Kpamxkuii mepmunonozuueckuii cnosapo

Kosie0anust
ABTOKoOJIEOAHUSI — DOTO He3aTryXawlue KoyiebaHusl T1OJ] JeHCTBUEM IOCTOSIHHOM  CHJIBI.
Hesaryxaromue koneOaHusi B aBTOKOJICOATETHLHOW CHUCTEME IMOJICPKHBAIOTCS 3a CYET MCTOYHUKA
SHEPruM, MOJKI0YaeMOro B HYXXHbIE MOMEHTBHI BpEMEHH K KoyiebaTeNnbHOH cucreme (MasTHUKY,
KoJIe0aTeIbHOMY KOHTYPY H TMIp.) 4epe3 KJamaH, PEeryJupyIomUi TOCTYIUIEHUE JHEPTHH B 3Ty
cucteMmy. Ponb kiamaHa MOXET Urparh, aHKEPHBI MEXaHU3M B Yacax, pajHoiiaMIia, TPAH3UCTOpP U
np.bueHusiMu Ha3bIBaeTCsS Pe3yabTaT CIOKCHHUS IBYX KoJieOaHHH OJNM3KUX IO YacToTe (M1 = ®p),
UMEIOUINX OJIMHAKOBYIO aMIUIUTYy U MPOUCXOJSAIIMX B OJHOM HampaBlieHUU. BueHus uMerT BUJ
CUHYCOHWJIBI C MEIJICHHO MEHSIOMIEHCS aMIUTUTy 0. BBIHYXIEHHBIMA KOJEOAaHUSIMU HA3BIBAIOTCS
He3aTyxarolue KoyieOaHusl IMOJA JACWCTBUEM IEPHUOJUYECKH MEHSIOUICHCS BBIHYKIAIOMIEH CHIIBL.
AwmruTyna u (paza BEIHYKICHHBIX KOJIEOAHUH 3aBHCAT OT YaCTOTHI BBIHYKIAIOMICH CHJIBI (CM. TaKKe
Pe3onanc).
Konebanusi, amIumMryna KOTOPBIX C TEUYCHHEM BpPEMEHU yMeHbImaercs. [lpwumHa 3aryxaHus
00yclaBIuBaeTCs CUJIaMu, TOPMO3SIIUMU ABUKECHUE.
Kosiebanus — 310 nepuoanvecky NoBTopsommecs ABKeHus. Konebanus, onuchiBaeMble 3aKOHOM
cuayca X = A sin (ot + @) wim kocuHyca X = A C0S (ot + @), Ha3bIBAIOTCS TAPMOHUYECKHMHU.
Benuumna, crosmias moa 3HaKOM rapMoHu4eckor (yHkimu (ot + @), Ha3pBaeTcs ¢azoi; ®
HA3bIBACTCSI KPYroBOM (MM LUKINYECKOW) 4acToTOl; ¢ — HadaiubHOU ¢azoi. Konebanus pasHoi
MIPUPOJIBI OMMCHIBAIOTCSI MATEMATUYECKH COBEPIIIEHHO OJMHAKOBO.
Koapduunentom 3aTryxaHusi Ha3bIBaeTCs BeIWYMHA, XapaKTEPU3YIOIIas CKOPOCTb YObIBaHUs
aAMIUTATYIBI 3aTYXArOIIUX KOJICOaHWH. AMIUIMTY/Ia ONPEACISeTCsS KCIOHCHINATBHBIM MHOXKHUTEIIEM
e, Uem GombIe o, TeM OBICTpee 3aTyXaroT KoNeOaHus.
JlorapupmMuyeckuM JeKPEeMEHTOM KOJe0aHHsl Ha3bIBACTCS HATYpaJIbHBIA JIOTapU(PM JBYX
MOCIIEA0BATEIbHBIX AMILTUTY/] 3aTyXaIOIIEero KOJeOaHus.
MarteMaTu4ecknii MAATHHUK - MEXaHUYECKas KojeOaTenbHasi CUCTEMA, COCTOAIIAs U3 MaTePUATBbHOM
TOYKH, MOJBEIICHHON HAa TOHKOM, HEBECOMOW M HEPACTSIKUMOW HUTU WM HAa HEBECOMOM CTEpPXKHE B
noysie cwi TsokecTH. llepwon Manmbix KoeOaHW MaTEMaTHYECKOTO MAasTHUKA HE 3aBUCUT OT
aMILIATY/IBI B onpenensiercs o gopmyre: T=2mV1/g .
Mexannuyeckue KoJieGaHusi - 00JaarolIde TEPHOJUYHOCTHIO OTKJIOHEHHUS Tela OT TOJOKEHUS
paBHOBecus. Bo30ykaeHHe He3aTyXaloluX MEXaHHMYeCKUX KONeOaHW MPOUCXOAUT MyTeM
BO3/ICICTBUS Ha KOJEOATENbHYIO CUCTEMY ITOCTOSTHHOW MJIM TEPEMEHHOM CHJIBI.
Pe3onHaHcoM Ha3bIBaeTCs SBIIEHUE PE3KOTO BO3PACTAHHS aMILTUTY/bI BEIHYKIACHHBIX KOJeOaHUN Tpu
COBIMAJICHUW YaCTOTHI BBIHYXKJAIOMIEW CHUJIbI M YacCTOThl COOCTBEHHBIX KOJI€OaHMI KoyieOaTeIbHOM
CUCTEMBI.
@urypsl Jluccaxy — pe3ynbTaT CIOKEHUS IBYX MEPIECHIUKYISIPHBIX Ko/leOaHutl, YaCTOThl KOTOPBIX
OTHOCSITCS Kak 1eible yucna. Durypsl MOXKHO TONYyYUTh Ha dKpaHe ociumorpada. IIpocreiimeit
durypoit Jluccaxxy SBISETCS OKPYXKHOCTb, KOTOpas TIOJy4daeTcss TP  CIOXKEHUU JBYX
NEPIeHIUKYIAPHBIX KOJICOaHUH OAMHAKOBON YaCTOTHI M aMILTUTY/bI, CABUHYTHIX MO (ha3e Ha /2.
@Du3nyeckuil MasITHUK - a0COFOTHO TBEPIOE TEJIO, MMEIoIIee OCh BpalleHHs. B mosie TAroTeHus
bu3HYECKU MaITHUK MOXET COBEPIIATh KOJICOAHHS OKOJIO TIOJIOKEHUSI PAaBHOBECHUS, TIPU ITOM MacCy
CHUCTEMBbI HENb3S CUUTATh COCPENOTOYCHHOW B OnHON Touke. [lepmon komeGanmii (GuzHUEeCcKOro
MasiTHUKA 3aBHCUT OT MOMEHTA WHEPIIMH TeJla U OT PACCTOSHUS OT OCH BpaIlleHHUs 70 [EHTpa Macc.

