHEHHUEM
TeMIeparypel karojga. Ha BoibpT-aMIepHON XapaKTEPUCTUKE KPOME Ha4albHOTO
yuacTtka 0-1-2-3, onucpiBaeMOro BbIpakeHUEM (2), OyAyT MOSABIATHCA YYaCTKH, CO-
OTBETCTBYIOIIUE Pa3HbIM TOKaM Hacklmenus (1-4, 2-5, 3-6). C poctom TemmnepaTypsl
OyIyT BO3pacTaTh TOKH HACBIIIECHUSA j;, a TakKe OyAyT YBEIUUYMBATHCS 3HAUCHUS

AHOJJHOI'O HAITPSIKCHUA U s, IPU KOTOPOM YCTAHABJIMBACTCA TOK HACBIIICHNA.

3. Ilpunuun MeToaa u3mMepennii u padouast popmysaa
3aBUCUMOCTH IIJIOTHOCTH TOKA SMHCCUU OT TEMIIEPATYpPhl MOBEPXHOCTH Me-

Tajuia onuckiBaeTcs popmynoil Puuapzacona - J[3mmana:

e

Js =BT ", (3)
ryie B — yHuBepcaibHas MOCTOSIHHAsA, paBHas B = 12,5%10° A/M’K® mis Bcex maTe-
pHaoB.

Omna noisrydeHa U3 NPEAION0KEHNS, YTO JJIEKTPOHBI B KPUCTAIIJIE NOIYUHS-

FOTCS KBAHTOBOM CTaTHCTHUKE.
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W13 3TOr0 BBIpaKEHUS BUIHO, YTO M3 U3MEPEHUI IBYX Pa3HBIX U3BECTHBIX TO-
KOB HACBIIICHUS /| U j,, TIOJXYYEHHBIX MpPU JIBYX M3BECTHBIX Temreparypax 11 u T,
KaToJla, MO)KHO BBIYHCIHUTH PabOTy BBIXOJA JEKTPOHOB W3 Karoma e@. st aToro
3HAYCHUS j| U j, , BRIPOXKEHHBIE COrJIacHO dopmyrie (3), moAeInM IpyT Ha Ipyra, Ipo-
n3BeAEM HeOOobIIHE TPeoOpa30BaHNUs U IMTOIYIUM IPOMEKYTOUHOE BBIPAKECHHUE!
eo[ -1
o
J1 22 —e i) (4)
T
J214y
[Tocne norapuMUpPOBaHUS STOTO BBIPAKCHUS M HEOONBIIMX YHPOIICHUN
pabouas popmyrna Oynet UMETh CIEAYIOLUIUI BU:
TT. T j
A=ep=k—in 22, (5)
(7.-1) \%* j

TJI€ j1 U j, — TIOJIyYeHHBIC U3 OIbITAa TOKU HACHIIIEHHUS, COOTBETCTBYIOIINE a0COIIOT-

HBIM TemIieparypaMm 77 U 7, HUATH Hakajia, T.e. KaToza.

Temneparypa karoaa OINpeaenseTcs KOCBEHHbIM METOJOM IO TeMIlepaTyp-
HOW 3aBUCHUMOCTH 3JIEKTPUYECKOTO CONPOTUBIEHUS BOJbpama. [ljig 3TOro nojin3y-
1orcsa rpadpukoM R = f(T), KOTOpbI mpunaraercs K 1a00paTOPHON yCTAaHOBKE, WM
tabi. 1, rne Ry— conporusnenue npu 20 °C 3agaercs kak noctosHHas karoga. Co-

ITPOTUBJICHUC HUTHU HAKaJa R BeIUmMCIHIsIeTCS IO 3aKOHY Owma I ydaCcTKa ILCII:

U
R=—. (6)
Tabmauma 1
T, R T, R T, R
K R, 'K Ry 'K Ry
293 1,000 1400 6,780 2500 13,47
300 1,030 1500 7,360 2600 14,12
400 1,467 1600 7,930 2700 14,76
500 1,924 1700 8,520 2800 15,43
700 2,930 1300 9,120 2900 16,10
800 3,460 1900 9,720 3000 16,77
900 4,000 2000 10,33 3100 17,46
1000 4,540 2100 10,93 3200 18,15
1100 5,080 2200 11,54 3300 18,83
1200 5,650 2300 12,19 3400 19,53
1300 6,220 2400 12,83 3663 | |eMmeparypa
IIJIABJICHU S
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4. U3mepsieMblil 00beKT
N3mepsercst paboTa BbIXOJa U3 KAaTO/AA SJIEKTPOHHOM JIaMIIbl, TOJ0TPEBAEMO-

'O TOKOM OT OTACJIIBHOI'O HCTOYHHKA ITMTAaHUS.

5. IKkcnepuMeHTAJIbHAA YCTAHOBKA
Jlis Ipou3BOJICTBA HEOOXOTUMBIX M3MEPEHHM HCIONb3YeTCs CXema, MOoKa-
3aHHas Ha puc. 4, Tne AK — nByxanekTpoHas Jiamma. Temmneparypa e€ HUTH Hakaida
perynupyercs peocTaTtoM R, TMyTéM H3MEHEHHs CHJIbl TOKA, HCTOYHHUKOM KOTOPOTO
CIIy’)KHUT akkyMmyJsitop E,. Cuna Toka Hakajla H3MepsieTcs aMIepMeTpoMm A,, a Ha-
npsDKeHHE Ha KOHIIAX HUTH Hakalla — BOJIbTMETpoM V. TloTeHmomMerp npucoeanHs-
eTcs K oO1ieit 1adopaTopHoi cet 24 B mocTOosTHHOTO TOKa. AHOJHBIN TOK U3MEPSIET-

Csl MUKpOaMIIEpPMETPOM HA.

6. Ilopsigok BeINOJIHEHUSI padOThI
1. Cxema maGopaTopHOU yCTAaHOBKH IMPEICTABICHA Ha pHC. 4.
2. Y06enuthcs B MPaBUIBHOCTH COOpAaHHOM CXEMBbI, BBECTU COINPOTHBIICHUE

peocrara Hakajla R, U C paspelieHUs

npernogaBarenss  (nnn  Jtabopanra) A l
+
BKJIFOYMTH IIEMb Hakajia KIodoMm K
A
¥ AHOJHYIO II€Nb IOAKIIOYHTH K Jia- '

OOpaTOPHOI CETH MOCTOSIHHOTO TOKA.
X K

3. I[BI/I}KKOM MMOTCHIOUOMCTpPA
YCTAHOBUTb MAKCHMaJIbHOC aHOJJIHOC

HanpsbkeHue. Peocratom R, ycTaHo-

I
|I
BUTh HaKaJl HUTH TaK, YTOOLI aHOI- RHil Ey
HBII TOK ObLI 3AMETEH.
Puc. 4
4. Tlpu naHHOM TOKE Hakaja
HUTH [ 1 HanpspkeHnn Hakana Uy, MEHSS aHOJHOE HAINPSHKEHUE OT HYJIS O MaK-

CHMYMa, CHSTb BOJIbT-aMIIEPHYIO XAPAKTEPUCTUKY AUOAA, T.€. 3aBUCUMOCTb aHOJIHO-

ro Toka /, ot anogHoro HanpsbkeHus U,. [loka3zanus npekpaTuTh CHUMATh TOTJa, KO-
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r7a Mpy 3HAUYMTEIHHOM M3MEHEHMHM aHOJHOTO HANpsDKEHUS aHOAHBIA TOK WU CO-
BCEM HE M3MEHSIETCSl WM JK€ MEUIEHHO HapacTaeT: 3TO TOBOPUT O TOM, YTO JOCTHUT-
HyTa 00JIaCTh HACHIIICHMUS.

5. CHATH TpU BOJBT-aMIIEPHBIE XapAKTEPUCTUKU MTPHU Pa3HbIX TOKaxX Hakajia /.

JlanHbie 3aHeCTH B TaOJUILy MO yKa3aHHOU (opme.

Iklz...A Ikzz...A Ik3:...A
Uklz...B Ukzz...B Uk3:...B
Rklz...OM szz...OM Rk3:...OM
Tl,K:... Tz,K:... T3,K:...
Ual,B Ials MKA Uaz,B Ia29 MKA Ua3,B Ia3, MKA
Js1=....MKA Jo=....MKA Js3=....MKA

6. Iloncuurate mo ¢gopmysne 3akoHa Oma (6) COMPOTUBIECHHWE HUTH HaKalia
IUI KQXKJI0TO U3 TPEX MPOBEAEHHBIX ONBITOB. ONpeeauTh COOTBETCTBYIOIUE 3HAYE-
HUSl TEMIEPATYyphl KaToJa, MOJIb3ysACh s 3Toro rpadukomM R = f(T) unu gaHHBIMU
tabs. 1. ConporuBnenue R, ykazano Ha rpaduke R= f (T), mpuiaraemom K Jabopa-
TOPHOM YCTaHOBKE.

7. IlocTpouTh BOJIBT-aMIIEPHBIE XapaKTEPUCTUKHU AUOA IPU TPEX pa3HbIX
temneparypax Hakana 7. Ilo ocu abcuuce NpUHATO OTKIIAAbIBATh aHOIHOE HaIpsi-
xenue U,, a 1o ocu OpJIMHAT — aHOJHBIN TOK /,. Bce Tpu KpuBbIe ClielyeT CTPOUTh
Ha OOIIUX OCSX.

8. [logcuuTarh paboTy BbIXOJA JUIsl MeTalljia Katoja JiaMibl. Pacuérnas ¢op-
myna (5) copaBeiiuBa s JIFOOBIX IBYX TOKOB HACBHIIEHUS: (fs1, ji3) U (fio, i3) TIPHU
temneparypax (71, T3) u (T, T5). Heobxoaumo nomyunTs paboTy BbixoAa A 1uist Tpex
nap 3Ha4YeHUN TOKOB HACBHIIICHUS, B3SITh CPEAHEE U BBIPA3UTh PE3yJIbTaT B AJEKTPOH-
BonbTax (3B). TIpn BBIYMCIGHHMM HYXHO ydecTh, uto k = 1,38%107% Jx/K;

15B =1,6%10" JIx.
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7. KOHTpOJIbHBbIE BONPOCHI

1. Yro Takoe «3JIEKTPOHHASI SMUCCHUSI»?

2. Kakue ObIBatOT TUIIBI 3JIEKTPOHHOU dMUCCUN?

3. Uto Takoe «paboTa BbIX0/a 3JIEKTPOHA U3 BELIECTBa»?

4. Kakue cuisl PEnsTCTBYIOT BBIXOY JJIEKTPOHOB U3 BelecTBa?

5. Ilouemy mocTHraercst peKUM HACBIIEHHS TOKA HA BOJIBT-aMIIEPHON XapaK-
TEPUCTUKE BaKYYMHOI'O 1uoja?

6. Kakas 4yacTb BOJIBT-aMIIEpHON XapaKTEPUCTUKU IUO0AA OOBsicHsAETCA (op-

MyJsioi Puuapnacona - [[pmimana?

Jlutrepartypa: [1]; [2].
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PABOTA 85. U3YUEHUE BBIINPAMJISIOIINX CBOUCTB p-n IEPEXO/IA

1. Heas padoThl
JlanHast paboTa 3HAKOMUT C BBIIPSMIISIONIMMU CBOMCTBaAMU (YHHUIOJISPHOM
IPOBOJUMOCTBIO) p-n MEPEX0/ia, MPEICTaBIAIOMIEr0 cO00l OCHOBHOM 3JIEMEHT MO-

JIYIIPOBOJHUKOBBIX JTHUOAOB U TPAH3UCTOPOB.

