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B xaxoi1 ¢popme 3eMas moJiydaeT IHEprmio, oGecredyBaloOUIyI0 DPa3BUTHE
KM3HM HA Hawejr nuaHete? Kakue sKCnepuMEHTB! Jerau B OCHOBY CO3JaHUA
TEOPUM OTHOCUTEJIBHOCTU ¥ KBaHTOBOM MeXaHMKu? Kak u3Mepuayn TeMnepaTypy u
OTIpeAeNMs cocTaB 3Be3nHoro BemtecrBa? Kuura «CeeT» oTBewaer Ha 3T
BOIIPOCHL.

B Heiji pacckassisaeTcsi 06 OCHOBHBIX ONBITaX, B KOTOPBIX GbLIM PACKPBITHI
TaifHbI CBETOBOTO JIy4d, 0 COBPEMEHHOM ONTHYECKOI HayKe.
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O cBeTe

2Kusubp Ha 3emile BO3HMKJA M CyllecTByeT OJsaromaps
JIySMCTOM SHEPrMM COJIHEYHOTro cBeTa. Ecym Obl Ha Haliell
mIaHeTe He ObLIO aTMocdepbl, KOTOpasd JIMIIb HYACTUIHO
nporryckaet sHepriio CoJHIla K 3€MHO ITOBEPXHOCTY, TG B
MOJIEHb Ha II0BEPXHOCTh 3€MHOI0 Illapa majgajgo Obl
8,37 Ixx Ha 1 cM? 3a MMHYTY. OTa BeJW4YMHA HA3LIBACTCHA
COJIHEH O NOCTOSAHHOI ¥ OIIPE/IesIeHa 10 M3MEPEHMAM BHE
aTMocepnl C IOMOIIBIO MPUOOPOB, YCTAHOBJIEHHBIX Ha
pakeTax.

MoKHO moACYMUTATD, YTO 32 OJHY CEKyHJY CBET ITPUHO-
CUT Ha Hallly IIaHeTy SHEPIMIio, KOTopas BBIAEIMIACH ObI
npy cropanuy 40 MJIH. T KAMEHHOT0 yTJId.

KocTep n1epBoOBITHOTO YenoBeKa, HePTh, Croparlilas B
ABUTATENAX MAIlMH, TOILIMBO KOCMMYECKOM pakeTsl — BCe
9TO CBETOBAs SHEPIys, 3allaceHHasd KOIJa-TO PACTEHUAMU U
KMBOTHBIMM. OCTaHOBMCE COJIHEYHBINM IIOTOK, M Ha 3eMJII0
BBINALYT AOZKAM M3 JKMAKOTO a3oTa i Kucinopozga. Temmnepa-
Typa npubsnsurea K abconmoTHOMy HyJi0. CeMMMETPOBbLIN
MaHUMPb U3 3aMeP31INX aTMOCQEPHBIX IFa30B MIOKPOET 3e€M-
HyIO IIOBEpPXHOCTb. TOJBKO WMHOTAA B 9TOM JeAAHOM
MIyCThIHE BCTPETATCA JIYXKMIIBI XKUIAKOTO IreJIms.

He TONBKO 9HEPruIo HeceT Ha 3eMJno cBeT. Biarogapsa
CBETOBOMY ITOTOKY MBI BOCIIPMHMMAaEM U ITO3HAaeM OKpPyXKa-
orumst Mup. Jlyum cBeTa coofiialoT HaM O IIOJIOKEHUM
6IM3KIIX ¥ OTAAJIEHHBIX IPEAMETOB, 00 X bopMe M 1BeTe.

CgeT, yCUIIEHHbIN ONITHMYECKMMI Ipy16opaMy, OTKPbIBAET
YeJIOBEKY JiBa NOJAPHBIX 10 MacumitabaM Mupa: KocMmmde-
CKMII MMP C €r0 OIPOMHBIMY MHPOTAMKEHHOCTAMM ¥ MMKPO-
CKOITMYECKMI, HACEJIEHHBII He pPas3iIWdMMBIMM MPOCTBIM
IJIa30M MeJIbYaliIlMMy OpraHM3MaMm.

Korpa Bemmrwmit uranbsHckmMy ydenbni I'. Taamneit
HaIpaBMJI [TIOCTPOEHHBI MM TeJIeCKON B He0O, OH OTKPBLI
MMUp TPOMAaAHBLIX, HY C YEM JI0 TOrO He CPaBHMMBIX NPOTA-
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xkeHHocTell. ConoCTaBUB ABMIKEHME CIyTHMKOB IOmmurepa,
KOTOpoe OH HabiromaJ ¢ MOMOLIBIO TEJIECKOIIA, ¢ ABMKE-
HMeM IuiaHeT, ['aymielt Ha ommbiTe yOemucsa B IpaBUIbHO-
CTM mpefcKa3aHHol KONEepHMKOM «CHMCTeMbI» Mupa. Emy
yaasochk yBUAETH (pa3bl BeHephl, pasiaMduTh OTHeNbHbIE
3Be3/bI Maeynoro IlyTu.

CeroaHsa IIOCTPOEHBI COBEPILIEHHBIE TEJECKONbI, B KOTO-
pble BUAHBI 3Be31bl, CBETAILMECA B MMJUIMOH pas cijabee
3BE3]l, Pa3JMIMMbIX HEBOOPYKEHHBIM TIJIa30M; HalJeHbl
crioco0bI y311aBaTh 10 XapaKTepy CBETOBOTO IIOTOKA, KaKye
XUMUYECKYE 3JIEMEHThI CONEPKAaTCA B MIJIYYAIOLIEM TeJe,
KaKoBa €ro TeMIlepaTypa, MarHUTHOE 110JIe, CKOPOCTh.

ITonygyaeTcsa Tak, 4TO B 3BE3JHOM CBETE COJepxKaTCa
JaHHBIE O CTPOEHUM 3BE3[bl, O COCTaBe KOCMUYECKOro
BELIECTBA ¥I 0 MHOTOM JIPyI'OM, C YeM COIIPMKACAJICA CBET.
Pazjyaras coOpaHHBIII TEJECKOIIOM CBeT Ha OTHeJbHbIE
COCTaBJIIIOLIVIE, ACTPOHOMBI pacilMpoBanm pazHoo6pas-
Hble CBEJIEHWs, 3allMCaHHbIE Ha CBETOBOM BOJHE, O0Hapy-
KWUIIM B KOCMOCe PaHblile, Y4eM B 3eMHBIX JlabopaTopusax, ABa
XUMUYECKMX SJIEMEHTa — COJHEYHBIN eIyl M 3Be3IHbINi
TexHen M. BeII ycTaHOBIIEH 3aMedaTeNbHbI pakT. OKaza-
JIOCh, YTO 3BE3JHOE BEIIECTBO COCTOUT W3 TOYHO TAKUX Ke
aTOMOB, Kax ¥ 3eMHOoe.

AHanmuz cocraBa CBeTa, MCI[yCKAaeMOTO OTHAaJEHHLIMU
CKOILIEHUAMM 3Be3[] — rajlaKTUKaMy, IPXBeJl K HEeOXKU-
IaHHOMY OTKPBITMIO: TaJaKTHMKM «pasberairoTca» APYr or
JApyra ¢ o4eHb 60JIBIIION CKOPOCTRIO, a 9TO O3HAYaeT PaCIIm-
peHue Haieli BeeneHHOM!

Tloutn uepe3 50 JeT mocJie MEPBBIX ACTPOHOMMYECKUX
otkpeITl Tasmnes ronjanzen A. JleBeHryk 3arasaHyJs B
KaIIio BOAbl Hepe3 M3TOTOBJEHHBIE MM MMKPOCKOIBI M
OTKPBLJ yAUBUTEJILHBIN MUKPOCKOIMYECKUI MUP.

IToutnt 300 JeT ¢ MOMeHTa OTKPeITHUA JleBeHIyKa CBETO-
Bas BOJIHA CIYKUT JJIA MCCJIELOBAaHUA He BUAMMbBIX IIPO-
CTBHIM IVIA30M MeJbyaliimx oOBbeKTOB. 3a 9TO BpeMA yde-
Hble TIOHAJNM 3Ha4YeHue OaxTepuil ¥ 3eJIEHOTO BeIllecTBa —
xJopodniia ANA KU3HYU, JOKA3aNM KJIETOYHOE CTPOeHMe

4



JKMBBIX OPraHM3MOB, OTKPBLIM BUPYCHI, CO3NAJM IeJble
pazgeiibl HAyK, KOTOpbIE MBI CMEJIO MO3KeM Ha3BaTh MUKpPO-
CKOIMMYECKMMM, KaK, HalIpyMep, HayKa O KJIeTKe — IIMTOJIO-
rud.

KoHe4HO, He TOJBKO ITPOHMKHOBEHMIO B KOCMIMYECKUIT 11
MMKPOCKOIIMYECKNI MMPB! MbI 00A3aHb!I cBeTy. HirayTh He
MeHbIIIE 3HaYeHMe CBETOBOTrO Jy4da M B JIpyTMX 00JIacTaAX
IeATeJBHOCTM dYeJsioBeka. Omruyeckmue Ipubopsl, nazxe
ecji OHM YCTaHOBJIEHB! Ha JIETAIIEM BbICOKO CaMOJIETE,
onpeseNA0T COPT HedTH, PAIUTOM I10 HOBEPXHOCTH MOPA.
B pykax xXmupypra Jas3epHbII Jy4d CTAaHOBMUTCA CBETOBBIM
cKaJIblieJieM, IIPUMTOAHBIM JJIA CJOKHBIX OIepalii Ha ceT-
yaTKe IJa3a. OTOT Ke JIyd Ha MeTAJIyPIMYeCcKOM 3aBOAE
pexeT MacCuMBHBbIE JMCTHI MeTaJla, a Ha IIBEHONI
¢abpuxke packpamBaer TKaHM. CBETOBOI JIydY II€pefaeT
co001IIeHNA, TOHKO ¥ JEJMKATHO YIPABJIAET XUMIIECKUMMU
pEeaKLIMAMIA.

O TOM, KaK pelIaJiCch M PelIaloTCA HAYKOM 9TH 3aJa4H,
u moiger peuyb. Ho BHavasie momnpofyeM OTBETUTb Ha
BOIIPOC: 4TO TaKoe CBeT?

Yro MBI HAZKIBAEM CJIOBOM «CcBeT». ECi OBITH TOYHBIM,
TO HYZKHO CKa3aTh, UTO CBETOM Ha3bIBAIOT SJIEKTPOMAarHuT-
HOe MB3JIydeHMe, BOCIPMHMMAaeMOe YeJIOBEYECKUM IJIa30M.
JIJMHBI BOJIH 9TOT0 M3JIYYEHUA 0UYEHb MaJibl M 3aKJIIOYEHBI B
y3KoM muTepBase — ot 0,38 mo 0,77 MxM. MHoTAA (hMU3MKM
Ha3bIBAIOT CBETOM M HEBUAMUMbBIE 3JIEKTPOMArHUTHBIE BOJI-
HbI, KOTOpbIE JIezKaT 3a IpefesiaMu 9TOro yuyacrka. Jleso B
TOM, YTO MIJIyYEeHMdA C AAMHOM BOJHBI OT 0,01 MKM 1o
340 MKM BO MHOIMX CJIy4adX BeAyT ce0d OMHAKOBO.

Axanemuxk C. VM. BaBuaos B kuure «I'nmaz m CoisHie»
mcal: «CymnjecTByeT OecKOHeWHOe pasHoobpasme ABJe-
HUI, KOTOpbIE HaM IIPUAETCA HAa3BaTh CBETOBBIMM ¥ KOTO-
pbie HEBUAMMDBI».

DuzMyecKme CBOVICTBA HEBUAMMBIX SJIEKTPOMATHUTHBIX
BOJIH OJIM3KM K CBOMCTBaM CBETOBBLIX BOJIH, XOTA Hall IJja3
Y He YyBCTBYET UX.



OnzHO M3 OCHOBHBIX CBOJCTB CBeTa, M3BECTHOe eIle B
rIyboKoil JPEBHOCTHM, — MIPAMOJMHENHOEe pacmpocTpaHe-
Hue ero gayuqeit. Tax, yepe3 GoJibIlloe OTBEPCTHE Jyd pac-
OpoCTpaHsaeTCA IPAMOJIMHENHO. OKPaH, IOCTABJIEHHDBIN 116~
pen MCTOYHMKOM CBeTa, o0pa3yeT 4eTKYIO TeHb (puc. 1a).
IIpamMonmMHENMHEIM pPaCOPOCTPAHEHMEM CBETOBBIX JIydei
00'BACHAIOTCA MHOTYE IHTEPECHBIE ABJICHMUA.

Camouner u Connne. IIocye B3Jyera 3a camoJierTom 1o bec-
KPalHUM JIyTaM ¥ [I0JIAM yCTPeMIAeTCd ero TeHb. HekoTo-
poe BpeMA OHA B TOYHOCTH IIOBTOPAET OYEePTaAHNUA PeakKTUB-
HOTO JajiHepa, 3aTeM, ¢ Ha6opoM caMoJIeTOM BBICOTHI, T€Hb
HayMHAeT M3MEHATbcA — MpuobperaeT HeompezesieHHbBIE
ouepTaHMA ¥ HaKOHel IIpeBpalaeTcsa B KPyr. Yem obbsac-
HUTBH M3MEHEHN, IIPOUCKOIAIIME C TEHBIO?

CorytHeYHbIE JIydM OT KpPaVHMX TOYEK COJNIHEYHOTO AMCKA
A u B maparoT Ha caMoJieT 110/ pas3HbiMM yriamu. Ecom 661
CBETIJIM TOJIBKO 9TM [ABE TOYKM, TO MOJydIMINCH OBI JBe
CcMellleHHble TeHM camoJyeTa. Ha MaJIbIX BBICOTaX 9TO CMe-
IIeHMe HEeBEeJMKO, ¥ IIoJy4aeTcsa yeTkad TeHb. Ha cpepamx
BBICOTaxX CMELIEHMA BeAyT K pa3sMa3bIBaHMIO TEHU CaMO-
Jeta (puc. 16). Ha 6Gosplumx BBICOTAX TEHb CaMOJETa
3aMOJHUT KPYT, MOBTOPAIOUINIA 10 (popMe COJIHEUHbIN IUCK
(pyc. 1B). DOneMeHTapHBIE «TEHM» OT KaXKA0M TOYKM COJHEY-
HOro AycKa 06pa3yror ero reHeBoe m3obpazkenwue. Iosyta-
eTCs, 4TO IIPY OIIpeAeJICHHBIX IeOMETPUHECKMX YCJIOBMAX
HEeNpo3payHbI 9KPaH MOKET CJIYXKWUThb IPOCTEeMIIIel OITH-
YeCKO CUCTEMO.

Cawmbiii npocroit horoanmapar. C MOMOIIBI0 CBETOBBIX
JIyI€eil MOZKHO IIOCTPOMUTEL HE TOJIbKO TeHEBOe M300pazkeHue.
Taxk, eciu B abaxkype JaMmbl €CTh HeBOJILIIIOE OTBEPCTHE
(puc. 2), TO Ha MOTOJIKE IIOABUTCA CBETOBAafA II0JIOCA, HAIIO-
MMHAIOHIAsA IIOAKOBY. OTO — M300pazkeHyue pacKaJleHHOM!
BoJibbpamoBoit HuTM. Kak oHO mnosyuniocs? Kaxkpbiit
MaJIbIi y4acToK HutH 1, 2, 3... obpasyer ayu 1—1', 2—2',
3—3'... OTM JyuM Ha MOTOJKE [aXyT MaJble IIATHA
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Puc. 1 6, B. izmenenue popMmbl
Puc. 1 a. OKpaH nepes  TeHM ¢ BLICOTOI I10JIeTa
MICTOYHMKOM CBETA. caMoJieTa.

(pmc. 2a), U3 KOTOpbIX M obpasyerca m3obpazkeHme Bceil
HUTH.

IIponenaitTe Tako¥ ombIT camu. Eciy jJaMmy 3aKphITh
TEeMHBIM MaTEPHAaJIOM TaK, YTOOBI IOTOJIOK HE II0ACBEYM-
BaJiCcAd, TO TMOJXYYMUTCA u300pazKeHMe He TOJBKO HUTH, HO M
6aJLToHa JIaMIIBL.

B yeTHMI1 feHb B TEHM iepeBa ¥ BCEX CBETJIBIX IIATEH HA
IOPOXKKe ONMHAKOBbIE ouepTaHmsa. Kaxapiil M3 HeOombIImMx
MPOCBETOB JlaeT Ha nmouBe u3obpaxenne Conuua (puc. 206).

HeTpynHo caMOCTOATENBHO CHENATH KaMmepy-o0cKypy
(puc. 3). B HeGOXBIIIOM ANMKE HYXKHO MPOAENATh OTBEp-
ctue (oxkomo 0,1 mMMm). Ecayu B OPOTMBOMOJIOKHYIO CTEHKY
BCTaBUTh MAaTOBOE CTEKJIO, TO Ha HeM BO3HMKHET WM30-
OpazkeHye mnpeaMera, HAXOAMIIEIOCA Iepel OTBEPCTHEM
KaMepbl. Ecamu MaToBOe CTEKJIO 3aMEHUTH CBETOYYBCTBM-~
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Puc. 2 a, 6. M306paxenne Puc. 3. Kamepa-o6ekypa. (dep-
CBETAIMXCA TeJl. TeX C puCyHKa 1544 1)



TeJIbHOM IIACTMHKOM, TO CBETOYYBCTBUTEJBHBIN CJION «3a-
[IOMHHUT» M300paxKeHme. OcTaHeTCs MPOABUTH (POTOILIA-
CTMHKY — M TOTOB HeraTuB. Tak B CTapyHy C TOMOIIBIO
KaMepbI-00CKypBI HoJydasyu doTorpadpmu, MIM, Kak MUX
TOTAA Ha3bIBAJIM, [aTreppPOTHIIEI.

Boima win xKopnyckyisi? Mbl 00bACHAIM PacCMOTPEH-
HBIE ABJICHWS, CUUTAS, UTO CBET PACIIPOCTPAHAETCA IIPAMO-
smueiHo. Ho moyeMy cBeT ABMzKeTCS II0 NMPAMOI? Besmkmit
aHMIMIACKMIM y4ieHblii V. HBIOTOH OOBACHAJ 9TO TeM, YTO
CBET COCTOMT M3 JIETSIIIMX JaCTHII—KOPITy cKyJ. CoBpeMeH-
vk Hplorona X. TroiireHC, HaIpoOTMB, NPENIIOJaraj, 4To
CBET BOJIHOBOJ NpHMponbl. TomMy ObLIM CBOM NPMYMHBI. JI3
MpeACTaBJICHMII O cBeTe KaK O BOJIHe I'IOMTeHC JO0BOJBHO
[IPOCTO TIOJIYYMJI 3aKOHB! IIPEJIOMJIEHMA ¥ OTPaXKeHUA CBe-
Ta, ABOMHOIO JYYeIpeJOMJIEHMs B MCIAHACKOM IIIIIaTe.
TpynHee Ob1I0 060CHOBATE «OYEBHUIHBIN» 3aKOH IPAMOJIN-
HEJHOTO PacIpoCTpPaHEeHMA CBeTa C BOJHOBOM TOYKM 3pe-
HUA.
Bpocum B Boay KameHb. OT Hero pasoifyTCA BOJIHBI.
IIpoiina 11esb, YCTAHOBJIEHHYIO Ha MX IIyTH, BOJIHBI TAK¥Ke
OeryT BO Bce CTOPOHEI (puc. 4a). Ho cBeTOBOII JIyy pacrpo-
cTpaHAeTCA Yyepes OTBEPCTHME IPAMOJIMHENHO (puc. 46).

Yrobbl mperCcTaBJIEHMA O CBeTE€ KaK O BOJHOBOM IIPO-
ecce npuobpenn IIpaBO Ha KMU3Hb, Hy3KHO ObLIO 00BsAC-
HUTH IIPAMOJIMHENHOE PaCIPOCTPaHEeHMe CBeTa ¢ BOJHOBOM!
TOYkM 3peHua. Takoe obObsacHeHMe f1aJl PPAHILY3CKUIL yue-
HeI O. DpeHess.

Memyap Ppenens. B 1818 r. Ha ogHOM M3 3acemaHMit
Ilapykckoit akageMuy HAyK paccMaTpuBajcad MeMyap
Dpenesna (Taxk Ha3bIBAMKUCH AOKJIAALI, IIPEJCTaBJIAEMbIE B
akazeMuio). B mokJage cBeT paccMaTpMBaJics KaK BOJIHOBOE
ABJIEHME M IIPY 9TOM OOBACHAJOCH IPAMOJIMHENHOE pac-
IIPOCTpaHEHME CBeTa.

Ecan B Touke A (puc. 5), ueHTpe cdeps! S, IOMECTUTH
TOYEYHBINA MCTOYHMK CBETA, paccykiaJy PpeHesb, TO CBETO-
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Puc. 4 a. KameHp yriaj B BOAY B
Touke S. Touka crana
MCTOYHMKOM BOJH. Ecim Ha nmyTtn
BOJIH NIOCTaBUTh NIperpany ¢

Y3KOJ iJeNbI0, TO OT ilIeNu Puc. 46. CBeTOBOI a1y4 OT
BOJIHBI OYAYT PacXoaMUTLCA BO MCTOYHMKA CBeTa IoineT yepes
BCE CTOPOHI. eJIb TIPAMOJIVMH eITHO.

Bble BOJIHBI OT HEro OyAyT OOHOBPEMEHHO NOXOINUTH MO
rmoeepxXxHocTH S. VI3 Kax0i TOYKM 9TOM cpepbl B TOUKY B
NPYMXOAAT CBETOBBIE BOJHBI M CKJIAABIBAIOTCA TaM II0 3aK0-
HaM CJIOXKeHMA BoJIH. Mo3KHO KakK 0bI 3a6bITh O CyILIECTBO-
BaHMU UCTOYHMKA A M CIUTATDH VMICTOUHMKOM CBETOBBIX BOJH
cdepy S. YTobel BeIYMCINTDL 0bliee pelicTBue BosH, Ppe-
HeJIb Pa3sbuii IMOBEPXHOCTH cdpepbl HA 30HBL I[eHTp 30H
JIeXXaJl B TOYKe IepecedyeHna MoBepxHoCcT S ¥ Jiyya cBeTa
AB, nayiero u3 uCToYHMKA A B TOUKY B. ®peHe s BoIGpas
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Puc. 5. 3ounl Ppenens.

LMPUHY 30H TaK, YTO PaCCTOAHMA OT BHEILIHEN ¥ BHyTPeH-
Hel TPaHMIl KaxK[oi 30HBI 0 TOYMKM B oT/M4yamck Ha
TIOJIOBMHY JIJIMHBI CBETOBOM BOJIHBIL:

M,B—M,B=M,B—M,B=..~ -

IIpy TakoM AeseHuM Ha 30HBI UX IJIOLIAAEL OKa3bIBaeTCs
ONVHAKOBOW. A 9TO O3HAYaeT, YTO COCENHME 30HBI WCILY-
CKalOT B HANpPaBJICHMM TOYKM B IIpUMEpPHO OAMHAKOBOE
KoJmdecTBO cBeta. C APYroil CTOPOHBI, CBET COCENHUX 30H
OPOXOANT ITyTH, OTIIMIAIOIMECA HA TIOJIOBMHY AJIMHbBI BO,I-
HBI, ¥ P CJIOKEHWUM CBETOBBIX IIOTOKOB COCEIHMX 30H OHM
ocyabuator apyr apyra. O603HaYMM CBETOBBLIE ITOTOKY OT
HyJIeBOM M ITOCNEAYIOIMX 30H Kak Hy, Hy, H,... Tak Kak Hy,
H; oTcTaroT Ha DOJIOBMHY AJIMHBI BOJHBI OT MOTOKOB Hy, H,,
TO [O TIpaBMUJaM CJIOXKeHMsa KosebaHmuii MX HY3KHO
B3ATH CO 3HAaKOM «MMHYC» IIPM CJIOKEHMM BCEX BOJH B
Touke B. Torma mnomyumm: Ho—H,+H,—H;-+H,—..
Hy—(H; — H,)— (H;— Hy)— ...= H,. BoipaxkeHua B CKOOKax
O4YeHb MaJbl, ¥ JEMCTBME CBETOBOM BOJHBI TOYEYHOTO
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MCTOYHMKA A B TO4YKe B omnpenesseTrcad TOJBKO HYJEBO
3oH0M Hq. Iliomiane 30HBbI PpeHens paBHaA aaTb’ A,

IJIs BOJIHBI 3€JIEHOTO CBeTa, AJIMHA Koropoil 0,5 MKM,
cocraBJAer Bcero 0,0005 cm?, ecan a =b =20 cM. DTa mjIo-
b PaBHA IJIOLIAANM CEYeHMA KaHaja, 0 KOTOPOMY MAET
cBeT 0T A K B. ®peHes0 yAaJochk IOKa3aThb, YTO CBET,
HECMOTPA Ha BOJHOBYIO IIPMPOAY, PACIPOCTPaHAeTCA IO
Y3KOMY NPAMOJMHENHOMY KaHaJy. [losyd4asocs, 4To 3aK0H
NPAMOJIMHEHOT0 pacHpocTPpaHeHNus cBeTa HE IIPOTHBOpEe-
YIJI BOJIHOBOM TEOPVINA.

IIpucyrcTBOBaBLIMII Ha 3acefaHMAX akafgeMmu paH-
my3ckuii matematuxk C. IlyaccoH, BeICITyIIaB <DpeHesd,
yKasaJj Ha JIOOOMBITHOE 00CTOATENbCTBO, BbITEKABIIIEE M3
JOKJIaza: ecyy Imepe] TOYeYHbIM MCTOYHMKOM CBETa MocTa-
BMUTb MaJIEHbKMI HEINPO3padyHbIli KPYIJIbI 9KPaH C OYEHb
POBHBIMM KpasgMM, TO B LEHTPE TEeHM HOJIKHO ObLno 6bI
MOABUTBCA CBeTJoe IATHO. I1o MueHwmo IIyaccoHa, 3T0 po-
TUBOPEYNMJIO 3APaBOMy CMbIcay. OfHAKO, KOrja mnepey die-
HaMy aKaZeMuy ObLJ IIOCTaBJIEH OIBIT, B IIEHTPE TEHEBOI'O
Kpyra BO3ZHMKJIO cBeToBoe nATHO! CBeT 0OOrHyJ mpemAaT-
crBye! C 9TOro MOMeEHTa BOJHOBasA TEOPMHA CBeTa 3aHAIA
IPOYHOE MECTO B HayKe — CHOp Mexay uaeamyu HeproToHa
u TrolreHca, nauBLIMiica 6oJiee CcToNeTHs, Ha IOJIT0e BpeMs
Ob1JI pellieH B M0JIb3Y BOJHOBBIX IIpPEeJCTaBJIECHMIA.

Camasa Oonsmiasa ckopocTh. Kar HM cTapajuch JIIOAMU
M3MEPUTH CKOPOCTDb CBETA EIIE B AAJIEKIEe BpeMEHa, HUYEro
¥3 TakKMX IMONBITOK He mnojayd4anocb. Toaepko B 1676 T.
narckmii actporom O. Pémep, Habiogas 3aTMeHMe CIIyT-
Huka IOmmrepa, Hamren crocod BbIYMCIEHMS CKOPOCTH
cBeTa B I[yCTOM IIPOCTPAHCTBE — BaKyyMe.

TpyagHOCTM WM3MEpPEHMsS CBA3aHBI C O4YeHb 00JbLION
BEJIMHYMHOM CKOPOCTM CBeTa. 3a MMJJIMOHHYIO JOJIIO
ceKyHIBI cBeT npoxoput 300 M. 3a 8 muH npoberaeT paccro-
Auue or 3emummt go CoxHiia, a Begb 9To 150 muH. kMm! Ilo
COBPEMEHHBIM M3MEPEHMAM CBETOBasd CKOPOCTH B BaKyyMe
paBHa 299 792 Kkm/cC.
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Puc. 6. He3aBucumocTs
CBETOBOM CKOPOCTH OT CKOPOCTH
MCTOYHMKA.

OKa3aJloCh, YTO CKOPOCTh CBEeTa 06JIafaeT yAMBUTENb-
HBIM CBOMCTBOM — OH& He 3aBMCHUT OT CKOPOCTH MCTOYHMKA.
Takoit BIBOJ ObLJI cAeJIaH M onfbITOoB A. MalikebCcoHa.

YTo XKe o3HayvaeT He3aBMCUMMOCTb CKOPOCTM OT ABMIKE-
Hua uctouHmka? JlomycrumM, Ha KopabJie, KOTOPBIL CTOUT Ha
AKOpe, M0 ILeJM CTpeJdeT HOCOBad IYIUKAa ¥ P 3TOM
CKOPOCTBh CHapsjxa paBHA V. (puc. 6). 3areM Kopabab nBu-
HyJICA K I[eJIM CO CKOPOCThIO Ux. HoBBIN BhIcTpesn. Tenepsb
CHAapAX JIETUT K LIeJIM CO CKOPOCTBIO V¢ + Vx. BBINyIIleHHbI!
B 9TO e CaMoe BpeMaA CHapsAJ M3 KOPMOBOI MyIIKM OygeT
OBUTATbCA CO CKOPOCTBIO V—7Uyx. VIHBIMM CJIOBaMHM, IIpu
cTpeasbe Mo HanpaBJEHMIO XORa CKOPOCTh Kopabiasa mpu-
faBJiAeTCA K CKOPOCTU CHAPAAA, & IPY cTpesbie B MPOTUBO-
MOJIOZKHOM HaIpaBJIEHMM — BBIUYUTAETCA. A CBET IIPOIKEK-
TOPOB, YCTAHOBJEHHbBIX Ha MaduTaX, AOMIET OO0 PaBHOCTO-
ANMX OT Kopabia IMyHKTOB A M B OQHOBPEMEHHO, C KaKoil
6BI CKOPOCTB IO HY 111eJI KOPabJib.

ITomy4yaeTca, 4To CBeT He NOAYMHAETCA MPOCTOMY IIpa-
BIWJIy CJIOKEHUS CKOpPOCTel. OTOT pe3yJsbTaT — OAMH U3
KpPaeyroJbHBIX KaMHeH COBpeMeHHOM (u3ukyu. B ocHoBe
TEOPMM OTHOCHUTEJILHOCTH, CO3[[@HHOM BEJMKUM (PU3UKOM
A. DOitHIITEVHOM, JEXUT (DaKT, IOJNYYEHHBIA OIBITHBIM
IyTeM: HE3aBMCUMOCTb CKOPOCTH CBETA OT CKOPOCTY MCTOY~
HyKa. OfHO M3 [VIaBHBIX ITOJOXKEHWMI TEOPUI OTHOCUTENb-
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HOCTM 3aKJIOYEHO B TOM, YTO B NPUPOJE HE CYILECTBYET
cKopocTH, 6oJsbIIIEll CKOPOCTH CBETA B BaKyyMe. Dta caMas
6osb1m1as, MK NpepesbHasg, CKOPOCTh.

Jpyroe BaxKHeIIee CHENCTBME TEOPUM OTHOCHTEJHLHO-
CTM — CBA3b MEXKJY MacCoil U sHepriei. SiHIITelH ycTa-
HOBMWJI, MCXOAA U3 OCHOBHBIX IOJOXKEHMI Teopum OTHOCK-
TeJILHOCTH, YTO SHEPIUA COXEPIKUTCA B CKPBLITON hopMe B
J060M BelllecTBe, IPMYEM MacCCe 1 COOTBETCTBYET SHEPIMA
E, paBHasg mIpou3BENEHMIO MacChl Ha KBaApaT CKOPOCTH
cBeta: E=mc2. Dta (popMysa IIOMOTaeT IIOHAThL MHOTME
dusuyeckme Ipolecchl, ¢ ee IOMOIIbI0 PaCCUUTHIBAIOT
9HEpPIHUi0 aTOMHOTO Afpa, ANEPHBIX PeaKIMIA



I'1a3 u ero Boopyxkenne

Oxno B mup. CBeT HE€ TOJIBKO CO3HAJN BCE KUBOE.
IlfenpOCTE CBETOBOrO MOTOKA OTKPBIBAET HaM Kpacory
OKpyZKalolllell Hac MPUPOAbI, MbI BUAMM Jajiekie rajlakTy-
KM — OTPOMHBIE CKOILIEHNUSA 3BE3] — ¥ MeJbyaiinme 6ax-
Tepya, M3MepPsAEeM BBICOKME TeMIIepaTyphbl M OoJblye pac-
croanud. VI Bo BceM 9TOM B KOHETHOM MTOTre IJIABHYIO POJib
urpaeT 4eJoBedecKuii raaas. Ilosromy Jony Beerna uHTEpe-
COBaJVICh YCTPOMCTBOM YEeJIOBEYECKOTO IJ1a3a.

‘Emte B 1604 r. Hemenxmi1 actpooMm V. Kenmep cpaBHMI
rja3 ¢ KaMepoil, pamomeil m3obpakeHMe Ha BOTHYTOM
IIOBEPXHOCTH ceT4aTodt obosoukyu raasa. P. Jexapr, ppas-
LIy3CKMI MaTeMaTHK ¥ (puIocod, OTHOCMBIUMICA K CIERY-
IOLIEMY IOKOJIEHMIO VYEHBIX, IIPOBEPUII 9TO [IPEXIIOJIO0sKe-
Hye Ha onbITe. OH B3AJ OBINMIT I1a3 ¥ BCTABMUJI €T0 B OTBEP-
cTMe B 3aKpPBITBIX OKOHHBIX CTaBHAX. IIpenBapuTesbHO
panyxHasa obonouyka Iyasa Oblna obpaborana Taxg, 4YTO
crasa npo3paynoi. Ha Helt JleKapT ¥ yBUIEJ IEPEBEPHYTOE
u3obpazkeHye JaCTH YIULbI II€PEX CBOMM AOMOM.

B Halle BpeMA oNTUYECKYIO CHCTEMY IJIa3a 4acTo CpaB-
HMBAIOT ¢ (poToanmapaToM, u He 6e3 ocHOBaHMiI. O&BEKTHUR
doroanmapaTa co3gaer n3obpaxKeHve Ha (POTOILIACTHUHEKE,
a onTHKa IJ1a3a — Ha I'JIa3HOM ceTYaTKe — CBEeTOYyBCTBY-
TeJIEHOM CJIoe, IepenarIneM m3obpaxkeHyue B Mo3sr. Ilepe-
Menas o6BEKTMB (poToammapaTa BHOJb ONTUYECKOM OCH,
MOZKHO MOJIy4nTh Ha (POTONJIACTHHKE YETKOe M300pazkeHme
npeaMeTa, No3TOMy OOBEKTMB, KaK IIPaBMJIO, ITOJBMIKEH.
XpycTadauk — rJaBHad JMH3a — MOXKET U3MEHATH KpU-
BMU3HY CBO€Jl IIOBEPXHOCTM C ITOMOIIIBIO OCOOBIX MBIIIIIL.
IlosToMy, ocTaBafAcCh HEIOABUKHBIM OTHOCUTEJLHO CeT-
YaTKy, XPyCTAJMK 4YeTKO u3obpaxkaeT Ha Hell npen-
MEeTbI, HaXOAAIMecs Ha Pa3HbIX PACCTOAHUAX.

B ¢oroamnmapare auacdparMa orpaHMYMBAET IIy4OK CBE-
Ta, BXOAAIUM B 00BeRTHB. I'JIa3HOI 3padoK UIPaeT Ty xKe
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Puc. 7. CTpoeHue rjasa u
KpuBaf CTIEKTPAIBLHOMN
YyBCTBUTCJILHOCTH

poJsib. B 3aBMCMMOCTM OT BEJMYMHBI CBETOBOTO IIOTOKA,
[1a[aiolllero Ha II0BEPXHOCTL IJIa3a, 3PadoK yMEHbIIaeT
WM yBENMYMBAET CBOE OTBEPCTME IIOMMMO Haulei BOJIN.
Tak a3 3alminaercd 0T U3JIULITHEN CBETOBOM SHepruiu, a
KOrZla €e HEIOCTATOYHO, YBEeJINIMBAET CBOI0 YyBCTBUTEJIb-
HOCTb.

Eciu nepesecTu B3IJIAL C TEMHOTO Ha SPKUII Npen-
MeT, TO 3PadKM CyXkKalTcsd, yMeHblIaeTcsa AMaMeTp OTBep-
cTMA B PanyKHO¥ 000JI04Ke, B TJa3 IONazaeT MeHbIIAad
OJIA CBETOBOTO ITOTOKA, M CBETOYYBCTBMUTEJIbHBIN CJIONM He
reperpyzxkaeTrcs.

CBeTO4YyBCTBUTEJNBHBIM CJIOJ CeTYATKY COCTOUT M3 9Jie-
MEHTOB [IBYX BHAOB: KoJbouek M majsoyer. CBeTOBOe pa3-
IpakKeHMe OT KaxK[IoM M3 HUX IepejgaeTrcai B MO3T IO
HEPBHOMY BOJIOKHY.

B ceTyaTKe yesioBedecKOTo riaza 125 MJIH. maJIoYeK M
6 MuH. Koabouek! ToNbKO OAMH yd4acToX Ha ceTdyaTkKe He
YYBCTBUTEJIEH K CBETY — CJIeNoe IATHO. B mecTe, rae oHO
pAacCIIOIOKEHO, B IJIa3 BXOAMT 3PUTENbHBIN HepB. B Hewm,
KakK B XKTIyTe, COOpaHbl BCe HEPBHBIE BOJOKHA OT KasKOOi
TIAJIOYKM ¥ KOJOOUKNA.

Curertoe ATHO OOHAPYXMBaeTCA B IIPOCTOM M MHTEpec-
HOM orbiTe. IIocMOTpHTE JIEBBIM TJIa30M Ha KpecT (puc. 7), a
NpaBbIfl 3aKpoiiTe. BOKOBBIM 3peHMEM Bbl YBUAWUTE CUMHMIA
Kpy2K0K caeBa. Ecuay npubimxaTe PUCYHOK K TJa3y, TO Ha
paccrosEuM 20—25 CM CVHMIA KPYy>KOK MCHE3HEeT U3 [OoJd
3peHUA — ero u306pakeHMe ronajaeTr Ha cjernoe IIATHO
rjasa.

YyBCTBUTEIBHOCTD YEJIOBEYECKOTO IV1a3a K CBETY OYEHb
BbICOKa. ITocsie OAaMTEeJBbHOrO [IpebbIBaHMA B TeMHOTE IJja3
npucrocabiavBaeTca K BOCHPMUATHUIO YPE3BBIYANHO MasbIX
CBETOBLIX ITOTOKOB. Takoe yBeJM4eHMe 4yBCTBUTEJIbHOCTH
IJaza Ha3bIBAIOT TEMHOBOM ajanTanueit.
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B omnwiTax akazevmika C. V. BaBuiyoBa ObLJIO IOKa3aHO,
YTO YeJIOBEK, IJ1a3a KOTOPOrO MOJIHOCTHIO MPUBBIKJIIN K TEM-
HOTe, MOXKET YyBCTBOBATb JlazKe OTJeJbHbIE (DOTOHBL

T'71a3 MozKeT BOCIIPMHMMATH M O0JIbIIINE CBETOBBIE ITOTO-
K. OTM TIOTOKM IIPEBOCXONAT HAMMEHBIIMII CBETOBOM
TIOTOK, KOTOPBIII ellle OIIyIaeT IJja3, B TPMJIKOH pa3s. Ilo
LIMPOTE OXBaTHIBAEMOrO AMAIla30Ha IIa3 MOXKHO CPaBHUTH
¢ (paHTACTHMYECKIMMM BeCaMl, Ha KOTOPBIX MOXKHO Ob1JI0 OBl
B3BEILMBATH TEJIA C MACCOM OT NEeCATUTBICAYHOM rpaMMa a0
COTEH TOHH: 0aIMJLIy M 3KeJe3HONOPOKHBI BaroH!

Ham opran 3peHMA MO3BOJIAET HAM pPas3jandaTbh LIBETA,
T. €. IO-pas’HOMY BOCIPYMHMMATBL M3JIydeHWe B 3aBUCUMO-
CTHM OT €r'o COCTaBa.

IIpu oxHOII M TOM K€ MOIIHOCTM CBETOBOTO IIOTOKA
JKeJITO-3eJIeHble Jy4uy OyIyT BOCIPMHMMATBHCA IJIa30M Kak
camMble spKMe, a KpacHble M (pHOJETOBBIe ITOKAIXKyTCA
caMbIMM cabbIMu. Eciy ApKOCTh 3KeJITO-3eJIEHOTO CBeTa ¢
OJIMHOVM BOJIHBI A=0,555 MKM IMpMHATL 3a eOUHULY, TO
APKOCTHL ToJiyOOro cBera TOI Ke MOIIHOCTM OyxeT paBHA
0,2, a AproCTh KpacHoro cesera — 0,1 oT APKOCTHU KeJNTO-
3eJIEHOIO ToToKa. Jlazke MOLIHBIE IIOTOKM M3JIy4YEeHWMI C
JJIMHOM BOJHBI Kopoue 0,3 MKM 1 mivHHEee 0,9 MKM raas He
BOCIIPMHMMAET.

IlocTpouM 3aBMUCHUMOCTH YYyBCTBUTEJNBHOCTM IJja3a OT
JJIVMHBI BOJIHBI IOIAIAOIIEr0 B HEro cBetra. I1o ocu opamHaT
OTJIOKMM YyBCTBUTEIBHOCTD IJI1a3a B OTHOCUTEIbHBIX efy-
HUIAX, a M0 ocy abciycee — IJIVHY BOJIHBI B HAHOMETPAaX.
Torga mosxyuuM KPUBYIO CIEKTPATIBHOI 4yBCTBUTEIBHOCTH
raasa (puc. 7). Ee Ha3pIBalOT KPUBOI OTHOCUTEJIBHOM BUJI-
1OCTH, MAaKCHMYM 9TOJ KPUBOIL, & 3HAUUT ¥ MAaKCUMYM 4yB-
CTBUTEJBHOCTH IJIa3a, COBIAZaeT C MAKCHMMyMOM M3JIyda-
TeJLHOI criocobHocTM CoTHIIA.

Haim oprasb! 3peHusA IIPMUCIIOCOOJIEHBI K COJIHEYHOMY
cBeTy. Ho MexaHM3M 3peHNMA CJIMILIKOM CJIOZXKEH, ¥ IIOKa YTO
HeT IIOJIHOCTBIO YAOBJETBOPMTENBHOIO OOBACHEHMA, IIO-
4yeMy KeJITbIE JIy4M KaxKyTcd IJasdy Apde, yeM KpacHble u
dyoneToBple. CIIOKHOCTD 3aKJIOYaeTcd B TOM, YTO B 3pHU-
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TEJIbHOM BOCIIPHUATUM Yy4YacTByeT TOJIOBHOM MO3T. B ero
KJIETKaX HaKallJIMBAIOTCA M COXPaHAIOTCA XKMI3HEHHbIE Kap-
TUHDBI, IIO3TOMY YacCTO IIPOIJIbIE BIIEYATJIEHMA BJIUAIOT Ha
BOCIIPUATHE HACTOALLETO. YenoBek criocobeH «BUAETH» M BO
CHE MJWU IIPOCTO C 3aKPbITHIMM IJlIa3aMM, MbICJIEHHO IIpen-
CTaBJIATH T€ WMJIM MHBIC KaPTHUHBI.

Pazubie THOBI raa3. I'Jia3 II03BOHOYHBIX KMBOTHBIX
IOX0XK Ha Ija3 4yeJjioBeKa. ¥ OeCro3BOHOYHBIX XKUBOTHBIX
b0 HemopasBMUThIE Iyaza, Jambo IJyaza, COCTOAIIME W3
OT/IeJIBHBIX HECOBEPIIEHHbBIX IJIa3K0oB — aceToB. IIpas-
Zia, €eCTh OOHO 3aMedaTesIbHOe UCKIoUeHne. ['1a3 nanboyee
pas3BUTOr0 0GeCro3BOHOYHOTO — OCBMMHOTa IIOXOXK IIO
CBOEMY CTPOEHMIO Ha deJIOBe4eCKMil. B HeM eCTb U poroBu-
na, ¥ BEKO, M XpyCTaJMK, M ceTdaTKa. ['pOMagHbIMM IJja-
3aMM HaJIeJIEH CIIPYT — UX AMAMETP NOCTUTaEeT 38 cMm.

