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[MTPEAUCJIOBHUE

B uacTosiliee peMs HCNMOAb30BaHIe aTOMHOI HEPIUH B MHPHBIX
LedsIX ye cedluac oxparbiBaer BCe GOJABIIHC O0JACTH HAayYHOTO HC-
CJIe103aHUsA H NpaKkTideckol desareapHocrs. [IpoexktoM Hosoli Ilpo-
rpayumer KITCC npexycvmarpusaerest  1aablcfitiice  pa3BepThiBaHHe
CTPOUTEIBCTBA ATOMHBIX JEKTPOCTAHUMI 1 PacUIpeiue HpHMene:
HHf aTOMHO{I 9HEeprull B MHPHBIX 1esX B HAPOAHOM X035iCTBe, Me-
AuiliHe, HayKe. [IpuM2paMHi MOTYT CJIyXKHTh WIHPOKOE UCII0AL30BAHHE
palHOaKTHBHBIX HHAHKATOPOB, paiHaUHOHHBIX NPOLCCCOB B MpO-
MBIIVIEHHOCTH,  palnofnoorHIeckue  oilbiThl,  J1e(eKTOCKONHUA
Ho T4, Mexay Tem, He NpHHMMAas  Mep 3auliThl, HELOMycC-
THMO # OmacHO paboTaTb C PalHOAKTHUBHBIMU BellecTBaMu. SIcHo
NPOABAAOIAACH TEHICHUUA K CHHKEHHIO IIpeleqbHO 10MVCTHMOH
1030t 00ayYeHHA NPHBOIANT K HEOOXOIMMOCTH B KaXXIOM OTIE]blHOM
OMbiTe TILATEbHO ONPEALAATH HYMKHBLIC MEpLl 3aluTLl ¥ pauuo-
HasibHBIT ¢nocob ero nposeteuns. OuesniHo, 4ro paboraiouuie ¢ pa-
JAHOAKTHBHBLIMH BELMCCTBAMH J0.JAKHBI HMCTL JOCTATOUHBIC 1103HAa-
HHSL O pPaIlOAaKTHBHBIX H3JVUCHHAX, O B3aMMOJEHCTBHH H3JYUYEHH
¢ BEILECTBOM, paINOOHOJIOMHH, 0 METO1aX J103IMETPHH M JIPHMCHse-
MbBIX 114 3TOTO Npubopax.

ITil OGUTOSNTEILCTBA HOCAYKILTH TPHUHHON 00LE1NHeHNs B O1-
HOIl KHHMTe 3/JeMeHTOB yYeHHsl O PalHOaKTHBHOCTH M  H3JVUCHIH,
O1010THUECKOTO IefiCTBHS H3JIYUEHHS, 3JEKTPOHURH H JI03MMCTPIIH.

[Tpn onpeleienuy colepXKaHUs KHUTH NMPHILIOCH YUECTb Ma.ibiil
o0ner cueleH:dii, nPeI1yCMOTPCHHBIX OOLIUHbIMH yyeOHBIMH IlTaHa-
Mii 1o SLACPHOH du3nke i1 ocobendo N0 3AeKTPOHIKe 15 00.1bULN-
CTBa CIennagabiocTeill By30B.

Ipenaraemsiit Matepuan pasGuT Ha ase yactu: | yacth — «Pii-
sideckne 1 OHOJOTHYCCKHE OCHOBBI 3ALIMTBI OT sIEPHBIX H3AVUCHUII»
it I} uactb «Jlo3uMeTpUUeCKHE H3MEPEHHA».

Hatb B 01HONl KHMre HEOOXOAMMBIC CBEICHHsT 10 BCEHl 3aTPOHV-
Toit 06aacTH HaM NPeJCTaB/IseTCs NPaBHIbHBIM, HO 3Ta 3a1aua Tpyl-
Hast, 1 aBTOPDLI ¢ 6,1ar01aPHOCTLIO TPHMYT BCE KPHTHUCCKHE 3aMCUa-
1.

I paszien nanucan JoxT. TexH. Havk D. M. LlerrepoM. 3aect ke
dalla cepus 3a1au Mo OlPCIeJeHHUI0 103kl H N0 pacuery 3alluThi 0T
RieHero 00 yUueHus.

[anaset |-—5 pasnena Il nanncanst kaua. wmen. Hayk C. H. Ap-
AMHUKOBLIM M COJIEPKAT OUOMOTHUCCKHE OCHOBDLI 3aULUTH OT M3-
Jdydenuss U npasiina paGorht ¢ PaaoaKTHBILIMI BCHLCCTBA M,
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I'naBa 6 pasnena 11 nanucana A. B. HuxoaaeBsiM; B Helf cieqan
OTIBIT YHCJIEHHOH OLEHKH ONACHOCTH NpU paGoTe ¢ KOHKPETHBIMH OT-
KPbITBIMH pPAJHOAaKTHBHBIMYU NIpenaparaMi. B 3Tom pasiese pBeneno
HECKOJIbKO CNIeUHa/IbHbIX TOHATHH, MOJe3HBIX, N0 HameMy y6exie-
HUIO, ISl YUEHUs O 3aUlMTe OT BHYTpEeHHero obiyueHus Npu pabore
C OTKDBITBIMH Npenapatamu (paanoseryuectb, 6e30HaCHBIE H COOT-
BETCTBEHHblE KOHUEHTpAUHW U Ap.).

Paspen 1 wacrn 11 npunamiexur xaua. rexu. nayx C. M. ToJb-
JHHY ‘i COTEPIKHUT OCHOBBI JCKTPOHHKH il OMICAHHE 103MMETpHUeC-
Kux npuGopos. Pasgen 11 wactn 11 namucan JI. C. Pysepom.

ABTOpBI CUHTAIOT CBOHM NDHSATHBIM J0JTOM BbIPa3uTh 6./aronap-
nocrs ua.-kopp. AH CCCP M. B. Tlerpanosy-CokojioBy 3a 1eH-
Hble 3aMeyaHMd, CJeJdaHHble HM IIpU NPOCMOTPE PYKOIHCH M yYTeH-
Hble aBTOpaMH B Hpouecce paGoTsl.

ABTOPH PACCUHTBIBAIOT, UTO KHUTA OKAXKETCS NOJIE3HOH HE TOJIb-
KO AJist CTY/I€HTOB, HO U JJIsi HHXKEHepOB, GHOJIOrOB M APYLUX Cleuud-
JIMCTOB, KOTOPBIM IPHUXOJIUTCS HMETh 1eJ0o C PAJHOAKTHBHBIMH Be-
UIeCTBAMH.

Ya.-kopp. AH CCCP A. B. HHKOJIAEB

Yacmo 1

PH3HHECKHE H BHOJIOTHYECKHE OCHOBbI
SALUHUTBI OT AAEPHbIX H3JIYYEHHH

PA3BIOEJ I
KPATKHE CBENEHHS 1O A1EPHOH ®H3IHKE H
PH3HYECKHE OCHOBbI 3ALLHTHI OT BHEILIHEIO
ObJIYYEHH A

IF'arasa 1

ATOMHOE SiAPO U SAEPHDIE NPEBPALLEHUS

§ 1. ATOM U SIAPO

Bce atoMBl cOCTOAT U3 NOJNOKUTENALHO 3apAXeHHblX A0€ep U Bpa-
HIAIOMIIXCA BOKDYT HHX OTpHIATETIBHO 3apAXKEHHDBIX 3JeKTPOHOB.

- B siapax cocpeiotouena moutu Best Macca atoma. Tax, Hanpumep,

Macca aroMa BO10pOoa, COCTOSLICrO H3 Adpa H OLHOTO 3.1eKTpPOHa,
3 parHa 1,6738-107%* ¢, a macca »aexkTpoHa pasra 0.108-10% 2; mac-
~ Ca aroMma rejus, COCTOSILIEro H3 siApa W JIBYX 3/JEXTPOHOB, papHa

06,6476 -1072* 2, a Macca aAByx 3J4eKTpoHOB pasna 1,8216-10727 e,
OO0biuHO MaCcChl 510) BbIpAZKAalOT He B rpaMMax, a B ATOMHBIX € THHH-
nax Maccel (ALEM). Oana aromnas eqnunua Maccn pasza !/;; Macen
Hanbosee pacnPOCTPAHCHHONO H30TOId KHCJIOPOIA M COLTAB.IdCT
1,6603-1072* 2. Macca aroMa, Bbipa)KeHHAs B ATOMHBIX €IHHHIAX
MacCpl, Ha3bIBACTCI ATOMHBIM BeCcoOM !,

ATOMHOE A1DO COCTOMT U3 3JE€MEHTADPHBIX YAaCTHI ABYX BHIOB —
HEHWTPOHOB H NMPOTOHOB, KOTOpble yacto 0003HAUAOT 06-
M Ha3BaHHeM — HYKJ O H bl

[Iporon npeacrasaser coGofi sapo aroMa BOIOpPOAd, T. €. ATOM
#010p0J14a, JIMULEHHBI]I CBOEr0 €IUHCTBEHHOro v/eKkTpoHa. [Ipoton 06-
Jajaer OIHUM MOJIOMKHTC/bIIBIM 3JEKTPHUCCKHM 3apAI0M, PaBHBIM
Mo aGecoMOTHON BeJiMyHile OTPULATEILHOMY 3/IEKTPHUECKOMY 3aDALY
sqckTpoHa. KosuyecTBO 3JeKTpuuyecTBa, paBHOE 3apsiay 3J€KTPOHA

I Takoe ompeneicnde aTOMHON eIHHHIIN MACChi COOTBETCTBYET (hr3HUecKofl

i3Kane atomubix BecoB. B XHMHUCCKOIT HiKajle aTOMIlbIX BEeCOR B KayecTne enHn-

HULLL TIPUHATA /16 aTOMHOro Beca TPHPOJIOfi CMecH H30TOTIOB KHCAOPOIA.



10 Kparkue csedenun no sdepuoi usuxe

WM TIPOTOHA, HA3bIBAETCS 3/1EMEHTAPHbIM 3JEKTPHUECKHM 3apsiioM
u pasHo 4,8-107'° CGSE=1,601"107!° ky;noHoB. ATOMHBI{ BeC npo-
toHa pasen 1,00758, a atoMHbIfI Bec aToMa Bogopona 1,00814.

Hefitpon o6Gaanaer Maccoit, 6au3Kol K Macce IPOTOHA, HO ero
aTOMHBIHl Bec Hecko/bKo Gouabwuit — 1,00898. B otinune ot mpo-
TOHA HeHTPOH He 06.1a1deT 3JeKTPHUECKUM 3apsioM.

HHeno NONOKUTENBHBIX 3/IEKTPHYECKHX 3aPSJIOB, T. €. YHCJIO IPO-
TOHOB B s1pe, PaBHO 4TOMHOMY TNOpPSIKOBOMY HOMEPY B CHCTEME
H. U. Menieneesa. B HelitpasibHOM aToMe YHCJAY TPOTOHOB B siipe
PaBHO YHCJIO 3JI€KTPOHOB, BpallaloLluXcs BOKPyr siapa. Obuiee yncao
HYKJIOHOB B si/Ipe HA3bIBA€TCA MACCOBbBIM YIiCJ OM. Pazanynble
4TOMbl C OJIHHAKOBBIM UHCJIOM NPOTOHOB B €P0 siApe, HO C pa3HbIMHU
MA4CCOBBIMH YHCJAAMH SIBJAAIOTCS M 30TONAMHU OZHOIO XHMHUec-
KOro s/eMeHTa. DoablIMHCTBO HMeIOmHXCcs B NPHPOIE 3J€MEHTOS
npeicTapiser co6ofl CMech ABYX WJH GOJIbIIEro YMcda H30TOINOB,
OJHAKO OKO/I0 20 3JIeMEHTOB BCTpeYaeTcss B NPHPOJAE B BUIE OJ-
HOro u3oTona. YTtoObl pasinuyuTh MEXAy co60il H30TOMbI OAHOIO 3Je-
MEHT4, Hapaly C Ha3BaHHeM WJM XHMHYeCKHM CHMBOJIOM YKa3blBa-
10T MaccoBoe ynciio. Tak, 0603HayaloT: ypan-235 uau U2, TOp Hii-232
win Th®2 y 1. 1. AToMBl PA3/IMUHBIX 3J1€MEHTOB C OJMHAKOBbHIM Mac-
COBBIM YHCJ/IOM H43bIBAIOTCSt H306apaMHu. B nanpHeiimeM mopsia-
KOBbl HOMep Gy1em 0603HauaTh GykBoii Z, a MaccoBoe UHCAO GYK-
Boit A. OueBu1HO, yTo uMCa0 HeHTPOHOB B siape pasHo A — Z. Jlu-
Heftible pasMepbl f1pa BO MHOTO pa3 MeHblle JHHEAHBIX pasMepos
atoma. Kak noxasslBaioT onbIThl, painychl Pa3iHYHbIX si€p C 10CTa-
TOYHO XOPOIIMM INpHOJMIKEHHeM onHchiBaloTes  GopMyioli R=

3 —
=Ry A, rae Ry B 3aBHCHMOCTH OT METOLOB ONpene/ieHUsT H 3Haue-
Hust A xosiebaercs B npezeaax or 1,1-10718 10 1,6 - 107" ca.

§ 2. AE®EKT MACCbHl U SHEPIUS CBSI3U SLAEP

Tak kax atommuble Beca nporoHa W HeHTpoHa GJIIBKH K €THHH-
ue, TO MACccoBoe YHCIA0 paBHO GJmKalleMy K 4TOMHOMY Becy Ie-
JOMY uncay. B 1edcTBHTEJNbHOCTH PAa3HOCTb MEXKIY ATOMHBIM BECOM
M MAaccOBbIM YHCJIOM, Ha3blBaeMasi e PEeKTOM Macchl, COCTABIS-
€T IPUMEPHO THICAYHYIO YaCTb aTOMHOrO Beca. C epBOro B3rJisiga Mo-
HeT NOKA3aThbCs, YTO ATOMHBIA Bec Kakoro-iaubo siapa goJiKeH pas-
HATLCSE CyMMe Je(heKTOB MAcC BXOISIIHX B €r0 COCTAB IIPOTOHOB H
nefitpotios. Ha camom 1ese 310 He Tak. HampuMep, aToMmubiii Bec
sapa He' pasen 4,003325, B T0 BpeMss Kak CyMMa 4TOMHBIX BecOa3
JABYyX HeHTPOHOB M JBYX NPOTOHOB, COCTABJASIOWMX AAPO ATOMA re-
Jaud, pasHa 2-1,00898+2-1,00758=4,0331. B cooTBeTcTBHM C NpH-
HATLIM ONpejesieHHeM aTOMHOro Beca dedekt maccel atoma O'® pa-
Bel HYJIO, B TO BpeMd Kak CyMMma ae(heKTOB MacC BOCBMH aTOMOB
BO10pOJa u BOChMu HEHTpPOHOB paBHa 8-0,00814+8-0,00898=
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=0,0137. Taxkoe pasanuue OGBACHIETCH TEM, YTO CHCTEMAa U3 JABYX
CBOGOHBEIX NPOTOHOB H JBYX CBOGOIHBIX HEATPOHOB 06.1a1aeT GOJib-
Lieit 5Heprueit, yeM cUcCTeMa M3 TeX JKe YACTHIl, CBA3AHHBIX B siape
reJins, MOCKOJIbKY /Il PaspylleHHst cBsi3ell NpH NPEBpALIEHHH SApa
reJiMsl B CHCTEMY CBOGOIHBIX HYKJOHOB NPHILIOCH Obl 3aTPAyMBATh
SHEPryuio, T. e. coo0liaTh IHEPrHIO cUCTeMe. JHeprus W Macca Jio-
6Ofi CHCTEMBI CBA34HBl COOTHOIICHHEM

E = mc?, (1)
rae E — sHeprus;
m— macca;
€ — CKOpOCTb pACNpOCTPAHEHHsT CBeTa B BaKvyMe, paBHas
2,998 1019 cum/cex.
CoryacHO 3TOMy COOTHOIIEHHIO, H3MEHEHHe Macchl CHCTEMbl Ha
1 2 cooTBeTCTBYeT H3MEHEHHIO SHEPrHu cHcTeMbl Ha (2,998-1010)2=
~9.10% ape. CienoBare/ibHO, H3MeHEHHE MacChl HA OJAHY ATOMHYIO
€JIMHHIY  MacChl  COOTBETCTBYeT  H3MEHEHHIO  3SHEpruH  Ha
9. 102 cm?/cex?-1,66-10—2 2 = 1494-10-2 sp2=931 Mss (cm.
3agauy l). Ha ocHOBe 3TOro COOTHOIIEHHS 110 H3BECTHBIM ATOMHBIM
Be€caM JIETKO ONpene/iHTh 3Hepruio cBfA3u saep. O603HauuMm uyepes
M, atoMHblit Bec siapa( B ormune oT M — aTOMHOro Beca HefiTpalib-
HOrO aToMa);Me, M, u M, — cOOTBETCTBEHHO aTOMHbIE BeCa 3JIeKT-
pOHa, NPOTOHA W HEHTPOHA, a SHEPTHIO CBSI3H A71pd, BHIPAKEHHYIO B
MerasJ/IeKTpOHBOJIbTaX, 0003HauuM yepe3 E.. Torna
E . =[ZM, 4+ (A—Z)M,— M,]-931. (2)

IMoacrapaas smecro M, M —Zm, u 3aveuas, uto My = M,+ m,,
noJyyaeM
E.=1ZM, -(A—2ZM, —M + Zm,]- 931 ==
= [ZMy +(A—2Z)M,— M]-931 = [Z.1,00814 -
(A —Z)-1,00898 — M].931. (2a)

Takum o6pasoM, 3Hast aTOMHBIH BeC QAHHOrO M30TONA, MOXKHO
OnpeIeJqHTh IHEPTHIO CBS3M sapa.

O6o3nauns uepes A pedext Maccsl aroma (A=M— A) u no1-
craBiasas sMecto M B dopmyay (2a) A + A, moayuaem

E =1ZAy+(A—2)A,— A}-931. (3)

Eciu B xayecrBe HyJIs /st SHOPIHH CHCTEMbl, coctosiuieil us Z
npoToHOB U (A — Z) HeHTPOHOB, NPUHATH COCTOAHUE, B KOTOPOM BCC
HYKJIOHbl CBOOOIHBI, TO E, — 3Heprus s1pa, COCTOSIEr0 K3 3THX
YacTHll, 6YAET PABHATHCSH OTPUUATENbHOMY 3HAUEHHUIO 9HEPrHH CBS3H
E,=—E =[A4+ZAy—(A—2)A,1-931. 4

DHeprust A/pa BCerjga OTpHUATENbHA, HHAUE NIPH TAKOM ONpeje-
JAeHuy HyJg 3Heprus saapa Oblia Obnl Oovibille 3HEPTHH cBOOOTHBIX
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HYKJIOHOB H AP0 pacnanock Gbl. Ecii Mbl mogesuM Bbrpaxenne (4)
Ha A, TO moayyuM

Ea _[A __ ZAy z
A—[A —(1—7)A”J.931=

A

A, 7,

A VA
=4+ Z 000084 — ,
[ 4+ -0,00084 —0,00898] - 931, (5)
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Puc. I Ynaxosouwuit xosdduinent Kax QYHKIIS MaccoBOro 4ucia

E,
Beauunua —4  !IpeAcrapasaioulas coGoil yHeprio 91pa, NpINo-

AAULYIOCSH HA OJHH HYKIOH, HAXOIUTCHA B NPAMOH 3aBHCHMOCTH OT Be-
lmqmmT, Ha3bl3aCMOH yIIAKOBOYHBIM KOdGpuunentoM. HMamenenie

ynaxoaot]moro Kospuuuenta B 3aBucuMocTd or A Tpeicrasieno
HA puc. 1.

§ 3. PALIMOAKTUBHBIE NPEBPALLLEHUSA

Cpenu BcTpeualowxes B NpHpoje saep He nce yeroitunsbl. Heko- .
TODbIE fA1pa ABIAIOTCH PALIOAKTHBHBEIMH, T. €. CIOCOGHbBl CAMOIPOK3-
BOJIbLHO NIpeBpAILATLCA B ApPyrue sipa. K panuoaxkTHBHBIM Npespa-
IWUEHUAM OTHOCHTCA a-pacnal, [+ -pacmajl, 2JeKTPOHHBIH 3axBar
(3. 3.) ¥ caMONpOM3BOJIbHOE NeJeHHe sep.

fBaenue a-pacnaza 3akaiouaeTcs B TOM, UTO SAPO MCIyCKaer
a-vyactuuy — siapo atoma He*. [lpu stom maccosoe uucio ocrasiue-
rocsi i1pa yMeHbINAeTCH HAa yeTblpe eIMHHMILBI, a NOPSLKOBBIH HO-
Mep — Ha 1Be eauHuubl. O603HAUNB HCXOAHOE H KOHEYHOE f/1pa CHM-
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poaamMu X u Y, MoxKeM 3alucarh
A A—4
ZX ——)z_2y T 2He4.

f -pacnap cBs3aH c NpespalileHHeM B fApe OHOrO HEHTPOHA B OJHMH
1POTOH (A—> p+e’) ¢ HCIyCKaHHeM OTPHLATEIbHOrO 3JIEKTPOHA.

ZXA—> YA e,

Ecau B siApe NPOMCXOIHT NpEBpALICHHE OQHOr0O IIPOTOHA B Heli-

Z+1

Tpon (p—>n-+e*) c uClyCckanueM TO3HTPOHA  (MOJIOXKHTEJNbHOTO

3JeKTpOHA), TO Takoe sBJeHHe Hasbiaercs P -pacmazom:

A A+
2 X YT e

[Ipespauieniie B f1pe MPOTOHA B HEATPOH MOMKET NPOUCXOAUTH
He TOJbKO MyTE€M HCIYCKAHHS MO3HTPOHA, HO H IPH MOTJIOULEHHH
3JeKTPOHa (0JHOrg H3 OpOHUTAJIbHEIX 3JEKTPOHOB 4TOMA) p+e — A,
Taxoit BuA NpEBpALLEHHsT HA3BIBAETCHA 3JICKTPOHHBIM 34XBaTOM.

A, — A
2 X e, Y

[Tpu B-pacnale, npu P*-pacnaie u MPH 3JEKTPOHHOM 3axBaTe
M4cCOBO€ UHCJAO He MEHSIeTCs, a NOPAJKOBbI HOMep B [ePBOM CJy-
Ylae YBEJHUMBAETCA HA OJHY €IMHHUY, a B MOCJAENHHX IBYX CJyyasx
yMeHbllIdeTCd Ha OJIHY €IWHHILY.

K paTMOaKTHBHBIM NpPEBPALIEHHSAM HYXKHO TAKKEe OTHECTH H SIB-
JIeHHe CAMOIMPOM3BOJABHOIO [ejleHHs, 3aKkJIoyalolleecss B TOM, YTO
PO JEJAUTC Ha [1Ba KDYIHBIX OCKOJKA, MPeICTABJAIOUX COOOH
napy siaep C MacCOBBIM YHCJIOM B mpededax ot 70 mo 170 n mopsi-
KOBBIM HOMepoM B npejienax ot 30 10 62. [1pu genenuu nemyckaer-
Cq HeCKoJbKO CBOOOIHLIX HeliTponoB. CaMONpOH3BOJBHOMY 1eJe-
HHIO MOJABEPraloTcs sapa CaMblX Ts2KEJbIX 3JieMEHTOB, BCTPe€Yalo-
HMXca B MPUPOIE, — ypaHa H TOPHdA, a TakKe aiapa Gojee TsKe/bIX
HCKYCCTBEHHBIX MOJYyUaeMblX SAep.

[TockodibKy palHOAKTHBHbIE NTPEBPALUEHHs POHCXOISAT CaMONPO-
HM3BOJIBHO, T. €. C OCBOOOXKAEHHEM IHEPrHH, TO MACCA HCXOJHOrO a/1pd
J0JKHA OblTh 00JbIIE Macchl NPOAYKTOB peakutu. PasHocTh macc
COOTBETCTBYET IHCPTHHM NPEBPALLEHHA:

E, = (My— M, — M,,)-931; (6)
E{j__ = (M_y—M,, —m)-931 = [My —Zm,— M, +
+(Z+ 1ym,—m]-931 = (My — M,)-931; (7)
Ep=Mx— Mgy —m,),., 931 = [M, —Zm,— My +
+(Z—1m,—m)-931 = (My — M, — 2m,)-931; (8
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Es'3 = (Mﬁx +me—Mﬁy)-931 = [MX —Zme+me—MY+
+(Z—l)me]-931 :(MX—MY)-QBI. (9)

Kak BHAHO W3 Mpeabayluux paBeHCTs, 145 TOrO Y4TO6HI Mor npo-
UCXOMUTH B-pacnaj, Heo6Xo1MMO, YTOGH 1/ aTOMOB 2X Mg, yA

Gbuio cnipaseinBo Hepasenctso My > M, . Ecau nus atomos X “u

A
W z_, Y" nmeer mecro nepasencrso M, >M,, + 2m, Torza Bo3Mmo-
KeH Kak pt-pacnag, tak u 3JIEKTDOHHBIH 3aXBaT, a ecJyd Mx< M+
+2me w My™>My, 10 B 3T0M cayyae B*-pacnan HEBO3MOXKEH, HO

BO3MOXKHO SIBJIEHHE 3JEKTPOHHOro 3axpaTa.

OHeprus, ocBoGoikaaeMas mpu PalHOaKTHBHOM pacraje, nepe-
AQeTCA BBUICTAIONIMM YAaCTHIAM B BHIE KMHETHUECKOHi 3Hepruu. Of-
HaKO BO BCEX BHAAX DAJMOAKTHBHOIO pacnajna YaCTh SHEPrUU MOXKET
OCTaThCsd B sJpe, KOTOpoe OOBLIYHO B TeYeHHE 1078—10"14  cex.
HaXoauTcst B BO3OYIKAEHHOM COCTOSIHHH, MIOCJIE Yero IepexoauT B oc-
HOBHOE COCTOSTHHE, MCMYCKAst HepPTHIO B BHJE y-KBaHTOB.

[Tpu B+ -pacmajge u Npu 3/JeKTPOHHOM 3aXBaTe BapsAay c UCIycKa-
HNeM (H/M TONVIONIEHHEM) 5/eKTpOHA M3 siapa HCIyCKaeTcss Hel-
TpajbHasg yacTHUA —HeH TPHHO. ITa yacTHua, NO-BHAMMOMY, He
o6.saxaer Maccoii Mokost. DHeprus pacmajza pacrnpenessieTcss Mexay
3JIEKTPOHOM HJIM MO3HTPOHOM U HEHTPUHO, BCJENCTBUE YErD Bbije-
TaloulMe U3 A1pa JEKTPOHb (WM MO3HTPOHB) O6JANAIOT He BIOJ-
He OTpenesennofl SHeprue, a pasJHUHBIMU DHEPLHSIMU B Npeneiax
OT HYJs 10 HEKOTOpPUM MAKCHMA.TbHOH BEJIHUWHBI, XapaKTepHol /A
Kaxnoro B-H3ayuiteds.

HyxHo oTMeTHTb, yTO B+ -panHOaKTHBHOCTD 1 3JeKTPOHHBIA 3a-
XBAT HE BCTPEUAIOTCS Cpenu MPHPOIHHIX 11€ep, a HAGMOAAIOTCH JUIb
CpeldH moJyuaeMblX HCKYCCTBEHHO,

§ 4. 3AKOH PAZMOAKTUBHOIO PACHAIA

PajaunoakTusHbili pacnaj, Kak ynoMUHAMOCH BBIIE, [TPeJCTABJSET
co6oii caMONPOH3BOJIBHOE NPEBpaLleHHe sIep. [Tockoabky B Teuenae
KaKOro-1460 MPOMeKYTKA BPEMEHU Kaxp0e SAPO MOxeT JuGo pac-
NacTbes, 60 He pACNacTbCs, HE3AaBHCHMO OT NOBENEHHS B 5TO BPe-
Msl IpYTHX A1€p, TO MOXKHO CYHTATb, YTO CYLIECTBYET HEKOTOpas Be-
POATHOCTL pacliaza B eauHuny speMeHH. O6G03HAYHM 3Ty BEPOSIT-
HOCTb, HAa3blBACMYIO MOCTOSHHOH palHOaKTHBHOTO pacnaja, uepes
A, a uepes Ny u N — CoOTBETCTBEHHO UMC/1a aTOMOB B HAYaJbHBIH
MOMEHT ¥ B MOMEHT BpeMeHH, paBHbili f. OueBHIHO, UTO 10J aToO-
MOB, pacnajgalouuxcsd B elMHHLy BpeMeHW, PaBHa NOCTOSAHHO i
PA4XHOAKTHBHOTIO pacnajaa, 2 — dN — yucao atoMoB, pac-
llajaomuxca 3a speMs df, pasio NAdL,

- sk
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13 ypasuenns dN= — NAd¢ caenyer

.d;;:lf_ = —hdt; InN = —it+4c; c=1InN;

N = N (10)

Ckopocrs pacnaga MOMXKHO XapakTepu3oBaTb APYrod  BEJIHUM-
HOH — MepHONOM moJsypacnana, T. €. BpeMeHeM, B TeUeHHe KOTODOro
pacnainaercs [MOJI0BHHA BCEX si1ep JAAHHOIO paTHOAKTHBHOIO BEIECT-
Ba. Ecau 0603HauuTh NepHol moJdypacnaia uepes I, To N0 ompe-
AeJIeHUIO

—;— N, = Nee T, umu —In2 = —+ 7T uan
T = In2 - O,‘GQS. (11)
A i

[loncraBasia s ypaeHenus (10) sHaueHue A u3 Beipaxkenus (11),

noayuyaeM
’ t
—-—1In2

N = Nge : (10a)

{

-
N = Ng2 . (106)

[Tocnegnee pasencTBo uMeer mpocToit cmblics. [Tokasaredis cre-
neHu mpeictapdsier cob0il BpeMs pacliajd, BbIpaKEeHHOE B epPHOIAX
noaypacnand. Ecau mo nmpollecTBHH OJIHOTG NEpPHOAA OCTAETCS IIO-
JIOBHHA pal1HOaKTHBHOro BemectBa (27'), To mo mpomecTBun IBYX
NepHOI0B OCTaeTcst YeTBepTh (27%), mocde Tpex IepHoI0B — BOCHMAs
(27%) u 1. 1. Eciin Bolpamenue (10a) mpoaorapuMupoBaTh, mOJy-
UM

NN = InNy— ’“TQ ‘. (12)

¥Ypasuenne (12) s xoopaunarax [nN u f npeicrabiaser npaAMYio
9

. In2
{pPHC. 2) C TA4HreHCcOM HaK.JI0HA T [TocTpoeHHe TakuX KPHBBIX NO-

3BOJIAET O:IpeneJuTh NepHon noJdypacnana, a 1Jd9 BCHIeCTB € U3-
BECTHBIM 1€DHOI0M MoJypdcialia NOCTPOCHEE TAKIX KPHBBIX Bo MHO-
MMX cJiyyasix ITOMOraeT B DACMO3HAHWH BEUIECTB H MPOBEPKS HX HH-
CTOTHI.

[Tepuonwr nosypacnaga pas3ianulbiX BEINECTB BAPLUPYIOT B OUEHH
WIMPOKUX MNpepetaXx — oT HeOOIbIMIUX ToJefl CeKVHIb 10 MHJIHAD-
J0B JIeT.

Bo MHorux ciayuasix paanoakTHBHbIe Bemrectsa o6pasyioT nocie-
JOBaTe/JibHbie PAAb NPEeBpPallAIOLIUXCA OJHO B APYroe BeLWECTs, Ha
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TpUMeD,

42 J238 - Ux, (Th234)_‘> Ux, (pa234)i Uzse . Io (Th23°) 2 Ra22 .

N
!ﬂNo e e —— e ——
A etox Puc. 2. AxTusnoctn kak yHKuns ppe-
4 MeHH B NOAynorapHpMHUECKOM \ac.
mra6e
«

t

3akoH pacnaia mepsoro pe
mysoit (10). das stoporo
¢epeHithaipbHoe yparueuue:

aN,

LECTBA B Psigy omNperenasiercs top-
WICHA psAla MOXKHO 3alucaTh TaKoe nud-

T:}‘INI_}QN'Z' (13)
Pemenuem storo Du(depeHnnansbHoro YPaBHEHHS sBJigeTcs
Nioh —t )
N, — 1081 o=ttt
2= T T e, (14)

Nyt
Ecan Buiectn e 34 cko6ku y yuectsb ypasuenue (10), moayuum

e [ )

hy — 2,

(15)

[Tpu AOCTATOYHO GOJIbUIOM BPEMEHH, Koria BTOPBIM WJIEHOM B KBaf-
pPaTHoil CKOGKe MOXKHO TpeHeGpeus (ma1s Ao>11)

N A
T e (18
) 1 2 1
T. € MEXIy KOJHUECTROM N€PBOTO H BTOPOY
Baercs MocrosiHHOe cooTHolleHue, Taxoe coc
BUXKXHBIM DAaBHOBECHEM,
Ecau crkopoctsio pacnana NIEPBOTO BeleCTBa MOXKHO NpeHebpeun
110 CPAaBHEHHIO CO CKOPOCThIO pachana BTODOI'O BELeCTBA, T. €. Ay
>k owiu Ty T, BhipaxeHue (15) npunumaer Gosee npoctoét Bux:
t

Ng‘—'M(l—e""’):M(l—2 T),

Ly N Ay

]

O Bellecrna VCTaHaBIU-
TOSTHHE Ha3bIBaIOT 110 A=

(17

Uepes gocratouno 1o.roe BPEMsl, KOTa BTOPBIM WIEHOM B CKOG-
K€ MOJKHO mpeHe6Gpeub, ycTaHABAUBAETCS COOTHOIIEH He
N, A X
:}—‘, wih Nk = N,y b, (18)
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IT0 — yc0BHE BE€KOBOTO pPaBHOBECHS MEXAYy OBYyMs
BemecTBaMi. CMBICJ 3TOrO PaBHOBECHS BechbMa MOHSATeH. [Ipou3Be-
denve N) o3Hayaer YHCIO PAclajioB B €IHHHLY BpeMeHu. Bropoe
BEIIECTBO HAXOIUTCH B PABHOBECHU C MEPBBIM, €CJAH YHCJIO ATOMOB
BTOPOTO BELLeCTBA, pacnajaiollUxcs B eJHHHIY BPEMEHH, pPaBHO
guc/1y o6pasyouuxcsa atoMoB, T. €. YHCJY paclafaiolinXcst aToMOB

777
A oo oIt o=

‘
PN

I
mL—-——~—~—*“““’
T e

Puc. 3. Haxkomnnenuwe paanoakTHBHOTO
BelecTsa Kak GYHKUHA BpeMeHH

nepsoro Bewectsa. Ecau B psiny MMelorcsa elie pagMOaKTHBHbie Be-
LEeCTBA, TO yC/I0BHS PABHOBECHST MOTYT OGbITh 3aMHCAHBl CJEIYIOLIUM
o6pa3oM:
Nyl =Nohy=Nghg=. ., (19)
HJIH
N, N, Ny

_ = = — . 19
T = (19a)

Ha puc. 3 mpexcraBsien Xoa HaKOMJEHHS BTOPOro Bel(ecTBa IO
dopmy.te (17).

§ 5. EIMHULBI USMEPEHUSA PAILHOAKTUBHOCTH

PajnHoakTUBHOCTL BElIECTBA OINPENe/IseTcss UHCIOM PATHOAK-
THBHBIX pacnaios B €nHHHLY BpeMeHH. Exunulell paauoakrHsHoCTH,
HJIH, KaK OOBIYHO TOBOPAT, AKTHBHOCTH, CAYXKHT KiopH. | kopu (06o-
3Hauenue Cu WJW KOPU) — 3TO AKTHBHOCTH BEILECTBA,” B KOTOPOM
npoucxoaut 3,7 -10'° pacnazos B cexyuny. Onun rpaMM paaus 06-
Jajfaer akTMBHOCTHIO, paBno# | Cu (Tcunee, BecbMa 6iu3koi x | Cu).
Kpome 5T0fi OCHOBHOH eIWHHLBI, CYLIECTBYIOT TaKXKe IPOU3BOHBIE
ENUHHUb: Munankiopy (mCu uan mkropu), Mukpoxiopu (uCu uan
mnkxkiopu), kuaoxiopu (kCu uau rcfcfopu)wrv.:___?_v

2 3alnTa OT PaanoaKTHBHLIX W3JYUYeHHi = 6’183- :

L
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ITog ynmesnbHOM aKTHBHOCTbIO BeIECTBA MOHMMAIOT AKTHBHOCTD.
NpUXOAALLYIOCS Ha BECOBYIO CIMHHIYY BellleCTBA, ¥ aeJbHAas aKTHB-
HOCTb BBIPAXKaeTcsl B KIODH Ha TPAMM HJIH B COOTBETCTBYIOLIHX IIPO-
M3BOAHbIX elnHuUax. Hapany c noustueMm yleavHo#i aktusHoCTH
pasnu4aioT elle OOBEMHYI0 AKTHBHOCTb, KOTOpAsi BHIpAXKaerTcss B
KIOpDH Ha JHTp WM B COOTBETCTBYIOINMX [POM3BOAHBIX EIMHHLAX.

AKTHBHOCTb, BbIpa)KeHHasi B KIOpPH, KOTOPYIO Mbl 0603HAuuM ue-
pe3 g, cBsizaHa C YMCJOM paNHOAKTHBHBIX A4TOMOB H C BecOM Be-
mectsa P caeayioluM CcOOTHOIMIEHHEM:

g— NP PA 8.02.10% _ Phygor i
3,7 . 1010 A 3,7 . 1010 A
= 1,128-10% —2 (T, cex). (20)
AT

OueBuHO, YTO NpPH BEKOBOM PABHOBECHH B pSIAy pafHOAKTHB-
HbIX BELIECTB

Gi=gqs=¢gs= ...

Jlerko Takxe MoKa3ath, YTO, €CJAH JePefiTH OT COOTHOIEHH T MeXK-
Iy YHCJOM aTOMOB K COOTHOUIEHHIO MeXJy aKTHBHOCTSIMH, HOpMYyJibl
(15), (16) u (17) nepefinyr cOOTBETCTBEHHO B CJENYIOILHE:

q2 = % [e_)‘xt _e_)‘ lt] —_ 5} [l—(,’_ (s —)‘l)t] ; (21)
1—— s
1y 2o
npu f—o0
Gy = ——q;—~ (moxBHIKHOE paBHOBecHe) (22)
L
A2
H, koraa Ay K,
go=q (1 —e™). 23)

Ecnn nmpoauddeperunposats sbipaxkerue (21) nmo ¢ u npupaBHATH
TPOU3BOIHYIO HYJIO, TO Mbl MOJYUHM YCJIOBHE M MaKCHMAJBHOTO
3HAYEHHUs §o:

Ay
In — In
X T T

A — Ay T, Ty )
21— In2{1—
m( J (=

Artomnoe adpo u adepHbie npespauenus 19

3ameuas, 4To fyaee CHMMETPHUHO OTHoCHTeabHO Ty u To, MO-
¥KeM nepenucaTh BbipakeHue (24) tak:

In ;a T
tmaa‘c = b Tb: f( < )Tb (243)
/ Tb Ty
In2 (1 )

, Ta
! (—-‘-’—) Aast = OT 1 .10 100 npeacrasnena Ha puc. 4.
b

Iy
'(F)
7

! 2

' 7 3 4 5678010 15 005K 30 TalTs
(Ta\ .
Puc. 4. f(T)mm HaX0XKJeHHs] BpeMeHu Hakomnie- -
b

HHA MaKCHMa.1blIOro KOJIMUeCTBa BTOpPOro Bewecrnsa

3adaqu.

l. Beipasurs  enmmnuy smeprum snekrt
KHJIO3NIeKTPOHBONIBT (K98) H Meras/eKTpOHB
pHSAX,

Orser: 1 98=1,6.1072 ape=1,6. 10-19 O0oc=3,84 - 10—0 2.4q2.
I #36=10° 36=1,6. 1075 apz=1,6.10-13 0c=3,84- 10— z-kaa,

POHBOMBT (38) * 11 ee TIPOH3BOAHBIE —
OJIbT (M38) B 3prax, IKOYAsIX H Kajao-

* 1 98— 310 3Heprus, nmpHoGperaeMas 3JekT
Y0 Pa3HOCTh MOTEeHIHaNoB B | g,

2*

POHOM, NpOGeraouuM YCKOPsio-

.
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. 9, 'OnpefeaHTh SHEPrHIO CB3H Afep CleAyloWuX aToMoB: sLis (M=6,01702);
sC12 '(M=l;2,00380); 7CI35( M=34,980); 2Cat® (M=39,97542); xRb® (M=
—84,9310); Ag!'® (M=109,94218); 7Pt% (M=194,02403). Onpenpenutb TakKe
SHeprHI0 CBA3M, NPHXOAALLYIOCH Ha OAHY AApHYIO GacTHLY.

OTBeT:

H3cren Li¢ C12 Clss Ca4o Rbe® Aglto Ptis4
E. 32 92 298 342 746 937 1538
E.

- 5,3 7.7 8,5 8,5 §.8 8,5 7,9
A

3. Kakoe M3MeHeHHe Macchi MPOHCXOAHT MpPH cropaHuu 1 ke yras, ecau npH
atoM ocso6oxnaercs 7000 xxa.1?
Orser: 3,27.107 a. . S
4. OnpepesuTh SHEPTHIO Q-PaCNafa ¥ FHEPTHIO BBUICTAIOMIEH G-4aCTHLUbI ,
ec/l aTOMHbie Beca Po?10, Ph206 y Het coormercrBenno pasubi 210,04826; 206,03859
u 4,003873?
OTBeT: DHeprua «-pacnana pasHa 54 M3s; 3Heprus Q-4acTHUbl paBHa
5,3 Mas.
IMNoscHe nue: OrHOllEHHe yHEPrHii Q-4acTHIBI H Q-pacmajga paBHO
1 2
9 MHe VHe 1

2
Mpy Vpp

: 2
MHeVHe

1
_  — 2 R
9 MHe Vlz-le e 9 MPb VPb 1

1
( Mpyp Vpp )2 Mye
+
Mye Vise

Mpy,

YuurhiBasi, 4To MO 3aKOHY COXPaHeHHS Ko.1M4eCTBa IBHKeHH Mpe Ve |l
=Mpyp Vpp, NonydaeM 178 MCKOMOro OTHOLUEHHS 3HaueHue

I 206

=

- My 210
Mpy

5. Kakosa renaosas mouiHocts 12 Th32 (T=1,39.10° ger, E=4,05 Mag); 12
U4 (T=2,48.10° qer, E=4,85 M3s); | 2 Co® (T=53 rona, £=2,811 M3s)?

Oreert: 0,027 apefcex; 1770 apejcex; 187.10" spefcex =187 8r.

6. UeMmy paBHsgercs 3HeprHs P--pacmana, [3+ -pacnmana i 3JeKTPOHHOTO 3axBa-
ta pasg Cutt (Cut*—Zn®-e; Cub*>Nit et Cuft4-¢~—>Nif), ecan atoMHble Be-
ca 9Cub, 955Nif u 50Zn® coorserctseniio pashpt 63,94913; 63,94733 u 63,94852?

OrgeT 057; 0,66 u 1,68 M3s.

BzaumodedicTeue paduoakTusnozo usAy4ents ¢ BEULECTEOM 21

7. CKOTbKO KIOPH palloHa HAKONMTCs B aMIyJqe, cojepiKalleil 1 2 paaus, uepes
TpO€e CYTOK NocJje 3anaiku?
T = 3,825 cyTok
(Ra ————-——— > Rn|.

a

OrtBer 042 rxropu.

8. Kakopa axtuBHOCT Nb®, 06pasosasiuerocs npu pacnage 20 mxe Zr%; a) ue-
pes 25 cyrox; 6) 50 cyrok, B) 100 cyTok M r) uepes 2 roma nocje Havana Ha-
KOINJIeHHS ?

65 cyTok CYTOK
[ Zros B2 SYTOK o5 35 VIO as. )
\
AxtuBroctb 20 Mx2 Zr% [no ¢opmyne (20)] pasua 425 mxropu.
OTsBeT:
AKTHBHGCTb, MXI0DU
Bpems pacnaga
CYTKH Zeo8 Nbes
25 325 145
50 250 200
100 146 190
730 0,175 0,380

9. Yepes cKoIBKO CYTOK 1O YCJIOBHSIM Hpeabinylueil 3ajaun akTHBHOCTb Nb%
6yaerT MakCHMAJbHOH H 4eMy oHa paBHa?
OrBer: Uepes 68 cyrok, 205 mrropu.

IF'arasa 2

B3AUMOILENCTBUE PAJUOAKTHUBHOIO U3JIYYEHHUSA
C BELLECTBOM

§ 1. NPOXO)XAEHHUE @-JIYIEA YEPE3 BEWECTBO

IIpobez a-wacruybl. Anbda-uacTunpl, TPOX01s YEPE3 BELIECTBO,
NOCTENEHHO PACTPAYHUBAIOT CBOK 3HEPIHI0 HA CTOJKHOBEHHS C 4TO-
MaMHu u MoJsiekyaaMu. [Ipu 3THX CTOJNKHOBEHHSX ATOMbl U MOJEKYJIbi
JHGO MOHU3UPYIOTCHA, T. €. MPEeBPAIMAIOTCA B HOHBL, JHGO BO3GYHK-
AaloTCs, T. €. MePeXosiT B COCTOsiHUEe ¢ GoJbinoil sHeprueil. Bo36yx-
JeHHble 4TOMbl HJIM MOJIEKYJbl HCNYCKAIOT U3GBITOUHYIO SHEPTHIO B
BUICe KBAHTOB JIYUUCTON 3SHEPIruH, 4 B psifie ciaydaes 3Ta U36bITOU-
Hds 3HEPTHsi CHOCOGCTBYET MPOTEKAHHMIO XHUMHUUYECKHX MPOLEeccos,
KOTOpble B OGbIUHBIX ycOBHAX He HAYT. Takum 06pasoM, MpoxoxKaa-
HHE @-Jly4edl 4epe3 BEIIECTBO CONPOBOKAACTCH palOM 3(deKTos:
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HMOHU3aLUeH, XUMHUECKUM HelcTBUeM, BO36YKICHHEM CBeyeHHs ¥ Ha-
rpeBaHueM. B Toil win HHOH CTemeHH € TakUMHU Ke 3ddeKTaMu CBs-
3aHO NMPOXOXKJEHHe Yepe3 BeLIeCTBO B- u y-Jyudeil.

Asbda-yacTulbl M3 PasHbIX H3JydaTesedl xapaKTepU3YOTCH pas-
JIMYHBIMH TIpoGeraMu, 3aBUCALIUMU OT UX HadaJbHbIX 3Hepruii. 3a-
BUCHMOCTb Mpo6era «-4acTHll B BO3AyXe NPH HOPMAJbHBIX YCJIOBHSIX
OT HEPruu npeicTasjeHa ma puc. 5. Ilag npoGeros Godbine 1 cu
AedcTBUTeNIbHA Takas NPUOAHKeHHAs GopMyJa:

R = 0,32E"

rae E polpaxeno s Mag, a R—n5 cx.
Honusayus, npoussodumasn a-wacruyamu. Konuuecrso map uo-
HOB, o6pa3veMblx Ha BCeM
(o 45 i;’”e@;“”»%’ﬁ/gguﬁazfzﬂ) 75 & MyTH G-44CTHUE, 3aBHCHT OT
! 80 ee 3Heprud. Tak, B BO3myXe
OTHOlUeHHe 3HEPIHU Q-yaCTH-
/) bl K YHCJY NI4p HOHOB, 06-
70 pasyeMblx e, NpHOAU3H-
) /@5 TeJbHo  paBHo 33 38. Ecau
/ @-4aCTHIla NPOXOAHT yepe3
/ 6y BO3JAyX NMPH MOBLIIEHHOH HIH
4

75

25

N

MOHH)KeHHOH  MJIOTHOCTH (3a
C4eT H3MeHeHUS  JaBJIeHUS
UJaH  TeMIdepaTyphbl), 4HUCJO
nap HOHOB HA eJUHHlle NYTH
COOTBETCTBEHHO  yBeJUUYUBA-
€TCsg HJU YMeHbllaeTcs, HO
obuiee uHCJO Tap  HOHOB
OCT4eTCsl TeM Xe caMbIM. JTO
03Ha4adeT, 4TO COOTBETCTBEH-
HO YMeHbIIAeTCsl HJH YBeJHU-
25  uuBaeTca npober o-yacTull,
ot 0]5 L 20 Taxuwm o6pasoM, npober B oj-
\ '3~e,éguf/535?5puibgz)ﬁ 40 HO’I:/I H TOM Xe BellecTse 06-
pPaTHO IIPONOPIHOHAJIEH €rO
Puc. 5. IlpoGer a-uacruu B 3apucuMocTy oy IIJIOTHOCTH.

SHEPIHH [TnoTHOCTH HOHH3 alli |

(4dcTo Map MOHOB HA eIHHY

Uy WIMHBI) B Pa3JIMYHBIX 4aCTsIX NpPoGera ¢-4acTHIBl OKa3blBdeTcs
pasauunoit. i Bo3myxa INpH HOPMAJbHBIX VCJOBHAX KpHUBas
(IJIOTHOCTH HOHM3AUHH NPCACTABJEHA HA puc. 6. .
OtrocurensbHble QTOMAPHAS U© MOLCKYAAPHAS TOPMO3HbIE CROCOD-
HOCTU. 3Hast MPOGer w-4acTHUB! B OJHOH cPelie, CKAXKeM B BO3AYXe,
MOXXHO paccydTaTh Npober B IpyroM BelllecTBe, €CJH HU3BeCTHA HX
OTHOCHUTEJIbHAST aTOMApHas (HJU MOJIeKYJsipHast) TOPMO3HAasd CIOCO6-
yocTb. OTHOCHUTeNbHAsT ATOMAPHAS TOPMO3HAS ONOCOGHOCTb ABYX

\
RS
[S)

AN

1/

N

rpobee, cm (Hpuban 1)
&
N
“
)
Npobee cm (wpuBan I

S

&
]

/

<5
-
K
&

/
7

L
<

P
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BellleCTB PasHa o6paTHOMY OTHOWIEHUIO MJHUH Mpoferos a-4acTull B
3THX BElECTBAax TPU OAHHAKOBHIX aTOMapHbIX KOHUeHTpauusx, fo-
OyCTHM, 4TO B [ABYX BeLIeCTBAX ¢ aToOMHbIMH Becamu A; u A, mioT-
HOCTH ¥ NpoGern ¢-4yacTHL, COOTBETCTBEHHO paBHBl 1 H Ps, Ry U Ro.
Toraa mpoGery, NpUBedeHHble K 4TOMHOH KoHLeHTpauuu 1 e2-arom
S
S 60000%
(=]
3 50000
5
g,qoooa-
3
330000}
&20000

HLIS,

10000

IRV SRR NE SWUW F5 W

12 3 4 5

AnomHocms u

i 7l
& 7 8
nepeun, M3b

Puc. 6, T110THOCTL MOMH3AaUHM B 3aBHCHMOCTH OT OCTaTOYHOro mpoGera

B | cm3, 6GynyT paBHbI Rl—% n Rz—:}"’ . ITo ompenesieHu10, OTHOCHTEJb-
1 2

Hag aToMapHast TOPMoO3HAas CHOCOOGHOCTL BTOPOIO BEUIeCTBA K Mep-
BoMy Oyaer paBHa

(25)

2
Ecau gepes S 0603Ha4uTh OTHOCHTEJBLHYIO ATOMAPHYIO TOPMO3-
HY10 CIOCOOHOCTDH BelecTnd ¢ dTOMHbBIM BeCOM A U NJOTHOCTHIO p o
OTHOWIEHHIO K BO31yXy, TO 3TO BbIpdXKEeHHE MOXHO NepelnucdThb TdK?
— RopA (25a)

Red, '
rge Ru Ry— npoGer B faHHOIl cpeje U B BO3AYXe;
o — IJIOTHOCTh BO3AYX4d;
Ao— cpeninee 3HayeHHe ATOMHOTO BeCd BELIECTB, BXOASLIMX
B COCTdB BO3AYX4.
Otciona
R= R Aeo (26)
S Ay p
OrHoCHTeJbHAs aTOMaPHAas TOPMO3Has CIocoGHOCTh, BOOOLIE ro-
BODS, 3aBUCHT OT PHEPTHH ¢-YACTHIL, HO C LOCTATOYHO XOPOLIMM MpH-
6JuKeHHeM ee MOMKHO CYMTATH BeJMYUHOR MOCTOAHHOU B JHANA30-
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He 3HepPTUH @-4yacTHIl, HCIYCKAeMHBIX ecTeCTBEHHBIMH U3J1y4daTessaiMu.
OxkasbiBaeTcst, 4To OTHOCHTeJIHAS aToMapHasi TOPMO3Hasg chnocob-
HOCTL sIBJIIETCH MOHOTOHHOH (yHKIMEH aTOMHOro meca Wiy mopai-
KoBoro HoMepa s cucteMe Menneneesa. 3aBUCHMOCTD OTHOCHTENLHON
aTOMAPHOH TOPMO3HOH CMOCOGHOCTH OT MAaccOBOrO YMC/a npeacran-
JieHa Ha puc. 7.

AHasioruyno atomapHoii TOPMO3HOHM CII0COGHOCTH MOXKHO BBECTH
IOHATHE OTHOCHTEJILHOH MoJIeKy 151 pHOH TOPMO3HOH  crmocoGHOCTH

s T
¥
4 >
//
J -
//
I,
/'
/'
2 +
4
1
/
a 100 200 A

Puc. 7. Otnocurennran aTomapras TOPMO3Has CNOCOGHOCTL Kak
GYHKUHA MaccOBOTO yucaa

ABYX BEILECTB, KOTOPAsi PaBHa 06PATHOMY OTHOLICHHIO NJIHH npo6e-
FOB @-4aCTHI B 3THX BEWIECTBAX NPU OAMHAKOBHIX MOJIEKY TSI PHBIX
KOHUEHTpauusaX. Kak mokaspiBaer ofmplT, MOJIEKyJIApHAsST TOPMO3HAs
CMoCOGHOCTL KAKOro-Mn60 CJA0KHOTO Belecrna TMPAaKTHYECKH paBHA
CyMMe aTOMADHBIX TOPMO3HBIX CHOCOGHOCTEH, BXOAAIIHX B MOJIeKY-
My aTOMOB. B oTHeJLHBIX ClyYasx OTKIOHEHHe OT A LAMTHBHOCTH CO-
crasager ~10%. Takas aAAuTHBHOCTD CBUIETENLCTBYET O TOM, YTO
fla TODMOXEHHEe Q-YACTHIL NMPAKTHYECKH He BJHSET XapaxkTep XuUMH-
4ecKo# cBA3H. I103TOMYy H3/I0KEHHBIC BbIIIe coo6pakeHuss MOryT
OLITH OTHECEHBl TAKKe K JA0CTaTOYHO ONHODPOTHBIM CMECSIM.
Bsaumodedicreue a-ayuei ¢ sdpamu. ITpu mpoxoxienuu uepes
BEIIECTBO @-4aCTULbl B3AUMOAEHCTBYIOT B OCHOBHOM C 3JI€KTPOHHEI-
Mu 00OJIOUKAMH aTOMOB M TPAKTHYECKH He MEHSIOT HanpasjaeHue
cBoero Asuxenud. HeGosapwas no.s wacTun Ha CBoeM TyTH TIPOXO-

Bsaumodedcrsue paduoaktusnozo usayuenus ¢ seujecTeom 25

IOMT, OAHAKC, CTOJb OJHM3KO OT Kakoro-nmu6o siapa, uTo MPH 3TOM
BCJEJICTBHE CUJ1 OTTAJKHUBAHUA MEXJy «-yacTHHeH U gapoM MeHs-
eT HallpapJjeHHe cBoero AsHxenus, Takoe u3MeHeHHe HaTpapJeHust
Ha3BIBAIOT paccesHHeM, a YroJ, Ha KOTOPBLI MeHsieTca HanpasJe-
HHe, HA3bIBAIOT yrvioM paccestHus, Ecnu a-yacruua o6aagaer gocra-
TOYHOH 3HePTHed 15 NPeoJOJeHHst CHJI 3JEKTPOCTATHYECKOrO OTTadl-
KUBAHHUS MeXJy Hel0 U SPOM, OHA MOXKeT NPOHHKHYTh BHYTPh siapa.
Pe3ynbpTATOM TAKOTO NPOHUKHOBEHHst siBJseTCS 06DA30BAHUE CJIOXK-
Horo sijpa, obaanawomero 604p0H H36LITOYHOH 3Hepruell, T. €. Bo3-
OyxJaeHHoro. 3a cyer Hepruu po36yXKIeHnsg U3 sapa MOXKeT Bhlie-
TeTh @-4acTHULA, B 3TOM CJydae ToXe NMPOHCXOIUT paccesHue qg-Jy-
yell, KOTOPoe HA3BIBAETCH AHOMAJbHBIM B OTJHYHE OT HOPMAaJbHOIO
paccestHust, TIPOUCXOJSAINEr0o NPH HEPrUH €-44aCTHIL, HEJOCTATOYHOH
IUIst TIpOHUKHOBEHHst BHYTPhL siApa. Ilpu aHOMAJBHOM paccesHUU
ANPO MOMKET OCTAThCS B BO3GYKAEHHOM COCTOSIHHH H ToCJe BEHLIETa
@-4aCTHIBl, T. €. KUHETHUYECKAs] SHEPrusi pPasyeTalolluXcsad o-YacTHILB
M siipa MeHbIlle 3HEPrud CTONKHOBeHusA. PaccesHue, npu KOTOPOM
yacTh KHHeTHYeCKOH 3HePruy NepexoauT B 3HEPrulo Bo30OyXaeHus sii-
pa, siBJsieTCsT HeyNpPYTHUM B OTIHYHEe OT YN pPYTrOTro pacces-
HuSI, IPH KOTOPOM KHMHeTHYecKasi 3Heprus coxpangercs. I[Ipu cToJK-
HOBEHMH g-4acTHLHI ¢ IAPOM OHO NMpuobperaeT KMHETHYECKYIO 3Hep-
THIO M, B CBOIO OYepedb, MOXET HA CBOeM NyTH NPOU3BOAMTL HOHH-
sanuo. Takue sifipa uasHBalT ssApaMu oTaadn. Jlerko moka-
3aTh, YTO NPH YIPYroM CTOJKHOBEHHH SIAPO OTAauu NpHoOperaer
CKODPOCTh

2M . 2 .
V="M n® 2 G @7)
Mot M, 2 M 2
+ M,

M
WJH, BEIpAKas M—z uepes A/4, monyuaem
1

sin—Q-
LA I S 28)
v 14 A
4
Te v -— CKOpOCTb q-4&CTHILBL;
V' — ckopocThb Axpa oTaaui;
M, — wMacca sIpa oTrauy,
M, — Macca a-4acTHILH;
@ — Yroul paccaHHs @-4aCTHLUBI B cHCTeMe, rle IOKOHTCSH

ILeHTp Macc.
HaunGoabiias ckopocTh siApa oTAadd GyAeT NMpU paccesiHUM q-4acTH-
e Ha yroa 180°.

Ecau a-yactuna mpoHHKaeT B AP0, TO 3a CYET 3HEPrUH BO3GYK-
JeHus U3 dipa MOXKeT BHIJIETETh ADPyrdas 4acTHlla, HalpuMep NpoToH
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uau mefitpon. Ilpu 3ToM MeHseTcs cocTaB fApa, T. €. MPOUCXOMUT
MCKyCCTBEHHOE MpeBpallleHHe saep. Brepsble Takylo peakuuno B
1919 r. mabawogan Pesepdopa.

NIt L gt F18t 5 017 4 HY

COKpallleHHO TAKYI0 AepPHYI0 peakuuio o6oznayart N (a, p)OY. 13
peaklul, IpOUCXOAAUINX O] AeHCTBHEM @-4aCTHIL gauboJblliee 3Ha-
GeHHe HMeeT peaKlust Tuma (a, n), T. €. Peaklus, IPH KOTOPOH H3
s1pa BBLIETAET MO NEHCTBHEM a-dacTulbl HeiTpod. HauGonpini BbL-
XOi HeATpoHOB HabMOxaeTCs Mpu BO3AEHCTBHH a-yacTHI, Ha Gepui-
auil. TIpu MpoXoxKaenun yepes GepUIIHi 0-4ACTHUIL C SHEPrHEH 5 Mss
o6pasyercs oxuy HeidTpon na ~ 12000 a-yacrum.

§ 2. NPOXO)XZAEHHUE B-JIYVYEN YEPE3 BEWECTBO

Cnektp snepeuu B-wacruy. B orauyue ot a-yacrtul, o6aanalomux
BIIOJIHE XapAKTePHBIMH AJsi KAXK10ro M3aydarens 3HeprusMu, B-dac-
THIBI, HCTyCKaeMble M3 OJHOro PB-usmyyarens, 06JanaloT pasauy-
HBEIMH HEPTUAMU — OT HyJs A0 HEKOTOPOH MakcuManbHol. Kax-
OBl B-uslyuaTesNlb XaPaKTePu3yeTcss HEKOTOPOH MaKCHMaJbHOH

QU
=

g 600

1200 1800 2400. 3000 3600 E.x38
Pic. 8. Pacapeieicwic f-uacTium mo 3MepPTHAM

snepruefl f-vactun. HMuorja $-usnyuarenb HCIYCK4eT HECKOJABKO
rpyin B-4acTHIl C pasJaudHOR MakcuManabHOH sHepruefl. ITpumepnoe
pacnpeienesue B-4acTuIl MO SHEPTUSIM NpPexCTaBJeHO Ha puc. 8.
Tounbli Bua KPUBOH pacmpeleseHuss 3aBUCUT OT Psifa ($Hakropos,
cBSI34HUBIX C 0COOeHHOCTAMHU B-pacnana., [IpHYMHa HENpephIBHOCTH
p-cekTpa 3akjalouaercs B TOM, 4TO OJHOBPEMEHHO ¢ f-4acTuues,
T. €. 3JeKTPOHOM (MTOMOKUTENBHBIM HJM OTPULATEJNBHBIM) U3 sApa
BBLAETAET HeHTpaabHas yacTHua —He U TP U H 0, KOTopad rmocje dk-
T4 pacnanga OOBIUHO OCTAaeTCsi He3aMe4yeHHOH BCJEACTBHE HHUYTOXK-
HOH BEDOSITHOCTH ee B3aUMOJACHCTBUa ¢ BewecTBoM. B mnocnennee
BpeMs YAdJN0Ch IKCIEPUMEHTAJNbHO O0OHADYKUThH HEHUTPDUHO BHE Mec-
Ta €e BO3HHKHOBEHHd. ITa yacTuua obJajaeT Maccod NBUKeHus,
KOTOpast COOTBETCTByeT YHOCHMOH ZMo.je 3HepPruu (3-pacmana, a Mac-
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ca TOKOs HefTpUHO, Mo-BUAMMOMY, paBHa Hymo. Eciu artom B-akx-
THBHOTO BEIIECTBA MOKOWJICS B MOMEHT pacnaja, To reoMeTpudecKds
CyMMa KOJHYecTBa JBHKEHMs Tpex 4acTHll (HeATPHHO, SJMEKTPOH U
oCTaBlIeecs A1P0) NOMKHA PaBHATLCA HYJIO, a4 KHHETHYECKasd DHEP-
rust 5TUX TPEX YaCTHIl AOJXKHA PaBHATHCH HEPruu pacnana. N3-3a
GOMTbILION Macchl sApa ero A0Js B HEPrHH pacnaaa OyleT HHYTOXK-
HOH M MpPAKTHYECKH CyMMa 3Hepruifl SJeKTpoHa H HEeHTPUHO pAaBHA
sHepruu B-pacnafa. B mpefenax 5Toi BeJHYHHBl SHEPrHs SJMEKTPOHA
MOKeT BHPLHPOBATH OT HYJIs 10 MaKCUMaJbHOM.

Ipoxodcdenue MOHOXPOMATUHECKO20 MYUKA 3INEKTPOHOB Hepes
8ewecT8o. DNEKTPOHbl, IPOXOIs uepe3 BEIeCTBO, He TONbKO NOCTe-
fIeHHO TepsIIOT CBOX HEPIHI0, HO M PaCCeHBAlOTCA, T. €. MEHSIOT Ha-
npaBJenHe CBOero ABHXKeHus. PaccesHue yallle BCEro MPOHCXOAMT
Ha HeGoAbllHe YIJbl, HO 3aMeTHas 4acTb 3/J1EKTPOHOB DACCEHBACTCA
Ha Gombinme yrawl BILIOTH a0 180°. B pesyabrare paccesnus S/1€K-
TPOHH (haKTHYECKH ABHIKYTCA B BEILECTBE IO JOMAHOH JHHHH, LIH-
Ha KOTOpOH 3HayuteqbHO GOJblle, YeM PacCTOsHHE MEeXAy Hauyajb-
HOH U KOHeYHOH TOYKAMH ero TPaeKTOpHH, Ha3plBaeMoe IpOGeroM
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Puc. 9. Ocaa6.ienyte nyykKa 3.eKTPOHOB

saekTpona B cpene. Ecan Mbl mpomycTuM Y3kHii napanniesjbHbll MO-
HOXPOMATHYECKUHA NMy4OK 5JEKTPOHOB, T. €. 3JIEKTPOHOB C OIMHAKO-
BOH sHepruefi, yepe3 Kakoe-1u6o BEECTBO, TO KOJHYECTBO SMEKTPO-
HOB B NMyuKe mocTemesHo OyldeT yMeHBIIATbCA H3-3d4 DpaCCeAHUA.
V6blIb 3/1€KTPOHOB [0 Mepe IPOXOKAeHHs depe3 CJIOH BellecTsd
npexcrasaena Ha puc. 9. InHa MakcHMasbHOrO npobera 34BUCUT
OT 3HEepruy 3JEeKTPOHOB M NpPH 3aN4HHOH >Hepruu AJd OLHOrO U TO-
ro e BellecTsa — OT MIOTHOCTH. MakcuManbublil mpoGer, Bhpa-
JKEHHBIl He B elMHMIAX AJMHUHBL, @ B rPAMMax Ha KBaJpaTHbIA CaH-
TUMETpP, OT NJIOTHOCTH He 3dBHUCHT, TAK K4K yBeJHUeHHE INJTOTHOCTH
[IPUBOAUT K COOTBETCTBYIOIIEMY YMEHBIIEHHIO JJIHHBI npobera, a
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NIpOH3BE/EHHE IJIMHBl Ha IUIOTHOCTb, paBHOE YHCTY TPAMMORB Ha
KBaJpaTHbIM CAHTUMETD, ne M3MeHsieTcs. [l Da3NUUHBIX BellecTs
n.p96em B MA4ccoBbIX €IMHUIAX, KOHEYHO, Pa3HyaloTCs MeX1y co-
6o, HO TPUOAUKEHHO HX MOKHO CYHTATH OAMHAKOBBIMU. Kpunag
34BHCUMOCTH  MAKCHMANbHOTO NPOGera  3JeKTPOHOB OT 3Heprun

R
2jcm?

N T el .
a 05 10 15 20 25 30 £ m36

P S RO

Puc, 10, Makcusanbhbii npober 3/MeKTPOHOB B 3aBHUCH-
MOCTH OT 3HEpPrHH

MpeacTannena Ha puc. 10. as suepruit cseime 0,8 Mss smnors 10

3 Mss kpusas mepexomut B NpAMYIO, NPenCTaBJCHHYIO ypaBHEHHeM
R =0,54E — 0,13, (29)
rme £ — sueprua, Maag;
R — MakcuMaabHbIl npober, o/cu2,

Ocaabaenue nyura B-ayued. Tlyuok B-s1yqeii, npoxogsmmii gyepes
BEIIECTBO, MOXKHO MPENCTABUTL KAK CYMMY GOJBIIONO YHCAA MOHO-
XPOMATHYCCKUX MYYKOB PA3JIMYHON SHEPIUH OT HYJS M0 MAKCHMA/L-
HOH B B-cmektpe. CyMMapuas Kpusas (puc. 11) o csoemy Buny na-
TOMUHACT SKCNOHEHINANbEO YOBBAOIMYIO (GYHKIHNIO, ITostoMy upc-
M0 [-4acTuy, MPOIIEAIHNX CJIOH BemecTna TOJIIHHON R, MOXHO npu-
6/1MKEHHO Tpe1CTaBUTE thopmyion

N = Nge*R (30)

Bennunua, o6osnavennas OykBOi#f [, HasbIBaeTCsH K05 ¢ bunuen-
TOM ocntabaeHus. OHa 3daBUCHT OT 9HEPruy P-4acTuL U OT
for.romanomero Bemectsa. Kak yxke 6blio CK43aHo, dopmyna (30)
HeTOYHasd, a B 00J4CTH KOHIA KPUBOH OHa COBEDIUEHHO HENPaBU/b-
Ha. Ilo popmyne (30) Bennunna N NPUGNKAETCH K HYJIO ACHMII-
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TOTHYECKH, B TO BPEMA KAaK KPHUBas COBMEINAETCs C OChblo abcumce
Ha pACCTOAHHM, DPABHOM MAKCHMaJbHOMY mnpobery B-uacTHusl, Be-
auynHa, obpaTHas Ko3dduuuenTy ocnabieHus, UMeeT PasMePHOCThb
JJUHBL W O3HA4YaeT TOJMIMAY
cos1 Beulectsa, ocsabasomero ¥
notok Jayueit B e pas. OueHb
4acTo cMOCOGHOCTh BelecTa K
ocnabnesulo  aydell xapakrtepu-
3yI0T ge KOo3(pdunuentom ocnad-
JeHud, a4 TOJMIUHOH cJos moJo-
BUHHOro ocnabnenus. Cps3b
MexXay Koadbuuuestom ocsaab-
JIEHHS W TOJIIMHOH CJIOS MO J O-
BHHHOTrO ocnabieHus, KOTo-
pvio MBI 0603HayuM uepe3 Ry, .
MOXKHO MONYy4YuTb H3 GOopMyJIBl

(30):
No Ne ¥ Ry, Hpubas noznowenus B ayved [
—_— 0 2 y - -
Puc, 11. OcnaGieHne nyuka f-dacTuu
OTKyZa
In 2 0,693
R, ;= = . (31)
: > ®

IMoncrasass s ¢popmyny (30) 3mayenue p u3 BeIpaxenus (31), me-
penuiueM ee Tak:

in2 - R

R, R,
N=Ng 7* =N,.2 "7, (31a)

Tonmuny ocia6/soero cios, KaK yxKe 6bLI0 CK43dHO, MOXKHO
BBIDAXKATh HE TOJIBKO B €JMHHMIAX NJMUHBEL, HO U B MACCOBHIX €IHHH-
nax (e/fcm?). Ecnu mokasatenb cTenenu B sbipaxenuu (31) mommuo-
¥KHUTb U MOAEJHTL HA IJIOTHOCTb BEIeCTBA P, TO B NOJIY4EHHOM BHI-
paxenuy Rp— 3TO TOJMIMHA B MAaCCOBBIX €IUHHIAX, 4 —%—omo-
menne Kos3pduuyenta ocnabaenust K MJIOTHOCTH — HA3bIBAETCSH Mace
COBBIM KO3(hduuuentom ocnabaenus. Popmyaa suxa (30) nmpuMenu-
Ma He TOJBKO K B-/71y4aM, HO M K HEKOTODHIM ADPYTHM BHUIAM H3Jyye-
HUst, B 4aCTHOCTH, K y-J1y4aM ¢opMyta IPUMEHHMa ¢ ropasno 6oJb-
11ed TouHOCTbI0. Bee namucannoe B 3ToM nmaparpade o cBA3H MeXay
K03 PUUHEHTOM oclableHHUsi, CJ0eM MOJOBHHHOTO OCJAabaeHuss U
MaccoBbIM KO3(DGhUIHEHTOM ociableHds OCTA€TCH B CHJe LM BCex
ciyuyaes, rae npumenuMa cdopmyaa suga (30).
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qeﬁlzguggtgquﬂ, npoussodumasn g-aywamu. Ilpu TPOXOXKAEHUH (-11y-
e u gcn ?;:;Iéyx WY JpyrHe rasbl NPOHCXOAUT MOHU3aUHs. Tak xe
Kax 1 aro&los Ha;ﬂ)yqeeu, HapAay ¢ HOHU3ALKeH MPOUCXOAUT BO36yX-
! MOJICKYJI BelecTBa, uepes Ko
Aet ] s TODBIE NPOXOAAT B-My-
Ba}o??gzﬂo IIOTEPU SHEPrHU HAa HOHU3ALMUIO M BO3GYKIcHHE Hﬁa3l¥-
pator, Ha;x;ax;gxouﬂbmu notepsiMu. B cpegueM Ha o6pasoBaHue
HOB B BO3JyXe TPaTUTCH, T
aK Xe KakK IpHu -
HUK a-JydaMy, okosao 33 3 ' B e
) 8. 3-3a Goabmux %
: CKODOCTell, ueM
a-4yact :
HIL, JIOTHOCTH HOHH3AUMH y B-yaCTHI, 3HAYUTEILHO ;VIEHI:HlaH)f
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Nnommocms uoni3ayuy, naps uonob [cm
y4

10

Jnepeun, w38

Puc. 12
. ITaotHocTs HOHH3AUHH KaK QyHKuus sHeprun PB-yactun (2 s ;
Xe NDH HOPMAILHLIX YCI0BUAX) oy
IlnotHOCTh HMOHM3A
U3dIHH KdK (QYHKUHA 3HEp
THH B BO3 -
MaJIIIBIHbIX yCJIOBUSIX NpencTaBjieHa Ha puc. 12 VRS TipH WO
oM 4 Ipox
sepes B;ul\:gc:ggfjéilm}mblx NOTEPDL NPH TPOXOKIEHHH 3JIEKTPOHOB
abMonarTCd pagvalnuOHHbe 1T
oTepu, T. e
Ha usayuenue. [lpu nBux a ¢ neponen.
5 . €HHH 3JIEKTPUYECKOro 3a
HOH CKODPOCTBIO OH $IBJ Wi o
SI€TCA UCTOYHUKOM 3
SrepocTh M 3JIEKTPOMATHUTHLIX BOJIH
PH CBOEM ABUXKEHHH B moJie :
EX] ¢ A1€P MEHSIOT B
HanpapJeHue CcBOell CKOPo o e
CTH, CJAEICTBHEM Yero s
HHe, Ha3bBAEMOE TOP MO A ity acnne e
MO3HB M. Tak, TopMO3H
i : , , ! 0€ Hu3JNydYeHHE Hc-
Tg;i(da(l;;cos;odgmxdmnoul PEHTTEHOBCKO# TPY6KH SHeprgﬂ KBaHTHoCB
! €HTTEeHOBCKOTO U3Jy4eHHst '
Y KOJIe6JIeTCS B 111U
o POKHX mpe-
AC/TaX BIVIOTb 10 SHePTHH BO3OYXKIAIOMIEr0 €ro H3JAyYeHHs. Pc?m,

ar
0 19 100 1000 20003000

BsaumodeiicTsue paduoaKTUBHO20 USAYHEHUR C BEULECTBOM 31

palMALHOHHBIX NOTEPb OUEHb BEIHKA NPH SHEPTHAX 3JEKTPOHOB I0-
pAlKa JEciTKOB Meras/eKkTPOHBOJIBT, a AJIs B-nyyelt, HCIyCKaeMblX
0GbIYHO PaJHOAKTUBHBIMH BelIECTBAMH, He BHIXOIUT 3a MPelesbl He-

CKOJbKHX IPOLIEHTOB.
§ 3. NPOXO)XXAEHHUE y-JIYYEA YEPE3 BELUIECTBO

Tamma-ayqu. TaMMa-liyun IpeacTaBJsioT cOGOH NMOTOK S/1€KTpO-
MATHUTHBIX BOJH, HCIyCKAaeMbIX sApaMM aToMOB. OHH OTJHYAIOTCH
OT Jyyell BUIMMOrO CBeTd NJIMHOH BOJHBL. Ecnu ayuaM BuauMoH ua-
CTH CHEKTpa COOTBETCTBYET [AMaNa30oH JIJMUH BOJH ~4.1075—
8-10"° cm. yabTpacuOJETOBBIM JyyaM COOTBETCTBYeT JAHANAsol
~4.105—107 cm, XxapaKTepUCTHYECKHMM  DEHTFEHOBBIM JydaM
107—10"° ca, TO y-AydaM COOTBETCTBYIOT 3J€KTPOMArHHTHbIE BOJIHbI
B guanasoHe ptiH 1078—107"" cm. Kax H3BecTHO, 3/1€KTpOMAarHui-
Hble BOJIHBI 06/1a7al0T HE TOJMBKO BOJHOBHIMM CBOHCTBaMH, HO H
CBOHCTBAMH MOTOKA yacTHIL — (OTOHOB HJIH KBAHTOB, SHEPTHs KOTO-
pBIX € ONpene/seTcs U3 COOTHOLIEHHs

he
g = h vy = : , (32)
rage v -— 4acrora SHEKTPOMaI‘HI/ITHbIX BOJIH,

A — UX JJIUHA;
¢ — CKOpOCTb paclpOCTpaHeHHs CBeTa B BakyyMe, paBHa#d

2,998 - 100 cm/cex;
h— moctosHHas Ilnamka, pasHas 6,62:107% apewex = 4,14X

X 1072t Mss-cex.
Takum o6pasoM,
4. 102! . 1010 o4 . 10
= 4,14 .10 7\2,998 10" 1.4110— ’ (33)

rae sHeprus BblpaxkeHa B Mss, a A— B Cat.

JlnanasoHy AJHMH BOJIH y-Jyueii COOTBETCTBYeT AHANd30H S5Hepruit
(OTOHOB OT ACCATKOB ThICAY JEKTPOHBOJNBT 10 HECKOJLKHX Mera-
3MeKTPOHBOABT. I1py TPOXOXKIEHHHN Y-JIyded yepe3 BEIeCcTBO ocna6-
JIeHHe NPOMCXOIHT B Pe3y/pTaTe psina MPOUECCOB, U3 KOTOPBIX BaXK-
HeHMMH SBJASIOTCH caenqyromue: GoToaddekT (TouHee, thoronoHu-
3auus), paccesiHue Ha CBOOOJHBIX 3JI€KTPOHAX HJIH stherkr Komi-
TOHA ¥ siBJieHHe OOPA30BaHMs Map 3JEKTPOHOB H MO3HTPOHOB. Ha-
pALY C STUMH SIBJEHUAMH MPOHCXOAAT U ApYrue ABJCHHU, HanpuMep
KOTEDeHTHOe paccesHue (paccesHue, NpH KOTOPOM IJ/MHA BOJIHBL HE
usMeHsieTcs1), snepHbiil Gporoaddext (CM. CTp. 33), O1HAKO UX POJb
B ocjabJieHHH IOTOKA Yy-ayuell He3HauuTesbHa.

®orouonusdayua. SIsneine GOTOHOHU3AINN 34K/1I0UAETCs B BBIPBI-
BAHUW DJEKTPOHOB U3 OTAeJbHBIX aToMoB. Ilpu (OTOHOHH3ANUA
yacTh 5Hepruu (oTOHA TPATHTCA HA BBHIPBIBAHHE 3JIEKTPOHA, T. €. Ha
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HOHHM3ALHKIO, @ OCTaNbHAs YacTh NEPEaeTCs MEKTPOHY B BUjme Ki-
HeTHYecKo#l 3Hepruy,

hv=e+P, (34)

TI€  &,— KHHeTHYecKas  5Heprus dorosnekTpona
BLIDBAHHOrO B pe3ymbTaTe dotononusamnun)
P,—pa6ota nonnsauuu.

OueBunno, uto mas BO3HUKHOBEHHA (DOTOHOHH3ALUY 3Heprus ¢oto-
Ha NOMXKHa GbITh GoJblle, yem pa6oTa woHusauuu. Onnako ecan
SHeprus (GoToHa MOCTATOUHA I BO36YKIAeHUs HOHU3AUUU C KaKo-

(E)JIEKTvaHa,

’

LHA MOKET NPOHCXOAUTH C PA3HBIX SMEKTPOHHBIX YPOBHEH ¢ pasiyy-
HbIMH 3HaueHHsMu P;, BeposTHOCTD boTononnsanun kak byHKIHA
SHeprun (oTOHOB o6aanaeT psmom MaKCHMYMOB, XapaKTepHHIX nJis
KaXK0ro XuMH4ECKOTo 3MeMedTa. B MPOMEKYTKAX MEKTY MaKCHMYy-
MAaMH BEDOATHOCTD yMEHBUIAETCS ¢ VBENHUeHUeM 9HEPTHH KBAHTOB
M CKa4koo6pasHo BospacTaer y clenyomero MakcuMyma. Kaxkami
M3 3TUX MAKCHUMYMOB COOTBETCTBYeT SHEpPTUH BHIDEIBAHUS 3/€KTPO-
HOB ¢ HOBOTO GoJsee TiryGOKOro YpOBHS B aToMe. Has atomos cpen-
HETO aToMHoOro Beca ameprus, TpeGyemas nus CPBLIBAHUA 37€KTPOHA
C_CaMoro ray6oKoro ypoHs — K-ypoBus, 3to BeUYHHA TNOpPsAKA
25000 se (Ag, mopsakoBbI HOMep 47) M MUIUL y CAMBIX TsIKebix
AocTuraer Beauunusl 116000 s6 (U, nopaaxcami HOMep 92). ¥ cBuH-
la, HalpuMep, KOTOPHIfi YacTo MpuMeHseTes s 34AIUTH OT u3ay-
d€Husd, sHeprus moHusauum ¢ K-ypoBus paBHa 88000 ss. ITostomy,
KaK NpABUJIO, N/t y-7ydeld SHEPTH KBAHTOB MpeBBlldeT HEPruio,
HEOGXOMUMYIO 1151 BHIPBIBAHHS SJEKTPOHA €  C€aMoOro ray6oKoro
YPOBHS, T. €. IPeBbILIAET SHEPTHUIO, COOTBETCTBYIOIIYIO CAMOMY Kpaii-
HEMy Makcumymy. CrenoBatesfbHo, ¢ jgaibHeliluwm yBeIuYeHHEM
SHepruu (HOTOHOB BePOSITHOCTD (oTonoHn3aLu yMeHbmaeTCsT MO-
HOTOHHO. Kak mokasbizaer ommiT, B 370 06J14CTH 3HEPTUil BepOAT-
HOCTbL (OTOHOHU3ALUM TPUGIUIHTENBHO 006paTHO NMPONMOPLUHOHAMbHA
KyOy sHepruu. OueBumHO, yto BEPOSATHOCTL MOHU3AUUK GyneT GOJb-
el y sneMeHTa ¢ GoMbIUM MOPSIAKOBBIM HOMEPOM (Npu 3a7aHHOI
SHepruun GoToHa 6GauxKe MaKkCHMyM BepOATHOCTH (HOTOHOHH3ALMM).
B nefictButenbuocty Py OXMHAKOBOH aToMapHOil KOHUEHTpAaL Uy
BEPOATHOCTL  (OTOMOHM3ALMH NPUGIU3UTENBHO NPONOPUHOHANbHA
cTenenu 4,6 mopsaaKoBOro HOMep 4.

Ecnu Mbl 0603Hauum nouio (bOTOHOB, MOTMOIAEMBIX HA eqMHHUIe
AJHHBL B pe3y/bTaTe (OTOHOHU3ALMHU, Yepe3 T, TO MOKHO HATHCATEH

T2 VAR
A
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. _h Z4.6_.Pz 23,6; (35)
Tl .72 —Al 1 __A2
4,6
. ?2 Al ZZ (36)
=T 4,6
Py 4y 7

B KkauecTse pemiecTBa, ¢ KOTODBIM MOXKHO CPABHHBATH BCe oFTlfggb-
Hble BemecTBa, yno6HO BLIOpATh CBUHEN. 3aMeHUB HHAEKC | Ha u
OMyCTHB HHAEKC 2, BMeCTo ypaBHeHus (36) moayynM
—8,74.6
T=T ZA 207 = 2,9-10 PZ—pr. (362)
A 11,36 824 A

Jlnst GoNBUIMHCTBA 3JEMEHTOB T He HUrpaeT 3aMeTHOH pogu B
ccaabuedHuy y-Jayded, HO AJIs TSAXKENBIX 4TOMOB TIPH HE OUEHb (i.fél;
HINX 3HepPrusaX (OTOHOB T CTAHOBUTCS 3dMETHOH BEJUYMHOH (PHUC. .
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Puc. 13. Kosopdunuent ocrabaenus y-ayyeil B CBHHUe

HAdeproi ¢orosggexr. Ecnu sueprua (oTona MpeBHIIAeT IHEp-
THIO CBSI3H HYKJOHA B 4TOMHOM s1/1p€, TO NPU B3aUMOAEHCTBHH (HOTO-
Ha C 9]pOM MOXKeT NPOHU3O0HTH BBLIDHIBAHHE EYK/JIOHA. ITO sBJEHHE
no aHasorun ¢ (OTOUOHH3AlMeH 4aTOMA HA3BIBAETCH S EePHB M
bovtosaddbextom [dng momasasionmero GOJNbHIMHCTBA Axep aHe’p-
rust CBsI3H OJHOTO HYKJOHA KoJeGJaeTcs B mpefenax 5—8 Mas, B 10
BpeMst KK SHEPTUs y-KBAHTOB MPUPOIHBIX PaTXHOAKTHBHBIX BUEIIIECTI?
He npeBHaer 2,62 Mag (Thc”"). ITo 3tofi mpuumHe S{L}eprII/I ¢)0T2-
s heKT noa neldcTBHEM y-JIydel U3 MPUPOAHBIX PaAHOAKTHBHBIX H

3 3aulMTa OT PATHOAKTHBHLIX H3jivHenuit
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TOUYHHKOB BO3MOKEH JIMIb B ABYX caydasx: 1) pacwensnenne pefi-
TPOHA Ha NPOTOH U HEHTPOH, HeO6X0ANMAs NpH 3TOM MUHHUMAaJNbLHasg
SHEPTus y-KBaHTa 2,23 Mag n 2) BBIDBIBAHUE HEHTDOHA u3 ampa Ge-
PUJLIAS, MUHUMANBbHAS 3Heprus dbotona 1,67 Mas.

C Toukn 3penus ocnabiieHns MOTOKA y-1yYel spepHbly botoap-
bexr npakruyecku Hukakoi POTH He urpaer. To sABMeHHe UCHOTL-

$boTon ¢ Menbwei SHEprueit paccensaercs mnog HEKOTOPBHIM yrJIOM K
I€pBOHAUANLHOMY HampasseHuio (puc. 14),

e

hy

Puc. 14. Paccesnue dorona ceobopumm 3JIEKTPOHOM

CBs3b MeXAy suepruamu ¢oroHoB mepBuuHOrO Y paccesiidoro
U3MYy4EHUS U YIIIOM paccesiHus Ompenensercs

1 IpH NoMomM ABY

YDaBHeHHUI: P e

By —hv = me?

—1\; (37)

, @ OO0 = (38)

s ! .
rie vV H V' — COOTBETCTBEHHO 4aCTOTH] NEPBUYHOrO M  paccesn-
HOro (oToHos;
My — Macca nokos 3JIEKTPOH4;
U — CKOpOCTb JBHIKeHus, npuo6peTeHHAas 3JEKTPOHOM
fnocye coygapeHus;

hv Ry

—H“_ = s
P p COOTBETCTBEHHO KOJar4ecTBa ABHKEHU g Q)OTOHOB

NMEPBUHYHOTO U paccesiHHOTrO H3JIy4yeHUus !,

myc?

t
dueprua E aoboro rena pasua mc?= -Kineruueckas sneprus

/ 02
] — —

2
C
PaBHa DAsHOCTH suepruit mBuenus E m0Koq Ep, 1. e, Exyn = me? — mye? =
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IlepBoe ypaBHeHHe BHIPaKAeT 3aKOH COXPAHeHHs 3HEPTHH; PA3HOCTD
9Hepruil NMepBUYHOTO U PACCESHHOTO (OTOHOB DABHA KUHETHUECKOH
9HEPTUH, MPHOGPETEHHONH 3JMEKTPOHOM. BTOpoe ypaBHeHue Bbipaxa-
er co6Oli 3aKOH COXPAHEHUs KONMYECTBA JBHKEHUS; HMIYJbC 3MEKT-
POHa MU DABEH eOMETPUYECKOH PA3HOCTH UMIYJILCOB (DOTOHOB Mep-
BUYHOTO U PACCESHHOTrO.

Pewas 3TH 1Ba ypaBHeHusi, MOXKHO HAlTH 3aBHCUMOCTD MeX Iy
U3MEHEHUEM JJIMHBI BOJHBL H YIJIOM DaccestHHs (hOTOHA:

h . 9 . P
N—h=Ar=2 sin? — = 2.2,427 .10-%cpy.sin — . (39)
myc 2 2

Kak BunHO U3 3T0ii (OPMYJIBL, H3MEHEHMe AMHHBI BOMHb 34BUCHT
JMUIIL OT YrJld pAacCeAHHsT U HE 3aBUCHT OT JJUHH BOJHEI, COOTBEl-
CTByIOIIEf NMepBoHayatbHOMY (oToHy, Ilpn yraax paccesaHus, Gaus-

. ? .
Kux x 180° sin? 5 OMM30K K e/luHHlle H H3MeHeHHe AJIHHBI BOJHI

OKa3bIBAeTCS HAUGOJBIIUM, 4 NPH YrJaX paccesHus, GAH3KHX K Hy-
710, U3MeHeHHEe JJIUHBL BOJHBLI HE3HAUHTENbHO. TO, YTO H3MEHEeHHe

I mav?
=mqyc? - — 1) - Tlocnemnee Bolpaenue NePEeXORUT B JIHIIb
v
I— _c2
o U 1 ~
Asg Manbix cKopocred (—— & | | npu pasvioxeHuu B CTeleHHoii
c )

/ 02

Koanyecmso neuKenus uam uMmnyasc P moboro tena paBubl mu.
v

myc —
myv ¢
P=mv= = ——
/ v2 /1 02
s s
v? v?
— 14 —1 2 2
P 2 mg ¢
2 2 9 [ _ 2 2 4 __ 0 o m2 a2
PP=mfc 1 A= me - o2 my €%
- c? - c2 - c?

P2C2=E2—E(2); P=

Hnsa Ten ¢ GonbluuMH ckopocTAMHU (E>» Es) u pas Ten ¢ maccoit [OKOSI, pas-
A4

Roit Hymo, P= P Takum o6pasoM, uMnyanc dorona paBeH —.
c

3*
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AJIMHBL BOJIHBl He 3aBHCHT OT AJNHMHL NEPBHUYHON BOJMHBI, O3HAYAeT
YTO OTHOCHTE/NbHOE H3MeHeHHe NJHUHbLI BOJNHLI BeJUKO ,r’um Manbix
JUTHH BOJIH U Maso AJs1 GOJbIIUX JJHH BOJH.

M3meHeHHI0 AMHHBLI BOMHBI COOTBETCTBYEeT H3MEHeHHEe SHepIuH
¢otona. OTHOCHTeNbHOE H3MeHeHue 3Heprud (PoToHa paBHO

hv_‘h.l 4’/

vt [ Sy PR U DU U S R
ke , 'Y G )\ -

A 14+ =2

A

= _____,*._*}.,. —] 1 '

o h Sinzi - | s, - T (40)
! rmyc 2 +2 myc? S 7

Ecnu sHeprus thoToHa 3HAYUTeNLHO MeHbllle, YeM moc? (0,511
M3s) — sHeprus nokos 3/MIeKTPOHA, NOCJeqHee BbiparKeHue pa,mno

4 . P
2 mslrﬁ %, a 114 YyraoB paccesHus, 6au3kux K 90°, npocTo hy
Ecmu sneprus ¢orona suauurensuo Goablle, yem myc2, orHocurrnchrb-
HO€ H3MeHeHHe 3HepTUM NPUOMUIKAETCS K eHHHULE.

Kak BuaHo u3 ckasauHoro, SHEPTHS MOTOKa y-1ydel YacTHYHO
IepellaeTcst STEKTPOHAM, T. €. MOTJIOmAeTCs, YACTHYHO paccenBaercs
B Bule (oToHOB MeHbIledl sHepruu, OGo3HAYUM Yepe3 Oyor JAOJIO0
[TOTOKa 3HEpruu, NOrouaeMol Ha nyTu B 1 cm, uepes Opace — AOJIO

[IOTOKa SHepruu y-myyed, paccenBaeMoii Ha nyTu B 1 ¢m. Toria ux
cyMMa

G = Opucc + Gror (41)

OYAET INPEeNCcTaBJsATL COGOH A0M0 (HOTOHOB, paccesiHHBIX Ha NyTH B
; t;m. M3 bopmyn (40) u (41) BuxHO, 4To A KaHHOrO yraa pacces-
"

1
(Gnor )'; :ch e ) , (42)

b2 e ®
m(,c?'sm 2

/ 1

(apacr) . =0

: 43)
; hv ? (
( 1+2m025m?~2—

c

SaBHCFMOCTb 0 OT 3Hepruu (hOTOHOB JOBOJBHO CAOKHAS U NAeTCH
¢opmymnoi TaMMma — Knefina — Humunsl, Mol 3JeCb OrpaHH4MBAa-
eMes rpaduueckuM H306parkeHHeM 3TOH 3aBUCHMOCTH (c™M. puc. 13).
KomnronoBckoe paccesnue npoucxonur na CBOGOMHBIX 3JEKTpOHAaX
ONTHAKO oA CBOGOAHLIMU 37eCh HYKHO NOHUMATh 3JIEKTPOHBI, 3Hep:
A1 CBSA3H KOTOPBIX B aTOMe BO MHOTO Pa3 MeHblle, 4eM SHeprus
¢oToHOB. B 3ToM cMbicTe no OTHOWIEHHIO K Yy-JydaM [OYTH Bce
_ PJIEKTPOHBl B aTOMAX MOXHO CYMTATh CBOGOAHBIMH, HGO Y JerKux

B3aumodeicTeue paduoGKTUBHO20 USAYUEHUSR C BEULCTEOM 37

aToMOB pa6oTa MOHH3ALMH AN BceX ypOBHeH 3JEKTPOHOB CpaBHH-
TeJbHO Mana, a B TAXKENbIX, T. €. MHOTO3JEKTPOHHbLIX aTOMaXx, YUCJIO
3JEKTDOHOB, DAacCNONOXKEHHBIX Ha Oauxkadmux K sAApy opOHTax,
MaJIo IO CPaBHeHHIO ¢ OOIINM YUCTIOM 371eKTPOHOB. [103TOMY MOXKHO
CYHTATb, YTO G — KO3((HULHEHT KOMITOHOBCKOro OcnableHust y-ny-
yeit — nponopuuoHaleH obmeMy YUCaTy 371eKTDPOHOB B eAuHHLEe 00b-
eMa WJHM YHCJHY T'PaMM-ATOMOB B eNuHHUlle 06beMa, TOMHOXEHHOMY
Ha YHCJO 3JeKTPOHOB B atoMme Z.

c~--Z.
A

[ToBTopsAsl paccyXJIeHHs, NMpuBeleHHble NpH BbiBoAE (HOpMyJ
(35), (36) u (36a), nonyuaem

b1 Po
6.0, = —— .2 Z,; 44
1° 02 R N (44)
pe Ay 7, pZ 207 0.22 pZ .
=¢, P2 1 f2 .5 == . — =022 =g 45
= T Tz T T . 82 A pos (49)

oA _G";"_QOL, (45a)
o 7 11,3 82
[TocnenHee paBeHCTBO O3HAYaeT, YTO OTHOIIEHHE KOMITOHOBCKO-
ro koadduuuedTa ocnabaeHusi K IJIOTHOCTH BeUlecTBa, MOMHOXKeH-
Hoe Ha OTHOLIeHHe aTOMHOrO Beca K IOPSAKOBOMY HOMeEDy, 1/
BCeX BelllecTB BeMUyuHa MOCTofgHHAsA. IIOCKOJMbKY OTHOIIEHHE aTOM-
HOlo Beca K IMOPSIIKOBOMY HOMepY JAJS PA3JUYHBIX 3J1eMEHTOB (UCK-
Jiogasi Bofopoa) KoJgebuerca B mpejenax oT 2 go 2,6, MOXHO c4u-
TaTh, YTO OTHOILIEHHE KO3¢(hULHEeHTAa KOMIITOHOBCKOrO ocsaabneHus K
IJIOTHOCTH AJIs1 JIOOBIX BEIEeCcTB BeauuuHa NPUOAU3HTENBHO OAUHA-
KoBad.
fsarenue obpazosanus nap  3NeKTPOHO8 U NO3UTPOHOS.
PasnuuHble npouecch, NPOHCXOASLIHe B NPUPOJAE, CBA3AHBl C H3Me-
HeHueM ¢opmM ABuXKeHHA mMaTepud. MameHeHHe ¢GopM JBUHKeHUS Ma-
Tepuu NpOABJSIETCS B NpeBpall€HHH OAHMX BHUIOB 3HEPTHH B ADY-
rve, DJEeKTpUYyeCKass 3Heprus npeBpamaercss B 3JeKTPOMOTOpE B
5HEpPTHI0 MeXaHHYECKOro JABUIKEHHS W YaCTHYHO B TEIJIO. DHepTHS
MeXaHHUYeCKOro JBHXKEHUSI NMpeBpallaeTcs B 3JeKTPHUECKYi0 B AH-
HaMOMaIIHHaX, DHEPTHsl TeNJIOBOrO JABHXKEHUS MpeBpamiaercs B
packajJeHHBIX Tenax B JydHcTylo, Jlyyucrass sHeprusi MOXKeT mpe-
BpamaTtbcs B (oTO3MeMeHTaX B 3JeKTpUyecKylo ¥ T. A. Hapsaay c
ApyruMu ¢opMaMu ABUKEHHUS CylecTByeT ¢opMa ABUIKEHHS, 0po-
sABasoniasicsd B BuUJe 3HEPruu nokosiiedcss Maccel. Tak, Hanpumep,
NpH q-pacnaje UJIU OPH JNeJeHHH TSXKeNblX SIep Macca HoKos pac-
najawomerocsd fapa paBHa cyMMe Macc IBHKYIUXcS ¢ GOJbLIMMU
CKOpOCTSIMH NPOAYKTOB pacnana u 6osbllle CyMMbl Macc NOKOS 11po-
Aykrop pacnana. ChefoBaTelbHo. Macca NOKosi IIpeBpaTH/JIach B
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Maccy nBHKEHHSI M COOTBETCTBEHHO 3TOMY 3HepTHs nokosulefics
MAcCCRl 9aCTHYHO NPEBPATHJIACL B 3HePTHIO MeXaHHYeCKOro ABHXKe-
HHA a-yactHU. Macchl nokos onsoro fIPOTOHA M OAHOTO HeHTpoHa
NMPEBLIIAIOT Maccy I0KOs OAHOrO AeliTpoHa (spo atoMa TsKes0ro0
'BOZOPOAA), COCTOSAILEr0 H3 NPOTOHA H HeliTpoHa. Tlpu o6pasoBanuu
AGHTPOHA M3 MPOTOHA H HEHTPOHA Macca MOKOS CHCTEMb yMeHbllIaeT-
€ H NMEPexXoAHT B Maccy H3JyyaeMoro y-KBaHTa. 3T0 3HAYHT, YTO
SHEPrus mnoxosiueHcs Macchl NMepexoguT B 3HepruIo ksauta. Hao-
Gopot, npH spepHOM dorospdexre neirtpon, nmoraoumas ‘y-.KBaHT
Pacnajaercs Ha MPOTOH H HEHTPOH. Ilpu s310M sHeprust ksanra ny-’
JUCTOH SHEDPIHH NpeBpamaercs B IHEPTHIO NOKOAmeNACss Macchl
B pasoGpanubix Bbime IpAMepax peyb waa 06 OCBOGOXKAeHHH (HJIPI.
PEBPAIEHAN) 3SHEPTHH, CONPOBOKIAIOILEMCy M3MEHEHHEM MacChl
MOKOsl CACTEMb HeH3MeHHOTro YHcaa yacti. OQHAKo B PHPOLe PO-
HCXORAT mpouecchl, IPH KOTOPLIX 3HePTHS, B YaCTHOCTH Jy4yHcTas
IpeBpamaeTcsi B 3HePTHIO MOKosAmelicss Macchl ¢ o6pa3oBaHHeM HO-
BbIX uactui, Tak, npu onpegeneHnbx YCJIOBHAX MOryT 06pa3oBaTh-
s TApbl 3JIeKTPOHOB H NMO3HTPOHOB. J1/1s1 3TOro HeoOXOAUMBI (hOTOHBE
C SHEprueH He MeHbllle ueM 2moc? uau 1,022 Mag *.

Kak nokasuiBaior Teopus 3Toro smjenus u OIIBIT, Ipolece Io-
[VIOINEHAs y-KBAHTOB ¢ 00pa3oBaHHeM mnap 3JICKTPOHOB H IO3NTPO-
HOB HI€T ¢ 3aMeTHBLIM BLIXOAOM JIHIIbL BGIH3H CPaBHHTENbHO TH-
KeJbIX Macc (aTOMHbie fAApa) H IPH H3GLITKe 3Hepruu (GHOTOHOR
HaJl MMHEMAJbHO HeohXonUMOHN sHepruell — 1,022 Msa.

O6o03nauum pgouaio GboToHOB, yuactBylomux g npouecce o6paso-
BaHHA nap Ha eQMHHLe NMYTH, Yepe3 x. Bennmuuua x 3aBHCHT OT
TIOps1AKOBOrO HOMepa MOTOUIAIONIEro BeecT8a U OT 3Hepruu doro-
HOB. Kak nokasnipaior TCOPHs H ONBIT, IPH 3aaHHON 3Heprun doro-
HOB % NpONOPUHOHANBLHO YHC/TY ATOMOB B eAHHHUe 0GbeMa | KBajapa-
Ty MOPSIIOBOTO HOMeEpa, T. e.

«~ L 72
A

Hosropas paccysxaenns, npusesensbie mpu
(35), (36) u (36a), nonyuaem Pl BriBone dopuyn

e 4 2 P9 2.
A _LZ . ;
R R N ()
o =y, P2 A Z% . (47
T -
P1 Ay Z% )

*

o Ipu TOMOLUH  CYILECTBYIOIMX B HacTOAulee BpeMs YCKOPUTENBHBIX yCTa-
HOBOK yRaercs HCKYCCTBEMHO MOJNYYHTD YACTHUE BO MHOTO pas Gollee TaKenbie, yeM
zggmpoum, 8 HMCHHO: ME30HBI Pa3/INUMBIX BHAOB (YACTHIEI C Maccofi, NpOMeKyToy-
Tpgﬂg{gmyfyaxfﬂccoy SIEKTPOHA M HYKJIOHMA), Napbi NPOTOHOB M AUTHIPOTOMO3, uell-

HEHTPOHOB, a TaKxkKe yacTHUB Gojee TaKeskl
Thonon 4 €JIble, 4eM HMYKJOHH -—

Bsaumoledcreue paduoakTusnoz0 U3AYHEHUR C BEL{ECTEOM 39

207 p Z% _3 pZ%
=% —_— 2,7 . 10 Xpb. (473)
* Pb 11.36.802 A A

3aBHCHMOCTb % OT HEPTHH AU CBHHLA NpeACTaBieHa Ha pHc. 13.

Ocaabaenue noroka y-Ayteir. TIpu npoxoXKAeHHH 110TOKA y-Jyqel
yepe3 BELIECTBO B 3aBHCHMOCTH OT 3HeprHH (OTOHOB H IPHPOALI Be-
mecTBa ocaabieHde o0yCa0BAEHO OJHHM HJIH HeCKOJbKHMH H3 Ile-
peuHCJeHHbX TPpex npoleccos. OG03HAYHM Yepe3 p J0JI0 (oTOHNB,
[OKHAAIOIuX NYyYOK HA eAHHHIe AHHBL Toraa

w=1-+0c -4 % (48)

[IpeacraBuM cebe, UTO HAa KakoH-n1HGo 3KPaH majgaeT y3KHH na-
panneJbHBl nyyok y-ayuell. Beaeacrsue oc-

ga6JieHus B cJoe BellecTsa (pHc. 15) Havanb- 11

HEI TTOTOK KBaHTOB /oy yMeHbmaeTcss fo 3lla- LX__MEX

verns /. Ecaiu uw — goas KBaHTOB, ycTpaHCH- 11

HBIX U3 MyYKa Ha elHHHIe [JHHBI, TO B CJOE 4 I: ;

TONWHHOR dx gonst 6yaer udx U H3MeHelHe Il

yucaa GOTOHOB B NMyYKe IIPH INPOXOKIAEHHH l :

cJ05 BerecTBa Mexay x H x -+ dx Oyaer co- : -

CTaBJATH Puc. 15. OcaaGaenue
dl = —Ipdx. y-nyueit

HHTerpupys 370 ypaBHeHHe H IOJb3YSICh HaYajbLbHBIMH YCIOBHIMH,
uto npu x =0 [ =1y noayuaem
I = Ie™", 49

Takum o6pas3oM, Mbl NOJIYYHJIH 3aKOH oc.1abueHus y-ayueil. Ko-
s¢duniicHT ocaalb. I eHHsT | ABJASETCS CYMMOH Tpex cJjaraeMbix, Ko-
TOpble MOXKHO Ha3BaTb Ko3(hduuuentom HoTO3.1€KTPHUECKOrO 0caaf-
JeHHs 1, KO3 PULUHEHTOM KOMIITOHOBCKOrO ocjabaeHHs ¢ M KO3d-
(DUIHEHTOM MAPHOro ocsaab/eHus ., 3aBUCHMOCTD L OT SHEPTHIH H OT
NOPAAKOBOrO HOMEpa onpefessieTcst depe3 3aBHCHMOCTH BCeX Tpex
€ro caaraeMbix. Jlng cBHHIA 32aBUCHMOCTD i OT 3HEPTHH IpeAcTaBJe-
Ha Ha puc. 13.

ITpu mMannix sHeprisix (hOTOHOR OCHOBHYIO PoJb Hrpaer (hOTOMO-
HH3auHsA 1, OUeHb OLICTPO yMeHbliawuiadcs ¢ 3Hepruef. [lo mepe
VMeHbIIeH!s T Bo3pacTaeTr Aoas ¢ B CyMMe u. HaunHasl ¢ HekoTopo#
3HepruH, 3aBucsuiedl oT NPHPOALI MOTVIONIAIOMIETO BELIECTBA, KOMII-
TOH-3(eKT (o) Hrpaer oCHOBHYIO poJb. [To Mepe ganbHefillero no-
BblileHHs] 3Heprdd GoToHoB Hapj 3HavenueM 1,022 Msg nocreneHHo
yBeJHYHBAeTcs OT HyJs BeqHurnHa », Korjga » cTaHOBHTCH BeJIHUH-
HOH, Oogbllell ¢, yMeHblIeHHe ¢ KOMNEHCHPYETCST YBeJHYEHHEM X, a
W, npoiins yepes MHHHMYM, HAYMHAeT yBeJAWuHBaTbCa. Jlis cBHHIA
3TOT MHHHMYM COOTBeTCTBYeT 3Hepruu ¢otonosn 3,4 Mas. [Ias1 nerkux
3/IeMEHTOB, TAKHX KaK AaJIOMHHIH, 3TOT MHHHMYM COOTBETCTBYCT
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~20 Mss. Tabnuua 3uavenuit SHEPTHH y-jyuell, COOTBETCTBYIOMmMX
MHHHMAaJlbHOMY Ko3dbduunenty ocn1abneHus:, npuBesena B ri. 5 (cm.
ctp. 81).

Hanuune munumyma B KPUBOH Kosdduumenta ocnabrenus oT-
HIOAb HE O3HaYaeT, YTo AAS 3alUHTH OT y-JlyuyeH ¢ sHeprueHl KBaH-
TOB, ckaxeM, B 20 Mass TpeGyercss MeHbasg TOJIIMHA 3KpaHa, yeM
AJIS 3AIUHTBL OT TAKOTO Xe 10TOKA KBAHTOR ¢ sHeprue#l 2 Mas. Jleno
B TOM, UTO IIDH NOIJIOImEHHH KBAHTOB g 20 Mag ¢ o0pasoBaHHeMm na-
PHl ocraBmasnca sHeprus ~ 19 Msg pac
POHOM H 371eKTPoHOM. IlpH TopMoxenun NOC/IeIHHX B BELIECTBE BO2-
HUKAeT TOPMO3HOe H3/yYeHHe ¢ MAaKCHMANLHOM SHeprueil $oToHGB,
PABHOH 3HEPrHH 3JEKTPOHA WK NMO3UTPOHA. ITo BTOPHYHOE H3Jyie-
HHe Oyner, CJeloBatenbHo, o0aagaTL 6obled NpOHHKaOmeH cio-
COGHOCTLIO, YeM mepBHuHOe, Hanenefimee apoGaenne GboToHOB npu-
BENET K TOMY, YTo NIpH AOCTATOYHOHN TO.HHe CJ0s1 BO3HHKHeT 3a-
METHAsg COCTABJAIOWAS C MAaKCHMAJbLHON NpOHHKaloulell cnoco6HO-
cThio. HyxHo 3aMeTuTs, uto camoe KECTKOe Y-H3JyueHHe NMPHPOA-
HBIX PaJHOAKTHBHLIX BeIleCTB — 3T0 Hsnyuenne The” ¢ sHeprueit do-
TOHOB 2,62 Mas, T. e. anga V-H3JIYUEHHS M3 NPHUPOAHLIX H3ayyaTenefl
5TOT MHHHMYM B KpPHBOH KoaddunrenTa ocnabieHus He Habnawona-
ercs.

Cymecrayer HHTepBaN 3Heprun 1-—2 Mas nns Tamennix 3JleMeH-
TOB u GoJsiee LIMPOKHIT — nig JIETKHX, B KOTOPOM H3 TPEX Claraembly
B Ko3dduumente ocnabaenus OCHOBHYIO DOJIb HrpaeT Ko3(hdHuHEHT
0, CBA3aHHLI ¢ 3¢ dekTom Komnrona (cMm. puc. 13). Ilas storo HHTep-
Bajla MOXHO, 3aMeHHB ¢ Ha , llepenucaTs BeIpaxeHde (45a) Tak:

LA const. (50)
P Z

Maccosulit Kosdpuuuent OcnalJeHHsl A5 BCeX BeleCTB B 3ToM
HHTEpBa/le SHePTHH NPHOJH3UTENBHO ONHITAKOBLIE. ITo  yTBepK-
ACHUE MOMKHO CUHTATL CIPABeNNUBLIM JHIWL B Tol Mepe, B Kaxoii

PasHo o u T—BEJH/I!{HHa IIOCTOSIHHASI.

Iozaouenue u pacceanue. Kak yxe ykasbBajoco BLlllle, KO3¢-
(HUHEHT KOMITOROBCKOTO 0CI1a6.1eHU S COCTOHT, 110 CYTH, H3 ABYX cJa-
TAEMBIX — 3po, M 35, UTo Kacaercs dorononusanuu u o6pasona-
HH Nap, TO IIpH 3THX Ipoleccax SHeprus dbortonos noraomaercs mou-
HocThl. HykHO HMeTw B BHpY, uTo & pesyJbTaTe aHHHTHJSIHHH I0O-
SHTPOHOB NOSABAAIOTCS (POTOHL ¢ 3HeprHedt 0,511 Mas, 1. e., cTporo
TOBOPs, ® YAaCTHYHO BXOMHT B pacc. Takum oGpasoM, Mo MOXeM
BBECTH NMOHATHS KO3(dHIMeHTa nOrIomenus Pnor M KO3((dHuHeHTa
PacCessHus ppyec,

Pror = T+ - Gaors
Ppace = Opaces
%= tnor T Bpacer (51

10U 1
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He npy Bcex cayyasix ocnabieHHe NOTOKa y-Jlyuell ompelesercs

JNWY-
ko3bbuLenToM ocnalaenus p. PaceMoTpHM ABa ciyyas ¢ pasiu
HHUSA.
MH VCJOBHSIMH IIOTJIONLE 5
e 1 g)cnaéﬂeﬂne Y3KOr0 NapaJijieJbHOro nNyyka Jyue. Haggc.Blb?,g
H300paKeHb! YCJOBHS ONbITA AJsS 3TOrO Cayyas. Kjﬂ?ﬁ)n npoxopx(-
i i MbIX HCTOUHHKOM A.
3KHIT IMyyoK Jgyuel, Hcrnyckae
;i:TnZ nyqeﬁyqepea skpad C M3 nyuyka BLIMAJAIOT H He JOCTHraioT

8 8
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a d
Fuc. lo.
H UMMeTpHSA
a — ocaabsendHe Y3KOro napajijiesibHOro nydka 7 -ayued; 6 -- cdepuueckas ¢ p

aerektopa D ¢oToHL norsouieHHble H (OTOHHE paccesHHBIE, Cael0-
BaTesbHO, ocnabieHHe onpefelsercs KO3(pGhHIHEHTOM

{L:T+K—-§—3.

2. JkpaH W HCTOYHHK OOnajawT chepuyeckol cmmerppreu;.l I—LaC
pHuc. 16, 6 n3oGpaxeHnl ycJa0BHs Takoro onbita. Jlyuw, Bblx“oichTlé)q-
H3 HCTOUHHKA A, IpOXORAT Yepe3 NOTJOTHTENb, OKPYXKaKWHH ou-
HUK. M B 3ToM ciyyae 1mOMHMO 1OrJolleHuss Oyiel nponcxgn:T;epno‘
cesiHHe, HO Hapsa1ly ¢ (oToHaMH, paCCEHHHbIMB B ;Opqxféeop e

b
ro Ha getekTop D, B

nagamoiHMi BCAeACTBHE 3TO »
(bOITIOHbI ¢ mepBOHAYaJbHbLIM HallpaBjeHHeM AK’“paoci?:THpb;ix Bq:é);lo

C\D. U3-3a chepuueckoll cuM J

ke C, B Haupasnaenuu C;D, AMMeTpHE e

TeJIeCHOTO Yraa, oxBar h
(hOTOHOB, BhINAaalOMWIHX H3 ro zetex-
10MaAaomHMu el
oMIleHCHpyeTCs (GOTOHAMH, I
e paccenmin B BIX YIJIOB, IIOCKOJBKY
KTOp M3 IPYrHX TeJeCHbX Y .
CTBHe paccesiHus B JeTe oy
MepHO 110 BCeM

YH BEIXOASIT M3 3KpaHa PAaBHC -

P emmm. Tion & HeHT ocsaabaeHust Oy

omnbiTa K03(phHIL
aenusM. Ilpu rakux ycaoBHAX _ 1 ocaabaetus 0y
HTOM IorJoulends. Bo B p
eT CcoBagaTth ¢ ko2dduune LeH] LIbHO
gcrpeqa}omuxcg cayuasgx ocjalbieHue y-nyued 6yﬂ?p1?£epz\fﬂeﬂp T A
Ko3(pHULLHEHTOM 5, IIP nor ~
HeKOTOpHIM 3((eKTHBHLIM 1 bnor
CIOBHH 3¢
MOCTH OT reOMeTpHYeCKHX Y
K apC u. B 3aBucu ap MOKET
6511‘?.711460 GauKe K W, JHOO GaHKe K Ppor - LI Psp MO

caTh PaBeHCTBO 59
Psp = Pror T *pace = T % + Snor + %Gpaces (92)

. -
rae o — Ko3¢dHnHeHT, Jexallyil B npelefax MexXAy HyjeMm H el
HHULEH B 3aBHCHMOCTH OT YC/JIOBHH OIbITA.
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Ilpu npoxoxne ‘
‘ HHH y-Tyueli depes
TOJICTLIE CJOH
acce noryoT
gmgos;gﬂgenmnyqenue TakKe nornomaercs, npuyem oo Mm?q:;eem-
c1yuae POXOLUT B morniotutene Gosnee AnuHHLIE nyTe. B 371 :
Koaq)(pm};:z; pacce;]m{éoro H3JlyYeHHus] He CBOAMTCH Auimp K 3anwe(1){!:;1
Ta ocaabgaenns; 3 N
COKH O, » 34BHCHMOCTb  OKas3blBaercs Goses
Cyue
SKCHg’HeHZT;gJﬁ;af:]ex?pmpbre npuGiiKeHHEe DOpMyLL, B KOTOPBIX
YHKIHS  ONONHeHa npe y
; N3KCIIOHEeH
MHOKUTeneM. OnHa dopMyaa nmeer rtaxofi py1- HHATBHLIM

I'=10l+a(px) +Bux) e, (53)
rie l,— wavanbuag HHTEHCHBHOCTD;
] — MHTeHCHBHOCTL MOTOKA y-1yuell Ha ray6une x:
@ H P— KO3 QUUMEHTH, 3aBHCsIIHe OT SHEPTHH KBAHTOB i Ma-

Ig;nfang norsorutens. ns nerkux siementon aH B
MOTYT OBITL IpefCcTaBJeHBI TAKUMH thopmynamu:

9 = 0,487¢~ (E—1) 0,008

B —_ O’OSEI .22,

>

rnenE — 3Heprus, Mas.
HB
PUBOZHM 3HAYCHHS ¢ M B 145 HEeKOTOPHIx SHeprufi:

Oneprust, Msg . , . . . 1 3 5
g R 0.487 0,04 0.33
S ... 0,30 0,008 0004

Ecan Tomu
HHA €105 Hebosblias
, BBEIpaXKeHHe
B OOBIUHYIO SKCIIOHEHIHANbH IO (I)Opmy.ny-p (53) mepexoaur

=[x

1 ;
Has TaxennX pemecrs dopmyaa (53) ouens HeToyHa.
3adauy.

I Yemy pa

- A B

Fs 49 Mals)pg :g;;d_c\jgg IIEZI;;;I;OHOB‘ o0pasyeMuiX ofHON a-uacTHUeH U2 (31ep-
npobera? . A014 HOHOB oGpasyercs Ha meppom CaHTHMeTpe

0O D127
TBeT: 127000 nap mouos, HpoGer 2,7 cm; 1,7 cu COOTBeTCTBYeT SHeprus

a-vyactuu 3,06 Mas, Ha TIEPBOM CaHTHMeTpe o6pasyercst ———— —( 97
2. Ha no < b .
C smepruel avatri 53 Moo, tewy panes e apiey 2Pl 0-SKTIBNORO Bemecraa
Het 4 , . MYy paBeH cyMMapHbfl <
: : it 3apsa <
HKAIOWKEN B CeKYHNY B pesyabrarte HoHm3amun B%3 X )p 7 KeiOro snaxa, pos-
Orper: 14 CGSE, e
- JHeprus a-yactuy Pu®?® pap
ua 5,15 Mas. Y
a) 5 \ . Uemy pasge - :
) O3AYX€ TpH HOPMAIBHBIX YCAOBHAX; 6) BO3JL, Ve mpu mammon L jacTHL
PT. 7. 1 TemopaType 004 1) YX€ npu pasneHun 1400 mm
Peitnian atomaensypo0 B BOMOpOIe MpH HOpMARBHHIX  yCIOBHSX (otHoC
10,5 2ms oMapHa; PMO3Ha CNOCOGHOCTD 0,22); r) b cepeGpe (naotuo ™
e, omuo 387JIbHaﬂ aTOMapHas TOpMO3Has cnCcoBHOCTE 3,2) e
: 2) 37 ca; 6) 254 cu; b) 168 cmi 1) 106 .

4. Hanuwure
- B o6mieM By !
09 aCTHLbL. ¢ A€ OTHOWPEHE SHePrunm sAApa OTmaun K SHeprum

Bsaumodeiicréue paduoaKTuBHO20 USAYHEHUS C BeliecTE0M 43

OTBeT:
P

164 sin2 —
2

(A+ 4t
5. UeMy paBHbI OTHOUIEHHS CKOpOCTell W dHepruil Ajiep OTHa4d BOMOPOL3, re-

AMS, 230Ta H KHCJOPORA COOTBETCTBEHHO K CKOPOCTH H JHEPrHH G-4aCTHUDBL NpH ee
pacceannn: a) Ha 180° n 6) ma 90° B cucreMe ueHTpa Macc?

OTBeT:
E
npu ¢ OT2 npu
v
@
las

I1RQ° g0° 180° g0°
Bonopex . . . - . .. 1,6 1.16 0,64 0,32
Teautt ... 0. .. 1 0.7 1 0,5
Asct ... .o 0,44 0,314 0.69 0,345
Kucacpox . . . . . . 0,4 0,223 0,64 0,32

6. Uemy papen MakcuManbHbifl npoGer f-uactuu P32 (sneprna 1,7 Mag): a) B
amoMuHHH; 6) B Bo3nyxe?

Orsert: 29 uu; 6,1 m.

7. IHTeHCHBHOCTD NOTOKA Jyuell yMeHblIHJIach Ha 309 npH npoxoxKienuy cos
semectBa 150 me/cm?. Hemy pamen MaccoBbifl Ko3QGHUHERT oC/albnerus?

OtserT: 2,38 cm?/e.

8. CKkoJibKo cjioeB TMoSoBHHHOrO ocnabneHuss Tpebyercs Jis yMEHblIEHHS HH-
reHCHBHOCTH NMOTOKAa y-ayyeit B 75 pas?

OTBerT: 623.

9. IMoTok y-Nyyeli NpoXoAHT Yepe3 CJOji CBHHIA ToJwMHOA 15 mm 1 ocnab.u-
°TCs Ha 60%. Uemy paBen JuHeHHBIH W MaccoBuil kosdpduuuent ociabnenus? He-
My paBeH CJ0il NOJOBHHHOTO oCaalnenns?

Otser: 0,623 cu~1; 0,055 cm?/e; 11 mm.

10. YUemy paBHa paboTa HOHM3alUHH, eCaH POTOHOHH3AUMK HayHHaeTcs ¢ AJH-
Hbl BOJHBE 2. 1072 cm?

OrBeT: 6,2 K38.

11. UeMy paBHa KHHeTHYeCKas 3Heprus GoTO3MEKTPOHOB, BHPBAHHLIX U3 aroMa
tanaus (P;= 14660 96), ecau aimHa Boaubp y-avueil pasHa 8- 10—%cm?

OTtserT: 0,84 x38.

12. Yemy paBen Koadduunent ocaabnenuss ins xeneza (A=56;Z=26; o=
= 7,8), ecnn x03pduLUHeHT ocnabnendus AJs CBUHLA XapaKTepH3yeTcs 3HaYEeHHAMH.
x=0,02 cut; T=0,08 cu~'; 6=0,42 c# —1 ? Tlo rpaduKy onpeResuTh, KaKoil 3Hep-
rUH y-1yyell COOTBETCTBYET 3TOT KO3 HUHEHT ocnalbeHus.

OrseT: 0,342 cu! (v=0,001 cu1; x=0,005 cxu—1; 6=0,336 cu—1); 1,75 M3s.

13. HeMy paBHBI CKOPOCTh H KOJHYECTBO JIBHXKEHHS 3JIEKTPOHE, HMEIOUIEr0 K-

deTHYeCKyI0 3Hepruio 1,6 M3s?
Orset: 0965 c; 1,03.1071¢ 2-cu/gex.
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Mossicrenue:

Ee myc? i {_ v? _ [ mgc? \2
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14- :JEM y paBHseTCH 3Heerﬂ KoMnT KOTO 3JIeKT OHa pu Paccesinun noJ
OHOBCKO P
yriiom 45 dJOI()Ha C 3Hepl HEH 0,8 MBB"’

OtBeT: 0256 Mas.

15 ”011 KaKHM yraom npou J acce y -
30Utno SIHHe (POTOH €CJIH e 3Hepr
M p q] a, eCcliH 0 3H p HS YMeHbL

OTBer: 56°

16 ] aMMa-.ny H T Hyl() KaMme

. h YH ¢ 3Hep HEH qJO OHOB 1 2 M 1y

> - s 38 nonanpamr B BO3 ur { py
l{epe3 CBHHHOBY}O CIeH}\y_ Kal\oe YHCJIO nap HOHOB 06p33y}0 (130 03J1eK poH éﬂ .\’
’

BaHHBIA M3 NOBepXHOCTH
3 oro aroma (P; =88000 ss < i
TMONYHEHHBI Nipu paccesHuy mop yroioM 180°? 7). W Xownronosexh eKTpo:

OTBeT: 33700 u 30 000.

F'araea 3
B3AUMOJEHCTBUE HEHUTPOHOB C BEHIECTBOM

§ I. HACTOYHUKH HEATPOHOB

Kax yxe ykassizanocs p ra, 2,
MHOTHMH SIADAMM NPOHCXONHT pea
POH BO3HHMKAIOT CBOGOIHBIE HeliT
MOJIyYyeHHs] HeHTDOHOB ¢
Be® (a, n) C12, 3134 peakuusg

npe %
mp }lOICTaB.HHIOIuHX co6o#, kak npasuo, 3AKDLITYIO aMIyay, cofepka-
y a-;}){z;gﬂoaxmaﬂoe BemecTBo (Ra, MsTh, Po u T, n.) u Gepua-
pun. 1 06:;:;11;;(;@: Graxux HCTOUHHKOB CDaBHHTENbHO HEBEJHKa
, €00JNBIIUMH pasMepaMmH, He 6 i
o o , TPeOyIoT 6oJbiioi)
anI}IIM;I[{)IeI;IHZHOI/ﬁlgﬁ)f:H nepleHvocI;m, qgo pacilupsieT BO3MOXKHOCTH HX

. HK B | 2 Ra+Be ucnyckaer

b y B CekyHay 107
TPOHOB. Bonee uHTeHCHBHBIMK HCTOYHHKaMH HeHTpoHOB cnilr)xar

TIPH B3aHMOXEHCTBHH q-yacTHL co
Kuua (a, n), B pesynsraTe KoTo-
PoHsl. HauGoabmee smavenye das
TMOMOILLIO  Q-YAaCTHL HMeeT peaxkums

Bsaumodedcreue HeuTpoHOs8 C 8euiecT80M 45

MHuleHH, oOJyyaeMble NyUYKaMH 3aPsidKEHHBIX YACTHL, YCKOPEHHBIX s
onelHaldpHoM ycKopHTenae. Yamie Bcero AJs NOJMy4YeHHs HeHTPOHOB
B YCKODHTeJsIX NMpPHMEHSIOTCs JeHTpOHbl, Nafamoliie Ha JHTHEBYIO
mumeHsb. [Ipn 3ToM mporcxoaut peakuust Li7 (d, n) 2Het Ira peak-
UM 3K309HeprerHyeckas ¢ OoJbIIHM 3HepreTrHyeckuMm 3¢ @ekToM,
BCJIEACTBHE Yero BO3HHKawllHe HeATpoHsl 06.1alaloT, Kak NpaBH-
J10, Gonblio#t sHeprueil. HauGosee HHTEHCHBHBIM HCTOUYHHKOM HeHT-
POHOB ABJAIOTCS S]€pHBle peakTophl. B coBpeMeHHBIX slepHBIX pe-
akTopax IUIOTHOCTH  TIOTOKa HefiTpcHoB  cocraBiaser 1013—
104 nedrTpono6/cm?-cex, a B OTHeJbHBEIX HCCJIeJ0BaTENbCKHX peax-
TOpax AocTHraer eule OosblIHX 3HaueHHH. Ilpu aTOMHBIX B3phIBaX
B TeueHHe KOPOTKOro BpeMeHH, AUsILlerocss MeHbllle MHJJHOHHOH fo-
JH CeKyHsl, ocBoGOXK1aeTcsl npumepHo 102—10% HefirpoHos. B uc-
TOYHHKAX C palHOAKTHBHBIM BeLleCTBOM HHOPAA HCHOJB3yeTCsl He
Q-H3J1yueHHe, a y-u3ayueHHe, Takue HCTOUYHHKH HeHTPOHOB, HAa3HI-
BaeMble ()OTOHEHTPOHHBIMH, B FOTOPLIX HCIOJB3yeTcsl peakuus (vy,
n), o6/1afaloT 3HaYHTeNBHO MeHblell HHTeHCHBHOCThIO, YeM HCTOUHH-
KH, B KOTOPBIX HCIOJB3yeTCs peakuus (a,n).TH HCTOUHHKH, Kak
npaBHJIO, TPHMeHSI0TCS, Korpa Tpebyercst He6oap1asg HHTCHCHBHOCTh
MOHOXpOMATHYeCKHX HeliTpoHOB. B ¢oTOHeHTPOHHBEIX HCTOUHHKAX B
KauecTBe o6JayyaeMoro Beulectsa ucrnosssytores Be® u H?, c kotops-
MU peakuHs (y, 7) HMEeeT COOTBETCTBEHHO 3HEpreTHYeCKHe TOPOrH
1,67 u 2,23 Mas. IlpuduunuansHo peakuus (y, 1) BOIMOXKHAa Ha BCeX
afpax, 3a HCKaloueHHem H! ojgHako Bo Bcex OCTaJbHBIX Ciaydasx

IHepreTHYeCKHH NMOPOr peakuuu gocturaer ~5 Mas u Bhie.

§ 2. OCJIABJIEHHE NYYKA HEATPOHOB NPH NMPOXO)XIAEHHH MEPE3
BELLECTBO, 3®®EKTHBHOE NMONEPEYHOE CEYEHHE

HefiTpoHsl, npoXoast yepe3 BellleCTBO, NMPaKTHYECKH He B3aHMO-
1eHCTBYIOT € 3/1eKTPOHHOH 060J04KOH aTOMOB, TaK KaK OHH He o6Ja-
42107 3JeKTpHYeCKMM 3apsidoM. B3aumoneiicTBHe, 06ycJ0BJEHHOE
HajJmyueM y HeHTpOHAa MAarHHTHOIO MOMeEHTa, HHYTOXKHO, HelTpoHnl
norJiomalores Ju60 pacceuBalOTCsl TPH CTOJKHOBEHHH C sIApaMH.
Kax norsomeHne, Tak U paccesHHe NPHUBOAHT K OCJaaGJeHHI0 HeHT-
poHHoro .yua (y3KOFo mnapaJ/ieJbHoro nydka HeHtponos)., OGo-
3HQYUM yepe3 | LOJIO HEITPDOHOB, yCTpAaHEHHBIX M3 NyykKa Ha IMYTH,
paBHoMm enHHHLle AnuHbl. [loBTOpsIA paccyXiAeHus, NpHBeleHHbIE 3
§ 14 ra. 2, noayuuM 151 HHTEHCHBHOCTH NMOTOKA HEHTPOHOB hopMyny

N = Noe—g x’ (54)

rge Ng ¥ N — COOTBeTCTBEHHO Ha4a/jpHAass HHTeHCHBHOCTh M HHTEH-
CHBHOCTB TOCJ€ NPOXOXAEHHS CJ0sT TOJNUIHHOH x. OueBHIHO, UTO Be-
JHYHHA W, HaszpBaemasg Ko3hgHuHeHTOM ocnabJyeHHs, 3aBHCHT OT
yHcJsa saep B eIHHHLe oObeMa H OT CBOHCTB 3THX saaep. las ycra-
HOBJIEHHS1 3TOH 3aBHCHMOCTH INpeacTaBHM cebe, UTO NYYOK HeHTpo-
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HOB nanaer Ha kako#i-1u6o sxpan KK nnomansio S (puc. 17). Bu-
pexKeM Ha riyGHHe X TOHKH{ cJIoH 3KpaHa ToaluuHo# dx. Ywucso
HeATPOHOB, NaNalomHX HA 3TOT TOHKHH cCJI0H, sBAsieTcs (OyHKIHeH x.
O6vem 3Toro caos pasen Sdx u YHCJI0 aToMOB B HeM N, Sdx, rie
Na —uncno atomos B eAntune o6bema. Ecan nonepeunoe ceyenue
OHOrO s1pa 0603HAYNTE Yepes o, To o6uiag MJIOINAAb CeYeHHs BCex
fMEP B c1oe paBHa oNa Sdx. Ha npasoft uacru puc. 17 uszo6paxen

" ax K &6

. —i= g 2 0 o o

.*0___’V_,.“ 2 2 o o
~ ] | 2 2 0 o o

Tt 1| o o o o
I 2 © 2 o o

—— | 2 0 o o
I 2 2 2 0 o

K H

Puc. 17. Ocaabnrenne NyuKa HeHTPOHOR U nomepeunoe ce-
qeHue
C/I0H ToNUMHON dx B mpoeKuuH, MEPNEeHINKYAIPHON K HalpaB/eHHIO
nyuxka. Ha eIHHULY TIoIma Al nanaer? HeHTPOHOB, CJIeI0BATENbHO,

N .
Ha MJI0OWaik CeyeHHs BCex sijlep naiaer cNfSa’x?:Naca'xN. Heifir-

POHEI, 3aJieBaiollHe B CBOEM MoJeTe KaKoe-aH6o PO, YCTPaHSIOTCS
U3 nyuka. Takum o6pasoM, dN — usmenenue umncna HEHTPOHOB B Mo-
TOKe TocJie npoxokaeHus c1oss dx — pasHo — NN, dy.

N = "° N,dx (55)

H InN=—aN,x 4 lnN,.
N = Ny Naox (54a)
p=aN,. (56)

YcranaBausag zaBucumocts MeX 1y Koad duuHeHTOM ocsabeHn s
H MONepeyHbiM CeUeHHEeM, MBI HCXOAMJIH H3 yipPOeHHOro npeacras-
JIEHHST O TOM, YTO BEPOATHOCTb B3aHMOIelCTBHS onpenensieTcs JUIIDL
TEOMETPHUECKHM NONePeyHsIM ceveHnem saapa. Ha camom neJie, Bepo-
ATHOCTb B3aMMOJEHCTBHS 34BHCHT HE TOJILKO OT reoMeTPHYECKOTO
fIONEPeUHOro CeueHHs!, Ho M OT psila APYrHX ¢axTopos, H3 KoTOpHIX
ONHHM H3 HanbOJee BaXKHBIX SIBJISIETCS 3Hepruss 6oMOapaupyomei
1aCTHIBl, B 1aHHOM Ciyvae HelitpoHa. Takum 06pa3soM, BeJHYHHA O,

Bsaumodedcreue neiirponos ¢ seujectaom 47
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onpenensgeMas H3 dopMmyanl (56), He COBNANAET ¢ TeOMETPHUECKHM
MoTNePEYHbIM CeUeHHeM, a SBJSAETCS BeNHYHHOH, XapakrepH3yomel
BEPOSITHOCTL  B3aWMOMAEHCTBHS, M Ha3biBaeTcss 3P DeKTUBHH M
nonepeyHHM CceueHHeM IDpdeKTHBHoe NonepeuHoe ceye-
HHe sJlep N0 OTHOWEHHIO K HeHTPOHAM 3aBHCHT OT HX CKOPOCTH H,
KaK NMPAaBHJI0, YMEHbIIAETCS ¢ NOBLIIeHHeM CKopocTH. OaHako y 3Ha-
yHTeJbHOr0 GOJBUIMHCTBA fgep 3¢(eKTHBHOe MonepeyHoe CeyeHHe
NPH HEKOTODPHIX 3HAUEHHSIX 3HEePTHH, XapaKTePHBIX AJ5 KaxKAOro BH-
za sjaep, HMeeT 3aMeTHo GoapuiHe 3HaueHHs1 (puc. 18). Takue 3ch-
(eKTHBHBIE TOTIEPeUHble CeUEeHHsT HA3BIBAIOTCY P e30HaHCHBI M H.

&

Puc. 18. Pe3onaHcHOe B3auMoOaelcTaHe

EnununaMu H3aMepeHHs MonepevyHslx ceueHHH MOTYT CIyKHTb efH-
HHIBl H3MEPEHHUs nJomalel — KBaJpaTHele CAaHTHMETPhL. J[HaMeTpl
fep HMeloT BeqHurHy nopsaaka 10712 cu, a reoMeTpuYecKHe nonepeuy-
Hble ceyeHuss — nopsaaka 1072* cu?. Tlonyunsa pacnpocTpaHeHHe eu-
HHIla H3MePEHHs NnonePeyHLIX ceueHHH, HasnBaeMas 6apH, | 6apn =

= 1072% cm2. 1
BBens o6o3HaueHue [ = Voo MOXKHO Nepenucats opMmyJy
.0
(54a) Taxk: .
!
N = Nge . (546)

Bennunna /, umeomasi pasmepHoCTs JUTHHBL, npeAcTaBiaser coGol
TOJIIHHY 3KpaHa, ocsaabJsomero nyyok HelATpoHOB B e pa3. Jra Be-
JIHYHHA Ha3plBaeTcsl NJIHHOH cBOOOHOrO npobera HeHTPOHA, a BesH-
YHHa Na 0, HMeomas pa3MepHOCTb 0GpaTHOM JIHHBI H ABJISAIOMASCH,
no cyTH, KosthpHUMEHTOM ocaabJ/eHHs], Ha3blBaeTcs MaxKpoCKOMmH-
YeCKHM CceUYeHHeM, OHa npeicrasnser co60H CymMMapHoe 30¢-
¢ekTHBHOe nMOnepeyHOe ceyeHHe Beex sAjAep, HAXOASIIMXCH B e IHHH-
te o6beMa. Ecain BewecTBO ABASETCS COeMHEHHEM HIH OAHOPOAHOH
CMeChbi0 pa3jHYHBIX aTOMOB, TO MAKPOCKOMHUYECKOe l1ollepeyHoe ceye-
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HAE PAaBHO CyMMe MaKPOCKONHYECKHX CeyeHH | OTAEJBbHBIX KOMI10HEH-
ToB. IlockoabKy, Kak NPaBHJIO, G YMEHBILIAETCH C 3Heprueyd HelTpo-
HOB, ! yBenHuUHBaeTcs ¢ 3Heprue#l HeHlTpPoHOB.

Ecnn HefiTponst HCIyCKAIOTCH TOYEUHBIM HCTOUHHKOM B CIUIOMIHOM
Cpele, TO TMPH OTCYTCTBHH B3aHMOAEHCTBHS 9HCI0 NMEePBHUYHBIX Hell-
TPOHOB, KOTOPOE MPOXOAHJIO Gkl Yepes @IHHHILY TOBEPXHOCTH Ha pac-

CTOAHHHU r OT HCTOYHHKA, PaBHAJIOCH Obl

420 A€ Q — uncio Heft-
TPOHOB, HCNYCKaeMBIX HCTOYHHKOM, CrenoBaTessHo, npH HadHuun
B3aUMOJeHCTBHS YHCIIQ HeHTPOHOB, NpoxoAsmHuyX uepes eAHHULY TJIO-
INaaH NOBEPXHOCTH HA PACCTOSIHHY r OT HCTOYHKKA, OyneT paBHo

r

R
Q.

4 r2?

Kak yxe Golio CKasaHo, B3auMojelicTBHe HeHTPOHOB ¢ sapaMu
MOXKET TIDHBECTH K HX PacCesIHHIO HJH norJjomenuo. Paccessane Mo-
*KeT ObITb YIPYrUM U HEYNPYraM, pe3v.IbTaToM NoMIomeHHs HelTpo-
Ha MOXeT GBITH HCTyCcKaHHe DOTOHA Wik KaKo#-1ubo apyro#t yactu-
UBl, CKaXeM NPOTOHA WJIH a-YaCTHIB! HJIH HECKOJIBKHX vacTHn. Kax-
IbH H3 3THX YacTHBIX NIPOLECCOB XapaKTePU3yeTCss HEKOTOPOH Bepo-
ATHOCTBIO, ABJISAIOMeENCS H3BeCTHON mosell BePOATHOCTH B3aHMoeh-
CTBHSI HEHTPOHaA C siApOM. CyMMa BeposiTHOCTEli TaKux YaCTHBIX NPo-
HECCOB NOMKHA PABHATHCA NMOJHOH BePOSTHOCTIH B3aHMOAEeHCTBHUS,

Db dexTuBHoe nornepevyHoe ceyeHHe B3aUMOIeHCTBHS HeliTpoma ¢
AJIPOM, XapaKTepH3ylOUlee BepPOSTHOCTh B3aUMONEHCTBHSA, MOXKHO

pasﬁmb Ha cjlaraeMnle, IIPONopIIHOHAJBHEBIE BE€PDOATHOCTAM OTHAeJb-
HBIX YACTHBIX NPOLECCOB:

=046, 3, .. (57 1

Kaxnoe takoe ciaraemoe fipencTasaster codolt aheKTUBHOE 110-
lIEpEYHOe CceyeHHe fAPa MO OTHOWEHHIO K KaxoMy-/im60 4yacTHOMY
nponeccy. B atom cMeicse Moo TOBOPHTH 06 3(eKTHRILIX norme-
PEUHBIX CeUeHHSIX paCCesHHS, peaxuuu (n,vy), (n, p), (n, a) U T. 1.
CooTBercTBenno STOMY MOXHO BBECTH TMOHSITHS MaKpOCKOMHYECKHX
3 (PeXTHBHLIX CeueHMl M0 OTHOWEHHIO K YacTHLIM npoueccam N, 7,
Nasyu Nas, ut. 1, a TaKxe IJHH nPo6eroB 1o OTHOIIEHHIO K

1

!
OTAEJIBHEIM TIpolieccaMm ) ,
a0 Nyo, Nyoy

H T A

§ 3. YIPYTHE W HEYOPYIWE CTOJIKHOBEHUS

[Ipu cronxHOBeHHSIX ¢ AApaMH  HEeHATPOHBI MepelaioT HM Yacrs
CBOell sHepruu. Ecau KuHeTHueckas SHepPrusl CHCTeMBl CTaJKHBaIO-
LHXCS HACTHIL He MEHSIETCS, TO TaKoe CTOJNKHOBEHHE Ha3biBaeTCs yI-
PYTHM, 2 eclu KHHeTHYeCKas SHePrHs He CoxpaHseTcs, To Takoe
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CTOJIKHOBEHHEe Ha3elBaeTcst HeynpyruM. B nocaennem ciyyae npu pac-
CeHHH 4YaCTb KHHETHYECKOH 3HEPTHH TPaTHTCS Ha BO3OyXKIeHHe
anpa. . co-

Jlons 3HeprHl, nepenaBaeMas HeHTPOHOM NpPH OQHOM YIPYrOM
ynapeHuu [cM. dopmyay (27) Ha crp. 25], paBHa

4Asin2i
AE _ AV? _ 2 ’ (58)
E 0 (A+ 12

/1€ ? — YroJ paccessHHsl B CHCTeMe LeHTpa Macc obenx uyacruu. [Ipu
paccestHud Ha yroa 180° 1. e. npu 106OBOM CTO.IKHOBEHHH,

(A_E\ — 4 (59)
E )MEKC (A + 1)2

[1pu nocrarouno Goubiunx A

AE) R
( E MaKc A+l

[lpu ycpeaHeHHH o BceM YIJ1aM PaccesiHHs OTePsi SHEPTHH HaA OHO
yapyroe CTOJKHOBEHHE

[oEN 24
( E ) (A41)2°
Hons sneprau, ocraomefics y HefTpoHa, pasHa

?
4Asin? —
E, -1 AE _ | — 2 _ Az_{_1+2zAcos<P‘ (60)
E, E A+ (A+1)

[Tpu paccesannn Ha 180° noTepst 3HePrUH MaKCHMaJabHA, a OCTAlO-
masacsd [oJid 3HePruyu paBHa

(B doh (61)

( EO / M (A + 1)2

B yactHOCTH, 1pH J1060BOM CTOJKHOBEHHH C siAPOM BOJOPOAA Heli-
THaeT BCIO CBOIO 3HEPTHIO.

Tpo?lguﬂﬂeynpyrom pacceslHHH 4aCTb 3HEPrHH TPATHTCS Ha BO30yXK-
nenue s1apa. M3 Bo30yK 1eHHOTO COCTOSIHUS AP0 YEPE3 Hell POI0IKH-
TeJbHOe BPeMsl NePexoaHT B OCHOBHOE COCTOSTHHE, UCIYCKas y-KBaHT.
ODHeprus, TepsieMast HeHTPOHOM TIPH OJHOM HEYNPYTOM CTOJNKHOBEHMH,
He MOXeT ObIThb MeHbillel, YeM 3HePTHsI NepBOro Bo36y:KAeHHOTO CO-
CTOSIHMA AJpa, KoTopas, Kak NMpPaBUJIO, HE MeHbllle COTeH KHJO3JeK-
TPOHBOJIBT, a AJIS JIETKHX s1jlep JOCTUraeT MHJVIHOHOB 3J1€KTPOHBOJBT.
[Ipu sHeprusix HeHTPOHOB MeHBIIHX, UeM 3HEPTHs BO36YKIeHHS, H(é-
ypyroe paccessHHe CTAaHOBHTCS HeBO3MOXHBIM. BeposTHocTs npoure g
COB YNPYroro U Heynpyroro paccesHHsl, Kak H BepOSITHOCTb llp};nug_.
SIAEPHBIX TPOUECCOB, ONpe/enasieTcss COOTBETCTBYIOWMMH 3ddex

4 3auTa 0T PAaUHOAKTHBHLIX H3TYUeHHIT
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HBIMH TIOTIeDEeYHBIMH CeYeHUSMH. O'-leBHlIHO,. 4qTo

5. =6 o6
s " “uyn

r'me HHAEeKCHI syn H ‘cHyn COOTBETCTBEHHO 06031{3‘{3}0']‘ yipyroe
H Heynpyroe paccesHus.
Kak yxe Grio ckasano Briwe, nonepeunomy cevenio paccessHus
l
COOTBETCTBYET JMHHA cBOGOAHOTO mpoGera paccestuns [, = m
aOs
paCCEHHHe Ha TsXKeJbiX SApax TPOHCXOAUT NPpaKTHYeCKH H30-

TPONHO (CcOs 6 — cpeaHee 3HAUEHHE KOCHHYCA yrJ1a paccesHus] PaBHO
Hymo). Ho npu paccesHun Ha merkux AAPAaxX ILeHTP Macc CHCTeMEl
TEPEMEILAETCS ¢ 3aMETHOH CKOPOCTBIO B HaNlpaBJIeHUHU nepBoHAaya/ib-
HOTO IBIIZKCHHUSI HEHATPOHA, T. e. paccesiHHbIe HElTPOHBI HMEIOT B Cpej-
HEM COCTABAAIOLIYIO CKOPOCTH B 3TOM HalpaBJleHHH, OTJIMYHYIO OT HYV-
as (cos 0=40). Cpeanee 3()(heXTHBHOE NepeMerneHne OT cTOJIKHOBE-
HHs1 10 CTO.TKHOBEHH S, Ha3biBAeMOe TPAHCIOPTHON AJHHON cBOGOLHO-
ro npoGera {l;;), TakuM o6pazonm, Gosibile MJTHHBL CBOGOIHOTO npo-
Gera u paBHoO

I 1

l—cos®  Nyog(l —cosf)
ﬂﬂﬂ O}IHOpOlIHOfI CMECH H XUMHYECKOro CoelHHeHUna

L, — ! . (63)
Na‘cs‘(l —cos 0, )+Na=csz(l— co~ 0)

ly= (62)

MokHo nokasaTs, uto Iipll YIIpYTOM pacCesiHMH
2

34

JTO HAUMT, UTO IS TIIKEJIbiX ANep paccesgyne NMPAKTHUCCKH WH30T-
pONHO. /[lake AJsl TAKOTO BeLLECTEZ. Kak Gepnaanti, cos 0=0,074,
T. e. paccrostide apuOIU3HTEILHD H30TPOIIND, @ 138  BOI0poIa
cos = 2/3 u paccestdie IIPOHCXOANT B OCHOBHOM B Hampamienin
Bliepe .

c0:0 = (64)

§ 4 BAMEIJIEHUE HEMTPOHOB

Hpu npoxoxaenun GereTpsix HeHTPOHOB YePe3 BelecTBO OHU Mo-
CTelcHhO 3ameansoTes. [Ipouece sameanenns amurcs go Tex nop,
I0Ka He yCTAHOBITCS TCILIOBOE DABHOBECHE MexXay ueldTponamu o
Cpeilof, B KOTOPOil MPOHCXOAHT 3aMeiseHHe. B meficTBHTENbHOCTH
H3-3a GOJIbIIErO NOTVIOILEHHS Me JeHHBIX HeHTPOHOB UX TeMIepaTypa
BCerila HeckoJbKo Bblille, YeM TeMIeparypa OKpyKaiouleil Cpennl.
OHeprus TeMnJoBHX HeHTPOHOB (3Heprusa, cooTBeTCTByOUIad HaHGO-
J7Iee BEDOSITHOH CKOPOCTH) ONpPCIEJNSETCH M3 COOTHOLIEHHS

EKMH = kT- (65)

1 —————
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rae £ —1,38:10716 3pefepad=8,62-105  s8/epad — nocrosHHas
Boabumana;

T — aGco/noTHass TemnepaTypa, MNpPH HOPMaJbHEIX YCJAOBHSX

paBHas 288° .

Taxum o6pa3oM, 3HePrusl TCMJIOBOTO ABHKEHHS NpH HOpMaJbHOM

reMmniepatype paBHa 0,025 3s.
I1pu onHOM CTOJKHOBEHHH H3MeHeHHe 3HeprHH XapaKTepH3yercs

E Ty
MHOXHTEJeM E—‘ 1pH BTODOM CTOJIKHOBEHHH 5 HT L ITocne f
- 1

0
CTOJKHOBEHNIH H3MeHeHHe 3HEPrHH XapaKTepuayeTCcsg MHOXKHTeJNeM

Ef _ {1 E;
Eq =1L’
oTKYyIZa p
In £ — X In L. (66)
EO . i— 1

OtHoweHnue L 3aBHCHUT OT yIjla paccestHHsSI H Booliue MpH pas-
“{—1
HBIX CTOJKHOBeHHsIXx OyleT pa3HeIM. DBBeas cpenHee u3MeHeHHe

JorapudMa 3HepTHH Ha OHO CTOJKHOBEHHe

t—inZi=! —InE,_ —InE,,
{
noJjyvyaem
1 k.
ZIn L= (67)
i=1 iy
In ff — g (66a)
“0
f= m%‘m. (68)
5 i

Taxkum o6pa3oM, ecqu Mbl 3HaeM £, MBI MOXKEM OTIPe/IeTHTH YHCJIO
CTOJIKHOBEHUH, HEOOXOIIMbix AJs 3aMejledHst OT OJHOH 3aJaHHOH
SHEPTHY 10 APYTOH, cKaxeM no 3HepTHH TenJoShX HeATpoHoB. Ecian
npoBeJem ycpedHeHHe 110 BCceM yIJaM PacCesiHus, cOrJiacHo ¢opmyJde

(58), To nosayuum pag &:

B (A—12, A—1 69)
E=1+4 Y n ATl
Hna A>10 neficTBHTeNbHO TaKoe MPHGIIKEHHOE BLIPAKEHHE:
= —22- (69a)
A+ -

4*
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Hna A or oaHoro go jmecaTH 3HauenHs & Creayomme:;

A ... 1 2 3 4 5 6 7 8 9 10
| 0.7257 0,538 0,426 0,352 0,300 0,261 0,235 0,209 0,188

OnmHako crocoGHOCTL BeeCTBA K 3aMe/1€HHIO onpeaensercs
Heé TOJMbLKO BEJHUHHOH &, HO H MaXpOCKONHYECKHM TIOTIEPEYHEIM Cce-
uenHem paccesnus. [lpoussenenne <o, N,  nasbiBaerTcs 3amemisio-
el cnoco6HOCThIO BemecTBa. EcaM Mb HMeeM OMHOPOAHYIO CMech
ABYX BELIECTB HJH XUMHYECKOE COeJHHEHHE, To 3aMeMJAIomas Cro-
COGHOCTbL BEl[eCTBAa PaBHA CyMMe 3aMeJAIOIIKX CNOCco6HOCTEH, OT-
HECEHHBIX K OTAE/JbHBIM KOMIIOHEHTaM:

. - N L .
£ (o, 1\/211 - @, Na’ F o) =g, 9 Nal»{—anNa’—%—...

CnenonarennHo, ¢ onpenensieTcss Hs COOTHOMIEHHS

E:z glclNal"‘E_gczNaz-i- o . . . (70)

G Nal + 0q Nae -

Ecnn BemiecTBo Hac HHTepecyeT B KauecTBe 3aMeiHTeNd He#Tpo-
HOB, TO OHO €lle B JOCTAaTOYHOH Mepe He XaPaKTepH3yerTcs 3aMens-
1ome# CocoGHOCTBIO, TAK KaK HeATPOHBLI MOTYT MOTJIOMIATLCS B cpe-
ne. OTHouleHHe 3aMednsiomell crnoco6HOCTH K MaKpOCKONMHUECKOMY
3¢ peKTHBHOMY CEYEHHIO MOTJOLEHH, T. €.

NaosE oy £

Nyo, Gq

HasniBaeTCst KO3()(PHUHEHTOM 3aMe/lIeHHs,

Or Havana 3aMedseHus 10 NPHOGPETEHHS TeN0BOH CKOPOCTH
HeHTpOH cMemaercs Ha HEKOTOpOe paccrosiHue. Kak nokasniBaeT Teo-
pHs, cpesHee XBaAPaTHUHOe CMELIEHHe

]//;7 = VQlfrlsf .

§ 5. AU PPY3Usi HEATPOHOB

Becrnopanounoe nBHKEHHe HEHTPOHOB, PacCeHBAEMbIX PAasJIHYHbI-
MH apaMH, IPUBOJHUT K TOMY, UYTO NIPH HAJHYHU rPajHEHTa KOHIEH-
TpauUu HefiTpPOHH aHdGYHAUpPYIOT H3 OHOH O6ja4cTH B APyryio.
B 3ToM ciyuae nepeHoc HeHTPOHOB B KaKOM-JHG0 HanpaBJeHUH OMNH-
CLIBaeTca ypaBHeHHeM auddysuu

S =-—Dgradn, (71)

rae S — (OTOK B HANPaB/J€HWH TPAaHEHTA KOHUEHTPALHU n;
D — xospduunent guddysnn, npuyem

D:%¢& (72)
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Ypasuente (71) cnpaBeanHBO JHIIb B Ciyyae 1>,

' rie  J, — AnHHa npoGera NoOIVIOMEHHS.

YpaBHeHHe HeNpepLIBHOCTH, BhIpaaiomee 6anaHc HEATPOHOB
8 KaXKJIOM 3j1eMeHTe oGbeMa, HMEET BH /[

i a—divs,

dt
{ ¥ a— COOTBETCTBEHHO YHC/a HeHTPOHOB, POXKIAIOUINXCA H
NOrJouaeMbX B eIHHIlle 06heMa B eIIHHIY BpeMe-
HH;
divS— cyMMa uYacTHBIX TPOHM3BOAHBIX OT COCTAaBJSIOWIMX

MoToKa Mo ocaM KoopauHar mnoroka (divS=

0 0 0
=2 2 2.5,
Set 58,45 S:)

rjae

dx
INoacrasasia aas S ero 3HaueHHe U3 BLIpaxeHHsa (71), noayyaem

-ZT” =i{—a-div(Dgradn)=i—a- Ddivgradn =

—i—a+DAn: @nz

-+

dx* dyr = dz?

d?n d*n d’n)

Ecau cocrosiHHe cTanHoHapHoe,

DAn+i—a=0, (73)
a B Tex 06/1acTaX NMPOCTPAHCTBA, I'i€ HET HCTOUHHKOB,
DAn—a=0. (73a)
Yucno akToB NMOTJOUIEHHS B €IHHHIE 0OBEMA PABHO

nv n
nve,N,= —=—,
g T
rae v -— CpelHsAs NPOAOJKHTEJNBHOCTL KH3HH HGﬁTpOHa A0 Torjo-

I EHHA.
IloacraBasis B (73 a) BMeCTO 4 €ro 3HaueHue, nojaydaem

An—-" =0 (736)

T

PaccMoTpuM cayuail niaockoro HCTOYHHKAa B OECKOHEUHOH OJAHO-
poaHoit cpeae. O603HaYHM Yepe3 § YHUCIO HEHTPOHOB, HCIYCKAEMBIX
B €JHHHIY BpPeMeHH KBaJpaTHLIM CAHTHMETDOM NOBEDPXHOCTH HCTOU-
HMKa. YpasHenue (736), HCX0Oast H3 yCAOBHH CHMMETPHH, NepelHIIeM:

2
din no_0

dx? D=
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OGuiee pemenne sToro ypasHenus HMeeT BHJ

X X

T
. n=c.e + ¢, L,
rie L =V Dx,
ngnqu Bdrl‘O.HO}KHTEJ]bHOM MOIYNPOCTPAHCTRE ¢ = (), TAK K4K MOTOK
AOJ/KEH ObIThL BCIOAY KOHEUHLIM. ¢ HAXOAHM U3 TOTO, UTO B Kaxjaoe

NOMYNPOCTPAHCTBO HCTOUHHK 1 7 ?
OChlJl1aeT ~— HeHT H
. POHOB ¢ Kaxnuoro
KBaﬂpaTHOFO caH'rHMeTpa.
- *
S =—Dgradn=—D%* _poa, L
T odx L

[Ipn Manuix sHavenusix x sBesyuuna S NO/KHA PaBHATLC 51—

Do 9. 9L

L 2’ 2D
H nonyqaeM OKOHUaTeNnbLHO

H3 nocrennero Bupaxenns BHIHO, YTO H
U€HTPaUHa HeHTPOHOB VMeHbIllaeTcy B
Baercsa Aaunoil quddysuu.

Pacemotpum Takxe ca
OHOpPOAHOH cpede. Benen
3anucaTh:

a paccrosiHud L KoH-
€ pas. To pacCTosHHe Ha3kLl-

Y4aH TOYEeYHOro HCTOYHHKA B 68CKOH€‘!HO§I
CTBHe HeHTpaJ[bHOﬁ CHMMETPHH MBI MOXeM

d2n 2 dn n

dr? r dr L2

Jlerko noxasatn, uro STOMY yDaBHEHHIO yIOBJETBOPAIET pellleHHe

n=C=%

r
L

r

Iocrosuuyio C uaxomum w3 YCJIOBHS, YTO KOJMYeCTBO HeHTpo-

H

C(;l;, nepec;zxa}oumx B pesyavraTe aupdysuu B exunnny BpEMeHH

coc py moc aTOl{I:IO Masoro papuyca, ONHCaHHYIO BOKPYT TOUEUHOTrO
OYHHKA, NOMXKHO PABHATLCA MOIIHOCTY MCTOUHHKA HeHTPOHOB

Dgradn . 4=r2 = (;

r

1 1
r2 rL

B3saumodeidicreue HedTponos ¢ seliecT8OM 55

DC prpr QG C= g
r2 4= D
" -
4~ Dr

Hy»XHO OTMeTHTb, UTO BbipaxkeHue (74) OTHOCHTCH K VCJOBHSIM,
rge InepeHoc HeATPOHOB onpenessieTCst TPAAMEHTOM KOHUEHTpPalHH,
03TOMY OHa HellpHMeHMMa Ha pacCTOsSHUSIX MeHblle [, OT HCTOU-
HHKa HeliTPOHOB M OT rpaHuubi pasjgena aByx cpea. Ona Taxxe He-
NPUMEHKMA, eCJH MJIOTHOCTL CHILHO MeHfel1Cs Ha NPOTSIKEeHHH AJIH-
HBl paccesiius, T. . IpH ycaoBuu [y >0, wan o< g,

HHrepecHo conocTaBUTh hopMmyay (74) ¢ cOOTBETCTBYIOLUIHM BLI-
paxeHuem Ha crp. 48. B o6oux cayyasx Mbi HMeeM 3KCNOHeHUHalb-
Hoe yObniBaHHE, HO B OJHOM CJyyYae NMpPeAIKCNOHeHIHANLHbIH MHOKH-
Tesb 06paTHO NPONOPLUHOHAJIEH KBa1PaTy PacCTOAHHUA, a B APYTOM —
nepBoil cTeleHH PaCcCTOSHHUA OT HCTOYHHKA. PasHuua 3gech He TOAb-
KO B TOM, UTO CaMa 3KCIIOHeHTa uMeeT pas3jHUHble NapaMerphi: B
OMHOM cayuae cBoGOAHKIH npoler, a B APYTOM MIHHY AXY3HH HeH-
TpoHOB. BuipaxeHue, npuBerenHoe Ha cTp. 48, OTHOCHTCS K 4acTH-
[1aM, KOTOpLie NPOUIIH paccTossHHe r §e3 CTONKHOBeHHS, a hopMyJa
(74) oTHOCHTCs K paclpefeseHHIO KOHUEHTPauiH HeHTPOHOB, ycra-
HaBJIHMBAIOIEMYCsA B Pe3yJbTaTe MHOTOKPATHBIX CTOJKHOBeHHH.

§ 6. AAEPHBIE PEAKLHH Noa AJEWCTBUEM HEHTPOHOB

Ecan HefiTpoH npoHHKaer B s1p0, OH COOOLIAeT €My KHHeTHuye-
CKYIO 3HEepPrui0 CTOJKHOBEHHst H 3Hepruio CBsA3H HefiTpOHA ¢ AAPOM.
S1Apo npHXOAMT B cOCTOsiHWe BO30VIK/EHHS, B pe3yJbTare YErc M3
Hero MOMKeT ObITh BLIOpDOLieHa YacTHLIA HJAH NIPH J0CTaToyHo 060.1b-
IO 3HeprHI Tanawliero HefiTpoHA 1aKe HCCKGJIbKO "acTHl [(n, 1),
(n, p), (n, 2n), (n, pnn) u T. n.]. B o1sindne OT 3apsizKeHHBIX 4aCTHLL,
HelTPOH MOXKeT MPOHHKHVTb B $1/pO. HMesl KFHeTHYeCKYIC 3HePTHIO,
613Ky10 K Hys10. Bosee TOro, TenyoBbie HeHTPOHBI, KaK NpaBHJIO,
o6nanaiT OGALIIHMH 3¢ ¢ EeKTHBHLIMH [ONepeuyHbIMil CeUeHHSIMH, YeM
OnicTpbie HCHTPOHBI.

HauGonee pacnpocrpaHeHHoll peakuued Ha MCIJEHHBIX HE[TpPO-
Hax sBJasietcst peakuus (n, y). B pesyabTare 3T0H peaxuuu maccosoe
YKCJIO yBe/IMYMBAETCsl Ha OAHY elHHHIY, T. e. oOpasyercsa Oosee Ta-
}esblfl H30TON TOTO Ke caMoro sJjceMenta. Bo Muorux caydasx 00-
pasylmounecs TakuM 06pa3oM H30TONLI PaiHOAKTHBHL. AKTHBHOCTDL
BellleCcTBa NpH 0OJYyUEeHHH B NOTOKE nv B TeueHHe BPEMeHH [y Ofjpe-
nenasiercst popmyJioft

nvo,N, — Ao
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Tae  o,— MonepeyHoe ceueHHe aKTHBALMHU;
a— OO0llee YHCAO aTOMOB dKTHBHDYEMOTO BellecTBa;
A— NOCTOAHHAA PaLHOaKTHBHOrG pacnaga.

AKTHBHOCTb Yepes BpeMs ¢ nocue OKOHYAHHs 0GJyYeHHs BBIPasHTCs

cdhopMyson
— A ¢

—e e . (76)

-\t

dr = qo€

— fwGaNa a
3,7 - 1010

Ecau BpeMs o6ayuenns u BHIIEDKKH Majo M0 CPaBHEHHIO ¢ Ie-
PHOIOM mosypacnaga, T. e. At << 1 u A, <1, 10

noe,N, .
3,7 -alo?“ Mo (764)

Ha mensenunix HEETPOHAX C HEKOTOPBIMH AAPAMH MIYT peaxiuu
(n, p) w (n, a). Hanpumep, N4 (n, p)C* Li%(n, a)H3; B(n, q)Li’.

Oco6oe mecto cpean peakuHfl nox geficTBuem HeHTPOHOB 3aHH-
MAeT peakuus nenenus. Ilpu nonananuu mefitpona s SA0PO TAKEIO-
Fo S/EMEHTa MOKeT NPOU3OKTH neleHue Ha nBa AIpa cpaBHHMoOH
BesHUHHEL [1pH 3TOM ocBOGOXK naeTcs HEeCKOJIbKo HeHTPOHOB. B 60.b-
UIMHCTBE C/VUaeB .15 BO3GYKOEHHS DeakUHH meneHus 6oMGap -
PytouieMy HeHTPOHY He0GXOAHMO HMeETh JOCTATOUHO GOJBIIVIO KH-
HETHUECKYIO SHepruio (nanpuMep, gas U238 | Mssg), Ho B page cay-
daes 1.4 BO3OYXKIOEHHS NeneHHS 0Ka3biBaeTcs IDOCTAaTOUHOH 3Hep-
THS CBA3H HEHTPOHA. B nocaeanem cayuae PO MOKET JeJHTbCS O]
DeHCTBHEM TeIJI0BHIX HelTpoHoB. K simpam, KOTOpble HensiTcs nopg
OeHCTBHEM TeNJOBLIX HeHTPOHOB, 0THOCATCS U5 U238 Py i ye-
KOTOpbI€ NPYTHe H30TOMbI TSKeAblX 31€MeHToR. B pesynbTate peak-
LI DeNeHNsT ocBoGoKAaeTcss oxoao 200 Mas, w3 mux NPHMEDPHO
160 Mas B BuIe xuHeTHUeCKOI SHEPIHH OCKO.KOB, & OCTa/LHOE NMpu-
XOZHTCS Ha 1NO/II0 HEHTPOHOB, y-H3JyYeHHs, CONIPOBOXKIAIOILErO fe-
JICHHE, H HA DANMOAKTHBHHIH pacnag OCKOJKOB. INonasasomag vacts
OCKOMIKOB DANMOAKTHBHA H B Pe3Y.IbTATE HeCKOMbKUX B-pacnanos
fipespamaeTcst B ycTofiuuBele snpa.

Ilepuonsl nonypacnana IPONYKTOB ZeJIeHHS] BappHPYIOT B Tpe-
Aesax oT DOoJieH CeKYHIBl 1o HeCATKOR Jer. HostoMvy akTuBHOCTSH MpO.
AYKTOB IleJIeHls1 OUeHb GBICTPO YMEeHbINAeTCs B nepsoe BpeMs, Toka
HE pacnanyres KOpOTKOKHBYIIUe NPOAYKTLI NCAEHHS, a 3aTeM npo-
iecc yOLIIH aKTHBHOCTH 3aTACHBAETCS HA LJHTEIbHOO BpeMs.

To, uto peakuus ngenennus Bo30yxaaeTcss HEHTPOHAMH H BMecTe
C TeM OCBOGOXKNAET HX, MO3BOJAET OCYIECTBHTH HENHYIO PeakIHio
H CO31ABATh SiNEPHEIE PeAKTOPBl, B KOTOPHIX PeakIHs NeseHHs caMma
ce6s noamepxusaeT. Llennag peaxuust geseHHsl ABJASETCS OCHOBOH
BCeH cOBpeMeHHOHl aTOMHOI NIPOMBILIJIEHHOCTH.

9= qo =

3adauu.
L. Mapannenpumit nysox HEATDOHOB, NPOXOAA uepes CJoft CBUHUA TOJILIHHOH
5 cm, ocnabaserest na 309. Onpesenuts:  a) sddexrnproe nonepeyHoe ceyenue

; ' 7
Bszaumodedcreue HeldTpoHO8 C 8el4ecT8OM 5

it i ; oro npo-
CBHMLA TIO OTHOUIEHHIO K HeHTpoHaM mauwuoil 3ueprud; 6) mauny cBoGoaH p
Gera B CBHUHIIE 0] HEATDPOHOB 3TOH SHEDPrHH.
Pemeunune.

a) l—l—:e"““r =0,7; —~px=—06Nx=1In0,7
0
p-6,02.102 11,36 6,02 - 10%8
Na = A - 207 '
—1In0,7 207 =2,16-10—24 e

9= 11,36 -6,02- 102 . 5

6) Orser: 14 cm. .
2. ITonepeunoe CeueHuwe paccesHUs TENJOBHIX EeATPOHON y 67epg'ém{618 ui2
pona ‘-rmxenoro BOLOPOAZ M KHCJIOPONA COOTBETCTBEHHO DaBHO: ;l.m;}{’y r.1p06er,a
; g
oro npofera H TPaHCNOPTHYIO
apra. Onpenenuts NJAHHY CBOGONHOIC A
ggepummf raxenoft Boge n o6blunoit Bone, Ilnornocts Be 1,82 2fca
s

Pemeuwne.

HOunsa Be
1 L _ 9,02 Yol 1,2 cmy =
ST Nyog  1,82.6,02-10%.7. 10
= -i———= 1,3 cat.
[ 2
(1~
\ 3A
Jlna Tsixenoil BOLBE
la = : =5,2 cu,
5 N3, 01 + Na, Gy
lyy = ! — =5,9 cm.
Z v Na, 61(1 — cos 0y) + Na, 65(1 — cos@s)
) Jna o6bniunoi BOIBI:

{g=25ca; L= 4,6 oo

i 2 HHSA
3. OnpejeiTh cpejHee YUCNO CTONKHOBEHMi, rjeoéxonumoe un;gﬂzaureﬂu;(x:ngﬁ
Heﬁrpbﬂa ¢ sHeprueit 2 Mas po Tennosmix cxopocreii (0,025 26) ?{BD . TaKeol
goje, GepuaTul M yriepojie {cuuTarh uro ceuenus pacceanus y H,
\ )

tctBenno pasiel 20, 4 u 4 Gapua). o
. CPemeF{H e. Jlag Bojopona, Tsxelorn Bojpopojia M OGepussiHg cpejnee

26 u 0,209 (cM. cTp
- sueprum E cooTsercTBenno parwo 1, 0,72 , TP
%e)ueﬁl;‘i ng]:fxg;(()b;;a :ngcjxopgua t cooiBercrBedtio pasen 0,158 r 0,120 (E=

2 .

A+ =
+3

JIns Bojbl )
£ 2.1-2040,120 - —0,92.
2.204+4
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Has taxenoft Bomnl
2-4.0,726 40,120 - 4

g: =
5. 414 0,52.
1 E
o L B 182
13 Ef g

Hdnsa Bopw =20, pns Taxenoll Boub f=35
X = nns Oepunnus [=87, -
poxd P 1oe s p f AAs yrae
4. Tonepeunsie ceyenus paccesiHus HeAITPOHOB PasHbLIX SHEPruil M BOAONOKA
W KHCIOpOMa mnpelicTaBNenbi B Talumite. OnpelendT MAaKpOCKONHYECKHe ceueris
paccesinus BOABI NPH ITHX FHEPTrUsX.