2. OCHOBHBIE TeOpPeTHYECKHE MOJT0KESHUS

Ha rpanuine paszpena ModyNnpoOBOJHUKOB C Pa3sHbIM THUIIOM IPOBOJUMOCTHU
(2JIEKTPOHHOM 7 M JIBIPOYHOM p) 00pasyeTcs p-n Mepexoji: ABOMHOMN cioil (06sacTh
oobemHoro 3apsina O0O3), xapaKTepHU3yIOIIUICS BBICOKUM COMNPOTUBICHUEM (PHUC.
1,a). [lonoxuTenbHBINA 3aps]] pacloNokeH B 7-00JJaCTH U BO3HHUKAET npu AU dy3un
AJIEKTPOHOB B p-00JacTh, a OTPUILIATENIbHBINA — B p-00nactu (B pe3yinbTate Juddy3uu
TBIPOK B 71-00J1aCTh). DTOT MEPEXOIHBINA CIIOH, COCTOSIINN M3 HEMOIBHKHBIX MOHH-
30BaHHBIX aTOMOB KpHCTallja, 00JIaJaeT BBICOKUM COMPOTUBIECHHUEM M CIOCOOEH
pacIUpPSATHCS WU CYkKaThCSl B 3aBUCUMOCTH OT MOJISIPHOCTU U BEIUYMHBI TPUIIOKEH-
HOTO K p-n TIEPEXOJly HAIPSKEHUSI, IPU 3TOM CONPOTUBJIIEHUE MEPEeX0Aa COOTBETCT-

BCHHO BO3pacCTacT NJIN YMCHBIIACTCH.

=
T+ T+ 4]
S
o

d1:d2

Puc. 1
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Ha 30HHO# 3HEpreTH4ecKoil nuarpaMme MOKa3aHo, 9TO B 00JACTH JTBOWHOTO
ciost BONM3U p-n nepexoxaa (puc.1,0) oOpasyeTcs MOTEHIHAIBHBIN Oapbep, BhHICOTA

KOTOPOTO (e () paBHA KOHTAKTHOW Pa3HOCTH MOTEHIIUAIOB MEXY p- U n-00JaCTAMMU.

DTO cBsi3aHO C TeM, uTO ypoBeHb Depmu Er B n-00JaCTU HAXOIUTCA OJIMKE K JTHY
30HBI POBOAUMOCTH E,., a B p-00J1aCTH — K MOTOJIKY BaJIeHTHOU 30HBI Ey. Benencr-
BU€ BbIpaBHMUBaHUS ypoBHs depmu 1 n3rnba sHepreTUuecKux 30H MpU 00pa3oBaHUU
KOHTaKTa p-00JIacTh ¢ n-00J1acThiO (OTCUET PHEPTUU B KPUCTAJIE BEIETCSI OTHOCH-
TEJIBHO ATOTO YPOBHS) U 00pa3yeTcsl yKa3aHHbIN Oapbep.

Bonbsr-amnepnas xapakrepuctuka (BAX) nepexona onuceiBaercs Gopmysion

eU
I=I;exp(—-1), (1)
g kT
rae /1 ¢ — TOK HACBIIEHMs, € — 3apsjl DJIEKTPOHA, K — IOCTOosIHHas bonenmana, 7' —

abcomoTHas TeMieparypa, U — HanpsbkeHue Ha repexoe, / — cuiia Toka.

Ecnu k p-n nepexony NpUiIOKHUTh HAMPSKEHUE B MPSAMOM (MPOMYCKHOM) Ha-
npaBiieHUU (TOJOXKUTENbHBIM TMOTEHIMAl K p-00J1acTH, OTpPUIATENbHBIA — K n-
o0nactu), To BeIcOTa Oapbepa noHmwxkaercs, mupruHa OO3 u cONpOTUBIIEHUE MTEPEXO-
Ja yMeHblIatoTcs (puc. 2,a) U TOK yepe3 Oapbep Bo3pacTaeT 3KCIOHeHIuanbHo. [Ipu
3TOM T'OBOPAT, YTO JUOJ OTKPBIT.

[Tpy MpOTHBOMOJIOKHON TMOJSPHOCTA B OOpPAaTHOM HANpaBIIEHUU (3amepToe
COCTOSIHHE) BbICOTA Oapbepa MOBbIIAETCS, a 3HAYUT muprHa OO3 U cOnpoOTHUBIICHHE
pactyT (puc. 2,6), TOK 4epe3 Mepexo] CTAHOBUTCS HUYTOXXHO MasbIM. IIpu sTOoM ro-

BOpAT, 4TO U0 3aIICPT.

E E
«— —— »
._>i+i_i<—o <_.i‘|’+‘|‘i———io_>
n [+ - p Dot ---0 D
o> i+ -l Lo MR TR R
' '|_ T ' o+ -
| |
a O

Puc. 2
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3. Ilpunuun meToaa u3mMepenni u padouas ¢popmyaa
BonbT-amnepnas xapakTepucTHKa, MOcTpoeHHas no ¢opmyne (1), mokaszana
Ha pUC. 3 U UMEET HECKOJbKO XapaKTEPHBIX YYaCTKOB: / — BETBb MPOMYCKHOIO Ha-
IpaBJIeHHs, 2 — HAYaJbHBIM y4acTOK 3alupalroniero HampabiieHus (OBICTPBIA pOCT
oOpaTHOro Toka); 3 — MPSIMOJIMHEWHBINA y4acTOK HACHIIIEHUS, 4 — Y4aCTOK PE3KOro

YBEIMYCHHSI OOPATHOTO TOKA, MPEANISCTBYIONMINN AIEKTPUIECKOMY MTPOoOOIO.

Puc. 3

Punc. 3

ITockonpKy cuiia 0OpaTHOro TOKAa OYEHb Malla, MacIITadbl TOKAa Ha rpaduke

BBIOpAHBI PasHBIMU: JUIs TIPOIYCKHOTrO HanpasieHus (csepxy [, >0) cuma Toxka B
MA, Juist 3anmupatomtero (cuusy /. <0) B MKA.

Brimpsimisitoniue  cBOMCTBAa MO/AAa XapakTEePU3YIOTC KO3(PPUIMEHTOM BBI-
OpSIMJIEHUSI — OTHOIIEHHWEM CHJIBI TOKa MPSIMOTO HAMpaBJICHUS K CUJIE TOKa 3aru-
pAaroIero HalpaBJIEHUs, B3SATHIX IPU OJMHAKOBOM HaIPSHKCHUU:

np

1

06p
N3-3a cunpHOi HenmuHeitHOCTH BAX ko3 puiMeHT BoIIpSMICHUS TIPH OYCHb

K =

Maneix U odenb Man (k=1), a ¢ poctom U yBenuuuBaetcsa. Eciu Ha Auoa moaathb

NEPEMEHHOE HAMNPSHKEHUE, TO OH MPOIYCTUT TOK TOJBKO B MPSIMOM HaIlpaBJICHUH,
IPEBPATUB €0 B TOK OJTHOTO HAIMpPAaBJICHHUS.

CnenyeT OTMETHUTh, UTO p-n MEpexoi 00JalaeT OnpeaeiaeHHON EMKOCTHIO,
BEJIMYMHA KOTOPOH BapbUPYyeTCsl M3BMEHEHHEM HaIpsiKeHUs: cMmelenus. Ecnu p-n ne-
pexoJ caenarb O0IbIION IJIOIMIAN U PACIIONOKUTH BOJIU3U MOBEPXHOCTH KPUCTAILIA,
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TO MOYXHO TIPH OCBEIICHUHU CBETOM HUCIIOJIB30BaTh €ro Kak uctouHuk DJIC — mpeol-
pas3oBarellb CBETa B JJIEKTpUUECTBO. HakoHEL, 1101 BBIIIOJIHEHHBIN U3 BBICOKOOMHO-
ro KpeMHHUS C JIOCTaTOYHO IIUPOKON 0a30l 00JagaeT BHICOKOW MarHUTOUYBCTBU-
TEJIbHOCTBIO, YTO HAIJIO IPUMEHEHHUE B TATYMKAX MAarHUTHOTO noJisl. M3yuenue atux

CBOMCTB p-n niepexoja BhIXOJUT 32 paMKH JAHHOU paboThI.

4. N3mepsiemblii o0pa3en U J1adopaTopHasi yCTAHOBKA

Cxema yCTaHOBKH ITOKa3aHa Ha puc. 4.

-

- |
LI
F1 I =%

'_'r_;/—_— .

M

Il
|
I+

Puc. 4

31ech HaAIPSHKEHWE Ha KPUCTAJUIMYECKUN THOI MOAAETCSA ¢ NEIUTENS HaIps-
xeHus R. Tak Kak cuiia IpsIMOro U 0OpaTHOTO TOKOB OTJIMYAETCS HA HECKOJIBKO I10-
PALKOB, TO IIPU CMEHE IOJISIPHOCTH OMOJA HAA0 WU3MEHATH IIPEAC/bl U3MEPCHUM.
CnBoennblii niepexmouarens [I11, mo3BonsieT 0OAHOBPEMEHHO C WM3MEHEHUEM Ha-
IpaBJieHUs] TOKAa 4epe3 IMOJ W3MEHUTh KO3 (UUUMEHT IyHTHpoBaHHs. [IByxmpe-
JENbHBIA HIYHT K MUKpOAMIepMeTpy MA 00pa3oBaH CONPOTUBICHUSIMU R U R;,

N3ydaemblil [uOA yCTAaHOBJIEH HA M30JIMPYIOLIEH rmoacTaBke. KineMMmsl e€ mo-

(1313

MEUeHbI 3HaKaMH “+” (aHoX) U (kaTom), a YCIIOBHBIN 3HaK AMOJA MOKa3bIBACT

IPOIYCKHOE HalpaBJIeHHE TOKA (IO CTPEJIKE).
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5. IlopsiioK BHINOJIHEHUSI PA0OTHI
1. [IoArOTOBUTH YCTAaHOBKY /ISl U3MEPEHUN B COOTBETCTBUH CO CXEMOM (CM.
WHCTPYKIMIO Ha cToje). VICTOUHHMK TOKa MOJKIIOYUTEH TOJIHKO MOCJE MPOBEPKHU CXe-
MBI [TPEIOIaBaTEIIEM.
2. Cuarp Toukn BAX auonma myisi mpoIyCKHOTO HampaBi€HUsA. Pe3ynbrarsl

U3MEPEHUN CUIIbl TOKA [,, 1 HampsbkeHus U 3aHecTu B Tabiully IO yKa3aHHOH (op-

Me.
U |B
1, |MA
1 06p MKA
R, |Om
R,6, | KOM
K _

Hanpsoxenne usmenars yepes 0,1 B 1o tex mop, nmoka 1ok /,, He JTOCTUIHET
10 MA. Usmepenus 1, npoussonsarcs 10 8-10 snauenuit U.
3. I3MeHNTH NOJIIPHOCTD HANPSKEHUS HAa UOJE, NEPEKIIOYUB MEPEKII0Ya-
tenb 1111,.
4. Cuarb oOpatHyto BeTBb BAX (HanpspkeHue usmepstsb uepes 1 B).

