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MPEAUCNOBHE PEZAKTOPA

K comxaneHuto, MHe He [0BEJOCH JUYHO MO3ZHAKOMHUTH-
¢ ¢ asropoM KHuru «bBecegst mo ¢usuxke» Muxan-
aom HpanoBuuem BaynoseM. OmHako coBceM HeTpPyIHO
OPeIcTaBUTh ero cebe Kak oueHb MHTEPECHOr0 4ejIOBeKa,
BawbaeHHoro B ¢uauky M mpekpacHo 3Hawixero ee. 06
3TOM rOBOPAT TPM KHUI'H ero 3aMeuareasHbX «Becex mo
¢n3uke». OHU HanmHcaHBl ¢ TIYOOKMM NOHHMAaHHeM JeJa,
¢ MHOKECTBOM WHTepeCcHBIX (PU3MYECKHX M TeXHHYECKHX
OpPHMEpOB, 3aHUMATEJbHO W OTJIWYHBIM siasikoM. OTGop
H XapakTep 3TOr0 MaTepHajla COOTBETCTBYKOT YPOBHK paa-
BUTHSA M caMOMy IyXxy coBpemeHHo#l ¢usuxu. [loatomy
st GBI O4eHBb paj peieHUI0 usgateabcTBa «lIpocBemenuer
OCYLIECTBUTH HOBOe, TpeThe H3fjaHue «Beceq mo duauke»
U C YOOBOJBLCTBHEM HPHHSI HPEAJiOKeHHe OBITh THTYJIb-
HBIM PeJaKTOPOM 3TOH KHUIH.

Co BpeMeHM BTOPOTrO H3JaHWs HPOILIO OKOJO JECSTH
Jet. EcrecTBeHHO, uTO 32 3TO BpeMs TeXHHKAa CHAEJAJA
3HAYMTEJNbHH IIar Boepen, CTPEMUTENHHO Pa3BHBAIOIIHUE-
ca ¢nsuveckne HayKuW AOCTUIJIH HOBHIX ycnexoB. Bce arto
HeJb3si ObLIO He YJYHTHIBATH IPH MNOATOTOBKE K MNEYaTH
HOBOrO M3JaHHUSA.

B HacTosImeM M3JaHHM cOXPaHeHa NPEIKHAA CTPYLRTY-
pa KHHUTH, OCTaBJI€HE B HENPUKOCHOBEHHOCTH BCe€ aBTOp-
CKHe 3aMeYaHMsi M PacCyKAEHUsS «JIMYHOTO MJIAHA», ero
obpamenns K ucropun ¢usuku u TexHuxkun. Bmecre ¢
TeM HOPUIILIOCH OOHOBUTH NPUMeEpPH, AATh HOMOJHHUTENb-
Hble DPAa3BACHEHWS HEKOTOPHX BOHPOCOB, TPYAHBIX HJH
HIKOJIBHUKOB, YIYYIIMTE W CHEAaTh KPACOYHBIM HILIIOCTpPa-
THBHHIA MaTepHall, a TaKMe MOMHOJHUTh KHUTry HOBOH HH-
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dopmanueii, oTpaskamomeil nocjlefjHue JOCTHKEHNA HAYKH
n Texuunku. B cBa3m ¢ atuM B mepBylo uacTh «bBecex mo
¢usuKe» GBI BKIIOYEH MaTepHaJ, NOCBAINEHHBIA ycmexam
B KOcMoce, JOCTUTHYTHIM B nociaegHue rofsl. Bo Bropoii
YacTH MBI COYJM HEODXOOMMEIM HaNUCAaTh 3aHOBO Oeceny
o nasepax («/leficTBUTENbHOCTb, MpeBOCXOAfAINasn daHTa-
31I0»), OTPa3uB B HeHl COBpEMEHHOE NMOHUMaHUe (UIUKHU
[poueccoB, NPoOUCXOAAINKuX B Jasepax. Hpome Ttoro, Ovutn
HaNUCaHEl YeTHIpe HOBHIE Decelbl: O MpUMEHEHUAX Jasze-
poB B coBpeMeHHOM mnpousBoicTse («Jlazeprl oGpabaThi-
BalOT MaTepuansl»), 00 onTudeckoi roxorpaduu («Morx-
HO JIM 3aMOpPO3UTH CBETOBYIO BOJHY?»), OO0 OTKPHITHH
HETpPOHA KaK pelIaIeM 3Tane B Ppa3BUTUH ANEPHOH
¢unankn u texHuku («Hak Ovl1 OTKPHIT HEeHATPOH»), ©
HOBEHIIHX ROCTHHEHHAX B (PH3HKe JIeMEHTapPHHX YacTHI
(«Hpatkas ucropnss ¢U3HKH DJeMEHTAPHHIX YaCTHI(» ).
XoueTcss HamesATbCcH, UYTO HOBHE Oecedbl OpPraHHYECKH
BOMAYT B TKAHb KHUTH, NOJE3HHIM 00pa3oM NONOJHAT ee,
caenas kuury Gosnee coBpemenHo#i. EcTecTBeHHO, 4UTO MBI
CTpeMUJKCh B MaKCHMAJLHOH CTeNeHU COXPAHUTH B HO-
NOJIHUTEJbHLIX Oecefax cTWHJb aBTOpa M XoTeau Onl pac-
CMAaTPHBAaTh HX KAK CKPOMHYI0 [JaHb CBeTJIOH NAMATH
HPEKPACHOr0 YUYNTEJNs W MONYNsIpU3aTopa (PU3UKU.

J. B. TAPACOB



KOPOTKOE 3AMbIKAHUE!

Beuep. IIpuaTHO OTHOXHYTH NHocjae TpyaoBoro AHA. Bcesa ceMmbs
goma. MsArkui cBeT MaTOBOH JIEKTPHUYECKOH JAMIIK OCBEINaeT CTOJI,
OCTaBAAA B TeHH OOCTAHOBKY KOMHATHI.

Brapyr Bce morpy:kaercsd B TEMHOTY.

— Hy Bot, atoro eme HemoctaBano! KopoTkoe zammkanue! 3ro,
BepHo, Wrops co cBoumMu omnbiTamu! — pasgaloTCs BOCKJIULAHUA
CHOAINMX 32 CTOJIOM, M, KOrfa H3 COCeIHeHl KOMHATHI C 3a)KKEeHHOH
CBevyKoil B pyke mosBiaseTcA cMymeHHulii Urops, Bce HabpachiBalOTCA
Ha HEro ¢ ymnpexammu.

— BeuHo TH 4TO-HUOYAbL HATBOPHIIL!

— Ilonymaemb! Cefiuac MOCTaBJI0 HOBYW MpPOOKYy,— MBITAETCH
oTpasuTh Hanagenue Mropb m mpoxomuT B mepeaHION, rie YCTAHOB-
JeH TNpPeOXPAHUTEJbHBIA MUTOK. HeckoJbko MHHYT OH BO3UTCH
C YCTAHOBKOW JECTHUIB!, CMEHSET MeperopeBHIHH NPeJoXpaHUTeNb.
B KomHaTe CHOBa BCIIBIXMBAeT CBeT, W, NOBOJAbHBIH, HAaIl MOHBIH
3JIEKTPOTEXHHK BO3BpalaeTcs K cefe B KOMHATY K IpepBaHHEIM 3a-
HatusaM. «Bce ke Hamo 6Gyder mocraBUTh Meped paGoYMM CTOJOM
MaJeHbKHHA paclpeneanTeNbHui UT»,— AymaeT HMrops.

Ha pucynxe {1 uszofpaceH wWMT, KOTOPHIH HEOGXOAUMO CMOHTHPO-
BAaTb M BaM, €CJH Bhl IIOKEJAeT€ INPOREJNHBATH ONBITHI C JIEKTPU-
YeCKHM TOKOM OT CeTH W He XOTHTe [OABEpraTh cedsS M BCIO CEMBIO
HENPHATHOCTSM, CBSI3aHHHIM C KODOTKMM 3aMBIKAHHEM.

Ho 4t0 Takoe kopoTkoe 3aMbIKaHue?

Cuyia ToKa, BOZHMKAKWIIETO NPH BKJIYEHHH B C€Th KaKOTO-HUOYIb
npuGopa, 3aBUCHT OT ABYX HPHYHH: OT HANPHMKEHNSA B CETH W CO-

U .
NPOTHBNEHMA npuGopa: /=- . OITO 3HAMEHMTHIH 3aKOH Oma.

Ecau HanpsixkeHnme B ceTH, B KOTOPYKW BKJIOYAETCA JJIEKTPHYECKAS
HacToJabHasg Jamia, 220 B, a couporusaenue namnm 880 Om, To us
saxoHa Oma jerko ompegenuTn cuiay toka. Oua Gyger pasHa:

220 B _
1=m—0,25 A.
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Bo BCAKOU JNIeKTpUYECKOH CETH €CTh HECKOJbKO NpefoXpaHsIo-
mux npucnocobiaennii. UHorna mepesiil npegoxpaHuTe]b BMOHTHDPO-
BaH B po3eTrry. /lajee, npH BXofe B KBapTHPY YCTAHABJINBaeTCH
npegoXpaHUTeNbHHIH WuTOK (puc: 3), a Ha cToaGe meped HOMOM
(ecam y Bac BO3AYIIHasA NPOBOAKA) WJIHM B NOABAJBLHOM [OMEINEHNH,
Kyda BBOJUTCA TOK 4Yepe3 Mog3eMHHIl Kabeab, yCTaHaBJIMBAIOTCH
obuue naaBkue npegoxpanutenn (puc. 4). Bam gocTyneH riaBHBIM
06pa3oM TONILKO INUTOK, I'le Ha OHpedelieHHYIO Tpynmy JaMn ycTa-
HaBJIMBAIOTCH JIETKOMJABKMe NpeXOXpaHUTEJNbHEIE NPOOKU, paccuu-
TaHHBIE OGBIYHO HAa CHUJY ToKa 6 A (HoMMHaldbHas cuaa Toka). [lo-
oycTuMa He(OoJbIIAsg Neperpyska cBepX OTOH HOPMBI, HO TOJBKO
KpaTKOBpeMeHHas.

Karezopuuecku szanpewjaerca ycranasauedrb 6MecTO nepezopes-
wux crandapTublr npo6ok camodesvhble, 8 KOTOPHLX nepezopesuias
A€2KONAABKAS NDOBOAOYKEQ 3AMEHEHA HUAKOU U3 34eKTpUXECcKoz0
whypa uau, eupe xyxe, 6osee ToACTOU NPOBOAOKOU.

Tako#t wKy4ok» ye He MABIAETCA NpPEeAOXPAHHUTE]NEM, H, NO-
cTaBUB cefe TaKyl0 caMoOIeJbHYI0 HpoOKYy, BHl GoJibIieé He rapaHTH-
poBaHBL OT BCeX OMACHOCTeH, CBA3AHHBIX C KOPOTKMM 3aMLIKaHHUEM.

B HacTrosiee BpeMs B Mara3uHax JEKTPOnpuGopoB MOKHO
KYNUTbh aBTOMATHUYECKHE BHIKJIIOUATENH TOKA MHOTOKPATHOTO HCHOJIb-
sopafuss. OCHOBHOH 3JeMEHT 3THX YCTPOiCTB — OMMeTajIMuYecKas
NJAacTHHKA, COCTABJeHHAs W3 ABYX HAJOKeHHHIX APYr Ha Apyra
CKpenJeHHHX MeXAy co0oll MeTa/uIMUYeCKHX MJACTHHOK € pasjiui-
HBIMH TeMNepaTypHHIMA k03P uINeHTaMU JIMHEeHHOro paclinpeHus.
OO6LIYHO MCHOJB3YIOT JATYHb U jkelde30. IIpnm HarpeBaHMM MJIACTHH-
Ka [OJ;KHA M30rHYThCA B CTOPOHY »ejesa (puc. 5). ITO CBOWCTBO
HCTOJB3YeTCH B PAa3JMYHHIX ABTOMAaTHUYECKMX YCTpolcTBax — Temo-
BLIX peJie, OrpaHHYMUTENAX TOKA, aBTOMAaTHYECKUX MNpeROXPaHUTENAX
Ha KBaptupHoM mUTKe. CTONT TONBLKO MJacTHHKEe HArpeTbes M H30-
rHyTbCA NpH NPOXOKAEHHWU Yepe3 MPeAOXpaHUTENb CHAUINKOM 6oJb-
IIOr0 TOKA, KAK IeNb Pa3MBIKAeTCs.

Hu B koem ciyuae Henb3ds npeHeOperaTh HpPaBIJIOM TeXHUKH
6esomacHOCTH: 6ce paboTbl, CBA3AHHbIE C MOHTANCOM U DEMOHTOM
24eKTPUHECKOl ceTu, npou3soduTs npu NOAHOM CHATUL HAnpIXce-
nus. OHEIM 27eKTpPOTeXHHUKAM He JUINHe OyAeT y3HaTh HEKOTOphIe
noApoGHOCTH, Kacalouyecs ONACHOCTH, KOTOPYK MOKeT NpPeAcTaB-
JNATH NIEKTPHUUECKHH TOK. YiKe HepBbie MCCJIEI0BaTeNd dJIEKTPHYECT-
Ba MCHLITAAU Ha ce(e HENpUATHBIE ONUIYIIeHUA, KOrJa Yepes UX Tello
npoxogus ajeKTpuueckuit Tok. [oananpckuii mpogeccop Mymen-
6pyx B nucome Kk Peomiopy B 1746 r. Tak onmchiBaj ONHITHE C Jei-
geHcKoil GaHKoil: «Xoduy cOOGINMTL BaM HOBHI M CTpPaHHBIA OMMIT,
KOTOPHIl COBETYI0 HMKAK He MOBTOpATH. fl genan HexoTopele uccie-
JOBAaHUA HAJ JJEeKTPHYECKOH CHJIOH M [JJA 3TOiHl Ielu HOBECHJ Ha
ABYX IDHypax U3 rojy0oro INeJKa jKeje3HbIl CTBOJ, NOJy4aBinui,
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cKHii cayuaii, Kor/ia B OfHOH ceMbe MaTh ocTaBujaa (e3 HpUCMOTpa
BKJIIOYE€HHBIM B PO3ETKY LIHYP OT 3JeKTpH4ecKoro yrtiora. Mrpasmimii
Ha moJy MajleHbKHH peGeHOK mofobpancs K CBHCABiIeMY 10 WOayY
WHYPY W 3aCYHYJ NaJIbYMKHA B LITEINCEJbHBIE THE3/a, CHATHIE ¢ KOH-
TaKTOB yTiora. B TOT ke MHUr OH ynaj MepTBBLIM.

CunTaor, 4TO 3JEKTPUYECKUI TOK BbI3BIBAET Mapajuy cepiaua.
O6BI1uHO CMepTh HACTYMaeT TOr[a, KOTAA CHJA TOKAa, MPOXOJAINEro
uyepe3 uesnoBeueckoe teno, gocruraer 0,05—0,1 A. Uurepecno, uto
CHJIA TOKA HMEHHO B 3THX TPAHHLAX NPEACTABIAET HAKGOJAbINYIO
omacHocTh Auasl vemoBexa. llpu cuie Ttoka, snaumrtennno Goabuied
0,1 A, cMepTh He HACTYNAeT, HO BO3MOMHBI TseJble oxorun. B au-
TepaType ONMMCAHbLI CJIYYaH, KOTJA BO BpeMsl KAa3HHU HA «3jIeKTpuie-
CKOM CTyjle» CMJIbHbIH TOK He AaBax cpasy :kenaeMmoro sddexra
U 4YenoBeK OYKBaJIbHO HAYHHAN TOpeTh, MpemAe 4YeM HacTynala
CMepTb.

Cuna Toka, KaKk H3BecTHo U3 3akoHa OMa, 3aBUCHUT OT HAMpsNKe-
HHUsA, NPUIOKEHHOTO K NPOBOSHHMKY, M ero comporusnenus. Compo-
THBJIEHHE YeJIOBEYeCKOro Tejla He Bcerja OIMHAKOBO U 3aBHCHT OT
MHOrux npuvuH. Ecan koska Ha pykax sarpy6Genas, saMacieHHasl, TO
KOHTAKT € TOKOHECYIIMMH MPOBOJAMM WJIH YacTAMH MauiMH Gyger
nyoxoil. Meay Koeldl uM MeTaJlJIOM OKaKeTcA CJION H30JALUHH C
BBICOKMM conporuBienueM. HaoBopor, uncteie u ocobenno Mokpbie
PYKH CO3JARYT OYEeHb XOPOLIKH KOHTAKT.

Crneayer HOMHHTB, YTO ONACHOCTH MOACTEpEraeT HAC HE TOJbKO
TOrJa, Korja MBI KacaeMcs o00HX MOABOAAINMX TOK poBofos. Opxo-
NOJIIOCHOE NPHKOCHOBEHHE TAKKe OMACHO, €CJH 4YeJIOBEK CTOUT, Ha-
npuMep, Ha BiaakHOH 3emie Oocoil. Texnuka GesomacHocTH 06A3BI-
BaeT HA BceX MPOMBINUIEHHBIX 3JIEKTPHYECKUX YCTAHOBKAX 3a3eMJIATH
JOCTYNHBIE YacTH MamiuH u npubopoB. B 3sTtoMm ciyuae Her pasHOCTH
NOTEeHIUaJI0OB (HANPKEHUsI) MEKAY YeJOBEKOM, CTOSIIMM Ha 3eMJe,
H MeTaJlJIOM, COeJHHEHHBIM ¢ 3eMJiell, MOITOMY OHACHOCTh MOpaie-
HUS yCTpaHeHa.

Cka3aHHOE [aJieKO He HCYepUbLIBAET BCEX BO3MOMSHBIX OMACHBIX
clyuaeB MopaKeHus 3IeKTpuueckum TokoMm. Ciepgyer cpenarb emje
OoHO 3aMeuaHue. BCTpevyawTCs ciyyau M3JHIIHErO «JIKXAa4YecTBay».
«OnbITHEIEY  3JEKTPOTeXHHUKH upeHebpeskutensHo rosopar: «Hy
yTo TaM, Kakue-uubyap 120 uan 220 B!» Onacuas m HeyMHasa caMo-
ysepeutocth! IlpaBaa, Habawojanuch caydau, Korja JIOAd, Npu OfH-
HAKOBHIX YCJOBUAX MOJYdYaBIIME KPATKOBpEMEHHBIE 3JJEeKTPUYECKHe
NMOPaMeHHs, HePEeHOCHIH HUX MO-pAa3HOMY: OAHH MTHOBEHHO yMHpaJH,
Apyrue octaBajuch KuTb. OKasplBaeTCA, YTO HA MCXOJ BJHAET emie
U TO, B KAKOl MOMEHT CEpAeYHOro NUKJIa (COKpalleHHe, paclimpeHue,
maysa) JelcTByeT 3JIeKTpHYeCKUH yfap Ha cepjue.

He caengyer, ofHAaKO, [AeJaTh HeNPaBUJbHBIX BBEIBOJOB K3 Hailleil
Gecegsl. OHAa HaMMCaHA HE [JA TOTO, YTOOBl 3aMyraTh HAYKWHAIOLIMX
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paborath ¢ saexTpuyecTBoM. HoMuuno GuiBaeT BUeTh, KaK Ha mep-
BbIX IPAKTHYECKHX YPOKax IO 3JIEKTPUYECTBY Kakasg-HUOyab pobkas
AeBouKka GouTCA JOTPOHYThCA MO KJIEMM 4YeTHIPEXBOJBLTHOU aKKyMy-
aATopHoil Oarapenm u obpamjaeTci ¢ BONMPOCOM K PYKOBOJUTENIO:
«A on He yGrer?» OGpamieHHe cO BceMH HCTOYHMKAMH TOKA TNIpH
HanpsxeHnu MeHbuie 12 B GesomacHo M He BHI3OBET IPH KOHTaKTe
HUKAKHUX HeNPHUATHBIX OLIYI{eHUH.

KAK bblJ1 OTKPbIT 2JIEKTPOH

Urops rotosutcsi K Aoknany Ha ¢usuueckom kpyxke. Tema no-
Kknaga: «Hak GBI OTKPHIT 2J€KTPOHY.

«CymecTBOBaHMe MeJbYAHINX YACTHI, MMEIOI{HX HAUMEHBIHI
3NEeKTPUUYECKUI 3apsd, GbLI0 [OKA3aHO MHOTMMM ONBITAMH» ,— YHUTa-
et Uropr B yyeGHOM mocobuu. 3aTeM OH BHHMATEJBHO IPOYMTHIBAET
TOT maparpad KHMIH, rie onmHcHBaioTcesa ounithi Modde u Munauke-
Ha, OpHUBeJLINEe K OTKPHTHIO 3apAKEHHOW dYacTHNH, MMeEoIel ca-
MBI MaJleHbKMH 3JeKTPUYECKHH 3apsAd. JTa yacTuna Gbijga Ha3BaHA
3JIEKTPOHOM,

3akmounrensHHi aG3an maparpaga Hrops mepenmchisaer B Ter-
paap: «JJIEeKTPHYECKUH 3apAR — OAHO M3 OCHOBHHIX CBOWCTB 3JIEKT-
poHa. Heab3ss npegctaBuTh, YTO JTOT 3apAN MOMKHO «CHATbL» ¢
3JIEKTPOHA, OHH HEOTAEJHUMH JAPYr OT [pyra. JJIeKTPOH — YacTHIa
¢ HAaMMEHBUIMM OTPHUATEJBHHM 3apsgoM». Tenepn eMmy sAcmo, uTo
3apAA He CYIeCTBYeT OTAEJNbHO OT YacTHNbL. 3apsj HEOTHENUM OT
3JEKTPOHA, 3TO CBOMCTBO YacTHIH BeleCcTBa, KaK Macca 3TOH yacTH-
IB, KOTOPYIO TOMKE€ HEJb3f Y Hee OTHATE.

Macca anexrpona m=9,1 « 10~ «r.
3apan anextpona e=1,6-10""° Ku.

Ilepenoc 3apsina — 3TO Hepexox 3JEKTPOHOB ¢ ORHOTO Tejda Ha
Apyroe.

YToGel cmesaTh DpeAcTaBieHHE O 3apsfe 3jeKTpoHa Gosee Ha-
[JSIAHEBIM, OTMETHM, YTO KOTJa B NPOBOAHUKe CHJA TOKa paBHa 1 A,
T. e. B 1 ¢ no mpoBoguuky nepenocutcsa 1 Ka smexktpuyecTma, T0 310
o3Hauaer, 4to B 1 ¢ npoxogut 6,288 - 10'® anexrponos. Yepes nammnouy-
Ky MomiHocteio 60 Br npu Hanpspkenun 120 B B cekynay mpoxomut
3 144 000 000 000 000 000 s;exTpoHOB! 3TO OrpoOMHOE YHCIO, KOTOpOE
HEBO3MOKHO HATJATHO NPEACTABUTD.

HeBonbHO BO3HMKaeT BOIPOC, HACKOJIBKO MOKHO ROBEPATH MPU-
BeAeHHEIM yHcjaaM. UTo 3TO — cMejoe npefqnoJioMKeHHe WU Pesylib-
tar AelicTBuTeabHBIX u3Mepenuii? Ecau usmepenuii, 10 KeM, KO-
raa M Kak 3TH namepenus npoeemenbl. 06 atom MbI ceiluac M pac-
CKaMeM.
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Hauvamo wucropum 3J€KTPOHA OTHOCHUTCA KO BTOPOd NOJOBHHE
XIX B., korga anrmuiickuii ¢usur Dapageil ycTaHOBU 3aKOH JJIEKT-
ponu3a. BeposaTHo, Hamm yuTaTesu MHOro ciasimanu o6 ofHOW u3
caMbIX POMAaHTHYEeCKuXx Ouorpauili B MCTOPUM HAyKH, KU3HEOMHCA-
Hun (Dapanesa, KOTOPHH W3 MajbYUKa — PAa3HOCYMKA Tas3eT, MMOTOM
yYeHHKA [epelieTYMKa KHHUT NPEeBPATHJICA B KPYIHOr0 Y4e€HOro.
B ognoit wma Geceny MBI pacckamem 00 3ToM mnoppoOHee, a ceiyac
OrpaHMYMMCA JHINL ynoMUHaHueM o0 otkpeiTun PDapajgeem 3aKoHa
3JIeKTPOaH3a, KOTOPOe TECHO CBA33aHO ¢ MCTOPHEH 3JIeKTpPOHA.

PaanokeHue XxMMHYECKUX COEIHHEHWI IMOJ AEHCTBHEM 3JIeKTpH-
yecKoro Toka Obiio uspectHo eme a0 Papagesa. Hanpumep, ero yun-
tesem [I9Bu OBinO [JOKas3aHo, YTO BOjIA IOfi AEHCTBHEM 3SJEKTpHYe-
CKOr0 TOKa paajaraeTcsi Ha BOJOPOJ M KHCJIOPOJ; pPa3joKeHHeM
ruipoKcuia Hatpus J[[3BM yJgajoch HOJyYHTh METANd HATpuii, H3
TUIPOKCUIA KanusA — Kajaui, u3 GOpHOIl KUCJOTH OHJ BuiedeH Gop.
(apageil uccaemoBall KOJAUYECTBEHHYI cTopoHy mpomecca. Camo
CIOBO «3JIEKTPOJIM3» BBEJEHO WM, TAK K€ KaK U TEPMHHEBI «JJIEKT-
POJIMTHI» [J1A PacTBOPOB KHUCIOT, CONEH, Iejo4ed W OCHOBAHHII,
«3JEKTPOABI» [JA MOJNIOCOB, MOJABONAIUX TOK K MHIKOCTH, «HOHbLI»
JJS 4acTHL, HAa KOTOpPHIE pachajaercs PacTBOpPeHHOe BeIlecTBO. 3a-
MEeTHM, YTO CJOBO «HOH» IpevyecKoe, B MEpeBoje HA PYCCKHU A3BIK
03HAYaeT «MYyTHUK», «CTPAHHUK».

Pacnag 3JeKTpOIMTOB Ha MOHK — 3JIEKTPOJUTHYECKAHd AUCCOIU-
anus — BHI3HIBAETCA HE 3JJIEKTPHYECKUM TOKOM, a TeM, 4YTO Boja
o6aamaer cBoiictBOM B 81 pas 0clabaATh NpUTHKEHHE MEMAY HOHA-
MH B KPUCTA/UIMYECKOU pelleTKe XUMHYECKHX COeIUuHEeHMH.

WUnrepecHufi oneiT Morau Gbl BH MPOJENaTh C JIEKTPHUYECKUM
TOKOM B 3JEKTpOJHuTe, eciH Obl BaM yaanoch pasgo0HTL HEMHOTO
pacTBopa ¢enondranensa B cnupty'. Jlo6aBbTe HECKOJBKO Kameib
3TOr0 pacTBOpa B pacTBOpP XJOpHJAa HaTpusA (MoBapeHHAsds COJb).
OmycTute B pacTBROpP 3aYHINEHHBE KOHOBI ITPOBOIOB, NPUCOEIHHEH-
HHIX K NOJI0caM (aTapeiliku ajeKTpuyeckoro gomapuka. B peayin-
TaTe 3JIEKTPOAH3a BOJM3M KAaToJa YBEJIUYMBAETCA KOHIEHTpanus
rugpokcun-uonoB. Oxpacka wuHAMKATOpAa — (eHOJAPTAIEHHA H3Me-
HjeTcA HAa MAJMHOBHIA [BET: B HEM IMOABUJACH INEJOYh, OUYEBHIHO,
rugpokcun Hatpua NaOH. OpunoBpemMenHo okoino aHOJa BHIAENAET-
cA XJop.

Hama raaBHas peab — BHACHHTH, KaK 3apojuiachk MBICIbL O
cylecTBOBaHUH 3ieKTpoHOB. COOCTBEHHO TroBOpA, Ha 3Ty MBICIH
HaTaJKUBAaeT YK€ 3aKOH JJeKTpoausa, ycraHosnennbii Papa-
JIeeM.

3aKOH 2JIeKTPOH3a (POpMYJIHPYyeTcA CiAeAyI{uM 0GpasoM:

! B mo6oii anTeke B MoneTe HpPHOBpecTH TabJeTKH WypreHa, CoOAeprrallue

deHONPTAICHH.
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Macca eewecrea, svidesusurezoca na aaekTpode 3a epems At npu
RPOTONOEHUU IAEKTPULECKO20 TOKQ, RPONOPYUOHAALHA CULE TOKA
U 8peMeHU:

m=~kIAt,

riae k — KoapunueHT NPONOPIUOHANLHOCTH, 3ABUCALIMNA OT HpPHPO-
OBl Beulecrsa.

Cnenaem cienyomuii mar B HallleM 3HAKOMCTBE ¢ HCTOpHeH OT-
KpriTHsA 3iaekrpoHa. B 1879 r. Yuasam Hpyke npoven nepen Jliongon-
ckamM HoponesckuM ofmiecTBoM poKJIajx, oszarnasinenHsii «Moaeky-
JAApHaA (pu3MKaA NIPH CUIBHBIX paspe)keHusx». B srom aoknage on
NOKazajl, 4YTO ecJu B CTEKIAHHYIO TPYOKYy BHAasATh ¢ ABYX KOHIOB
BJIEKTPOAL M U3 Hee OTKAaYaThb BO3AYX, TO B TpyGKe HA NPOTHBONO-
JIOKHOM OTPMIIATENLHOMY 3JeKTpPoAy (KaToay) KOHIEe IPH BHICOKOM
Hampsi)KeHUM BO3HHKAaeT 3eJeHOBaTOe cBeueHue ctekyna — docdopec-
nennud. Ecan monomurensHpil noioc Gyaer BnagH B JpPyroe MecTo,
TO BCe PAaBHO CBeYeHMe BO3HUKAET HA KOHIE, IIPOTUBOMOJOKHOM IO-
BEPXHOCTH KaToJa, KaK eciu GBI OT KaTofa wieJ NOTOK Jyyed mo
npAMOMY HanpasjeHHIO (karofgnbie gyun). Ilomemniaa Ha nyru kaTon-
HBIX Jyueil MeTaJNNYeCKUil DKpaH, HANpUMep B BHIE 3BE3[kl, MOKHO
NOJYYHTE TeHBL ero cpexu 3ejeHoBato-docdopecuupywomeir obaactu
TpyOkH, uTo eme 6oibIe MOATBEPIKAACT NPAMOJHHEHHOCTH PACIIpoO-
cTpaHeHWs KaTORHBIX Jyuyeill (puc. 8).

«Ham6pumx! Ha Bceit 3emiue, He ucknouas u Duopennmum, nHe
HalfieTcsA, KOHEYHO, BTOPOTO YToOJKAa, KOTOPHIH CHIrpal 6ol TaKymo
podb B ucTopuu coBpeMeHHO# Mbican. KpomBens u Muanrton, Bokon
n Baiipon, Heloton n [lapBuH — ogHux aTux umeH Guino 6w mocra-
TOYHO, YTOOBl HANMOJHUTH CJABOIl UenAnii MHP, a He OJUH TOJLKO
yHuBepcurerT... («a universe, not only university...» })». dro marteru-
YyecKoe BOCKJHWIAHWE MH 3aMMCTBOBAJIU W3 BOCIOMHHAHWI HalIero
3HAMEHHUTOro yuyeHoro, Goramumka Haumenta ApxagbeBuya Tumups-
3eBa, yYacTBOBABIIET0 B KIMOPHIKCKHX NpasgHECTBaX B YECTh CTO-
nernero wbunea co AHA poxpgennsa [lapsuna. B Ham6pumsxe pa6o-
tTag 1 oauH u3 Bequyaiimmx dusnkoB XIX cronerusa [[mosed [I»kon
ToMcOH — «TOT 4YeJOBEK, O KOTOPOM KasKAbIil Npoxoxuil 3Haer, 4ro
OH PacKoOJOJ aTOM», TAKoe OCTPOYMHOE BHICKa3eIBaHUe Gblio ony6Gau-
KOBaHO B ONHOM monyisapHoM anrauiickoM kypuage. [[x. Jlx. Tom-
COH TIATEJBHO HCCIENOBAJ KaTOgHbie JYYH.

3uameHnuTsie B uctopun ¢usuku oneitel ToMcoHAa 1O OTKIOHEHHIO
KaTOAHBIX Jyyeil B MAarHUTHOM HJIH IJEKTPHYECKOM NOJie NOKa3alH,
YTO KaTOAHBie Jy4M HPeACTaBIAIT coboll Nyyok 6GhICTpONETAIHX
MEKTPUYECKH 3apAeHHBIX yacTuu. TOMCOHY ynajoch AOKa3aThk, 9TO
sapsaj 3THX 4YacTHI TOIECTBEH dJeMEHTapHOMY 3apAay, KOTODHIA
6bin1 o6napys:xen Papageem B oneitax mo anexrponusy. Takum obpa-
30M, KaTOAHBIE JYyYd — 3TO NMOTOK 3apAKEHHHIX YACTHI — JIEKTPO-
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APEN® DNIEKTPOHOB

TOK B METANNAX

CaoBo «apeitd» B3ATO U3 MOPCKOH TEPMUHOJNOTMM OT AHTJAHIi-
ckoro drift, 4T0 03HAYaeT CHOC, OTKJIOHEHHE OT Kypca CyAHAa B MoOpe
BeTpoM HAH TeyeHHeM. OcoGeHHO MIMPOKO CTan0 M3BECTHO 3TO CJIOBO
CO BpPeMeHHW INepBOil COBETCKOH MOJAPHOH SKCHeAMIMM MallaHHHIEB
B 1937—1938 rr. 274 aus mpoBesla YeTBEpKa TrepoeB-CMeNbYaKoOB
(Hananun, Kpenkeas, Hlupmos u Pemopo) Ha nnaune, yBiIeKae-
Mol TeuenusimMH ot CemepHoro moaioca k woory mo 70-i napanmienu.

Ho npuyem tyr anexrtpount? Uro Takoe sneKTpHyecKHil TOK?

¥ K. IlaycroBckoro ectb pacckas «Ilomapok», rme mpuBoguTcs
Takod paaroBop fefa ¢ Maavunkom. «Ham, crapmiM dromsM, crmoco6-
Hee JyMaTh, YTO K YeMy HA 3eMJe MPHUTECaHO M KaKoe HMeeT 00bAc-
HeHne. Tel MHe mpo necHumyero He rosopu. JlecHMYMIT — MYKHK
xutpbiii. OH, Korga B MocKBe KW, TO, TOBOPAT, HA 3JMEKTPHYECKOM
TOKe mUI{y cebe roroBmi. Mosker 310 OGBITL MAM HeT?

— Morker,— OTBETHJI MaJAbYHK.

— Mosket, MoOKeT,— nepeJpa3HUN e€ro gef.— A Thl 3TOT 3JEKT-
puueckuii Toxk BHAan? Hak ke Tl ero BHAAJ, KOTJa OH BHIHMOCTH
HE HMeeT, BPOJe KaK BO3ZYX?»

IlpusnafitTech, He CMYTHJO JH W BAC, MOM UMTATENH, KOTJA BHI
NepBBIfl paz yc/AbIXajH B IIKOJEe WJIH NPOYUTANU B ydyeGHUKe uam-
KM, YTO 3JIEKTPHYECKMM TOKOM HA3bIBAalOT HampaBieHHOe (YNOpAHO-
4eHHOe) [BHIKeHHe 3aPA’KeHHBIX YACTHI — JJIEKTPOHOB B MeTaJJH-
YeCKMX MpOBOJAaxX, HOHOB B PacTBOpax cojieil, KHCJIOT H Iejoyei,
3JIeKTPOHOB M HOHOB B Ta30CBETHHIX TPYOGKAaX M 3JIEKTPOBAKYYMHBIX
aamnax? OcoGeHHO B MeTaj/iax; MOTOMY YTO €CJAM B KHOKOCTAX H
razax JBH;KeHHe 3apsf0B MOKHO HaGa0JaTh MO Pa3iMYHBLIM CBETO-
BbIM 3ddexraM, TO ABHIKEHHE BHYTPH METAJUIMYECKHX IIPOBOOB
0CTaeTCs1 COBEPIIEHHO CKPBITHIM M Mbl MOKEM BHAETH JHINb TEH-
JOBHE W MArHHUTHBe HEHCTBUA TAWHCTBEHHOTO «3JEKTPHYECKOTO
TOKa».

Kaxk e OblI0 JOKA3aHO JEHCTBHTE/JBLHOE CYIECTBOBAHUE ABHIMKE-
HUsA 9JEKTPOHOB B MeTaJNIHUYeCKHUX npoBogax? Miges W Bbimo/iHeHHe
NePBHIX KAYECTBEHHHIX OMBITOB, HECOMHEHHO [OKA3ABIIMX, YTO TOK
B NpPOBOAAX NpPeJACTAaBisAeT cOGOW ABUKEHHE 3JJEKTPOHOB, HPHHAJJIE-
JKQT HAIMHM OTEYECTBEHHHIM YueHbM, akagemukam JI. U. Manpens-
mramy u H. JI. Hanmanexcu (1912). 3ra upmes upesswivaiino mpocra.
Bor 3HaeTe, 4TO B cOCTAaB aTOMOB KajK[IOro 3JeMeHTa BXOJAT Melb-
yaiilllie 3JeKTpUYecKHe YACTHYKHM — 3jeKTponnl. Hamo 6w110 Toabko
J0OKa3aTh, YTO HEKOTOPbie M3 ITHX IJIEKTPOHOB He CBA3AHBI MPOYHO
¢ AApOM aToMa, a CBOGOIHO NBHMIKYTCS B NPOCTPAHCTBE MEMKAY aToO-
mamu. llpeacraBbTe Temeph, YTO KYCOK METaNIHYECKOH HPOBOJOKH
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IIeKTPOMArHUTHOE [0JIeé PACTIPOCTPAHseTCA MNOYTH MIHOBEHHO,
N03TOMY M TIPHUBOJUT B HANPABJIEHHOE JBUKEHHE 3JEKTPOHBI NOYTH
OJHOBPEMEHHO BO BceM mnpoBognmke. Hak no xomanpe!

«Ilep-pBasa noaypora... PaBuenue nanpaso... lllarom... apm!

BugHo Obl10, KaK OT HAKJIOHHOrO Jeca MITHIKOB OTJeaniach
npaBUJBHAA JIMHUA U PAaBHOMEpDHO 3aKayalach B Bozayxe» (A. Hyn-
pun. «Iloegumuor»). Homanga co cropocTbl0 3ByKa Npoeraer BCIO
JUHHIO cOJAAT B Kakue-Hubyap noam ceKyHael. Mbl He yjaaBauBaem
3TON CKOPOCTH, ¥ Kaxercs, OYATO BCSA JAHMHUA HITHIKOB HPUXOIMT
onHOBpeMeHHO B jBuxkenue. Hamaplit ke OTHeNnbHBIH conjat, HOJ-
YUHAACH KOMAaH[e, HAYMHAET WIaraTh CO CBOEH COOCTBEHHOH CKO-
pPOCTBIO, copa3Mepsid ee ¢ OGLIUM TEMIIOM I€PeMOHHAJNBHOTO MapIla.

NEeKTPOHBL BXOJAT B cOcTaB Bcex aaemeHtoB. Ho mouemy pas-
JUYHBIe BerecTBa 00JIa/[al0T PA3NUYHOH HPOBOAMMOCTHIO IO OTHOIIE-
HUIO K aJeKtpuueckomy TokKy? [lns BuigcHenus 3roro obGpaTumcs
CHOBA K TEOpPUM CTPOeHHA aToMOB. B Hacrosiiiee BpeMs H3BECTHO
oonee 100 pasnuuHbIX 3nemeHTOB. lI3yyeHuio mx cBoOiCTB mnomoraer
nepuonuyecKkana cucrema Memnpneneesa. [Imutpuio UBanosnuy Memnpe-
neesy, npodeccopy xumuum B Iletep6yprckoM YyHuBepcHTeTe, B
1869 r. npuIa yRayHas MbIcJib PACIONOKUTH BCE H3BECTHBIE B TO
BpeMs XMMHYECKHE DJIEMEHTHl B NOPAJKE BO3PACTAHUA HMX ATOMHBIX
macc. Ilpu arom oH 0OHapyKHN YAMBHTENBHYIO 3aKOHOMEPHOCTDH —
MepUONHYECKYI0 MOBTOPAEMOCTh OCHOBHBIX XHMHYECKHMX CBOHCTB.
PacnonoskuB snemeHTH MO NMEpUOAaM, OH COCTAaBUA Tabnuuy, B KOTO-
pOil XUMHUYECKH POJCTBEHHBIE 3JeMEHTH 06pa30BaJHM rPYIIILI, CXOA-
Hble N0 cBolicTBaM. BrnocnexcTBuy 3JeKTpPoHHAA TeOpHA aTOMa pac-
Kpbljla (PU3NYEeCKY0 MPUYMHY NepHOAHYECKOro 3akoHa MeHpexeesa.
KHampaoiit snement B tabaune umeeT CBOW NOPAAKOBBIA HOMEp, KOTO-
phHiil ommpefeasieTcAd 3apsAAOM aTOMHOro fAfpa, a CJeH0BATeJNbHO, KOJU-
4eCTBOM 3JEKTPOHOB B aTOMe.

Xumuyeckue CBOMCTBA 3JIEMEHTOB 3aBHCAT OT Xapakrepa rpyn-
NUPOBKH JMEKTPOHOB BOKPYT AApa. JAEKTPOHBI 00palNalOTcA BOKPYT
Afpa, paclojarasch I[OCHEJ0BAaTeAbHO B pAa3AUYHO YJAJNEHHBIX OT
Hero cloAx. B Takux noclnegoBATENBHBIX CJHOAX (UIH 0GONOYKAX)
MOeT HaxoiuThcA He Goabmre 2, 8, 18, 32 snekrponon. Ilpu arom
HAa KpatiHe#l BHelmHeld 000JOYKe YHUCIO 3NEKTPOHOB He MOMKeT Iipe-

JnemenT INopanxosbiit Yucno anementos B I, II, III, IV, V, VI
HOMep ofonoukax
He 2 2
Ne 10 2 8
Ar 18 2 8 8
Kr 36 2 8 18 8
Xe 24 2 8 18 18 8
Rn 86 2 8 18 32 18 8
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BeIIAaTh 8. JTO HAINIAAHO NOKA3aHO B TAOJMIE 3JEMEHTOB HYJEBO
rpynnsl (cM. Taba. Ha c. 22).

JTO BecbMa CYINECTBEHHO JJIsi MOHUMaHusA paibHedinero. Hanu-
yue 8 DJIEKTPOHOB HA BHelHell 00ojouKe NpHJaeT aToMy ycroiluu-
BOCTb M B TO Ke BpeMsl XUMHYECKYH) MHEPTHOCTb. JJIEeMEHTH HYJe-
BO#l rpynnbl OTHOCATCA K MHEPTHBIM rasam.

Y aaeMeHTOB NPOYMX FpPYHN BHelHAs 000JOYKAa He ABAAeTcA 3a-
NOJHEHHOMH, T. €. CONEePIKUT IeKTpoHOB MeHbine 8. B nepBoii rpynmne
Ha BHemned oGomouke maxomutcs 1 2AeKTPOH, BO BTOpOil — 2 U T. ;.
Barnaunurte na cxemel atomMoB Hynesoil rpynnsl (He, Ne) u mepsoii
rpymnsl  (Li, Na) (puc. 17,18). Bpocaerca B rmasa o6ocobnenHoe
NOJIOKEeHUe €eIMHCTBEHHOrO 3JeKTPOHA, 00pallaloiierocsi Ha BHel-
Hell, Haubolnee yjaajdeHHoil, opOuTe IIEMEHTA IUTHA M HATPHA, IO
CPaBHEHHUIO C PACIOJOMKEHUCM DIEKTPOHOB B ATOMAX TeJIMA M HEOHA.
YpaneHHOCTh OT AApa 03HAYAET M 3HAYUTENbHOE oclnabieHue CBA3M
MEMAY 3apAafaMM AApa U 3JeKTpoHa. Takoil 2MEKTPOH MOMKeET mo-
KMHYTb CBOM aToM M IepeiiTH K COCEIHEMY aTOMy, 3aTeM K cleaylo-
meMy d T. A. CBOMICTBOM TEPATH CBOM BHELIHNE 3JMEKTPOHBI OTIAHYAIOT-
cA M Npouue MeTaMibl. ITY O0COGEHHOCTb JeTKO OGBACHUTL, TaK Kak
KOJMYeCTBO 3JEKTPOHOB Ha BHEIIHHX 0GOJOYKax aToMoB MeTtaina 1,
2, 3. HanpuMep, y THIHYHOrO NPOBOAHMKA — aNIOMHHUA (CM.
puc. 18) aJeKTpOHOB Ha BHeLIHeHd o00onouKe 3. ANOMHHHI — Tpex-
BaJleHTHHIt ayeMent. Jlna nero Gosee «NPEANOYTHTENBHO» MNOTEPATH
3TH 3 HENPOYHO CBA3AHHBIX C ATOMOM 3JIEKTPOHA, Y€M IOJYYUTh QT
COCEIHUX™ HejoCTaloHiMe A0 CTAOMIBHOCTH O HOBBIX 3JIEKTPOHOB.
ITotepaB cBOM TpH BaNeHTHBIX BJIEKTPOHA, AaTOM ANIOMMHMSA IpeBpa-
maercsd B MOH ajiomuunsa Al™® u Temeps cmocoGen npucoeguHUTDH
K cefe TpM KaKUX-HHGYOb OJHOBAJEHTHHIX MOHA C IPOTHBOIOJOM-
HbIM 3HAKOM 3apAja, Hanpumep obpasysa moaexyay AlCI,.

Meraans ABAATCA «pacTouuTeNsiMu» 3neKTpoHoB. OcBoGogus-
HIeca 3JMeKTPOHB M COOGIIAIOT MeTaJlIy XOPOHIVIO 3J€KTPOIPOBOJ-
HOCTb. Bo3bmem Temeph B KadecTBe npuMepa cepy. ¥ Hee Ha BHeHI-
Heli o6osouke 2JeKTpoHOB 6, U JJIsi ceph Oosee «IPEeIIOYTHTENEH »
3aXBaT JOMOJHUTENbHBEIX [JBYX 3JJIEKTPOHOB, YeM yTpaTa Bcex HIECTH
Kpailnux anekrponoB. Takum ob6pasoM, cepa sABasAeTcss «JIOBYHIKO
anextponoB». Mon S™? B cayyae 3axpaTa aToMOM JBYX JJIEKTPOHOB
UMeeT [JBA HEYPABHOBEHIEHHHIX OTPULATEJIBHBIX 3apsfa.

B TBepmoM cocTOAHHEM MeTaliabl 06pa3yloT peHleTKY, B Y3laXx Ko-
TOPOii HAXOHATCA HOJOKHTENLHO 3apsiKeHHble MOHBbI, B KPHCTAJJIax
K€ TBepALIX H30JATOPOB pelleTKa COCTOMT He M3 MOHOB, a U3 HEMT-
paabHblXx atoM0B. CBOGOJHBIX 3JeKTPOHOB B HUX HET, U IEKTPONpO-
BOJHOCTh HMX JOJKHA paBHATbCA HYJI0. Memxay TtakuMu AByMs
KpailHUMU CJYy4YasiMH — COBEPIIEHHHIX INIPOBOAHUKOB H HIEaJbHbIX
H30JATOPOB — BO3MOMKHbBI PA3JUYHBlE NPOMEKYTOYHBIC B 3aBUCHMO-
CTH OT aTOMHOTO CTpoeHHs 3jaemeHToB. Pasnmunsie BemectBa 06Ja-
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JAOT IOITOMY DPa3lMYHON 3JeKTPONPOBOIHOCTBLIO, MM, KAK 4Yalle
FOBOPAT, Pa3JMYHBIM 3JeKTPUYECKUM compoTuBieHueM. M3 tabaunusl,
B KOTOPOH OpHBENEHH MpUMepsl HauGoNee XOPOMIUX IIPOBOLHUKOB
M M30JATOPOB, BUIHO, UTO YAeJdbHOE CONPOTHBJIEHHE MOMET H3Me-
uATeea ot 0, 000000016 mo 100 000 000 000 000000 OM - m! Easa an
MOKHO YKa3aTh APYrywo $u3nyecKyw BeJHYHHY, YHCIOBLIE 3HAYEHUA
KOTOpO# KojeGanuch Ol B CTONL IIUPOKUX mnpefenax!

¥ aeavHoe compo- Yaennuoe compo-
Bemecrso tupaenue, OM « M BemecTso THBIeHHe, OM « M
Cepebpo 1,6 - 1078 Crekano 10"
Mens 1,7 - 1078 Kaapn 106
AJIOMMHMIT 29.10°8 flutapn 10V

Yucno cBOGOSHBIX 3MEKTPOHOB B MeTajjax OJdM3KO K YHCIY
aTOMOB B HEM, BO BCAKOM CJlyuae OHO OTPOMHO. JTO CBA3aHO C TeM,
4T0 OT KaKAOro aToMa, Kak OBLIO yKe cKasaHo, OTHeaAeTcA 1o
OMHOMY WM Oonbllie BIEKTPOHOB, KOTOpHIe M («OAYKAAIT» MEMIY
NOJIOMUTEAbHBIME  HOHaMM pemreTkn. Mo peiueTku Haxogsrcs
npy 3ToM B KoJebaTeabHOM cocTosHuu. [lpu mpoxomaenuu Toka
«ipeidyole» BdIeKTPOHBI, CTAIKABAsACh C MOHAMHU, OTHAT NpH-
00peTeHHYI0 OT BHeIIHEero MojaA 3HePruio, W KojeGaHuA peieTKn
YCUIMBAIOTCA — MeTANJINYeCKU NPOBOAHUK HATPEBAETCA TOKOM.

ConpoTuBnenne MeTannoB 3aBUCHT TaKXKe OT TeMIepaTyphl.
C nosnillieHneM TeMIepaTypel OHO YBENMYMBAETCA, IIOTOMY YTO
«npobupaTthcA» BIEKTPOHAM cpefn OBICTPO KOMeGNIOHIMXCA HOHOB
TpyJAHee, YeM ecJiyt Obl MOHBI ABUTaJUch MEAJIeHHEee AU COBCEM ObIIH
6bl HENOJBMMKHBI.

TOK B NOaAYNPOBOAHMKAX

B coBpeMeHHONl TeXHHKe HINPOKO HCHOJB3YIOT MATEPHAJNBI, KO-
TOpble N0 CBOUM CBONCTBAM 33aHMMAIOT NPOMEKYTOUHOE IOJOMKeHUe
MEXAY NPOBOTHNKAMM M JHUIJEKTPUKAMU U MOJYYUJIU [OITOMY HA-
3BaHNe TOJYNPOBOJHMKOB. H HUM oOTHOCATCA KAk XuUMHYecKue
aJ1eMeHTHl (repManuil, KPeMHUM, CeJleH), TAK H COCQMHEHHs 3BJIeMEeH-
TOB (¢ KHCJOPOZOM, cepoil M Op.).

OcHOBHOe OTAMYUE MOJYIPOBOTHUKOB OT IPOBOAHHKOB B TOM, 4TO
B HHUX BeleAcTBHe O0osee INPOYHOH CBA3M JJIEKTPOHOB € ATOMaMU
YUCIO0 CBOGOIHBIX 3JE€KTPOHOB 3HAYMTENbHO MEHbIIEe YHCJIA ATOMOB.
IloBrimenne TteMpmepaTypsl BHIBIBAET PpE3KOE YyBeJIMYEHHE YHCHA
c¢BOGOOHBIX JJIEKTPOHOB, a CJeJOBATEJbHO, 3JIEKTPONPOBOTHOCTH.
B 3TOoM oTHOINEHUM CBOHCTBO MOJYNPOBOJHUKOB 00paTHO CBOHCTBY
merajioB. B Merannax, Kak H3BeCTHO, CONPOTHUBJCHHE C MOBbILIE-
HHEM TeMIepaTypbl BO3pacTaer.
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YHMBbIE NEPCIEeKTHBH, KOTJa MOJYNpPOBOAHUKHM MOMHO OyjgeT BecbMa
JKOHOMUYHO HCIIOJIL30BATh A OTOIeHuA ununl. «Beame u Beiony,
rie UMelOTcd B NPHUPOJe HJH B NPOU3BOJCTBE HCTOYHHMKH TellJa, OHH
6yayT NpPOH3BONHTL 3NEKTPHYECKYI0 3Hepruio. Beage, rme ecTob
3JIEKTPOSHEPrus, MOKHO CO3[ABaTh TeIUIO WIM XOJIOJ, OCYIIeCTBJAS
Jqiobble TPOM3BOJCTBEHHEIE NIpoHecChl»,— nucad oH. «Ilo Temmam
PasBHTUA M 3HAYEHHIO YYEHHs O NMOJYHPOBOJHHKAX, OJHOH M3 caMBIX
MOJIOABIX OTpaciedl HayKM, II0 BO3pacTy CoBNajawmed ¢ ydeHHeM
06 aToMHOM sfjpe, ee MOKHO NOCTABHUTbL HEMOCPEICTBEHHO BCJEN 3a
AfaepHOU u3NKOM».

ToapoSHee 0 HEKOTOPBIX YYHECHBIX MPUGOPAX MOJYNPOBONHUKO-
BOM TeXHWKM MBI ewle Gymem HMeTh ciydail moBecefoBaTh B Jajb-
HeiimeM. 31ech Ke Mbl OTPAHMYHIANCH JUIIL DEPBHIM O3HAKOMJEHM-
eM YHTaTejedl ¢ OCOBEHHOCTBIO [BI)KEHWUSI 3JIEKTPOHOB B IHOAYIPO-
BOJHHUKAX, CTOJib OTJHYHOTO OT JBIIKEHMS 3JAEKTPOHOB B MeTajJax.

NOHATUE O 30OHHOWU TEOPUU
ANEKTPONPOBOAHOCTU

Tlouemy oaum Metaanl (cepebpo, Meap) ob6aagawT GoOALIIOH
3JeKTPONPOBOAHOCTHIO, Apyrue (BHCMYT, PTYThb) — Majoii?

TTouemy yruepon B Bue rpagura — Xopoliuil NPOBOAHUK 3JIEKT-
pUYecTBa, a B BHJE a/iMa3a — MOYTU HeaJbHHIH H30JsTOp?

[louemy mpoBogMMOCTL y METAJUIOB NpPH BHLICOKUX TeMNEpaTypax
MeHblIe, YeM IpHY HU3KHMX, a8 Y NOJYIPOBOAHMKOB HaoGopoT?

OTBeT Ha 3TM W MHOTrHe [ApYrue BOHPOCH [aer COBpeMEHHas
30HHAA TEOpPHs NPOBOJHMOCTH.

3oHHAA TeopUs NpPOBOJUMOCTH fIBJISETCS] ONHUM H3 pa3fesioB
KBAHTOBOH MexaHMKH. He mMes BO3MOKHOCTM HOJIbL30BATHCA anma-
paToM KBaHTOBOH MeXaHWMKH, Mbl OTPAHMYMMCS OCHOBHBIMH MOJIOMKE-
HUAMHU TeopuH Oe3 MaTeMaTHYeCKOro oOOCHOBAHHSA.

Tlpe:ae Bcero HYMHO HECKOJBLKO paCIINpPUTb Te CBeAeHHsd O
CTPOEHMH aTOMAa, KOTOPHie Gbliu m3joxenun B Gecene «Hak 6bn1 or-
KpBIT 3JIeKTpoH». Bbl moMHuTe, 4TO, COrJIacHO MOAeNH, NMpelJioKeH-
Hoii Pesepdopnom, aToM COCTONT U3 NOJIOKUTEAbHO 3apPAKEHHOTO
AJipa, BOKPYT KOTOPOro ABUKYTCA 3JEKTPOHBI, NpHYeM HX CyMMap-
HbI OTpUHATENLHBIN 3apsl paBeH 3apaAny sAApa.

Mopear Pesepdopma mnosyumna HasBaHue «NJIAHETApHOH» 3@
CXOJCTBO CTPOEHHsI aTOMA C KAPTHHOH [BWKEHHs IJIAHET BOKPYT
Connna.

Opgnako miaHerapHasi MoJejb COBEpIIEHHO He 3aTparHsaja BoO-
Hpoca O TOM, KaK pacnoJjaraioTcsl 3JeKTpoHsl B oGosouke. PapHbiM
ofpasoM He CBA3LIBAJIA OHa W sIBJIEHHE H3JIyYeHHUs CBeTa CO CcTpoe-
HueM aTtomMa. Ha Mpicib 0 Heo6XOQUMOCTHM CYIIECTBOBAHHA CBA3H
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COOTBETCTBYET YCTOWYMBOMY cOCTOsiHMIO 3JjexTpona. Haxogsick Ha
opouTe, 3JIEKTPOH MOMKeT HEOrPAHWYeHHO [0Jr0 BPAUIATHCA BOKPYT
anpa. Ho ecim coobumre 3JeKTpoHY KakMM-1u60 06paszom 1o6GaBou-
HYI0 3HEpPTHI0 H3BHe, TO MPH OMNpe[eNleHHOW mnopuMH A06aBoYHOIM
3HEPIrUH OH MOKeT INlepedTH Ha §oJiee ylaNeHHYIO OPOUTY MJH COBCEM
MOKUHYTL aToM. B mociennem cinydae aToMm, morepsBUIMH 37eKTpPOH,
HA3bLIBAETCA WOHH3OBAHHBIM; €CJM 3JIEKTPOH OCTAeTcsd B CHCTEMe aTo-
Ma, HO TOJNLKO IepexoXHT Ha Goljlee yaajeHHYIO OpOHUTY, TO aToM
CTAHOBHUTCA BO30YKIEHHBIM.

JNeKTPOH B BO36Y)KIEeHHOM aTome o06JajaeT [ONOJIHUTENbLHBIM
3amacoM MNOTeHUHANbLHOH 3Hepruu. CocTosAnMe BO3OYMXIEHHMA NJIHTCA
MIJLTHAPAHYIO 100 cekydibl. Hak u BcAkas cHcreMa, 37eKTpPOH B
aToMe CTPEMHTCs NepeliTH B COCTOSIHHE ¢ MHHUMAALHON TNOTEHLHAb-
HOI 3HeprHell M BO3BPAaTHTHCH HA OPOHTY, GJMKE PACHONOIKEHHYIO
Kk sanpy. Ilpm sroM uanyyaerca M3GBITOK COOGLIEHHOHM aTOMy 3Hep-
THM B BHJle CBETa — B CHEKTPOCKON MOMKHO YBHJIETh COOTBETCTBYIO-
Iy [BeTHyio jJuuuo. Hakyio, 370 3aBUCHT OT MOpUUHM 3HEPTHH, OT-
JaBaeMoOW 3JAEKTPOHOM IIPH Iiepexoje.

Tak kak B aroMe KaMK[OTO 3/IEMEHTA BO3MOMKHBI TOJNbKO HEKOTO-
pbie paspemieHHble OPOUTHI JJiA 3JEKTPOHOB, TO INOJNY4YaTh M HCIyC-
KaThb 3HEPTHIO ATOM MOMKeT TOJBKO CTPOTO ONpejeleHHbIMH I10pPIHA-
MH — KBaHTaMH.

Teopuss Bopa ocrasmna mnepeliieHHLIMM psig BompocoB. Ilpemne
BCETO OHA HE OTBeTHJIa, TOYeMy HMEITCA TOJbKO HEKOTOphie pas-
peirendbie opOurel. IlombiTKy marb oTBeT Ha 3TOT BONPOC [enaer
BOJIHOBAasi MEXaHHKa.

Hosrnie unen, passutnie ge Bpoiinem n lllpequnrepoM, cosepinen-
HO MEHAKT Haime npejacrapienue o6 3jgextpone. C NOHATHEM JHEKT-
pOHA CBSI3BIBAETCH TeNepb IOHATHE O HeKoeil BoJiHe. I JIEKTPOHHI
061aJa10T OJHOBPEMEHHO KOPIYCKYJSADHOW M BOJHOBOH IIPHPOJOM.
Korna Boana, o6oias Bokpyr wmentpa (IEHTpa MacC CHCTEMBI
«ANPO — BMEKTPOH»), BoaBpamaercss B Toi ke (pasze (puc. 32), ¢
KaKkoH OHAa HAyaja [BW)KeHHMe, MBI HMeeM [03BOJIEHHYI0 opbury,
ABIKEHHE MOMeT TIPONOJIKATHCA HENmpephiBHO [0 OeCKOHeYHOCTH.
Kormna e ona npuxomut B ¢dase, ne cosmnagaionieli ¢ HCXOXHOM, TO
op6ura He MOKeT 3aMKHyTbcs. Takas opOHTa HEBO3MOMKHA, «HENO03-
BOJIEHAY.

PaanpiM paspemeHHbiM OpOMTAM OTBEYAIOT pa3Hble YUCIAA IJIEKT-
POHHBIX BOJIH, YKJIAAbBAIOUUXCA HA NOJHOH Anune opfutel.. YUem
Gnmxe K AApy, TeM MeHble 4ucio JjauH BonH. flcHo, uro ecam 3To
Yyuco GJIHM3KO K elHHMIE, T. €. ecld [JIHHA BOJIHBI TOTO k€ TOPAMIKa,
Yro M [JHUHA OpOGMTHI, JAHHble IPEJCTABJIECHUA CTAHOBATCA HENpU-
emuembiMi. Ilo3ToMy cielyeT ¢ OCTOPOKHOCTBIO MOJIL3OBATHCA Ha-
TJAAJHBIM [pPeNCcTaBieHHeM 00 3JIeKTPOHHBIX BOJIHAX, YKJA[bLIBAIOIIHX-
cA 1eJioe 4YHCI0 pas Ha opOure.
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— A Bce-taku rposa eme aajgexo! — sassun Hrops.— Bou kak
OOJr0 He CJABLIMIHO rpoma mocie moauuu! fl ceilluac paccuurtaw u
CKaXKy, Kak ganeko rposa. Pas, nasa, Tpm, ..., gesats, gecats! pom!
H cuyuran megneHHo, mMOYTH MO CeKyHIAaM, 3HAYMT, rpO3a OT HacC elle
Ha paccrosguun 3,5 kM. Benb 3ByK B BO3gyxe pacnpocTpaHsieTcs co
ckopocteio 340 M/c, a B skapy, Kak ceroans, u eunie 6eictpee... OnATs!
Pas, nBa, Tpm, ..., cems, Bocemb! Ceituac ona y:ke Ha 700 M Game!
Yepes HeCKOJLKO MHHYT oHa OyaeT agech!

IoausiBuinitcss BeTep NorLag NeUb MO AOPOTE, CHIALHBIM MOPHIBOM
3aXJONHYJ CTEKAAHHYIO JBeph Ha Teppacy.

Benbiniky MONHME # ygapw TpoMa, cJefdOBaBINe NOYTH He-
NOCPECTBEHHO 33 BCIBIIIKAMH, CBHIETEJLCTBOBAJIH O TOM, YTO TpO-
3a coBceMm O6ausko. Bor ynaam mepsnie TsKeNble KAaIIH  HOMIA.
OcaenurelbHBIA 6JIeCK M TOTYAC e CTpalIHbiil yjgap, clIoBHO HeGo
packoJioniock Hag moMom. Ha MrHosenne Kakas-TO THUILIHHA, U 3aTeM
auBenb Kak u3 segpa! Onate cBepkuyno! OnsaTh NOX0Kuil HA B3pPHIB
ymap rpoma!

Ilpomno Hexoropoe mpemsi. Temepb memsay MonHueid H TPOMOM
MOM{HO YJOBHTL HPOMEKYTKH, KOTOpble 3aMeTHO YBEJWYHBAIOTCH.
Fposa ynansierca. He6o ceerneer. Ho ponro eme He MOryr ycmoko-
UThCA eTH, B Pa3TOBOP 3a CTOJOM HAET O HEOOLIKHOBEHHBIX CHYy4asX.

— §I Bcerga Gotoch TakMX rpos,— roBOpHT Xxo3diika aoma Mapus
Huxonaesna.— Bu He nosepute, Bacuanii UBanoBuy, HO y Hac TyT
KaKOe-TO 3aKOJJIOBAHHOE MecTO, H3jobiennoe mMoaundsamun. Bou Tam
Ha NOBOpPOTE AOPOTM MOJHUM TAK U 6HIOT B 3eMJI0, M He OBLIO rofa,
4To0bl OHHU HE pacCIIeNHIU KaKOW-HUOYAL CTONO 3JEKTponepenavu.
N noka He mOYMHMAT JUHMIO, IleJible CYTKH CHAUM e TOKa.

— Jlymaio, 4TO 3T0 OGBACHSAETCA CTPOEHMEM MOAMOYBEHHBIX
CJOEB B 3TOM MecTe, o0ecneqyuBalOMIMX XOPOLIHN NYTh 3JEKTpHYe-
ckuM paspsinam. Mexay npoyum, geTd, sHaiTe, YTO BO BpeMs TpoO3bl
HUKOTAA He Hafo NpATaTbed Nof aepeBo. Oco6eHHO 4YacTO mopa)iaer
MoJiHMs Ay6H. Horma s Obla emie MajabYMKOM, MHE MOJAPUIN KHUTY
MdnammapuoHa «Armocdepa», B KOTOpPOH NPUBOIUTCH JIOGONBITHAN
CTATHCTHKA: W3 CTA LIECTHAECATH CJHYYaeB MNOMAAAHWUS MOJHHUM B
IepeBbid, 3aperMcTPpHpOBaHHbIX aBTOpOM, 54 npuxoautcs Ha Ay6,
24 — Ha Acens, 10 — Ha enb U HM ogHoro Ha Gepeay! B knure onu-
caHo MHOro (aHTACTMYECKMX cJiyuyaeB ¢ MoJHHeil. TpyaHo oriu-
YATL B 3THX pACCKA3aX BHIMBICE]A OT MCTHHBI: TYT M HeCYacTHbIH
cIy4ail ¢ 4elOBEKOM, AKOOB COMGKEHHBIM JOTNA, MPUYEM OJIeKIa OC-
TaeTcs HENOBPEKAEHHOH, HIH «BOPOBCTBO» MOHET M3 KapMaHa, npu-
yeM MOJHUA, MOXUTHBIUAA HMX, OCTaBjiANa Kowesek B ueaoctu. Oco-
GeHHO MHOTO ONMCAHO «4yJec», COBEPUIEHHBIX WIAPOBOIl MOJHUEH.

— A MB BHAENM HPOULILIM JIETOM IIAPOBYIO MOJHMIO, — Hepe-
6uBaer pacckasuuka Jlmaa.— B rposy mbl ¢ Ilereir BhICKOUMIH Ha
Teppacy M yBUJeJH: H3-3a TPYILIN BAPYT BHIJIbUI KPacHOBATHIH Liap,
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BpOZe KaK JIyHa CKBO3b TyMaH, U moJeres BOH Ty[Ja, K TOMY JepeBy.
Yro 6b10 masblile, He 3HAK — MBI HCOYTAJINCh M YOEKaJIM B KOM-
HATHI.

— 910 uro! OpguH 3HAKOMBI pacckasaj MHe, Kak HIapoBas
MOJaHHA 3abpanace Kk HeMy B KOMHaTy. OgHaKObl HOYBI OKOJO
11 wacoB BO BpeMs CUNBHOW TpO3bl Jier OH B TOCTeJdb W 3aCHYJ.
Bapyr cuapeblii ygap rpoMa 3acTaBua ero mnpocHyTecsi. Buecuyina
MOJIHMS, KOMHATA OCBETHJIACH OCJENMTENbHBIM CBETOM, H cefyac ke
crpamublii ypap! Ilomano B nom?! Her, yepes MruoBenne cHOBa Bce
norpysuioces B teMHoty. M BOpYr oH 3aMeuaer HeoGHuHOe cHsiHUE
U KaKoe-TO HIMIIEHHe OKOJO CHUHKH KPOBaTH, rle HA CTeHe YCTaHOB-
neHa po3eTKa AiaA Hounuka. OH oGopauuBaeTcs M [eleHeeT OT yiKa-
ca: Ha po3erke cBeTauuiica map (puc. 41) pasMepoM ¢ roJoBy
pebenka. dareM IHap oTAelNAeTcs OT PO3eTKM, MEAJEHHO MNPOILIBIBA-
eT BIOJb HIHYypa K 3JIeKTPMYeCKOH JaMmouKke, HaxojduleicA Ha
HOYHOM cTosinke. Iloxoske Ha MBUIBHBIHA MYy3bIPb, OCBEUIEHHBIH W3-
HyTpu (ochopuueckum cseroM. [ladbllle map COCKAaKUBaeT Ha CTO-
JHK, HECKOJIbKO CEKYH[ CJIOBHO pasiyMbIBaeT, KyJa OBUHYTbCH, Ha-
KOHell, CKAThiBaeTCsl ¢ Hero, Me[JeHHO IUIbIBeT BHU3 M GecciegHo
ucuesaer. Hu miHyp, Hu oy He GBUIM TOBPEXKAEHB, HO HA CTOJIMKE
0cTanach BHDKIKEHHAs1 [OPOMKKA.

— A uro Taxoe miapoBas MouHusA, Bacunuii MBaHoBuu?

— K comanenuwo, He Mory TouHo ckasath. Du3ukM ewe oueHs
mano 3HawT 0 Hei. IllapoBag MoOJNHMS — CpaBHMTENBHO peJKoe
sipienne. Ha Toicsiuy JAMHEHHBIX MOJHUH MPHUXOJHMTCA IMPUMEPHO
ogHa 1maposas. Pacckasm «oueBHgmeB» uacro mnpuykpamessi. Ho
B JIMTEPAType HMeercst ONMCcaHUe HEeCKOJBKMX COT [JOCTOBEpPHO 3a-
pPErMCTPHPOBAHHBIX clyyaeR HIApoBbIX Moauui. [lo-Bugumomy,
I1apoBas MOJHMA — 3TO BTOPMYHOE SIBJIeHWe, CONPOBOMKAANOULEE, TPH
COOTBETCTBYIOLUIMX YCJIOBUAX, YAApP OCHOBHON JIMHEHHOW MOJHUH.
Yacto ona mosBisercss W McyesaeT GeccleqHO, HE NPUYMHUB Bpe.a,
HO OBIM M TparMyeckue cJy4au NpPH B3pbiBe Takoil Moanuu. [1po-
JAOJKUTENbHOCTh KU3HU 11aPOBOM MOJHHU — OT HECKOJbKHUX CEKYH[
A0 Heckoabkux MuHyT. lllapoBbie MonHMHM GHIBAIOT KpacHOBaTHe WIM
6envie. [lo-eugumomy, Haubosnee GeappedHH KpacHoBaThle. [JBHKyTCA
OHM CO CKOPOCTBI0 HECKOJBKO MeTPOB B ceKyHay. B nomewmeHusx
NOABJAITCA 4Hamle y dJeKTPUYEeCKHX MPOBONOB H MeTaJNIMYeCKHX
1peIMeTOB.

He ycmen paccKa3yMK 3aKOHYHTb, KAaK ITOCHITIAJUCE BONPOCHI:

— Ortuero 6nBaer rpo3a? [louemy sumoii rpo3 e GuiBaet?

— CKOJBKO CTOMT, Mo BallleMy pacueTy, Takas rposa, Kak ce-
roagasa? U MOMHO 1M HCHOJB30BATH 3HEPTHI0 MONHUHU?

— TI'pososnie siB1eHUs H3gaBHA MHTepecywT awoieid. Eule B apes-
Hell Pycu Kasuku nepexoskme pacnesaan crux o «loay6Guuoit wHu-
re», rjae nepebiv ponpocoM 6b110: «OTKyna HA 3eMJie rpoMbl MOHLIKM? »
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PasninuaioT HecKonbKO BHIOB TIpO3: TemJNOBHE, HJIM JETHHE,
rposbi, 4 (PpPOHTOBHie, KOTOpHe ObIBAIOT W 3uMmoii. Tak urto sumoi
rpo3bl TOKe OBIBAIOT.

[losBienne rpo3 3MMoll MiIM J1eTOM CBA3aHO ¢ OOpa3oOBaHUWeM
00JIaKOB M BBINAJIEHUEM OCAIKOB.

3dHaete, ¢ 4ero Hauajack Mos paGota mereoposmora? B mkoae
6hna ycTpoena MeTeopoJlorudeckas MIIOWIANKA, W YYHTeNb OPraHH-
30BaJl KPYKOK IOHBIX MeTeopoJoros. MHe oco0eHHO HpaBHJOCH Ha-
6monare 3a obnakamu. fl mayumacsa ux dororpaguposars. Y meHs
6611 alb0OM pas3HbIX BHAOB 00.1aKOB,

— A ob6aaka GHIBAIOT pasHBIX BHJOB?

— Honeuno! UtoGbl y6enuTbcs B 3TOM, He HYMKHO 0c0GOH Ha-
6mwogateabHoct. Ecte Hu3kue o6aaka. Owu 6IBAIOT HAa BBICOTE
2 KM ¥ HHIKe, 3TO clOUCTHie oGIaKa, mpugawumue He6y macMypHbiii,
onnoobpasHblil BuA. A ecTh 061aKka xopomiell MOTOABI; camble KpacH-
Bhle — KyueBble obaaka (puc. 42), HamoMuHawume N0 GopMe CHEX.-
Hble TOPHl WJIM CKa304HBIe BO3AYIIHBle 3aMKH. OHU OBIBAIOT TOJBKO
B TellJjioe BpeMsA roja.

