


NPENAUCIHOBUE

ITocranoBKa (u3MYECKHX SKCNIEDUMEHTOB B COBPEMEHHOM
sIlepHON (H3UKe B OOJBUIMHCTBE CJydYaeB CBS3aHa ¢ oGHapyxe-
HHEM Da3JHYHOrO POAA YACTHIL UJIM KBAHTOB 3JE€KTPOMArHUTHOTO
usnyueHus. Perucrpaliusi sIepPHOTO H3JYYEHHs] OCYILECTBJSETCS
C MOMOIUBIO Pa3HOTO POJAa JAEeTEKTOPOB, KOTOpHIE SIBJISIIOTCS BaX-
HeHIIMMHU 3JEMEHTaMH LeJIOr0 psifa H3MepUTeJNbHbIX NpHOGOPOB
¥ CJIOXHBIX 3KCHEPUMEHTAJbHBIX YCTAaHOBOK. Bni6op TOro uam
HHOTO JeTeKTopa OnpejeJsieTcsi CBOHCTBAMH perucTpUpyeMbiX
4acTHll, XapaKTepoM HX B3aHMOJAEHCTBHS C MaTepHajoM JeTeK-
TOpa, a TakKxe CcHeuuHYecKUMH OCOOEHHOCTAMHM OTAEJbHOTO
IKcnepuMeHTa. Paspaborka HOBBIX METOAOB HCCJel0OBaHH# B 06-
JlacTH siepHOH (u3MKH ¥ (PHU3MKH >JeMeHTapHbIX YacTul, IO~
Tpe6oBasa 6Gosiee COBEpIIEHHbIX JAETeKTOpoB usaydenus. Ilpun-
UuN [efcTBUSl TNPUMEHSIOIUUXCH R HacTosilllee BpeMs JIETEKTOo-
pOB, HX CBOHCTBAa U OCOOEHHOCTH NpPUMEHEHHs H3YyyaloTCs B Kyp-
ce «MeTonbl perucTpauud u3aydenuii». OjHaKo NOJHOLEHHOE
OCBOEHHME JIEKIMOHHOTO MaTepuaja HEBO3MOXHO 0€3 pelleHHus
KOHKpeTHBIX 3afad. K coxanenuio, B BbillleAlllell U3 MeyaTH JH-
TepaType HeT 3ajlayHHKa N0 3TOMYy Kypcy.

IIpeanaraeMblii COOpPHHK 3ajay BKJOYaeT B cebsi OCHOBHBHIE
pasjiesibl, KOTOpble BXOHSIT B IporpaMMmy Kypca «MeToibl peru-
cTpauuu wuanydeHuils. COOpDHHK pacCcyuTaH Ha CTYIAEHTOB, H3Y-
YMBIIMX aTOMHYI0O M fillepHYI0 (GU3MKY K OBJIaJ€BLIMX ammapa-
ToM AuddepeHurasbHOTO U MHTETPAJbHOrO HCUHCJIEHHSI B 00Dbe-
Me Kypca BbicmIeli MaTeMaTuku Ajs By3oB. OjHako HaM mpen-
CTaBJISIETCH T0JIE3HBIM BKJIOUMTh B COOPHMK 3ajay HeGoJbluoe
TeOpeTHYeCKoe BBeJeHHE, B KOTOPOM H3JIOXKEHH HEKOTOpHE BO-
NpoChl, CBSI3aHHble C B3aUMOJEHCTBHEM 3JIEMEHTAPHbIX YaCTHLL
C BEIeCTBOM, a TaKXe OCHOBHBble IIOJIOXKEHHS TEOPHH OLIMGOK
uaMepeHuit. Iloc/e0BaTeNBHOCT, . PALHONIOKEHHs MaTepHana B
c6OpHHUKE B OCHOBHOM COOTBETCTBYeT HpOrpaMMe, NPHHATOH B
Kypce «MeTombl perucTpanuu H3JyyeHHH». B Kaxiaom paspene
vMeeTCs: HeGOJMbINON TEOPETHYECKHH MarepHals, KOTOPHIA MO-
JKET OKa3aTbCs NOJIE3HBIM NpPH pelleHHHM TexX MJH HWHbIX 3ajay.
B xouue c60opHMKa JaHbI HE TOJBKO OTBETHI, HO M XOJ pelIeHHs
HauboJsiee TPyAHBIX 3ajad. B yclOBHAX HEKOTOPHIX 3ajpad NpH-
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BeleHbl He Bce JaHHbBle, HEOOXOXMMBIE . VISl HX -pellieHus. ITO
cliefiaHO JJisi TOro, Yro6bl HaYYHTb CTYAEHTOB IOJb30BAThCSA
cnpaBouHOl Jurepatypoil. K coxajieHHIO, CBelleHHs CnpaBou-
HOro xapakTepa pas36pocaHbl IO MHOT'OYHCJIEHHBIM CIPaBOYHH-
KaM, a MHOrja HeoOXOAMMBle [JaHHblE MOXHO HaHTH TOJbKO B
ClelHaJbHEIX MOHOrpaHusX UM B OPUTHHAJBHBIX CTaThiX.
ITostoMy B npujioxXeHMH K COOPHHKY AaloTcsi TabJMibl B rpa-
¢ukH, B KOTOPHIX NpHBeLeHH Haubosiee COBPEMEHHBIE 3HAUEHHS
¢u3nyecKnx BeJMYMH, HEOOXODHMBIX [/ pelleHHs 3ajay.
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BBEALEHMUWE
B3aumopeiicTBHe 3J€MEHTaPHBIX YAaCTHI{ C BelleCTBOM

Ilpouecc obHapyxeHHsI >JeMeHTAapHOH YaCTHHB HJIH KBaHTa
5JeKTPOMATrHUTHOTO M3JYy4YeHHS BCerjia CB3aH C TeM HJIM HHHM
BUJOM B3aMMOJefiCTBUSl, KOTOpOE HMeeT MeCTO NpPH INpOXOxKie-
HUH YaCTHIL Yepe3 BeIEeCTBO perHCTpHpYwollero mnpubopa, a
cnoco6 JeTeKTHPOBAaHUS B 3HAYHTEJBHOH CTeNeHH OIpeaessercs
MeXaHH3MOM B3auMofeicTBusi. IIpu HpOXOXKHEHHH 4Yepe3 HETEK-
TOP YacTHIA WJIH KBAHT TepsieT CBOI SHEPTHIO YAaCTHYHO HJIH
MOJIHOCTbIO, HECKOJBKHMMH NOPLUMAMH WJM CpPa3y B 3aBHCHMOCTH
OT BHJa B3aMMOHAEHCTBHMS M OT CBOMCTB caMoil yacTuupl. B oa-
HUX JleTeKTopaXx 3Ta 3Heprus npeobpa3yeTcs B 3HEPTHIO 3JI€K~
TPHYECKOro TOKa, B APYrHUX — HOHHM3AUHOHHLIA 3bdeKT, o6pa3o-
BAaHHbIH 3apsiKeHHHIMH YaCTHIaMH B BeILECTBe, MOXHO Hab6Jo»
JlaTb HEeNOCPeACTBEHHO WJIH MOJ MHKDOCKOIOM.

Has vactun, o6JaajfalOL{HX 3JEKTPUUYECKHM 3apsioM, OCHOB-
HbIMH BHAAMH NOTEPb SHEPTrHH IPH NPOXOXAEHHH 4Hepe3 Mare-
pHAJBHYIO Cpefy SBJAAIOTCSA: 1) NMOTepH Ha HOHM3ALHIO H BO3-+
Oy:K/IeHHE aTOMOB — HOHHM3alHOHHLIE MOTEpH; 2) MOTEpH Ha TOP-
MO3HOE H3JyueHHe — pajAHaHUOHHbIE TNOTepH; 3) INOTEPH HA M3~
ayderne UepenkoBa. Iy yacTul Ts:Kesee 3JIEKTPOHA YAeJbHAsA
NOTepsi SHEPTHM Ha MOHH3alMI0 MOXKeT ObTh BbIYHCJIEHAa mo ¢op-
myJge Bere — Bioxa

[ 4T — Znet 2m c2pz W waxc 2 —
_<F>HOH_ mc%‘ Z[l ” ﬁz)l;; —2@ —3 U]’

rje z-—— 3apsii YacTHIBl; 7 — YUCJIO aToMOB B 1 cm® BellecTBa;
Z — aTOMHBIH HOMEp aTEPMOB cpefibl; [/ ~— cpeAHuli noTeHUHaka
HoHu3zanuu aromoB; W,,. — MakcuMaJibHasi 3Heprus, nepena-
BaeMas 4acTHIei aTOMHOMY 3JIEKTPOHY; O — monpaBka, y4HTHI-
Bawollasi yMeHbllleHHe HOHU3aLHOHHHX NOTEPb, BO3HUKAIOLUIHX B
pesyJbTaTe MOJSPH3aLMH cpelbl MpoJeTalolleii yepe3 Hee peJsi-
THUBUCTCKO# yactuuel; U — ujieH, YUYHTHIBAIOLUHI YyMeHbIIEHHE

v
MOHH3AaLMOHHBIX NMOTEPb IPH MaJIbIX,B == H3-3a BJIWAHHA CBA-
5



3H aTOMHBIX 3/1€KTPOHOB Ha K- u L-060J0uKax aToMOB (U — CKO-
pocTh yacTuubl). VoHH3alUMOHHBIE TOTEPH 3aBUCAT OT Maccel M
TOPMO3SALIEHCH YAaCTUIBI Yepe3 BEeJTUUUHY

B2 — (Mc2)?
Wmaxc — M me z - ,
Mc [ my oM T Mer

rape & — noJiHas 3HEPrusl 4acTHLbl; M, — Macca 3JeKTPOHaA.:

CpenHsas sHeprusi, 3aTpaudBaeMasi MOHU3HUDYIOIlell uvacTuued
Ha o6pa3oBaHHe OJHOH Mapbl HOHOB W, ONPEeNeJseTCs] OTHOIIEHH-
€M BeJIMUYUHbl PHEDPrUH, NMOTEPSIHHON YacCTHULEH B cpele, K TOJHO-
MY KOJIHUECTBY CO3JaHHBIX el0 nap HoHOB. COOTBETCTBEHHO YHC-
Jo map HoHOB Ny, oO6pa3oBaHHOe YacTHLEH NMpPH MOJHOHU moTepe
sHeprun &,, paBHO:

YienbHOH MOHM3auMedl v Ha3bIBaeTCs YHCJAO Tap HOHOB, CO3ja-
BaeMbIX yacTHleH Npu npoxoxnaeHud | cm myTH B BelleCcTBE.
BenuunHa v onpejensieTcs -OTHOLIEHHEM YAeJbHOH TMOTEpU IHep-

THH —- K CPeIHEMY 3HAYeHWIO SHEPrHU ®, 3aTPAuWBAEMOH Ha
06pa3oBaHHe ONHOH Mapbl HOHOB:

_ dT|dx

w

[Torepu 3Hepruu Ha TOPMO3HOE H3JyyeHHe OGPAaTHO MPOMOP-
IHOHAJbHbl KBaApaTy Macchl yacTuubl, T. €. 1/M2. CnemoBartelb-
. HO, palHallMOHHbIE TMOTEPH MOTYT WrpaTth POJb JHUIL NMPH H3Me-
PEHUM SHEpPrHH JIErKHX YacCTHL, TJIABHBIM 06pa30M 3JIEKTPOHOB.
JIJIs1 TSXKeJIbIX YacTHLl TOTEPU SHEPTHH HAa TOPMO3HOe U3JyuyeHHe
HHYTOXKHO Majbl /1aXke B BEUIECTBAX C GOJbLIHM ATOMHBIM HO-
MepoMm Z.

Benuunna morepb Ha YepeHKOBCKOe u3jydeHue naercs ¢op-
myJsolt ®panka — Tamma

~(&),,=% ) [

TAEe v — 4acToTa U3JIyyeHHs; 1 — TMOKa3aTeldb NpeJoMJeHUus cpe-
Jibl; MHTErpUpOBAaHHE TPOU3BOAMUTCA MO ©6JacTH 3HAUEHHH v,
AN KOTOphIX Brn > 1.

’ Tax Kak MOHM3UpYIOIIME YaCTHIbl, MPOXOAS Yepe3 MaTepu-
aJIbHYIO CpeNy, HeNMpepbiBHO TEPSIOT CBOI 3HEPTHI0 BCHEACTBHE
HEYNpyrux CTOJNKHOBEHMH C aToMamu, HX Npober 10 MpakThue-
CKM TMOJIHOH ToTepu 3>Hepruu Oyner orpanHudeH. s TakKenabX
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yacTull ¢ KuHeTuueckoit sHepruelt T, Mae cpenuuit npober Mo-
2KeT ObIThb HaHJEH NMyTeM BLIYUCJIEHHS HHTerpasa '

T,
R(TJ:Sld—T‘”«',
0 IT'd_x

1 dT o
TAe — - oy — CPellHue TIOTEPH SHEpruH, Moss-cm?-2-!. Hair-

IleHHbIH TakuM oOpasoM cpeanuit nmpoGer R(T)) 6yaeT BhIpaKeH
B e-CcM~2,

- Jns a-yacTdl ecTeCTBEHHOH paAMOaKTUBHOCTH, HEPruu KO-
TOPBIX HE CHUJbHO DA3JHYAIOTCHA, AJHHBI NPOOEroB B KaKOM-HHU-
6ynb MOrJOTHTENE MOXKHO OLEHHTh NYTEM YMHOXEHHUS MNJIHHBI
npobera B Bo3Ayxe Ha KO3((UUHEHT TOPMO3HOH CnocoOGHOCTH
BelllecTBa, HalileHHBIH B COOTBETCTBYWOLUel Tabjuue, uau pac-
CUNTATh MO MPHOMUXKEHHOH dopmysae

R.= 0?56'RBOSA'AI/3,

rae R, — mpoGer o-4acTHLH B BellecTBe, 2-cm~2, R, — mpo-
. 6er o-yacTHlbl B BO3AyXe, cM; A — aTOMHbIH BeC BEILECTBA.
[Tpo6er uactun ¢ maccoét M; ¥ KUHETHUeCcKoi SHepruein 7T
B KaKOM-IM0O BelleCTBE MOXHO ONpelle/HTb, 3Has [AJs 3TOro
BelllecTBa npoTﬁer npoToHa ¢ Maccoit M, H KHHETHYECKOW 3Hep-
L

M,
" 4
THed Tﬁ=T’ Haiipennsiit Takum o6pasom mnpober R, (T),)
L
CBfI3aH C MCKOMbIM npoGerom R;(7;) 4acTulbl COOTHOLIEHHEM

L 1 M,'
RI(TI)_ zlg M,; RP(TP) Fn

rne z;— 3apsa yacTuubl; F, — MHOXUTeNb, GIH3KHH K eNHHHLE.

Omnpenenenve cpenneit AnuHbl npobera IJs 3JEKTPOHOB CO-
NPsI’KeHO CO 3HAYUTEJbHbBIMH TPYLHOCTAMH BCJEACTBHE TOTO, YTO,
TIPOXOAsl uepe3 Cpely, OHH WCIBLITHIBAIOT CHJABHOE paccesHue.
OGBIYHO TOJB3YIOTCS IKCTPANOJIUPOBAHHBIM NPOGErOM 3JEKTPO-
HOB JaHHOH 3HEPTHH, KOTOPbIH HAaXOAUTCS dKCIEPHMEHTAJbHO M3
KDHUBBIX TNOIJIOWIEHHS! 3JI€KTPOHOB. [lOMII0 3J1I€KTPOHOB, MOTJIOLIEH-.
HBIX BeLIeCTBOM, MOXXHO OLEHHTb MO NpuGIHXKeHHOH ¢opmyse:
N —P X

Oe= — e

TAe X — TOJILHHA TOTJIOTUTENS; R, — MACCOBBIH KO3 PHLHEHT
TIOTJIOIIEHHS, KOTOPbI /i 3JIEKTPOHOB C 3Heprusimd ot 0,5
no 6 M38 MOXKHO MOJNYyYUTb U3 IMNUPHUUECKOH (OPMYJIbI
22
1,33
%)é

cm. 2!

Pe =

rae &, — 3Heprusi 3JEKTPOHA.
KBaHTBl 3/IeKTPOMATHHUTHOTO W3Jy4EHHS, NPOXOAs uyepe3 Ma-
TepHa/bHYIO CPely, MOTYT MOrJouaThcsi aToMaMu cpeisl (¢horto-
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5¢deKT), UCIBITHIBATh paccesiHHe Ha aTOMHBIX 3JEKTPOHAX (KOM-
NTOHOBCKOE DacCesHHE) H KOHBEPTUPOBATb B 3JEKTPHUYECKOM
noJjie siAep B 3JIEKTPOHHO-NO3UTpOHHble mnaphl. Ilpu doTo3aM€EK-
TPHUYECKOM TMNOTJIOIIEHHH . BCSI HEPTUS +y-KBAaHTA 3aTpayuBaeTcd
Ha BbIPbIBAHHE OAHOTO W3 BHYTPEHHUX 3JIEKTPOHOB aTOMa, KO-
TODBII NPH 3TOM NOJIy4aeT KHHETHUECKYI 3HEPTHUI0

To=h—I1(K, L,...),

rae I (K, L,...) — oHeprus CBsI3U 3JEKTPOHA Ha COOTBETCTBYIO-
uieir obosiouke. Ilpu KomnToH-addexTe mNPOUCXOAUT paccesHue
y-KBaHTOB Ha 3JeKTpoHaX. [Ipu 3TOM 3/IeKTpPOH MoJydaeT 3Hep-
THIO

T =hv,—hv,

rae Avo — sHeprus mnapaollero, a Av’ — 3HePrHsi PacCesHHOro
y-KBAHTOB, ONpefessieMasi yrjaom paccesiuus f,
hy — _hv
o

mc?

1 4 (I —cos V)

Yron paccesiHHS 3JIeKTPOHOB ¢ MOXKHO ONpPeAeHTb H3 (HOpPMYJbi

_ hv, } 0

Ecnu 3Heprusi y-KBaHTOB Avg > 2 m,c? = 1,02 Mas, To OCHOB-
HbIM MPOLIECCOM HX B3aHMOJEHUCTBHUS C BeELLECTBOM CTaHOBHUTCS
mpotecc 06pasoBaHusi 3NeKTPOHHO-NIO3UTPOHHOM napel. [Ipu sToM
KUHEeTHYecKasi Heprusi sjektpona T, W mo3uTpoHa 7+ OKasbl-
Baercst paBHOM 7T+ T, = hvo— 1,02 M3s.

s KBaHTOB 3JEKTPOMATHHTHOIO W3JIyYeHHUS] KaXX[AbIH akKT
B3aMMOMAEHCTBUS C aTOMOM BellleCTBa NPHBOAUT JHOO K NOJHOMY
HCUE3HOBEHHIO KBaHTa, JAMO0 K CylleCTBEeHHOMY HW3MEHEHHIO Ha-
npaBJeHusl ero ABUKeHHS. M HTeHCHMBHOCTBL NapaJJieNbHOro mydy-
Ka +y-KBaHTOB, MPOLIEAIIMX B NMOLJOTUTENE TOJILHHY X, YObIBaeT
N0 3KCNOHEHUHANbHOMY 3aKOHY:

[(x) =1, e~+x,

rae /o — HauajJbHAsi WHTEHCHBHOCTb; | — TOJHBIH Ko3hduuMenT
NIOTVIOLLIEHHsI, KOTOPLIEl MpeACTaBAsieTcss CYyMMOil Tpex Ko3ddu-
LIUEHTOB: Py, (b, H Py, CBA3aHHBIX ¢ GoT03(H(HEKTOM, KOMITOH-
spdexTom u npoueccom obpazoBaHusi nap, T. €.

!"’:IJ‘Q)—l_P‘K_{_P‘n'

BsaumozelicTBue HEHTPOHOB C BeIIeCTBOM COIPOBOXKAaeTcs
BO3HMKHOBEHHMEM ObICTPLIX 3apsiKEHHBIX YAaCTHL W 3aBHCHT OT
BeJIMYUHBl KHHEeTHYecKOH 3Heprum He#itpoHa. Hawu6ojee npo-
CTHIM BHIOM B3aHMOJAEHCTBHUSI sIBJASETCS YIPYroe paccesHHe HeH-
TPOHOB Ha siipax aroMoB. IIpu 3TOM sHeprus fapa OTAauu 3a-
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BHCUT OT ero maccbl M, yria paccessHus ¢ U 3Heprum HeHTpO-
Ha T, ciaenyrouum o6pa3om:

4mM

=T T,cos® o,

1.0
rje m — macca HeiiTpoHa. Ilpu paccessHuM Ha sinipax BOAOpOAZ
3Tta (popMmyJsa ympoiuaercs:

T — 2
T,=T,cos’9.

[ToMumo ynpyroro paccesHHss HeHTDPOHBl, B3aUMOLEHCTBYs
C silpaMu BelecTBa, MOTYT BbI3blBaThb pa3HooGpa3Hbie siiepHbie
peakiuM, KOTOpble CONPOBOXKAAIOTCS BLIIETOM W3 sigpa 3aps-
JKEHHBIX YacTHI: npoToHa— (1, p)-peakuus; neidtona— (n, d)-pe-
aKUusl; o-4yacTHUb — (n, o)-peakuuss U T. n. 3axBaT HEHTpOHa
SPOM MOXET MpPHBECTH K 06pa3oBaHHI0 CTaOUIBHOTO H30-
TOoMa; B 3TOM cJydyae Bo3GyXKJeHHOe sApPO BO3BpallaeTcs
B OCHOBHOE COCTOSiHHE DIyTeM  KaCKajHOrO  HCNyCKaHHs
Y-KBAHTOB — (n, 7y)- peakuus. 3axXBaT HEHTPOHA HEKOTOPLIMHU
M30TONaMHU TSKeJNbIX siep 4YacTo CONPOBOXKAAETCS JeJEHHEM
3THX ANEep Ha OCKOJKH, o6/Manamline oyeHb OOJBILON KHHETHYe-
cKoil aHepruein — (n, f)-peakunsi. Uucsio akToB JeseHHST MOXKHO
ONpeneuTh U3 paBeHCTBA:

Nf: FNﬂGf,
rie F — MOTOK HEATPOHOB, T. €. YHUCJIO HEHTPOHOB, NMPOXOJsllee
yepe3 1 cm? BemectBa B | cex; N, — uucjao snep BelllecTBa;

oy — CeyeHHe JeJeHHs.
Uucs0 HEHTPOHOB, MpeTepneBIINX B3aHMOAEHCTBYE C aTOMaMHt
BelleCTBa, MOXHO ONpeNeJqHTb CJAeLYILUM 00pas3om:

n=ny(1 — e,

rje no— YHC/JI0 HEATPOHOB, NMANAIOLIMX HAa BeIIECTBO, ¢ — ceye-
HHUe B3aUMOJEHCTBUsS HeHTpoHa c BellecTBOM; N — uuCJIO sifep
BelllecTBa, NpoOeKTHPYyolleecss Ha | cm? ceyeHHsi, TNepHeHJHUKY-
JIIPHOTO HaNpaBJIEeHUWIO NMOTOKA HeHTPOHOB.

Teopusa owmnGoK HU3MepeHHUI

B ocHoBe sBJsieHH#, H3yuaeMblX B silepHO¥ (HU3UKe, B 1OMAaB-
JsoleM OOJbIIMHCTBE JeXaT 3aKOHOMEPHOCTH CTATHCTHUYECKOTO
xapakrepa. M3amepsieMas BesuuuHa mpenctaBisieT coGoi 0GbIYHO
YHCJA0 KAaKUX-JHOO HepasJMYMMBIX COOGBITHH, NMPOUCXOASILUX He-
3aBUCHMO JpYr OT Apyra, B cjaydaiHble MOMeHTH BpeMmeHH. Ta-
KUM 06pa3oM, pe3yJbTaT OTAEIbHOrO H3MepeHHus (HHU3HUecKOH Be-
JIMUWHBI, KaK NpPaBUJIO, HOCHT cJaydalHeli xapakrep. OpnHako
MOXKHO YCTaHOBUTb BIOJIHE OMNpefe/ieHHble CTaTUCTHYECKHE 3aKO-
Hbl DacnpejesieHds] BEPOSITHOCTH TOSIBJEHHS TOTO HWJM HKHOro
3Ha4YeHHUs CJAY4alHOH BeJIHYMHBI B OTJEeJbHOM H3MepeHUH. 3Ha-
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HHE CTATHCTHYECKHUX 3aKOHOB II03BOJISET TAKXKE OMNpPedesIuTh
cpellHee 3HaYeHHe H3MepsieMOoil BeJHYHHblI H OLEHHTb CTENeHb
ero jocroBepHocTd. CpelHee 3HaueHHe CJAYYANWHON BeJUUHHBI

N= “NW(N) rie N — cayyailiHoe 3HaYeHMe CTATHCTHUECKOH Be-
JuuuHbl, W (N) — BeposITHOCTb MOJNYYHTh 3HaueHue N B OTAEJ]b-
HoM u3mepeHuH. OTKJIOHeHHe BeJMYHMHBl, NMOJYYEHHOH B OTAE/b-
HOM H3MEDPEHHH, OT ee cpelHero 3HaueHHs Has3biBaeTcs (JyK-
Tyanued cjydadHOH BesuuMHbl. Mepoit (ayKTyanum CHOyXuT
avcnepcus D, KOTOPYIO MOXHO ONpeeNuTh CJAeAyiouuM obpa-
30M: :

D=(N_Np=N:—

B Tom cayuae, Korja BblpaKeHue AJS AUCIEPCHH H3BECTHO,
MOXXHO ONpefeNHTb abCOMIOTHYIO TOrPElIHOCTb  M3MepeHHs
(vHOrI@ ee Ha3BIBAIOT CpelHEKBAJAPATHUYHBIM MJIH CTAHAAPTHBLIM

oTkjonenuem) o= )/ D u uaiitu ee OTHOCHMTEJIbHYI0  OLIMOKY
[} o
8:7. Hau6osee uacro, ocobenno B fepHoit (H3UKe, MpPHU-

XOLUTCA UMEeThb [eJI0 CO CeyIOUMMH 3aKOHAMH paclpejeseHust
BEpPOATHOCTEN CJy4aWHbIX BeJUYHH.

BunoMunanbHoe pacnpepeneHHe, KOTOpoe onpe-
JensieT BepossiTHocTh W (m) Toro, 4To U3 HEKOTOPOro OrpaHuyeH-
HOro yucaa N He3aBHCHUMbIX M Hepa3JHYHUMbIX COOBITHH NPOU30H-
JeT 3a/laHHOe KoJiHyecTBo cobbituit m. Ecnu 0603HAauuTL 4yepes p
BEPOATHOCTb TOrO, YTO NMPOU30HAET OJHO COOBITHE, U COOTBETCT-
BeHHO 4epe3 / — p BepPOSITHOCTb TOTO, YTO COOLITHE HE NMPOHM30H-
Iet, To OUHOMMAJbHOe pacnpejesieHe MOXKHO 'BEIPA3HTDL CJle-
Ayouum ob6pasoM:

W (m)y=CR p" (1 —p)"~
rae

Cm_'N(N-—l)(N—Q)...(N—m—l—l) B |
N = ml - (N—m)m!

— ypcyo coyeranuit u3 N mo m. CpejnHee 4ucjo coObITHH, pac-
npefe/eHHbIX M0 GHHOMMA/IbHOMY 33aKOHY, OKa3blBAeTCH PABHBLIM:

N=Np. Oucnepcusi BeJMYWHBI M MOXKeT OBITb Bbipa)KeHa B
BUTE ‘

D (m) = Np(1 —p):N(l — %\)

CooTBeTCTBEHHO a6COJIIOTHYI0 OWMOKY HM3MepPeHHsT MOXHO OIpe-
JleJIUTh U3 paBeHCTBa '

U:V/N<L—%)t
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a4 OTHOCHTEJIbHYK OH_Il/l6Ky— U3 paBEHCTBa

. 1 1
8_‘/7—7.