5. Berunciuth COIMIPOTHUBJICHUC OUOAAa HA IIPSAMOM H O6paTHOM TOKax IIO

U U

dopmynam: R =—; R, =——, a Takke KOIPOUUMEHT BBIIPSIMICHHUSI
np Ioﬁp

k = —"- npu U = const 114 Kaxaoro 3Hauenus U.

06p

Ilo pesynbratam usmepenuii noctpouts rpaduxu [ = f(U ), R, = f,(U),
R, = f,(U), KOTOpble MOXHO HaHECTH Ha OOIMX OocsaX. MaciTabbl TOKOB U Ha-

OpsDKEHU BBIOpaTh pa3sHBIMU ISl IPSIMOTO U 00paTHOrO HampasieHuil. ['paduk 3a-

BUCHMOCTH KOB(b(l)I/I]_II/IeHTa BBITIIPAMIICHUA OT U CTPOUTCA Ha OTACIIBHBIX OCAX.
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ne?

6. KoHTpOJIbHBbIE BONIPOCHI
1. Uto Takoe p-n nepexon?

2. Yem ompenensieTcsl BbICOTa MOTEHIUATIBHOTO Oapbepa (eq) Ha p-n TIEpexo-

3. OOBACHUTH BHITIPSMIISIONTNE CBOMCTBA p-n Tiepexoaa?
4. O0BsACHUTH (POPMYITY, ONMCHIBAIOIIYIO BOJIBT-aMIIEPHYIO XapaKTEPUCTHUKY.

5. Kak Beraucnuth Ko3QPUIMEHT BRIPAMIICHUS p-n Tiepexoa?

Jlutreparypa: [1], § 249,250; [2]; [6].
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PABOTA 86. U3YYEHUE BHYTPEHHEI'O ®OTO2P®EKTA
B ITIOJIYITPOBOJHUKAX

1. Heab padoThI
O3HakomileHHE ¢ BHYTpEHHUM (OT0dPHEKTOM B MOIYNPOBOJAHHUKE, OLICHKA

YyBCTBUTEIBHOCTH (DOTOCONPOTHUBIICHUS K CBETY.

2. OCHOBHBIE TeOpPeTHYECKHE MOJT0KECHUS
VY nenbHas 3J€KTPONPOBOJHOCTh MOJIYNPOBOJIHUKA OMPEACISAETCS] COOTHOIIIE-
HUEM:

c=enu, +epu,, (1)
T7e 1, p — KOHLCHTPALHsS CBOOOHBIX JICKTPOJIOB U ABIPOK COOTBETCTBCHHO; U ), U,

— UX MOJBHXXHOCTB; € — 3apsiJl JJIEKTPOHa.
[ToaBMKHOCTh HOCUTENEH TOKAa CPABHUTENBHO €Ia00 3aBHCHUT OT TeMIepary-
PBL, @ UX KOHIEHTPALUs CUIBHO MEHSETCS C TEMIIepaTypoi U onpezensercs QyHKIU-

el pacnipeneneHus Hocutenen 3apsana @epmu- Jupaxa [1].

1
1+ exp[(E - M%T} |

r7e | — MoJoXKeHue ypoBHSI Depmu (XMMUYECKOT0 MOTEHIMAa) B Y HEPTEeTUYECKOM

f=

2)

30HE.

Baytpennuit hotosadpdext — nmporecc oOpazoBanus 1006aBOYHBIX CBOOOIHBIX
HOCHUTENIEH TOKa, a 3HAYUT W YBEJIWYECHUS DJIEKTPONPOBOJHOCTH MPOBOJIHUKA MO
neiictBueM cBeta. JI00aBOYHYIO MPOBOAMMOCTH, OOYCJIOBJICHHYIO BHYTPEHHUM (Ho-
T03(QHEKTOM, HA3BIBAIOT POMmonposooOUMOCMbIO.

Cy1miecTByeT TpH IMyTH YBETWYCHHUS KOHIICHTPAIIMU HOCUTEINEH MO JeiCTBH-
€M CBeTa:

1) B COOCTBEHHOM IMPOBOJHUKE KBAHTHI CBETA BBHIPHIBAIOT JIEKTPOHBI U3 Ba-
JIEHTHOW (3aI0JIHEHHOM) 30HbI U 3a0pachIBalOT UX B 30HY MPOBOJUMOCTH, MPU ITOM

OJIHOBPEMEHHO 00pa3yeTcsi paBHOE YUCIIO JABIPOK B BaJIEHTHOM 30HE (puc. 1, a);
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Puc. 1

2) B IPUMECHOM IMOJIYIIPOBOJIHUKE n-THUIIA (IIEKTPOHHOM) JIEKTPOHBI 3a0pa-
CBIBAIOTCS C JIOHOPHBIX YPOBHEMN B 30HY IPOBOJUMOCTH, U YBEITUUUBAECTCA IJIEKTPOH-
Hasi TPOBOUMOCTH (puc. 1, 6);

3) B MOJIYIIPOBOJIHUKE p-TUMA (JIBIPOYHOM) DJIEKTPOHBI BHIPHIBAIOTCS U3 Ba-
JICHTHOM 30HBI U 3a0pachIBAIOTCS HA AKIENTOPHBIE YPOBHH, MPU ATOM BO3PACTACT
JBIPOYHAs MPOBOIUMOCTS (puc. 1, 8).

[Ipu ocBeleHNN HAXOASUIErOCs MO HANPSHKEHUEM TMOJYIPOBOJHUKA B HEM
TE€UYEeT CBETOBOU TOK /.

3. llpyHuMn MeToaa u3MepeHui U padouyas popmyJia

Pa3HOCTh MEXIy CBETOBBIM M TEMHOBBIM TOKOM /7 AaeT 3HaueHHe (HOTOTOKA,
IIPOTEKAIOIETO B CONIPOTUBIICHUU:

Ip=1-1Ir. 3)

Benuuuna ¢hoTonpoBoAMMOCTH ONpeeisieTcs] Kak

G =1y/U, (4)
rae U — npuitoKeHHOE HaIPSKEHUE.

BonbT-amnepHoil XapaKTepUCTUKOW (POTOCOMPOTUBICHUS HA3bIBAIOT 3aBUCHU-
MOCTb (DOTOTOKA [, OT MPUI0KEHHOI'O K MOJIYIPOBOAHUKY HanpsbkeHus U mpu Heus-
MEHHOM JTy4HCTOM NOTOKE D.

CBeroBasi xapakTepucTHKa (DOTOCOMPOTHUBIICHHS MPEACTaBISET cO00il 3aBU-
CHUMOCTb (DOTOTOKA [, OT CBETOBOI0O NOTOKA @ IPU HEU3MEHHOM HallPSKEHHUN.

VY nenbHOW 4yBCTBUTEIBHOCTBIO Yo (POTOCOMPOTUBIICHUSI HA3BIBAIOT BEIUYH-

HY, PaBHYIO OTHOIIIEHUIO (POTOMPOBOIMMOCTH K BETMYMHE CBETOBOTO TIOTOKA:

G Iqb
= = Y 5
Yo @ Uy, )

I7ie Yo — yAeTbHas YyBCTBUTEIBHOCTh, MKA/(JIM * B).
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WuTerpanbHas GOTOYYBCTBUTENFHOCTD PaBHA!

y:Ii(MKA)’ ©)

D\ 1M

r7ie Y - MHTerpaigbHas ()OTOUyBCTBUTEIHbHOCTD.
[Tpu BbIONIHEHUU PAOOTHI TPeOYeTCs CHATh U MOCTPOUTH  BOJIBTAMIIEPHYIO
XapaKTEpPUCTUKY M CBETOBYIO XapaKTEPUCTUKY, a TAKXKe ONPEAENIUTh (POTONPOBOIU-

MOCTb U YJI€IbHYIO YYBCTBUTEIBHOCTH (DOTOCOMPOTHBIICHUSI.

4. U3mepsiemblii 00pa3en U onvcaHue JJadopaTOPHOH YCTAHOBKH

®otoconporuBieHne @PCK-1 cocToUT U3 CBETOUYBCTBUTEIBLHOIO CIOS MOJY-

npoBoHUKa [/ momaaeio S =0.27 x 10™*M? u TonmuHOI nopsnka 1 MM (puc. 2).
Crolt HaHeceH Ha CTEKJIIHHYIO acTuHKy C. Ha moBepXHOCTH MOJYIIPOBOAHUKA Ha-
XOJISITCSI TOKOHECYIIUE AIEKTPOABI .

@DOoTOCONPOTUBICHUE TOMEIIEHO B KOPIYC, UMEIOIINUNA OKOIIKO. DIEKTPOIbI
COEIMHEHBI CO IMTHIPbKaMU, TIO3BOJISIFOIITUMHU BCTAaBUTHh (DOTOCOTIPOTUBIICHHUE B CIIe-

MUAJIbHYIO ITaHCIIb.

K It

Puc. 2

DOTOCONPOTUBIICHUE BKIKOYAETCS B II€Mb, CXEMa KOTOPOM MNpPUBEICHA Ha
puc. 2. 3aech: 4 — uctounuk Toka; P — peocrar; V — BonbTMeTp; @ — poTOCONPOTHUB-
nenue; A — mukpoamiepmetp; K — Kitou.

(DOTOCOHpOTI/IBJIeHI/Ie H JJICKTPOJIaMIlda HAXOOATCA Ha ONTHUYECKOM CKaMbe.
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5. ITopsiioK BHINOJIHEHUSI PA0OTHI

1. BxatouaroT cxemy (puc. 2) U, HE 3aKUrasg UCTOYHUKA CBETa U 3aKphIB (o-
TOCOIIPOTHBIIEHUE OT MOCTOPOHHETO CBETA, U3MEPSIOT TEMHOBOW TOK IpH 7...8 3Ha-
YEHUSX HANpPsHDKEHUS B 3a/IaHHOM HMHTEpBalie. Pe3ynbTarhl U3MepeHuil 3aHOCAT B Ta0-
JULLY, IPUIIAraeMyto K padore.

2. Bxirouarot JlaMily, CHUMAlOT 3Ha4eHus: (POTOTOKa MpH TEX K€ 3HAUCHHUAX
HaIPSDKEHUS], IPU KOTOPBIX U3MEPSIIA TEMHOBOM TOK.

JIJist momy4yeHusi CBEeTOBOM XapaKTEPUCTUKU OMPENETstoT (POTOTOK MpU HEU3-
MEHHOM HaNpsHDKEHUH U Pa3IMYHbIX CBETOBBIX MOTOKax @. M3MeHeHune @ nocturaer-
Csl IBMEHEHUEM DPACCTOSHHMS 10 UCTOYHHMKA CBETa OT (hoToconmporusiieHusa. M3mepe-
HUA HauyuMHaroTcsa npu » = 20 cM, a 3aTeM UX MPOU3BOAAT OpH 6...7 pa3IuyHbIX pac-

CTOSHHUAX.