JIHTEpEeCHO yCTPOEHBI IJa3a HaceKOMbIX. JIydIlle Bcero
U3ydeHo 3peHye muenbl. I[uenmubli ria3 daceTyaTsIil U
COCTOMT M3 MHOIKECTBA OTIAEJbHBIX IJIa3KOB — aMMOTM-
IV, PAaClNOJIOKEHHBIX TOHKMM CJIOEM Ha MOBEPXHOCTU
roJIoBbI. JIMaMeTp OTHAeIbHOTO0 aMMOTHMIMS IIPMMEPHO
30 MKM. AMMOTHIMIT, KOHEYHO, HE MOXKET COepPKaTh POKY-
CUPYIOIIMX KPJMCTAJJIOB, ¥ ITI09TOMY ITHEJa IJIOX0 pasjuda-
eT MeJKyue OOBEeKTbI; YeJIOBeYeCKWil TJia3 CrocobeH Bu-
neth npeaMersl B 30 pa3 MeHbIINMe, YeM IMYEJNMHBIA. 3aTo
myeJsia BOCHPMHMMAaET HEBMUIAMMOE AJA HaAc yabTpaduoie-
TOBOE M3IydeHMe (X0 ANMHBI BojsHbI 0,3 MkM). Biaroxapsa
9TOMY MMP PacTeHMII IIPEACTaBJIAETCA TYesaM ropasno 6o-
rade, 4eM HaMm. MHoOrIMe 1iBeThI, KazxKyluecsa HaM OeJbIMu,
O-Pa3HOMY OTPazKAaT YJIbTPadMOJIETOBOE MU3JIYUEHME, U
IT9IeJIbl X BUAAT I{BETHBIMI.

ITuena pa3yyaeT OTAEJNbHbBIE BCILIIITKY CBETA C YaCTO-
To¥ Ko 200 pa3 B ceKyHAY. JJiA dyesioBeKa BCIBIIIIKHA, CIEAY-
IOII[}e C YaCTOTOM, MeHbIlel B 10 pa3, HauMHAIOT CIMBAThCA
M KaXKyTcA HeNpepbIBHBIM noTokoM. Ob6sazgas OwbICTpoit
ITYEJIVTHOM peakiye, B KMHO ¥ Ha TeJEBUAEHWY MbI CMOTJIN
O6bI pas3nMyaTh, KaK Ha 9KpaH «HAMOJI3al0T» OTHEJIbHBbIE
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Kagpel. Ilo-BugmMmomy, IdesiaM HeobOxoxumo HabmooxarTh
6osiee ObICTPBIE ABMIKEHNMA, YeM HaM. B yibe HacekoMsle ¢
6ONBIIIOII YaCTOTOM MallyT KpPBIIbAMM, CTPEMMUTEIBHO
epeMelaloTCA, M UeJIOBEYECKMII IIa3 He YCIIeBaeT CcJie-
INUTB 33 9TMMM [IBMKEHMAMM, a ITHEeJMHBIA [JIa3 ycreBaer.

Ectp erre ogHa mHTEpecHas 0COOEHHOCTH 3PEHMA «IO-
MallIHero» HacekoMoro. [Iyesia XOpoIIo YyBCTBYeT HOJIAPH-
3a1[MI0 CBETA, M 9TO IIOMOTAET €1 OIPENENIATh HalpaBJIeHMe
Ha CourHnze.

Teneckon. YeyjoBeyeckoe 3peHMe HeCOBeplIeHHO. Mbl
He B COCTOAHMM Pa3amdyaTh IJIa3aMM HYU Te IPEAMETHI, YTO
HaxXofgATCA Ha OUeHb OOJBIINX PaCCTOAHMAX, HU Te, UTO
PACIIOIOKEHBI CAMIIIKOM OJIM3KO0 y Iia3. BeIpydaroT OnTy-
yeckye IIpuOOphI, MHOTOKPATHO YBEJWYMBAIOIIME CUIY
Harrero 3peHusa. Tak, TEJIECKOIN OTKPBLI IIepes 4eJJOBEKOM
KOCMITIECKMIT MUp.

TeJyIeCKOII, @ BepHee 3PUTENbHYIO TPYyOy, m306pes nat-
ckmit ontuk WM. Jlurmepcreil. M3obperenue Jiumnmeperesa B
TO BpeMsA MMEJIO BOEHHOEe 3HaueHMe M ObLIO 3aceKpedyeHo
LaTCKMUM MIPaBUTEJILCTBOM. VI BCe Ke CIyXyu 00 yCTpoiCTBE,
npubmzKarIneM najJekue IpeAMeThI, PaCIpOCTPaHMIIICh
1o Esporte. Y3Han 00 5TOM M BeJMKMIA MTAJbAHCKUIA yue-
veit . Tanumnent. HezaBHCHMO OT JaTCKOTO OIITUKA €My
yIaJochk CO34aTh TEJIECKOI 6oJee COBEPIIIEHHO! KOHCTPYK-
. VI 00'beRT HabJofeHnA OH BbIOpaJ caMblii MHTEpec-
HBIi1, HAIIPaBUB TEJECKOMN B He60. TaM OH OTKPBLI CITy THUKY
IOmurepa, coJsHeuHble MATHA, Pa3JMUMI OTJEeJIbHbIE
3Be37b! Maeynoro Ilyti! BeHepa, Kak siCHO OBbLIO BUIHO B
Teseckon, mogobHo JlyHe, mpoxopmia Bce pas3bl — OT
Y3€HBKOTO cepria 0 moJHoro kpyra. Habmopnaa BpaieHne
cryTHMKOB Ommrepa, Tanmitelt yBuaes To, ITO TOJIBKO yra-
ABIBAJIOCH JI0 HETO, — BpallleHye 3eMJIM ¥ IJIaHEeT BOKPYT
Cousaiza. Kak Ke yCTpPOEH TeJIECKOIl, B YEM 3aKJII0YAEeTCA
IPMHINII ero paboTel?

Pasmeps! nzobpazkeHud IpegMeTa Ha CeTYaTKe IJiasa
3aBMUCAT OT TOTO, IOJ KaKMM YIJIOM Mbl BMIAWM IIPEIMET.
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Ecau Ha 3aKOITYEHHOE CTEKJO IIOJIOXKMTH ABYXKOIEEUYHYIO
MOHETY M IIOMECTMUTBb €ro CAaHTMMETPOB Ha ABaAlaTh OT IJia-
3a, TO, paccMaTpuBag udepes cTekyo CoJrHie M ABUTas I10
CTeKJIy MOHETy, BBbI JIETKC MEPEKpPOeTe COJIHEYHBIN IWUCK.
IuameTp Hamrero cBerma pased 1 muH. 391 ThIC. KM, HO
Conxne yzaixeso oT 3emun Ha 150 MJIH. KM, U ero usobpa-
JKeHMe Ha CeTYyaTKe IIOYTHM B JECATHh pas3 MEHbIe, YeM
nzobpakeHye MOHETKM, OTCTOdALlIe OoT riasza Ha 20 cm.
B HameM ciyd4ae COJIHEYHBIM IMCK BMAEH IOHA YIJIOM
NpUMEPHO B IONTpajyca, 8 MOHETKa — I1of yryoM B 10 paz
6OJBIINM. YTOJ, TOK KOTOPLIM MbI BUOUM IIpeaMeT, — €TI0
HA3BIBAIOT YIJIOBBIM AMAaMeTPpoM — oOpasyroT JIydM, uny-
mpe OT KOHTypa IpesMeTa K 3pauky. Tak, yraosoi ama-
merp CosHua 32'. Pasmep uzobpaxenus CoJsiHIa Ha cer-
yaTKe IJasa U ornpenendefca stum yriom. Korja ase
KpaiHye TOYKM IIpe/iMeTa BMIHBI 110 YIJIOM, MEHBIIMM 1,
TO MX M300paxkeHusa CIMBAIOTCA Ha CEeTYaTOM 000J0UKe, U
npenMeT IPeACTaBJAETCA IMPOCTO TOYKOW. I'OBOPAT, 4TO
paspelIanas CrocoOHOCTh IJa3a He HPEeBBIAeT OIHOM
YIJIOBOM MSLyThbI. VHBIMM CJI0OBaMM, O AETAJNAX MpEeIMETa
MBI MOXKEM CyIMThb, €CJIM OH BMIEH IIOf YIJIOM, OOIBIIMM
OIHO YTJIOBOM MMHY ThL.

TesecKOIl yBeJMYMBAEeT YroJl 3PEHMsA, MOJ KOTOPLIM
BUAHBI OTHAJEHHbIe IIpeaMeThl. OOBEKTHUB TEJIEeCKOoIa AAeT
u3obpazkeHye OTHAJIEHHOTO IIPEAMETa, KOTOPOE paccMaTpy-
BaercaA B OKyJdAp. Eciu guamerp oObeKTHMBaA TeJieckora

paBeH D MM, TO € €ro IOMOIIBI0 MOXKHO pPa3au4yaTb

”
00BeKTHI C yIJIOBBIMM pa3MepaMu 1—41%——,Cnenoaa'remno, yem

6oJibIIe yIaMeTp TeJIeCKOoIa, TeM GoJbliie ero criocobHoCTs
pa3inr4aTh AeTaau JaJleKMX KOCMMYeCKuxX MMpoB. ITosTomy
COOPYKAIOT TEJIECKOIbI C O4YEHb OONBIINMMY 06 BEKTUBAMMA.
CaMbU1 MOLIHBINM TEJECKOII C 3€pKaJioM AMaMeTpoM 6 M
coznaH B CoseTckom Coroze.

Boasuioii reneckon. IlocTpouTs BoJbImoil Teseckon —
neqo HernpocToe. TONBKO IlepenoBble CTPaHLI MUpPA MOLYT
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CTPOMUTH TEJIECKONBI AMaMETPOM, MCYMCJIAEMBbIM MeTpaMu.
Jlo BeryniyieHMsA B CTPOil BOJIBILIOTO COBETCKOro TeJIeCKOIIa
HauboJslee MOIIHBIN TeJIeCKOIl OBLI y aMepmraHies. Jua-
MeTp ero 3epkajia — 5 M, ¥ cobupaeT oH B moJiTopa pasza
MeHBIIIe 3Be3JHOr0 CBETAa, YeM HaIll HIeCTMMETPOBBLEI IM-
TaHT.

T'naBHaA yacTe TeJecKoIla — [IECTHMMETPOBOE 3€PKaJio
M3rOTOBJIEHO M3 €aMoil GoJIbIIION OTJIMBKM, KaKyl 3HAJO
YeJIOBEYECTBO 38 BCIO IATUTBHICAYEIETHIOIO MCTOPUIO CTe-
RIofienys. Bec CTEeKIAHHOTO IYCKA, OTJIUTOTO AJA 3epKaia,
cocraBua 70 1. TombKO Ha IpeABapUTENBHYIO 06paboTKy
TMraHTCKOM 3aroToBKM yHuIo 15 TeIc. KapaT aJjiMa30B.
OTJNUTBIA CTEKJIAHHBIA OUCK MEAJIEHHO, B TE€YEHME ABYX
JleT, OCTBIBAJ IIO CIIeIMasbHO pa3paboraHHOMy rpaduky.
BricTpoe oxnazKaeHMe NpyuBeso Ob1 K HEJOILY CTUMBIM MeXa-
HWYECKMM HAaNpAXKEeHMAM B OTJMBKE, M OHA CTaja Obl
HEIIPUTOZIHOM J1JIA U3TrOTOBJIeHMA 00 beKTUBa. lllecTMeTpO-
Bas yallla Tejeckorna Oblina o6paboraHa ¢ Besmgaiiein To4-
HOCTBIO M yCTaHOBJIEHa Ha rope IlactyxoBa Ha CeBepHOM
KaBxkaze.

Bri6op MecTa 71 YHMKAJIBHOIO MHCTPYMEHTa He cJIyda-
en. HabmonaTe pajiekye cnabble 3Be37bI MOXKHO JIMILb B
YCJIOBMAX, KOIZIa BJMAHME aTMocdepbl Ha CBETOBOI IOTOK
3Be3bl CKasbIBaeTCs He3HaumuTeabHOo. CreumanbHad Ha-
y4HAA OSKCHEAMIMA YCTaHOBMJA, 4YTOo ropa IlactyxoBa
BIIOJIHE yJOBJIETBOPAET MOTOAHBLIM TpeGOBaHMAM ¥ ee Bep-
LIMHAa MO3KeT ObITh yBeHuYaHa BOJIbLINM TeJIeCKOIIOM.

Korzma crpouTensCcTBO 3aMedaTeNIbHOTO acCTPOHOMMYE-
CKOTO MHCTpyMeHTa ObLIO 3aBepineHo, IeHepasbHEBIN
cexkperapb IIK KIICC JI. JI. BpexHeB no3ApaBuJl y4eHBIX
u crpouteneit. «Co3faHmMe YHMKAJIBHOIO TeJIeCKOMa —
KPYIIHOE JOCTMIKEHWMe OTEYEeCTBEHHOM HayKM M TEeXHMKMN.
Ilepen coBeTCKMMM y4YeHbIMM OTKDPBLIMCH BO3MOXKHOCTU
ele 1IMpe pa3BEpHYTH HaAyYHbIN IIOUCK, OoJiee Tiry6oko
OPOHMUKHYTE B TailHb! BceJieHHOM, BHECTY HOBBIM BKJIaJ B
COKPOBMIIHMILY ITO3HAHMII deJloBedYecTBa», — TOBOPMJIOCH
B IIO3APaBJIEHVI.
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Puc. 8. Teneckorn.

Kakne xe 3a1a4y [I0MOraeT PELUINTD TEJIECKOII C CAMBIM
Gosp1nM 06bekTHBOM? C €0 ITOMOLLBIO ACTPOHOMBI CMOTY T
HabJO#ATH 3BE37bI, KOTOPEIE CBETAT B 10 MJH. pa3 cnabee,
YeM caMkble TyCKJIble 3BEe3AEI, €life BUAMMBIE HEBOOPYZKEeH-~
HBIM IJta3oM (puc. 8). Cpeay Takmux cjiabbIX 3Be3J MHOTrO
00BEKTOB, PAaCKPBIBAIOIIMX 3arafkyu BceejyenHoil. M3yuas
3Be3bl B KPUTUUECKVE MOMEHTBHI MX IKM3HM, ACTPOHOMBIL
npenckaxyT Oyznyiee sHamero ConHua, IMOMMYT, YTO C HUM
OyzieT MpoMUCXOAUTE Yepe3 MUJLIMAPLI JIeT.

B kocmoce MHOXKECTBO MCTOYHMKOB CBETa, HaXOHsd-
LIMXCA Ha IpaHuIe, OCTYIHOM AaA HabmoneHus, u Tpeby-
OmX I[pUMeHEHMsA CBEPXMOIIHOIO TeJIeCKOoIIa. 3TO0 M
MMyJbcaphbl, M KBa3ephbl, ¥ MEpeMeHHbIE TaJIAKTUKH. BLITh
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MOZKeT, C IOMOLIBI0 BOJBIIOro TeJecKora yAacTced yccelie-
IOBAaTE IIPOLIECCHI, IPOMCXOAIINME B 3Be3/IaX Ha I0CIeAHeM
gTare UX KM3HY, KOI'Za 3Be3J/la CKMMAeTCad M CTaHOBUTCA
CBEPXIIJIOTHOI «4epPHOM JbIPOi».

Kax uzmepsaror numaveTp 3Be3l. 3Be3Obl KPaCHOBATOTO
IBeTa, TaKMe, Kax 38e3a Betesnreiize B co3Be3auu OpHoH,
II0 CPAaBHEHMUIO C APYTUMM 3BE3aMM He OTJIMYaJMCh BbiCO-
KOl TeMIepaTypoil, 0 WeM MOIKHO ObLIO CYAUTH IO CIle-
KTPaJbHOMY COCTaBY MX uaiyudeHus. CKopee Hao060pOT, 9TH
3Be3Lbl MOKHO CYMTaTh XOJOZHBbIMM. OHM IpMHAJIeKaT K
KJIacCy 3Be3j, IOBEPXHOCTb KOTOPBIX HarpeTa BCETO HO
3000°K. C yMeHbIIeHUEM TEMIIEPATYPhI SHEPTHs, U3JIyda-
eMasa eqVHMIE! TIOBEPXHOCTHM HArpeToro Tejya, yObIBaer
MPONOPLIMOHAJIBHO YeTBEPTOI CTEIleHM ero abCoJIIOTHOM
TeMIIepaTypbl. A 9TO 3HA4YMT, YTO IIOTOK M3JIyIeHMUA enu-
HUIBI TIOBEPXHOCTM KPACHOM 3Be3bl B 16 pa3 MeHbIle, YyeM
TIOTOK M3JIYYEHMs C TaKoM ke noBepxHocTn ConHia. Y1 rem
He MeHee beTesbreise faBajia O4eHb MHOTO cBeTa. IIpoime
BCETO VMIHTEHCUBHBI CBETOBOJ ITOTOK KPAaCHBLIX 3Be3l 005-
SICHAJICA UX OIPOMHBIMM pasMepamyu. PacueTsl noxasajw,
YTO B TAaKOM CJIydae AMaMeTp 3Be3] AOJIKeH ObITh O4YeHb
60oJIBIIIMM, HACTOJIBKO OOJIBIINMM, YTO BO3HMKAJ BOMIPOC: a
He obbACHSeTCA JIU UX SAPKOe CBedeHye KaKoM-TO APYyroil
OPMYMHOM, He CBA3AHHONM C X pa3MepaMu?

OTBETUTH HA 3TOT BOIPOC MOKHO ObINIO, TOJBKO M3Me-
puB guamerp 3Be3x. Ho faxKe B caMOM CHMJILHOM TeJIeCKOIIe
3Be37b!l KaxKyTCA TOYKAMM, M OIpeAesMTh UX pa3Mepsl He
yaaeTcdA. VI BOT 9Ty CJIOXKHEWNIIIYIO 3a7ady aMepuKaHCKUM
y4eHbIM — (Pu3uKy A. MajikeIbCOHY M €ro IIOMOIIHM-
KaM — IIOMOIJIM PeLIMTh IABe 0OBIKHOBeHHbIE Iesn. Eife
B cepegyre XIX B. V. ®u30 npeasIoRKmui M3AIIHBIN METOx,
KOTOPBIA, IO €0 MHEHNIO, TO3BOJIAI ObI M3MEPUTD IMAMETD
38e3n. Vpesa Pwzo 3zakiaoyasack B cJenyromeMm. Ecian
epen JIMH30M TeJIeCKOIla [OCTaBUTh [BE ILIeJIM Ha P&CCTO-
Asmu D, To B POKAIBHOII IIJIOCKOCTHM TEJIECKONa BO3HUMKHET
uHTepdepeHIIMOHHAA KapTuHa OT YAAJIEeHHOTO MCTOYHMKA
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Puc. 9. Onpenesnenue nuametpa
3BEe3/bI B OIBITE, NPENJIOKEeH-
HoM DN30 M OCYil[eCTBJIIEHHOM
CredaHom. Paccroanne D
CIIMILIKOM MAJIO.

cBeTa, HaxXojdAIerocs repey measaMi. Ecym Teneps paccMma-
TpUBaThb 4Yepe3 OOOPYZOBAHHBINA IIEJAMM TEJIECKOII HBe
oueHb OJM3KMe IPYT K APYTY 3Be3Jbl, TO KaxKJasd U3 HUX
ob6pasyeT CBOIO cyucTeMy MHTEP(EPEHIMOHHBIX ToJoc. Ec
TeJIECKOIl HAIpaBUTb TaK, YTO CBeT OT ONHOM M3 3Be3q
TIOVeT MapaJulesbHO ONTMYECKOM OCU TeJIeCKOIla, TO CBET
Ipyroii 3Be37bI OyZeT cOCTABIATE C OIITUIECKOI OChIO Tele-
CKoIla yrosi ©, paBHbIM YIJIOBOMY DPAaCCTOAHMIO MEXAy
3BEe37aMu.

Cosur nudpaKkuMOHHBIX KapTMH OTHOCUTEJBHO APYT
Apyra omnpegesmrea yraoM © (puc. 9). LleHTpanbHBIN
MaKCHMMYM ¥ CJELYIOIUMIT 3a HMM MaKCHMMYM AMGpPaKIMOH-
HO¥ KapTMHBI HAXONATCA Ha PaCCTOSAHUM, ONpenesiseMoM

A
yraom @ = 57+ Ecmmu paccrosuue D mopo6paTs Tak, 4TO
yrox ¢ 6ymer paBeH 20, TO MakKCUMyM IuPaKIMOHHOM
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KapTUHBI OT [IEPBO 3BE3/IbI COBIAJET C MMHMMYyMaMu -
PaKIMOHHOM KapTMHBI OT BTOPOM ¥ OCBELIEHHOCTH B
(poraNBHOM IJIOCKOCTM JMH3BI OymeT Imo4YTH paBHOMEpP-
HOM — IIOJIOCHI Pa3MazKyTCA, M 9TO IIPOM30MIET B TOT
MOMEHT Korja ®=%_ . TakumM obpazom, nsmepeHnne yria @

CBEZETCS K OIPENEJIEHUIO BeJMIMHBI D, COOTBETCTBY IOLIelt
MOMEHTY MCYE3HOBEeHMA AUQPPAKIMOHHBIX IoJoc. Bens

Korjja AudpakLOHHAA KapTUHA IIporiajaer, © = 5D

IIpoTHBOITOJIOKHBIE Kpasd 3Be31bl MOXKHO CUMTATh IBY-
MS MCTOYHMKAMM CBETa, HaXOAAIMMYUCA Ha yIJIOBOM pac-
CTOAHMY, PAaBHOM YIVIOBOMY JAMaMeTpy 3Be3Abl. 3HAYMT,
HaBeA TeJIeCKOII Ha Kpali 3Be3]1bl, MOKHO 110 A paKIiMoH-
HOV KapTWHEe HallTH YIJIOBOM €e AMaMeTp, a YMHOXKUB ero
Ha paccrodHue 3eMJd — 3Be3/a, HaliTH ee JIMHENHBIN AMa-
MeTp.

IlepBas MONBITKAa OCYILECTBUTH MPEJIONKEHHBIN Pu30
9KCIIepMMeHT npuHaayexur Credany. OgHaKO OHaA OKasa-
Jach GesycrmenrHoit. Jlaxke KOTfia UIEJV OTOABMIAJMCH Ha
caMbIe Kpas caMoro GOJIBLIOTO TeJECKONa, Ha KOTOPOM MOT
paborats CredaH, uHTEpdEPEHIMOHHbBIE TOJIOCH] HE JiCye-
3asm. Besumsa D oKazajiach CJIMIIIKOM MaJioi, YTOOBI
TOJIy4YUTh 3HayeHye O, paBHOE YIIOBOMY AMAMETPY 3Be3-
IBL.

Yepes 50 seT nipobJsieMoit M3MePEeHNMA 3BE3HOT0 AyamMe-
Tpa 3amHTepecoBasica MarikesnbcoH. OH forajzajcd, Kak M
Ha MaJIOM TeJIeCKOIle MOXKHO IIOJIy4MTh DOJIBIIOE paccTo-
auue D.

Ha rteseckorie ¢ puamerpoMm ob6bwekTMBa 2,5 M Maikeab-
COH IIOJIOKMJI IIEepeKJNagMHy C 3epKaJlaMy, PacHoJOKeH-
HBIMM TaK, KakK 9TO IIpeACTaBJIeHO Ha pucyHKe 10. Terepsb
9¢PEeKTUBHBIM PACCTOAHMEM CTaJ OTPE30K AB, 3Haun-
TEJIbHO IIPEBOCXONAINMI AuaMeTp OOBEKTHMBa TeJIeCKOora.
Tesieckomn, CHaOXKEHHBI TaKMM COOPYKeHMeM, ObLi
HanpasJieH Ha Bereapreiize. CHavana 6bLIM BUIHBI MHTEP-
drepeHIIMOHHBIE ITOJOCHI, HO, KOTAa 3€pKaJia PasiBUHYJIH,
noJockl ucyessy. OHM MOIVIM MCHE3HYTh M B TOM CJydae,
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Puc. 10. Onpenenenne guameTpa  paccrosnme D. Boabmiad

3BEe3]bI YCTAaHOBKO BeJmuuHa D nossosiia zoctudnb
MajikeabscoHa. C IOMOILbIO A
3epkad 1, 2, 3, 4 OH yBeJImiI paBeHCTBa @=2—§

ecy ObI BO BpeMsA IIEPEABVIKEHMA 3€pPKaJl OJHO M3 HUX
cJIeTKa TMOBEPHYJOCh Ha HepekJaauHe. YToObl MCKIIOYUTH
omubKy, KOTopas MorJa ObI IIPOM30MTH U3-3a CIydallHOTIo
u3MEeHeHMA TIIOJOKeHMA 3epkKana, MailkeJbCcoH, KOTAA
ucyesmM MHTePpEepeHLMOHHbBIE IIOJIOCHI, HAIPaBUJI BCe
YCTPOMCTBO Ha JPYTyI0 3Be3]y — II0JIOCHI IIOABWMINUCH
BHOBB. JTO O3Ha4aJo, UTO 3epKaja IPY MX Pa3ABVIKEHUW
HE JICIIBITAJM HMKAaKMX [IOBOPOTOB. B HpOTMBHOM ciyyae
[IOJIOCHI He BO3BHMKJM OBbI M IIpM pPaccMaTPMBaHWM HOBOM
3Be3nbl. Cucrtema paborana HamesxHo. OIBITHI 3aBEPLLN-
JICh 3aMeYyaTeNbHBIM YCIIEXOM — C IIOMOILBIO TEeJIECKOIIA,
000pYOBaHHOT0 HEXUTPLIM IPHMCIIOCOOIIeHeM U3 1eJeit u
3epraJi, ObLI onIpeseseH pazMep 3Be3Abl. IuaMeTp Beresab-
reiize okazayucsa paBHbBIM 390 muH. KM. Ecom 651 9Ta 3BE37a
3aHAJa Mecro COJIHLIA, TO 3eMHas opOMTa mpoxoamJa Obl
BHYTPM 3BE€3JHOTO TeJa.
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Puc. 11. Ontryeckuit
MMKPOCKOIL

Mugpockon. Yro6pl PacCMOTpeTb MaJblii IpegMer,
HYKHO IIOJHECTH €ro K Ijasy Ha 0Jm3Koe pacCrosmHue,
TOTAa €ro yrjoBoil AMaMeTp YBeJUMYMTCA ¥ AeTa Ipen-
MeTa CTaHyT pa3paumbl. Ho I'1a3HOM XpyCTadMK OT4eT-
nuBO M300paxKaeT npenMeT, €CJIM OH HaXOAMTCsa He Oimmke
10 cm ot raasa. IIpy MEHBIIMX PACCTOAHMAX Co3JaBaeMasd
MBIIIIIAMM MaKCUMaJibHasd KPMBM3HA XPyCTaJMKa OKa3bI-
BaeTca HeJOCTATOYHOIM, YTOOBI ITOJIyYNTh YeTKoe M306paxke-
HMe Ha ceTyaTKe. [[09TOMy OdeHb MaJible IIPeAMeThI IPUXOo-
QUTCA paccMaTpMUBaTh Yepes JIYIy MM MMKPOCKOI — IIpH-
BopbI, YBEIMUUBAOLIYE YIOJ, [T0J] KOTOPHIM BMUIEH OJIM3KMiA
npenmer {(pyc. 11).

«3Bepomkn» Jlesenryka. XoTa cxeMy CJIOZKHOTO ABYX-
CTYHNEH4YaTOT0 MMKPOCKOIA Ipesioxui B 1610 r. Tammeis,
0 pAAY NPWYMH JMCCJEeOBaHMA OYEHb MaJbIX OOBHEKTOB
HaYaJNMCh 3HAUYUTEJBbHO MO33KE.

B 1673 r. B JIOHKOHCKOE KOPOJEBCKOE 0OIeCTBO (Tak
Ha3bIBAIOT AHIVIMIICKYIO aKaJeMMIO HAayK) IIPHUIILIIO IIMChMO
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u3 I'onnanaym. B HeMm Toprosel; cyKHaMy AHTOHM JIeBEHTYK
OIMCBHIBAJI yAMBMUTEJbHBbIEe HalOmomeHuda. C IOMOIIBLIO
CBOETO MMKPOCKOINA JIEBEHT'YK OTKPbLJI HE BUAMMSBIV MIpO-
CTBIM TIJIa30M M A0 HEro COBEPILIEHHO HEM3BECTHBIA MUP
KUBBIX CYIIIECTB.

«C BenMuyaillMM M3yMJEHMEM # YBUAEJ B Kallle
MHOZKECTBO BEJIMKOE 3BEPIOLICK, OXKWMBJIEHHO OBUra-
IOLMXCA BO BCEX HaNpaBJIEHMAX, KaK IIyKa B BOJeE, caMoe
MeJIKOe M3 HMX B ThICAYY pa3 MeHee IJasa B3pPOCJION
60xm», — mycan rosjaHzel. HeCKOJBKO JieT B AHIIMMU
HUKTO He MOT MpOBepuTh OIBITOB JleBeHryka. Haxkoners
npoclaBJeHHbII ydeneli P. T'yK yBuIed «3BepIONIEK»
JleBeHrykKa B HaCTOe mepla, 3aTpaTMB Ha 9TO HEMAaJbli
Tpyxn. OgHaKo TOproBel CYKHaMy pa3ijnrdal bonee menrme
00 BEKTHI, YEM IIPOCJIaBJIEHHBIN yueHbI1. I1o KpaiiHell mepe
9TO CJEN0BAJIO M3 ONMCAHMI OIbITOB, HAIIPAaBJIEHHBIX MM B
KoponeBckoe ob1iecTso.

«Mugpockon» Jlesenryka. Kakoil ke cuibl 6bLI Opu-
6op y roamnaHpna, Kak OH IIOCTPOEH, €CJM MPEBOCXOAWT
MMKpOCKoOIN I'yKa, OCHOBaHHBIN, KaKk Kaz3aJjioChb, Ha CaMbIX
COBEPIIIEHHBIX ONTUYECKNX MPUMHLIMITAX?

Ha zacepganmi KopoJgieBckoro obmiecrBa B 1681 r. 6p1710
PEIIIeHO NPOCHUTH HEeOOBIYHOrO KOPPECIIOHAEHTa PaCKPHITH
CEKpeT YCTPOoJicTBa ero mpubopa ¥ Crroco60B HAOIIOREHNA.
Ho JleBeHTyK IPOAOJIZKAJ COOOIIATh O BCE HOBBIX M HOBBIX
YAMBUTEIBHBIX HAOJIONEHUAX, HE TOBOPA HM CJIOBA O CBOMX
npubopax. KoposeBckoMy 00111eCTBY NPHUIIIIOCH KOMAaHIM~
poBath B I'oJTaHaNMIO IIPEACTaBUTENA ¢ 3ajaHNeM KyIUTb ¥
JleBenryka MmKpockorn. KoMaHAMpoBaHHBIA y4yeHbI ybe-
IWMICA, YTO BCe MMKPOCKOIIBI TOJLIAHALA — IIPOCThIE JIYIIbI!
HeoO6bIyHOCTE MX COCTOANA B YPEe3BbIUAHO MAJbIX pa3Me-
pax — OHM He IIPEBOCXOANIN 0yJIaBOYHOI rOJIOBKM.

JI3BecTHO, YTO YeM MEHBIIIE PaguyC KPUMBU3HBI JYIIBI, a
3HAYUT M ee pa3Mephbl, TeM CuiIbHee yBesmueHyue. Camble
Jgy4ynme nyiml JleBeHTryKa yBemmunusaayu B 270 pas. Takoe
yBeJM4YeHNe ¥ OTKPBLIIO epes HUM HeU3BeNaHHbIM MUKPO-
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crommyIecKuit Mup. JIeBeHTyK yBUeJl KPOBEHOCHBIE TeJbIIa,
ABMIKEHVE KPOBM B KalMJIJIAPHBIX COCyZaX TOJIOBAaCTHKA,
CTpOEHME MYCKYJIBHBIX TKaHel, 6aKTepuy ¥ MHOTOe APYyToe,
0 YeM OH pacckasajJ B CBoeM Tpyae «TailHbl mpupomwI,
OTKPBIThIE AHTOHM JIEBEHTYKOM>».

Ha nmyTm K COBpeMEeHHOMY MHuKpockomy. Jlo HadaJja
XIX B. CIOXKHBIE MMKPOCKOIIBI, ITOCTPOEHHBIE IO CXEeMe,
npejnoxeHHoy IamneeM, He MOIVIM KOHKYpPMPOBaTh C
OYeHb XopoummMy Jynamu. Jiuirs B 1824 r. 6b1um pazpabo-
TaHbl OOBEKTMBBI M3 MHOTMX JMH3. Takme oOBEKTUBHI,
YCTAaHOBJIEHHbIE B CJIOXKHOM MMKPOCKOIIEe, II03BOJIVIJIN
LOCTUTHYTB yBeJmdeHun go 500 u maxke 1000 pas, ocTaBuB
Aayexko mozaayu Jymel Jlesernryka. B 70-X rogax Impoiiioro
BEeKa HeMeLKRMii ydeHbl1 3. A6Oe paszpaboTas Teopuio co-
BPEMEHHOTO OIITHYEecKOoTo MMKpockona. Ha ocHoBe 9Toit
TEOPMM PACCUYUTHIBAIOT OIITHMIECKYE CHCTEMbI MUMKPOCKOIIOB.

YBesM4eHne ONTHHECKNX MUMKPOCKOIIOB OOBIYHO He IIpe-
BocxoauT 2000. DA MHOTMX HAYYHBIX M TEXHUYECKUX
3a7a4 9TOr0 HEZOCTAaTOYHO. Ec/y 3a MMKPOCKOIIOM, yBe-
mramBaomymM B 2000 pas, mocTaBUTh TAaKOM Ke APYToi u
paccMaTpuBaTh IpPegMeThI C yBEeJIWMYEHMEM, pPaBHBIM
2000 X 2000 =4 muH. pa3, TO ¥ IIpU MWIJIMOHHOM yBeJIMye-
HMM Mbl HOBBIX IofpobHocTelt He yBuamm! Haobopor,
nzobpazkenme mnpexnmera Oyzer pasmaszaHo. IlocMoTpuTe
B CMJIBHYIO JIYILy Ha razeTHyio dororpadmuio. HoBeIxX nera-
Jeii n3o0pazKeHnus Bbl He yBUINUTE, a KapTUHA IIPeBpaTUTCA
B Habop CBETJIBIX I TEMHBIX TO4YEK. BoJbIlloe yBeIudeHme
He ITOMOT'aeT.

Taxk Ke ¥ B MMKPOCKOIIE, M3JMIIHEE YBEJIWUEHME He
TIOMOXKET pPacCMOTPETh MPEeAMeT, pa3Mepbl KOTOPOTO
MeHbIIIe JJMHBI CBETOBOM BOJIHbI. Takme IpeaMeTsl
ceer orubaeT mo 3akoHaM audpakmm. MyHuMaabHbIe pas-
Mepbl mpenMeTa d, pas3IMYMMOrO dYepe3 MMKPOCKOIL,

onpeznensiorca dopmyoit =214 Tlocrosusas A B 370
dopmyse npuban3nuTeNBbHO paBHA enyHuIe. 1A 3eJIeHOro
cBera BeyrinHa d paBuHa 0,3 MKM. YToOBI TaKol IpenMer
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6bpl1 BuAEH mnoj yriaoM 1', yBeJaudeHME MMKPOCKOIIA
IOJI2KHO OBITH 0K0J10 1000.

Mo2KHO oCBelJaThk IpeAMeT KOPOTKOBOJHOBBIM HEBUAN-
MBbIM M3JIydeHMeM, a MMOTOM C IIOMOILUBI 9KPaHOB, CBETA-
LIMXCA IOf NEMCTBMEM TaKOTO M3JIYyUeHMs, HOoJIydaTh yiKe
BuaMMoe mu3obpazkeHne. OZHAKO Ha 5TOM IIyTM OOJIBIIIOTO
BbIMIPBIIIIA HOJYYUTh HeNb3A. JleJlo B TOM, YTO HET MaTe-
pHAaoB, M3 KOTOPBIX MOXKHO CHEJIaTh JIMH3bI KOPOTKOBOJI-
HOBOI0o MMKpOCKoma. Jlydmime Marepmanbl — KBapy u
drooput. Ho m KRapri] HOTJOLIaeT M3JIydeHUe, ecy ero
OJIMHA BOJHBI MeHee 0,18 MKM, a «peKOpACMEeH» (PIIOOPUT
npo3padeH Juuib A0 0,12 MEM. OTa AJMHA BOJIHBI B TPHU
pa3a MeHbIlle TPaHWYHOM BOJHBI BUAMMOTO W3JIyUYEHM.
JJI1 KOPOTKOBOJIHOBBIX YJIbTPaMONIETOBBIX JIydeil Bce
BeIECTBA HEMPO3payHbl. 3epKalbHbI MUKPOCKOII, B KOTO-
POM BMECTO JIMH3 yCTaHaBJIMBAIOT 3epKaJia, MOxKeT pabo-
TaTh ¥ B 00J1aCTH OYE€Hb KOPOTKMX JJINH BOJH yIbTpadmo-
JIETOBOTO M3Jy4€HMA, HO 9TO CJIOXKHBIA IIpubop. K Tomy xe
KOPOTKOBOJIHOBOE YJILTPA(PMOTIETOBOE MINYUYEHME CUILHO
TOITIOIIAeTCA BO3AYXOM, M MMKPOCKOII IPUXOAMUTCA ITOMe-
mwaTe B BakyyM. OZHAKO CYILIECTBYET COBEPIIEHHO WMHO
OyTh.

OJIeKTPOHHBINI MMKPOCKOIN. J300paskeHme IpegMeTa
MOZKHO CO3JaTh HE TOJIBKO CBETOM, HO M IOTOKOM 3apsAKeH-
HbIX JacTuu. JJIA 9TOM Ley Jy4llle BCero MoaXOonAT JeK-
TpoHbl. Korpa nmpuMxoamuTes MMETh NeJI0 C TAKUMM MaJbIMMU
o0'’beKTaMM, KaK BUPYChI, IPUMEHAIOT SJEKTPOHHBII MUK-
pockon. Ha TOHKYIO KOJJIOAMEBYIO IIJIEHKY TOJIIMHON
0,01 MKM HaHOCAT KaIlJIIO BOAbI C BUpycaMu. 3aTeM ILJIeH-
Ka BBICYLIMBAaETCA M 3aKJaJbIBaeTCA Ha NPEeAMEeTHBIA CTO-
JUK SJIEKTPOHHOrO MMKpOCKomna. V3 creunasbHOro MCTO4-~
HUKA SJEKTPOHOB — SJIEKTPOHHOM ITyHIKM — Ha IJIEHKY
nafaeT MapajyesbHbII IIYYOK 9JEKTPOHOB (puc. 12). Teno
BMPyCa HEONHOPONHO, M pPasHble e€ro 4YacCTy pPacceyuBaloT
9JIeKTPOHBI IT0-pa3HoMy. [IIoTHBIe yacTy BMpyca paccenBa-
IOT SJIEKTPOHBI CHIIbHEEe, IMOSTOMY OT HUX MEHBILIAsA NOJA
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Puc. 12. Cxema 2JIeKTPOHHOTO
MMKPOCKOTIA.

9JIEKTPOHOB IIPOXOANUT Yepes3 OTBepPCTHe 2 — allepTypPHYIo
avacgparMy MMKPOCKOIA. DJeKTPoHHadA JmH3a 1 cobupaeTr
B TOYKE B 5JIeKTpOHBI, BhIILEAIINE M3 TOYKM A pacxons-
Mes ITYYKOM, M Tak, IO TOYKaM, JIMH3a JaeT u3obpaxe-
HMEe TIpegMeTa Ha CBETAIIEMCA IO IeMiCTBMEM JIEKTPOHOB
sxpane. B Mecrax uzobpaykenms OoJiee MIOTHBIX dacTeit
BUpyCa O9JEKTPOHHBII TOK OKaxKeTca Heboapunmm. Ha
9KpaHe 9Tu MecTa OyyT TeMHBIMM, & MECTa, COOTBETCTBYIO-
1ye MeHee ILJIOTHBIM YacTAM, OyAyT CBeTJee.

MpbI paccMOTpeNM TOJIBKO IJIaBHYIO YacTh 9JIEKTPOHHOTO
MUKpockoria. Ha camMoMm fejie B HEM MOCJIE MEPBOM JIMH3BI
HeT HYKAKOTO 9KPaHa, a MOJyYEeHHOEe B ILIOCKOCTHM M3006pa-
KEHME CIYKMT, Tak 3Xe KaK ¥ B ONTMYECKOM MMKPOCKOIIE,
00'BEKTOM AJISL BTOPOJI JIMH3BI, KOTOPAd ¥ JaeT 3JIEKTPOHHOe
n3obpaxkeHye Ha 9KpaHe, CBETAIIEMCS IOf AeiCTBUEeM
9JIEKTPOHOB. DKpaH SKCIEPUMMEHTAaTOp paccMaTpMBaeT B
JIy11y.

OJIEKTPOHHBII MMKPOCKOI [eJIaeT AOCTYyNHBIMM [JiA
u3yueHus 6oJee MeJIKye AeTaNM, YEM ONTHMIECKMIA, TOTOMY
YTO y HEro 3HAYMTEJIbHO BBIIIE Pa3pelIarNias CIocob-
HOCTb.
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YT10o6BI HMOHATH, IIOYEMY B 9SJIEKTPOHHOM MMKPOCKOIIE
IM@PaKIMA UrpaeT MEHBIIYIO POJib, HyXKHO o6paTurbed K
OTKPBITMIO M3BECTHOrO (PPaHIy3CKOro yudeHoro Jiym me
Bpoiis.

Emre B 20-xX rogax mazero crosetud ne Bpoitias BbicKa-
3aJ1 CMEJIYIO MbICJIb. CBA3b MEXKAY KOJIMIECTBOM ABMIKEHS
CBETOBOTO KBaHTa — (POTOHA ¥ €ro JJIMHOI BOJIHBI CIIpa-

h
BeJMBa ¥ AJIA JPYIMX 4YacTwil, T. €. )»=p—. OmbITHBIM

ITy TEM 3TO T0JIOXKeHye ObLIO MOATBEePKeLO. By ymmiica
CO CKOPOCTBIO ¥ 9JIEKTPOH IEMCTBUTENBHO BedeT cebsa Kak
BOJIHA, AJIMHA KOTOPOI A, = % roe h — mocrosauHasn ITnaH-
Ka, m — Macca JIeKTPOHA.

O6BIMHO 9JIGKTPOHBI DPABTOHAIOTCA B MMUKPOCKOIAX,
OpOMAA PasHOCTb MOTeHIMaNa okKoJo 15000 B. Ilocne
3TOr'0 MX CKOPOCTh focturaetr 72 000 XM, a pamHa BOJI-
Hel — 0,01 M. IlosyuaeTcs, 4YTO ANMHA BOJHBI TAKMUX
2J1eKTPoHOB B 50 000 pa3 Kopoye CBETOBOI BOJIHEI 3€JIEHOTO
cBeTa. B TakoM ciayyae amdpparumsa KOJKHA CKa3bIBAThCH,
KOoTia paccMaTpMBaeMblil IIpeAMeT CPaBHMM C IJIMHOI
BOJIHBI 9JI€KTPOHA.