Ceuenne. 6aprwm

Dueprus -
Mss OtBer, cx
H 0
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A03bl HOHU3UPYIOULETO U3JIYYEHUS

§ L. 103A W EAUHHUDB] EE U3MEPEHHY

ul/Isnyqelme, NPOXOAs Yyepe3 BeLIeCTBO, OKAalhiBaeT HA Helro BO3-
A€HCTBHE, B YACTHOCTH, B OWOJIOTHUECKNX TKAaHAX MOA nelCTBHEM
U3JTyUelns POHCXOnAT OHOpHU3HYecKHe U GUHOXHMHUECKHe TPOLECCH.
Ilpu mymresbHOM BO3ZeificTBUH B TKAaHAX NPOUCXOOAT H3MeHeHud,
[[pHY€EM HEXKOTOpbie H3 HUX NPONOPUHOHANBHBI BPEMeHH BO31eHCTBH .
Taxoro pona H3MEHCHHUA, OUeBHAHO, OYIAyT PaBHBI NpPOHU3BedeHHIO
BPEMEHH BO3NEHCTBHA Ha BeJHUHHY H3MEHeHUsS B eJHHHIYy BPEMeHH,
Tax Kax GuoJOrHYCCKHE HAM XMMHYECKHe H3MeleHUus He BCEr1a Moi-
AAI0TCs1 M3MEPEHNIO W DPEeryJHpoBKe, ecTecTBEHHO, HalpalliiBaercs
METOI 103HpOBAHHA U3NYUYEHHS 110 KAKUM-THG0 (HU3UUECKH M TpoLec-
CaM, MPOUCXOAAMM NOA deldcTBHeM H3iayueHHA. [losToMy MoxkHO
BBECTH NOHATHE N03b KAK H3MeHeHle HEKOTOPOil PU3HUECKOH BeaUUH-
ibl OJ ZEeHCTBHEM H3JYYeHHs, a8 H3MeHeHHe 3TON BeJIMUHHBI B €UHH-

<y,

190
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1y BPeMeHH Ha3BaThb MOLIHOCTbIO 103bl. OCHOBOH 1151 onpeneseHus
JI03BI MOTYT CJYXKHTH Pa3JIHYHBIE U3MeHeHHA. LZCTH peub HAeT O il0-
ToKe He[TPOHOB MJH OBICTPHIX 33pAMKEHHBIX YACTHL, TO B NMPHHLHIE
OCHOBOH sl onpefesneHus J03bl MOTJIO OBl CJIYKHTH KOJIHUECTBO Ipe-
BpalleHHbIX filep KaKoro-1u0o BelleCcTBa. TOUHO Tak ke OCHOBOH AJs
onpeneseHns D036 MO0 Obl CJAYXHUTb KOJHUYECTBO MOJIEKYJ, NOI-
BepPrUIMXCSl PA3JIOXKEHHIO MJH BO30YXKAEHHIO IDH PaldHOJH3e BOIH
WIM TpH BosldeficTBuu Jvuefi Ha ¢oromnactuHky. HyxHo, omHaxo,
HMeTb B BUIy, 4TO Jji060# ¢usuvyeckuil sdexr cBA3aH ¢ Noriolle-
HHeM 3SHeprHH o6syuyeHHHIM oObexTOoM. IlosToMmy HauGosee panmo-
HaJbHBIM OlpeleseHleM J03bl ABJAAETCS OlpelejeHue, B KOTOPOM B
KauecTBe OCHOBBHI B3fITO KOJHYECTBO SHEPTUU W3JIyUYeHHs, NOIJOLLeH-
Hoil 06syuaemMbiM 00bekToM. KoHeuHo, B ZJaHHOM CJyuyde BO3MOXKHBE
pasJMYHBle BaPMAHTH; MOXKHO PACCMATPHBATH BCIO SHepTrHIO, NOTI0-
lWeHHYI0 06syuaeMuM 00 BEKTOM, H 3HEPTHIO, NOTVIOLaeMy 10 e IMHH el
o6beMa uJau endHunedl maccol. M. B. Tlopoiikos Bnepsbie Npelaoku
B OCHOBY oONpeleseHUss Iad (GU3HUECKOH N03bl NOJOXKUTH IOr/IOLIeH-
HYI0 3Hepryio, OTHeCEHHYIO K eIuHHle o6beMa c6yuaeMOH cpelsl.

CoraacHo pekomeHZauuu MeIyHapoaHOH KOMHCCHH 11O Paduo-
JIOTMYeCKHM equEMLaM 1953 r. BBOIMTCS NMOHATHe MOTJIOLIEHHOH H0-
3BI, TIpeacTaBJdAomeil co6ofl KOJIUYeCTBO 3HepruH, INepelaBaeMou
HOHU3HDPYIOIHUMH YaCTHLLAMH eIHHHIEe Macchl 0O0JyuaeMOro BellecT-
Ba. OueBHIHO, UTO NOIJOLIEHHAs 1034 2aBUCHT KaK OT CBOHCTB 00-
JyyaeMoro o6beKTa, TaK U OT NOJs H3JyUYeHHs, B KOTOPOM HaXOAHTCH
06beKT. [loJe U3IYUeHUs MOKHO XapaKTepH30BaTh Bo3lelcTBHEM,
OKa3eBaeMblM Ha Kaxof-1ubo o0bexT, NpHUHATLIH B KayeCcTBe CTaH-
DapTHOro. McTopuueckH CjaoXkHI0Ch Tak, UTO i’oJe H3JyuyeHHs Hccde-
J0Ba/10Ch NipH MOMOLIM BO3JyWIHLIX HOHH3AUMOHHBIX KaMmep, C.eio-
BaTe/bHO, TAKUM CTAHAAPTHBHIM BCLUECTBOM OKA3aJCs BO3AYX, a Me-
poH BO3AEHCTBKA CJAYKUT HOHU3AlHs, IpOM3BOIUMasn B Bo3AyXe. Eau-
HHIell TaKOTo NOHH3UPYIOLLEro BO3AeHCTBHS ABJJETCA peHTT eH.
TTo oripcaeseHnto PeHTIreH — 370 J0s4d PEHITEHOBCKOIo U raMMd H3-
JydeHIifl B BO3AYXC, NpH ROTOpOH  conpszkeHiasg KOpHyeKyadpuas
smuccus ' npousBoaut B 0,001293 e Bo3nyx2 2 HOHBI KaXkKAOro 3HAKa,
HecyHiMe OJHY 3JeKTPCCTaThYyecKylo eAnHuLly 2apdiaa.

Tax Kak onpexejeHHOMY BO31efCTBHIO PEHTIEHOBLIX MJH aMMe-
Jaydeld xakoil-1u60 onpenedeHHOl SHePTHH Ha BO3JYX COOTBETCTBYET
BIIOJIHE ONpejiejieHHas MNorJouieHHas 1033, MOXKHO PeHTreHaMH Xa-
paKkTepH30BaTh M MOIJIOUIEHHYIO N03Y, yCTaHaBJHBAsl CBA3b MEKIY
KOJIHYECTBOM PEHTIeHOB M NOrJOWeHHOH 1030H OTACJbHO A/ Kax-
JOTO BUAA W3JyYEeHUs MPH ONpeleleHHbIX TeOMeTPHUYeCKHX YCJIOBHAX
H I8 Kaxjaoro suga o6ayyaeMbiX 00bexToB. OKaspiBacTcs, OAHAKO,

! Tlox kOpnycKyasipHo#l 3MucCHedl B JAIHOM CJyyae NOAPa3yMeRalOTCsi BTO-
pHYlibie 3JEeKTPOHB, NOSBJASIOLIMECs B pesynbTate ojHoro U3 3dhexTon: (0103¢-
dekTa, KOMUTOHOBCKOTO ¥ o0pa3zoBaHus nap.

2 Macca 1 cm® cyxoro Bo3fyxa upn HOpMadbublx ycmosusx pasia 0,001293 e
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4TO B C;1yude PEHTTeHOBbIX HJIH y-Tyuell H3MeHeHHe SHeprHH HOTOHOB
BMIOTh 10 3 M26 He3HAUHTETBHO CKA3BIBAETCH HA COOTHOLICHUU Me-
Iy  TOIIOUWIeHHOH 3Hepruell M UYHCAOM peHTreHCB. Exunuued
TOT/IOWEHHOH 103bl CAYXKHUT pan (rad), pasusiit 100 ape norsouwes-
HOi 3Heprud Ha 1 e o6syuenHoro BemecTBa. COOTHOWIEHHe MeXIy
YHCJIOM PEHTTEHOB M MOIVIOWEHHOH 3Hepruei ycraHaBIUBAaeTCs HA OC-
HOBE TPOCTBIX paccyxIeHHH. 3apsl 0ZHOro woHa paseH 4,8-10-¢
3JIEKTPOCTATHYECKHX eNHHHIL, CJeNOBATEbHO, | p (peHTreH) coot-
BETCTBYeT 06Pa30BaHUIO

1

—————— = 2,082 - 10° nap wounos
4,8.10710
B | cm® Bosnyxa npu temneparype 0°C u 760 ma pT. c¢T. B 1 cM3 BO3-
Ayxa norjowaercs npu 3tom 2,082 -10%- 33 98 = 6,87 - 10t Mag =
= 0,11 spe. B 1 & posnyxa npu nose B 1 p o6pasyercs

2,082 . 109

— . 1012
0.00129 = 1,61 - 10" nap uoHos,

npH 3TOM norsomaercsa 1,61:10'2-33 ag = 85 ape.

Orta BeJaHuyHHa Gulia B3ATa 32 OCHOBY 1Jif1 ONIpelesieHHs] e IMHUI[b]
AO3bl IPYTHX BUIOB HOHHSHPYIOLIETO U3JNYUEHHS, a HMEeHHO, QHu3nue-
CKOro 3KBHBaJeHTa peHTreHa. OQHAKO B HacTOsLIee BPEMg 3TOMH elu-
HULed He MOJB3YIOTCA, TaK KaK BO3IEHCTBHe Ha 00JyueHHbIH 06 beKT
TMipaBU/IbHEE XapaKTePH30BAThL MOIJIOWEHHOR 1030f, BHIpaKeHHOH B
panax. )

Hapsiny ¢ exunnuamu pentren u pag CYLIECTBYIOT COOTBETCTBYIO-
mHe MPOH3BOAHDBIE eIHHHIbl — MUJUIMPEHTIeH (M7 WiH MpP) H MHK-
POPEHTreH (ur WIM MKp), @ A/ MOLIHOCTel N03bi — PeHTreH B Ce-
KyHLY (p/ceK), MHKPOPEHTreH B CeKyHIy (MKp/cex) u T. &

§ 2. MOIIHOCTb A03bl H AKTUBHOCTb HCTOYHHUKA

JLonycTHM, 4TO MMEEeTCH TOYEeUHBIHi MCTOUHHK, aAKTHBHOCTb KOTO-
poro pasHa g kropu. O603HAUHM Uepes g1, €2, €3...6, H Qy, Ag... &, CO-
OTBETCTBEHHO 3HePTrHH (POTOHOB, HCMYCKAEMBIX HCTOYHHKOM, H UHC/J A
(OTOHOB Ha ONMH aKT PagHOAKTHBHOIO pacnana. ITortox Jyuucron
SHEPIiin B CEKYHIy Yepe3 KBanpaTHbiil CAaHTUMETP, NepreHIUKYAsIp-
HbIH K HamlpaBJeHHIo Jyueidl Ha PacCTOSHHHU 7 OT HUCTOYHHUKA, PaBeH

[ — q-3,7-10t
4rr2

Ta e =294 - 10°r—qu:ziei. (77)

M3 popmynbt ocnabiienus notoka ayuucroi sHepruu (49) cnepyer

dI T
— _d? :P‘[Oe = p] = (Pnorl + P’pacrl)-
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Y6blib SHEPTHH Ha eAHHUIE NYTH B NIOTOKE C CeUeHHeM, paB‘an\é
eqMHUIe TIOWAIH, TNpeacrasaseT co6oil yOblib SHEPTUH B enmmeu~
ofbeMa. ta yO6blJIb COCTOMT M3 ABYX CJaraeMbiX, H3 KOTOPBIX N E.
s0e — 3TO BHEPrud, NorviolleHHas B elduHule o6bema, a BTOpPOe )
paccesiHHas sHeprus. TakuM o6pasom, nepsoe cjiaraemoe Mpeacras
JsieT co60fi MOIIHOCTH J03bl, T. €. OTHOIWIeHHe [103bl D n BpeMeHH
3KCIO3ULLUH [: o b 1 .

=5 = Pror.

Ecau Ml B popMyay (78) noacrasuM Bhipaxenue (77) u 3Haq§;
HHE Wnor AJIS BO3AYyXa H NOMHOXHM Ha KoshuuueHT nepexona
oIMHHUI SHEPTUU K DEHTreHaM, TO MoJYyYUM

2,94 . 109 q

Ny o —
Y~ %% Paor =

6.87 . 104 re

= 4,98 10¢ % Y, 2; pror (79)
3pech ¢ ,Boipaxeno B Mas, a P B p/cex. UToCw1 nepeiTH K peHTrenaM
B yac, Hy»KHO K03(hdULHEHT noMHOXUTL Ha 3600, T. e.

P = 1,545 - 10~ 202 tor. (80)

Ha puc. 19 0T/I0KeHO 3HaUeHHe W nor [/ BO3AYXa KakK (yHKUUA
3Hepriu KBaHTOB.

B Ta6s. | npuseeHb yucaa GOTOHOB M HX 3HEPrus, MPUXOAALIMe-
¢ Ha OQMR pacliag pamyus, HaXojgsdllerocs B COCTOSHHH PaBHOBECHS

€0 CBOUMH NIpOAYKTAMH pacnazna.

Tabauya 1
CreKTp pajus M ero npoiRyKToB pacnaja
B Kceaddruwenr B
3Hepms;wa?’)0'ro;{03 qn;gopqd)g;;);os né)l‘élé}::!;;i)l(};ﬂ K-";é‘at:'"’%’;l;gc“i o & cymme
X 10%
z
8 0,012 3,35 11,5 0,12
81124‘11 0.115 3 &7 152 1.6
0.294 0,258 3.68 432 45
0350 ‘ 0.450 377 920 9.7
0.607 i 0658 3,81 2350 24,6
0,766 ! 0.065 3.73 286 3.0
0.933 0,067 3766 354 3,7
1.120 0,206 3.50 1950 131
1 238 0.063 3,45 416 4,3
1,379 0.064 337 460 4.8
1.761 0,958 3.11 2180 229
2,198 0,074 2.93 738 7.7
Hroro . . . . . . . . .. e e 9550 100
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CymMa 4-ro croni6ua Ta6auusl, BHUMCJAeHHAs 1O tbopmyse (80)
TOKa3bIBALT, YTO y-HU3AYyUeHHe | & pagust Ha paccTosHmu 1 cm cos-
Zaet MOWHOCTb 103bi 9550 p/uac wiu 9,55 p/uac or 1 me. Bo u3be-
Kanue yJCTYUHBAHHS panOHA panuii NOJIKEH HaXOAUTbCs B repMe-
THYECKH 3aKPBITOH aMMyJie H YacTh y-H3JYYEHUs MOTIOUIATbCS CTeH-
KaMu aMnyJsbl. MomHoCTh 103w oT 1 me panust Ha pacctosgduu | cm

40 I
[ 7 ] ™
Y 2
- \ "”--J
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® L A Aé \\ f
R v ~ \\ | l__‘:‘ T
s LT - _
; EEE N
& N P T
S25 4—1# < T
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§2' | ] N
% ] 1 i Ny
2 T
15 ! !

1 [
Q1 gre o g2 03 Q4 05 8607080910 12 14 161820 25 30 40 32 60758090100
FHppeun gomoHos, M8

Puc. 19, 3asucivocrs Kospduurenta  moraouiciug y-yuefi 3 3031yxe ot
3Heprud GoToHOB

OT MCTOYHHKA, 3aK.TI0YEHHOTO B NJIATHHOBYIO amnyJay co CTEeHKaMH
TonauHon 0,5 s, npuHumaercs paBHoit 84 p/wac. Dta Benuuuna
Ha3bIBAETCA y-NOCTOANHOH pazus.

OueHb 1acTo HHTEHCHBHOCTD HCTOUHMKA Y-H3JIVUCHUA ONpejenser-
Cs 1O ero y-3xBuzajnenty. CoraacHo peucHio MeX1yHapoIHOrO KOH-
rpecca pannoaoros B 1910 r., xoanuectBe panus Hailexit onpesge-
JSTb HE B3BEUIWBAHWEM, a 10 HHTEHCUBHOCTH Y-H3JYUeHUsl U Bhbipa-
/KaTh KO.MYeCTBA B MH/JINTDAMM-3KBHBAJEHTAX. B faibHelimeM us-
MEDEHHE y-3KBHBAJIEHTOB PacnpoCTPaHHIM Ha APYyTrHe y-H3JyyaTenay,
HCTIOJIB3Ys Ty K€ eqUHULY — MUJIJIUTPAMM-3KBHBANEHT panus. OgHa-
KO 3Ta eNMIUUA, BNIOJHE ONHO3HAYHAS 115 DAamus, CTAHOBHTCS Heosx-
HO3HAYHOH NPW ONpede/eHHH y-IKBUBAJEHTOR IPYTUX H3JaydaTeself
CO CNIeXTPOM, OTIMYHBIM OT CNIEKTPa Paaus. Y-9KBUBaJIeHT, BbipaxkKeu-
HbIM B MMJIJIHTD aMM-3KBUBAaJieHTaX, 6ygeT 3aBUCETb OT U3MepuTeJib-
HOM anmapatypsl u OT MeTOZHKH H3MEPEHHs. ITosTomy, onpenenss
MHTEHCUBHOCTD y-H3JyuaTesss B MUJIJIUIPAMM-3KBUB aJleHTA Y, clenyer
YCJOBUTBCA 0 MeTOAMKE H3MEeDPeHHs y-9KBHBaJIeHTa. B OCHOBY olipe-
AETEHUsT y-5KBHBAJNEHTA KaKOro-1u6o npenapata ¢ gaHHoill ¢duabTpa-
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puell MoJOMEHO u3MepeHue MOUIHOCTH J03bl OT PaAUMeBOro MCTOYHH-
ka. DT0 MoXeT GbIThb Bhipa)KeHo cjelnyioumei GopMyJioH:

M
P = 8,4? pluac, (81)
roe M — WHTEHCHBHOCTL WCTOYHNKA B MHUJJIHIDAMM-2KBHBA.ICHTAX
(me-3k8);
r — paccrosiHHe OT HCTOYHHKA B CAHTHMETpax.
MoxHo HanmucaTb 3Ty (opMmyny B 6ojee 00lLeM BHIE:
M
P-=K-—, (81a)
r

KoTopasi coBnajgaer ¢ hipaxenueM (81) npu K=8,4 u ¢ BbIpaXeHu-

eM (80), ecan K= 1,545-108 Lzzp; , a M — 3710 unca0 Kropu B

TOYEUYHOM HCTOUYHHKE.

§ 3. MOLLHOCTH J03bl OT HEKOTOPBLIX NMPOCTPAHCTBEHHO
PACNPELEJEHHBIX y-HCTOYHHKOB

Ec/AH HCTOYHHK He TOUeYHbIf. ero Mo:XKHOo pa3CuTb Ha GecKoHey-
HO 6OJbllIoe YHCJAO 3JeMeHTapHBIX HCTOYNHKOB, KOTOpbiE paccMmar-
PMBAIOT KakK TOUEUYHbIE I HHTErPHUPYIOT MO Beell 06JacTH. Paccmor-
PHM HEKOTOpble YacTHBIE CJAYYau. )

1. VMlcTounuk paBHOMepHO pacnpeneseH BI0JIb NPAMOH  JHHHH.
O603HauyuN yepe3 M axTHBHOCTb, CBA3AHHYIO C CXHHHUEH IJIUHBL,
TOraa aKTHBHOCTb, CBi3aHHas C 3JeMeHToM aauubl dl, pasHa mdl,

a AuddepeHiHal MOLHOCTH A03bI

mdl
dP =K 2
rdo Rd¢
) 7 5 _ ¢ ; uc. 20).
Herpyano yGenutbesd, uto dl - cote {(p )
Torga
b dl T2 Rd® 20
,. ' COos
— = m — T =
p Klﬂl\ r2 K § cox2 @ R?
a 1
m b a
= K —{arctg — — arct —) (82)
K5 (arcte - €%
B uvacTHoM cJhayuyae GeCkOHeuHOH IpsIMOI arctg?= %’
arctg—a— =—-
R 2
P—K Tm ) (828)

R
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B apyrom uactHom cayuae a<<R u b<<R, arctg—;— —;-;
arct LA
g R R’
P: ib—az m(b—a)
K R R K R? ’

4TO U cJiegoBaJio 0Kuaarth, H60 m(b—a) — 5T0 axTHBHOCTL BCErO
HCTOYHUKA, KOTOPLIH NPU STUX YCJAOBHAX NefiCTBYeT KaK TOUEUHbIH.

N 7 |
—ap —

a

Puc. 20. Jo3a, cosnaBaewas ax- Puc. 21 Jlo3a, cosgaBaeMasy aKTHBHHM THC-
THBHOfl JHHHef KOM

Jlerko moHATh, yTo BhipaKeHue (82) CrpaBemIMBO K IJsS MOLI-
HOCTH [03bl HA OCH TOJIOTO UMJAMHApPA paguyca R, echu Ha ero 60-
KOBOH TOBEPXHOCTH pacnpenejeHo PagHOakTHBHOE BELIECTBO 3 KO-
JHUECTBE M Ha eIUHULY IJHHBI.

Haiinem Tereps MowHocTs 10361 B Touke, Haxomsmeiics Ha npo-
ZOJIKEHHH NPAMONHHEHHOTO UCTOYHHKA HAa PaCCTOSHHH 7y W ry OT
KOHIIOB MCTOYHHKA:

s
P=Km(£.-=Km<—l—— 1
J o1t

ry re

=271 gy
rirg ’
Ty

HO ro—r) =/ — pnauHa NPSAMOJIHHEAHOTO HCTOYHHKA:

ryry \2 rp—rg \2 2 |2
riro = —_ = —_—f—
v ( 2 ) ( 2 ) R (2) ’

—_— — PAacCTosiHHUE OT TOUKil HabJIogeHus oo cepenu-

-
-
-
n
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HbI HpHMOJlHHEﬁHOl‘O ucrouHuka. OKoHUaTEJIbHO TnoJjyqyaem

P:Kﬂ’l——*—l—z-=K% —l—l‘—2'.
=) '~

2. McTouHux pacnpenesneH paBHOMEpPHO MO TOBEPXHOCTH Kpyr-
aoro pucka. OGo3HauuM uepe3 /M aKTUBHOCTb, NPUXOASILYIOCS Ha
eqUHHIY ToBepXHocTH. HalijeM MOLIHOCTb M03bl B TOUKE Ha BbICOTE
h wag ueHTpoM pucka. llo3a, co3gaBaeMasi aKTHBHBIM BELIECTBOM,
PACIONOKEHHHIM Ha 3J1eMeHTe o3epXxHOCTH MeXay ¢ u p+dp, Oyer
paBHa

dpP — Km2rmopdp .

re

Herpyauo sunets (puc. 21), uto

do — rd®  hd®
e cos @ cos2 @
nt 2 h
= o H TIr°=
e g? cos2 @

Taxum o6pasom, dP=2nKm tgedey,

R
arctg —
h

P = QnKtnStggod';: —2:Km1nc05arctg§ =

0

.‘—Qszln‘/l-i——S:—:ﬂKmln(l + f:)

RZ p RZ _Rz
B mnpemenbHoM ciyuae R &1 In(1 + ﬁ) =7

[Tpuxo-
IHM, KaK H CJIe[OBa/No 0KuaTb, K BbiParKeHHIO

m= R? M
K o KF’
T. €. K (hopMyJie TOUEYHOTIO0 MCTOYHHKA.

3. Hcrouduk paBHOMepHO pacnpenesied no o6bveMy wapa. B 06-
LIEM CJiyuae 5Ta 3amavya CJOXHasi; Mbl PACCMOTPHUM MOIIHOCTb J03bl
I TOUKH, Jiexallled Ha noBepxHocTu wapa. O6o3HaYuM B 3TuM
cJyvyae yepe3 7 aKTHBHOCTb, OTHECEHHYVIO K equHune o6beMma. Torna

dP = K mdu
. r2

5 3amura 0T paaHOaKTHBILIX H3JAy4YeHHH
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Mg 3/leMeHTa o0'beMa MOXKHO HalucaThb BhIpaxKeHue (puc. 22)
‘dv=2rrsinordsdr. (83)
dv
IMonacrasnsieM 3HayeHue — 13 dopMyant (83) u HHTErpupys
’ A
no r ot 0 10 2R ¢os ¢ 1 no ¢ o1 0 g0 % , Toayyaem

2R cos ¢ =

/s A ) /2
P=27:Kmojsm<pdcpjdr=27r]{m 2R cos ¢ X
0

0
. /2
Xsinedg=2xKmR {sin2¢cdyo = 2= Kmr.
0

(rze M — axtug-

[loncrasass BMecTo m ero snauenne R
3T
HOCTb BCEro wapa), nosyyaem
‘ 3 M
P= g2 84
2, R® (

OT0 3HAUHUT, YTO AJST TOUKII.
P4cCrosI0KeHHOH Ha NMoBEepPXHOC i
mapa, H3jiyuaresb, PaRHOMepHC
pacnpeleseHHbIi BHYTPH Wapi.
MOXKeT ObiTb 3aMeHEeH H3/yya-
TeJIeM, COCPeJOTOUEHHbIM B IEH-
TPe mapa, eCau BBECTH KO3u-

' UMeHT - C npyroit cropoubi,

Q IJ1s1 TOUXKH, YpaJeHHOH Ha pac-
CTOSIHHE, BO MHOro pas INpeBbl-
Lamuiee  €ro  paguyc, MOMKHO
nupeHeGperaT  NMPOCTpaHCTBCH-
HBIM pacrnpegejeHHeM U CHH-
TaTb, UTO BeCb H3JiyuaTeJjb CO-
Puc. 22, Hoza ua TOBEPXHOCTH Iapa  cpefOTOYEH B LeHTpe wapa, T. e.
Oyner jeficTBhTeNbHA (hOpMY-
Ja (8la). CaecioBaTesbno, 415 BCex NPOMEKYTOUHBIX C/yyaes

3 . M
P :
K—-< <2K’R2

RZ
§ 4. YYET CAMONOITIOUWEHHSA B UCTOYHHUKE

Ecnu uznyuaresb pacnpegesen s HEeKOTOPOH Macce, TO IpH pac-
UeTe MOUIHOCTH A03Bl HYXKHO YUecThb CAMOTOIJIOUIeHHe. B o6LleM Bu-
A€ MOUHOCTb /036 B HEKOTOPO#l TOYKe GyleT DPaBHa

Hoser uonusupyroweso uzydeHus 67

—pr
P=K mdve ,

re

‘a eCJTH U3JAYYaTeb OﬂH*Op‘rOﬂ:HbIﬁ, m A u He 3aBUCAT 'OT KOOpDIOHHAT.

—'P‘r'

P-Km (%, , (85)
J or?

rAe MHTErpaJs Gepercs no BceMy OOBEMY U, 3aHATOMY H3JYYAIOLIMM
BEILECTBOM, I — DACCTOSTHHE OT JeMeHTa 00beMa 10 NAHHOH TOUKH,
r’ — yuacTtox r BHYTpu uaayuatens. Ecau H3Jyuyedue He MOHOXpPOMa-
THUECKOE, Mbi BMECTO Bbipa:KeHUs (85) HOJKHBI HAlHCATb CYMMY
HHTErpasoB, COOTBETCTBYIOUMX KaXKIOMy KOMIIOHEHTY WU3JyYeHHs B
OTAesbHOCTH. OueBHIHO, UTO YUeT CaMOIOIJIOILEHUS CBOTUTCS K Ha-
XO0XKIeHHIO OTHOILIEHUS

dv, 7"

2

y=L (86)

dv

re

KOTOpO€ MOZKET 3HAUUTeJbHO MEHSITbCS B 3aBHCHMOCTH OT TEOMETPHH
U CBOHCTB H3JyuaTesis.
Haiinem snaueHue y nis mwapa, ec/u Touxa HabJII0 JeHUsT JICKUT
Ha ero nosepXHOCTH. 3HaMeHaTesb B hopmyse (86) HaiigeH s pe-
AbiAyuiem naparpade, on pasen 2nR. Uncautenb MoxeT ObiTh 3alli-
caH B Takoi dopMe:
n/» 2R cos o

Qnrzdrsin‘?d?e._p,r__
2
0

=/22R c05 . ly
- . 2= . — 2, o
= :S‘je b"rSII]’?dC?dl‘ .. jSIn?dtp“—B 2‘).Rcosy]:
0
0 0
,O =/e
2= 2z _ e .
:;COS@ —*"r e 2“RCOS‘SH’]C¢7d(P ==
> i
/s o
27 1 -
B e U I
i 21 R
OTKYyna
—2pR
_ 2pR—14e "7 (87)
N 2 (1 R)? '

5*
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Korza uR— 0, xak u c1enoBajio 0xu1ath, ¥ — 1, a 115t GOJIbIIAX
anaueHufi pR

-
N R

Bblpa}KeHHe IOJ1sT MOWIHOCTH 103bl NOJYYHM, YMHOZKHB COOTBETCT-

3 - M
ByIOlIee BbpaxeHue 0e3 yueTa <aMONOIVIOIIEHMHS =K ;5— =
3 4/3= R¥m
= TKT ay. T. C. B HaCTHOM cJyyae OOJibIHX PadlyCOB

P—=2zK ", (88)

48

STo 03HAyaeT, YTO ecsl H3Jayuaiolee Teso o6aagaeT pasMepamH,
1
3HaAUUTEJbHO MPEeBOCXOASIIIUMH —, MOIIHOCTh J03bi 3aBHCHT He OT

[
0O0LIero KoJHYecTBAa PagHMOaKTHBHOrO BELIECTBA, a OT €ro KOHIEHT-
pauun. ITockoabky Bbipaxesne (88) He 3aBUCHT OT pajuyca, MOXKHO
OTHECTH €ro H K 6eCKOHeyHo 0O0/IbINOMY paguycy, T. €. OHO ClpaBel-
“IHBO /I TOYKH, JIekKallleH Ha MOBEPXHOCTH NMOJYNPOCTPAHCTBA, 3a-
HOJIHEHHOTO PaJuOaKTHBHBIM BEIIECTBOM.
OueBMIHO, UTO MOWIHOCTh J03bI B TOUKE, OKPYKEHHOH CO BCEX

CTOPOH paJMOAKTHUBHLIM BEIIECTBOM, OYneT B ABa pasa GoJbief,
m o

T. €. 4nK—P— . K sTomy e pe3yabTary MOXKHO NMPHATH, HENOCPEACT-

BEHHO IIPOMHTErpHpoBaB BbipazxeHue (85). eificTBuTennHo, ecan

dv
075 3JeMeHTa ob6bema danuweM dv=4xridr, a —rz—-—--4na’r, TO

-

P :ij 4me” M dr =

[3}

4'—'. Km,

118

CaMo co60i pasymeercs, uTo 6€cKOHeUHO GOJILINON paguyc npak-
. .1
THYECKH O03HAyaeT OOJBINOH MO CPABHEHHIO C BEJHYHHOH — .
22
PaccMOTpuM 103y OT aKTHBHOrO CTEePKHA B TOuKe, HaXoxs-
mefics Ha €ro OCH HAa PacCTOSTHUSIX r| I re OT ero 0601X KOHIOB, 10-
CTaTOYHO GOJIbIIHX 0 CPABHEHHIO ¢ ero paguycoM. s duddepen-
1MaJia MOUIHOCTH A03bI MOXKHO HaNhcarhb

dP;Km%e—(r_vl)a, , (89)

rgpe r— paccTogHHe A0 TOUYKH HabMI0IeHusT OT 3JeMeHTa AJHHDBI;

Jlo3er uorusupyroujeeo usryuerus 69

M — AKTUBHOCTb €OUHHUIIbI OJUHBl CTEDPIKHA.

T T2

e r—rh) oy e P Tqr
— - dr = Kme" ™ —_—— =
P = Km s 2 re
Ty . Ty
vy 25 Y

. wry e—p‘rd(}* I’) _ wory e”
= Kmpe j—(}”’)z = Kmype —dt.

BTy wry

Hurerpupys no gactsam, Hojiydaem

r,
s ] b e—t 4t
_ BTy J— —_— .
P = Kmé T 5‘ 7

wry

B ry

foe]

—t

e o

Hurerpan suaa —S ; dt, o6osnauaemmit £, (x), asisercs
-—X

(dyHKuMell HHXKHEH rPaHHIbl U HA3LIBAETCH MHTErPasbHBEIM 3IKCIO-

HEHUHaJIOM.

OueBHIHO,
(v =) e_t .
g — dt = — Ei(—),
P » o) » o ,
ge dt:je dt—ge_-d;:
¢ { . ¢
nry vr L. Ty
= —[Ei(—pr)—Ei(—pr)l
CJief0BaTe bHO,
1 e_i’*("z‘—fx) o . . .
P = l\’m[ T e [Ei (—pr)-—Ei(—pr)|. (90
vy L ]

Ilas dyukuuit Ei(x) uMelores Tabauub (cM. npuioxenue II).

Ecau r{>>ro—r;, To, 0603Hayas 4epe3 R paccTossHHe OT TOYK!
HaG6JIONCHAST [0 CEePemUHLI CTEPXKHs, MoxeM B dopmMyse (89) 3amc-
HITH r? Ha R2, u toran

re 7s
Km _ Kﬂlep.fl -
ry Ty
— Kme;z" (8— ur;__e'—l’-f:): K;nz (1_8~P(’z*’1)) —
iy i
Kml —pl
= I —
e )
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OTKyJa

Y= _1_(1 ___e—ul)‘

vl

MouwHocTb 10361 B TOUKe Han UEHTPOM KPYLJAOro AHCKA
KOHeyHOH rosuuuel. Ecau pamnyc
mucxa R, TommuHa aucka d, a pac-
CTOSIHIie OT TOYKH HAGJIOJeHHs 10
LeHTPa JilicKa 0003HayumM ye-
pes R (puc. 23), Toraa mas aud-
(depenpmaia MOWIHOCTH  HO3bI
MOXKHO HamucaThb

AP — Kmdve™ ™71

’

re
dv=2=xrsinerdedr,
dv .
= r—ZZQﬁsm@ngdf.

- -~
Puc. 23. 103t Bag TOJCTBIM JHC- YuureiBas, yto dr’ = dr, Mmox
KoM HO Hamnucarhb

Pmakc d/cos ¢ )
- 2=Kmsineds g e~ " dr.
0 0

R

A9 @uaxc NpUHHMAeM 3HayeyHe arcth.

TouHo. Taxoe BbipaxeHHe COOTBETCTBYET AUCKY C KOHUYECKOH 60Ko-
BOH [IOBEPXHOCTLIO. O,IIH&KO IIPH e OUeHb 60JbIUX TOJIIUHAX JUC-
xa owHbGKa HeBeaHKa. CJIE,IIOBaTeJIbHO,

3To He coBceM

R
arcig — wd

p— 25 Km Y (l—e cos?)Sil’lg’)d(P:

0

®

arctgi
o »d

:—[I—cosarctg%— jv e COS'wsingodgo],
0

cos arctg % = ! - !

2
l/l -{—tg’arctg% 1/1 _{-%

Josbt uoHusupyrsujezo u3ayneHus 71

3aMeHsis MepeMeHHYI0 WHTerpupOBaHUs

vd _7:d7—= "% Sinods; sineds =

v

cos @ cos? @
ze dz
= dz== d=pd
(v d)? ® ™ 72

1 COOTBETCTBEHHO IpaHlubl HHTerpalia
R
npu =0 Z=nd; npu (p:arctg~7

pd _ R?
Z:—T‘—pdl/w <,

cos arctg e

MO¥HO ero npeo06pa3oBaTh cjaeaylomum 06pasom:

arctg—R- pdVl-i—%
pd .
- _ _z
e %dZ
j e “¥singdy=pd § =
0 pd
e “dZ e
: d

kS

Rz
1 ;J—dVl + he

. oo
ot
Beipaxerue BHga X -

dt spasierca QyHKUHeld X U Ha3bIBaeT-

X
ca ¢yukuneil Kuura. Ita dyHKuus T86YHHPS)BaHa (cMm. mpuaoxe-
gue I1). OueBUIHO, Y10 UHTErpaJ, MOJYYeHHbIH HaMH, MOXHO Bbipa-

3uTh yepes -pyuxkuuio Kunra —®@(x):
{f ez
Pd‘) o dZ = ® (pd)—
vd

- L 9 (pd‘/1+—’i—2).
R? i
l/ 1 4 e
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OKoHYaTeJIbHO TOJIyuaeM

1
p 27n Km I —- — q)(!‘d)_

— 2nfim —=
P I/l-{— n

___17@({”1]/1_{,&) ) 1)

Vo "
!y

h?

HyxHO oTMETHTb, UTO TaK Ke, Kak W 3KCNOHEHUHaAbHass (DYHK-
wust, ®(0) =1, @ (oo0)=0.
s ToukH, Masio ynanenHoi ot aucka (A<<<R),

[ 97 Km

@(pdl//l—}——hlii>zo " P:———H—{I-—(I)(;Ld)}.

Ecnu pd Benuko, nonyyaeM, Kak u goJKHO ObITb pJisi MOJAYIPO-
2= Km
crpaHcTBa, P = ———%* MouwHoCTh 103bi B nEHTPe NOJIOro mapa
p.

CO CTEHKaMH TOJHIHHOH d, COoepKallUMu DPaBHOMEPHO paclpene-
JIeHHOe pamHOaKTHBHOE BellecTso. B 3Tom ciyuae 3JieMeHT 06beMa
paBend dv = 4nr?dr u
ry+d d
P=4xKm Y e dr=4=zKm fe—‘”dr’ =
e b

— AERm e, (92)
*

BcnencTere 11apoBoil CHMMETPHM BCe 3JIEMEHThI TEJIECHOIO yriia
BHOCSIT OJUHAxKOBbIll BKjan. Taxkum ob6pa3oM, ngo3a, oOmpexensie-

o Km —pd
Mas eIMHUIed TejecHoOro yriaa, Oymer pasia — (l—e ).
33

Ecnu paccTosuue 0o TOYKM HaOJIOOEHUsT 3HAUYUTeJbHO GoJsblie
NONEpPeyHbX pa3MepoB IJIOCKO-NMapasiebHOH MIAaCTHHBI TPOH3BOJb-
HOH (OpMbi, TO 3Ty IJIACTUHY MOXKHO pacCMaTpPUBaTh KaK 3JIeMEHT
IIApOBOro CJOSI, U IJiss MOIUHOCTH N03bl MOJNYYaeTCss BhIp aXKeHue

p=ofm _ (93)

>

rae €2 — TeJiecHbIll YI0J, OXBAThiBaeMbiil TJIaCTUHOH B TOUKe HaGJ0-
NEHUs.

* Hyxno oTMernTb, uTO B Hauade 3toro naparpada (cm. cTp. 68) mul mo-
JIYUHJH TAKOE 3HAYeHWe IS MOLKHOCTH J03bl B TOWKE, JeiKalleH Ha MOBEPXHOCTH
NOyNIPOCTPAHCTBA, @ B JAHHOM CJayyae B OTjpaJieqHH OT Hee Iro 2HAYHT, 4TO
MOKa PaCCTOsIHME OT MOBEPXHOCTH MaJio no CPaBHEHHIO C ee pasmepaMH, P=const.

n
n
J
-

Jlozer uOHU3UpYrOWe2o U3aY4eHusn 73
IMpu pd—0
| —e—rd
—1 u P=2Kmd.
wd
(CJief0BaTeNbHO,
1 —p. d
g o= ——(l—e %),
L= ( )

B cayuasax, npeacTaBJsOmuX npakTHUECKHA HHTepec, reoMeTpu-
geckue KOH(Urypauuu MOTYT OKa3aTbCsi Gosiee CJOMKHBIMH. OnHaxko
¢ J0CTaTOYHO XOPOINHM NMPUGJIHKEHHEM HX MOXKHO 60Jib1eH qacrblol
npeacTaBUTh KaK Ty WJIH HHYIO KOMOGHHALMIO PAacCMOTPEHHbIX HaMH

10

arr

S
o
T

8

CamongenoweHus
S
=

Koaggpuyuenm
e | 'R
W™

PUN SRR T G S ) f

0 o5 1015 20 25 40 35 40 45 S0p

Puc. 24. 3aBHCHMOCTL CAMOTIOIJIOILEHHA OT NPOM3BEleHHA Ra Jjs iapa
(1), unannapa (2) u crepxua (3)

cayuaeB. Ha puc. 24 npencrasjieHa BeJHUMHA X [JIsi HEKOTOPLIX TeJr
NpaBUALHOM (hOPMBI IPU YCJIOBHH, UTO TOUK3 Ha6GMI00eHHst JOCTaToyY-
HO yaaJieHa OT 5THX TeJ H B C/Iy4ae CTep¥KHs JIEXKHUT Ha ero OCH. Ha



74 Kparkue ceedenun no sdeprod gusuxe

ocH abciuce OTIONKEHO 3HayeHHe ua, Tae a — JHHelHbIH TapaMeTp,
XapakTepusywwmuil gaHHoe teso. [Ias uMAMHAPA ¥ Wapa— 3TO HX
pagMyc, a msisl CTepXHsi — NOJIOBUHA €0 JJIHHBL

§ 5. 103bl, CO3JABAEMBIE - H p-HACTHLUAMH

ITpu nonanauuu a-aydeil Ha KaKylo-nu60 GHOJIOTHYECKYIO TKaHb
OHM NPOHHUKAIOT Ha HeOOoJbIYIO MMYGUHY, COOTBETCTBYIOUYIO HX OC-
TatoyHoMy npobery. IIpu6GJIHKeHHO MOXKHO CyuTaTh Npober B 6HO-
JIOTH4YeCKOH TKaHH paBHbiM npobery B Bone. [IpyHUMasa OTHOCHTENb-
HYIO MOJIEKYJIIPHYIO TOPMO3HYIO CNOCOGHOCTL BOAbI pasHoii 1,5, mo-
JIy4uM Ha ocHOBe GopMyJabl (26) nns oTHOWEHUs NPOGEros B BO3LY-
Xe TPH-HOPDMaJbHBIX YCJAOBUAX U B TKaHU Takoe 3HayeHHe:

Rposq _ PBonABoaxS _ 1.14,4 — 995,
RTK pBOl’JIMBOn 0,001293 . 18

ITocKonbKy 1po6eru a-4acTi B BO3AYXC H3MEPSIOTCS CAHTHMET-
pamH, npoGery B TKaHU HU3MepPSIOTCS JgecaTKaMH MUKpoHoB. Oue-
BUIHO, YTO OJi «-4aCTHIl MAaHHOH SHEPTrHH TNOTJoumEeHHas g03a He-
CKOJIbKO BO3pacraer ¢ rayO6HHON NPOHUKHOBEHMs, 10Ka OCTATOYHbLH
NpoGer He YMEeHbINUTCS 10 3HaYeHHss ~ 5 (i, 4TO COOTBETCTBYET NPO-
Gery B BO3/yxe NpPH HOPMaJbHBLIX yca0BHAX ~ 0,5 cM (Npu TakoM oc-
TaToyHoM mnpobere ypenpHas MOHM3auua HauGosblias)., Ecam Ha
NOBEPXHOCTH TKAaHM HAXOOUTCH CJOH o-U3JyyaTess, 3aBUCHMOCTb
TOTJIOWIEHHOH QOJM OT TAYGUHBL OKa3biBaeTcss GoJiee CJAOKHOH, Tak
KaK B 3TOM cJiyyae Ha riy6uHy, paBHyl0 npobery B TKaHH, NPOHHUKaA-
I0T JIMIlb Te 4aCTHUbI, Hanpas/jeHHe ABUKeHHs KOTOPLIX COBMamaer
¢ HOpMaJblo K nosepXHocTu. OcrTasibHble YaCTHUbl B 3aBUCUMOCTH OT
HanpasJieHHs JBHMKEHHsT 3aKaHUMBAIOT CBOH NpoGer Ha pas/iHYHLIX
MeHpIIHX ray6uHax. B KoHeyHOM MTore ¢ ray6GHHOI NOIVIOWEHUs 10-
3a ymenpluaetcs, obpamasich B Hy/1p Ha rayGuHe, paBHOH npoGery
o-dactii. CpeIHIOW MOTIOUEHHYI0 03y B CJI0e, COOTBETCTBYIOEM
riayGHHe NPOHUKHOBEHMs a-4aCTHL, JIETKO MOLCYUTATh M3 CJedylo-
mHX coobpaxeHuil. O603HAYNM UYepes 1 YUCJO o-49aCTHIl, NagaloNUX
Ha 1 cm? nosepxHocTH TKaHu, Torma obuwas sHeprust nE norjoumaer-

oft B cloe, paBHOM PR oy
925
CaenoBarenbHo, morJomnieHHas no03a D pasHa
Msa
nE . 925
2 E . 92 E . 925
Do — E 9B sesent) = PE-9B Magro —
Rposy cx Rsoag BO3J,

.995.1,6. 106
_mE 95 16:.107° . nE

RBO3)1 BO3R

1,5+ 107° pad.  (94)

[o3b uonusupyroujezo u3ayierus 75

ITpu najgeHuu nyyka P-4acCTHIl Ha NMOBEPXHOCTb ocnabneHue HH-
TeHCHBHOCTH IIOTOKA YacTHI MOXKeT ObiTh NpeAcTaB/ieHo (opMyJsioh

I = 106_pL x.
Ecan oTHecTd / K OgHOMY KBagpaTHOMY CaHTHMeETPY, y BbIpaxarb
B cm2fe, x — B 2/cM?, TO KOJIMYECTBO SHEPryH, NOrJIOUEHHOH B OQHOM
rpaMMe BewrecTsa, Gyier pasHo Ju. K’O‘SQ)Q)‘HJELHQHT HOTJIOUISHHA
MOKHO NpU6IH3HTENbHO NPeACTaBHTL (HOPMYJIOH
22
M= g

cm¥/e,

rae E BuipakeHo B Mas.
Jlas moTOKa 3Heprud MOXKHO Hamucarb

J=nE-16-107% apefes® =0,35- 1,6 - 107°nE =
=0,55- 107%nE ape/cm?,
rne b_‘——cpe;m;m SHeprus f-yacTuu;

N — qUCJI0 YacTHU, MagamlMx Ha 1 cm? MOBEPXHOCTH.
Torna mist 1036l NOJyyaeM BhEIpaXeHHe

22 0.12.107° :
D= nE -0,55- 107°  7apefe=n————— pad. (95
E

PaccmoTpnM, HaKoOHell, J03bl, CO3LaBaeMbI€ o- HIH B-liyuamu npH
NonafiaHuM u3ayuaTenelf B opraHuam. [lomycTuM, 4TO B KaKOH-TO
yacTH OpraHM3Ma paBHOMEpHO pacnpejefeH a- HJH B-usayqaresp C
KoHueHTpauneii ¢ kropufe. Ecau obnacTs pasHOMeDHOro pacnpepe-
TeHHs He OueHb MaJsia, MOKHO CYHTATh, 4TO BCA 0cBOGOKIaeMas H3-
JvyaTeseM SHEPrHsi NOTJIOUIAETCS B TOM Ke OGbeMe. CaenoBarefib-
HO, MOLIHOCTL 703bl ONpejpe’sercs H3 COOTHOINEHH:

- e n —6 B
Pl 101 1.6 107° 6o, pad/cex. (96)
100

Ecau paﬂHOﬁKTHBHOC BelecTBO U3 opraHHSMa He BBIBOIOHTCA, TO
TIOJHadg pgo3a, TMOrJouieHHas OpraHH3MOM, paBHa
o —_—
coE -
S' Pt di= Fo = B09E  _ 850¢,ET. (97)
A

D=§Pdt= -
0

0

[Ipu HenpepbIBHOM BbIBOJE BEWIECTBA H3 OpPraHu3mMa ¢ NEpHOLNM
N0/yBbIBOA T YOBUIb yIeIbHOH AKTHBHOCTH NMPOHCXOZUT MO SKCNO-

HeHTe
—(x+ I“)t

T

€= Cee .
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CunegoBaTenbHO,
D= 600c,E - 850¢,E - 850¢,ET . (98)
T I
- T ' = + T

Ecan nepuon nosnyseiBona BenMK MO CPABHEHHIO ¢ NEPHOZOM TO-
Jypacnana, nosydaercs onate Gopmyna (97).

§ 6. 1O3bl, CO3OABAEMBIE HEATPOHAMHU

BeicTpbie HEATPOHBI TP CTOJNKHOBEHHH C SIAPAMH TIEPEalOT UM
4aCTb CBOEH 3Heprud. AT Agpa OTZA4H, NPOXOAS Yepe3 BELLECTRBO,
IeHCTBYIOT KaK 3apsxeHHble uyacTHubl, OGO3HAYHM 4uCHO saaep
i-ro BUna B | e BewecTBa n;, 3¢gpexTHBHOE NoNepeyHoe cedeHue o,
H NOJIO SHEPTHH, TepseMOi B cpejHeM NpPH OXHOM CTOJKHOBEHIH, [,
a yepes N — 4ncio HeliTPoHOB ¢ 3Hepruesi £, nagaomux Ha 1 cu’
nosepxHocty. Torna nosa, B pad, 6yxer pasHa

1.6.107% -
D= NE Yafn, A2 = 1611070 Yoy, NE.
3necy E BhipaxeHno B Mas.

MoXHO npHHATb, 4TO GHOJIOTMYECKast TKaHb B CPeqHeM COLEPMHUT
10% Hy, 4% N, 73,6% Op 1 12% C. d1oMy COOTBETCTBYIOT 3HaUEHHS
n;:6-10%% 1,7- 10% u 6-102! atomoB Ha rpamMm. [lnst ympyrux co-
yaapenu#, HrpaiomMux OCHOBHYIO pOJib B TOPMOXEHHH HefTpOHOB,.
MOXHO Hanucatb [cM. dopmyny (59)]

f— A
ST

[Tonb3ysich MpuBeNeHHBIMY BENUYMHAMU M 3HAYEHHAMMU [oTepey-
HBIX CEeYeHHH Kak (yHKUMM 3HepruH HedTPOHOB [8], MOKHO Moxcuu-
TaTb 103y, puxoasimyiocs Ha | Hedrpor/cm® Kak DYHKUHIO OT 3Hep-
run. Ha puc. 25 npusenen pesyasraT Takoro nopcuera gas SHeprui
no 20 Mass.

HeiicTBue MenJieHHBIX HeHTPOHOB CBSI3aHO C Bbi3BIBAEMBIMH MMM
SIIepHBIMU  NIpeBpameHusiMH. MOXKHO Iepeydc/uTh CJaedylougie:
peakunu: H(n, y)D, N!* (n, p)CH, Na2(n, y)Na24, CI37(n, y)CI%,
P3!(n, y) P32, Ca*(n, y) Ca®®. B pesysnbraTe NepBoii H3 5THX peakuHii
BO3HUKAWOT (GoTOHBI ¢ 3Heprueli 2,23 Mag, B pesysbTare BTOpOii pe-
aKlUK BO3HMKAIOT NPOTOHH ¢ 3Heprdedt 0,6 Masg. OcranbHbie peax-
UMH TNIPUBOAAT K 00pa30oBaHUIO aKTUBHBIX M30TONOB. KoHueHTpamus
yKa3aHHBIX Bbillle 3JIEMEHTOB B OMOJIOTHUECKHMX TKaHAX U UX 3D dex--
THBHbIE TIOIIepeyHble CeyeHusi IPUBegeHbl B Taba. 2.

Jl0361 -UOHU3UPYIOWe20 U3AYLEHUSR 7

Tabauya 2
N l{ MGIHCCTE AO3H, CO8Ma-
I DbdeKTHB- BaeMoH no‘roxox;a B 210(:?”2
‘i Hble TIoMe- Makpockomu- HeATpOHOB Ha | cm?/
: ) | o
DneMenT 'Ir\;:llxlhe;;‘ ;‘éﬂoog Ei:g‘,’:%gn_ yeckoe _C_e;ie}me " oony-
% (Bec,) B 1 cMm® NCBHIX Hel- oM n-?emm Ty
i ' ’1-6]:10:38 MTHOB€HHAs Te::g:e
| | wpadlers
h —2 | 0,4 pad/cex —
1 10,15 6-1022 | 0,33 2-107% 0,4 pad
N 3,05 | 1,3-10%" | 1.7 2,2-20 0,022 —_
N 0.1 2,6-101% | 0,5 1,3.107° Hepad]ces 3.1075
i a K y N Y 1 —_4 . . —_7
p 1,02 2,10?0 0,2 0,4 1074 2,2‘18_4
cl 019 | 3,2:101 | 056 | 1,8-1072 — 5104
Ca 2’ 3.1020 | 0,0013 | 3,9:10 — 1-10

P | 1 1 2 1 1 ] 1 L ] Il 4 1 x
01 12 B % 15 16 17 1819 20
e 4 s b T8I0 Snepeun HelumpoHob, Mab

Puc. 25. Jo3a HeHTPOHOB B 3aBHCHMOCTH OT HX 3IHEPIHH

[To dopmyaam (75) n (96) MOKHO BEIYHCIUTHL MOUIHOCTH 103bL.
co3jaBaeMbie TeM HJIH MHbIM TMOTOKOM  MenJeHHbIX HenTpOH;l:
B ta6s. 2 NpuBeleHbl pe3yJbTaTbl TaKHX MOACYETOB. I_IPHI_?TOM D[
cyHTasu, 4TO TpuMepHo 60% y-u3jayyeHHs OT peakuuy (7, v)
OrJomAaeTcss B TKaHAX. MOIIHOCTb 103bl, 06YCJIOBJIEHHAs agmaw
pPOBAHHLIMH M30TOMaMH, Toc/ie NpeKpallleHuss HEATPOHHOTo 00yde-
Hus mocteneHHo ymeHbinaercs. ITo dopmyse (97) moxer ObiTh MoOA-
cuntada Best gosa. s Na, P, Cl u Ca 3ta no3a npu 06JyyeHHHU B
TeueHue yaca B noroke 1000 wnedrpou/cm?-cex oxaspiBaercs COOT-
BeTcTBEeHHO pasHO# 2,5; 1,4; 2,3 u 0,24 mxpad.
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HyxHo uMeTh ® BHAy, 4TO MOIMHOCTb MOr/OMEHHOH NO3M B OT-
ACJIbHBIX OpraHax MoOXeT oKa3arbcs Gosiee BLICOKOI, ueM NpHBegeH-
Hast B Tabs. 2, HanpuMep B KOCTHBIX TKaHfX NPUYHHOHA TaKoro Imo-
BbillleHHs: MOTVIOUIeHHOH 103bI MOXeT ObiThb Gosbluee colepiKkaHHe
Kanbuusi. Kpome Toro, BesegcTBHe IHd¢Y3HH TensnoBbiX HeATpOHOB
ACHCTBHTE/NbHBIE NJIOTHOCTM MOTOKOB B TKAHH MOTYT OKa3aTbCsi B
2—3 paza Bblwe, ueM NMIOTHOCTH NMOTOKA TelJOBbIX HeH#TpOHOB, na-
JauuX Ha MOBEPXHOCTD.

3adayu.

L. Ongeuenmb MOIUHOCTL MO3Bl Ha PAacCTostHHH: a) 1 m oT mpemapara Co® g
1 kropu n 6) na paccrosmun 3 M ot npenapara Co® B 2 kropu. Co® ucnyckaer ¢o-
TOHLE ¢ sueprredt 1,17 n 1,33 Mss, no oanomy ua pacnaz, CoOTBeTCTBYIOUIHE THM
SHeprHayM Ko3G@HUHEHTH NMOrNOWEHHS B BO3AyXe paBubi 35- 1072 cx—! 4 3.35.
<1075 oyt ,

Orset a) 1,3 p/uac; 6) 0,29 p/uac.

2. Ha xpagpatHbiii canTHMeTp MOBEPXHOCTH KOXH mnajaer 10 a-yactuy Po?'®
(E=5.3 Mss). OnpenesnTs 103y Ha NOBepXHOCTH.

OTset: 200 MKpad.

3. Ecaim nonyctamast n03a B regenio pasHa 0,1 p, To KAKAM KOJHMIECTBOM pa-
Hust 1 Co® cospaercst na paccrosmuy 1 m HOHYCTAMAsT MOWHOCTh 03Bl MPH Npo-
AODKHTeNLHOCTH PaGOTH C 3THMH BellecTsaMmu | vac, 4 yaca, 6 4ac. B genn?

Pewe Hn-el_ [pu HpOﬂO.lllé!;HT&'IbHOC]H pagoTh ¢ uac., JONMYCTAMAs MOIIHOCTE

28
lOBbf paBdat-SGOO p/ce;c:m»t&p/cex=‘t—m{p/cex, win 4,7; 1,1, 0,8 xxpfeex

COOTIIaleTCTBEHHO 2151 POXOJIKATENbHOCTH paboTht 1 uyac, 4 u 6 vac. B geHb.
OLHOCTD i
3%361)1, cosxasaeMolt 1 we pagms na paccrosHmE 1 cm, paBH:

8.4.
8,4 pluac wan 73600  Mkp/cex na paccrosimun 1 ¢ uanm 0,23 mipjcex na pacctos-

HAH JI\AM' TakuM 06pasoM, AJs pamust NOJyudeM COOTEETCTBOHHO 20,5; 4,8 u 3,5 mc.
3 OIHOCTh 103H, cO31aBaeMoli 1 mxiopu Co®® wa paccrosmmd B | ca, pasha
pl4ec (cm. sanauy 1). Aranoruymo noayuaeM: 13; 3,2 u 2,2 mxopu.

Zn654' KakoBa MowmHocTh 1034 Ha paccrosuvn 1 u or npenapatos Na, Fe® .
pasn;!(TQH?g;c(Tf(;?)O? )I /ffg‘zég? Ci)é{(;eo;/mm ()CTOHOB H MIPOLEHT BHIXOAA COOTBEIC FBCHHC
12, 0), 1, -4 9 %
Fe596[ Lig 450 o Znﬁf'.( o) ans Na-%; 1,098 (53.9%), 1,289 (458%) nas

TeeT: 1,9: 0,62 n 0,27 ( 3AVIC O
1o Kpno prc. 19). pleac. (hO3p@HUIUTCHTE NOrIOWEHNs B BO3AVXC CX

JIMTEPATYPA K TJIABE 4
19561' I''B. Topwkos. Famma-naayuenne  pammoaxktnsuuix Tet. Mz JITY.
1950'2. K K Araunnges. Hosnmerpust momusupylowux maayuennst, [UTTJI.

2. I(/:I g IMopoitkos Pentrenomerpus, TUTTJI, 1950.
1957’.“[.). 2.:381.1\ prawmnukos, H. C. YUersepukos Aromuas Heprus, 3,
5. G. S. Hurst, The British Journal of Radiol XXVil 5!
, J /, 1954, p. 353
6.J.G.Hoffman L. H Hempelman Al o5 ’ T :
and ;\Julgll. Medicine, 77, 1, 1957, p. 144. + Amer. 1. Roetg. Rad. Therapy

. Hlceneposaiug o6 i 3 i, C

crarseﬁ, jonenona CCCBP, 1;53;1'»1 HO3AMETDHA HOHH3HPYIOULAX Hsaydenwid, C6.
ATOM;HI‘IIET),Kig?S(;}on)K uP. B lllsapu Ataac HefiTPOHHHX cevemnil, 1s. 2-¢,
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F'arasa 6§

®HU3HUYECKHE OCHOBbBI 3AHIHUTBI OT BHEIMIHEIO
H3JYUEHHUSA

3amuTa OT DeHCTBHs HM3JydeHHsi Ha OPraHH3M 3akKJ/jlouaercsi B
npeJoTBpalieHH NoNafgaHusi H3/1yyalouero sellleCTBa B OPraHu3M o
B SKPaHUPOBAHHM OPraHH3Ma OT BHEIIHHX IO OTHOINEHHIO K HeMmy
usnyuateneit. IlepBoe nocTHraeTcss KOMIIJIEKCOM MEPONPHATHH 10
opraiusaiHu pabouero Mecra u cobiaioneHdeM NpaBuJ JHYHOR TH-
rienbl. DTH Bompochkl paccMmartpusatoress B pasdgeqe I1. M3 BHewHuX
H3JyYeHH# Npole BCEro OCYIECTBUTh 3alUHTy OT a- U B-ayded. Kak
NpaBuJio, TOMIIMHA CTEHOK aMIys 3aKDBITBIX [penapaToB ObiBaeT
JOCTaTOYHa, 4TOOB! NMOTVIOTHTL - H PB-syun. [lpn paborte c OTKpHI-
THIMH NpellapaTaMH o-H3/y4alomiero BemiecTsa PyKH MOTyT OBITh
3allMILEHb! lepyuaTKaMH, a OCTasbHble YACTH Tesa NPegoXpaHsiorcs
cJi0eM BO3AyXa, B KOTOpoM norJsomatorest a-ayyd. [Ipn pa6ore ¢ or-
KPBITBIMH TNpenapaTtaMi B-u3JjyyaloIiHX BellecTB AJs 3alUHMThl OT
BHelnHero o6GJsyueHHsi cjaejgyeT NPHMEHsITh Jerkue 3KpaHbl H3 aJio-
MHHHSI MJIH NJEKCHIJIaca, TOJNMHHA KOTOPBIX B 3aBHCHMOCTH OT 3Hep-
T'Hu onpefessietcs u3 cooTHoweHus: (29). OcHoBHBle MepONPHSITHS
10 3aUUTe OT BHEIIHHX H3JyuaTeseil HanpasJ/eHsl IjiaBHbIM 00pa3oM
Ha cO31aHHe 3KPaHOB AJs NPOHHKAWOILeH paiHalHdH, T. e. y-ayueil H
HeHTPOHOB.

§ 1. BALUTA OT y-JIVYER

Jlas 3amuTel OT y-Jdydell NPUMEHSIIOTCS 3SKPaHbl M3 PasyiMUHbIX
Marepuasios. TommHHa 3KpaHa onpepessiercss H3  dopmyan (49).
Pemasi ee oTHoCHTe/BHO TOJIIHHBI 9KpaHa, NoJjyyaeM

= Iy L Inn —_ 2.31gn ’ (99),
I > I

rjge 71— KpaTHOCTb yMeHbIeHHsi 103bl, KOTOPYIO HYXKHO JOCTHTHYTb
NpH MOMOUIM JAHHOTO 3KpaHa. Beipaxkast p uepes cjofi N0JOBUHHHO-
ro ocnabieHHsl Xi,, MBl MOXKeM /sl TOJMHBI 3KpaHa HamucaTh

Inn lgn Ign
X=Xy, —— = Xy, —— = X, 100
Vs 1o g2 570 3 (100)

Boo6ue rosopsi, 8 popmynax (99 u 100) smecTo p H X1, HyK-
HO NMOZCTaBJSATh HX 3¢ deKTHBHble 3HaueHHs (cMm. § 3 ra. 2), nmomy-
yalmuMecst ¢ yueTOM paccesiHHOrO M3JydYeHHst [AJist KOHKPETHBIX reo-
MeTpnuecKuX ycqoBui. Ecau HyXHasi KpaTHOCTb ocsabuieHHst AJsi
KakKoro-HuOyab 4acTHOTO cJlydas olpejessieTcs 3KClepHMeHTaJsbHO,
TO 3eKTHBHBIN C/10H NOJOBHHHOrO ocaab/eHus Takike MOKeT
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ObITh onpeledieH SKCIepUMEHTAAbHO AJs5i JaHHBIX KOHKDETHBIX yCJ0-
Buit. Ualle, ogHako, NpH NPOEKTHPOBAHHH 3AMMUTH 1751 paBoOTH C
paJHOaKTHBHBIMH BelIeCTBAMH MPHXOAUTCSI PACCUHTHIBATHL TOJIHHBI
3aLIUTHBIX 3KPAHOB, 3a/1aBasiCh ONpeJCJNeHHBIMH KOJHUYECTBAMH Be-
mecTsa ¢ 3aflaBHOH aKTHBHOCTBIO B HEKOTOPBIX 3aJaHHBIX reoMeTpH-
yeckux ycaosusix. IToab3ysick xoadduuventaMu ocgaabnaeHus y-ay-
yelt, NpUBEJEHHBIMH B CIPABOUYHHKAX, KOTOPBIE OTHOCATCH K Y3KHM
napaJieJapHbBIM NyukaM, H dopmyaamu (49), (99) u (100), mMb mo-
JyuyuM ocsabJsieHye NepBHYHBIX Jyyeil 6e3 yueTa paccessHHOTO H3Jy-
ueHust. IIpu norsolleHuyH y-aydell TOJCTBIMH LIHPDOKUMH 3KpaHaMH
pPOJIb paccesiHHOTO H3JIyueHHsi BO3PACTaer ¢ yBesHuUeHHeM TOJILHHBI
3KkpaHa u ¢opmyaa (49) monkHa ObITH JONOJHEHAa NpeldKCHOHEH-
IIHAJNBbHBIM MHOXKHTENEM.

OnHy npuGAMKeHHYI0 GhopMyJay ¢ npelsKclOHEeHIIHAAbHBIM MHO-
xurteneM (53) MBI yKe paccMaTpHBAJH, HO OHA NpUMEHHMa JHIUb K
JIErKHM MaTepHasjaM H st He OueHb MsrKuX y-ayued. Huas cpens,
rie npoHuKawouas cnocoGHOCTh NepBHUYHBIX y-ayuelt Gosblie, yeM y
BTODHYHBIX, AEHCTBHTeNbHA Takasi NpubJiKeHHas GpopMysa:

I = I, (101)

rie k—KOHCTaHTa, 3aBHCSLAsi OT FeOMEeTPHH HCTOUHHKA, SHepruu
()OTOHOB U MaTepuasja MNOTJIOTHTES.

B cpenax, rae nmpoHukaiomas clnocoGHOCTh NMepBHUHBIX y-ayuel
MeHblIe, 4eM Yy BTOPHUHBIX, NpHOG/HKEHHasi $pOpMyJ/a HMeeT Tako#
BHIL: :

3
[ = on—:')/ﬁe(—:; mx+ H ]/p mx) (102)

JJ151 JIOCKOTO HCTOYHUKA y-jyuell H

3
7 ‘rox—l 1/66(’— wx+ H |'f!L vnx) (103)

AJ1s1 TOVeYHOTO HCTOYHHKa y-Jyued,
rie 4, — KosdbulHeHT ocsaableHHus napansesNbHOro nyyka Jyueid
JUist SHEPTHH, COOTBETCTBYIOUeH MAaKCHMaJbHON NpPOHH-
Kamolwe# cnocobHOCTH;
f1 — HeKOTOpast MOCTOsIHHAS.
3uauenus E, sHepruH, COOTBETCTBYIOIEH MaKCHMaJbHOI Npo-
HHKamowe# cnocobHocTH, MPUBEAEHB! AJs PsAa 2JeMeHTOB B TabJ. 3.
YuuThIBasi MOHOTOHHOCTh H3MEHeHHsi £, ¢ NOPSIKOBHIM HOMEpOM,
MOJKHO, NMONB3Ysich TOH Tabmuuedt, Halitu E, 1Js a1060r0 saeMeH-
Ta. B rtabn. 4 npuseneHsl 3HaueHusi p, ¥ H [/ HEKOTOPBIX
BelleCTB.
OTHomrenue MOIIHOCTH 103b! 33 9KPAHOM K MOLIHOCTH J03bI Mep-
BUYHBIX y-JlyueH B TOH ke TouKe Ha3plBalOT G aKTOPOM HAaKOIM-

Dusuueckue OCHOBHL 3AWUT. OT BHEWHe20 U3AY4eRun §l

Tabruya 3
JHEPrun, COOTBETCTBYIOU{HE MUHUMAJBHOIM KO3(puumentam ocxabaeHus
V4 dnemeHT Em' Mse z Sﬂemel:n Em' Mse
4 Be 94 20 Ca 13
5 B 70 26 Fe 9
6 C 55 30 Zn 7,6
7 N 45 40 Zr 5,4
8 0] 40 48 Cd 4,4
9 F 3 56 Ba 3.9
10 Ne 30 74 W 3,5
13 Al 21 82 Pb 3.4
92 8] 3,3
Tabruya 4
Beanuunol H u y,; AAS HEKOTOPLIX BEU[ECTB
BeuiectBo oy, cM/el H BeugecTBo By, CHME/2 H
Boxa . . .. ... .| 00167 | 2,0 Buabppam . . . . | 0,0391 2,5
Amomusnit . . . . .| 0,0216 | 2.1 CeBuben, . . . . . 0,0410 | 2,3
enezo . . . ... .| 00300 | 2,8 Vpan . .. ... 0,0425 | 2,1
Onos6 . . ... . .| 0,031 | 2,6

neuus! Ha ocHose dpopmya (101) u (102) u pesynbratos sKcme-
pUMEHTAJIbHBIX HCC/EI0BAHUA NMoJyueHBl 3HAUeHHsi (paKTOpa HAKoIN-
JleHHs JJsi HeKOTOPBIX BeleCTB B JHANa3oHe 3SHEPruH y-jayuen 10
10 Msg u 10 TOJIIHH, COOTBETCTBYIOMHX OCaab/eHHIO MepBHYHBIX
ayueii B €20 pas. DTH 3HaueHust HaKTOpa HaKOIUIEHHs: NPUBELEHbI B
tadma. 5.

3aBHCHMOCTh KPaTHOCTH ociabseHHst 103 (Y) OT KpaTHOCTH oOc-
na6ieHHs NepBUYHBIX Jyueil (x) MoxeT GbIThb NPHOJIHIKEHHO mpes-
cTaBsieHa ¢hopMyJI0H

gy =algx+b. (104)

Kosh¢uuneHTsl @ 1 b 3T0r0 ypasHeHHs /s Pa3/HYHbIX MaTe-
pHaJIOB H 3Hepruil npejpcrasiennl B Taba. 6.

! Tepmuu «bakTop HAKOIUIEHHS» MOZHO CUMTATh YCTAHOBUBLIMMCS, B pyxko-
sogcrse A B. Bu6eprans u ap. [2] sror Tepmun (Build up factor [5, 6] nepeso-
AMTCST KaK «MHOMKUTeIhL BO3pacradusi»). HekoTopble HasblBAOT — ero «ipes-
SKCOHeHUMAALHLM MHOXKHTenem», B cnpasounnke H. I'. T'ycepa [3] ou nasniBaecs
<MHOXuTeleM Pawo». Hakowel, B kuure «®usznka sigepHHX peakTopoB» [4] on
MepeBOAUTCS KaK «(baKTop HAKOMJEHHs».

6 3awura OT paJHOAKTHBHBLIX U3yuettHii
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Tabauya 5
®axTOphl HAKOMJEHHS XA HEKOTOPHIX BemiecTs
px
Suepres E
Mss 1 2 4 7 10 15 20
Boda

0.256] 3.09 7,14 23,0 72.9 166 455

0,5 2,52 5,14 14,3 38,8 77.6 178

1 2,08 3.50 7,21 14,6 24,0 44,7

2 1,83 2,77 4,88 8,46 12,4 19.5

3 1,69 2,42 3.91 6,23 8,63 12,8

4 1,h8 2,17 3,34 5,12 6.94 9,97

6 1,46 1,91 2,80 4,08 5,33 7.34

8 1,39 1,77 2,49 3,51 4,50 6,05

10 1,32 1,63 2,22 3,04 3,82 5,07

Anromunud, 6emon, Kupnuy
0.5 4,24 9,47 21,5 38,9 &0.8 141
1 3.31 6.57 13,1 21,2 37.9 58,85
2 2,61 4,62 8,05 11,9 18,7 26,3
3 2,32 3,78 6.15 8,65 13,0 17,7
4 2,08 3,22 5,01 6.88% 10,1 13,4
6 1,85 2,70 4,06 5,49 7,96 10,4
8 1,68 2,37 3,45 4,58 6,56 8,52
10 1,55 2,12 3,01 3,96 5,63 7,32
) e aezo
0,5 3,09 5,98 11,73 19,23 35,42 55,6
I 2,88 5,39 10,21 16,18 28,31 42,7
2 2,38 4,08 6,99 10,47 16,83 24,0
3 2,12 3,44 5,74 8.35 | 13,25 18,8
4 1,94 3,03 4,91 7,11 11,23 16,0
6 1,72 2.58 4,14 6.02 9.89 14,7
8 1,56 2,93 3.49 5,07 8.50 13,0
10 1,42 1,95 2,98 4,35 7,54 12,4
Csuney,

0,5 ! 1,42 1,69 | 2,00 2,27 2,65

1 1,69 2,26 3,02 3,74 4,81

2 1,76 2,51 3,66 4,84 6,86

3 1,68 2,43 3,75 5,30 8,44

4 1,56 2,25 3,61 5,44 9,80

5,11 1,46 2.08 3,44 5,565 11,74

6 1,40 1,97 3,34 5.60 | 13,80

8 1,30 1,74 2,89 5,07 14,05

10 1,23 I,58 2,52 4,34 12,54

1)
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Tabauya 6
E Bona A"‘OM‘;‘(‘;';)?I’" "ﬁeroa, XKenesg Canner
Mos
a b a b a b a b
0,256 | 0.690 | —0,768
0,5 0.735 | —0,643 | 0,812 | —0,643 | 0.845 | —0,502 | 0,952 | —0,136
1 0.814 | —0,494 | 0.846 | —0.541 { 0,856 { —0,475 | 0,923 | —0,210
2 0,855 | —0,411 | 0,877 | —0,444 | 0,876 | —0,391 | 0,901 { —0,220
3 0,875 | —0,351 | 0,891 | —0,383 | 0,882 | —0,326 | 0,879 | —0,169
4 0,887 | —0,309 | 0,902 | —0.335 | 0,885 | —0.275 | 0.862 | —0,114
5,11 0.842 | —0,048
6 0,900 | —0,256 | 0,909 | --0,279 | 0,882 | —0,206 | 0.825 | 40,005
8 0,909 | —0,228 | 0,913 | —0,229 | 0,884 | —0,153 | 0,815 0,077
10 0,914 | —0,179 | 0,917 | —0,188 | 0,881 | —0,090 | 0,821 0,108

TakuM 06pa3oM, MOKHO HaMeTHUTh TAKYyl0 I0C/JAe10BATENbHOCTD
pacueTa 3aWHUTH: 1) HCX0[st M3 YAEJBHOH AKTHBHOCTH H KOJIMYECTBA
palHOaKTHUBHOTO BelecTBa PACCUYUTATL MOLIHOCTh J03bl B TOUKE HMJIH
B TOYKaXx, NOAJIeKAIHX 2KPpaHHpoBaHUIO (cM. ra. 4, § 2); 2) B 3a-
BHCHMOCTH OT YCJOBHH PaGOTHl (MJNHUTENBHOCTh NpeOBIBAHHS, HAJH-
4yHe APYTHX BpPeNHbIX BO3NEHCTBHI M Np.) ¢ yuyeToM HEKOTOPOro 3a-
naca Ha HeonpeJeseHHOCTh HCXOAHBIX NaHHBIX, YCTAHOBHTD NOMyCTH-
MYI0 MOIJHOCTb JO3bl OT y-Jyded H cOOTBeTCTBYIOMYIO el KPaTHOCTh
YMeHbIlIeHHs 103bl; 3) B 3aBHCHMOCTH OT BHIGPAHHOTO AJS 3aLIUTH
Matepuana no ¢opmyne (104) mepefiTh K KpaTHOCTH OcJabJaeHus
nepsuuHbIX Jayueil; 4) mo Qopmynam (99) uau {(100) onpemeauts
TOJIHHY 3KpaHa. ToamuHy sKpaHa MOMXKHO TakK:Ke O(peleNuTb 10
TabaKlle TOMLIMH 3aIMHTBl B IIHPOKOM NydYKe raMma-jiyuei, npuse-
JleHHo#t B suTeparype [3, 8].

IIpn onpenesneHun HEOGXOAMMONI KPaTHOCTH yMEHbLIEHHS J03bI
HYKHO PYKOBOACTBOBATbCA NPeNEIbHO JONMYCTHMBIMH J03aMH C yue-
ToM Bcex ycaosHii paborbl. Tak, Hanpumep, Npu HAJAHYHH HECKOJb-
KHX H3Jyyarteseil B JAaHHOM IOMEIIEHHH HJIM B OKPY’KAMOIHX MOMe-
IEHASX 3alIUTA J0JKHA o6ecnednBaTh NOHHKEHHE MOIHOCTH 03B,
00ycoBAEHHON BCEMH HCTOYHHKAMH, 10 AOMYCTHMOrO YPOBHS. [Ipu
5TOM HYXHO TakKe YUHTbIBATh MOLHOCTb J03bl OT PACCESHHOTO H3-
JAyyeHHs. [Ipy NPOEKTHPOBAHMHM 3aIUUTH /s HOBBIX NpedNpHATHI
WIH KaNHTaJAbHOH PEKOHCTPYKUMH MOJaraeTcs NpeaycMOTpeTh Nf-
THKPATHBIA 3anac 1Mo MOMHOCTH A03bl. Eciu mo yciosuam paGorTh
obsyueHne OyaeT He AMUTENbHBIM, 10MYCTHMAs MOLIHOCTb 703 MO-
KeT ObITb COOTBETCTBEHHO NOBBIIIEHA. :

§ 2. 3ALLUTA OT BTOPHYHOI'O H3JIYYEHHA ,

Ecan no ycnosuam paGoTel HeT HagoGHOCTH 5KPaHHPOBATh HC-.
TOUHHK y-U3Jy4eHHS CO BCeX CTOPOH, MOKHO OrPaHHUHTHCS SKpaHH?
6*
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pOBaHHEM ONHOH HJIM HeCKOJbKHX CTOPOH, OGPAILEHHbIX K NepCcoHa-
ay. TIpu 5TOM HYXKHO, OJHAKO, MPENyCMOTPeTh JOMNOJHHTENbHYIO
3aUMTy OT paccesHHoro wuaayuenus. CyulecTseHHYI0 pOJib HIpaloT
JAHIIb JYYH, pacCestHHble Moy yraamH, GIU3KHMH K 90° 1 60JBILIUMH,
BNoTh n0 180°. JleificTBHTenbHO, 3amura OT Jyuei, pacCesHHbIX
noa yriamu MeHbuIuMH, yeM 90°, oGecneunBaercs, Kak npasuJo, 3a-
UUTOH OT MPAMOro H3JAydYeHHs. DHeprus paccesHHbIX (POTOHOB OKa-
3pIBAeTCS 3HAUMTEJbHO MeHbIelH, yeM nepsuuHbiX. [lpu paccesHuH
noa yraom 90° MakcHMasbHas 5Heprus (pOTOHOB paBHa 0,511 Mass,
a paccesHHbIX nmoa yraom 180°— 0,256 Mas. JleficTBHTENbHO, COrac-
Ho ¢opmyne (40),

hv' 1
hv 2h v e '
I sin? —
myc? 2
h
hY = M ) (105)
142 sin? —
- myc? 2

Mpu @ = 180° npeneapHoe 3Hauenue hv/, korga hv—>oo, Gyner
m
paBHO ; , a npu @=90° npexgenbHoe 3HaueHHe hv' paBHO

moc2. IHTEHCHBHOCTb PAacCEesTHHOrO M3JYyYeHHs 3aBHCHT OT reoMer-
pHUECKHX YCJOBHI, BeNMuMHbl W MaTepHana paccenBaTess. DKcne-
DHMeHTaJbHbIH MaTepHas] MO HWHTEHCHBHOCTH pacCesHHOro H3Jy4e-
HHA B HacTosllee peMs ellle HeJOoCcTaTOUHBIH.

B nuTeparype npuseseHbl SKCIepHMEHTaJlbHBIE JaHHbIE N0 H3Jy-
yenuio Co®°, pacceanHomy mog yraoM 90°. Ecan Ha Hekuit paccen-
paTesb NMONAajaeT H3JydeHHe W3 eJHHHLBI TeJecHoro yrnaa (cTeppa-
auaH), To B TOuKe, Jexallefl Ha nepneHIHKYyJaspe, BOCCTAHOBJEH-
HOM OT pacceHBaTeJsi K HalpaBs/JeHHIO NMEPBUYHBIX Jydeil, 103, CO3-
fapaeMast pacCessHHBIMH JyuaMH, COCTaBJsieT MNpHMepHO 0,5% ot
/103Bl, CO371aBAEMOil NepBUUHBIMM JyYaMH M3 3TOro HcTouHHka. Ta-
KHM 06pa3oM, oNpelesHB TeJeCHbH yros, Mo KOTOPHM nepBHYHbIE
Jyud NONAfaloT Ha pacceusaTesb, Mbl MOXKeM 3aMEHHTh pacCesHHbIe
JYYH HEeKOTOpbiM (PHKTHBHBIM INpenapaToM C MeHblUei HHTEHCHB-
HocThio. Jlajee onpenensieM HeoOXOAMMYIO KpaTHOCTb YMeHbUIEHHS
03Bl M, HCXOAA W3 5TOTO, TOJIIMHY 3aIlUTHI, HCIOJNB30BAB AJA OI-
penenenns xecTkocTn Gopmyny (105).

HyxHo HMeTh B BHIY, YTO MHOIJa MOMKET 0Ka3aTbCs 6oJiee BbI-
FOAHBIM BMECTO 3aLIMThI OT PACCEAHHOrO H3JydeHHs OcaabuTh nps-
MOe H3JyueHHe, BbIXofslllee B CTOPOHY, He 0OpallleHHyI0 K NepcoHa-
7y, ¥ TeM caMblM YMEHBIUNTb MHTEHCHBHOCTb PaCCEeFHHOrO H3JyHe-
Hust. XOTs 3allUTHBI 5KpaH NpH 5TOM JOJIKeH cTaTh GoJee TOJ-
CTBIM, HO NOBEPXHOCThb ero GyneT MeHbllueH, U B ONpeleseHHbIX KOH-
KPeTHBIX YCJAOBMAX TaKas 3alliTa MOMeT OKasaTbcs GoJee Jerkoi
H KOMIAKTHOM.
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Kpome paccesHHbIX y-Jydeit K BTOPHYHOMY H3JYUYEHHIO OTHOCATCA
57eKTPOHBI, BHIPbIBAEMble W3 [OBEPXHOCTH 3KpaHa. Bceaexcrsne
60JbII0H HOHM3HpYIOUIeHd cNOocO6HOCTH 3JEKTPOHOB, HEMOCPEACTBEH-
HO y NMOBEpPXHOCTH 5KpaHa Ha PacCTOSHHH NMOPAIKA npobera 3JeKT-
poHa MOLIHOCTb 103bl GYJeT HecKOJIbKO MOBbILIEHA. DJIeKTPOHBI BbI-
JeTaloT U3 HeKoToporo 3¢¢ekTHBHOro cjos, ToJMLHHA KOTOPOro 3a-
BHCHT OT NpoGera 3JeKTPOHOB B 1aHHOH cpeje. OUeBHIHO, YTO UHC-
JI0 BBLIETAIOUIMX 5JeKTPOHOB NPH OAMHAKOBOH HHTEHCHBHOCTH y-Jy-
yefi NPONOPUHOHANBHO TOMIIHHE 3(P(HEKTHBHOTO CJOST M UHCTY 3JIEKT-
DOHOB, BbIPbIBAEMbIX B eluHHIle 0GbeMa BelleCTBa 5KpaHa. ITpu us-
MEHeHHH MJIOTHOCTH MaTepHaja 3KpaHa 6e3 H3MEHeHUsT XHUMHUEeCKO-
ro cOCTAaBa yBeJHueHHIO TOMIUMHBI 3¢ dexTusHOro caos Gyaer cooT-
BETCTBOBATh yMeHblIEHHE YHCJAA 3JAeKTPOHOB, 06pa3yIOHXCs B €111~
Hulle o6beMa, mpHueM HX NPOH3BeJeHHE OCTaHeTCs HEH3MEeHHBIM.
OpHaKo 15 5KpaHOB PA3HOTO XHMUUECKOrO cOCTaBa 3TO NpOH3Be-
geHne Oyger pasanuHbiM. ONBIT MOKa3biBaeT, 4TO 3TO MPOH3BELEHHE
(clle1oBaTeNbHO, H YHCAO BTOPHUHBIX 3JEKTPOHOB) GOJblIe y Be-
mecTs ¢ GOJBIIHM MOPAAKOBbIM HOMepOM. HauMeHbIIHM BBIXO1 BTO-
PHUHBIX 3J€KTPOHOB OKAa3biBA€TCH y BElECTB C IPOMEXYTOUHBIMH
aTOMHBIMH HOMepaMH, TaKHX Kak ese30, Meab, uuHk u 1. n. Ilo
5TOH NpHYHHE AJA yMEeHbIUeHHS BTOPHUUYHOTO 3JIEKTPOHHOTO H3Jyye-
HASi pEeKOMEHayeTcst 5KPaHbl M3 TSAXKEJbIX 3JeMeHTOB MOKpBIBATh
cJoeM BellecTBa ¢ MPOMEMYTOUHBIM aTOMHBIM BECOM TOJILIMHOH NO-
psaka npobera 3JeKTPOHOB.

§ 3. MATEPHAJIbI 1JIS1 3ALLUTHI OT y-JIYHEH

Opnum u3 HaubGoJiee pacnpocTpaHeHHBIX MaTepHAasNOB AJA 3allH-
TBl OT y-Tydell siBisieTca cBHHen. OIHAKO BO MHOTUX cay4dasx no
pAay coobpakeHHil u B NepByIo ouYepeab M0 5KOHOMHUECKHM coobpa-
JKEHUSM OT Hero NpUXOAUTCA OTKa3biBaThCH.

C ToukHM 3peHHss MMHMUMaJpHOTO Beca 3aLIMTHBIX 5KPAHOB BBIMOI-
Hee Bcero BbiGMpaTh MaTepnaj GOMBUIOH NJIOTHOCTH ¢ GOJLUIHM
aToMHBIM BecoM. [IpenMyliecTsa GOJBIIOTO aTOMHOro Beca ocobeH-
HO CHMJIBHO CKa3blBAIOTCH I[pH 5KpaHUDOBAHMHM HCTOUHHKOB CO Cpas-
HATEJAbHO MSATKHM H3JyueHueM, [Ipu MsATKOM H3Jy4eHHH poJab (o-
Tos¢dexTa B nponecce ocaabJeHHs YBeNIHYUBAETCH, a MACCOBBIH

Kos¢hduuueHT (oTO3TeKTpHYECcKOro ocJiableHusd, Kak Mbl 3HaeM,
Z4,6

HpI/I6J'[I/I3I/ITeHbHO nponopuvoHaJJeH OTHOIIEHUIO i T. €. Mpu-

MepHO Z3:5,

Oco6eHHO BBITOAHO MNPHMEHATb TaKOH MaTepHals, KakK CBHHeN,
Korga HCTOYHHK JoJiKeH OBITb OKPY’KEH 5KpPAaHOM CO BCeX CTODOH,
Hanpumep aJs KOHreliHepoB. JleficTBHUTENBHO, eCJH jJa)Ke MacCoBBbIH
Ko3(pduuueHT ocnabaeHus y JerKoro 1 TAXKeJ0oro BeuiecTs 0JHHAKO-
BBIH, TO OTHOILIEHHe TOJIUHH CTEeHOK 06pAaTHO NPONOPHHOHAJNBHO OT-
HOweHuIo nJaoTHocTed. OTHOLIEeHHe 06beMOB NPUMEPHO PABHO OTHO-
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WEHHIO TPEThUX CTeleHel TOJMIUIUH, T. €. TPeTbel cTeneHu OGpaTHO-
ro OTHOIIEHHs MJOTHOCTeH.

KoHeuHo, XOpOIUUMH 33IUTHHIMM MaTepHajaMH, [NOMHMO CBHH-
113, ABJAIOTCA TaKKe TSKesbie BellecTBa, KaK ypaH, TOpHil, BACMYT,
Bosib(paM, 30JI0TO, NJIaTHHA, PTYTh U HEKOTOpble [Apyrue TsKeJble
5J€MeHThl, HO HX NpHMeHeHHUe ONpaBAbIBAETCS TOJbKO B TeX CaY-
YyagX, Korga (QYHKUUIO 3aUIUThI OHH BBLINOJHSIOT nomyTHo, B Tex
cay4asX, Korga Bec U KOMMAKTHOCTh He HrpaloT CcyllecTBeHHOH po-
JIH, KaK HanpuMep B CTAUMOHADHBIX 3AIUUTHBIX CTEHKax, HCHNOJb-
3yIOTCS CTpPOHTeNbHBIe MaTephannbl: 6€TOH, KHUPIHY, Mene306eToH,
JepeBo, a B HEKOTOPHIX CAyd4asX MOTYT OhITb HCNOJNb30OBAHBI gaxe
BOJA M TPyHT. B KOHCTPYKUMAX pas3IMYHOTO pofga YCTAHOBOK H B
CTaNMOHAPHBIX YCTPoiicTBaX, rge coob6parKeHnss KOMINAKTHOCTH H Be-
ca UrpalT BCe e HeKOTODPYI0 pOoJib, YCNEeIHO NPHMEHSIOT cTalb H
YyryH.

B HekoTOpBIX cayuasx, 4robn! caesaTh JOCTYNHLIMH [AJs BH3Y-
aJbHOrO HAGMIOfeHNus NPOUECcChl, TPOHCXOAsiLIHe 33 3ALHTHBIMU K-
paHaMu, B HHX NpefycMaTPHUBAIOTCS OKHA, 3aKPhiThle CBUHIOBLIMU
creknaMu. Takue cTeksia BhINMycKaloTcs TOJUIMHON g0 D0 mMm u pas-
Mepamu 1824, 24X30 u 30X40 cm. Ecnu us-3a GonblIOH aKTHB-
HOCTH CBHHIOBBlE CTeKJa He o6ecrnednBaloT He0OGXOAHMYIO KDATHOCTh
ocsnaGneHuss [03bl, AJS BH3yaldbHOTO HAOMIONEHHST NpUMEHSIOT Ie-
DUCKOIBI, a MHOTga NPOMBILITIEHHble TeJaeBH30PbI.

B HekoTOpHIX cayuyasx B KayecTBe Npo3pauyHbIX 3KpaHOB IpHMe-
HSIOTCA COCYHBl ¢ MJIOCKO-NapasleNbHBIMH CTEHKaMM M3 CTeKJa HJH
MJeKcuryiaca, 3anoJHeHHble pacTBOpoM OpPOMHCTOrO HHMHKA, HMelo-
HEero MJAOTHOCTh NMPHMepHO Takylo ke, Kak GeroH. IlpospauHocTs
pactBopa GpOMUCTOro LHMHKA IPEBOCXOAHT CTEKJO,

B npunoxeHun | npusesensl kosd¢uuuedTsl ocnabnenHus AJas
psifa BellleCTB B guanasoHe sHepruit y-ksaHtos oT 0,1 go 10 Ma3s.
Yr1o6k He HyxHO OblIO MepecuuThiBaTh OTAENBHO T, ¥ U ¢ LJs Be-
uieeTB, He NMpHBEJEHHBIX B 3TOft TaGJaHie, MOXKHO BOCNOJIb30BaThCA
3HaueHHeM Ko3¢@uiiueHTa ocaabaeHus s BeliecTBa, 6JU3KOro IO
MOJIOKEHUIO K NepHoAHuYecKod cHcTeMe 3JIeMeHTOB, NOMHOMeHHBIM
Ha OTHOIUEHHE IJOTHOCTeH 3THX BeIIecTB, MOCKOJBKY MaccoBbIH Ko-
3¢ ¢unueHt ocaabieHus pasHbiX BelllecTB B TOH e obJjacTH nepuo-
OUYeCKOi CHCTeMBbI 3JIeMeHTOB NMpPUMEpHO OJHHAKOB.

§ 4. BALIHTA OT HEATPOHOB

Kak mbl yxe Bugeau B Il. 3 H 4, Xapakrep Bo3geHcTsHs OHl-
CTPBIX U MeJJIeHHBIX HeATPOHOB HeoAMHaKoB. ITo 3Toii NMpuuHHe g0-
NyCcTHMble HOPMBI [Jig HUX YyCTAHOBJEHH HEONUHAKOBHIE, CJefoBa-
TeJbHO, U 3AUIUTYy HYXKHO PAacCMaTpHBATh OTAENbHO A/ OBICTpPHIX
H MEIAeHHLIX HeATPOHOB. .

Hnst HepaccesiHHbIX ObICTPBIX HeHTPOHOB 3aKOH OcsabJieHHs BbI-
pakaercs npocToli sKcnoHeHuuanpHoi Qopmynoit  (54a) u (546).

(A7

e
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ITo mMepe yBenHueHHs TOJIIMHBLI 3ALLUTHOrO CJOS pacTeT HUCJO
pacCesiHHBIX HEATPOHOB, H NPHBEAEHHYIO BbIlle SKCMNOHEHUHAIbHYIO
GopMysy HYKHO LOTONHHTbL (HAKTOPOM HAKOMJEHHS 103bl, KOTODbIH,
B0OG1Ie roBopsi, MOXKET ObITh OUEHb GONBIIMM NPH GOMBIIHMX TOJMLUM-
Hax. 3agaua ynpoulaercs NpH 3HAYMTENBLHOM COMEPIKAHUH BOJOPO-
72 B 3aIUTHOM Marepuaje (Boga, napaduH MaM NpH yepefoBaHHHU
comepXalmMX U He COfepKAUMX Bogopod Marepuaios). [ero B
TOM, 4TO [IPH yMEHbLIEHHH SHepruu HeHTPOHOB NONepeuHoe ceueHue
paccesHHs y BOAOPOJAa 3aMeTHO yBeJHuHBaeTcs:

dneprus, Mss . . 0,1 0,4
Ilonepeunoe ceue-
uue, 6apx . . . 12,9 7,36 4,50 2,99 2,60 1,67

1,02,0 2,5 5,0 10,0 14,0
0,95 0,68

ITosToMy ecau HeATPOH CTaJlKHBaeTcs C. AAPOM BOAOPOAA, OH, B
CYLIHOCTH, OKa3biBaeTcs ‘BbiBeJE€HHBIM H3 NMYyYKa; NPH TAKOM CTOJK-
HOBEHHMH NPOHCXOZUT GOJblIAS NOTepsi SHEPruH M H3MeHseTca Ha-
npasjieHHe [BHXKeHHs, O6.arogaps uYeMy BO3pacTaeTr QJMHA MNyTH,
npoxoguMasi B 3KpaHe, YTO B CBOI0 Oouepegb YBEJHUHBAET BepOsT-
HOCTb NOCJHefyIOLIHX CTONKHOBEHH#l ¢ sigpaMu Bogopoxa. Bropuu-
HBIM cJefcTBHEM 3TOTO fiBJAsieTcs NoBblleHHe 3(P(eKTHBHOCTH yII-
PYTHX CTOJNKHOBEHHH ¢ TAXeJNbIMH AAPaMH, TaK Kak yBeJHYHBAETCH
BEpPOSTHOCTh NMOCJAEAYIOUHX CTONKHOBeHHH ¢ fapaMu BOLOPOAA.

[To uMeoUHMcS 3KCIePHUMEHTANbHBIM H  pacueTHHIM [aHHBIM,
nocJjie MPOXOXKAEHHA cJ0S BoAbl npuMepHO B 30 cM MOLIHOCTH QO3B
co3gaBaeMoil GbicTPHIMH HeHTpPOHAMH, YMEHbllaercs >KcIOHEeHLH-
aJpHO, pUYeM 1Js HeHTPOHOB c 5Heprueit 14 M3ag c/ioit NOJOBUHHHO-
ro yMeHblIeHHs MOIIHOCTH [J03bl paseH npubausutenbHo 10 cm, a
I/ HeHTPOHOB SiIepHOTO peaKTopa, SHeprust KOTODHIX COCTABJfAET
OKOJIO HeCKOJbKHX Ma3s, cqofi BOAbl, COOTBETCTBYIOLIHHA MOJIOBHHHO-
MY YMeHbLIEHHIO MOU[HOCTH [O3bl, NPHOJIH3HTENBHO paBeH 8 wm.
B caoax sogst meHplie 30 cm g03a yMeHbuIaeTcsd MeNJeHHee, UeM
no s3KcrnoHedTte. C [OCTATOYHO XOpOIUUM NpHOGJHIKEHHEM MOKHO
NpUHATH TaKylo GOpMyJay A YMeHbLIEHHs B BOJe MOLIHOCTH [O3HI,
co3gaBaeMoll MyuKoM ObICTPBIX HEHTPOHOB:

x

—In2 x

- 1
P = BPge w, = BP2 *r : (106)
rpe P u P,— coOTBETCTBEHHO MOILHOCTH HO3BI npu HaJUUHU H
OTCYTCTBHU 3KpaHa;
X— TOJIIMHA CJ0S BOJKHL;
%,, — CJIOH IOJIOBHHHOrO yMEHbILUEHHs [JO3HL
v X
ITpensKcrnoHeHUUHANBHBIA MHOXHTeJb B npu =1 umeer 3Ha-

*1,
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yeHHe 1,6, npu =2 ero 3HaueHHe YyBeauuuBaercs o 2,2 u go-

*1,

X
€TuraeTr 3HaueHus 2,8 npu Py = 3, mocJie 4ero OCTaercs TIOCTOSIH-
X /2
HBIM,
IIpu ocnabaeHnn noTokKa OBICTPBIX HEHTPOHOB CMechblo BOABI H
KaKuX-1u00 THAKeJbIX 3JIeMEeHTOB WJH IDH HX YepesoBaHUH yMeHb-
IleHHe MOM{HOCTH A03b MO:KeT GbITh 3aMUCAHO TakK:

X

xt/,

—In 2

P = Py~ *m*mBe

(107)

rae Lm — MakpockomuuecKoe NONepeuHoe ceueHne sigep THKENOTO
BelllecTBa;
Xm — TOMLIMHA CI0g TAKEJNONo BelecTBa;
B, x u x'/3 umeloT Te xe 3Hauenus, uto n B bopmyse (106). Ecau
TAXKe/0e BellleCTBO M BOJa IpeiacCTaBisioT co60i cMech, TOTga X,
paBHO X, a X — MAKPOCKONUYECKOe CeueHue TSXKeNblX 3JeMeHTOB,

paccuuTaHHOe IO UX KOHUEHTpaluu B BofJe.

B kauecTse 3amuTHOro Marepmasa npHMeHsOTCA Boja, Hapa-
(uH uau gpyrue sogopoxacosepxamue semectsa. OQHAKO NPH KOM-
OMHMPOBAHHOM 3amUTe OT y-Jyueit H OT HEATPOHOB MPHUXOAHTCH CUH-
TathCs ¢ 3¢ GeKTHBHOCTBIO SKpaHa 0 OTHONIEHHIO K y-iayuam. [lo-
JIe3HBIMH B 3THX CYyYasix OKAa3plBAIOTCH KPAaHBl, cogepamibie cMech
JIETKAX H THAKEJbIX 3JIeMEeHTOB, B YACTHOCTH NPHMEHSIOTCS GeToHbI
C NOBBIIIEHHBIM COJep:KaHHEM BObI.

Doabureit gactpio 3amura 0T GBICTPBIX HEATPOHOB O6ecredynsaeT
B TO K€ BpeMs U 3alHUTy OT MenJieHHbIX HeHTpoHoB. BeiBaior, onHa-
KO, caydau, korga Tpebyercs ocsnabieHHe MOTOKA TEILIOBBIX HeHTpo-
HOB. Marepuanom a5 3amuTel OT MeAJIEHHBIX HeHTPOHOB MOKeT
cayxKuTh J06oe BelllecTBO, obsagaiouiee GOJAbUIMM 3 PEeKTHBHBIM
NonepeyHbIM CeYEeHHeM MOIJIOWEeHHS MeAJeHHbIX ‘HeHTPOHOB, KaK Ha-
npumep 6op (753 6apn), kagmuit (2900 6apu) n T. 1. OpHako 1o
co00paKeHHAM yMeHbLIEHHsT BTOPUYHOTO Y-U3JYUEHHS, O YeM MOii-
JeT peub HHXKeE, HYXKHO OTHATh IpelnoyTeHHe TAKOMY 3aIHTHOMY
matepuany, kak 6op. TommuHy Gopcomepkamero skpaHa, HeoGxo-
OUMYIO [/ IOCTHXKEHHMs TOH WM HHOH KpaTHocTH Oc/jab/eHHst
MOM{HOCTH [03Bl, MOXKHO ofpenenuTh Ino dopmyae (54a), rage

onmpeneJssercsi, COrJacHo BblpameHnio (56), us cie-

Prnor =
nor

Aymmero CoOOTHOLUEHUA:

pat6,02. 10230'8

Pror = s

10,82 - 100

»
i
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rge  p— NJOTHOCTb;
a — MPOlleHTHOe cofep:KaHue 60pa Mo Becy;
og— 3¢ exkTHBHOE NMONepeyHoe cedeHHe 6opa, cm%;
L BbIpaXKeHo B ca~l.

XopounM MaTepuaioM fJs 3alHThl OT MeNJeHHbIX HeHTPOHOB
sBasieTcs 6opanb, NpegcTaBasiomuit coGoi cnias kapbuga 6opa ¢
amomuHueM. Copgepsxanne B,C B 3TOM cnstase MOXKeT [JOCTHrarh
50%. Cnunas, comepxamuit 35% (Bec.) xapbuga Gopa, cOAepHHT
27,5% B u o6aagaer naoTHocThio 2,53 e2/cm. Takum o6pasom,
fnor = 1,06 cm~—!, uTo COOTBETCTBYET CJIOIO MOJOBHHHOTO Oc/1abJe-
uns 6,5 um.

I[Ipu MpoeKTHpPOBAHUH 3ALUIMTHBIX SKPAHOB OT HeATPOHOB HEOOXO-
JMMO TaKKe VUHTHBATh BTODHUHBIE 3((dekTsl. 3aMeqneHHble Hei-
TPOHBI, B KOHIle KOHIOB, NOMVIOMAIOTCSH KAKUM-MHG0 aTOMHBIM 1~
POM, IIPH TOM, KaK NpaBHJo0, HCIYCKAKTCS XecTKue y-KBaHTbl. [Tpu
NOTJIOLIEHHH HeHTPOHOB fAPaMH BoA0poaa ocBOGOKATCA (HOTOHBI
c sHeprueil 2,23 Mas, a npu NOrJIOUIEHAH APYrHMH aTOMHBIMHA sj-
pamu sHeprus KsaHtos jpocTuraer 4—5 Mss n Gonbluux 3HaUYeHHH
BIJIOTh 10 8 ‘Mas. OpHako B HeKOTODBIX cjaydasix MOTJIOLIeHHe HEH-
TPOHOB He MPHBOAMT K HenycKanuio GpoToHoB. B rai. 3 yxe ymomu-
HaJIOCh, YTO IIPH NOTJIOWEHAH HeiTpoHoB sapamu Bl® maer peakuns
BI%(n, ¢)Li’: ncnyckaeMble MpH 3TOH peakuud Q-4acTHUbl pacceu-
BAIOT CBOIO SHepruio BGJM3M TOUKH CBOEro BO3HHKHOBeHHHA. B cBs-
3H ¢ 3THM, a Takxe ¢ TeM, uTo 3(deKTHBHOe momepeuyHoe ceueHHe
NOIVIOUIeHU T TENJIOBbIX HEATPOHOB B NepecdeTe Ha NMPHPOJHYIO CMeCh
n3zoronos Gopa pasHo 753 6apH, Gop yao6HO BBOJNTb B HEHTPOH-
Hble 3KpaHbl [J5 MOTJIOUIEHHS MeIJeHHbX HefTpoHOB. UTOGbI CHH-
3UTb BbiX0J :xKecTKuXx KBaHTOB B 100 pa3, mocTaToyHO BBECTH B BO-
Ay uau napadun 6op, mnpuMepHo H3 pacuera 50 e (snemeHTa) Ha
KujorpaMM. bDoJjiee TOHKHe 3alyTHble KpaHLI, 4eM BOASHBIE, NMPH
TOM e ocjaabJjeHHd HeHTPOHOB NOJYYAIOTCSE CO MHOTMMH BOJOPOJ-
cojepXaluUMu coeguHeHHsiMH. MoryT ObiThb MCIOJIB30BaHBI NJ1ACT-
Macchbl, He(bTenpodyKThi, THAPUAB MeTalloB H nepeso. MoryT oka-
3aThCS NMOJIE3HBIMH TaKHe JierKHe 3JeMeHTHl, KaK JUTHil 1 Gepunui,
&4 TakxKe B KOMOMEAUHMH ¢ BOIOPOACOAEp:KAUIMMH BellleCTBAMU 3Je-
MeHTBl ¢ GOJbIIAM MaKpOCKONMHYECKUM MONEPEeYHUKOM paccesHus,
KaK KeJie30, Melab, BOIbdpaM H CBHHEIL.

3adaunu.

I. Kakoif cv10#i BOAb! HAH CBHHUA HEOOXOMUM ST yMEHbIUCRHS MOIIHOCTH JO3b
ot y-u3ayuenns Ce'®” (sneprust dporonos 0,255 Msg) B 1000 pas? Beipasutb TOA-
WHRY CJOSI B CM H 2/cm2.

Pemenune Ilo ¢popmyne (104) vaxomZum, 4TO B CBHHLUE 3T0 COOTBRTCTBYET
ocnabaeRHI0 NepBHUHLIX Jdydeil 8 1700 pa3, a B Bofe 2,8 - 10° pas. Koabdnunent ocs
nabnedHs B BOJe M CBHHUe COOTBeTCTBeHHO pased 0,127 u 6,58 ex~ L Tlo tdopmyJe
(99) noayuaem

2,3-3,23

Xpp = 658 = 11,3 mnw n1m 12,8 e/fcu®:
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23545 _ 10 100 2/cu3

. X S S cM, HJIH ejCcM*e,

H0™ 9,197 /

2. Kako#i ToMUAHL! 3KpaH H3 GeToHa WM CBHHLA TPeGyeTcs, uTOGK Ha paccTo-
sivHd 2 w1 ot npenapata Co® B 50 xropu ofecnedHTb MOWHOCTb 103H 2,5 MKp/cex?

Pewenne Ha paccrosann 1 x 1 xropu Cob® cosmaeT MOWHOCTL 03B
1.3 p/eac=360 mxpjcex (cM. 3amauy | ma crp. 78). CnemoBaTenbHo, Ha paccTosi-
HHH 2 M 0T 50 KfOpU MOWIHOCTb JO3bt GyNeT pPaBHa

50
3607: 4,5 - 103 mxp/cex

M 3AIATHBIA CJOR HoaXeH oGecnednTb yMeHblueHne JO8H B
4,5 108

2,5
o ¢popmyne (104) waxomnM, uTo AAs aMOMHHHS § NPHMepHO TaK XKe A
GeTOHa 3TO COOTBETCTBYET yMEHbLUIEHNI0 HHTEHCHBHOCTH NEPBHURBX Jydelt Co®
(oneprus ¢poToros 1,25 Mas) B 30000 pas, a Aas cBuuna B 6000 pas. Kosdduunest

(())clnasénennn Ans aydvelr koGaapTa B cBuHue 0,65 cxu~!, a pas Gerona (p=2,3 2/cMd)
,125 cul,

= 1800 pas.

2.3.-4,48
XseTona = W: 83 cu, nim 190 2/cmu?;
2.3-3,778
Xpp = hO,GT =13.4 cu, nau 150 e/cu?.

3. Kakoil TOMUAHB AOJKHB GMTb CTEHKH UyryHHOrO KOHTefiHepa s xpa-
Helns npenapata pajus B 6,5 e-3xeé, ecqm NPH ero NepeBo3Ke OGCAYKHBAIOULHI
nepcoHan GyfeT HaXOXMTLCS OT Hero Ha PacCTOSHHH 2 M B TeueHHe JIByX CyTOK?

0.1
Pewenne [lonyctiMas MOWHBOCTb JO3b paBHa E p/eac uan 0,58 mxp/cex.

HUsnyuenne 6,5 2-9k8 pafus Ha paccTosHHM 2 M CO3aeT MOWHOCTL AO3bI

6.5

—4— - 0,84=1,36 p/eac, wnan 380 mxp/cex,

H3 BHX OKoso 53%0 CBSI3aBb! C KOMIOHEHTaMH y-nyuel, y KOTOPbIX SHEPrHs dboToHOB
Goabwe 1 Mss, n pacnpefensiioTCsi NO OTHAENbHLIM KOMIIOHEHTaM CJAelyiomHM 00-
pasoM (cM. taba. I na ctp. 61):

Oneprus goTowos, Mss . . . 1,121,238 1,379 1,761 2,198 —
Iponest no mose . . . . . 13,1 4,3 4,8 229 7,7 53
MownocTs Ju3bl B JaHHBIX

yCJIOBHSX MKp/eex . . . 50 16 18 87 29 200
Kosdpduunest ocnabaens B

gyryne, cu—l ., . . 0,41 0,38 0,36 0,32 0,29 —

Bonee Msrkhme KOMNOHEHTbl HET CMbICJA YYHTbIBATh, TaK KaK NPH GOAbIIOA
KPAaTHOCTH oCJalJieHHs] HX BKJAX OydeT RHYTOXKHbIM,
200
Heo6xonMo yMeHbIIATb MOWHOCTD HO3H B 55—8=350 pa3. JaabRefiling nog-
,
CueT yNOGHO BeCTH 1O 3HepruH, GJMH3KOH K HaHGoJee HHTEHCHBHON KOM'OHEHTe, a
NONy4eHHbli Pe3ynbTaT NPOBEPHTL 3aTeM MO BCEM KOMIOHEHTAM B OT/EeJbHOCTH.
ITo dopmyne (104) maxomumm, uTo yMeHblleHHe MOUIHOCTH A03bi B 350 pa3 coot-
BETCTBYET B XKesese ocaabaenHlo MepBuuHOro Hamydesns 8 2500 pa3. Koabduument
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ocnabnennsi B dyryue (7,2 2/cm®) pamen 0.32 cu! W TOMUHHA 3AIHTH INOJIKHA
6bITL DaBHA
2,3-3.4
=——=25 cum.
Fave =""0 32

ﬂoncqu ocaabaenHs Ka)KllOﬁ KOMNOHEHTH B OTAEJbHOCTH IM1OKa3biBaer, 4TO
MOIIHOCTb J03bl NPH TaKO# 3awiHTe OKaxercs paBHoi 0,47 Mxp/cex, 4TO NO3BOJASIET
YMEHbIWRTb TOMUWHAY NPHGJH3HTE]bRO Ha 5 MM, T. €. OFDAHHUYATLCS  TOJIIHHON
245 cm.

4. Kakos Bec KoHrefiHepa (cm. 3aflauy 3), ecan OH npeiacrasasieT CoGofi HH-
JUHAP ¢ UHJHRIPUUECKOH NOJOCTbIO B CepefinHe IMaMeTPoM 3 CM i BBICOTON 3 cM?
KaxoB Bec KOHTefiHepa U3 aMOMHHHS € TaKo# e TOJIIHHOA CTEHOK, BHIpaXeHHOR
8 2/cm??

OTsBerT: 800 xe; 5000 «e.

5. Hafitn TonumBy CTeHOK KOHTeiiHepa 1o yCJOBHIO 3aJaud 3, eCJAH MaTepHa-

Jom cayxHT cBHHel. Kakos Bec sToro Kouteimnepa?

Pemenne Taxk xe Kak u B 3aflaue 3, HeoOXOAMMA TOJUHEA, YMEHbIIAI0-
ulasi MOWHOCTL Jo3b B 350 pas. Ilo dopmyne (104) maxomnm, 9TO AN 3IHEPrHH
~ 1,75 M>38 3To npHGIN3HTENbHO COOTBETCTBYET CJOI0 CBHHHA, 0CJabJsiollero nep-
suyroe Hanyuenne B 1000 pas, Ilo dopmyne (99) maxomnm

2,31g1000  2,3-3
0,53 = 0,53

=13 cu.

Iasi paccMoTpeRHbX B 3afaye 3 KoMnonenToB KodpdHiueRTH ociabjenus B
CBHRHE CooTBeTCTBenHo pasun 0,71; 0,66; 061; 0,53; 0,50 cu—L, uto ¢ yuerom bak-
TOPOB HaKOMJeRHsi (CM. Taba. 5) naeT MouHoCTb no3bt 0,56 mxp/cex. Bec xonteii-
dgepa 220 «xe.

6. 5 kopu Zn® maxomarcst 3a TOACTOA GETOHHOM NEPeropojKOll BHICOTOH B ue-
JoBeueckHil pocT. IlpsiMble Jiyun M3 TejeCHOro yrsa 2 cTeppafiHaHa nonafaloT Ha
BeDXHee nepeKpbITHe, HaXoJsuleeCsi Hal ypoBHeM roJIoBb Ha BoicoTe 2 s, Onpexe-
JHTb TOJILIHHY CBHRIOBOH 3aI(ATH OT DaCCesRHOro H3JydeHHs NMpM YCJOBHH, 4TO
MOLIHOCTb JO3bl PAaCcCessHHOrO H3JyueHHss He JOJXKHa npeBbillath 0,25 mxp/cek.
Zn® ucnyckaer y-ayun 1,12 Masg c sbixomoM 45% oT uncaa pacnajios.

Pemernne MownotTs N03H OT pacCessKHOrO H3JYUeHHsi NPH OTCYTCTBHH
3aWHATH GyJeT NPHOJH3ATENbHO paBHa MOWMOCTH NO3B OT MCTOYHHKA, HAXOMsLle-
£OCs1 Ha PacCTOsRHH 2 M, akTuBHOCThIO 5-2- 0,5% = 0,05 xropu. ITo xpusoii puc. 19
HaXOJHM [por B BO3Ayxe Is sHepruu 112 Maa; pnor =3,5.10-5 cx~l. Mownocts
03Bl Ha pacctosHHu 2 a GyneT pasHa (80):

0.0
1,545 - 1084—15' .0,45-1,12-3,5- 1075 pjuac = 0,95 uxp/cex,

,102
T. e. TpeGyeTcst oc1abieHHe pacCesiHROro H3Ay4YeHHs1 B
0,95 3.8 pas
———=23,8 pa3sa.
0,25 P
DHeprus pacCesRHbIX KBaHTOB omnpepensercs #3 Gopmyan (105):
1,12
hy! = —_ .
v T12 180 0,21 Mss
2 sin® —
0,511 2

Ias suwepruu 0,21 Mas p csunna passo 10 cu~! u, cornacuo Beipaxkenuo (99),
_2,31g3,8 2,3-0,58
- IV 10

=0,135 cum =~ 1,5 um.
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7. OnpenennTb TOJUWMRY napadHHOBOE 3aWIHThl AJS HEHTPOHHOTO HCTOUHHKA
50 - 105 meiTpon/cex, obecneunpalomeli yMeHbllleHHe IUIOTHOCTH NOTOKa GBICTPBIX
HefiTpoHOB HAa PacCTOSHHH 1 3t 0T uCTouHHka Ao yposust 50 redTporfcM? . cex.
Cpenuss sueprus HelTpoHoB ~ 5 Mas.

Pemen ne Ha paccTosnui [ # NJIOTHOCTh MOTOKa Ge3 3aMMTh CoCTaB.IseT

50 - 108

100 400 nedmp/cmu? - cex.

Heo6xoaumMas KPaTHOCTh YMetiblllenHs JRO03H HeliTpouos pasua 8, Tloxcras-
asa 8 Gopmyay (106), moayuaem

x X X
L paTE; oty =8, 1888 45
8 /2 0.3
INockoabky . 3aBefloMO OoJblle, ueM 3, B=:28,
1/,

lpnenmaem Ias napaduua x,, =8 cu — Tak ke, Kak JJis BOABL

/2
X = 4.5x./ =36 cH.
2
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PA3BIOEJ 11

BHOJIOTHYECKOE IEHCTBHE HOHH3HPYROLIHX
U3JIYYEHHH, BHOJIOTHYECKHE OCHOBbI
YYEHHS O 103AX H 3AIIHTE. PABOTA C OTKPbIThIMH
PAIHOAKTHBHbBIMH IIPEMAPATAMH

F'arasa 1

OCTPASI U XPOHHYECKAS JIYYEBASI BOJIE3HD

B pesyabrare Bo3medcTBHs HA yejJoBeyeckuii OpPraHW3M CHapy-
31 WM H3HYTPH CPABHHTEJNLHO yMEpeHHbIMu (OpANKa COTEH peHT-
reHoB) 103aMy MOHH3HDYIOUIMX H3Jy4eHHH pas3sBuBACICA TaK HA3bI-
paemas JyueBasi Goje3Hb. OHa MOMKeT NpOABAATHCS B OCTPOH H B
XpoHHuecKofl opmax, B Buae OGLIMX H MECTHDBIX nop a’keHui.

§ 1. OCTPAS JIYYEBASI BOJIE3Hb

OcTpas nyuesas Gosie3Hb, BO3HHKAlOWlAsh NOCJAe ONHOKpATHDIX
MAcCHBHBIX BO3defcTBUil M3MyueHHH, NpH aBapHHHBIX c/aydasx, NpH
B3pblBe ATOMHON WM BOJAOPONHOH GOMGbI, MO CBOEMY TEUEHHIO MO-
’)eT GbiTh pasje/eHa, Npapaa HeCKONbKO YC/JIOBHO, Ha TpH nepHond.

IlepaHlii nepnon, 0GBIMHO OYeHb KOPOTKHH (0T 1 no 2 cyTox), Ha-
yHHaerTcs BCKOpe ke Tocje BosieiicTeusi uanyuennit. Cpox Hauana
3360/eBaHMs] 3ABHCAT OT BEJHUMHE H MOIHOCTH IOJyYeHHOro 06-
JygeHusi, a TAKKe OT COCTOsIHHsi OpPraHH3Ma K MOMEHTY 06GJyueHHs.

OcHOBHBbIe CHMITOMBI NepBoro nepuona 3aboJeBaHust cJjaenylo-
miue: roJiOBOKpYsKeHue, HesicHoe CO3HaHHe, NoJioBHAsi Golb, miaoxoe
o6liee caMouyBCTBHe, TOWHOTA, HHOTAA PBOTA, HeGOJbLIOE MOBHI-
LIeHye TeMIepaTyphl, CHIKeHHe aNNeTATa, HapyleHHe NeATeTbHOCTH
KM EYHHKA, GECCOHHIA HJIH COHJIHMBOCTh, H3MEeHeHHe NyJahca B CTO-
POHy yualleHHs WM ypexeHns. B o6uem KapTHHa, HECKOJbKO Ha-
NMOMHHAIOWasi COCTOSHHE NOXMeJbsi TOocJae dpe3MepHOro morpeGie-
HHsi Kpenkux HamuTkoB. He cayuaiino omucaHHoe cOCTOsIHHE, HA-
Gmonasueecss y GOJbHBIX, JEUHBLIAXCsE PEHTTEHOBBIMH Jy4aMu II0
NMoBOAY 3/0KAUECTBEHHHIX OMyXOJeH, Ha3HBaNOCh «PEHTTeHOBCKHM
NOXMEeJTbEM>.

Vke B 9TOT NepHON HMEIOTCss H3MEHEHHst CO CTOPOHH o6MeHa
BemiecTs. B Moue yseauuusaercs oOuwui a30T, MoyeBass KHCJIOTA H
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KpeaTHHUH. B KpOBH NOBHIIAETCSI OCTATOYHKIA 30T, caXap W MOJOY-
Hasi KHcaora., B nepudepudeckot KpOBU NpH yBENHUEHHH O6miero
KOJIKyecTBa JedKOLUHTOB HEKOTOphle UX (OpMbI (3€pPHHCTble H GoJee
MOJI0Able JEAKOUUTH) nefCTBHTENBHO YBEJHUYHBAIOTCS, [APYTHe XKe,
Kak HanpuMep AuMOOLMTH, yMeHbwawoTcs. KpacHas Kposb 1OYTH
He H3MeHsieTcs.

B ouenb serkux cayuasix gyuesas 6ose3Hb WHOTAA 3aKAHUKHBAET-
cst Ha nepBoM nepHoge. OGLIYHO Ke NepBbId MEePUOJ CMEHSIeTCst BTO-
pbIM, TaK Ha3blBa€MbIM JATEHTHHIM NEePHOJOM HJIH NepHOgOM MHH-
Moro 6saronoJyuusi, KOTOpPHIH AJAHTCSI OT HECKoJabKUX gHel 10
2—3 Hepgeab. Y GOJbHBIX KCYE3alOT Bce ONHCAHHBIE Bbille SiBJIEHHS,
OHH NpAKTHYECKH 3AOPOBBI W He MOTYT MOHATH M3JHWHEH, N0 HX
MHEHHIO, OCTOPOMHOCTH BpaueH, c TPeBOro# OMHUAAIOIIUX NPHOJIH-
HEHHsl TSKEJOro 1o CBOEMY TeYeHHIO TpPeThero nepuoga, Korga pe-
mwaercss cyabb6a uenoseka. MHHUMBIM XKe 9TO 6Jaronojgyuue Hashl-
BaeTcsi MOTOMY, UTO TIaTeJbHOe HccaenoBaHue O0JbHOTO, 0coGeH-
HO ero KpOBM, apTE€pPHAJbHONO QaBJEHHS H HEKOTOPHX [pPyrHX I0-
KazaTteJed ykas3biBaeT Ha NpogoJKalomHuecs Tray6okue Mpouecch
HapyuieHHst HOPMAaJbHOR JKH3HelesTeIbHOCTH OPraHu3Ma.

[Ipu cU/IbHOM BO3JefCTBHK H3JIyUeHHsl W NMOHHMKEHHOA CONPOTHB-
JISIEMOCTH OPraHW3Ma BTODOH NepHOL MOMKeT BoBce He HabaaaTh-
csi. Heckonbko GoJiee NPOJOJIMHTENbHBII B 3TOM cjyyae mepBbiit
NepHoa MOKET HenocpeacTBEHHO NepedTH B TaK HasblBaeMblii Tpe-
THii nepuon. OnHHM U3 HanGoslee XapaKTepPHBIX NPOsIBJICHUA TpeTb:
€ro nepuoaa 3abosiesaHust sIBJAsieTCs KPOBOTOUHBOCTh KOMKH, CJIH3H-
CTHIX H BHYTPEHHHX opraHos. [IpHunHa HX 3axJIo4aeTcst B nmopaxe-
HHH CTEHOK COCYIO0B, KOTOpbl€ CTAHOBSATCS NPOHHILAEMBIMU Aast GOP-
MEHHBIX 3JIEMEHTOB H [JIst KHAKHX COCTaBHLIX dacTteii Kposu. M3-
BECTHYIO pOJiIb B YCHJIEHHH KPOBOTOYMBOCTH HIpaeT U H3MeHeHHe
cBoficTB camoil KpoBH. KpoBoTeueHHs B KeAyIKe H KHUIEYHHKE He-
u30€KHO NPUBOAAT K KPOBABOH PBOTE, K IOSIBJIEHHIO KPOBU B KaJje
H K KpOBOXapKaHblo. MoryTr Hab/onatbess KPOBOHM3JIUSHUSL B 060-
JIOYKH MO3Ta H B caMblii MO3T, YTO CONPOBOMKAZETCS TSIKeJabIMH I10-
paXKeHHsIMH HepBHOA cucTembl. [Ipy KpPOBOM3MHSIHHSIX BO BHYTpEH-
HHe OpraHbl BO3HHKAMIOT TsiXkKeJsble OCIOMHEHHsi: B JIErKHX, HaNpH-
Mep, — BOCNaJeHHe JIerKHX, B JKeJyAKe H KHLIeUHHKe — SI3Bbl H
pacnaj TKaHH, B cepane — UHMAPKTHI U T, 1.

B Teuenne tpernero mepHona yxygmaercs COCTOSIHHE KpOBH.
3HauuTeNbHO yMEHbLIaeTcst B nepudepuueckoil KPOBH KOJHYECTBO
(opMeHHBIX 3/1eMEHTOB, 4TO 06YCJIOBJIEHO nopaskeHneM OpTaHoB,
MOCTABIARIOMWMX 3TH 3/1€MEHThl KDPOBH, TaK Ha3blBAeMBIX OPTaHOB
KpoBeTBopeHusi. besble KpoBsiHble WAPHKH U TPOMBOUHTE — 3JeMeH-
Thl KPOBH, HeoGXoAHMble [JIsi ee cBEPTHIBAHHS NPH KPOBOTEUEHHsIX,
MOTYT BOBCce HCUE3HYTb M3 KPOBSHOTo pycsaa. KpacHas Kposb Tak-
JKe CHJIbHO cTpajaer, HO Bce ke MeHblue, ueM Gesas. OueHb BaHO,
YTO HHOTAA B CAMbIA TsuKeNAblk nepuos 3aGosieBaHusi B KpacHOH
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KPOBH MOsIBJSIOTCS oco6He KJIeTKH — PeTHKYJOUMTH, KOTOphle sB-
asioTcss O6JarONpUSTHHIM NDH3HAKOM, YKA3HIBAOUIHM Ha BO3MOXK-
HOCTb 6J1aronoay4yHOro Hcxona 3abo/eBaHus.

Ias Tperbero nepHofa XapakTepHa Takke M04BePXKEHHOCTb
GONBHOrO pAa3NHYHbLIM HH(EKUHOHHbIM GOJe3HsiM BCJIEIACTBHE MOHH-
3HBIIEHCS CONPOTHBJISIEMOCTH OpraHu3Ma. Mukpo6bi, HaxoAslIHeCs
B KHIIeuHHKe, NbIXaTeNbHBLIX NYTsiX K JPYTCHX OpraHax, NPOHHKAIOT
yepe3 paHee HeNpOHHILAeMble [JIsi HHX CTEHKH H pacnpoCTpaHsioTcs
1o BceMy opranuaMy. HacTo TeueHHe H HcXOpg Jyuesoi Gosie3HH OI-
penensiioTcs TAXKEeCTbIO [PHCONHHHBIIEroCs HH(PEKUHOHHOTO 3a-
6oseBaHus.

B sToM Xe nmepuojse y HacTH 60/bHBIX MOsBJAsETCs 3ya, Bblnana-
10T BOJIOCHI, KOTOpble 10 BbI3JLOPOBJEHHH OTPACTAKOT, H MOrYT I10-
SIBUTHCSI TAK HAa3biBaeMble JydeBbie OKOTH.

DTOT NepHog TSAMKENbIX NposiBJeHHH Jyuesoli 60JE€3HH MOZKeT
NpPOLOJMKAThCsi HECKOJIbKO HefeJsb M 3aKOHUHTbCs MOJHBIM KJIH Ha-
CTHYHBLIM BHI3JOPOBJIEHHEM, Nepexo1oM B XPOHHUECKOe COCTOsIHHE
HJIH CMepThio. DBri3gopoBsieHHe HacTynaeT He cpasy H He y BceX
60JbHBIX OguHaKoBO. CHMNTOMb! 3a00JieBaHHs NOCTENeHHO Hcue3a-
IoT, yayumaercsi obuiee cocTositHHe GOJBLHOrO, ero Camo4yBCTBHE,
anneTduT # coH. Mcue3HoBeHHe OTAeNbHLIX MpOsiBJIeHHR GOJe3HH MO-
KeT 3a4epkKaThCs HANOATO H TOT4A TOBOPAT 00 «OCTATOUHBIX siBJjie:
HHsIX» JyueBoi GOJIe3HH.

§ 2. XPOHHYECKAS JIYYEBAS BOJIE3Hb

CaMocTosTeNbHO, 4 He KaK cJefcTBHe OCTPOR JyueBOit 60Je3HH,
XpOHHYecKas JyueBasi GoJie3Hb MOJXKeT Da3BHUTbCH B TeX Cay4asx,
KOrja 4eJOBEeK B TeueHHe MHOI'HX JIeT NOoABepraercss JeHCTBHIO He-
GoabuKx, GAU3KHX K NpeleNbHO JOMYCTHMBIM, g03 H3JayudeHus. Ha
CPOKHM BO3HHKHOBEHHst XpOHHUECKOH GOJe3HH, XapaxTep ee TeueHus
H HCXO0J BJAHSIOT yCJoBHs OOJyUeHHsi, MYTH H MecTo BO3JeHCTBHS H
cocTOsiHHe opraHu3ma. B teueHne xpoHHueckodt 60JIe3HH TakKe pas-
JUYAIOT TPH CTAAWM, OJHAKO OHH He CTOJNb THINHYHBI K YeTKH, KakK
npH OcTpoil JiyueBoit 60JE3HH.

B nepsoit craguu y 60JbHBIX HMMEIOTcsi HENOCTOsiHHbIE KaJo0ht
Ha HEKOTOpYIO CJaboCTh, MOBLINEHHYIO YTOMJIIEMOCTb, HeboJgbuile,
HO yrnopHble TOJIOBHHIE GOMH, yXYAUIeHHe alnerura, COHJAHBOCTh, MO-
BBILIEHHYIO Pa3ApPa’KUTeJbHOCTh, oOcjaabJeHde OaMsaTH, OJBILIKY
npu ¢du3HYecKoR Harpyske, 4acroe YyuallleHHe MNyJbca, NOsiBAEHHE
ObICTpo NMPOXOASIIHX NATEH HAa PAa3HbIX yd4acTKax Tesa B pe3ynbra-
Te COCYAMCTHIX paccTpoHcTB. 3aMETHBIX H3MEHEeHHH cO CTOPOHBI Kpo-
BH B 3TO BpeMs He HabmawofaeTcs, XOTst KPOBb sBJsIETCSI OJHOH M3
4YBCTBUTENbHbIX K 06JydeHHio TKaHed. [lisi Bcex TOMBKO 4TO Ile-
peuHc/eHHbIX H3MeHEeHHWH XxapakTepHa Hx HeycroiuusocTb., OHH TO
NOSIBASIIOTCSt M YCHJAMBAIOTCS, TO HCYE3al0T. Y MHOIHX [JOJTrHE TO-
Obl MOXKeT He HabJIofaThcsi YXYALIEHHsS] COCTOSIHUSA U OHM OCTaloTCs
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TpygocnocoGHBIMH. Y dacTH GOJbHHIX OTMeuaeTcs Bce ke yXyaule-
HHe COCTOSIHHSI M HACTYIaeT BTOpas CTafgusi XPOHHUECKOH JyueBoH
GoJe3HH, KOTga yKa3aHHbe Bhile CHMNTOMbI CTaHOBsATCs Gosee Ts-
JKEeJBMH W Tofdac TpygHO mepeHocHMbIMH. CHHXKaercs TpYyLOCHO-
co6HOCTh, ObIcTpee HacTynaer YyTOMJIeHHE KakK NpH YMCTBEHHOH,
Tak U npu usuueckoil paGore, ocoGenHo npu Nepsoit. HacrynaioT
H3MEHeHHst B cepleyHO-COCYAHCTOH cHCcTeMe, CHHXKAeTCs KpOBAHOE
JaBsieHue, ydamiaercsi Mysabc, HHOTfa Hapyulaercs €ro pUTM, nopa-
;KAeTcsi cepeuHas MblLla, NosiBasioTcs GOJH, OTgaloUHe B JIEBYIO
pyKy. MmMeoTcst HapyleHHs cO CTOPOHbI MHIEBAPHTEJbHBIX Opra-
HOB, JKesie3 BHyTpEHHefi CeKpelHH, cTpagaer MoJjoBas (GYyHKUUSA.
HHorga yxe B 9TOT NepHOJL NMOABJAIOTCS HeOGoJbIUHE KPOBOTEHUEHHs
H3 geceH, oco6eHHo NpH YHCTKe 3y60B, H3pegKa U3 Hoca.

[Mo3gHue cTaguH XpOHWYECKOH JyueBOH GoJsie3HH INpOTEKaIT y
pasHbiXx GOJIbHBIX OdeHb pasanuHo. Hekortophle 60JbHBIE SIBJSIIOTCS
KpafiHe TsMenbiMH H HYJKJAIOTCst B IOCTeJbHOM pexume. Buny pes-
KOro yBeJMueHHs NPOHHLAEMOCTH BCeX TKaHeid s MHKPOGOB OHH
NOSIBASIOTCS. B KPOBH M BHI3bIBAIOT ee 3apaxkeHne. OpraHusm OTpaB-
JsieTcsl TOKCHYECKHMH BelecTBaMHU, Bbile/sieMbIMH MHKPOOPraHH3-
Mamu. Y O0JbHBIX [OBLILIAETCS TeMIepaTypa, yCHIHBAETCs KpOBOTO-
YMBOCTbL M pe3KO M3MeHsieTcst Kposb. HapywamoTes Bce BHAH 0GMe-
Ha, BoabHble CTAHOBSTCSI aNaTHYHBIMH, 6e3pa3/JHUHBIMH K OKpyXKalo-
meMy, a HHOrfa, Hao60pOT, OHH He MOTYT NepPeHOCHTb OGBIYHBIX CBe-
TOBHIX HJIH 3BYKOBHIX pasgpaxenuil. Takue 60o/MbHbIE, TAK XKe KaK H
6obHEE B 3-K cTagdH OCTpoil syueBoil Gos€3HH, MOTYT NMOTHOHYTDH
0T cayuafiHbX HH(QEKNHOHHBIX Gosie3Hel, HO Halie BCero noru6aiT
0T HapacTaolero MaJjoKpoBusi M HapylleHHs NUTaHHs BO BCEX Op-
raHax H TKaHsX, yCyryGJsieMoro TsiKeJbiMH HapyUeHHsIMH CO CTO-
pOHBI HEHTpasbHOR HEpBHOH CHCTEMBbL.

Y HexoTOpbIX 6OJBHBIX, HA060POT, CHMITOMbI XPOHHUECKOH syne:
BOii GoJie3HH rOLAaMM He HapacTarmoT, HecMOTpsi Ha MOCTOSIHHOE Ipe-
GuizaHue B cpege geiicTBUs u3JyueHnii. DBuesannoe yxylweHue
COCTOSIHHSL 30POBbsi, 63 BCAKOH BIANMOH PHUNHBL, MOKET OBICTPO
nporpeccHpoBaTh, Hapacraer caabocTbh M HeoGpaTHMble M3MEHEHHs
CO CTOpOHbI KpOBH (MaJsoKpoBue, 6eJ0KpOBHE), NPHBOASIIHE K TH-
Gesau GOJIBHOTO.

JacThiM OCJIOKHEHHEM TpH XPOHMYECKHX BO3gefCTBUSIX H3Jyue-
HHSI §BJSIOTCS 3J0KadecTBeHHble onyxousu. OHM uale BCEro BO3HH-
KaloT B Tex OpraHax, Ha KOTopble lagaeT OCHOBHOM# ygap H3Jjyue-
wus. [Ipu o6uiem 06JaydeHHH — 3TO ONYXOJIH CHCTeMbl KPOBH, MOJIO-
BLIX OpPraHoB, NpH BABIXaHMH pafgOHA, TOPOHA W NMPOLYKTOB HX pac-
aga — ONyXoJsu JIETKHX, NpH NoNajaHud PagHOAKTHBHBIX H30TOMNOB
BHYTPb OPraHH3Ma OMyXOJH BO3IMKAIOT Yalle BCENO B MeCTax H3GH-
paTesbHOrO ocegaHusi STHX BellecTs. .

Ha xponuyeckoM MNOpaxeHHH OTHEJbHbIX OPraHOB HE OCTAHABJIH-
paemcs. Hesp3si, 01HAKO, He YKa3aTb, YTO KOXKAa, B 0COGEHHOCTH KO-
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¥®a pyK, B mpouecce paGoTH nojgsepraercs HanGosee HHTEHCHBHOMY
gosgeiicTBuio. X0oTs Koxa pykK W Gosee ycToHuMBaA K AEHCTBHIO H3-
JydeHHsi, 4eM KOXKa [PYTHX 4acTeid Tesa, H MpelesbHO JONyCTAMAs
1J/ist Hee go3a B 5 pa3 Gousblue oOed, TeM He MeHee OCTpHe H Xpo-
HUYecKHe MopaxeHHsi pyK HabmiomaloTcst He TaK yXK pegko y JHL,
COTPUKACAIOMHUXCSI C PAAMOAKTHBHBIMH BEECTBAMH M PEHTTeHOBBI-
MH JydaMmH, 0pH HecoGuiofeHnH npasua 3amutel. OcTphle JydeBble
NoBpeXgeHHs: KoXH HaG/II0faloTcs NPH Bo3geficTBHH GOJLIUMX [03
H3sayudeHus (aBapHsi, B3pbIB). YiKe uepe3 HECKOJLKO 4acos mocJse
BO3JEHCTBHS KOMA OTeKaer, CTAHOBHTCS CHHIOWHON, MOSIBJSIIOTCS
cuspHble 60si. Uepes HeCKOJIbLKO [JHeH Ha Koxe TMOSIBJSIOTCS 1y-
3bIpH, 110 BCKPBITHM KOTOPBIX BBHIIMBAeTCsi THORHAs IJKHAKOCTD.
B pganbHefiluemM TKAaHH OMepTBEBAIOT H OueHb MENJIEHHO OTTOp-
ralorcss. O6pasoBaBuilecst $13Bb 3a/7€UHBAIOTCS ¢ TPYAOM M HACTO
o6pasylorcst BHOBb., HesammBalomgie sI3Bbl MOTYT IIEDEHTH B PaK.

[Ipy XpOHMUECKHX MOBpeXeHHAX [epBhIMH NpPH3HAKAMU fB-
JSIIOTCST MOKpacHeHHe H HCTOHYEHHe KOMKH, HOTTH CTAHOBSTCS Xpydl-
KUMH M JIOMKHMH, KO¥Ka— cyxoi. [Tosisnsiiomuecs: Ha Hei 60pojaas-
yaThle pa3pacTaHHsi H3BA3BASIOTCS U MOANAIOTCS JEUEHHIO C ropas-
10 GOJbIIHM TPYZOM, 4eM s3BbI NOCJe OCTPHIX MOBpEXKIEHHH.

Jnist npegynpexaeHds M JedeHHs JyueBHIX INOBPeXgeHuil HeoG-
XOJAMMO 3HaHHMe 3aKOHOMepHOcTeil u nyTeil BO3AEACTBHS H3JyUEHHS
KOTOpBle MPHBOASIT K CTOJb TSMKENbIM, NTogYac Heu3/ieuyliMbiM Hapy-
IeHUSIM HOPMAaJbHOR KHU3HegesTeTbHOCTH OpraHu3Ma.

IFaasa 2

3AKOHOMEPHOCTH BHUOJIOTHYECKOIo JEMCTBUSA
UOHU3UPYIOLIHUX HU3JYUYEHUH

[Nepsblit BONpOC, Ha KOTOPHIA HAAJIEXKUT OTBETHTb NPH paccMo-
TPeHHH MeXaHH3Ma GHOJIOTHYeCKOro LeHCTBHsi H3JyueHuil, T. e. Me-
XaHu3Ma geficTBMS MOHH3HPYIOIMX H3JyueHHHA Ha KHUBblE KJEeTKH,
TKaHH, OpraHbl ¥ llesble OPraHHU3Mbl, 3aK/AI0YAETCsT HMEHHO B TOM,
KaKoBa NMpUpoda NepBHYHOrO AKTa B3aUMOJEHCTBHMs H3JyUeHHus C
KMBBIM BelecTBOM.

Hpupoda nepsuunoeo usuueckoeo axKTa npu 83aumodedcrTsull
UOHUBUDYIOUUX USAYHEHUL ¢ HCUBbIM BEULLCTBOM,

OCHOBHBIM IyTeM paccesitHHsi SHepruH J060ro MOHH3UDYIOLIETO
U3JyUeHHs! NpH ero NpPOXOXKJeHHH UYepe3 BeuecTBO SBJ/ISIeTCs BHIPHI-
BaHHe 3JEKTPOHOB U3 aTOMOB, C KOTOPBLIMH H3Jy4YeHHe MPHXOAHT BO
B3aumoneiictsne. MoHU3HPOBAHHLIH TakuM 06pa3oM aToM CTAHOBHT-
Csi IOJIOKHMTENbHO 3apsiKenHuM noxoM. HoclTeneMm oTpuilaTesbHOTO

7 3amHTa OT PaAHOAKTHBILIX HAMYUeNuii
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3apsifa sBJSIETCs JHGO BhIJIETEBIUHH 3JEKTPOH, an6o OTpullaTebLHO
3apsUKeHHBIH HOH, 06pasoBaBUINiiCst U3 aTOM3, K KOTOpOMY 3TOT
371eKTPOH NMPUCOeNAHHHUIICS.

Haauuue npouecca HOHM3AaLUMH B BO3JyXe, Trasax, Iapax MnpH
JNeHCTBHH HM3JyYeHHH MoxKeT ObITbh J0Ka3aHO pasHbIMH crnocobamu,
B YACTHOCTH H3MEHEHHeM 3/1eKTpONpPOBOAMMOCTH BO31yXa. DTOT Me-
Tog 6blJ MCIOJB30BAH AJsi AOKA3aTeNbCTBA HOHH3HPYIOWEro aeifct-
BHSI PEHTTEHOBLIX Jyuell i paaHOaKTHBHBIX H3J1yueHuil ¢ nepBhIX qHEH
ux oTKphiTHs. He ciyuaitHo morsouienHas 103a (KOJHYECTBO MOTJO-
[1eHHOH 06AyyaeMbiM OGbEKTOM JIYUMCTOH 3Hepruu) (cM. CTp. 59)
HaMepsiercss TIaBHBIM 06pa3oM no HoHusauuu. [leno He cTOnbKO B
y1o6cTBe H TOUHOCTH M3MEpeHHsi, CKOJbKO B TOM, UTO H3MepeHue
MOHM3AlHUY Jyullle BCEro OTpaXKaer Te MPOLECCH, KOTOphHe JexaT B
OCHOBE JeficTBUSI HOHU3HPYIOLIHX H3JTydeHHI.

B 6uoJsiorus Hetr KaMephl BuibcOHa MM yCTpO#CTBA, el aHaso-
FHYHOT'O, KOTOpOe Aano Gbl BO3MOXKHOCTb NPSIMOr0  J10Ka3aTenbCTBa
HOHM3AlMH KXUBLHX TKaHell noj aeficTsueM usaydenust. KocseHHble 10-
Ka3aTelbCcTBa yOeluTelbHO CBHAETe/bCTBYIOT B MOJL3y TOrO, UTO
MMEHHO MOHM3AIMsl SIBJSIeTCS! epPBHYHBIM aKTOM B3aUMONEHCTBHs H3-
JyueHHs] C JXHBHIM BEweCTBOM. DTOT B3LMsiA GoJiee H/IH MeHee ob1e-
puHAT. [IpH 9TOM ecTh BCe OCHOBAHHS NpPH3HATh, UTO GHOJOTHUE-
CKU# 3P (HEKT B KOHCUHOM CcUeTe BBI3bIBAETCsl He CaMbIM pd31eleHHeM
3aps0B pU HOHM3ALHK aTOMA, & TeMH  XHMHUYECKHMH M (hH3HKO-XH-
MHUECKHMH IpolleccaMi, KOTOphbie BO3HUKAIOT B pe3y/nbTaTe MOHH3a-
IHH,

JloKa3aTe bCTBOM HAJTMUYHsS HOHH3ALHOHHBIX 3(hekTos B 00ay-
yaeMbIX TKaHSAX MOTYT CJYKHTb pe3y.abTaThl H3MepeHiss HOHH3AUUH
C NOMOLIbIO MaJeHbKHX 10 o6beMy (1 ¢ u MeHblle) HOHH3AIHOH-
HBIX KaMep C BO3JYIUHO-5KBHBAJCGHTHBIMH CTeHKamu. F3MepenHas B
HUX MOHHM3AlMs BO3pacTaeT B CJyuae NMOMeIleHHss KaMephbl He B BO3-
AVIIHYIO Cpe:ly, a B OKpYzKCHHE ZKIIBBHIX TKaHefl B OTHOLIGHI

Upcr {TKANeroe)
tror (B03.1.)

W3BecTHO, UTO He BCe KOJHUeCTBO MOrJOEHHOH 3HEPrHy pacxo-
Jyercsi Ha HOHM3AIUIO, IPUMEPHO OKOJMO NMOJIOBHHBE YXOIHT HAa BO3-
6y:KaeHHe aTOMOB, T. €. Ha MepeBoj 3/JEeKTPOHa B aTOMe HJH B MoJe-
KyJie Ha Gonee BLICOKHIl HepreTHueckuil yposeHb. Bo3byxaenune Mo-
JIeKyJibl MOXKeT GbiTb 00yC/OBJIEHO TaKXKe yBelHYeHHeM SHepruu Ko-
Ne6GaTenbHOrO ABHXKEHHSI ATOMOB B MOJIeKyJje HJIHM 9HEpPruu Bpalld-
TeJbHOrO ABUKEHHS CaMOH MOJIeKyJibl WM TeM M APYruM BMECTe.
Bo36yxXaeHHast MO/eKyJ/a TaK XKe, Kak i HOHH3MPOBaHHAs He MOXKeT
CyliecTBOBATh AJUTEJbHOE BpeMsi B TakoMm cocrosHud. HHorxa ona
0TAaeT cBOW0 H36HITOUHYIO SHEPrHio B BHJE U3JyueHusi, HHOTAa nepe-
JaeT ee APYroil MoseKyse, BO3Bpawasch B HOpMaljbHOe COCTOsIHHE,
HHOT[a Ke, ec/l sHeprust Bo3OyKIeHust 10CTaTOYHO Be/1HKa, MOJIeKY-
Ja LMCCOLMHUpYET HJH NpHCOeauHsieTCst K APyroit MoJekyJe. Takum

(cn. moxpoGHO Ha cTp. 40).
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06pa3oM, BO36YKIEHHE MOJEKYJ noj AeficTBHEM H3JyudeHHil, aHanO-
[HUHO MOHM3ALMH, MOXKET GLITh IPHUYHHOA XHMHUECKHX H3MEeHeHHH,
POHCXOISILIHX B O6TyuaeMOM BeulecTse.

IIpouecc BosGyXKaeHHs iBASIETCSt C TOUKH 3DEHHsi GHOJNOTHUYECKO-
ro s¢g{eKTa 3sHaUHTeNbHO MeHee [efCTBEHHHIM, uYeM HOHH3ALMs.
[TosToMYy, O6bIUHO, BEPOSITHO, He BIOJHE ONpaBlaHHO, UM NpeHebpe-
raioT NpH pacCMOTPEHHH IepBHYHOTO 3BeHa B MeXaHu3me OHONOrH-
yeckoro JefcTBHs HOHM3HDYIOWMX H3JyueHuii B OTJHuYHe OT
vabTpadHOJeTOBOTO CBETA, Il€ B OCHOBHOM peub HIeT HWMEHHO O
BO36YXKIEHUH MOJEKYJ/ KHBOH TKaHH.

CpaBHuBast 3p¢heKTHBHOCTb pPalHOAKTUBHBIX H3Jy4YeHull U yJb-
rpahHOETOBOTO CBeTa, NoJyuaeM [0Ka3aTebCTBO Npesasupyoweit
poJlH Tipolecca MOHW3almMu Npu Guosoruueckom Aefictsun. [lefcTBu-
TeJNbHO, B NpOCThIX peakUHsiX, IPOMCXOASIKX, HalpuMep, B rasax,
yABTpa(HOJETOBOE H3JyueHHe He Ha MHOTO yCTynaer Mo CBOeH
5(h(pEeKTHBHOCTH AefCTBHIO PEHTTeHOBCKOro HM3J/y4deHHsl. [Ipu paspy-
LWEHHH KPYMHBIX OpraHHYeCKHX MOJIEKYJ pEeHTreHOBCKOE H3JyueHue
OKasbIBaeTcst ViKe 3sHauuTedbHo Gojee 3(dexTuBHbM. OueHb siBHO
5TO pas/inuue NpOsIBJsSeTcst B TeX OHOJIOTHUECKHX peaKIHsiX, KOTOphie
MOTYT GbITh KOJIHYECTBEHHO H3MEepeHHI.

[Tpu u3amepeHHH HOHM3AWHH OOLIYHO TOBOPST O Napax HOHOB,
npujaasasi ONHHAKOBOE 3HAUEHHE NOJOKHTEJIbHBIM H OTPHIATe/bHbIM
woHaM. C TOUKH 3peHus (pU3MYecKOro u3Mepenuss 06a HoHa AeHCTBHU-
TeNbHO OAMHAKOBH. [TOCKONBLKY, OIHAKO, 3HEprus NpHCOeIHHEHHs
3JIEKTPOHA K aTOMY 3HAUHTEJbHO VCTYIIAET 110 CBOEH BelnuuHe 1axe
SHepruu Bo30yKI1eHHUs!, paBHAbHee OyAeT npeHeOpeub U STHM aKTOM
B3anMoIelicTBHS A/s1 Guojoruueckoro schdekra. B npoiecce HOHH3A-
IMH, cJeloBare ] bHO, BAXKHO He 06pa3oBaHie napbl HOHOB, a 06paso-
BaHYe M0JO0KHTENbHOIO HOHA BbIPHIBAHHEM 3JIeKTPOHA M3 atoMa HJH
MoJIeKyJbl. BelpBaHHBEH 3/1€KTPOH, B CBOIO OUepelb, MOKer 06/1a1aTh
JOCTaTOuHOll sHeprueil AJs HOHH3alUMH. DTa BTOPHYHAS HOHM3AIHS
0 CBOeH npHpoJe HICHTHYHA NepBHUHOH H uMeeT O0JIbIIOe 3HAUEHHE
Its Guosorudeckoro s oexra.

Takum 06pa3oMm, OCHOBHbIMH NEePBHYHbIMHM (DU3HUYECKHMMH aKTaMH
B3aUMOJeHCTBHSI HOHU3MPYIOIUX H3JYYEHHH C XKHUBBHIM BellecTBOM
SIBJSIIOTCS MOHM3alust ¥ Bo30y:K/ieHue. B Guosoruueckux scpdexrax
OCHOBHAst POJib MPUHAAJIEKMT Npoleccy MOHM3aLHH, IpHueM T[Jas-
HbiM 06pasoM, 06pa30BaHMIO NOJOXKHTENLHOrO HOHA, MpPH KOTOPOM
HCIyCKAeTCsi JeKTPOH, CrNOCOOHbIH NPOKRBOAHTh BTOPHYHYIO HOHH-
3anuio. )
I pamoe u nenpanoe delicTéue u3ay4erus u ux COOTHOCUTENbHAS
poae 8 mexanusme Guoaoeuyeckoeo OedcTsus udaydenus. Bropoit
KapAuHaJbHbIH BONpOC MexaHH3Ma OMOJIOTHYeCKOro JaeiicTBUS H3Jy-
YeHHst — 3TO [IYTH BO3AeHCTBHS HOHMSHPYIOWIETO H3JyuYeHHsi Ha KH-
BOe BeumecTB0. B coBpeMeHHOl paguoGHONOruM pasauualoT ABa Oc-
HOBHBIX NMyTH BO3JefcTBHS:

7#
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1) npsiMoe meiicTBHe, NPH KOTOPOM HOHHU3HPYIOIIHE YACTHIbI BbI-
3HIBAIOT BO36GYyXKAeHue HIH HOHH3AUHUIO HEeNOCPeJCTBEHHO B MOJEKyJIe
JKHBOTO BellecTBa;

2) HenpsiMOe, HJIM KOCBEHHOe JEHCTBHE, MPH KOTOPOM NepBHUHAs
HOHH3alKs WM BO36yKIeHHe MPOHCXOAUT He B CaMOii NOBpeXjeH-
HOH MoOJieKyJie, a B MOJIeKyJe PaCTBOPUTEJsi, eciu pedb HiaeT O BO3-
geficTRUM Ha pacTBOpHl. MloHHW3anus pacTBOpHTeNsi, B YaCTHOCTH BO-
Abl, JKHAKOH Ccpelbl TKaHeil ¥ OpraHoB, NPHBOIMT K 06pasOBaHUIO
cBOGOJHBIX PAAHKANOB H NPOMEAKYTOUHHIX XHMMHUYECKHX COeIHHeHHH,
KOTOpble pearupyioT ¢ 0eJKOBBIMH MOJIEKYJaMH H APYTMMH COCTaB-
HBIMH YacTsiMH 06JydaeMol TKaHH.

OGpasoBaBuuecs cBOGOAHbIE paJHKaJ/bl NPUCYTCTBYIOT B pPacTBO-
pe B TeyeHHe OYeHb He3HaUHTeJnHOro BpemeHH. CKOpOCTh MX HCHes-
HOBEHHs 3aBMCHT Kak OT KOHUeHTpauuu cy6cTpara, ¢ KOTODbIM OHH
pearupymoT, TakK H OT YAeJAbHOIH NJOTHOCTH HOHH3auuH. B OGBIMHEIX
YCJIOBHSIX MPOJOJMKHTENbHOCTh CYIIECTBOBAHUSI PalHKaJsoB HCHHC-
JsieTCsi OT THICSUYHBIX 10 MHJJHOHHHX jpoJeii cekyHanl. Takum o6pa-
30M, MOXKHO CYHTATh, UTO NePBHYHbIE XHMHUYECKHe H3MEHEeHHs sIBJsi-
JOTCSt MTHOBEHHBIMHU 1a)Ke B TeX cJyuasiX, KOrjaa OHH BKJlodaloT obpa-
30BaHHe NPOMEXKYTOYHbIX areHTOB.

Bonpoc 0 COOTHOCHTENbHOI POJIH NPSMOrO U HENPSIMOro 1eHCTBHS
B GHOJIOTHUECKHX Peakuusix OpraHn3Ma No-pasHoMy pewaJcs Ha pas-
HBIX Tanax passuTus paauobuosnoruu. o 40-X rogoB rocnojicTsosa-
JH TpeicTaBJeHHs O NPEeUMYIIECTBEHHOH pOJM NPAMOro JeicTBus,
Haulefuue HanboJjee sipKOe BOMJIOLIEHHe B TaK Ha3blBaeMOH Teopul
«MuureHus. Ias 40-x u Hauasa 50-X rogoB XapakTepsa TeHAEHNHs X
IpU3HAHUIO NPEBANHPYIONIeH POy HENPSIMOrO AeHCTBHST HOHH3HPYIO-
mUX u3TyuyeHuil yepe3 paauosu3 BoAbl. B moc/ieiHne roibl HaMe-
yaeTcst BO3BPAT K TEOPHH NPSIMOTO AeHCTBHS, B H3BECTHOH Mepe OCBO-
60K /1eHHOll OT Y30CTH M OrDAHMUEHHBIX PAMOK CTaphiX TEOPUH H yUH-
THIBalomell TO HOBOe, uTO ObLIO HaKoNJeHO palnoCHOJ0TECH 3a ro-
Akl WHPOKOTO HCOOIbL30BAHHS  aTOMHONl  3HEpruH, HanpHMep
Tak HasbiBaeMasi «1u(pdy3uoHHas TeOpus», «TEOPHs MPSIMOro KHCJI0-
poauoro s dekTa» u T. IL

Henpsimoe peiicTBue B OHOJOTHYECKHX PeaKUUsIX HECOMHEHHO Cy-
IECTBYET, YTO MOHSITHO, EC/IH y4ecThb, YTO CpeqHee cOgepxKaHHe BOIbI
B HOpMaJbHBIX TKaHSIX cocTaBasieT 70—80%, a B pacTylluX TKaHsX
emle Goabwe. Bona siBasieTcst pacTBOPHTENEM st MHOIMX BEIIeCTB,
Heo6XOQUMBIX [Jisi HOPMAJbHOH JKH3HENeATeJbHOCTH OpraHH3Ma.
OnHaKO HenpaBbl Te, KTO NbITAETCS II0JHOCTBIO OTPHULATH MPSIMOC
JeifiCTBHEe HOHU3HPYIOUIMX H3JyUeHHH Ha OHOJOTHMYECKH BaXKHbIE CH:
cTeMbl H cy6CTpaThl.

JleificTBUTeNLHO, paclienyenue 1 ¢pparMenTallis KPyNHbIX Gesko-

BHIX MQJIEKYJ H pacnaja CHHTeTHHYECKHX noJuMepoB HabJonaercs He
TOJbKO B pacTBopax, HO H B 3THX Xe BeIlecTBax, Haxogsiluxcst B Cy-

3axkonomeprocTu 6uosvzuneck0z0 dedicTeun uonuUSUPYIOUWUX usiyswenu 101

XOM COCTOAIIMH, Tle HUKAK HeJb3si IPenoaraTh Haiuute KOCBeHHO-
ro aefcTBHs.

O cymecTsoBaHMH NPSIMOTO  nelCTBHs CBHIETENLCTBYIOT TaK¥Ke
ONBITHI C 3¢ eKTHBHLIM 06sydeHueM psina 06bEKTOB B yCAOBHSX IJIY-
GOKOr0 OXJIaXICHUSt H 3aMOPaKMBaHHs (CeMeHa KyKypyshl NPH
—187°, BbICyllleHHble MO BAaKyyMOM MHKPOGH, ADOXKKH H Ap.).
B 3THX C/Iyuasix He NPUXOAMTCSI AyMaTh O HENPSMOM neHcTBuH obpa-
30BaBLUMXCA B pesy/abTaTe HOHH3AUMH PaJHKaNOB, MOCKOJbKY 3aMoO-
paxkuBaHHe NIPHOCTAaHABJAMBaeT XUMUUECKHe MPOLEeCCH, BKJAWYas H
palHKanbHble PeaKuuu, eClin OHH CBsi3aHbl ¢ Anddysueld. Ycrpane-
HHE HeNpsiMOro NeHCTBHs BeleT K 3HaUHTENbHOMY CHIDKeHHIo addek-
TUBHOCTH JeHCTBHs H3Jy4yeHHs, HO He INpeKpallaeT ero MoJHOCTLIO.

OTtpunanue NpsiMOro felCTBHs M3JAyueHust B GHOJOTHUECKUX TKa-
HsAX Obl10 6bl HEMPaBHJILHO yKe [0 OJHOMYy TOMY, UTO B KOHIE KOH-
OB JaXKe HempsiMoOe JefCTBHEe HAYUHAETCSI C NPSAMOrO AeHCTBUS H3-
JyYeHHst Ha MOJIeKYJbl BOAB HJIH APYTOro PaCTBOPUTENS.

Hokaszareavctsa nHaruusa Henpamoeo OeticTeus usayvenus. K Ha-
CTOSIIEMY BPEeMEHH HaKOMUIOCh yXKe NOCTaTOYHo (PaKTOB, TOBO-
pALIBX B MOJIb3Y HENpPSIMOro jeicTBUst u3ayueHus.. BepHee, B pa-
AHAUHOHHOH XUMHH M GHOXMMHH, a TaKKe NPH BO3NEHCTBHH H3Jy-
yeHuil Ha GuOJOrHYecKkHe OG'bEKTHl MHOTHE SIBJEHHS MOTYT OHITh I0-
HATHl TOJbKO B CBETE HENpsiMoro geiictsus. K HAM oTHOCsiTCR «3()-
ekt 3amuthl», «3PhEKT pasBeneHHs», <«KHCAODOAHBIN 3(dexT»
H 1p.

«Ipexr pazsedenus». OpHuM u3 Nepsblx Hanbogee yGeguTeNb-
HbIX J0Ka3aTeNbCTB HENpPSIMOrO NeHCTBHS HOHH3HPYIOMMX H3Jyue-
HHH sBJSIeTCs TAaK HasblBaeMbli «3QQeKT pas3BeleHusi», CyTb KOTO-
poro 3akmalouaercss B cienyomeM. [Ipu npsMoM gefficTBHM 4HCJO
HHAKTHBUPOBAHHEIX MOJIEKYJl OOJYY4eHHOro BellecTBA 3aBHCHT OT HX
KoJqHyecTBa B O6/yueHHOM o6peMe u GyleT NpONOpPLHOHAILHO KOH-
ueHTpauuu. [Ipu HempsAMOM [efiCTBHH 4HC/I0 HHAKTHBHPOBAHHBIX MO-
JIeKyJT He 3aBHCHT OT HX KOHNEHTDalWH, Tak Kak 0PH JaHHOH 103e
oGsyyeHus: 06pasyercst onpeneseHHoe NOCTOSHHOE YHCAO PagHKaJloB.
OTO npuBeer K TOMY, 4TO OTHOCHTEJbHOE YHCIO0 WHAKTHBHDOBAaHHBIX
MOJIEKyJl — NpPONEHT MHAKTUBANMH — yMEHbLIAETCsl NPH yBeJHUYEHHH
KOHLeHTPAUKH, T. €. HauGoJMblue OTHOCHTEJbHbE H3MeHeHHs 6yayT
Ha?moﬂarbc;{ B J0CTaTo4HO pasbasieHHom pactBope. [Ipu mpamom
AeHcTBUH, Hao60pOT, npu M000H KOHUEHTPallMH OTHOLIEHHE 4xCJa
M3MEHEeHHBIX MOJIEKyJ K o0leMy UHCJIy HX OJHO M TO XKe, T. e. Mpo-
LeHT MHAKTUBALUN NOCTOSIHEH NPH  NaHHOK p03e. 3aKOHOMEPHOCTH

HHaK:TZPéBauHH IIPH NPSIMOM U HeNpsiMOM JeHCTBUY HATJSiAHO BHAHBI U3
puc. 26.

U3 ﬂpHBen@I—{HbIX CX€M BHJIHO, UTO C NOBHILIEHHEM KOHLEeHTpauuu
1Py NPSIMOM JEHUCTBUU YHCJO HHaKTHBHDOBAHHBIX MOJEKYJ UJH Op-

TaHU3MOB HapacTaeT, a npu HenpamoM (puc. 26), Hao6opor, ocTaer-
Csi noutu nocrosHHbIM. O6paTHast KapTHHa, KaK U CJAEN0BAJ0 OMKH-
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naTth, Habaogaercs npH OLleHKe 5((eKTHBHOCTH B NPOLEHTaX HHaK-
THBMPOBAHHOrO Marepuania (pHC. 26). ?To [I0Ka3aHO Ha pacTBOpax
Pa3IuUHBIX BelIECTB M XKHUBHIX GaxTepuil.

Hapywenue noCTOAHCT8A UOHHOZO geixo0a. JloKa3aTelnbCTBOM
HENpsIMOTO NefCTBHS U3JYUeHHs SIBJIsETC TaKKe HapyluieHue no-
CTOSIHCTBA MOHHOTO shiX0Ja, KOTOPBI AJsi O4EHb CHIbHO pa36aBieH-
HBIX PacTBOPOB, IOpsJKa 105 — 1078 soas/a, oKa3plBaeTcs HHXKE,

Npampe

06

e / Henparoe
'I
! /
Honyenmpayus anmubrozg mame- KoHyenmpayua anmubroc mame-
puana 8 pacmbope puana 8 pacmbgpe

#P/ZQ% 00

Yucno monewyn
unu OpeaHUIM

Npoyenm unarmubayuu
npu Bawnod 0ose

Puc. 26. et «pasdapienis»

yeMm NpH CPeJHHX KOHIeHTpauusix. IT0 ObLIO OTUETAHBO NMOKA3AHO
Jeittom Ha (epMenTe Kap6okcunentunase. MoxHO npeanosnararh,
YTO NPUYMHOM ITOrO siBIseTcs PeKOMOHHANMs pajHKa/oB, HaunHAlo-
11asi NPOSIBASATLCS NPH CHABLHHX pasBeleHHsX, MOCKOJbKY B TAKHX
pacTBOpPax KOAMUECTBO PAAMKaJIOB [PeBANUPYeT Haj KOMHYeCTBOM
MoJIeKys pacTBopeHnoro BemectBa. [Ipun  ouenb MaJiol KOHUEHTpa-
WHH MOJIEKYJ PACTBOPEHHOrO BELIeCTBA PalHKaJsbl €Il A0 CTOMKHO-
BeHHs! ¢ HUMH MOTYT BHOBb pekoMmOuHupoBaTb. [lpu cpeaHuX KoH-
[eHTpaUusiX — BOJIOTh NPHG/IH3UTeNbHO 10 159 KOHUeHTpauuu pac-
TBOpa, T. €. A14 O4YeHb MHPOKOIo nuana3oHa, BeposiTHOCTb pBKOM6H
HalHK PaguKag0B HACTOJAbKO HHUTOXKHA, UTO HOHHBIH BBIXOJ OKA3bl-
BaeTcst MOCTOSIHEBLIM, [1pH KoHUEHTpauusx Bhiwe 15% 3aMerHoe 3Ha-
yeHue HayuHaeT npuoOperaTbh NPsMOE JEHCTBHE H3JIyUeHHs . Onucas-
Hasi 0cOGEHHOCTh HENpsMOro AEHCTBHS H3AYUeHHH BCTPeHaeTCs HOT-
na B AWTEpaType Takxke N0OJ HasBaHueM 3¢dexTa pasBeeHus.
Sppexr sauyuror. CymecrserHoll XapaKTepHCTHKON —HENpPAMOro
AeHCTBHS H3JyUEHHS SBJSIETCS TaK Ha3plBaeMblil «3((PEKT 3alHUTh».
CyTtb ero B caepyiomeM. CBoOoMHbe  paddKadbl, ofpasyloume B
BOJIe, SIBJASIIOTCS BBICOKODEaKTHBHBIMH M JaJ1€KO He BCeraa Crem-
¢uynbivu. Ecan 1o6aButh B 06jyyaeMmblii  pacTBOp Kakoe-n1u6o Be-
1IecTBO, cnocofHOe pearuposaTh ¢ pafMKaslaMH, TO CO313€TCs CBOE-
06pa3Has KOHKyDeHLHs MeXx1y HUMH H [epBOHaYasnbHO pacTBOpel-
HbIM BEIeCTBOM, H B KOHEUHOM cyeTe OKa3blBaeTcs, YTO KOJUYECTBO
MocaeHero, BCTynaoee B peakuuio, ymerpwaercst. CriegoBaresb:
H0O, eCJM BeJHYMHA MHAKTHBAUMM HJIH JpYrHe XMMHUYECKHe H3MEHEHHs
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yMEHbLIAIOTCS! IPH A06aBJEHHH [OCTOP OHHHX BellecTs, TO 3TO MOXKHO
OGBACHUTL TOABKO HenpsiMbiM peficTBHem H3ayueHus. [Ipu npsiMoM
neitctBum npubasieHde APYrHX BelllecTB K PacTBOPDY He NpPHBOILHJIO
5u K 3amuTtHOMy 3¢dekTy. OXpaHUTeIbHOE N€HCTBHE OCYLIEeCTBJsSEeT-
cst He TOMBLKO f06aBKOi MOCTOPOHHHX BelllecTB. KOHKypeHLHst MOXKET
6HTh O6yC/AOBAEHA YiKe INpopearupoBaBlueii 4YacTblo 00Jy4eHHOro
BellleCTBA B COOTBETCTBHH C OTHOCHTEJNbLHBIMH KOHUEHTPAUHMsAMH If B
34aBHCUMOCTH OT OTHOCHTEJNLHOTO CPOACTBA Ka)KJOro U3 HaXOAsIIMX-
cs B pacTBOpe BemecTB. B 3TOM mociegHem ciayyae KpHBAsi 3aBHCH-
mocTd s¢dekTa OT 103H («A030Basi» KpuBas), OToOpaxalomas
YHCJIO OCTABIUMXCS HEMOBPeXJeHHHMH H3JydYeHHeM MOJEKyJ, HMeeT
SKCIOHEHNH aJbHBIH XapakTep.

3asucumocrs 3gexra obayenus or pH u Temneparypet. K Bechb-
Ma BaXKHBIM XapaKTepHCTHKAM HENPSMOro JeHCcTBHS H3JIYyUeHHs Cle-
JyeT OTHECTH Pe3KO BhIpaXKeHHYyI0 3aBHCHMOCTb 3ddeKTa o61yueHust
ot pH cpeasl u ot Temnepatypbl. [Ipu 3aMopakuBaHHH PacTBOPOB U
npu o6ayueHHH OOHEKTOB B YCIOBHSX PE3KO MOHHKEHHOH Temmnepa-
TYphl 3HAUMTEJbHO yMeHbwiaercs 3¢dekr ob6myueHus. ITO Je€rko
o6psicHsieTcst MpekpalleHueM audPy3un pagriKanoB U PE3KUM yMEHb-
[LIeHHeM HHTEHCHBHOCTH HenpsiMbix peakuui. Ob6nydueHne CeMstH IPH
TeMmepaType XHAKOTO BO3JyXa MOKa3ajo 3HaUHTeNbHOe CHUXKEHHe
3¢deKTa Mo CPaBHEHHIO ¢ 0OJyUeHHEM B YCJAOBHSIX HOPMANbHOH TeM-
nepaTypbl gaXe Npu TaKOH CpaBHUTeNbHO GosmbuiOf [03e, KAk
6-10° p.

«KucaopoOusiii 3¢pgext». Becbma yOeanTe bHBIM 10Ka3aTeabCT-
BUM HENDSIMOrO JefiCTBHSI HOHH3MPYIOIMX H3JAy4YeHHH sBAsieTcs Tak
Ha3hBaeMb «KucJaopogHbiil 3Gdexrts. CyIHOCTL €ro 3akjaioyaercs
B ToM, 4TO 3P@eKTHBHOCT AeHCTBHSI HOHH3HPYIOIIMX H3JyYeHHH
B 3HAUMTENLHOH Mepe 3aBHCHT OT KOHIEHTPalMHu Kucsaopoga B 00J7y- .
yeHHOM O6beKTe MJH B OKpyxatoulefi ero cpexe. Kak npasusno, npu
VMeHbIUIEHHH KOHIEHTpalHil Kic10pona 3 PeKTHBHOCTh AeHCTBHS H3-
JIyYeHHH CHUIXKAeTCs M, Hao60POT, C NOBHLEHHEM KOHIEeHTPAWIIH KHC~
J10poga 10 onpejeseKoro npeaena sospacraer. [lpi yuere pomn
Kucaopoaa B 00pa3oBaHuM pagukanos, ocobenko Haubonee gedcCT-
genHoro u3 Hux — HO, (cM. cxeMmy paguodusa Bogbl Ha cTp. 104),
CTaLlOBHUTCS MOHSATHBIM CaMO sIBJI€HHE «KHCJIOPOIHOro 3(d@deKTa», uTo
CBHETEJNbCTBYET B MOJb3Yy HENPSIMOro JeHCTBUSL.

B nocJenHee BpeMs MOSIBHJAMChH AdkHble O BAHSIHUH KHCIO0pOAa
TpH NPsSMOM JeHCTBHM M3JYUYEHHS, a TakxXKe NPU ero n00aBieHHH K
06beKkTy nmocse 06JayyeHusi. ITO TOBOPUT O HAMHUMH KAKHX-TO HHBIX
1lePBHUYHBIX POLECCOB B MeXaHH3Me GHOMOTMYeCKOro MNedCTBUS H3-
NyueHHsl, TOMHMO PaAuOMH3a BOMbI, KOTOPblE, OTHAKO, HUCKOIbKO He
YMansoT 3HaueHHs1 «KHCJA0poaHoro adexkray B OOLIYHOM €ro MOHH-
MaHHUH.

[fonBOAS MTOrH, MOXKHO CKa3aTb, 4TO «3(pdeKkT pasBeseHus»,
«3((eKT 3aIUThI», <KUCTOPOAHHH 3PdeKT» u ap. HE OCTABASIOT CO-
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MHeHUi B HAMMUHH HENpsSIMOTo NeHCTBHS HOHM3HDYIOUIHX H3JayueHHH.
OnHaKo TYT e BCTaeT BONPOC © Mpupoae TexX NpOMeKYTOUHBIX NpO-
AYKTOB HJIH MenaTopOB, KOTOPbIE OCYLIECTB/IAIOT HENpsMoe neficr-
BHE.

[pumeprasn cxema paduoiusa 80061, T1OCKOJIBKY OCHOBHBIM pac-

THOPOM B GHONOrHYECKHX TKaHAX ABJsETCA BOAd, ecTeCTBEHHO, UTO
;15 IOHMMaHHS NMpPOLECCOB, NPOUCXOMSIHUX  TIPH KOCBeHHOM JeHcCT-
BHH W3JyueHHsl, HeoOXOAUMO B NepByIo OUepelb OCBETUTH 3aKOHOMED-
HOCTH AeHCTBHS HOHHM3HPYIOIIHX uadyueHuii Ha Boly. [To BOoJTHE NO-
HSTHBIM NPUYHHAM 3Ta IiaBa paAMalMOHHON XHMHH, CBs3aHHas C
sjepHoil TeXHHKOH (Bola Kak 3aMeaJauTeNb, KaK OxJaauTeap B BO-
JSIHOM peakTope M T. J.) NpuBJIeKsaa K ceGe B nocJegHue roibl 60Jb-
[Ioe BHUMAHHe H UMEHHO 3TOMY Mbl OGsi3aHBI TEM, 4TO B CyILecTBO-
papiuee B 30-rogax HeCKOJbKO PAac/biBYaTOE MOHATHE «aKTHBHPO-
BAHHOH BOIbI> MOXKHO BJOXKHTL Gosiee i MeHee KOHKDeTHOe conep-
KaHHe. :
JleficTBie u31ydyeHus Ha BOAY COCTOHT H3 BO36YKJEHHsT M HOHII-
3auuu MoJeKya Boabl. [Ipu Bo3GyXKaeHuu MoJeKy.a BOJbI JIETKO pac-
nagaercst Ha wonnl OH u H. Tak Kak 0o6a paauKana HaxolddTcs B
HEenocpeCTBEHHOM COCeICTBe MEXIY co6oii, To OHHM TOTYaC )K€ BHOBD
COEMHSIOTCS B MOJIEKYJy BOIbL.