6. O0padoTKa pe3yIbTATOB

1. ITo ¢popmyie (3) BBIUUCHSAIOT (POTOTOK U CTPOSIT BOJIBT-aMIIEPHYIO XapaK-
TEPUCTUKY MOJYIPOBOJHHUKA.

2. BpluuciauB BeIWYUHBI (POTOTOKA M CBETOBBIX IMOTOKOB, CTPOSAT TIpaduk
1, (D) (cMm. popmy 1).

3. OcBeleHHOCTh £ U Ty4uCThIN MOTOK @ BBIYUCIAIOT TakK K€, Kak B paboTe
«3yuenue BHenrHero Gpororddexray.

4. PaccuuTarh yJ€JbHYIO U UHTETPAJIbHYI0 YYBCTBUTEIBHOCTH IO (popMysam
(5), (6) u, ucronb3ys NaHHbIC U3 HOPMBI 2.

5. Onpenenurth cpeHee 3HAaY€HHE MHTErPANbHOW U YIAEIbHOW YyBCTBUTEIb-

HOCTEH U IpaHULly AOBEPUTEIBHOIO UHTEpBana y U y, (cM. pasnen «OOpaboTka pe-

3yJIbTaTOB U3MEPEHUI» U [7]).

7. Tabamuma nsMmepeHuni

BoibpT-amnepHas XapakTepUCTUKA (CHI/IMaGTC}I IIpHu paCCTOAHUU 7 MCKIY @C u nam-

o) r =... CM.
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®opma 1

U B

TeMHOBOM TOK i,,, MKA
CBeTOBOM TOK I, MKA
DOTOTOK Iy =1 — I,y, MKA
DOTONPOBOANMOCTE G, OM'

N W |—

oO=—.

U

CBeToBas XapaKTepHUCTUKA (CHUMAETCS MPU MOCTOSHHOM HAMPSHKEHUN ).

U=..B

®opma 2

Paccrosinue r, m

CaetoBoii TOK /, MKA
TemuoBo# TOK [, MKA
®dorotok [ 4 =1 — I,, MKA
OG6nyueHHOCTh E, K
Jlyuucteit noTok @, 1M

N NN |-

MKA
HNuTerpanbHast 49yBCTBUTEIBHOCTh Y, ——
JIM
8 MKA
VY aenpHas 4yBCTBUTENBHOCTD Y, , ——

M - B

[Inomane @C: S =0,2710" ().
Cuna ceta uctounuka I = 60 (xn).

E = I/F*, nk (e nyTath «I» ¢ Tokom @C): @ = ES, M

8. KoHTpoO/1bHBIE BONPOCHI
1. Yem oTnuaercs BHYyTpeHHUN HOTOdPEKT OT BHEITHETO?
2. B xakux equHUIAX U3MEPSIETCSl CUJIA CBETA U JIyYUCThIN MOTOK?
3. Haueptute 30HHBIE CXEMBI COOCTBEHHOTO M MPUMECHOTO MOJIYIPOBOI-
HUKOB. YKaXXUTE NOJI0KEHNE YPOBHS Depmu.
4. Bo3moxkeH 51 BHYTpeHHHU (HoTOd(DPexT mon neidcTBHEM MOHOXpOMa-

THYECKOI'0 CBETa C YaCTOTOM Vo: B 9JIEKMPOHHOM TTIOJTYIIPOBOAHHUKEC, CCIIN:
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a) hvo > AE,, 0) AEy > hvy> AEj;, B) hvy > AEj; B 0blpoyHOM TOITYTIPOBOJ-
HUKE, eciu: a) hvy> AEy, 0) AEy > hvy >AE,, B) hvo >AE?

5. CoOCTBEHHBIM TONYNPOBOJHUK (Te€pMaHUN) MUMEET MPU HEKOTOPOU TeM-
neparype yaenbHoe conpotusiieHue p = 0,48 OmM. Onpenenure KOHIEHTPALUIO HO-

o _ 2
CUTEJIeH TOKa, €CJIM MOJBUXKHOCTh 3JEKTPOHOB u, = 0,36 m°/ (B-C), MOABMKHOCTD

meIpok up = 0,16 M*/ (B-¢).

Jluteparypa: [1]; [2]; [6]-
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PABOTA 87. A3YYEHHUE PABOTBI TOJIYITPOBOJHUKOBOI'O
N3JIYYATEJIA

1. Heab padoThI

1. N3yuenue npoliecca n3iy4areIbHOM peKOMOMHAIIMY B TIOTYIPOBOAHUKAX.

2. OHpeI[eJ'ICHI/IC 3aBUCMMOCTH BHCIIHCTO KBAHTOBOI'O BbIXOJa W MOIIIHOCTHU

HU3JIYUYCHUA ITOJIYIIPOBOAHUKOBOI'O HCTOYHHUKA U3JIYYCHHA OT TOKA.

2. KpaTrkas Teopusi HCCJIEyeMOT0 SIBJICHUS
B nonynpoBoaHKKe 0THOBPEMEHHO C MPOLECCOM T'eHepaluu — 00pa3oBaHuEM
AJIEKTPOHHO-ABIPOYHBIX MMap — MPOUCXOAUT OOpaTHBIA MPOLECC — BOCCOEAHHEHUE
3JICKTPOHA U JIBIPKU. TaKo# mporiecc Ha3bIBaeTCs peKOMOMHAIIMCH. DHEPTrUs BBIICTIs-
eTcsl B BUJIE TEIUIOBOM (Oe3bI3ilyyaTesibHasi peKOMOWHALINS) UM B BUJE KBAHTA CBe-

TOBOT'O M3JIy4€HUs hv,,, WU B BUIE TOU U IPYrOu.

B 3aBucuMoctu ot crnoco0a BO30YKIEHUS 3IEKTPOHOB PA3IMYAIOT CIeIyIo-
K€ BUbl U3TyYEHUSI KPUCTAIIJIOB:
1) doronroMHUHECTIEHIIUSI — W3JIyYEHHE, BO3HUKAIOIIEE B pe3yJibTaTe BO3-

Oy KIeHUS DIIEKTPOHOB KBaHTaMH CBETa C SHEpruei ~v > hv

.
usn ?

2) KaToNOJIOMHMHECLEHUUS — U3Iy4eHHE, BOSHUKAIOILEE B PE3yJIbTaTe BO3-
Oy’KIeHUs 2JIEKTPOHOB IIOTOKOM JIEKTPOHOB C 3Heprueu £ > hv,, ;

3) onekrpomoMuHecueHnus. s €€ oCyIlecTBICHHS U3 p- U N-TIOIYIPO-
BOJHHUKOB 00pa3yloT p-n CTPYKTypy (Takas CTPYKTypa Ha3bIBaeTCs JHOAOM, a TUOMIbI,
KOTOpBIE M3IY4alOT CBET — CBETOAMOAAMH) W, PUKJIAAbIBAs HANPSDKEHUE K JHOMAAM,
IIEPEBOAT DJIEKTPOHBI U3 71-IIOJIYIIPOBOJHHUKA B p-TOIYNPOBOJHUK. DTOT IPOLECC
Ha3bIBACTCSl MHXKEKLUEH. B p-1oirynpoBoJHHUKE 3IIEKTPOHBI PEKOMOUHHUPYIOT C JIBIp-

KaMH, B pe3yJIbTaTe Yero u3iaydyarTcs QOTOHBI ¢ 3Heprueu hv,,,, (puc. 1, a) (mepexon

usn

C U3ay4deHrueM (poToHa yKa3zaH BOJIHUCTOM CTPEIIKOM).
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OI[HaKO TaKasg M3J1y4daTcibHasi peKOM6I/IHaHI/I${ HUMECCT MCCTO TOJIBKO B OYCHBb

Puc. 1

YUCTBIX U COBEPLICHHBIX 0 KPUCTAUIMYECKOW CTPYKTYype MOJYyNPOBOAHUKAX U IO-
ATOMY MOYTH HE HAOII0JaeTCs.

B npumecHBIX MOIYNpOBOAHHUKAX (B KAUECTBE MPUMECU MOTYT BBICTYNATh HE
TOJILKO BBOJIMMbIE IPUMECH, HO U PAa3HOI0 poja Ae(PEeKThl KPUCTAUIMYECKON pereT-
KU — IUCITIOKAlMM, BAKAHCUM U T.J.) BAKHYIO POJIb JUIS U3IYUYEHUS UTPAIOT JIOKAIU30-
BaHHBIE IIEHTPbl PEKOMOHMHALINM, SHEPIE€THUECKHE YPOBHU KOTOPBIX MONAJAOT B 3a-
IpEeLICHHYI0 30HYy nosynpoBoaHuka. Ha puc. 1, 6, 6, 2 mpuBeneHbl SJHEPreTHUYECKHe
IUarpaMMBbl JUIS TpeX MoAeliel: 0) SHEepreTHYecKuil YpoBeHb LIEHTpa peKOMOUHALINH
pacnosoxeH OJIM3KO K 30HE MPOBOJUMOCTH; B) SHEPI€TUYECKUIN YpOBEHb LIEHTPA pe-
KOMOMHAILIMN PacHOJIOkKeH OJIM3KO K BAJCHTHOM 30HE; I') UMEIOT MECTO JIBa YPOBHS
IPUMECH: OCHOBHOW YPOBEHB, PACIHOJIOKECHHBIA BOJM3H BaJ€HTHOW 30HBI, HUMEET
00JIBIIIYI0 BEPOSITHOCTh 3aXBaTa JIbIPKU U BO30YKJICHHBIN YPOBEHb, PACHOI0KEHHBIN
BOJIM3M 30HBI TPOBOJUMOCTH, UMEET OOJIBIIYIO BEPOSITHOCTh 3axBaTa 3JIeKTpoHa. [1o-
CJIe TOTO, KaK mpou3onutk 06a 3axBara (puc. 1, 0, 6, 2,), MPOUCXOTUT TEPEXOT DIICK-
TpOHa ¢ BO30Y>KJIEHHOI'O YPOBHS HAa OCHOBHOMW, CONPOBOYKIAIOIIMICS H3ITy4EHHEM
cBera. [lepexopl, mokazaHHble Ha puc. 1, 6, 8, 2 NPAMBIMU CTPEIKAMHU, SIBISIOTCA
0e3bI3/TydaTeIbHbIMHU, @ BBIJCJIMBILIASACS MPU TAKOM IEPEXOJ€ PHEPrusi UAET Ha Ha-
IpPEBaHUE KPUCTANINYECKON PEILIETKH.

SIBneHus reHepanuyu peKOMOMHAIIMOHHOTO U3TYUYEHUS MPU MHXKEKIIMHA HepaB-
HOBECHBIX HOCUTENEN B p-n MEPEXOAE CIIyXkKaT I CO3AAHUS IIMPOKO HCIIOIb3YEMBIX

B TEXHUKE MHXEKIIMOHHBIX UCTOYHUKOB MH(ppakpacHoro (MK) u Buaumoro usnyde-
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Hus. OOIIHOCTH MPUHIIATIOB PA0OTHI OMPABIIBIBAET PACIIPOCTPAHECHNE TEPMHHA “‘CBE-
TOAMOJBI” Ha 00a TUIIA U3ITyYaTelIeH.

OcHoBHast 00J1aCTh MPUMEHEHUS JIsl BUIUMBIX HUCTOYHUKOB W3ITyYCHUS —
CUCTEMBbI MHIUKAIMU, a NI uctouHukoB MK-usmydenuss — cucreMbl oOpabOTKH U
nepenayu HHGOpMaIIH.

30HHAas TUarpaMMa MOJYIPOBOJHUKOBOTO U3TydaTelis MPU MPOMyCKaHUU Ye-

PE3 HETO IJICKTPUICCKOI'O TOKA ITPCACTABJICHA Ha PHC. 2.