C BOCX00M COJIHIIA NOBEPXHOCTH MOYBHI, TPaBa, BOJA B BOLXOEMAx
HAauMHAKT HarpeBatbcA. OT CONPHUKOCHOBEHHA ¢ HHMMH HAYHHAIOT
HArpesaThbesl W NpHIEralpuiMe ciou Bozgyxa. Harpetrwlii u craBmumii
MeHee NJIOTHBIM BO3AYX O6bicTpo moaHuMMaerca BBepx (puc. 43).
B BepxHuX, paspekeHHHIX CJIOfX aTMocdepbl OH paciIUpsiercs, H
TAK Kak NpH paclldpeHHH coBepliaeTcs paboTa, TO OH OXJarKaaeT-
ca. Ilpu mogbeme BO3MymIHBIE MAacchi OXJAMKIAWOTCA NPHMEPHO HA
1°C va xampasie 100 M BoicoTn. Bogsinbie maphi, MOgHATEIE ¢ BO3AY-
XOM, CryumialoTcsi B MajleHbKHe KameabkKu. Bor u o6paaylores na
rony6om unctoM Hebe 3TH mpeKpachHble obaaka.

— I'me uayuawt Hayky 06 oGnakax, o moroge?

— Panbme B Mockse 6vin I'mppoMeTeoponoruueckuii MHCTUTYT,
Tenepb oH mnepesefen B Jlenmnrpap, B Mockse ectb Kadeapa reo-
usMkn wuaM PU3MKH aTMocdhepnl Ha (PuanueckoM QaKyabTeTe
ynuBepcutera. Ho Mbi oTBnexkance. Tak Bot, oGpasosanue o6aakos
H OCaJKOB HMeeT TPAMOe OTHOUIEHMe K Halleil Gecege.

Ecan nogseMa BO3AYIIHHIX MacC He NPOUCXOAMT, TO HET YCJOBHH
ANA BO3HUKHOBEHUSA TpO30BBIX 00JaKoB M rpo3nt. B apyrux cayuvasx
MOMUIHBIE BOCXOAAUIME TOTOKH NOCTHTAIT CKOPocTH cBhiie 100 kM/u.
B pesyabrare npoucxoguT o6pasoBaHHEe TrpaHIMO3HBIX OOJAYHBIX
CKOIIIEH Ui, BEpIIMHA KOTOPHX MOMeT JOCTHrath uyTh au He 10 kM.
JToMy ocoOeHHO OJaronpUATCTBYeT BJa)KkHasi, AylwiHasa artMmocdepa
B JIeTHHe [HHM, KaK cerofgHa. Mp Obliu cBupgerensiMu oGpasoBaHMA
MOLIHBIX TpPo30BHIX 06aaKoB. CKOpPOCTP HX [BHIKEHMA CpPaBHHTEJb-
HO HeBeJHKa, M, KpoMe TOTO, pasjiMYHble MPeNnATCTBHUA (Hampumep,
60Jlee XO0JOAHBIE CTOJOB! BO3AYyxa HAJ PeKaMH HJIH O3epaMH) MOTYT
3ajepKMBaTh M OrPaHUYMBATL HX ABWKeHHe. IloaToMy Takue rposst
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4acTo UMewT MectHoe 3navenue. HauGonee yacro rposm nHabmopa-
I0TCs1 B KapKux cTpaHax. Hu B Kakoe cpaBHeHHe He WAYT C TPO3OH,
KOTOPYI0 Mbl BHJIEJH, TPO3H M yparaHbl TPOIMHYECKUX cTpaH. B crpa-
HaX ¢ YMepeHHHIM KIHMAaTOM rpo3sl GBIBAIOT 3HAYMTEJNLHO perie U
ciabee. Ha Hpaiinem Cesepe rpos o6biuno He GbiBaer.

@DpoHTOBBIEe TPO3bI BHI3HIBAKTCA He MOAEMOM BO3AYHIHBIX Macc
B pe3yJbTaTe KOHBCKIUMH, a CMeIleHHeM HX IpH BKJMHUBAHWUH B
TeIUIble MAacchi XOJNOAHBIX, 6onee maotHeix (puc. 44). Kamm rakoro
X0JIOAHOrO (PpoHTa MOAHMMAeT BBEPX MacCH Temsioro ¢poura. J\pu-
KYTCSL OHM DACTAHYTHM (PPOHTOM ¢ GONBINOH CKOPOCTHIO B HANpPAB-
JEHUM [BHKEHHMA WHUKJIOHA. BHICTPHIH nogbeM BO3AymIHBIX Macc
NPUBOJUT, TAK K€ KaK M B CllyYae CHIbHOH KOHBEKUMM, K 06pa3zoBa-
HHMIO T'DO30BBIX OGJIAKOB.

Jdto Bce 06 obpasoBannn o6MakoB M ux apwenuu. Ho npuuem
TYT 3JekTpuuecTBO? Beib MOAHHM — 3TO TUraHTCKHe 3JIeKTpHUYe-
CKHUe HCKphi!

INEeKTpHUYECKHE SABJIEHUs TIPO3bl HEMOCPEACTBEHHO CBA3AHBI C
6ypHO npoTeKalmUMM BbHNafeHuem ocaakos. CJIoKHBIE [pOIecChi
TPeHus, yHapoB, pacilel/IeHMsi KameJeK WU JeNsiHbiX KPUCTAJJIH-
KOB HA 4YacTH NPHUBOAAT K 00pa3oBaHHI0O B 06jlaKax 3JEeKTPHYECKHX
3apanoB. Ilpu 3TOM NONOKUTENBHO 3apsKeHHBIE KamedbKH OOBLIYHO
OTHOCATCA BO3JYWHBIM NOTOKOM B BepXHIOI vacTh oGiaaka. Ilpe-
Bpamasch B JiefsiHbie KPHUCTAMNIMKH, OHM OOpa3yloT LIANKY rpo3o-
Boro o6naka. Ha pucynke 45 nana cxema naubosee yacTo BeTpeuaio-
ulerocs pacnpefejleHdsl 3JeKTPHYeCKUX 3apsAioB B IPO30BOM oGjake,
xots oHO 6biBaeT U Gonee cnoskHoe. Hakomnenue B rpososom o6ua-
Ke OONbHIMX 3apANOB NPUBOAMT K MOIIHBIM HCKPOBBIM pa3psaaaM
KaKk MeAy OTAeNbHBIMM YacTAMHU 00JaKa, TAK U MeAYy AByMA pas-
HbIMHM 06J1aKaMH UJIH MeKay O0JaKOM M IOBEPXHOCThIO 3eMiIHu. ITH
paspajbl Mbi 4 HabaopaeM B Bufe MoaHuil. Hanpssxenue mempy
obnakaMu W 3eMJlell OLEHMBAKOT B JECATKH M COTHH MHUILIHOHOB
BoabT. [lnuna uckpol pocruraer 10 km. MoaHuM npegimectsyer mo-
siBjieHNe cuaabocBeTABIErocs KaHAJIA, paclpoOCTPAHAIOIIEroca B Ha-
npaBleHHd K 3eMae. Horga KaHan JOCTMTHeT 3eMJIM, MO HEMY ycT-
peMiideTcsl TJIAaBHBIH Pa3psj MOJHHE CO CKOPOCTBIO B JECATKH THICAY
KHJIOMeTpoB B cekyHay. Takum o6pasoM, HPOAOKUTENBHOCTh MOJ-
Huu okono (0,001 c. Iloatomy ecam BaM Korga-HH6YAb cCIyduTcs
Ha0mopaTh ABMKEHME IeIHeXof0B W aBTOMAIUNH HOYBK B TpO3y, NPH
CBeTe MOJHHMH, TO BaM NPeACTaBUTCHA NOpasuTelibHasA KapTuHa. [|Bu-
AeHMe Kak Obl mpeKpaTHioch, Kojleca HemogBH:kHbL [lemexogn Kak
OBl 3aCTHLUIM B TOH mo3e, B KaKkol Mx 3actan Gaeck Moanum. CrnaGo-
cBeTAIMHCA KaHal, NPeAIIecTBYOUIHH MOJHHMH, [pPEICTaBlsAeT Cco-
60il CKOIJIEHHUs HOHM30BaHHBIX 4yactul. B Bosayxe Bcerga uMmeercs
HeKOTOpPOe KOJHMYecTBO Takux vactuu. [log BauAHueM cuabHOrO
3JIEKTPUYECKOTO MOJSI MeKIy O0OJIAKOM M 3eMJieil YHCJ0 YacTdl Ja-
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BUHOOOpasHo Hapactaer. Ilpum pacimenneHun Mosekyn B mpouecce
06pa3oBaHUA HOBBIX MOHOB BO3HHKAIOT H3JNYYEHUS, PACHpPOCTPAHAIO-
IHeCsA CO CKOPOCTBbIO cBeTa. JTH M3JAyYeHHA BHI3KIBAIOT HOBBIE pac-
menjeHuss W IOsBIeHHe HOBHIX JaBuH. llpexxpe o6GpasoBasumiuecs
JIABUHB HATOHAKT HX M CJIHABAIOTCA ¢ HHMH B ejle cBeTAMHUiAcH
BJIEKTPONPOBOJALIME KaHAJ, M0 KOTOPOMY H yCTpeMJfeTcA MOIIHBIH
NOTOK JJIEKTPOHOB — INIaBHBbIA paspajg Moanun. Ero ckopocts mo-
PAKA IECATKOB THICAY KMJIOMETPOB B ceKyHay. Cuia Toka usmepser-
CA IECATKAMHM H COTHAMH THICAY aMImep.

Crpemurenen Monnuu Ger,
U pasur oHa TsnKKMM ynapom!

— Orkyna 310? U Kak MOMKHO M3MEpHUTh CKOPOCTh MOJHHM?!

— 9ro u3 moambi «O mpupose Bemieit» puMckoro mosta Jlykpe-
UHA. A IS OTIpeieNleHUsI CHIIBl TOKA MOJIHMH M /ISl TOTO, YTO6KI 1po-
Cle]UTb ee PAa3BUTHE, HCHOJAB3YIOT METO] BBICOKOCKOPOCTHOrO (POTO-
rpadupoBanus ¢ NOMONIBIO CHEHNMANbHOH GbicTPO Bpamammeics
kaMepsl. IIpu 3TOM Ha maacTHHKe mOJy4YaeTcA He OJHA, & HECKOJBKO
MOJIHMI, CHATBIX B PA3JIMYHbIE MOMEHTH pasBuUTHA Moanuu. Otcoga
MOKHO chenaTb pacueTel. Bnpoyem, B kuure ®@aamMMapuona, o Koro-
poil A BaM TrOBODWJ, MMeeTCs MOJE3HBI COBET, CAefyA KOTOPOMY
MOXKHO CaMBIM MPOCTHIM CNOCOGOM ONpefednTh GHICTPOTY NMPOCKAKH-
BauusA MoaHud. HykHO B3ATH KapTOHHBIH KpPY/KOK, pasieseHHbI
Ha CEKTOPBI, MonepeMeHHo 4epHbie U Genwte (puc. 46). 3rorT Kpymok
MOKHO BpamiaTh BOKPYT OCH C TOH MJM MHOU ckopocThio. M3BectHo,
YTO rJ1a3 COXPAHsAET CBETOBHIE BIEYATICHMA B TeyeHHe '/, ceKyH-
Aanl. Ioatomy ecam MBI GymeM BpamaTte B TEMHOTE pacKajeHHBIN
yrojib, coBeplias Mo AECATH HJIH (oJee MOJHBIX 0GOPOTOB B CEKYHAY,
TO YBMAMM CILIOIIHOW cBeTAmMiics Kpyr. Bpaumiasg ¢ Takod e cko-
pPOCTBI0 KApTOHHBIA KPYKOK, MBL He B cOCTOAHUH OydeM pasinyaTh
OT[leIbHBIe CEKTOPH, a YBHAUM cIiomHoe cepoe nose. Ho xpyskky
MOKHO COOGUIMTE BpalleHHe B AecATh U B cT0 pa3 Goaee GwicTpoe.
Ilpn atom ecnu oH OynmeT ocBemiatbcsA TONBKO MOJHHEH, TO WUMEHHO
ObICTpOTOH BpAlleHHA MBI MOYKEM H3MEpPATH BpPeMA BCHBIIIKHM MOJ-
nun. Ecan kpyr penaer 10 o6/c v npu Glecke MOJNHMU OH mpepn-
CTaBJiAeTCA HAM HENMOJBIKHBIM (MBI pasjiinyaeM OTAeJLHEIE CEKTO-
pHl}), TO 3TO 3HAYHT, YTO BCOBIIIKA NPOJOJKAjJack MeHee ONHOM
AecATOd ceKyH[B, & eclM OH KaKeTcSl HENOABMKHBIM TOJbKO NpPH
100 o6/c, TO, 3HAYHT, MOJHHA NPOCKAKMBAET MEHee ueM B OJHY
COTYI0 CeKyHAH, H T. J. llonpoGyiite caenats takne usmepenua. Uro
e Kacaetcsa dororpadupoBaHus MOJIHUMA, TO OHO yAAaeTcd U C CAMBIM
OGLIKHOBEHHBIM, HemoaBWKHBIM ¢oToannapatom. Hamo Bo Bpems
HOYHOH rpo3bl HANPaBHThL ammapaT Ha Ty uacTh Heba, rae wame
CBEPKAOT MOJHHHU, U Mojgoaath. Hak Toabko 6GiaecHer MoanuaA, 3a-
KpbiBaiiTe OOBEKTHB, ObITH MOKET, BaM IOCYACTIMBHJIOCH NOMMATH
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monuuio. He nymaiite, utro Ha dotorpadun ona Gymer BHIrAAAETL B
BHJe 3MT3ara, Kakoil ee H306paKalOT HAa IJIAKATAX MO TexXHHKe 6e30-
nacuoctu. Het, dortorpadua Monnnu noxosa na usobpaykende pexu
Ha reorpaduvecKoil KapTe, ¢ MHOrOYMCJIEHHBIMH NPHTOKAMH H pas-
BeTBIeHMAMH (pHc. 47). ITO JMHEHHBIA, WM JIGHTOYHBIH, BHJ
MOJIHHH, HO OBIBAIOT W APYTHe MOJHHMHM: PACIUIBIBYATHIC, WIAPOBHIE,
PacnabiBuaTbie MOJXHHM He CONPOBOKAATCA rpoMoM. U x masweiBalor
3apHMIaMHU, XOTA NpaBUIbHEe HA3BIBATH 3apHHUIEH OTGIECK, OTpasKe-
HUe OT BO3AYUIHBIX CJI0€B OY€Hb OTAAJEHHBIX MOJHHHA, TPOM KOTOPHIX
IO Hac He NOXOJMT.

— UYem o6pacuserca rpom? Ceroaus, korga rposa 6bljia aanexo,
OBLIM TPOJONKUTENBHBIE TJyXHe pacKaThl, a KOTAA HAaj HAaMH, TO
packaToB He Obl10, a OBUT TOABKO cTpawHbil ypap. Ilouemy?

— OGbIYHO CYMTAIOT, YTO TPOM — 3TO 3BYK, BHI3BAHHBIHA pacIIy-
peHHeM BO3NYIHHBIX MAacC, OKPY/KAIOIUX KAHAJI MOJHHMM, & PACKATHI
OPOUCXOAAT BCIEACTBUE MHOTOKPATHOrO OTPa)KEHHA 3BYKa OT BO3-
IYHIHBIX CJIOeB PasHON WIOTHOCTH. B JelcTBUTENBHOCTH [eNo 00-
CTOUT clioykHee. HpoMe 3BYKOBBIX BOJH, BO BpeMs paspsAfa MOJHHUH
BO3HMKAIOT TaKKe U B3pbIBHbIe BOJHBI, 00pa3ymoliuecs 3a cUeT PAa
B3pPbIBOB MO NYTH MOJHUH. B3pHIBHBIE BOJHBI PAcHpOCTPAHATCA €O
CKOpOCTbIO, GosbHIEll 3BYKOBOH, M BOCHPHHMMAIOTCA Kak yaap.
B3apoiBHEIE BOJHBI OT OAaJeKMX MOJHHMMA JOXOOAT A0 HAC CJOYKHBIM
nyTeM, TO YCHJIMBASCh, TO yracas.

B 3akniyenne oTBeyy Ha BONPOC, «CKOJBKO CTOMT» CEroJHSIH-

HAA rpo3a. Pacuer, KOHeYHO, cHeJaeM OuYeHb NPUCIUIATENLHBIA.
I'posa, xoTopyw MBI nepesmin, Gbijla He U3 OueHb cHUABHHX. Yuciao
MOJHMI Haj Oamkaillleill MeCTHOCTLIO mpUMeM 33 CTO. JIEKTpO-
BHeprusd, KaKk H3BecTHO, MOACYHTHIBAETCA TAK: DJIEKTPUUECKAA dHep-
TUA==CUJIa TOKa X HaupsKeHne X BpeM.
Cuny Toxa B HauleM cjyyae MOMHO NpHHATbL paBuoit 10000 A,
nanpsirenne — 10000000 B, npogpomxureasnocts moanuun —0,001 c.
IloncraBidaeM aTu maHHBIe B pacyeTHY0 (OpPMYNy: 3JIeKTpUYecKas
aneprua==10 000 A - 10 000 000 B -0,001 ¢=100 000 000 Bt - ¢, aTo upu-
6nn3utensHo 30 kBr-u. Hpu tapude 4 k. 3a 1 kBr-4 ogna mMoanun
obxoantea B 1 p. 20 k. (120 p. 3a cotHwo!).

06 ucnoab30BAaHMU 3TOH dHEPruu moka peud Her. OTAeNbHBIE MO-
OBITKH COOPYAHMTbH AHTEHHBIE YCTAHOBKH IJIA yJaBiauBanus atMocdep-
HOTO 3JIeKTpUYecTBA pa3BUTHA He moayuyuiau. HemocrosmeTBo Mect-
HBIX 3HAYEHMH CHJIBl TOKA, HANPSIKEHNA M JJIAUTENBHOCTH MOJHHH
CBOJUT HA HET POJb MECTHBIX IPO3OBBIX cTaHLmil, OQHAKO CTATHCTH-
Ka YTBED)KAAeT, YTO HA BCEeM 3€MHOM IHape OJHOBPEMEHHO IIPOHUC-
xoaut 1800 rpo3 u uro okon0o 100 MONHMI CBEPKAIT KAKAYIO CeKYH-
Ay. 9to gaer GOJbLIYIO MOLIHOCTH:

10* A - 10" B - 10*1 = 10" Br = 10'° kBr!
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OpraHuzauus OrpoMHOH eAHHOH ceTH TIpO30OBBIX CTAHNHUIH, MOMKeT
OuiTh, 3aMHTEpecyeT WHKeHepoB B Oyayuiem. Tloka jke aionu 6oabiie
BHMMAHHMA YJIeNsI0T He UCIOJb30BAHUIO, & 3AUIMTE OT BPeJHLIX IO-
onencTBuii rpo3. fl He Gyny sajep;KUBaThCs Ha 3TOM Bompoce. Xoudy
TOJILKO NpeAyNpeAuTh U IMpefocTepeyb Bac OT OWMUOKH, KOTOPYIO
4acTo [OMYCKAalOT B OOBACHEHHU POJAHM ReHCTBHA MOJHMEOTBOJA.
YTBepKIAIOT, YTO MOJHHEOTBOJ NpPUHMMaeT Ha ceGd U OTBOAUT B
3eMJII0 TPO30Bbie Pa3psfibl. B HCKNIOUHTEJBHLIX CJHYYasAX 3TO BO3MOMK-
HO, HO BCe K€ OCHOBHOE HA3HAYCHHE MOJHHEOTBOAA He NPHHUMATH
Ha ce0s yJgap, a He JONMycKaTb, 4ToObl Takoi ymap mpousoimei. ITo
JAOCTUTAETCA TEM, YTO C OCTPHUA MOJHMEOTBOJA NPOMCXOJUT THUXMIi
paspsan. IIpu 9TOM HAMPsKEHHOCTH 3JEKTPUYECKOTO MOJs B HEKOTO-
poM o0beMe NPOCTPAHCTBA BOKPYr MOJHHEOTBOJA YMeHbIIAeTcH,
BCJIe[CTBUE Yero YMeHbIIAeTCs W BEPOATHOCTh YAapa MOJHMH.

YETBEPTOE COCTOSAHUE BEWECTBA
NMNA3BMA

YerBeproe cocrosiune?! Her, 310 He ownbka. Yucao cocroanui,
B KOTOPHIX MOMeT ObITb BellecTBO, He OrpaHuuuBaercA tpeMs. Eunge
Qapapeit 140 ner nasan rosopua o6 0co6oM, OTIAMYHOM OT OGBIYHOTO
COCTOAHUM — 06 «3JEKTPOTOHUYECKOM», T. €. JIEKTPOBO36GYKIeHHOM
coctoaHuu MaTepu, a B 1879 r. aurauiicknit pusuk Kpyxe osarna-
BUI cBOH mokaax rtak: «O myuucroit marepnu, mau Yerseprom co-
CTOSIHUM Marepuu». Emie 3a aBe TeicAYM JeT [0 Hac raybGokuil aHa-
JUTAYECKMIl YM JApeBHErpevecKux MyapenoB-duaocodos, cTpeMHB-
UIMXCA CBECTH Bce pasHoo0pasve MMpPa K HEeMHOTHM OCHOBHBIM Ha-
yajiaM, TOKe He YIOBJETBOPAJICA TpeMsA CTUXMAMM M K TpeM Haya-
JaM — «3eMisa» (TBepAoe), «Boma» (KUAKOe), «BO3ayx» (raso-
obpasnoe) — nobaBui ueTBepTOoe — «OTOHb». Pasymeercs, 3TOT OroHs
Apucrorensa tak ke wiM Jake 0ojlee fasexk OT MJIAa3MBl COBpeMeH-
HOro (u3ukKa, Kak atoMmel [lemokpura ot atomos Pesepdopna u Bopa.

Yro ke rtaxkoe mnaasMa? [lnasMa — 3T0O HOHU3OBAHHGLIA ras,
B KOTOPOM IUIOTHOCTH MOJOKHTEJBHBIX H OTPUIATENBHBIX 3apAI0B
npaKTudecku cosnagaioT. CBoilcTBa MIa3Mpl HACTONBKO OTAUYAIOTCA
OT OOBIYHBIX Ta30B, YTO BNOJHE 3acAYKEHHO (PU3UKH OTHOCAT ee K
0co00OMYy, 4YeTBEPTOMY, COCTOSHHIO BemiecTBa. ['le M OpuM KaKux
yCIOBUAX BO3HHMKaeT 3T0 cocTogHue? OT NPUMHTHUBHOIO KOCTpa M0
aTOMHOTO PEeaKTopa, OT HCKPH, KOTOPYIO MOKHO U3BJIEKaTh H3 MO-
TepTOil O BOJOCH TpeGeHKH, OO0 MOJHHMHM, OT PA3HOUBETHHIX pPEKJIAM-
HBIX TPYOOK M JIaMII THEBHOTO CBeTa JI0 CBEPKAIOIMX COJHI U KOCMHU-
YeCKHX TyMaHHOCTeil — BOT MHOroo6pasHble H MHOTOYHCJIEHHBIE CHAY-
Yau MJIa3MEeHHOTO COCTOAHMA BemiecTBa. B KavecTBe mpumepa Ha pu-
cyHKe 48 nokasaHbl 3JEKTPUYECKMH paspAd U dleKTpHuecKasa Ayra.
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MokHO cKasaTb, 4TO B COCTOAHMM IIa3Mbl HAXOQHTCHA TMOIAB-
dswpuman vactb BeulecTBa Bcenennoit. HanpuMep, Bce miuanerH Ha-
weit Conneunoii cuctemnt nMewt ob6uyo Maccy, menbmyio 0,002 uac-
i Macchl Connna. CienoBareqbHO, HA AOMI0 MJAA3MBl MPUXOAHUTCA
Gonee 99% wmaccet Bceit ConneuHoit cucremn. KakoBbl cBoiicTBa
M133MBl, 3aCTaBJAAKNIME OTIHYATL €€ OT rasoo0pasHOro cOCTOAHHA?

Hak uasecTHo, raz sBiseTCS IJIOXMM TNPOBONHMKOM 3JIEeKTpHue-
CTBA. 3apsKEHHBIA 3JIEKTPOCKON, HAXOMALIMIACA B CYXOM BO3JyXe,
OCTaeTCA O4eHb J0JIr0 B 3apsKeHHOM COCTOAHMH. B mecTe paapeiBa
VEKTPUYECKON LeNu vepe3 BO3NYLIHBIA NPOMEKYTOK TOK He TpPO-
xonaut. Henszonuposanubie MenHble MPOBOAA NMpH HeGONBIIOM HAmpHA-
JKEHHH NepefaloT BJIEKTPHUECKYI0 aHeprui 6es yTeuku.

Yrobul cpeaa Moraa NmpoBOAMTHL JeKTPHYECKHMii TOK, HeoGXomu-
MBl HOCHTENH 3JeKTPUYECKHX 3apA/IOB: B MeTAMIAX ITO DIEKTPOHBHI,
B JKHAKOCTH — MOJOKMTebHbie M OTPHNATENbLHbIE HOHBI, 00pasyio-
mHecs B pe3yJbTaTe JJIEKTPOJMTHYecKOd aucconuanuu. UYrobnl ras
CAEJATh NMPOBOAAIUIMM, HeOOXONMMO BHI3BAThH pacilieleHHe ero MoJe-
KyJl 1 aTOMOB HAa MOHBI H 2JMeKTpoHn. Monusanus raza MoweT OBITH
Bbi3BAHA HarpeBaHueM, YIbTPadHONETOBHIMH M PEHTTEHOBCKUMH
Jy4aMH, a TaKe M3JIy4eHHEM OT PAIUOAKTHUBHEIX BelECTB.

Ouenb addexTnr oneiTi co cewenuem TpyGok [leiicnepa (da-
MUJIHA CTEKJOAYBa, MPOCIABUBINErocA H3roTOBJAEHMEM TPYGOK mpu-
YYANMBOW, cnoxHON dopubl). B tpyGkax Haxogutes pasperkeHHbII
ra3. Ilog feilicTBMeM BBICOKOrO HANpA;KEHMsA ras B TpyOKax cBeTHTCA
KpacuBeiM cHAHHeM. B 3aBHCHMOCTH OT npupoAbl rasa IBeT CHAHHUA
pasnnueH: B BO3AyXe OHO (QHOJEeTOBOE, B BOJOPOIE — PO30BOE, B
YTJIEKHCJIOM rase — 3elieHoe.

B mikone neMOHCTPMpYeTCA ONBIT, MOKA3bIBAIOWIMI CTYTEHH pas-
BUTHUA 3JIEKTPUUECKOrO paspsaja N0 Mepe pa3pesKeHHMs raza B TpyOke.
Jlna onbita Gepercs cTeknsiuHas Tpybka aauHoi 40—50 cM, ¢ oGoux
KOHIOB KOTOPOH BHAAHBI 3JEeKTPoAn. H alekTpomaM mnogsoguTtcA
BBICOKOE HampsaeHHe. TpyOKka npHcOoeAMHAETCA NpU NOMOUIH TOJ-
CTOTO0 Pe3MHOBOro HUIAHTA K BO3YLIHOMY HAacocy M M3 Hee OTKaudHU-
Baetca Bo3jayx. Iloka Boagyx B TpyOke HaxOAMTCA IO HOPMAJbHBIM
aTMocepHBIM JaBlIeHNeM, pa3paga npakTuyecku Her. Ilpoucxomgut
auuib cnabeiit TMXMil paspan ¢ obpasoBaHMeM KOpPOHb  (caabo-
CBETHUIMXCA KUCTOYEK) Y djeKTponos. JlaBilenMe nmo Mepe OTKavu-
BaHMA BO3Ayxa u3 Tpy6ku mapaer. Ilpumepno npu pasaenun
40 MM pT. CT. OT OAHOro BJEKTPOAA K /[APYroMy Ha4YMHAKOT MPO-
Oerarb cBeTsmiMecs (PHOIETOBBIE HHUTH, KOTOPHIe NpM JaJbHeMIleM
paspeeHMM BO3AyXa YTOJMUIAIOTCHA B APKMe TYTUKM, 3aTe€M JIEHTH,
[OKa, HAKOHell, BCA TpyOKa He 3amoJHsAETCA YIMBHUTENbHBIM (HoIe-
TOBBIM CHAHMEM.

IIpu Goabuieir crenmeHn paapeskeHUs cBeTsMiics croa® pacna-
gaercst Ha pag noaoc (crparoB). (Bonee MougHele HacocH MOTryT
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OpPUBECTH B AajdbHEHHIEM K MCYE3HOBEHHUIO CBEYEHHS rasa, HO 3TOro
ABIEHMSA Mbl KacaTbcA He Gymem.)

[Ipn BHUMaTENBHOM PACCMATPUBAHWU CBEUCHHUS B TEMHOTE MOMKHO
3aMeTUTh, YTO MeKIAy Ppo30BO-PUONETOBBIM CBETAIIMMCH CTONOOM,
HAYIWIMM OT IIOJIOMKUTENIBHOTO 3JIeKTpoAa (MOJIOKMTENbHBIH CTONG),
n ronyboBaThIM CHAHMEM, OKDYJKAIOU[MM KaTol, HMMeeTcHd TeMHOoe
npocrpanctBo (puc. 49). Honourensuniit croné sanuMaer 6oAbUIYIO
yacTe TpPyGkuM. Amepuranckuit ¢usuk Jlenrmop npegnoxun B
1924 r. gna nonokuTeNBHOrO cTON0A HA3BAHHE (IJIA3MAY.

ObusicHenune ¢uaMuecKNX NPOUECCOB, MPOUCXOAALINX B rasopas-
pAgHOH TpyOKe, cBOAMTCA K cienywoilemy. B Bosayxe, samoaunsio-
meM TpyOKy, Bcerga Haligercsa XOoTsi Gbl OMH NOJOMKHTENbHBIA HOH
(nampumep, Kak clencTBue KocMuueckoil paguauuu). Iop neitctBuem
3JIEKTPHYECKOr0 MOJSA OH YyCTpeMiisieTcd K Karogy M BeiOMBaeT 3
Hero anektpoH. [lociaennuil, ycKopsifich 3JeKTPUYECKUM mOjieM, mpH-
ob6peraer GONBUIYI0O 3HEpPrHI0, H NpPH CTOJKHOBEHHMM 3JIEKTPOHA C
HeHTPaNbHOH MOJIeKyJnoil o0pasyercsi HOBBI 3JEKTPOH M I1OJIOMHU-
TeabHblit noH. OGpasylouinecd TakuM o0pa3oM 3JIEKTPOHBI NpH [10-
CTaTOYHOM pa3peeHHMHM Trasa B TpyOKe MOTYT pasBUTh BO BpeMs
cBobojHoro mpofera A0CTATOYHO GOABHIYIO CKOPOCTE M OGYAyT B CO-
CTOAHMM pa3buTh HOBBIe MOJEKYJNb. YMCIO HOHOB H 3ACKTPOHOB
JIABUHOOGPA3HO HapacTaeT. Y IapAsach O HEHTPaJbHBIE MOJEKYJB H
aToOMbi, OHH NPUBOAAT UX B BO30YKIEHHOE COCTOSIHME. JTO 3HAUMT,
4YTO 3JIEKTPOHbI ATOMOB MEPECKAKHMBAIOT Ha O0ojiee yJajieHHBIE OT
Afpa opOuTH, 3amacas B cefe NONMONHHTENBHYI0 TNOTEHUHANLHYIO
sHepruo. [Ipu BoO3BpameHUH HA OCHOBHYIO OpPOUTY 3JIEKTPOHBI OT-
AT 3Ty 3HEPrHI0O B BHJe JHCPrHM H3nyueHus (cseyenue). Ha pu-
cyHKe 49 (BHH3Y) NOKa3aHo pacnpepejeHne IJIOTHOCTH MOJOMKH-
TeJbHBIX M OTPMIATENBHBIX 3apsR0B MO giauHe TpyGku. OHO ompene-
JfeTcA ¢ MOMOIIbIO 30HMOB, BNASHHBIX B Pa3jItuHbIX MecTax TPyOKH.
B nonokutenrHOM cTosiGe HAXOAATCA NPUMEPHO PAaBHBIE KOJHMYECTBA
NOJIOMUTENbHBX M OTPHUHATENbHBIX HOCHTENEeH 3apAN0B, U MOITOMY
n1a3Ma 3JeKTpMYeCKH HedTpajbHa. JTO XapaKTepHOe CBOMCTBO MJas3-
MBI OTJIHYAeT ee OT JPYTMX Y4YacTKOB rasa B TpyOke.

CueKTpajibHble MCCAEIOBAHHA IJ1a3MEl NO3BOJSIOT cHeJaTh 3a-
KiIo4eHHe M o ee crpykrype. Okasamocb, 4TO B I1a3Me rasoBoro
paspAda CKOPOCTH TEIJIOBOTO [BIKEHHS 3JeKTPOHOB M MOHOB, a
TaKKe HeHTpaNbHbIX ATOMOB pesKo pasauuHel. HanGonpumyio cko-
POCTh XAOTHYECKOrO [ABMKEHUS B TrasopaspagHod TpyOGke HMeEIOT
aNeKTpoHbl. Macca 37eKTpPOHOB B THICAYHM M JECATKH ThicAY pas
MeHbllle MacChl a4TOMa WJIH HOHA, MO3TOMY NpPH CTOJKHOBEHHM C
MOHAMH WJIM HeATPaJbHBIMH ATOMAMHU 3JEKTPOHBI MOYTH He HU3MEHA-
10T CBOE!l KMHETHYeCKON 3Hepruu (COrjacHO 3aKOHAM MeXaHUKH NpHu
yOPYruX COYIapeHUAX O4eHb JIETKMX TeJl ¢ MACCUBHBIMH MOYTH He
OPOMCXOOUT OGMeHA 3HEepPruM). JJNEKTPOHbl OTJIETAIOT OT ATOMOB MM
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HOHOB, MOJO0OHO TOMY KaK oTJieTes Obl MaJIeHbKHU PE3HHOBBIM MAYHK
OT MAaCCHBHOTO YyTr'YHHOTO fAJpa, He M3MEHHMB HHM CKOPOCTH, HH Ha-
npaBjieHus ABWKeHUS AApa. IT0 0OCTOATENBCTBO IO3BOJISAET TOBO-
PUTBE O COOCTBEHHOH OrpOMHOIl TeMmepaType 3JeKTPOHHOrO rasa
naasmbl. HecMmoTpAa Ha xonogHoe cBeueHHe Ta30CBeTHOM TpyOkH,
TEeMIeparypa 3JeKTPOHHOTO Ta3a AOCTHraeT COTEH THICAY TPajycoB.
Takan rasopaspagHas mia3Ma BBHAY HEOJHOPOTHOCTH TeMMepaTyp
ee COCTABHBIX YaCTeH MOJYYHJIA HA3BAHHE HEM30TEPMHUUYECKOM.

Heckonbko unaue 0BCTOUT fAesio, KOTJA 3JIEeKTPHYECKHl pa3papq
NPOUCXOAMT B Tra3e INOA [aBJI€HHEM, PABHbIM aTMoC(EepHOMY HIH
6onbmie. Ilnamsa sjleKTpUYeCKON AYru, mJIaMs B AYTOBbIX PTYTHBIX
JaMnax BBICOKOTO AaBlieHUs MMeeT Temnepatrypy ot 3500 °C mo ie-
CKOJIBKMX JECATKOB ThICAY rpafycoB. TemnepaTypa CTBOJA MOJHHUH,
N3MepeHHaA CIIEKTPOCKONMMYecKd, okasajack pasHoir 30000—
35000 °C. Pa3zunMua rteMmiepaTtyp 9JIeKTPOHHOrO H HOHHOrO TrasoB
3fiech He TaK BeJHKa.

Ilnaama Moxer oOGpa3oBaTbcHd He TOJBKO IIPH 3JIEKTPUYECKOM
paspsize B raze. OHa ofpa3yeTcsi M OpH CHJIBHOM HArpeBaHWUM rasa.
U3 nnasmbl cocroAT uneapa 3sesn. Ilpuuem rarkas niaasma orauuaer-
cA OT Ta3opaspAfHON TeM, YTO B Hell TeMMepaTyphbl 3JIeKTPOHHOTO
U MOHHOTO Ta30B OAMHAKOBBL. TAaKOro BHA MJIa3Ma HA3BIBAETCA H30-
TePMHUUYECKOM.

lnasma mo ¢usanyeckuM cBoiicTBaM orjuuaercs or rasa. Oua
obnagaer xopolleidl 3JEKTPONPOBOAHOCTBI) W TEIJIONPOBOLHOCTHIO.
OgHAKO ecNM CPAaBHHTH 3JIEKTPONPOBOJHOCTH MJA3MBI C 3JIEKTpPO-
NPOBOAHOCTBIO MeTAJJIOB, TO OOHADYIKMTCA HX pe3Koe pasauune.
Kak u3BecTHO, gjifi MeTalJIOB 3aBHCHMMOCTb CHJIBI TOKA OT HAIIPsMKe-
HUA BeIparkaetrca 3akoHoM Oma. Cuia ToKa B HaHHOM MeTauIHye-
CKOM TIPOBOJHHMKE TPAMO MNPONOPUMOHAIBHA NPHJIOKEHHOMY Halps-
meHuio (puc. 50, cnesa). Kpyrusua rpaduka xapakrepusyer comnpo-
THBIeHHe NPoBOAHMKA. C NOBBILIEHHEM TEMIEPATypPbl KPYTH3HA BO3-
pacTaer — CONPOTHBJIEHME METAJJIOB YBEJIMYMBAETCA, TAK KAK KOJe-
GaHuA MOHOB B Yy3/laX KPHCTANIMYECKOWd pEIeTKH 3aTpPyXHAIOT
ABIKEHHE 3JIEKTPOHOB.

Hasa nnaamel 3akoH OMa Goxblieil yacThio HempuMeHuMM. Xapak-
TEPHUCTHKA nJlasMbl (rpad)MK 3aBHCHMOCTH CHJBI TOKA OT HAalpsKe-
HUA) He npsAMan JMHMA, a nagaiomas kpusaa (puc. 50, cmpasa).
C pocToM TeMmepaTypbi M MPU YBeJIMYEHHH CHJIBI TOKA yBeJIHYMBAET-
CA YMCJO 2JEeKTPOHOB B Mia3Me, a N03TOMY HamNpsieHHe, He06Xxo-
AMMOe [JA paspsfa, YMeHbUIaeTcsi. YMeHbIeHHe CONpPOTHBIEHHA
IJa3Mbl MOM<eT MPHUBECTH K ONMACHOMY BO3PACTAHUIO CHJIBI TOKa, IO-
3TOMY K IUIasMe TMOCJIeAOBATENbHO MOAKIIOYAIOT [100aBOYHBIA «6aJ-
JACTHBIM» pe3ucTop. B 3TOM OTHOIIEHMM CBOMCTBA MAA3MBI CXOTHBI
€O CBOMCTBAMH ITOJYIIPOBOAHUKOB. Y MOJYHNPOBOZHHKOB COIPOTHBIIE-
HHe, TaK e KaK M y MJa3Mbl, TeM GoJjbllle, YeM HHKe TeMIepaTtypa.
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HnTepecHs! cBoiicTBA NNa3MBl NpPH TeMmiepaType B MUJLIHOHEBI
rpaaycos («ropsadaa maasmar). Takaa nyiasma mouTH He okassiBaer
CONPOTHBJIEHHA OSJEKTPHYECKOMY TOKY. YueHsle paGoralorT ceifuac
HAJl CO3]|laHMeM OSJIeKTPOABHMraTe]leil M TeHEepaTOPOB 3JIEKTPHYECKON
SHEepTHH, B KOTOPHIX BMECTO METAJUIMYECKHX MPOBOAOB MOMKHO OBLIO
6Bl HCIONB30BATH JIETKONOABHKHYI IIa3My, 06GMafgaioNIyI0 HWUTOM-
HBIM COTNPOTHBJEHNEM.

BakHeitmeit npo6aemoil coppeMenHo#l puankyn sasaserca npobie-
Ma YNpaBleHHs NJa3Moi, npoGiema yjep:KaHHA IJIA3Mbl B YCTOM-
uMBOM cocToaHnu. HeudorepMuueckas NAa3Ma MOKET COXPAHATHCA
JHIIL PHM HAJIMYUH 3jeKTpudeckoro nonsa. Hamporur, uszorepmuye-
cKaa naasma ycroiumsa. BoaHHKaeT BOmpoc, KAK M B KAKOM COCYHe
yAepiKaTh BeulecTBO ¢ TEMIEepaTypoil B COTHH THICAY M MHJIIMOHEI
rpaaycos. Kasanocs 6bl, 3aja4a npUHONNNAALHO Hepa3peHiMMa, TaK
Kak Jio6oe BelleCTBO NepexofUT NPH TaKoil Temmeparype B COCTOA-
HUe naasmel. Mekny TeM peuienme Hamuioch., Okasanock, 4TO NJa3-
Ma MOMKeT ObITh «HOABEIIEHHOH» B MACHHTHOM I0Jieé BHYTPH Ba-
KYYMHDOBAaHHON KaMmephl TAaKMM O0GPa3oM, 4YTOGH He KacaThCA ee
CTeHOK.

KakoBo e 3HaueHHMe maasMnl B Hamrel »xu3Hu? [e oHa HCHONb-
syercA?

Hpoiigurecy BeuepoM no yiaumam ropofa. Bciogy Bam 6yayr mo-
NajaThCA JIAMNBI AHEBHOTO cBeTa. Takme JaMnu ceifyac OCBeLIalOT
paGoparopun, mexa ¢abpuk W 3aBOJOB, BHYTPEHHHE MOMeHIEHUS
MarasmHOB, CTAaHOUHM MeTpo M KMaAble foma. Ux cBer mpubamuxaerca
K guesHomy, a KIIJ] gocruraer 20—30%, uro B 8 pas npessimuaer
RIJl namn Hakanmsauua. JlaMpma pAHEeBHOro cBeTa NpenCTaBAAET
€060/ CTEKNAHHYI0 TPYOKY, CTEHKHM KOTOPO# M3HYTPH MHOKPBITH JI0-
MUHOpOpaMH — NIOMUHECHHUPYIOUIUMH  BEMIECTBAMH, CBETALIMMHCH
noa fgeicreuem yaprpaduoneToBbix aydeil. Takmmm nydamum Gorar
CBeT MapoB PTYTH, HamoaHAwmux rpybky. Ipoumecc niomMuHecueH-
HuH MOKeT ObITh MOACHEeH chefywouieil cxemoil. ¥Yasrpaduoneropoe
H3nydyeHHe BO3GY»HAaer aroMm JgioMUHOOpa, T. e. MepPeBOTUT ero
BHELIHME 3JIEKTPOHH Ha G6oJiee BBICOKMEe JHepreTHYeCcKHe YpPOBHH
(B mogenun atoma Pesepdopna—Bopa 3TuM ypoBHAM COOTBETCTBYIOT
Gonee ynajdeHHble OT aTOMHOro azapa op6urte). Ilpu Bo3BpaumieHuU
aTOMa B MCXOJHOE COCTOAHHE 3JIEKTPOH OTAAeT 3aMACEHHYK NOTeH-
OHMAJbHYI0 3HEpPruio (SHepruio BO3OYKJIEHHUA) B BHE CBETOBOTO
nanydennsa (puc. 51).

Npesa npakruyeckoro npuMeHeHHA BIEKTPUYECKOro paspAma [Iis
geaeil HCKYCCTBEHHOTO OCBeLeHHA Obllla NMpeloKeHa PYCCKHM aKa-
nemukom B. B. Ilerposmm. Ha camoii 3ape passutusa yueHus o6
NEKTPUUECKOM TOKE OH MNEpPBHIl OTKPHIA BO3MOKHOCTH BJIEKTpUYe-
CKOro ocBelleHMA. JnekTpuueckaa nyra, uau gyra llerpoma, mpen-
craBisieT co00il He YTO MHOe, KAK MJA3MEHHBIH 2JeKTPHYECKNiH pas-

52



pan npu armocdepHom nasiaenun. B. B. Tlerpos npucoegunun mpo-
BOAA OT OrPOMHOMH, INOCTPOEHHOH UM rajsBaHWYecKol Oatapenm K
ABYM JApeBeCHBIM YIJiAM, pacnojo)KeHHbIM Ha paccrogunu (0,25
0,75 cm gpyr or Apyra Ha cKaMeedkKe CO CTEKJIAHHBIMU HOKKaMU;
MeKIy HHMH NOABUJICA «BechbMa sApKUH Oejoro HBera cBeT WJIH
IJ1aMA, OT KOTOPOTO OHble YIJIM CKOpee WIH MeJjuTeibHee 3aropamwr-
€ M OT KOTOPOr0 TeMHLId NOKON JOBOJIBHO FACHO OCBeileH ObITh
moxer». B coBpeMeHHOM HCHOJHEHUH 3jIeKTpUYecKasa ayra obGpasy-
eTcA MEeXKAY ABYMA YTONBHHIMHU CTepIKHAMM, MPHBOAUMBIMI CHavaja
B CONPHUKOCHOBEHNHE W YIep/KNBAeMbIMH aBTOMATHYECKHM HIH pPydY-
HbIM PeryJATopoM Ha MOCTOAHHOM HeGoabumioM paccroanuu. Csede-
HUe HCXOAMT IJIABHBIM 06pa3oM OT MOJIOKUTEJNLHOro yrisa (aHopma),
packanfieMoro B miaMenn gyru fobesa. [laasma B 3ToM cayuae nuub
Harpesaer aHofg. Temnepatypa 3JeKTpUYecKoil [Jyrd mnpessiIaeT
3000 °C. Mbicab 0 BO3MOMKHOCTH NPHMEHHTL BBICOKYIO TeMIlepaTy-
py JAyrH [JaA [JaBJeHUA MeTaJUIOB Takke Obijja BbICKa3aHa
B. B. llerposuim.

Onnako oT ero reHHanbHOM MBICIH 10 €e MPAKTHYECKOTO OCYIIecT-
BJIICEHUA W BHEAPEHUA B KU3Hb MNPOILLIO HECKOJLKO HECATKOB JeT.
Jlmme 8 1876 r. pycckuin ummenep II. H. fl6noukoB B3sAn nartest
Ha cBoe usobperenne, OCTPOYMHO pa3peiliaBiliee NpobieMy peryiu-
POBKH 3JleKTpHYeckoii Ayrd. «Bmecto Toro 4robbl aBTOMATHYECKH
cO6nuxaTh YK IO Mepe HMX CrOpaHWsA, A [OMeINal YIJIu PALOM
EPYT NMPOTHB Jpyra, pasfieisad WX H30JHPYIOIIHM BEUIECTBOM, MOTY-
UM CropaTh BMeCTe € yrjeM, HanpuMmep KaoauHoM». «Pycckmii
CBET» — TaK Ha3blBAJIU OCBeilleHHe yJNH, miowaged, rearpos [lapu-
#a ¥ Jloupona cseuamu fl6noukosa. BmocaemctBun 3tor BHE ocBe-
menusa Obil BEITECHEH JIaMIIaMH  HAKaJMBaHWA, W300peTeHHBIMH
pycckuM anextporexuuxkoM A. H. Jlogwirnupm.

Henasa niaeApna pycCKHX YYeHBIX W HHIKEHEPOB YKpalIaeT HCTO-
puto aunexkrporexHuxu. KMmena H6mourosa, Yukosesa, Benappoca,
CnassinoBa, [latona, Jlazapenko cBsA3aHbl ¢ GIeCTAUIHMH OTKPBLITHA-
MH U YCOBEepPLICHCTBOBAHMSIMU B OGJIACTH 3JIEKTPHYECKOr0 OCBelle-
HUA, 3JEKTPOCBAPKH, EKTPOUCKPOBOIl 06paboTKU MeTasioB.

JJeKTPHYECKAsA CBApKa B HACTOAIIEE BPEMsS LIMPOKO IpPUMeEHAET-
cA Npu NpOKJAJKe peJbCOB, IPHU COOPYKEHHMH KAPKACOB IPOMbIII-
JEHHBIX W KAJBIX 3MaHuil, B Kotgocrpoenuu. OHa sABasieTcA OCHOB-
HBIM CNOCOOOM COeIMHEHUA YacTell MeTaJlJIMYecKNX KOHCTPYKHINH
M MouTH BhiTecHMJa kienky. TenaoBoe [eiicTBHe 3JeKTpPHYECKOi
AYTM KCAOAL3IYETCA TaK)Ke B JYroBBIX Medax JJiA BbIIJABKH CTajlH
M [BeTHBIX MeTayuioB. Temmeparypa MeKAYy 3JEKTPOLAMM TAKUX Ie-
geil mocruraer 6000--8000 °C. CneuuaabHbie cTajn — HHCTPYMEH-
TaJbHafA, HepKaBelOLlas, }KAPOHPOYHASA — BBHIIJIABIAIOTCA TOJBKO B
MEKTPUYECKNX Meyax. B ajlekTpHYecKHX medax MPOBOAATCA MHOTHe
nponecchl XuMuveckoil texHomoruu. Hasopem xora 6bl moayuenue
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Kap6uzxos: KapOuaa KaablMA — MCXOJHOTO BelecTBa IHpH MNOJIyYe-
HHM aleTHJeHa M Kapbupa wxpeMHHA (Kapb6opyHjpa), mpUMeHAEMOro
ZJJISl M3TOTOBJIEHUA HAMAAYHBIX NIIHQPOBANLHBIX KaMHeHl, HAMAAYHOTO
HNOPOMIKA.

INeKTPUYECKYIO AYTY MOMKHO MOJNYYATb HE TOJBLKO MEMAY Yrojib-
HBIMM, HO M MemKAY pPTYTHBIMHM 3JeKTpogaMu. PTyTHele ayrosmie
JamMnel B KBapHeBblX 0aJJIOHaX HaXogAT NIMPOKOe NpHMeHeHHe B
meaunuHe («ropHoe conune»). Ilnama amekTpuueckoit ayrum Gorarto
yasTpadHONeTOBHMY JIyYaMH, OKA3BIBAIOIHMU CHIbHOE (H3UOJIOTH-
YyecKoe BO3NeHcTBHe.

OrpoMHOe 3HayeHHe B MEKTPOTEXHHKE HMMEIOT PTYTHble BHINPA-
MHTEJNH TOKA. JNeKTPUPUIMPOBAHHEIE Kelle3Hsle JOPOTH, TpPaMBaii,
METPOINOJUTEH MNOJYYaloT IMOCTOAHHBIA TOK ¢ MOACTAHLMMA, HA KOTO-
PHIX YCTaHOBJIEHH MOINHBIE PTyTHhie Bempamutean. Ha pucynke 52
n306parked PTYTHHIH BHINPAMHTENb. B CTeKIAHHY KOJ6Yy BNasHBI
IBa CTAJbHBEIX WJIH rpadUTOBHIX 3INEKTPOAa, ABAAIMUXCA AHOLAMH
BHINPAMHUTENA. B HMIKHIOO YacTh KOJGH HAJIHTA PTYTh — 3TO KAaTOA.
CHu3y B PTYTh BBefleH MeTaJUIHUECKHHl cTepskeHb. PANOM ¢ KaTomgoM
B Kojibe uMeerca yrayOieHue, 3amOJHeHHOe PTYTbIO H MNpegHA3Ha-
YeHHOe [JiA 3a:KUTaHUA JyTM paspAga B koiube. [{na atoro konby He-
MHOTO HAKJOHAIOT, M TOT/{a PTYTh, COEQUHAACH, 3aMbIKaeT Henb. [Ipu
BO3BpaIlleHHHM KOJOb B fepPBOHAYaJbHOE MOJIOKEHHEe PTYTHHIH KOH-
TAKT pa3MbIKaeTCA W MEKAY pPTYTHHIMH IJIEKTPOJAaMH BCIBIXHBaeT
ayra. Ilpu aTom Ha pryTH Karoma moaBisieTcA HeGoJbIIOe CBETIIOE
nAaTHO, packanenHoe xo 3000 °C. Ilpu croas BEICOKOH TeMmeparype
U3 PTYTH BBUIETAIOT IEKTPOHHI, YCTPEMIIAOINUECA K TOMY M3 OCHOB-
HEIX rPa@HTOBEIX aHONOB, KOTOPHI B JAHHLIA MOMEHT HMeeT IOJIO-
MUTENbHEIA 3HAaK. Mexny pTyTeio m rpaduToBBIM aHOMOM 06pasyer-
cA IEKTPONPOBOAAIHUIA MocT U3 Mia3Mul. OH npomyckaeTr WHTEHCHB-
HHIl IIOTOK 3JeKTPOHOB I00YepPesHO TO K OJHOMY, TO K HPYroMy
aHOAY B 3aBHCHMOCTH OT HANpaBJIeHHA TOKA B OOGMOTKe IUTAIOINEro
tpaHcdopmaropa. IlonoxurenbHnie HoHBI, ofpasywiuMeca NpH
CTOJIKHOBEHHHX JJIEKTPOHOB ¢ HeHTpAJbHHIMH MOJIEKYJaMH, JIETAT
obpaTHO K Karogy u, GomOapmupys ero, HMOAiepKUBAOT TeMIepaTy-
py Geraomero mo moBepXHOCTH PTYTH KATONHOTO MATHA Ha Heo6Xxo-
JMMOM BhiCOKOM ypoBHe. (A nonydeHHA Gojee CTaa’KCHHBIX M1YJb-
canuil BHODAMJIEHHOTO TOKA NPHUMEHAKIT KOJAOGLI He ¢ AByMA, a ¢
6OJBUINM YHCJIOM aHOAOB. MoInHble MeTa/UIM4eCKMe PTYTHBIE BHI-
IPAMUTENH, XOTA MO BHEUIHEMY BHAY ¥ HEMOX0KHM HA BuINPAMUTENH
CO CTEeKJAHHBIMH KOJIOAaMH, OCHOBAHBI HAa TOM ’Ke NpPUHOMIE.

Bricokaa 2;JeKTponpoBOJHOCTL MJasMbl JOCTaBjiseT GojbuIne He-
OPUATHOCTH JJEKTPOTEXHHUKAM I[IPH BKJIWYEHHH M BHIKJIIOYECHHH
CHJIBHBIX TOKOB, OCOOEHHO eclM HeNb COREPKUT HHAYKTUBHYIO Ha-
rpy3Kky (moropsi, Tpamcdopmaropsl). Peskuit ckauok HaupsikeHus
B MOMEHT Pa3MBIKAHHA HENell NMPUBOXUT K 0Opa3OBAHMIO JEeKTpHYe-
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cKOll [yrH Me)kAy KodTakramm py6uinsHnka. Kpome toro, uro nyra
MNOPTHT, CAKHraeT KOHTAKThI, IJaMfA JyTH MOKeT NepeGpocHThCA Ha
CcOCelHMH KOHTAKT, 4T0 OyAeT paBHOCHWILHO KOPOTKOMY 3aMbIKAHHIO.
[looroMy pns 3aMBIKAHHA W pasMbIKAHAA [enedl HaNpPAKeHHEeM
Gonbwe 250 B He npumensaioTcsas oGBIYHBIe PYGMILHHKM, a TpHMe-
HAKTCA MacifdHble BHRIKJIIYATENM, [[€ PpasphlB IeNH NPOUCXOTUT
BHYTPH COCyJa ¢ MHHEpAaJbHEIM MACJIOM U BO3HUKAKINAA Jyra rac-
HeT B arMocdepe Ny3sips oGpasyliuxcs NapoB M rasos.

Jlns 3amyuTHl NPOBOJOB OT MEpeHANPAKeHHH M y[apa MOJHMH BO
BpeMs Tpo3bl I0JIE3HO NPHMEHATh 3JJMeKTpuueckylo ayry. C atoi
HeJbl0 HCNONbL3YIT MOJHMEOTBOAsl B ¢opme poros. OnuH M3 HHX
COe/lHHEH C TOKOHEeCYINNM IPOBOROM, [pYyroi — ¢ semiaeil. B cayuyae
yNapa MOJHWM MJIH NepeHANps)KeHHs B NPOBOJAX B Y3KOM MecTe
paspAAHHMKA BOSHHKAeT 3JeKTpHuecKas jayra. Bememcrsue uarpesa-
HHA BO3]yXa OHAa OTTOHAETCA BBepPX, pPAcTArMBaeTcA Bce GoJblLIe M
Oosbriie M, HaKOHel, paspbiBaeTcd W racHer (puc. 53).

TeMmmeparypa aneKTpHueckoi XYru, ropsigeii NIpH HOPMAJBLHOM
arMocepHOM pmaBmeHMn, Kak wussectHo, pasHa 3500 °C. Ho, za-
MUTAA AYTy T1OJ JaBjJeHHeM, YAAJOCh HOJIYIATH TeMIepary-
py 7000°C n Beimie, T. e. Temnepatypy 60abmiyio, yeM Ha mOBepx-
Hocti CoaHua. 1 mo ApKOCTH cBeYeHMSA YAAJIOCH NPEB30HTH APKOCTD
HaHlero gHeBHOro cseTHja. B ngBa pasa sapuye ConHua oclemurenn-
Hble BCHBIUIKA AYyrd B aTtMocdepe rasa KCeHOHA. ITH ApPKHE BCIBIUI-
KH ucnoab3yorcs dgororpadaMu gias MOMEHTaJAbHBIX CHEMOK.

Connne — oana u3 GecuucieHHwmx 3Be3j. OHO He oOTHOCHTCA K
THIy HamGojee APKMX WiM HamGosee ropaumx 3sesp. Hamie Coan-
e — JKeTas KapJHKOBasA 3Be3/ia. JHAUMTEJILHO BhILIE TeMIlepaTypa
Genbix 3Besn, Hanpumep 3Be3asl Cupmyc, TeMmeparypa Koropoil fo-
cruraer 10000 °C. M aro na nosepxuocru! O moBepxHOCTHOH TeM-
neparype 3Be3]| CYAAT IO SIPKOCTH CHEKTPAJbHBIX JUHUHA. Buyrpn
3Be3fl, KAK 3TO IOKa3BIBAIOT [OBOJHHO CJIOKHLIE pacyeTsi, TeMmImepa-
Typa HOCTMraeT JECATKOB M COTEH MWIIWOHOB rpagycos. Ilpu arux
YYNOBHHIHBLIX TeMIeparypax B NJasMe NPOUCXORAT peaKuuu MeKIY
A[pAMM aTOMOB BelllecTBa C BbII€JeHHEM KOJIOCCAJIbHOH 3SHEeprumu.

CTAPOE 1 HOBOE OB JJIEMEHTAX
M BATAPEAX

Hcropusa ranbBaHHYecKuX 9JeMEeHTOB HAYaJach € TOTQ, YTO B OJHH
n3 HosaOpbcknx nueit 1770 r. mpodeccop aHatroMum m ¢usnosOruu
Bosonckoro ynusepcurera Jlynmku IaapBanu 6b11 mopakeH crpaH-
HbIM ABJICHHEM: HAXOJMBIINecs HA cTojie 00e3rjaBieHHbIe JATYIUKH,
HaJl KOTOPHIMH mnpodeccop NPOM3BOAMI ONbITHL, B3xparuBanu. Mx
NANKH CYROPOKHO COKpPAINAJNUCH BCAKMHA pa3, KOrja M3 aieKTpHYe-
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OT BCero, 4T0 HaM jocesie N3BeCTHO OnuIo 06 anekTpuuectse... Hruime
sl caM TPOU3BOJMJ UyXHOe [JefCTBMe M OT HeBepUA Mepelles, MOMKer
6uiTh, k cdanatmamy». Ha mepmeix nopax Bosabra pasgenan Touky
spenns [albnBaHM OTHOCHTENIBHO KHUBOTHOTO JJEKTPHYECTBA», HO
NOoCAeAy0Ie MHOTOYHCJIEHHBIe ONBITH MOKA2aJH (PU3HYECKYIO
NPHUPOLY HCTOUYHMKA TOKA; OHM NMPHBEIU K CO3JAaHMIO MEPBOro ralb-
BaHUYECKOTO 3JIeMEeHTa.

Hpocrelimmii anement, nsBecTHHI B y4ye6HHMKaX NHOJ Ha3BaHUHEM
anemenTa Boabra, Mouo caenars Tak. Hajgo B3ATh cTakaH, HAXUTHL
B HEro BOJHHIA DPacTBOP CepHOH KHCJOTH (MJM KpemKoro pacTsopa
YKCyCa, HAM pacTBOpPa HAIIATHIPSA, WIM, HAKOHeL, OBAapPEHHOMN COJM)
U OOYCTUTH B PACTBOP ME[HYI0 W HHUHKOBYXO INIACTHHKM, TIpHYeM
IIACTUHKM He JOJUKHEI KacaTheA JAPYT Apyra (puc. 55). Bam Teneps
TIOHATHO, 9TO M B onuTe [aabBanHu Obin TaKOH e 2JeMeHT, TOJBKO
PoOJib COOTBETCTBYIOIMUX PACTBOPOB BBLIMOJHAJM AHUEKOCTH B TKAHAX
JIATYHIKH.

Hakoe e ¢usnueckoe o6bacHenme gan HabIoKaBLIEMYCH ABIe-
nuo Bosbra? BMmecto Teopum KMBOTHOrO 3JeKTpUYeCTBa» OH Bhi-
ABUHYJI TEOPUI0 «MeTaJuIndecKoro ajekrpudectsa». Ou Bugen mcrod-
HHUK JIEKTPUYECKOr0 TOKA B COONPHKOCHOBEHUM ABYX pPasHbIX MeTal-
nos. Boabra fokaseiBam 3TO HOpH [OMOLIM ONBITA C 3JEKTPOCKONOM
(puc. 56). Hanokenunie gpyr Ha JApyra NMHKOBAaA M MegHasA Iaac-
THHKH NpPH Pa3HUMAaHHM OKAa3BIBAIOTCA HasjeKrpusosBaHHbIMU. Mcnmi-
THIBAfA DAa3JAUYHbIE MeTaJJIbi, OH YCTaHOBHMJI TaK HashiBaeMuii Boub-
TOB pAj: -+UMHK, OJIOBO, CBHHell, Keye30, JaTyHb, GpOH3a, Mejlb,
IUIaTHHA, 304070, cepebpo—. Hampskenue, BosmMKaiomee npu co-
TIPHKOCHOBEHUH JBYX KaKHX-IN0O MeTalJioB, TeM Goiblie, YeM Jadb-
e OTCTalOT OHH JApPYr OT Apyra B 3toM paxy. [lpm atom Boabra
YCTaHOBUJI, YTO €CJI¥ COCTABHTb lleNib M3 BCEX MepeuucIeHHuX (uau
4acTH) MEeTAJJIOB B YKA3aHHOM HODPSA/IKe, TO HaNpS>KeHHe HA KOHHAX
pAfia UHHK — cepeGpo OynmeT TaKoe Ke, KaKk HPH HENOCPEJCTBEHHOM
COINPUKOCHOBEHNHU NIWHKa U cepebpa.

flpnenne BOBHMKHOBEHHA Pa3HOCTH NOTEHIMAJOB MPH CONPHUKOC-
HOBEHHH pPa3sHOPOAHEIX METAJIJIOB (3TO SIBJICHHE HA3LIBACTCH KOHTAKT-
HOH Pa3HOCTBIO MOTEHIHAIOB) HMeeT (0JbLIOe 3HAYEHHE B COBPEMEH-
HOo# 3nexTponuke. OHO oGBACHAETCA Kak caefcTBue RuPPy3nn
31eKTPOHOB. B MecTe CONpHKOCHOBEHMS ABYX pasHOPOXHBIX MeTaJj-
JIOB 3NEKTPOHH MePeXoJAT 4Yepes TpPaHHUY KOHTAKTHOrO CJIOA
(puc. 57). OHu mepexoiAT MpPeMMYIMECTBeHHO M3 TOrO MeTaja, I'ie
HX CBA3L C peHleTKo#l MeTaJJia cjaalee, B TOT, TIJe 3Ta CBA3b
cuIIbHEE.

Takum oGpasoM, otkphitue Bonbra He oGBACHSET JelicTBHe raib-
BaHHMYECKOTO 3JIeMeHTa. ITO0 BHAHO XOTA ObI M3 TOro, YTO B 3JEMEHTE
Bonbra muHKOBag IJIACTHHKA ABIAETCHA HE HOJOKHUTEJLHBIM (KakK B
ONbITe € 3JEKTPOCKONOM), a OTPMIATENbLHHIM 3JMEKTPOJOM, MOJOHKHU-
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TEAbBHHM CAYMUT Meldb. BojdbTa paccMaTpusajl NOCTPOSHHYIO HM
6aTapeio — BOJBTOB CTON0 — KaK COeMHeHHe MHOTHX MeEIXHO-I{NHKO-
BbIX IIAp, 2 CYKOHHBle MJIM KApPTOHHbIE IPOKJIAjKH, [0 er0 MHEeHHIO,
JUIIbL OTJEAANAN B 3TOM cT0j0e OMH 3JAEeMEHT OT ApYroro, He Memias
B TO K€ BpeMsA IPOXOKIEHHMIO Toka. B pmeilicTBUTEeabHOCTH Hafo 6BLIO
YY€CTh ¥ pOJb pPasAEAAIIIEro MeTANIH PacTBopa. JJIEeMeHTapHOU
AYEeHKOH B BOJBTOBOM CTOJ0e Obila KOMOMHAUMA MEJHOro M UMHKO-
BOT0 KPYKKOB BMECTE ¢ BJIAKHOH NPOKJAJKOH. JTH JIEMEHTH, Ha-
JoEHHHBIe APYT Ha Jpyra TaK, KaK MOKas3aHO Ha pHCYHKe D8, oKa-
'3BIBAJIMCh COENUHEHHBIMHM I[OCJAEHOBATENbHO, 4YTO H ofecmeuuBao
cuiIbHOe felicTeue Bceil G6atapen. MoxHO caMOMY HM3rOTOBHUTL BOJIb-
TOB €TOJ0 M3 CTONKHM MeZHBIX TPEXKoleedHHX MOHET M IHHKOBBIX
KPY’KKOB COOTBETCTBYIOIIEro JHAMETPa, NEpeloKHB HX KapTOHHBI-
MH NpPOKJAgKaMH, CMOYEHHLIMH B pacTBOpe HAWATHIPA. ITO GHUIO
Obl xopolneli HIMOCTPAl{Mell K AOKJIaKy HAa HMCTOPHYECKYIO TeMY 00
3JeMEHTaXx.

Ob6bacHenue pgeictBua aneMmenta Bosbra Takoso. Kak usBecTHO,
B METAJJaX BajJeHTHHIE JJEKTPOHBH NepeMeHlaloTcA MEXAy Y3JaMu
KpUcTaLIuYecKkoi pemnerku. [Ipm aToM MeTann He oKasbiBaeTcA 3a-
pAKEeHHBIM OTPHLATENLHO, TAK KAK OOIMMI 3apAJ] 3JIeKTPOHOB ypaB-
HOBEeIHBaercA O6LINM IOJIOKUTEJILHBIM 3apAnoM HoHoB. Eciam omyc-
THTh METANAHYEeCKYI0 ILIACTHHKY B BOJHHH pacTBOp, Hampumep,
CEepPHOH KHCJIOTH, TO METAJJI HAauHeT pacTBopATscA. [loaoxureapnnie
wonni Meraana Zn*? wan Cut? mepexoasar B pacrsop, m Toraa Me-
TAJJI OKa3blBaeTCA 3apKeHHHM oTpuuareibHo. Eciam B3fATh B Ka-
YecTBe BTOPOTO 3AEKTPOLA HEPACTBOPAIOUIUNCH B 3IEKTPOJUTE Yroib,
TO CTPEJKAa rajbBaHOMETpPa (MArHHTOACKTPHUECKOH cHcTeMn) O6y-
eT OTKJOHATHCA B OAHY M Ty ’Ke CTOPOHY, Kakoii 6K MeTaaa MH HH
B3AJH B nape ¢ HUM. Pasauume TOJbLKO B TOM, KaK CHJIbHO OTKJIOHHT-
cs crpeaka. [IpuMeHsaa nUHK, MBI DONYYHM HanGonbilee OTKIOHEHHE,
Mefb factT 6onee ciaaboe orkioHeHue (puc. 59), a ceuHer emie Gomaee
cnaboe. Iro oOBACHAeTCA PAINHMUYHONH PpPAaCTBOPHMOCTHI0 METAJJIOB.

Ecam B yriae-MmeAHOM 93JeMeHTe, HABABIUIEM CPaBHHTEJBHO He-
6osbIIOE OTKJIOHEHHMe CTpeJKH rajlbBaHOMeTpa BIPaBo, 3aMEeHHTH
VYrOJAbHBIHA 3JEKTPOX IHMHKOM, TO NOJYYHM OTKIOHEHHEe CTpPeIKH B
JeBYI0 CTOPOHY, NpHYeM 3HAYNTeJNbHO Goabiiee (cM. puc. 59). Men-
Haf ILUIACTHMHKA CTajla Tenepsh MOJOKHUTEJNbHBIM MMOJI0COM, I{MHKOBAf,
KAK M paHbHie, oTpunaTenbHoiM. Hak 3ro o0bsacHuth? Bemp Mbi
BHIQJIM, 9TO TIPM PacTBOPEHMH B JJIEKTPOJUTe 00a MeTalja 3apAKa-
1oTca orpunareabHo. OGbLACHAETCA 3TO PasiIUYHOM pPacTBOPUMOCTLIO
merajnos. Ecau 06a anekTpofa IMHKOBHE, TO OHH 06J1agaloT ofuHa-
KOBOH PpacTBOPMMOCTBIO M HHKAaKOH PasHOCTH IIOTEHIHAJOB MeIy
3JeKTposaMi He BoaHUKaer. Eciam B3ATh B KauecTBe JJIEKTPOLOB
MeJb M CBHHEL, TO MeJb OKa3nBaeTCA OTPUMAaTedbHbIM modiocoMm. He-
BEPHO HCTOJKOBAaB NPHPOAY MABJIEHMWIl, MepBble MCCIEJOBATENH Talh-
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Bolaenenne Oy3sIpHKOB BOAOPOAa HA MeJHOH WM YroJLHOM
NJaCTHHKe BO BpeMsa paboTh 3jeMeHTa sBleHWe HempuatHoe. [leno
He B TOM, YTO BBIJEJAOMIMACA BOAOPOJ NOKPHIBAET aHOX 3JIEMEHTA
M TeM yBeJM4HMBAeT ero BHYTpeHHee CONpPOTHBJIEHHe, 8 B TOM, YTO C
BHIICJIEHHEM BOJOPOJa HPOHCXOXUT HACJHOEHHME HA MeJHO-LUHKOBOM
ajleMeHTe APYroro 3JjeMeHTa ¢ BOJOPOAOM B KadecTBe OTPHIATEJ]b-
Horo mosmioca. OrpnuarensHoro? Hosas samaua mna uMTatens, 3Ha-
KomMoro ¢ xumueil. Beap HOHBI BOXOpPORA HECYT MOJIOMKMTEJIbHBLA
3apAf, mouYeMmy »Ke, NOKPHIBasg Melb, BOXOPOX CTAaHOBHTCA OTPHIA-
TeJIbHEIM mojiocom? J[lesio B TOM, 4YTO Ha MegH OCaKIAIOTCA He
MOHBI, a HelTpasbHble aTOMBH W MOJIeKYJasl Bomopopa. lloaromy
oOpaTHHI mepexof HOHOB BOJOPORA B PACTBOP BHI3HIBAET MOABJE-
mue IJJIC, BriuouenHOH HaBcTpeuy nepsonauanbuoit I[C sunemeHTa.
IMoABieHNe HNPOTHBOHMOJIQMHEIX MOJIOCOB HAa 3JEKTPOAAX 3JIEMEHTa
HaspiBaeTca nojApusanuein djementa. OHAa W ABMIACH NPUYHHOMN
TOro, 4710 3JeMeHT BoasTa KaBHO mepecTak NPUMEHATHCA HA HpaK-
THKE.