«OnTuka»

AOCOMIOTHBIN MOKa3aTe/ b MPeJIOMJIEHUsI CBETA - OTHOIIICHUE CKOPOCTH CBETA B BaKyyMe K (pa3oBoit
CKOPOCTH CBETa B JaHHOW cpene. AOCONIOTHBIA TOKa3aTellb MPETOMIICHUs CBETa TOKa3bIBa€T BO
CKOJIBKO pa3 CKOPOCTh CBETa B BaKyyMme O0JIbllIe CKOPOCTH CBETA B IAHHOM cpejie.

AHAIU3aTOP NOJSIPU30BAHHOIO0 H3JYyYeHHS - YCTPOMCTBO, C TOMONIbIO KOTOPOrO MOKHO
00HapyXUTh MOJOKEHHUE MJIOCKOCTHU NoJsipu3anuu ceera. CM. taxxe [lonapuzamop.



Buaumoe u3jydeHue - 3JIEKTPOMATHUTHOE H3JIyYEHHUE, BBI3BIBAIOIIEE 3PUTEIIBHOE OUIYIIEHUE U
3aHMMaroliee ydactok crekrpa or 380 mo 780 HM. CBeToBbIE H3JIydy€HUS pa3IMYHBIX YacTOT
BOCIIPMHHUMAIOTCS YEJIOBEKOM KaK pa3Hble 1IBETA.