Wnaue o6cToOUT A€J0 NPH HOHH3AUUH BOJBL HoHusanusi MOJEKY-
bl BOJAbLI IpEBpalllaeT ee B 0JOKUTENbHbBIH HOH.

H,0 -~ H,0" +e¢.

Cau no cebe uok HoO 1 crabuisieH, Ho B NPHCYTCTBAH BOJKI NPOHC-
XOoQMT aucconuauusi ¥ ofpasyercs HOH BOLOPOAA H THAPOKCHJIbHBIIL
pajgukad:
H,0* — H* 4+ OH.

Cyab6a 3J1eKTPOHOB, BbIPBAHHBIX U3 MOJIEKYJ BOALDI, MOXKET Obllb
1 BosiKoi. [lepemecTHBIlNCh Ha HEKOTOpoe paccrosiue B CTOPOHY oT
TpeKa MOHW3HpYOllell YacTHUbl U NMOTEPsB 10 MyTH 3HQUMTEJAbHYIO
yacTh CBOEH SHEpTHH, OHH JHGO 3axBaTbIBAIOTCS MOJIEKYJI0H BOMBL
06pasys OTPHUATENbLHBIH HOH BOAbI H,O-, KoTOpblii HeMeIJNeHHO

BHOBL JHCCOHHHDYET:

H,0 + e~ H,0~ - OH™ +H,

siH60 3aXBAThIBAIOTCS MOJOXKUTEJNbHBIM HOHOM BojOpOma, O06pasys
aTOMapHHIH BOJOPOL:

HY 4+ e - H.

3axonomeproctu Guorveuneck0zo OelicTeus UORU3UDYIOWux u3sywenud 105>

. Taxum o6pa3oM, o6aydyeHHEe BOABI B KOHIle KOHLOB INPUBOAHT K
0Gpa30BaHUIO PaIHKATOB OH wu atomapnoro Bogopoaa, o61a1aomHux
60MBIIOH PeakKHOHHOH CNoCcO6HOCTHIO;

H,0 - H 4+ OH". (A}

OnHaKO 5THM He OrpaHWYMBAETCA Uenb peakuuii, BOSHHKAIOLHX B
BOJe Noj AeficTBueM o6JydueHust M MMEIOUMX 3HaueHue AJst OGHOJOrHU-
qu?[K_oro sppekTa usaydenus. Hapsiny ¢ peakuuonsocnoco6ueiM OH
n H', clenyer umeTh B BHAY MPOAYKTH HX B3aUMOJEHCTBUSE MeXaY
co60H, a UMEHHO:

OH' - OH' - H,0,,
. H +H - H,.

CyMMapHBIM HTOIOM IpOLecca pajuoJu3a BOAH fBAAETCS pac-
maj MOJeKysn BOIbl Ha aTOM Bojopoaa u pamukan OH ", a Takxe
ofipasoBaHue MePeKHCH BO10Pola M MoJeKy/spHoro sogopoaa. [Toc-
JejHee MOXeT, MO-BUAMMOMY, TIPOMCXOIHTb ¥ NPH HENOCpejCTBeH-
HOM coejquHeHuu Mexjy co6ofi BO3OyKIEHHBIX H3JyueHueM MoJe-
KyJ BOABIL:

2H,0 — H, + H,0,. (b)

YacTh aTOMOB BOAOPOAA M THAPOKCHJbHBIX PagMKaJOB MOXKET

pekoMGuHUPOBaTh, 00pa3ys CHOBa MOJIEKYJy BOJbI:
H 4+ OH —H,0.

MouiekysipHble IPOAYKThI PeaKLH, (B) MOryT ypansithcs B pe-
3yabTaTe B3amMoOjeHcTBHst ¢ pajuKanamu, Oo6pasywoumMucs OpH
peaknuu (A):

H.,0, +- H - H,0 + OH";
H,+ OH - H,0O-+ H".
OpHOBPeMEHHO MODPYT NMPOTEKaTh peakiui, NPHBOIsule K 06pa3o-
BaHIIO KHCJI0POAA:
H202 -+ OH — HQO - HOg,
HO, -- OH — H,0 + O,;
L HO .
HO;, +- HO, > H,0, + O,;
_ .
HO; +- H,0, — H,0 + OH" + O,,.
Kucsopox, B cBolo ouepeab, MOXKET BCTynaTh B peakuuio ¢ aro-

MapHbIM BOJOPOAOM:
0, + H - HO,.

Paagukan HOg, pearupys ¢ atomMoM BOpopoja, J1aeT MepeKHCh

Bogopona:
HOZ + H - HzOz.
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B pesyabraTe nprBeJeHHbIX peakuuil B 06jivuaemoii Boje o6pa-
3yIOTCSt THAPOKCHJBHBEIE PajHKabl, MEpeKuch BOAOPOAa H THAPO-
NepeoKuch — -CHJAbHbE OKHCAHTENH. KOJAHYecTBeHHBIH BBIXOH 3ITHX
BelecTB ONpejensieTcsi KHHeTHUECKHMH COOTHOUWEHHSIMH — MEXIy
NpOTeKAWIUMH peaKUHsMH H 3aBHCHT OT CBOHCTB M3JyYeHHi H
yCa0Bui 06/y4eHns.

B u3J0)KeHHOil Bpllle CXeMe pajaHO/u3a BOAbLl OOBIUHO MNpPAHHU-
MaJoch, UTO MpONECcC 3axBaTa 3JEKTPOHA IMPOUCXOAUT HA 3HAHH-
TeIbHOM PacCTOSIHUM, NMOpPsiAKa 15 MMK OT MeCTa NMepBHYHOH HOHH-
3alluy, e HAXOAWTCs NepBUYHBLIA HOH. Pacnpepenenue paankasio
B o6meM npeacraBJsioch KaK KOJIOHHA, IEHTpasbHasi cepilesHHa
Kotopoil cocrostia u3 OH-pangukanos ¢ MakCuManbHOl HX KOHIEHT-
pauuell mo ocH, OKPYXXEHHbIX BOJODOAHBIMH AaTOMaMHu B MeHbUIel!
KOHLEHTpALMHU, KOTOpble paclpenesieHbl BHYTpH WWJIHHApA paluy-

o

.coM okomro 100 A, a ero ocb — 3T0 NyTh HOHM3HPYIOIEH YaCTHHBL

Ha u3BecTHy!0 yIpOINEHHOCTL 3TOH CXeMbl, OTpHLAIOWeHd POJb
KyJIOHOBCKOI'O 1OJst U BO36GYXKJeHue MOJEeKyJs, HeOJXHOKpaTHO VKa-
3LIBAJIOCh, HO BCe JKe M3JIOXKEHHble Bbllle MPEeACTABJEHHs He MOA-
‘Beprajuch COMHEHHIO.

B nocaenHue rofbl CTafu CKJAaAblBaThCst HECKOJbKO HHbIe Npel-
cTaBieHust O npoueccax paguoausa. Marm mopcumras, 4YTO B BOAC
sa1ekTpon B 10 38 «TepManusyercsi» (gocruraer sHepruu k1) B
10—!3  cek. u MOXKeT NepeMecTHTbCs 3a TO BpeMs TOJbKO Ha pac-

crosiiue B 20 A. Ha Takom paccTOstHHH KYJOHOBCKOe [oJie MpOojo.-
’KaeT JeHCTBOBATh H 3JEKTPOH BO3Bpainaercs o6paTHO K CBOeMY
TOJIOKHTEIbHOMY HOHY, KOTOPbIM OH 3axBaThiBaercs, 00pasys BHI-
COKO BO36YyXKJIEHHYI0 MOJEKyJay BOIbl, AHCCOLMHPYIOUYIO Ha BOJO-
POMHBI aTOM H THAPOKCHIbLBIH paaukan. IlockolbKy B cpexHeM
MOJOXKHTeJbHble HOHBl 06pa3yloTcst NyYKaMy Ha M3BECTHBIX pacCTo-
SHUAX OIIH OT APVTOTO, HanoMuHas YeTKH C pacnpejeseHHeMm v3-
J10B IpONOPUHOHAABHO JHHEHHOMy pacxoay 3sHeprun ' (KaXiblid
y3eq ComepXHT B paBHoM KosudectBe H-aromel nm OH-pamukaisi),
yepe3 10~13 cek. nmocae o6pa3oBaHust My4yKH pPaJMKa/a0B HAUMHAIOT
pacxonnTbcsi B pedyabrate muddysun. Honmyckas nojsHoe HCYE3HO-
BEHHE PAJUKajOB MyTeM COEIHHEHHS (2H—Hy u 20H — Hy0), a

! TepmuH «iuHelinbii pacxop sHeprum» [JIPD — LET — Linear Energy
Transfer] npepnosken 3a pyGeOM BMECTO TepMHHOB «yJelbHast MOHH3AUHs» WM
«JHHeflHas NJAOTHOCTh MOHH3ALHH», XapaKTepU3yeMHIX KOJHYeCTBOM Nap HOHOB H2
eMHHIY AJHHBI MYTH MO CAeAyiolluM MOTHBaM. B To BpeMs kak B ra3ax xo.mie-
CTBO Nap HOHOB MOKeT GHTb OnpeleseHO NPSMBIMH (PU3HUECKHMH H3MEPEeHUSMH, B
TKaHSIX 3TO OLEHHBAeTCs JejeHHeM BCeil NMOr/JoleHHOH Ha eJHHHIly NYTH HOHHU3N-
pyiolllell 4acTHubl B TKaHSIX SHEPIHH Ha KOJHUYECTBO SHEPruH, 3aTpauuBaeMoil Ha
obpasopanne napbl HoHOB, OHAKO 5Ta HOC/IeIHsisl BeMHUHHA I/l TKaHedl Heuwssect-
Ha (a7 po3fyxa oHa paBHa 32-—35 3s). Kpome Toro, TepMHH «ylenbHas HOHH3A-
UHSA» COBEPUIEHHO HCKJI0UaeT MHC/Ib O BO30YXIEHHBIX MOJEKysaax, pojb KOTOpPBIX
B MexaHu3Me GHOJOrHYeckKoro AefcTBHsI H3JyueHHH HeonpasJaMHO HrHOPHPOBaNaCh.
JluHeHbH pacXxof 3HepPril BbIPAKaercsl KOJIHUeCTBOM K38 114 MHKPOH NyTil
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takxe nyreM pekomGuHamuu (H + OH-—H20) n npeanonaras,
4TO BCe TPH KOHCTAHTHl CKOpOcCTell, a TakxKe CKOPOCTH IH(POY3UH
060HX paaHKaJOB OAMHAKOBBI, MOXKHO NPHHTH K CIelylollHM 3akK-

_souenusiM. Hla paHHMX cragusix pacnpocTpaHeHHs AOBOJBHO 4acro

6yjeT NpOHCXOHTh NapHas pekoMOuHALMs panHKaJ/OB, HO €CJH 3TO
He npousoutso B 10~%cek., To nuddysuss paavkana 3aijeT HaCTOIb-
KO JaJIeKo, YTO MaJio BeposiTHAa ero BCTpeya JaKke C pPajHKajoM TO-
ro e nyuka. [Ipoueccsl KoMGuHanun u pekomGuHanun Oyayt OT-
JMYAThCS B 3aBHCHMOCTH OT BHJAa H3JY4Ye€HHs, BepHee OT IJIOTHOCTH
noHuzanuu (cM. ctp. 115).

[Tpupoda npomexcyrounblx npodyKTos, obecnedusarOuux HeLps-
moe Oedcrgue uszayderus. BoisiBleHue mMpHPOIb NPOIYKTOB pPajauoO-
JAn3a BOJbl elle He 0O3Hayaer, UTO UMEHHO uepe3 HHX OCyIECTBIASET-
cs1 HEmpsiMOe JefiCTBHE H3JyUEHHS M YTO 3TH OKUCIMTENH SIBAAIOTCH
TeMH MeauaTopamu, KoTopble 06ycaaB/iuBalOT NEpPBHYHBE Deakillu
B Lenyd MexaHu3aMa OHOJOrMYecKOro AeHCTBHs M3JyYeHHH. DTO Tpe-
Gyer noKasarenbcrBa. Haubosee yGenuTenbHbIM [10KAa3aTelbCTBOM
SIBJASIIOTCS. Pe3yabTarbl BO3JEHCTBHS HA DAacTBOPHI PA3JIHUHBIX Be-
eCTB PeHTreHOBBIX Jyuell U TaK Ha3biBaemoro ()efHTOHOBCKOro pe-
aKTHBA, B KOTOPOM XMMHYECKHM MyTeM NOJydaloTcst MHAPOKCHIbHbLIE
pamukann OH:

H,0, + Fe** - Fe** +-OH™ -1-OH..

B ToM u Japyrom cJaydae, 7. e. IPH PEHTFeHOBCKOM OOJiydYeHHH H
Npu Bo3geHdcTBuN (PEHHTOHOBCKOrO peaKkTHUBA, MOIYyYalOTCs OJAHHAKO-
Bble NMpOAyKThl B OoOsee MM MeHee OJMHAKOBBIX KOJMYECTBEHHBIX
COOTHOUIEHHUSIX, NpHYeM NpPHPOAa NOJydaeMblX MPOILYKTOB TOBOPHT
06 00s3aTe/IbHOM y4acTi B uX 06pa3oBaHMH THAPOKCHABHBIX TPy,
Tak, npu 06/yuyeHun HachbleHHbIX pPacTBOpOB GeH3osna 00pa3yloTcs
denoa, puderna u TpudeHHa. AHanoruuHbie pe3yJabTaThl ObLIH MO-
JyueHbl M NpH Bo3gelicTBUH (eHHTOHOBCKOro peaktuBa. [lenoiauMe-
pH3anus ¥ IPOAYKTHl paciueleHust 1e30KCHPHOOHYKIEHHOBOM KHC-
J0TBl B BOAHOM pacTBOpe Oblau OJMHAKOBBIMH KaK Npu 0OJy4eHHH
PEHTreHOBbIMH JydaMH, TakK W nog JeficTBueM CBOGOIHHIX TiHAPO-
KCHJbHBIX paauKasaoB, 06pa30BaHHBIX B (eHHTOHOBCKOM peaKTHBE
npu BoocraHosierun HoOp nonamu Fe?'.

O poau paaMKaaoB B HENPSMOM IeHCTBHH HOHM3HDYIOIMX H3Jy-
uenIili POBOPUT M KHCAOPOIHbIH 3 derr. CHHKeHHe 3] (PeKTUBHOCTH
BO3JeHCTBHA 'M3JIYUEeHHS NPH yMEHbUICHMH KOHUEHTPAUMH KHCJIOPO-
aa B ob6ayuyaeMoil cpefe OObsiCHseTCsl HMEHHO TeM, UTO BHIXOJ O1-
Horo u3 HauGosiee peficTBennbiXx panukanos — HO, obaanarowero
BpeMst OKUCJIHMTE/IbHBIMUH 5KBHBAJEHTAMH, 3aBHCHT B 3HauuTeNbHOH
Mepe OT KOHIEHTpauHu Kuciaopoga B o6aydaeMoM oObeKTe,

Bonee Toro, npu GuosorudeckoM AeHCTBHM H3JAyYeHHH B OTJIH-
yge OT BO3JEHCTBHSI HA PAacTBOPbl HEOPraHHYEeCKHX BemlecTB M HH[H-
EHAYaJbHLIX OpraHu4ecKHX COeJHHEHMH pe3Ko npeob.1ajlaloT OKH ¢-
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JuTedAbHLIE peakilluu, O6ycJOBJeHHble, CKOpee BCCrO, HaJH-
unem OH, HO,; u HyO,. XapakTep npoayKTOB paciuenjeHus HyKJeu-
HOBBHIX KHCJIOT NpH uX O6JVUEHHM YKa3blBaeT Ha pa3phbiB BOAODOI-
HBIX CBsi3eif, UTO MOXKHO NPEACTABUThL KaK okuciaeHue. To xKe MOXHO
ckasaTb 4 00 06.aydeHuyn GHOJIOTHYECKH BaXKHBIX cOelnHeHHH, coxep-
Hamux cyAb(rugpuabHbie Tpynnel, B Kotopux SH-rpynnel nepe-
XOAST B S — S-Tpymnisl.

CymiecTByeT MHEHHE, 4YTO BS3KOCTh PaCTBOPOB JAE30KCHDUGOHY-
KJEHHOBOH KHCJAOTH 006yc/lOBleHa BOLOPOIHBIMH CBSI3SIMH MEXAY
aMUHO- M THApOKCHJAbHBIMH TpynnaMu. OKHc/eHHe ¢ NOMOubIO pa-
IMKaJoB NOBeJeT K pa3phiEy BOJOPOAHBIX cBfA3el M, CAEI0BATENbHO,
K CHUXKEHHIO BSI3KOCTH, 4To U Habsioxaercst npu 06JyyeHHH pacrBo-
pOB 1e30KCHPuOOHYKIeHHOBOH KHCJOTHL.

Hoentuukayus padukarog u ux oTHOCUTEAbHAA POAb 8 3pgek-
Te uzAy4eHus. JlaHHbie cOBPeMeHHOH PalHOJOTHM TO3BOJSIOT He
TOJbKO yCTAHOBHThb POJIb PajMKa/a0B B NMEPBUYHOM MeXaHH3Me ouo-
JIOTHYECKOro AeHCcTBHS M3JyUyeHuH, HO U AalOT BO3MOXKHOCTbh OLEHUTh
OTHOCHTEJNbHYIO 3¢ GdeKTHBHOCTh OTAENbHLIX PaJHKaJ0B H HX IPOH3-
BOJIHBIX.

o nocneguux jet 60ablioe 3HaueHHe B GHOJOTHYECKOM JeHCTBHI
u3JIyueHust MpUIaBaNoch NepeKHcy BOJIOPOAA, CUHTABIIEHCs CBOE0O-
pa3sHbIM SIIOM AJst XKMBOTO BeliecTBa. JTO, sKOOHI, MOATBEPXK 1aJ10Ch
TeM, UTO NepeKHchb BOLOPOAa BHI3bIBajsa, B YacTHOCTH y OaKTepHii,
TakHe e u3MeHeHus, Kak u o6aydeHue. [Ipn 3TOM, 0aHAKO, ymycKa-
JOoch M3 BHJAy, 4TO Npu CpaBHeHHy IepeKuch Bojopoia Opanach B
ropa3 o 60abIINX KOHUEHTPAIHMAX, YeM Te, KOTOpble NoaydalsTcs NP
o6ayueHuys. COBpPeMeHHbic B3IMVIsibl Ha OKMCJHTENbHO-BOCCTaHOBH-
TeJbHBle NPONECCH ¥ BCe BO3pacTalomiee Npu3HaHHe POJAM U 3Hade-
HMSI B 3THX npoueccaX cBOGOAHBIX paauKaJjoB He COBMECTHMEI €
npejacTaBieHusMy O GOJbIIOH poJau nepexkucu Boaopoga. B OTcyT-
CTBHe KaTa.1H3aTOpOB NepeKHCh BOAOPOAA — CPABHHUTENbHO CaadHlii
OKHCJIMTENb, HECMOTpSI Ha CBOH OTHOCHTEJNbHO GOJbLIOH OKHCAHTENb-
HO-BOCCTAHOBHUTEJbHBLIH NMoTeHuuan (g = + 0,68) Tuna MmoJaekynasp-
Horo xucsaopona (eo = +1,22). Ha caMom nese MHOroe H3 TOro, 4ro
NpUNHCHBAJOCh MepeKHcH BOJ0POJa, OTHOCHTCS K T'HIPOKCHJBHLIM
pannkanaM, o6pasyomumcst npu A06aBieHun K nepekucy FeZt uian
Cu. OxucleHue MUPOTanoNa, CaXapoB, HEKOTOPHIX MKHPHBIX KHC-
JOT, afdKOrojed M aMMHOKHCJI0T 0O0bsicHsieTcst noOaBiieHueM cOJeil
xkene3a K HpO,, BeencTsue yero o6pasylorcsi Takue e PajuKajbt
OH, xax u npu o6ayueHuu. To Ke MOXKHO CKa3aTh U 06 H3MEHEHHU
CHeKTPOB NOIJIOWeHusi GeJKOB U OKHMCJEHHH A€30KCHPHOOHYKJIEeHHO-
BOHl KHMCJOThL. BOJHBIE pacTBOpbLl TJIIOTaTHOHa, (GepouuToxpoMa,
3H3MMOB, COJeDPXKAaIHuX CYJAbPruipuibHbe FPYNIL U APYTHE COemH-
HeHu s, JIerKO OKuCJsIomuecst npu 06aydeHHH, He OKHCJSIIOTCs Mepe-
KHCbIO BOLOpOLA B OTCYTCTBHE HOHOB HEKOTOPHIX METaJIJIoB.

3akonomeprocTu 6uonoeuneckozo dedcreus uonusupyroujux ussyuenud 109

OTcyTCTBHE HEMOCPEACTBEHHOro NeHCTBHsI NepeKucu: BOA0pola
OTMEUeHO He TOALKO [Jisi YKa3aHHBIX Bbllle GHOJOTHYECKH BaXKHDLIX
COeJMHEHHH, HO u AJs TAKMX CJAOXKHBIX OGHOMOTHYeCKHX aKTOB, Kak
AbIXaHHe 3apOoiblLIeBhIX KJAETOK Mopckoro exa. HyOp B KOHUEHTpa-
wuu 5 X 1075 moa/a, coorBerctaytomieit Boixoay HoOp npu ob6myuennn
xo30ii B 100000 p, He BiusieT HAa JblxaHHe 3THX KJETOK, B TO BpeMs
KaK caMa 9Ta J03a M3Jy4eHusi IOJHOCTbIO Npekpamiaer IAblXaHuwe.
B psize apyrux ciaydaes KoHuentpamuu HyOp, Bo MHOPO pas npesbl-
walpomye T¢, Kotophle 06pasytores npi 06.IyyeHHHt, TaKXKe He Aasa-
Ju 3pdekra.

depMeHT KaTanasa paspyliaer nepekucb sogopoma. Iloatomy
ero npubasiente K 061yyaeMOMy PacTBOPY AO0JXKHO CHH3UTh 3(dek-
THBHOCTb 06JyueHusi, ecsid 06pasylomascs npy 06JyYeHnu Nepekuch
BOJOpOA AelCTBUTENbHO ydacTByeT B 3ddexre obayueHus. ITOT
METOJ HaeT BO3MOXKHOCTb OUEHHTh OTHOCHTeNdbHyI0 posab HyOp B
3ddexTe obayueHuss U gaxke HCKJIIOUUTbL ee YUaCTHe.

Poab pagukana OH ycranaBnnBaeTcst npu oOJdydeHus pacrBo-
por B GeckucmopoaHoil cpefe. Tak kak ans o6pasosanust OH kuc-
ngopona He Tpebyercs (B oraumuie or HOy), To Hanmyue peakiiuu
NpH TakoM O6JyueHIH yka3biBaeT Ha ydactue OH.

Takum 006pa3oM, NOAb3YsCh CIeYIOUIMMH METOAHYECKHMHU [pie-
MaMH, MOXKHO YCTaHOBHTL OTHOCHTEJbHYIO POJab OTAEAbHBIX PalH-
KaJor B 3(pdeKTe ACHCTRUA H3JIYUEHHH:

1) sddext B GeckuCIOpOIHOH CPele rOBOpUT 00 AKTHBHOI poO-
aun OH, kotopas MoxkeT GHTb 0ITBEpXKIeHa BO3JIEHCTBHEM XHMH-
yeckn 0Opa30BAaHHBIX THADOKCHJBHBIX paldUKAaJOB;

2) Haauuwe >ddeKxTa v ero HapacTaHie B NMPUCYTCTBHH KHCTO-
pOla FOBOPHT O BO3JEHCTBHH HO, u H,0,:

3) manmude 3ddekra B NpHCYTCTBUN KaTaja3sbl, paspyliatoueil
H,0, 1 GoJsee HAM MeHee YCTOHYMBOH K OOJydyeHHIO, HCKIIOUaeT
vaactiie HyO u MoKer ObITh NMPOKOHTPOTIPOBAHO HEMOCPEICTBCH-
unlM Bo3geficteuen HyOs.

Tax, ofaydeHue MIIOTaTHOHA NMpH OTCYTCTBHM KHC/I0poia INpliBe-
J0 K cHIKeHu1o addexktuBHocTH g0 33% 10 OTHOLIEHHIO K Pe3VJb-
TaTaM 06JayueHusi B adspobHbix yc/oBusx. OO6ayueHne B NPHCYTCT-
BUM KHCJOpoaa ¢ npubaBieHHeM KaTajasbl Aaso 78% ot TOTO, YTO
Hab.11014aJ10Ch 0c3 KaTas1a3bl. OTCIOﬂa MOZKHO 3aK/I0UuTh, UTO IIpH
o6.ayuenun B obmem 3(QQeKre OKHCIEHHs TIIOTaTHOHa 33% uner
3a cuet OH, 22% 3a cuer HyO, u 459% 3a cuer HO,.

[Ipn o6ayyeHuu pPacTBOPOB NMOJUMETAKPHJIOBOI KHCJIOTOH 103011
B 1000 p BsI3KOCTb ee HaNOJOBHMHY CHuXKaercs. B atmocdepe aszoTa
BSI3KOCTh He CHMKAeTcsi, UTO TOBODUT HPOTHB ydactus B addexre
nefcTBUST H3Jy4YeHHs MHAPOKCHABHLIX PaJMKaJOB W aTOMapHOro BO-
nopopa. Ilepekuch BOAOpOAA 1a)e B OueHb BHICOKMX KOHIEHTpa-
uusix He jeicTByeT Ha nosjuMep. Bce 3To cBHJIETEJIbCTBYET O TOM,
uyTo jgeiictBHe u3JayueHust obycaosauBaercs HO, HaoGopor, B mno-
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JAMMepu3alyy MeTaKpUIOBOji KHCJAOTH MO ACHCTBHEM 06 yueHHss
OCHOBHYIO DOJIb HTPAIOT THIADOKCH/IbHbIE PaJMKaJblL

Caenyer uMeTh B BHJY, UTO He Bceria palnkasbl HENOCPEICTBEH-
Ho B3aMMOIEHCTBYIOT ¢ ofayuaembiM cyberparom. HHoria u oxu-
cleHHe H BOCCTAHOBJEHHe Mpu OGJIyueHHH OCYIEeCTBJIRIOTCS uepes
NpOMEeKYTOUHble COeJMHEHHs PalMKaJbHOPO Xapakrepa, HalpuMep
yepe3 OpraHuyecKde IEPEKHCH.

Takoro poja opraHuyeckHe Nepekucu ObumH Jaxe 06HapYXKEHb
(B 1954 r.) B 6yTM/I0BO-aJKOTOMBHLIX 3KCTPAKTAX U3 TKaHej 06.Iy-
UEHHBIX KHBOTHBIX.

Takum 06pa3oM, BO3HHKHOBeHHE B pacTBOpaX OKUCIAAIOMMX pa-
[AMK4JOB siBJfeTcs NepBHYHbIM (DH3HKO-XMMHYECKHM 3BEHOM B LeNH
peakiHil, BOHHKAIOMHUX B XKUBbIX TKAHAX U OPraHax BCJeld 3a aKTOM
HOHH3AUUHU UJdu BO3OYXKAEHHT MOJEKYJI.

Poab yOeabroi NAOTHOCTU UOHU3AUUU 6 Mexanu3ie Guoroeuyec-
Koeo OelicTeua usiydeHuii. 3a nocaelHHe TOAbl, 0COGeHHO B CBA2H
C OTKpbITHEM ATOMHO} SHEprHH, MeHIHMHA u GHOMOrHs 060raTHINCh
He TOJIbKO HOBBLIMH MOIIHbIMH MCTOUHMKAMH HU3JYyUeHHs, HO ¥ HOBbI-
MH BHAAMH H3JIYYEHHS, KOTOpble HCIOJNb3YIOTCH B HAYYHBIX u NpakK-
THYeCKHX LeasX (ObicTpble W MelJeHHble HEATPOHBI, yAbTPAXKECTKOE
PEeHTTeHOBCKOe H3JyuyeHHe, YCKOpeHHbie TszKejbie YaCTHIbl H ap.).
EcTecTBeHHO, EO3HHKAeT BONpOC: ONMHAKOB JH MEXaHH3M ACHCTBUSA
pasHBIX BHIOB H3/y4eHHs, T. € AeHCTBHTCJALHO JIH NPH BCeX H3BECT-
HbIX HaM B HacToOsiee BpeMa H3JYUEHHAX peuyb HIAET 06 HOHH 34 UuHH,
0 palMKaJdbHBIX W APYTHX XHMHUUECKHX, PHIUKO-XHMHYECKHX H 6uo-
XMMHYECKHX H3MeHeHusix, NPUBOJAAMINX B KOHEYHOM cCyeTe K TOMY
WaH MHOMY GHosorIuecKOMY 3ddekTy? .

OHuM U3 HauJAyyliuX MeTOJOB pelleHHst 3TOTO BOmpoca ABJIET-
c# OJHOBpeMeHHOe HCNOJb30BAHHE HA OHIX H TeX e 00beKTax pas-
HLIX BUJIOB 1i3JyueHus. Peub MoXKeT M/ITH, CKaXKeM, O CMEPTEJbUOM
s(pexTe npu Bo3jelicTBUM MOJOBHHHBIMII CMEPTEJLHBIME [03aMi
pasHbIX BUAOB u3aydenus. [Ipun HAEHTHYHOCTH MeXaHH3MA neiicTBHA
NpHMeHeHHbiX BHJIOB H3JyUeHHs Mbi JOJIKHb MOJMYUHThL NPOCTOE CJI0-
*eHue. [Ipn OTCyTCTBMH TaKOH HAEHTHYHOCTH MeXaHH3Ma neficrBust
pe3yaIbTaThl MOTYT ObITh pasHbIMH. DOJNLUIMHCTBO uccaegoBaTedeil
CKAOHFIOTCS K TOMY, UTO HMeeT MeCTO aJAJHTHBHOCTb M UTO MOKHO
¢ GOMBIIOH CTENEHbIO JOCTOBEPHOCTH CYHTATh, YTO MEXaHH3M GHOJO-
rHYeCKOno AEHCTBHS pa3HbIX BHA0B HOHH3HDYIOMIEro H3JaydeHHust OAH-
HaKOB.

W3 cxolcTBa MexaHM3Ma [EHCTBHS OTHIOAb He cJelyeT PaBHO-
3¢ eKTHBHOCTh OAMHAKOBBIX 103. B 1eficTBHTE/NbHOCTH OAHHAKO-
Bble N03bl pasHbIX BHJOB H3JyyeHus Aal0T COBEpLIEHHO p a3 JH Y-
H bl il 3pPeKT. DTO GbLIO 3aMeueHO paguoOHONOTaMH elle B 1935 r.,
Korja BhepBble ObLIO HCIOMb30OBAHO MIs BO3JAEHCTBHS HA 3KCNEpH-
MeHTaJbHbie ONyXOMH HeHTpOHHOe H3JayueHue H ObLIO 3aMeyeHo, UTo
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OHO OKa3ajochb B D pa3 6Gojee 3p¢peKTHUBHBLIM, HeXKesy PeHTTeHOBH
Jy4H.

OkasaJjoch, 4TO pasauuue B 3(p¢EeKTHBHOCTH Pa3HbIX BHAOB H3-
Jyd4eHHst 3aBHCHT OT IIOTHOCTH HX HOHM3alMH, T. €. OT PA3JHYHOrO
pacnpeflefleHust B NPOCTPAHCTBe PABHOI'O NPH PA3HLIX A03ax KOJIH-
yeCTBa Nap MOHOB H, CJe0BaTeabHO, O6pasyeMblX HMH paJHKaT0B.

[Ipu 06.1yueHHH DEHTreHOBBLIMH M y-AyiaMu B pe3yJbTaTe B3aH-
MOJIEeiiCTBHS (POTOHOB C BEIECTBOM € 3JEeKTPOHHBIX OpOMT aTOMOB
CpHIBAIOTCS 3JIEKTPOHBI, TaK Ha3biBaeMble NEDBHYHBIE 3JEKTpOHbL
DHeprus 3THX 3JEKTPOHOB TaKOBA, YTO OHH CNOCOGHBI CAMH BBI3bI-
BaTb HHTEHCHBHYIO MOHH3anHIo, T. €. B CBOIO Oyepelb CpbiBATh
5JEKTPOHBI C 3JeKTPOHHBIX OpOHT aTOMOB. ITY MOHH3AIHUIO NPHHATO
Ha3biBaTh BTOPUYHOH HOHH3anued. [Tpu BO3xelicTBHH PEHTTEHOBLIMH
W y-AydaMH NpaKTHUECKH BCst MOHM3AIM#A CO3]aeTca 3a cYeT 3TOH
BTOPUYHOH HOHH3ANMH.

B 3aBucMMOCTH OT 3HeplHH NEpBHYHBIX 3JEKTDOHOB XapakTep
NpOM3BOAMMON MMM HOHH3auuH GbiBaer pasauuHbIM. HeM 6osblie
CKODOCTH 3THX 3JIEKTpOHOB, TéM Ha GOJbIIHX pacCTOSHHAX OAMH OT
apyroro 6yayT pacnonarathCsi 06pa30BaHHbIe HMH HOHBL ¥ leJbHas
MJAOTHOCTh HOHM3aIHH (YMCJIO Nap MOHOB Ha eIMHHIY AJHMHBI NyTH),
co3laBaeMOH GbICTpHIMH 3JEKTpOHAMH, H3MepfeTcst B CpejHem BCe-
ro HeCKOJbKMMHM NMapaMu HOHOB Ha 1 p NyTH' B TKaHAX.

[To mepe 3aTpaThl 3HepTHH Ha HOHH3AIMIO CKOPOCTh 3JEKTPOiOB
yMeHbIlaeTcss ¥ K KOHIly MX NpOGeroB CTAHOBHTCA TAKOH, YTO HOHBI
3Jlech paclosarawTcs OTHOCHTeNbHo Gosee rycto, 06pasys Tak Ha-
3bIBaeMble «XBOCTBI». [1JIOTHOCTh HOHM3ANHMH B 3THX MeCTax H3Meps-
eTCs JecsiTKaMy i ja)ke COTHsM# NMap woHoB Ha | p nmyrtu. HMonusa-
[IUsi, cO3jaBaeMasi «XBOCTAMH», HeBeJduKa (NOpsAaKa HECKOJbKHX
NPONEHTOB) I MaJNo oTpaxaercs Ha obmem XapakTepe HOHH3AUH,
co31aBaeMOH peHTTeHOBbiMU H y-Ay4aMH, oObiuHO Gojiee HJH MeHee
paBHOMepHOi. Bce e s HEKOTODBIX GHOMOTHYECKHX 3(dexTon
TaM, Tje TpeSyeTCs «MacCHpOBAiHbiI» yaap no Toff wi #HOii O10-
JOTHYECKOH CTPYKType, OCHOBHOe 3HaueHue HMEIOT HMEHII0 «XBOCThI».
PaBHoMepHOMy NpOCTpaHCTBEHHOMY paclpelelieHHi0 HOHOB MpH
MOHHM3AIMH PEHTTeHOBbLIMH M FaMMa-JyyaMH crnocolcTByer Takike H
T0, yto Gaarogapst MaJoH Macce 3JIeKTpDOHOB NyTH MX B BellleCTBse,
0coBeHHO NpH MajbiX 3HEPTHsX, OKa3bIBAIOTCS CHIbHO M PasHOOG-
pasHO MCKpPHBJEHHBIMH.

YKa3aHHBIH XapakTep HOHM3AUMM PEHTTeHOBRIMHM H y-JyuaMH
MPUBOAMT K TOMY, YTO H 00pa3oBaBliHecst B pe3ysibTaTe pajHOIH3a
BOJIbI pafMKafbl TAK¥XKe OKa3bIBAIOTCH paclpejeNeHHbIMH B 00JyueH-
HOM INpOCTpaHCTBE IOBOJILHO pelKo M INIpH 3TOM paBHOMEDHO, T. €.
pPacCTOSHHS MeXIy HUMH KaK MeX1y OJNHOHMEHHBIMH, TaK H MeXIy
pPa3HOUMEHHbIMH OKa3biBAaIOTCH B CPeIHEM OJMHAKOBBIMH.

CoBceM HHOH XapakTep HOCHT MOHH3amus CPH IJIOTHOMOHH3H-
PYIOUIHX H3JyuYeHHSTX. DTH HOHU3HUDYIOLUIME YACTHIL (POTOHBI, @-4a-
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-CTHIBI, ipa aTOMOB) 06,1a1a10T OGbIYHO 3HAYHTENLHO MeHbIlefl CKO-
pOCTbIO, UM H3JYYEeHHS ¢ MaJOH yAeJbHOH MJIOTHOCTbIO MOHH3ALMH.
Bnaronaps 3Tomy, a y a-4acTull elle u 6aarogapst ux Gosnbliemy 3a-
psly, CpellHee YMCJIO Nap HOHOB, CO3J1aBaeMbX Ha | p NMyTH B TKa-
HAX, JOCTHTaeT HeCKOJbKHX ThicAy (Taba. 7).

Y usnyuenuii ¢ 60ablLIOH YAABHOH NJAOTHOCTbIO HOHH3AHU NYTH
HOHU3HPYIOIKX yacTHy OJaaroiaps ux OGosblueil Macce, o CpaBHe-
HHIO ¢ 3JeKTPOHAMH, OKAasblBAIOTCs NpPSAMBIMH. JTO, a TaKXke MeHb-
1iee KOJUYECTBO TPEKOB! MPHBOAHMT K TOMY, YTo IHpH H3JyuyeHHSX C
6oabIIol yaeabHOH IIOTHOCTbIO HOHu3apuu B oOayyaeMowm.po-
CTpaHCTBe pajuKalbl paclpeleseHbl HepaBHOMepHo. He cayuaiiHo
TaKoro Poja HOHH3apus, B YaCTHOCTH /9 (-4aCTHy, MOJyuyHsga Ha-
3BaHUe 30HAJbHOH.

Xapakrtep paclipejeneHus B NpOCTPAHCTBe HOHOB, CO3[1aBaeMBIX
HOHH3UDVIOIHM H3JyuyeHHeM, OollpelesieT M XapakKrep paclpeieJe-
Hua paaukanos. [Tpu usnyveHusix ¢ 60AbLINOH yAeNbHOH NJIOTHOCTbLIO
HOHH3aIuK HabJaofaeTcs cJaelylomas KapTHHA HayaJbHOTO paciipe-
JeJleHHs palduKaJoB, KOTOpas 3aTeM MOXKerT MEHATbCs B Pe3ysbTare
X NpPOCTPAHCTBEHHOIO NepepacnpeneseHHs BcaeacTBHe AuddysuH,
06pa3oBaHUs 3JEKTPUYECKOro Mot u T. . Baoas Tpeka a-uacTuilnl
obpasyeTcs nepsas 30Ha (KOJOHKAa) ¢ oueHb O0JbIOH KOHpeHipa-
LHell THAPOKCHJIBHBIX paaukanos OH, HenocpeacTBeHHO BO3HHKAIO-
LIMX NPH NepBUYHON HOHM3ayMu U OT BTOPHYHBIX 3/7eKTpoHOB. Jlanee
pacnosaraercs 30Ha fAelicTBusi 6osee OLICTPBIX 3JIEKTPOHOB, B KOTO-
poii o6pasylorcs cBOGOAHBIE BOAOPOAHbIe arOMBl, COCTaBJSAIOLIHE
KAK Obl MUAMHIPHYECKYIO 06004KY [Jisi TePBOIl KOJOHKH,

Taknm o6pa3omM, NpHd HOHH3ANHMH o-Tydamu pagumkaas OH u H
30HaMbHO pacnpefeneHbl B o6ayuaemoM npocrpascrre. PaccrosiHus
vexay paaukaaami OH, pacnosoxeHHbIMH BIOJb TPEKOB -YaACTHIL,
C OJHOH CTOPOHBI, H MEXJy ATOMaMH BOAOPOJa, PACIHOJOMKEHHBIMII
Bo BHellHel UacTH KOJOHKH, C APYroH CTOPOHEI, 0Ka3kBalOTCsi BECH-
Ma MaJjbIMH, pacCTOfHIS XKe Memay padukaiayua OH u H, naobo-
POT, 3HAYHTEJbHBI.

[TonBoast uTOorH BCceMY H3/0XKEHHOMY o IJIOTHOCTH HOHH3ALMH
pa3sHblX BHIOB M3JAyyeHHH, MOXHO cKa3aTh, YTO y H3JyueHuil ¢ MasaoH
yaeJLHOH NJOTHOCThIO HOHu3anuu paauxansl H 1 OH pacnpepene-
HbBl pPaBHOMEpHO, T. €. paccrosiHust Mexjy panukaaamu OH u CH,
Hu H, H nu OH B cpeanem oaunHakoBbl. ¥ H3JyueHUH ¢ 604blI0OA
‘VAeNMbHOH MJIOTHOCTBIO HOHM3ANHMH paclnpeieedide 3THX PajHKajios
HepaBHOMEpHO, NpuueM paccTosiHust Mexay panukanamu H u H, OH
u OH B cpenHem 3HAUMTENbHO MeHblIe, UeN PacCTOsiHHe MEXIy pa-
auxanamu OH u H.

3asucumocrs Ippexra OedcTsus usAyderus oT NAOTHOCTU LOHU-
3ayuu. B GoablIMHCTBE M3YYEHHBIX 10 CHX Nop obmux u Guosoru-

! Tlpn paBubix 03ax 06/yueHUsi KOJHYECTBO TpekoB OyldeT BO CTOMBKO pa3

MeHbIIE, BO CKOJIbKO pa3 yAeJbHasd MJVIOTHOCTb MONM3AINHII 6oablue,
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Tabauya 7

JlHHei#iHblli PAacX0y SHEPrHH M YAeJbHAA NJOTHOCTb HOHH3AIMH DPA3AHYHLIX
BHUJOB HOHHZHPYIOUWHX H3Jy4YeHHit

Junetinbifi Y neavras
tonnsnpyiouias pacxcy snerruy| N/0THOCTD
Hznyuenne B TKANSIX HONH3ALHH,
qacTHua K28/ Yicsc nap
! HOHOB Ha ] p.
BeicTpBEe 37MeKTPOHB! H PCHTIEHOBbI J1Y4H 0,3 &
(20—30M3s)
JKectkue 3w y-nyun ecrecrsenubx H| 0,3—0,4 8—12
X IICKYCCTBEHHBIX PaJHOAKTHBIBIX H30-
DaeKTPoH TONOB
peHTreHoBL 1yus © sHeprued 1 Mse 0,5 15
perTreHoBbI .1y H csHepruef 0,20-0,25Mss 2,7 80
B-TyUH TPHTIHS 5.0 150
BricTpbie 1eiiTpoHbl ¢ 3Hepruedt, Mas:
14 6.6 200
12 9.8 294
ITporon 8 12 .8 385
HefTpoHbi, N0.1y4a10UIHECH NPH 1IEKOT0- 33—37 1000—1100
PBIX siAEPHBIX PeakuHsiX
Hefirpousl Ma.a0f sHeprii Ho 100 Jo 3000
Ilyuok Aefitponos 190 Mae:
Jeitrpor Haya.10 npobera 0,73 22
KoHey npotera 5—30 150—910
BeicTprie f1pa reinsi, noayyeHHble Ha 2.9 90
ycxkopureae (380 Mag)
dapa reaus| a-ayuH pPajlioaK THBHEIX nsotonos | 120—170 | 3600—5200
|
a-1yuyn, NOJywaioluinecs B pesy.abrare 330 | 10000
peakunu B(n, a)Li l
Sapa yraepo-{ Ilyuok silep, YCKOPEHHBIX B LHKJOTpO- 220 6700
aa He, 120 Mass
apa yraepo-| Kocmuueckoe ua.lyuyeHue
Slapa yrzepo-| K y 1170 35000
aa, azora,
KHCJI0poa
slapa xeneszal To ke 3340 100000

8 3amHTa 0T PaJMOAKTHBHBIX K3Jy4YeHHH
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YECKHMX Peakuuit u3JyueHHs ¢ 60ablIOl YAeJbHOH MAOTHOCTbIO HOHH-
3auuu (a-Jy4m, HeHTpOHHI) OKasaguch Oosee 3 QeKTHBHHIMU, YEM
PEHTreHOBCKHe, y- uau $-avuu. B oTdenwHbIX cayuasix, 0ocob6eHHO
Npu BO3JEHCTBMM HA MHKDOCKONMMYECKH MaJjible OOLEeKTH, a Takxe Ha
pacTBOPH ¥ HEKOTOpble Apyrue OODbeKTH, H3aydegus c O0asiIoH
YAENBbHOH IJIOTHOCTBIO MOHH3alMU OKas3plBaloTcst MeHee 3¢ QeKrus-
HeiMu. B TOM u gpyrom ciyuyae 370 OGbicH€TCH pasjipudeM B
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I’ac. 27. 3aBHCHMOCTb BBIXOAA OT JHHEHHOTO PacXo-

1a 3HepI'HH, HA OPJHHATe YKa3aH OTHOCHTEJLHBIH Bbl-

xo1 ( G ), na abcuncce — smHefHBI Pacxox IHep-
rud, k3s/i. YciaoBHBIe OGO3HAYSHHS:

[ ] —GH,Oz {BBIXOI TlepeKHCH BOJOPOZA) B INPHCYTCTBHH

kucaopoia: O _GH:Oa {(TO Ke TIPH OTCYTCTBUH KHCJIO*

pona)
JAna nepexucs sodopoza 1.0 ua QpaHMATE  COOTBETCTBYET
saixony H,0, 5 23
K — BBINOT Fe3+n 0.8 H:H:SO; B NpUCYTCTBHU KHUCMO-

poia. Jdas Fed3+ 1.0 ma opawHaTte coQTBeTCTBYCT 16,0
. — H"pupaKTUBnafd KapbGakcumenTuaasst, daw kapbokcullen-
tpassl 1,0 Ha opaiHaTe cootBetcTByeT 0,18, + — BBIXOZ

BONOPORA

VAeJbHOH IUIOTHOCTH HOHH3alMu, HO He BCerga yJAaeTcs BBISIBUTH
TOT KOHKPeTHHIH MexaHu3M, 6,1arofaps KOTOPOMY IJIOTHOCTL HOHH-
3all¥d NPUBOJUT K OTMEYEHHBIM pasauuusiv (puc. 27).

Xopoureil uaalocTpanueil 3aBUCHMOCTH AEHCTBHSI H3JYYEHHsT OT
IJIOTHOCTH HOHM3alWH SIBJSIETCSI Pa3jHuHe B NPOSIBJAEHHH «KiCJO-
poaHoro sddexra» MexAy u3JAyueHHSIMH ¢ OGOaulWod u MaJoil
VAEJbHOH IJIOTHOCTBIO HOHH3auuu. [ak, HanpuMep, B OTJHYHe OT
PEHTTeHOBBIX M y-Jyyeld, OTCyTCTBUE KHCJ/OPOJa HJ/M IOHHXKEHHE ero
KOHUEHTpAUUy NOYTH He OTpa)Kaercs Ha 3¢ @PexkTHBHOCTH AeHcraus
a-ayyedl ¥ Majno Bausier Ha 3(PPeKTUBHOCTL HEHTPOHHOro 0G6.jyue-
uMs. JTo MoATBepiKAaercs o06pa3osaHueM IMCPEKHCH BOAOPOIA B
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obayyaeMoit Bome, NpH 06/yyeHuH KOpHeH pacreHusi, 3J/10KayecT-
BEeHHBIX ONlyxoJell y Mbllle#dl u Ha APYrHX oObeKTax.

Pasnuune B «kHCAOPONHOM 3¢ deKTe» npu AeHCcTBHH U3/ yueHuil
¢ 6onbwoi 1 Manoit NUHeHHOH MNJOTHOCTHIO HOHH3ALMH, T. €. 60Jb-
wast 3Q@PeKTHBHOCTL MEePBHIX NMPU OTCYTCTBHMM KHCJAOPOAA, MOXKeT
GEITL 00biCHEHO PACCMOTPEHHBLIMM BHILIE Pa3/uMuMsIMM B paclpeje-
JI€HHH DajMKaNoB MPH Pas3jHuHBIX H3JYUEHHSX.

[Ipy u3nyyeHusix ¢ 60bLIOH YAENBLHOH IJIOTHOCTBIO HOHH3a MU
304aJIBHOCTL paciipeJe/ieHdsl pagukanos NPUBOAUT K TOMY, 4TO pe-
aKIuu

H +H —H,
H

OH -+ OH - H,0,
6y1yT NpeBatupoOBaTh Hajg peaKiHsiMu
H 4 OH - H,0

H, 4+ OH - H,0 + H-

KonuuectBo o6pa3oBaBlIMXCsi NEePeKHCH BOAOPOAA u Bogopoaa 6y-
net Gosbue, yeM B Cjayyae u3/NydeHuH ¢ MaJjofl MJOTHOCTBIO HOHH-
3angy Npu TOM 2Ke MOLIHOCTH NONOINEeHHOf H03bl.

C TOuku 3peHust M3/NOXKEHHBIX BHILIE NPEJCTaB/EHHH, 110 Mepe
c6auXKeHus My4YyKOB, YTO DABHOCHJIBHO GOJblIedl yAeNbHOH NJIOTHO-
CTH MOHH3alMH, PaAHKaJ/bl, OCTABUIHECS] OT COEAMHEHMs C pajuMKana-
MH TOrO JKe I1y4Ka, BCe elle MOTyT COeJHHUTHCS C TAKMMy xKe Paf-
KagdaMu 13 coceiHero nmyuka. ITostomy uem Goabine yiaeabHas miuot-
HOCTh MOHu3auuu, teM Goabue BuIxOA Ho u HyOs.

Tak xak nepekuch Bogopoga obpa3yercsi r1asHuM 06pasom B
LHeHTPaJbHOM YacTH KOJOHKH PajHKaJ/OB, TO KOHIEHTPAUus ee MO-
et 0Ka3aThCs 10CTATOYHO GOJIBLIOH AJst TOro, YTOGLl Hauany Npo-
TeKaTh peakuuH

H,0, +- OH —H,0 + HO,;
HO, 4~ OH* .. H,0 4+ 0,;
HO, ! HO,— H,0,+0,;
HO, + H,0, —H,0 4 OH + O

2!
npusofsitiye kK o6pasoBaHMI0 KHCJAOPOAA.

Takum o6pa3soMm, u3 3Tux peakuuii BUAHO, YTO HEOGXOAMMEIE AJ S
npouecca akTuBHble okucautenn HyOs, a rnasHmm o6pasom HO,,
MOryT DU H3JYyYeHHsiX ¢ OONBLIOH YAENbHOH MNJOTHOCTHIO HOHH34-
Wuy 06pa3oBEIBATLCS M NPH OTCYTCTBHH KHC/IOPOAA B OKPYXKAIOLLC i}
cpefie unu B 0ObeKTe, MOCKOILKY HEOOXOAUMBIH a5 3TOro. CBOGO/-

8*
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HBEI KMCJAOPOJ, BCTyNalolmuii B peakuHio ¢ aroMaMu BoJ10opola yBe-
JHuMBAIONMil BBIXOJ THIpornepekucH, o6pasyeTcst B npouecce CaMblX
palualHOHHO-XHMHYECKIX peaknuii. [TpoucxoauT Kak On CaMompo-
H3BOJIbHOE 06pa30BaHMe Kuc/A0pOAa, TpuueM TeM GoJibliee, 4eM Bbi-
e yjieJbHas MUVIOTHOCTh HOHM3ALHHM JaHHOTO H3JyYCHH.

[Ipu 6GuoNOTHYECKOM JEeHCTBHH u3jydeHdl HAJ0 YYHTLIBATH H
ofpaTHOe siBJieHiie, a HMEHHO MECHBIIYIO 3] (HeKTHBHOCTL M3/yUeHHH
¢ 6OJABIIOH yaeabHO#l MJOTHOCTBIO HOHM3AUUH IIpH JeficTBUH Ha Da-
CTBOpHI, TAK KaK MHOTHe GHO/IOTHYECKH BaXKHbie BELECTBa HAXOAAT-
csi B opraHu3Me B pacTBopax. JTo TaKxKe HaXONHT 00 bsACHEHde B
3aKOHOMEPHOCTSIX paclpeneneHnss pafukaloB MpH HOHH3AWIH MoJIE
Kya Bodnl. Ilpu u3nyueHusx c 6041b1OI yAeABHOH IJIOTHOCTBIO HO-
HU3AUMH pajuKa/ip OyAyT pacnpelensiThCs rycro BIOJL TPEKOB
HOHM3HPYIOIMX YaCTHI i, CIe0BaTeJbHO, BeCbMa HEpaBHOMEepHO B
pacTBOpe, B TO BpeMsl KaK MOJIEKYJlbl PaCTBOPEHHOrO BewecTsa pac-
MpejensiioTcst paBHOMEPHO. JTO MpHBEJeT K TOMy, UTO NpH H3JyHe-
HUSIX ¢ GOMBIION VAEJAbHOM NMOTHOCTBIO HOHH3AUMM pajuKansl GyayT
cKopee B3auMOJeHcTBOBATh MeX 1y cOGOIi, HeXeJH BCTyNaTh B peak-
IIMI0 ¢ paCTBODEHHBIM BELIECTBOM, H 3G deKTHBHOCTL H3JyUCHHS,
¢CTecTBeHHO, OyAeT yMeHbIIaThCs.

CaMmo coBoil pasyMeercsi, UTO C MOBBIIIEHHEM KOHUEHTpAUuu Be-
utecTBa B PacTBOpe MJHM MpH AOCTATOYHOM YBCJHMYEHHH 103bl, a A€
J10BaTeJbHO, H KOJHYEeCTBa TPeKoB OyayT CHIaXKHMBAThCA Pa3/HUHA
B 5 (eKTHBHOCTH Pa3HBIX BH/OB H3JlyueHus, CBSi3aHHbE C [J0T-
HOCTBIO HMOHM34uHHM M BHITekalomeill H3 Hee HepaBHOMEDHOCTHIO B
pacnpele/eHHH paaxKaloB.

U3 ONBITOB ¢ YCKOpEHHBLIMH TSIKEJBIMH YaCTHILAMH ~— NPOTOHA-
MH, NeHTpOHAMH, @-4aCTHLIAMH — SICHO BHJIHO, 4TO pas/MuHs B 3¢-
(PeKTHBHOCTH Pa3HbIX BHIOB H3JyYeHHS CBA3aHBI UMEHHO C yAeJbHOH
NJOTHOCTBIO HOHM3AUHM, a He C KAKUMH-TO APYTHMH CBOHCTB2MH,
BHYTpEHHe MPHCYLIHMH PACCMOTPEHHBIM H3/yUeHH M. 3meHsisi 3HED-
FHIO 3THX YACTHI, MOKHO OHJO MO KE€JAHHI M3MEHATH MJIOTHOCTDL
co3laBaeMoOll MMM {oHH3auuu. B 3TOM C/Ayuyae xapakTep H3JydeHHS
ocTaBaJcs TEM 7Ke, HO MeHs/ach MJOTHOCTh HOHH3aUH. Pe3y/ibTarTh
061yyeHHst YHCTOH BOJBI yCKOPEHHBIMH YaCTHIAMH NOKA3HIBAKOT, UTO
npu Maabix sHeprusix yacruy (1,8 M38) HauaabHmii Buixox HyOq
COOTBETCTBYeT TOMY, YT yCTaHOBJGHO AJSt @-4aCTHL OT €CTeCTBEH-
HBIX PaJMOAKTHBHBIX H30TONOB, [1o Mepe yBenuueHUs 3HEpruu npo-
TOHOB MJIH HEHTPOHOB, T. €. C yMEHbIIEHHEM IMJOTHOCTH co3zaBaemMoi
UMH HOHH3aUMH, 3(P(PeKTHBHOCTb MX AEHCTBHSI YMEHbIIAETCs. Mak-
cHMaJIbHble BHLIXOJbi NMPHUXOASTCS Ha OJHYy M Ty 2Ke MJIOTHOCTH HOHH-
3auuu, paBHylo npuMepHo 200 mapaM HOHOB Ha MHKDOH TpeKa. Ta
e KPHTHUeCKast BeJMuMHA IJIOTHOCTH HOHu3auuu Gbina HaiilleHa H
toraa, Koraa 3¢ dexr oneHnBajcs He no seixony HqOs, a mo Beixogy
razoo6pas3Horo Boaopona.

Ha puc. 28 HarnsaiHo BHAHO, KaK H3MeHAETCH 3(hHCKTHBHOCTD
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JefCTBHs Pa3NuuHBIX H3JyueHuil mo Mepe npubJWXKeHHs K TakK Ha-
3LIBAEMO{l KPHUTHUECKOH MJIOTHOCTH HOHH3ALMH.

OnucanHble 3aKOHOMEDHOCTH 3aBHCHMOCTH 3(P(EKTHBHOCTH nei-
CTBUSI HOHH3UPVIOIMX H3/YUeHHE OT yldenbHOH IJIOTHOCTH HOHM3a-
KM MMeIoT GoJblIoe TeopeTHueCkoe M NpaKTHuecKoe 3HayeHue. YKa-
®eM XxOTs 6bl Ha yMeHbleHHue «3¢hdexkrta 3alliThl» NpH a-H3JyYeHuH,
uro OODBsACHSeTCs 30HAMBHBIM pacnpejeienueM paiukanos. Bosee
BAXKHO, OJHAKO, CJelyloiee 00CTOSITENLCTBO. Mexanusm gpeficrsus
Hanbonee 3pPEKTHBHLIX H3 MPENOKEHHbIX N0 HACTOAILero Bpeme-
HE CPeICTB NpelylpeXJAeHHst ¥ 3alUHTHl OT JIyuyeBLIX [OBpEeXAeHUH
B TOH uau wHOfl Mepe CBsI3aH C yMeHbLIEHHEM KOHUEHTPAUHH KHCA0-
pona B o6iyuaeMoM o6beKTe, uTO, B CBOIO ouepelb, BeJeT K yMeHb-
MIeHHIO WJH CHSITHIO JyueBofl peakuuu («KMC/JOPOIHBIH 3(derT»).
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Puc. 28. 3aBucumMocTh 3O(EKTUBHOCTH AeHCTBHS H3-
JIyueHuii OT NAOTHOCTH HoBu3auuu. ONObITHL C yCKO-
peHHbIMY HPOTOHAMH

[Ipu g-usnyyeHus, 0JHaKO, Kak OBIIO MOKa3aHO, KHCJIOPOIHBIH 30-
dekT He 0GHApYXKHBAETCst, TOCKOJBKY OHO caMo 00pa3dyer KHCJ0pOa
B ofGayuacmoil cpepe. CnenoBaTedbHO, 3allHTHBlE BeulecTBa Hes(h-
QJEKTHBI-II)I B OTHOLUEHHH q-H3JydalolHux BeIeCTB, a ¢ HUMH, KaK H3-
BECTHO, GOJIbllle BCEro NPHXOMTCSI CTaJKHBAThCsi Kak NpH A0OHIUC
ypaHa, Tak W NpPH H3TOTOBJEHHH aTOMHOro NOployero.

Kpome TtOro, Goabiiasi oTHocuTesbHast 3(deKkTuBHOCTL  GuOJO-
THYeCKOro JeHcTBHSI HEHTPOHHOrO M q-H3JyuyeHHH, 06yc/OBJeHHa
NJOTHOCTBIO HOHMSAUMH, IOCTaBHJA4d BO BCEH OCTpOTE BONPOC O He-
o6xonuMocTH AupdepeHuHpoBaAHHOrO NMOAX0JAa K MPeJesnbHO Jomye-
TUMBIM J03aM jJisi pPasHBIX BHAOB u3iydeHusi. IlomyTHO yKaxeM,
yTo OOHapy:KeHue GOJAbLLIOH 3aBHCHMOCTH Guosoruyeckoro Aefcr-
BHsI M3JyYCHHSI OT IJIOTHOCTH MOHH3AUMM SIBJSETCSl  ewe OJHHMM
y6enuTeNbHBHIM [0Ka3aTE/AbCTBOM TOr0, UTO MOHH3AUMs M B XKHBBIX
TKaHsX SIBJsieTCst NMEePBHYHLIM aKTOM B3aHMOJEHCTBHS H3Jy4yeHHs C
BELIEeCTBOM.

Hekoropele KoruyecTsennbie 3aKOHOMEPHOCTU OeUCTBUAL UBALUC-
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rua. HccnenoBaHusi KOJiMUeCTBEHHBIX 3aKOHOMepDHOcCTeH JAeldCTBHH
H3/iYYEHHUS] Ha XKHUBBHIE OPTaHH3MB! JOBOJIBHO MHOTOYHCJIEHHBI.
Pa3ubie BUAB XKHBBIX OPraHH3MOB OTJIMUYAIOTCS 10 CBOEH 4YyB-
CTBHTE/IBHOCTH K BO3MEHCTBHIO MOHH3HPYIOUMX H3JyueHUH, T. €. N0
CBOeH paaAuo4YyBCTBHTENbHOCTH. XOTH pasJidyde palMO4YyBCTBHU-
TeJIBHOCTH HECOMHEHHO -MposiBjsieTcss npu Bcex 3(dexrax, BHI3BIBA-
eMBbIX 0o0JiyueHueM, HO ualile BCEro oHa OlL€HHBAeTCcs MO A03aM, Be-
OYUHM K rubejd HOJNIOBHHB JKHMBOTHHIX (JieTasibHble AO3bl) B pas-
HBl€ CPOKH nocJjie o6uero u3jiyueHus, oObluHOo B TeueHue 30 auHed.
B surtepatype 3Ta n03a o6o3nauaercss cuMBosioM JI 5030 . CMepTh
XKHBOTHBIX OT OOJiyueHHsI SBJSETCSl, KOHEYHO, pe3yabTHpylolled
60JIbIIOTO KOJIHYECTBA H3MEHEHHI, BO3HHKAIOUWUX B OpraHH3Me MOA
gedctBueM 06JiyyeHHsl, HO Oilfa, KaK BHUJAHO H3 Tabu. 8, aBjsieTcss XO-
POILUM TTOKa3aresieM pasHyuil B paTHOuyBCTBUTCILHOCTH.
Ilns uenoBeka abcosilOTHOH CcMepTesibHOH M030# cunrtaercs 600 p.

Tabauya 8

JI850/3( PEHTFEHOBLIX Aydedl NS PA3NHUHBLIX BHAOB KHBOTHBIX H
MHKPOODrau3mMos

R 5
Bix 50/30 Bux | 50/30
p P
. I . | _
\
Koset . . . . . . ... 350 | Kpoank . .. .. L L 800
Mopckie cBuHKn . . . L 400 dXomaK . ... ... L. 990
CBvHBS . . . . . . . . .| 400  Marywsn . . ... L L 1000
Cobaka . . . . . . . . . 400 I Moamoekn ... ... 1200
Yeoogek . . .. ... 400 P3men . L. 2000)
O6esbsiia . . . . . . . . 550 | Dpowaxu . . . . . . . 40000
Mpump ... .. L L L L 550~ LAme6a . . . . . .. .. 109000
Kppica . . . . . . . . .. 600 tMapamewnr . . 0 . . . .1 250000
Mya . . ... . .. 650 ' i

i |

Ha ocHoBaHuWM mpHBefeHHBIX B TabJjMlle AaHHBIX, MOXHO CKa-
3aTh, YTO, HECMOTPS HA OTHEJIbHBIE HCKJ/IOYEHHs,, paAHodyBCTBU-
TeJbHOCTh HapacTaeT MO Mepe YCJAOXKHEHHs OpraHu3auHu obJyya-
eMoro OGBbeKTa, 4TO, NO-BUAMUMOMY, CBfizaHo ¢ Oosee Jerkoil ero
PaHUMOCTBIO.

Pasnbie CPOKH HPOMO/IKHTENBHOCTH XKHU3HH JKHBOTHBIX  HOCJI®
06JiyueHHsi, a TaK¥XKe BLIKHBAHHUE MOJIOBHHBI XXHBOTHHIX NMPH JA03aX.
OKAa3bIBAIOUIUXCA CMEPTEJIbHLIMU JJisi APYro# MOJIOBUHB! XKHBOTHBHIX,
CBHJETEJNbCTBYIOT © 6OJbIIOH BapHaluud B HHIAUBHAYyaJbHOH pam-
ouyyBcTBHTesibHOCTH. [Ipu exenHeBHom oO6syueHuu co6ak [a030#
10 p 6osbmiHCTBO uX ruGHetr npu jgo3ax 1000 p uau HeMHoro
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6osiblle. OcrasibHble THOHYT TOJIBKO 1pu A03ax B 5—7 pa3  G6oJin-
11{70.8

Cpedusas npoloanuTe AbHOCTy HUu3Hu nocae obayuenus. Baxk-
HBIM KOJIHYECTBEHHBIM MoOKa3aresjieM OHOJIOTHYECKOTO JAefCTBHS HO-
HU3HPYIOWHX H3Jy4eHHH §IBjs€TCSs CpelHsss HPOAOIKUTENBHOCTD
JKH3HH 00/iyueHHBIX KHUBOTHHIX. UeM Bhlue go3a o6JsiyueHusi, TeM B
6oJiee KOPOTKHE CPOKH Ha- fosa
crynaetr rubesib o6JsiyueH- 1000 ;ggdf
HBIX XKHBOTHBIX. DTa 3aBH- N LA B
CHMOCTb HMeeT Ty 0co06eH- ]
HOCTb, YTO B ONlpeJeJieHHOM,
JOBOJILHO GOJIBILIOM HHTEp-
Bajie 103 UX yBeJHYEHHE He ! \
COMPOBOXKJAAETCSH COOTBET- 4
CTBYIOUIUM  COKpalleHHeM
POJOJIKHUTENBHOCTH  KH3- .\

i 0 100mp

HY, DpaBHOH mnpuMepHO 3
JIHSM TpH a6CoMIOTHO cMep-
TesibHOH A03e. Jlump npu
HdasibHeflleM pe3koM yBe-
JHYeHUH A03b OGJyYeHHst
(8 10 u 6osee pa3s) kapTu-
Ha NopaxeHUust pe3Ko MeHs-
eTcs ¥ XKHUBOTHBIE THOHYT B
MOMeHT 0O6/iyueHHsI — Tak
Ha3blBaeMasi <«CMepTb IOJI
JayuoM». B sToM mocsiennenm
ciyyae TIpUUHHA CMEpTH -3 I
MHAasi, YeM MpU MeHbIUHX
no3ax. T. e. npu 06syueHUH \
OyeHb OOJBUIHMH  J03aMH 3 4
[opakaloTcss TaKHe IKH3- Ly doss:

HEHHO BaXHHe CHCTEMHI,

KOTOpbie NpH MeHBUIHX [0- I::-c. 29. Kgmsa;{ 3aBHCHMOCTH cmeprrﬂo&‘gu.ﬁe-
JIBIX MBbl X ye-

33X H/H XKe He 33a1eBAIOTCs MBIIIEH OT J03bl 1IpH TOTAJABHOM OOJyue

HHY PEHTreHOBLIMY JyYaMH

BOBCE HJIM 3a1eBAIOTCHA B
MEeHbIUEH CTeTeHH, 4eM JIpyrHe.

32BUCHMOCTb BPeMEeHH BBIXMBAHHA Gesbix MBIILEH OT 103bl Ha-
TJiISAHO BHAHA Ha puc. 29.

3aBUCHMOCTb BpeMeHH BBIKUBAHMNS OT JA03bl, SBJASIOWASCH pe-
3YJIbTATOM pa3HOro MexXaHHW3Ma CMepPTH NpH pasHbX A03aX, OTMe-
HGHA HE TOJIbKO [J/i MBIIEH, HO H J/i TAKUX MKUBOTHBIX, KaK KpHi-
Cbl, co6axu u ap. [Ipu nozax 5000—10000 p xuBOTHEIE THGHYT
OOBINHO Ha 3—4 CYTKH IViaBHBIM 06Pa3soM OT NMOpaiKeHHs Keyaoy-
HO-xumleyHoro tpakra. [Ipu jmecATkax ThicAY pEeHTreH KUBOTHBIE
THOHYT B MEpPBLIE CYTKH C TSMXKEJBIMH NPOSIBJEHUSIMH, XapaKTepHbl-

100000

T T

410 0neu

{10 vac

1yac

Bpema Boimubpemocmu

-2 10mur

lg Bpemenu Boimubaemocmu
e
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MU JUIS MOpaxeHHsi HepBHO#H cucreMbl. [Tpu no3ax Gosibuie ‘100000 p
JKHBOTHBIE YMHPAIOT «IOJ JIy4OM», T. €. BO BpeMsi caMoro oGJyue-
Husi. 3/eCb B OCHOBHOM HabJ/I0AalOTCs MHOXECTBEHHble KPOBOH3-
MUSIHUS B KH3HEHHO BajKHBle LEHTPH rosioBHOro Mmo3ra. HepaBHo-
MepHOe paclpejesieHHe CMepTHOCTH 06JyuyaeMblX KHBOTHBIX BO
BpeMeHU 3aBHCHT HE€ TOJBKO OT A03B, HO OTME€uaeTcsi H BHYTpH OT-
TeJbHbIX J03 M SRJASETCS TaKmKe OTPaxeHWeM pa3HblX KOHEYHLIX
npuurH ru6ean. Ilpu abconioTHO cMepTesibHBIX Jao3ax (1000 p) B
tTeuenue 20 mHedl mocsie o6JiyueHHss MOXKHO BBISIBUTH MNSATH ITHKOB
CMEPTHOCTH, HECKOJBKO I10-PAa3HOMY HNPOSB/IAIOUIHXCS ¥ Pa3sHbIX BH-
JIOB U TOPOJ JKMBOTHHIX W JUISi PA3HBIX yCJOBHI 0GJyueHns. ITH
NaHHBE MMeloT GOJblIOe NMpaKTHUecKoe 3HayeHHe, IOCKOJIbKY pas-
Hble NPHUAHBI CMEpTHOCTH TPeOyIOT pa3HbIX CpeACTB HpeloTBpalle-
Hug TH6eJsiH, 4TO MOATBEPAHJOCH B KCHEPHMEHTE.

Poab «axropa epemenus & 3gpexre obayuenus. Peakuus op-
rainH3Ma Ha obGJyueHHE B 3HAYHTEJbHOH Mepe 3aBHCHT OT YCJOBHIi
o6syuennsi. K oqHUM M3 TaKMX YCIOBHH OTHOCHTCS Bpemsi 06Jjyue-
HHMS (TaK Ha3bBaeMblH «paKTOp BpeMeHH»), NMOA KOTOpBIM MOIpa-
3yMeBaeTcs MOIIHOCTb H3JYyuYeHHst M (ppakuHOHUpOBaHue ' obsyue-
Husi. Bonpoc o BJAMSHMHM MOIIHOCTH H3JyU€HHs HeIOCTATOYHO pas-
pa6oran. [lo-pa3sHoMy BJIMsIET MOIIHOCTBL MPH Pa3/iHuHBIX peakKLH-
ax. [Ipy omHUX, HanmpuMep NPH HEKOTOPHIX HAC/EACTBEHHBIX H3Me-
HEHMSIX, Pe3y/ibTaT OCTaeTCsl MOYTH HEU3MEHHBIM BHe 3aBHCHMOCTI
OT BeJMYHHBI MOLUIHOCTH AO3H M ee ApoGseHus. Kak npasuso e,
yBeJHUeHHe MOLIHOCTH uaayuenus no 10—15 p/mun Beger x Hapac-
TAHHIO NOpaXaloUlero JeHCTBHS H3JYyYeHHS, 0CTaBaschb 3aTeM B
3HAauWTeNbHOH Mepe MOCTOSHHBIM B npepenax 10 100—150 p/muun.

I po6aenne o6JvueHHsT BejeT K VMEHBUIEHHIO MOpaxarouero
AeHCcTBUS u3nyueHus. M3BecTHO, uTo cMepreiabHBe A03bl  0O0ILEro
obayueHus anas cobaku pasubl 600 p. OaHako ecan 00ayuath €o-
6aky exenHeBHo 10304 B 10 p, To cMepTesbHas [033a TNPH TAKHX
APOOHBLIX O6JYUEHHAX MOMKET MPEeBLICHTb 103y IpH OAHOKPATHOM
o6ayuedun B 10 pas. Ilpu eme Go.plueM ApoO6.eHHHM A03bI MOKET
BOOGIIE He HabJIoaaThbCsl CMepTeJibHOe AeHCTBHEe gaxe NMpH HaKoIl-
JIEHUH OYeHb GOJIbILKX 103, XOTS Te /M HHble BHABI NMopaxeHus Oy-
IVT HMeTh Mecro, HampuMep ocjalieHne OOLIEro COCTOsIHHSA, Pa3-
BUTHE 3JI0KAUeCTBEHHBIX Onmyxoned u T. A. Ha pesysabiare cKasbl-
BAeTCA He TOJMbKO BeJMUHHA OMHOKPATHOH [A03bl, HO H HPOAOJIKH-
TeJbHOCTh HHTEPBAJOB MeK1y OTaeJbHBIMH o6uyuenusimu. ITo He-
KOTOPLIM JaHHLIM OKa3hnBaercsi, YytO HauboJ/bllee 3HAYCHHe HMeer
O6ILKH CPOK, B TeYeHHe KOTOpPOTO OCYyLIecTBJsieTcst OOJyyeHHe.
Cytb BausiHMs (aKTopa BpeMeHM 3aKJ/Iouaercs, I[0-BUAMMOMY, B
npomeccax BOCCTAHOBJIEHHS, B O6paTHMOCTH TeX HOBpEXKAEHHH, KO-

I dzpaxuuonuposamde — ofsyucHHe B HECKOJIbKO CeaHCOB C TepephiBaMy OJH-
HaKOBOHl MJIH Pa3HON TPOAOJNIKHTENLHOCTH MEXAY OTAeNbHBIMH OOJYyueHHsMi.

14D—Z
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TOpHE HMMEIOTCH B JKHUBOH TKaHH Imocie o6ayuenusi. EcTecTBEHHO,
4TO OHU TeM GoJblle, YeM MeHbIe OJHOKpaTHas 1033, yeM GoJiblle
MHTepBaJbl M JJuTesNbHee OOLHUEA CPOK BO3nelicTBuA. Yuer (akro-
pa BpeMeHH uMeeT GOJiblIOe 3HAayeHHe J/isi MHOTHX BONPOCOB seue6-
HOTO M APYTHX BHAOB MHPHOIO HCHOJ/ib30BAHHS 4TOMHOH IHEPTHH.

DuaUKO-xUMUYeCKUe uamerHerus nod OelicTauem WOHUBUDYIOULUX
uznyueruti. ATOT pasjges MexaHU3Ma OHOJIOTHYECKOTO JNedCcTBUSA U3~
JAyYEHHS HAXOAHTCS elle B CTAAHH HAKOMJIECHUS ¢axroB. DosbiHH-
CTBO JAaHHBIX OTHOCHTCSI K PacTBOpam pasyiMYHbIX COeIMHEHHH, B
TOM uMCJ/ie H TaKuX GHOJIOTHYECKH BaXKHBIX, KakK GesKH, aMHHOKHC-
JIOTHI, HYKJIEHHOBBIE KHCJOTHI, HO He K XHBBIM TKaHaM H opra-
HH3MaM.

[Tpu o6ayyeHuH KpaxMmasa, TJIOKO3bl H MaJjbTO3bl 6oJibILIU MY
[03aMH DEHTTéHOBCKOrO W y-H3Jy4eHUs OTMeuaeTCs CHHXKEHHe Bs3-
KOoCcTH, yMeHbiienue pH u mosBienHne BOCCTAHOBHTEJBHOH CHMOCO6-
HoctH. [Ipn o6G/iyyeHHH KOJUIOHJOB J033aMU 400—1600 p ormeye-
HO yMeHbIlleHHe CTeNMeHH AMCIEPCHOCTH, BIJIOTH 10 KOAryJ/siluH B
ymenbitenus pH.

Insi yKa3aHHBHIX Bbllle W psifa APYrux (MHCYJIUH, CaXaposa, pa-
(HHO3a, MAaHHHT M Ap.) YrI1eBOJOPOAOB HalJI0JaloTCs MOX neHcT-
BueM y-u3JyueHuit mopsaka 109 sae/cm® xapakrepHble H3MeEHEHHS
CMEKTPOB IMOIJIOUIEHHsT B BHJE yBesMueHHst CyMMapHOro InorJotie-
HHsi, CABUTrA MJIH MOSIBJEHUST HOBBIX MAKCHMYMOB, 0 KOTOPbIM MOXK-
Ho MHOrZa BBHICKa3aTh IMPEANOJiOKeHHe o NPHPOde NMPOAYKTOB pa-
JAHOJIH3a YT/ieBOAOPONOB.

3HaunTe/bHOE CHUIKEeHHEe BSI3KOCTH MOJ ACHCTBHEM DEHTIEHOB-
cKOro 06JyYeHHs OTMEYEHO M B CHCTeMe rHajypOHH1a3a — ruady-
POHOBAsi KHCJIOTA, B PACTBOPAX HYK/EHHOBBIX KHCJOT H APYrHX OH-
OJIOFHUECKH BAaXKHbIX COeJMHEHWH, HpHUeM He TOJbKO B MOMEHT
o6ayueHHs, HO U B TeyeHHe HECKOJIbKHX YacoB, a MHOTAa H 60J1b-
uero ppenenn nocJae 06[1_\'1{6‘}{“51 s5JeCh HaOJa101aeTcsl  TAK Ha3bi-
BaeMblil «3hdeKT mocsenedCTBH .

Jlist psiga coeiMHeHHH, B TOM 4YHCJE JJisi HYKJEHHOBBIX KHCJO1
W BXOASILIHX B HX COCTAB MyPHHOBHIX M MHPUMHAMHOBHIX OCHOBa-
HH, OTMEUeHO H3MeHEHHe CHeKTPa YyJ/abTpadHoJeTOBOr0 MOrJoule-
Husi, uayllee B GOJILLIHHCTBE CjyyaeB B CTOPOHY YMEHbIIEHUs OI-
THYeC (,[“' IJIOTHCCTH B TOUKe MAaKCcAMYMa TlpOnOpU.HOHaJI‘sHO oG-
3e 0OGJiyueHHsi. DTO pe3ue BHIPAXKEHO NPU MEHbIUHX KOHLEHTPaUHsX.
TTupUMHIMHBE OKa3ajuch 6oJjiee PaaHOUYBCTBUTEJLHBIMH, YEM my-
DHHBI, YTO, MO-BHAHMOMY, MOXHO OObSICHUTH 3aUIUTHBIM BJHAHHEM
UMM Ia30/ibHOTO KOJiblla, BXOASILIEr0 B COCTAaB MOJIEKYJ MYpPHHOB.
D10 XOpollUii HmpHUMep 3aUIUTHOTO BJIHSIHMS JOMOJIHUTENBHO NMPHUCO-
eMHEHHBIX TPYNN Ha MoJsieKysny B LesoMm. HyksieuHOBBE KHC/IOTHI
[0 pPajMOYYBCTBUTEJNBHOCTH 3aHHMAIOT MNPOMEXYTOUHOEe MOJoXKe-
HUe MeXAy NUpUMHAMHAMH M nypuHamu. OTjpesibible MHPHMHIMHDI
W mypuHB O06JaJdi0OT pa3JMYHOH paaMOuyBCTBHTesNbHOCTBIO. Tak,
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THMHH HECKOJIbKO GoJiee YCTOHUMB K OGJIYYEHHIO, YTO TAKIKE MOMKHO
OOBACHHTL HaJMYHEM JAONMOJHHTENBHOH METHJIbHOH TPYNNbl B MO-
JleKyJjie THMHHA.

Haun6onbmui uHTepec MJsi NOHUMaHMS MexaHH3Ma GHOJIOTHYEC-
KOro AEACTBHSI H3JIydeHUS] NMpPeACTaBJsIOT (GakThl M3 obJjactu (H-
3HKO-XMMHUECKHX H3MeHeHUH OeJiKOB ¥ aMHHOKHMCJOT NOA meict-
BHEM M3JIYUeHUH. DTH H3MEHEeHHs TECHO CBSI3aHBI C MAaKPO- U MHKDO-
CTPYKTYPOH OesKOBOH MoJjiekyJbl. B ee cTpykrype, Kak H3BecTHO,
6oablLIoE MECTO 3aHHMAIOT BOJOPOAHBIE CBA3H MEXAY OCTAaTKaMH
OTIEJIbHBIX aMHHOKHCJ/OT, TAK Ha3blBaeMbleé MENTHAHLIE CBS3H. DTH
BOJOPOJHBIE CBSI3M MEXIY MNENTHAHbIMH UCMSIMH HENpOYHbI, s
UX paspbiBa TpeGyercsi OTHOCHTENbHO He6oJibillas Heprus. OgHako
AN MOJIYYeHHs! 3HAYMTENbHLIX M3MEeHeHMil, THnma AeHaTypauuu OeJ-
Ka, Tpe6yeTcsi pa3pblB MHOTHX BOAODOMIHLIX CBSI3efl M,  C/I€10BATENb-
HO, 3HaYHTeJibHbIE I03bl MOHHM3UDPYIOUEro Hu3ayyenus. JleHatypa-
LHUS YUCTOTO anbOyMHHA MW GeJiKOB CHIBOPOTKH Ha6JIofajsuCh MOCA
Jie PEHTreHOBCKOro obsyuenuss poszamu B 250000—500000 p u Bblme.
O6 3TOM MOXKHO ObLLIO CYAHTL NO H3MEHEHHSIM HH(PakpacHoro
CHEeKTPa M MO CHUXKeHHIO BaskoctH. Ilpu o6syueHnu Muo3uHa (6Ge-
JOK Mbplun) aosamu B 500000 p nabawoganach, 3HauuTeNbLHAs A€HA-
Typauus, 0 KOTOpPOH MOXHO 6bLIO CYAHTL MO MYTHOCTH pacTBOpa,
n3mepseMoi Ha doromerpe Ilyabdpuxa.

A. T. TlacbiHCKMH ¢ COTpYAHHKaMu NpUMEHUJI MEYeHBIH MeTHO-
HHH, N0 BKJIIOYEHHIO KOTOPOrO0 MOXHO ObIO CYAMTH O JAeHaTypalH-
OHHBIX H3MeHeHHsiX B 0esKax CbiBOPOTKH NMPH HX O6JyueHHH aaxe
CPaBHHTEJLHO HeOOJLIUMH p03aMH, nopsiaka 500—1000 p.

[Tpu o6sayuenin pasBelleHHbIX OYMUIEHHBIX pAacTBOPOB Geska
ObIZIO NMOKA3aHO, 4TO Jake NPH HEGOJIbIIMX M033ax VBEJHUHBAETCS
a1copOLUHs B yJAbTPahHOJIETOBONH YaCTH CHEKTpa.

IIpu o6ayuenun GoabwnMu po3amu y-ayueit CobO NOJYNPOLEHT-
HbIX PAcTBOPOB aJbOVMHHEA, Ka3€MHa U JKeJATHHbLl VBEJIHMUHBAETCS
NOrIouleHHe B yJabTpaduoneroBoi obaactd B 230—300 mmx. Ho-
BbIX MaKCHMYMOB MOTVIOUIEHHSI NpH 3TOM He HosiBasiercs. B pactso-
pax anudaTHYECKHX AMHHOKHCJIOT (TJIMKOKOKOJI, aJiaHUuH, JeHuuH
M THCTHAMH) MOA BJHAHHEM GOJBLUIKX 103 06 1yyeHHs (~1019—
—1020 s6/cm3) Habusomaercs MNOBLINIEHHe ONTHYECKOH MJIOTHOCTH.
B pactBopax umcTHHa npH  06JyUEHHH I[OHMKAETCS MOTJIOLEHHE
B YJbTPadUONETOBOH 06/iaCTH CHEKTP a.

ITpu o6nyyeHHH apOMATHYECKUX AMHHOKHUCJAOT (dbenuns-ananuu
¥ THpo3uH) Jac3amu 1,8—4.8 10'° sg/cm® Taxkke yBesuuuBaercs
noryiouleHe B yabTpaduosietoBoil 06sacTu cnextpa 6e3 oGpasopae
HHsl HOBBIX MAaKCHMyMOB HorjouleHus. B pacrtBopax Tpunrodana
HOrJIOUleHHe YMEeHbIIAeTCs.

Kpatko oxapakTepuzoBanHble (H3HKO-XMUMHUECKHE H3MEHEHUS
KacaloTCss HapylUeHHH TOHKOH CTDYKTYPH 06/iyuaeMblX BELUIECTB B
BHJIE NEMOJMMEDU3auUH, CHHUXKEHHS BS3KOCTH, casuros pH u usme-

o __1
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HeHHUS CHeKTpOB MOIVIOUleHUs. DTH M3MEHEHHS BBLISABJIEHH H YIOB-
JIeTBOPHTEJILHO H3y4YeHbl Ha PacTBOpax PasjiHyHOTO pOAa COelnHe-
HUH, B TOM YuCJe U GHOJIOTHYECKH BaXXHBIX COEJHHEHMH, u HabJio-
JAaI0TCSA, KaK MPaBHJo, MpH O4YeHb OOJbIUHX JA03aX.

Bhilte npH pacCMOTPEHHH HAPUPOJAB NMPOMEXKYTOYHbIX  MPOAYK-
TOB, OOVCJIOBJIMBAIOLIMX HEMpsiMOe aeldcTBHe H3JiyueHus, yKa3sbiBa-
JIOCh, UTO O HaJHYHH OKHCJHTEJNbHbIX peakuuii npu OHosoruyec-
KOM JAeHCTBHUHM H3JIyUEHUH MOXKHO CYAHTb NO MPOJAYKTAM  paculen-
JieHHS] HyKJIEHHOBBIX KHCJIOT NMPH HX OC/Iy4eHHH, [0 U3MEHEHUIO BA3-
koctu pactsopoB JTHK u apyrux coeanHeHuid, B OCHOBE 4ero Jie-
XaT paspbiBbl BOAOPOAHLIX cBsizell. [IpuuvHaMH pacCMOTPEHHOTO B
3TOM pasjiesie CHHUMKEHHS ONTHYECKOH HJIOTHOCTH PacTBOPOB MHUPH-
MHUAHHOBBIX M INYPHHOBLIX OCHOBAHHH W HEKOTOPBIX AMHHOKHCJOT
npu O6/iyueHHH TaKkKe sBJSIOTCS OKHC/AHTENLHO-BOCCTAHOBUTEIb:
Hble npoueccnl. J{sist pacTBOpOB NMYyPHHOBHIX OCHOBAHHI 3TO MOKa3bI-
BaeTcs pacyeraMy Ha OCHOBAHHH CHEKTPOCKONHYECKMX [IaHHbIX, 4
Tak¥ke ¢ NMOMOIIbLI0 XpomarorpadHuyeckoro aHaJjiu3a.

M3 apyrux GpHU3HKO-XUMHUECKHX H3MEHEHHUH noa AEHCTBHEM H3-
JYYeHHH YKaXKeM TOJILKO Ha NMOJIMMEpPHU3alHI0, HapyIlIeHue CTPYKTY-
pBl MOBepXHOCTEl, HapyileHHe MNPOHULAEMOCTH, 3¢ deKThl CIIHBa-
HHS M DacllHBaHHsl, W3MEHEHHs! CNEKTPOB 3JEKTPOHHOrO mapamar-
HUTHOrO pe30HAaHCa, KOTOpble cO BpeMeHeM HallayT CBOe MeCTO B
0o6bsicHeHHH psilla siBJieHHH, Ha6/l0faeMblX NPH HapylleHHH XH3He-
JeSTeJbHOCTH OpraHu3Ma Moj BJUsHHEM OOGJyueHUS.

IIpu 3TOM, OJHAKO, HAAO BCerja HMeTb B BHAY cJeaywouiee 06-
CTOSITEJILCTBO, MpEACTaB/JsIoIee OAHY H3 Hepa3pelleHHbIX MOoKa
3arafiok pajHOJIOTHH, a4 MMEHHO: pacxoxuedue Ha 2—3 u OGoJsblue
MOPSiIKOB B BEJMYHMHAX A03, BEAYUIMX K MOpaxeHHo OGuosiornuec-
KHX OOBEKTOB W AHAJOTHYHbLIM H3MEHEHHUSM B PacTBOpPax OHOJOTH-
YeCKH BaXKHBLIX ccenuueHuii. B to Bpems kKak ru6edb KPYMHbIX
6uosioruueckux 06bekToB (CM. puc. 29) HAcTymaer NMpPH OTHOCHTEJb-
HO MaJiblXx A03ax 06/JVYeHUs — COTHH PEHTTeHOB, /st MOJYYEeHUs
OLIYTHMBIX HM3MeHeHHHi B o6JyyaeMbiX pactBopax O6HOJIOTHYECKH
BaXXHbIX COEJMHEHHH 1pe6yiOTCs TLICSYH M MECSITKH ThICSY PEHTre-
HOB. SIcHO, 4TO 3TO He maer NMpaBa NpPsAMO NEPEHOCHTL 3aKOHOMEp-
HOCTH, o6HapyXeHHble NpU 06JyYyeHHH PAaCTBOPOB, Ha XKHBble 00b-
eKTHI. ‘

Buoxumuueckue usmenenus no0 eAusHUEM UOHUBUPYIOUWLUX U3-
aydenud. Hapywenus npoueccos o6MedHa mpu AEHCTBHH  H3Jyue-
HUH 3aBHCAT OT BHAA XKHBOTHBIX, OT H3y4yaeMOro OpraHa, Ot BejH-
YHHBI J103b], OT Xapaktepa BO3JeHCTBHS H3JyueHus (oCTpoe, Mo~
OCTPOE, XPOHHYECKOE, OJHOKpaTHoe, AapoGHoe u 1. A.). Ilpu Bcex
ITHX pa3Juuusx obLlasi HAaMpPaBJEHHOCTL M3MeHEHHS MpOILEeCcCOoR
ocraercss 6oJsiee HJIH MeHee ONMHAKOBOH. B Hacrosimee BpeMs Ha-
ubosiee H3yueHbl H3MeHeHUss o6MeHa BeulecTB, HacTymamollye NpH
OCTPOM OJHOKpAaTHOM 006JiyueHUH OOJIbIIUMH 103aMH — OT COTeH J0
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COTEH ThICAY PEHTTEHOB. F0p33ﬂ0 MeHbllle JaHHBIX HUMeeTcss 00 H3-

MeHeHHH OOMeHa MM XPOHHUECKOM OG6JyuyeHHH — KAaK HapyXHOM,

Tak W NPH BREJEHHH PAaJHOaKTHBHBIX BeluecTs BHyTPb. [losdo-
CTBIO OTCYTCTBYIOT JAaHHbIE O HapylleHusiX HpoleccoB oOMeHa INpH
XpOHMYECKOM O0O6JiyueHHH J03aMH MOPSAKA NPEeAeJbHO AOMyCTHMBIX
U GJIM3KHX K HHM.

Ilpu opHOKpaTHOM OCTPOM OGJIyYEHHH CPaBHHUTEJNbHO OO0JbUIH-
MH f103aMd GoJibllie BCero CTpajaeT KOCTHBIH MO3T — OCHOBHas
KpPOBeTBOpHAs CHCTEMa OpraHW3Ma, 3aTeM ceJjie3eHka, JuMdouxHas
TKaHb M KMINEYHHK. DTO KaK pa3 Te TKAHH H opraHnl, rpe HabJlo-
JAal0TCsl MHTEHCHBHBIE Mponecchl 0OMeHa, B 0COOEHHOCTH MpOnecchl
CHHTE3a HYKJEHHOBBIX KHCJOT, H CBSI3aHHBIE ¢ HUMHU MPOLECCH fe-
JIEHHSI H BO3HMKHOBEHHSI HOBHIX KJeTok. Kaxk oTmeueHo MHOTHMI
HceneoBaTeNIMU, 06MeH HYKJIEMHOBBIX KHCJIOT SIBJSIETCS OJIHMM H3
npopeccoB o6MeHa HauboJjiee NMopa)KaeMblx H3JyueHHEM, H CJe/0-
BaTeJIbLHO, YKasaHHbe Bbillle Opradbl M TKAHH CTPajaloT CHJbHee
BCEro ¥ Jlaxe JOXOAST J0 COCTOSIHHS, HECOBMECTHMOTO ¢ HOpMaJib-
HOHl JKM3HEeAeATeJbHOCTBbIO KHUBOTHOTO. HuXe KparTko wussarawpoTrcs
caMble 0o6LIHe H3MEHEHHsSI, XapakTepHble JJIf OTAEJNbHBIX BHIOB 006-
MeHa BeulecTB MpH JefCTBHY HOHHU3UDYVIOUHX H3JY4YeHHH.

Hyxneunosoie xucaorer. Kak yxe roBopusioch, OAHMM H3 Ha-
nboJsiee XxapakTepHBIX paccTpoicTB OOMeHa BelEeCTB MpH JIyueBbIX
NnopaKeHUsIX SBJSETCS HapylleHHe MpolieccoB O6MeHa HYKJEHHO-
BLIX KHCJAOT (1€30KcHPHOOHYKJIEHHOBOH W PUGOHYKJEHHOBOH) H nX
OT/EJNbHBIX XMMHUECKHX KOMIOHEHTOB B DaJAHOYYBCTBHTEJIBHLIX
TKaHax. OTH HapVIleHHs [pHHAJeXar K 4ucay Haubosee pau-
gux. XOTa feTasd HapyIUeHHsT 3TOrO CJOMXKHeHNero jJisgs BCeH XKHU3-
HelesTeqbHOCTH OpraHd3Ma 3BeHa elle He H3yueHb, BeposiTHee
BCEro 3TH H3MEHEHHSI CBS3aHbl C MOBpEXAEHHEM ONpefe/leHHbIN
MHKPOCTDYKTYPHBIX 3JIEMEHTOB KJETKH, B 4acTHOCTH ee sapa. HM3-
MeHeHHe CTPYKTYDH BJiHsieT Ha (EepMeHTaTHBHbLIE Hponecchl, Hpo-
TEKAlolUlHe Ha MOBEDXHOCIH MOJIEKYJI, a CJeJ0BAaTeJbHO, U Ha OOmed
HYKJIEMHOBBIX KHCJOT, 3aBHCSUHI OT 3THX (pepMEHTaTHBHbLIX HpO-
neccoB. Hannbe mocsegHero BpeMeHH MO3BOJISIOT cje/aTh 3aKJI0-
yeHue, YTO HapViueHHe MexaHU3MoB (ochOpHAHPOBAHUS, B YACTHO-
CTH OKHCJIHUTENBHOTO (ochOpPHJIHPOBAHUA, a TakkKe H3MeHeHHe 06-
MeHa HYKJEOTH/OB — MPEeNIeCTBEHHUKOB M NPOU3BOJIHBIX HYKJe-
MHOBLIX KHCJOT — siBJAsieTcs1 Hanbosiee CylLIeCTBEHHBIM MOMEHTOM B
M3MeHeHHH OO6MEHa HYKJEeHHOBBIX KHCJOT MNOA JedcTBHEM 0OJV-
q9eHHs.

beakosotti obamen. YUTo kacaercs ¢ABUIroB B 0eJk0oBoM OO6MeHe,
TO €JHHOTO0 MHEHHsI cpeau HccienoBaTesiedl B 3TOM BOHNpOCE HeT.
BosblinHeTBO Bee Ke ykasbiBaeT Ha ycHJeHHe pacmnaga 6eqkos
PA3JIHYUHBIX OPTAaHOB M TKaHeH, 4YTO MOATBEPXKAAercss OTPHILLATE/Ib-
WBIM a30THCTHIM 0a/siaHCOM H yBeJMUYeHHeM BbIAEJEHHA a3oTa ¢
Mouoi. [lo cuXx mMop He yAaJoch YCTAHOBHTH KAaKHX-AKO0 cyiuect-
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- geHHBbIX H3MeHeHHH B 6eJKOBOM OGMeHe yesoBEKa, HeCMOTps Ha HC-

f0JAb30BaHHe COBPEMEHHOH ToHualmieli anmapaTtypsl W HpHOOPOB.
YeaesoOnotii obamen. Tlpu o6ayueHun BHe OpraHM3Ma OTMeHEHb
HecOMHEHHbIE H3MeHeHHsl psila (epMeHTOB, PEryJ/HpYIOUIHX obmeH
yIJIeBOJI0B B OpraHu3me (ageno3unTpudochaTasbl, JAErHApasbl,
CYKILMHOKCH/1a3bl H JP.). OnHaxko 3To He HabJjogaeTcss NpH IMOMBIT-
KaxX HCCJAeIOBAHHS U3MeHeHHI 3THX (hepMEHTOB y OOJIyueHHBIX XKH-
8bIX 006beKkTOB. Her e1HHOro MHEHHs O BJHAHUHU 06JiyyeHHst Ha CHH-
te3s W pacnaj rinkoreda. OaHu CYUMTAIOT, 4TO cnoco6GHOCTh HEYEHH
06pa30BLIBATH TJIHKOTEH HE TOJIBKO He HapyIIaeTCs, HO Jaxe yCH-
nusaetcsi. CoryiacHo JApyruM, B pa3ubie CPOKM IOC/€ 06J1yyeHus
103aMH TMOpPSiKA COTEH PEHTTeHOB B KPOBH MKUBOTHBIX MOBLIILACT-
¢si KOJMYECTBO caxapa Il CHHXKAeTCs YCBOSEMOCTb TIVIOKO3bI, KOJH-
4ecTBO I[VIHKOTEHA B NeyYeHW U CKOPOCTh €ro CHHTe3a yMEeHbINaloTCs.
[Ipy yBenHuyeHHI 103kl YKa3aHHble TOJbKO 4TO H3MEHEHHs MpOTE-
KaloT B YCKODEHHOM TeMIle H CTaHOBSTCA HEOGPAaTHMLIMH. Y moneii
8 GOJIbIIMHCTBE CJIvyaeB cojJepKaHHe caxapa B KDOBH HpH JIy4eBOi
Gose3HH 3HauuTeJbHO He MeusieTcs. B obulem 1o NMoBoay H3MeHe-
HHfl YricBOAHOro OOMeHa mpu 06JyueHHH MOZKHO €Ka3aTb, 4TO, IO
KpailHell Mepe B HayajibHBIX CTaJMsX, CYLUIeCTBEHHHIX CJIBHTOB 3
HeM He HabJ/I07aeTcs. )
JKuposoti obmen. IlanHbie no KHPOBOMY OGMeEHY HeoObIualHO
CKYAHBl H M3MEHEHHS HEeJ0CTAaTOYHO OMpe/eJieHbl, XOTs, Y4HTbIBAs
6JAH3KYIO CBf3b KHPOBOTO M YIVIEBOJAHOTO OGMEHOB, MOXKHO 6110
661 0XKHUaTh GO.1ee CylUlecTBeHHHX H3MeHeHuit. OrTmeuyaercs yBe-
JuueHHe B KPOBH OGJAYUEHHBIX KHBOTHLIX JHAWAOB, 4eMYy HHOTIA
Mpe/ILeCTBYeT CHIKEHHe UX KOHLCHTPALHIL B NEYEHH yCTAHAB. M-
BaeTCsi yBe/JMYEHHE JIMOH/JOB H XIIPOB H TaKXe Pa3sBUBAETCS KHPO-
‘Basi uHOUAbLTPALHA NeyeHH, Korjga B Hell nospjsercss GoJibIloe KO-
JIHYECTBO MEJKHX KaneJek Kupa. B KOCTHOM MO3ry mnocJe 06/y-
YeHMS YBEeJIMYIBAETCS CHHTE3 HACHIUIEHHbIX H HEHACBHIEHHBLIX XKHD-
HBLIX KHCJOT, MpHueM B GoJjiee MO3JHHE CPOKH HApYIIAIOTCa  HOD-
MaJibHbI€ COOTHOILEHHS] Mexay OOOMMM BHAAMH MKHPHBIX KHCJIOT.

Munepanonoiii o6men. Hepocratouno u3yuen Bonpoc 06 H3Me-
HEHHAX MHHepasbHOro oGMeHa NpH JAeidcTBHH H3jayueHus. Hmero-
UiMecss faHHble, NPU BCEH MX MPOTHBODEYHBOCTH, TOBOPST O BO3-
MOMKHBIX HapVIUEHHSIX 3TOro oOMEeHa HpH J103aX, BbI3BIBAIOUIHX Jiy-
ueByio GosesHb. Cepbe3HbIX, HECOBMECTHMBIX C COXDaHEHHEM XH3-
HM CABHTOB B COJEPMKAHHH HaTpHUsA, KaJHusg H XJODHIOB B KPOBH
KUBOTHLIX He oTMmeueHo. OGHapy:KeHbl U3MEHEHHS KHCJOTHO-LIe-
JiouHoro papHOBecust. C MPAaKTHYECKOH TOUKH 3peHHst GoJibllioe 3Hd-
YeHMe uMeeT BhIsIBJeHHe ¢ nomoubio Fe’® 3ameTHOoro cHuXKeHus
BKJIIOUEHHS JKese3a B KPAcHble KPOBSHble IMapDHKH. DTO TOBOPHT O
HapylleHHH cHHTE3a TreMorjioOMHa MpH AEHCTBHH H3JYYEHHH U OM-
PpoBepraeT yCTaHOBUBLIEECS MHeHHe 0 OOJBIUOH YCTOHYHBOCTH
KPACHOH KpOBH K 0G6JiyyeHHIO.
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Oxucaurenvnvie npoyeccol. K oxucauTenbHbBIM MpoueccaM OTHO-
CAT TKAHEBOE JLIXaHHe, SIBJAAIOlIEecs MCTOUHMKOM 3HEpruu, Heob-
XOAUMMOH M8 BHINOJHEHUs OpPraHH3MOM CaMblX pa3J/iHUHBIX (YHK-
uM# W OCYLUIEeCTBJIEHHs HODMaJibHOH JesiTeJbHOCTH BCEX KJETOYHBIX
3JieMeHTOB Tesa. HemocpeacrBeHHo nocse 06JiyueHHs] BHIPaXKeHHBIX
H3MeHeHHH ra3zoo6MeHa He Habawojaaercs. MHorga maxe ycuiauBa-
I0TCS1 OKMcJHTebHBEe nponecchl. [lo Mepe pa3Butus JyuyeBo#d G6o-
JIE3HI HHTEHCHBHOCTb OKHCJHTEJNBHBIX MPOLECCOB CHHXKaeTcH. ITO
0c0GEHHO OTYETJHBO NPOsBJAseTcd B mociaefHue AHU Gosesnu. Cie-
lyeT Bce Ke CKa3aTh, YTO U MO 3TOMY BOIPOCY HMelTcss GoJsbllye
pacxoxjaeHust. st OKHCAUTENIbHBIX, Kak BHpoueM M /s  BceX
JAPYruX npoueccos oOMeHa, XapakTepHb! KosieGaHUs B Ty WJH HHYIO
CTOPOHY C BPEMEHHBIM YCHJIEHHEM HJIM CHUXXEHHEM HX HUHTEeHCHBHO-
CTH U ¢ OOJIbIIHMH pa3/MyHsiMH B MPOTEKAHHH y Pa3HBIX IKUBOT-
HBIX.
Depmenrnoie cucremor, Bee paccmoTpeHHble Hpouecchl o6MeHa
BellecTB PEery/iupyloTcsi B XKUBOM OpraHusMme crneuuduyeckumu O6edi-
KOBHIMH COeJIMHEHHSIMH — hepMeHTaMu HaH 3H3uMamu. OHu BXO-
ST B COCTaB BCEX KJETOK M TKAHEH KUBHIX OPraHU3MOB H MUTpaIOT
poJsib GHOJIOTHYECKHX KaTaJu3atopoB. MIMenHo oHu 06ycloB/AHBAIOT
cnocoGHOCTh XKUBBIX OPraHH3MOB OCYUIECTBJSTH MNpeBpalleHusi Be-
{ecTs, HeoOXOJAHMBIe A8 HX XKH3HeJedATeJbHOCTH. B modckax 6u-
OXHMHYECKHX KOMIIOHEHTOB B OpraHu3Me, H3MEeHEHHIO KOTOPBIX
MOXKHO Obli0 OBl NPUNHCATH THAXKeJble HApYHIEeHHS KU3HeldesTesb-
HOCTH IIPH CPaBHUTEJBHO HEOOJBIIHX 034X H3JyueHHS, €CTECTBEH-
HO 6bLIO B HEepBYIO ouepenb O6paTHTbcS HMEHHO K (epMeHTaM.
3Hauenue (GepMeHTOB TPYJAHO HEPEOLEHHTh, eC/iM MPEeJACTaBUTh, Ha-
NpUMep, yTO OJHOH MOJIEKYJib KaTaJsasdbl [J0CTaTOyHO AJf paspy-
wenuss 5000000 mosexkyn nepekucu Bogopoaa. OaHako Ha nepBHIX
Aopax BCe ONBITH Ka3anuch obeckypaxubalomuMu. I[lpu o6.yue-
HHYU KOHILEHTPHPOBAHHBIX PAaCTBOPOB (epMEHTOB MUJJIHOHAMH DPEHT-
TeHOB (03/aBajoch BHeyaT/JeHHe O MOJHOH HeuyBCTBUTEJBHOCTH
(epMeHTOB K 006syyeHH0. ONHAKO HCHOJb30BaHHE UYHCTHIX KpHC-
TaJ/VIH4eCKHX 3H3UMOB, APUTOM B OUYeHb pa3Be/leHHBIX pacTBOpax,
MOKAa3aJio, YTO H3UMBbI 06JiagaloT GOJbIICH YYBCTBHTENLHOCTBIO K
o6ayuenuto. [1ocko/ibky U B opraHu3Me dhepMeHTH Haxo/[sTCsl UMeH-
HO B pa3BeJeHHOM COCTOSTHHH, Ka3aJoch, YTO HpH JAeHUCTBHU H3Jy-
YeHH OHH JOJXKHBI HOJABepPraThcs 3aMeTHOMY paspylIeHHIO gaxe
noa feficteueM Hebousbliux a03. OAHAKO 3TO He HOATBEPHJIOCD.

Ilpu oueHke posu ¢epMeHTOB B peakliuu OpraHusma Ha olJyue-
Hue 60JBbIIYIO pOJib ChiTpasid pa6oThl, B KOTOpPbiXx Oblja jo0Ka3aHa
YYBCTBHTEJNBHOCTb K OOGJYUeHHIO (epMEeHTOB, CO/epXKauux Cyabo-
ruapuabibie rpymnbl (SH). Karanutnueckas axTUBHOCTL MHOTHX
(hepMeHTOB HeNmpephIBHO CBsi3aHa C HasMuueM B HX MoJsiekyjie SH
TPy, Ype3BHYAHHO JIeTKO U3MEHAIOUHXCsl MO BJAUSHHEM JH060ro
U3 o6pasyiolluXxcs ApU OOJiyueHHH PaAuKaJjoB WiM OKHCJHTeJef
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(OH, H20q, HO2) cBomuTcs B GosbiUHHCTBE cayyaeB K 3ameHe SH-
rpynn S-S-rpynnamu, 4TO U NPUBOJAMT K MHAKTHBALUMH (ePMeHTOB.

C HanvyueM CYJb(THAPH.IBHBIX TPYNN CBS3aHB OYeHb MHOTHE
APOLECCH KHU3HEAEeSATeJILHOCTH KJETOK: pa3MHOXKeHHe, POCT, IbXa-
HHME W [JpP.; €CTECTBEHHO, YTO Cpa3y Ke BO3HHKJH TOHBITKH 06bsac-
HUTbH BCIO lienb MaTOJIOTHYECKUX HPOLECCOB MpH Jy4yeBOM MOpaxKe-
HMYM MHaKTHBHPOBaHUeM uau OJokupoBaHHem SH-rpynn, comepxa-
mux cepy ¢epmeHToB. B 370M XOTesin HaHTH paspelleHdHe Bceex
npo6seM MeXxaHu3ma OHOJIOTHYECKOTO JeHCTBUs u3JydeHHs. B Ha-
cTosillee BpeMsi HakKamiuBaeTcss Bce GoJibllle W OGosiblie BO3paxe-
HUE npoTuB 3Tod KoHuenuudd. OCHOBHOE 3aKJ/YaeTcss B TOM, UYTO
pPacTBOPBI YHCTHIX H3UMOB pearupyioT Ha 06JiyueHHe COBCEM HHaue,
JyeM 3H3UMBI B COOTBEeTCTBYIOUIEH (U3uosornyeckoi cpefe. Ho 6buio
6bl HeNmpaBHJbHO TOJNHOCTHI HTHOPHPOBATL 3HAueHHe B MeXaHH3Me
O6UOJIOTHYECKOTO JAeHcTBUS HU3JydYeHHs COeJuHeHHH, cojepxKaimux
Cy/b;hTHAPUILHBIE TPYHHb], 0CO0eHHO YYHTHIBAsE X HECOMHEHHO JI0-
Ka3aHHYIO 3alHUTHYIO POJib.

Haunsie mo MHOruM ApyruM depMeHTaMm INO0Ka elile OYeHb MpO-
THBOPEYUBHL.

Takum o6pasoM, npuBegeHHble GakThl U3 06AacTH pagHdalnuoH-
HOH OHOXHUMHHM He OCTaBJISIIOT COMHEHHS1 B TOM, 4TO IOJ BJHSAHHEM

' HOHH3HDPYIOUUX H3JyYeHHH BO3HHKAIOT HapylleHHs pas/iHYHbIX IPO-

fleccoB oOMeHa, HAYUIUX B pa3/iMyHBIX HamnpasdeHHsX. Pemamwomiee
3HaueHHe HMeeT, MO-BHAMMOMY, He HapyileHHe TOr0 HJH HHOro
BUaa oOMeHa, KakuM Obl IJiyGOKHM OHO HH ObLIO, a HapylleHHe CO-
IJ1aCOBAHHOTO TeYeHHUsI BceX OOMEHHBIX MPOLLECCOB, HMEWIIEero oc-
HOBHOe 3HayeHHe /18 HOPMAJbHOH XKH3HEAeATeJbHOCTH OpPraHu3Ma.

[TpuBeneHHble NaHHBIE He AAIOT OTBeTa Ha BONPOC O NMEPBUUHOM
W/ BTOPUYHOM Xapakrepe paAHallHOHHO-GMOXUMHUECKHX H3MeHe-
HUH, T. e. NIPEAIIeCTBYIOT Jii OHM H3MEHEeHHSIM B Tex HJH HHBIX XKH3-
HEHHO BaXHbLIX OPraHax H CHCTEMAX HJH SBJSIIOTCS  CJIeJACTBHEM
GYHKUMOHAABHBIX HAH MOPGOJOTHYeCKHX H3MEeHeHHii, HacTyhalo-
IHX B 3THX OPraHax MOj B/JAHAHHEM H3JyUeHUs.

IIpo6aema roxcemuu. [anHble PafHanUOHHON GHOXUMHH HE MO-
TYT yIOBJIETBOPUTE/NBHO OOBSICHUTH HECOOTBETCTBHE MeXAy KOJH-
YeCTBOM MOTIVIOUWIEHHOH 3HePrud U 3(h(HEKTOM He TOJBbKO 1oj BJIHSA-
HHEM Masblx /103 H3JyYeHHH — IeCATKOB pEHTreHoB (HYKJEHHO-
BBE KHCJAOTH, (DePMEHTHI), HO fAaxke HpH cMepTeabHBX Ao03ax. Jo-
CTATOYHO cKa3aThb, YTO 3HAYHTeJbHBIE (DU3HOJOTHUECKHe H3MeHeHUs
OPOHCXOAAT NMPH HeOOJNBIIHX CyMMAapHHX 3HEPrUAX BO3AeHCTBUSA
(HampuMep, M/ MJIEKOMUTAIOWMX OHH COOTBETCTBYIOT TENJIOBOMY
SKBHBaJIeHTY IOBBIIIEHHs1 TeMHOepaTypn Bcero Ha 0,002°). dto no-
POX/aeT paja TeopHil, KOTOPble (3a HCKJIOUeHHeM TeOPDHH <«MHIle-
HU») NpPHHUMAIOT 32 OCHOBY 00pa3oBaHMe B OPraHH3Me TOKCHYeC-
KHX (sgoBuTHX) BeulecTB. 110 MHeHMIO GOJILIIMHCTBA HCCJEN0BA-
TeJel, 3Tu BewlecTsa 06/1afdaloT Jake B HHUTOXKHBIX KOHIEHTPaAILK-
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SX SIBHO BBIPAMXKEHHBIMH TOKCMUECKMMM CBOHCTBAMHM, BBI3bIBAIOUIN-
MH JiyueByI0 6oJe3Hb. JIpyrHe MccsieloBaTelu MNpeAnosaraioT |y
3THX BellecTB CHOCOGHOCTb K IENHBbIM peakuusM, GJaronaps KOTo-
poil OHM MOTYT PasMHOXaThCs B OPraHM3Me J0 KOJHYECTB, 10CTa-
TOUHBIX [JSi ero HHTOKcHKauuu. MHOrouHc/aeHHble HCC/e10Banud,
NpoBefeHHble B 3TOM Hanpas/ieHWH, psil OCTPOYMHBIX M TOMKIX ~ Me:
TOMMK YKa3biBAlOT Ha HecOMHeHHOe 06Gpa3oBaHue B KpOBI 06J1y-
YeHHBIX KXHMBOTHBIX KaKHX-TO «TOKCHYECKHX MPOLYyKTOB», MNprpoaa
¥ BpeMs JEHCTBHs KOTOPBIX MOKa elle He YTOYHEHBI B mnocaennee
BpeMsi HEKOTOphle HCCJ/e10BaTe/d MPHITChIBAIOT (GYHKIHH ~ ITOTO
BLICOKOTOKCI{4€CKOr0 MPOAYKTa OHOJHIMHAAM.

Hanoxennse dhakTel U3 o6siacTd MexaHu3Ma  OHOJIOTHYECKOTO
1eHCTBHSI HM3JYVUeHHs OCBELlAlOT TOJIBKO OAHY CTOPOHY BOmpoca, 4
UMEHHO: MCXaHM3M MePBHYHOrO TeHCTBISI HOHU3HPYIOWIHMX H3JTYy4e-
HHH Ha KuBOe BellecTsO. /luHaMuka TNOpa)Ke€Hus OTIeJbHBIX Opra-
HOB M CHCTeM, NPUYHHBI MOPaKeHHs M HapyLICeHHsl JACATEJbHOCTH
3THX OPTAaHOB M OpraHH3Ma B 1€JOM B JaHHOM DYKOBOJICTBe He OC-
BelaloTCs, TAK Kak ee TNOHuMauue TpebyeT CleluabHbIX 3HaHHu
13 067acTH o6uleill GHOJIOTHH, AHATOMHH H (H3HOJIOTHH KUBBIX Op-
FAHISMOB. 3 %eCTHO JHIIL BKPaTile OCTaHOBHTHCA Ha 60.bLUOIN PO
HEDBHOH CHCTEeMBl B peaxkuud OpraHisMa Ha 06.1yyeHHC U Ha ero
reHeTHUecKHx 1ocaefcTpusx. CaMple pa3sHooOpasHbic Tpomecchl B
OpranusMe, B TOM uHc/e H (H3HKO-XHMHUECKHE, H o6MeHHbIe, H BCe
JIpyrue, HaxoAAaTCsa TMOA KOHTDPOJIEM [EHTpAaJIbHOfi HEepBHOH CHCTEMBI
H peryJaupyioTcsi HMIyJbCaMH, MOCTYHAIOUIMMI H3 KOPbl rOJOBHOTO
mosra. TeueHue H ucxon JyueBod OOJe3HH, KaK W MHOrHX ADYTHX
3a601eBaHUIT, 3aBUCAT OT HEPBHOH CHCTEMBI.

Bonpeku rocnoicTByomlei Ha 3anaje TeHIeHLMH OTpPHLAHIA
YYBCTBHTENILHOCTH LEHTPaJibHOH HEPBHOH CHCTeMBl K 06.,1y4YeHHU10,
oTeyecTBEHHAsl paaHoGHOJIOTHs ¢ caMOr0 CBOEro 3apoXJIeHus, T. €.
¢ KOHpa TpOLLIOro BeKa, MPHJIepXKHBAIach MpPaBH/IbHBIX B3TJA10B
Ha POJb NEHTPAaJbLHON HEePBHOH CHCTeMbl, MNpH3HaBas €€ HyBCTBH-
TeJbHOCTh K OOJIVUCHUIO H TYCKOBYI) H KOPPErspyioulyid pogb B
peakuHu OpraHu3Ma Ha oOJaydeHHe.

He6aaronpusTHoe BJMAHHEe Ha NOTOMCTBO MaJiblX /103 HOHH3H-
PYIOUMX U3Jy4eHuil, T. e. BOMPOC O TaK HA3biBaeMbIX TEHETHYECKHX
NOCJAENCTBUAX H3JAYYEHHH, sIBJsIeTCS JKHBOTPENMEUlylIUM BOIMDOCOM
coBpeMenHocTH, [1pobaeMa TeHETHYECKHX nocJeacTBUH  1eHcTBHUS
MOHH3UPYIOUHX HM3JyueHH KacaeTcs CYAbObl MHJJIHOHOB  HAlIKX
[IOTOMKOB, KOTOPHIM YIPOXKAIOT COTHH TSXKEJBIX, NMOAHAC CMepTesib-
HBIX aHOMAJiMH, YPOACTB M HEU3JIeYHMbIX HACJeACTBeHHBIX 3abo.c-
BaHHH.

[Mpo6JsieMa TeHETHYECKHX TMOCAEACTBUE JEHCTBHS H3JIYUCHHH B
noc/eqHHe roabl TpHoOpesa HCKJOUYHTesNbHOE 3HaueHue. [1puuuHa
3TOrO, BO-TEpPBLIX, B 00LleM MNOBbIIIEHHH €CTECTBEHHOr0 pPajaHoakK-
TupHOro (hoHa, 0OYCJOBJEHHOTO B OCHOBHOM HCMBITAHHSIMH aTOMHO-

Vil
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rO OPYXHSI; BO-BTOPBIX, BO BCe paciiupsloumemcss IPHMEHEHHH pas-
JIMYHBIX BHJIOB HOHU3HPYIOUIMX H3/yueHHH (pEHTreHOBHI Jyuu, pa-
AMOAKTHBHBIE M30TONBI) [UIst MATHOCTHKHM M JIEUEHHs; B TPETbHX, B
pocTe KOHTHHTEHTA JIHL, CBSI3aHHBIX C MHPHBIM HCIOJIb30BaHHEM
aTOMHOH 3HeprHy W B TOH WJM HHO# (oOpMe NOJABEPraloOUUXCs BO3-
JeHCTBHIO HOHH3HPYIOUIMX H3JYYeHHH.

M3MeHeHus Hac/AeACTBEHHOCTH, TaK Ha3biBaeMble MyTalMl,
MPOMCXOAAT CKayKoo6pa3Ho. OHi MOryT H3MeHHTh JioGLie IpH3-
HaKM M CBOIiCTBA OpraHW3Ma B pa3JsiiyHbIXx HanpasJjenusx. [lo-
napJasiiollee  GOJBbLIKHCTBO HACJIECTBEHHBIX MyTanuil  siBJsieTcst
AOMMHAHTHHIM, NMPOSIBJAsiETCs B MePBOM ¥Ke MOKOJIeHHH M Tp#HBOAUT
K HacJeACTBEHHLIM YpPOJACTBRaM U 3a60/eBaHHAM, YHCIO KOTOPBIX Y
moneil poxoauT xo 500. K HuM oTHOcsTcs reModuaus, WH30hpe-
Husi, HHOAHTHJBHLIH HAXOTH3M, 3THJENCHs H JAp. B ecTecTBeHHHIX
yC/IOBHSIX HECOMHEHHYIO, eC/iM He TVIaBHYIO POJib B BO3HHKHOBCHHH
HOBDBIX HacJieJCTBEHHBIX M3MEHEHHH HrpaeT 3eMHOf (OH paauanuy,
norsiouleHHas 1034 KOTOPOro, NoJiyyaeMas TOJIOBHIMH  KeJie3aMH
3a 30 Jer, cOcTaBJjseT OKoJio 3 pad.

BOMBLUIUHCTBO HCCJeA0BaTe/ed CUUTAaeT, YTO BO3HHUKAIOLIHE Ha-
ceCTBEHHbIe H3MeHeHHsi Heo6parumbl. Mmeercs suHelHas 3aBH-
CHMOCTb 4aCTOTH BO3HHKHOBEHHs Hac/e[CTBEHHbIX H3MeHeHHH 01
/036l MOHH3UPYVIOMEro H3JyueHHs. DTO TOBOPHT, CKOpee Bcero 06
OTCYTCTBUHM «IOpOra» B AEHCTBUM pAaAHANUH HA HAC/EJCTBEHHOCTD,
T. e. KaK 6B HU Obijia MaJia J03a BO3JeHCTBHUS, MNPONOPIHOHAJBHC
el BO3HUKAIOT HACJeACTBeHHble H3MeHeHHs1, DTO O3HAuaeT, 4To MpH
PABHBIX 703aX MPH JJHTEJbHOM BO3JEHCTBHH H3JY4YeHHH Masofi
MOLIHOCTH T[MOSIBUTCSI CTOJNBKO e HAaCJeICTBEHHBIX H3MeHeHMH,
CKOJILKO TNPH KPaTKOBPEMEHHOM OIHOKPATHOM Bo3/eiicTBHH Goaee
HHTEeHCUBHBIX H3JyyeHHH, B nociegHee BpeMsi TNOSBHJUCH HOBHIE
J1aHHble, TOBOPSLHE O TMOTEeHUXAJbHOCTH U OOPATHMOCTH TeHeTH-
YeCKHX MOBpPEXAeHUH.

He wusaaras noapo6HocTeil pacueToB, OCHOBAHHLIX Ha BCSKOrO
pOJa KOCBEHHBIX CONMOCTABJICHHUSAX I He BCCraa CTPOTUX JAonylle-
HHAX, MOXKHO CKasarb, yTo Ji060e, gaxe He3HauyHTesibHOe JOTNOJIHII-
TesibHOe K ecTeCTBeHHOMY (hOHy BosjeficTBHe pajavauuu (B pe-
3yJibTaTe ATOMHBIX B3pBIBOB, PCHTIEHOAHATHOCTHYECKMX H DeHTre-
HOTepamneBTHYeCKHX TpOUeayp, TNpOdeccHoHaIbHOe —00.1yuenne)
MOXeT. MPHBECTH K 3HAY{ITEJbHOMY YBEJHUEHHIO HAaCJEICTBEHHBIX
3a6oJieBaHUil v TIOTOMKOB JiMi, TNOJBepramouuxcs BO3JciicTBH:O
HOHU3HpYyIOwWell pagnaguu. DTO yBesHuyeHHe Oymer NPONOPIHOHAIb-
HO BeJIMYHHe [AONOJIHHTEJbHOTO BO3JAeHCTBHSI paAuaundH, a Takxe
KoJiyecTBY o0ayueHHBIX JwogeHd. Heckosibkux AecsiTKOB PEHTreHOB
B TeYEeHHEe pENpPOAYKTHBHOTQ MepHOja JAOCTATOYHO MJisl TOsSIBJIEHHS
MHOTHX MHJ/IIHOHOB HOBBIX OOJIbHBIX HacJ/eACTBEHHBIMH O0Jie3HAMH
B JOMOJiHEHHe K JeCATKAaM MHJJIHOHOB, yXe HMEIOUIHUXCsl B MHpE.
910 roBOPHT 0 HEOGXOAMMOCTH AaJibHeHllero MaKCHMaJsibHO BO3-
9 3auwmra or PaioakTHRILIX H31ydeluil.
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MOMKHOTO CHHYKEHMS MpeesbHO JONMYCTHMBIX YpOBHeH HOHH3HpPYIO-
Iero W3JYyyeHHs KAk AJs JiHl, TOCTOSHHO paboTalliX ¢ pajHoak-
THBHBIMHM HM30TONAMH, TaK H, YTO BaXKHee (TakK KakK ‘'HX T0paslo
GoJsiblle) /st JiML, He cBA3aHHHIX 1O paloTe ¢ HCNOJb30BAHHEM
HOHU3UPYIOWUX H3snyueHuid. Mmeso Ol CMbICA OTpaHHYMTH  BO3-
p4cTHO! LeH3 JuL, paboTaloWKX B ATOMHOH TPOMBILLIEHHOCTH,
OTOABUHYB €ro Ha KOHel penpoayKruBHoro mnepuona. Ilpu perue-
HUYM BONpPOCA O 1enecoo0pa3sHOCTH HCNOJb30BaHHA HOHU3UPYIOUIMX
H3JiyueHUHl /i AMArHOCTHKH /M TEpamnud Cjelyer BCerja comno-
CTaBJIAThL NOJIb3y ITHX NpPOLEAYp C pasyMHBIM pHUCKOM B OTHOILE-
HUHM reHeTHuecKHx nocsjeacTBuil. OcoOGeHHO HETepnUMBIM  Cjeayer
npu3HaTh raobasibHoe MOBHILEHHE (OHAa 3eMHOH pajauaunhu, 06y-
CJIOBJIEHHOE HCILITAHHAMH ATOMHOrO W BOJOPOJHOTC OpyXHH; yT-
po3a nanbHeilIMX UCTBITaHHA A0 CHX NOp He CHATA. JTO TOBbBIILe-
HUe He OueHb BEJIMKO, HO OHO OTpaKaeTcd Ha TAakKOM KOJiHyecTBe
JIOfeH, KOTOpOoe He MOXET WATH HH B Kakoe CpaBHEHHE C JAPYTHMH
MAacCOBBIMH BO3/eHCTBUSIMM HOHM3MPYIOLIMX H3JyyeHHH. Myranu-
OHHble H3MEHEHHs NOJ AEHCTBHEM H3JyueHHs MOTYT BO3HHKATh M B
NPYTHX KJeTKaXx TeJsa (COMAaTHUYeCKHX, MoyeMy 3TH MyTalMH H Ha-
3pIBAlOTCH coMaTHueckuMH). EcTh MHOro ocHOBaHHUH cuHTaTh, UTO
3/10KA4eCTBEHHbIE ONMyXoau M 3a60/ieBaHMSI KPOBH THTIA JIEHKO30B,
BO3HHKaWIHe NpH AefCTBHM HMOHH3UPYIOUIHX H3JydeHUH, 00s3aHbl
CBOMM TNpPOHCXOXKJAEHUeM coMaTuueckuM Myrtauuam. O6 omacHocTH
pocTa 3THX CMepTesibHBIX 3a060JieBaHHH B pe3yJbTare JONOJHHUTENb-
HBIX K €CTeCTBEHHOMY paJHOAKTHBHOMY (hOHY BO3JAEHCTBUH HOHH-
3UPYIOIIMX M3JyueHHH MOXKHO CYAUTh TNO HEKOTOpPBIM pacyeram.
Tax, BecbMa MaJjioe NOBBbILEHHe 3eMHOT0 (poHAa pajHalHH, BO3HH-
Kawolllee B pe3y/abTaTe B3phiBa OAHOH BOAOPOAHOH 60MOH  (2KBH-
BasieHTHOH 10 Mer TpHHUTPOTOJyOsia) MOXKET TNPUBECTH K BO3HHK-
HOBEHHIO Cpelu HaceseHHsi Bcero 3eMHoro mapa Hobix 15000 cay-
ygeB Jeiko3a.

IF'aasa 3

3AKOHOMEPHOCTH NOCTYNJEHHS, PACHPEIEJEHUA
U BBIAEJEHHS U3 OPTAHHU3MA PAJHOAKTHBHBIX
BEILECTB

B ¢Bfi34 C IUHPOKHM HCNOJIb30BAHHEM pAaJMOAKTHBHBIX H30TO-
NOB B pas3/iMyHBIX OTPAC/AX TEXHHKH, TPOMBIUUIEHHOCTH U HaykKH
BO3HMKAIOT BOMPOCH DaJHOAKTHBHOIO 3arpf3HeHHs BHEIUHEH cpe-
JAbl: BO3/yXa, BOAbI, NMOYBHl, PaCTHTEJbHOCTH, a CAEI0BATEJIbHO, K
nullleseix npoayktoB. Ilogo6Horo pospa 3arpsi3HEHHE BO3HHKAeT
NPH HCIBITAHHAX ATOMHBIX W BOAOPOAHBIX G60MO, MpH BCAKOrO pojaa
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aBapHsiX W B 3HAYUTEJbHOH Mepe B pesyabraTe HEOPEXKHOTO OTHO-
IIEHHsT K PAajHOAKTHBHBIM OTXOJaM Ha MNpEINpHUATHAX AaTOMHOH M
JPYTHX BHJOB TpPOMBLIILJIEHHOCTH, 4 TakMXe B HaY4YHO-HCCJIENOBa-
TeJNLCKUX, JeUeGHBIX U NAPYTHX YUpEXJeHudX, IPHMEHSOIUX payH-
OaKTHBHBIE H30TONBL. JTO 3arps3HEHHE BHEIIHEH Cpeabl, paBHO KakK
¥ HecobJilofieHHe CaHUTapHBIX TNpaBHJA H HOpM NpH paboTe ¢ paaH-
OAKTHBHBLIMH H30TOTAMH, TPHBOAUT K TONAJAHUIO pAfHOAKTHBHBIX
BEILIeCTB B OPTaHH3M. . )

IlpupoaHbii ypoBeHb pagHaldd TOBHILAETCA B OCHOBHOM 33
cyet posroxupymx Sr% u Cs'¥ o6pasyiomuxes cpemgu ApyrHX
pafHOaKTUBHBIX TPOAYKTOB HEJIEHHS TpPH HCNHTAHUSAX SAEpHOro
opyXusi. DTH TpOAYKThbl feJieHHs, NPOHHKAIOT B BHLICOKHE CJOH
crpatochepsl, rjae OHU TepeMelalTcs, HHOTAa Ha [JOBOJIbHO jaJe-
KHE paCCTOSAHHS BO3JVUIHBIMH TEYEHHUAMH M B M3BECTHOM KOJHYeCT-
Be €XerojHo BhnanawTt Ha 3emdo. Cs'¥ ypejuuuBaer ypoBeHb 3€M-
HOH pa/JHOAKTUBHOCTH 3a CUeT y-H3JyyeHHus, a Tonajas. B .0pra-
HU3M, YBEJHUYHBAET TMPUPOAHBLIA YpOBEHb pANMOAKTHBHOCTH. Opra-
Hu3Ma. B pesysabrare B3pbiBoB sinepHoro opyxus y-pou B CILA ¢
1952 no 1955 r. Bospoc, nocruras B HEKOTOpHX MecTax 160 mpad.
B pasunix pafionax CIIA o6uapyXeHo TakXe Bunagesude Sr¥® no
8,85-1073 kropu/km?, mpuuem c rogamu 3To BhiMalenue Oyaer Ha-
pactaTh gaxe NpH NpeKpalleHHd JajsbHeRlINX HCMLITAHHH aTOMHO-
r0 OpyXus. , ,

O/1HaKO onacHOCTb 3aKJI0yaeTcs He B BO3PACTAHHU TPHPOLHOTO
ypoBus cpennl Ha 0,1%, a B yBesiMueHHH TPHPOAHOrO pa HOaKTHBHOIO
ypoBHf Tesa u3-3a nonaganus Cs'¥ y Sr® B opranusm, . ocoben-
HO Sr%, BcsIeACTBHe €ro yyacTHs B TaK HAa3blBaeMblx OHOJIOTHYEC-
kux uensix. OTKiagblBasich NpH BHNAJEHHH B BEpXHHX .CJOSX MOY-
Bbl, S BMecTe ¢ KasblHeM mocrynaer B pacrenus. M3 pacrenui,
norsiolllaeMblX XKHBOTHBIMH, SI% momagaer B OpraHuaM YKMBOTHOLO
H TpexJe BCero B MOJIOKO. B KoHue paccmaTpuBaeMoil . 6HOJIOTH-
yeckoli uenu Haxoaurcsa uyesosek. Cs'37 mepexoaur B MoJIOKO KOpOB
B KOJIMYECTBAX, B NATh pa3 6oabmiux, uem Sr%. [lomuMo Mosioka,
Cs!® monagaer B OpraHuaM uesioBeKa ¢ MSCOM JKHUBOTHOTO, TrhAe
uMeercss okoso 8%y TOro KoJiHuecTBa, KOTOPOE MOCTYNWJAO B Opra-
HH3M XKHBOTHOTO., B Hacrosllee Bpemss pagHOaKTUBHbIE H30TOMbI
HMEIOTCS MOYTH A/ BCex 3jeMeHTOB. O6ulee uX KOJiHYecTBO nepe-
Baauio 3a 1000. M3 ocoGenuocrell pagHoaKTUBHLIX H30TONOB, KO-
TOpHE cjieayer UMMeTh B BUAY TIpH HX NOCTYIVIEHHUH B OpTraHH3M,
BaXHbI cjenyroumue: .

1. TlpenenbHo pomycTHMBblE [Jis OpTaHM3Ma KOJIMYECTBA PajuoO-
AKTHUBHBIX M30TONOB HMEIOT B OOJBIIHHCTBE C/y4a€B HHUYTOXKHBIf
Bec, nopsaaka 1076-—10"% me. Ilas panMOaKTHUBHBIX a3po30Jeil, Ha-
NpUMep, B HEKOTOPHIX CJyyYasix JOCTATOYHO OJHOH YACTULL YHCTORO
panuoakTuBHOro 3Jjemenra ¢ pazuycom 0,1 p B 1 M% BO3ayxa, uro-
OBl co31aTh MpefejbHO AOTNYCTHMYIO HOPMY AaKTHBHOCTH. ...

9*
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2. ManyueHne pagMOaKTUBHBIX BellleCTB He MOXer GbITh NMPHOC-
TAHOBJEHO B OpraHH3Me HHKAKHMH OOLIYHBIMH (HH3HYECKHMH WJiH
XMMHYECKHMH CPeAcTBaMH. [103TOMY OCHOBHBIE MOMCKHM myTed GOpb-
65 ¢ X BPeQHBIM meilcTBHEM HamnpaB/eHbl Ha YCKOpeHHe HX BblBe-
JeHH.

3. PaanoaxkTHBHbE BellleCTBa OTJHYAIOTCH ClElH(pHYEeCKUM pac-
npejeseHHEM B OpraHH3Me, 4To H OOyC/IOBJUBaeT pas/iuyde B HX
6HO/IGTHYECKOM AeHCTBHH.

§ 1. 3HAYEHME ®U3HKO-XHMHYECKHUX CBOHCTB PALHOAKTHBHDBIX
BEILECTB AJist UX NPOHUKHOBEHHWSI U PACNPEREJIEHHSA B

’ OPTAHU3ME

[lonmagaHue pagHOAaKTHBHBIX H30TONOB B OpraHU3M, HX NOBefe-
HHe B HeM H 3(p@EeKTHBHOCTb HUX JAEHCTBHH BO MHOTOM 3aBHCHAT OT
ero (HM3UKO-XMMHYECKHX CBOHCTB. Xapakrep NEeACTBHST paaHOaK-
TUBHBIX BelllecTB Oyaer 3aBUCETh TaKXe OT MX (PU3HYECKOTO COCTO-
sinus. PagHoakTHBHbLIE BelECTBA MOTYT BCTPeYaTbCsi B YHCTOM BH-
fe Ha pa3/iM4YHbIX HOCHTEJAX M B Pa3jHYHOM arperaTHoMm coCTos-
HHH, B BHJE PACTBODHMBIX M HEPACTBOPHMBIX coepuHeHHH. [lefict-
‘BHe PAaAMOAKTHBHBIX a3p030Jiefl B 3HAUMTEJBHOH Mepe 3aBHCHT OT
pa3Mepa YacCTHI, H OT Ha/lMuMsi Hiu OTcyTCrBHs Hocuressi. Ilo-pas-
HOMY OTKJajblBaeTcs H M0-pasHOMYy AEHCTBYeT PaAHOAKTHBHOE Be-
WIeCTBO B 3aBHCHMOCTH OT KOJIHYECTBA HOCHTE/If MJIM OT Xapakrepa
XHUMHUECKOTo coenvHeHusa. Psjn U3HKO-XHMHYECKHX (haKTOPOB, KO-
TOpble MOTYT BJAHATH Ha 3(QPeKTHBHOCTb NEHCTBHUS PaaHOAKTHBHO-
ro BellecTBa, elge HejpocrarouHo usyuyen (pH, mepuox moaypacna-
“Aa T A).

PanuoakTHBHLIE a3p030sH 00pasyloTcsl NMpH CaMbIX pas/iHyHBIX
nporeccax o6pabGoTKH pagMOAKTHBHBIX MaTepuasoB, B YaCTHOCTH
npu o6paboTKe pyA, MPH XHMHYECKOH OYHCTKE MIyTOHHS, B raso-
BLIX MOTOKAaX, MPIMEHSeMBbIX /58 OXJa*KAEHH sIIepHBIX PCAKTOPOSR,
npu cxuraHun M 06pabOTKe pagHOAKTHBHBIX OTOpPOCOB, TMpH BCA-
KOM pasgpoO6J/ieHHH, pacTHpaHWH, TPOCEHBAHWH, TepechinaHuu H
BO3TOHKEe TBEpABIX TeJi, TIpH KUTIAueHUH, BHINAapUBAHHH, TepesiuBa-
HHM H TPH BCAKOro poja APYTHX ONepanHsx ¢ aKTHBHBIMH PacTBO-
pamu. Kpome 3Tux 06buHBIX crnoco6oB 06paszoBanHs —a3posodieil
Boo6Ie, B TOM uHCJe H PagHOAKTHBHBIX, CYIUECTBYIOT Creunudu-
yeckHe IS PAaAMOAaKTHBHBIX a3po30Jell mpoleccs HX 06pasoBaHuf,
K HHM OTHOCATCS a3p030JiH, o6pasyiolnecs B NPOAYKTaX pacnaza
ra3o06pa3ublX pajHMOaKTHBHBIX 3MaHalu#, 3a CYeT pAAHOAKTHB-
HBIX aTOMOB OTJAa4u M HEepaJAHOAKTHBHLIX aTOMOB OTAa4H, YBJEKaio-
IMX NpM CBOEM BBbUIETE YACTHIBI MATEPHHCKOTO PaaHOAKTHBHOrO
peliecTBa (rpynnoBasi oTjgava).

[TpenMyuiecTBEHHOE TNOpaXeHue TeX MM HHBIX obaacteid abl-
XaTeJLHOrO TPaKTa M BPEAHOCTb PAgHOAKTHBHBIX a’po3oJiell B Le-
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JOM B 3HAayUTeJbHOH Mepe 3aBHUCHUT OT pasMmepa TexX MbLIEBBIX yac-
THL, HAa KOTOPHle Caasfitcs paJHOaKTHBHbie yacTHLbl. MMeHHO pas-
MEepOM TMbIJIEBLIX YAaCTHL, B OCHOBHOM OTNpejpe/sieTcs, Trae OCSAyT
pafMOAKTHBHbBIE a3PO30JH — B TOPTAaHH, B Tpaxee, B OpOHXaX HJH
B JIETOYHBIX aJsibBeosiaX. [10 mMepe yMeHbIleHHS pa3sMepoB YacCTHIL
Bce Oouiblllee KOJIMYECTBO HX OCejderT Ha TMOBEPXHOCTH JIErOYHBIX
aJibBe0Ji, 38 HCKJIOYEHHEM CaMbIX MaJibiX, CKOpocTh AHbdy3ud KO-
TOPLIX B TOKe BJABIXaeMOro BO3AyXa HACTOJIbKO YBEJHYHBAETCH, YTO
OHH O CBOEMY pacnpejiesieHuI0 NMpUOHKAIOTCS K KPYTNHBIM YaCTH-
aM pasMepoM B HeCKOJbKO MHKpOHOB. M3 cienylomux JaHHBIX
BHAHO, KaK P€3KO MeHseTcs pacnpejpesieHue eCcTeCTBEHHBIX Pajguo-
aKTHBHBIX BeLIeCTB CPeAM YaCTHI[ pasHOro pasmepa’.

JlHameTp NhlNeBHX Pacnpepnenenue
YacTHL, aKTHBHOCTH, %
0.005 5
0,005—0,015 25
0,015—-0,025 50
0,025—0 035 10
0,035 10

Psaaom MCCJICOBAHUIT TIOKA3aHA CBSI3b MEXAY TOKCHYHOCTHIO
YPaHOBHIX COenMHeHHH u pasmepamu uacTuu. Okasajock, 4TO Bpes-
HOe mefiCTBHE NblJi JABYOKHCH ypaHa oOpaTHO TNpONOpPLHOHANbHO
pasmepaM uacTuu. HecoMHeHHO, YTo pasMep YacTHI, MJIOTHOCTbL U
pPacTBOPUMOCTb YpaHOBOM mNblin 00yC/ioOBJAMBAeT CTeNeHL €e Tpo-
HUKHOBEHHS B JIETKHE Il TNIEPEHOC X U3 JETKHX B TOUKH, 'Ae pa3Bu-
BaeTcss mepBHuHoe mnopaxedHe. OT arperatHoro CoCTOSiHHSE panHo-
aKTHBHBIX BEMIECTB 3aBHCHT H NPOAOJIKHTENBHOCTL UX HAXOMXJCHUS
B JblXaTeJbHHIX MyTHX.

KonnyecTBo mMonamamoiiero B OpraHu3M PaglOaKkTHBHOFO H30-
TONA TAKXKe BJAHSET Ha ero nosemeHiue. DTO XOpollo BUAHO Ha «He-
BECOMBIX» KoJsinuecTBaX. Mx mepBas 0co6eHHOCTb COCTOHT B TOM,
UTO <HEBEeCOMbI€» KOJHYeCTBA TPYAHOPACTBOPUMBIX COEIMHCHMUIT
YaCTO He MNPEeBBIIUAIOT Tpeesabl pacTBOpHMOCTH. Bropas ocoGen-
HOCTb 3aK/Io4aercss B TOBEJEHHH HCTHHHBIX DPajHOKOMIOHIOB C
YJAbTPAMUKPOCKONUYECKHUMHU pa3MepaMH YacTHL, NOpAaKa MU/JIH-
MHKPOHOB (4TO OOYC/IOBINBAaeT CrendduKy HX MoBejleHus) obpa-
3VIOIUXCS B pACTBOPaX panHOAKTHBHBLIX 3/eMEHTOB nax&'e 6e3
ydacTust siBjieHHs aacopOUUH Ha NOCTOPOHHHX TIPHMECSX, TpeTbeﬁ
HX 0COOEHHOCTBIO fIBJISIETCH CKJAOHHOCTL K ancopOUHuH, nJd uyero B
XKHBOM OpraHH3Me NpH HaJiM4UH MOJIEKysa 6esika ¢ '60.%1110?”1 no-
BEPXHOCTBIO C031al0Tca 0c060 GuaronpuaThble  yciosHs. Pacrso-
PUMOCTb H CnocoOHOCTh K agcop6uuu HaxoxsTcs B o6paTHo#l 3aBu-
CHMOCTH Mexay cob6ofi. DTo MOXKET MOMOYL TOHUMAHUIO NPHYHH

Pa3iuuuil B HAaKOWIEHHH M 3ajepkKe pa
JAHOAKTHBHBIX 3JIEMEHTOB
OpraHusMe. on e

'Cum. B. Xyawrksucr Mouusu

_ ouee U3 n s 8
kos, WLJT, 1989, crp, 57. py 3JYYCHHC CCTCCTBCHHLIN HCTOUHIIL-
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Poap HoOcuTENsE U €ro KOJHUYECTBO 3HAUUTEJNBbHO CKa3blBAWOTCA
fa NMOBEJEHHH «HEBECOMBIX» KOJUUECTB PAgHOAKTHBHOTO BEUIECTBA.
CooTBeTcTBYIONIEE KOJMUYECTBO CTAGHALHOrO M30TOMA B BHJE HOCH-
TeJIST MOXKET H3MEeHHTh (PH3HKO-XHMHUEcKoe COCTOsHHE HeBeCOMBIX
H30TONOB U MOBJAUATL HA pacHpejpesieHHe HeBecCOMOro U BeCcOMOTO
KOMIIOHEHTa B OpraHax }HBOTHOTO. DTO OTYETJAHBO BHJIHO H3 CJAeny-
IOIMX AHHBLIX MO pachpenesieHHI0 BECOMOTO ¥ HEBECOMOro HUTTPHS B
opraiax Kpblic Ha BTOPOH [eHp MOCJde BHYTDHBEHHOTO BBEEHHUSA
10 mxxropu u3oToMA.

Hrrpu#i. % x obuwe#t
Opranst c6HapyXKeHHOH
PAgHGAKTHBHOCTH

«Hepeca-

Mbifl» BeCAMHIH
IMeweun . . . . . . . . . .. 7.10 65,50
Cenesefika .<. . . . . . . . . 0,38 6,28
Moukwy ., . . . . . . . . . .. 5,35 1,24
Ckemer . .. .. . ... 51,50 12,70

Tywka . . . . . . . . . . .. 36,00 14,20

§ 2. IYTH NOCTYNJIEHUST PATHOAKTHUBHbLIX BEHLECTB B OPrFAHHU3M

PapuoaktuBHble BeuecTBa MOryT MONanath B OpraHU3M  pas-
JUYHBIME TyTAMH. OCHOBHBLIMH SIBJISIIOTCS CHCTeMa OpraHoB jblXa-
HHUsl, XKeJYJOYHO-KHIIEUHBIH TPAaKT, KOXa H KPOBEHOCHAs CHCTEMA.
CreneHb NMOBPeXJEHHs1 OpPraHH3Ma B 3HAuHTENLHOH Mepe 3aBHCHT
OT «BXOAHBIX BOPOT» JJis DPAjHOAaKTHBHBIX BEIECTB.

Tlpu paccmoTpeHnun Bompoca O HPOHHKAHHM PAaAHOAKTHBHBIX
BEUleCTB B opraHu3M G6oJiblloe 3HAayeHue MpHAAeTCs HX PacTBODH-
MocTH. MasiopacTBopruMble pagMoOaKTHBHLIE BEL[ECTBA GVAVT, KO-
HEeYyHO, XYXKe BCAaChlBAThCSl B JKEJYAOUHO-KHILEYHOM TpaKTe, ueM
pactBopuMmble. OpHaKo Hesb3si 3a0HIBaTh, YTO MAaJOpPacTBOPHMBIE
COeIHHEHHs] XOTs M HEMHOro, HO Bce K€ BCachiBarcs. [10CKOALKY
pafguoOakTHBHBIE BeulecTBa AEHCTBYIOT B HHYTOXKHO MAaJbiX  KOJIH-
yecTBax, TO gaxe HeGoJibILIOE KOJHYECTBO BCOCABILEroCsy BellecTBa
MOXKeT oKa3zaThcst 3PpdexTuBHbiM. [locraTouso cocaarbcs Ha pa-
IUH, CEDHOKHCJIAA COJb KOTODPOro, <CYHMTAOLAsiCs OyeHb MaJio-
pacTBOPUMOH ‘B BOje, He JOJIXKHA Obljia O, Ka3aJjoCh, JAeHCTBO-
BaTh NPU NMONAMAHUU B KeJYJOUHO-KHIUEUHHH TpakT. A B neficTBu-
TEJbHOCTH HOpaxKeHue BO3HUKAET, YTO M HEeyAHBUTEJLHO, €CJH
HMeTbh B BHIY, YTO NMPEAEJibHO AONMYyCTHMOE NMOCTYIVIEHHE Pamus [AJis
koctd pasHo 0,1 mkkrOpu, uTo cooTBeTcTBYET Mpumepho 10~7 meno
Becy W MeHblile pacrBopuMoctd RaSO,, pasnoit 2,1-10 -7 se Ha
100 ma npu 20°. '

He caepyer 3abbiBath u 0 TOM, 4TO MpH JJIHTENLHOM TPHMeEHe-
HHH MJIOXO BCAaCHIBAIOLUXCS B IKEJyJOYHO-KHIIEUHOM TpakTe B2-
IEeCTB 'MOTYT HaOMIONATBCS TSXKeJible MOBPEXKAEHHs CAMOTO KeJy-

n
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NOYHO-KHIIEYHOTO TPAKTd, B TOM YHCJE M Da3BUTHE B HEM 3JI0Ka-
yecTBeHHbIX onyxoJed, CkazanHoe 0 XKeJjyA0YHO-KHUIEYHOM TpakKTe
MOIKeT GbITh OTHECEHO H K HEMOBPEXKAEHHOH KOoXKe, uepe3 KOTOPYIO,
XOTsi ¥ APOHHKAIOT MaJible KOJMuecTBa HaXOAAUIMXCs Ha Hel pa-
JAMOAKTHBHBIX BEUIECTB, HO M HX HHOTAA AOCTATOYHO aJis BO3jei-
CTBHS.

I'oBopsl O MyTAX MOCTYNJIEHHs] DAaAMOAKTHBHHIX BElIECTB B OP-
raHH3M, HeJib3sl HeHOOIEHMBATh TAaK HAa3blBaeMyl0 HABEJEHHYIO ak-
THBHOCTH, HAllpuMep cO3j1aBaeMble MO BJHsHHEM HEATpOHHOTO 06-
Jy4YeHHs PajgHOaKTHBHbIE H30TONBl H3 3JIEMEHTOB, BXOASUIMX B CO-
CTaB oOpraHusma. . i

[lo cTenmeHH OMACHOCTH M THAMXKECTH BLI3BIBAEMBIX MOBPEXAEHUH
Ha HepBOM MeCTe CTOMT IIPOHHKHOBEHHE paguOAKTHBHLIX BEUIECTB
B KpOBb, Ha BTOPOM — IMPOHUKHOBEHHE 101 KOXKY, Ha TPETheM —
nocrynijesue uyepes por. CKOPOCTL BBHIBEAEHHS 3THX BEIUECTB M3
OpraHu3Ma TaKxkKe 3aBHCHT OT MyTeH MOCTYNJIeHHs H PACHOJaraercs
B TOH e MOCJeq0BaTe/LHOCTH, YTO M AJisi CTEHeHH ONacHOCTH MO-
BpEK/EHHs, @ HMEHHO: ObICTpee BCEro BHIBOASITCS BellecTBa TIPH
BHYTPHBEHHOM MOMAafaHHU, 3aT€M NPH KOXKHOM H Ha MOCJEeNHeM Me-
cTe MpH . BBEJEHHH yepe3 POT. YKa3aHHas 3aBHCHMOCTDL CTEHEeHH TOK-
CHYHOCTH OT IIyTH MOCTYIVIEHHs! CNpaBejJiMBa JHIUb AJs PagHOaK-
THBHBLIX H30TOIOB, MJIOXO BCACHIBAOUIUXCS M3 KeJyJ0UHO-KHllIey-
HOTO TpakTd. TOKCHYHOCTL MOJIHOCTbIO BCACHIBAIOUIHXCS  BELIECTB
HE 3aBHCHT OT HYTH MOCTYIJIEHHS.

§ 3. PACNPEINEJIEHHE PALHOAKTHBHbLIX BEILECTB
B OPrAHU3ME

PapuoaxTuBHble BellecTBa MO-DA3HOMY 3aJep:KHBAIOTCA B pas-
JUYHBIX Opranax. B pemkux cayuyasix Ha0/101aeTcss paBHOMEpPHOE
pacnpeneneude. ['opazgo ualle oOnpeleneHHble BelWlecTBa HpeH-
MYLIECTBEHHO HAKAMIMUBAIOTCSl B TEX ILIH MHBIX Opranax. OTHM B 3Ha-
YHUTEJLHOH Mepe MpepoNnpejessieTcss MeCTO W XapakTep MOpaKeHHs
npy NMONajaHH¥ BeulecTB B opranu3M. B Hacrosiuiee BpeMsi MOXKHO
CYMTaThb AOKA3aHHLIM, YTO NpPH BBEJEHHHM B OPraHu3M paauoax-
THBHBIX BELIECTB 3J0KAYeCTBEHHbIE OMYXO0JiM, HampHMmep, BO3HHUKa-
10T IPEHMYLIECTBEHHO B TeX TKaHAX W OpraHax, rae u36HpaTe/ibio
ocepaer 310 BeuwecTBo. Hamnpumep Ca®-Sr® Sr% Bal? Ra??%,
Pu2 ocepaloT B OCHOBHOM B KOCTSIX M ga)e HAa3BaHbl MO3TOMY
«kocresoGaMuy. BruispiBaeMble MMH ONYXO0Jid TAKXKe BO3HUKAIOI
NpeNMYLIECTBEHHO B KocTaX. Mexanusm u36GuparejbLHOTO  OTJOXKe-
FHsl pafHOAKTHBHBIX H30TONOB [aJEKO He BCerja sICeH, HO B HEKO-
TOPBIX C/yuasiX 3HaHHE TOHKHX PAa3jiMYUH XUMHUeCKUX H (H3HUKO-
XMMHYECKHX CBOHCTB 3JIEMEHTOB, H3yyYeHHe HX B3AUMOJEHCTBHs C
pasHooOpa3sHLIMH XUMHYECKHMH COEIHHEHHSIMH, BXOJSUIHMH B CO-
CTaB TKaHeBBIX CTPYKTYp, HO3BOJISI€T BBISICHUTH HNPHYHHBl HX CHe-
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1M PUUECKOTO MOBEJleHHs. Y CTaHOBIEHO, HANpUMEp, YTO pagHOaKTUB-
Hble H30TOMBI LIEJOYHO3EeMeJbHbIX 3JeMEHTOB, BKJOYASCh B MHHe-
pajbHbll OOMeH, 0CefaloT B KPUCTAJNJHYECKMX CTPYKTypax KOCT-
HOH TKaHH. YyacTHe PaAHOAKTHBHOTO KAJbllMsi B MOCTPOEHHH KOCT-
HBIX KpPUCTAJI0B — abCOMIOTHO 3aKOHOMEPHOe sBJieHHe, MOCKOJIb-
KY KaJbllMil s1BJSI€TCS] OCHOBHOH COCTABHOH YaCThIO KOCTHON TKAHii
Bkaiouesne pagHOAaKTUBHBIX M30TOMOB — CTPOHUHSA,  Gapus — B
3TH K€ KPHCTaJAJbI, maxe NPy OOJbIIOH HX XHMHYecKOil OJU30CTH
K Kajibuuio, Tpedyer oObschennil. OHo 6bl10  HalimeHo B mpumep-
HOM DaBEHCTBE KOODAMHANMOHHBIX YHCEJ H HOHHBIX pajHyCOB HOMUB
CTPOHUHA, Gapus U pamHsl, 4TO U O6GYCJOBJAMBAET BO3MOMKHOCTb HX
KPHCTanJA3allM¥ B OQHON H TOH e KPHCTaJJIHUECKOR pelleTke
(130MOpGhu3M). PackpbiThl Takke NPHYHHBI 0COGEHHOCTEN MOBEje-
HHsl HEKOTOPBIX PeiKO3eMeNbHBIX U TSXKeJNbiX 3JIEMEHTOB, CBs3all-
Hble C THAPOJH3OM COJleHd 3THX 3JEeMEHTOB M C pacCMOTpPEHHbIMII
BBILIE JaHHBIMHM N0 PAaCTBOPHMOCTH U aACOPOIHH.

HsbupaTenbHoe OT/JOKEHHE PAagMOAKTHBHBIX M30TOMOB B TeX
HJ1H HHBIX OPranax BOBCE HE O3HAYyaeT, YTO B 3THX OpraHax co3jpa-
I0TCSl KaKHe-TO CTabuJabHble ckomsenusi. Co BpeMeHEM 3TH BelecT-
Ba mepepacnpefessioTcs B 3aBHCHMOCTH OT WX XMMMUECKHX H (H-
3uueckHx ocoGeHinocrefl. 3HaHHe BceX OcoGeHHOCTeH pacmpepe-
JI€HUsl KpafHe BaXKHO 1Js NMOHHMAaHHs TOPaXKEeHHs OTAEJbHBIX Op-
TaHOB U CHCTeM, A/ ONpefeseHHs [03 H TpeayNnpexaeHUst U Jeye-
HHUSl VXe BO3HHUKAIOUWHX MOpa)eHUi.

HMetorcsi wHTepecHble MaTepuasbi! no 0COBGEeHHOCTSM pacnpe-
JleJIeHAs] PATHOAKTHBHBIX H30TONOB B OPraHu3Me XKABOTHBIX. Onuu
sanementsl (Ca, Sr, Ba, Ra, Y, Zr) o61anaior Bhipa)eHHoli 0CTeOT-
POTIHOCTBIO, T. €. OTK/Aa1bBalOTCs B KocTaX, apyrue (Ce, La, Pm,
Pr, Am, Cm) us6upartenbHo 0TKIaIbIBAIOTCS B MEeYeHHU, TPeThl — B
mpinax (K, Cs, Pb), ueTseprhie pacnpereasiores cpaBHUTEIbHO
PaBHOMEPHO C TCHIEHUWEA K HAKOMJIEHUIO B PETHAKVJIOIHIOTE -
a.TbHOM TKaHM ce’1e3eHKH, KOCTHOTO MO3Ta, HaIMOYeuH!KAX o .THM-
tbaTuueckux y3aax (Nb, Ru, Te, Po).

[To cxkopocTu ypaneHns H3 KPOBAHOTO Pycaa 3JeMeHTH pacno-
Jaralprea B caelyiouwem mnopsaake: Cs>Ba, Sr, Ra>Ce, La>Nb,
Ru, Pu. Tennyp, HHOGHH, pyTeHH#l, MAYTOHUE W TO.I0HMI JUIHTE Tb-
HO NHPKYJHPYIOT B KPOBH. B coorBercTBum ¢ Gosmee Mem/ieHHBIM
YAAJCHHEM 1i3 KPOBH TPeX- H 4eThiDeXBAJEHTHbie KATHOHBI MejJcH-
Hee HAKanJIABAIOTCA W BBIACMSIOTCS W3 CKeseTa, Mouek W psfa Apy-
THX Opranor Mo CPAaBHEHHIO C O1HO- M ABYXBAJEHTHBLIMH.

VIO, M. Mockaaes. OcoGentoctn pacmpegesensi 4 GHOIOrHYeCKOro peii-
CTBHA Daj{HOAKTHBHAIX H30TOMOB. Tesuch NOkganoB Ha BeecowsHofl nayuyno-rex-
HHUYECKOH KOH(MEPEHUNH MO MPUMEHEHHIO PaXHOAKTUBHLIX H CTaOHILHBX H3OTOMNOB H
nasyyeitil B HapoOAIOM XO3AlCTRe L llayke, BHOMOMHS, MeaHIHHA H CeJIbCKOE XO-
aaiicrBo. 1957, crp. 120 -121.
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B npeaesax OTAEJbHBIX TPymn MepUORHUEcKofl cucrems Menme-
AeeBa pacnpejieseHHe 3JeMEeHTOB B OPraHn3Me HMeeT MHOro oGie-
ro. daementr mepBoit ocHoBHoi rpynnsl (Li, Na, K, Rb, Cs) nonHo-
¢TbIO pE30pOHPYIOTCS N3 KUIUIEYHHKA, CPaBHHTEIbHO paBHOMEpHO
pacnpeiesistioTcst 0 OpraHaM, OTHOCHTEJbHO GBICTPO  BbIEJSIOTCS
¢ Mouoil. JJjemenrsl Bropoit rpymmnsl  (Ca, Sr, Ra, Ba)
XOpOILLO BCACHIBAIOTCS U3 KHIIEYHUKA, H36UPATebHO OTKJIabIBAIOT-
csi B CKeJeTe, B HECKOJbKO GOJIbIIHX KONMYECTBAX BHILLMSIOTCS C
KaJioM. DJeMeHTs TPeTbell OCHOBHOH M 4eTBepTOl Mo6OYHO# Tpymm,
B TOM WYHCJE JEerKHe JaHTaHWUgbl, Jerkue aKTHHUIALI U TpaHCypaHo-
BHl€, MpAKTHYECKH He BCachiBAlOTCsl M3 KHIUEYHHKA, H3OHpaTenbHo
OTKJAAbIBAIOTCH B MEYEHH M p MEHblleld Mepe B CKeJseTe, BbIAeJAIOT-
csi MIOYTH UCKJIOYHMTENBHO € KajoM. DJeMeHThl NSITOH M LIecTod oc-
HOBHHIX TpYMNI, 338 HCKJAIOYEHHEM TOJIOHUS, CPABHHTEJIbHO XOpOINU
BCACHLIBAIOTCH U3 KHILNEYHHKA M BBIBOAATCH MOYTH HCKJIOUUTEJbHO €
mouoit (70—809%) B TeueHHe TeEPBHIX CYTOK, 6Jaroaaps 4emy B Op-
raiax OGHAPYXKHBAIOTCsL B CPABHHUTENbHO HEGOJIBUIMX KONHYECTBAX.
Mexny OCHOBHBIMH (DI3HKO-XUMUYECKHAMY CBOHCTBAMH 3JieMeH-
TOB HJH HX COEJHHEHUI W THMOM paclpeieseHHss CYUIeCcTByeT OT-
yeT/IUBAsi 3aBHCHMOCTb, DjeMeHThl, 06pa3yiolliie B BOJe pacTBOpU-
Mble COEIMHEHHS OCHOBHOTO XapakTepa, CAelyIOT B 3aBUCHMOCTH OT
BasieHTHOCTH G0 «paBHoMepHoMy» (Li, Na, K, Rb, Cs), au6o
«cKkenqerHoMy» (Be, Ca, Sr, Ba, Ra) tunam pacnpenpesnenuns. Tpex-
¥ ueTbIpexBajeHTHble KaTHOHBI, o6pasyiolie B BOje NpPaKTHYECKH
HepacTBOPMMbIE THIPOOKHCH OCHOBHOTO XapakTepa, MOJBepraiouiue-
¢ B HEHTPAaJbHOH Cpelle OpPraHW3Ma THAPOJH3Y ¢ oGpa3oBaHHEMN
PaaHOKOMNONA0B, 3a peaKuM HckaoyeHdneMm (Y, Tsizkebie JaHTAHH-
ABl), CaeaylOT «MeYeHOYHOMY» THIY pacnpeteneHus, 5-, 6- i 7-Ba-
JIEHTHbIe HOHBI (aMbOTeps HJAH KHCA0TH) o6gaatalor au6o paBHO-
vmepubiM (Cl, Fe, Br, J, Nb, Te, Po), au60o «noueunnim» (Sb, As, S,
Se, U tynom pacnpenenedns. Pacnperenenie THIPOJH3YEMbIX
3JIeMEHTOB 3aBHCHT OT BecOBGH 103bl 11 PH ucxoarero pacrsopa.

Tlepexon 3THx 34€MeHTOB OT MOJEKYJISAPHO-THCIEPCHOTO COCTOS-
HU K KOJJOWTajJbHOMYy (HTTpu#, Gepuaauit, mepuil) conposoxjaa-
€TCs M3MEeHeHHeM THNa PaclpenesJeHHs OT «CKEeJTeTHOTO» K «Ioyeu-
HoMy». TIpu 3TOM moOBMKaeTcs OTJOMXKEHIe 3JMeMeHTa B CKejgeTeé H
MOYKaX W yBeJHYUBAETCs B NEYEeHH H cele3edKe. 3aKOHOMEPHOCTH
pacnpejgeseHus THAPOJU3YEMBIX 3JE€MEHTOB yKa3hBalOT Ha Heo0Xo-
IUMOCTbL CUMTATbCs C H30UpareqnLHOH COPOIHOHHOH CMOCOOHOCTBIO
OnpenesieHHbIX TKAHEBLIX CTPYKTyp. HacTumpl Meakux pa3sMeposB
NpPEeUMYLIECTBEHHO 3aXBaThIBAIOTCS CKeJEeTOM, KOCTHbIM MO3TOM, ya-
CTHIB! GOJBIIMX Pa3MepOB 3aXBaTbIBAIOTCH PETHKYJO-3HAOTEIH ab-
HBIMH KJeTKaMy nedeHH U ceje3enkd. Komngaekcods (3THJAEHIHa-
MHHTeTpayKCyCcHasi K{CJoTa, rekcaMeTuadocdar) M3MEHSIOT  THII
pacnpesesenuss THAPOIH3YEMbIX 3JeMEHTOB: «CKJIETHBIH» MJIH «re-
yeHouyHbifiy TN pacnpenenenus Ce, La, Y u Pu cranosutest «noyey-
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HpIM». Kommsiekcodsl, BecoBast no3a u pH ucxogHoro pacresopa He
U3MEHSIOT THNA paclpee/eHHUs 3/JeMeHTOB, XOpOLO pacTBOpUMBIX
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B Boae (Rb, Cs, Ca, Ba, Sr).
H3noxeHnple 0COGEHHOCTH pachpelesieHusi paJ HOaKTHBHBIX H30-
TOMOB CYMMHPOBAaHpl B Taba. 9.

Tabauya 9

_ Tunbl pacnpepeseHus aJeMEHTOB B 3aBHCHMOCTH OT BaJECHTHOCTH,
BECOROR N03bl, MCXOAHOro (mauKo-xumuyeckoro cocrosanus (no 0. H. Mockaaeny)

, Tun pacnpepneneHnst
£ XapakTepHbift
pH v A *TUIT THAPO-
E g CKHCH paBHOMepPHbIIt CKeJe THBIH TeYeHCUHb noyeunbft
x
13- 1 20II Li, Na, K, ’ — — —
Rb, Cs
1-3 2 3 (OH), — Be Ca, Sr, — —
- H. 30, Ba, Ra
g , |
o 1-3 3 {01, Ru Y - La, CI, Pr, Bi
g H30, | Pm, Ac, Pu
(9] : |
Fl1-3 4 3 (0L, — [If, Th, Pu
= U, Am, Cm
8 |
g 1—3 5 {1330,,1130, Nb P - Sh, A<
g _
AN | ;
§ 1—3 1 6 [I[;20.,11205 Te, Po i Pu ! — U. S, Se
3 [ | ! |
|
P13 | . H30; |CLFe Br,J L =
i | j b R
- ’ I St [Be Y, Cela -
| | |
[TpocThe co- - Cs, Rb, K, | Ca. Sr. Ba,! Be, Y, La, Sbh
JH BeCOMble Na, Ru Ra | Pr, Am,
KO.IH4EeCTBA i Ac, Pu
Ko.1.1ou 1sbIe —- —- — Ca, Sr, Be,
pacTBOpbI Y, La, Zr.
Hi, P W, Cr
Kommnexc- — Ru. Nb Sr, Ra Sr, Ba Y, Ce, La
Hbje COEaH- Pu, Sb, U,
HeHus Pk, P, Zr

- KO, He CTOJAb OAHO3HAa4Ha,

§ 4. NOHATUE KPUTUYECKOIO OPTrAHA

CBsi3b MEXY MpPEeUMYLIeCTBEHHHM HAKOMJICHHEM pagHOaKTHB-
HBIX BellleCTB B TOM HJIM HHOM Oprailie y ero NpeuMyulecTBeHHBIM H
HAUGOJBbIIMM MOpaxKeHHeM TMPHUBEJA K CO3JaHUI0O OueHb BaxHOTIO
TIOHSITHSL O TaK Ha3blBaeMOM KDHUTHUECKOM OpraHe. ITa CBsi3b 0uHa-
Kak KasaJjoCh BHauaJge, B Hacrosuee
BpeMsi KpUTHUYECKHM TIPHHSATO CYHUTATL TOT OpPraH, U3MeHeHHs KOTO-
pOTO NOJ BJHSHUEM DAAHOAKTHBHBIX BELIeCTB MPHBOASIT K HAUGOJb-
UIHM HapyIUCHUSIM KH3HelesTeJIbHOCTH BCero opranusma. 91o Godb-
liefi 4aCThIO TOT XK€ OPraH, KOTOPBIH CaM CHJbHO IOBPEXAaercs,
HO 3TO He BCeraa COBHAfAeT, MOCKOJbKY He BCe OpraHpl OAHHAKOBO
BAXKHBL JJi5 KU3HEAesITeJhHOCTH OpraHudMa. ITo yalile BCEro TOT
Opras, B KOTOpHIH MpoHHKaeT HauboJbilee KOJAHYSCTBO palHOaKTHB-
HOTO H30TOMma, Ho U 3170 He 00s13aTesibHO, TaK KaK OpTraHsl pasJjauua-
JOTCSI MO CBOell 4yBCTBUTeJbHOCTH. M3BecTHO, 4T0 B TKaHsX [OJOB-
HOI'0O MO3r'a CKAamiuBAaIOTCs CPAaBHUTEJNLHO HeOOJblIHe KOoJHyecTBa
panuoakTuBHoro BemecrBa. OAHAKO COBpPEeMEHHbIE jaHHble MOKa-
3BIBAIOT, YTO HECMOTPsI Ha HE3HAYMTeJbHOE HaKOMJeHHe PajHOaK-
THBHBLIX BelIeCTB B KODe TOJIOBHONO MO3ra, ee COCTOAHHe MEHSIeTCsd
H 3TO H3MEHeHHe MOXKEeT CHJbHO OTPAa3HTbCst HA BCEM OpraHH3Me.
OHO MOMXKET BBI3LIBATHLCSI KaK TeM HeOoJibIIHM KOJHYECTBOM paaHo-
AKTHBHOI'O M30TOHA, KOTOPOE NMPOHHKJO B ILEHTPaJibHYI0 HEPBHYIO
CHCTEMy, TAaK H Bo3jeficTBHEM Ha Hee pa3ipaxeHuH, MOCTYMAIOUHX
H3 Hau6oJiee NOpaKEeHHOro Opraia H BHIBOASIIUX ee H3 paBHOBECHS.
Pesysabrar B 0GOHX cayyasix OyaeTr OJHH H TOT Xe, Ho MPHYHHBI by-
AyT pa3iHYHBIMH H KPHTHUECKHe OpraHbl, COriiaCHo OCHOBHOMy OTf-
peneJsieHnio, OyayT TakxKe pasHbIMH.

KpHTHUYEOKH# OpraH 3aBHCHT Takxke OT TOr0o, KaKHM TIyTeM H
yepe3 CKOJNbKO BPEMEHH Moc/e BO3/eHCTBHsi DalMOAKTHBHOE Beule-
CTBO momajfaer B opradusm. JJist HepacTBOPUMBIX COEAHHEHHH 0ObIY-
HO CaM JpIXaTeJbHBIH HJH XeJTyJO0UHO-KHIUEUHBIH TPAakT sIBISIIOTCA
KPHTHYECKHM ODraHOM; HO €C/iH BeuleCTBO MOmajaaer yepes pawy, To
OHa M Gyner KPHTHUECKHM opranom. Jljsi pacTBOPHMBIX GOpM TOro
XK€ pajH0aKTHBHOTO BEIlecTBa KeJAVIOYHO-KHINEUHbIH H AbIXaTeJib-
HBIH TpaKThl GYAYT KPHTHYECKHMH ODraHaMH TOJNbKO B nepBbIH JeHE
nocJse Bo3AefcTBHs. B nocienyiollvit NnepHos HMH MOryT CTaTh HOU-
KH ¥ meuenb. [Ipy XpOHHYECKOM BO3J€HCTBHH HaHGo/iee YacTbIM KDH-
THYECKHM OpTaHOM siBJisieTcst KoCTHBIH ckeseT. TIpu 310# nocJsensen
¢opMe BO3NE€HCTBHsI KPHTHUECKHM OPraHoM ualile BCero siBJsieTcs
TOT, B KOTOPOM HaHOOsbllIAsi KOHUEHTpAalldst BewecTtBa H HauboJib-
WK nepHoj GHOMOFHYECKOro MOoJyBbiBenenns. [Toq mepHorom 6HO-
JIOFHYECKOro MOJVBLIBEASHHs HMeeTCsi 'B BHIy BpeMs, B TedeHHe KO-
TOpONO M3 OpPraHH3Ma BLIBOAHMTCS MOJOBHHA OCEBIIEro B HEM Belle-
crBa. IIpy paBHOMePHOM pacmpeleseHHH paaHOaKTHBHOTO BeulecT-
Ba (akKTHYECKH BeCh OPraHH3M CTaHOBHTCsi KPHTHYECKHM OpTaHOM.
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Hanpuwmep, nast Na24, CI%, H3 u np. He Bcenza ylaercsi TOYHO yCTa-
HOBHTb, KaKOH H3 OPraHoB SIBJISIETCs KPHTHUECKHM.