ANEKTROHL / Eﬂ
o @

F — — — —
n - _Efp
o O EV
AbIEH
Puc. 2.

E. — IHO 30HBI NPOBOAMMOCTH; E, — IOTOJIOK BaJICHTHOW 30HBI;
Ej, Ep — ypoBenb ®depmu 1 DJEKTPOHOB U ILIPOK COOTBETCTBEHHO.
D¢ peKTUBHOCTD U3TYUEHUS] CBETOAUO/IA ONPEAETSAETCS BEIMYMHON BHEIIHE-
ro KBAaHTOBOT'O BBIXOZA 1.
N
n= 7 -100% . (1)

0
BHemHui KBaHTOBBIM BBIXOJl U3JIYYEHHS PABEH OTHOUICHHUIO YMCIA DJIEK-

TPOHHO-/IBIPOYHBIX Tap, MPOPEKOMOUHUPOBABIIUX H3ITy4YaTeNbHO (N,;;), K o0uemy
YHCIIy 3JIEKTPOHOB M JIBIPOK, HHKEKTUPOBAHHBIX B 00J1aCTh p-n nepexona (Ny) B enu-

HUIlY BPEMEHH.
3. IlpuHuun meToaa udmepenusi U padouue Gopmy.Jibl

MCTOI[ HN3MCPCHUA COCTOUT B PCTUCTPALMH JJICKTPOJIIOMUHCCUOCHIIMN CBCTO-

Anoga € IMOMOIbKO KPEMHHUCBOI'O (1)OTOI[I/IOI[a, HUMCIOLICTO HaI/I6OJ'IBH_IyIO YyYBCTBHU-

55



TEJILHOCTh 00JIaCTH MaKCMMyMa MHTCHCHUBHOCTHU H3JIYYCHUS CBCTOAHOA. Benuuuna

Ny u3 dhopmyinsl (1) ompeaensieTcs U3 COOTHOLICHUS:

ce
N, =—=, 2)
rac ICG — TOK, HpOTeKaIOIHI/Iﬁ qcpe3 CBCTOANOA, € — 3apsd 9JICKTpPOHA.
KonundectBo (pOTOHOB, HCITyCKAEMBIX CBETOAMOIOM, PABHO
1
i (3)

wn E’
rae I, — GOTOTOK — TOK, IPOTEKAIOIIUHI B LIeNU POTOANONA; S, — “KBAaHTOBasA UyBCT-
BUTEIBHOCTh D/I.
“KBanTOBas” 4yBCTBUTEIBHOCThH S, MOKA3bIBACT, KaKas 10Ji1 (POTOHOB, Ima-
JAIOIIUX Ha MOBEPXHOCTh (POTONpPHUEMHHKA, MPEeoOpa3yeTcs B DJICKTPOHBI, 00pa3yro-

e GOTOTOK.

—.22.100%. 4
s 1 0 4)

ce

Takum o6pazom n=

MOLIIHOCTB I/I3J1yquI/I$I CBCTOOAHNOOA paBHa
pP=-", (5)

rje S — 4yBCTBUTEIHHOCTh (POTOAMO/IA, paBHASI OTHOMICHUIO ()OTOTOKA K MOIIHOCTH
U3ITy4YeHUs UCTOUHUKA, A/BT.
Ha puc. 3 npencragiieHa TeopeTrdecKasi 3aBUCUMOCTb MOIIIHOCTH Y BHEIIIHE-

I'O KBAHTOBOI'O BbIXOAd U3JIYUYCHHUA OT TOKA 4CPC3 CBECTOANO.

n 2 P,u;m

Puc. 3
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Poct BHenIHero KBaHTOBOTO BhIXO/Ia C TOKOM MPU MaJIbIX 3HAYEHUSIX TOKa
00yCIJIOBJIEH KOHKYpEHIIMEH ABYX MPOIIECCOB PEKOMOMHAIIUY — U3Ty4aTeIbHON 1 Oe-

3bI3ITy4YaTenbHON (cM. puc. 1).

Yacth HOCUTENIEH TOKA, HH)KEKTUPOBAHHBIX B 00JIACTh p-1 TIEPEX0/1a, T Ha

HACBHIIIICHUE [IEHTPOB OE3bI3TyIaTeIbHON PEKOMONHAINY.
Ilpu I, > 1, (cM. puc. 3) Bce LEHTpbI O€3bI3Ty4YaTeabHON PEKOMOMHAILIMY Ha-

CBILIEHBI (HEUTPaAJIN30BaHbI) U BCE NMPOLECCHl PEKOMOMHAIMN HIYT C U3IyYEHUEM
¢oToHOB. MOLTHOCTH U3TYUYCHHS YBEIUYUBACTCS C POCTOM TOKa (KpuBas 2, puc. 3),
TaK KaK YMCJIO0 U3ITydaeMbIX (POTOHOB PacTeT MPONOPIUOHATIBHO YHUCITY UHKEKTUPO-

BAHHBIX HOCUTEJIEN TOKA.

4. U3mepsiemblil 00beKT

B nannoit paboTte B kKauecTBe HCTOYHUKA MCIIOJIB3YETCS MOTYITPOBOTHUKOBBIN
u3Jy4yaTesnab Ha OCHOBe apceHua ramus (GaAs), UMEIOIIEro MUpPUHY 3anpenieHHON
30HbI 1,43 »B. MakcumanbHas aiuHa BoiaHbl (GaAs-cBeroguona paBHa 0,87 MKM,
YTO COOTBETCTBYET OJIMKHEW HMH(paKpacHON 00JacCTH CHEKTpa JICKTPOMArHUTHOTO
U3ITyYEHUS.

5. kcnepuMeHTANIbHASI YCTAHOBKA B CTATHKE U JUHAMUKE

Ha puc. 4 npencraBieHo cxeMaTHYeCKOe U300paKeHUE YCTAHOBKHU JIJISL U3Y-

YEHUS 3aBUCUMOCTH BHEIIIHETO KBAHTOBOI'O BHIXOJa M MOIIIHOCTH M3JTy4YE€HUS CBETO-

IN0J1a OT TOKa.

<

v ) cn *h

Puc. 4
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Ceeroguon CJI mutaercst OT cTaOMIM3UPOBAaHHOrO MCTOYHMKA nuTaHus MUII.
Tok uepe3 cBeTOIMON HU3MEPSAETCS C MOMOIIbIO LU(PPOBOrO aMIEPBOJIbTMETpPA Aj.
W3nydyenune cBeroamona peructTpupyercs KpeMHueBbiM (gotomuonom DJI. M3mepe-

Hue Toka ¢oroauona OJI npousBoauTcs MUPPOBLIM aMIIEPBOILTMETPOM A,.

6. ITopsiioK BHINOJIHEHUS PA0OTHI
1. BKAIOYUTh UCTOYHUK MUTAHHUS.
2. C nmomo1pto pydex “rpy0o”, a 3arem “IiaBHO” yCTaHOBHUTH NEPBOE 3HA-
YeHHUE TOKA Yepe3 CBETOJMO/I, B3sATOE U3 Ta0auipl 1. CHATH COOTBETCTBYIONLIEE MO-

KazaHue GOTOTOKA.

BuuMmanwue! YcraHaBnuBaTh TOK 4epe3 CBETOJAMOJ M CHHUMATh IOKa3a-
HUS (OTOTOKA CIIEAYeT MPU HAXKATOW KHOIIKE HA IMAHEIW UCTOYHHUKA TTUTaHUS.

JlanHble 3aHecTH B TabauIy 1o dopme 1.

3. IlpousBecTu u3MepeHus GOTOTOKA MPU BCEX YKA3aHHBIX B TAOJIMIIE 3HAYE-
HUSX TOKa Yepe3 cBeToano. JlanHsie 3aHecTu B Tabmuity mo ¢opme 1.

4 . BBIKITIOUUTH UICTOYHUK ITUTAHUS.

5. [Ipow3BecTn pacyeT BHENTHETO KBAHTOBOTO BHIXOJAa M MOIIHOCTH H3JTyde-
HUS cBeToANo 1A TIo popmynam (4) u (5).

s pacdeToB npuHsATh: S, = 0,5; S = 0,73 MA/MBT

6. IlocTpouTh Tpaduky 3aBUCUMOCTEH BHEIIHETO KBAHTOBOTO BBIXOJA M

MOITHOCTH HU3JIYyUYCHHSA OT TOKaA 4CpPE3 CBECTOAUOM.

®opwma 1
Ne onpiTa 1., MA 1y MA n, % P, MBT

1 10
20
40
60
80
100
120
140

e AENRle NIV, NN RS R \O)
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7. BoruncijieHus 1 00padoTKa pe3yJIbTATOB U3MePeHn i
[TpousBecTy pacuer BHEIIHETO KBAHTOBOTO BbIXOJAa 1) © MOIIHOCTH U3ITyde-
Hust P o popmynam (4) u (5). 3nauenus S u S B3STh U3 TaOIHIIBI 2.
OnpenenuTs CpeHEe 3HAUCHUE W TPaHUILy JIOBEPUTEIHHOTO MHTEpBAJa 1 U

P (cMm. paznen «O6paboTka pe3ysbTaTOB U3MEpeHU» u [7]).

Tabmumna 1
HaumenoBanue ¢puzndeckon Be- O06o3Hauenue 3HaueHHUE
JINYHHBI
CKOpOCTb CBETA B BAKyyMe€ c 3'10° m/c
ITocTosinnas Ilmanka h 6,62:10~ Jx-
YyBCTBUTENBHOCTH (hOTOMO A S 0,73 MA/MBT
«KBaHTOBas» YyBCTBUTEIBHOCTD S 0,5

8. KonTposbHbIe BONIPOCHI
1. Kak 3neprus (poToHa 3aBUCUT OT YaCTOTHI U JUTMHBI BOJHBI U3ITyYECHHUS ?
2. Kakum 00pa3oM ocymiecTBIIsETCS PeKOMOMHAIIMOHHOE U3JIyYeHHUE B TIOJTY-
IIPOBOJTHUKAX ?
3. UTo Takoe 3JIEKTPOJIFOMUHECIICHIUS?

4. HapucyiiTe 30HHYIO AMarpamMmy cBetoaunoia. YUto Takoe BHEIIHUNA KBAHTO-
BBIN BBIXOJ1 U3JTyUYEHHUS CBETOAMOAA?
5. OOBsICHUTE 3aBUCUMOCTh MOITHOCTH U3JTyYEHUS U BHEITHETO KBAHTOBOTO

BbIXOa U3JTYUCHUA OT TOKA UCPC3 CBCTOANO.

Jlutepartypa: [1], § 245.
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PABOTA 88. ONIPEJEJIEHUE NIOCTOSIHHON PUJIGEPT A
N BBIYUCJIEHUE DOHEPTU MOHU3ALIMN ATOMA BOJOPOJA

1. Heab u conepxanne padoTbl
[lenp HacTosmIel pabOTHl 3aKIIIOYAETCA B IKCIIEPUMEHTATBLHOM ONpPE/IeTICHUN
nocTosiHHOM Puabepra, BBIUUCICHUHM SHEPIMU MOHU3AIMUA HEBO30YXKJIEHHOTO aToMa

BOJOpPOJa U SHCPIUHU KBAHTOB BHI[HMOﬁ 9aCTH BOAOPOAHOI'O CIICKTPA.