Ecan ypanuts ny3sipbKM BOJOpOJa ¢ MENHOH NJIACTHHKH, 3Jie-
MEHT MOHO HOBTOPHO MCHOJb30BaTh. [lJis yaaseHus Bogopoja Oblio
OpPefJIOKEHO MHOMKECTBO Pa3JMYHBIX CHoco00B, HAYMHASA OT HOCTY-
KMBAaHHA [0 aHOAY dJieMeHTa. BmojHe ecTecTBeHHO, YTO HamGosee
YAAYHBIMH OKAa3aJINCh XHMHYECKNE cHOoCcO0H jemoiAapu3anuu (ycTpa-
HEHNsA NOJIAPU3anuu) myTeM Ao0aBlieHNs CHEIHAJbHBIX OKHCINTE-
Jeit, He AOmMyCKalUUX oGpasoBaHHA BoJopoja Ha aHome. Bce 3rm
CHCTEMB! raJIbBAHWYECKHX 3JEeMEHTOB, YHMCJIO KOTOPHIX MNpEeBHIIAaeT
HECKOJIbKO JECATKOB, OTOWLIN B oOisacTh mpenaHusa. JInimp HeMHOrue
n3 Hux (onemeHTn [lanmansa, ['peHe) coxpaHHIHCH B HEKOTOPHIX
dusuueckux kabuHerax ydeOHHIX 3aBegeHnMi. JaemeHt ['pene 3Ha-
KOM, BepoATHO, MW HaiumMm uurtareaam (puc. 61). emossapusatopom
CIYKHT CHJIbHO OKMCJAION{MA pacTBOp OMXpoMara KaJiMA HJIN HaT-
pusa B cepHoil KucioTe. Ecim BaM HpPHXOAMTCA MMETH JEJI0 ¢ TAKHM
3JieMeHTOM, TO He 3a0nIBaliTe N0 mpeKpameHWnm paboTH BHIHHMATH
M3 pacTBOpa HHMHKOBHIH 3JIEKTPoA. XPOMOBas HUAKOCTH CTOJIb CHJIb-
HHIl OKMCJUTENb, UTO 3[eCh He NMOMOTraeT AaKe amalJibraMipoBaHHe
unHka. MHTepecHH 2jieMeHTH ¢ JABYMA JKHMAKOCTAMH: OHH OTJIHYa-
1otea crabmisaoit JJJC. B kavecTBe mHpHMEpa TAKOTO JJIEMEHTA
ykaxkeMm asiemedT [anmana (puc. 62). Cocya pasmeseH Ha JBe HOJO-
BUHE NOPHUCTO Meperopojkoii. B oaHy MONOBMHY HAJMT DAacCTBOP
MEJHOr0 Kymopoca, B JPYTyIO — BOJHBIH pacTBOpP CEPHOH KHCJIOTHIL
B Meanniit Kymopoc omymieH MeRHBIH 2JEeKTPOJ, B CEPHYI0 KHCIO-
Ty — HUHKOBHIA. Posib meperopogknm CoCTOMT B TOM, 4ToGBl He HO-
OYCKaTh CMEMIMBAHMA KMAKOCTEH M HOJAX0Ja MeJHOTO Kymopoca K
OMHKY, MHa4Ye NPOM30HIeT XUMHMYeCKas peaKnus ABOHHOro oOGMeHa
M MeAb HAa4YHEeT OCAKAATHCA Ha LMHKe.

MocmoTpuM, YTO NPOMCXOANT HA MJIACTHHKAX KaMKAOro «mOJy-
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anemenTa» (puc. 63). Ecanm wenn pasoMkHyTa, To Ha TOM M JpPyrom
JIeKTPORAX YCTAHABAMBAETCA 3JIeKTpHuecKoe paBHoBecne. Houm
MeJIn MOTYT HepexofuTh B PacTBOp M3 MeTajja, Ho, ¢ APYTO# CTOpO-
HHl, 1 M3 PacTBOpPa MeJHOI0 KYNOpPOCa MOHH MERXH MOTYT OCaMAaTh-
ca Ha anexrpose. Ha Toro um pgpyroro me mpoucxoaur. Hauapmeecs
ocasKJeHHe HMOHOB M3 PacTBOpPa HA 3JeKTPOX cOo3JaeT u3GBITOK MMOJO-
JKATENLHLIX 3apAXOB, 2 B 3JEKTPOJUTEe — M30OLITOK OTPHOATENBHBIX
nouoB. O6pasyercAa ToOHYaHmMMEA caoil (ABoiHOH cioi) HamomoGHe
OOKJNaIOK 3apA)KEHHOTO KOHRXEHCATOPa, HANPSKEHHOCTH JJIEKTpHUE-
CKOTO MOJIsi KOTOPOTO HANPABJEHA OT 3JEKTPOJa B pacTBop. ITO
moJie ¥ MPEeKpaTHT falbHelmiee oca)K[eHHe MOHOB MERHM M3 PacTBopa.
Honnl me meranna sjexkTpoja He OyAYT NepexoguTh B PACTBOP
M3-33 NPOTHBOJEHACTBHUsA BNEKTPHUECKOTO MOJA ABOAHOTO CJIOA.

Ha pgpyrom «momyanemeHTe» kapThHa muas. Ilepexom B pactsop
KHCJIOTH MOHOB IIMHKA CONPOBOXKAAeTCA oGefHEHHEM 3JIEKTPOga MO-
JIOHUTENBHEIME 3apPsiiaMH, BCJIeJCTBHe Y€ro HA TPAHMOE ero ¢ pacT-
BOpoM of0pasyeTcs OTPHLATENbHHII CAOH, ¢ KOTOPHIM HNepeLIefmiue
B PacTBOP MNOJIOKHTEJNLHBIe 3apsAAb 00pasylwT mHoje, AeHCTBYIOIlee
OT pacTBOPa K 3JIEKTPOAY. ITO NOJie M NPEKPATHT JajbHeliiee pact-
popenne numaka. O6pasywloiuascs B JBOHHOM cjioe PasHOCTh MOTeH-
OuaNoB («CKa40K MOTEeHUMAJAa» HAa TpPaHHULE MEeTAJJ — PacTBOP)
MoKeT OBITh Pa3NMYHON, OHA 3aBHCMT OT IPHPORH MeTajjla M KOH-
ueHTpanuu pactsopa. IIpm HOpManbHOH KOHUEHTPAUMH HA IPaHHLE
OAHK — PacTBOP PasHOCTh HMoTeHuHanoB pasHa —0,5 B, a Ha rpaum-
e Megb — pacteop ona paBHa 0,61 B. Iloatomy mexny smektpo-
AaMH PasoMKHYTHOTO 3jemeHra [lanmana obpasyeTcsi pasHOCTb MO-
teanuanos 0,61 B — (—0,5 B)=1,11 B. 310 u ecTh 3IeKTPOABHKY-
maA cuaa aneMenra [lanmansa.

IIpn sambikaHMA Lenu BO3HHKAeT eKTpUdYecKHil ToK. Bo BHem-
Hell LieNH 3NeKTPOHH GYAYT ABHTaThCA OT UMHKA K Mefu (OT 3IeKT-
popa c Goabinedl pacTBOPMMOCTBIO K 3JIEKTPOAY € MeHbLIEH pacTBo-
puMmoctsio). IIpu aTom mose JBOWHOTO €O y TOTO H JAPYroro 3jeKT-
poma Gyner ocnabeBaTh, 4TO HMPUBENET K MNEPEXOAY LIMHKA B PacTBOP
H OCa)KACHHIO MEIH Ha 3JIeKTpofe.

3HauuTeNbHO yROOGHee paboTaTh ¢ ajiemeHtramn 0Ge3 cepHOM KHC-
notel. M3 kypca dusukM Bel RODKHH 3HATH TaKWe 3JEeMEHTH — 3TO
aneMenTH Jlekiapime (CyXHe M HAJMBHEIE). JJIEKTPOJNUTOM B HHX
CAYKHT PacTBOP HAINATHIPSA, a NEHOJSAPH3ATOPOM — cMech H3 ToJde-
HOTO NEPOKCHAA MAPraHuA M YIJA.

OcHoBHOH 3a60TOH KOHCTPYKTOPOB BCEX 3JeMEHTOB, KaK MBI
punenu, Geina Gopnba ¢ moasipusaumein. Ho Barnsinem nHa obpatnylo
cropony mefanu. He moxer am moaspusaunsa B KaKUX-HUOYRb cay-
Yasax OKasaThCA mosieaHoit? Oka3snBaeTcsl, MOMKET M NIMPOKO HCNOJNb-
3yeTcsi B KOHCTPYKIHMAX 3JeMEHTOB, Ha3blBaeMBIX NOJAPH3aLHOH-
HHMH. K HUM oTHOCsTCA Npemkie BCero aKKYMYJSTODH.
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MYJATOPH 3aMeYaTEeJbHE TEM, YTO OHU B 5—O6 pa3 jerye CBHHIOBBIX
H MeJe30-HUKeJeBX. HpoMe TOro, OHM OTIMYAIOTCA BHICOKOH Mexa-
HHUYeCKOM MPOYHOCTBIO M HPOCTOTOH yXomaa. MUHMATIOPHEIA aKKyMy-
AATOP pasMepoM ¢ MOYTOBYI0 MapKy paccuutaH Ha 0,1 A - 4. Honeu-
Ho, OwniBalOoT M Oonbmne 6GaTaped, paccUMTaHHHE Ha HECKONBKO COT
aMmep-4acos.

Heckonsko cA0B 0 rasoBbX aKKymyisaTtopax. llepsoiit rasosbiif
akgymynatop 6bix moctpoed B 1839 r. Buabsmom Ipose. Ilaatuno-
Bble 3JIEKTPOAB MOMELIAJNMUCh B IUJIHHAPLI, U3 KOTOPHIX ONMH cOAep-
MaJ KMCJIOPOR, APYroil — BOgopoA. LIMiMHApPH OTKPBITHIMHM KOHIA-
MH [OrpYajiich B COCYR ¢ BORHBEIM DPACTBOPOM CEPHOH KHCJIOTHL.
INEKTPON, HAXOMMBIIMICH B KMCJIOPOAE, JOJIKEH ORI CHYHHUTH HOJO-
KUTEJNbHEIM [OJIIOCOM, B BOROpOAe — oTpuuaTenbHHM. Ho Tak kak
peaKkuua ¢ MOJEKYJNAPHEIMM TazamMu He Haer (HeoOXOZHMMHI rassl B
aTOMAapHOM COCTOAHMM), TO MAJA [EepPeBOJa HX B 3TO COCTOSAHHE
3JEKTPOAN MOKPHBAJKUCh rybuaToll NJATHHOH KAK KaTaJM3aTOPOM.
Bo Bpemsa paboTei MPOMCXOAMJO BhiiejieHHe ra3oB B oOpaTHOM mHO-
pAdKe: Ha MOJOKMTEJIBLHOM MOJIIOCE DJIEMEHTa BBIACNANCA BOXOPON,
a Ha OTPHIATENLHOM — KHMCIOpPOA. B ToM m apyrom caydae mpu co-
eAMHEHNH BOROPOJA M KHCJIOPOAA OOpPa3OBLIBAJIACH BOAA. JJIEMEHT
padoTas A0 MCTOLICHMA 3amaca ra3oB B UHJHHAPAX.

IIpocTelimmii ra3oBRlii AKKYMYJATOP MOM@HO H3rOTOBHTH CaMOMY
(puec. 64). Ina storo B HempoapauHblil cOcyQ HaJe#lTe pacTBOp ImO-
papeHnoit conun (1—1,5 cTONOBRIX JIOMKM HA CTaKaH BOAW) M B
Hero ONYCTHTE YTOJbHHE MAJOYKH, OKPY:KEHHble AKTHBHPOBAHHEIM
yrieM, IJIOTHO HaOHUTHIM B MOJOTHAHHE MEMOUKH. 3apamaTe aKKY-
MYJATOpP ciefyeT oOnYHEIM cmocoGom. Ha oTrpumarensnom mosioce
BHIlesiAeTcd BOJAOPOA, Ha modoxuTedbHOM — xaop. IJIC Takoro ak-
Kymyaatopa 2,2 B.

KAK OM MATEMATUYECKU PA3PABATLIBAN
CBOW 3AKOH

3Haete am Bu 3akoH Oma? [lA Toro 4ToGH mpoBepuTh cebsa, mo-
npoGyiite, npumensna 3akod Oma, pemnts ciregypoulywo 3agauy. He-
CKOJIbKO OXMHAKOBHIX 3J1eMeHTOB, KakAni ¢ J/IC £ m BHyTpeHHUM
CONPOTHBJICHHEM 7, COEMHEHR MOCJEAOBATEJbHO, KAK MOKA3aHO Ha
cxeme (puc. 635). CompoTuBieHHe NPOBOAOB B pacyer He NPUHUMA-
etcsa. HakoBa pasHOCTD NOTEHHHAJNOB MEKAY JIOOBIMM TOYKAMU
1enu, HampuMmep MeKAy ToukamMu A m B minm Mexay rtoukamu A
u C?

B paneHeiilueM OygeT NpUBEEHO pellleHHMe 3TOM 3aMayd, a NOKa
nonLITaiiTech PENINTH €e CaMOCTOSATEJBHO.

IIpexcme yeM HPHETYNHTh K paccMOTpeHuI0 3akoHa OMa, nHTe-
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PECHO MO3HAKOMHMTECHA ¢ HekoTopeiMu daktamu n3 Guorpadum Be-
ankoro Pu3anKa M ero OCHOBHBLIMHM TPYHAAMH.

Foast musunm Teopra Cumona Oma — 1787—1854. Oreny Owma,
clecapr B 3JpJaHTeHe, cyMel IepeaaTh CBOMM J[eTAM TPYAOBbie
tpagunnu pamuanu OMoB, MOTOMCTBEHHBIX BecTdaNbCKUX KYy3HEl0B.
Bapensed Ha mocramenre mamarauka Omy B MioHxeHe cHMBOJIMue-
CKH M306pazkaeT BpyueHHe OTIOM CHIHY OpyAMil cBOeil HACIEACTBEH-
Hoi npodeccun. Hackoarko mouuman oreny Oma poas oGpasoBaHus,
BHHO M3 TOr0 3HaMeHATeJbHOro daKTa, YTO OH cyUell HeOGXOXHMMBIM
H3YYATh BHICINYI0 MATEMATHKy, YTOOW CJEAUThL 3a YUEHHEM CBOMX
ChIHOBei: cTapmiero, MapTuHa — BIOCJENCTBHHM H3BECTHOTO Mare-
MaTHKa ¥ MJaamrero, I'eopra — ¢uanka, ycTaHOBHBHIEr0 OCHOBHOIM
3aKOH DJIEKTPUYECKOTO TOKa.

Feopr OM OKOHYHA YHUBEPCHTET B POAHOM TOPOAE M CTaJ y4UMTe-
Jem matemaTHkH. HaumHas cBOW0 TpynoBy0 HeATENBLHOCTD, KHJ B
Gosnbiioit GegHOCTH M Nepee3ka] U3 OZHOTO TOpPoAa B APYroi, MokKa
HaKoHell He 06ocHOBajcA B HMe3yuTcKo Komseruu B Heavne B Ka-
dYecTBe YyuHTeNsi MareMaTHKn u u3nKH. 3gech HOpPOBeleHbH HM
MHOTOYHCJEHHBIE SKCHEPUMEHTH, 3[ecCh CJIOMHIMCH €ro OCHOBHEIE
BO33PEHUA Ha 3aKOHOMEPHOCTHM 3JeKTPHYECKOTO TOKa.

Y1066 monaTth 3acayrn OMa B HayKe, cielyeT yd9ecThb Ty obGcra-
HOBKY, B KOTOpOit eMy mpuuuioch paborars.

Bcero uerBepth Beka mpomuio ¢ oTkpbiTHA ajnBadu m Boabra.
BoAbIINHCTBO y4YeHBIX TOTO BpemMeHH He O6buio BHoaHe yGemeHo,
4YTO JeKTPHUIECKMIl TOK (OT SJEeKTPHUYECKMX MAIUIHMH) H TajlbBaHUYe-
CKNil TOK (OT BOJABTOBa CT0J6a) NMPEACTABIAIOT OQHO M TO Ke ABJe-
Hue. Heuasectniit Paktop, ApnAomuica OpUInHOR ralbBaHNYIECKOTO
TOKa, co BpemeH Boawsta HasniBanum saextpoasmkyiedt cmioi. Ilo-
HATHA O MOTEHLUMAaJNe TOrga elfe He CYIIeCTBOBAJO, OHO BHepBHie
610 BBeleHo B 1828 r.

C 1825 r. OM HauMHAaeT 3aHMMATLCA HCCAEOBAHHAMH TalbBa-
uuama. B 1826 r. mosaBaserca ero pa6oTa, cojgeprKaiias 3aKkoH, Ha-
3BAaHHBIA BIOCJEACTBHU ero MMeHeM. 3arojioBok paboTel rjacui:
«Onpefenenne 3aKOHA, MO KOTOPOMY METAJJIB NPOBOAAT KOHTAKT-
HOe 3JIEKTPHYECTBO, COBMECTHO ¢ TeOopHeH BOJBLTAMYECKOrO ammapa-
ta ¥ myasrumiukaropa Hieeiirepa».

IlepBrie cBom ombiTei OM NMPOBOAMI, MOJb3YACh COGCTBEHHOPYYHO
H3TOTOBJICHHBIM BOJILTOBRIM CTOJNIOOM M rajbBaHockouoM. [Ipm atom
OH 3aMeTH]I, YTO CHJA TOKAa («CHJIa TOKa» — TePMHMH, BBeIeHHBI
OMOM) B a/IeKTpHUYECKOH uenu mafaeT mocie ee 3ambikanua. [locae
paaMBbIKAHHMA Lenu GaTapes 4epe3 HEKOTOpPOe BpeMsA CHOBa BOCCTa-
HasanBaercA. [lasaAa orawB 06 oxHO u3 mepBeix paGor Oma, us-
aatenb skypHana ¢usuk Ilorrenmopd ormerun, uTO KemaTeNbLHO
6biji0 6b1, 4YTOGH ABTOP MOBTOPHJ CBOM 3KCHEPHMEHTH ¢ Oolee mo-
CTOAHHBIM HMCTOYHHKOM TOKa, a MMEHHO ¢ TepMoaiemeHToMm. Craenys
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aromy cosery, OM cTaJ NPHMEHATH TaKyl ycTaHoBky (puc. 66). On
COCTABHJI TEPMOJJEMEHT M3 COTHYTHIX WOf NPAMBIMH YTrJaMH BHCMY-
TOBOH M MEXHOH MOJOCOK, KOHHB KOTOPHIX CKPeILIAJHCh BHHTAMH.
OnuH KoHel TepMO3NeMeHTa OKpYMalucAd KUNsAUeH BOmOil, Apyroi
obrnagmBanca TaomuM apaoM. OT MOJN0COB LM HPOBOJOKH, OmycC-
KapmiecA B dvawkd ¢ pryteio. llenbp 3ambikanace mnpoBosokamm
pasHOM IMHBI, NPHCOEJUHABUIMMHCA K TeM jKe vammkam. CHia
TOKa ONpeRelAnach AeficTBHEM TOKA HAa MATHHUTHYIO CTPelKy, HoJ-
BelleHHYI0 Ha HHUTH HajJ NPOBOJOKON, HAYIEH OT TEepPMOIIEeMeHTa.
3akpyuyuBad HHTb B CTOPOHY, HPOTHBOMOJOMHYIO OTKJIOHAIOUEMY
ReACTBHIO CHABI TOKA, YyAABAJOCH BePHYTH €e B NEpPBOHAYaJbHOE
noJioKeHne, B MJIOCKOCTh MATHUTHOTO MEpPHIMAHA.

B oanom u3 onwTtos OmMa Me[HBIe POBONIOKH, KOTOPHE OH BKJIO-
yaJl B HeNb, MOCJHeJ0oBaTeJbHO MeHAA X, Omam aauHoit 2, 4, 6, 10,
18, 34, 66, 130 mioiimos' m Tommmmoi /g numum. Cuaa Toka wm3-
Mepsiach [0 yYray 3akpyuyMBaHmsa HaTH. Ilpm 3rom mnoayumancek
ClleAYIOUINE Pe3yIbTATHI:

Nnuna n?ononoxn, 2 4 6 10 18 3% 6 130
MO MK

Yron sakpyansanus

ATR, rpanycw 305 ; 28|é— 259 | 224 l78é— 1243

1

1
79 475

«JtH yucaa,— mucan OM,— BecbMa YIOBJIETBOPHTENBHO MOFYT
6 i X=-3 e X —cuna
BITh  BupaeHn Qopmynot A=-— ., TR MAarHur-

HOro JefCTBMA HpPH JJIWHE BBEJEHHOH NPOBOJIOKH X; @ u b — mo-
CTOfHHBIE BeJMYHMHBI, 3aBUCAINME OT BO30y:kHalollel CHIBEI M CO-
NPOTHBJIEHNA OCTAIbHBIX YacTedl Hemn. Eciau, Hampumep, HONORHUTHL
b pasubiM 20—"‘- n a=6800, To monydum caenyiouiue 3HaYCHHUA:

X, MIOAMB 2 4 6 10 18 34 66 130

280'5 259 | 2243 | 1773 125"‘- 79 | 45

X, rpapycu 305 3 g

8| =

Ecan MBI CpaBHUM 3TH YHCJa, NOJYYeHHBIe BRIYHCJICHUEM, ¢ YHC-
JaMM, HONy4YeHHRIMH paHblie M3 ONBITa, TO YBHANM, YTO MEMKAY
3THMH ABYMA pPAJaMH 4Yuce] HMMeeTcA JMLIb HeGoiabLIag pasHHUA,
BIIOJIHE [ONYCTHMAS B NOLOGHOro pofa MccaeqOBaHHAXY.

Cuny roka B opmyne Oma obo3HavaoT GykBoii /; a ABasercs
aeKTpogBIKy el cunoit E. Benmuuunm b m x pommHB! GWITL BHI-

' 1 proiim = 2,54 cm; 1 nRHESA = % awiMa.
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pa)keHH B OAMHAKOBBIX MepaxX, TaK KaK CKJIAAMBATL MOMHO JHHIb
oguopoannie peamauHpl. OHu Berpakator coGoil: b — BHyTpeHHee,
X — BHelllHee conpoTnpienue mnenu. OGo3Hadas MOJHOE COMPOTHB-
nenue nemm b-+x Gykeoit R, monyuum ¢opmyny, BeIparkaommyio
3axkon Oma:

3aBHCHMOCTh CHJIBI TOKA OT JIEKTpOABIKYwIedt cuiabnt OM moKasa,
co3faBasl pasiMYHbie PAa3HOCTA TeMIEPaTyp Ha KOHIAX TepMo3de-
MEHTa, T. €. Orpy<as ONMH M3 KOHIIOB ero B BOAY pasHoi TeMmmepa-
TYpH, B peayasTaTe uero moayuanaucs pasamunase IJAC. Ilpu stom
COOTBETCTBEHHO MEHMAJIOCh M OTHKJIOHEHHE CTPelKH TrajbBaHOMETpa.

B 1826 r. Om pofmBaercs roguusHoli HayuHo# KOMaHAMPOBKHU B
Bepann. Ou oyeHb XOpOImIO HCHOJNL30BAJN BpeMd NpefuiBaHHA B
croarue Ansa pabotei. B 1827 r. moaBasercs OCHOBHOH, cOCTaBHB-
mnit eMy caasy Tpya «lannBanumueckada uens, paspaGoTannas marte-
marnyecku a-poM I'. C. Omom». B aroit paGote sakon OMa BHBefieH
Teoperndeckd. Ha ator BriBog OMa HATOAKHYAM He3a[0JAr0 RO TOrO
nosiBUBImMecA B mevaTu paGoTh ¢paHuysckoro duanka Pypre mo
rensonposoanoctTy. MOypre yCTaHOBHJ, YTO CKOPOCTH pPAacHpPOCTpaHe-
HMSA TelJIOBOrO MOTOKA 3aBHCHT OT Pa3HOCTH TeMAepaTtyp («HmafeHns
TeMmepaTyp») H OT JJIMHE NYTH, H& NPOTKEHHH KOTOPOre 3TO
nafieHne TMPOUCXOTUT, HOHO6HO TOMY KaK CKOPOCTh BOAAHOTO MOTOKa
3aBMCHT OT OTHOIIEHHS NOHMKEHWsA YPOBHA K PacCTOAHHIO MO TFOpH-
30HTANM, HA KOTOPOM B3TO MOHM)KeHHMe HPOUCXOXMT. YHmomobaAs
raJibBaHHYECKHH TOK TEMJIOBOMY HOTOKY HJIM HOTOKY Boibl, Om
nuier: «Ilepexon ajeKTpHYeCTBa OT OQHOTO YyYacTKa K Gamxaifmemy
A NPUHAN TPOMOPUHOHAILHBIM JJIEKTPOABHKYLIEH cHie B KAKIOM
yuacTKe Oofo6HO mepexofy TeMJIOTH, KOTOPHH MpPONOPIHOHAJEH
pasHocTu Temmepatyp». OM oGo3HagaeT pasHOCTb MOTEHMAJOB Ha
yyacTKe (OH HashiBaeT ee INEKTPOABMKYiNeH CHJOi) clOBOM «Haje-
Aue». Ho magenue 3aBHCHT elje M OT JJIMHBE! OYTH, MO KOTOPOMY OHO
pacupegeeHo.

Takum o6pasom, OM mpHXOAMT K BBIBOAY, 9TO CHJIA TOKA MpPAMO
NpONOpUHAOHAJIbHA JJIEKTPOABIKYLIEH CcHJIe M 06paTHO NPOMOPIHO-
HAJBHA AJMHE OYTH, WJIA CONPOTHMBIEHHIO Wemd. 3aBHCUMOCTb CO-
NPOTHBJICHMA OT AJIMHH, IVIOWAAX NONEPEeYHOro CeYeHHs M MaTepH-
ajla HPOBORHMKA Tome Gbua ycranosjeHa OMOM Ha pAfe ONBITOB.

PaGora Oma 6bina Bricoko oneHena B I'epmanun. B 1833 r. Om —
npodeccop mnoautexHuueckoit mroant B HiopuGepre. Opnako 3a
pyGeskoM, ocoGenno Bo Mpaunum u AHraum, paGorst Oma paonroe
BpeMa ocTaBajuch HeusBecTHHMH. Uepez 10 mer mocae mossaenusn
paBorut Oma dpanuysckuit ¢gusnk Ilynbe Ha ocHOBe BKCHEpHMeH-
TOB BHBeN Te ke 3akoHoMepHocTH. Korga Ilyawe 6nimo ykasawo,
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4TO YCTAHOBJIEHHBIH MM 3aKoH emle B 1827 r. 6uu1 oTKpHIT OMOM,
Ilynave, GLITH MoMeT, He 3HAA NPEALIAYHIMX IKCIHEPHUMEHTAJBHBIX
pa6or Owma, Boapasmi, uro B pabore Oma «TanbBanmyeckas ienb»
3aKOH BBIBeJleH TOJIbKO Teoperudyeckyu, toraa kak oH (Ilymee) ocHo-
BBIBAJICAA HA dKcmepuMeHTe. Jli06ombITHO, uTO (PPAHIY3CKHE WIKOJb-
HHUKH [0 CMX mop u3ay4alor 3akoH Oma noj umeHeMm 3akoHa Ilynbe.

Cnop o npnoputere npnHec OMy NoOJb3y B TOM OTHOLIEHHH, 4TO
cHOCOOCTBOBAJl PACHPOCTPAHEHHI0 €ro OTKPHLITHA 32 TCpaHHUIeH.
B 1841 r. Jlongonckoe Hopomesckoe o0iiecTBO B MpH3HaHHME 3aCJYr
Oma npuHHMaeT ero B MOYETHBHIC WIEHHI M HArpPaKAaeT 30JI0TOH Me-
naanio Homues, xoropoit g0 Hero ygocromica oAmH Toabko [layce.
B 1845 r. Om — peficTBurensuniit unen BaBapckoil AxageMuu HayK.
B 1852 r.— oppuHapusniii npodeccop MioHXeHCKOro yHHBepcuTerTa.

¥Yixe roBopuiaoch, yTo OM HCHOAL3OBAJ AJIA YCTAHOBIEHUS 3aKO-
Ha 00 2JeKTpPHYECKOM TOKe AaHAJIOTHIO ¢ NOTOKOM BOxbl. BoabMem
ABa cOOOIIAIOMIMXCA cOCY/Ja, B KOTOphIe HAJAWTA KuiKocth (puc. 67).
CoepuantensHana TpyOKa NepeKpbITa KpPaHOM, MOITOMY, HeCMOTpHA
Ha TO 4YTO JKMAKOCTH HAJMTA B COCYAbl [0 PasHOro YpPOBHS, TOKA
BoAsl Her. Ecam OTKpLITH KpaH, TO BOJA HAYHET MepeTeKaTh M3 le-
BOr0 COCYZia B IpaBhIil 0 TeX NOp, MOKA YPOBHH KUAKOCTH B 00OHX
cocyfax He cpasHAiorcd. Ho aro kpaTkoBpeMeHHOe H OJHOCTOPOH-
Hee NBHKeHHe KHKOCTH, a He 3aMKHyTasa lens. Henwsa au cpenars
ABmeHde HenpepuniBHBIM? UTo Ana aroro Hago? IlepekauymBath Bomy
HAcOCOM H3 NpPaBOro COCYAa B JIEBBIi.

Tak u cmenaem. BymeM HabmiogaTb, KaK MeHAETCH BHICOTA YPOB-
HA B JIEBOM COCYJe, ecly U3MEHATH MPH NMOMOIM KPaHA IIHPUHY CO-
enuHuTeabHON TPyOkn. He mnpekpamas paGorsl Hacoca, 3aKkpoeMm
kpad. Hacoc mepekauaer BCi0 BOAY B JIeBHI COCYH, M TOK MpPEKpaTHT-
caA. Tenepp BhicoTa ypoBHA B JeBOM cocyfe HauGonbmasa. Ecau kpan
OPHOTKPHITH, TO HAcOc He OyJger ycmesarh MepeKauMBaTh BORY M3
OpaBoOro COCyAa B JIeBHl M YCTAaHOBUTCA Pa3HOCTh ypoBHeil. Yem
6osbiie Gyner WIMPHHA COEIUMHHUTENbHOH TpYyOKH, TeM MeHbiue Oy-
IeT Pa3HOCTh YPOBHeH JIeBOr0 M IPABOrO COCYMOB.

Hakoe sxe 370 nmeer oTHOLleHMe K Hame#d Teme 06 3JaeKTpude-
ckoM Toke? PaccmorpmM cxeMmy ossekTpuyeckoil nemm (pmc. 68).
Ecnv 3aMkHYTH ilemb, TO N0 Hell NOHAET IIEKTPUYECKHH TOK —
BO3HUKHeT YHOPAMOYEHHOE JABMKEHHE 3JIeKTPOHOB B MeTaJNIMYeCKHX
npoBojax. BayTpu Garapenm Tok Toike GygeT MATH, HO 3apALHW TaM
nepeHocsitca umonamu. Ceifuac 310 pasnmyde ANA HAc CyHIeCTBEHHOTro
3HadeHHA He MmeeT. Ecam pasoMkHyTH Ilenb, TO TOK NpeKparjaercs,
aMmepMeTp NOKa3LIBAeT HYJb, 3aTO BOJBTMETP MOKAa3biBaeT Telepb
Hauboabmyio ANA JaHHOH HemM Pa3HOCTh NOTEHIHAJIOB — Pa3HOCTH
JJIEKTPUYECKUX «yPOBHeil» Ha Kaemmax Gatapeu. OTKyaa Baanach
3Ta pAa3HOCTb NOTEHMHANOB? 3TO pe3yJbTaT XHMHUYECKHX peakuMil
B aneMeHTaX. BMecTo xumMuuecKoro MCTOMHMKA Pa3HOCTH NOTEHIM-
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aJloB — raJnBaHNYecKod OaTapeM 3j1eMeHTOB — MM MOriaM Onl B3ATH
TepmoaneMeHT. Torga npomcxopsiuiee NPM HArpeBaHMHM YCHJEHHe
TENJOBOTO JBMKEHUS IJIEKTPOHOB B OJJHOM M3 CIAEB ABYX METaJJoOB
apuBelio 6B K CO3JaHMI0 Pa3HOCTH MOTeHuManoB. Uau MOmHO B3ATH
aneKTpuyueckni renepatop. Heobxomumas ama nogmepskanmsa TOKa
B UeNH Pa3HOCTh MOTEeHUHAJOB BO3HMKACT NPHM BpPAIIEHUM SIKOPA.

Yro obmero Bo Bcex mpuBeleHHHX npumepax? To, 4TO BO3ZHMK-
HOBeHHe TOKa B LeNH CBA3aHO C COBepHIEHMeM paboThl, ¢ mpeBpalle-
HAEM 3HepruHu.

B paccmoTpenHrIXx mpumepax MM HalmiofaeM NmpeBpailende pas-
JUYHON 3HEPruM — XMMHYECKOH, BHYTPCHHEH, MeXxaHMYecKoi — B
SHEpPru0 3jexTpHyeckyio. Pabore ruppaBiuueckoro Hacoca B Hpe-
ARAYINEH YCTAaHOBKE aHAJOTHYHA paGoTa «XMMHYECKOro Hacoca»,
«TenJI0BOro HAacoca», «MeXaHMYEeCKOro HAacoca» B IIEeKTPUYECKOM
L.

Bo Bpemena Oma He GbLIO euge ACHOrO NOHATHA HHU 0 pabore, HU
06 oHeprun. BeAkyio HeM3BeCTHYI0 NPHYHHY ABJEHHA OGBLACHAIM
neiictBueM cuabl. Ente BolbTa B CBOMX OnmbITax ¢ pasHoCThIO NOTEH-
UHAJOB NPH KOHTAKTe JABYX PA3HOPOAHELIX MeTaJLIOB O0BACHANL ee
nosBjeHue AedCTBHEM 3JeKTPOJBHIKYHIeH CHUIK, a MeTaJulbl HAa3LIBaJl
3MEeKTPOJABUMIraTeNAMHU. «JNeKTpoaBmkymasa cuia»! Caoso Haiigeno,
u OGecnokoiHBI yM HccaefoBaTels YCIOKaWBalcs, Kak OyaTo emy
JIefiCTBUTENBLHO YAANOCH PasbACHHUTH mpuunHy. Hamo mpusnath, uto
B IaHHOM ciy4Yae M300peTeHHHIH Boasta TepMuH o6iamaeT Goabuuoit
HAIVIAHOCTBI0 M MO3TOMY OKA3ajcH BECHMA JKUBYYMM, COXpPAHMB-
muck A0 Hamux jgHed. Hakoii cMbICT BKIaJRIBaeM Temepb MEI B 3TOT
TepmuH? OOpaTnMca K CcXeMe 3aMKHYTOH 3JEeKTpHYECKO#d uenu
(puc. 69). Bo BHemHe# yacTH Uenu TOK MJET B HAaNpaBJCHUH 3JIEKT-
pHYeCKOro noast (0T «+» K«—»). BHYTpH HCTOUYHHKA OH HJET IIPOTHB
noJjisi, IPOTHB HAMpaBleHHA 3JJeKTpuueckunx cui. CiaegoBaTelbHO,
3TO ABHMKEeHMe He MOMKeT OBITH BLI3BAHO DJICKTPHUYECKHMMH CHJIAMH.
IIpunATo Ha3WBAaTL 3TH CHJBI, AEHCTBYOIMEe BHYTPH MCTOYHHKA,
CTOPOHHMMHM cHiaMu. TepMHH «CTOpOHHHMe CHIILI» BBeleH COBETCKMM
akagemukoM WM. E. TammoM ¥ monyumn Bceobiee pacnpocTpaHenue.
PaGora cTOpOHHMX CHJ Ha BHYTPeHHEM y4YacTKe LeNHM, T. €. BHYTpH
3JIeMeHTOB, MO mepeMenienuio sapafaa 1 Ha m xapakrepuayer amekr-
POIBIMKYLIYIO CHIY.

Ecin uens pasoMKHyTa M TOKa HeT, TO pafoTa CTOPOHHHX CHMJ
NPUBOJUT TOJBLKO K CO3MAHHUIO Pa3HOCTHM MOTEHUMAJOB Ha MOJHOCAX
ncrounnka. Orcioga BecbMa IIpocToil cHOCOO OnpefeNeHHs 3IEKTPO-
OBMIKYUICH CHJIBI — HAl0 U3MEPUTH Pa3HOCTH MOTEHIHAJNOB Ha MOJIO-
cax pa3oMKHYToro Mcrouyduka. Ecam B KavecTBe H3MepUTeJBHOro
npubopa B3ATH BOJbLTMeTp, TO H3MepeHHe Oyaer, ecTecTBEHHO, TOJb-
KO npuOIMKEHHEIM, TaK KaK BOJBTMETP caM 3aMKHeT uenb. Yem
GoNBIIMM CONPOTHBIEHMEM 00GJaZaer BOJbTMeTp, Tem Ounmie Oymyt
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ero mokazanua K umcruHHomy snavenuwo IJIC. CyumecrByor, ojHaKo,
BOJBTMETPBl TUNA BIEKTPOCKONA, KOTOpPHIE He 3aMBLIKAIOT Uend,—
3IEKTPOCTATHUECKHUE BOJBLTMETPHI.

Bor Mopens, caenannas B duandeckom KpyKke (puc. 70). Ona
NMO03BOJIAET HATJANHO MOKAa3aTh JHEepTeTHYeCKHe MNpOoIecCh B Talb-
BaHnveckoit nenun. Ha yuactke BCA miapuK CKaThBaeTcs IO KeJo-
6y moa AaeiflcTBHeM CHJA MOAsA TAroTeHus. lloreHnmannHas 3IHepras
niapHKa [nocreneHHo ymeHpwmaercs of B kK A. Ecau mMbl xoTHM, 4To6H
apHK HeNpephLiBHO MPOJOJKAJ ABMIKEHHMe, TO HaM NpPHAETCA ero
NONHMMATH KaKAni pa3 u3 Toukd A B T0uKy B mocTtopouneii cuioii,
neiicTBytomedl nporuB cua noas raKecru. llapuk Gyper «Berarpy»
I0 TeX mop, moka He OyaeT M3pacxojOBaH Bech 3amac IHEPTUHU, 32
cyeT Kotopod paboraer moabeMHMK. Tak Ke H B 3NeKTpHYecKo#
HEeNHU: JeficTBHE CTOPOHHUX CHJI OYAeT MPOMOKATHCA TOJBKO [0 TeX
nop, moka He GyneT M3pacxogoBaH 3aMac IHEPIHH MCTOUHUKA.

Ha pucynke 71 mpeacrasiena puarpamMma, MOACHAIOUIAA TO Ke
aBnenne. CieBa UYepTe HIIIOCTPUPYET pacHpejesieHHe Ppa3HOCTH
NOTEHIHAJOB B PA3OMKHYTOH LenM ¢ y4YeTOM «CKAauyKOB IOTEHIHa-
JOB» B MECTaX KOHTAKTA XMMHYECKHM pPa3HOPOAHBIX dacTeHd adjemeH-
Ta, a copaBa 6ojiee TOYHO, 4eM TOJBKO YTO PACCMOTPEHHAN MOMEJD,
n300parKaeT U3MEHeHHe PHEPTrHM B 3aMKHYTOH unemmu.

B 3aMkHyTofl memm 3JeKTPOABIIKYIIAS CHMJA nNposiBiadercd B
pabore MO NepeMeLIeHMI0 EJMHHYHOTO BIEKTPUUECKOTO 3apAga IIo
BHeLIHEeH M BHYTpeHHell 4YactAM Uenn. Bo BHemHeilt vyacTu uenn
3MeKTpHUecKas IJHEpPrusA IpeBpauiaercsi B ApYyrue BHAb OJHEPTHH
(paboTa ajeKTpoABHTaTeeil, HAarpeBaHHe IJIEKTPHUYECKHX ILIMTOK,
NUTaHME Jamn, 3apsiKa akkymyuastopos). HarpeBanue npoBoaHMKOB
npoMcxoauT BO BceX cayvasax. Ha BHyTpeHHeM yudacTKe 3aMKHYTOM
nenu pabota CTOPOHHHX CHMJ TaKKe Oyfer BLI3BIBAaTH HarpeBaHue
UCTOYHMKA. MBI TOBOpHM B TAaKOM cllydae, YT0 HPOUCXOAMT MafieHHe
HANPs’KeHUs BO BHeMIHEH uwenu M majeHHe HANDHKEHUS BO BHYTPEH-
Heit nenu. CiepoBarennbHo, pabora CTOPOHHHUX CHJ ABJAAETCA INO-
CTOAHHON [IJIsi JAHHOW IlenH, HO OHA COCTOMT M3 ABYX 4Yacteil: paborhl
BO BHeIIHEH uenu u paborsl Bo BHyrpeuHeit nenu. Horpa ymenbma-
eTCA HANpAMKEHHE Ha BHEINHEeM Y4YacTKe UelmH, TO yBeJUYHBACTCH
HaNps)KeHHe HA BHYTPeHHeM yd4acTke nenn. BHyrpeHHee comporus-
JIeHHE eCTh BeJMYNHA MOCTOSHHAsA, 3aBUCALIAA TOJIBKO OT YCTpOHCT-
Ba 3JIEMEHTa, CJIeJOBATEJLHO, NP 3TOM JOKHA YBEJNUUTHCHA CHIA
Toka. Ilagenne HanmpsiKeHHsi Ha BHeINHeM y4YacTKe IeOH PacCYMTHI-
Baercs no ¢opmyne: Uswewn=IR. Tak ke MOXHO Bblpa3uTb nane-
HME HanpsDKeHHsl Ha BHyTpeHHeM yuyacTke uenu: Usuyp=Ir.

Orcioga
[— E

E=1R+1rﬂ —R§-f-f'
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(puc. 73). Bce «mnocoBrie» KJIeMMB COefHMHEHB «HAa Maccy»
(MeTann aBTOMOOMNsI), 9YTO MNO3BOAAET OOOHATHCH OXHONPOBOAHOM
cucremoii. Uncnosrie JaHHbIE YKa3aHn Ha cxeme (cM. puc. 72).

Pemenwue.

1) Kmou samknyt. Uaer sapagka akkymyasaropa Tokom [, depea
CYMMapHO€ CONPOTHB/IEHHE OCTaJIbHOTO 3JIEKTPOOGOPYHOBaHHS HMAET
Tok /,.

Ilpumenum Bropoe npasmno Kupxroda pgns npasoro Komrypa
cXeMbl, BKJIOYAIOLIEro remeparop M akkymyiasrop. Honryp Gymem
06xoauTh M0 9acoBoit crpenke. Toku, coBnajaimue ¢ HanpapieHHeM
o6xona, n I]IC MCTOYHMKOB, KOTOpEIE CAMH CO3RAIOT TOK TAKOTO Ke
HanpasiieHHsA, OyReM CUMTATH MOJIOKMTEJNBHLIMH, TOTAA

E—E,=1,f,+1r,

rae ] — cuna ToKa, MAYIMEro uepe3 reHeparop.
[MogcraBuM YMCNOBRIE 3HAYCHHSA:

8B—6B=/,-0,06 OM+/-0,5 Om.

JIna BHemIHero KOHTypa (reHepaTop, Ppe3UCTOp CONpPOTHBIIe-
HHeM R):
E=12R+1f,

MK
8 B=I,-2 Om—+Ir.

Ilo nepomy npaBuny Kupxroda (cyMma cun TOKOB B pa3sBeTBie-
HHMSIX PaBHA CHJle TOKA B Hepa3BeTBJCHHOH 9acTH):

I+ 1I=I.

Pemrasi cucreMy aTux Tpex ypaBHeHHi, MONY9IHM:
1,=0,85 A.

Orciona HanpsiskeHHe Ha 3aKMMaX AKKYMYJATOpa TPH 3apsfKe
Ui=E+1ir;=6,05 B.

2) Kniou pasoMkHyT. [eHeparop OTKIIOYEH, HCTOYHMK TOKA —
akkymyasrop. Ilo sropomy npaBuny Kupxroda ana neporo KoHTypa
cXeMbl (aKKYMYJATOp M Pe3ncTop)

E‘=10R+10rh

AU

6 B=I,-2 Om+1,-0,06 Om.
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Cusa TOKa OT AKKYMYJAATOpa
[0 = ___G__B_ ~ 3 A.

Hanpﬂmenue Ha 3aXHMax
U2=E1 —_ [0!’1 ~ 5,8 B

Teneph fagUM pellleHMe 3aJa4M, NpeMNOKEeHHON B Hadaje Halled
6ecenni (cM. puc. 65). onmycrum, uro ofbiee YHCIO 3JeMEHTOB
PaBHO 7, 9YHCJIO J]IEMEeHTOB MEKAYy ABYMSA B3ATHIMH TOYKaMH .
Ipumensia sTopoe npasuno Hupxroda ko BcemMy KOHTYPY, MONYUHM:

En=Irn,
OTKyJa
E=Ir.

IHpuMeHsa 3To MpaBUNAO K KOHTYPY, COCTOSIIEMY M3 M 3j1eMeH-
TOB H BOJLTMETPA, MONYIHM:

Em=Irm+U.

Vuurmsas, aro /=E/r, saxogum
U=Em—Em=0.

OTBeT: pasHOCTh NOTEHUHANOB MeMAy JIOOBIMH TOYKAMH PaBHA
Hyaio!

AECATb ONbITOB C NEPEMEHHbBIM TOKOM

MoskHO ¢ yBEepeHHOCTBHIO CKa3aTh, YTO TOK B Balledl OCBETHTE]b-
HOH ceT mnepeMeHHHH. (O3HAKOMJIeHHE ¢ OCOOEHHOCTSMM IepeMeH-
HOr0 TOKa O0SA3ATENBHO AJSI BCAKOrO, KTO MOJB3YeTCs Pa3iuIHBIMH
3JIeKTPUYECKMMHM YCTAHOBKAMH: PAXMONIPHEeMHMKAMH, TeJeBH3opaMH,
OPOMTPHBATENSAMH M JPYTHMH ObLITOBHIMM 3JeKTponpuGopamu.

Ilouemy Henn3sa npuGop, B macmopre KOTOPOro yKa3aHO, YTO OH
npegHa3HAYeH A NEPEeMEHHOro TOKa, BKJIOYaTh B CETh INOCTOSIH-
Horo Toka? IloueMy Henb3ass 3apsKaTh AKKYMYJATODP IMepeMEHHHM
tokoM? Bymer nm anexkrpomarHMT paboTaTh OT NEPEMEHHOTO TOKA
TaK ke, Kak oT mocrosinHoro? Hakxue anexTpuueckue MaMepuUTeNbHBIE
npuGopul (C4eTYHKHM, BOJLTMETPH M ApP.) NPHrOAHH TOJBKO AJA MO-
CTOAHHOTO MJIM TOMBKO [JIf1 IepeMEHHOro TOKa M mnodemy? Jlyymmi
cooco6 pa3oOpaTbesi B OCOGEHHOCTAX NEPEMEHHOr0 TOKa — 3TO
3KcoepuMeHnT. OnuineM HEKOTOPHE ONHTH ¢ NEePEeMEHHEM TOKOM,
ROCTYITHbIE /1 BHIIOJHEHHUS] B AOMALIHUX YCJIOBHSX.
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Ilpexne veM nNpuCTyNuMTH K NpPOBEJEHMIO ONLITOB, NpPOUMTaiiTe
BHUMATEJIbHO NPAaBUJa NPOBEJACHHUS ONKTOB C TOKOM OT OCBETMTEJ]b-
HOHi ceTH M B JaJjibHeillleM CTporo cobiogaiitTe MX.

1. Bce onmTh cleAyeT BHMOJNHATH C TOKOM OT paclpefeuTe]b-
Horo muta (cM. Geceny «HoporTkoe 3amMmikanMe») ¢ npeRoXpaHHTe-
aamMm Ha 2—3 A.

2. BxaodaTh coGpaHHYI0 nenb B OCBETHTENBHYI0 CETh MOKHO
TOJBKO MOCAe OKOHYAHHMA W NPOBEPKH MOHTa;ka. Bo Bpems onmuTta
HeJIb3sl JleJ1IaTh HUKAKMX W3MEHeHMil M MONpaBoOK B uenu. B caywae
HEOOXOAUMOCTH HYMKHO BHIKJIOYUTH IIUT WM 0OECTOUYMTH BCIO YCTa-
HOBKY.

3. Heo6x0nuMo MCKIIOYMTH BO3MOMKHOCTH CAYYaHHOTO NPUKOC-
HOBEHHA K TOKOHECYIIMM MeTAJUINYeCKUM YacTAM ycTaHoBKH. MoH-
TaX MOPOBOAMTHL TOJBKO HM30JMPOBAHHKIM IIPOBOOM, TINATEALHO
obepTeiBafg MecTa COeAMHEHMS TPOBOJOB MIONANUOHHON JIEHTOM.
IlpuMensieMble B HEKOTOPHIX ONBITAX NAMNOYKM MOHTHDPYIOTCA B
COOTBETCTBYIOIMX MATPOHAX, YKPeNJIeHHHX Ha JEePeBAHHHX JOIed-
Kax. HnemMMH! g8 mpucoeAMHeHHsA NPOBOJOB AOJNMKHH HMeETh KapGo-
JIUTOBBIE TOJIOBKM, KOHIK TPOBOAOB, NMpeAHA3HAYEHHBIE IJNA BKAIO-
YeHHWs B FHe3la DPO3eTKH, cClHeayeT 3aJelIniBaTh INTENCeJbHEIMH Ha-
KOHEYHNKaMM MJM cHa(KaTh LITencCeNbHOH BHIKOM.

4. OnHTH, RNA KOTOPHX 06A3aTeNbHO NpUMEHEHHME IOHHMKAIO-
mero TpaHcopMaTopa, HH B KOeM cjydae 0e3 NOCHegHEro He Bbi-
NOJIHATD.

Hexortophie onmtat (3, 4, 5, 7, 10) ny4duie npoBoguTL B mKOJe
Ha 3aHATHAX KPYKKA WM Bedepax 3aHUMATEJIbHOH (PUBHUKH.

OlbITLI

1. Kak ysnatsh, Tok nepemenubiii maum nocroauumit? Ilepemen-
HBIi TOK B OCBETHTENbHOH ceTH — 3T0 TOK, MeHawmuii 100 pas B
CeKyHay cBoe Hampasiende. Ho He Toabko HanmpaBlieHHEe TOKA MeHs-
eTCfl, MeHfleTCA W CHJla TOKa, W Hampskenue. Hampasnenue MeHs-
eTCA NepHOJUYECKH, CHJIA TOKA MEHAETCS HENpepHBHO, TO BO3pacTas
A0 HEKOTOPOro MaKCHMMyMa, TO YMeHbINasAch A0 HyJAA. ITonHm#A muka
M3MEHEHHs 3HAYeHHH CHAK TOKAa HPOMCXOAMT 3a '/g C. ITOT mpo-
MEKYTOK BpeMeHH HA3LIBAETCA NMEePUONOM NEepPeMEeHHOTO TOKAa, a IHCI0
NEepHOAOB B CEKYHAY — 4acTOoTOd TOKa. EXMHUOENl 4YacTOTH CIYMUT
repu — 3T0 9YacTOTa, NPH KOTOPOil 3a OXHY CEKYHAY HOPOUCXOTHT
OQUH UMK/ M3MeHeHHH Toxa. ClnegoBaTeNbHO, TOK B CeTH, KOTOpPHH
NATaeT JIaMHOYKH, NIJIMUTKH M JpYyrHe nNpubopsl, €cTb NATHAECATH-
nepHofubiii Toxk. Takaa gacToTa ofecmeYnBaeT BO3MOMKHOCTH HpPH-
MeHEeHHA NMEepeMeHHOro TOKa A ocBelleHuA. PacKaneHHH# BONOCOK
JNIeKTPHUECKON JIAMIOYKH He ycleBaeT CHABHO OCTHITHL 3a TO BpeMms,
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B TeYeHHMe KOTOPOTO CHJa TOKA paBHA WJHM MNOYTH paBHA HYJIO.
Hpome Toro, m Ham raas He MOKeT NMOAMETHTH GHICTPO CJERYIOIMX
KojebGaHMi oCBelleHHOCTH.

Ho kak Torpa ysnarb, nepeMeHHbIH TOK y HAC MM NMOCTOAHHBIMH?
Bor ogun m3 cmocoGos, ne Tpefyommii mmkakux mnpuGopos. Hago
B3ATh KAKOM-HMOYAb TOHKWA OaecTamMiA npegMeT — HOMKHMIEI,
HOXK, BA3aJbHYI0 COMIY HMJIM NOJHPOBAJbHYK LAaJ0OYKY H, CTaB
CMHHOK K 3a@UKEHHOH 3JIeKTPUYECKOH JaMme, AepKaTh ero Ha Bbi-
TAHYTOH pyKe Ha paccrosinum 50 cM OT raas. 3aTeM NpPHUBECTH Mpef-
MeT B OwbicTpeie KojeGaHMA u HaGuOZaTh OTpa’keHHBI OT Hero
cser (pHc. 74). Ecam npm sToM BMAHA pPaBHOMEPHO CBeTHIIAfACH
nojioca, TO TOK, MAYIOMiA uvepe3 jgaMny, mocrosaHHui. Ecau noxoca
pacnajjaeTcsi Ha pAx YepPenylOMMXCA CBETILIX M TeMHBIX YYacCTKOB,
TO CeTh NUTAETCA NEePeMEeHHEIM TOKOM.

2. Ilepemennniii Tok wepes Konpencarop. Kak Tonbko Bm ycTaHo-
BHUTE pacOpefejiuTeJbHBIA IMMT, BAM, KOHEUHO, 3aX0YETCA HCHBITATH
ero B jeiictBuu. Br Gepere o0bi9HYI0 NPOGHYIO 3EKTPHUECKYIO
JaMNoYKy MOmHOCTbIO 25 BT, BcTaBleHHYI0 B maTpoH, OT KOTOPOro
HAYT ABa NMpPOBOAA cO IITeNcejAMM Ha KoHNax. Bcrasmp mrencens
B IHe3Jia DO3eTKH HAa pacmpeeJUTEe]bHOM INHUTE, B BHIMTE, 4UTO
JaMOo4ka roput. CTOMT BEIHYTh ORMH HLITENCENb M3 DO3ETKH, CBET
racHer. Hy, pasymeerca! Tok Begb Momer MATH TOABKO B 3aMKHY-
toit nuenu. Ho nmogoxanre.

HaBecTHO, 4TO KOHAEHCATOp B mpocTeiimeM BHRe — 3TO [ABe INa-
paajesbHEle MeTaNINYeCKMEe IUVIACTHHKM, pa3jiejeHHble KaKuM-HUOYAb
M30JIATOPOM, XOTA Ol mpocioiikoit Boaayxa. Uem Goasime mioimagb
OJACTHHOK M 4YeM OHHM OaMike pacnojoskeHHl APYT K APYry, TeM
Gosbmie eMKOCTb KOHAeHcaTopa. Bamser Ha eMKoCTh eme M poj
AU3JieKTPUKa (HM30aATOpa) MexAy NaacTuHKamMu. B Marasmmax
pamuoperajiei MO:KHO mpHoGpecTH KoHAeHcaTop (GyMaKHuiil) eM-
Koctbio 1 mnu 2 Mx®. Moxer GuTh, Y Bac €CTh TaKOH KOHAEHCATOP.
BraduTe ero nocaefoBaTeNbHO ¢ JIAMHOYKOH B OCBETHTEJbHYIO
cetb (puc. 75). Bymer am ropers aamnouka? Ecam Tok mocrosam-
Hblll, TO, AEHCTBMTENbHO, OH 4epe3 Pa3OMKHYTYI0 Ielb HPOXOIMTH
He OyfmeT (TaK KaK NJACTHHKM KOHJEHCATOpa pasfejieHH M30J1ATO0-
pOM) M JaMOOYKA HEe 3aropurci. A ecam Tok nepeMenusiit? Henbi-
talite Ha onmTe. JlaMnmoyka ropur, XoTsi M He NOJHEIM HaKajom!
Eenu 3aKopoTHTh KJIEeMMBl KOHAEHCATOpA, TO CBeYeHME JaMMOYKH J0-
CTUraeT NOJHOH APKOCTH.

WUTak, mepeMeHHHI TOK «mpoxoguT» depe3 KoHpgeHcarop! Haxk
aTo MoMxer OnTh? ClIOBO «HPOXOAUT» MBI B3AIIM B KABBIYKM, MOTOMY
9T0 TO, YTO MPOMCXOAMT B KOHAEHCATOPE, He MOXO0Ke HA MOCTOAHHBIH
TOK OPOBOSMMOCTH, O KOTODOM Lijla peYb B Opeamaymmx Gecemax.

Ecnu BKJA0OYMTH KOHAEHCATOP B LENb NMOCTOSIHHOTO TOKA, TO OKAa-
3EIBaeTCA, YTO TOK B IlenH MAeT, HO OYeHb KOpOTKoe Bpemsa. Hampas-
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Ka K KOHAEHCATOpPY, BO3Bpallajiach Obl K HMCTOUYHMKY 3a Cleaylo-
myio 4acTh nepuoaa Ges moreps.

3. llepemennmif Tok uepes Karymky. B pomamnux ycnosusax
onbT ynaoOHee Bcero mocTaBUTh ¢ KaTymkoi us 400—500 Butkos
nsonupoBanHoii nposonoku (0,5—0,8 mMM), HaMOTaHHOH Ha KapTOH-
HBI HMIM AepeBAHHHIA Kapkac (xora OH OT WIBeHHOM KaTYUIKH
6oabuioro pasmepa). B KarTyHmiKy ROMKeH BXOAHTH MKeNe3HHI cep-
JeYHMK, cOOpaHHBIH M3 jKenesHHX NpPOBOJIOK. CepaedyHHK AOJKeH
OBITH TAKHM, YTOOH ero OblI0 YAOOHO BABHUraTh B KATYIIKy M BHIHHM-
maTe H3 Hee, HanpssxeHue B 3ToM cayuae Gepercs OT MOHMKANOMIE-
ro Tpancdopmaropa Majod MomuocTH. B MarasmHax anekTpocOuiTa
MOKHO mpHOGpecTH TpaHcOpMaTOp AJIA MAJOBOJBTHHIX ORITOBRIX
npuGoposB M HEeTCKMX Hrpyliek (OmHITH 4, 5, 6 M 8 mpoBogATCA Tak-
me ¢ aruM TtpaHcopmartopom). Ou mossoader mpeoGpazoBaTh Ha-
npaxenne cern 220 mam 127 B B HM3KOBONBTHOE HAMpSKEHHE:
2, 4,6 ur n mo24 B (samernm, uto manpskennsa no 36 B ortHo-
CATCA K «MAJKIM HANpSyKEHUAM» U Ge30macHHl AJA dKCHEePHMEHTH-
poBaHusA). Bxialouure mocnenoBaTenBHO ¢ HM3FOTOBINCHHOW BaMH
KaTymkoi maaoBonbTHyio (6—12 B) anammouky. Or rpancdopmato-
pa cieayer B3fATh HaNpsKeHHe, MeHbIIee NACHOPTHOrO HAIpSKe-
HHS JIAMOOYKM, 4TOOK JaMOOUYKA ropena caalbeM HaKajJoM, TOrja
KoJefaHNA ee APKOCTH BO BpeMs ONKITa OYAYT 3ameTHee.

Ecau onwiT GyAeT cTaBMTBCA B UIKOJe Ha 3aHATHAX KPYMKKA HJIH
Ha BeYepe 3aHMMaTenbHOH (PU3NKHU, TO B 3ITOM ciaydae ynobeH yHH-
BepcanbHHil pasbopHuii Tpancdopmarop, nMewmumiica B duanyecKoM
Kabunere. [IpepBapuTeNbHO BHIHYB CepHEYHHK M3 KaTYUIKH, MOJ-
KJI04aI0T Lenb K HCTOYHMKY MEpPeMEeHHOro TOKa. JlaMmouka ropur
TaK ’Ke, KaKk M 0e3 KaTywku (3TO MOKHO NPOBEPHTH, 3aKOPaYHBaf
KaeMMn! Katymkn). [Ipu BaBuraHun cepievyHnKka B KaTYUIKY SIPKOCTH
AaMnoYkn ymesomaercda (puc. 76). OnmT nokaseiBaer, 4TO KaTyll-
Ka O0Ka3biBaeT CONPOTHBIEHHE TOKY. JTO CONPOTHBJIEHHE HAa3HIBAIOT
MHIYKTHBHHIM COIPOTHBIEHHEM, €ro 3HaYeHHe 3aBHCHT OT 4YHMCJA
BHTKOB, ILIOTHOCTHM HAMOTKH, HAJHYMA 3KEJE3HOT0 CepAeYHMKa,
AMaMeTpa KaTyMIKM M cepAeYHMKa. IIpuunmHON MHAYKTHBHOro compo-
TUBJICHUA CAYIKUT siBienne caMoMHAYKUuH. OHO COCTOMT B TOM, 4TO
H3MeHeHHe MAarHMTHOTO MOJIfAA, KOTOpOe NPOMCXOAMT MpPH HM3MEHEHHH
CHIBl TOKa, BHI3LIBAET MOfMBJIEHHE OJJIEKTPOABIKYINER CHIB, KOTO-
pasi co3jaeT TOK CaMOMHAYKLUMH, HanpaBieHHH Bcerja Tak, 49TO
CBOMM MAarHHTHHIM JeiCTBHEM OH MPeNATCTBYeT M3MEHEHHWIO MO
NEepPBHYHOTO TOKA.

OnpuH H TOT Ke NMPOBOJHHK B Pa3HBIX YCAOBHAX MOMKeT o0namaTs
pasauuyHOil camoMHAyKumeil. B mpoBogHMKe, cBepHYTOM B KAaTYUIKY,
OpH HAJHYMM 3KeJe3HOTO cepAeYHMKA CAMOMHAYKUHNSA CTAHOBHTCA
Bo MHOro pa3 saMerHee. [loaTomMy 31eKTpOTeXHMKH pasnnyYaioT ABa
pona uenel: «Ge3nIHAYKUMOHHLIE Henn» (UenH ¢ MAJBIM HHAYKTHB-
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HEIM CONpPOTHBIEHHEM), HANMpHMep OCBEeTHTE/NbHAA CeThb, M LENH C
«MHIYKTUBHOU HArpysKoi», KOrgja B HHX MMEIOTCA MOTOpHI, TPaHC-
cdopmaTopsl M UM nonoGHmle ycrpoiictBa. B imenu ¢ mocToaHHBIM
TOKOM CAMOMHAYKIHMA NpPOABJSETCA JHINb NpH 3aMBIKAHHM A pas-
muikannu. [loaroMy ogHo M TO Ke yCTpPOMCTBO mo4TH Bcerga o6nana-
eT GOJbINHMM CONPOTHB/EHHEM B IIeNlM NepPeMEeHHOro TOKa, 4eM B
Henu MOCTOAHHOTO,

4. Hexpa npu pasMbikanun. Buuumas mrencens 43 poseTku npu
BHIKJIIO9EHMH KaKoro-HMUOyab ajexkrponpubopa, BH, KOHEYHO, 3aMeda-
AM MOfAIBNIeHME HMCKPH, 310 peayiabTar camounayknuu. [Ipu pasmuika-
HHMM HamnpaBjieHHe MHAYKIMOHHOTO TOKA COBHNAJaeT ¢ HaNpasjieHUEM
ucyesaomero Toka B nenH. [loaroMy B MOMeHT pasMHKaHHA NpoHcC-
xoaut cnoxenne sHemHeit IIC u I[C camomuaykuuu, 9ro U mpu-
BOAUT K o6pasoBanuio MCKprl. OcoGeHHO CM/IBHO MCKpEHMe NpH Ha-
AMYAM MHAYKTHBHOM Harpyskm B nenu. WHAykTHBHOI Harpyskoi
MokeT OHITH OOMOTKAa TpaHcdopMaTopa.

O6moraiite oaun, 3agMieHHu# A0 Glecka, KOHelW NpoBoja BO-
KPYT HOMKKM CTaJIbHOTO HANMJIBLHUKA, & APYroi, 3afie/laHHKi B LITeN-
ceJIbHBI KOHTAKT, BCTABbTE B THE3[0 NaHeaHn TpaHcdopmartopa. Ecau
BH Tenepb BO3bMeTe BTOPOil NMpPOBOA M, BCTABUB €r0 OAHUM KOHIIOM
B Apyroe rHe3fo Ttpancdopmaropa, HavYHeTe CBOGOAHLIM KOHIOM
BOJMTh NO HAOWJBHUKY, TO YBMAMTE Heiblil ¢eliepBepk ucKp
(puc. 77). He onacaiiTech, 4T0 MOKET GHTb KOPOTKOe 3aMbIKaHHMe
B OCBEeTUTeNIbHOI ceTH. Memxny ceTpio M TpancopMaTopoM, K KOTO-
POMY NOAK/IIOYEH HANWJIBHHMK, CYIIeCTBYeT rajbBaHHYECKHHl paapsis,
M npoBoAuMBIA onumT GesBpenen nas Hee. Paasymeercs, me ciemyer
3aTATABAThL ONEIT, YTOOH He cKeub OOMOTKY TpaHcdopMaTopa.

HennoTHuiii KOHTAKT B 3J€KTPHYECKOM MOHTaMe MOKET NpPUBO-
IUTb K HeXeJlaTeIbHHIM SBJICHHAM M B GHITOBOM 3/IeKTPHUYecKo# mpo-
Bofike. B Mecrax pa3pniBa KOHTAKTa NPOMCXONHT HOCTOAHHOE MCKpe-
HMe (MHOrJA CJBIIINTCA NOTPECKMBAaHHME), M 3TO BHI3HIBAET OMACHOE
pa3orpeBaHHe NMPOBOAKH B MecCTe COeHHEHUS.

5. Xumuueckne peiicrBus Toka. UapecTHo, uTO HarpeBaTenbHbIe
H OCBETHTEJbHEIC NMPHOOPHI MOMHO BKAIOYATh B CETh IOCTOSHHOTO
M B CeThb NEepeMEeHHOro TOKa. MoOMHO /M MmepeMEeHHHM TOKOM I0Jb-
30BaTbCSA HapaBHe C NOCTOAHHBIM M [UI XUMHYECKHMX AeiCTBMIT —
dJIEKTpONM3a, 3apAfku akkymyiasaropos? IIpoeeprTe Ha omnite
(puc. 78). IlpurorombTe ABa MIMHHHX FPaQUTOBHX CTEPKHA (Cepf-
nesMHa Kapanpama). OGMoraiiTe BepxHMe KOHIB MX 3aYMIICHHEIM
NpOBOKOM M ONYCTHTe HIKHHMHM KOHIAMM B CTakaH ¢ Bopoil. Bomy
cllefyeT NOAKUCANTE HECKOJLKMMH KAalUIAMM CepHOM KMCJOTH MM
pacTBOpUTh B Heill HeGosblIoe KOJAMYeCTBO mMoBapeHHO#H coau. Ecau
Teneph MPUCOEAMHUTL CBOGOAHEIE KOHIIH NPOBOROB K Tpancdopmaro-
Py, TO NpHM BKJIOYEeHHH TOKa Gyaer 3aMeTHO OOHMIIbHOE BhiJiejieHHe
ny3npbKOB ra3a Ha ofomx rpaduroBmx 3nexrpogax. Ilpu atom He
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6yner Kakoro-nnGo pasinvMs B ABJIEHHUAX, HPOHCXONALIHX HA TOM H
Ha JApyroM anexkrpofge. Ecid 6b Bn ODpPUMEHHJAH HOCTOAHHMI TOK,
HampuMep or Oarapeilkm gaA kapmaHHoro ¢oHapuKa, TO cpasy
oOHapyKuAM OBl 3HAYUTEABLHYIO pasHuny. [IysupekH BuAeaAnHCH
6ul npemmyinecTBeHHO Ha kKarofe. [Ipwm anexkTponuse cepuoii Kmcio-
Thl Ha KaTofe BHIeJAETCA BOAOPOL, M 1O 00BEMY ero Bhigeaserca
BABOe Goablue, yeM KucJaopoaa Ha anopme. Ilpu anexrponuse mosapeH-
HOM COJNM Ha KaTOfe BHIENAETCA BOAOPOA, a Ha aHOge — XJop, ras
KeJITOBATO-3€JIeHOT0 [BETa, ¢ XapaKkTepHHM samaxoM. Ecau ajexrt-
poan B3ATL MefHHE, & He rpadHUTOBHE, TO NPH MOCTOAHHOM TOKe
ny3HpbKM Boflopofla OYRYT BHIAeNATHLCA OOMJABLHO Ha Karole, a Ha
aHOfZe BhijleJieHne ra3a Boobme He Gymer 3amerno. Ilpu arom kmciao-
pox Miam XxJaop oGpasyeT ¢ Mefbio coefuHenme (roayGoro Mid aene-
HOFO 1IBETA), 4 MeHAA NPOBOJOYKA AOBOJLHO GLICTPO PACTBOPHTCA.
3TOT OHmHIT MOKHO MCIOJb30BATH B KadecTBe mpocreiimiero cmocoba
PACIO3HABAHMS NOJIOCOB MCTOYHHKA TOKA.

CnemoBaTenbHO, MepeMeHHEI TOK AJA 3JEKTPOJN3a NPUMEHATHCA
HE MOMKET.

6. Conosuii sunpamurens. [Ipurorosbre 10%-Hwiit pacrTsop aBy-
yrieKucaoi coanl (ONTHEBOH CORM) B JOKACBOM HAM AHCTUIIAMPO-
BaHHOi Bofe. OmycTuTe B pacTBOop fABa 3aeKkTpoAa. OaMH 3IEKTPOR
M3 aJMIOMMHHA (OPOBOJIOKA, 3aYMIIEHHHIH IIPOBOJI, JOMKKA), APYroi us
Kenae3a, cBMHHA uMau rpadgura (pmc. 79). Ilpu npomyckanuum TOKa
4epe3 TaKoH BHINPAMHUTENb IPOMCXOLHT 3JIEKTPOJIN3, B peayibrare
KOTOpOro AaJIOMHHHEBHIA JJIEKTPOA (€CIM OH CIAYKHT aHOAOM) Ho-
KpBIBaeTCsl MJCHKOH M3 OKCHAa H rHUApoKcuaa amiomuuua. Takxan
cMcTeMa clocofHa NpPOmYCKAaTh TOK TONBKO B HAIlPaBAGHHH OT »Keje-
3a, cBuHNa mau rpadpmura k amiomuHuio. Iloaysusmmiica npuGop
MOKHO HMCIIOJB30BaTh AJIf1 BHIOPAMIEHHUA Toxa. HanpasieHHe BHI-
HPAMICHHOTO TOKA MOKHO ONpefe/IMTh N0 MATHATHOMY HJIM XMMH-
9eCKOMY feHCTBHIO.

7. daexrpoans crexiaa. [Ipooaut Au CTEKIO INMEKTPHIECKHH TOK?
Ho Bepp cTexao — usonsarop, ckaxkere Bul. B ¢pmauueckom kaGunere
MHOro npuGopoB M[Js ONBITOB NO 3JAEKTPOCTATHKE, H B HHX CTeK-
JAAHHBIC M3ONMPYIONIHe YACTH HPEROXPAHAIOT OT YTeYKH 3apa-
nos B 3emaio. Hamo ToABKO, 9TOGH, CTEKJAHHHE NONCTABKH Onuid
CYXUMH.

IIponenaiite Ttakoit onwit. Bo3abMuTe He6OABIIYI0 CTEKAAHHYIO
TpyOKYy WiaM nanodxky AuaMerpoM 3—4 MM M ofMotaiiTe HECKOALKH-
MH BUTKaMH 3a94HINEHHOH Me[HOH NPOBOJIOKM, KAK MOKa3aHO HA PH-
cyuke 80, ocTaBMB MeKAYy NpPOBOAHMKAMM INpOMEKYTOK 10 MM.
Onnu xomen, He MeHee 10 cM, ocTaBbTe CBOGOAHEIM, YTOGHI GBLIO
yno6Ho u GesomacHo fgepxkarb TpyOky B pyke. Ilocaeposarenbmo
coeananTe npubop c¢ aamnoii mMomuocTeio 60—100 Br u Branounte
€ro B OCBETHMTEJIBHYIO CETh.
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PasyMeercsi, TOK 4epes CTekJO He HOMeT ¥ lIaMna roperh ne
6yner. IloporpeiiTe Temepb CTeKAAHHYI0 TPYOKY MeMRY HPOBOIHH-
KaMA B IUIAMeHN cnupToBoi ropenkn. Yepes nexoropoe Bpems Tpy6-
Ka PAacKaJUTCA JOKPAacHa M JJEeKTpMYecKas NaMMOYKa HAYHET Io-
CTeneHHO pasropaTtbcsa. YOGepute cnuproBky. Hecmorpa ma 310
JaMnOa OPOROJNHKAET ropeTh, a CTEKJNO PACKANATHCA BCE CHIIbHEe H
cHNbHee, OKA He PacnJaBHTCA M nenb He pazopsercA. O6macHenme
3TOr0 ONMHITA HE TaK YK NMpocTo. MEI orpaHnMumMcs nuillb yKasanueM
HA TO, YTO NMPOBOAMMOCTb CTeKJa MMeeT MHYI0 (PHU3UUeCKyi0 NMpHPO-
RY, YeM NPOBORMMOCTb METAJUIOB. Y Hee Ta ke OCHOBA, YTO M y Mpo-
BOJMIMOCTH KHAKOCTell (ameKTponnTtoB). PaccMoTpenHuiil HaMH mpo-
HecC CBA3aH C SIBJCHUAMH DIEKTPOIH3A.