I'eomeTpuueckasi oONTHKA - pa3/iell ONTUKHU, B KOTOPOM M3Y4YalOTCsl 3aKOHBI paCIIPOCTPAHEHUs CBETA B
IPO3payHbIX Cpelax, OCHOBAaHHbIC HA IPEJCTABICHUH O c8emosbix Jayuax. OCHOBHBIMU 3aKOHAMU

2€0M€mpu'i€CK01j onmukxku SABJIAKOTCA:
- 34KOH I’lp}lMOﬂuHelZHOZO pacnpocmparnerust ceema,
- 3dKOH He3a6UCUMDbLX ceeniosevlx ny4Kos,
- 304KOH oOmpasiCerust,

- 3aKOH NPeNOMIEHUS.

BosiHoBasi onTHKa - paslen onmuku, W3Y4YarOlIMH SBJIEHUS, B KOTOPBIX IPOSBISAETCS BOJHOBBIC
CBOICTBA ceema.

Tosorpagust — cnoco® mosydyeHHs: OOBEMHBIX H300paKEHUH TNPEIMETOB Ha (OTOMIACTUHKE
(romorpamme) IpH MOMOIIM KOT€PEHTHOrO H3JydeHHs Jja3epa. ['ojmorpamma (QuUKCHpyeT HE camo
n300pakeHHe MpeIMeTa, a CTPYKTYPY OTPaKEHHOM OT HEr0 CBETOBOW BOJIHBI (€€ aMIUIUTYy U (azy).
JUis moay4eHust rojlorpaMMbl HE00X0AMMO, 4TOOBI Ha (GoTorpaduuecKkyro MIACTUHKY OJHOBPEMEHHO
NIOTAJIM JIBA KOI€PEHTHBIX CBETOBBIX Iy4yKa: NMPEAMETHBIN, OTPa)KEHHBIM OT CHUMAeMoro o0beKTa, U
OTIOPHBIN — MPUXOAIINN HETTOCPEICTBEHHO OT Jiazepa. CBeT 000uX MyYKOB HHTEPPEpUpPYET, CO3/1aBast
Ha IJIACTUHKE YepeJOBaHME OYEHb Y3KMX TEMHBIX M CBETJIBIX IOJOC — KapTHHY uHTepdepenuuu. Ha
SKCIOHUPOBAaHHOM TakMM 0Opa3soM U TNPOSIBIEHHOM IUIACTMHKE OTCYTCTBYET Kakoe-Iu0o
n300pakeHue, HO €ro B 3alI(pPOBAHHOM BHJIE COACPKUT CUCTeMa HHTEePPEPEHIIMOHHBIX moJioc. Eciu
rojorpamMmy IpOCBETUTb, KaK JWANO3UTUB, JIA3€pPHBIM CBETOM TOW JK€ YacTOThl, 4YTO OblIa
UCTIOJIb30BaHA TIPU 3aIHCH, BOSHUKHET «BOCCMAHOBIEHHAS 20J102PAMMA» — 00BEMHOE M300paKeHHE
CHSTOI'O IPEJMETa, CIOBHO BUCSILET0 B IPOCTpaHCTBE. MEHss TOUKY HAOIIOIEHUS, MOXKHO 3aryIsIHyTh
3a MpeIMEThl Ha NIEPBOM IIJIaHE M YBUJETh JETaJU, paHee CKPBIThIE OT B3risAa, CBET, MPOXoasl CKBO3b
CHUCTEMY YEepHO-0€JbIX IMOJIOC TOJIOTPaMMBbI, UCHBITHIBACT JU(PPAKLUIO U BOCIPOU3BOJUT BOJHOBOM
¢GpoHT, ucxoauBIIMKA OT cHATOrO npenmera. Cm. Taxxke Koecepenmuocme.

JIBoiiHOe J1ydenpeIOMJIeHHe - Pa3/BOCHUE CBETOBOIO JIyda IPU MPOXOXKACHUM 4YEpe3 ONTHUECKU
AHU30TPOMNHYIO CpeNy, BO3HUKAIOIIEE BCIIEJACTBUE 3aBUCHUMOCTHU IMOKa3aTelsl MPEIOMIICHHUS! CBETa OT
€ro noJjsApu3auuu. B OJHOOCHOM JBOSKONPENOMIISIONIEM KpHUCTaule, HalpuUMEp, B KpHUCTalIe
WCJIaHJCKOTO IImaTa, MaJalolluil Jyd CBeTa paclleuisieTcs Ha JBa Jy4ya, OOBIKHOBEHHBIH U
HEOOBIKHOBEHHBIH, UMEIOIINE pa3Hble noKazameny npeiomieHus U MoJIIpU30BaHHbIE B IBYX B3aUMHO
NEePIEeHIUKYISAPHBIX TUIOCKOCTSIX.