DJEeKTPOHHBI MUKPOCKOI JaeT BO3MOXKHOCTh paccMar-
puBaTh IIpeaMeTbl B HECKOJBKO AECATKOB J0JIEM HaHOMe-
Tpa — B COTHM pa3 boJiee MesIKMe, YEM ONTUIECKIUIA MUKPO-
cron. HammeHbHIMe pa3Mepbl MIpPeAMETa, elle pasJjnda-
€MOI'0 ¢ IOMOIIBIO 3JIEKTPOHHOTO MMKPOCKOIA, OTPaHMIM-
BalOTCA He auparImeil SJeKTPOHOB, a Ka4YeCTBOM SJIE€K-
TPOHHBIX IIyILIEK — MCTOYHMKOB 9JIEKTPOHOB, obecrnednBa-
OIMX paboTy MMKPOCKOIIA.

Pacrpossiii Mukpockorn. Camble COBPEMEHHBIE 9JIEK-
TPOHHBIE MMKPOCKOIILI — pPacTpoBble. B TakoM MMKpPO-
CKOTIe TOHYAMIINIA SJIEKTPOHHBLIMA Jyd MNOCJENOBATENBHO,
OIHY 3a IPYTO, OIIyIILIBAET TOUKM IIpenMeTa (puc. 13).

JonmycTum, II0f, Jy4OM MMKPOCKOIIA JIECHOM KUTeIb —
MypaBeil ¥ yBeJdeHre HeBesyko. Torga Ha SKpaHe MUKPO-
CKOIIa, 2 OH TaKOi1 XKe, KaK U ¥ 0ObIKHOBEHHOTO TeJIEBU30pa,
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Puc. 13. PacTposblit
MUKDOCKOIT

MypaBeil moMecTUTCA LeJukoM. IIoBOpOT IepeKJIodaTte-
Jg — ¥ Bech 9KpaH 3alloJIHAeT MypaBbMHadA Janka. Eige
OZIHO MepeKJYeHNe — ¥ YeTKO BUAHBI MeJbyaiIiye feTa-
JM ee CTPOeHMsA, MUKPOCKOIIMYIECKUe IHETUHKM, KOTOPhIMM
HOKPbITA MypaBbMHAaA «KOXKa» — XUTUHOBBIN IIOKPOB.
YBenmdeHMe MMKPOCKOIA MEHAETCA CTYNEHAMU — OT
10 xpaTt 10 100000 IPOCTHIM IOBOPOTOM MEPEKII0YATeNd,
0Z106HOr0 NMEPEKJIII0IATENO0 TeJEBU3MOHHbBIX IIPOrPaMM.
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Ecmm 6l MBI 3aXO0TeNM YBUAETh MYPaBbs MOJHOCTHIO
Np¥ MaKCHMAJbHOM yBeJIM4eHMM, TO AJIA 9TOr0 moTpebo-
BauicA ObI 9KpaH pasmepoM ¢ pyT6oabHOoe Hoe!

Kaxk ke paboTaeT pacTpOBbIII MMKPOCKOI, YeM OIpese-
JsdeTcA npenen ero yseimdenua? IloueMy oH paBeH cTa
ThICAYAM, @, CKaXkeM, He MIILIVOHY ?

Kak yxe roBopmumochk, Ha HabIIOgAeMbII MOpPEIMET
TajaeT TOHKMM SJIeKTPOHHBINA Jyd. I1Jom@anKka, «ocBelieH-
HadA» 3JIEKTPOHAMM, MICIIyCKAeT CBOM BTOPMYHBIE 3JIEKTPO-
HbL. OJIEKTPUYECKOEe T[OoJIe IIEPEHOCUT BTOPUYHBIE 3JIEK-
TPOHBI K CIIELMANBHOMY KPMCTAJIy. Ilox HeiicTBueM JJeK-
TPOHOB KPMCTAJIJI CBETUTCA. 3a KPMUCTAJIIOM yCTAaHOBJIEH
(POTOYMHOXKKTENb, NPeobpas3yoiuii CBeT B SJIEKTpU4e-
CKMIi TOK, KOTOPBIN ¥ yIpPaBJAeT APKOCTbIO 3JEKTPOHHOTO
Jyda KMHECKOIIA.

Kaxrnaa Touka npeaMera Mo-CBOeMy MCITy CKaeT BTOPIY-
HbIE 9JEeKTPNHBI. TOYKM Ha «BO3BBIIEHHOCTAX» IpenMera
M3JTy4aloT OOJbIlle SJEKTPOHOB, YEM TOYKM B «HU3MHAX».
Yem OoJgbllle BTOPMYHBIX 9JIEKTPOHOB IMOKMHYJIO Ty WM
VHYIO IJIOIAJIKY, TeM ApYe COOTBETCTBYIOIIAA €r0 TOYKa Ha
9KpaHe TeJeBusopa. IIo 9TMM TOYKaM SJEKTPOHHBINA JIy4
KMHECKOIIa «PUCYeT» yBeJIWYEHHOe M300pazkeHue Ha SKpa-
He. VI300pazkeHue nosydaercs Kak Obl HAOPaHHBIM M3 «TO-
yek». OHO B IIPUHIIMIIE TaKoe K€, KaK M pacTp raseTHou
doTorpadum, TOIBKO BMECTO YEPHBIX ¥ OeJIbIX TOYeK —
9JIEKTPOHHBIE IIATHA pasHoi ApkoctH. OTciofa M Ha3Ba-
HME — PaCTPOBbIi MUKPOCKOIL

Kaxpomy nATHY Ha 9KpaHe COOTBETCTBYET KPYXKOK Ha
npenMeTe, PaBHBIN CEYEHMIO JIEKTPOHHOTO Jy4a. ITomyya-
eTcsd, YTO pa3Mepbl HaMMeHbIIIeH [eTasy, KOTOPYIO MOKHO
eIlle pacCMOTPeTh B PACTPOBBI MUKPOCKOII, HOJKHB] OBITH
He MeHBbIIIEe JMaMeTpa SJIEKTPOHHOrO Jyda, oberarorero
npenMer.

Y caMOro TOHKOIO IMy4Ka, KOTOPbI MOKHO cOpMypo-
BaTh M3 [I0TOKA YHACTHUII, AMAMETP He MOXKeT OBITh MeHbIlle
X AJIMHBI BOJIHBI, BBIYMCIIAEMO 110 popMmy e JIyn ge Bpoii-
aa. Tak, AuMaMeTp CaMoOro y3KOTo ITyYKa pacTPOBOrO ONTH-
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YeCcKOro MMKPOCKOma, ecam Obl IosBmach HyIKAa IIO-
CTPOUTH TAKOJ MMKPOCKOII, 6611 661 paBeH 0,3 MKM. B sJiek-
TPOHHOM MMKPOCKOIIE CaMbIii MaJIbIif AyaMeTp IIy4Ka
Bcero 0,3 HM — B 100 pa3 MeHbIIIe ANWHBbI CBETOBOM BOJHBI.
B mpuHIMIIE IIy4oK Mor ObITH elle «OocTpee» — AJIMHA
BOJIHBI OBICTPBIX 3JEKTPOHOB 3HAUMTENBHO MeHblle 0,3 HM.
Ho B GoJiee y3KOM IIy4Ke, azKe eCJM IIPUMEHAIOTCA caMble
MOIILIHbIE COBPEMEHHBIE MICTOYHUKY 3JIEKTPOHOB, 3JIEKTPOH-
HBIII ITOTOK CTAHOBMUTCA CJMIIIKOM MAaJIbIM, YTOOBI CO34aTh
nzobpaxkeHne.

JiTax, HaMMEHbIIMI SJIEMEHT, ellle PazJIMYMMBbIil C I10-
MOIIIBI0 PACTPOBOTO SJIEKTPOHHOTO MMKpOCKoma, B 100 pa3s
MeHbIIE [0 CPaBHEHMI0O C HabJII0aeMbIM B ONTHUYECKOM
MuKpockormne. [IpMMepHO BO CTOJIBLKO ¥Ke pa3 foJblle 1 yBe-
JMYEHNEe PacTPOBOTO MMKPOCKOIA, KOTOPOE JOCTUTraeT
100000 xpar.

B KOHEYHOM MTOTe MMHMMAaJIbHBIE HETaju IIpeaMeTa,
IOCTYIHBIE AJIS U3YYEeHMUA C IIOMOIIbI0 MMKPOCKOIIa, MOTYT
OBITH OMHAKOBBI C NJMHOJ BOJIHBI IIOTOKA MMKPOYACTMIL,
MCIIONB3yEMBIX B MMKPOCKOIIE.

BeauunHOMi, CPaBHMMOM C AJMHOM BOJHBI POTOHA, KakK
OpaBMIIO, OIPENENIAETCA HAaMBBICIIAA TOYHOCTh M3MEpPEeHUA
reoMeTpUYeCKMx pasMepoB TeJ. IlosToMy, B HaCTHOCTH,
OKazaJioch yZOOHBIM 9STaJIOH MeTpa BBIPA3UTh B AJIMHAX
CBETOBOM BOJIHBI.

Jranon nuuHbl. CerogHa 3a 9TaJOH MeTpa IPUHATA AU~
Ha, Ha KOTOPOi yKJaabsIBarTcA 1650763,73 niamMH BOJIHBI
CBeTa, M3JIy4aeMOro KpUIITOHOM C MacCOBBIM 4ycJIoM 86 rpu
epexoie aToMa KPUIITOHA M3 COCTOSAHMUA 2Dq¢ B COCTOSAHME
5ds. IIpu 9ToM BO3HMKAaET M3JIydYeHUE B OpaHKeBOi obia-
CTHM CIIEKTpA ¢ JJIMHOM BOJIHBI A = 6057,8021-10710 M.

Kakum 06pa3om yaeTcs M3MEPUTH CTOJIb MAJIYIO BEJIM~
4MHY, KaK CBETOBas BOJHA, C TOYHOCTHIO 10 BOCBMOIO 3HaKa
VI CPAaBHUTD €€ C MEeTAJJIMIECKUM STAJIOHOM MeTpa?

XOpolIyo TOYHOCTH obecredmMBarOT AMQPPaAKIMOHHEIE
pewterkm. M3 mnpuBeneHHON AN peueTEM (POPMYJIbI
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Puc. 14. Cxema usmepenus Jpyrasa yacTs aydeit, orpa-

JJIMHBI METPA C ITIOMOILbIO JKasfack OT 3epKaJa 4, IpoXoauT
CBeTOBBIX BOJH. [Tosrynpospay- 4Yepe3 3epKaJio 2 M OTpazKaeTcs
HO€ 3epKaJjio 1 ZeJIUT CBeTOBOM OoT 3epkaJia 5.

My40K. JacTp Jy4deit mpoxoguTt Jlyum, oTpaxKeHHBIE OT 3epKaJ 3
4yepes IIoJIyNpo3payHoe 3epKajio 2 1 5, 0Tpa3sATCA ¥ OT 3epKaya 2 u
M OTpaxKaeTcd OT 3epKaJja 3. COBMECTATCA Ha 9KpaHe 6.

(cM. cTp. 51) caexnyer, '-ITOA,=—D'S',1nLQ—.I[OCTaTO‘-IHO U3MEPUTH
YTOX @, YTOOBI OIIPEAeUTD AJIMHY BOJHEL, TaK KaK OCTaJb-
HEI€ BeJIMYMHBI, BXoAAIMe B (POopMyJIy, M3BEeCTHEL O4YeHb
TOYHBIE M3MePEeHNA AIVMHBI BOJHBI IT0JYYAI0TCA C IIOMOIILIO
uHTepEePOMETPOB — MHPUGOPOB, B KOTOPEIX CKJaABIBA-
IOTCA CBETOBBIE BOJIHEL, CABMHY THIE 110 (hade. AHAINS IOy -
Yaromeicsa Npy 9TOM KapTUMHEI, COCTOALUEH M3 CBETJLIX U
TEMHBIX KOHIIEHTPUYECKHX I10JI0C, IIO3BOJIAET HaM onpeJie-
JUTH IJMHY CBETOBOII BOJIHBI C OYEHb BBICOKOM TOY-
HOCTBIO.

JaTepdepoMeTpsl 0T BOBMOXKHOCTE CPABHUTH MaTe-
PHAJBbHBIA 9TAJIOH MeTpa, HalpyMep PacCTOSHME MEXKAY
LITPMUXaMY, HAaHECEHHBIMM Ha NMJIaTUHOBO-UPUAMEBLIA CTEP-
KeHb, C [JIMHOJ BOJHBI CBETOBOTO M3JyudeHus. IIpy aTom
U3MEPEeHNs IIPOU3BOAATCA CO 3HAUMUTEJNILHO OOJbILIe Tod-
HOCTBIO, YeM IIMPMHA TIpPaLyMPOBOYHBIX IITPUXOB Ha
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Puc. 15. DJ1eK TPOHHO-
ONITMYEeCKMIt
npeo6pa3oBaTeib

METaJIMYECKOM CTep:KHe-3TasioHe. [losToMy Merasummye-
CKUIT 9TAJIOH METPa OKa3bIBaJICA MEeHee TOYHbIM, YeM CBETO-
BOIJL.

BoJjilee TOro, IJIMHA CBETOBOM BOJHBI — BeJMYMHA
IOCTOAHHAA, a METAJJIMYECKNE 9TaJIOHBI, M3rOTOBJIEHHBIE
lazKe U3 CaMbIX JIyYIINX METAJJIOB, B Pe3yIbTaTe M3MEHe-
HMMA, TIPOMCXOAAIINMX CO BPEMEHEM B MX KPUCTAIIIMIECKON

pelleTke, 1eddOPMUPYIOTCA.

HeBunuMoe cTaHOBUTCH BUIAMMBIM. I'JIa30M MOZKHO yBM-
IIeTh ¥ MH(PpaKpacHOe M3JIy4YeHyue C IIOMOLIBLIO CIenMallb-
HOIO yCTPOMCTBA — 9SJIEKTPOHHO-ONITHYECKOro mpeobpaso-
Baresda (puc. 15).

O0BeRT™MB A mepeHocUT m3o0DazKeHUE «CBETAIEroca»
B TeMHOTE TeJIa Ha KaTof B, MOKPEITHI IPO3PadHbIM MOy -
MPOBOAHMKOBBIM cJyioeM. Ilafad Ha 9TOT CJIO¥, KBaHTBI
MH(pPAKPACHOTO MIJNYy4YeHNMA BBIOMBAIOT M3 HETr0 3JeKTPOo-
HBL. Mexky KaTO[OM M 3KpaHOM B (aHOZOM) mofaepxuBa-
eTca 9JIEKTPUYECKOE HaMpsAXKeHMe; IO €ero JelCTBMeM
9JIEKTPOHB! ABUT'AIOTCA, YCKOPAACH, K 9KPaHy W [EPEHOCAT
Ha HEro MH@pakpacHoe M3obpazKeHMe. DKpaH MCIYyCKaeT
yKe BUANMOE U3IydeHue.

MoxKHO ¥ HO-APYroMy Ipeobpa3oBaTk MH(ppPaKpacHoe
uzobpaxkenvie B BuamMoe. I 9TOoro Ha 9KpaH Iepena-
IOIIIEM TeJEBM3MOHHOM TPYOKM HAHOCHUTCA BMECTO CJIOA,
pearupyIomero Ha BMUIMMBIN CBET, MOJIYIPOBOXHMKOBbIN
CJIOJ, YYBCTBUTEJBHBIN K MH(PPAKPACHOMY W3JIyIEHNUIO.
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DJEKTPOHHBINA Jy4 IIepenaeT MHQpPakpacHoe u3006paxkeHne
€ TaKOro 95KpaHa Yepe3 YCUIMUTENbHYIO PaAMoCcXeMy Ha IpPU-
eMHYI0 TPyOKy — KMHECKOI, TaKyIo e, K4K ¥ B 0ObIIHOM
TeJleBM30pe.

Ob6e 9TH cucCTEeMBI II0O3BOJIAIOT ITpeobpas3oBaTh M3006pa-
JKeHMA O4YeHb CJabo HarpeTbIX TeJ B BUAMMBIE. B aJek-
TPOHHO-ONTUYECKOM IIpeobpazoBaTesie (POTOHBI TOJIKHBI
obJsiamaTh SHEpPrMeN NOCTAaTOYHOM, YToObl BBIOMBATH 3JIEK-
TPOHBI M3 YYBCTBUTENBHOIO CJOA. B TEJIeBM3MOHHOM IIpe-
obpazoBaTese, TaMm, KyHha IIONajaeT M3JIydeHMe, NOJIKHO
M3MEHMUTHCA COIPOTUBIEHME CJOA. JIJIA 9TOrO 9HEPIUA
doToHa MOKeT ObITh MEHBIIE, U, CJIeAOBATENLHO, YAACTCA
06HAPYXKNUTH U3JIyUeHMe ¢ HoJiee RIIMHHON BOJHOI.



BelltecTBO ¥ CBET

IIpesomiienue ceera. Eie B 140 1. 1o Halleil spel rpede-
ckuit yueneni Kuapawit IlTosnemest cocraBmuia TabsmIry
yrJoB © OTKJIOHEHMs CBeTa B BOJle AJA PasHBIX YIJIOB
HafieHua CBETOBOrO Jiyda M3 BO3AyXxa (puc. 16a). Kakummu
COOTHOIIEHNMAMM CBA3aHbI 9TU yIJbI MeXAy co6oit? B npes-
HOCT¥ 9TOT BOITPOC ITIOCTAaBMUJ B TYIMK MHOIMX, 2 OTBET ObLI
HaiiieH Joymaup B 1621 r. ToTaHACKMM MaTeMaTHMKOM

sin © . .
B. Cresnom: n“s—i;l-feﬂ.B 910l hopMyJie, MPUrOJHO, KCTaTH,

¥ IJId 3BYKOBOJ BOJIHBI, BeJIMYUHA N, MOKa3aTeldb IpeJo-
MJIEHMsI, paBHA OTHOLIEHMIO CKOPOCTM CBeTa vy B cpefie I K
eKOpOCTH cBeTa vy, B cpene IL '

Ilouemy Ke OTHOLIEHME CKOPOCTEN &, Ha3BaJM IIOKa-
3aTeJIeM IIpeJIoMJIeHMs cBera? Pa3Be MOXKHO CJIOMAaTh Jy4?
Oxka3zpiBaeTcd, MOXKHO. OIyCTHMM B CTaKaH C BOJOI JIOXKKY.
Ha rpaHmuiie pasziesia MeKy BOZOM M BO3yXOM JIOXKKa HaM
[IOKasKeTCA CIIOMaHHO (pyc.166). MbI 3HaeM, 4TO Ha JIOKKE
HET HMKaKMuX IIoBpexXzeHui. IIpeoMaanncey Jmmabk CBETO-
Bble JIy4dM Ha TpaHule pasfeia Bo3AyX — BOZAA, U IIPeJIo-
MJIAJIMCH IIOTOMY, YTO CKOPOCTH CBeTa B Boze B 1,33 pasa
MeHbIIIe, YeM B BO3yXe.

3aKOoHBI PacHIpPOCTPaHEHMsS CBETa B BEILECTBE BO BCEM
noJHOTe OB M3y4YeHBI Ha OCHOBe paboT 3aMeyaTebHOIO
aHrauiickoro ydesoro JI. MakcBeisya. MakcCBeJT BbIBEJ
cUCTeMy YpPaBHEHMM, OIMCHLIBAIOIIMX ITOBeNeHue KoyebJro-
HIMXCA 3JIEKTPUYECKUX ¥ MAarHUTHBIX moJeir. OKazasocs,
YTO CKOPOCTH PacIpOCTPaHEHMs 3JI€KTPOMAarHMTHBIX BOJIH
paBHa CKOpPOCTYM CBETa ¥ He 3aBMUCHUT OT JAJIMHBI BOJIHBI,
KOIZla BOJIHBI PacIpOCTPaHAKTCA B BaKyyMe. Maxrcaen
pyanes K 3aKJIIOYEHMIO, YTO IIpUpPOoJia JIEKTPOMarHUTHBIX
¥ CBETOBBIX BOJIH OfHA M Ta Ke. B najpHeMIIeM MHOTMMM
ombITaMM BbIBOL MaxkcBesana Obll moaTBepzkAeH. Ha
pucyHkKe 17a moKazaHa CTPYKTypa 9SJEKTPOMarHuMTHOM
BOJIHBI MJIM CBeTOBOro Jyda. B mnockocrax M u T xoJe-
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Puc. 16 a. IIpesnomnenne ceera.
©¢ — yroJi nagesus (paBeH yriy
oTpaKeHMs), ® — yroxa

IPeJIOMJIEHNA; @ — Mafaoumi Puc. 16 6. Ha rpanuite paszena
JIy4, ¢ — OTPazKeHHbI! JIy4, MeKAy BOZOM 1 BO3LYXOM
d — npeJIOMJIEHHBI JIy4. JI0XKKa KaXKeTCs CJIOMaHHOM.

Ourrores sJeKTpudeckoe U MarHuTHoe 1oJA E u H. Tlpu sTom
nyockoeT M u T nepneHAVKYJIAPHEI APYT OPYTY.

Ecim BHMMaTenbHO IIOCMOTPETh Ha PHUCYHOK 18, To
HeTPyZAHO coobpasuTh, YTO YacToTa KoJieOaHuit vV paBHA
CKOPOCTHM CBeTa, HeJIeHHON Ha JJMHY BOJHBI V= -ﬁ—
ToJbKO 3a OfJHY CeKYHAY 3JIeKTprdecKoe ¥ MarHUTHOE HOJIA
B 3€JICHOM CBETOBOM JIyde coBepIuaioT 600 6MI110HOB KoJie-
H6anmit!

Korna cBeToBO#M JIyd BXOAMT B IIPO3padvHOE BEIIECTBO,
€ro 3JeKTPMYecKoe IIoJe, MeHslolleecsa o4eHb ObICTPO, He
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Puc. 17a. CTpykTypa CBETOBOI Puc. 17 6. Cmerienne
BOJIHBL. 3JIEKTPOHOB.

ycrneBaer mepenaTh KoJiebaHMUA TAKEJBIM aTOMHBIM ApaM
M TIPOYHO CBSAZAHHBIM C HUMMM 93JIGKTPOHAM BHYTPEHHUX
aTOMHBIX 00oJio4yeK. BHellHMe Ke 9JIeKTPOHBI, cj1abo yaep-
XKyBaeMble B aTOMe, JIETKO CMEIAIOTCS IION AEeVCTBMEM
9JIEKTPUYECKOrO II0JIS CBETOBOJ BOJIHBI, IIOBTOPAA €€ «Py~
CYHOK» (puc. 1706).

Tagmue 3JIEKTPOHBI BEAYT cebA Tak, CJIOBHO OHM IPUKPE-
ILIEHBI K aTOMHBIM SApaM Ha Opy:KMHKaX. CMeIleHHbIE CO
CBOMX MECT CBETOBBIM 3JIEKTPMUECKMM IT0JIEM, OHM Ha4dy-
HaT KonebaTbCA M MCIIyCKaTh CBET TOM Ke AJIMHBI BOJHBI
¥ TOTO >Ke HamlpaBJIeHMA, YTO ¥ rajaroiee u3aydenne. [lep-
BMYHAsA BOJHA ¥ BOJIHA, POKAEHHAA KOJEOAHMAMMU IJIEK-
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Puec. 18. YacTtoTa KojebaHmit AJauHoM c. Habaronateab B
paBHa MCILy NJIH BOJH, nuockoetn A £ pas
TIPOLUEAIINX 32 eUHULY A

BpeMeHM depe3 IVIOCKOCTh A. 3a 3apErucTpUpyeT U3MEHEeHME

CeKyHZy BOJIHA PaCIpOCTpaHs- HaIpaBJIeHud KoJebanmit
eTcs HA PaCCTOAHME C U Yepes SJIEKTPUYECKOIO M MarHMTHOTO
IJIOCKOCTh A IPOMAET LyT BOJH ToJIe .

TPOHOB, CKJIanbiBaloTcad. CKOPOCThL Ppe3yJbTUPYIOLIEH
BOJIHBI OKa3bIBAETCA MeHbille CKOPOCTM CBETA B BaKyyMe.
CgeT OT aTOMa K aTOMY MIET C IIPeAeTbHOM CKOPOCTHIO ¢, HO
BpeMA TpaTUTCA Ha B3aMMOJENCTBYME C 9SJIEKTPOHAMIA
ITomy4yaeTcsd, UTO B NPO3PAadyHOM BEILECTBE CBET PacIpo-
CTpaHseTeA MeJJIEHHee, YeM B BaKyyMe.

Du3MKMU BBIYMCIIAIM, YTO OTHOIIIEHYE CKOPOCTH CBETA B
BaKyyMe C K €r0 CKOPOCTH B IPO3PAa4YHOM BELECTBE ¥ PABHO

1+ anW . B sToit dbopmyre a u A — MOCTOAHHBIE Be-
JUMYUMHBIL, XapaKTepu3yIoliye JaHHOe BEeIeCTBO, a V — Jac-
TOTa KoJsiebaHMil CBEeTOBBIX BOJH. IIOCTOAHHASA @ AJIS BO3-
AyXa CTekJa, KBapla, JoopuTa ¥ APYTUMX [MPO3PayHbIX
BelecTB GOJIbIlle YacTOThI CBETOBBIX KOJeBaHmil, U, cIeno-
BaTeJIbHO, BTOPOJ1 YJIeH B IPUBEAEHHO (popMyJIe MoI0K-
TeJIEH, a OTHOILIIEHMe ¢ K v GoJsbllle egMHUIILI, a 9TO O3Ha-
HaeT, YTO CBeT B Bell[eCTBE PaCIPOCTPaHAeTCA Me[JeHHee,
4eM B BaKyyMe. OTHOIIIEHME CKOPOCTHM CBETA C K CKOPOCTH

U — moKasaTeJlb IPEeJIOMJIEHUS Berecrpa: n=1 + a?‘ivz.
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Puc. 19. CniexTp.



IlocMoTpMTEe BHMMATEJNBLHO Ha 9Ty cdopmyay. ITokaza-
TeJIb IPEJIOMJIEHMSA PAcTeT C yBeJIMIEeHNeM 4acTOThI KoJleba-
Huit: 4eM OoJibllie v, TeM MeHblIe a2 — V2, a CiaeoBaTeJILHO,
6oJIbllle BEJIMYMHA N.

Taiinpl CTEKJIAHHOV npu3Mbl. [TokazaTeNpb IpeJoMie-
HMS BellleCTBa PacTeT ¢ yBeJIWYEeHMeM 4acTOThI KoJsiebammuit
cBeTOBOJ BOJHEBL ITosTomMy ecan ayd 6esioro useTa, B KOTO-
pOM «CMeIIaHbI» CBETOBble BOJIHBI C Pa3HO! YaCTOTO
KoJyie6aHyif, MPOITyCTUTh CKBO3b CTEKJIAHHYIO MPU3MY, TO
cBeTOBLIE JIyuy C 6oJbluell 4acToToi KoJebauuit OTKJIO-
HATCA OT IIEPBOHAYAJBHOIO HAaIpaBJeHMs Ha O00Jbiunit
yTOJI, YeM JIy4u ¢ MeHbLIeil dacToToit Kosaebammit. B pe-
3yabTare 6esbl Iyd Pa3JIOKUTCA Ha HBETHBIE.

HpI0TOH IIepBbIi [OKa3aJ, YTO JHEBHOM CBET COCTOUT U3
IBETHBIX Jiy4deil IIpoIyCcTHB COJIHEYHBII CBET yepes MIpy-
3My, OH IOJIy4uJ I[BETHYIO moJocy — cheKTp (puc. 19). o
HuioToHa OeJsiblif CBET CUMTAJNM CAMBIM IIPOCTBIM, XOTA
CIIEKTp MOJyd4asu ¥ paHbile. IloaBleHue IIBETHO II0JIO-
Cbl — CIIEKTpa — OO'BACHANM BO3AEMCTBMEM BeIeCTBa
IIpM3MBI Ha 6eJibiif cBerT.

Bripenas auadparMoil OBeTHbIE Jydy M HaIpaBJAd UX
Ha nnpu3My, HeloToH ybenmics, 9To OHM He pa3Jyiaraiorcs Ha
cocraBisomme. Takue ayuy HbI0TOH Ha3BaJl MOHOXpOMa-
TUIECKUMU (B IIEPEBOJIE C 'PEYEeCKOr0 — «OHOIBETHRIEY).

B MOHOXpOMaTMYeCKOM M3JIyYeHMM CBETOBAs BOJIHA
KoJiebJieTcsa ¢ Kakoi-TO oIpeneJsieHHOi Jacroroit. Y Torma
Hbi0TOH, 4TOGBI OKOHYATEJBHO J0Ka3aTh, YTO OEJBI CBeT
CJIOKHBIMN, ITOJIyYUJI €ro CMelleHyeM MOHOXPOMAaTMYECKUX
Jy4en.

Pab6oTsl HploTOHA CTaNy BazKHENWIINM LIIaTrOM B MCCIIEI0~
BaHMAX cocTaBa cBeTa. JlajibHellee €yIeCTBEHHOE IIPO-
IBICKEHME B 9TOM HamIpaBJIeHMM CBA3aHO C WMeHaMu
HeMelnKMX ydeHbiX P. Bynszena uI'. Kupxroda.

ByuzenoBckas ropeaka. OfHaXXAbl HEMEUKMI XMMMK
P.ByH3eH 3aMeTw, 4TO B ILIaMeHM M300pETEHHON UM
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OYEHb KAPKOJ TOPEJIKYM MHOTMe BeIlleCTBa IIPeBPAaIlaloTCA
B IIAp ¥ OKPAIIMBAIOT IIJIaMA B XapaKTePHbBINM JJIA HUX LIBET.
Taxk, Mexb naBaja 3eJIeHOe ILIaM#A, IIOBapeHHad COJb—
JKEJITOE, a CTPOHIMII — MaJIMHOBO-KpacHoe. Kasaiocs, 4To
CTOMT TOJIBKO IIOMECTHUTH B FOPEJIKY BEIIeCTBO, U Cpa3y Ke
6e3 QONrMX XUMMYECKMX IPOLEeAyp 0 UBeTy IJIaMeHN yaa-
CTCsA OIPENENNUTH ero cocraB. OgHAaKO B AEMCTBATEIBHOCTH
3aza4ya He ObLIa Takoil rpocroit. Beckope ByH3eH ybemmicd,
YTO pas3JIMYHbIe BEIlleCTBA MOTYT AaBaTh ILIaMsdA, IBET KOTO-
poro Halemy rJja3dy KaxkeTcsa oaMHaKoBbIM. OH y»Ke Ioxy-
MBIBaJ OpPOCKUTH CBOIO 3aTe0, KOIAa HEOXKMIAHHBINA BbIXOX
U3 IOJIOKEHMA eMy yKazaj Ipodeccop dpusmurm I'. Kupx-
rocp.

Ilo coBery Kwupxroga cBeT OKPAIlIEHHOIO IIIaMeHM
ropenkyu Obli IPOIylleH depe3 npusmy. OKasayoch, 4TO
CIIEKTP KAaXKJOr0 XMMMYECKOrO 9JIEMEHTa OTJIMYaJICA OT
BcexX apyrux. Hampumep, pacrno3HaThk I1a30M, KaKuMM K3
IBYX 9JIEMEHTOB — JIMTHMEM WM CTPOHIIMEM — OKpPAalIeHO
JIaMsa, HEBO3MOXKHO: IIaMsA BCETZa OAHOIO — MAaJIMHOBO-
KpacHOro mnsera. Ecim Ke CBeT «JIMTHEBOrO» MJIAMEHM MIPO-
IIyCTUTb dYepe3 IPU3My, TO IOJydaeTCA APKasd JMHUA U
panoM ¢ Hero cilabas opaHxkeBada. CTPOHIMIL 3Ke JaeT ToJIy-
6yr0, IBe KpacHbIe, OPAHIKEBYIO ¥ XKeJITyI0 JHIM. Tak 6bL1
OTKPBIT METO]| CIEeKTPAaJbHOr0 aHAJM3a XVMMUYECKMUX dJIe-
MEHTOB. ¥Y4YeHbIe PacCIIMppoBa A3bIK CBETA, M CBET HAYAJ
paccka3bIBaTh MM O COCTaBe JMCIIyCKaIOIETO M3IydeHme
BeIIecTBa.

Coaneunniii ssemenT. Byn3eH M Kupxrod OTKpPBLINM
ONTHYECKNMEe MeTOAbI aHaJum3a B 1859 r., a crrycra meBATH
Jer ¢ppanysckmi actpoHoM 2K. ZKaHceH M. aHIVIMIICKWA
actporoMm H. JIokpep He3aBMCHMMO APYT OT Ipyra obHapy-
sxkmay Ha CoJIHIle HEM3BECTHBIA TOIIA 3JIEMEHT, HAa3BaHHBIN
rejyeM (OT TPEYECKOro «rejmoc» — «CoJHIE»). DIeMeHT
OBLI OTKPBIT 10 QHAJM3Y COJIHEYHOIO CreKTpa. OT0 mpej-
CTaBJIAJIOCHh HACTOAIIMM YyAoM. C IIOMOIIBIO CIIEKTPOCKOITA
YIAAJIOCh M3YYMTh BEILECTBO, HAXOAAIIEeCd Ha PACCTOSHUNA
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Puc. 20. Beepxy — cnekTp cBeTa. B cepepyne —

yoaaAa0aerocsa MCTOYHMKa 9TaJIOHHBIN CIIEeKTP
cBeTa. BHM3y — CIIEKTP HEeNnoABUXKHOIO MCTOYHMKA
anﬁJmma}o;.uerocﬂ MCTOYHMKA CcBeTa

150 MJIH. KM OT Hamlell muasHersl. Jluimes uyepes 27 jet
renmi OblN HalifileH aHTJIMIICKMM y4YeHBIM Y. Pam3aem B
3eMHOM MMHepaJie KJIeBeNuTe.

Pacommpsiomanaca Beenennas. He MeHee yAMBUTENBHEI
IpyTHMe BO3MOKHOCTM CIIeKTpockorna. C ero ImoMOIIbIO,
HaIpuMep, MOXKHO M3MEPATb CKOPOCTb IABUKEHMA CBETA-
upxea test. OKa3bIBAETCH, CIIEKTP MCTOYHMKA CBeTa CABU-
raercsa B 00J1acTh JIIMHHBIX BOJIH, €CJIM MCTOYHMK yZaJifd-
erca oT Habsropartesia, M, Hao6opoT, B 0bJaCTh KOPOTKUX
BOJIH, €CJIM MCTOYHMK ABMIKETCA K HabimopaTemo (9ddert
Honnepa). IIo sToMy CcABMI'Y HETPYHOHO ONPENEJIMTH CKO-
pOCThb MBIyYaloIiero Teja. JIMeHHO TakMM ITyTeM y4eHble-
ACTPOHOMBI M3MEPWIIM CKOPOCTH yaanawomuxca oT ConHey-
HOJM CHCTEMBI raJIaKTHUK.

B 1912 r. amepmkanckuii actponom B. M. Cuasidep
HaJaJl u3ydaTh CIEKTPHI NaJIEKUX raJlakTukK. Ha Hux oH M
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HanpaBwui TeJecKorn. CoOpaHHBI TeJeCKONOM CBET IOCTy~
IaJI Ha CIIeKTPOCKOII M IIpM6op, aHaM3UPYIOILMIA CIIEKTPHL.
K ymuBnennio Cuoalidpepa, crekTpasbHble JIMHMM 3HAKO-
MBIX 9JIEMEHTOB OKa3aJMCh HE COBCEM TaM, IZje MM roJjara-
J0Ch OBITH, — OHM CMECTMJIMCh K KPaCHOMY KOHILY CIIeKTpa,
T. €. B CTOPOHY AJMHHBIX BOJH. Ha mepBbiii B3raAf pakT
Ka3aJiCi COBEPLUIEHHO HEMOHATHBIM.

OnHako ero MOXKHO ObLIO OOBACHUTDH, HPEAIIONOKMB,
YTO raJIaKTUKM YAAJIAIOTCA OT HAC C OYeHb 0O0JILIII0N CKOPO-
crei0 (pue. 20). IIo CMeleHMI0 CHEKTPANbHBLIX JIMHMIA
9. Xab66a u M. XpoMacoH B 1929 r. BEIYMCININ, YTO CKO-
pocte V ynanenusa rajgaktvky ot CoJHEYHOM CUCTEMbI IIPO-
MMOPIMOHAJIBHA PACCTOAHMIO T — «COJIHIle — raJJaKTHKa»:

— r
VT3 T10v° OKazanoch, 4TO HOYTH BCe TaJaKTUKM pasJie-
TaloTCAd OT HacC ¥ HEKOTOPhIE ABUKYTCA CO CKOPOCTHIO, 67133~
KOJI K IOJIOBMHe cKopocTH cBeTa! Takoe paciuyupenye Bee-
JIeHHOM eime B 1922 r. IpezcKa3aJl COBETCKWMIT Y4YeHBbIN
A. A. ©puaman.

MarauTHbIe ocTpoBa. CIIEKTPOCKOI ZlaeT BO3MOKHOCThH
U3MePATHb ¥ MarHMUTHBIE ond. B 1896 r. ronnaHzgckuii yue-
wei II. 3eeman Habimonan BAMAHME MarHWTHOTO IIOJS Ha
CIIEKTPHI pacKaJIeHHbIX ra3os. OKa3aJjoch, YTO B CHMJIBHOM
MarHuTHOM IIoJie, ecyy HabJmofeHMe BeCcTM IIOIIEPEeK Mar-
HUTHOTO TIOJISA, Y 3eJIeHO-TOJy00i1 JMHMY KafAMMUs IOABJIA-
IOTCA JONOJHMTEJNbHbIE JIMHUM-CIIyTHUMKM C YacCTOTaMM
v—Av u v+ Av. B caydae HabimrofaeHMsa BAOJEB MarHUTHOTO
[OJIA BMECTO JIMHWM C YaCcTOTOM V MOABJIAIOTCA ABE JIMHUYA C
gacroramu v+ Av u v—Av. IIosTOMy 110 CIEKTPY MOXKHO
CyIUTH HE TOJIBKO O BeJIM4yHe, HO ¥ 0 HallpaBJIeHMUy MarHuT-
HOTO IT0JIA, B KOTOPOM HaXOJAMUTCA CBeTAIeeCsd BeIeCTBO
(puc. 21).

Korzna I'asmieit mabirogan rATHa Ha CoJiHIle, OH HEe CMOT
o0BACHUTE UX NpUponRy. V3mepAs CIEeKTPbI COJIHEYHBIX
nATeH, aMmepuKaHCKui1 yuensii JI. Xeia B 1908 r. yetano-
BWI, YTO COJIHEYHbIE MATHA — TIpPOMajgHble MarHUTHBIE
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Puc. 21. ATOMbI, TOMEII[eHHEbIE B v — Av. B HanlpaBJieHMHA BJOJIB

CHMJILHOE MarHUTHOE I0JIC, MaTHMTHOTO TOJIA M3JIy4eHue ¢
M3JIYy4aloT B HalpaBJIEHNUH, 4aCTOTOM V OTCYTCTBYET.
neprneHAVKYJIAPHOM OcTamTeA TOJNBKO JIUHWUA C
MATHUTHOMY IIOJIIO, CBET C qacToTaMu v +Av v — Av.

OCHOBHO 4aCTOTOM vV 1
«BOKOBBIMM» yacToTaMu v+ Avu  Puc. 22. Cxema crieKTpoCcKorna.

ocrpoBa. OH ybemuiics, YTO CIEKTP MBJIyYEHMUA COJIHEYHOTO
TISITHA TAKOM JKe, KaK M CHeKTP PAaCKaJIeHHBIX ra30B, [I0Me-
ILIEHHBIX B MarHUTHOE IIOJIE.

CnekTtpockon. Kak ke yeTpoeH CIIEKTPOCKoI — Iprbop,
JAaBIINM BO3MOXKHOCTb CHEJIaTh 3aMedaTesNbHbIE OTKPBI-
THA?

TnaBHasA pmeranb coeKTpockomna— Ipusma. CBeToBOM
JIyd4, TIorajgaA Ha ee INIOCKYIO I'paHb Moy yrioM ©, BXoaur B
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Npu3My ¥ IpeJIOMJIAEeTCA II0 M3BeCTHLIM 3aKoHaM. Ecu,
HanpuMep, Ha IpU3My [aJlaeT CBeT, CoAepzKalnii roayboe
M 3KeJITOé MOHOXPOMAaTHMYECKME MU3JIyuyeHMs, TO CBeT HaMm
Oynmer KazaTbca 3eneHbIM. CMeCh ToJiyboro M IKeJITOTO
CBeTa MbI BOCIIpMHMMAaeM KakK 3€JIeHbIN LBET, U 3Ty CMech
TJIa3 He OTJIMYMT OT MICTMHHOIO 3eJieHOro cseta. CIIeKTpO-
CKOII JIETKO OOHapyzKWT, YTO JIy4 CMEIIaHHbBIN, a He 3eje-
HBDA.

3TO CTaHeT SICHO, eCJI PACCMOTPETDH OIITUYECKYIO CXeMy
CNeKTPOCKOIIa, MOKa3aHHy0 Ha pucyHke 22. Tpybka K
Has3bIBaeTcsa KowaumaropoMm. Ilepen ienpio A KoJumMMa-
TOpa yCTAHABJIMBAIOT MCTOYHMK CBETAa, CIIEKTP KOTOPOTO
M3ydaloT. OTa Ifesb IIoMelieHa B (POKAJBLHOM ILJIOCKOCTH
ABOAKOBBIMYKJION JIMH3bBI D;. JIH3a D; 13 BBIXOAALLETO U3
nlesm A cBeTa OpMMpYeT IapaJulesbHbIN IMy4dok. ITocie
TIPU3MBI 9TOT IIYYOK paciielyiseTcs Ha ABa [1apajljieIbHbIX
MMy4Ka, MEXKAY OCAMY KOTOPBIX M OINTHMYIECKOM OCBHIO JIMH3BI
D, obpa3yioTca pasHbie yrabl. [1o9ToMy B (pOKaJIBHOM ILIO-
CKOCTU JIMH3bI D, NHOABJAIOTCA ABE JIMHWUM — 3KEJITOr0 M
rosryboro 1iBeta — mu306pakenus niesm A. lllens A o6bIyHO
OoYeHb y3Ka, ¥ II09TOMY ee M300pazKeHNA B Pa3HbIX LIBETaX
Ha3bIBAIOT JUHUAMM CIIEKTPA.

CpaBHMTEJIBHO HEaBHO C IIOMOIILIO CIIEKTPOCKOIIA B
U3JIydeHUM HEKOTOPBIX 3Be3] Ob1y1 06HapyKeH CIeKTp TeX-
HeIMA — 3JIeMEeHTa, aTOMbI KOTOPOro 6BICTPO pacnazaTcs
M MOTYT IIPMCYTCTBOBAaTH B 3BE3JHOM BeIl[ECTBE TOJBKO
TOIZia, KOTZia MAeT Ipoljece poxaenna atoMoB. Ha ocuosa-
HUM 9TUX JaHHBIX ydYeHble IIPUIIIM K BBIBOAY, 4YTO B
JaJIeKUX MMPAX elfe MAOYT IIPollecChl.00pa3oBaHMs TAKe-
JILIX 9JIEMEHTOB.

B coBpeMeHHBIX CIEKTPAJbHBIX IpMbOpax dYacTo
BMECTO IIPU3MBI IPUMEHAIT AUMPPAKIMOHHYIO PeIleTKY.
Pasuuifa B yrjax OTKJIOHEHMA y CBETa Pas3sHO AJIMHBI BOJI-
HbI 60JIblIIe Y IU( PAKIMOHHO PEIIeTKN, YeM Y IIPU3MBbI, U C
ee TIOMOLIBIO MOJIy4aloT BeChbMa TOHKME AeTalM ONTHdec-
KMX CIeKTpoB. IlepBaa pemreTka ObLla WM3roToBJEHA

. ®payrrodepom. C ee nomoinsio P payHrodpepy yaaroch
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OTKPLITH B COJIHEYHOM M3JIy4eHUM y3KNME TEeMHbIe JIMHNM,
KOTOpBIE MTo3/iHee N0 MMEHM UX OTKpEIBaTe A ObLI Ha3Ba-
HBI (ppayHrodepoBbIMH. JIMHNUY 9TY OABAAIOTCA B PE3yJb-
TaTe NOIJIOIIEHMS CBETa IIapaMy 9JIEMEHTOB COJIHEYHOII
«aTMOcdephI».