8. Maruutune pelictsEa mnepemennoro roxa. Heornemiaembim
NPH3HAKOM 3EKTPHYECKOTO TOKA ABJIAETCA MArHNTHOE IOJie BOKPYY.
Hero. Hamnpapinenwe MArHMTHOrO mnoAs 3ABHCHT OT HAaNpaBIeHHA
ToKa. AmnriauiickoMy ¢usuky MakcBeany npUHARIEHKHT H3BECTHOE
npasmio GypaBumka (puc. 81). Ilpm npoxomxpenuun mnepemennoro
TOKA N0 NpoBofy OymeT COOTBETCTBEHHO M3MEHATLCA HAaNpaBieHHe
Aupuid MarnuTHOH MHAYKuuH. Ecam o6MoraTh M3onmpoBaHHHM Npo-
BOAOM 3KeJIe3HHIH CTep:KeHb, TO NpPH NPONYCKAHUM HEPEMEHHOTO
TOKA MOJYYMTCH 3JIEKTPOMATHMT, MOJIOCH KOTOpOro GYAYT MEHAThLCA
¢ dacToToii Toka (puc. 82). Moxer auM TaKOH BIEKTPOMATHHAT NpH-
TATUBaTh k cebe Kyckm ;xenesa? [Iposepbre Ha onmite M yGenurecs,
yro MomeT. Tok Gepure OT ManoBoAbTHOH 0OMOTKEH Tparmcdopmaro-
pa (8—12 B). IlputanyTHii K 31eKTPOMATHHTY AKOPb (KyCOK e-
ne3a) XOTA M HECKOAbKO BuOGpHpyer, Ho He ormagaer. CylnecTByioT
3/IeKTpPOM3MepHUTeNbHEE NPHGOPH (aMmepMeTPH U  BOJABTMETPH),
ReHCTBHE KOTOPHIX OCHOBAHO HA BTATMBAHMHM MATKOTO 3eje3a B Ka-
TYIDKY, No Koropoii uaer ToK. OHM ORMHAKOBO NPUrOAHH MJA MNO-
CTOAHHOTO W RJf NePeMeHHOro ToKa. Takue npufopu o4eHb pacHnpo-
CTpPaHeHH; MX HA3KIBAKOT 3IeKTpoMarHMTHRIMH. MX BHemHmil oram-
YHTeJLHEIA 3HAK Ha I[KaJe NOKa3hiBAET, YTO MMM MOMKHO IOJb30-
BaThCA A TOro W Apyroro toka. Ognako B npu6opax Gonee ToyHOro
KJacca LIKaJa [JIA NMOCTOAHHOTO TOKa He COBMARAET Co INKAaJXol fas
NMepeMeHHOro TOKa (Bbl Temepb CMOKETe OTBETHThL, Modemy). B arom
chaydae 3HAK «—» MJIHM «~)» yKaKeT BaM, I KAKOro TOKa OHM Npej-
Ha3HAYECHHI.

Ha HaMarHM4eHHYI0 CTAJLHYIO MUIACTHHKY, HAONPHMEp CTPEJKY
KOMNnaca, NMepeMeHHBLIl TOK 33 KaMKABI [HKJI [ABaM<KXBl OKA3HLIBAET
HPOTHBONOJIOKHBE OTHKJIOHAKINMe RedcTBuA. EcaM nepemens! Ha-
paBjeHHA HNPOMCXORAT uacro (4YacTtota Toka pasnma 50 I';m), To
cTpesiKa He OygeT ycneBaTh OTKJIOHATHCA HH B ORHY, HH B JpPYryio
cropony, a GyaeT npo:kaThL okoNo mosokenus paBHoBecHs. IpuGopsi,
OCHOBAaHHBi€ HA JeHCTBHM NYroo0pa3Horo MArHMATa Ha HOXBUKHYIO
KaTYIODKY C TOKOM, Ha3hBAKTCA MarHutTodiekTpudeckumu. Oum mpu-
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HAKA 3aCTABJISET KECTAHYW KpHIKY (MemOpany) koaebarbca ¢
49acTOTOH, PaBHON YaCTOTe TOKA.

10. OnuiT ¢ BEUXpeBLMH TOKaMH. B CIIOMIHKX MeTaNIHIeCKAX
TeJlax, NMOMELIEHHHX B IepeMeHHOe MATHHTHOE 110Jie, BO3HHKAIOT
BUXpeBHe TOKH. BoabMure karymky na 500 BHTKOB HM30IHpPOBaHHOK
npopojok# (amamerp 0,8 MM), HaAMOTaHHOH HA KAPTOHHYIO THIbL3Y
(Beicotra 20 cM, BHyTpeHHHiH gunameTp 3 cM) ¢ ABYMA RepeBAHHHKIMH
ROmeYKaM#d Ha KOHMAX. BHYTpb KaTymIkM noMecrute cepRevYHHK
M3 NMy4YKa XOpOWIO 060keHHOH <ene3Hodf mpoBodokn. [{auna cep-
Aeynuka Ha 10 cm Goabmie BeICOTH KaTymiku (puc. 84).

3areM M3 OroJieHHOH MeRHOH IMPOBOJOKH CHeNaiiTe KOJBLO NHa-
metpoM Ha 10—15 Mm Gonbine RuMameTpa cepRevyHHKAa (BMecCTo Mpo-
BOJIOYHOTO MOMKHO B3AITh CIJIOIIHOE MeENHOe HIH AJIOMHHHEBOE
KOABIO).

HKoHupl KaTymku BKJIIOYAOT B CeThb uepe3 CNeNMMAIbHO MOROGpaH-
HHA pesucTop (c Tem 4ToOBl CHJIa TOKa He mpeBbimasa 3—5 A);
B KAUECTBEe TAKOT0 Pe3UCTOPAa MOKHO HCMOJb30BATH IEKTPOILIUTKY.
Koabmo, HageToe Ha CcepievYHHK, B MOMEHT BKJIOYeHHA B3jeTaer
BBepX. Ecam nommitaTheA yaepaaTh ero, TO pyka NMOYYBCTBYET, KaK
CHJIBHO HArpelioch KOJbIO.

O6bsAcHenne: B CIJIOIMIHOM KOJbIe BO3HUKAIOT CHILHEE BHXpe-
BbI€ TOKH, 10 HaNpaBJIeHHIO NPOTHBOMOJOMHKLE TOKY B KaTylIKe.
Kak usBecTHo u3 Kypca (MSMKH, NPOTHBONONOMHO HANpPABJIEHHbIE
TOKH OoTTankuBaioTcA. Ecau ke KOAbHO yRepKHBaTh, BUXpEBhie TOKH
narpesaoT ero. Ha aToM npmunune B TeXHHKe OCHOBAHO YCTPOHCTBO
WHAYKOUOHHKX Nevell [Js MIABKH METAJJIOB.

rnaas HA CYETYUK DNEKTPUYECKOW
SHEPTUA

HUrops, croa na TaGyperke, CMOTPUT HAa JJIEKTPUUECKHUHl CYETUHK,
B pyKax y mero 4acel. Bxopur Jlnas.

— UYrto T Tam pgenaemib? OnATh YCTPOHIIL KOPOTKOE 3aMbIKa-
Hue?

— fl nposepsaio cuerunk. [logoxnu, yepea 2 MUHYTH A KOHYY...
Hy, Bot n Bce! Ceiluac mOACYHTA M CKAaKy, MPaBUJILHO au pabora-
eT cueTyuK. 1loHAM BRIKIIOYH TUIMTKY B CTOJNOBOA M GHCTPO BO3Bpa-
maiica... Bukniounna? Xopowo. Tenmepp ckasu, Kak Th AyMaellb,
9T0 NMOACYMUTHBAET CYETYNK?

— JNeKTpUYECTBO...
— JnexrpudecTBo. IT0 HA O 4eM He rosoput. Kymnonm, uro au?

Her, cueTYMK NORXCYATHIBAET U3PACXONOBAHHYIO 3JJEKTPHUYECKYIO
snepruio. CueTYmK MNOACYUTLIBAET ee B TeKTOBATT-4acax. buBaior
CYETUYHKM M Ha KHIoBarr-dach. Uro Taxoe mart?
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— A poueMy He cropaeT BOJbTMETpP, BeAb ero BKJIIOYAIOT Hapal-
JAeALHO?

— VY BoabTMeTpa OuYeHb GOALINOE CONPOTUBIEHHE, H MO HEMy
Hretr HeGOJALLIOH TOK.

— A ecau BOJLTMETp BKIIOYHTh HE IO NMpaBHJaM, He Napalielb-
HO, & NOCJIeOBATENbHO, YTO TOrxa?

— BoabTMeTp He HCHOPTHTCA, HO MOKAKET HANpAMKeHHe He Ha
JaMIovyKe, a Ha caMoM cebe. I manps:xenne Gyaer ropasgo Goasine,
yeM Ha Jamnouke. Hanps:keHus Ha nocienoBaTelapHBIX YdYacTKax
HPAMO NPONOPHHOHAJLHB CONMPOTHBJCHHAM.

A Tenepn mMOCMOTPHM, KaK NPOHM3BORUTCA «3JEKTPHUECKOE YMHO-
menner. Ilycts MBI XOTHM U3MEpPHTHL MOUIHOCTh. [liA aToro cyimect-
ByeT nmpuGop Barrmerp. Ha pucyuxe 86 nama ero cxema. Tyt nse
KaTymKH: ORHA M3 TOJCTOH MpOBOJOKH (aMnepoBa KaTymIKa), RpPY-
rafl M3 TOHKOH (BOJLTOBA KATYMIKA). AMIEpPOBa KATYIIKA HEMOABHK-
Ha, BOJbTOB2 MOKeT BHYTDH Hee NOBOpayMBaThcA. Ecam B Karym-
Kax OynyT Toku, To oHM OyAyT fAelicTBOBaThH APYr Ha Apyra M HOA-~
BUKHAaA KATYIIKA GYRET NMOBOPAYMBATHLCA HA HEKOTOpHI yroa (craTh
NapajjielbHO HeMOABHKHOH el Meinaer npy:kuna). [losopaumBascs,
KaTyLIKa MOBOPAauYMBAET M COEXNHEHHYI0 ¢ HeH CTpeaKy, KOTopadA H
YKa3niBaeT Ha MIKaje MOIIHOCTL TOKAa. B camom pnene, HenogBuMKHAasA
KaTylika BKJIOYeHa [OCIHEAO0BATENbLHO C NOTpefHTeNeM, NOKBHM-
Hafg — napajjenbHo. B 33aBUCHMOCTH OT CHJIB TOKOB B KaTyHIKax
yroa nosopota Oymet Gonabmie uau Menbwe. Ilycrs cuia Toka B amne-
poBoil Katymike GyZer B ABa pa3a Gosblue, a HanpA:keHHe (a cileno-
BaTelbHO, U CHJIAa TOKa!) Ha BOJLTOBOWH KAaTylIKke YBEJIHYHTCHA B TPH
pasa, TOTAA mOKasaHue Bcero mpubopa cranetr B 2-3=6 pa3 Goasiue.
3HAYMT, ecnM NepPBOHAYAJLHO cHia ToKa Omia 1 A, a mampsxeume
1 B, 1. e. MomHocTs 6nina 1 BT1, TO0 Temephr MoimuocTh pabna 6 Br.

B cuerunkax (puc. 87) ectb nBe HenopBw:kHLIe 00MOTKH. OHHM
HajgeThl Ha ABa ’KeJe3HBIX CEpPAEYHHKA, PACMONOKEHHHX NOX NpA-
MbiM yraoMm. IlepeMeHHHE# TOK HaMarHHYMBAaeT 3TH CepAeYHHKH.
IlpuaeM, TaK KaK TOK MepeMEeHHLIH, MOJIOCH 3JIEKTPOMATHHTOB BCe
BpeMA MEHAIOTCA, MeKAY HHMH Kak Onl «Ge;KHT» MarHHMTHOe mNoJe.
Ham yuurens Tak M Ha3Baa ero — «Geryilee mnoie». Memny karym-
KaMH ¢ cepreyHMKaMHM MNOMeL{aeTCA AaNIOMHHMEBHIH KHUCK Ha OCH.
Beryimee maruuTHOe nojie oGpasyeT B Tejle AHCKA BHXPEBEIE TOKH
# yBieKaer ero 3a coGoif. [luck HauMHaeT BpalaThbcA BOKPYr oBoeif
ocn. B 3aBHCMMOCTH OT CHIB TOKOB B KaTYHIKax CKOPOCTb Bpalie-
HUA AUcKa OyneT Goabile MAM MeHbIe, 3HAYHT, CKOPOCTh Bpalie-
HUA RACKa OyAeT nmpomopmHoHalbHA MOTpeGaAeMol MOIHOCTH.

Jluck cBA3aH cO CUETHHIM MEXAHM3MOM, KOTOPHI MOMeT CYHTATh
qucio 0GopoToB 3a MecAH, rof H T. X. OH cOCTOMT M3 cHcTeMHl 3y6-
9aTHIX Kolec ¢ nepepaTounniM unciaoMm 10. Bmecre ¢ ayGuarkamu Ha
ocH HacaskeHhl Kojecuku ¢ nuppamu Ha obomkax: 0, 1, 2, ... no 9.
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me. JTo caMmKoM Goabmas mnorpemnocts. JlonycTHmas mnorpem-
nocte 3—4%. Ho, momer GuiTh, nauTka paborana He Ha NOJIHYIO
MOILIHOCThL, KaKaf 0603HaUeHa B NACNOPTe, Beflb HANPAMEHUE B CETH
9acTO MEHbIe HOpMaaLHOro. Bee-Taknm A mocne caenaw eine HeCKONb-
KO IPOBEPOK C Pa3HbIMH HArpy3KaMH.

— A y NAATKY €cTh macmopr?

— ¥ kamxporo anexktponpufopa uMeercA nacnoprt. [asait mnpo-
BefleM YyueT MOIHOCTH BCeX HAaIIMX AoMalmHuX npuGopos. f1 Gymy
38MHCHBATH, & THi CMOTPH HAa NMpUGOpPH H FOBOPH MHE.

Yepes HeKOTOpOE BpeMs OIMMCh COCTABJEHA:

Jlamn no 25 Br 2 mr. Momsocrs 50 Br

" 60 11 3 " 18,0 ”

” 1m ” 1 2" 100 "
Mamtka . . . 1, . 600 ,,
Yrior . .1, 300 ,,
Munecoe . S T 350
Crupanpean mamaga {1 ,, 400 ,,
XoaopuabEuK . i, 100 ,,
Hroro . . . . . . 2080 Br

~— HWaTtepecno, Kakoii TOK mofifeT uepe3 CUETUHK, €CAH BCe 3ITH
nNpuOOpH BKIIOYNTH O{HOBPEMEHHO?

— OtBeT TaKoB: o

_ 2080 Br __
1 220 B ~9 A.

lIpepoxpanuTtensusie npo6ku y mac ua 10 A, sHauur, cetTh OhAa O
Harpy;xeHa Ro mpefena. HoHedno, e Mosker ObiTh, 4TOOH Bce OHLIO
BKJIOUEHO Cpa3y, Aa NPH TAKOH Harpyske W HaNnpsiyKeHHe, HABEPHO,
cHu3unock 661 M npnGopel paGoraau OB He Ha MOJHYK MOIIHOCTb.

3Hasg MOMIHOCTHL NpPUGOPOB, MOMKHO PACCYMTATH, CKOJBKO Oymer
H3pacxoRoBaHo anektpoaneprun. Hampumep, ckoabko BpemeHH TH
cerofiHA ynorpebuja Ha pasrja)KuBaHWe NJAAThA, dapryka?

— Toauaca.
— Mommuocts ytiora 300 Br. Caegosatennno,

W=300 Br-0,5 4w=150 Br-u.

150 kBr.u-4 k. _
ITo nene 4 k. 3a 1 kB1-9 ato Gyaer CTONTE — o= o = 0,6 kK.

Mosn npoBepka cueruuka ofomuiach BEO?TJOE%.;,,—R‘";(T= 0,08 k.

Ocraum Urops n Jlunio mpogonxaTh MX MccaeRoBaHMA M o6pa-
THMCA K 9HCJIAaM HMHOrO0 MacluTaba, K BOJHYIOHIMM NepcHeKTHBAM
NeKTpA(PHAKANUH HalneH CTPaHH.

Ienuvanbuasa dopmysa B. U. Jlennna — « Kommynanam — ato ecth
CoBeTckan BaacTh MIKOC 3jeKTpu(HKamua Bceli cTpaHni» — onpepe-
aser Hameuyenanie [Iporpammoit KIICC neBupmannbie TeMns BHEApe-
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HHMA 3JIEKTPOIHEPrHHM B HAUIy NPOMEIILJIEHHOCTh, HAalle celbCKoe
X03AMCTBO, HAIl ORIT.

[onpoGyiiTe moOCTpOMTL AUMArpaMMy pOCTa BHIPaBOTKH 3JEKTpo-
anepru B CCCP mno ciaepyoimyuM QaHHBIM:

1943 r. . . . . . . . .. 1,2 mapa. kBr.q
1930 v. . . . . . . . . . R - v
1940 r. . . . . . . . . . 483 "
1955 r.. . . . . . . . 1702 "
1965 r.. . . . . . . . . 5067 "
1970 r. . . . . . . . . . T409 "
1980 r. . . . . . . . . .129 " "
1985 r. (nnammpyerca) . . . 1555 » "

Eme untepecun Ttakue mudpw. [lepsenen renuanbHOro JeHHH-

ckoro miaaHa saekTpudukanun CCCP Boaxosckans I'dC o6aamana
B 1926 r. mommuocteio 60 Ttoic. kB1; [luenporac B 1936 r.—
436 tmc. kBt; Bommckaa '9C umenn B. W. Jlemmnma (1960) —
2,3 mna. kBT; Bommckaa I'9C umenn XXII cweana KIICC (1965) —
2,5 man. kBr.
CaMBIMH  KpYOHBIMM TCHPO3JEKTPOCTAHLMAMH sABAATCH bBpart-
ckasg I'9C umenn 50-metms Beamkoro Oxtabps Ha AHrape MOHIHO-
cThi0 4,5 mnu. kBt u Hpacuoapckaa I'dC umenn 50-nerus CCCP
Ha Enncee — 6 man. kBT.

Bonabmve BuIrogs Hauledl cTpaHe [aeT IJaHOMEpPHOE CO3fa-
nne EJC, kotopas ¢ moxgkaiouenuem B centsibpe 1978 r. amepreru-
geckoit cuctemMbn CuOUpE ¢ ee MOUIHBIMH 3JIEKTPOCTAHLUAMM —
Bpatckoit 'DC umenm 50-netusi Beamkoro Oxtsabpsa, Ycrs-Uamm-
ckoli, Hpacnosapckoii umenn 50-netma CCCP — pocruraa nporsken-
HOCTH 7 ThIC. KM. JT0 ofecmedmyio ycCJoBUA AAA Goaee €BOGOJHOrO
MAaHeBPHPOBAHHA 3HEepruem.

B opHoii M3 OCHOBHHIX OTpacied TeXHHMKH — JHEpPreTHKe SICHO
BUAHEI FPOMAJIHBIE YCIIEXH, KOTOpHE SABIAIOTCA CBHIAETEILCTBOM CO-
BeplIaiineiics B HAalIedl cTpaHe TPaHIMO3HOH IIPOMBIIJIEHHOH pe-
BOJIIOLAH.

KAK CO340ABANIACb KAPTUHA
SNEKTPOMATHHUTHOIO MONA

DAPALEA U MAKCBENN

Oxoxo 1800 r. Boabra Haofpen «BOABTOB CTOAG» — UCTOYHMK MO-
crositnHoro Toka. B 1820 r. Jpcrexy oTkpma peiicTBHe TOka Ha Mar-
HATHYIO cTpeaky. HeckoabkuMu MecAnamu noaje Ammep, npogeiaB
AHAJOTHYHBIA ONBIT, YCTAHOBWJI, 9TO ABA NapajleIbHHX NPOBOSHH-
Ka, M0 KOTOPHIM HIET TOK B OAHOM HANPaBJACHHH, HPUTATHBAIOTCH
APYT K APYry M OTTAJKHBAIOTCH, €CAH TOKH MMeEIOT NPOTHBOMOJOMK-
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Hele HanpaBiaenusa. UM ke GbLIM HMCCIENOBAHBI CBOHCTBA COJEHOHMIA
n coagan mnpubop, Ha3Bamuuil rannBaHoMerpoM. B panbHeiimem
AMnep of6HapyXun B3aHMOJIEACTBME COJICHOMROB M MOAMETHN CXOf-
CTBO MX C MarHMTaMH,

B aror e mepnoxy Aparo OTKpBUI ABJIEHHMEe HaMarHUYUBaHHUA
’Kejleaa TOKOM M NMOCTPOMJ NMepBHId 3MeKTPOMATHHT.

Jra amoxa GOJBHIMX OTKPHITHHA HAXONUTCA B HENOCPEACTBEHHOM
cB3u ¢ OypHEIM mnporpeccoM B NPOMBILIJICHHOCTH B NEPHOX Ha-
9aNbLHOTO PA3BHTHA M YTBEPKAEHNA KANMUTAJHU3Ma nocie mobenbl HaT
¢eonanbLABIM, 3aCTOHHEIM CcNOCOGOM NpPOM3BOACTBA. Pe3ko yBennuM-
aack norpe6Hocte B 6oliee COBepHIEHHOH TeXHMKe IIPOM3BOJCTBA,
TpaHcnopra, cBAsn. HluBefimMii WHTepec cped yYEHHIX ITOH IMOXH
BCTPEYAaeT KayK[oe HOBOe OTKPHITHE B 0O0NacTH 3jeKTpUYecTBa, OyAb
TO cAydailHOe OTKpHITHE NOKTOpa [ajabBaHm miu Jpcrena MM IJIAHO-
MepHbie HccaefoBaHua Ammnepa u Aparo.

Ilnesga uepBoKjacCHBIX yueHHIX, npodeccopoB AyYINMX YHHBEp-
cutetoB EBponbl 3aHMMalOTCH HCCIEROBAHHMEM M pelleHHeM COBep-
HIEHHO HOBHIX NpoGjeM u IIAr 3a IIAroM IPOHMKAIOT B HEeBe[OMHIil
MUp BJEKTPUYECKUX fABJEHUH M 3aKoHOB crpoennsi Matepun. Cpenn
aTHX OJecTAUMX HMMeH BHeNAETCA MM BEJHUKOTO AaHMJIMHACKOro
¢unanka u xumnxa Maiikna @apages, yueHOro-caMOydYKM, NONY4YHB-
Hlero B LIKOJE TOJLKO HayaiasHoe oGpasosanme. 'enmio (Papanen
NPUHAJIEKUT HAed 06 3NeKTPOMATHHTHOM Ioie, KOTopasA Jerja B
OCHOBY Bcero jgaibHeiiuiero passutna ¢uanku n texuukn. Ho cha-
4ajia 06paTHMCA K HEKOTOPHLIM 3MHM30RAM €ro yAMBHTeJbHOH Guorpa-
dun.

Onnn u3 pexkaGpbckux pueit 1812 r. Cop Iem¢pu [I3Bn Toawbko
4YTO OKOHYHAJ YTeHHe [OBOJHHO cTpaHHoro mucbma. Hekmil ionoma —
YUGHHK MNepelieTINKa, NOANMUCABINHACA HUKOMY B TO BpeMA He
napectnoit pamunnein Mapapeii, coobilan B muchkMe, YTO OH yCepaHO
moceman Kypc monyaapuuXx jgekudit Jlasu B KopomeBckoM mucTHTY-
te. OH nucan 0 CBOEM TropsAueM KENAHHH MOCBATHTL ceGd HayIHOMH
AeATeNbHOCTH. K mucbMy GRUIM NPUIOKEHH! 3aMUCH NMPOCTYLUIAHHBIX
JeKUH#H, TIOATEJILHO INEePeNHCAHHHX H COOCTBEHHOPYYHO mNepelie-
TEHHHIX aBTOPOM IHChbMa,

— Bor nmucemo ognoro woonoun, no nmeHu Mapageit; on cayman
MOH JIEKIMH M NPOCHT JaTh €My MecTo B MHcTUTyTe. UTO MHE C HMM
nenats? — obpathiaca J[3BM K NMpUCYTCTBYOIEeMY HPH YTEHWHM NMHUCh-
Ma HHCTHUTYTCKOMY ToBapumy Ilumucy.

— Yro pgenats? Beaum emy MuiTh GyTHAKH, — oTBeuan Ilunme.—
Ecau on cormacurcs, To U3 Hero GYyJeT TOJNK, €CJAH Ke HET, TO OH HH
K yeMy He ToJeH.

B mapte 1813 r. mo xogaraiicrsy [lasu Dapajeit noayuaer MecTo
accucrenta B naGopatopun Hoponesckoro mmcruryra. 3mech Onian
BHNOJHeHE Bce paGorei Papapes, cHayana B obxacTé XuMHH, a C
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1820 r. npeumymiecTBeHHO B OGnactd anexktTpudectBa. Toamko 4dro
HalOyMeBIee OTKpbITHEe IJPCTENOM [JEHCTBUS TOKAa HA MArHUTHYIO
CTpeJKy Bo36yAHJ0 B Y4YeHOM MHUpe HCKIIOYUTENbHBIA HMHTEpec, H
OTKPLITHA B 3TO#l 061acTH clef0BanM OLHO JPYroro mopasuTelbHei.
Aparo mokasaj, 4YTO jKelle3Hble ONMIKYM NPUTATHBAIOTCA K MEJHOMY
OpoBoJy, KOTHA MO HeMy HAeT raabBaHudeckuil Tok. IloBTopas
onbiThl Aparo, [IaBm oGHapy:<ui, 4TO ONMAKM, pacchilaHHBIE HA
aucre OGymaru, CKBO3b KOTOPYI0 MNPOXOAMT MEPHEHAUKYIAPHO K
JACTY NMPOBOJHUK C TOKOM, PACHOJaraioTcsi BOKPYT NPOBOJA KOHIeH-
TPpUYeCKHMHM OKpy:kHOcTAMM (puc. 88). B nHeBHMKe ero accmcrenTta
Mapages moMelleH PHUCYHOK, NMOKA3BIBAKINMI pacHooKeHHe ITHX
ONMJIOK, — PUCYHOK, KOTOpBIA celi9ac MOMHO BHUJETh B JNOGOM yueG-
Huke ¢usuxn. Papageit 1 cam mpofenan MHOTO ONBITOB C MArHHT-
HO# uraoif n nposogHukoM ¢ TokoM. [loBeaeHue MarHUTHOM cTpeaku
HaBOAMJIO HA MBICAb: HeNb3fl JH MOJYYHATh HENpephLBHOE BpallleHHe
MarHNTa BOKPYr IpPOBOAA WJIM 3aCTABHTh NPOBOAHHMK C TOKOM Bpa-
matbca BOKPYr marHura? OcylecTBIeHHMIO TaKOrO BpallleHHsA Melna-
10 TO OOCTOATEAbCTBO, YTO MArHUT o0Jjajaer [ABYMA MNOJIOCaAMH.
Qapapeit Hamea cHocod YCTPaHHTh 3TO 3aTpyAHenue. Pucynok 89
HAJIOCTPHPYET OMBITH, AAIONIHME MOHSATHE O TOM, KaK 3TO GbIO ocy-
mecTBiaeHo. [IpoBonoka, mopBellenHasi Ha KpIOYKe JPYroil mpoBOJO-
KH, 10 KOTOpOii MOABOANTCA TOK, BpaumiaeTcA (OTKIOHASACH HON Heii-
cTBHeM UeHTpobe:kHoro 3dderra) Bokpyr moatoca marumra. Ha
APYroM pHCYHKe NOKAa3aHO, KAK BEePTHKAJILHO ILIABAKOIHIA B PTYTH
MAarHHT, OTATOIEHHbIH CHHU3Y NAATHHOBHIM I'PY30M, ILIABA€T BOKPYT
IPOBOAHMKA C TOKOM. B ToM M gpyrom cayyae BTOpOii MOJIOC MarHH-
Ta, Kak Oojee yJajeHHBIH, He OKasblBAeT MeLIAIONIEr0 MPOTHBOMNO-
JgoxHoro fgeficteusa. OnucaHHble ABa ONbITa cogep:kar B ceGe OCHOB-
Hble HJen B3aUMOAEHCTBHSA 3JEKTPHYECTBA M MArHeTH3Ma: 3aMKHY-
Tag MarHUTHas JHHHA M 3aMKHYTBHIA KOHTYP TOKa («BHXpb», 0O
BhipaskeHuio camoro Qapasmesa) B TOM u APYroM ciyuae npeicTaBis-
10T Kak Obl iBa 3BeHa OJHOI LemnHu.

B 1827 r. Qapapneit nonyuua mpodeccopekyo kadenpy B Hopo-
aesckoM mHcTHTyTe. O KOaoccanbHOM paGorocnocoGHoctn Papames
MOKHO CYA¥Th IO €ro NMeYaTHOMY TPYAY «IKcIepHMEHTaJbHLIE HC-
CIIEIOBAHUA IO JIEKTPUIECTBY», BLIXOAUBLIEMY OTAENbHLIMH CEpHA-
mu ¢ 1831 mo 1865 r. Uspanue cocrosno us 30 cepmit. 3nech BbIpa-
snnocs ymenune Mapages paGorars cucTeMaTHuecku. Bompocw, Koto-
phle HaMedYaJHCh JAA WMCCAeJOBAHMS, OH 3aMMCHIBAJA HAa OTHENbHEIX
JUCTaX M 3aTeM HocTenmeHHO ux paspeman. CoGCTBeHHOPYYHEIE 3a-
metkn Dapagesn k ero pa6oram akkyparHo mporyMeposanbl. Ilocaen-
Hui naparpad K «IKCOepHMEHTANBHBIM MWCCIENOBAHMAMY WMeeT
No... 16 041!

Y6emmenne B eMHCTBe CHJ NPHPOALI — OCHOBHAA YepTa MHPO-
Bosspenns Papages. Uepes pmecATs ner mnocae OMBITOB Jpcrena,

90






29 amsrycra 1831 r., Qapageio yaanoch Ha onute HaGJNOAATL ABJe-
HUe 3JeKTPOMAarHMTHOH MHAYKIMHM OpH u3MeHeHHMn toxa. IIpm pas-
MBIKAHMH TOKA&, NPOXOAALIET0 Yepe3 MPOBOJOYHYI0 KaTYIIKy, BO3HM-
KajJ KpATKOBpPeMEeHHBHIH TOK B NAapajiejdbHO INOCTAaBJCHHOH BTOPOM
KaTyllKe, YTO MOMHO OLIIO 3aMETHTh MO CJA0BIM OTKIOHEHHAM
CTPEJKH rajbBaHOMeTpa. B MOMEHT 3aMHIKAHMA TOKa B HepBOH Ka-
TyHIKe BO BTOPOM CHOB2 BO3HMKAJ TOK, HO MPOTHBOIOJOMHOrO Ha-
npapieHuA. Pucysoxk 90 gaer cxemy onnta (B pgelicTBHTEABHOCTH
o0e KaTymxu OhIIM HAMOTAHEI HA OAMH OOWMH AepeBAHHLIA cepaeY-
HUK). BBenmeHHe BHYTpPh KaTylleK eJe3HOr0 CepAEYHHMKA pPE3Ko
ycuiauBaido HaGaionaemoe sAsaenne. Ha pucynxke 91 Bu BHgHTe
«xoasnoe Dapapgea»: Ha MejeaHOM KoJble HAMOTAHH [Be KATYIIKH
M30JMPOBAHHOMN ITPOBOJIOKH.

17 owrabpa 1831 r. apapgeil pemaer mocrTaBieHHYW Nepej coO-
Goit 3ajjayy — «IPEBPATUTb MAarHeTH3M B 3JEKTPHYECTBO». «..Maruur
cpasy 6w BaBuHYT B Karymky. CTpejka raibBaHOMETpa IMOKa3aja
MTHOBEHHOE OTKJOHeHMe... EcaM MarHMTr ocraBajcA BHYTPHM KaTyll-
KM, TO CTpeJKa CHOBa MPUXOZMJA B CBOE NpeKHee MOJOKEeHNEe U NpH
BLIHMMAHUM €T0 OTKJOHAJACH B IPOTHUBOMOJOKHOM HampaBjeHHM»
(pnc. 92). B rakux caosax sanmcayn Papajeil caeinaHHOe MM BeaH-
yaililee OTKpPHITHeE.

Uctopuuecknit onmr ¢ xoapmom Papanes crasuTca ceilyac B
a1000¥ IKoJe: 3aMbIKaHMEe TOKA B ONHOM OOMOTKe BLI3LIBAeT Ha-
MarHid4yuBaHue ejesnoro kKoabna. Iloayuaerca Tax, xak Gyaro Bo
BTOPYI0 0OMOTKY BApPYr BABHraeTcA MarHut. PasMuIKaHHMe ToKa co-
IPOBOKAAeTCA pa3MarHMYMBAHMEM CepAeYHHMKA, YTO COOTBETCTBYeT
yAaJeHHI0O MATHMTA.

IleppriM nocae Hasenauma, TPyAH KOTOPOro eie He OLUIN
onyGaukosann, Qapageit 06paTua BHEMaHMEe Ha CYHIECTBEHHOe BJIMA-
HHe cpedbl HAa MpoTeKalol[Me B HeH JJeKTpHYecKHe MABJICHHA M
paauMopeiicrsusa. @Dapaneil oTpHUHAJd BO3MOKHOCTH B3aMMoAeHcTBHA
HAa paCCTOAHMH M YTBEPKAaJ, YTO OHO MPOMCXOAHT uepe3s HEKYIO
cpeay («MupoBoil 3up»).

Cospemennsie Mapage yueHbie OHLAN [AJeKH OT HOXOGHOrO
o0bACHeHNA ABJeHUA DJJIEKTPOMAarHMTHOH uHAyKumn. Hasanoch
€CTeCTBEHHBIM, 9TO JAeiCTBHe OJHOTO Tejia Ha [pPYroe MOKeT nepe-
daBaTbCd Ha 6oabiIMe pacCTOAHMA H NPHTOM MFHOBeHHO. ¥ 60Jb-
IIMHCTBA YYeHHX He BO3HHMKIO €le U COMHEHHMA B BO3MOMKHOCTH Ta-
Kol nepegaum Ges kaxoro-imGo nocpeanuka. UYrobwm noHATH He-
NpaBAONOAOOHOCTE TAKOro «JAJbHONEHCTBHA» M HATIALHO MOpef-
CTaBUTh POJb [Epefalliero MocpeJHHWKA, PEKOMEHAYEM YMTaTedAM
cAesaTh HEeCKOJbKO ONBITOB M3 06AacTH Nnepefayd MeXaHHYECKOro
asmkenud. JlomycruM, 4TO y Bac ecTh fiBa IIApHKa, NOABEIIeHHHX
HA HHTAX Kak MaATHNKH. Hak mepefgath ABMjikeHMe OT OfHOrO IIapH-
Ka K Apyromy? I9T0 MOKHO CAENaTh, BO-MEPBHIX, HEeNOCPEACTBEHHO,
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CPeTHUKOM ABJIAETCA «IOJEe», «IOJe TAroTeHuA». MaTepHajbHHM
NOCPEAHMKOM MEKAY MAarHUTOM U KYCKOM jKejie3a, YNAJEHHEIM OT
Hero Ha HEKOTOpOe DPacCTOAHHE, ABIAETCA MATHHTHOE IIOJie, MEMAy
JNIEKTPHYECKHUMH 3apAfaMU — 3AeKTPUYECKOe moJe.

BBoga norATHE NOJA M OTBEpras TeopUio ganbHoaelicTeud, Pa-
pajeii Onin yGesxaeH B MaTepMAaJbHOCTH CUJIOBHIX JHHHUMA, HEAYIMX
OT MArHHMTa HJIHM 3apsS)KEHHOr0 NPOBOAHMKA. [ Hero cuioBhle Au-
Hun ObuiM He mpocto rpaduMueckuM muaoGpaskeHHeM ReHCTBHA CHII,
4 peaJbHO CYIECTBYWINMMH W 3RNMOJHAKIMIMMHM BCE HPOCTPAHCTBO
BOKPYr MarHuTa WUJH 3apsKEeHHOTO NPOBOJHHKA.

BnocaexctBuun MaxcBeas ugmen @Dapages obaexk B maTemaTHue-
ckylo dopmy. On Bricoko onenua ufen Papagea 3a CKpHITHl B HHX
ray6oKHil MaTeMaTUYeCKUH CMRICJ, 33 TOYHOCTL M JOTHYHOCThL €ro
onpefenenuii. «Horma A cran yray6asarbca B uayuenue paGor Pa-
pajed,— NMHIIET OH,— A 3aMeTHJ, 9TO MeTOJ ero NOHMMAaHHud ToMe
MaTeMaTH4eH, XOTA M He NpPEACTaBJIeH B YCIOBHOH (opme MarTeMa-
THYecKHX cuMBoxoB. fl rakske mHamiea, 9TO MeTON MOMKET GHITH Bhi-
paykeH B 00nIYHOH MaTeMaTH4eCKOH (popMe M TaKuUM 06pa3OM MOMKeT
OLITL CONMOCTaBJIEH ¢ MeTOAAMHM NPU3HAHHBIX MATEMATHKOBY».

B mporuBonoaoxuocts Mapageo MakcBes, CHIH COCTOATENLHEIX
poauTenei, moayuna Jayyilee o6pazoBaHHE, KaKOe MOKHO ObLIO
AOAYYUTH B TO BpeMA B AHrauMu. OmapeHHHH HWCKAOYUTEIbHBIMU
MATEMaTHYECKMMHU CIOCOGHOCTAMM, OH, KOIa eufe y4HJCA B cpefHei
mKoue, Hanpasua B Koponesckoe o6mectBo B Jlonmon cBoW mepaylo
pabory no reomerpun. B 25 aer Makcmenn — npogeccop dusukn
B Abepaune (Illornangus), a ¢ 1860 mo 1865 r. s Kopomeackom
KoJjutemke B JlongoHe.

B 1873 r. Buimen B cBer snameHutnii «Tpakrar mo 3mexTpH-
4YeCTBY M MATHeTH3MY» — ILIOJ BOCbMMJETHeill paborm Maxkceenna.
B Tpakrare M3joKeHa HOBas TEOPHUA 3NEKTPOMATHUTHOro MOAs. Bhi-
BeflcHHEIe MakcBeJJIOM ypaBHEHHMs JIErJH B OCHOBY COBPEeMEHHOM
3NeKTPOTEXHUKH M PAAHOTEXHMKH.

K cokanenmio, marematnieckasa ¢opMma ypasHeHuit MakcBenna
Tpebyer gisA ee NMOHUMaHUA GOJBIIOH MOATOTOBKH M He HO3BOJAET
B 2HHOM CTaThe NOKa3aTh BCI0 TAYOGUHY W M3AINECTBO 3aJOMKEHHBIX
B ypaBHeHMAX Hjeil. BocxuIeHHbIN BHYTpeHHeldl M BHemHe# Kpaco-
Toil MaremaTudecKoi ¢opMH ypamsHenunit MaxcBenna, Hemenkmi
¢usuk BoabumaH BHIpazuma cBOMl BOCTOPr CTHXAMM, HAYHHABIIMMHCH
¢pasoii:

«War es ein Gott der diese Zeichen schrieb?..»
(«He Gor nm 5TH 3HAKH HauepTan?..»)

W3z uereipex ypaBHenmit Makceenaa, xoTopsie 00BIYHO HPUBOAAT-
¢ B ydYeOHHKax BBICIUEH IIKOALI, OCTAHOBMMCA TOJABKO Ha [BYX,
HMEIOIUX HEeNOCPe[CTBeHHOe OTHOLIeHHe K (PM3MKe cpefHell LIKOJLL.
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JlnA 3MeKTpOMArHUTHOrO NMOAA (B OTCYTCTBHE NPOBOAHHKOB) OHHM
Moryt OBITh mpegcraBJeHB TaK:

E’ 7 do
§E.-dl= —-4f — YpaBHeHMe 3JEKTPOABUWKYIIEH CHIIB;

o 4 dN
§$H . dl ==~ — YPaBHEHYe MArHHTOABIKYmIeil CHIHI,

rae E— HaNpDHKEHHOCTh JJEKTPUYECKOrOo MOJIA Ha ydacrke dl, 1_1> -—
HaNps»eHHOCTh MArHUTHOrO moiA Ha ywactke dl, N — morok axekr-
puueckoii mHAyKiuu, O — NOTOK MAarHMTHOW UHAYKMH, ! — Bpems.

Bpocaerca B rnaza cuUMMeTpHYHBI Xapakrep ypaBHeHHii, ycra-
HABJIMBAIOMMX: NEPBOe — CBA3b 3JEKTPHYECKHX M MArHHTHHIX SfBJe-
HHil, BTOpOE — AHAJIOTHYHYIO CBA3b MATHHTHBIX ABJIEHHH C BJEKTpA-
YeCKUMM.

@ n3ndecKy0 CYIHOCTb 3THX JABYX YDPABHEHHHl MOKHO BLIDA3HTh
HONYJAAPHO CIEAYIOIUMH ABYMA HOJOKEHHAMU:

1. NaMenenne 3JIeKTPHYECKOr0 MOJAA BCEerAa COMPOBOMKAAETCH
MarHMTHHIM IOJIEM.

2. UaMmeHdAIOIMeecA MarHATHOE MOJe BCErfa COMPOBOMAAETCH
3JIEKTPHYECKAM MOJIEM.

Pucysok 96 Harasgno WwiaiocTpupyer 3THM mojiodserds. BcnoMHM-
Te H3BeCTHhle oOmnTH. WaMeHsdA MarHuTHOE mOJe, BABMras M Bbl-
ABMrasg MarHAT B KATYIIKY (MIdM 3aMBIKafd ¥ pasMHKasg TOK BO
BHYTpeHHell KaTyillke), Bcerga WoJydYaeM B MOCHeRHEH 3JeKTpHYe-
ckuii Tok. BnpodeMm, mpuBegeHHBIE PUCYHKM HMET CYNICCTBeHHHIH
HeIOCTaTOK — 3aMKHYTHIMHM NOKa3aHhl TOJIbKO CHJIOBHE JHUHHHA 3JeKT-
PHYECKOro MOJS MM JUHUM HANpAKEHHOCTH MAaTrHHTHOTO MOJA B
oraenbHocTH. Bosee TOYHY0 HArAAgHY WINIOCTPAMIO YpaBHeRUHA
Maxcpenaa npeanosxua aurauiickuit gusuk Bparr B Buge BooGpasnca-
eMoif Mojenn, H3BeCTHOU nox HaspaHueM «unenouka Bparra». Ilpen-
craBbre cefe NEHOYKY, CACNAHHYI0 M3 uepeAyIOHmIMXCHA MeOHBIX H
aceneannlx Kosxey (puc 97). 3amMbikad Ha MrHoBeHue Kao4 K, Mb HO-
CHLJIA€M TOK OT Garapeu B mepsoe MefgHoe Koabmo. Caexylomee, che-
JAHHOE M3 Kejie3a KOJbIO0 HaMarHumuuBaercs. BosHuKHOBeHme Mar-
HUTHOTO MNOAA B HEM BH3BBaeT WHAYKHHOHHLIA TOK B TpeTbeM
Konbiie. ITOT TOK BHI30BET MAarHMTHOE HOJI€ B YETBEPTOM M T. A.

3aMKHYTOCTb MATHUTHBIX M 3JIEKTPHYECKHX CWIOBLIX JIMHHUK
3JIEKTPOMATHATHOrO MOJA — BecbhMa BaKHOE IIOJIOKEHHe B TEOPHH
Maxkcseana. Uro6n MMerb BO3MOKHOCTb BO BCEX CIAY4YaAX TOBOPHTH
0 3aMKHYTOM — BHXPEBOM — XapaKTepe moias, Makceeia BBea mo-
HATHE «TOK CMEINCHWSA», KOTOPHIH KaK Onl 3aMbIKaeT yepe3 HHIJIEKT-
PUMK 3JIEKTPHYeCKHH KOHTYp (OpM HAJIMYMU B KellM KOHAEHCATopa).
MarnutHele CHIOBbiE JHHMH OKDY)KAl0T TOK CMEINEHMA, TaK jKe Kak
H ToK mpomogumMoctu (puc. 98).

MaKkcBean B CBOMX MaTeMarudeckux dopMmyaax moKasald, 4To
HaJIMYMe BEIECTBEHHHX HOCHTEJeH (MeTalIMYecKMX Kojel B Mofje-
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nu Bpoarra), MeTaainuyecKMX NPOBOJOB HA INPaKTHKe He SBJsETCA
CYIIECTBEHHBIM [UJIA  PACIPOCTPAHEHUS 3JNEKTPOMATHUTHOTO MOJA.
3amkAyTHe Ha ce0A MATHUTHBIC M 3JEKTPUYECKHMe IOJS PacIpoCcTpa-
HAIOTCA OT HUCTOYHMKA (M3JIy4alOTCA) 0O HAIPABJICHHUIO PaXUyCOB
(«paguyc» ¥ 3HAYUT wIyd») BO BCeX HANPaBJIEHUAX.

d aexTpomarnuTHOe mone MarepuanbHo. D uanka anaer aBe PopMbE
MaTepuH — BeIIeCTBO (TBepoe, KMAKOe WJIM rasoofpasHoe) u mose
(oMeKTpOMarHuTHOE, TpAaBUTAIMOHHOE, BHYTpHsAmepHoe). CKopocTh
PacmpOCTPaHeHUs1 3JIEKTPOMArHMTHOTO TOJA, KaK TeOpeTUdecKH
ycranosun Makceenn, paBHa CKOpOCTH pacnpocTpaHeHus cBera. OT-
ciofa y Makceeqsa BO3HHKJA HJEsl, YTO M CBET NPeCTaBIAAET COGOIl
BJIEKTPOMArHUTHOE ToJie. JJIGKTPOMATHUTHAs TEOpUS CBETa CMEHMIa
npexmecrsyiomyio el teopuio [oiirenca, Kotopwii paccmarpuBan
cBerT Kak Kojebanme adupa. «IIEKTPOMATHHTHoe IoJe — 3TO Ta
YacTb NMPOCTPAHCTBA, KOTOPas CONEP:KHUT B ceGe M OKpyKaer Teia,
HaxomAmmecad B 9JEKTPUYECKOM WM MACHUTHOM COCTOSHHMM»,—
nucan Maxceenn. MarepHanbHOCTL 3/IEKTPOMarHMTHOrO NOAA HOM-
TBEP#aeTCA TeM, YT0 B HeM HalmiofaercA MeHCTBHME CHJI, TeM, YTO
OHO SABJIAETCA HOCHTENEeM M TepefaTYMKOM IHepruM. JTa Marepus
BCErJa HANMLIO, TAK KAaK €CJM OTKAaYaTh HACOCOM OGLIYHYIO, Bemjecr-
BeHHYI maTepuio (MakcBean nasmiBaer ee «rpyGoii» marepueit man
«CTYIIEHHOW» MaTepHeil), TO OCTAaHeTCA «TOHYAMILAA» Marepus,
cnoco6HasA mepefaBaTh 3JAEKTPUIECKME UJIM CBETOBLIE AeiicTBHA.

Hayka XX B. oKoH4yaTenbHO OTOpOCMIa HMpPOTHBOPEUHBOE MOHATHE
cBeToBOrO 3(Hpa, XOTA B Pa3rOBOPHOH pevyM O CUX NOP COXpaHM-
JHCh BHIDKEHMS «BOJHBI 3dupar», ¢mepegaua B adupes», KOrga peun
uJeT 0 paguOBEINAHWN M KOrja B CYIHOCTH ML HMEEM JeJ0 C Koje-
6aTesbHBIMH ABICHUSAMM B 3JEKTPOMATHHTHOM HOJIE.

MakcBeany He ygaiock HOMHTE [0 TOr0 BPeMEHH, KOI[a ero
uaed MONYYUNHM IIPAKTHUECKOE NOATBEP}KAEHHE, OH yMep B pacmpe-
Te TBOpueckux cua B 1879 r. B Boapacre 48 xer.

B 1888 r. I'epn 3KCHEpUMEHTAILHO MOJYYMJ 3JIEKTPOMATHUTHLIE
Boanml, B 1895 r. A. C. Ilonos npuMeHusn 3JEKTPOMATHMTHBIE BOJHBI
AAsA mepefavyu U npueMa CHTHAJOB 6Gea mpoBOgOB.

BONTYOK U MATHUT

3anycrunu Bowdok! Bri mioGyerech ero kpymxeHueM, ymauBiasgeTech
€ro yCTOHUMBOCTH, M BaM XouercsA pasrajarh ero TaifHy. Ilouemy He-
OOABIKHLIA BOJYOK HEe MOMKET CTOATh HA OCTpHEe CBoell ocH, a mpu-
BeH e€ro B ObICTpoe ABIKEHHE — M, CJIOBHO mepef T06oif coBceM Apy-
rofl mpegMeT, OH CTONKO NEep:KUTCS, BPAlIAsicb BOKPYr BEePTUKAJBHOM
ocu? Maso Toro, BOJYOK YNOPHO CONPOTHMBJAETCA MONLITKAM BHIBEC-
TH ero u3 aroro noaoxenus. llommiTaiiTtech, TOAKHYB €ro, BHIBECTH
BOJYOK H3 BEPTHKAJILHOIO MOJOMEHHMS, ONPOKHHYTb, HO BOJYOK H

4 Beceaw uo duanxe 97
























CBET U TNA3

Hemeukomy ¢nauky n dnsmonory [enabMroibuy OpHHALAEHKUT
dpasa: «Ecan 651 onTHK npUHEeC MHE CTOJAb HeCOBEplIEHHBIH MHCTPY-
MEHT, KaK YeJoBedecKHil rias, s Gb Toryac BhIGpocun ero 3a gBephb
(wiirde ich ihn zur Tir hinauswerfen)». C rakoit cypoBoil oneHko#H
MOMKHO OBLUTO OBl COrJacHTbCA JIMIIb B TOM cjydae, eclid CyauTh O
rjiase ToJbKO Kak 06 ontmueckom mnpubGope. CosceM uHoe Oynmer
cYXIeHne, ecii MBI GyJeM paccMATpHBaTh BCIO COBOKYNHOCTH 3pH-
TeJBHOro OpraHa # GygeM OLEHMBATH IJ1a3 KaK OfMH H3 OCHOBHLIX
anannsaropos (B csere yuenma M. II. IlaBnoBa), BocmpmuuMal-
INX gelicTBUA pasgpakuTesieil BHELIHEro MUpa Ha Hally HepBHYIO
cucteMy. YUyBCTBO HMeyAOBIETBOPEHHOCTH CMEHHTCA TOTAA UYYBCTBOM
H3YMJIEHHA TNepel COBepUICHHOH CJIaKEeHHOCTHIO, COTJIACOBAHHOCTDLIO
BO Bceil cucreme. MBI MoOHMMAaeM, 4TO 3Ta CJAMKEHHOCTb ABMJACHL B
pesyabTaTe AJIMTENbHOH 3BOJIONMM (pPa3BUTHA) OpraHN3Ma M BHI3BA-
Ha KeCTKOH HeoGXOAMMOCTBI0 OPHEHTHPOBKH OPraHM3Ma BO BHELIHEM
mupe. CanmkoM Gosbllloe 3HAYEHHE MMeEET AJISi BCAKOIO IKMBOTO Op-
ranuaMa pgeiictBue cpera. [lonwbTKE mpHpogbl co3garb opraH, cioe-
LMAJILHO PEearHpYIOIMU HA CBETOBOH pasfgpaKUTe]b, HAa IIPOTAIKE-
HAM MMJJIHOHOB JIeT WCTOPHM OpraHMvYecKoll >KUM3HM Ha 3eMmie,
AHorga omnbouHbe, MHOrgA HeyaauHble B Gollee MM MeHee COBep-
LIEHHBe, MOKHO MNPOCIeAMTb HA pA3JIUYHHBIX CTYNEHAX pPasBUTHUA
opranuveckux d¢opm. Paccmorpum, Hanpumep, Takoro mpocroro
oburarena 3emau, Kak go:kAeBoil uepb. HampacHo cranu 6m Mm
HCKAaTb y HEro NpUBLIYHLIE JETAJM: rojoBy, Hoc, raasa. Huuero no-
ao6Horo y Hero He Haitt. M Bce ke mOKmeBOil uepBb AOCTATOYHO
pe3aKko pearmpyeT Ha ocsemeHue. OcBeTMTe TEMHOH HOYBI IJNEKTPH-
yecKNM (POHAPHUKOM BHINOJNSBLIET0 U3 3eMJM YepBAKA — OH MTHOBEH-
HO COPAYETCA B CBOW HOPKY. A MeKAy TeM OpraHa, KOTOPLIii MOKHO
6niJio OB HA3BaTh riiasaMM, Yy AOKAeBOro yeppa Her. MMelorca Tonbko
pa3bpocaHHble MO BCEMY TeJly HEpBHBIE KJETKH, CTPOEHHME KOTOPHIX
CXOMe CO CTPOGHMEM HEepPBHBLIX KIETOK rijasa (oJiee BBICOKOOPraHu-
30BaHHBIX cymecTB. CBeTOUYBCTBUTELHbIE OpPraHb 4epBA He JIOKa-
JIN30BaHbl, a paccesiHbl MO BCEMY Telly, KaK OpraHb OCA3aHMA Y
YeJIOBEKa.

Bor packnHyjaach M3AIMHAA CETb, KOTOPYI CILIEJ NAYK-KpecTo-
Buk. Ero «yuenoe» uma — Epeira diademata — «xygomkuux B qua-
geme». Ho rme ke y nero GpunamanroBas guagema? Paccmorpure
€ro B JIyny, H Ha ero roJIOBOrpyAM Bbl YBUAMUTE BOCEMb «aJIMa30B» —
ato ero ruaasa. Bocemb rnas! U3 Hux vernipe raaBHBIX M JBe Maphl
noxcobubix. PucyHok 110 mokaswiBaer crTpoeHue riaaBHoro (ciaepa)
M BCIIOMOTaTeJbHOro (cmpaea) rjasa. 3To TodedyHwle raasa. Hpospau-
Has, OOYTH wWapooGpa3Has JHH3a HANPaBifeT COOpaHHMI cBeT Ha
CBETOMYBCTBUTEJbHbIE KJIeTku. B 3aBucmMocTH or pacnosio:keHus
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CBETOYYBCTBUTEJIbHOTO CJOA (Jajablile MM OiMke OT JHMH3HI) M
KPHBH3HBI JIMH3Bl IJIa3a NayKka MNpHCHOCAabAMBAIOTCA K [JajJibHEMY
(HecKonbpko MMIAMMeTpoOB) HaM Gauskomy BHpenuio. Homeuno, ma-
JIeHbKafl ceT4yaTas 000J109Ka TAKUX MUHHATIOPHBIX IJjia3 HE MOMET CO-
AepHaTh MHOT0 CBETOUYBCTBUTEJbHBIX IJIEMEHTOB — MX BCEero He-
CKOMbKO THICAY BMECTO MHJUIMOHOB KJETOK CEeTYATKH 4eJ0Be4ecKoro
rjasa.

A BoT BO3gymHasA KpacaBuua cTpexoza. Ha pucynke 111 nso-
GpaskeHnl ee riasa. BepHee, mHoxecTBOo riasz! Hak usetok momcos-
HEeYHMKA MpeAcTaBifAeT c¢O00OH comBeTMe TECHO pacHOJIOMEeHHbIX
3JIeMEHTapHBIX IBETOYKOB, TAK IJ1a3a CTPEKO3H M APYrHX HACEKOMBIX
COCTOAT U3 MHOMecTBa TpyGuaThix Aiveex — (aceroxk. Hoaa mombiT-
Ka npHpoasl co3faTh Gosee cosepuieHHb oprad 3penusa! Buuio Gwi
COBEpLIEHHO HEHAYYHO 3a[aBaTh BONPOC M JIOMATH TOJIOBY Hal TeM,
KaKHe 3puTesibHbe 06pa3bl MONYYaloT mayKk mwim crpexosa. He mpen-
CTaBJAETCA JIM MM MHp MO3aMYHBIM? MBI mpHBeau mpocro mpumep
13 GecuUHCIEHHHX CNOCOGOB pelieHHA 3a[XayM, KOTOPasA CTOANA mepen
IpHUpONOi, — 0GecneYyNTL CBOM CO3JaHUA OPraHOM BOCIPHUATHA CBe-
Ta. A CKONIbKO GBbLIO elle, BEPOATHO, U Gojiee HeyAaUHBIX BAPUAHTOB,
He BLIiep:KaBUIMX KOHKypeHuHMu B 6opnbe 3a cyiiecTBoBaHue M Gec-
cAeJHO MCYEe3HYBIIMX, Mpe}e YeM MOABMIOCH TO, YTO HAM KajKeTcH
TAKHM COBEpLICHHBIM U NMPEKPACHBIM,— YE€JIOBEUECKHIl ria3.

CKONbKO BOJHYIOIIMX CJOB CKa3alM MO3THI O Ija3ax, YEpHHIX,
rony6nix... CKOJBKO XYNOKHHKOB NBITANHCH NepeJaTh HX O4YapoBa-
une. Xynoxxunku! He cpAsana jm HMX KH3Hb HEJUMKOM € JAEATEJbHO-
croio rnaza? He sapaserca au omnuM w3 HaumGolee ApaMaTHYECKMX
CIOKETOB Tpareusa cledmHYIlero XymosxkHMKa B pomManHe Hunaunra
«Cset morac»? Ognako Beab peub pomxuHa uatu o ¢uauxe. Ja. Ho
pa3Be He cBA3aH ¢ ria3oM Bech pasflex «['eomerpmueckas onrukan,
KoTopoil Mul coGupaeMcsi NMOCBATHTH 3Ty cTaTbio? Honeuno! Ocnos-
HOE IOHATHE reoMeTpuyeckoil onTuku — ay4. [IponnsniBawmue yauy
Jleca HJIM BBIPBIBAIOIIMECA M3-332 TYY NHOTOKH CBETa JeHCTBHUTEJILHO
CO3JAI0T HpejcTaBieHHe 0 jy4yax. B TemHom apuTenbHOM 3ajie KMHO-
TeaTpa M3 OKOINEeYKa KuHOOYJKU BHIPHIBAETCA CHON CBeTa, BOCHPHU-
HHMaeMblii HAMHU Kak pacxofadiuiica xonyc ayueii. Ho, koHeuno, ato
He coOpaHMe jnydveil, 3T0 MyYKU cBeTa, a JY4Y — 3TO MJEAJNU3UPOBAH-
HOe moHsaTHe, reomeTpuueckaa JunuA. Ilysox csera — 310 (pu3uKa,
Jay4 — reomerpua. ['eoMeTpuueckoe MOHATHE NPAMO JUHUU TECHO
CBA33aHO ¢ NOHATHEM Jiy4a, a 3HAYHT, CO CBOICTBOM HamIero rjasa.
Korga naoTHuHK npoBepAeT NPAMOJMHEHHOCTH KPOMKH OCTPYraHHOM
JOCKH, OH CMOTPHUT BAOJXL Hee mo Jy4y spenus (puc. 112). O6paso-
BaHHe TEHEHl W COJHEYHLIX NATEH CBA3AaHO C MPAMOJMHEHHBIM pac-
npocTpaHeHueM cBeTOBHX ny4ykoB. CKBO3b Majibie OTBepCTHA B rycTOi
JIUCTBE JepeBbeB IPOPHIBAIOTCA NYYKU cBeTa, 00pasys IOf AEpPeBOM
NATHA ONMHAKOBBIX OYEpPTAHUI — KPYIJable, ecjy MafalT HAa IepheH-
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AMKYJAPHO MOCTAaBJeHHYI0O NOBEpPXHOCTb, M OBaJibHbIE npu KOCOM
NageHu Ha 3eMJI0.

O Coanne! Tawm, rge TeHb ot JuMn TycTa M apoMaTHa,
Hupgaems T Takve mATHA,
Y10 KalKo MHE CTYNATh MO HHUM.

(3. Pocran.)

ConHeunnle MATHA HpencTaBAAIT coGoit m3obpamenua ConHna,
NOJyYMBiliHeCA MPHM MPOXOKAEHUH NyYKa CBEeTa 4epe3 Majble OT-
Bepctua. Hamepa-oGckypa — McCTapH H3BeCTHBIH ONTHYECKMHl NpH-
Gop (pmc. 113). /lnA nonyuenus ueTKUX u3oGpakeHHit HeoGXOXUMO
TOJBKO MofgobpaTh pasMep OTBEPCTHUA. YMEHbIICHHE ero BefeT K Mo-
Jy4eHHIO 0ojiee OTYETIMBHIX M300pa)KeHUil, TaK KaK y3KHe Ny4YKH
cBeTa OT OTHEJNbHBIX TOYEK NpeaMeTa He HAK/IAABIBAIOTCA ApYyr Ha
apyra. Ha pucynke 114 mokasana dororpadmus, nonyyensHas npu
noMomu mpocreiimero GesofbexTHBHOro ammapata. OmHako Hago
HMeTh B BUJY, YTO NpH 4Ype3MePHOM yMeHbLICHHH OTBEpCTHA HU300pa-
/HeHHe CHOBA CTAHOBHTCA TyYMaHHBEIM. 3[ech KOHYAETCA reoMeTpHyYe-
CKafl ONTHKAa M NpOABJAETCA BOJHOBas HmpupoAa cseta. Peub maer o
audpakiuu (MBI NOroBOpHM 0 Hell B Apyroit Gecene).

Bnpouem, uenoseveckuil rias Toxe mpexgctasiser coboil ycTpoii-
CTBO, N0 MPHMHIMNY AeHCTBUA cxomee ¢ (poroannapatom. Ua pucyn-
ka 115 BugHO cxomcTBO Toro u apyroro MHcTpymenToB. Yepesa apa-
YOK — OTBEpPCTHe B PagYKHOil (OKpaimeHHOil) 000/0YKe riasa, Ko-
Topoe, MoAoGHO aHadparMe ¢oToammapaTa, MOMKET CYKATbCA HJIHU
pacHIMPATLCA, B 3aBUCHMOCTH OT SIPKOCTH OCBELIEHHMA, JY4YH CBETa
NPOXOAAT Yepe3 XPyCcTAJMK H Ha0T M300pajkeHHe Ha ceTyaToi 06o-
JIoUKe TJasa.

Hax namenntca maoGpaskenue Ha dotorpadmueckoil njacTunke
WM Ha 3KpaHe NpM NOKa3e AUANO3UTHBOB NPH TOMOUIH NPOEKIMOH-
Horo (hoHapA, eciM 3aKPHTH NMOJOBUHY OOBLEKTHBA?

CopammBaeMblii 4aCTO momajgaeT BHPOCAK, OTBEYas, UTO OCTAHET-
cA TOJbKO mMojioBUHA u300paxkenusa. Hu B koem cayyae! Bu nerko
ybeantech B 3TOM HA OMBITE.

Hdunadparma nossossier mosy4uTh TONBKO (ojiee pe3koe u3obpa-
’KeHMe, cHocoOCTBYyeT yBeNMYEHHMIO PEe3KOCTH H300pa)KkeHHMs Ha ceT-
4aTKe, a cjegoBaTe/IbHO, U (ojlee OTYETIHBOMY BUACHUIO M CYKEHHUIO
3pauyKa Hallero ria3a. Bor unTepecHoe moaTBepicAeHMe ITOMY: He
npuberas K jyne, MO}KHO pa3o0paTh MEJKyI0 MeYaTh, eCJM CTpaHHUIa
ApKO ocBelleHa cosHieM. flpkoe ocBelleHHe 3acTaBlifieT 3pavYoK
CY’KHBaTbCAl, U H306pakeHHe CTaHOBUTCA Gonee peakuMm. Jlogm, uu-
Tawimme oObLIYHO B OuYKax (JaJbHO30pPKHE), MOTYT B cly4ae HeoO-
XOAMMOCTH NMPOYHTATH HANMMcaHHoe Ge3 oukoB. OCTaBHB MajeHBKYIO
ABIPOYKY MEKAY CKATHIMH NajJbLiaMH, HAAO CMOTPEThH OJHMM TJa3oM
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HA cTpaHUny, 3a:kMypuB npu 3ToM apyroi. Torma uM3 TymMaHHBIX
CTPOYEK CTPAHHULBI BHICTYINNT OTYETAMBO BUAMMAA 4YacCTh CTPOKH.

[MocMorpuTe cOGoxy Ha uenoBeveckuil rnas. Bel 3amMernTe BBINMYK-
JOCTh. JTO poroBasA o0onouka. 3a Hell pacmoioMeHa pajgyKHas
o6onouka. Memxay poroBoii M pagyKHOil 000J0YKOH HaXOOMTCA
«BOAAHMCTAA KUAKOCTh», fajiee XPYCTAJXMK, M, HaKOHeW, CTYHAeHHU-
CTOE «CTEeKJIOBUAHOE TeJO», KOTOphie OGpasyioT ONTHYECKYIO CHCTe-
my rnasa. Ilogo6Ho doroanmapary, raas HaBOAMTCA Ha Pe3KOCTh, M
HA ceTYaTKe MOJNYYaeTcA 4YeTKoe H300paKeHHe PpaccMaTPHBAEMOTO
npegMera. ITO JOCTHraeTcsi M3MeHEeHHWeM KpPHMBH3HBI XPYCTajH-
ka (pumc. 116). Oxpyxamomue XpyCcTalHK MBIULH MOTYT CKHMAaTh
HAM pacTATHBATh XPYCTAJHMK M TeM CaMBIM HM3MEHATh B HM3BECTHBIX
npegenax ero ¢boKkycHoe paccTOfHHe.

CxopmcTBO B MOJYyYEeHNMH 3PHUTEJbHBLIX H300pasKeHHHd B riaasy ¢
tdororpaduyecknmM nporeccoM MH HAaXOJHM H B XHMHYECKHX siBle-
HHAX Ha cer4aTke. OHM aHANOTHYHH MpoUeccaM, KOTOphie MPOUCXO-
AAT B CBETOYYBCTBHTENbHOH 3Myabcnu naenxu. Ha dororpaduye-
CKOIl NJIeHKe CBETOBOE M300pasKkeHHe CHMMAaeMOro IpegMeTa BbI3bIBa-
eT pasnoxkeHue OpomMuga cepefpa B CBeTOUYYBCTBUTEJLHOM cJlOe.
B rnasy moj peiicTBueM cBeTa NMpPOUCXOANT pa3snokenue (obecipe-
yuBaHue) o0coGoro BelecTBa — 3PUTENBHOrO Mypnypa, NPHUrOTOBJAA-
€MOT0 CBETOUYBCTBUTEJBHHIM CJIOEM CETYaTKM (NMMIMEHTHBIM 3MHTe-
nuem). Bonee Apkue MecTa cBeTOBOro M3ofpaykeHHA BH3OBYT G60Jib-
Illee pasioKeHUe MypIHypa, TeMHBle — MeHbluee. Beieacreme aroro
Ha ceTYaTKe, Kak M Ha doTonieHKe, mNojJyYaercA H300pasKeHHe.
OnHAaKo OHO [ePKUTCA HEAOAro, Bcero '/, ¢, mocie yero Mcuesaer.
B3aMeH HCNOAB30BAaHHOTO MypPNypa MUrMEHTHBIA MHUTENHIA IPUrOTOB-
NsieT HOBBIH cJOH M T. I.

Ha sapgaBaeMbiii OOLIYHO BONpOC, MOYEMY MBI HE BMAHMM MpeaMe-
TH «BBepX HOraMu», pas3 H3o0pa’KeHHe Ha ceTYATKe IOJYYaeTca
obpaTHOe, MOKHO 6blIO Ol U He oTBeYaTh, TaK KaK 3TOT BOIPOC CO-
gepkut B cebe omubky. Cambiii KopoTkuii orBer Oma Ob TOT, uTO
MBI BHOMM He H300pa)keHHe Ha ceTyaTKe (KOTOpOe [eHCTBHUTENLHO
obpaTtnoe), a mpegMeTsl BO BHeurHeM mupe. Uro rakoe Bepx u Hua?
d1o moHATMA oTHOcureabuble. JliopM, HaxopdlMecs Ha NPOTHBONO-
JIO}KHOH CTOpOHE 3eMHOro Iapa, M0 OTHOLICHHMIO K HaM XOAT «BBepX
HoramMu». BeccopubiM, BbIpaGoTaHHLIM Bcell MpPakTHKON U3HU 6y-
JeT omnpefefieHMe HANPABJICHHA «BHH3» KaK HAIpaBJIeHHA CHJH TA-
wectu. [loguuman pyky M cosepumias mpu 3ToM paGory NMPOTHB CHJIBI
TAMECTH, BH yKasbiBaete pykoii Beepx. [Ipakruka mnossoaser Bam
BCerja ycTaHaBJMBaTh, Flie BepX, a rie HU3 MpeaMeToB. 3TO ofHA M3
Tex MNoNpaBOK, KOTOPHIE€ OMBIT H MO3roBas AEeATEeNLHOCTL BHOCAT B
paciiudpoBKY 3PHTENBHBIX BHEYATJIEHMH.

[losaumcTByem M3 npexkpacHoil Kuurm akapemuka C. U. Basuno-
Ba «['naz u Coanme» apyroili mpuMep KOppeKTHpyOINeH gesTeNb-
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Hoctu Mo3ara. Pucynmox 117 usobpaxaer dororpaduyeckuii cHHMOK
aexkaniero venoexka. IlogmeTkM ero GOTHHOK, pacmoNOMKeHHBIE K
anmapary Oaumxe Bcero, BLIULIM KapukarypHo Oombmumu. Onruve-
CKM CHUMOK NpaBUJIEH, HO B3rIAHMTE HA ACHCTBHUTEJLHO JI€KALIEro
B TaKoi N03e yYeJOBEKa, B BaiieM CO3HAHHUM TAKOTO KAPUKATYpPHOro
obpasa ne moayuyurcd. OnTHueckoe u3zolpaykenue Gyaer HCIpPaBIeHO
AeATEAbHOCTHIO MO3ra.

Nayuas pasnuunbie ONTHYECKHE CHCTEMbI, MBI CXEMATHYECKH H30-
OpaxaeM Xxop Jydeil M pejaeM IOCTpPOeHMe mpeamera u ero usobpa-
menus. Ilpm aToM Hepeako roBOpPAT O TOM, YTO uYepe3 ONTHYECKYIO
cHCTeMY MBI paccMaTpMBaeM MHHMMoe H300pa)keHHe [peaMeTa.
BcnomMHuM npuBbiYHOe 00bACHEHHWE MNOAYYEeHHUA HU300pakeHUsAs oOT
IpeAMeTa, NOMEINEHHOro MeMAy raaBHbiM (oKycoM H JHH3OIA.
Muumoe mnsobpamceHne B 3TOM clyuae NOAYYHTCA TaM, TAe Iepe-
CEKYTCA MNPOAOIDKEHUA PACXOASIIUXCA Jydeidl, nonajaoummux B
raas (puc. 118).

Rak 3to monummars? Bean MHHMOe uM300pakenne He MOMeT ObITh
3ameyaTieHo HM Ha ororpaduuecKoil NMIAACTHHKE, HU HA IKpaHe, HH,
B YACTHOCTH, HA CeTYaTKe Ija3a.

PaccmoTpum mogpoGuee xon ayueil or nmpegmera. Pacxopsiguecs
nocje IMPOXOMACHUSA JHH3bI CBETOBbIE JYYH (POKYCHPYIOTCH ONTHYE-
CKoll cucTemoil raasa na ceryatke (puc. 119). B pesyasrare mu
nojydyaem 3putenbHoe mnevataenue. [lpu mamenenuum momoeHus
npegMeTa ONTHYECKAs CHCTeMa riasa Bce paBHo Oyaer okycupo-
BaTh Jy4u Ha ceryatke. Toabko ams aroro xpycraauky morpedyercs
M3MEHUTh CBOI0 KPHBHU3HY (3TO MAeNar0T MBIHINL, OKpPY:KaoL(ue
xpycraauk). Takoe npucmocofnenye riasa K pasHbIM PacCTOSHUAM
A0 pacCMATPUBAEMEBIX MPEAMETOB HA3HLIBAETCA AKKOMOAAIUEN.

Ho kak OmiTh ¢ u3obparkeHueM B mIOcKoM 3epkane? B mobom
yueOHuKe (U3UKU NPUBOAMTCA YepTerk O0pPa30BAHMA MHHMOrO M30-
Gpaxenus 3a miockuMm sepkaioM. Yeprem mpasunen. Ho B ceiiuac
CMOTPHUTE TONBKO HA 4YepTex, a He B 3epkano. Ha vepTerxe momyuu-
a0ch MHUMOe H300pakeHue. 3HAYUT, €r0 HeNb3A NOJNYYUTh HA IKpa-
He, Ha dororpadnueckoil NAacTHHKe, Ha ceTuarke riaasa. IIposepsann
AU BB 310 Ha onwite? Ecam He mposepasnd, To cAenaiiTe ciepyoLHi
OIILIT.