Jucnepcusi cBeTa — 3aBUCUMOCTh (ha30BOM CKOPOCTH CBETa OT YacTOThl (MJIM JUIMHBI BOJIHBI).
Jucnepcust nokazamensa npeaomiaeHus — 3aBUCUMOCTb 110Ka3aTess MPeIoMIICHHs N OT YacTOTHI V.
JudpakunoHHas pemerka - ONTHYECKOE YCTPOWCTBO, HMeEIOIIee OOJbIIOE YUCIO INEIeH,
pa3JeNIeHHbIX HEMPO3PAYHbIMU MPOMEKYTKAMH, HA KOTOPBIX MPOUCXOIUT AUPpakius cBera. OObIYHO
TU(PaKLMOHHAS pelleTKa MpeAcTaBisgeT Co00M COBOKYHMHOCTh OOJBLIOIO 4YHCIA HapaielbHbIX
LITPUXOB OJMHAKOBOM IIMPHHBI, HAHECEHHBIX HA MPO3PAuyHYI0 WM OTPA)Karollyl0 MOBEPXHOCTh Ha
OJIMHAKOBOM PAacCTOSIHMU ApYr OT Apyra. /udpakunoHHas perieTka sBIseTcs OCHOBHBIM 3JIEMEHTOM
MHOTHUX CIIEKTPaIbHBIX IPHUOOPOB.

Judpakuus cBera - OTKJIOHEHHE OT 3aKOHOB T€OMETPUUYECKON OMTHUKH, BhIpaxkaroleecs B OTHOAHUU
CBETOM MallbIX npensTcTBuid. Judpaxius HabmogaeTcst Ipy pacIpoCTPaHEHUH CBETa B CpeJie C PE3KO
BBIPAXEHHBIMU HEOJHOPOJIHOCTSIMH.

3akon Bprocrepa yTBepxaaer, yTo NMpH MAJEHUM CBETa Ha JMAJIEKTPUUYECKOE 3€pKajio MOJ YIJIOM,
TAHI'€HC KOTOPOI'O PaBEH OTHOCUTEIBHOMY HOKA3AMENI0 NPeloMAeHUs BTOPOU Cpepl IO OTHOIIEHUIO
K TEepBOH, OTpaXCHHBIX Jyd OyleT MOJHOCTHIO MOJSPHU30BaH B IUIOCKOCTH, TNMEPHEHAUKYISPHON
IUIOCKOCTH MaJI€HUS



3akon Kupxroga yrBepxkIaer, 4ro OTHOUICHUE u3nyuamenvbHocmu JO00ro (HEYepHOro) tena K
KO3(QUIIMEHTY MOTJIOMIEHUSI €CTh BEJIMYMHA OJUHAKOBAs JUISl BCEX TEJ M paBHAs M3JIy4aTebHOCTH
YEpHOI'O TeJla MPUIaHHON TeMIIepaType.

3akon JleHapaa — oIuH W3 3aKOHOB BHEWIHETO ¢homosghghexma: >HEprusi (POTOIIEKTPOHOB HE
3aBUCUT OT UHTEHCUBHOCTH CBETA, a 3aBUCHUT TOJBKO OT YaCTOTBHI.

3akon Mamoca - (QusHuecKuil 3aKOH, COTJIaCHO KOTOPOMY HMHTEHCHBHOCTH CBETOBOW BOJIHBI,
npolueamel noxapuzamop M awanuzamop, TPONOPLUOHAIBHA KBaJpaTy KOCHHYCAa Yyrjia MEXay
IUIOCKOCTSIMU TJIaBHBIX CEUEHUH MOJspU3aTopa U aHaJIU3aTropa.