Permrerka ®paysrodpepa mpeacrasisaia cob0it CTEKIIAH-
HYIO ILIACTMHKY C HAHECEHHBIMM Ha Hee IMapajuiesIbHbIMM
mTpuxamu. JeMm gare mITPpMUXKU Ha pelieTKe, TeM OoJbiie
pasperaiomas Croco6HOCTE CreKTpockona. CyIeCTBYIOT
peleTKy, y KOTOPLIX Ha 1 MM HaHeceHO 6oJree 1000 wTpu-
x0B. YT00bI HAHECTM TaKyMe TOHKME LITPUXYU Ha ILJIaCTUHKY,
[IOCTPOEHBI CrIenManbHble MalIMHBLL. BBIBAIOT M oTpaxKa-
TeJIbHbIE PEIEeTKM, KOTAa IUTPUXM HaHECEHBI Ha 3€PKaJlb-
HYIO IIOBEPXHOCThL MeTaJla. PelreTka pacceuBaeT mazga-
IOLMiA Ha Hee cBeT. IIpy 9ToM CBeT OmpenesIeHHON IIMHBI
BOJIHBI PaCCeMBAETCA 107 yTIIaMM, KOTOPHIE ONPEeNeiSiOTCA
paccrosiayeM D MexzAy IUTpUXaMM peruetku: Dsing = ma.
B 37011 popMyJIe ¢ — yroJ OTKIIOHEHMs JIyya C AJIMHO BOJI-
HBI A, m — nesoe uncao. YeM MeHbILE PACCTOAHME MEKIY
WITpUXaMu, TeM OoJibllle pas3sHMIA MEXIy yIJamy, Ha Ko-
TOpPEIE OTKJIOHAIOTCA CBETOBbIE JYUM C Pa3HOI NJIMHOM BOJI-
HbL. Korza m =0, yroi OTKJIOHEHMUA OAMHAKOB AJA BCEX JIy-
4ejf He3aBYICUMO OT [JIMHbBI BOJIHBI ¥ paBeH HyJio. [TosTomy
B HanpasJeHMm @ =( mnoiy4yaercsa 6esas roJocka — cMechb
U3JIy4eHMi1 ¢ pasHBIMM JJMHAMM BOJH. 3aTO HaumHag C
m=1 Ha 5KpaHe, PaCroJ0xeHHOM B POKAJIHHOM IIOCKOCTH
JIMH3bI, YEPENYIOTCA TEMHBIE U I[BETHbIE [T0JIOCHL.

CrekTphl XMMIHEeCKnX 3JeMeHToB. IIoCMOTpMM Tereps,
KaK 00HAPYKMBAIOT XMMUYECKII 9JIEMEHT C IIOMOIIBIO CIIe-
KTpockona. Beegem B routy GeciiBeTHOe IiaMsa OyH3eHOB-
CKOJ1 TOPEJIKY MJIATHMHOBYIO IIPOBOJIOYKY, CMOYEHHYIO pac-
TBOPOM II0BapeHHOo cony. Ecym raMs ropeJiky Haxoaures
y LIEJM KOJIMMAaTOpa A, TO B OKYyJIApe IIOABATCA ABe OYE€Hb
0JIM3KO0 PacnoJIOKEHHbIE XKeJThle JuHMM. Tarue e JIHUM
OyayT BMAHBI, ecJM B IIaMA TOPEJIKM IIOMEIaTh Apyrue
COeIIHEHMA HATPMsA, HO OHM HUKOTIA He BOZHUKAIOT, €CJIM B
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Puc. 23. Oddekr Jormnepa.

coelHeHMM HaTpus HeT. II09TOMy eCcTeCTBEHHO CHeJIATh
BBIBOJI, YUTO ZKEJIThIE JIVIHUY [TPUHAJIEKAT HATPUIO.

Oka3bIBaeTCA, CBETALMECA Mapbl JI0O0r0 XUMIT4eCKOro
9JIeMEHTa M3IYy4YarOT TOJBKO ORHOMY €My IIPMCYILiA
CIeKTp — Habop MOHOXpPOMATHHECKMX W3ayueHwmii. Kazx-
J0e MOHOXPOMAaTHYECKOE M3JIyYEeHWE AaeT B CIIEKTpe IIBET-
Hy0 JyHWIO. Takol COCTOAIMII M3 OTHENBHBIX JIMHUMA
CIIEKTP Has3bIBaIOT JuHeirdaThIM. CIIEKTpaJibHbIE JIVHWUU
BceX 9JIeMeHTOB cobpaHbl B Tabmume. B HMX yKa3aHbI
AJVHBI BOJH CIIEKTPOB 3JIEMEHTOB, MOCJIENOBATEILHOCTD U
VIHTEHCUBHOCTb CIEKTPANbHBIX JMHMA. C MOMOILBIO TaKNX
TabJI TT0 CIIEKTPaM MOZKHO OBICTPO OIPENENUThL COgepzKa-
HMe faxKe O4YeHb MAaJIbIX KOJIMYECTB NAaHHOIO SJIeMEHTa B
TOM WMJIM MHOM BeILIECTBE.

Ecau BBl Hozepzkany B pyKaxX IJIATHMHOBYIO IIPOBOJIOY-
Ky, a 3aTeM IIOMECTUJIM €€ B ILJIaMs FOPEJIKY IIepef ILeJIbI0o
CIIEKTPOCKOIIA, TO CPa3y Ke IMOABATCA JIUHMY HaTpusa. Ora-
3BpIBAeTCA, CJIEABbI ITOBAPEHHOM COJM, BCEIZa IIPUCYTCTBY-
IOIMe Ha BALIMX PyKax, IIOINAJM Ha MHPOBOJOYKY, M 9THX
He3HAaYMUTENbHbIX CJIEIOB COJIM 0Ka3aJioCh JOCTaTO4YHO,
4yTOOBI CIIEKTPOCKOII OOHAPYXKWMJI HOPUCYTCTBME HATPMUA.
HaTpuit 1 Kajmit 06HapyKMBAIOTCA B HEM3BECTHOM CMecCH
BEILECTB Aaxke TOrAa, KOrga ux cofiepsKanue He IPEBBIIIAET
O(HO¥ MWIJIMAPHOM JOJIN.

b dexr Jomrepa. ToH ryaka JOKOMOTHMBA IIOBBIIIAET~
cd, ecay roe3n npubirkaeTca K HabJIonaTeso, U CriafaeT
npu ypanenuy. To ke camoe mpomcxopmt co cBetom. A
HabsiogaTe s yacToTa cBeTa TaKxKe MeHseTCHd, KOrjja OTHO-
CUTEJIBHO HETO MEHAETCH CKOPOCTh MCTOYHNMKA cBeTa. Ecaun
BOAMTENb (POTOHHOM pakeThl 3abbLI 6Bl CHU3UTHL CKOPOCTH
Ha KOCMI4YeCKOM IIepeKpecTKe, TO KPaCHBI CBET cBeToopa
1A HeTo oKasaJicA 3esieHbIM. CJIOBOM, BOAMUTEND HAPYIUNMJII

651 KOoCMMIECKIe ITPaBIJIa ABUKEHNA.

Ecnun nzabaropmarens JBMIKETCS HaBCTPEYY CBETOBOM

BOJIHE CO CKOPOCTBIO VU, TO YaCTOTa CBETOBOI BOJHBI €My
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6yneT KasaTbcAa MeHblUel, yeM HabJrofaTelo, HelloABIK-
HOMY OTHOCHUTEJBbHO MICTOYHMKA CBETA.

CyuiecTByIOT (pOPMyJIbI, II0 KOTOPHIM MBI MOXKEM pac-
cuMTaTh (PAHTACTHMYECKYI0 CKOPOCTH (POTOHHOM paKeTsl,
HeoOXOonMMyI0 AJis TOro, 4ToObl, CKazKeM, KPaCHBIA CBET
VICTOYHMKA IIOKa3aJics 3eJIeHbIM, KOIZla pakeTa ABMIaeTcs
HaBCTpeYy MCTOYHMKY. IlojsyuaeTcs BenwWduHa, paBHad
97 000 xm/c!

VizmeHeHye AJIMHBI BOJIHBI IIPU ABMKEHUY MCTOYHMKA
cBeTa ¥ HabiogaTeN d OTHOCUTENBLHO JPYT ApPyra HasbIBa-
etcs spdexrom Jomaepa. DToT 93P PeKT YyacTo 3aTPyAHSAET
CrleKTpaJibHble ycesefmoBanua. CoBpeMeHHBIE IIPMOOPHI
pa3gediaT JMHUK CIIEKTPA, Y KOTOPBIX IJMHBI BOJH pas-
Ju4garTesa juiibk Ha 0,0002 BM (210713 M). OgHAKO 9TO He
IOMOTaeT Pa3jM4YyTh, WIM, KaK ToBOPAT (pU3MUKM, paspe-
LIIUTH, OY€Hb OJIM3KO OTCTOAIIME APYT OT APYTa CIIEKTPaJIb-
Hble JIMHUU. ATOMBI B HarpeTOM ra3e ABVKYTCA II0 Pa3HbIM
HamnpapJieHMsaM. J[JMHa BOJIHBEI KBaHTA, UCITYIIEHHOTO aTo-
MOM, KOTOpPBI/i yZAJAeTCA OT CIIEKTPOCKOIIa, CMECTUTCHA B
obJacTh AMMHHBIX BOJIH, 4 €CJV aTOM JABMUIKETCA B 06paTHOM
HanpaBJIeHMM — K CIIEKTPOCKOILy, TO ¥ JJMHA BOJHBI CMe-
ctuTeA B 0o6JIacTh KOPOTKMX BOJIH. CHeKTpaJbHas JIMHMA
aToMa Kaxk ObI pacumpseTrca B pe3yJabTaTe JBUKEHMA aTo-
MOB.

B nnaMeHM ropesiKy aTOMBI ABMKYTCA XaOTUYECKU CO
cpenHell CKOpoCcThio oKojo 1000 me. yHa BOJHBI M3JY-
YEeHMA aTOMA, JIETAIEro K (PpOKaNbHOM IJIOCKOCTYM JIMH3EI
CIIEKTPOCKoOIa, Oyzer Ha 0,003 HM Kopoue, YeM y M3JIydeHus
¢ Toit 3Xe ANMHOM BOJHBI 0,5 MKM, HO MCIIyCKa€MOIO aTo-
MOM, ABUTAIOIIMMCS B IIPOTMBOIIOJIOKHOM HaIIPaBJIEHMUY, —
JuHMA Kak OBl pacmmpAeTrcs Ha BeawuuHy 0,003 HM.
«Pacmpenne» MeIlIaJIo McciaefoBaTeNaM HabmonaTe mozm-
JMHHYIO CTPYKTYypy JyHuii. BoT, HampuMep, XeJTble
CIIEKTpalbHble JUMHUYM HaTpuA. OJHOPOAHBIE JIYM OHUM WU
COCTOAT U3 HECKOJIbKUX sivHMI? Ha 9TOT Bompoc KaJjy oTBeT
OCTPOYMHEIE  OIBITHI akKaaeMmMmuka A.H.TepenumHa wu
JI. H. DobpernoBa.
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Y4eHbIe CO3[aay 3K CBETAIIMICA Iy4OK aTOMOB HaT-
pus ¥ yCTAaHOBMJIM KOJIVMATOP CHEKTPOCKONA MepreH/y-
KyJAPHO 2TOMHOMY Iy YKy. VI3MeHeHMe YaCTOThI M3JLy YeHMUA
mMy4Ka  IIPOMOPIMOHAJNBHO  COCTABJAIOIIEN  CKOPOCTM
aToMa, HallpaBJIEHHOI Ha HabJroxaTesns uam ot Hero. Korzpa
zKe HabJogaTesrb BUAUT IIy4OoK COOKY, 9Ta COCTABIAIOIIAA
paBHa Hym0. B sToM ciIydyae IIpPOIafiaeT M «PACILUIMPEHIME»
JIMHWIA, ¥ TECHO PACIIOJIOKEHHbIE JIMHUY [MPOSABJISAIOT CBOIO
cTpyKTypy. Tepenun u JlobperoB obHapyxwuiau, uto obe
Jvauy Hatpua DA =0,5896 Mxm u D,A=0,5890 MKM oKa-
3aJIMCh ABOMHBIMM. Tak Obljia OTKPbITA CBEPXTOHKAA CTPYK-
Typa CIeKTPaJIbHbIX ATOMHBIX JIMHMIA.

ITocme sToro 3aMeyaTeNbHOTO OTKPLITHA ObljIa BbIAC-
HeHa U IPMYMHA CJOXKHOM CTPYKTYPhI CIIEKTPAJIbHBIX
Jvumil. OKa3ajock, YTO IOABJEHNME CBEPXTOHKOM CTPYK-
TYypbl BBI3BIBACTCA B3aMMOAEICTBMEM SJIEKTPOHHOI 060-
JIOYKY ¥ aTOMHOTO AAPa.

JIsmMeHeHMe 4aCTOTHI JIA3€PHOTO M3JYyYEHMA, OTPaAXKEH-
HOTO OT JBVIKyIIerocd TpeaMeTa, OIpeeJisieTcsi C OYeHb
60JIB1110/1 TOYHOCTBIO 10 CPABHEHMIO C YACTOTOM Ja3ePHOTrO
«OIIOPHOTO» Jyda M Jyd4a, OTPasKeHHOro OT npeamera. I1o
9TOMY M3MEHEHMIO HECJIOKHO BBIYMCINUTE ¥ CKOPOCTD ABU-
KEeHMA, CKaXKeM, dacTHIbl, yBJEKaeMo}l IIOTOKOM
KUAKOCTY MM ra3a, — BeJUMUYMHY, KOTOPYIO BajXKHO 3HATH
OnA pelleHMs MHOIMX IIPaKTMYEeCKMX 3ajad. Jlccremys
IBMIKEHNE KUAKOCTH, IKCIIEPMMEHTATOP fobaBidgeT 4acTu-
bl B MOTOK. I10 CKOPOCTAM 9TMX YACTHUL[ yZAeTCS OIpene-
JIUTH CKOPOCTH KVAKOCTY B PAa3JMYHBIX MeCTaX IOTOKa.
Taxk IIoJIy4arT JaHHbIE, HeOOXOAMMEIEe TPV CTPOUTEILCTRE
HeTENPOBOAOB, MOIIHBIX HACOCOB, HPOEKTUPOBAHUN
KaHaJIOB ¥ IJIOTMH.

Ecyt CKOpOCTB JacTHIBI ¥ TAKOBA, 9T UK G @ 9TO IPaK-

THYECKM BcerZia COBJIIOfaeTca, To v = v, (1 + %) Mo2KkHO

IIOJIYYUTE 9Ty (POPMyYJy U3 OYEHb IIPOCTBIX PACCYKAESHMIL
TomycTuM, MBI cUMTaeM «rop6sl» (MAKCUMYMBI) CMHYCOMABI
CBETOBBIX KoJiebaumit. Ecii MCTOYHMK CBeTa OTHOCUTEIb-
HO HabiromaTend HEmOABMIKEH, TO 3a €OVHMIY BpPeMeHU
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cBeTOBaA BOJIHA npof/me'r IOIyTh C ¥ MMMO HETO IIPOMEJIbKHEeT

[4
m =_A,- MakKCMMyMOB.

IlBurasick HaBCTpedy BOJIHE CO CKOPOCTBIO ¥, MBI 32 9TO
e Bpema BeTpetvm <Y mareumymoB. UnCIO HOABUB-
LIMXCA 33 eAMHMILY BpeMeHM MaKCHMMyMOB ¥ €CTh 4acToTa V.

Teneps "0=‘§ ;v = %’= Vot v, g_= v, (1'+ -g-)

v
¥ CKOPOCTbH v=Av—’c. YHacroTa MBIYUYEHUA v, Ja3epa U3BecT-
0

Ha. Beauunba Av onpezesiderca II0 MHTep(epeHIM Omop-

HOTO JIA3€PHOTO IydYKa ¥ M3JYyYEeHMA TOro ke Jiasepa,

OTPazKEHHOTO OT ABMKylUuelca yacTuubl. Ha pucyHke 23,

rge MOKasaHa [ABMXKyIIadcA JIECTHMIA, HEITOABMUKHBIMN -
Habiiomarens 3a TO K€ caMoOe BpeMA BCTPETUT OOJIbIIIe

CTyIIeHel, d4eM IMOAHMMAaroumiicd BBepX. JJd Iopcyera

4MCJIa BCTPEYeHHBIX CTyIIeHel 3a eIMHUITY BpeMeHN ITOgX0~

JAT Te 3Xe POPMyJIbl, UTO M AJA pacyeTa YacTOTHLI CBETA V,

ecJi 0003HAYUTh: A — JJIMHA CTYHEeHMU, C U U — COOTBETCT-

BE€HHO CKOPOCTM JIECTHMIIBI M YEeJIOBEKA.

Komb6unammonnoe paccesnue. B 1927 r. MHAMICKUI yye-
Hp1 Y. PaMaH n3y4aJ paccesHME CBETA B KUAKOCTAX. B 9T0
xe BpemA coserckue ousuru I'. C. Jlauacbepr u JI. M. Masn-
JeJIbLITaM JMCCJIeAOBAM CIIEKTPBI CBETOBOTO JIy4a, pPaccey-
BaIOILErocA B TBEPABIX IPO3payHbIX Tenax. K croemy yaus-
JIEHMIO, BMECTe CO CIEeKTPAJbHBIMM JIMHUAMM MCTOYHMKA,
OCBELLAOIIEero TeJo, y4eHble 00HAPY KUY HOBBIE JIMHUN —
JIMHUY-CIIy THUKY, JieKaiue 1o obe CTOPOHbBI CIEeKTPaJsb-
HBIX JIMHUM MCTOYHMEKA.

Cpasy Ke IOCJie CBOEro OTKPBITHMA PaMaH 1o TpaHC-
aTIaHTHMYECKOMY Kabesio mocyjas KpaTkoe coobieHme o
cBoeM Habumropenmy. CTaTbA 3Ke COBETCKMX YYEHBIX ObLIa
oIyb/MKOBaHa OOBIYHBIM IIOPANKOM ¥ MOABUIIACH ITO3/HEE
coobdmennsa Pamana. IlosToMy Temeph JIMHUM-CIIYTHUKM
3 paccedHHOM cBeTe HasbIBalOT 3¢dderrom Pamana. DT0
ABJIEHME eIIe HOCUT Ha3BaHME KOMOMHANIOHHOIO pac-
CeAHUA.
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B uyem ke cyTb KOMOMHAIMOHHOIO pacceIHMA cBeTa?
Korga moTok KBaHTOB C 9HEPTHUeEi hv CTAJIKMBAETCA C MOJIEe-
KyJaMM JKMOIKOCTHM, TO MOJEKYJIbBI MOIYT OOMEHMBATBHLCA
cBoeli 9Hepruei ¢ oroHamu. B mportecce KOMOMHAIMOHHO-
ro pacceAHMA (POTOH BHEIIIHETO MCTOYHNMKA CBETA IIOTJIOLA-
eTcAa MOJIEKYJIOH, M cpa3y XKe M3JydaeTcd APYroit dpOoTOoH.
IIpu 3TOM (POTOHBI yBEJIMUMBAIOT MJIM YMEHBIIAIOT CBOIO
9HEPIMIO TaK¥Ke KBAHTaMM C SHeprueit AE, pasHoi1 sHeprun
B0O30yKAeHMA MOJEKYJ XKUAKOCTH. Eciy MoJeKkyJsia Haxo-
IuTCA B HeBO3OYXKIEeHHOM COCTOAHMM, TO (POTOH OTHAET €t
sHeprmio AE, a xorma MoJekyJa Bo30yzKIeHa, TO MOIKET
CIIyYUTBCA TAK, YTO (POTOH IIOJIYUYMT OT MOJIEKYJIBLI €€ SHEep-
o Bo3Oyxkneuna AE. B pe3ysibTaTe BO3HMKAIOT POTOHBI
c osHepruamu hv+ AE uhv—AE.

TakuM 00pa3oM, CIYTHMKM CIEeKTPAJbHBIX JIMHUIA
MCTOYHMKA cBeTa 00JIaZlaloT MHTEPEeCHBIM CBOMCTBOM: MX
JacToTa «KOMOMHMPyeTCA» U3 JacTOTHI IIAJAI0IIero Ha TeJIo
MCTOYHMKA CBEeTa M cOBCTBEHHO YacTOTHI KoJiebaHmit MoJie-
KYJI IPM UX BO30YKIEHNUN.

Ecay nasepHBIT JIy4 HPOIyCTHTH depe3 HUTPOOEH30JI,
TO B IIPOLIEAIIIEM yepesd HUTpoOeH3o0J cBeTe OyneT comep-
}KaTbca yacrora Ha 40 6unamoHoB I'll MEHBIIIE YACTOTHI
JICITyCKaeMOro JIa3epoM CBeTa. OTO M €CTh 4acTOTa, Xapak-
TepHadA AJA MOJEKYJ HUTpobeH30a.

Ilox peiicTBMeM JIa3€pPHOTO MBJIyYEHMA B BeILECTBAX
BO3HMKAIOT 3HAYUTEJbHbIE IIOTOKM POTOHOB PaMaHOBCKOIO
nzay4denua. Ecan 911 poToHs! 6yAyT MHOTOKPATHO IIPOXO-
INTb, CKaxKeM, uepe3 HUTPOOeH30J, TO 3a HuMMM OyayT
YBJIEKATHCsl HOBBIE M HOBbIE (DOTOHBI TAKOM XKe SHEPTUH.
OTO ABJIEHME HA3bIBAETCA BBIHYKAE€HHBIM KOMOMHAIMOH-
HBIM pacceanueM. IIpM 9TOM 3HauMTeNbHAdA MOJA Ja-
3€pHOT0 CBETOBOTO IIOTOKA CTAHOBUTCA CBETOM C OoJbimieit
MJIY MEHbIIIeN AJMHOM BOJHBL.

Ecanm 1azepHoe naiydeHne choKy CHPOBATh B ML TE€HCHB-
HBIA IIy4OK, TO, IIPOIycKas ero 4yepes KUAKMe, TBepAble U
razooOpasHble TeJia, MOXKHO BO MHOTMX CIIydadX INOJY4YUThb
MHTEHCHBHOE PaMaHOBCKoe M3jydeHye. Tak NojydarTcsa

57



Puc. 24. IIpu nepexoze u3
OZIHOTO COCTOSIHMA, KOTla IPOTOH  CTOPOHY, aTOM BOZOpOzAa

¥ 9JIEKTPOH BPaillaiOTCA B MCIyCKaeT KBaHT 9HEPTuH,
pasHble CTOPOHBI, B PYToe, KOTOPOMY COOTBETCTBYET
KOTZ|a MX Bpail{eHue MU3JIyYEeHMe ¢ AJIMHOM BOJHbI
OCYilleCTBIAETCA B OBHY 21 cm.

KOTepEeHTHbIE M3JIy4eHMsA B HOBBIX oOJlacTAX cCIIeKTpa ¢
AJVHAMM BOJIH, JIEKAIIMMM M B YJIbTPAdMOJIETOBOM, U B
urdpaKpacHoil 06acTU CIeKTpa.

Bectn 43 mMemx3Be3gHOro npocrpaHcrtBa. IIpolne Bcero
YCTPO€H aToM BoZopoZa. OH COCTOMUT M3 ABYX JI€MEHTap-
HBIX YacCTMI] — IIPOTOHa M 3JeKTpoHa. Korma sJeKTpoH
IBU3KeTCA 10 6JIMzKaMIei K MPOTOHY opbuTe, aTOM BOLOPO-
Ja HaXOAMUTCA B €ro OCHOBHOM COCTOSHMY — y HEro MuHM-
MaJbHBbI 3ar1ac sHepruy. Ho y IpoToHa 1 9JIeKTPOHA KpoMe
B3aMMOJEMCTBYUSA, IIPOMCXOAAINEro 3a cYeT MX 3apaza,
CylLIeCTByeT elle B3aMMOeVcTBUEe, OOYyCJIOBJIEHHOE B
KOHEYHOM cueTe uX COOCTBeHHEBIM BpauleHueM (puc. 24).
Korzna m 31eKTPOH ¥ IIPOTOH BpAIlaiOTCA KaXKAbI BOKPYT
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CBO€ll OCM B OAVMHAKOBOM HAaIpaBJIeHWM (HaIpuMmep, Io
4acoBOM CTpeJIKe), CBA3b MX MeXAy coboil GoJblue, yem
eCcJIMi OHM BpalllalOTCA B pa3Hble CTOPOHBI. DTO 3HAYNUT, YTO
IIpM «COTJIACHOM» BpAIIleHMY 3arlac SHEePTUM B aTOMe MEHb-
LIe, YeM IIpY BPAUEeHWM B «HECOIJIACHOM» HaIlpaBJICHWUM.
Ecau sneKTpoH ¥ NpoTOH BpPamialOTCA B «HECOIJIACHOM>»
HAIpaBJIEHNM}, TO y aTOMa €CTh 3allac IHEPIUM, KOTOPEI OH
MOZKEeT M3PacXofOBaTh U NepeiTi B COCTOAHNE, KOIZa Ipo-
TOH ¥ 3JIGKTPOH OyAyT BpalljaThbcA B OZHOM HaIlpaBJIEHMIA
Taxo nepexos MOKeT NPON30iTH JMBO IIPY CTONTKHOBEHUM
aToOMOB, KorZia m30bITOK SHepruy Oyner mepezaH Apyromy
aToMy, 60 aTOM BOZOPOJIA CaM MCILyCTUT KBAHT 3JIEKTPO-
Mar#yTHOIO M3JIydYeHMs C NJIMHOM BOJIHBI 21 cM.

B 3eMHBIX yCII0OBMAX aTOM ra3a CTaJIKMBAETCA CO CBOMMM
«cocenAMM» MJM CTEHKaMM COCYZa, B KOTOPOM OH 3aKJIIO-
YeH, 0T MIWJIJIMapA0B 0 COTEH MMJLIMAapAOB pa3 B CEKYHAY,
a Ha TO, YTOObI aTOM BOZOPOZA OTHAJ CBOIO SHEPTUIO, UCILY -
CTMB CaMONPOMU3BOJBLHO KBAHT — 21 cM, B cpeziHeM Tpeby-
erca 11 mua. Jget! [IosTOMy B 3€MHBIX YCIOBMAX aTOM He
ycreBaeT OTAATb SHEPIMUIO B BUJE MIIYUEHMA C IJIVMHOMN
BOJIHBI 21 cM. OTa sHeprusa IepeigeT B Apyrue (popMbI B
pe3yJbTaTe CTOJKHOBEHMA.

MrBoe peso— wMex3Be3gHOe IIPOCTPAHCTBO. 3Jechb
aTOMbI Ha O0JIBIIMX PACCTOAHMAX APYT OT APYTa M CTAJIKM-
BaIOTCsA PEAKO: B CpefHEeM MeKAY ABYMA CTOJKHOBEHWMAMM
npoxoaut 300 ner.

B 1944 r. ronnaHACKMil CTyAeHT-OU3MK Ban ne XyJacr
cheyan nokJazn B JlelimeHCKOM yHuBepcuTeTe. B cBoem
JOKJIaZie OH YTBEePIKAaJ, UTO aTOM BOZOPOAA [OJIKEH UBJY-
4aThb B MEK3BE3IHOM IIPOCTPAHCTBE PaMOBOJHY IJIMHOM
21 cm.

B To Bpema 'osutannyusa 6blyla OKKyIIMpPOBaHa dpalmcra-
vu. Hay4Hble CBA3Y MEXKAY yYEeHBIMM Pa3HBIX CTPaH ObLIN
npepBanbl. Jiume B 1947 r. uaea Ban me XyJcra crajna
M3BECTHA IIVPOKUM KPyTaM yYeHbIX.

CoBetckumii actpodusuk V. C. IIkJIoBCKuUi IIpOBEI MH-
TepecHBIE ¥ BaxKHbIe BbIUycaeHus. OKaz3ayoch, YTo obHa-
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PYXRUTL M3IyHeHMe MeXK3Be3JHOro BOJOPOAA — BIIOJHE
paspemmmas  3azada. JicclenoBaHMA 9TOTO M3JyYEeHMA
JaloT CBeJeHMA O ABMIXKEHMM MeXK3Be3IHON MaTepuym M o
CTPYKTYpEe MeXK3Be3HOT0 MPOCTPaHCTBa. PerucTpupys us-
Jy4eHye C AJIMHON BOJHBI 21 CM, yyeHbIe M3YUNIU CTPYK-
Typy M pgByoKeHue T'alakTMKHM. VIiccilemoBaHMA WU3JydYeHU:A
MeZK3BEe3HOTO BellleCTBa IIPOJOJIKAI0TCA.

«Ilowmnme» saeKTponbl. Eciy 3ariasHyTe B ANEPHBINA
PEeaKTop «IIaBalOILEro THUIIa», T. €. B PEaKTOpP, B KOTOPOM
YPaHOBBIe CTEPKHM ITOTPY2KEHbI B BOAY, TO MOXKHO YBUAETH
Aproe rogyboe cBeueHMe, OKPYKalollee CTEPKHU. ITO
u3JIydeHne 610 OTKPHITO 3a0JIr0 0 ITy CKa IIePBOro pPeak-
Topa, B 1934 r., B JleHuMHTpaZle, COBETCKMM (OPU3UKOM
II. A. YepeHKOBBIM.

ATOMBI pa3peKeHHBIX Ta30B M HarpeThIX TBEPAbIX TeJ,
TIOIJIOIAsA KaKyH-Jaubo 9SHeprmio, HaIpUMEpP CBETOBYIO,
MOTYT IIePeXOauTh B BO36YKAEHHOE COCTOAHME M OTAABATH
9Ty 9SHEpruMi0 B BuAe CBETOBOTO u3jyyeHmus. Ecam or
MOMEHTa IOIJIOIIEHMA STOM SHEepTMi aTOMOM JI0 ero BhICBe-
YMBaHMA IIPOXOAMUT KaKOoe-TO OIpeesIeHHOEe BpeMA, TO
M3JIy4YeHle Ha3bIBaeTCA JIOMUHECHCHIMEN.

Vi3yyasa MOMMHECHEHIMIO COJIell ypaHa oL AefiCTBMUEM
y-siydeit pagmsa, YepeHKoB o6paTil BHMMaHNeE, YTO TaK Ke,
XOTS M 3HAYMTENBLHO cjabee, cBeTHMTCA BOZA, B KOTOPOiL
9TMX coJiell HeT. CHadasa OH MPEATONOXKWII, YTO CBEYEHNE
TMPOMCXOJMT 33 CHeT HAXOAAUMXCA B XKUAKOCTH IIpMUMeCeIs.
Ho KOHTpPOJIBbHBIE ONBITHI HE ITOATBEPIMIN 3TO IIPEAIIONO-
JKeHue, o] HeMCTBUEM Y-JIydell OOMHAKOBO CBETWINCH
Jr06ble UMCTBhIE XKUAKOCTHM. Kpome TOTO, JIEOMMHECHEHIIO
0OBIYHO MOXKHO «IIOTYIUMTL», X00ABIIAA B XKUAKOCTH HEKO-
TOPBIE COENVMHEHNsI, HarpuMep MOAMCThIN KaJMii My a30T-
HORMCJIOe cepebpo. Ho uziayuenne, oTKpbITOe YePEHKOBBIM,
«IIOTYIIMTh>» He yaaBaJyock. ClieroBaTesibHO, Habioaemoe
M3JIy4yeHMe He MMeJIO OTHOIIIEHWMS K JIOMMHecueHumm. U
Hazo Ob1JI0 yCTaHOBUTH: KaKOBa K€ IIPHUPOJa HEMZBECTHOIO
U3NyIeHuA?
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Puc. 25. MaruuTHOe I0JI€,
poxojsiliee yepes KUAKOCTh
110 HaNpPaBJIEHMN 0, IOKa3aHHOMY
Ha PUCYHKe, OTKJIOHSeT BHMU3
SJIEKTPOHBL, JIeTHIlMe IO
HanpasyieHuio AB. Ceer
pacnpocTpaHaeTcs 1o
HanpaBJieHnAM, OIM3KMM K
TPaeKTOPUAM 3JEKTPOHOB.
ITosTomy B raa3 HaburomareJis

ronafaeT MMHUMAJIbHOE
KOJIMYECTBO CBETA, KOTrJa
9JIEKTPOHBI OTKJIOHAIOTCA BHU3.
Ec m3aMeHNTH HanpaBJeHue
MarHUTHOTIO I10J15, APKOCTh
CBe4eHMs:A, BOCIIPMHMMAEMOTO
Habaiozarenem, Bo3pacrer,
TIOTOMY 9TO IIPY 3TOM
9JIEKTPOHBI OTKJIOHAIOTCA BBEPX
K HabJurogaTesao.

TamMMma-aydunm — Takue Xe 9JIGKTPOMAarHMUTHbIE KoJeba-
HUA, KaK ¥ cBeT. TOJBKO 9Heprua Y-KBaHTa, HaIpyuMep
VCITyCKaeMOro paameM, IIPEBOCXOAUT SHEPruio KBaHTAa
3eJIEHOro CBeTa B COTHM ThICAY pas. IIpoxona yepes Bere-
CTBO, Y-KBaHTBI II€peZal0T €ro 95JEeKTPOHAM dYacCThb CBOeM
9HEPIMM, ¥ SJEKTPOHbI HAYMHAIOT ABMIaThbCA C 60JbIIION
ckopocThbio. MoKeT ObITE, TAKMM ABVIKEHMEM JIEKTPOHOB U
CO34aeTCsA CBEYEHME KUAKOCTHI?

Mo3kHO M3MEHMTh HaIlPABJEHME [BVIKEHMA SJEeKTPO-
HOB, HaIpMMep, C MOMOIIbI0 MarHMTHOrO IoJA. JanbHen-
mIye OIbIThl JepeHKoBa IIOKA3aliM, YTO CBEYEHME CUIIBHO
3aBYICUT OT HalIpaBJIEHMs MarHMTHOIO II0JIA, IIPOHM3BIBA-
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Puc. 26. PoxxJienne «II0IOMMX>
3JIEKTPOHOB.

IOILIEro yccllefyeMylo XKMIAKOCTh (puc. 25). 3uaunr, cBeve-
HUe BBI3BaHO 9JNeKTpOoHamu. Axkagemuxk C. M. BaBuJos,
pyKoBoauBLIME paboTamy YepeHKOBA, HNPENJIOKII 06BsC-
HUTE CBedeHMe o0OJydaeMoil 3KMUAKOCTH TOPMOXKEHUEM
9JIEKTPUYIECKOro 3apsAfa B BellleCTBe. ¥ MEHBIIIEHNEe CKOPO-
CTU 3apAZa U3MEHSAeT ero SJICKTPOMarHuUTHOE TI0JIe, a M3Me-
HEHMe 3JIEKTPOMAarHMTHOIO IIOJISi BCETZa COIPOBOKAAETCH
U3IIyIeHUeM.

Ho sTo mpepmnosokeHue He MOATBEPAMNIOCH. PacyeTsbl
JaBajli BeJMYMHY SAPKOCTM B COTHM pPa3 MEHBIIYIO, YeM
onbITeL. KpoMe TOro, TOpMO3HOE M3JIydeHMe CUIBLHO 3aBY-
CUT OT aTOMIIOr0 HOMePa KMUIKOCTH, B KOTOPOM TOPMO3UTCS
9JIEKTPOH, a OMbBITHI IOKAa3aJiyM, YTO APKOCTb M3JIyHEHMH,
OTKPBITOr0O YepeHKOBBIM, He 3aBMCHUT OT 9TOTO aTOMHOTIO
HOMepa.

Tak yuennle ybemuinch, 9TO 3TO CBeYeHME — HOBBIIL,
ellje HeM3BEeCTHBINM B U3JIyYEeHNA CBETA.

ITosler paBHOMEPHO ABVIKYLUENHCA IIyJIM COIPOBOKIAA-
erca cBuctoMm. Ilynss «moer», KOTAa JIETUT B BO3JyXe
OnicTpee cKOpocTM 3BYKa, T. €. CO CKOPOCTHIO GOJbIIIEl,
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Puc. 27. CKOpPOCTh 3JIeKTPOHA B
Boge GoJbIle, yeM CKOPOCTh
cBeTa B BOZE.

gyem 330 m/c. Ecam ckopocth Iysmi MeHble 330 mc, oHa
JeTuT 6ecCuIyMHoO.

0O603HaYMM CKOPOCTH IIyJI¥M M CKOPOCTBH 3ByKa OykBammu
v 1 u. Kaxkas Toyka TPaeKTOpUM IIyJIY — MCTOYHMK rap-
MOHMYECKMX KoJiebaHmil, pacIpoCTPaHAIOIIMXCSA CO CKOPO-
CTBIO U.

W3 Toukn A B Touky C (puc. 26) 3ByKOBBIe KoJebaHMA

IOMAYT 3a BpeMs 71-, a u3 To4Ky B — 3a Bpemsa —I,f- Ho B TOu-

/]
Ke B OHM BOZHMKIM mo3[Hee Ha BpeMsa 7. TakuMm obpa-
30M, KojiebaHMsA, NpuUILeAlIe 3 TOYKYM D, OTCTAaHYT OT
KoJebanmit, IpuIIeqIINX U3 TOUYKY A, Ha BpeMs:

Eciu v menbire u, To Kosebanmsa, CKIaAbIBAACh, [I0TA-
cATCS, U MyJa «IeThb» He Oyzmer. Ecay ke v 6oabiie u, TO
(POHT 3BYKOBOM BOJHBEI OyZeT pacIpOCTPaHATHLCA II0f
yraioM © K HampaBJIeHMIO II0JIeTa ITyJi. DTOT YroJi orpeze-
JIITCSA M3 Y CIIOBUA:
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1 c0s® — g yyu cos @ = -

Bce sT0 cipaBenaMBO He TOJNBKO AJIA 3BYKOBBIX BOJH, HO
AJ1A JEOOBIX APYTUX, B TOM YMCJIIE M IJIA SJIEKTPOHHBIX BOJIH.
Korpga B BemecTBe ABYDKETCA € MOCTOSHHOM CKOPOCTBHIO
9JIEKTPOH, TO B KaXK/[0¥l TOUYKE €r0 TPAeKTOPMM BO3ZHMKAIOT
9JIEKTPOMAaTrHUTHBIE BOJIHBI.

Ecim cropocTh 9JIEKTPOHA MEHBINIE, YeM CKOPOCTh
pacnpocTpaHeHNUsA 3JIEKTPOMAarHMTHBIX KoJebaHuit, To BOJI-
HBI B pe3yJIbTaTe MHTepgEePEeHIM [IOTACATCA, TaK XKe KaK U
IpM moJieTe IyJiu B BO3LyXe.

YT06BI 3JIEKTPOHBI «IIeJIM», T. €. YTOOBI 32 CUET MX ABMU-
JKeHud B BeIleCTBE TeHepMPOBAJICA CBET, HYXKHO, 4YTOObI
CKOpPOCTH MX Ob1y1a HosbIlle CKOPOCTH CBETAa.

Ho Bexwb cKOpoOCTH CBETa — IIpeJeli, Yyepe3 KOTOPHIN He
MOZKeT IlepelTH HuKakasd ABMKyluasca dactuna. lla, sTo
COpPaBenJVBO, HO TOJBKO JJA BaKyyMa. B BelllecTBe CKO-

¢
PocTh cBeTa paBHa — (M — I0Ka3aTeJb IPEJOMIEHNA, ¢ —

CKOPOCTB cBeTa B BakKyyme). IIosToMy 9J€KTpPOH, ITOJYy4IUB
OT Y-KBaHTa Pafgmusa JOCTATOYHYIO SHEPTIUIO, MOXKET ABUTraTh-

“ (4
¢ CO CKOPOCTHIO, OONBbLIEN 4HeM —. TamMma-nyun panms
PasroHAIOT 9JIeKTPoH Ko 250000 kwe. [Toxka3aTenb IIpeoM-

JeHuda y Boge! 1,333, cienoBaTeJIbHO, ;—=225 000 v, ITo-

JydaeTcs, YTO JIEKTPOH MOZKeT JABMUIraThCA B Bofie ObICTpee,
4yeM B Hel pacrnpocTpaHseTrca cBeT (puc. 27).

Taxk B 1937 r. o6BACHUIM cBeueHMe UepeHKOBa COBET-
ckue dpu3uky U. E. Tamm 1 Y. M. ®pask. OnbIThI IOATBED-
I BCE MX TeopeTHUdeCcKye BhIBOALI. Viccue0oBaHMA COBET-
CKMX Y4YeHBIX IIOMOIVIM BBICHMATH M PacCuMTaTh MHOIME
XapaKTepUCTUKM M3JIYUYEHMA: YroJl MeKAy HampaBJeHMeM
MBJIYyYeHUs SJIEKTPOHA M TpaeKTopyell ero mnoJera, MHTEH-
CUBHOCTBb M3JIy4YEHMS, 3aBUCHUMOCTb €T0 OT CKOPOCTH 9JIeK-
TPOHA, €r0 CIIEKTPAJIbHbIN COCTAB.

64



B namte pems adpdexr BaBunosa-—IepeHKoBa OTKPHLI
HOBBIE IIyTH B MCCJIEOBAHMUAX MPOLIECCOB, MPOTEKAIOLNX
TOJ ZIeJICTBMEM HAJIEPHBIX YaCTHMI] ¢ BBICOKOM SHeprueir. Ha
€ro OCHOBe CO3JaHbl, HAlPMMEpP, PEerucTpaTopbl OBICTPHIX
IIPOTOHOB.

Honsipuzauua ceera. DPPaHIy3CKUA yUyeHbIN-(PU3UK
Otber Madgtoc, ycraB oT 3a00T TAXKENOro fHA, JII00oBaJCs
3akaToM. CoJIHEeYHBIE JIy4YM OTParKaJiMCh B BEJVKOJEMHBIX
oKHax JIrokcemOyprcKoro ABOpPIiA, BO3BBIIIABIIEIOCA HAa
nporuBonosioxkHoM Oepery Censl. CuyuaiiHO B pykKaxX
Mamnroca okasanca KpMCTaJLI MCJIaHACKoro mmaTa. Ilo ger-
CKOJ1 NPUBBIYKE — MaJbYMKOM OTbEH JIIOOMJI paccMaTpu-
BaTh HeOOCKJIOH depe3 IBETHBIE CTEKJIBIIIKY — YYEHbIN
TOJHeC KPMUCTANJI K Iy1a3aM. IloBepHYyB KpuUCTaJLI, OH 3aMe-
THJI, YTO CBeT, OTPaxKEeHHbII OKHaMMy, NoMepk. IIpu Bpa-
HIeHNMM KPUCTAJIIMYECKOM IIJIACTVHKYM OKHA CTaHOBUJIMCH
TO TeMHee, TO cBeTJiee! MaJroc poBepuJI HOBOe SABJIEHME B
Jaboparopun. Ilodydanock, 4WTO He TOJBKO COJHEYHBIN
CBET, HO ¥ CBeT JII000r0 MCTOYHMKA, OTPAIKEHHBIN CTEKJIOM,
MMHEpaJOM WM Kakoi-imbo IIOJIMPOBAHHON IIOBEpPX-
HOCTBIO, MEHSET CBOI0 SAPKOCThb IPY IPOXOXKAEHUM Yepes
KPHUCTAJLII MCJIAHACKOTIO IITaTa B 3aBYCHMMOCTH OT yIJIa II0BO-
poTa KpyucTaJia.