2. KpaTrkasi Teopusi HCCJIelyeMOro siBJICHUS

Atom Bomopona cormacHo teopun Pesepdopna — bopa coctout uz sapa —
IPOTOHA M DJIEKTPOHA, BPAIAIOIIETOCS BOKPYT slipa. 3apsijbl MPOTOHA U AJIEKTPOHA
PaBHBI TI0 BEJTMYMHE M MPOTUBOTIONOXKHBI 110 3HaKy. Teopust bopa ocHOBBIBaeTCs Ha
CIIEYIONIUX TPEX MOCTYJIaTax:

1. DIeKTpOH MOKET BpallaThCsi BOKPYT fAJlipa TOJIBKO MO TaKUM OpOUTaM, Ha
KOTOPBIX €T0 MOMEHT UMITYJIbCa PABEH IIEJIOMY KPaTHOMY OT BEIWYHHBI //2 Tt. Takue
OpOUTHI HA3BIBAIOTCS CTAIMOHAPHBIMU. TakuM oOpa3oM, ISl CTallMOHAPHBIX OPOUT

JOJIDKHO OBITH CIIPpaBCAJINBO COOTHOIICHHUC

h
mor=n—, (1)
271
IJI€ m U U — Macca U CKOPOCThb 3JIEKTPOHA; ¥ — paguyc OpOUTHI; /i — MOCTOSHHAA
[lnanka; n — nenoe yucno (1,2,3 u T.4.), KOTOPOE HA3BIBAIOT IJIaBHBIM KBAHTOBBIM
YHUCIIOM U KOTOPOE MOKHO IPHUHSTH 32 HOMEP OPOUTHI.
2. [Ipn IBUKEHUU DJIEKTPOHA MO CTAMOHAPHOM OpOUTE aTOM HE M3IIy4aeT U
HE MOTJIONIAET YHEPTHH.
3. Uznydenne nmpouCXOauT MpU MEpexoe dIEKTPOHA ¢ KaKOM-In0o naabHen
CTallMOHAPHON OpPOUTHI HA OPOUTY, PACHOJIOKEHHYIO Omke K sapy. [lpu 3Tom wuc-

IIyCKAeTCsl KBAaHT CBETA, SHEPIUsl KOTOPOro paBHa 4V . OTCr0a CleyeT, 4To

W,— W, =hv. 2)
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3nece W, u W, — sHeprum atoma, KOrza 3JeKTPOH HaxOJIUTCA Ha opOUTax ¢
HOMepamMu n U k (n > k), a v — dactora KojiecOaHHI CBeTa, UCITyCKaeMOro pH mnepe-
X0/JI€ JIEKTPOHA C OPOUTHI 77 HA OpOUTY K.

®opmyna (2) mo3BOJSIET BBIYUCIUTh YaCTOTHI KOJIEOAHWN CBETa M SHEPIHIO
U3ITyYEHHBIX KBAaHTOB, €CJIM U3BECTHBI PHEPTUU PA3TUYHBIX CTALIMOHAPHBIX COCTOS-
HHAW aToMa.

[Tonnas >Heprus atromMa W paBHa CyMMe KHUHETUYECKOW SHEpPruu obOpararo-
IIErocsi BOKPYT siipa 3JEKTPOHA M MOTEHIMAIBHON SHEPTHHM B3aUMOJEHCTBUS DJIEK-
TPOHA C AIPOM

W= WKuH + Wnom-
KynoHoBckasi cuiia B3auMOAEHCTBHS sipa (MPOTOHA) U 3JIEKTPOHA SIBIIAETCS

LHEHTPOCTPEMUTEIBHON CUJION, BEIPAXKEHUE JUIsI KOTOPOW UMEET BUL:

mo> 1 e’

- i 3
r 47[80 ]"2 ( )

a noJsiHas sHeprusa W c yuetom (3) nonyyaercsi B BUJE:

mo> 1 e’ 1 1 e’

— | |—=—= —. 4)
2 dnng, ) r 2\4ney ) r

Ucxons u3z (1), (3) u (4) MOXKHO TOIYYUTh BBIpAKECHHE JJIS T, a 3aTeM U IS

MOJTHOM SHEpruu aroma W kak (pyHKIHMU KBAaHTOBOTO YMCIIA 71:

me* 1

(e Pered s ©)
0

N3 mocnenuelt GopMyIbl CIASAYET, YTO SHEPTUs aTOMa, HAXOJISAIIECTOCs B JIFO-
OOM CTallMOHAPHOM COCTOSIHUH, BBIPA)KAETCS YEPE3 KOHCTAHTHI /11, €, €,,/1 1 3aBUCUT

OT 3HAYEHU IIABHOT'O KBAaHTOBOT'O YUCJIA 7.
CornacHo TpeTbeMy noctyiiaty bopa, s3Heprusi KBaHTa, U3JIy4EHHOIO aTOMOM

U MEPEX0/Ie AIEKTPOHA C OPOUTHI 77 HA OPOUTY k, paBHA

4

me 1 1

h=W, W, =——|———5|. (6)
¢ 8eih? (kz nz)
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1

COOTBETCTBEHHO BOJIHOBOE YHCIIO V , PABHOE X’ MMEET 3HAUCHHC

- met (1 1
Vg \ K ) 0
0

BBens o6o3Hauenne R = >

e
7 , (opmymy (7) MOXXHO mepenucaTh Tak:
0

oo L1) ®
[TocTostHHast R HOCHT Ha3BaHWE MOCTOSIHHON Pumbepra, a dopmyny (8) Ha-
3bIBAIOT cepuaibHoi popmyinoit. [Tonoxus B popmyne (8) k =1, an =2,3,4 u 1.1,
MOJyYUM BOJIHOBBIE YHCJA, COOTBETCTBYIOIIME TEPEeXoJaM JJIEKTPOHA Ha CaMylo
OJIM3KYIO K 7Py OpOUTYy CcO BceX Bbimenexkanux. COOTBETCTBEHHBIC JIMHUH B CIICK-
Tpe BOAOPOIa 00pasyloT ceputo Jlaiimana W exat B yIbTpauoIeTOBOM 00IacTH.

[Ipu nepexope NEKTPOHA HA BTOPYIO OpOUTY (kK = 2) CO BCEX BBINIENIEKAIIUX

opOuT usny4daercs cepus banrbmepa. BonHOBbIE YKClia 3TON CepUU OMPEEISAIOTCS 110

dbopmyie

~ 1 1
\/:R(—z——2 , rmen=3,4,5urT. 1. 9)
2° n

JIuHUYU, COOTBETCTBYIOIIME MEPEXOY AJIEKTPOHA C TPEThEH, YEeTBEPTOH, Iisi-
TOW U IIECTOI OpOUT Ha BTOPYIO, JI€KaT B BUAUMOM YaCTH CIEKTPA.

[Tpu nepexojie 37A€KTpOHA HA TPEThIO OPOUTY B CHEKTPE MOSIBISIFOTCS JTUHUU
cepuu Ilawena, pactionoxxeHHbie B MH(paKkpacHoOil o0JacTu, U T. 1.

HopmanibHbIM 1711 aTOMa BOAOPOJAA SIBISIETCS COCTOSIHUE, COOTBETCTBYIOILIEE

3Ha4YeHHIo k = 1. Eciiu MojoXuTh #n = 00, TO Ha OCHOBaHUU (HopMYIIbI (8) MOTydrM:
~ /
Vo=R u hv,=Rhc=W". (10)
Od4eBuAHO, YTO BEIUMYWHA AV, PaBHA YHEPTUHU, KOTOPYIO aTOM BBIICTUI ObI

IIpU Mepexo/ie JIEKTPOHA U3 OECKOHEUHOCTH Ha nepByro opouty. M Haoboport, ecinu
ATy SHEPTHUI0 MOJYUYUT JICKTPOH, HAXOASAIIUICA Ha TIepBOM OpOUTE, TO OH YIATUTCS

Ha 6CCKOHe‘-IHOCTB, TO €CTh NMOKUHET atoM. Kak HN3BCCTHO, aTOM HOTepﬂBHII/Iﬁ OJICK-
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TPOH IICPECTACT OBITH BHCKTpOHeﬁTpaHBHBIM, OH CTAHOBHUTCA IOJIOKUTCIBHBIM HO-

HoM ( moHm3yercs1). [TosToMy sHeprusi W HasbIBACTCS dHepauell UOHUSAYUIL.

3. llpyHuun MeToaa usMepenuii u padouas popmy.ia

Habmronenue crekTpoB M3Iy4YEHH OCHOBAHO Ha W3BECTHOM (DU3MUYECKOM
SBJICHUU: 3aBUCUMOCTH YIUIa IPEJIOMIICHHU JIy4a CBE€Ta IIPU3MOM OT JUIMHBI BOJIHBI
[aJaloIIEro Ha NPU3MY H3JIIydyeHUs (AUCIEPCHM CBeTa, OOYCIIOBIEHHON 3aBUCUMO-
CTBIO MOKAa3aTessl MPeIOMIICHUsI BEIeCTBa OT JUIMHBI BOJIHBI W3nydeHus). Ecnu us-
BECTHA CBA3b MEXIY YIVIOM IPEIOMIICHUSA U JUIMHON BOJIHBI, TO, U3MEPs OTU YIJIBL,
MO>KHO ONPEIETUTh JJIMHBI BOJIH U3JIy4eHUS (CM. HH)KE OITMCAHUE YCTAHOBKH).

Omnpenenenue IIUMH BOJH JIMHUA HAOII0JAaeMOro CHEKTpa MO3BOJIAET HalTh
BEJIMYMHY MTOCTOsIHHOM Punbepra

v

1Y
K on

sHepruro nonnsauuu W' (cMm.gopmyisl 8-10) U 3HEPruM KBaHTOB MU3JIyYEHHUS] aTOMOB

R=

BOJIOPO/IA.
hVZ%EhCVEhCR(k—IZ—%j (11)

n

4. JKCnepUMEeHTAJbHASL YCTAHOBKA B CTATHKE U JIMHAMUKE

B kauectBe crnekTpanbHOro MpuOOpa, MO3BOJSIOMIETO OMPENETUTh IUHY
CBETOBO BOJIHBI, HCHIOJIb3YIOT CIEKTPOMETPhI. CIIEKTPOMETP COCTOUT U3 IIEIU, 00b-
€KTHBa, MPU3MBI U OKyJsipa. [IpuHIunuanpHas cxema xoja Jiyde B mpubope moka-
3aHa Ha puc. 1.

CBet, uccineayeMoro UCTouHHuKa M yepe3 y3Kyro mienb K monajgaeT Ha KoJj-
auMatopHyto nun3y JI;. lllens K momemiaetrcss B (oKyce JUH3BI JI| U CBET, MPOHIs
JIMH3Y, MapajuleIbHBIM ITyYKOM MaAaeT Ha JUCIIEPTHPYIONLYI0 NpusMy. M3 npusmsl
napajiesibHble IyYKU CBETA PA3JIMYHBIX JIJIMH BOJIH BBIXOJAT MOJ Pa3IUYHbIMHU YT-
JaMH, TaK KaK IOKa3aTesib MPEJIOMIICHUSI MaTeprualia MPU3MBbI 3aBUCUT OT JJIMHBI

BOJIHBI MMajiarorero ceera. JInuza JI, GoKycupyeT MmydKkd pas3ioKEHHOTO CBETa B pas-
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JINYHBIX MecTax (GOKaTbHOM mIockocTd @@ B 3aBHCHMOCTH OT yIUIa MX ITaCHHS HA
nuH3y JI,. Tony4daronieecss n300pakeHre 1iesie B pa3iMuHbIX IIBETaX — CHEKTP HUC-
TOYHHMKA paccMaTpuBaercs 4epe3 okyJsipHyro jyny O. IlompoOnast cxema criek-
TpPaJIbHOTO TPUOOpa, UCIOJIB3yeMOro B JaHHOW paboTe, HAXOAUTCS Ha CTOJE yCTa-
HOBKH.