Pacnpenpenenue TlyaccoHa mno3BoJsieT ONPEAENUTH
BeposiTHOocTb W (m) mosiBJieHWs] 3aJaHHOTO 4ucJa COGBITHEH M
B TOM cJlyyae, KOrja YMCJO CJy4aHHBIX COOBITHH CKOJb YTrOAHO
BeJIMKO, a CpellHee 3HAYEHHe H3MepsieMO#l BeJUUHHBI Ho H3Be-
CTHO:

m

0
—n
ml €™,

B 3toM cayuae aucnepcusi BeNMUMHBL M paBHA ee CPEIHEMY

3HaueHuto D (m) =no, abcoatoTHas omubKa uamepenus o=y n,,
1

Vn,

Pacnpenenenune I'aycca mo3BossieT HaWTH BepoOsIT-
HOCTb TOTO, YTO CJyyaliHasl BeJMYHMHA M OTJIMYAETCS OT CBOEro
CPeIHEro 3HauyeHusl My Ha BeJMUYUHY X, T. €. M —ng=x. DTa Be-
poartHocTs W (x) MoxeT 6bITh BhipaXkeHa CJeAYIIUM 06pa3oM:

a OTHOCHTeNbHAasl OWHOKa & =

W (x)= Vh; e—h,
Benuuuny h = 7;: OOBIYHO HA3LIBAIOT MEPOH TOUHOCTH. Benu-
YHMHA AUCTEePCUH BngTOM cayvae D(m) =n,, aGconroTHasi omn6Ka
c=_Vn—0, OTHOCHTeJbHAas OWH6KA & = — =

Huorna ¢usnvyeckass BeJMYMHA TOJydYaeTcsl B pe3yJbrare
MHOTOKDATHbIX  TIOBTOPHBIX HM3MEDEHHH CJayyalfiHOH BeJUYH-
HBlL M. My, My, ..., M,. B 3TOM ciyyae cpegHee 3HaUeHUe BEJIUYH-
HBl 71 MOXHO HaHTHW W3 paBeHCTBaA

m.+m2+...+mk

ny, = P

AGconmotHas own6Ka W3MepeHHs B 3TOM Cayyae

Vi

i=1 ny

s = _—

k k

[Ipy wn3MepeAnu cayyaliHbIX BeJHYMH NOMHMO HeH3GeKHOM
CTaTHCTHYECKOH HeOoNpelelleHHOCTH 3KCNEPUMEHTAJbHbBIX JaH-
HbIX BO3HMKAeT M HEKOTOpasi MeTOAHYecKass MOrpelHocTb, o6yc-
JIOBJIEHHAas, ¢ OJHOH CTODOHBI, KOHEYHOH paspeluarollled cnoco6-
HOCTBIO amnapaTypbl, a ¢ APYroi — ciaydalHeIM pacnpefefieHu-
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€M CO6BITHI BO BpeMeHH. DTa NOrPEIlHOCTb BO3HHKAeT BCJEACT-
BHe TOTO, UTO BPeMeHHON HHTePBaJ MeXAY IOCAeRYIOIIHMH CO-
ObBITHAMH CJIyYaHHO MOXET OKas3aTbCs MeHblile BPEMeHH paspe-
UIeHHs perucTpupyouiero npuéopa v. CBsA3b MeXAYy UHMCAOM ua-
ctill N, TPOXOASIUMX Yepe3 PEerucTPUPYIOLIMH NpUOOp B €NMHH-
Iy BPEMEHH, BPEME€HeM pa3pelleHHusi PerHCTPHPYIOLLero . npuéo-
pa T ¥ CKODOCTbIO CYeTa 7 MOXKHO BBIPA3HTh CJeAYIOLIHM o6pa-
n

3om: N = T

Yacto ucKoMasl BeJMYMHA NpeACTaBAseT COG0H (GYHKUUIO OT
HECKOJIbKUX caydaiiHbix BenuuuHn N = F(N,, Ns,...). B stom
cayyae JMcHepcHs BequuuHbl N ompenensercs Cc/aefyOUUM 06-

pasom:
V/ OF
D(N,:%_(—ON )
Torna abcosnioTHas owHOKa M3MEPEHHS] OKa3biBAeTCs PaBHOM:

= V3

a OTHOCHTeJbHas OumubKa BbIpAa3HTCA Kak

V}]/ OF \* o
a %

~
0= —

N

B uyacrHoctu, ecan uckomasi BeauunHa N mpencrasasieT co6oi
"CYMMY HJH PasHOCTb IBYX (UJM HECKOJbKHX) CJAyYaiHBIX BeJH-
uiH N, 1 N, aucnepcusi oka3biBaeTcsi PaBHOM:

D (N) = D (N.) 4+ D (Np).
CooTBeTcTBeHHO abconoTHAst OIMOKA W3MEDEHHMsS paBHA:
5= 'l/dz + og,
a oTHOCHTeJbHAsA OWIHOKA ONpele]HTCs Kak
_Vea+d

N, * N,

o2



AIDAUYMN

TokoBas HOHMU3ALUOHHAfA KamMmepa

3apsixkeHHble UYacTULBl, OPOXOAS 4Yepe3 Tras3, HCHOBITHIBAIOT
GOJIbLIIOE KOJIMUECTBO HEYNPYrHX COyAapeHHH CO CBS3aHHBIMH
3JIEKTPOHAMH MOJIEKYJ, B pe3y/ibTaTe 4ero B rase BO3HUKAIOT
CBOGOHbIE 3JEKTPOHBI U TSI2KEJIble TOJOXKHTeJNbHbEE HOHBL. B TO-
KOBOH KaMmepe 3TOT HOHU3ALHOHHBIH 3(O@EKT HCmoJb3yercs AJs
M3MEpEHH CyMMapHOH HOHH3AallMH, CO37aBaeMOH HOHH3MPYIO-
UM H3JydyeHHeM B paboueM ob6beMe KaMepbl B eIHHHIY Bpe-
MeHH. B 3TOM ciyuae BeJHUHHY TOKa HACBIILEHHS MOXKHO OIpe-
JleJIUTh CJeNYIOIUM 06pa3oM: ecu yCaO0BHSA OOJyYeHHS TaKOBBI,
uyTo B paboueM ofbeMe KaMepbl KaxKAyH CeKyHAy Bo3HHKaeT No
nap MOHOB, TO CHJla TOKa /o paBHa:

Iy = eN,,

TIe e — 3JeMeHTapHblH 3apsi.

g nmaockod HOHW3AaLMOHHOM KaMephbl, 06JydyaeMOil paBHO-
MEPHO NO BceMy 06beMy HCTOYHHKOM MOCTOSIHHOH HHTEHCHBHO-
CTH, MOXHO C JOCTATOYHOH TOYHOCTBIO OLIEHHTb BEJHYHMHY TOKA
M B TOH 06JaCTH HaNpsKEHWU, Ile peKoMOHHALUs urpaer 3a-
MEeTHYIO posb. B 3TOM ciyyae TOK paBeH:

/:%<1/1+%—1>10.

3pech [y — TOK HachleHusl; V — pa3HOCTb MOTEHLHAJOB MeX-
Cnod4

Jly sJeKTpojamu; b = KL K_ » DAe Mo — KOHUEHTPaLMs HOCH-
Tenell 3apsAnoB, d — PacCTOSHHE MeXAY 3JEKTPoAaMu, { — Ko-
s¢pdunuent pekombunauuu, K, U K_— MOABHKHOCTL TNOJIOXKH-

TeJbHbIX U OTPHIATEJbHHIX HOHOB COOTBETCTBEHHO. DTa (opMYy-
Jla TepsieT CBOIO CHJY TOJbKO NMPHU MaJjblX 3HAUEHHAX TOKa, KOr-
aa l<0.2 [,

—— @ CE——
1. OppenenuTb MHHMUMAaJbHOE pPaCCTOSIHHE MEXIY 3JeKTPO-

JaMH HOHH3AUHOHHON KaMephl, PErHCTPUPYIOLLEH  a-4aCTHILBI
Po?8, KaMepa HamosiHeHa aproHOM A0 NaBJeHUSI p = 2 aTM.
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2, Oneenenmb OCTaTOYHBIH npober a-yacTtuy Po?® B uoHH-
3allHOHHOH Kamepe, HANOJHEHHOH AaproHoM [0 [aBJeHUsA
p=1 arm, eciu yacTHLbl NMPOHHKAIOT B Hee UEPe3 OKOLIKO H3
CJIOABI TOJILHHOH 16,5 mk.

3. Monusaunonnas xamepa, HanosHEeHHAas aproHOM N0 AaB-
neHust p=380 mm pT. cT., MMeeT BXOAHOE OKHO JHAMETPOM
100 mk. VICTOUHMK @-YacTHLl 5MaHaLMM Palus PAacrooXKeH BHE
kKamepsl Ha paccrosHuH 0,5 cm or oxkua. Kako#l TOJMLUUHBI cje-
AyeT BbIGpPATb aJNIOMHHHEBYIO (OJBIY, 3aKPHIBAIOUIYI0 BXOILHOE
OKHO, NpH YCJIOBHH, 4TO OCTATOYHBLIH NMpPOGEr a-yacTHl, B KaMe-
pe [o/XKeH ObiTb He MeHee 4 cm?

4. B ueHTpe 0oIHOTO M3 3/JeKTPOIOB MJOCKOH HOHM3AUHOHHOM
KaMepbl HaHeceH TOHKWH caoii U8, DnexTpomsl uMeloT dopmy
aucka auamerpom D = 6 cm, paccrosiHue d MeXIAy HMUMH paB-
Ho 20 mm. KakoBo NOMXKHO ObITb [JaBjeHHe aproHa B KaMepe;
4TOOBI a-4acTHLb TEPANH BCIO CBOIO HEPTHIO B padouem o6beme?

5. OmpenenuTs HOHU3ALHOHHBIE MOTEPU W-ME30HA C SHEprHei
4 Moss B Bo3lyxe, eCc/iH H3BECTHO, YTO B BO3AyXe HOHH3ALMOH-
Hpl€ MOTePH [/ NPOTOHA C TOH K€ 3SHeprueil CcoCTaBJSIOT
80,53 Mas/(2-cm~?). PaccuuraTb, Kakoil 3HEprueil AOJKeH 00-
JagaTh WU-ME30H [JISl TOro, YyToObl €ro HOHH3ALMOHHBIE MOTENH
CPUBHSJIUCh C MOHU3ALUOHHBIMH MOTEPSMU NMPOTOHOB C HEPri-
el 4 Mass. ‘

6. CpaBHUTb YAeJNbHYIO HOHH3AIHIO, NPOU3BOAHMYIO B BO3
llyXeé a-YacTHLLaMH M 3JEKTPOHaMu ¢ 3Heprued 4 Mas. :

7. OueHHTh TOK HacbIIleHHs1 B. HOHH3ALHOHHOH KaMepe, B
LEHTPe ONHOro H3 3JeKTPOAOB KOTODOH HaHeceH TOHKHUI cJoM
paanoakKTUBHOrO BelllectBa Th282 aktuBHOCTBIO B 250 MKKOpU.
Kamepa HamojiHeHa aproHOM; pacCTOsiHHE MeXAY 3JeKTPoLaMH
d = 2 cm; MOTepsIMH SHEPTHH B PAAMOAKTHBHOM CJioe NnpeHebpeub.
Paccunrath, Kakoe naBJeHHe HYXHO CO3[1aTb B KaMepe, YTOOL
@-4aCTHIBI TePsJH BCIO CBOIO 3HEPruio B pabouem oObeMe.

8. Mouusaunonnas kamepa o6bemom 0,7 cm3 HamoJiHella Bo3-
LyXOoM m0 naBjaenuss p=1 arm. Kamepa nomeumianacb B TOTOK
v-KBAUTOB, M W3Mepsiicsi TOK HAChILLEHHS, KOTODBII oOKazajcs
paBubiM /o=4,65-10"1* a. OnpenenuTb MOLLHOCTb HO3bl B’ MHii-
JHPEHTreHax B CEKYHLY. ‘

9. [TocTpOUTb 3aBHCHMOCTb TOKa HaCbIULeHHsl OT HaBJEHHS
B MOHM3aLMOHHON KaMmepe, HAMOJHEHHOH aproHoM: a) IJs 3Jek-
TpOHOB ¢ 3Hepruell 4 Mas; 6) Nas a-yacTHL c SHepruei 4 Mas.
VcTOUHMK 3apsiXKeHHBIX YAaCTHI[ PACNOJIOXKEH B LeHTpe chepuye-
CKOIl KaMephl C pagHycoM r=2 cm. :

10. HafiTh BesiMYHHY TOKAa HACBILLEHHS B HOHU3AIMOHHOH Ka-
Mepe, MpefAHa3HAYEHHOH AJST U3MEpeHHs CyMMapHOH HOHHM3aLMH,
BBI3BIBAEMOII KOCMHUECKHMH JyuaMH, Ha ypoBHe mops. Kamepa
umeer ¢opmy cheprl paguycom r=10 cm ¥ Hamo/JHeHA BO3NY-
xoM 10 naBaenusi p=10 arm. [Ipeanonaraercsi, 4To: a) KOCMHU-
YeCKHe YaCTHIbl COCTOSIT B OCHOBHOM M3 OJHO3apANHBIX PensiTH-
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BUCTCKHX 4acTHl; 6) NOTOK YacCTHI HalpaBJeH [0 BepTHKAaJH;
B) NJOTHOCTb NOTOKA Ha ypOBHe MOps paBHa 1,2 4acr/(cm?- mun).

11. Tox HacblllleHHs, BbI3bIBA€MbIH KOCMHYECKHMH JydaMH
B HOHH3aUHOHHOH KaMepe, [o = 3,84-10-1% a. Kamepa wumeer
dopmy ceprl paguycom r=5 C¢m W HaNoOJHEeHa aproHoM L0 NaB-
Jdenus p=6 arm. BHIUKCIUTL BEJUYUHY JONMYCTUMOTO 3arps3He-
BUS MaTepuajsa KaMepbl @-4acTHLIAMU €CTECTBEHHOH paanoak-
THBHOCTH (T. €. JIOMYCTUMOE YHCJIO q-4acTHi ¢ | cm? noBepXHO-
CTH MeTaJjJsa B yac) NPH YCJIOBHH, YTO (OH OT @-4acTHI B Ka-
Mepe MOJIXKeH cocTaB/siTh He Gojee 109 HOHH3ALMOHHOIO TOKA,
BBI3BIBAEMOr0 KOcMUYecKUMHM Jaydamu. CpenHsis 3Heprus a-ya-
CTHUIl €CTECTBEHHOH paJMOaKTHBHOCTH OKoJo 6 Mas.

12. BpluMCANTb BeJNIMYMHY TOKa HAcCHILEHHS B LHJIHHIpHYe-
CKOH HOHH3ALHOHHOM Kamepe auaMerpoM D=2 cm, nauHOM
[=10 cm, Hano/HeHHO! BO3AYyXOM 10 naBieHus p=1 arm. Kame-
pa o6nyuaercs 3neKTpoHamu ¢ sHeprueit 0,5 Mas, koTopble npo-
KMKaloT B pabouuii o6beM KaMepbl Yepe3 aJIOMHHUEBYIO (OJb-
ry rtoamuHoit 10 wmxk. IloTok  3/1eKTpOHOB  HampasJ/ieH
napannenbHo ocd Kamepol. [l10THOCTH TOTOKa cocTaBasieT
15 aaexkrpon/ (cm? - mun).

13. OueHHTb BEJUUMHY TOKA HACHILEHUS B HOHM3AaLHOHHOM
‘KaMepe, HaNOJHEeHHOM YNCTHIM BOJOPOAOM [0 AaBjaeHus p=1 arn,
NpH PEerucTpalud HeHTPOHOB ¢ 3Heprueit &, =1 Mas. Ilnot-

ucmasrur

Pomea

Puc. L.

HOCTb noToKa paBHa 1500 nedrpon/(cm?.cex). Kamepa wumeer
tdopmy coepbl panuycom r=10 cm.

14. 'OuenuTth TOJILKMHY QJIIOMHHHEBOH OJIbIH, KOoTOpas 3a-
KPbiBAaeT BXOJHOE OKOIIKO HOHM3aUHMOHHOHM KaMephl, €CJIM TOK
HAcCbILIEHUS] OT (-4acTHL JOJKeH OBITh He MeHee 7,5.10-8 a.
AKTHBHOCTb MCTOUHHKA a-yacTHy 250 mkkrwopu. Kamepa nanon-
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HeHa aproHom 10 JaBjeHus p=2 arm. [Iuamerp oOKoIlIKa
D = 0,5 cm. Hcrounux o-uactuy c sHepruein 6,3 Mssg pacnoJo-
2JKeH Ha paccrosiHMH | mm ot okomKa (puc. 1).

15. Kakoii Toxk peructpupyer cdepuueckas HOHH3ALMOHHAN
Kamepa paauycoM r=10 cm, perucTpupymouas MOTOK TENJOBBIX
HelTpOHOB 0T peakropa? Kamepa wuamonnenwa rasom BF:; no
pasjeHuss  p'=05 arm. IlnoTHOCTD  NOTOKAa  COCTaBJSET
108 nedrpon/(cm?- cek).

"Ml’llebCHaSI HOHHU3AUHOHHAA KaMepa

B umnysbcHOll MOHH3AUHMOHHOH Kamepe 3PGHEKT OT OTHesib-
HOH 3aps’KEeHHOH YacTHIUBl HCMOJb3yeTcs MJs o6pa3oBaHUS HM-
ny/abca HanpsikeHus. MaxkcumasnbHas aMIJIMTyda 3TOrO HMIYJb-
ca B OCHOBHOM ONpeJeNsieTcsl KOJMUeCTBOM 3HePruu I, moTepsiH-

“ N eT
HOH uacTulell B paboueM o6beMe KaMephl: AVMM=E. 31ech
® — CpPelHAsd 3HepPrusi, KOTopas 3aTpauHBaeTcCs 3apsKeHHOH ya-
cTulell Ha o6pa3zoBaHNe OfHOHA mapel HOHOB; C — eMKOCTb COOH-
pallero 3JeKTpofa KaMepbl MO OTHOLIEHHIO K 3eMJe. [Iponos-
JKUTEJNbHOCTh UMITYJIbCA 3aBUCHT OT Pa3MepPOB KaMephl, MPHPOLIbI
W [aBJeHHs ra3a B Hell, BeJUUYUHbl HaNpsKeHUs NMUTAHHA U Ia-
pameTpoB BHemlHeil uenu (mpousBefenuss RC, rpe R — comnpo-
THBJEHUS yTeuku). B Tom cayuae, korga BenuunHa RC OGoJblie
BpPeMeHH COOGHpaHUS TOJNOXKHUTEJbHBIX HOHOB, MaKCHMaJbHYIO
BeJHUYHHY HMNYJAbCa MOXHO MNPELCTaBHThb B BHUAE ABYX cJjarae-
MBIX: 3JIeKTPOHHO# cocraBisoweit AV(T,) u HOHHOH cOcTaBJs-
oweit AV (T,):

AV e = AV (T,) + AV (7).

3aBHCHMOCTb BEJHYMHB MMIMYJbCa OT BPEMEHH [Js1 J1060H H3
9THX COCTABJISIONMX Bblpa)Kaercsl CJAEAYIOLIUM 06pPa3oM:

t t t
AV =e K %5 e RS 1 (1) dt,
' 0

rae /(t) — TOK, BO3HMKAIOL[HH B HMOHH3ALMOHHOM KaMmepe IIpH
nepeMelIeHUH MOJ AeHCTBHEM 3JIEKTPHUECKOTO MOJs HOcHTendeH
3apsiloB NAHHOrO 3Haka. JlJd NMJIOCKOH HOHHM3AUHOHHON KaMepbl
3Ty 3aBHCHMOCTb MOXKHO TepenucaTh B BHIe
S
AV (f)=e X° &S e K¢ q (b dt,
0 .

[le U — CKOpPOCTb Opeiia HocuTesNeHd 3apsafoB HaHHOrO 3HAKa,
d — paccrosiHMe MeXJAYy 3JeKTpoaaMu; ¢(f) — 3apsf, nepeme-
maouiics B MOMEHT BpeMeHH f{ B paboueM o6beMe KaMephl.
B canyuae sokanu3oBaHHOrO 3apana ¢(f) =const=go=eNo, rae
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Ng — 4ucjI0 nap HOHOB, 00pa30BaHHOE 3apsiKeHHOH uvacTHLEH.
Ty (GopMyay MOXKHO NMPUMEHATb MpH pacueTe (HOPMbI UMIYJb-
ca B TOM CJydae, KOTJla perucTpupyemasi yacTHLa TpOJEeTaeT
NEePNeHAHKYASPHO CHJIOBBIM JIHHUSAM  3JEKTPUYECKOTO  MOJS.
Ecau >xe HampaBjeHue moJeTa YacTHIbl COBNANaeT C HampaBsJe-
HHEM CHJIOBBIX JIMHHH NOJSl, TO KOJIMYECTBO HOCUTeJell 3apsifioB
B KaMepe C TeueHHeM BpeMeHH Oygner yO6HIBATb, MU K MOMEHTY
BpeMeHHM [ B Kamepe OCTaHeTcsl 3apsin :

q(t) —qo(l—— )

rae Ry — npober 3apseHHOH YaCTHIHL.

[Tpu perucTpaun OCKONKOB [e€JE€HHS] KOJHYECTBO G-aKTHBHO-
TO BELLeCTBA, KOTOPOE MOXHO NOMECTHTb B HOHM3ALHOHHYIO Ka-
Mepy, OorpaHMuuBaeTcs paspeliamlouiell CnocoOHOCTbIO KaMephl.
Ecnu unesio o-yacTul, HCMyCKaeMBIX B €JHHHIy BpPeMeHH, JOCTa-
TOYHO BEJIHUKO, TO 3a BpeMs paspelleHuss v O6ydeT NMPOUCXOAUTH
HaJIO’KeHHe HMMIYJbCOB OT G-YacTul. Toraa pe3yabTHPYIOLIHH
UMIOYJbC MOXKET 0Ka3aThbCs CPABHHUMBIM C HMIyJAbcaMu, o6yc-
JIOBJIEHHBIMHU OCKOJIKaMH JeneHusi. YUnucao UMnysabcoB OT n-Kpart-
HO HaJOXEeHHHX a-4acTHL N (1), cocuuTaHHOe HOHU3aUMOHHOH
KaMepon B eIUHULY BpeweHn MOXHO ONpefe/uTb M3 CJAeAYIo-
e popMyJbl:

Ny = e g G
T+ TN, (h— 1’

rae N, — 4HuC/l0 @-9aCTHL, HCTyCKAEeMbIX HCTOYHHKOM B €IUHHLY
BpPEMEHH; 7 — KPATHOCTb HAJIOXKEHUS; T — BPeMsi pa3pellleHus
HOHU3aLHOHHOH KaMephl.

———D @ E——

16. OnpefenuTs CKOPOCTDb : Apelia 3JeKTPOHOB B IJIOCKOH
HOHM3ALUHMOHHOH KaMmepe, HANOJHEHHONH AaproHoM [0 NaBJ/eHHud
p=400 mm pT. cT., ecnu paccrossuue d MeXIY 3JEKTPOAaMHU Ka-
Mepbl PaBHO 2 cm, a HanpsiKenue V, MpUAOXKeHHOe K HUM, CO-
crasasier 1000 s.

17. BbIUHCIUTD CKOPOCTb Apeida A5 MOJNOXKHTEJbHbIX HOHOB
B IJIOCKOH HOHM3ALMOHHOI KaMepe, HAMOJHEHHOH aproHoMm Mo
NaBJeHUs1 p=2 aTM, €CJd pacCTosinde d MeXAy 3JeKTPOAaMu
KaMepbl PaBHO 3 cM, a HampsiKeHue V, NPUJIOKEHHOE K HUM, CO-
ctasasier 800 s.

18. B cepenuHe MOCKOH MOHM3AILMOHHON KaMephl, HAMOJIHEH-
HOH CYyXHM BO3JyXOM NpPH aTMOC(epHOM AAaBJEHHH, NEPNEHIHKY-
JiIApDHO CHJIOBBIM JIMHMSIM TOJs TpoJeTaer a-yacthuua. Omnpene-
JUTb BpeMs COOGHPaHHs TOJIOXKHTENbHBIX H OTPHLATENbHBIX
HOHOB, €CJM pacCTosiide d MeXIy 3JIEKTPOAaMH KaMepbl PaBHO
4 cm, a HanpsikeHue V, mpunoxKeHHoe K HUM, cocrasisier 600 8.

19. B miockoll HOHW3aLlMOHHOM Kamepe, HANOJHEHHOH apro-
HOM 1O aaBjenust p=450 mm pr. cT., HA PACCTOSAHHK 2 cm OT
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OTPHIIATENBHOTO 3JIEKTPOAA NEPNEHAMKYASIPHO CHJIOBBIM JIHHUSM
nossi nmpoJeraeT o-yactuia. CpaBHHUTH BPeMsl COGHpPaHHA 3JIEK-
TPOHOB H TOJIOXXUTEJNbHBIX HOHOB, €CJAM paccTOosiHHe d MeXny
3JIEKTPOLAMH KaMepbl PaBHO 5 cm, a HampskeHHe V, NpUIOXKeH-
HOe K HHM, coctaBJjseT 800 s.

20. Paccrosinne d MeXZy SJIEKTPOAAMH IIJIOCKOH HOHH3allH-
OHHON KaMmepel paBHO 3 cm. Hampsixxenne V, npuioxeHHoe K
HuM, coctabiser 1000 s. Kamepa HamosHeHa aproHom 10 JaaB-
Jgeuuss p=>500 mm pr. cT. DKBUBAJIEHTHAsT €MKOCTb COGUPAIONIEro
3JIEKTPOJa MO OTHOIIEeHHIO K 3emye C=40 n¢g. OueHnTb BENHYH-
HY COTPOTHUBJIEHUS YTEUKH B Kamepe; paboTalouieii Ha IOJHOM
uMmnyJsbce. MCTOUHHK q-4acTHL PacroJioXKeH Ha OTPHIATETbHOM
3JIEKTPOJLE. ‘ ,

21. UmnynbcHasi HOHU3ALlHOHHASI KaMmepa C MJOCKHMH 3JeK-
TporaMu pafoTaeT Ha 3JEKTPOHHOH cocraBasiouel. Paccrosi-
Hue d MeXIy 3JeKTPOIaMH KaMmepbl paBHo 2 cm. Hanpsikenue V,
Npu/oKeHHoe K HuM, coctabiser 600 6. Kamepa HamosHeHa ap-
roHoM A0 pnaBjaeHusi p=420 mm pr. cT. OueHHTb BEJHYHHY CO-
NPOTHBJEHHS YTEUKH, €CJAH SKBHUBAJEHTHAs €MKOCTb cobupalo-
IIero 3JeKTpofa mo oTHoweHHio K 3emiae C=50 ng. Hcrounuk
@-4aCTHL, DACIIOJIOXKEH Ha OTPULATESbHOM SJEKTPOJE.

22. MMnyabcHasi HOHH3AaUHOHHAs KaMmepa HanoJHeHa apro-
HOM 70 faBJeHusa p=>5 arm. Kamepa moakjaiodeHa K HMIYJbC-
HOMY ycHaHMTe 0 ¢ KoaduureHTom ycuiaeHuss K=3-105 yepes
conpoTuBJeHne yreukn R=50 Mom. IDxBuBaJeHTHAs €MKOCThb
Cco6GHpalollero 3JeKTPoJla 1O OTHOUIeHHI0O K 3emae C=40 ng.
AMnauryna co6CTBEHHBIX IIYMOB Ha BHIXOAe YCHJHTENsl COCTaB-
aser 10 8. MoXHO /M C NMOMOILbIO 3TOH ammapaTypbl 3aperu-
CTPHPOBAaTb KOCMHYECKYI0 YacCTHLY, KOTOpas INpoJIeTaeT B Ka-
mepe nytb B 10 cm?