OTO CBOMICTBO CBETOBBIX Jiydeil B 1808 r. Masnioc HazBax
nonapusammeii ceeta. C TeX IOP CJIOBA «IOJAPU3AIA CBE-
Ta» IMPOYHO BOULIM B CJIOBaph (PM3MKOB M MHxKeHepoB. Ha
OCHOBE ABJICHMUSA MOJAPH3aLNMM CBEeTa U3MEpPAIOT KOHIeH-
TPalMIO PaCTBOPOB, OIPEAENIAIOT MEXaHMYEeCKNe HampaKe-
HUA B CJIOKHBIX KOHCTPYKUMAX. Ha 9TOoM ABIEeHMM OCHO-
BaHO YCTPOMCTBO ObICTPOAECTBYIOINMX ONTHYIECKMX 3aTBO-
POB, HEOOXOAMMBIX ¥ AJIA CKOPOCTHOM dpoTorpacpy, M AJid
Ja3epoB.

B uyem xe npupona nondpM3aIyai CBETOBBIX BOJIH?
B ecTrecTBeHHOM cBeTe, ucryckaeMoM COJHIIEM, 3JIEKTPH-
YeCKMil ¥ MATHUTHBIA BEKTOPBI KOJIEOIIOTCA XaoTUYECKH,
MeHAA CBOEe HaIIpaBJIEHME B IJIOCKOCTHM, NEPIIEHIAMKYJIAP-
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HOV HaIIPaBJIEHNIO PaCHpPOCTpaHeHus cBeTa. Ecan B opueH-
TauuyM BEKTOPOB HabxaromaeTcsa Kakad-Jmbo yHnopamodyeH-
HOCTB, TO CBEeT HAa3bIBAIOT MOJIAPM30BaHHBIM. IIlpuMepsnl
noJIspu3ayy — KpyroBasg M SJIMOTUYECKas, Korja
KOHIIBI BEKTOPOB SJIEKTPMYECKOI'0 ¥ MAarHMTHOIO IIOJIel,
KOJNeOIIIoNMXCA B CBETOBOJ BOJIHE, OMMCHIBAIOT OKPYK-
HOCTb ¥y sJuurc. Hambosee rpocToit cay4dail — JHe-
Had IOJApM3auyMs CBeTa. Y JMHEMHO IOJIAPU30BAHHOTO
cBeTa HampasJieHue KoJyebaumit BeKTopoB E u H ocraercsa
NOCTOSAHHBIM BO BpeMeHHM. OTpaxKadAcCh OT CTEKJAHHON
TIOBEPXHOCTY, COJIHEYHBIN CBET YACTUYHO MOJAPU3YETCH.
Takoil cBeT ocaabisercs MMo-pa3sHOMY, MPOXOAA dYepes
KpHCTaJIIMYecKye TeJa B 3aBUCHMOCTM OT yIJIa, KOTOPBIA
Jy4 00pa3yeT C 0ChI0 KPUCTAJIMYECKOM pelueTku. IloaToMy
OTpPaXKEeHHBII OKOHHBLIMM CTEKJIaMM CBeT Oyner MeHATH
CBOIO MHTEHCMBHOCTD IIPH NPOXOKAEHMN Yeped IIaCTUHKY
MCJIAaHCKOTO HINaTa WM TypMaJjiuHa, ecau 6iaronaps Bpa-
HIEHMIO YTOJI MEXAY Jy4OM M OChbI0 KpucTayia 6yzner
MEHATHCA.

Yrobbl M3y4yaTh IONAPM3ALNIO B JAOOPaTOPHBIX YCIO-
BUAX, OepyT ZBe IJIACTMHKM, CKaXKeM, TYPMaJMHa, C I1JI0-
CKOCTAMM, ITapaJlyIeIbHBIMM OCY KPUCTAJLIIMIECKOI peleT-
K. Tagasd IWIacTMHKA TypMaJMHa IPOIyCKaeT JMIUb
COCTABJIAIOIIME CBETOBOM BOJIHBI, ¥ KOTOPBIX 9JIEKTpUUE-
CKMII BEKTOp HAIIpaBJIeH MapaJlJIebHO OCK KPHUCTAJLIA.
Korga Ha KpucTaJ maZilaeT COJHEYHBIA CBeT, TO CKBO3b
Hero Bcerga OymeT NPOXOAUTH TOJBKO IIOJIOBMHA CBeETA,
IMOTOMy 4TO KoJebaHmuA c BeKropamy E, nepneHAMKYJIsSp-
HBIMMY OCH, He [MPOMAYT Yepe3 KPUCTAILIL.

Joxa mpolenero yepe3 KPMCTaJJI CBeTa He 3aBMUCHUT OT
TOJIOZKEHMA KPUCTaJNa. DTO JIETKO IIOHATH, €CJM BCIIOM-
HHUTB, YTO HanpaBJieHus E B eCTeCTBEHHOM CBETe XaoTUY-
Hbl. OfHAKO B IIPOILIIEAIIIEM CBETe BEKTOP OPMEHTHMPOBAH
TOJBLKO B OJHOM HampasJyeHyy. Temeps, mafas Ha BTOPYIO
IUIACTUHKY, OH MOZKET ITOJHOCTHIO IIOTJIOTUTHCA €10, KOrza
OChb KpMUCTAJIJIa M HampasJieHMe KoJieGaHMil IepHeHIuKYy-
JAPHBI MexXAy coboit, u, Hao6opoT, MPOTH Yyepe3 Hee 6e3
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Puc. 28. ITomapusannusa
cBera. IIpyHIMmI
AeicTBUA

CKOPOCTHOTO
3JIEKTPOHHO-
OIITMYECKOTO 3aTBOpa.

II0TEPH, €CJIM HaNpaBJeHMsa KoJsebauuili ¥ ocu KpyucTasia
napaJiiesbHbI.

CylecTBYIOT KPMCTAJIIBI, KOTOPBIE O/ IeICTBUEM IIPI~
JIOXKEHHOTO K HUM 9JIEKTPUYECKOI'0 HANPAKEHUA IoBOpa-
YUBAIOT ILJIOCKOCTH ITOJIAPU3ALIMM IPOXONAIIEr0 Yepe3 HUX
cBeTa. IIpM 9TOM yTOJI IIOBOPOTA IIPOIIOPLMOHAJIEH TOJIIMHE
KpUCTAJUIa M BeJW4MHE IIPUJIIOKEHHOTO HANPAKEHUA.
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IIoBOPOT MJIOCKOCTHM IIOJIAPM3ALMM IIPOMCXOAWUT 3a O4YeHb
KOPOTKOE BpeMA — BCEro 33 MMJIIMAPAHYIO JOJIO CEeKyH-
nbI!

Bonsiiaa CKOpPOCTh MOBOPOTA IIJIOCKOCTH ITOJIAPM3ALIA
[O3BOJIAET CO37aTh CBEpPXOBICTPHINI CBETOBOM 3aTBOP
(puc. 28). CBeT, masiaroiyil Ha BXOJ 3aTBOPA, MOJAPU3YETCA
kpuctaniom I. Eciu Ha Kpucranne II HanpaKeHMe paBHO
HYJIIO, TO HAIIpaBJIEHHE TI0JIAPMU3AIMM CBETAa, IIPOILEAIIEro
yepe3 9TOT KPHUCTAJJI, HE MEHAETCA ¥ CBET ITOJHOCTBIO
3azmepxkyuBaerca KpucramiaoMm III, KoTopselil mporyckaer
CBeT C HamnpaBJIeHMEM MOJIAPM3any, IIepHe MKy IAPHBIM
HanpaBJIEHMIO MOJIAPM3AIMM JIy4ya, IPOLIEAIIEer0o BXOXHOM
rpuctana I. YTobel cBeT MpoIles yepes 3aTBOP, KPMCTAJLI
II poJizkeH MOBEPHYTH €r0 IJIOCKOCTh IoJasapum3aii. Eciam
Tenepb Ha Kpucraaa II mogaTe HampsAXKeHMe, TOCTaTOYHOe
IJISL TIOBOPOTA IIJIOCKOCTH ToJsApm3aimu Ha 90°, To Jy4 He
O6ynet 3azepzxkad KpucraioM III 1 3aTBOP MPOIIyCTUT CBET.

DJIEKTPOHHO-ONTUYECKe 3aTBOPLI HYXKHBI HE TOJILKO
IJIs CKOPOCTHO (poTorpacpys. OHM UTrparoT O0JIBIIYIO POJb
¥ B JIa3ePHOI TeXHMKeE. Jlazep BO MHOI'MX CIy4aaX NPaKTi-
YeCKOTr0 TpMMEHeHMs JoJXKeH ob0sazate 0O0JabIIoin
VIMITYJIbCHO} MOIIHOCTBIO. OTO O3HadaeT, 4YTO SHePIusd,
3amaceHHas aToMaMM aKTMBHOTO TeJa Jia3epa, OOJIXKHA
0oCcBOOOXKAATHCA 34 OYeHb Majioe BpeMd. Ecayu zepkana y
TOPLIOB JIazepa BO BPEMA OCBEIIEHMUS MMILYJIBCHBIMM JIaM-
IaMM CTEPKHA Jazepa OyAyT OTKPBITHI, TO Ja3€PHBII JIyd
6ymeT BBIXOAMUTH Yepe3 MNOJYIpPO3pavHoe 3epPKaJio B
OPOCTPAHCTBO 3a BpeMsd, COM3MEPMMOE CO BpPeMeHeM
MMILyJIbCa OCBELLAIOIIMX JIaMIIl. TO BpeMA MOPAJKa ThICAYU-~
HO¥ #oJM ceKyHABL Ecim e MeXAy 3epKalioM M TOPIOM
CTOMT 3aTBOP, TO IJIMTEJBHOCTH JA3€PHOT0 MMILYyJbCa
OyneT paBHa BpeMeHM cpadbaTbIBaHMA 3aTBOpa. 3aTBOP
cjeyeT OTKPBITH B KOHIIE MMITyJIbCa Hakauyky. Toraa Bes
9Heprus, 3amaceHHasd B M3JIyYaloleM TeJe Ja3epa, BbICBe-
TUTCA 32 MUJLIMAPAHBIE JOJIM CEKYHbI M MOLIHOCTD Ja3ep-
HOT'0 MMIIyJibCca OyAeT MO4YTH B MMJIIMOH Pa3 BBIIIIE 110 CPaB-
HEHMIO C MOLTHOCTBIO, ITOJIy4eHHoM 6e3 3aTBopa.
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Puc. 29 a. OTKJIOHEHME XBOCTa
KOMETHI 107 AE€MCTBMEM Puc. 29 6. OmiT Jle6enesa o
COJIHEYHOTO CBeTa. U3YYEHMIO JaBJIEeHMA CBeTa.

CseToBoe marjenyue. MblI 3HAa€M, 4YTO CBET IIOIJIOILIAETCA
BEILIeCTBOM M IIepeiaeT €My CBOIO 3Heprumio. Ho oka3nbIiBaeT
JIY CBETOBOJ MOTOK Ha TeJI0 MeXaHudYecKoe Bo3peicTeue?
Eme B pgaBHMe BpeMeHa HEONHOKPATHO BBICKA3bIBAJIOCH
TIpeATIoJIoKEeHNE O CYIIIeCTBOBaHMM CBETOBOTO JaBJeHuA. B
1604 r. Hemeukuit actponoMm Kemnnep ob6bacHMI ¢opmy
XBOCTa KOMETHI BJAMAHMEM CBETOBOTO maBJeHMA (puc. 29a).
OpnHako TeopeTHdecKy JOKa3aTh CyIIleCTBOBaHME CBETOBOTO
JaBJeHMA yZanoch Jmiub 250 JNeT CIycTA aHTIMIICKOMY
duzmuky MaxrcBenay. OH BBIYMCIMJ CBETOBOE [aBJIEHME,
VICXONA M3 TEOPUM SJIEKTPOMATHUTHOTO [TOJIA.

ITo pacuetam MakcBeJsJja MoJy4aJoch, YTO eCiIM 3a 1 ¢
Ha eIVMHMIy IUIOIIaAM MajlaeT M IIOTJIOIAaeTCa IOJHOCTBIO
cBeToBas 5Heprud E, To cBeToBOe faBieHue P paBHO =,
IIpu mosHOM OTpaxKeHuMM CBeTa JaBJieHMe OyneT BIBoOe
OoNbIIIM: <2

Ecom npé;:[c'raBM'rb cebe cBeT, mMaZlaloOIVi HA KaKyIO-TO
OTPaZKAIOIIYI0 ITIOBEPXHOCTDH, KaK MOTOK YaCTUI-(POTOHOB,
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TO POTOHBI MOKHO pacCMaTPMBAaTh KaK OObIMHEIE HIAPUKH,
YIOpPYyro oTpaxKaloluecs OT IIOBEPXHOCTM WM IIOTJIOoLIa-
emble ero. Korna ¢poToH nmajaeT NeprneHAUKYJIAPHO K uie-
aJIbHO OTpazKarollel MOBEPXHOCTH, er0 BEKTOP KOJIMYEeCTBa
OBVOKEHMA MEHSeT CBOe HalpaBJieHMe Ha IIPOTHMBOIIOJIOK-
Hoe. ITosHOe M3MeHeHNe Ap 9Toro BeKTopa paBHoO 2p. Ecom
Ha eIMHMIy IUIOIIAAM KaXKAYHo CEeKyHAYy MajaeT OIMUH
doToH, To BemmunHa Ap OyZeT paBHaA [aBJEHMIO CBETa Ha
noBepxHOoCThb. CpaBHMM pe3yJbTaT ¢ dopmymoii Makc-
Besuia. Ilo sToit copmyae P=%¢=2 p, €CIIM Ha IIOBEpX-

HOCTh I13JIa€T B CEKyHAY OAMH (OTOH C sHeprueit Eg. U3
npensinymei dopmyasr crexyer: Eg =pc, roe p — KOJINU-
4eCTBO JBICKeHMA poroHa. Ho KoJMiIeCcTBO ABMIKEHMS
YacTHIBI PAaBHO ee Macce, YMHOXKEHHOM Ha cKopocTh. Cko-
pocTth hoTOHA — 9TO CKOPOCTE cBeTa. OTCIOAA MOXKHO IIPHIii-
T K BBIBOAY: E =mgyc2 Ecim 3TOT BBIBOA 0600uMTE Ha
Jobyro Maccy, To noJryunrcsa popmya JitHinrelHa E =me2.

Ha 1 M2 noBepxXHOCTU B COJIHEYHBIN NOJIAEHL CBETOBLIE
Jiyd¥ CO3HAIOT MexaHmdecKoe ycmume okoiso 0,00039 H.
Taky10 He3HAYMTEIbHYIO CUIY OY€Hb TPYAHO M3MEPUTH Ha
ombITe. II05TOMy HEKOTOpBIE yUEHbIe COMHEBAJIMCEH B TEOpe-
THMYECKMX De3yJbTaTaX, MoJydeHHbIX MakcaessoMm. Heob-
xoauMo ObLIO ImoATBEepIMTHL (opMmyny MakcBensa HOps-
MBIMM M3MEPEHUAMM CBETOBOIO JIaBJICHVSA.

CyiecTBOBaHME CBETOBOTO JIaBJICHMS OIBITHBIM IIyTEM
BIEepBble ycTaHOBMJ pycckmii ¢pusuxk II. H. Jlebener B
1899 r. Ha TOHKOJ HMTM OH TOJBECWUJ JBE ITapbl KPbLIbI-
HIeK, OZlHa M3 KOTOpBIX Oblila 3adepHeHa, a Apyrad Onlia
3epKaJbHOM (pyc.296).

Bce ycTpoiicTBO 6B1310 TIOMENIEHO B BakyyM. CBeT mpak-
TUYECKU TIOJIHOCTBHIO OTPaXKaJICAd OT 3€PKAJILHOM IIOBEPXHO-
CTU KPBIJILILIKA, ¥ €70 AaBJEHMe Ha 9TO KPBLIBIIIKO ObLLIO
BABOe boJbIMM, YeM Ha 3adepHeHHoe. Biaromapsa sTtomy
YCTPOMCTBO IIOBOPAYMBAJIOCH, ¥ TI0 YIJIy TIOBOPOTA M3Meps-
Jlachk CJla, AEMCTBOBaBIIas Ha KPHUILIIIKM, a 3HAYUT, U
ZJaBJIeHME CBeTa.
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Ha mepBbIf B3rJIAL ONBIT KazKeTcesA OpPOCThIM. OxHAKO
TakKoe BIIeyaTJieHMe OOMaHuMBO. «fI BCIO CBOIO XKU3HDb
BoeBaJI ¢ MaKkcBeJLJIOM, He IIpU3HaBasA ero CBeTOBOe JaBJie-
HMe, ¥ BOT ONbITEI JIebeneBa 3acTaBUIIM MEHA CHAATHCA», —
CKaszaJl aHrJviickuit pusuk JI. ToMIICOH, IT03HAKOMMBILIMCH
C OITBITaMM PYCCKOTO YIEHOTO.

IpurarneaoTea ju Tedaviu orTounl? JIr0Oble Tela BO
Bcestennoi NpUTATHBAIOTCA APYT K APYTy II0 3aKOHY BCe-
MMPHOTO TATOTEHM, OTKprITOMY Hbl0TOHOM OoJtee 200 JeT
HazaZ. A Kak ob6CTOUT Zesio ¢ TaKo¥ HeoObIMHOM (popMoit
MaTepuu, Kak cBer? IIpurAruBaioTca JM Tejamy (POTO-
HBI — 9TY YaCTUYKY CBETOBOIO IIOTOKA?

B HauaJsie Haluero Beka AJb0epT DMHIITEMH HAYAJ pas3-
pabaThIBaTh OYEHb CJIOKHYIO (PM3UUECKYI0 TEOPIIO, KOTO-
pas noJsyunsa HasBaHMe 00IIell TEOpUM OTHOCUTEJILHOCTH.
Ilo pacyeram JIJiHIITE/HA BBIXOAWMJO, YTO IIPUTANKEHNE
CBETOBBIX KBAaHTOB MOXKHO OOHApy KHUTh TOJILKO B OYeHb
CUJIBHBIX II0JIX TATOTEHWsS, HAanpyMep Ha MaJbIX pacCTo-
AHUAX OT noBepxHocTy COJIHIIA, IZle CUJa TATOTEHMA OCO-
6eHHO BeJIMKa.

B pagase 1919 r. O6ply01 CHapAXKeHBI Be SKCIISAMIINA.
OpHa M3 HMX PaCHOJOXKMJIACh HENojaJieKy oT OGpasmib-
ckoro ropozna Cop6ans, a Jpyras sKCrenuipia — Ha 0CTpPO-
Be IIpmucurn y 6eperos 3amnaguoit Adpyukn. B atnx Mecrax
B Mae 1919 r. moszxHO 6bLIO0 HACTYIIMTE IIOJIHOE COJHEYHOE
3aTMeHMe.

Kpome O0OBIYHBIX MCCIIEOBAHMIA COJHEYHO! KOPOHBI
PelLDI [IPOBEPUTH BBIBOABI SMHINTEIHOBCKON TeOopMM.
HykHo ObLJIO OIpefesMTh ITOJOXKeHMe 3Be3], BUAMMEBIX B
TEJIECKOII Ha OJHOM ¥ TOM ¥Ke y4JacTKe Heba, B IByX CIyda-
AX — KOIZa 3Be3[Hble Jy4u MAYT Brajieke oT CoJHIA M
KOIZla OHYM MAjaloT HAa 3eMJ0 BOJM3M COJHEYHOTO AMCKA.
IIo M3MeHEeHWIO IIONOXKEHUA 3Be3Abl MOKHO CyAuTb 00
OTKJIOHEHMM ee Jydei moJieM TaroTenus CoimHina. B To
BpeMs HabuopaThb 3Be3Abl BOJM3M COJIHEYHOrO JiMCKa
MOZKHO GBLIIO TOJIBKO BO BPEMS ITOJIHOT'O COJIHEYHOTO 3aTMe-
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Puc. 30 a. ITose TaroTenns Puc. 30 6. [Ipupainienue sHeprum
CoJiHIa OTKJIOHSAET JIy4y CBeTa KBaHTa B [10JIe TATOTEHUSA
3Be31bI A. 3emint.

HMA, MHAYe 3BE3/bl He BUAHBI Ha (HOHE APKOIo CBEeTa,
paccenBaeMoro aTMocdepoii.

29 masa 1919 r. yuennle yOeqummucyr — JIyd cBeTa OTKJIO-
HAeTca nputaxeHueMm CoJHIIA MMEHHO TaK, Kak Npejcka-
3pIBajia o61as Teopusa OTHOCHMTeNbHOCTH (puc.30a). Y3HaB
06 sTom, DiHIuTelH Harmcan Ilnanky: «Cynepba okaszasa
MHE MMJIOCTD, TIO3BOJIMB JOKUTB J0 9TUX JHE...»

B mamm guu 9PpdeKRT NPUTAKEHUA CUJIaMy TATOTEHMS
KBaHTOB 9JIEKTPOMATHMUTHOTO M3Jy4yeHuA HabiromaJsicsa M B
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3eMHBIX ycyoBuAX. I1o mpenckazaHmMaAM DMHINTENHA KBaHT
9JIEKTPOMATHMTHOTO M3JIy4YeHMs ¢ sHeprueil E BepeT cebs B

. E
roJie TATOTEHMsS KaK YacTuua € Maccoi . ITagasc
BbICOTBI H, KBAHT JOJZKEH IPMOOPECTH JOMOJIHUTENBHYIO
KMHEeTMYeCcKyl0 sHepriio AE=mgH, rme g — yCKOpeHHe

CUJIBI TAXKeCTH. YeM OoJbIlie S9HEPIruda KBaHTa, TeEM 6oJbiLe
ero yacrora v. Heprf.lHO BUOETH, 4YTO YacTOTa KBAaHTA,
«ymaBLIETO» C BBICOTHL H, BO3pacTeT Ha BeJUMYIMHY

Av= AE_ A ITpm nBMKEHMM IPOTHUB CHJIIBI TATOTEHMS
hc’
9HepruA M 4acToTa KBaHTa yObIBAIOT.

B none 3eMHOro TATOTeHMsI M3MEHEHMe SHEPTUM KBAHTA
IO IEMCTBMEM CUJIBI TAXKECTM HMYTOXKHO. Tak, «mamasa» ¢
BBICOTBI 1 M, KBAHT yBEJIMYMBAET CBOIO SHEPTUIO Ha AOJIO,
PaBHY10 -AE—?_gH 38110,61-—10‘”! Kazamoce, uyto mopobHoe
M3MeHeH)e 9SHepruyM HEBO3MOXKHO 3aMETUTHb C ITOMOILBIO
CaMbIX TOHKMX METOHOB, MMEIOIIMXCA B PACIIOPAKEHUN yUe-
HEIX. I Bce Ke HeMerkoMy ydeHoMmy. P. Meccbayspy B
1958 r. Ha OCHOBe OTKpPBITOTO MM 3¢ (eKTa PEe30HAHCHOTO
MOIJIOILEHMA TraMMa-KBaHTOB yZaJIOCh CO34aTh HOBBIA
METOJ PerMcTpanmy MaJefMX u3MeHeHNI1 SHepTuM KBaH-
TOB, MCITyCKae€MBbIX HEKOTOPHIMM aTOMHBIMM Azxpamnu. I'ox
CIIyCTd, MCHOJb3ya MeTox Meccbayspa, aMepuKaHcKue (pu-
3ury IlayHn n Pebka Habrofa M OpupoOCT KMHETHMYECKOM
9HeprMM KBAHTA, «IIaflaBIIero» ¢ BLICOKO baruy 'apBapa-
CKOro yHusepcureTa (puc. 306). OHM M3MEPIIIN OTHOCUTEIb-
Hoe IIpupalleHne sHepruu, paBsHoe 2.5-10-15, 3apeructpu-
POBaHHBIN 3eMHOM 95(eKT oKazajcad B MMIIMAPL pa3
MeHbIlle HabJIogaeMoro  acTpodM3MKaMM  COJIHEYHOTO
sddekTa BO BpeMA MOJHOrO 3aTMEHUA. [loJIyyeHHbIe AaH-
HBIE IIOJIHOCTHIO COIVIACOBBIBAJINMCH C TeopHeit DIHIITeHA.



«Poxnenne» KBaHTOBOM MEeXaHUKH

Harpetroe teno. PU3MKM yMeNM pacCuMTaTh IIOTOK
3BE3HOTO M3JIy4eHUsA B 3aBMCHMOCTYM OT CIEKTPAJIbHOIO
cocTaBa MIJydYeHMs 3Be3dbl, ee IBeTa. [Ipu sTOM 3Be3ny
paccMaTpMBaJM Kak Harperoe TBepAoe TeJyo. PacyeTsI mpo-
U3BOAWINCE [0 (pOpMyJIaM, OCHOBAHHBIM Ha 3€MHBIX M3Me-
PEeHMAX UBIYYEHUI HarpeThIX TeJl. ONHAKO y4YeHble CTOJK-
HYJIMCh ¢ DONBIIVMY TPYIHOCTAMM, KOTAA IILITAJNCH TEeOpe-
TUYecKy OOBACHUTHL 3aKOHBI MIJIYyYEHMA CAMOTO PacIpo-
CTPaHEHHOT'O MCTOYHMKA CBETa — HarpeToro TBEPHAOTo
TeJia. Belb 9TO ¥ HUTH 9JIEKTPMYECKOI JIaMIIbl HaKaJMBa-
HMA, ¥ pacKaJIeHHble TOIIKM IIeueil, M TeJIo YenoBeka. Jla u
IJIaBHBIV MCTOYHMK SHeprimym — CoJlHIle — M3JydaeT IIo
3aKOHaM, OJIM3KNMM K 3aKOHAM MIIYUEeHMA HarpeToro TBep-
noro Teyra. KoHeyHO, MMMO Takoil 3ajauym MPONTH ObIIO
HEBO3MOZKHO.

B mHauase Halrero Beka aHINIMICKMIA yueHbIi JI. JKuHC
paccumTaJ COCTAB M3JIyYE€HMA B IIOJIOCTM 3aMKHYTOTO
COCyZa €O CTeHKaMM, HarpeTbIMM [0 ONpeAeJIeHHOM TeM-
nepaTtypbl. CBou pacueThbl J[3KMHC OCHOBBIBAJ Ha TEOPUM
9JIEKTPOMarHMTHOrO rnoJas MakcBesna, NPennoNoKUB, UTO
HarpeTas IIOJIOCTb HEIIPEPbIBHO JMCIIyCKaeT BOJIHBL. B
pesyabTaTe JIPKMHC YCTAHOBWJI, YTO YaCTOThI MIJIyYEHMS
BHYTPM ITOJIOCTH OTIPEAEJIAIOTCA TOJBKO TEMIIEPATYPO cTe-
HOK M He 3aBMCAT OT TOro, M3 KaKOro MaTepuajia OHMU
cpenaHbl. ECay B OJIOCTYM IIPOCBEPJIMTE MaJ€HBKOE OTBEp-
CTHe, TO M3 HEero JOJIZKHO BBIXOAWUTh UIJIy4YeHMe, ITPaKTuIe-
CKM HMYEM He OTJMYaloIleecd OT BO3HMKAIOIIEr0 BHYTPMU
3aMKHYTOT0 HarpeToro cocyza. I'oBOpAT, 4TO TaKoe OTBEp-
cTHe u3yydasio ObI Tak Ke, Kak abCcoOTHO YepHoe TeJso
(pmc.31).

ITouAaTHe «abCONIOTHO YEpHOE TEeJIO» MIPAeT BaKHYIO
ponb B Teopermdeckoit ¢usmre. Korma us3Mr 4YTO-TO
Ha3pIBaeT abCOJIIOTHO UEepHBIM, 5TO He HYXKHO ITOHMMAaThb
6ykBasabHO. IIpocTO Ha3BaHHBIN TaK IPEeAMET MOJHOCTBIO
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Puc. 31. Mopens a6coIIOTHO ViHTEpPECHO OTMETHUTH, YTO

4epHOro TeJa. Tak Ha3bIBAIOT CoJiHIIe UCITyCKaeT CBeT IT0
TOJIBIA AP (MIM LAIIMHAP) C 3aKOHY, 6JIM3KOMY K 3aKOHY
3a4YepHEeHHBIMM CTEHKaMM ¥ C U3Iy4YeHus abCoIIOTHO YEPHOTO
KPYTIJIbIM OTBEPCTHEM d. TeJa.

Bomeamnit B oTBepCTHe JIyd 1
He BbIxXoauT o6paTHo. ITocae
MHOTOKPATHBIX OTPaxKeHui1 oT
3a4epHEHHBIX CTEHOK JIyd
norgoiaerca. ITosTomy n3
orBepceTiA d BEIXOAUT
u3IyyeHue, XapaKTep KoOTOporo
omnpezeIAeTCA TONbKO
TEeMIIEPaTy POl CTEHOK FOJIOrO
mapa (M1 IMIMHAPA).
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MOIJIOIaeT BCe Majaloliye Ha Hero Jy4u Jiroboif AIMHEBL
BOJIHBL. OTBEpCTHE B 3aMKHYTO ITOJIOCTM IIOYTH LEJIMKOM
MOTJIONIAeT IMIaJalolMii Ha HEro cBeT, HO 9TO COBCEM He
03HA4aeT, YTO OHO He MCIIYCKAaeT HMKAKUX JIydel, YTO OHO
«gyepHOe». IIpoucxoauT Kak pa3 obpaTHOe: MOTOK M3JIyde-
HUA eOVHMIIbI ILIOIAAM OTBEPCTHUA «abCOJIOTHO YEPHOIO
Tesa» 6oJbIle MOTOKA M3JIyYEHMA C eVHIIHOM TLITOILA /M
IIOBEPXHOCTH JIF000T0 APYTOro TeJja, HarpeToro 0 TaKoi ke
TeMIlepaTypbl. IIpuyeM 9TOT MOTOK M3JIydYEeHMA OUYeHb
6BICTPO PaCTET C yBeJIMYEHMEM TeMIIEPATyphl, OH IIPOIIOpP-
IMOHAJIEH ee 4YeTBepToit cremeHu. Takasg 3aBUCHMMOCTBH
MBJIyYeHU OT TeMIlepaTyphl Ha3bpIBaeTcsa 3akoHoM Creda-
Ha—DBoabiMaHa. A abCOJIOTHO YEpHOIO Tesa 3aKOH
3ammcbiBaeTca Tak: ¢ =0HT4 3pechk ¢ — MOTOK U3JIyIYEeHNUA
(BT), ucIyckaeMsbIil IIOBEPXHOCTBIO Tejya; H — miaomans
noBepxHOCTH (M2); 0 — ntocTosAsHHAaA CTecpaHa—bBoJbIIMaHa,
paBHaa 5,67-107% Br-m2-rpapg—¢. OueHum 1m0 9TOH
dopmylie IOTOK SJE€KTPOMAarHUTHOTO MU3JIy4YeHNs, VICITy CKa-
eMbIil 1 KB.M COJIHEYHOM IOBepxXHOCTH. IIodyymM BeCbMa
3HAYMTEJbHYI0O MOINHOCTB: 75 MBT/M2, npuHAB, dYTO
CoiHile U3my4yaeT M0 3aKOHY, OJIM3KOMYy K 3aKOHAM MU3JIy-
geHuAa abCOIOTHO YEepHOro Teja, a ero TeMIepaTypy Ha
noBepxHOCTM paBHOM 5800 K.

Jaragka u3Jy4YcHUA YepHoro TeJa. He TOJBKO MOIIHO-
CTBHIO XapaKTEPU3YETCA MIIyUYeHNe HarpeThIx Tes. C MOBbI-
IIeH/eM TeMIIepaTypbl MEHSAETCA LBET TeJa: OT TeMHO-
KpPAaCHOIO y HarpeToi Medu A0 OCIenuTeIbHO 6eIoro nseTa
Conuna — Bce 66NbIIAf JOMA SHEPTMM IIPUXOAMUTCS HA
o6Js1acTh BBICOKMX 4acTOT. MeHAeTCA CIEKTPaJIbHBIN COCTaB
N3NydeHus. 3aBUCUMOCTb U3Jy4YaeMoil SHEPIUM OT 4acTo-
TBI Vv (PUBUKY YCTAHABINBAKOT B IIpOLiecce M3MEPEHU SHEP-
Iy, 3aKJII0YEHHOM B Y3KMX MHTEPBAJIAX YaCTOT, HAIIpUMEDP
Ha y4acTKe OT V; 10 V,

Ecny sHeprmio, u3nyyaeMy!o TeJIOM B y4YacTKe CI€K-
Tpa OT Vi AO V,, Pa3feNuTh Ha ero LUIMPUMHY Av=1v,—vq,
TO IIOJIyYMTCA BeJMYMHA €, — M3JIydaTesJbHasdA CIIO-
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Puc. 32. ITo Teopun JIzxuHca, C yBeJIMYEeHUEM
MU3Jy4aTesbHadA CIOcOGHOCTD 4aCTOThI CBETO-
abCcoIFoTHO YEpHOTO Tea €, BBIX KoJIebaHMi1 v.
7loN3KHa BCe BpeMA Bo3pacTats  Torza yioboe Harpe-
TOE TeJIO M3JIYy4aJIo
661 B Aanasone BT
PEHTTeHOBCKYME JIY4YM.
ITo Teopunu Ilnanka,
M3ay4daTesabHad CIo-
cobHOCTE BO3pacraer
JIMLIb JI0 ONIpejesieH~
HOM 4acCTOTHL, a
3aTeM yb6nIBaerT.
ITonyuaeTcs 3aBucu-
MOCTBb C MAKCMMYMOM.
OneIT MOATBEPKAAET
Teopuio IlnaHka.
Ecsu Ha nyT™!
u3jy4eHusa abcoroTHO
YepPHOTIo TeJa
MOCTaBUThb IPUMY,
TO CBETOBbIE
BOJIHBI C MaJIBIMM
JacTroTamMu KoJsieba-
Huit GyAyT MeHble
OTKJIOHATBCA IIPU3-
MOJ, YEM CBETOBLIE
Konebanusc Goabiiei
4acToToit. VI3Mepus
9HEPTUIO JIydeil,
COOTBETCTBYIOIMUX
BOJIHAM C pa3jIMyHON
4acToTOM KoJieGaHmit,
MPUEMHMKOM JIyYM-
CTOJ 5HepIuu, Ko-
TOPBIN NIepesBu-
raeTcs napajJjeibHo
miockoceTu K,
MOZKHO IOJIyYUTH
3aBUCUMOCTb,
orobpazkeHHyI0
dopmyoit I[Inanka.

cOOHOCTb aBCOMIOTHO YEPHOro TeJsa IJIsI 4aCTOThI V, JexKa-
el MexXAy V1 M V,. Ecay Terephb OTJIOKUTD 10 OCH OPAMHAT
M3MeHEeHHbIe Ha ONbITe 3HA4YeHMus €,, a 1m0 ocu abcimece —
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COOTBETCTBYIOIIMfE MM YacTOTBI, TO IIOJYIMTCA KpPU-
Bagd C MakKcMMyMOM. A BOT TeopeTwdecKasd opmysa

Penea—/xxunca — napabona: g= Z’tz,sz KpuBad, y KOTO-

poit HeT MakcuMyMa (puc.32). Ilosmy4danocs, YTO 3aKOHOMeP-
HOCTb, yCTaHOBJICHHasA HezaBucumo Peneem u JIxkmHCOM,
COBIIAZlaeT C OIBITHBLIMM AAHHBIMM TOJBKO IJA MAaJbIX
4acToT, HA YYacTKe B OKPECTHOCTHM Hadajla KOOPAMHAT B
mmanaszone AB. B ocranbHOM 9Ta hopMmyJia Hejema. JI3 Hee
cyieiyeT, 4To Ipy Ji000ii TeMIlepaType TeJa JIbBUHAA T0JIA
U3JIYIeHNs NPUXOOUTCA Ha 00JaCTh KOPOTKIMX BOJIH.

Camoe KOPOTKOBOJIHOBOE M3JIydeHye, KOTOpoe elle 4yB-
cTByeT Halll a3, — uoieroBoe. II09TOMy M3 pacyeTos
Pemea u JI:kuHCa CJeOBajio, YTO B M3JIydeHMM JO60TO
HarpeToro TeJja [OJIKHO ObITH GoJibllle BCErO (DMOJIETOBBIX
ay4yeit. Teopusa npuBoAyMiia K BbIBOAY, UTO Temjas Ie4YKa
NOJDKHA CBeTHUThCA QuoseToBbIM cBéToM! Ho pacyeTs!
Pestes u Izxkunca 661y cresiaHbl 6€3 OILMOOK, M1 B MX OCHO-
Be JIeXKaJIM IPOBepPeHHbIe 3aKOHbI KJIacCUIeCKOil (MUK,

B uem ke 3aragxa usJjydeHmusa HarpeTeix Ten? He cpasy
VAQJIOCH PELNTb ONHY U3 CJOXKHeMnX mpobjemM, KoTopble
Korza-imbo BCTaBaJu epes yIeHbIMI.

Hemenugnit TeopeTrk Maxkc I1aHK repBbIi HalllesI 3aBy-
CHMOCTDb XapPaKTEPUCTHK M3JIy4YeHMA TeJia OT €ro TeMmrnepa-
Typel. Jemo 6bumo Hemerkum. IIaHK 3aTpaTmil ABa roza,
4106l momobpaTs OpMyJIy, BBIYMCIEHMA II0 KOTOPOM

coBrazaay ObI C OMBITHBIMM JAHHBIMM. BOT 3HaMeHMUTas
2nhv’

hy
c’(e"T —1
h— nocrosuuasa Ilnanka, paBHas 6,62-10-3% JIxkx-¢c, c—
CKOpOCTh cBeTa, k—mnocrodHHasas DBoJsbiMaza, paBHad
1,38-10-23 JIx-rpan. YMHOXKeHHas Ha Temmnepatypy T,
MOCTOAHHAA BoJsibIiMaHa faeT CPeAHIO 9Hepruio KoJeba-
HMIT aTOMOB.

dopmysa, HocALIad €ro wuMA: §&,= . 3meck

IlosiBnenne cjioBa «KBaHT». YTOGBI OHATDH MMPOTEKaHME
du3UyecKoro mpouecca, erje HeJOCTATOYHO PAaCloJaraTh
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dhopMynoii, KoTOpas NMPaBUIBHO CBA3BIBAET €r0 OCHOBHBIC
XapaKTepUCTHKN. BaxKHee Apyroe — yCTaHOBUTH HPEHAIIO-
CBLIKM, Ha KOTOPBIX OCHOBaHA IIOJYyYEHHAsA 3aKOHOMEp-
HOCTBb. ILJIaHK O€Je OIUTEJbHBIX MCCJENOBAHWIA TOHAJI,
4TO, MCXOJA U3 MpEeJICTaBJIEHMI O CBeTe KaK O HelpepbIB-
HOM BOJIHOBOM IIpOIlecce, BbIBECTM OTKPBITYIO MM (popMyTy
HEBO3MOXKHO. PopmMysia MOSyYNUIacCh TOJIBKO B IIPEAIOJIO-
JKEHUM, YTO CBeT M3JIy4YaeTcsA MOPLMAMM, KBaHTaAMM, IIpH-
4yeM S9HePTryA KBaHTa NOJIXKHA PaBHATHBCA hv. DTO Ipenrno-
JIOJKeHME [POTMBOPEYMJIO BCEM CYILECTBOBABIIMM B TO
BpeMA MPEACTaBIEHMAM O BOJHOBOJ ITpuUpozie cBeTa!

OnHaKo Jpyroro BhIXOAA HalTH He yasoch, 1 B 1900 r.
IInank omy0/MKOBaJI MONydeHHbIE MM Pe3yJbTaTbl, CaM
elre o KOH1la He BePA B CYIIIeCTBOBaHME KBAHTOB CBETOBOM
sHeprmu. B To Bpema IlnaHk paccMaTpuBas KBaHTBHI KakK
BCIIOMOTATENbHOE IOHATHME, C TIOMOIIBI0O KOTOPOTO MOIKHO
HOJIyINUTb BEPHYIO 3aBUCHMMOCTD €, OT YaCTOTBI U3JIyUYEHMUA
¥ TEMIIEPATYPhI HarpeToro TBEPAOrO TeJa.

ITo3pgHee, BcrmoMMHAsA O TEPBOIl «KBaAHTOBOV» pabore
Ilnanka, DOiHIITENH roBopwi: «..IIJaHK mocaauim B yXO
dm3uram 6s0xy». Dra «b6I0OXa» — MBICIBL O KBAaHTOBOM
XapakTepe SJEKTPOMarHMTHOIO M3JIyYeHMS B KOHEYHOM
uTOre ¥ IIpMBeJa K CO3JaHMI0O COBPEMEHHOM KBaHTOBOM!
TEOPU.

Ilnagk mpeprosaraj, 4YTO IPEPHIBHO — KBaHTaAMM —
CBeT TOJIbKO M3JIy4yaeTcsd, a PacHpocTpaHAeTCA KaK BOJIHA.
Ha Bompoc o crmocobe morJoreHmsa csBera Teopmuda IlraHka
oTBeTa He naBaJsia. Heo6xonumo 65110 BBIACHUTD: HOCUT JIN
IIOIJIOILIEH e HEMPEPhIBHBIN MM KBAaHTOBBIN XapakTep?

KzpauTse! 1 snekTpounsl. Eie B 1887 r. pu3MKM OTKPBHLIN
SABJIEHMe, ITOJIyUMBIIIee BIIOCJIEACTBMM Ha3BaHue ¢poToad-
dekra. AByeHMe 3aKIIOYATOCh B TOM, YTO M3 OCBEIIEHHO
MeTaJIIMYeCKO [IJIaCTHHBI, IIOMEIIEHHO B COCY, U3 KOTO-
poro TIIaTeNbHO OTKadaH BO3/AyX, BBLIETAIOT OTPHIla-
TEJBHO 3apAKEHHbIE YAaCTULBI — 93JIEKTPOHBI (puc.33). B
HasbHeleM 6bLIM M3MepPEeHbI CKOPOCTM BBLIETAIOIIMX M3
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Puc. 33. Cxema ormITa 1o
u3ydennio porosderTa. Puc. 34. PoTossieMeHT.

ILIACTMHBI 9JIEKTPOHOB. OKAa3aJ0Ch, YTO OHM BO3PACTAIOT C
yMeHbIIEHMEM JJIMHBI BOJIHBI IIajfaiollero cseTa. Tak,
MaKCHMaJbHAasA CKOPOCTH SJIEKTPOHOB, MOKMUAAIOIMX ILa-
CTUHY, OCBEIIleHHYI0 KPacHbIM CBeTOM, ObIna mouTm BABOE
MEeHBbIIIe CKOPOCTH 3JIEKTPOHOB, BBIJIETABIIINX IPH OCBEILe-
HMM TOM K€ NIACTUHBI (PMOJETOBLIM CBETOM. Y AMBUTENb-
HbIM OBLIO TO, YTO CKOPOCTY SJIEKTPOHOB HE 3aBUCEJN OT
KOJIMYeCTBa CBeTa, Mafalolero Ha niacTuHy. Ecay 6b! Ha
IUIACTHMHY Iafiajia HeNpephIBHAsg BOJHA, TO CKOPOCTH
BLIPBaHHBIX M3 Hee JIEKTPOHOB JIOJKHBI Ob1yy 661 Bo3pac-
TaTh C yBeJIMYEHMEM ee aMIJIMTYZAbI, T. €. C yBeJNYEeHVeM
KOJIMYECTBa CBeTa, IIOIJIOIAeMOr0 eIVHMIIEN IIOBEPXHOCTH.