Kaxk 3To uHM mapagokcaibuo, Ho HHOrNA 3aUIATHble GOYHKUHH He-
KOTOPLIX KJIETOK OpraHu3Ma M JeJdi0T KPHTHYECKHM TOT opra,
KOTOPBIH panee He Gblj TAKOBBIM. B OpranuamMe WMeOTCs KJETKH.
TaK Ha3plBA€MBIe MaKpodaru, KOTopble NpeIHa3HauyeHn s OUHLIC-
HHsl OPraHH3Ma OT YyXKAbIX eMy TeJs IIYTEeM HX 33aXBaTa, DTO CBOEr:
poia «1BOPHHKH» B opraHHsme. [losioHu#, Hanpumep, HakamiHBaer-
Csl B Cee3eHKe H MMM aTiHiecKux ysaax. [Tonas p opranuswm, moso-
HUI MOXKET HAXOIUThCS B HEM KaK B BLICOKOJHCIIEDCHOM COCTOSIHHH,
TaK H B BHIle KPYMHBIX yacTHl. C TeyeHHeM BPeMeHH MocJe OTpaBiie-
HHsl TOJIOHHEM KOJIHYECTBO KPYMHOArperaTHLIX YacTHI CTAHOBHTCS
Gaaronapst MaKpoharam Bce GoJiblie H GOsble C03/a10TCs] «Topsi-
HHE TOYKH», BOKDYT KOTODLIX FHOHYT XKHMBble TKAHH. Y MeHplleuue
AMCNEPCHOCTH GJIaTONPHATHO CKAa3bIBAETCS TAKKe H HA BHIBELCHHH
HOJIOHHSI H3 OPraHH3Ma Yepe3 IOUKH,

ITpusonnmeie B mpuaoxesnn I naunble o pacmpenesieHHH XH-
MHUYECKHX 3/IEMEHTOB B Da3JIHYHBIX OPraHax M CHCTeMax KHBOTO Op-
raHu3Ma, oco0eHHO B TaK HA3bIBAEMBIX KPHTHUECKHX oprasax, Kpa#-
HE BAXHEI IL/ist paCueTOB BEJHYHHDI MPEeNbHO NONMYCTHMONO MOCTYII-
nedust (I1AI1) panvoakTHBHBIX H30TONOB B OpraHH3M H Npejeb-
HO nomycTHMbIX KoHueutpaunii (ITNIK) B okpyxaomeit cpene. Kak
npapusno, B npuioxennn Il B kauecTse kKpurtHueckoro oprana yKa-
3aH TOT, KOTOPbIf MoABepraercst HauGonbiieMy o6/iyYeHHIo HpH Hau-

MEHbIIEH KOHIIEHTP Al PalHoOaKTHBHOIO H30TOma B BO34yXe H BO-

1e. ITO H MOCTYKUAO OCHOBAHHEM K BHIGOPY B GOJBIIHHCTBE cayua-
€B KE/TVI0UHO-KHIUEUHOr0 TPaKTa KaK KPHTHYECKOTO OpraHa B me-
PHOT TpHeMa BHYTPb HJHM BIABIXAHUS PalliOAKTHBHBIX H30TOMOB.
IlpaBna, no mpexkpauieHun npuemMa BewecTsa BHYTPb HJH BiblXaHUH
KPUTHYECKUMH MOTYT CTaThb APYTHE OPraHbl.

§ 5. BBIAEJTEHHE PALUOAKTUBHbBIX BEWECTB H3 OPIrAHH3MA

IlyTn BbiBeeHHst PanHOAKTUBHBIX BEIECTB H3 ODrAHM3Ma 3aBH-
CAT OT (PH3HKO-XUMHUECKHX CBOHCTB CaMHX BELeCTB, OT nyTed Hx
ONnalanus, OT COCTOSIHHSI OPraHU3Ma H psilla APYrux paxropos. Oc-
HOBHOH TYTb BbIAEJEHHs] — 3TO KeJiyLoUHO-KHLIEYHBIH TpaKT. MHO-
THE BEIIECTBA MJIOXO BCACHIBAIOTCS (COTHIE N0JH NMPOLEHTA) B Kejy-
AOYHO-KHUIEUHOM TpaKkTe INIPH MX BBeleHHH uepe3 por (Pu?3,
Np#9 Zr%, Ce!#4 y np.). Onso BpeMms CUHTAJIH, YTO TaKas MaA0Xas
pe3opOuust pPalHOAKTHBHLIX BELLECTB $IBJISIOTCS 6JaroNpUsITHBIM [0-
KasareJjieM, MOCKOJIbKY OCHOBHAst Macca IIONaBILero BelecTBa Bbl-
BOLHTCsl yepe3 KHIUEYHHK, He Iepexoisi B ApyrHe OPraHbl M TKaHH.
Iocnennne nansble, OnHAKO, TOBODSIT 0 TOM, YTO MAOXas pe3op6-
LHsl MOKET NPHBECTH K MODAKEHHIO XeJiy 10YHO-KHLIEYHOTo TpaKra
H3-32 33JIEpXKKH B HEM BeUleCTBA.
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MHorne pagHoaKTHBHBLIE BelleCTBA BHAESIIOTCst ¢ MOYOH uepes
HOUKH. DTo IaaBHbIM 00pa3oM HabJjionaercst MPH BBeJAeHHH PanHo-
aKTHBHBIX BELIECTB He Uepe3 pOT, a BHeOPIOWHHHO,

T'azoo6pa3snble pajkoakTHBHBIE BEIIECTBA BBLAGJSIOTCs B OCHOB-
HOM yepe3 JpiXaredbHble myTH. Hexoropble palHOaKTHBHBIE BeLIC-
CTBA BBIIEJSIIOTCS Yepe3 pOT H KOXKY.

TnaBHasi Macca momapliero B OPraHH3M paAHOaKTHBHOro Beule-
CTBA BLUIEJSIETCSl B IlepBble AHH moche nmonajgauds. OAHAKo H3BeCT-
Hoe, mopyac 3HayHTeJbHOE, KOJIHUeCTBO 3a/epXKUBAETCs HANOJro, a
HHOrAA Ha BCIO XH3Hb B OpraHu3me, NMpeACTaBJsisi CO6Of MOCTOsIH-
HBbIl oyar H3JiyyeHHs.

Jlsisi YCTAHOBJEHHsI NPH XPOHHYECKOM BO3[€HCTBHH MaKCHMaJib-
HO JONYCTHMOrO COAeDPIKaHHs PaflHOAKTHBHBIX H30TONOB B OPraHH3-
Me H MaKCHMaJbHO NOMYCTHMBIX KOHLEHTpalMidl B BOAE H BO3ayXe
O06LYHO HCXOASIT M3 DaBHOBECHOTO cocrosiHusi, IToa mocjaenwuM mfo-
HHEMaeTcsi TO KOJIMYECTBO H30TONa, MocTynampuiee B KPHTHUECKHH 0p-
ras B eJHHHIy BpeMeHH, KOTOpOe TOYHO PaBHO KOJIHYECTBY H30TONA,
HOYe3alolero M3 opraia B pe3y/bTare paJHOAKTHBHOIO pacnana
HJIM GHOJIOTHYECKOrO0 BBbIBENeHHs. DTO paBHOBeCHe B GOJbLIHHCTBE
c/iyyaeB [JOCTHraeTcsi 3@ HECKOJIbKO HeneJib, HO HHOTAA, Koria 3¢-
QEeKTHBHBIA MepHO/ MONYBLIBEACHHS BEJIHK, 1Jisl NOCTHKEHHs TAKOro
pPaBHOBECHs] HYKHBI MHOTHe TOJbI.

SddeKTHBHbIH nepHOA noaysuBefedts (T) pasen

TeTp

T=—"7-—-—,
Te+Tp

rae T g — mepHoa GHOJOTHYECKOTO MOJYBbIBEAECHHS

T, — mnepuon pajnOaKkTHBHOTLO Mosypacmana.

ITpu pacuere dopMynsl Ajsi neproia 3PpGHexTUHBHOrO MoJyBbIBE-
JeHHst NPHHHMAJOCh, YTO GHOJOrHYECKoe BbIBeleHHe, TAK XKe Kak H
panMoaKTHBHBIN pacmaj, cjeayer MHPOCTOMY 3KCIOHEHIHATIbHOMY
3axony. Ha cavowm jeqe B GOsbIIMHCTBE CJaVYaeB NOCJAe HAYaIbHOTO
pacnpejesienust H nepepacnpeiesnesus palHOaKTHBHOro u3oTona Mo
oprasam KpHBas pacrajga CTaHOBHTCs MOXCKed Ha 3KCMOHeHIHAJb-
uyio. Ecay BBOAHTCS DAZHOAKTHBHOE BELleCTBO C OOJIbUIHM MEePHO-
JI0M pajMOaKTHBHOrO IOJypacnana, To yYHTHBAeTCs JHLIb TO KOMH-
YecTBO BelHecTBa, KOTOPOe BhIAENSIETCH H3 opraHusMa.

ITpn paccMOTpeHHH MpoGseMbl O BbIBeleHHH Pa1MOAKTHBHBIX BE-
LIECTB M3 OpraHu3Ma Bcraer BONPOC GOJIBIIOTO NPAKTHYECKOro 3Ha-
yennus. HeJsib3st i 0O KOJMYECTBY BHIBOJAMMOIO H3 OpraHu3Ma pajino-
AKTHBHOMO BELleCcTBa CYyAHThL 00 ero cogepxauuu B Tese? Okasajocs,
YTO mMapassieii3M MexK1y BbUIEJEHHEM DaJHOAKTHBHEIX BELIECTB B
MOUe H KaJsie H HX KOJIHUeCTBOM B Opranu3me (B KpoBH) HabJsionaer-
cst najnieko He AJsi Bcex BeulecTB, Hapymenne mapasniennsMa orme-
yaeTrcs: ocoGeHHO B OT/aJieHHble CPOKH mocJse IfonajaHusi 3THX BE-
LIeCTB B OpFaHH3M, KOrAa MepHOA MOJYBbIBENEHHst YAJIUHSETCS. He
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HCKIIIOUEHA W Takasi CHTyallHsi, KOTAa MPH He3HaYHTeJbHOM BBIAEJe-
HHH B MOue H KaJie B OPraHH3Me elle OCTAETCsI 3HAUUTE/IbHAsT aKTHB-
HOCTB. .

Muoroync/ieHHble NMONBITKH VCTaHOBHTh TaKHe KOppeJisiuiH, 3a
PeAKHMH HCKMOYeHHsIMU (PaiuH, ypaw H 1p.), He Aaim YeTKHX OT-
BeroB. Mmeiorcst nauupie ! 0 MakcuManibuo AONYCTHMBIX KOJIHYECT-
Bax palHOaKTHBHBIX H30TOMOB B BhIAENEHHSX ((DeKabHBIX) CymMMap-
HO 38 nepBble HECKOJbKO JHEH Mocje 0QHOPA30BOTO MOCTYIJEHHs B
OpraHi3M TakOrO KOHYeCTBa H30TONA, KOTOpoe crnocoGHO 3a Hems-
Jqio natb 0,3 63p 2. KpoMe Toro, Tam e mpuBoasiTCs JlaHHble 0 Mak-
CHAMAJIbHO JIOMyCTHMbIX KOIHYECTBAX PANHOaKTHBHBIX BELeCTB, BHIIE-
JISIEMbIX U3 OPraHH3Ma ¢ (eKanbHBIMH MAacCaMH 3a JeHp MPH XpOHH-
YECKOM NOCTYNJIEHHH BHYTPb OPTaHH3Ma TAKOTO HX KOJHYECTBA, KO-
TOpOe PaBHO MpENesbHO NONYCTHMOMY eXeAHEBHOMY MOCTYIJIEHHIO.

F'arasa 4

OCHOBHbBIE CBEJEHHSt O MPELEJbHO JONYCTHMBIX
YPOBHSAX PA3JIMUHbIX BUI OB HOHHU3HUPYIOLLHUX
M3JIYYEHUH W O NPEOEJbHO JONYCTHMBIX
KOHUEHTPALLHSAX PALHOAKTHBHBIX BELIECTB

B CCCP B Hacrosimee BpeMsi 1eHCTBYIOT «CannrapHble npaBnia
paGoThl C pPaaHOAKTHBHBIMU BElECTBAMH H HCTOYHHKAMH HOHH3H-
PYIOUHX H3JAy4YeHHH», yTBepKleHHble roccanuHcnexnueii CCCP n
TocynapcreenupiM  komuterom Cosera Muuncrpos CCCP o ne-
NoJib30BaHHIO aTOMHOH 3Hepruu. OHM Pa3paboTaunl B OCHOBHOM B
COOTBETCTBHU C PEKOMEHIALUsIMU MEXKAYHAPOIHOH KOMUCCHH 1O pa-
NHOJIOTHUECKO}l 3auluTe, MPUHATHIMH, B 1959 r. B MiouXxene,

HM3sioxeHHI0 MpaBui o NpefebHO JOMYCTHMBIX 1033X (ram)
u yposHsix ([1[1Y) HOHH3UpYIOUMX H3JIyUeHHH U MPeAesbHO AOMyC-
TuMbIX KoHmeHtpaunuji (1K) pannoakTHBHBIX BemecTB Mbl Npej-
MIOLJIeM ONpee/ieHHs] HOKOTOPbIX BCTPEHAIOUIUXCS B HUX OCHOBHBIX
MOHSITHH M TEDMHHOB, a Takxe CNOCOGOB pacuera.

[Tpexeavsio npomyctumoit no3oi ([IIJ]) uoHu3UpYIO-
LEro H3JiyyeHHsl Ha3blBAeTCst HauboJibllas 1033, 3dekTHBHOE peii-
CTBHE KOTOPOH Ha OpPraHu3M He BLI3bIBAET B HEM HEOOPATHMBIX CO-
MAaTHUeCKHX U HacJ/ieACTBEHHbIX H3MEHEeHUH. YcTaHaBJHBAalOTCS rO-
HOBasi, HejeJbHas, PasoBasy U T. I. MpeldesbHO AOMYCTHMble JO3bL
06JIyYeHHs.

! Mopran u ®opa Nucleomics, 1954, 12, 32.
? Onpejeniente 63pa (GHONOTHYECKH IKBHBAJNEHT DEHTresa) M. orp. 144.
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I[Ipenenbso AonycTumas kosnentpaunsa (ITJTK) —
aKTHBHOCTb DaJHMOaKTHBHOTO M30TOMa B eqHHHIle o0beMa HJM Beca,

" mocTyIUVIeHHe KOTOPOLO B OPTraHH3M NPH CyTOYHOM TOTPeGJieHHH BO-

Ibl, TMHIQH ¥ BO3ZyXa He CO3JdeT B KPUTHUYECKHX OpraHax OPranu3-
Ma HJH B OpPraHH3Me B LeJOM 103 OGJiydyeHHs, NPeBbLIUIAIOWHX Hpe-
JeJIbHO JOMYCTHMBIE,

Brie yxe moapoGHo paccMaTpHBasoCh MOHSITHE KPHTHUECKOTO
oprana, Ero He cyuwecTBoBa/sio B TOT HEPHOM, KOTJa OCHOBHBIM BH-
JIOM HOHH3UPYIOWIMX H3JIYYEHHH SIBJSVIHCH DEHTIEHOBBI H y-TYUH H
KOrja JOMyCTHMAas 034 BhIpaxaJach B BO3QYIUIHOH HJH MOBEpX-
HOCTHOH j03e B pedrreHaX. Jlo3y st KPHTHYECKHX Oprauos He
Bcerga Jierko ompenesdrts. Ee, Hanmpumep, oueHp TPyAHO yCTAHO-
BUTb JJIsi KOCTHOTO MO3ra, paclojioXeHHOro mo BceMmy Tedy. Ilpu
o6uleM HapyXKHOM OGJiyUeHHH MOXKHO HPHOJH3UTENbHO OLEHHTH
noakoxuyio ITIA. SdhekTuBHas TyGHHAa KPHTHYECKHX OpPraHos
npuHuMaercst papHol: 1) 0,007 cm past koxu (6a3aJbHblE  CJOH
sanuaepMuca), 2) 5 ¢u s KPOBETBOPHBIX OpraHos, 3) 7 cm s
JKEHCKHX HMOJIOBLIX OpPraHoB (SIMYHHKH) H 4) MHHHMYyM 1 cm aad
MYKCKHX TOJIOBbIX OPraHOB (CEMEHHHKH).

§ 1. HONPABKA HA HEOJHOPOJHOCTb MPOCTPAHCTBEHHOTO
PACNPEJEJIEHHSI U3JIYYEHHURA

IIpu ovenp HEOLHOPOAHOM MPOCTPAHCTBEHHOM pacipelesieHHH
H3JyYEHHs cjeayeT HMeTb B BHAY, YTO yCPeQHeHHe [03bl He jaeT
BO3MOMHOCTH OIIEHHTH ITOTEHI[HaJibHOe MOBpPEXJeHHe OpraHa, UB
3TOM cjlyyde HAA0 PAcCMAaTpHBATL JIOKAJbHBIH  (CyuleCTBEHHBIH)
o6beM, Iae jA03a siBjasieTcss HauGoJbiied. B pacuernr A0MyCTHMBIX
103 BBOAMTCs (DAaKTOp HEepaBHOMEPHOTrO pacnpeleseHHsi B KDPHTH-
yeckom oprane N. Ero GepyT paBHEIM 5 JUisl a-H3JyYalOUIHX silep,.
He OCefaIoIMX B KOCTSAX, M st B-UacCTHIl, MO3HUTPOHOB H 3J1eKT03(3-
HOB BHYTpeHHeil KOHBEDCHH BCEX W30TONOB, HCKJwouast Ra?s y P,
HakamJMBaoUINXCsl B KOCTsiX. [Ipou3Benenue 3Toro ¢axrtopa Ha
cyMMy 3HeprHuil yKa3aHHBIX H4acTHL U Ha KO3(p(HUHMEHT OTHOCHTEJib-
HOH 6uONOrHUeckol 3(h(eKTHBHOCTH NPHBOAHUTCS B COOTBETCTBYIO-
UUX HMEIOUIUXCsl ‘B JHTEPaType CrpaBoyHbIX Tabauuax ',

§ 2. OTHOCHTEJIbHAS BHOJIOTHYECKAS 39PEKTHBHOCTD

B paszene 0 6GH0OIOrHIeCKOM [1€HCTBHH I/I3JI_VH€HI/I“I3'I OblJi paccMoOT-
peH BONPOC O Posid B 3(pdeKTe O0JyUeHHs: yAeJbHOU MJIOTHOCTH HO-
HU3anuu, sBasiiomedcs cJoXHOH (yHKIHEH CKOPOCTH HOHH3HPYIO-
wHx yactuu, OTaenbuble BB HANYYEHHH, Pa3jiHyaloOUlMecs 10
YIeJbHOH NJIOTHOCTH CBOeH HOHM3allHM, OTJIHYAIOTCs H MO CBoeil a¢-

1 PekoMeHJaUNH MexIyHApORHOR KOMHCCHH 1[I0 3auluTe OT H3aydeHH#,
BHHUTH, M, 1958. :
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(beKTHBHOCTH, TIpHueM OOJBILEH UYacTho HU3JAyueHHST ¢ GoJbluei
yAeNbHOH MJIOTHOCTbIO HOHU3AINHU SIBJASIOTCH U Gosee 3hdeKTHBHb-
MH TPH BO31eHCTBHU Ha CJIOXKHBE GHOMOTHYECKHe OPraHu3Mbl. -
($eKTHBHOCTb HU3JIYUEHHSI, ¥ KOTOPOTO VIeJbHash HOHU3ALHsi MeHb-
mte 100 map unoHoB Ha 1 u BoAB WM paBHA UM, MpHHHMAaeTCsi 3a 1.
Ota suHefiHasi TUIOTHOCTb MOHH3ANHH INPHMEPHO COOTBETCTBYET
peHTreHOBCKOMy H3syuendio B 250 k3s. Ecau uouusapus Gosiblie
100 map uoHoB Ha 1 p BOAK Wy TKaH#, TO CJAELyeT YUHTHLIBATHL OT-
HOCHTEJIbHYIO GHoJlornueckyo 3Pdexkrubuocts (ObB3), mox KOTOpOIl
MIOHUMAEeTCs] OTHOLUEHIEe J03bl HOHH3UPYIOWEro H3JydeHls ¢ JuHed-
HOH maoTHoCTbIO HoHu3auuu 100 map uoHoB Ha 1 p BOAB K paBHO-
sddexTuBHOR 103e s060Oro Bula udiyuenus. He caenyer 3a6uiBars,
yto BesinunHa ObD He siBJisieTcss OLHO3HAUHOH, FOAHON MJist BCeX GH-
OJIOTHYECKHX OOBEKTOB, sl JIOGHX TECTOB H JIOOHIX Yc/aOBHE 006-
aydenusi. [TpuBoxnmble HuxKe 3HaueHnss OB spasiioTCs TOMIbKO Tpe-
JejaMM  BapHauuu  nokasareier ObB3, HabGawoaaBWIMXCs 10
CHX TNIOP B HCC/IELOBAHUSAX IO CPABHHTEJNbLHOH OHOJMOTHUECKOH 3d-
(EeKTHBHOCTH pasHbIX BUIOB M3JyUEHHH:

Ortocenrenbnast Gucac-  Cpepuufi Muvelupdi pac-

Hnenio map noHeB Ha ruueckast shoexTns- xop svepruu (JIP3) B

1 p B BofE HocTs (OB3) BOHE, K3B/y
100 4 wmenblue 1 3,5 1 MeHble
100—200 1—2 3,5—7,0
200—650 2—5 7,0—23,0
650—1500 5—10 2353
1500—5000 10-—20 53—175

ITpakTHueckn n7asi HeHTPOHOB u mporoHoB o 10 Mss Ob3d=
~ 10, 175 TSKeNBIX YacTH NpH o6weM O6JIyuYeHHH B KPUTHUECKOM
oprate Ob3 ~= 20.

§ 3. BHOJIOFHYECKHHA 3KBHBAJIEHT PEHTIEHA

Hapsiny ¢ exnHuuaMu, ypaBHUBAOUUMH pasJjHuible BULH H3-
JgydueHus: mo GU3NUECKOMY 3KBHUBAJEHTY (pad — eIMHUNA TOTJOLEH-
HOH 103bI, (h3p — DU3HUECKHH SKBHBAJEHT peHTreHa), BBeLeHbl
eIHHUnbl GHOJOrHYecKOH 5KBHBAJIGHTHOCTH Pa3HbIX BHAOB H3JY-
ueHnsi  (63p — OHOJNOTHUECKHH  3KBHBAJIEHT pana, pIaMm Wi
p34, — PEHTreH, 3KBHBA/JEHTHBIH MJIEKOIHTAIOWEMY HJM UYEJIOBEKY
u T. 1.). [Toap3oBauue nocjeIHUMHU €HHHIAMH TO3BOJISET CKJAIbI-
BaTb MOrJIOUIEHHbIE NO3Bl OT Pa3HBIX U3AYVUEHHH, 03p — 3TO IIOrNO0-
meHHas 103a Ji60ro MOHH3UDYIOUIero U3JiyueHus, KOTOpas HMeeT
Ty ¥)e GHoJioruueckylo sddekTHBHOCTb, 4TO U | pad peHTresosbIX
HJAH vy-Jyuell co cpexHeli cmenuduueckoi wuonusandeis 8 100 map
MOHOB Ha 1 p B Boge. Jlo3a, Bulpaxkennasi B 63p, paBHa 103e B panax,
MOMHOXEHHOH Ha coomBeTcTBYlOIyi0 ObB3.

Pl
Pl
Pl
-
p
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§ 4. NPEAEJIbHO JONYCTUMBIE YPOBHU HOHU3UPYIOHLIUX
MU3JIYYEHUA OPH BHEWIHEM OBJIYYEHHH

B 1956 r. Ha 3acefanuu Mex/AyHapoAHOH KOMHCCHH MO 3aUIUTE
OT HOHU3UPYIOMMX H3JYYEHHH pelreHo GHJIO CUMTATh AOMYCTHMOH
no3oi 3a 40 ner pabornr 200 p, mpuToM B BO3pacTe ot 20 10
30 ser — 50 p, ot 30 no 60 aer — 150 p. Orpaunuenue obuieit J0-
351 'B MOJIOZOM Bo3pacte 50 p 06bsicHsIeTCst YTPO30H MOPaxKeHHs Io-
JIOBBIX OPraHOB, OUeHb UYBCTBUTEJbHBIX B 3TOM BO3pacTe K BO3je#-
ctBHIO u3ayuenuil. Orpannuenue oGuedt 103m 200 p BbHI3BaHo He-
06X0IUMOCTbI0O MaKCHUMaJbHO [IaAHTh KPOBETBOpHBlE Opranbl. Bo-
obuie A0MyCTHMAsi KyMyasiTHBHAsi 1032 HcuucasieTcst no Gopmyane

5. (N—18) 63p,

rie N —mBo3pact paboTaiouero;
18 sieT — BO3pACT MOCTYIVIEHHst Ha padoTy.

MaxkcuMasnbHasl 7103a 3a roj ycTaHasiauBaeTcst B 15 63p, cpel-
Hssi— B D 63p.

VuuTHIBasi HEMOJBHOTY JAHHBIX, HAa KOTOPHIX GasupyloTcs npe-
[eJbHO NOMYyCTHMblEe [103H, @ TaKXe KyMYJSTHBHOCTb AEHCTBHs H

Heo6pPaTHMOCTL HEKOTOPHIX PaAHanMOHHBIX 3h(EKTOR CaelyeT NpH-

HHMaTb BCe Mephl K MaKCHMaJbHOMY CHHXKEHHIO ypoBHeil olJyue-
uus. Ecan oGayueHuio nojasepraioTcst GoJibliMe Macchl HacesieHHs,
JOTYCTHMbIE 103l W KOHIEHTPALMH HOJKHB OBbITb CHHKEHb HE
MeHbIie yem B 10 jpa3 To CPaBHEHHUIO € OOLENPHHSTEIMH,

[MpenesnbHo QOMYCTHMblE J03bl PACCUHTAHBI UCXOLs U3 MpeACcTaB-
JIEHHSI O TTOXKH3HeHHOH npodeccHOHANbHON cBSI3W PAa0OTHHKOB C BO3-
gefictBueM H3jyuenus. [ToaToMy BCSKOro poia BpeMeHHBE «mepe-
06JiyueHHsi> HelONMYCTHMBI M He [IOJIKHBI pa3pelarbes.

[Tpu ycranosaenuu [T u TIY ucxXonuan us Kareropuu obay-
yeHUst u KPUTHUECKOTO OpraHa, noaseprawouierocs obayuexuio. Pas-
JHUAIOTCH cJeVIIHe KaTeropuu o6JydeHHst M TPYNNB KPUTHUECKHX
OpraHoB.

Kateropus A. TlpodeccuonanbHoe oGJyueHne Jiull, Henoc-
peACTBEHHO paboTAOWKX ¢ HCTOUHHKAMH HMOHHM3HPYIOUIMX H3Jy-
YeHHH.

Kateropus b. OGayueune siun, He 3aHsTHX HENOCPEACTBEH-
HOfi pabOTOH ¢ paJHOAKTUBHHIMHM BEeUIECTBAMM M HCTOUHHKAMH HO-
Hu3HpylowHX u3ayyenni. Crola BKAOYAIOTCS JHLA, HAXOAAUHECs
B cJayxkeGHoe BpeMsi B aJIMUHHCTDaTHBHO-XO3sHCTBEHHBIX MOMere-
HHUsIX, a TaK¥Xe BO BceX 3JaHUsIX U HAa OTKPHITOM BO3JyXe B Ipene-
Jiax CaHMTAapHO-3alUTHON 30HBI

Kareropus B. O6ayueHHe HacesieHHs BCeX BO3pacTHBIX Ka-
TenopHufl, B TOM uKcJe H JTHI VKa3aHHbIX Bbille QBYX KaTeropHH.

Uro KacaeTcss pa30HBKH KPHTHUECKHX OPraHop no rpynmam, TO
K | rpynme oTHeceHBI: Bce TeJO, TIOJIOBbIE KeJie3bl, XPyCTaNHK H Kpo-

10 3awmra ot pajvoaKTHBHBIX H3JydeHHH
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BerBopHbie opraiel. Ko Il rpynne otHocsATcs:  MBIUILBL, XKHpOBast
TKaHb, TMeueHb, MOYKH, TMOMXKeAYNLoUHAS KeJje3a, MpejcTaTe/bHas
KeJie3a, KeaydouHo-KulleuHbi Tpakr # Jjerkue. [Il rpynna Bkiio-
yaeT B cefst KOXY, IMUTOBHIHYIO KeJie3y H KOCTH.

I[TpenesbHO D0OMYCTHMble 103b BHEIUHEro W BHyTpeHHero oG.yue-
HHUSI ¢ YUETOM KaTeropuH obJiyueHHss H KPUTHUECKHX opraHos (Ge3
yueTa ecTeCTBEHHOro (oua) mpeicrtassiens B Taba. 10.

Tabauya 10
NMperensno gonyctumbie p03b (MAJ]) BHemnero n BHYTpeHHEro oaGayyeHust
Buemuee o6ayde- |
uye BCero opra- BryTreHnHee gbaydyenune KPHTHYECKHX CPTaHGB
HESMa
Kateropus 1 rpynna I Il rpynna IIT rpynma
cGayyeHHs M63p/
Gap/eod 5 : 6
nedeas H?Si/e}/z 69pi200 | yepenn | 69P/200 Hga:,% Gap/e00
A 100 5 100 5 300 15 600 30
b 10 0,5 10 0,5 30 1,5 60 3
B 1 0,05 1 0,05 10 0,5 20 1

Beilte roBopHJOCh, YTo 1034, BhIpa)KeHHass B 63p, paBHa J03e
B pad, nmoMHoxkeHHo# Ha ObB3. B COOTBETCTBUH ¢ 3THM (IPEIEJNBHO
nonycTuMoit nose B 100 m63ap/Hederss COOTBETCTBYIOT CJielyloulHe
MOLIHOCTH 03 pa3HbBIX BHI0B HOHU3UPYIOUIHX H3JAYyUeHHI, BhIpa-
JKeHHble B mpad/nedears (raba. 11).
Tabruya 11

INpeaenbHo RONYCTHMbIE MOMIHOCTH RO3bl H 0B3
pa3aHuYHbIX BHI0OB HOHH3MPYIOWHX H3JIy4eHMH

By HOHH3HPYIOLIEX B3nY4eHui M(;{ﬂ;g%%xgagizm OB2
PeHTrenoBst ¥ Y-ayud . . . 100 1
9-4acTHUbLi U 3JEKTPOHBl . . 100 1
[TpoTtonel ¥ a-yacTuusl . . . 10 10
MHorosaps,sble  HoHbl U fA1pa

OTHAYH . . . . . . . . . 5 20
Tenjosbie HeRTPOHHE . . . . 33 3
Belctpble nefitponet . . . . . 10 10

[IpenenbHo pOMycTHMBIE YPOBHH BHELIHEr0 IpOHHKAIOUIErO H3-
JyueHHs, COOTBETCTBYIOIWHKe pno3e 100 mbap/Hedeas, npuBoasitcs B
taba. 12'u 12a.

J/is npOTOHOB, NeHTPOHOB W TPHTOHOB C 3Heprueil GoJbllle HAH
paBHoil 1000 Mas mpenesibHO gOMyCTHMBE TIOTOKH YCTaHAaBJHBa-
I0TCA TaKHe XKe, Kar s HeHTpPOHOB COOTBETCTBYIOUIHX 3HEpPrui,
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Tabauya 12
IlpemesibHO HOTTYCTHMAA MOLHGCTH AG3h
HJI¥ HHTEHCRBHGCTH TNOTCKA
Bua ¥ SHEPTRA | 11g33 wau KOJHYECTBG
yaJydeHns nanyq::;:n:)a CIAHY
ansa (=36 vac/Hepens ana { uac/Hepens
Y- n penr- 100
reloBbl J1YUYH 100 up 2,8 mp/uac ; Mmpluac
(1o 3 Mass)
Y-npenr- 0000
reHOBbL TY4YH 250.108 mse/cm? |20.103m38/cm? . cex ; Jcu?-cex
(3—10% M3g)
B -uactHuBl '
H 3J1eKTpo- 2,5-108 3-uac- 20 B-uac-
uEl THI cM2 TH/CME. ceK 700 B-vacrun/cu?- cex
(20 10 Mag)

npuBeNeHHLIX B Taba. 12a; nmpu sHeprusx, Menbiuux 1000 Masg —
/1o OT TaGauuHBIX 3HAUEHHUH AN HeHTPOHOB,

Hns pacuera mpenesbHo L0MYyCTHMBIX MOTOKOB BBICOKO3HepreTH-
YeCKUX @-4aCTHIl U MHOrO3apsSIHbIX MOHOB B KAueCTBe 3TajioHa HC-
MOJIb3YIOTCsl TAKXKe HeATpOHHBle NMOTOKH. B uwacrHocTH, npu 3Hepri-
51X, GonbIWUX uau paBHelx 1000 Mas, Tabauunble 3HAUEHHs Npeedb-
HO JOMYCTHMBIX TOTOKOB HEATPOHOB COOTBETCTBYIOUIHX 3HEPTHi
HaJa0 yMeHBIIUTL 1Jisl @-4aCTH[ B [ABA pas3a, 1J1s HOHOB JIUTHUs — B
TPH pasa, [J/isi HOHOB GepHJ/UIHS — B YeThipe pa3a U AJisi MOHOB KUC-
JI0pO1a ¥ a30Ta—B BOCEMb pa3, a INpH 3HEPrHHX, MEHBIUHX
1000 Mss, coorsercTBenuo B 20, 30, 40 u 80 pas.

Ilis KucTell pyK BeJIMYMHBL TpENebHO 10TNYCTHMBIX VPOBHeNl
06/iyyeHHds pasperiaercss VBeJHUHBATH B NsiTh pas, a Ais B-uac-
Tt — B 10 pas mo cpaBHeHHIO C YKA3aHHBIMHU B Taba. 12 mpu ycio-
BHH, uTO BCe TEJO HaleXHO 3auuueHo OT o0JyUeHHs Y Nojydaer
o3y He Gosiee 100 63p B Hepedro.

IlomyckaeTtcst OJHOKpATHAast 1033 BHelHero obJyueHds 3 63p B
Jo6bie 13 mocsieoBaTesbHBIX Heesb MpH YCJAOBHH, OJHAKO, 4TO To-
lloBasg 103a He OyneT TpeBbULATH 5 63p.

[Ipu peMOHTHBIX WM MHBIX pPa3oBbIX! paGorax AONMyCKaeTCs H3-

! Mox nocrosunoft pa6oroli nounmaercs HenocpexCTBeHNAsA eXXeaHeBHasd npo-
lomxuTenbHOCTLIO He Menee 50%0 pabouero BpeMeHH.
Ilepuonnueckas pabotra — wuenocpeacTBenuas pa6oTa, 3aHMMAKONlas Meuee
/o paGouero BpeMenn, HO Gostee |2 paGouux gueit B roay.
PasoBas pa6ora — mnenocpencrBennas paGoTa, sauHmaromas meuee 12 pa6o~
YHX QIHel B ropy.

10*
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Tabauya 12a

TlpeaenpHe-10nycTRMas
He3a nan MGULHGCTbh AG3H MR
KOIHYECTRO HHTE*;;HBHO/?}Z -r;g:cxa
Bna u 3Hepras usanyyeHHs l(l)z-?:{);qilé;gﬂ:x . HEHTPOH/CcM
HEHTPOH/CcM? anst t=—= ans
36 yac/penb| t yac/peHb
27000
Tenaosble nefitponet (0,025 38) . . . . . 100.108 750 y
20000
Mep1ennble nefitponnt (0,1 38) . . . . . 72.108 550 -
23000
IMpomeXxyTtounble nefitponnt (5 K98) . . . 82.108 640 -
11000
TIpoMexyTounble nefitponnt (20 k38) . . . 40-10¢ 310 p
3200
ITpomexyTounnie nefttponnt (0,1 Mag) . . 11.108 90 ;
1200
TlpomexkyTounbte  sefitponnt (0,5 Mase) . 4,3-108 33 -
720
Boictpble Hefirpoiust (10 Mag) 2,6.108 20 -
360
Quenb 6GeicTpble HefiTponbt (200 Mag) . . 1,3-108 10 -
' 220
CaepxGbicTpble nelitponsl (500 Mag) . . . 0,8-108 6 -
110
CaepxObicTpble HefiTponnt (2000 Mas) . . 0,4-108 3 ;
36
Caepx6bicT pole HefiTponbl (5000 Mase) . . 0,13-108 1 ;
11
Csepx6bicTpble HefiTpoabl (104 Mae) . . . 0,013-108 0.3 —
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KakK TpaBU/IO, C OTpelesieHHbIM KOs(QdulMeHTOM «3amaca» Ludde-
PEHUHPOBAHHO, B 3aBUCHMOCTH OT KaTeropwu OOJyueHHs, Ha3Haue-
HUsl MOMEIUEeHHs], XapaKTepa BBIMONHAEMOH PaGOTHl H BpeMeHH mpe-
ObiBaust B HeM (cM. mpuioxenue [V).

ODTOT «3anac» Ha NPOeKTHPOBAHHE NPENYCMATPHBAETCS [/aBHBIM
006pa3om U3-3a HeLOCTATOYHOCTH HAIUHX 3HAHHE O GUOJIOFHYECKOM
NeHCTBHH (KaK HEmoCPenCTBEHHOM, TaK H OTHaJIeHHOM) pa3JiMuHbIX
H3JIyUeHUH, HETOUHOCTH 3HaHUs CNEKTPaJbHOr0 COoCTaBa M 3aKOHA
ocnabsiedust B 3aumure. [IPHXONHMTCS YUUTHIBATL TAKXKe HenpenBu-
AeHHble HeGJIaronpUsiTHEE cAY4alHOCTH, KOTOpHe MOTyT BCTPEeTHTb-
Cs1 B mpouecce IJUTENbHOH paGOThl ¢ HOHH3UPYIOUIMMH H3JydeH Hsi-
MH, a TaKXe palHalHOHHOE BO31EeHCTBHE BHE NAHHONO MPOH3BOL-
CTBa.

B pacuer «3amaca» He BXomsiT Takue (hakTophl, KakK copOIHs aK-
THUBHOCTEH B annaparype, NepCneKTHBHOE yBejHUEHHe MOLIHOCTH
HIH aKTHBHOCTH HCTOYHHKOB, Ha/IHUHe COCENHUX MCTOUHHKOB H3Jiy-
YEHHs — «3(pPeKT KOMNOHOBKH». Bce 3TH akTOphl gosiKHBI YyUH-
THIBATLCA TIPH  NPOEKTHPOBAHHM  OTAE/BHBIMH KO3 HIHEeHTaMH,
MpHYEM  DPYKOBOACTBOBATBCS MPH BCEX YCJOBHSIX Haj0 TEM NpaBH-
JIOM, 4TO CyMMapHasi 1038 OT BCeX BHAOB HOHU3UPVIOUIHUX BO3Lefl-
CTBHH B .II0OOM COYETaHHH He JOJKHA MPEBBHILATh HedeJbHOH 103b
B 100 mb3p/nedens.

§ 5. TPEJEJIbBHO AONYCTHMBIE YPOBHU 3ATPSI3HEHHOCTH
NOBEPXHOCTEA U NPEJAMETOB

B ra6a. 13 npusonsitest yeranosnennsie 8 CCCP mpegenbro 10-
MyCTHMble YPOBHH 3arpsi3HEHHOCTH NpeIMeTOB B yuPex1€HHsIX, pa-
foralomux ¢ pagHOAKTHBHHIMH Bel[ecTBaMH.

Tab ruya 13

Npeneasuo fonyctumble yposnu neduKcupopanuoit 3arpA3HeHHOCTH PYK,
paGounx nosepxHocTell, omexabl, OGYBH H APYrux npeaMeToBl!

MeHeHHe HeleJNbHbIX 103 WJH HHTEHCHBHOCTEH 06JyueHHst MpH ycjo-
BMH, OJHAKO, 4TO s Jaul crapute 30 jsieT cyMMapHas roaoBasi 103a
He npessiuaer 12 63p. )
CymmapHasi no3a Ha pafoueM MeCTe OT 8CeX BHIOB BHCLIHUX
WOHHM3HUPYIOUUX H3JyUeHHH He Q0JiKHA NMPEBHINATh ONHOH Npenesb-
HO IOMycTHMO# 103bl, T. €. 100 m63p/Hedeas.
3aurkra oT NPOHUKAIOUIHX H3JyUEeHHil [LO/IKHA MPOEKTHPOBAThLCH,

2-3aTPA3HEHHGCTL B yacrruax 3-33l‘pﬁ3HEHHOCTb B yacTHUOAX
C 150 ¢cM? B | MuH, ¢ 150 cu? B 1| MuH.
TorepxHocTH
AC OYHCTKR naocne GYHUCTKR AC CYHCTKH Nocne CYHCTKH
Pyku . . . . ... .. 75 $on 5000 don
Cnenbeabe u noloTesme . 75 » 3000 »
Cnenolexna x/6ymMaxknas 500 100 25000 5000
IMnenounas ogexkaa . . . 500 200 25000 10000
IMepuatku ¢  HapyHo# ’ .
CTOPOHBI S 500 100 25000 5000
Cneno6ysb ¢ HapykHoil
CTOPOHBI e 500 200 25000 5000
PaGoune mnoBepxuociu H
ofopypoBanue . . . . 500 200 25000 5000

o
! 3arpsA3HEKHGCTh Tesa HE ACMyCKAaeTcs.
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§ 6. NPEAEJIBHO JONYCTUMBIE KOHLLEHTPALLHH PAJLHOAKTUBHBIX
BEUIECTB NPH BHYTPEHHEM OBJIYYEHHH

B oranuue oT BHeWHero oG6JydeHHs, KOTOpoe OOBbIYHO HJIHMTCSH
HeLoaro, BHyTpeHHee ob.ayueHue, 0OyCHAOBJIEHHO MOCTyMJeHHeM pa-
NMOAKTUBHOTQ BEUIeCTBA BHYTDh Tesd, MOXKeT AJMUTLCS [HH, MeCH-
LB, TOABI M AdXe BCIO XHU3Hb. Kpome Toro, mpu MocTyIJ/ieHHu pa-
JNMOAKTHBHBLIX BEUIECTB BHYTpb OpraHU3Ma MOTyT OKa3aTh CHJbHOE
JeHCTBHE Te H3JiydeHHsi, KOTopble IpU AeHCTBUH H3BHe MeHee omac-
Hbl (@-J1y4H), WK CDABHHTEJNbHO MeHee onacHsl (B-nyun). Kak npa-
BHJIO, TNOCTYIJiEHHe Yepe3 [biXaresibHble TNyTH Oosiee OMAacHo, Yem
yepes KeJAYLOUHO-KHIIEYHbIH TpaKT, MOCKOJAbKY MHOTHe P afuoak-
TUBHBIE BEHECTBA B NHINEBAPUTEJNbHOM TpaKTe BCACLIBAIOTCH JIHIIb
B He3HAUWTe/bHOH cTeNneHy U ObICTPO YAa/sIOTCS.

BesuuuHpl NPeNesbHO AOMYCTHMBIX KOJHUYECTB palHOAKTHBHHIX
H30TOMNOB B TeJie H UX NpelesbHO AOTMyCTHMBIX KOHIEHTPalHil B BO-
1e, BO31yXe, THule H T. A. 3aBUCST OT COCTOSIHMSI opraHusma, ot u-
3U4eckKUX H XMMHUECKHX CBOHCTB DAaiauOaKTHBHHIX H30TOTNOB U OT
cnoco6a uX momajaHusi BHYTpb OpraHu3Ma: uepes pot, AbIXaTelb-
Heie MyTH, Yyepe3 paHy WJIH HemoCpeACTBEeHHO yepe3 Koxy. B coob-
HlaeMbiX HMXKe JaHHBIX TPHBELEHH KOHUEHTpalliu PacTBOPHMBIX U
HepacTBODUMBIX COEJMHEHHH TOJIbKO NPH HX TONajaHdu yepe3 por
HJIM TIpH BIBIXaHMH, Bce pacuers clesnaHbl B NPUMeHEHHH K Tak Ha-
3LIBAEMOMY «CTaHAAapTHOMY YeJioBeKy» BecoM B 70 Ke.

Hckawouast paguil ¥ poAcCTBEHHbIE €MY 110 CBOEMy NOBEJEHHIO XH-
MHUYECKHE 3JIeMEHThI, 0 KOTOPBIM y¥Ke HaKOIJIeHO J0CTaTO4HOe KO-
JIMUECTBO HalJI01eHHHd Hax JIOAbMH, TO OCTAlIbHBIM PalHOaKTHB-
HBIM BEleCTBAM MPHXOJHTCS JOBOJBCTBOBATBLCs VIaBHBIM 00pa3soM
pe3y. ibTaTaMM HCCJ/ieqOBaHHHs Ha XKUBOTHBIX M NMEPEeHOCUTh UX Ha Ye-
JoBexa. UHoraa BooGule HeT HHKAKHX AAaHHHIX MO MOBEJAEHHIO TOTO
WJIH MHOTO DPaJHOAKTHBHOrO H30TONA Ha KHUBOTHBIX. B 3Tux civua-
sX npuxoautcsi npuberarb gnGo K JAHHBIM O BeulecTBax, OJiM3KHX
K MHTepecyloueMy Hac Mo CBOMM XHMHYECKHM CBOHCTBAM, JHOO K
NAaHHBIM TO 3ajepXKKe, pachpelesieHHio H BBUIeJNEHHI0 ero cTabusb-
Horo u3orona. JlJis BceX BeulecTB, OCENAIOUHUX B KOCTSIX, OOGBIYHO
YUHTHIBAETCsI HepaBHOMepHOe pacnpeiesieHue BemectBa. [{as Apy-
FHX KPUTHYECKHX OpraHOB TMDHHHMAeTCsi paBHOMEpPHOe paclpene-
JieHHe.

EcTecTBEHHO, 4To pacueThl, OCHOBAHHbIE HA NaHHBIX O CTaHAapT-
HOM HeJsiOBEKE MJIM B MPEINONOKEHHH P aBHOMEPHOro p acrpeiesieHHust.
MOTYT MOBECTH K cephe3HbiM olrnOkaMm. OCoOeHHO 3TO OTHOCHTCS K
npe/cTaBJeHHI0O O DaBHOMEPHOM pacnpeeieHu PaiuoakTHBHOTO
u3oTona B oprane. [laxe mpu cpennei no3e 0,1 63p/Hedean HeKOTO-
pble yuacTKy oprada MOryT TOJyUHTh 3HAUUTEJbHO MEHbIIYIO A03Y,
a HEKoTopble, HA0GOPOT, 3HauuTesbHO Goapmyio. TlpaBaa, nosa B
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0,1 6sp/neders ckopee OTHOCHTCS K OGJyUeHHIO Bcero Teja HiH K
pa36GpocanHo#i Mo BCEMy TeJy CHCTeMe KPOBETBOPHLIX OpPraHoB, HeM
K HeGoJibIIOMY yuacTKy TKauH. [lo HelaBHEro BpeMeHu CUHTanoch,
yto caabas pacTBOPUMOCTb HOCHTesiell H30TONOB SBJSETCS 6aaro-
NPUSITHLIM hAKTOPOM [Jisi opraHusma. [Tostomy Als c1a6opacTBo-
PHMBIX COeJAHHEHHH YKa3bIBaUCh OOBbIUHO GoJlee BHICOKHe IIpelesib-
HO JOTycTHMBIe KonueHTpanud. OnHako Hekoropble QakThl, mosyya-
eMble B MOC/EIHEEe BpeMsl, 3aCTaBJsIOT HacTopoXKuThcA. Tak, Ha-
npumep, docdar-32 xpoma Moxker, HMeHHO Gsarolapst CBoei 3a-
IepKKe B JIENKHX, JdXKe NPH CPABHHUTE/NbHO HeGOJbILIOA 103e NpH-
BeCTH K 0Gpa3oBaHMIO 3/I0KauecTBeHOi omyxosu. ['opaspo Gosbline
1036l auddy3Ho pachperensiouuXcsi Mo OpraHu3My BewecTs He
naior sroro. Takum o6pasom, He Bcerga iedo B olmei K03e HIH
naxe B 103e [Jisi KpUTHUECKOro OPraHa, CKOJIbKQ B MOLIHOCTH 103bl
B TAaK Ha3bIBaeMbIX <«TOpPSYHX TOUKAX», T. €. B TKaHsX, OKpyxalo-
IIMX CKOMJIeHHe H30ToNa, A€ 3Ta MOUHOCTL MOXKeT AOXOIAHTbL M0
THICSIY MHKPOPEHTTEHOB B CEeKyHIY. '

Tak e Hago TMOAXOMHThL H K KeJayIOUYHO-KHIIEeYHOMy TPAaKTYy,
yepes KOTOPBbIfi palHOAKTHBHbIE BEUIECTBA He TOJIBKO MpOXOAsT, HO
rie OHH MOTYT 3alepXKHBATbCsl U OKa3bIBATh cnenudHueckoe JAeH-
CTBHE Ha caM KUIIeuHbft TpakT. Huxke cooOuaiTes HEKOTOPbIE
laHHble, HEOOXOAMMbBIE /sl PACUETOB NpedesbHO AOMYCTHMBX KOH-
nentpauuit (ITJAK) paauoakTHBHHIX BEeWECTB B BOLE M BO3AyXe IIpH
¥X rmomajgaluW BHYTpb OpraHH3Ma Yepe3 MHUUIEBAPHTEJBHHH TPaKT
HJIM TbIXAaTesbHble TYTH. DTy AaHHBC OTHOCHATCS K TAK HaspBaeMo-
My CTaHjapTHOMy UYesioBeKy. BoAb B OpPraHusMe OKOJO 50 ke, cpen-
Hee eXKeCyTouHOe MOTpebJeHHe BOAB, MpuHsToe MJsi pacdera ITAK
B BOIe, PaBHO 2,2 4, c/ie10BATEbHO, peeibHO 10MyCTHMOE TOoCTY.1-
JieHHe PaJAMOAKTHBHBIX BEIIECTB B OPraHu3m C BONO#, BepHee C Cy-
TOYHBIM PanMOHOM, BKJIOYas BOAY, He JOJI)KHO MPEBLIIATD 2,2 T1OK
Kropu/cyTKu.

st pacuera [TJIK B Bo3ayXe NPUHHMAJUCH CJIeldylOUlie MOKa-
3aTeTu:

Bbixasye Bo3ayxa 3a 8-uacosoit paGounit jewb,

CMBJOCHD o o v e e e e e e e e e e e e . 107 N
BabixauHe BO3AyXa 3a ocTalbible 16 sepaGounx

uacoB, cM3/0erb . « v - . . .. . .. ... 107
IMaolaab Jerkux, CONPHKAcamoLiuxcs ¢ BO3 V-

XOM, M2 . . . . e e e e e e e ... B0

Iiollagb BepXHHX AblXaTesbHbIX NyTei, TpaxeH,
6poHxoB, #2 . e e e e e e 20
CJiefyer MOMHHTb, YTO Dacyers MpejesibHo A0MYCTHMBIX MOCTY-
MJieHUH ¢ BOAOH ‘M BO3AVXOM SIBJSIIOTCS B JOCTATOUHOH Mepe mpus-
JIUKEHHBIMH M TpeOyloT B OTIEeJbHBIX ClyyasiX CeinHanbHoro pac-
CMOTPeHHUs!, OCHOBaHHOMO Ha 6oJiee TOUHBIX pacyeTax,
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3angepkKa pajguOaKTHBHBIX BEUECTB B JErKHX 3aBUCHT OT MHO-
rux ¢akropoB: pasMepa, GOpMbl U MJIOTHOCTH YACTHI, HX XHMHUEC-
KO TIPUPO/bI, OT TOTO, ABLIIIUT JIH HeJOBEK ProM uiad HocoM, [lpu
OTCYTCTBHH COOTBETCTBYIOIIHUX JAHHBIX MOXKHO CYHTaTb, YTO B JIEr-
Kux ocenaer 25%, B BEDXHHX IAbIXATENbHBIX MYTAX C MOCJELYIOUIHM
3aryiaTblBaHHEeM B NHIEeBapUTeibHbIA TpakKr 509, u BHAbIXaeT-
cst 25%.

Iliist pacuera npejfesibHO 10MYCTHMBIX KOHUEHTPAUMA HMCIOJb3Y-
I0TCsI ‘BEC M pa3Mep MHTEpeCyIOUHX Hac KPUTHUeCKHX opraHoB, Ouu
HPUBOAsITCSI B Tabu. 14.

Tabauya 14
Bec # pa3smepbl KpHTHYECKHX OPraHoB «CTAHAAPTHOrO» uesOBeKa

‘gm 3 = S o 3

° | 58 g 2 v sde| o

TkaHb HJIH GPTaH s ® o2 z 2 = 3 Eos )

? Ba = © [ [ R

s |84 € &5 g [ &5 2

Mpimnst . . . . . . |30000| 43,0 30 XKeaymok .| 250 — —
Koxka W mnoikokHas Touku#i Ku-

KJeTyaTka . . . .| 6100( 8,7 | 0.1 | weundux . . .| 1100 — —
JXuporas 1kab . . .| 10000, 14,0 20 IMeyenn . .| 1700 2,4 10
Koctb (6e3 KocTHOIO )

mo3ra) . . . . . .| 7000} 10,0 5 Mosr . . .| 1500 2.1 —
Kocrtupift Mo3r . . . .| 3000| 4,2 — Jlerkue . .| 1000 1.4 30

Jlimbartuuec-
Kposb . . . . . . .| b400| 7,7 — | Kue TRa¥vu . .| 700 1,0 —
ey 104HO-KHIIe YH bl

TPaKT . . . . . . .| 2000 2,9 30 Moukn . . .| 300 | 0,43 7

| Cepane . .| 300 0,43
‘ Cesesedka .| 150 | 0,21 7

Bec ocTajbHBIX OpPraiop (CHNHHHOH MO3T, IJla3a, WMTOBHIHASI
weie3a,  3yOb, HaaMOueyHUK M JIP. BapbHpPyeT B Hpegesax
20—50 e.

§ 7. HEKOTOPBbIE ®OPMYJIbl AJIi PACYETA MPEIEJbHO
NONYCTUMOTO CONEP)KAHHSI PAJHOAKTHBHbIX BEHIECTB
B OPFAHM3ME W HMX MPEJEJbHO JONYCTHMMBIX KOHLLEHTPALLMA
B BOILE M BO3MYXE

O6urde NPUHIUNL pacueTa JOMYCTHMbIX KOHLEHTDPalMH 3aK/lo-
qaTes B ciaepyomeM. CHauana onpelensiioT MakKCHMalbHo JOmyC-
THMOE KOJIMYeCTBO NaHHOTQ H30TONA, KOTOPOE MOKET 'HaX0IUThCs
B OPraHu3Me yeJioBe€Ka WJIM B KDHUTHUECKOM OpraHe. 3ateM Mo yGb-

121

I
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¥ M30TOMA B pe3yJbTaTe €ro pacnaja M BbLIBEIEHHsi ONpeIessioT
JONYCTHMOE €r0 KOJHYECTBO, KOTOPOe MOXKET CHCTEMAaTHUeCKH exel-
HeBHO MOCTYNATh B OPTdaHU3M ¢ TeM 00s3aTeJbHBIM YCJAOBHEM, UTO-
Gbl €r0 HaKoIJeHHe COOTBETCTBOBAJO yObiH., Ecan npeactaBuTb

' ceGe, uro sddexTHBHOE BpPEMsi BbIAeJEHHs Beu(eCTBa PaBHO 1000
i Hefl, a MaKCHMaJibHO LOMYCTHMOE KOJIHYEeCTBO H30TONA B OpraHU3-
'me 0,2 MKKOpU, TO NONYCTHMOE eXelHeBHOE MOCTYIVIEHHe COCTaBUT

0,2/10% mrxropu=2-10"* mkkropu. 3Hast 3Ty BeJUUHHY, a TaKkKe
HOJII0 H30TONA, KOTOpas 3a/ep:KHBAeTcsi OPraHU3MOM NpH Momajla-
HHH B Hero € BOAOH B DOT MJM MPH BIBIXaHHH, MOXKHO PacCyHTaTh
MaKCUMasibHO JONMYCTHMYIO KOHLUEHTPALHIO B Bode H Bosdyxe. Eciu
3 YKa3aHHOTO TOJILKO YTO PAaCTBOPUMOrO B BOJE BEuIeCTBA IOJIOBH-
Ha OCTaeTcd B OpraHu3Me, a moTpeGJsieT YeJoBeK B JeHb OKOJIo 2 4
JKHIKOCTH, TO MAaKCHMaJsibHO JOMyCTHMAasi ero KOHUEHTpPallusi paBHa

—4
20 9107 MKKIOpU/ A,
0,5.2,0

[MperenbHo 10MYCTHMOE COLEpIKAaHHe B OpraHHU3Me JIOGOTO a-pa-
JUOAKTHBHOrO HM30TONA, oceJaiulero B KOCTIX, OnpelessieTcst Mps-
MBIM CpaBHeHHeM C pajireM, MHOroJeTHU# ONBIT MPUBE/ K yCTAHOB-
JIEHHIO TpelNeJibHO JOHYCTHMOrO COJI€pPXKaHHsl ero B OpraHuime de-
goseka B 0,1 mkkrwopu. C yueroM ¢daKTopa HepaBHOMEPHOro pac-
npenesneduss N (st pagusi B KocTd 1, a Wist OCTalbHBIX @-pPajHo-
aKTMBHBHIX H30TONMOB 5) MakCHMaJbHO [OIYCTHMOE CcoJepxka-
HHe 3THX M30TOMOB () MOXHO paccuuTars Ho caeayiouieir dop-
MmyJe:

- 162 16
0.1-0.99 (1)

7= f,  ZE(OB9)N* T LT E(OB3)N’

B KOTOPO# NpHuHsITO, uto 999 paaus HaxoIUTCs B KOCTHAX, a obuiasd
3HepTusl Ha pacmaj paiust 1 55% ero JouepHHX MPOAYKTOB (C yue-
ToM OHoJiorHueckoro BuiBeleHHss RaD), movHOxeHHas Ha NOKasa-
TeJib  OTHOCHTEJbHOU  OHOJIOTHYeCKO# 3(P¢peKTHBHOCTH, PaBHa
162 Mss. fo—uacTh paguoaKTHBHOTO H30TONA, HAaXOAsLWLAsICsl B KPHU-
THueckoM oprade. ZE (Ob3) N —mpousseinedue 3ddekTHBHON
anepruu, Ob3 u N.

[pyrue, mnpUBOAMMBIE B HPHJAOXKEHHH V  3HaueHust 1pe-
JeNbHO JONMYCTHMBIX KOHIEHTpauu#ii B BoLe U BO3/JyX€ paccyu-

* Nanuble Ans fy, Tak ke Kak u ans SE (OB3) N, moryT GuiTh B3aTH 3
Tabn, 7 w 8, npuBenenHbix B «Pekomengaunsix MexayHapoaHo#ft KOMHCcHM To 3a-
WHTe ot uanyuenuit», BUHWUTH, M. 1958
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TaHpl HCXONA M3 cjedyiouwero mosoxenus. [penenbHo nomycTuMoi
KOHLeHTpalHel PaH0aKTHBHOIO BelleCTBa B BOAE H BO3dyXe Cult-
Taercs T4, MPH KOTOPOH €ro HakolJieHHe B KPUTHUECKOM OpraHe He
npuBeneT K TPEBBIUEHHIO MpelesibHO AOMYCTHMO# MOUHOCTH JO3bI
B lu()() mbap/nederro. Tlpuuem umeercss B BHAY, YTO MHThbe 3apaxeH-
HOH BOABI M BIbIXaHHME 3aPAXKEHHOrO BO3AYXa NPOMOJIKAETCS B Te-
u€HHe mepuojsa BpeMeHU 3HAUUTEJbHO G0Jibllero, ueM 3G eKTUBHbIH
MepHOL MOJYBBIBELEHHs PaJHOAaKTHBHOTO BelleCTBa W3 KPHTHUECKO-
TO OpraHa, Ho BO BCKOM Cjiyuae He Gousibile, uem 70 Jer. [Ipu 3THX
VCJOBHSIX COAepKaHue u3ortona (¢) Oyaer paBHo

100 mW
3.7-10%.1,6-107%.6,05-105f, X E(OB3)N

_ 84-1074'm
" (.S E(OB3)N @

rae 3,7 - 10*— KoaMueCTBO pacnanos, CeK/MKKOpU.
1,6 - 107 — spe/Mas;
6.05 - 10°— cek/Heneuns;
100 — ape/e/pao;
W — 100 mbap;
m— Macca KPUTHYECKOr0 OpraHa;
fe u ZE (OB3) N —cm. crp. 153.

[IpexenbHo nomycTHMble KOHLEHTPAaLMH PAajMOaKTHBHLIX H30TO-
MOB B BOJE H BO3JAyXe MONYYAIOTCS MPH PelleHUuH C/AeAyIOmero ypas-
HeHHs (HHTerpupoBaHue g mpenenax or 0 1o £):

~H) 4 gfy = p, 3)
t
rae gf; — KoJHUECTBO PagHOAKTHBHOIO H30TONA B KPHUTHUECKOM Op-
rale, MKKOpU;
t — nepuon o6GJayueHusi, AHH;
A — nocrosiHHas 3¢ dexkTuBHOro pacmnana, pasHasa 0,693/7T;
p — CKOPOCTb HaKONJ/ieHUs PafAMOaKTHBHOTO H30TONA B KPHUTH®

4eCKOM OpraHe, MKKwOpu/Oens.

TTockosibky p paBHO 'CKOPOCTH MOCTYIUIEHHs! BOAbI WIH BO31yXa
B JeHb B opranudM (2,2 2 u 10* 2), moMHOXKEHHOH Ha 10110 H30TOMNA,
KOTOpast monajnaer B KpuTuueckuit opras, y Ha [T[IK Boas uiau BO3-

1

1=A

ks
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ayxa, nocJseaHHe MOXKHO JIETKO pacCyuTaTh.

3,5 - 10~ 8qf, .
MAK,,,, = : ; (4)
HKosn Tioann (1 — —0-8%3/T)
4
HﬂKaon = 3.1 107 df: (5)

Tfsa):l (1— e—0.698/T)

rae [TIKgoss # [1J1Kgo,— npenesibHo  10MyCTHMblE KOHLUEHTP ALK
B BO3AyXe H BOIe, MKKOpU[CM?,
T — sdhdekTHBHOR NOJyBbIBEJEHHE, 1HH,

faosa— YACTb PaNMOAKTHBHOTO  BEIIECTBA, MO-
CTYNUBIIAS B KPHTHUECKMH Opran HpH
BJIbIXaHUH;

fson— UacTh PaiMOAKTHBHOrO BeilecTBa, MoO-
CTYNMHBLIASE B KPUTHUECKHI OpraH mpu
MHUTHE.

[TpuBejeHHble yPABHEHHs MPUTOJAHBL  TOJMBKO JJIF TexX cayuaes,
KOr/a BbiiesieHHe paJiHoaKTUBHbIX BEUleCTB U3 KPUTHHECKOTO opraHa
MOAUUHSIETCS 3KCIOHEHIHaJbHoMY 3aKOHY, KOTOPbIU B GOJbIIHHCTBE
cJyuaeB, Mo-BUAHMOMY, cobatojaeTcs. OnHaKo UMEITCH U HCKJIIO-
4eHus; B YACTHOCTH, KOTAd peub HAET O Pa3/inuHblX yHdacTkax Kejy-
NOUHO-KUIIEYHOro TPAaKTa Kak KPUTHUECKHX OpTraHax. B sTHX cayua-
gX BMECTO 3KCHOHEHIHaNbHOTo XapakKrepa BblAeJeHHs MPUXOAHUTCA
NPHHUMATh, UTO DAJHOAKTHBHOE BELIECTBO HaXOAUTCA HeKoTopoe
Bpemst (oT 1 waca B XeJyaKe 10 18 yac. B HUXKHell 4acTH TOJICTOTO
KHMIIEYHHKa) B CONDHKOCHOBEHHH ¢ KPHTHUECKHM YHACTKOM Keay-
OYHO- KMIIEeYHOro TPakKTa.

§ 8. NPEAEJADBHO JONYCTHMBIE KOHLU EHTPALUH
PAJJMOAKTHUBHbIX BEILECTB B BOIE H BO3AYXE

Mpunsiteie 8 CCCP npefesibHo f0NMyCTHMbie KOHUECHTpALHH Pa-
NMOAaKTHBHBLIX BELUIECTB B BOJE OTKPHTBIX BOA0CMOB H HCTOUHHKOB
BO10CHAGKEHHUs, HCIOJb3yeMblX /s HEOPIraHU30BAHHOrO BOJ0CHA0-
JKeHUs, X0351HCTBeHHO-0bITOBbIX HYXKA U KyNnaHHs (pgxn, o3epa, mpy-
AbI M T. 1.), AJS PaIHOAKTHBHBIX ra30B M aspo3osieiil B BO3AyXe pa-
6o4yel 30HBLI MPOH3BOACTBEHHBIX MOMeUleHuH, s aTM-OC‘(bEDHOIlo
BO3/yXa CAHHUTADHO-3ALIHTHLIX 30H M HACEJIEHHBIX MyHKTOB MPUBEAS-
HbI B MPHJIOKEHHH V.

[pusejgesHble B MpUIOKEHUH V MpelesbHO MOMyCTHMbIE KOH-
LeHTpaliy pafMOaKTHBHLIX BEUIECTB B BOJe H BO3/AyXe He BRJIOHA-
10T B ce6s ecTeCTBEHHBIX yPOBHEH paaHOaKTHBHOCTH (bona), a rak-

- XKe OﬁﬂyHEHI/Iﬂ, noJiyyaeMoro HaceJeHHeM npH MeIUIHHCKHX HMPOILe-

Aypax. B clyuae CMeCH pajiMOaKTHBHBIX BELIECTB JAOIMYCTHMble KOH-
LeHTPAlMH YCTAHABJHBAIOTCS TaKUM 00pasoM, uTo0bl CymMMapHas
aKTUBHOCTL CMecCH He TpeBbliiiajsa OJHOH IpeiesbHO LOmyCTHMOH
IO3H.
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lCarasa 5

CAHHTAPHBIE MPABHJIA U HOPMbI MPH PABOTE
C PALHOAKTHBHBIMU H30TOMAMH

Huxe npusossitess canuraphsie NpaBujia W HOPMbI Npu paboTe
C PalHOAKTHBHBIMH u30TonmaMH. OCymecTBJjeHHe BCero KOMILIeKCa
MEPOMNPHUSTHH CaHHTAPHO-TEXHUYECKOTO, CAHUTApHO-TUTHEeHHUECKOro
" JieueGHO- NP o HIAKTHYECKOTo XapakTepa u UX CTPoroe cobJioe-
HHE Je/al0T paGoTy C PanMOAaKTHBHHIMH BELIECTBAMH NDAKTHIECKH
Ge3BpenHO# /st 310D OBbsI. BaxHeiiuyio poab B o6ecneuennu Geso
MACHBIX yCioBHH paboTel B J1a6OPATOPHSIX, MpUMEHSIOUX panuoak-
THBHBIC BEIIECTBA, UIPACT MPABHJIbHO PACCUHTAHHAS 3au(HTa OT pa3-
HBIX BYIOB HM3JiYU€HHsI, KOTOpAsl M3J0XKeHa B I, 1.

§ 1. OBIHE NOJIO)KEHUS

TpeGopanus, npexbsapisieMble K 060pYyI0BAHHIO MMOMELIeHHH H
paGOYHX MeCT MJisi pabOTH C PALHOAKTHBHBIMY BEUIeCTBAMY H K 34-
LLHTE TIepCOHad, 3aBUCSAT OT KOJIHYECTBA H CPEIHEroLoBoro motpes-
JI€HUs paJlMOAKTHBHBIX BEUIECTB, YUC/IAa paGOYuX MECT, OT XapakTe-
Pa TEXHOJIOTHYECKOr0 nponecca, oT (GHU3UKO-XHMHUECKHX CBOHCTB
Pa-HOAKTHBHOrO BEUIECTBA, OT TOTO, HMEeM JiH MBI AeJio C 3aKphi-
THIM MJIH OTKDBHITHIM MCTOYHHKOM, OT BHAA W HEPTUH U3JYUeHHs, OT
aKTHBHOCTH, OTHOCHTe/IbHOH PaAHOTOKCUYHOCTH, HEPHOZA MOJypac-
najga u T. I

PannoaxtuBHEle BenlecTBa B OTKPHITOM BHIe Kak foTeHIHaJIb-
Hble UCTCUHHUKYM BHYTpeHHero o6/iyueHHs [o <YOHBAOnefi CTeneHy
PalHOTOKCHUHOCTH Da3/essiioTcst Ha 4 Tpynnul, NpeicTaBjaeHHble B
Tabn. 15. TIpuHaanexHocTh K Ipylifie TOKCHYHOCTH ofpejresnsiercs B
3aBHCHMOCTH OT BesiuuHHbl [1/1K pannoakTHBHBEIX BewiecTs p BO31y-
Xe pabouux TroMelleHHuil,

[To cTeneHu BO3MOXHON pagnanuOHHON OMACHOCTH paboTH ¢ OT-
KPBITHIMHY PAXHOAKTHBHHIMY BeUIECTBAMM B 3aBHCUMOCTH OT HX KO-
JHUECTBA Ha paboueM MecTe H OTHOCHTEJbHOH paJHOTOKCHYHOCTH
M30TOHBI IeisATCst Ha 3 kJacca (TabJu. 16).

Paspenenue Ha xnaccw oTpakaer cTemeHb omacHOCTH NpOBO-
AUMBIX PAaGOT C TOUKH 3PeHHsi BO3MOMNKHOCTH 3arpsi3HeHHs BO3/ylI-
HO# cpeanl, 060pPyNOBaHHsl U MOMeweHHi, atmocdepHoro Bo3ayxa,
BOJOEMOB, TOUYBHI U T. A. Ge3 yueTa BHeIHero o6/ydyeHHsI.

B ToM ciyuae, xorna ynesibHas u cyMMapHast paaMoakTHBHOCTE
H30TOHOB HHXKE Be/HYHH, NPUBEJEHHBIX B TabJ. 17, paGoThl ¢ HUMH
NPOBOASTCH KaK CO CTaGUJLHbIMH 3JieMeHTaMH.

Hdns npaBusbHOro ompegesiends kaacca yupexaeHus: (saabopa-
TOpHH) HEOGXOAHMO y4eCTb rofoBoe MoTpeblieHHe PagHOAKTUBHBIX
BEeCTB BCEM yupexkeHueM (saabGopaTopueit).
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Tabauya 15

Tpynna

Jwranason MK
B Ba3Jyxe pabGCyHX
noMeulennii, Kwopu/a

Tpumepn: u3atcrnce, npuHagneXa-
WYX K JaHHO¥ rpymnmne

A
(oco6o Bricoxkoit pa-
JHOTOKCHYHOC ['H)

(BbICOKOft pagHOTOK-
CHYHOCTH)

(cpeaseli  pagHOTOK-
CHYHOCTH)
r
(Masoft  pamHOTOK-
CHYHOCTH)

1-10—13 4 menbme
1.10—13—.10~11
1-10—H—1.10—9

1-10—9 u 6n1bme

Crponnuit-90, no.10HHii- 210
paaui-226, nuyToHuit- 239

Kasbuuit-45, Ko6anbt- 60,
ctpoHnuii-89, uTTpHit-91, pyTe-
Huit- 106, #flox-131 u ap.

Hartpnit-24, docdop-32, ce-
pa-35, mapranen-56, Huke.ib-65,
6pom-82, pyteHuii- 103 u ap.

Tputuit, yruepox-14,
Xpom-51, mHHK-65 u ap.

Tabauya 16
I knace II xnacc Il kaacc
Ipynmna
TOKCHYHOCTH
AKTHUBHOCTbL Ha paﬁoqem MecTe, MKopU
A >10 0,01—10 0.0001—0,01
B > 100 9, 1—100 0,001—0,1
B >1000 1—1000 0,01—1
r >10000 10—10000 0,1—10
Tabauya 17
r Y penbHash aKTUBHGCTH JlonycTHMaA cyMMapHas
chri«}r’;l:xggw xz;fopl;‘:/’;a aK;‘;i*:g;Zb
A 0,002 0,1
b 0,02 1,0
B . 0,2 10.0
r 2,0 100,0

B meJsisix yMeHbILEeHUs] OMACHOCTH aJisi paGOTAIONMX BBOASTCS He-

KOTOpble OrpaHHUeHHsi B OTHOIUEHHH aKTHBHoCTed Ha paboueM Mec-
Te B 3aBHCHMOCTH OT CJIOXKHOCTH BBLINOJIHsIEMBIX omnepanti, B gacr-
HOCTH, npH padorax Jio6oro Kjiacca paspeiiaercss XpaieHHe pajiuo-
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aKTHBHBIX BEIECTB € aKTHBHOCTBbIO B 100 pa3 Goablle yKaszaHHOMH
B Tabsa. 16. [IpoBeneHne mpocThiX omepauuii ¢ KHUAKHMH PajHOaK-
THBHBIMH BeLIeCTBAMH AOMyCKaeTcd C aKTHBHOCTbIO B 10 pas Goun-
el (cM. Tabua. 16), a caoxHbix — B 10 pa3 MeHbed. Onepaunn
C CyXAMH Tb1e00pasyroniMi H NOPOMKOOOPa3HBIMH PajHOaKTHB-
HbIMH BENIeCTBAMH cJeJyeT OrpaHHuMThb aKTHBHOCTSIMH B 100 pas
MEHbIUHMH, 4eM yKasaHo B TabJg, 16.

B 3aBHCHMOCTH OT ronoBoro notpebJeHHs pPajHOAKTHBHBIX Be-
LleCTB B OTKPBITOM BHIe J1aGOpaTOPHH, NPEANPHATHA H yupexne-

HHS pasnedsiioTcs Ha 3 KaTeropHHu:
I'oacece noTpe6-
JieHne, K10pu

I kareropust . . . . . . . . . . .. >100
Il xateropusa . . . . . . . ... .. 10—100
Il gaveropust . . . . . .. .. ... <10

[IpoekTH BHOBb CTPOSIIHXCsST HJIH PEKOHCTPYHPYEMBIX OOBEKTOB
24151 paboThl ¢ PalMOAKTHBHBIMH H30TONAMH H HOHH3HPYIONMMH H3-
JYUEeHHSIMH JOJIKHBI OBITh 06s13aTe/IbHO COIVIACOBAHBI C OpraHaMni
CaHHTapHOro Haxsopa.

[Tomeuienns, npeaHasHaueHHble 1JIsI XpaHeHHsT H paboThl ¢ pa-
JHOAKTHBHBIMH BEIIECTBAMH, JO HX HCIOJb30BaHHsI MOMIJeXKar
npHeMKe KOMHCCHefi B cocTame NpelcTaBHTeJell caHHTapHOro Han-
30pa, Opra’oB MHJIMIMH, MOKAapHOH OXpaHbl M 3aWHTEepPeCOBaHHON
oprannsanuH. [lpuemMKa odopMJseTcs akToM (B 4 '3K3eMIIsipax),
Ba OCHOBAHHMHM KOTOPOIrO OpPTaHbl CAHHTApHOTO Hajx30pa OQOpMASIOT
CAHMTapHBIA macrnopT JabopaTOpHH, YUpeXAeHHS, IpPeanpHITHS
B 3 3k3eMmusipax. CaHHTapHBIH MacHopT SIBJSIETCS OCHOBAHHEM ILJs
Mo TyueHHs] H HCMOJb30BAaHHs PaJHOAKTHBHBIX BEIIECTB B COOTBET-
CTBYIOIIEM BHJ€ H KOJHYECTBE.

YkasaHHble TpeOGOBaHHsI He pacnpOCTPAHAOTCS Ha MOMEIEHHd,
HCMOJIb3yeMble B KOHTPOJbHO-H3MEPHTENbHBIX LEJsX.

AIMHHHCTpPALHS yuPeXEeHHs, TNPHMEHSIONero pajHoaKTHBHLIE
M30TOMBl H NPyrHe HCTOUYHHKH HOHH3HPYIOUNX H3AyueHuH, paspaba-
THIBAET HeTajbHble HHCTPYKIHUH O NPaBHAax paGoThl H Mepax JH4-
HO# NMPOQHIAKTHKH B COOTBETCTBHH C XPaHEGHHEM H YCJOBHSIMH PO+
BOJHUMOH paGoTHl M CYIECTBYIOUMMH CAHHTAPHBIMH NPABHJAMH.

K paboTe ¢ HOHH3HPYIOUAMH H3JyueHHSIMH NONYCKAIOTCH JHIa
He MoJjoxe 18 JeT. JKeHuHHbI 0CBOO0XKAAIOTCsT OT paboThl C HOHH-
SHPYIOIHMH H3JyUeHHSIMH Ha Becb NepHol 6epeMeHHOCTH, a Ha pa-
60Tax ¢ OTKPHITBIMH DAAHOAaKTHBHBIMH BENIECTBAMH — H Ha NepPHOJ
KOpMJIEHHS. )

[MpuMeHeHHe pPaaHOaKTHBHBIX H30TONOB B 4YEPHOH H  IBETHOR
MeTaNJIyprHi BBeJ eHHEeM HX B BblpabaTHiBAEMYI0 MPOAYKIHIO
JONyCKaeTcst NMPH YCJOBHH HCIOJIb30BaHHSI H30TONMOB C IEPHOIOM
nosypacnana He GoJee 60 XHell M OrpaHHueHHst CONEPKAHHs OCTa-
TOUHOH aKTHBHOCTH NpoAykuun Ao 1-107 xropu ua 1 ke  mpomyk-
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.uuH. Mcnonb3oBaHHe Takoi NPOAYKUMH [Jsi GBITOBBIX weJjelf 3a-

npeugaetca. Bo Bcex cayuasax nposenenne paboT, CBA3aHHBIX ¢ BBe-
JeHHeM DaJHOaKTHBHBIX H30TOINOB B NPOAYKIUHIO, HOJKHO OBITH CO-
J1aCOBAHO € CAHHTAPHOH HHCIEKIHel.

Bo Bcex cayuasix, KOria akTHBHOCTb TPOAYKUHH IPeBHILIAET
JNOMYUIEHHYIO H He MOXKeT ObITb NDH BHIIEDXKHBAHHH Ha NpeAnpHd-
THH JloBeJeHa 10 AOMyCTHMOH, ee c/JelyeT paccMaTpHBaTh Kak
panvoaKkTHBHBble OTXOJBIL.

§ 2. PABMEIIEHHE YYPEXXJIEHHA IJist PABOTHI
C PAJHOAKTHBHbBIMH BEIIECTBAMH

3anpeutaercss pasMenieHHe yupexaeHH# nnist paboT ¢ NMpHMeHe-
HHEM pAJIHOAKTHBHBIX H30TONOB B MKHJBIX 3JAHHUSX.

Has yupeskjeHHH, B KOTOPBIX TMPHMEHSIIOTCS TOJBKO 3aKpPHIThIE
HCTOUHHKH H3JYueHHsl, CaHHTapHO-3aU[UTHble 30HBl He YCTaHaBJH-
BawTcs. YPOBeHb M3JYueHHs IJisi Hapy:KHbIX MOBEPXHOCTeH, B TOM
YHCcJe H B NpOeMax, JOJMKeH cooTBeTcTBOBATh [1JAY nist cMexHBIX
¢ pabounmu noMenieHu#i. Usnyuenns B OauxaflInx 3xaHusIXx H Ha
TEPPUTOPHH, He NMPHHAJJIeKalleH NaHHOMY YupeXJeHHIO, He JOJK-
Hbl TIpeBBIIATh (POHA, MPUCYILErO NAHHOH MeCTHOCTH, GoJiee ueM
Ha 0.01 mp/uac.

st yupexaeHnii, B KOTOPbIX NOTpe6JieHHe PafHOaKTHBHBIX Be-
uecTs npeseiiaet 100 kropu B rox (I KaTeropuu), ycTaHaBJaHBAKOT-
Cs1 CaHMTApHO-3allHTHBIe 30HH He MeHee 500 m. Oas yupexneHui
IT kareropun — 100 m u pas 111 KaTeropHu — COTIACHO CaHHTap-
HBIM HODMAaM NpPOEKTHPOBAHHS NPOMBIIIJIEHHBIX NPENNPHATHH.

Iast peakTopoB MouHoCThI0 0T 500 no 5000 x8r, HCNOJb3yeMBbIX
A yueOHBIX H HCC/eN0BaTeNbCKHX IeJielf, YyCTaHaBJAHBAIOTCSI CAHH-
TapHO-3aumHTHBle 30HBI paguycom 1000 M. B cayyae oTCyTCTBHS
B JEHCTBYIOIHX NPEANPHSITHSIX CAHHTAPHO-3AIATHHIX 30H NOCJAed-
HHe JMOJDKHBI ObITh CO31aHBI, a NPH HCBO3MOMKHOCTH NO.IMKHBI OBITh
MPHHSATH Mephl, TapaHTHPYIOIHe 0e30NMacHCCTb OKPYIKAIOMIEro Ha-'
CeJIeHHs.

B camEHTapHO-3amMTHBIX 30HAX 3aNpenarTcs CeJbCKOXO03siicT-
BEeHHBIe IIOCEBBI, pa3MelleHHe JKHJBIX 3MaHHH H yupexjeHHH, He
HMENHX OTHOLIEHHS K YUPEKIEHHIO, HJsi KOTOPOro YCTAHOBJIEHA
3aulUTHas 30Ha.

§ 3. TPEBOBAHHY NMPH PABOTE C 3AKPBITBIMH HCTOYHHUKAMH

HCTOUHHKHE ¢ 3MaHHDYIONMMH BeIIeCTBAMH (panHi, Me30TOpHi
H JIP.) JOJIKHBI PeryJisipHO NPOBEPSITbCS Ha repMETHUHOCTb.

Bce 3akpbiThie HCTOUHHKH B HepaboueM MOJOKEHHH JOJKHBLI Ha-
XONHTbCSI B 3aAIHTHBIX YCTPOHCTBAX. 3ampemaercs NpHKacatbes K
MCTOYHHKAM DYKaMH H HeOOXOJHMO BCErfa MakKCHMaJbHOe HCIOMb-
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30BaHHEe 3aUIMTHBIX 3KPaHOB, NUCTAHIMOHHOFO MHCTPYMEHTa M pas-
JIHYHOFO POJa MaHUIYJSATOPOB.

Hcrounnku aktuBHOCTbIO 0,2 2-3k8 pamuss ¥ GOJee JOJKHBI
NOMEeNnaTbCA B CHELHaJbHBle aNmapathl C MeXaHHYECKUM JAHCTaH-
HUOHHBIM YIpPaBJEeHHEM.

PaboTbl ¢ 3aKpHITBIMH HCTOYHHKAMH He TpeGYyIOT creuua’bHOH
OT/EJKH NoMelleHust ¥ ob6opynosanust. Heo6xoxumo T0abKO obecre-
YHTb 3AUIUTy OT H3JyuyeHHH, a NPH HCNOJbL30BAHHH HCTOYHHKOB
Gosee 10 2-3xk8 panust — NPHHYNHTEJbHYIO BEHTHJAAUHIO. Jlas cra-
UMOHADHBIX YCTAHOBOK € 3aKPLITBIMH HCTOYHHKAMH  H3JyYeHHA
DOJIKHBI BHIJEJSATbCH OTHE/JbHbIE NMOMEIIEHHS, MPHYeM [Jsi CTalHO-
HapHbIX annapartoB C H3Jy4YyeHHEM BO BCe CTOpPOHbi TpebyeTcst cre-
uHaJbHas MJ2HHPOBKA H 3allMTa BO BCeX HANpaBJeHHsX, obecre-
YHBAONIAS NPH JIOObIX TIOJNOXKEHHSIX HCIOYHHKA ocjabiaeHHe H3Jy-
yeHHs1 B paboynx M CMeXKHbIX IIOMENIEHHSIX [0 NpelesbHo HOMyCTH-
MBbIX BeJIHYHH.

§ 4 TPEBOBAHHSI NPH PABOTE C PALUOAKTHBHbBIMU BELLECTBAMH
B OTKPbLITOM BHUJIE

PaGotsl, otHocsimwmecst k 111 kaaccy (cm. Taba. 16), MOFYT
BLIMOJHATLCS B OOLIMX MOMEIEHHsIX, 060pPYy10BAHHBIX B COOTBET-
CTBHH C TPeGOBAaHHSIMH, MPeNbIBASIEMBIMH K XHMHYECKHM Jabopa-
TOPHSIM. "

Pa6otb, oTHocsmmecs: Kk 11 Kjaaccy (cM. Taba. 16), momkHbI
MPOBOAHTBLCSE B OTHEJNbHLIX CHENHaNbHO 0OGOPYLOBAHHBIX IOMeLle-
HHSIX, DasMeleHHbIX H30JHPOBaHHO oT OOmHX NomelleHHi. Bxox
B 1a0OpPAaTOPHH — yepe3 CAHHTAPHBIA NMPONYCKHHK ¢ MYHKTOM 103H-
MEeTPHYECKOTO KOHTDOJIA Ha BbIXOJE.

Has paGor I xnacca (cM. taba. 16) no/kHB 06OPYLOBaThCs
creyuanbHble MOMENIeHHs, pa3MellleHHbie B OTJeJbHOM 31aHHH HJH
B H30/IMDOBAHHBIX OTCEKAX C OTJAeJbHBIM BXOIOM TOJbKO Yepes CaH-
MPONYCKHHKH.

HMeoTcst pasHble BapHaHTb! peIUeHHsi 3a1a4Yd 1es]eco0pasHoit

MJIAHHPOBKH TOMEIEHHH H pa3MelleHHst 00opynoBaHust npH paGore.

¢ GOJbIIHMH aKTHBHOCTSIMH DaJHOAKTHBHbIX BemiecTB (I kaacc).
HanGosee paunonasbHOH nJst pabor | kJacca mpexncraBasieTcss Tak
Ha3biBaeMass TpeX30HaJbHasi NJaHAPOBKa JabopaTopuii, KoTopas
MoxeT ObiTb OCyllecTBJeHa B INpelenax OJHOTO mnoMenieHHs. [Ipu
GoabmoM o6beMe paloT MoKeT BCTaTb BONPOC O Pa3MelleHHH 30H
Ha pasHbiX 3Taxax. ONHH H3 BADHAHTOB TPEX30HAJbLHOH MJAHHPOB-
KH IpepcrasJdeH Ha puc. 30.

Tpex3soHasbHast TJaHHPOBKAa HMeeT DPsill THTHEHHYECKHX Ipe-
HMYILeCTB 110 CpaBHEHHIO ¢ oObuHOH. Bo-nmepBuiX, Gosbimast 4acThb
JIHYHOTO COCTaBa CMOXKeT BecTH pabory, Haxomsick B YHCTOH 30He,
C TMOMOIIbI0O PE3HHOBBIX MEpPYaTOK HJIH MaHHNyJasTOpPOB. BO-BTOpPHIX,
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apuiegeTca CaMOCTOSITe/bHAs H30JHPOBAHHAst «rpsi3Has  30Ha»,
saguMamolas He Gosee 259% Bcelt miomand. B Tpertbux, GoJsee pa-
{HOHAJbHOE pa3MenieHHe OOKCOB MO3BOJISIET COKPaTHTL 00beMbl
yAaJsieMOr0 ¢ MOMOIbIO BEHTHJALHMH BO3LyXa H YJIYYIUHTH €ro

‘ouucTKy. HakoHel, cama niaHHpoOBKa B «IPSI3HOH 30HE» OrpaHHYH-

BaeT BO3MOMHOCTH 3arpsi3HEHHsI BO3JYLIHOH CpPeAbl H TeM CAMBIM
crioco6eTByeT 6e30macHOCTH pPaboThl.

fleewue fQucnem Mouwau

Pobovos  Yucmas
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Puc. 30. TpexaoHaabHasi NJIaHHPOBKA:
!/ — pa6ouuil ctoa; 2 — nabGopaTopHbiil

B Tex cuayuasix, Korga B JaGopaTopHH BeayTcst paGoThi MO BCeM
TpeM KaaccaM, NoMenieHHs: naGopaTOpHH [NOJMKHbI ObiTbh pasiese-
HBl Ha 3 CeKiMH B COOTBeTCTBHH ¢ KJsiaccamu. OOwmas miomanb
B pacueTe Ha OIHONO paGOTHHKA NOJKHA GbiThb He MeHee 10 m2

Ioavt, crenbt, noroaku, okHa, 0sepu. B uensix 3(GheKTHBHOMO
YAaJieHHs: pagHOaKTHBHBIX BellleCTB NPH CJayyaHHOM HX INpocha-
HHH, TIPOJIHBAHHH HJH pa30pbi3THBAHHM BCe NOBEPXHOCTH [OJIAKHLI
ObITh raagKHMH, Ge3 wniedel.

11 3awmnra o1 panHOaKTHBHBIX H3JjyueHHH
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[Mosbl paGounx nomeuieHHH, npenHasHayeHHbIX st pabor [ u
[1 gaaccoB, HOJKHBI HMeTh TJANKYIO NMOBEPXHOCTH Oes menaell u
BeIGOHH. Mx cienyeT MOKpHIBATH HEMOPHCTHIM MaTepHAJOM, Bpole
JIHHOJIEYMa, MOJHXJIOPBHHHJOBOIO IJACTHKATAa HJAH MeTJaxcKoi
MJHTKH, TIPHYeM LIBBl H Kpast NMOKPBITHH NOJKHBI ObITh TILATEJbHO
sammnakJeBaHbl. LleMeHTHble W nepeBsiHHbiE MOJBl HEeNPHTOILHbI, 1a-
e eCJIH NMOKPbiThi MACTHKOH. OueHb y10GHB H MPAKTHYHLI CMEHHbIE
pesuHOBbie MaThl. Kpas nJjacTtukata H JHHOJNeyMa LOJXKHH ObiTb
NOAHATH! Ha BBICOTY 20 ¢M ¥ 3ajeJlaHbl 3aMOIJIHNO CO CTEHAMH.

B naGopaTopusix MepBOro M BTOPOTO KJACCOB  IOJBI  JOJIKHAI
HMEeTb YKJOHbI M Tpanu [JsI CTOKA BOJbI H CHeupacTBOPOB B creN-
KaHaJH3aUnIo.

CreHB!, 1BEDH H NOTOJKH [IOJIKHBI OBIThb IJIAJKHMH, MNaHEIH
cted B saGopatopuax Il KJacca fOJKHBI OKpAIIMBATLCH MAacJsIHOM
KPACKOH Ha BHICOTY 2 M, OCTaJbHAast 4ACTb CTEH H NMOTOJOK OKpallH-
BAIOTCs KJAeeBOH KpackoH. B cTeHax HeoOXOQMMO TIATEJbHO 3aje-
JaTh BCe II[eJH H OTBePCTHS, I'le NMPOXOASIT TpYOB. YTIJbl, paBHO
KaK H MeCTa CTbIKOB CTeH ¢ MOTOJKOM H IIOJIOM, cJenyeT [eJaTh
3aKpYIJIeHHBIMH. Becst cTeHHast W NMOTOJIOMHAST TPOBOAKA HOJIKIIA
ObiTb 3ajedaHa B CTEHbI H IOTOJIOK.

B nomeutednn aast pabot Il kJacca ¥ B onepatopckux Jabopa-
TOpHsiX I Kiacca CTeHbl Ha BCIO BBICOTY OKpPAIUHBAKOT ~MACJsHOM
KpacKOH, MOTOJIKH — KJeeBoH.

[Tepensetst oxoH B 1aGopatopusax I 1 II K1accoB MOJKHBEI HMETh
npocTefmAe NpodHAH 00BA30K H ropObiibKoB. OKHA NOJKHBI ObITH
CO CKOIIEHHBIMH ITOJOKOHHHKAMH HJH 0Oe3 MOMOKOHHHKOB. [10JI0THa
aBepell MOJKHB ObITb IVIAJKHMH, IIHTOBOH KOHCTPYKUMH.

Pa6oute mMOBepXHOCTH CTOJIOB, NMOJNOK MJsI PEAaKTHBOB H BBITSIK-
HbIX MIKA(QOB AOJIKHBI OTHE/LIBATHCS MAaTepHaJaMH, KOTOpbie MaJo
COpOHPYIOT paJHOAKTHBHbIE BellleCTBAa M XOPOMIO MOJAAIOTCS Ae3aK-
THBANHH. Pyukn 71eJalT W3 cTekJa HJIH IJaacTMaccel. Pabouyio
meGesb YCTAHABJHBAIOT HA BLICOKHX HOXKKax aas ynoGcTBa yGop-
KH ToJa. 3anHon 1 GOKOBbie NMOBEPXHOCTH CTOJIOB CJEAyeT CHao-
JHTL 6GopTamH, uTOObI NMpPeNOTBPATHTb CTeKaHHe pPAaLHOAKTHBHbBIX
pacTBopoB Ha moJ. [ToBepXHOCTH CTOJIA JKeJaTelbHO HAKJIOHHTHL
K CTeHKe, rie HAXONHTCS KeJo0, CoeNHHeHHBIH CO CTOKOM.

B nocsiegHee BpeMst IpH3HAHO, UTO HaHOOMee JIErKO MOAMAIOUIHM-
csl  1e3akTHBAllMM MaTepHasoM sIBJSIeTCS CHIMKaTHOe CTeKJ]oO.
C. M. T'oponHHCKHA H IP. CO3[a/H HA OCHOBE NMOJHMEDPOB (MOJHITH-
JIeH, KayuyKH H [p.) HOBbie IJIaCTHKAThi. JIHCTHI miacTHKaTa per.
57—40 ToauuHO# 2—3 MM NpPHMEHSIOT [Js1 BCAKOrO pOAA NOKpbI-
ruil 1 o6kaajok. [laenky peun. 80 Toaumuoi 0,25—0,3 mm HCmOIL-
3YIOT [JIst TIOKPBITHSI CTeH H 060pyaoBaHHsi. [LJist MOKPBITHSI CTeH H
MOTOJIKOB NPHMEHSIIOT TaKKe IJIEHKH C KJesIHM cJI0eM, OT/IeJbHbIe
YHACTKH KOTODPHX, OYAyuil CHIbHO 3arpsiaHeHbl, MOTYT ObiTh 3aMeHe-
Hb! HOBBIMH.
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CryJabst H TalypeTKH LOJIKHBI ObITH MPOCTOH (popMbl, 6e3 BhICTY-
nawouHx 4acTefl H mienell ¢ r1ajgkod NMOBePXHOCTbIO; HX KOHCTDYK-
unsa nokHa ofecrneuHBaTh ynoOHyw pe3aktuBauuio. Flsrorapsan-
BaTh HMX CJeldyeT H3 HecOopOMpPYIOIHX MaTepHaJOB (Heprkaperoulas
¢TaJjlb, NJAaCTHKATBI, CTEKJO).

Boirancnote wrxagor. VimeoTcs: pasHbie KOHCTPYKUHH BBITSMKHBIX
mgapoB nasi paboTel ¢ panHOaKTHBHBIMH H3oTonamu. [uas mpe-
AYTNpEKIEHHs] 3arpsi3HeHHsT PAJHOAKTHBHBIMH BellecTBAaMH H 00Jy-
geHHs paBoTAOMUX K BHTSIKHBIM MIKa(aMm D0J/KHBI OBITH NpeNbsiB-

. JieHBl caenywolide tpeGoanus. CJaenyeT YCTpaHUTb BCe BO3MOKHbIE

OYyarH CKOIIEHHs MBLJIH, 3aKPYTJsist YTJbi H BHHOCS HAPYXKY BCe He-
Hy»KHble MpPeAMeThl Bpojde saMn H T. A. [IpH ycTpoficTBe BBITSIKHOH
CHCTeMb! Ka(hOB clelyeT NPelycMOTPeTh BO3MOMKHOCTh MpeloTBpa-
INEHHSI 3arpsi3HEHHs] pAJMOAKTHBHBIMH BelleCTBAMH H3 COCEIHHX
mkados., BHyTpeHHsIs MOBEPXHOCTb CTOYHBIX TPYO MLoKHA OBITH 10-
CTyMHA AJs1 TPOMBIBKH. Ecan TpyObl npoxXolsT BHYTpH 30aHHs, TO
CJIeyeT NMPHHSTh Mepbl NPOTHB KOPPO3HH TpyO H CKOIJIEHHsI B HHX
panHOAKTHBHBIX OTOpocoB. BhITs:kHOH wmKad ciaeryeT cHaGuHThb
yCTpOHCTBOM [1Js1 NMPOMBIBKH ero BHYTpH. Bosnyx, ynanisiembifi u3
BHITSIXKHOIO LIKa(Pa uepe3 BHITSKHYIO CHCTeMY BEHTHJISIHH, NpOmy-
CKawT yepes (PUIABTp, UTOOBI NMPEeLOTBPATHTD 3arpsiaHeHHe OKpykKaio-
mefl MecTHOCTH palHOaKTHBHBIMH BellleCTBAMH.

PaGoter II] kJacca BBIIOJHSIIOTCS B BBITSIZKHBIX IIKadax, XoTs
MpOCThie ONEepalHH C pPAacTBOpPAMH HeJeTyuHX H He3MaHHpYIOLIHX
BellleCTB MOTYT BBINOJHATBCS Ha paGOuHX CTOJAX.

PaGotwt I u I Ksacca BHIOJHSIIOTCH B ClellHaJbHO 060pynOBaH-
HBIX Gokcax. DTH OGOKChi H3rOTAaBJAMBAKOT U3 MaJo COpOHPYIOLIHX
MaTepHaJ/oB — HepikaBelolled cTa/aH, NJacTHKaTa HJIH  CTeKJa.
Pa6oTa Bemercst ¢ MOMOLIbI0O MAHHIYJASITOPOB HJH BMOHTHDPOBAHHBIX
B 0oxc mepuaTok. B Gokcax HNOJKHO o0ecnmeyuBaThCsl paspexkeHHe
B 10—20 MM BOL. CT.

Becot. yenrpugpyeu. Crnenyer yneanTh oco6oe BHHMaHHe MepaM
NpPesoCTOPOKHOCTH NPOTHB 3arpsi3HeHHst BecoB. LledTpHyrH moJsK-
Hbl ObiThb CHAOXKEeHH MMJ1ACTMACCOBBIMH NpoOHpKaMH Bo H30exanne
3arpsi3HeHHss M TLOJOMKH CTeKJSIHHbIX TNpoOHpoK. LleHTpHyrn
AOMXKHBbI HMETh aBTOOJOKHPOBKY C MOTOPAMH H He JOJIKHH OTKpbI-
BaTbCsi 10 NMOJMHOH OCTAHOBKH.

§ 5. TABOPATOPHASI NOCYIA

[Tpu paboTe ¢ panHOAKTHBHBIMH BellleCTBAMH NpPHMeHSIOTCSA
3MaJHpoBaHHbie, (apdopoBbie, CTekAsIHHbie,  IIJIEKCHIJIACOBLIE,
a Jyuire BCero U3 HepxKaBelolllell CTaJIH JIOTKH HJIH KIOBeThl (XKeJsa-
TeJbHO cHalKeHHBIE BOJOCTHBHBIMH keJoOKaMH), KOTophble, ocobeH-
Ho npu pa6oTe ¢ pacTBOpaMH, Hano 00s3aTebHO NMOKPLIBATH (PHJILT-
poBaJsbHOfi Gymaroil. 3arpsi3HeHHast Oymara Jerko MoxeT ObITh
3aMeHeHa HOBOH. [lsis 3acacbiBaHHsT PacTBOPOB cCJeNyeT MO/b30-
Vi*
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BATbCA TOJBKO CHEenHaJbHbIMH MPHCIOCOONEHHAMH (pe3HHOBLIE
FPYIIH, IINPHIL! H T. 1.)-

JlaGopaTopHH, B KOTOPBIX NMPOH3BOAATCA pabOThl C paNHOAKTHB-
HBIMH H30TONMAMH, NOJKHb HMeThb YMbIBAJbHHKH C ropstied H X0J1071-
HOH BOAOH, 0GOpynOBaHHBIE MeNaJbHbiM BKJIIOUEHHEM HJH KpaHaMH,
OTKpPBIBAIOLWIHMHCS JIOKT€M MO THIYy XHPYPrHYECKHX.

§ 6. BEHTHASMLUHSA H OTONJIEHHE

[ToMelesye p0J#HO ObiTh 060pYROBAHO COOTBETCTBYIOLIEH MpH-

TOYHO-BBITSIDKHOH BeHTHJsIHel. D10 00ecleuyHBaeTCs] BbITSKHBIMH

wKadamu, KoanakaMH H T. 1.

Ynansiemblii M3 mKadoB, YKpbITHil, KaMep, G0KCOB BO3ayX A0/~
XeH rmepey BHIOpOCOM B aTMOc(epy OUMIIATBCS HA S(QQEKTHBHBIX
¢uabTpax. 10 HeoOs3aTenbHO nJs yupexaeHnit 11 n III karero-
pHIi, ecJH AKTHBHOCTb BO31yXa Ha BbIGpoce He mpesbiaeT GoJblue
yeM Ha NMOPSA0K MpeaesbHO AO0NMyCTHMYI0 KOHI@HTDPANHIO IO Haubo-
Jiee TOKCHYHOMY papHOAKTHBHOMY BEILECTBY.

B naGopatopusix I u II Knacca, a TakKe Ha HCC/I€J0BATEJIbCKHX
peakTopax, KpoMe 3(G(eKTHBHbIX (HIBTPOB NOJIKHBI MpeayCMaTpH-
RaThCs BBIGPOCHBie TpYObi, BbICOTA KOTODBIX 3ABHCHT OT BbICOTHI
37aHHS, HO 1OJKHA BBICTYNATH He MeHee, YeM Ha 4 # Hajl KOHbKOM
KPOBJIH 3/1aHHSI.

I1pu paGorax 11l kiacca He0OXOAHMO NpPH YCTPOHCTBE BEHTHJIsSI-
((AH DYKOBOACTBOBAThCst TpeGOBAHHSIMH H HOpMAaMH, YCTaHOBJIEH-
HBIMH 1J1 XHMHYeCKHX J1a0opaTOpHH.

Ins pa6or 1 kaacca Heo6X0auMO mpegycMaTpeTh 3amacHOH
‘BEHTHJISITOP MPOH3BOAHTEJNBHOCTHIO B !/3 MOIIHOCTH OCHOBHOrO, Ha
cJiyyai aBapuy C OCHOBHBIM BEHTHJATOPOM H J/Is  MOMIEPKAHUS
HOPMAaJbHOTO ABHIKEHHsl BO31yXa B CHCTeMe B HepaGouee BpeMsl.

[Tpu pasMellleHHH BEHTHJSIHOHHBIX KaMep B 4epaauyHbiXx NOMe-
UIEHHSIX KAMEDH JO.TKHbI GBITh repMeTHYHO OTHeJeHB OT NMPOYHX
noMeljeHHH ¥ HMCTh OTAeJbHBIH BXO..

PacueTHbie CKOPOCTH'B pabGOuHX NpOeMax BBITSXKHHIX MKa(OB
0OJKHBI ObITH He MeHee 1,5 mfcex. OpHaKo B Iponecce 3IKCIaya-
TAUMH pa3pemaercss CHUKATh CKOpPOCTh B paloueM mpoeMme 10 Be-
JHYHHBI, TPENsTCTBYIOLIEH MTOCTYIVICHHIO BpPEIHBIX BbileJeHHH H3
BBITSKHHIX IKapoB B paboune nomeueHns. O6bekT paGoThl n0J-
MKEH MOMELIAThCsl BHEe 30HbI MHPKYJSIHH B WKady.

B repMerHuHbix 60Kcax M KaMepax ans paGoT I Kaacca 1o/KeH
o6ecrmeunBaThest 30-KpaTHbii 0OMeH BO3ayXa. B MoMelleHHsIX Iep-
BOro kJjacca, Hckawouas I[II 30Hy, ycranasiuBaercss 10-KpaTHbid
o6MeH, 11 ka1acca # B III 3one I ka1acca — 5-kpatubifi, II1 kiacca —-
3-KpaTHbiH.

[Tpn padoTax ¢ SMAHHPYIOI(HMH HCTOYHHKAMH JOJIKHA OBITh

NMpeyeMOTpeHa KPYLJIOCYTOUHO geHCTByiOllasi CHCTeMa BBITSKHOf

BEHTHJISIIIHH. Bee BEHTHJISITOPb! MOJI2KHB! HMEThb CBETOBYIO H 3BYKO-
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BYI0O CHPHAJH3AIHIO, ONOBEIAIIyl0 O Hemosiagkax B pabore HJH
ocTaHoBKe BeuTHasTOpa. CHCTeMa NOJXKHA HMETh 3aMacHO# BeHTH-
JATOP.

[ns yiaBauBaHHST aKTHBHBIX a3p030JeH »Ke/aTeJbHa ABYXCTY-
jleHyaTasl OUHMCTKa YAaJaseMOro BO3AYXa.

JlerkosneTyude H30TOINbI YJABAUBAIOTCH (HABTPAMH C AKTHBH-
POBAHHLIM yrieM. OMaHAuHH H PAJHOAKTHBHbIE HHEpTHble Fas3bl
GUIbTpAMH He 3aMepXKHBAIOTC H BbICOTA BhiOpOCa oOmpejpensieTcd
YCJOBHSIMH pa36aBJeHHs HJIH BbIACDKKA. B Kaxk1IOM (HIbTpE A0/K-
Ha ObiTh OGeclieyeHa BO3MOKHOCTb OTGOpa NMpoG ausi OnpeneneHHs
sppexTuBHoCTH (pHaAbTpA. OTpaboTaHHbie (HIBTPHI He nepesaps-
KAITCS H YAANSIOTCS KaK PaJHOAKTHBHbIE OTXOMBI; (PHIBTDPBI AOMK-
HbI YCTAHABJMBATHCS HENOCPEACTBEHHO y OOKCOB, mKagoB H T. I

Bo31yX0BOIbl BHITSIKHBIX ~CHCTEM, KakK MpABHJO, H3rOTOBJSIOT
W3 YepHOH CTAJH C 3AMTHBIMH MOKPHITHAMH OT KOPPO3HH. 3armpe-
1aeTcst HCMOJb30BaHHE 1Js1 3THX nesed KaHaJoB B CTeHaX.

[Tpu HCMO/IB30BAHHH 3AKPBITHIX HCTOYHHKOB B CNIeNMAJBHBIX 1MO-
MEILEHHsIX HeoOXOQMMO NpeaycMaTpHBaTh 001eOOMeHHYI0 MpHTOY-
HO-BBITSDKHYIO BEHTHJSIMIO He MeHee ueM C 3-KpAarHbIM OGMeHOM
Bozayxa. Jlas mopauM BO3ayXa K MHEBMOKOCTIOMAM (CM. DHC. 31)
YCTAHABJHBAIOT (CIEnHATbEbIE BEHTHJATOpDI, OOecleuHBalHe B
TOUKe [OACOeTHHEHHs LIJIaHra KocTioMa aasjeHHe 500 s BOA. CT.
upu mogaue 15 m3/4ac BO3ayxa Ha 1 KOCTIOM.

B momelieHnsix aast pa6otT I Kaacca o6a3atennto, a 1T n 111 xe-
NaTeJbHO NpHMeHeHHe IMAHEJBHOrO HJIH BO3AYMIHOTO  OTOMJIEHHS.
HarpesaTesbHbie MTpHGOPbI A0JKHBI ObITh T[JAAKHMH, JErKO OMi-
I{AeMbIMH OT MbIJH H TPI3H.

§ 7. OBE3BPE)XHBAHHE H YJAJIEHHE OTXOJ OB, COOdEP)XALIHX
PALHOAKTHBHbBIE H30TOIbI

OGesBpexkHBaHHe H yjaJeHHe paliOaKTHBHBIX OTX0A0B Obia0
W OCTaeTcs 0JHOH 13 Ba)KHEHIIHX H CJOXHefmux npobaeM panua-
LHOHHON rUrHeHbl, 3HAaUeHHe KOTOPOH Bce BO3pacTaeT Mo Mepe pac-
IIHpeHHst cep NpHMeHeHHs1 PafHOAKTHBHBIX H30TONOB B NPOMbILI-
JIEHHOCTH, MEJHIHHCKHX, HayyHO-HCCJen0BaTeJbCKHX H APYIHX
yupexaeHH X,

CyTb npo6JeMbl B TOM, YTO 3HAUHTeJbHAss 4YacTb pAapHOAKTHB-
HbIX [QOJrOMMHBYUIHX BelECTB, NPHMEHSIeMbIX [AJS1 TeX HJIH HHbIX
ueJsefl, B KOHEUHOM cueTe [ONagaeT B CTOSIYHE BOABI HJH yaaJsieTcst
B BHJe TBepabix 0TOpocoB. [10370My H BO3HHKaeT HeOOGXOAHMOCTHL
CO31aHHs CIeNHAJbHBIX YCTAHOBOK [JIs1 OUHCTKH BOAbl, BO3AyXa OT
PAaIHOAKTHBHBIX BeIeCTB H pa3paloTKm cmoco0GoB ynajeHHs W
00e3BpeKHBAHHST pPAaHOAKTHBHBIX OTXOIOB. |

B oTuuyMe OT SIIOBHTHIX BEIeCTB pAaAHOAKTHBHBIE OTXOIBI CJ€:
fiyeT yaaJsTh TakuM 06pa3oM, 4TOObl OHHM He MOV NpeaCTaBHTb
coGo#t yrpo3nl 1151 HaceJeHHs, JKHBOTHBIX H DACTEHHH.
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B 3aBHCHMOCTH OT KOJIH4eCTBa H aKTHBHOCTH paJHOAKTHBHHIX
H30TOINOB, C KOTOPLIMH NPHXOAHTCST HMeTb 1eJ10, MO-Da3HOMY NpHXO-
OHTCs pelaThb BONpoc 00 yaaseHHH OTX0n0B. [Ipu oueHb GoJbLIAX
aKTHBHOCTSIX, HanpHMep Koraa peub HaeT 00 0TXoaax siI€pHBIX
pEeaKTOpPOB, AJIsl HX ydAaJeHHs] MPHXOMMTCS CO371aBaTh GoJblie H
CMOXKHble yCcTpoHCTBa: OacceHHbI-OTCTOMHHKH, Tle, TMpeXie ueM
CHyCKaTb pagHOaKTHBHbIE XKHAKOCTH B DeKH, HX BbiAePKHBAIOT [JIH-
TeJbHOE BpeMsl; ClenuajdbHbie GUILTPLI 1M1 BO3AYXA; BHICOKHE TPY-
6 1451 BbIGpacbiBaHHSI B OKPYXamILyl atMmocdepy, YCTaHOBKH
AJst KOHLUEHTpAUUH pajHOAKTHBHbLIX BEIIEeCTB H T. 1.

Jlnsi HaMeyaeMbIX B CeMHJETHEM IMJaHe KDYMHbIX OOBEKTOB IO
HCIIOJ30BAHHIO ATOMHON 3HEprHH B MHPHBIX 1eJAX, HalpuMep AJd
3JIeKTpPOCTaHIH{, BCTAHET, MO-BHAHMOMY, mpoGiema ycTpoHcTsa co-
BEepIIEHHO 3aKpPBITBIX CHCTEM [/ XHAKHX DaAHO2KTHBHLIX OTXO-
0B, yToGBl H30eXaTh cOpachbiBAHHST HX B Te HJM HHbie OTKpbIThbIe
BOJLOEMBI.

JKuakue oTxoabl ¢ palHOAKTHBHLIMH H30TOMaMu OObiyHO cOOHU-
paloTcs B ClelyalbHble BOAOHENPOHUIIAeMble U repMeTHUYHble OHI0-
Hbl HJIH BelApa, OTKPbIBAIOIIHECsS] C NOMOIbI0 HOXHOHA nepaau. CTou-
Hble BONbI, COMepXKallHe TOJbKO KOPOTKOXHBYIIHe H30TONb C fle-
puomOM moJaypacnaaa He 6oJee OZHHX CYTOK, B KOHUEHTpanusx, ie
npesbimatwoumx 1-10—6 xropu/a, paspewraercs cauBaThb B KaHaJIH-
saniio Ge3 mpeaBapHTeabHOH 006pabOTKH.

[Tpu comepxaHHUH B CTOYHbIX BOAAX KODOTKOMNKHBYIIHX H30TO-
nos GoJgee |-107% xropu/a HeoGxonMMO A0 YIaNeHuss UX B HapyX-
Hyi0 (1BOPOBYIO) KAaHaJHM3alMIO BbilepkaTb B TeueHHe Cpoka, ra-
PAHTHPYIOLIEr0 CHHXKEHHe aKTuBHOCTH 10 ypoBHst 1-10=° xropu/a.
Has 310ro B cucTeMe KAHAJM3AUMM yCTpAMBAIOTCA €MKOCTH COOT-
BETCTBYIOLIEr0 00beMa, H3 KOTOPHIX  CONEpPHKHMOE  BbIYCKAeTCs
B JIBOPOBYIO KAHAJIH3ALHKIO TOJLKO NOCJE NpeABApUTEebHOrO Pafno-
MeTpHYecKOro 3aMepa H COOTBETCTBYIOUIEr0 O(OPMJIEHHA aKTOM.

B naGopartopusix III kaacca goJkKHA ObiTh XO3sACTBEHHO-(e-
KaJbHasi KaHATU3ANHUs.

B s1a6opatopusix I u II KiaaccoB NOJKHBI ObITb MPeayCMOTpeHil
JIBe CHCTeMbl KAaHAJM3alHuH: a) X03sfcTBeHHO-(hekanbHas u 0) cre-
nuanpHas, CneunalbHast yCTpauBaeTCs NpPH HEOGXOMMMOCTH erke-
IHeniHoro yaajexns 200 u Gojee JHUTPOB KUAKHX OTXOLOB C yAe[Ib-
HOHl akTHBHOCTbio HHXKe 10—* kropu/a. MeHbllHe KOJHUECTBA OTXO-
I0B, a Takxe MHIKHe OTXOAbl C YAeJbHOH AaKTHBHOCTHIO Bbille
10~% Kiopu/a HAATeKUT COOHPATHL B CNEUMAJbHbIE KOHTeHHeDbl H
yAaJsiTh Ha MYHKTHl 3aXOPOHEHHUSI.

[TpueMHHKH /151 CAWBA PANHOAKTUBHBIX pPACTBOPOB. TpyObt U
(ACOHHDBIE YaCTH JOJIKHbI ObITb H3TOTOBJIEHB H3 KOPPU3HOHHO CTOfI-
KHX MaTepuaoOB H JIerKO NOALABATHCS Ne3aKTHBALHH.

CTouHble BOAbI, OTBOAKMMbIE 110 CHCTEMe CleNKaHAJNHU3allHH, 10J1K-
Hbi OUHINATHCSI Ha CNEeNHaJbHbIX OYHCTHBIX YCTpPOHCTBAX, mocie
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yero OHM MOTYT yAaJAThCA B CHCTeMy 00eropoacKOH KaHa JH3anHH.,

B 0O0lIeroponcKkyo KaHaJH3aLHI0 NOMYyCKaeTcd CIYCK CTOYHBLIX
BOJ C YAeJbHOH aKTHBHOCTbIO, He GoJiee yeM B 10 pas mpeBblnalo-
el npefesbHO AONMyCTHMbie KOHIEHTpAlHH, ecaH obecrnednBaeTcst
ax 10-kpaTHOe pa36aBJieHHe HepaJHOAKTHBHLIMH CTOYHBIMH BOAAMH
B KOJIJIeKTOpe.

[Tpu ypaneHun HemocpeiCTBEHHO B BOLOEMbI COjepkKaHue B CTOM-
HBIX BOAAX PAJHOAKTHBHBIX BellleCTB He AOJ¥HO mpeBbiiath [TJIK,
y CTAHOBJIEHHBIX [Js1 BOAbI B OTKPHITHIX BoaoeMax. CTouHbie BOMWI,
yaaJjsieMbie B KaHAJU3AIHMIO, JOJXKHbof MOABEPraThCs CHCTEMaTuye-
CKOMY KOHTDOJIIO.

Cnyck CTOYHBIX BOA, COAepKAlUMX JAOJIOXKHBYLIHE PAAHOAKTHB-
Hble M30TONbI, B NPYAbl, NpelHa3HAUEHHbIe A/ pa3BeleHus poibbl W
BOAOMJABAIOLIel NTHUH, & Tak¥e DyYbH M ApyrHe BOAOEMbI, BOJA
H3 KOTOpBIX MOXeT MOCTYMHTh B YIIOMSIHYThi€ MPY/bl, BOCIPeIIALTCA.

Ecin aKTHBHOCTb CJHBA INpPEBLILAET INIpeJesbHO HONMYCTHMYIO,
TO ero ciaeayeT pa30aBHTh 10 YKA3aHHOH aKTHBHOCTH H TOJILKO mocJe
3TOro CJAHThH B KaHAaJH3alHIo.

Pas6apseHue XHAKHX pajMOAKTHBHBIX OTXOA0B Iepen yiaJe-
HHEM HX B KAHAJM3alHI0 AOMYCTHMO B CAy4YasX, KOraa oGbeM XKHI-
xocreii mocse pa3GasieHust He npesbimaer | #°. OQHAKO METON pas-
GaBJIeHUsT 1aJeKo He Bcerga oGecneunBaeT 6e30mMacHOCTb, Jlaxe mpH
Toll HeGOJMbLIOH AKTHBHOCTH, KOTOpAasi CYMTAeTCs AOMYCTHMOMH st
CJIHBAEMBIX B KaHAJH3alHI0 PacTBOPOB, CjaelyeT HMeTb B BHAY BO3-
MOXHOCTb OCaXJIeHHs M COpOLUMH AKTHBHBIX BelleCTB B KaHasau3a-
UHOHHOH cHcTeMe. [TosToMy HeOGXOAWMO HepHOAMYECKH MOABEpPraTh
KAHAJH3AUHOHHYIO CHCTeMY [03MMETPHYECKOMY KOHTPOJIO.

B cayyadx MPOYHCTKH HJIH DEeMOHTA KAHAJM3AUMOHHOH CHCTEMB,
oTBOAAlleH paaHOAKTHBHbie CTOKH, HEOOXOAMMO NpeaBapUTENbHO
#3MepAThL Y-10JIs1 -B CMOTPORBIX KOJIOALAX, B KOTOPbIX 10JKHA HpO-
H3BOAUTLCS pabora.

HexkoTopbie M3 pajgMOaKTHBHBIX OTXONOB, HAMpHMep CTPOHLHHA,
BLIIAZAIOT B BOAOEMAax B OCalOK, COOHpAIOTCS B JAOHHLIX OTJOXKe-
HHSIX 1 MHTEHCHBHO 3arpsi3HsA0T 00HTAKIIKMe HA [He BO10eMOB Opra-
HH3MbI. DTO, B CBOIO O4epelb, MNPHBCAHT K paJAHOAKTHBHOMY 3apa-
JKeHHIO pbi6, MHTAIOIMXCH 3THMH OpraHH3MaMH.

HekoTopbie BOAHbE pACTHTEJbHbIE H ¥HBOTHLIE OpPraHH3MBbl CIO-
cOGHb! HAKAIJIMBATbL Te UM HHbIe 3JEeMEHThl B KOHUEHTpAUHdX, B
JeCATKH ThicAY pa3 NMpPEeBbLIUIAINMX KOHIEHTPALHIO 3TOro 3JeMEHTa
B OKpyXamwluell Boge. IT0 Hab./1101aJ0CL NOC]e B3pLiBa B aTOJMIEC
BHKHHH W J0KA3aHO MHOTOUHCJIEHHBIMH HCC/IeaoBaHHAMH. Crocod
HOCTb IJIAHKTOHA K HAKOIJIGHHIO HCIOJb3yeTCs Aaxe [J OYHILEHHs
BOJ0EMOB, B YACTHOCTH OT IIJIYTOHHS, OCKOJIKOB [eJeHHsl ypaHa H
T. 1. [TocsenoBaTeabHO NPONYCKAsh pANMHOAKTHBHYIO XKHAKOCTh Yepes
psix GacceHHOB ¢ MKUBBIMH OpraHM3MaMH, MOXKHO JAOOHTbCS OUYeHb
3HAYHTEJNbHOH OYHCTKH, 3TOTO ¥e MOXKHO JOCTHTHYTb H B ONHOM Oac-
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cefiHe mocaefOBATENbHLHIM pa3BegeHHEM B HeM KMBBLIX OpPTaHH3MOB
B3aMeH NMOTHOWHX OT PAjHOAKTHBHBIX BelleCTB H ONMYCTHBIIAXCS HA
aHo. CylUecTBYIOT M JpYyrHe MeTOAB TAK Ha3biBaeMOH GHOJOTHUe-
CKOH OYHCTKH BOJOEMOB, 3apaKeHHbIX pAJHOAKTHBHBIMH Bellle-
ctBaM. CrocOGHOCTb KHBOTHBIX H pACTHTEJbHBIX OpraHH3MOB
K HAKOMJ/IEHHIO PAJHOAKTHBHBIX BellleCTB HMeeT, KOHEUHO, H OTpHuA-
TeJbHYIO CTOPOHY, TAK KaK MOXeT NpeacTaBHTb ONACHOCIb i
HaceseHHsl, NMOJL3YIOIETOCS, CKa)KeM, pbIOOH H3 3apaKeHHOiO
BOjI0€MAa HJIH MOJIOKOM H MSICOM CKOTa MACYLIerocss OKOJ0 3THX BO-
JA0EMOB H Haxan/HBawllero B cefe pagMOAaKTHBHBiE BellecTBa H3
notpe6/asieMOA BOAK H TpAaB.

A1 OYHCTKH MaJIOAKTHBHBIX BOJ BECbMa HAJIEXKHBIM CIOCOGOM
IBASIeTCS] NOBTOpPHAst JIUCTHAMSIUAS M (QUIbTpPalUsi Ha HOHO-
o06MeHHBIX (QHAbTpAX, O06Jaf2I0IMHUX BHICOKHMH COPOUHOHHBLIMH
cBoiicTBaMH. Takoro popa GuabTpaMM, XOTS H He A5 Bcex H30TO-
1108, SIBJSIIOTCS HEKOTOpLIE OUBHI.

Onuum u3 HauGosee 3(pQEeKTHBHBIX METOJIOB CHHKEHHSI AKTHBHO-
CTU $IBJISIETCS] pa3BeneHHe CTAGHJBHBIM H30TONOM. [[peHMyluecTso
3TOTO METO]a Meped MPOCTbIM pa3BeeHHeM 3aKJIOUYaeTCsl B TOM, UTO
MMOCKOJIbKY JKHBbie OpTaHU3MblI OJHHAKOBO IMOTJOIMAIOT PAgHOAKTHR-
bie H CTaGH/bHBIE H30TOIBI, MePBOHAYANBHO JOCTHIHYTast MIPH pas-
BeJeHHN MaJjiasi H30TOMHAsi KOHUeHTpaulsl COXpAHHTCS H TpPH NMOTAN-
illeHHH.

Anst o6ieryeddst MaHHIYASIUHHA C PATHOAKTHBHBIMH BeleCTBAMII
HHOT1a TIPHMEHANO0CH, HAa0GOPOT, He pa3BejeHHe, a KOHIUEHTPHPOBA-
HHE PATHOAKTHBHBIX OTGPOCOB B HeGOIBIIOM OGbeMe, A/s yero npo-
I3BOIHI0CH BbillapyBaHHe, OcaxKieHne, cxKUraHiue B T. 1. CKOHeHT-
pPHDOBaHHEIE PATNOAKTHBHBIE BelleCTBA ¢ GOIbIIMM EPHOIOM TMO.TY-
pacrmana cienyeT Npu ylajseHHH pa3GaBHTL COEQHHEHHeM, aHaJ0-
PHYHLIM N0 CBOeH XHMHuecko# cTpykType. B CIHA ans oGesspesxii-
BAHMsI KOHIEHTPUPOBAHHBIX Ma/biX OOBEMOB JOJTOXHUBVIIMX H30-
TOMOB NpertoXeHs CNOCOOn COpPOUHE Ha CMenHaJ LHBIX TJHIax, Ha
MHHEDATbHBIX BEUICCTBAX € MOC/Aeayiollel Hx 06paboTkoH u ynakos-
KOH B criellHaJibHbie GJ0KH.

[TocsieHHe roabl IIMPOKO NpPHMEHSIETCS CHOCO0  pa3BejleHHs:
pPAnHOAKTUBHBIX OTOPOCOB B KHAKOCTSIX, HAVIIHX Ha M3TOTOBJEHHe
neMeHTa. JTH 3aTBepjaeBIUHE j[eMEeHTHbie GJOKH 3aTeM 3aKallbiBaloT
B 3eMJII0 Ha IyGHHY He MeHee MOJYTOpAa MeTPOB HJH cOpachiBaidT
B OKxeaH. PasBOIHTb yeMeHTHble DACTBOPH HAA0 B TAKOH mpomop-
LUHH, UYTOOBI paccesiHHe SHepTHH, CO31aBaeMoe | 2 BewecTBa, He
npepbiano NpuMepHO 4 ape/cyTku.

I[To mpuuateim B CIIA HopMaM, ynakoBaHHbie H cBOGOAHBIE pa-
NHOAKTHBHBIE OTOPOCH AO/IKHBl GBITH MOTPYXKEHH B BOAY HA I1y6d-
HY He MeHee ueM 1800 .

YnenbHbill BeC YIAKOBOYHOr0 MaTepHana ais GJOKOB HEe MeHbIue
1,2 2/em?. TlpepnokeHo 1Ba BHaa KOHTeHHepOB: 1) cTajpHbie Gou-

fie
»
»
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KH, NOKPHITHle H3HYTpH OeToHOM; 2) HeGo/blIHe GeTOHHBIE GOUKH
noMenaeMble BHYTpH GONbLIIHX Takxke GeTOHHBIX Gouek. [TpH 10-
[PYKEHHH B MOpe HAaa0 YUHTHIBATh NOCTelleHHOE INOBBbIIEHHE 1aB-
JeHHs Mopckoi Boawl (Ha 1 arm ua kaxpaee 10 m). Ha kouteiinepe
VKa3biBAIOTCsl BCe MACMOPTHHIE CBENEHHs, KAacamollhecs H30TOmA.

OT6pocsl HH3KOH AKTHBHOCTH BBIIMBAIOTCS B MOpe B OTKPHITOM
BuAe BIAJH OT HACeJEHHbIX MeCT H NMYHKTOB J1OBJH Pbi6ui. ITo pac-
yeTaM NOJiyyaeTcs, 4yTO MOMKHO TOOHThCA ObICTPOTrO pa3BeleHHs B
10000 pas. C TOukH 3peHHst 6e30MACHOCTH HeOOXOMHMO Obi0 GOHI
oroBelllaTh O MeCTaX 3aXOpPOHEeHHsl, HO 3TOr0 MOKa He jenaioT, Mo-
CKOJIbKYy HeT MeXIYHAPOAHBIX pernaMeHTayHfi MO 3TOMy BONpOCY.

Cornacio pexkoMeHpauussM  anraufickoii  HecaenosaTesnbckoit
OpraHH3aUUH N0 ATOMHOH 3HepruH, OTOpPOCH ¢ f- H Y-H3/yueHHeM
HAJO OCAX1aTh M yAaJsiTh B HepacTBopuMoil ¢dopme. HeGosabline
KOMUeCTBA pa3peluaeTcst CIMBATh B KaHAJAH3auHI0, HO NPH CTpO-
#aHmeM koHTpoJe. [Iast 0c060 OMACHBIX H gOJr0 KHBYIIHX H30TO-
nop (Ca®, Fe%, Sr*0, Y%, Zr%, Ce!** u np.) aKTHBHOCTb OI-
HOBpPEMEHHO y1a/iseMOro B KaHA/JIH3aHIO BellleCTBA He JO0/KHA Tpe-
BbILIATE 5 MmKKtopu. Ast OTXOHOB C 0-H3JyyeHHeM HOPMBl AOJXKHBI
6biTh 3HAYHTENLHO CHHXKeHbl. [IpeamHchiBaeTcss HEOOXOQHMOCTHL
exeHelebHO KOHTPOJIHPOBATh  CTOUHble TpyOm. Mx H3.ayuchue
He JO/IKNO NMpeBbNATh 4 Mp 32 8 uac.

MouHoCTh (GU3HUECKOH 103bI HEMOCPEACTBEHHO y GHAOHOB HJH
Beiep AJs C/AHBAa OTGPOCOB, COAEPKANHX PAXHOAKTHBHBIE H3OTOIL,
He TOJKHA NPeBBINATH 3,6 Ap/4ac HA PACCTOSHHM 1 A OT paGoueso
MecTa.

CornacHo CyulecTBYIOIMM B Hamed CTpaHe CAHMTADHBIM Ipa-
BHJIAM, CHCTCMA OUMCTKH OT TBEpPIbIX pATHOAKTHBHBIX H BbICOKO-
AKTHBHBIX JKHIKMX OTXOJOB NOJKHA TipelyCMaTpHBaTh: a) c6op
OTXO0OB H BpEMEHHOe HX XpaHenue, 0) yrajaeHue H B) 00e3BpexH-
BaHue.

C6op M yaaleHHe TBePAbIX, a TaKie BHICOKOARTHBHLIN KHAKIX
pATHOAKTHBHLIX OTXOMOB MOJKHbI IPOH3BOJMTHCS OTAENLHO  OT
0GLIUHOTO MycOpa IHpH NOMOIUH CMEeHHbIX MeTalJHYeCKHX KOH’;‘CH-
HepoB, HMEIOIHX TepMeTHUECKH 3aKPhiBAlOIIHeCs KpBILIKH. s
npejoXpaHeHHss BHYTpeHHeH MNOBEPXHOCTH CTEHOK KOHTEHHEpa OT
3arpsA3HeHHs HeOGXOIHMO BK/AIbBATb B HHX H/IACTHKATOBbie M
spadT-MeIIKH Pa30BOr0 HCMOJAb30BAHHS 151 CYXHX 0TOpOCOB HH
repMeTHUECKH 3aKDBIBAIOUIAECS MKECTsiHble GaHKH 15 MHIKHX OT-

6pOCoB.

KoHTeiiHepbt, 3aM01HAEMbIE DATHOAKTHBHBIMH oTOpOCcaMH, 10JIK-
Hbi HAXOAMTbCS B CIEHAJBHO O06OpPYIOBAHHOM, COTJIACHO TpeboBa-
HHSIM, TIPENbsIBJSIEMbIM K INOMEIICHHUIM 11 ksaacca, NOMelleHHH,
3alAIIeHHOM OT BeTpa H aTMOC(epHBIX 0CagKOB. [ToMerieHHne
HOJKHO HMeTh COOTBETCTBYIOLUHE  3alHTHbBIE npucnocobsenns,
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HCK/I0YaloLIHe BO3MOXKHOCTh H3JyUYeHHSI 332 ero npefieamH CBbille
70 mp/luac.

Teepasie # MHAKHE OTXOOBI, COLEpKALIHE KODOTKOXHBYLIHE
M30TOMibl C TIEPHOAOM MoJypacnajfa He OoJee 15 nHeH, BbiZepXKH-
EAI0TCSt B YKA3aHHOM NTOMeNIeHHH B TeueHle BpeMeHH, 06ectieuuBalo-
mero 1Js  TBEpPIbiX OTXOAOB CHHIXKEHHe aKTHBHOCTH O |-
. KIGpU[Ke, TOCHe 4ero yaansoTcst ¢ OObiuHBM MycopoM. Bce
OCTaJIbHble OTXOMbl YAANSIOTCS TONbKO Ha TNYHKTh 06e3BpeKuBaHHUs
H HX HCLOJb30BAHHE MJs1 KAKHX-NMOO IpYrHX uesed Hiad uX o0es-
Bpe:KHBAHHE B HENPUCNOCOOJeHHbIX /st 5TOH LeJH Neyax Kareropi-
YeCKH BOCNpellaeTcs.

Bbisos pannoakTHBHLX OTX040B B MecTa 06e3BpeXHBaHHS NpO-
H3BOLMTCS TOJbKO HA CNeuHaJbHO O0OOPYNOBAHHLIX AJsT TOH Uejau
KPLITHIX MallHHax. BHYTpeHHIO 110BepXHOCTh KY30BOB 3THX MalIHH
OC/IHLOBHBAIOT HEPKABEIOILEH CTanblo HJH APYTHM MATepUAJION,
HOCTYRHLM AJs1 06paGOTKH pacTBOPOM KHCJOTbf H MbIThSl BOAOIl
Ky30B LoMKeH HMeTb yCTpOHCTBO /s CIHBA H3 HEro JKHIKOCTH B
COOTBETCTByIOIIlHE eMKOCTH. Besi paboTa no norpyske KOHTelilHepoB
LOJKHA ObiThb MO BO3MOXHOCTH MeXaHH3HpOBaHa. Jlou:kKHa ObiTh
npelycMOTpeHa 3amHTa wmwodepa H 0OCAYXHBAIOIEro NepcoHala
OT OOJMYYEHHs.. ¥ pOBeHb H3JyyeHHst B KaOHWHe BOIHTENS] HE TOJ/IKeEH
NpeBLIIAaTh NpelefbHO AOMYCTHMbBIX BeJHUYHH, a C HAPYXKHOH CTOpO-
Hbl MamuHhbl 70 mp/eac. KoHTeliHepu! ¥ MAIUHHLI NOCJae KaxKA0H one-
paluy TaTeJbHO MOIOT M MOABEPraioT NO3HMeTPHYeCKOH IpoBepke
Ha NMYyHKTe 00e3BpelKHBAHUS.

ITyHKT 06e3BpeHBAHUSI PAIHOAKTHBHEX OT6POCOB A0JKEH OHThb
PacnoJoXKeH Ha pACCTOSAHHH He OJHXKe 20 KM OT rOpOAOB H Ha pac-
CTOALHH He MeHee | KM (CAHHTAPHO-3AaIUTHAs1 30HA) OT HaceJseH-
HbIX LEHTPOB (KeJaTeNbHO B Jiecy). d NpH HAMHUYHH KPEM AL OHHOi
Meydn — He MeHee 2 KM OT OJHMXKAHIIMX HACEJNEHHBIX NyHKTOB H MeCT
HOCTOSTHHOrO NpeObiBAHHSI CKOTA. YYACTOK NMyHKTa 0Ge3BpeKuBaumia
J0JIZKeH HaXOInTbesl He Omudke 500 # OT OTKPBLITBIX BOZOEMOB. I pyn-
TLf, CJararolliie yYacTOK, AOJXKHbui ObiTb BOAOYNOPHLIMH -— TJIHH4,
cyrauHKkH, [lpiH OTCYTCTBHM yKka3aHHbBIX TDYHTOB Ha yyacTKe 00e3-
BpeXXHBaHUs CJelyeT NMperycMOTpeTb yCTPOHCTBO TVIMHSIHOTO 3aMKa
B MecTax 3axXOpPOHeHHSs.

Tepputoprst yyacTka n0JKHa ObiTh OTTCpOMKEHA C yCTAHOBJe-
HHEM TipelAynpeXAAOUIHX 3HAKOB W obecNeyeHa NOCTOSTHHOR OXpa-
no#. K yuyacTky Q0/KHbI ObiTb MONBeNeHb OJaroycTpOeHHbie MO0TDL-
€31Hble NMyTH OT TOPOACKHX MarucTpaded. [Ipoesanl Ha yuacTke
achaNbTHPYIOTCS, TePPHTOPHS O3eJIeHsIeTCs.

[lyHKT G6e3BpeKHBAHHSI HJIH 3aNOPOHEHHsI OTXOMOB BKJIOUAET
B ce0s pasjiHyHbie CayKGbl H NOMelleHHs: B 3aBHCHMOCTH OT NOTpeb-
JICHUSI PAJIHOAKTHBHBIX BelleCTB B 00CY:KHBAeMOM NYHKTOM TOpo-
ne. OcHOBHbie CJyKObl caenywouine: a) «kKaaaGHiie», COCTOsiee
i13 «MOTHJIbHHKOB» [JIs1 3aXOpOHeHMst OoTOpocoB; 6) KpeMauHOHHad
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nieub Jisi CAKHTAaHHSI 3aTpPaBJEeHHBIX KHBOTHBIX; B) CKJalbl Al Xpd-
HeHHst KOHTeHHepoB H WX 00paboTku; r) rapax JJjs MalHH C 06-
Mb{BOUYHBIM TYHKTOM; 1) [OMellleHHe [Js A€XKYpHOro nepcoHala
C CAHNpONYCKHHKOM; e) J03HMEeTDPHYECKHIl NMyHKT. O6s13aTesNbHO Ha-
JHYHe BOAONDOBOAA H KAHAJNH3ALHH C YCTPOHCTBOM 151 OUHCTKH
CTOUHbIX BOJ, 06pa3ylOHXCsl OT MbiTbst KOHTEHHEPOB, aBTOMAUIHH
¥ M3 CAHNpONYCKHHKOB. Bce ykasaHHbie TOUKH o6ecrieunBarOTCA
COOTBETCTBYIOUMMH YCTPOHCTBAMH AJ/Is1 3ALUATH IEpCcOHana oT 06ay-
yenus (He 6oaee 0,8 mxp/cex).

«MOTHJIbLHHKHS [Js 3aXOpOHeHHs pAJHOAKTHBHBIX OTGPOCOB
JOMKHBI CTPOHTLCSI H3 pacueTa HX 3aMOJHEHHs1 B TEYEHHE HECKOJL-
KHX JIeT, HO ue MeHee gecaTH. OHH JOMKHBl ObiTh MOA3EMHBIMH, 3a-
KpbIToIMH. [JyOHHA HX ONpelessieTcst YpOBHEM TFOpH3OHTA noa3eM-
Hbix Bol. JIHO, CTEHb H MepeKpbiTHs L0JKHbI ObiTh BOJOHENPOHH AL
MbIMH H HCKJIOUAIOMHMH BO3MOMKHOCTb YTeUKH DATHOAKTHBHbLIX BE-
wurecT. OcHOBaHHe IHA «MOTHJIbHHKA» MOJIMKHO OMTh He Gauxe 4 M
OT HAWBDLICUIETO ypOBHsI MOA3EMHLIX BOX. B KauecTBe CTPOHTEL:
HOrO MaTepHaja 1Jsi «MOTHJbHHKA» DEKOMEHLyeTcs MOHOJIHTHLIM
6eTOH, OGJHIOBAHHLIH ¢ BHYTpeHHeH CTOpOHb! HEpiKaBelolleH
cTanbio. MOIIHOCTb 103 Y-H3JYUEHHs HA paccTostHum 1 a oT mo-
BEPXHOCTH MOIHJIbHMKA TIPH NOJIHOH ero sarpyske He [LOJI)KHA TIpe
BoIIATL 18 mp/uac.

KOHCTPYKuHSI KpeMAlLHOHHLIX MedeH, NpeaHasHaUYeHHbIX A
CHKHTaHUsI CTOPAEMb{X OTXOMOB, AOJKHA HCKII0YaThb BO3MOXKHOCTH
3arpasHeHHst aTMOCHEPHOTO BO31YXa PaNHOAKTHBHLIMH a3pO30JAMH
8bile TMPeJesbHO HOMYyCTHMBIX KOHUEeHTpauui. 301a H3 NeuH, aBTO-
MATHUECKH 3arpy’kaeMas B MeTaJ/ulHyeCKHe TrepMeTHUeCKH 3aKpH-
BAIOLIHECs] COCYIbl, yAAJSIeTCss B «MOTHJIbHHKH». [lJ1s1 BPeMEHHOro
XpaHeHHst KOHTeHHepOB, COMepXKAIHX CKHraeMmbie 0oTGpOCH!, AOJXK-
Ho ObITb [PeayCMOTpeHO OKOJIo NMeuH NoMelleHHe C GEeTOHHLIM II0-
JIOM.
Pa6oTer Ha MyHKTe o0e3BpeXHBAHHsI NMPHPABHHBAIOTCH K pabo-
ram | kJaacca.

§ 8. XPAHEHHE H NEPEHOC PAJJHOAKTHUBHbBIX H30TOMNOB

PaguoakTHBHble BellecTBa, He HaxOAsUIHecs B pa6oTe, LOJIXKHb!
XPAHHTHCH, KAK NPABHJO, B CNELHANbHO OTBENEHHBIX AJd ITHX
eseli ¥ COOTBETCTBEHHO 0GOPYNOBAHHLIX XPaHHJIANLAX. XpaHHJHIa
JIOJIKHB HMeThb COOTBETCTBYIOLLYIO 3AIATY H BbITAKHYIO BEHTHJI-
1HIO.

BoJbliHe KOJHUECTBA Y-aKTHBHbLIX Beurects (>0,2 2-9k68 pajnns)

' caepyeT XpaHATL B KOJOALAX WM HHumAX. Mi3pJeueHHe NpenapaTos

[OJI2KHO ObiTb aBTOMATH3HPOBAHO. CrekJIsIHHbie €MKOCTH, copepxa-
mue pa]_IHOEIKTHBHbIe KHUIKOCTH, CJjaelyeT.noMellaTb B METaJIJIH‘{eu-
CKHe HJIH I1JJaCTMAacCOBbie MOCyabl, 10CTATOUHbIE 1J1s1 BMel[eHHd BCEH
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XpaHseHcst XHAKOCTH, B CJiyyae eCJH 11eJOCTHOCTb CTeKJa Hapy-
IUHTCS OT BO3AEHCTBHS H3NyuUe€HHs] HJIH OT MeXaHHYeCKHX MPHYHH.

I'amMa-pannoakTHBHbIE H3OTONB Jyuyle BCero XpaHnTh B Cle-
HHaJbHBIX cefihax, pasneNeHHBIX Ha CeKLHH CO CBHHIIOBBIMH aBep-
LaMH, Ha KOTOPHIX YKa3biBAaeTCsy COAEPKHMOE CeKUHH, YeM COKpa-
uraercst BpeMsy NOUCKOB H 00JydeHHs. P-H3/yyaloniHe 130TONbl MOXK-
HO XpaHHTh H B HEOCBMHIOBAHHBIX cefidax.

OcoGbte Mepnl [pegOCTOPOKHOCTH JOJIKHBI NPHHHMATLCH IipH
OTKPBLIBAHHH TIPEenaparoB, W3 KOTOPBIX BO3MOXKNO BHIge/ieHHe rasoB
4 TrakiKe JIeTKO BOCIUJIAMEHSIOIMXCST 11111 3AKHINAIOINX PATHOAKTHB-
HBIX KHJIKOCTell.

PagnoakTuBHbIe BEECTBA, NIPDH XpaHEHHH KOTOPbLIX BO3MOIKHO
RBI/I€/ICHHE AKTHBHLIX rasoo0pasHbix NpOAYKTOB HJI pagHoaxkInb-
HOIT NBIIH, 10JKHB NPAHUTLCS B BLITSIXKHOM KAy B repMeTHYECKH
3aKpBLITBIX COCyaax. B Xpanuauige pgonxHa OLITH npepycMOTpeHa
BO3MOZKHOCTb KPYTJIOCYTOYHOH PabOThbi BBITSIKHON BEHTHJISI UM,

PapgnoakTHBHbBIE H30TOmbI 10 10 Me-3K8 papus MOMKHO nepeHo-
CHTb B JIETKHX KOHTeHHEpax ¢ NJHHHBLIMH pyukamu. boabimme koJau-
T€CTBA Y-AKTHBHBbIX H30TONOB AOJI’KHBb! ITOMEIATLCS B CIENHAJNbHBIE
CBHHIOBbIE, CTAJIbHbie HJIH JpyTHe KOHTeHHephbl ¢ TOJLIHHON CTEHOK,
COOTBETCTBYIOILET HHTEHCUBHOCTH HCTOYHHKA H MPpOAO/MKHTENILHOCTH
TPaHCIOPTHPOBKH.

§ 9. MEPbBl JIMYHON NPOPUJIAKTUKH

HsnoxenHbte Boiule MeponpuaTus mo ycrpolicTBy paGounx Mect
(MX repmeTH3auMd, 3aHTA), BONPOCHI BEHTHJSALHH H T. 1. TAKKE
HMEIOT B TOH WJM HHOH Mepe TPSIMOE OTHOLIEHHE K JHYHOf npodu-
JIaKTHKe. B nanHOM paspelle GosblIoe BHHMAHHE YaessleTcsl BOHPO-
CaM HHIHBMAY2JbHOH 3aIUMTHI, (PEYCMATPHBAIOLUKM 3AIHTY Da-
GOTAIOUMX OT 1MONAjaHHA PAIHOAKTHBHBIX BELYECTB B Biie [d30B.
[1apoB a5po30Jeli M pacTBOPOB Ha KOXKY H BHYTPb Opramisma.
a TaKKe 3AUIHTY OT BHEILIHEero 06./yYeHIIs.

Bcee paGotalomye ¢ paiHoaKTHBHBIMH BellleCTBAMH 1OJIKHBI GbiTh
AKKYPAaTHbI, YHCTOMOTHBI H CTPOro co6.101aTh Bce fpaBuaa pabo-
Tol B J1a00paTOpHH AaHHOTO THMA.

IlpaBuibHoe oGecrieyeHme crenomexpofi H  palUMOHAJbHOE €€
HCMONL30BAHNE B 3HAUYHTENLHOH CTefleHH CrocOGCTBYIOT YMeHblie-
HUIO 3arpA3HeHus Tena. [Ipu paGorax I knacca paGorarowue q0JK-
Hbl ObiThb OOecrieyeHbl KOMOHHE30HAMH HJH KOCTIOMAMH, [IATOyYKa-
MH, crienGeJibeM, HOCKAMH, TaNoYKaMH HJH GOTHHKAMI, epyaTkaMu,
GyMaxHBIMH TIOJIOTEHIAMHM M HOCOBBIMH NJIATKAMH Pa30BOFO T0JIL-
30BaHHMs H_fIpH HeOGXOAHMOCTH — CPelCTBAMH 3AaINMTH  OPraHOB
avixanud, [lpu paGorax II m IIlI kaaccoB paGoTawoigie JOJKHUI
ObiTh OGecrieyeHsl XanaTaMM, IIANOYKAMM, Pe3HHOBBHIMH flepuartKa-
M, TANIOYKAMH H CPeJCTBAMH 3AIHTH OPraHOB AbIXAHHA.
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[TepcoHan, npon3soasAikii y6OpKy MOMelleHHs, H Bce paéogaxo-
ilHe ¢ OTKPHITHIMH paJHOAKTHBHbIMH BelleCTBAMH JIOJ/KHB{ ObITb
cHa6XKeHbl (MOMHMO I€pPeyHCJIeHHON BBIIe CIEeLOeXK/abl) MAACTH-
KaTOBbLIMH  (papTYKaMH, HApYKaBHHKAMH, TaJOUIaMH HJH Pe3HHO-
ppIMH canoraMu. Ilpn pabote ¢ pacTBOpaMH CBepX xaJjarta cJaenyer
HajzeBaTb xanarT WJIH (PapTyK U3 pe3HHbl, IMACTHKATOB NJIH KJEEHKH
H HAPYKaBHHK, TOCKOJbKY XJOMUaTOOyMaxHas TKaHb NPH  CHJIBHOM
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Puc. 31. TMuesmoxoctiomn JII'-1 (caesa) n
Jr-2

sarpsi3HeHyn ¢ TpyaoM ouHinaetcs. Jlas xanaTos ayute Bcel‘(-)
IpHMeHATh TKAHb CBETJIBIX TOHOB C MAKCHMAJIbHO FIAMKOM MOBepX
HOCTLIO (CATHH, MAJeCKHH I 1p.), TAaK KaK KpauleHoe TKAHH XYKe
GTCTHPBIBAIOTCA OT PAJHOAKTHBHBIX 3arpsiSHEHHI. Xanatst pOJKHBI
3aCTErHBATBCA C3a4H M MMeTb BbICOKHH crosiunii BopotHHK. Ilnpo-
KO TpHMeHseMble 15 3aIQHThbl TJIeHOYHble MaTepHasbl HMEKoT 60J1:3—
UIOH HeJOCTATOK — BO3AYX0- H BJIArOHENPOHHIAEMOCTD. HOSTON:}'
HPHXOAHMTCA H306peTaTh TAKHE KOHCTPYKIHH S3AILHTHOH ONeKIH,
KOTOpble Tpe1VCMaTpHBAIOT flofauy BO3ayxa foa KocrioM. B !éam-
HOCTH, HJ ABAPHIHBIX CIyYyaeB HJH NPH HEOOXOXHMOCTH paboThbl
B MOMelleHHH, 060py10BaHHE H BO31YX KOTOPOFO 3aMeTHO 3arpss-
HeHbl PANHOAKTHBHLIMH BeLleCTBAMH, pa3paGoTaHbi cllelHanbHble
MHEBMOKOCTIOMBI H3 IJIACTHUECKHX MaTepHasloB C NPHHYIHTEbHOH
nopaveii Bo3ayxa. KOHCTPYKIHA 3THX KOCTIOMOB HArJAAHO BHAHZ

na puc. 31.
KocTioM COCTOMT M3 JerkKoro fpospauiioro ckadarngpa, rieHou-
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HOro XKOMOHHe30Ha CNeNHAJbHOH KOHCTPYKUHH H BO31YXOMOABOIS-
ulef 4acTH — IUJIAaHFa M HAarHeraloulero BeHTHasTtopa. MzoGperare-
Jau 3tHX KoctioMoB (A. A. JleraBer, ®. M. IopoauHckuii u 3. C.
HeTBepHKOBa) YKa3biBAIOT Ha CJenYIOUIHe HX NPeHMyLLecTBa o
CPaBHEHHIO C pAa3JHUHBIMH PpeCNHpPAaTOPaMH M TpPOTHBOTA3aMH,
B cxadanape opranbl gbIXaHHS COBepLIEHHO H30JHPOBAHbI OT 3a-
rpsi3HeHHOTO Bo3ayxa. OOecrneueHa Xopomas BHAHMOCTb. | oJoBa
He CXaTa M HeT gaBJieHHA Ha KoKy Mieua. ['1aza nosaHoctbio 3amu-
uieHbl 0T a- H B-u3nyuennii. CkacdaHap Jerko ouHuiaeTcss oT paauo-
AKTHBHBIX 3arpsA3HeHHi. OH To3Bosder 104aBaTh BO3AYX MOJ KOM-
OMHE30H H CO37a€T TeM CaMbiM HOpMalbHYI0 TepMmoperyJsuHio. [Ipn
HCII0/Ib30BAHHH TVIYXOFO IJIACTHKATOBOTO KOMOHHe30HAa ObICTPO Hd-
pymaetcs TepMoOperyaslus, 4YTO, CAeLOBATeNbHO, OrpaHHYHBaeT
BpeMst paGorbl B HeM. KOHCTpYKLHa camoro xoMGHHe3OHa TakoBa,
yTO flo3BONsIeT 06ayBaTh BO31YXOM Teso pafoTalomero H MoJHOCThLIC
3aIHIATh OT MOfafaHHA Ha TesJo pagMOaKTHBHBIX BewecTs, Ilna-
CTHKAT, H3 KOTOPOFO H3rOTOBJIEH KOMOHHE30H, JIeFKO OUYHIIAeTCA
OT 3arpsi3HeHMH KHCJOTHBIMH H meJOYHbIMH pacrBopamu. Crie-
uHaJbHBle HCCAeQOBAHHs TOKa3aad, yto fpH paboTe B IHEBMO-
KOCTIOMe CO0371al0TCA HecpaBHeHHO 0oJiee OGJ1aronpHATHLIE YCJIOBHSE
AJs1 OpraHH3Ma, yeM fpH paGoTe C HCHOJNbL30BAHHEM ApPYTHX BHIOB
HHAMBHAYaJbHOH 3amuTbl. [ad foplep:KaHHS HOPMAJbHBIX YCJO-
BHH HarpeBaHHs, MOTOOTAeJNeHHa H T. a. Tpebyercsa mopaua 150—
200 2 BO3pyXa B MHHYTY.

Ecan umeerca HeoOXOAHMMOCTh B 3alHTe OfHHX OPTAHOB abIXA-
HHS, BO3MOXKHO IDHMeHeHHe JHIIb ckadaHapa. 3To OueHb BaXKHO,
TaK Kak, XoTA oObLYHO H DEKOMeHAYeTCd IIPH OMACHOCTH BIbiXaHHR
a’p030Jiefi  MOJNb30BATHCA  CHEllMAJbHBIMH  pecliHpaTopaMu, HO
$nabTput GOJBLIIAHCTBA pecnHpaTopoB  ofecleyHBalOT  (GHILTPA-
uHio Ha 97—98Y%. Kpome Toro, o6rypaTtophi He 00ecrneuHBalOT MoJ-
HOH repMeTHUHOCTH H OObIUHO uepe3 xpas oO6TypaTopa nomcachbl-
BaeTcs BO3ayX. ECAH K TOMYy Ke yuecTb, UTO 3aUHTy OT pajicHa n
TOPOHA, Tle HMeKTCs upe3BHUAHHO KECTKHe MpefeJbHO T10NYCTH-
Mbie HOpMbE (3-10—!1 u 1.10~!! xropu/sa), He obecrneuHBalOT HH Cy-
WECTBYIOIHE DPeCNUPATOPbl, HH (HJABTPYIOUIHE IIPOTHBOTA3bl, TO:
3HaueHHe BO3MOKHOCTH H30JHPOBAHHOIO NPHMeHeHHA ckadaHapa
Bo3pactaet ellle GoJblie.

3acayxupaeT G0JbmIOro BHHMaHHA OeCK/afNaHHBIA NPOTHBO-
NbljieBOA PEeCHHPATOP OAHOPA30BOTO HCHNONB30OBAHHA  «JIeHeCTOK»
u ap. OH HajgeKHO (QHKCHDYeTCs Ha JHue, ofecrieyHBas I0JHYIO
repMeTHuHOCTb. Ero 3¢ dekTHBHOCTL naxke aJs CaMbIX MeJKOIHC-
nepcHbix asposoneit (0,1—0,2 p) He Huke 99,9%. ConporuBienne
nbixaHuo HeGogbiioe, oKoso 4 mm Box. ct. BpepHoe mpocTpaHcTBO
HeBeJHKO, floJle 3DeHHs He CY:KeHO, MaTepHasbi He H3MEHSIOTCA Mo
BO371efICTBHEM TeX BeIeCTB, AJf 3aUHThl OT KOTOPHIX PECHHpaTop
npegHasHaueH. Bce pacnuparopa oxoao 10 e.
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Pecniupatrop HenpHrojaeH NpH Mac/adAHbIX TYMaHaX, Tak Kak fpH
3ToM (¢uabTp 3aGHBaercs NpH mnapax c/a1aloJeTyuHX OpraHHYeCKHX
pacTBOpHTe/eH, a TaKKe INPH OTHOCHTEJNbHOH BJAMXKHOCTH BbilIE
100%.

Bui6op 06yBH — HeMasOBaxHbif Bonpoc B o0uel cHcTeMe Mepo-
npHATHH 10 MHuHO# npodHiakTHKe, OObuHag oOyBb Jerko copOH-
pyeT paaMOAaKTHBHble BellleCTBA H ¢ TPYAOM OT HHX OYHIAGTCA.
{Tostomy ueJsecooGpa3io npHMeHeHHe OOYBH TOTO HJIH HHOTO BHAa
H3 MJaCTHKATOB, JIeTKO OYHMIAeMbiX OT 3arpsA3HeHHs, HJIH H3 He-
noporux Marepuanon. CjenyeT HMeTb B BHAY BO3MOXKHOCTb HCIOJIb-
30BaHHSl HEJNOPOTHX MATepHaNOB [Jis H3TOTOBJEHHS He TOJbKO
o6yBH, HO H APYFHX MpelMeTOB JHUHOH MNPO(HIAKTHKH, YHHUTO-
KAeMbIX 10CJe 3arpAsHeHHs.

Pa6oTa ¢ pagHOAKTHBHBIMH H30TONIAMH MpPOBOJHTCH  00s3a-
TeJbHO B flepuaTKax, KOTOpble flepen CHATHEM C PYK Haao TulaTeJb-
HefiuuM o0pa3oM BbIMbITb. [IpH HX HaneBaHHH H CHHMaHHH CJe-
JyeT HCKJIOYHTb ONACHOCTb 3arpsA3HeHHs BHYTPeHHeH MOBepPXHOCTH
[lepuaToxK.

Ilpn paGote C HHTEHCHBHbIMH [-H3JyyaTeJNsiMH CleayeT BO H3-
GexkaHHe NOpaXeHHH I1a3 HageBaTh 3allUTHbie OUKH H3 CTeKJa HJH
naekcuriaca. s 3alUHTHI TJ1a3 OT Y-H3JyueHHs HeoGOCHOBAHHO
PEKOMeHAYIOTCS CTeK/a, cojepxkallHe Qocdar Boan)“pama, fJ10T-
HOCTb KOTOpOro paBHa 19,1 ¢/cm®. 114 3awHTH OT HEATPOHOB Cie-
AyeT MPHUMEHATh CTeKJa, cogepikaimde GODOCHAMKATH KagMHA H
(bTCPHCTHie COENHHEHHS.

XaonuatoGyMakHas crnenoaexaa, 6ejbe H HOCKH F01BePraioTCs
CTHPKe He pexe OHOro pasa B 7 pHeid. OcrajbHbie CpeacTBa HH-
JMBHAYAJbHOH NMPOQHIAKTHKH — 10 Mepe HagoOHOCTH. [IpH 3arpas-
HeHHH CHelogeXkaa A0JKHa OblTh HeMelJeHHO CMeHeHa Ha YHCTYIO.
CTHpka cnelmofex[bl Ha AOMYy KaTelODHUeCKH 3amnpeuaercsi, OHa
JOJIKHA NPOH3BOAHTLCS TOJMbBKO B CHENHANbHBIX {1padedHLIX.

3anpemaetcs npeGuiBaiHe B paGounx momemieHusx Ges Xanata.
[Tpu Bbixome H3 paGouero nomelleHHs B APyTHe, B KOTOPbIX He Be-
petcs paGora ¢ H3oTOnmamH, papTyk, xanart, nepyaTtkd H T. 4. CJe-
AYeT CHHMAaTb. _

Kareropruecku 3anpeniaeTcs npHeM MHIIH H ee XpaHeHHe B pa-
Gounx nomemeHnsax. CJhepyeT MONHOCTLIO NPEAOXpPAaHATL MUTLEBYIO
BOAY OT 3arpfA3HeHHs PallHOAKTHBHBIMH BewecTBaMu. Cocyabl aJs
NUTbA He noJaraercsa 6paTb HEMBITBIMHM PyKaMi WJIH DyKaMH B 3a-
MIATHBIX MepuaTkax. [lepen MNHTbeM IKenaTeNbHO MOJOCKATH POT.

Heo06x01uMo TuiaTeJbHO MbITh DYKH Ifepea e[0H, KypeHHeM,
yX040M ¢ paboThl H NPH BhixOfe H3 Jnaboparophu. PexoMmeHayercs
MBIJIHTb DYKH HECKOJIBKO a3, TIIATe/]kHO TepeTb HX IETKOH H CMbl-
BaThb Temsofi BogoH. HOrTH poJ/KHbI ObIThb BCerga KOPOTKO OCTpPH-
#eHbl, [IpH pag¥OaKTHBHOM 3arpsi3HeHHH Teja PeKOMEeHayeTcs
MbiTbe flog aymeM. [IpH CHJIbHOM 3arps3HeHHH DYk, Koraa Tiua-
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TeJbHOe MbiTbe IIETKOM H MBIIOM He MOMOTaeT, MOMHO NMPHMEHATDL
BellleCTBa, AaIOlllHe C H30TOMOM pacTBOpPHMbie COoegHHeHHdA. i
HEKOTOPbiX H30TONMOB 3G(eKTHBHAA OYHCTKA JOCTHraeTcd MpH
nenonb3oBaHud Mbina OIT-10. Jas OuMCTKH  OT  pagHOaKTHBHOIO
docdopa ycnewHo npuMensercs pactsop dochara Hatpus.

Bo Bcex nmoMemeHHfix, rae nposogutcs pa6ota ¢ H30TONAaMH,
3anpeniaeTcss KypeHue.

B yupexxpeHnax, rge mnpoBoasitcs paboTe I kaacca, moJKeH
ObiTb 06OpPYNOBAH CAHMNPOMYCKHHK C OTpeJeHHeM aJs  gOMAalIHedl
OfIeXKAbl, AYIIEBbIM OTA€JEHHEM H OTge]eHHeM aJs CHelOJerK gbi.

B nomewennsax, rape nposoasatca pabornt 11 Kmacca, n0JKHA
OLITh Aymesas M cliendanbHbie IKAaQUHKH, CTOSmHe BHe paGounx
NOMEUIEHHH, /1 XpAHEeHHs JHYHBIX Bellled M CHellOgexabl, pJd
Ill xnacca — mkadn paa XpaHeHHs CHelHAJbHOH OpeMKabl H KeJaa-
TeJbIO gylieBas.

[Tpu BbixOge M3 momemeHHuH, rape Beaytca paborbr 11 kaacca,
HeOOXOAHMO CHATb CHenogeXay, MepuaTKH H JpYyrHe CcpeacTBa
HHAHBHAYANbHOA 3aIUTHI, TINATEJbHO BBIMBITH PYKH H NPOBepHTb
HX YHCTOTY Ha nO3HMeTpHuecKoMm mnpuGope.

[Tpn BbixOge n3 nomemenHl, rae Beayrca paGorw I Kaacca,
neoGXOMHMO B OTJEJEHHH 151 CHelOfeXabl CHATb BCIO CHENoaek-
oY H IpyrHe CpeaCTBa HHAMBHAYAJNBHOH 3aUIUTH, BLIMHTBLCA MOJ
AylleM H HPOBEPHTb YHCTOTY PYK H Tesa Ha g03MMeTPHUeCKOM MpH-
6ope.

[Ipu BoixOme m3 nomemennii Il Kaacca cieayer NPOBepHTb uM-
CTOTY CIenoaexabl, pYK, Teaa, BBIMbBITh DYKH H NpH HeOOXOgHMOCTH
MPHHATL AyLI

§ 10. YBOPKA NOMEUIEHHA U OYHUCTKA OT PALHOAKTHBHbIX
3ATPSI3HEHHHA

Y6opra nomeujenus. Bo Bcex paGouHx NOMeIIEHHAX erkelHEeBHO
HeOOXOAMMO HDOHM3BOAHTbL YyOOPKY BJIAXKHBIM crnocofom ¢ 00s3a-
TeJ1bHBIM MbiTheM MOBEDXHOCTH CTOJOB M mKadoB. He pexe 0aHOro
pasa B Mecsll HAAJeXHT NPOBOIHTL FeHepaJbHYl0 yOOPKY MoMele-
HHS ¢ MBITbEM MBbIJIbHOH ropsaueil BogOH Bceit MeOeJiH, CTeH, OKUH
1 aBepeil. ¥YOOpKy cjcaver NPOBOAHTH NPH AO3MMETPHUECKOM KOHT-
poJse, uTOGH QOBECTH 3arpA3HEHHOCTb MOBEPXHOCTH 10 YPOBHS Hpe-
JleIbHO ponyctuMoro 3arpsisHeHHs. Cyxas yOopka nmoMeleHHs 3a-
npemaercs. [To okOHuaHuH paboThl Kaxabii paborawiyil goKen
y6upath cBoe palouee MeCTO H ne3aKTHBHPOBaTh pabouyio mocyny
H HHCTDYMEHT.

/13 momeueHH#i OgHOTO KJacca HajpJleXHT HMeTbh cBOH y6opou-
Hbli HHBeHTapb, XPaHAWMICA B 3aKpeiBawuleMcs wWKadhy HIH Me-
TAJJIHUCKOM fAIIHEKe.

B Kaxa0M yupexaeHHH fO/KHO OhTb BbigeJeHO HOMellleHHe
HJIH MeCTO XpaHeHHsl CpejacTB JHKBHAAUMH HelpeaBHieHHBIX 3a-

t
t
t
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rpA3HeHnii. [IpH BO3HHKHOBEHHH aBapHilHbIX 3arps3HeHHH He00X0-
AHMO: a) MOKHHYTb Y4ACTOK PajHalMOHHOA OMACHOCTH, BLIKJIOUHB
yCcTaHOBKH; 6) NpOBepPHTb YPOBeHb 3arpsA3HEHHOCTH PYK, OgeXpabl
n o0yBH; B) NPOHTH caHHTapHyI0 00pabCTKY; I') YCTAHOBHTb «aBa-
pHHHBIA peXHM» BX0Oga B aBApHHHYI0 30HY, «IHCUHIJHHHPYIOUHE
6apoepbi» B 060pyaOBaTh BpeMeHHble CAHIIIIO3bI.

[Tpu cnyualiHoM pasinBe pPacTBOPOB C PajgHOAKTHBHbIMH H30-
TOMAMH HX cjaeayet akKypaTHo cobHparb € MOMOWbIO (HILTPOBANb-
HOl GyMaru mJu ONHJIOK C HOCTeayIOWHM oOe3zapakHBaHHeM 3a-
rpA3HeHHbIX Mect ropsueil BOgO#, MeXaHHUECKHMH H XHMHUECKHMH
cnoco6amu 06palboTKH, UCMNOAb3Ys, B HACTHOCTH, PACTBOPHTEJNH HJH
BeleCTBa, CMOCOOHBIe BHITECHATb H30TOMHBL, TuiatelbHOCTb OUHCTKH
nposepsieTcss O3HMeTPHUECKHMH H3MepeHusMH. O6opyaoBaHHe H
MOKPHITHS, He MOAAAIOUIHecs OUHCTKe p0 NpenesbHO gOMYCTHMbBIX
BeJHUHH, He NPHrOAHL pJs pajbHeHmero HCHOJAb3OBAHHA M pac-
CMaTpH3aI0TC KaK pajHOAKTHBHbIE OTXOBI.

[Tpu paccunaHMH pPagHOAaKTHBHOMO nopomkKa HeoOXOQHMO Bbi-
KJIOUHTb Te BeHTHJISILHOHHble YCTAHOBKH, KOTOpble CMOCOOHH Mo~
HATb er0 B BO31yX H MPOH3BECTH 1e3aKTHBALHIO MOMellleHHs.

YunreiBasgs TPYAHOCTH JHKBHjpalHH 3arpsA3HeHHs, KpaillHe Bax-
HO cTpokaiiiee cob/iogeHHe MPaBHJ ero npeaynpexxgeHHs. IToO
HMeeT 3HaueHHe KAK C TOUKH 3peHHs yMeHbIUeHHs 0HacHOCTH 006.y-
yeHHs1 paGorapouyx, TaK H C TOUKH 3peHHs HCKAaXKeHHs pe3yJbTATUB
HaMepeHus. HackoabKo 37O TpyaHO, NOKAa3biBaeT CJepyOIHH IpPH-
mep. IIpencraBum cefe, 4TO KHAKOCTb B Ko.uuecrBe 10 cm® ¢ 06-
el aKTHBHOCTBIO B-H3JayueHHs B 1 mKropu Hapo NepesHTb B apY-
roi cocyn. Ecau npuHAT BO BHHMaHHe JONYCTHMYIO AaKTHBHOCTDL
zarpsAsHeHds B 107 mxkropu/10 Om? TO 37eMeHTApHHI MOpCUET MO-
KasbiBaet, uTO NuTepsl YKA3aHHOM MKHAKOCTH B KOJHuecTBe GoJiblie
105 ¢M® yke HepomycTHMa, a H30exkaTb 3TOrO KpaliHe TpYymHO.
®axruueckn pabora poJkKHAa ObiTb MNpoBegeHa € TOYHOCTBHIO
99,9999 %.

Jlerkocrh 3arpsi3HeHHH Kaxko#f-HHOYnb MOBEPXHOCTH XKHAKOCTA-
MH 3aBHCHT OT €e CMauHBaeMOCTH, NMO3TOMYy CJedyeT NOJb30BATLCA
MJI0X0 CMAauHBaeMbIMH MOBEPXHOCTSAMH. .

Ou4ucrka aaboparopHrozo o6opydosarus. PagnoaKTHBHbBiE H30-
TONB MOTYT ObiTh CBSI3aHbI DA3/JHYHBLIMH NYTAMH C fIOBEPXHOCTbIO,
Ha KOTOpYIO OHH MOMAafaloT: XHMHUYecKH, (H3HUeCKH, ancopOuHeH
HJIH NPOCTO MeXaHHUeCKH (IPOHHKHOBeHHeM B mophi). [Tpu BBIGOpE
MeTOIOB OYHCTKH NMDHXOMHTCS TaKke NDHHHMATb BO BHHMaHHe Xa-
pakTep 3arpsi3HEHHOH MOBEPXHOCTH H CBOHCTBA BeumlecTBa, MpHMe-
HAeMOro aJii OYHCTKH. He cymiecTByer KakHX-TO YHHBEPCAJbHBIX

. MeToa0B OUYHCTKH, HX NPHXOOHUTCA pa3H006paamb B 3aBHCHMOCTH OT

KOHKDETHbIX YCJOBHH.
. [lpu sarpasmenun crekna wiIH $apdopa ux MokHo 00pabaThi-
BaTh MHHEPaJbHBIMH KHCJ0TAMH, THMOHHOKHCJBIM aAMMOHHEM, Tpex-

12 3amuTa OT PagHOAKTHBHBIX H3JyUeHHH
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3aMelleHHbIM ()OC(HOPHOKUC/ILIM HATpHEM, pacTBOPOM XPOMOBOH
KHCJAOTHl MM ABY®TOPHCTBIM aMMOHHMeM. (OO6bIUHO 3arpsisHeHHble
npeaMeTsl MOMEILAlOT Ha OOMH yac B 39%-HBlii  pacTBOp COJAHOH H
109% -Hblil — JMMOHHOH KHCJIOTHI, 3aTeM MpONOJAacKHBAOT BOXOH H
Ha 15 MMH. NOrpy’KalT B pacTBOP XPOMOBOH KHMCJIOTHI.

Meranapl ounimaloT pa36aBAeHHBIMH KHCJAOTAMH HJH KHCJBIM
(ropucTteiM aMMmoHHeM, Hep:kaBelolllylo crajp MOMEILAOT Ha uac
B 10%-HbIii pacTBOp JIAMOHHON KHMCJOTB!, APONOJACKHBAIOT H 3aTeM
2 yaca BBIZEDIKHUBAIOT B 8-H. a30THOH KHUCJOTE.