23. BBHIYHCAHTD MAKCHMaJbHYIO BEJHYHHY HMIYyJbca, BO3HH-
Kalolero B MJOCKONMapaJsieNbHOH HOHH3aLMOHHON KaMepe, NpPH
momnagaHuul B Hee q-yacTuubl Th22, Kamepa HamosnHeHa apro-
HOM [0 HAaBJEHUs, NMPH KOTOPOM NpoOer q-4acTUIb! MOJHOCThIO
yKJIaapiBaeTcss B paboyem o6beMe KaMephl. DKBUBAJIeHTHAsl eM-
KOCTbL COGHPAIOLIETO 3JEKTPOLA KaMephl MO OTHOLIEHHIO K 3eMJe
C = 20 n¢p. ConpoTuBiEHHE YTeUKH NPHHATL paBHBiM 100 Moxm.
VCTOYHHK @-YaCTHL[ PacloJIOXKeH HeMOCPEeJCTBEHHO Ha 3JEKTPO-
e KaMepshl. ' :

24. B mJoCKOH HOHH3allMOHHON KaMepe, HAMOJHEHHOH apro-
nomM g0 paBiaenuss p=500 mm prT. CT., HAa paccTossHUM 1 cm OT OT-
pHIATENLHOTO 3JEKTPOAA HepPNEHAUKYJSPHO CHJOBBIM JIMHHAM
NoJis MpoJieTaeT q-yacTWla 3sMaHauuu pajgusi Rn?22. Paccros-
HHe d MeXIy 3JeKTPOAaMH KaMephl paBHO 3 cM; HanpsikeHue V,
TIPUJIOXKEHHOE K HHM, cocTaBjseT 600 8; SKBUBaJIEHTHAA €MKOCTh
cOBMpPAIOIEro 3JEKTPOAa I0 OTHomeHHIO K 3emiae C=50 ng.
[TocTpouTh 3aBUCHMMOCTb BEJMUYHHB MMMNYyJ/Jbca Ha cobupalolem
3JIeKTPOJie OT BPEMeHH, €C/I COMPOTHBJeHHe yTeukn R=10% om.
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25. B m/ocko#l MOHM3ALMOHHO# KaMmepe, HANOJHEHHOH apro-
HOM 10 maBaenus p==500 mm pr. c¢T., Ha paccTosHuUM | cm OT
OTPHIATENBHOTO 3J1EKTPOJa nepnennnxynﬂpﬂo CUJIOBbIM JIHHHSIM
nossa mnpoJsietaer a-uacTuiia Po?!% Paccrosinve d Mexay asJiek-
TPOAAMH KaMepbl paBHO 3 Cm, HANpsKeHHe V, MPHIOKEHHOe K
HuM, coctasasier 600 8. JKBUBaJeHTHAs €MKOCTb COGHPAIOLIEro
3JeKTpoAa Mo oTHomleHuro K 3emyne C=50 ng. [loctpouts 3a-
BUCHUMOCTb BeJIMYHHBI UMINYJbCa Ha COOHUPAIOLEM 3JEKTPOAE Ka-
MEpBl OT -BPEMEHH, €CJH CONpOoTHBJeHHe yTeukH R=10° om. Kak
H3MEHHTCS paspelaloiias CHOCO6HOCTb 'KaMephbl, €c/lid K apromy
H0GaBHThH 5% COy?

26. B nJjockoil MOHM3aUHMOHHON KaMepe, HANOJHEHHOH apro-
HOM 10 naBjeHusi p=495 mm pT. cT., mapajnelbHO CHUIOBBLIM JIH-
HHIM Tona nposertaer a-uactuua U238 Paccrosnue d Mexnay
9JIEKTPOJAaMH KaMephbl paBHO 3 cm; HanpsiKenue V, mpusioxeH-
HO€ K HUM, cocTaBjser 750 &; 5KBHBajIeHTHAs] eMKOCTb cobupa-
I0ILIeTO 3JIeKTpoAa NO OTHoleHHI0 K 3emie C=050 ng. OueHuTb
BeJHYHHY HMIyJbCa Ha cobGupalolieM 3JeKTPOJIe KaMephl, eCJid
KamMepa NOAKJIOUEHA K YCHJHTENIO Yepe3 CONPOTHUBJIEHHE yTed-
K0 R=2-105 om.

27. B nsiocko#l HOHH3aLlMOHHOH Kamepe, HAIOJHEHHOH apro-
HOM A0 AaBJjieHusi p=760 mm pT. CT., napajiejibHO CHJIOBBIM JIH-
HHSIM TO0Js1 mpoJeTaer a-uactuna Ra??®. Paccrosinne d mexny
3JIeKTpOfaMH KaMepbl paBHO 6 cm. Hanpsixenue V, npunoxen-
Hoe K HuM, coctaBasier 1140 g. Kamepa moak/moueHa K YCHJH-
TeJI0 Yepe3 CONpOTHBJeHHe yTeukn R=100 Mom. DxBHBaJeHT-
Hasg eMKOCTb COOGHPAIOLIEro 3JeKTpPOoAa MO OTHOLIEHHIO K 3eMJe
C=20 n¢. TTocTpouTh 3aBUCHMOCTb BeJHUYHHBI MMNYJbca Ha CO-
6upaloilleM 3JeKTPOAe OT BPeMeHH B ABYX cayuasx:

a) HCTOYHMK (-UAaCTHI[ PACNOJIOXKEH Ha 0TpuuaTean0M 3JIeK-
TpOIE; '

6) HUCTOYHHK Q- HACTHIL PACNOIOKEH Ha MOJOMKUTENBHOM SJek-
TpoOZe.

Kak 06BbSACHHTb MOJYYHUBLIMHCS pPe3yJbTaT?

28. B nyiockoii HOHM3aUHOHHOA Kamepe, HAMNOJNHEHHOH YHCThIM
aproHomM Ao AaBjeuus p=760 mm pr. CcT., napansenbHO CHJO-
BbIM JIMHUSIM MOJsI mpoJjieraeT a-yactuna Ra??6. Paccrosinne d
MeXLy 3JeKTpoJaMu Kamephl paBHo 6 cm. Hampsikenue V, mpu-
JIO)XKeHHOe K HHuM, coctaBasier 1140 6. Kamepa mogkJ/aoueHa K
YCHIUTENIO Uepe3 COMpPOTHBAEHHe yTeuku R=050 xom. DKBHBaA-
JIEHTHAs EMKOCTb cofUpalollero 3/eKTpoja NO OTHOLWIEHHIO K
3eMJle BO BKJIOUEHHOM cOCTOsIHHH coctasaser 50 ng. IToctpoutb
3aBHCHUMOCTb BEJHUYHHBI HUMMYJbCA Ha COOMpAIOLLEM 3JEKTPOIE
KaMepbl OT BPEMEHH B ABYX CJayyasx:

a) MCTOYHUMK @-YaCTHL PacCMOJIOXKeH Ha OTPHIATEJNbHOM 3JIEK-
TPOIE;

6) MCTOYHHK q-4aCTHI PACMOJIOXKeH Ha MOJNOXKHTEJNbHOM 3JeK-
TpoIe. :
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Kak 00bsACHHTL MOJNYUYUBLIMHCS pe3ysbTaT?

29. B nJjocKoil MOHH3ALHOHHOIl KaMepe C 3JEKTPOHHbIM CO-
GupaHHeM HMeeTCsl BXOJHOe OKHO muamerpom 0,3 mm, 3a KOTO-
PHIM Ha PaccTOAHUM | ¢M yCTaHOBJIEH HCTOYHHMK Q-4ACTHI| C SHEp-
ruei 5 Mss. Kamepa Hamo/sHeHAa aproHoM [0 [AaBJeHUs
p=>500 mm pr. cr. Paccrosiune d MeXIy 3JeKTPONAMH KaMmepbl
paBHo 5 cm. Mcrounnk naxonutces Ha pacctosinuu 1/5 d- ot oT-
puLlaTeabHOro 3sjekTpofa. OKHO 3aKPBITO CJIOMON  TOJIHHON
16,5 mx. Halitn pasbpoc uMny/abCoB no aMmaUTyAam (puc. 2).

- 30. B nnocko#l HOHM3AaUMOHHOH KaMepe C 3JEKTPOHHBIM CO-
6UpaHHeM MMeeTcsl BXOLHOe OKHO, 33 KOTODbIM Ha pPacCTOSTHUH
.1 cm ycraHOBJeH MCTOYHMK a-4acTHL ¢ sHeprueir 6,25 Moas
(cm. puc. 2). OueHuTb, KAaKOB N0JXKEH ObITb JHAMETP OKHa X,

V50— =——ylsD

Puc. 2.

IIPH YCJIOBHH, YTO pasbpoc aMNJIUTYA MMIYJbCOB He JOJKEH Ipe-
Boiath 2%. Kamepa HanosneHa aproHoM [O0 JaBjieHHS
p=300 mm pr. cT. Paccrosiuue d MexAy 3JeKTPONamMHu KaMmephl
paBHO 45 mm. VIcTOUHUK HaxoAuTcs Ha paccTossHuu 1/5 d ot oT-
puuatenbHoro sgektpoga. OKHO 3aKPBITO CJIONOH TOJILHHOM
11 mk.

31. B HOHH3AaLlMOHHON KaMepe C MJIOCKHMH  3JEKTPOdaMH
HMeeTCsl BXOJHOE OKHO W3 aJIOMHHHEBOH (OJIbIH, PaCcMoJOXKeH-
HOe Ha PaBHOM PACCTOSIHUM OT 3/eKTPoAoB. OUeHHTh TOJLIHHY
OKHa NpH YCJAOBHH, UTO aMIJIMTYJa HMIyJAbca AOJKHA ObITh He
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menee 200 mxs. Kamepa HamosHeHa aproHoM OO0 OaBJIEHHS.
p=2 arm. Paccrosnue d MexXAy 3J/eKTPOJaMU KaMepbl PaBHO
2 cm. Hanpsikenue V, Npu/IoXKeHHOe K HUM, cocrtaBaser 600 6.
DKBHBaAJIEHTHAs €MKOCTb COOHPAIOLIEro 3JeKTPOAA MO OTHOLIe-
HHIO K 3eMJle BO BKJIKYeHHOM coctossuuu C=>50 ng. ConpoTus-
Jenne yreukn R=100 xom. VICTOUHHK «@-YacTHL C 3Hepruei
6,3 Mass pacno/ioxkeH HemocpencTBeHHO Haj dosabroil. Pasbpo-
COM B aMIUIHTYAAaX HMIY/bCOB NpeHe6peub.

32. CpaBHMTb BeJIMYMHY HUMNyabca oT a-4acTHil Th??7 B AByX
MOHH3aLHOHHBIX KaMmepax, OllHa M3 KOTOPBIX HaNoJHeHa YHCTBIM
aproHom, a Apyrasl cMecblo M3 aproHa u 59% yraexkucjaoro rasa.
IlaBneHue B kaxmuo#l kamepe p=2 arm. Paccrossnue d Mexny
3/]1€KTPOJaMH KaKIO¥ KaMepbl paBHO 2 cm; Hanpsikenue V,
NPUJOXKEHHOe K HUM, coctajsieT 600 8. UacTHubl neTAT KOJJIH-
MHPOBAaHHBIM NMYYKOM BIOJb OTPHIATEJNLHOTO 3JeKTpoAa. DKBH-
BaJIeHTHAss €MKOCTb COOHMPAIOLIETO 3JIEKTPOAa MO OTHOUIEHHIO K
3emae C=40 n¢. Conporusnenue yreuku R=100 xom. Kak 06b-
SICHUTb TOJYUMBLIHICS pPe3yJabTaT?

33. CpaBHHTb BeJMUYMHY MMOyJabca oT a-uacTHiy Th??7 B 1BYX
HOHU3aLHOHHBIX KaMepax, OfHA M3 KOTOPBIX HANOJHEHA UYHCTHIM
aproHoM, a Japyrasi cMecblo M3 aproHa u 5% yrjaekucaoro rasa.
JaBnenne B Kaxmoil kamepe p=2 arm. Paccrosnue d Mexnay
3/1eKTPOJaMU KaXKAOH KaMepbl paBHO 2 cm; Hanpsi:kenue V,
NpUIOXKEeHHOe K HHUM, cocTaBasier 600 8. HacTuubl JeTAT KOJJIH-
MHPOBaHHBIM NYYKOM BIOJb OTPHIATENbHOrO 3JIEKTPOAa. DKBH-
BaJIeHTHAsl €MKOCTb COOHpAIOLLEro 3JeKTPOoJa MO OTHOLIEHHIO K
semne C=40 ng. Conporusnenue yreukn R=10 kom. O6bACHUTD
MOJIYYUBILIUHCS pe3yJbTar.

34. Tloctpoutb aupdepeHuHaNbHOE H MHTerpa.anee pacnpe-
JleJIeHHe MMIYJIbCOB 110 aMIJIMTYAaM B IJIOCKOK HOHHW3AaLHOHHOH
KaMmepe ¢ 3JIeKTPOHHBIM coOOGUpaHMeM OT MOHOXPOMAaTHYECKHX
G-4aCTHI, HCIMycKaeMblX GeCKOHEYHO TOHKHM IIJIOCKHM HCTOYHH-
KOM, PacroJIOXKeHHbIM B LEHTPE ONHOrO U3 3JeKTponoB. CuuTath,
utro RC>» T,(T, — BpeMs coGupaHHs 3JEKTPOHOB), TpoGer
Q-9aCTHLbl PAaBeH PAacCTOSHUIO MEXIYy 3JeKTpogaMu. 3aBHCHMO-
CTbIO yAEJbHOH HOHU3AaUHH OT mpobera a-4acTHUbl NpeHeOpeUb.
Pacuer npousBectu ans IBYX BapHaHTOB: a) HCTOYHHK Q-YACTHIL
pacrnosiokeH Ha OTPULATESbHOM 3JeKTpoje; 6) HCTOYHHMK a-ya-
CTHL, HAXONMTCS Ha TOJIOXKHTEJbHOM 3JEKTPOIE.

35. Iloctpouts mucdepeHnHanbHoe pacnpeneneHde HMIYJb-
COB MO aMIVIUTYIAM B IJIOCKON MOHH3ALHOHHON KaMepe C 3JeK-
TPOHHBIM co6upanuem. Hcrounuk a-uactunm Po?!® akTHBHOCTBIO
81 mkKopu pacnosioXKeH B LEHTPe OTPHUATENbHOrO 3JEKTPOJa.
Kamepa- HanonHeHa .aproHom no naejenus p=2,2 arm. Paccro-
siHHe d MeXHIy 3/eKTPOJaMH Kamepbl PaBHO 2 cm. DKBHBAJ/EHT-
Hasl eMKOCTb COOHpAaIOLIero 3JeKTPOAa IO OTHOLIEHHIO K 3eMJe
BO BKJ/I0OYeHHOM coctosiuud C=>50 n¢. Mmnyabc ¢ Kamepsl IMO-
CTynaeT Ha BXOJX JMHEHHOro ycuautens ¢ KosOPHLUHEHTOM YyCH-
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Jeuns K=1,4-105 Vmnynbcol peructpupyiotes 100-KanadbHbIM
AMIIMTYAHBIM aHaJuM3aTOPOM C IIMPHHOH KaHazna B | 8. Bpewms
uamepenusa 10 mun. MCTOUHUK CYUTATH TOUEUHBLIM.:

36. OnpenenuTb CKOPOCTb cyeTa q-YaCTHUI[ B MJOCKOH HOHMU-
3allUOHHON KaMmepe OT HCTOYHMKA TOJIIHHONA [ u miomanpio S,
ec/M YHUC/I0 pacnafioB B CeKyHAy Ha eNMHUIy oObema CJ0s CO-
craBjsieT n. PacyeT npou3BecTH IJs1 ABYX BapPHAHTOB:

a) ToalMHa ca0s [ MHOro Gofblle npobera a-dyacTvl R. —
«0eCKOHEYHO TOJICTBIH CJI0i»;

6) TosauHA ciaos [ MHOTO MeHblle npobera a-dactui R, —
«OEeCKOHEYHO TOHKHH CJIOH». v

37. B n/ockoil HOHM3aLMOHHOH KaMmepe ¢ ceTko#l  (puc. 3)
paccTosiHHe MeXJy 3JeKTPOAOM C HCTOYHHKOM @-4aCTHI[ U CeT-
Kol — d|, paccTosiHHE MeXIY CeTKOil M cOGHpaIoLIMM 3JeKTpo-
oM — dp, mpu 3ToM dp=1/2 d;. Pa3HocTh NMOTEHUNATOB MeEXAY
3JIEKTPOJOM C HCTOUHMKOM @-4acTHIl H ceTKoil — V), pasHocTb

d; | d,

L

i
[
1
-].-[ p
|
|
|
|

—4}-i| g4
P% e h). T
Puc. 3.

NOTEHLUHAJNOB MEXAY CeTKOHl M cOGHpaIoLIMM 3JeKTPoJoM — Vo,
npuueM Vo=1/2 V). [Ipo6er a-yactuu pasen d,. [Toctpouts 3a-
BHCHMOCTb BeJMYHHBI MMIYJbca Ha cobupaloleM 3JeKTpoae OT
BpeMeHH IJs1 ABYX KpaHHUX cJydyaes:

a) yron 0 mexay manpaB/eHHeM IOJeTa @-YaCTHIl H CHJIOBBI-
MU JIUHUAMY noqsi paBen 0°%

6) yroan 6=90°.

3aBHCUMOCTBIO MOHH3ALHK OT mpobera o-4acTHl npeHe6Gpeub.

38. Ilas kaau6pOBKH IIJIOCKOH HOHM3aLMOHHOH KaMepel €
CEeTKOH HCmoJb3yloTes: a-4acTuibpl Po?!®. McToYHHK a-uacTul, TOJ-
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WHHOH 1 MK pacnoJioxkeH Ha OTPHILATENbHOM 3JEKTPOLE KaMe-
pol. Hag Hum Ha paccrosnuu 0,1 mm HaxogsTcs MIO3BI C AHAMET-
pom sidefiku 100 mx. Jl103bl H3rOTOBJIEHBI W3 aJIOMHHUEBOH
doabru tomuuHoi 1 mm. Kamepa HanosnHeHa aproHom [o AaB-
qneHust p=2,2 arm. PaccrossHue d MeX1y 3J€KTPOJOM C HCTOU-
HUKOM M CETKOU PaBHO 2 cm. DKBHUBAJEHTHass eMKOCTb cobupalo-
U[ero 3/JeKTPOAAa IO OTHOLIEHHIO K 3eMJIeé BO BKJIOYEHHOM CO-
croanun C=>50 ng. Onpenenuts paspellleHre 10 SHEPTHH B ITOH
KaMepe.

39. Ha snexTpoae MOHM3aLHOHHOH KaMepbl HaHeceHO 2 M2
Pu2?%. B kamepe perucTpupyloTCsl OCKOJKH JeJeHus,, BO3HMKAIO-
wde npu o6ayuenud Pu?¥® rtensoBbiMu Heittponamu. CpelHsis
IHeprus ockoJdka genenuss 60 Mss. Tak kax Pu?®® ob6aanaer
€CTeCTBEHHOH paJHOAKTHBHOCTbHIO, B KaMmepe MNOMHMO OCKOJKOB
Jle/IeHUsT BO3HHUKAIOT o-dacTHUbl, Ecau Uuciao a-yacTul, uCmycka-
€MBIX B e[MHHIly BPeMeHH, NOCTATOUYHO BEJIMKO, TO 3a BpeMsl pas-
pelleHuss T 6yleT NPOUCXOAUTL HAJOXKEHHe q-yacTul. Torma pe-
3YJAbTUPYIOWUHA HMIYJbC MOXKET 0Ka3aTbCsl CPAaBHUMbBIM C HM-
nyabLcaMu, OOyC/OBJEHHBIMH OCKOJNKaMHu paefneHus. Paspemalo-
ee BpeMss Kamepol paBHo 0,5 mxcex. B Kakoil mOTOK TenyoBbIX
HEATPOHOB HYXXHO NMOMECTHTb 5Ty KaMepy JJIsi TOro, 4Tobbl CKO-
pPOCTh CUETAa OCKOJNKOB [eJieHHs [peBbllIajza CKOPOCTb CYeTa
N-KpaTHO HaJoXKeHHbIX a-dyacTtul B 100 pas?

40. Ha snexTpoje MJOCKOH MOHM3AaLMOHHON KaMephl HaHece-
HO 200 me ypaHa W pPerucTpUpPYIOTCS OCKOJKH, BO3HHKalolUe
MpHu CnoHTaHHOM paeseHuu U238, Mmny/abcel perucTpupylotes ca-
MOMHCIIEM, JIeHTa KOTOPOro nepeMeniaercsi Ha 5 cu B yac. Kakoe
KOJIHYECTBO HMMIMYJ/IbCOB JOJKHO OBbITh 3aMHCAHO HA O M JIEHTHI?
Haiith BeposiTHOCTH MOJIYUUTH 3aJaHHOE YUCJIO MMIYJIbCOB B Yac.
[TocTpouTh rpacuk pacnpejeseHusi, T. €. BEPOATHOCTb NOJYYHTh
JNlaHHOE YHCJIO MMIYJbCOB B 3aBHCHMOCTH OT HYHC/AA MMIYJbLCOB.

41. BelpasuTb B IpOLEHTaxX OIIHOKY, BO3HHMKAIOILYI BCJel-
CTBHE TIPONYCKOB YaCTHI B HMOHH3aLMOHHOH KaMepe CO  BpeMme
HeM  paspellleHdHsi T=8 MKCek, TIPpH  CKOPOCTH  cueTa
N=15000 umn/cex. I1pu Kakoii CKOPOCTH cueTa NMPOMyCKU He Oy-
NyT npeBbiwath 19%?

42, 3a | yac u3MepeHUH B HMIYJbCHOH HOHMU3ALHMOHHOH Ka-
mepe 3apeructpupoBano 12 000 umn. BeluucauTb CKOPOCThL cUe-
Ta (YUCJIO MMMYJbCOB B CeK) WU ee abCOJIOTHYIO M OTHOCHTENb-
Hyl0 omu6Ku. Kakum BpeMeHeM H3MEpPEHHs MOXKHO OrpaHUYHTh-
csl, ecJIM JOMyCTHMasi OTHOCHTe/JbHas olinbka H3MepPeHus Co-
crasasiet 2%; 5%?

43. Ha onHOM M3 3JEKTPOAOB IIOCKOH HOHHM3allMOHHOW KaMme-
pbl HaHeceHO 100 me HeNTYHUS W PErHCTPHPYIOTCS OCKOJKH, BO3-
HHKAIOIHe TPU CMOHTaHHOM aejeHud Np2¥. MIMIynbchl 3amuchbl-
patotcsi camonucueM. OnpenennTs CKOPOCThL IepeMelleHus: caMo-
MUCIa, €CJH CpelHee PACCTOSIHHE MeXAY HMMIYJAbCaMHM JOJKHO
6bITh He MeHee 5 mm. Kakoe KOMHUECTBO JIEHTH HEOOXOAMMO [JIs
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TOro, 4To0bl OTHOCHTeJIbHASl OIIMOKA U3MepeHHs Gblia Ol He 6O-
Jaee 3%? :

[lponopuuvoHaabHBli CYETUYUK

B nponopuHoOHaJbHOM CUETYMKE ‘NepBUYHAsA HOHM3alHsl, CO-
3JaHHad 3apﬂ}KeHPlbIMH qyacTuuaMin, MOXKeT ObITh 3HAUHUTENLHO
ycu/ieHa 3a CYeT HEeYNPYruxX COyAapeHHH 3JEKTPOHOB C MOJIEKY-
JaMu rasa. B 3ToM cueTyuke HANpsiXKeHHOCTb 3JCKTPHUYECKOTO
[10J11 HACTOJIbKO Be€J/HKa, YTO 3JIEKTPOH B npomemy’rxax'memny
TEIVIOBLIMH COYA4PEeHHSAIMH C MOJIeKyJaMH rasa MOXKeT NpHOO-
pecTH 3HEepruio, HeoOXOAMMYIO AJS HOHH3AaIUM yrapom.- Takum
o6pa30M B CUE€TYHKE BO3HUKAET rasoBO€ yCUJIEHHE. 3TOT npouecc
XapakrepusyeTrcss KOo3(pGdHLUMEHTOM yAAapHOH HOHHU3AIHHU @, KOTO-
pbIfl 3aBHUCUT OT HaANpPsXKEHHOCTH 3JeKTpuueckoro mojs E u nas-
JIEHHs ra3a B CUETUHKE p CACeAYIOUHM 06pa30M:

' -_B_
a=Ape Er,

rie A U B— x03bQHIUHEHTsl, NOCTOSIHHBIE A5 A4HHOrO rasa.
B cueruuke c nJsockomapadjesbHbIMH 3JeKTPOJAMH MOJHOE UHC-
JIO map HOHOB, O6pa30BAaHHBIX B 3JEKTPOHHO-HOHHOI JaBHHE K
TOMY MOMEHTY, KOTJla BCE JeKTPOHbl cOGEpyTCsi Ha aHOoae, MOXK-
HO ONpEeAeJUTh CJAeAYIOIUM 06pasoM:

(X): Oe’m’

Tle X — PacCTOsIHHE OT MJIOCKOCTH, B KOTODOK 3apsKEHHOH dYa-
cruueit Guiio co3pano No map moHoB, oo aronn. Bropeim mapa-
MeTPOM, XapaKTepU3YIOLHUM TNpolecC BOSHHKHOBEHHS 3JIEKTPOH-
HO-HOHHBIX JIaBHH, fBJAsAeTcS KOI(D(PUIMEHT rasoBOro ycHJIeHHs

N
m =T , rje N — nosiHoe 4YHcaO nmap HOHOB, TMpHLIEAIIHX Ha
0 . .

3JIEKTPOMBI CcUeTUUKa. B caydae 3J€KTPOJOB UUJIHHAPHUYECKOH

uau cpepudeckort GopmMbl Ko3(p(ULHEHT ra30BOro yCHJIEHHS MO-
»KeT 6BITh paccuuTan no dopmysae
"ip

j a(r)dr

m=c¢ea ,

A€ Iy, — KPUTHUCCKHI pajuyc, onpefensiolluil pasmepsl oba-
CTH, B KOTOPOH KO3(P(HIHEHT yIapHON MOHM3aUUK a(r) OT/IHYEH
OT HyJas; r, — paauyc aHoja. I[TosHbI#l KO3 (PULKHEHT TrasoBOro
yceuienus M (¢ yueToM BTOPHUYHBIX 3(hpeKToB) Bpra)KaeTCH qe-
pe3 kKoaduuueHT m caeaywmuM obpasom:

m

 h+m ]

‘Tae y — Ko duikeHT, xapamepusyloumn BEpPOSITHOCTL BTOPHUY-
HbIX TIPOLLECCOB.
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3aBUCHMMOCTb BEJHYMHBI MMIyJbca HaNpsXKeHHss Ha SKBHUBA-
JIEHTHOM €MKOCTH OT BpeMeHH [JIf LUJIUHIPUYECKOTO TPONOPLH-

OHAJLHOTO CYETUMKA MOXKHO IpeACTaBUTb B BHUJe
1 t t t d
mgo ~RC RC ¢

A == -
V(t) C % e e t + to ’
21n — 0
ra

4
2 1n K
rae t, = “2[(—(/”— .Eciu RC> T,, 10 popma umnyabca 3afaercs
BBHIpaXKEHHEM '
| _tHt ; p
__ Mgy RC L b
AV(t)_—C ‘ 21n.r_.<e [ln(lo +1>+RC+...].

ra

[lpu R = oo hopMy uMNy/nbCa MOXKHO BBIPA3HTb CJAeAYIOULHM 00-
pasom:

2In—"—
ra.

AMNIMTYAHOE 3HAaueHHe UMMyJbca NMpU K = 0o cOCTABMsAET BeJH-
UHHY

AV(T*) = /Vl—qci .

Bpems coGHpaHHs MONOMKHTEAbHLIX HOHOB MOXKHO PACCUHTATH MO
dopmyJe
2
,
K
T_,_ = to <r—2 - ) .
a

—— O C—

44. Yepes mnJOCKUHA TPONOPUHMOHAJNLHBIH CUETUHK NepneHiH-
KyJSIDHO CHJIOBBIM JIMHUAM IIOJS TPOJIETAlOT 3apsi’KeHHble 4a-
ctuubl. Hactuna I npoJeraeT Ha PacCTOSHHM | cm OT MOJOXKH-

" TENBHOTO 3JEeKTpPOJa, yacTuua 2 — Ha PacCTOssHMH 1 ¢M OT OT-
punateabHoro 3jekrpoaa (puc. 4). CpaBHUTb aMIIUTYAbl HM-
NYJbCOB OT 3THX YACTHI[, €CJIH paccTosHue d MexXAy 3JIeKTpola-
MU paBHO 6 cm, a KOIPPUIHEHT yIapHOH HMOHMU3ALMHK a paBeH 3.