HocraBsTe NPOTHB OKHA 3€PKANIO, MEXKAY 3€PKAJIOM M OKHOM —
ABOAKOBLINYKAY0 aun3y. Ilepeasuras aucr Genoii 6ymaru, Bu OYeHb
CKOpPO cyMeeTe NOJYYHTh MNepeBepHYToe H3oOparkeHHe OKHa. Bel
X0THTe mnoay4YyuTh cBOM asromoprper. llomanyiicta, BR MoOMeTe
cororpaduposaThca B 3epkase. A Tak Kak raa3 mogoben doto-
Kamepe, TO, C/IGAOBATENILHO, U HA CeTYATKe Iia3a IOJy4YaercA AercT-
BUTENbHOE, a He MHHUMOE H300pakeHHe NPEAMETOB, OTPaXKAIOIIMXCH
B sepkaje. Xog nayueii, MOACHAIOMME CKa3aHHoe, Bbl YBUAWTE HA pu-
cyuxe 120.



Heobxoqumo crenaTh ellle HECKOJNbKO 3aMeYaHMH, Kacamoiuxcs
reomerpndeckoit ontuku. [lomycrtum, BH paccmMarpuBaeTe B IyIy
MeJKYIK nedats. Bu npubaumkaere rnas m nyny K Oymare o Tex
nop, MOKa He MOJY9HMTe HauGolee sicHoe H3obpameHue. B aror mo-
MEHT XPYCTAJIMK aKKOMOAMPOBAH HA «pPACCTOSAHHUE HAWIYYHIero 3pe-
HAA». JTO paccTosHWe OOLIYHO NPUHUMAIOT paBHHIM 25 cM, XOTA Y
pasHBIX JMI ¥ B PasHOM BO3pacTe CIOCOOHOCTh K AKKOMOMAIMM pas-
augsa. XoTuTe 3HATh, BO CKOJIbKO pa3 ysenuausaer ayna? Ecam
XPYCTaIHUK AKKOMOAUPOBAH HA PACCTOSAHHE HAWIYYIIEro 3peHUs, TO
oTBeT faer dopmyna:

2
B,

rae I' — yBenuuenue nynwi, F — doxycnoe paccrosinue, usMepsemoe
B canrnmerpax. Ilpu HeHanps:xeHHOM Triase yBeluueHue, RaBaeMoe
Iynoi, paBHO

Ho xak onpepmenuts F? B conHeuyHBId [eHb 3TO MOM{HO C[eJaTh,
coOpaB Jy4n coaHna B (POKyC M HM3MEpPHUB pPACCTOSIHHE OT JYNK A0
Hero. Ecam conHna Her, TO Haf0 HaBeCTH JIMH3Y Ha JaJeKH# npej-
MeT (maHAWAPT 32 OKHOM) M NONYYUTh pe3Koe ero u3odpa)keHue
Ha Oymare. Paccrosinme oT NMH3H A0 U300paXkeHHA MOKHO CUMTATh
npaktTudeckn pasHeiM dorycHomy paccrosnulo. [leicrBurennbHo,
B opmyne nuUH3BI

| 1 1
TtT=F
1
A Aanekux npeameros (d=co) apobb — Hcuesalole Mana, 1 TOTAA
1 1

F= w f=F (paccTosnue a0 u3obpa)ieHus PaBHO (POKYCHOMY

PACCTOAHUIO JIMH3HI).

OnucaHHbli MpUeM HAXOKAEHUA (POKYCHOTO PACCTOAHHMA [BOAKO-
BLINYKIIOH JMH3bI N03BOJINT PEHIUTh elle OJHY WHTEPEecHYI0 M Ioje3-
Hylo 3agady. Ilycts BB 3agymannm mnocTpouTh cebe camopenbHblil
TeJlecKON M3 O09KOBHIX crexon. Ho Toraa monapo6urcsa mpemie Bcero
3HaTh HOMep OYKOB (AJs JanbHO30pkux). Homep oukos mowasmiBaer
AX ONTHYeCKYK culy, AIM BeluduHy, obpatHylo ¢oxycHomy pac-
CTOAHUIO:

1
D=-F"

Onraveckasa cuia BHIpaMkaeTcs B uontpusax. 1 anTp — aro onru-
yecKafA cuna JuH3H, y Kotopoit F=1 m. [loatomy, uamepus F Bhiiue-
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ONHCAaHHBIM HNyTEM, BBl oOINpefeanTe U HOMEp OYKOB. Hanpnmep,

1
ecnin F=50 em=0,5 M, TO D=55—— =2 ANTp, NIA HOMEp OYKOB

M
+ 2.

Ilns M3roTroBlieHHsA TelleCKONa BaM NOHANOOHTCA [/iA O6BEKTHBA
crekno 42 uau +1, 1. e. nuH3a ¢ dokycubIM paccroannem 50 niam
100 cm. MoxHO BMECTO O4YKOBOTO cTekia NpHOGPECTH B MarasuHe
(oToToBapoB cooTBeTCTBYIOIYI0 HACAAOYHYIO JHH3Y Aif (oToamna-
pata. [lna okynaspa Hafo B3ATh KaKylO-HHGYAb CHIABHYIO JHH3Y C
doxycHnm paccrosinuem = 2 cm. Toraa Teseckon Gyger yBeanunBaTh

-F

T;*=-5§0—=25 pa3 . OObeKTHB ¥ OKyINAp YyKpenuTe B pas-
ABMKHOH KapTOHHOH TpyOke (puc. 121), BHyTpPeHHIOI HOBEpXHOCTB
KOTOpOH Hafo BLIYEPHATH TYWIbKW. VCKAOYATENbHO Baj<HO CHeNaTh
AJA TejieCKoNa AeprkaTelib (MOMHO MCHOJb30OBATh INTATHB IfiA (oTO-
annapara). Ecnu BBl B3aymaere BecTH acrpoHoMuuecKue Habmnwonge-
Husi Oe3 pOepkaTelis M NONCTABKM, [epa TenecKon B pYyKax, To,
KpoMe OropueHMs, Huuero He pnojayuurcsa. HeposbHbie gpokanus
PYK BBI3OBYT [poaHHMe H300paskeHNA, M NPUTOM YBeJUYEHHLIE
roxke B D0 pas. Hacrosmue reneckonn umeor Goliee ClOMKHBIE
OKYJASIpH M 00BLEeKTHMBH, cBOGOXHHIE OT XpoMaruyecKoil aGeppanuu
(pany:kHOH OKpacku no KpasM u3o0paxceHusA), KoTopaA B BalleM
relieckone Gyner HeusOe)xHO NMOPTHTHL u3obGparkeHne.

Hna cympeHns o pasmepax mpeaMeTa u [Jifl IYYLIEro pasjiddeHus
ero noapoGHOCTE# Ba)keH «Yroi 3peHHsA» — YyrojJ MEXAY JyuaMH,
NpoBedeHHBIMYM OT KpallHUX TodYeK NpeAMeTa K WEHTPY XpyCTajdHKa.
Y1060 chenaTh BUIMMBIMM HEpasanuuMble paHee [eTalu, HAgo MNO-
noiitu Gamyke K npeamery. Torpa yrom apenua u maobpamkenue Ha
cetuarke yseauwyarcs. HackoabKo GAM3KO MOMKHO NOJOHTH K Hpen-
Mety? [lJig HOPpMAJBHOIO TJIa3a 3TO ompejeldercd paccTOSIHUeM Hau-
aydurero speHus — 25 cM. [Ipn MeHbLINX paccTOAHMAX TIa3 ¢ Tpy-
oM akxoMopupyer, a Ge3 aKKOMOJAIMY OH BHIMT JMIIb PasMbITOE
n3obpaxenue. Ho BHOyKmOCTh Tja3a MOMKHO YCHIMTb, IIOCTaBUB
nepel HHM JBOAKOBBIIYKIYIO JUH3Yy. IJTO MNO3BOJAUT NPHOIN3NTL
rjas K NpeaMery M HOJAY4YMTh pe3koe n3obpaykeHue Ge3 akxomonu-
pylouiere ycuausa. B 3ToM M cocToMT Ha3HadeHHe JYNb — OHAa IO-
3poadeT yBeauunTh yroa speHus. Hy, a ecam mnopolitu 6ausko k
npeaMeTy Hejb3fA, HAIpUMED ecliH BhI XOTHTe PAacCMATpHBaTh Mo-
Apo6HocTH ayHHoro meifzama? Torga noayvaior usobpamenne JIyHbl
npyu nomoiny oobeKTuBa. U xoTA M306paskeHne Bo MHOTO pa3 MeHbIe
Jlynbl, BH MOMeTe NpUGAM3UTH K HEMY a3 Ha paccToAHMe HaM-
Ayyliero 3peHHA MJIH, NPUMEHHMB B KayecTBe JYNB OKYJAp, elne
6mMxke M YBHUAETh B TeJECKON Te 3aMaHYUBHIEe O0BEKTH, O KOTOPHIX
Bbl 4MTajJM B KHHTaXx IO ACTPOHOMUM,— FOpPHHiE€ WeNu, OTHejbHhIe
Kparephi, MOpA.
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MUP 3BYKOB U KPACOK

Mup 3BykoB u Kpacok!
Ho-pe-mu-ga-coab-aa-cu...

Kpacueiit, opamessiit, wenthiit, 3enensiii, roay6oit, cuuuii, ¢puo-
JIETOBBIH. ..

Famma 3BykoB ¥ cmextp upetos... CyllecTByIOT JM OHHM He3aBH-
cuMo or yxa ¥ raasa? Toabko nu 310 Cy6LEKTHBHBIE OLIyINeHHHA,
u TOrAa MHUp caM 1o cebe Ge3sByueH M GecuBeTeH, WM 3TO OTpaKe-
HHe peajbHOIl AeHCTBUTENbHOCTH B HaileMm cosHanuu? Ecau BTOpOE,
TO M Ge3s Hac Mup GydeT CBepKaTh BCEMM KDACKAMM CBeTa M 3BeHeTh
cumponneit spyxon. Ita Gecega — nonpiTKa AaTh BaM OTBeT HA MNO-
CTaBJEHHBIA BompoC.

Cemb TOHOB B ramme u ceMb uperoB B cnexrtpe! Ilouemy cemb?
ITouemy oauo ¥ To e uucao?

Famma crapme cnekrpa. Ewme IIudaropy (582—500 rr. no
H. 3.) JereHAa NPUNUCHIBAET OTKPHITHE YHCJOBBIX OTHOHICHH, cO-
OTBETCTBYIOIMX Pa3sHBIM MY3bIKaJbHbIM 3ByKaM. IIpoxoga wmumo
KY3HML(bI, TA€ HECKOJAbKO paGoumx wKoBaiu xeneso, Iludarop moa-
METHJI, YTO 3BYKH HAXOHATCH B OTHOUIEHHM KBHHTHI, KBapThl M
oxtaBhl. Bolina B KysHumy, on y6equjcs, 4TO MOJOT, AaBaBIIMil
OKTaRy, CpaBHHTeJleO ¢ Hauboliee TH)KeNBLIM MOJIOTOM HMeJ Maccy,
paBHle !/, Macchl nocieHero, MoOT, [ABABIINI KBHHTY, HMed Mac-

pasuyio 2/; a kBapty — 3/, Maccw Tamkenoro mosora. Ilo pos-
Bpameﬂnu nomoii Iludarop nosecun cTpyHm ¢ rpysamu, Maccwl Ko-
TOPLIX MPONOPUUOHANBHEL YucaaM '/y, 2/5, 3/, Ha KOHUAX M HaWen
6yaro OB, YTO CTPYHBl NpH yAape AABAJU Te e MY3BIKaJbHEIE
nuTepBaabl. MU3nuecKu JiereHAA He BHIAEPKUBAET KPUTHKH, HAKO-
BaJIbHA IpH YAApPaxX pasivYHbIMM MOJOTAMH M3IaeT CBOM cobGCTBeH-
HEIl OfIMH M TOT 3Ke TOH, Aa M 33KOHH KojebaHHA CTPYH He mof-
TBepxgalor nerengy. Ho Bo BcAKoM cliydae jereHja rOBOPHT O
OABHOCTM y4YeHHA o rapMoHuu. 3acayru nudaropuiiues B obmacTu
My3bIKH HecOMHeHHbl. M mpuHaasie:xuT MbICAL 006 M3MepeHUH TOHA
3Byudalleil cTpyHbl myTem usmepenus ee anunnl. Um Ouin usBecren
npubop «MOHOXOPA» — ALMK M3 KeAPOBBIX [I0COK C OJHOH HATAHY-
Toil cTpyHO#l Ha Kphimike. Ecnum ynapurbe mo cTpyHe, oHa H3facT
onuH ompefeneHHblii ToH. Ecau pasmenuTs cTpyHy Ha Ba y4acTka,
Nnofnepes €e TPEXTPAHHOH KOJKOH mocepeAmHe, To oHa Oymer H3-
naBath Gosee BbicOkMEl TOM. OM 3BYYHT HACTONBLKO CXO3€ C OCHOB-
HLIM TOHOM, YTO NpPH OJHOBPEMEHHOM 3BYYAHHU OHM NOYTH CHUBAIOT-
cA B oguH Tod. OTHoHIenMe JBYX TOHOB B My3bike — HHTepBaj. [Ipu
OTHOWIEHUH [UIMH CTPYH, PAaBHOM '/,:1, UHTepBaj HAa3bLIBAETCA OKTa-
Boii. Uasecturie Iudaropy mureppasnbt KBHHTA U KBapTa MOJYYaloOT-
cfA, eclM KOJKY MOHOXOpAa CABUHYTh TaK, YTOOB OHA OTAENAJA CO-
OTBETCTBEHHO 2/ WaM °/, ANIMHBI CTPYHBL
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Yro wxacaercd uYMcla ceMb, TO OHO CBA3AHO ¢ KAKHM-TO efle
Oonee ApeBHMM ¥ TAHHCTBEHHBIM I[IPEdCTABJICHHEM JIIOAEH MOJay-
PeIUrHo3HOro, MoJyMucTHYecKoro xapakrepa. Haumbonee BeposiTHo,
4TO 3TO CBA3aHO C ACTPOHOMMYECKHM JeJleHHeM JYHHOTO Mecsla Ha
Yerhipe CeMHAHEBHHE Hepmeau. IJTo yucao (QUrypupyer B TedyeHUe
ThICAI9EJIETHIE B pa3NW9YHLIX npegaHusax. Tak, Mel HaxXoAuM ero B
apeBHeM nammpyce, kotophiii 3a 2000 ser Ao uHameid apel Hamucan
ernOTAHUH AXxmec. ITOT MIOOONBITHBLIA JOKYMEHT O3arjiaBjieH TaK:
«HacraBnenue K npnoOpereHnIo 3amaHuA Bcex Talimeix Beiefi». Cpe-
OM mpoyero HaxXogNM TaM TAHHCTBEHHYIO 3aJavyy MOJ Ha3BaHHEM
«Jlecrunpa». B Heli rosopuTcAa 0 JecTHHNE 4Mces, NPeACTABIAIOMINX
coboii cremenm uucaa cemb: 49, 343, 2401, 16 807. Ilog wxaxabiM
yucaoM neporaud-KapTHHA: KOIIKA, MBI, AYMeHb, Mepa. [lanupyc
He HaeT KJA4Ya K pasraake sroil 3agauu. CoBpeMeHHble MCTOJKOBA-
reau nanmupyca Axmeca pacmivdpoBBIBAIOT YCJIOBHEe 3agaydl TaK:
«¥Y ceMy auI ecTh 0 CeMb KOIIEK, KA}KAaA KOHIKA ChellaeT MO CeMHU
MEIIe#, KajKAas MbIHIb MOMET CHeCTb CeMb KOJOCheB SYMEHA, U3
KaMa0ro KOJOCa MOMeT BHIpacTH mo ceMb Mep 3epua. Cronbko 3epHa
cbeperyr womku?» Yem He 3ajauya ¢ NMPOM3BOACTBEHHBIM COJEpHa-
HueM, npefaioxkennas 40 BexoB Hazan?

CeMBb TOHOB HACYMTHLIBAET COBPEMEHHAs €BpPONEHCKas MY3bIKAJb-
Haf raMMa, HO He BO Bce BpeMeHa M He Yy BceX HApoaoB Oblia raMma
n3 cemyu ToHoB. Tak, Hanpumep, B [Ipesnem Kurae ymorpeGiasaach
raMMa Y3 mSTH TOHOB.

Pucynox 122 wusobpaxaer 4acThb KaaBHATYpul posansa. Hampabri
TOH 0003HAa4YeH COOTBeTcTBYWOMlell OYKBOH, H Ka)KAOMY OTBevaer
onpefeneHHad 4Yactota KoneGauuii. Ecam usBecTeH OAWMH Kaxoi-To
TOH 3TOTO PAJA, TO OCTAJbHHEE MOTYT OHITH NOJAYYEeHH M3 Hero.
B nemsx egMmHCTBA HACTPOHKH BEICOTa 3TOTO KOHTPOJBLHOTO TOHA
JIOMKHA OBITH CTPOTO JEKJapUPOBAaHA MEKAYHAPOAHLIM COTJAHICHH-
eMm. B kauecrBe Takoro ocuoBHoro tona ¢ 1938 r. mpuHAT TOH, CO-
orsercTByoiii yactore 440 I'm (440 woneGanwmit B cexyHgy). Or-
[PaBHEIM TOHOM ABAAETCA TOH a’, JaBaeMblil HeGOABHIMM KaMepTo-
HOM. XOTHTE YBHAETh 3TOT TOH? ITO OYEHBb MPOCTO MOKHO CHEJATh,
HAI0 TOJBKO TPOBECTH HOMKKOH (BeTBBIO) 3BY4YANIEro KaMepPTOHA MO
3aKonyeHHOMYy crekay. llomyunrcs BosHOoOGpasHas JAUHUSA, M3BECT-
Hasgd B MaTeMaTMKe moj HaspanueM cumnycoujab. Heckoabko TOHOB,
3By4alIMX OJHOBPEMEHHO, o0pasyloT MysHKAABHBIA akkopg. Jlogu,
obnagaonine abCOJIOTHBIM CJAYXOM, MOTYT B AKKOpPAE CJLILIATH OT-
eJIbHO B3ATHIE TOHA. '

BaM u3BecTHO cTpoeHuWe 4YejoBeueckoro yxa. Hparko HamoMHUM
ero. ¥Yxo COCTOMT u3 Tpex vacTeil: 1) Hapy:KHOe yX0, OKaHYWBAIO-
uleecs GapaGaHHO# NepemoHKO#; 2) cpeaHee yXxo0, KOTOpoe mpH HO-
MOHIA TPEX CJAYXOBBIX KOCTOYEK: MOJOTOYKA, HAKOBAJLHH M CTpeMed-
Ka — nepefaer KojeGauusa OapabanHOll nepenoHKH BHYTPEHHeMy
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yXy; 3) BHyTpeHHee yX0, Wi JabMpHHT, cOCToALIEe W3 MOJYKPYHK-
HBIX KAHAJIOB M YJINTKH. YJIHMTKAa ABIAETCA 3BYKOBOCHPHHHMAIOMINM
annaparoM. BuyTpenHee yxo 3amoaneHo xuaxoctbio (numdoir),
npuBOgMMONl B KoJebaTelbHOe ABWKEHME YHapaMM cTpeMedKa IO
nepenoHKe, 3aTATHBAIOLIEH OBAJbHOE OKOIIEYKO B KOCTAHOH Kopo-
G6ouke mabupuntTa. Ha meperopogke, Aensieit yIMTKY Ha JBe 4acTH,
o BCell ee ANNHE paclHoJoKeHbl MoNepevyHbLIMH pAJaMM TOHYallIMe
HEepBHbIe BOJIOKHA NMOCTenmeHHO Bo3pacramoieil aanHbl. NeabMronabuem
Ona paspafoTaHa Teopusl pe30HAHCHOrO [AeHCTBHA HA3BAHHBIX
BoNioKOH. BaMm u3pecTHo sABneHue pesonaHca. Bu HabGmiopanu, wak
PEe3OHMPYIOT KaMepTOHbl, HAcTpoeHHbIe B yHucoH. fl mosmoxio cebe
OTPAHMUYUTHCA JIMIIb IIYTAVBLIM NOSICHEHWEM, NPUBEJEHHBIM OJHUM
¢usuxom XIX B. Bo Bpemsa ero monynsApuo#t nexuuun. Yro takoe
pesonanc? «llpeacrasbre cefe cobaky, OTKAMKAIOUIYIOCA HAa HMA
®Qunaxc. Cobaxa nexur moj crosoM. Bui rosopute o [epkyinece n
Ilnarone, Ha3viBaeTe MMEHA BCeX TepoeB, KOTOpLIe BaM NpPUXOAT B
ronosy. Cofaxa He TporaeTcd C MeCTa, XOTAl O4YeHb JIerKoe [BHKe-
HYe ee yxa yKasblBaeT, 9TO OHa clAeguT 3a Bamei peudsto. Ho crour
paM Hasparb uMA Duiaxc, KaK oHa GPOCHUTCA K BaM C PAHOCTHBIM
gaeM. HaMepTOoH NOX0MK Ha COGaKy, OH OT3HLIBAETCA Ha MMHA Avy.

Kak 6bl HH Ka3ajach MPOCTOH W yGeliMTeNbHOH Teopus egWHWMY-
HLIX pe3oHaTopoB [enbMmroasna, HOBeilIne HCCAeXOBAHHA 3aCTABUJINA
BHECTH B Hee cyillecTBeHHbie nonpasku. HoneGawoTca He oTaenbHble
HEpBHBIE CTPYHBI, a OTHeJbHbIE yyacTKn MemOpanel. OgHako ocHOB-
Haa ujges [eabMronbpna pe3oHAaHCHOrO AeHCTBUA OpPraHoB BHYTpeH-
HEro yXa OCTajlach HemoKoJeOHMOH.

3ByKoBasA raMMa cTapile onTHdecKoro cnexktpa. Ecau 3sHakoM-
CTBO C TapMOHHMYECKMMM 3BYKaMM YXOAHMT B Jajiu ThICAYENETHH, TO
H3yyeHHe CIEeKTpa MNPHHAMJIEKAT WCTOPHH H CBA3AHO C WMeHeM
Hruiorona. He HeioTon nepspriii o0Hapy:xun ofpasopaHue CHeKTpa
IpH NPOXOKAEHNH cBeTa Yepes npuaMy. LiseTHnle, pagy:Hble 3aifun-
KA HA CTEHE OT IPAHEHHLX CTEeKJIAHHLIX NpeJIMEeTOB JIOOU BUAEIN 3a-
aouro go Heiotona. Helotony Hayka of6szaHa o00CTOATENBHBIM H3y4Ye-
HueM u ofbAcHeHnueM 3TOro ABAeHWA. Benwlil conHeuHBI ayd co-
crour (no HuloToHy) H3 mBeTHHIX JyuYeil, KOTOpble HEOINHAKOBO
CHJILHO NPENOMJAIOTCA W NO3TOMY CTAHOBATCA MOPO3Hb BHAHBLI HA
skpane. HanomuuM onnit HeioToHa. B crasHe saTeMHeHHO# KOMHa-
Thi OH Npope3anl Kpyrice oTBepctHe auamerpoM '/, mioiima. Ilo-
3a1 OTBEpPCTNA MOMECTHJ CTEeKNAHHYI0 NpPH3My, a HA pPacCTOAHUU
22 ¢yTOB OT CTaBHA MNOCTABHJ IKPaH ANA NOJYUYEHHUA COJHEYHOTO
nzobpakenua. Ilpm sToM Ha 9SKpaHe NOABWIICA UBETHOH CIEKTp

5 . |
B 2§ RiofiMa MUPUHEL ¥ 13- MI0AMA LIMHE! € 3arpyrAeHHBIMH KOH-

pamu. HeloToH pemmma, 4To CHEKTp COCTABJNsieTcA M3 pAZa KpPyros
pPasiYHbIX LBETOB, YACTUYHO BXOAALIMX OXWMH B [pyroi u moatromy
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cmMemanHbX. «Eciu 661 MOKHO 6bLUIO yMeHbIIATh AMAMETPH JTHX
KpPYroB, COXpPaHfAA HEU3MEHHbIMH pPAacCTOAHUA KX IEHTPOB, TO OHHU
cMemuBanuch Onl MeHbime» ,— 3anucai Heioton. Ognako ymenbime-
HME OTBEpPCTMA MJIH 3aMeHa ero Y3KOH ILeJbi0 He NpUBEIH 6mI K
06pa3oBaHMIO NepepHIBOB NpPH NEPEeXORe OT ORHOrO IBeTa K JPYromy.
9T0 NPOTHMBOPEYMJIO HPERANOJOMKEHHIO, 9TO OeNblii CBET COCTOMT M3
He6OABIIOro KOJAMYECTBA IBETHHIX Jydeil.

[IpomosmkuB MbICHEHHO CIEKTp 3a (PMOJIeTOBHIA Kpail elle Ha Ta-
Kyl0 K€ AJHHY U NpHHASAB ABOAHYI0 JJIMHY CHOEKTpa 3a eAHHHILY,
HeloToH Hammen, 4To paccTosiHMe OT BooOGpakaeMoro KOHLA CHEKTpa
[0 KOHNA (HONEeTOBHX iydeil paBHO !/, N0 KoHma cuHHX — %/,
A0 Kouma roxy6uix — 3/; u nanee 2/,, */,, %/e, 8/g m 1 (10 woHHA
KpacHeix). HboToHy Gpocuiiocs B raasa, 94To 3TH 4ucia NPONOPIHO-
HAJBHB! QJAMHAM CTPYH, U3JAIOHINX NOCJeJ0BaTeJbHLIE TOHA MHHOP-
Hoi rammei. OpmHoro iBeTa, BnpodyeM, He xBaTtajo. B auramiickom
A3biKe CUHMA u roay6oii obosmavaroTca ogHuM ciaoBom blue, mu
HeloToHy 11 mOJIHOH aHAJOrMM raMMBbl M CHEKTpa NPUILIOCH BBECTH
B CHEKTp eme OJHH IBeT — MHAMTO (B HAINEM H3bIKe 3TOT YYaCTOK
CHeKTpa 0003HAYAeTCA CJOBOM «CHHHIi»).

[lockoabky BhieeHHe OCHOBHLIX WBETOB ObUIO IPOU3BeJE€HO
Hpl0TOHOM NPOU3BOJILHO, TO BCA AHAJOTUA MEKAY raMMoil U CIEeKT-
poOM OKa3nBaeTcA MCKyccTBeHHOH. M Bce ke aHamorus sTa mojie3Ha.
«Uro B 3Byke ToH — To B cBeTe nBeT». CoBpemeHHHMK JlomonocoBa
Jleonapr Jiiaep B TAaKUX clOBaX BBIpa3ui 3Ty e Mbicab: «Huuro,—
rosopus Jiljiep,— TaK He COOCOOHO PasbACHUTHL NPHUPOLY CBETOBLIX
OLYIEHUH, KaK IpeKpacHas aHAJOrMA MEMXKAY 3peHHMeM U CIyXOM.
Kakoe sHaYeHne UMEIOT 0 OTHOLIGHUIO K YXY Pa3jMYHbIE TOHA MY3hi-
KM, TaKoe /JiA Ijia3a MMEIOT pa3iudnbie useta. llsera pasHATCA
MexaAy coboii mogoOHLIM 06pasoM, Kak PasHATCA OQHU OT JPYrux
BhICOKHe W Huakue Tona. Ho mMul 3Haem, 4TO BBICOTa B 00JlacTH 3BYKa
3aBHCHT OT 4HCJa KoJeGanuif, HelicTBylOIINX Ha yXO0 B IpPOROJIKe-
HUe ompefeJeHHOr0 BpeMeHH, M YTO NPUPORAa KaKIOTO 3BYKA Ompe-
RensieTcs yucioM KosxeGauuit B cekyHzy. OTciofa MOMKHO 3aKIIOUHMTD,
9TO KaMALIA IBET COOTBETCTBYET TaKKe ONpeNeJeHHOMY HHCIY KO-
nebaHui, JedCTBYOINMX Ha rJjaa».

Croabko 1BeToB B cnekrpe? HapepHoe, Henb3d yKasaThb KaKoe-
160 ompefeseHHOe YHMCIAO Pa3JMYHBIX WBETOBHIX OTTeHKOB. MoxHO
auIbL roBopuTh 06 ocHoBHEIX uBetax. [lo HeloTomy, nx cems.

N3BecTHO miyTouHOe MHEMOHHYECKOE HpPAaBMIO [JIA 3alOMMHA-
HHA HX NOCJEJOBATEIbHOCTH MO HavaJbHBIM OyKBaM cJOB B (ppase:
«HRamawlii OXOTHUK sKejaeT 3HATh, rge cHUgAT (asaHbi» — WId B
pndmoBanHoit gopme:

Kak opuamkam #Hak 3poHaph
Foay6oii cramua gonaps.
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Pacnpeneass o0nacTu OTAENBHEIX LBETOB COOTBETCTBEHHO AJU-
HaAM BOJIH, HOJYYUM TaGaumy:

LBer JlnuHa BOAHBI, MKM Lier JlanHa BONHH, MKM
Kpacuuit 0,75—0,62 Tony6oi 0,53—0,50
Opanmxensiit 0,62—0,59 Cunni 0,50—0,45
MenrTui 0,99 —-0,57 Munonetopniit 0,45—0,40
3enenniit 0,57—0,53

YenoBeueckuii rnas BOCHPHHMMAET, CJEAOBATENbHO, CBETOBbIE
KonebaHusa B mnpedenax OfHOH Toabko oxraBbi (0,40—0,75 MkM).
Jluanason 3ByKOBBIX KoNe6aHHil, BOCIPUHMMAEMBIX HALIHM YXOM,
3HAYUTEIbHO IIHMpPE M OXBAThIBAET AecAThb OKTaB, oT 16 g0 20 000 xo-
ne6aHuii B ceKyHAy, ¥ B JauHAX BOXH — oT 21 M mo 17 MM B BOa3-
ayxe npu 15°C. Mexay oTaenbHbIMHM LBETAMM HeT Pe3KMX TpPaHMIL.
IlBeta mocremeHHO NMepexXoAAT OAMH B ApPYroii, o6pasyda pasivdHEIE
OTTEHKHU, YHUCIO KOTOPHIX y HEKOTOpHIX Habiwopateneil AOXOAUT [0
HecKoJabKuX coteH. U Bce ke cnekTp GedeH nBeTamMu IO CPaBHEHHIO
¢ GecKOHeuHBLIM pa3HOOOpasWeM Kpacok B mpupoge. Bol nampacmuo
CTaJlM OB MCKATb B CIEKTPE KOPUYHEBYIO, CHPEHEBYIO, NYPHYPHYIO
U MHOTMe ApYr#¥e Kpackwu.

Hak npoucxoaur socnpustue npetos raasom? O ToM, HaCKOJABKO
CJIOMeH U HesiCeH elle 3TOT BOIPOC, MOKHO CYANTH N0 TOMY, YTO A0
HACTOSAILIIEr0 BPeMeHH BBICKA3aHO HECKOJbKO AECATKOB TEOpHil mBer-
HOTO 3peHHs.

Ecan pns orBera o6paTHTbCcA K aHAaTOMWM riasa, TO IepBoe, 4YTO
ABNAAETC 0(ecCNOpHO YCTAHOBJIEHHLIM, 3TO HaJW4YHe [ABYX BHUIOB
CBETOYYBCTBUTEJbLHLIX 3JE€MEHTOB B CETYATON 060J0YKe Halllero ria-
3a: majouyek U Koubouek. Tak HA3LIBAIOT OKOHYAHMA HEPBHLIX BOJO-
KOH 3pUTENbHOTO HepBa 3a Mx ¢opmy. Uueno mx rpoMaaHo: okomdo
7 maH. kon6ouek u Gosee 100 mau. nmanouek. Ilanouku Gonee uyect-
BHTEJbHBI K CBETY, HO OHH HE€ PAa3JWdYAIOT LBETOB, 3TO AEJN0 KOabo-
yek. C HacTylIeHNeM Bedepa MeHee CBETOUYBCTBHTEJbHBIE KON0OUKU
BHIXOAAT W3 WCPH W HAYHMHAETCA CyMepeuHoe, WM NajJ04YKOBOE,
spenve. Mup npeacraBaseTcA HaM TOTAA GECHBETHBIM, MO NMOroBOpKe
«HOYBIO BCE KOIIKH cephl». Mesl J0CTaTOYHO TepIEeHHUA, BH MOKeTe
nposeputh 3T0 Ha onuiTe. C HACTYNJEHHEM CyMepeK, KOrga B KOM-
HATE CTAHOBUTCA BC€ TEMHEH, AEpIUTe mepex TIJIaszaMH MBETHYIO
Kaptuuky. Ilocrenenno mectpeie Kpacku Ha Bameil KapruHke Oyayr
TEMHETb, HO BCE K€ elle MOKHO PA3JTHYNTh LBETA — KPACHBIH, Kej-
THIfl... ¥ BAPYT NPOMCXOAUT HEUTO MOPA3UTEJLHOE. OUEePTAHUA Mmpen-
MeTOB, M300pa)KEHHBIX HA KAPTHHKe, el[e MOMHO SICHO Pa3jaHuMTh,
HO KPAacKM McYe3lH, Neped BaMM KapTHHKA B YepHLIX M 0ejibiX TOHAX,

120



Kak Ha dororpaduu. Uro cayuuaocs, Befb TOABKO YTO BRI BHJEJH
mecTpble KpackH KapTHHku? Buinam u3 crpoa konfouxu, HedyBCT-
BHTEJbHBE K clalomy ocBeijeHnio. Briaiounte cBer anexkrTpuyeckoi
JaMibl, W APKHEe KPAaCKH BCHLIXHYT Oepe] BaMH CHOBA.

Botr Mul ¥ momoluim BOJIOTHYIO K Tpy[HeiilleMy BOOpPOCY, BOKpYT
KOTOpPOTrO BeJiM M cefiyac elme BeAyT 03KeCTOYEHHLIe CIOPH ($uiaoco-
tul. CymecTByoT i 1IBETa U TOHA HE3aBUCHMO OT rJaza M yXa WIH
CYIIeCTBYIOT JHIIb BOJHB CBETA M 3BYKa PA3NNYHOH YACTOTHI, BRI3bI-
Baoll[He BEYATICHUA LBETHOCTH M TOHanbHocTH? Peanen miam uamnio-
30peH MHpP KpacoKk u 3BykoB? Bes caomHocTh Bompoca ynupaercs
B TPYMHOCTb NPEOROJEHNSA CBONCTBA HAIIEr0 CO3HAHWA TNPOTHBO-
HOCTaBIATL cebA, HAIl BHYTPEHHHH MHD BHeEIIHEMY, OKpYy:Kawie-
My Hac, peaabHomMy MHpY. Bce craHer Ha cBoe MecTo, ecam Mbl
nofiMeM H 3aMOMHHM, 9T0 MKl CaM# M Hamle CO3HaHHe SBAAEMCH
93CTHI0 MATepHAJNbHOr0 MHpa. B sToM peanbHoM Mupe nponcxopsar
B3aMMO/ICHCTBHA PA3INYHHIX BAJOB MaTepus. [{yMmMaTh, 910 cBoHCTBa
TeJl, OPOABAAIOIINECA BO B3AHMOJEHCTBHH MEKAY HHMH, PeAJbHLI
(neficTBuTeNbHBI), OOBLEKTHBHBI, a CBOMCTBAa, BHIABAAIOIINECH BO
B3aMMOJICHCTBHH TeX ’Ke TeJ ¢ HAIMMH OpPraHaMH 9yBCTB, ABIAIOT-
cA JHIOb KaMYIUMHUCH, CYOLEeKTHBHBIMH, — 3TO 3HAUAT CTAHOBHUTLCA
Ha HOSHIMH HIEeIU3MA.

B ¢opme nBera cBoiicTBa Bemeil BLICTYNAOT BO B3aMMOXEHCTBUH
¢ OpraHM3MoM, O0JaJalolAM COOTBETCTBYIOIINMH npubopamn («aHa-
Juszatopamu», kak ux naspaa HW. [I. IlaBnaoB), HO B 3TOM B3ammo-
IleiCTBHM BBLICTYIAIOT CBOMCTBA CaMHX BeIEid.

Mup sBykoB u Kpacok peased! Ho He caegyer AymaTs, 4TO 3TOT
MHD BhI3LIB3eT y BCeX COBepIUeHHO oxuHaKoBble omymenusa. Cmopa-
IIABaTh, BOCOPHHUMAIOT JIA APYyrue JIOAH 1{BeTa H 3BYKH COBEpILEH-
HO TaK ’Ke, KaK Bbl,— 3TO HeHay4Has IOCTaHOBKa Bompoca. Beskoe
omlymeHHe BcCerfa ecTb OL[YUIEHHE OnpeaejJeHHOro 4YeJoBeKa, 3a-
BHCAImMEEe OT ocoGeHHOCTell ero opradnama. AHrauicknil ¢usmk
HanpToH pasnuvaj TOABKO TPH IBeTa M KpacHble BHIIHA OTJIAYAJ
OT 3eJIeHRIX JHCTLEB TOJALKO MO dopMme. A Kak Ke BOCOPHHHUMAIOT
MHD JIIOJH, JAIIEeHHLIe 3peHHs MAH cayxa? Kak e BocnpuHHMAIOT
OHHM O00BLEeKTHBHHIE CBOMCTBA Belleil OpH OTCYTCTBHA Yy HHX COOTBET-
cTBylounx adaausatopos? I[lo-ceoemy, woueuno! Bor urto rosopar,
Hanpumep, B. Hoponenko B uaBecTHoM pacckase «Caemoit Mysbi-
kaHT»: «Caenota 3acTHJaeT BUAMMBIA MUDP TeMHOH 3aBecoil, KoTopas,
KOHE4HO, JOKHTCHA HA MO3F, 3aTPYAHASA M yrHeTasA ero paboTy, HO
BCe Ke M3 HacJAeACTBEHHbIX HpeACTaBJeHHA M M3 BHedaTJeHHH, mo-
JygaeMblX JpYrMMH OYTAMHA, MO3r TBOPHT CBOWl COOCTBEHHBIH MHD,
TPYCTHBII, MevadbHbIil H CyMpauHbil, HO He JIMIIEHHLIH cBoeoGpasnsa
CMYTHOH [033UH».

Munp aBykoB m kpacok! CkoibKO NOITHYECKHX MepeKHBaHHH,
cKonbko GuaoCOPCKHEX pasgyMHHl CBA3AHO ¢ aTMMHA ciaoBamu. [Ipm-
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poma usera! Hemapom arta Tema Tak B3BOJHOBAJA M HOTpsACAa Aymly
lete. Bo3moskHO, 4TO MHOrMe HallM YATATENH 3HAIOT 0 [eTe TOJNBKO
KaK 0 BeJIMKOM HEeMenKoM [IO3Te, TBOPIE XYHOMKecTBEHHOH duiocod-
ckoil moamul «@Payer». Ho ete Guin 1 ecrecTBoucnutTateneMm. Boctop-
MEeHHHIH novMTaTeNb OPHPOAB], FeHUAJNLHHIA MO3T He MOT YAOBJeT-
BOPHTHCA TOJABKO OTBJEYEHHBIM MATEMATHYECKHM OOGBACHEHHEM NpH-
poanl, oTopBaHHEIM OT MHpa 4yBcTB. Uepea 100 ner mocne Hriotona
OH BBICTYIHJ CO CBOeil TeopHeil BeTOB KAK SIPbIA OPOTHBHHUK yde-
HUA O CHOKHOM coctape cBera. «Boamoxuo am,— BOoCcKauuaer
TFete,— uTo6bI cBeT, KasKymuica HaM Haubojiee YHCTHLIM M OJHOPOJ-
HLIM, AMeHHO Oejnlii cBeT B KaKJAOM OTHEJbHOM TOHYaMIIeM Jy4e
cHaraJici M0 MeHbiueil Mepe M3 ceMH Jyuei, pa3jIM4HBIX O BeJuvH-
He CBETOBHMX 4YACTHI, COOTBETCTBYIOIIMX OTHeaAbHunIM nBeram? Hert!
Benwilt ¥ uepHHIl NpexCTABJAAOT [Be OCHOBHBIE MPOTHBOMOJIOMKHO-
CTH, [Ba MOJIOCA, KAaK CBeT M ThbMa, OHH COAEPHKATCA B H3IBECTHOM
COCIMHEHMH B KaKJAOM 1BeTe M O0YCJOBAMBAIOT CBOHM COeIHHeHHeM
Bce nBera». B 10 Bpema kak HbioroH orHocua oGpasoBaHue 1BeTOB
TOJbKO K cBety, I'ete cumrtan, 4uro Haml opras 3peHNA UPHHHMaeT
3HAYUTEJbHOE YYacTHe B HX CO3JAHHH.

B crpactHoii moaemuxe ¢ teopmeit Hoiorona ere He ocraHaBam-
BaeTcA mepeji CAMLIMH 3aMaJbYMBLIMH H GesmokazaredbHEIMM OOBH-
HeHHAMHA M pPe3KMMH BRIDA}KEHHAMH B ajgpec 3Toil Teopuu. «Mpl 3a-
CTaeM 3TO BOCHMOE€ YYNO0 CBeTa,— BOCKJIMIAET OH,— OCTaBJEHHOH
PYHHO#M, KOTOpaA rpo3UT OGpYMIMTLCA, M HAYMHAGM CHOCHTH IUNHJIH
B Kpsimn, 4y1o6n CoaHle, HaKOHeW, 3arjAHYJO B 3TO CTapoe rHealo
COB M MHIIeH H OCBETHJIO NOPAKEHHOMY CTPaHHHMKY OGeccBA3HLIN
AabMpHHT, TECHOTY, Ciyd4ailHOe HArpoMO;KIeHue, HaMEPEeHHYI0 HC-
KYCCTBEHHOCTDb M KaJKyi0 mronky». [Ipusona aty uumrary ma reres-
cKoro «YueHmsa o userax», akagemuxk C. . Basunos B Guorpaduu
Huiorona pobaBaser: «ITOT HACKOK BEJHKOro MO3TA KOHYHUJICH, OfHA-
KO, moaHwiM mnopakennmem [ere. Crapnii 3amok ontmkm Hriortona
rpo3eH W CerofHs cO BCeMH ero apxausmamu (ycrapejoctamu), uGo
HOCTPOEH OH Ha CaMOM NpPOYHOM (PyHJAMeHTe — HA palHOHAALHOM
OnmBITE».

Hano mpuanars, oguako, 4to Bo B3rasgax ['ere, BhicKazaHHLEIX MM
B «YueHHH O IBeTax», ecTh pamHOHa/abHOe 3epHo. I'eTe Hamaman Ha
Hyiotona, cuntas, 9To TOT HCCJEJ0BAaJ He «MCTHHHLIA» cBeT, a CBeT,
«3aMyYeHHHIA» JHH3aMH, 3epkanamu, imeasamu. «[Ipmpoma Hemeer
Ha OeITKe»,— roopua Iere. C mosmumii coBpeMeHHO# (pH3UKH, 3Ta
dpasa sacny;kupaer BHuMaHUA. OnuTHl ¢ MHKpooGbexTamu ybemu-
TeJbHO [OKA3LIBAIOT, YTO XapaKTep NOCTAHOBKH IJKCIEpHAMEHTa H
3KCOEePUMEHTAJbHEE CPEeJICTBA MOTYT CYHIECTBEHHO BJHATH HA pe-
3yJabTaTHl N3MEPEHHI.
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onpo6uee 06 arom mokuo npountarh B kHurax B. B. Ilyneiixuna
«@nanka mopsA» u «[{Hu npoxkuruie». [loatr, KoMnosurop, BaKGIEH-
Hpiif B Mope ¢Hu3NK onucHBaeT B KHHre «[[HH NpoKHTHE» CBOIO
'KH3Hb, CBOH NYTh CTAHOBJEHHA YYEHOro, ONMHCHIBAET CBOM RAJbHHE
miaBaHnA B ADKTHKY Ha 3xcmepuuuoHHom cynase «Ilepceit», skao-
THKY I0KHBIX MOpeil, BCTpeud cO 3HAMEHHTHIMU YyueHbiMA JHyKkos-
ckuM, JlazapeBbiM, uHguiickum ¢u3ukom PamanoM u MHOrmMH

APYruaMHu.

KOHCYNbLTALUA NO TEME
«BOJIHOBbLIE CBOMCTBA CBETA»

Hukonaii Huxonaesuu, yuurens ¢u3uKn, N0 OKOHYAHHH
ypoka yGpan npubopbl M TOJBKO coOMpaJjcs samnepeTs (Qu3HIeCKHI
KabuHer, KaK BAPYr 3aMeTHJ OJHHOKYI0O (PHrypy ydeHHKa.

— Tu mMens pemsb, Muma?

— Jla, Hakonait HuxonaeBud, MHe o4eHb XoTeJoch Obl 3ajgaThb
BaM HECKOJIbKO BONPOCOB MO nociexHeil Teme. MoxkHo?

— Honeuno. Tonsko mouemy THI He 3ajgajl BONPOCH! B Kiacce,
6LITE MOMET, M TOBapHINAM TBOMM O6bIO OHI MOJE3HO MX YCHBIIATH?

— Mue kasanoch, 9TO 3TH BONpPOCH NpocThie M pebara Gyayr
CMesAThCA.

— Hy xopomo. 3axogu B KaGuder, caguce K crony. Hakme y
TeOs BONMPOCH?

— Bomnpoctt mo umurepdepennnn n audpakpan cseta. Ilepsrie
Tpu Bompoca mo HHTepdeperumun. Bo-mepsBrix, 4To 3HauMT camo
cnoB0 «uHTepdepeHunsI», KaK €ro MepeBeCTH HAa PYCCKHH A3HK H
KTO NpHAyMaa 3ToT TepMuH? BrTopoii BOmpoc 0 KOrepeHTHOCTH.
B kHHre OTBeT Ha 3TOT BOHNPOC €CTh, HO MHe XOTeJoch Ghl nmojapo6-
Hell y3HaTh, mOYEMy MJSI BOASHHX M 3BYKOBHIX BOJH MOKHO MOay-
unTh HHTepdepeHHio OT ABYX CAMOCTOATEJNbHHIX HCTOUHHKOB KOJe-
6annii, a qan ceera MHTepdepPeHIHIO OT ABYX JaMN HHUKOTAA He IO-
ayunmb., Tperbe: He NMPOTHBOPEYHMT JM HHTEPPEPEHIHA 3aKOHY CO-
XpaHeHNs 3Hepruu? 3areM...

— JlaBait no nopaaky. Ecam nago Gymer, To moroM 3apaiib Apy-
rue Bonpoch. MTak, mepBoe — NpPOMCXOM/JeHHe W 3HAaYeHHe TePMHHA
«untepdepenuusi». Cnoso «uHTepdepeHnUA» 6biJO BBEJEHO B ONTH-
ky B 1801 r. anrauiickum ydensim lOHroMm, mpudeM 3TO CJIOBO TO-
ABUJIOCH CHavyajla B NpUYacTHOM ¢opme — MHrepdepupylomMi, a
uyepes ABa roga 4 B GopMe CYHIECTBHTEILHOrO — HHTepdepeHIHs.
CanoBo 3ro anramiickoe (interference) m o3Ha4aeT «BMeINaTeJNbCTBOY,
«CTONKHOBeHHe», «BcTpedy». IOHr ynorpe6ua ero B cMbiciie «BCTpe-
4a ayueit», «nepexpeuusanne ayyeid». Ho eme no lOnra B XVII B.
npodeccop mMarematuxkn ['pumansau Habalopajg M onmcal 3TO siBje-
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HHe, XOTA M He JaJI eMy HH o0bAcHeHHs, HH HazpaHma. Tepmun xe
«qudpaKknmsa», 0 KOTOPOM THl, HaBepHO, TOKe Oylelib 3afaBaTh BO-
npoc, HpUHAJIE:KAT UMeHHO ['pumanbmn.

IOar rak dopmynnposan orkpuiThii MM 3axoH: «Beame, roe nee
9aCTH OfHOTO M TOTO e CBEeTa NMOMaJaloT B IJa3 PaajMIHBIMH NYTA-
mH, 160 TouHO, 1N6O0 BecbMa GIM3KO MO HANPABIEHHMIO, CBET CTAHO-
BuTCH Golee CHABHBIM TaM, rfie PasHOCTb NyTeHl ecTh HeJaoe KpaTHoe
HEKOTOpPO# [JIMHBI, H HaUMeHee CHJbHHIM B [POMEKYTOUHbIX COCTON-
HUAX HHTepdepHpyIOLIHX dacTell; 3Ta JJAHHA paajHuHA [JA CBeTa
PasANYHBIX LBETOBY.

JiBe cucTeMBl BOJH, NMOPOMKACHHEIX OJHAM H TeM jKe HCTOYHHKOM
ceera, IOur monywan npu nomomu aByx yakux meaeit S, m S,
(puc. 126). Ycuneune u ocnabnenne B npon3soabHoii Touke C aKpa-
Ha 3aBHCeJI0O OT Pa3HOCTH Xofa aywed [,—/,.

HApyroii cnocob nonydenus mHTepdepHpyOmAX BOJH Owa npH-
MeHeH QpaHUOy3CKHM HHKeHepoM W ydueHeiM DpeneseM, coBpemeH-
Hukom IOnra. Iror onmiT xopomo onucaH B yueGHMKe, U A OrpaHu-
4yChb AUIUb PUCYHKOM, M3 KOTOPOro BHAHO, 4TO PasHOCTb Xofa ABYX
BOJIH OCTHIaJIach B 3TOM cjlyyae OTPa)KeHHeM CBeTa OT ABYX 3epKad,
NOCTaBJIEHHBIX APYT K APYry mox yriom, Ganmakum k 180° (puec. 127).
Iocaymait, s npoury TeGe oxHO MecTo M3 counmHeHus Dpenensn, ono
HDOMOMeT Jyvllie NOHATh W TBOH BTOpO#l Bompoc: «Beskomy cayua-
Jaoch, Gpocas KaMeHb B CHOKOHHYIO BOAY, 3aMeuaTh, 49TO KOTAA JBe
TPynnel BOJH NEpPeceKaloTcA HAa ee MOBEePXHOCTH, TO GLIBAIOT TOYKH,
rae OHa OCTaeTCcs HENOABI)KHOM, TOrRa Kak OuiBalOT Apyrue, rhe
BOJIHBl B3[LIMAIOTCA depe3 HX coexuueHne. Ilpmumuy nerko ycmor-
perb. BonHooGpasnoe gBmKeHHe BOAAHOH NMOBEPXHOCTH COCTOMT H3
BEPTUKAJbHLIX [BIKEHHH NONepeMeHHO MOJHMMAIOLIMXCA M ONYC-
KaloUMXcA YacTHI KUAKOCTH. Ho BenencTeue mepexpeBanus BOJH
cydaercd, 9YTO B HEKOTOPHIX TOYKAX BCTPEYH OfHA M3 BOJH NPHHO-
CHT BOCXOJfllee ABH;KeHHe, TOrAa KaK JApyras CTPeMHTCH B TO e
BpeMsA NMOHH3NTH NOBEPXHOCTh KUAKOCTH. Eciim nBa mMnyabca oxuna-
KOBREI, }KHAKOCTb HE MOKeT y;Ke NOAUMHHTBCH ONHOMY NpEeHMYINecT-
BeHHO mepef APYTMM M [OJ3KHa ocTaBaThcsi B moxoe. Hamporms
TOTO, B TeX TOUKaX BCTpedYd, TAe ABHKEHHA CJAralTcs B OJHY CTO-
pPOHY, TAe OHM INOCTOSIHHO COTJACHHI, YKHAKOCTb, TOHHMaf B OXHY
CTOPOHY HBYMS BOJHAMH, NOAHMMAeTCR HJM OmycKaeTcs cO CKO-
poOCThIO, paBHOH cymMMe ABYX HOJAYYeHHBHIX HMMHYJbCOB...» Honeuwro,
n tefe mpuxogmioch, Gpocas KaMHH B BOAY, HAaGaIOAaTh, KaK oOT
mecta najgedus Geryt, pacxopgach kpyramu, Boaab. Ecam Gpocurtb B
BOAY MBa KaMHS, TO MOXKHO HAaOAIONaTh, Kak mnepemJeTaloOTCcH [Be
cucremsl BosiH. HaGaopnaemas KapTHHa CJAMIIKOM, OQHAKO, KPAaTKO-
spemeHHa. [lasn moaydeHus ycTodunBoi MHTepdepeHIHOHHOH KapTH-
Hbl HeoOXOAMMO, YTOOBI MCTOYHMKH HOCHUIAJHM BOJIHB HeNpephBHO
H COrJIACOBAHHO, T. €. 4YTOOH BOAHBI OQUHAKOBOH INJIMHBI BHIXOTHIH C
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CoBepiienno uHave oGcrout feno co cserom. s moBceguHeBHOrO
ONKITA MBI 3HAaeM, 4YTO, OCBEIAs CTeHY KOMHAThl BTOPO# JaMmoil, MBI
HHUKOrJa He MOJY4YHM ocialJieHHsi OCBelLieHHS OT MepBOd JaMmbl, a
Bcerga ycunuMm ero. Ho mouemy? Packanennas HUTH JMaMnel cocTouT
N3 MHOrMX MHJJNOHOB aTomMoB. ManydyeHme cBeTa pasHbHIMH aTOMa-
MH IPOHMCXOSHUT 0ecnopsiiOuHO, TaK KAaK BRI3BIBAETCS CAYUaMHBEIMH,
B3aMMHO He COTJIACOBAHHBIMHM MEPECKOKAMH 3JIEKTPOHOB C «BO30YH-
AeHHRIX» ypoBHeid. IIpomoKHTENBHOCT KU3HH JeKTPOHA HA «BO3-
Gy:KIeHHOM» ypoBHe cocraBiasier 00uuHO okono 10~% c. Coorserct-
BeHHO 3THM 0ecHOpsAOYHbLIM H3MEHEHHSAM B H3JIYUeHHHM MNPOUCXONAT
H MHJJAOHBI pa3 B CeKYHAY H3MeHeHHs HHTephepeHIHOHHOH Kap-
tudet. Hamarasice gpyr Ha gpyra, TakHe H3MeHEHHS YCpeTHSIOTCH,
KOMNEHCHPYIOTCHA, W a3 MmojydaeT omymeH#e pPaBHOMEpPHOH oOcCBe-
mennocTu nopepxHoctu. Iloaromy maa uaGalogenusa mHTepdepeHUnH
cBeTa OCTaeTCA JMIIb OfHH IYTh — 3aCTABHTh CBETOBYI0 BOJHY
uHTepdepupoBaTs caMy c coboil, uTO # ylnaercs cHeJaTh B YCTAaHOB-
ke IOura unu @peHensi, KOorga cBeT OT OXHOrO0 MCTOYHMKA HAmpPaB-
AfeTcsl K 3KpaHy ABYMs HYyTSMH, OT ABYX Inejaeidl MIM ABYX 3epHall.
B 3aToM cayuae BCe BO3MYILUEHMsI, KOTOPHIEe NCMBITHIBAIOT 00e CHCTEMBI
BOJH, MPOHCXOAAT COIJIACOBAHHO, TAK KAK ABJIAIOTCA BO3MYLIEHHS-
MH B OfHOH M TOH Ke BOJHE, OT OXHOr0 M TOro ke MCTOYHHKA.

Teneps Tpernii Bonpoc. Ilosropn ero, moxkanyiicta.

— B kunre Hanmcano: «CoBMmecTHOe JaeilcTBHEe JABYX CBETOBBIX
NYYKOB MOKeT IPHBECTH K BO3HHKHOBEHHIO TEMHOTH WM, BBIpaKa-
fice (PUrypajibHO, CBET MJIOC CBET MOTYT JAaTb TEMHOTY». ¥ MeHf H
BO3HHK BONPOC: KYHAa Ke JAeHeTCsl SHeprusi Toro M APYroro mydka?
Bene He MOeT Ke OHa YHHUTOMHTHCA?

— HKoneuHno, ner! ®pasa yueGHHMKA OTHOCHTCA He KO BCeM HO-
CEIJaeMbIM HCTOYHMKOM MYYKaM, a JHMmb K u“HrepdepeHnuHd Ha
OHOM KaKOM-auGO nyde (Ha OXHOM KAKOM-HHOYAL HAmpaBJeHHH).
Bcsi mapagokcansHocTs TakuX ¢pas, kak «Cser - cBer=TeMHOTa»
WM «3BYK + 3BYK=THIIMHA», TOJbKO KaKymasici. Henmopasyme-
HHe pa3peimwnTcs, ecJd Mbl DAaCCMOTPHM He OXHMH pa3pe3 HHTepde-
PEHIIMOHHON KApPTHHEI, Tle ABe BOJHBI OAMHAKOBOH 4YacTOTH, HO B
NPOTHBOMOJOKHEIX (basaXx B3aMMHO YHHUTOKAIOT APYr Apyra, a Bce
HHTEepdEepeHHOHHOE MmoJie B IeJOM. B HEeKOTOpHX MecTax MOJs MBI
Oynem HaGmiogath TeMHOTY, B ApPYrux (rge MNPOUCXOMHUT CIOMKEHHE
aMILIATYJ) — CBeT. JHepPrusi He YHHUTOMKMJIACh, OHA TOJBKO mepe-
pacupefeannacb. BosHukam MecTa, rie MHTEHCHBHOCTH OCBEILeHHS
6oJibIIIe CYMMBI OCBELIEHHOCTH ClIaraéMbiX, B APYIMX — MEHbIe HIH
flajke paBHa HymI0. JHepras BOJHB NPONOPLHOHAJBHA KBajgpaTy
aMIUIATY[bl, HO H3BECTHO, UYTO KBAaJpaT CYMMEI IBYX MOJOKATENBHBIX
q9muceN He paBeH, a GoJblre CyMMbl KBaIpaTOB 3THX UYHCeN:

(a+b)?=a’+ b2+ 2ab.
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JAPOMAOB, a 3aTeM MOMECTHTh MEXKAY HHMH KakOi-HMOYAb mpoapay-
HBI NpegMeT, HampHMeP KPHCTAJJb, H TeM HApPYHIHTb ORHOPOA-
HOCTh IIPOMEIKYTOYHOH MEKIY MOJAPOMAAMH Cpeibl, TO Ha TEeMHOM
¢oHe BCHBIXHET KapTHHA CBEPKAINHX KPHCTAIOB. ITHM fABJEHHEM
OOAB3YIOTCA JAJA H3YyYEeHUS HANPAKEHHA B pPAasdIHYHBIX 4YacTAX
CTPOHTEJIBHBIX KOHCTPYKIMH M pJeraned MammH. VW3 maexcuraaca
H3rOTOBJIAIOT MOJEJb COOTBETCTBYIOLEH 4YACTH M CTABAT €e B YCIO-
BHA, B Kaknmx Gymer «pabotaTh» TexHHMYeckas JgeTajb. BbisaBaHHbIE
B 3THX YCJOBMAX HAamps:KEeHMS BHYTPH MaTepHaja cO3qal0T B HeM
HEeOJHOPOAHOCTb, KOTOpas JErko MpOCJe:KHBAaeTCHd B MOJAPH30BaH-
HOM CBeTe.

ABCOMIIOTHO YEPHOE COJIHLUE

A6coarorHo yepnoe Coanne?! Uto 3To — MOTHB KapTHHBI KaKOro-
HHOYAb XYAOKHHKA-aGCTPaKIHOHNCTA HIHM rjaasa (PaHTACTHYECKOro
pomana? Hu ro, um gpyroe. A uanyuenne Hamero CoaHua meiicTBH-
TeJIbHO NPOMCXOMUT MO 3aKOHAM, GJIM3KMM K 3aKOHAM H3JIy4YeHHsA
abcomoTrno wepnoro tena. Tak HaswuiBaloT B (H3NKe TenO, KoTOpoe
gorjomaer Bce napamomue Ha Hero ayun. He ciaepyer cMemmBath
aTo (PM3MUECKOe HOHATHE C TEM, YTO OOLIYHO HMMEHYeTCH YepHBIM.
Cpenu OKpymaoLMX HAC TeJl MBI He HaiiieM HH OJHOro, KOTOpoe
ponxonmno Osf mox BemenpHeeaeHHoe onpexpeienue. HanGonee
6au3Kk0 mpubAMKAIOTCA K a6CONIOTHO YEepHOMY Tejly: YepHas MaTo-
paa OyMmara, morgomaomasa 95% mnaparomero Ha Hee cBeTa, caXka
¢ noraomennem 98%, wepumit Gapxar — 99,6%. Onmnako MoOMHO
MCKYCCTBEHHO HOJY4YMTh MOYTH COBEPIIEHHO abCONIOTHO 4YepHoe
TeNo, ecqM CcAeJaTh HeGOoJbIIoe OTBEPCTHE B CTEHKe MHOJOCTH, BHI-
nojHeHHON u3 a0Goro matepuaaa (puc. 137). BHyTpeHHHe CTEHKH
NOJIOCTH He 06f3aTeqbHO HpU 3ToM 3auepHaATh. Ilomapummii yepes oT-
BepcTHe BHYTPb 3TOrO MOJOro Tejla Jy4 Kak Oml Meuercsa B 3anajHe,
HCHIBITHIBAS [PH KAMKIOM OTpa’KeHHWH YacTHYHOe NOrjolieHHe JHep-
run. Ilycte nornomartenbHas coocobHocTh cTeHok modoctH 80%.
3naunt, oTparkenHuii ayu Gyner umerb 20% aHeprum mapamolero
ayua. IIpu BTOpOM OTpakenuMHu ocTaHeTcA Toabko 4%, npH Tperh-
eM — 0,8% u 1. 1. Hebonbmoe oKomleyko B MOjBaje KaMeTcA 4ep-
HBEIM, J@)Ke eCJM CTeHbl MojBajla OKpamieHhl B Gejblii HBET. 3pauoK
(oTBepcTe B pajy:KHoO# o06ojlouke Ijia3a) ToMe Bcerja KaKercs
4epHEIM.

He nyrtaiiTe orpaskenue cBera ¢ H3iaydeHuem. Hanydenme, 3a-
BHCSIIIlee OT TeMIEpaTyphl Teja, HAa3bIBAIOT TeMNepaTyPHLIM H3jy4e-
HueM. Mccaenopanme aToro BHaa M3JAYUeHHUA MO3BOJHMJIO YCTAHOBHTH
€ro 3aKOHBI, C HUMH MH ceifdac M nosHakoMuMcs. OfHUM U3 BaykHel-
HINX 3aKOHOB TAKOTO ManyueHMs spiserca 3akoH Credana— Boaby-
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noppobuee. Haaccuyeckas BONIHOBasA TeOpHA NMPHBORMIA K 3aKJII0Ye-
HHUIO, 9TO 3HEePrHs H3INYYEeHHA JAOIKHA BO3PACTATh HEMPEpBHIBHO MpH
nepeIBH;KeHMH MO CHEKTPY OT KpacHOi uact¥ K ¢uonerosoir. Kax
BHIHO NpPH B3TJisAge Ha KPUBhIE pacnpeleleHHA JHEPrHH MO NJIHUHAM
BOJIH, 3TO BO3pPacTaHMe HAGNIOZAETCHA TONBKO 0 HEKOTOPOro 3HAage-
HHAA, KOTOpOe ABIAETCA AJA NaHHOH KpUBOH MaKcumMymoM. B coameu-
HOM CHIEKTpe, KaK yKe CKa3aHO, MAKCHMYM HAaXOQHUTCH B €T0 KeJTo-
senenoit uactd. B duonerosoit m ocoGenno yanrpadmomeToBoii
9acTAX CHeKTpa Heprus He BO3pacraeT, a pe3ko nanaer. Coaganock,
TaKMM 06pa3oM, COBEpIIEHHO HeTepnuMoe MPOTHBOPEYHe MEMKRY
TeOpHeil ¥ ONMBITOM. ITOT KPU3UC B TEOPHH NONYUHJ Y (DUBNKOB Ha-
3BaHde «yabTpaduoieToBoit Karacrpodsi». [leicTuTenbHO, eciu Obl
He 6blI0 MAKCHMYMa B KPHMBOH HM3Iyd4eHMs, TO BCAKOE HATpeTOe Telo,
HampuMep moYBa, AOHKHO 6bN0 GbI M3JNyuaTh B IEPBYIO ouepelb He
TeILIOBLIE JIYYH, & PEHTreHOBCKHMe M eme 0ojiee KOPOTKOBOJIHOBbIE
u wxectkne» nyud. K cuacrteio, at0 He Tak. MakcumMym 3Hepram u3-
JYyYeHHA Tell, ¢ KOTOPLIMH MbI CTANKHBAGMCA B OOGLIACHHON KU3HHM,
NeKAT faneko B obnacte madpakpacueix ayueii. Cuas okoNlo HeTon-
JIeHHOH MeYyKH, Mbl OLIYHIAeM JHIIL NPUATHOE TeIlIo.

OGpaTtuTe BHHMaHWe Ha KpHBBle paclpe[leleHHs JHEpruau vep-
Horo Teixa. OQMH B3rAAJ HA 3TH KPHBbie BHI30BET y HAC BOCIIOMMHA-
HHe 0 3aKOHe paclpefesieHHs CKOpOCTell MOJEKYya HAea]LHOrO rasa,
paspaGorannom Maxcsennom (cm. yacth I, Gecema «B mupe moue-
KyJ»). Yie 9Ta aHAJIOrHA MOACKA3HLIBAET MAEI0 O TOM, YTO U 3Hep-
THSl HArperoro Tela, BO3MOKHO, COCPENOTOYeHA KAK ObI B HEKOTOPHIX
HEeHTPax M H3NYyYaeTcA OTHeJbHLIMHM HefenuMbiMu nopuusamn. Taxue
HopuuM TOJNYYMJIM Ha3BaHMe KBaHTOB. Pa3HbLIM [JIHHAM BOJH OT-
BeYAl0T Pa3NMUHbie KBAHTH. 3aBHCHMOCTH HEPrHM KBAHTA OT JJIHHBI
BOJHH H3Jy4eHHA (MJIHM OT ero 4vacroTs) Bumpasun Maxc Ilnank
(1900):

g=hv.

3nech € — 3HEpPTrHA KBagTa, VvV — YacTOTa H3NydYeHHA, H — yHHBep-
calbHasA NMOCTOAHHAA, MOJYUYHMBUIRS Ha3BaHHe MOCTOAHHON Ilnanka.
3To onHa M3 «BEJMKHX NOCTOAHHHX NPHUPOAL», MOcTapaiiTech ee
3RMOMHHUTD;

h=~6,62-10"% [Ix-c.

Jlxoyab ecth egmumna sHeprum u paGorn. Ilpoussenenme paGo-
TH Ha BpeMA BHIpa)KaeT B MeXaHMKe 0cO0YyI0 BeIWUHHY, Ha3HIBAEMYIO
«peiicrBueM». IMoaroMy KBaHTOBYI0 NMOCTOAHHYIO HR3LIBAIOT WHOT/a
TaK)Ke «KBAHTOM feiicTBus». BBenenne aroil mocroAnnoi B JOBOJLHO
choxuyio GopMylly 3aKOHA paclpeflelIeHHs DHEPruH IO YACTOTaM,
KOTOpYIO MH IpUBOAMTE He Oymem, mozpoamiuo Ilnanky npusecrn
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MEHHOE YCJOBHE: CIUVIOIIHOH JHCK ROMKeH OLITH COoelHeH ¢ OT-
PHIATEJNBHEIM TOJIOCOM GarapeH, B clly4ae COeIMHEHHMA ero C MHoJo-
JKUTEJbHBIM MOJNIOCOM TOK He BO3HMKAET MpPH OCBELIEHMH JHUCKAa.
CToneros ycTaHOBMJI TIpH 3TOM CJAEAYIOIUIMA 3aKoH: cuja (oOTOTOKA
IpAMO OpPONOPUAOHANLHA NMANAIONIEMY HA JHUCK CBETOBOMY NOTOKY.
Mu 3maeM Tenepnr o0BACHeHHE ITOro ABJEHMs: CBeT, HANAIOINUHA HA
CILUIONIHYI0 OTPHULATENbHO 3apPAKEeHHYI0 IJIAaCTHHKY, BBIpLIBaeT H3
Hee DJIeKTPOHEI, KOTOpbhie YCTPEeMJAITCA K MOJOKHTENBHO 3apAKeH-
Hoii ceTke. [lanbHeiilee HcciefoBaHHWE SIBJAEHMA OOHAPYKHJIO [Ba
obcToaTeascTBa. 1) JlnA Kaskaoro BeliecTBa CYIHECTBYeT OmpefeseH-
Hasl RJMHA CBETOBOH BOJHE!, Bhile KOTOpoil 3PdexTa BHOUBAHUA
3JIeKTPOHOB He HalGuaiomaerca. Tak, AAA uMHKa AAMHA BOJHH paBHA
0,37 MkM (yasTpadHoseroBuiii cBeT), AAaA KaauA — 0,45 MKM, aas
Hatpua — 0,68 mrM. 2) Jueprusa, a chaeaoBaTeAbHO, H CKOPOCTH
3JeKTPOHOB, BEHIOMBaeMHIX M3 METAJJa, 3aBHUCHT TOJBKO OT [JIMHBI
BOJIHBI [IAJAIONIEro CBeTa W He 3aBHCHUT OT ero MHTeHCHMBHOCTH. Boa-
HOBasg TeopHsA Oblia GeccHibHAa OOBACHUTH 3TH 3AaKOHOMEPHOCTH.

O6mbsicHende OnlJI0 JaHO JWHINTEAHOM HAa OCHOBE HOBHIX HAeH
Maauka o kBamrax. JiHmTEeHdH npuliea K BHIBOAY, 4TO CBET He
TOJIBKO HMCIIyCKaeTcA M MOTJOINAEeTCA, HO M paclpocTpaHAeTca nop-
uuaME (xkBaHTamH). CBeToBhle KBaHTHI MOJYYNJAH HaspaHue ¢oro-
HoB. CKopocTs GOTOHOB paBHa& CKOpPOCTH cBeTa B Bakyyme. B cmeTo-
BOM I[IyYKe HMMeeTcsl OrpoMHoe KojamyecTBOo ¢oToHOB. OTHejbHuIM
doToH HeceT HHUYTOKHO MAJYI0 3HEPrul0, C HalIeid TOYKN BPEHHA.
Ho Bce peso B Macmtabe — B MApe MOJeKya H aToMoB yaap ¢oToHa
MOJKHO CPaBHMTH C [ReiiCTBHEM KPyNnHOKaamGepHOro aprHiepui-
CKOTO CHapsAja B HameM MHpe (MaxpoMHpe), ocobeHHO eciau peub
uner o ¢orone yuabTpadHONETOBHIX, PEHTTEHOBCKHX HJIH TaMMa-
ayueil. Beap sHeprua ¢oToHa 3aBHCHT OT 4acTOThl KojeGaumil. [|as
yasTpaduosieTOBbIX Jy4eill OHA B HeCKOJAbKO pa3 Goibiue, ueM njs
JAANHHOBOJHOBOM 4YaCTH cIEKTpa.

dueprua doroHa €=—Hhv Opd ero NONAajZaHAHd B METAAN TPATHT-
CA HAa paspuiB CBA3M JAEKTpoHa ¢ aTomoM (A) M Ha cooblieHne Bbi-

o 2
PBAHHOMY M3 AaTOMA 3JJEeKTPOHY KHHEeTHYeCKOH 3IHepTruH m2U .
Takum 06p330M, 3aKOH COXpPaHeHHs 3HEePruH BLIPA3UTCA ypaBHEHHEM

mu
7 ?

hv=A+

rge A — paGoTa BhIXOAa; OHA MMeeT pa3Hbie 3HAYEHHA NJIfA Pa3NNU-
HLIX METaJJoB.

KsauTnl Hemenumbl. Horma Modekyja MeTaana morijollaer cser,
TO 3TO MOTJOLW{eHHe MPOUCXOAUT TOJbKo UedbiMH KBantamMu. Ocna6-
JIAA MHTEHCUBHOCTL MOTOKA CBETAa, Mbl OCTaBJifAeM JAeHCTBHE KaxJI0-
ro KBaHTa NPEeKHHM M TOJBLKO yMEHbIIaeM YHCJIO KBRHTOB.
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HsauroBas TeopuA cBeTa HE [POTHBOPEYHT BOJNHOBOI TeopHH,
KaK OpPOTHBOPEYH]a HEKOrJa KOopHmyckyispHaa Tteopusns HewoTona
TeOpHH BOMHOOOpasHoro KonebannA adupa I'oiirenca. Cama dopmy-
JIa 3HEePrHH KBAHTA& CBA38HA C BOJHOBHIMH [pEeACTABIEHMAMH, TaK
KaK cofiepKHAT B cebe 4YMCTO BOJHOBYIO BEJHYMHY — YaCTOTY KOJje-
6anuii. He npegcraBnser au coGoit aTa TEOpHA BO3BPAT K KOPHYCKY-
aapuoit teopun HeloTona, rme cBer paccMaTpuBalici Kak NOTOK
cBeTOHOCHHIX uactH? CxofcrBo OTOHOB ¢ YAaCTHLIAMH BeLIeCTBA
Re#icTBHTENLHO Goabinoe: (POTOHB, KAK M BelNECTBEHHBIE YACTHILH,
ABNAIOTCA HOocuTeaamn sHeprun. Oun uMelotr n umnyasc. Mmnyasc p
H 3HepruA € oToOHA CBA3AHBI APYr C APYTOM COOTHOINECHHEM

g==pc,

rge ¢ — CKOpOCTh cBeTa B BaKyyMe.