[Tnactmacca u sMHOJeYyM 06pabaTeBAlOTCH UMTPATOM aMMOHHA,
pa36aBneHHBIMH KMCJAOTAMH WM OpPraHHYeCKUMHM DAaCTBOPHTEIAMH
(xepocun). [TopHCThIE NOBEPXHOCTH CJ€IyeT MHOFOKpPAaTHO OOMbi-
BaTb CMECBIO COJITHOH M JIMMOHHON kucaoT, XopouwHil s¢bekr mo-
jgyuaercsi OT KOMOGWHMUPOBAHHOrO A€HCTBHS MOIOIIUX BEIIECTB CO
cTpye mnapa. o

Ouuctka o0exOor u 06y6u. PagnoaxkTHBHbIE BelleCTBAa XOPOUIO
copGupyioTcs Ha TKaHsX. [Ipn pab6oTe ¢ KOPOTKOXKMBYIUMMH H30TQ-
NaM{ 3arpsi3HEHHOCTb OdeXKAbl OyxeT ObICTPO YMEHbLIATHLCH U ee
HEeTpYAHO OUMCTHTb. IIpH pabore ¢ HOATOXUBYIIMMH MPHXOLMUTCSH
3aTpaunBaTh GOJblIME YCHJIUS Ha OUMCTKY. [IpM 3arpsi3HeHHOCTH
OIEXIbl JKECTKHMH f- M y-U3/dyuaTeIsiMH BO3HHKAeT yrposa Hexe-
JaTeJAbHOPO BHelIHero o6sayuenus. Bce 310 TpeGyer oprauusauud
KOHTPOJISI 32 3arps3HEHHOCTBIO OJE€XKJbl, 32 NMOPSIAKOM €€ OUHCTKH
U TMOJTHOH 3aMeHHl. :

Onexay ouuuialoT B CHEUMA]bHO OTBEAEHHOM AJf 3TOH ey
nomenlen¥d. B 3aBMCHMOCTH OT aKTHBHOCTHM OZEXAbl M Xapakrepa
€€ paaMOaKTHBHOrO 3arpsf3HEHHMS NPUMEHSIOTCH pas3JuuyHble MeTO-
abl. [Tpu akTuBHOCTH f- M y-u3ayueHMit MeHee 1000 MWMIyJabCOB Ha
150 c¢m? B MHHYTY OA€XKAY CTHDPAOT OCBLIYHBIM crnccoOoM. [lpu
Gosplueli akTUBHOCTH M 3arpfA3HEeHUH OAEXKIbl M30TOHAMH C o-HM3JY-
YEHHEM OHa MOABEPraerTcs CJOXKHOH MNPOUeAYpe OUMCTKM, CKJalbl-
BalolLEHC M3 10 pas3MUHBIX NPONONACKUBAHWH, Kaxj10e npojgoJ-
PKUTEJBHOCTHIO OKOJIO NATH MHMHYT: |) B BOJe; 2) B ropfiuem pacrt-
Bope 6% -HON JNMMOHHON KucaOThI; 3) B ropsiveli Boje; 4) B rops-
yeil BOAE C KakWM-Mu6O0 OUMIIAIOMM CPeJCTBOM; 5) B pacTBopé
KHucacThl; 6) B ropsiveii BOAe; 7) BHOBb B ropsiuelf Bode ¢ OYHILLAlO-
IUIMM BellecTBOM; 8) B ropfiueM pacrtBOpe KHCJAOTH: 9) B ropsuefi
Boxe; 10) TpoiiHoe mponoJsackuBaHHe B Boje. [losiockanHe MOKeT
CUHTATLCH 3aKOHUEHHBIM, €C/U B BOJe He OOHAPYXKHMBAMOTCH 3arpfs-
Hove BemecTsa. QuucTKe OT 3arpsisHeHMs crnoco6CcTBYeT NpejBa-
pMTeNbHOE 3aMayMBaHHe Ha HECKOJbKO YacOB B MblJIBHO-COJOROM
p4CTBOpe C NPHUMECBIO CHJIMKATa HATPHUf, UTO BbI3bIBaeT HabyxaHue
BOJIOKOH TKaHH W 4aCTHI IPA3H M NPU CTHPKe OO6Jeryaer 3SMyJbri-
poBanHe rpsisu. llHOrma 3amMayMBalOT B OZHOM-ABYXIPOUEHTHOM
pacTBOpe a30THOM KHCJOTBI, UTO, OJHAKO, MOKeT He coBceM Guaro-
NPUATHO OTPa3UThCsl Ha caMOH TKaHH. ‘
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Opnexxny ayulle Bcero ofpabarteiBaTh B YMSATUEHHOH Boje, Mo-
CKOJIBKY JKeCcTKas BOZa C MbIIOM ofpa3yer HepacTBOpHMbie COenH-
HEHUsI, Ha KOTOPbIX MOTYT OcenaTh pasJiHuHbie BeIeCTBa. ]

[lnenounas cnenogexnaa fnoasepraercs ABYKpaTHol o6GpaboTke.
CHauaJ/ia MbIJIbHBIM PacTBOPOM 1J1sl YiaJIeHHsl IPSi3H M NOBEPXHOCT-
HOTrO HaCJ/IOEHMS pagMOaKTHBHBIX H30TOMNOB, 4 3aT€éM PacTBOPOM KHC-
JIOTHl /ISl pacTBOpPEHU§ M YAAJeHMS pafHOAKTHBHBIX H30TONOB.

B 4acTHOCTH, AJfl NOJHXJOPBHHUJIOBOH CHELOAEKABl PEKOMEH-
JIyeTCsl CJACAYIOUMH DEXHUM [e3aKTHBalMH:

1) noJsiockaHMe B BOJE B CTHpAJ/IbHOH MallMHe NpH TeMmmeparype
20—30° B TeueHue 5 MHH.;

2) crupka c moomuM cpexcrBom «HoBocte» 3 pacuera 10 2
Ha | 2 BOZBl B CTHpaJbHON MalMHe npu 50°— 15 MHH.;

3) TpoekpaTHOe MOJIOCKaHHe KaXK[blii pa3 B CBexeil Boe NpH
50° — 3 MMH.;

4) zamaumBanne B kucaotax (4%-wasm HCl wm 9%-uas
HNOj; — pasBenenne 1:9) B BaHHe NpH NpOXYyBaHMH BO3ayXa —
5 uac.;

5) mosockanue npu temnepartype 10—30°— 5 mun,;

6) cywxka npu 50°— 2 uaca. }

Jle3akTHBAUMUA MOXeET CUMTATbC YAOBJETBOPUTEJBHOH, €CIH
y1aJ0ch CHM3MTh 3arps3HeHHe 1s a-uacthi ¢ 500 YyacTHU/MUH N0
200 yacTHu/MHuH, a a5 P-vyacthn ¢ 25000 no 10000 uacTHU/MHH C
naowanu 150 cm.

OJaexay ClaeayeT CTHpaTh CBOeBPEMEHHO, XeaTebHO He MO31-
Hee 2—3 nHelt nocse 3arpasHenus. [1pu naurenpHOH 3anepXke 3art-
DYIHSETCH OYMCTKA OJeXAbl OT 3arpfA3HEHMS.

Opnexja, 3arpsi3HeHHAs Q-U3JYYalOIIMMH H30TOMAMM M COXpaHsi-
IoUlas aKTHBHOCTb Mocje 06Pa6OTKH GoJblle JONYCTHMOH, JOMKHA
6bITh U3BATA U3 YNOTPeOJeHHUS. :

Crupka 6eabf, 3arpA3HEHHOr0 PaAHOAKTHBHBIMH BelllecTBaMH,
JOJKHA NPOBOAMTHCS B CHEUMasbHO OGOPYAOBAHHBIX MMOMELLEHUSAX,
npuueM BO n3beXaHue 3arps3HeHMs nepcoHana, OOGOPYIOBaHHA H
nomelueHus 06paboOTKy cjaeayeT NPOBOAMThL HE BPYUHYIO, a MeXa-
HHUeCcKH, BepHee, nake aBromartuuecku. O6pabarbiBaTh, Gesbe Jyu-:
e pasjgenbpbHO, B 3aBUCHMOCTH OT YPOBHSI 3arpPfA3HEHHOCTH, Jf ye-
ro J0JKHA ObITh OPraHH30BaHa NMPABMIbHAA CODTHPOBKA OJEXKJb
nepeji CTHPKOH.

K nepsoii rpynne 3arpsisHeHWH cJaegyer OTHOCHTb OHeX1y #
6ejqpe ¢ aKTHBHOCTBIO a-u3iayuenus mxo 2000 vacTuu/MuH u f-usny-
yeuus o 108 vactuu/mun ¢ naomwanu 150 cm2. '

Ko Bropoit rpymme otHocutcsi 6esbe ¢ 60OJsiee BBICOKOH “3arps3-

"HEHHOCTBIO.

Honxpaxmaﬂﬂsa}me O eXK bl CnOCOﬁCTBYET ee OYUITKe OT ak-
THUBHBIX SHFPHSHGHHﬁ, NOCKOJIbKY TIPH 3aMayuBaHUH 3HauYUTeNAbHAast
YacTb aKTHUBHBIX SHFDHSHGHHP’I OTXOAMT BMecCTe C KpaxMaJiOoM.

12*



180 Buonozuueckoe OetlcToue UOHUIUPYIOUWULY UBAYUEHIL

Ilpm ycTpoficTBe npaveyHblXx ¥ pa6oTe B HUX TIEPCOHAJAA JOJ/IXKHH
coBJI0aTLCS BCE Mepeyuc/ieHHble BHIIE CaHUTapHble HOPMH M Tpa-
BHJa JJIf YUpeXKAECHHH, HMEIOMWHX XesN0 C PaZMOaKTMBHEIMH H30TO-
namu.

Ouuctka KoxcHotx nokposos. KoxHBE NMOKPOBH MOTYT 3arpss-
HATbCA PajJMOAaKTMBHBIMH BELIECTBAMH H B BOEHHOE, H B MHpHOE
Bpems. Kak u npHu 3arpsisHEHHH 06OpYAOBaHHSA, PaJHOaKTHBHOE Be-
IIECTBO Ha KOXKE€ MOXKET 3a1epXarbCid XMMHUYECKH WM (U3HUECKH.
Ha monax 6blin npobegeHsl MCC/eIOBAHMS METOAOB OUMCTKH PYK,
3arpA3HEHHbIX aKTHBHBIM 0CaJKOM TOpOHa. JTO BEmEeCTBO 6bLJIO
BHIOPAHO MOTOMY, YTO Y Hero CpaBHUTENBHO KOPOTKHil nepuox rmo-
aypacnana. Beum ucnelTaHb caeayiomue cnocobul OYHCTKH: 1) MBI
The LIETKOH M MBIJIOM TPHXKAH 1O 5 MHH.; 2) MBIThe OJHOH IETKO;
3) MbITbE PYK LIETKOM C NPUMEHEHHEM CMecH MBLIBHOrO MOPOUIKA C
APEBECHBIMH OTUJIKAMH; 4) MHITbe IIETKOH C MBIJIOM, NPHMEHSEeMHbM
AJIS1 CHATHS NATEH CMa3OYHOrO Mac/a C pyK; 5) pacTHpaHHe pyK
CMEeCbIO JIaHOJIMHA C KYKYPY3HOH nyapoil TPUKAH B TeueHHe 2—
3 MHMH. © TOCJAERYIOIHMM CIIOJACKHBAHHEM Temsofi BOxoii; 6) ob6ma-
3bIBAHHE PYK MaCTOM C ABYOKHCBIO THTaHa, KOTOpas OCTaeTcs Ha
Pykax B TeueHHe 2 MMH., 3aT€M PYKH OGMBIBAIOT ropsivefi Boxofl M
MOIOT LIETKOH C MBIJIOM; 7) MHITbe PYK B HACHIUEHHOM pacTBOpe
MapraHiOBOKUCIOTO KaTHfl ¢ TIOC/AEAYIO MM ONOJaCKHBAHHEM pYK B
5%-HOM pacTBOpe KHMCJIOFO CEPHOKHMCJIOrO HaTpHd; MapraHUeBOKHUC-
JBA Kamiit 1yGHT NMOBEPXHOCTHBIH CON KOXKH M CepHOKMCbI HAT-
puil ypansier 370T Ca0#; 8) nNpuMeHeHHe penuasTOpHus. Creuradb-
HYIO nacry, B KOTOPYIO BXOAMT THOMVIMKOJIAT KaJblUMs, HAHOCAT Ha
10 MMH. Ha KOXYy, TIOC/IE€ UYero ee CMHBAaKT NpoOCTOH  BOAHOIT;
9) MbiTbe mETKOH ¢ pacTBOPOM 3%-HOH JIMMOHHOH KHCJIOTH
10) MbiThe merkoit 1-H. pacTBOpOM cOMIsiHON KucaoTH, 11) psia cro-
cOGOB, B KOTOPHIX MPUMEHANACH KOMGHHALMS HEKOTOpbIX M3 TNPHBE-
AEHHDBIX BbILIE CMOCOGOB C TaK Ha3blBAEMBIMH CMauyHBAIOMMM Tpe-
napaTtaMH (CTpaBOH, MeDPIKHTAJb).

Oxa3sasioch, YTO TIDH OUMCTKE aKTHBHOCTb 3arps3HEHHHIX TIOBEepX-
HOCTeil OYeHb GBICTPO CTHPAETCH, a 3aTeM HacTynaeT COCTOsTHHE
H3BECTHOrO paBHOBecHs1. [lpaxTHUecKH OuMCTKA HOCTHTaeTcs  ykKe
NPU NePBOH MaAHHTYJIAUMM, AaJbHEHLIHE CHHU)KAIOT aKTMBHOCThL Hes-
HauuTesbHO. [TONHOCTBIO OUMCTHTB KOXY OT 3arpsi3HeHMA He yia-
n0ch. CaMbIM TIDAKTHUYHBIM, XOTS M He CaMHM 3()(®eKTHBHEIM, 0Ka3a-
JIOCh TPOCKPATHOE MbIThe PYK TeNJ0H BOgo# ¢ MbsioM. HyxkHo Mero-
JMYECKM TEPeTh IUETKOH BCIO NMOBEPXHOCTh KHcTeH pyk, O6paiast
0co60e BHAMaHHE Ha J1aJJOHH, MEXMNAaJblEBbIE MPOMEXKYTKH H HOFTH.
Maneiiias napanuHa Ha KOXe MOXET CNOCOGCTBOBATH MpOHHKHOBE-
HUIO pagMOaKTHBHOTO BemecTBa Nok kKoxy. IlosaToMy He caegyer
TEpeTh KOXY C/IULIKOM CHJIBHO, UTOGH He BH3BATh paslpakeHHS.
[Tpu HexoTOPHX €CNOcOGaxX MOXKHO TOGHTHCS GOJNBIIENO CHHKEHHS aK-
TUBHOCTH TIPH MBITbE ILETKOH ¢ 1-H. pacTBOPOM CONAHON KMCJIOTHI,
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OJHAKO COJIfHAS KHMCJIOTA TIpH TulaTeabHOH 00paboTKe pPYK BHI3H-
BaeT MNosiBJenMe nyseipefi. OpraHHueckie pacTBOPUTENH, paspyllas
CaJIbHYIO CMa3Ky Ha KOXe, BBISBIBAIOT CYXOCTb KOXH.

Ecau gBykpaTHOe MBITbe He TIOMOXKETr, TO MOXHO npHOGErHyTb
K cnocoby 7 (Mau 9) B cOUeTAHMM CO CMAauyMBAIOLIMM BEIECTBOM.
[Tocne oKOHYaHWS MBITBA PyKH cjaelyer CMasaTb CMAMYAlOMMM Kpe-
MOM.

HMeloTes MHAUBUAYA/bHBIE PA3JHUMA MEXAY JIOIbMH B OTHO-
weHun 3¢ GeKTHBHOCTH OYMCTKM OZHHUM M TE€M K€ MEeTOJOM.

[Tpu kaxkux-n1u60 aBapHHHBIX CayuyadX KOXKHBIE NOKPOBH MOTYT
6blTb TIOpAHEHBl M OTHOBPEMEHHO 3arps3HATHCS PagHOaKTHBHBIMH
BellecTBaMU. DTH PaHH HEO6XOAMMO KaK MOYKHO GhicTpee MpoMHThb
NPOTOUHOM BOJOM, OUMCTUTL B TeUE€HHe D5 MMH. MeTKOH, MBLJIOM ¢ 60-
JBIINM KOJHMYECTBOM BOABl, BbI3BaThb OOHJBbHOE KPOBOTEUEHHE BO
BpeMs NPOMBIBAHHS YMEDEHHHM [aBJIeHHEM BHILIE MeCTa paHEHHS.
Eciu KOHTPOJIb YKa3HBAa€T Ha HEJOCTATOYHOE YMEHbLIEHME aKTHB-
HOCTH, TO CJI€AyeT TIPOMbITh PaHy HaCHILEHHEIM pacTBOPOM MapraH-
LeBOKHCJONO KaJiug, npPOMBITh BOJOH, a 3aTeM cBeXHUM 5Y -HHM
PacTBOPOM CEPHMCTOKHCJOrO HaTpusa. MHOrza pany mnpuxomurcs
uccekaTtb BO U3bexaHHe NOIVIOMEHUS PaJNOAKTHBHHIX BELIECTB TKa-
HSIMHU.

Ouuctka npu 3aeraroiganuu. PexoMeHayeTcs MpPUMEHEHHe DBOT-
HBIX CPEACTB M NpoMelBanMe kenyaka. Llemecoo6pasHo nepesectH
nonaBliie B JKeJYNOK BELIECTBA B HepacTBOpUMOe COeAHHEHMe,
YTO 3aTPYAHUT UX BCACHIBaHHE.

§ 11. CAHUTAPHBIA M TEXHHUYECKHH MHCTPYKTA)

Bce pa6orawomue ¢ pagMoakTHBHBIMM M30TONIAMH AOJYKHE ObiTh
O3HAKOMJIEHBl C TNpPaBUJIAMH MOJb30BAHUSA, CAHUTAPHO-TeXHHYECKM-
MM yCTPOHCTBAMH M 3aIUMTHBIMH TIPUCIIOCOGIEHHSIMH, C TpaBHJAAMH
JIMUHOH THrvennl U Ge30MacHOCTH M JOMKHBI CHAaTh COOTBETCTBYIO-
mui sk3aMmed. B pasbuefimiem neoGxonuma nosTopHas npOBepKa
yCBOEHHS paboTaOIMMH NpaBU paGOTHI.

['naBHOe BHMMaHHMe TpH CAHHTAPHOM HHCTPYKTaXKe JOKHO OBITH
06pallleHo Ha yacHeHHe pabOTalOmMMMKM OCHOBHOTO MPaBHJA, YTO
NPHYMHON MOPAXKEHUH, BbISHIBACMBIX WHOHM3MDYIOIIUMH H3JydYeHHs-
MH, fIBAsieTcsl HeGPEXHOe O6paileHHe ¢ PAJHOAKTHBHBIMH BEILECT-
BaMH. OnacHOCTb MOpPajXkeHHs CBA3AHA elle C TeM, YTO B GOJbIIMH-
CTBE JIyUaeB PAaJAMOAKTHBHBIE a3p0304H He 06/ajgaloT HUKAKHM
3allaxoM, paBHO Kak M BHelllHee 0G/lyueHHe He BOCTIpHHMMaeTCs Op-
raHaMH YyBCTB.

§ 12. KOHTPOJIb 3A BE3ONMACHOCTBIO PABOTHI

Has obecnevenns 6e3onacHOCTH paboTammux c/IegyeT Ha OJHOro
M3 HUX BO3JIOXKHTb KOHTPOJb 3@ OXpaHOH Tpyna, a B GOJIbIIMX Ja-
GopaTopusix creayer faxke NpeaycMOTPETh CHENMANbHONO 1UTATHONO
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paGOTHUKA /IS CIYXKOb pagHauMOHHON GezonacHOCTH. HHcaeHHOCTD
cny6 pagMauMOHHON 6esonacHOCTH JUIA  yupexaeHuit 1 xarero-
pun — 7—10%, nas 11 kateropun —5—7% u ans 111 kateropun —
1—3% or o6iuero KoauuecTBa paboTalolIuX.

B sa6opaTopuy NOMKeH GbIThb Hana)KeH HMHIMBHUAyanbHbIH 10-
3UMETPHYECKUH M pagHOMeTpHUecKHil KOHTPOJb MpH TOMoIM (oTo-
rpadUyecKux MJIEHOK /M KapMaHHbIX 3J1€KTPOMETPOB C TOKa3biBalo-
meft wkanon (KWHA) nns yuera cymmapHOi IO3BI, noJsyuaemoft
KakapiM paboraiomuM. [Ipu GoJplioM o6beme pabGoThl ¢ panHOaK-
TMBHBHIMH BelleCTBaMH cJefyeT OpraHM30BaTbh CHelHaJbHYIO [A03H-
MeTpuueckylo cayx6y. [1pu HeGosbuoM 06beMe paGOTHl ITOT KOHT-
pOJIb MOXKET OCYIILeCTBJIATHCH OTAEJbHbIMH YMOJHOMOUEHHBIMH TO
Texnuke 6ezonacHocTH. TONBKO XOPOUIO MOCTABJEHHBIH TO3MMETpH-
YeCKMi KOHTPOJb MOXKET AaTh NpeicraBieHHe 06 YCJOBHAX TPYAa H
peAynpe T BO3MOXHOCThL ONACHOrO BO3AEHCTBHSA HOHM3HpPYIOLLMX
usayveHuii Ha opraHusM. Jlosumerpuueckas cAyk6a HJIM  yTOJHO-
MOUeHHble JOJI’KHBI BECTH CHCTeMaTHueckoe HabJl0jgeHHe 32 BCEMH
pa6ouiMH MecTaMH, rae pa6oraloiive MOTYT NOABEpPrHYThCs BOS-
nefictButo ofbJyuenus. IIpu HeoGXOAMMOCTH TNpOBefeHHS paGoTH
B YCJOBHAX NOBBIIEHHOrO OGJIYUEHHS WJM 3arpA3HeHHS BO31YIUHOH
cpennl (aBapuitHble, peMOHTHble pabGOTH) cJjaelyer TNOJYYHThL pas-
pellieHHe JO3UMETpPHUECKOH CAYXKOH, TpHYEM 3 JONYCKe JOJIKHO
6bITh TOYHO YKa3aHO BpeMf HaxOXIEHHs pabGOTHMKA B yKa3aHHOH
onacHoii 30He 6e3 yrposh nepeo6iayuenusa. Ilpu Hapyllenun yka-
3aHHBIX B JOMYyCcKe yCJA0BHH paGora moxeT ObiTh NPUOCTAHOBJEHA
npeacTaBuTeseM A03UMETPHUECKOH caykOH, NOX ubHUM HabJoxe-
HHEM M KOHTPOJIEM MHOraa TpHUXOAMTCH BHIMIOMHATE 0co6G0 ONaCHbIe
pasmenni pa6orel. Kareropuuecku 3anpeinaercsi o6jydyeHHe ND030H,
npesplnaowell gonycrumyio. laxke npH He3HAauMTeJbHOM T pPEBLI-
HIeHHH JOTYCTMMON KOHUEHTpaUMH 3arpsisHeHMH B BO3/yXe OKOHua-
HMe paboThl MOXeT GbITh paspelleHO TOJLKO B MPOTHBOrase MJH B
cneuMasbyblX ckadaHapax.

[Tpu pa6oTe ¢ 3aKpbITBIMH HCTOYHMKAMM H3Jy4E€HHS JO3HMETpH-
YeCKUH KOHTPOJb JOJI’KEH BKJIOYATh:

a) M3MepeHHMe MHIMBHMIYya/bHbIX 103 BCeX BHAOB O6JydeHHS
CYMMapHO 3a Heleslo;

6) nepuOJUUYECKHH KOHTPOJb HWHTEHCHUBHOCTH TNOTOKOB f- y- H
HelTpOHHOro M3JyueHMs Ha pabGOuMX MeCTax TpH CcrallMoHapHOH
3allluTe He pex<e OJHOT0 pasa B MecHll, a NpH HecTaluHOHapHOH —
He pe)ke OJHOrO pasa B HeJeJlo;

B) TepHOAMUECKHH KOHTPOJb YpOBHell H3JAyUeHHs B CMEXHbIX
TIOMeILleHUsIX M Ha TIPUJErarloiMX y4acTKax TeppUTOPHUH OOGbexkTa He
peXke OJHOTO pasza B MecHil. .

[Ipu paGore ¢ pagMOaKTHBHBIMH BeUIECTBAMH B OTKPBLITOM BHJE
HeO6X0aUM: :

a) B noMeurenusix aasa pabor I u Il xknacca cucreMatvueckuil, a

CanurapHsie npasuaa u HOpMuL npu pabore ¢ paduoaxTugHoLMu U30TONAMU 183

B nomeinenusx 111 kmacca nepuoaMueckHii KOHTPOJb 3arpsisHeH-
HOCTM BO31yXa pabouux noMmelleHufi;

6) exeHenesbHbiI KOHTPOJb 3arpA3HEHHOCTH noBepxHocTell pa-
Gounx nomellenui U 00opynoBanus B NOMEIIEHHSAX AJ pa6GoT Bcex
KJ1aCCOB;

B) KOHTPOJb 3arpA3HEHHOCTH DYK, OJ€XKABI, NPH KaXKIOM BBIXO-
e M3 TOMELIeHHs COOTBETCTBYIOIlero kjaacca (ansi TepBOro KJjac-
ca — NpUHYARTEJBbHBIH JO3HMETpHUECKHH KOHTPOJb);

r) exeHeZenbHBIl KOHTPOJb TMOTOKOB B- M y- M3Jy4YeHHi Ha pa-
GOUMX MecTaX M MHAMBMAYAJbHBIX 103 BHEUIHero 06JyueHus;

1) CHCTEMaTHUeCKHii KOHTDPOJb 3a KOMMYECTBOM paAMOAKTHBHBLIX
BellleCTB, yaaaseMblx B atmocthepy uepe3 BEHTHAALHIO M3 NOMelle-
muit nas pa6ot I u 1l xnacca;

€) cHCTeMaTHUeCKMH KOHTPOJb 3a CTOYHBIMM BOJAaMM, yaajse-
MbIMH u3 noMmellenuii aasa pat6or I u Il kaaccos.

JlanHbie J03MMETPHUYECKOFO KOHTpOJISA DEerHcTpHUpYITCH B 0CO-

.60M xypuase. Ha Bcex aMu, paboramoiuux ¢ paaiHOaKTUBHBIMH Be-

[LleCTBaMH, 3aBOASTCH MHAMBHAYaJbHble KAPTOUKH, B KOTODPHIX 3aTH-
CHIBAIOTCS paJMOaKTHBHble XapPaKTEPUCTHKH YCJOBHH DaGOTHI.

Meoduyunckuii KouTpoAs. Bee mocTynawiuye Ha paboTy QOJKHbI
NoABepraThCs MNpesBapUTeIbHOMY MEIHUHHCKOMY OCMOTDY. Pa6o-
TajollHe JOKHBI TOJBEprarbcs OCMOTPY MO CreuManbHOH mpor-
pamme. HMHTepBalpl MeX1y OCMOTpaMH YCTaHaBJMBAlOTCA B 3aBH-
CHMOCTH OT Xapaktepa npoM3BoiacTBa ot 6 Mecsues o rona. He
noasiekar npuemy Ha paGoTy < paAMOAKTHUBHBIMM BellleCTBaMH JIH-
na, cTpajaliolle pa3MuHbIMH 3aGO/EBAHMAMH, COTJIacHO OCOGOMY
CTIUCKY.

Tocyodapcraennotil KOHTPOAb. K3noKeHHble Bblllle CaHHTapHbIE
HOpPMBI NOJJIEXKAT HEYKOCHHTEJIbHOMY HCTIOJHEHHIO BCEMH Tpel-
NPUATHAMH H YUYPEXJEHHMH, B KOTOPbIX TPHMEHSAIOTIA paxMoax-
THBHble BelllectBa. KOHTpOMb ocyllecTBAsiercs opraHamu Iocynap-
creennoll Cauutapuoi Mucnekuuu. [lpn napymwenun npasuia I'oc-
caHHa/30p MOXET JIpHMEHHTb CaHKUMH OT AEHEXHOro wTpada no
3aKpLITHS yupeXKaeHHs H TipUBJeUeHHs PYKOBOACTBA K CyaeGHON OT-
BETCTBEHHOCTH.

ToccanuHcnekuMs, NOMHMO TeKylllero HabJIofeHHs 3a BbITNOJHE-
HHeM COOTBETCTBYIOIIMX TpaBHJ M HOpPM, BEAET U TpenylpeiuTenb-
HbIfl caHUTapHBI KOHTPOJIb, 3aKJOUaIUMicA B TOM, YTO Jaercd
3akJI0YeHHe N0 TPOeKTaM BHOBb CTPOSIIMXCSH HMHCTHUTYTOB H Ja6o-
paTopuil. 310, MO CYTH jefa, o3HauaeT, uro 06e3 CaHKUUM CaHUTap-
HOJ MHCNEeKUHMH He MOXeT 6bITh HH MOCTPOEHA, HU NyllleHa B XOX HH
ogna naGopartopHus, The npeanonaraercd pa6ora ¢ paaMOaKTHBHHI-
MH BellleCTBAMH.
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§ 13. JIbrOThl AJIA JHLU, PABOTAIOUIUX C PALHOAKTHBHBIMH
BELIECTBAMH H HCTOYHUKAMH HOHU3HPYIOILHX
H3JIYYEHHRA

[MTocranoBnennem CoBera MunncrpoB CCCP ycTaHOBJEHB JIbro-
Thl AJ8 JHL, paGoTalomKX C PaIHOAKTHBHHIMH BEIIeCTBAMH M HCTOU-
HUKAMM MOHM3MPYIOIINX M3JY4YeHHH.

Jlns paGOTHHKOB, MOCTOSTHHO M HENOCPEACTBEHHO paboTAIOLIUX
C pamMOAKTMBHbLIMH Bel€CTBAMH M HMCTOYHMKAMH MOHM3HDYIOILHUX
M3/yueHuH, BBOAMTCH COKpalueHHbiH pabGoOuMil neHb, NOTMOJHHTE/b-
Hpll OTIYCK 1 BHJAaya GecTwiaTHOTO JeueGHO-NMpOhHAKTHYEOKOr0
NUTAHUS B 3aBHCHMOCTH OT BMJIA NPOM3BOJACTBA PAJHOAKTHUBHBEIX Be-
[11eCTB, HCTOUHHKOB MOHH3HPYIOUIMX M3JyueHMH M o6jJacTH MX TpH-
MeHeHMS.

Oas paGOTHUKOB, BpPEM@HHO TNPHUBJCKAEMBIX IJf [POBeJCHUSA
pasaMuHOro poaa pabor B mexax, 1aGopaTOpUsiX H HA YCTAHOBKaX,

rjae TMPoOU3BOLSATCH OMepallHd ¢ pagHOAKTHBHBIMH BelleCTBaMu HIHN .

U3JYUeHUSIMH, JbIOThI 32 pabOTy BO BPEIHBIX YCJOBUAX TpefocTan-
JAfI0TCA Ha Bpems paboThl B 3THX Iexax, naboparopHAX H Ha ycra-
HOBKAax HapaBHe € MOCTOSTHHEIMH PabOTHHKaMH.

[opsinok mpuMeHEeHHs .bFOT, a TaKXXe NMepeuHu npodeccui u
JTO/KHOCTeH paGOTHHKOB Ha TIOJNyYeHHe 3THX JbroT ycTaHaB/MBa-
I0TCS MMHHUCTPOM M DPYKOBOJLUTENEM BeJOMCTBA TIO COrJacOBaHHIO C
Munucrpom 3apaBooxpaHenusi CCCP u BUCIIC wucxomss M3 KOH-
KPETHHIX YCJAOBMH BbIMOJHSIEMbIX PabOT, COCTOAHUA 3aIUHTHOH Tex-
HMKHM Ha paGouMx yuacTkax, CBOMCTB pafMOAaKTHBHBIX BelllecTB, AaH-
HbIX HO3UMeTpHH M HaMWuMs APYTUX TOKCHUeCKMX BewectB. Ilpu
yAyUlLIeHHM YCJAOBUH TPYAA COKPAIIalOTCs JAbFOTH, YCTAaHOBJCHHBIE
pabOTHHKAM, 3aHAThIM Ha pa6orax ¢ pajHOaKTHBHbLIMH BellecTBamMH
U M3JAYUYCHUTMH.

PyxkoBogurenr MMHHCTEPCTB W BeOMCTB YTBEePXKAAIOT, 10 corJa-
copauuio ¢ BLICIIC, nopmbl GecnaTHOH BbIAAYM CNEHOAEXKAL 119
paBOTHUKOB, 3aHATBIX Ha paboTax ¢ PaJHOAKTHBHBIMM BellleCTBaMH
M M3JyuYeHHUSMMU, B 3aBUCHMOCTH OT XapaKTepa BHINOJHseMbiX paGoT.
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F'arasa 6

PABOTA C OTKPbITBIMH PAJJHOAKTHBHBIMH
NMPENMMAPATAMHU

§ 1. YPOBEHb AKTUBHOCTH, OBECNEYHUBAIOIIHA H3YUYEHHE
PA3JIHYHBIX NPOLLECCOB

[lnanupoBKka M ycTpOHCTBO pafHOXMMHMUeCKOH J1aGopaTophH
IOKHBI obecneuuTs 6e30macHoCTh paboTel ¢ pandOAKTUBHBIMH Be-
[IeCTBAMM, B YACTHOCTH C OTKDPBITBIMM TpernaparaMH, T. e. naBarth
BO3MOXKHOCTb JIEFrKO TOAfepYKHBaTh B Hell Ge3onacHblfi ypOBeHb
BHELIHero M BHYTpekHero O6JyueHMsl TpH LJHMTe/bHOH paborte.

Kak oueBMAHO, MHOroe ompegessieTcs BeJMUMHAMHM aKTHBHOCTH,
¢ KoTopeiMH pabBoraloT. OGBYHO NMPUHHMMAIOTSH Caepylollde THIIBI
pPagMOXMMHUYECKUX J1a60opaTopuil 10 YPOBHIO aKTHBHOCTH:

. MUKDOKIODH M HeCKOJNbKO MHJJIMKIOpH (npocrefiwnit tum)t.

2. Huxe 100 me-3xk6 Ra (tennbie saGopaTopHu 6e€3 MaHHMyJs-
TOpOB ¢ nepuatounbiMu mkadamu). Ilpu yposue 100 me-9x6 Ra
MOXHO MCNOJib30BaTh 3allMilleHHble wKa(pl cO WIMaroBeIMH MaHH-
NYJsSITOP aMH.

3. Ot 100 me-3xk6 Ra u Beluie («ropsuMes nabopaTtopHH C Ma-
HUNyAsiTopamMu). ITH JabopaToOPUU TPOEKTHPYIOTCS MO TPEX30HaJb-
HOMY NPMHIMTY.

[TpocTeHIMi THN pagMOXMMMUECKHX JabopaTopuil GJHKe Blero
K OGBIUHHIM XMMHYECKHM M, KaK NpaBMJIO, HE MMeeT YCTpOHCTB mJ/s
JUCTaHUMOHHOM paBorel U MaHunyasropoB. Kak 6yner BHIHO Aa-
nee, pfAin 0OCTOATENBCTB 3aCTaBAAeT U B 3THX OOBIYHBIX panHOXMMH-
YecKUX Ja6opaTopUsax UMeThb «Teluible» likadbl, HanpuMmep HJas pac-
(hacoOBKH TONyuaeMbIX PajHOAKTUBHBIX BelllecTB HJHU TpocTefiline
IMCTAHIMOHHBIE YCTpOHCTBA AJIA HCTNOJNB3OBAHMSI HEATPOHHBIX HC-
TOUHMKOB,

Huxe 6yner paccMorpeH raaBHBIM 006pa3oM MepBbIH THN pajgMo-
XMMHUeckux JgabGopatopuil M TOJNBKO TOMYTHO M Kparko OyayT 3at-
DPOHYTHI BOTIPOCH, CBSI3aHHBIE C «TemabIMH» JaGopartopuamu. [ops-
yMe 1a60paToOpUM AOBOJBHO TNMOAPOGHO onucaHb B JKeHeBCKHX Ma-
TepHanax M apyrux nybauxkamusx [l, 4]

AxtuBHOCTb B | mkopufs no B-usayuyenuio npu 3P GheKTUBHOCTH
cueta B 15% mocratouna aJis GOJBIIMHCTBA HHAMKATODHBIX HCCJe-
JOBauui. YpOBeHb aKTHMBHOCTH B HECKOJNIBKO MHKDOKIOpH He obec-
neuuBaeT TOJABKO HeGoJsblIOe YHCHO cayvyaeB: | mxkropu = 3,7 -
» 10* pacnapgoB/cek = 2,42-10% pacnagoB/MuH, a ¢ yueroM 3ddex-
TUBHOCTM cueTa nosiyuaem 4-10° umn/mun, Eciu 310T cuer oTHecTH

! 3107 ypoBeHb aKTHBHOCTH HaHGosiee pacUpoCTpaHeH: MpH NPHHSTHH psija
Mep Mo 3alHTe K 3TOH KaTeropHH MoXHo Oy/IeT OTHECTH H HEeCKOJbKo GoJibllHe
YPOBHH aKTHBHOCTH (cM. Hasiee, a TakXe ¢Tp. 157).
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K JIMTPY pacTBOpa, To aia | ma cier 6ymser okoao 400 UMII/MMH, a
npu natecenuu 0,1 ma pacTBOpa ypOBeHb cueTa 6yner papeH (oHy,
orctona 10 mrkropu/s obecrneuar 10OCTATOUYHYIO TOUHOCTH OmMpelede-
HUS aKTHBHOCTH JKMAKOHM (ha3bt naKe mpit CHUXKEHHH ee B OnbiTe B
5—6 pa3. [lpu GosbliieM YyMeHbLIEHHH aKTHBHOCTH KHUAKOH a3ml
ypOBeHb HCXOQHOH aKTHBHCCTH TMPHUXOMMTCS TOAHATH €llle Ha nops-
noK, T. e. 1o 0,1 mrropu/s. B onblTax M3yueHHs 3axBaTa aKTHBHOC-
TH, HalpUMep, 0CanKOM M TpH ero 3xavenuu m 1% (GepyT B npafy
JUISL cueTa TOT JKe 06beM, UTo M AJs pacTBopa, a Bcero 107 uacrs
aKTMBHOCTH ocapka) nocratouHo 6yper | mMKKmopu, a TipH 3axBare
ocankom B 0,1% M MeHee mpUAETCH MMETh HeJO C N€CATOM MJH Hec-
KOMbKUMH HeCATBIMH JOJMSAMH MKIOpU/A.

[1pyu u3yueHMM NepeHoca akTHBHOCTH C MapoOM, HanpHmep TnipH
IeperoHke, AKTMBHOCTb KOH/JEHCATa yMeHblIaeTcsl OObIYHO B He-
CKOJIBKO TBHICSY pa3, M TOrAa AJs NOCTHXKEHHS HEOGXOAMMOH TOu-
HocTH cueTa (Kowuerkn NpHMeM pasHoit 4000)  ucxogHas — aKTHB-
HOCTb JOJIKHA GbITH MOPSAAKA HECKOJIbKHX MKOpu/a  ((HOH BIIOLY
npuusaT 40 uMn/Mun). Tor Xe TNOPAROK AaKTHBHOCTH HYXEH TIPH
6oablUINX KO3 PULMeHTaX OYHCTKM MpH IKCTpaKUHOHHBIX Nepenenax.
B onwite MakcuMmanasuo Gyaer or 0,01 no 0,1 mxopu (10—100 M),

Ias y-usayuatenell B macrosiiiee BpeMs 3((exkTHBHOCTH cueTa
¢ 1—0,1% nosenena no 80—90%, a ¢ yueroM reoMeTpHYecKoro
dakTopa cCyMMapHYI0 3p@GeKTHBHOCTh MOXKHO npHHATE B 10—
129% — CUMHTHJISLHOHHBIE CYSTYMKM, HATIpHMEP C MOHOKPHCTAJJ/IOM
NaJ (T1). 310 nO3BOMHIO CHH3HTbL YPOBEHb HCXONHOI y-aKTHBHOC-
TH 10 ypoBHs B-akTuBHOCTH. [IpH pacuerax xe [efirepa — Mioaane-
pa 6510 Heo6XoaMMO GpaTh MCXOAHYIO y-aKTHBHOITb B HECKOJIBKO
NecsTKOB pa3 GoJbUIYIO, YeM [3-aKTHBHOCTb.

[Tpu YKpymnHeHHBIX sa6opaToOpHBIX OnbITaXx (HECKOJBKO JHTPOB
pacTBOpa) NPUXOAHMTCH BBOAMTb B ONBIT NeCiTKH Me-9xk8 Ra, uro
yKe TpeGyeT «Tenanix» WwkahoB s K03UpOBKH akTHBHOCTH. [lpu
3aBOICKUX OMNBITaX YneJpHasi aKTHBHOCTbL MOJKET OCTAaTbCAd Ha TOM
)Ke ypOBHe . MKMOpU/A, UTO, OHAKO, NIpUBENET YXKe K enHHHIaM
2-3K8 NJIs1.BCeH aKTUBHOCTH B OMHITE.

Caemgyetr OTMETHTb, UTO Jyulle MATH Ha YBeJHUYeHHE ynenabHOH
aKTHBHOCTH, ueM o6beMa, TaK KaK TOUHOCTb CUera pacrer C YBeJH-
yeHHeM YIebHOH aKTMBHOCTH; TAKXKE He BCeraa cjenyer yBeJHuH-
BaThp 06beM AKTHBHOrO pacTBOPA, TaK Kak YHCTO TEXHOJOrH4YeCKHe
napnble OGBIYHBIX XMMMUECKHX MpOLETCcOB, Hanpumep o6beM ocan-
Ka, CKOPOCTb €ro OCefaHHs H T. M., 4aCTO MOXKHO YCTAaHOBHTH B OTbI-
tax 6e3 akTUBHOCTH.
~ Tlpu MHAMKALMM N0 Q-M3JYYEHHIO MCXONHAsi aKTHBHOCTb MOXeT
6oith yMenbliena B 100—120 pas, Tak kak 3¢ (eKTHBHOCTb O-CYeTa
B 3 pa3sa Buiuie. (45—50%), uem npu f-aKTHBHOCTH, a (OH B 30—
40 pa3 menbuie (06siuno 1—1,5 umn/mun). Ho paGora ¢ o-u3ayva
TeJqfIMH HOJKHA TIPOBOAUTLCA C YYETOM HX JIETKOH pacrnblisieMOCTH
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(HanpuMep, rpynnoBas ormaua) M GoJblied onacHocTH (CM. CTp.
157, a rakxe [3, crp. 299)).

[Ipu aKTHBAaHOHHOM aHa/M3e YpOBEHbL OOIEll AKTHBHOCTH HC-
crenyeMoro o6pasna o6blyHO GbiBaeT MOPAAKA HECKOJBKMX MKKHI-
pU — MKIOpU, HO caMM HEeHTpPOHHbIe MCTOUHMKH, HallpiMep pagHEeBO-
GepuanneBBIl (HYXXHO ONAacatbCs pafioHa), MMEIOT aKTHBHOCTb TO-
psiika HecATHIX WM wenoro e-3k6 Ra. TlostoMy 3pmech yke npHme-
HsieTcsi nmpocTefulee AUCTAHUMOHHOe ympaBieHHe [2, cTp. 234]. Mu-
lieHH, 06JyueHHble Ha LHKJIOTpOHe, MOI'YT MMeTb AKTHBHOCTH TO-
pAlIKa Kropu.

M3 u3noXeHHOro BHAHO, UTO OUEHb MHOrHE BOTPOCH MOFYT MHC-
CienoBarbCs MNpU paboTe C OTKPBITHIMM TpenapaTamM¥ B OOUBIYHBIX
PaIUOXUMHUNCKUX J1a60paTopunX, 0CO6EHHO CHaOXeHHBIX «TerJbiM»
wikadom aasi pacacoBKM BBOAMMBIX AKTHBHBIX BeIleCTB H HeHATpOH-
HbIM MCTOUHHKOM,.

PannoxuMuueckas uyacTh MeTas/IyprHUeCKHX M GHOJOrMUECKHX

71a60paTopuil MOXeT ObiTh YCTpOeHA NMOXOGHO OGHIYHBIM pagHOXH-
MHYeCKHM JabopaTopUsM.

§ 2. NPHHLHUNBL, JEXAIHKE B OCHOBE OBECNEYEHHUY
BE3ONACHOCTH PABOTbl C OTKPBITHIMH MPENAPATAMH

Hlaxe mpu GOMbUIMX AKTUBHOCTAX (MPAKTHUECKM TNpH JIOGHIX
3HAaueHHAX) 3alMTa OT BHEILUHOTO M3Jy4YeHMS He TpeACTaBisieT
NpUHIHTNHANBHBIX 3aTpyaderuit. Ho Bmecre ¢ Tem ecnm pacnblasier-
Cs, NpOJHBaeTcs jAa)ke cnabbli pafMOAKTHBHBIA NpenapaT, BO3HU-
KaeT OMacHOCTb BHyTpeHHero ofayuenusi. [lpu mepechinanuu TBep-
Ablx 06pasuoB, HUIbTPALMH, TIepeIHBAHHH, BBINAPUBAHUM H JPYrHX
OOGBIYHBIX XHMMUECKHX J1a6OpaTOPHBIX NMpHeMax MpOMCXOIHT onpene-
JIMMO€e pacnblIeHHe, KOTOpOe, OJHAKO, TpYAHO GBLIO 6bl YCTAHOBUTH
A1 HePanHOAKTUBHBIX BemlecTB. [To3tomMy npuxoguTcs Bbipabatsl-
BaTb BeCh KOMIUIGKC MepONpPHUATHH, TNPUHAB, UTO BCAKOE pagHOaK-
THBHO® BCLLECTBO B OTKPLITHIX Npenaparax kak Gsl seTyde (paaio-
JeTyuecTh) ! M BMeCTe ¢ TeM CIOCOGHO OCefaTh HAa OKpYXKAIOMIMX
npemMeTax. IJTO MOHATHE PAaAMONETYYeCTH OuYeHb NOJNe3HO IS Bbl-
paGOTKH 3aWMTHBIX MEPONPUATHH NpH OTKPHITHX npenaparax.

IIpunsaB mMogens pammoseTyuectu, Mbl cpasy ke nojayuaem npej-
CTaBJjiende, 4YTO OTKpBITHIE TIpenaparsl ONACHBl U He JOMKHbI  GBITh
TEPNHUMBI B 71a60OpPaTOPUM; pafMOAKTHBHbIC BEIIECTBA BCErAa MOJIK-
Hbl HaXOOMTbCA B 3aKpbITHIX COCyHax, HamnpuMmep H3-3a ONACHOCTH
TPYNMOBOH OTHauM, 3aXBaTa uvaCTHML TOKOM BO3gyxa u T. a. Ho,
BMeCTe C TeM, NpPOBOAMTL XMMHYECKHe ONepauHH B 3aKpBITbIX COCY-
Aax MOXHO TOJbKO, CO3[aB LENYI0 [ellb annapatoB, UTO YacTo

1 ..

ﬂpennaraeMun 31eCb BlepBhHIe TEPDMHH «pagHoJeT YyuyecC Tb» O3HaudeT
aepexox B BO3AYX CTOJIb MAJIOro KOJIHYeCcTBa BEIIEeCTRA, KOTOPOe OOBLIYHBIMH CIOCO-
Gamu HCOMPEALTHMO H YCTAHABJIHBACTCA TOJLKO [10 AKTUBHOCTH,
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TPYAHO OCYLIECTBMMO, ZOPOTO M TpeGyer MHOr0 BpeMEHM Ha Hana%-
KY M BBIFOJHO TOJbKO IJIfl NMOCTOSHHO AEHCTBYIOIUHX YCTaHOBOK .
Topasno mpolle OCylecTBHMa paGoTa C OTKPBITHIMH TipenaparaMi
PpaIMOAKTHBHBIX BEIIECTB B 3aKPHITHIX WIKahax ¢ BBITSXKKOH.

Ho Ttorma Kaxas-To uactb pafMOaKTHBHOrO BeilecTBa GyaeT OT-
JaratbCs BHYTpH liKada M B ero kopobax, a Taxkxke Nnocrynare Ha-
PYXY BMecTe ¢ BO3AyXoM. Takum o6pa3oM, BO3HMKAeT Heob6xomu-
MOCTb B H€34KTHBAallMid H30MMpylOLero ycrpoficTBa  (BBITAXKHOrO
mkada) H B orpaHHUeHHH BriGpOCa pafiMOAKTUBHOrO BellleCTBa B aT-
Mocdepy, HanpuMep ¢ NOMOLLBIO GHAbTPA. .

O6paTHbill TOK BO3JyXa M3 M3O/JMpYIOLIEro ycTpOHCTBa B moMe-
LieHHe He JOJYKeH OCYILeCTBJATLCA, T. e XKeJaTenbHO, YToObl WKap
BCErja HaxOOW/CA Haj BaKkyyMoOMZ.

O6s3aTeNbHOCTL pabGoOThl C OTKPBITBIMH pagMOAKTHBHBIMH Tipe-
napataMd B BHITSDKHBIX lWIKadax MM 6OKCaxX, HaXOmAIIMXCA TOA
He6OJbLIMM BAaKYyMOM, BbITeKaeT TaK¥Ke M3 HaJHuMs pasHblX rpynn
TOKCHYHOCTH /I M30TOMOB (cM. cTp. 157, a takxke [3, cTp. 299]).
[Tpu 3TOM B caMble OnacHble Tpynnbl BXOAAT aKTHBHblE sfgpa M0-
BOJbHO OOBIUHBIX JIE@MEHTOB, HYXK/Ia B KOTOPBIX [/ XHMHKA MOXKeT
BO3HMKHYTYb B Ji060i MomeHT: Ca*, Fe®®, Sr%, Zr%, Ce!*t u np.

JloBoabHO pacnpocTpaHeHH paGoOTHl ¢ OCKOJKAMM [eJeHus, Tie
TaKk)Ke BCTPEUAIOTCA MHOTHe M30TONbI caMbiX OnacHeix rpynm. s
3aTorg kJacca UCTOYHHKM B 50—500 mKkkOpu CUMTAIOTCS  CHJILHBI-
Mu [3], cMm. Takxke Taba. 15 u 16 Ha crp. 157.

Kax MH BHJesH, ONACHOCTb BHYTpeHHero 06/yueHHMs BO3HHKaeT
npH HopMmasbHON paGoTe ¢ OTKPBITBIMM Npenaparamu. Beakoe ke
cayyaiiHoe  OOGCTOATeNBCTBO  (pacchilmaHHe, NPOJNUTHE, BO3rOHKA
M T. .) MOXeT YBeIMUYHTb 3Ty OMNAacHOCTb BO MHOro pas. Tak, Ha-
NpuMep, 3apa’keHHe Tmoja J1a6opaTOpHH TNPOJUTHIM pagMOAKTHB-
HbIM pacTBOpOM MOJXKeT TIOBeCTH K TIPeBbILIEHMIO JOMYCTHMOTO
YpPOBHSI aKTHBHOCTH TIONOB B KOPHAOpPAX H APYTrMX MNOMEILGHHAX.
[TosToMy BO3HMKAaeT HacTOsiTelbHas 3ajgaya —- JOBeCTH OTNACHOCThb
OT TakMX cayvalHelx pHYMH n0 MuHMMyMa. Mrak, Bropoil npuHiMn
GeszonacHoll paGOTel, B YACTHOCTH C OTKPBLITBIMHM Tipenaparami, —
npepynpexJeHHe paccesHus pagHOaKTHBHBIX BellleCTB OT BCSAKOro
posna cayualHbIX TpHUHH. . .

Hcxons M3 9TOro MpHUHIMNA NpeaynpeXkieHHs cayuyalHocTel
BHyTpH wKadoB H GOKCOB M HA NMOBEPXHOCTH CTONOB BeAYT paGoTy
NpH HAJHYMH TMOALOHOB HOCTATOYHOro o06beMa; ABepllbl BBITSXKHBIX
wKagpoB 3 M JMOKH GOKCOB HOJXKHbI OBbITb BCErxa 3aKpbiThl, pagHo-
AKTHBHble BeleCTBa AOJKHBI IIepeHOCHTbCA 110 KOMHATe B 3aKphI-

1 Ho u TAakOro pofla yCTaHOBKH cJel1yeT Pa3MelllaTh B BHITSKHHIX MIKadax,

2 310 abCogiOTHO HeOGXONHMO IIPH GOJBLUIMX YPOBHSIX aKTHBHOCTH.

3 TakXe ROJXKHA GHTH C MOMOWbIO AblMa ONpeAeseHa JHHHSA, TAe BO3MOXHO
3aBHXpeHHe M BBIHOC PAaJHOAKTHBHOIO BELICCTBA HAPYXY 3 BHITAXKHOIO lKacpa
[2, cTp. 225].
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TOM cOcyae THMa 3KcHUKaropa (nequeCTb) U, HanpuMep, B 6lOKcax,
NOMeIeHHBX B MeTaJ/IMyecKHil uyexosa (npeaynpekieHHe cayuafi-
HOCTH) M T. I

OruacTH K 3TOMY JKe pasjely TpenynpexieHHs CcayuaidHoCTH
OTHOCHMTCA M Crelonekaa Ha paborammMx, a TakXKe NOKpbITHe IIO-
BEPXHOCTH MOJIOB, CTONIOB M T. A. HEMOPHCTHIM JerKo OTMBbIBAIOLIHM-
CA WM CMeHsieMblM MarepHanoOM, HanpuMep JiMHOJEYMOM (ero 06-
pabaTeBalOT KpackoH M3 njacTHKa).

Ecin Bce Ke cayuyaliHOCTH He cMorsia GbiTh NpeaylniperkjeHa
M panMoakTHBHOE BEILECTBO OKAa3aj0Ch PACCHIIAHHBIM MJIH TpOJiH-
ThiM, TO BO3HHKaeT HeOOXOQMMOCTb Je3aKTHBHPOBAThL 3arps3HeHHOE
MeCTO TpH [03MMeTPHUYECKOM KOHTpPOJe NOCTHTHYTOH OUMCTKH.
[Tpu AvkBnpauMM aBapUM TNPHUXONHTCA M30JMpPOBaTh paboTalouiero
OT BO3AyXa KOMHATBl C HAaXONAILHMMCH B HENOJOXeHHOM MecCTe OT-
KpBITBIM pafiHOAKTHBHLIM npenaparoM. IIpH He6oablIMX ypOBHAX
AKTUBHOCTH NOCTATOYHOH 3amMTON CAYKHT CheuMasnbHast 06yBb,
Xanar, pe3MHOBble TepYaTkH, TpPOTHUBOra3s MM pecnMparop. Ilpu
Go/iee BBICOKMX YPOBHfIX, OCOOEHHO q-M3JlyueHHs, HCNOJAbL3Yyercs
NHEBMOKOCTIOM cO CcKadaHapoM H3 mnsacrmaccsl (CM. pHc. 31).
CoznaBaemoe B NMHEBMOKOCTIOMe M3GHLITOUHOE NaBJeHHe HCKAKUAeT
nonanaHde Ha pa6oTAlOWEro YacTHMIl MJM KafleJb pPacCessHHOro pa-
JAMOAKTHBHOIC BellecTBa.

Tpetba unea B opranusauumum GesomacHoil paGorel ¢ pamHo-
aKTUBHBIMM TipenapartaMH, 0coGeHHO OTKDBITBIMH, CHOpMY/MpOBaHA
B 1950 r. MexnyHapogHOH KOMHCcHEH N0 paaMONOrHyecKoil
3alIUTe — TIpUJIATaTh BCe YCHJIHS K TOMY, uTOo0bl TMIOHM3UTh 06/yuye-
HHe BCEMM BHIAMM M3JIyUeHMss [0 HaMMeHblLIero BO3MOXHOMQ
ypOBHA.

M3 3Toro nonoskeHus, B 4aCTHOCTH, NMPOMCTEKAeT pas3HMua B A0-
NycTHMOH 103e 3a Manblfl MepHOA BpeMeHM M, HamnpHMep, 3a BCIO
KH3Hb.

Ilyets y-usnysatens Ha paccrosuun 0,3 & cosgaer Moll-
HOCTh A03bl 6 mp/uac, 1. e. 6au3Kyt0 K ponyctumoil. Caenyer Jau Bce
Xe Npu paGoTe UMeTh 3AIUUTHBI 3KpaH? C TOUYKM 3peHHs TPeThero
NPUHUNMNA O4YeHb XKesaTes bHa 3aumMTa, HanpHuMep, B ABa CJOsA TMO-
JNYTIOTJICUIEHUsA,  4YTO  JOBeJAeT  MOWHOCTb 103bl Ko 1,5 mplauac
Ha 0,3 » ¥ 6yner rapaHTHpOBaTh JRONYCTHMYIO 103y U B 15 cm or
HCTOUHHMKA H3JYyueHHS.

H3 Tex Xe coofpaKeHUH npsAMo cjlefyer HeoGXORUMOCTL UMETh
B PAgMOXUMHUECKHUX J1a60OpaTOpHfiX TNOMelleHHs, I'le He Belercst
pa6oTa c pagMOaKTHBHBLIMH BeLUECTBaMH !,

YBeanuenue nsowasan Ha 10—I159% 1o cpaBHEHHIO ¢ NpPOCTHIMH
XUMHYECKMMM J1a60paTOpMsSMH ONpaBLaHO HeOOXOXMMOCTBIO COXpa-

1 O TpexsonasbHOM NPOEKTHPOBaKHH JaGopaTopHit IPH GOJLIIHX YPOBHAX aK-
THBHOCTH cM. cTp. 160,
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HATb 3/l0pOBbe paboTalowMx H, KpoMe TOro, Cnoco6CTByeT pauHo-
HaJLHOMY YCTPOHCTBY pajHOXMMHuecKoH sa60paTOpHM W NpaBMJb-
HOll OpraHu3allud Tpynra B Hel.

CrpeMJieHHe K MMHHHMaJbHOMY YDPOBHIO OO8JyueHHS NPHBOAUT K
fipaBHJly — Jlep¥XKaTb B J1aGOpaToOpHH TOJNBKO HeoGXoauMoe KO.H-
yeCTBO pAaAMOAKTHBHBIX BEUIECTB, T. €. JKenaTeJbHO MMeTb XpaHH-
JMIlle MCXONHBIX PaJHOAKTHBHBIX BewleCTB, a TaKXe CKJajJg OTXOAOB
rie-1m6o B 1pyroM Mecre.

Cuaepyer eule pa3 HanoMHHTh OCHOBHHle TIOJIOXKEHH§ B OpraHM-
3auuu Oesonacnoll paboThl ¢ panHOAKTHBHHIMH BeuIeCTBAMH, B TOM
yHcJie ¢ OTKPHTHIMH TpenapaTaMy:

1. 3amMra or NpOHHKAIOILEr0 H3JyueHHS (paccTofiife M 3KpaH).

2. Bopb6a MeromoM H30AfUMH ¢ JerkCH pacnelisgeMOCThIo
.(«pamnoneryyectb») TpH  paboTe ¢ OTKPHITHIMH TIpenaparaMu
PaaHOaKTHBHBLIX BELIECTB.

3. CucreMa npelAynpeXXjaeHHs CayuyalHHX NOTepb pagMOaKTHB-
HbIX BeulecTB M Je3aKTHBAUMf 3arpsi3HeHHbX TMOBepXHOCTell H
npexMeToB.

4. CucteMa MepOTNpHsAITHI, Hanpap/JeHHBIX K CHHXKEHHIO YpOBHSA
BHELIHEro M BHyTpeHHero o6JiyueHHd TiepCcoHaJja HUXe NONYyCTHMBIX
HOPpM.

5. ITocTosHHBIA nO3HMeTpPHUECKMH KOHTpOJb.

§ 3. MPHMEPBI PABOTbl C OTKPBITBIMH NMPEMNAPATAMH
(3ALIUTA OT BHYTPEHHErO OBJYYEHHA)

Ecsi OCHOBBI 3alUUTBI OT BHelIHero 06JiyueHMsl pa3paboTaHul B
Tako# Mepe, uTo MOXXer ObITh BCernia rapaHTHpPOBaH 3anaHHbifl ero
ypoBeHb (crp. 79—92), TO cOBeplUEHHO NO-MHOMY OGCTOMT Aeno ¢
BHYTpeHHHUM 06ayueHHeMm., Hennss ykaszate 1abMu M pYKOBOACTB,
KOTOpble naBajaud Obl BO3MOXHOCTh NpenyCcMOTpEeTb, KaKas omnac-
HOCTb B 3TOM OTHOIUE@HHM BO3HMKAaeT TIPU OOBIYHBIX 1a60paTOPHLIX
onepauusax. Buaumo, 370 OTCyTcTBHE KOHKDETHBIX JAHHBIX NPHBENO
aMepHKAaHCKHX pabOTHUKOB K (OPMYJMPOBAHHIO TO/BKO TIPHHIL-
noB Ge3onacHOCTH paGoTel C OTKPHITHIMM mpenapatamu [1, crp. 473),
umerHo «KO» u «PPI». KO — 3T0 HauaJbHble 6yKBb! CJIOB «KOH-
LIeHTpHPOBaHHe» M «OrpaHHYeHHe» — MMeeTcsi B BMAY L€prKaThb
pagMOaKTHUBHBle BellleCcTBA BKyNe H M30JMPOBAHHO O1 paboraiouiero.

IMpunuun PPJI  (paz6asaenne, paccesiHMe W je3aKTHBaUMA)
OTHOCHUTCH K pagHOAKTHBHBIM BelIECTBAM, yXe He HaXoAAUMCA
B paboTe, T. €. K OTXOIAM, Pa3JHUThIM M TPOCHINMAHHLIM TIpenaparau,
MbIIH H KanjasM, YHOCHMBIM B TATY H T, A.

B pesyabTare npHMeHeHHs 3THX NPUHUMNOB B pa6oTe C pajg:o-
aKTUBHBIMM BeulecTBAMH C031aJ]0Ch TOJNOXKeHHe, Kotopoe no JKe-
HeBCKHM MaTtepHajsaMm xapakrepusyercs  caeapytounM. «Cucre-
Ma KO» ce6s Gosee ueM onpaBaaja BBHAY TOrO, YTO NepBOHAYA,ib-
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Hasi eTOMMOCTb 3aHMS M Ja6GopaToOpHil crajia 3HAYUTEJbHO HHMXKe
Gnarogapsi HaKOIJIEHHOMY OTNBITY B CTPOMT@JbCTBe H 3KCILiyara-
UK, a TakxKe OGaarogapsi SKOHOMHH B OTOTMJIEHMHM H BEHTHJSIUM,
6ojiee pauMOHANBbHOMY HCIOJb30BAHUIO JabopaTOPHOH NJOWAmH,
MCKJIIOYEHHUIO TIpayeyHbIX, KJAANOBBIX, KOMHAT IJH TiepeoneBaHHs U
CBSI3aHHOM C 3THM 3KOHOMHH pa6ouero BpeMeHH. Tak Kak paHHas
cucTeMa He TipelyCcMarpMBaeT 30H, TIj€ 3anpeuaercs KypeHiue
U NpUHATHE TIMUIHM, TO 3TO CNOCOOCTBYET YBENHYEHHUID TIPOU3BOAM-
TEJAbHOCTH Tpyaa M jaeT BO3MOXHOCTb NMOJYYeHHs HOTIONHMTENbHOH
npoaykuuus» {1, crp. 473].

DTH 3afBleHHs TNOATBEpPXKAAIOTCH MHOTHMH doTorpaduamMu
pa6or, onucauuaMH pasHoro poma JaGopaTopHbIX OnepauMit Ha
pas3HbIX YpOBHSIX aKTHBHOCTH [2].

Huxe ocraHoBHMca Ha OOBIYHBIX J1a60OpaTOpHBIX Tpolleccax,
yKa)eM TrJaBHeHIIMe OIMAacHOCTH, C HUMHU CBfI3aHHble, 4 TAaKXKe Ha-
MeTHM panHOHajbHble METOAbl X TNpOBEeHHS. ’

Cpenn MHOTHX TIPOUECCOB BBIIENHM Cjaenylolde Kak Haubo.ee
o6bluHbIE:

A. [lpoyeccol, c8a3annble ¢ ONACHOCTOIO nepexoda paduoaKTus-
HO20 8ewecTsa 8 OKpYxcaowyo armocepy:

1. Xpanenue (paMTesibHOE).

2. BelmapHBaHHe (TiepercHKa) M Taz0BblgefieHHe,

3. Cyuika ocajKoB.

4, TIpokanuBaHHe 0cajgKoB.

B. Ilpoyeccol, c8asantble ¢ ONACHOCTLIO MeXAHUYECKUX NOTEPS
pAOUOAKTUBHO20 8euiecT8a:

1. OrBeuinBanye npoGol.

2. GuabTpauus M NpOMBIBaHHe OCajKa.

3. TurpoBaunue.

4. dxcrparupoBasHe,

5. Xpomartorpacgus.

6. Lentpugyrupopanie.

HyHo ckazarp, 4T0 BO3AyX MOXeET 3arps3HATHCH H NpH Npo-
neccax rpynnsl b, HoO MMeeTcs npUHUMINANbHOE OTAMYHE OT TNPO-
uyeccoB rpymnnel A. D10 ciepyer TMOHMMATh Tak, YTO B OCHOBe One-
pauuy rpynnsl b Het Takoro npouecca, KOTOpbifi HEOTBpaTHMO TIpPH-
BOAHA Obl K mepexony B armMocdepy pagMOakTHBHOrO BellecTBa.
BosbMmem pas npumepa ¢MabTpoBaHHe. [lepeHeceHue pacrpopa
C 0cagkoM Ha ¢uAbTp NpH ofbeme 5—10 ma, rpy6o roBops, cBf3a-
HO ¢ TeM, uto 100 Kanens ynaner Ha ¢GHABTP H CTONBKO XKe, NpoH1f
¢&uabTp, HAa MaTouHbili pacrBop. [IpH KaXkpOM najgeHMM Kanjau Ka-
Kas-To 4acTb ee MOXer pacnulauTbes (6pnit3ru). Ho ecnn MenpnenHo
CAMBATh MyJAbNY MO0 Tanouke, Kacawoiuelcs ¢unbTpa, a KoHel
BOPOHKH Oyjer CONpHKacaTtbCsl CO CTEHKOH NpHeMHOro cocyaa, To
pacnbljeHHe CHJIbHO COKpatHTcs. LEcaum  cpaBHMTB UHCJIO  aKTOB
pacneliienusi npH Guabtpauun (okoao 200 Karnesab) ¢ UYMCAOM

"6b1 ns1s1 BBIGpAHHBIX HU3JY-
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Ny3bIPbKOB Napa NpH BbIapke Ttoro e o6beMa, TO OH Oyner
B 750 pa3 MeHblle, UYTO U JOMKHO obecrneydTh Ha HEeCKOJbKO NOpSja-
KOB MeHpLUIMH Tepexojg B BO3AYX AKTHBHOCTH TNpH (UAbTpauuH.
[TpunrBanve B 3aKpbIThili

cocyn, cHabxeHHBIH Tpy6- 1

KOl C BaTHbIM TaMIIOHOM,
GyneT mnoJe3HbIM B psge
IpOlecCoB, HanpHUMep TpH
THTpOBaHHUU (puc. 32).

K coXxaneHuio, TOUHBIX
U3MepeHHMH pacnbljeHHsl He
MMeeTCs M Mbl HMXKe fgena-
eM JHUWb TpHOIHIKEHHYIO
OLEHKY.

C o6bluHOH TOYKH 3pe-
HHSl XMMMKA KOJIHUeCTBO
BELECTB.  COCTABJAOIINX
OnacHyl0 03y, CTOJb Ma-
JIO, YTo Heo6XxOgMMO TIpoO-
cro HasBarb ([1J1K) xors

yarejeit (tab6a. 18).

W3 stoit rtabauusl cie-
AyeT, UTO BO BCex cJjyuadx 7 777 777
onacHbie KOJH4eCTBa, OCO-

Puc. 32. DesonacHpiii MeTo1 NpHIHBaHHSA

239 140 . -
6enno Pu u Lal ge HEAKTUBHOH MHIAKOCTH K aKTHBHOMY pac-
XKAT paneKko 3a npepenamu TBODY:
1 — Gopetka; 2 — npobKa, 8 - CTekJAsAHHAs

O6bIYHBIX METO0B Onpeje- para

Tabauya 18

Becossie KoaudecTsa Unpup. Pu?® u Lal4 cocTaBasiomue npexenbHo
RonyctaMylo Konuentpaunto (MAK)

[‘lpeae.ubuc AOnycTHMAAa KOHLleHTpaLlPlH
B BOAE B Bcsnyxe
DaeMeHT
kwpu/a Me/a Kwopu/a m2/2
Unpnp ©3.10—11 0,05 1.10—14 2.10—5
pu2se 5.10—11 8-10—7 2.10—15 3.10—10
Lal4o 7.10—9 2109 1-10—10 3.10—11

JIeHHs1 ¥ MOTYT OBITb YCTQHOBJICHbI TOJMIbKO paaMOMeTpHYeCKH H, Ha-
npumep, A/ BO3ayXxa npH PUAbTpaAUMHU JHLIb 6OJbLIETO ero o6bema.

13 3amura OT paAHOaKTHBHLIX M3JaYyueuuit
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[Tpusenem Takxke Taba. 19 cpaBuuTenbHOM TOKCHUHOCTH Upypyp,

Pu?3® u ockosKoB HeseHUs.
Tubruya 19

CpapnuTeapnas TokcHunocTs Unpup, Pu?®? H ocKoakoB jedenus

OCKOJIKM fAeaeHnf, KPHTHYECKHB oprau

Unp up Puze

KOCTH OIHTOBHAHAR XKeJe3a

1 15500 42000 15700

Ilpouneccet rpvomet A GoJiee omacHbi, Tak Kak AONycTUMas 1033
B BO34YyXe B JECATKM THICAY pa3 MeHbllle J03bl B BOJe M Ha pafo-
YNX MOBEPXHOCTAX: TPyJQHee NpeloTBpaTHThL mepexon 10714 2 Puz®
8 1 2 Bo3nyxa, uem 620 me U,,,, B 1 2 Boxnl.

§ 4. NPOLECCH], CBA3AHHBIE C ONACHOCTBIO NEPEXOJA
PALHOAKTHBHOIo BEUIECTBA B OKPY)KAIOLIYI0O ATMOC®EPY

Haurensroe xpanenue., OueBHIHO, UTO TakMe MaJsble KOJHUECT-
Ba, kak 10714 2 Pu? moryr Jerko nomacte B BO3ZYX B KauecTBe
sigep oTmauu (rpynmnoBoil) B pe3ysnbTaTe 3axBaTa TOKOM BO3jyXa
MeJpualIlluX Kamneab {IIM  KPYAUHOK (Aa3p030JH), MOTOMY HeT
HUKAaKUX OCHOBAHMH gepXXarb paaMOaKTHBHHE BellecTBa HHaue,
KaK B 3aKPBITLIX COCYJHax.

Aspo3osn — 3710 pacnbiiieHHble B BO3JyXe Mejbuaiiiiie KpynuH-
KH TBepAblX Tesa WM Kaneab kuakoctefl. O6GpaszoBaHHe TyMaHOB
npu  (HasoBbIX NpeBpalleHUAX HM3BECTHO QABHO, HalpHMep KPUTH-
yeCKHe TyMaHbl MPH CKHKEHHWM ra3oB. MaJbie pasMepbl NLIJHHOK
U KameJb, 4 TaKXKe 3apfijl 4acTo AeJaloT Aaspo30aH OueHb YCTOHYM-
BBIMH (ZOJITO He OCexalOT M TPYAHO MONJOLIAOTCA), UYTO Tpebyer
cnenHanbHbix Mep 6opb6el. ¥ Hac B CoBerckom Cow3se Hcnoab3y-
101ce oueHn 3 dexTHBHBIE PpUALTPH ua.-kopp. AH CCCP U. B. Iler-
pPSIHOBa, Tak HashiBaeMbie (GHAbTpel «®. [1.» OHM 3amepxKUBAIOT
BO MHOrux cayuasx 6oaee 99,99 aspo3oseli U H0JXKHH OLITh pPeKO-
MCHIOBAHH Kak JJs HHIWBUAYAJbHOH, TaK U rPYNHOBOH 3aL[UTLL
(HanpuMep, GUALTPH B TATE).

HyXHo TBepao ciefoBarth NpaBHy, UTO OTKPbIThie PaAHOaKTHB-
Hbie mpenapartbhl He Moryr GbiTh TepnuMbl, H60 OHH He NoAmalTCs
KOHTPOJIIO U CAMBbIM He3aMeTHbIM 06pa3oM MOryr Co31aTh OMAaCHYIO:
cCUTyauMio, HanpuMep B Bo3ayxe. Caexyer Takxe YUHUTBIBATH 0 O Ji-
3yuecTh pPACTBOPOB MHOrHX PafMOAKTHBHBIX BELIRCTB.

OpyruMu  cioBaMM,  palnvoakTHBHble mpenapartel (JKHIKHE
U TBepable) MJOJIKHB HAaxOMThCSl B 3aKPBITHIX COCyZax H, KpoMme
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TOrO, B TAKOM MecTe 1aGOpaTopHH, rie M rapaHTHpOBaHa COXpaH-
HOCTb M HCKJ/IOUeHa BO3MOXHOCTb HOTepb OpH Goe, MNpocHIaHMH,
B pe3ysabTaTe MOA3YYECTH U T. A. JIYuliUM pelieHHeM SBJSIOTCH
cnenMasbHble XPaHMJHUIA H GOKCH, Tle H CJeayeT aepiKaTb pagMo-
AKTHBHbi€ BellleCTBA, HalpuUMep B KOHTeHHepax (CM. HHXKe).
Heo6xoaumo Bcerza MOMHHTBL, 4TO MOCYJZA C PAaAMOAKTHBHBIMH

‘BellecTBAMH JOJ)KHA MapKHMpOBaThcs, UTOOb CJayyaldHo He Gbla Ha-

HeceH Bpes ubeMy-au60 3J0POBBIO.

Kunenue (soinapusanue) u zasossidenenue. WecaeaoBaHue
nepexona B nap pPagMOaKTHBHbIX HENETyYHx Mo OGBLIYHBIM Npej-
CTaBJieHMAIM BEUleCTB NPH KHMIEHHM (BbIIADMBAHMH) pPACTBOPOB MO-
Kasajo, YTO MexXaHM3M 3axBaTa 3JeCb CBOAMTCH K YHOCY NMapoMm
MaJbiX Ny3bIpbKOB pacTBopa. OTHOLIEHHe aKTMBHOCTH B mape
K AKTHBHOCTH B PaCTBOPE COCTAaBJSeT THICAUHble, AeCATHTHICAUHbIE
M Ja)ke MeHbUIHe JOJU B 3aBMCHMOCTH OT CKOPOCTM KMIEHHS, BBbi-
corhi gedyermaropa M Apyrux pakTopos.

Taxum oGpaszom, xosdpduunent ounctkn (Ko4)  npu Beimapke
HMeeT 3HaAueHHE THICAY M JECSATKOB THICSY; NPHU CHEHMHAJbHBIX Me-
pax Kou MoxHO nosectd no 107 pas (cM. masnee). YCJOBHO IpH-

- MeM aafl OGBIYHBIX na6opaTopHil Koy = 4000.

ITomuMo yMeHbuI€HHsT oGLiell aKTMBHOCTH, IpH Napoo6Gpa3oBa-
HHM yBenHuHBaercs o6beM noutH B 1500 pas, 1. e. o6beMHasn
KOHIEHTPAUUs paaMOaKTUBHOrO BeillecTBa MpH napooGpa3oBaHHH,
M, 3HAuuT, o0beMHas akTHBHOCTb Napa MagaeT B HalleMm cJyuae
B 6-10° pas. )

Ha 370it ocHOBe Jlerko BBIYMC/MTL aKTHBHOCTH Napa MpH KuMe-
HUM pa3Hbix pacTBopos. B rtabu. 20 npHBeseHbl COOTBETCTBYIOLIME
pacuetsl aas U ., Pu®9y La'® (rpynna A u B Ha ctp. 157).

ITpu srom U Basit 8 Buze 10%-Horo pacrsopa, Pu2®® — 19 -Horo
pacTtBopa, a Lal*t— 10 mxropu/a.

Tabauya 20
AKTHBHCCTH napa pzcTBOpoB Unpup, Pu®3?®, Laldo
Mokasarenn Unpup Pu23® Law
. Konuentpannusi pacreopa . . 109 1% 41073 meja
AkrtnBrocTs pacTBopa €6 mxxropu/a | 0,62 xiopu/a 10 mxwopu/a
AkrverocTs napa, xiopu/a. . 10~ 11 10=7 1,5-10~°
DIOK B sosnyxe, xopuja . . 1.10—14 2.10—18 1.10—10
~ Konruecipo pos B mape . . 10C0 5.107 15

Ha ctp. 193 nana npubausutenbHas oueHKa pachblieHus npu
$HIBTPAUMM — MMEHHO MOXHO OXKHIATb Ilepexoga B BO3JYX
B 103 pasa MeHblLIEr0 KOJMYECTBA [0 . CPABHEHHMIO ¢ KMIICHHOM,

13*
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s 10 m2 pactBopa 370" faeT Uppup (10%) 10714 Pu®9 (1%) 107
Lal4® (10 mkropu/a) 1,5+ 10712 gropu.

Kak Jierko nogcunTtaTh, AJs YpaHa M JIaHTaHa BCeH aKTHBHOCTH
He xBatuT aasa goeegenus no ITJIK Heckonbkux KyOHUECKMX CaHTH-
MeTpOB Bo3ayxa, a aJs Pu?* pacnbiieHHOH akTHBHOCTH J0CTaTO4-
HO mas 1000 2 (1 m3).

[lostoMy nepenusBanye Mo KanjasM gas Pu BHe TArM jeaatsh
OMACHO MPH BECOBBIX €ro KOHIEHTPauHfAX.

[NpunuBanie no puc. 32 B CKJsHKE C pa3peeHHeM COBEpLIEHHO
Ge3omnacHo, H60 yKa3aHHble Bbiliie MaJble abCOMIOTHbIE aKTHBHOCTH
He co3xaAyT B BOge, BbiTeKawolel U3 BOASAHOIO Hacoca, OmacHoO#
703bl, BCE )K€ M 3Ty oNepauyio U B AaHHOH dopMe Jyulie MPOU3BO-
IMTb B Tsire HJHM B OOKCe. .

Odas Upy, ¥ Pu® npu  ymeHblIEHMH MX KOHNEHTpPAaUHH
(aktuBHOcTH) B 1000 pa3 (U—001%), a La“ B 15 pa3
(0,33 mkropu/s) akTMBHOCTb napa Gymer oreeuats ITIAK. Ho mas
Pu2% npebilileHHe 103bl B ape CTOMb BENMKO, uTO 1 4 mapa MOXeT
nopecty no ITJK Thicsun ky6HueckMX METpPOB BO3AyXa M, 3HAUHT,
MOYKeT cje/1aTh ONMAacHBIM NpebbiBaHHe B KOMHaTe caMoro 6OJbUIOTO
pasmepa. Oxunaemas Gosblilasg aKTUBHOCTb BOASIHOrO napa MiyTo-
HHeBbiX U YPAaHOBHX PacTBOPOB 3acTaB/seT Hac NPHUHATH, YTO BHC
MOILHOH THATH KHUIisiYeHHe MX HeAOoNyCTHMO.

To e oTHocuTcss M K pactBopaM Lal%%, mockoJbKy akTHBHOCTD
MOKeT HaKaNJAMBAaThCsl B INOMeELLEeHHH.

MbI nosyuaeM jgaxce BO3MOXKHOCTb PAacCUHTaTh, KakoBa MOXKeT
6bITh NpegeabHass CKOPOCTb BhillapkH | % MJayTOHMEBHIX pPacTBOPOB
npu o6biuHOM OGbeMe BO3ayXa, NMPOMYCKAeMOro uepes TAry (20—
60 m3/mun). '

KonMuecTBO mnapa, KOTOpOe MOxKeT 6€30MacHO NMpONyCTHTh BhI-
TsDKHOH wKad, Oyner

2. 104 6104

107 107

1o oTBeuaer cKOpoCTH BhinapkH 1,2—4 -1076 m4 pacTBOpa B MHHy-
Ty, UTO 3HAYHTEJbHO HHXKe O0OBLIYHOH CKOPOCTH 3TOro mpouecca.
Otciofa caenyer, 4To B 3THX YCJOBUAX HeoOXonuM (GHILTD B TAre L
Bes ¢uabTpa Heub3s BhinapuBaTh 10%-HbH pacTBOp ypaHa. OpHa-
Ko nas pactBopoB 10 mkiopu no Lal*® rapaHTHpOB2HO 10CTaTOUHOE
pas6aBjeHHe napa BO3AYXOM Ha BbIXOJ€ H3 TiTH (cM. HHXKE).

CKOpOCThb ra3oBbie/eHHsi MOXeT GbiTb 3HAUMTEJLHO BHILE, HTM
napoo6pa3oBaHus npH Bhimapke. Tak, HeHTpanH3auMs 200 2 60%-
HoOl a3zoTHOH KucjoThl 1 4 pactBopa co 106 & coabl MOKHO MPOBECTH
B 2—3 MUH., T. €. CKOPOCTb 06pa3oBanus rasa Gyzer 8—12 a/mun.
Tak Kak CKOpOCTb rasa Be/HKa, TO 3aXBaT Kale/lb pacTeopa Gyner

= 2 —6 MA/MuH.

! Pas6apjenue y BhXOHa M3 TpyOH TATH He NPHHUMAeTCH BO BHUMAHUE H
NOTOMY W3JUUIHIOI0 AKTHBHOCTb HYXXHO OT(HHJIBTPORATD.
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GoJblile, yeM MIPH KHIEHWM M npH paGoTe, HalpHMep C BECOBHIMH
koaHuectBaMu Pu?®® u ypaHa, ¥ GUABTP COBEPLIEHHO HEOOXOIHM.

[lpu KoHpeHcauMH nNapa B XOJIOJMJbHMKE KOJHMYECTBO aKTUB-
HOCTH, Nepexonsiied B BO3ayX, YMeHblUHTCS Bo MHoOro pas!. Ilpu
ra3oBbIZeJEHHH TOT Ke Pe3yJbTaT MOJKeT ZaTh IPOMbIBaHHe rasa
BOAOH, UTO T03BOJIMT A0JblIe pa6oTaTb (GHALTPY.

Cywra ocadkos. Ocanky nepen NpokaJHBaHHeM CylIarcs M3-3a
60JbLIOrO COAEP’KAHUS B HUX BJar; o6bluHO OHO coctaBaseT 50%.
Ha 0,1 2 (cpexnuit Bec npoKaJeHHOro ocagka) Bhigeautcs 150 cm®
BOJABI B BHjJe Nlapa, 3aXBaT akKTHBHOCTH I1apOM M3 TBEpAOro ocajika
Mbl MpHHMUMaeMm (yc/0BHO) Ha 1,5 mopsiaka MeHblie, 4eM M3 pact-
BOpa, TAK KaK KalleJbKy pacTBopa 3axBaTHThb Jierye, 4eM KpylHiy

ocajka (Kow= 6-+10* pa3); Heo6XoouMO YyuecTb YyBeJHYeHHe
o6beMa (1500 pa3). PesyabtaThl pacueToB coGpaHnbi B Ta6.. 21.
Tabauya 21
AKTHBHOCTH Dapa* npu CylWKe ocajKkoB
Unpup, Pu?s®, Laleo

Iokasatenn Unpup Py Ocifglglo(‘
Best aktuBHOCTB ocanka (0,1 2) 0,06 mxopu 6 A;mopu 0,1 mxopu
Best aktuBHocTh Napa (150 ma),

KOpU « e e 4.10714 5-1077 6-10~!!
AxTuBHOCTH Mava, Kmipu/a. . 61012 7.10~7 10—8
Yucno 103 No KOHIEHTpalUH 600 3,5-108 200
O6bem Bo3Nyxa, rThe MoOXer

cospatees NNAK . . . . . 42 2500 x3 0,6 2

* Bast kpafiuuft cayuaft — BCsi aKTHBHOCTE |0 M4 pacTBOpa 3aXBayeHa OCaJKOM.

OUabTp Aas TArM a6COJIOTHO HEO6XOAMM AJfA ILIYyTOHMSA paKe
npu Manom ob6veMe mapa (150 ma) M Majo# abCOMOTHON BeaMUMHe
VHOCHUMOH aKTUBHOCTH.

Cywka Moxer GbITh OnacHa M3-3a pa3bphi3arUBaHUA Ocajka.

Oas  yMeHbLIEHHs 3TOH OMAacHOCTH 6yMaskKHbIH (QUJLTP cJaeayeT
CBEpHYTh TakK, 4TOObl OH 3aKpblBal BeCb OCANOK, NOMECTHTb €ro BO
B3BELIEHHbII THreJlb M CYUIHTh C 3aKpbITO# KpbIWKO#H. Jlyuine
GUABLTPOBATH OCaZOK 4Yepe3 (apdOopoBbIi NOPHCTHIA THreJb M 3a-
KaHYMBaTh BCe aHaJMTHYecKOe OfpenesneHMe Ha cyluke (6e3 npo-
KaJMBaHHUS). :

! MlpunumaeM, 4TO KoHAEHCAT 3aXBATUT OOJIBIIYIO YacTb AKTUBHOCTH yBJjeyeH-
HeX Kanenek pactBopa. [lo HalleMy yc/l0BUIO, yHelbHasi aKTUBHOCTh KOHJEHCATa

‘s 4000 pa3 Memnbllle yNenbHON AaKTHBHOCTM HCXONHOTO pacTBopa u Oyner ans

Unpup pasra _ 1.5.10 78 wopu/a, Pu%9 1,5.107¢ xropu/a u pas Latt®
2,5.1078 «ropu/a, 1. e. aast Unpup B 300 pas Mensine, a past Pu®® B 3. 108 pasa
BHIIe HOpMBI 145 BOaH; nas Lal® KOHIeHcCAaT mo aKTHBHOCTH cooTBercryer 3U0

MAaK.
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IIpokaruganue ocadkos. TlpoKanuBaHHe OCalKOB ¢ BLILEJEHHEM
rasoB uMeeT MHoro obuwero ¢ cywkodl (cM Buue). Ho npu npo-
KaJHBaHHM eCTb M CBOSl cneuHdHKa — 3TO Y/eTyuHBaHHe, TaK KakK
XOTl ynpyroctb mnapa TBepAbIX Ten oGbIYHO MaJa, HO He paBHa
Hymo. H3-3a BhCcOKO# TeMnepaTypbsl NpPoOKajJHBaHHA CKOPOCTb 06-
TeKalouux rasos Gojee BbICOKA, YeM MPH CylIKe H BbINAPHBAHHH,
H MO3TOMY €CTb OMacHoCTb 3aXBaTa AOBOJbHO Goabluux yacTHi. flo
MeXaHuuyecKHii 3axBaT Mbl cefiyac HCKJIOUaeM H3 PAaCCMOTPEHHA H
nposejeM OpHEHTHPOBOUHHIA pacueT nmo ynpyroctd mapa. Ilpumem
YCJOBHO ynpyrocTh napa BeLIeCTB NPH NPOKAaJHBAHHH B npene-
Aax 106 —- 108 arm u, yunThiBas BBLICOKYIO TeMnepaTypy, Gynem
CUHTaTb, YTO PAaBHOBECHEe YCTaHaBJHBaercs GbICTPO.

IMpocreiiiniii pacueT ¢ HEKOTOPbIM OKpyrJeHHeM Aaer KOHLeEH-
TPauHi YypaHa B BO3AyXe NPH NpoKaJWBaHHH or 610715
g0 6+ 10~17  kiopu/a, 7. e. HUXKe go3bl, a jgas Pu2? 7. 1010 —
7 - 10—"2kiopu/a, 1. e. 8 3,5+ 103—3,5 - 105 pa3 Goablue 103bl.

Takue seTyuHe BellecTBa, KaK raJjioreHHAbl psiga PagHOaKTHB-
HbIX METaJJIOB, COENMHEHHS] MbIUIbAKA, acTaTHHA, 3JEeMEHTapHbIH
fiol H T. d., MOT'YT NPENCTAaBHTb OUeHb OOJIbLIYIO ONACHOCTL NPH Ha-
rpeee [5, crp. 124]. Ilpyw 2000° no6oe coenuHeHHe aKTHHHOOB MOXET
ObITh MOYTH KOJHYECTBEHHO HaHeceHo AJs CueTa Ha MHIIEHb uepe3
BO3rOHKY [6].

Has takux xe sanep, kKak ThB (ceunen), ThC (BucMyT) u 1. .
HarpeBaHue paxe uuxke 1000° MoxeT noBecTH K nepesoldy B napo-
obpasHyio a3y noutH Bceli aKTHBHOCTH npenapara [2].

IMpu Harpesanun pacteopa Ru!% ¢ oxucauTensiMH noutH Bed
akTHBHOCTb (mo 97%) Moxer nepeiiti B BO3AYX [7].

CrenpyeT nOMHHTb TakikKe, UTO HarpeB NPHBOAHT K ocaaGaeHHio
cBs3ell B TBepOOM Tejie H BePOSTHOCTb I'PynnoBoH OTHAUH ¢ NOBI-
LIeHHeM TeMnepaTyphl NOoJXHa BO3PacTaTh, TaK Xe KaK H KOJHUeCT-
BO 3aXBaTbiBAeMOro BeUIECTBA HAa OAHH 3JIeMEHTapHbI aKT oTmauH.
3To npuBeso HaxKe K NPEACTABJEHHIO O JIETYUECTH HEKOTOPhIX AO-
BOJIbHO MAJIO JIETYUHX COEIHMHEeHHI MOJOHHA.

B 3aksioueHHe noguepKHeM ewLle pa3: Bce onepauHu ¢ HarpesoM
HJIH T'a30BbiieleHHemM A4S OTKPBITHIX MpenapaTtoB PafiHOAaKTHBHMIX
BEUIECTB cJIeiyeT MNPOBOLHTb HCKJIOUHTENbHO NMOA MOLIHOH TAroH,
cHaGXeHHo# (HJABTPOM, ecad paboTaioT ¢ MJAYTOHHEM HJH BECUBBI-
MH KOHUIEHTPaUHsMH YypaHa, a TaKXe ¢ HEeH3BECTHOH CMeCbio HJIH
HOBBIMH H3/1y4aTessiMH.

§ 5. MPOLLECCHI, CBSA3AHHBIE C ONMACHOCTbIO MEXAHHUYECKHUX
NMOTEPb PAXHOAKTHUBHbBIX BEWIECTB

Ha crp. 192 naHo uacTHuHOe nepeuncaeHHe noZoGHOro poxa
HpolleccoB; cefiyac OCTAHOBHMCS Ha HEKOTOPHIX HX OCOOEHHOCTSIX.
1. BasgtTHe HaBecKM 0coOeHHO ONMAacHO NMPH NepecbiNaHUH PajaHo-
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. akTuBHoro Beulectsa. lenath 3To HY¥XHO B repMeTH3HpOBaHHOM

HJH Haxo#siumieMcs nofi HeGoabllHM BaKyymMoMm OOKce, Torga Mmexa-
gUuecKHe NOTEPH PaJHOAKTHBHBLIX BewecTB He OyAyT pacnpocrpa-
HATbLCA B BO3AyXe, OKpyxaloulem paGorawoulero. He crenyer takxe
6paTh COCYN ¢ PAaAHOAKTHBHBIM BeL1eCTBOM He3allWUIeHHO pPyKoi,
oco6GeHHO NPH BTOpPOM B3BeLIHBAaHHH (nocjae TOro Kak yacTb panHo-
AKTHBHOTO BeLiecTBa oTchbinaHa Had otauta). CyllecTBYIOT pasjHu-
"oro THna 3axsaThl (puc. 33).

I

Puc. 33. Tunn 3axBatoB IJs JabOpaTOpHbIX pador

Bechl B 60KCce 3aHHMAl0T MHOMC MecCTa H B cjydae HeoOXonH-
MOCTH HX MOXKHO mnoMellaTh Haa OOKCOM H B3BelUHBATb pPagHo-
AKTHBHble BellleCTBA ¢ MOMOIIbIO NPOBOJIOKH, NponylleHHoi B GOKC
OT KOpOMbICJ1a BeCOB. DTO ycTPOHCTBO aHAJOTHUHO AABHO HCHOJb-
3yeMOMy [Jsi B3BelIHMBaHHA oOpa3loB, HarpeBaeMbix B MeuH.

2. GuabTpallusl U NPOMbIBaHKMe oOcCaAKa onacHh B TOM OTHoLIE-
HHH, YTO NPH cBOGOAHOM MajfeHHH KanJjH Ha NOBEepXHOCTb TBEPLOro
Tena HJAH KHAKOCTH NPOHCXOAHMT pas6Gpbi3ruBaHue, KoOTopoe He-
OUlyTHMO A5 OObIUHBIX BELIECTB, HO MOXeT IIPHBECTH K Nepexody
pagMOAaKTHBHHIX BelIeCTB B BO34yX, a 3aTeM H Ha paGouHe nosepx-
HocTH. Oco6eHHO e OnacHbl MOTepH NPH cay4aliHO HenNpaBHJBLHO
‘HanpaBjeHHOH cTpye BOAbl M3 NPOMBIBAJKH H T. M., a TAKXKe NPOCTO
oTepH ocafika 1 KHAKOCTH !,

T [pomuiBasaky o6bIYHO ymoTpebasioncs ¢ rpywelt — Helb3d Gpate B POT nu-
feTKH, TPyGKH OT NPOMBIBAJIOK U T. M. MpH paGoTe ¢ paAHOAKTHBHLIMH BelleCTBaMH.
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OueHKy pacnblieHHsl pafHOAKTHBHbIX BEIIECTB NPH (HAbTPALMH
cM. Ha ctp. 193 u 195.

3. Ilpyu THTPOBAaHHH BO3MOXHO pa30pH3rHBaHHE NMpPH CBOGOL-
HOM NajeHHM KanjH, a TaKxke npocrasg MNOTeps PajiHOAKTHBHOIO
BemecTBa. B pane cayuaeB THTpPOBaHMe CBS3aHO C ra3oBbiAejeHHEM
u Harpesom (Hanpumep, KMnO,s u H2C:0,), Toroa ero nposoast
B BHITAXKHOM LIKay (cM. Takxe puc. 34).

3‘*”8«"'& : ’ B i - -_”:.‘."r"i

LB S,

vy
.

Puc. 34. Beita:xuoli Ko1mak, MCioIb3yeMmblii 1.8 hposeie-
HHusa npoueccos rpynnet B (puabTpauus w  npoMbiBaHHe
ocaika, THTPOBaHHe, 3KCTparuposanve H T. 1)

Ouenb OGHLIUHBI NOTePH NPH MJOXOH NPHTHPKE KPAHOB, UTO
HY?KHO 0c000 YUHTBLIBaTb NPH pafoTe ¢ pPafHOAKTHBHBIMH BellecT-
BAMHU.

4. DKCTparupoBaHHe B [eJIHTEJbHOII BOPOHKE MOYTH He CBS3aHO
C NepexoiOM BellecTBa B BO3AYX (mpaBia mnocjie BCTPSAXHBAHHUS,
Koria OTKpHIBAIOT BepXHIOW NpoOKy, Bcerna BbIXOAHT HeGoJbliof
o0beM BO31yXa). BeTpsxyBaTh BOPOHKY He cjegyeT He3allHIEeHHbI-
MH pyKaMu, Jydlle 3Ty onepalMio BeCTH Ha wWwyTeabH-mawHe. [pu
pasneneHHH CJ0€B BO3HHKAIOT Te JKe ONAaCHOCTH, KOTOpble ONUCAHBI
Bblllie NpH paloTe ¢ KHUIKOCTAMH NPH HAJHYHKR KPAHOB.

C ToukM 3peHHS MNOJHOTH pa3lesieHHs CjoeB H 6e30MacHOCTH
palboTHl npeicTaBasieTc YAAUYHOH MeTOLHKA, MCNOJb3yeMasi B 4acTH
paboT amMepHKaHCKHMX PaAMOXHMHKOB, a HMERHO, 3aMOpaXKHBaHHe
C MOMOILLbIO, HANTPUMEP, TBepAOoH YyraeKHca0TH BOAHOH a3kl U CiHB
yepes Bepx HeJHTEJNbHOW BOPOHKH opraHuueckoil ¢aswt. Ilpu pabore

awr
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¢ OCKOJIOUHHIMH pacTBOpaMu opraHuueckas ¢asa Bo MHOro pas
MeHee aKTHBHa, UM BOAHasl; KpaH (HUXKHHH) [A€JHTEJbHOH BOPOH-
KH He OTKpHIBAIOT COBCEM H OpraHHueckywo (pasy MOXKHO nepeu-
BaTb uepe3 Bepx B OnHH npHem. Ilpu padoTe € SKCTPAKUHOHHBIMH
KOJIOHHaMH, o0cOGeHHO NYJbCHPYIOUINMH, IN1aBHOE BHHMaHHe cie-
nyer o6pawaTh Ha yTeUKH y KpaHOB, BeHTHJeH U T. 4. HeoGxoaum
NOAZOH H BBITAXHOH KOXYX.

5. XpoMarorpausi NOMHMO Tex ONaCHbIX MOMEHTOB, KOTOpble
yXe oTMeueHbl Bbluie (pa30pbi3ruBaHHe, MeXaHHYecKHe norepy,
yTeuKa y KpaHOB H T. J.) €1Ba JH COAePXHT KaKue-1HOO HOBbIE
noMexH, TeM GoJee, UTO CYLIECTBYET aBTOM2aTHUeCKas CMeHa npHeM-
HHKOB MpH 3JIOHPOBAHHH, 3 TaKXe MOJHOCTbIO aBTOMAaTH3HPOBAH-
Has ycTaHoBKa [8].

6. JlaGopaTopHble 1UEHTPH(YrH NOBOAbHO GHICTPO CTAHOBATCH
AKTHBHBIMH BHYTPH KOXYyXa, 0COGEHHO ecan paboraTth ¢ GOJbUIHMH
yIenbHbIMH aKkTHBHOCTAMH. Toraa npu pagote HeusGexeH BbIGpOC
AKTHBHHIX BellecTB B BO34YyX H NpH GOJbLIHX aKTHBHOCTAX HEHTPH-
¢yra gomxHa pa6oTaTh B TAre HJAH B cleunanLHoM GOKce, Haxons-
meMcs noj HeGoJbLIHM BaKyyMOM.

Jlna uentpudyr ¢ GOAbLIMM YHCAOM OGOPOTOB OueHb 4acTo
BCTPeYaloTcsl NOTEPH PaJHOAKTHBHbIX BELIeCTB MPH pa3NaBJHBAHHH
HeHTPH(DYKHEX MNPOOHPOK. ITOro OueHb Jerko H30exath, eciH
Ka)<Ayl0 NpPOGHPKY MpPeaBAPHTEJbHO HCMbIThIBATH HA HEAKTHBHOM
MaTepHaJe H Bcerna MNOMellaTh B CMEUHaJbHbIA uexosm H3 Hepxa-
petomtedt ctany. Torga ueHTpugyrH [pOJroe BpeMs OCTAlOTCA He3a-
rpsi3HeHHbIMH.

Bo Bcex wiecTH cayuasx Aas npoueccoB rpynnsl B orMeueHa
HeKoTOpasi ONacHOCTh MONAafaHHs aKTHBHOCTH B BO3AyX. Ilostomy
NpH yPOBHe aKTHBHOCTH 1 mKiOpt/a W BbilIe PEKOMEHAYETCHA BECTH
HX TOJbKO noj TaAroil uau B Gokcax, repMeTH3HPOBAHHbBIX, HJIM HAX0-
OALIMXCA NOJ HEeKOTOPbIM BaKyyMOM.

HaM HagJexHT TaKXKe OLeHHTh OMacHOCTL 3arpsisHeHHst palo-
yHX NOBepXHOCTeH MPH MPOJHTHH H APYrHX MeXaHHUECKHX MNOTepsXx.
Ilns Tex e tpex uaayuatenedl Uppy, Pu®®u La!%0, B3ATLIX B
NpeXxHHX KOHUEHTPALUHAX, OUEeHHM OOBeMbl pPacTBOpa, KOTOphle
co3fanyT akTuBHocTh Ha 150 cm?, pasnyio TIIK (cM. nocsepnHioio
cTpoKy Taba. 22), 500 a-pacn/mun u 25000 B-pacn/MuH Ha 150 cm2.

B ctpoke 3 Tabi. 22 yKazaHo UHCJIO M7, nonyuarolHxcs
NpH NPONHTHH OAHOH GoabuIOH Kanau Ha 150 cm?, B CTpOKe 5 3a-
KJIOUeHHl Te KOHLUEHTPAUHMH H yIeJbHble aKTHBHOCTH, KOTOpbie MpH
NPOMHTHH OLHOIT GOMbINOH Kanau Ha 150 ¢cu? cospanyt IIK.

B pagHoxHMHuecKHX JaGopaTOpHAX 00s3aTeqbHO BECTH pa6ory
¢ noAJOHOM (OOLUHO M3 HEeplKaBelolleil cTanu HH YCTOHUHBLIX
naacTmace). ITo NpefOTBpaUlaeT NOTEPH LCHHBIX BELIECTB M 3a-
rpsisHeHne nabopatopHoil MeGend (CTOJIOB, TAr H GOKCOB), a TaKXke
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Tabruya 22

BesonacHad KOHUEHTpauUHA BPS NPOJHTHA PacTBOPOB
Unpsp, Pu?s®, Laleo

Tokasarean Unpup (10%-suft) Pu?3? (19%.-Houll) (10 ‘I‘;?,;:u/d)

AxrtuBHocTb 1 kanau (0,1 xa),

KODU . . oo oooee e e | 6-107%a) 6-105(2) 10-5(3)
Honycrumoe sarpssnenne Ha

150 cx3, pacn/Mun (T0 Xe 500() 500(=) 25000(3)

kiopu/150 ca?) . . . . . . 2.10—10 2.10—10 1-10—8
Yucao 03 B kanne (0.1 ma) 30 3.108 100
O6bem pacTBopa, CO3AaI0WETO

NI na 150 cu3, wa. . . 3,1073 3,107 10—*
Besonacuast  KoHueHTpauus

npH  nmpoauTHH |  Kanaw

(0,1 &a/150 ca) . . . .. 0,33% 0,033 xe/xn 0,1 mxwopu/a
To xe, macwopu/a . . . . . 2 mxxopu/a | 2,0 mkxopu/a | 0,1 sxopufa

Mpumenanne. MoxHo chemath GesoracHolt pa6 230
. paboty ¢ Pu?3* npy MHKpoMeToje H OCO-
GenKO Npy YALTPaMUKPOMETO e, P P #

obseruaer nesakruBauuio. I1pu GoabumoM o6beMe MOLLOHOB M 3a-
KpanHax Ha CTO/ax fa)ce OMPOKHAbBAHHE CTaKaHa, Koabb H 1py-
roil 1aGopaTopHOH NOCyaAM MOXET NpeloXpaHHTb OT 3arps3HeHHs
nos, me6eab u T. 4. Ilpu HeGoMbIINX NOTEPAX MOMNOHB MOKPHBAIOT
¢dunbTpoBanbHOf GyMarofl. B 3THX ycJOBHAX riaBHas Macca
NOTePAHHOH aKTHBHOCTH BNHTHbIBaeTcsa GyMmarofl BMecTe ¢ pacTBopoM
H [€33aKTHBAallHg NoANOHA MOXeT ObiTb CHJbHO objerueHa.

Ilpu HarpeBaHHH HA 3JEKTPHYECKOH MJHTKE B CTEKAAHHON nocyne
GHiBAIOT CJyuaW PaspylleHHsi, HaNpHMep, CTAKaHa, NMpPHTOTOBJIEHHO-
TO M3 NJIOXC OTMYUIEHHOTO CTeKJa. ITO BHIBOAHT U3 CTPOS MJHTKY,
HO camoe riaBHoe, pasbpbiaruBaercs 6ogblioe KOJHYECTBO PacTso-
pa. IlostoMy cTeKnsiHHYI0 nocyny peKOMeHIyeTcs MOMewlarts B co-
M3MePHMbIH CBApHOH MeTannuuecKud uexon. [IAHTKY Takxe cae-
JAyeT NOKpPbITb METaJJIHYeCKHM YexJoM, KOTOPHH J1erko CHSATh H Je-
3aKTHBHPOBATb HJIH 3aMEHHTD.

B 3akuiouenne cienyer yKasaTb, 4TO MpH BCSKOM NMpOCHIMAHUH,
NIpO/INTHH, HCNAPEHHH M APYTHX SABHBIX TNOTEPAX PadHOAKTHBHOTO
BeéllecTBa cseqyer He3aMe[JIHTeNbHO Bbi3BaTh NO3HMETPHCTA, a MpH
OTCYTCTBHH  [O3HMETPHUECKOH CayXKObi CAMOMY MpPOBECTH Heo6Xxo-
AHMbi€ U3MEDEHHS M NMPHCTYNHTL K Je3aKTHBAUHH NpH LO3UMETpH-
4eckoM KoHTposie. Tonbko mocne pocTHIKeHHus 6e30MacHOro ypOBHs
H3/MyY€HHA MOXHO NMPHUCTYNHTHL K AanabHedinell paGore. Hemonyeru-
MO CKpbiBaTh AIBHbIE MOTEPH HJIM He NPHHHMATb HEOGXOLHMble Mephl
fipu 3710M. Ilocne BHIChIXaHHMst pacTBOpa, HAaNpHMep, Ha MOJYy MpH

L
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xolb0e OH JIerko pacnuuseTcs B Bo3yXe H, TaK KakK 1032 B Bo3Jlyxe
B IIeCATKH ThICAY Ppa3 MeHbile, YeM NpH 3arpA3HeHHH NOBEpPXHOCTH,
To MoXHO Jerko npesBbicuTb IIJIK H TeM caMbiM pafHOaKTHBHOE
BEIIECTBO MonajeT B HELONYCTHMOM KOJHYECTBe B OPraHH3M.

Ecnau nozBecTH HTOT no Pa3o6paHHbIM Bbillle ABYM Tpynnam
[1poueccoB, NOJAVYUHM caeayiolHe obuine npaBHaa Ge3onacHod pa-
00TBI.

1. OTkpbIThIe NpenapaTtbhl pagHOAKTHBHOrO BellleCTBa MOTyT GbIThb
onacHbl aasa paborawolux npu Jio60M ypOBHE aKTHBHOCTH.

2. Bca pa6ota ¢ OTKpPBITBIMH npenapaTaMH pajHOaKTHBHOTO
BellecTBa, BKJAOUAs U XpAHEHHe, fOMKHA ObIT, OpraHH30BaHa Tak,
4To6bl HCKAIOUHTL MeXaHHYecKue notTepH (CKnaj, MOALOHBI, YeX.bl
NpH Harpeee H T. 1.), YUHUTLIBASA, UTO OAHOH Kanau pacTtBopa MoOXKeT
GblTh gOCTaTOUHO AAs coszpanus [TJIK Ha noBepxHOCTH.

3. Ilpu Manefiefi BO3MOXHOCTH Nepexofa pajgHOaKTHBHOTO
seliecTBa B BO3AyX (BO3TOHKA, YHOC NMpH pfle Npoueccos) paboTy
CJeYyeT BECTH B TAre WM GOKce, TAe MNOAAEPXKHBAETCA paspexe-
HHeE.

4. Tak KakK mepexol PanMOAKTHBHHLIX BeLIeCTB B OKpyXawouiui
80310yX oco6eHHO BeposiTeH NPH HarpeBe M Ta3oBbIAENEHHH, TO B
3TUX cayuaax o6s3aTeqbHO MOJb30BAHHe TATOH H B TAre — yKa-
3aHHbIMH Ha cTp. 193 npocrefitunMu npuGopaMH B NOMOLlb
DUALTPY.

5. [Ipn ABHBX MOTepAX PANUOAKTHBHBLIX BellecTB (pacchinaHue,
{IpOJINTHE, BO3TOHKAa M T. N.) o6Gs3artesbHa HeMenJeHHAas [€3aKTH-
BalHg NPH JO3HMETPHYECKOM KOHTpOJE.

§ 6. MOHATHE O BE3ONMACHOW KOHLEHTPALLHH OTKPbITBIX
NMPENAPATOB; JJABOPATOPHUS NMPOCTERWIErO THMNA

[Mpexne Bcero nalum cBOAHYIO Taba. 23 (akToOpoOB nepexona,
MOKAa3biBAIOUIHX YMeHblleHHe aKTHBHOCTH (KOHLEHTPAUHH) HeKOoTo-
PbiX NPOAYKTOB NpH (a30oBbiXx H XHMHUECKHX NpeBpallieHHsX,

B 3tofi Tabanue npuBeleHo CyMMapHoe, MO CPaBHEHHIO C HC-
XOOHOH cHCTeMOH, yMeHbUIeHHe aKTHBHOCTH (pOAYKTa NpeBpaiie-
HHA, TAK Ha3biBaeMbil KO3(dHUHEHT OUHCTKH. DTa BeJHYHHA 110Ka-
3bIBaeT, HanpuMep, BO CKOJIbKO pa3 BCA AKTHBHOCTb Napa MeHblle
aKTHBHOCTH HCXOQHOTO pacrBopa.

s cyxOeHHs O KOHUEHTPauUHu (no aKTHBHOCTH) HOBOH ¢asl
CJefyeT yuecTb H3MeHeHHe o6beMa — 3TO AaHo B BHAE 0GBEMHOre
Ko duuuenta. [IpH ero yMHOXKEHHH Ha KO3((HUHEHT OYHCTKH MNO-
AyuaeTcsa (aKTop mnepexoja, T. €. TaKOoe YHCJIO, KOTOpoe NOo3BojseTr

© NPOCTHIM AeJEHHEM NOJYYHTb KOHLUEHTPauHio (aKTHBHOCTb) HOBOH

hasbl U3 HCXOAHOH (MeNUTb HYKHO MCXOAHYIO aKTHBHOCTb Ha ¢ak-
TOp nepexona).
C nomowbio ¢aktopa nepexofa onpenenHM Aasd ABYx BaxKHeH-
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Tabauya 23
PakTopn mnepexopa AJAS pacueTta aKTHBHOCTEFf
Hcxoanas Koneunasn Koadbpuunent O6beMHBIH daxkTop
daza dasa OYHCTKA Kz:g)ﬂd.)‘.w nepexona
PacrBop. kpucra.niw ITap/ras 4.108 1,5-108 6-108
PacrBor Kouzencar 4.108 1 4-103
Ocanok 0,1 e (cymka) INap/ras — — 9.107
Quabrpauus, TUTPOBA- — — — €102
HHe xpomarorpadus
Ocanok 0,1 e (mpoka- Map Yupyroctb napa 5.108—5. 1010
JNBaHNe)
1078—108amn

INHX TpoleccoB (KHMeHHe M meperoHKa) GesonacHb el uexon-
Hble KOHUEHTpaUHH DAAHOAKTHBHBIX PacTBOpPoB. DTo ynaer-
CA MOJIYYHTb npocThiM ymHoxeHHem [IJAK nna napa u sogbt Ha
cooTBeTCcTByWOUIHe (aKTOPH Nepexona.

DTy npocTefimylo oleHKy GesonacHoil paboueli KOHUEHTpaUHH
npou3BelemM AJA PACCMOTPEHHBIX paHee TpeX H3ayuarejecH, HMeH-
Ho: La'®, Uypyp  u Pu®. B T1a6a. 24 npusomarcs TaKikKe gaHHbie
0 «6e3onacHOH» KOHUEHTPAUHU NPH NPOJHTHH, B3fATbie H3 Tabua. 22.

Takoe conocraBsieHHe NO3BOJAET ONpEAeAHTh Ty 06]acTh HCXOM-
HBIX KOHUeHTpalHW#, KoTophe 6yayr GezonacHwm npu napoobpaso-
BAHHH, NePerOHKE H MPOJHTHH. IJTO ONPEACJHT  METOINKY
6e3onacHoi paGoThi.

Ilpu pa6ore ¢ pacTBopamu Ge30NacHOH  KOHUEHTPAUHUH HeT
OCHOB2HNs - XKAATb MNPEBbIIEHHs 03B, OCOGEHHO, eCJaH onepauuu
NPy HarpeBe BeCTH B TATe, 4 NepeNUBaHHe U IepechilanHe — B GOKCe.
Tare uar no puc. 32, Hukakofl 3aliuThi OT BHEIIHEro H3.1yYeHHsl He
norpebvercs.

YuuTBIBas CYLIECTBYIOWME AJA NPOCTHIX PAZHOXHMHUYECKHX Jia-
Gopatopuii orpaHuueHHs oO6Lefi aKTHBHOCTH Ha OJHOM pabouem
mecTe (cm. cTp. 157) nosyunM, UTO MOIKHO BECTH HCCJENOBaHHS
¢ 1 2 pactBopos Ge3omacHON KOHUEHTPAIMH.

Hng  3Toro ypoBHS aKTHBHOCTH (6e30macHas KOHueHTPalHs)
B OCHOBHOM NOAXOAHMT OObiYHAs XHMHYecKas J1aGopatopHs, B KOTO-
pod mpumeTcss MNPOBECTH HEKOTOPOe KOJHYECIBO AONOJHHTCALHBIX
yCTpOHCTB:

4) XpaHHJHUle AJ1A H30TONOB C HeGOJbILUOH 3auUTONH (KHpnuy,
6eron);

! T. e. TakHe HCXOAHBE KOHUEHTPALWH, NPU KOTOPHX OueHb BeMiiKa BEPOST-

HOCTb TOTO, YTO 2aKTHBHOCTb Mlapa, KOHAeHCaTa W Ha PaboYHX MOBEPXHOCTHX He Gv-
aet 6oabiie T,
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Tabauya 24

besonacHnie KOHUEHTpanKH

) Besonactias KOH-
§ LEHT] auHa NeXon-
1] HOT'O PacTBOpA « - Meton Ea&}n’l
@ apaKTEePHCTH-| g procrefiel pa-
HMsoTon NaK g 3 ka GesonacHok nﬂE)xuMuquKoﬁ
Kwopu/a & a KOHUEHTpauHH Na6opaToOpnH
] 2 2 |
B — PaanoxnMuyec-
—10 6 . 4 N
La'® Klg:;énlc.alwo 61 600 \1.8-10 Hnpskarop- | xuit ¢ nHﬂnig-
(xrace B) 7-107° 4.10%| 28 7,1-107°¢ Has jx?f;:ilTMBHaMu
TIpoasiThe — 100 | 3-1078
Map, 1.1071* ) 6.10°) 0,06 100 [oaymHKpoMe-
U Kounjpeucart Becogas TOR
(caace n)| 3-10711 4100 0.12 | 200
RS — | 20| 330
[InoaunTHe , B
—~15 6 Pa,unf)xumnqec-
Kg:;rx‘é){?cél?o 6-10°1 0.012 0,002 Hngukatop- | Ku#l ¢ nHauka-
799 ’ Has TOPHBIMH KO-
(Krl?aléc A)_ S 10~ 4-108 0.2 0,032 MiuecTBamH
’ Mrnoantie - 2 0,32 WaW Y IbTDA-
MIKPOMETO

IlipuMeuanne IloaymMukpoMeToRL — pa6ora ¢ o6beMamu | M2 M C KOJHYECTBAMH B pas
crBope 1 M2, T. e. 0,1%.

6) ycHJCHHe OCHOBAHMA TAT H CTOJIOB [J5 NOTY4EHHS BO3MOXK-
HOCTH CO3/4AaBaTh 3alUNTHble 3KPaHbi NPH pacdacoBke NOJy4aEMbIX
OT MOCTABIWIKA H30TONOB (Jyullle MMETh CrelHa/bHblil wWwKadp A1
pacdacoBku); _

B) paGoTh ¢ NOAJOHAMH H YeXJaMH, KaK YKa3aHo BbILIE,

r) ycrauoBky HeOosbiioro 60oKca AJsl NepeHBaHHg N Mepechi-
NaHHS TBEPALX PaJHOAKTHBHBbIX BeLLeCTB, HanpHMep MeueHbiX Ha-
BECOK;

[) coznaHue mpocTeiillero 3allHIUEHHOTO !, HanpHMep Kee30M,
KHPNHYOM HaIH GeTOHOM, XpaHHIHILA A/ OTXOAOB; _

¢) co6aioAeHHe npaBHA HHAMBHAYAJIbHOfl 3alUUTHLL: 3aXBarb,
xanaT, nepyaTKH M npocTeiiiast J03NMeTPHA — HANpHMEp 6paTb HA
cyeT Ma3KH ¢ paGounx noOBepPXHOCTEH H T. L.}

) npHBedeHHe MOMeLICHHS JaGoparopHH B COCTOsiHHE, YJOB-
nAeTBopAomee TpeGOBAHAAM palboTht ¢ PAAHOAKTHBHBIMH BELIECTBA-

1 3amura npexycMaTpuBaerCs Ha Clyuafl peJKOro BbiBO3a OTXOMOB H, 3HAUHT,
3aMETHOTO HAKOIJIEHHsi aKTHBHOCTH
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MH: JHHOJIEYyM HA CTONIAX M NMOJAX, OKPACKa MAacAsfHOH KpacKoir
CTeH, NOCTaTOYHbIH O6MeH BO3nyxa.

Hpyrumu  caosamu, mobyio XUMHYECKYI0 1a60pPaTOpHIO MOXKHG
Mocae BbIMONHEHHs VKA3aHHOTO HECJOMKHOTO KOMIJIEKca MeponpHs-
THH TIPEBPATHTL B NOMELICHHE, NPHFOLHOR st PAGOTbI ¢ OTKPHITHIMH
npenaparaMy Ha ypOBHe HECKOJbKHX MHKpOKIODH.

CueTHble YCTAaHOBKH MOrVT GbiTh B NOMeLEHUH pagHOXHMHue-
CKO#l ,1abOpaTOPHH, HO Jyylle BLIZEJHTb JAS HHX OTeJbHYIC
HeGOJbIIVIO KOMHATY. ITO yMeHbIaeT (GOH H TEM CaMbIM yBeJH-
UMBAET TOUHOCTh H CHWIKAeT HHKHWA mNpejnen onpegeneHHs paguo-
aKTHBHOCTH.

OcTaHOBHMCS HECKONBKO nOpoGHee Ha YTOUHEHHH H3JIOXKEHHO-
ro BhllUe, :

a) XPaHHJHUIE U30TONOB LOJNKHO ObITh HeGONbLINM N0 ABYM NpH-
UHHAM, BO-NEPBbIX, HE C/EAYeT AePKAThb B J1A6OPATOPUH GOJBIIOE KO-
JIHYECTBO W30TONOB, a NPH YKA3aHHOM YPOBHE AKTHBHOCTH B 3TOM
HET HyXKIbl H, BO-BTOPbIX, XKeJaTeJlbHO BO3IMOXKHO MEHbIIIe 3arpoOMOK -
Aath palHOXMMHUecKHe JaGopartopun. M3orons caenyer pepxathb B
KOHTe{lHepax, YTOGH NMPH OTKPbIBAHHH OBEpUb XPaHMAHIA BHEIUIHee
H3JyucHHE He NOCTHrajn0 ONacHOro ypoHs. [Tpocrteiium xpaHuuau-
weM OyeT KeJe3Hblll SLIMK, BLLIOXKEHHbIH OGbIUHbIM KHPNHUYOM
(caioit 3aututel 5—10 cm, T. 6. 1—2 ca10s NONYNOrJIOWEHHA) H ¢ Ke-
JIe3HOH KPBIIIKOH, 3alHILEHHOM SKBHBAJIEHTHBIM C/10eM CBHHLA. B Ta-
KOro pona xpaHH./MlIe MOMKHO 6e30NacHO NepKarth H30TONBl HYXKHOM
aKTHBHOCTH. Ero csieyer pacnonarath psagoM c TAroi, yTo6bl OKOJO
Hero npu padore Bcerga Gbll 3aMETHBbI TOK BO3/yXa, HanpasneH-
HbIli K THATe;

6) HeoOXOOMM OIMH BHITAXKHOIN WKad ¢ 3aUTOR A5 pacgacos-
KH H30TONOB (MMEETCsi THNOBOM MPOEKT);

B) MOANOHBI H YeXJbl AOKHbB ObITh H3rOTOBJCHBI [0 Hauana pa-
00T M XKesaTenbHO HMeTb HeKOTOPBIH WX 3amac Ha Cayuail 3aMeHHL.
OTH NpOCTbIE YCTPOHCTBA HA ATHTEJbHOe BPeMH rapaHTHPYIOT HU3KHUH
YPOBEHb H3JIyueHHA B na6OPaTOpUH;

r) GOKc st mepechiNaHWst W MepeNHBAHHA PAZMOAKTHBHBIX Be-
WECTB fOJI2KeH ObiTh BONHM3H BecoB. Pa3aMepsl ero Moryt GuiTh HEGO.Th-
WHMH, HO NOJKHb! OGecneyHBaTh HaXOMAeHHE OJHOrO-IBYX KCHKa-
TOpOB Ge3 noMex m/isi PaboTh. BOKC MOMKET 6HTh H3 OpraHHUECKOro
WJIH OOLIUHOTO CTEKJIA MPH NepeBAHHBIX PaMax HAH Jyylle U3 HepKa-
Betouleii craau. PaGoTa B 6oKce npOH3BORHTCS uepes nBepubl B TOPIe
B OObIYHBIX DE3UHOBHIX MmepuaTKax [2, cTp. 187] L.

' OnuceiBaemas Ja6opatopHs npocTefiliero THNA B oCHOBLOM nopofifeT ¥ aas
YPORHA AKTHBHOCTeH B HECKOMBKO MK/IOPU AN Q- W MATKHX B-usayuarenet (E <
< 0,3 M3s), Ho c Takumu npenapartamu HyXHo paboTaTb TOJNBKO B repMeTH3H-
PoBaHHBIX Gokcax C BBLITAKKOR WJH MOA TAroOH, T. e. BCE onepauvyd NPOU3BOAHTHL B
3aKpHITOM, H30MHpOBaHHOM OT paboralouiero, MPOCTPAHCTBE.

1) XpaHHJHIIE OTXOMOB IeJatoT BHe 1a00paTOpHH, Jyyllle BCero B
noaBane. 1o Moxer ObITh OUEHb MaJjoe MOMeILUeHHe, HMelollee che-
UMaabHO OTrOpPOXKEHHOe, HanpuMep, KHPNHYOM NpPOCTPAHCTBO B
0,5—0,25 kunpuua (1—2 caos nonynol‘nomemm). Bbicota kupnuu-
HO# CTEHKH OKoJ0 1 M u 32 3TOH cTeHKOH npH 06543aTe/1bHOM HaJHUHH
NONJOHA XPAHATCA KHUAKHE H TBepAble OTXOA. J)KHUAKHE 0TX0abl 10~
XKHbl MMETb HeATpa/ibHYylO peakuuio, 4robbl rapaHTHpoBaTbh Or ra-
30BbIeJIeHHs H Pa3/oKeHHusi OPraHHKK B KHC/IOH cpene. Jlaxe npH
obuieM nopjoHe OYTHIIH ¢ KHAKHMH OTXOAaMH XDPaHAT B MeTa/ld-
yecKOM uexJle, TaK KaK cTeKAsHHble GyThiJIN He Bceraa HajgexHbl [Ipn
HEATPaNbHON peaKuHH uex/Jbl MOXKHO fejarb H3 MNPOCTOro xe-
ne3a. OTxonbl ¢ KOPOTKO KHBYUIHMH H30TONAMH MOXKHO pa3GaBusTh

"B GyTBINAX NMOJ TAMOH 10 NONYCTHMOWM aKTHBHOCTH (cM. cTp. 417) u

TOMILKO TOrJa CAHBATB NOJ TArO# XKe B KaHaausauuio. Muorna no6as-
JIFI0T HEeCKOJIbKO MHJJIMrPaMMOB Ha | .4 HEaKTHBHBIX H30TOMNOB, 4TO
yMeHblIaeT afcopOuui0 PAagHOAKTHBHBIX BellecTB B Tpybax. Hu B
KOeM cjyuyae Heb3s MOCTynaTh TaK — cHauasa BbHIAHUTH B KaHa/H-
3alMI0 aKTHBHBIA DPAcTBOP, 3 3areM MPONYCTHTb M3 KPaHA HYKHbIM
pasi pa3baBieHns 06beM BOLONPOBOAHON BOAbl — DAaKOBHHY H TPYOb!
NpHAETCS 3aTeM ClelHaJbHO 1e3aKTHBHPOBATh; i

e) Heo6XogMMO cOGJI0AaTh NPaBHaAA HHAHBHIYa/JbHOH 3aHIHTHI W
Tpe60BaHUS K nomeuieHusaM (cM. cTp. 196 u nanee).

[Tpy oprannszauuu u nposBefeHHH paboT B TAKOro poga panHo-
XHMHYeCcKHX jabopaTopusix 0653aTeNbHO YUUTHIBATL BCE H3JI0KEHHOE
B pasfeJsie 3 370/ rJaBhl, T. €. Bce paGoThl ¢ HArPEBOM OTKPHITHIX Tpe-
napaToB paAHOaKTHBHBIX BeLIECTB BECTH B TAre, a paGorhl Ge3 Harpe-
Ba ((pMABTPALMSA, NPOMBIBKA, THTPOBAHHE, SKCTPArHpOBaHHe H T. 1.)
MOXKHO BeCTH MJH TOA BHITAXKHBIM IIKa(GOM — KOAMakKoM (CM.
puc. 34, a Takxke [2, cTp. 192]), u B repMeTH3upOBaHHbIX GOKCaX.
HeakruBHblii pacTBOp NpHAHBAIOT K AaKTHBHOMY, KOTOpbIM MO-
MelaloT B BaKyyMHo# KOHycHOil konbe, a uepe3 nmpOOKy _mpo-
nyckalOT BOPOHKY, nunetky, OlopeTky H T. A Co311a§ne HeGob-
(OO0 BaKyyMa rapaHTHpVeT mnojHylo 6e300acHOCTb 3TOH ONepalHH,
nofJOH o6s3areseH (cM. puc. 32). i

3rtoT THn npocreiilneft naGopaTopuK, MeTon paboTH B HeHt u ypo-
BeHb aKTHBHOCTH PeKOMeHavercs Ans yueOHbIX JabopaTopHH.

§ 7. PABOTA C OTKPbITBIMH NPENAPATAMH BOJIEE BBICOKOR

AKTHBHOCTH :

BesonacHble KOHLEHTPAUHH PaaHOAKTHBHBIX BELLECTB MO3BOASAIOT
pelrath MHOrue BONPOCHl, HO B PAJE C/1yuyaes OKasblBAOTCA ABHO He-
JOoCTaTOYHbBIMU (cM. crp. 187), HanpuMep npH H3yYeHHH TBEPAbIX
"¢ba3. Jlng naHTaHa BHIXOA OYeHb MNPOCTOH — n06aBAAIOT BECOBbIE
KOJIHUecTBa OGBLIUHOro (HepajiHOAKTHBHOrO) JiaHTaHa K pacTtBopy fe-
30macHOil KoHuentpauuu Lal®® (cm. ctp. 205). B stom cnyqael‘aox-nm-
HOCTb (a3 Oyner TakOH Ke UK HHXKe, KaK U 45 OQHOro Lal r, e.
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He BHIineT 3a npegenab GesonacHoil. OagHOBPEMeHHO OKa3biBaercs
BO3MOXKHOH paboTa OObLIYHBIM XHMHUYCCKHM MertomoM. JlocTynHbiMH
I/ M3Yy4YeHUs CTAHOBATCH H TBEpHAble (a3bl.

Jnst ypaHa H nayTOHHY 3TOT NYThb HEBO3MOKEH, TaK KaK oas HUX
He CylIeCTBYeT HEaKTHBHbIX M3oTonoB. IloaToMy Bosnukaer npob.ie-
Ma opraHusauuu paboT ¢ OTKPHITHLIMU NpenapataMu npu 6Gosee Bbl-

COKOM YPOBHE aKTHBHOCTH, ueM Ge30MacHble KOHIEHTPALHH.

Hns ypana npu 10%-HoM pacTBope (37a KOHUEHTPaUMs gocTa-
TOYHA AJAA pelleHHs GoablUMHCTBA 3apgay) Ge3 Harpema cjaenyer pa-
G6oTaTb B GOKcax, B UaCTHOCTH M3-3a OonacHocTH npoduthsa (30 mo3
oT onHo# Kanau). B onnite ¢ 10 ma nosyuaem wopmy III kaacca
(cM. Taba. 16 Ha cTp. 157).

ITap or 10%-1oro pacTBopa ypana B 1000 pas npeswiaer Hop-
My, MO3TOMY BCe Onepauuu ¢ HarpesoM 0053aTe/IbHO NPOBOAHTL B
TArax (kouneHcar 500 Hopm). JKenarenbHo, uTO6H nNPu  BHIlA-
puBaHuM KoHjpeHcat He 0oOpa3oBbiBa/jcsA Ha BHYTpeHHell noBepxio-
CTH TATH UAH TPYO6, HeCMOTPsA Ha To, uto 1 Kanag ero Ha 150 cm?
cos3nact menee 1/100 no3nl nist 3arpa3HeHus pa6ounx noBepxHocTed.
Ilpu gnutensHol paGoTe aKTHBHOCTL MOXKET HAKaNAMBATLCH, H B Je-
PEBAHHBIN TArax TPyAHO OyneT nPOBOAHTL A€3aKTHBAIHIO.

[TosaToMy MOXKHO PEKOMEHHOBATb THATH M3 HepKaBelouel cTaiu
uau oGMTHIe MJAACTMAcCoBLIM JHCTOM. IIpuMeHsieTcs TakkKe MOKpbI-
THE MATKMM MJIACTHKCM, KOTOPHIT JIErKO YaanaHThL B cJyyae Heo6xo-
IMMOCTH.

OueHb nostesHo noABegeHHe YACTH NOJOTPETOro NPHTOYHOrO BO3-
AyXa npsAMo B TATY NO ABYM NPHUHHAM:

a) npu pacxome 20—60 M3 momorperoro Bosmyxa B 1 MHH. Ka-
nebKKW pacTBOPOB HE OCAAVT, a Map He CKOHAEHCUPYETCA AaXe NpH
3HAYHTENbHCH CKOPOCTH BhINAPHUBAHMA;

6) CKOpOCTL MPUTOYHOTC BO31yXa B KOMHATe He GYAeT BesiuKa i
B CJyuyae BBIKTIOUEHNSA nOLOrPeBa He NPEACTAaBUT B XOJI0NHOE BPEeMH
ONacHOCTH AJSA COTPYAHHKOB.

QunbTp Ha TATe W Ha GOKce OynmeT nogdeseH, XoTA AOCTHraemoe
pasOaB/ieHne Ha BbiXxone TArH 1 6e3 Hero Gyner Huxe 0,1 I[TK. Ha-
NOMHHUM, OfHAKO, YTO oOpalieHHe ¢ TaKHIMH PacTBOpaMHu TpebveT ak-
KYPATHOCTH U OCTOPOKHOCTH, O YeM yKe roBOpHIOCL paHee. A6co-
JIOTHO HEOOXOAMMB! OLIOHLI H YeXJbl.

Ananoruunbie uaH 6auskue mo3bl ¢ 109%-HbiM pacTBopoM ypaHa
co3ganyT B nape u KoHpesdcaTe pactBophl Lal* okono 300 mxropufa
(nap—500 no3, koHgeHcaT—9000 n03) u PacTBOPLI MAYTOHHS OKO.10
| me/a ¢ a-axTuBHOCTBIO OKOJIO 62 MKKkiopu/a (nap — 5000 103, KoH-
neHcat—300 no3 u nposute—30 £03). ITH npenapaTtel nNpepaara-
€TCA Ha3BaTb COOTBETCTBEHHLIMH, TaK KaK OHH N0 ONAacHOCTH COOTBET-
CTBYIOT OMH APYTOMY H, B yacTHocTH, 10%-Homy pacTBOpy 1ipupoa-
Horo ypaHa. Jlna coorBetcTBeHHOro pactsopa La!0 (300 mkropu/a)
BO3HHKaeT 3a1a4ya 3aliMThbl OT BHEIIHEro W3JyueHHUs.
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Pa6otra ¢ coOTBeTCTBEHHBIMH nNpenapatraMH J[OJKHA BECTHCh
C TEMM K€ MPEeNOCTOPOKHOCTAMH B Tex ke YycTpoihcrBax (OOKCHI,
mKadbl), KOTOpble yKa3aHb ajs 10%-Hbix pacTBOpOB ypaHa (HMe-
eTCA B BHAY NMpeaoxpaHeHue OT BHYTPEHHEro obJyueHus).

Kounuenrtpauus 1 me/2 He no3BoasieT u3yuaTh TBepable ¢asbl
NAYTOHUSA, HO OOJBIIKHHCTBO APYTHX BONPOCOB O6yner peliarbes Aoc-
TAaTOYHO YETKO M AOCTOBEPHO. MuHMMaJ/JibHas KOHHEHTpPauusd, nos-
BOJAIOIAA DEeIlaTh MHOTHE BOMPOChHI, CBA3aHHbIE C H3yueHHEM TBep-
ot daswl, — 1% -ubiit pacteop Pu?®. Ilpu 310# KOHUEHTPaUUH npe-
BollieHne mo3bl B nape (ckono 107 TIJK), «Koumencare
(3-108 TTAK) u npu npoautun (3-10° [1[1K) cTonn Bennko, uto
3aCTaBasieT NPHHATL ViKe HOBHIH KoMMJeKC 3aUIMTHBLIX MeponpuATHH.

Heo6xopumMo npuMeHsaTL TpeX30HaJbHYIO MJIaHMPOBKY Jabopa-
Topuu (cM. cTp. 161) u Bce, Ge3 uck/IOUEHHS, onepalHn BECTH B
repMeTHueckux GoKcax u IKadax ¢ BAeJaHHBIMH nmepuatkamu. Bcee
6oKChl M MeTadJnyecKue wWKadpsl (Oa1a onepauud ¢ HarpeBOM) rep-
MeTHYeCKH COeNMHAIOTCA yepes LUII03bl B €IHHYIO JUHHIO U HMeloT
duabTpbt Ha Brixome. O6bIuHO aHcaM6/ibL GOKCOB 3aMblKaeTas B npe-
Jenax ogHOH M3 ABYX KOMHAT (OMepaTropcKux).

Jle3akTUBaUKI0 GOKCOB M IKahOB NPOHM3BOAAT H3 DPEMOHTHOTO
KOopuIopa 4epe3 cneuuajbHble JIOKH JIOOM B CKaaHApax U NHEB-
MOKOCTIOMAaX, BHYTPH KOTOpHIX CO37al0T Heboablioe 136bITOUHOE
gasneHHe Bo3ayxa (cM. puc. 31).

PeMoHT annapaTyphl, BEHTHJAATOPOB, MOTOPOB, CMeHa (UJILTPOB
H T. 1. TaK)Ke MPOU3BOAUTCH W3 PEMOHTHOIC KOpHAopa.

PeakTuBbl, npubGopbl U YCTPOHCTBA BBOASIT BHYTPL CHCTEMBI
60KcoB 1 WKApOB yepe3d crnelHalbHbIe UHCThiE LLTIO3bl NpU AEHCTBY-
0eH Tare.

§ 8. BO3MO)XXHOE YNPOIIEHHE PABOTbl C OTKPBITbIMH
NNIPENAPATAMH

Ha psine vcTaHOBOK, B TOM uMcJ/ie W aMe@pHKaHCKMX, MPH BHINap-
Ke 1axe 1o 98Y% or HauanbHOro o6beMa pPacTBOPa ynajolh AOCTHYD
Kosthduuuerdra ouucTki, pasHoro 107, C yueToM H3MeHeHus 06beMa
NOJyYUM npuBeneHHbe B Ta6a. 25 aKTHBHOCTH napa H KOHIAEHcaTa
ans Bul6paHHLIX paHee pacTBopoB: 1U%-ublli pacTBop ypanoBoH
conu, 1%-Hutit pactsop Pu®® u pactsop 10 mxropu/a Lal4

Kak ouesuaHo, npu Hanuuuu B naGopaTopuu 3(Pp(EKTHBHOHR Bbl-
napuoii ycranoskn (K, = 107) paa 10%-noro pactsopa Unpup
u 10 mxropu/a La'®® HeKOTOpPYIO ONACHOCTH MPEACTABHT TOALKO {1pO-
JIHTHE DACTBOPA, TAK KaK KOHAEHCAT MOXKHO Pa36aBHTh HJIH NMOBTOP-
HO neperHars.

Takue BomapHbie YCTaHOBKH ¢ nedJierMauiefi mocTpOHTL HETPY .-
HO (puc. 35). Cobatonast NpH CAKWBAHMHM PACTBOPOB TOUHO METOMMKY
puc. 32 u NPOU3BOAA BCe OMEPALMK NOI TATOH, MOKHO € 3THMH JBY-
Ms THOHYHBIMH OTKPLITHIMH npenapaTaMu paboraTsh B JabGopaTopu-

14 3amuTta oT PaauoaKTHBHBIX H3JAYUEHHH
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Tabauya 25
AKTHBHOCTb Napa M KOHAeHCATa NpH Koapduuuente OUHCTKH 107
AKTHBHOCTb mapal AKTHBHOCTb KOHfpeHcaTa?
Uncao gpo3
Hsoronu
Kwopu/a 4HCA0 03 Kiopu/ 4 yueaAo Ro3 TIDH TIPOJIKTHR
Unpup 4.10715 <1 6.10~!2 <1 30
Pu239 4.1071! 2.104 6-1078 1200 3.10%
La140 6.10713 <1 10~° <1 100

1 ¢pakTop nepexoma I,5-101°.
2 daxkTop nepexoga 107,

AX, 6JH3KHX K npocTeHInHM: OOKC 1A B3BELIHBAHHA H IAA pabotht
C TBEPABIMH CHIMyUHMH MpenapaTaMu; NpH BhINAPKe, ra3oBbiNe/eHH
M T. 1. HCMOJAL30BATb yKasaHHble Ha puc. 35 annaparsl  (mep-
*)aTb HX B TAre). Bce onepauuH ¢ HarpeBOM BeAyT TOJbLKO B THArE
npu GoabllioM TOKe Bo3nyxa. Ob6s3aTeseH [O3HMETPHUYECKHH KOHT-
ponb pabouHX MOBEPXHOCTEH M BO31yXa.

Puc. 35. CxeMa YCTaHOBKH s NeEPEroHKu # ynapusakHs c Gosib-
wuM  Ko3dpduuHeHTOM OUHMCTKH:

1 — wand; 2 — medaermarop; 3 — XOAOMMAbHHK; 4 — IIpHeMnast Konba
co mwandom: 6 — ckATHKH THULEHKO

Tark H CTOAB Jyylle H3TOTOBJATL H3 HePXKaselouwell crand, a
GOKCHl — K3 nuekcHraaca. PuabTPH Ha BHXoAe 00s3aTe]bHB, TakK
KAaK OHH TapaHTHPYIOT KOHIHUHOHHbIE YCJOBHs BblOpachiBaeMoro
BO3YXa fa)Ke B CJyuae aBapHH B TAre Wi GOKce. y-H3Tyyartenu
BBOAATCSA B H3YyUaeMYIO CHCTEMY B COOTBETCTBEHHBIX, a ellle Jydlle
B 6e30MacHbIX KOHUEHTPAUUAX.

Ilis 1%-noro pacrBopa Pu?? ykasaHHble Bolllle MeToasl paGo-
TH H mpocTeiilliag na6opaTopusi He MONXOAAT, TaK KaK NMpeBblLIeHKHe
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[TJK oueHb BeaHKO (MHAAHOHB pa3). [lo3ToMy peKOMeHAyeTCs
TOABKO cnennajapHas jabopaTopHs ¢ repMeTH3HDOBAHHBIMH nepua-
TOUHLIMH GOKCaMHM H WKadhaMH B NOMeHUIEHHH, CMPOEKTHPOBAHHOM
no TpexsoHaAbHOMY mpuHuuny (cm. ctp. 161).

O ropsuux aab6opatopHax HMeercs Goabllas JHTEpaTypa {1, 4].

B 3akJlOueHHe JAanHMM KPAaTKYl0 CBOJAKY METOMOB H DEeKOMeHnye-
MbLIX THNOB Jabopatopuii mgid paboTH C OTKPHITHIMH npenapaTaMH.

1. Mpocrefiuii THRN 1a60paTOPUH, OTIHYAIOIHIACA OT OGLIYHOH
XHMHUECKOfl 3aIMINEHHBIM WMKahoM A pPachacoBKH H CHILHBIM
TOKOM BO31yXa B tAre (20—60 m3/mut) H APYTHMH TPOCTEHLIHMH
MeponpHATHAMH, HONYy<KaeT pabory ¢ Ge30MacHbIMH KOHUEHTpauHA-
MH paJHOaKTHBHbIX BellecTB (no P-usayuenuto 300 skkropu/a, no
a-u3nyuenuio 0,06 mxxropu/.1). B-akTHBHOCTL PacTBOPOB Ge30macHoOH
KOHIEHTPALMH JOCTATOUHA IAf PelleHus GOJbIIHHCTBA 3ajau (CM.
ctp. 187). Ecau B-akTHBHBIA pacTBOp 6e30MacHOM KOHUEHTPALMH 10-
BECTH 1O BECOBHX KOHHEHTpapu#, BHOCA AOCTATOYHOE KOJHYECTBO
HeaKTHBHCrO H30TONa, TO BCE 3afauyH, BKJOUAag H3yueHHE TBEPABIX
(a3, MoryT 6bHITh pelleHbl METOLOM HHAHKAUHH H B npejenax Geso-
nacHoM akTHBHOCTH mis HoBbiX ¢a3 (III kaacc paGotw).

JIng @-akKTHBHBIX pPAacTBOPOB 6€30MacHOH KOHUEHTpauHH 3TOT
NyTh HEBO3MOXHO DPEajiM30BaTh H3-3a OTCYTCTBHSA HEAKTHBHHIX H30-
TOMOB IS TAXKEAHX 37eMeHTOB. OHAKO MPH YAEJbHOH aKTHBHOCTH
0,06 mKropu/a nO Q-H3NYUEHHIO MOXKHO Oyner HHOHUHPOBAaTb MHO-
re NpPOLECCHI, KpOMe CBS3AHHLIX C H3JyueHHeM TBepAoH ¢dasul ca-
Moro usotona. [IpHXonHTCA WATH Ha MOBLILIEHHE AKTHBHOCTH.

2. 10%-HBIl pacTBOP NPHPOAHOTO ypaHa mnO03BOJAAET H3yuaTth
nogaBasionlee KOJHYECTBO BONMPOCOB XHMHH 3TOrO 3J€MEHTA, BKJIO-
uag HccaencBanue TBepnbix ¢as. [1pu stom npessiwenun [11K 6y-
et B npepenax 500—I1000 paa. IlpoBons Bce omepamuu 6Ge3 Harpe-
Ba B Gokcax, a ¢ HarpeBoM W Ta30BbiAeJEHHEM B TAraXx H3 HepkKa-
BelINel CTajH HJIN OTAEJAHHLIX MJIACTHKOM H CHAaOXKeHHbIX (QHJbLT-
POM, MOXHO YBEDEHHO He OfacaThCs NPEBHIUCHHS OO3L B BO3OyXe.
PaGoune 1OBEepXHOCTH HOJIIKHB! HE3AKTHBHPOBATLCA NPH 1O3MMeET-
PHUECKOM KOHTDOJE, @ KOHIEeHCATHl BLIIHBATLCA Mocje HeoOXOoAHMO-
ro pasbaBJgeHus Bogol. O6s3aTeneH NO3HMETPHUECKHH KOHTPOJB.

CoOTBET2TBEHHLIMH KOHUEHTPAUUSAMH DanHOAKTHBHLIX BeHleCTB
Ha3bIBAlOT TaKHe, KOTOphkie npu pabore pgaloT GyH3Koe npeBbillleHHe
[TIIK no mapy, KOHpeHCaTy, NpH NPOJUTHH H NO IPYrHM NOKaszare-
JISIM, CBAI3aHHBLIM C OMACHOCTBLIO BHyTpeHHero obayuenus. 10% -Homy
pPacTBOPY NPHPORHOTO ypaHa cooTBeTcTBYeT pactBop Lal0 ¢ B-ak-
THBHOCTBIO 300 miropu/a w pactBop Pu?®, comepxauuit 1 m2 B 1 4.

C HuMu <aenyer paboTaTh ¢ TEMH Ke MPeJOCTOPOXKHOCTAMHM
OT BHYTpeHHero o6ayuenus, Kak H ansa 10%-Horo pacTBopa npupon-
HOTO ypaHa. : , -

[nst 3amHTH OT KECTKHX KOMMOHEHTOB B- M y-H3JyueHus Lal‘0
Heo6XOAMM 3aLUUTHBIH 3KpaH H npHMeHeHHe 3aXBaToB. TakuM. o6-
14*
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Pa3oM, COOTBETCTBHE B 3TOM CJyuae PAacnpoCTPaHAETCH TOJAbKO Ha
OnacHOCTb BHYTPEHHEro 06/yueHHus.

Oag Pu®® npu xoHmeHtpauuu 1 me/sa cootBercTBHe Gosee noJ-
HOe, TaK KaK OXBaThIBaeT u BHeLIHEee, H BHyTpeHHee oGayuenue. Jas
¢OOTBETCTBEHHBIX PAcTBOPOB 3TOH AKTHBHOCTH OYEHb MOJIE3HbI Bbl-
napHble ycranosku ¢ Kou = 107 pas.

3. PactBopbl | mz/2 Pu?® ge mo3soJflOT pelllaTh BOMpPOCH, CBA-
3aHHBIC C H3yueHHeM TBepablX (a3 3TOro 3jeMeHTa. YBeauyeHue
KOHIEHTPAUMH W, 3HAUMT, aKTHBHOCTH ewe B 100 pa3 mpoTuUB coOT-
serctBeHHofl 10%-HoMy pactBopy Uppu, MO3BOJHT OCBeLIaTh CBOMH-
CTBAa MHOTHX 0OCanKos Pu?3®,

[Tpesnienne K no nmapy aas 1%-voro pacreopa Pu?¥
ajech Gyfer OoJjee YeM B MH/UIMOH pa3s W fOTOMY TPOCTEHIUHI THN
nabopatopuil peKkoMeH10BaH GHITh He moxkeT . Heob6xoauma nabopa-
TOpHS, CNPOEKTHPOBAHHAA NO TPEX30HAJbLHOMY NpHHUMNY W CHAG-
KeHHas LeNblo TePMeTHYECKH CBA3AHHBIX MexXay co6ol0 nepuaroy-
HblX OOKCOB M BbITAXKHBIX LWIKahoB (MeTaNNUUeCKHX). DPUJAbTpbl Ha
BbIXOLe TAT H GOKCOB o6a3aTenbHbl. OTKpbIThIE NpeNapaThl MAYTO-
HHS W3 HUX He BbIHMMAIOTCSH, PEAKTHBRBI U M. 3a4a10TCH UEPE3 UUCTHIE
1J1103bl; 3aMeHa (UABTPOB, PEMOHT U JIC3aKTUBALNS BELYTCA H3 30ilbl
peMOHTHOro KopHpaopa. O6sizaTeneH [O3HMETPHUECKHH KOHTPOJb.
. 4. Ilpn XecTkoM y-H3ayvueHun Ha yposHe 100 me-aks Ra paGo-
TAlOT B TOJCTOCTEHHBIX METANJIHYCCKUX LIKahaXx ¢ NPOCTEHLIHMH
MaHunyaaTopaMu (wnaroseiMu). Ilpu aktuBHocTu | kiopu (1 e-3ks
Ra)u Bbllle mepexodT K ropsiuuM KaMepaM CO CJIOKHBLIMH MaHHIY-
JaropaMu. B oboux ciayuaax obs3aTesbHa TPex3OHajdbHas NJaHu-
poOBKa noMeuieHHH nabopatopun M LO3HMETpHuecKas cayxba.

JIMTEPATYPA K T'JIABE 6 PA3JEJIA II

1. Hokaagbl HMHOCTPaHHLIX yueHnX na MexnynaponHoil Koudepenmun 1o
MUDHOMY HCNOJb3OBAHHIO ATOMHOM SHeprui. [losumeTpHsi HOHHHPYIOILHX H3-
nyqemm ITTH, 1956.

2. anMEHEHHe METOAa MEueHBIX aTOMOB B (H3MKe H TexHuke, cO. craTeh
nox ped. Kaua. xuM, Hayk B. I'. BacuaweBa, M., 1955,

3. C. M. Paijickutu B, . Cwm HpHOB. Qu3nyecKHe OCHOBHM MeToxa pa-
AHOaKTHBHbIX WHaukaTopos, I'TTH, 1956.

4. Topsiune nabopatopun ¥ Mx obopynosanke, nox pex. H. ®. Ipasgioka u
‘T. H. flkomnema, Atommapar, 1960.

- 5.A Baab u H. Bounwuep. Hcnonp3oanue pamgdoakTHBHOCTH MpH XHMH-
"gecKux HccaegoBaHunx, WJI, 1954,

6. . Cubopr u Ix. Kau Axtunugw, WUJI, 1955.

_7.A.B,Hukonaesu H M. Cunnuwa Tosexenue pamHoOpyTEeHHsi MpH
skctpakumu. JOKJ1an Ha KOHGbEpeHIHH 110 HPHMEHEHHIO H30TOMOB B HayKe u
rexuuke, M., 1957.
1 8. C6. «Honubri obmeri», noa pex. ud-kopp. K. B. Umyrosa, M., 1951,
¢rp. 175 w panee, cm. takke C. E. Bpecaep, PaguoakTHBHbLIE 3JeMEHTHI,
wsa. tperbe, I'TTH, crp. 222

¥ Bunnmo, B npacreﬁmeﬂ naﬁoparopm{ MOXHO [PHMEHHTb TOJBLKO yJbTpa-
MHKPOMETQR.

Yacmes 11

HAO3HMETPHYECKHE MSMEPEHHﬂ

PA3BAEJ I
AO3HMETPHYECKHE IIPHbOPbI

F'aasa 1
OCHOBHBIE 3JIEMEHTHI JO3UMETPHYECKHUX MPUBOPOB
§ 1. AETEKTOPbl H3JIYYEHHRA

DNeKTpoHHble JO3MMETPHUeCKHe NpHOOpLl COACPIKAT B Kauecrse
NEPBHYHOTO 3JEMEHTA YyCTpO#ACTBO, B KOTOPOM pa3JiiyHble BUAB H3-
JlyueHui BbI3bIBAIOT MOSBJIEHHE SAEKTPHUCCKMX CHIHAJOB, PETHCTDH-
pyembix npuGopoM. TakuM yCTPOHCTBOM CJIyKMT HOHH3AUHOHHAA
KaMepa anGo cueTunk yactui. Huike NpHBOAMTCHA onuMCaHHe STHX
YCTPOMCTB. !

HoHuszauvoHHbHe KaMephl

ITpunyun OelicTeus U B80AbTAMNEDHblE XapaKTePUCTUKU
UOHU3AYUOHHBLY KaAMep

[Tpunuun peHcTBHA HOHH3aUMMOMHOH Kamepbl OCHOBaH Ha fABJe-
HUSAX, IDCHCXOMAIIMX B rase, 3aK/JIOUeHHOM MeXy MeTalJHyeCKUMH
3JEKTPOJAMI € PA3HOCTbIO MOTEHLHAJOB, HEOGXOMHMOH aJA CO3Ma-.
HUSl MEXKOy HHUMM 3JeKTpuueckoro nosas. Ecau Obl ras, 3akJllOuyeH-.
HbIfl MEXAY 3JIEKTPOAAMH, COCTOS TONLKO M3 HeATpaJbHbIX aTOMOB
MK MOJIEKYJ, TO MEXKAY 37€KTPOLaMH He OblIo 6bl 3JE€KTpHUECKOTrO
roka. OgHaKo B pe3yabTaTe HOHH3UDYIOLIETrO AeHCTBUA H3AYUEHHA B
rase BO3HHKAIOT 3JEKTPOHB! H HOHBI, KOTOPbIE MOTYT CAYKHTb HOCH-
TEASAMHM TOKa, NepeMellasch Nod mgeHCTBMEM 3JIEKTPUUECKOro NoJs.
TakuM o6pa3oM, MeXAy 3/JCKTPOAAMH MOMXKET BO3HHKHYTL 3JI€K-
TPHYECKHH TOK, CHJla KOTOPOro 3aBHCHT OT psaaa (aKTopoB, B TOM
yucae OT HOHM3upYywuel cnocobHOCTH u3anyueHHs. [1o3ToMy MoXKHO,

. OINEHMTh HOHU3HPYIOUIYIO CNOCOOHOCTb H3NY4YeHHS, H3MEpAA CHNy

TOKa Mexnay saekrpopnaMu. OmHAKoO Takas oueHKa MOXeT OHTh
NpaBHJAbLHOH NMpH ONpejeNeHHbX YCJAOBHAX, KOTOPble CTAHYT ACHBIMH
M3 paccMOTpEHHsA BOJAbTaMNEepHOH XapaKTepHCTHKH HOHM3aLHOHHOR
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KaMepbl, T. €. 3aBHCHMOCTH CHJH TOKa B Tra30BOM NPOMEXYTKE OT
HanpsiKeHHs MEXKAY 3/JeKTpOodaMH.

Ha puc. 36 uzo6paxen NpHMepHbIA BHI BOJbTAMIEDHOH Xa-
PAKTEPHCTHKH, Ha KOTOPOH MOMXHO OTMETHTL TPH ydacTKa:

] — yuacToK, B KOTOPOM CHJa TOKA YBeJHYHBAeTCH NpPHOAHU3H-
TeNbHO MPOMOPUHOHANBHO HanpsiKeHuto, I/ — nepexonHOH YyuacToK,
/1] — yuaCTOK HacbilIeHHs, B KOTOPOM CHJla TOKAa He 3aBHCHT OT Ha-
npsKeHus.

Tako#i BUA BOJbTAMIEPHOH XapaKTEPHCTHKH MOXKHO OODLACHHTD
cnenyiouuM o6pasoM. B rase npoHcxoaAT OAHOBPEMEHHO ABA NpO-
THBOTIONOXKHBIX MPOLECCA — HOHH3AUHA Nox peHCTBHEM H3JyueHHd
H PEKOMOMHALHA, T. €. BOCCOCAHHEHHE MOJEKYJ H3 HOHOB H 3JEKT-

POHOB,  DJEeKTpHUeCKoe noJje
Iy MEKAY 3JeKTpogaMH Bo3neHcT-
BYeT Ha OAMH H3 3THX Npouec-
COB; <«pacTackHBasi» 3JEKTpOHbI

T 7 H HOHbl, OHO TmpensTCTByer pe-

T KoMOHHAUHH. YUem  cHabHee
7. % 3JeKTpHUECKoe TnoJe, TeM ObICT-
% pee OBHIKYTCS 3JICKTPOHBI H HO-

Hbl B pasHele CTOPOHHl H TEM
MEHbLIE MPOMEXKYTOK BpEMEHH,
B TE€YEHHe KOTOPOro BO3MOXKHO
Puc. 36. CemeiictBo BOJILTAMIGPHELX B3aHMOJeHCTBHe MEKAy HHMH.
XapElKTe[JHCTIlKJZS{J};B;?}]{‘O‘HHOH KaMephbl HOQTOMY nP_H Hy.lIeBOM Hanpﬂ-

JKEHHH MeXAy  3JCeKTpOAaMH

npouecchl HOHH3AUMH H PEKOM-
GHHALMM B3aMMHO YpaBHOBELIHBAIOTCA, a MPH HaJHYHH Hanpsxe-
HHS nepBble npeobiagalor Han BropuimMd. [Ipu yBennuennu namps-
MeHHS KOJHYECTBO AKTOR pEeKOMOHMHAUMH YMEHbIIAeTCs, a KojaHue-
CTBO AKTOB HOHH3alMH HEe MEHAETCS, OTYero 4HCJio HOCHTEeNeH ToKa
(a clepoBateablio, i CHla ToKa) vBeswupBaercss. O1HaKo 3T0 mpo-
HCXOQHT JHIUIb go TOTO 3HAYEHHS HAMps:KeHHUs, Mpu KOTOPOM pe-
KOMOHHAIMSl TpAKTHYECKH npekpawaerca. [Ipu Takom Hampsizke-
HHM BCE 3JIGKTPOHLl H HOHBI, BO3HHKAalOUiHe B pe3yjbTaTe HOHH3a-
UMH, He PeKOMOMHHpYIOT M yuacTByloT B Toke. Torma paabnefilnee
MOBLILIEHHe HAMPAMXKEHHS He Bjeuer 3a Co60H yBeJHYEHHS TOKa H
HacTymaeT HacChlIICHHE.

TakuMm 06pa3oM, TOIBKO B PEKHME HACHIEHHSA Cuja TOKa MNoJl-
HOCTBIO ompenensieTcss HOHH3HpYouiedl CHOCOGHOCTBLIO H3JAYueHHs,
T. €. KOJHYECTBOM 3JIEKTPOHOB H HOHOB B €JHHHHE 00BbEMa, CO31aH-
HLIX B pe3yJbTaTe HOHH3auMH HaaydenueM. IIpu H3MeHeHHH HOHHU3H-
pywoieli cnoco6HOCTH H3JyuyeHHs J COOTBETCTBEHHO H3MEHHTCH H
CHJ1a TOKa HAacHIIUEHHs!; NPH 3TOM BONLTAMNOCpPHAsA XapPAKTEPHCTHKA
B 06J1aCTH HACbIUICHHS PACMONOMKHUTCH BLILIE HJAH HHXKE, KakK NoKa-
3aHO Ha pHC. 36, rne H306paxkKeHO CeMEHCTBO BOJLTAMIEPHBIX Xa-

Uy
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PAKTePHCTHK, MOJYYEHHBIX /1S Da3JHuHbIX 3HAUEHHH HOHH3HPYIO-

mell cnocoGHocTH H3nyuenus. CiegoBartesbHO, MEXAY CHIOH ToKa
¥ HOHH3YIWOIIEeH CnocoOHOCTbIO H3/JyueHHs CYHIECTBYEeT TIPONOPHUHO-
HAJbHOCTb, KOTOPAsi MOXeT OblTb MPaKTHYECKH HCMOJb30BaHa [as
Y3MEPEHHsI UHTEHCHBHOCTH H3JYUEHHs MO HOHH3AUHOHHOMY TOKY.

Takoii cnoco6 H3MEpeHHs Ha3biBAETCS HHTErpajbHbLIM B OTJAHUHE
OT HMNOYJALCHOrO cnocofa, KOTOPbIHl 3aK/alo4yaeTcs B CjAeQyloueM. -
Kaxnas uvactiua HiH (GOTOH co3jaer B HOHH3apHOHHOH Kamepe
NOpHHI0 3aPSAA0B 060HX 3HAKOB, KOTODBIE, NBHrasich NMOA ACHCTBHEM
371EKTPHUECKOro MoAs K 3J€KTPOoAaM, BbI3bIBAIOT BO BHeLIHEH emH
KPATKOBPEMEHHbIH TOK, T. €. HMOY/abC TOKa. BeJHuMHa 3TOro uM-
nyJbca TOKAa NMPOMOPUHOHAAbHA HOHH3YIOWEH CMOCOGHOCTH YacTH-
1Ibl, YTO MO3BOJSET ONPEAENHTL COPT HJAH 3HEPrHIO yacTHubl. Bkato-
YUB B uUENL HOHH3AaUHOHHOH KaMepu npuHOop, perucrpupylomui
KaX bl HMOYJAbC TOKA, MOXHO 3a(HKCHPOBATL KAXKAYI0 YacTHHY B
OTHEJLHOCTH H COCUMTaTh UYHCAO YACTHI B efHHHHY BpemenH. MM-
fyJbcHBIH ¢crmoco6 H3MepeHHs Gosaee ToueH (0coOeHHO mpu HeboMb-
mof HHTEHCHBHOCTH H3JYUE€HHs), OAHAKO NpH OOJbIIOH CKOPOCTH
cueTa (HAUHHAA C THICAY UMNYALCOB B MHHYTY) HMNYJbCHBIA cno-
cob tpebGyer Gojee CAOKHOH ammapaTyphl, B 3TOM clydae 4acro
NpHMEHSIeTCsl HHTeTrpanbHblit cmocob uamepenus. lns cuera HMIy.1b-
COB MCTIOIB3YIOTCH YCTpOficTBAa ¢ Masiofl MOCTOAHHOH Bpemenu (T. e.
GulCTPOAEHCTRYIONIHNE) ; HHTErPAJbHOE H3MEpPEHHE OCYLIeCTBAACTCA
yeTpoficTBaMi ¢ 60sbLION MOCTOAHHOH BpeMenu (T. €. BeCbMa MHep-
LHOHHBIMH) .

[Tpu Bulbope pabouero pexMMa HOHH3AMHOHHOH KaMephl HEO0G-
XOAHMO CTPEMHTLCS K TOMY, 4r0o0bl HampsiXKeHHe COOTBETCTBOBAJO
YYaCTKY HacChlIeHHs, mo CjAegyiomuM NpHYHHAM:

1) B yuactke HachlllehHsl CyliecTByeT JHHeHHas 3aBHCHMOCTb
MeXIy CHJION TOKA H HMOHH3Hpyueil cnoco6HOCThIO, 4To obecneuH-
Bae€T TOUHOUThH U3MEpEHHUS, '

2) TOK HAaChILICHHS HE 3aBMCHT OT HaNPsMXKEHHd, YTO yCTpaHser
BAHAHNE Ha HM3MepEeHHs1 HecTaOWJILHOCTH MHTAOWero HampsXKEHHS,

3) npu HachleHHWM cHJa TOKa OoJiblle, UYeM B pexuMe 3aKoHa
Owma, uto obecneurBaer GOABIIYIO YYBCTBHTEALHOCTD. )

PexnMa HacblLEHHs MOMXKHO HOOHTLCH NOAOOPOM HampskKEeHHH.
JasJjenus rasa, QopMbl 3J€KTPOROB, PACCTOSAHHUA MEXKAY HHMH, MO-
JIOKEHHs M3AYyuaTess, a TakkKe HO3HPOBKOH H3ayuenusi. Bee sTH Me-
pbl HampaBJeHbl K VXYAUIEHHIO YCIOBHH peKoMOMHAUHH, KOTOpas
NPensiTCTBYET AOCTHIKCHHIO HACHILCHHSA.

Tak, nanpumep, npu cOJIHKEHHH 3JEKTPOLOB BO3pacTaerT Hamps-
XEHHOCTL NOJd, a CJAENOBAaTeNbHO, H CKOPOCTh ABHIKEHHS 3JEKTPO-
HOB H HoHOB. OT 3TOr0 yMeHbllaeTcss BpeMs, B TEUeHHE KOTOpOro
OHH MOTYT B3aHMOLEHCTBOBaTL MEXAY CO6GOH mMpH BCTpeue H, caefo-
BaTeJbHO, YMeHbUIAeTcsl BEPOSITHOCTL pekoMOGuHauuu. B pesyabra-
Te HacbilleHHe NOCTHraeTcsl NMPH MeHblleM HanpsikeHHH. C ppyro#



216 Joaumerpuneckue npubopo.

CTOPOHBI, TpH CONMIKEHHH 3JEKTPOLOB YMEHLINAeTCs 4acTh MYTH,
KOTOPYIO uacTHUA MPOXOAMT BHYTPH KaMephl, H, CJAeLOBATENbHO,
YHCJAO BO3HHKAIOWHX B Hell HOHOB M 3JeKTpoHOB. OT 3TOro yMeHb-
laercsl YyBCTBUTENbHOCTb, NMO3TOMY pAcCCTOSIHME MEXIY 3JeKTpo-

y, NaMH HYXHO BbIOpaThL H3 KOMIpO-
MHCCHBIX co00paxKeHuH.

s b Jlo3upoBka H3JIyueHHs TaKKe
NO3BOJSIET MOJYYHTH HachlieHHe

wolb NpH MeHbIIEM HanpsKeHHH, 1aK
KaK C YBEJHUEHHEM HHTEHCHBHOCTH

oot M3JIVYeHHs VBEJHYMBAETCS M MJIOT-
HOCTb 3JIEKTPOHOB H HOHOB B Kame-
pe, a CAefOBaTeNbHO, H BEpoOST-

ar HOCTh pexoMOMHAUHMH, JIas yMeHb-
IeHHsl [O3bl U3JyYeHHs, mnocTyma-

00 IOWero B KaMepy, TPHMEHSIOTCS
nuadparMel, 3aKphHIBaOUiHe 4acThb

T T 7, H3ayuaTens. Jlns yMeHbIIeHHs Be-

pPOSITHOCTH DPEKOMOHHAUHH YyMeEHb-

Puc. 37. Tpadux/a/Us =f(1a)  maior takke uacTn npoGera, Hc-
MoJAL3yeMOro BHYTPH KaMepHl,

B Tex csyuasX, KOrga HacollienHs OOCTHTHYTb TpYIHO, H3Me-

PCHHST TPOU3BOAATCS NMpPH MEHbLIEM HANpsKEHWH, a 3aTeM HHTepno-

JUPYIOTCA K PEKUMY HachllleHus. IDTo YAOOGHO <HeNaTh, MOCTPOUB

ggadmx I,U,=f(l,), uMelomuii BHA, mMOKA3aHHBLI Ha puc.

Honusayuonnoie Kamepol OAs pasauutolx UBAYUeHUl

Honusannonusle kamepsl HMEIOT pasaHuyHOe yCTpOHCTBO B 3aBH-
CHMOCTH OT NpHPOALI PETHCTPHPYEMOro MK H3JAVYeHHs. DTO pas.iu-
YHe BbITEKAeT M3 (U3MUUECKHX CBOHCTB 3THX HU3JYYeHHIi, KoTopble
noapo6HO pPaCCMOTpeHs B I 2 U 3.

Honuzayuonuole kamepor 043 a-Ussyqenus. Annba-yacTiusl xa-
paxkTepusyloTca Oonbllofl HOHU3UpPYIOLEH CNOCOOHOCTBIO (HEeCKOMb-
KO 0EeCSTKOB ThICSY Map HOHOB Ha NMyTH B 1 cm B Bo3myXe NMpH HOp-
MaJIbHBIX YCJAOBHSAX) M CpaBHHTEJIbHO HeOoablIHM npoberom (B BO3-
Ly Xe HEeCKOJIbKO CAHTHMMETpPOB, B TBEPALIX Telax — COThLIE JOAH MHJ-
aumeTpa). Mannifi mpoGer g-4acTHIL MO3BOJSAET MPH CPABHUTENLHO
HeOObUIHX pasMepax 3JeKTpoooB H HEOOJBbLUIOM pAaCCTOSHUM MEXK-
Iy HUMH HCIOML30BaTh Bech Npober HAW 3HAUYUTENBHYIO €ro 4acTb
BHYTpH KaMephl. [To3ToMy w-KaMepbl OT/HYAIOTCS HEOONBLIIMMH pA3-
MEpaMH.

H3-3a mnoxoit npouukaiolieli = cnocoGHOCTH q-Ayuefi npenapar
TIOMEeUIaloT BHYTPH KaMmephl, AH00 AesnaloT B HeH OKOWIKO (HHOTAa
NPHKpBIBAEMOE TOHKHM CJOeM CJIOAB) A5 NpOXOKAEHHS q-4aCTHI.
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H3JyyaeMbIX mpenapaTtoM, MOMEU€HHLIM BHEe KaMephl. 310 BLI3LIBAET

" Heyno6CTBO B TeX ciyuasX, Korga HeoGXoAHMO BLIOpaTh naBjeHHe

BO31yXa HEpaBHLIM aTMOC(HEpPHOMY MJH BMECTO BO31yXa HanoOJAHHTh
KaMepy ApyruM rasom.

CusbHasi HOHM3HpylOWIas CMOCOGHOCTL  ABJIACTCS NpPHUMHON
60JBLIOH KOHUEHTPALMH 3JIEKTPOHOB M HMOHOB B MOHHBIX cJjejax,
OCTABISIEMbBIX B ra3e a-yaCTHHaAMHU. Yem Ooablue KOHHEHTpauusa Mo-
HOB U 3JIEKTPOHOB, 06DPA3YIONIMXCSl MpH HOHWU3AUMKH. TeM Ooubllle
BEPOSATHOCTL pEeKOMOMHAIMM M, CA€L0BATeNbHO, HEOOXOTMMO 00Jb-
uee vanpsiKeHue 18 KocTHKeHUs Haculmenus, Kak 6ul1o ykazano,
cjaefyeT MOpUHATL Mephl, 4TOOLI 00ecnedyuTh PEXKUM HACHIILEHHA.
[TosToMy a-kaMepbl paboTaloT OOLIUHO NpH CPABHHUTENALHO OOJBLLIHX
HanpsKeHHAX — nopsgka 1500—2000 8. B HekoTophlx coayuasx
(mpu GoJabLIOH AKTUBHOCTH) HachUieHHSA He yHaeTcsd HOCTHTHYThL H
IpH TAKMX HanpaXKeHHAX.

Jas c-yacTul XapakrepHa NpsAMOJMHEHAHOCTs HOHHBIX CJE€HOB,
Tak Kak, obsapas 6oJblI0H Maccod, OHH He OTKIOHSIOTCS mMpH B3a-
uMozneficTBuax ¢ sjekTpoHamu. [Ipu 3ToM uMeer CylieCTBEHHOE 3HA-
yeHHEe MOJIOKEHHE 3THX HOHHHBIX CJICNOB OTHOCHTEJLHO CHJAOBBLIX JH-
HUH 3JeKTpuueckoro moas. JleHCTBHTENbHO, €c/iM, HampHMep, HOH-
HBLH Cien coBmajaeT ¢ CHJIOBOH JHHUER MOJIA, TO HOHBl W 3JIEKTPOHH
JBUTAIOTCA MOJ NeHCTBHEM NoJs, OCTaBasch HEKOTOPOE BpeMsl BHYT-
pH cJiefia, uTO YBEJAMUHBAET BEepOSATHOCTL pekoMOuHauuH. Haobo-
POT, €C/Au UOHHBIA caen nepneHAHKYJAspeH CHJIO0BOf JIMHHH, TO
3JEKTPOHBl M HOHBI MOA MeHCTBHEM M0.151 OLICTPO BHIXOAAT M3 CJjela
B pas3Hble CTOPOHBI, 4YTO YMEHbINAET BEPOSATHOCTL PEKOMOHHALMH.
[TosToMy n/ yMeHbLIeHMS HaNpsi)KEeHHsl HAChILIEHHS HYXKHO obec-
NeyYuTh TAKOE B3aMMHOE PACNoJoXKeHHe HOHHLIX CJAEeNOB M CHJIOBBIX
AUHHE 105, IPH KOTOPOM BO3MOXKHO OO0JblIEe YKCAO YacTHy mepe-

cexaeT JHHMM IOoast  nopg

N + 6OJIbIIMNMH yTrIaMH.
' | Kongurypauua  moas
onpenxe1aercs tdhopmoit
snekrponoB. Ha puc. 38, a
L1 mpHMepa  H3o0paike-
Hbl  3JIGKTPOABI, CO3Jal0-
uide noJje HEBLITOHOH
T l GOpMLI, TIPH KOTOPOM HOH-

l —_ _—

Hble Ccjedbl COBMajgalt ¢

5 CHJ0BLIMH auHUAMH. [lno-

ZKHe  3JeKkTpogbl  (pHC.

Puc. 38. Koudurypauns saektpHueckoro 38,6) obGecneuHMBalOT MPH-

1051 NPH pasJuudbiXx opMax a1eKTponon eMJIeMYI0  KOHOHMTYpalHio-

nonast. IlosTtoMy HOHH3AUH-

OHHble KaMephbl AAsl ¢-H3Ay4eHHsd OObHYHO HMEIT MJOCKHE 3JeK-
TPOMHL.

o
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Honuzayuounsoie kamepor 0aa B-usayuenusn. Bera-uacTuubl OT/11-
1a10TCA OT Q-4aCTHI 3HAYMUTEJNbHO MeHbIIel HOHM3HpYOUIeH cro-
COGHOCTBIO (MOpsinKA AECATKOB Map HOHOB Ha 1 cm myTH B Bo3nyxe
fIpH4 HOPMaJIbHBIX YCJIOBHSIX) M COCTBETCTBEHHO GOJbUICH MPOHUKAIO-
mek cnocobuoctbio. [Ipober B-uactui B Bosgyxe mpu HOpMaJIbIBIX
YCJOBHAX — MOPSAZKA HECKOJbKMX METPOB, B TBEPABIX Teaax — le-
CKOJIbKHX MHJUIMMETPOB. 3HAUUTE/bHAs 4acTh B-4acTHIL pacceuBaer-
Csl MPH MPOXOXKAEHUU uepe3 BewecTBo. [lisg  ucmonb3oBaHus BCe
ro npoGera f-uajyuenuss BHYTPH HOHM3ANHOHHOH KaMepbl NpHL-
J10Ch Obl [1eJ1aTh KaMepy oueHb GOJbLIKX pasmepos. [TosTomy B B-ka-
Mepe OOBIYHO UCNOJAB3YETCs JIHIIb HeGOoJbiIas yacTh npobera u uem
OoJbile Kamepa, TeM GoJibile ee 4yBCTBUTEJBHOCTh. IlpakTHueckn
NPUMEHAIOTCS KaMepul oObemom 1—2 a4,

[Iponukaiomas cmocoGHOCTL B-H3NYYEHHA TAKOBA, YTO MOIKHO
MOMewaTth NpenapaT BHe KaMepbl, BNyCKasl B Hee W3JyuyeHHe uepes
OKOUIKO, TMPHUKPHITOE CJI0EM aJNIOMUHUA (ToJlHHCK mopsiaka 0,1 am)
Hay Oymarcit. AJOMHHKE UM GyMara CyKaT QUIbTPOM 3alHLa-
ouHUM f-kamepy oT a-yacTHll.