45. BriyuciauTh BeNMYUMHY KO3(QHUIMeHTa Tra3oBOTO ycuJe-
Huss M, HeoGXOAMMOTO IJI PErucTpalMH 3JeKTPOHOB C 3Hepru-
eit 50 K38, KOTOpBIE BCIO IHEPTHI0 PACXOAYIOT B rase IPOMNOPIH-
OHAJILHOTO CUYETYHKA. DKBHUBAJEHTHAs €MKOCTb COOHpAaIOLIEro
3JIEKTPOAA MO OTHOLIEHHI K 3eMJie BO BKJ/IOYEHHOM COCTOSTHHH
C=20 n¢. UyBCTBUTEJNLHOCTb YCHAMTENS cocTaBaser 1 ms.
CyeTuHK HAMOJIHEH aprOHOM.
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46. OueHuTb KO3 hHLUHEHT ra3oBOro ycujeuus M mponop-
UMOHAJLHOIO CUeTYHKA, HaNoJHeHHoro ra3oM BF;, ecau makcu-
MajabHas aMIIMTyJa HMIYJAbCOB Ha BBLIXOAE JMHEHAHOrO YCHJIH-
Tenst ¢ Koadduuruentom ycuneHus K=3-10° npu cuere MeseH-

4 2

W cH

bem

Puc. 4.

HBIX HEHTPOHOB cocTaBasieT 90 6. EMKOCTh HUTH cueTyHKa MO OT-
HOILEHHIO K 3€MJle BO BKJIOYEHHOM COCTOSIHMM paBHa 20 ng.

47. TlponopuuoHasbHBIE CUETYHK, HanoJHeHHLH rasoM BF;
IO AaBleHHs p=2 aTm, 0OJyYyaeTcss TeIlJOBbLIMH HEHTPOHAMH.
CueTuHk uMeer RAamMeTp D=3 cm, pnuny [=25 cm. OueHuTtb
OO TEIJIOBBIX HEHTPOHOB, MOTJIOLIEHHBIX B paboueM 061>eme
CUeTUHKA B NBYX CHIydasx:

a) moToX HeHTPOHOB N, HampaBjeH NepHeHAUKYISAPHO OCH
CUETUHKa;

6) noTox HeATpPOHOB N, HanpasJeH MapajjenbHO OCH CyeT-
YHKa.

48. TlponopuuOHANbHBEIN CUYETUHK, HaMONHEHHbIH ra3om BF;
20 gaBjeHus 550 mm pT. cT., pETUCTPUPYET TEeNJOBble HEHTPOHBI,
MOTOK KOTOPBIX HampabJeH IepneHAUKYAsIpHO OCH cueTyukKa. -
Huamerp cuetunka D=2 cm. OueHuts 3pGHeKTHBHOCTb perucrpa-
LUH TEMNJOBbIX HEATPOHOB,

49. D¢ddeKTHBHOCTL NPONOPLUHOHAILHOIO CUYETYHKA, HaMoJ-
HeHHoro rasoMm BF;, nis TemnoBrix HeHTpoHOB coctaBaser 4Y%.
Kak uamenuTcss 3ppeKTHBHOCTb CUETYHMKA NpH Nepexoje OT Ten-
JIOBbIX HEHTPOHOB K HeliTpoHam c sHeprueil 0,4 38? o xakoro
TIPOLEHTHOr'O COJepPKaHMsl HY2KHO JOBecTH KoauuecTBo B0 B ecre-
CTBEHHOH cMecCH H30TOmoB (06oraTuth ras), utoGul NOBECTH (-
(eKTUBHOCTL cueTYMKA [0 €€ MpeXKHero 3HaYeHUs?
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50. OueHUTL CKOPOCTb cYeTa B KaxKAOM M3 KaHaJoB 15-ka-
1aJbHOTO AMILIMTYLHOTO AaHaju3aTopa, pPEerHCTPUPYIOLLero HM-
NyJbChl OT MPOMOPLHOHAJNBHOTO cueTynka auamerpom D=3 cx,
aaunoi (=10 ¢m u manomHeHHoro rasom CH, mo gaBaenus
p=2 arm. CUeTuuKk PErUCTPUPYeT HEHTPOHH! Cc sHeprueil 4 Mas.
[ToToK HEHTPOHOB HampabJeH BAOJb OCH CYETYHKA H COCTaBJIsieT
10* netitpor/(cm? - cex). Kak HyKHO MU3MEHUTb JaBJeHHe B CUeT-
yKKe, 4TOOBI CKOpPOCTh cueTa Bo3pocnaa B 10 pas?

51. OnpenenuTh 3aBUCHUMOCTb K03((HUUHEHTa Ta30BOro ycH-
JeHnss M B UMIHHIPUYECKOM IPOMOPLHOHANBHOM CYETUHKE OT
BEJIMYMHBl HaNpPSKEHUs, NMPUJOKEHHOTO K €ro 3JeKTPOAaM.

52. O6bsICHUTH, MOUYEMY B CUETUYHKAX, HANOJHEHHbIX YHCTHIMH
MHEPTHBIMH ra3aMu, TPYAHO IOJY4YUTb XOpollee paspelleHHe IO
9HepruM NpH 3HAYeHHssX Kod(h(dHIMeHTa rasoBOro ycuJeHHs 60-
saee 100.

53. OueHuTb 3(Pp(eKTUBHOCTb MPOMOPLHOHAJLHOTO CUYETYHKA,
npefiHa3HAYeHHOro JJisi PerucTpainyy TelJIOBbIX HEeHTPOHOB, IO-
TOK KOTOPBLIX HaNpaBJeH IepneHIUKyaAsipHo ocH cueTuuka. CreH-
KH CYEeTYHKA BBIJTIOXKEHB 60POM, ToJUKHHA cjosi Kotoporo B 10 pas
Gosplie mpobGera a-yactui, B 6ope. CUeTUMK HaNOJIHEH aPrOHOM.

54. TlpomopHuHOHANLHBIM CYETUYHKOM H3MePSIHCh HMITYJIbCh
OT KOPOTKOXHBYILEro pafiuO0akTHBHOro uzortona. Bpems kaxmo-
ro u3MepeHus cocraBjsiio | mux. PesynbraTsl uamepeHusi NMpH-
BelleHbl B TabJulle.

Bpemsa nauana
H3MEpEeHHA, MUH 0 10 20 30 40 50 60 70 8 90

Yucao '
pacnanos 970 781 673 525 464 391 305 270 204 164

HaueptuTh pacueTHyio kpuBylo pacmnapga. [TocraBuTb 3Kkcmepu-
MEeHTaJIbHble TOYKM W TOTPEIIHOCTH H3MepeHHs. BLIUMCJIHTL Mo-
CTOSIHHYIO pacnajga A ¥ YKc/0 paZvOoaKTHBHbIX aToMoB Ng. -

Cueruuk [eiirepa

B cuerunke lefirepa uOHM3HpYIOLlee H3JydYeHHe BbLI3bIBAET
BCMBIIIKY KOPOHHOro ra3oBOro paspsjia. BosHMkHOBeHHe camo-
CTOAITEJLHOrO Ta30BOro paspsffia BO3MOXKHO TOJNbKO NpPH 3Haue-
Husx Hanpskenns V' >V Hanpsikenue 3axuranus Vi,

3aBHCHUT OT pajuyca 3JeKTPOAOB r, U r,, MNPUPOAbI rasa, Ha-
MOJIHSIOIIEr0 Ta30Pa3psiiHbIA NPOMEXYTOK (IOCTOSIHHBIE KO3(-
(ULHEHTH U U nAg), U €ro JIaBJeHHs p cjenylomum o6pasoMm:

_ "a )
Vo = - .
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Cuna Toka / KOPOHHOrO paspsfia B JOCTATOYHO XOpOLIEM MpH-
6JIMKEHUH MOXKeT ObITb NPEICTaBNeHA B BHIE

= V= Vaax
Rew '
rae V — V,,, — nepenanpsikeHHe Ha CUeTUHKE;
r
r In rk ‘
R,, = Wv_a — BHYTPEHHEE CONPOTHBJIEHHE CYETYHKA;
3aik

| — pnvHa ra3opaspsiHOTO NPOMEXYTKa,
dopma umnygabca B cueTyuke [eiirepa 3amaercs Bpra}Ke-
HHUEeM

R+R,,
BV () = iV — vm)<1— RRs ‘t>.

B tom cayuae, korna R>> Ry, BbipaxXeHue 1/ BEJHUYHUHBI HUM-
Lylbca CYILECTBEHHO YNPOLIAeTCs:

t

AV () = (Vo —_ Vsa;x) ( 1— e— RBHC,. > .

B caMoracdueMcsa CUETYUKe A HauboJiee UHTEPECHOIO UH-
TepBaJIa BpeMeHH OT MOMEHTA BO3HUKHOBEHHUSA paapﬂlla a0 3a-
Bepl.uel-mﬂ aKTI/IBHOﬂ CTaauu 3aBUCHUMOCTL BEJHUYHHLI HMHyJIbca
OT BpeMeHM HMEET BHUI

AV
AWV =—T o S e R¢ ln(f— + 1>dt,
2c! 1nr—’; 5 0

rie ¢ — NOJHOe KOJHYEeCTBO 3JIEKTPHYECTBa, BhiAeJsIOIeecs B
paspsije; v — CKOPOCTb PacCHpOCTPAaHEHUS] paspsAfa BIOJNb HHUTH;
"— nauHa HUTH cueTynka. Ecau conpoTHB/eHHe yTEUKH HACTOJb-
KO MaJlo, YTO HOHHBIM TOKOM, IIDOTEKAIoIUM Yepe3 eMKOCTb,
MO’KHO IpeHeGpedb, TO Bhlpa)KeHue Js1 POPMbl UMNYJbCa YNpPO-
Llaercs:

AV(t):%R]n(é—}-l—l).

st BOSHMKHOBEHHS ra3oBOro paspspna B cueTunke [eiirepa
JIOCTATOYHO, YTOOB! B €ro pab6ouem o6beMe BO3HUK XOTS Obl OJAUH
cBo6oAHbIH 371eKTpoH. Toraa 3¢ @eKTHBHOCTb perucTpainuu 3aps-
JKEeHHBIX 4aCTHUI[ cueTYMKOM [elirepa MOXKHO ONpeNeNuTb Kak Be-
POATHOCTbL 00PA30BaHUS B ra3opas3psiiHOM IPOMEXYTKe XOTs Obl
OJHOW Mapbl UOHOB:

n=1— e,
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TIE Vo — MepBUYHAsh yJelbHas HOHU3AUUS; [ — CPelHUH NyThb
YacTHILl B CYeTYHKe; p — JaBJeHHe, BhIpaXKeHHOe B MOJAX arT-
Mocepsl.

— O w—

55. Hecamoracamuiics cuetunx [efirepa umeer auamerp Ka-
tona D, =2 cm, nnamerp anoaa D, =100 mk 4 HamosHeH apro-
HOM Jo0 naaBjenuss p=70 mm pr. cT. OUEHUTb aMIJIUTYLy HM-
MyJbca, €cJIM Ha CYETYHK NojaHO HanpsiKeHue V=830 s.

56. I1pu o6nyueHun ucTouyHuKOM No 1 CKOpOCTL cyeTa 4acTHIL
B cuetunke ['efirepa N1=950 umn/cex, npu 06GJy4eHHUH HCTOUHMU-
xoM Ne 2 ckopoctb cuera Np=870 umn/cex, a mpu 0O6aydeHHU
IBYMSl  HCTOYHHKAMH OlHOBPEMEHHO  CKOPOCTh cyera
N, 3=1630 umn/cex. BuluucauTh paspelialoilee BPeMsl CUETUH-
Ka U ONpelesNHTb MOrPeIlHOCTb 3TOH BEJHUYMHBI.

57. OLleHUTb YHUCJIO MOJIEKYJ Tracsiliero rasa AUCCOIHUPYIO-
WYX B OJHOM paspsfe, ecJud aMIUIUTyJa HMMYJbCa Ha BbIXOIE
CaMOracsiuerocsi CYeTuHkKa paBHa AV=10 8, a 3KBHUBajJeHTHas
emkocte C=20 ng.

58. OueHuTb CpoK cayKObl camoracsierocsi cyetyuka [eil-
repa, umewowero guamerp D=2 cm, pauny [=20 cm u HamoJ-
HeHHOro no0 paaBjaeHuss p=100 mm prT. cT. cMecbl0 U3 aproHa
(90%) u napos cnupta (10%), ecau cyeTUWK cuMTaeTcsi BbiBe-
JEHHBIM M3 CTPOS MOCJEe TOTr0, Kak MPOJAHUCCOLUUPYET NPHUMEPHO
80% wmousekya racsiuiero rasa.

59. Cuerunkom Tefirepa ¢  BpeMeHeM  paspelleHHs

=120 mxcex cocuurano B TeueHue | muwn 110400 uMnyascos.
Cuetuuk umeer auamerp D=2 cm u gauny [=20 cm. OueHuTb ax-
THBHOCTb MCTOYHHMKA 3apSKEHHBIX YACTHUIl B MKKHOPU, eclIu CyerT-
UMK PacnoJoXKeH Ha paccTosgHud | m oT ucrounuka. Pasmepsl uc-
TOYHHUKA MHOTO MeHbllle pa3MepoB CUETUHKA.

60. OueHuth 3h(PeKTHBHOCTb perucTpauuu cueTyukom [efire-
pa y-KBaHTOB, eCJid B TeueHHe 3 MUH CUETUYHK 3aperucTpPHUPOBA
21 200 umnynascoB. Cuetuuk uMeeT HOPMY UUAMHIpPA AHAMETPOM
D=20 mm, pnuno#t [=180 mm ¥ HaxXONHTCH HA PAaCCTOSHHUH
300 mm oT ucTounHuka akTuBHOCTbIO 200 mKxkropu. Pasmepsl HC- -
TOYHHKA MHOT'O MeHblle Pa3MepOB CUETUHKA.

61. HaliTu BepoATHOCTb TOrO, 4YTO pPEJATHBUCTCKHH 3JIeK-
TPOH, NMPOXOASALIMN 4epe3 cueTuwK [elirepa nepneHAUKyasipHO
€ero ocH, He OyHeT 3aperucTpupoBaH cueTdukoM. CueTHYHK HMeeT
¢opmy uuauHapa c¢ auaMetpom D=2 cm W HanoJHeH aproHOM
0 aBjeHusi p=>55 mm pT. CT.

62. Cueruux Tlefirepa umeer auamerp D=2 cm u HaNoOJHEH
aproHom no aasiaenusi p=110 mm pr. c¢r. Bouucauts 3¢ dexTHB-
HOCTb DPETUCTPALMH CYETIMKOM KOCMHYECKHX YacTHull, JeTSALIHX
TIepNeHAUKYJAsIPHO ocH cyeTudka. [IpousBecTH TO Ke BbIUHCJE-
HHe [JIg cyeTudKa, HANOJHEHHOrOo BOAOPOJAOM A0 TOrO XKe 1aB-
JIeHHus.
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63. C nomompio Teneckona M3 TpPeX CUETYHKOB HM3Mepsaach
30 (eKTHBHOCTb PErHCTpPalUHM CUeTYHKOM [efirepa KOCMHUYECKHX
gacTull. JIas 3TOro B TeueHHe OQHOTO Yaca IPOBOLUIOCH H3Me-
peHue Yuciia UMIYJAbCOB COBMAafEHHH OT BceX TPeX CUETUMKOB U
OT ABYX Kpa#Hux cueTynkoB (puc. 5). Ilosyunnu caenywouine
pe3ysbTaThl: 4HMCAO [ABOHHHIX coBnageHuit Nz =618; ducmao

Lxema Cxera
mpodwsx | . |GBodxeix |
cobradenud) | cobradesud]

©

Puc. 5.

TPOHHBIX coBmnajaeHu#t Ny o 5 =586. Boluncauts 3¢hdexTUBHOCTD
CpeflHero cyeTYHKa W ee aOCOMNIOTHYIO H  OTHOCHTEJbHYIC
OLIMOKHU.

64. OueHnTb NPONYCKHM B UYHCJ/Ie PENATHBHCTCKMX YaCTHL, pe-
THCTPUPYEMBIX TEJECKONOM H3 cueT4ukoB [efirepa (cM. puc. 5),
ecau  cyeTdnkd [ W 3 HamoJHeHs! aproHOM [0 JaBJeHHS
p=150 mm pr. cr. u umetor auamerp D=1 cm, a cueTunk 2 Ha-
TIOJIHEH BOAOPOAOM A0 HaBjeHuss p=200 mm pr. cT. u ero gua-
mMerp D=2 cnm.

65. Cuetuuk ['efirepa, umeromWMH MeJHble CTEHKHM TOJILHAHON
200 mx, HamoJiHeH BO3JAYXOM 1O AaBiaeHuss p=1 arm. CpaBHUTb
noo y-kBaHToB Co%0, MOrJIoLeHHBIX B CTEHKAaX U rase cuyeTUH-
Ka, ecau auameTp cueruuka, D=2 cm, a NMOTOK y-KBAHTOB Ha-
npaBJjeH NMepneHAHKYJISPHO OCH CUEeTUHKaA.

66. OueHNTb MHHMMAJBHYIO SHEPTHIO Q-YACTHIL, KOTOPhIE MO-
JKeT 3aperucTPUpOBATb CUeTUWK [eilrepa, MMEMOIIUIl OKOIIKO H3
MeHOH (POJILTH TOJILIMHON 5 MK.

67. SuaextpoHsl In''? perucTpupyiorcs cuetryukom [eiirepa,
CTEHKH KOTOpPOTO cHAedaHbl M3 aJIOMUHHST ToawluHOK 150 mK.
OlueHUTb OO 3JEKTPOHOB, IOTJIOIIEHHBIX B cTeHKaX. [loTok
3JIEKTPOHOB HampaBjieH MeprneHAMKYJIAPHO OCH CUETUMKA LIUJIHHI-
pudeckoi hOopMbl.

68. OnpemenuTh DONYCTUMYIO CKOPOCTh CueTa B Hecamoracs-
uleMcst cyetuuke [efirepa NmpH YCJIOBHH, UTO NPONYCKH UAaCTHIL,
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CBSI3aHHbIE C KOHEUHbIM BpEMEHeM pa3pelieHHsi CUeTYHKa, He
IOOJIKHBI TpeBbiiath 19%. Pacuer mpoBecTH s ABYX CJy4YaeB:

a) cueTuMk paboTaeTr ¢ compoTuBaeHHeM yTeuku R=10° Mouwm,
9KBHBAJIeHTHAs €MKOCTb aHOJa CYeTYMKA MO OTHOLIEHHIO K 3eM-
Jie BO BKJUeHHOM coctossHuu C=20 ng;

6) rauleHue TNPOU3BOLUTCS CXEMOH TallleHusi, IpH 3TOM JJIH-
TeJbHOCTb racsulero umnyJsasca paBHa 1=400 mkcex.

OueHUTb BpeMsi U3MEpeHUs JJis Ka)<[O0ro cjayuasi, HeoOXOau-
MOe JJs TOro, YToObl BeJIMUMHA OTHOCUTEJbHON OITHOKH H3Me-
peHusi Gblia 6bl He Gosee 39%. 4

69. CKO/MIbKO HMMYJbCOB MOXKET 3apPErHCTpPUpPOBATL B TeueHHe
OJIHOM MHMHYTbl HecaMOracsIIMHC cueTyuK ['efirepa, HamoJHeH-
HbIF aproHoMm. ['eomeTrpuueckrne pasmepsl cueTuMKa: AHAMETP Ka-
roga D, = 20 mm, nauHa cuetuuka [=20 cm. BuemHee compo-
TuBJeHHe yTedkd R=100 Mom, 3KkBUBaJIeHTHAsi E€MKOCTb aHOAA
CcyeTYHKa MO OTHOLIEHHIO K 3eMJe BO BKJIIOUEHHOM COCTOSIHHH
C=30 ng. Cueruuxk 0G6.ay4yaeTcss HCTOUYHMKOM 3apsKEHHBIX ua-
CTHL, HaXoAslUMcs Ha paccrosinud 50 cm OT cepenuHBl CyUerT-
ynkKa. AKTMBHOCTbL HCTouHuKa 300 mxKkopu.

70. OUueHNTb MHHUMAJbHYIO JJIUTENbHOCTh Tacsiiero WMNYJb-
ca B cueryuke [eiirepa, umMelouiero auamerp Kartoga D, =2 cw,
auamerp aHoxa D, =200 mx ¥ HamOJHEHHOrO aproHoOM A0 JAaB-
Jgenus p=110 mm pr. cr. Hanpsixkenue V, npujoKeHHOe K 3JeK-
TpoLaMm cueTyuka, cocrtasJjser 900 s.

71. Cueryuk [eifrepa perucTpupyer HMIYJbChl OT pPaJUOaK-
TUBHOTO HCTOYHMKA. COBMECTHO C MMIYJbCAMHU OT UCTOYHHKA pe-
THCTPUPYIOTCS UMNYJbChl (oHa, KoTopwle cocraBasior 10% o06-
11lero YyucJa UMNYJAbCOB, 3aPeTHCTPUPOBAHHBIX cueTu4nKOM. CKOJb-
KO MMIYJIbCOB JOJIXKEH 3aPerucTPUpOBaTh cueTyuk [eiirepa ToJib-
KO OT HCTOYHHKA AJSl TOro, 4ToObl BeJUYHMHA OTHOCHTENbLHOH
OWHO6KYU NPHU ONpe/lesIeHHH YUCAa UMIYJAbCOB, COCUUTAHHBIX TOJb-
KO OT MCTOYHMKA, He mnpeBblliana 2%;

72. CyerynxkoM [efirepa B TeueHue OJHOH MHHYTbI PErucTpH-
PYIOTCA MMIYJbCHI OT PAJHOAKTHBHOTO HCTOUYHHKA W ¢oHa. [lpu
9TOM oH cocraBasier 25% uucia UMIYJALCOB TOJNLKO OT pPaauo-
aKTHUBHOro HCTOYHMKA. Kakum BpeMeHeM pa3pellleHUs] AOJXKEH
obsanath cyetuuk [elirepa, uTo6bI NMPONYCKH NIPHU PErUCTPALUH
YacTHIL OT paJHOaKTHBHOTO MHCTOYHMKa He npeBbianun 2%,
NpHYEM Be/MUHHA OTHOCHUTEJNbHON OMKMOKH TpH  oOlpenese-
HUM 4YHMCJa UMOYJbCOB TOJBKO OT HCTOYHHKA Onljia 6b1 He 60-
gaee 19%7?

73. lununapnyeckuil cuetunk [efirepa nuamerpom D=2 cm,
gauHod [=20 cm perucTpupyer WUMIYJbLCHI OT y-KBaHTOB. McTou-
HUK HaXOLUTCS HA paccTosaHuM 50 ¢u OT CUETUMKA U PacloJoKeH
TakKHM 06Da3oM, 4TO Y-KBAHTHI JIETAT NMepPHNEeHAUKYASAPHO OCH LH-
auuapa. MMnysabcel OT HCTOYHMKA PETHCTPUPYIOTCS COBMECTHO
C UMIIynbcaMu (poHa, KOTOpble cocTaBasioT 259 uwucaa uUMNyJb-
COB TOJIBKO OJHOTO HCTOYHHMKA. BpeMs usmepeHHs paBHO | MuH.
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KakoBa noskHa GbITb HHTEHCHBHOCTb HCTOYHHKA y-KBAHTOB /IS
TOro, uTo6bl OTHOCHTENbHASl OLIMGKA NMPH M3MEPEHHH 4YHCAA HM-
NyJbCOB OT 3TOTO HCTOYHHKa Obla He Oosee 2%? - Bpems
paspeuienus cyeTduka t=>50 mxcex. DPPeKTHBHOCTL perucrpa-
11K y-KBAHTOB 3TUM cueTunkom 1 =0,3%.

Kpucm.ﬂ.nuqecxue AETEKTOPbI

B xpucrannax ¢ CHJIbHBIMHM 3JIEKTPOHHBIMH CBA3SIMH HEyNpy-
THe COyJdapeHUsl 3apsKeHHOH YAaCTHUBI C KPHUCTAJIJIHUECKOH pe-
LIeTKOH NPHUBOAAT K 06pa30BAHUI0 HOCHTENEl 3JeKTPHYECKUX 3a-
PSNOB B BHAE CBOGOAHBIX 3JEKTPOHOB H OTBEYAIOIIMX UM OCBO-
GOX/JEHHBIX ypPOBHeil — ABIPOK. B KpucTas/IMyecKoM [eTEeKTOpe
Ha H30JATOpPax aMIUIMTYda UMIyJbca Ha COGUPAIOLIEM JEKTPO-
ne GylneT ompeaessiThCs MPH MPOYHX PABHBIX YCJIOBHSX OTHOLIE- |
HUeM cpeaHeil pa3HocTd morteHuuasos V- u V., kKortopyw mnpo-
XOAAT CBOGOMHBIE HOCHTEJH 3JEKTPUUECKMX 3apsioB B Hampas-
JIEHHH CHJIOBBIX JIHHHII 3JIEKTPHUECKOrO TMOJsi 10 3axBaTa HX JO-
BYIUKAMH, K TMOJIHON DPa3HOCTH MOTEHIHanoB Vi, MeXLy 3JeKTpo-
llaMu [eTeKTopa: Vo4V

V(h

B cayuyae n/ocKoil reoMeTPHH 3TO OTHOLUEHHEe MOXKeT OblThb pac-
‘CUHMTAHO Kak

AVMZIKC = % )

u _T’_ +u +T'+
AVmal(c — P ’

roe u_l'— v u, T4 — CpelLHsis IVIHHA IlepeHoca 3NEeKTPOHOB H
IBIPOK COOTBETCTBEHHO; 7_ u 1"y — BpeMa XKH3HU HOCHUTeJel 3a-
psiloB [0 3axBaTa WX JoBylWIKaMu. Ecau B KpucTa/ainyeckom ae-
TeKTOpe IbIPKH He 00/1afaloT TONBUKHOCTBIO H OCTaloTCA 3a-
KpEMJIeHHBIMH Ha CBOMX MeCTaX, aMIVIMTyAa HMIyJbca omnpeje-
JISIeTCs TOJIbKO ABHXKEHHEM CBOOOJNHBIX 3JEKTPOHOB M paBHA

u_T

AvmukczT7

TAe d— paccTosAHHMEe MEXAYy 3JeKTpodaMH- IeTeKTOpa.