Ho ¢oron ne uacruua Bemmecrsa. JTO BHITEKAaeT U3 TEOPHH OTHO-
cureabHoctn Jinmreina. @OoToH MoMKeT CYINECTBOBATh TOJBKO B
ABM3KEHHH €O CKOPOCThIO cBeTa. OCTAHOBKA KBaHTa CBETa COMPOBOM-
AaeTcA MpeBpallieHHMeM SHepruu KBaHTa B APYroid Kaxkod-HMGYAb BHI
aneprun. Ilornomennnii MoneKkynoii KBaHT NpekpaljaeT CBOe CaMo-
croATenbHOe cymecrBoBaHue. CoJHIle He ABAAETCH «cKaaaom» ¢o-
TOHOB. DOTOHL! BOZHMKAIT B MpOLeCcCe MCNYCKAHHA CBETA.

AEACTBUTENbHOCTb,
MPEBOCXOASALLASA ®AHTA3UIO

JIA3EPbI

OcTpeiil TOHKHIT Ny4ox Jydyeit pyGMHOBOro uBeTa mpopesan mpo-
crpaHcTBO... MMHOBaB 3eMHYI0 aTMocdepy, OH YCTPeMJSIETCH B KOC-
MOC K [8JIeKHM 3Be3[HHIM MHpaM.

JlaBienue cBeTa, CKOHIEHTPHPOBAHHOIO HA MaNoH Ijoajgke,
AOCTHraeT MUIJInMOHA atMocdep. JIyuoM MOKHO HPOKOJOTH MM pas-
pesaTh MeTaJWIMYeCKH{l THCT M3 CaMOro TBEpPAOTO M TYroMIaBKOTO
MeTalja.

Danracruxa? Her, 3T0o mocneqnee mocTH)KeHHe KBAHTOBOM 3JIEKT-
POHMKH, M3BECTHOE IO Ha3BaHMEM «Ia3ep» HJHM, HHAYe, «ONTHYe-
CKHil KBAHTOBLII renepatop». Jlasepst moseuaucns B 1960 r. Ux mo-
ABICGHMI0 NpeauIecTBoBaiu QyHAaMeHTalbHble paboThl COBETCKHX
yuenbix B. A. ®abpuxanra, H. T. Bacosa, A. M. IIpoxoposa,
amepuranckoro yuenoro Y. Taynca. B wactnoctn, na3depsl HALLIH
ApUMeHeHHe AJfA cBepxAaiabHeil cBA3H. OHM MO3BOAMIM HMCCIEAOBATH
nopepxHoctb JIyHB, HX YCTAHABIMBAIOT HA MCKYCCTBEHHBIX CIIYT-
HMKaX 3eMJHM M HAa KOoCcMHYeCKHX Kopabusax. B myTtm nazepuw mepe-
JaI0T CHTHAJB Ha 3eMJI0 C PACCTOAHMA B HECATKM MHIIMOHOB KHIIO-
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BOrHYTOro 3epkaina (mpurtoM mnapaGoauyeckoro, a He rumepGomuye-
CKOro, kak owmnGowo mnojaran um:keHep [apMH) MaIM B riaaBHOM
doKyce IMH3H, JaeT HA YepTeske NMy4YOK HMapayieabHHX aydeid. Ho
3TO TOJLKO HA uYepTe)<e, B NeHCTBHTENLHOCTH Ke TOYEMHHIH HCTOY-
HUK HembicnuM. HeMblcinM ¥ ny4ok nmapaanenbHuix ayueid. [Ipu-
BOMUMBI B KHMIe pacyeT JOKA3LIBAET MATeMATHYECKH, YTO eciau Owl
napajuiejipHble JIyYHM M GbLIM BO3MOKHEI, TO OHU He HecaHm OHl ¢
coboii mnkakoii 3Heprun. [[oKa3aTenbCTBO OCHOBBIBA€TCA HA 3aKOHAX
ONTHKH, BBITEKAWOL{MX M3 3aKOHA coxpaHeHusa 3Heprun. Bce ¢anra-
CTHYECKHe MPOEKTHl C:KHTaHWs HA PACCTOAHMH He YYHTHIBAKT ITOTO
3aKOHA, He rOBOpPH Y O 3aKOHAX paccesHusA, qudpakunn U UHTEp-
depennun csera.

[locMoTpuM Temeps, kak jKe pelnaeTcs 3ajaua reHepalMH KoTe-
PEHTHOTO CBeTa IpH MOMOLUH JIa3epoB. ITH HOBLIE HCTOYHHKH CBeTa
AeMCTBHTENLHO M3JyYaloT [OOYTH (OHATL jKe MOYTH, HO He MOJI-
HocThio!) napamnensHuie ayuyd. Ho ¢usmuyeckas ocHoBa MXx coBep-
HIEHHO MHAafA, YeM OCHOBA ONTHYECKHX CHCTEM, O KOTOPBIX Me4Taju
danTaCTHI.

Baraanure Ha Kaxoi-HuOyAb M3 OOGBIYHEIX HCTOYHUKOB CBETa —
I1aMsl CBEYH, PACKAJIEHHLIH BOJIOCOK 3JEKTPHYECKOl JaMIOYKHM HJIH
JIOMMHECHEeHTHY 0 TpyOky. Haxne dmamueckne sABIEHHA COCTABIAIOT
CYIIHOCTh M3JIYYEeHHA CBeTa 3TUMM HcTouHMKamu? B Hamux Gece-
Aax Mbl y)Ke He pa3 Kacaauch 3toro Bompoca. Hamyuenue cmera
NCTOUHMKOM — 3TO OCBOOOK/IeHHEe IHEePTHH IPH NEePEeCKOKAX JJIEeKTPO-
HOB ¢ BHEHMIHHMX OpOMT Ha OpOMTH, pacHoJOKeHHEle Gumke K AApY.
Tenaopele JBMKEHHA YacTHI B pacKaleHHOM Tejié HIM BEICOKOE
Hanps;KeHHe B Ta30CBeTHLIX TPYOKax 3a0pOCHIIO 3JEKTPOHBI Ha
BHeIIHHe OpPOMTHL M npuBeJO aToMbl B «BO30YK/IEHHOE» COCTOAHMeE.
ITO CcOCTOAHME HeyCTOH4MBO, M moutH MrHoBenHo (uepes 1072 c¢)
3JIeKTPOHH BO3BpAI{alOTCA HA CBOM HOpMaJbHbie OpPOMTHI, OTAaBas
npM 3ToM COOOI{eHHEIH MM W3JIHHIEK JHEPrMM B BHIe KBaHTOB M3-
Jy4YeHHUsl.

B 3aBMCHMOCTM OT NOpPUMHM 3JHEPTHM, OTAABAEMOH 3JIEKTPOHOM
NpH mepexojie ¢ OfHON OpGMTH Ha APYrylo, HIH, XPYrUMM CJIOBaMH,
npu nepexojge aToma ¢ ypoBHs aHeprum E, Ha yposenn FE,, uacro-
ta v muaaydaemMoro ¢oTroHa MO:KeT GHITh BHIuMcIeHa mo d¢opmyie
(ee cBA3HIBAIOT ¢ MMeHeM 3HaMeHHTOro ¢uauka Bopa):

hV=E2—E|-
nOCKOJIbe MJHHA BOJHBI A cBfAzaHA € 4YACTOTOH V COOTHOUIEHHEM
[4
A—_—-T, NpHXOAUM OTCHOJa K (bOpMlee:

hc

YE-E

146



Yem Gamke opOHTa, ¢ KOTOPOH NPOMCXORHUT MepPexol JIAEKTPOHA,
K «HeBO30Yy)KXeHHOW» opOuTe, TeM MeHbIle dHepras KBaHTa H TeM
Goaplie JJMHA BOJHBI M3Ty4eHHA.

Tenepb mopymaiiTe, Kakoe rpoMajgHOe KOJWYECTBO ATOMOB YYACT-
ByeT B mpolecce H3Ny4YeHHs CBeTa, CKakeM, csBeuoil. Begb B HH-
4TO)KHOM o0beMe BellecTBa pasMepoM ¢ OyJaBOUHYIO TOJIOBKY 3a-
KJII0Yal0TCcA MHWLIMADALRI MHJIITNADAOB aToMoB. Boaby)kaeHue MX mpo-
HCXORHT HEONHOBPEMEHHO, MOITOMY M OTJa4a JHEPruH BO3BPAIIAKO-
IMMHCA HA CBOM HOPMAJIbHEIE OpOHMTH 3JIEKTPOHAMH HPOHUCXOTUT
HEOHOBpeMEeHHO, a Cly4aiiHo, OecnopsioMHO, ¢ H3NAyYeHHEM pas-
JUYHBIX KBaHTOB C DAaaJWYHLIMH JJINHAMH BOJH, CJOBHO HECTpOMi-
HbIi MHOTOTOJIOCHH XOp, KOTOPHIA cC037aeT HEeBOOOpPaaHMHIH IIyM,
KOrjJa KaKALIH MoeT cBoe, KTO BO YTO ropasf.

Tenepr paccMOTpHM, KaKHe Npoumeccs HPOHCXOAAT B Jja3sepe.
OuM OpHBOIAT K TOMY, YTO BMECTO XAOTHYECKOro (HEKOTepeHTHOro)
CBETOBOTO M3JYYeHHS POKAAETCA B BLICOKOH CTeNEHH YHNOPAIOUYEH-
Hoe (KOrepeHTHOe) H3JNYYeHHe, XAPAKTEepH3YIolleecA MOHOXpPOMA-
THYHOCTBHIO M BHICOKOH HANPAaBJIEHHOCTHIO.

Haxk Boaumkaet Takoe manydenue? Ilpeanonoskum, 94To HA HEKOTO-
poe BelecTBO mnafaeT (POTOH, BHEPrHA KOTOPOro paBHA Ppas3HOCTH
sHepruii ypoBHeil aToMoB BewmecTBa (Av=F,—E,). Ecan atomm
BEIleCTBA HAXOMWJINCH B HeBO30YKIEHHOM COCTOSAHHUH, T. €. HA YPOB-
He E,, To mnponsoiizer noraomenne ¢oTOHA, CONMPOBOKIAKOIIEECA
nepexoaoM aToMa ¢ ypoBHa E, na yposenb E,. Ecaum aTomnl Beinect-
Ba HAXOAWIHCH B BO30Y)KIE€HHOM COCTOAHHH, T. e. Ha yposue E,, To
paccmMaTpuBaeMblii ¢OTOH He mnorjiomaercA, a BeI3LIBaeT (MHH-
uuApyeT) mepexox aroMa ¢ ypoeua E, na yposens E, ¢ mcmyckanmu-
eM eme ogHoro ¢orona. ITOT mpouecc HA3EIBAIOT BLIHYKAEHHBIM
WM MHAYUHDPOBAHHHIM HCIYCKAHHUEM, IMOCKOJIbKY OH IPOMCXOAHT He
caM 1o ceGe, He caMONpPOM3BOJHLHO, & NOJ BJIMAHHEM BHEIIHEro BO3-
neiicteuA  (co crToponbl ¢otoHa). CyiecTBeHHO, 4TO poAHMBIIMiicA
OpH BBEIHY;KIEHHOM HCIYCKaHMH (POTOH MMeeT TaKHe jke TOYHO Xa-
PAKTEPUCTHKH, YTO M NepBHYHBIH (POTOH,— He TOJNBKO TAKYyI0 Ke
3HEePruio, HO M TaKoe jKe HampasiieHHe ABMKenusa. HoHeuno, napsany
¢ mOpoueccaMM BHHYKIEHHOTO HMCIYCKaHHS, BO3MO)KHO TaKKe H
CaMONpPOM3BOJbHOE HCOyCKaHWe (ero Ha3eIBAlOT CHOHTAHHEIM) —
KOrja aToMbl BOsBpamjalorca ¢ yposHa E, na yposenb E, camu mo
cebe, Ge3 BuemHero soapeiicrBusa. Takum o6paszoM, BO3MOKHBI TpH
OCHOBHBIX mpouecca: 1) moriaomenne ¢OTOHA HEBO3OYKIEHHBIM
atomom (pmc. 143, a), 2) cmonranHoe ucmyckanuwe d¢oroHa Boa-
6ymaennsiM atomom (puc. 143, 6), 3) BRIHYKIOeHHOe HCIYCKaHHe
¢orona BosbyxaennnM atomom (puc. 143, 6).

Ilponecc BEIHYKIEHHOrO MCIYCKAHHMA CBeTa HrpaeT B Jasepe
OPHHUHONWAABHO BaKHyl0 poab. Ilpomeras MHMO BO30YKIEeHHBIX
aTOMOB, BHIHYKIEHHO HchylnenHble ¢OTOHE GYayT, B CBOIO Ouepenb,
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HHAIAHPOBATL POKACHHE HOBHIX M HOBEIX (DOTOHOB, TAK YTO MOMKeT
BO3HHKHYTH Hesas nauHa ¢ortonos. U Bce oHM GymyT MMeTh OMHA-
KOBYI0 3Hepruio, Bce oHH OYAyT ABHraTbcsi B OJHOM HAINpPABJICHHU;
BpeMeHa HMX pOKAEHHA OyAyT He CAYYaHHERIMH, a COrJACOBRHHBIMH,

B peayibraTre m BO3HHKHET KOTepPEeHTHOe U3nydeHHe.

U3 ckasanHoro scHo, 4YTo AJAA paGoTH Ja3epa HEOGXOAHMMO,
npexae Bcero, 4To0b! MPoOIECCH BHHYKAEHHOT0 HMCILYyCKAHHA CBeTa
npeobnamaid  HAJ OCTAJIBHHIMH NPONECCAMHM — HAJ CHOHTAHHHM
ACIyCKaHMeM CBeTa M HAJ MOIJoleHHeM cBeTa. MBI y:Ke oTMeuallH,
YTO MOIJIOIeHHE CBEeT& MPOMCXOANT, KOTA& ATOM HAXOOHUTCA B He-
BO30YI€HHOM COCTOSHHMH, TOTJA KaK AJIA BBIHYKIeHHOro HCIyCKa-
HHUA Heo0XoguMo, 4TOObL aTOM HAXOJAHJCA B BO30YKIEHHOM COCTOA-
HHUA. 3HAYMT, OAA OPeoGIagaHMA BHHYKACHHOTO MCHYCKAaHHA Haj
norjoiieHHeM HaAo, 4To6bl B BO30Y:KIEHHOM COCTOSIHHMH HAaXOAHIIOCH
6onbiie aTOMOB, 4eM B HeBO30YxAeHHOM. B o6HYHLIX yclOBHAX «3a-
CeJIeHHOCTh» JHEpPreTHYECKUX YpPOBHelH yObiBaeT B HAMpaBJIeHHH OT
6onee nuaKux K Gosee BrcoxkuM ypoBHAM. HaMm Bakno, uro6m mmesa
MecTo o0paTHas CATYallMs — HaNO, YTo6b Ha ypoBhe E, naxoguaoce
Gosnbmie aTomoB, 4eM Ha ypoBHe E,. Takoe pacmpegeneHme aToMoB
00 9HEepPreTH4YeCKMM YpPOBHAM HA3bIBAIOT OOPaI[eHHHIM HJIHM HWHBEPTH-
poBaHHBIM. B aTOM cilyuae roBopAT, UTO MMeeTcA MHBEPCHSA 3aceJeH-
HOCTeH JHepreTHUeCKHX YpOBHEH.

Hrak, neobxogumo peanmsoBarh cocrosune mHpepcuu. Ha mpax-
TUKE 3TO COCTOSIHHME peanu3ylT, Hampumep, B pyOmue. Peubr mier o
TOM caMOM pyOHMHe, KOTOPHI# XOpomIO H3BECTeH KaKk AparomeHHbIi
KaMeHb, HCNOJb3yeMblii B KadecTBe YKpalleHHs HJIA KoJel, Opoliex
M Ipyrux ioBeampubix mnagexuii. PyGumu npepcraBnaser coboil okcup
AJVIOMHHHA, B KPUCTAJNINYECKOH pelleTKe KOTOporo HeGosbuias
YacTh ATOMOB AJIOMHHHSA 3aMellleHa MOHAMH XpoMa (mpHMech XpoMa
cocrasaser ot 0,05 mo 0,5%). Xpom moriomaer Halydenue Kel-
TOrO0 ¥ 3€JIeHOr0 YYacTKOB CHEKTpPa ¥ NMpONyCKaeT KpPacHLd M opaH-
eBBlii [BeTa. IOTHM OOBACHAETCA BEJIMKOJENHBLIN KpacHB IBeT
pybuHa. B mnacrosmee BpeMs KpHCTaJAIL pPYOHHA BLIPALIMBAIOT
HCKYCCTBEHHO.

Honn xpoma ABIAIOTCA KAK pas TeMH CaMbIMHM YacTHIAMHM, BHI-
CBEYMBAaHHEe KOTOPHIX M NPHBOIHT B KOHEYHOM cUeTeé K BO3HHKHOBE-
HHIO JIa3depHOro ayua B pyOmuoBoM Jjasepe. [lia Bo3by:KneHHA HOHOB
XpoMa HCHOJb3YIOT BCIOMOraTeJIbHOE H3lyYeHHe — OT CIenHaNbHON
ragopaspagHoi Jamnbl Ha Kcenone. JlamMna paboraer mo ToMy ke
OPHUHIMIY, 9TO M JAMOBI-BCOLILIKH, NpHMeHseMmuie d¢oTorpadamn.
Hmnyascw cBeTa, HCmyckaeMoro JaaMuoii, mOrjoiaioTcA pyOHHOM
HJIHN, TOYHEe roBopsi, HOHAMH XpoMa B py6mHe. ITy JNaMIly NpPHHATO
HA3bIBATH JIAMIIOH HaKa4KH.

Ha pncynke 144 nokaszaHml TpH sHepreTHYeCKAX YDOBHA HMOHA
xpoma; oun oGosnauenn nudpamu I, 2, 3. Ilornorus dorton zeneHo-

149



ro HBeTAa, MCOYHIEHHBIH JIaMOOH HAaKAa4YKH, MOH XpPOMa NEepPexoguT ¢
ypoBua I Ha ypoBenb 3. Tam oH ocraeTcA BechbMa HEROIro (OKo-
no 1072 ¢) n 3aTem cnoHTaHHO mepexogMT Ha ypoBenb 2. MabuiTok
dHEepPrHHM I[peBpallaeTcA B KoOJe(aTeJNbHYI0 HHEPrui0 KpUCTAILINYe-
cKoif pemetkn py6una. Ha ypoBne 2 moHsl XpoMa MOryT ocTaBaThCs
6ea BHewIHero BoaeiicTBHA oTHOcHTENbHO Aoiaro — ao 1073 ¢. 3a aro
ypoBeHb 2 MOJAY4NJ HAa3BaHUEe MeTacTabuiabHOro (NoYTH cTabmibHoro)
ypoeHa. B peayabrare okasbiBaeTcsl BO3MOKHLEIM HAKOIIEHHEe HOHOB
Ha ypoBHe 2 M co3[laHMe MABEPCHM — KOTAA Ha YpoBHe 2 HAXOXMTCA
Gonbmle NOHOB, YeM Ha ypoBHe 1.

Teneps paccMoTpum cieRyouiMii BONpoc: KakuM o6pasoM MOMKHO
HOoOMTBLCA TOrO, YTOGH BEIHYKICHHOE MCNYCKAHHE B KAKOM-TO ONpefe-
NeHHOM HANpPaBJeHWUN B MNPOCTPAHCTBE CYU[ECTBEHHO Mpeobmanao
HaJl CIIOHTAHHHM HCIYCKaHHeM, KOTOpoe NMPOUCXOAUT BO BCe CTOPO-
HbI? JTO OYeHb BaKHbIA Bompoc. Bexs mo6oit doron, ucnyumeHHbi
HOHOM XpOMa NpH CHOHTAHHOM Mepexofe ¢ ypoBHA 2 HA ypoBeHb I,
cnocobeH MHULRUMPOBATH pPOKACHHE [eJod JaBUHBI BHIHYKIEHHO
ucnymeHHuX (oronos. flcHo, uto 3ra goronnas nasuna Gymer pac-
NPOCTPAaHATLCA B TOM jKe HaNpaBJeHUH, B KOTOPOM JeTesl NMepBHY-
Hulfi cnontanubiii ¢oron. [lockonbky cmoHTaHHbie (OTOHBI MOryT
BEIJIETATb B CaMLIX PpasAUYHBIX HAMPaBICHHUAX, TO, CJEAOBATEJbLHO,
H MHMUMHDOBaHHbIEe MMM (POTOHHBIE JABMHLI OYIYT PacnpocTpPaHATH-
€A TaKKe B PasHLIX Hampapienusax. Heobxonnmo kakuM-to oGpazom
OTPRHMYUTH Pa3BUTHEe BceX 3THX (POTOHHHX NAaBUH, CO3NAB B TO Ke
BpeMA HanGosee GraronpuATHHIE YCJOBHsA [JJA PA3BUTHS TOJBKO OfI-
HOl QOTOHHOIH JAaBMHHE — JIABUHEI, PACHPOCTPAHAIONUICHCA B HEKOTO-
poM ompejelleHHOM (BbileleHHOM) Hanpasienun. [{as storo py6u-
HOBRIfl KPHCTAJLI H3roTaBJIHBAIOT B BHJe UMIHHAPUYECKOrO CTEPHKHA
(Tonmuuoii ¢ Kapanmam u gauuoil fo 10 cm), Topusl cTepmHa 06-
TAYMBAIOT CTPOro MAPANJENbHO [PYr APYTY, TIIATEJbHO MOJHMPYIOT,
a 3aTeM cepeOpAT Tak, 4To6LI OHM 00pa3oBaJM ABA B3aMMHO Mapaj-
JeldbHHX 3epkaabna. C OHOTO KOHIA cTep)KHA cepebpeHHe MeJar0T
IJA0THOE, ¢ Apyroro moaynpospaunoe. Hampapienue ocu pyGuHoBoro
CTep)KHA W HABISETCA TEeM CaMhIM BhLIJ[eJIeHHHIM HampaBJeHHeM,
BJI0JIb KOTOPOTO M 6YyAeT peajn3oBaHA TeHepalus Ja3epHOro Hajyuye-
Hug. OueBHIHO, 4TO €CAM CHOHTaHHBIA (OTOH cay4ailHO BHUIETHT
I0[ yrioM K yKa3aHHOMY HaIlpaBJIeHHI0, TO OH OYeHb GHICTPO MOKH-
HeT cTep:KeHb (uepe3 ero GOKOBYIO CTEHKY), TAK YTO COOTBETCTBYIO-
m@ad ¢doToHHAA JlaBHHA He ycmeer pasBUTheA. Ecan cnoHTaHHEIM
doron cayuailHO poaUTCs B HANPABJIEHMH OCH PYOUHOBOrO CTEpIKHA,
TO OH MpPOHJET BCIO [IHHY CTep)KHA, KoTopas (bakTHYeCKH MHOro-
KPaTHO BO3pacTaeT BCJAENCTBHE MHOTHUX IMOCJIEIOBATEJbHEIX OTparke-
HUi M3JY4eHHsA OT 3ePKAJbHBEIX TOPHOB CTEPHKHA.

Ha pucynke 145 mpefcraBieH cxemMaTHYecKM Jasep Ha pyGuue.
Py6unoBuii crep)keHb (AKTHBHBIA 3J€MEHT Jlazepa) OOBHT CIIMPAJb-
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HOit TPyOKOii JaMDul HaKayku. JlasepHoe M3jaydyeHHe BHIXOTUT C TOP-
I1a CTEP:KHA C NMOJYNpPO3payHbLIM mocepebpeHneM.

Ha pucynke 146 usofpaskenn nociefoBaTeNbHO CTagHH ONUCAH-
HOrO0 Bbillle. Mpolecca: A) HepBOHAYAJILHO HOHH XpOMa HAXOMATCH
B HeB030y KIE€HHOM COCTOSTHMH, T. €. HA ypoBHe / (uepHble TOUKH Ha
pucynke); B) Hakauka cBeToM KceHOHOBOUH jnaMnH-Bensimku (6Gec-
NOPAROYHEIE CTPEJNKH HA PHCYHKe) HepeBOXHT GONbLIYI0 YaCcTh HOHOB
xpoMa B BO30y:KIeHHOE COCTOSIHHE, B pe3yjbTaTe Hero OHM HAKall-
auBaloTcss Ha ypoBue 2; B) 3apommaerca doronnas nasmHa, MHH-
nMMpoBaHHasA (POTOHAMH, CHOHTAHHO PONUBLIIMMHCA BAOAL OCH
kpucraiaa; I') u 1) doronnas naBuna orpazkaercsi momepeMeHHO
OT TOPLOB KpHCTaJla H, HpoXoAsa Goasiloif myTs B KpucCTajie, 3Ha-
unTeAbHO ycuansaercsa; E) BricBeunBaeTcA AasepHHl MMOYJIbC.

B manHoit Gecege Mbi OrpaHMYHJNCHL ONMCAHHMEM TOJBLKO Jazepa
Ha py6une, paGoraiomero B uMmyiabcHoM peskume. Takos Gnut mep-
BHIiT J1asep, co3ganHeiid B 1960 r. C tex mop 6HIO CO3MaHO MHOKeCT-
BO DPa3H006pa3HBIX THIOB JIa3epoB, paGoTalOIUMX B pPa3jiMyYHHX pe-
muMax. CymmecTByOT HempepbIBHO HaKauMBaeMule Jasepl (sHeprmsa
BO30YH/IeHHA NMOCTYNaeT B aKTHBHHI 3JeMEHT Jjla3depa HEMpPEephIBHO),
H3JIy9eHHe KOTOPBIX HMeeT BUA JuGO HENpPEepHBHOrO CBETOBOTO IO-
TOKa, JHGO peryjsApHOH NOCJIeIOBATEALHOCTH CBETOBHIX HMIYJIbLCOB.
Yacrota cieqoBaHdA JlazepHLIX MMOYJILCOB MOKET OHTbL OYeHb BhI-
cokoit — no 107 uMmysnbcos B cexymmy. Jlazepwm ¢ MMOyabCHOM Ha-
Kaukoll (sHeprusa Bo30yKAEHHA NOCTYNAeT B AKTHBHEIA SJeMEHT
OTAEeNbHBIMH HMIYJIbCAMH) MOFYT HM3Jy4aTh «FUTAHTCKHE UMIYJb-
chl» (anuTeabHOCTs MMmyabca 10~% ¢, MHTEeHCHMBHOCTL UMIOyabca B
makcuMyme o 10° kBT), a Takke cBEPXKOPOTKHME CBETOBHIE MMIYilb-
cH (mauTensnocts uMnyasca 107'? ¢, MHTeHCHBHOCTL B MaKcHMyMe
mo 10° kBr). B kauecTBe aKTHBHHIX 2JIeMEHTOB JIa3ePOB [PHMEHAIOT-
CA pa3jAMYHbIe KPHUCTAJUIBI, CTeKJa, HOJIyMPOBOAHHKOBLIE MaTepUAJIbl,
KHIKOCTH, A& TAaKKe rasoBble cpeAnl. [luA BoaGyKJaeHHs ra3oBHX
AKTUBHBIX CPefi MCHOJb3yeTCA JMeKTPHUECKHid paspsaf B rase.

VKakeM OCHOBHBIE THIH! Jla3epoB: a) TBepAOTeJNbHEE (Ha PyGuU-
He, HA TpaHaTaXx WM CTEeKJaX, akTHBMPOBAHHHX HeoguMoM); G) ra-
3opaspAgHEe (HA CMeCH TeJHs M HeOHa, HA MOHHU3OBAHHOM aproHe,
Ha YrJeKHCJOM Trase); B) KHAKOCTHbIE (HA PacTBOPaX OpPraHMYECKHX
KpacHTeneil); r) MoJyNpOBOGHHKOBbE (HA YACTHIX MNOJYIPOBOXHM-
Kax, Ha KOHTaKTHPYIOIMX APYTr ¢ APYroM IPHMECHBIX MOJYIPOBOL-
HHKax pasHoro tuma); A) XHMUYecKHe (Ha rasoBeIX CMeCfX, B KO-
TODHIX MPOHCXOAAT XMMHUYeCKHe DeaKIHN ¢ BHeJIeHHeM JHepruu);
e) rasogMHaMMyYeckue (Ha peaKTHBHOW cTpye rasa). CymecTByloT
U ApyrHe THIbI JazepoB. OgHako yxke 3toro Gersoro nepedns BIOJHE
AOCTATOUHO, YTOGHI MOYYBCTBOBAThH, HACKOJBKO Pa3HOOGPA3HE! Jasephl.
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NNA3EPbl OBPABATBLIBAIOT MATEPUANDLI

CerofHsa TPyAHO Aake MEPEYHCJIUTh BCEBO3MOKHBIE NPUMEHEHHUs
Ja3epoB B HayKe M TeXHUKe. Jlazepsn! HCHOJIL3YIOTCA B COBPEMEHHOIA
U3MEPUTENbHOH TeXHUKe — JJIsd ONTHYECKOH JIOKAUMHM, B TEOHEe3HH,
INA CBEepXTOYHBIX HM3MEpPeHMil pacCTOAHMl, JHUHEHHHIX U YrJOBHX
cKopocreil, yckopennit. Bce mmpe BHegpsAiorcs B NPAKTHKY Jiasep-
Hble MeTONH KOHTDOJIA 33 cocrosgHueM atMocdepH (cTemeHb M Xa-
paKTep ee 3arps3HEeHHOCTH), KayeCcTBOM pa3/IMYHLIX H3[euil, Ha-
JUYHEM B TeX WJIM MHBIX HeTajAX BbHICOKHX MeXaHM4YeCKMX Hampssxe-
HUil uau BHyTpenHuXx JedextoB. PasBuBaioTca cucTeMb! Ji1a3epHOid
cBA3M (Ha3eMHHEE, NOJABOAHKEE, KocMUYecKue). JlazepHoe uaNydeHnue
HaYHHAIOT HCHOJb30BaTh M B COBPEMEHHHIX BBIYUCJIHTEJbLHHIX KOM-
ILUIeKCaX — JJisl XpaHeHus, MOUCKa, nepefavyu u obpaborku mHpopma-
unu. Hakomten Gosbinoii Matepuan mo apdexTHBHOMY MpUMEHEHUIO
JIa3epoB B MeAMIHHE; CO3NAaHHl Jia3epHble YCTAHOBKH JJisi BbIIOJIHE-
HHA CaMHBIX Pa3JUYHHIX XHPYPruv4ecKHX omepaiuii, BrJI0uas omepa-
MU Ha YesloBeyecKOM riasze. Bcero u He nepewucnuimib. HauGosee
MIUPOKO JIa3epH HCHONbL3YIOTCA A o6paborku MarepuanoB. Umenno
3TMM MpUMEHEHUAM Jia3epOB MH H YJAeJMM BHHMaHUE B JaHHOU
6ecene.

JlazepHulii ayd MokHO cHOKYCHPOBATL B CBETOBOE MATHO, MMeEIO-
mee puamerp Bcero 10 mrM. B peayabrate ypmaercsa peajnaoBaTthb
O4YeHb BLICOKYI0 IUIOTHOCTb CBETOBOW MOIIHOCTH B mpefesax MajeHb-
Koro yuyactka moBepxHoctu. Ilpeamonosxum, uro MolHOCTL Hempe-
pHBHO reHepupyiomero Jjasepa cocraBaser 0,1 kBr. @okycupys
u3jnydeHHe Jnazepa B naATHO AuaMerpoM 10 MKM, MH HOOJydYuM
MJIOTHOCTb CBeTOBOH MoliHocTd (B Mpefejsax MNATHA), pas-
nyio 10° kBr/cM%

PaccMorpum dusmyeckHe mpouecch,, BO3HHKAIIHE B BeliecTBe
IIPH BO3[efiCTBHU HA €ro MOBEPXHOCTb MOI{HOTO JIA3e PHOTO U3JAYUYCHHUS.
Korma naoTHOCTL MOIHOCTH, BO3pacTas, JOCTHraer 3Ha4YeHUH MoO-
panka 10? kBr/cm?, Hauumaerca nuaBienue Marepuana. Ilo mepe
NOCTYIJIeHUs] CBETOBOIf dHeprHy rpaHuIa MeAY KUAKOH M TBepHoil
dasamu mocTemeHHo mMepeMelljaeTcs B ray6b martepmasa (puc. 147,
a). Tlpu 3TOM mAOIIAAL MOBEPXHOCTH PACCMATPHUBAaEMOi TpaHHILI
YBeJIMYMBAETCA, TeILIoTa Ha4YuHaeT Gojiee UHTEHCUBHO OTBONUTLCS
B ryGMHHLIE CJIOM 33 CYeT MpoHecca TEMJONPOBOJHOCTH, B pe3yJb-
TaTe YCTaHABJHMBAeTCA ONpenelieHHas (B JajabHeiflleM He MeHsIO-
masca) rpaHdia Mexay Kugkoi u Teepuoil (pasamu. IloBhicuM
OJOTHOCTh CBETOBOH MOILHOCTH, MAJaiolielf HA MOBEPXHOCTh MaTe-
puana, go 10°—10* kBr/cm®. Temeps, napsny ¢ naasieHueM, Gymer
NPOMCXOMTh MHTEHCUBHOE HcmapeHue (KunmeHue) matepuana. Yactb
BelllecTBa mepeiifier B mapooGpa3Hoe COCTOsIHHe, ¥ HAa MOBEPXHOCTH
martepuana ofpasyercA JyHKa, HavHer (opMuUpOBaThCA OTBEpCTHE
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HUs OTBepPCTHii, Tle BA)KHO HHTEHCHBHOE HCONAPEeHMe MarepHhaJa,
noaxonar OGojiee UHTEHCHUBHEIE W Gojiee KOPOTKHE HMMIYJIbCEI
(10~*—107% ¢).

IIpumensloTea paznuyHbie BUAB JiazepHoil o6paboTkH MaTepHa-
JIOB: CBapka, TepMooGpaboTKa, pe3aHue, NpoOUBaHUE OTBEpCTHIA,
YRaJeHUe 4acTH MaTepHala.

Capka jazepHHM Jy4oM o0jafiaeT HeJbiM PAKOM NpeUMyLlecTB
N0 CpPaBHEHHIO ¢ APYruMu BHxaMu cBapku. [IpeanososkuM, Hanpu-
Mep, YTO HAfO0 NPHBAPHTH KAKYIO-TO MAeTajib BHYTPH OTHASHHOTO
BaKyyMHOro oosema. Ilycts 310 6ymer CTeKJIAHHBIA 6ajIOH KaKOTO-
HUOyAL anexkTpoBakyyMmuoro npuGopa. @oxycupysa nasepHsiil Jjyu
BHYTpPb 6ajlIOHA B HY)XHOM MECTe, MOKHO BBHINOJHUTL HEOOXOZUMBIH
peMoHT, He cHuMas camoro Gansmona (puc. 148). JlasepHmiM Jyuom
MOKHO NPOM3BOJUTh CBAPKY B Pas3JUYHBIX TPYAHOLOCTYNHBIX Mec-
tax (puc. 149). IIpn Takoii cBapke mpoucxomut GHCTPO M C BHICO-
KOl TOYHOCTBLIO MPONJIABJICHUE B 3aJaHHOH TOYKE HJIM BAOJbL 3afaH-
Hoit sunun. [lopBepraiomancsa TemjnoBoMy BO3IEHCTBHUIO 30HA HUMeeT
O4YeHb Majible Pa3Mepbi, YTO BA}KHO, B YACTHOCTH, B TeX clydasx,
KOrja cBapKa IMpPOH3BOGMTCA B HENOCPEACTBEHHONl OGJanaocTHm oOT
YyBCTBUTEJNbHBIX K HAPEBY 3JIEMEHTOB.

C noMoibio J1a3epoB BHIMOXHAIT He TOJLKO MHKPOCBAPKY, HO H
cBapKy 0onbmMXx AeTajieil, HANpUMep NPUBAPHBAHUE HAKOHCUHUKOB
K JIONacTAM Ta3oBLIX TYPOGHH, PeKYIUX KPOMOK M3 3aKaJeHHOMH
CTaJU K MOJIOTHAM METAJUIOPEKYINUX MHJ, CBAPKY KY30BOB aBTOMO-
Guueit, razonpopogoB u T. A. C moMowbio Jlasepa CBapMBAalOT He
TOJILKO MeTaJIbl, HO M CTeKJSIHHBLIE H3TeJus.

IIpn oGsyuyeHnHu JaszepoM NOBePXHOCTH MeTajLla HNPOHUCXOAUT
oueHb ObcTpOe HArpeBaHUe TOHKOTO MOBEPXHOCTHOTO CJIOA B TOM Mec-
Te, Kyna cokycupoBad Jjasepunit ayd. [lo mepe mepememenna nyva
HA JApyrue Y9acTKHM MNOBEpPXHOCTH NPOMCXOZUT CTOAbL Ke GwicTpoe
OCTHIBAHHE HATPeTOro Y4YacTKa. JT0 HCHOJAb3YIOT IJA 3aKAJKH MO-
BEPXHOCTHBIX CJIOEB, NPHUBOAAINEH K CYIIECTBEHHOMY NOBHIIEHUIO
npounoctu. JlaszepHas 3aKajika MNO3BOJAET OCYIHECTBJATh H3GUpa-
TeJbHOE MOBHIIICHUE NPOYHOCTH ONpEeAeJIeHHHLX YYACTKOB NOBEpX-
HOCTH — TeX, KOTOphle B HauboabIleld CTeneHw MORABEpraloTcA HU3HO-
cy. Hanpumep, jiasepHylo 3aKajKy € ycnexoM NPHMEHAIT B aBTO-
MOOHJIECTPOGHHH — AN YNPOYHEHUs TOJIOBOK IMJIMHJIPOB ABUTrare-
Jdeil, IHecTepeH, HANPABJASIOMIMX KJIANAHOB, pacHpefeJuTeNbHBIX
BAJIOB.

Ha pucynxe 150 unsobpaskeH npouecc JasepHOro pesaHus He-
praBetomeit cranu. C nmoMombio JlazepoB MOMKHO GBICTPO M XOPOLIO
paspe3aTtbh caMmbie pasHOOOpasHbie MATepPHAJB — OT JIUCTOB METAJLIA,
KepaMUKH, crexia g0 (aumepnl, GyMaru, obuiunoit tkauu. Ilpu atom
NoJIy4al0T TOHKHE M TOYHEIE pasMephn!, a TaKe paspeanl MO CJAOMK-
HOMY npoduiio B ABYX M Jake B TPeX U3MepeHHUsX.
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MOINHBIE JlazepH — €O cpefHe#t MouHOCTHIO usayyenns 0,1 —1 kBr.
KpoMe Toro, cTpys KHMCAOpOJa NOAXBATHIBAET W YHOCHT M3 30HH
pesaHus pachjaB BMecTe C NPOJYKTaAMH CTOPaHHA METaJjla, a TaKiKe
OXJIAJKIAeT NpHJeraionige K 30He pe3aHHsA ydyacTku. B peaysabrare
yBenuuuBaloTca raybHua u ckopoctbh pesanns. HempepmBHo reme-
pupylomuii nasep mMouHocthio 3 KBt paspesaer sucr THTana ToMIH-
HO# O cM co cxopocthbio 0,5 M/muu. IIpn mpumeHenun KucjaopogHoro
AOOAXYBA TOT 7K€ Pe3yJIbTAT NOCTUTAeTCHA MPU MOINHOCTH M3JyYeHHs
0,3 xBr.

Jlagepul mMuUpPOKO MCHONB3YIOTCA CerofHs AJsA NPOGHBAHHA OTBep-
CTHA B pa3anyubix Marepuanax. Jlus nasepHoro mpo6uBaHMA OT-
BepCTHiA XapaKTepHa BHICOKAafA TOYHOCTb, C KaKO#l (DUKCHpPYIOTCA mO-
JIOYKEHHA OTBEPCTHil, BO3MOKHOCTh OPUEHTHPOBKH OTBEpCTHA (DAKTH-
YeckH B JiioGoM HanpaBneHuu. JlazepoM MOHO mpo6MTL OTBepcTHE
oueHb Majyoro auamerpa — 0,1—0,5 mm. C nomowbio sazepoB moay-
4al0T OTBEPCTHA B OYeHb XPYIKHX MaTepmajiax, HampUMep B Kepa-
MUYECKHX [UIKTAX, & TAK)KE B OYeHb TBePABIX MATEpPHAJIAX, HAPUMEP
B ajMa3ax, NMpeJHA3HAYEHHBbIX JJISl NMPHMEHeHHs B KadyecTBe dmibep
IJiA NPOTATMBAHUA NPOBOJIOKH. 3aMEeTHM, YTO BCJEACTBHE BHICOKOMH
XPYNKOCTH KEepaMMKW CBepJeHue OOHYHHIMH MeTOHAMHM BHINOJNHANIT
O0HYHO HA «CHIPOM» MaTepHaje — K0 TOr0, KaKk OH MOJABeprHercs
o6xury. EcrecTBenHo, 4T0 Npu 0Gxure pa3Mepn H3JeNUA U MOJIOKe-
HHA OTBepPCTHH HAa NMOBEPXHOCTH H3NEJNHA MOTYT HEMHOTO W3MEHHTh-
ca. JlasepHoe npoGuBaHMe OTBepPCTHH NPOU3BOJAT yiKe mnocjae 06-
MHUTa, MNO3TOMY 3Jech MOAOOHHX mpobseM He Bosuukaer. Ilpum arom
MOKHO NPOOHMBATH OTBEPCTHA, PACHOJNOMKEHHEIe BOJM3H APYT OT ApPY-
ra, a TaKKe B HEMOCPEACTBeHHOH GIM30CTH OT Kpas MJIACTHHEI.

Bce Gomee mmpokoe nmpuMeHeHWEe HAXOHAT JIasephl B MAKPOIJIEKT-
ponuke. JlazepHaAa MHUKPOCBAPKA HCNOJNBL3YETCA NPH HUITOTOBJICHUHU
Pas3iuYHBIX KOMIOHEHTOB JJICKTPOHHHEIX CXe€M, a TaKKe MJIA IOAroH-
KH NapaMeTpoOB KOMIOHEHTOB K 3afaHHoMy nHoMunaay. IIpu naroros-
JEeHHN KOMHOHEHTOB CXeMBl C(OKYCHPOBAHHLIM JIA3EPHHIM JIyYOM
yOnpaior (3a cYeT HCHAPEHHA) YACTh METAIMYECKOM MJM NOJYHpo-
BOJHHUKOBOH IJIEHKH, HAHECEHHOH HA JUINEKTPHYECKYI0 MOMIOMKKY.
C noMompio J3a3epPHOTO JIy4a MOMKHO H3TOTOBHTL HEJHKOM TOHKO-
IUICHOYHYI0 CXeMy €O BCeMM DACHOJATAIUMHCA HA Hell pe3ucropa-
MH u KOoHJencaropamu. Jlazepn HCHONBL3YIOT TaKMKe AJA H3TOTOBJIE-
HUA W NOAroHKH ¢oTOmAGIOHOB, NpPUMEHAEMBIX [JIA TpaBJeHUA
MHKPOCXEM.

Tpyano mnepeumciuTh BCEBO3MOMKHLIE NIPUMEHEHHS JIA3EPOB.
JlazepHEIM JIyYOM [AE€JNAIOT «HAAPE3EI» HA PASNMYHBIX MOBEPXHOCTAX,
CTAaBAT KJelMa, 3auMIal0T WPoOBORa oOT u3oaAuuu. W sesAxkud pas
JasepHBiil Jyy NpUMEHAeTCA TaM, rie tpebyerca 0co60 «TOHKasA»
pabora, rie MexaHHYeCKHe CpelacTBa 06paGoTKH OKA3BIBAIOTCA I'PYyOHI-
MH WM [NONPOCTY HeNPUTOgHBIMH.
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-MOXHO /i1 3AMOPO3UTb CBETOBYIO BOJIHY?

OMNTHUUYECKASR TONIOTrPADUA

YroGbl mogobile COXPAHHTL OBOINM WM (PPYKTHI, HX 3aMOPaKH-
BaloT. B takoM BHJe OHE MOryT Jojiroe BpeMsA XPaHUTHCA B XO0JO-
JUJAbHAKe. 3aTeM UX BBIHUMAKOT M BOCCTAHABJMBAIOT (T. e. pas-
MOPa}KMBAKT), NOC/E 4ero oBouH W (PyKTH NpuoGpeTaldT HO4TH
TaKHe ’Ke CBOMCTBA, 4TO H cBeKue MPoAyKTH. Tak mocrymanr ¢
oBomamu u ¢pykramu. Ho MokHO am nocrynark mogoGubiM ofpasom
co cBerosuiMu BodHaMu? IIpeamosnoskuM, 4To OT Hekoero oGbexTa
OTpajkaeTcsi CBETOBas BOJIHA;, OHA HeceT B cefe undopmanuio o
BHeIlHeM Bupe oGbexkrTa. Horga sTa BoJiHA JocTdraeT Hammx rias,
MBl BOCHPMHHMAaeM 3puTelbHBIE o00pas of6bekra. ChpaimuBaercs,
MOKHO JIH KaKMM-TO 00pa3oM 3aMOpO3UTL MJM 3aKOHCEpPBUPOBATh
paccMaTpuBaeMylo cBeTOBylo BoaHy? MoHo am 3aTem (Bmocuaex-
CTBUH) BOCCTAHOBHTbL 3Ty CBETOBYI0 BOJHY — ¢ TeM 4TOOH HMeTb
BO3MOKHOCTh BOCHDHHIMATh 3pUTEJbHLIE 00pas 00beKTAa TOYHO TaK,
KaK MBl ero BOCHPMHHMAJH paHbIIe, T. e. 00bEMHO, peanucTHUYeCKu?

3puTeabHble 06pa3bl OKPYKAIOMMUX HAC OOBEKTOB CO3KAKTCA B
pesyibTaTe BOCIHPHMHMMAaeMBIX [IJIa30M CBETOBBIX BOJH, MAYIHHEX K
HaM OT 3THX 06bekToB. Mul mpexpacHo 3HaeM: 4To6H UMeTh TOT WJIH
HHOI 3pHUTeNbHHIA 00pas, HaKO0 HMeTb COOTBETCTBYIOLIUIA OGLEKT.
A MOKHO IM MOAYYUTHh TAKOM K€ 3PUTENbLHHIA 06pa3, He UMes mepen,
coboit camoro o6bexTa? Muade roBopsi, MOMKHO JH CO3AABATH T€ HJIM
HHBle 3pHUTeJbHEE 00pa3bl YUCTO HCKYCCTBEHHO — 33 C4eT BOCCTa-
HOBJIEHHS WM CHEIHAJbHOTO «H3rOTOBJIEHHA» COOTBETCTBYIOIHHMX
CBETOBHIX BOJIH?

OkasniBaeTcsi, Bce 3TO MOKHO jeNiaTb. JTHM 3aHUMAeTcA HOBOE
HanpaBjleHUe COBpeMeHHON ONTHKH, Ha3elBaeMoe roJorpadguei.

Tonorpadmna crana passuBaThcs Gaarogaps NOABJEHHIO HCTOY-
HHKOB KOTepeHTHOro cBeTa — JjazepoB. OgHako ee NpUHUUNH GHian
chopMyanpoBann eme A0 co3ganua jaasepos. B 1920 r. moabckuii
¢n3uk M. Boanrdre onmybGnuxosan pabory nox naspanueM «O Bo3-
MOKHOCTH ONTHYECKOr0 H300pa)KeHHA MOJEKYJNAPHOH pemeTKay.
B ar10ii paGote GHUIO NMOKa3aHO, 9TO, HMCHOJAL3YS RUPpPAKIUOHHEIE
KapTUHBE! NPH NPOXOKAEHWH PEHTreHOBCKMX Jydeil depes KpHCTaJLI,
MOKHO BOCCTAHOBHThL ONTHYECKOe H300pasKeHHe KpPHUCTAJJIHYECKOMH
pemetku.  coxanenuro, pa6ora Boabdke He naumita B cBoe BpeMms
oTkanka y ¢usnkoB. MoxkHO ckasath, 4T0 Bosbdke BricTynma kak
NpeABeCTHUK rojorpaduu, He MOHATHII U He NMORAEPKAHHBbIA COBpe-
menHukamu. Mpen m npnHnunu ronorpadun Geinu copmyauposa-
Hel B 1948 r. auraniickum ¢usuxom [{. TaGopom, HeanaxoMeiM B TO
BpeMsa ¢ paGoroii Boabdre. Torma ke MoABWICA M TEPMUH «rojo-
rpammar. [Ipumeuarensno, uto I'aop npumen K upgesam roaorpaduu,
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3aHHMafACh BeCbMa NpakTHueckoit 3agaueii. On paspaGaThiBajl MeTo-
ARl yJAydIleHHA paspemiaomieil cmocOGHOCTH 3BJIEKTPOHHOTO MUKPO-
ckonma. Hak HayyHo-rexHudecKoe HampasjeHue rojorpadusa Hagaja
pa3BMBATbCA JuINb ¢ mosABienueM B 1960 r. nasepos. B 1961 r.
amepukaHckue ¢uanku 3. Jleitr u 0. Ynarauuekc mnpeasioskuin
ITMPOKO MCMOJIb3YeMBblil HBIHE ABYXJYydYeBoil Merof rojorpadpum (Mbl
MO3HAKOMHMCA ¢ 3THM MeToqoM B fAaHHoil 6ecene). B 1962 r. coBer-
cknit ¢usux 0. H. Jeunuciok paspa6oran Mmerton rosorpaduu Ha
OCHOBE HCHOJIb30BAHHMSA TOJCTOCJOMHBIX (POTOIMYNbCHI (TpexMepHuie
TOJIOTPAMMBI ) .

B uem ke cymecTtBo roaorpaduun? UrtoGsl OTBETHTH Ha 3TOT BO-
Ipoc, BO3bMEM KaKOH-HUOYAL 0O0'BEKT, OCBETHM €ro KOTepeHTHRIM
cBeToM (OT Jla3epa) U MOMECTHM IHepef SKPaHOM CO CBETOYYBCTBHU-
TeJIbHHIM CJI0eM, CHOCOGHKIM 3aKPEmIATE U COXPaHATh H30obparkeHue
(6ymem Ha3eiBaTh 3TOT KpaH ¢oroaerexkropom). OgHOBpeMeHHO Ha-
npaBuM Ha $OTONETEKTODP BCMOMOTATENLHYIO CBETOBYIO BOJIHY OT TOTO
Je Jlazepa, KaKMM ocBemtaercA o0bext. Boany or o6beKkTa HaszoBeM
ofbeKkTHOH, a BcmoMoraTejabHylo — omopHoii. Ha pucynke 152,a
OmOpHAaA BOJHA €CTh IJIOCKAaA BOJHA, NAfA0Iad HA MOBEPXHOCTb
dorogerekropa moxg yraom a. llocre nposBaenus ¢oroaerexkrop
NpPOU3BOAMUT, HA MEPBHIl B3rJIAf, BOedYaT/eHHe 3aCBEMEHHOro Heratu-
Ba; HHUKAKOTO Jake OTAAJEHHOro momobuA wusobparkeHHA 00BEKTa
He B COCTOSIHMHM YJOBHTb Ha HeM caMmbiii 3opkuii rmas. I rem wme
MeHee 3TOT «3aCBEYEHHBIH HeraTuB», HA3HIBAEMEHI TroJOrpaMMoii,
xpanut uaobpaskenue o6bexra. OHO 3aKOAMPOBaHO B TOM TOHKOH U
CJIOKHOM KapTuHe HHTepdepeHIUOHHBIX NOJIOC, KOTOpas BO3HHKaeT
(v sakpemnsercss) Ha roJiorpaMMme B pe3yJbTaTe CJOMKEHUA ABYX
KOTepeHTHHIX CBETOBHIX BOJH — O0bekTHON u omopuoil. Kapruma sra
XapaKTepusyerci BecbMa TOHKOH CTPYKTYDOii; pacCTOAHHMA MEKAY
natepdepeHIMONHKMH NOJocaMu Moryt Ownite mopagka 0,001 mm.
Yrobp naobpazkeHue obbeKkTa CHeNaTh HaGAIOJAEMbIM, HafO0 BHINOJI-
HUTh ONEpalMI0 CYMTHIBAHUA (BOCCTAHOBJEHHMS) TOJOrPAMMBL: OCBe-
THTb TOJIOTPAMMY OMNOPHOH BOJHOI, KOTOpas Temeph HAa3LIBaeTCA
cuuthiBatoweit (cm. puc. 152, 6). Hak TolbKO Takad BOJHA OCBETHT
roJIOrpaMMy, NMOBEPXHOCTH NMOCJeJHeHl MpOCBETINTCA, BO3HHKHET KAaK
fh «OKOIIKO», B KOTOPOM HabJjiofaTesib YBHIHT 06beMHOE, COBEPIIEH-
HO peaiaMcTHuHOe HM300pakenue obbexra. BoccranoBaenme (cUMTHI-
BaHHE) H306paeHHsA MpPOUCXOJUT B peayibrate HUPpPAKIUH Kore-
PEHTHOM CYHMTHIBAIOWUICH CBETOBOH BOJHH HA cBoeoGpa3noi Audpak-
HHOHHOM pellleTKe, Kakyw NpeAcTaBiaser coboit cucreMa uHTepde-
PEeHIHOHHBIX MOJIOC, 3aKPeIIEHHAS Ha roJjiorpamme.

Mu BuanM, Takum ofpa3om, uTo rojorpaduyecKHii Mertop MmOaAy-
yeHUA u3obparkeHnil okasniBaeTCA MO CaMoOil cBOeil cyTH AByxartam-
meiM. Ha nepBoM atame ¢ o6bekTa «CHMMAalOT» rojorpamMmy (aram
3almUCH roJIorpaMMbl; cM. puc. 152, a); Ha BTOpOM 3Tame ¢ roJjo-
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rpaMMBl  BOCCTAHABJIMBAOT HalaiofaemMoe usobpa:keHHe 00beKTa
(3Tan cuMTHBaHMA rojorpaMMH; cM. puc. 152, 6). 3anuch rosorpam-
MEl OCHOBHBAeTCA Ha ABJCHMH UHTepdepeHIHH KOrepPeHTHBEIX CBETO-
BHIX BOJH, a CYMTHBaHME — HA fABJIeHUU ANPPAKIMU CBETOBHIX
BOJIH.

TOHKOCTL CTPYKTYPH wuHTepdepeHnuoHHO# KapTHHBI, 3aKpel-
jafemMoif Ha roJorpamme, Tpefyer HcmoJb3oBaHMA (oTOMaTepHANOB
¢ OYeHb BHICOKHM HpPOCTPAHCTBeHHHM paspemenneM. Ilox mocaen-
HUM NOHMMAIOT MAKCHMAJbHOE YUCJIO0 NapajuledbHHX JUHHA HA elH-
HHIEe JJHHB, OOGHYHO HA OXHOM MHJLIMMETpe, KOTOpOoe NO3BOAAET
pa3jIMYHTh (paspemuTh) XaHHbA Matepuaia. IlpocTpanctBennoe pas-
pemienue rojorpaduyeckux poromaTepHasoB AOMKHO OHITh He MeHee
gem 1000 nusuii Ha MHLIEMETpE.

Ha pucynke 153 gana omna M3 mpakTH4YeCKHX CXeM 3aDUCH TroJIO-
rpaMMul. McTOYHHKOM BceX HCMOJAb3yeMBIX B CXeMe CBETOBHIX HYyY-
KOB AABJIAETCA ONHH H TOT e Jjasep.

Yro6m Jayuime pa3o0paThcsi B CYHIHOCTH TroJorpaguqeckoro
MeToJa MOJNy4eHHA H300pakeHMil, pPacCMOTPUM [BA NPOCTHX MNpH-
Mepa.

Hepewili npumep. llycTs nHa rojorpaMMmy (Ha 3Tame ee 3amucH)
NafaloT [Be IIOCKHEe BOJHE!, COCTaBAAIOUIHE JPYr C APYroM yroa a
(puc. 154, a). YcaoBumca cuntath BOoAHY I Ha pHCYHKe O0BEKTHOM,
a poany 2 omopHoii. UHTepdepennus 3THx ABYX BOJAH npHBegeT K
TOMY, 4YTO Ha rojsorpamMme Gyaer 3adUKCHpOBaHa CHCTeMa mNapaj-
JEeJAbHHX NPSAMBIX MOJOC, OTCTOAHIMX APYr OT JApPYra Ha paccToAHHE
d=>\/sin a (puc. 155), rge A — AuHMHA BOJHHE CBeTa, & — yroj, mojg
KOTODHIM BCTpPE4alTCA APYr ¢ APYroM HHrepdepHpyluide BOJHBI
(6ymem Ha3sniBaTh ero yriaom untepdepennuu). Ha arame cumrhiBa-
HHA roaorpaMMu (cM. puc. 154, 6) cunmTHBaHIasg BOJAHA J HCIEITH-
Baer Audpakuuio, B peayabTaTe 4ero BO3HHKAIOT JBe IHparupo-
BaHHBIe CBETOBHIe BOJHEI (BOoJHBI 4 H J§ HA PHUCYHKE); OHH pacmpo-
CTPaHAIOTCA NOJ YIJIOM ¢ K HANpaBleHHI0O CYATHBAIOWIEH BOJIHHI.
Jror yroa OymeM HasbeiBaTh yriioM audpakuud. O Momer O6HTH
onpepeseH U3 cooTHomeHnn: d sin g=A, rge d — nepuoa audpaxuu-
OHHOH peIleTKH, T. €. TO caMoe 3Ha4YeHHe d, KOTOpOe BXOAHJIO B
mpennayniee paBeHcTBo. CpaBHHUBAasAg 3TH ABa COOTHOLICHHA, 3aKJI0-
yaeM, 4T0 ¢ = a. IT0 3HAYMT, YTO yroj Au(dpaKinn PaBeH yray uHTep-
depenuuu.

B obmem cryyae (korma oGbeKTHAs BOJHA He ABJAETCH NJIOCKOMH)
yron durtepdepeHndd MeHAETCA MO IUIOIIAAM roJIOrpaMMH OT TOYKH
Kk touke. CooTBeTcTBEeHHO OymeT MeHAThbcA u yroa pudpaxnun. Cy-
HIECTBEHHO, 4YTO B KaKIOH To4YKe rojiorpaMMbl yroa xudpakumuu
BCerfa MOJKeH PaBHATLCS yriy HHTepdepeHIUH.

Bropoii npumep. Ha pucynke 156, a nokazama cxema 3zanucH
roJorpaMMbl To4e4HOro obbekTa: ] — obpexTHas cdepuyeckas BoJ-
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Ha, 2 — MJIOCKaA ONOPHAA BOJHA, PAcHPOCTPAHAOIAACA NepIeHU-
KYJAPHO K ILUIOCKOCTH TrojorpaMMul. BhIjesuM [Ba CBeTOBHIX Jyd4a
B 006bexTHOI BosiHe — nydu AB u AC. las nepeoro yrom unrepde-
PeHIMH ecTh G;, & AJA BTOPOTO a, CUUTHIBaHWE TrOJOTPAMMEI MO-
Ka3aHo Ha pucyHke 156, 6. [\udpakuusa ceeroBeiX Jydeil B Touxe B
rojorpaMMsl  Gyfaer NpPOMCXOAMTbL IOJ YIJOM a,, a B Touke C —
HOoj YIJIOM O, (HamOMHMM: yroJ Audpakuum paBeH yrjy MHTep-
tdepennun). YuureiBag 5T0, HEeTPYAHO NOCTPOMTH Xof Audparmpo-
BaHHHIX CBETOBHIX Jyueil. B pesyabTare monyuaem jgBa HM3o6paie-
HMA 06beKTa — MHMMoe (M306pa;keHue A,) u aeiicTBuTesibHOE (HM30-
6pasxenune A,).

O6paruM BHMMaHMe Ha BeChbMa HMPUHIMIIMAJbLHOE OGCTOATENLCTBO.
Ha pucynke 156, a or oGbexra pacmnpocrpansierca cdepuueckan
cBeroBad BoaHa. M3 pucynka 156, 6 BugHO, 4TO ofiHa M3 BOJH, pac-
NPOCTPaHAIMXCA OT TOJOTPaMMEI, €CTh KaK pa3 OTMeveHHas BEIIIe
Boana, Ha srame cuMTHIBAaHMA roJiorpaMMEI yKe HeT OGbeKTa Kak
TAKOBOTO, OXHAKO BO3HUKAeT CBETOBaA BOJHA, B TOYHOCTHM TaKaA xe,
KaKylo oTpaskai OGbl 06BeKT. B 3TOM cMBicjie NMpaBUibHee TOBOPHTD,
YTO ¢ roJOrpaMMEl BOCCTaHABJMBAIOT He IPOCTO M306pakeHne 06BeK-
Ta, a HEYTO CYIIEeCTBEHHO Gosibluee — OOBEKTHYI0 CBETOBYI0 BOJIHY.

(DaKT BOCCTAHOBJIGHHA C TOJOTPaMMEI 00BHEKTHOH CBETOBOH BOJHEI
He 3aBUCHT, OYEBUJHO, OT TOrO, SIBAAETCA AN OOBEKT TOYeUHEIM MJH
3TO ecTb peasibHEIl TpexmepHmli o6wexr. Otcloga ciejgyer BHIBOA:
npM CYMTHIBAHMM TOJOrpaMMbl Habalofartenbr YBUAMT He IUIOCKOe
(kak Ha d¢ororpadun) mnsobpaskeHue o6bexra, a Kak O cam
00beKT — 00beMHO, peaiucTHYHO, OXHUM CJOBOM, TaK, KaK OH BHJeJ]
061eKT BO BpeMa 3amucu rojiorpaMMbl. CMemias Wiy HAKJIOHAA ro-
JOBY M TeM CaMbIM MeHAA TOYKY HalGmiofgeHus, oH OGHAapY;KHUT, 9TO
H3-3a PaccMaTpPUBaeMOro M300pakeHMs OOBEeKTa NOABAAIOTCA ADPY-
rue OOGBEKTHI, pacrmojiaralluecsi Ha 33jHeM IJaHe, BBICTYNAOT
HOBEI€ [EeTaJM, KOTOphle A0 9TOro saropakmpaiuck obvexkroM. Ilepen
HaGuogareneM OyReT COBepIIEHHO peaJHCTHYHAasA TpeXMepHas Kap-
THHA.

3aMeTHM, 4TO BCeMM NIpDH3HaKaMM peaJbHoro obmexra obnagaer
B [aHHOM cJiyyae TOJBKO MHumoe H3o0paxenue. [leiicrBuTesinHOe
e Hu300pakeHue BHITJIARUT KaKk Obl «BHIBEPHYTHIM HAU3HAHKY» —
Te TOYKH, KOTOpPHe HaXOMMJMCh [ajibllle OT HabXiomartess, Ipen-
CTaBJIAIOTCA Temeph pacnojioykeHHEiMu Ommxe. Takoe uaobparkeHne
HA3LIBAIOT ICEBHOCKONMMYHEIM. EcjiiM N3MEHMThH CXeMy CYMTHIBAHMA
roJIOrpaMMBl, MOCHLIAA CYNTHIBAIOI(YIO BOJHY B HanpaBJeHHH, CTPOTO
0o6paTHOM HANPABJIEHUIO OMOPHON BOJHBI (HAJO OCBEIATh TOJOTPaM-
My ¢ oOpaTHO# CTOpPOHBI), TO TOTZa AedcTBUTEJNbHOe M300pakeHue
CTaHeT peajHCTHYHEIM, @8 MHUMOe GyAeT NMCeBIOCKOMHUYHBIM.

Hrak, Mu yGefuMauch, 4TO ¢ TOJOTPAMMBI MOJKHO BOCCTAHOBHTD
He npocto u3zobpakenue o0beKTa, a peasibHYI0 CBETOBYIO BOJIHY, He-
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cyuyio B cebe Bcio Ty mMHGOpPManMio, KOTOpasa cojaep:ajach B cBe-
TOBOM BOJHe, OTPasKeHHOH camMMM o0wexkTom. Temeps cramoBMTCA
NOHATHLIM TePMMH «rojiorpadus», KOTOpPbIi MoeT GhITH MepeBefeH
KaKk «nojHas 3amucb» (OoT rpevdeckux holos — Bech, NOJHBIA M
grapho — nnmy).

HoroBopuM Temepb 0 HOCTOMHCTBAX rojsorpaguu, cpaBHHBas ee
€ XOpOUIO M3BeCTHLIM BceM MertofoM dotorpaduposanua. I'pynna
Jiofeil cCHANach Ha NaMATb, HpU4YeM ObIM cHeJaHnl Kak OGbIvHAA
dororpadua, tak m rosorpamma. IIpepnonomum, 4ro cayumaca no-
xap. U dororpadmio, m romorpammy ymanoce cnactu, ogHako y
060X CHMMKOB BBITOpPEJO OKOJIO TpeTH miomanu. Yepes Heroropoe
BpeMs MOTpe6OBaNOCh HOKYMEHTAJIbHO ONMO3HATh OFHOrO M3 ¢oTorpa-
¢uposaBmmxca. Horga Buinyan ¢gororpaduio, To okasaloch, 4To 3TO
JULO TaM OTCYTCTBYeT; OHO MONAJO Ha CropeBHIyIO 4acTh. Torma
obparuancek K rojorpamme. OcBeTHJIM ee JydoM Jsa3depa M yBHAEJNM
BCIO Ipynny JHH, BKJIO4asg H TO AHIO, Koropoe TpeboBajoch omo-
3Hatb. ['onorpaMmma oxasanach HafmeskHee ororpadum.

JroT cayyail mpuBeHeH HiA TOro, 4YTOGH NPOMIIOCTPUPOBATDH
Ba)KHOe OOCTOATENbCTBO: €cCJIM YHMUTOKEHME 4YacTH IOBEpXHOCTH
dororpadpuu o6s3aTesibHO NPMBOAMT K NOTEepe HEKOTOpoil (momuac
OYeHb CyHIecTBeHHOM) MHQPOpPManMM, TO YHMYTOKEHHE MOBEPXHOCTH
roJOrpaMMul K 3ToMy He mpuBopmr. [leiicrBmreabHo (cM. puc. 156,
a), uHdopManna o6 o6beKTe 3aMMCHIBAETCA MO BCEH MIOI@AKM TOJO-
rpamMu. Jlw6as Touka moBepxHocTHM 06BeKTa (UKCHpyercA He B
onpeAejiecHHOM MecTe TOJIOTPAMMBI, & HO Bceil ee miomann. MoskHo
YHMYTO}KUTb HO TPeX dYeTBepTedl NJIOLAAM TOJOTPAMMBI; NpH 3TOM
JHIIb HEeCKOJBbKO YXYAMMTCA KOHTPACTHOCTh CHYMTHIBaeMOro Maofpa-
HKEHHUH.

Urak, 3amuch Ha rojiorpaMMy OKasbiBaeTci BeChbMa HaJEeKHEIM
cnocoboM xpaHenus uHpopManun. BoamomxHo, uyro B OGyayuiem
0co60 BakHyl0 MH@OpPMaNMIO GYAYT XPaHMTh MMEHHO B BHMAE TOJO-
rpamMm.

Ha romorpamme mHdopmaumus 3anMcasa B BuAe MHTepdepeHUH-
OHHOH KapTHHBI, T. €. B 3amu¢dpoBaHHOM (3aKONMPOBAHHOM) BHfe,
u pacmiudpoBarh ee CNOCOGHA JNMIIL KOTepeHTHasA CBeTOBas BOJNIHA C
TOYHO TaKuMM ke (PPOHTOM, KaKoil OhiM y OMOpHOH CBETOBOH BOJIHEIL.
®opma ¢PponTa ONOPHOH BOJHK M €CTh TOT Kil04, (€3 KOTOporo He-
BO3MOKHO Mpo4YnTaTh rosorpammy. Eciau ¢opma dponra omopHoi
BOJIHL! HeMaBecTHa (a Befb 3Ta opMa MokeT GHITH OYeHb CBOe0Gpaa-
HOH — [0CTaTOYHO MPOMYCTUTh OMOPHYIO BOJHY 4Yepe3 COOTBETCTBYIO-
Wyl «MacKy», HCKa;Kalollyi0 BOJXHOBOH ()poHT), TO Haske cambie
ONKTHHE Aemn(pPOBAJBIMKM He CMOTYT MNPOYMTATh TOJOrPaMMmy.

MoskHO 1M Ha OFHY U Ty e (POTOINIACTHHKY 3alMcaTh HECKOJb-
Ko ¢ororpaguueckux usobpakenmii? B mnpunumme moHO, XOTA
BpAL JH KTO 3axouer MMeTh (ororpadmio, rae HeCKOJbKO HM306pa-
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MeHuil HanomeHbl OfHO Ha Apyroe. Eie Gosee GeccmuicienHo mpo-
GoBaTh coBMemiaTh APYr C JPYTOM HECKOJbKO CTPAHMI TeKCTa.
B arom mposiBiasercs onpefeseHHas OrpaHUYeHHOCTh (hororpaduye-
cKoro cmnoco6a xpaHeHMss MHGOPMALHUH.

Tonorpadus cHumaer 3T orpaHMd4eHUs, BHOCA TeM CaMEIM Ode-
PeHYI0 NONPaBKy B HAIlM YcTosBIIMecs npeacraBienus. Ha oamy
U Ty e TojJorpaMMy MOJKHO 3alMCaTh MHOr0 cHeH (MHOro MHTep-
(depeHUMOHHBIX KapTHH) M CYMTHIBATL MX 3aTeM He3aBHCHUMO APYT
or apyra. Ilycrs, gma mpocrorm, omopHas BOJHA HMMeeT NJIOCKMIi
dpour. Byaem sanuchiBaTh Ha OZHY M Ty e rOJOTpaMMy pa3Hbie
CHEHb!, MEHAA BCAKMA pa3 yrJbl, HOJ KOTOPHIMM ONOPHAA BOJHA na-
AaeT Ha roJorpaMMy (MHa4e roBOopA, MeHAsA OPHUEHTALMIO ILIOCKOCTH
BOJIHOBOTO (PPOHTA 10 OTHOIIEHMIO K INIOCKOCTHM roJjorpammul). [las
9TOT0 MOKHO, HampHMeD, MEHATh OPHEHTALMIO TOJOTPAMMEI B OIOP-
HOM CBeTOBOM nyuke. /(s mociegyoiero CYNTHIBAHMA TOH MJIHM HHOM
CleHbl Hafo JUIIL 00eCHeYUTh COOTBETCTBYIOIIYID OPHEHTANHUIO [0JIO-
IrpaMMbl OTHOCHUTEJABHO ILIOCKOW CUMTHIBaomiedl BOJHEL OneHKH mo-
Ka3hIBAIOT, YTO Ha OAHOM rojorpamme miaomagsio 100 cm? MoxHO 3a-
nucars (npd YCJIOBHM MOCHELYIOHIEr0 YBEPEHHOr0 CYMTHIBAHMA),
no KpaiiHeil Mepe, ToM Boapwoii coBerckoit sHNUKIONETUH.

Ha dororpaduu uzobpaskes npeiryH B BoRy, Kak Obl 3aCTHIBIUMIA
B BO3[lyXe B HECKOJIbKMX MeTpax HaJ BOJOH B HEMBICIMMOM pa3-
sopore. Ha ppyroii dororpaduu mos ypenudvenweM cHATA [JaA He-
KOTOPOTO MOMEHTa BPEeMEHM CIeHa, 3anoJHeHHAdA [JBMKYIIMMHCA
NEJIMHKAMY, NBUTMHKYA 3aCTBUIM B NOJOKEHMAX, B KOTOPBIX HX 3a-
cTajl MOMeHT cbhbeMKM. Mul rosopum, uro dororpadus cnocobHa
«OCTaHOBMTH MTHOBeHHe». Ilpeamomomum, 9T0 MHI XOTMM 3HATh, Ha-
npuMep, KaKk B JaHHBbIi MOMEHT NDHLITYH JAep:KUT JieBylw pyky. Ho
Ha ¢ororpadpuu sra pyxa He Buana. Xoresocs Gbl momoapoGHee pas-
TIALETh NBUIMHKM Ha 3aJ{HeM IJIaHe CLeHHl; ofHako Ha d¢ororpaduu
3afHUA IJaH HoJay4micAa HepeskuM. M Tyr, oweBumHo, HUUero He
I0IpPaBUILIb.