3aragka oTosdpderTa CTAHOBUIACH IIOHATHOM, €CJM
CBETOBOI MOTOK MPEACTABIATH B BUJE OTHAEJIbHBIX JaCTHII-
KBaHTOB; 9HePIMI0O KBAaHTa BbIpPaiKaTb 3aBUCHMMOCTBIO hv.
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OHeprusa KBaHTA IIPU €ro CTOJKHOBEHUM C BEIIECTBOM
IIJIACTMHBI PACXOyeTcs, BO-TIePBBIX, Ha pabory A, KOTopyio
HYKHO 3aTPaTHUTh, YTOObI BHIPBATh JIEKTPOH U3 METAJLIA,
#, BO-BTOPBIX, Ha TO, YTOOBI COOOILIMTL €My CKOPOCTh, yBe-
JIMUUTL €T0 KMHETUIECKyIo osHepryuio. Ha ocHoBaHuy 3aKoHa
coXpaHeHMA SHePIHUM MOXKHO 3aMyCaTh CKa3aHHOe CJIOBAMMU

B MaTeMaTU4eCcKoi copMme jy=4 + L'z'—V . B sroit dhopmyde

m— Macca, a v— CKOPOCTb 9JeKTpoHa. BemmumHa A —
nocroAHHaA. II09TOMy CKOPOCTB SJIEKTPOH2Z BO3PACTAET C
yBeJiMdeHueM 4YacToTel. IIpoBepka Ha OIIBITE MOJIy4YEHHOTO
COOTHOILIEHNMA IIOKa3aJla, YTO OHO IMIOJIHOCTBbIO OOBACHAET
3aKOHOMepHOCTH PoTo3(dperTa. Brepsrle ero 3ammicas B
1905 r. A. DiHIITeNMH. Y HadHoe 00bsACHEeHe HOBOrO ABJe-
HMA HA OCHOBE KBAHTOBBIX IIPEJICTABJICHMII CTAJIO eIle
ORHMM JO0Ka3aTeJIbCTBOM IIPEPhIBHOM CTPYKTYPEI CBETA.

MHorMe IIOJYNPOBOJHMKOBbIE MaTepMaJbl B Jydax
cBeTa YMEHBLIAIOT CBOE 9SJIEKTPMUYECKOE COIPOTHBJIICHME
II0TOMY, YTO B KPMCTAJIMYECKON DPeIIeTKe ITOJIyIIPOBOK~
HMKa IIOf AEMCTBMEM (POTOHOB BO3HMKAIOT «CBOOOMHBIE»
aJieKTpuyuecKkyue 3apAnbl. Takoe [efiCTBME CBETA HAZLIBAIOT
BHYTpPeHHMM (poTosddexTom.

B MoOCKOBCKOM METPO HeJNb3dA IPONATH Yyepe3 TYPHMKET,
He OIyCTUB B €T0 CTOJMKY IATMKOIIEEYHYIO MOHETYy, — He
TNPOIIYCTUT cBeTOBOM ayd. OH mepecekaeTr IIPOXOX M Moma-
naet Ha GoTos3JeMeHT. Eciy 3aKphITh JIyd, (POTOIJIEMEHT
TIOAacT CUTHaJ. DJIEKTPOHHAA CXeMa YCHIMUT STOT CUTHAJ U
rnepefacT ero Ha MEXaHMYECKYIO0 CHUCTEMY, 3aKPbIBAIOIILYIO
Ty PHYKET.

doTtosneMeHT ¢ BHemHuM oTosddexkTom ycTpoeH Tax.
Ha cTeHKy CTEKJIAHHOTO 6ajiyioHa HaHeCEeH MEeTAaJIIMYeCKMiA
CJION, a MOBEPX HETO0 — CJIOM ITOJIyIIPOBOAHMKOBOTO BeIlle-
cTBa, 9To Karox. K KaTomy mHonaBeeH OTPHULIATEJbHBIN
rosttoc 6aTapen, a K aHORY (HMKeJEBOMY CTEPIKHIO BHYTPHU
6asimona) — mostoXKuUTeNbHBI (pyc.34). Korga cBeT BoIGM-
BaeT M3 KaTojla 3JIEKTPOHBL, B I[eNM (POTO3JEMEHTA TEeYeT
ToK. Korza cBeta HeT, HeT 1 ToKa. JleiicTBUEe poTOIIEMEHTA
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MOKHO YCUJNUTb ¥ VMCIIOJNb30BaTh AJIs yIPaBJIeHUA JH0601
MeXaHN4YeCKO CYCTEMOA.

B Takyio xe cxeMmy, Kak U OTO3JIEMEHThI C BHEIIHNM
toToacderTOM, MOTyT OBITE BKIOUEHEI M (POTOIJIEMEHTEI
¢ BHyTpeHHMM orosdderToM. X Ha3eIBAIOT POTOCOIIPO-
TuBaeHuAMM. OHM yBeJMUMBAIOT WM yMEHBUIAIOT COMPO-
TUBJIEHME SJIEKTPMIECKOM IenM, B KOTOPYIO BKJIOYEHBI.
CamMoe IleHHOe CBOVICTBO (POTOCONPOTMBIEHMI — WX CIIO-
cobHOCTL pearMpoBaTh Ha M3JydeHme cjabo HarpeThIx
TeJ: Ha JYYMCTYIO0 SHEPrMI0 ¢ OOJIBLION IJMHOM BOJIHBI,
T. €. Ha MH(ppaKpacHbIE JYyIN.

Yuenble yxe co3zam (HGOTOCONPOTMBJIICHWUA, YyBCTBU~-
TeJIbHBIE K JIydaM C IJJIMHOM BOJIHBI Oosiee 10 Mxm. Berom-
HMM 32KOH ByHa — 3aK0H cmemienus; AT =2897 mrm. Ecan

A=9,35 Mgm, TO 1= 9, 35—309°K wiu npumepHo 36° C.
TaxMe JIy4¥ MCITyCKaeT Haile TeJo. Ecym 6b1 yenoBe4ecKmit
IJIa3 pearupoBaJl Ha 3TY U3JIyUYeHNUA, Mbl HOYbIO BuAeJ Obl
JIMITA JIIOZIel CBeTALMMMUCS.

Arompl i kBaaTel. CIEQYIOIMIL IIAT B Pa3BUTUN YIEHNUA
0 KBaHTaxX cheJaJ gatckuit ouszmk Hunsc Bop. OH 3amasca
LeJIbI0 OOBACHUTL MIJIyUeHMe OTHEeNbHOro aToMa. B TBep-
IOM TeJjie aTOMbI B CHMJIBHOJM CTeIleHM B3aMMOJIe/ICTBYIOT
MexXKAy cob0i1 ¥ T09TOMY MCITyCKalOT HeIPEPBIBHBIN CIIEKTP
MBJIydeHNsd, KOTOPHIN He 3aBMUCUT OT TOTO, X3 KaKOro COpTa
aTOMOB COCTOMUT TBEpPZOEe TeJIO: CIEKTPhI HarPeThIX KYyCKOB
Meoy WM Xejle3a He OTJIMYAIOTCA, ecjy TeMIepaTypa
KYCKOB OffHa ¥ Ta ke. Cpeny uryMa 60JIbHION TOJIIBI HEBO3-
MOXKHO paszobpaTb OTHesbHBIE rojoca. Tak M B TBepPIOM
TeJie aTOMBI TepAIT CBOI MHAMBUIAYAJbHOCTH. B paspe-
KEeHHBIX ra3ax aTOMbI HAXOAATCA HNaJleKo APYT OT Apyra u
He CTaJIKMBAIOTCA MeXAy co00i1 BO BpeMsa M3JIydeHUs CBe-
ta. ITosToMy, KOrZa Wu3JydaeT ra3, «CJBIIIHBI ToJOocCa»
OTHEIbHBIX ATOMOB.

«I[lmamerapusiii» arom. EciMM meper INeJIbIO CIIEKTPO-
CKOIla IIOCTaBUTH KOJIOY C BOHOPOAOM, CBETAIIVMCA IIOf
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neficTBMEM SJIEKTPMHMECKOTO pas3psfia, TO MOXKHO OOHapy-
ENTh M3JIydeHuA c Habopom BosH piymHOM 0,656 MEKM,
486 mxMm, 0,434 MM u 0,410 MgM. VIX npuHATO 0603Ha-
gath Ha, Hp, Hy, Ho... IlIBeitiiapckuit yunrens Y. BaabMep
pel HaliTH CBA3h MEXAY AJMHAMM BOJIH, M3JIy4aeMbIX
BogoponoM. OH mozmo6pas popMyJIy, II0 KOTOPOY MOKHO
paccunTaTth AJMHBI BOJH H, Hg... IIpomsomno sro B
1885 r., a nATHIO rogamu nosgHee M. Puabepr npunan dpop-

A
AxHaA BesmumHa R=10967758,1 M-1 BrnocaeacTsuu Oblja
Ha3BaHa mocToaHHON Puabdepra. JJJyma BoJHbI KaKO-Im60
JMHWM CIIEKTpa BOZOPOAA IIOJIydaeTcd, ecau B (POPMYJIy
Basgbpmepa nocTaBUTh BMECTO 1 OGHO M3 LIEJIBIX YMUCeJ: 3, 4,
5 wim 6. B To Bpema Hu Basgbmep, Hu Punbepr m HUKTO
IPyToi M3 (PU3MKOB He MOIJIM OO'bACHUTD, IIOYEMY MMEHHO
TaKO¥ 3aBMCUMMOCTBIO CBA3AHBI MeKAY co00i JIMHMM BOLO-
poxEoro u3nydenua. BajasMep BepMJI, UTO B IPUPOZE BCIOAY
IOJDKEH LapUTh IIOPAAOK, ¥ €My YIAJIOCh IIPOCTO ITOHO-
O0paTh, WM, KaK MBI TOBOPMM, IIOJIYUUTH ISMIIUPUIECKYIO
dopmyiry. PopMmysna okasayach TOYHOM. Pazmmma mexknpy
BBIYMCJICHHBIMM 10 HE¥ ¥ UM3MEePEHHBIMM Ha OIbITe IJIM-
HaMM BOJIH OOBSCHAJIACH JHMILBb OIIMORaMM M3MEpPeHWUi.
OtkpbiTHe BanbMepa Xpuajio cBoero o0bscHeHMs 28 JerT.
JJ1s1 9TOro Hy3KHO OBLIO IIOHATE CTPOEHME aToMa. JTO ITOHM~
MaHMe HadaJoch ¢ paboT BeJMKOro aHTJMIICKOTO (pu3Mra
3. Pezepdopaa. B 1911 r. oH moka3saji OIBITHBIM IIyTeM,
4TO B aTOMe CYILECTBYeT TAXKeJIoe IIOJIOXMUTENbHO 3apsd-
JKEHHOe AApOo, pasMephbl KOTOPOTO YPe3BbIYailHO MaJjbl II0
CpaBHEHMIO ¢ caMMM aToMoM. Pesepdopz mnpencraBiai
aTOM B BMJAE CHUCTEMBI, IT0X0Keil Ha COJIHEYHYIO: BOKPYT
Axpa—~CoJHIa BpallaloTCa MJIaHeThI—AJIEKTPOHBL Takyio
aTOMHYIO MOJieJIb Ha3bIBAIOT IIaHeTapHO (puc. 35). JIrobo-
MBITHO OTMETUTD, YTO MEKAY ATOMHBIM AHPOM M 3JIEKTPO-
HaMM NeMCTBYIOT CUJILI IIPUTAKEHMS, 06paTHO IIPOIIOPIMO-
HaJIbHBbIE KBaZpaTy pPacCTOSHMA MeXAy HMMU. 3aBuCHU-
MOCTB CWJI IIPUTAKEHMUA B aTOMe OT PACCTOAHMA Takad xKe,

myJae BajbMepa cOBpeMeHHbIN B 1. R(§17_ -1n7) Ilocro-
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KaK ¥ B HBIOTOHOBCKOM 3aKOHE BCEMMPHOTO TATOTEHMNA,
YTOPaBIAOIIEM ABVKEHMEM IIJIaHET.

IInanerapHOoe CTPOEHME aTOMa XOPOIIO COTJIACOBBIBA-
JIOCh C ONBITHBIMM JAaHHBIMM Pezepcopna, HO IPOTUBOpPeE-
unio Teopun MakcseJina. M3 dpopmyar, mosygeHHbIx Make-
BeJJIOM, CJIeZIOBAJIO, YTO «IJIAHETAPHBIN» aTOM HE MOXKET
OBITE yCTOMYMBBIM. Bpammaronpiics BOKPYT Anpa SJEKTPOH
JOJKEeH BCe BpeMsA TEPATb SHEPTUIO M B KOHEYHOM MTOTE
«ymacTb» Ha Aapo. Ho Beas atoMel ycroitguBel! 3HA4YUT,
IJIaHeTapHasA MOJeJIb He OTpazKaeT CTpoeHusA aToMma... OqHa-
Ko BesimKuii pusur Hunbe Bop nymMaJ mo-mHOMY.

Ksanrosasa teopusa Bopa. B 1913 r. Huisc Bop Hauex
KJII0Y K PeLIeHMIO IPo6JeMbl YCTOMYMBOCTH IIIAHETAPHOTO
aroma. Teopua Bopa ommpajyack Ha SKCIIepUMMEHTAJbHbIE
VICCJIEIOBaHMA ONITHMYECKNUX CIIEKTPOB 9JIEMEHTOB, M IIPEKIE
BCETO Ha 3aBMUCUMOCTD, YCTAHOBJIEHHYIO BajibMepoM.

AToM Bozopozna — mpocTteiniyuit. Ero aapo —— moJsoxmu-
TeJIbHO 3apAXKeHHad SJeMeHTapHas YacTHUIa — IIPOTOH,
BOKPYT KOTOPOTO ABMIKETCA OTPULIATENBHO 3apAXKEeHHbIN
9JIeKTpoH. Yem Oumzke opbuTa SJIEKTPOHA K ATOMHOMY
AApPY, T€M MeHBbIIle 3amac SHEPruM aToMa, IIOTOMY UTO C
YMEeHBIIIEHMEM PaCCTOAHMA MEXKY 3apAfaMy Pas3HBbIX 3Ha-
KOB MX 001112 9Heprus yonIBaer.

Bop npeanonoxu, 4To B aTOMe 3JIeKTPOHBI MOTYT ABM-
raTbCAd TOJBKO IIO OIpeesIeHHBIM opOuTaM, KOTOpbIE OH
Has3BaJ paspelueHHbIMKU. C opOUTHI Ha OPOUTY SJIEKTPOHBI
IePEeXonAT TOJBKO CKAa4YKOM. ECiM 9JIEKTPOH HIEPEXOIUT C
KaKo¥-TO pa3pelleHHoi opouTel Ha 6osee 6J013KyI0 K APy,
TO aTOM MCITyCKaeT SHepPruio B BMe KBaHTa 3JIEKTpOMAar-
HUTHOTO M3JyudeHua (puc. 35). Ecam ke 9JIeKTPOH Iepexo-
IWT Ha JaJbHIOI0 OPOUTY, TO AJA STOTO ATOM [OJIKEH
TOIJIOTUTH KBAHT SHEPIMY, PABHBIN PAa3HOCTH MEXKAY SHEP-
rMell aToMa, KOoTrja eTo 3JeKTPOH HaXOoAWUTCA Ha NaJIbHeN
opbute, ¥ HEpPryeil aToMa IO MOIJIOIIEHNA KBAaHTA. VIHBIMMU
cjIoBaMM, KaxKAOi M3 OpOMT 9JIEKTPOHA COOTBETCTBYET
omnpeneyeHHAd 9HEPIrus aToMa.
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Puc. 35. ConHeunas
cucreMa u

nJaHeTapHas

MOAEeJb aToMa.

Ecau snekTpon

B aTome

BOZOpOAA

TIePEeXOAUT C JaJIbHel
opOMTHI Ha GAMIKHIOD
(2—1), To aTom

MCITyCcKaeT KBaHT CBETA.
ITpu obpaTHOM nepexope
aTOM J0JIZKEH ITOTJOTUTH
kBaHT. [lepexoas! ¢

OZIHOJ Op6MTH! HA APYTYIO
n306pazkarmT cxeMoit
9HEPTeTUYECKUX YPOBHEHMIL.
Kazxzapiit yposens Ey, E,, E,

M T. . COOTBETCTBYET SHEPTUM 9HEPTUAMM yPOBHEN PaBHa
3JIeKTPOHA Ha opburax 1, 2, 3 9HEePIruM KBaHTAa, U3Jy4aeMoro
u 1. 1. Paszunia mexay WMJIN TIOTJIOIIA€MOTr0 aTOMOM.
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OGosznaunm 9Ty sHeprmio Gyksoit E, (3Ha40K BHUBY
O3Ha4aeT HOMEep OpPOUTHI M MOXKeT NPUHMMATh 3Ha4YeHud 1,
2, 3...). Bemruuuer E Ha3bIBAIOT yPOBHAMM SHEPTMM aTOMA.
Bop mpeAmnmoNoxui, YTO MOMEHT KOJMUYeCTBa IABIIKEHMA

AJIEKTPOHA paBe€H LEJIOMYy KPAaTHOMY N OT BEJMYVHBI 77;‘,

T. e. myr=n=-. M3 aroro YCJIOBUA M yCJOBMUS PaBHOBE-

2n
mv: _ Ze?
cuA 3JIeKTPOHA Ha opbuTe —— =~ 1 mosry4aercsa popMy-
Jaa Punbepra. YcioBue paBHOBeCHA 3JEKTPOHa Ha opbure
TaKOe Xe, KaK M JJif CIyTHMKA 3eMJim ¥ 1iaHeT. B JieBoit

2
wacTu Z— — 5TO LEHTPOCTPEMUTEJbHOE YCKOPEHUE 3JIeK-

TpoHa Ha opbure (m— Macca 3JEKTPOHA, ¥ — CKOPOCTh,
a r— paguyc opOMTBI), B IIpaBOi 4YacTH — CUJA, CO3Za-
I0IfadA 9TO YCKOpeHMe, — IPUTAXKEHNEe 3JEeKTPOHA SLpOM,
paBHOe, 10 3akKoHy KyJioHa, NPOU3BEAEHMIO 3apA/OB
Anpa (Zé u osnekTpoHa (e), HeJIECHHOMY Ha KBajpaT
paccTogHMA MeEXKAY HUMM. JIOIOJIHMTEJILHOE YCJOBHE O
NPEePBIBMCTOM M3MEHEHMM MOMEHTa KOJIMIEeCTBA IBUKEHMS
9JIEKTPOHA Ha opbMTe II03BOJIAET PacCUUTATH pas3pelreH-
Hble op6uTHI. Bea npouenypa, cBA3aHHAsA ¢ BBEIEHUEM IIpe-
PBIBHBIX — KBaHTOBBIX — 3HA4YEHMJI MOMEHTa KOJIWIECTBA
IBICKEHMA, Ha3bIBaeTCAd KBAHTOBAHUEM.

B nponiecce mcIycKaHuA aTOMOM KBaHTa CBeTa C SHeEp-
tneii hv=E>—E; 9JIeKTpPOH IIepeXOOuT C pa3pelIeHHO
opOMTHI 2 HaA APYTYIO paspelueHHyo opbuty — 1, a atom
IIepexXoAUT C SHepreTu4ecKoro ypoBHs E,; Ha SHepreTude-
ckuii ypoBeHb Ei. Ilo cmekTpy cBOOGOZHBIX aTOMOB M
OIIPEAEIIAIOT YaCTOThI MX M3JIYIEHM, a 3HAYNUT, ¥ S9HEPTUIO,
BBIZIEJIAIONIYIOCA IIPM IIepexXofiaX aToMa C YPOBHS Ha ypo-
BEHb, — 9HepTreTuYecKoe PacCTOSHMe MeXAY YPOBHAMM.

Teopuss Bopa — BaKHBI/I HIar B pPa3BUTHM KBaHTO-
BOJM TeOopuM WM3JIydeHMA, KBAHTOBOM MexaHuku. C 11o-
MOLIbIO KBaHTOBaHMA Bop cMor o0BACHUTH IIPOLIECCHI,
NpoMCXOAAIIMEe B aToMe mpu uamydenmy. IIo dopmynam
. Bopa MOXHO TOYHO «paccyuTaTh» aTOM Bogopoza. Ho 065~
ACHUTBH C TOM K€ IIOJIHOTOM M3JIy4YeHMs CJIOKHBIX aTOMOB
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Puc. 36. VIznyyenne u
MOIJIOLIIEeH}Me CBETa aTOMaMMU
HaTpuA.

Ha OCHOBe DOPOBCKOI TEOPUM He YAaJOCh, HECMOTPA Ha BCe
MOMLITKY €e yCOBepIIeHCTBOBaHMA. OIHAKO C e€ ITIOMOLIBLIO
BCe 3Xe MOXKHO MOHATH XapaKTep MIJIy4YeHMsS CJIIOXKHBIX
atomoB. Tak, B ClIeKTpe aToMa HaTpmud, copepskaijero 11
9JIEKTPOHOB, MOXXHO BUIETH JiBe OJIM3KO PacIiOJIOKEeHHBIe
JIMHMA APKOro KeJiToro nusera (puc. 36). Jmauy copepxar
cBeTOBOE M3JiydyeHue ¢ aiyEHamu BoJH 0,5896 MM (aTy
JuHU0 HasbBawT D;) u 0,5890 mMrMm (auama D,). Bel-
gycamMB 1o opMmyJe 3HEpPruio KBAaHTOB, HETPYAHO IO-
CTPOUTH CXEMY SHEPreTUYeCKMX yPOBHeEN HATPuA, ¢ KOTO-
PBIX IIPOMCXOOUT M3JLydeHue KeJTOro ngybsaera (Tak Ha3bl-
Bator JuEMu D, m D,). CxeMa 3HepreTMIecKMX ypPOBHeMN
noMoraeT IOHATh, MOYeMy Ha MecTe SIDKMX JMHMA D; u
D, B CILIOLITHOM CII€KTpPe JIaMITbI HAKaNMBaHMA ITOABJIAOTCA
TeMHble JIMHMM, KOIZa €e CBeT IPOXOAuT dYepes IIamsd,
TIOLKpPAalIleHHOEe COJIAMM HaTpud (puc. 36).
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CerofHsa CIEKTPbI aTOMOB ¥ APyT¥e TOHKME aTOMHBIE
ABJIIEHMA y4YeHble aHAJIM3UPYIOT M OCMBICAMBAIOT C
IIOMOIIBIO KBAHTOBOJ MeXaHMKM. KBaHTOBasg MeXaHMKa
KaK pas3ziell HayK¥ BO3HMKJIA IOCJE MOSBJICHUA [OHATHUA
«KBaHT», KOTOPOE MPUIIIIOCH BBeCTH I1naHKy ANd 06bACHe-
HMA CTIeKTpa abCoFOTHO YEPHOTo TeJa.

OueHb Ba*KHYIO POJIb B Pa3sBUTHUM KBAHTOBOM MEXaHMKA
ceirpajyia 3aMedateybHas pabora DiiHIITENHA, ITOABMBIIA-
sca B 1917 r. B Heit 6blna IoJydyeHa TeopeTHMUECKNM BaiK-
Hejasa gpousmudeckad 3aKOHOMeEPHOCTb — (popmysia Ilman-
Ka. IIpy sroM SMHINTENH YCTAaHOBWJI, YTO CYILLECTBYET TaK
HaA3BEIBa€MOe BBIHYIKJEHHOE, MM MHAYIMPOBaHHOE, U3Jy-
YeHye aToOMOB— IIpPoIlecCc, Ha OCHOBE KOTOPOTO CO3aHbI
Jlazepsl, caMble COBEPIIIEHHBIE U3 VI3BECTHBIX HAM MCTOYHM~
KOB CBeTa.

TTommpob6yem 1 MBI pazobpartbea B pacCys:KAEHMAX IIH-
mteiiga. VX HempocTo MOHATh. II09TOMYy OKOH4YaHMe STOrO
paszeJsia ToOMy, KTO 3aX04eT ero JOYNUTaTh, JOCTaBUT HEMAJIO
xJiorioT. Ho BOT TOT, KTO pelnJ cTaTh (PM3UKOM, He IozKa-
JeeT O 3aTpayeHHOM Tpynxe. PasBe He 3amMaHYMBO
Hay4YUTHCA CAMOMY BbIBOAMTDH IIEPBYIO KBAHTOBYIO DOPMY-
Jy, TOHATb, YTO TaKoe MHAYNVMPOBAHHOEe M3JIy4eHMe, M,
HaKOHel], I03HAKOMUTHCA C HaCTOAIIMM KBaHTOBbIM pacye-
TOM, A eIIle CAEJIaHHBIM caMMM DIHINTeMHOM! YKe yIeHuK
VII xnacca cIpaBMTCA CO BCEMM MaTeMaTUMYECKMMMU
BBIKJIAMKAMM, BCTPEYAIOIIMMMCA IIPM BBIBOZE (POPMYJIBI
IInanka mo MeTOny OMHIIITENHA.

W13 Teopun Bopa caenoBaso: M3JIydaloT OTHAENIbHbIE aTo-
Mbl. B HarpeToM TBepAOM TeJie aTOMbI B CMJIBHOM CTelleHM
B3aMMOJIEVICTBYIOT MeKAY c06071. OKa3bIBAETCSA, 9TO IIPHUBO-
IUT K TOMY, YTO SHEPreTMYEeCKUX YPOBHEN, C KOTOPhIX aTOM
MOZKeT M3JIy4aTh, B HarpeTOM TBEPAOM TeJie OYeHb MHOTO.
OMHIIITEVH PAacCMOTPEJI Ba YPOBHA aToMa C SHepruaMu Eq
uk 2.

ATOM ¢ HMIKHero ypoBHa Eq mepeiifieT Ha BepxHUi1 E»
TOJIBKO B TOM CJIy4ae, €CJ} OH MOIJIOTHT ITOPLIMIO SHEepTHN
E, —E,, niyu, Kak Telnepb IPUHATO T'OBOPUTH, KBAHT hvy, =
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=E» —Ej. IlonpobyeM MOACYNTATE YMCIO TAKUX IIEPEXOJOB,
cKazKeM, 33 OHY CEeKyHIY.

IIycTe BHa 3emue mof sa6yoHed Jexkut Ny a6J10K (puc. 37).
fA6J0HA He 06bIYHAA, & KBAHTOBAA. ECIIM B IO, JI€XKa I
Ha 3eMJle, IIOHafeT KBaHT hviy, TO AOJIOKO MOOHMMAETCS U
BHOBBb IIpMpacTaeT K BeTKe. Ha N; abmox nagaer I(v)
KBaHTOB B CeKyHAy. O6o3Haumm 6yKBOi S BEpPOATHOCTH
nonafaHusa KBaHTa B AONOKo. Bemmumua S mOporoprmo-
HaJbHAa YMUCIy KBAHTOB, NaAaIOIIMX Ha A6yoryu S= B;,I(v).
B camom nene, ec Bel CTpeJifeTe II0 MMILEHM, TO UeM
GoJIb11IE BHICTPEJIOB CcAeyIano Bamu (uncyo I(v)), Tem Gosiblire
IIaHCOB IoNafaHMA B Hee. Bosbrie wem I(v) momapaHmit
66ITE He MoxKeT. TonbKo mpy abCoNMIOTHOM METKOCTM YMUCIIO
ronafaHmii MOrJIo ObI PABHATHCA YMCIY «BBLICTPEJIOB» I(Vv).
Ho kBaHTOBBI 06CTpes BegeTca 6e3 BCAKOTO MpHULEINBa-
HUA, ¥ BOT Bean4dMHa Bz Y4YMTBIBa€T METKOCTb 9TOTO
obcrpena. KoHe4HO, OHa BCerfa MEeHbIIIe eVHUIbL.

‘Tenepb, 4TOOBI IOJYYMUTH MOJHOE YMCJO IIOMafaHuit
KBaHTOB B fA0OJOKO, HY?KHO BeJUYMHY S YMHOXWUTbH Ha
qpcyo N,. ITosHoe 4mciIo monafatmii paBHO YMCIy IIepeXo-
OB 3eMJIA — BETBM 32 CEKYHAY. DTy BeJMuuHy 0003HaYMM
K; 5, Ky, =B, I(v)N,. Temeps nogcuymuTaeM, CKOIBKO aToO-
MOB B CEKYHJy II€PEXOJNUT C BEPXHET0 YPOBHA Ha HUIKHWIA.
Ecim Ha nepeBe N, crenbix AG6JI0K, TO, €CTECTBEHHO, YeM
6osbme N,, Tem GoJsblle B eOVHMIlY BPeMeHM najaeT Ha
3eMJi0 A6J10K. O4eBUAHO, YTO YMUCIO SAOJOK, CaMOIIPOM3-
BOJIBHO (CIIOHTAHHO, KaK TOBOPAT (PM3MKM) HafarOINUX Ha
3eMJII0 B €IMHUILY BPEMEHM, IMPONOPLMOHANLHO UMCIy N,.
ITony4yaetca popmyna: K,_; = A, N,.

Heobxonmmumo, 4yToObI YMCIIO IIafalol[MX C KBaHTOBOM
A6s0uM 1008 Ko -1 paBHANOCH BennumHe Ki—p — 4UCIy
BHOBBb MONHMMAIOIIMXCA HA BETBM. B NPOTMBHOM cCiydae
BesmumnHa I(v) MeHANach GbI BO BpEMEHY, a ONbBIT II0Ka3bI-
BaeT, YTO TBEPHOe TEeJO, HarpeToe A0 IIOCTOSHHOM TeMiepa-
Typbl, MM, TOYHEE, HAXOAAIeecd B TEMIIePaTyPHOM PaBHO-
BeCMM, a MMEHHO TaKoe TeJI0 MbI ¥M paccMaTpuBaeM, B
eqMHUILYY BPEMEHM JMCIIyCKaeT ITOCTOSHHOE YMCJIO KBAaHTOB
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Puc. 37. Cxema «KBaHTOBOII

AGJOHM» [IOMOTAeT NOHATH CIIOHTaHHOe u3nydenne; III —
paccyxaenns DitHmrreitna. I — VHJyUMPOBaHHOE
norJioieHye ceera; I — (BBIHY2KAEHHOE) U3JIyYEHNE.

I(v). IlpupaBHAeM Tenepsb Beayumubl K¢ 2, K1 2 M Ko 1. MBI
noxyumM: B12N1I (V)= A21N2. Pemne 9710 ypaBHeHue, mpuiem
K COOTHOLIEHMIO:
I(v) = 4alz
By Ny

CyiecTByeT 3aMedaTesJbHBIM 3aKOH: OKa3bIBaeTesd,
€CJIM TEeJIO HaXOAWUTCSA B TEILUIOBOM PABHOBECWMM, TO YMCJIO
4acTHIl ¢ 9Hepruei E; Bcera MeHbIIe, 4eM YMCJIO YaCTHI] C

E;—E
sHepruei Eq, Kor,r.(a E2> E4, puuem Ny= N, e,

Hu 'N—2= e~ 3hech e— OCHOBaHMe HaTyPaJb-
HBIX .norapmpMOB -— 4MCJI0, IPMMEPHO paBHoe 2,73. Beau-
yuHa kT — cpefHAsa KuUHeTHMYeCKas ('rquee, cpenHe-
KBaJlpaTuU4dHasA) O9HEPIMA aToMa, BXOAAILIEr0 B COCTaB
TeJIa, HarpeToro 7o TemrepaTypsbl T. 3TOT 3aKOH IIOJIyYEeH B
TEOPETUUECKOM (PM3MKe U3 IMPOCTHIX IIPEAIIONOXKEHMI, HO
caM BBIBOJ CJIMIIKOM CJOXKeH. MexXay TeM 9Ty pOopMyiy
CTOUT 3allOMHMUTH, OHa YacTO MCIIOJIL3yeTCA IIpU BBIBOZE
pa3’yryHbIX (PUIMIECKMX 3aKOHOMepHOcTel (puc. 38).
Teneps AJA 3aBUCUMOCTH CHJIIbI CBETA OT YACTOTHI IOJIy4YUM
BhIpaxkeHue I(v) = All e—2E A,; u By, pocto umcna,
¥, KaK UX HY M3MEeHsM, U3 Halllero BhIpaxKeHus opmyJa
IInaska He noaxyunrca. Ho Beas nMeHHO popmyna IlnaHka
OTpaxkaeT TO, YTO IPOMCXOANUT B IpupoZe. B Haumx pac-
CYXKAEHUAX TOXKE HeT BUAMMON ouIMbKu. 3HA4UMT, CyIIle-
CTByeT ellle KaKoi-TO Ipolecc, He YYTeHHBbII HamMu. Y BOT
3ech 3aKJIOYeHa CYLIHOCTh OTKpbITMA JitHImITelHaA. OH
TIPEATIOJNIORIII: M3 BepxHero coctoaums E, B Huxkuee E,;
aTOM B HEKOTOPBIX CIy4adAX MOZKET IIePeXOAMUTH NOX Aei-
CTBMEM IIPpOJIETAIOIIMX MMMO HEro KBaHTOB 93JE€KTpoMar-
HUTHOIO M3JIy4eHus C sHeprueir hv,,, paBHOI 3HEPIUY Iie-
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_E—E,
Puc. 38. IIo 3akoHy n=mnge” (7 MOJIEKyJbI Ha BbicoTe H, B4 —
yOpIBaeT YMCNO MOJIEKY/ITA3a B MOTEHLMAIbHAS SHEPIMA Ha

aTMocdepe, npuxoadAileecs Ha YpoBHe Mops. DTa popmyJia
enquHMy o61eMa, ecim BeIcoTa CripaBeAJIMBa BCerja, KOraa Hazso
Haj ypoBHEM MODA OonpeaeauTh 3aBUCHMOCTh YMCJIa
yBeJorauBaeTcs. E; — aTOMOB OT UX SHEpPr¥M Ipu
NOoTeHUMANbHAA 9Heprus YCJIOBMI PABHOBECHOTO

COCTOAHMS CUCTEMBL.

pexona K, ,. Ilo DiHmTeHyY, TaKye KBAaHTHI «BLIHYKZa-
IOT» aTOMBI IIEPEXOANUTH U3 BEPXHEro B HUKHEe 3HepreTy-
YeCKOe COCTOAHME Y MCIIyCKATh IpM 3TOM IomobGHbIe cebe
KBaHThI. EcJM UCIIONB30BaTh HAUIM «SA0JIOYHbIE» TEPMUHEIL,
TO 9TO O3HA4YaeT, YTO HEKOTOphbleé KBAHTBI KaKMM-TO IIyTeM
CTPAXMBAIOT C BeTBeil A6JIOKM. B TakoOM Ipoliecce IIpoJie-
TAIOMi KBAaHT He IIOIJIOLIAeTCs, a POKZAeTcd emje Jio-
TIOJIHUTEJNIbHBIN KBaHT. UMCIO «CTPAXMBAEMBIX» KBAaHTOB
TIIPONOPLMOHANBHO KOJUYECTBY aToMOB N,, HaxopAmmxca
B BepXHEM 3HEpPreTMHecKOM COCTOSHMUM. DTa BeJWYMHA
paBHa B,;N,. Tak 4To Ha caMOM JleJie YMCJIIO IIEPEXO[0B
K,_; paBHO AN, (uncio A6J0K, CaMOMPOU3BOJILHO IIaga-
IOLMX ¢ BeTBeM) niawc B, N, (uncio A6J0K, COMTBIX MO-
TOKOM KBaHTOB C 5Heprueit Hv,; 1 MHTeHCHMBHOCTBIO I(V).
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Ternepb yCioBMe, BbITEKalOIIee 13 TEMIIEPaTyPHOTrO PaB-
goBecus TBepaoro Tena K-, = K,_1, HyKHO 3aICaTh TakK:

ByNI(v) = Ay Ny + By Ny I(V).

TlocJie IPOCThIX BBIKJIALOK BBI IIOJIY4MTE

O e S—

B,e"—B

12 21

hv —
eciiu y4TeTe, ITO x—;= ekl = e_gzk'?'éL :
dopmyna gna I(v) coBmagaer ¢ cdopmynoin IInanka, ecom
A21_ 2715’1\’3

cuuTaTth, 4YT0 By, =B,;, a orHomenue B, cz ' Ho
dopmyia Ilnanka BepHa. CirefoBaTebHO, M COOTHOIIEHUA
MexXxny koddpdunmentamu A,y, By, u By, IPUBOAAILINE K
Hel1, JOJMKHBI OBITH CIIpaBeJIVBEI.

OTu pe3yabTaThl ¥ OBLIM IOJydeHbI OVHINTEHHOM B
1917 r. Ecom Teneps PpMU3MUK M3IMEPAJT CKOPOCTH ITOTJIOILE-
HUA cBeTa (uycyo rnepexonoB Ki-2 3a 1 ¢), To OH, oImMpasach
Ha 3aBUCUMOCTHM, TOJydeHHbIe OMHIITeHOM, MOT BbIUM-
CJMTh CKOPOCTM BBIHYZXKAEHHOIO ¥ CaMONPOM3BOJIBHOTO
MBJIy4eHMI, BbIYMCIUTh BEJIMYUHBI A1, B12 1 By — K09~
dmpmenTsl DMHINTEMHA, KaK MbI MX TElepb Ha3bIBAEM.
PaccunraTe 3Ke TeopeTMdYeCKyM cpa3y Bce Tpu K0d(pdpyim-
€HTa MOZKHO TOJBbKO C IIOMOIIbIO KBAaHTOBOM SJIEKTPOAMHA-
MMKJY, HayKM, CO3JIaHHOM depe3 10 JeT mocJjie OTKPbITHA
OMHILITeHA.

ITotpe6oBasocs 6osiee 40 JeT, 4YTOGBI OTKPBLITOE DIfH-
IITEeIHOM BBIHYKJIEHHOE M3JIy4eHMe BOIIJIO B Hallly XKU3Hb
¥ 0 HeM 3aroBOPWIIN Bce. Bellb MMEHHO IIPOIecC BBIHY XKeH-
HOTO, MJIM, KaK TOBOPAT y4YeHble, MHAYLVPOBAHHOIO, M3JYy-
Yeunusa — puanueckas 0CHOBA, HA KOTOPOi ObLIINM CO3aHbI
Maszepbl M Jia3zepsnl, 3aMedaTeNbHble MCTOYHWMKU SJEKTPO-
MarHMTHOTO U3JIy4YeHwus, 6Jrarofnapsa KOTOPHIM COBEPIIMIACH
PeBOJIOLMA BO MHOIMX OGJIACTAX HAYKM ¥ TEXHUKHA.
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Jlazepsl

3HaueHue cijoBa. YTo O3Ha4aeT CJIOBO «Ja3ep»? OHO
COCTaBJIEHO U3 MEPBbIX OYKB aHTJIMIICKOTO Ha3BaHMA, KOTO-
poe B IepeBoOZie Ha PYCCKMII 0O3HAYaeT «yCUJIeHMe CBeTa C
IIOMOIIBI0 BBIHYXKJEHHOTO M3JIy4eHMsaA». B COBETCKOi
Hay4HO! JMTepaType BMeCTO TepPMMHA «Jlasep» 4YacTo
BcTpedaerca cokpaimenue OKI' (onTmieckumii KBaHTOBBIN
reHepaTop).

TlonbITaemcAa pa306paTeCA B MPOLECCAX, IMPOTEKAIOLIMX
B Jazepe. Koraa aTtoMm morJoniaeT OTOH — KBAaHT CBETO-
BOJ 9HEPTMM, €70 BHYTPEHHAA SHEPTUA YBeJMUMBAETCA Ha
OHEpPIMIO IOTJIOIEHHOTO KBaHTa. IIPMHATO TOBOPUTL, YTO
IIpY 9TOM aTOM IIepexoanuT Ha 60Jiee BBICOKMIA SHEpreTude-
CKVA YPOBEHb, IIPUHUEM HOBBIVI yPOBEHB JIEKUT BEIIIIE «CTa-
poro» Ha BelWYMHYy SHEPIMM IIOTJIOIIEHHOTO KBaHTA.
OOGBIYHO aTOM CTPEMMTCA IIEPETU B COCTOSHME C HAMMEHb-
ureif BO3MOXKHOM HOJA Hero sHeprmeir. Takoe cocrosHMe
Ha3bIBAIOT OCHOBHBIM. ATOM, Y KOTOPOrO 3ariac SHepruu
OoJibille, YeM B OCHOBHOM COCTOSHMM, HAa3bIBAIOT BO30Yy-
JKJIeHHBIM. Bo030y>KIeHHBII aToM, KaK IpPaBWiIO, O4YeHb
6pIcTpO M3baBJIAeTCA OT M3JMIIIHEN SHEPIMM — BCEro 3a
OHy CTOMMJIIMOHHYIO JOJIIO CeKyHABLL IIpM sToM arTom
MCITy CKaeT (POTOH, 9HepIrud KoToporo pasHa E; — E; (puc. 39).
Yarre BCETO aTOM caM OTHAeT M3JMIIHIOI 9Hepruio 6e3
KagRoro-im6o BHeHIHero Bo3geycTBusa. OIHAKO, KaK MBI
3HaeM, [epPex0j] C BBICIIIETO YHEPreTUHECKOro ypoBHA Ha
6oJiee HM3KHMIT BO3MOZXKEH M II0J IeVICTBMEM MPOJIETAIOLIEero
kBaHTa. Takoit KBaHT-(pOTOH KaK ObI yBJIEKaeT CBOETO «TO-
BapuMilia», ecy SHeprua Bo30yXKAeHUA aToMa paBHA 9Hep-
ru cBoboxmHOro poToHa. 3aMedaTeNLHO, YTO 9JIEKTPOMAr-
HUTHBIE KoJeDaHuA «OXMIIIEHHOTO» (POTOHA OyAyT B TOM
xKe (pase, a TakIKe MPOMCXOANUTE B TOI1 3Ke ILIOCKOCTH, UTO 1
y doToHa-«moXUTHUTENA». TakuM 06pa3oM, NPOXOAAIMIA
yepe3 BEIEeCTBO C BO30YXKJAEHHBIMM aTOMaMM CBETOBOM
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Puc. 39. UnaynupoBaHHOE
UBJIyUEeHme.

MOTOK, 9HEPIUsA KBAHTOB KOTOPOIO pPaBHA SHepPruy Bo30y-
JKJEeHMUs, CTPEMUTCS IIepEeBECTH aTOMbI Ha OoJiee HMU3KMe

YPOBHM.

OrpunarenbHoe norJoiienye. Hezanonro xo M306peTe-
HudA Jasepa PU3MKM u3ydaau 3aMedaTes]bHOe ABJIECHNE —
TaKk Ha3bIBaeMOe OTPULaTeJIbHOE TIOIJIOIIeHNe CBeTa.
IIydor cBera, mnpoxons HgaxKe depe3 camoe Mpo3pad-
HOe BeIlleCTBO, Bcerzaa ocnabiferca: Kakada-To 4acTb POTO-
HOB IIy9YKa IOTJIOII[AeTCA BEIIeCTBOM, ¥ VX SHEPIUs Ilepexo-
oyt B Teryo. Ho Her mpaBui 6e3 yuckmodeHuA. B Heko-
TOPBIX KPUCTAJJIAX CBETOBOJ JIyd He ocnabiaics, a yeuin-
Bajicsa! OTKyZa mosABMUIIACH JOITOJHUTEIbHAA S9HEPTUA?

OkasbIBaeTcd, Ilepef]l NMPOXOKIEHMEM CBETOBOTO JIyda
KPUCTAJLJI OCBETUJIM MOILIHBIM CBETOBBIM ITOTOKOM. Biaro-
JapAd 9STOMy 3HAaYMTeJbHas [J0JiI aTOMOB KpyceTallia
nepeiya B Bo30yKaeHHOe cocTosaHue. M3 BO30yKAEHHOTO
COCTOAHMSI 9TV aTOMbBI MOTYT IepeiiTy Ha 6ojiee HUBKMI
SHEPreTUYEeCKMil YpOBeHb, MCIIYCTMB IIPM 9TOM (DOTOH C
sHeprueit hv. IIornoTUTh e (POTOH C TaKOoi SHepruemn OHu
He MOTYT — OHM y3K€ HaChbITWINCE 9Heprueii. 3aTo POTOHbI
Mafalomero my4ka ¢ SHeprueil hv yBJeKaloT 3a coboit
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HOBBIe (QOTOHBI TOJM Ke 9SHePruM, BBIHYXAad aTOMbI
Kp¥MCTaJIa IepexXoanTh B Hu3IIee cocTosgHmue. B nagaromem
Iy4yke BO3HVKAET NOIOJHMUTeNbHasdA dHeprusa. Takoil xpu-
CTaJI C JOTIOJIHUTENbHOM IOJCBeTKOI — IIEPBBINA IIar K
Jaszepy.