Bo3amoXHOCTE HCMOJNB30BAHUA MOJYyNPpOBOJAHUKOBOTO  KpH-
cTaJjljla B KauyecTBe JeTeKTopa 4acCTuUll 3aBUCUT OT OTHOLIEHHS
yhcaa HocuTeqel 3JIEKTPHUECKUX 3apsanoB, 06pa3OBaHHle peru-
crpnpyemoﬁ yacTulel, K BeJHYUHE (bJ]yl(TyaI.[I/lﬁ - MOCTOAHHOTO
TOKa, KOTOpble ONpeaensitoTcs CpeAHEKBaApPaTHUYHBIM OTKJIOHEHM-
€M OT CpeJHero 4ucJja Hocmeneﬁ, YyUaCTBYWOUIUX B NPOTEKaHHH
TIOCTOSIHHCIO TOKa Ye€pe€3 MOETEKTOp 3a BpeM# coénpa:—mn HOCH- |
Tejed or pern(:TpupyeMb[x YacTHL. 310 CPQHHGKBaHpaTI/HHOQ

Vol .
OTKJ/JIOHEHHE paBHO ]/eR—"— rie Vy— pa3HOCTb MNOTEHUHAJNOB
‘Kp

MEXAY 3JEKTPpOAaMH AETEKTOopa; R,(p— COIMpPOTHUBJIEHHE KPHCTAaJI-
Jia, T - BpeMsl pa3pelleHuss MnoJynpoBOJLHHKOBOI'O JeTeKTopa.
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Benuynny Ry, MOXHO OUEHMTb, 3HAaf y[Ae/NbHOE CONPOTHBJIEHHE
/
110J)yIPOBOJHUKA  €T0 PasMeprl: R, ==p— , TA€ p — yAEJbHOE

COMpPOTHUBJEHHE, [ — ToJIHHA, S — mJollafb AEeTeKTopa. ¥ ae/b-
HOe COMPOTHUBJEHHE NMONYNPOBOAHHKA ONpejensercs 4Yepe3 KoH-
IleHTPALHH CBOOOJHBIX HOCHTeJ/ell 3/1eKTPUUYECKHUX 3apsiloB M HX
noasuxkHocTH K- v Ky ciepyromuM o6pas3om:

- 1

P e(nK_ + pK,) ,
rie n— KOHUEHTpalUus 3JeKTPOHOB B 30HE TPOBOAMMOCTH KPH-
cTanna: p — KOHIEHTpalKsi AblpOK B BaJIEHTHON 3o0He. B ume-
aJIbHO YUCTOM MOJIYNIPOBOAHHKe (MpH aGCOMIOTHOM OTCYTCTBHH
npuMeceil) KOHIEHTpPauUus CBOGOAHLIX 3JEKTPOHOB W [ILIPOK OJH-
HaKoBa: N=p W NPU 33aAaHHOH LIMPHHE 3aNpelleHHON 30HbI ¢
3aBUCUT TOJIBKO OT TeMNepaTypbl Kpucrtanaa. KoHueHTpauus

9JIEKTPOHOB (MJIM ABIPOK) [JJs1 3TOrO cjaydas MOXKeT OBITb pac-
i

cuutana mno Qopmyne: a= 10 e *T  rae k— nmocrosiHHas
Bonbumana. Hanuuue npumeceil cHUIKAeT CONPOTUBJAEHHE pe-
aJlbHBIX KpucTasnoB. [1OBbICHTH COMPOTHUBJEHHE TOJNYNPOBOLHHU-
KOBOTO JeTEeKTOpa MOXKHO, HCMO/Nb30BAB MOTeHLHaNbHbI 6apbep,
BO3HHKAIOUIMA B MePexoJAHOM cJOe, KOTOpHIH ob6pasyeTca B Me-
CTe CONMPHUKOCHOBEHHUS IBYX MAaTepPHaJiOB, U3 KOTOPbIX OAWH 06-
Jialaer 3JEeKTPOHHOH MPOBOAMMOCTBIO, a JPyroil — ABIPOYHOMH.
B nerextopax Takoro tuna wupuHa obsactu nepexoga d (oHa
’Ke aBasieTcss padoueil 06/7aCcThi0 AETEKTOPA) 3aBHCHUT OT MPHJIO-
’KEHHOH pasHocTu norteHuuanos V. dna npubauxkeHHOro pacuye-
Ta NPOTAXKEHHOCTH NepPexXoJHOH 06/1aCTH MOXKHO BOCIOJb30BAThb-
Csl COOTHOLIEHUEM

d=1V'10%p(V + V),

rae Vo— pa3HOCTh MOTEHLHA/NOB Ha TpaHHULE MNepexofHoH o06-
JlacTH B OTCyTcTBHe obpaTHoro cmeuleHuss. Hocurenu, o6paso-
BaHHbIE PETHCTPUPYEMOll UYacTHLUEH BHE NepexOoAHO# obsaacTH,
MOTYT TMONAaCTb B Hee TOJbKO B pe3yjabTaTe TAKOro MeAJeHHOro
npouecca, kKak auddysus. Bpems #, 3a KoTOpoe HOCHTeaH AHP-
(QyHAMpYIOT HaA paccTosHHe [, MOXHO ONpeAe/]UTh U3 Clelylo-

mero cootHomenus: /= D¢, rae D — kosbduuneHT aupdysu.

74. PaccuutaTh BEJHUYHHY HMINYJbCA, BO3HHKAIOLIETO B NOJY-
MPOBOJHHUKOBOM I[OBEPXHOCTHO-GapbePHOM J[AeTeKTope M3 KpeM-
HUsA, TIpu o6JaydyeHHu ero a-yactuuamu Pu?®. TosaimnHa uyBCTBH-
TeJILHOTO CJI0S1 MOJNYNPOBOAHHKOBOrO AeTektropa 40 mx. DKBHBA-
JeHTHasi eMKOCTb cOGMpAIoOUIero 3JeKTpoga AeTeKTopa Mo OTHO-
[IeHHI0 K 3eMJe BO BKJIOYeHHOM coctosiHuu C=100 ng.

75. PaccuuTaTh BeJMUMHY aMIUIHTYIbl WMNYJbCa, BO3HHKA-
I0Illero B MOJYNPOBOAHUKOBOM TMOBEPXHOCTHO-6apPbepHOM HETEK~
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TOpe U3 repMaHuss npud OO6JyYeHHH €ero a-yacTHLlaMu Po?!0.
ToJlllMHa YYBCTBUTEJNBHOIO CJIOSI MOJYNPOBOAHMKOBOTO JETEKTO-
pa 30 mk. DKBUBaJeHTHass eMKOCTb COGMPAIOLIEro 3JeKTPOAa
JeTEKTOPa MO OTHOLIEHHIO K 3eMJle BO BKJIYEHHOM COCTOSIHHH
C=120 ng.

76. Paccuurath Bpems HapaCTaHm;{ (¢poHTa MMIyibca B NO-
JIyIPOBOJAHHKOBOM TOBEPXHOCTHO-0aPbePHOM AETEKTOPE M3 KPeM-
Hus. JleTektop o6/yuyaercs o-4yacTHLAMH, KOTOPble NMajaioT Iep-
MEeHAUKYJIPHO MOBEPXHOCTH NETEKTOpPa CO CTOPOHBI OTPHIATE/b-
Horo sJjekrposa. Hanpsxenue cmemenus Vg, MeXAy 3JeKTpo-
JaMH KpDeMHHeBOro aerekropa cocrabnaser 10 s. lllupuna uys-
CTBUTEJIbHOTO cyos paBHa 100 mxk.

77. ITonynpoBOAHUKOBBIH IOBEPXHOCTHO-GapbepHBIH  JeTeK-
TOp W3 TepMaHus obJyyaeTcss @-4aCTHLAMM, KOTOpble HafaloT
NEePNeHAUKYAAPHO NMOBEPXHOCTU AETeKTOpa CO CTOPOHBEI OTPHIlA-
TeJbHOro 3Jekrposa. Hanpskenue cmeutenus Vi, Mexay 3Jjex-
Tpoaamiu gerektopa 10 6. lllupuna yyBcTBUTENBHOrO cyosi 100 mK.
Paccuurath Bpems HapacTaHUs (pOHTAa UMIYyJbCa.

78. YnenbHOe CONPOTHUBJEHHE MOJNYNPOBOJAHUKOBOrO JETeK-
TOpa U3 KPeMHHA ¢ n— p-mepexoaom paBuo 10% om:cm. Ompe-
JeJUTh WHPHHY YYBCTBUTEJLHOTO CJIOS, €CJM HampskeHHe cMe-
menus V., MeXAy 3JeKTpoaaMH JeTekropa pasHo 50 8.

79. OueHUTb BeJMYMHY YIEJbHOTO CONPOTHBJEHHS NOJYNpO-
BOJHHKOBBIX J€TEKTOPOB M3 YHCTOTO KPEMHHS M M3 UHCTOrO rep-
MaHHsl TIPU KOMHATHOH TeMmmnepaType.

80. B nmoaynpoBOgHHKOBOM CUETUHUKE C p — N-IEPEXO]0M, U3-
TOTOBJIEHHOM Ha OCHOBE KPEeMHHMs p-THma, Ha pacctossHuu 0,5 mm
OT YYBCTBUTEJbHOTO CJ0s NEPNeHAHNKYAAPHO CHJIOBBIM JIHHUSAM
noJisi MpoJeTesna 3apsKeHHas yactHua. Kakum BpemeHeMm XKus-
HHU JOJIKHBI 06/1aJaTb 06pa3oBaBILUECs HOCHTENH 3apsioB, 4YTO-
6Bl OHTH RO obJacTu p — n-Nepexona?

81. [TonynpoBOAHHKOBLIH JETEKTOP C p — N-NEepexoJoM 0O6JYy-
yaercs a-yacrtuuamu Pu?¥®. [Torox vacTuu Hanpas/eH NapaJ-
JIeJIbHO CWJIOBBIM JIMHUAIM 3JeKTpuyeckoro nons. YyBcTBHTEJb-
Hblil cao¥ obpasyeTcsl Ha paccToannu 0,5 mm OT MOBepPXHOCTH
kpucranna. llupuHa uyscTBUTenbHON o6sact d=15 mk, pas-
HOCTb TOTEHIMAJOB Ha rpaHule p — n-nepexoga V=0,5 8, Ha-
npsixkeHue  cMmeileHus V., =30 8, TNOBEPXHOCTb 3JIEKTPOA&
S=0,5 «c¢m?,  yHenbHOE  COMPOTHUBJEGHHE  MOJYNPOBOAHHMKA
0=100 om-cm. Kakoe conmpoTHBJieHHE YTeUKH cJefyeT BHIGpaTb
npu pa6oTe ¢ 3TUM AeTEKTOPOM, YTO6GH co6paThb Bech 3apsif, 06-
pasyeMblil o-dyacTHLlaMH, Ha KOJIJIEKTOpe?

82. B nosynpoBOAHUKOBOM MOBEPXHOCTHO-GapbepHOM HAeTeK-
TOpPe M3 repMaHHsl Pa3HOCTb MOTEHLHAJOB Ha IpaHHlle p — n-ne-
pexoma Vo=0,5 8, mwinpuHa uyBcTBUTeAbHOrO cyosg d=40 mx,
IJIoIaAb NOBepXHOCTH 3JjekTpona S=1 cm? Kak usMeHHTCS Be-
JMYMHA aMIUVIMTYABl UMOyJlbca B 3TOM JeTeKTOpe, eciau Hampf-
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JKeHHe oOpaTHOro0 CMeLleHHsl, IPUAOKEHHOE K 3JleKTp0}laM u3-
MeHUThL ¢ 10 8 Ha 20 8?

83. [lonynpoBOAHUKOBBI AETEKTOP H3 KPEMHHS C yIEJbHBIM
conpoTuBieHneM =2,5-10% om-cm umeer tommuny 0,2 MM,
njoulaab nomnepeuynoro cedeHus S=0,25 cm? OueHuts Qaykry-
aluy B UMCJIe HEOCHOBHBIX HOCHTeJell 3apsinoB ((paykTyauuu Be-
JIMYMHB] TIOCTOSIHHOTO TOKa), BO3HWKAIOLIHE 3a BpeMs COGHpaHHs
HOCHTeJdeH OT peructpupyemoit yacruibl. Hanpsokenue V, npu-
JIOXKEHHOE K 3JIeKTpOJaM CYeTYHKa, cocTtaBaseT 60 a.

84. ITonynpoBOAHHKOBBLIN [ETEKTOP W3 TepMaHHs TOJILHHOMN
0,1 mm naowansto 0,5 cm? peructpupyer a-uactuunl Pu?®®. Ha-
npsxeHne V, NpujoKeHHOe K 3JIEKTPOAAaM CUETYMKA, COCTaBJfA-
er 50 6. YnenabHoe compoTHuBJeHHe paeTektropa =10* om-cm.
Bpems paspewenus t=10"7 cex. OueHUTb BEJHYUHY OTHOLUEHHS
CUTHAaJla K LyMYy.

85. TlonynpoBONHHMKOBBIE AETEKTOpP, NOJYYeHHBIH MeTOAOM
nuddysuu JTUTHA B KpHUCTAJ/ repMaHus, NpeJHa3HaueH AJs pe-
rucTpauuu y-kBaHtoB ¢ sHeprueil 800 x38. KakoBa nosmxHa GbITh
TOJILIHHA TOJYNPOBOAHHKOBOrO AETEKTOpa [Js TOro, 4To6bl 3¢-
(PeKTHBHOCTb PErUcTpalHu y-KBaHTOB Oblla Gbl He MeHee 19%?
OueHHTb BEJNWUHHY YAENBLHOTO COMPOTHBJEHHS 3TOro AeTeKTopa,
ecnu Hanpsbkenne V4V, B paGouei o6aactu pasHo 50 8.

86. CpaBHHTbL OTHOUIEHHE CHUTHa/Na K LIYMY B NOJYNPOBOJHH-
KOBbIX MOBEPXHOCTHO-GAapbepHBIX NETEKTOPAax U3 1-KPEeMHHA TNPH
perucTpauuu o-dyactuy Po?!°. PasHocTh MOTeHLHAJNOB Ha TPaHU-
Ile YYBCTBUTEJLHOTO CJIOS Y BCEX AETEKTOPOB OJHHAKOBAa H DaB-
Ha V., = 30 8. YnenbHoe CcOMpOTHUBJEHHE KaX»KXAOro MAETEKTOpa
0=3-10% om-cm. [JeTeKTOpbl MMEIOT CJAENyIOLIHE pPa3Mephbl:

1. Tonwuuna wyBcTBHTENABHOrO cofg d=0,1 cm, naowane no-
nepeusoro ceuenus S=0,1 cm?

2.d=0,1 um, S=0,1 cm2.

3. d=0,1 cm, S=1 cm2 .

87. Honynposozmuxosbm JeTeKTOp, TMOJYUEeHHBII MeTO0M
AUGQY3un NMTHA B KPHCTA/Jl repMaHus, HMeer YyBCTBUTENBHBIH
caoit toamuHoi 600 mk. OueHuTb 3(PPEKTHBHOCTL PETUCTPALNH -
3THUM CcYeTyukoM y-KBaHToB Co%.

88. CpaBHHTh MHHHMAJbHO® Daspellele MO SHEDTuH B HM-
T'YJbCHOW MOHH3AIMOHHOHM Kamepe ¢ CeTKOH W IMOJyNPOBOILHUKO-
BOM JeTeKTope NMPH perucTpaluy MMM a-yacTHi Pu?®,

CUMHTUAJISILHOHHBbIE CYETYUKH

B CHUHTHAJALMOHHBIX CYETUMKAX HCMONb3YEeTCA SIBJIEHHE JIIO-
MHHECLEHL Y, BO3HHKAIOIlee B HEKOTODHIX BelllecTBax MOA Aei-
CTBHEM HOHH3UPYIOWETO H3JyuyeHUsA. B OGoJbLIMHCTBE CJydaeB
HHTEHCHBHOCTb BbICBEUMBAHHs CUHHTHAJsATOpPA [ C TeueHHWeM Bpe-
MeHH { manaeT MO 3KCMOHEHLUHa/lbHOMY 3aKOHY:

[(t) =1, e,



rie T— BpeMs BbICBEUMBAHHMS CUMUHTHAJAATOpPA. Ecau HoHU3UpY-
Jollas yacTulla TepseT B KpHCTaJJje 3Hepruio A, To uuciao o6-
pasoBaBIUMXCA NMPU 3TOM (POTOHOB MOXKHO ONPELEeNHTb CJeAylo-
mumM o6pasom:
/th — A(é}’ ‘f,(p
hv

r1e g — KOHBePCHOHHAs (¢pusnueckas) 3(GHeKTHBHOCTb CLHH-
TUAAsATOpa, Av — 3Heprua ¢oroHa. Kak npaBuio, CUUHTHIIATO-
pbl JOCTATOYHO NMPO3PauHbl AN COOCTBEHHOrO W3Jy4YeHHs, M 3Ha-
YeHHsT KOHBEPCUOHHOH W TeXHHYeCKOH 3(h¢deKTUBHOCTEH OT/HYA-
IOTCS He3HauuTeJbHO (Ko3(duuueHT npospauHoctu = 1). Toraa
KOJINYECTBO 3JIEKTPOHOB, BO3HUKAIOUIUX HA KaTode (POTOYMHOMKH-
TeJisl MOXHO ONpeleNuTh U3 PaBEHCTBA

Ne — thKnm

rone K — xosdppuuueHt cobupanus cBera; v, — KBaHTOBasi 3(-
(eKTUBHOCTb (poToKaTosa. Hucao xe 3JIEKTPOHOB, NpPHIIEAUINX
Ha anon B M pas Goasliie: No=N,M. Koapouuuent ycunenus M
(hOTO3/IEKTPOHHOTO YMHOXKHTEJNS, UMEIOIero n AMHOAOB C Ko3(-
¢uuveHTaMH BTOPHYHOH 3MHCCHH Oy, Og, ..., O, MOXKHO OIll€-
HUTb KaK M = 0,02...0,. Ecaum ycnoBua ana BTOPUYHOH 3MHC-
CHHM Ha BceX JMHOAAX OAMHAKOBBLI, TO Ko3(ppuuueHT M MONKHO
3anucath B Buge: M=g¢" _

3aBUCHMOCTb BEJMUHMHBl WMIYJAbca OT BPEMEHH B CUMWHTUJIA-
LIUOHHOM CUETYHKe BBIPaXKaeTcs CJAeLyIOLUM 00pasoMm:

__t LR
AV () =e Rc%rBeRclmdt

9 ,

dQ (¥
rae I(t) = —;
NpPONOpIMOHa/deH YHCAy BbICBETHBLIMXCA aToMoB. B tom cayuae,
KOT[a BBLICBEUHBAHWE MPOUCXOAMUT TO 3KCINOHEHIHAJbHOMY 3aKO-
Hy, BhIpaxkeHue 05 GOPMbl HMIYJbCa HMEET BHI

t t

_ qR “?_'ﬁ)
AV =—"%c\¢ € :

— TOK, KOTOPBIH B KaXXAbIi MOMEHT BPEMEHH

rae go = eN,.

————mry @

89. B cnexrtpe ucmyckaHus Kpucraanos ZnS(Ag) HaGmona-
JOTCSl [BE MOJOCH C AJMHAMM BOJH B MakcuMyme Aj=450 mmK
U Ap=2380 mmk. OnpenenuTb, Ha Kakoll raybuHe NO OTHOLIEHHIO
K 30He MPOBOAMMOCTH DPacIoJIOXeHbl YPOBHH aKTHBaTOpa, €ciH
M3JyUeHHEe MPOMCXOAHUT NMPH 3aXBaTe 3JEKTPOHA LEHTPOM JIIOMH-
HECLEHLHH. '

90. OueHuTb uyucao (OTOHOB, HCNYCKAeMbIX KPHCTAJJIOM
NaJ (T1) npu perucrpauuu 3aekTpoHoB ¢ 3Hepruei 800 k26
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91. CUMHTHANALMOHHBIA CYETUYMK C KPHUCTAJNJIOM aHTpalleHa
o6ayuaercs 3saekTponamu P-pacnaga Sr%. OueHuTb KBAHTOBYIO
9(peKTUBHOCTL (OTOKATOda YMHOXUTENAss C Ko3(hduIeHTOM
ycunenna M=108, ecin MakcuMaJbHasi aMIUIATYAa MMIyJbca Ha
¢ro BoIxofle cocrabnaseT 14,5 6. EMKocTh anoga ¢oTtoyMHOXKHTE-
Jisl 10 OTHOLIEHHIO K 3e€MJle BO BKJIUeHHoM cocTosuuu C=10 ndg.
Kos¢dduuuent cobupanus cBera cuutaTh paBHbIM 1009.

92. CUMHTHMIALMOHHBIA cueTunk ¢ kpucrajaom Nal(Tl) pe-
THCTPUPYET 3JeKTPOoHBl ¢ 3Hepruein 1 Mss. KpantoBas sddex-
TUBHOCTL (poToKaroga m, =10%. EMkocTs aHoga (HOTOYMHOMKH-
TeJsl MO OTHOLIEHWIO K 3eMJie BO BKJIUEHHOM COCTOSIHHH
C=10 n¢. Ouenutb Ko3(pHUUHEHT yCUJEHHS (OTOYMHOKHUTEJH,
€CJIM CHTHaJ ¢ HEero NoAaeTcss Ha MepecueTHYI0 CXeMy 4YBCTBH-
teqbHOCTBIO 0,1 8. Koapuuuedt cobupaHusi ¢cBera cuuTaTh pab-
HeiM 909, : '

93. Ouenutb Ko3(p(PUUHEHT BTOPUYHOH IMHUCCHM ¢ Ha JUHO-
Nax (POTOYMHOXKHTeJs, €CAM H3BECTHO, yTO KO3(pdhHUUEHT ycu-
JieHuss ymHoxkuTens M =108 a uyucno aunonoB n=13. KakoBu
O6yayT daykryauun kosdpduuuedta ycunenus M, ecau Hanpsxe-
HHe NMUTaHHs craGuau3HpoBaHoO ¢ ToyHocThio Ao 0,1%, a B pa-
6oueM pexume KO3()(PUIUEHT BTOPUYHOH IMHUCCHU O MeHfeTCs
Ha 0,9% npu u3meHeHun Hanpsixkenus Ha 1%?

94, Kak W3MEHHTCH TEMHOBOH TOK (DOTO3/E€KTPOHHOIO yMHO-
KUTEJST MPH OXJMakaAeHuH (GOTOKaja: a) CYXHM JbaoM; 6) KHA-
KHUM a30TOM? :

95. OueHutb 3(p(PeKTUBHOCTb PErUCTpPallMM Yy-KBAHTOB CLHH-
TUSIMOHHBIM cueTddkom ¢ kpuctaaiom NaJ(Tl).  Kpucrana
umeer ¢opmy uuauHapa auamerpom 30 mm, ToamMHoN 10 mm.
[Totok y-kBaHTOB ¢ 3Hepruedl 700 K38 HampaBJieH TNapajJneb-
HO ocH uuauHapa. KakoBa mosmxkua 6bITh TOJILHHA KPUCTaJa,
3G PeKTUBHOCTb KOTOPOrO JJsl y-KBAaHTOB /1060l 3Hepruu 6blia
651 npumMepHO 909%?

96. Onpene/uTb BeJHYHHY HMIyJabca OT 3JeKTpPOHA OTAAauM,
€c/M B pe3ysbTaTe pacceMBaHHS y-KBaHTa c¢ sHeprueit 600 «xas;
ero JJHMHa BOJHbI M3MeHHJach Ha 20%. DJeKTPOHBI PEerUCTPUPY-
I0TCS KpUCTaJdjoM aHtpaieHa. KBanroBas 3p(peKTUBHOCTL (HOTO-
ymuoxutens 10%. Kosadouuuent ycumenus M=10° Oxsusa-
JIEHTHAsl €MKOCTb aHoAa (POTOYMHOXKHUTENS MO OTHOLIEHHWIO K 3EM-
JAe Bo BK/IoueHHOM coctosuuu C=10 ng. Kosdouunenr cobu-
paHus cBeta cuntath paBubiM 100%.

97. Ouenutb 3(p(HeKTHBHOCTL PECUCTPAIMH TEMJOBBIX HEHTPO-
HOB CLMHTHJJISLHOHHBIM cyeTunkoMm ¢ kpucraanom LiJ(Tl). Kpu-
ctann uMmeeT GopMmy muaumuiapa anamerpom D=30 mm u BBICO-
To#t h=10 mm. OueHKy NPOU3BECTH MJsl ABYX CJyYaeB:

a) MOTOK HEHTPOHOB HampaBJ/eH NapaJJjesbHO OCH UHJIMHAPA;

6) MOTOK HEHATPOHOB HampaBJeH NeprneHAUKYJAsapHO OCH LH-
JIUHADA.

37



98. OueHuTh BeJHUMHY MMIY/bCa Ha BbIXOLE (HOTO3JEKTPOH-
HOTO yMHOXHTeJs, paboratoulero ¢ Kpucraantom NalJ(Tl) Gosab-
umioro pasmepa, npu o6ayueHuu ero y-kBantamu Co®. Kpaurto-
Basi 3(pQpexkTuBHOCTL (oTokaToma yMmHoXuTeas 109%. Kospdu-
UMeHT ycunenua M=5-10°% EmkocTe aHofa (OTOYMHOXKUTENs
MO0 OTHOLUEHHIO K 3eMJle BO BKJ/AMOUEHHOM coctosiiun C=10 ng.
Kos¢popuuuenr cobupanuns cBera cuutath paBHbIM 90%.

99. OueHuTh BEJHYHHY HUMIY/bCa Ha BHIXOAE (OTO3NEKTPOH-
HOTO YMHOXHTe/f, Pa6OTAIOUIero co COUHTHIAAATOPOM M3 MOPOLI-
ka ZnS(Ag), npu perucrpauuu a-uactuy Po?'®, KsauroBas s¢-
¢dextuBHOCTL (oTOKaToAa yMHOoXUTeAd W, =10%; ko3apdpuuu-
eHT ycunenus M =105 emKocTb coGHpAIOLLEro 3/J€KTpoaa Mo OT-
HOLIEHHIO K 3eM/e BO BKJIOYeHHOM coctosHuu C=8 ng. Koad-
GbuuneHT cobupaHusa cBeTa cYuTaTh paBHbIM 100%.

100. BennunHa kOHBepcUOHHOH 3(D(PEKTHBHOCTH aHTpalLEHa
ZJIs1 GBICTPHIX 3J€KTPOHOB (3Heprusi Goswlue yem | Mag) mpak-
THYECKH He 3aBHUCHT OT UX SHEPTUU M OKA3biBaeTcs PABHOM MpH-
MepHO 6%. OueHHUTb BeNUYHHY KOHBEPCHOHHOH 3(PPeKTHBHOCTU
3TOTO KpHCTaJjja NMpU PerucTpaunuy a-4acTui ¢ sHeprueil 5 Mas,
ecsii BeJWUYMHA. UMIyJlbca OT 3THX yacTHl B 2,4 pa3a MeHblIe
aMNJAUTYAbl UMNYJAbCa OT 3JEKTPOHOB ¢ 3Heprueii 1,2 Mss.

101. TToctpouts (popMy HMMIOyJabCa HAa BbIXOLEe (HOTO3JEKTPOH-
HOTO YMHOXUTeNs ¢ Koadduuuentom ycunenus M=10% B xa-
yecTBE CUMHTHJUISATOPA HCMOJb3yeTcs Kpuctasan autpauena. O6-
JlyyeHue TPOU3BOAUTCS 3/eKTpoHaMu [B-pacnama Sr. Keauro-
Bas 3¢¢dekTuBHOCTL (oTokatona ymHoxureas n, =10%. Em-
KOCTb aHoJa (DOTOYMHOXHUTE/SI MO OTHOLIEHHIO K 3€MJle BO BKJIO-
yenHoM coctosiiuu C=38 ng¢. Conporusnenue yreuku R=10* om.
Kosdpouiment cobupanus cBeta npuHsATh paBHbim 100%.

102. CpaBHUTb BeJHYHHY HMIYJbCa B KpHCTaJjie aHTpaleHa
IpH PEerucTpally o-4acTHl ¢ 3Heprueli 4 Mas u 3JeKTpoHa C
sHeprueit 200 k3s.

103. Ilpu peructpaluuy HEHTPOHOB CUMHTHJ/AALMOHHBIM CYET-
yHKoM Hcmoabayercsi peakuust Li7(n, o)HS, npu xoropoi Bbme-
Jsercs B BMIE KHHETHUYECKOH SHEPrud 3apsKeHHBIX YaCTHL
4,78 Mass. DHeprusi +y-KBAHTOB, CONPOBOXAAMIOUIMX HEHTPOHHOE
u3/jayueHue, o6biuHO He mpeBbiiaer 2 Mas. OnpeenuTh BeNndH-
Hy Topora aMIUIMTYAHOTO AMCKPUMHHATOpa Ha Bhixojae ¢oro-
5JIEKTPOHHOTO YMHOXKHUTeNs1 ¢ KoapdpuunentoM ycuienns M=105,
HeOOXOAMMYIO AJs TOro, YTOGHl OTCeYb HUMMYJbCH OT Y-KBAHTOB
¢douna. KsantoBas 3¢ddexTHBHOCTE QOTOKATOAA YMHOXKHUTENA
M, = 100%; koadpduuuent cobupauusi ceera 90%; emkoCcTh cO-
GupaloLIero JMEKTPoAa MO OTHOIIEHHMIO K 3eMJie BO BKJIOYEHHOM
cocrosauun C=10 nd.

104. [lns perdcTpauuu MOTOKA TENJOBHIX HEHTPOHOB HC-
MOMBb3yeTCs KUMAKUR CUHHTHIIATOP, B KOTOPOM pacTBOPEH Me-
tun6opar, comepxamuii 20 me ectectBeHHoro Gopa. OueHutb
BpeMs, B TeueHHe KOTOpPOro 3((PpeKTHBHOCTL PErucTPaLUH yMeHb-
38 )



wures  Ha 10%, ecau  noTok  HEHTPOHOB  cocTaBasieT
10'2 yact/(cm?- cek).

105. COUHTHANALUOHHBIN raMMa-CIEKTPOMETP C KPHUCTaJJIOM
NaJ(TI) perucrpupyer y-kBauth Bi%!3. OueHnTb MHHHUMaJbLHOE
paspelleHde 10 SHEPTHH B 3TOM CNEKTPOMETPE, ecau K03 duliu-
eHT cobupanus csera 90%, a kBaHTOBas 3(PheKTUBHOCTL (HOTO-
Karofa ymHoxureas n, = 109%. o

106. CpaBHHTh BeJMUHHBI =~ MMNYJAbCOB, BO3HHUKAIWOLIHKX TNPHU
paccenBaHHKM OBICTPBIX HEHTPOHOB Ha sApax yraepoaa U BOJO-
poAa B XHUIAKOM CHUHTHAASATOpPe. 3HaueHHe KOHBEPCHOHHOU 3¢-
(DEeKTUBHOCTY CUMHTUANATOpPA TNPU perucTpauuu saep yriaepona
B 8 pa3 MeHbllle, YeM NPH PETHCTPALMH TPOTOHOB.