Tenepr mpencrasuM, uto BMecto dororpaduii NphryHa 4 cueHH
¢ NBIJIMHKAMM Y HAC MMEIOTCA COOTBETCTBYIOIME TOJOTPaMMBEI, CHS-
Thle JJA ONpe/leJeHHOT0 MOMeHTa BpemeHM. [Ipu cuMTHIBAHHH Ka-
noil M3 romorpaMM B HeNPePLIBEOM Ja3epHOM cBere OyleT Herpe-
peiBHO (BHOBb M BHOBbL) BOCCTAHABJAMBATBCA peajnHasdA CBeTOBad
BOJHA, TO}KAECTBeHHAasA TOH BOJIHe, KOTOpasA OTpakajach OT oObeKTa
HaOmogeHus B MoMeHT cheMKH. M 3purennHoe BocupusTHe Gyaer
TaKMM, KaK ecid OBl NPHTyH BIPYr JeHCTBUTEJBHO 3aCTBII B BO3-
ayxe. To e oTHOCMTCA M K cueHe ¢ NEAMHKAMU. Tenepb MBI MokeM
He TopomAch HAGJNIONATh HPHITYHA C Pa3HLIX IOJOKEHMH, MOMeM
MEHATh HACTPOHKY MHMKpDOCKONa M paccMaTpuBaTh TO OJMIKHHE, TO
JaJibHMe NBUIMHKY, M3y4aTh pacnpefelieHde NBIJIMHOK B IIPOCTPaH-
cTBé C pasHBIX ToueK. Mm BujuMm, 9To B oramume or ¢ororpadun
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roJiorpaMMa B IOJIHOM CMBiCJe CIOBA «OCTAHABJIMBAET MTHOBEHHE».
Ona HempepeiBHO BOCHPOM3BOAUT CTPYKTYPY CBETOBHIX BOJH, MMEB-
IIYI0 MECTO B HeHCTBUTEJbHOCTM JHIUb [JiA KaKOTO-TO MOMEHTa
BpeMeHH.

— Bee 10 mpekpacHo,— cKaxkere Bhl.— HoHe4Ho, y rosorpam-
MEI OYeHb MHOro mpemmyinects mepep cororpadueii. Ho saro Ha
¢doTorpaduu «Bce BHIHO», TOT[a KaK HA TOJOrpaMMe HHYEro He yBH-
AMIUb, MOKA He OCBETHMINL ee Jy4oM Jiasepa. A ecin moj PyKoill Her
Jazepa?

— Bame samevanue cupapegauso. [loatoMy-To B Her ocHoBaHuH
OKMAATh, 9TO rOJOrpaMMa Be3le BhITecHUT dotorpaduio. Brmpouem,
Haf0 3aMeTHTh, YTO YNOMAHYTHIe paHee BCKOJbL3b TPEXMEpHBbIE ro-
norpaMMul [leHucioka He HygaoTcsa B Jasepe. OHM CYMTHIBAIOTCA B
COIHEYHOM cBeTe, B CBETOBOM IIyiKe OT NPOEKI{MOHHOTO ammapara
U fake B cBere oOLIYHOH JaMIkl HaKanuBaHus. Jlazep HyeH ToJNbKO
IJA 3a0MCH 3THX TOJIOTrpaMM.

— Yro npepcrapaser co6oil TpexMepHaA rojxorpamma?

— B oraumume or o6bIYHON ToNOrpaMMEI, KOTOPYI0 Ha3hIBAIOT
NJIOCKO# (AByMepHOii), ara rojorpaMma samuchkiBaercad B o6meme fo-
CTATOYHO TOJNCTOrO cJoA (HOTOIMYNBCUH; TOJIMHA 3TOrO0 CJOA BO
MHOrO pa3 NPeBOCXOOUT AJMHY cBeToBOH Boaue. Ecau B o6nigHOM
rojorpaMmMe HHrepdepeHUMOHHAs KapTHHa MMeer BHJ 3aduKcupo-
BAHHWX Ha ILIOCKOCTH MHTep(depeHIHOHHHX JUHHE, TO B Tpexmep-
HOM rojiorpaMMe MBI MMeeM [eJI0 C CHCTeMOI0 MHTep(epeHIHOHHBIX
nosepxHocreil, sapuKcupoBaHHON B HekoropoM obmeme. He Bxoma B
JeTajnd, 3aMeTHM, YTO MMEHHO 3Ta OCOOEHHOCTH TpPeXMEPHHIX TrOJO-
rpaMM ¥ MO3BOJIAeT CYMTHIBATH HX B OGLIYHOM cBeTe.

3axkaHuuBasa Gecegy o romorpadum, OTMETHUM, UTO YiKe CerogHsA
o6peMHBbIe ToJiOoTpaduyeckue H3obpaskeBuA (¢ MOJHHIM HIM IOYTH
HOJHHLIM 0030pOM) HCHOJNB3YIOTCA AJA CO3AaBNA 3PPEeKTHHX peKiaM.
MosHO 0KHMAaTh, YTO 3TH N300paskeHus OyayT MIMPOKO MPUMEHATH-
CA Ha TeaTPAJbHOH CleHe, Ha IMPKOBOH apeHe. JKCHEPUMEHTANbHO
IOKa3aHA BO3MOMHOCTbH CO3[aHusA rojorpagudeckoro kKmuuo. Ouens
3aMaHYUBO HCHOJIb30BaHMEe B ydYeGHHKAX M KHHMrax IO HCKYCCTBY
ofpeMHBIX rojsorpaduyecknx wiawocrpaunii. Bnossne BepositTHO, 9TO
MBI CTaHeM CBHETeJNsAMH H300peTeHHsA roJjorpaduuecKoro TeaeBuje-
Hus. OHAKO OCHOBHHE MpUMEeHeHHA rojiorpaduu (KOoTophie OHA Ha-
XOAMT B HAIIM JHHU) — 3TO NPMMEHEHMsl, CBSI3AHHBIE ¢ IleJieHalpaB-
JIeHHHIM H3MEHeHMeM CBeTOBBIX MOJeil, YTO Ba)KHO ANA Hejeil ob6pa-
6orku uHoOpManuM, cO3XAHMA rojorpadMyecKNX 3aNOMUHAIOIMUX
YCTPOHCTB, OCYIIECTBJIEGHHS ToJOrpagpuyuecKOr0 KOHTPOJA KauecTBa
H3eJUi (BHIABJICHUSA BHYTPEHHHX RedeKTOB U 0c060 HAIIPAMEHHBIX
MecT B ofpasnax, Aeraisax NpuGOpoB, yaAax pasjiMYHBIX KOHCTPYK-
uni) u T. ;.
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Ha paccrosHuu moyrn 150 MiH. KM OT Hamle# mJaHeTH CHsAer
orHeM cBoux Jjyueil Connnme. OHO HempepHIBHO H3JNyYaeT OTPOMHOE
konuvectBo sHepruu. Ha nmomaary 1 m?, nocrasiennymo nepuneHgu-
KYJADHO K COJMHeYHBIM Jy4aM, NOCBIIAeT OHO KaKAYK0 CeKyHAY
snepruto, paBHywo 1,36 /. Ilonman wuanyyaemas ConHmeM Mour-
Hocte paBHa 4-10” kBr. OTkyma e uepmaer oHo Takoe, IpeBoc-
Xoifilnee BcAKoe BooGpaskeHue, KoaugecTso smepruu? Hu ogna us
Npe)KHHX TeopHii, HCKABILMX OTBeTH HA 3TOT BONPOC B NafeHUH
Ha CosHile MeTeOPHTOB HJIM B C)KATHH COJHEYHOTO IIapa, He MOIJa
BH/IeD;KaTh NPOBePKY pacyeToM. B JsyvineM ciay4Yae yKasaHHbe HC-
TOYHMKM MoraM Obl ofecmeuuts ColiHlle dHeprueid Ha NeCATKHM MJIH
COTHHM MHJLIHOHOB jeT. JIumb ¢usuxa XX B. Hamua yaoBieTBOpH-
TeabHoe pewmenue 3aragku Conuna. McTouHukoM coisednoil sHep-
THM SABJAIOTCA Te caMble TePMOSiePHLIE peaKIUH, KOTOpble TaK
BOJIHYIOT COBPEMEHHEIX Y4YeHbIX, PEaKIMH, OBJAICHHE KOTODHIMM K
HCMIOJIb30BaHHEe KOTOPHIX B MMDHHEIX HeifiX 00eCHeddT YeloBe4ecTBO
HeHcyepraeMEIMHM 3alacaMy SHEPTHH.

OcHoBran TepMosepHas peaknusa, obecmeanmBalomasn Conaie
9Heprueil, sTo peakius NpeBpallleHHs BOAOPOAA B Tejuil (TOYHee,
NPOTOHOB B siipa rejus, TaK KaK NpPH 4YYAOBUINHOW TeMmepary-
pe 20 MaH. rpagycos B Hexpax CoJiHIIAa BOZOPOAK ¥ reiuil MONHOCTHIO
uWoHM30BaRK). Takasa peaknua coBepiIaeTcss Kak NpPH CTOJKHOBe-
HHAX NPOTOHOB APYr C APYroM (TaK HA3KIBAGMEIH «IIPOTOHHBIH
IUKI» ), TAK U IIPH CTOJKHOBEHUsIX, Tie HapALy ¢ NMPOTOHAMH ydyact-
BYIOT, B YaCTHOCTH, fiipa yriepoga («yriaepoansiii uuxi»). B oGoux
ciyd4asix vdeTHIpe IPOTOHA NPEBPAIAIOTCA B KOHEYHOM cHYeTe B PO
renusa ‘He; npu sroM poxpalTcs Takme MO3UTDPOHBI, HelATpPUHO,
doronbl. [IpoTOHHBIE HUKI COCTOMT U3 CJHCRYWIUX NpPEeBPalNCeHMIA:

p+p—>D+et +v,;
p +D—"He+v;
He +*He—"He 4 p+p.

3aecr p — mporoH, D — saapo TAMkesoro BoAopoga (OHO COHEPHKHUT
NpPOTOH M HeTPOH; ero Ha3LBAIOT Takme aeiirponom), *He — sampo
M30TONA TeJHsA, COCTOAINee W3 JBYX NPOTOHOB M OJHOTO HeMlTpoHa
(ampo *He cocTout M3 JBYX MPOTOHOB M ABYX HeiTpoHOB), et — mo-
3UTPOH (AHTHYACTHMIIA 3JEKTPOHA), V.— IEKTPOHHOe HeHTpPHHO,
vy — ¢oToH.

CpaBHMM Maccy flepHOTO BellleCTBa JO M IIOCJIe PEaKIMM, B pe-
3yJbTaTe KOTOPOH M3 dYeThipeX NPOTOHOB MOJY4Yaercsl SAPO Teius.
He yunTniBas Maccy 3JIeKTPOHOB, MBI MOKET NPHHSATh Maccy «CTpOM-
TeNbHOTO MaTepHajia» paBHOW Macce 4YeThipex MPOTOHOB, T. e.
6,69-10~?" kr. Macca moayuuBHIerocas AApa TeJjus paBHa
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6,64-10~% kr. Baname, Kak BUMTe, HO cxoautca. Macca «pac-
XOmHOM» 4YacTH (AjApa BOAOPONA) OKa3biBaeTcA Goiblie «IPUXOT-
Hoii» (aapa reana) Ha 5-10™% kr, uro B 50 pas Goabiue HeyuTeH-
HO# 3fech Macch HO3ATPOHA (KAK M y B3NEKTPOHA, OHAa COCTABJA-
er 9-10~%" kr). 3ror dakr nmoayumn Hassamme «nedexTa Maccei»
n GypmyasHeiMH uiocodpaMu MCTONKOBHIBAJICA KaK [AOKa3aTeJb-
CTBO BO3MOKHOCTH MpeBpallleHHs MacChl WM [aske MAaTepud B
sHepruio. Ho pasBe M0o)xHO OTphIBaTL Maccy MJM SHEPTHIO OT MaTe-
‘PHAJBHEIX HOCHTeJeH aTuX cBoiictB? Marepuio cospeMennas pusuka
3HaeT B AByX ¢opmax: B ¢opme BeurectBa u B dopme moaa. B Toi
u apyroii ¢opMe Marepua obaagaeT Maccoil M IHeprueil. JHeprus
cnocofHa K HPeBpAlleHHAM, OCTABasCh NP 3TOM HEYHHUTOKHMOMN
(3aKOH mpeBpaileHMA M COXPaHEHHS 3HEPrMM), PaBHHIM 00pazoM u
Macca cHocofHa K NpeBpallleHHAM M TOYHO TaK e IOJYMHAeTCA
3aKoHy coxpaHeHmMsa. OGHapy)KeHHBI Bhille NpH Tofcyere «aedeKT
Macchi» O3HAUaeT He YHHUTO)KEHHe MAacChl BellecTBa, a JHIUL Ipe-
BpallleHHe ee B Maccy moJis, Maccy KBaHTOB y. Ho 4yro Takoe macca?
Macca ects Mepa MHepTHOCTH MarepuajbHOoro obwekta. B kiaccu-
4ecKkoil MexaHHKe Macca TeJa CYATAJAch NOCTOSHHOMW, W IOTOMY
O49eHb Jierko OBIIO NMDPHATH K OTOKIECTBJIEHHIO ee ¢ KOJMYECTBOM
BemlecTBa. B Teopnmu OTHOCHTENBHOCTH Macca He MOMKET CUHTATHCA
NOCTOAHHOM, OHa H3MeHdeTcd B 3aBHCHMOCTH OT CKODPOCTHM BHe-
HUA TeJa.

JditHwTelH, KoTOpOoMy (u3nKa o6sA3aHa CO3TaHHEM TEOPHH OT-
HOCHTeJBHOCTH, HaeT JAJAA MacChl TeJa, JBMHKYLIErocad cO CKo-
pocThio U, HOBYIO (popmyJry:

my
m= 02 ’
s

rae mgy — Macca IIOKOA.

B wactmoctH, nAsA KBaHTO cBeTa — (POTOHOB — CKOPOCTb JBHKE-
HHA U DaBHA ¢ (CKOPOCTH DacHpoCTpaHeHHMs CBeTa B BaKyyMme) H,

/ 2
CJIe{0BaTEJIbHO, 1—12—=(). Torpa us mpenbiayineit gopmyJnl
c

caenyer, yro my=0. 3ro 3HAYUT, YTO (POTOHH He UMEIOT MaccChl MO-
Koa. He moxer 6uiTh y doTroHa M HHKaKO# APYroi CKOpocTH, Kpome
ckopocrn ceera. Ckxopocth ¢hOTOHOB Bcerga ogHa H Ta ke
(c=300000 &m/c). «Hak sxe Tak? — cnpocure Br.— Bean koraa
CBeT MNPOHHKaeT B Kakylo-HHOYyAb MNpPO3pavyHYI0 MaTepHaidbHYIO
cpeny (cTekno, BOQy M T. I.), TO, KaK H3BECTHO, OH 3aMeJIAeTCAH.
TlokazaTenp mpenoMieHHA cBeTa KaK Pa3 M IOKa3biBaeT, BO CKOJBKO
pPa3 CKOpPOCTb CBeTa B KaKOH-HUOYIBL cpefie MeHblle, YeM B BaKyyMe.
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Hanpumep, B cTekie B 3aBHCHMOCTH OT €ro COpPTa CKOPOCTb CBeTa
B 1,5 pasa meHbme, yem B nycrore». Uctonxosanue aroro aeitctpu-
TeJIbHO CYILIECTBYIOH[Er0 YMeHbIIeHHA CKOPOCTH cBeTa TakoBo. Hamk-
AR oTAeabHbLM (OTOH W B CTeKJe JeTHT C TaKOH ’Ke CKOpPOCTbIO,
KaK B IIyCTOTe. HO NPH BCTpedye ¢ KAKUM-HuUOGYAb aToMOM (OTOH mO-
[JIOIaeTcA 1M. 3aTeM CHOYCTA HEKOTOpoe BpeMs («BpeMA >KU3HU
BO30OY'KIEHHOTO aToMa») IJTOT AaTOM HCIOYyCKaeT HOBHIA (OTOH.
BceaencTBne TakMX «OCTaHOBOK» B NMYTH CJAEHOBAHMA CPeJHAA CKO-
pocTb cBeTa B Cpefie OKa3blBaeTCA MeEHbIIe, YeM CKOPOCTb JBHKe-
HUA oTHenbHBX doronoB. Haaniit, KOMy NOpHUXOAMTCA e3JUTh Ha
IPArOPOAHBIX MMOE3[aX, 3HAET, UTO CPeAHAA CKOpPOCThL Noe3fa, HAYIIe-
ro ¢ GOJBIIHM KOJNMYECTBOM OCTAHOBOK, MEHbINE, YeM CKOpPOCTb MO-
e3/1a, ABINKYIIErocs 6e30CTaHOBOYHO. ITO cpaBHEHHE CTPAJAeT TONBKO
TeM HeJOCTATKOM, 4TO JJIA JABH)KEeHHA NOoe3[]a ¢ OCTAHOBKaMH GOJb-
[oe 3HAYeHUe HMeeT INOTepA BpPEeMEHM Ha pa3roH M 3aMe[JIeHHe
OKOJIO KaK[OW OCTAaHOBKM, TOr[la KaK Hu 00 YCKOpEHHMH, HM O 3aMef-
JeHUH PoTOHa pevyd GHITh He MOMKET.

BoaHukaer Tak)xe ApYrod BONPOC: YTO MPOUCXOAUT € Maccoi
dorona mpu ero nmoriomieHuu KakuM-uubyap atomoM? He ymumuro-
waerca au 3gech Macca? Her! Ilormomensniii ¢oros BhibIBaeT
BO3MYIIleHUe B cHCTeMe IOrJIOTUBIIEro ero aToMa, M Macca BO3MY-
I[eHHOT0 aTOMa BO3pacTaeT POBHO HA 3HAYeHHEe MAacChl IOTJIOHIEH-
Horo ¢orona. Ilpm uamyvyenuu atomom (POTOHA ero 3HEpPrusa M ero
Macca yMeEHBLIAIOTCA HAa 3JHEPrHi0 U Maccy uaiy4yaemoro ¢oroHna.
Ilonnasa Macca Bcex YYacTBYIOU[MX B ONUCAHHBIX IPEBPAHIEHUAX Ma-
TepHaJbHBIX YacTHL (BEH[eCTBA ! MOJA) OCTaeTcsa MOCTOAHHON, paBHO
KaK OCTaeTcd IMOCTOAHHOW M MX JIHEeprHA.

PaccmMoTpuM HauGoliee APKUIl mpuMep IpeBpalieHHA BeHIECTBa
B moJe, NMpUMep aHHUTPUIANUN (YHHYTO)KEHHA) Iaphbl 3JAEKTPOH —
MO3MTPOH NPH HMX Bcrpewe. Ilo3uTpoH e —ameMmenTapHas yYacTHIA
¢ Maccoil, paBHO#l Macce 3JIeKTPOHA, HO 006J1aJaI0HIaA MOJOKHTEJb-
HbIM 3dpsAAoM, Gb1 OoTKpHT B 1932 r. cHAYana B KOCMHYECKHX Jy-
Yax, a 3aTeM yAaJoch HabMOAaTh ero M B JaOOpPaTOPHHIX YCJIOBUAX.
B 3eMHBIX YyCHOBMAX NPOAOJIKHUTENBHOCTh JKHU3HM €ro0 HHUYTOMKHA.
IMoauTpoH, npumieden N3 Me3Be3AHHIX NMPOCTOPOB, IIPOHUKAA B 3eM-
HYw atMocdepy M mpoxofgs uepe3 BEHIECTBO, TEPSAET BCJAEACTBHE CO-
ylAapeHHil CBOI0 KUHETHYECKYIO SHEepruid M, KOria OHa [JOCTATOYHO
yMeHbIIaeTcA, BCTYINaeT BO B3aMMOJeiicTBHEe ¢ KAKMM-HUOYAb 3JIEKT-
POHOM.

Pesynntar 3TOil BeTpeuM oOKaabniBaeTcAa THOeabHBIM AJA  TOH
u Apyroii ajemeHTapHoil uyactnunl. Ypgap! M roasko gBa paaGeraro-
HUXCA B pasHbie CTOPOHbI (POTOHa — BOT BCe, YTO OCTAJOCh MOCJKE
«KaTacTpodri»:

et +e —>v+v.
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Takum o6pasom, 3Heprusa ABHMKYIIErocA Teja

2
mov

E"—moc +

IIpupoct 3HepruM nBMKymieroca Teja OGLIYHO MHI M OLICHHBaeM,
Ha3bIBasi €r0 KMHETHYECKOH 3HeprHei:

2
myu

D) .

Ek=

Kak BupHO, 3Ta 3Heprus cocTaBiseT BechbMa HE3HAYHMTEJbHOE CJa-
raemoe; [A1aBHOE K€ KOJIMYECTBO SHEPTHM Tela BHPAKACTCH Charae-
MbIM Myc? («3Heprua mokos»). [lpu ckopoctn Tesa 30 kM/c (cko-
pocTh 3eman Ha ee opbure) nepsoe caaraemoe B 100 MMAIHAPIOB
pa3 Goabuie BTOpOroO.

Cnenaem pacdeT iasA 3HepraHM MOKOA Tejaa Maccoii 1 r:

E=0,001 &r-9-10'"" Mm?/c?=9.10" kBr-¢c=25 wman. KkBrt-u.

Bnepssie 0 HaAMYMH OrpOMHOH 3HEPruM, TasiedcA B HeLpax Be-
IIeCTBa, JAIOM Y3HAJAH, KOTAA ObLIO OTKPHITO ABJEHHE pagHOAKTHB-
Hoctu. 1 r papus Buifenser 8 1 4 0,00016 kBr-u4 sneprun. B ypano-
BOil aroMHO# GomMGe mam aToMHOM peakTtope 1 r ypaHa mpH pacien-
AenuM Bugeaser 2-10* kBr-u 3HepTHH.

PaccMoTpuM HeckoJNBKO mofpoGHee Ha NMpPUMepe CaMONMPOH3BOJb-
Horo pacmaja pagHua (puc. 158), Kakue NpeBpalHeHHsA IHEPTHM NpO-
ucxonAaT npu 3toM. [lnsa o6HapyskeHHs N3jydeHHH pajus HEKOTOpoe
KOJIHYECTBO ero MOMEIAlT Ha JHE Y3KOro yraybieHus, caejaHHOTO
B MAacCUBHOM KycKe cBuHIA. [lepneHAMKYAApPHO K NAOCKOCTH PHCYH-
Ka JeicTByeT CHIbHOe MAarHuTHOe moJje (B HanpaBieHUH oT Habiio-
natean). Hajg KycKOM CBMHIIA HAa HEKOTOPOM pPACCTOAHHH IIOMeEIHaeT-
ca oronnactunka. [locse HeKOTOPOH BKCNO3HUMM H NPOABIEHHSA
IJIACTHHKA MOMHO OGHapY»KHMTh TPH pasauuHbie noiockH. [lomoca
cnesa ofpasoBanace mHoj [eHCTBHeM oO-iydel, KpaiHsAA cnpasa —
pesyabTaT BO3[JeMCTBHA Ha NJACTHHKY f-ayuei, cpepnsasa oGpasoBa-
Jack Noj AeHCTBHEM Y-Nydei, He OTKJAOHAeMH X MarHuToM. Tmarenn-
HOe HCCHefloBaHMe BCEX TpexX BHAOB Jydeid NOKA3ajao0, YTO O-JAydH
npejcTaBAAIT co6oit Agpa renus, seramue co ckopoctbio 20000 km/c.
OHH 3apsyKeHB! NOJOKATEJNHHO M MOTOMY OTKJOHAKTCSH MarHHTHHIM
nOJEM BJIEBO.

CHIBLHO OTKJAOHEHHBEe BHPABO f-AyYH COCTOAT M3 NOTOKA OTPH-
HaTeAbHO 3apS’EHHBIX 3JJeKTPOHOB, a Y-JY4H ABAAIOTCA JJEKTpOMar-
HATHHIM M3JyYeHHEM OueHb KOPOTKOH mumHb Boanw — 10~!' m.
BHyTpenHsisi 3Heprus Ajgpa pagusA 4YacTHYHO HJeT Ha coobmeHHe
KHHETHYECKOH 3HEPrUHM BCEeM JeTAINMM YacTHIAM — NMPOAYKTaM pac-
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naja, a TaKiKe MCIYCKaeTCA B BHJE JHEPruHM HM3nyuyeHus (ISHEPrHH
tdoronos). [Ipumensss u3ssecTHHi#t Tenepb M B mKoje cueTyumk [eii-
repa, yuyeHbie NMOJACUMTaNM, 4TO0 1 I pajusA emeceKyHJHO HMCIyCKaer
3,7-10' q-vactHm, T. e. KamAyH CeKyHIy NPOMCXOAMT pacmaj
3,7-10'" sapep panus.

BcsAkoe paaMOaKTHBHOe BeIIECTBO XAapPAKTEPH3YeTCH NEPHOIOM
nosaypacnana. ¥ pagusi od pasen 1600 rogam. Hano skmats 1 600 aer,
yTo0Ri M100aA B3ATas MOPHMS pajgusl pacnajach HanoJoBuHy. Eme
yepes 1600 ner mpousoiiner pacnajg NMONOBHHBI OCTABIIEHCA NOJO-
BHHBI H T. JI.

HekoToprie paAiHMOaKTHBHBIC BEIHECTBA HMMET OYeHb KOPOTKYIO
NPOO/HKUTENLHOCTD HKH3HH ¢ MEPHOJOM NOJYypacnajga B JAOJHM CEKYyH-
ABl, OAs APYTHX OH [OCTHraeT MHIAMAPAOB JeT. JTO 33aBUCHT OT
NPOJIO/IKHTEILHOCTH KU3HH SIEP JAHHOTO JJIEMEHTA.

CraTHCTHKA NPOAOKUTEABHOCTH KU3HH ATOMHBIX fepP HANOMH-
HaeT CTATHCTHYECKHE PacueThl MPOAOJKHTENLHOCTH FKM3HH 4ejioBe-
ka. Hak B ToMm, Tak M B JAPYroM cjyyae YYHMTHIBaeTcs ee cpefHee
snayenne. HeBo3MOKHO TOYHO cKa3aTh, KOTHA NpPOM30MHJeT pacnaj
HMEHHO 3TOr0 fAfpa pajgMs. ITO MOMeT CAYUYMTHCH B CAEAYIOINYIO
CeKYHY, a MOKeT ObITh 4epe3 roj WM 4epes COTHH M THICHYH JieT.
3aMeTHM, YTO B OTAHYHE OT YeJOBEKAa aTOMHOE AJPO «He CTapeer».
9T0 03HAYaeT, 4YTO BEPOATHOCTh pacnaja JaHHOTO Spa He 3aBHCHT
OT TOrO, CKOJILKO BPeMeHH 3TO SIApO yme «kuBeT». UMenHno moatomy
OTAeJNbHHE AfPa MOTYT «NPOIKHUTH» CKOJb YrOgHO JOJIT0, 4€ro, Ko-
HEYHO, He CKa)Kkellb 0 4YejOBEKe.

Bepuemcsi cHoBa K KBaHTaM BHANMOro cBeTa. Mbl 3HaeM Temeps,
yTo OoHM obaagaior Maccoit. Ho nousTHe Mmacchl cBsA3niBaercs He
TOJABKO ¢ NOHATHEM MHEPTHOCTH, HO M ¢ moHsATHeM TArorenms. [lo-
CKOJIbKY HHEPTHas W IPAaBMTAMOHHAA MACCH paBHHl, TO €CTECTBEH-
HO IIPeANOJNOKMTh, 4YTO O0jAafaiouiHe HHepTHOH Maccoii GoToHH
NOJKHK 001afaTh M «BecOM», T. €. HAa HHX JOJOKHO JeicTBOBaTh
noje TATOTeHHs. 3aMETHTh 3T0 fABJEeHHEe B 3EMHHX YCJOBHUSAX Obio
661 upe3BLIYAliHO TPYAHO BejeacTBHe Masoil cuanl npurtakennd. Ho
Belb NMPH PACIPOCTPAHEHHMM CBETA B MHpPOBOM mpocTpaHcTse ¢GoTo-
HAM TNPHXOAMTCA NPOJETATh M MHUMO THTAHTCKHX COJIHI, OTPOMHOH
maccel. He 6yger nM OTKAOHSATBCA JNYyY CBeTa, MPOXOAA MHMO TaKHX
COJHIL?

IIpoBepka npeamoyioyKEeHHA O TOM, YTO Jy4YH CBeTa, HAYIIEro or
JaJIeKOil 3Be3Nbl, OTKJIOHAWTCA, KOoraa ceBer nmpoxoanT BGauznm CoxH-
na, npeacrasiaser coGoii mpuMep oaHOoro m3 Haubojee APaMATHUYHBIX
anu3onos B ucropun ¢usuxku. Eme Holoron B csoeit «Ontuke» cra-
sun Bonpoc: «He geitcTByloT JM Tesa Ha cBeT, He H3rubalOT JH OHH
cBouM JelictBHeM ero ayuu?» B 1915 r. Jiinmreiin npegnomun
acTPOHOMAM NPOM3BECTH MPOBEPKY OTKJIOHEHHMA JydYa CBeTa OT 3Be3-
am, Korga on mpoxonut B6amsm Coanpa (puc. 159).
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Hekorga O6wulo caeguTh 3a BoameOHBiM HeGecHBIM 3peaMieM.
16 dororpaduit 6uin0 mosyueHo, ¥ Ha NEPBHIX CHUMKAaX 3Be3HI HE
suiin cobceM. Ha 14-if m 15-ii ckBo3b paspeiBH B obnakax mpo-
CTYIMJO HECKOJbKO 3Be3fHbix u306paskennit. Ha 16-it, cuaroii nepen
CaMEIM KOHIIOM, OTYET/IHBO IOJYYHJINCh OTHEYATKH BCEX H3OPAHHBIX
aasa u3mepenus ssean». I'pynma Kpemmeanna ua Cobpane, monnsy-
fich 6naronpUATHOM MOrofoM, TaK:Ke BHIMOJHHJA CBOIO MPOrpamMMy.

16 uonb6pa 1919 r. cobpanuck Ha 06beUHEHHOE 3aceflaHHe wie-
Hul oboux Kopoaescknx obuwects — Bpuranckoro u Jlougonckoro
acrponomnueckoro. Ilpencegareascreosan [a. . TomcoH.

Pesynbrarer okoHuaTeAbHOH 06paGoOTKM JaHHBIX, MOJYYEHHBIX
00EMMH IKCIEIHIHAMH, TAKOBEI:

B saamee CoGpasn . . . . . . .1,98"
Ha ocrpose Ilpunymme . . . . . 1,617
Cpenmee u3 aByx . . . . . . .1,79”

[Ipenckasannoe JiiHmreitnoM sHauennme cocrasasio 1,75”.

UTO TAKOE M»aB?

Onun W3 caMbiX KPYNHEIX YCKODHTENeH 3JieMeHTapHHIX dac-
THI{ — CHHXpodazoTpon MucTHTyTa DM3MKH BHCOKHX 3Hepruil okoso
Cepnyxosa — yckopser npotoubi 0 3Hepruu 70 mapp. 3B, wmam
7000 MaB (MaB — 310 MUIIHOH 3/MEKTPOHBOABLT). MHOrO 3T0 MAM
MaJjo?

1 3B=1,6-10""2 3pr=1,6-10""° Irx;
7 mapa. 3B=0,11 apr!

Ipr ouenb Menkaa enuHuia snepruu. 10 man. apr cocrasasior 1 .
Mopruys riasoM, Be NpPOM3BOAMTE PaGoTy B HeCKOAbKO 3pros. Hak
we tak?! Bennuailmaa ycraHoBKa AepHOH TeXHUKH, MO3BOJAIOLIAA
pacWiemiATh aTOMbI M NPOU3BOJANTH MCCHCHOBAHMUA, HMEIOLIHE OFPOM-
HOe 3Ha9YeHHe He TOJNBKO Il COBpeMeHHONM, HO W Oymyme#l Hayku
# TeXHHMKH... H KaKHe-TO JecAThie Hoau apra?! Jlasaiite pasbepemcs,
B 4eM Ke TYT AeJo.

IIpencrasbre cebe map, CKATHIBAIOUIMICA ¢ HAKJIOHHOH ILIOCKO-
cru. Ilpoiina HAKIOHHEINH YyYaCTOK IyTH PaBHOYCKOPEHHO mOJ AeHCT-
BHEM COCTABAAOINEH CHJBI TAMKECTH, OH MPOJONIKAET KATUTHCA IO
FOPH3OHTANLHOMY INOJY M cOMBaeT pacCTaBjeHHHe Ha MOAY KerJH.
UMnyasc mapa, KOTOPEIM OH 06JafaeT, CKaTUBHIHCh C TOpKH, Gymer
3aBHCETh OT BHICOTHI M OT MAaCChi Mapa. 3apMKeHHAsd YACTHHA YCKO-
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PAETCA B 3JEKTPpHYECKOM Nojie MofobHO HalleMy miapy B HoJje TATO-
teHusi. Ilpm aToM pasHocTH BhiCOT, ompefensiomieli CKOPOCTH Iiapa,
OymeT CoOTBETCTBOBaTH pPa3HOCThL MOTEHNHMAJOB Ha y4acTKe mpoGera
YacTHIbI, a Macce mapa — aJeKTpHYecknii 3apaAx vactunn. Ifostomy
a(deKTHBHOCTL yAapa wacTHI B MumeHb Oyaer Tem Gosabmie, deM
fonbmie pa3HOCTH MOTEHIMAJOB, KOTOPYIO NpPOGeKNT YacTHIA, M 4eM
Gonbwe 3apaj yactuiel. Bor novemy eguHuueil sneprum, npmoGpera-
eMoil uyacTuiled, BHIGpaH DJEKTPOHBOJBLT, T. €. 3HEPTHA, KAKY IO-
Ny4aeT 3/IEKTPOH, PasroHAEMEIH 3JIEKTPHYECKAM IOJIeM, NOCJe Mpo-
6era ydyactka ¢ pasHoctbl0 morenimanos 1 B.

INeKTPOHBONILT — EIMHALIA SHEPTWH, IOIMPOKO NpUMeHseMasd B
aToMHO# W AfgepHoii ¢uauke. Ee pacnpocTpanenHocTh 06bAcHAeTeH
npocro. [ledcTBUTEALHO, €CIM MBI XOTHM COOGHIHTL 3J€eMEHTaPHOMY
sapAny sHepruw E, 10, anA Toro urobni ompefesuTh HeobxomuMyio
R 3TOr0 pasHOCTE NOTEHIHAJNOB, AocTaTouHo K pasmenaute Ha e
(3apan). C apyroit cTopoHs!, Befib yN06GCTBO TOH MJIH MHOH egMHUI(bI
Mephl 3aBHCHT OT MacliTaba H3MepsAeMHX BEJIMUYMH: B MHpe MoJje-
KyJ JUIA pac4eToOB PacCTOAHMI HCHIOJB3YIT MHKPOMETPH, B 00bieH-
HO#l KM3HH OOBLIYHBI €XHHHIbLI METP H KMIOMETpP, a I MEK3Bes[-
HBIX PacCTOSIHHi CBETOBOM roj (paccTosiHHe, KOTOpOe CBET MpeojoJie-
BaeT 3a rof).

Enunnma sHeprum aJeKTPOHBOJLT yA0GHa B aToMHO# ¢Qu3uke,
ocobenHo B Tex cayvasx, KOrja peuys MAET 06 OQHOM 3jeMeHTapHOM
qacTrHle.

PaGora Bhixopma 3JeKTpoHa W3 Mertajia, paGora MoHM3anuM rasa
CAMIIKOM MaJibl, YTOOBI HMX BEIPA)KATh B OOLIYHEIX MEXaHHYECKHX
eMUHMIAX — dprax MJH RKoyanax. Pasymeercd, mepexoms K Bompo-
caM ANepHOH TEXHHKH, MBI CTOJNKHEMCS C DHEpPrusfAMH, HeoGXOomXHMEI-
MH JJifi paciliellJIeHAsA aTOMHBIX fiflep, W TOrla NPHAETCA YBEJIHYH-
BaTh e[[MHHMIy SHEPruH B THICAYY, MHJIHOH ¥ MHJIIHAp[ pas.

JHeprul XMMHYECKHX DPEaKIHil, ¢ KOTOPHMH YeJOBEK HMeJ ReJo
3a BeCh OpEeRLIAYINUE EepHOJ €ro HCTOPHM, He HAYT HH B KaKOe CpaB-
HeHHe ¢ 3HepruAMH AAEpHHIX npoieccoB. OTKpHITHE W NpHMeHeHHe
OrHA SBHJOCh NOBOPOTHBIM HYHKTOM B HCTOPMM WHMBHJIW3AIHH, a
MEKRY TeM CropaHHe yriepoja

C+02=Cog

conpoBokaaeTcA BhifeseHHeM 4,17 oB sHeprum Ha ogHY MoJeKyxy.
B3peiB rpemyuero rasa npuBogMT K 06pa3oBaHMIO BORH

2H,+ 0,=2H,0,

npu 3ToM Brifiejsietrcsa 3 aB aHeprum Ha ofHY MoJeKymy.

[Ipu xMMHYECKHX peaKUHAX ALpPA aTOMOB OCTAIOTCA HA3aTPOHY-
THIMH, H3MEHEHHS NPOMCXOAAT TOJBKO C 3JEKTPOHAMH BHEHIHHMX
o6onouek («BaJeHTHHMH 3jieKTpoHaMu» ). HapruHa pesko Mensercs,
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Koraa Mei obpaTHMcA K sAfepHEIM peakuuwsM. Ilpm cuurese saxpa
refiHs W3 MPOTOHOB ocBoGo;kAaercs 24 MaB, 1. e. B HeckombKkO MHJ-
NHOHOB pa3 Goxblre, H BCe e ITO TOALKO HeGOABIIAA JONA 3HEPTHH,
CKpHiTOH B Hefpax BeinecTBa. Tak wHasbiBaeMmii fmedeKT Macchi,
YMEHbIIEHHEe MAacChl BeInecTBa npu obpasoBanuu 1 mMonab reams (4 r)
COOTBETCTBYeT JHEDPrHH, KOTOpaA BhiedAHIach Ohl NOPH CIRATAHHH
5—6 BaromoB nyumero kaMenHoro yras. Ofmee ke KOJHYECTBO
3HEprud, cooTBeTcTByOimee 1 r Maccel a060oro BemecTBa, pPaBHO
5,6-10%° MsB.

C AnepHBIMH peaKIUsIMH 4YeJOBEK BIUIOTHYIO CTONKHYJCH TOJBKO
Torna, Korna bekkepear (1896) m cynpyru Kiopu (1898) orkprinm
ABJIEHUE PafHOAKTHBHOCTH. IIepBRIMH OTKPHTHIMH PagMOAKTHBHBIMH
BemecTBaMu Obuin ypaH, pajgmii, noionnit u topmii. [lopamano He-
npephiBHOE BhHIJeJeHHE 3HEPrHH 3THMH BeiecTBaMH. BrisniBaeMmbie
uMHA saBlends QocdopecueHunn n AelicTBUA B TeMHOTe HA (oTOrpa-
(uueckylo nAaCTHHKY NpaKTHUeCKH He ociaaGeBaium co BpeMmeHeM,
HEe3aBUCHMO OT cpoka xpaHeHusA. OueHL CKOPO NMPUILIOCH CTOJIKHYTh-
¢ ¢ HX cHABHBIM ¢u3uosorHyecknM AeicrBuem. Bekkepenr moso-
MAA B NANETHHIH KapMaH TPYGOUKY ¢ PaJHOAKTHBHLIM II0POLIKOM
4 NpofepKaj ee TaM B TeueHHMe HecKoibKHX uacoB. Ilocne wero om
noayyun O6oje3HeHHYI S3BY, 3aJeUHTh KOTOPYK YAAJOCh JIHIIbL
uepe3 HECKONbKO MecAueB. H cyacThio [AA YesoBeKa, KOHIEHTPAIUA
panusA B 3eMHO#l Kope KpadiHe HHUYTOKHA.

YpaHoBas cMojsHas oOMaHKa — MHUHepal 4YepHOTo I[BeTa, O]
AdeiicTBHeM aTMOC(epHBIX areHTOB Npuobperalmuil BeIHKOJENHYIO
3eJeHYI0, HeJTYI0 U KpacHyw okpacky. Cynpyram Hiopu npmuiioch
NpOBECTH TMTAaHTCKYI pafoTy B TedeHHe TpeX ¢ JHIIHHM JeT, MOKa
N3 HECKOJAbKMX TOHH (paGpuuHRiXx OTOPOCOB PYAEI YAAAOCh, HAKOHEI;
NONYYATh HECKOJbKO MWIJIMrpaMMOB XJAOpHAa papusa. Bac, 6wTh
MO<ET, HHTEpeCyeT, a 4TO NPeJcTaBAsIOT co00il WHCThie ypaH H pa-
auit? 910 MeTamibl cepeOpHUCTOro IBeTa, HO HM3MEHSIOIHE OKpPacKy
Ha BO3[yXe: ypaH — B KeaTylo, pagnii — B yepuywo. IlaorHocrs ypa-
Ha 18,7 r/cm®, pagusa — okono 6 r/cm®; ypan nnasuTcA npm Temme-
parype 1132°C, pammit — 700°C. Macca moGbiToro BO BCEM MHpe
panMs 10 cHX NOp emie MeHblle ofHoro Kmiaorpamma. Llema papns,
€CTEeCTBEHHO, UpPe3BRIYAilHO BBICOKA.

O6pamenue ¢ npenapataMi pagua TpefyeT upesBhYaiiHO#
OCTOPOKHOCTH: TOJCTHE CBHHIOBbIE 3KPAaHB JOJIKHBEI 3AI(UINATH
pa6orawomero. Mapus Ckiaonosckad-Hiopn — neppas Mccie0BaTeib-
HMIAa SAJEPHLIX NpPeBpaIeHUHl paguA M NepBasA epTBa €ro CMepTo-
HocHBIX Jaydeir. Ona ymepaa B 1934 r. oT GeJOKpOBHA. YMeCTHO
BecNOMHHUTL cioBa Ilbepa Kiopu npu Bpyuennn emy u Mapmn Hiopn
HoGenesckoit mpemun B 1903 r.: «Herpynno npepBusmers, u4To B
NpecTyNHBX pyKaXx paxdil MOKeT cleiaThcsl KpailHe ONacHbiM, M BOT
BOSHHKAET BONPOC: JEHCTBUTENLHO JAH NOJE3HO [JA 4YeloBedecTBa
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namu. flgepHaa peaknusa, ocywecrBieHHad Peaepdopaom, Moxer
OHTH 3alHCaHA B BHJE:

4He+“N—>”O+p,

rae ‘He — afpo renna (a-yacTuna); WHcaa, CTOAIME OKOJO 0603HA-
4eHHH 3/1eMEeHTOB,— 3TO MAacCOBBIe 4YHCAa (CYMME 4YHceJ HpPOTOHOB
u HeiiTpoHoB B sanpax). B Heckonbko gapyroit ycranoske Pesepdopay
ynajoch HaGuiofaTh AfepHLHe HpeBpamieHus, B KOTOPHIX YYacTBOBa-
an 6op, Top, Harpmii, amomuuuit 1 dochop. C momompio a-yacTHIy
yAaBajaoch pacHiemHTh TaK:Ke MarHMii, KpeMHHH, cepy, XJIOp, aproH,
Kaanit. OIHaKo He yAaBaJOCh PACINENHTh JHTHH, yraepox, KHCAOPOA.
Ilouemy? JHeprus a-vacTHu, McnoansoBaHHbiX Peaepdopnom, 6nuna
7,7 MsB. Ecan 6 oH nmpHmeHsa vacTHOM ¢ 3Hepruei 18 Mb»B, To
€My, BEPOATHO, yAajoch Obl pacHieniMTh yriepoa u KHcaopox. Uto
KacaercA Oojiee T/KeJABIX 3J€MEHTOB, TO MH 3HaeM, UTO ¢ yBejH4Ye-
HUeM MOPAAKOBOTO HOMEpa 3JJIEMEHTA YBEJMYMBACTCA MOJOKHTENb-
HHH 3apAj Axpa H, CJAEAOBATEABHO, CHJIBI OTTAJKMBAHHMA MOJOMKH-
TEJAbHO 3apMIKEHHBIX (-YaCTHI, OTKJIOHAIOUME HX OT MHHICHH.
Bo3HHKkna HeA HCKYCCTBEHHO YCKOPATH «CHAPANbI», MPUMEHAEMBIE
ana oGcTpena aTOMHHEX Anep.

[IpocTelimuM ycKopHTeNeM uacCTHI| ABAAETCA YiKe 3JIEKTPOBaKY-
yMHas Tpy6Ka, B KOTOpPNH 3JEKTPOHH JIETAT B BJIEKTPHUECKOM MNoJle.
KakoBa 3Heprus KaTORHBIX JAyuell B 3JAeKTpOBaKyyMHOH TpyGke, Ha-
OpsKeHHe MeKIy aHONOM M KaToNOM KOTOpoi paBHO, HampuMep,
30000 B? Bri nerko OTBeTHTe Ha 3TOT BONPOC, €CAH BCIOMHATE,
4T0 NPEACTaBAAIT cO60il KaTOAHbiE JNYYH W KAKOBO ONpEHeJeHHE
e[IMHHI[bI DHEPTHH 3JeKTpoHBoAbTa. Coymapasick ¢ BCTpevalOlUUMHCH
aroMaM#, 3JIEKTPOHBI MOTYT NepelaBaTb BAJEHTHEIM 3JIEKTPOHAM
aTOMOB JHEPruio, AOCTATOYHYIO [JAA TOro, YTOGHKI MPHBECTH HX B BO3-
6yNeHHOe COCTOSIHHE MJH MOJHOCTHIO BHIGNTH M3 aroMa (BLI3BaTh
HOHH3AIMIO). YNapsaA O TBepAyld IUIACTHHKY AaHTHKAaTO[a, KaTof-
HEie Jy4Yd BRI3BIBAIOT PEHTTEHOBCKHE JYYH Pa3AM4YHOH IKECTKOCTH.

OnHako [aA pacHienjieHHsA aTOMHOro fAapa Heob6xomuma Goabuiast
3HepTrHs, HEePrus B HECKOJBKO MHJIIHOHOB 3JEKTPOHBOJABLT. [lasa mo-
Ny4eHHs CTOJNb BhICOKHX dHEPTHil NPHMEHAIOTCA CHelHaJbHEEe YCKO-
puTen dactHy. B amHelnnix yckopurenax (puc. 161) yckopenme
YaCTHI[ BHI3RIBAGTCA BHICOKOYACTOTHBIM HEPEMEHHBIM JJIeKTPHISCKHM
nojeM. YCKOpUTeNb COCTOMT H3 psAfa TPYyOOK HOCTeNeHHO yBeJHYu-
palowgeitca gauubl, Tpy6kH mo ouepenu coefHHEHbI TO C OIHHM, TO
¢ ApyrMM HOJIOCOM HCTOYHHKA NepeMeHHOro HampsixeHusa. [lomyc-
THM, UTO YCKOPHTb HAaJ(0 HONOKHTEJbHYI0 YacTHiy — mpoToH. C He-
KOTOpO# HayajbHOH CKOPOCTBIO YAacTHIA MoONMajiaeT B NepByio TpyOKy.
Iona B TpyGkax Her, U 9YacTHUA JETHT NO HHEPIMH, COXPAaHAA Ha-
JaJabHY0 CKOpocTh. B mpomemyTke Mexay TpyOkamMm cymectByer
HalpsyKeHHe, TAK Kak oGe TPYGKH HaXOmATCA NOJ PasHLIM HOTEH-
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eMBIX YaCTHL[ H3MEHATCA M YACTOTA IeKTPOMAarHUTHOrO MOJA ycTa-
HOBKM M, TAaKMM 00pa30M, YacTHIH He BHIXOAAT M3 PEKMMA yCKOpe-
auA. Ha aroM mpuHuume ycTpoeHH COBpeMeHHbIe YCOBEPHIEHCTBO-
BaHHBIE YCKOPHUTEJHM — CUHXPOTpPOH, ()a30TPpoH M CcUHXpOPa30TPOH.
He BpaBasch B Teopermyeckme M TeXHMYECKHMEe JeTald UX YCTPOHCT-
Ba, MNpHUBeJeM MHTepecHBle [aHHBIe, OTHOCAUIMECH K OFHOMY H3
KPyNHeHIINX B MUPe YCKOpHTeNleH, ycTanosjenHoMy B O6beauHeH-
HOM MHCTMTYTEe SiiepHHX McciaegoaHnii B [lyGre. dToT yckoputean
(cunxpodasoTpon) saHuMaeT ornenbHoe 3ganne. [HranTcKuil MarLuT
yCKOpHTeJA, AUaMeTpP Koroporo aocruraer moutu 60 M, uMeer Mac-
cy 30000 1. [lna oGcay:xuBaHMSA 3TOro 3jJieKTPOMarHuta norTpe6osa-
Jach MOCTPOHKAa CIelHajbHOrO 3HepreTHuYecKoro Kopmyca. [las co-
3JlaHAA M NOAAepMaHUA HeoOXOZNMOro BaKyyMa B YCKOPHTEJbHOMH
Kamepe cuHxpodasorpoHa paGoTaior 56 MOIIHBIX BAKYYMHHIX Haco-
cOB. YcKOpsieMBble YacTHIB, cAelaB B KaMepe 4,5 MaH. oGopoTos 3a
3 ¢, mpoberaloT myTh, B [gBa pasa NpPeBHINAIOIUIA pacCTOAHHEe OT
Semau go Jlynsl.

JHeprusi NMPOTOHOB, YCKOpSieMHIX B CMHXPO(A3OTpOHe, AOCTHra-
er 10000 M»B.

KAK bbl1 OTKPbIT HEATPOH

Axapemunx A. II. Anexcangpor Bcmomuuaer: «25 pexabps
1946 roga Wropem Bacuabesuuem KypuaToBeiM u ero coTpymHUKaMM
prnepeeie B CCCP Omaa ocyuiecTBiaeHa caMONOAAepKUBAIOLIAACH
sjepHasa uenHaa peaknuA.. C 3TOoro MoMeHTa M3 aTOMHOH HAayKH
Havajla pPOKAATLCA MOryuYas aToOMHas HpoMbluieHHOcTh CoBeTcKoi
CTPaHBI».

Yenopex HayuywicA MHOJY4YaTh HOTOKM HEHTPOHOB, Hay4HICS
VIOpaBIATh WMH, 3aCTaBuia HeiirpoHu paborath. IloaBiacTHhle BoJe
yeJlOBeKa, HEHTPOHL YCHEIIHO TPYAATCA HAa ATOMHBIX 3JIEKTPOCTaH-
UUAX, KAIOT KU3Hb CBEPXMOUIHHLIM ABUTATeIsIM ATOMHBIX JIEAOKOJIOB.
A BeIb BCero JuImb NATHAECAT ¢ HeGOJBIINM JeT Ha3ax JI04H BooOIIe
He 3HAJM O CYUIeCTBOBAaHMM HEHTPOHOB.

Heiirpon 6mi1 orkpur B 1932 r. OTKpHTHE HEHTpPOHA — BasKHEN-
mee cofbiTHEe B Pa3sBUTHH COBpeMeHHOH (usMKU.

Meuicib 0 BO3MOKHOM CYIIECTBOBAaHHM HEeHTpPOHA OHlJIa BIepBHIE
peickazana Pesepdopmom B 1920 r. On mpepcraBasan cebe HeHTpPOH
B BHAE «HEHTpajlbHOTO AYyGJeTa» — TECHOTO COeIMHEHHs MPOTOHA
u 3neKTpona. Bruto uasecTHo, YTO, HAIpUMep, aTOM rejiUA HMeeT JBa
3MEeKTPOHA M, CJeOBaTEeJIbLHO, AAPO 3ITOTO aToMa JOMKHO MMeTh ABa
npoToRa (Tak Kak atoM Heiirpanen). OpHako macca aToMma reiaus He
B iBa, a B YeThipe pasa Gojblle Macchl aromMa Bojopoja. B cBa3m ¢
3THM BO3HHMKJA MBICJlb, 4TO AAPO TeJHA COCTABIAKT 4 NPOTOHA M
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2 anexrpona. C rouku 3penus Pesepdopna, aapo reaus AomKHO co-
CTOAThL U3 2 HMPOTOHOB U 2 HeHTpaJbHHIX Ay6jeroB.

Ilowemy Pesepdopn npeacraBasn ueiirpon B Buge AyGaera us
OPOTOHA M 3JIeKTPOHA, a He B BHJA® CAMOCTOATEJLHOH HelTpanbHOMH
9acTUIH? JTO MOYKHO MOHATH, €CJH BCIOMHMTDb, 4T0 B 20-e rogsl Ha-
11ero CTOoJMeTHA ObiiM M3BECTHH TOJBKO TPH 3JIEMEHTAapHbIe YaCTHIHI
(as1exTpoH, mporoH, (OTOH), KOTOpPHIe, KAK OLIIO HPUHATO TOTHA
CUMTaTh, IOJHOCTHIO HCYEPILIBAKOT BeCh HeoGxoquMelii HaGop sneMeH-
TapHHX KApuu4yukos. Paccmarpusas HefTpoH Kak o6bLeguHEHMe Mpo-
TOHA H 3JeKTpoHa, Pesepdopa tem caMbiM caefosan obmienpuHATOH
koHnennuu. Kpome roro, orkpeirag eme B 1898 r. P-pagmoartus-
HOCTb fAfep, KaK TOTJa KasaJoch, BIIOJHE ONpeJeJieHHO YKasslBajia Ha
HaJMuMe 3XeKTPOHOB BHYTPHM AaTOMHHIX AHep.

B 1924 r. ge Bpoiinp npeano:kun cOmOCTaBAATH C 3JIEKTPOHOM
HeKylo BoaHy (BcuoMHuMM Geceny «IlonsATue o 30HHON TeOpHH BIEKT-
PONPOBOGHOCTH» ), U BCKOpPe AUPPAKNAA 3JIEKTPOHHHX BOJH OGuja
oGHapyxeHa Ha onbiTe. [[JINHA BOJIHH dJIEKTPOHA A BHIpajkaeTcs 4yepes
ero uMnyasc p no ¢opmyae ae Bpoiina A=h/p, rae h — nocrosu-
Haa Ilnanka. Yro6n 31eKTPOH MOT NOMECTHTbCA B ATOMHOM sfpe,
€ro ANHMHA BOJHH HOJKHA, OYeBUAHO, He MPEBHIIIATL AHAMETPA AAPA:
A<<d (d — puamerp sigpa). C yuerom dopmyan ge Bpoiina nepenumem
3TO HepaBeHCTBO B Bufe: p=>h/d. 3naa pasMepsl aTOMHBEIX AfEP, MOMK-
HO OLEHMTHb OTCIOla MUHUMAJIbHHHA BO3MOMKHBIA HMIYJLC, a 3aTeM H
3Hepruio 3JeKTPOHa BHYTPH sapa. OueHKH NOKa3BIBAKOT, YTO 3JEKT-
POH JOJI3KEeH MMeTh B 3TOM ciyyae aHeprui He Menbme 100 M>sB!
970 caAMIIKOM MHOTO. 3TO MPUMEPHO B THCAuY pas Goibmie aHeprum,
Bejlesisiiomelica npu P-pacnage sagep. Omuako ecim yMeHLIINTH
3HEepruIo 3JIeKTPOHa A0 pa3yMHBIX 3HAYeHWUiH, TO CYIECTBEHHO yBe-
JIHYUTCA JJIMHA BOJIHBI 3JIGKTPOHA M TOTHA BJIEKTPOH He «IOMeCTHT-
cA» B Aape. Bce aro mo3posAno 3aKIW0YNUTh, YTO, BO-HEPBHX, 3JEKT-
POHBI B COCTAaB ATOMHBIX AJep He BXOAAT M, BO-BTOPHIX, 3JEKTPOH
npu PB-pacnaje AfApa poskaaercss B MOMeHT pacmaga (momobHo ToMy
KaK popaaiorcA (OTOHH mpH MCIHYCKAaHHH CBETAa aToMaMu).

B 1930 r. semenxue ¢unsuxku Bore u Bekkep o6mapymuiu, uro
Gepunnuit npu obcrTpeine a-yacTHIAMM HCOyCKaeT He HPOTOHH, a
KaKoe-TO HeH3BECTHOe U3JNyYeHHe, ITO H3Ay4YeHHe He OCTABJSAJIO
ciegoe B KaMepe Buabcona; yepes HOBOJILHO TOJNCTYH) CBHHIOBYIO
naury (rommumroin 10 cM) oHO mpoxoguno, mo4TH He ociabemas.
Beino BBICKa3aHO HpeJHONOKeHHe, YTO 3TO eCTh O4YeHb KeCcTKoe
Y-H3Ny4yeHue, T. €. JIeKTPOMATHUTHOE H3Jy4YeHHe, KBAHTH KOTOPOTO
obnagalor oueHb GoJbIIOH 3Hepruei. 3arafloYHHIM H3JyYeHHEM 3a-
uHrepecopanuch ¢puszuku WUpen u Openepnr Moano-Kiopu. Onn mo-
CTaBUJIM HA NYTH M3JNYYeHHUS B3ACJIOHKY H3 BOTOPOACOAEPIKAINero
pemiecTsa — napaduHa ¥ OOAYYMIH WHTepecHeHIIWiA pesyJbTar:
nerkas napaduHOBas 3aCJIOHKA, B OTIMYME OT T/HKEJOH CBHHIOBOH,
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HaJe:KHO mNepeKpriBasa uaiayuyeHue Bore—Bexkepa, npu arom wu3
napaduHa BhlJeTald GHICTpbie MPOTOHHI B HANPABICHMH H3JYYEHHS.
U. n ®. Hoano-Kopu npeamonomuau, 4ro NPOTOHH — 3TO AApa
OTHAYM, BO3HMKAWOIIMe B Pe3yabTaTe CTONKHOBeHMA (OTOHOB 6oab-
HIOH 9SHePrMM C aTOMaMH BOJOPOAA, HMelOH[UMMCA B mapaduHe.
IIponsBenss Heo6XOxMMBIe ONEHKM, OHM HOJyuuau, uT0 (OTOHBI
IoMKHH o0iagaTh oueHb Goablloi suepruein — oxono 50 MaB.

Kasanoch 6n1, apienue o6bacHeHo. OxHaxo npusHaTh 310 oGBsAC-
HeHMe Y[OBJEeTBOPUTENbHBIM ObLIO0 Heab3A. MHoroe ocraBajoch He-
acumiM. OTKyna Geperca croias Goawmas sueprus doronop? Ilodemy,
nepefaBaf CBOI0 JHEPruI0 NpOTOHAM, (OTOHHI B TO Ke BpeMs «He
#eJaloT» B3aMMONEACTBOBaThL ¢ aroMamMu ceuHua? U teM He Menee B
cBoeii pabore, onyb6auxosannoit 18 ausapsa 1932 r., Hpen n Ppenepux
Hoauo-Kiopu npomommanu cuurath u3anyueHne DBore—Bexkepa
MECTKUM OJJIeKTPOMArHUTHHIM H3jaydeHuem. PaGora sakanuuBajsach
caopamu: «Hrak, HaCTOAIMMHU ONKTAMU, NMO-BHIUMOMY, YCTaHOBJe-
HO, YTO 3JEKTPOMArHUTHOE H3JIy4YeHUe BBHICOKOH 4YacTOTH CIOCOGHO
ocBo6oXAaTE B BOJOPOLCOAEPHKAIIMX BemecTBaX MPOTOHH M HpHAA-
Ba¥bh UM BBICOKHE CKOPOCTH».

Mosnakomusmuck ¢ paboroit . u @. Hoano-Hiopu, anramid-
ckuit ¢uaux Yensuxk ua nabopatopum Pesepdopma B HemOGpupme
porafancs, uro paHuysckue U3UKN MMeJM [esl0 He ¢ 3JeKTpoMar-
HMTHRIM M3jiyueHueM, a ¢ Heilirpouamn. Uenpuk Gein yuenmxom Pe-
sepdopaa; mOx BAMAHUEM YYHTeJs OH JaBHO NPOHMKCA MEeeil «HeiT-
pOHa», MCKajJ HEHTPOHBI, OMKUAAN BCTPETHTh MX B Ji0GOM HOBOM H3-
nydenuu. BnocnencTBuu oH mpusHaBajica: «Mom Mbicam, ecTecTBeH-
HO, BepTelinch BOKPYT HeliTpoHoB». Uensuk noeropun onutsl HHomnuo-
Hiopn, BHecA B HUX CYIeCTBEHHOE RONOJIHEHME C ILEJIbI0 NPOBEPKH
HEeHTPOHHOM TMHOTe3hl: OH MCHOJB30BAJ PasHHE 3aCJOHKH, COHEpPHA-
mAe JerkdHe 3JIeMeHTH (BOJOPOX, JHUTHMi, yriepox, asoT u fp.).
UYensur obHapymui, 9TO 3aragoyHoe M3JydYeHHEe, BOZHHKAKINEEe IpPU
6ombapaupoBke OepuiiinA o-9aCTHOAMM, CIIOCOGHO CO3faBaTh He
TOJBKO NPOTOHH, HO M JApyr¥e AApa OTAAYM — AAPa JUTUA, Yrie-
pona, asota u T. A.

Han6onee cyumecTsenHBii MOMEHT B MccaenoBaHuax Yemsuka co-
CTOAJ B TOM, YTO OH BHINOJHMJ JOBOJBHO TIATeJbHHIE HU3MEpPeHHA
sHeprum aApep ormauu. Cxema akcnepumeHTanbHOH ycraHoBku Yepn-
BUKA NoOKasana Ha pucynke 163. Jlua usmepenus sHeprum sAgep oT-
JAauuM OH BOCHOJB30OBAJCA HMOHM3ANAOHHOH KaMepoil ¢ ycmiureaem
u ocmumaorpagpom. MoHusanmuonnasm KaMepa uMeeT JIBa 3JIEKTPOAA,
MEHIY KOTOPHIMH CO3JaHa pasHOcTh moTeHpuanos mopaaxa 1000 B.
fAnpo oTgaum, mposerad B6AU3M 3TUX 3IEKTPOAOB, NPOU3BOJAT HOHM-
3aMi0 aTOMOB ra3a, HanoNHAWImEro kKamepy. Boanukaomue Ha
OyTH SAApA OTHAYM MOHB U 3JIEKTPOHBI JBIMKYTCA ION HReHACTBHEM
SJIEKTPUYECKOTO MOJIA K COOTBETCTBYIOIUM 3JeKTpoAaM. B peayns-
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TaTe B IeNM HOHH3AIMOHHOH KaMephbi MOABJISAETCA HMNYJbC TOKA,
KOTOpEIH MoeT OHITH yCcHIeH M mojaH Ha ocuuanorpad. Mamepsas
HHTEeHCUBHOCTh HalilopaeMoro Ha ocuuwiuiorpadge uMmyiabca, Yensmk
onpejeaun 3HEPrui0 pasjiW4HbIX sAAAep orfa4yn (IPOTOHOB, Ajep asoTa
u ap.). CpaBHMB 3aTeM 3HEPTHH, OH NPHINEJ K BHIBOAY: H3JyueHMe,
BO3HMKaOIMee Npu 6oMOapAMpOBKe OEpUIIMA G-YAaCTHIAMH, eCTh
He 4YTO MHOe, KaK HOTOK HEHTPAaJbHBIX YACTHI, C Maccod, MpaKTHYe-
CKM paBHOH Macce NPOTOHA.

N por 27 despana 1932 r. (Bcero uepes mecsu mocae omy6am-
Kopanusa paGornl Hloamo-Kiopu) mossnserca kparkoe coobuieHue
Yenpuka nopx HazBaHMeM «Bo3MOMKHOCTb CyniecTBOBaHMA HEMTPOHA».
B meM, B wacrrocTH, roBopuiochk: «Peaynbrarn, monaydeHHble MHOIO,
O4YeHb TPYAHO OOBACHHTH, MCXOAS M3 NPENNONOKEHHA 00 AEKTpo-
MarHHTHOM M3JyYeHHM, eCJid TPH CTOJKHOBEHHH JAONKHBI COXPAHATD-
CsA JHEpPrusi M KoJu4ecTBO ABWKeHUA. ORHAKO TPYAHOCTM HCHUe3aioT,
€CJH NPeAIOoNOKUTh, YTO M3NYyUYeHHE COCTOUT M3 YacTHI, ¢ Maccoi 1
n zapagoM 0, T. e. M3 HeHTpoHOB. MOXHO NPEANONOKMUTL, YTO B
pesyabraTe 3axmara «-dacTHusl sAfpoM °Be obpasyerca appo '’C
H HMcHycKaeTrcA HeWTpoH... CTOJNKHOBEHUS 3THX HEHTPOHOB C aToMa-
MH, uepe3 KOTOphle OHHM NPOXOHAT, CO3RAIOT ATOMK OTAAYM; Habaiona-
eMas SHepPrusi aTOMOB OTHAYM HAXOAUTCA B INOJHOM COOTBETCTBHM
C TaKOH TOYKOH 3peHHUsA».

Pacuersl, BeimosHeHHbe YenBukoM, aoBoabHo mpocthl. OHM ocHo-
BHIBAIOTCA HA MCIOJb30BAHMHM 3AKOHOB COXPAHEHHS SHEPTUH M KOJH-
uyecTBa JBuieHHA wuacTuy. Ilpeamonokum, 4ro sgpo Maccolr m
(mycTth 3TO OGymeT Macca NpefmonaraeMoro HeMTPoHA), HMeOIiee
CKOPOCTb U, MCIBITHIBAET JOGOBOE yHpYyroe CTOJKHOBEHHE ¢ TOKOMB-
muMcA ARpoM Maccel M. 3aKoH coxpaHeHMA 3Heprum AJIA AaHHOTO
clyyas HMeeT BHA:

mu® mu? Mug

1

2 2 2

rfle U; B Uy — CKOPOCTH sfep MaccaMu m W M mocie CTONKHOBEHMUA.
3aKoH coXpaHeHHs KOJHYECTBA [BHKEHHA MOMKHO 3aNHCATh B BHJE:

mv=muv, + Muv,

{KOHE9HO, CKOPOCTH ABJAIOTCA BEeKTOpPaMM, HO B JaHHOM ciydae Bce
3TH BEKTOpHl HAIpaBJeHHl BHOJb OAHOH NPAMOI B OAHY CTOPOHY).
Hcnonbsya 3aKOHB COXpaHEHHUS JHEPTMH M KOJUYECTBA ABHIKEHUS,
HAXOXMM CKOPOCTb Afipa OTHAYH:

2m

=V

MIpeanonoxum, 4To B OQHOM Cly4ae ARPO-MUILIEHb (OHO e ABJISAETCSH
u AgpoM oTAauM) umeer maccy M’; ero ckopocTb mocie CTOJAKHOBe-
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NoYeMy HEHTPOHBI JOCTATOMHO JIETKO MPOXOLAT CKBO3b CBHHEIl, HO
sacTpeBaloT B napajmHe, BHIGMBasA B HaNpaBJEHHH CBOETO ABHMKe-
HHUSA NPOTOHHI. '

Her comHenmit B TOM, 4T0 MceiaefoBaHMA, BHINOJHEHHble Bore—
Bexxepoum, a sarem U. u @. Hoano-Kiopy, curpamu Goabmyio poub
B OTKpHTHH HelfiTpoHa. ONHAKO pewlaloiiero mIara 3TH HCCIeqOBaTe-
au Bce ke He cAenanu. Ha aror cuer odenbr ofpasno Bmpasmics
akafemunk B. M. Kenpos: «Onm nopomnn BojorHyio IBEpH, Beqy-
medl K pasrafike HOBOH TaiiHEl NPHPOAHI, OHHM OWIYHANM 3Ty KBepb
U Ja}e MOCTYy4aluch B Hee, HO OTKPHIThL €e He CMOIJIM, TAK KaK 3Ta
ABEPb OTKPHIBaeTCA He «K cebe» (TO eCTb B CTOPOHY 3/I€KTPOMATHMT-
HOH KoHmennuu), a «or ce6si» (TO eCTb B CTOPOHY KOPEHHOTO OT-
Kasa OT 3Toi KOHNenumu)». 3aech, HaBepHOE, HAAO MOSCHUTH, YTO
9JIeKTPOMArHUTHAs KOHUENIAA COOTBETCTBOBAJA MPHHSATON B Te Bpe-
MEHa TOYKe 3PEeHHA Ha eCTeCTBEeHHOHAYYHYI0 KaPTHMHY MHpA, COrjac-
HO KOTOPOH MaTepMA COCTOMT TOJNbKO M3 3JIeKTPOHOB, MPOTOHOB H
¢oroHOB, a BCe B3aMMOFEHCTBHMA B HPHPOAE CBOAATCA B KOHEUHOM
c4eTe K TPaBUTAMHMOHHBIM U 3JEKTPOMArHUTHBIM.

Pemajomuii mar B orkpeiTuu HelTpoHa cpenan Yexgsmk. On mo-
rajjajica Opofe]aTh M3MepeHMs, NCNOJb3ysA pasHble 3acCJOHKH (BOXO-
poAcofiepamyio, a30TCOASPIKAMYI0 U AP.), N TIATEJbHO H3MEpHJ
3Heprmm sfep orfayd. BLIDOJHME BCe 3T0 H CONOCTABHB INOJYYHB-
muecA KOJAMYeCTBEeHHBIe pe3yiabTarhl, UeABMK CHenan mnpaBHIbHHI
BHIBOJ| O cymiecrBopaHuu HelitpoHa. Ha mpumepe aroro orkpeirha
XOpOllI0 BHAHO, KaKoe BayKHOe 3Ha4YeHHe MMeloT B U3HKe KoJHYecT-
BeHHble uaMepennA. OTKpeiTHe HelTPOHA — 3TO HE TOAbKO MOABIE-
HMe elle ONHOH dneMeHTapHOM wacTuubl. Helitpon mpuBen K orkpei-
THI0O COBEpIIeHHO HOBOTO THHA B3aMMOJEMCTBHI — SANEPHOTO B3aMMO-
melicTBHA (ero Ha3HLIBAIOT TaK:Ke CHALHHIM). BcKope BbiACHMIOCD,
9TO, B OTJIHYHE OT 3JIEKTPOHOB M MPOTOHOB (a Takimke ¢OTOHOB),
HEHTPOHH HecTabHMIbLHE: CBOGONHBIA HEeHTPOH CaMONpPOM3BOJLHO
mpeBpamaercA B TpM dacTHIb. B coBpemeHHOl 3amuenm ato mpespa-
meHne BHIVIAOAT TaK:

n_>p +e_ + Ges

Tae p — OPOTOH, 71— HeHTPOH, € — DJIeKTPOH, V.— 3JEeKTPOHHOE
antuHeiitpuno. Okasajnoch, YTO 3T0 mpeBpamleHne O6YCIOBIEHO cCHe-
ouduYecKUM B3aMMOMeHCTBHMEM, KOTOpoe CTaj¥ Ha3nBaThb caabbiM.
Tak, HapsAgy ¢ rpaBUTAONMOHHBIM W 3JIeKTPOMarHUTHHIM, B (PU3UKY
BOLIA elle [Ba THOA B3aMMOAEHCTBHIH — cuiIbHOe M chaaboe.

PeBosonnonHoe 3HaYeHHEe OTKPHITHS HEHTPOHA COCTOAJO NMperkae
BCer0 B KPYIUIEHMH 3JIeKTPOMarHuTHOH KoHNenuuu B uanke. Crauo
AICHO, YTO NMPHPOAA MaTepHM M ee NpeBpAIleHUs 3HAYMTeNbHO Gora-
Yye, 4eM 3TO HPe[CTaBIAJIOCh paHee, YTO OHU HEe CBOAATCA TOJbKO
K 3JIeKTPOMATHHUTHHIM SIBJICHUAM.
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Cpasy e mocie OTKPHTHA HEATPOHA COBeTCKHMil (DH3MK
A. J. UBanenko n nemeuknii ¢puauk IefiaenGepr BHABMHYAN HOBYIO
mopean sAxpa aroMa. CorJlacHO 3TOl MOeJM aTOMHOE AAPO COCTOMT
M3 NPOTOHOB M HEHTPOHOB, Me}Ay KOTOPHIMH Ha BeCbMa MaJIbIX pac-
CTOAHUAX AEHCTBYIOT MOMIHBI® CHJIBI NPHUTSKEeHUSA — AfNepHHe CHJLL
Bnaropaps aTuM cunaM HeHTpOHH B siipe CTAHOBATCA CTAGMIbHBIMHU.
[lpaBga, B HeKOTOpHIX AApPax 3Ta CTaGMJIBHOCTH Hapyulaercd, M
Torga Mbl Habmopgaem sapjenne B-pacnaga sagep. IIporonno-mefir-
pPOHHAsA MOMeJ]b fAfpa OKa3ajJach CBOOOZHOH OT BCex HEYBA3OK U
«HATAMKEK» MNpeHUX Mojened. [lanbHelline HcclegoBaHMA TOA-
TBEPAMWJIHM CHPABE[JIMBOCTb 3TOH MOMeJH W, BHECA B Hee PAN YTOUHe-
Hufl, caenanu ee o6LIENPHHATOM.

Apyroe HanpaBneHue MCCIeNOBaHMIi, 0GYCIOBIEHHBIX OTKPHLITHEM
HeATPOHA, CBA3aHO ¢ mpobiemoii AnepHHIX peakumit. flgepuyo peak-
UHI0 NOA JAeHCTBMEM HeHTPOHOB BIepBeie Habmogan adHrau#ckKui
¢uank Dezep B Mae 1932 r. B coBpemenHoil 3anucu 3Ta peakuus
BBITJIAJUT TaK:

n+ ”N—»“B—l—"He.