Y B-nyueit voHM3yOWAs CrOCOGHOCTb BO MHOTO pa3 Huxke, ueMm
Y @-4aCTHL, NOSTOMY KOHUEHTPALHA HOHOB W 3JIEKTPOHOB B HOHHOM
cjiene, a cAeA0BATENbHO, U BEDPOSITHOCTL PEKOMOUHALMU HE CTOMb
BelnKa, kak B a-kaMmepe. [losToMy Hmaceluenue pocturaercss npu
CPaBHHUTE/IBbHO HEOOJBIIOM HanpsXeHUd. B-kamepsl paboTalOT npH
HanpaxeHuu nopsika 300—400 s.

Ilna B-usnyueHuss XxapakTepHa 06DbeMHAsh HOHM3ALMsA, TaK Kak
f-uacTHUbl OCTABJAAIOT B Ta3e KPUBOJIMHEHHBIH HOHHBIH CJET, OTKJO-
HASICh OT CBCETQ IIYTH NIPY B3aUMOACHCTBUM C 3JEKTPOHAMH rasa,
MO3TOMY BHIOOD KOHOMHUIYDAUMK 3JEKTPUYECKOTO IIOJS HE CBsI3aH C
pacnosoxennem cnegos. Popmy 37eKTPonOB BHIOGHPAIOT TaK, 4TOGHI
HOJYYUTb BO3MOXKHO OOJBILYI0 HANpPSIXKEHHOCTh NoJs. IDToH ueau
YIOBJAETBOPAOT UWIMHAPUYECKUE SJEKTPOMbl, OXHUM M3 KOTOPBIX
ABJIAETCA CTePIKeHb, PACMONOKEeHHbIH Ha ocy apyroro. Bosse crepxk-
Hs cosjaerca  Oonbliasi KOHUEHTpAUMsl CHAOBBIX JHHHE Noss
(puc. 39), uTe ofecneyuBaeT AOCTATOUHYIO /sl HACHILIEHHA Haipa-
JKCHHOCTb TOJIA IPH CPABHUTENBbHO HEOGOJLIIOM HanpsxKeHUU.

Honuzayuonnoie kamepor das y-usaywenus. TaMma-usayuenie

Xapakrepuzyercss OGoabuioll npoHukamoulel U c1aGoll MoHU3ylomeH
cnocobuocThio. Kpome ToTO, y-H3dyueHne oT/HuaeTcas OT ApYTHX
H3JIYUeHHIT CaMHM MEXaHM3MOM HOHH3auuu rasa. y-OOTOHBI He [ipo-
U3BOAAT HOHM3AUMIO HEMOCPENCTBEHHO, a BLI3LIBAIOT BTOPHYHLIE
sddektsl (potosddekt, komnron-spdekr U obpasosanue nap), B
pesyJbTate KOTOPBIX BO3HUKAIOT ObICTPbIE BTOPHUHBIE 3JEKTPOHbI
-C HEpruei, 1oXoAawel 10 HeCKOIbKHX MErasjeKTPOHBOJABT. TH BTO-
PHYHBIC 3JIEKTPOHbl MOHH3UPYIOT Ta3 aHaJOTHYHO B-uacTHiaM, Mo3-
TOMY YCTPOHCTBO y-KaMep onpepeseTcss MOBEJEHUEM BTOPHUYHBIX
3JIGKTPOHOB,

¢
¢
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BropHuuHble 3/IEKTPOHBl BO3HUKAIOT KaK B CTEHKAX y-KaMepbl, TakK
d B HANOJHAWOIEM ee rase, upuueM U Te U APYTHe 3J1eKTPOHbI HOHH-
3upyioT ra3. KoauuectBo Tex ¥ Apyrux BTOPHY- -

HbIX 3JICKTPOHOB MPOMCPHUOHAJNBHO KOJHYECTBY

v-bOTOHOB W 3aBUCUT OT HX SHEPTHH, ONHAKC LJIs

CTEHOK W Ta3a KO3(QGHUUEHT MPONnOpPUHOHANbHO- .
¢t pasustil. [losToMy ogHO u TO XKe H3JaydeHue
BbI30BET Da3Hblil MOHU3ANUOHHBLIA TOK B 3aBUCH-
MOCTH OT TOTO, KAKMMH BTODHYHBIMH 3JICKTPCHA-
Mu B OoJbllefl CTEMEHW CO31aeTCd HOHH3AIUA Ta-
34 — 3JIEKTPOHAMH, BO3HUKUIMMH B CTeiKax,
HJIH 3JIeKTpOHAMM, BO3HUKIIMMHU B rasze. Coort-
HOILIEHHe MEeXAY TeMH W APYTUMH 3JIeKTPOHaMH

MOKeT MEeHSATbCA B 3aBHCHMOCTH OT MHOTHX ¢(hak- ﬁggsﬂmcﬂ W;Ig;(»';gg
TopoB (dopMa KaMepbl, MarepuaJs, U3 KOTCPOro naMH

©OHa chefaHa, TOJIHHA CTEHOK, POA U JaBJjeHHe

rasa, noJIoKeHHe WCTOYHMKA H3JY4eHusl OTHOCHTENbHO KaMephl,
CIIeKTpaJ/ibHBIH COCTAB M3JAYUeHUs U T. 1.) U TPYAHO NOAjaercs yue-
Ty. CneaosarenbHo, AJs TOTC UTOOH He MEHsJICH KO3(hQULUEHT Npo-
GOPILUOHAIbHOCTH MEXAY HOHU3ALUOHHBIM TOKCM M UMCJIOM H 3Hep-
el y-hoTOHOB, HEOOXOAUMO, YTOOB ra3 HOHHU3UPOBaAJCA JHOO TOb-
KO BTOPHYHBIMY 3JIEKTPOHAMM, BO3HHUKIIHMH B rase, JUOO TOJBKO
BTODHYHBIMK 3JI€KTPOHAMH, BO3IMKIIMMU B cTeHKaX. [lostomy cy-
LIeCTBYIOT JBd THNA y-KaMep, a UMEHHO:

1) Gosbuiye y-Kamepbl, B KOTOPBIX NIPHHATHI MEpbl K TOMY, 4TO-
©Obl B Ta3 MOCTYAJ0 KaK MOXHC MEHblUEe BTODHYHBIX JEKTPOHOB U3
CTEHOK W Ta3 WOHU3HPOBAJCA TOJLKO BTODHYHBIMHU 3JIEKTPOHAMMU.
BO3HUKILUHMHU B Tase;

2) Manbie y-KaMepbl, B KOTOPbIX HOHH3ALHA Ia3a MOUTH LEJTHKOM
OCYLIECTBJACTCH BTODUYHBIMH  3JIGKTPOHAMH, MNOCTYNalOWMUMH U3
CTEHOK.

Bonpmwue (rasoBbpe) HOHH3AULUOHHBIE KaMeph
Aaa y-u3JayueHusa PasMepbl 9THX KaMep onpeipensiorcs npo-
GeroM BTOpPWUHBIX 3JeKTPOHOB B rase. Eciiu pa3vepn kameph [o-
3BOJAIOT MCIOJB30BATh B HEH BeCh MpoOer BTOPHYHBIX 3JEKTPOHOB,
To Oyier cylwecTBOBaTh JIMHEHHAs 32BUCUMOCTb MEXKIY 3HEPTHEH
y-bOTOHOB W HOHU3ALMOHHBIM TOKOM B KaMmepe, Tak Kak yem Oo.ibuie
IHEprus y-QoToHos, Tem OoJbile npober BTOPUUHBIX 3JEKTPOHOB kK
TeM GOMbIIE HOHOB W 3JEKTPOHOB OHHM €031a1yT npu Honusauuu. On-
HaKO ecau B KaMepe MUCNOJab30BAaH HE BeChb NIPOOET, TO NIPH yBeJu-
YCHUW SHEPTUM y-(POTOHOB WOHU3ALUUOHHBIN TOK He OyJer MEHAThCH,
TaK KaK He MEeHseTcs JJMHa ToH 4acTd nmpobera, Kotopas HCNOJb30-
BaHa BHYTPH KaMepbl. B 3Tom ciyuae HapyllaeTcs JuHE#HHas 3aBH-
CHMOCTb MEXKJAY SHeprueil y-oTOHOB M HOHH3ALHOHHBIM TOKOM, KaK

Puc. 39. Koubunv-
pauna  3JeKTpHue-
CKoro moss B P-Ka-
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nokasaHo Ha puc. 40, uTo 3aTpPyIHAET CpaBHEHWE H3JNYYeHHil pas-
HOro CHeKTpajibHOro coctaBa. [ljasi Takux H3MepeHUNl HeoOXOAHUMO,
4YTOOb pasMepbl KaMepn Obliu GoJibile npo0era BTOPHYHBIX 3JjeK-

/.
I / ad,
/ a
// %
dy o
S/ \
&
&/ 2
Q
Q!
&

Inepeun UsNyYeRUR €

Puc. 40. I'puMepHblil BUR 3aBHCHMOCTH MMy Hep-
rieffl y-(pOTOHOB M HOHH3ALHOHHBIM TOKOM NDPH pPa3-
HBIX [a3Mepax WOHM3ALUOHHON KaMepH:

1 — GOoTO3aeKTPOHbl INOCTHIVIK CTEHOK KaMepnl; 2 — KOM-
OTOH-3JAEKTPOHBl LOCTHTJIH CTEHOK KaMephl

TpoHOB B rase. [l1s 3To# uyean Oblia nocTpoeHa, HalpuMep, KaMepa
C MIJIOCKHMH 3/EKTPOLaMH, LJHHA KOTOPBIX M pPACCTOsIHUE MEXKIY
HUMH MOTJIM MEHATHCS A0 3 M. YMEHBIIMTH pasMepbl KaMephl MOXK-
HO, mpUMeHssl BO31YX [pU NOBBHLIEHHOM aaBjenuu (6—I10 aru) wau
GoJsiee TSXKEIbLH Ta3; U TO H JAPYroe yMeHbIUaeT npoGer BTOpHUHBIX
371€KTpoHOB. [lpu CpaBHeHWM y-U3JYYCHHUS ONHOTO CHEKTPaJbHOTO
COCTaBa MOXHO T0/b30BaTbCs y-KaMepaMu MeHbIlero pasmepa (o0b-
emom 1—2 2).

B Gonbmux KaMepax NPUHUMAIOTCA MEpbl K TOMY, 4TOGBI TOUTH
BCE BTOPHUHbIC 3JIEKTPOHBI BO3HHKAJHU B rase. [losTomy HecMoTps Ha
XOpOLIYI0 NpPOHUKAWINYI0 CHOCOGHOCTb y-H3JYU€HUsl, €ro BOYCKAIOT
B KaMepy S W BbIIYCKAIOT M3 Hee uepe3 okolKkW A u B, xak nokasa-
HO Ha puc. 41. Jas To# Ke ueau sexktpoy M, cobGupaoUuil HOHHI,
PACMOJIOXKEH B CTOPOHE OT MYTH, GO KOTOPOMY MpPOXCIAT y-AYUH.

Ecniu xamepa HamosHsieTcs KaKMM-iMG0 ra3oM, OTJHYAOWUMCS
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Mo cBOEfl MpHpOAe WIM [aBJEHHI0 OT aTMocepHoro BO3AyXa, TO

OKOILIKH MpUKPbIBAIOTCS TOHKHM CJIOEM BElUEeCTBa, KOTOpOe BHIGHpA-
JOT TaK, 4ToGbl OHO MaJjlo NOMVIOWIAJN0 M PacceuBano y-nyud. B sTom
cjlyyae OKOUIKH TOXe OYAYT CJAYKUTh HCTOYHHKOM BTODHUHBIX 3JICK-
TponoB, Uro6Gb HOHU3AUHA, CO3TaHHAA 3THMH BTOPHUHBIMH 3JICKTPO-
#aMy, He BJHSAJA HA MOHU3AUUOHHKEIH TOK B KaMmepe, IPUMEHAI0T CHC-
TeMmy 3JeKTpO]10B, NokKasaHHylo Ha puc. 42. B xamepe 3TOro Tuna,
KpOMe OCHOBHOFO, coGuparoliero sjekrpoia Ej, B uemb KOTCpPOro
BKJIOYEH M3MepHTEJbHBIH NpHGOp, WMEIOTCs elle ABA COOMpalomIMX
aneKkTpolda Ez, KOTOpbIM COOOUIEH TOT XK€ MOTEHIHAJ, 4TO U Cpel-
HeMy 371eKTpoly. JlnuHa Bcex Tpex 3JEeKTPOAOB BhiGpaHa GoJblUeH,
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K anexmpomermpy
Puc. 41. Pacnoaomenue

HMUJIHHADHYECKHX  DJIEKTPO-
J0B B Houabiuoil y-kamepe Puc, 42, Oasa u3 xoHCTpyKuuit Go.bluofi y-KaMmepbl

<eM IauHa npofera BTOPHYHBIX 3J1€KTpOHOB B rase. [losTomy BTO-
PHuYHBIC 3JEKTPOHBI, BO3HUKIIHE B MaTepHase, IPUKpPHIBAOILEM
OKOILKO, IpOH3BOIAT HOHH3AMHIO TOALKC B TOH 4acTH rasa, KoTopas
pacrosiokeHna Bo3/e KpawHuX, cofupalomiux 3JeKTpoloB. Hacts ra-
3a, pacnoJIcKEHHasl BO3Jle CpeflHero 3JeKTpoja, HOHU3HPYETCst TOJ b
KO TeMH BTODUYHBIMM 3JCKTPOHAMH, KOTOpbIE BO3HUKAM B rase. Ta-
KUM 06pa3oM, BTOpHUHbIE 3JIEKTPOHBI, BO3HHUKIIME B MaTepHaJe,
MPUKPLIBAIOIEM OKOIIKH, HE BJMSIOT HA MOKA3aHUA MU3MEPHUTEJILHOrO
npubopa.

B HekoTOpbIX y-KaMepax CTCHKM W 3JEKTPOAbl MOKPHIBAIOT CJO-
€M JIErKOro BelecTiBa. IJTO0 YMEHbIIAeT BEpOATHOCTh MCHYCKAHUA
BTOPUYHBIX 3JIEKTPOHOB NOJ AEHCTBHEM Yy-H3JYUEHHH, TAK KAK 4eM
‘MEeHbIIe aTOMHBIi HOMEp, TeM MEHbIe paccessHHE U3JIYUEHMS H U3-
JqydeHue QayopecueHIuH. o

BropuuHbie 3/1€KTpOHBl, BO3HUKIIWE B ra3e npd ACHCTBUH Ha He-
r0 y-n1yuell, UMeT NPUMEpPHO TAKYIO K€ HOHU3UPYIOINYID CHOCO6-
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HOCTb, YTO U [B-uacTuubl. C/lef0BaTeNbHO, BEPOATHOCTL PEeKOMOUHA-
UMY H HANPSAXKEHHE HACBILCHUS TAKUe XKe, 4TO H B clyuae B-usayue-
Hus. [TosToMy y-Kamepnl paGoTaiOT NPH HaNPsiKEHUM TOTO Ke [10-
paika, uto ¥ B-kamepnr (300—400 8).

XapakTep HOHU3ALHH, TPOH3BOAHMON BTOPUUHBIMHU 3JeKTPOHaMHy,
TaKOH Xe, Kak ¥ B Cayuae B-H3ayueHus, T. e. 06beMHblL [losTomy
GopMy 371eKTPOIOB BRIGHDPAIOT H3 TeX Ke COo0paKeHHuil.

Manbe (TBepAabe HJAM HANEPCTKOBHBE) WHOHH-
3allHOHHBIE KaMeps JJas yH3JdyueHHUs. B Majbx
MOHM3AUHOHHBEIX KaMepaX HOHW3aUMs Trasa OCYNIeCTBJSCTCH 3JEK-
TPOHAMH, BO3HMKAOUINMH B CTeukaX. i 3Toro o6beM rasa B Ka-
Mepe BEIGpAH OYeHb MaJIGHbKHM, a TOJILIHHA CTEHOK BHIOPAaHA MO-
psiika npoGera BTODHYHBIX 3JEKTPOHOB B BEUECTBE CTEHKH. DOJb-
las TOJNIIHHA CTEHKM 0€CroJ/ie3Ha, TaK Kak BTOPHYHBIE 3JIEKTPOHBI,
BO3HHUKILHE B CTCHKE JaJjblle OT €e BHYTPEHHEH [OBEPXHOCTH, uyeM
Ha pacCrosaHHe npobera, He MONAAYT B ras M He BHI3OBYT B HEM
HoHH3auuu. Kpome TOro, M3/MUIIHsA TOMIUKHA CTEHKH YBEJHYHBAET
NOTJIOIEHHe B Hell y-u3iyuenus. Tak kak npoGer BTOPHYHBIX 3J1€K-
TPOHOB B TBEPJOM BELIECTBE MaJ, TO DPa3Mepbl TAKHX TBEPABIX Ka-
Mep [oJy4aroTCsi HE3HAUMTEJIbHBIMH, OTYEro OHU M MOJYYHJIH HA3Ba-
HHE HanepCTKOBBIX.

KoncTpyKkTHBHO HanepcTkoBasi kKaMepa mPeACTaBJseT CoO60i TPy-
Gouky / M3 MaTepHasa, SKBHBAJEHTHOTO BO3AYXY ', BHYTPH KOTO-
poro Ha oueHb xopouieM (0CbluHO AHTAPHOM) H30JsTOpPE 2 yKpen-
JICH METAJIMUECKHil 3/1ekTpol 3 (puc. 43).

[Ipunuunn neficTeust kKaMeprl ciefylomuil. MeTariuueckoMy s/ek-
Tpo1y 3 COOOLIALTCS HEKOTOPHIH 3apsi, Moc/ie 4ero TpyOKY 3aKphbI-
BAIOT KDBIIKOH ¥ noxBepraioT obgayuenuto. IIpd ApoxoxAeHuu ue-
pe3 kaMmepy y-slyueil B e CTEHKaX BO3HHKAIOT BTOPUUHbBIE 3JIEKTPOHBL
B KOJIMYECTBE, MNPOMOPLUOHAJBHOM MHTEHCHUBHOCTH H3MEPSIEMOrc
Y-H3JlyuYeHHs . DTH BTOPHUHBIE 3JEKTPOHbl (OBICTpBIE, T. €. C 3HEp-
THAMH OOPsIIKA COTEGH H THICAY KHJO3JEKTPOHBOJBLT), HEPEXOlds Ha.
CTEHOK B I'a3, HOHH3UDPYIOT €0, CO3/1aBasi B HEM MeJJIeHHbIE 3JIEKTPO-
Hbl H UOHBI B KOJIHUECTBE, TAKIKE NPONOPLUMOHANBLHOM HHTEHCHBHOCTH
Y-H3JyueHHusa. 3apsKeHHbH 3JEKTPOA CoOMpaeT MEJICHHBE 3JIeK-
TPDOUBl W/IM [OJOXKHTEJbHbIE HOHB (B 3aBHCHMOCTH OT 3HAKa €ro
3apsiia), OTYEro yacTh €ro 3apsila HefiTpasnusyerca. B pesyabrate

! MaTepuasioM, SKBHBANEHTHHM BO3AYXY, HA3LIBAIOT BEIIeCTBO, B KOTOPOM
f04 RelHCTBHeM Y-Jyueill CO3/laeTcsi TaKoe JKe KOJHMYECTBO 3JIGKTPOHOB Ha eJHHHIY
Maccel, 4To 4 B Bo3fAyxe. TakuM MaTepHalOoM SIBJSAIOTCH TpaduT, GAKeNHT, LeJy-
Jlonf, nesulodpan M rpacduTHpoBauHas OyMara, '

? BTOPHUHBIX 5€KTPOHOB BO3HHKAET TaKOe KOJHUECTBO, KAKOe BOSHHKJO Ghy
B BO3/lyXe, MacCa KOTOPOFO paBHa MacCCe CTEHOK, TaK KaK MaTepHas CTeHOK 3K-
BHUBaJIeHTeH BO3LYXY.
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3apaa 3JeKTpoda yMeHbllaeTcs, NpuyeM YyMeHbIIeHHe 3apsia B
eNMHHIY BPpeMeHH (T. e. MOHU3ALUOHHEI TOK) MPONOPLUHOHAIBHO HH-
TEHCHBHOCTH M3JyueHHs (4HCIy (OTOHOB B CAMHHIY BPEMEHH), 2

2 4
‘ 3;
Puc. 43. OnHa U3 KOHCTPYKUHA MaJoi y-KaMepri:
! — 360HHT; 2 — fAHUTapb; 3 — MeTaJJHYECKHH CTepIKeHb

W3MEHeHUe 3apsijia 3a BCE BPEMsi OOJyYEHHs MPOMOPLHOHAJBHO KO-

JMUECTBY y-jiyueil, NPOMICIUINX uYepe3 Kamepy 3a 3TO BpeMs.
Vismenenne 3apsana OmpefessieTcss H3MEPEHMeM TOTEeHLHana

57eKTpoAa 10 u mocie obayuenus. O6osnaunum uepes U, U, Q.

W Q, nOoTeHUHAN W 3apsA JIEKTPOAA 10 H mocie o6/yueHus CooT-
BETCTBEHHO. Torja uMes B BHAY, YTO

QK == CKUK’

Qi == (Cx + Co) Ul (1y

rae C, u C, — eMKOCTH 3JIeKTPOJa U 3JEKTPOMETPaA,
MOAYYHM, uTO W3MCHeHHe 3apsaia AQ = JAf pasHo

AQ = Qu—Qx = ClUx — (Cx + C5) Ux, )

a HOHH3AUWOHHBIA TOK PABEH

CelUx — (Cx + Cs) Uxe- (3

[= Y,

Beanunun AQ u | nponopuHOHAJbHBL KOJIUYECTBY y-Jyuyeii U HHTEH-
CHBHOCTH H3J1YYCHHsI COOTBETCTBEHHO.

[TpeuMyLIeCTBOM MaJblX MOHH3AIIMOHHBIX y-KaMep Mo CPaBHCHHUIC
¢ 60JBIINMH SIBJAAIOTCS MX MaJjble pasMepbl, HO3BOJISIONINE H3MOTOB-
JSATb UX Kax KapMaHHble apHOOpH, HAnpuMep B BHJE, HOAOGHOM aB-
tTomaTtHueckodl pyuke, HelocTaTok UX — MaJjiasg 4yBCTBHTEJIbHOCTD.
3710 0O6BACHASTCS TeM, uTO JHIIpb He3HAuWTeabHas 4acTb mpobera
BTOPHUHBIX 3JIEKTPOHOB HCTOJbB3YE€TCA B rase, rne OHH CO3AAIOT
HoHp3alnuo. MaJble HOHM3aLHMOHHBlE KaMephl MPUMEHATCH AJs
WHAMBH/YaJIbHOTO AO3UMETPHUYCCKOTO KOHTPOJA, T. €. AJs onpenele-
HHs JO03bl M3JyudeHUs (KOJIMYECTBa y-Jyueil), npoIUeALIMX Yepes.
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OpPraHu3M YejIoB€Ka 3a BPeMs ero HaXO0XJIEeHUs B 30HEe JeficTBUA
nsayuenus. Hesiorek, moaBepraeMetii KOHTPOMO, CHAGKACTCS MaJoil
KaMmepo#, npuueM 1o K nocse o6iyueHHs H3MEPAeTCs HOTEHUHAJ ee
3JICKTPOla Ha CTAUMOHAPHOM 3JeKTpoMmerpe. B HacTosimee Bpems
JUISL 3TOH Ueid npHMeHsloTcs 6osiee y106Hble KapMaHHBle npHOODHY,
conepxamme B cefe Majiylo y-KaMepy BMeCTe ¢ MHUHHATIODHBIM
SJEXTPOMETPOM H MHKDOCKONOM CO WIKAJLO#, rpanyHpoBaHHOl B
enuunuax usnyuenns. Taxoli npuOop no3BoJsteT HenpepubiBHY KOHT-
posupoBaTh 103y M3JYYEHHsl B npouecce paboThl, HE BO3BPJLIAACH
K MECTY paCHOJIOKEHHS CTAUMOHAPHOro npubopa.

Honusayuonnole kamepbr 0aa HelTpoHos. Hefitpount ne moryt
HENoCpeICTBEHHO MOHU3HUPOBATH a3, COMEPKAaUIHICa B MOHA3AUHOH-
nou KaMepe. [To3TOMy A5t perucTpaudn HeHTPOHOB A0 H. OBITh
£031aHbl TakHe yCJAOBHUs, [IPH KOTOPBIX OHH BBHI3bIBAIOT TOSBACHHE
HaCTHL, HOHM3UPYIOWIHX ra3. JTH yoI0BUa 00ecneynBaloTcs 014HM
M3 NpOUECCoB B3aHMOIEHCTBHA HEHTPOHA C ATOMHBIMH A1paMiu Be-
HIECTBA, KOTOPble MOXKHO Pa31e/AHTh HA [Ba CAEIYIOMHX KJaacca:

. ¥Ynpyroe B3aumoneiictBue (mam  paccesuue). B 3ToM
cayiae HeHTDOH NPH CTOJKHOBEHHH NepeiaeT CBOK IHEPrHi0 aToM-
HOMy A1py, KOTOpoe npHoOpeTaeT CKOPOCTh, AOCTATOUHYIO 1151 HOHU-
3auun rasal. na nonyuenna aiep ornaun MEeK1y3/1eKTpo1HOe Npo-
CTPAHCTBO MOHM3AULOHHOH KaMepbi 3aMOJHSIOT TAKHMH I'a3aMH, Kak
Hanpumep CHy, CeHs, C3Hs, C4Hio 1 1. 1. mitw npuvensior so10poa-
coaepxamue Marepuasns ia creHok. [lpucyrerBue Boi1opoia Bh-
FOJHO 10TOMY, 4YTO 91pa BO.10pOAa (MpoTOoHK), Gy1yud camblMH Jer-
KAMH H3 BCEX aTOMHBIX flep, BOCIPHHHMAIOT HaHOGOgLUIYI0 1010
SHEpPTHH HEelTPOHOB.

2. fliepras peakuws, npu KOTOPOH H3MeHseTcs NPHPO1A CTal-
KHBAOMIMXCA 4ACTHU M 0CBOOOKAAETCS y4acTHuUa, HOHM3MDPYIOMIAs
ras. IlpaxkTHueckn ucnodb3yercs 0ObHIYHO CIEIYIONIAS PEaKIHA Mexk-
1y He#iTpoHoM u ajipom Gopa:

B;® + no — Lij + He, (4)

T. €. peakuyusa tHna (7, @) B Pe3y/bTaTe KOTOPOH NOJyuyaioTcsl a-yac-
THubi (CM. crp. 56). Jlaa nmonyuenus Takoil peakuuu Mexjayssiext-
poLHOEe NMPOCTPAHCTBO MOHH3AUMOHHOH KaMepwl 3aroJHAKT KaKHM-
6o coenuHennem Gopa, o6biuHo BF;.

HMonnsaunonnas xamepa, HaloJHeHHAs [a30M, COlep:KalLuM Gop,
APHMEHRACTCA /5 PErHCTPALMH MELJICHHBIX HEHTPOHOB, TaK KakK 1Js
HUX 3QQeKTHBHOe monepeyHoe ceyeHUe YKA3aHHOH peakuiu CpaBHU-
TeJNbHO BeJMHKO. Ta ke kaMepa MoMeT OHThb HCIOJAB30BAHA H 1J4
OBICTPBIX HEHTPOHOB, €C/AM OKPYXKHTb ee CjoeM napaduHa, nocTa-
TOYHBIM /151 UX 3aMenJieHHs. BeicTphie HefiTpOHB! perucTpHpylores
TaKKe H C NOMOUIbIO siep OTI4auyH HOHH3aMOHHOH KaMepo#, vy
KOTOpPO# CTEHKH W/ raz cojaepxkaT BOLOPOIL.
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I'a3oBble CueTUMKH YaCTHLL

HenocraToxk HOHH3AUHHOHHBIX KaMep — BECbMa MaJble 3HAUCHHS
cunpl Toka (10~ 2—10— 1 o u nmke) n Hanpsmenuw (10 —5-—
10—6 & u HHXKE), perucrpaius KOTOPbIX OCYMIECTBJAETCH BECbMA
YyBCTBUTEJNbHBIMH npHOOpamil, HHOrAa COAEpPXKAUIMMH CJIOXKHbIe
YCHJHTCABHBE ycTpoficTBa. [a3oBme cueTunkH 6jaroiaps HCHoJb-
30BaHHI0 B HHX I'a30BON0 YCHJEHHs TO3BOJSIOT MOJAYUHTL BO MHOTO
pas Gonbuine toxu (10—¢ a) u nanpsxenns (10—t =10 g), ko-
TOPbiE MOXKHO 3aperdcTpHponaTbh OoJsiee rpyObiMH npubopamy, co-
JepPHKAMHMHA MPOCThle yCHJAHTEJH.

[punyun deiictéua u B0abTGMNEPHbIE XAPAKTEPUCTUKU  2a308bLX
CUeTHUKO8

anHuHH ,[lEf/iCTBHﬂ ra3oBoro CyeTd4HMkKa 4yacTHu OCHOBAH Ha HC-
[0JIb30BAHMH SIBJCHHsA BTOPHYHOH WOHM3anuu, O0O6ECHeYHBaoLIero
OrpoOMHOe YCHJIeHHE TOKa (TaK Ha3blBaGMOe <«Ta30B0€ YCHJIEeHHEe»).
IT10 sABJACHKE BO3HHKAET [IPH JOCTATO4YHO OOJBIIOM HANPAKEHHH H
3aKJ0YaeTCA B TOM, UTO 3JEKTPOHBI ¥ HOHBI, CO3MaHHble HOHH3HDY-
IOIHM H3JyueHHem (mepBHUHAs HOHHM3AIMUs), ABHIKYTCH noi 1eifi-
CTBHEM 3JICKTPHUECKOIO MOJI €O CTOJb OOJBUIMMHU CKOPOCTAMHM, YTO
CaMy HOHH3HPYIOT r'a3 (BTOpHYHBIE 3JexTpoHbl). Tax Kax BO3HHKA-
IOILHE [IDH TOM BTOPHYHBIE 3JCKTPOHH TOXKE MOTYT HOHM3HpPOBATH
ras, To npouecc 3TOT pa3BuBaeTcsl JaBHHO0Opa3HO, T. €. ONHH lep-
BHUHBIH 2JIEKTPOH MOXKET €031aTbh JIaBHHY 3JexTpoHoB. [Ipu 3Tom
YUCJI0 2JEKTPOHOB B JaBHHE ObICTPO BO3PAaCTaeT C yBeJHYeHHeM My-
TH, NMPOHIEHHOr0 €10 OT TOYKH €e BO3HHKHOBEHHSl 10 COOTBETCTBYIO-
wero ajexTpoaa. JauHa 3TOro nyTH HaxO0IMTICA B IIPSIMOH 3aBHCH-
MOCTil OT HanpsazKCilaa, TaK kak ueM OoJblie HadpszKeHue, TeM OblcT-
pee yBeJIMUYHBaeTCsa CKOpPOCThL JCKTPOHA, ABHAKYIICIOCa B 110J€ X
aHoly, W TeM jaaJjblle OT aHOJa HAYHeTCs BTOPHYHAs HOHH3aALHUsA.
[ToaTomy c yBesnueHHeMm HanpskKeHHs CHJIA Toka ObICTPO yBEJHUH-
BaeTCsl, KaK 3TO BHJIHO M3 BOJAbTAMIEPHOH XapaKTCPHCTHKH, H30-
Gpaxensoil ua puc. 44. Ha 310l xapakrepHucTHke Touka B ornenaser
peXHM HACHIIICHHA, HCHNOJb3yeMbld B HOHM3AaUMOHHOH Kamepe, OT
pexHMa BTOPHUHOH HOHM3auwuM (cmpasa OT Touku B), B koTOpOM
paboTaloT ra3oBble CYCTUYHKH.

[TpaxkTHueckn BaXHOH 3amaueil ssjsgercs ofecrneyeHue pexiMa

‘BTOPHYHOIl HOHH3ALMH NIDH BO3MOKHO MeHblueMm HanpsKeuuu. Ias

3TOT0 NMPHHHUMAIOT CJe1yiollHe Mephl:

a) KOHCTPYKUHMIO 3j1eKTPO/OB BBIOHPAIOT LUJIHHIDHUECKYIO, T. €.
M3rOTOBJAIOT KaTOA B BHIE UMJIHHADA M aHOI B BHIE TOHKOH HUTH
ANaMeTpoM I10pANKa HECKOJbKHX NEeCATKOB MHKPOHOB. ¥Be/HYEHHe

15 3anuTa oT payMoaKTHBIBIX H3JyueliMil
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HanpPsZAKCHHOCTH 110J1A BO3JIe HUTH O6ecrneunBaeT GOJMbILYK CKOPOCTL
3/CKTPOHOB MPH CPaBHUTEJNbHO HEGOJBIIOM HanpsxeHuu. Pabouee
HaNpAXKCHHE Ta30BbiX CUCTYHKOB He npepocxoiuT 1000 6;

6) BBOIAT B Pa3PSIHBIN NMPOMEKYTOK Ta3bl C HH3KHM HOHH3AILH-
OHHbIM [OTeHnyaJsoM. Ta
KHM T'a30M, OAHOBPEMEHHO
VIOBJICTBOPAIOIIHM H ApY-
rHM TpeOoBaHusAM, sABJSCT-
Csl apros;

3) npu HaMoJIHEHHH
L YKa3aHEHbIMH rasaMuy CcyeT-
YHKH TepMeTH3UPYVIOT, UTO
103B0JaseT 1noJ06paTh Oll-
THMAIbHOE 1aBJeHHE rasa.

Ecan cuumaTbh BOJLT-
aMIepHYI0 XapaKTepHCTH-
Uy Ky CcueTyHKa INpH pasauy-

HbIX HOHM3HPYIOIIHMX H3.,Y-

YeHHAX, TO MOJVUHUTCA ce-

Puc. 44. BoasraMnepnas xapaxrepuctuka ra-  MeHCTRO BOJIbTaMIIEPHBIX

30BOTO CYETYHKAE YaCTHL XapaKTepMCTMK’ B KOTOpoe

B KaueCTBe HapaMETpa BXO-

AUT HOHM3WPYIOLLasl CrIOcOOHOCTL W3JlyueHus (puc. 44). [Ipu sTom

B BOJLTAMIEPHOH XapaKTePHCTHKe BHIABAAITCH Caeayioutie TPA
obJacTu:

a) obnacte BC, rie coxpamsercas Ta POIOPIUHOHABHOCTE
MEXIy CHJIOH TOKa W MOHU3UPYIOUIEH COCOGHOCThIO H3Jly4eHus1, KO-
Topas umeercsa B 00.1acTv Hachimenus. BC HasbiBaeTcs nosToMy 06-
J1aCTbI0 NMPOMOPIHOHAJNBHOCTH T'a30BOT0 YCHICHMUS; ~

6) oGnact, CD, rie ykasaHHas NPONOPHHOHAABHOCTL MOCTe-
[IEHHO Hapymaercs, HasbiBaeMas 00JaCTbl0 OrPAHMYEHHOH Mponop-
HHOHAJbHOCTH ra30BOT0 YCHJCHMSA;

B) o6sacth Bhime Touku D, r71e cuia TOKa He 3aBHCUT OT WOHH-
3HpyIOuIed cnocoGHOCTH u3yyenns. Ce10BaTEbHO, B 5TOM PEIKHME
Ta30oBbiif Paspsil, BOSHHKIUMA NPH JEHCTBHH W3IY4CHMS, MONKET cy-
UIECTBOBATL W N10CJE NpeKpauieHns AeHCTBHUS W3Jy4eHHs, T, €. 1o-
Jydaercs caMocToATeIbHbIH paspaix. O6sacts Buime Touku D Ha-
3biBACTCs 001aCThio CaMOCTOATEbLHOTO pa3paia uau obaactbio eii-
repa.

B sasucumoctu or BbIGOpa pexuma rasosoro YCHJIEHHS pasJiH-
4alo0T CHETYMKU [POMOPLMOHAbHBIC, DalOTalomue B pexHMe Mpo-
TOpUHOHANbHOCTH, H cueTunku [efirepa-Mioanepa, paGortaomue B
PEXHMC CaMOCTOATe/IbHOTO paspsita. [IpenmymecTBom mponopio-
HAaJbHBIX CHETYHKOB SIBJASETCA HMX CNOCOOHOCTL Pa3/MuaTh YacCTHIbI
Pas/in4yHO# MPUPOAL H Pa3JIMYHON HEPruH, T. e. obecrneunBaTh HM-
TYJbChl TOKA WJIH HANPSAMKEHHsA, BEJAUYHHA KOTOPHIX NPOMOPIHOHAD-

Ia

|
1

a
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Ha HOHU3UPYyloWe#d crnocoOHOCTH yacTul. [IPUMEHss 3JEeKTPOHHbIE
YCTPO#CTBA, OTIEJAIOHE OAMH OT APYFOr0 WUMIYJLCH pPa3jiHYHOMN
BEJIHYHHB (2MIJIHTYIHBIC IUCKPDUMHHATODPH M OTPAHUUHTENH), MOXK-
HO C MOMOU[bIO NPONOPIHOHAALHBIX CUETUMKOB CUMTATH HMIYJbChI
OT 0-4aCTHIL, OT(PUALTPOBBIBAA OT HUX MMIYJALChI, CO3JaHHbIE APY-
FHMH YaCTHIAMH, JAHOO MOJYUUTH IHEPreTHYECKUH CIEKTpP H3Jyye-
nuad. OgHako KO3QQUUHEHT razoBOro ycuseHus (T. e. OTHOLIGHHE
TOKa B PEXKUME BTODHYUHON MOHH3aLlUM K TOKY HaCbilIeHHs) nponop-
1H0HaJdbHbIX CYCTUHKOB HE [PEBOCXOAUT HECKOJbKHX COTEH, 4TO HAB-
gserca ux negocratkoM. CueTunku [eiirepa-Mioanepa, uao6opor,
JaloT BO3MOXKHOCTb [10JIY4HTb OUeHb OOJbLIHEe HMITYJbCHI TOKA H Ha-
NpAKEHUs, HO HEe [103BOJAIOT Pa3/iuyaTh PEruCTPHPYEMble 4acTHIlbl
10 aMlIuTynam uMayJabcoB. Kpome Toro, pexum [efirepa mosyua-
ercsl npu 6oJiee BHICOKOM HaNpsi?KeHUM, UCM DEXKUM [1PONOPIUOHAb-
HocTu. UroObi obecrmeuuts pexum [efirepa npu HanpsxKenuu, He
npesocxogsamem 1000 6, HeoOxonuMo nogo6path raz C HHU3KUM T110-
TEHIIMAJOM HOHH3aluu (OObBIYHO aproH C MPUMeCAMHU MHOr0aToM-
HbiX T'a30B WJY TajOreHOB) W ONTUMAaJbHOE faBJeHue Taza (rnopsn-
Ka HECKOJIbKUX CAHTUMETPOB PTyTHOTO crosba). [TosTomy cueTunku
Iefirepa-Mioaiepa gOJXKHBL ObiTh TePMETHYECKH 3aKPBHITHIMH, YTO
3aTPyAHACT UX MPUMEHEHHe /s PETHCTPALUU Q-U3JIYYCHHS.
CymecTBoBaHHe yKka3aHHbix o0JyiacTell B pekuMe razoBoro ycuJe-
Husi o0DbACHAETCH CaeIyIOmMMH QU3HYECKMMU [POLeCcCaMud B CyeT-
ydke. B objaacri nponopuioHanbHOCTY YMCJAO JaBUHH NPUOIH3UTEb-
HO PaBHO YHCJY TIEDPBHYHBIX JEKTPOHOB M MO3TOMY HOHH3aIUOHHBIH
TOK NPOMOPUUOHANEH TOKY HAChimeHUs, KOTOPHIH, B CBOW Oyepeib,
TPOMOPIHOHAJIEH HOHHU3UPYIOmEH CNOCOOHOCTH M3Jy4YeHUs (JIHHHA
ab na puc. 44). Ilpu yBenuuenuy HanpsiKeHuss PacTeT YHCJAO SJEKT-
POHOB B JIaBHHE, HO UHCJIO JIaBHH [TOUTH HE MEHSETCH W OCTaeTcsl paB-
HBIM 4YMCJy [ePBHYHBIX 3JeKTpoHoB. OmHako npu mnepexone B 06-
JacTe OO0JbWINX HanpsKenuH, T. e. B 006/MacTb OUpaHuyeHHOH mnpo-
MOPIHOHANABHOCTH, TOCTONEHHO HAaYHHAET UTPaTh 3aMETHYI0 PO.1b (o-
To3MHccHs Katoila. PoTosmuccHsl KaToAa BbI3BaHa TeM, UTO B JIaBH-
He, KPOME [1POIECCOB HOHMU3ALUA, MTPOUCXOAAT IIPOLELCCH BO3OYXKae-
HUA aTOMOB rasza C MOCJAEAYIOmMM MX BO3BPameHHEM K HOPMaJb-
HOMY COCTOSIHMIO U BbicBeuHBaHueM (oronoB. [Ipu nanpsxkenuu, co-
OTBETCTBYIOmeM 00/iaCTH OrpaHUUCHHON [PONOPIIHOHANBHOCTH, UYHC-
J1o (DOTOHOB B JIaBHHE HACTOJILKO BO3pacTaeT, yTo GoTo3¢heKT Ha Ka-
TOAE CTAHOBUTCA 3aMETHbIM, W YHCJO JIaBMH OTJHYaeTCss OT 4ucJaa
MePBHYHBIX 2JIEKTPDOHOB Ha BEJHYHHY YWCJa JaBUH, CO3JaHHBIX (o-
TosJeKkTponamu karona. Ilpu 2mom nponecc o6GpasoBanusa (oTo-
3JIEKTPOHHBIX JIaBHH MOXKeT MOBTOPSATbCA MHOrokpatuo. C yBesauye-
HUEM YMCJIa JaBHH BO3HUKACT W NPUUHHA, OTPAHHYUBAIONIASA UX pa3-
BuTHe. JlaBuibi BO3HUKAIOT TOJbLKO Ha HeGOJBbLIOM pPaCCTOSIHUH OT
HHTY [MOpsAAKa ee paguyca, T. e. B 00J1aCTH CUJBLHOTO [OJIS, TIPHUYEM
HJIEKTPOHBI OBICTPO yXOAAT HA HUTb, a OCTABIUHECS WOHBI OKPYIKaloT

15%
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KUTb TIOJIOKMTEJABHO 3apS’KEHHBIM 4YeXJOM. JJEKTPHYECKOe TOJL
MEXKAy HMOHHBIM UYeXJIOM H HHTbIO HalNpaB/JA€HO B CTOPOHY HHTH
(puc. 45), 1. e. HaBCTpeYy TIOJIIO, CO3MAAHHOMY HATPAKEHHEM MEXK1Y
HHTBIO U Katogom. B pe-
3yJbTaTe HOHHBIA 4yexoJ
ocs1abasieT moJie BO3Je HH-
TH, YTO TIpensTCTByeT pas-
BUTHIO JaBun  (puc. 46).
[Ipn onuoM 1 TOM XKe Ha-
npsiKeHuH (cM. mpamyio cd
Ha puc. 44) uem Ooublue
YHCJIO0 TIEPBHYHBIX 3JEKTpPO-
HOB, TeéM OOJblle AOJXKHO
ObiTh W JaBHH (B TOM 4HC-
Je H  (GOTOJEKTPOHHBIX).
Onnako npu 60JbLIOM 4YHC-
Je JaBHH yBeJHuyuBaercs
WOHHBIII yexoJ, 4yTo 3aMen-
JsIeT poCT TOKa € yBeJauye-
HHeM HOHH3VIoHLEH crmocol-
HOCTH H3JyueHus. JTo Ha-
pylleHHe [pONOpLHOHAMb-

Puc. 45. daekTpHUecKoe noJje MeXAy 3JaeKT- HOCTH BBIPaXKEHO TeM pea-
poiaMi ra3oBoro CYeTuUHuKa 4YacTHLL 0OpH
HaJUiHH HOHHOTO 4eXJja BOKDYT HHTH: qe, 4eM 6oJiblile Hanpsxe-

!l — anonx; 2 — xatold; 3 — HOHHBIA 4exon; 4 — HHe, Tak KaK ¢ TIOBHIlIE-

3JIEKTpDOHBL
HMeM HanpsKeHus pacTeT
CHJ1a TOKa, H CJef0BaTesIbHO, TJIOTHOCTh MOHOB B 4yexJe.

[Ipu ganbHeiinieM yBeJMYCHHH HANPSAKEHHA  BOJbTaMIIEpHbBie
XapaKTePHUCTHKH CJAHBAIOTCA. Y3Ke TPH TIPHOIMMKEeHHH HampsiKeHus
K TOYKE CJHAHHS XapakTepHCTHK (rTouka D) uncao $oTO3.1eKTPOH-
HBIX JaBUH TPEBOCXOJIMUT 4HUCJIO0 JaBHH, CO031aHHbLIX TEePBHYHHMHU
s.1exTpoHamil. Ho mpounecc NOBTOpeHHA JlaBHH OCTaeTcss elle 3aTy-
xafomnM. [IpH HanpsKeHHH, TpH KOTOPOM MpoIecc NOBTOpeHHs §o-
TO3JIEKTPOHHbIX JIaBHH CTAHET HapacTaloUIHM, BO3HHKHET CaMOCTOs-
TeNbHBN paspaj, NPOAOJKAMHUHACS H TIPH OTCYTCTBIH HOBBIX TIep-
BHUHBIX JeKTponos. CHia TOKa caMOCTOsITENbHOTO paspsjpa, CJaelo-
BATEJNBHO, HE 3aBUCHT OT MEpPBHYHOA HOHH3ALHH, a ONpegessercs
VCAOBUSIMH DABHOBECHs] MEXKJy (OTO3JIeKTPOHAMH, BO3HHKAKOUIHMH
Ha KaTopme, ¥ CO3falomMMH UX (OTOHAMH, BO3HHKAIOIIIUMH B JIaBHHE.
AT0 paBHOBECHE AOJIKHO COCTOSITh B TOM, YTO YHCIO (POTOHOB, BO3HH-
KalouiuxX B JaBHHE, NO/KHO ObITH JOCTAaTOUHMIM, 4TOOBI Ha KaToIle
5 peayabTate (HOTo3(pPeKTa 0CBOGOAHICH XOTA Obl ONHH JIEKTPOH.
C mosbimienHeM HanpsiKeHus cHopMyJAHPOBAHHOE YCI0BHE CaMOCTOs-
TEJbHOTO pa3psaa BHINOJHACTCS NpU O0JblleM TOKE, II03TOMY BOJIBT-
amliepHasi XapakTepHCTHKa NPOJOJKaeT BO3PacTaTh.

Z
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Ilpu pasBuTHH CaMOCTOSITE/IbHOTO Pa3psina BOKPYT HUTH BO3HH-
KaeT W DacTeT HOHHbBIH .

yexoJ, KOTOpbIH ocnab- Ure é[c% =g:-11

JSIeT TIoJie BO3Jie HUTH H £~

CAYKUT TIPMYHHOH TIpe- .
KpauleHus caMocCTosi-
TesbHoro paspsaa. [loc-
Jie 3TOrp HOHBI JBUKYT-
¢sl K KaToiy M MoOryT ocC-
Bo0OKAaTb Ha HEM B pe-
3yJbraTte BTOPUYHOH
SMHCCHH 3JIEKTPOHBI,
KOTOpHi€ BBI30BYT HO-
BHIH  CaMOCTOSITE/IbHBIf
pa3psig, T. €. TIOBTOp-
HBIH  UMIyJbC  TOKa.
ATOT UMNYyJabc TOKa, §B-
ASOUACH  JIOXKHBIM  C
TOYKH 3pPEHHs1 perucrpa-
1LY 4acTHIl, MOXKeT No-

ASY
Anod T4 — — — — —

BTOPATBC  MHOTOKpaT- -
no. IToatoMy B cueTulke L =%
lefirepa-Miossiepa  He- § g

g §

00X01MMO NPHHATH Me-
pel K TOMYy, 4TOObl He Puc. 46. Pacnpeleienne noTenuuaia . Hanps-
JOTIVCTUTD OBTOPEHHs AKeHHOCTH T0Js MeXK1y HHTLI0O H UHJHHAPOM:
. ! — npu otcyTctBHM MoHoB, // — npH HaJHYMH HONOB;
Mcnynbcar BbIEiBaHHOFO I' — pacCcrosinie ot HCHTpa HHTH, L,— noteHUIa1;
perucTpupyemMon 4yacTrH- E, — narpyxennoctb nonas

neil. DTH Mepbl Ha3bIBAIOTCS ralleHHeM paspsafga B CueTHHKe.

lawenue paspada 6 cuervurax Ieiicepa-Mro.arepa

B cuerunkax TIefirepa-Mionnepa npumensiorcs asa cnoco6a ra-
IIeHHS:

1) 3a cder mpomeccoB By BHEIHHX LENAX, TIPHCOCTHHEHHBIX X
CYCTUHKY;

2) ¢ NOMOUbIC «racsipero» rasa, BBOGHMOr0 B 00beM CUETYHKA.

CyeTyuxH, coaepxkauiie racsamHi ras, Ha3biBalOTCs CAMOTaCsIId-
MHUCS; CYETYHKH, TpeOylomHe aJs ramleHus M3MEHEHHs BHeluHed ue-
TIH, Ha3bIBAIOTCA HECAMOTaCHIIHMHUCH.

Hecamoeacawuecs cuerwuku [eiieepa-Mrwoasepa. Tpunnun ra-

‘TIeHHs B HECAMOTacsailHXCsa CueT4MKax 3ak/jpouaercs B TOM, 4TO X

MOMEHTY IIPHXO1a HOHA Ha KaToj, I'1€ OH MOXKEeT OCBOOORMTH 3JICKT-
POH, HadpsKeHHe MEXKNYy HUTbIO H KaTOJOM TIOHHXKAeTCs 10 3Ha-
YEHHS MEHbIIero, yem HampsiKeHde HauaJsa obsnactu [efirepa. B pe-
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3yNnbTaTe NOHMKEHWS HaNpsKeHus OoCBOOOIHBIUMACA 3JEKTDOH He
BBI30BET B CUCTUMKE HOBBIH CaMOCTOSTeNBbHBIH paspan. [lonumenue
HalpsXKEeHUs1 1O0CTUraeTcs 1BYMs crnocobamu.

Facamee compor usaeunne [a3oBbil cueTuuk OGBIUHO
IPUCONMHACTCA K MCTOUHMKY NMHTAHHS Uepe3 COMPOTHBJEHHE, OCHOB-
HbBIM Ha3HaueHueM KOTOPOTO SIBJAsETCH [peofpa3oBaHue WMIYJabCa
TOKa B uMnyJbc Halmpsaxenus (puc. 47). HeficTBHTeJbHO, ecan Obl
T4Koro COMpoTHBJICHuA He Ouijo (puc. 47, @), TO HalpsaKesaue ua
cueTunke ObljIO OB TOXKJECTBEHHO PABHO HANpPSXKEHWIO MCTOYHMKA
4, =U, HesasucumMo OT TOTO, MPOHCXOAMT Ju B CYCTUHKE TaA30BbIit
paspsai. Ilpu Haiunuun conporusnenus (puc. 47, 6) u, = Us—i,R,
M0STOMY npu OTCYTCTBMHM paspana 4,= U, (rak kax i,=0), a npu

o = R + R
]
| _1G
Y Uy Y% Uy U 9...',..
| Y | gy 5
# B # -———
a g -

Puc. 47. Cxema mnpucoequHeHds <cuetumka Puc. 48. Cxema mnpucoenmve-
Teifirepa X HCTOYHHKY TIHTaHHA HHA cuerunka [efirepa k Hc-
TOYHHKY [HTaHHA C Y4YeToM

napasuTHOH eMKOCTH

paspsine, BbI3BaHHOM B cueTuuke wactuuefl, u,=U,— i, R; caexosa-
TEJIbHO, NPy KaXk0M pas3psje HanpsKeHue Ha CueTYMKe yMEeHbIlaeT-
CAl HA BeJIMUMHY najeHust Hanpsi’KeHus Ha CONPOTUBJAeHUU R OT pas-
psAHOro TOKa. JTO BpEMEHHOe yMeHbLIIeHHe HampskKeHnus ¥ cocTas-
JA€T TOT WMHNYJbC HANPsAMKEHusi, C MOMOLIbI0 KOTOPOTO PErucTPi-
pyeTcs uyacTuua. B nmaysax Mexay uMIYJIbCaMu HanpsKenue Ha
cueTuyke U, paBHO HanpsixKenuto ucrounuka U, Tak Kak cuiia Toka
i, =0.

B Tom cayuae, korja conpoTuBieHue R BHIIOIHAET TaKyilo GYHK-
im0 npeoGpa3oBanus WMIY/bCAa TOKA B MMIYJbC HANPAXKEHHHA, OHO
Ha3LBAGTCA HaAarpy3oudwM conporuBaesHueM. OO6buHO
HArpY30UHOE CONPOTHBJEHWE cueTynkKa BHOHpawT nopsaika l—
2 meom. TIpu TakOM 3HAYCHUH CONPOTHBJEHHS HMIYJIbC HaNpsKeHus
i, R man (10— 1—10° 8) no cpaBHEHHIO ¢ HalpsiKeHHWeM HCTOUHHKA
U, Hanpsikenue Ha cueTuMKe [, M3MeHSIETCA HACTOJIbKO HE3HAYH-
TEeJIbHO, UTO He BBIXOLHT u3 o0Jactu [efdrepa (CM. BOoJAbTaMIepHYIO
Xapakrepucruky puc. 44). Ecau XKe Benuuuny CONpOTHUBJICHHS BBI-
6paTh Bo MHOTO pa3 OoJbllie#, TO WUMIYJLC HaNpsAiMEHUs YBEJHUYHT-
¢l u Hanpsxenue 4, = Uy—i,R B0O BpeMs pa3psjia CTaHET MEHbIIE,
YyeM HampsiKeHue Hauasa obJaactu I'efirepa. B atom cayuae compo-
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TUBJCHHE Ha3bIBAGTCA racsiliyM, Tak Kak OHO NpejoTBpamiaeT B03-
MOKHOCTh IIOBTOPEHHS] CaMOCTOSTENBbHOTO pa3psna OT 3JeKTpoHa,
0oCBOGOIKICHHOTO HOHAMHU Ha KaToje. BeanuwHy racsimero CONpOTUB-
sennst BeOupaoT o0buHO mopAnka 102—10% meos, uTo COOTBETCT-
ByeT HMITY/1bCY HampsKEeHHs nopsanxka COTEH BOJbT.

HenocTatox npuMeHeHHs racsauiero CONpPOTHBJEHHS 3aKAYaeT-
cq B caeayomeM. Mex 1y HATbIO ¥ KaTO10M CUCTUHKA, & TAKIKe MEeX-
1y COGTHHHTENbHBIMM NPOBOJIAMH W 3JEKTPO1aMu  YCHIUTENbHOM
JaMIbl, NPHCOeJIHHEHHOH K CUETYHKY, CYIIECTBYET EMKOCTb. Jrta
napasHTHas eMKOCTb 9KBHBAJICHTHA KOHIEHCATOPY, BKIOUEHHOMY Tia-
panajeabio cueTunky. OHa 3apsiKaercs OT WCTOUHMKA HampAKeHus
no Bedawuunbl Uy u Npu rasoBoM paspsAne B CUCTUHKE pa3psaXKaercs
yepes Hero. [yt BOCCTZHOBJEHMS HANpPSKEHHS Ha CUETHYHKE MOC/e
paspsiia J0 NEPBOHAYAJBHOrO 3HAUEHUs HEOOXOIUMO, yToOBI Napa-
autHas emkocTb Co (puc. 48) cuHoBa 3apsinuwiachk 10 HanpsAXKenud
U, uepes conpotusJjenue R. IIpu GosbINOH BequuuHe TOr0 Conpo-
TUBJICHHS NIPOILECC BOCCTAHOBJCHHSA HANpAKeHus TpeOyeT 3HaUHTEb-
soro spemeny !, Cjie10BaTesbHO, racsauiee CONPOTHBJ/ICHHE BO MHOrO
pas yBeJuuuBaeT NPOMeXKYTOK BpEMEHH IOC/He paspana B CUETUHKE,
yepes KOTOpHIA Cjejyloumias uacTHla MOXKET Bbi3BaTh B HEM pas-
ps1 NpH HOPMAaJIbHOM HalpAMKEeHuH W CO31aTb HMIIYJbC HOpPMaJbHOH
BequunHbl. JpyruMu caoBaMu, racsugiee CONPOTHB/CHME yXyauiaer
paspematouyto cno coOHOCTb CUCTUHKA, NOX KOTOpOH TO-
HUMaeTcsl MHHHMaJbHbI{ NPOMEeXKyTOK BPEeMEHH MEXAY AByMs nona-
1aHUAMH B CYETUMK YACTHIl, KOTOpble OH PEruCTpHpyeT Kak oOT-
TeJbHBE.

Facamasa cxewma. Jpyro# cnocol NOHuAKEHus HaNpsAXKeHus
Ha 2JIeKTpOo1dX cyeTyydka 3akJaruyaeTcd B HPHCOQHHHEH‘HH K HEMY CIie-
UHaIbHON (racAwedl) CXeMbl, resepupylouieil oTpuUaTe/bHbI HM-
UyJAbC HANpAKeHus Tpu KaXKAOM paspsage B cuerdnke (pwuc. 49).
Jl1s 3To# uesu nmpuMeHsercs OGBHYHO CXema 01HOBuOpaTopa, pac-
cMoTpennas Huxke. [Ipu BO3HHKHOBeHMM MEXKI1Yy HHTBIO ¥ KaTOIOM
CuUeTYHKA HMIYJbCAa HaNpsiKeHWs, BH3BAHHOTO NEHCTBHEM 4aCTHILBI,
B cXeMe 0J1HOBuOpaTOpa NpOUCXO0AAT NPOUECCH, MNpuUBOAALIME K
CKauKO00Opa3HOMY MOHHIKEHMIO HanpsKeHus MEMXIy MPHCOeIuHEeH-
HBIMY K He# 2JekTponamu cuerunka. [Ipu 3TOM HanpsakKesue O0CTaet-
e [IOHWIKEHHBIM B TeYeHHe HEKOTOPOTo BPEMEHH, a 3aTeM CKaukKoM
BOCCTAHABJIBAETCA [0 HOPMaJbHOTO. Beanunna mojyyuBuUIerocs OT-
PHLATEJNBHOr0 MMIYJbCa HANpPAKEHusl, HaKIanbBAIOWErocs Ha Ha-
npsAxende HCTOUHWKAE, PEryJupyercss Tak, 4ToObl HanpsiKeHue U,
CTa/i0 MeHblue Hampsmenus Hauana obaactu Iefirepa U,. Hauntens-

~HOCTb 3TOTO UMIIYJbCa yCTaHaBJUBaETCA HOCTaTO'{HOﬁ nJid TOro, 4To-

I Tak, nanpumep, ecam napasurHas emxoCth Co=30 MKMKG, a COMpPOTHBJE-
Hie=108 ¢M, To nocrosHnas Bpemenn Gyaer CoR=3.10—11.108=3.10—" cek. (0
nocrosnnoii spemend cm. § 1, ra. II).
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Obl HalpsiXKEHHE He MOBLICHJIOCH 1O HOPMAJIBHOFO K MOMEHTY NPUAO-
Jla MOHOB Ha KaToj.

IIpeumymectsoM racameii cxeMsl siBasercs GrICTPOE, CKAYKOO0G6-
Pa3HoC BOCCTAHOBJICHHE HAMPSIKEHUs, YTO YBEIUUHUBACT paspellarn-
1yl cnocobHocTb cueryuka. OnHako cxema npufopa CyumecTBEHHO

YCJIOMKHACTCH, TAK KaK OJHOBUOGPATOp CONCPIKUT BE 3JCKTPOHHbLIE
JIAMITBI,

Ya
7
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Puc. 49. JlnarpaMma Hanpsienuli Ha SJeKTPOAax CYeTUIKa
npH JAEHCTBHH racsliell cXeMbl:
I — racawmas cxema; /I — racsuee conporuienne; U, — navano ca-
MOCTOSIT@ILHOTO pa3spsmna

Camoeacawuecs cueryuxu ledeepa-Mroanepa. Tamenwe cuer-
UHKOB 32 CHYET TMpONECCOB B Ta3OBOM IIPOMEKYTKE YCTpaHsET
Heo0X0nMMOCTh BHOCHTL KaKHE-TUOO U3MEHEHUS BO BHEUIHIOD CXe-
My. ITosToMy camoracsimnecss cueTd4nKy e TPeGYIOT HH TacsAmero
CONPOTUBJIEHUSA, YXYNIIAIOMEro pa3pemarnnlyo cnoco6H0CTb, HU Ta-
cAmel CXeMbl, ycaoKHALmed 1pubop, M, cleroBaTeabno, obecre-
UHBAIOT XOpOWYIO paspeulalmyio cnoco0HOCTL NpH  mpocTefiureil
cxeme puc. 47, conepxameii Harpy304Hoe CONpPOTHBIEHHE nopsjika
Aeroma.

[Ipununn xeifcTBus caMoracsaullixest CYCTUNKOB OCLOBaH Ha npu-
MEHEHHI TAKHX ra30B, HOHBI KOTOPbIX, NOCTHras KaTOaa, o Tem HJH
HHBIM OPHYMHAM He BBI3BIBAIOT Ha HEM NOSBJECHHSA CBOGONHBIX 3JEK-
TPOHOB, KOTOpble MOr/IM Obl BH3BaTh JIOKHBHI paspsy. UTo6w pa-
300patbest B 9TUX NMPUUHHAX, PACCMOTPUM NIPOLCCCHI, BO3HUKAIOLILHE
Ha KaTone OpH NajeHWM Ha HEro MOHOB.

Hpu npubamkenny wona x Katony na paccrosinie 10 —~7¢y ero
[1oJI€ CTAHOBUTCA N0CTaTOYHBIM, UTOOH OH MOT BHIPBATh C MOBEPX-
HOCTH KaTONa 3JIEKTPOH # MPHCOENHHUTH ero K ceGe. [Ipu smom 06-
pasyerca HeHTpa/bHas MOJIEKyJ/1a, KOTOpas OyneT HaX0AUThCs B BO3-
OyXIeHHOM cOcTOsiHUH. JlefiCTBUTEBHO, apucoenuHuB Kk cebe 3.1ek-
TPOH, HOH 3aTPaTHJ 3HEPTHIO, PaBHYIO paboTe BHXOxa y MaTepHaJa
KarTona, a 3anac ero SHepPriH YHCJ/ICHHO PABEH €ro NOTEHLHANy HOHH-
sawnn U. CreoBatesibro. 3amac HEPruM BO3GYIKICHHOM MO.1EKYJIbI

wass
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yucaenno pasen U — . Ecau U — @>9, 1. €. U>2¢. 10 3TOT 3a-
nac sHepruu Bo30yIKJIEHHON MOJEKyJbl JOCTATOYEH, YTOOLl BHIPBATh
U3 KaTtoja elie OJHH JJEKTPOH, KOTOPHIH OKaXKeTcs CBO?OHHBIM, TaK
KaK BO30YXK/IEHHAsi MoJieKyJ/a HefiTpajbHa. DTOT BTOPOil CBOOOAHBIH
3JIEKTPOH MOXKET BHIPBIBATLCA ABYMS HYTAMHU: »

a) npu npuGJaMKEHHH K KaToxy Ha paccrosnue 2- 10 cM BO3-
OyXKJeHHAas MOJIeKy/la MOXET HEeNOCPEeJCTBEHHO MepenaTtbe CBOKO
SHEPrul0 3JIEKTPOHY KaTo/]1a, BEPOATHOCTb Y€ro Npu TAaKOM paccros-
HUM cTanoBuTcs Oau3kol K emuuune. ns storo Tpefyerca Bpems
nopsnka 2- 10—12 cek.;

6) BO30yKneHHass MOJeKyJja MOXKeT BEPHYTbCd K HOPMaJbHOMY
COCTOSIHUIO € HCTIyCKaHHeM (OTOHA, KOTOPEIH MOXKeT BBI3BATH ¢doTo-
adderr Ha Katone. BpeMsa XKusHu BO30YKICHHOH MOJEKYJ/bl MO OT-
HOILLIEHHIO K H3JyueHHI0 HMeeT mopsinok 107 cek.

B kauecTBe racsipMX rasos NPHUMEHSIOT MHOTOATOMHbBIE rasbl TH-
Na MeTaHa, apbl 3TWJIOBOrO CNMPTA, alleTOHa ¥ JAp., @ TaKke Napel
rasorenos Clp, Brg, Jo. OcoGeHHOCTBIO 3THX ra30B H 1apoB Kpome Jo,
IBJSIETCA CIJIOIIHON CHOEKTp NOrJouieHus s yJabTpaduoserosoii 06-
JIaCTH, OTYEro UX BO30YIKJIECHHBIE MOJIEKYJB JHCCONUHpPYIOT. Bpems
CYLIECTBOBAHUsI BO30YXKICHHON MOJIEKYJIbl N0 OTHOLICHHIO K JIUCCO-
nvanuu nopsigka 10— 3cek. D10 BpeMs 3HAUHTEAbHO MEHbILE BpeMe-
HY, He0GXOMMOTo /sl BHICBEUUBAHUA, HJIH BPEMEHH, KOTOPOe HYXKHO
past Toro, 4ToObl BO30YXKAeHHAsA MoOJieKyJaa NpuO/H3uIach K Karo-
[y W HEIOCPEeACTBEHHO BhipBaJa 3JeKkTpoH. [TosTomy BO3OyXKneHuue
MOJIEKYJIBl YKa3aHHBIX Ta30B H3PACXONYIOT CBOI JHEPTHIO HA JHUCCO-
[Manuio, a He Ha BHIPHIBAHME BTOPOTO (cBOOOAHOTO) 3JIGKTPOHA.
Jo He o06s1anaeT CILTOWHLIM CIEKTPOM IOTIOMmCHHA H HE HCCOnpY-
eT, HO er0 MOHIBAIMOHHBLIN moTeHuyaa (9,7 8) MeHblue YIBOEHHO
paGoThl BbIX0Ma /151 HEKOTOPBIX MarepuajoB Karonos (T. e.
U 2@), uto Takixe AejaeT HEBO3MOXKHLIM BBbIPbIBaHHC M3 KaToxa
BTOpOro (CBOGOTHOIO) 3JEeKTPOHA.

Taknum 00pa30M, CYCTUNK, HAMOIHCUIIBIT MHOrOATOMHLIM HJN Ta-
JIOT@HHBIM Fa30M I mapoM, OyJAeT caMoracsiliuMcs, TaK Kak HOHBL,
manawoullle Ha KaTod B lpolecce pa3pana, He co3nanyT Ha Heom TeX
cBOOOHBIX 3JIEKTPOHOB, KOTOpBIe MOIJIM Obl BbI3BATH JOHHBIA pas-
psinl. HaoGoporT, cyeTduK ¢ MEIIBIM KaTO/A0M, HAlOJHEeHHbIH YHCTHIM
aproHOM, SIBJISIETCS HeCaMOracsAIIMMCH, TaK Kak NOTEHUHas HOHH3a-
uup aprowa U=15,7 6, a pabora Bbixona Menu ¢=4--4,5 36, U, cae-
J10BaTesbHo, ycaoBHe U>>2¢ BLIDOJMHSAETCH, 4TO BJIEYET 32 coboii no-
sipJjeHie cBOOOJHBIX 3JEKTPOHOB Ha KaTone MHOC/Ae HEHTpasH3aluu
HOHOB.

O1naKo HaNONHEHHC CYETUMKA YMCTBIM racsuiMM ra3oM HEeBHIOJ-
HO, TaK KaK OPY NUCCOUMALUW MOBHIUIACTCA NaBJEHHE rasa, YTo H3-
Mensier peXuMm ero paGornl. [loTennuan 3akuraius CUETYUKOB, Ha-

I Tounee 610 Gnl CKa3aTh, UTO BEPOSITHOCTD JIOXKHOTO HMNYJbCa MaJda,
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[OJIHEHHBIX YHCTHIM TFacsniiyM ra3oM, BhlLle, 4ueM NP HaNOJHEeHHH ero
apronom. KpoMe Toro, B MHOroaToOMHBIX TacsmuX rasax Moryr 00-
pa30BHBATbCSl OTpHIATEJbHbBIE HOHBI, KOTOpble ABHIKYTCS K aHOLY
C MeHblIell CKOPOCTbIO, 4eM 3JIEKTPOHBI, U He BHI3BLIBAIOT JIaBHH, 4TO
yMeHblWaeT uMnyabc Toka. [Ipu 3ToM BesuuHHa HMOyJbca TOKa 3a-
BICHT OT MeCTa [ONajaHusl YacTUIE B CUCTUHK, TAK Kak 4eM jaaJjb-
le OT HUTH BO3HUKAIOT MEpPBUUHBIE JICKTPOHBI, TeM OOJIbIIHA myTh
OHU MpPOXOAAT H TeM OoJiblie BepOATHOCTb 00pa3oBaHHWs OTpHIlA-
TeJbHBIX HOHOB. [109TOMY CueTuMkM HAMNOJHAIOT WHEPTHHIM a3oM,
100aBass B Hero B KaudecTBe mpHMecH HeOOJbLIoe KOJIMYECTBO ra-
camgero raza. OnbIT MOKa3LIBAET, YTO 1Jisl TalleHHsl JOCTAaTO4YHO 10-
6aButh Bcero 10% MHOroaroMHOro rasa WJ¥ JIOJAM MPOLEHTa ra.o-
MIHOro Trasa. 310 obbscHsAeTCs caenywiiiM o6pasom.

Howubl, Bo3nuKkamwolie B Napunax BOJHU3H HUTH (JaBUHBI HAuMHA-
10T pa3BUBAThbCA TOJIbKO BO3Jle CaMOil HHTH Ha pacCcTOSIHMM NOpsKa
ee panuyca), IpOXOasAT BECh MyTh OT HUTH /10 KaTola U Ha 9TOM Mmy-
TH UCHBITHIBAIOT CTOJKHOBEHHS ¢ yacTHnaMu rasa. Tak, HanpuMep.
B cueTuuke jauamerpom 1 cam npoucxoant 10* cronxuoBennit. [Ipu
CTOJIKHOBEHHW HOHa HHEPTHOrO Ta3a C HelTpaJsbHOH MOJeKyJoH ra-
CsIero Ta3a HOH MOXKeT HeHTPa/u30BaThCs, T. €. OH MOXKET OTHSTh
Y MOJIEKYJbl TacAiero ra3a 3JeKTPOH, APeBpaTUB ee B HOH. D10 MO-
XKeT MNPOU30HTH mpH TOM YCJAOBUM, UTO MOTEHIIMaJ HOHM3aUUH Y
MHEPTHOTo Tasa BHIIe, 4yeM y racamero. Tak Kak UHCJO CTOJKHOBE-
HUil BEJIMKO, TO BeJIMKa U BEPOSITHOCTb yKa3aHHOTO sBJjeHus. TakuMm
o0pas3oM, K Karony OyAyT ABMUraThCsl TOJTBKO HOHLI racsiiero rasa,
He BHI3BIBAIOLIME Ha HEM MOSABJIEHUS CBOOOJNHBIX 3JIEKTpOHOB!.

B kauecTBe HHEpTHOro raza OObIYHO BHIGMpAIOT aprOH, MOTEHUM-
aJ nouusauuu komoporo (15,7 @) BhIlle, UeM MOTEHIHaJ HOHH3AIHH
racsiero rasa W napa (Tak, HanpuMep, aJs 3THIOBOro COHpTa
U=11,3 6, naa Clg, Brs, Jo U=13,2; 12,8; 9,7 6 ¢OOTBeTCTBEHIO).
IlaBaenue aprona BuOHpator nopsiaka 100 am pT. CT., a rajoreHHo-
ro rasa— nopsifika AecATHIX 10JeH MuJIJHUMeTpa PTYTHOro CToJba.

Camoracsiuecs C4eTYUKH C rajJOreHHBIMY rasaMu (rajoreHHuie)
00J1analoT pAnOM IIPEUMYIIeCTB [0 CPaBHEHHIO CO CUETUHKAMH, CO-
JeprK4UMMH B KauecTBe NPUMECH MHOIOATOMHbIE nmaphi (COMPTOBBI-
MU):

1. B cAupTOBHIX CYCTYMKAX JUCCOUUMPOBABINHE MOJECKYJB BOC-
CTaHaB/IMBAIOTCA OYEHb MENJIeHHO. DTo OPHUBONMT K pacxony racs-
IIEro ra3a W OrpaHHYHBaeT BPeMsl UX HelpepblBHOI paboTH, uTO fAB-
JISieTCsl WX HeJOCTAaTKOM [0 CPABHEHHIO € HecaMOracANIMMHCs Cuer-
YHKaMH. B rajloreHHbiX cueTyMkKax aTOMbl raJloreHoB, 06pa3oBaB-
uigecsd Mpu AUCCOUMAUUM, BHOBb COENUHSIIOTCS B JABYXaTOMHEIE MO-

! TTpu stoft mefiTpasusauni aTOMOB OCHOBHOrO ra3a BHCBEUHBAIOTCH (hOTOHBI
C 3Heprueil, paBHOH Pa3sHOCTH MOTEHIHAJOB HOHH3arHM OCHOBHOTO H TACSIIIEro ra-
30B, HO 3TH ()OTOHB He JOCTHIalOT KAaToAa, a NOIJIOWIaloTCs MOJNeKYJNaMH racsile-
ro rasa, KOTopbie JHCCOIHH YIOT.
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JIeKYJB, TaK YTO KOJHYECTBO Tracsulero rasa He yMeHbilaercs <O
ppeMeneM. Moaekyab Jp BOOOILE He JMCCOUMHPYIOT, BpeMs Henpe-
pLIBHOH paGOTE rajioTeHHbIX CUETYHKOB OPAKTHYECKH He OTpd-
HUUEHO.

2. XapakTCpPHCTHKH COHPTOBBIX CHETYHKOB HIMEHAIOTCH B 3aBHCH-
MOCTH OT TemnepaTyphl. [lpu Huskoit TeMnepatype (HuxkKe 20°) mapbi
ClMpTa KOHJEHCHPYIOTCS W KOJIHYECTBO WX yObiBaer HacCTOJbKO HTO
cyeT4dk nepecTaeT OHTh CaMOracCsiuMMcs. Kpome TOro, Or 3T1OrO
yXyaUlaeTcss W30/1A1Hs ¥ MOTYT BO3HHKHYTh JIOMKHbIE pa3pﬂnu.uﬂ.m
raJIOTeHHHX CUCTUHKOB XapakKTepHO OTCYTCTBHe TeMmepaTypHOM 3a-
BUCUMOCTH B lpenesax oT +100° g0 —80°.

3. Tanorenuble c4eTYMKH pabOTaAOT MPH HU3KUX HaNpAXKEHHSX
(300—400 8). D10 OODBACHAETCA HH3KHM [OTEHLHAJOM HOHH3ALHH
rajsoresnblx rasoB. Kag u3BecTHO, no0aBJjieHHe K OCHOBHOMy ra-
3y HeGOJIbLIOr0 KOJAHYECTBA NPHMECH, Y KOTOPOIi NOTCHLUHAJ HORISa-
LI} HeMHOTO HUXKe, 4ueM MOTeHIHaJs Bo30yKieHus MeTactabHJbHOro
YPOBHsl OCHORHOTO Ta3ad, CHHXKaeT MOTCHLHMaJs 3aXHrawua paspsana
B 3TOM rase. Jto o0bAcHsAeTcs TeM, 4TO BO30yXKJEHHBIE MeTacra-
GUJLHble aTOMBl OCHOBHOTO Ta3a, CTaJKHBasCh ¢ MOJICKYyJdaMy MpH-
MecH, MOTYT OT/JaTh UM CBOI SHEPTHIO H HOHM3MPOBATh HX (coynape-
dua BTOporo pona). ITosToMy mOTeHUMas 3aXKHraHus onpencadercs
He HOTEHIIMAJOM HOHH3aLMH OCHOBHOTO rasa, a ero MOTEeHUHAaJIOM
BO30YXK1eHHA MeTacTaOKUJIbHOro COCTOSHHA.

HenocTaTok TraJjIOTeHHBIX Ta30B — HX CHOCOOHOCTH XUMHUYECKH
B3aUMOJeHCTBOBATE ¢ GOJBIIMHCTBOM MaTepHaJjloB, W3 KOTOPLIX H3-
rOTOBJASIOTCS KaTonbi. I103TOMYy B rajioreHHbIX cueTUYHKax NMpHMeEHs-
J0TC B KaueCTBe MaTepuana Karoga aksoxar (rpagur), TaHtasn,
cTajb U BoJbdpam.

B sakJioueHie He06X01HMO OTMETHTb BaXKHYI0 OCOOGEHHOCTb Hpo-
TeKaHHa pas3psifa B CaMOTacAIMXCA CYeTUMKax. B aTHX CUETUHKAX,
B OTJHuUHe OT HecaMmoracsnyixcs, GoToHBI, BO3HHKaKOUIHe B JaBHHaX
BO3JIe HUTH, He NOCTHralOT KaTona, a Moryioumalorces MOJeKyJaaMi
racsimero rasa Ha He6oOJIbLIOM paccTOsHHM OT HUTH. CaMocToATe b
HBIl pa3psin mOAIepkKHBaeTcs He (OTOIMHCCHEH KaTOna, a ¢doToHO-
Hu3anuell Taza TeMH (OTOHAMH, KOTOPLIC yCresd HOHH3UPOBATh aTo-
Mbl Ta3a paHbllle, 4eM OHH MOTJIH CTOJIKHYTbCA C MOJIEKyJaMu racd-
nero rasa. CJenoBaTesbHO, OMHCaHHBIA Bbille (HOTOHHO-3/EKTPOH-
HBII MexaHu3M HEe OXBaThiBaeT Becb 00beM cCueryuxa, a pa3BUBaeT-
¢a BOJM3H HMTH, MOCTENEHHO pacnpocTpaHssch BaoJb Hee. Ecau
70 TOTO, KaK paspsja AOCTHIHET KOHIA HHTH, C/esiaTh ee HOTeHLHal
MeHblIe ToTeHpHaJa Haudaga objactu [eiirepa, TO CaMOCTOSITE/IBHBIH

. pas3psan NpekpaTHTCA. HOSTOMY UHOTJ1a K caMoracsumumcsd cHeTdu-

KaM MpUCOEAMHSIIOT racsulylo cxemy, KOTopas, naBas OTpHLaTe/b-
HBI/l WMOYJbC [la HUTb CUETUMKA, COKpallaeT [POJOJKHTENbHOCTD
paspanga ¥ yBEJHUWBaeT TeM CaMLIM pa3peilaloniylo crnocoGHoCcTh
CUeTUHKA.
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Cuernasn (pa6otfaﬂ) XApakTepucTuka cueTyukg
Teticepa — Mronzepa

CuerHoil, uau pa
3aBUCHMOCTb YHCJIA YACTHIL B €
POBaHHBIX CYETUHKOM (T. e, CKOpOCTH cueTa
MEXKIY HUTBIO H KaT0n0M
THBHOCTL 00pasua, ero pacnoJioxenue UT 11
Ka MOXKET OBITb HOJIYY€Ha OMBITHH 3H
B‘OJIbTaM.‘HepHa(ﬂ, C TOMOIIBIO panHOMETPHYECKOTQ nipubopa

[MpumepHeri BHJI CYETHOH XapakTepHUCTHKY T e

Ta X3apaKTePUCTHKA COCTOUT U3 TPEX YYaCTKOB
HbIH, y4acTOK COOTBETCTBYer TaKOMY HHTEpBa

), OT HanpsKeuus u

¥
J4
s It
|
1/ '
L 4
J X U U, U 0,

qu;cr.u 50. II:IpuHMeprlﬁ BH1 CUETHOM XapaKTepucTuxy
hka leiirepa: N/t — uncno wacruy, 3aperucTpi-
POBAHHLIX CYETYHKOM B MIHYTY

ROTOPOM He BCe YacTHIBI perHcTpHupyIOTCS cuerutikom. Kak noxa-
gml-}la:er onbl'x‘,gaqano 5TOT0 yyacTka U, (mopor cqei‘é) COBH&HE;:T
Hp”Lx:gsgqngﬁ:ﬁnbfemepa Ha BOJIBTAMNEPHOH XapaxTepuctiike,
woro "y - BepOS?THOCTb BO3HHKHOBEHHS 1CaMOCTOSITE. Tb-
oo nemeHb& ;grpnpyemoro apuGopoM) Tem Goabiue, yer
e epes & JJICKTPOHOB CO312eT 4aCTHuAZ B OGBEMe Cyer-
g M Uonbme hanpsixenue. Ilostomy npu HanpsiKeHus x
om :I“XI K U, CAMOCTOATE/IbHBI Pa3paa BH3BIBAIOT TONBLKO Te ua-
szm,c(ré?pue C031I10T MHOTO MEPBHYHBIX 3JEKTPOHOB, T. €. Ma-
HADAERIA BepOR Ot Savioc o s ey b YREIHACI
MOXeT ObiThb BBI3BAH HaCTHIAMH c MeHbmreo° pla3pﬂ;1a Vomeh cno.
cmoGHOCTBIO, OT4ero pacrer CKOPOCTh cqeraPl rIIOHIBprIOmEH ‘1o,
CTaTO4HO GOJILIIOM HampsisKeHIH U, BepOHTHOCpr(ljdaA;{:(li(l?OT:lPe(.)Hl\liﬂggo

2 . ;
&szﬂBAaogig&gumaerca K I 1 peructpupyiotes pee YaCTHUH, CO3aB-
M€ CYeTHYHKa MEPBUUHBIE 3JCKTDOH ’
A bl. [lostomy pann-
HEHUIee [OBBILIEHHE HampsIK A senmt
€HHUA He JHOJIXKHO BBHI3LIBAT
HHA CKOpOCTH cyeTa u Xapa opoil moe
KTCPUCTHKaA OEPeXOnuT BO BTODOI]
‘ @ o#l, noy-
TH TOPH3OHTaAbHBII yuyacTox AB (maaro). Hekotopoe OTEJI()';{EHHC

Oouei, X4PAKTEPUCTHKOA CYCTYMKA HA3BIBaeTCs

TIPH HCU3MEHHBIX MPOYHX YCIOBUAX (ak-

). DTa XapakrepucTi-
M NYTEM 3HAYUTENbHO [pome, yeM

Okazan Ha puc. 50.
. Ilepswiii, Hakaou-
Iy HanpsiKeHuii, n
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XapaKTEePUCTUKH OT TOPU3OHTAJBLHOTO [OJOXKEHHs B 3TOM Y4acTKe
0O bSICHAETCST CAMOMNPOU3BOJBHBIMY JIOXKHBIMH  Pa3panaMy, BO3HH-
KaLIMMH B CUETUMKE MOMHMO PaspsnoB, BHI3BAHHBIX PErucTpHpYe-
MBIM H3JyueHueM. Hucsao camMompou3BOJIbHBIX Pa3psAnos pacrer ¢
HanpsAMKEeHHeM ¥ B KOHUE MJaTO CTAHOBUTCA HACTONBKO OOJbLINM,
4TO XapaKTEepPHCTHKA HAYMHAET KPYTO BO3pacTaTh M MOepexonur B
TpeTu#i y4acToK — Y4acTOK CaMOTPOH3BOJIbHOTO, HEracHYIEro pas-
pana.

Bo3HMKHOBeHHE caMONpOH3BOJIbHBIX pa3psaion CBA3aHO ¢ NOAB-
JieHHeM B 06beMe CueTdMKa GOJbIIOr0 KOJH4YeCTBa CBOGOIHBIX dJeK-
TPOHOB, KOTOpBIE, ABHIadACh 10J AeHCTBHEM JICKTPHYECKOTO MO.Id K
HUTH CUETUHMKA, BBI3BIBAIOT caMocTosiTe bHbIH paspan. [Ipuunnn no-
SBJCHUS CBOOOIHBIX JEKTPOHOB OKOHUATE/JbHO CIIe HEe BBISICHEHH.
dKcnepHMeHTalbHO YCTaHOBJEHO, YTO HX KOJIUECTBO pacTer ¢ yBe-
JMYCHHEM TOKa B pa3psje 1, CaeJ0BaTeNbHO, C MOBbIIIEHHEM Hamps-
JKeHusA. YCTaHOBJEHO TaKXKe, YTO YHUCJIO JOKHBIX Pa3psinoB YBEAHYH-
BaeTcsl B CJACIYIONIMX caydasX:

1) npu HAIONHEHUH CYETYIIKA ra30M, B KOTOPOM BO3MOXKMHBI Me-
TacTabuabHble cOCTOSAHHA. MeTtacTabHibHbBle aTOMBI HCOYCKAKT (O-
TOHBI [OCJIe OKOHYaHUsA paspana;

2) mpu M3rOTOBJEHHM KaTOna W3 MaTepuaja € Majoil paGoToit
BBHIX013;

3) mpu 3arpsA3HEHUH KaToJa 4YACTHYKAMHM MbLIM W TPA3HU.

KpoMe yxa3zaHHBIX SIBJIEHHH, NpPH yBEJHUYEHHM HaNpskKeHUs pa-
cTeT paspsAIHbfA TOK M, CJe0BaTebHO, YUHCJAO MOJIEKY., yYacTBYIO-
KX B paspsijge. [Tostomy B camoracAimuxcs CUETYHKaAX pacTeT H
4HCJA0 TEX MOJIeKyJ racsiiero rasa, koTopsle 0cBO0OIAT Ha KaToie
3J1eKTpPOH paHblle, YyeM OPOH30HIeT MX JHCcCOMHanMs.

[To yxa3aHHBIM NPHYMHAM 1Js yIJAHHEHHS NJ1aTO W yMEHbUIeHHS
€ro HakJOHa MPHHUMAMIOTCHA CACAYIOIHE MEpHL:

1. Jo06aBiasiioT K OCHOBHOMY rasy He00.bliOe KO.JIH4YEeCTBO MpH-
MeCM, y KOTOpO# moTeHuHdas] HOHM3AUHW (HampuMep y aproma
15,8 6) HEMHOT0 HHXKe MOTeHuHana BO3OYKAEHHs MeTacTabu/bHOrO
YPOBHA OCHOBHOTO rasa (HampuMmep, y HeoHa 16,6 ). [Ipu sTom emge
B npouecce paspsana MeracTabujibHble aTOMBl, CTaJKHBasChb ¢ aTo-
MaM#{ NMPHMMECH, OTZAIOT MM CBOIO SHEPrUI0 W MOHU3UPYIOT UX (yaap
2-ro poaa).

2. Mz6erator npuMeHeHHs 1Jisi KaTOJ0B MaTepHason ¢ Masaoil pa-
60TON BBIXOJa W MCMOJB3YIOT AJs 3TOH LM Melb, rpadur, CTaip H
AJHIOMUHITH, npyYeM aJIOMUHMHA DOKDBIBAIOT H3HYTPH LANOH-IaKOM,
4yToOBl YCTPAaHUTh BO3MOMKHOCTH 00pa3oBaHUsi OKHCJOB, GOnajpal-

" WX Maaofi paboTofl BHXOnA.

3. CueTyux nepen OTKAuYKOH AETrasupyioT, T. €. MPOTPEBAIOT HJH
TPEHUPYIOT Pa3psiiHbIM TOKOM B armocdepe xuciaopona. B pesynb-
TaTe U3 MeTaJjljla BbIJEeJAIOTCS OKKJIOAHPOBAHHEIE B HEM Ta3bl.
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4. Tmaure.nbﬂo OUHINAIOT MaTepuaa KaToja OT TPsA3H U IbLIH
NPOMBIBKOH H OTXHIOM.

[IpakTHyeckoe 3HayeHHe CUeTHOH XapaKTepPHUCTHKH 3aK.10:MaeTCs
B TOM, YTO OHa 1103BOJISIET OlpeJie/TUTh KayeCTBO CYeTYHKa I BHOpaTh
ero pabouee Hanpsikenue. KauecTso cueTynKa TeM Bhillle, YeM HHIKE
y HEero nopor cuera, AJHIIHee Y4aCTOK IJIATO M 4eM MeHbllie HAKJIOH

Y,
GJZ
fa

0 U,=800+9006 U;=1200¢ Ug

Puc. 51. Ompexerenue xadecTBa cueTHika 1o €ro
CYETHOH XapakTepHCTHKE:

R Oy ot b e LA e e
v ORI T
l/dj / ("-//t)z
W),
7 Jq

Puc. 52. CemeiicTBO cueTlbix  XapaKTepHCTIIK npH
PA3JIHYHOM Hifcle YacTHIl B MHHYTY, I€ficTBYIOLLHX
Ha CYeTYHK

370r0 yyactka (puc. 51). PaGouee manpsimKenue JNOMKHO COOTBET-
CTBOBATh yYacTKy nniato, B 3ToM yuyacTke, BO-NepBLiX, moayyaercs
Hau0Oo/IbIIas YYBCTBUTENLHOCTh CYETUHKA, BO-BTOPLIX, CKOpPOCTb cue-
Ta MpOMOpPIUOHA/IbHA YHCJAY YaCTHIL B MHHYTY, JelicTBYIOmHX Ha
CYETUYHK (pHC. 52); KpOMe TOTO, OHA MaJjiO 3aBHCHUT OT HanpsKeHus
KoTopoe Moxer ObiTh HeCTabuJbHEIM. BeiGHpas nanpsikeHue B npe-,
A€Jax I7aTo, cae1yeT CTPEMUTBCA K TOMY, YTOGLI -OHO GO Mo BO3-
MOXXHOCTH MEHBIIHM (NPUMEPHO OTCTOSIO Ha HECKOMLKO AECHTKOB
BOJILT OT JIGBOTO Kpasi IJ1aTO), TaK Kak B JIEBOH YACTH MJA4TO MEHb-
llle CaMONPOM3BOJILIBIX Pa3paAnOB. B caMoracsamuxes cueTunkax BhI-
6op HanmpsAXKeHHS B JIEBOH YaCTH IIATO YIJIHHSET CpOK HellpephIBHOM
PaboThl, TaK KaK 4eM HHKe HalpPSIKEHHE, TeM MeHblle U CHIA TOKA
(cMm. obaactb Tefirepa B BosbTaMIepHO XapakTepHcTHKe puc. 44)

H, c/es10BaTe/IbHO, B pa3psje yyactyeT (
, I JHCCOUHHPYET) MeH
MOJIeKYJ racsiuero rasa. pyer) oe

%
5
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Ta3osble cueTduxy 4acTuy 048 PASAUUHLLY U3AYHeHU

[ocse onucanus o0WMX TPHHLUHKIOB yCTPOHCTBA Ta30BbIX CUETUH-
KOB YaCTHL CJel1yeT yKa3aTb Ha HX OCOOeHHOCTH, CBA3aHHBe C [IpH-
MEeHEeHHeM JJIsi PerHCTpalliy PasJHUHBIX H3JyYeHHI.

Jlas cuyeTa @-4acTHIL, Kak ObLIO yKa3aHnO, MIPHMEHAIOTCS pOINOp-
LHOHA/AbHble CUETUHKH, MO3BOJAAIOMHe OTHeNHTL OO0JbLIHE HMIY/bChL
TOKa, CO3[aHHBle «-UaCTHIAMH, OT OCTaJbHBIX HMIYJLCOB (B TOM
ygcJae OT NOMeX), a TaKiKe NMPOU3BCCTH aHAJJH3 w-YacTHIL MO 3HEp-
rusM. Takue cH4eTYHKH OGLIYHO JIeNaloT OTKPBITBIMH, YTOOH HCK/IO-
YHTh MOTJIOLIeHHEe g-yacTHil. [Ipu 5TOM pexHM rasoBOro  VCHJICHHS
moJydaercst Mpu CPaBHUTEAbHO GOJbIIOM HANPSKEHHH MOPsjlKa KH-
JOBOJIBT, a BeJHYHHA HMIYJIbCOB TOKA [0JYYaeTcst HejocTaTouHoll
JUI8 X HemocpexctBeHHOH perucrpaund. IToatomy  nmpHMeHSIOTCS
JAMIIOBBIE yCHANTEJNH, COCTOSIIHe W3 HECKOMbKHX Kackanos. Ilis
yMeHblIeHHst paG0yero HanpsizKeHHS H yBEJHYCHHS UMIYJbCOB TOKa
Q-UaCTHILL DETHCTPHPYIOT Takke M cuetynkamu [efirepa — Mios-
Jepa. DTH CUeTYHKH Ha3biBAIOTCA TOPUOBBIMH, TaK Kak y HHUX OJHH
Topel, TpyGKHU 3aKPHLIT TOHKOH CJIOASHOH JJaCTHHKOH, yepe3 KOTO-
pYIO MOTYT IIPOXOJHTD g-4acTHIlbi. AHOX B BHie CTEPXKHS TOJNLIHHOH
MopsiKa YeTBEPTH MHJJIMMETpa 3aKpellIeH B 1pyrom Topie TpyOKH;
Ha CBOGOINHOM €ro KOHIe yKpeluleHa cTeKasiHHas OycHHKa I
yCTPaHEHHs CaMOIPOM3BOJBHBIX Pa3psloB Ha OCTpHE.

Topuosnle cuetdynku I'efirepa — Miosiepa IpHMeHAOTCA TaKKe
IS PEeTHCTPALMU MSTKOro (-H3/1y4eHHsi C SHEPrHSMH YacTHy MOpsial-
Ka JEeCSTKOB M MEepBHIX COTEH KUJI03JMeKTpoHBOAbT. [las Gosce xect-
KOTo (B-H3ayyeHusi (4acTuusl ¢ SHeprusimu 6o.ee 300 k38) HCIOJL-
3yl0TCa  [-CYETUHKH OGBLIYHOTO THIA. JTH CYETYHKH COCTOAT H3 Me-
TAJJMMYeCKO TOHKOCTEHHOH TPyG6KyH (06BIYHQ rO(pPHPOBAHHOH s
yBeJHYEHHS IPOYHOCTH), KOTOpast CAYXKHT KaTolOM, U HUTH (aHOAA),
yKpellIeHHOHl Ha ee OCH Ha H30/IMpYIOLHX NpobKax. TosmuuHa 060-
JOYKH 3KBHBAJEHTHA NpuMepHO 20 Ate/cm?, MO3TOMy (-4acTHUBI yKa-
3aHHBLIX 3HepTHil NPOHMUKAIOT BHYTPb CUETUHKa M BBLI3LIBAIOT HOHH3A-
nuio rasa. Marepuasom CTEHKH SBJASETCH AJIOMHHHH, ec/d CYeTUHK
HalloJIHEH aprOHOM CO CIHPTOM B KayectBe racsmero rasa. s ra-
JIOTEHHBIX CYETYHKOB OOLIYHO MPUMEHSIOT CTa/lb BO H3GexaHHe XH-
MHUYECKOTO B3aMMOJeHCTBHA MaTepHasja KaTOla c TacfliuM Ta3oM,
MOHHYKEHHA ero JaBJeHHst H YXYAIIeHHS ero racali#X CBOHCTB.

[aMMa-CYeTUHKI HeNoCpPeJCTBCHHO He DErHCTPUPYIOT — (OTOHHI.
Pa3psaj B HUX BhI3bIBAaeTCs OLICTPLIMH 3JEKTPOHAMH, BOSHHKAIOLIH-
MH B KaToJle CUeTUHKa B pe3yJbTaTe BO3JCHCTBHA Ha Hero y-uajayuye-
Hus. Jis UOBBIIEHHs BEPOSTHOCTH IPOLECCOB, BHI3bIBAIOUIHX MOAB-
neHue GHLICTPHIX 37eKTpoHOB ((POTO3((DeKT, KOMITOH-3(QEKT), He-
06X0/UMO yBEJIHYHThL TOJIIHHY Karona cuetdnka. Onnako TOMIIHHA
KaToJla He J0J’KHA IPeBOCX0OJHThL MAKCHMAJ/bHYIO JJIHHY CBOGOJHOrO
npoGera BTOPHUYHBIX 3JEKTPOHOB B MaTepuase katoia. Ilpu Gounb-
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IO ero TO/IUHHe YBEJAHYHTCA TOAbKO MOrJIOLIeHHe v-(pOTOHOB, HO
YHCJI0 BTODHUYHBIX 3JICKTPOHOB, NONAfalOHX BHYTPh CUETUHMKA, YIKe
He Gyner yBeauuusatbesi. Tak Kak 3Tor npober mis CYLIECTBYIOIIHX
KaTonos (Mejlb, aKBOJlar) He IpeBbIAeT NeCATHIX A0Jell MHAJHMET-
pa, TO 3TH KAaTOAbi H3TOTOBJASAIOT B BHJe TOHKOIO CJOf, HaHeCeHHO-
Fo Ha BHyTpeHHEH MOBEPXHOCTH CTeKASHHOW TpyOku *. ITosTomy -
CYUBTYHKH OOBIYHO GbIBAIOT «CTEK/JIAHHBIMH», IPHYEM CTEKJI0 OAHOB-
PEMEHHO CJTY/KHT H30J5TOPOM, Ha KOTOPOM KpeluTcs HATh. B kauec-
TBe MaTepHaia 1/ HUTH CJYyZKHT BOJAb(paM, KOTOPLIil JerkKo MOXKeT
ObiTh BHAfAH B cTeKn0. MaTepuaibl, BhIGpaHHble 15 Karolla, OT.1H-
yapres 6oabuioll paboToll BeIXOZa, 4TO HeOOX0MHMO JJs YMEeHBIIC-
HIISt QOTOSMHUCCHH, KOTOPAsi MOXKeT BBI3BATh JI0MKHbIe paspsizibl 10
nciicrsiem cpera. OrpaHuyeHHas TOJIHHA KATOAa ABJAsCTCH npi-
uHIof HU3KOM 3 dexTHBHOCTH ra30BOro y-cYeTyHKa, Kotopas Obl-
BaeT nopsinka 0,1—19, **,

B cueruikax neiitpoHos Henoab3yioTes Te we NPHHUMILL, YTO H B
COOTBETCTBYIOLIHX HOHM3AUHOHHLIX KaMepaX. CUETUHKH MejJeHHbIX
TeNIOBEIX HEATpOHOB HamoaHsoTcs BF;, B K0Topom HeHdTpoH B pe-
3y/bTale yKa3aHHOH paHee peakUMH co3Jaer Aapa JHTHA H reaus
(a-yactuupl) ¢ sHeprusmu 09 u 1,6 Mss cooTBercTBeHHO. Ipu noa-
HOM HcrO/b30BaHMM mpobera 3THX 4acTHll oGpasyercs 80000 map
HOHOB. [Jo3ToMy peXuM MoKeT GbiTh BLIGPAH TaKIM Ke, KaK H y
CYeTYHKa o-94CTHL, T. €. IPOIOPUHOHAILHLIM, YTO {103BOJsET OTJe-
JATL - IMIOYJABCHI  TOKA, BbI3BaHHBIe HEHTpOHaMH, oT apyrux. Jlas
CUeTa MeJJIeHHEIX HEHTPOHOB MOXHO HCIO/b30BATh TAKKE M CTEHKH,
MOKpbiBas MX MSHyTpU BelIeCTBOM, couepxkawuM Gop (6ypa, Kap-
6un Gopa). DPPeKTHBHOCTL STHX CUETUHKGB A5 MCITCHADIX HeHATpO-
HOB T0pAnKa HECKOILKHX NPOUEHTOB. Jls GLICTPLIX HEATPOHOB 3¢h-
(EKTHBHOCTL 3THX CUETYHKOB OYEHbL MaJa, MOCKOJIbKY BEpOSATHOCTL

1 o
peakuuui IpolopuHoraJbHa ——, Tje U — CKOpOCTL HEeHTPOHOB.
v

B 310\ cayuae npuMensores cueruliky, HanogHeHHBIE METAHOM M
APYTHMIT YTa€BOJ0POAaMH, 1160 cO CTEHKAMH, NOKPBLITBIMH BOZO-
poicOnepKAKMA MaTepHaaaMH (HAampUMeEp, rJHLEpHH).

CuPlHTHJIJIfl LIHOHHbIE CYETYHKH

OnjcannbIC Beillle CYETUHKI YACTHIL 06.121210T PAIOM CylIecTBeH-
HBIX HEJOCTATKOB, a HMENHO:

1) wemocTaTounon ‘pasperuaoueil croco6HOCTLIO, He npeBpllIalo-
weit 10~* cek.;

2) wepocTaTouHO 3((eKTHBHOCTHIO, OCOBCHHO /151 y-H3JyUeHHs;

* B ranoreHHbIX y-CYeTYHKAX Aenaercs CTAMLHOMN Katojd B BHAE OTAeJLHOf
TPYOKH, CMOHTHPOBAHHON BHYTPH CTEKJSHHON,

** DP@eKTHBHOCTbIO CYETUHKA HA3HBAETCH  OTHOILEHHE 4icna  paspsgos
B CYCTYMKe X 4HCny y-KBAHTOB, Nal4lOLKX HA NOBEPXHOCTb ero0 Karoaa.
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3) OTCcyTCTBHEM [PONOPLUHOHAJILHOCTH BeJHUHHBI _ HmnyJbca
HOHH3HpyWOUle#l cNOCOGHOCTH H3JayYeHHs B cyeTyukax [efirepa u Ma-
JIOH BeNHUHHOH MMIyJbca TOKAa B NPONOPLHOHAJbBHBIX CUETYHKAX.

OTH HeJlocTAaTKH B 3HAYHTENbHOI Mepe NPEONOJeHbl B CUHHTHI-
AALUMOHHBIX cyeTydkax. OHM COCTOAT H3 NBYX 3/EMEHTOB-— CUHH-
THJAAATOPA H (OTO3IEKTPOHHOTO YMHOMKHTENs.

. HasHauenne cuMHTHAAATOpa — Npeo6pa3oBaHHe pPerHCTPHpYe-
MBbIX YACTHL BO BCHBILIKH CBeTa (CHHHTHAMMLHH). DTH CUHHTH/IISA-
IIHH BO3JICHCTBYIOT na (OTO3/CKTPOHHLI YMHOXKHTelb, BeCcbMa YyB-
CTBHTC/ALHBIH 3/eKTPOHALH 1pH6op, M1peobDpasyoluuil CHUHTH/INALUYA
B HMIIYJbChl 3JIeKTPHYECKOTO TOKA, COCYUHThiBAeMble pagHoMeTpHyiec-
KHM 1pPHOOPOM.

\\Cﬁem A I ° ' £

Pomonamod Konnexmop

Puc. 53, Tlpmuuun HeHCTBHA (OTO3/MEKTPOHHOTO YMHOMKHTENS

DOT034EKTPORHBLE YMHONCUTEAL

@®OTO3/IEKTPOHHBIE YMHOMHTENH [pecTaBasoT co6oil KoMOH-
HaLUHIO BaKyyMHOro (OTO3/1EMEHTa ¢ YCHJAHTeseM TOKa, B KOTOPOM
MHOTOKpATHO ~HCNOJbL3yeTCst BTOpHYHAs 3MHCCHA. Tak Xe Kak H
(hoTo3/MeMeHThl, OHH NpeoGpasyloT CBETOBOi MOTOK B 3/J1eKTPHYECKHH
TOK, HO OTJIHYAIOTCA OT HHX ropa3no Gojee BBICOKOH (B MHJIJHOHBI
pa3) uyBcTBHTeabHOCTHIO. OHH 1I03BOJIAIOT DETHCTPHPOBATL H3Me-
PHTEJBbHBIMI Npi6OpaMy HHUTOXKHbIe CBeTOBble MOToku (oT 104 1o
10— momenos) 1.

Ilpunnun peficTBHs yMiloxuTeRs [0KasaH Ha puc. 53. B cTek-
JAHHOH BaKyyMHOH TpyOxe NoMellleHa CHcTeMa 3JeKTPoaoB, Io-
BEDXHOCTb KOTOPBLIX 06pafoTaHa TakuM 00pasoM, 4To HX cnocoéﬂ-
HOCTb K (POTO3MHCCHH M BTOPHYHOH 3MHccuu noBbiuiaeTcs. Ilepsuiii
3JIeKTpon CJAYXKHT (QOTOKATOAOM, Ha KOTOpBbIH HalpaBjasieTCst Perd-
CTpHpYeMbI# cBeTOBOH NOTOK, K Ka)KIOMy 3JeKTPOLYy NPHA0NKEHO
HampspKeHHe TakMM o6pa3oM, uToObi MOTeHuHasd [OBHINAJACH OT
/1eKTpoJla K 3JeKTPONy B MOpsjKe, 0603HaueHHOM GyKBaMH A, B,
C u 1. 0. DAeKTpoHBl, HelyckaeMble (OTOKATOAOM MOj JIeHCTBHEM

! HanmomuuM, 4to 1 nioMen (4M) — 3TO CBeTOBON MOTOK, TMaAAIOILHE Ha 110-
Bepxuocth B 1 M2 npH ocBemeHHocTH €e B I Jiokc (4k). 1 4K — ocBenen-
HOCTb, cO3JaBaeMad HCTOYHHKOM cBeTa B 1 cBedy (c¢8) ua paccrosuum 1 m. Ye
JIOBEUECKH TV1ag MOXKET YJaBJjHBaTh CBETOBble NOTOKH mnopsaaxka 10712 am,

16 3amwHra OT PaAHOAKTUBILIX H3JYUCHHI
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najgauero Ha Hero cBeTa, HaNpasJsioTCs K ajaekrpony A, rae s
pesyabTaTe BTOPHUHOJi SMHMCCHH BO3HHKAalOT HOBbIE 3JIEKTPOHBL
Guaronaps BEICOKOH CIOCOGHOCTH 3jieKTpona A KO BTOPHYHOH 3MHC-
CUM KaIblHl (POTO3JeKTPOH 0cB00OKAaeT Ha HeM HECKOJIbKO BTO-
PEUHBIX 3JeKTPOHOB. DTo YHCJO BTOPHUHBIX 3JEKTpOHOB (0003Ha-
YIIM ero o) HaspiBaeTcsi KO3(h(UIHEHTOM BTOPHUHOH 3MHCCHIL DJIeKT-
DOHBI BTOPHYHOH 3MMCCHH [BHXYTCS OT 3JekTpoaa A K 3JeKTpo-
ny B, rae siBneHne nosropseTcs, H T. A. B pe3yabraTe OT 3J€KTPO-
la K 3JEeKTPoAy IBIKeTcs JiaBHHOOGPAa3Hblil NMOTOK, KOTOpbid 10-
cTHraeT IOCHedHEr0 3/eKTpOJa, Ha3piBaeMoro KoJsuekropom. Ecan
YHCJIO BTOPHYHBIX 3MHTTEpPOB (JAMHONOB) PaBHO 7, TO B LeMNH, B KO-
TOPYIO BKJIIOYEH KOJIJIEKTOP, MOXKHO IOJyYHTb CHJy Toka I, KoTO-
pas B ¢" pa3s Goablle TOKa (poTokatoma lo , T. e.

=1, 5", unn S (5
0

I
Bennuuna R Hasbipaercss Kos(guuuerToM ycuierns. Pop-

0

MyJia NOKa3blBaer, YTo KO3 (HUHEHT ycHaeHHs GbicTpO pacTeT ¢
yBeJHueHHeM Ko3(duLueHTa BTOPHUHOM 3MHCCHH ¢ M UYHCJ/A Kacka-
noB ymMHOXeHHs n. Kosdouunent o JekuT B npenenax or 3 no 10
II03TOMY TeOpeTHYeCKH MOXKHO NOAYUHTh KO3(PQHUHEHT YCHJICHHA,
HanpuMep, LJsi JecsTH KacKaaOB PaBHbIM HECKOJBKHM MHJJIHAp-
naM. Ha camom nesie Takue KO3(p(pHLHEHTbI YCHJIEHHS He IOayua-
1oTcA Mo paay npiuunH. Bo-nepsbix, He ynaeTcst JOOHTbCS ONHHAKO-
BOi UYBCTBHTeJNBHOCTH IIOBEPXHOCTell y Bcex 37eKTponos. Bo-sro-
PHIX, 3.JIEKTPOHBI B A€HCTBUTEBHOCTH He TNBIKYTCS TaK, KAK IOKa-
3aHO Ha pHCYHKe; 0o.bluas 4acTb 3J€KTPOHOB JBIKETCS He kL Cclie-

JyIoLeMy 3jeKTPOoly, a Ko BCeM

ocTasibHbiM (0OCOGEHHO K KO-

,/_\/\/-\/\/\/A.nemop}), HaxoasluMes 1191
&[/\[/\f/\[/\')\[/ 60.1ee  BBHICOKHM IIOTEHLHAJIOM.
P UTo6bl  YBCJAWYHTL  YCHJIEHIE,

H\JKHO, CJlel0BaTe]bHO, Hampa-

= ] BHTBb SJIEKTI‘-OHHbIﬁ NOTOK TAKHM
Puc. 54. Cxema pacno.10keHns 3,1eKTpo- 06pa3oM, 4TOGbl 3J€KTPOHBI JBH-

N0B B ¢oToyMHOXKuTede @PIV-19 nu ~ o
DIY-25- rajgich TONBKO K OuaHxKaiilewmy
K — ¢oroxaton; A — ason (konnextop) 3JeKTpOony, T. €. HyXKHa (oKycu-
pOBKa.

B (POTO3MEeKTPOHHBIX YMHOXKHTENAX [J51 (POKYCHPOBKH HCIHO/Ib-
3y1oT 1u60 3/1eKTPOCTaTHYEeCKOe I0Jie, MO0 CKpelleHHpie 3.1€KTpo-
cTaTHYECKOe { MArHNTHOe 0. DJeKTpocTaTHyeckas (pOKyCHPOB-
Ka, Gosee pacrmpocTpaHenHasl, oO0ecleuHBaeTcss COOTBETCTByIoLIeN
dopMOii 371€eKTPONOB, OT KOTOPUH 3aBHCHT HyXHasi KOHQHIypauus
noasi, Ha puc. 54 cxeMaTHyeCcKH NMOKa3aHa JIHA M3 pa3HOBHAHOCTEH
CHCTEMBl 3JEKTPOIOB YMHOXHTEJSI ¢ 3JEKTPOCTaTHUYeCKOH (oKycCi-
poBEOifl. DTa cHCTeMa NMpPHMeHsieTcsl, B YACTHOCTH, B BbITyCKaeMbIX
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OTEUECTBEHHOH NNOMBILJIEHHOCTBIO (POTO3JIEKTPOHHBIX yMHOKHTE-
aax OIY-19 u GIY-25 (puc. 55).

Uncao xackazoB YMHOXKHTCNS H, CJef0OBaTesbHO, KO3(QdHLHMEHT
yCHJIEHHsl, He MOTYT NPeBOCXOOHTL ONpeneneHHbIX Ipenesios, KO-
TOPbIE OnpenensiloTcss OByMs ob6crositesibcTBaMil. C OHHOI  CTOPO-
Hbl, TepMIIYecKas CTOHKOCTL IIOCJAENHUX S3SMHTTePOB OrpaHHuYHBaeT
MaKCHMaJbll0 NONYCTHMBIH TOK Ha BBHIXOMe YMHOMNHTEJS. DTH 3MIIT-
Tepbl HarpepaloTes B pe3yvibTaTe OOMOapPAHPOBKII HX 3JCKTPOHA IL

Puc, 55. Buemnnii Bua doroymuoxutedeii PIY-19 (Goablini) u
DIV-25 (MeHLLUHI)

B cnyuae, HampunMep, KHCAOPOLHO-Ie3HEBHIN 3MHTTEPOB BHIXOAHOI
TOK He NOJIJKeH NpeBuiath | aa/cm? C npyroii CTOpPOHHI, NoJe3HbI
CHIrna.l MO/KHO 3apCrucipnpoBath 1HlUIL B TOM cayqyae, e€CJir OH
60:]1)1116 IIOMEeXH. C.TlcllOBaTe.IleO, MHHHMAaJdbHO€ 3HayeHHe CHIHAaJa,
KOTOPBIfi elile MOXKeT ObITh yCHJEH yMHOXHTENEM, onpefensieTcs
BEeJIHUHHON NIOMEXH, T. e. TOro TOKa, KOTOPbIi HMeeTcs IPH OTCYTCT-
BIIM CHTHaJia. JTOT TOK Ha3bIBACTCS «TEMHOBHIM TOKOM» W IIOJIyuaer-
€f B pe3yihTaTe TepPMO3MHCCHH (POTOKATONA H YTEUKH IIO CTERJY
TpyOKH.

TakuM 06pa3oM, NOCKOJBKY TOK KOJJIEKTOpa OrpaHuucH, Oec-
N10J1e3HO yBeJHYEHHe KO3((HLHEHTOB ycHJeHHsl GoJiblie TOIi BesH-
YHHBI, KOTOPasi MTO3BOJIsIeT PErncTPpHpPOBATbL CHUIHAM, OJH3KIH K YPOB-
HIO TeMHOBOrv Toka. JIpyroii npuunHoii, orpannunBaioueii KosQpdu-
LHEHT YCHJIEHHs, siBJsieTCss o0parHas cBfi3b. [lapwl mesns wnu apy-
I'€ rasbi, BHLAEJASIOUHECS W3 IMUTTCPOB GJarofaps MOBHLILLEHHIO HX
TeMIepaTypul, Bo30yXKAaloTcs I HOHH3HPYIOTCS OBHKYUIHMHCS 3JeK-
TpoHaMH. I1pH 3TOM BO3HHKAIOT KBAHTHI cBeTa M 1IOMBI, NOCTHIA10U[He
16*
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Katoga. OHM BHI3LIBAIOT IIOMOJIHUTEJIbHBIY BBIXOJ H3 Hero 3JIeKTpO-
HOB H HOBBI€ JIABHHHI, HpH onpeneneHHBIX YCJOBHSX MOXKeT NOK-
IepAKHBATHCA JIABHHA 3JIEKTPOHOB IPH OTCYTCTBHHU IIOJIe3HOro CBe-
TOBOIrO CHrHaaJaa, KOHCT‘pyKL{HH 3JIGKTPOI OB, CXeMaTHYeCKH INIOKa3aH-

Has Ha puc. 54, ycTpaHsier nonajaH{He KBaHTOB CBETA H HOHOB Ha
Karou,

L.a| 7 alm

10°¢ Lioop
107 w0

1078 10

1 1 1 | A 1 1 1
000 200 ™00 1600 1800 2000 2200 2400
Hanpawenue U, 8

Puc. 56. 3aBHCHMOCTb HHTErpPasbHON UYBCTBHUTENBHO-
ctu J, alam (1) u TemrOBOrO TOKa /¢ (2) OT Hanpsxe-
HusA Ha anode (KOJIEKTOpe)

BecbMa BaxKHast XapakTepHCTHKAa (DOTOYMHOMHTEAS — HHTer-
pajibHass YyBCTBUTENBHOCTb J, T. €. OTHOLIEHHe TOKa KOJUIEKTOpa K
BbI3BABIIEMY €ro CBETOBOMY MNOTOKY. J[lJisi NaHHOTO YMHOXHUTEs
3Ta BeJIHYHHA 3ABHCHT OT HANpPSXKeHHs, TakK KaK ¢ yBeJH4YEeHHeM Ha-
OpsIXKeHHsl PacTeT U CKOPOCTb 3JIEKTPOHOB, OT KOTOPOIl 3aBHCHT KO-
3¢ duuxent BTOPHUHON 3MuccHH. ONHAKO ONHOBPEMEHHO C YBeJH-
YeHHeM HHTerpasbHOH YyBCTBHTEJBHOCTH NPH NOBHIIIEHHH HANpH-
MeHHsl pacTeT ¥ TeMHOBOj ToK I, . Ha puc. 56 npusenen rpaduk
3aBHCHMOCTH 3THX BEJHYHH OT Hampspkenus nas PIY-19.

IIpuBeneM ocHOBHHe AaHHble pisi PIY-19, comepxaiero 13
KacKkanos yMHOXeHHs. B npenenbHOM pexume HanpsikeHnHe Mexnay
KaTONOM H INOCJIENHHM 3MUTTepoM paBHO 2010 8. [Ipu 3TOM cBeto-
Boit motok 107 .m cosnaer nocTosiHHBIE TOK Ha Bhixome 100 Mka
(nHTerpanbHas UYBCTBHTE/IBHOCTL YMHOXHTessn 1000 a/am). Katon
CYPbMSAHO-1I€3HEeBbIH, [OJYNPO3pauHbifi, HaHECEH Ha BHYTPEHHIOIO
TOPUOBYIO MOBEPXHOCTb CTeKsaa KoJalbbl. PaGowas nuowanp karo-
na—9 cm? VIHTerpanbHasi uyBCTBHMTEJbHOCTb KaTolla 26 Mkalim,
103 ajam

C/ie0BaTeNIbHO, KO3I(M(PHULHEHT yCHJIEHUS DaBeH —_— =
26.10—% alam

= 4.107,
Henocratkamu ¢oTO3/1eKTPOHHBIX YMHOMKHTeseH SBJSIOTCS BHI-
COKOe HamnpsiKeHHe NHMTaHMsA, 3HAUHTe/bHasi HeyCTOHUHBOCTbL H He-
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OQHOPONHOCTL MX nmapamerpoB. M3 rpacduka puc. 56 BHAHO, KakK
pPe3Ko MeHsieTCsl UyBCTBHTEJNbHOCTb NPH H3MEHEHHH HamnpsikKeHHs.
B cBsi3u ¢ 3TUM (OTOYMHOKHTEJIH IPHXOAHTCS MHTATh OT BHICOKOCTA-
6UJIbHLIX HCTOYHHKOB NOCTOSIHHOrO HanpsixKeHus. Has stoli uenau
NPUMEHSIIOT clelyuasibHbie CTA0HJIM3HPOBAHHBIE BHIIPSIMMTENH, Ta-
KHe, KaK HalpHUMep, BbIMYCKaeMbifi OTeUECTBEHHOH NPOMBILIJIEH-
nHoctelo «Opex», KOTophil ofecneudBaeT cTaGHJIbHOCTb BBIXOJNHOIO
nanpsikenust +=0,5% npu u3MeHeHMM CeTeBOTO HAMNpsKeHHs Ha
10%.

Hecrta6unbnocTb napameTrpos (OTOYMHOXKHTEJNsI BLI3LIBAETCS He
TOJIbKO H3MeHeHHeM HaMNpfXKeHHs, HO U H3MEeHeHHeM TeMIlepaTyphl.

Cyunrunaaropet

®oTo3/1eKTPOHHBle YMHOXKHUTENH 00ecneuuBaloT BO3MOXKHOCTb pe-
FUCTPHPOBAThL pa3/inuHble U3JydeHHs. [/ 3Toi Liean QOTOYyMHOXKH-
TeJb COYETAeTCs] €O CUUHTHAAATOPOM (¢ochopoM), T. e. C BellecT-
BOM, B KOTOpPOM Habuonaercsl payopecleHliHsl NPH NPOXOXKAEHHH ye-
pes Hero uacTHu uaM (poToHOB. Benmbillxa cBeTa (CUMHTHJJSALHSA),
Bbi3biBaeMasi B CUMHTHJJISITOpE YacTHLeH, nedcTByeT Ha QOTOKaTon
YMHOXKHTeJSI, B KOTOPOM BO3HHKAeT JiaBHHA 3JeKTPOHOB, colGupae-
MBIX KOJJIEKTOpOM. B pesysibrTaTe B LenH KoJJIeKTOpa MOJyYaercs
UMIyJIbC TOKA, BEJHYHHA KOTOPOro A0CTAaTOYHA 1J5 ero PerHcTpaiiy,
B xauecTse CUHHTHJJIATOPOB MPHMEHSIIOTCS HeOpraHH4yeckKue
KpHCTaMIbl M OPraHudYeckde CUHHTH/AAATOPHL. Ilocnennue, B CBONO
oyepelb, MOKHO pasJeJMThb Ha MOHOKpHcTaJaudeckHe ¢docdophn
M CHHHTHJJIHPYIOIHE PACTBOPBEL, IJTH pacTBOPH COAeP:KAT aKTHBA-
TOp, T. €. (ayopecuupylolllee BelIeCTBO, H PaCTBOPHTENb, B KOTO-
pOM BO3HHMKaeT MNepPBHUYHOe BO30YKIeHHS, BHI3bIBalOllee CBEUEHHE
aKTHBATOPAa H TeM CaMbIM aeficTBylollee Ha (OTOyMHOXHTeJb, Pac-
TBOPHUTEJNSMH MOTYT CYXKHUTh KPHCTAJJIB], IJ1aCTMACCH HJIH XKHIKOCTH.
U3 neoprannyeckKux CUMHTHJASATOPOB HanbOJee LIHPOKO NpUMe-
HseTcsl HomuCThI# HaTpuM, aKTHBHPOBaHHBIE TaJjjueM. DBiarogaps
BBICOKOH IJIOTHOCTH CPAaBHUTEJbHO He(OJIblIOe €ro KOJHYecTBO I0J-
HOCTBIO NOIJIOUIAET y-Jy4H B obsacTu sHepruil 0,5—1 mas,
Bera-yactuua c sHeprueiy B | Mag nopoxnaer B Hem 20—30 ThIC.
dotonos. Ero cnekTpajbHasi XapakTepHCTHKa ([oJioca LIHPHHOMN
o

- =]
800 A ¢ makcumyMoM Ha 4100 A) cooTBeTcTByeT XapakTepHCTHKe
CypbMSIHO-LI€3HEBOr0 Katoga PortoymHoxHTe s, [10 3THM NpUUYHHAM
HomucTull HATPUH SIBJsSETCA ONHHUM H3 HauboJsee 3(P(PEeKTHBHBIX H3
BCeX H3BecTHBIX Gocdopor. KpoMe Toro, noBobHO 6oJbluas mxoJs
_ JHeprHuH, NepefaHHOH KpHCTaJJly y-H3JyyeHHeM, NPEeBpallaeTcs B
CBETOBYIO 3a cueT (Qoroadderra, 4TO CBA3aHO C BHICOKHM aTOMHLIM
HoMepoMm lioma. IlosTomy ofecneunBaercss xopoluast IIPOIOPLHUO-
HaJbHOCTb MeXXIy MHTEHCHBHOCTbIC BCIEBIIIEK CBeTa H 3HEprHell
: y-KBaHTOB.
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Henocrarok fomcToro HaTpHsi — BHICOKHE TIOKa3aTelb NpesoM-
Jenust (nopsnka 1,8), KOTOPHIN 3aTpynHSieT ONTHYEeCKOe COeAHHe-
HHE KPHCTaIA ¢ KaTonoM (OTOyMHOXKUTeNsl. DTo HedOCTATOK Ipe-
ONOJIEBAIOT, NPHKJ/IEHBAsi KPHCTALI K (OTOYMHOXKHTENI0 KaHALCKHM
6anb3aMOM WJIH BBOASI MEXKIy HHMH CBETOBON» H3 OOBIYHONQ WJIH
OpraHuyeckoro crekna (swouura). Ho u B stom cayyae notepu Ha
OTpaxeHHe HA rpanHUlie pasnesa noJydawTes GoabwnMu. pyroir
HENOCTATOK — HeYCTOHYHBOCTb KpPHCTaJJa B NPHCYTCTBHH BOMSIHBIX
Napos, B pesyJibTaTe Hero NPH NJUTEbHOM BO3IeHCTBUM BO3NYyXa
OH JKeJITeeT H CTAHOBHTCS HENPO3PAuHBIM WISl CUHHTHMIAUHK. a5
YCTpaHEHHs 3TOTO 3(deKTa KPHCTaJ TepPMETH3HDYIOT, NPUKPEIBasi
€ré TOPIIb CTeKJSHHBIM HJH NJIACTMAacCOBBIM NHCKOM.

Ilpu perucTpauun a-uactuy Xopollne pe3yabTaTh AaiOT 3KpaHbl
H3 CEPHHCTOro LMHKA, aKTHBHPOBaHHbe cepeGPOM, NOAOGHBE 3Kpa-
HaM ocuninorpaduuecknx Tpy6ok. To/uMHA THX SKpaHOB HeBe-
JHKa, TAK KaK y o-YaCTHI[ NPOHHKAWIasd CnocOOHOCTh Masa, a
VAeJbHAs HOHH3ALMS BEAHKA.

Vlonucreiit Hatpuit o6iagaer Madum BpeMeHeM BhICBeUHBaHHsA
[0 CpaBHEHHIO C JDYrHMH HEOPraHHYECKHMH CLUHTHJJIATODAMH,
nopsanka (2= 3)-10~7 cex. 3HAUUTEJNBHO MeEHbLUIHM BPEMeHeM
BBICBEUHBAHHA 00J1a/1210T OPraHHYeCKHe CLUUHTHJJIATOPH, 4To Ofec-
TMEYHBAeT BLICOKVIO pa3pellalonlylo CnocoSHOCTh cueTynKa. Dddek-
THBHOCTb OPraHHYECKUX CLUHHTHJNSATOPOB MeHblIe, YeM y HOAHCTO-
I'o HaTPHSI, HO BCe e JOBOJbHO BHICOKA.

Oprannueckie CUMHTHJJIATOPHI NPHMEHSIOT JHG0 B BHAE MOHO-
KDUCTAJI0B, JHG0 B BUAe AKTHBATOPA, PACTBOPEHHOrO B IKUAKOM
pacTBopuresie WIH B NnacTMaccax. B nepsom ciyuae noaywaercs
Gosbuiasi 3GMeKTHBHOCTb, BO BTOPOM — MeHbliee BPEMs BhCBeur: -
Banus. [TosToMy opranuueckHe KpHCTaJbi NPHMEHSIOTCS B CHUETYH-
Kax He6OJIbWHX M CPeJAHHX Pa3MepOB, 10CTATOUHO 3O QeKTUBHEX U
GuicTpoaeficTByOmHX. B Tex caywasix, KOrna HY>KHB BeCcbMa GBICTPO-
JeHCTBYIOIIME CYCTYHKH H GOJbUIMe pPa3Meph CUHHTHJIIATOPOB, HC-
MOJL3YITCS PACTBOPH. BoipamuBanne MOHOKPHCTANJOB 6OJbBLIKX
pPa3MepoB CJOXKHO H J0POro.

13 opraHnueckHX MOHOKPHCTAIJIHYeCKHX CUHHTHJNATOPOB HAM-
Gosee UIMPOKO NMPUMEHSIOT aHTpaueH. Ero 3 PeKTHBHOCTL AJIA
f-uacruu cocrasasier 40—50% oT 3¢deKTUBHOCTH HOMHMCTOrG HAT-
pus. Bpems BricBeuuBanus 36 10—Y cek. IlpyruM  cuMHTHAIATO-
POM 3TOTO BHAA SIBSIETCS TPAHCCTHABOEH. DPPEKTHBHOCTL npUMep-
HO BTpoe MEHbIIe, HO 3aTO BpeMs BEHICBEYHBAHHA NOpPSAKA
6-1079 cex.

B CUHHTHANHDYIOWMX DACTBOPAX B KaueCTBe JKHAKHX pacTBOpH-
TeJIell HCIOJMB3YIOT TOJNYOJM, KCHION H (DeHHIUHKIOTEKCaH, a aKTH-
BaTopaMu cayxar Tepdenns, nndeHnIKcason u rerpadeHunSyra-
AHeH,

TBepABIME pacTBOPHTENSIMH CJyXKaT TaKHe IJ1ACTMACCH. KAy I10-

=
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JIUBEHHJITOJYOJ W NMOJHCTHPOJ. DTH pacTBOPHTENH MO03BOJAIOT H3-
FOTOBUTb TBEPAbiH NpO3pauHbLIi CUUHTHAIATOP JHOGHX pasMepoB H

(POpMBi. i
Huxe npusomutcss Tabiuua cBOHCTB PasAHYHBIX CLHHTHILISATO-

pos. Tabauya 26
HexoTopsle THUB CLHMTHIIATOPOB H WX CBOHCTBA
SbderTuBHOCT Ans | BPEMs BLICBEHBAHUA
CusiTHANATOD PR——— cek. X 10—9
PloaucThll HaTpull © rauimeM . . . . 100 ?gg
Bo:sbdpaMaT kaagMus . . . . . . . - . 100 1
AHTPALEH . & & & o & 4 o 0 o o o & 36 :
TpaHccTHapbeH . . . . . . . . . . . 28
Kcunon+-repdenni+ AudpeHnarekcaTpu- 03 5
EH . v v e e e e e e e e e e
Kcunnon4-reppennns . . . . . . . . . 16 3
[MoauBeHHATO N yO+Te Le HHI-+-Aude- 3
HHJACTHABOEH . . . . . . . . . . . 23 5
IMoauctupon-rerpadennibytained . . 17

YBenuueHnre pasMepoB CUUHTHJISTOPOB oOeClneyHBaeT IOBHILIE-
HHe YyBCTBHTEJBLHOCTH CUETYHKA M B 3TOM 3aKJ0YaeTcs IpakTHyec-
Kas LEeHHOCTb MHAKHX H IJAaCTMaccOoBHX cuuHTHAIsATOpoB. OnHaKo
TAaK KaK HH OJHH M3 HHUX He siBjseTrcss abCOJIOTHO NPO3PayHLIM, TO
HEeBO3MOXKHO cOGHDATh Ha MaJeHbKHH KaTod Becb cBeT, BO30yXiaeH-
HHJ B cuuHTHAAsATOpe. [To3TOMy BO3HHMKJIa HEOOXOAHMMOCTH yBeJH-
YUTb M NJollaAab Karojpa. IIpuMepHbiH BHA (GOTOyMHOXHTeJeHA C
GoMBLIMMH KaTojgaMu H3o0paxeHn Ha puc. 57. B Hacrosimee BpeMs
co37aHb (DOTOYMHOXKHTENH ¢ Karoiamu anametpom Gomee 400 ma.

Ilpeumyujecrea u HeGoCTATKU CYUHTUAASYUOHHBLX CHETHUKOS

CUHHTH/IAUMOHHBE CUETYHKH O6JaAaloT CJAEAYIOWHMH IIPeH-
MYLIECTBAMHU f€pe]l Ta30BBIMH CYETUHKAMHU: i

a) BHCOKOH paspeluawouiefi cnocoOHOCTbIO, OTrpaHHYeHHOH Bpe-
MeHeM BHICBEUHBAHUs CUHHTHJJATOPA, AoXoasiiiuM a0 1079 cek;

6) 6oJsbuIoi! 3¢ (HeKTHBHOCTBIO CYETUHKA AJg BCeX BHAOB PajaHo-
AKTHBHHIX H3JyueHH#, pocturatomell nmourun 100%; i

B) INpPONOPUHOHAJBHOCTBIO KMIYJLCOB TOKa HOHH3HPYIOLIEH
cnocOGHOCTH YacTHL, (a AJs YacTHIL OJHOH NPHPOAH — HUX SHEPrHH)
OPH A0CTAaTOYHO OOJBIIOK HX BeJHUHHE.
‘ Breicokasi paspeluatomasi cnoco6HOCTb  OOBbsICHSIeTCS TeM, 4TO
HOCHTEJSIMH TOKa B CHYETUHKe SIBJSIIOTCS He HOHHI, a 3JEKTPOHH, 00-
Jlajawollie BO MHOro pa3 Gosbuiefi noasuxnocTbio. [Ipouece pas-
BUTHS JaBUH He CBfI3aH C HaKOMJeHHEM OODbeMHBIX 3aDsA0B HOHOB
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(1oHHOrO uexJia), KOTophbie Merlao
sounoro 4 T Pa3BUTHIO CJaenyiomu
A euliﬁﬂ:eh;%x&ﬂ PASBHBATbCS He3aBUCHMO, ngm:leé{n:ar?gg.
o sHanene Hie 1 J1a 10 KoJsekTopa. C APYFrOH CTOPOHBI, 60Jb-
I TOKa B neny KOJITIeKTOp a (mopsinka MHJ’I.HPIaM-
Nnep) no3BOJAeT RKJI0YATH B 3Ty 1enb
AJISL TIONIYYeHKA  UMOysbea Hanpske-
HHSA HATpy3ouHble CONPOTHBJIEHHS 1ie-
gom)mou BEeJIMYHHBI, YT oéecneq‘n-
Hiez)c.manyo NIOCTOSIHHYI0  BpeMe-

Hponopunonansuocr,, CueTYHKa
o0bsicHAeTCs TeM, yTo KOJIH‘{ECT;SO
JI4BHH B CUEIYHKe pasHo yneay doro-
3JIEKTPOHOB KaTOda, BHI3BAHHBIX
CUHHTHANSIUMER, yucso $borosnexrpo-
A0B 1PONOPHUOH aMbHG uneny  doro-
HOB CBeTa, BO3HHKWIHYX B CUUHTHIS-
10pe, a uHeno  GoToHOB, B CcBOW oue-
Pelb. nponopunoHanLHO SHEPruu pe-
THCTPUDYEMOH uacTHup u 3aBHCUT OT
ee NPHPOALL.

Bosbmas 3 deKTHBHOCTD CLMH-
THIISINHORHBIX CYeTUHKOB [0 OTHOLI¢-
HHIO K  y-H3;ydenuio 00bsicHsIeTC S
TeM, YTO TOJMIIHHA CUHHTHINATOPA MO-
xKeT 6E:1Tb CAlaHa Bo MHoro pa3s
Goablieii, yenm TOMII{HHA KaToma raso-
BOTo cueTyMKa. ¥menuuursy TOJIIHHY
Karola rasoBoro cuerynmka penpas
TaK KaK NPU 3TOM yBejsuunrcs norJo-
lIeHHe B HHX BTOPHUHBLIX 3JICKTPOHOR
;(o;gpbie, CIeOB3TEILHO, He momamyT
HaETona . bEeM  cuetyHka., Tonumn 1-
KBaHTOBp Cg;;onc}g;z NpHYMHE orpaHHyeng nornomefﬁewa;l}l{}:;q
eon QJOTOK’8T0}13IL?’{HHMX H3JIy4YeHHEM, KOTopble Moryf He fo0-
MHOTO pas g a10R2: O NOrJIoIieHHe cBeTa B CLUHHTHJIATOPe BO
TOde ras3osoro ququKh; ng;golﬁ%eszlgiﬂigopmnglx o ot i

e R J BbIOpaTL Gog -
11 yeﬂcgclflTP;TTIg{J;méL?d{;a H o6ecrneyuTn BHICOKY1I0 g(bd)exrnsbﬂu;g/l}% o
cram o @OToyMHO};E?g;;?OH:Hxé CYETYHKOB CBfi3aHp X-iE,ZIO-
JIH3HPOBAHHOIO BHICOKOro Haﬁpmﬁgﬂ;{gm;lggg;)ﬂsemmm“e oo

#6859

Puc. 57. PoroyMHoOKHTENL ¢
GOIbIIHMU KaToxamu:

1 — STCKTPOHHO-ONTHYECKAS  CH-
crema; 2 — dborokaton; 3 — cn-
cTeMa JanHonon

YHKaMy,
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§ 2. 3JIEKTPOBAKYYMHBIE NMPHBOPDLI

[TpuGopel, aeficTBHe KOTODBIX OCHOBAHO Ha 3JEKTPHUECKOM TOKe
B rase, pa3pexeHHOM B Oosbllell HJM MeHblIe#l CTeleHH, HasbiBa-
I0TCS 3JE€KTPOBAKYYMHBLIMH. B 3aBHCHMOCTH OT CTelleHH paspexe-
HHSl Ta3a OHM JEJSTCS Ha JEKTPOHHbie U HOHHBbie. B 3/71eKTpOoHHbIX
npubopax HOCHTENSAMH TOKa SIBJSIOTCA TOJbKO IEKTDOHLI, 3MHT-
THpyeMBbie (McllyCcKaeMbie) MeTaJslJIHueCKHM 3J€KTPOJOM (KaToaoM)
U ABHKYIHecss Ge3 CTOJKHOBEHHH C MOJIEKyJjaMHy rasa (Hay c HuY-
TOXKHO MaJoli BEPOATHOCTLIO CTOJKHOBEHHS). ITO COOTBETCTBYeT
naBaeHuo rasa ot 10—% mm pT. c1. u uuxe. Ilpu Heckoabko 60ib-
IIMX AAaBJEHHSX ra3a yBeJHUHBAeTCs] BEPOSITHOCTHL CTOJIKHOBEHHH
3JIEKTPOHOB C MOJIEKyJaMH ra3a, B pe3yJbTaTe KOTOPhIX 00pa3sy:0T-
csl HOHBI H 3JEKTPOHBI, YUacTBYIOIIHe B TOKe H Hapyuwiaiollie palo-
Ty 3jaekTporHOro nmpubopa. K snekrponubiM 1pubopaM OTHOCAICS
3JIEKTPOHHbIE JIaMIIbi, 3JE€KTPOHHOJYyueBLie TPYOKH, (OTOYyMHOMIL-
TeJH H Ap.

CyumectByer psinm npu6opos, paboTa KOTOPHIX [PHHUHIHAJbHO
OCHOBaHa Ha nmpoueccax HoHH3auHu B rase. Hocurenamu TOka B HHX
SIBJIAIOTCS HE TOJHKO 3JEKTDOHBI 3MHCCHH, HO B HOHBI H 3JIEKTDOHHI,
BO3HHKLIHe B pe3ysabTaTe HOHH3auuu rasa. Takue npuOopbi, Ha3bi-
BaeMbie HOHHBIMH HJIH ra3oBbIMH, paboralor npH AasjeHHAX Trasa
or 10™* mm pT. cT. ¥ BhlIle. K HUM OTHOCATCA TasoOTPOHH, THpar-
POHBI, HEOHOBBIE JaMIIbl, CTA0HJOBOJNLTH,, HOHH3AUHOHHBEE KaMepHl,

rasoBbie CUETYUKH YaCTHL H AD.

DyeKTPoHHBIE JAMIIBI

fgaenue amuccuu u YCcTPOUCTBO KATOO0B IAEKTPOHHBLY AAMI

SIBiienne SMUCCHH HCNOJB3YeTcsl IJisl NMOJYUEHHS 3JEKTPOHOB BO
BCEX 3JEKTPOHHHIX H MOYTH BO BCeX MOHHbX npubopax!. Ono 3ak-
J0YaeTcsl B HCMYCKAHUH 3JEKTPOHOB C IOBEPXHOCTH MeTaljIoB [0X
JEHCTBHEM Pa3JHUHBIX IPHUMH.

BHyTpu MeTassa 3JeKTPOHbI MOTYT cBOGOAHO NmepeMellarbesi, HO,
npuGIH3UBLIMCH K €r0 MOBEPXHOCTH, OHH BCTPEYalOT TOPMO3silliHe CH-
Mbl, NPeNATCTBYIOUIHE HX BBUIETY 3a Mpeflesii MeTajjia. ITH CHJIb
CO3/1al0TCcsl IBOMHBIM 3apfAXeHHBIM cJoeM, 06pa30BaHHHM aTOMaMH,
HAXOASILIUMHCS Ha NOBEDXHOCTH MeTajJa U MOJsIPU3OBAHHBIMH ADY-
rHMH aToMaMi. KpoMe TOro, 3JeKTPOHH, BhHJIeTeBUINE H3 MeTanJa,
HHOYUHPYIOT B HEM IOJIOXKHTENbHBIH 3apsii, 4TO TaKkKe CO3/aeT MJs
HHX TOpMo3siee noje. CJaefoBaTenbHO, NOKHHYTh METajJl MOTYT
JUUIb Te 3JEKTPOHBI, KOTOpble 00JaNaloT KHHETHUeCKOH 3Hepruef,
NPEBOCXOAsiiell HEeKOTOPYIO BEJHUHHY W,, AOCTATOYHYO AJs Npeo-

! TIpuGopoM, TAe He HCIOJb3yeTCs 3IMHCCUS, SIBASETCS, HampHMep, HOHH3alH-
OHHasl KaMepa,
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AOJIEHHST TOPMO3AIMX cua. [IpH TeMnepaType aGcomOTHOroO HyJqs
KHHETHYECKasl SHEPrusl 3JIeKTPOHOB He NpEBHIUAeT HEKOTOPOH BeJH-
YHHBI @, .

B pesysibTare pasjuuHBIX BHEIUHHX BO3geHCTBH 3JIeKTpOHAM CO-
obuiaercsi 106aBouHast 3Heprus. BeJuunHa 3T0fi 106aBOYHON SHep-
THH, TOCTATOYHOH AJIsi TOTO, UTOGEI 3JI€KTPOH MOKHHYJI MeTaJJ, Haskbl-
Baercst paGoTOM BbixoAa. DTO BeJHUHHA, PaBHAS (w,—w,), xapak-
TEPH3yeT SMHCCHOHHYIO CMOCOGHOCTb AaHHOTO MeTaJa, KO:I‘OpaH TeM
BbIlle, ueM MeHblle ero pa6oTa BHXOna.

328‘1(;1-’1714;{ paéorbl BbiXOZa pa3JHYHBIX MeTaJ 0B [IpHUBeeHbl
B TaoJ. .

Tubruya 27
3nayeHus paGoTH BHXOAA 3IJIKTDOHOB A HEKOTOPHX MeTaanoB
Pa6
Meraan B:x(é:(: Meraan PaGora srixoza
58 a6
Bapuit 1,7 Y:nepol 4.34
CTpOHu!:ﬁ 2.0 Pryts . 5,52
Kanpuni 2.3 Bo.innam 5.53
Maruixﬁ . . 27 [l.iatHna e e 5
Topnit . . . . . .. 3.0 F ukeib, MOKpHITHIA OKuC-
Mepns . . 40 JaMH Ule104HO03eMe. 1 b-
HpIX METa/lioB . . . . 0,5—1,5
Hukesp 401 Topuit HA Bosb ! '
okedh - iy p onbppame . . 2,63
Moau6aen 4.3

BHewHuMH BO3fefiCTBHAMY, BHI3bIBAIOIL MY SMHCCHIO, SIBJISIIOTCS:
arpes MeTaJsia (T€PMO3JEKTPOHHAsS SMHCCHS), CHIbHOE 3JIeKTpHYe-
CKOe 1oJie (XOJIOMHAS WJIH aBTOSJEKTPOHHAS SMHCCHS), OCBEILEHHe
€ro MOBEPXHOCTH ((OTO3JIEKTPOHHAS IMHCCHST), GOMGAPAUPOBKA Me-
Ta/ja 3JeKTPOHAMH HJIM HOHaMH (BTOPHYHAs 3MHccHsA). B 3aBHcH-
MOCTH OT cnocoGa mosyueHHs: CBOGOAHBIX 3JEKTPOHOB B HHX pasJu-
4awT npubophl:

1) c repmokaronom;

2) C XOMOAHBHIM KaTOAOM:

3) ¢ dorokaTomoM;

4) BTOPHUHO-3JIEKTPOHHbIE.

HanGonee pacmpocrpaneHnbiM B MpuGopax BHAOM SMHCCHH siB-
JISIETCS TePMO3JIEKTPOHHAs. s HarpeBaHHs MeTanqa 10 TeMIepa-
TYPEI, AOCTaTOYHOR JJIsl HCMYCKAHHS 3JI€KTPOHOB, eMY MPHUAAIOT dop-
MV HHTH ¥ NPONyCKAlOT Yepe3 Hee TOK. TaKas HHTb, Ha3biBaeMas Ka+
TOAOM NpPAMOro (HJIH HENMOCPeACTBEHHOr0) HaKajia, BNAHBAETCA
B BAKyYMHBII 6aJJIOH H NIPHCOENHHSACTCS K HCTOUHHKY TOKa.
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3aBHCHMOCTb TOKa 3MHCCHH OT TeMIepaTyphl BbIpaxKaercst KpH-
80H puC. 58 H cOOTBETCTBYIOWIEH el popMyaoH
B

I,=AT?e T, (6)

rie I, — TOK 3MHuccHH, a/cm?,
A n B — nocrosiHHbIe, 3aBHCSILIIHE OT MaTepHaJa KaToaa;
T — aGcomoTHas TeMIlepaTypa Karoaa, °K;
¢ — OCHOBaHHe HATypa/dbHBIX JOrapHpMOB.

HuTb u3rotaBauBaloT oObLIYHO H3 BOJbhpaMa, CIoCOOHOro BbIAEP-
®aTb BBICOKYIO TeMmepaTypy.! OpHako Karoa H3 YHMCTOro BOJbdpa-
Ma iie ofecrieydBaeT [OCTATOYHO OGOJbILIOH
spdekTuBHOCTH (3THM TEePMHHOM 00O3Ha- ‘w”ﬂ
YaloT OTHOlLIeHHe TOKA 3MHCCHHM K MOILIO-
CTH HakaJsa); oHa He nepBocxoaut 10 ma/sr 300}
npu AHaMeTpe HUTH NMOpsiika 1 mm. HUrodn
MOBLICHTL 3((EKTHBHOCTb KaTOfa, INpHMe-  2pp
HSIOT AKTHBHPOBaHHUe, T. €. Takylo ofpa-
OOTKy Marephaja KaToAa, B pesyabrate ol
KoTopoll Ha ero mosepxHOcTH ofpasyercs J
cJI0#, yMeHblualomui pa6ory Bbixopa. Ma- J / ,
TepHaJOM 3TOrO CNOsi fIBJsETCS TOPHH (To- 1000 2000 3000 4000
pHUpOBaHHBIM Katon), KapOua BoJbdpama Temnepamyoa, s,
(Kap6uanpoBanHbii kKarton) H GapuH (ok-

Mua

NG

¥

Puc. 58. 3aBucumocTh TO-

CHIHHIA U OapHeBbI KaTOAbl, OTJHYAlO- . TepMO31eKTPOHHOR
I{Hecss OAMH OT ADPVIOro cnocobom 00DAa30-  smuccHu OT TeMIepaTyphl
BaHUs 6apHeBOro cJos). B pesyabrare mo- Katoaa

Jyuyaercsi Katoh, paborawomui npu Gogee
HU3KOH TeMIeparype U OGeCneuHBalOmHA GOJbIIMH TOK 3MHCCHH.
Tak, HanpuMep, OKCHAHBIE KaTox npH pabouelt Temmneparype 1000—
1200° K umeer sddekrusnocts 60—100 maf/sr, a OGapueBbii —
npu pabouell temmeparype 750—900° K 70—120 ma/srT.

Henocratok akTHBHPOBAHHBIX KaTOL0B — MeHblIllee MOCTOSIHCTBO
3MHCCHH, YeM Yy BoJbdpaMoBoro Karoaa. I[lostoMmy B 1ex nmpubopax,
B KOTODBbIX HEO0OXOMHMO BBICOKOE MOCTOSIHCTBO 3MHCCHH ( HalpHMep,
B H3MEepHUTeJBbHBIX NpHbopax) NPHMEHAT KAaTOA H3 YHCTOTO BOJb-
¢bpamMa. AKTHBHPOBAHHBIE e KaTOJbl HCIOJB3YIOTCS BO BCeX Cayda-
X, Koria Ttpebyercsa ofecneudTb 3KOHOMHUHOCTb Hakana, T. €. He-
60JIbIIYI0 3aTPATy MOUIHOCTH NPH AOCTATOYHOM SMHCCHOHHOM TOKE.

s cpaBHeHHS NMpHBeAEM OCHOBHble NTapaMeTphl Pa3JHYHbIX Ka-
TonoB (taba. 28).

Kartonbl, BEINIOJHEHHBIE B BHe HUTH, HaKaJlUBaeMOH TOKOM (Ips-
MOro HakaJja), MHUTAIOTCS OT HCTOYHHKA IOCTOSIHHOTO HAaINpSAXKeHHs.

t PaCouass TeMmepatypa Bosib(ppaMoOBOro Karoaa mnopsiaka 2500° Temmepary-
pa mraBnenus 3600°.
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Taéb.
OcHoBHble MapaMeTpH HEKOTOPHIX KaTOAOB adaiya 28
PaGoyas Vzeabia v
Tun kaTexa Te:iyn:apa- smnccnﬂﬂ Moﬂf:;c};‘i;: 3¢)$cec}(:bm‘ 110:;22:“-
oK a/em? em/cm? majem yac
Bo.isdpaMosiit 2500—2600 10,3—0,7 | 70—80 4
HooLL , , — —8 800—1
TopupoBanniit -+ - -| 1800—1900 10,3—0,8 | 11—18& | 30—50 800—1888‘
Kap6uﬂn;3013aHHbm . .| 1950—2000 |0,7—1,5 | 14—22 | 50—70 500—600
Oxkenanwit . . . . . .| 1000—1200 |0,15—0.5] 2.8—5 | 55—100 | 1500—2000
Bapwesw#t . . . . . .| 750—950 1|0,3—0,9 4—6 70—120 | 1400—150C

1
MouHocTs Hakana, npuXoasmiascs Ha 1 €x? mOBEPXHOCTH KaToZA.

Ecnu nutath ux NepemMeHHBIM TOKOM, TO 3MHCCHOHHBIH TOK OyzaeT
NMyJbCHPOBATH C NBOHHOH 4aCTOTOH NepeMeHHOro TOKa, TaK Kak ¢ Ta-
KOH 4acToTO! GyaeT MepuojHyYecKH H3MeHSITbCs TeMIepaTypa Karo-

aa. JTto KojeGaHHe GyaeT cO3aaBaTL

! MewawmHui Gon so Bcex wuemnsax mpuio-
6 3 pa u mpuBeaeT, HarpUMep, B DAMHONDH-

a2 eMHHKe K [OCTOSIHHOMY INYMYy B pellpo-

F JIYKTOpe, @ B pafHOMETPHUYEcKOM IpH-

2 Gope — Kk /0XKHOMY cueTy. Ilpu mnHTa-

HHH HaKaJjia InepeMeHHLM TOKoM Mellia-
louii QoH co3gaercss Takke [epeMe-
¢ HLIM MAarHHTHbiM II0JieM BOKDYr HHTH
HaKana M llepeMeHHOH pasHOCTbIO NO-

" TeHLIHa/ 0B Ha ee KOHIAX.
,ﬂ Urobul 06ecredHTh BO3MOMKHOCTL Mil-
‘ TaHHsl HaKasa llepeMeHHbHM TOKOM, I1pu-
7 MEHSIIOT [10A0TDeBibie KaTOALI, KOTOpbI¢
COCTOAT M3 BOALOPAMOBOA HUTH (HA3LI-
Pue. 59. Koucrpykunst mogo- BaeMOH HHUTLIO HaKana) U HHKeJNeBOrc
L H?r):BHgm— KKzTon_a:s UHJAHHAPHKA, H30/HPOBAHHBIX OAHMH OT
anyune & — Gapboposssi . um. APYroro odapdopom Hau anynmom (puc.
nmuRp 59). Hute Hcrnonszyercss ToOAbKO Aad
HarpesaHus KaTtojga I[pOIYyCKaeMbM ue-
pe3 Hee TOKOM, a UHJHHAPHK ¢ HAHECEHHHIM Ha Heym AaKTHBHLIM
crnoeM — ans sMHccuH. Takum o6pasom, GYHKIHMM HaKania H 3MiC-
CHH B ITIOJIOTPEBHOM KaTode pasfesieHbl, Of4ero ero HasuBaloT elle

KaToa0M KOCBEHHOro HakaJja.

[TonorpeBHeilt KaToa 06sanaeT A0CTATOYHON TEMJIOBOH HHEepuUHMeil,
uyTo6b €ro TeMrnepaTypa He yCneBajia 3aMeTHO H3MEHSITbCS NPH MH-
TaHHH nepeMeHHBIM TOKOM. KpoMe Toro, HUTb mojorpesaTens aesa-

—1
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10T GHUIAPHOHA (T. €. CKPYYeHHOH B BUjAe ABOHHOH cnupaau), a

[OBEDPXHOCTh KAaTONa, HMelomasi BBIBOA TOJbKO B OAHOH TOUKe,
SKBUIOTEHIHAMbHA (T. e. OTEHIHAN BCeX ee TOUEK OAHHAKOB); Ta-
KHM 06pa3oM yCTPAHSIOTCA MarHHTHOE U 3JieKTpHYeCKoe NepeMentbie
noJsi Karoaa. Bece 3TO 1Mo3BoJisieT NMUTAThL HaKaj NepeMeHHbiM TOKOM
Ge3 3aMeTHOro Memuaiomero ¢ona B npubopax.

B MHOrosiaMIIOBbLIX CXeMaX Karojabl OObiUHO IPHCOEAHHANT K
O/HOMY HCTOUHHKY [HTaHHfA, BKAIOUAs HX [apaJJiefbHo HJH IHocae-
1oBaTeapHO. IlpH 3KClJyaTauuH KaToJ0B cC/efyeT HMeT, B BHIY,
4TO CONDOTHBJEHHE KaToja B XOJIOJHOM COCTOfIHHM 3HAUHTEJLHO
MeHblile, 4eM B HarpeToM (HampuMep, Boab(®pamoBoro karola B
14 pas), oTuero IIpH BKJIOYEHHH KaToja BO3HHKAET Ype3MepHO
601608 TOK. [103TOMY HYXHO H30eraThb JHIURKX BKJAIOUEHHH KaToAa
(HanpHMep, I1pH KpPaTKOBPEeMEeHHbIX NepepbiBax B pabore KaTtoja Jayu-

llle He BHIKJIOUATh).
JleyxanekTpoduble LaMNbL

TepMO3JEKTPOHHYIO 3MHCCHIO MOXKHO 06HApYKHUTh, €CJH B BaKy-
yMHBil cocya (c naBjeHHeM rasa 1075 — 108 mm pT. CT.), B KOTOPOM

o

HAXOAHUTCA TEPMOKATOJ, BIAasTh MeTaJJH4eCKHH 3JEKTPOA (aHon)

i . 5

Puc. 60. O6Hnapyxenue Puc. 61. YcTpoicTss anoia ¢ UKJIHHI-
JIBUKEHHS 3/JeKTPOHOB puueckoii (@) u niockofi (6) KOHCTPYK-
B BaKyyMme uuei 3JeKTpodoB:
1 — wuutn; 2 — aunol

¥ COEAHHHTb €ro c KaToAOM uepe3 BHeIIHIOW Lellb, COAepXKallyio
ranbeanoMerp (puc. 60). Takas cucrema, cocTodAllas H3 Karola H
aHoaa, IMOMelIeHHHX B BaKyyMe, Ha3biBaeTcs JABYX3/EKTPOAHOH
SMeKTPOHHOH J1aMIIOH HJIH AHOILOM. AHopa auoja H APYrHx JaMil
HU3rOTOBJAAIOT OOBIUHO B BHle LHAHHADPA, OKPYKalowero Karon 1
(puc. 61, a), au6o B Buae naactun (puc. 61, 0). Tok, npoTeKawoWHUi
B aHOAHOH UeNH auojAa, pa3orpeBaeT aHoj; NOSTOMY MaTepHaJoM
aHoja BLIOMpAlOT TaHTas, MOaHMGAEH, HHKenb— BelleCTBa, A0CTA-
TOUHO TYroiljiaBKHe H XOpOLIo pacceuBaloiiye Terlo.

Crnoco6GHOCTb pa3nHyHbIX MaTepHanoB BbJePXKHBATb Harpes
XapakTepH3yeTcsl N1aHHbBIMH, PHBECHHBIMH B taba. 29.
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Tabauya 29
Tepmuueckas CTOHKOCTb HEKOTOpHIX MaTepuaioB
Jonycrumas
Marepuan e S
K em/cm?
Hukens . . . . 1000-—1100 5
e — 5—
1Monn6geﬂ e 1300—1400 1'5—2
aHTaa . . . . . . . . 1500—1600 8—10

YBsesuuennst ypeabHoil
CJHCAYIOMWHUMHU crnocoBaMu:
BO}:[IO)[)OqeOpHeH(HeM HHKEJEBONO aHOJAa OTXKHUIMOM B mapax OeH3oma C

I0M (TEIJIOBOE wu3JiyueHHe BO3pacT
aeT mnpuw —
3 mopon p pumepHo B 2,5

2) ycrpoiicTBoM 6oKo

! BBIX pefep — paanaTopoB, yBeJHUHB N
AIOLH )
NOBEPXHOCTb H3JIyUeHHS; POy e
3) M3rOTOBJEHHEM aHOMa H3 YHCTOl NIPOBOJIOYHON CETKH, UTO VBe-

THYHBAET IOBEpXHOCTb PUMEPHO B 2,5 pasa; )

’
6oni)Lu:“CKyCCTBeHHHM OXJ1aXXACHHEM BO3IYXOM HJy BOAOI BJaMmilayx
H MOIWIHOCTH, YTO fAaer YBEeJHUSHHe Ve i :
JILHOH

35 e VA MOIIHOCTH 10
Ecnn B cxeme puc. 60 BKJIIOUHTL MOCJIEIOBATENBLHO C TajbBalio-
METPOM HCTOYHHK INOCTOAHHOH 3. K. C., NPHCOENHHIIB €ro OTPHIA-
TEILHLIA NOIOC K KaTOIy, a NMONOKUTe bHbI — K anogy (puc. 62),

pacceuBaemMmoit MOIIHOCTH [OOCTHraioT

{H
HHir—

Puc. 62. Ilpucoeannenne
K aHoly M Karoxy auona
MCTOYHHKA 3. 1. c,

Puc. 63. CxeMa aas cus-
TUA BOJbTaMNepHHX Xa-
paKTepUCTHK AMOAA

TO MOXKHO HalJI04aTh 3HAYMTEJLHO® YBEJHUEHHE TOKA; NPH 06par-
HOM BKJIIOYEHHH HCTOYHHKA FajlbBAHOMETP IOKaKeT yMe;{bLHEHI/Ie HJIH
NpeKpamenue ToKa. Booluwe, cuaa ToKa uepes gHOm 3aBHCHT OT
3HAaKa M BeJIHYHHH HaNnpsKeHHS, NPUJIOKEHHOTo MEeXIy aHOAOM H
KaToaoM (aHOQHOrO HampsixeHHs). C MOMOLILIO CXeMbi PHC. 63 MOXK-
HO CHATb 3aBUCHMOCTb AHOAHONO TOKa /, OT aHOZHOro HanpsKeHHA

U,, T. e. BOJbTaMIEPHYI0 XapaKTePHCTHKY AHOAA, NPHMepPHbifl BHA
KOTOPO#i H300paxKeH Ha puc. 64.

Uro6bi 0OBSACHUThL 3TY BOJBTaMIEPHYO XapakTEPHUCTHKY, HYXKHO
npexje BCero paso0parbCsi B KapTHHE 3JIEKTPHYECKOTO IOJIS MeXKAY
3JeKTPOIaMH JaMIbi. [1pH OTCYTCTBHH B MEXIy3/MEKTPOILHOM MpO-
cTpaHCTBE 3apfijgoB (B JaHHOM cJydae 3/MEKTPOHOB) I0Je 3aBHCHT
TOJIBKO OT (POPMBI 3JEKTPOAOB M BEJHUMHBI NPHJIOKEHHOr0 K HHM Ha-
npskenwust. [l TPOCTOTH paccMOTpHM paclipesfesielie MOTeHUHAA-
Ja B MEXKAY3JEeKTPOTHOM IPOCTPAHCTBE IIOCKOH CHCTEMBI 3JIEKTPO-
nos (puc. 65). Ilpu TakOM pachpefeneHnd NOTeHLUHasa Ha

In Cuna

Inewmpos 1
2/

a Ua r‘—'—_‘za_—____‘z-l

Puc. 64. TlpnMepublit B Puc. 65. Pacnpenxecsenne no-
BOJbTAMNEpHON  XxapaKTeph- TEHILHAJA MEWK1y ILIOCKHMH
CTHKH AHOAA: 3J1eKTPONAMH:

Is_ TOK HAacCBIMICHHS ] — npH OTCYTCTBHH 3apsAloB B
MEXAYIIEKTPOAHOM NpocTpaH-
cTBe, 2 — 0ODH TOKE HAacChINIEHHS

Anod

o Hamod =

3/JeKTPOH, TONaBIHKA B I0Je, jgeficTByeT TOJILKO CiiJla, YCKOpsiiol{as
ero B CTOPOHY aHOma, TaK KakK B Ji0GOH TOYKe 1105 NMOTeHIHAT
MOBbLILIIAETCS B 3Ty CTOPOHY (kpuBas [ Ha puc. 63).

[Ipu mocTaTo4yHO G6O.IbLIOM HANPAMXKCHHH BCE 3JCKTPOHbBI, 3MHT-
THPOBAHHBE KAaTOZOM, IBHXKYTCA IOJA ACHCTBHEM II0JS K aHOLY CO
CTOJL GOJIBHION CKOPOCThIO, YTO MJIOTHOCTH HX (T. €. KOJHYECTBO
2JEKTPOHOL B cAliiinie OébeMEl) CPARHHTEILHO dJad. B 3TOM c.aViae
NPUCYTCTBHE 3JE€KTPOHOB MEKAY 3JICKTPOLAMH NOTSH H H3MEHSET
KapTHHY IOJsi, HO pacipeieieHHe NoTeHunalta (kpusas 2 puc. 65)
ocTaeTcsl TaKUM, uTo B 060l TOUKe OH MOBHUIAETCA B CTOPOHY aHO-
na. CaepoBartenbHO, NpH G60JbUIOM HANPAKEHHH BCE 3JEKTPOHBI
YCKOPSIOTCSL NOAEeM B CTOPOHY anoma. Tak Kak IPH 3TOM BCE OHH
JOCTHralOT aHOja, TO aHODHBLIA TOK paBeH UHCY AEKTPOHOB B
eIMHULY BPEMECHH, BBIJCTEeBIUIHX U3 KAaTO4a. T. €. PABEH TOKY IMHCCHH.
TMoc/leiHii 3WBHCHT TOJLKO OT TeMIlepaTypu Karoga (cM. ¢popMmyJy
(6) ma ctp. 251) ¥ 1MOUTH He 3aBHCHT OT AaHOJQHOTO HANpSKEHHS.
OTHM H OOBACHSAETCS FOPH3OHTAJbHBII yYyacTOK XapaKTepHCTHKII,
Ha3biBaeMBIH y4acTKOM HacHleHHs L.

! Tuop ¢ OKCHAHBIM KAaTOAOM MOXCT M He I1MeTb 06/1acTH HACHILEHHA B Xa-
pAKTEpHCTHKC, DTO OGBACHSIETCS, BO-NCPBLIX, TEM, uTO WMesi HepOBHYIO TOBEPX-
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[1pn yMeHbUIEHHH HANpsKEHHs] NOHMMKAETCS U CKOPOCTb ABHIKe-
HHUSl 3JIEKTPOHOB, II03TOMY IJIOTHOCTb HX B MEXKY3JEKTPOAHOM
MPOCTPAHCTBE YBEJHUMBAETCSA HACTONBLKO, 4YTO HX 3apsifi H3MEHseT
KapTHHy 1oJst. OTpHILATeNbHO 3apsiKEHHBie 3JIeKTPOHBl YMEHbII AT
NOTEHUHAN BCeX TOYEK MEX/Y3JIEKTPOAHOro NpOCTPAHCTBA, KpoMe
aHona u Karona. Ilpu srom pacnpesdesneHde NOTeHIMana M3MEHsET-
cst TakuM oGpasom (pitc. 66), uTo B 06sacTH, GM3KOH K KaToay, OH
yObiBaeT B CTOPOHY aHOAA, M B 3TOH 06sacTH NOJe TOPMO3HT 3/1eKT-

Cymy
] /
- -y U Ug'
S Inewm Ua,
8
- [~}
N . § 3
° F x S
. N
flomeryuansmslid ‘ 2

MUHUMYM

Puc, 66. Pacnperenelue
NoTeHIlHaJa MeXAY I.I0C-
KHMI 3JIEKTPOAaMH  IIPH
60JILIIOA TJIOTHOCTH 3apPf-
AOB (pexHuM NPOCTPAHCT-
BEHHOro 3apaia):

A — obaactb  TOPMO3SAIETO
noasi; 5 — o6nacts yckopsio-
mWero noas

Puc. 67. PacnpeneneHue no-

TEeHUHAJTa MEXKIY JI0CKHMHU

JMEKTPOAAMH TNIPH Pa3JiHYHBIX
4HOAHBIX HaNpPSIKeHHAX

POHBI, ABHXyLUHECS K aHOAY, M 4YaCTb MX OTGpacbizaer o6paTHo K
karoay. C ymenbuienHeM Hanpsikenusi (Hanpumep, ot Us, 10 U,
Ha puc. 67) noTeHUHANbHBIH MHIHMYM IOHHXXKAeTCH H yMEHbLIAEeTCs
A0yl 3JIeKTPOHOB 3MHCCHH, 00Ja1al0MXx 3Hepriuefl, AoCcTaTOUHOH,
YTOGbL NPEOAOMeTb 3TOT NMOTEHUHAJLHLIH MHHHMYM M C IOMOLIbIO
VCKOPSICIIETO MO0JIst JOCTHTHYTHL aHoAa. TakuM 06pasoM, HAKJOHHEH
y4acTOK XapaKTePHCTHKH AHOAA OObsICHsAETCs AeHCTBHEM IpPOCTpaH-
CTBEHHOTO 3apsiJia 3JIeKTPGHOB, KOTOPHH OTGpachiBaeT 4acThb 3JIEKT-
POHOB Ha KaToA.

Hawanbuan 06.1acTb BOJBTAMIIEPHON XaPaKTEPHCTHKH B HEKOTO-
DbiX ciaydasix! yKasbiBaeT Ha CYmecTBOBaHHE AHOAHOTO TOKa NpH

HOCTb C MaJjofi paGoTOf BbIXOAA, OH yXKe NpH HebOJbILMX TOJAX NOABEPMKEH Aeli-
CTBHIO aBTO3JIEKTPOHHOH (XOJOAHOM) 3MMCCHM, KOTOpas YBeJHUHBAETCA C DOCTOM
Hanupsarxenus, Bo-BTOpHIX, OKCHAHLIA C/IOH, Kak NOJYNPOBOAHMK, HMeIOIIMH Cpas-
HUTeLHO 60JblICe COMPOTHBAEHME, AONOJHHTENbHO HAarpeBaeTCa aHOAHLIM TOKOM,
YBeJIHYEHHE KOTOPOro CONPOBOXKJAeTCH, CJAeA0BA1€NbHO, NOBHIIEHHEM TeMmepaTy-
pbl Katoaa,

! Ilpu Gosbluoft TeMnepaType Hakada, MajoM PacCTOAHHH MeXKIY 9IeKTPOna-
MH M GOJbILOH HX MOBEPXHOCTH,
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OTPHLATEbHOM AHOJHOM HaNpsXKeHUW (cM. NMYHKTUD Ha puc. 64).
®usnueckn 3TO OOBSACHSETCS TEM, YTO YACTb 3JEKTPOHOB BHIJETaeT
H3 KaToja €O CTOJb GOJIBIIMMH HauyaJbHBIMH CKOPOCTSIMH, UTO MOXKET
[1peoaoJeTb TOPMO3siiiee nojse aHona. [1pH HeKOTOPOM 3HAYEHHH OT-
pHLLATEbHOTO aHOAHOrO HANPSKEHHS] TOPMO3siliee NOJe CTAHOBHTCA
JOCTATOYHLIM JJ51 TOro, 4YTOOB BCE 3JIEKTPOHB BO3BPATHJIMCH HA
KaToA W TOK NpeKpaTHJICH.

BeanunHa aHOAHOrO TOKA SIBASIETCA (PYHKuHeH He TOJbKO aHOLHO-
ro HanpsKeHHs, HO W TeMIlepaType KaTojaa, 3aBHCAlNeH OT Hamps-
KeHUs1 HakaJgaa. Ecau ¢ nomMouwpso
CcXeMbl pHC. 63 CHATH BoJbTaMmep-
HYI0 XapakTepHCTHKY I@pH Hec-
KOJIbKHX 3HAQUeHMAX HaNpsixKeHHs

ul gy
©
o
E ]
o X
< u_ﬁ 7, £
Yz
F;
U,
(of 2a
Puc. 68, CeMeficTBO  BOJBT- Puc, 69. Pacnpexenenue
aMnepHbIX XapaKTePUCTHK norennHasa Mexkiy ILIOc-
aunopalyz = f(Ua) npu pas- KHMH  3JIeKTPO1aMH npH
JIMUHBIX 3HaueHWaX Hanpaxe- DA3JHYHBIX  HANDAKEHUAX
nun Hakana Uy Hakaaa Uy

Hakana U, To moayynMm psil KPHBbiX, Ha3biBaeMbIX ceMeHcTBOM
BOJIbTAMIIEDHBIX XapakrepucTuk [, = f(U,) npu napamerpe U
(puc. 68). Bua sTHX KPHBBIX 0OBACHAETCS T€M, YTO NPH NOBHILICHAH
HanpsikenHs Hakana U, (u, ciegoBaTesibHO, TeMmepaType KaTopa
T) Tok smuccun [, BO3paCTaeT M NMO3TOMY YBEJNHUHBACTCS PABHbIH
eMy TOK Hacbimenus [,=1, [cM. dopmyay (6)]. Ha nakmonuom
y4acTke XapaKTepHCTHKH, Ha3biBaeMOM Yy4acTKOM IpOCTpPaHCTBEHHO-
ro 3apsiia, aHOAHBIA TOK INOYTH HE 3aBHCHT OT TEMIIEpPaTyphi, TAK
KaK yBejHUeHHe 3SMHCCHH OJHOBPEMEHHO BHI3BIBACT IOBLiLIEHHE
IJIOTHOCTH NMPOCTPAHCTBEHHOrO 3apffa, YraybseHHe NOTEHLHanbHO-
ro MMHHMYMa, CJIe0BaTeJbHO, YBEJHUEHHE CHJ IIOJS, OTTAJKHBAIO-
IIEero 3JeKTPOHH 00paTHO K KaTtoay. Pacmpenenenue norenumasna
NpH Pas3JHUYHBIX HaNpsXKEeHHAX HaKaja IokazaHo Ha puc. 69. 3asu-
cumoctb /,=f(U,) Ha yuacTke NpOCTPaHCTBEHHOTO 3apsiaa MOXKET
ObITh aHANMTHYECKH BHipaXeHa NPHOMMKEHHOH (OpMYJIOl, Ha3biBa-
MOl 3aKOHOM TpeX BTOpPHIX:

— 3/
]a— KUa : ’ (,7)
rape K — ko3 @puuHeHT, 3aBHCAIMIA OT KOHCTPYKUHUH J1aMIIHL.
17 3amuTa OT pajHOAKTHBHBIX H3/yueHHil
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OnHako 3Ta ¢opMysa, KaK MOKa3blBaeT OMNHIT, COOTBETCTBYeET
TOJIBKO HauaJbHOH YacTH XapaKTepUCTHKU, B CpejfHell ke BOCXOJsl-

mefi cBOeH YacTH XapaKTepHCTHKa 6ju3Ka K npsmo#i (cm. puc. 68)..