3aKOH He3aBHCHUMBIX CBETOBBIX IIyYKOB - IIOCTYJaT I'€OMETPUYECKOl ONTHKH, B COOTBETCTBHM C
KOTOpBbIM: PacripocTpaHeHne BCSIKOTO CBETOBOI'O IydKa B CpeZie HE 3aBUCHUT OT TOTrO, €CTh JIU B 3TOM
cpelie Ipyrue My4YKy CBETa WU HET.

3aKkoH oTpaskeHHs] CBeTa - 3aKOH, ONPEAEISIOIUN B3aMMHOE DPACIOJOXKEHHE NPU 3€PKATIBHOM
OTPaXEHUM MAJAIOUIEr0 M OTPAKEHHOT'O JIydel, a TakXe MEepIEHIUKYJspa, BOCCTAHOBIEHHOIO K
IpaHuIle pa3ziena JBYX cpell B TOUKE MaJeHus: 00a Jiyya U NepHeHaUKYIIsp JIeXkKaT B OJJHON IUNIOCKOCTH;
yroJl NaJeHus paBeH Yy OTPaKEeHUS.

3aKkoH mNpeJIOMJIEHHsI cBeTa — OJMH W3 3aKOHOB I€OMETPUYECKOH OINTHUKH, COIJIACHO KOTOPOMY
NaJAIINN JTy4, JTyd NPETOMICHHbIM U MEPIEHAUKYIISP, BOCCTAHOBJIEHHbBIN B TOUKE MaJ€HUs Jyda K
IpaHUIle pasjenia IByX Cpel, JiexaT B OJHOW IJIOCKOCTH; OTHOLIEHHWE CUHYCA yIJa MaJeHUs K CUHYCY
yrja MpejloMJIEHUs €CTh BEJIMYMHA MOCTOSHHAS JJIsl JJaHHBIX JABYX Cpell M paBHasi OTHOCUTEIbHOMY
IOKa3aTesro MpeIOMICHUsS. BTOPOH Cpelbl IO OTHOLIEHHIO K nepBoil. CM. Taxxke [ eomempuueckas
onmuxka.

3aKOH NPAMOJIMHEHHOr0 pacHpoOCTPAHEHHs] CBeTa - IIOCTYJIAT T'€OMETPUYECKOM ONTHKH, B
COOTBETCTBUU C KOTOPHIM B OJHOPOJHON Cpelle CBET pPACHpPOCTPAHSAETCS MNPSAMOJIMHENHO. 3aKOH
HPSAMOJIMHEHHOTO paclpoCTpaHeHHsI CBeTa ABISETCS CIENCTBUEM npunyuna Pepma.

3aKoH cMelleHUs YTBEP)KIA€T, YTO JJIMHA BOJIHBI, Ha KOTOPYK MPHUXOAUTCS MaKCUMYyM
CHEKTPAIBbHOM MJIOTHOCTH u3nyuamensvhocmu, 00paTHO MPOIOPIHOHAIbHA a0COIOTHON TeMIepaType,
T. €. MAKCUMYM H3JIyUYEHHS] CMEIACTCs TP MOBBIIICHUU TEMIEpaTypbl B 00IacTh 00jee KOPOTKHX
BOJIH.

3akon Credana-bonbuMaHa yTBEpKAAET, 4YTO U3TYUAMENbHOCMb YEPHO20 mena MpPSIMO
IPONOPLHMOHATIbHA YETBEPTOI CTeNeHH aOCOIIOTHON TEMITEPATYPHI.

3akon CrosieroBa — OJUH M3 3aKOHOB BHEIIHETO ¢omoaghghekma: (HOTOTOK HACHIIIEHUS MPSIMO
IIPONOPLIUOHAIIEH CBETOBOMY ITOTOKY.

H3iayyaTesIbHOCTBIO HA3bIBAETCS IMOJHASE MOILIHOCTH (HAa BCEX YAaCTOTax U IO BCEM HAlpaBJICHUSIM)
U3IIy4EHUs] C €IMHHULBI IOBEPXHOCTH HArpeToro Tena. M3mydyaTenbHOCTh 3aBUCUT OT TEMIIEpPaTypbl
Telna U OT Kod(p(dulMeHTa NOrJIOoUIeHUs] ero noBepxHocTH. Crapble Ha3BaHUS 3TOM BEIMYMHBI —
HHEpPreTUYecKasi CBETUMOCTh MJIM JIydeHucIycKaTenbHas cnocoOHocTh. CM. Takxke 3axon Cmeghana-
borvymana.