PaGora Pesepa 6bina mepeoi nacroukoit. Benen sa Heli mocaemomano
GONBIIIOe YHCJIO MCCAeJOBAHUI MO ANSPHHIM PeaKHNAM, BHI3LIBAGMBIM
HelirpoHamu. CTano 3apokgaThcst cHenHaJbHOE HalpaBleHUe B Afep-
HOl ¢uanke — nefirponnas ¢usnka. Hak ormeuan Yegsuk B cBoeid
aexuun npu noaydenuu HoGeseBckoit mpemun mo ¢usmke 3a OTKPHI-
THE HeHTpoHA, «0oabmIyl0 3pdeKTUBHOCTH HEHTPOHOB B MOJYYEeHHH
SITePHBIX peakuMit Jerko obbsacuHurth. [Ipn cTonkHOBeHMH 3apsAMKeH-
HOM YacTHIHI ¢ AJPOM BePOATHOCTH €€ NMPOHHMKHOBEHMA B ARAPO OTpa-
HHYeHa KYJNOHOBCKOM cuioil oTrankmBanma. B caydae ke coymape-
HUS HeHTPOHA ¢ AAPOM OTPaHMYEHHIl TAKOr0 THNAa He CyIEecTBYeT.
Cuna B3auMOBeHCTBHA HeHTpPOHAa ¢ AAPOM BHAayaje BechMa MaJa;
QUL HA OYeHb MAJIBIX PACCTOAHMAX OHa HayMHaeT GBICTPO pacTH M
HOCHT XapaKTep NPUTAKeHUs... [loaToMy maske HeHTPOHH OYeHb Ma-
NOM 3HEePrMM MOTYT HPOHMKHYThL B SAAPO».

B 1934 r. uransanckuM ¢uankom MepMu Obina OTKPHITA HCKYC-
CTBEHHAs PafAMOAKTHBHOCTL aTOMHBIX Ajep Mo AedCTBUEM HelTpOH-
Horo ob6aydenusa. B Tom ke roxy @epmu ¢ corpyaHnkamu HaGaopa-
U JelleHHe AOep THAMENbIX 3JIeMeHTOB Noj [AeficTBHMeM Me[JieHHHX
HeiirpoHoB (moApoGHee MBI HOroBopuM 06 3TOM B cleayiomei Ge-
cepe).

C oTKpsiTHEM HeHTpPOHA Hayajlcs HOBHIH mepHold B Pa3BUTHH CO-
BpemeHHoH ¢usuku. B ucropum dnsmkum 1932 r. yacro HasmLBalOT
«rofioM 4YyJec», OTAABas NOJIKHOE OOMIMIO 3amedaTelbHHIX OTKpH-
THii, cleJaHHKIX B TeyeHHe aroro rofga. C TakMM Has3BaHHeM MOKHO
COTJAACHTLCH M B TOM cCiaydYae, eCjiM YYUTHIBATH TOJIBLKO OTKPHTHE
HeHTpOHa.
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NYCTb BYAET ATOM PABOUYUM,
A HE CONAATOM!

B 8 uacos yrpa 6 asrycra 1945 r. pagapuble yCTAHOBKH B SINOH-
CKOM MOPTOBOM ropofe XMpocHMe OGHApYKHIM TPH HpHGIHKaBLUIHX
cfl K ANOHCKMM OeperaM camoiera. B aToM He 6b10 HHYero HeoOHIK-
HOBEHHOTO, TAK KaK 00eCKPOBJeHHAas BOCHHHLIMM HeyJadyaMH SAIOH-
CKasd aBHauMA OPOABIAJNA MajJO AKTUBHOCTH ¥ aMepHKaHCKHe CaMo-
JeThl NMOYTH OecnpensTCTBEHHO COBepIIAJM pasBefbiBaTeJbHbie MO-
JeTs! Haj ocrposamu. Boiima mpourpana, 3to Geuio ouesmauo, Iep-
MaHUA KamUTY/NMpOBAJia ellfe B Mae, KBAHTYHCKAS apMHMA pa3rpoM-
JleHa COBeTCKMMM BoiickaMmu Ha mousax Mambwxypnn u Kuras, son-
poc o ranmuryaAauun finonmn 6wnin BompocoM 6mmmaiimmx Aueii. Ilo-
3TOMY HOABJIeHUE aMePUKaHCKoro 6omGapaupoBmuka 5-29 He BhLI3Ba-
a0 Goavmioro GecnokoiicTBa y HacedeHusa ropoaa. TpynoBoil peHb
HayHHaJCcA B OOBIYHOM HOpAAKe.

B 8 u 14 muu Kuaoxg Uszepnn, aeruumx cynep6oMb6apaupoBLM-
Ka B-29, paguposan ciaenoBaBuieMy 3a HUM GoM6apAMpPOBIUKY, KO-
Topeiii Ben mnonkoBHMk TuGGerc: «Bpocaitrel», u aromuaa GomGa
noxerena Ha Xupocumy. BaphiB mpomsomen B Bo3ayxe Ha BHICOTE
npumepHo 500 M or nosepxHoctn 3emau. CHavana MOABWICH .CBe-
TAMUACA wap, pacmupuBmuiica go guamerpa 800 M. Uepes He-
CKOJIbKO CeKYH[lI OH B30PBAJICA M NPEBPATHICA B MOpe OTHH, M3 KO-
TOporo mopHsicA Gennlit cron6 ApiMa. ITOT CTONG MPOAOMKAN pacTH
H, HaKOHelu, NpUHAN ¢dopMy uYyAoBHImHOTO rpuba BBICOTOH 15—
18 Teic. M. Uepes HeCKONBKO CEKYHA TNoOcjie B3phiBa B XMpOCHMe
BOSHMK OrHeHHBbIH miTopM. Berep aya co ckopocrsio 64 km/u, mepe-
BAHHBIE CTPOEHMSA rOpejH B pailoHe paguycoM 3 KM, reldedoHHBIe
cToNOBE OKa3aJMCh CPe3aHHBIMH Ha ypoBHe seMau. B paiiome pagmy-
com 800 M 6uiIM paspyllieHH Bce 3HaHUA He3aBUCHMO OT THIA IO-
cTpoeK, a B paguyce or 1,6 go 2,6 kM noBpesaeHHa GLLIM HACTOJID-
KO 3HAYMTEJbHBI, YTO PEMOHT OKa3hIBAJICA HEBO3MOKHBIM. Ilo oueH-
Ke AMOHCKHUX BJiacTeil, U3 75 ThiCAY AOMOB, UMEBIINXCA B XHpOCHMe,
HOJHOCTBIO Obiio paspymeHo 50 TeicAY, a vacTtA4HO — 18 THiCHY.
Ilapaongme 3gaHuA M JgersAumHe OOGJIOMKH HeCIHM CMepTh M YBeubA
TeM, KT0 He moru6 B Mope OrHA. «MrHoBeHHBie oxOrM» (OMOrH,
BHI3BAHHEIE CBETOBRIM U3Jy4eHHEeM) COHPOBOKIAJIMUCH BpeMEeHHOM
cHenoToil, AeNadn KoKy JHia HeysHaBaeMol («Macka XHUPOCHMED»)
M CONpPOBOMIAJUCH Jarke OOYTAMBAHUEM HOBEPXHOCTH KOMKH.

K 1945 r. B Xupocume HacuurhBagochk oxKoao 300 Teicsu xuTe-
aeit. Tlo ceepenusam odunuanbabix yuypexgenuin flmomuu un CIIIA,
B JIeHb B3pbiBa MOTHGNO cBbime G0 THICAY YeJOBEK, PaHEHO OKOJIO
100 TecAY u ThicAuM mpomanu Oe3 Bectu. BoeHHas ueHaypa BceMH
cmocob6aMu HpensATCTBOBAJIA PAacHpPOCTPAHEHWI0 MCTHUHHBIX CBedeHUI
0 MOC/IeICTBUAX AaTOMHOrO B3pbina. MUp JAMINL HOCTENEHHO, ¢ 3aH03-
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AaHMeM B HECKOJbKO JIeT, y3HaBal CTpAallHble NMOAPOOHOCTH 3TOro
6ecuenopeunoro akra. Benencrene naHMKM M Xaoca, mapMBIIMX NOCHE
B3pbIBa, JIMIIL HEMHOTMe MOCTPAafaBIIMe GHIJIM OTIPABICHH B HaJb-
HHe OGoapHunbl. TpamBan c:KMrajdMm NeJMKOM, He OCBOOOK@asm oOT
Tpynos. Mycop M HeuHCTOTH He y6HpaldMCb B TEUCHHE Tpex Mecs-
HeB. Y OCTAaBIIMXCH B KUBKX Ha6nioAadMch Triay6oKHe M3MeHEHHS
B OpraHusme, W eme B HacrosAmee BpeMsa, uepes 40 jeT mocine Ka-
TacTpodri, HAGIIOAAITCA CcMepTesbHBIE CJIyYaH MPOHHKalomeid
papuanuu. Yepes Tpu pus nocie XupocuMs 6bia cOpollleHa mayro-
Huepas Gomb6a Ha Haracaku ¢ aHanormuHeiMH pesyasTaTaMmu.

ArtomHble 6oMGBI, cOpouteHnnie Ha Xwupocumy u Haracaku,—
npectynjeHue, Imepef KOTOPHIM MEPKHYT 3JOAeAHHA BeJuuaiimmx
uspepros npouunoro. Jlerunk Knop Wasepnu 6w marpammgen Me-
Aanbio ¥ HoMyuMs 9MH Maiiopa. Korga on Bepuyacs B poanoit Texac,
€ro BCTPeTHJIM KaK HAaNMOHAJbHOro reposi dandapaMu, 3HaMeHAMHu
u nseramn. OgHako «repoii» mnoBen ce6a crpanHo. OH oTKasaiucA
CAYKUTb B aBHANMH, OTKA3aJICA UTPaTh B PHIbMeE, B KOTOPOM ROJIieH
6uin u306pakaTh caMoro cefs, oTkasanca poo6me paborath. Yacto
0O HOYaM OH Ha4MHAJ MEeTAThCsA BO CHe M KpPHMYaTh Hede/loBedeCKUM
ronocom: «Bpocaiire, 6pocaiite se!» ITorom: «Her! He ceitwac! Ilo-
aymaiire o persix! Jleru ropar!..» B 1955 r. Knox Usepan cosepmua
HEeCKOJIbKO Kpak M orpabienuii ¢ eguHcTBeHHOH neabio: «fl xouy,
4yTo0Bl MEHA HaKasaJM»,— FOBOPUJ OH cyabsaM. HakoHen ero moMec-
THJIH B NCHXUATPHUECKYIO GOJALHHIY.

B ropoge Xmpocume BO3ABHIHYT NaMATHMK 3KePTBAM KATACTPO-
¢ui. Ha nem nagmuch: «CnuTe COoOKOWHO, MBI chejaeM Bce A
TOTO, YTO6BI 3T0 GoJbIle He HOBTOPHJIOCH).

Ilocne owoH4aHuSI BOAHLI GbiI NPOBEAEH PAX MCOBLITATENbHBIX
B3PHIBOB y OCTpOBOB DHKMHU B BO3fyxe m mnop Bomoil. 3a cosmaHme
YPaHOBOH M miayToHMeBoH GoMG mocaenoBano usobpeTeHHe BOAOPOX-
Hoil Gom6bI, mpeBelHaloweil feiicTBHe ypaHOBoH 6oMGH Gonbie weM
B TeicAvy pa3. Bom6a, c6pomennas Ha XHpocHMy, 0O XBACTIMBOMY
3asBiaeHn0 Torpamnero npesmaenta CIIIA Tpymsna, 6wiaa paBHoO-
cunba 20000 T TpunuTporonyoma (B3pmBuarku). Uro ckasate o
6omb6ax, skBuBaseHTHbiXx 50 u 100 MaH. T B3phIBYATKH?

CogeTcroe mpapdTeNbCTBO [OCHEAOBATENIBHO GopeTcA 3a Bceobiiee
1 NOJIHOE Pa30py;KeHHWe M B NEPBYI0 OvYepedb 3a 3alpelieHHe HPO-
BeleHUSI UCIILITATEJNbHKX SIfEPHLIX B3PbLIBOB.

OTkyna GepeTcsi 4yJOBHINHAsA dHePrMA aToMHbIX 60om6? [las Toro
9TOOK! OTBeTHTh Ha 3TOT Bompoc, obparuMcss K (U3EKe aTOMHOMH
60oM6b1. CyiecTBYIOT ABa BMAA aTOMHLIX 60M6 — ypaHOBHIE H BOLO-
poRHbie. [{eficTBMe MX OCHOBAaHO Ha JBYX COBepIIeHHO HPOTHBONO-
JIOKHBIX NPUALMOAX: JeJeHUH U CHHTe3e aTOMHOrO sfpa.

flxpa aToMOB HOCTpOEHBI W3 HOJOMKUTEJNbHO 3apPsDKeHHBIX HpPOTO-
HOB M He HUMEIINMX 3apsAfa HeATpoHoB. Macca npotoma paBHa
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mopeau». Teopua mpeninoxena M paspaGoTama aMepHKAHCKHM ¢H-
3ukoM I'amoBriM, coBerckuM ¢uauxom fI. M. d pesxenem m marckum
¢uzurom Bopom. CornacHo aToii Teopmu Axpo aToma caegyer pac-
CMAaTPUBATh KAaK HEKYI0 HUJKYI Kallio, COCTOAINYI0 M3 NPOTOHOB
M HeATPOHOB M 06aafaiolyi0 CBOEOGpPa3HLIM MNOBEPXBOCTHRIM Ha-
TA:KeHHeM. Bruter U3 Afpa KakoM-HHOYAb M3 COCTABASIOMMX YaCTHIH
aHaJOTH9eH McmapeHuio kufKoctn. Ho Kak AaA McmapeHMs MUAKO-
CTH HEOOXORMMO MOJNEKyJdaM coOGIIMTh dHepruio (Hampumep, Harpe-
BaHMeM), Tak M BH6poc HykJaoma M3 aAxApa TpeGyer coobmenus emy
sneprun n3Bme. Ha pucyske 165 nokasama MmexaBMueckam MoOJelnb,
mpeanoskensad Bopom. Brecennas smeprus momkma OBITH Takof,
910o6bl KakoH-HUOY/Ab M3 MAPHKOB, HAXONAIMXCA B YrayGiemuwn, Mor
OpeofioNeTh «OOTEHHHAJNbHLIA Gapbep» ¥ BLICKOYMTH H3 AYHKH.

Ecin B KavecTBe CHApANOB [AAA pacuieNNeHHS SApa OPHMEHSIOT
HONOKUTEABHO 3apsiKeHHBIe YACTHOH, TO NPHUXOJUTCA YIHTHIBATH
H OTTANKMBAIOIIME CHJBI, AEHCTBYIOmHEe HA «CHapfii» CO CTOPOHBI
OpoToHOB Afpa. B Kakmod ToYKe 3JMEKTPUYECKOrOo NMOAA SApPA HMMEeT-
€A COOTBETCTBYIOIIHH 3JNEKTPHIECKHH NOTEHHMald, KOTOPHI ¢ mpH-
GamxenneM K fAAPY BO3pacTaeT IO 3aKOHY oGpaTHoli mpomopmmo-
HanbHOcTH. Iloayuaercs kapTmma, amanormymas nojgbeMy mapmka
B ropy, MoBepXHOCTb KOTOpPOH uMeeT dopmy rumepGonoupma (rumep-
Gona rpaduueckn BHIpazKaeT 3aKOH 0OGpPAaTHOM NPOmOPHHUOHAABHO-
ctu). Toabko 1mapmkam, o6aagaOWUM KOCTATOYHOIR aHeprueii,
yAaerca B300paThcsi BBEPX M OPOBANMTBCA B  «HOTEHIHAIBHYIO
fiMy», Kak B Kparep Byakana. lllapuk, He oGaapmaioumuii nocTaTo9HOMH
aHeprueii, He [OCTHraeT BepHIMHH M CBOPAYMBAET ¢ JAOPOTH WM CKa-
ToiBaeTcA. Ilofo6Hble MCKpMBIEHHBIE Cliebl HOJOKHMTEABHBIX «CHa-
panoB» ynaercs cdororpadupoBaTh B M3BECTHOH KaMepe BuibcoHa.

OG6patuMcst K yie 3HAKOMOMY HaM pacUIENIeHHIO fAApa a30Ta B
omniTax Pesepdopma. Horma o6aaparomuii Rocrarounodl sHeprueit
«cHapsif» (c-9acTHHA) mOmajgaer B SAAPO a30Ta, OH BHI3LIBAET BO3-
MyllleHHe, H BO3HHMKIIEe COCTaBHOe SIPO OKA3LIBAETCA B HeEyCTOH9H-
BOM COCTOAHWH. 3aTeM, BHIOpachiBafg («HCHAPASA») HPOTOH, 3TO AAPO
HePeXofiuT B cTaGHAbHOE COCTOAHHE:

‘He + "N —cocrasnoe agpo—'"0+p.

O 6myno OPOMEKYTOYHYIO CTaAHi0 COCTAaBHOTO fAApa ONYCKAKT H 3a-
IHCHBAIOT peaKknuio B BHAE:

4He+“N—>'7O+p.

B mpenmayuieit Geceme MBI OTMEYadH, 9TO yAOOHBIMH «CHAPANAMHA»
aas obcrpena ajgep apasiorcA Helirponw. OHM He MMeEIOT 3apAja, HO-
TOMY CBOGOJHO MNOAXOAT BIVIOTHYIO K SAPAM-MHINEHAM.

Ilpu AxepHBIX peaKkiHAX MOryT GHITh BHIGPOINEHH HE TOABKO HpO-
ToHH, HO M HelTponn. Tor waum papyro#i mpomecc HPHBOAMT K HIpe-
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6oMObl. 3Hasa pmedeKtT Maccel, MO YpaBHeHMI0O JHHIITEHHA MOMKHO
HOACYUTATh, KAKaA NDPH 3TOM 0cBOGOKpaerca aneprua. OxasniBaer-
CA, MPH NeJeHHH ONHOro AApa ypana ocBobo;kmaerca okono 200 MaB
oneprun. Ho wamo mnomuuTh, dro 1 Mons ypama copep:xuT
6,023-10% aroma. Ilpomssens mpocroit pacder, Bn HOJydHTe, UTO
1 ¥r ypana mpu pemenuu suigeaser 5,1-10%® MaB. (Takoe komm-
9ecTBO TEIJIOTH noaydaerca mpu cxxuranuu 2500 T yrasa.) Brpgeas-
ACh 32 0YeHb KOPOTKHIl MPOMEKYTOK BPEMEHH, 3Ta IHEPTHA BLI3LIBAET
NOBBILICHHE TEMNEPaTyph! NPOAYKTOB B3PLIBA M0 HECKOJIbKMX MHJI-
AuOHOB rpafycos. CranpHad MauTa, Ha KOTOPOM 6LIIa NONBelIeHa
nepsasd ucnbiTaTenbHas Gom6a B Hpio-M ekcHko, MrHoBeHHO ucmapu-
Jack OT 3Toro kapa. BapuiB Takoii GoMGbl 3KBUBaJieHTeH B3DHIBY
AeCATKOB THICAY TOHH TPUHUTpOTOAyOJa. CBepxmomHaa ynaphas
BOJIHA MPOM3BOMMT He CPaBHMMble ¢ JPYrMMHM B3DHIBAMHM pa3pylie-
HuA. Ha mecre BapriBa BHNAMaoT pagHOaKTHBHbIE OCaXKW.

Moxso a1 McmOAB30BaTH KOJOCCAJBHEIE 3alACHl IHEPrHM, BhIJe-
JsiomMecs: MpYU JAeleHUH Afep, He JJA Pa3PYLMTENLHBIX, & JJIA MHp-
HBIX [eged? ATOMHbIe 3JNeKTpOcTaHUMM (MepBasg Owmaa mymieHa
7 wona 1954 r. B CoBerckom Coloze), aToMHEIe pPeaKTOpPH!, aTOMHKLIE
JeIOKOJIbl, ATOMHBIE MOJBOJHEIE JOAKHM CBHIETEABCTBYIOT O TOM, 4TO
TeXHUKA B HAcToAllee BpemsA o006JagaeT CpeACTBAMH yIpaBieHHA
uenHoi peakuuei. [{ns momydeHHs ynpaBiseMoll peaKmMM IpHMe-
HAIOT HCKYCCTBEHHOE 3aMefJeHHe U TOIIOIIeHHe HeHTPOHOB pas-
JUYHEIMHM 3aMEJJIHTEIAMH M TOTAOTHTEAAMM.

Heno B ToM, yTo McIONB3yeMbIi AJNA ANEPHHIX PEAKLMEH YpaH co-
crour u3 usoronos **U u 2°U. [lepsuii B peakuum He yuacTyer,
HO 061amaeT cmocoGHOCTBIO NMOrJAOWAThL OLICTPLie HeWTponbl. YTOGHI
«ybepeuyn» 3TH HelTpoubl AnA GomGapmuposkn 23°U, ux samenasior.
OnHako cIMIKOM GOAbIIOE YHCAO MEJJIEHHHX HEATPOHOB B PEAKTO-
pe Mo;KeT IpPHBECTH K 4Ype3MepHo OypHO#l NemHOH peakuuH — K
B3peiBy. I[loaToMy mMcnoap3yioT crnenmmanbHbEe IOrJAOTHTENH HeM-
TPOHOB.

1A samenneHnss HEATPOHOB OCOGEHHO NPUrOAHE! JierKue BellecT-
Ba. 3 Mexaumkm Mul 3HaeM, UTO eciM IHap MAJOH MaccH YHOPYro
yaapsier B map ropasgo (oablleii Maccel, TO MPOHMCXOMMT OTpa;KeHHMe
MaJIOr0 iapa mouytu Ges morepm 3Heprumu. Hamporus, ecaum aBMKY-
muicad Maablii IAp YOPYro YAapUT B HENOJBI)KHHINA IIap paBHOM
€My Macchl, TO OH OTJACT 3TOMYy IOAPY BCIO CBOIO 3HEpPrHio, a caM
ocranoButTcA. TouHO Tak ke U HEHTPOH MpHU COyAApPEHUH ¢ IPOTO-
HOM, MAacca KOTOPOIO MOYTH PaBHA Macce HEHTPOHA, MOTEPSAeT MAKCH-
MyM cBoeil 3Heprum, NepejaB ee AAPY aTOMa Boxopoxa. 06 sToM ysxe
muia pedbs B mpenuiayuleit Geceme. IlpaBaa, rasoo0pa3uelii BOTOpOZ
NpaKTHIeCcKH MajJ0 NMPUTONeH, YTOGH cayxuTh samepaureneM. O6niu-
HO B KauecTBe 3aMelJHMTejs IPHUMEHAeTCA TselaAa Boja (coequHe-
HHME TSKeJ0ro BOJOpOAa ¢ KuciaopogoMm) uam rpadur. Peryaupona-
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HHe paloTel aTomHOro peaxtopa (puc. 167) ocymecrBasierca upu
MOMOINM MOIOHLIX NOrJIOTHTeNeH MeAJNeHHHX HEATPOHOB B BHAE HOJ-
BHMKHLIX KaJMHEBHIX cTepiKHed 2, BIBHraeMhX B HY)XHBIH MOMEHT
B Gnok rpaduroBoro peaxropa 3, BHYTPH KOTOPOrO HAXOHHUTCH
ypau 1. Hockonbky pagMOaKTHBHEIE M3NYYeHHS Upe3BHIYAHHO omac-
Hbl, PEAKTOP OKPYKeH TOJCTHIMH OeTOHHHIMH cTeHaMHM 4, a ympas-
JieHHe NPOM3BOTMTCA AMCTAHLMOHHO, C HAXOMAMIErocsa B OTAEIAbHOM
NOMEeLIeHHH NyAbTa YHpPaBJIeHHA.

[ns oxnakgeHHA peakTopa HPHMEHAIOTCA BONA HJIHM JerKOIJaB-
Kue Metanabl. fHUgKWil oXJagHMTenb HATpEBaeTCA B peaKkTope A0
250—300°C u 3ateM oTBOgMTCA B napooGpasoBarenb J, OTKyAa map
mocTynaeT B TypOuMHM TypGorenepaTopos 6. B xoneuHoM cuyere MbI
NoJAyYaeM 3JNEeKTPHUECKYI0 DHEepPruio, KOTOpag M MCMOAb3yeTcA OOBIY-
HBIM CHOCOGOM.

KpaTko pacckaxkeM 0O BTOpDOM BO3MOKHOM mporecce OcBOOOMme-
HUA BHYTpuAgepHOH sueprud. Peyb HpeT 0 cuHTe3e Afep JAerkux
3JeMEHTOB B TepMoOAmepHbX peakuuax. [loka 3ToT KomoccaabHbii
HMCTOYHHK DHEeprud HpHMEHAeTCA NMNIL B KadecTBe CpefcTBa paspy-
IIeHNsi HEBMAAHHOM CHMJB B BHAE BOAOpPOAHOH GoM6m. Onmucanue
PeaKknuMM CHHTe3a relda 43 Bojopoma Oblio0 [aHO paHbile B Gecene
«E=mc®, Mu He GyieM ero mosTOpATEH.

Ilouemy spmepHrie peaxkiuuu HaGnaomaTCA TOARKO ¢ Haubouee
JNIerKMMH  9JeMEeHTAMH — BOXOPOOM, TejiMeM, Wi, Haobopor, ¢ ca-
MEIMH TAKEeARIMH — ypaHoM, muyToHueM, Topuem? Iloyemy userkme
3/eMEHTH BBIICASAIOT 3HEPTHI0 B PEAKIMAX CHHTE3a, a TMKeable —
B PeaKIMAX AeJeHUA M paciielieHuA? MoOKHO AM HaAeATbCA MCHOJb-
30BaTh BHYTPEHHIOK 3HEPrui0 CpPegHHX 3JIEMEHTOB NepHOAUYECKOi
tabaunp? Heabsa am, nampumep, BHICBOGOTHTL IHEPrHI0 CBA3M,
TAAIYIOCA B KYCKe JKEeJe3HOTO JIOMAa, Bellb TAKOIO SIHEPHOr0 ropio-
4yero, Kak ypaH, HeM3MepHMMO MeHbINe, YeM 3amacoB jKele3a?

Baraguure Ha pguarpammy (puc. 168), moKasLIBAOINYI0 3aBHCH-
MOCTb SHEPrHH CBA3H OT MAaccoBOro 4mcia saemeHta. Ho mpesxne,
49T0 TaKkoe JHEprus cBA3H? JHeprueil CBA3H HA3LIBAETCA JHEPrHs,
cOOTBeTCTByIOIaA [AedeKTy Macchl NmpH 06pasoBaHM# Apa KaKOro-
HUOYNb 3JeMeHTa M3 COCTaBAAIOUIMX ero HykaoHoB. Macca sAgpa
aToMa BCera MeHbIe CYMMAapHO# MAacChl COCTaBIAIOIIHX €ro mpo-
TOHOB M HEHTPOHOB.

Hampumep, AApO reiHsa COCTOHT, KAK H3BECTHO, M3 JABYX HpOTO-
HOB M ABYX HeiiTpoHon. IlogcuMTaeM cymMMy HMX Macc (B aTOMHBIX
eTUHHIAX MACCHI):

npOTOHK HeHTPOHN cymMMa

2-1,0076 4 2-1,0089=4,033.

Macca sAjpa renus, BechbMa TOYHO M3mepeHHas, pasHa 4,(003. Iloaro-
My mpd 06pa3soBaHMM s[pa FelAHMsA OCBOGOMIAETCA JHEPrHs, COOTBET-
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nepxut 117 HyKnIOHOB. JHEPTHIO CBA3H MX HAHAEM B CpelHeH YacTH
AMarpaMMbl IO COOTBETCTBYIOIMM MACCOBHIM YHCJIaM. JTa SHeprus
pasHa 8,6 MaB. CymMma sHepruil csasu ockoakos 2-117-8,6 MaB=
=2012 MsB.

Tlpu penennu, cieqoBaTeNbHO, OCBOOOKIAeTCA 3HEPTHsA, paBHAdA
226 M»B.

M omer nokasaThes, UTO NPH AeJieHHH ypaHa Bhijeisercs Gobme
SHEpPrHH, YeM INpPH CHHTe3e Trejus, HO Bedb pacyeT ObLI TpOBENeH
IAA OXHOTO aTOMa TOro M ApYroro sjeMeHra. Eciou jke NpoH3BecTH
pacueT AJiA PAaBHBIX KOJHYECTB ypaHa H TejiusdA, cKaykeM, AJA OJHOTO
KWJIOTpaMMa, TO Mbl YBHAMM, YTO IIPH peakuMH CHHTE3a TrejHusd
ocBobokpaercsa sueprud B 10 pa3 Gosabme, yeM NpH JejleHWH ypaHa.

Peakuuu cHHTe3a MPOTEKAIOT TOJILKO IPH TeMIepaTypax HOPA-
Ka JecATKOB M COTeH MHJJIHOHOB rpaaycoB. B Bomoponanoit GomGe
VI CcO3MAaHHMA TAKOH BBHICOKOH TeMIEepaTypHl CJYKHT B3PHIB BKJIO-
JYeHHOH B Hee ypaHOBOH GOMOH!.

Ho kak cosgaTh TeMmeparypul B MHIUIHOHH TPaaycoB He B GOM-
6e, a B JKCIEPHMEHTAaNbHHX M TEXHHYECKHX ycTaHoBKax? IJto J0-
CTHTaeTcs NpPONycKaHHeM uYepe3 paspesKeHHBIH ras 3MeKTPUIeCKOro
TOKa B COTHH Thicau ammep. Takaa Goabliag cHlla TOKa mojyyaeTcs
Opu pa3psApge Gatapeit MomHBIX KoHAeHcaTopoB. Bo Bpemsa paspsaga
TEeMIepaTypa rasa CTaHOBHTCA OYEHb BBHICOKOH, & ras — MOJHOCTHIO
HOHUM30BAHHBIM, T. €. ATOMBl TepSAIOT BC€ CBOH 3jIeKTpoHbl. Be-
IMecTBO B TAKOM COCTOAHMM HOCHT HasBaHHe miasmbel. Ho kakoit ke
MaTepHas MOKeT BRIAEPIKATh TEMIEPATYPY B HECKOJBKO MHIJIHOHOB
rpanycoB? Tpynauas sagaua crana mepej yYeHHIMH: KaK H30JUDPOBATH
BBICOKOTEMIIEPATYPHYI0 IJIa3My OT CTEHOK KaMepm? YdeHble mpen-
JOKMJIM MCIOJNb30BATh JUIA M3ONANMH ILIA3Mbl CHJIbHOE MArHUTHOE
noxe. 3apsKeHHbe 9acTHOB (AApa BOAOpoAa) He MOryT cBOGOIHO
JABUTAThCA NONEpEeK JMHUH MArHMTHOH MHAYKIMH, MarHUTHOE MOJe
HCKPHMBJIiIeT HMX TPAaeKTOPHH H 33aCTaBiseT BO3BPAINATHCA Hasza.
BceaepcTeue orpaHWueHus, HAKJIAABIBAEMOr0 CHABHBIM MATHHTHBIM
nojieM Ha JBH)KEeHHEe 3apPAKeHHBIX YACTHL, TAKOE IIOJIe WIpaeT poib
«HPOCTOAKM», YHAepKHBAOINeHd ILUIa3My OT KOHTaKTa CcO CTEHKaMH
KaMephl.

B WHcruryre aromuoit suepruu um. U. B. Kypuartosa umerorca
3KCIIepMMEeHTAJbHble YCTAaHOBKA pasHBIX KOHCTPYKOHH: B d¢opme
nycrorejoro Toponxa (Tpy6a, corHyTas KoJabLoM) U B popMe IpAMO-
ro muauHapa. Her comuenms, g9r10 TpyaHas 3agaua ynpaBiieHHA
TepMOANEPHOH peaknueil cHHTE3a JETKAX 9JE€MEHTOB GymeT ycmemi-
HO peuleHa HAamMMMH yueHHIMH. O TOM, YTO CYANT HAPOTHOMY XO-
3AMCTBY ycHelIHOe pelleHWe THX Mpo0JieM, MOKHO CYIUTh XOTA Onl
0O cilelyllneMy OTPHBKY U3 oaHo#l crarbu akagemuxa U. E. Tam-
ma: «M3 pmelitepus, cogeprameroca B 1 a1 BOgH, MOMHO MOJYIHTH
CTOJIbKO jKe 3Hepruu, ckoiabko M3 350 i GensunHa. Takum obGpasowm,
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C 3HepreTH4ecKON TOYKH 3PeHHUsA YeThipe 3eMHBIX OKeaHa PaBHONEH-
HH 1440 oxeanmam Genauua. [layke mpH CTOKPATHOM YBEJHYEHHH IO-
TpeGJieHHs 3HepPrHH TAKOro 3aMaca XBATUT YEJIOBEYECTBY Ha MMJI-
JHAPABL JeT».

OTMeTHM, 9TO B TepMOS[EPHLIX MpOLEcCax HEe BhIAeNseTcs HM-
KaKHX BPefAHbIX PAAMOAKTUBHBIX OTXOHOB. JTO 3aMedaHHe He OTHO-
CHTCH K BOAOPOAHHIM GoM0aM, KOTopble NMpefcTaBaAlT coGoil coge-
TaHHWE ¢ aTOMHOHM ypaHoBoii GoM60i. WcnbiTaTeJabHbl€ B3PHIBH
atux O6OMG 3acopsAlT M OTpPaBIAKT arMocdepy pagUOaAKTUBHON
nblablo. CoBeTcKoe NpaBUTENbCTBO HEYKJIOHHO [OGHBaeTCA MOJHOTrO
sanmpeuieHns sAePHBIX MCHBITAaHUHA BO BceX UX BHAaX. YiKach Xupo-
CUMBI He JOJKHBI HOBTOPUTHCSA!

ITycts Gymer aTom
PaGouum, a He coamgatom!

KPATKAS UCTOPUA DHUIUNKU
SNEMEHTAPHbBIX YACTUL

Jdta ucropus Geper cBoe Hawaao B 90-X Togax HpONILIOrO CTO-
aeTusi, Koraa Oul OTKpHT aaektpoH. M Bmaors ao 1932 r. oma pas-
BUBAJIACh CPaBHHUTeNbHO MeqieHHo. Torga uuuto, nomaxyi, ne
npefBemano Tex GYpHHX M NMOAYAC APAMaTHYECKUX COGLITHM, KOTO-
PLIM cymmeHo OBUIO MPOM30HTH BHOcaeAcTsMM. B Te He cromp yx
AajeKue BpeMeHa (u3ukaM BHOJHE GBUIO [OCTATOYHO BCErO Tpex
JJIeMEHTAPHEIX YAaCTHI[ — 3JIeKTPOHa, HPOTOHA, ¢oroHa (e , p, V).

1932 rom — snaMenurtsiii «roj uygec». CHavasa mnossiasetrca co-
obmenue YenBura 06 oTkpeiTHM HeliTpoHa (n). 3atem AHAepcoH,
HCcIoab3ysad KaMepy BuibcoHa, o6Hapy;KMBaeT B KOCMHYECKOM H3-
AydeHMH N03UTPoH (e') — aHTHYACTHIY IO OTHONIEHHIO K JEKTPO-
Hy. B ToM jKe rogy pasBepTHBAIOTCA HCCASAOBAHHA CBOHCTB HeHT-
poHa U mpekxe Bcero ero HecrabuabHoctH. DHU3UKUM NPUXOmAT K
BHIBOAY, YTO CBOGOAHBINA HEHTPOH MpeBpalaeTcA He B JBe YaCTHUIH
(DpOTOH M 3AeKTpoH), @ B TPH (IIPOTOH, SAEKTPOH M HeKasd HoBasA
gacTuna, Koropoir Pepmu pan Hassanue «Heidrpuuo»). B 1933 r.
ITayau Teopernmuecku oGOCHOBaJ OCHOBHEIE CBOicTBA HEHWTPHHO (V).
TIpaMoe askcmepHMeHTAIbHOe MHOATBEPH[eHHE CYLU[eCTBOBaHHA JTOH
qacTHUb 6610 KaHo MHoro mosgnee — B 1953 r. (B ombitax Paiineca
u Hoyasna).

C 1932 r. navasoch AOCTaTo4Ho OypHOe pa3BUTHe (GHUIUKH diie-
MeHTapubiX 49actun. Temepb yske cTajo fACHO, YTO0 MHD HeJdb3s
«yMECTHTb» B PaMKH 3JIEeKTPOMAarHHTHOH MOgeIH, YTO HAPAXY C
JJIGKTPOMATHHTHHIMM M TPABATANUOHHLIMM B IPHPOJE CYILIECTBYIOT
eme fBa QyHAAMEHTAJbHBHIX THIA B3aMMOJeHcTBHI — AxepHBIE

198



(cuabHBIe) M cnabule. Bcero ammb gBe HOBHe wacTHOE (HEHTPOH
M NO3UTPOH) Ppa3PYIIMJIH CYLIECTBOBABINYI0 paHee rapMOHHUIO, MO-
KagaJiu ee noxkHocTh. OKasniBaercsd, HCKIIO4eHHe GLLIO NPUHATO 33
OpaBUIO: TOT (AKT, YTO HJIEKTPOHHI U HPOTOHH CTACMIABHEL H CaMO-
NPOU3BOJIBHO He MPeBPAIalOTcA B APYTHe YacTHIbl,— 3TO OJHO M3
O4YeHb HEeMHOTMX MCKIIOYEHWA B MHUpE 3TeMeHTADHHIX YacTHI (Kpo-
Me HHMX, CTa0WIbHEI eue TOonAbKo ¢oroH U HeiliTpuHo). [IpaBuaom
B 3TOM MHpe ABNAITCA HMMEHHO B3aUMONpPEBPAIEHHMA YaCTHI| —
K8K CaMONPOM3BOJIbHEIE, TAK M MNPOUCXOMSIIUE MpPH B3AUMHBIX
CTONKHOBeHHAX 4dacTHL. BmpoueM, B atoM cduaukaMm emie mpegcros-
no ybeauthbes.

Iocxe toro kak B 1932 r. 6nna BEIABMHYTA MPOTOHHO-HEHTPOH-
Hafg Mmogeab atomHoro sAappa (JI. JI. WBamenko, TeiizenGepr), Ha
NepBH NJaH BHCTYNUIa mnpobaeMa (QUUYIECKOro oOObACHEHUS
AXEPHBIX CHJI, CBASLIBAIOIMX IIPOTOHEI M HEHUTPOHH B fAApe.
B 1935 r. IOkaBa mnpemioskua rumoresay, cOrjacHo KOTOpPOH 3TH
CHIbL BO3HHKAIOT B Pe3yjbTarTe MPOUCXONAIIEr0 MEKAY HYKIOHAMHM
obMeHa HekumMH vactuiamu. [OxaBa omeHHWII BO3MOIKHYI0 Maccy
3THX 4YacTHMI, OHa OKasajach paBHoil mpumepHo 200—300 maccam
amekrpona. B 1936 r. AnmepcoH oGHapyKMBaeT B KOCMUYECKOM W3-
JyYeHMM HOBYKW dYacTuLy, ee macca pasHa 207 m (sgech W Hasee
m — macca sjaekrpoHa). YacTHma mojxydyuiia HasBaHHe «MIO-ME30H»;
BIIOCNENCTBMM ee CTall Ha3hiBaTh MIOOHOM (U~ ; amTHuactuma p't).
EcTecTBeHHO, YTO MIOOH BHadajle CUHTANM TOH caMoil dacTHUIel, Ko-
Topas, corjacHo rumorese IOkaBbi, HOM:KHA ABIATLCA MEPEHOCIHKOM
AxepHoro BaaumopelictBuA. OgHaKo BCKOpe BBIAICHWJOCH, 4TO Ha
3Ty poOJL MIOOH He TORMTCA: OH O4eHb ciaabo BaauMomedcTByeT C
BemectsoM. Hamo mpusHath, 4to ¥ mo ceil aenb UIMKM TaKk M He
3HAI0T, KAKYI0 poab B mpupoge urpaer MiooH. OHHM 4acTO HA3HIBAIOT
€ro «TAKENBIM JJEKTPOHOM», MOTOMY UTO OH NEHCTBUTEJNBHO CXONEH
¢ 9JeKTPOHOM — 3a HcKJiodenueMm Ttoro, uro B 200 pa3 Takeaee H,
pasyMeeTcs, HecTaGMJIeH: MIOOH «kuBeT» Bcero aumb 107° ¢, mocne
4ero mpeBpaiaeTci B OObIYHBIA 3ME€KTPOH, HEHTPUHO M AHTHHEHTDH-
Ho. UccnenoBanusa cpoiicTB MIOOHa OOHApY)KMJIM, UYTO B IpHUpOne Cy-
eCTBYIOT He OJHO, a ABA PAa3NUYHBIX HeHTPUHO (M COOTBETCTBEHHO
ABA AHTHHEHTPHUHO);, OOHO M3 HMX CTAajAH HA3HIBATH JIEKTPOH-
HbIM (v.), a gpyroe MiooHHeIM (v,). Hcrath, Moo pacmamaercs
Ha 3JeKTPOH, MIOOHHOEe HeHTPHHO M SJEKTPOHHOe aHTHHEHTPHUHO.
JKCIEepUMEHTAIbHOE [O0KAa3aTeJbCTBO CYIIeCTBOBaHUA JBYX THIOB
HeATpUHO ObL10 moaydeno B 1962 r. B ommitax Ha ycKOpHTele B
Bpyxxeiipene (CHIA).

A 4uTO e c vacTMHaMHu, Korophle mpefckassiBax IOxasa? It
qacTHObl OHIM OGHApYKeHB B KOCMHYecKOM uajyueHun B 1947 r.
MMayannom; sareM onmu Guuiu monyvensl B 1948 r. ma yckopurtene B
Bepruu (CHIA). YkazaHHbIe YacTMHBI Ha3HIBAKOT MHU-ME30HAMH HIJIH,
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Kopode, muoHamH (n"; aHTHdacTHma n~). B 1950 r. 6m1 OTKpHT
Heiirpanbabit mHon (n°), KoTopHIA, Kak OKasalzoch, NOXOGHO (GOTOHY
He HMMeeT aHTM4acTHOW. MOKHO cKasaTh, YTO HEHTPaNbLHHI NOHOH
1 (GOTOH TOMIEcCTBEHHH cO CBOMMM aHTHYacTMiamMu. Macca saps-
MEHHOro muoHa cocrapisger 273 m, a uHeirpaabuoro 264 m. 3apsn-
JMEeHHBI MHOH pacnagaercd 3a spema nopagka 1078 ¢ (it—pt4v,),
TOrXa Kak JUIA pacrnajfa HefTpalbHOro mMHOHa TPeOyerTcsA CyIIeCTBeH-
Ho menbmee Bpema — 107 ¢ (a®—>y+ v, wm a’s>yte +et).

B sagase 50-x romos Gulia OTKpHITAa IeJas IPynNna HOBRIX vac-
THI] CO CXOMHBIMH cBoiicTBaMH. OHH POKIANMChL MADAMH NPH CTOJK-
HOBEHHAX HYKJOHOB ¢ NMHOHAMM; 3TH NpOHecchl GLIAU 06YCIOBJIEHH
CHJBHEIM B3aHMOJEHCTBHEM M NO3TOMY NPOTEKAT W 049eHb GhcTpo —
3a Bpema nopaaka 10722 c. [loruGanu (pacmagaiamch) HOBbIE YACTH-
bl, €CTeCTBeHHO, NOOXMHOYKE, HO OTHOCHTENbHO MeNJeHHO — 3a
Bpema 10— 107" ¢ (3a cuer cma6rix BaammopeiictTsuii). Dnanku
HAXOAUIH BCE 3TO0 BeCbMa CTPAHHBIM, TAK KAK KaKAad M3 HOBEIX
qacTHI, pacnajajach Ha CHJIBHO B3aUMOAEHCTBYIOIOHEe YacTHUH (Ha-
npuMep, HYKJIOHH W NHOHEI), CPEAM NPOAYKTOB pacmaja He ObLIO
HM 3JIEKTPOHOB, HH MIOOHOB, HM HelTpuHO. [losTomMy ObLIO HenoHAT-
HO, 9TO e MemaeT HOBBIM YacTHIAM pacHafaTbeAd 38 CYLIECTBEHHO
Gonee KOpoTKoe BpeMA. BLino Tak:Ke HEIMOHATHO, MOYEMY OHH POMK-
gaioTca mapamd. Ilo 3TMM npuuymHam (M3HKH eTAIH Ha3HIBATE HO-
Bble YaCTHIH CTPAHHBLIMH. 3aMeTHM, UYTO TEPMHUH «CTPAHHBEIE YACTH-
Ohl» DNPHKHICA M Teneph ynorpebiasdercad B duU3MKe KaK HAYIHBHIH.
K cTpasHEIM 4YacTHIAM OTHOCAT KaoHM (3apmskeHHud kaonw K7
¢ ero aHTHYactTuueir K~ u peiirpanbuniii kaom K° ¢ ero aHTHYacTH-
e 7(0), nmeomue maccy okono 970 m, a Takme rpynny gacTHi
TAMeNee HYKIOHOB, 00beJUHAEMYI0 MOA HA3BAHHEM «THIEPOHBIY:
nambna-runepon (A°, ero macca cocramaser 2180 m), Tpu curma-
runeposa (=*, 30 27, macem 2330—2340 m), mBa Kcu-ru-
nepoHa (E* u E-, wMacca oxomo 2580 m), omera-rHmepoH
(27, macca 3270 m). ¥ Kamaoro rumepoHa ecTh CBOA aHTHU-
4aCcTHIA.

ITpuBenemM nmpuMepbl PeaKkuuid POKAEHHA CTPAHHBIX YACTHIL:

T+ p— K+ A
4 p—s>Kt432—;
at+p—sKt4 3t
M#a BMEMM, 49TO 3J€Ch BCAKHH pa3 THIOEPOH DPOMAAETCA B mape ¢

KaoHOM. BHIACHUIOCH, 4YTO CTPAaHHEE YacTHIL POKIAIOTCA He TOILKO
napamMu, HO U B 0oJblleM KOJH4YECTBe (HAa OXUH THIOEPOH MOrYT

NPHUXOTUTBLCS ABAa KaoOHa):

p+p—p+ K + Kt + B,
p+K — K+ K*+Q".
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A BOT mpmMephl PacHajgoB CTPAHHEBIX HaCTHUI
Kt—at +af%
A'—sp+a—;
A——sn+al;
IF—sp+a°;
t—5n4nt.

Yro0nl 00BbACHATH 3aragkm HOBEHeHHMA CTPAHHLIX YacTHI, HAMO
NPHHATH BO BHMUMaHMe, UTO Ype3MepHO Gojbiloe (MO MacmTabaM
BpeMeHM B MHMKpPOMMpe) BpeMs >KH3HM YacTHIIBl BCETHA CBA3AHO ¢
KaKuM-HUOYOb 33KOHOM COXpaHeHHS WM Jake ¢ HEeCKOJbKMMH 3a-
KoHaMM coxpaHenusa. Ilpexmosno:;knM, 4T0 4acTHIAa XapaKTepH3yeT-
Csl HEKOTOPOil COXpaHAWIeNAcH BeJINYNHON; ACHO, 94TO 3TAa YACTHIA
MOeT MPeKpaTHTh cBOe CYyINecTBOBaHMEe JHINL TWPH YCIOBHM Iiepe-
JA9H PACCMATPMBAEMON BeJMYMHB KAKHM-TO JPYTHM 4YacTHIAM.
Bo3bMem mpocToii M HOHATHHIH BCeM NpHMep: 3IeKTPOH obGjajgaer
MEKTPHUYECKUM 3apAAOM M NpH pacnajge (eciaH TAKOBOH COBEpILNT-
cA) ROMKEeH KOMY-TO Nepeaath JTOT 3JeKTpHYecKHMil 3apan, MHaYe
HAPYINUTCA 3aKOH COXPaHeHWsA 3jexTpuyeckoro sapsaga. Ho menen-
CTBHE 33aKOHOB COXpaHeHMs OJHEePruMm M KOJINYeCTBA ABHIKEHMA
SJEKTPOH MOMKET pACNACTHCA JHIIb HA TAKNE YaCTHIH, y KOTOPHIX
cyMMapHas Macca INOKOA MeHbIUe Macchl WMOKOA 3JeKTpoHa. ITo
MOryT ObITh TOJBKO (pOTOHHI M HedTpuHO. OXHAKO Yy 3THX 4YacTHI
HeT M NPUHOMINAALHO He MOKeT OBITh JJEKTPHYECKOTo 3apaAfa
(B cooTBercTBUHM ¢ TpeGoBaHMAMHM TeOpHH oTHocHTeabHocTn). Iomy-
yaeTcd, UTO JAEKTPOHY HEKOMY HepeaTh CBO#l DJEKTpPHYeCKHil 3a-
pAN, MO3TOMY OH M «BHIHYMEEeH» KHUTh GeckoneyHo poiro. Takmum
o6pa3zoM, cTaGMIbBHOCTb DJIEKTPOHA OKA3LIBAETCA CJAEACTBHEM 3aKO-
HOB COXpaHEHHsSI DJJIEKTPUYECKOTO 3apfAia, SHEpPruM H KOJIHYecTBa
ABHKEHUS.

Ho mepHemcn K crpanHbiM dactuimaM. YtoGel OOBACHHTHE HMX
YAMBUTEIbHYIO «XOJIOMHBYYECTH», (PM3MKH BBeJH B DPaccCMOTpeHHe
coepnaibuylo (QU3NYeCKYI0 BeIMYMHY, HA3BaB ee «CTPAHHOCTHION,
H NpH 3TOM CTJIM CYMTATh, YTO OHA COXPAHAETCA B CHIBHBIX B3aMMO-
AeicTBHAX M He coxpaHsercA B ciaabbix. CTpaHHOCTH, MpUIMCHIBae-
Masg pasIHYHBIM YacTHIAM (pPacCMaTPHBAIOTCA TOJBKO YaCTHIHI,
yuacTBYIOIiMe B CHJIAbHBIX B3aMMOJAEHCTBHAX; CJeJOBATEJbHO, 3JIEKT-
pOH, MIOOH M HeHTPMHO HAJO MCKIIOYNTH), MOKasaHa B Tabiauue:

Crpamnocrs | +3! +2 +1 0 —1 -2 | -3
4acTANK Kt K° atpn A’zts0s- |58 | Q-
antuaacruns | O~ | - H50| A0S+S0S- n”pn K~ K°
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3aMeTHM, 4TO CTPAHHOCTb BHIPAyKaeTcAd 6e3pasMepHEIM IEJbIM YHC-
JoM; MpH Tepexofe OT 4acTHUb K AHTHYACTHIE CTPAHHOCTH MEHSeT
3HAK.

Peakiuy pokieHMs CTpaHHBIX 9aCTHI HAYT 49epe3 CHAbHbIE B3aH-
MOMleficTBHA; MPH ITOM CTPAHHOCTh NOJKHA cOXpaHAThcA. Tak oHO
u ectb. BosbMem, nanpumep, peakmuio: p—+ K ——> K4+ Kt4 Q.
Ucnoneaya mpuBeneHHyio Bhimie TaGanmy, mojayuyaeMm s cymMMap-
Hoil cTpamHOCTH McxofHbIX 3actny: 0+ (—1) =—1. [{na mpoaykros
peaknuu HaxoguMm: 1+ 14 (—3) = —1. Mut y6empaemcs, 4T0 3aKOH CO-
XpaHeHHsi CTPAaHHOCTH B JAHHOM cllyuyae NeHCTBHTEAbHO BLINOJHA-
ercA. B T0 ke BpeMa Bce peaknmmM pacmaga [As CTPAHHEIX YACTHI
nayT 6e3 coxpaHeHMA CTPAHHOCTH, HO 33aTO OHH IPOMCXOOAT OTHO-
CHUTEJbHO Me[lJIeHHO (4epe3 caaObie B3amMmopeiictsusa). Bruicrpeiit
pacmaj CTPaHHBIX YACTHI HEeBO3MO@€H, MOCKOJAbKY INpPH 3TOM MM
HEKyJa «[eBaTb» CBOK CTPAHHOCTD.

A ecan 6 TAKeJas YAaCTMNA THIA TMIHEPOHA (MJAM THOA KAaOHA)
He o6napana crpanHoctbio? Morna 6b Takas YacTHIIA pacHmacTbCs
odeHb OLICTPO — 32 cYeT CHMABHBIX B3ammopeicremit? [la, morna 6sl,
ecan el He 6yoyT «MemiaTb» B ITOM APYrHe 3aKOHK COXpPaHeHHA
(kak 9To, HampuMep, MMeeT MecTO JAA HYKAOHOB). B komme
50-x u B Hagade 60-Xx roxoB OLIIO OTKPHITO MOBOJILHO MHOTO TAKMX
qactun. Bce oHm xmam Beero ammb 107241072 ¢ n pacmaganuch
Yepe3 CHAbHLIE B3aMMONeHCTBHA; MX HA3BaJM «pe3oHaHcamHy». 06-
Hiee 4Ynca0 ob6HApykeHHBIX pe3oHancoB K 1980 r. mpesmicmao 300!

OcranoBnmcsa MmbicnieHHO Ha 1964 r. m monpofyem HOOBITOKHTHL
B OOMIMX YepTax HAIIM 3HAHUA 00 3NeMeHTapHLIX YacTHIAX, Ha-
KOIJIeHHbIE K 3TOMY BpeMeHH.

1. CyuiecTByloT TpM TMOA B3aMMOAEHCTBUN (He CYNTAA TPABHMTA-
IMOHHOTO) : CHJbHOE, dNeKTPOMarHNTHOe, ciaGoe. CmabHOe B3aMMO-
aeificTBHe ofeclieymBaeT CBA3b HYKIOHOB B ATOMHLIX AXpPaX, 3JIEKT-
POMATHHUTHOE CBA3LIBAET JJNCKTPOHLI B aTOMax M aTOMH B MOJEKy-
nax, ciaboe OTBETCTBEHHO 33 MeMJjleHHHIe pacmagbi wacTuin. Bpemsa
KM3HM YaCTHI, DACNANAMMXCA Yepe3 ciaboe BaamMopneiicTsme, He
meubme 107'% ¢, Torma Kak [JIA YacTHI[, pacHajalOOiUXCA 4Yepes
d/leKTPOMAarHMTHOEe B3aMmopeiicTBHe (HampuMep, JJiA HeHTPaJdbLHOTO
nnona), ono cocrapiaser mpumepno 107 '® ¢, a uepes cniabHoe B3anmo-
meiicrene — 107221072 ¢.

2. Bce aneMenTapHble YACTHIfH MOAPA3NeNAIOTCA HA TPM TPYNBL:

a) doronb;

6) aemtonbl (B 1964 r. Ghinn U3BeCTHHI YeThipe JENTOHA: JNEKT-
POH, MIOOH, 3NICKTPOHHOe HEHTPHHO, MIOOHHOe HEATPHHO);

B) ajpoHbl, KOTOpHE, B CBOIO Ouepexb, MOAPA3AENAITCA Ha Me-
30HEI (IMOHH M KAaOHB) M GapmoHn (HYKJIOHH M runmeponsi). Cpenn
Me30HOB M 6apMOHOB MMeeTcsl TaKke 6oJbllioe YMCIO YacTHL, OTHO-
CAOMXCA K pPe30HAHCaM.
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BakHo mOgYepKHYTh, 9TO JEOTOHH HE YYAcCTBYIOT B CHJIbHOM
B3aMMOCHCTBUM (3TO MOMKHO pACCMATPHMBATh KaK oOmpexelieHHe
JerToHa).

3. Iloytn Bce yactunnl (Kpome ¢oroHa, HeATPAJBLHOrO MHOHA M
HEKOTOpPHLIX [PYTMX) MMeEIOT CBOM aHTH9acTHOhl. Macca aHTHYacTH-
bl CTPOrO paBHA MAacce COOTBETCTBYIOWEeHd wacTumul. Pasnnuasie
3apAgbl YACTHOH W AHTHYACTHNE (SNEKTPUYECKHMHl, CTPAHHOCTL H
Ap.) MMeIOT HPOTHBOIOJOKHbBIE 3HAKH.

TaxoBbl O0CHOBHLIe 3HAHMA O YacTMLAX, HaxkonjaeHHuie kK 1964 r.
Bonbule Bcero (pH3MKOB CMYIAJ0 CHIbHOE HECOOTBETCTBHE MEHKAY
MaJIbIM YMCJIOM JIETITOHOB M CAMUIKOM OrpOMHBIM (€cliM YIHUTHIBATH
TAK)Ke pEe30HAHCHI) 4YMcaoM axpoHoB. Bnoane ecrecTBenHO OBHiNO
NPEeANo0KNTH, 9TO AXPOHLI MPENCTABAAIOT COGOH COCTABHBIE YaCTH-
Ibl, ABIAITCA CTPYKTYPHHIMH 0OpasoBaHMAMHM M3 KAKHX-TO HEMHO-
rnx MukpoobnvexroB. U Bor B 1964 r. lenn-Man u HesaBucuMo o1
Hero llsefir BHIABHralOT M 0GOCHOBHIBAIOT 3Ty rumoTesy. [N HOBHX
MHUKPOOOBEKTOB OBIIO MpefJio:KeHO Ha3BaHMe «KBAapKH», HMelolee
ciay4ailHoe (9MCTO NMTepaTypHoe) mpomcxoxkaeHme. buinm mocrynm-
poBaHE TPH KBapka (u, d, s)m Tpu aHTUKBapxa (&, d, §). dnekrt-
puYecKHil 3apaj, BbHIpajKeHHbIH B efMHMOAX 3apAAa 3JEKTPOHa, a
TaKKe CTPAaHHOCTb 3THX MHKPOOOBLEKTOB mpMBefieHH B Tabnmie:

KBapkH AHTHKBAPKH
u d s a d s
dneKkTpnUecKuil 3apaa +2/3 | —1/3}| —1/3 | —2/3| +1/3 | +1/3
CrpanHocTh 0 0 —1 0 0 +1

O6paTnTe BHMMaHME: y KBapkKa /ApoOHBIA DJeKTpHUeCKMH 3apsan,
KpPaTHHI WM PaBHbI OAHOH TpPeTHM 3apsaAAa ajekTpoHal

IIpaBnio MOCTpOeHMA aXPOHOB M3 KBAPKOB TakoBO: OapmoH co-
CTONT M3 TpexX KBapKoB, AHTHGAPMOH — M3 TpeX aHTHKBAPKOB, Me30H
UM AHTHME30H COCTOMT M3 JABYX MHMKPOOOBLEKTOB: KBAPKA M AHTH-
kBapka. Hafo moguepxHyTh, 4TO KBapKOBafg CTPYKTYpa MmpefJoKeHa
TONBKO RAA afpoHoB (T. €. AJfA Me30HOB N 0apHOHOB), HO He A
jgentoHoB. IlosTomy ocoGeHHO HeyAauHbHIM MpeACTaBIAETCA MAABHO
yiKe ycTapeplliee HasBaHMe MIO-Me30H, MpHMeHseMoe [ MIOOHa.
MiooH sBAsieTcd JNEeNTOHOM M HHKAKOrO OTHOINEHMA K Me30HaM
(a cinemoBaTeNbHO, K afpoHaM) He HMeer.

Ioab3ysick yKasaHHLIM BbIIe MPABMIOM M MCHOJbL3YA TaGIMIY
AJIA KBapKOB M [AJsl CTPAaHHOCTM AJPOHOB, COBCEM HETPYAHO coO-
CTABHThL KBARPKOBbIe CTPYKTYpHI AJIA Pa3JHMYHEIX APOHOB:
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6ecusernoit komOmaammn. HemapoMm sKcemepMMeHTanbHbI NONCK
CBOGOIHEIX KBapKOB INPOJOIKAETCA yie ABAaAHaTb JeT — n Gespe-
syasrarHo. HoHeuno, oueHb xorenoch 6w OGHApYKHTb CBOGOXHLIE
KBapku. Be3s sToro xBapkoBaA rmmore3a MOMET NOKa3aThCA CKoOpee
OCTPOYMHBIM MAaTeMaTHYeCKHMM MNpHeMoM, 4YeM (PHU3HUECKOH pealb-
Hoctbo. Axagemux fI. B. 3eabposnu mmcan B 1965 r.: «/Annemma,
mepej KOTOpOil cTomT ceiiuac ¢uanxa, mMoxmer GuTh cdopMynmpopa-
Ha Tak: 1160 BHACHEHA TOJbKO KNacCH(PMKAIMA M CBOHCTBA CHMMeT-
PHM M3BECTHBIX 9acTHI, JH60 3Ta CHMMeTpHMA ABJAAETCA CAeCTBHEM
AEACTBNTENLHOrO CYMIECTBOBAHMA KBAapKOB, T. €. COBEpIIEHHO HOBOTO
dyHnaMeHTanbHOTO THNA MaTepHM, aTOMHM3Ma HOBOTO THma». Ilpo-
10 OKOAO pAecATH JjeT — M (U3NKM OPUIIM K eXMHOAYIIHOMY
MHEHHIO. KBapKOBas IHIOTe3a CBA3aHA ¢ CYHICCTBOBAHMEM aTOMMH3-
mMa HoBoro tnma. WubiMm cnoBamu, k koHmy 70-x romos ¢uamkm
nepecTajM COMHeBaThbCcA, YTO KBAPKM BHYTPM aJpPOHOB peajbHO
CYIECTBYIOT.

Yro ke ybemmao ux B 3tom? Oxasanoch, 4TO TpH KBapka ILIIOC
TPH aHTHKBAapKa MO3BOJAIOT CKOHCTPYMPOBATH BCe aJpPOHBI M AHTH-
ajpoHsi, OTKpeITHE f0 1974 r. JInmanx 06HeKTOB Takoe KOHCTPYM-
poBaHHe He MOPOMaN0: Bce (POPMAJILHO CO3AAHHBIE CTPYKTYPHI Ghinu
B KOHEYHOM cueTe OOHapy:KeHH Ha ommiTe. KBapkoBaa mogeas mo-
3BOMJIA MPABHJIBHO PacCUYMTATL Pa3NUYHBIe XAPaKTEePHCTHKM ajpo-
HOB, BepOATHOCTA B3aMMoONpespamennii u T. 1. PeaabHocTs KBapko-
BOHl TMHDOTe3bl OKOHYATeJbHO HOATBEPAMIO OTKPHITHE HOBOrO THIA
YacTHIl, MOJYYMBIONX SK30THUYECKOe HA3BAHHE — «0YapOBaHHBIe 4Yac-
THITR» .

B nosa6pe 1974 r. na ycxopurene B Crandopnme (CIHA) 6nina
OTKPBEIT2 HOBaA uyacTuia Mmaccoit okoso 6000 m m Bpemenem ;ku3HHK
nopagka 1072° ¢. Cerognsi 3Ta uYacTHOa M3BECTHA Kak JUKeN-1cH-
me3on (J/¢). HoBuiii Me30H «He ykaagbiBancA» B paspaGoTaHHbIe
TeOpeTHYeCKMe cXeMbi: OH MOKeH Obin OBl MMeTh NpPHMEPHO B
1000 pa3 Gosee KOpoTKOe BpeMs xm3HU. [[NA ONMCAHMA KBAPKOBOMH
CTPYKTYPH 9TOTO Me30HA HPHMINJIOCH BBeCTH HOBBHI KBAPK — C-KBapK
H HOBYI0 COXPaHAWINYIOCA BeJMYMHY, HONYYMBIUYIO Ha3BaHMHe «OYa-
posanue». Ilogo6HO cTpaHHOCTH, OYapoBaHMe COXPaHAETCA B CHJb-
HBIX M He coXxpaHfAeTcA B clabeIX B3aMMoneHcTBMAX. 3aKOH coxpa-
HEHNUsA O04YapoBaHMA H OODBIACHAET OTHOCHTENbHO OGoabuioe Bpems
’KM3HM HOBOTO Me30Ha. ’

C BBegenyeM c-kpapka ofmiee 4MCNO THIOB KBapKOB CTajl0 PaBHO
YeThipeM. JJeKTPHYeCKMil 3apAN HOBOrO KBapKa paseH -+2/,. Jrtor
KBapK HA3LIBAIOT HOCHTeNeM OYapoBaHMsA, HOAOGHO TOMY Kak S-
KBapK ABJAeTCA HOCHTENeM CTPAaHHOCTH.

KBapxosasa crpyxrypa J/y-Mesona ectb c¢. B 1976 r. 6numm ot-
kpuithl D%-Meson (crpykrypa cit) m D¥-mesom (ctpyrrypa cd).
B nmnocnenywomme roabt Oniim ofHapysKeHH HOBhIe OYapOBaHHbIE
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MEe30Hbl, a Tak;ke ouapoBaHHbie GapuoHl. OTKpHTHE O4APOBAHHEIX
HaCTHI| JKCNEePUMEHTAIbHO MOATBEPIMJIO CYIECTBOBAHME C-KBAapKa.
Ilockonbky caM C-KBapK, ero CBOMCTBA OPraHMYecKHM CBA3aHBI CO
CBOMCTBAMHM KBApKOB 4, d, S, TO TeM CaMbiM HOJYy4aeT SKCIEPUMeH-
TajbHoe 00OCHOBaHMe KBAPKOBas MOJeb B IEJIOM.

Hago ormernth, 4ro (M3MKM BecbMa 0GpajoBajMCh OTKPHITHIO
4eTBepTOr0 KBapKa. /leno B TOM, 4TO B TeyeHHe PALA JeT CYILECTBO-
Baja THIOTe3a: B cialbiX B3aMMOJEHCTBMAX NPEeACTABHTENAMH aXpo-
HOB BricTymawT kBapku. [logcumM 3Ty MBicAb Ha ciefylOmeM
npumepe. Ilycte paccmaTpuBaercs pacmaj cBOGOJHOro HeHTpoHA.
O6bIYHO peakHuI0O pacmajga 3amUCHIBAIOT B BHge: n—-p-+e  +V..
CoraacHo mpepo;keHHOH TMIOTe3e, TOT HMPOLHECC HAMO TPAKTOBATH
KaK NpeBpalleHHe OXHOro M3 d-KBapPKOB, BXOMAIIMX B COCTAB HeMT-
pOHA, B U-KBAapK C OHOBPEMEHHKIM DPOKIEHHEM 3IIeKTPOHA W J/IeKT-
POHHOTO AHTHHEHTPHHO:

d——u+e=+7..

IIpu s10oM paspemiaercA NmpoTHBOpeYHe MeKIY HeGONLIUNMM YHC-
JIOM THNOB JeNTOHOB M OTPOMHBEIM KOJIMYecTBOM ajgpoHoB. OKasniBa-
eTcA, YTO YHCJO JIENTOHOB HAJ0 CONOCTABATL He ¢ UYHUCJIOM ajapo-
HOB, 3 ¢ YHMCJIOM KBapKOB, M3 KOTOpHIX MOCTpOeHH aapoHu. U3 pac-
CMOTpPEHHOH THIOTE3H CJIeA0BANIO, UTO YHCJIO THIIOB JEINTOHOB [OJ-
HO TOYHO PaBHATbHCA 4YHCJy THIOB KBapKoB (TaK HasbiBaeMass KBapK-
JeNTOHHAA CHUMMeTpHSA).

U sor, kKazanoce Oni, yGeauTeibHOE NOATBEp:KIEHHE ITOH CHM-
MeTpUM. HAJAUNO 9eThipe JenToHa (e, ve, W, V,) M ueThipe KBap-
Ka (4, d, s, ¢). I 1tem He MeHee (PU3MKH-TEOPETHKH He GHLIIM YIAOB-
JieTBOpeHHl. Jlus 00bsACHEeHHS BCell COBOKYIHOCTH H3BECTHLIX JKcIle-
puMeHTANbHBX (PaKTOB TpefoBaioch HalW4YHe He MeHee HIECTH Jiem-
TOHOB H COOTBETCTBEHHO TAaKOTO K€ KOJMYeCcTBA KBAPKOB.

B 1975 r. mpoucxogHT OTKpLITHE HOBOTO JIENTOHA — OH 3apAKeH
OTpHUATENbHO, MMeeT Maccy okono 3500 m m BpemA KH3HM MODAA-
ka 10~'? ¢. Ero nasBanm «taomom» (tv~). Ecam mioom moxer pac-
CMATPHBATbCA KAK «TAXENLH 3JeKTPOH», TO TaOH HOJIKEH IMOnYy-
YATH THTYJ «CBEePXTKEJOT0 3jeKTpoHa». (MU3UKK yBepeHsi, uTO
cyllecTBOBAHHME TAOHA INOYTH [JOCTOBEPHO YKAa3LiBaeT M HA cyilecT-
BOBaHHE ellle OQHOr0 HEATPHHO — TAOHHOTO HEHTPHHO  (V:).
A ecnm 310 TaK, TO Temephb Nepell HAMH KaK pa3 IIeCTb JICIITOHOB.

Fme »xce mATHN M miecToll KBapku? ITH KBapKM 3apaHee «Bbi-
yucannu». UM panu HassaumA: b-kBapx (HOCHTEJAb HOBOH cOXpa-
Hslomelcsi BeIMYMHBI, HA3BAHHOM «IpejiecTbloO») U [-KBapK (HOCH-
Tellb HOBOH coXpaHAwmedcss BeJIHYHHB, HA3BAHHOH («MCTHHOM»).
Bapsan b-xsapka pasen —'/; a f-xmapka +2/,. Hauanucek sxcnepu-
MEHTalbHbie MOHCKH MOpeJiCKa3aHHBIX KBApKOB HAa CBEpPXMOMHHIX
yckoputensax. Jlerom 1977 r. Gbin OTKPHIT HOCHJIOH-ME30H Maccoit
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oxoso 20000 m. Ero xeapxoBas CTpyKTypa ecTh bb. B nocnenmue
TO/ibl TMOABHJIMCH YKA3aHHA HA CYHIECTBOBAHME JPYTMX MpeJecTHhIX
alpOHOB, TaK 4YTO b-KBApK MOKeT CErofHs paccMaTPpHUBATHLCA KaK
peanbHocThb. IlpoBopsiTca mecnegoBaHmA no oGHApYKEHMIO AAPOHOB,
coflep;KAHIMX B CBOEH CTPYKType [-KBapK.

CxemMa M3 HIECTH JIeNTOHOB M HIECTH KBAPKOB HpeJcTABIAETCA
cerofHa ¢u3nxamM odeHb npusieKateasHoi. Oua xopomo ynopsjgo-
4MBaeT HaKoOMJIeHHbe JaHHbIe NO 3IeMEHTAPHHIM 4acTHnaMm. Bymy-
olee MNOKAajyKeT, ABIAETCA JM 3TAa KBAapK-JeNTOHHAsA cXeMa OKOHYA-
TelbHOH HMJIM YHMCJIO IeNTOHOB (KBAPKOB) GYmeT mpOOIKATHL pacTH.

3akaHuuBasg GOecely 00 D5IeMEHTAPHBIX 4YacTHIAX, COOGHIMM,
gro HoGenesckan mpemuss no dnsuxe sa 1980 r. 6uina npmcymme-
Ha TpeM ¢dnszukam — Canamy, BaitnbGepry u T'msmioy. Onm ynocrou-
Inch NMPEMHM 33 CO3AaHHe eAMHOH TEOPHUM DSIEKTPOMATHHTHLIX H
cnabux Bzanmopeiicreuit. @DynpamMeHToM 3TOH TeopMM ABAAeTCA
KBapK-JE€NTOHHAS CHMMETPHA.

Onun u3 m3secTHnx ¢mnaukor cospemennoctu IMaiic pocratouno
TOYHO OXApaKTEPHU30BAX cerojHsIIHee COCTOAHMEe ¢(M3NMKM 3aemeH-
TAPHBX YacTHL: «JTO COCTOAHHE HE CHIBHO OTIMYAETCH OT TOro,
KoTopoe HabGmofaeHib, cHAA B KOHIEPTHOM 3aje mnepej HaualioM
koHIepTa. Ha cueHe yxe moAsunauch MHOrme (HO He Bce) MY3bIKAH-
tel. OHn npoOyioT cBom mHcTpyMmenTh. MHorma MoHO yeawlmath
PAX HMHTepecHBIX MY3bIKaJbHHIX Macca)keil; OTOBcIONY pas3ganTcA
HMNPOBM3AL{NN, MHOTAA CIHBIUHBI M HENPABUIbLHO B3ATHE HOTHI.
Hap BcemM 5TMM HAaBHCI0 4yBCTBO OKHAAHMA TOTO MOMEHTa, KOrja
pasgagyTcs mepBble 3BYKH cHMQOHMM».

Kakne HoOBHie OTKPBITHA KAYT Hac 3aBTpa? JTOro Mb He 3HAEM.
Ho Mui yBepeHH, 4T0 Haxogumca Ha BepHoMm mytH. O6 sTom rosopur
ycHemiHOe NpeojojiecHHe KPU3HCa (PU3UKM DSJAeMEeHTAPHBIX 9acTHI
50-x romos, Tpmym¢ KBAapKOBOH MoOJeNM AAPOHOB, NOHMMAHME H
000cHOBaHME KBapK-IeNTOHHOA CHMMETPHH, CO3flaHNe OfmIell Teopuu
3/1eKTPOMArHMTHHIX M cJa0biX B3aMMOJEHCTBHIA.
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