Py6unosbiit 1azep. IlepBoIit HACTOAILMN Jia3ep ObLI cae-
JaH U3 pybuHa, KOTAA-TO OYeHb PEAKOr0 KaMHsA, KOTOPHI
Telepb BBIPAIIMMBAIOT MCKYCCTBEHHO B GOJNBIINX KOJIfie-
ctBax. PyOmn — xpuctamn oxucu amommuama Al,O;,
cozmepxallieii NpMUMECHbIe aTOMBI XpoMa. Brepsble neii-
CTBYIOILMI1 Py 6MHOBBIN Ja3ep 6611 rmocTpoeH B 1960 r. B ero
aKTHBHOM TeJle — PyOMHOBOM CTep:KHe, pasMepaMu U
dopMoOiT HamOMMHABIIIEM OOBIKHOBEHHBIN KapaHpau, co-
Aepanoch BCero 0,05 % xpoma. Py6uH ¢ Takoit KOHIIEHTpa~
el XpoMa pPO30BaTOr0 L{BETA; €CJ¥M XpoMa B KPMCTAJLIe
6osbiie, TO 1BEeT ero craHoBurcA Gojyee ray6oRmMM, Kpac-
HbIM. ATOMBI XpOMa ¥ MIPalOT IJIaBHYIO POJIb B JIa3ePHOM
nponecce. OHM ITOTJIOIAIOT 3KEJThIN M 3eJI€HbIA CBeT, JIYy4N
yabTpadmosneToBoit obJsacty cmekTpa. PybuH mpospaueH
TOJIBKO JIJIA KPACHOTO M CyHeTro cBeTa. CMeCch 3TUX M3Iyde-
HIMA M BBIXOIUT M3 pyOMHA, MpupaBasd eMy XapaKTEpHYIO
«pyOMHOBYIO» OKpacKy. J[Ba SHEPTreTMYECKMX MHTEpBaJa
aToMa XpoMa, BXOZAAIIET0 B COCTaB PyOMHOBOrO KpMCTAJIa,
0coOEeHHO IJIOTHO 3aII0JIHEHBI YSHEPTEeTUYECKUMY YPOBHIMMA.
Oty MHTEpBaJbI ab 1 cd HA3BIBAIOT MOJIOCAMU IIOTJIOLEHNIS
(pyc. 40a).

IlormotuB KBaHT hv,;, aTOM XpoMa IIePeXOauUT Ha OAMH
M3 ypOBHE, NMpMHARJexkaluux 3TuM moxocam. Ho Tam o
33epKMBAETCA HENOJr0, a ObIcTpo oTnaeT sHepruio AE'’
KPUCTAJUINYecKoil pelleTke pyOuHa ¥ mepexonuT Ha HM3-
mmit ypoBeHb AA. DTOT ypoBeHB ocobpni. C Hero arom
JJINTEeJBbHOE BpeMs He IIepPeXOAUT B OCHOBHOE COCTOSHME.
IIo OOBIYHBIM IIPERCTABJIEHMAM STO BpPeMA HEBEJMKO —
BCET'0 HeCKOJIbKO ThHICAYHBIX JOJIEH CEKYHbI, HO B aTOMHBIX
Macmrabax OHO OTPOMHO — IIPMMEPHO B CTO ThICAY pas
6oJblle, YyeM BpeMs KU3HM OOBIKHOBEHHOrO BO30YIKIeH-
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Puc. 40 a. YcioBHasA cxema
9HEPTeTUYECKMX YPOBHEN
po30BOTO PyOuHa. Puc. 40 6. PyGuroBsIit s1azep.
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Horo atoma. II03TOMy Takoe COCTOAHME aTOMa Ha3bIBAIOT
MeTacTad MIBHBIM.

Py6uHOBBINI CTep:KeHb MOIIHOTO Ja3epa — IUAIMHAD
JAMaMeTPOM B HECKOJIBKO CaHTUMMETPOB M JIMHOM [0
HECKOJBKMX JerMMeTPoB. Ero Topupr XOpOoIIo OTIOJIMPOBa~
HBI, Y OOHOIO M3 HUX yCTAaHOBJIEHO ILIOCKOE 3€pKaJio, MoJI-
HOCTBIO OTpazkarlIllee CBET, B TO BpeMsA KaK y APYTOro
TOpIa 3€PKaJ0 YaCTUYHO OTPaXKaeT M YaCTHUYHO IIPOITy-
CKaeT cBeToBbIe Jyuu (puc. 406).

Yr06bI MOSYINTE JA3€PHBIN MMILYJIbC, BKIIOYAIOT yCTa-
HOBKY BBICOKOTO HampaxKeHMsa. OT Hee 3apAKAIOTCA SJIEK-
TpMYECKME KOHAEHCATOpPhL. 3aTeM omepaTrop Ha*XKuMaeT
KHOTIKY, ¥ 9HEPIHusd, 3allaCeHHasa KOHAEHCATOPaMM, BbIEJIA-
eTcA Ha MOIIHBIX ra30pa3pAfHBIX JAMIIaX, OKPYZKaIOIMX
PyOMHOBBIN CTepzKeHb. ['a3opa3pAgHble JIAMITBI ITOX0XKM Ha
JaMIIy-BCIBIIKY A ¢poTorpadmpoBaHmud, TOJBKO OHM
HaMHOIO MolfHee. B ciexyolnee MTHOBEHME 3a BCIIBIIIKOM
JaMII M3 pPyOMHOBOIO CTEPXKHA BBIPHIBAETCA MOILHBIN
TOTOK cBeTa. Ecam ero cdoKycCnpoBaTh Ha METAJINIECKON
IUIACTMHKE, TO JIA3ePHBIA CBET «IIPOKMUIaeT» B Hel rimybo-
KW Kparep.

Kaxkme e pusmydeckye mpouecchl MPOMU3OLIINM B MIHO-
BeHMe, KOTOPOe AJIMJIICA JIa3€PHbINA MMITYJIbC?

BermmbImka ra3opA3pALHON  JIaMITbI  COIPOBOIKAAETCH
MOIIIHBIM TOTOKOM (DOTOHOB PAa3HBIX SHEPINi, KOTOPBIE
HafaloT Ha pyOMHOBBIM CTEPKEHB. ATOMBI XpOMa, ITOIJIOTUB
4acTh 9TUX POTOHOB, IIOYTH BCE MEPEXONAT B BO3OYKAEH-
HOe COCTOAHMEe, a 3aTeM IIPMMEPHO 33 OAHY CTOMMJILIMOH-
HYIO JOJIO CEKyH[bl OKa3bIBAlOTCA Ha MeTacTabuiabHOM
ypoBHEe AA. B TaKOM COCTOAHMM XPOM OCTAE€TCA IJINUTEJIb-
Hoe BpeMs (10~4 c¢). IIogo6HbIN mpo1iect «IIobeMa» aTOMOB
XpoMa VI JPYTOTO SJIEMEHTA B METACTAOMIBHOE COCTOAHME
(M B wmHOe BO30OYIKIEHHOE COCTOAHME, MHepexolAlnee
3aTeM B MeTacTabuiibHOe) HA3BIBAIOT ONTHMYECKON HaKau-
KOV¥A.

VI3 meracTabMIBHOTO COCTOAHMA AaTOMbI JCITYy CKalOT
CIIOHTaHHBbIEe KBAHTHI [0 Pa3HbIM HalpaBJEHUAM. Beaxwii
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Puc. 41. Bo3HMKHOBeHMEe
saBUHBI POTOHOB B Jlazepe

pa3 MCIyIIeHHble KBAHTBHI yBJEKAaloT 3a coboii HoBbIE
dOTOHBI, IIPOJIETasA MUMO ATOMOB B METACTaOIIIBHOM COCTO~
AHvn. Ecau crioHTaHHBIA (DOTOH MAET B CTOPOHY OT OCHU
UMIVMHAPA, TO Bee POTOHBI ObICTPO MOKMAAIOT KPUCTAILI, U
MOIITHOTO JMMIIyJIbCA He MoJiydaercdA. JlasepHbIl MMITyJabC
BO3HMKAET, KOrAa poxkaaercad (POTOH, JEeTAIIMIA BROJb OCHU
Ja3epa. Takoit oToH yBiekaer 3a co60i1 MHOTO POTOHOB.
qucio X Bo3pacTaer Mo 3aKOHAaM BO3PaCTaHMUA YMCIa KaM-
Heli B TOPHOM JIaBMHE: (POTOHBI MHOTOKPATHO IIPOXONAT
TeJ0 PyOMHOBOIO CTEPIKHA, OTPaXKaACh OT TOPLOBBIX 3ep-
KaJl. B pesynbTare BbICBEUYMBAETCA MOLIHBIA MMIIYJIbC
KPaCHOrO CBETAa, KOTOPBI BBIXOAUT Yepes3 MOJYIPO3padHoe
3epkaJio (puc. 41).

CBeT 95TOro MMIIyJibCa, BO-IIEPBBIX, MOHOXPOMATHYE-
CKUI1; TePBbIN MUCIIYIEeHHbBINA IO OCKH PYOMHOBOIO CTEPIKHA
KBaHT MOXKET yBJIeYb 32 c000ii KBAaHTBI TOJLKO TAaKOM Ke
SHepruy, KaK y Hero camMoro. Bo-BTODBIX, Ja3epHBIN JIyd
pacxoAuTCA IO O4YE€Hb MaJbIM YIJIOM — YBJIEKA€MbIE
GOTOHEI MAYT MO TOMY K€ HANPaBIEHMIO, YTO W MEPBbIN
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Puc 42. Tenmit-HeOHOBBII
Jazep.

GOTOH-pONOHAYANBHIMK. VI HaKOHeN, M3JydeHMe Jasepa
KOrepPEeHTHO, IIOTOMY YTO BCe KBAHTBI MCITyCKAIOTCA B OFHOI

daze.

I'azosrlii 1a3ep. He TOMBKO TBEPHOE TEJIO MOXKET NaBaTh
JIa3epPHBII CBET. BBIBAIOT M XKUAKOCTHLIE, ¥ Ia30BbIe Jaze-
pBI.

Ecan muiHAPHMYeCcKUiL COCYZ HATOJIHMUTE CMEChIO TeJIvis
¥ HeOHa, BHYTPM HErO IIOMECTUTb METAJIJIMYECKME 9SJIeK-
TPOABLI M MOAATh HA HMUX BBICOKOE HAIIPAXKEHME, TO CMECh
ra3oB Ha4YyHET CBETUTHCA KPaCHOBATHIM CBETOM, IIOYTH
TaKMUM 3Ke, KaK ¥ HeOHOBas pekyama (puc. 42). B crexknaH-
HO¥ TpyOKe BO3HMKAET TJIEIOLIVII pa3psj. B TakoM paspsazne
MEeXy aTOMaMM rasa ABMIKETCS MHOTO OBICTPBIX 3JIEKTPO-
HOB. OHM CTAJKMBAIOTCA C aTOMaMM TeJIus ¥ BO30yXKIaioT
¥UX. DJIEKTPOHBI CTAJIKMBAIOTCA TaKzKe M ¢ HEOHOM, HO, KakK
TPaBMJIO, BO30YyXKAAIOT TOJBKO HMIKOJEXKAlVe YPOBHMU
HeoHa. 3aTo BO30yKAEHHbIE aTOMBI TeJiNs, CTAIKMBAACH C
aToMaMy HEOHa, OTHAIOT MM CBOIO SHEPIMIO M BO30YKIAOT
VX BbICOKMeE ypOBHM. C 9TUX BBICOKMX YPOBHEN aTOM HEOHA
MIEePEXONNT B IIPOMEKYTOYHOE cocToAHME E; (puc. 43).
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Puc. 43. Cxema SHePreTH4eCKMX  [EHEpalymi BU,MMOIO

ypOBHEIi resa v HeoHa. Ha U3JIy4eHUs ra30Boro Jasepa. Ha
PMCYHKE MOKa3aHbI TOJIHKO CaMOM JleJie CXeMa ypPOBHEeN
YPOBHM, Y4aCTBYyOUMe B HEOHA M reNius CJ0KHee

Ecym Tenepb y TOPLIOB COCyZia C TreJIMil~-HEOHOBOM cMe-
CbIO YCTAHOBMUTBL TaKMe Ke 3epKaJja, KaK M y Topios pybu-
HOBOTO Ja3epa, To POTOH C sHeprueil E,—E,, MCIIyIleHHbIA
HapaJLIesIbHO OCU COCYHa, BbIZOBET JIa3ePHOE M3JIyYEHVE.
B razoBom Jiazepe 4umcio BO30Y3KIEHHBIX aTOMOB HEOHA U
reJs HENpephHIBHO MOIOJHAEeTCA. [109TOMY Tesmii-HeOHO-
BB J1a3ep M3JIydaeT CBET HEIIPEPHIBHO.

Jazepuas mugxocTs. OUYeHb MHTEPECEH JIa3ep C KUJ-
KMM M3Jy4YaroluM TesoM. Mbl yiKe 3HAEM, 4YTO IIAaBHYIO
poJIb B M3Jy4alollleM Tejie PYyOMHOBOTO Jia3epa WIPaoOT
aTOMbI XpOMa.

CyLIeCcTBYIOT Jia3epbl, y KOTOPbIX CTEpP3KEeHb He wu3
pybmHa, a M3 CTEKJIa, a CTEKJIO, KaK MHOTAA TOBOPAT, Ilepe-
OXJIaXKZ€HHAsl JKMAKOCTh. POJIbL aTOMOB XpoMa WMIPaioT
IobaBieHHbIE B CTEKJIO aTOMBI PeIKO3E€MEJbHOTO 3JIeMEH-
Ta HeoAmMma.
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Puc. 44. Vlou Heoayma 3aililleH
aToMaMy KMCJIOPOJa M IPyIIIamMm
OpraHM4YecKMX MOJEKYJI —
auraapgamu. ITogobuas 3aiura
MO3BOJIAET yAEPXKATh SHEPrUIO
BO30OYyXKAEeHUA IpH
CTOJIKHOBEHMAX C APYTUMM
aToMamu.

B =xuakocty arombl HeommMa OyAyT IepeABUraThes
cBoboHee ¥ OYEeHb YacTO CTAJIKUBATHCA C aToOMaMyu
KUOKOCTH-PACTBOPUTENA. IIpy 9THX CTOJKHOBEHMAX BO3-
OyxKIeHHble aTOMbI HEOAUMA OTHAAYT CBOK SHEPIMIO aTo-
MaM pacTBOpMTeJd, M OHa OyzeT Gecriose3HO TEPATHCA U
rnepexonuTe B Tenno. He moMozKeT M TO, YTO 3JEKTPOHBI,
nepexos, KOTOPBIX C OpOMTEHI Ha OPOUTY CONpPOBOKAAETCS
ucIrycKkanueMm bOTOHOB, JiexXKaT Ha O0JIbIIoi IIyOuHe sJIeKk-
TPOHHOrO 00JIaKa, OKPYKAaIOILET0 aToM HeoguMma. JToOwI
CO3/IaTh YCJOBMA JAJA JAa3€PHOTO WBJIYyYEeHMS, HYIKHO
KaK-TO 3alliATMTh AKTUBHBIE aTOMBI OT CHYMOIMX BOKPYT
HIX aTOMOB pacTBopurens. Ho Kak?

OTy 3amady pemmamt XUMMKYM. OHM 3aKJIIOYMIN MOH
HeoMMa B «aTOMHYIO KOJbYYyTY» (pyc. 44). BbIJIO HOJyYeHO
XMMI4EecKoe CoeIVHEHMe, B KOTOPOM MOH HeoAMMa HaXo-
JNUTCA CPeli CBA3aHHBIX C HMM aTOMOB KMCJIOPOZA, 2 OHU B
CBOIO O4Yepenb CBA3aHbI CO CJIOXKHBIMM OPTaHWYECKUMM
rpymiaMy aToMOB — Jurangamm. TakuM o6pa3om, MoH
HeoZMMa OKa3aJiCA 3alMIeHHBIM OT CTOJIKHOBEHWI! C aTo-
MaMM PaCTBOPUTEJIA M CTAJ BeCcTH cebA Tak, Kak ecyy 6b1 OH
HaXOAMJICA B KPUCTAJIIMHECKON pellIeTKe TBEPAOTO TeJia.

Ho mrapppl He OrpaHMYMBAIOTCA POJIBIO 3ALLATHUKOB
Heomyuma. OHM 00JIafaloT ellje 3aMedYaTeJIbHbIM CBOMCTBOM.
ITorsomasa wm3sydyeHMe B HIMPOKUX OOJIaCTAX CIHEKTpa,
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Puc. 45. C aHepreTnyeckoit Pa3yIMYHBIC YPOBHY NOJOCHL B.
MOJIOCEI A Ha 9HEPTeTHMYECKyI0 B 3aBMCHMOCTM OT HaCTPOMKM

noJiocy B nepexon moxkeT pe3oHaTopa MOXKHO M3MEHATH
MPOM30MATY C Pa3JIMIHBIX SHEpPruio KBaHTOB JIa3ePHOTO
yPOBHE NOJIOCH! A Ha UBIYyIEHN.

JuraHf Bo30yKaaeTeA M Ipy 9TOM JiOO0 cpasy mepexonuT B
OCHOBHO€ cocTOsHMe, Jnbo Hoaro ocraercs B BO30OYIKAEH-
HOM COCTOsIHMY. B IIepBOM CiIy4Yae VMCIyII[eHHBIN JIUTaHAO0M
dotox Oyzner Gecrione3HBIM I Ja3epHOro Jy4a. M3 meTa-
cTabMILHOrO COCTOAHMA JIMTaHJ ITiepefaeT CBOIO YHEPIUIO
aToMy HeoAMMa ¥ TaKMM 00pazsoM y4acTBYET B OIITUYECKO
HaKayke aKTMBHBIX MOHOB HeoamMa. Kackajz (pOTOHOB B
TaKOM Jia3epe BO3HMKAET OOBIYHBIM IIyTEM, TaK Ke KaK M B
OPYTHX THUIIaX JIa3€epOB.

Usznyqaromme kpacuremn. OueHb HYXKHBI Jia3epbl, B
KOTOPBIX MOXKHO PEryJIMpPOBATL YaCTOTYy M3JIydeHUs. OHU
HeoOXoaMMbl AJIA MHOTMX TOHKMX MCCJIENOBAHMIL, KOTna
nporecc B3auMOeliCTBIA M3IYIeHUs C BEI[eCTBOM B CUJIb-
HOJ CTeIleHy 3aBMCUT OT SHeprMy (poToHOB. BozneiicTBys
Ha BEIeCTBO M3JIy4eHMEM C TOYHO II0J0OpaHHOM SHepruein
¢oTOHOB, MOZKHO YIIPABJAATE CJOXKHENIITUMNA MEXaHU3ZMaMU
ero mpeBpalreHui. Jlazepbl ¢ UBMEHAEMOM IOJIMHOI BOJIHBI
yXe coszgaHbl. JIX u3jgydaloiiee TeJI0 — PacTBOp crie-
mMaJbpHOo HoAobpaHHBIX KpacuTedieil. [eHepalysa cBeTa oCy-
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LIECTBJIAETCA Ha IMPOKMUX II0J0CaX ITOIJIOIIEHNUA MOJIEKYJI
KpacsAIIero BelecTsa (puc. 45).

Bce mepexomsl B TakmMxX Jazepax OCYIIECTBJIAIOTCA
o4yeHb OBICTPO, M [ABMIKEHME MOJIEKYJ JKUIKOCTM He ycrie-
BaeT NOBJMATH Ha JIa3ePHbI Kackal PoTOHOB. MOJIEKyJIbI
OPraHMYEeCKOro KpacuTess IepeBORATCSA B BO30yxKAEHHOe
cocTosgsHMe JMOO SHeprueil BCIOMOTATENBLHOIO Jia3zepa C
MOCTOAHHOM YacToTOoM, Jubo cHenMasbHBIMM JaMIIaMM.
Brnaropapa 601101 IIMPYMHE MIOJOC MOIJIOLIEHMA CBETA B
OPraHMYECKMX KPaCUTEJAX OTKPBIBAETCA BO3MOXKHOCTD
NJIaBHO MEHAThL O9SHEPTMIO (POTOHOB, POXAAIOIIMXCA B
Ja3epHOM IIporiecce (pyc. 36), CTOUT TOJBKO IIE€PECTPOUTH
pe3oHaTop Ha HYKHYI IJMHY BOJIHBI WD WM3MEHUTH
4acTOTy MCTOYHMKA CBeTa, 00eCIIeyMBaroniero ONTUIECKY O
HaKadKy.

Onriyeckan cBazn. OTINYME JIa3€PHBIX JIy4deif 0T 00bIu-
HBIX HE TOJIBKO B MX I'POMaJHOM APKOCTH, HO ele OoJiee B
VX MOHOXPOMAaTHMYHOCTM M KOTepeHTHOCTH. Tosbko Oiaro-
Jlapsi 9STMM CBOJMCTBAM JIa3€PHOTO U3JIyYeHNsa B OyAyIleM 1o
CBETOBOMY Jy4y OymyT mepegaBaThb IIpOrpaMMbl pPaguo M
TeJIEBYUI EHMA.

Y100bI MOHATH, B 4YEM COCTOAT HOCTOMHCTBA Jla3epa Kak
nepemaTyyMKa VH(OPMAIMM, PACCMOTPMUM JMHMUIO CBA3M,
n300pazkeHHY0 Ha PUCYHKeE 46.

HemnpepsiBHO KaTATCA 110 2KeJji00y OBVHAKOBbIE LITAPUKA.
Yycio MIapuKOB, MIPOXOAAIINMX C JIEBOTO Oepera Ha 1IpaBblil
B €MHMIY BPEMEHM, a 3HAYUT, ¥ YACTOTA MX II0ABJICHNUA Ha
npaBoM Oepery Hem3MeHHBI. [lepecuymThIBas LIAPMKM, MBI
MOZKeM CKa3aTh, KaK J0Jr0 OHM Hajnajy us xejoba.

YT0o0BI ITepefaTh C IIOMOIIBIO TAKOIO YCTPOICTBA KaKoe-
Jaubo coobleHye, HY3KHO ITOMETUTDL LIAPUKM, HAIIPUMEp,
OykBamm ajypaBuTa M OTIPABIATHL M NPUHMMATH UX B
ompezieJIeHHOM nopAznke. Torna KoJmMd4ecTBO MH(popMAaLu
(B HamreM ciydae 4ymcyao OYKB), mepenaBaeMoe 3a OIpene-
JIEHHOe BpeMsd, OyeT IPOMOPIMOHANBHO YacTOTe I0ABJIE-
HUA IIIaPUMKOB U3 Keyoba.
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Puc. 46. lllapukoBslit Teserpad. 6Gepera Ha fpyroit, Tem 6oJbiiee
YeM BbIIIE YaCTOTA KOJIM4eCTBO MHGOPpMaLIMKU
[OCTYTJICHMA IIaPUKOB C OAHOTO  nepegaerca ¢ bepera Ha 6eper.

«HeucrakeHHafA» CUMHYCOMIA JIa3epPHOTro cBeTa nogobHa
YYCTHIM {IIapUKaM. 3apermMcTPUpPOBAB CUHYCOMAAJIBHOE
cBeTOBOE KojsebaHue KakuM-Jub0o NPMeMHMKOM, pearupy-
IOIIMM Ha CBET, Mbl JIMIIb y3HaeM, YTO BKJIOYEH IlepenaT-
4K — M3JIy4aTeJsb CBEeTa, a TaK¥Ke CMOXKeM yCTaHOBUTH
HamnpaBJIeHKe, OTKYyHAa MAEeT M3jaydaemas SHeprud. YTobbl
mepenath OoJiee CyIlleCTBEHHBbIe INaHHBbIE, HA CHHYCOMIE,
KakK M Ha LIapuKax, HeoOXonuMo caesaTb «MeTKu». Ilome-
TUTB JIy4 OOBIKHOBEHHOTO CBETa, JazKe MOHOXPOMAaTHHECKO-
ro, HeBo3MOKHO. Kosiebaunsa B 0ObIYHOM JIyde ITPOMCXOAAT
xaoTmyecku. Ha done GecriopamouHbIX KojaebaHwmi 3anm-
caTh coobIleHne HEBO3MOXKHO. JIpyroe [es0 — KOTepeHT-
HBUI Jy4. OH CJIyzKMUT Kaxk Obl YMCTBIM JiMCTOM Oymarwu, Ha
KOTOPOM 3ammchbIBaeTcA uH(popmanya. HaHecTH «MeTKM»
MOZKHO, MORYJMPYA Jy4, T. €. MEHAd aMIIMTYRy WMIn
yacToTy KoJsiebaumii (puc. 47). Torga mepepaBaeMoe CO00-
mieHye OyZeT 3aKOAVPOBAHO B «y30pax», HaHECEHHBIX Ha
cuHycouny. YeM MeHbIIle BpeMeHM TpebyeT nepenada «y30-
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Puc. 47. C yBesquieHneM BBOe BpemA, HeobXoauMOe Ha
4aCTOThI KOJIeOaH 11 nepefady OSHOTO M TOTO XKe
3JIEKTPOMaTHUTHOM BOJIHBI «y3opa», coKpalulaerca B 2 pasa.

pa», TeM 6omee eMKMM ABJIAETCA KAHAJ CBA3M. A 9TO BpeM4,
KaK BMAHO Ha pHMCYHKe, O00paTHO MPOMOPILMOHANLHO
4acToTe MIJIyHYeHUsA. 3HaYMUT, YeM BbIIIE 4acToTa Koaeba-
HMIA, TeM OoJiblliee KOJMYECTBO MHGOPMALVM MOIKHO ITepe-
IaTh 3a eAMHUIYy BpeMeHM. JacToTa 3JeKTPOMATHMTHBIX
ronebanmit u3sydeHusa pyOumoBoro Jasepa 430 TTi
(4,3-10'* Tm) B MMIIMOH pa3 IIPEBOCXOAMUT 4YaCTOTy, Ha
KOTOpOJ1 B Hallle BpeMA BeAyTcA TeJIEeBU3UOHHbIE Iepeqayn.
IlosToMy IIpM MOJHOM WCIIOJIB30BAHMM BO3MOXKHOCTEN Jia-
3€pHOTO JIyda II0 HEMY MOKHO TPaHCAMPOBATH MUJLIMOHEI
TEeJIEBM3UOHHBIX IIPOTPaMM M MMILIIMapAEL pajuonepegad.
OpHaKo cerogHA y4eHbIe elle He HAIILIM CII0CO60B IIoJI-
HOCTBIO JCIIOJIB30BaThk BO3MOXKHOCTM JIA3€PHOro Jyda, —
He yAaeTCA MOAyJMPOBaTh Ja3epHbIA Jyd 6oJsbiINM 065-
emoM uHcopMmarpym. [To aHANOTMM C HAIMM ILAPMKOBBIM
TeJierpacdooM MOKHO CKa3aTh, YTO MOTOK JIA3EPHbBIX «IIapy-
KOB» TakK OBICTp, ¥TO AAJIEKO HE BCE yAAeTCA IOMETHUTb.
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Jlazepupie sgexrpocTraHiyu. Kak yzKe TOBOPMIOCH,
COJIHEYHOM sHeprmm 06A3aHa 3eMIsi CBOe XKU3HbIO, CBOMM
passuTHeM. Ho coHeyHasA SHePTMs — sSAePHOTO MPOMCXOo-
JKAeHuA. B LeHTpe Hamiero cBeTuJa MAYT TEePMOAHEPHBIE
peakipy, POXKAAIOTCA raMMa-KBAaHTbI — KBaHTbI SHEPTMHA,
COMPOBOXKIAIONME AfePHbIE PeaKIli, SHEPTMA KOTOPHIX B
MIJIJIMOHBI Pa3 IPEBOCXOAMUT SHEPTMIO CBETOBbIX KBaH-
TOB—@OTOHOB. IIpOoX0ZsA CKBO3b COJIHEYHOE BEILIECTBO,
raMMa-KBaHTBI «ApobsaTcd», IIar 3a MIaroM, B3auMOJEHCT-
BYH C aTOMaM¥ BellleCTBa, IIpeBpalamTed B KBAaHThI 6oJee
Hu3KOo¥ sHepruy. IToBepxHocTu COJIHIIA AOCTUralOT B OC-
HOBHOM CBETOBbI€ KBAaHTbI — (POTOHEI. IIOTOK POTOHOB —
9HEPIMUA COJHEYHOTO BEIIECTBA — IPMXOAMT Ha 3eMJ0
CJMIIIKOM paccesHHON. YToObl noOJyunTh HEGOJIBIYIO
MOINHOCTE B 1 KBT B CpefHMX IIMPOTAX, HY*KHO B ACHBII
OeHb coOMpaTh SHEPIMIO C IIOBEPXHOCTM B HECKOJBKO
KBaJZIpaTHBIX MeTPOB. Jla u «pabortaeT» CoJHIIe HEperyJidap-
HO, ¢ 60JIbIIMMY TIepepPLIBaMM: TO HACTyIIaeT HO4Yb, TO HebO
3aTATMBAIOT obGJslaka. MeHAeTCA COJHEYHBI IIOTOK M OT
BpeMeHyu rojia. A HeJb3d JU y Hac, foMa, Ha 3eMJie, mo-
CcTpoUTh NcKyccrBeHHoe Cournne?

Bo MHOMMX cary4asx, 4TOOBI MOIIJIA Ta MIYM MHAS XUMU-~
YecKas peakIysa MM CTajla 3aMeTHOM CKOPOCTb ee ITpoTe-
KaHusdA, pearMpymoipe BelllecTBa HarpeBaioT. CKOpPOCTb
MOJIEKYJI C POCTOM TeMIIEPaTyphl YBEJMUMBAETCH, M IIPU
CTOJIKHOBEHUAX ObICTPBIE MOJIEKYJIbI IIPEOHOJIEBAIOT SHEP-
reTMyeckyii O6aprep, MPenATCTBYIOIMA 06pa3soBaHUIO M3
HUX HOBBIX MOJEKYJI — IPOAYKTOB peakimu. B uzorepmu-
YeCKMX peaknyfAX IIPU 9TOM BBIENAETCH NOIOJHUTEJILHAS
sHeprua. CoJiHeyHasi SHepPrMA BO3HMKAET B HAJEPHBIX
Pearnuax, KOTfa U3 Anep Bonopona obpaszyerca resimii.

B 3eMHBIX YCJIOBUAX 3HAYUTEJIBHO IIPOLIE OCYIIIECTBUTH
9K30TEPMMYECKME SNEepHbIe PeaKnyy Ha TAMXKENbIX AApax
BoZiopona (meiiTepmsa M TPUTHUA), YeM Ha sAApaxX OOBIYTHOrO
Bogopoza. YTobbl NOLIINM AfNEPHBIE PeaKIp Ha CMeCH Tpu-
THA U leiiTepusd, BeIlleCTBO HYKHO HarpeThb 10 OYeHb BELICO-
KUX TeMIepaTyp, HOCTUTAIOIMX COTEH MMJLIMOHOB rpany-
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coB. Jlelo B TOM, YTO ATOMHBIE Apa TAXKEJIOTO BOAGPOAA
CIOMBAIOTCA B AAPA ey TOJBKO IIOCTE CONPUKOCHOBEHMS.

Kax 3acTaBUTh KOCHYTBCA J[BA 3apPAXKEHHBIX TIOJIOXKV-
TEJLHBIM 3JIEKTPUYECTBOM P&, OTTAJIKMBAIOIINXCA OPYT
OT ApyTa Ha MAaJbIX PACCTOSHMAX C OYeHb OOJBIIION CIIO?
JlaA 9TOro BOLOPOAHBIE ANpa HAOJIXKHBI JeTeTh APYTr APYTY
HaBCTpedy € O4eHb bousbuioit cKOopocTbio. Takue ycioBus
¥ BOBHMKAIOT, KOTAA BOJOPOXK HArpeT A0 MHOTUX MUJLIMIOHOB
rpanycoB — yeM bosibliie TeMmeparypa, TeM OoJbllle CKO-
pocTs. BrpoueM, o Bozopode IIpM TaKMX TeMIIepaTypax
TOBOPUTH He Ipuxoamurca. C pocToM TeMIepaTypbl HACTy-
IaeT MOMEHT, KOTJa aTOMBI, CTAJIKMBAfACh, TEPAIOT 3JIeK-
TpoHbL. O6pa3yeTca cMech M3 aTOMHBIX AZIep M 9JIEKTPOHOB,
KOTOPYIO Ha3bIBAIOT NJIa3MOIi.

Jlo HepaBHETO BPEMEHM IJIa3My HarpeBasM SJIEKTpude-
ckuM paspanom. TemiiepaTrypa IJIa3Mbl OCTAETCA BBICOKO,
ecay IJjia3Ma He COIPMKacaeTcd CO CTeHKaMy KaMephl, Ie
TPOTEKaeT ee HarpeBaHMe, U He OTAAET UM SHEPTHIO. Yep-
XKaHMe IIa3Mbl OT KOHTAKTOB C XOJOJHBIMM CTE€HRAMM
OCyHIeCTBIAETCA MAarHMTHBIMM mHosamu. Ho ynepkarb
mIasMy BecbMa CJIOKHO Jlazke C ITOMOUIbI0 04Y€Hb CHMJIBHBIX
MarHuMTHBIX ToJieii. MoxkeTt OBITh, ecThb Jpyrue CrocobnI
TIOJIy4eHUA TopAYei IIa3Mbl?

Jlazepnas nazva. Hu OgMH M3 CyILIECTBY IOIIMX CETONHA
VMICTOYHMKOB HE MOXKeT O00eCIIeumTh TaKoy KOHIEHTPALMMU
SHepI¥UY, KaK Jas3epHblil Jyd. MOIIHOCTE MMITYJILCHOTO
MOTOKA MHTEHCUMBHOTIO JIA3€PHOT0 M3JIyYEHUA B IIepecdeTe
Ha 1 cm? pgocrmraer ~10'¢ Briem2. HeTpyZHO IIOHATH
IPaHAMO3HOCThL 9TOM IM(PPBI, €CJM CPaBHUTbL IMPPY
1016 BT ¢ MOLIHOCTBIO DOJMBIIMX 3JIeKTpocTaHimit. Ha nerne
OJHAA SHEPIHUs, BBIAEJAOIAACA BO BCIBIIIKe Jase-
pa, HeBeJuKa — BCHbIMIKa AauTca Bcero 107° ¢, a mio-
11a](b, HA KOTOPOJ KOHUEHTPUPYETCA MIOTOK, M3MepsIeTCa B
KBaJIpaTHBIX MUKpoMeTpax. Ho Aia KoCTHKeHMsS BBICOKUX
«TEPMOSNEPHLIX» TeMIepaTyp Tpebyercsa BbICOKAdA ILJIOT-
HOCTBb 9HEepTUH.
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Puc. 48. 1na Toro
yToOBI B /lefiTepueBO-
TPUTHUEBOM JIbAUHKE
nouwIa TepMosepHad
peakius, JIbAUHKA
IOJIZKHA HarpeBaThCs
JazepHbIM
MBJIYyYEHMEM CO BCEX
CTOPOH (Ha PUCYHKe
BCe (poKycupyolye
JIMH3BI
PpacroJIOKeHs] B
OJIHOM TIJIOCKOCTH, Ha
caMoM JieJie JIbAVHKA
IOJI2KHA OCBeIaThCH
CHCTEMOM JIH3,
PACTIOJIOKEeHHbIX B
TPEXMEPHOM
IPOCTPAHCTBE).

He yrusuresnrsHo, 4TO yueHsbIe paboTaloT HAZ TEM, YTOOBI
MPUMEHUTb MOIITHBIN Ja3€PHBIN JIyY AJd HaTpeBa BOLOpOI-
HOJ IIJIa3MBbl O CBEPXBBICOKUX TEMIIEPATYP, HYKHbBIX IJIA
IIPOTeKaHUA TePMOAAEPHbBIX pPeakIuii.

BoTt onuu n3 nmpoekToB. JIbAMHKA U3 TAMKEJION BOABI pa3-
MEPOM B HECKOJIBKO JeCATKOB MMKPOH OCBEIIfaeTcd CO BCeX
CTOPOH JIa3ePHbIM M3iy4eHueM (pyc. 48). Ecau B KOpoTKOM
umiyabce (~10-%) Jsazepa OymeT M3JIy4aTHCS MOIIIHOCTH
~104 ]JIzxk, TO mpM CIlelMaJbHO mopobpaHHO! QopMme
UMIIyJibCa IIa3Ma, obpazoBaBHIasdcsa M3 JBbAWHKM, OymeT
O4YeHb CMJIBHO CXKAaTa, TaK 4YTO IIJIOTHOCTH BO3PACTET B
HECKOJIBKO ThICAY pa3. B HarpeTo M CBEPXILIIOTHOM
KaneJibKe BO3HMKHYT YCJOBMA IJA NPOTEKaHMA TepMO-
AnepHOM peakuym. XOTA JbOMHKA ¥ HEBEJMKA, OHA HACT
NPy ANEPHOM «CTOPaHMM» NOMOJHUTENbHYIO sHeprmio. I1o
pacderaM 3a KaxKAbIN MMITyJbc 9Ta SHeprusd Oyzer ot 10 go
100 mura. I3x. Benb nipeBpalnasach B Tesinii, 1 T geifrepmueBo-
TPUTHEBOI CMecK O0CBOBOKAAeT CTOJLKO 3IKE€ OSHEePTUH,
CKOJBKO BbIfesdercd npy cropasumu 20 T HepTH.
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Puc. 49. Cxema KOCMIYECKOTO
peaxTMBHOTO ABUTaTEJsi C
TepPMOsIIE PHBIM PEaKTOpOM U
Jla3ePHBIM ITOAKIMTOM LIEITHON
TepMOALEePHOM peaKLmm:

1 — BBOJA AJIA AJI€PHOTO
ropioyero — AT-AbAMHOK; 2 —
3epKaJIo, HaNpaBJAilee
Jla3epHBbIi JIyd Ha JIMH3Y; 3 —
AMH3a, POKyCHUPYIOilasi
U3JydeHue Ha JbJVHKC; 4 —
KOPITyC pakeThl.

Puc. 50. Cxema CTalMOHAPHOM
9JIEKTPOCTaH MM C
TePMOALEPHBIM PEAKTOPOM U
Jla3epHBIM HMOAKUTOM: 1 — mmyTh
JILJIVHOK C AN ePHBIM TOPIOYNM;
2 — Jla3epHBIit Ay,

O KUTAOIIMI IbANHKY;

3 — JBLMHKA B MeCTe IOJXKUTa;
4 — KOpIIyC peakTopa,
HATIOJHEHHBIN XKUIKUM JIATHEM;

5 — TernJI006 MEHHMK (TeILIOo,
BbIZleJIMBIIEECH B TEPMOSAEPHONI
peakLyu, IEPEHOCUTCH K
NnapoBBIM TypbuHam
3JIEKTpOCTaHLyMu); 6 — Hacoc,
repeKadMBaloiyii JIUTHUI;

7 — BopoHKa, o6pa3oBaHHaA
GJarosaps Bpail{eH Mo MacChl
JIATHUA.

JIsauaku I T-roproyero
BBOZATCA B BOPOHKY B Macce
BpPAil{aIoiIeTOCH XKUAKOTO
aurusa. Bpemd ot Bpemenn JIT-
JIbAVIHK Y TIO/ 2KUTAIOTCA
Jla3epHBIM JyuoM. Harpersiit
JIATYOA IOCTYTIaeT B
TerI006 MEeHH UK.



T'naBraa 3azaga, KoTopas BCTaeT IEpPer YYEeHBIMH,
KOTJ[a OHM HAYMHAIOT NPOEKTHPOBATH JIa3epPHOE TEPMO-
ANEPHOE yCTPOMCTBO, — KakK ITIOCTPOMTh MOIIHBIN Jazep C
60NBbIIMM K09(OMOUIIMEHTOM IIOJIE3HOTO AeicTBMA. B Takom
Jasepe 3HAUMTEJNBHAA JOJIA SHEPTMM HAKaYKM JOJIKHA
IepexXoauTh B SHEPTMIO JaszepHoro muaixyyeHus. CeromHs
6oJIb1IIe BCETO MOAXONMT AJA HarpeBaHMsA IJIa3Mbl JIa3ep C
ra3006pas3HBIM M3JIyYaloIlMM TeJIOM — YTIJIEKMCJIBIM Tra-
30M. Jlasep Ha YIJIEKMCIIOM rase WCIIyCKaeT MH(ppaKpacHoe
MU3JIydeHMe C JJIVHOM BOJHBI 10,6 MKM.

Il moJieToB Ha maJIbHME MJIAHETHI, a TeM DoJiee K 3Be3-
ZlaM HeNpuIoHBbI ABHUraTesy, paboraroiye pgaxe Ha Jyd-
IeM XMMMUYECKOM TOIIMBE, — CJMIIKOM OO0JIBIIION 3arac
roprovyero mpuiock Obl OpaTh Ha pakeTy, CTApPTYIOLIYIO,
ckaxeM, Ha IIoyToH. A BOT JIa3epHbI TEPMOAAEPHBIN OB~
rareJb OKa3bIBAETCA BIIOJIHE MOAXONAIMM AJA CBEPXAANIb-
HMX TIOJIETOB B Kocmoc (puc. 49). Jlazep HOAXOAMT M IAJsA
OOLKNUTa TEPMOSNEPHOIO TOPIOYEro CTAIMOHAPHOM 3JeK-
TPOCTaHUINMM, CKUTAOIel neiiTepuii v TpuTIoL (puc. 50).

Korpa »Ke cBeTOBOI JIyd 3aIIyCTUT TEPMOANEPHYIO peak-
VIO ABUTATENA CBEpPXJaJibHEl pareTbl M MOJOKIKET Tep-
MOSAAEPHYIO TOIIKY BOJOPOIHON 3JIEKTPOCTAHIANM?

CerogHA TPYRHO HAa3bIBATh TOYHBIE [aThbl. Y4eHbIE
[eJIAIOT TOJIBKO 6oJiee MM MeHee JOCTOBEPHBIE IIPEIIONO-
xeHusa. Cumraercda, 4To B OyZAyIleM MOIUHBbIE Ja3epHbIe
9JIEKTPOCTAHIMYM CMOTYT JlaBaTh IIPOMBILIJIIEHHOCTH SJIE€K-
TPUHECKYI0 SHepriio. Byyiee moraxer, HaCKOJIbKO crpa-
BeJIMBBI 9TH MPOrHO3bl. Ho M cerofHA sCHO, 4TO Jasep
CTaHeT MOIIHBIM OpPYyAMEM pelleHua 9SHepPreTM4ecKux
pob6JieM, BCTAIOUIMX TIEPE]] YeJOBEKOM.

Ob0wemusrit Mup rojorpaduu. HelHe IJIaBHBIA XpaHu-
TeJb OIITUYECKOoi uHpopManmu — doTtorpadua. KuHoka-
Mepa wim dpoToamnmapar 3arnedaryieBaoT obpassl rocymap-
CTBEHHBIX [esATesell, YYEeHbIX, KOCMOHABTOB, BasKHeMIIIe
ucTopuueckye coObITVA, IPOU3BENEHNUA UCKYCCTBA M MHO-
roe gpyroe. Hayunasa dortorpacdusa mo3BoJAeT M3ydaThb
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Puc. 51. «IIpodeccmr» yazepa.

CJIOKHBIE IIPOIeCChl, MICCJIEAyeEMbIe B JabopaTopuax M oCy-
niecTBJIAEMbIe Ha [TPOM3BOACTBE, OOHAPYZKUBATD MOJIE3HEIE
MCKOITaeMbIe M IIPEACKA3bIBATh OXKMUAAEMbBIN YPOXKaIL.

CerogHsa m3o00pazkeHNA, KaK IIPABWJIO, MBI ITOJIYy4aeM C
mnoMoIeio dororpadpui. Ho ecom JeT mATHaAUATh Ha3an y
gpororpadii He ObLIO CKOJBKO-IMOO CEepbe3HOr0 KOHKY-
peHTa, TO B HAIIM AHM BO3HMK ¥ OBICTPO pa3BMBaeTCA
HOBBIN Criocob mHoJyueHMa M300parkeHMiI OPeSMETOB —
rojsorpadpus.