107. B CUHHTHAJNSALMOHHOM CYETYHMKE H3MepeHbl aMIIUTYAbl
MMIYJbCOB OT MOHOXPOMATHYECKOTO HCTOUHHMKA y-KBaHTOB. Oxa-
3a/10Ch, UTO aMIIUTY[bl pachpeeseHsl cjlelyoluM o6pa3oMm:

Amnau- . '
Tyna, 6 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

Yucao
HMNYlb-
coB . 1 1 2 10 23 31 42 54 46 55 35 28 16 10 2 2

BoluncnuTth CpenHee 3HayeHue W CTAHAAPTHOE OTKJ/IOHEHUE aM-
MJIUTYAbl HUMIYJbCOB. HOCTPOI’lTb pacnpeaeneHve, ykas3aTb CTa-
THUCTUUECKHE OLIMOKH OTAEJNbHBIX H3MepeHHﬁ.

CueTunKH 4epPeHKOBCKOro H3JyYeHus

UepeHKOBCKHE CUETUYHKH HCIOJb3YIOTCH AJAs  PErucTpaluu
ObICTPBIX 3apsxeHHBbIX yactull. M3anyueHne HepeHKoBa BO3HMKA-
eT B TexX cJaydyasix, KOrJa CKOPOCTb 3apsi’>KEHHOH 4acTHUBl U B He-
KOTOPOH cpele TpeBBIIIAET CKOPOCTb pAacCHPOCTPAaHEHHs CBeTa

c
B 9TOH cpene _KU>—>' Hanpasneune pacnpocTpaHeHHs!
UepeHKOBCKOTO H3JyuyeHusi 3agaercs yraom 0, onpenensembiMm M3
COOTHOLIEHHUS
1
cosl=—,
na

. (4
rae #— nokasatejb TPeJOMJEHHsT cpefbl, B = - WHTeHcuB-

HOCTb YEepPEHKOBCKOrO H3JIyUeHHs BbIpaxKaeTcsd 4YHUCAOM (OTO-
HOB / B HHTepBaJie 4acToT Av, BO3HHUKAIOUIUX MPU MPOXOKAEHHU
yacTuue#i B paaunatope nytu B 1 cm:

7:282 i %Ay .,
1=2220 1—P—n>_mgm,e.

B o6sactu BHAMMOro CBeTa WHTEHCHBHOCTb UYEPEHKOBCKOTO W3-
JnyyeHus cocrasaser npumepHo /=450 sin?0 ¢oronos. Jdauresn-
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OCTb WMNYJbCa UYEPEHKOBCKOTO M3JYy4YeHHs1 OnpejesnsieTcss pas-
HOCTbIO BPE€MEH fy W f;, KOTOpPble OTBEYAIOT MOMEHTY NpHXOoja B
TOUKY, OTCTOSILLLYIO Ha PACCTOSSHHH @ OT TPAEGKTOPHUHU YaACTHUILH!, PH-
OJIETOBOH M KPacHOH TrPaHULBl CNEKTpa:

=t —t = [tg (0 4 A6) —tg0].
fie —

An
[Ipu He caumikoM OGoJbLIMX 3HAUEHHSX AUCIEPCHH —~ 27O BHI-

pa’keHHe MOXKHO YHPOCTHTh:
6 Al
8  cos?l

T=

Ecau usBecreH yroJs 4€peHKOBCKOTO H3JYyUEHUA f u mokasartesb
npejoMJI€EHUs CPeAbl 1, MOXHO pacCUuTaTb KHUHETHUYECKYIO 3Hep-
THI0 PEerucTpUpyeMblX 4YacCTHUL:

= MCZ< ncos( _1>
VnZcostu—1
e — ——

108. OuennTb BpeMs paspelieHuss B CUETUYHKE UYEPEHKOBCKO-
IO W3JyueHHs!, ecau AJauHa udayuatenas 10 cm.

109. OueHuTb CKOPOCTb NPOTOHOB, PETHCTPHPYEMBIX UEPeH-
KOBCKHM CUETYHKOM, ecjd yroa U, moa KOTOPbIM H3JydarmoT 3TH
NPOTOHBl B AUCTUJIMPOBAHHON BoOAe, cocramaser 25°30°. Kakosa
JOJXKHa ObITb AJMHA H3JaydaTensl AJs TOTO, yTOOBl HeolpeaeseH-
HOCTb B BeJIMUHHE CKOPOCTH, CBsI3aHHAsl C MOTepell SHepPruu B ca-
MOM H3Jyuatese, He npeBbimana 0,3%?

110. Kako# sHeprueii Ao/xkHa o6JajnaTbh a-yacTHLla, 4YTOOBI
CO31aTh YEePEHKOBCKOE H3JyueHHe B BoJe?

111. DnexkTpoH, NpoxoAs uepe3 BOAY, CO3AAeT YePEHKOBCKOE -
H3JIyYeHHe, KOTopoe pacmpocTpaHsercs mox yriaom 40° kK ua-
npaB/eHnl0 ero ABuKeHHs, OnpefenuTb HEPTHIO 3JEKTPOHA H
BBIUMC/AHUTbL YMCJIO (DOTOHOB, CO3[LaBaeMblX Ha | c¢m ero myrw.

112. OueHuTh BeJHYMHY HMIyJabca B cueTynke YepeHKosa,
BO3HUKAIOLLYI0 B pe3yJbTaTe NPOXOXKIEHUS PeNnATUBHCTCKOIO
3JiekTpoHa ¢ 3Heprueir 10 Mss uepes paauaTop € AUCTHIIHPO-
BaHHOH Bojo#t toainuHoi 3 cm. Koapoduuuenr ycuneHus ¢oro-
3JIeKTPOHHOTO yMHOXKUTens M=10% KBaHntoBass 3(¢heKTHBHOCTD
¢dorokarona 7, =10%. EmMkocTsh aHoma (OTOYMHOXKHTENA MO
OTHOILUEHHIO K 3eMJe BO BKJIOUYeHHOM cocTosHun C=38 ng. Ko-
s dunnenT cobupanus cBera cuutatbh paBHbiM 90%.

113. OnpenenuTs CBETOBOH BHIXOA OT I-Me30HA C 3HepTHeH
80 Msg B NMCTH/NIHPOBAHHON BOJE NMPH NJWHE H3JayyaTeas 3 cM
B HHTepBaJje AJHH BOJH, COOTBETCTBYIOIIMX CMNeKTpaJbHOH UyB-
CTBHUTE/ILHOCTH CYPbMSIHO-11€3HEeBOTO KaToAa (350—550 mMmK).

114. KakoB Bbix0oA (OTO3/JEKTPOHOB OT YEPEHKOBCKOIO H3Jy-
YeHus, CO3JaBaeMoro m-me3oHamu c sHepruei 100 Mas Ha | cm
NyTH B MJeKcurjace, ecin 15% cBera Tepsercs NPH OTPaKeHHH
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Ha pas3/IMUHbIX NOBEPXHOCTSX, a OCTaJbHAas YyacTb NONajaer Ha
KaTol (OTOYMHOXKHTeNsl, KBaHTOBas 3(P(PEKTHBHOCTb KOTOPOTO
15%7?

MpuGopel nss perucTpauuu cjaeloB 3aPSKEHHBIX YACTHLL

B sTOM paspmene npeacraBieHbl 3afayd HAa HCKPOBYIO KaMme-
py u saaepueie pororpaduyeckne sMyabcud. B HCKpoBoii Kamepe
3JIEKTPOHBI, 00pa3oBaHHble 3aPSXKEHHOH YacTHIEH, YCKOPSIIOTCS
CHJIbHBIM 3JIEKTPHYECKUM HUMIYJbCHBIM TOJEM, U MeXIy 3JeK-
TPOJAaMH BO3HMKAEeT MCKpa Wau rpynna uckp. MckpoBas kamepa
npeiacrab/asger cob6oll ynpaBasemblil npu6op. OGHUYHO OHA TOMe-
aeTcss MeXAy TPYNNoH CYeTYUMKOB, UMNYJbC C KOTOPbIX BKJIO-
uaeT BbICOKOBOJIbTHBHINA reHepartop. ['eHepaTop BKJIOUAETCS TOJb-
KO TOC/ie NMPOXOXKAEeHHS 3apsKEeHHOH uacTHUbl uepe3 pabouuil
o0beM. Bpems 3anasabiBaHHs BBICOKOBOJIBTHOTO HMIYJIbCA AOJK-
HO OBbITb MeHblle BPEMeHH DaccackiBaHHS 3JEKTPOHOB f, MO

BJAWSTHHEM  OYHILLAIOILIEro IMoJs. tp = rone d— paccrosaHue

MEXIYy 2JIeKTPOJaMH, U — CKOPocTh Apelida 3aekTpoHOB. Kouu-
4YeCTBO 3JIEKTPOHOB, OCTaBLIKMXCA B paGouem oObeMe K MOMEHTY
NoJayy BbICOKOBOJIbTHOTO MMIMYJIbCA, MOXKHO OLEHHTb H3 (HOPMY-
JIBL: n=n0< — %), rie ng— YUCJA0 3JeKTPOHOB, 06pa3oBaH-
Hoe wacrulell; 7, — BpeMs 3anasjblBaHHs BbICOKOBOJILTHOT'O HM-
nyJjbca. '

B ¢dotorpaduyeckux 3mMynbCHAX MHUKPOKPHCTA/bI TaJOreHU-
Jla cepe6pa NoJ AEHCTBHEM CBETa WU HOHU3MPYIOLLEro u3jayde-
HUs TpuoGpeTaloT crnocoGHOCTL K nposiBiaeHuto. ObsyueHue CcBe-
TOM WJIM HOHHU3HPYIOILIMMU YAaCTULAMH NMPHUBOAUT K 06Pa30BaHHIO
B 9MYJbCHOHHOM 3epHe LeHTpPa CKpbITOro H3o6paxeHus. Jas
TOro 4ToGB OGJydeHHOe 3ePHO CyMesO NPOSIBUTbCS 3a BbIOpaH-
HOe BpeMsl NMpOosiBJeHHsl, He06X0AUMO, 4TOGH KOJIHYeCTBO cepel-
pa B ILeHTpe CKPbITOro M300paxkeHHs1 ObIJIO He MeHbIle MOopo-
ra 4YyBCTBHUTEJbHOCTH 3MyJbcuH. [lopor 4yBCTBHTENLHOCTH MO-
’KeT ObITb pacCuMTaH Kak

0 — anMHIIy

rue fly,, — MHUHHMaJbHOe KOJIM4ecTBO cepebpa B LeHTPE CKPBITO-
ro usobpakeHus, obecneynBalollee NPOABJEHHE 3€pHA; @ — KO-
JIMYECTBO SHEPTHH, 3aTpaunBaeMoe 3apsKeHHOH yacTHlleH Ha 06-
pasoBaHue OJHOTO aTtoMa cepebpa B MUKDOKPHCTaJJe TaJoreHu-
na cepebpa. Ecnu uacruua tepsier B 3MyJbCHOHHOM 3€pHE 3HEP-

AS .
rHI0 Ag, TO npu 3ajaHHOM cooTHomenun K= —, BeposTt-
HOCTb MNPOSIBJEHHA 3€pHa JO0JI2KHA onpenensiTbcqa Bep0HTHOCTbIO
TOro, 4YTO B 3€pPHE OKAXETCd He 6oJaee K LIEHTPOB UYBCTBUTEJb-
HOCTH OJIIOC BEPOATHOCTb BCEX BO3MO2KHbBIX KOM6HHauHﬁ, npu KO-
TOPLIX YMCJO LEHTPOB B 3epHe Gosblie K, HO Gaarogaps cTaTH-
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CTHYECKUM (JIYKTyalMaM YHCJIO aTOMOB cepeGpa CKPHLITOTO H30-

GpaxeHust XoTs 6bl B OZHOM M3 LEHTPOB COCTABHT BeJHUHHY
Ay WM OONBIIYIO:

W=W(m )+ W(m 2 +...+W(n, K)+
+W (m, K4+ D)W (K +1, 1> ny.) +
+Wimn, K4+2W (K42, 1>t +...

3nech m — cpefHee 4YHCJIO LEHTPOB YYyBCTBHTEJNLHOCTH, NpUXxo-
Asiieecda Ha OOHO 3€pHO.

—— @ Co——

115. Onpenenuth 3Q(QEKTHBHOCTL PErHCTPALUM KOCMHUYECKHX
YacTUL, MCKPOBOH Kamepo#. YacTulbl NMpoxoasT B Kamepe NyTb
5 cm. Kamepa HanosHeHa HEOHOM 10 AaBJjeHHs p=500 mm prT.cT.
PaccmoTpeTb cayvalt npoxoxKAeHHs] HCKPbI MO TPEKY.

116. OnpenenuTb, CKONBKO 3J€KTPOHOB OCTAHETCS B HCKDO-
BOH KaMepe K MOMEHTY NOJauH BLICOKOBOJBLTHOrO MMIYJbCa, ec-
Jii BpeMsl 3ama3JblBaHWSl BbLICOKOBOJLTHOTO HMNYJAbCa paBHO
1 mrxcex. Kamepa perucrpupyer Kocmuueckue yactuibl. Hanps-
JKeHHOCTb ouuinatwuiero noag E=200 s/cm. Paccroauue d Mex-
Ay 3JekTpoaamu Kamepbl paBHO 10 cm. Kamepa HanosHeHa He-
OHOM 10 naBaeHus p=400 mm pr. cT.

117. VckpoBass Kamepa perucTpupyer KOCMHUECKHe YacTH-
ubl. Kamepa HanosHeHa cmecbio u3 Heoua 99% wu aprona 1%
no pasjeHuss p=600 mm pr. cr. Paccrosinne d MexXAy 3J€KTpo-
JaMM Kamepbl paBHO 8 cm. HanpsKeHHOCTh OYMLIAIOLIETO MOJS
cocrasasier 500 s/cm. Kamepa ynpasasiercs cuetunkamu [eiire-
pa. OueHuTh AONYCTHMOE BpeMs 3aJlepXKKH NOJaul BLICOKOBOJLT-
HOTO UMNYJIbCA.

118. VMckpoBass kamepa ympasjsiercsi cuetynkamu [efirepa,
BKJIIOUEHHBIMH B CXeMy COBNAf€eHHi, MMIYJAbCbl OT KOTOpPO# 3a-
TMyCKAIOT BLICOKOBOJbTHBLIA TeHepaTop, MOAAIOIIMHA HanpsiKeHue
Ha 3JIeKTPOAbl KaMepbl, B TeueHue 10 mur BBICOKOBOJIbTHBIH Te-
Hepatop cpa6oraa 200 pas. Uucso MCKp OT PeNSITHBHCTCKHUX Ya-
cTHL, o6pa3oBaBlleecs 3a 3T0 e Bpemsi B kKamepe, 180. Ompe-
nenuTh 3PpPEeKTUBHOCTL PETrHCTPAlMH HCKPOBOH KaMepou peJs-
THBHCTCKHX YaCTHL U ee abCONIOTHYIO INOTPELIHOCTD.

' 119. OueHHTb BepOSITHOCTL TPOSIBJEHUs] 3epHA B sAepHOH
¢otorpaduueckoil 3MyJabCUH, €CAU CpPEJHEE UYHUCJIO LUEHTPOB UyB-
CTBHTEJLHOCTH, TPHXOAsLIleecss Ha OMHO 3epHO, cocTapaser 2, a
OTHOIL€HHE KOJHMYeCTBa PHEPTHM, NMOTEPSAHHOH yacTHUEeH BAéepHe,
A& x nopory 4yBCTBHTEJBHOCTH MYJIbCHH ®, paBHo K = —=3.

120. TlocTpoWTh 3aBUCHMOCTL BEPOATHOCTH TPOABJEHUA

9MYJbCHOHHOrO 3€pHA OT 3HAUEHHA CPEIHero uucjaa LEHTPOB

YYBCTBHTEJLHOCTH 1, MIPUXOASILIErocsi Ha oAHO 3epHo. OTHolue-
HHe KOJIMYECTBA SHEPTHH, NOTepsHHOH uactuledr B 3epue A&,
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A
K TNOpOTy YYBCTBUTE/ILHOCTH 3MYJbCHH ® paBHO K= —?:2.

Jlns m B3stL 3navenus: 0,5; 1; 1,5; 2; 2,5; 3.

121. TlocTpoutb 3aBUCHMMOCTb HauboJjee BBITOJHOTO CpeLHero
YMCcaa IEeHTPOB YYBCTBUTENbHOCTH, NPHUXOASILErocs Ha OLHO 3ep-
HO, OT OTHOLIEHHS] KOJIUYecTBa SHEPrHH, INOTEPSHHOH YacTHLel
B 5MYJbCHOHHOM 3€pHe, K TIOPOTY UYBCTBHUTEJIbHOCTH 3MYJbCHH.

l(=-A§? usmensiercs ot 1 mo 10.

122. OueHuTb BepOATHOCTb. NPOSABJAEHHA 3epHA B sepHON
(potorpaduueckoii 3MyJbCHH, NpeJHA3HAUYEHHOH [JS pEerucrpa-
IIMH peJATHBUCTCKUX dactul. [lopor 4yBCTBUTEIbHOCTH 3MYJib-
cuu cocrasaser 200 38 na 3epHo. CpenHee YHCAO LEHTPOB UyB-
CTBUTEJIbHOCTH, TpPUXOASALIeecss Ha OAMH MHKDPOKPHCTA/I rajo-

reiuza cepebpa, m=2. OTHoLIeHNe KOJHYeCcTBA SHEpPruH, MNore-
pAHHOH qacmuen B 3epHe, K mIopory quchmeanocm IMYJIb-

CHY paBHO K— L ,2.

123. Ilpu onpeneneﬂnn HOHH3UPYIOLIEell CIOCOGHOCTH YacTH-
bl Gbl1a H3MepeHa IJIOTHOCTL 3epeH Ha ee Tpeke B Qororpadu-
yeckoil amyabcud. nnuHa Tpeka coctasisaa | mm. Uncna sepen
Ha oTpeskax aauHoi 100 mx okasamuck 39, 40, 40, 38, 43, 37, 39,
38, 36, 40. OnpenenuTh OTHOCHTEbHYIO YI€NbHYI0 HOHM3aLHIO
JJIsl 9TOH 4YacTHIBl, €CJIH HU3BECTHO, YTO YHCJO 3epeH, co3naBae-
MOe yYacTulell ¢ MHHUMaJbHOH HOHM3alHeH B 3MYJbCHH [JaHHO-
ro tuna cocrapjsier 33 3epHa Ha 100 mx.

124. B snepHoit dhoTorpaduyueckoii 5Mynbeud HEOOXOLUMO H3-
MEDUTL HOHH3HPYIOIYI0 CMOCOGHOCTh dYacTHLLL. M3BecTHO, 4TO
CpelHsisl IJIOTHOCTb 3€PeH, T. €. HHCJO 3€peH Ha oTpe3kax IJIH-
Ho#t 100 mk, paBHO 40, a cpegHsAsa HIJWHA TPEKa COCTaBJSET
600 mx. Kakoe KOJIMUECTBO TpPEKOB ' HEOGX0AMMO 06paboTaTh,
yTOOB OTHOCHTE/]bHasi olKGKa = M3MepeHWss Oblsa He GoJee
29%? KaxkuM KOJIMYeCTBOM TPEKOB MOXHO OTPaHHYMTbCS, €C/IH
nonycrumast omubka 5%?



OTBETbI U YKA3AHUS

1.
pasom,
doueMm

oo

.

LrNe

Paccrosiuve Mexay 3/]eKTPOAAaMH BbIOMpaeTcsi TaKUM 06-
4TOOB! NMpO6Er a-yacTHLbl NOJHOCTBIO YKJalAblBajaca B pa-
o6beMe HOHH3ALUOHHOM KaMepr d>21 cm.

~ 0,6 cm.

He Gosee 7,75 MK.

He MeHee 1,2 arm.

9,66 ——— /mz ; 0,47 Mas.

5,7-10* 1/cm; 95 1/cm. .

[, = 10~° a; naBneuue He menee 1,5 arm.

0,2 mp.

Hpu NOCTPOEHUM CJeNyeT Y4eCThb 3aBHCHMOCTb npobera

9THWX YaCTHUL OT JaBJE€HHA.

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
- 20.
21.
22.

7,1- 10—‘5 a.
0,11 —— 0”2 i

1,76 - 10-16 q.

1,7- 10711 qa.

d= 16 mk.

[ =~46-10* a.

~ 7,7-10°% cm/cex.

183 cm/cek.

T+=09,8-10"3 cex; T-=7,1-10-% cex.
T,=84-10"% cex; T4=5,4-10"3 cex.
He menee 100 Mownm.

He Gonee 100 konm.

Creayer cpaBHUTh aMIIUTYAY MMINYJbCa OT PEJATHBHCT-

CKO# YacCTHIBl C aMIJIUTYIZOH COGCTBEHHBLIX IIYMOB YCHJIMTEJS.

23.

24,

1,2 ms.
HajiTu 3aBHCMMOCTb aMIUIMTYILl HMTMYy/JbCa OT BPEMEHH;

paccyuTaTh MakCHMaJbHble 3HAUEHUS AJs 3J1eKTPOHHOH M HOH-
HOM COCTABJSMIINX; MOCTPOHTL HECKOJIBLKO TOYEK Ha crajaiouied
yactn kpuBoil. Ilpu pacuerTe 3/JeKTPOHHOH COCTaBJAIOLIEH MOXK-
HO NpPHHATB, yTO0 RC > T,.
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25. IMnysnbc omnpenensieTcss TOJNBKO 3JEKTPOHHOH COCTaBJA-
IOIIEN.
AV, yae = 2,8-107% 6.

26. O6paTuTb BHUMaHHe HA TO, YTO NMPOGEr q-YacTHILI 6O0Jb-
Ile PACCTOAHHA MEXAY 3J€KTPOJamHu.

A‘/e wae — 1,09+ 107* s.

27. Tak kak npober @-4acTHUIIbl MEHbIEe PACCTOSHUSI MEXIY
3JIeKTPOLAMH, TO B CJydae «a» 3JeKTPOHHAS COCTaBJsOLas
JOJDKHA COCTOATL M3 JBYX CJlaraeMblx

AV 1, + AV b,

rige [y — BpeMs NpHUXOJa NEpPBOro 3JIeKTPOHA Ha MOJ0XKHTeNb-
Hbll 371€KTPOM, f; — Pa3HOCTb MeEXJy MOJHLIM BpeMeHeM COOH-
panusl 3JEKTPOHOB H f;. B caydyae «O» HOHHAsl cOCTaBJAOLLAA
JOJI?)KHA COCTOSITbL M3 ABYX CJaraeMblX ' '

Av-rtl + Av+t21

rae t; — BpeMs NPUXOAA NepBOro HOHA HA OTPULATEJbHBIH 3JIEK-
TpOJA, !y — pa3HOCTb MEXJY MOJHBIM BpeMeHeM coOHpaHuA
HOHOB H . .

a) A Ve wace == 1072 8; AV, yae = 0,5- 1074 6.
6) Ave Make — 4728 . 10_4 8, AV+ Makc — 6,88 - 19-4 8.

28. AMnauTyza uMnyJabca ONpefessieTcsl TOJbKO 3JIEKTPOH-
HOM cocTaBasoled. Tak Kak npoGer yacTHUIbl MeHble paccTosi-
HUS MEXAY 3/JeKTPOJaMH, TO B c/lydyae «a» HMIyJbc Oyaer co-
CTOATb M3 JABYX COCTaBJSAIOIINX

Avetl + Avet‘_’.’

rae f; — BpeMsl NPHXOJA MNEPBOrO 3JEKTPOHA Ha COOMpaIOUIHH
3JIEKTPOA, fp — Pa3HOCTb MEXKAY NOJNHBIM BpeMeHeM cOOMpaHHus
3JIeKTPOHOB H f.

a) AV, yaee =2,32-107% 6, 6) AV, yae = 0,43-107¢ 6.

29. Pa36poc MMNy/abCcOB MO aMIUIMTYAaM ONpeensieTcss OTHO-
IIeHHEM Pa3HOCTH MEXKAY, MAKCUMaJbHLIM H MHHUMaJbHbIM 3Ha-
YeHUsIMH BeJUUUHLI HMNYJbCA K CpPeJHEMY 3HaueHHIO.

AVMN((‘,—AVMMH — 1 4%.
AVep '

30. 260 mx.
31. 6 mk.
32. B kaMepe, HanoHeHHOH aproHoM, AV, =4,36-10"* s;
B Kamepe, HanoaHeHHO# Ar+5% COg AVyu =84-107* 6.
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st 06BsICHEHHS] DPe3yJabTaToB CJELyeT CPAaBHHTb [POHM3Be-
neuve RC ¢ BpeMeHeM CcOOHMpaHHUSI 3JEKTPOHOB.

33. B kamepe, nanonHeHHou aproHom, AV,..= 8,35.10-¢ g;
B Kkamepe, HanosHedHOM Ar4COp, AV, = 5,15-10-% 6.

Jasi o6bACHEHHS DPe3yAbTAaTOB CJEAYeT CPaBHHUTh npousse-
nenve RC ¢ BpemeHeM cOOHpaHHUsl 3JEKTPOHOB.

34. Ons Toro 4ToObl MOCTPOMTh AHd(depeHIHaNbHOEe pachpe-
IejqeHde HMNYJAbCOB Mo aMmiautynam f(AV), caeiyer uaitu 3a-
BUCHMOCTb YMC/J1a WMINYJbCOB C JaHHOW aMIIMTYION [B mpene-
aax ot AV no AV+d(AV)] ot aMnanTyas, BeIpaXKeHHOH B elH-
HUIax go/C. Uucso MMNynbCOB ¢ MaHHOM aMIJMTYOH BhIpaXaeTr-
csl yepe3 HHTEHCHBHOCTb MCTOUHHKA Ny W TesecHbll yroa do, Om-
pelensieMblfl JHHEeHHBIM yraom 0 MexAy HampaBlieHWeMm ToJeTa
Q-4aCTHLbl M CHJOBBIMH JHHUSIMH TmoJasd. [Ipu nmocrpoeHus HH-
TerpajbHOrO pacnpejesneHuss HMNYJAbCOB No amnaurynam F(AV)
HeoOXOA¥MO HAUTH 3aBHCHMOCTb YHCJIA HMIYJAbCOB C aMIWIUTY-
Jo# 6oJbIle JAaHHOH OT aMIVIUTYAbl. DTO MOXHO IMOJYYHTb, HH-
rerpupys f(AV) B npenenax ot AV mo AV, =4/C.

) f(AV):qO—}'C B mpexesax or N=0 npno 6=12x
(ot 1/2q¢/C no ¢o/C).

F(AV):N0<1_:/—Z>.

6) f—% B npexenax or 6 =0 go 0=

AV =0 po AV = q,/2C).

| AV
F (V)= N, (7 - =

(r. e. ot

~I

35. Haiitn 3aBuCMMOCTbL Yuc/la MMNYJAbCOB B JAaHHOM KaHaJje
OT HOMepa KaHaja. MaxkcumanbHas aMIUVIMTYAa HMIYJAbca
AV e =92 8, MUHMMaJbHAA aMnauTyaa umnyasca AV,,, =46s.
B 3THx mpemenax 4HMCJIO MMIOYJALCOB B KaXXAOM KaHajle MOXHO
CUHTATb OAMHAKOBLIM: n= 196 umn/kanax.