HNuaTepdepenuns cBera - ONTHUUECKOE SABICHNUE, BO3HUKAIOLIEE IIPU CIOKEHUHU JIBYX WM HECKOJIBKUX
KOT€pEHTHBIX CBETOBBIX BOJIH, JIMHEHHO NOJSPU30BAaHHBIX B OAHOW Miockoctu. WHTepdepeHuus
npeJcTaBisieT cO00H yCTOMUMBYIO BO BPEMEHH KapTUHY YCUIJIEHUS WK OCIa0JIeHUs pe3yJIbTUPYIOIINX
CBETOBBIX KOJIEOAHU B Pa3IMUHBIX TOYKAX MPOCTPAHCTBA.

Hcrounnk cBera - U3IydyaTeb 3JIEKTPOMATHUTHON HEPIMM B BUJUMOW 4acTu cnekTpa. Mcrounukn
cBera mnonpaznensdioTcss Ha ectectBeHHble (Comnue, JlyHa M T. 1) UM HCKYCCTBEHHBIE (JIamIlbl
HaKaJUBaHUs, ra30pa3psIHble JaMIIbl U JIp.).

KBanToBasi onmTtMka — pasjen ONTHUKHM, H3y4YalOUIUil SBJIEHHUS, B KOTOpPBI OOHapyXUBAIOTCS
KBAHTOBBIC CBOWMCTBA JJIEKTPOMAarHUTHOIO M3JIyueHHs (cBeTra). DTO mennogoe  usnyuenue,
gdomosgppexm, s3¢pgpexm Komnmona v ap.

CoBO  «KOTepeHTHOCTH» OYKBAJbHO O3HAYaeT «COTJACOBAaHHOCTBY». BOJIHBI  Ha3BIBAIOTCS
KOT€pEeHTHBIMHU, €CIIM pa3HOCTh (a3 BO30YXKJAaeMbIX UMHU KoJieOaHHWH B JIF0OOOM TOUKE MPOCTpaHCTBA
ocTaeTcs MOCTOSHHOM B TeueHHe BpeMeHu HabmoneHus. CM. Taxke HMumepghepenyus ceema.

Koabua HeloToHa - nHTepdepeHIIMOHHAs KapTHHA, BO3HUKAIOLIAS B MMPOXOALIEM UM OTPaXKECHHOM
CBETE B OKPECTHOCTH TOYKH CONPUKOCHOBEHMM BBIINYKJION ITOBEPXHOCTH JIMH3BI CO CTEKJISIHHOM
mactTuHko. [locie oTpaxeHus ndydeld Ha TpaHUIAX pasjesia CTEKJIO - BO3JyX M BO3AYyX - CTEKIIO



CBETOBBIE BOJHBI HMHTEPPEPUPYIOT © 00pa3yloT HHTEPPEPEHIIMOHHYI0 KapTUHY B  BHJC
KOHIICHTPUYECKUX KOJIell.

Kom0unannoHHoe paccesiHue CBeTa - SBICHHUE U3MEHEHUS YaCTOThl PACCESHHOTO BEIIECTBOM CBETA.
B cnekrpax KOMOMHAIIMOHHOTO PAacCesHHOTO CBETa JJIsi MOJIEKYJ HAOIIOAAIOTCS JIOTOJHUTEIbHBIC
JIMHHUH, YaCTOThI KOTOPBIX SIBJISIOTCS KOMOWHAIIUSIMU YacTOTHI MaJAl0IIEro CBeTa U BpalllaTelbHBIMU
4acTOTaMH MOJIEKYJI.