B kauecTBe MCTOUHMKOB CBETA UCIOIB3YIOT Ta30pa3psiaHble TPYOKH, MUTAIO-

IMUCCA OT HCTOYHHKA BBICOKOI'O HAIIPAXKCHMA.

Puc. 1

Ha puc. 1 BunHO, 4T0 HaOMIOIEHUE CIIEKTPa U U3MEPEHHUS MOXKHO MTPOBOIUTH
IByMsl crocobamu: 1u00 Bpaliath TyOyc OKyJisgpa (B 3TOM cily4ae Mpu3Ma HemnoJ-
BIYKHA), INOO MOBOPAUYMBTH MPU3MY MPU HEMIOABUKHOM OKyJsipe. B o0oux cinydasx B
TI0JIE 3PEHUS MTOCIIEIOBATEFHO OKA3bIBAIOTCSA JTMHUH U3Yy4aeMOro CIEKTpa.

B nameii nabopaTtopuu ucnosib3yroTcsi 00a croco0a HaOIOACHUS.

B cnyuae BhImosHeHUs paboThl C MOABMXHOW MPU3MON (MOHOXPOMATOPOM)
yIJbl OTCUMTHIBAIOTCS O JIEJCHMSIM Bpamarouierocsi 6apabana. Ilpu BbIMOTHEHUH
paboThI C MOABUKHBIM OKYJISIPOM (CHIEKTPOCKOTIOM) YTJIbI OMPEEISIOTCS 1O JIeJICHU-
SIM JTHHEHKH, 1300paskeHne KOTOPOil IPOEIHpyeTcs Ha (hOKAIBHYIO IIOCKOCTh PP

¥ BUJHO Ha (POHE CIIeKTpa.

5. IlopsiioK BHINOJIHEHUSI PA0OTHI
1. [Ipexkae yeM MpUCTYNUTh K U3MEPEHUIO JIJTMH BOJH U3JIyYEHHUS BOJIOPOA,
NpoU3800am 2padyuposKy CneKmpaibHo2o npubopa. J{is 3Toro BKIOYAIOT ra3opas-

pAOHYI0 pyOKYy, HAOJHEHHYIO resineM. CBEeTAIIMIICS Kalluuisip YCTaHABIUBAIOT MPO-
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TUB BXOJHOU IIENH TPUOOpa, U, POKYCHPYS OKYJISIPHYIO JTUH3Y, MOTY4YalOT YETKOE
N300pakeHNEe CTIEKTPATbHBIX JIMHUNA. 3HAYCHUS IJTMH BOJTH T'eJIUsI YKa3aHbI Ha IIBET-
HOM PUCYHKE CITEKTpa, KOTOPBIH HaXOIUTCS Ha CTOJIE YCTAHOBKH.

Kaxnas ciekTpasibHasi TMHUS TeIUsl OTBEYACT OMPEICICHHOMY TOJIOKECHHIO
(1100 ACNEHUIO MIKAJIBI CIIEKTPOCKOIA, JIMOO JejeHn0 6apabaHa MOHOXpOMATOpa).

2. 3anonHUTH TabNIUIly 3HaUYeHUH 1o hopme

Hina KpacHBI KETTHIN 3eJIEHBIN roy0oii | CHHHN |  (QHOIETOBBII

BOJIHBI I'C-

us, mxv | 07065 | 0,26678 | 0,5876 | 0,5046 | 0,5016 | 04922 | 0,4613 | 0,4471 | 0,438

Henenue
TITKAJTBI
(6apaba-
Ha)

3. C nomo11pt0 TaOIHIIBI CTPOSAT TPATYUPOBOUHYIO KPUBYIO MPUOOpa, OTKIIA-
JBIBast IO OCH a0CIIUCC OTCUETHI MO IIKaje uiau 6apabaHy, MO OCH OpAUHAT — JJIUHBI
BOJIH resivsi. Bua rpagyupoBOYHOM KPUBOU ONIPENENAETCS TUCIIEPCUEH CIIEKTPaJIbHO-
ro npuoopa.

4. BxiroyaroT razopaspsagHyro TpyOKy C BOJOPOJIOM M, TaKKe Kak MpH Ipa-
JTyUPOBAHUU MPUOOpa, OMPEAEISIOT MOJI0KEHNE KAKI0M JIMHUUA BOJOPOAHOIO CIIEK-
Tpa.

5. Ionp3ysachk TpagyupOBOYHON KPUBOM, HAXOJAT JJIMHBI BOJH U BBIYHACISIOT
BOJIHOBBIE YHCJIA JINHUM BOAOPOAHOTO CIIEKTPA.

Bce nabmogaemble muHUM pUHAANExXat k cepun banemepa (k = 2). Kpacnas
JMHUS TIOSIBJSIETCS. B CIIEKTpE MPH MEePexojie IIEKTPOHA C TPEeTheil OpOUTHI, CHUHE-
3eJIeHas — C YeTBEPTOM, CUHSSA — C MATOW U (PUOJIETOBAsA — C IIECTOM OpOUTHI HA BTO-
pyto. OmpenenuB MJIWHBI BOJH JIMHUM CIEKTpa BOJOPOJA, BBIYUCISIOT SHEPIHUIO
KBaHTOB BHMJMMOI 4aCTH BOJAOPOAHOTO CIIEKTpA.

6. Ioacrasisis B popmyiy (9) HalileHHBIC U3 OIBITA BEJIMYMHBL V ¥ 3HAYe-
HUSL 7, BBIYUCIISIIOT MOCTOsSIHHYIO Puabepra mo kaxmoit nuunuu. Haxomst cpennee

3HAYEHHE MTOCTOSHHOU K.
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7. Mcnionp3ys cpeHee 3HaU€HUE NOCTOSSHHOW R, BBIYUCIISAIOT SHEPTUI0 HOHU-
3a1MK aToMa Bojopoaa W u sHepruu kauToB (hopmyia 11). DHepruio BHPaKAIOT B
JOKOYJISIX U DJICKTPOH-BOJIbTaX.

HpI/I BBIYUCIICHUHU CICAYCT HMMCTb BBHAY, YTO IIOCTOAHHAA IInanka

h=6,6210"* Ix-c muro 1sB=1,610" Ix.

6. KonTpo/ibHbIE BONIPOCHI
1. Kak mpencraBnsercs ctpoeHre atoMa mo mojenu Pesepdopma?
. B uem 3akmrouaercs coaepkanue nocrynatoB bopa?
. Korma atom usnyuaer ceer?

. Kak onpegensiercst yactora cBeTa, HCIIyCKaeMOro aTOMOM?

2

3

4

5. YTto Takoe qiuHa BOJIHBI?
6. Kakoil npouecc Ha3pIBaeTCs HOHU3ALMEN aToMa?
7. UTO Takoe 3JIEKTPOH-BOJIHT?

8. Kakas BennunHa Ha3bIBACTCS BOJTHOBBIM YHCJIOM?
9. Yto TaKoO€ TIaBHOE YHCIIO?

10. YUTto Ha3bIBaeTCs Cepueul JIMHUMA?

11. Kakas cepust nMHUM NTOTy4YniIa Ha3BaHUe cepun banepmepa?

12. Yemy paBHa 3HEprusi KBaHTa CBETa?

Jluteparypa: [1], § 208 —212; [2], § 38.1 —38.4.
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PABOTA 89. OIIPEAEJIEHUE TEPUOJA ITOJIYPACITAIA
PAJMOAKTHUBHOI'O U30TOIIA KAJIUA

1. Heab padoTsl
Llenbto pa®oThl SIBISIETCS HM3yYEHUE 3aKOHA PaJUOAKTHBHOIO pacmaja Ha

MpUMEPEC paaAOAKTUBHOI'O U30TOIIa KaJIHA.

2. Kpatkas Teopusi MCCJIeyeMOr0 sIBJICHUS

Paouoaxmusnocmovio Ha3bIBaeTCS CaMOIPOU3BOJIBHOE MPEBpaIEHUE H30TO-
IIOB OJTHOTO XMMHMYECKOI'0 3JIEMEHTa B U30TOIBI APYTUX 3JIEMEHTOB, CONPOBOXKAAI0-
HIEECS UCITYCKaHUEM DJIEMEHTapHBIX YaCTHLL.

N30TONaMu Ha3bIBAIOT aTOMBI, UMEIOIIME OJUH U TOT K€ aTOMHBIM HOMED Z,
HO pa3JINyHble MaccoBble yucia A (Harpumep, ]IH — BOJIOPO/I, 12H — JNEUTepuH, 13 H-
TpUTHi1). 30TOMBI KakI0T0 XUMHYECKOTO AJIEMEHTa Pa3JIeisIFOTCs Ha CTAOWIbHBIC U
HECTaOWJIbHBIE — paJuOaKTUBHbIC. PaJliOaKTUBHOCTH, HAOMIOJAIONIASCA Y TPUPOI-
HBIX U30TOIOB, HA3bIBACTCS €CMECMBEEHHOU.

EcTecTBeHHOE paiMOaKTUBHOE M3TyY€HHE OOBIYHO COCTOUT U3 TPEX KOMIIO-
HEHTOB:

o-TTydd — 00JIaat0T MaJION MPOHUKAIOIIEH CITOCOOHOCTBIO U CHIIbHBIM HOHU-
3UPYIOLUM JeiCTBUEM (TTOTOK siIep Teius);

B-Tyun — nerkue 4YacTuibl ¢ OOJbLIEH NPOHUKAIOMIEH CHOCOOHOCTBIO M
MEHBIITUM UOHU3UPYIOIIUM JICUCTBHEM (ITOTOK OBICTPBIX AJIEKTPOHOB);

Y-TIy4d — U3JIyUYE€HHE C HAWBBICIIECH MPOHUKAIOIIEH CIOCOOHOCTHIO W HaW-
MEHBIITUM NOHU3HUPYIOITUM JACHUCTBUEM (TTIOTOK (POTOHOB BHICOKOM SHEPTHH).

B pe3ynbraTe o-pacnana mnomydaercs SApPO JIEMEHTA, CTOSIIIETO B NEPUOIH-
YECKOM CUCTEME AJIEMEHTOB Ha 2 KJIETKU PAHbBIIE UCXOTHOTO.

B-pacnag — mpoliecc CaMOMPOU3BOJIIBHOTO MPEBPAIICHUSI MATEPUHCKOTO Si/I-

A A
pa, X B JodepHee sapo ,.} ¢ OJHOBPEMEHHBIM HCITyCKAHUEM HIIEKTPOHA.
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Y-U3IIyYEHHUE — ITO KECTKOE AIEKTPOMArHUTHOE M3IyuYeHue ( JUIMHA BOJIHBI OT
1 A 10 0,003 A), ucmyckaemoe JOYEPHUM SJIPOM, HAXOJUBIIUMCS B MOMEHT CBOETO
o0pa3zoBaHUs B BO30OYXKJIEHHOM COCTOSTHUM.