36. [lns onpeneseHus CKOPOCTH cYeTa CJelyeT. HaHTH KOJIH-
4ecTBO -4acTHLl dN, BbIIETAIOUHX U3 GeCKOHEYHO TOHKOIO CJIOs
dx, HaXOMsLIerocss Ha PacCTOAHHH X OT NMOBEPXHOCTH HCTOYHHKA
(npuuem x<<R.), B TeJeCHOM yrje «, ONpeje/siolleM YacTHIDL,
nonapiive B pa6ounii o6beM KaMepbl. 3aTeM NPOMHTErPUPOBATH
3TO BbipaxKeHue Mo BceM x oT 0 mo R..

a) B cayuae «6GeckKOHEYHO TOJICTOTO» CJ0S

_Q Kk
N=-5 —

6) B ciyyae «6eCKOHEYHO TOHKOIO» CJIOsi
_ 9
N=={1—

2R,
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3nech N — CKOpoOCTb cueTa; Q =neS — HHTEHCUBHOCTb HCTOYHMKA;
[{e — npoGer a-yacTHIbL,

37. Heob6xoauMo yuecTb, YTO 3KBUBaJeHTHass emKocTb C 3a-
psikaeTrcsl TONLKO B TeueHHE TOrO BpEMEHH, INOKa 3JEeKTPOHLI
aBuratorcss B pabouem ob6beme Kamepbl. [lostomy ¢opmy um-
ny/jbca yao6HO CTpOUTb, pa3buBas BpPEMEHHYIO OCb Ha CJedylo-
lLILHE UHTEPBAJBI:

a) ¢ — MOMEHT MOsIBJIeHHUs] 3JEKTPOHOB B paboueM 0OBEME,
t"” — MOMEHT NPHXOLA 3JEKTPOHOB Ha COOHPAIOLIUH 3JEKTPOA.

AV () =0; AV (') — ‘(’:—"

6) {; — MOMeHT NpHXOAa NEepBOro 3JeKTpoHa Ha cobupalo-
LIHUHA 3JIEKTPOL;

f — MOMEHT TMpHXOJa TNOCJAeJHero »3JeKTpoHa B pabounit
06BeM;

{3 — MOMEHT NpUXOda INOC/AeLHero 3JeKTpoHa Ha cobuparo-
LLUHA 3J1eKTPOA.

AV (1) = g5 AV (L) =55 AV (6 = .
38. Paspeluenne no sHepruu onpenessieTcss Kak CTaTHCTHUe-
CKUMH (PAYKTyauussMH B 4YHcJle Nap HOHOB, CO3MAHHLIX @-4acTH-
meil, Tak U NOTEPSIMH SHEPTHH B CAMOM HCTOYHHKE.
AE
”

39. F = 1,6-10% rvedrpon/(cm?- cex).

40. Cpennee umucao pacnanos 3a | wac cocraBasier 4. Ha nsa-
TM MeTpax JeHTbl MOXHO 3anucatb 400 umnyabcoB. Dd¢ekT
pacnpeneneH no 3akony Ilyaccona.

41. TIponycku 129%; ckopocTh cuera n=1250 umnjcex.

42, 3,33+0,03. I1pu omunbke B 2% Bpemsa uamepenus 15 muwr;
npu ourn6ke B 5% Bpems udMepeHus ~4 MuH.

43. Tlpu onpejesieHHH KOJNNUECTBA JIEHThl HYKHO HANTH UMC-
JIO HMNYJbCOB, KOTODPOE HeOOGXONMMO 3amicaTb Ha 3TOH JIEHTE,
YTOOBl 06ecneunTh 3aJaHHYI0 TOYHOCTb. KOJIMYECTBO JIEHTbI
5,65 m. CKOpOCTb JIEHTbl He MeHee 26 cm/u. i

44, SV =1,6-100,

=VvV2

45. 330.

46. ~ 30.

47. a) 9%; 6) 64%.

48. n=2,3%.

49. 06 %. B ecTecTBennofi cMecu mzortonos Gopa wusotom B!°
cocraBasier 18,89%. Uro6bl MOBBLICUTL 3 (PEKTHBHOCTL, CJeAyeT
JIOBECTH KOHIeHTpauuio u3orona B! mo 75%.

~ 60/
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50. 20 umn/cex; 10 pas.
B

51. m=exp\ AV e V ), rie A u B — mocrosinuble,

52. JIna OODBACHEHHS 3TOrO SIBJCHHMSA CJEAYyeT PpacCMOTPEThb
BTOpHYHbIe 3¢ PeKTbl B 3THX rasax.

53. Tak xak npober saapa Li] oueHb Mas, TO B OCHOBHOM pe-
THCTPHPYIOTCA TOJNBKO @-U4acTHLB, JeTduue B yriae 2. 1=0,3%.

54. 3anauy npepjaraeTcsl pellaTh, HCMOJb3Ys NPUHLMI HaK-
MeHblKX KkBaapatos. A=0,0189; Ny=52500.

55. ~ 73 s.

56. 1= (116+=30) mxcex.

57. ~ 10°.

58. ~ 101,

59. ~ 200 mxxropu.

60. ~ 0,50/0.

61. 3%.

62. JInsa cuerunka, HamoJIHEHHOro aproHoMm, n=99%; nas
cUeTuHKa, HanoJ/JHeHHoro Bojopoaom, M=74%. Ilpu pemenun
3TOH 3aj4a4u HeoOXOAUMO OIpefeJUTh CPeIHHH NyTb KOCMHYe-
CKOM yacTHUIbl B CUETUHKE.

63. Y]=94,80/0 ilo/o‘

64. Tlponyckn BO3HHMKAIOT B Tex c/Ayyasx, KOTAa dacTula He
COCUHTAeTCsl MO KpaiHei Mepe OJHHM W3 TPEX CYETYHKOB, BKJIO-
YeHHBIX B cxeMmy coBmaaenuit. Ilponycku ~109%.

65. [oas y-KBAHTOB, NOTJIOLLEHHBIX B CTEHKaxX CYeTUYHKa,
~0,01, nornowenssix B raze, ~ 0,0001.

66. He menee 3,5 Mas.

67. 0,35.

68. a) n=0,5 umn/cex; T=37 mun.

6) n=25 umnjcex; T=44 cek.

69. ~2.10* unmn.

70. JnuTenbHOCTb racsilllero HMIYyJabca ONpeJessieTcss BpeMe-
HeM cOOHMpaHusl MOJOXKUTeAbHbIX HOHOB. He menee 200 mKxcex.

71. Ot ucrounuxa 2250 umn, ¢on 250 umn.

72. 1=63 mxcex.

73. 540 mxkopu.

74. 2,48 ms.

75. 3 m8.

76. Bpems HapacTaHus (pOHTaA MUMIyJ/bca ONpelesseTcs Bpe-
MeHeM COOMpaHHs HOcHTeJell 3apsgoB, 06pa30BaHHBIX 3apsAXKeH-
HOU YaCTWLEd B YyBCTBHTe/JbHOM cioe. ~ 2-107% cex.

77. 5,3-107° cex. :

78. 70 mk.

79. na repmanHusg @ = 220 om-cm; [Js KPEMHHS ¢ =6X
X 10° om - cm.

80. Bpemsi xu3Hu omnpenesnsieTcs BpemeHeM JApedda HocuTe-
Jiel 3apsiloB 0 4YYBCTBUTENbHON o6nacth. Bpems npeiida nbr-
pox T+=190 mxkcek; Bpems npeiipa snexrponos T, =83 mkcek.
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81. ConpoTHB/eHHe YyTeYKH 3aBUCHT OT BpeMeHH cOOHpaHHS
HocuTesnell 3apsan0B, KOTOPOE oONpefensieTcss BpeMmeHem apeida
Hocuteneit. R ~ 10° om.

82. B 14 pasa.

83. 1,6 - 105

84. 4,5. -

85. d=250 mk; 9g=5:10% om - cm.

86. 1) 15; 2) 136; 3) 13,6. Takum ob6pasom, Hauaydllee OT-
HOLIeHHe CHMrHaJjga K IIyMy BO BTOPOM BapHaHTe, HauUXyAllee —
B TpeTbeM. IIpy pacyere HEOGXOAMMO YUYHTHIBATb H3MEHEHHE Be-
JUUHHLl COTMPOTHBJEHUS] KPHUCTA/NIa U H3MEHeHHe eMKOCTH. ‘

7 nzl,Q%

88. PaspewieHve no 3HepruH B MNOJYNPOBOJHHKOBOM JeTeK-
Tope npumepHo B 10 pa3 Jayuite,

89. 2,8 98; 3,2 38.

90. 2,6 10%

91. 10%.

92, K=2,2-10%.

93. 0 =2,9; “K-=1,2%.

94. TeMHOBOH TOK, B OCHOBHOM, ONpE€Je/NsAETC T€PMOIMHUCCH-
eil, TO3TOMY 3aBHCHMOCTb TEMHOBOIO TOKa OT TeMIlepaTypbl MOXK-
HO ompejenuth, npuMensis ¢opmyay Puuapncona. a) B 10 pas;
6) B 1000 pas.

95. n1=24,4%; d=15,3 cn.

96. AV=24 s.

97. a) ’Y]=730/0, 6) 'r]=99%

98. 24 s.

99. 32 s.

100. ~ 0,6%.

101. MakcumanbHoe 3HaueHue aMIIMTYAbl ~ HMIYyJbca
AV =106 npu t=6-10-8 cex.

AV,
102. =1,7.
AVg

103. 10 s.

104. Okoso 1 rona.

105. 29%.

AVy

107. 403,

108. Bpemsi paspelieHHs orpaHHYeHO BpeMeHeM paspellieHust
(hOTO1EKTPOHHOTO YMHOXKHUTENS.

109. Cxopoctb nportoHoB 2,5 1010 CM/CeIC IJIMHA U3JaydaTedns
He GoJjee 5 cu.

110. 1960 Mass.

111. DHeprus snexkrpoHa 2 M3s; uucjao (GOTOHOB, co3raBae-
mMoe MM Ha | c¢m mytn B usnyudarene, 200.
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112.
113.
114.
115.
116.
117.

AV=0,1 8.

90.

20.

100%.

[Topsigka 60.

BpeMss mojayd BBICOKOBOJBLTHOTO

umnyJsabca JAOJIXKHO

6bITh MeHbIlle BpeMeHH Jpeiida 3JEKTPOHOB NMOA AeHCTBHEM OYH-
waromero noad. T,, =6 mxcex.

118.

=90% =2,2%.

yyscTBUTEAbHOCTH. W=0,73.
120. HanGonbillee 3HaueHHE BEpPOSITHOCTH l'[pOHBJIeHI/Iﬂ 0,59
mpu m=1,5.
121. Coothomrenne mexay m=f(K).
122. 0,285.

123.

1,18+0,06.

124. a) 10; 6) 2.

119. BynyT NposiBIeH BCe 3epHa, UMelollue l 2, 3 ueHTpa



ITPHJ/IO)KEHHE I
TABJIULLbI '

Ta6auua 1
DJAEMEHTH H H30TOMNb

daemenr 2 |Egl £ daemeHT S | Eg| E

z |85 Eg EREEHT

O |z < m O < = <.m
Asot N 7 | 14,008 (|Mpunuit Ir 77 1192,2
AKTHHHE Ac | 89 |227 UrTepbuit Yb 70 | 173,04
AnoMummit Al | 13| 26,98 || Wrrpuis Y | 39 | 88,92
Awmepuuuit Am | 95 |243 . Hoa [ 53 | 126,91
Aprox Ar 18 | 39,944 ||Kanmuit Cd 48 [ 112,41
Acratun At 85 | 210 Kanuit K 19 39,10
Bapuit Ba 56 | 137,36 Kanudopuuii| Cf 98 | 246
Bepunnnit Be 4 9,013 ||Kanbumit Ca 20 40,08
Bepkauii Bk | 97 245 Kucnopon O 8 16,00
Bop B 5| 10,82 ||Ko6ambr Co | 27| 58,94
Bpom Br 35 | 79.916 ||[Kpemnuii Si 14 28,09
Bananuit \Y% 23 | 50,95 Kpunton Kr 36 83,80
BucmyT Bi 83 | 209,00 KcenoH Xe 54 | 131,3
Bonopon H 1 1,008 |l Ktopuii Cm | 96 | 243
Boabdpam w 74 | 183,92 Jlantan La 57 | 138,92
T'agonuuni Gd | 64 |156,9 Jluruit Li 3 6,940
Tanuit Ga | 31| 69,72 Jlorenuit Lu 71 174,99
Tapuun Hf | 72 |178,6 Maruui Mg | 12 24,32
TCemnit He 2 4,003 |[MapraHen Mn | 25 54,94
I'epmanuit Ge | 32| 72,6 Menb Cu 29 63,54
Tonbmuit : Ho | 67 | 164,94 Menpenesuit | Md | 101
Iucnposuit Dy | 66 | 162,46 Monu6nen Mo | 42 92,95
EBponuii Eu | 63 |152,0 Mpluubsak As 33 74,91
JKeneso Fe | 26 | 55,85 | Harpuii Na | 11 22,991
3oJ0TO Au | 791|197 Heonum Nd 60 144,27
Wunui In 49 | 114,76 Heon Ne 10 20,183
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IIpodoarxcerue Taba. !

= |3 E = | 3 B
dieMeHT 2 |55l E dnement 2 | 2| E
£ |83 =3 S |83 £g
(@) < = < m Q << = < m
Hentysni Np | 93| 237 CrpoHuuit Sr 38 87,63
Hukens Ni 28 | 58,69 ||Cypbma Sb 51 | 121,76
Huobu# Nb | 41| 92,91 || Tannui T 81 | 204,39
Oumnoso Sn | 50 | 118,70 |[Tauran Ta 73,0| 180,95
Ocmuit Os | 76 [ 190,2 Tennyp Te 52 | 127,61
IMannanuit Pd 46 | 106,7 = || Tep6uir Tb 65 158,92
ITnaruna Pt 78 | 195,23 || Texnenwuit Te 43 99
ITnyTonui Pu | 94| 242 Turan Ti 22 47,90
IMonouui Po | 84210 | Topui Th 90 | 232,05
Tpaseom Pr| 59| 140,92 || Tysmun Tu | 69 | 168,94
Ipomernit Pm | 61 | 145 Yraepox C 6 12,011
ITporakTHHAIT Pa | 91 | 231 Ypan U 92 | 238,07
Panuit Ra | 88| 226,05 || depmuit Fm | 100 | 248
Pazon Rn | 8 | 222 @ocgop | P | 15 | 30,975
Pennit Re | 75| 186,31 ®paunnit Fr 87 | 223
Ponui Rh | 45| 102.91 ®rop F 9 19,00
Pryts Hg | 80| 200,61 |l Xnop Cl 17 35,457
Py6unuii Rb | 37 85.48 Xpom - Cr 24 52,01
Pyrennit Ru a4 | 1061 Hippeapy Cs | 55 | 132,01
Camapuit Sm | 62| 150,43 Llepuii Ce | 58 | 140,13
CBuHen Ph | 82| 207,21
Hunk Zn | 30 65,38
Ceuen Se | 34| 78,96 ‘
Cepa s | 16| 32,066 || Hupkonni | Zr | 40 | 91,22
Cepebpo Ag | 47 | 107,880 || Dtmwreiuiy Es 99 | 247
Cranpuit Sc 21 44,96 dpbuit Er 68 167,2
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Tabaunuua 4

HekoToprie cneunanbHble eXUHMUBI SIAEPHOH (QH3HKH

bBapu — enununa uamepenus sbdex-
THBHOTO IIONIEPEYHOro CeueHHst B3aNMo-
JeHCTBHA HeHTPOHA C BellleCTBOM

DIeKTPOHBONILT — eJMHHLA SHEPTHH

Kosdduunenr nepexoga or Maccel
K SHepruu

KlOpH—BHeCHCTeMHaH ealrMHuna ak-
THBHOCTH panHOAKTHBHOIO H3JIyYEHHSA

PenTren — BHecHCTeMHass  efMHHLA
SKCTO3ULHOHHON 103bl PEHTTeHOBCKOTO
H y-H3JyuyeHHi i

1 6apn = 10—2¢ ¢m?

1 38 = 1,602-10—19 gpc =

= 1,602—12 sp2
1 ke = 103 28
1 Mss = 106 26

1 spz = 6,25-101 28
1 2=15,61000-102 Mss

1 wropu = 3,7-10 pacnjcex

1 p=2,083-10° map uoHoB B | cu3
BO31yXa NPH HOPMAJbHLIX YCIO-
BHUAX

DHepreTHYeCKHH 9KBHBAJNEHT PEHT-
rena: | p=0,114 spz=71.104

M3s nornoumenHoi sHepruu B 1 cu3
BO31yXa IIPH HOPMAJbHBIX YCIOBH-
X,

DHeprus HelTPOHOB cO ckopocThio 2200 m/cex 0,02529 38.
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Ta6auma 5

Koadduunent nas npusemenuss K enununam CH u3 apyrux cHcrem

l 2 =10-3 k2
I m =108 xz

1 oo e M. =1,66-10—27 ke

1 Ooun =1.10-5 »

| kec = 9,80665 H

1l eax=1-10—2 »

1 A=1.10-10 4

1 mrm = 10—6 u

1l amm =1 reclcm?

| en. cunet Toka CI'C=1/3-10-° a.

| en. kosmuectBa anektpuuectBa CI'C = 1/3-10-° «.

1 en. Hampsi2KeHHOCTH 3JIEKTPHUecKoro mogs = 3-10~* &/m.

| en. Hanpsixenus CI'C =3.10% a.

1 _ 1
Ll (2

Tabnuma

Jinneiinble ko3 duumenTsl norgowenns y-keantog Co% g pasnHuHbIX

6

MaTepHaJax
JluHelHBIH KO3(- JluHelHbl K03(-
Marepuan ¢unuent morao- Marepunan ¢bunueHT norxao-
WEHUsA [, CM~1 LieHus 1, cmu—1
Yraepon 0,088 Cepebpo 0,53
Maruui 0,099 Kanmuit 0,438
Anomuuui 0,143 OnoBO 0.362
XKeneso 0,407
Boasdppam 1,011
Huxens 0,448
Mexs 0,464 3oaoTo 1,074
Unnk 0,366 Caunern 0,643
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Ta6auuma 7

3aBHCHMOCTb KO3(PHUHEHTA NOIJIOWEHHS] y-KBAHTOB OT SHEPrHH AJsA BO3JyXa

Koadduuments norioumeHus
DHeprus |-KBaHTOB,

Mss 5 cM2.2—1 Yar cM2.2—1 M’.]O—A cM—1 > iJB’—AXM—l
0,01 4,55 4,20 54,9 50,7
0,015 1,45 1,18 17,5 14,3
0,02 0,712 0,479 8,59 5,77
0,03 0,335 0,139 4,04 1,67
0,04 0,239 | 0,0616 2,88 0,742
0,05 0,203 0,0376 2,45 0,453
0,06 0,185 [ 0,0287 2,23 0,346
0,08 - 0,166 0,0236 2,00 0.284"
0,10 ‘ 0,155 0,0232 1,87 0,279
0,15 0,136 0,0251 1,64 0,302
0,20 0,123 0,0269 1,48 0,324
0,30 0,107 0,0288 1,29 0,347
0,40 0,0953 0,0295 1,156 0,356
0,50 0,0869 0,0296 1,05 . 0,357
0,60 0,0804 0,0296 0,696 0,356
0,80 0,0706 0,(288 0,851 0,348
1,0 0,0635 0,0279 0,766 0,336
1,5 0,0516 0,0256 0,622 0,309
2,0 0,0443 0,0237 0,543 0,286
3,0 0,0357 0,0211 0,430 0,254
4,0 0,0307 0,0193 0,369 0,233
5,0 0,0275 | 0,0182 0,331 0,219
6,0 0,0252 0,0174 0,304 0,209
8,0 0,02.2 0,0162 0,267 0,195
10 0,0204 0,0155 0,246 0,187

15 0,0180 0,0147 0,217 0,177

20 0,0169 0,0145 0,204 0,175

30 0,0163 0,0146 0,196 0,176

40 - 0,0160 0,0148 0,193 0,179

50 0,0161 0,0151 0,194 0,182

60 0,0162 0,0154 0,195 6,185

80 0,0166 0,0160 0,199 0,192

100 0,0169 0,0164 0,204 0,197

IlpuMeuaHnue. ) — MaccoBbii Koa)(dHIHMEHT MNOI/IOLIEHHs Y-KBAHTOB;
Y.a— MaccoBHil KO3()(PUIMEHT MNOMVIOLIeHHS SHepPrMH y-KBAHTOB; | — JIMHEH-
HBI!l KOS((HIMEHT MNOIVIOLIEHUSI Y-KBAHTOB; WM a— JHHEHHHIH KO>(PPHUHEHT MO-
1JIOLEeHHs] 9HEPTHH Y-KBaHTOB.

58



Tabnuua

8

OHeprus y-KBaHTOB, paccesiHHbIX mop yriom © B8 pe3yabTaTe KOMNTOHOBCKOTO
B3aHUMoeicTBHSA

DHeprus magalUIUX Y-KBaHTOB, Mas

Yron paccesnus

6° 0,5 1,25 3,0 6,0
0 0,500 1,250 3,000 6,00
0,498 1,238 2,933 5,738

10 0,4925 1,204 2,749 5,075
15 0,4835 1,152 2,490 4,958
20 0,4715 1,086 2,203 3,481
25 0,4572 1,013 1,920 2,824
30 0,4408 0,936 1,663 2,300
35 0,4234 0,861 1,439 1,893
40 0,4051 0,789 1,249 1,576
45 0,3866 0,722 1,087 1,329
50 0,3683 0.660 0,955 1,134
55 0,3505 0,605 0,843 0,981
60 0,3332 0,556 0,749 0.857
65 0,317 0,511 0,672 0,757
70 0,3016 0,472 C,606 0,674
75 0,2871 0,438 0,551 0,606
80 0,2736 0.408 0,504 0,549
85 0,2615 0,381 0,463 0,501
90 0,2501 0,357 0,428 0,461
100 0,2298 0, 18 0,374 0,397
110 C,2134 0,287 0,332 0,350
120 0,1998 0,263 0,300 0 316
130 0,1893 0,245 0,276 0,289
140 0,1806 0,231 0,258 0,270
150 0,1743 0,220 0,246 0,256
160 0,1699 0,214 0,238 0,248
170 0,1674 . 0,210 0,233 0,240
180 0,1665 0,208 0,211 0,239
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1
HonnsaunonHble noTepu NmPOTOHOB — — -
3

d¥€

Ta6aunma 9

— , M3sfz-cn—?

dx

dHeprus npoTOHOB,

BemecTtBO

Mss Al Pb BO31YyX C
2 110,8 41,14 134,0 140,6
3 83,16 34,62 99,86 104,4
4 67,44 29,85 80,53 83,97
5 57,19 26,36. 68,00 70,74
6 49,84 23,65 58,99 61,29
7 44,38 21,54 52,32 54,28
8 40,09 19,81 47,11 48,81
9 36,67 18,40 42,96 44,47
10 33,80 17.18 39,51 40,87
20 19,70 10,73 22,66 23,34
30 14,31 | 8,050 16,35 16,79
40 11,41 6,548 12,98 13,32
50 9,584 5,581 10,87 11,14
100 5,674 3,424 6,382 6,526
200 3,522 2,189 3,942 4,016
300 2,771 1,747 3,093 3,148
600 2,022 1,305 2,249 2,278
1000 1,754 1,153 1,950 1,960
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Ta6auna 10
TpoGern npoToHOB B BO3AyXe
e3 |25l 23 | 8| 23] S5 |[ 28| 8| 28] &
oS |cl|osS | |[asS || aZS |3 | a6 | =3
0,0 ] 0,00 1,8 5,99| 3,6|19,3 6,8 | 58,1 11,0 135,7
0,1 0,13 1,9 | 6,55|| 3,7 (20,22 7,0 | 61,1 11,5 146,8
0.2]0,2 2,0 7,14] 3,8]|21.17 7,2 | 64,2 12,0 158, 4
0,3 (0,40 2,1 | 7,74 3,9(22,14 7,4 67,4 12,5 170,3
0,4 0,59 2,2 | 8,37| 4,0 (23,12 7,6 | 70,6 13,0 182,7
0,5 0,80 2,3 9,02( 4,225,15 7,81 73,9 | 13,5 195,4
0,6 [ 1,05 2,4 9,69 4,4 27,25 8,0 77,3 14,0 208,5
0,7 1,32 2,5 (10,38 4,6 29,43 8,2 | 80,7 14,5 222,0
0,8 1,62 2,6 111,09 4,8 31,68 8,4 | 84,2 15 236,9
0,9(1,95 2,7 | 11,82| 5,0 (34,0 8,6 | 87,8 17 295,3
1,0 [ 2,30 2.8 12,57 5,2 36,4 8,8 91,4 20 395,5
1,1 2,69 2,9 13,34| 5,438,9 9,0 | 95,1 25 591
1,2 | 3,09 3,0 | 14,13][ 5,6 | 41,4 9,2 98,9 || 30 821
1,3 3,52 3,1 [ 14,94 5,8]44,0 9,4 1102,7 || 50 2064
1,4 3,97 3.2 15,77|| 6,0 (46,7 9,6 [106,6 |[ 100 7138
1,6 | 4,44 3,31 16.63|| 6,2 (49,4 9,8 | 110,5 || 200 23970
1,6 | 4,93 3,4 | 17,50| 6,4 52,2 10,0 | 114,6 || 300 47 480
1,71 5,45 3,6 18,39 6.6 55,1 10,5 | 124,9

61



Ta6auma 11

3aBHCHMOCTL MAaKCHManbHOro npodera [-yacTHu (Rﬁ) OT 3HEPruM

B aJIOMHHHH H B BO34yXe

Anovmuuui

Bosnyx

DHeprus slek-

TpoHOB, Mas npober, Mz-cmu—2 npober, mau npober, ¢
0,01 0,16 0,0006 0,13
0,02 0,70 0,0026 0,52
0,03 1,5 0,0056 1,12
0,04 2,6 0,0096 1,94
0,05 3,9 0,0144 2,91
0,06 5,4 0,0200 4,03
0,07 7,1 0,0263 5,29
0,08 9,3 0.0344 6,93
0,09 1l 0,0407 8,20
0,1 14 0,0500 10,1
0,2 42 0,155 31,3
0,3 76 0,218 56,7
0,4 115 0,426 85,7
0,5 160 0,593 119
0,6 220 0,778 157
0,7 250 0,926 186
0,8 310 1,15 231
0,9 350 1,30 261
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Ilpodorscerue taba. 11

Amomunuit Bo3nyx
dueprusa siaek-

TpoHOB, Mo npober, mz-cu—2 npoGer, Mu npober, cu
1,0 4,0 1,52 306
1,25 540 2,02 406
1,50 670 2,47 494
1,75 800 3,01 610
2.0 950 3,51 710
2,5 1220 4,52 910
3,0 1 500 5,50 1100
3,5 1750 6,48 1300
4,0 2000 7,46 1500
4,5 2280 8,44 1700
5,0 2540 9,42 1900
6,0 3080 11.4 2300
7,0 3600 13,3 2700
8,0 4140 15,3 3100
9.0 4650 17,3 3500

10 5200 19,2 3900
12 6 250 23,2 4760
14 7300 27,10 5400
16 8400 31,0 6200
18 9500 35,0 . 7000
20 10 500 39,0 7800

INpumeuanue Jlia MOHOSHepreTHueckKHX [-uacrtull
0,8 -3 Mas MaxcuMaJbHblil NPOGEr B aJIOMHHHH MOXKHO BBHIUHCAUTH MO ¢op-

MyJe

R (2-cn?) = 0,542 83— 0,133.

C 3SHeprussMu
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Tabnuma

MaccoBble K09 PHUHEHTH NOIJIOWEHHST P-H3JNYYEHHS! B AJIOMHHHM
(B 3aBHCHMOCTH OT 3HEPTHH H3JYy4YeHHs HEKOTOPLIX H30TOMOB)

13

Wsoron 85 M3s A CM2e-2—1
15P32 1,71 5,3
165% 0,17 .290
g0Cat? 0,25 128
27C 080 0,31 79
3P D210 0,018; 0,057 2034
¢3Bi210 1,17 17

Ta6anuuma 14

3HaueHHWe OTHOCHTENbHOH TOPMO3HOH CMOCOGHOCTH pPa3AHYHBIX BEIWECTB
LAsl (.-4aCTHL C 9Heprueir okoao 6 Mas

Beuectso TonwuHa cnoda, mz/cu?
Cniona 1,45
AnomMuHui 1,52

2,71

Cepebpo

IMpumeuaHnue Xumuueckas ¢opmyna cmopasi KAly (OH, F), [AlSiz0y0].

Cpennuit aromunii Bec 19.

MounekynsipHeiit Bec 436,1.

5—384
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Tao6numa 18

3HaueHHe MHHHMAJbHOH YLeNbHO HOHH3AUHH Yyuy B HEKOTOPBIX ra3ax
(aKcnepHMeHTaJdbHble JaHHble)

Ias Bosnyx Bonopon Tenunit Aprox

46 6,5 8 53

YmuH

MMpumeuaHue vVyyy— CPefHee 3HAUEHHE MNONHOTO YHCIA Tap HOHOB,
o6pasyeMbIX ONHO3apsSAHBIMH 4acTHLAMH C MHHHMaJbHOM HOHH3MPYIOLEH cro-

COGHOCTbIO Ha nyTH B 1 cm NpH HOpMAaJbHOM [AdaBJIEHUH.