Jlazepsl (ot oT nepBhIx OykB anri. ¢passr Light amplification by stimulated emission of radiation) —
KBAaHTOBBLIC T'CHCPATOPBLI CBETA, IMPUHIUIL I[CflCTBPISI KOTOPBIX OCHOBAH Ha SBJICHUH BBIHYXICHHOTO
(CTUMYJIMPOBAHHOTO) U3ITy4EHUSI. Wznyuenue Ja3epoB MOJIIPU30BaHO, obnanaer
MOHOXPOMAaTHYHOCTbIO, OOJBIION MOIIHOCTPIO B Y3KOM CHEKTPaJbHOM JMana3oHe W Majou
pPacxoAMMOCTBIO CBETOBOrO My4yka. HaxoasaT mupokoe NpuMeHEHUE B TEXHUKE U IKCIIEPUMEHTAIbHON
buzuke.

Onrtuka - paznen GpU3NKM, B KOTOPOM H3Y4alOTCs 3aKOHOMEPHOCTH ONTHYECKUX SBICHHM, MPUPOIA
CBETa U €ro B3aUMOJICHCTBUS C BEILIECTBOM.

OnTuyeckass aKTHBHOCTb - CBOMCTBO HEKOTOPBIX BEIIECTB BpAIllaTh IUIOCKOCTb MOJSPU3ALNU
MPOXOJISIIETO Yepe3 HUX IUIOCKOMOIIPU30BaHHOTO cBeTa. [IpuMephl ONTHYECKH aKTUBHBIX BEIIECTB:
KBapll, KWHOBapb, CKUIIUAAP, pPACTBOP caxapa B BOJE U IIp.

OnTuyeckasi JUIMHA NMYTH - TPOU3BEJEHUE YT CBETOBOrO Jyuya Ha IOKa3aTeidb IPETOMIICHUS
cpeapl. OnTudeckas JUIMHA IMyTH YUCJIEHHO paBHA IyTH, KOTOPBIA IPOXOJUT CBETOBOM JIy4 3a TO ke
BpEMsl B BaKyyMe.

OnbiT IOHra - onbIT 1Mo uMHTEp(EpeHIUH cBeTa OT ABYX TOUEYHBIX HCTOYHHUKOB, IOJYYEHHBIX
MPOIyCKaHHEeM Iy4Ka CBeTa OT OOIIero MCTOYHMKA uepe3 aABa oTBepctus. OmbiT FOHra mossosnser
OLCHUTH JJIMHY BOJIHBI IJIA PA3JIMYHBIX YYaCTKOB CIICKTPA.

OTHocuTe/IbHBIN TOKAa3aTeJb MpeJoMJIeHHs CBeTa - OTHOlIeHUE (a30oBOW CKOPOCTH CBeTa B
nepBoil cpene K PazoBOM CKOPOCTH CBETAa BO BTOPOH cpeze. UNCIEHHO OTHOCUTENBHBIN MOKa3aTellb
MPEIOMIICHUS CBETa PaBEH OTHOIICHUIO CUHYCA yria MaJeHusl K CHHYCY YIJia IpeIoMIICHHS.

Ilepuon nMppaxkuHOHHON pemIeTKH - PACCTOSHUE MEXAYy CEpeAMHAMU JBYX COCEIHUX Liesel
T paKIMOHHON perieTku. [[pyroe Ha3BaHUe — HIAT WM MOCTOSIHHAS PEIIETKU.

[110CcKOCTHIO TVIABHOTO CeYEHHUS HOIAPU3AMOPA HAZBIBAETCS MIIOCKOCTh, B KOTOPOW MOJISPU30BaH
Jyd4, POILIEAIINHN ITOT MOISAPU3ATOP.

IInockocTy moJsipM3anMU - IUIOCKOCTh, B KOTOPOM KoOjeOJeTcs BEKTOp HaNpsKEHHOCTU
AIIEKTPUYECKOTO TMOJISI SJIEKTPOMArHUTHOM (CBETOBOI) BOJHBI.

ITorsiomenne cBera - siBIeHUE OciaabieHUs! IPKOCTU CBETA MPHU €ro MPOXOKICHUH Yepe3 BELIECTBO
WM TIPH OTPAKEHUH OT TTOBEPXHOCTH.