CaolicTBa JaMIIBI XapaKTepU3yIOTCs ee TapaMeTpaMi, T. e. BeJu-
YilHaMH, OIlpejessiollUMH BO3MOXKHOCTb €e IIPUMEeHeHUs AJsl pas-
JUUHBIX Hesedl. DTy BeJUYUHbl BHIPAXKAIOT COOTHOUIEHUS MeXAY TO-
KaM{ H HaIpsaXKeHUusMH B uelsax Jjamiibi, OCHOBHBIE l1apaMeTphi 1HU-
0l1a cjaenyouue:

1) conpotuBieHUHEe IOCTOSHHOMY TOKY R,, T. €. OTHOIIeHHE I0-
cTosHHOro Hanpsixkenusi U, Mexay aHOgOM M KaToaoM (aHOIHOrO
HalpsiXKeHUsl) K BHI3BAHHOMY UM aHOLHOMY ToKy /,. CiepoBaresbHo,

RO =T (8)

rpaduueckn R, paBHO KOTaHreHcy yria o, Ha puc. 70;

Ipoma
2 Igma
y
/4
; I
.7 4aig
In, @ ,
2 7 21Uy
/ )
/ ]a’ //
/¥ /
]
A IA\(X
UII, Ug,g ; -.—Ual__—, Ua 8
U"z Ug,

Puc., 70. I'pacduyeckoe ompete.ende Pic. 71. Tpaduueckoe on-
CORDOTHB.IEHHs MOCTOSTHHOMY TOKY peiesene CONPOTHBJICHHS
Ry nepeMeHHOMY TOKY  R;

2) conpoTHBJIEHHE IIepEMEHHOMY TOKY R; HJU BHYTPEHHee CO-
NPOTURJIEHUE, T. €. OTHOUIEHUE NPUPAlIEHUs] AHOLHOTO HallpsiKeHUs
AU, K BbI3BAaHHOMY UM TIpUpAalIeHHI0 aHOZHOro Toka Al,, uuii
[IpOU3BOAHAS

dU, AU,

Ri= 1 =71, " ©)

I'pacduyecku R; paBHO KOTAHreHCy yrila HakJoHa q KacaTeJbHOH
B BbIGpAHHOH TOYKe XapaKTEPUCTHUKU, YTO OUEBUAHO U3 IIPEeJbHO-
ro repexoja B TpeyroJbHUKe INpUpalleHuld, HU300paKeHHOM Ha
puc. 71;
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3) momycruMasi pacceuBaeMasi MoOIIHOCTb P,, T. e. MOIHHOCTS,
KOTOPYIO MOXKET paccesiTh I[IOBEPXHOCTh aHOAA I'PU MaKCHMaJbHO
ponyctuMoit pafoueli Temneparype,

Besnuuunbl Ky 1 R; WMeIOT pa3HOe 3HAuyeHUE AJs PasHBIX To4YeK
xapakTepucTikd. Cienyer 4eTKO pas3/iuuaTb 3TH BEJUYUHBI, KOTOPLHIE
MUMeIOT pa3iuuHbifl GHU3UyecKUil CMBIC] U pa3HOe 3HAYeHHe AJS Of-
Holl U To# Ke TOUKH xapakrtepuctuku. Tak, Hanpumep, B Touke A
puc. 72 pasuuna Mexay R, u R; HeBesuka, Ho B Touke B R, umeer
olnpejiesIeHHOE 3HaueHle, a

AU, AU,

Riz A[a :——O = \\’ (10)

tak Kak Al, = 0.
ITpakTuueckoe NpUMeHeHHe AUOLA

3aKJ0uaeTcsl B UCIOJb30BAHUH €rO B
OCHOBHOTO  ¢BOf{i¢T31 INIPOBOJTH TOK
TOJILKO B OANy CTOPOHY, a nMeHHo ot Ia
aHoza K Karoay!, 1pu MOJOXKHUTEb-
HOM aHOJHOM HAllpsi)KeHUU M He IIPO-
BOAUTH (UJH NOYTH He IPOBOLUTH?
ero IIpH OTPHLATEJBLHOM AHOJIHOM Ha-
npsaxenuu (cM. puc. 64). 3to CBOHCT-
BO [103BOJIIET NPUMEHATb AUOA B yIT-
poiicTBax, rjaBHGH YacTbio KOTODLIX
SBJsieTCst BeHTUAb (1pulop ¢ ONHO- g
CTOPOHHeH [POBOAUMOCTBIO)}, T. €. B A
BHIIPSAIMUTEJIAX, [AeTeKTOpax, OrpaHH- 1,
yuteasax ¥ T. 4. Jddoxbl, MpegHasHa-

YeHHble 115 paboThl B BRUIPAMUTENAX, pue 72, WagocTpauds pasad-
Ha3blBalOTCS KEHOTPOHAMHY. ynsg MeX1y peamuuHamu Ry n R;

Uc

TpexaaekTpoOHsie Aamnel

B psine npuGopos ObiBaeT HeOOXOAUMO H3MEHSTb BEJUUYHHY
aHOMHOTO TOKA, HE U3MEHsS IIPU 3TOM HaNpsiKeHUH aHONHOrO U Ha-
KaJbHOTO UCTOYHUKOB 3. f. ¢. g 3Tod menu Mexay aHOLOM H Ka-
TOAOM BIIAUBAIOT ellle OJUH 3JEeKTPOA — CETKY, BbilIOJHEHHYIO B BHU-
Je MeTajJuyecKoll pemerku usu criupasu (puc. 73). Takasa Tpex-
3JeKTpOAHas JaMla HasbiBaetcst TpuoaoM. Ecau Mexny ceTko#d u
KAaTol0M BKJIOYHTHL HCTOUHUK IOCTOSIHHOH 3, 1. C., TO B 3aBUCUMOCTH
OT BeJIMYMHbI U [10JPHOCTH 3TOH 3. A. C. aHOAHBIA TOK Oyner 6OJb-
1€ UJH MEHbIUE, YeM TOK IIpd OTCYTCTBUU CETKH. DTO 00DbACHAETCA

! Hanpaeaehne ToKa COBIafaeT C HalpaBJeHUeM ABHXeHnA NOJI0KATENLHRIX
3apAM0B M NPOTHBONOJOKHO HANMpABJEHHIO JABHXKEHHs OTPHLATeNLHBIX 3apAd0B.
B nanHOM ciyuae 3J1eKTpOHH JABHIXKYTCSt OT KaTOAa K anofy, a TOK TeueT OT aHOMa
K KaTomy.

17*
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TeM, YTO 3JIEKTPUYECKOe I10JIe MeXAYy CETKOH U KaToAOM YCKopseT
WK 3aMejIsieT ABUKEHUE JJIeKTPOHOB K aHoay (puc. 74).
3aBUCHMOCTL aHOJHOIO TOKA OT HAamnpsKeHHS MexKAy CETKOH u

OcHosnbte 31eMenToL O03UMETpUtecKUx nputopos
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11a) YaCTh 3JEKTPOHOB IIDHUTArABAETCA K OJOXKUTEJNbHO

HOHl CeTKe U, CJe/0BATEJIbHO, IMOABJASETCH TOK B Uenu cetku [

3apsiKeH-
F:44

KOTOPHIA yBeUUUBAETCS C MOBHIILIGHHEM

CEeTOYHOro

HalpAXKEHUA

KaTo/iOM MOXKHO CHSIThb 3JKCIE€DUMEHTAaJbHO C IIOMOIHBIO CXEMbI

puc. 75. IlpumepHnii Bug 3TOH
3aBUCUMOCTH [IpU Ollpese/eHHOM
HanpsiKeHdy MeXAy aHOJOM H
katonom U, wusobpaxen Ha
puac. 76. Bupg kpuBoii o06LACHSA-
eTCs TEM, UTO IPH yBEeJIHYEHUH
CeTOYHOTO HamnpsixkeHus U

4.

g

-‘
N/

W

AAVY
W

o VWWNAAAS

VYV AN
VY7

Lo
>I

Puc. 73. Ycrpofictso tpuona (a) m yc-
JOBHLie O6o3HaueRus (6):

1 — aHOA; 2 — ceTKa; 3 — HETH HakaJa;
4 — Karton
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Puc. 74. Wamoctpaumus ynpaBJsioule-
ulero AeicTtBus CeTKH B TpHOJE:

4 — manpsXeHHe ceTka — Katol < _; 6 —
panpsenie cerka — karol >0

1
)
I

(uukHsI5 KpuBasg puc. 76). Tak Kak 1IpH 3TOM 3JeKTPOHBI IMHUC-

CHH, NPUTATHBAEMble K CeTKe, He
rmonajaloT Ha aHog (a CyMMa ‘a|,, 4
CEeTOYHOro U AaHONHOro TOKOB ‘ /1 /
pon:xkHa  OBITh I10CTOSTHHOM 2 /
BCJIEACTBHE  HACHILEHHS), TO " Ry @‘
AHOJHBIIl TOK VMEHBIIAeTCs, 4TO i 0 S ,‘f’/é%
U oOBsACHSET Clla7 ero xapakre - g D ,,‘%
DPHCTHKH. N
S
! 7| /
Ia 6 / lﬂ
j/ / Alg
j; / f—-‘“fg_—
/y A 3 //
— Y a3/ 5] /
AL 1 1
Puc. 76. TIpuMepHuH BHA 3a- 77 A\ 406
BHOMMOCTH aHOJHOFO M Ce- P Ua”

TOYHOTrO TOKOB TpHOAA OT Ce-

TOUHOrO HampsiKewusa  (npH

MOCTOAHHOM 3HauyeHHH aHod-
HOr0 HanpsHKeHHs)

'Uy-// 3 -2 -1 0 1 2 3 4u9,6

Puc. 77. CeMetcTBO CeTOYHBIX BOJIbT-
aMmepHbIX ~ XapaKTePUCTHK TpHOAa

Puc. 75. CxeMa anisl CHATHSA BOJILTAMIIEPHBIX XapaKTe-
DPUCTHK TPHOAA

yBEJHYUBAETCS] YUCJO 3JEKTPOHOB, CKOPOCTb KOTOPBIX AOCTATOYHA
IUIst TOro, utoGbl JOCTUTHYTh aHOja, U VMEHBIIAeTCS YUCJO 3JeKT-
POHOB, OTTAJKUBAEMBIX 3JEKTPOHHBIM o0Jakom o0paTHo Ha KaTol.
Ilpu HeKOTOpPOM 3HAUEHUU CETOYHOro ‘HaNpsiKeHHUs AaHOAHBIA TOK
CTAHOBUTCS PaBHBIM TOKY 3MUCCUM U DOCT €ro Ipekparaercs.
[pu nasnbHeiilieM YBeJIHYEHUU CETOYHOro HampsixkeHus (B obsactd
I0JIOXKHUTEJbHBIX 3HAUEHHH [IOTEHLHANa CEeTKH OTHOCHUTEJBHO KAaro-

Ecqu 6bl Ta Ke 3aBucuMocTb [, = f(U,) Obina cHsTa 1pH GoJIb-
IleM 3HAUCHWU aHoaHOro Hanpsixenus U,, TO nosyueHHas KpuBas
Gbla Obl CABHHYTA BJEBO OTHOCHUTEJBHO nepeofi. [eACTBUTEJBHO,
npu Gossmoii Beuuune U, Te e 3HAUCHHUS aHOJHOrO TOKa M0Jy-
yu/uch Gbl TIPU MEHDLIINX CETOUYHBIX HAMPSKEHAAX (cM. TOUKH @, G
ga puc. 77). CusTiie 3aBHCHMOCTH I,=f(U,) npu pasiuyHbIX anox-
HbiX HANpSKEHHsX 14eT CeMeficTBO KPHBBIX, BRIpamaiollec aHon-
HbIfi TOK Kak (YHKIOUIO [ABYX nanpaxenuit U, 1 U, 1. e [,==
=[(Ug U, ) (puc. 77). STH KpuBhble HAa3bIBAIOTC CETOUHBIMH
BOJIbTAMIIEDHBIMU XapaKTepUCTHKAMH TpHOAA. [Moab3ysick CxeMoOH
puc. 75, MOXKHO CHSITb 3aBUCAMOCTD I,=f(UgsU,) 1B 1pyroM 1o-
psiaKe, a AMEHHO: CHATb KpHBYIO 3aBHCHMOCTH 1,=f(U,) npu pas-
JUuHbIX 3HAueHusix ceToyHoro Hampsixenusi U IlosyueHHOe ceMeH-
CTBO KpUBBIX (pHc. 78) Ha3biBaeTCs aHONHBIMA BOJIbTAMIIEPHBIMU Xa-
pakTepHCTUKaMU TpHO.aA, Buj kaxaoH u3 3THX KPUBBIX OODBSCHSET-
51 AHAJIOFMYHO XapaKTepUCTHKE AHOAA. YBeJHUEHUe CETOUHOro Ha-
NpsiKEeHUs BbI3bIBAET CABHT KpUBOH BJEBO, TaK Kak Te Xe 3Haue-
HUs QHOZHOrO TOKA INOJMY4aloTCs [pU MEHbIIEM aHOQHOM  Halps-

KEHUH.
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CeTka no3BOJISIET YNPaBAATL AHOAHBIM TOKOM TPHOAA IIpu II0-
MOIIH IIPHJIOKEHHOI0 K HEeH HanpsixKeHHs, HeGOBIIONG 110 CpaBHe-
HHIO C aHOAHBIM. JTO ee CBOMCTBO IIOJOMKEHO B OCHOBY TAKHX Bax-
HEIX SJCKTDOHHBIX CXeM, KaK YCHJIUTe/b, reHeparop, MyJbTUBUOpa-
TOp M pA ApYTHX, ONUCAHHBIX B COOTBETCTBYIOWMX pasgenax. Uro-
OBl CynuTh 00 ynpaB/solieM fefiCTBHH CeTKH TOro MU HHOrO .TpPIO-
A4, NOMb3YIOTCA BEJUUUHOH (cM. puc, 77)

Al al
S: a nJau S =3 a —_
AU, au, mpu U, = const, (h
; KOTOpas HasbiBaeTCsl KPyTH3HOH
‘a P CeTOYHOH  XapaKTepPUCTHUKH UJU
7 NPOCTo KPYTU3HOH JaMibi. Kpy-
1 // TH3HA S 10Ka3biBaer, Ha CKOJib-
” /;\‘b /Al KO MHU/IMaMIIED U3MEHSIeTCsl CH-
0 . /- Jla aHOJHOTO TOKAa IIpU U3Mede-
4:" 2l HUU CETOYHOTO HallpsiKeHHUs Ha
9 4 \\} I 6. 1. e. xapakrepusyer saus-
P y HHe HU3MEHEHUS CETOYHOro Ha-
. / / J NpsiXKeHHs HAa U3MEHeHHe aHof-
; 4 Pl it/ 4 Horo toka. Kak Jjerko sugern
/. U3 puc, 77, 3Ta BEJUUYHAHA YHUC-
5 A / /) )
A iny J JIEHHO paBHa TaHTeHCy yrsa Ha-
A B p o I KJIOHA KacaTeJbHOX K CeTOYHOH
N /\ J ZIVE XAPAKTePUCTHUKE,
3 (//x\ 7z Y S BiusiHue usMeHenus axox-
2 F SE // “,,% HOTO HAallpAXKEeHUsT Ha HU3MeHe-
/ S @ ~®4  HHe AaHONHOro TOKA XapaKrepH-
s - 3yeTcs BEJUYUHOH (cM. puc.78):
0 10 20 30 40. 50€60 10 80 90 Ug,B AU,
R, = , LU R, =
¥4
Al,
U,

Puc. 78. CemeficTBO aHOIHBIX BOJBT- =
aMIepHBIX  XapaKTepucTHK TpHOJa 1g

npu U, = const, (12)

KOTOpasi Ha3bIBAETCSl BHYTPEHHUM COINPOTUBJEHUEM TPUOA HJH CO-
NPOTUBJIEHUEM IIEDEMEHHOMY TOKY, ¥ UHCJEHHO DaBHa KOTaHIeHCY
yr/ld HaKJOHA KacaTesbHOfl K aHOAHOH Xxapaxrepucruke (yroa o
Ha puc. 71). Bequuuna R, 10KasblBaeT, Ha CKOJIbKO BOJBT HYXKHO
M3MEHUTb aHOAHOE HampsixkeHHe, yTOOHB CUJa aHOAHOrO TOKA H3Me-
HUJach Ha | ma. Jta BequuuHa sBaseTcs AuddepeHIuaIbHOl; OHA
paBHA OTHOIUEHUIO U3MEHEHUH HANPSKEHUS U TOKA HJM aMILIHTYAI
NePEMEHHOrO CHHYCOMA/IbHOTO HalpsiKeHUsl U Toka (cM. puc. 78).
Ee HE CJeflyeT CMEINHBaTh C CONPOTHBJEHHEM MOCTOSIHHOMY —TOKY

L

Ry = 71, KOTOpOE pPaBHO KOTAHTeHCy yrJa q; Ha puc. 70, a He yraa
a

HaKJOHa KacaTeJbHOH a Ha puc. 71.

% E
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U3 comnocrasJieHHs1 CETOUHBIX H AHOAHBIX XapaKTEePUCTUK (CM.

= puc. 77 u 78) oueBMAHO, UYTO U3MEHEHHe CeTOYHOrO HallPsiKeHHsl, Ha-

pUMep, Ha | 8 BHI3HIBAET 3HAUUTEJbHO OoJblliee U3MEHEHHe aHon-
HOI'O TOKAa, YeM TaKOe XKe U3MEHEHHe aHOJHOro Hanpsxkenus. Pusu-
Yeckd 3TO 0ObsCHseTCs TeM, UTO ceTka umeeT GOJIBIIYIO EMKOCT:
OTHOCHTEJBHO KaToAa, UeM aHoj (Tak Kak OHa paciojoxeHa O.u-
e K karony). OgHa ¥ Ta Xe pa3HOCTb I[IOTEHLMAJOB Bhi3blBaeT
6oabmnii 3apsia (Q = UC), n, cieposarenbHo, GOMbINYIO Hallps-
JKEHHOCTh 110J1 MeXJY CeTKOil H KaToAO0M, YeM MexXay aHOoqoM K
KaToa0M,

BesuunHa p, 1OKa3blBaollas, BO CKOJBKO Pa3 H3MEHEHHE CeToy:
HOTO HallpsaXeHus AUg GoJble BJAUSET HAa aHOAHBIM TOK, UeM H3Me-

HeHue aHopHoro Hanpsxenus AU,, nasbiBaetcs kosddunuentom
yCUJIEHUS] TPHOAA U PaBHa
AU, au,
wo= 4 U p= aU" npu [, = corst, (13)

4 4

T. €. OTHOILUEHHIO TeX U3MEHEHHUH AHOJHOTLO U CETOYHOrO HalpsxKe-
HHs, NpU KOTOPBIX CHJla AHOAHOrO TOKAa OCTAHEeTCsl Heu3MeHHOH,
JeficTBUTENbHO, KaK [10KA3aHO Ha PUC. 78, eCU H3MEHUTb CETOYHOR
HanpsikeHue Ha BequuuHy AU, To aHOAHBIA TOK U3MEHUTCS HA
Al, (touku ¢ u d), 4TO COOTBETCTBYeT NePEXOAY € OfHOH XxapakTe-
PUCTHKY Ha apyryio. OQHAKO TIPU HOBOM 3HAUEHHU CETOYHOro Ha-
NpsIKEHUs] MOXHO TaK U3MEHUTb AHOJAHOE HaMpsKeHHe Ha BeJ/HYHU-
Hy AU, (touxu e u f), uToGbl cuJla TOKa BePHYJaCh K IIPEXKHEMYV
3Hauenuio (touka k). Ilpu 3TOM aHOopHOe HaNpsKeHHE HYXKHO HU3-
MEHUTh BO MHOro pa3 GoJbliue, ueM ceTOuHOE. HHCJIO | ITOKa3biBaeT,
BO CKOJIBKO pPa3 3TO U3MEHEHHE AHOJHOTO HalpskKeHUs AU, Goab-
e, yeM uaMeHeHne cetounoro AU,, U xapakrepH3yerT, cjel10BaTesb-
HO, OTHOCHTEJbHOE BJHSIHHE CETOUHOrO U aHOQHOTO HAIDSXKeHUH Ha
aHOAHBIN TOK.

Besuyusb S, R, 4 1L ABJAAKOTCA OCHOBHBIMU NTapaMeTpaMH TPHO-
1a, XapaKTePH3YIOUMMH €ro ¢ TOYKHM 3PEHUs MPUTOJHOCTU AJsl HC-
0JIb30BAaHUs B TOil uau uHo# cxeme, Kak oueBugno u3 dopmya (6),
(7) u (8), mapaMeTphl TpUoAa MOryT OBITh CBSI3aHBl MeXAy CO0oi
caenyiomel npoctoit opMyJioi:

SR, = ‘ (14)

Jlamnoel ¢ 3kpanHoll ceTkol

Terpodet, EMKOCTh Mexay AaHOAOM U CETKOH B pfAjfe CJyyaen
BpeaHO BauseT Ha pabory amnaparyphl. Ilo3ToMy a/1s yMeHbIUEHUS]
3TOH eMxocTH B GaJjljion JlaMIIBl BBeJeHa emie OJHa CeTkKa, KoTopas
CJYIKUT SKPAHOM MexJy aHOJAOM H CeTKoH. IDTa CeTKa HasblBaeTcs
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SKpaHHOH ceTko#, a GauKafimas K KaToAy CeTKa — YIIpaBJIsioleft.
TaKaH“IlByXCGTO'-IHaﬂ JaMila Ha3blBAaeTCs  4YeThlPeX3JEKTpOAHO
J1aMII0i WA TeTporoM. KoHCcTpykuusa teTposa nokasana Ha puc. 79.
Hans ofeclleueHdsi NOCTATOYHOH BEJHUH-
HbBl QHOJAHOTO TOKAa Ha IKPAHHOH CeTKe
cosfgaercsl  I1OJIOKHUTEJbHBIA [TO0TeHLYAN
OTHOCHTEJNIbHO KaToAa, paBHBIA MpUG./H-
3UTEJILHO I[10JIOBUHEe HUJAH 2/3 aHOAHOro
norennuana (puc. 80).
P Bnaronaps Haaduuio skpaHHOI cet-
2 | KH YMEHbIIAETCsi YUCJI0 CUJOBBIX JIMHUM
;] 3/IEKTPUYECKOro 10Js1 MeXay aHOAOM H
\ ceTKoil, Tak Kak 6ojbluas yacTe UX 3a-
Y ¥ 5 KaHYHBaeTCsl Ha 9JKpaHHOH ceTKe. D10
) NPUBOAUT K YMEHBILEHUIO €MKOCTH MeK-
Pue. 79. Yerpoiictso tetpona:  ny amomom M ynpasasiomed ceTkoif npu-

I'

)
|
I
|
I
|
I
I

Fm———— ——

] — HapyXHBI 3KpaH; 2 — H '
3 Skpamnpyioman corra: 4 ~ MePHO B Thicsiuy u Gosiee pas.
ynpasasiiollasi ceTKa; § — Karton I—II/I(:.)'IO CUJIOBBIX JIUHUH MeXAy aHo-

JA0M U KaTOJOM Tak:Ke CoOKpamiaercs
BO MHOro pas M I103TOMy yMeHbIUAeTCs ¥ BJMSHHe aHOAA Ha CUJIY
4AHOLHOTO TOKA, 4YTO MNPUBOAUT K 3HAUUTEJBHHIM H3MEHEeHHUSM
BCEX XapakTepucTHK JaMibl. Kax BUAHO u3 puc. 81, aHogHas

L+
= + A
E lrovorrs. L, Ll 77222227 LLLeL 2222227
—1 7
v, §_+ % & + v +
U, =
Uy, = T T
- 9
T Yon J- & =
: a H
a )
Puc. 80. Hamoctpauus skpauupylowero aeicTsus 3KPaHHOH ceTKu:
4 — CXeMa BRJIOYeHHS TeTpoma; 6 — pacnpeleneHHe CHIOBBIX JHHUII B TIpOCTpPaH-

CTBE MEXKAY 3IcKTpOdaMH TeTpona

XapaKTepucTHKA TeTpojAa B 3HAUYUTeJBHOH cBOeH YacTd MOUYTH TO-
pusonTanbHa. [103TOMy BeJMuHHA BHYTpeHHEro CONPOTHUBJEHUA R,
XapaxkTepusveMas KOTQHTeHCOM yrjla HakKJOHa KacaTeJbHOH K xal-,
pakrepucrtuke [cMm. dopmyay (12)] noayuaercs Bo MHOro pas 6oJb-
e, yeM y TpHuoaa. I1o ofecreyuBaeT GOMbIIVIO BeJIUYUHY K03ddu-
UHeHTa ycuaenus p [eM. dopMyay (14)], uto Taxxke sBasercs peu-
MyLIECTBOM JIAMIILL C 3KpaHHOI] ceTKOl.

Bosbuias BesuuuHa BHYTpPeHHero conpoTHBJIEHUS o0bsAcHseTCA
TeM, 4TO (/arofapsi 9KpaHUpPYIOLEeMY AeilCTBUIO 9KPAaHHOH CeTKHU
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HU3MEHEHUE aHOAHOrO TOKAa NOYTH He 3aBHCUT OT U3MEHEeHHs] aHOAHO-
r'o HalpsAXKeHUs, a ONpefeasieTCs JHIIb H3MEHEeHUeM HalpsXKeHus: Ha
06erx CeTKaX OTHOCUTEJbHO KaTona.

Buavsinue aHONHOrO HaIllpsiKEHUSI HAa aHOAHBIA TOK Oo0bsAcHfAeTcd,
c/Jef0BaTeJbHO, JUIIbL Ilepepaciipesie/leHdeM MeXay aHOAOM H 3K-
paHHO# CeTKOH 3JIEKTDOHOB, Pa3roHsieMbIX rJIaBHBIM 00pa3oM Iosem
3KpaHHOH ceTkU. ITpu HeGOJBIINX AHOAHBIX HANpSKEHUAX GOMbIUAs
4aCTh 3JEKTPOHOB JBUKETCS K SKPaHHOH ceTke U aHOAHBIA TOK Mad,
a skpaHHblil BeqiuK. C pOCTOM aHOAHOrO HaNPSKeHUs YBEJIUUUBAEET-
csl YHCJO 3JIEKTPOHOB, JOCTHralolUX aHOAa U YMeHbIlaeTcs YUCJIO

Puc. 81. Anoanble xapakTepHCTHKH TETpoOJa

UX, NONajalouMX Ha 3KpaHHyio ceTKy. [Ipu aHOMHBIX HATIPSXKEHUAX
3HAUUTEJbHO GoJbliHX, ueM 3KpaHHoe Uy, T10OYTH Bech SJeK-
TPOHHBIH [TOTOK JBUKETCS B OCHOBHOM K aHORY, NepepaclipefieseHle
I0YTU 3aKOHUEHO B MMOJb3y aHOAa U aHOIHBIA TOK MaJso H3MEHfeT-
cA ¢ yBesqMueHUEM aHOAHOro Hanpsxenus. Kak BuaHO M3 Xapak-
TEPHCTUK, CYMMa aHOAHOTO U 3KPAaHHOrO TOKa He MeHseTCs C M3Me-
HEHHEM aHOAHOTO HallpsXKeHHs.

Brnanuna, Habaionaemas B xapakrtepuctuke 1pu U, << Uy,
0GbSACHSETCS TAK HA3blBaeMBIM AUHATPOHHBIM 3¢hdexToM. ITOT 3¢-
beKT 06yCJIOBJIEH SBJEHHEM BTOPHYHOH 3MHCCHH, KOTOpOE COCTOUT
B TOM, 4TO 3JIEKTPOHBI, JOCTUriIMe aHOAad, BHIOUBAIOT H3 HEro BTO-
pHYHBble 3JEKTPOHbl. Ec/iu MoTeHUHald aHOla CTAHOBUTCA MeHbLe,
yeM TMOTeHIHaJ >KpaHHON CeTKH, TO BTODUUHBIE IJIEKTPOHBI JETAT K
5KpaHHO!H CEeTKe U UX I[I0TOK BBIUMTAeTcsi M3 OCHOBHOIO I10TOKa
3;1eKTpoEOB. [TogbeM XapakTepUCTUKU [IPH jAajbHelieM yMeHbLIEe-
HUU aHOAHOIO HalpsXKeHHs] BbI3BAH TeM, UTO IIPH yMEHBHIEHHH CKO-
pOCTH IePBUYHBIX 3JIEKTPOHOB BTOPUYHAsl 3MHUCCUA IIpeKpallaercs
(cM. puc. 81).

ITentoObt. VickpusJieHue BOJbTAMIIEPHBIX XapaKTEpPUCTHK TeTpo-
Aa B pe3yJbTaTe AUHATpOHHOro 3pdexra Hapymaer IpaBUIbHYIO
pa6oTy psiia CXeM, BbI3blBasl HeJUHeHHble HCKaXKeHUS B yCHJHUTe-
aax (cM. cTp. 317) u coxpamasn pabouuil y4acTOK XapaKTEepPHUCTHKH
Aaminel. sl ycTpaHeHHsl 3TOro sddexra Mexjay KpaHHOH CeTKowH
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U aHOJOM BBe/l€Ha TPeThbsl, TAK HA3bIBAaeMasi aHTUAUHATPOHHAS CET-
Ka, coefuHgeMas ¢ KatonoMm (puc. 82). JleficTBhe 3TOH CETKH MOKHO
VSACHUTb U3 pAacCMOTPeHHs KPUBOH pacilpefeseHUs OTEHIUAJOB B

9
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Puc. 82, Cxema BKJIIOUeHHS mNeHTOAa

npocTpaHcTBe MeXAY aHoAOM U kKaTogoM (puc. 83). Tax kak ro-
TeHUMA] AHTUAUHATPOHHOA CeTKH paBeH HYJIIO, TO MEXAY Hel U
aHOZOM Tosy4aeTcs I1oJe, NepeMenjamoniee JIOGHEe 3JeKTPOHH, B

TOM YHCJE U 3JeKTPOHBI BTO-
Awd  DYYHON SMUCCHU, B CTOPOHY
aHo/Ja, 4To UCKJIOYaeT Uux II0-
najaHue Ha SKPaHHYIO CETKYV.

Takast TpexceTouHas JiaM-
na, B XOTOpOi ycTpaHeH nu-
HaTpOHHBIH 3¢deKT, Ha3bBa-
eTc MNATHIJEKTPOLHOH JaM-
noit uau nedrogom., Ha puc.
84+ mpencTaBJeHBl XapaKTepu-
CTUKH TNEeHTOMA, Ha KOTOPHIX
HeT TIpoBa.Ja, XapaxkTepHOro
nas tetpopa. M3 xapakrtepu-
CTHK MeHTOna OYeBHAHO, YTO
ero apaMeTpbl TaKxke OTJMYAIOTCS OT mapaMeTpoB tpuona. Jeficr-
BUTEJIbHO, KOTAHI'eHC yIJyla HAKJIOHA KacaTeJhHOIl K AHOJHOH Xa-
paxkTepHCTHKe OuUeHL BEJMK, UTO O3HauaeT OOJBIIYIO BEJUUYHHY
BHYTPEHHEro conpoTusjeHuss R;. OO6bYHO OHO NPEBOCXOJUT BHYy-
TpeHHee collpoTuBaeEUue Tpuoga B 10—100 pas. Cheayer noguepk-
HyTb, UTO peuYb HJET O BHYTPEHHEM COIDOTHUBJEHUU IIEPEMEHHOMY
TOKy; CONPOTHBJIEHHE e IIOCTOSHHOMY TOKY y II€HTOJa U TPUOAA
OJLHOTO TODPSIKA.

Qusuyecku Goabluas BesuuuHa R, Tak e Kak y teTpona, o0b-
SICHAETCS MAaJbM BJIUSHUEM H3MEHEHHs 2HOJHOTO HallpskKeHUs Ha
aHONHBIA TOK 6sarofapsi SKpaHUDPYIOUEMY NEHACTBUIO 3KPAaHHOH &K
aHTHAUHATPOHHOH CceTOK. DTO O3HayaeT, 4YTO AJs HEGOJKILOrO U3-

Uat

Puc. 83. Pacnpenesiende nmoTeHuvasa Mex-
Ay 3JeKTpojavu:
a — TMNeHTOoRa; 6 — Jiy4eBOTO TeTpona
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MeHeHUs Toka Al, HyHO H3MeHUTb aHOAHOe HalpsKeHHe HA
oueHb GoblIyi0 BeauuuHy [cM. dopmyay (12)].
Besmunna S [cm. dopmyay (11)] neHTona toro xe mopsaka, uro
o y TPHOAA, TaK KaK PaclojokeHue ylpaBJsionlefi CeTKU U ee BJIUSA-
HHUe Ha aHOAHBIA TOK y 06eHX JiaMIl NPUOJH3UTENBHO OAMHAKOBO.
U3 dopmyas (14) crenyet, uto Beanunna p [em. hopmyay (13)],
TaxK xe Kak R,, goqxHa OblTb y neHToxa B 10—100 pas Goublle,
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Puc. 84, XapaKrepHCTHKH TEHTOAA: HaAnpfAXeHue Ha
anTHAMHOTpoRHON cetKe Ugg =0; Hanpsxedne na

spanHoii cetke Ug, =100 8; uudpsl Ha Kpusmx 060-
3HAYAlOT HanpsKeHWe Ha yhpasjsiomeil cetke U g1

ueM y TPUOAA, YTO (hU3UUECKH OOBACHSETCS OCHAGICHUEM BJIHANHS
aHOJA HA AHOAHLII TOK I10 CPABHEHHIO C BJHSIHMEM YIIPaBJsIOLIEH
CEeTKU.

Jlyuesvte TeTpodel. Y CTPAHHTL ATHATPOHHBIH 2(1)(1)8KT B TeTpoJe
MOXKHO HE TOJILKO IpH IIOMOLIH aHTHIHHATPOHHOMl CETKH, HO U H3-
MeHsIsl ero KOHCTPYKUMIO. B TeTpole, KOHCTPYKIHsSI KOTOPOro u3o-
GpaxeHa Ha puc. 85, ynpas/sioulas 1 3KpaHHAas CeTKH IMEOT OJHUH
W TOT e INar ¥ BUTKYM HX DacIlOJIOKEHB OJHH I[IPOTAB JApYroro
(KOMILIAHAPHO, T. €. B OXHOH MyockocTH). bBaaropapsi sToMy Iose
06eHX CceTOK (OKyCHPYET MpOXOJAlHe MeKAYy HUMM 3JEKTPOHHbLIC
NMOTOKH, pa36uBasi UX Ha OTAe/bHble jyuu (puc. 85, 6). Dokosue
BEpPTHKAJbHBE [JIACTHHB S, COENMHEHHBIE C KaTOAOM H HMeiollue
MOSTOMY HyJeBOH I[IOTEHIHAJ, CXKHMAIOT 3TH Jyuyd C GOKOB
(puc. 85, a). B pesysabraTe 3eXTPOHHBIH MOTOK BO/IM3M aHOAa yiI-
JIOTHSIeTCSI U B TOYKAaX ITOBLIIIEHHOH ILIOTHOCTH 3JEKTPOHOB CO3ja-
eTcsi MUHUMyM ToTeHuuasa. PacnpeneseHue ITOTEHUHAJNO0B B IIPOCT:
PAHCTBE MEMKULY KATOMOM M aHOJAOM aHaJOTHYHO HX PaclpejeeHuio
B neHtoje (cM. puc. 83), uTo 4 obecleyuBaeT BO3BpalLeHHE HA aHOJ
3JEKTPOHOB BTOpPUYHOH 3Muccuu. Takum o0pa3soM, po/ib aHTUAUHA-
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TPOHHOH CETKH BBIIIOJNHACT 3JEKTPOHHBIH MOTOK, chOKYyCHpPOBaHHBIH

B Jy4H, OTYEro JlaMlla U Ha3blBaeTcs JIYUEBBIM TETPOAOM.

Ha puc. 86 npencraBieHn s CPaBHEHHUS TUIUYHBIE AHONHBIC
paona, TETpOma, MEHTONA U JY4eBOro TeTpoja.

XapaKTePUCTUKA T

K

dK BHJAHO U3 pHCYHKa, 3TH XapaKTepUCTHKUA AJ4 Jy4eBOro TeTpo-

fa 1oayvyarwrTcs ﬂpHéJ‘II/ISI/ITEJTbHO TAKAMU 2XKe, KaxK U Y INIeHTO[a

1, 4

0 —
ull

Puc. 85. Konctpykuus .1y- Puc. 86. CpasHenue xapakrepucTuk
4eBOTO TETPOAa: MHOTO2.TeKTPOAHBIX 3J1EKTpPO:HbIX
a4 — pacnoioxeHnHe 3JeKTpo- JaMIL;

AOB BK;I;'IIaHe:u 6 — BepTH- I — rtpuon; 2 — Terpom: 3 — meHTOI:
bHLIH pa3pe3 4 — nyueBan JaaMmna )

YcTpanexne nuHaTPOHHOro 3pdexrTa pu Gosee IIPOCTOH KOHCT-
PyKUMH (OTCYTCTEHE NMHATPOHHON CeTKU) sIBJISETCA IIpeHMYIIECT-
BOM Jiydeeoro tetpona. Ilpu 3Tom o6mactu ¢ BBICOKOH MJIOTHOCTBIO
SJEKTPOHOB, BO3HHKAIOMIME HA IIyTH 3JEKTPOHHOrO I110TOKA, JIVULIC
ACHCTEYIOT Ha BTOPHYHBIE 3JIEKTPOHBI, OTOPACHIBAS UX HA AHON. ueM
BUTKH AHTHIHHATDOHHON CeTKH, paclloNoXeHHbe Ha Hexoropom’paé-
CTOSHAN OmMH OT Apyroro. KoMmaanapHast KOMCTpYKuusi CeTOK Io-
3BOJISIET SKPAHHOA CETKE HAaXOIUThCH «B TEHW» OTPHLATEJBHO 3a-
PAXKEHHOH ynpasasiome. ITo 3HAYUT, UTO IEKTPOHBI, 06X0N s npH
ABUXEHHU K aHOMy BUTKH yNPaBAAOUIEH CETKH, HE NONaxaloT U HA
SKpamHylo. B pesyibTate yMeHbluaetcs SKpaHHBIH TOK B Jiamile
KOTOPhIH fBJfACTCA (AKTOPOM, OrpaHUYMBAIOMIUM ee MOHJ,HOCTB’
HelicTBATeNbHO, TOHKAE BHTKH SKPAaHHOH CeTKM GOJbIIe nonaepme:
Hbl TEIJIOBOMY BO31€HCTBHIO, YEM aHOJ, [109TOMY MOIIHOCTh NEHTONA
OrpaHy4YeHa UMEHHO SKPAHHBIM TOKOM, HECMOTPSI Ha TO, YTO 4HON
Mor Obl BEIEp:KaTh AOCTATOYHO GOJbIIOH TOK. B JIy4eBOH JaMile
MOIIHOCTb OTpaHMYeHA TePMHYECKOH IIPOUHOCTBIO aHOLA, a HE K-
PaHHOH CETKHU, UTO sABJACTCS BTOPHIM ee IpeHMyuiecTBoM. KpoMme
TOro, OTCYTCTBHE AHTHIMHATPOHHOH CETKH, BUTKM KOTOPOil MOMIH
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6bl NpeNATCTBOBATh YaCTH 3JEKTPOHHOrO I0TOKA J0CTHraTh anoia,
yBeJMUMBAET 4aCTh MOBEPXHOCTH aHONa, co0Upalollyl0 3JeKTPOHHL.
Bce std o6cTOATENBCTBA [103BOJISIIOT MPUMEHATH KATOAB C 6oJiee
BBICOKOH SMHCCHOHHOH CIIOCOOHOCTBIO, HE BHI3BIBAS IIPH 3TOM Iepe-
rpeBa aHona u cetok. [lostromy JyuyeBoil TeTPOA MNpUMEHseTCs B
MOIIHBIX y3J1ax NpHGOpoB, OOBIYHO B MX BBIXOJHBIX Kackanax.

WUoHHBIe JaMnbl
T'azorponst

[asoTpoH (rasoBbiff nuon) IpencTaBJgseT co6oft NBYX3JEKTPOX-
HYIO JaMIly, 3allOJHEHHYIO Ia3oM [101 NaBJEHAEM OT 10 no wHe-
CKOJbKHX MM PT. cT. Taxk xe Kak # 3JEeKTPOHHBIH U0 (KEeHOTPOH),
OH (CORepXHUT B KauecTse OIHOTO
U3 3JeKTPOAOB KaToj, HakajiuBbde- I
MBIl TOKOM, KOTODBIH CJyXKHT HC-
TOYHHKOM 3JeKTpoHoB. Ilpueyrer- | g —————— ——
Blle ra3sa B IIpoCTpaHcTBe MexXHy
KaToqoM M aHOAOM CVIIEeCTBEHHO
HU3MeHSET BOJbTAMIIEDHble Xapak-
TepUCTMKM M CBOHCTBA jauoja H
BbI3bIBAET HEKOTOphle U3MEHEHHS B Hy=ctgy
ero KoHctpykuuu. Iasorponn oT-
HOCATCH K npHOopamM HeCaMoCTos-
TeJbHOro Ayrosoro paspfApa. Pas- Puc. §7. CpabieHie BOILTAVIEDHHX
pfl HasLBACTCHA NYrOBBIM IOTOMY, xapaKTepHCTHK [asoTpoHa H KeHo-

oas Prew Ya

YTOo IIOANEepKUBAETCSI TEPMO3JIEK- TpOHAa:
TpOHHOﬁ sMuccuei Karona, a Heca- ! — rasorpoh; 2 — KeHOTPOH
MOCTOATEJLHBIM — B CBA3U ¢ TEM,

4yTO 3Ta sMuccUs obecreyuBaeTcsl BHeIIHUM HCTOYHHKOM 3SHEPTHUH.

Ha puc. 87 npuseneHn 1Js cPaBHEHUs BOJAbTaMIIEPHbIE Xapak-
TEPUCTUKH ra30TPOHA M KeHOTpoHA. XapaKTepuCTHKa ra3oTpoHa OT-
JUYAETCSl TE€M, YTO MpPU HEKOTOPOM HalpsKEeHUH, HAa3biBAEMOM I10-
TeHIHAJOM 3aXKUTaHds ra3oBOro paspsna, I[IPOUCXOMUT CKayokK
HamnpsxeHusl ¥ TokKa. IIpu 3TOM HanpsKeHue yMeHblUaeTcs, a TOK
yBeJMYUBAETCA 10 BEJHUYHHBI, ONPENEJIsieMOl BHEIIHUM COMpPOTHBJIE-
HUEM, BKJIOUEHHBIM I10CJI€A0BaTeNLHO ¢ ra3orpoHoM, Ilpu pasguu-
HBIX 3HAYEHHSIX CUJbl TOKa aHONHOe HalpsXKeHUe He HU3MEHAETCH,
T. €. B XapaKTepUCTUKE MMEETCs BePTHUKaJNbHBIA y4yacTOK, KOTOpHIil
3aKaHuMBaeTcs [ePeXOfoM K HachbiueHuio. Hanpsamxenue, coorseT-
cTBylolllee BEPTHKANbHOMY y4aCTKy, Ha3blBaeTCsl IOTEHUMAJOM IO~
racaHus, TaK Kak [IpM MeHblleM HaNpsKeHHH cHJ1a TOKa CKayKoM
YMEHBINUTCS ¥ Pa3psn roracHer.

W3 cpaBHEHUS XapaKTepUCTHK BHIHO, YTO y ra3oTpOHa 3HAYEHUS
CUJIBI TOKa, O/1M3KHe K HAaCHIIIEHUIO, NOCTUraloTcsl 1P CPaBHUTEJNb-
HO HeGOJBbIIOM 3HAYEHHH AHONHOrO HANpsKeHUus. B aiekTpoHHom
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AUOAe OJIS1 NOJYYEHUS] TAKOH Ke CUJBbI TOKa Tpﬂéy}OTCH Hallpsaxe-
HHS BO MHOro pas 6OJIbLHPIe, 4YTO CaeayeT H3 [10JIOroro XapaxkTepa
3aBUCHUMOCTH CUJIBI TOKAa OT HalpsaKeHus. Takum 06pa30M, OTHO-
ieHue aHOAHOTO HaAlpsAXEeHUsl K BbI3BAHHOMY UM AHOAHOMY TOKYV

>

T. €. CONPOTHBJIEHHE [IOCTOSHHOMY TOKY (R0=T") Yy ra3oTpoHa
a

NI0.TyuaeTCsl BO MHOTO pa3 MEHbIUE, YeM y KEHOTPOHA.

Pusnueckn Majoe CONpOTUBJIECHHE TA30TPOHA OGDBACHIETCS cole-
AylomuM o6pasoM. Kak ykasbiBajgoch Bblllle, B 3eKTPOHHOM JHOJIe
ofpasyeTcst 3J1IeKTpOHHOE 06.aKo, NpelsTCTBYIOMEE  JEKTpOHAM
ABUTaTbCS K aHOAy. [lasi yBesquueHust Toka TpeGyeTcs MOBBICHTL
AHOIHOE HaNpsKeHue, yTOObl OGECreunTh KOMIEHCALUIO TOPMO3si-
IUero 10/1s 5JeKTPOHHOro o6slaka u ero paccackzanue. B rasorpo-
He ITIpu MOTeHHuase 3axXuraHus o6pasyeTcss B pe3y/JbTaTe HOHU3a-
LMY rasa Tax HasblBaeMas IJ1a3Ma, T. €. cpejla, HACHIMIEHHAS 3JIeK-
TPOHAMH 4 HOHAMH M 06/1ajfaolias 103TOMy CBOACTBAMU MPOBOMHH-
Ka. OHa 3aloJHseT NMouTH BCe MEXy3/IeKTPOAHOE I1POCTPAHCTBRO,
KpoMme HeGoJIbIION o6sacTu BO3/e Katoja, rie 67arofaps 3MUCCUH
KaTofla o0pasyeTcsl JEeKTPOHHOe 06J1aKO Tak Ke, KakK B 3JeKTPOH-
HoM Amofle. Ha rpanuue MeXay n1asMofl ¥ 31eKTPOHHBIM 06JaKOM
BO3HUKAET IIOJNOXKUTEJNBHO 3apsKeHHBIH MOHHHIH C/OH BCJEedCTBHe
OTTATKHBAHAS SJEKTPOHHBIM OOJAKOM 3JEKTPOHOB MJasMbl. OITOT
HOHHBIH C/IOH yBeNMUMBAeTCs A0 TeX 1Op, 10K ero MoJsie He KOMIIEH-
CHPYET II0JIs1 3MEKTPOHHOro ofsaka. B  pesyabrate ycTpaHsiercs
IpUYHHA, TPENATCTRYIONIAS SJEKTPOHAM 3MHUCCUU ABUraThCs K aHO-
Ay U JJI 3TOTO UX [ABHKEHUS OKa3bIBAETCH AOCTATOYHO JMINL He-
GOJIbIIOr0 aHOAHOTO MOTEeHLHAaJa.

Mauoe conpoTuB/eHHEe ra30TPOHA MMeET BAXKHOE I AKTHYE CKOE
3HAUEHHE INIPH UCIIOJNB30BAHUU €T0 B BBIIPAMHTEJNSX BMECTO KEHO-
TPOHOB. B 35TOM c/lyyae yMeHblNaeTcst sHEPrus, GeclosesHo pacxo-
AyeMasi Ha HarpeBaHue jaMIlbl, H yBeJHUUBAETCS KO3(ODUIHUEHT 110-
JIESHOrO JeHCTBIS BHIIPsAMHUTENs. KpoMe TOro, MmOCKOJMBKY yKa3aH-
Hasl TeMJOEas 3HEPrds BBIAEJSETCS HA aHOAE, TO aHOA rasoTpoHa
HE JOJDKEH pacceuBaTh CTOMb GOJBLIOTO KOJMYECTBA TeNaa, Kak
aHOJ KEHOTPOHA. DTO 103BOJISIET COKPATUTh PasMePhl aHOAa H, cJe-
AOBATe/IbHO, BCErO ra30TPOHA B LEJOM 110 CPABHEHHIO C KEHOTPO-
HOM.

BaXXHBIM NPEHMYIIECTBOM Ta30TPOHA SIBJSAETCS TaKkKe BO3MOMK-
HOCTb HCIIONb30BAHUSI B HEM 3KOHOMMUYHOrO KaTOAa, M03BOJSIOIIE-
o MoayuuTh Uy ToKa B 1000 ma Ha | 6T MomHoOCTH, 3aTpaunBae-
MO# Ha Hakas. Tako# KaTOX M3roTaBJUBAETCs B BUAE JICHTHI, cBep-
HYTO# B cnupa/b WU roppUpOBAHHOH JS TOro, 4ToGH TIOJIYUUTh
HEOOXOAUMYIO I/ SMHCCHM TEMIePAaTypy NPU BO3MONKHO MeHblefi
3aTpaTe 3HEpPrud Ha HakaJ (puc. 88).

B snextpoHHOM AHOZe Takofi KaTOA He faj OBl HAKAKOTO 3t-
dexTa, TaK KaK aHOAHOE JeKTPHYEeCKOe I0Je HE MOTJIO OBl IPOHHK-

HYThb K y4acTKaM KaToJa, NPUKPBITHIM KPaHOM HJM APYTHMU €TO0
4aCTSIMU, UM B CKJIAJKU JIEHTH UJau cnupand. Bo Bcex 3Tux 4acTsx
KaToda CylIeCTBOBaJO GBI 3JEKTPOHHoe 0O6JaKo, OTOpachBawilee
5JeXTPOHBl 3MUCCUU OOPATHO Ha KaToA. TOJbKO X BBICTYIAIOIIUM
yacTaM KaToAa MOrJjo Gbl IPOHMKHYTH aHOMHOE M0Je U ofecleuyuTh

Puc. 89. Pacnpesgesnene noTeHunaga B
MeXTY3JIeKTPOJHOM NPOCTPAHCTBE HU3-
KOBOJLTHOH AYru:

Piuc. 88. Karox rasorpona B su- 1 — KaToaHOe mnajeHWe HanpsixkeHus, 2 —

ae I‘O(bpl/lpoBaHHOﬁ JEHTH! nageHHe uanpsikeHus B CcTol0e AyrH

Ha

B rasosoM auone, kKax ObLJIO yKAa3aHO, BO3HUKAET IJIa3Ma, 0

puc. 89 noxasaHo pacipeje/enue NOTeHUHANa MEKIy aHOLOM
KaToAOM ra3oTpOHa B pexXHMe, yCTaHOBUBLIEMCS I0c/]e 38)KI/IHI‘dHPIH
(1S IPOCTOTHl NpeArnoJaraercs, 4To 3JeKTPOIbl IUIOCKHE). orm;l_
ropu3oHTaJ/bHasl 4acTb rpacduka COOTBETCTBYeT IL1asMe HJH Tai;;
Ha3LBaE@MOMY CTOJ0Y ra3oBoro paspsaa. Duarofaps ee xopolue
NMpOBOAMMOCTH B 3aHATOM €10 y4aCTKe IOTeHINaJ IMOYTH HE MEHs-
erca. Ha rpanulle mia3mb BO3Je KaToAa, Kak ﬁbiﬂo yKasaHo, Cy-
IeCTBYET [OJOKUTEJbHBIH UOHHBIH CJ10H, KOTOPBIH MOXHO HaSBaTI;
«yCJIOBHBIM ~aHOJOM», COCJMHEHHBIM uYepe3 I1a3My C pEeabHBIN
aHofoM. JleficTBUTEJIBHO, NTOTEHLHAJ 3TOr0 CJI0S I0YTH paBeH Io-
TeHIHaJy aHOda U Pa3roH 3JEKTPOHOB IIPOMCXOJAUT B y4acTke Mex;:
gy 5THM HOHHBIM CJOEM M KaTOJOM, IJie MMeeTCsi GOsblIoe U3MEH
Hye MmoTeHuuasa. JTOT MPOMEXKyTOK Ha3bIBAIOT YyacTKOM KaTo[HO-
ro najeHus. YCJIOBHHH aHOI paclojaraetcsl odyeHb OJH3KO 01}‘E Ka-
Toma u ofecleyuBaeT paccacbiBaHUe 3JEKTPOHHOro obJjaxka. LCIH
KATOJ He IJIOCKHH, TO yCJOBHBHIH aHOJ NpuHMUMaeT ¢GopMy NoBepx-
HOCTH KaToja, O6BO/IAKMBAsL €ro CJIOEM, OTCTOSMM OT KaTola Ha
He6oablIOM paccrossHud. [TosToMy U3 m0GHX iiesell U CKIaA0K Ka-
TO[a JEKTPOHB! NMEpexoisT B IJa3My, a U3 Hee B aHOL. 3
[To TeM e IpHYMHAM aHOA ra3oTpOHA OTJNHYAeTCs IO CBOeH
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KOHCTDYKIIHH OT aHOfa BAaKyyMHOTO JHOda, HMEIOUEro OOBIYHO
¢opMy HHIHHApA, KOTOpasi o6ecleunBaeT KOHIEHTPAIMIO IS BO3-
Je KaTofla. ITo HeOGXOAMMO, UTOOH IOYYHUTh KaK MOXHO GoJee
GLICTpOE paccachiBaHHe IPOCTPAHCTBEHHOrO 3apsiga 3JeKTPOHOB C
yBEJIHUEHHEM HAlpsSKEHHS, UTO BEJeT K CHHKEHHUIO BHYTPEHHEroO CO-
npoTunJedusi. B rasoTpoHe IpoCTpaHCTBEHHBIH 3apsJ CKOMIEHCH-
poBaH (I10CJI€ 3aYKHraHHSA) M BCE IMUTTHPYEMBIE 3JI€KTPOHBI IOCTY-
NalOT M3 KaTOAa B I1a3My (M3 Hee IIOJIyYaeT 3JEKTpOHBI aHOA) He
3a CyeT 110151 aHOMa, a 3a CYeT KaToAHOro nafeHus. [Tostomy dop-
Ma aHOlda ¢ TOYKH 3DeHHS

ero IoJisl BO3Jie KaTojga He

: HMeeT 3HAueHHsT U ee Bhbl-

0upaloT M3 ApYrHx <€000-

2 paxeHH#. B MajoMmouisbix
ra3oTpoHax aHOA HMeer

IIOCKYI0  ¢hopMy, MIpH KO-

TOpOH o6ecleynnaeres 10-

CTATOYHasi IpHeMHasi I0-

BepxHocTh  (puc. 90). B

MOIUIHBIX Ta30TPOHAX aHONX

H3I'0TABJIMBAETCS B BHAE

Mon0H yalln WM OXBaThI-

-I- BaOIlero XKartojx UMJIHHI-

3 pa, 3aKpBITOrO ¢ OpHOMH

" “croponn. [loabii  aHop

UMeeT GOJBIUYIO IIpHEM-

HYI0O TOBepXHOCTb; KpoMe

Puc. 90. ‘KoHcTpyKund rasotrpoHOB: TOr'o, OXBaThiBasg Katojn, OH

gm-;_ IMTOEHON;(;M?HOimxéaTinT 3G(E‘lbxlfooxiix).rx::l;mf}u-lt pacroJ/araercs OdeHb

BBOABl MOAOrpPeBaTesst 6JH3KO OT HEro, 4To I10-

3BOJISIET I1OJYUYHTL MaJhli

06BeM I1a3MBl. JTO yMeHbIUAeT BPeMsi NCHOHH3aUMH W OGPaTHBIH

TOK, 4TO IMO3BOJSET Ta30TPOHY BBLIEPXKATb GOJbllHe OGpaTHHIE
HalpazKeHus.

O6paTtHoe HanpsiKeHHe, BbIEpKHBAEMOE Tra30TPOHOM, SBJASET-
Cs1 BECbMa BaXHOH ero XxapaKTepHCTHKOH, IipH paGoTe ra3oTpoHa B
CXeMe BBIIPAMHUTEJA HANpsXKeHHe MeXAy ero aHOAOM M KaTOAOM
NEpHOAUYECKH MEHsIeTCs 110 3HaKy, IpHYeM Korpa MOoTeHLHaJd aHoja
OTpHLATEJEH 110 OTHOLIEHHIO K KaTORY (o6paTHOe HamnpsKeHue),
rasoBblM paspsn He nOJ/KeH MpoHcxoauTth. OpHAaKo NPH HEKOTOpOM
3HAYeHHH OGpAaTHOrO HalpPSKEHHS MOMKET BCE XKe 3aXKeybCsl paspsiy
¢ o0paTHBIM HalpaBleHHeM TOKa (oGpaTHoe 3axuranue). [Tpuunna
3TOro SIBJIEHHSI 3aKJIOYaeTCss B TOM, 4TO IIPM NepeMeHe 3HaKa Ha-
NpsKeHHsl (M NDEKpalleHHH pa3psfa) HOHE, KOTOPHIE He yCHesaH
PEKOMGHHHPOBATH, ABHKYTCA 1M0A AeHCTBHEM 0/ He K KaToAy, a
K aHOmy, M eCJIH 3TO I10Je [OCTATOYHO BEJMKO, MOryT BHI3BATh

b

=0 4 0=
o 5
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F° 9MHCCHI0O aHOZa W o00pa3oBaHHe CaMOCTOSTEJbHOrO paspsja.

B 3TOM cJayuae ra3oTpoH OyaeT MMeTh He OJHOCTOPOHHIOW, a ABYX-
CTOPOHHIOIO IIpOBOAMMOCTb, UTO HApyIUHT paboTy BHINIPAMHTENS, a
B HEKOTOpHIX cJyyasix (JABYyxIoJayllepHogHas MWJAM MHorodasHas
cxeMa) INpPHUBEJET K €ro KOPOTKOMY 3aMBIKaHHIO.

Beaunuynna o6paTHOro HanpsKeHHs,, KOTOpOe MOMKET BbIIEPKAaTh
ra3oTpOH, 3aBHCHT OT psafa ¢axrtopoB. OHa MosayuaeTcs TeM 60Jb-
e, 4eM MeHble 06beM I1a3Mbl (0 ueM GblIO ckas3aHo Bblme). Kpo-
Me Toro, Go/bllioe 3HaueHHe HMeeT MaTepHasa aHofa. OH Jo/MKed
UCIYCKaTh KaK MOXHO MeHBbILE -JeKTPOHOB IIpH yjlape HOHOB H
HarpeBe W XOpOllo pacceHBaThb Tellyio. HaWayullumM B 3TOM OTHOLIE-
HHM MartepHasoM spgsieTcss rpadur. [IpuMeHsioTes TakXKe aHOAbI M3
HHUKeJIs, 4aCTO YepHEHOro,

- BesnuuHa HanpsiKeHHs o6paTHOro 3a)KMraHHMsl 3aBHCHT TaKkKe
OT BHIGOpaA ra3a W ero faBJjeHHs. /s HalloJHEHHA ra3oTpoHa IpH-
MEHSIIOTCSl T1apbl pTYTH H MHEepTHble rasbl. B pTYTHBIX ra3oTpoHax B
6aJlJIoH, OTKAuaHHBIA OO rMyGOKOro BaKyyMa, IOMEILIajoT Hebolb-
[10€ KOJHYeCcTBO (HEeCKONbKO Kaflesb) pTyTH, KOTOpasd HClapsercs
NIpH HarpeBaHHH U CO31aeT PTYTHHIH Nap HyxHoro nasienus, Onna-
KO faBJeHHe PTYTHOTO flapa 3aBHCHT OT TeMIlepaTyphl B KoJabe ra-
30TpPOHA H, CJAeNOBATENLHO, OT BHEUIHHUX YCJAOBHH, UTO H SBJAsETCS
He0CTaTKOM pTYTHOTO ra3oTpoHa. Ero npenMyiiectna nepej HHepT-
HbIMM Ta3aMH 3aKJaioyaloTcsi B 6oJee HH3KOM IOTEHLHaJse HOHH3a-
MU u 6osiee BBHICOKOM INoTeHUMase 3axuranus, Huskuit nmotenumnan
HOHH3aUMH ofecleyuBaeT MaJjyio BEeJHYHHY KATOQHOrG IajgeHHs H,
cJe10BaTeJLHO, MaJloe NajeHHe HalpskKeHus Ha rasoTpoHe (Topsia-
ka 10+ 11 8 BMecTo 16 8 npu aproHoRoM HaloJHeHHH). DBeicokuii
NIOTeHIH A/ 3a:KUraHHsl [103BOJSIET rasoTpoHy paloTaTh B BHIIPSIMH-
TeJsix Npu GOJBIIMX HANPSKEeHHsAX 6e3 O6paTHOro 3aXKUraHMs.

B rasorponax, HamoJHEHHBIX MHEPTHHIM ra3oM, AaBJeHHE MaJjo
3aBHCHT OT BHEIUIHHUX YCJOBHH, HO 3TH ra30TpOHbl OTJIHYa0TCA 00/1b-
ITMM paGouyuM aHOAHBIM HalpsiKeHueM. UToObl CHU3HTB HX palouee
AHONHOE HalpsKeHHe, HEKOTOPbIE THIIBI ra3oTPOHOB (TYHraphl) Ha-
IIOJHAIOT HHEPTHBIM I'a30M IpH CPaBHUTEJNbHO O4YeHb (OJBIIOM [aB-
JeHHH (HECKOJNbKo MHJIJIMMETpOB PTyTHOro croi6a). Ilpu stom pa-
fouee aHOMHOE HAlpSKEHHE CHHUMKAETCS N0 BeJHUYHHBI, paBHOH I0-
TeHLKasy BO3GYKAeHHS rasa, D10 OODBACHSAETCS CTYNeHYaTOH HOHM-
3anueil, KOTopas NPOUCXOAHT NIpH CTOJb Go/bioM fapiaeHuH. CTy-
NeHuaTas MOHM3allMsA 3aKaiouaeTcss B clefyiomeM. ATOMBI rasa,
TNOJIYYUBILHE NPH CTOJKHOBEHHH C 3JIEKTPOHOM 3HEPrui0, HepocTa-
TOYHYIO 1JIl HOHM3aUWH, HO JOCTAaTOYHYIO N HX BO3OYXKIAEHMH.
NoJyyaloT IpH CJAEAYIOUMX CTOJKHOBEHHAX C 3JEKTPOHAMH mnola-
BOUHYI0 3Hepruio, B pesyibTaTe HECKOMbKHX CTOJNKHOBEHHH C 3JEK-
TPOHOM aTOM OyHET HOHH3HPOBaH. JTO MOMKeT NPOH3OHTH IIpH Ta-
KOM [aBJeHHH, KOTJa aTOM HCILITBIBAeT MHOrO CTOJKHOBEHHH ¢
3/MeKTpOHAMHU, B 3ToM c/ayuae A/l MOHM3almMM rasa JOCTAaTOYHO,

18 3amuTa OT pamHOaKTUBHHX H3IyyeHHH
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yTOOBbI HEPTHS IEKTPOHOB, HAKOILVIEHHAS HMH B 3JEKTPHYECKOM
1noJie, COOTBETCTBOB2JRA He MOTEHUHaNy HOHM32UMH, 2 NOTeHUHAJy
Bo30yxneHusi raza. Tora KartofHoe NajeHHe YCTRHABAHBAETCS MH-
HAMAJIbHO HeOOXONMMBIM /IS IOANEPKAHUS CTYNEeHUaTOH HOHH3a-
4K, T. €. PaBHBIM IIOTEHUHady BO3OYxAeHUs ra3a. Boubiuoe nas-
JIeHHEe ra3a CHHXKaeT HanpskeHHe oOpPaTHOTO 32:XKHTAHHS TYHT2pOB,
I03TOMY OHH NIPHMEHSIOTCA B BBUIPSAMHTENAX HH3KHX HaIpsKeHUi
(mopsinka COTeH BOJBT).

Tuparporest

‘THpaTpOHOM H23bIBRIOT ra30paspsiIHbI TPHOJA C HaKaJHBREMbIM
KA4TONOM, T. €. Ta30TpOH ¢ CeTKoH, OpHaKO ceTKa THpPaTPOHA OTJIH-
yaeTesa OT CETKH 3JEKTPOHHOTO TPHOAA He TOJNBKO KOHCTpYKIHEd,
HO W 110 cBOeMy Ha3HaueHuio. CeTKa TUPATPOHZ NpenHa3HayeHa AJs
yIIpaBJCHUA 2HOAHBIM [OTEHUHAJOM 3axuranus. JleficTBHe ceTku
OCHOB2HO Ha TOM, 4TO OYAYuH DAacHOJOXKEHHOH MEXKAY aHOAOM U
KaTOAOM, OHZ NOYTH IIOJHOCTBIO KPAHHPYeT 3TH JEKTPOAbl OJUH
OT JApYyroro H TeM CaMbIM IpensiTCTBYeT BO3HHKHOBEHMIO IyTOBOTO
paspsina MeXay HHMH. DTO NPeNnsaTCTBHE CTRHOBHTCS elle GOJbIINM,
ec/IM CceTKe COOOMHIeH OTPHUIlaTeJIbHBIH MOTEHIHaa OTHOCHTENLHO Ka-
TON&, MOCKOJbKY B 3TOM CJyyae I10/7€ CeTKH IPOTHBOIIONOXKHG I10-
a0 anopa. CJegoBaTesbHO, MpH OTPHILATEJNBHO 3aPSMKEHHOH ceTKe
AJIs1 BO3HUKHOBEHHSI NyroBOr0 paspsla MeXAy a2HOAOM H KaTofoM
TpeGyeTcsl MPUJIOKHTD K 3THM 3JIEKTPOAaM HalpskeHHe GoJibliee,
yeM [IpH OTCYTCTBHHM CeTKH. Besuumna anopHOro HanpsiKeHus, NpH
KOTOpOM BO3HHK2eT fyroBoH paspa] (2HOMHOEe HalpsKeHHe 3aKu-
raiuda), rnoJaydaeTca TeM OoJiblliel, yeM GOJibllle OTPHIATEJbHOE Ce-
TOYHOE HanpsixeHHe. 3aBHCUMOCTb aHOAHOI'O HAMpSKEHHs 3axKura-
HUA OT CEeTOYHOrO HaNpsXKeHUs Ha3blBAeTCA IYCKOBOH XapakTepH-
CTUKOH TUpaTpona (puc. 91).

Ilpu oueHb CHIBHOH 3KpaHMpOBKe NOJMS 2HOAR CEeTKOH 3axHura-
HHe OyTH MeXJy aHOJOM H KaTONOM BO3MOXKHO JIMIIb NPH NOJOXKH-
TeJILHOM NOTeHIHaJje ceTKH, B 3TOM cayuae NycKOBble XxapaKTepH-
CTUKH HMEIOT BMJ, ITOKa3aHHBbIH Ha puc. 91, 6 (mpaBble xapakTepu-
CTHKHM). DTH X2paKTEPHUCTHKH MNOKa3bIBAIOT cyaaloe BJHSIHHE aHOA-
HOI'0 HaNpsXKeHHs Ha BEJHUUHY CETOUHOTO HaNpskKeHUs, IIpH KOTO-
pOM IIPOMCXONMT 3a2xuraHue. B Tuparponax c JieBBIMH XapaKTepH-
CTHKaMH (puc. 91, a) ceTouHOe HampsiKeHHE 3a:KUraHWsg CyILECT-
BEHHO 32BHCHT OT QHONHOTO HaIpsKeHHs, yTO OGBsicHsieTcs Oosee
cnaboil 9KpaHUpPOBKO{l 1mosst aHoga. B tuparponax o6oMx THIOB
MOXKHO NOf0OpaTh TaKOe IOJOXKWUTEJbHOE CETOUHOEe HAIpsSKeHHe,
4TO 32xXKHUraHWe AYTH B 2HOAHO{ LM [pPOM30HAeT NpU Hamnpsxke-
HUM MEHbIIEM, YeM I[IpH OTCYTCTBHH ceTKH. ONH2KO TakKoil pexuMm
SIBJISIeTCS] HEHOPMAaJIbHBIM, T2K K2K OCHOBHOH paspsi/i BO3HHKHET Me-
KAY CeTKOM u KaTOAOM, a B aHOJHOH 1ellH 1oTeyeT JUllb YacCTh pas-
PSILHOTO TOKa.
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Urobb1 obecrieudTh HeOOXOAMMYIO KpaHHPOBKY aHOMa OT Karo-
&Xa, CeTKy THPaTpOHZ KOHCTPYHDPYIOT B BHAE IUIOCKOIO 3KpaHa Wi
(WIMHAP2 C OJHHM HJIH HECKOJIbKHMH oTBepcTHAMH. OnHa u3 BO3-
MOXKHBIX KOHCTPYKIHH CeTKH 1OKa3ana Ha puc. 92, rae n3obpaxeH TH-
paTpoOH ¢ JIEBBIMH X2paKTepHCTHKaMU (a) M THUPATPOH C IIpaBBIMH
xapakTepuctukamMu (0). Ha pucyHke Xopollo BUAHO pa3jHune B
S5KpaHUpVIOLIeM NefiCTBUM CeTOK 3THX THPATPOHOB.
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Puc. 91, ITyckoBble XapakTepUCTHKH THPAaTPOHOB:

@ — ¢ OTpHIATe/JbMHM ylpaBjeHHeM; 6 — ¢ NOJOKHTENbHHM yn-
paBieHHeM

ITocne BO3HMKHOBEHUs pa3psila MeXAy 2HONOM H KaTOAOM ceT-
Ka lepectaeT 3KpaHUPOBATb ONMH OT APYrOTO 3TH JEKTpomabl. IJTO
NpOMCXOIUT B pe3yJbTarte 00pa3oBanns m1asMbl (cTon6Ga paspsna),
3a2HUMajollefl MOYTH BCe MEXKJY3JMeKTPONHOe IIpOCTpaHCTBO 32 He-
KJouenneM He6oablloil o6aactu Boane xaropa. O6pasosasluasics
nnasMa Gyaronaps MaJoMy I2NEeHUI0 HalpsixKenns B HeH MoxeT
paccMaTpuBaThCcsl K2K TOKONPOBOAALLRA cpena, NpHOanKaomas
aHox K xaroay. MubiMu ciioBaMu, Kax ObIJIO OK232HO Bhille, o6pa-
3yeTcsl yCJIOBHBI] @HOJ, KOTOpbIfi B YCTRHOBHBIIEMCS COCTOSTHHM pac-
nosaraetcst GMXKe K KaTody, yeM ceTka. KpoMe Toro, 4To ceTxa Ie-
pectaeT 3KpaHMPOBATb aHOJ OT KaTOAa, OH& TepsleT CBOE YIpaBJsiio-
mee AeficTBHe, TAK KaK BO3Jle Hee BO3HMKAeT MOHHBI WM 3J€K-
TPOHHBIH Yexos, HelTpanusywomuil ee noae (puc. 93). Cregosareb-
HO, MOCJe 32XKHUTaHUs AYroBOTO paspsAfa H3MeHeHWe IUTEHLHaJaa
CETKH He BJIMsIeT Ha IIpoTeKaHue paspana. UToOwl NpekpaTHTh pas-
PSR B THPATpOHe (IIOTACHTb €ro), HeOOXOAMMO IOHH3HTh AHOJHOE
HapsiKeHHe [0 BEJHUHHBl HANPSAMXKEHHS IOT2caHus, JUO0 yMEHb-
WHTb CHJIYy 2HOAHOTO TOKa /0 BEJHUYHHEL, NIpH KOTopoil AyroBofi pas-
pan Heso3moxeH, Ilpu sToM aHoAHOe HampsxKeHwe moracanns (B
OT/IMYHe OT HANPSKEeHHs 32XKHTaHHfA) He 32BHCHT OT NOTeHypHada
CeTKH.

18*
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OKcriepHMeHTabHble BOJbTaMIlepHBIe XapaKTePHCTHKH TOATBEp-
KAAIOT yKasaHHble CBOHCTBA THPATpOHA. AHOAHbBIE XAPaKTEPUCTHKH
(puc. 94) ornuyaloTCs OT XapaKTePUCTHK ra3oTPOHA JIHIIbL TeM, 4TO

Puc. 93. OGpasosatue MOHHOTO uyex-
Ja OKOJIO OTPHLATENBHO 3apsiKeH-

HOH CeTKH:
1 — xatom: 2 — amonm; 3 — OTpHIla-
TenbHas ceTka; 4 — O00OMOYKa H3 TMOJO-

HHTENhHH X HOHOB

Puc. 92, Kosctpykuus

. o —
3JI6KTPO a: — - - =
KTPOA0B THPATPOH Pndindind! Id e — "
@ — C OTDHIATeJbHRIM  yH- 7
paBienueM: 6 — C MOJNOXKH- 10a 4
TelbHWIM ynpasaendeMm; I — H ’

xaron; 2 — cetka. 3 — aHon
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Puc. 95. IIpumepHblii BUA CeTOYHON
Ug BOJIbTAMIEPHOR XapPaKTePHCTUKH TH-
: . paTpoHa U ee CpaBHEHHe C Xapakre-
Puc. 94. HpHMeprm BH.X pHCTHKOI‘/’I TPUO1A:
AHOMHBIX ~ XaPaKTEPHCTHK ! — TOX B HOHHOM mpHGOpe, 2 — TOK
THpaTpoOHA B 3JIeKTDOHHOM TIpHOGOpe

GOTEHIHAJ 3a:KUraHUS 3aBHCHUT OT CETOYHOro Hanps:Kenus. CeTou-
Hple xapakTepucTHKH (puc. 95) 1moKa3piBalOT, YyTO NpH BO3PacTaHUH
BeINYKHLL. (anre6pandyeckoil) CeTOYHOr0 HaIlPSDKEHHS IIPOUCXOAUT
BaXKHraHue IPH onpeleseHHOM 3HAY€HHH 3ToH BesnuuHel. Ilpu 3a-
MHTAHUM TOK CKAUKOM JOCTHraeT HAaCHILEHHs U NP JaJbHellleM
yBeJHUEeHHH CETOYHOr0 HampsiKeHUsl He u3MeHsieTcs (auHus QPN).
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G6paTHoe H3MeHeHHe CeTOYHOro HalPSXKEeHHs B CTOPOHY yMeHblue-
HMsl TaKxKe He BBI3bIBAT HW3MEHEHHsl TOKa W [oracaHusi paspsaa
{(annnsg NM). Ha rpaduxe Ans cpaBHeHHs] HaHeCeHa BOJbTaMmep-

‘Hasl CeTOUHAasa XapakKTepHCTHKa 3JE€KTDOHHOro TpHoaa.

Heonosoie ramnet u 6e3nakarbrble TUPATPOHbL

B no3umeTpuueckux npubopax IIHPOKO HCMOJB3YIOTCSI rasoBhle
OHOABI C XOJONHHIMH, He HAKaJHBAaeMbIMH KaTogaMu. B 3Tux uon-
HbIX NpuOopax MCIOAb3yeTcsl TaK HasbiBaeMbil TVl paspsf,
CBOHCTBA  KOTOPOrO WJLTIOCTPHpYIOTCA i
BOJIbTAMIIEPHOH XapaKTepUCTHKOH, MpHBe- a.
IeHHo#i nHa puc. 96. Kak BugHo M3 Xapak-
TEeDHCTHKH, I[IDH HEKOTOPOM Hallps:KeHUH
(Touka c), Ha3blBaeMOM IIOTEHLHAJIOM 3a-
JKHUTAHUs TJeloUlero paspsjia, [POUCXOAUT
CKayoK HalpsiKeHHs U ToKa. AHaJOrHyHO
TOMY, KaX 3To [loJyyaeTcsi B Ta3oTpoHax C a0
TOpsiluUMM KaTOAOM, CHJIA TOKAa B 3TOM CaY-
yae olpelensieTcsl BeJIMYUHOH BHEUIHErop co-
NPOTHUBJAEHHS, BXJIOYEHHOro I0C/AeloBa- Puc. 96. Boisrammepuas
TeJqbHO C ra3opaspsHbIM IIDOMEXYTKOM, a  XapaKTepHCTHKAa TOKa »
HanpsKeHHe Ha HeM He M3MeHsieTcst 1npu L[a3¢ B JHHEHHOM Maciita:

6e. Bubpanunift Macural.
M3MEHEHHH CHJIBI TOKa B AOCTATOUHO IMMPO- ooty oo t™s om0 na6mo-
KuX npefenax (yd4acTtok ab). DTo HAlpPfi-  jpate TOAbKO PENHM Tie-
JKeHHe Ha3bIBaeTCs IOTeHIHaJOM liora- 10llero paspsia
CaHus. .
BepTuxa/npHblfl yyacTOK XapaKTepUCTHKH COOTBETCTBYeT TaK Ha-
3pIBAEMOMY HOpMaJbHOMY TJeloleMy paspsany. HdanbHejiuee yBenn-
yeHHe TOKa CONMpPOBOXKAAETCs] MOBHINEHHEM HalpPAXKeHHs,, YTO COOT-:
BETCTBYET PEKUMY aHOMAJbHOTO TJielwero paspaia (ysactok bd)..

Taeomufi paspsia NpakTHIECKH OTVIMHAeTCsl OT AyroBOro BO MHO-
TO pa3 MeHbUIHMM 3HAUEHWsIMU CHJIBI TOKa (TOpsixa Muwliuamiep)
1 GoJbIIMMH 3HAUEHUSMH HAlpskKeHHsd Ha rasopaspsiHoM IpoMe-
KyTKe (necsTku BoJsbT). PU3HUECKH pas3siuyHe COCTOMT B TOM, 4TO,
TIeOMUA pa3pa] NOANepKHBAeTCs He TepMOIMHCCUeH Kartoda, a
BTOPHYHOH €ro 3MHCCHel, XOTOpasi BO3HMKaeT B pesy/abraTe GOM-
GapAnMPOBKH KaToda MOHAMH, afalOlHMH Ha HEro M3 IJIasMbl 10X
HeficTBueM sjexTpuyeckoro nossi. IIpu 3ToM yAenabHas 3MHCCHA Ka-
Toda (T.e. CHla TOKAa Ha eIMHMILY IJIOMmaAu €ro NOBEepXHOCTH), KaK,
MI0KA3bIBAIOT TEOPHS M IKCIIEPHMEHTHl, B peKHMe HOpMaJbHOro Tie-
I01ero paspsifia octaercs nocrosiHHoll. Tox Bo3pacraeT( Hanpumep,
NpH YMEHbIIEHUH BHEIUHEro CONpPOTHBJEHHs) B pe3ysabTaTe yBejH-
YyeHHsl TJIoHIAAM TOM Y4acTH IOBEPXHOCTH KaTofa, KOTopas 3aHfATa
paspsifioM. IIpu Tom 3HaueHHH CHJIBI TOKa, IPH KOTOPOM BCS IOBEPX-
HOCTb XKaToda 3aHsTa pa3psiaoM, AajbHelllMidi pOCT ToKa MOXKeT

o
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MPOKCXOAUTD JHLIL MPH YCIOBHH YBEIHUEHHs YACIbHOH 3MMCCHH, a
3TO MOXKET MOJYYMThLCS JIMIIb BCJAEACTBHE OO/MBLINOH CKOPOCTH JBH-
XeHHs] HOHOB K Karony. I[TosToMy nanabHeHIUA# POCT CHJIBL TOKA MO-
3eT NMPOHUCXOMHUThL JHIIb DU YBeJHYeHHH HANpSIXKeHHs, YTO COOTBET-
CTBYeT Mepexoly K PeXHMy aHOMaJbHOPO Taeoulero paspsiaa. Ta-
KHM 06pa3oM, BePTHKAJbHHIH yUacTOK XapaKTEePUCTHKH HMeEeT TeM
GoMbUIYIO MPOTSXKEHHOCTh, yeM OoJsiblle NMOBEPXHOCTh KaTona.

JlamMna TJjeiomero paspsina npexcrasisieT co60H  CTeKAsHHBIN
Ga/sioH, comep¥aiiui 1Ba MeTaJJHUECKHX 3JEKTpola M HaloJHeH-
Hblfi MHEDTHBHIM Ta3oM ¢ JaBsieHHeM mopstaka 107 <+ 102 mm pr. cT.
BriGop HHEPTHOTO ra3a HCK/IIOUaeT XHMHYeCKoe B3auMoJelcTBHe
MexXJly ra3oM M MaTepHasoM 3JeKTPONOB, KOTOpoe mpuseno Obl K
«KeCTUEHHMIO» JAMIIHL, T. €. K MOHHIKEHHIO JaBjaedns ra3a B Hed. Bul-
‘Gop manJeHHs] onpelensieTcss HeoGXOIMMOCTbI0 00ecleydTh PekHM
TJeioiiero paspsiia. Taelomuii pa3psiy CONPOBOXKIAAETCs CBEUEHHEM
ra3a. liser 3Toro cBeueHHs] 3aBHCHT OT pojfa rasa; reJHd CBETHTCH
CHHHM CBETOM, HEOH — KDAaCHOOPaHXKEBbIM, aprOH — CHPEHEBHIM M
T. 1. [osToMy 0onHUM u3 NpHMeHeHHH TJeiOIIero paspsiia sBASIOTCS
CHTHaJIbHbIE JAMMBL H Ta30CBeTHBIE TPYOKH JAJSI PEKIaMHBIX H HIJIIO-
MHHAIMOHHBX CBETOBBIX ycTpoficts. CHrHa/lbHBIE JaMIbl BCErja Ha-
[IOJIHSIIOTCS] HEOHOM (HEOHOBBIE JIAMMBI), TaK Kak KPACHOOpaHXKeBbIH
IBET CBEYEHMsT HEOHa BOCHPHHHMAaeTCss Ha OOJbIIEM DACCTOSIHMA,
yeM JApyrue useta. lJst JaMI TJeollero paspsiia xapakrepHo Oe-
3MHEPUHOHHOe H3MEHEHHe SIpKOCTH, [PONOPLHOHANbHOE CHJEe TOKa
paspsina. Ato CBOHCTBO MOJE3HO TaM, rjae TpeOyeTcst HCTOUHHK MO-
AYJAHPOBAHHOTO CBeTa, HalPHMEP JJs1 CHCTEMBl 3BYKOBCTO COIPO-
BOXKEHHS B KHHO.

Heononbie JlaMIbl HCMOJL3YIOTCSI HE TOJbKO KaK CHTHaJbHHE.

Pasanuye MeXIy MOTEHIHAJIOM 3aXKHTAaHHsl U MOTEHIHAJIOM [oraca-
HHSl TJICIOIIErO pa3psifia SIBASIETCS BecbMa BaXKHbIM HX CBOHCTBOM,
MO3BONAIOIINM UCMIONb30BAaTh HX B CXeMe reHepaToOpCB  3JeKTpHue-
CKMX KojiefaHuii, OMHCaHHBIX HHXKeE, :

Ha puc. 97, a uao6paxkeHa KOHCTPYKIHSI OJHOTO M3 THIOB HEO-
nHoBulX samn CH-1 wan CH-2, BhnyckaeMblX Hailed NPOMBILLIEH-
HOCTBIO. DJEKTPOdaMHu CJIyXaT ABa HHKeJeBbIX Aucka. Paccrosnue
MexX]ly JHCKaMH BbODaHO MeHbIle cpefHell IM4b CBOGONHONO MpPoO-
Gera, MOSTOMY MeXIy AHCKAMH [OYTH He MPOHCXOAMT CTOJKHOBe-
HHH, a pa3psii uuer no 6osee NJHHHOMY NMYTH MeXAY AHCKAaMH, T. €.
B HapykHOM npocrpaHcTse. [To3ToMy cBeueHHeM MOKPHBAIOTCA Ha-
PYXKHbie YyacTH AuCKOB. IIpu MUTaHuM NMepeMeHHBIM TOKOM KaxKJblii
¥3 JHUCKOB MOOYEPETHO CJYKHT KaToAoM. UToObl BCSt MoBepXHOCTL
KaToja Oba MOKPHITa CBEYEHHEM, BHEIIHee COMPOTABIeHHe OOLIYHO
BLIGHPAIOT COOTBETCTRYIOILHM DEXHMY aHOMaJbHOTO TJEHOIIero pas-
psana. [MockonbKy RUCKH ONHHAKOBbL, TO MpH JM000M HampaBsJeHHd
TOKa MUMeeTcsl OJMH H TOT Xe (aHOMaJbHBIH) PeXHUM M OfHA M Ta Xe
npoBoguMocTb. Eciu 6bl 3/1€KTPOAB 3HAUHTENbHO OTJIHYAJHCh [0

OcHosHble 34eMeHTsL 003umeTpudeckux npubopos 279

pa3MepaM, TO MOXHO ObL10 Obl MOMYYHTH NMPH ONHOM HaNpaBJieHHH

TOKA AaHOMAJbLHLIH PeXHM, a NMPH APYrOM — HOPMaJbHBIH M MPOBO-
IUMOCTh Onwia 6b1 HeonHHakoBo#. Ha 3ToMm npHHuuNe OCHOBaHbL
MOHHBbIE BEHTHJIH C XOJOJHBIM KaTOIOM.

Ilpyroit TN HeOHOBOH JaMMbl C HIHHAPHUECKHMH 3JIeKTPOLAMil
MH-3 noxa3an ua puc. 97, 6. Y 3Toit JlaMnbl 3J€KTpOAbl HEOAHHA-
KOBbI, MO3TOMY OHA MpejHa3HayeHa TOJAbKO JIsl MOCTOSTHHOTO TOKa
onpeneJeHHOr0 HaNpaBJeHHs, a HMEHHO OT BHYTpPEHHero UHJIMHApPA
K ‘BHELIHEMY.
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Puc. 97. CurnajbHble HeOHO- Puc. 98. 3aBuCUMOCTb AHOXHOIQ

Bble JaMIH: HaNpsSKeHus  33XKHMaHud oT
a — tuna CH-1 uwan CH-2; 6 — CHJB CETOYHOr0 TOKa (xapaKTe-
tana MH-3 DHCTHKA Tepexona)

Kak ykasbiBaJoch Bbillle, OMPeJleJIEHHOe 3HayeHHe TOKa MOXer
6bTh 3aHKCHpOBAHO BHEIIHMM comporuniednem. Ecan 310 compo-
TUBJEHHE OTCYTCTBYET WIH MaJo, TO pa3psj Pa3BMBAeTCs, MPOXOAsd
nocsieloBaTebHO Bee CTalHH, H MePeXoJHT B AYroBOH, MpH KOTOPOM
CHJIa TOKa BEJHKa. DTO MOXKeT MpuBeCTH K rubenn sammbl. Ilosro-
My JIaMIy BKJIOYAOT MOCJAeN0BaTeIbHO ¢ 6a/llacTHEIM COMpOTHBIIE-
aHeM, CrelnHasbHo MomoGpaHHHIM TaK, 4ToObl o0ecneyHTh 3HAUEHAS
TOKa, COOTBETCTBYIONIee Hy*kHOMy DPexnmy. B qamnax tuna CH-J u
CH-2 6aanacTHoe COMpOTHBRJIEHHe HAXOMHUTCS BHYTPH I1IOKOJSs JIAM-
nbl. JIpyrue namnsl TpeOyiOT BKIOUEHHs BHEIIHEro COMPOTHBJIEHHS.

B ;1amMny TJeronlero paspsiia MOXKHO BBECTH TPETHH 3JeKTPOX —
CeTKy, NMO3BOJSIOLLYI0 PeryJiupoBaTh MOTEHIHAT 3aXKHraHHs. JrtoT
5J€KTPOM, MOMEUIeHHbIH MeXJy aHOJIOM H KaToIOM H3TOTOBJSIOT
Au60 B BHLE SKpaHa C OTBePCTHeM, JHOO B BHJIe NMPOBOJOYHOH mer-
nu. Takast aMrna Ha3biBaeTcss Ge3HakaibHHIM THPAaTpoHOM. Ecam k
MPOMEKYTKY CeTKa — KaTo[ MOJBECTH HampsiKeHHe, AOCTAaTOYHOe
ISt TOro, 4To6bl B HEM BO3HHK CaMOCTOSITE/IbHBIL D23psj, TO 3TOT
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pa3psii MOXET PacNpPOCTPAaHUTLCS Ha NMPOMEXYTOK aHOM — KaTron,
Raxke ec/M HalpsikeHHe MeXJY aHOJOM M KaToNOM HHXKe Hamps-
*eHHsl 3axuTanusl. Ilpu 3TOoM HanpskeHHe MeXIy aHONOM M Karo-
10M, NOCTATOYHOE JJIsl 3aXKHTaHHMsl, 3aBHCHT OT CHJIBI TOKa pa3psiia,
BO3HHKIUETO MeXNY cerKod M KarodoM. Ha puc. 98 npuBenena 3asu-
CAMOCTb aHOJHOTO HANPSIXKEHHs] 3aXKHTaHHs OT CHJBl TOKa B Mpo-
MeXyTKe ceTKa — KaTold. I3 sToll 3aBHcHMoCTH, Ha3bBaeMoH xa-
pAaKTepHCTHKOH Mepexofa, BHIHO, YTO aHOMHOe HaNpsiKeHHe 3aXKH-
raHusl TeM MeHbllle, yeM Gojbllle CETOYHBIH TOK. 3To 0OBSICHSIETCS
TeM, C YBEeJHYEHHEM CEeTOYHOTO TOKa B Da3psiiHOM [POMERYTKE
YBEJMYHBACTCS YHCIO CBOGOAHBIX  3JIEKTPOHOB, UacTb KOTOpBIX
NPUTATHBAETCH K aHOAY W 06pa3yeT JIaBUHBI, H3 KOTOPHIX BO3HHKaeT
CaMoOCTOAATeNbHHH pa3psif. Uem Gosbllle TaKux JaBHH, TeM MeHb-
we Tpelyercst HanpsKeHHe [/ BO3HMKHOBEHHSI CaMOCTOSITENb-
Horo paspana. HanpsixeHnne 3axuradust He MoxeT ObITh MeHblle
HanpsKEHHst TOpeHHst (MJM, 4YTO TO JKe CaMOe, MoracaHmsi), mo-
3TOMY XapaKTepHCTHKa aCHMITOTHYECKH NPHGIHKAETCS K 3TOMY
3navenuio. [1pn nyseBoM Toke, T. €. IPH OTCYTCTBHH pa3psiia MeX-
Iy CeTKOH M KaToJNOM, aHOAHBLIH MOTeHIHMa/] 3a’KUTaHHs BBIIE, UeM
NpH OTCYTCTBHH CETKH, TaK KaK CeTKa 3KPaHHDyeT KaToJd OT aHoua
H 60JblIas YacThb 3JEKTPHYECKHX CHJIOBLIX JHHHH aHola 3aKaHUH-
BAEeTCSI Ha CeTKe,

UTo6bl He BO3HHK Pa3psii MeXAy aHOAOM M CeTKoH, ee mome-
LAIOT OYeHb GJM3KO K aHOAY, T. €. HA TAKOM pPacCTOSIHHM OT Hero,
Ha KOTOpOM 3JIEKTpOHH He MOTYT MCHHTBLIBATH JOCTAaTOYHOTO KOJIH-
4ecTBa CTOJIKHOBEHHH ¢ aroMamu rasa. Ilpm Takom pacnomoxenuu
3JIEKTPOJIOB [JIsl 3aXHTAHHUS JJaMIOBl TpeGyeTcs: MeX1y CEeTKOH H Ka-
TOJOM MPHJIOXKHTb HalpsikeHHe MOpsiiKa aHOJHOTO HalpsiKeHHs! 3a-
wuravus. Takum o6pa3oM, B 9THX THNAX JaMI He NOJY4aeTcs
BBIUTpHILIA O Hanpsikenuio. ONHAKO MpaKTHYeCKasl LEHHOCTb HX
3aKJII0YaeTCd B TOM, YTO OHH MO3BOJISIIOT MOJYYHTb aHOLHBIH TOK MO-
pAaKa JeCATKOB MHJJHAMIEp NMPH MPOTEKAHUM CeTOYHOrO TOKA MO-
pAllka NECATKOB MHKpoammep, T. e. BKIIOUUTL nenb 6ojee CHAbHOTO
TOKa ¢ MOMollbio c1aboro Toka (B cxeMe pese). B ppyrux tHnax
JlaMI CeTKy MOMELaloT BO3Je KaTojaa Ha PacCrOSHHM OT HETo, co-
OTBETCTBYIOLEM MaJIOMy HaNpsAXKEHHIO 3aXKHTaHhd. DTO M03BoJsgeT
3aXKHTaTh JIAMIY CETOYHBIMH HANpSIXKEHUSAMM 3HAYMTENbHO MEHbIIHU-
MM, YeM aHOIHbIA MOTeHUHas 3axHWradud. B sTtux mamnax momy-
YaeTCsl BBIUTPLIL HE TOJbKO M0 TOKy, HO M N0 HampsikeHuo. Tax,
EanpHMep, B OHOH M3 JlaMI 3TOTO THIA NPH OTCYTCTBHH Hampsixke-
EHsl Ha ceTKe NMpoGoH B aHONHOM 1eny He HAaCTymaeT MpH aHOTHOM
Hanpsixenuu 1o 225 8. B uenn myckoBoro 3JekTpoxa npoGoii Ha-
CTynaet nph Hanpsaxenuy 90 8. ITO 3HAYHT, YTO MOKHO BKIIOUHTDL
LeNb C UCTOUHHKOM HaMpsiKeHHs 225 8 ¢ MOMOLIbIO HaNpSAKeHHs
90 6. JIna npenoTBpalileHls pa3psiia MeXy aHOAOM H CETKOH aHoJ
M3TOTOBJAIOT B BHJE HHMKEJEBOTO CTepKHS, 3aK/MIOYEHHOTO B CTEK-
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JSTHHYIO TPYOKy, H30JHPYIOLLYI0 €ro OT APYTHX 3jekTponos. Hacme
CTep¥XHsl BBICTYMaeT M3 CTEKISHHOH TPYOKH Ha PacCTOSIHWI IMpH-
MepHo 12 mMm oT ApyruX 3jektponoB (puc. 99) H MOXer y4acTBoO-
BaTh B pa3psifie JHIIb MOCAE TOTO, KaK BO3HMKHET Da3psii Mexny
CEeTKOH M KaTOHOM.

XapaxrepHasi 0COGEHHOCTb JlaMMbl — MpeKpailleHHe yNnpaBJsio-

mero AeHcTBHSI CeTKH MOCJe 3aXKUTaHHUsSl pa3psila MEXIY aHOIOM H
KaToAOM. JKCIEePHMEHTaJNbHO YCTaHOBJIEHO,
YTQ MPH CYLIeCTBOBAaHHU Pa3psUHOTO TOKa B
aHOMHOH leNH MOTeHUHas CeTKH He BJHsAeT
Ha BeJIMUHHY 3TOro TOKa, MpHYeM Jdaxe NpH
OTpHIATeNbHOM MOTEHLHale CETKH pas3psin
He mpekpaiulaercs. ITo OGDBACHITCS TeM,
4YTo K OTpHIIATENLHO 3aPSIKEeHHOH CeTKe MO
JeficTBHEeM ee MOJSI YCTPEMJSIIOTCS  HOHBI
(3MeKTPOHBI OTTAJKHBAKOTCS), KOTOphle OK-
py:KaloT ee uexJOM, HeATDaJH3YyIOLUIHM ee
sapsn (cm. puc. 93). Ha ceTke nmpoHcxomuT
pekoMGuHallKsE HOHOB C 3/CKTPOHAMH, KO-
TOPHIe MOCTYNAlOT U3 NpHCOEeJHHEHHOH K HeH
penH, oGpa3ysi ceTounbift Tok. M3 pa3psinHo-
ro MpoMeXyTKa K CeTKe MOCTYMalOT HOBBIE
HOHBbI B KOJIHUECTBE, PaBHOM UHCJY 3J1€KTpO-
HOB, Y4acTBYIOIKX B pekoMGuHauuu. IlpH
3TOM [1OK4a I10J1e CeTKU He HeHTPaJH30BaI0Ch
STHMH HOHAMH, OHH ABHKYTCS K Hell B 60.1b-
[IOM KOJHYecTBe M TOJILIHHA HOHHOrO YexJja
yBesnuuBaercs, ocnabaas ee noje. Or 3700
YHCJI0 ABHXKYUIMXCS K YEXJy MOHOB yMeHb- =10 " o aroroM:
maetcst A0 TeX MOpP, MoKa HE HACTYNHT JM-  ; _ corxa: 2 — amom; 8 —
HaMHYeCKOe paBHOBeCHe MEXAY UYHCIOM xaton
MOHOB, BXOMSIIHX B UeX0Jl, H YUCJIOM pEKOM-
GUHHpYIOUIHX Ha ceTKe HonoB. IIph TakoM paBHOBECHM Mojie CETKH,
3KpaHHPOBAHHOH MOHHBLIM 4exJyoM, Gyler JHIIb TAKHM, Kakoe MHHH-
MaJbHO HeoOXonMMo [Js [OMOJNHEHHs YObLIM HOHOB B dYexJge MPH
pexkoMGuHanK. [Ipy vBenHueHHH OTPHLATENBLHOTO MTOTEHINANA CETKH
yBEeJMUMTCSA YHCJI0 HOHOB, MOCTYMAKOWKX B HOHHBIH 4eXou, H, CJaelo-
BaTes1bHO, TOJIIMHA 3TOTO yexJa, IKpaHupyomlero ceTky. [Ipn sTom
Bo3pacTeT M ceTouHblil TOK!. Takum o6Gpa3oM, yBenHyeHHe OTpHLa-
TeJbHOTO MOTeHNMada ceTKH (OTHOCHTenbHo KaTojga) He BbI3bIBAET
noracadus paspsna. [loracuTb pas3pAn MOXKHO TOJNLKO YMEHbIIEHHEM
AHOMHOTrO HaNpsXKeHHs.

YnpasieHHe MOTEHIHANOM 3aXKHIaHHSA C MOMOIIBIO CETKH MpH-
MeHSeTCH B OMHCAHHBIX Bbille THPAaTPOHaX C HaKaJMBaeMbIM Karo-

Puc. 99. KoHcTpyKuns Ox-
HOrO H3 THIOB THPATPOHA

1 Ecay cerka NOJOXKHTeNbHA, TO aHANOTHYHO K Hefl NMPHTATHBAITCA 3J€K-
TPOHH, 06pasys KPAHUPYIOLIHII ee YeXoJ, a HOHBl OTTAJKHBAKOTCA.
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JaoM. Tlo ananoruy ¢ HUMM J1aMna TJIEIOLIero paspsaia ¢ CeTKoH Ha-
3BIBAEeTCSI THPATPOHOM € XOJIOAHBIM KaTONOM, MWJH Ge3HakaJbHHM
THPaTpoHOM. Takne THPATPOHEI TaKXKe MPUMEHSIOTCH B CXeMax peje
¥ reideparopos kone6anuil. [IpenMyiiiecTBO THPATPOHOB ¢ XOMTOMLHBIM
KaTolAOM — OTCYTCTBHE LEeNMH HaKa/la, NoTpebasonlell 3HaAYHTENbHYIO
SHEePrHio ¥ ycaoxHsomed cxeMy. OIHAKO 3TH THDATPOHHI MpHMe-
HAIOTCH TOJBKO B HENAX CPaBHHUTENbHO caaboro Toka (mo 100 ma),
THPATPOHBl C HAKAJIMBaeMLIM KaToloM AaioT ToK jo 100 a.

T'asosbie crabususaroper

Bepruxkanbbii yyacTOK BOMIbTaMNepHOR XapaKTePHCTHKH caMo-
CTOSITEJILHONO Pa3psifia, COOTBETCTBYIONIMH pPeXMMY HOPMAaJbHOTO
TJCIOHIer0 pa3psna, BHPaXKaeT HEe3aBHCUMCCTh HANpPAXKeEHHS Ha
paspsi/HOM NMPOMEXYTKe OT CHJABI TOKa, ONpeliessieMofi BHEIIHHM CO-
nporuBaeHHeM (cM. pHc. 94). DTO CBOMCTBO HOPMAILHOrO TJEIOLIEr0
paspsna Moxer ObIThb HCMOJIb30BAHO A/A CTaGWIM3ALMH Hampsxke-
HHA. JlaMnbl Taeloulero paspsana, npefHasHayeHHble IS 3TOH IeH,
Ha3biBAIOTCA Ta30BLIMHM CTAOMIN3ATOPaMM, HWJIH CTAO0H/IOBOJbLTAMH.

Kak 6bi10 yKkasaHo, CcyuecTBOBaHHe BEPTHKAJIbLHOTO yyacTKa
XapaKTepHCTHKH (H3MYecKH OOGBACHAETCS TeM, 4TO NPH HOPMasb-

3 HOM TJe€IoleM pa3psiiie KaTOAHOe IaJeHHe
0 B NJIOTHOCTb TOKA YCTAHABJIMBAIOTCH IOCTO-

SAHHBIMH, a CHJIa TOKa H3MeHSIeTCS NpH H3Me-

HEeHHH BHEINHEro CONPOTHBJIEHHS TOJLKO 3a

1 CYeT IJIoHIaM| KaToNad, 3aHATOH pPa3psiloM.
ITostoMy n/a nonydyeHHs GOAbINOrO JHana-

30HA H3MeHEHHS CHJbl TOKa B BEDTHKAaJIbHOM

y4acTKe XapaKTeDHCTHKH  CTaGHJIOBOJbLT

i NOJIXKeH OoTaH4YaTbcd OONBLWION Mo aabio
karona. ITostoMy xaton craGunososbTa H3-
TOTOBJSAIOT B BHIe LHIHHADA 2, BHYTPH KO-
TOPOrO Ha €ro Oc¥ MOMelleH CcTepKeHb [,

Puc. 100. ¥crpoiicrso
3/1IeKTPOIOB CTAOUIOBOJb-

Ta; cayxkauiui anogom (puc. 100). Taxkas uu-
1 — amon; 2 — xaronm; 3 — -
Cronsnne macam: 4 o Sep.  JIMHIDHYECKAs CHCTEMa 3JIEKTPOMOB OGJer
Kenp YyaeT 3aXKUTaHHe CaMOCTOSATEJNLHOTO pa3ps-

1a, TaK KaK [0 3aXKHTaHHs BO3Jie TOHKOrn
CTePXKHA MOJyyaeTcss 60/bluas HaNPsXKEHHOCTb, YeM Ta, KOTOpas
nmoJy4ynaach Obl BO3Jie 3JeKTpOna ¢ GOJNBIUMM PaIMyCOM KPHBH3HH
NpH TOM Xe HanpsixkeHMH. B pesysnbrare mnoTeHuMans 3axkKUraHus
nouuxkaercs. TOH Ke LeNn CAyXAT U HeGONbINON cTepkeHek 4, NMpH-
BapeHHHH K KaTony.

MartepranoM 3/1eKTPONOB SBJSETCH HHKeJb, IPHYEM BHYTPEHHSAS
MOBEPXHOCTh KaTONa aKTHBHPyeTcAd (OKCHIMpyeTCH), UTO TaKkKe
CHHXKaeT MOTeHUHa 3axurannd. Karonnoe namenve (mouyTH paBHOE
HanpsXeHHIo cTaGuiau3aukii) I HOpMAIbHOTO TJEIOIIEro pasps-
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" na onpenenasercs HCKJIOUMTEJbHO MaTepHaloM Karoaa H poaoM ra-

3a. [TosToMy non6Hpasi ra3 ¥ MarephHas KaTold, MOXHO MOJIy4HTDH
pasHble 3HAYeHHS HAMPAKEHHS CTaGHIH3ALHH, BrinyckaeMole np%-
MbILLICHHOCTBIO CTaGHIOBOMBLTH CTAGHIM3HDYIOT HAMpsiKeHHs 79.
90, 105 u 150 8 npx gManas3oHe 3HauyeHWH cuiIsl ToKa 530 ma.

[Tpu HeOGXOAMMOCTH CTaGH/IH3NPOBATH GoJplurie HampsaXKeHHs
MOMKHO MOCJIENOBATENBHO COSJIHHATh HECKOJIbKO CTaOHIOBOJNLTOB.
[Ipy 3TOM HArpy3Ky MOXHO MOJKJ/IIOYHTL K YacTH UCTaﬁPlJIOBOJIbTOB,
HCTIOJIB3YS WX KaK JennTeqb Hanpsxkehns. [Iis TOH e LeaH BHINY-

ckaeTcsl crabuaoBoabT THna CI'-226, conep-

skaupi B oJHOoM 6aJjoHe HEeCKOJBKO Mmocae-
IOBATENBHO BKJIOUEHHBIX Ta3OBHX MPOMe-
K YTKOB, KOTODBIEe TaK¥kKe MOTYT C/IyXKHTb Je-
JATEASIMH HanpsKeHHs. Snempomlx 3TOrO
cTaGUIOBOMbTA MPEACTABATIOT cO00H HHKE-
JIeBble CTaKaHbl, aKTHBHPOBaHHHEe ¢ OJHOH

CTOPOHBI GapyeM; CTaKaHbl BCTABJIEHBl OJHH
B Apyro#f Tax, 4ro KaX/blil H3 HHX CJTYKHT
ak i 2008
) / UI ,Q' /?2 RJ
| 10810
u U Y 708
o m 7 —C
4% U P
" - -
u,
i - 706

Puc. 102. CxeMa BK/IOueHUS <CTaGHI0BO.THTE —

c. 101. ¥YcTpolicTBO
o P JeNUTes HampAXKeHHs

crabujJoBoabTa — Je-
JMTeIA Hanps KeHUs

KATOJOM OJHOTO MPOMEXYTKa ¥ aHONOM IPYroro (puc. 101). B pe-
3yJabTaTe Mojydaercs 4 MPOMEXYTKA, KAX/bIH H3 KOTOPLIX cTabuIn-
3HpYyeT Hanpsikenne 70 8. ITH MPOMEXYTKH MOTYT OHITh mcnonbsg-
BaHbl B JI060H KOMGHHALMK I/ MHTAHHS HAarPy30K, TPeOYIOLIKX pas-
upix Hanpsxenui (puc. 102). ComporHsieHHs Ry, R, u R; BxiiO-
yenpl A8 OGecrneyeHHsl He3aBHCHMOTO 3aXHraHHsA paspsillia Ha Kax-
goM mpoMexyTke. [Ipp OTCyTCTBHH ISTHX COMPOTHB/ICHHH 3aXHTra-
HHe NMPOMCXOJIHMT JIMIIL B TOM CJydYae, eC/Ii HaNpsKeHHe HA KaX/IO0M
npoMexyTke Ha 40—50 8 GoJbllle HOPMANLHOrO HAMPAXKEHUS TOpe-
uns. CrenoBareabHo, 15 3aXKHTaHAs norpeGoBascs Obl H306LITOK Ha-
npsixkeHns nopsanka 200 a.

B nocsenHue rofsl pa3paboTaHbl ra3oBble CTaGHIA3aTOPHL, KO-
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TODbI€ NPENHA3HAYeHB! JJIsi CTAOMAH3alMH  BBICOKMX HalpPsKEeHMit
(nOpsiiKa KHMJIOBOJIBT) NPH HeGOMBUINX 3HAYEHHSIX CHJBI TOKA (mo-
psinka muxkpoammnep). Takne cTaGuaM3aTOpPHl NPHMEHSIOTCS, Ha-
npuMep, B UCTOYHHKAX MHTAHUS CUMHTHAJSUMOHHBIX CUETYHKOB M
Grarojapst CBOMM MaJbiM Da3MepaM YNPOILAiOT npu6opH, comep-
Kallhe 5TH CYETYHKH. DTH CTaGHIN3ATOPHI, HA3bIBAEMBIE KOPOHHHI-
MH, NO3EO/IWIH NPHUMEHSATH CUMHTH/ISIHOHHBIE CYETYHKH B CAMBIX
HECJIOXKHBIX M MajorabapHTHBEIX npHGopax, BIVIOTb A0 NOJEBBIX.
Kopounbie cTaGHIM3aTOPB YCTPOEHBl aHAJOTHYHO CUETUHKAM
I'efirepa u B Hux Hcnosb3yercs pexkum Iefirepa. B 3tom pexume
(kak OnJIO NMOKa3aHo BHIILE) BOJbTAMIEpHasi XapaxkTepHCTHKa CTa-
HOBHUTCS NMOYTH BEPTHKAJALHOH, UyTO M obecneunBaetr cTaGHIK3aLHIO
Hanpsiokennsi, Haspanue <«KopOHHbIE» OGBSICHSETCS MCNOJBL30OBAaHMU-
eM B HHX (KaK u B cueTukax I'efirepa) KoponHoro paspsana, oTiH-
YalOLIerocsl TeM, YTO OH NMPOUCXONHT BO3JIE 3JMEKTPOJa C MajdbiM pa-

ARYCOM KDHBH3HBI (OCTpHeE, HHTH), YTO OGECNEYHBAET BHICOKYIO Ha-
NpSDKEHHOCTD MOJIS.

F'arasa 2

OCHOBHDBIE y3JIbl JO3SUMETPHYECKHX MNMPUBOPOB

§ 1. HMIIYJIbCHBIE TOKM W HANPS)XEHHSA B JUHERHBIX
AJIEKTPHYECKHX LENAX

Bo MHorux THnax mosumerpHueckux npuGopos H3JlyyeHHe peru-
CTPHDYETCsi NyTeM NOJCYeTa YHCAA YACTHL, AEHCTBYIOLIMX Ha Nep-
BHYHEIH 3/meMeHT npuGopa. Takum 3MeMEHTOM sIBJSIeTCSI CUETYHK
HaCTHIL MM MOHH3ALMOHHAsl Kamepa, pabOoTaloHe B HMNYJALCHOM
PEXHME M npeoGpa3ylonine YacTHIBl B HMIYJIBCH  3JeKTpHUECKOTO
T0Ka. Tak Ha3bIBAIOT TOK, KOTOPHIi NpOTeKaeT B 3JIEKTPHYECKOil
Uenu B TeYyeHHe KOPOTKOrO NMPOMEXYTKA BPEMEHM, Ha3hBaeMOro
AJUTENBHOCTHIO HMNYJbCA.

Takum o6pa3om, 3agaua NO3HUMETPHYeCKOoTo NPHOOpa CBOAUTCS
K IIOLICHETY Yhcaa CIyyaes, KOrla B LieNH cUeTYHKa WJIH HOHH3AIMOH-
HON KaMepbl MOSIBJISIETCST HMNYJILC TOKA, T. €. K MOJACYETY YyHCIa ITHX
umnyibcos. ITostomy nast u3yuenns ycrpoiicrsa npu6opos Heo6xo-
JMMO Pa306paThCsi B BONPOCAX, CBA3AHHBIX C fefiCTBHEM HMNYJBCOB
TOKa W HanpspKeHHst Ha HEKOTOpBIe €ro 3JeMeHTH H Y3Jbl.

IToMHMO pa3HUHBEIX 3/EKTPOBAKYYMHBIX NpHGOPOB (31exTpoH-
HBIX JlaMNl, CYETYHKOB 4YaCTHL, HOHH3aUMOHHBIX KaMep, THPaTPOHOB
H T. IL), a TaKKe NOJYNPOBOIHHKOBHX NMPHGOPOB, B N03NMETpHUe-
CKOH anmapaType HMeeTcsi GOJbIIOE KOJHYECTBO TAK HAa3biBaeMbIX

Ocrosnble yaasl Ooaumerpuseckux npubopos 285

JMHEeHAHBIX 3JeMEHTOB — CONPOTHBJEHHH, KOHIEHCAaTOPOB, KaTyllek
CcaMOMHIYKIHMH, TpaHcpOpPMaTOPoB H T. A. ITH npHOOPH Ha3bBAIOT-

.Cs1 TUHEHHBIMHM NIOTOMY, UTO MEXJIY TOKaMH H HanpsIXeHHsIMH B HUX

cyniecTByeT JiHHefiHast (B NOCTaTOYHO IIHPOKHX npenenax) 3aBHCH-
MOCTb, BhipaXkaeMmasl CJASAYIOWHMH (HOpMYJTaMH:
. 1

[=— u (15)
R
AJIST LeNH, coflepxkaiiefl conpoTHB/eHke R,
P (16)
dt

IS LenH, copepxkaileil caMouHIYKIHIO L, u

. d
i=Cc2 (17)

dt

; C

IJIs1 eny, coxepXxailen eMKOCTb L. )
B stux dopmy/aax TOKH H HanpsiKeHHs, a TakxKe HX npPoOH3BOJ
Hble BXOJISIT B CBsI3blBaloliHe HX YPaBHEHHS B nepBou CTENeHH, a

K03 PHIHEHTH L,L i C — nocTostHHbie, He 3aBHCSIIHe OT CHJIBI
R

TOKa W HanpsiKeHHsI. i

DJIeKTPHYECKHC LEMH, COCTaBJEHHbe TOIBKO M3 JMHEHHBIX :-mfe-
MEHTOB, Ha3blBaloTcsl JuHelHBIMM uensimu. Jlast Takux ueneit cnpa-
peqauBbl 3akoHsl Oma W Kupxroda, npuuem ecan 3TH LenH cojuep-
AT PEaKTHBHHE 3JeMEHTHl, TO B Gopmyanl 3akonoB Owma HIH
Kupxroga MOryT BXOJAHTb NPOH3BONNbIE WM HHTErpajbl B COOTBET-
crBHH ¢ popmynamu (16) u (17). B peaysnprate nomyuaiorcs b de-
peHllMaabHble  (MJH nurerpognq)q)epeﬂunanbﬂme) ypaBHeHHsI, KO-
TOpBLle TaKKe SBJSIOTCS JHHEHHBIMH.

JluHefinpie 3MEKTPHYECKHE UENH MOTYT HAXONMHTHCS B yCTaHOBHB-
memcst (cTallHoHapHOM) JIH6O B HEYCTAaHOBHBIIEMCS COCTOSIHHH.
TIpumepoM yCTAaHOBHBUIETOCS COCTOSIHHSI MOXKET CJIVXKHTbL NpOTeKa-
HHe MOCTOSIHHOTO HJIM CHHYCOMZAJbHOTO TOKa, BHI3BAHHOTO NMOCTOSH-
HOH MJIH CHHYCOHIAMBHON 3. JI. C. B TedeHHe BpeMeHH —oo <t<{+ oo,
[IpriMepom NMEPEXOTHOTO COCTOSIHHST MOXKET CJYXKHTh NPOTEKaHHe To-
Ka B ILIenH, K KOTOpO# B MOMeHT BpeMeHH {=0 noax/ioues HCTOUHUK
nocTostHHON 3. 1. c. (puc. 103). B 3Tom caydae 2. 1. C., AeficTRYyIOMas
Ha 1enb, MOXeT OHThL BoipaxeHa (yHKIHeil, rpadHK KOTOpoH H30-
6paxen Ha puc. 104. Dra GyHKUHA Ha3bBaeTCst QYHKUHEH BKJIO-
YeHMs1 WM TOJYKOM. Ecay Tako# TOJMYOK 3. J. €. BO3JEHCTBYET B MO-
meHT f=0 Ha 1enb, COAEPKAIIyI0 TOJMbKO aKTHBHbie CONPOTHBJ/EHHS
(puc. 105, @), To 3aBHCHMOCTb CHJIBI TOKa OT BpEMEHH GyNeT Takke
uMeTb BHI GYHKUHH BKaoueHHs [cM. dopmyay (15)] Ecau xe B
lLeny MOMHMO aKTHBHHIX 3/J€MEHTOB BK/IIOUEHbI TaKXe ¥ PEaKTHBHLIE,
nanpumep L (puc. 105, 6), To cuaia TOKa CTaHeT IOCTOSIHHOW HE B



286 Hosumerpuneckue npubopst

MoMeHT {=0, a no3)e, Tak Kak B MOMEHT BKJIOUEHHS] BO3HMKHET
3. I. C. CAMOMHIYKIMH, KOTOPasi NPOTHBONEHCTBYET HapacTaHHIO To-
Ka OT HyJs [0 HEKOTOPOTO NOCTOSIHHOIO 3HaueHHst [cM. dopmyay
(16)]. CaenosaresbHO, NPH BKIIOUEHHH LENeH, comepKalllX, MOMH-
MO aKTHBHEIX, PeaKTHBHBIE JIEMEHTH, NPOHCXOIHT NMPOUECC MEPEXO-
fa OT ONHOTO YCTAHOBMBLIErOoCsl COCTOSIHHS K APYroMy (B JaHHOM

{t)
BN c

T f ¢ - -

Puc. 103. Tlpucoe- Puc. 104. Ipadux Puc. 105. deficraue nanps-
AMHEeHHe HCTOUHHKA GOYyHKUMM  BK/IOUeHus  KEHHA THHA TOJYKAa Ha
HOCTOSIHHOM 3. 1. C. (tonuka) aKTUBHYKWO (@) M peaxkTHB-
K Uend B MOMEHT mywo (6) wenu

cayyae OT TOKa, paBHOTO HyJIO, K TOKY, paBHOMY NOCTOSIHHON Be-
JIMuHHe), CBA3AHHLIH C M3MEHeHMeM 3alaca 3HEPTHH B 3JeKTpHue-
CKOM WJIH MarTHMTHOM nosie. AHa/JOTHYHEI! NPOLEece NPOMCXONHT NpH
BBIK/IIOYEHHH LENH, NPH KOPOTKOM 3aMBIKaHHM YaCTH LenH, NpH
CKa4Ko0Opa3HOM M3MEHEeHHH 3. 1. C. WM CONPOTHBJEHMS, BKJIOUEH-
HOTO B uenb, U T. 1. Taxol npouecc Ha3LBaeTCS NEPEXOMHEI M.

HMnynbcuble HanpspKeHHs H TOKH TakKKe BBI3HBAIOT MepexonHble
NIpOLECCH B JHHEeHHHX LENsIX.

BxiioueHHe mocTosiHHOrO HanpsiKeHus
IocaedosarenvHo coedunenHble CAMOUNOYKYUA U CONPOTUBACHUE

PaccmoTpiM nepeXopdblfl npouece B 1enM, cocTapaeHHON H3 Mo-
C/Ie0BATEABHO BKIIOYEHHHX CONPOTHBJIEHHSI R M CaMOMHIyKIUMH
L (puc. 105, 6). Hanpsikenne, npuioXeHHoe K 3TOi LeNH, BEIp aXe-
HO Kak (yHKuHsl BpeMeHH Ha phc. 106, a. Uto6er HaliTh chay Toka
B 3TOH uenu, cocTaBAM aK(depeHnuatbioe ypaBHEHHE 10 BTOPOMY
3axony Kupxropda:

di . di R . u(t)
H—L-2 — e S SN A28
u () N iR, win U + ! o (18)
Pewenne 3Toro ypasHenust mast {>0 Gyget
R
— =t
i) = l;"(l—e Ly, (19)

rne e=2,71828 — ocHOBaWue HaTypaJbHEX JOrapH(dMOB.
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HafineM HanpsiKeHHsl Ha oTAENBHBIX yuacTKax uend. Hanpsoke-
HMe Ha KaTyllKe CaMOMHIYKUWHM HaXomnM u3 dopmya (16) n (19):

Ry — R,
u, ()= Z—j:L%- Ly=Ue * , (20

A Ha cOmpoTHBJeHHH — M3 (opmyn (15) u (19) nu6o mo BTOpOMY
sakony Kupxroda u3 cdopmyan (20):

d
20—
dt( ¢

— 2 ¢

Up)=Uy—u, () =Uy(1—e = ). @1)

Kpuseie 3aBucuMocTedl i, 4; W Uy OT BPEMEHH n3o06paxeHsl Ha
puc. 106.

®usnyeckiit cmbica KpUBBIX pHc. 106 3akaiouaercss B cJelylo-
[meM: B MoMeHT Bkiiodennst t=0 cuna toxa i(f) (KpuBast 6) MOXKeT
6HITH PaBHa TOJbLKO HYJIO, TaK KakK B MPOTHBHOM CJydyae HMeNO Obl
MECTO KOHEYHoe npHpalileHHe Toka 3a GecKOHeYyHO MaJoe BpeMs,

di
T. €. 3. I. C. CAMOMHAYKIMH ¢, () = —L:ﬂ—=oo, 4YTO HEBO3MOXHO, TakK

KaK e, (f) MOXeT OHTb TOJIKO MeHbINe HJH paBHa u(f). Tak Kax
i(t)=0, To ¥ HanpsDKeHHe Ug (f)=i(f)R pasHO HymO (KpHBas &).
i MO3TOMy BCE HanpspKeHHe MCTouHHKa 3. 1. ¢ u(¢) =U, nphnoxeno
K KaTyllke (KpHBast 8) M ypaBHOBelliBaercs ee 3. 1.c. [locme mo-
meHTa f=0 cHaa TOKa BO3pacTaer, NpHYeM CKOPOCTH YBeJHUEHHs
TOKa NponoplUHoHaabia NpHIoKeHHOMY Hanpskernio Ug u o6paTno
nponop HoHa/abHa caMOHHIYKIHH L (ﬂeﬁCT;.H(‘;‘)eJIbﬂg, Tak Kak npH
t=0 -u(t)=U,, 10 L———dldt(t) =U,, oTKyna ———ldt = T"). Ecnn 6bl
R 6n0 paBHO HYJIO, TO CHJA TOKa BO3pacTajta Ob GecrpelesbHO
0 MyHKTHPHOI NpsIMOH, NpOBENEeHHOH MOX yroM Y (puc. 106, 0),
a HanpspkeHue #; (f) Ob1o Obl MOCTOSIHHBIM M paBHBIM Uo. Ho rak
KaK R He paBHO HyJIO, TO MO ME€pe YBEJMYEHHs] CHJIH TOKa pacTeT
W najenve HanpspkeHust Ug(f)=i(f)R. Ilostomy ymeHblIaercs
u, (f) = Up— uy (t), a Tak xak 4 (f) =L dtdt“)
CKOpOCTh HapacTaHHst CHJH ToKa. [Ipoliecc yCTaHOBMTCS TOTAd, KOT-
L IAG)
na up (f)=L—7=

cTostHHOM, a Bce HanpshkeHde 4 (f) GyneT NMpHJIOKEHO K CONpOTHB-

. . A
nemnio R, 1. e. Up=up (£) =i(f)R, otryna i(f) = =
CuaenoBaTeabHo, B HayaJie mepexoJHoro npouecca 3. J.C. CaMoO-

MHAYKIHH NPensiTCTBYeT HapaCTaHHIO TOKAa CO CKOPOCTBIO 6onplueH,

, TO yMeHpllaeTcs H

cTaHeT paBHBIM HYJIO, CHJa TOKa CTaHeT IIo-
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U, «
yem —L?, a 3aTeM JaJbHeiillee yMeHbIIEHHE CKOPOCTH HapacTaHHs
TOKa 00ycJ/I0BJEHO TOJNLKO CONMPOTHBJEHHEM, a CAMOMHAVKUHS BCe
MeHbllle NPensITCTBYeT NPOXOXKAEHHIO TOKa.

ITocaedosarersro coedunernmsie eMKOCTs U CORPOTUBACHUE

AHaNOTHYHBIM NyTeM MOXKHO NOJYYHTbL COOTBETCTBYIOLIHE 3aBH-
CHMOCTH JJI liellH, COCTaBJEeHHOH M3 IOCJeNoBaTeNLHO COeLHHEH-
HBIX conpoTuBacHusl R ¥ xonaencaropa C (puc. 107). B stom cay-
yae nuddepernuanbioe ypaBHenHe no BTOPOMy 3akoHy Kupxroda
HMeeT BUJ

u—u.)=i(OR, nmi u{t)=u,(t)+i@R,

d
OTKyna 3amensisi {=C :tc [mo dopmyne (17)], noayunm
du () '
RC — +us(t) = u(t). (22)

Pewenne 3T0r0 ypasaenus pas >0 HMeeT BHR
t

Uty =U,(1—e %), (23)

12 Kortoporo, no (opmysae (17), cuaa Toka
3 t

o duc(t) d TRy U TR
l(t)—CT_CUO ar (1 e )-—73 \24)
H napneHne Hanpﬂx&emm Ha CONIPDOTHUBJIEHHH
U () =Uy, —u(t)=Use *¢. (25)

Ha puc. 108 n306parkenb KpHBble H3MEHEHHs i, Uc M Uy BO Bpe-

MEeHH. JTH KPHBBIE TaK)Ke MOXKHO OOBSCHHTL (PH3HUecKH. B MoMeHT
t=0 xoupueHcaTop He 3apsKeH W U,=0; MTHOBEHHO U, H3MEHHTHCS
He MOXEeT, TaK KaK B IPOTHBHOM cJyyae
du, (%)
. c
4YTO HEBO3MOXXHO, TaK Kak Up (f) =i(f) R MOXKeT GHITb TOJbLKO MeHb-
we uan pasHo u(f). [losTomy Bece Hanpsikenue u(f) = U, nprnoxe-

HO K CONPOTHBIEHHIO [Uy (£) = i(f)R = Uy), a cuna Toka pasHa
i(t)= %‘v
R

JH Obl KOHJEHCATOP ObI 3aMKHYT HakKopoTko. TakuMm o6pa3oM, He-

T. €. UMeeT Ty XK€ BeJHUYHHY, KaKyi0 OHa HMeJsa OH, ec-

l N
- - | -
) o © | ©
= =
RN = = | =
3 > ¥ ¥
1 H .
s j— —] e b s
....1= ;o—Slt: ) )
3
v
frali
2
< 5
f =
= Q@ s
= g
5 A,
!
¥ i !
! |
“ - ‘QI - < = ~ |
& | |
! I l
IoSs
* l n l
! sy !
| it
| N s !
\ = [
AN :
—_—
s 'a} N = > |
~
\5 E-"] 3 3 5
1
| ) I N
——;S.—.— Sk — |S. P S

BPEMEHH

108. Miamenenue B8O

Puc.

106. Hsmenenue BO BpeMeHd

Puc.

CHJTBL TOKA M Hanpsikenuit B uens RC

H HanpsiKeHu# B

emnu

CHJIbl TOKa

RL

19 3auuTa OT PANAHOAKTHBHBIX M3JyveHHil
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3apsKeHHbIi KOHAEHCATOp He NPENsITCTBYET NPOXOMKIEHHI0 TOKa 3
NpHCOeHHEHHOH K HeMy LeNH; NPHPOAa ero MPemsiTCTBHsI TOKY 3a-
KJII04a€eTCsl B NPOTHBOJLEHCTBHN HAaKOIVIEHHHX 3apsifios. Ilocae Mo-
MeHTa /=0 m1acTHHE KOHJAEHCAaTOpa HaKalJHBAIOT 3apsii M pas-
HOCTb MOTEHIIHANIOB MEXAy HUMH U (f) mosbliaercsi, a 4R (f) =
=Up—u, (t) yMenbliaercsi, a c/eoBaTeJbHO, YMEHbUIAETCS W CHJa
TOKa [Tak Kak u 4 (f) =i(f)R]. IIpouecc ycradoBMTCS Toria, KorAa
KOHJIeHCATOD 3apsiiuTcest 10 Hanpsikedns # . (£) =Up ¥ TOK mpekpa-
THTCS, T. €.

up (9

O=—%—= R

Uy, — t
0 uC“:O.

Cuenosatesbao, B Hauase MepexofHOro Npouecca KOHAEHCaTop
MOYTH He MPeNsiTCTBYeT NPOXOXKAEHHIO TOKA, BeJMUHHa TOKa ONpe-
IessieTcsl TOMbKO BEJIMUHHAON CONMpOTHBJAEHHS R W danpsoxenns U,
a 3aTeM TOK yMEHbUIaeTcst B Pe3y/bTaTe BO3DacTaIOIIEr0 NPOTHBO-
JA€HCTBHSI 3apsIfioB, HAaKOIJISIEMBIX KOHIEHCAaTOpOM.

ITonarue o nocroannoil spemenu

Insa  npaxtHueckHX uesefi HEOGXOAMMO HMETb BO3MOXKHOCTH
OLlEHHBAThb CKOPOCTb NMPOTEKaHHsl nepexoxdoro npoulecca. s sto-
r0 MOJIb3YIOTCS BEJHYMHON, KOTOPasi Ha3uBaeTcsi MOCTOSIHAOR Bpe-
MEHH.

Bo Bce nmoayueHdbie Bbe GOpMyJaE  BXOIMT MOKa3aTeJabHast
(3xcnodednHadbaasn) QyaxlMs BUIg € ! TJe a — NnokKa3aTesab 3a-
Tyxaads. Ecan nposecTn Kacarenbayio K rpadHky 31oii dyaKuui
(puc. 109) B Touke {=0, To 3Ta KacaTesnbHasi 06pa3VeT C OCbIO BPe-
MEHH yroJl y, TaHredc KOTOPOTO paBed

d — ]
tgo — [-4- -
g [dt e )Jt=o %

H OTCeKaeT Ha OCH BpeMeHH OTDPe30K fp, PaBHHIL

1 1
fo = S 26.
(tg") a (26)
3HayeHde NoxasaTeslbHOH (YHKUHH B MOMEHT f, paBHoO
1

—_— —

— ot

e =e =e = . (27)

Bpewmsi to, B Teuene KOTOporo mnoxasatenbnas oyskuus e !

. 1 .
CTaHOBHTCA paBHOU —, Ha3bIBAaeTCsl MNOCTOAHHOH BDeMEHH.
e

U
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. 1
Tak Kak BesMuMda fp = —, TO OHa, TaK Xe KaK H q, XapakTepHuayer
a

CKOPOCTh MIPOTCKAHHS TIEPEXORXHONO MPOouecca, yTo MIJIOCT PHPOBAHO
puc. 110.

Kaxk Jsierko BUaeTh M3 MpeablayuuX GopMyda, s NOCAeL0BaTeb-
HOo CoefiMHeHANX R u L

= fy=—, 28
o = (28)
J1d moc.1eJ0BaTeqabHo COSAHHCHHBIX R H C
1
= : ty = RC, 29
RC 0o =R (29)

TJIe BCe BeJIHUMALI JOMKHHE GHITH B3ATH B 0/1HO} CHCTeMe eMHHIL, Ha-
npumep, f — B cekyHgax, R — B omax, L — B reapu, C— B bapanax.

L at .
€ e-d:t d/’%’aﬁ

e.ljt r9:<tQ(tq,

"1
{° T
o & 4
¢ b % t ¢
Puc. 109. I'pagux  mokazare.ploil Puc. 110. Uaaocmpanus  nousatis

nocTOAHHOR BpeMmend. UeM wmennen-
Hee MpOTeKaeT NepexOoRHbI mpouecc,
TeM Gosplic TNOCTOAHHAA BPEMeHH

GYHKIUH — 3KCTOHEHTa

duznuerkuit cmpica gopmya (28) u (29) MOXKHO OOBSICHHTD CJIe-
AyIouKkM o6pa3oM. B menn RL cxopocTh idapacTaHdsi TOKa B Haua-

di () - U—Z—’ CM. NpeaHl-

d?
aAyuluit maparpad), T. e. ueM OoJblle 3. 4. C. CAaMOHHJVKIIHH, Tpe-
nATCTByIOllAs HapacTauuio Toka. [Tosromy uem Goabiue L, Tem Mel-
JeHHee npoliecc, TeM GoJbliue nocrosidast speMedd. ConpoTusiedne
R sBAsercs NMpHYHHON OTKJIOHEHHs KpHBOH TOKa OT IyHKTHpHOR Nps-
Mol (cM. puc. 106, 6); uem Gosbile R, TeM GoJiplile HanpsixkKeHHe
Up (f) = i{{)R npH opHoM H ToM ¥Ke TOKe, OGYCJOBJCHHOM CaMO-
HHAYKLHeH, TeM, c/eJoBaTe/]bHO, padblle KPHBas TOKa HauyHeT OT-
KJIOHATbCST OT MYyHKTHpHOHN NpaAMOl, TeM ObICTpee 3aKOHUHTCA Iepe-
XOAHOM npollecc, TeM MeHblle IOCTOSIHAAS BpeMeHH.

Mexanuueckoli asaqorieil uend RL MoxXer C/IyXHTb peakTHBHEL

o
cdapdan, Hayalibdoe yCKOpedHe KOTOpOI‘OW TeMm Medblile, ueM 60.1b-

Je TeM Meubile, ueM GoJaslie L (Tak Kax

ute ero macca m. Ecau od ABHXKeTcsl B MyCTOTe, TO NMOA JLEHCTBHEM
nocrosiddaoll cHabl F CKOPOCTh ero GyHer HeorpadHueHHO H NMPHTOM

19*
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o duv |
JIHHEHo Bo3pacTaTh (TaK Kak F = m o }; NPH ABHKEHHH ero B Ka-

KoH-/ibo cpele CHIBI TPeHHST GYAYT BO3PacTaTh ¢ yBeaHYeHHeM CKO-
POCTH H CHapsij mepeiiieT K PaBHOMEDHOMY ABHIKEHHIO, KOTJa CHJIBI
TPeHUsl ypaBHOBecsAT ABHXKYILYIO cHay. [Ipu 3ToM nepeXxop K pasHo-
MepHOMY ABHMXKEHHIO POH30HJeT TeM DaHblule, yem GoJbiue Kodddu-
IIMedAT TPEHHS B cpejie.

B nemn RC B Hauaje npouecca CHJIa TOKa 3aBHCHT TOJBKO OT
COMPOTHBICHHS R, mo3ToMy uem GoJbllle R, Tem MeHpllle CHaa TOKA,
TeM MeJJIedHee KOHAEeHCAaTOP HaKanMBaeT 3apsibl, TeM 60Jblle I10-
crostHHas BpeMeHnH. OfHako Mo Mepe HaKOIJIEHHS 3apsiiOB KOHJEH-
CaToOpPOM cHJIa TOKa yMEHBbIIaeTcs M 3TO MPOHUCXOAMT TeM MeJJeH-
Hee, yeM No3¥Xe yclleeT KONEHCATOD HAKONUTb 3apPSif, AOCTAaTOMHHI
4719 npoTHBojelcTBHA ToKY. CenoBaTensHo, ueM 6oablie eMKocTb C,
T. e. yeM OoJibllle HyXKHo 3apAfOB /s H3MeHeHMsa NoTeHIMasna Ha
| 8, TeM MejnjenHee cnajaeT TOK, TeM 60Jblle MOCTOSIHHAS BPeMeHNH.

Mexaunueckoit atanorueii uemu RC Moxer CJIyXHTb 6aJljioH,
HajyBaeMblii yepe3 TPyG6Ky. B Hauase mpomecca ckopocTh rasa B
TpyGKe 3aBHCHT TOJBKO OT IVIOMAAH ee MONEPEYHOTo CeyeHHs,
GasyioH He 0Ka3blBaeT MPENSITCTBHS Ta3y, CKOPOCTb Ta3a Takas e,
KaK M NPH OTCYTCTBHH GasioHa Ha KOHILe TPyOGKu (cpaBHHTe C He3a-
pAXKEHHBIM KOHJEHCAaTOPOM, 3aMeHEeHHBIM KODOTKHM 3aMLIKaHHeM).
B nanpHeiimeM HauyHeT Bo3pacTaTh jaBJeHHe ra3a B OaJjoHe,
KoTopoe Oyner NPOTHBOAEHACTBOBATH ABHKEHHMIO raza. ATo NPOTHBO-
JeficTBHe cTaHET 3aMeTHBIM TeM paHblle, yeM MeHblle 00beM (eM-
KOCTb) GasJioHa.

ITapaaseavro coedunennble 3rementsl

[Tonb3ysick MOMy4yeHHBIMH COOTHOLICHHSIMH, HETPYAHO PaccMOT-
peThb nepexojHule npouecchl NPH napaJjieabHOM coepHHeHnn RL wiau
RC, ecn BOCIONIB30BATLCS U3BECTHOM M3 3J1eKTPOTEXHHKH TeopeMoii
06 3KBHBaJIeHTHOM reHepatope (teopeMa Tepenuna). CorsacHo 3Tofl
TeopeMe, HenH, u3obpaxeHnHole Ha puc. 111 (rme R, — BHyTpeHHee
COMPOTHBJIEHHe TeHepaTopa) MOXKHO 3aMeHHTb lensiMH puc. 112
[MTocnenHue cocTodaT M3 reHepaTopa ¢ HYJeBHIM BHYTPEHHHM compo-

THBJIEHHEeM, Jalouero 3. A. c. u'(f) = u(t) RIR BK/IIOYaeMyio B
i

momeHT =0, xougeHcatopa C (Wan camoMHAYKUHA L) ¥ BRJIIOUEH-
HOTO NoCJefoBaTe/IbHO C HHMH CONPOTHBJEHHA Ry, SKBHBaJeHTHOTO
napananenbiio coepHeHHblM R, # R. CnenoBaresbHO, NMOCTOSHHAS
BpeMeHH Aas lenel puc. 111 pasHa
L
Lie=RoCs ty, = R. ’ (30)

3

rape

= RiR_ 31
Ry = R &)
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U3 puc. 112 man u3 popmya (30) u (31) oueBHAHO, UTO €CJH

L
Ri <R, 10 ty,~RC; t,, = z ; (32)
i
1l
ecii Ry > R, 1o t,.=~ RC; tOL%—R— , (33)

T. e. CKOpOCTb MEPEXOAHOr0 INporecca ONPeiesiercst MeHbLIHM Co-
NPOTHBJICHHEM.

'S
2 |
Puc. 11l. Ilapanneanroe coenuHe- Puc. 112. Llenu, 3KBHBaJeHTHbIE TIpe-
nue RC u RL ABLLYIIM M

BoikaoueHHe MOCTOSIHHOIO HanpsizKeHHs

B cayuae pelicTBH Ha Lenb HanpsiKeHHs, 3aKOH M3MEHEHHA
KOTOPOPO OTJIMYAETCst OT PacCMOTPEHHOro, HYXXHO CHOBA COCTABJIATH
u peuath nuddepeHLHanbHble ypastenns. OnHaKo 1/ HEKOTOPBIX
BHLOB (PYyHKIHA MOXKHO HaHTH peLleHHs M3 yXKe NosyueHHbIX paHee
¢dopMyJ1, ecid NPHMEHHTH METOR HaNOXKeHHs.

Hanpsixenne u (), n3MeHsiiowleecst no KpHBOH pHC. 113, a MoxHO
paccMaTpHBaTh Kak CyMMy NOCTOSIHHOH 3. A. C. ur () (puc. 113, 6) n
BKJIIOUEHHS, B3ATOTO C OTPHUATENbHBIM 3HAaKOM Ug(f) (pHC. 113,8).
[TosTOMy Ha OCHOBaHHH NPHHIKNA HAJIOXEeHHs BCce TOKH H Hanpi-
KeHHS Ha yuacTKaX IeNH SABJSIOTCS CYMMOH TOKOB H HalpsiXKEHNH,
BBI3BAHHBIX efcTBHEM Hanpaxenufl u)(f) u uz(#) B OTAGJBHOCTH.
Tak, Hanpumep, aast uenuw puc. 107 chna Toka Ais t>0 pasHa [cm.

dbopmyy (24)]:
i=0—

t b

Uo e— ?C_‘: ____U()' e RC--’ (34)
R

TaK KaK CH/IA TOKa OT MOCTOSHHOro HaNmpsXKeHHsl B 3TOH 1leNA pasHa
HyJio. HanpsikeHye Ha CONpOTHBJICHHH (115 ¢ > 0) pasHo [cM. dop-

myay (25)]:

t t

uRZO'_er_ RC =—Uye re (35)

Tak KaK NajeHue HanpsiKeHHs Ha CONPOTHBJIEHHH R NpH neficTBHK
NOCTOSIHHOM 3. I. C. TaK e, KaK H CHJjla TOKa, pPaBHa HYJIO. Hanps-
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AeHue Ha KoHueHcarope Uy (mist £>0) pasuo [cM. dopmyay 231
t t

RC Y
u.=U,—U,(1—e )=U,e . (36)
Coorzercreyionite rpaduKn NpHBeeHH Ha puc. 114, q, 6, s.
iy
4
l uft) a
U, a
- _r__ > ;
U (t)
! yt) 0 :
Y /—
’ )
' 7] t
YY)
| 4(t) b \
a t t
U, \\\\ s
S
I . 'Ua(f-eﬂ')
Prc. 113. Pasnoxenue ¢ynx- Puc. 114. Hanpaxesaus u cu-
IHH BBIK.TIOYEHUS Ha COCTaB- Ja TOKa TNPU BbIKJIOUSHHH

JAS1011He 3. 4. ¢c. B umenu RC

HeiicTBue npsiMoyrobHOro HMNY/IbCa HANPAXKEHHs] Ha
JHHEHAHYIO0 Uenb

Hanpsaxenne, uamensamomeecs mo KpHpoil puc. 115, a, HaswBae-
MOE TIpAMOYTOJMIbHBIM HMIYJbCOM, MOXKHO PacCMaTPHBATh KakK CyM-
MYy ABYX BKJIOUCHHH C PasHBIMH 3HaKamu u1(f) u uy(f), CIABHHYTHIX
EO BPEMCHH HA T, TAe T — JIHTeLHOCTb UMMyabca (pic. 115, 6 1 8).
ITostomy Hckomble TOKH Ham Hamnpsi>KeHUs! PaBHBI CYyMMe TOKOB MJIH
HamPsIKCHHH, BBI3BAHHBIX Ka’KABIM M3 5THX BKJIIOUEHHH B OTHEJbHO-
cru. Tak, HanpuMep, mis Toii xe nenn RC puc. 107 cuna Toka i
usobparxaerca Kpueo#t puc. 116, a; Hanpsi’KeHHe Ha KOHJLeHcarope

uc — KpuBo# puc. 116, 6, Hanpsxenue ua COTMPOTHBJICHHH 1y —
KpHuBo# prc. 116, 8, mocTpoeHHBIX Ha OCHOBAHHH KPUBLIX pHc. 108,

Ecin nmocrostnnass Bpemenn ¢, uenn wmana mo CPaBHEHHIO C JJIH-
TEJABHOCTBIO  HUMMY/IBCA T, TO MPAMOYTOJBHBIN HMITy.Ibe yoOHee

paccMaTpHBATh NPOCTO KaK BKJAIOYEHHe Hanpsi>keHHst B MoMeHT £ = ()
H BHIK/IIOUYEH}NE €10 B MOMEHT { = T.
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Ykopauusatomue (auddepeHuHpylomue) H yAJTHHSIOMHE
(MHTETpHpYIONHE) UENH

OnHAM ¥3 MHOTMOYHCJ/IeHHBIX NPaKTHYECKHX MPHUMEHEHHH ne'pixcozé-
HbIX [POLECCOB SIBJASIETCS] YKOPOUEHHe M YAJIMHEHHE m\:Inyne :H_,
floJyyaemMoe B TaK Ha3blBa€MBIX YKOPauMBAaOWHX (HJIH X q)I%) SMe-
UHDPYIOUMNX) M YIIMHSIOWNX (WIH HHTerpHpylomux) uensx. I1p
pom Takoli IlenH sBJsSeTCS pac-

177).
cMmorpensast nenb RC (pHc. _ .
[pu yeaosun ¢y = RC K v Hanps- __{_ it
KeHHe U ~ Ha  COTPOTHBJEHWH \ 1(,
(puc. 117, @), kak caenyer u3 npe- 7 T4~
npipyuero, 6yner HMeTb BHJI ABYX t —= 7
KOPOTKHX HMIYJbCOB, BO3HHKAIO- //Siz
KX B MOMEHT BKJIIOYEHHSI H BBHI- i
kaouennss (puc. 117,6 u 8). — 7
.J u/t} _‘__J URM 5
Y 1
a a ) \/ !
-1 0] 7 b— t S ~——— —
L,
u 2
| 4 (t) i 4
T — T
Up o f
N 7 t wl) 6
L\ ;_._._;r_
l Uz{t) ! 20
g ¢ TS~ u, ¢
UO ] ‘ ~< \2\ Us
] L I T e
r 4 —_— T t____

Puc. 116, Hanpaxenus u cu-
Ja toka B uenu RC npu neii-
CTBHH Ha Hee NPAMOYTOJbHO-
ro UMIYJbCa  HANPSIMKEeHHH

Puc. 115. Pasnoxenue TIpsi-
MOYTOIbHOTO UMIYJ/IBCA Ha CO-
CTaBAAIIHE

[ToaTomy, ycTpaHHE OAMH H3 ABYX HMITy TbCOE (HanpuMmep, npH
11OMOIIH AH0JA), MOXKHO IMOJIYYUThL HAa BXOJle KaKOoH-J1H60 CXeMbl OfHH
1IMMyJIbC HYKHOTO 3HaKa, AJHTeNbHOCTL KOTOPOro HaMHOTO M»EHbUlg
IJTUTEJBHOCTH HCXOAHOPO HMIyJsabca u#(f). B atom cayyae uemb R
Ha3bIBaIOT YKOPauHuBaom el uin aiddepeHInpyomeil B BKIOYAIOT 10
cxeme puc. 117, a.
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i HOro BHINPAMHUTE/Is
Ta e camast Ienb MOKET GHTh HCMIO/IL30BaHa KAK YAIMHSION ast MpyuHuun ReHCTBHS ONHONOMAYMEPHON p
HJIH HHTETPHPYIOUIAs, eC/IH ee BK/IIOYHTh, KaK MOKa3aHo Ha puc. 118,

7 : HaaJbHOE
a, ¥ BoI6paTh R ¥ C rak, yro6ul fp=RC>v. B 3ToMm cayvae Hanps- Ecan B nemu puc. 119 neficTeyer nepeMenHOe CHHYCOHAA/

4, To, Gmaroiapss OIHOCTOPOHHEH MPOBOXMMOCTH

JKeHHe Ha KOHJeHcaToOpe WMeeT BMA, MOKa3aHHBLIH Ha puc. 118, g, a HanpsKenne -
P ' P T (XxapaKTepHCTHKY BEHTHJA CM. Ha PHC. 120), cnna Toka yepes conpo
y rema THBJIEHHEe Harpy3KH GyjaeT H3MeHAThCs BO BPEMEHH M0 KPHBOH DHC.
” J
Hemoamun | t)' p ynpabaaeman ] l
umMnyfiocod Li(( HOpomuumu L”-'l— ,
¢ P umnynscomu - . i A\
i Lxema, *{4\\_/' VERVAE2
a Hemovnun ult) :]:"fzt)yg”a"mz"a” u. Ry ;[,,i vt | &
unroimuy
umnyacob ‘I‘: sy [7] l /,p\! hl/\! !/,\
‘ u{l) 4 v - [ ]
L a
. . 121. Viameuenue BO
% Puc. 119 nmeng' izchaLizﬂldizggi— 'EgecMemH nepeMeHHOr0 Ha-
eJpHOE COeJHHUe- ! ‘ -
r"""""f'—"i ¢ 1 “t] }:;z BGHTHAA M CO-  TEPUCTHKA BEHTHAA ﬂpﬂmeﬂﬂﬂé‘al ";H(‘"‘"b’ o
5 v. | mpoTHBAEHMS  Ha- )
W o rpy3KH
Y, t o /1
-L ? '—— 1 — OMYUHTCs MyJbCHPYIOLLMH TOK uepes HarpPysky . Xorst
121, 6, 1. e. noJay cs1 MO BeJMYyHHe, MO-
o ¢ TOK TeyeT B OLHOM HampaBJ/eHHH, HO OIHT MEHéSIeT 1 2 nyJIbCPIi)yIO'
BIM. eo6pa30BaH
f : r 7 J. u;(q 3TOMY ele He sBJAETCs MOCTOAHH peobp
' Us i ' U ,1p
| 4 i % t . =1t
a 7
Puc. 117. Bxaovenue guddepen- Puc. 118, Bxkmouenne uuterpu- : 1
u¥pyooImed uemnu: pylomei emu: ug
a — cxeMa BKJIOYeHHA; 6 — npa- a4 — cxeMa BKJKYeHHA; 6 — npd- el + 5
MOYToJIbHbIH HMNyanc; 8 — npudde- MOYTOJIbHbI  HMNYyabC, 8 — HHTE- ' I I3
PeHLUPOBAHHbIN HMNYyJAbLC TPHPORAHHBIH HMIyJAbLC U. e H
— x
‘ J
NJIATEIPHOCTb HMIYJIbCA NOJNY4aeTCss HaMHOTO GoJblle, yeM HCXOJ- T L 4
HOPO MMnysbca #(f). HasBauus «auddepenuupyoman» HIH <HHTe- b 3 :
rpupyiomas» nenH cBsA3aHbl ¢ TeM, YyTo, HanpHMep, B pacCMOTPEeHHOM .
HenH CHIa TOKa SIBJASETCS NPOM3BOAHOM HanpsiKeHHsA Ha KOoHjeHca- . Puc. 122. Cxema OHOTOAYTEPH- Pic. 123. [paduk H3MeHens 5o
Tope H, Hao6GopoT, HanpsXen¥de Ha KOHIEHCATope SIBJsIETCS] HHTEr- OJHOTO BHIIPAMHTENS ¢ eMKOCT- BpEeMEHH HampsAMXKeHHH H TOKOB B
paJoM CHJB TOKa. HpM  PUALTPOM 0JHONOJIYIEepUOIHOM  BHIPAMH-
Teqae

§ 2. BBINIPIMUTEJNH

Bunpsamurend npenHasHaueHs! aas mpeoGpas3oBaHys JHepPruu
nepeMEeHHOro ToKa WUJIH HanpsiKeHHs: B 3HEPTHIO NMOCTOSHHOIO TOKa
WK HanpsixkeHHs. OCHOBHOM 3/eMEHT BHINPSMHTE/Ist — BEHTHIb, T. e.
HeJIHHeHHBIA 3JEMeHT ¢ OXHOCTOPOHHEH npoBOAMMOCTbIO. T akoi
BEHTH/Ib MOXKeT GHTb KaK MOJyNPOBONHHKOBHEIM, TaK H 3JEKTPOBAKY-
YMHBIM (IHOX, Ta30TPOH, THPATPOH H T. .), 510 He H3MEHSIET NMpHH-
uuna gefcTBHs CXeMBl.

i 7 WJbT-
[ero Toka B NMOCTOSTHHBIH (CI‘JIa}KPIBaHHe) ocymECTBCJ‘ISIET](‘:g g)ﬁdcos-
pOoM. [TpocTeliinM QHALTPOM SIBJIAETCH goupencarop G, Konafxnsaﬂue
MECTHO C COIPOTHBJSHHEM HarpyskH R, ocyniecTBJsET CT.

(puc. 122).
CxeMa pHC.

1 ConpoTuBJeddeM Harpy3Ku sBAAETCA TOT IpH
OT BHIIPSIMHTENA.

122 paGoraer caenyiouhM 06pasoM. TIph moJIoXH-
6Op. KOTOPHIfi MUTAETCA TOKOM

e

T



298 Hosumerpuueckue npubopo

TeJbHOM NOJYBONHE CETEBOrO HampskKeHus U (puc. 123) Tok,
IIPOTEKAIOLKi Yepe3 BEHTHJb, 3apAKaeT KOHNEHCATOP, OTYEro Ha-
TpSKEHHe Ha HeM U. (paBHOE HanpsKEHHIO Ha Harpyske U, )
yBeanuuBaercd. Kak BHIHO M3 CXEMBI, HanpSXKEHHE Ha BEHTHJIE
BCETAa paBHO

U, = U_-— U, (37)

Tox i, yepes BEHTHJIb TEYeT TOJBKO TOTrAA, KOTAA i, NMOJOKUTEIBHO,
T. €. Korja ¥ _>u.. [1osToMy B MOMEHT BpEMeHH £ TOK YepPEe3 BEHTUJD

TIPEKpaTUTCA H, CJASA0BATEJbHO, NPEKPAaTUTCA 3apAan KOHZAEHCaTopa.

- =0
- N (Hnanm
WA
[T oo ]
+
U, WY

L

Puc. 124. Paspsn koHuexnca-
TOpa Ha CONPOTHBJEHHE Ha-
FPY3KH TIpH 4s<(

Puc. 125. MexaHHueckas aHajorus ans
ORHOMONYNEPHONHOTO BHPIMHTENs C
€MKOCTHBIM (GHALTPOM

Mexny momenrom £, u £, KOHZleHCaTOp Oyler pa3psiKaTbCs uepes
CONPOTHBJICHHE HATPY3KK Ry (puc. 124), npuuem TOK yepes Harpysky
TCYET B Ty K€ CTOPOHY, YTo U 0 MOMeHTa £,. [Tocsie MoMeHTa f5 CHO-
Ba U _>uc ¥ KOHLEHCATOD ONATH 3apsiKaercd, a yepes Harpysky
TEYET TOK OT UCTOYHHKA NEPEMEHHOTO HanpsKeHus. Ecau xouneHca-
Top 3apsixaercs GBICTPO, a Pa3pAKAECTCH MELTEHHO, TO HAND TKEHME
Uc = Uy n3MeHsIETCA no KpuBo# puc. 123 u npubanxkaercs K nocro-
AHHOMy. Tak kak conpoTHBieHHe HArDy3KH aKTHBHO, TO rpacduxk
CHJILL TOK2 4epe3 Harpy3ky mo cBoeit opMe HE OTIHMYAETCs OT rpa-
(huka HanpsKeHus Uo= U, n OIU30K K NPAMORM, nmap aaaebHOR ocH
BPEMEHH.

Takum 06pa3oM KOHIEHCATOP BHIIOJHSET poJb pe3epByapa sHep-
THH, KOTOPYIO OH OTHA€T B HArPy3Ky B T€ OTPE3KH BPEMEHH, KOTIa
TOK OT HCTOUHHMKA 3. 1. C. YEPE3 BEHTUJIb HEe TEYeT (CM. KPMBYIO i, Ha
puc. 123). Mexanuueckoit aHaJorHeli CXEMBl MOXKET CJVKHTD nyJb-
BEpU3aTOpP, B KOTOPOM NEpBHIA GalsioH CO31a€T mepeMEHHOE 1aBJe-
HHE, KlalaH Urpaer poJb BEHTHJS, a BTOPO# 6aJJIOH MOALePKHBAET
TI0YTH NMOCTOSIHHELY MOTOK BO31yXa B TPYGKE, KOTAa KJanaH 3aKDHT
(puc. 125). '

Kpusas v, = u, puc. 123 TeM MeHbIE OTIMYAETCS OT np aMof,
4eM GbICTPEee 3apSAKAETCS U YeM MeJJeHHee Pa3psKaeTCs KOHIeHca-

z

1t

MR [, oo
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top. Tak Kak 3apsii NPOKCXOJUT uepe3 BEHTHNb, a pa3pal — UYEpE3

CONMPOTHBJIEHHE HArpy3KH, TO JJIA XODOUIEro CrJAa:KHBaHUS MyJbca-
1uut Heo6xoAKMMO, YTOOH COGMIORANNCDH YCJIOBHS:

10 sap << T<< to pasp (38)
HIH
R,C LT < R,C, (39)

r1e T — nepuosi CHHYCOMAAJIBHOIO HANpPSKEHUS.

Craaxusaioliee JeficTBHe KOHAEHCATOpPA MOXKHO OGBACHHIb L
apyrum cnocoGom. Tox uepes BeHTUNIb (KpuBast i, puc. 123) nmpore-
KaeT KOPOTKHMH UMNYyJbCaMH, KOTOPHE MOXKHO NMPEACTABHTL B BUJE

CYMMBI IIOCTOSIHHOH COCTaBJISIIOLIEH U CUHYCOWJANBHEIX TapMOUHK.

B toukax a u 6 ( puc. 122) st toku paspeasiorcs. Ilocroanuas co-
CTaBJAOILAs TOKA He MOXET NPOTEKaTh yepe3 KOHILEHCAaTOp M nore-
Yer LEeJUKOM YEPE3 HATPY3Ky; NEpPEMEHHBIE cocTaBJgLLE (rapMo-
HUKH) NOTEKYT MOYTH LEJHKOM Yepe3 KOHJEeHCaTop, €cJH TOJBKO €ro
eMKOCTb BbI6paHa HacToJAbKO GOJIbIION, UTO yiKe Ui NepBoit rapMo-
HUKU YacTOTHI Oy 1

wsC

K Ry (40)

Jlerko y6enutbes, uro GopMmyaa (40) Beitekaer u3 dopmyJnl (39).

PaccMoTpenHast cXeMa Ha3plBaeTcsi OMHOMOJYNEPHOJHOMN, TakK
KaK MCINOJIb3YETCS! TOJNBbKO OfMH NMOJYNEPHOL CHHYCOHLAJBHON 3. I, C.
Ee HefocTaTKOM ABASETCS CPaBHUTEJbHO GoJbilast myJbcalinst, AJs
CrJIa)KMBaHUS KOTOPOH HeoGXOAMMa CIAUHIIKOM GOJIbIIast EMKOCTD, UTO
VBEJIMUKBAET CTOMMOCTb cXeMbl. KpoMe Toro, mocko/jbKy BHIDSIMH-
7€/1b OGBIYHO COUETAETCS ¢ TpaHCHOPMATOPOM, MOBHILAIOIIUM KJH

6]

NOHMKAIOUWIUM NEPEMEHHOE Hanpskenue (puc. 126), To Tpanchopma-
TOP HCNOJb3YETCsl MJIOXO0; Yepe3 NEPBHYHYIO OOMOTKY / TOK Teuer
BeCh MEPHOJ, a YEPE3 BTOPUUHYIO /] — TOJBKO YacTh MOJOKHTENBHO-
ro mosynepuona. IOTH HEJOCTATKH B MEHBIUEH CTemeHU MNPHCYILU
IBYXMOJNYNEPHOIHON CXEME,

O1Hako OJHONOJYIIEPUOAHAS CXEMA BCE K€ NPUMEHSETCS AJS MHU-
TaHUsl HarPy30K, CONPOTHUBJIEHHE KOTOPBIX BEJUKO, TAK KaK Npu Gosbe
IIOM CONDOTHBJIEHHH R, XOpOlllee CrAaKHUBaHUE [OJy4Yaercs U Tph
CpaBHUTENIBHO HeGoubiioi eMKocTH C. B uacTHocTH, 3Ta cXeMa wHcC-
‘MOJb3YETCA NJI MATAHUS HOHMU3AMMOHHBIX KaMep M CUETYUKOB 4a-
«CTHIL.

Puc. 126. Cxema oxnonosy-
MEePHOJHOr0 BBIIPAMHTEIS C
TpaHcopmaTopom
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JByxnoaynepHoaHsie BHINPSMHTENH

B cxeme puc. 127 KoHIEHCATOp 3apsiKaeTcs HE TOJBKO B MOJO-
AKUTEJbHBIR OJyNEPHOJ, HO U B OTPHIATENBHBIH 3a CUeT 106aBIeHUS
BTOPOH CEKIUK BTOPHUHONH O6GMOTKH M BTOPOTO BEHTHJIS (nyTe 3apsig-
HOTO TOKa NOKa3aH CTPeJKoi).

Ha puc. 128 u3o6paxensl nepemenntie HanpsKeHus u_, mu_
OT 06enX ceKuuit BTOPHUHON 0GMOTKH TpaHcdopMaTopa, npHueM Ha-
paBJICHNE, IPUHATOE 32 MOJIOKHUTENBHOE, yKa3aHo Ha puc. 127 crpes-
ko#. Kak merko Bugets u3 puc. 128, kongencarop 3apsikaercs yepea
NepBEIf BeHTHNIb, KOTAA U _, > U, H uepe3 BTOpoii, Korja U g > Ueg.

s

3 ey

~2
Puc. 127. Isyxnoaynepuonnas Puc. 128, I'padwuk usmeHenus
cxeMa BBUIPIMHTENsS BO BpeMeHH HanpsikKeHu#d o

TOKOB B IBYXIOJAYTePHOIHOI
CXeme BbIIpsIMUTENs

[TosTomy wacroTa nymbcaunu BaBoe GOsblue, 4eM B OLHONOJNYNEPH-
OJIHO# cXxeMe, uTo, coryacHo ¢opmyae (40), Mo3BoJSET BABOS YMEHb-
IIATH (IPH NPOYHX PaBHHEIX ycjaoBusx) eMkocTb C. KpoMe Toro, koH-
AEHCATOp pa3psiKaeTcs B MEHbIUEH CTENEHH, YEM B OJTHONOJIYNEPUO-
HOM cXeMme, T. €. aMIUINTyaa NMyJbCaliil 3HAUKTEIBHO MEHBIIE. ITO-
N03BOJIAET ellle yMEHBIIHTL eMKocTh C. TakuM o6pa3oM, AByXmo.y-
NeproJHas cXxeMa NO3BOJSET CYUECTBEHHO YMEHBIIHTb eMKOCTh C H
YJYHIIAThL HCNOJb30BaHKE TpaHcopMaTopa.

Henocratok stofi cxeMbl — HeoGxoaAuMOCTb 106aBJEHHsT BTOPOI
CEKIMH BTOPHUHOK OOGMOTKH B TPaHCHOPMATOPE, YTO YCJOKHSET €ro
KOHCTpyKIM. OpHako npyu HEGOJBUIOR MOIIHOCTH 3TO YCJIOKHEHHE
HE3HAYHTENIBHO U B 3TOM CJydae CXeMa IIMPOKO NpuMeHsiercs. I1pu
GOJIbLIONK MOLIHOCTH NPUMEHSIETCS MOCTOBasi ABYXIOJYIEPHOIHAS
CXeMa, KOTopasi JaeT Te Ke Pe3yJbTaThl NpU OJHOH CEKIMH BTOpHU-
HOft 06MOTKH.

B moctoBoi#t cxeme BempsimuTeas (puc. 129) KoupeHcaTtop 3aps-
XKaercsl B TEUeHUe YACTH NOJOKHTEJNBHOTO MOJYNEPUOLa Yepe3 BeH-
Taan I u 3 (crpenku ¢ uudpoit 1), a B TeueHHe YacTH OTPHILATENHHO-
Fo nmoaynepuoja — uepes3 BeHTHAH 2 n 4 (cTpesku ¢ uudpoi 2). 3a-
PAL ¥ pa3psx wimoCTpupoBaHu puc. 130, e NYHKTHPOM NMOKa3aHO
HanpsXkeHne BTOPUUHOR OOMOTKH B LIENMK OTPHUIAETETLHOrO NOJyIIEPH-
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01a U~1, a CIVIOWIHON JIMHUEH — TO Ke HamnpsKeHHe B LEMH NOJO-
ZKHTeJbHOTO NoJynepuona. BrlGpaHHoe MOJOKHUTEJNbHOE Hampasie-
HHE MOKa3aHOo CTPeJKOfi BO3Jie CONPOTHBJEHHS HArpy3ku u coBnmaja-
©T ¢ HallpaBJeHKEM BBINIPSAMJEHHOro ToKa. Kak sicHo M3 DHCYHKa,

Puc. 129. Mocrosas asyxnoay- ui"‘ %

lIepHoJHass cXeéMa BbIpAMHUTENH

BEHTHJH KKOMMYTHPYIOT» BTODHYHYIO OGMOTKY TpaHchopMaTopa, u3-
MEHAS MOJSIPHOCTH NPHCOEIMHEHHs K HEll KOHjeHcaropa C Harpys-
KO# OJHOBDEMEHHO C M3MEHEHHEM 3HaKka NepeMEHHOro HaNpsKeHns.
370 # no3BoJsier 060HTHCH 6€3 BTOPOH CEKIMH BTOPHUHOR OGMOTKH.

U e Uy

Lhs Lbau 3.7 LB

Puc. 130. I'papuk H3MeHeHHs BO BPEMeHU HallpsikKe-
HUH H TOKOB B MOCTOBOH Cxeme BBIPAMHTEI

Dosbloe YMCI0 BEHTHJIEH ABJSETCS HEJOCTATKOM 3TOH CXEMBHI,
O/HAKO HE OYEHb CYLIECTBEHHBIM B CJ1yuae NPUMEHEHHUs MOJYNPOBOA-
HHKOBBIX BEHTHJIE[l, BBITOJHEHHBIX B BHIe «crTon6as. IlpakTHiccku
B CXeMy BKJIOYAKOT OJMH cToa0 MOJyNPOBOJHHKOBBIX BEHTHICH.

Puc. 131, Moctosas cxeMa g “l
BLIIDAMHUTE I HAa KeHOTPOHAX i %
—

[IpuMeHeHHe KEHOTPOHOB B KAUeCTBE BEHTHJIEH B 3TOH CXEMe He-
y106HO, TaK Kak 1Ba KEHOTPOHA JOJIXKHBl HMETb H30JHMDOBaHHbBIE Ka-
TOBl, UTO OCJOKHAET NUTaHue Llenell kaHana (puc. 131).
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BoinpsMuTenn ¢ ynBOGHHEM M yMHOMKeHHeM HaNpsKeHus

Ha cxeme puc. 132 uso6paxens gsa OIHOTIONYIEPUOJHBIX BbI
NPAMUTEJIS, NOAKTIOYEHHBIX NapaJeJbHO K OJHOMY HCTOUHHUKY 1€ )
MCHHOrO HanpskKeHus. Benrtuam 3tux BelnpaMuresei an}:oqerx){;
B NPOTHBOMOJIOKHBLIX HaNpaBJeHHSX, 03TOMY KOHJSHCATODH 3a -
AKAWOTCS C Pa3HON MOJSAPHOCTBIO HANDSIKEeHUs Ha HuX. Beyuunna gbI-
IPAMJICHHOTO HANPSKEHHUS Ha KaXK/1OM KOHIEHCaTOpe U, paBHA aM-
IINTYIHOMY 3HAYEHUI0 NEPEMEHHOTO Hanpsikenusi U . Hanpmxeﬂne
MEXK1y TOUKaMu a 1 6 paBsHo, caenoBateabto, 2U, . ’I”‘IaKuM o6paszom

Puc. 3
COEL.'LH\HEIHSHZE- Bapamenbuog Puc. 133. Cxema sBmipa- Puc. 134. Cxema
BIIDAMHATETH  MHTeNs C yABOeHHEeM Ha- BHINPSIMHTENS C YA
TP KeHns (napannesns- BOEHHEM HaipsiKe-
Has) HUS (kacKanHas)

or Il?axé)rg;egxueeMx;ar(pﬁKnl;éemgy TOYKaMH & U 6 HECKOJBKO U3MEHs-
pmien, C) e :ogo;{( ) 4pAx ONHOIO U3 KOHJEHCAaTOpOB (Ha-
X qe,pes conpo%nBne-rf:eelcaﬂr;gg:(???em(eH‘HbIM paspsaaoM Apyroro
NIOKa3aH CIJIOUIHOH cTpeJKoii, a paspﬂﬂubﬁ?ieg;s)freusiggﬂﬂug TOeK
i}lr’lJfl{b(DaTeﬂ :::n:;ceampm He 3apsKaioTes nom{ocn,ropno ganpmge-
o p HHE Ha Harpy3Ke N0JYyYaeTcst HeCKOJIbKO MEHbIIE

e 3HHIA moayyaercsl HeGOJbLION, €c/ MOoCTOAHHAS BPEMCHHU

uen#u, yepes KOTOpy10 npou
'ONCXOIUT pa3psal, HaMHOTO
[IepeMeHHOr0 HallpsXKeHus, 1. e. P Ponwine repron

n RH Cl = Ru C2 >> T (41)
mxoﬂaTOMy CXEMa C yNBOGHHEM HaNpSKOHUS NPUMEHAETCH A/ MUTA-
nHarpysox ¢ GOJIbIIUM COMPOTHBJICHHE M.
- pﬁﬂuun YABOCHHST MOXKET GBITh OCYIIECTBJIEH U B ADYTOM Bapu-
KaCK.a,UJH?;Ip;ﬂ}?:KﬂbHOB coennHeHne BLINpAMUTENEH MOXKHO 3aMEHHTH
, NI0Ka3aHo Ha puc. 134. B stoii i

. . cXeMe BTODPO# Bulnps-

M
WTEJIb  NPHCOENMHEH K BEHTHJIIO NMEPBOTO. Hanpsixxenne na ST%M

Uc, + U, (piic. 135). Konpencarop C, 6yner 3apstKaTbesl 10
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MAKCHMAJBHOrO HANpPSKEHHS Ha nmepsoM peHTHJIE, T. €. 102 Uy, a
Sp¥ HaTHYMH HArPY3KH — J10 HECKOJBKO MEHBIIETO.

KacKkannasi cXeMa yIBOGHUs MoXeT ObITh MpeoGpa3oBaHa B CXe-

MYy YMHOXKeHHS 106aBIeHHEM K Hell HOBBIX KacKajloB, KaK I0Ka3aHO

ua puc. 136. M3 paccmorpeHHus mpo-

“ m IleCCOB B CXEMe MOXKHO YOEIHWTHCHA,

a yto xkoupeucatop C, 6yaer 3apsxeH

"V "\ no sanpsixennst U, , a ocTanbHBE —

no 2 U',, . Ha ueprexe nas npuMepa

0Ka3aH yThb TOKA B MOMEHT 3apfia

kougencaropa Cs;. B 3T0T MOMEHT

¢ nepeMeHHoe HalpsKeHnue U_ NpOTH-

BONOJIOKHO 110 3HAKy HanpsKeHHUIo

u cyMma ux pasia Hymwo. Io-

'U , I((;l
]

| ¢
%

u,
Puc. 135. BpeMenHole muHarpaM-
Mbl HanpsxkeHHi# B KacKalHOH
cxeMe BHIIDAMHTENS C YJABOEHH-
eM HanpsKeHus:

a -—  BBIIDAMJAAEMOE nepeMeHHOE

HanpAXeunHe; 6 — Hanpﬂmeﬂne Ha
NepsOM KOHIeHcaTope; 8 — HampaA- Puc. 136. Cxema BHIIpsEMHUTENd € YMHOKe-

XKeHHe Ha IIeDBOM BeHTH/E HUEM Haan)KeHHH

3TOMy B YKa3aHHOH uenu neficTByeT TOJIbKO HAaNpsiKewue Up =
=92 U,, 3apaxawliee Kounencarop Cs. Coueras KOHIEHCATOPb!
B Pa3JHUHBIX KOMOMHAIHUSX, MOXKHO NIOJVUHTH pa3JIHiHbIE MOCTOAH-
uble HanpsKennus, sanpumep 4 U,, (Toukn a n 6), 3 U, (ToukH &
i 2) u . 1. CxeMbl yMHOXKEHHST TaKe NpUMeHSIOTCS AJI5 BbICOKO-
OMHBIX HATPY3CK, TAKHX KaK CUETUHKM W HOHH3AIHOHHBIE KaMEepBbl.

Craaxusatomue GuabTpbl

Kak nokasaHo B NpeablAylIeM pa3jefe, BBIIPAMHTEb COCTOUT
u3 TpaHcopmaropa (B HEKOTODPBIX CJlyuafx OH MOXKET OTCYyTCTBO-
BaTb), BeHTHJA K criaaxupaioulero duabrpa. TpaHcdopmarop no-
BBIIAET (a B HEKOTOPBIX CJAyuasX MOHMMKAET) nepeMeHHoe Hanps-
JKeHHe, BEHTHJb CO3/aeT 110/ AeHCTBHEM 3TOTO HaNpHKEHHS NYJbCH-
pyloIMit TOK OJJHOTO HanmpasJ/eHHus, a QUJIbTP CIJIAXKHBAET STH NyJb-
canuu. EMKocTHBI (DUABTD, pPacCMOTPEHHBIA BBILIE, ABJAETCH Npo-
crefiuuM. Ero HemocTaTok 3akJoudaercss B TOM, UTO C MOBBIIIEHHEM:
MOLIHOCTH, NOTpe6,semMoit Harpy3Kofi, CriiaXuBaloulee JeHCTBHE 3TO-
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ro ¢uapTpa yxyamaercs. JleHCTBUTe/bHO, MOBHILIEHHE MONIHOCTH
Harpy3kH NpH NOCTOSHHOM HaNpPSIKEHUH 03HAuaeT yMeHbUIEHHE ee

Ul
CONMpOTHBJEHHs (coriacHo dopmyae P =—R—), a 3T0 NpUBOJUT K

YMEHBLIEHHIO NOCTOSIHHOHA BpeMmenn RC QuabTpa, K YCKOPEHHIO Das-
psina (puc. 123) u, c1e0BaTeNbHO, K YBEJMUCHUIO NMYJIbCAIML.