[IycTh B HEKOTOPBI MOMEHT BpeMEHHM ¢ umeercst N saep uzorona. Torga Ko-
JMYECTBO PACIABIIUXCS 32 BpeMsi df aToMOB dN OyJeT MpONOpUUOHAIBHO YUCITY
aTOMOB N U MPOMEKYTKY BpeMeHHU dt:

—dN= ANdt, (1)
Il A €CTh BEPOSITHOCTh pacmaja sjipa 3a €JUHUIY BPEMEHH, 3HaK «—» B (popmyie
(1) o3Havaer, 4TO YKCIIO HEPACTIABIIMUXCA AA€p YMEHbIIaeTcs. MIHTerpupoBaHue BbI-

paxkenus (1) IPUBOIUT K 3aKOHY PaJMOAKTUBHOTO PacHaja:
N=Ne ™M, @)

Bpewms, B TeyeHHe KOTOPOTrO HAYaAJIbHOE YKMCIIO HEPACIIABIIUXCA SIEP YMEHb-

1aeTcsi BABOE, Ha3bIBAETCS MEPUOAOM nonypacnaga T:

MT) = (1/2) Ny = Npe' ™. 3)
N3 (3) cnenyer:
In M7) =In Ny—In2 = In Ny— AT, 4)
OTCIOJIa
T=1n2/1~0,693/1. ()

Yucio AACP, pacnaJaromuxcsa B CIHMHUIY BPEMCHM, HA3bIBACTCA AKTHUBHO-

CTBIO IIpenapara:
A = |dN/dt|. (6)
U3 (5) u (1) cnenyer, 4to
T = (0,693/4)N. (7)
B nactosiee Bpemst nzBectHO okoiyio 1100 pannoakTHBHBIX M30TONOB. Tak,
MPUPOJIHBIA KaJIMK TPEACTaBIsSeT COO0M CMeCh TpeX H30TOIIOB: fg K, ?;K, ?gK.
[TepBbie nBa cTaOUIBHEI, A ?81(— pPaguOaKTUBEH.

~ 40
89% ‘l‘gK pacnazarTcs Mo CXeMe: ‘l‘gK —)‘2‘8 Ca+_le0 +v,all% K pac-

majaroTes 1o cxeme: (oK +e,— g AT+ v
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T/€ e, AIEKTPOH, 3aXBAYEHHBIN SIAPOM ‘1‘8K u3 K-06010ukn aToma (Tak Ha3bIBaEMbIii

K-3axBar), v— HeillTpuHO, V— aHTHHEHTpUHO. TakuM 00pa3oM, paauOAKTUBHBIN
4 o

pacnaj ng 0 TIEPBOI CXEMe COMPOBOXKIACTCS [3 -U3IIydeHHUEM, KOTOPOE PErUCTPH-

pyeTcs B pejuiaraeMoi 1abopaTtopHoi paboTe ¢ MOMOIIBI0 ra30pa3psTHOTO CUETIH-

ka ['eitirepa-Mrosuiepa.

3. IlpuHuMn MeToIa U3MepPeHN PAIMOAKTHUBHBIX U3JIy4eHHid 1 padodast
¢popmyaa
Meton peructpanuy U ONPEICICHUS NMapAMETPOB PAAUOAKTUBHBIX HU3JIyde-

HUH C IOMOILBIO Ta30pa3psAIHbIX CYETUMKOB OCHOBAaH Ha TOM, YTO IIONAJAIOLIEE B
CUETUMK U3JTy4YeHUE (B HAILLIEM CTy4dae 3JIEKTPOHbI) MOHU3UPYET ra3 B CYETUMKE U BbI-
3bIBAET JIEKTPUYECKUN pa3psia. KonmnuecTBo Takux pas3psiioB (MMITYJIbCOB) TOKa 3a |

CCKYHOY IIPOIMOPIHNOHAIBHO YHUCITY YaCTUI BBUICTAOIINX 3d 1 CCKYHAY U3 IIpcliapara,

AN
T.€. aKTUBHOCTH Tpenapara A = N OmnpenenuB akTUBHOCTH mpemnapata 4 (cM. pas-
4

nen «Ilopsigok BeImoNHEHUST pabOThDY), 0 dhopmyre (7) HAXOAAT MEPHOJT MOTypac-
naja.
4. U3mepsiemblil 00beKT

N3mMepsieMbIM 00beKTOM siBIsieTcs npupoaHblid npenapat KCl, coneprxaruii
moromn (9K .

HemocpencTBeHHas 3amaya paOOThI — OIpECNICHUE Tepruojia IMoirypaciana

HN30TOIIa KaJIusi.

5. JkcnepuMeHTAJIbHAS YCTAHOBKA B CTATHKE M IUHAMUKE
biiok-cxema ycTaHOBKHM NOKa3aHa Ha puc. 1. YcTaHOBKa COCTOUT U3 CUETUH-
Ka /, yeunurens 2 v nepecy€THoro ycrpoiictea 3. Cu€ruuk / mpeactaBiseT co0oit
MPOBOSIINN HUIUHJIP (KaTOM) C HATAHYTOM BIOJIb OCH TOHKOW METaJIMYECKOU HU-
ThI0. BHYTpeHHssI TOJOCTh CUETUYMKA TEPMETHU3MpPOBaHA M OOBIYHO 3aMoOJTHEHA
WHEPTHBIM Ta30oM (aproHOM HWJIM HEOHOM) C HEOOJBIION MPUMEChIO MapoOB MHOTO-

dATOMHBIX OPraHHMYCCKHUX BCIICCTB. MG)KI[y dHOIOM M KaTOAOM IIPHUKJIIAAbIBACTCA pPa3-
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HOCTh noteHnuanoB nopsaka 400-1200 B. Bo3nukaromue B cuéturike / MOHBI WU
BTOPUYHBIE AJIEKTPOHBI BCIEACTBUE JABUHHOIO paspsja 0Opa3ylOT UMITYJIbC TOKa,

KOTOPBIN mociie ycuiaeHus (yCuiauTenb 2) MoCTyInaeT Ha MepecuéTHOE YCTPOMCTBO 3.

B Y
1

T &-H | + i

72— — il

5 | ey

-| BCB +
l \_|:~220}3
Puc. 1

BCB — BBICOKOBOJIBTHBIII HCTOYHHUK MUTAHUSA CUCTUNKA.

Cpennsis yacToTa CJIEI0BaHUS HUMIYJIbCOB [ MPOMOPIIMOHATIbHA IUIOTHOCTH
u3ydeHus J, MOCTyIarIero Ha cuétuyuk. Takas 3aBUCUMOCTb [ = kJ TIO3BOJISIET MC-
I10JIb30BAaTh CYETYUK B KAYECTBE NETEKTOPA PAJUOAKTUBHOIO U3ITYyUYECHHUS.

OHDGI{GHGHI/IG qyrcjia aKTUBHBIX AJCP

O6o3HaunM uepe3 m — Maccy mpenapara, |L— macca ogaoro modst KCl,

N, —uaucno ABoraapo. Toraa uucio mosnekyn KCl (a cienoBarenbHo, U 4uC-

JI0 aTOMOB KaJjiusi) OyJIeT paBHO:

=N, (8)
1)

N

K

N3 storo uucina atomoB 0,019 % cocTaBistoT aTOMBbI PaJIMOAKTUBHOTO H30-
40 0
tona [oK, npuuem 89 % ot uncna nocieaHUX UCHBITHIBAIOT pacaj ¢ UCITyCKaHUEM

AJIEKTPOHOB, KOTOPBIE PETUCTPUPYET J1A00PATOPHBINA IPUOOP.
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Takum oOpazoMm, 4yucio siaep ‘1‘8K ompenensieTcss I TaHHOTO Tperapara
dbopmynoin
4 M

N=0,891910* =N, . (9)
v

OHDCI{GHGHI/IC AKTHUBHOCTH IIpCIiapaTta

PacueTHast ¢gopMyma ayis ompeneneHus aKTUBHOCTH TOJICTBIX IIPErmapaToB

UMEET BUJI:
A=Cn-ngy), (10)
rae C — MOCTOSHHAS JUTsl TAaHHOTO OIbITa BEIMYMHA, KOTOPAsi ONPEACIeTCs MoIpa-
BOYHBIMU KO3(PHUIIMEHTAMU Ha OTPAKEHUE OT TOJIJIOKKH, Ha TIOTJIOIMIEHUE U paccesi-

HUE [3-4acTuil B Mpemnapare; 7 — CKOPOCTh CUETa MPU HAJUYMK Ipenapara; ng — CKO-

pocTh cueTa 6e3 npemnapara (pon).
[ToxcraBuB nomyuyeHusie 3HaueHuss N u A B dopmyny (7), HAXOAUM TIEPHOT
nosypacnaja (3aagerue C-1000).

Cxema 1a00OpaTOpHON YCTaHOBKU ISl U3MepeHus 4 — Ha pabodeM CToIIe.

6. IlopsiioK BBINIOJIHEHUSI Pa0OTHI

1. O3HaKOMUTBCS € YCTPOMUCTBOM PaMOMETPA U MMOATOTOBUTH €r0 K padoTe.

BHUMAHME: Bxmrouenue npubopa 1 ycTaHOBKa IIpenapaTa B «CBUHIIOBBIN
JOMUK» IPOU3BOJUTCS B IPUCYTCTBUU IIPENOAABATETIS.

2. BKJIIOYUTH YCTAaHOBKY M W3MEPUTh CKOpPOCTh cyera (oHa 3a 10 MHHYT
(mpemnapat npu 3TOM U3 JOMHKA BBIHYTb).

3. BBIKJIFOUUTH YCTaHOBKY. BlOXWTH Ipenapar B TOMHK M 3aKPBITh JTOMUK.
BxirounTh yCTaHOBKY M JaTh €i NPOrpeThbes 3-4 MUHYTHI.

N3meputh ckopocts cueta 3a 10-15 MunyT.

4. BoIkmounTh yCTaHOBKY. IlocuntaTe akTUBHOCTD Ipenapata mno (gopmyse
(10) u uKciio paaAMoaKTUBHBIX sziep 1o dopmyiie (9).

5. Pe3ynbraTel m3MepeHuit 3aHeCTH B TAOIHITY TT0 YKa3aHHOU (opme.
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CkopocTb cuera

3HadeHue

n (AMIT/MHH)

N (AMI/MUH)

6. Haittu nepuona nmonypacnama o gopmyie (7).

7. KoHTpO/1bHBIE BONIPOCHI

4
1. Uem otnuuarotcs nzoronsl kanua? Kak pacnagaercs ng ?

2. V3 kaxxaoro MuuiMap/ia arToMOB Ipernapara paJuoakTUBHOIO M30ToMa Ka-
XKyt MUHYTY pacnagaerca 2000 aromoB. Onpenenuts nepro/ noiaypacnaaa 7.

3. Uto Takoe aKkTUBHOCTH IIpenapara’?

4. Yto Takoe nepuo nojiypacnajga paaiuoakTUBHOTO Ipenapara’?

5. W3 xaxa0ro MUJUIMOHA aTOMOB TpenapaTa paJuoaKTUBHOIO U30TOMNA KaxK-

Y0 MUHYTY pacnanaercs 2 aroma. Onpenenurs nepuoi noiaypacnana 7.

Jlureparypa: [1], §255, 2565 [2], § 45.4; [5], §51.
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