Ta6auma 19

3Hauyenne nepannoifl ylleJleOﬁ HOHH3AUHH PENSITHBUCTCKHX YaCTHL v,
AJiss HEKOTOPbIX ra3os

He Ne Bosnyx Ar Xe

las H2

Vo, CM~1-ammu—1 6 6 12 21 29,4 44

MMpumeuanue IleppuyHas yjesbHast HOHH3ALHUSA Vo ONMpPENENsieTCH Kak
YHCIO Tap HOHOB, 0OpasyeMBIX DeNSTHBHCTCKON 4YacTHLell HAa nyTd B 1 cM

NPH HOPMAJ/IbHOM [ aBJIEHUH.
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3Hauenne nocrosiuibix U ¥ ndy Aas

HEKOTOPBLIX Tra3os

Ta6auma 20

ITocTosuuble Bonmopon Teanii Apron Bosayx
U, s 370 460 410 800
nhg, MM-MAL pmL. CML. 30 250 60 900
Ta6aunna 21

Koadduunedt pexkomOHHAUHH

HOHOB & B HEKOTOPbIX rasax

las a-106, cu3-cex—1 a3 a- 108, cu3-cex—1
Ar (c mpumecsimu) - 1,06 N, 1,06
02 2'08 H2 0.28
Bo3nyx 1,65

ITpumeuaHue.

B Tabauue npuBeneHw 3HaueHHs ko3 duureHta a

06'beMHOM pexomﬁunanuu, BBIYHCJIEHHBIE TIpH HOPDMAJbHBIX YCJIOBHAX.
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Ta6auuma 24

ToABHMKHOCTD HOHOB R, B HEKOTOPHIX ra3ax, BBIYMCIEHHAasi AJSl HOPMaJbHOro
nasaenna P, (cm/e-cex)

kyp=const npu

72

Tas k& ky COOTHOLLIEHHH
Elp

Boanyx (cyxoi) 1,35 1,87

Bo3nyx (BnakHhlit) 1,36 1,51

Hy (uncthiit) 14,5 11,3

H; (Texmmnuecknii cyxoit) 5,9 8,2

He (yucrnit) Ot 51020 o 500 <10
He (Texnuueckuit) 5,1 6,3 <10
Ne Ot 4 10 6 <8
Ar (TexHHuecKHi1) 1,4 1,7 <40
Ar  (uucTeiit) Or ,6 102,6] Lo 200 <40
Oz (cyxoit) 1,32 1,85

O, (BnaxHbIA) 1,26 1,52

CO, 0,84 0,98

Kr 0,9—1,2 <30
Xe 0,6—0,8
N, (TexHHuecKHi) 2,64 1,8
N2 (uuctniit) 2,64 Ho 145

Ilpumeuanue.

760

ca no dopmyne k, = ko —.
p

lNopBuxHOCTL nA JO6GOTO JNaBJeHHS p onpenpenser-



Ta6auua 25

XapakrepucTHKa [-H3JyYeHHHl HeKOTOPbIX PaJHOAKTHBHBIX H30TONOB

Mepron Bux Mag:zmsg;uaa
Hsoron B-u3n 13|emm
noaypacnana U3y YeHHus /l}jlae '
27C060 5,27 rona B, v 1,478
0,670
0,309
389190 28,4 rona B 0,535
3 YY1 57,5 nua B, 1 1,550
44Ru106 1 rox B 0,0392
plnii2 14 mun 3+, 1,7
B— 07
55C 8137 26,6 rona B 1,2
,sCelsd 285 nHel 8 0,32
6Er160 9 nneit 8 0,33
s Pm7 2,64 rona 3 0,223
6o T U170 129 nuei B, v 0,950
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Ta6nuuma 28

TI0THOCTL HEKOTOPHIX BElEeCTB (NPH HOPMAJbHBIX YCIOBHSX) .

Beuiecto & A BemectBo |& £ Bewecrso )
(teeproe) | 253 | (xmaxoe) [2S3 (ras) 28«
ErW E=S =N
AnoMuHHH 2,7 Bona 1 Asor 1,25
bop 2,33 Cnupt (METH-
NOBBI#) 0.81 Apron 1,78
Bpomucroe ce- Cnupt (9T4-
pebpo 6,47 J10Bbli1) 0,791 Bosznyx 1,2928
Xaopuctoe ce- ‘ ;
pebpo 5,85 ddup 0,736 Tenuit 0,1785
I'epmanuit 5,32 XKunxu# asor Kucnopon 1,429
Wunuit 7,28 Kcenon 5,85
Hox 4,91 - Meran 0,7168
Kanmuit 8,65 Heoxn 0,9
Keuneszo 7,7--7,9 JByoxuco
yraepona 1,9768
Kpemunit 2,35 Okucb yraepona [l1,25
Jlen 0,917 Pagou (raso-
o6pa3Hnbiii) 9,73
Menb 8,89 dropucteii 6op 2,99
Hukens 8,8 Bonopon 0,0899
Curiona 2,64
Crexao 2,4—2,8
CauHen 11,34
IMapaduu 0,9
vk 7,1
IMonouni 9,32
IayTonuii 16,4—19,8
Panuit 5,0
Topuit 11,5
Henryuni 19,5
Ypau 18,7
Jlutuin 04534
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Ta6aunma 29

XapaKkTepHCTHKH KPHCTAJIOB F€PMAHHA H KPEMHUS

ITapamerpbt Fepmanuii KpemHuii

ArtoMmHBIE HOMep 32 14
AtomHubIlt Bec 72,6 28,06
Konuenrpauus aromoB B 1 cm3 4,4-1022 5-1022
JusnexTpuueckass NpOHHIAEMOCTh € 16 - 12,5
Illupuna 3anpeleHHON 30HH, 38 0.75 1,12
YnenbHas 3neKTPHYecKasi NpOBOAUMOCTb C; | :

npu T=300°K, om—!-.cu! 60 1,57-10s
IlogBHKHOCTB 3JI€KTPOHOB &,  IIpH

T =300°K, cm2-8-'.cex—1 3900 1500
TMooBUIKHOCTL  OBIPOK Mp mpu T=300°K, |

cm?- 87" - cex 1 1900 500

mlglocz-gljc)@rluueﬂr audpdysun  aepok D, M 13
Kosdduuuenr andodysun  smekTponos - Dy,

cm?/cex 93 30

T=C§8(I)lglle{e, C:hPeMﬂ MHU3HH  IBIPOK T, MPH (1+10)-10-4 (550 . 10~

%[):eél(l){oeoeK,B;;Zﬁﬂ JKU3HH 3JIEKTPOHOB T, NpH (1+10)- 10+ (5.50). 10~

IlnoTHOCTD, 2/cM® 5,32 2,33
Nuddysuonnas anuHa saektpona L, cm| (1+3)-10=1 (4--10):10—2
Jucddysuonnas AaHHA KHIPOK Lg, cM (7+20)-10—2 | (2+60)-10-2

Ta6auua 30

CooTtHowenne yaenbHeix Tennoemkocreii C,/Cy

I"a3 CplCy Map CplCy
‘Bozayx 1,40 H,0 1,30
Ar 1,67 C,H;OH 1,13
Ne 1,66 CH30H | 1,26
CO, 1,30 '
H, 1,41
N, 1,40
0, 1,40
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Ta6nuuwa 33

HeKO’I‘OpHe 4acTo BCTpeyaloUHecss NMOCTOSAHHbIE

[TocTosannasn YucnoBoe 3Hauenue g
= 3,14 0,497
- 6,28 0,798
3n 9,42 0,97
4n 12,566 1,099
6r 18,849 1,275
%n 4,18879 0,622
La 7 0,196
9 v 1 v5 ’
V= 1,772 0,2485
e 2,718 0,4342
Ve 1,648 0,217
In 10 2,3 0,36
In = 1,144 0,058
Ta6auuya 33a
dakTopHAJLI HEKOTOPHX YHCEN
Yucao 3nauenne ¢akTopHaia
(U] 1
2! 2
3! 6
41 24
51 120
6! 720
71 5040
8! 40320
9! 362880
10! 3628800
Bl 39916800
121 479001600
13! 6227020800
141 87178291200
151 1307674368000
16! 20922789888000
171 355687428096000
18! 6402373705728000
19! 121645100408832000
20! 2432902008176640000
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Ta6auua 34

CooTHOlIEHHUs MeXAy €AHMHHUAMH BPEMEHH

EpuHuLb CyTtku Y MUH cex Mcek MKCCK
1 cyTkm 1 24 1440 86400 | 86,4-106 | 86,4-10°
1 yac 1/24 1 60 3600 3,6-106 ] 3,6-1C0
1 Munyra 1/1440 1/60 1 60 60600 60- 106
1 cekynna 1/86400 | 1/3600 1/60 1 1000 10¢
1 muanucexyu -| 1/86,4x | 1/3,6 X -
na X 106 X 108 1/6-104 10-3 1 103
1 muxkpocexyn-| 1/86,4X | 1/3,6X
na X 109 X 109 1/60-106 | 10-¢ 10—3 1
Ta6auna 35

NpuctaBkn ans 0603HaueHUs KPATHBIX H JOJbHBIX €QHHHI H3MEPeHHA

OTHOwWeHNe Cokpaiwennoe 0603HaueHHe
Haumenosanue K TJaBHOM
elnnuue pycckoe MEXAYHaponHoe
IMuko 10—12 n p
Hano 10—9 H n
Muxkpo 10—¢ MK w
Munau 10—3 M m
Cautu 10—2 c c
Heun 101 0 d
Jexa 10 da da
IekTo 102 2 h
Kuao 103 K k
Mera 108 M M
lura 10¢ r G
Tepa 1012 T T
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Ta6nuua 36

CooTHOLIEHHS] MeXAy eAHHHUAMH JJHHbI

Eavnnun M oM M MK A
1 Metp "’ 1 100 103 106 1410
1 canTumerp 102 1 10 10t 108
1 munanMerp 10—3 10—1 1 108 107
1 MHUKpOH 10—s 10—1 10-3 1 104
1 anrcTpem 10—10 10—3 10—-7 10—¢ 1

Ta6auuna 37

CooTHOoWeHHst MeXay eAHHHUaMH ob6bema

Enununupt M3 ou3 cud M3
1 ky6. merp 1 103 106 10v
1 xy6. peuumerp 10-3 1 103 106
1 xy6. caHTHMeTp 10-¢ 10—3 1 108
1 ky6. Muaanmerp 10— 10—¢ 10—3 1

6—384
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NMoka3aTeabhble QyHKUHH

Ta6aunpa 38

X e* e—*% X e e—*
0,00 1,0000 1,0000 0,33 1,3910 | 0,7189
0,01 1,0101 0,9900 0,34 1,4049 0,7118
0,02 1,0202 0,9802 0,35 1,4191 0,7047
0,03 1.0305 0,9704 0,36 1,4333 0,6977
0,04 1,0408 0,9608 0,37 1,4477 0,6907
0,05 1,0513 0,9512 0,38 1,4623 | 0,6839
0,06 1,0618 0,9418 0,39 1,4770 0,6771
0,07 1,0725 0,9324 0,40 1,4918 0,6703
0,08 1,0833 0,9231 0,41 1,5068 0,6637
0,09 1,0942 0,9139 0,42 1,5220 0,6570
0,10 1,1052 0,9048 0,43 1,5373 0,6505
0,11 1,1163 0,8958 0,44 1.5527 0,6440
0,12 1,1275 0,8869 0,45 1,5683 0,6376
0,13 1,1388 0,8781 0,46 1,5841 0,6313
0,14 1,1503 0,8694 0,47 1,6000 0,6250
0,15 1,1618 0,8607 0,48 1,6161 0,6188
0,16 1,1735 0,8521 0,49 1,6323 0,6126
0,17 1,1853 0,8437 0,50 1,6487 0,6065
0,18 1,1972 0,8353 0,51 1,6653 0,6005
0,19 1,2092 0,8270 0,52 1,6820 0,5945
0,20 1.2214 0,8187 0,53 1,6989 0,5886
0,21 1,2337 0,8106 0,54 1,7160 0,5827
0,22 1,2461 0,8025 0,55 1,7333 0,5769
0,23 1,2586 0,7945 0,56 1,7507 0,5712
0,24 1,2712 0,7856 0,57 1,7683 0,5655
0,25 1,2840 0,7788 0,58 1,7860 0,5599
0,26 1,2969 0,7711 0,59 1,8040 .0,5543
0,27 1,3100 0,7634 0,60 1,8221 0,5488
0,28 1,3231 0,7558 0,61 1,8404 0,5434
0,29 1,3364 0,7483 0,62 1,8589 0,5379
0,30 1,3499 0,7408 0,63 . 1,8776 0,5326
0,31 1,3634 0,7334 0,64 1,8965 0,5273
0,32 1,3771 0,7261 0,65 1,9155 0,5220
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IIpodorscenue Taba. 38

X e* e—* X e e—*
0,66 1,9348 0,5169 1,00 2,718 | 0,3679
0,67 1,9542 0,5117 1,01 2,7456 0.3642
0,68 1,9739 0,5066 1,02 2,7732 0,3606
0.69 1,9937 0,5016 1,03 2,8011 0,3570
.0,70 2,0138 0,4966 1,04 2,8292 0,3535
0,71 2,0340 0,4916 1,05 2,8577 0,3499
0,72 2,0544 0,4868 1,06 2,8864 0,3465
0,73 2,0751 0,4819 1,07 2,9154 0,3430
0,74 2,0959 0.4771 1,08 2,9447 0,3396
0,75 2,1170 0,4724 1,09 2,9743 0,3362
0,76 2,1383 0,4677 1.10 3,0042 0,3329
0,77 2,1598 0,4630 1L 3,0344 0,3296
0,78 2,1815 0,4584 1,12 3,0649 0,3263
0,79 2,2034 0,4538 1,13 3,0957 0,3230
0,80 | 22950 0,4493 1,14 3,1268 0,3198
0,81 2,2479 0.4449 1,15 3,1582 0,3166
0,82 2,2705 0,4404 1,16 3,1899 0,3135
0,83 2,2933 10,4360 1,17 3,2220 0,3104
0,84 2,3164 0,4317 1,18 3,2544 0,3073
0,85 2,3396 0,4274 1,19 3,2871 0.3042
0,86 2,3632 0,4232 1,20 3,3201 0,3012
0,87 2,3869 0,4190 1,21 3,3535 0,2982
0,88 2,4109 0,4148 1,22 3,3872 0,2952
0,89 2.4351 0.4107 1,23 3.4212 0,2923
0,90 2,4596 0,4066 1,24 3,456 0,2894
0,91 2,4843 0,4025 1,25 3,4903 0,2865
0,92 2,5093 0,3985 1,26 3,5254 0,2837
0,93 2,5345 0,3946 1,27 3.5609 0,2808
0,94 2,5600 0.,3906 1,28 3,5966 0,2780
0,95 2,5857 0,3867 1,29 3,6328 0,2753
0,9 2,6117 0,3829 1,30 3,6693 0,2725
0,97 2,6379 0.3791 1,31 3,7062 0,2698
0,98 2,6645 0,3753 1,32 3,7434 0,2671
0,99 2,6912 0,3716 1,33 3,7810 0,2645

6*
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ITpodoarncenue Taba. 38

X e¥ e~ X eX . e—¥

1,34 3,8190 ~ 0,2618 1,67 5,3122 0,1882
1 35 3,8574 0,2592 1,68 5,3656 0,1864
1,3 3,8962 0.2567 1,69 5,4195 0,1845
1,37 3,9354 0,2541 1,70 5,4739 0,1827
1,38 3,9749 0,2516 1,71 5,5290 0,1809
1,39 4,0149 0,2491 1,72 5,5845 0,1791
1,40 4,0552 0,2466 1,73 '5,6407 0,1773
1,41 4,0960 0,2441 1,74 5,6973 0,1755
1,42 4,1371 0,2417 1,75 5,7546 0,1738
1,43 4,1787 0,2393 1,76 5,8124 0,1720
1,44 4,2207 0,2369 1.77 5,8709 0,1703
1,45 4,2631 10,2346 1,78 5,9299 0,1686
1,46 4,3060 0,2322 1,79 5,9895 0,1670
1,47 4,3492 0,2299 1,80 6,0496 0,1653
1,48 4,3929 0,2276 1,81 6,1104 0,1637
1,49 4,4371 0,2254 1,82 6,1719 0,1620
1,50 4,4817 0,2231 1,83 6,2339 0,1604
1,51 4,5267 0,2209 1,84 6,2965 0,1588
1,52 4,5722 0,2187 1,85 6,3598 0,1572
1,53 4,6182 0,2165 1,86 6.4237 0,1557
1,54 4,6616 0,2144 1,87 6,4883 - 0,1541
1,55 4,71156 0,2122 1,88 6.5535 0,1526
1,56 4,7588 0,2101 1,89 6,6194 0,1511
1,57 4,8066 0,2080 1,90 16,6859 0,1496
1,58 4,8550 0,2060 1,91 6,7531 0,1481
1,59 4,9037 0,2039 1,92 6,8210 0,1466
1,60 4,9530 0,2019 1,93 6,8895 0.1451
1,61 5,0028 0,1599 1,94 6,9588 - 0,1437
1,62 5,0531 0,1979 1,95 7,0287 0,1423
1,63 5,1039 0,1959 - 1,96 7,0993 0,1409
1,64 5,1552 0,1940 1,97 7,1707 0,1395.
1,65 5,2070 0,1920 1,98 7,2427 0,1381
1,66 5,2593 0,1901 1.99 7.3155 0,1367
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IIpodosrxenue taba. 38

X et e—* X e e—*

2,00 7,3891 0,1353 2,34 10,381 0,09633
2,01 7,4633 0,1340 2,35 10,486 0,09537
2,02 7.5383 0,1327 2,36 10,591 0,09442
2,03 7,6141 0,1313 2,37 10,697 - | 0,09348
2,04 7,6906 0, 1300 2,38 10,805 0,09255
2,05 [ 7,7679 0,1287 2,39 10,913 0,09163
2,06 7,8460 0,1275 2,40 11,023 - 0,09072
2,07 7,9248 0,1262 2,41 11,134 0,08982
2,08 8,0045 0,1249 2,42 11,246 0,08892
2.09 8,0849 0,1237 2,43 11,359 0,08804
2,10 8,1662 0,1225 2,44 11,473 0,08716
2,11 8,2482 0,1212 2,45 11,588 0,08629
2,12 8,3311 0,1200 2,46 11,705 0,08543
2,13 8,4149 0,1188 2,47 11,822 0,08458
2,14 8,4994 0,1177 2,48 11,941 0,08374
2,15 8,5849 0,1165 2,49 12,061 0,08291
2,16 8,6711 0,1153 2,50 12,182 0,08208
2,17 8,7583 0,1142 2,51 12,305 0,08127
2,18 8,8463 0,1130 2,52 12,429 0,08046
2,19 8,9352 0,1119 9,53 12,554 0,07966
2,20 9,0250 0.1108 2,54 12,680 0,07887
2,21 9,1157 0,1097 2,55 12,807 0,07808
2,22 9,2073 0,1086 2,56 12,936 0,07730
2,23 9,2999 0,1075 9,57 13,066 0,07654
2,24 9,3933 0,1065 2,58 13,197 0,07577
2,25 9,4877 0,1054 2,59 13,330 0,07502
2,26 9,5831 | 10,1044 2,60 13,464 0,07427
12,97 9,6794 0,1033 2,61 13,599 0,07353
2,28 9,7767 0,1023 2,62 13,736 0,07280
2,29 9,849 0,1013 2,63 13,874 0,07208
2,30 9,9742 0,10025 2 64 14,013 0.07136
2,31 10,074 0,09926 2,65 14,154 0,07065
2,32 | 10,176 0,09827 2,66 14,296 0,06995
2,33 | 10,278 0,09730 2,67 14,440 0,06925
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ITpodorscerue Taba. 38

86

X eV’ e—* X e e—*

2,68 14,585 0,06856 ‘ 3,00 20,086 0,04979
2,69 14,732 0,06788 3,01 20,287 0,04929
2,70 14,880 0,06721 3,02 20,491 0,04880
2,71 15,029 0,(6654 3,03 20,697 0,04832
2,72 15,180 0,06587 3,04 20,905 0,04783
2,73 15,333 0.06522 - 3,05 21,115 0,04736
2,74 15,487 0,06457 3,06 21,328 0,04689
2,75 15,643 0,06393 3,07 21,542 0,04642
2,76 15,800 0,06329 3,08 - 21,758 0,04596
2,77 15,959 0,06266 3,09 21,977 - 0,04550
2 78 16,119 0.06204 3.10 22,198 0,04505
2,79 16,281 0,06142 3,11 22,421 0,04460
2,80 16,445 0,06081 3,12 22,646 0,04416
2,81 16,610 0,06020 3,13 22,874 0,04372
2,82 16,777 0,05961 3,14 23.104 0,04328
2,83 16,945 0,05901 3,156 23,336 0,04285
2,84 17,116 0,05843 3,16 23,571 0,04243
2,85 17,288 0,05784 3,17 23,807 0,04200
2,86 17,462 0,05727 3,18 24,047 0,04159
2,87 17,637 0,05670 3,19 24,288 0,04117
2,88 17,814 0,05613 3,20 24,533 . 0,04076
2,89 17,993 0,05558 3,21 24,779 0,04036
2,90 18,174 0,05502 3,22 25,028 0,03996
2,91 18,357 0,05448 3,23 25,280 0,03956
2,92 18,541 0,05393 3,24 25,534 0,03916
2,93 18,728 0,05340 3,25 25,790 0,03877
2,94 10,916 0,05287 3,26 26,050 0,03839
2,95 19,106 0,05234 3,27 26,311 0,03801
2,96 19,298 0,05182 3,28 26,576 0,03763
2,97 19,492 0,05130 3,29 26,843 0,03725
2,98 19,688 0,05€79 3,30 27,113 0,03688
2,99 19,886 0.05029 3,31 27,385 0,03652




[Ipodonscenue Tada. 38

X e e—* X er e—¥
3,32 27,660 0,03615 3,66 38,861 0,02573
3,33 27,938 0,03579 3,67 39,252 0,02548
3,34 28,219 0,03544 3,68 39,646 0,02522
3,:5 28,503 0,03508 3,69 40,045 0,02497
3,36 28,789 0,03474 3,70 40,447 0,02472
3,37 29,079 0,03439 3,71 40,854 0,02448
3,38 29,371 0,03405 3.72 41,264 0,02423
3,39 29,666 0,03371 3,73 41,679 0,02399
3,40 29,964 0,03337 3,74 42,098 0,02375
3,41 30,265 0.03304 3,75 42,521 0,02352
3,42 30,569 0.03271 3,76 42,948 0,02328
3,43 30,877 0,03239 3,77 43,380 0,02305
3,44 31,187 0,03206 3,78 43,816 0,02282
3,45 31,500 0,03175 3,79 . 44,256 0,02260
3,46 31,817 0,03143 3,80 44,701 0,02237
3,47 32,137 0,03112 3,81 45,150 0,02215
3,48 32,460 . 0,03081 3,82 45,604 0,02193
3,49 32,786 0,03050 3,83 46,063 0,02171
3,50 33,115 0,03020 3,84 46,525 0,02149
3,51 33,448 0,02990 3,85 46.993 0,02128
3,52 33,784 0,02960 3.86 . 47,465 0,02107
3,53 34,124 0,02930 3,87 47,942 0,02086
3,54 34,467 0,02901 3,88 48,424 0,02065
3,55 34,813 0,02872 3,89 48,911 0,02045
3,56 35,163 0.02844 3,90 49,402 0,02024
3,57 35,517 0,02816 3.91 49,899 0,02004
3,58 35,874 0,02788 3,92 50,490 0,01984
3,59 36,234 0,02760 3,93 50,907 0,01964
3,60 36,598 0,02732 3,94 51,419 0,01945
3,61 36,966 0,02705 3,95 51,935 0,01925
3.62 37,338 0,02678 3,96 52,457 0,01906
3,63 37,713 0,02652 3,97 52,985 0,01887
3,64 38,092 0,02625 3,98 53,517 0,01869
3,65 38,475 0,02599 3,99 54,055 0,01850
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IIpodo.asenue Taoa. 38

88

x e’ e—* X e* e—¥
4,0 54,598 0,01832 7,0 1096, 6 0,000912
4,1 60,340 0,01657 7,1 1212,0 0,000825
4,2 66,686 ¢.01500 7,2 1339,4 0,000747
4,3 73,700 0,01357 7,3 1480,5 0,000676
4,4 81,451 0,01228 7,4 1636,0 0,000611
4,5 90,017 0,01111 7,5 1808,0 0,000553
4,6 99,484 0,0100& 7,6 1998, 2 0,000500
4,7 109,95 0,00910 7.7 2208,3 0’000453».
4,8 121,51 0,00823 7,8 2440,6 0,000410
4,9 134,29 0,00745 7.9 2697,3 0,000371
5,0 148,41 0,00674 8,0 2981,0 0,000335
5,1 164,02 0,00610 8,1 3294,5 0,000304
5,2 181.27 0,00552 8,2 3641,0 0.000275
5,3 200,34 0,00499 8,3 4023,9 0,000249
5,4 221,41 0,00452 8,4 4447,1 0,000225
5,5 244,69 0,00409 8,5 4914,8 0,000203
5,6 270,43 0,00370 8.6 5431,7 0,000184
5,7 298,87 0,00335 8,7 6002,9 0,000167
5,8 330,30 0,00303 8,8 6634, 2 0,000151
5,9 365,04 0.00274 8,9 7332,0 0,000136
6.0 403,43 0,002479 90 8103,1 0,000123
6,1 445,86 0,002243 9,1 8955,3 0,000112
6,2 492,75 0,002029 9,2 9897, 1 0,000101
6,3 544,57 0,001836 9,3 10938 0,000091
6,4 601,85 | 0,001662 9,4 12088 0,000083
6,5 665, 14 0,001503 9,5 13360 0,000075
6,6 735,10 0,001360 9.6 14765 0,000068
6.7 812,41 0,001231 9,7 16318 0,000061
6,8 897,85 0 001114 9,8 18034 0,000055
6,9 992,27 0,001008 9,9 19930 0,000050
10,0 22026 0,000045
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I'paduk 29. 3aBHCHMOCTb MOJIHOTO JIH-

HeHHOro KoaddHIHeHTa MOTJIOLeHHS

U ero OTARJbHBIX COCTABJSAIOLIHX OT

9HepruH Y-KBaHTOB B  KpHcTaJsle
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Fpacdux 30. 3aBucHMOCTb TNOJHOrO KO3(dHIHeHTa
NOIJIOIEHHsT U Y-KBAHTOB OT 3HEPTHMH B BO3JyXe.
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I'padux 32. 3aBHCHMOCTb MOJIHOTO KO3(HIMeHTa MOIJIOWEHHs W U ero

OTJEJIbHbIX COCTaBJIAIOINIUX OT 3HEpPrul <y-KBaHTOB B TIE€pPMaHHH.
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Ipaduk 33. 3apucuMocTb NOJHOrO K03hQHIHEHTA MOIJOLIEHAS W U €ro
OT/Ie/IbHBIX COCTABJSIOUHX OT SHEPrHH Y-KBAHTOB B KPEMHHH.
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Ipaduk 34. 3aBHCHMOCTb BeJHUYHMHBI OTHOCHTEJbHOM
KOHBepCHOHHOM 3()(eKTHBHOCTH 1JI1 HEKOTOpHIX uYa-
CTHI, B AHTpaleHe.
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I'paduk 30. 3ubacHMOCTL yrila YepeHKOBCKOTrO HM3jyuenHst  oT BenHun-
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uuT, naekcuriac (n=1,50); 8§ —Boga (n=1,33).
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I'paduk 37. 3aBHCHMOCTH yIVIa YepeHKOBCKOI'O H3Jyue-

HHs1 0 OT KHHeTHueckoll 3HepruM W-Me3oHa (CNJIOLIHAS JIH-

HHSI) ¥ T-Me30Ha (NYHKTHpPHAsi JIUHHA) B HEKOTOPHIX Cpe-

pax: I—cpexa ¢ n=2; 2— mOUMT,  NJEKCHIJIAC
(n=1,50); 8 —Bona (n=1,33).
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