4
—’L->
L
Puc. 137. Cxema Bruipamure-
Js ¢ HHIYKTHBHBIM  QHABLT-
U, 2y . poM
—

ITo sTol NpuunHe €MKOCTHBIfi QUABTD NPUMEHSIOT JHIID AJS fH-
Tallsl MaJOMOMHBIX HAarpy3oK, T. €. HarPY30K ¢ GOJIbIIMM CONPOTUB-
JIGHHEM (HanphuMep, CYETUMKOB M MOHM3AlIMOHHBIX KaMep, Lemu ce-
TOYHOTO CMEILEHUS H T. 1.). :

Ha puc. 137 n3o6paketa cxema BBIPSIMHTEJS C MHIYKTUBHBIM
GuabTpoM, 1eficTBHE KOTOPOro OCHOBAHO Ha TOM, YTO CaMOHHAYKIUSA

u. (=0

L
Ry

y ~

Puc. 138. T'paduk m3avieHeHus BO BpeMeHH TOKa B BBbI-
npsMUTENle ¢ HHAYKTHBHBIM (HJALTPOM NPH PA3JIMUHBIX
3HAYEHUAX MOCTOSIHHOH BPeMEHH

NpensTCTBYyeT Kak HapacTaHHWIO, TaK U cnajaHuio toka. I[lpu L =0

CHjla TOKa wu3MeHsJach 6bl o NYHKTHPHO# KpHuBoit puc. 138, npu

L 5 0 oHa u3meHsieTcs N0 cnJIOWHOR KPUBOH, NpHUeM yeM 60JbLIe Mo-
L

CTOfIHHAsT BPEMEHHU R TeM Gosibllle pAacCTAHYT BO BPEMEHH HM-

H
nyJabc TOKa.

o L
IIpu GosblIOM 3HAUEHMM NOCTOSHHOM BpemeﬂHR—- no cpaBHe
H

HHIO C IepUOJOM MMIYJbChl TOKA COCeJHHUX NMEePHOJOB PacTATUBAIOT-
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cA HaCTOJbKO, 4TO CJAMBAIOTCI MexXIYy cobofl B cnaomHyw cnado
nyJbCUPYIOILYI0 KpHuBYIO. B nByxnmoaynepuonHoit cxeme puc. 139
nyJ/ibCalliy MOJYyvalTes enle mMeHbmumu (puc. 140).

Puc. 139. Cxema 1BYXIOAYNEPHOLHOIO BHI-
NPSAMHTEAS] ¢ HHAYKTHBHLIM (MUJILTPOM

Tak kak ¢ yBeJMUCHHEM MOUIHOCTH HATPY3KH €€ CONPOTHUBJIEHHE
j2

L
yMeHbiaeTcs (no ¢opmyie P = ), TO NOCTOSIHHASI BPeMEeHH =

H
yBesuuuBaerca. ClenoBaTesibHO, QUABTPYIOLIME CBOHCTBA MHIYKTHB-
HOrO (UJAbLTPA YJAVUILAIOTCA C yBeJMUYEHHEM MOIIHOCTH Harpy3KH;
B 3TOM COCTOMT er0 OCHOBHOE NPEUMYILIECTBO Mepel eMKOCTHBIM

NN\ e

(R t [
|
! |
!
I
!

HONPAKEHLE

Monmkurnenxos
Bmapuyroe

!

N

<
|
(=Y
Ay
};
|-
)
\!
A
1

a

Haepy3ounel
moK

Puc. 140. Mamocrpainsi craaxuBawoulero 1eidcTBus
HHAYKTHBHOTO ¢GHAbLTPA:

a — OIHONOJNYNEPHOAHBIE BHIIPAMHUTENAL, 6 — ABYXIOIY-
NepHOAHHIH BHIOPAMUTeNb, | — aKTUBMa® HAarpyska, 2 —
WHAYKTHBHa# Harpyska

¢uabrpoM. Jlpyroe npenMyuiecTBo 3aK/0uaeTcss B TOM, 4TO TOK, Te-
Kyuiui uepe3 BeHTH/Ib, He MMEEeT BHJAa MMIY/ibCOB, a TeueT GoJee
paBHOMEpPHO. JTO NO3BO/IAET NMOJb30BATHCS BEHTH/SIMH, PacCUHTAH-
HbIMM Ha MEHbIUYIO CHJY TOKA, UM B CXE€MaX ¢ €eMKOCTHbIM QUILTPOM.
B KOTOPbIX BeHTH/H PACCUUTLIBAIOTCS Ha MHKOBOe 3HAUSHHE TOKA.
HepocraTkoM HHAYKTHBHOTO (QUJILTDPa ABJISAETCH MEHbLIee Hallps-
XKeHHe Ha Harpy3Ke, UeM B CXeME C eMKOCTHblM dusbrpom. HeficTeu-
T€JbHO, KOHACHCATOD €MKOCTHOTO (H/IbTPa 3apskKaeTcsl IMOUTH J0
aMIIRTYJHOTO 3HAUEHUs NMePEeMEHHOTo HaNpsKeHus. B cxeme ¢ HH-

20 3auura 0T PaJHOAKTHBHBIX M3.1yyeHUH
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JAYKTHBHbIM (PUIbTPOM HANpPSXKeHHE HAa HArpy3Ke yMeHbIlaeTcsd, He
VCIeB HApacTW 10 aMILIHTYAHOrO 3HAYEHHS, NpHYEM 4eM Jyule

L
¢Guabtp (T. €. ueM GoJblie NOCTOSTHHAS BPEMEHH ' ), TEM MEeHbIIIE
H

MaKCHMaJ/ibHasl BEeJHUYHHA TOKA M, CJAeOBATe/bHO, HaNPSIKEHHA Ha
Harpyake (cM. puc. 138). Kpome Toro, HHayKTHBHbI (UJALTD HMeer
60ablIHe rafapUThl H CTOMMOCTb, UeM €MKOCTHbIH.

Pa6ory HHAYKTHBHOrO QUJALTPA TAKKE MOMKHO oébs{cmm)oc TOU-
KH 3peHHS CNIeKTpa/bHOro pas/ioKeHHs HMIy/bcoB Toka. [leficrau-
TeJibHO, TIOCTOSIHHAST COCTABJ/ISTIONIAA TOKA BbI3OBET NajeHHE Hanpd-
JKEHHS TOJIbKO Ha CONMPOTHBJEHHH Harpy3kH, ApOCCe/b HMeeT MOUTH
HyJIeBOe COMPOTHBJEHME [JIsi MocTostHHOro Toka. IlepeMeHHbie co-
CTABJSIOIHE TOKA BbI3OBYT MajeHKUe HANpSKEHUS HA Japoccesie H BO
MHOTO pa3 MeHblee NajfeHHe HaNpsAXKeHHsd Ha CONPOTHBJCHHH Ha-
Ipy3KH NPH YCJOBHH, UTO CAMOMHAYKIHS [ApOCCeIf CTOJb BEJHKa,
yTO yKe /IS MEPBOI rapMOHMKH KoJeOGaHHil 4acTOThl O ;

o, L> R, (42)

Takum o6GpasoM, ecan B nenn R, C NPOMCXOMMT paspge/ieHHe
COCTaBJAKINKX TOKA, TO B IenH R, L pa3fefsioTcd COCTaBJSAOILHE
HaTIpSKEHHS. ‘

Jlyuune peaysbrathl Aai0T (QHJALTPLI, B KOTOPLIX HCIOJbL3YIOTCS
1 €MKOCTb H CAMOMHAVKIHSA, KOMOHHHpYeMble B pa3J/HuHble CXeMbl —
-o6pasnywo (puc. 141, a) T-ob6passyio (puc. 141, 6) u I1-o6pas-
Hywo (puc. 141, 8). Pa6oTy 3THX CX€M MOXHO OOBSCHHTb C TOUKIH

a b 8
Pt T\ YT B
L L L l L I
0 g, = HHazpysne_ - c Hrazpysne
& 3 rs—I——-L

Puc. 141. Cxema c10XHbIX GHALTPOB:
I-o6pasuoro (@), T-o6pasuoro (6), I1-oGpa3norg (8)

3peHHS pasfieIeHUsT COCTaBJSAOILUX TOKOB H HampsiKeHHii. Tak, B
cxeMe pHC. 141, a cocrapasiomne HaNpsiXKeHHs pas3feasioTCsS MeXay
apoccenieM L n 3BeHoMm R, C, Tak Kak NepeMeHHbIE COCTaBJSIOUIHE
TOKa CO3JaI0T MaJieHHe HaNlpsDKeHHst Ha [poccejie, a MOCTOstHHAj
(1 B He6OILLIOH CTeMeHH NepeMeHHble) — Ha 3Bede R, C.

B 3Bene R, C paszgendioTcsi COCTaBJSAIOIHE TOKA; MepeMEHHas
TeyeT yepe3 KOHMEHCATOp, a NMOCTOSIHHASE ¢ HeGOJIbIIMMH NyJibCaly-
AMH — uyepe3 Harpysky R, . AHajiOTHUHble MNPOLECCH NPOHCXOAAT
B CxeMe pHC. 141, 6 ¢ Tol pazHHIEH, UTO B 3TOH CXeMe N0JyYyaeTcs

|
I
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JOTOJIHHTE/IbHOR Da3fie/ieHHe COCTaBJSMIOIMX MEeX/Ay Harpysko#t I
BTOPHIM J[pOCCeJ/IeM, NOJABJASAIOIMM OCTaTOUHbe MyJ/bcanuH. Pa6o-
Ta cxemul puc. 141, 8 orauuaercss or pabGorbl cxeMbl puc. 141, a
NpefBapHTe/AbHbIM OTHeJeHUEM IIepeMeHHOH COCTaBJAAIILH TOKa
NepPBLIM KOHAIRHCATOPOM.

ITo cBouM cBoiictBaM T-06pa3Hblit (DHALTP aHajJorHMYeH apoc-
cesibHOMY, a [I-06pa3Hblii — eMKocTHOMy (uabtpy. HeficTBuTeNbHO,
B [I-06pa3noM ¢uJAbTpe NEepBHI KOHZEHCATOp B KaXAbH mepHos
ObICTPO 3apsKaeTcs NOYTH A0 aMIJIMTYAHOrO 3HAYeHHs HanpsKe-
HHA, DTO BHI3bIBAeT, ¢ OXHOH CTOpPOHLI, 6pPOCOK TOKAa (HEeZOCTAaTOK),
C Ipyroi cTopoHbl, — Gosblioe Hampsixkenue (mpeuMylectso). Kpo-
Me TOro, ¢ yMeHbUIEHHEM CONpOTHBJICHHS HArpYy3KH BTOPOH KOHIEH-
catop paspskaercs 6bLICTPee, UTO YReJHUHBAET NyJAbCAlHH H CHH-
’Kaer BHIIpAMJeHHOe HalpsxeHde (T. €. ITO HANpSKEHHE 3aBHCHT
OT HArpy3KH).

B T-o6pasHoM ¢u/abTpe mepBblfi apocceb He gaeT KOH/JEHCATO-
Py 3apAMHTbCA — 3TO OFpaHHUYHBAeT, 6pOCOK TOKa (IPeHMYLUECTBO)
H yMeHblIaeT BbLIIPSIMJICHHOe HanpsiKeHHe (HemocraTok). BTopoi
Apoccesib IpenATCTBYeT pas3pAny KOHAEHCATopa. IO3TOMYy IIpH
VMEHbLICHHH HArpy3KH He MOJAyvYaeTCsl TAKOTO YBeJHUeHHS MyJibca-
UMM H YMelbIlIeHUS BbIIPAMJSHHOr0 HallpsIKeHud, kKak B [T1-o6pa3noM
tduabTpe.

Bbi6op TOro W/ HHOTO (PHJAbTpA 3aBHCHT OT THIA Harpy3kH H
OT TOro, KaKoe M3 NpHBEISHHLIX cooOpaKeHuii GoJiee BaXKHO MO yC-
JIOBHSIM pa6oThl CXeMbI.

§ 3. YCHJIUTEJIXH IJNEKTPHYECKHUX KOJIEBAHUR

ITporecc ycuiaeHHss 37eKTPHUYECKHX KojaebanHufl 3akJouaerca B
TOM, 4TOObl YBEJAHYHTbL BCe MIHOBEHHble 3HAUEHHS HANpSIKEHUS HJIH
TOKa B IlelH, He H3MEHAA B TO XKe BpeMA (QopMbl KpHBOH, H3oGpa-

Puc. 142, Ycuanrenas Kak ycT- [
poficTBO ¢ JByMA Tniapami 5 ™0
KJIeMM — BXOJHBLIMH H BbIXO]- Ugy Yeunumens Ubpi
O
HBIMH a fz
z .

KAWEH HX 3aBHCHMOCTb OT BpeMEHH. YCTpOHCTBO, OCYILECTBJISO-
Iee 3TOT MpOLECC, HasblpaeTCd YCHJAHTENeM. EC/aH orBaeubcs oT
KOHKPETHOTO COJepXKAaHHA 3TOH CXeMbl, TO €e MOXHO H300pa3HTb B
BH/Ie NPAMOYTOJMbHHKA C JBYMSI MapaMH KJIeMM — BXOAHLIMH H Bbl-
xonHbIMu (pHuC. 142). Eciu Ha BXOmHBIX KJA€MMaX HMeeTcs NMepeMeH-
HOe HaNlpfXeHHe NpOH3BOJbHOH (opMbl (puc. 143, a), To 3amauell
yCuJauTelsl fIBJASETCS CO3JaHHe Ha ero BHIXOAHBLIX KJEMMax mepe-.
MEHHOTO HanpsiKeHus1 Tod Ke QopMbl, HO Gosbiiell a6COMIOTHOI
BeJHUHHBI, UeM BXOJLHOe HallpsxkeHHe (pHc. 143, 6).

20*
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Takas 3amaua BO3HHKAeT BO MHOTHX NpPAKTHUECKHUX C/yyasix.
OanuM u3 MHOTOYMCJAEHHBIX NPHUMEPOB SBJASETCS paHONpPHEMHHK,
KOTOpbI MOJiyuaeT OT aHTeHHbl NEpPEMEHHOe HaNpAMXKEHHE BbICOKOM
YacTOThl NMOPASKA COTEH MHKPOBOJALT (T. €. JeCATHTLICAUHBLIX JOJei
BOJbTA), B TO BpeMsl Kak [/ HOpMaJbHOH paGOTH OCHOBHOIO ero
3/IEMEHTA-JeTeKTOpa TpebyeTcss HaNpsKeHUue Mopsifka ao/eldl Boabra
HJIH eJIHHHIL BOJIbT. )

B coBpeMeHHOH 3/1eKTpOHHON ammapaType 3JEKTpHUECKHe Koje-
GaHuA yCHJAHBAIOTCA C MOMOLIbIO 3JeKTPOHHbBIX JIAMII-TPHOMOB, TeT-
pOnOB, NEHTOA0B H JAPYTHX MHOIOCETOUHLIX JIaMIL

Upx

Uppir 5 _11_ | Y

9
j Uglt)ug, (¢)
i

t
Puc. 143. Bxoaxo#t 1 Bu- Pue. 144. TI'paduueckoe naxox-

XOAHOA OHTHAJB . YCHJH- AeHHe (YHKIMUH {a(f) no 3anaH-
Teas HOH yHKIHH ug(t)

YCTpOHCTBO 3/IEKTPOHHBIX yCHJIHUTe e

Hpunyun rpuodroeo ycurenus

Ecan Mexny ceTkoii I KaToI0OM TpHOAA NpIJIOKHTL {1€peMeH-
Hd0€ HalpsiXKeHHe Uy, , TO, OUEBHUIHO, CHJIA TOKA B aHOAHOH IENH He
GyneT mOCTOSAHHOMN, a OyjeT TakkKe H3MEHATLCS BO BPEMeHH B COOT-
BETCTBHH C H3MEHEHMeM CeTOUHOro HampskeHus. Uto6u HaliTH dop-
MY KPHBOIi aHOJHOTO TOKa, BOCNOMb3ye@MCsi CeTOUHBIMH BOJIbTaMIep-
HbIMH XapaKTepHCTHKaMI TpHojaa (cM. puc. 77). M3o6pasus KpHBYyIO
epeMEeHHOI'0 CeTOYHOr0o HanpsiKeHHs Ha OCH BpeMeHH, HanpaBJeH-
HOH BHH3, COOTBETCTBYIOLIHM IOCTPOEHHEM MOJYYHM KpPHBYIO aHOJ-
HOro TOKA Ha OCH BpeMeHH, HallpaBJIeHHON BIpaBo (plic. 144).

Ecan B anomnyio nenb (puc. 145) BKMOUNTL CONPOTHBICHHE (Ha-
3biBaeMOe CONpPOTHBJ/ICHHEM HArpy3kH), TO aHOAHBIH TOK, NMpOTeKalo-
WHiA fepes Hero, 6yfeT co3laBaTh MeXNY KOHUAMH CONpOTHB/CHHS
pasHOCTb IOTEHIHAJIOB Ug, (¢) =i,(¢)R,, xoropas u306pasutcs

KpuBo# puc. 146, a, no csoeit hopMe He oTaMUalOWERCA OT KpHBOIA
aHomHOro TOKA I, (f).
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KpI/IBYIO HaNpAXeHUA llRa, TaK e KakK H KpHBYIO CHJbl TOKa

I,, MOXHO pacCMaTpHBaTb Kak CYMMYy JABVX COCTaBJASIOIHX — NOC-
tosinHofi Uy u nepeMmenHofi u,,, (puc. 146, 6 u 8). IlocrosiHHas co-
CTaBJaslomas NpeAcTaBasieT CoOOH cpeanee 3HaueHHe KPHBOH g,

H lizo0pakaercst NpsiMoH, NPOBeNCHHOR Tak, 4TOOLI ITOLAfb MEX-
1y HEI0 H OCbio BpeMeHH Gbla paBHa MJIOIAAH MEXKIY KPHBOH Up
- a

1 OCbi0 BpeMeHH. PasHocTb MexXay kpuBoll u,  (puc. 146) u nocro-
a

aunoi cocrasaswomein Uy (puc. 146, 6) naer mepeMeHHYI COCTaB-
JSIOIYI0 HANPSIKeHHst Ha Harpyske u,,. (puc. 146, 8).

Ug, a
7
4
U, b
t
UBoix )
4
/J /¢

Puc. 145, Bxmoue-  Puc. 146, Hampsazsenue Ha  Puc. 147. Otnenenne me-

HHe B QHOAHYIO el  COMPOTHBAEHWH  aHOLHON  peMeHHoHl cocTaBJsiolleit

COTPOTHBJEHHS HA- HAarpy3KH M  Da3JOieHHe  HalpsKeHHA OT MOCTOSH-

FpY3KH ero Ha TOCTOAHHYIO H 1e-  Holl ¢ MOMOWBIO KOHIEH-
DEMEHHYIO COCTaBJAIOIHE caropa

DTy nepeMeHHYI0 COCTaBJAAILYIO HANPAKEHUS Uy, JIETKO OTJE-
JHTb OT noCToAHHON cocTaBasomwel Uy, ec/in BKIIOUHTL B CXeMYy KOH-
JAeHCATOp TakK, Kak NMokasaHo Ha pHuc. 147. JlefictBuTenbHo, comnpo-
THBJIEHHe KOHJEHCATOpa NOCTOSSHHOMY TOKY pPaBHO GeCKOHEUHOCTH
W JJ8 MOCTOSTHHOTO TOKa IeNb MeXAy ToukaMmu b’y u b, pasopBaHa,
II03TOMY MeXJy ToukKaMli b; u be GyneT CylecTBOBATh TONbKO Hepe-
MEHHOe HaNpsiKeHHe U,,, . PaccMaTpHBas CXeMYy Tak, Kak OHa H30-
OpakeHa Ha pHC. 142, nerxo BHAETb, UYTO HANPHAKEHHE Uyyx MEXAY
TOUKaMH b; U by sABAsieTCAd BHIXONHbIM, a HaNpsKeHHe Uy MEXAY
TOUKAMH @ H Q2 — BXOAHbIM. Dnaromaps meRCTBHIO KOHJeHCaTopa
BHIXOHO® HANpSXKeHHe He M3MEHHTCS, ec/iH TOUKY b, MepeHeCTH Ha
Katog (puc. 148, a). )

®opMa KpHBOH BLIXOJHOIO HaNpsKeHHS CcoBNajgaeT ¢ (HopMoH
KpHBOH BXxogHoro Hanpsikenus (puc. 144 n 146). IToxkaxem, 4To



310 Ho3umerpuueckue npubopot

MpH HEKOTOPHIX YCJAOBHSIX MIHOBEHHBle 3HAueHHs BHIXOMHOTO Harm-
psiKenus no abcomoTHofl BeduyuHe GoJiblie  COOTBETCTBVIOLUX
MT'HOBEHHBIX 3HauUeHUH BXOJHOTO HANPSIKEHUS.

AHOmHBIH TOK B paccMaTpUBaeMOH CXeMe M3MEHseTCs Noj Jei-
CTBHEM IPUJIOKEHHOTO MEXK/JYy CeTKOH H KaTONOM HANPSIKeHHS Ugy.
Opnnaxo TOUHO Takoe JKe U3MEeHeHHe aHOJAHOTO TOKa MOMHO OLLIO Obi
IOJIyYuTh, €CJIH BKJAIOYHTL B AHOAHYIO II€NbL HCTOYHWK NEepeMeHHOI
3. .. C., paBHOH puyy, (puc. 148). D10 crepyer U3 TOro, uTO U3MeE-
HEHUE CeTOYHOro HanpsAKeHus B p pa3 Gojbuie BJAUSET Ha AHOHBII
TOK, UeM M3MeHeHHe aHO[MHOTrO HaNpsKeHHUs.

0

Puc. 148. [Ilepenecenue 3. a. C. U3 CeTOYHOH uemn B
avoIHYIO

CrepoBatenbHo, NepeMeHHAsi COCTaB/sollas aHOMHOTO TOKa
la~, @ TaKXKe NepPeMeHHAsl COCTABJSAIOIAS HaNpPSKEHUS Ha CONpPO-
THBJIGHUU HATPy3KU Uy, B cxeMax puc. 148, a u 6 opunakosn. [.1a
HaXOXKJICHUS BEJIUUUHBl Uyy, H [o~ H306pa3uM OTAEALHO aHOLHYIO
nenb CxeMbt puc. 148, 6, npuuem GygeM HPUHHUMATL BO BHHMAaHHC
TOJILKO NEepeMEeHHble COCTaB/AAIOIHe TOKOB ¥ HaNPSXKeHWH 1i COnpo-
THBJIEHHE JIaMII IIepeMeHHOMY ToKy. Takas cxema, HasbiBaemas
3KBHBAJICHTHOR CXeMOH ycusautess, usobpaxeHa ma puc. 149, Ta-
KHM 00pa3oM, H2 NpeABAYLUX pacCyXKACHUH CAeayeT, yTo YyCu/li-
TCJb, KO BXOJY KOTOPOTO HPHJIOKENO HANpAKCHHE Uy, MOZKHO 3a-
MCHHTL 3KBHBAJeHTHOINI CNeMO, cocran.ieHHONH H3 reHepartopa he-
PEMEHHOH 3. 1. C. pUyc C BHYTPEHHIIM CONpPOTIBIeHHeM R,, pas-
HbIM BHYTPEHHEMY CONPOTUBJEHHIO JaMIlbi, I CONPOTHRJICHUA R,,
pPaBHOro CONPOTUBJEHHIO HATPY3KU.

M3 skeuBanenTHOil cxeMbr puc. 149 jerko Hailty BeJMUMHY nepe-
MeNHOH c/Jaraiouel aHOJHOTC TOKa fa~:

. Wiy
by~ = kX . (43)
Ra -+ R;
L
Bemmuuna S, = —*°-  Ha3pBaeTCsd IHHAMUYECKON KPYTH3HON
Upx
JIaMIbl.
W3 bopmyan (43) caenpyer, uto

133

Sy=—t
¢ Ry + R;

(44)

£
~

I
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Ha ocuopaHuy 3ToH (GOpMyJabl u (HOpMYJBl (14) .

R L 45
Sd:SRa+Ri_S _ | (49)

4

R;

TuHaMuyeckas KpyTH3HA S, NOKa3hiBaeT OTHOLIGHME HIMEHEHHS
AHOZHOTO TOKA K BHI3BABLUEMY €ro W3MEeHeHWio CeTOYHOro  Hamps-
KEHHsI TIPH HaJluuuu CONPOTHBJICHHS R, B aHoaHol menu; craruue-
ckasi KpyTM3Ha S 10Ka3plBaeT Ty XKe BeIMUUHY NpH OTC%TCTBMM
Ka
conpoTuB/eHUs R, B aHOMHOH IEMH. JleficTBUTeNIBHO, OPH 5

< R . &1_ = e _i_ CTh
S;=38; npp—*—>008,—>0; mpH- =1 Sy = —-. 3aBHCHMO
Ry i =
S, ot Ra u3o6paxaercs Kpusoil puc. 150, @, TOCTPOCHHOH 11O top-
R

MyJte (45).

@ R Ugux
———-;- 0 4 ﬁ A n "
Rl' Ra/EL
Puc. 149. DksuBajeHr- Puc. 150. 3asucimMocTs_ K

a
Hag cxeMa ycuaurens " Sd 0T OTHOWIEHHS A
i

1

[TepemenHas COCTaBJAOWas l1aJeHUs HaNpsKeHusi Ha Harpyslge
MOMKET OHTh mojdyueHa ud (opMyssl (43) yMHOXKEHMEM €€ Ha Ko

T. €.

wou
w —i R, = U R (46)
BbIX Ra +Ri
Beanuuna K = —2% pasnpaercss KO3((GUIUMEHTOM yCHACHHS YCH-

Usx
anreds. V13 ¢popmydasr (46) cnepyer, uTo

I .
= u ———RL—— = }L —_— . (47)
‘ Ra+ R; 1+ R;
Ra
KoapduuneHT yCu/IeHUs yCUJHTENs NOKa3biBaeT OTHOLICHHE H3Me
HeHWS NafeHusl HalpsiKeHWs Ha Harpy3ke K BhbI3BABIIEMY €ro HM3-

MeHeHulo cerounoro nanpsiKenus. OH 3aBHCHT OT Ko3(punuenTa
yCUJICHUsl JAMILl [ M OT OTHOLIEHHS CONPOTHB/CHMS HATPY3KH R
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Ra

i

MOXKeT GHTh Bhipa)KeHa KPHBOM puc. 150, 6, moctpoenso#t no hop-

myse .(47). M3 xpusoil BuaHO, uTO KO3(MD(PHIMEHT YCHJCHHS MOXKer

ObITh Gostbie 0 Menbite 1. IMpu %ﬂ — 00 K—-u, npu %’— =0 K=0,
i i

a npu gi =1 K=‘—:. VI3 sxkBHBa/IeHTHOR cxeMbl, KpuBoii puc. 150, 6

K BHYTPEHHEMY CONPOTHUBJ/ICHHIO JaMNH R, . 3aBHCHMOCTL K OT

i e

H (dopMyabl (47) Jerko yscHHTb Ha3HAUCHMe H DOJIL CONPOTHBJICHHSA
Ra; 3. 1. ¢ pu,,  pacnpegensiercs MEX]y CONPOTHBJAEHHAMH R, H
R,, otuero u,,, Gynet reMm Gojblue, ueM GOJblIe R, no cpaBHenuio
¢ R; . Ilpu ouenn MasnoM conporuBaeHHn Harpysku R, BbIXOJHOe Ie-
PEMeHHOe HaNpsAXKeHHe He GyaeT Gosbliue BXOJAHOTO M, C/IH0BATEN b-
HO, TpHOJ He OyJeT yCHJAHBATH Hanps:xenune. I1pu R, paBHoM nyJio
Ha BbIXOJe YCHJIMTEJ/ISi CHTHA/Ia COBCEM He Gyfer.

Yeuruteru nanpaomenus, Toxa u MOUYHOCTU

Ipaduku puc. 150 nokasmipaior, uro ¢ YBEJIHUEHHEM OTHOUICHHS
Eﬂ BLIXOQHOE NEpeMeHHOe HaNpSIKeHHE U,,, YBEJHUHBACTCSH, a
i
IepEMeHHas COCTaBAIOMWAs AHOHOTO TOKA {an YMEHbIIALTCH (npn
HEH3MCHHOM 3HAYCHHH BXOMHOTO HampsiKenusi). CJlef0BaTeJbHO,

HEBO3MOKHO BHIOPATH TaKOH peXUM, MPH KOTOPOM noJyuaeTcs of-
HOBDEMEHHO HAHOO/IbIIee BEIXOJHOR HAMPSKEHHE H HAHGOMDbLING Bhi-

XONHOH TOK (mepemenuslit). TlosTomy oTHowenue gi BBIOHpAIOT
£
B 34BHCHMOCTH OT Ha3HAUeHMS YCHJMTeNss. B Tom cayuae, korma

TpeGyeTcsi NMOMYUHTh Ha BHIXONE YCHJIHTENS BO3MOXKHO GOJLuiee ne-
. R

PEMEHHOe HaNpsiKeHHe, HEOOXOMUMO BHOHPAThH E"—>l; B 3TOM
i

Clyldae yCHIHTEDb HA3biBAIOT YCHJHTRNEM HalpsiKeHHs,

Takum ycuaurenem spasercs, HanpuMep, yKazaHHHH BbiLIe yCcH-
AUTE/L B p2AHONPHEMHHKE, BK/IOUCHHBIH MeXKAy aHTEHHOH M fgerTek-
TopoM. B Tom ciyuae, korma TpeGyercs NOJYYHTL BO3MOXKHO 60Jib-
HIVIO JIEDEMEHHYIO CHJY TOKa (HalpHMep, [Jisi YNPABJCHHS 3/eKT-

poMariuToM) HeoGXoaHMO BHGHpaTh 7?1<1; B 3TOM C/y4ae yCH-
i

JIATE/L HASLIBAIOT YCHJIMTENEM CHLI ToKa. Ecau BuiGpath Elzl.
R

i
TO NOJy4aeTCs HaHOOMbIIass MOUIHOCTD NIepeMeHHOH CoCTaBAsOW

TOKa H B 5TOM CjlyYae YCH/IHTE/Ib HA3HIBAIOT YCHIHTENEM MOM{HOCTH.
310 OblBaeT HEOOGXOIMMO, HallpuMep, 1JIsi BO3OYX/JEHHS I'DOMKOro-
BOpHTE/IA pafHONDHEMHHKA, 115 IHTAHHS AHTEHHL PaHOTepeaTyH-
Ka, Il BbICOKOYACTOTHOIO HATPeBa MeTaJl/a M T. J1,
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Kackaduoe coedunenue ycuruteret

Kak 6bj10 nMoKa3aHo Bhille, KOIP@MHUUHESHT yCHAEHHS YCHJHTENA
He MOXeT OLITh 6o/blie Kod(GbHIHEeHTa ycujaeHHs JaMmnb p. [Ipn
HeoOXOJHMOCTH NMOJAYUHTh GOJBUIHH KOI(M(HIHEHT YCHJCHHS K BhI-
XO/ly NaHHOrO yCHJIHTEJS NPHCOCAHHSAIOT BXOL APYrOrO yCHIAHTEMA, K
BLIXOJly BTOPOTO — BXOJ TpeThero H T. A. Tako# coCTaBHOM YCHJIH-
Teslb Ha3biBaeTcss MHOTOKAaCKajHBIM, H KaXXAblH H3 COCTABJSIOLIHX
yCHJHTeell — CTyNenbio HJAH KackanoM ycuaesus. Ero xoagdumu-
ent ycunenus K= K; + K...K,, T. e. paBen NPOH3BEIEHHIO KO-

(DUIIMEHTOB YCHJICHHS BCEX €ro KaCKajios.

Puc. 151. Cxema ycuautenss ¢ pEOCTATHO-€MKOCTHOH — CBSA3BLIO

Pasiuunble cXeMbl YCHIHTEJNEH OTJAHYAIOTCs CMoco0oM coeHHe-
HHS MeX 1y KackamaMu. OcHoBHasi mpoGJjeMa 3TOro COeAHHEHH 3aK:
JoYaeTcst B TOM, YTOOH!, IPHCORIHHHB KAaTOABl BCEX JAMI K 0GuIeMY
nposoay (OGBUHO K KOpIycy), 3alIHTHTh CeTKy MNOCAeyloler
JaMIIBl OT NonajaHusd Ha Hee 060JBLHIOro NOCTOAHHOro MOTeHIHAaJa
aHoja Npeabayluelt JaMnel (MOpsAgKa COTEH BO{II:T). 5]

B cxeme yCH/IHTENst C PEOCTAaTHO-€MKOCTHOH CBA3BIO (puc. )
[UISE OTOH 1@/ BKJIOUAIOT pasfiesiuTebublil konpencatop C, H com-
poru/ienue R,. Kounencatop sapsikaercs 10 HalpsiKeHHs, paBHO-
£O H MPOTHBOMOJIOKHOTO MO NOJAPHOCTH MOCTOSHHOH COCTABJSAIOULIEH
aHoAHoro Hampsikenus. B pesyabrate, no sakony Kupxroda, no-
CTOSIHHOe HAaMNpsiXKeHWe Ha CONPOTUBJICHHH R,, MPHUKIIOUEHHOM KO
BXO/Y CJe[yIOUIero Kackaja, PaBHO HYJHO. I'IvepeMeHHoe HanpsuKeHHe
Ha 9TOM CONPOTHBJICHHH DPAaBHO NEPEeMEHHOH COCTaBJsIOLIEH aﬂog-
HOTO HaNpSKeHHs NPH yCJIOBHH, YTO IOCTOAHHAA BPEMEHH R, C,
BhiOpaHa nocTaToOuHO Gosbuioil. JlefcTBHTe/NbHO, MPH 3TOM YCJIOBHI
xonebanHs aHOAHOTO HANpSDKEHHS HE YCNeBAIOT BH3BATh 3apsijl MK
paspsg koHaeHcatopa C, M NO3TOMy HAaKOIVICHHBH HM 3apafl TH
IpOMOPIHOHAJIbHOE 3apsily HalpsiKeHHe Ha HeM MOUYTH He H3M8HH}Oé-
csi. CrefoBaTeqbHo, MepeMeHHOe HaNpsKeHHe Ha koHgeHcaTope G
MOYTH PaBHO HYJIO H, corsgacHo 3akony Kupxroda, HanpsKeHue Ha
COMpOTHBJIEHHH Rg (T. €. Ha BXOJe CJeAYIOLIEro KacKanaj MOYTH
paBHO MEePEeMEHHOR COCTABJAIOMICH AHOJHOTO HANDIKLHUS. )

B cxeMe yCHIKTEISE ¢ TPAHCPOPMATOPHOH CBA3BLIO MEX/y CETKOH
H aHOJHOM JBYX COCeHHX KaCKaj0B OTCYTCTBYeT CBA3L IO NOCTOSH-
HOMY TOKy, a MepeMeHHas 3. 1. C. MeXAy CEeTKOH M KaToAOM mocJe-
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AYIOWEHR CTYNeHH NOJyyaeTCs 3a CUET 3/1eKTPOMArHHTHOW HHIYKIHU
MEXJy TNepBHUHOH M BTOPHUHOH oOMOTKaMu TpaHcdhopMaTopa. B
VCHJIMTEIAX 3BYKOBOH uyacCTOoTHl (pHC. 152) nas 310 meam upume-
HfeTCs TPAHCHOPMATOP C KENE3HBIM CepAEUHHKOM, a B YCHJHTEJAX

Puc. 152, Cxema ycuautess
Ugys 3BYKOBOH 4YacTOTHl C TpaHC-

‘g; $OpMaTOpHON CBA3LIO
+ +

l |V Vo

painouactothl (pHuc. 153) — smmuGo coceM Ge3 cepaeuHHKa, JHGO ¢
Cep/IeUHHKOM H3 MaCHHTOAHMIJIEKTpPHKA.

TpancdhopMartopHast cXeMa YCHJAHTES HMEET pPsii MPEeHMYLIECTB.
OzaHO 113 HIX — MaJoe CONPOTHB/IEHHE NOCTOSHHOMY TOKY MEePBHUHON

A sE

0OMOTKH TpaHchopMaTopa, BKJIIOUYEHHOR B aHOAHYIO 1enb. Bjaro-
Aapst 5TOMY Ha He§ MPaKTHYECKH HeT Na/leHHs HaNpPsKEeHHs OT moc-
TOSIHHOH COCTARJIAIOICH TOKA H BCe Halpsi)KeHHe HCTOUHHKA NMHUTaHHUs
NPUIOKEHO K YYaCTKy aHOA-KaToj JaMnbl. B ycuautese Ha conpo-
THBJICHHAX aHOAHOe HalpsiKeHHe B 3—4 pasa HHIKE HaNpSIKeHHs
HCTOYHHK4, TaK KaK Ha CONPOTHBJEHHH HATrPY3KH Tepsercsi 3Hauu-
TeJbHAst YacTh NOCTOSHHOTO HANPSIKEHHS, a C/efoBaTEAbHO, H MOII-
qocTH. Kpowme toro, TpancdopMatop MOkeT TpaHcOPMUPOBAThL TOK
W HaNpskeHHe,

YKasaHHbie TpeuMYLIecTBa TpaHchOpMaTOPHOH CXEMBl yCHJIH-
TeJIs. OCOOEHHO IeHHBl B MOIIHBIX BBIXOAHLIX KaCKafaX pas/inuHbIX
MpHOOPOB, Tie OHa WHPOKO NpHMeHsietcst. HegoctaTkaMu Tpancgop-
MAaTOPHOH CXeMbl SBJAIOTCH CPaBIHTEJBHO GOJbliHe TabapHThH H
BeC H HeyNoOCTBO IKCNEPHMEHTAIBHON HaJadKH YCHIMTENA IyTeMm
non6opa cONPOTHBJECHHS HArpy3kH. [109TOMY B 11IpOMEXYTOUHHIX Ma-
SIOMOIHBIX KacKajax yCHJAHTeJsl, rie 3aTpaunBaeTcs CPaBHHTENLHO
HeGo/blIast IHEPrHsl, O6GLIYHO NMPHMEHSTCH ¢XeMa YCHJHMTe s Ha COll-
POTHBJECHHUSIX.

Puc. 153. Cxema ycuauTeas
‘panHovacToTh ¢ Tpauchopma-
TOPHOH CBA3bIO

[Tonarue o wanpsxcenuu cmeugenus u pexcume paboTol ycuiurened

B Iast HopMadibHOH paboThl yCHJMTENsE HEO6X0AHMO, UTOOL! KoJe-
‘GaHMsI CETOUHOTO HaNpPsIXKEHHs COOTBETCTBOBAJIH JIMHEHHOMY yyacT-
Ky BOJbTaMIIEPHOM XapakTepPHCTHKH (cM. puc. 144). B nportusHOM

3
:
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</yuae BO3HHKAIOT HEJHHEHHble HCKaXKeHHs yCHJIHBAeMOro CHruafa,
T. e. BBIXOJHOE HanpsikKeHHe MO cBoeH (opMe OTJHUAETCS OT BXOJ-
HOTO.

Bo MHOTHX cjydyasiX BOJIbTAMIEPHBIE XapaKTEPHCTHKH yCHIHTRNb-
HOf JaMIIbl ObIBAalOT PacloJNOXKeHB He Tak, Kak, HalpuMep, Ha pHC.
144, a cuBuHyTH BJeBo. Kpome Toro, IpH Mo/oXHTe/1bHOM HanpsxKe-
HHM HA COeTKEe B CETOUHOH WENH MOSBJASETCH CeTOUHBIH TOK, YTO TaK-
Ke MoXKeT ObTb HcrounHkom Hckaxennfi. ITo  3TuM npudunam
HYKHO, uTOOB AHOAHLIA TOK M CeTOUHOE HaNpsiKeHHe H3MEeHSJNCDH
B Ipese/sax, COOTBETCTBYIOWHX BOJBLTAMIICDHBIM XapaKTepUCTHKAM,
PACIOJIOKEHHBIM CJIeBa OT BEPTHKAJABbHOH ocu. DTO 3HAUHT. UTO
CeTCYHOe  HalpsiKeHHe
JOJIKHO NpPH JI0GHX €ro a1y P
W3MEHEHHAX  0CTaBaTh- a
cst OTpHLATEIBHBIM.
Ilast aTOft menu B cerou-
HYI0O  Lelb  BBOINTCA

ir

C
C

A

t

Puc. 155. [D'padudeckoe Haxomlesie QyHK-
UHE iq(f) mo 3aianHoil dyHEmHEH g (f) npu
cMelieHHH

Puc. 154, BkaodeHHe HC-

TOYHHKOB HanpsaKeHis
CMelleHHs B, genb CeTKH

JOIOTHITEIbHBI 1ICTOUHHK HOCToANHOro Hampsixennst {(puc. 194),
BK/IOUCIHLI OTPHLLATEIBHBLIM HOJIOCOM B CTOPOHY CETKH. B stoMm
cayyae ceTOyHOC manpszkenue OyJ1eT paBHO aJjrebpandeckoll cymme
NlepeM@HHOT0 BXOJMHOTO HAIpSIKeHHs! Uzx  H TOCTOSHHOTO Hamps-

xenus Uy, 1. €
Uy =ty — Uy (48)

I'paduk puc. 144 Tenepb H3MEHHTCA TaKHM 00pa3oM, UTO KpHBas
CETOUHOrO HANpsSIKeHHsl CMECTHTCs BJIeBO Ha Beduukny Ue,  (pHC.
155), no3TOMY 3TO HAaNpsi)KeHHE HA3BIBAETCsl HANPSXKEHHEM CMellle-
unst. EcTi HanpsiKeHHe cMeleHHsl BRGpaHo 10CTaTOYHO GOJBIINM, TO
CeTCUHOe HalpsiKeHHe Bcerga Oymer OTPHUATEABLHBIM, CETOWHOrO
ToKa He GyleT, a NpHHuHI paboTLl yCHJAHMTENS B OCTa/JbHOM He H3-
menutcsi. UTo6bl ceTouHoe HaNpsKeHHe H aHOLHLIH TOK H3MEHAMHCh
B Npefenax IpsiMoJHHEHOro yuacTKa BOJIbTaMMepHOR XapakTepu-
CTHKH, CJe/yeT NPaBHJBbHO BLIOpaTh OJHY H3 XapaKTePHCIMK ce-
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MeficTBa H yCTaHOBHTL aHOJHOEe HaNpsIKeHHe, COOTBETCTBYIOLIEE
BHIGPAaHHOH XapaKTepHCTHKe (pHC. 156).

Hast monyueHHst HANPSKEHUS CMEIEeHHs! HYXKEH OTAebHLI ic-
TOUYHHK NHTaHHA. ONHAKO CYWECTBYIOT CNOCOGH NOJAYYeHHS 3TOrO
HanpsizKeHust Ge3 ClenHalbHOTO HCTOYHHKA. JTH Coco6Hl H30Gpa-
KeHbl Ha puc. 157. B cxeme puc. 157, a nocrosinnas cocrassiiomas
AHONHOTO TOKA la,, NPOTEKAsA UePe3 CONPOTHBJeHMe R, (Ha3bi-
BaeMOe CONpOTHBJIEHHEM CMEINEHHA), CO3JAaeT MEXKAy ero KOHmamii
PasHOCTb NOTEHIHAIOB la, Ry, KOTOpasi OKa3HIBACTCH BKJIOUEH-
HOH MeXIy CeTKOH M KaToAOM II0C/eN0BATEILHO € HaNpsKeHIeM

ln
l Puc. 156. Pexum aacca A:
| U\/:M +Unml < | Uore |,
ome =— nie m— aMIMMTYy1a BXOI-
Um:-ju HOTO HAaMpSeHA:

Uore — HampsaxeHHe  oT-
CeuKH

¢

Uy,. Kougencarop Cg, BEHIGHPAIOT JOCTATOUYHO GOJAbLIOH €MKOCTH,
4TOGBl €r0 CONPOTHBJCHHE [/l IEPEMEHHON COCTABJSIOMEH aHOIHO-
ro TO0Ka OBbLIO MaJ/o; IIO3TOMY NEPEeMeHHass COCTAB/ISIOWAs TOKA
POTEKAeT He 4epe3 COMPOTHBJICHHE, a Uepe3 KOHASHCATOP, CO31aBast
Ha HeM HHUTOXHYIO IIePeMEHHYIO Pa3HOCTb NMOTeHNUuajoB. Ecan 6ol
Kongencatopa Cey  He OBLTO, MEXKIY CETKOH M KAaTONOM HOMHMO
IePEMEHHOTO BXOJNHOTO HANPSKEeHUSA Uy,  JeHCTBoBajsa 6Ll ewle
II€peMeHHas pa3HOCTb NOTEHIIHAJIOB Ha R, KOTOpas, Kak MOZKHO
I0Ka3aTh, HPOTHBOGA3Ha U,. IT0 NPHBENO Obl K yMeHLLIEHHIO
K03 PHIHEHTa yCHJeHHS,

CxeMma puc. 157, a Ha3biBaeTcs cxemoil CMEINEeHUST aHOAHLIM
TOKOM. B cxemax puc. 157, 6 u g cMemenue NoJyyaeTcs 3a Cyer Ce-
TOYHOTO TOKa. [IpH n0/M0KHUTE/ILHOM 3HAYSHHH BXOAHOTO HaNpsKeuns
IpOTEKAeT CETOUHBIH TOK K KoHeHcaTop C 3apsKaercs yepes Mma.oe
CONpPOTHBJICHHE YHaCTKa CeTKa — KaTof, IIpu yMeHbmenun Bxomgnol o
HanpsiXKeHUst U NepeMeHe ero 3Haka KoHgencatop C paspsikaercs
uepe3 oueHb GOJbLLIOE CONPOTHB/ICHHE R (CONpPOTHBICHHE yuacTka
CeTKa — KaTOJ Teneph GeCKOHeUHO, Tak KAaK Yepe3 Hero Tok B 06-
PaTHyI0 CTOPOHY Teuh He MoxkeT). Tak Kak NMOCTOSiHHas BpeMeHH
Pa3psila HaMHOro GoJ/bllle, ueM IOCTOSHHAsi BPeMeHH 3apsina CR
CeTKa — KaToJ, TO KOHjeHcaTop He OyleT ycnmeBaThb paspsiKaThbes
d TIOCTEIEHHO 3aAPSAAMTCA A0 HaNpsKeHUs, OJU3KOTO K MaKCHMAaJb-

R L T e e e —"

)

e —

Ocrosnete yarsw 003umeTpudeckux npubopos 317

HOMY NOJIOXKHTEILHOMY 3HAUEHHIO BXOJHOrO HaNpsXKeHHsd, 3aMeH:AA
TeM CaMbIM HCTOUHHK 9. [. C. CMelleHHsi cXeMHl puc. 154. B cxeme
pHC. 157, 2 cMelieHHe mojlyuaercs 3a CHeT TOKa, MPOTEKAIOLIEro e
pes KaToAHOE COMPOTHB/ICHHE OT HCTOYHHKA aHOMHOTO NMHTAHHA.
COBOKYIHOCTb BLIGDAHHBIX 3HAUYEHHIl MOCTOSAHHOTO  aHOIHOTO
sanpsikenns U, n Hanpsixeuus cMewenus Ue, OnpesesiseT pexuM
pa6othi yeusure/s. Ha ceMefcTBe CeTOUHBIX XapaKTEPHCTHK BLIGpaH-
uble 3Hauenus U, u U,y JalOT TOUKY Ha OJHOH H3 XapaKTEPHCTHK,

R
SR “+ U,
I e (4
(v ] _ - |)J_
2 .
Puc. 157, Pasaudnpie cmocofbl €031aHUS HanpsieHHs cMe-
IeHHs:
a — CMelleHHe aHOIOHBIM TOKOM; 6 u 8 — CcMellleHHe CeTOYHLIM TO-
KOM; & — CMellleHHe OT HCTOYHHKAa aHOJZHOTrO NHTAHHA

KOTOpas HasbiBaercst paGouell Toukofl (Touka a ma puc. 155). Pe-
KM, TIPH KOTOPOM 3HAYeHHs IIePeMEHHOro HalpsXKeHHs He BBIXOAAT
3a npefie/ibl JUHE{HOTO yyacTKa XapaKTePHCTHKH, Ha3biBaeTCs pe-
JKUMOM Kaacca A (puc. 156). 3ToT pexHM ob6ecneunBaer OTCYTCT-
BYUe jCKaxeHusi GOpMbl CHTHAJa NpH yCHJaeHHH. OJHaKO B HEKOTO-
poLlX Caydasix (HampuMep, NPH YCHJICHHH HMIYJLCOB) OKa3blBaercH
BO3MOXHBIM H BBHITOJHL:M NpPWMEHEHHe APYTHX PeXHMOB (KJaccos
AB, b unu C), onpegenenne KOTOPHIX OYEBHJHO H3 PHC. 158, 159 u
160. TipeuMyIEecTBo 3THX PeXHMOB— Majioe 3HaUeHHe NOCTOSHHOH
cocTaBAAKIEH AHOAHOTO TOKA, YTO YMeHbLIaeT pacXol 3IHeprHH
HCTOUHHKAMHU IHTaHHA,

[Ipu HenpaBH/JBHOM BHOOpe PeXKHMa HJH NpPH CJAHIIKOM O0ib-
[IMX H3MEHEHHSiX BXOJHOr0 HaNpSXKEeHHsS BO3HHKAIOT HEJIMHEHHBbIE
yckaxeHnus. Ha puc. 161 nmokadaHbl HCKaXKeHUs, noJayyaloluecs Ipa
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C/MIIKOM MasoM (KPHBAst Q) M CJAHIIKOM GOJbLIOM (kpupast 6)
SHAUCHMAX HANPSKEHHst CMELICHHst, @ Ha PHC. 162 MOKa3aHb HCKa-~
KCHHs NIPH CJAHIIKOM GOJILIIOM NePEMEeHHOM BXOZHOM HanpsKeHHr

/a U, ]a' ua.’
3 Yoy i
ﬁa a
4
I A WA WY A
e UQ ‘\/, \\Il ¢
Yq
t
Puc. 158, Pexum xmacca AB: [Ug, -+ Puc. 159, Pexum «xmacca B:

+UmI>IU0rC|

[ Ucy | = | Ugrc |

(kpuBas 6). ITOT BHA WCKAXKEHH OGDBICHIETCS HEeJTHHEHHOCTDIO
BOJILTAMNEDHBIX XaPAKTEPHCTHK aHOAHOTO TOK4. Jpyroii mpuuumnoi
HETHHEHHBIX HCKAaXKEHHH SBJAETCH HEJHHEAHOCTh BOJIbTAMIIEPHON

L’CMCS U[ Moy

Puc. 160. Pexum kaacea C: | Ueny >

Puc. 16l. Uamoctpagus  Hemumelmbix
>Jl-‘n'r:l

HCKaMKEeHHA MpH CITHUIKOM MaJjoM (a)
H CIHWKOM GoabimioM (6) HanpameHHR
CMelleHHst

XapaKTePHCTHKH CETOYHOro Toka (cM. puc. 76), Kotopas co3jnaer
HEOJMHAKOBbIE YCJOBHS /11 PaGOTHl JaMIbl IPH INOJOKHUTEILHOM
H OTPHIATE/]bHOM 3HAYEHUSiX CETOYHOrO HampsixKeHusi, JleHcTBH-
Te/JbHO, NPH MOJIOXKHTENLHOM IIOTEHIHAJNE CETKH OTHOCHTEJbHO Ka-

i
i
|

wﬂi AL

i
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TOa HampsiXKeHHe HAa BHYTPEHHEM CONMPOTHBJEHHUH Hclré)émn-ﬁa 98):)0\?--
HOM 3. 4. C. pacreT 3a cUeT CETOYHOro TOKa (pHuc. \ ). [TosToMy
CeTOUHOE HANpsKEHNE Uy, B 3TOM CJlyyae He paBHO BXOLHOI 3. lII:{.bICI;l
€., @ OTJIHYAEeTCs OT HeE Ha BEJHUHHY i ¢Rucr (?116 ig— CET;);[em-
TOK, @ Ryc;— CONPOTHBJIEHHE BXOIHOH 3. I. c.). Ilpn OTpHIL . ,H
HOM MOTEHLHaJe CeTKH 3TO He nMeer Mecra. [TostoMy ecau 3620111{’3

5. 1. C., HanpuMep, CHHycoMjaibhas (MyHKTHp Ha puc. I ), rou
cerounioe HamnpsiKeHHe Oy

‘ a S JeT  HEeCHHYCOUIaJbHBIM,
DAY T. €. MOJOKUTEJNbHBIE H OT-
L punaTe bHbIEe  IOJIYBOJHDI
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CnenoBaTesibHO, YTOGLI YCHJHTEJb pa6oras HOpMaJLbHO, Heol-
XOJMMO BbIGPATh TaKOe HAMPsiKEHHe CMELIEHHS, YTOGbI MOTEHIHAJ
CETKH TPH JIOGbIX H3MEHEHHAX BXOJHONO HANPSKEHHS OCTaBaJCs
OTPHLATEILHBIM. ITO 0GECNeuHBAETCS NPH BEJHMUHHE HANpPSIKEHUS
CMEIeHHS, PABHOH /M GOJbllUeH, 4eM Hau6OJbLICe MOJOMKHTE b-
HOe 3HaueHHe BXOJHOMN 3. A, ¢. IIpu TakoM BbIGOpe CETOYHOrO Ham-
Ps2KEHHs HYXKHO OIHOBPEMEHHO OGECNEeUHTb OTCYTCTBHE HCKaMXKEHHII
3a cyeT HEJMHEHHOCTH XapaKTEePHCTHK AHOJHOrO TOKAa. DTO NOCTH-
raercs BbIGOPOM aHONHOrO HaNpsKeHHs, ONPeNeTAIONEero Ty BOJbT-
aMICPHYIO XapaKTepHCTHKY, 0 KOTOPO# GyaeT u3MeHATbCS aHOAHbIH
TOK H CETOYHOe HamnpsizKeHue (puc. 165).

Wymbl B ycuauteasx

B ycuantese noMuMo nepeMeHHLIX HampsiKeHHE W TOKOB, sBJIs-
IOIUXCst PE3y/AbTaTOM HEHCTBHSi CHTHAJA, HA ero BXOJE€ BO3HHKAIOT
TaKike HexesaTeJsbHbie MePEMeHHbie TOKH H HaNpsikKeHHs, 06yCa0B-
JICHHLIE MAapa3HTHLIMH NPHYMHAMH, KOTOpble CKJIANBbIBAIOTCH C YCH-
JICHHBIM CHTHA/IOM H HCKaxawT ero. Ecau K Bbixopy ycH/auTems
NOAK/IOUATL PENPOAYKTOP, TO 3TH NMapa3uTHLIE HAMPSKEHHSE MOMKHO
BOCIIDHHHMATL Ha CJIyX, OTUEro OHH H Ha3bIBAalOTCs wyMami. HIy-
Mbl MOT'yT BO3HHKATb MO C/AEAYIOUIMM MPHUHHAM.

Pon nepemenno2o roka wacrorel 50 ey

Ilns 60pb6bl ¢ 3THM (DOHOM HEO6XOZHMO O6eCIeUHTD XOpOIIYIO
UILTPALNIO B BLIMPAMHTENSIX, NPHMEHAThL MOZOCPEBHbIE KATONbI
HJIT MHTATh KATO/bI JIAMII OCTOSTHHBIM TOKOM. [T0/1€3HO TaKxKe nph-
MEHEeHHE 3JeKTPOHHO-HOHHLIX CTaGHAN3aTOPOB B LENAX MHUTAHMS.

Mukpogonnoiii agpgpert

Corpsicennie J1aMn BbI3bIBAeT MexXaHHUECKHE KOJ/1eGaHHs 3JIeKTPO-
10B H, C/le10BaTe/NbHO, Ko/MebaHus eMKOCTH C,,  MEXAYy CeTKOH I
KaTonoM. Ilpu HeusmeHHOM 3apsiie Q 3TO NPHBOINT K KOJCOAHHSM
U = 9

ol C rR '
KOTOpble YCHJHMBAIOTCS ycHauteseM. s veTpaHeHHs 3TOro smJe-
HHA HeOOXONMMO XOpOIIO aMOPTH3HPOBATh anmapatypy (ocoGeHno
llepBble CTYMEHH YCHJEHHS) H OOeperaTh ee OT MEeXAaHHUYECKOTO H
AKyCTHYECKOro BosjeicTust. C 3TOH 1e/1b10 nepBble CTYMEHH YKper-
JAI0T Ha ry6uaTofi pesWHe M/ BORJOKe M HMHOTJA NOMELIAlOT B
CBHHI|OBble 3KpaHbl. B nepsbix CTynmeHsix NMPHMEHSIOT JaMIIbl, KOTO-
pble 1O CBOEH KOHCTPYKIHH MeHee MOBepKeHb MHKPOGDOHHOMY 3¢ -
(eKry (KelyaH M 37eKTPOMETPHUECKHE JIaMIbl).

PAa3HOCTH NOTEHIIHAaJOB MeEXay CeTKOH 1 KaTogom

Hagooku 3. 0. c. Ha npogodnuKku cxemoi u coedunurervuvie Kabeay

st 6opbObI ¢ HABOXKAMH anNNmapartypy H coexHHHTe bHble Kabe-
JIM TIIATE/JbHO 3KPAHHPYIOT OT BHEIUHUX MOJe.

ey
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Hegexrubie OeTanru u MOHTANK

Ilioxue KOHTAKTH B JETaJsiX M MOHTaXe, &8 Takke YTEUKH B
JM3JeKTPHKAX KOHIEHCATOPOB BbI3HIBAIOT HExKeJaaTeJbHble pa%p;{dlé:l:
Jlnst ycTpaHEHHst 3TOTO HCTOUHHKA LIYMOB HYXEH TilaTe/lbHbIH
TaxK M XOpOlHe 3apaHee HCIbITaHHbIE JETaJjH.

DaykryayUoHHble WYMbL

[IpH NOCTOSTHHBIX aHONHOM, CETOYHOM H HaKa/lbHOM -Hanpﬂﬁe:
HHSIX aHOJHBI TOK He sIBJISETCS BCE XKe a0GCOJMIOTHO NMOCTOAHHBIM. 1O
JIMUECTBO 3JIeKTPOHOB, HCIyCKaeMbix KaTojoM 3a OJHHAKOBbIE ngg-
MEXYTKH BpeMEHH, HEOJHHAKOBO, @ H3MEHseTCs MO CaydaHHOMY s -
KOHV. DTH Kosie6aHust Toka (bayKTyalluk), HHUTOXKHbIE 1O Bennlngz
MOI:yT ObiTb OGHapyKeHbi PH GOJILIIOM YCHJEHHH B BuneumyMz:{, o
TOpLIH HasbiBaeTcst (GJYKTyalHOHHBIM. Il,pyrou~ NpUYHHOR Pay OTB) .
IIHOHHOrO LIYMa $BJAETCA  XAOTHYECKOe [BHAKCHHE SJleKTPO}:)BOJl-
MPOBOJAHHKAX, B pe3yabTaTe KOTOPOro B J@HHLIH MOMEHT B npq o
HUKE MPOXOAHMT B OJHOM HampasjieHHH GOJbILIE 3/1eKTPOHOB, oeno :
apyroM, BesnnunHa 310ro LIyMa, Ha3biBae€MOro KOHTYPHLIM, n[; Bog_
IMOHa/bHA TeMmepaType, COMPOTHBJEHHIO LenH, B KOTOPOH O

oce MPONyCKaHHsl YCHJHTEeNs.

HHK’?Z;VH;{« HooéJ[])ac30Mf) ﬂazxe NpPH YCTPAHEHHH BCEX MPEeabLAYIIHX NpH-
YHH, BbI3LIBAIOLIMX LIYMbI, GYAYT HMETb MECTO LIYMb, OGYCJII_(I)BJ]gH-
Hble TeMJIOBLIMH (PJYKTyallHIMH B jaMmax H NMPOBOJHHKAX. IlaH To-
Jlee CyIIleCTBEHHBI IIyMbi, BO3HHKAIOIIHE B MEPBbIX CTyHL?}{HX ycmmmi:
J4, TAK KaK OHH YCHJIHBAIOTCS BCEMH €ro CTyNMeHsiMH. LIyMbi, BO3
Kalollie B MEPBbIX CTYNEHsiX YCHJHTE/EH, KNalyT Mpenen yBenH;Tet:
a0 Ko3(hdHIHEHTA yCHJEHHs, TaK Kak He HMEeT CMbIC/1a R;CI;JIHB
CHMHaJl, KOTOPbiil Ha BbIXOJe YCHJIHTE st GyAeT MeHblue LIYyMOB.

IMapasurnas 06 parTHas 8430

[TepeMeHHbBie HANpsi’KeHHsi HJH TOKH B BBIXOJXHOH YacTH yCH/H-
TeJst MOTYT uepe3 KaKylo-qHO0O Lienb HJH Yepe3 3JEKTpHYECKoe HJH
MAarHHTHOE [MOJIe CO3AaBaTh HANpPs’KEHHS HJH TOKH BO BXOIHOH €T0
yacTH. B 3TOM cayuae, KakK 6yneT IOKa3aHO, B YCHJ/HTe/e MOr'yT BO:-
HUKHYTb HeXeJaTeJbHble (napaa;imble) KoJeGaHus. ITo HBJ]((:H ;
Ha3biBaeTCst MapasuTHOH o6paTHOH cBs3blo. [lis ero ycTpaHEHH
HEOOXOJHMO TaK COCT@BHTb CXeMy YCHJHTEJA, l{UT06bI He OBLJIO ue:
neit, o6UMX 1Jsi BXOXHOH H BBIXOJHONH €ro uacreH, H TIIATEe/]bHO 3K

b HEKOTOPHIE €r0 3JeMEHTHI. )
paﬂﬁg%%?);ee Ba}KH[:)Ie BHJIbl Mapa3uTHO# oOpaTHOH CBsi3H CJenylo-
1iye, _
C8:3b 4epe3 3neKTpudeckie U MaeHUTHple noAs. BOKpyr Bbixon
ubIX Lemell W jAeraneil ycuaurenss (TpaHchopMaropoB, CONMPOTHBJIE-

21 3awyTa OT paIHOAKTHBHBIX H3JyueHHi.
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HUii, KOHJIEHCATOPOB) CYLIECTBYIOT 3JIEKTPHUYECKOe U MarHUTHOE Mo.Is,
KOTOpPbie H3MEHSIIOTCSI B COOTBETCTBHH ¢ U3MeHEHHSIMH HalpsiKeHUs 1
TOKOB. EcJH BXOJHBIe 1lend HaxoUSTCS B NMPOCTPaHCTBe, OXBaThiRae-
MOM 3THMH IOJIAMH, TO B HUX MOXeT BO3HHKHYThL llepeMeHHad 3. X. C.,
KOoTOpasi MmocJie yCHJ/IeHUsl OCTasbHbIMH KackajaMu CHOBa BO3jeil-
CTBYET Ha BXOX, H T. [.

st yeTpaHeHHs Wiy ocjiaGJ/eHusl BAUSiHUs MoJiell BCe jJeTanu i
NPOBOJHUKH, KOTOPHIE MoJBepKeHbl HX BO3/efCTBUIO, UM, HA0GOPOT,
SBJASIIOTCA UX UCTOYHHUKOM, NOMEN(AI0T B 3KPAHbL,

T R
Wrrsssss

S
A

N

T

S
N\

N

2 AATALLL LIRS R LU Y

N
\\N

RN
\N

i
'
1
'
'
K
i
K
8
'
g
1
\
)
'
'
i
(
¢
'
'
N
b
'

‘:.
/
#
’
‘
’
’
’
’
/
’
'
]
‘
’
’
H
4
’
’
’
’
’
‘
’

LQ_J

NANANANNN

G R I T L Ty

V722

EAlIRERTIRLIRLLRRBRRRRRRRRS
AU HLTAL AL U RN R RRRA RN

V2777 2 : i
V07277,
v A
a &
Puc. 166. Okpannposanie (HeppoOMAarHUTHLIM SKpa-
HoM 3:

@ — xaTywkHd K oT BHelIHero MarHUTHOrO MoOJS; 6 — BHem-
Hero TNpOCTPAMCTBA OT NOJAS KaTymwku K

H1st 3KpaHHPOBAHHS MAarHHTHBIX NoJiell HA3KOH YACTOTHI MPHMe-
HAIOT GepPOMArHUTHbIE (KeJie3Hbie) 3KPaHbI, AeHCTBHE KOTOPHIX SiC-
HO 13 puc. 166. [lnst sKpaHHPOBAHHS MOJIeHl BbICOKOH 4ACTOTHI MpHU-
MEHSIIOTCSI 3KPaHBl U3 MaTepuasiop ¢ MaJjbiM yJIe/JbHLIM CONPOTHB-
JeHneM (Mexb, 1aTyHb, aNIOMUHMUI), B KOTOPbIX SKPAHHPOBAHUE MpO-
HCXOIHT 3a CYeT BO3HUKAWIIUX B HUX BUXPeBbiX TOKOB. [lose, cos-
AlaBaeMOe BUXPeBbLIMY TOKaMH, MPOTHBOAEHCTBYET NPUUHHE, HX BbI3bi-
Balollel, 1 BbHIUUTAETCS U3 BO3JEHCTBYyIOlIEro Ha 3Kpad moJs. I1pu-
MeHeHHe KeJsie3HbIX 3KPaHOB NpPH BBLICOKHX 4acTOTax HegoMyCTHMO
H3-3a GO/IbIINX MOTePh 3HEPTHHU B Kenesde (60blIoe yAesnbHOe COI-
potusyenne). IIpuMeHeHNe 3KPaHHPOBAHHS BUXPEBHIMH TOKAMH MpH
HUSKHMX YacTOTax Heresiecoo6pasHo, HGO CHiia BHXPEBbIX TOKOB TeM
MeHbllle, 4eM MeHbllle 4acToTa:

(i _esxp _ 1 40
BHXP r r dt

Jlasi sKpaHHPOBaHUSA 3/IEKTPHUECKHX MOJIefi MPUMEHSIOT 3KPaHbl
H3 XOpOLIO NMPOBOAALINX MAaTepHasoB (Mea, JaTyHH, aJiOMHHHA),
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npHueM oO6si3aTeNbHbLIM YCJIOBHeM 3KPaHHPOBAHHS SIBJASETCS COeIH-
HeHHe 3KpaHa ¢ KopnycoM (puc. 167). [1pu oTCYTCTBHU COeHHEHHS
3KpaHa ¢ KOPHycOoM Ha NPOTHBOMOJIOXKHOH NMOBEPXHOCTH 3KpaHa 06-
pasyercsl zapsii, KOTOPHIl OyHeT CJAYKHTL  HCTOYHHKOM IOJISI
(puc. 168).

AR D

Puc. 167. DxpaHupOBKa 3J€KTPHYECKO- Puc. 168. Haaocnpauus 3.ek-
r0 NMoJs 3a3eMJeHHBLIM  3KPaHOM: 2 — TPHYECKOTO 10Js MeXKIYy JIBY-
COTPOTHBAEHHE Ma teaamu A u b, paspenen-
HbIMH He3a3eMJIEHHBIM 3Kpa-

HOM

Cea3b uepes emxoors anHod — ceTka. Yepes eMKOCTb aHOX — CeT-
Ka 0o0pasyercsl cBSI3b MeXJY BbIXOJOM H BXOJOM KacKala YCHJIH-
Tesnst (puc. 169). leficTBUTe/bHO, mpU H3MeHeHUH AHOJHOrO TOKa

Puc. 169. Mamoctpagus ofpar-
HOH ©BA3H yepes MmapaszuTHyiv
MeXKIY3JeKTPOIHVIO eMKOCTL

U3MEHSICTCSt NMalleHHe HANPSIKEHHS Ha COMPOTHB/IEHMM HArPy3KH, a
C/IeIoBATE/IbHO, W HampsiKeHHe MeX1y aHOIOM U KaTojoM (i, =
=U, —,R), MeXny KOTOPHIMH BK.TIOYeHa wemnb Cag—R,. Ilpu
HEKOTOPbIX YCJIOBHSIX 3T& CBSA3h MOXET OKa3aThCsl IMOJOXKHTENLHOM
W JIOCTaTOYHO GOJIbLIOH 1JIS1 BO3HHKHOBEHUS! Mapa3sHTHOTO CaMOBO%-
Oyxnenusl. Jlnst 60pn6bl ¢ 3THM sIBIeHHEM MPUMEHSIIOTCS CIerHa b
HBIE CXEMDbI WJ/IH JIAMIIB C 3KPaHHOH ceTKOH (TeTposnl H NEeHTO/I k),
yMeHblllatoiie eMKOCTh.

CBa3v wepes obuyue ucrounuky nuranus. Bee unu HEeCKOJIbKO
KaCKalloB YCH/IMTENs] 0ObIYHO NMHTAIOTCS OT OBLIMX HCTOUHMKOB MHUTA-
21*
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Husg (puc. 170). ITo re Hapywano Gbl paGoOTy CXeMbl, €CJIH OBl BHYT-
peHHee CONPOTUBJIEHHE HCTOUHHKOB 6eiio paBHo Hymo. OnHako pe-
anbHBE HCTOUHUKY NHUTAHHUSI MMeIOT HEKOTOpoe BHyTpeHHee COmpo-
TuBseHue R,, 70, yCIOBHO MOKa3aHHOe Ha CxeMe pHC. 170. ITepe-
MeHHasi COCTaBJAIOIAas aHOJHOro TOKa, MpoTeKast yepe3 COMPOTHB-
AeHue R, , co3jaeT Ha HeM IajeHue HanpskeHus igw Rz BBIUH-
Tatollleecs U3 Hanpsikenus ncrounuka Up. ITosToMy aHOAHGIe LEmH

a a a a a
A L . g
r -
Ua
R 5 5 5. ;L
[ [ [ Ly,

Puc. 170. CxeMa ycHIMTENA, B KOTOPOM BO3MOXHA napas3uTHas
oBpaTHas CBA3b Uepe3 oOLUIMH HMCTOYHHK AaHOJHOTO MHTaHHA

Beex OCTaNbHBIX KacKajoB (B TOM UHCJIe H NMePBOro) MojyyaioT BMe-
eTo mocrostHHOro Hanpskenus U, (Mexi1y TOUKaMH a H

nanpsikenne (U, — fa~ Rau), cojepikallee MepeMeHHyl Co-
crapasolylo. TlociefHsis BO3JEHCTBYET —4epe3 PasiCnuTelbHbIC

a

Puc. 171. CxeMa ycH/JIHTeds € UensdiMH pPasBA3KH

KOH[eHCATOPB HAa CETKH JIaMIl MePBBLIX KacKaloB, yCHIHBAETCH MU
W uepe3 UCTOUHUK MUTaHHS CHOBA BO3LEHCTBYET Ha nepBbie KACKalbl
¥ T. 1. B peayabraTe Mpd HEKOTOPBIX YC/IOBHAX MOXKCT BO3HUKHYTb
napasdTHas reHepanus.

YcTpaHUThL CBSI3b Uepe3 UCTOUHHKU NMHTAHUsL MOXKHO, cuefnap KX
CONpPOTHBJEHHE MaJbiM 15 MepeMeHHOl COCTaBJAIEeH TOKa. Han
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3TOr0 BKJOUAIOT MapajijiebHo HUCTOUHHKAM TNHTaHHS KOHJeHCAaTop
Céon (na3biBaeMHiii G/I0OKHPOBOUHBIM), €MKOCTb KOTOPOro BHGpaHa
JI0CTaTOYHO GOJbIIOMH, UTOGH ero CONpOoTHB/EHNe NepeMeHHOMY TOKY
6bi10 HeBenko (puc. 171). Kpome Ttoro, anst yMeHblIGHUS Mapa3uT-
HOH CBSI3W MEXJIYy KacKaJaMM B aHOJHYIO Iellb KaXJ0ro Kackala
BKJIIOYAIOT TaK Ha3biRaeMYyIo Iellb Pa3BsI3KH, COCTOSILYIO H3 KOHJeH-
catopa C u conporupienus R. [ToCTOSHHYIO BPeMeHH RC BuiGupaior
Tak, YTOGH KOHIEHCAaTOp He yCheBaJ/ 3apsKaThCi M pa3psikarThci
npu H3MeHeHUsIX TOKa; NO3TOMY HampsiKenue Ha Hem, a CJjenosa-
TenbHO, ¥ MeKJy TOUKaMH @ U 6 ocTaeTcsl HOCTOSHHEIM.

§ 4. TEHEPATOPbBI 3JEKTPHYECKHX KOJ/TEBAHHHA

PasinuHble 3JeKTPOHHLE YCTPOHCTBA MuryT CJyXKHTb HCTOUHH-
KaMu TlepeMeHHOH 3. JI. C. HamepeJ 3ajJaHHOi (OPMbl — CHHYcOHA/Ib-
Holt (puc. 172, @), npsmoyroabHoit (puc. 172, 6), TpeyroJibHoH
(puc. 172, 8) u 1. 1. Takue ycTpoficTBa Ha3hl-

BAIOTCSl TeHepaTOPaMi 3/EKTPHUECKUX Koue- |i ' a
GaHMil. DJIeKTPOHHHBe TeHEePaTOPbl ABJSIOTCH | N\ Gt
npeoGpasoBaTeAsiMi  SHEPTHH  NOCTOSIHHOrO [~ -~ N
TOKa, I0Jy4aeMoro ot KaKOro-JIH60 MCTOUHH- i) i
Ka TOCTOSIHHOH 3. J.C., B 3HepPrHio IepeMeH- h N nn ¢
Horo Toka. [IlpuMepoM 1akoro mpeoGpasoBa- [ —

Teast SBJSIETCS JaMIOBLIH yCcUJIUTEJb; Ha €ro '
u

BbIXOJe MoJjydaercss TIepeMeHHOe HanpskKe- {t) t
HUe UJIKU TOK, a B €ro aHOLIHOﬁ nenu pacxo-
ayeTcs 3HepPrud, nosyyaeMast OT HCTOUHHKA

MOCTOSAHHOM 3. A.C. (6ataped, BbimpsiMuTens Puc. 172 Pasmnuibie

T 1.). BHAH NEepeMeHHBIX Ha-
mpsiKeHuil, Bo30yminae-
OpHako 1Jsl MONMyueHUS: MEPEMEHHOTO Ha- iy spekTponnbiM re-

NpsiZKeHHs1 Ha BBIXOle VCHUJMTENs HeOOXONH- HepaTopaMii

MO, MOMHMO NUTAHUS ero MOCTOSAHHBIM TO-

KOM, BO31efcTBOBAThL Ha ero BXOA HeOO/bLIMM IepeMeHHbIM Hamps-
AKeHHeM, T. €. Bo36YyxaaTh B HeM kosneGaHus usBHe. CnenoBartenb-
HO, YCHJIMTE/b $BJISE€TCS TeHepaTOPOM € NMOCTOPOHHUM BO30Yykie-
HHeM. [eHepaTopaMu c IOCTOPOHHUM BO30OyXKJeHHEM SIBJSIOTCS
TakXKe W PAA APYTMX CXeM, HallpUMep OIHOBUOPATOpP W mepecucT-
Hasl cXeMa, paccCMOTDeHHbie HUXKe.

CyluecTByeT psix MPHGOPOB, KOTOPbie MOryT reHEPUPOBAThL KO.le-
GaHUs 6Ge3 MOCTOPOHHEero BO3GYXIEHHUS. DTH NPUOOpPHLI (Hampumep
reHepaTop CHHYCOMZAJbHLIX KoJjebGaHHWil, MynbTUBMOPATOP, pesakca-
[IMOHHbIIl reHepaTop W T. A.) Ha3biBAIOTCS reHepaTopaMH C CaMOBO3-
6yxneHueM. OnaMM U3 cnocoGoB caMoBO36YXieHUs ABJseTca 06-
paTHasi CBfI3b, T. e. TaKOe cOeJHHEHUE B cXeMe YCHJHMTeJNsl, PH KO-
TOPOM 4YacTb BLIXOJHOrO HaNpsiXKeHHsy BO3jeHCTBYeT Ha €ro BXOL.
[MosiciuM 3TOT cnoco® caMoBO36YXJAEHMS Ha NpuUMepe reHeparopa
CHHYCOHMJAJbHBIX KOJeGaHUH.
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leHepaTopbl CHHYCOHAANBHBIX KOJeGaHuil

[lpeanosoxuM, 4YTO yCUAWTEJNb, U3006paXKeHHLIH Ha cxeMe
puc. 173, monyuaeT Ha BXOA CHHYCOMJAJibHOE HANPSIKEHHE ¢ AMILIU-
tynoit Uy  or BHemHero renepatopa. B kauecTse compoTuBieHHs
aHOJHOH HarpyskH B YCHJHTEJNe UCIOJb30BAaH KosieGaTeNbHbIl KOH-
1yp LC, HacTpPOeHHBIfi Ha YacTOTYy BXOAHOro HanpsixeHus. IlosToMy
€r0 COMpPOTUBJEHUE /sl MepPeMeHHOH CcOocTaBASIOLell aHOLHOrO TOKa
4aCTO aKTUBHO W, C/eZ0BAaTeNbHO, HA HeM BO3HHKAeT MajeHue Hamps-
xKenusd ¢ aMnauTynoll  Ugyy = [, Zpe, Tak Xe, KaK 3TO MPOUCKOIHUT
B ycuJdTeJle Ha compotuBjeHUSIX. OUeBHIHO, TOUHO TAKOe XKe Ha-
NpsIXKeHHe Uy,y NOMyYUJOCH Gbl Ha KOHTYPE H B TOM Cjyuae, ecju
6b mepeMeHHOE HampsXKeHUe MOCTYNMaNo Ha BXOA YCHAUTENsl He OT

- Up +

Puc. 173. Unmoctpayus Puc. 174. Cxema renepa-
IpuHLMNa  o0paTHOil  CBA3H TOpPa CHHYCOHAAJbHBIX KO-
JeGaHuit pagHoyacToThl ¢
TpanchopMaTopHoi CBA3BIO

NIOCTOPOHHErO reHepaTopa, a ¢ BHIXOJA YCHJAHTEJs, KaK YacTb Bbl-
XOJHOro HarpsiKeHWsl (cM. MyHKTHP Ha puc. 173). IlepenaTh uacTe
BbLIXOJHOTO HANpsIAKEHHS] Ha BXOJ MOXHO MHOTMMH cNOcOGaMH, B
YaCTHOCTH ¢ MOMOWIbI0 KaTywku L., o6pasyioweii Tpancdopyma-
TOp BMECTe € KaTyWKoit kKoHTypa L (puc. 174). Toraa nepcMeHHOe
UaipAKeHHe HAa KOHTYPe U gy, BBI3BIBACT HANPSUKEHHE MEXY COTKOI:
U KAaTONOM , Uyc, a HANPSDKEHHe MeXIY CETKOH H KaTOAOM Uy
TaK Xe Kak B yCU/IHUTENe, BHI3LIBAET HANPSIKEHUE Uy, Ha KOHTYpe
" T. H. R

Mpea cxembt puc. 174 aHanoruuHa ulee NapoBoi MalUuHbl, B
KOTOPO# MCTOUHHKOM 3HEPrHH SIBJASIETCS MapPOBOil KOTeJ, CO31aM0MHi
IIOCTOSIHHYIO CHJ1Y [aBJeHHUs] Napa, HAnpaBjieHHOTO MO0 COeAUHUTEM -
Hoit TpyGe. Cunia mapa npeoGpasyercs B NepeMeHHYIO CHAY 30/107T-
HUKOM, HO caM 30JIOTHHK YIPaBASeTCS NOPIIHEM, ¢ KOTOPLIM Oh
MexaHuvecku csidaH. B cxeMe puc. 174 cerka, ynpaBasis aHOZHBIM
TOKOM, TeKYIIUM NOJ jefiCTBHEM IOCTOSIHHOM 3. 1. C., MPeo6pas.BhI-
BAET ero B NMepeMeHHBLIH TOK; HO YNpapJjsioulee AefiCTBHe CeTKH OCy-
LLecTBASIETCST ¢ MOMOLUBLIO HanpsiKeHUs, MOAYYAaE€MOro OT aHOAILON
1eny uepes men, 06PaTHOH CBA3M.

N
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KoHeuHo, cyuecTBOBaHUEe KojieOaHUH BO3MOXKHO JHIbL NPU On-
peneNeHHbIX YCI0BHUSAX.

1. Heo6xoaumo, utoObl mepeMeHHOe HanpsiKeHdHe IONAaBanoCh K
VHACTKY ceTKa — KaToJ B HYXHOi (ase, T. e. Tak, UTOGL OHO OHLIO
IOJNCIKHTE/IbHBIM M OTPHIIATENbHBIM KaK pa3 Torja, Korga HYiKHO,
yto6b TOK yBeJAuuuBajscs M yMeHbwanacs. HWHbHIMH croBaMmy,
HYXKHO, YTOGH CeTOYHOe HampsiKeHue coBmajgajo mo ¢dase ¢
nepeMeHHOH cocTaBasliOlell aHOAHOTO TOKa W, CJeJ0BaTelbHo,
c HanmpsikeHueM Ha KoHType. Ilpu 3TOM yc/ioBUM OGpaTHast CBfA3b
FasLiBacTCsl NOJg0KHTENAbHOH. [lpu NMpOTHBONOMOXKHON (hase cerou-
HOrO HanpsiKeHUus1 06paTHas cBs3b Ha3biBaeTcs oTpuiaTenbHoi. Oue-
BHJHO, YTO OTpPHLATeJAbHasi oOGpaTHasl cBA3b He TOJNLKO He obecre-
UUBaeT caMoOBO36YXKIEHHUS, HO J1aXKe IIPU HAJAUUYUH TOCTOPOHHErO BO3-
SyxpeHus Gyjger cnoco6cTBOBAaTh YMEHbLINEGHHIO BBLIXOJHOTO Hamps-
XeHus. B cxeme puc. 174 HyxHas (asza HanmpsuzKeHusi oOpaTHOIl

LK
{

T

Puc. 176. Cxema reHepartopa
TOpa CHHYCOMAAJBHBIX KO- CQHHYCOH/IAJbHBIX  KosebaHuil
JebaHuii paTHOYyacTOThl C pa1uo4acToThl ¢ EMKOCTHOH
aBtroTpaHchopMaToOp HO | CBA3bIO

CBA3bIO

Puc. 175. Cxema reHepa-

csizil ¢OecneYWBaeTcss BHIGOPOM B3aHMHOrO PacloJOXKeHHMst KaTy-
ek L., ¥ L nau BeiG0POM ONHOTO M3 ABYX BO3MOYKHBIX BapHAIHTOB
MPHCOCAKHEHUs KOHIOB Karymwkd L., K ceTke W karoay. Ha
puc. 175 y 176 nokasaHb npyrue BO3MOKHbIe CIOCOGLI OCYULECTBJE-
HISI TIOJOXKUTENbHOH 0OPaTHOH CBSI3H.
2. Heo6xonuMo, 4TOGH HanpszKeHue 0OpaTHOH cBs3u ObiO j0-
CTATOYHKIM IO BeNHYHHE.
JleficTBUTENbHO, HAaNpsiXKEHUE OGPATHOH  CBSIBU Uggp = P Upyy
rie = oop_
Uppx
KakKasl 4YacTb BLIXOJHOrO HAaNpPSXKEHHUS NMOCTYMAaeT ¢ BHIXOAa Ha BXOJ.
UYro6bl Ha KOHTYpe MOJYYHJIOCH HANpsiKEeHUe  Ugyy, HEOOXONHMO

— Ko3dpunueHT o6paTHO# CBSI3H, INOKA3LIBAIOLIUH,

o u
BO3/I€HICTBHEe HA CETKY HAIPSKEHUSA ]‘:,"’x .

CnenopatenbHO, HaNMpsKeHHE  Ugg,, CHUMAaeMoe yepe3 uelb 06-
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o u
pPaTHOH CBSI3U C KOHTYPA, JOMKHO OLITH He MEHbIIE, UeM —‘i%’i‘—, T. €

_ Ughix
qup - pusux > K y

OTKyla Nojyvyaercsl YCJAOBHE caMOBO36YKyeHHUS:
1
3> < wm K 3> 1, (49)

[lpormecch, mpoucxonsipiie no cxemam puc. 174, 175 u 176, Mox-
HO MOSICHUTL W npyrum NyreM. Ecau B koHType LC (puc. 177) xoH-
neHcarop C moueMy-nu60 3apsaMTCs, TO, KAK H3BECTHO, B pe3yib-
TaTe ero pa3psja Ha KaTywky L BO3HUKHyT 3aTyxaloliHe Kone6a-
Husi, T. e. HanpsixKeHue 1 Ha KOHType GyleT H3MEHsTbcsl MO KPUBOH

R
Puc, 177. Kose6Gate bHbii Puc, 178, CoGonnbie Ko-
KOHTYD Je6aHHs  HaUpsiXKeHUs B

KOHTYype

puc. 178, 3aryxanue konebGaHHil OODBSCHSIETCS PacXxonOM 3HEPrHH B
KOHTypPe Ha TelJio, BbIJICJICHHOE B €ro akTHBHOM CONPOTHBJIEHHH
(mpoBoja 4 MOTEpH).

Ecau Ke KOHTYP BKJIOUEH B aHOXHYIO Ilefb reHepaTtopa, TO OH
Oyner mosyuatb HOGAaBOUHYIO 3HEPTHIO M3 AHOMHOH 1emu 3a cyeT
najleHHs] HanmpsiZKeHUsl Ha HEM OT NeDeMeHHOH cocTaBJ/siomel aHok-
HOro TOKa, BO3HUKaomel B pe3yabrate o6paTtHoil cBsi3u. 1pu cob.mo-
JleHHH YKa3aHHbIX Bblllle VCJAOBHH KomebGaHust GYIYT HE 3aTyXaThb, a
BO3pacTarh.

YeaoBust caMoB0O30YyXKeHUST obecneudBalor MOAAEPKaHUe WJH
BO3pacTaHue KoneGaHUi, HO AN UX BO3HHKHOBeHUsT HEOOXOMMM Ha-
qaJbHbI TOJMYOK, HANPUMeEp 3apsn KOHAEHCATOPa WU U3MEHeHHe TO-
Ka B KaTylliKe, KOTOPbIi Bbi3aBaj Obl HauasbHbie KojebaHusl. Caely-
€T MOAYEPKHYTh, UTO NPH BLIMONHEHUU YCJAOBHH caMoOBO36YXKIeHHS
HavajbHbIH TOAYOK MOXer GbiTh Kak yroaHo Mana— ecau KB>1, to
KoneGaHus Bce paBHO Gyxyr Hapacrath. CHcreMa Beser cebs mo-
JOGHO KOHYCY, MOCTaBJEHHOMY Ha BepllMHYy. TeopeTHUECKH MOKHO
npeicTaBUTh cebe, YTO B OMPeNeNeHHOM MNOjOXKeHUH KOHyc OyJeT
HaX0JUTbCSl B PABHOBECHU, HO TNPH CKOJb YTOZHO MaJlOM OTKJIOHEHHH
OT 3TOr0 PABHOBECHSI OH GYNET CIPEMHUTLCS erife JaJjiblile OTKJIOHATD-,
cst OT Hero.

-
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Takoe cOCTOSIHHE Ha3biBAeTCS HEYCTOHUUBLIM paBHOBecHeM. ITo-
3TOMY U MPO CXEMY C TOJNOMNKUTe/NbHO# 0GPaTHO CBA3LIO MPH yCJO-
BHH (49) rosopsT, YTo OHA HeycToiuuBa. BenenctBue HeycTOHMHBO-
CTH cXeMbl HHUTOXKHbIE TenyoBbie GJyKTyalHd aHOJHOTO TOKa ObIBA-
0T OGBLIMHO NPHYMHOI BO3HHKHOBEHHS KOJIeGaHUH. )

IpuuuHoil, orpaHHuUBalonedl HapacTaHHe aMINIHTYxbl KOJeOa-
HUH, siBAsieTcs HeJiHHeHHOCTL /JaMIOBLIX XapaKTePUCTHK.

BJyiokuHr-reHepaTropsl

CunycounanbHasi dopMa koneGaHuii, BO3HHKAIOLIMX B CXeMax
puc. 174, 175 u 176 oGecrieunBaeTcsl HaJUIHEM B HUX KOneGaTe/bHOro
KoHTypa. B cxeme puc. 179 ecth nomoxutenbHas o6paTHas cBA3b M
MOMKeT GbITb BLIMOJHEHO yc/OBHE caMOBO30yxkJeHUs, HO B HeH HeT

Iy

=

>Ug

Yg U gmeeunu

Puc. 179. CxeMa O.J0OKMHT-TeHe- Puc. 180. Boabramnepnas xa-
patopa { PaAKTePHCTHKA .1aMIBI
Kone6aTenbHOrO KOHTYPa, [03TOMY reHepupyeMbie eio KoneOGaHHS
HecHHYCOMTa/bHbl. JTa cXeMa OOLIUHO MPHMEHseTcst B 061acTH 3BY-
KOBBLIX YaCTOT M 1103TOMY AJisi 06PaTHOil CBS3U UCTONb3YETCS] TPaH-
copMaTop ¢ KeJje3HbIM CePACUHHKOM.

B coctostHHH NoKosi pabouasi TOUKA Ha CETOYHOH XapakTepHCTH-
ke (puc. 180) coorBeTcTByeT HYJNeBOMY CETOYHOMY HANpPSIKEHHUIO.
OJHAKO TAaKOE COCTOSTHHE CXeMbl IPU JOCTAaTOUHO GONbLIOH MONOKH-
TesbHOH 06paTHO# cBSI3U HeycTOHUMBO. JlefcTBUTENbHO MPeAnono-
KUM, UTO B pe3yabTaTe (ayKTyanuil cuia TOKa B aHOMHOH HeNu JaM-
Mbl YBeJHUUBAJach Ha HHUTOXKHYIO BeJUUUHY. VYBeqHUeHHe TOKa 3
nepBUYHOH 0OMOTKe TpaHchopMaTopa BHI3OBET MOsiB/IeHHe 3. II. C.
dig
dt
B0 BTOPHUHOH OOGMOTKe, T. €. MEXHy CeTKoil u KatomoM. Ecau BTO-
puuHasi o6OMOTKa BKJ/OUeHa TakK, UYTo yBeJHueHHe TOKA CMOCOGCTBYeET
TIOSIBJICHUIO MOJIOXKUTENLHONO NMOTEHHHAaja Ha CeTKe (3TO H eCThb Mo-
JIOXKHMTEJLHAS ¢BSI3b), TO 3TOT NMOTEHIHAJ BBI30BET HapacTaHHe aHOM-
HOTO TOKA, UTO, B CBOIO OYePe/ib, BLI3OBET MOJIOKUTE/bHbIH MOTeHIH-
ajq CeTKH U T. M.

606,, =M
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Takum 06p330M, HUYTOXKHOE HauvaJbHOe OTKJOHEeHUEe TOKa OT

COCTOSIHUSI pABHOBeCHsI (HampHMep, yBeJHYeHHe) BhHI3LIBAET JajabHel-
liee ero OTKJOHEHHE, YTO U XapaKTepu3yeT HEYCTOHUHUBOCTL CXEMBI.
Hapacrauue TOKa OrpaHHueHO BepXHUM 3aru00M XapakTEPHCTHKH
snamnel. [1pu 3aMell/ieHHH HAapacTaHUsl TOKA YMEHbLLIACTCH  €opp ==
=M dig
dt
me 3amemsisier POCT TOoKa. [IpH MpPoXoxXKJeHUH KPUBOH TOKa 4epes
MaxkcuMyM (puc. 181)  e,6p = 0, uTO BHI3HIBAET cllaflaHHe aHOMHOrO
di,
dt
OTpHUILATEeNbHO, NOTOMY CHJa TOKA OLICTPO yMeHbIIAaeTcsg Ao HyJs.

N
. rla !

, T. €. MOJIOKUTENbHLIH NMOTEHMaA CETKH, UTO epnfe 00b-

TOKA 0 HauajibHOro 3HaueHusl. [1pu cnaflaHuu TOKa e€yqp = M

%
4
Ao

R
dy,
'—ta<0 + Uo
Puc. [81. I'paduk H3MeHeHHs BO Puc. 182. CxeMa G6aoxuHr-resepatopa.
BpeMeHH aHOXHOTO TOKa TeHepaTtopa ofecneyyparomas Tay3sl MOXIy HM-
HeCHHYCOHIAJbHbIX KOJeOaHui IyJIbCaMu

ﬂpu OTCYTCTBHH TOKaA Uepe3 jJaMmiy OTpl/l]_[aTeJleaﬁ 3. . C. eoﬁp HC-
ye3zaer, JaMIia OTIHPAETCs, MNOABJAETCA aHOL[HbIH TOK, a Cjeaoka-

Te/IbHO, U NOJIOKUTENbHAS 3. 1. C.  €ogp = M , H Tportecc MoBTO-

dt
psteTcsl cHauaJga.

B pesy.abraTe onMcaHHLIX HPOIECCOB CXEMa reHepUPYeT UMITYJb-
chl TOKa, u3obpaxenHbie Ha puc. 181. C noMopbio KaTyIUKH CBA3U
MOXKHO MOJYUYUTb OT CXEMbI UMNYJbCH HaTNpsKeHus !,

ITpu HeGONbLIIOM BUJAOH3MEHEHHH CXEMbI MOXKHO CO31aTh I1ay3bl
MeXJAy reHepUpyeMBIMH HUMIyabcaMHu. s 3TOro B CeTOUHYIO mens
GJIOKHHr-reHepaTopa BKIIOYalT KoHaeHcaTop C, U compoTuBieHHe
yTeukd R, , Kak 1nokasauo Ha puc. 182. Hpouecc HapacTaHus U cia-
JlaHUs TOKa B 3TOH cxeMe MPOUCXOAUT TakuM XKe 06pPa3oM, Kak W B
cxeMe puc. 179. OnHako NpH MOJNOKUTEIbLHOM HOTEHIMAJe CeTKH OT-

! IlpuseneHHoe 3xech OMHUCaHHe ABIAETCA YNPOILEHHBIM, a DoDMa KpUBOi Ha
puc. 181 ~ NPHOIHKEHHOH. Bousee ToyHoe onucanne  GopMa KPHBOH CBA3AMH C yue-
TOM TaKHX fBJeHHH, KaK CeTOUHbH TOK M H3MeHeHHe KDYTH3HBl XapakTepHCIHKH
-AHOJIHOTO TOKA, BBI3BAHHOE M3MeHeHHeM aHOJHOTO HanpsixkeHHa. [paduxku puc. 183
6oJlee TOYHBHI,

~TOKOM. [locse mpekpamnieHusi Hapacra-

pa 3apapy, HaKONMJEeHHOMY KOHJEHCa-

,HPOHOpuHOHaJIbr{bIMPI MOCTOSIHHOM Bpe-
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'HOCHUTEeNBHO KaTofa (BO3HHKAIOmIeM IpH Hacgacra}mu TOKa i,)
HOsIBASIeTC CETOUHbIl TOK M KOHJEHCATOp 3apmxaerc51 3TUM

HUSI aHOJHOTO TOKa Ha CeTKe OCraercs
OTpUIaTe/bHbIl MOTeHpuan Gnarona-

TOPOM. ITOT MNOTEHIUaa JOCTaToYeH
A5 MOAMEPXKAHUS 3anepToOro cocros-
HHSA JaMnbl. JlaMna oTompercsl TOrAa,
KOTfa OTPHILAaTENbHOE HampsiKeHue Ha
KOHJeHCAaTOpe yMEHbIUUTCS 3a cueT
ero paspajga 4epes R 10 BenuuHIIb
nmoTeHnMana orceukd (cM. puc. 180).

Takum o6pasoM, cxeMa Oyner re-
HepUPOBATh KOPOTKHE MEePHOMMYECKHE
UMIYJAbCH, 1O (opMe aHaJOrHYHBE
NpeAbIAyIMM, HO pa3jeneHHble 3HaYU-
Te/LHHIMU  TTPOMERKYTKAMH  BPEMEHH,

MeHH K, . Hamensia R, unu Cg,
MOKHO PEryJnHpoBaTh qacrory TOBTO-
penus: umnyJsabcoB. Ha puc. 183 npen-
crtaBaeHbl TPad@UKH 3aBUCHMOCTH aHOJ-
HBIX M CETOUHLIX TOKOB W HaNpsIKeHHH
oT BpeMeHH. CxeMa IHPOKO NPUMEHs-
eTcsi B KauecTBe resepartopa pasBepT-
Kit B ociuanorpadax u teneBusopax,a  Puc. 183. Ipadukn 3asuck-
Takke B cxeMax npeo6pa3oBaius ;"g}f;;‘ Ha*;‘;%}lgzli‘xegm;e;’“:;{
HHM3KOro IOCTOSIHHOTO HAaNpsXKEeHUs B M OHH

BLICOKOE.

’N

MyabTuBUOGPATODPBI

CxeMa puc. 184 npeacrasisier co6oii iByXKacKaJHbIH YCHJHTENb
Ha CONPOTHUBJEHHUAX, OTJAUYAIOLIHKICS OT PacCMOTPEHHOro paxee
JUINL TeM, uTo o6a ero Kackaga NHTaloTcest OT 00iero HCTOUHHKA.
HerpyaHo yGemuTbcs, 4YTO B yCHJAHMTENe KaXKAHH KacKall MeHseT
3HAaK YCH/IIBAeMOro curHasna Ha o6paTHbid. JleHCTBHUTENbHO, MOBHI
ieHHE CeTOlIrIOFO HanpsKeHHUsI Uy BHI3BANO Obl yBeqWueHHe aHOA-
HOTO TOKa I, , yBeJMueHHe NafleHWs HamnpsiKeHus i,, R, H, cie-
NOBaTeNbHO, YMEHblIeHHe AaHOJHOrO0 HANDSXKEHUS  Ug, =U0——
—ig,Ro,. TIpu ycuneHUH ABYMS CTyNIEHSIMM 3HAK CHrHazna He MeHs-
-erca. [TosTOMy, eciid COeIXMHUTL BLIXOJ BTOPOi CTYNEHH CO BXOIOM
‘mepBoi (puc. 184), TO monyuHTCs MONOKHTENbHAsE o6paTHas CBs3b,
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npuueM B = 1, KB>1 u cxema, caeoBaTesbHo, Heycrofiuusa. Takas
cxeMa Ha3biBaercs MYJbTUBUGPATOPOM.

CxeMy MOXKHO mepepucoBaTh TakK, Kak H300paKeHo Ha puc. 185.
B takoM Buze cxeMa cuMMeTpHUHA. B cocTosiHHM paBHOBECHS TOKH
B JlaMllaxX JOJXKHbI ObliH Obi ObITb NMOCTOSIHHBIMH, a KOHIEHCATOPbI
3apsKeHbl TaK, KakK NMoka3aHo Ha ueptexe. OgHako Gnarogaps no-
JIOXKHUTEeNLHOW 0OPaTHOH CBSI3W 3TO COCTOSIHHE PABHOBECHSI HEYCTOM-
YUBO. JlefAcTBUTENbHO, NPH HHUUTOXKHOM YBEJNHYEHHUM aHOJAHOTO TOKA
B snaMie J/ yBeqMUMTCS najieHue HANPSKEHUsI  lq, Ra, W, ciaefio-
BaTeNbHO, YMEHLIIUTCSl aHOJAHOE HANpSIKeHHe  Ug, = Uy-—~1i,, Rg,.
ITo BLI30BET pa3psi KOHReHcaTopa Cguepes naMny JI| U CONPOTub-
JeHHe Rg,. Tok paspsna, npoTekasi uepe3 cONpoTUBJEHHe Ry, Bbi-
30BeT Ha HeM NalleHHe HanpsuKEeHHs, NOJSIPHOCTL KOTOPOro O4EBH JH

Lﬂxaﬁ X

Puc. 184. Coetunenne BHXO-
Ja  VCHIUTEIS CO  BXOLOM

Puc. 185. Cxeva wmy.JbTHBHGpaTopa

U3 UepTexa, T. €. MOTEHUUAJ CETKH JaMIbl /I3 OTHOCHTENbHO KaTo12
CTaHeT OTPUIATEbHBIM, a aHOAHHIH TOK B Hell YMeHbIIUTCS., TO Bbl-
30BET YMEHbIIEHHE NaJeHHs HaNpsKeHUs Iq, R,, H YBeJuueHHe
AHOJHOTO HaNpS/KeHHS  Ug,, B PesyabTaTe Yero HauyHeTCsl 3apsil
KoHjeHcaTopa C ., 0T HCTOUHHUKA 3. 1. ¢. U uepes conpotusieHus R,
U Rg,. lagenue HanpsiKeHUst Ha Ry, 06eCHeUUT MOJOKHTEbHBI
NOTeHHAa CeTKH JI; OTHOCHTENbHO KAaToda, OTYEro AaHONHBIH TOK
JlaMIbl YBEJUUUTCS, H T. .

Takum 06pa3oM, HHUTOXKHOE yBesinueHHe aHOJHOIO TOKAa B JlaM-
ne (HampuMep, u3-3a QAYKTyamuil) BbI3bIBAET NpOIECC, B PE3yabTa-
Te KOTOPOro 3a cyer o6paTHOi cBsI3U GyHeT NMPOUCXOAMTbL HaJjibHeli-
ee HapacraHue Toka. Hapacranue roka B mamne JI, npekpaturcs
Torjaa, Koraa nu6o aHOAHbIH TOK JI; JOCTUTHET HacHIEHHS, JuGo
aHOMHBIH TOK JI; ynmazer 0 Hyasi. DTOT mpomecc Ha3biBaeTcs ONMpo-
KHILIBAHHEM.

ITpomecc ompokuibiBaHHsI MPOTeKaeT ¢ GosblION CKOPOCTHIO I
NPOUCXOANT NMPAKTHYECKH MIHOBEHHO, TaK KaK MIHOBEHHO YCTaHaB-

t
b
[
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AMBaeTICs MAaKcMMajabHOe 3HaueHHe Toka B el RgC, ¥ B uenu
Rg, Cg,. B pesyanbTate onpoKuAbIBaHHs YCTaHABJIUBAETCS HOBOE CO-
CTOSIHHe, KOTOpPOe MOJJlepKHBaeTCs B TedeHue HeKOTOPOro BpeMeHH,
noKa pa3psiKaercs KoHaeHcaTop (T, uepes cOnpoTHB/ICHHE Ry, Tok
paspsia nocTeleHHO YMEHbIIAeTCsl, OTUEro yMEeHbIAeTcs U rajeHne
HanpsiKeHuss Ha Ry, W OTpUnaTesabHbIH NMOTEHiHa CETKH JaMIbi
JI, (puc. 186). Korpna noTeHnuas CeTKH JI; CTaHeT PaBHLIM MOTEHIH-
aqy OTCEUYKH (CM. puc. 189), JaM-
na Jl, oronpercs, TOK B Hed HauHeT
yBEJMUMBATLCS U TPOU3OitAeT HO-
BOE ONPOKUIbIBAHHE, aHaJIOrHYHOE
NepBOMY, HO TOJNbLKO B 0OGpaTHOM
nopsiike (/MaMIbl [OMEHSIOTCs po-

ol—1 asMu). Llpu 3TOM AaHOAHbIH TOK

: MHHUMYyMa

4, : Upre ¢ JIAMIIbI JII“ ynafer MO yMa,
g p— a aHONHBI TOK JaMibl JI; yBemu-

i yduTess no MakcumMyma. Ilpomexy-

la, : TOK BPEMEHH MeXJy NepBbIM H BTO-

PbIM ONPOKHUILIBAHUEM 3aBHCHT OT
s i noctosHHOfi EpeMeHH RgCg, (1O-
3TOMY €ro MOXHO PEeryJqHpoBathb,
MeHSII  CONPOTHBJIEHHE WJIH eM-

UM.

Pic. 186. OcunasorpaMmbl
TOKOB I HallpsixKeHHH B MY/b-
Tusubpatope:

Uy, — HanpsixeHue HMCTOYHHKA
AHOZHOTO MHTAHMS; U gro— Puc.
HanpsXXg¢HHUE OTCEeHKH

187. BbixoiHoe Hanps-
JKeHhe MyJabTHBHOpartopa

kocTh). VIHTepBan Mexay BTOPHIM W TPETbHM OMPOKUALIBAHHEM 3a-
BUCHT OT NOCTOSIHHOI BpeMeHH R, Cy.

B nmpoMeXyTke BpeMEHH MeX1y ABYMS ONPOKHILIBAHHUSIMH aHOX-
Hbil TOK Ka:KJ0f U3 JaMm, HalpuMep JaMiibl /13, OCTaeTCsl MOCTOSIH-
HBbIM, CJIeJOBATeNbHO, IOCTOSIHHBIM OCTAaeTCsl u aHOJHOe Hampsike-
Hue, pPaBHOE Ug, = Uy — ia, Rq,. Tlo 3TO# npuuuHe KpuBasi aHOI-
HOTO HAIPSKEHUS Ug, OyHeT UMeTb BUJ, H306paKeHHbI# Ha puc. 186.
OTaeNHB MOCTOSIHAYIO COCTABJSIONIYIO aHONHOrO HanpsiKeHus ¢ I1o-
MOMIbIO Pa3jienuTesbHOro KoHuencatopa C,, MOXHO MOJYYHTH
nepuoaHYecKHe MPSIMOYrojbHbie MMIyabchi (puc. 187) Ha Bbixoe
cxeMb (cM. puc. 185). OTcTymnieHue OT MPSAMOYTrO/ibHOH GOPMEL 00b-
ICHsIeTCS POLECCAMH, CBSI3aHHBIMU ¢ 3aPSANOM U Pa3PsiOM KOHJeH-
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catopa C,, unu C, *. ITOT 3apsiy NPOUCXOAUT 3HAUHUTENDHO Gbi-
cTpeif, YeM pa3psin, Tak Kak KOHIZEHCATOPDI 3apSKaiOTCA He TONLKO
uepe3 COMPOTUBJIEHHE YTEUKHU CETKH, HO M Uepe3 yyacTOK CeTKa —
KaTOX, B KOTOPOM MOSIBJSiETCS CETOUHLIfl TOK NMPH MOJOXKHUTENbHOM
nmoreduHale ceTkd. [Ipu HaAuuMH TOKa 3TOT yYacTOK MMeeT HAMHO-
ro Mesblilee CONMPOTHB/eHHe, YeM Rg, uiu Rg,, nosToMy 3apsia
KOHJleHcaTopa NMPOHCXONUT HAaMHOro GbicTpee paspsiia.

MynabTuBuGpaTOp MPUMEHSIETCS: B OYeHb MHOTHX HMIYJLCHBIX
npuGOpax B KauecTBE MCTOUHHKa HMAYJALCOB M, B UacCTHOCTH, B CXe-
Max Mpeo0GPa3oBaHUS NMOCTOSTHHOrO HU3KOrO B MOCTOSHHOE BBICOKOE
HanpsKeHue.

lenepaTops! nMuA006pa3HBIX KoaebaHHil

CxeMa puc. 188 MoXKeT reHepupoBath MepeMeHHOe HanpskeHue,
rpaduk KOTOPOro MOXOXK Ha 3yOIbl MUJbI, OTYEr0 OHA W HA3LIBAETCH
reHepaTopoM NUn006pa3Hbix KosneGaHuil. HeoHoBast maMna coejuHe-
Ha TapanjenbHO ¢ KOHJeHCAaTOPOM, [103TOMY HanpsiKeHue Ha Hell

R
= U CT be
S
Puc. 188. Cxema penakcauy- Puc. 189. I'padux uaMenenus
OHHOTO TeHepaTopa Ha Heo- BO BpeMeHH HanpsaKeHHs Ha

HOBON JlaMne KOHJI@HCATOpe  pesaKCai HoH-
HOTo reHepartopa

PaBHO HamNPsKeHHI0 Ha KOHpeHcaTope. EciM 10 BK/IOYeHHS penmn
KOH/IeHCATOP He GbL1 3apsikeH, To HaNpPsiKeHHe Ha HEM PaBHO HYJIIO.
Ilocne BraOYeHUs: HanpsiKeHHe Ha KOHIeHcaTope Gyner HapacraTbh
¢ noctosinHoit BpeMeHH RC, a HeoHoBasi naMna cHauaja He Gyner
UrpaTbh HUKako# posu. OxHaKo Korpa HanpsiKeHue Ha KOHJeHcaToOpe
HOCTHTHET MOTEHHANa 3aXKHUraHUSl, TO B JlaMIle TIPOU3OI(eT HOHH3a-
I[Ms1 ¥ Uepe3 Hee IOTeYeT TOK OT UCTOUYHHKA 3. [. C., 4 TAKXKE OT KOH-
JeHCcaTopa, KOTOPbIi Ha Hee Oyner paspfaxaTbes. CONPOTHBAEHHe
JIaMIIb] TI0C/I€ 3aXKHMaHHsI HAMHOrO MeHblle CONPOTUBNEHHS R, mos-
TOMY pa3psiii © yMeHblleHHe HaNpsiKeHUs Ha KOHgeHcaTope GyayT
MPOMCXONHUTL HaMHOro ObicTpee, ueM 3apsx. Paspsiy koHpeHcaTopa

* JleiicTBHTeNIbHO, TIPK 3aMUpaHMH JaMIbl TOK Yepes CONpPOTHBJ/IEHHE HATPY3KH
(IpeKpalllaeTcs He Cpasy, TaK Kak 4YePe3 Hero 3apsKaeTcst KOHJeHcaTop. IIpH ot-
NHMPAHHH JIAMNB TOK 4epe3 CONPOTHBJIEHHE HATPY3KH He CPasy CTAHOBHTCS PABHLIM
AHONHOMY TOKY JIAMIBL, KOTOPHIi BHAYa/le MOJANEPKHBACTCSH B OCHOBHOM Pa3psiioM
Kongencaropa. I1osToMy aHolHOe HanpseHHe He MOXKET H3MEHHTHCS CKAUKOM.
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NnpeKpaTHTCS TOr/a, KOTIA HalpsiKeHHe Ha HeM yMeHbIIHTCS ncoaTnoo-
TeHIHana noracadus. IIpy 3ToM jamna moracHer. KoHped uop
CHOBa HauHeT 3apsXartbcs M T. 1. B pe3yabTare nosayuarcs nepKo
JMuecKHe MHa006pa3Hble (penaKcanHOHHbIE) konebaHus, HtepHOE K
TOPbIX 3aBUCHUT OT MOCTOSHHOH BpeMeIiIIélg)uel('[)H6 3agﬂnta oag\pt—
= R.eax C (pHc. . O6bIYHO g sap > Lo pasp>
W wenu pa3pana fgpasp neon
¥ NO3TOMY BTOPOil BENTMYHHONH MOXKHO npeHeGpeub MO CPaBHEHWIO C
nepBoH. _
pI[Jm HopManbHOH PaGoOThl CXeMbl HYXHO, yTo6hLl OGbiad cob.TI0
JeHbl HEeKOTOpPbie YcaoBHsi. Bo-mepBbix, HeoGXOHMO, yTo6bl Hanps-
JeHWe WCTOUHHKA 3. 7. C. ObII0 JIOCTATOYHO /Sl 3aXKMIaHus, T. e.

Uy > U.. (50)

Bo-BTOpLIX, HyMXHO, uToObl mocie paspsna KOHﬁeﬁﬂcz;TT%I;g
(unu BO BpeMsl €ro paspsjia) HeoHOBas jaMma moracia. 0J16b1
CONpOTHBJEHHE R JONXKHO ObITh OCTaTOYHO GONbIIHM, YT

U,— I,R < Uy, (51)
rie [ — MUMHHMaJbHbIH TOK, MPH KOTOPOM BO3MOKHO CYLIECTBO-
: BaHMe TJEIOUIero paspsiia.
dopmyas (50) u (51) MOXKHO OGBEIHHHTL:

Uy < Uy < Uy +1R. (52)
U L Ug=-108
Ug'—"j&
ot

hY
0 U Uan

Puc. 190. Cxema penaKcauHOHHOTO TreuepaTopa Ha THpA-
TpoHe (a) ¥ TrpadHK U3MEHEHHS BO BPEMEHH HANPHAKEHHs HA
KonjJeHcarope (6)

AMmnautyna nunoo6pasHbIX  HMNYJAbCOB  ONpenensieTcss pas-
Hoctbio U, u U, . Tak kakK g5 HaHHOTO THIA JaMIIbi 3TH BeJH-
UHHL] QUKCHPOBAHLI, TO H aMIJIUTYAa KojeGaHnil He MOXKET PeryJu-
poBathecsa. OfHAKo ecad BMecTO HeOHOBOI JaMNbl B cxeMy puc. 188
BKJIIOUHTL THPATPOH, TO MOXKHO MOJAYYUTb NHA000pa3Hbie KOneba-
HUs1 ¢ perynupyeMod amnautynoit (puc. 190). Peryauposka ocy-
LUleCTBJASIETCSI  H3MEHEHHEM  CeTOYHOTrO  HampsiKeHHs, KOTopoe
onpenensier NMOPOr 3a)KUTaHUSA THPATPOHA. X

TupaTpoHHble reHepaTopbl MUA00GPa3HbIX KojebaHHil, B KOTO-
PbIX aMIJIHTylla peryaupyercsi H3MeHeHUEM CETOUHOrO HampsKe-
HUsl, a 4acToTa — mnoaGopoM R H C, NpUMeHSIOTCA B OCHHJJIOrpa-
dhax nasi pa3BepTKH.
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§ 5. MPEOBPA3OBATE/IH HMNYJbCOB

B 3stom maparpade paccMaTpMBAIOTCSI TOJNbKO TeHEPaTOpbl HM-
IyJabCOB C NMOCTOPOHHUM BO30yXKjeHHeM. FIX Ha3HaueHHe 3aK/iO-
yaercsl B npeoGpa3oBaHHU UMIYJAbca TOKA WM HaNPsKeHHS 1O Be-
JUYHHE, AJUTEeNbHOCTH, N1U60 dopMe.

TuparponHble pene

TupaTpoH MOXKeT HWCNMOMb30BAaTbeSl B KauecTse peje, T. €.
BKJIOUATh ILleNlb CHJALHOrO TOKAa Ha 3ajaHHbLIH OTPe30K BPEMEHH IpH
NMOMOIIM MMINYJabCa HanpsiKeHusi HeOGOJNbIIOH BEAHYWHBI W [JIH-
teabHocTH. B cxeme puc. 191 napannenbHo THPaTPOHY NPUCOEIH-
HeHbl KOHZEHCATOP M 3J€KTPOMATHUT I, KOTOPLIl MOXKeT cpaboTaTh
TOMBKO OT 3HAUMTENbHOro TOKa (HampuMep, | a). AHopHOe Hanps-
JKeHHe W CeTOYHOe HanpsiKeHHe CMeMIeHUs BHIGPAHBI Tak, UTOGbI
TUpaTpoH Obln  GJH30K K COCTOSIHHIO 3axuraHusi. IIpu 3TOM KOH-

- JEHcaTOp 3apsikKeH Jjo Hamps-
AeHus ucTouHuka nutanus U.

IMpu peficTBUH Ha CeTKy He-
60/IbIIOr0  TMOJOXKHTENLHOTO KO-
pPOTKOro  HMMNyJabCa THUPATPOH
3aKuraercs ¥ KOHjeHcaTop pas-
psiKaeTcsl vepe3 THPATPOR U
sjekTpoMarHuT. Tak Kak comnpo-
THBJIeHHE IleNd Paspsiga MaJo,
TO Yepe3 3JeKTPOMAarHuT TedeT
cuJibHbLT TOK. TopeHue Tuparpo-
Ha NpeKpaTuTcsl TOrjpa, Korjia
HanpsiXKeHue Ha KOHAEHcaTope
CTAaHeT PABHBLIM NMOTeHHMAaJay MO-
racauus. Toraa  xkoHAeHcCaTop
CHGBA 3apSIAUTCS U cXeMa OMSTh
roToBa s paboThl OT CJeayio-
plero umnyabca. JlautenbHoCTb
UMIIYJbCa TOKA Yepe3 3JeKTPOMATHUT 3aBHCUT He OT IJIHTEJNLHOCTH
3aMyCKalONIero UMMyJbCA, a4 OT MOCTOSTHHOI BPEMEHU Ieny paspsi-
aa. CyenoBaTesibHO, cxeMa npeo6pasdyer HMMNYJbCh KAk MO BeJH-
uyHe, TaK U MO IJUTEILHOCTH,

ConporuBnense R 10/KHO GhITh BbiOpaHO Tak, uto6nl  obecrie-
UMTb MOracaHue THPATPOHAa TaK Ke, KaK ¥ B CXEMe C HEOHOBOI
namnoit puc. 188 [cM. dopmyny (51)]. Ecain 370 compoTuB/eHHe
CMMIIKOM  MaJio, TO TMPOTEKAIOmHUI UYepe3 Hero TOK ip CO31aeT
JUeHb MaJioe TajeHHe HanpsKeHHs; TOrJa aHOgHOE HanpsiKe-
HHe U, =Uy— i R BcerJa Oyper Oosblie mMOTEHHMAa TOra-

CaHUsl THP4TpPOHA U OH He MNMOracHeT,

Puc. 191, Cxema TupaTpoHHOr®
pe.e
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OnnoBuGpPaTOpLI

HasHauennem  oxgHoBuGpatopa  siBasiercss NpeoGpasoBaHue
MMITY/ibca MPOU3BONLHON (B HEKOTOPbIX, JOCTATOYHO IIHPOKUX Mpe-
nenax) aMIHTYIb, GOPMbI H NJAMTENLHOCTH B HMIYJbCH 3aaHHOI
AMIVIMTYAbI, AJUTEJAbHOCTH M MPsAMOyroabHo# dopmb. To, uro 3rta
CXeMa reHepUpyeT JHIlb OJAWH UMIYJbC, ONPEAENSET ee Ha3BaHUe B
OT/iMuHe OT MYJbTHBUOPATOPA, KOTOPLIA reHePHUPYeT MHOTO HMIyJlb-
COB.

Cxema onHOBUGpATOpa MOJyuaeTcss U3 cXeMbl MyJbTHBHGpaTOpa
(puc. 185), ec/in BKAIOUMTL B CETOYHYIO 1eMNb OJHOM M3 JaMI Hamps-
’KeHHe cMetleHus U ,, 10cTaTouHOe /ISl ee 3anMUpaHus (puc. 192).

?_

Puc, 192. Cxema onnosuGparopa

[Tpir oTcyTCTBUM HMIy/Ibca HanpszKelus Ha BXode cxeMa 6yIeT Ha-
XOJHTLCS B yCTOHYHBOM COCTOSIHHM, T. €. 0lla Jawmna {aesas JI;)
3anepta, a Apyras (npasas J/ls) otnepra. Ilpu neficTBuY Ha BXOI
DOJOMATCTEHOT0 MMINYIbCA HANPAMEHHs, Be1HUflla KOTOPOTo 60.1hb-
we nanpamenisi Uy, davsa J; ornnpacied, B CC aHOAHON LenH
TEUET TOK, UTO BBIZLIBIST NPOULCC, alAJOTHUHLIE  TPOUeCCY B MyJIb-
TiuBrnOparope. B pesyanrate 37010 Npoiecca npousoiiler onpoKHILI-
Balme, 3ateyM cxema OyaeT HAXOMHTLCS B HOBOM COCTOSHHH (7, OT-
nepra, Jlp 3anepra) B TeUeHne HEKOTOPOTO BPOMCHIL, 3aBLCSUETO OT
R., Cg. Koraa xonienucarop Cq, DA3PATUTCSH HACTOALKO, YTO CETOUIOC
HanpsixKeHue JamMnel J/y cTaneT paBHBIN  NOTCHINIAAY OTCOYKH, NPO-
H30HIeT HOBOC ONPOKIAbBAINIE 1f CXeMa BEPHETCA K 1icX01HOMY CO-
crosinmio. B otauune ot MyaeTunuGpaTtopa olia u Aadabiie Oyaer
VACPKUBATLCT B MCXOAHOM  COCTOSIHMIL  HANPsizZkeNHeM  CMELLCHHS

0 TeX n0OD, HOKa Ha eC BXOJA He BO3AeCTBYCT HOBBIN UMIIYJbC.
Ilpn mepBoM ONpOKHABLIBAHHM AaHONHOE lianpsiellie (g, JaM-
nbt /75 CkauKOM NOBBIIARTCA 10 Beduuunst U, (aaMmna sanmupaercs,
Ug, = Up—ia,» Ra, = Uy), NpU  BTOPOM ONPOKWALIBAHHU U,
YMeHblIdeTCsl 4O 11E€PBOHAUAMLHON BeJaUUIIHL (Uag,==Uy— ia,R,,).

™

22 3amuTa 0T PaLOAKTHRIBIX H3AYYCHET
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3To 3HAUUT, UTO HA BHIXOLE CXeMbl (TOUKH a ¥ 6) MOJAYUaeTcs npsaMo-
VrOJIbHBIH WUMIYJAbC HaNPsKEHUs, aMIVIMTYAa KOTOPOro paBHa
is,Ra, (rme is, — BeJIMYMHA TOKa B Jawmre Jl, B COCTOSHHH PaB-
HOBeCcHs), a AJUTEJNBHOCTb 3aBHCUT OT HOCTOAHHOH BpeMEHH llenu
Rg, Cq, m MOXKET pEryJupoBaThCsi H3MEHEHHeM CONPOTHBIIEHH
R,, wunu emroctu Cg,. C anonma apyroit mamnel (JI;) MOXKHO noay-
YHTb UMMYJbC HAlPSXKEHUS OTPUILATeNbHOTO 3HaKa; 3allyCK TaKke
MOKHO OCYILIECTBJISITh HE Uepe3 CeTKy JaMIlul {71, a uepe3 CeTKy JlaM-
el J/Io (B 3TOM cjiyuae HyXKeH OTPHIATeJpHBIl BXOAHOH MMIlYJbC).

Takum o6pa3oM, OAHOBHOPATOP ONHOBPEMEHHO yCHJIUBaeT, op-
MUPYeT ¥ yAduHseT UMMIYyabChl. O HMeeT MHOTo pa3HOBUAHOCTEH,
KOTOpble OueHb LIHPOKO MpPHMEHSIOTCA B pasiuuHplx npubopax.
B no3umerpuueckux npubopax oXHOBHODPATOPH TNPUMEHSIOTCA AJsi
GopMUpPOBAHUSA, KAaJUOPOBKY U YAJIHHEHUS MMIYJbCOB, a TaKke B
cxemax rallieHHsl Pa3psfa B CUETYHKAX.

ITepecueTHble cxeMbl

Hepecqemaﬂ cxXxeMa OCYLUecTBJIAeT JeJieHHe yucJa UWMIYJbCOB
}ia 2, T. €. Ha KaxKAble IBa UMIVJbCa, NMOCTYNALUIHe Ha €€ BXOO, OHA
b * . -
reHepupyer oAUH HMIYJbC Ha BbIXOOE.

I +

S

Puc. 193. Ilepecucriiass cxema

B cxeme puc. 193 cerounble Hanpsukedust Aamn J; u Jy ckaanb-
BAKOTCA W3 HaANPAXKEeHWs ucTouHuxka cMewlenuss Ug,, DaleHus Ha-
upsiKeHust i, Ha oOlleM CONpOTHBJIeHWH R, u mNaneHus Hyaﬂpﬂl—
JKEIHS Ha CONPOTHBIIEHUAX YTEUKH CETKH Ry, ¥ Rg, 0T  TOKOB
u ip. Hamnpsxenue cMmelllelus co3faeT Ha CeTKe OTpPHuIATeNbHLIH NO-

:
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TEHIHAJ] OTHOCHTENbHO KaToja, a MajeHHs HanpsKeHus Ha Ry,
Ry, n R, —nonoxutensubiii. Pexxum BbI6PaH Takum oGpasoM,
4TOGBI [10JI0KHUTEIBHOE MajeHue HaNpsAKeHus Ha Rg, wnu R, oT-
nupano gamny JIy uin /3 v uToGH JMamfa Obla 3anepTa, ecau OHO
PaBHO HYJIO.

Cocrosiuue, npu KoTopom o6e JaMIbl OTNepTH, HeycToiuuso. [eii-
CTBUTEJIbHO, CKOJIb YTOAHO Majloe W3meHenne (Hanpumep, yBejduue-
HHe) aHOAHOrO TOKa B OAHOW W3 JaMn (Hanpumep, B JI;) BH30BeT
yBeJMueHHe naneHuss HaNpsiKeddWs Ha CONPOTHBJEHWH AHOIHOW
Harpysku (Ra) W yMeHblieHHe AHOJHOTO HANPSIKEHUS, a cJaelo-
BaTeNbHO, U HaNPSXKEHUS Ha CONPOTHUBJEHHA YTEUKH CETKH {Rg,)
IBJIAIOLIErocs YacCThi0 aHOAHOrO. ITO NPABeAET K yMeHbIUEHHIO
aHOMHOTO TOKa Apyroit Jammnel (J3), uyTo BBI30BET YBeJHueHHe ee
AHOAHOTO HafpsxkeHusl, a CAELOBATENbHO, YBeJHUCHHE ero YacTy —
HAMpPSKEHHsT HAa CONPOTHBJIEHHM YTEUKH CeTKM 1epBoll  Jamrmbl
Rg.), OTYero aHoAHBIW TOK TepBoit Jamnb (J;) yBeauuutcs
U T. X. Takum o6pa3om, aHOAHBIl TOK B ONHOU JaMre (/1) oOymer
YBEIHUHBATLCA, a B APYyroii namne (JIp) ymeHbmathesi 1o Tex nop,
MoKa 460 TOK B ofHoH namie (JI;) HoCTUTHET HACHILEHHS, TGO TOK
B Apyroi siamne (J/12) CT4HET PaBHBIM HYMIO. 3ITO COCTOSHHE CXEMBI
AIBSIETCH YCTOHYUBLIM TaK XKe, KaK H MPOTHBONOMOKHOE COCTOSHUE
(/1) 3anepra, JI; oTnepTa), U MOXKET COXPAHATBES CKOMb Yyroa#o KoJ-
TO, TaK Kak B OT/THYHE OT MPeJbIAYIMX CXeM He CBA3aHO C nepexox-
HBIMH TpOleccaMy.

Ipeanonoxum, 4To Ha BXOX CXeMbi [OCTyMaer OTpUllaTeNbHbIN
HMITYJILC HaNPAXEHHUs, KOTOPBIU JeHCTBYET OTHOBPEMEHHO Ha CeTKH
06enx aaMil. ITOT OTPHUATEIbHBIH UMIYJbe He OKaKeT AeHCTBHA Ha
3aneptyio nammny (J//), HO MOXKET yMeHbIUHTb aHOLHLI TOK oTiep-
TOH aMibl (J71), 4TO NMPUBeAET K TMOBLILICHHIO €e aHOTHOIO Hanps-
xeHnsi, B pesyapTarte va asone oTneproit namMnbl MOy YUTCH YCUJeH-
HBI MMIVJIbC NOJOKHTENILHOTO 3HaKa, KOTOpulil OyjaeT mepenan
4Cpe3 uenb CBA3H Ha CCTKY 3anepToH JlaMnbl Il OTOupeT ee. 3anep-
Tasi dayua (J2) oTonpercs H NPOH30ieT ONPOKHIbBAHKe CXeMbl,
KOTOpas OCTaHETCH B HOBOM COCTOSIHMHM CKOJIb YFOHO JOJTO 10 NpH-
Xola cJe1yIOLlero uMNyJnca.

Kaxnblit mocaexyiomwuil uMnyasc  Bxo;zHOro HanpsizeHus Oyner
Bbi3bIBATh HOBOC ONpOKMIbIBaHHE cxeMbl. B pesyabTaTe noTeHuuad
Ua,  aHOIA JaMNbl JJ> Gy1eT H3MEHATLCA CKAUKaMu, NpUYeM ofHH
BXONHOH MMNYIbC Hanpsukedust Gyaer yseanunsars ero 1o U, apy-
rofi —ymenbwars 10 Uy —ia, Ra. B 1ipoMesmyTkax BpeMeHH
MEKIAV UMNYAbCAMH NOTeHHHAJ aHoda GYAeT O0CTABaTLCH NOCTOAH-
HbIM. B pesynbTare, Kak oueBHAHO H3 puc. 194, Ha «xaxable 1Ba
BXOMHBIX MMINYJbCa NOJYy4aeTCss OAWH HMIYJbC HANDSKEHUs Ha BbI-
Xoze.

CyluuecTBeHHas 0cOGHHOCTL CXeMbl — ee COCOGHOCTD pearupo-
BAaTL TOMLKO HA OTPHUATeNbHbLI HMMYJALC HanpPsKCHAS., 100K
22%
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TesbHBI MMIYJABC HaNpsKeHAs He BHI3HIBAET ONPOKUAbIBAHHA CXe-
MBI, TAK Kak, neficTBYs Ha CeTKY OTNEPTOH JaMIibi, OH BHI3bIBaeT Ha
ee aHoje YCHJEHHBIl WMIYJbC HANPSKEHHA OTPUILATENBHOrO 3HaKa,
KOTOpBIfl TepegaeTcsi Ha CETKy 3aMepTOd JIaMIbl U NPENATCTBYET €€
OTIIHPAHUIO BXOOHBIM MOJOXKHUTENbHBIM HMIYJIbCOM.

Ha puc. 195 uso6paxeHa mnepecueTHas cxema, pearupyioulas
TOJBKO HA TOJIONKUTENbHBI BXOAHOH UMMYJbe HampsxeHus., Bxon
CXeMbl TPUCOENUHEH K KaTORaM; MOJOMKHTeJbHbIH BXOLHOH HMIYJbC
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Puc. 194, I'pacdux usmenerus BO Puc. 195, IMepecuetnasn cxewva, pearu-
BPEMEHH BXOIHOTO H BHIXJIHOIO pyiomlasi TOJbKO Ha  INUJOKHTEIbHbR
HanpsiAieHnd IepecyeTHO cxeMbl HMIY.ILCH HampsmKeHHs

HanpsxKeHHs MOBHIUaeT NMoTeHUHan KaTtonos. OT 3TOro HanpsxeHue
MEXKAY CeTKOH M KatogoMm obeHx JnaMll yMeHblldeTcsd Tak ke, KaK U
npyu HeficTBHH OTPHLATENBIIOF0 MMIYJbca HAaNpsizKeHuss Ha CeTKH
JaMn M, c1e10BaTe]bHO, NPHIILID JelICTBUS STOH CXemMbl  Taxoll Ke,
kaK ¥ npeisaymeil, Cxema puc, 195 ne tpedyer 0TARALHOIO HITCH-
HUKA HATIPAKEeHHs CMellCHNn — Y10 HanpsxKedle NoJayuaetcd na o6-
111eM KaTOIHOM CONPOTHBJIEHHH.

Kouaeuncaropu C; u C, obecneunBaior Gosee yeTkoe H  ObICTpoe
cpabaTbiBaHue cXeMbl. [1py MX OTCYTCTBHU CKAYoK HalpfkeHis ¢
aHcga OZHOH JaMNbl nepenaeTcs Ha CeTKy APYTOi uepe3 CONPOTHR-
JieHie, KOTOPoe BMecTe ¢ BXOJHOH eMKOCTbIO JlaMilbl BHOCHT HCKaxke-
uuve (cM. puc. 107 u 108). IIpy Hamuuny KOPPEKTHPYIOUIETO KOHTeH-
caTopa HanpsiZKeHue Ha CeTKe n3Mensercs Oojee OwICTPO, Tak Kak
OHO NepenaeTcsl Ha Hee uyepe3 KoHOeHcaTop, B Teuenne He0OJbIUOTO
NpOMe:kYTKA BpeMeHH, MOKa 3aPsij KOHIeHCATOPA W HallpsiKeHHC Ha
HeM He yclleJld U3MEHUTHLCS, OH MaJio NPENATCTBYeT Mepefaye cKauka
HanpsiKeHuUs.
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F'aasa 3

YCTPOHNCTBO JAO3UMETPHYECKHX MMPHBOPOB

§ 1. OBIUHE MPUHLHUMDI YCTPOHCTBA JAO3UMETPUYECKHUX
nPUBOPOB

Uncio THIOB PA3/HUNBIX TO3HMETPUIECKUX MPHGOPOB, BHIMyCKAL-
MbIX OTEUeCTBEHHON NPOMBIILIIEHHOCTIO, OBICTPO yBeJUYUBAETCH.
B macrosiuiee BpeMsi OHO OYeHb BEJUKO, OXHAKO Da3JHYHblE THIIbI
NpUGOPOB OTAHYAIOTCS ONHH OT APYTOro He OCHOBHLIMH NPUHIHTIAMH,
a geTafAMH MX OCyllecTBJeHUs. [103TOMY B NaHHOH rjlaBe W3/1araioT-
cfl JIMIIb OCHOBHBle MPUHIUNbBI YCTPoOHCTBA TPUGOPOB H NoAPOGHO
ONHCHIBAIOTCH HEKOTOPHle OCHOBHBbIE THNHL JleTasbHO MO3HAKOMHB-
LIKCh ¢ 3THMH NpHOOpaMH, GHTaTelb NPH HeOGXOAUMOCTH CMOXKET
pa3o6paThcsi U B APYTUX NpuGOpax.

Bee po3uMeTpHueckue NPUGOPH MOKHO Pa3neIUTh MO X HA3HA-
YeHHIO Ha cJelylOlliHe Kl1acchl:

1. UnpuKkatopbl — A5l OGHApYKeHHSA PafAHOAKTUBHLIX BelIeCTB
[0 CBeTOBOMY WJH 3BYKOBOMY CHTHasy.

2. PagHomeTpbl — /1Sl OnpefefieHUsi CTelleHU 3arpsi3HeHUs pas-
JHYHBIX TIPeAMeTOB (rPyHTa, BO3AYXAa U T. ) H nosepxHocrefl (pyk,
omexabl, MeOeay ¥ T. 1.) PAAHOAKTUBHBIMU BelleCTBAMHU.

3. PenrreHoMeTphl — Jisl ONpegeJeHuss MOLLHOCTH A03bl (nanpu-
Mep, B peHTreHaX B 4ac).

4, JosumeTphl A/s ONpefeeHUs A03bl OGJYyUeHHS (B peHTre-
Hax).

Kpome Toro, npHGOpbI AeAATCA MO YCJAOBHAM HX NMpUMeHeHHA Ha
cTallHOHapHbIe, lePeHOCHbIe, NoJieBble U KapMaHHble.

[lepBHYHBLIM 3/71€MEHTOM BCAKOrO 3/€KTPOHHOTO N03UMETPUUECKO-
ro npu6opa ABJSeTCS UOHM3ANMHOHHAA KaMepa WM CHETUHK 4aCTHIL,
KOTOpbie MOJA AefCTBHEM PaIHOAKTHBHBHIX H3JIYueHUll CO3maioT 3JeK-
TpHYeCcKHe CHrHajbl, PerucTpupyeMble MPHGOPOM  (CM. CKeleTHYIO
cxemy puc. 196). B 3aBuCHMMOCTH OT Tulla MePBUYHOTO 3JeMeHTa 3TH
CUTHAJbI TIOJYUYaloTes Pa3IHyYHbIMU, & HMEHHO!

1. OrnenbHble MPUOAUZHTENBHO OTHHAKOBBle HMIYJ/bCHl HAMps-
AKeHusl, YUCJIO KOTOPbIX 32 HEKOTOPLIH OTPe30K BPeMeHH NMPONMOPUHO-
HaJLHO YHCAY YACTHIL 32 TOT e [POMEXYTOK BpeMeHH (CueTyHK
I'eiirepa — Miosniepa).

9. OtpenbHble HMIYJbChI HATIPSXKEHUS, YHCJAO KOTOPHIX TakKkKe
MPOTOPIHOHAJIBHO YHCY YACTHIL K aMIUVIKTYA2 KOTOPHIX MPOMOPILHO-
Ha/lbHA HOHH3HPYIOLEH CMOCOGHOCTH COOTBETCTBYIOLIMX MM HaCTHI
(NPOTIOPLHOHA/IBHEIA Fa30BbIH CUETHHK, CHMHTUJIISAIHOHHBIA CUETUHK
¥ MMIYJAbCHAS HOHH3AHOHHAS Kamepa).

3. TTocTosiHHBIN TOK, CHJIa KOTOPOrO MPONOPIHOHANbHA cpenHed
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HOHHM3YIOLIeil COCOGHOCTH YacTHIL 32 HOCTATOYHO GOJMBIIOH OTPE30K
BPEMEHH, COM3MEPHMBIil ¢ IOCTOAHHOM BPeMeHU MPpUGopa (MHTerpamb-
Hasg MOHH3ANUWOHHAA Kamepa, cueTudk ['efirepa B MHTerpasbHOM pe-
Kuwme).

s HopManbHOH PaGoTH JMI0GOr0 U3 YKA3AHHBIX THUIIOB nepBUU-
HOTO 3/1eMeHTa NMPHOOPOB HeOOXOAUMO NOCTOSIHHOe BBHICOKOE HATpfi-
JKEHHe TIOPSANKA OT HeCKOMbKHX COTeH BOJBbT A0 HECKOJbKHX KHJIO-
BO/bT. KaK yKaselBanoch BHIlie, ralloreHHbIE CUETUHKH PaBbOTAIOT PHU
Hanpsizxkenusix 300—400 6, cueruuku Teifrepa— Miwosnepa 800—
900 8, cuuHTHAAAIHOHHBIe 1000—1500 8, a NPONOPIHOHANbHHE [a30-
BLI€ CYUETYUKH H HOHH3AIMOHHBIE KaMeDPhl — OT HeCKOJMbKUX CcOTeH

Mexaruveckud
Cmpengubnd unduxamop € YETLLYA

Nepbuy-| o N@opmpd o [veuntend o {77epe- 1 o [dcunu- {Yeumn- | T

#onr [ | owuiz Hanpam cvemuan mesy unf—e— mens

npubop Kacrad HUR cxema nynscol moxa |}

| A 4 \ 4 ) @

Tenegon

WGITTF, CueHansHan
Owconoes) Hemounuk rarna comonicey
Ha < i

:fﬁ numanus

GG Creer - . Ty
Puc. 166, Credetsan cxevian sgo<TPodaHorg A03MCTPHYECKOrO npudopa

BOJIbT A0 HECKOJMBKHX KHMOBOJIBT. [lo3ToMy B /I060M  3/1eKTpOHHOM
AOZUMETPHYECKOM TPHOOpe MMEeTCsl MCTOYHIK BHICOKOrO HampaiKe-
HUsl, KAK TPABUJIO, SIBJSIOIHECS MpeoGpa3oBaTeseM 3Hepruu, Mo-
JAYUA€eMOM OT 1PYroro HCTOYHHKA MUTAHUA, OOLLero AJs BCCro NpH-
6opa.

JNIEKTPITYCCKHe CHIHAJD!, MOCTYNAOUIIC 0T MePBHUHOIO IJeN e HTa
npuGGpa, PCruCTPUPYIOTCST BHIXOAHBIM YCTPOHCTBOM OZHOFO H3 Clle-
AYIOHIHX THIIOB:

1. Crpencuubiit uHIMKaTODP, CTPeKa KOTOPOTo OTKJOHSIeTCSl MPO-
I[Opé[HOH'dJIbHO yHcay 4acTHI 3a ONpefelleHHbIH OTPE3OK BPeMeHHU.

2. Mexannyeckuii cueTUMK UMMVJIbCOB TOKA.

y . , _

3. I eJle, BK/IOUalOilee CUTHAJALHOe HJAY HHOE aBTOMAaTHYeCKOoe
VCTPOHCTBO.

4. Camonucen, perHCTPUPYIOIIHIT U3MEHEHHe BO BpeMeHH MepBuY-
HBIX 3;J1eKTPUUYECKHUX CHUTHAJIOB.

5. TenedoH nnsi OPHEHTHPOBOUHON OIEHKHU H3MepseMOil BeJIHuH-
HBl Ha CAYX,

6. CurnanbHasi JaMIouka.

DJIeKTpHUeCKHe CUTHAJbl TePBUYHOrO 3JeMeHTa, Kak npaBuso,
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He MOTYT HENOCPEACTBEHHO BO3JAeHcTBOBATh HA BBHIXOAHOE yCTpoHCT-
Bo. [103TOMY OHH COOTBETCTBEHHO 06Pa0aTHIBAIOTCA, & HMEHHO:

1) ycuausaiorcs, ec/ld HanpsKeHue WJIH CHIA TOKA HEAOCTATOY-
HH 1751 paGoThl BHIXOZHOTO yCTPOHUCTBA, AJI Yero MPUMeEHIIoTCA YCH-
JIUTENH;

2) VRJAMHAOTCA, T. €. AJHTeJNbHOCTL HMIYJ/bCOB TOKa WJIH Ha-
NpsKeHUs] YBEMTHUUBAOTCS, eC/lH OHa HelocTaTO4yHa M/s cpabarhiBa-
HUs BLIXOJUIOFO YCTPOHCTBA HMIYJALCHOrO THna (pele, MeXaHHue-
CKHiI cyueTuHK, TenedOH) WJH ANsi oGecreueHuss 3aJaHHON UYBCTBH-
TeJBHOCTH NMPUOOPa HETPEPHIBHOTO THTA (CTPEJOUHBIH MHAMKATOD,
camonucen). ATa 3ajgaya peliaeTcsi C TOMOLIbIO ORHOBHOpaTOpa,
sKiylero GJOKHHT-reHepaTopa WK XKAYLlero pejiakcaropa ¢ HEOHO-
BCH JaMNOi WKW THPATPOHOM.

3) IlepecuuThBalOTCA, T. €. YHCJIO HMIYJ/LCOB 1eJHTCA Ha 110
CTOSIHHOE LeJioe YHCJIO, ecay paspeliaiou(as cnoco6HOCTb BBIXOLHOTO
yCTpOiicTBa MMIYJABCHOFO THTA (Pesie, MeXaHHYECKHH CYeTUuK) BO
MLOTC pa3 Xyike paspelaiouiel CmoCOGHOCTH NePBHYHOTO npubopa
MMITVJILCHOTO THIA (CYeTUMK MJH HWOHM3ALMOHHAs Kamepa B UM-
TIyABCHOM pexHMe), JTO cOrJiacoBaHHe Pa3peliatomuX crocoGHOCTeH
MepBHUKOrO W BHIXOXHOTO YCTPOHCTB OCYILLECTBJAETCA OJHHM HIH He-
CKOJbLKHMH KacKagaMH TOJNyTepUOAHBX MYJAbTHBHOPATOPOB JHGO TH-
paTPOHHBLIMH TIepecyeTHHIMH CXeMAMH, a TaKke CXeMaMH HaKOIH-
TeJLHOrD THIIA C HEOHOBOH J1aMIIOK.

4) B npu6opax MMMyJLCHOTO THNA 1Js HOPMaJLHOH PaBoTh yKa-
3aHHBIX 37€MeHTOB CXeMbl UMNYJbCHl MOJABEPraioTes NPOMeXKYTOUHO-
My (POPMHDPOBAHHIO C TOMOILbIO 0HOBHGPATOPOB, G/IOKHHI-TeHepaTo-
poB, HpQepeHIHPYIOWHX llelleli ¥ OrpanyuuTeed.

ITOMIINO MepeuncIeHHbX OCHOBHbBIX 3JeMeHTOB, MNpHOOp HHOIAa
COMeP/KUT PAj1 BCIIOMOTaTeqbHbiX 3JeMelTOB, MOBLIUIAIOINX ero Ka-
yecTBO, TAKHY, HAUPIMeEpP, KaK cIciyioute:

1) racqamasi cxema, YCKOpsilolasl TalieHue pas3pala B ra3oBbiX
CUCTUDKEY;

2} KaToAHbl MOBTOPHTeNdb, KOTODPLIH COTJ4COBLIBAeT BBHIXOIHYIO

peds npu6opa ¢ kabesdeM, yMeHbllasi HCKaxeHHe OPMbBI HMIY/ILCOB,
Bhi3L/BaeMOe eMKOCTbio Kabeus;
3) ctabunu3aTop, NOBLIWAIILHEA CTa0UABHOCTh HATIPSIZXKeHHUs], 4TO

0cOo0eHHO BaXXHO AJS I]pHGOpOB CO CHMHTHJAAANIIOHHBIM CYETUHKOM.

IlepsyuHLIfl 3MeMeHT, Kak NpaBuJlo, pacrnojaraercsi Ha HEKOTO-
POM D&CCTOSIHMU OT BCeil YCTAHOBKH U COeAMHsSIeTCsl ¢ Hell DOCTaTOu-
HO AJMHELIM KaGeaeM, uTo ofecrneydBaeT ero NOABHKHOCTL, C mesbio
YMeHbUIHTh BJAUsiHHE [TOMeX, BBI3BAHHLIX HaBeIeHHbLIMH B Kalesne
37eKTPOABHKYILUMHY CHJIAMH H TOKaMH, 9acTO PAAOM C [ePBUHYHBEIM
3/J6MeHTOM DacloNardioT OAMH WJIH HECKOJIbKO KaCKafOB YyCHJEHHUS.
B pe3ynbTaTe moMeXa YCH/AUBAETCS MeHBIIMM YHMC/IOM KaCKagoB, ueM
curnaJs. B moayuusuiniics TakuM o0Pa3’oM BHIHOCHOH OJIOK HHOTHA
NoMellanT, TIOMUMO MePBHUYHOTO 3JeMeHTa ¢ YCHJAUTeleM. HCTOUHUK
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BBICOKOTO HaNpSIXKeHUsT ISl MUTAHUS MePBUYHOTO 3JieMeHTa., DTO Hc-
KAyaeT onaxadvde Ha HepBl/l‘—le[ﬁ 3JIEeMEHT NOMEX, HaBEeJeHHbIX Ha
MpPOEONla. MOABOMSILIHE K HEMY BBICOKOE HamnpsikeHue. BriHocHOR

GJIOK COrIacoBHBAIOT ¢ KaleseM OGHUHO ¢ TOMOULIO KATOMHOTO MO-
BTOPUTEJIS,

§ 2. OMUCAHHUE HEKOTOPBIX TUNOB JO3UMETPHYECKUX NPUBOPOB

Masora6aputusifi paguomerp PM-2

Panuomerp PM-2 npennasuauen f7si npHGIU3UTENBHOTO onpene-
JleHHs1 HHTQHCHBHOOCTH Y- 4 XKecTKoro fB-usnyuenuin no 1000 mxp/zac
¢ TouHocTbi0 +20%. TIpn6Gop KOHCTPYKTHBHO 0GMOPMJIEH B OZHOM

Puc, 197. Brewsnnii pux npu-

Gona PiL2 Puc. 198. Ilpunuunuaisuas cxema npu6opa

PM-2

Oa0ke, pasMepel KOTOPOro Mo3soJislOT  [OMEMIaTh €ro B
(BHewHUH BU1 npuGopa cM. puc. 197). B atom Gaoke comepxarcs
(pu’c.l198): /iBa raJjioreHHbIx cuyeTyuka Tina CTC-1, asa 6e3nakaJib-
gzl}?“:{u;;arpom 'Tuna MTX-90, tesnedon, KOHIeHCcaToPbl, COMPOTHB-
it » UCTOUHHKH TUTaHusi U Ase kHonmkH K; u K, ¢ duxcaTopamu
€PBast CJAVKHT IS BKJIIOUEHHsT mpHGopa U ero nepuoﬁuqecxoﬁ non-.
3apANKH, BTOpas — Jist NepeKNoYeHyst TnpuGOpa Ha NpPSIMOi HaU
NepecyeTHBI MHANA30H, t
3dM1['(I}[:\1:lT;1)aH<aT;m KHOTIKH K (BepXHsist M HHXKHsIST Napbl KOHTAKTOB
JaMLy {) KOHAGHCATOD MTHOBEHHO 3apsilKaeTCsi [0 HaNPSIXKEHHS
aTapen, T. €. 1o 185—200 6 *. Tlpu oTNycKaHHH KHONKH (cpennsis

KapMaue

B D 4eM COCTOSTHU 2 caTopa
HepaGoue (¢] H
. U KIONKH K] U K. HaXKAath ¥ 3AaKpernJieHnl d)"K P

O3TOMy B navane paGotet konpgencarop Cy yxe 3apsikeH.
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napa KOHTAKTOB 3aMKHYTA) OH OKa3blBAETCsl BKJIIOYEHHBIM MOC/IeNQ-
BaTeJILHO ¢ GaTapeeil B Lelb ra30BbIX CYETUHKOB. Takum oGpasom,
MEeXy HHTBIO H KaTONOM KaXJOro W3 CYeTYHKOB, BKJIOYEHHBIX MNa-
paJuiesibHO, TOJIyuyaeTcsi Halpsikenue u, NOpslKa 370—400 8, uTO
OCTAaTOYHO IJISi X HOpMaJibHOH paboThl. B Tom ciyuae, Korma Ka-
Kasi-JIMG0 4acTHIA BHi3bIBAET B CYeTUHKe CaMOCTOsITeNILHBIA pa3pil,
HaTIPSIKEHUe U, MeXIy ero 3JIeKTpPonaMu YMeHbIIHTCsS H 3aTeM CHOBA
BOCCTAHOBUTCH (cM. pa3zles «[a3oBble CUeTYHKH HacTul»). B pe-
3yJbTaTe MOJYUYHTCsT OTPHUATEJIbHBI HMIYJIBC HANpPSXKeHUs, KOTO-
puiii yepe3 kounencaTtop Cs
nepenaercss Ha  y4acToOK
ceTka — KaTom THpaTpo-
Ha JI; v BbI3bIBaeT 3aXKH-
raHie THPAaTpPOHa.

Ecsnu kHonka K, He Ha-
aTa (cpenHsis napa KOH-
TakTOB 3aMKHyTa), TO B
aHOAHYIO 1lenb THPATPO-
ua JI, sxonat Tteqedon T,
tupatpon JI; (BKJIOUeH- U U A
HbIH OHOAOM) U KOHIEHCa- cIc
top C), KOTODHIl CJYXHUT
HCTOUHHKOM MHTAHUSI LENH Puc. 199. Ynpowennas cxema npuéopa PM-2
THPATPOHOB, TON3apsKae- M3 cxembl uckaouensl knomkd Ky u Ko
MbiM B Nay3ax ot 6aTrapeu
yepe3 conpotuBienne R;. Kaxnuiii uMnysbc HanpsKeHlss Ha CETKe
TupaTpona JI, Bbi3biBaeT IIeYOK Tese(oHa u BCMBILKY THPATpoO-
Ha JI,, KOTOpYI® MOXHO Ha0.110JaTh Yepe3 OKOIiKo B Kopmice
npubopa.

IMepecueTHOe yCTPOHCTBO BKJIIOUAETCST HAXKaTHEM KHONKH K. Tlpu
5TOM B aHOIHYIO LeNb THPaTPOHa Jly BKJIOUAETCS] KOHIEHCaTop C,
(HHJKHSISI Mapa KOHTAKTOB KHONKH 3aMKHYTa), a Te/le(oH ¥ Tupa-
Tpon JI; npucoeanHsioTes K Konnencaropy Cs (BepXHsis mapa KOH-
TaKTOB KHOMKH 3aMKHyTa) (cM. cxeMmy pHuc. 199). Takum o6pasom,
koumeHcaTop Co 3apsizKaeTcst KaXIHM HMIYJbcOM TOKa 4Yepes Tupa-
Tpon JIy oT koHneHcaTopa C), a B may3ax MeXJ1y HMIyJbCaMi OT-
naeT yacTb HAKOIJIEHHOro 3apsjia kounencatopy Cs B pesyJsbrare
HanpsiKeHdHe Ha KoHAeHcaTope Cs MOCTENEHHO MOBHINAeTCs W TpH
ONpEeNeJIEHHOM YHCJIe MMIYJIbCOB NOCTHTaeT MOPOroBOro 3HaueHHs,
HeOGXOIUMOro aJst 3axurauus tupaTpoHa JI,. CJienoBaTtesibHO, Ha-
6J10/1aeMblé B OKOIUKO BCIBILKM THpaTpoHa JI; 1 IiesuKH TesedoHa
GyayT NPOMCXOMUTH BO MHOFO pa3 pexe, 4eM 3aixKHraHus THPaTpo-
na Jl,. CllenyeT OTMETHTDb, UTO MOCTOsIHHAsI BPeMeHH 1enn RoCy Bbi-
6paHa BO MHOTO pa3 GoJiblued, yeM MOCTOsIHHAsI BPeMeHH LelH 3apsi-
na koHpencatopa Co, npHueM Cs B 100 pa3 Godibue Cy = 100 mrarep.
IMoaToMy nenb RyC; NpaKTHUECKH He BJIUSIET Ha MPONECC 3apsifia KOH-
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neHcatopa Co, KOTOPHIlt NP Kaxaom 3aXKHTaHHH THpaTpoHa JI, _— e = R
yCHeBaeT 3apsi>KartbCsl OO HATIPSIXKEHUS HCTOYHUKA, Konpencartopy Cs ) ! -
6aarofapsi ero 6osbIION eMKOCTH 4epes  conporusieHue R, coo6- Iy | N g 3 §§
UaeTCst B May3aX NMPHPALIeHHe HANpPsDKeHus NPHMEPHO B CTO pa3 ~—1z o|ll—ta.o ,EC
MeHbiiee. B mayszax mexny 3amuranusimu THpPATpPOHa, KpPOMe TOro, 2 ol e, o1 ég
POHCXOLNT monsapsin KoupeHcatopa C) uepe3 COnpoTUBJeHHe R,
TPHYEM TIOCTOsIHHAs BPEMeHH 3TOl uenH pasHa R,C, — 1,3 1072 cex. S
53
Pannomerp tuna B-2 u%’§
Q
Pannomerp B-2 signsiercy CTALLHOHAPHBIM 1a60PATOPHBIM TIPUGO- g&
POM, TNIpEeIHA3HAUYECHHBIM MJIsi H3MEPEHUSsT PafiHOAKTHBHOCTH Ta30BbiM — 3%
cuetynkoM. IlpuGop mnospossier PErHCTPUPOBATL MEXaHHYECKUM @ F}“%
cyeTynkoM n0 6400 umMnyabcos B CeKyHpy. | —oc T —
12 T ) r ) §
—— | . | ;
7{\———: ! QU
Ko { | S
cve’fguaa 5 " il | o
mpyonsu
el LAY " | £
o \o ) Ben PR | g
- 10 " { \:" 5 Y l ©
x 5 ] S
Bbix00 | i S
Ha rok 87 & i I S
|
Jb J? g,‘ & £ S ~§\
Puc. 200. Mpuunninaipnan cxeva Baoka BIC-2 }
KouetpykTHEHO Pa-ioMeTp 0DOpMIACH B BHAC ABYX G6Ja0KOB, CO- i f
CAMHCHHBIX ABYMs KaGeaamn. [lepswii 6ok (bI'C-2)  coazepmur | e \
AEpIrartesb CYETYHKA H OJMH KacKal yCHJAeHHs, npelHa3sHauYeHHbIH : :E_{— "R g N
AJI1 COTJIACOBAHUSA CyeTuiiKa ¢ KaGeaem, a Takke s TIOBBILLIEHU S “j T E| S "‘“ix | §
BETHULHL CHTHAa/la 110 CPABHEHHIO C NOMEXaMH, HaBeAeHHLIMH Ha = "’/"m:;; 33 o ! - N
xaGesb (puc. 200). Bo Bropoy 6.10ke (BCIT) naxonsitest yerpoiicr- i A e ol i E= =S 3
Ba, HeOGXOHMbIe A5 yCUJICHNS HMITyILCOB HaNPsiKeHUs!, TOCTYNalo- =5 —I pen | PO I R ©
wnx ot 6moka BI'C-2, ux nepecuera, a rarxe YBeJIHYeHUsT AJIHTe b- 3 @i—& N2l 3 [}[ '§
HOCTH 110 BEJIHUHHBI, HEOGXOANMON M5t CpaGaTHBANUS MeXaHHYeCKO- H o s | " 2
o cuerunka (puc. 201). Kpome Toro, 8 6s10ke BIIC cojepKarcs ~ pi B\l " ©
HCTOUHHKH TIHTAHUS BCEro MpHGOPa, MeXaHHYECKHH CYETUHK H CeKyH- a. g §
nomep. Brnox BCII asasercs YHHOHLHPOBAHHBIM, T. €. MOXeT peru- S 2
CTPHPOBATH HMMYJIbCH, TOCTYNAIOUIHE HE TOJBKO OT GanKA Brc-2, uo < =
H OT NpYrUX UCTOYHHKOB, 1JISI Yero MPe1yCMOTPEH OT]e/bHBI BXOJ
(Knemmbi 7).
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Cueruuk, Bk/MoyaeMuit 8 610k BI'C, nonyuaer Bbicokoe HampsKe-
nue ot 6s0ka BCIT yepes koakcuanbHHI KaGenb, Koa0aKy /4 U ofHO
M3 COfPOTHBJIEHUH HArpysku (4 WiH J), KOTopbie MOXHO NepeKJio-
yaTh nepeMmbiyko#l /2. TIpu pa3MblKaHWM MepeMblYKH [2 1enb cyet-
YHKA COAEPXKHT TOJNBKO CofipoTUBJEeHHe 4 BesuyuHol 1000 meom
HCIIONIb3yeMbie KaK racsiiee INPH BKJIOYUeHHU HecaMoracsLHxCs
cyeTyHkoB. [Ipu paGorte ¢ caMoracfiuiMMCsi CYETYUKOM TaKoe OOMb-
1Ioe COMPOTHBJ/IEHHE He TpebyeTcsi, MOITOMY MOXHO 3aMKHYTL mepe-
MbiuKy /2, xoTopasi BKJIoYaer conporusiaende 5§ 8 1000 pa3 MeHmeZBe
[Tpil BO3HHKHOBEHHH pa3psAlla B CYETYUKE TOK, HpOTeKa}OulAHfI uepes;
COMpOTUB/IEHHE HArPY3KH, YMEHblaeT MOTEHIUA] HUTH CYETYHKA
KOTOpBIH 3aTeM BOCCTaHapAuBaerca. [lonyuyuBIHHiics OTpHuaTeJIbeIl'f';

UMIYJIbC flepesaeTcs yepes pa3s i
NeJTUTEbHbIH KOH
JlaMITBL. OHjieHCaTop 7 Ha CeTKy

i Jlamna 10 tuna 6)K8 (menton) BkJA0YeHA B CXeMy yCHJIUTENA,
BbIXOJ@ KOTOPOro MOJNYYaioTCs MOMOXKUTEAbHbIE HMITYJIbChI HATIPSA-

XKeHHsl, lepenaBaeMble Yepe3 pasfl %
! eJUTEbHBIH KOHIEHC
Kabesb Ha BXOoy 6soka BCII. Aeticatop & 1

THHBXGOI%}SEH uenb 6aoka BCIT conepKut OnHy NOMOBHHY JaMisl 2
HeHa s BK.TI}Oqe}'l.Hy}O nmuonoM. Hasnauenue stoit nenu — ycrpa-
H“Kue OTPULAT&JIbHOH YaCTH BXOAHOrO UMIYJbCa HANpPSKEHHS, BO3-
Hoﬁal}l(‘);rl]l"erTo B pe3yJibTaTe NepexonHbiX MpoueccoB. Tak Kak Bo BXoI-
OK MOXeT MpoTeKaTb TOMbKO B

CTOPOHY NMPOBOAUMOCTH

iuona, TO Yepe3 COMPOTHBJEHHE 3 TOK TeueT TOMLKO B TeYeHHe MoJIo-
7 v;ITeanon YacCTH BXOJIHOrO UMNyJibca HanpspKeHus. [1pu 3ToM Ha
BgoEO\T'HxI:JJIIEHHH BO3HHKAET Pa3HOCThb NMOTEHIHAJIOB, neiicTBYIOIAA HA

YCHJIUTENA-OrPAaHUYHTENs, B CXeMe K

) OTOPOro HCMOJAb30BaHA

ng:J?::HnonoauHa Tpuona 2. Ha nmpasom anosne sta samna nosnyuaer
y bie U cPOpMHpOBAHHBIE OTPHLATEILHBIE HMAYJIbLCH HAIps-

KeHus, KOTOpbie Yepe3 pa3jneiuTel ?
i bHBIH KOHpeHcaT
Ha BX0A oaHosubOpaTopa. 8 op 4 mocrynaior

B cxemy onxoBHOGpaTOopa BKJIOUeHB! menTOnM & n 6 Tuma 6)K8
Sg{r;p“e&:;jgaqeﬂ IJ1s1 jajdbHenero GopMUPOBAHUST KaK10ro BXOlI-.
! Ca C leJNbl0 YBEJUYEHHS KPYTU3HBl €ro IMepesHero
%)J?;::é;:; Egmporq ¢ MoMouiblo nUddepeHUHpyIOILE uen]p)i 7u8
n POTKH# UMNyJbC Mg 3alMycKa NMepecueTHOro Kackaza.
pH OTCYTCTBHH BXOJHOTO UMIYJbCA OAHA M3 JaMI OJHOBUODATO-
pa 5 otnepra, apyras 6 3anepra oTpHIATENbHBIM Hanpﬂmeﬂnew? rTxo-
CTyMaiOIHM OT BHIMpPSIMHTENs Yepe3 noteHyHomerp 9, /0. OTAp,uug-
JTIZJvIAb::%BXOHHOH HMITY/IbC HAfUPAXKeHHUs, HelCTBYA B IeENH CeTKu
amay 5. 3anHpaer ee, BLI3biBasg OMPoKUAbiBaHHE. Dosbuwas cko-
EOCT H(zlnpoxunbmaﬂun (kpyToit (poHT) obecneyuBaeTcss MajbiMH
OAAHHBIMH BPEMEHH MEXKIAYKacKalHBiX CBfi3ell (HENMOCpencTBEeH-
Hag CBA3b C aHONa JIaMMNbl 6 Ha CEeTKY JlaMIIbl & W MaJag
KoHpencatopa 11 —- 30 mxmxeh). eHroey
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BuLixoHOe HampsXKeHHe OAHOBHOpaTOpa mosyyaercd  Ha KaTom-
HOM COTpOTUBJIEHHH /2 MpU KaXKIOM OTMHpAHHH Aamnu 6. [Monyya-
folMecss UMIYJbCH HaNPAXKEHUSA nudepeHIHpYIOTCS 1LENbIO 7,8 u
OCTYNA0T Ha BXOL TEPBOro nmepecyeTHOro Kackaja. [lepecyeTHBIE
kackanbi Ha gamnax 13, 14, 15, 16, 17, 18 BHIO/THEHDI 10 CXEME, OfTH-
canHo#i B pasnene «[lepecyeTHbie CXeMbi», H pearupyioT TOJNbKO Ha
OJ10IKHTENbHbE BXOLHbBIE UMIYJAbChl. [To3TOMY nepBbifl Kackaji cpa-
GaTbiBaeT OT NMepenHero GppuHTa HMOYJbCA OIHOBHGpaTOpa, KOTOPbIH
nocie nuddepeHlpoBaHus co3fiaer MoJoKHTedbHbill uMnyJbc. Ile-
pecueTHBIE KacKajbl TaKkKe CBA3aHBl MKy coboit AuddepeHIHpYIO-
wiME nensimu (Hanpumep, 19, 20). TlosToMy Kax bl TakoH Kackan
cpabaTbiBaeT TOJIbKO B TOM CJlyuae, Korna Ha aHoje NpaBoil NOJMOBU-
HLi JaMObl NpeAbayLIero Kackaaa HanpsKeHue BO3pacraer, T. €.
Korja 3Ta MOJIOBHHA 3aNUpaeTcs.

Bee Kackaibi NPHBOASATCA B HCXOnHOE TOJIONKEHHE HaXKaTHeM
KHOTKH 28 «c6poc». [1pu 3T0M BO BCEX JEBBIX noJioBHHAX JaMIn co-
MpOTHBJ/IEHHE YTEUKH CeTKH (24, 25, 26 w T. ) oOTCOGIUHAETCA OT
semuy. Cusia TOKa yepe3 COMpOTHBJeHHE CBI3H (27, 28, 29 w 1. 1.),
a TakKe NajeHue HanpsKeHHs Ha HeM yMeHblaercsl. B pesyJsbrare
HanpsiXKeHle Ha ceTKax JeBbiX MOJIOBHH JaMIl IOBbILLIAETCS] HACTOMb-
Ko, YTO 3TH [TOJIOBHHBI OTMHPAIOTCA, a MpaBble NOJIOBHIIbl 3aNHpaloT-
cst. TIpu neficTBHY Ha BXOJLe NepBOro Kackaia (conpornBIeHue 7)
OJMOKHTELHOr0 WMIYJAbCa HAMpsiXKEeHUs: MPOHCXOAuT ONpOKKbIBA-
HHe, paBasl [IOJOBIHB JaMIbl OTAHpaeTCA i €€ AHOJHO®e HaNpsizKee
noHuzKaeTcsl. B 9TOM csyuae Ha BX0L BTOPOro KacKkaid (copoTnB-
Jenue 20) nocrtynaer uepes dbdepeHunpyioulylo nenn 19,20 otpu-
[aTebHblI HMIYJbc HanpsKeHnHsd, Ha KOTOpLIfi BTOPOIl kKacKal HeE
pearnpyet. [Tpu xeficranm lia nepsblii Kackail BTOPOro BXOANOTO Mo
JOKITCABHOrO HMNYV.IbCA HATIPSAAKEHHS aiotbll noTemmans npasoil
O10BIIB] J1aMIbl NOBLICHTCS (Tax Kax oha offTh sanpercs) H na
BXNI1 BTOPOTD Kackala 4epes nidheperunpyIoULy 0 UL NOCTYIHT
NOS A KITOARILHT HMITY 1S, KOTOPbIH 8BI30BET €10 ONpOKIInIBAIC.
Taxiy 00pa3oM, A9 OTpOKHILIBaHUs BTOPOTC Kackuala Tpelyercs
ABa BXOIHLIX HMMyJbCa, a 114 ABYX'ero ONpOKHIbLIBAHHH, T. e. sl
cpabaTLIBAHMS TPETLCIO KacKkana, 92 — 4 pxoinbix mdnyabca. ad
AByX cpabaTthiRaHWi /1 KACKATOB (1. e. p7si NOJAYYEHIS Ha X BHIXOIC
MO0 HTeNLHOT0 HMNYJIbca) TpeGyeTes 27 uMIyibCOB HA BXOJE.

Uyco KacKasioB, HCMOAb3yeMbIX Jis Nepecuera, MOWHO pery il
pOBATh TPEXITaTHLIM NepexaiouareseM, KOTOpLiM NpHEOeTIHAIOT
X ceTKe Jamnbl 30 BHIXOJ WIECTOrO, UeTBePTOro Hid BTOPOrO Kackd-
nos (B mogomennn 4,38 u 2 COOTBETCTBENN0), MO0 HENoCpelcTBeHlo
BBIXOJ O1HOBHOpaTopa (B NOJNONKEHHH /). B 3aBucumMoCTH OT N0OJO-
JKenusl epex/iouaTes YHCI0 HMNYJ/IbCOB Je/IHTCH COOTBETCTBEHHO
wa 64, 16,4 u 1. B nsToM 01 0XKeHHH NePCRIIOHATCId («npoBepKa»)
KO BXOAy mpHGopa NMpHCOENUHseTCs TOUuKa a HaxaabHol  0O6NMOTKY
TpancdopMaTopa i Npubop HaUWHAGT pPCrUCTPHPOBATDL KoJsieGanus
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CETEBOro HANPAXKEHUuA. DTO Mo3BoJseT TTPOBEPUTL MPABHJILHOCTL pa-
GoTel npubopa. [pu HOpMadbLHON pabore oOH jpomKen PerucTpH po-
Batb 50 UMNyJbcoB B cexyHny win 3000 uMNyabcos B MHHYTY. B no-
JTOKEHHH «TIPOBEPKa» WUCTOJL3yIoTesl 6 mepecueTHbIX Kackanos, 110-
STOMY NOKa3aHUSI MEXaHHYECKOrO CYETYUKZ HYXKHO YMHOXHUTL Ha 64.

JLA5 oMy YeHHs POMeKyTOUHBX 3HAYCHHI YHCea UMTIYJIbCOB UC-
NOML3YIOTCSl  HEOHOBbIE JaMIbl. ¥  Kakiaofi HeOHOBO JIaMIIbi
ONHH 3JIeKTPOM TIpUCOenHHeH K UCTOYHUKY THUTaHMs, apyrofi —
K aHONY NMpaBOW MOJOBUHBL J1aMIIbI COOTBETCTBYIOLLEr0 NePeCYeTHOTO
Kackana. [1pu oTnHpaHuu npaBoil mosoBMHL JIAMITH NOTeHIHaJ aHO-
A2 NOHUIKaeTCs, a HaNpsiKeHHe Ha HEOHOBOH JaMIe MOBHLIIIAETCA U
OHa 3aXKuraeTcs. ITO MPOHCXONUT B KaK oM Kackane Npu mepsoM
ONPOKUILBAHUH, YTO COOTBETCTBYET: /15l NEPBOro KacKaga — nepso-
My UMNyJbCy Ha BXone 6Joka BCIT, nng BTOPOro — BTOpOMY, 18
TPeTbero — 4eTsepToMy U 1. 1. [103TOMy BO3/e HEOHOBHIX Jamm Ha
NaHe/¥ NpubOpa BHIPaBUPOBAHBI widput 1, 2, 4, 8, 16 u 32 coor-
BETCTBEHHO.

Brixonnast yactb mpu6opa cocrout us ONHOBUOPATOpa U yCUJIHTe-
JI1 Ha 1BOWHBIX Tpuonax 30 u 8/ tuna 6H7. OnuosuGpatop npenuas-
HaueH /13 yBeJIHYeHUsl LIUTEbHOCTH UMIYJILCOB 10 3—5 MHJLTHCe-
KYHI, 4TO HEOOXONUMO 1Sl cpaBaThiBaHus MeXaHHYeCKOro cueTyuKa,
[TpaBasi nonoBuHa Tpuoaa 30 3anepra HanpsizKeHueM, NocTynalomuM
OT BLIIPSIMHTeJsI Yepe3 nmoTeHUHoMeTp 32, 33, Jepas MOJIOBHHA OT-
Nepta. OnHa M3 cBA3el OCYLLeCTBJIsSIeTCS  Yepes KOH/leHcaTop 34,
Apyras — uepes ofiiee KaTOMHOe CONDOTUBJEHHE 35, Korna na cerky
NPaBoil MOJIOBHHB AelCcTBYeT OTpHLATENbHBIH  UMNyJbe (¢ JeBoro
anona OHOH U3 JaMN NepecueTHwX KacKalloB), aHOMbIH TOK yMeHb-
LHAeTCsA W NPOHCXOTIUT ONpOKHUIbBAHHE — JleBas TOJOBHHA 3anupaet-
¢, a npasas oTnipaerca. Tak Kak cONpoOTUBJeHUe NpaBod aHOHOMH
el O4eHb Malo, TO NPU OTMUpPAHHK NPABOH NOMOBNHL, JlaMIbl ye-
pe3 KaTo1HOe COTDOTUBJISHHe npoTeKaer 3HAYHTe IbHbIH TOK, Co31alo-
uiti GOJbLIOE HATIPSKCHUE CMeULCH s, IT0 HanpsKenje JaciicTayer
Ha o0e ceTKH aaMnLy, HO 34DHpPACT TOMBKO JIeBYIO NOMOBHIY, Tax Kax
Hd DIpaBoif ceTKe eCTb elle NOAOKNTENbHOE HanpsixkeHHe 3a cueT 3a-
PsIHOTO TOKa KoHMeHcaTopa 84. MeficTBuTesbHo, NpH  3amMpaHuu
JICBOH NOJIOBHHBI JIaM bl aHOAHLIH NOTeHIag BO3pacTaeT H BO3HH-
Kaer 3apsnHbi TOK Yepe3 KoHmeHcaTop 84 conpotupaenue 36, wua
KOTOpOM Co031aeTcsl NOJOKHTENLHOe CeTOUHOe nanpskenne. [To mepe
Zapslia KOHZeHCATOPA NOTeHIHA NPaBOil CeTKH YMeHbIUNTCS U 1ina-
Basl lamna sanpercs. I1pH 3ToM ymesbmHTCs KaTonnoe HallpsKeHue
CMEUICHHST H JICBAS NOJIOBHHA OTONPeTCs.  JLAuTeqbHOCTD HMNYJabCa
TOKa B s1eB0# anoiHO# Ienn onpenessieTcss NOCTOSIHHO BpeMenu le-
M cBsizn 34, 36. C sieBoro anona sTor HMIIV/ILC HATpsKeHHst NOCTy-
fTaeT Ha COeNNHeHIble BMeCTe CeTKH siaMnbi 3/. B 3Tofi samne coeau-
HeHH TakxKe ¥ aHonwi. Jlamna 31 cayxur YCUJUTE/IEM; B ee anonHyIo
UCHb BKIIOYEH MeXaHuueCKu# cUetyuk. JlaMmna 3anepra  HanpsiKe-
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i eTKH
HUEM OT TOro XKe TmoTeHlHomerpa 32, 33. Tlpu nezcg?‘g::pal;l‘ccﬂ i
Jibca HanpAXKeHHd OH
JIAMIIBI TIOJIOKHTEJILHOTO H