Tonorpadgpuyeckoe n3obpazkeHue IMPeAMETA COREPIKUTCA
B TrOJIOTPaMMe, KOTOpas MrpaeT TaKylo 3Ke PoJib B roJorpa-
¢y, Kak HeratuB B pororpadpmm. ['osmorpamMma 1o BHeIII-
HeMy BHUAY OObIYHAA MPOABJIEHHAdA (POTOMNJACTHMHKA, Ha
KOTOpPO n3obparkeHa KapTHHA, HUYYTh HEe HAaIIOMMHAOIA
ouepTaHMA 3arevaTIeHHOro Ha Hej npenmera. Ecam pac-
CMaTPMBATH TAKYIO IUIACTMHKY Yepe3 MMKPOCKOIIL, TO 6yayT
BUIHBI YEPEAYIOIMECA TEMHBIE M CBETJIbIE IIOJIOCHI, €CJIM HA
Helt oToOpazkeH HeCJIOKHBIN npenaMeT. CIOXKHbBIE CIOXKETHI
[PEJCTABATCA 3€PHMUCTOM CTPYKTYPOM M3 CBETJBIX M TEM-
HBIX YYaCTKOB.

CTOMT TOJIBKO OCBETMTBH TOJIOrPaMMy APKMM IIyYKOM
cBeTa, KaK BO3HMKAET I[BETHOe oOBbeMHOe mu300pazkeHme
npeaMeta. OcBelasa 3alyTaHHYIO CTPYKTYPY, M300pazkeH-
HyIO Ha IJIACTMHKE, Mbl BOCCTaHaBJIMBaeM KOTZa-TO OTpa-
KEHHBI ITpeMeTOM (PPOHT CBETOBOM BOJIHBI, ¥ 9TOT (DPOHT
IIOJIHOCTBIO IIOBTOPAET IAfaBIIMII paHee Ha ILIACTMHKY.
BoccranoBieHHOe M300pazkeHMe PAaCHOJIOXKEHO HOJ YIioM
K OCBeIIaoIeMy Hy4KYy, 3a FoJOorpaMMOA.

Ho na sTom uypaeca He KoHYaKOTCA. ['oorpaMMy MOXKHO
pa3buTh Ha YacTH, ¥ KaXKIAbIi OCKOJIOK IPM MPOCBEYMBAHMUA
BOCCO3JACT TaKyl0 ¥Xe KapTMHY, KaK IIpekze BoCCo3aBaJa
BCA MJIACTMHKA. YK€ CO3JAaHHBIE T'OJIOTPaMMbl IIIeINEBPOB
MMPOBOTO MICKYCCTBa, PEAKUX IPEAMETOB, HUYEM HE OTJIM-
Jalomecs OT OPMIMHAJOB, CTAJMM JOCTYIHBI I BCEX.
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HoBble BO3MOXKHOCTH royiorpacdpus OTKPbIBaeT B HAy4YHbIX
MCCJIEROBAHMAX ¥M TEXHUYECKOM KOHTPOJIE Ha IIPOM3BOJ-
CTBe.

Ha rosorpamMMe moJIozKeHMe OTHAEJbHBIX MaJbIX 9JIEMEeH-
TOB IPeJIMeTa PEerMcTpUpPyeTca MO 3ana3fbIBaHMUIO Jydel,
OTPa>KEHHBIX OT 9TMX SJEMEHTOB. PaccTodgHMe OT OTHEeNb-
HBIX TOYeK IpefMeTa 3alMChIBAETCA IIyTeEM CpaBHEHNA
IBYX JIy4eil CBeTa: OMOPHOIO ¥M IpeaMeTHOro. JIpa Iryyka
cBeTa — MAYIIMII OT rpegMera (IPeXMETHBIN) M APYrou
(oTIOpHBIT) — HANPaBJAAIOTCA Ha (POTONMJIACTHHKY, Ile OHU
CO3HAIOT WMHTEP(EPEHIMOHHYI0 KapTuHY. VHTepdepeH-
IMOHHAA KapTuHa B OoJbIIoM 006beMe IIPOCTPAHCTBA BO3-
HMKaeT TOJIbKO IIPM B3aMMOJENCTBIMY KOT€PEHTHOr'O CBeTa.
IlosTomy ronorpacdma 6e3 Jra3epHOTO KOTEPEHTHOTO UBIY-
YeHMA He MorJa 6bI MOy YNTh HACTOAILETO PA3BUTHA.

Tonorpadmueckaa «3anuchb». KakK Ke 3amlMChIBAIOT
rosiorpamMMmy? OcBeTHM (POTOIIACTMHKY [ABYMS KOTE€PEHT-
HBIMM mMy4Kamu cBeta. OnmH u3 HuX (1) HanpaBuM nepreH-
IMKYJAPHO K ITOBEPXHOCTM TIACTMHKY, a Apyroit (1') —
nox yraom ©. Torpa, CKIagbIBasch, CBETOBbIE KoJsebaHmsA
IanyT Ha MJIAaCTMHKE CHUCTEMY MHTEP(EPEHIMOHHbBIX II0JIOC
(puc. 52a). Ilocrme mpoABNEeHMA IUIACTMHKA IIPENCTaBUT
co00it IUPPaKIMOHHYIO penIeTKy. OCBETUM ITONYYEHHY IO
PelLeTKY IIePHEHANKYJIAPHBIM K €€ MOBEPXHOCTH IIyYKOM
KorepeHTHOro cBera (1). YacTb 9HEPruy 3TOTO IIydyKa Ipoii-
IeT dYepes IIeNM peuIeTKY, He M3MEHMB HAIIpaBJIEHMA, W,
KpOMe TOro, BO3HMKHYT €Ile ABa MapaJUlelbHBIX ITy4yKa
CBeTa, PaCIPOCTPAHAIOIIMXCA [0 yIaIoM © 1 — O K moBepx-
HOCTY MJIACTMHKM. OTH yIJIbl OyAYT B TOYHOCTM TAaKMMN XK€,
KaK ¥ YroJj, IoJ KOTOPBIM OCBEeLaJach IJIACTMHKA, a
MHTEHCUMBHOCTb IIyuka (1”), wmaymero mnox yraom O,
OymeT TakoOif 3Ke, KaK M paHee IIaJaBIIeT0 HA IJIACTUMHKY
(pmc. 5206). ViHpIMM crroBamMM, (POTOIJIACTMHKA 3aIrlOMHNIIA,
0] KAKUM YIJIOM ¥ C KaKOl MHTEHCHMBHOCTBIO Ha Hee majgan
Jy4. DTOT CTaphlil JIy4 BOCCTAHABJIMBAETCA IIOf AEMCTBMEM
NepHeHAMKYIAPHOTO JIy4ya, Ha3bIBAEMOTO OIIOPHBIM.
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Puc. 52 a. Cxema
3aMIMCH TOJIOTPaM-
MBI

Puc. 52 6. Cxema
BOCIPOM3BENEHUA
roJIOTPaMMBI.

B03MOXHOCTHL BOCCTAHOBJIEHMA MEPBUYHOIO CBETOBOIO
IIy4YKa € IIOMOIIbIO OIIOPHOTO JIy4ya IPMBOAUT K AAJIEKO WY -
M nocJeaecTBuaM. OKas3bIBaeTes, ¢ IIOMOIIbI0 KOTEPEHT-
HOTO M3JIy4YeHMA Ha (POTOMJIACTMHKE MOXKHO 3ammcaTh He
TOJIBKO XapaKTEePMCTHKM apaJiyIeJIbHOTO [Iy4Ka CBEeTa, HO U
CBET, OTPaKeHHbIN JeNeCTKaMM po3bl, MPAMOPHOM KOJIOH-
HaJ[0}1 MM XPyCTaJIbHOM Ba30M, a IOTOM BOCCTAaHOBUTD 9Ty
«3aIIVCh».

OcBellleHHBIN JWIM CBETAINUICA IPeaMeT BCeraa MOXKHO
NpesICTaBUTh KaK COBOKYITHOCTb OTHEJIBHBIX CBETAIIMXCS
Touek. ITosToMy ecym Hay4IUThCA 3aIMChIBATh Ha POTOMIIA~
CTMHKE CBET OJHO}M TOYKM, TO MOZXKHO 3aIicaTbh M CBET,
VICITy CKaeMbI/ CaMbIM CJIOKHBIM 00beKTOoM. CBET OT CBETHA-
mieiici TOYKM TIIaflaeT Ha (POTOMIACTMHKY KOHYCOM
(prc. 53a). PazobbeM 9TOT KOHYCOOOPas3HBIA IIyYOK Ha
O4YeHb y3KME KOJIbI]A, TaKMe, YTO PACXOAMMOCTBIO Jydeil B
HUX MO3KHO IIPaKTUYECKM IpeHebpeub. ITO 03HAYAET, UTO
KaKJbIil y3KWMi IIy4OK MbI MOXKEM CUMTATh Kak Obl mapaJ-
JIeJIBHBIM.

doronnacTuaka Ha y4yacTke A,B; 3alOMHUT MIyYOK,
HajaBIINMi HA Hee ToJ yIJIoM (¢, Ha ydacTke A,B, — mof
yTIioM @, (puc. 53 6). YeM GoJibIile yroJi, TEM daie Audpak-
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Puc. 53. Ilonyyenne OCBEIL[€HIMM I'0JIOTPaMMbI
rOJIOTPaMMb! TOUEYHOTO 06 beKTa
K (a). BoccraHoBJI€HUE

n306pakeumsa Touku K npu nazepHoro Jjy4a (6).

KOT€peHTHBIM CBETOM OIIOPHOTO

IIMOHHBIE II0JIOCHI, TEM GOJbIIle «UITPMUXOB>» MPUXOAMTCH
Ha eAVHMIlY AJIMHBI IDTaCTHMHKM. EciM mocse Tagkoro ocse-
IIeHUA IIPOSBUTH IUIACTMHKY ¥ BHOBB OCBETUTH €€ OIop-
HBIM IIyYKOM KOTePEHTHOTO U3JIyYeHN A, TO BOZHMKAET TOYHO
TAKOM K€ CBETOBOJ ITOTOK, KOTOPBIM Mafasa Ha MIACTHMHKY
IO €€ MPOABJIEHMUA OT TOYEYHOTO MCTOYHMKA. TakMM IIyTeM
MbI C BaMM PEINMM 3a7ady 3alMCH CBETOBOTO IIOTOKA, OT-
PazKeHHOTrO MaJbIM y4YacTKOM IMpegMeTa, KOTOPBIf MOXKHO
OPVHATH 33 TOYEYHBI} ICTOYHUK CBETa. OTPaKEeHHBI BCEM
OpeaMeTOM CBETOBOM IIOTOK IIJJACTMHKA B3alOMHMUT Kak
CYMMY IICTOKOB OT MaJIBIX YacTell npeaMera — OTAEJIBHBIX
TOYEK, MCIIyCKAIOIIVX MY OTPazKAIOIMX CBET.

Tlomockr Ha mnynacTuMHKe OyAyT OYEHb CJIOKHBLIMMU W,
KOHEYHO, COBCEM He OyAyT HAaIIOMMHATh CaM IIPEAMET, TaK
JKe KaK CHCTeMa MPaBMWIBHBIX [I0JIOC BOBCE HE MOXO03Ka Ha
napajJesbHbII IIYYOK CBETA.

JomycTuM, POTONMIACTHMHKA C 3aIMCAHHON Ha HE rojo-
rpaMmoit pazbunack. Y Bce ke 1060i1 OCKOJIOK 9TOM ma-
CTMHKM, OCBEIIEHHO} OIOPHBLIM CBETOM, BOCCTAHOBUT M30-
6pazkeHMe. 3TO CTAaHET MOHATHBIM, €CJM TOCMOTPEThL Ha
pucyHoOK 53. B camoMm pexne, yact A;B; u A,B; NIacTUHKNU
HE3aBMCUMO CO3LAI0T M3o00paxenme Touru K. IIpaBpa, ¢
YMEHbIIEHMEM Pa3MepOB roJIOrpaMM KadeCTBO M300paze-
HUA yXyAIIaeTcs.

OMNOpHBI CBETOBOI IIy4OK BOCCO3gaeT o0beMHOe M30-
6pazkeHne IIpeMeTa, ¥ laxKe He TaKoe, KaKoe Mbl BMAMM Ha
CTEPEOCHMMKAX, KOTAA CO3JAaeTCA WIIIO3MUA 00BbeMHOro
nz3obpaxkenyusa. Ha o06bIYHOM CTEPEOCHMMKE HMKAKMX
HOBBIX ToApoOHOCTEl MBI HEe YBUAMM, paccMaTpuBas €ro
IO/ PA3HBIMY yIJIAMM 3peHuA. A royorpadudeckoe o6beM-
Hoe mu300pazKeHMWe MO3BOJIIET PaCCMOTPETh IIPEAMET CO
Bcex cTopoH. MOXKHO 3arJIAHYTb M 3a MpegMeT M yBUIEThb
TO, YTO HAXOAMUTCA 32 HUM.
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MozxHO co3naTh 1 06 beMHY0 roJiorpaMmy. B aToM Ciry-
4yae MHTePMEPEHIMOHHAA KapTHMHA KOTEPEHTHBIX ITy4YKOB
3amMChIBAETCA B TOJICTOCJONMHOM SMyabcyy. Ob6bemHasd
roJjorpamMmma erge 6oJiee IOJIHO, YeM ILIOCKAadA, OTOOpazkaer
ob6bemHBIT Mup. Ha cTapmy BOCCTAHOBJIEHMA BOCIPHUATHE
nzobpakeHus NOpeAMeTa COBEPIIIEHHO HE OTJIMYAETCA OT
BOCIIPUATHUA caMoro mpeaMera. desoBer, HabJIromarommi
BOCCTAHOBJIEHHOE M300pazkeHye NpeaMeTa, OLUlyIaeT CBoe~
o06pazHbIif 9 PHEKT MPUCYTCTBUA.

Y auBKuTEIbHBIE BOZMOXKHOCTM OTKPBIBAET TOJIorpadous.
Ecom cHATH PMIIBbM, Iie KaxKAbIA Kagp — rojiorpaMmma, TO
HOJIy4uTCcs 06'beMHa A KMHOKaPTHHA HEOObIKHOBEHHO BbICO-
KOT'0 KayeCTBa.

IIporiger He Tak y2K MHOT'O BPEMEHM, M yUEHBIE M MHIKe-
HEphI CMOTYT CO3[aTh YCTAHOBKY, IIepefaoiuyme TroJio-
rpaMmel Ha 6oJsblioe paccrosHMe. ByZeT ocyiecTBIIEHO
obvemHOe TesneBuAeHME. IIpoMCXORAIINE 33 MHOTYE ThICTYN
KWIOMETPOB CcOOBITHA MOKHO OyIEeT IIEPEHECTH B 3PUTENb-
HBI 3a7. Ho He TOJBbKO KMHO U TeJeBUAeHVe CTaHyT MHbI-
mu. IIpeobpaszarca u Haum O6mbamorekn. Ha ofHy mnyeHKy
roJiorpaMMbI MOXKHO 3amycaTth 6oJiee cra CTpaHmMi] TEKCTa.

Vnueurenbuble npespaniesus. Eine co BpemeHu Hpro-
TOHAa CYMTAJIOCH, YTO CBET JOJIZKEH IPOXOAUTHL depe3 IIpo-
3pavyHoOe BEILECTBO, HE MEHAA YaCTOTHI KoJIebaHm.

IToBeneHme CBETOBOro IIydKa B BEILECTBE IIOJHOCTHIO
oIpenieNiAeTCsA €ro 4YacTOTOM M MoKa3aTeJIeM IIpPeJIOMJIEHMA
cpezibl, ecyi He YYMTHIBATH ABJIEHWI, CBA3AHHBIX C ITOJIA-
puzanyeit cBera. Ho ecy 0CBETHTH KBapIEBYIO MIACTUHKY
MOIIIHBIM CBETOBBIM ITOTOKOM pPYyOMHOBOro Jazepa, TO B
Jyde, IPOLIEAIIIEM KBapIl, HOABATCA KoJiebaHMA ¢ 4acTo-
TO¥, OTJIMIHOM OT JACTOTHI KPACHOTO CBeTa Jasepa. B atom
MOKHO ybeamThCs, HampaBMB Jyd Ha Opu3My. B Jyue
KpOMe KPaCHOTO OKAaXKeTCA ¥ CMHMII CBET C JJIVMHON BOJHBI
0,347 mxwm (puc. 54a).

OTKyna B34JI0Ch HOBOe M3JaydeHne? OrasplBaeTcd, B3a-
MMOJZENICTBME CBETa C BEILIECTBOM MOIKET ITOCHYXKUTh IIpH-
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Puc. 54 a. IIpoxoxkzge-
HUE MOIL[HOTO
JIa3epHOTO JIy4a Hepes3
KBapLEBYIO ILIaCTUHY.
Puc. 54 6. CMeleHHBIE
9JIEKTPOHB! HAYMHAIOT
KoJiebaThes;
BO3HUKAIOT M3JIyde-
HUA C 4aCTOTOM
1a/1aI0IIIEeTO CBETA

Y C YABOEHHOM
yacroroit. Cymma

9TUX KoJieGaumit
BOCIIPOM3BOJUT
KPUBYIO CMEIleHNsA
3J1eKTpoHOB. Kpome
CBETOBOTO M3Jy4e-
HMA NIPY HECUM-
METPUYHOM CMeIlleHUM
3JIEKTPOHOB BO3HM-
KaeT MOCTOAHHBIN
3JIeKTpUYECKMI TOK;
ecJIM 9JIEKTPOHBI

CMeIIaTcA

3JIEKTPUYECKUM

CBETOBBIM I10JIEM
xojebanuit BTpoe CHMMETPUYHO, TO
foJibIlIel1, 4eEM YaCTOTa  MOKET BO3HMUKHYTH
nafaollero CBeTa. CBET ¢ 4acTOTOM!

YMHOM M3IMEHEHMA dYacToThbl cBeTa. B CBeTOBOM BOJHE
KO0JIeOJII0TCA 9JIEKTPUYIECKOE ¥ CBA3AHHOE C HUM MarHUTHOE
noJd. Hanpsa>KeHHOCTb SJIEKTPHUYECKOTO ITOJIA COJHEYHOTO
Jy4a B XOPOLIYIO MOTOAY Yy 3€MHOM ITOBEPXHOCTHM COCTaB-
JAaer okono 1000 BM. Takasa He3HaumMTe bHAA HAIPSAKEH-
HOCTb 9JIEKTPUUYECKOTO IIOJII MOXKET CABUIaTh TOJIbKO
odeHb cJabo CBA3aHHBIE SJEKTPOHBI ATOMHBIX 000JIOYEK.
Ilox pmevicTBMEM cBeTa B BellleCTBe BO3HMKAIOT KoJebamms
9JIEKTPOHOB C YaCTOTOM, PaBHO} dYacToTe Kojebauuit B
TaJaoIlleM CBETOBOM Jyde. DTy KoJebaHMA Co34aloT BTO-
pUYHOE CBETOBOE MBJIYUEHME C TOM Ke 4yacToroi. [TosTomy,
IPOXOAs Yepe3 BeILeCTBO, COJMHEYHBLIM CBET HE MOIKET
BbI3BATh ITOABJIEHMSA HOBBIX YaCTOT B CIIEKTPE.
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Puc. 55. Jeitcteue
JIa3e PHOTO U3JIyde-
HMA Ha ATOMHBIE
9JIEKTPOHBI.

OmHako B dokyce JmH3BI, cobpaBIlell JIa3epHbIN JyY,
HanpAXEeHHOCTh 9SJIEKTPMYECKOrO IIOJII CBETOBOM BOJIHBI
MoxkeT pocturate 1 mipz. B/em. Takas mMoimHasi cBeToBas
BOJIHA HE TOJIBKO COBMIAET 3JEKTPOHBI BHEIIIHNX ATOMHBIX
obosrouex, HO BBI3BIBAET U HOJiee CYIIeCTBEHHBbIE M3MEHE-
HuA. Y KPHUCTAJUIOB, He MMEIOIMX IEHTPa CUMMETPUM,
9JIEKTPOHBI B OJHY CTOPOHY 6yAYT CABMHYTBHI CIUIIbHEE, YEM
B Apyryio (pyuc. 546). IlomoxkeHye CMENIEHHBIX JIEKTPOHOB
Tereph yxe He IOBTOpAeT (POpMY IIaJaloieil BOJHBIL
Konebnacs, cMmelneHHble TakuM 00pa30M 9SJEKTPOHBI
CO3MaAyT OBE CBETOBBbIE BOJHBI: C YAaCTOTOM MaZarOIIero
cBeTa M ¢ BABoe Ooxbiieit yacroroi. IloABuTea emme u
[IOCTOSHHBINA 3JIeKTPHU4uecKMil TOK! MOKeT CIyunThes 1 Taxk,
YTO 3JIEKTPOHBI CMECTATCA OAMHAKOBO B 06€ CTOPOHBI, HO
Opyu 9TOM MX CMeIlleHMe He IIOBTOPUT (popMy HafarolLest
CBETOBO BOJIHBIL.

ITocmoTprM Ha NPyzKUHEI (pHc. 55). Bee OHM OOMHAKOBEL
10 CBOMM XapaKkTePUCTHMKaM. J[OIIyCTMM, YTO K IEPBOI O~
BeIlleH IPy3 Maccoil 5 Kr, Ko BTOpOil — maccoit 8,7 Xr, a K
TpeTbeit — maccoii 10 kr. Ilox neiicTBMeM Beca rpysa mep-
Bas NPYyXKMHa PacTAHyJachk Ha 5 CM, a BTOpad pacTATMBa-
€TCs TOJILKO Ha 8,6 cM, XOTA Ha Hee HNEJCTByeT BeC Iupu
maccoii 8,7 kr. TpeTbA NpPYyKMHA OMyCKaeTcsa BMeCTo 10 cm
Ha 9,5 cM. Hamm rpyss! Teneps He HOBTOPSIIOT 3aKOHA, II0
KOTOpOMYy mnozmobpaH MX Bec, IPOMOPLMOHAJNBHEIA MaccaM
rpy3oB. C yBeJmfieHMEM IPMKIANbIBAEMON CIJIbI HPYKUHA
Ha4yMHasA C ONpPeJleJIeHHOTO MOMEHTa OKas3bIBAaeT OoJIbillee
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COIPOTHMBJIIEHME PAaCTAXKEHMIO, 4eM BHaudaje. Tak xe u
9JIEKTPOHBI B aTOMax.

MOo>XHO IPEeACTaBMUTb, YTO OHM NIPUKPEIJIEHBI K aTOM-
HOMY APy Kak Obl Ha npyxuHax. KoHe4yHo, Ha gele Mx
VAEPKMBAIOT B aTOME 3JEKTPUYEeCKNe CUJIbI, HO 3T CUJIBI
10 CBOEMY LEMCTBIIO MOROOHBI HAIMM IPy:KuHAM. Tarmum
obpa3oM, KOrza HANPAMKEHHOCTb SJEKTPUYECKOTO TMOJSA
CBETOBOJM BOJIHBI BeJIMKa, CMEIIleHMEe 3JIEKTPOHOB, TaK Ke
KaK M CMeIlleHUe TMpPb, HE IOBTOPAET (POpMYy MafaroIei
BoJHbl. Ha pucynke 55 MbI BUIAMM, YTO TaKyIO CMEILEHHY IO
LIETIOYKY 9JIEKTPOHOB MOZKHO IPEACTABUTh ABYMA CHHYCO-
UAaM¥; y OXHOM IJyMHa BOJHBI Takad Xe, KaK M y mafa-
IOLIETO CBETA, & Yy BTOPOM — BTPOoe Kopoue. ObJyyasa Kajib-
IIMT MOIIHBIM JIy4OM PyOMHOBOrO Jia3epa, MOKHO OJy4UTh
M3JIydeHMe ¢ AAMHO BoJHB! 0,2314 MKM, T. €. BTPOe MEHb-
1€, YeM AJIMHA BOJIHBI Py OMHOBOIO Ja3epa.

Ho ecyiu B BellleCTBe MHTEHCUBHBIN Ja3epHbBIA JIyY pac-
NPOCTPaHAETCA IIO-MHOMY, TO OH ¥ IIPEJIOMJIAETCA B Bele-
CTBe, ¥ OTpaXkaeTcs OT TOBEPXHOCTY TeJIa He TaK, KakK 0ObId-
HBI: MOABJAIOTCA (POTOHBI OOJIBIION SHepruy. BelnecTso,
OPOITyCKamwllee cBeT OObIYHOM CIMJIbI, CTAHOBUTCS HEIPO-
3payHbIM AJIA MOIIHOTO IIy4ka. Bce 9Ty ABJeHua obpazo-
BaJIM HOBBI paszen pU3MKY, HA3bIBAEMBIN HeJMHEHHO
ONTUKOI.



Onruka Oynyuiero

Hayka o csere. Hax TaiiHaMy CBeTOBOrO IIOTOKa pas3-
MBIILIAJIM MHOIVE IIOKONeHuA ydueHbIX. Co3gaBanuchk 3a-
MedaTeJbHbIe Teopuy, OOBACHABIIME OINTHYECKME SABJIE-
Hua., JIasd MX IIPOBEpPKM CTABUIMCH TOHKME ¥ UBAIIHBIE
OTIBITEL..

OnTnyeckue npubopbl He TOJLKO AaBajy CBEAEHMA O
cBeTe, HO ¥ BHECJM BKJIQJ B M3y4YeHME IIPAKTUUECKM BCEX
obisracreit Hayku. Beps OoJspllad 4HacTb CBENEHMM 0
BHELIIHEM Mype MOCTyHaeT B HaIll MO3T OJarofapsa 3peHMIo.
Onrudeckye MpubBOPhI ¥ METOABI ITO3BOJIMIN IIPOHUKHYTH
B TakMe TalHBI INPUPOAbI, KOTOPbIE HEBO3MOXKHO ITOCTHI-
HyTb 6€3 ONTUKHU.

Eiue npeBHmMM rpekam ObLI M3BECTEH -3aKOH O MPAMOJI-
HEMHOM pacrpocTpaHeHmMy cBeTa. HBIOTOH JOKaszaJ, 4TO
6eJibIit CBET CJIOKHBIN, PA3JIOKMB €r0 Ha I[BETHBIE COCTAB-
asaonme. IIpenmosiokenne I'toiireHCca 0 BOJIHOBOI IIPUPOAE
cBeTa b6yecrdAmie pa3sui Ppenens. CoBpeMeHHbIE TEOPETH-
YeCcKMe IIPE[CTAaBJIEHMA BO3HMKIM OJjaromapa Tpyzam
reHuanbHOro MakcBeJIa, KOTOPBIA A0KAa3al, UTO CBET —
HOTOK SJEKTPOMATHUTHOM SHEPTUH. VIByueHyMe ONMTHYIECKUX
ABJICHMII 0KA3aJI0 PEIAoIIee BIAMIHME HA Pa3BUTHE Teope-
THUYIECKOM pu3MKM. YYeHble, MCCIeAYyA WMIJydeHUsa HaKa-
JIEHHBIX TEJI M JIMHENMYaTbhle CIIEKTPbI [AapoB ¥ Ta30B,
CO371aJI KBaHTOBYI0 MEXaHMKY — OCHOBY BCEJl COBPEMEH-
HOJ TeopeTUdecKoil pusnkm.

KBaHTOBaA MeXaHMKa, BO3HMKIIIAsA Kak HayKa IIpM KC-
CIIeZOBaHMYL ONTHMYECKMUX ABJEHMI, OOBACHAET HE TOJIBKO
CTpPOEHME aTOMAa, HO ¥ CTPOEHME AaTOMHBIX dMep, UX CTPYK-
TYpPY, IPOLecchl PaAMOaKTUBHOIO paclana, POXAeHUA HO-
BBIX 3JIEMEHTAapHBIX yacTuil. Ha ee oCHOBe CO34aHBI TEOPUN
TBEPAOTrO TeJIA U KUAKOCTE.

B Haiile BpeMs 9HEPTHs CBETa UrpaeT OOJBIIYIO POJIb 1 B
TexHMKe. ['pomMajHoe 3HAYEHME MMEIOT ONTHMYECKHMe M3Me-
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peHusd, CIeKTPaJbHBIA aHANNU3, TOJOrpaouIecKmMe MeTObI
MUCCIIeNOBaHMsA.

B nepcriekTuBe HauboJNbIIMe YCIIEXM B PA3BUTHUY OIITH-
KM CBA3BIBAIOT ¢ NPUMEHEeHNUeM Ja3epoB. Eciy naATHaAIaTh
JIeT Ha3aJ JIa3epHbIe JIy4y HECNV BeCbMa CKPOMHBIE MOIII-
HOCTH, TO CETOfHA Jyd4 Jia3epa ¢ 6oJIbIIIONi CKOPOCTHIO pas-
pe3aeT CTaNIbHOM JIKCT, Pa3pyIIaeT CBEPXIIPOYHbIE TOPHBIE
TOPOABI NP IMPOXOAKe TOHHEJEN! I IIaXT, B IIJIOXYIO IOTOAY
BefleT Ha IIOCAIKYy CaMOJEThI, BOCCO3[AEeT C HEBUOAHHOM
MOJIHOTOM 006pas3bl caMbIX pPasHOOOPa3HBIX IIPEAMETOB,
IOMOTaeT CHMMAaTh KapThl MECTHOCTH (pHcC. 51).

Jlazepsl pacumpuim NIpUMeHeHMe ONTHYECKUX METOHOB
B MeTpoJiornu u reoge3mm. OCTPhIN Ja3epHbI Jyd He3aMe-
HUM IJA OIIpefiesIeHMs TOYHOI'O MOJIOXKEHV JeTalieil npu
MOHTaXKe CJIOXKHBIX, OOJbIIMX YyCTAaHOBOK, TaKuX, Kak
paauoTeNeCKonbl MM apMaTypa IJjsd cOOPKM CaMOJIETOB,
aBTOMAaTH4YECKOr0 KOHTPOJA IPOXOAKM TOHHEeJNEeH, CheMKU
mpodousA B3JIETHBIX IIOJIOC Ha aspojpomMax. Jlazepom
CBapyMBalOT Ky30Ba aBTOMOOWJIEN, «CBEPJAT» OTBEPCTUA B
JoraTKaxX TypOMH, PeKyT KEPpaMMKy M CTEKJIO, KOHTPOJIM-
PYIOT 3arpA3HeHNe OKpyKarolei cpegsbl.

IToaBuyoCck IIOHATHME «JIa3€PHasd TEeXHOJOIMA»: Kore-
PeHTHOe onTi4YecKoe M3JydeHMe yCKOpPAET IIPOM3BOJCTBO
XMMMYECKUX IIPOAYKTOB, BbIpalimBaHMe OOJBIINX KpHU-
CTaJIJIOB [JIA COBPEMEHHOM Daaymo3JIeKTPOHMKM, obecrie-
4iBaeT paszeseHye M30TOIIOB.

Jlazepsl mepCrHeKTUBHBI AJIA KOCMMYECKOM CBA3U. Y3Ke
CerofiHA JIa3epHBIN Jyd MOXKET HOHEeCTM MHQOpMauyio A0
CaMBIX JaJbHMX IwiaHeT COJHEYHO) CUMCTEMBI, yIIPaBIATH
IMCTAHIMOHHO KOCMMYECKMMM aImaparamMm B obJsactu
Henrtysna u IlnyTona. B 6yayiueM, II0-BUAMMOMY, MMEHHO C
MOMOIIBIO JIa3epa OyneT BO3MOXKHA MeK3Be3/{Has CBA3b —
CBA3b C KOCMMYECKUMM o06beKTaMy BHe COJHEYHOI cHucTe-
MBL.

Jlazepuasa paxera. [Io-Buamumomy, morpebyeTca He Tak
y3K MHOTO BpPEMEHM, KOIZla B HaIlleM PacHopAXKeHu oKa-
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JKyTCA MOTYII[ECTBEHHbIE CBETOBBIE NOTOKNM. CTaHeT peanhb-
HBIM pellleHMe TaKMUX MPobieM, 0 KOTOPBIX MbI TOJBKO elle
MEYTaeM.

Iorrycrim, 4T0o 00bIKHOBEHHBI KapaHAalll — roToBad K
cTapTy B KOCMOC pakeTa. B mpuuATOM HaMu MaciiTabe BeCh
[OJIE3HBI 00BEM pareThl, 00bEeM KOCMMYECKOro KopabJs,
OpUAETCA HAa OTTOYEHHBIN KOHUMK KapaHpalia — COBpe-
MeHHadA paKeTa HeM3MepMMO TAKeJee TPy3a, KOTOPbI OHa
criocobHa BhIBECTH B KocMoc. Kak yBelIM4InUTb COOTHOLIEHME
MeZKJy Maccoil ITOJIE3HOr0 ITPy3a M PaKeThI-HOCUTEJIA?

Oka3zbIBaeTeH, MO AeMCTBMEM MOIIIHOTO JIA3€PHOT0 Jyya
BEILECTBO MOXKET MCIAPATHCA C TAKOM CTPEMMUTENIBHOCTBIO,
YTO CTPyA ropsadero mapa 6yxeT co CBepX3BYKOBOM CKOPO-
CTBI0O OTTAJKMBATHLCA OT 9KpaHa, HA KOTOPHIN HAIpPaBJIeH
Jay4. Bo3HukaeT peakKTMBHAA CUJIA, BO MHOI'O pas3 IIPEBOCXO-
OAIAA CMIIy COBPEMEHHOIO PEaKTMBHOIO JBUTATENA, P~
XOAANIYIOCA Ha I'pPaMM M3PaCXOJOBAHHOIO TOPIOYETO, a
MMEHHO TOpIOYee ¥ COCTABISAET OCHOBHOM BeC DPareThl
ceropHAIIHero AHA. I1o pacyeTraM noJyyaercs, 4To B Jla3ep-
HOM BapMaHTe KOCMMYeCKMiI Kopabab M pakeTa-HOCUTEIb
OyAyT COM3MEPUMEI [0 CBOEMY BECY.

IToxa ele HeT Ja3epPOB, MOLIHOCTE KOTOPhIX OKa3aJach
OBI JOCTATOYHOM JJIA 3aIlycKa Ha OPOMTY TAXKEJIOro CIIyT-
Huka. Ho uTo 6bI MBI MOIJIM OXKMIAATH, €ClM ObI paKeTHBIE
Ja3epbl ObIIN TOCTPOEHBI?

Ha oxosio3eMuble OpOMTHI MOKHO ObIJIO OBI BBIBOAUTH
rpoMafHble TPY3blI, CO3aBATh TaM COOPYKEHMA, 0 KOTOPHIX
CerofiHA MbI TOJIBKO MeuraeM. CkaxkeM, opOUTaIBbHYIO
o6cepBaTOPMIO, OCHAILEHHY0 MOIIHBIMM TEJEeCKOIIaMM, CO-
BEPIIIEHHO} anmapaTypoil Iisd M3ydeHus CocTaBa 3Be3[-
Horo cBera. Ilepesn TesiecKomoM Takoil obcepBaTopuyi He
6pw10 Gbl aTtmocdepsl, M KOCMMYECKuit cBeT 6e3 Besa-
KUX MCKarKeHMi momazan Obl Ha aHaIM3MpYyHoUpe npubo-
pel. CeropHsa fazke TEJECKOIbI, YCTAaHOBJIEHHbIE BBICOKO B
ropax, paboraloT Ha IOJIHYIO MOIIIHOCTH JIMIIIb B OCOOBIX,
6J1aTOTIPMATHBIX YCJIOBMAX — OCTAJIbHOE BPEMS BEIECTBO
aTMocCcepbl MCKazKaeT MHQOPMAIMIO, COAEpPzKaILyloCcd B
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3Be3HOM cBeTre. IlosToMy KocMmuyeckasa obcepBaTopma
OTKPOET MHOIHE TaifHbI BCeJIeHHOI: HEU3BECTHDIE FaJIaKTH-
KM, 3B€3/[bI, COCTAB OTHAJIEHHBIX KOCMIYECKIX TeJL

Jlazepunan snepreruka. ECIM 2Ke TOBOPUTH O ITOJIETAX K
JaJIeKMM TaHeTaM, Hampumep K Henryuy wmmm ILayToHy,
TO paKeTa-HOCHUTEJb NOJIKHA ObITh OCHAlIlleHA ABUTATEJIEM
Ha TEePMOAAEPHOM TOILIMBe. VI 37ech Jas3epHbI CBET
HarpeeT MJa3My A0 TeMIIepaTyp, TP KOTOPBIX pa3ropaeTcs
TepMOsepHad PeaKIuA, ¥ SHEPrus aTOMHOTO AApa, BbIIe-
JIMBLIAACA B IIPOIIECCE TEPMOANEPHOr0 CHMHTE3A, IT0CJIYZKUT
IJiA TPOJBUIKEHMA YeJIOBEKA B CaMble OTHaJIEHHBIE MeCcTa
COJIHEeYHO CHUCTEMBI.

YKe ceromHa ydyeHble AYMAIOT O MAalllMHe, B KOTOPOM
MeXaHu4YecKasa S5Heprus OyZeT MmpeBpallaThCAa B JA3EPHOE
W3JIy4eHMe C BBICOKUM KO09(PPHMIMEHTOM IOJE3HOIro MAeii-
crBud. Torma mo y3KMM KaHasJaMm 0e3 IIPOBOLOB SHEPrmsA
HoTeyeT M K KOCMMYECKOMY ammapary, u K camoJgery. Ilox-
KJIFOYEHHBIV K JIa3ePHOM SHEPreTUYecKOoM JIMHUM BO3YII-
HbI1 JaVHep 6ymeT mepeBO3MUTh IPOMajiHbIe TPy3bL. B mpo-
1yIoe yigyT 6eH303anpaBIKIAL

KgautoBsrit Katasmzatop. C ydacTueM cBeTa B JMCThAX
pacTeHMiI NPOTEKAIOT BasKHENIIMe XMMUYECKHE PeaKI[Mu.
TIponyKThI 3TMX peaKuyil 00eCIeYyMBalOT CyIIlECTBOBAHME
Bcero Kusylgero Ha 3emye. Mbl HOAmepzXMUBaeM CBOIO
XKM3Hb, UTAACh PACTEHMAMM WM TPaBOAXHBIMM KUBOT-
HBIMM, ¥, II0 CYILIECTBY, HMOJIB3YEMCA CBOMCTBAMM XJIOPO-
dounna morJoiaTh CBETOBYIO 9Heprmio CosHpa. OTH Ke
peakimyu (MX HA3BIBAIOT (POTOXMMMYECKUMI) — OCHOBA
dooTorpadpmy 1 MHOTMX APYTUX XMMUYECKHMX IIPEBP allleHUI.
B sTuX peaRumMAxX CBeTOBad SHEPrMaA yIpaBJIAeT XuUMIrie-
cKMM mponeccoM. VzobpereHye Jiasepa [ajio B PYKM yue-
HBIM MCKJIIOYMTENbHO TOHKWMI MHCTPYMEHT IJIA yIIpaBJe-
HUA XUMMYECKMMM peakrmamu. Tak, Ja3epHbIl CBET CO
CTPOro OmpejeNeHHON SHepTyeil KBAaHTOB MOXKeT B030y-
XKaTh TOJBKO MOJIEKYJIbI, B KOTOPBIX COAEPIKMUTICA OOBIU-
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HBII BOZOPOX, 2 TOYHO TAKME K€ MOJIEKYJIbI, B KOTOPBIX
BMECTO aTOMa JIETKOT'0 BOLOPOAA CBA3AH TAMKEJBIN JeiTe-
puit, moagBepraThes AEVCTBUIO JIA3€PHOro Jiyda He OyayT.
IIpu 9TOM BO3OY2K (e HHBIE MOJIEKY JIbI BCTYIIAIOT B PEAKLIMIO
CO CreuyaNbHO MOJOOPaHHBIM BEIIECTBOM M BBIMMANAOT B
ocafiok. B pe3yibTaTe pacTBOp oboraimjaerca AeATepueM.
ToyHO HACTPOEHHOE Ha dYacTOTy KoJebaHumii MOJEKYJI,
Ja3epHOe M3JIy4YeHME OTKPhIBAaeT IIyTh K pPas3feseHMIO
M30TOIIOB BOJOPOAA XMMMYECKMMM CpefcTBaMu. A BeAb B
OOBIMHBIX XMMWYIECKMUX PEAKIMAX MOJIEKYJIbI, COTepKaILe
meiTepuil M 0OBIYHBI BOXOPOX, BenyT cebs COBEPIIIEHHO
ogmHaxkoBo. IlojydaeTcd, YTO JIa3€pHBII CBET IIOMOTAaeT
XMMMKaAM Pa3fesIATh BEILECTBA, HOYTH HE OTIMYAIOLMECH
TI0 CBOEMY XMMMYECKOMY TOBEAEHMIO.

JlazepHBIT CBeT MOKeT pa3pbIBaTh OIpPeNeNIeHHbIE
XMMMYECKME CBA3YM MOJIEKYJ, M B STOM CJydae pearIa
HOMAET IO MHOMY IIyTHM, YeM IIPM HarpeBaHWMM BeILECTB,
KOTZa MOJIEKYJbI pearupyior OJiarofaps SHEpPruy TerJio-
BOTO JBVXKEHMA.

Jlazepnaa xumMua — xumvuda Oyxayiuero. C ee pa3BUTHEM
YIPOCTUTCA CHHTE3 CJIOXKHBIX OPTaHMYECKMUX BEILeCTB,
NOABATCA HOBBIE KpacuUTeny, CcTaHyT Oojee 3dppexTus-
HBIMM JIEKAPCTBA.

Onruyeckasi BEIMMCIUTENbHAA MammHEA. B Hanm guu
BBIYMCJATENbHbIE MAallMHbI YIPABJIAIT TEXHOJIOTMYECKN-
My riporeccamy, 6epyT Ha cebA posib yYEeTUYMKOB ¥ KOHTPO-
JIepOB, KOPPEKTUPYIOT MOJIET CI[yTHMKOB, PACCUMTHIBAIOT
ONTHMYECKNE CHUCTEMBI ¥ JKEJIE3HOJOPOXKHBIE MOCTBI. Unciio
M CJIOZKHOCTB 33Jlay BO3PACTaIOT ¢ KaxKAbIM rogomM. YtobbI
MaIlMHBI CHPAaBJAJNNCh, NPUXONMTCA MOBBILIATHL UX HE¥-
CTBMe.

CeronHa MHKEHepPbI ILITAOTCA 3acTaBUThL OBM BhIIOs-
HATH CTO MMJLIMOHOB OI€paipsi B CeKyHAay. Paspabarsi-
BalOT HOBBIE MOJIYIIPOBOJHMKOBBIE 3JIEMEHTBI, COBEPIIEH-
CTBYIOT TPaH3MCTOPHBIE CXeMbI. VI BCe 3Ke OCHOBOM CaMbIX
OBICTPBIX MallIMH CTAaHyT Jia3epHble ycrpoiicTBa. Onrmde-
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CKaf BBIYMCJIMTENbHAA MAIIMHA CMOxKeT paboraTh CO CKO-
poctbio boslee MumIIMapAa omepamyiii B cekyHAy! M «ma-
MATBb» ¥ TaKOi MallMHbI OyZeT ONITHYeCKOlM, OCHOBAHHOM Ha
ronorpadpouyecKoil 3anmcy JaHHbIX. Bens Ha ILIACTHMHKE
pasMepom 10 X 10 cM MOXKHO 3aICaTh, HOJb3yACh roJiorpa-
doyest, MMIIMOH CTPAHML] IeYATHOI'O TeKCTAa.
Tosorpadms, onTUYeCKNe BBIYMCINTEIb-
HbIEe MalllMHBI, JIA3€PHbIIA TEPMOSIEPHBIN
CHMHTE3, JIa3epHasd XUMMA ¥ MHOTYE JPYyT¥e HOBbIE
IIPUMEHEHUSA CBETOBOI'O ITOTOKA ITO3BOJIAT
B 6yaylleM nosy4daTh OoJbIIe SHEPruy,
pa3yMHee ee pacxonoBarTh,
ray6xe mo3HaBaTh
OKPYKaIoImit
MMD.

*
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