IToxka3zaTenb mpenom/ieHHsl cBeTa - Mepa ONTUYECKOM IJIOTHOCTU CpEIbl, paBHAas OTHOILEHUIO
cKkopocmu céema B BaKyyMe K CKOPOCTH cBeTa B cpefe. [lokazarens mpenoMieHHs cBeTa 3aBUCUT OT
YaCTOTbl CB€TA M OT MHNAapaMCTPOB COCTOSAHHA CPCABI. PazanuaroT aOCOIIOTHBIE W OTHOCHUTEIIBLHBIE
MOKAa3aTeH MPEIOMIICHUS.

Monsipu3zaTop - mpubop, mpeaHA3HAYEHHBIM Il TOJMYYEHUsT TOJHOCTHIO WJIM YaCTHUYHO
MONIIPU30BaHHOTO  cBeTa. llomspu3aTop MOXKHO HCIIONB30BaTh B  KAueCTBE  aHaAIu3amopa
MOJIIPU30BAHHOTO U3ITyYEHUSI.

[Moasipu3zanus cBeTa - OPUEHTAIUS BEKTOPOB HAMPSIKEHHOCTH AJICKTPUYECKOTO MO U MarHUTHOU
WHIYKIIMA CBETOBOM BOJHBI B TUIOCKOCTH, TEPHEHAMKYIIPHON cBeTOBOMY Jydy. OOBIYHO
MOJISIPU3AIUsl BOSHUKAET MPH OTPAXKCHHHM U TMPEIOMIICHHU CBETa, a TakKe MPU PacHpoCTpPaHEHUHU
CBETa B aHU3OTPONHOU cpene. PaznnuaioT TUHEHHYIO, KPYroBYIO M 3JUIMITUYECKYIO MOJSPU3ALIUIO
CBETa.

IMoasipoun - onTuveckas cucremMa, NpeAHa3HauYeHHas Ui noyisgpu3anuu cera. [Ipencrasiser coboit
DIIACTUYHYIO TUICHKY, Ha KOTOPYIO HAHECEHBI COOTBETCTBYIOIIMM O0pa3oM OpPUEHTHPOBAHHBIC
MaJIeHbKHE  KPUCTAUIMKU  JBOSKOIpENOMIIsIolero  BemiectBa  (repamarurta).  [lomspoun
W3TOTABIMBAETCS B BHUJE CBETOMWIBTPA, JHUHEHHO MOJSPHU3YIOMIETO MPOXOMISIIUN Yepe3 HEero CBET
(memeBslit noasipuzamop).

IIpenomiienne cBeTa - sBICHHE, 3aKIOYalOleecss B M3MEHEHUH HAMpaBJICHHs PaCIpOCTpaHEHUs
CBETOBOM BOJHBI MpPH TMepexoje U3 OAHOW cpelnbl B APYTylo, OTIMYAIOIIYIOCS nOKa3amenem
npenlomieHus ceema.



Ipu3moii Hukosst (M1 MPOCTO HUKOJIEM) HAa3bIBACTCS NOIAPUZAMOP, TIPEITIOKESHHBIN MOTIAHICKIM
nwxkeHepoM Hwuxonem. IlpuHumn pAedcTBUS HUKOJIA OCHOBAaH Ha TOM, 4YTO OAMH M3 JABYX
MOJIIPU30BAaHHBIX Jy4eil B OJHOOCHOM JBOSIKONPEIOMIISIONIEM KpUCTajie (HEOOBIKHOBEHHBIM WU
OOBIKHOBEHHBIH) BBIBOJUTCSI MX WUTPHI C MIOMOUIBIO SBJICHUS MOJHOTO BHYTPEHHETO OTpakeHus. CM.
TaKkxe /[otinoe nyyenpenomienue.

Mpunoun ®@epma - TPUHIUIT TEOMETPUIECKON ONTHKH, COTTIACHO KOTOPOMY JIyd CBETA, MPOXO SN
yepe3 JIB€ TOYKH, MJIET MEXIYy HHUMH IO TaKOMy IIYTH, IJIS IPOXOXACHHUS KOTOpOro Tpedyercs
HaMMEHbIIIee WM HanOosbliee (IKCTpeMaJbHOE) BpeMs MO CPAaBHEHHUIO C JAPYTMMU BO3MOXHBIMH
MyTAMU.

Paccesinue cBeTa - OTKJIOHEHUE PACIIPOCTPAHSIOIIETOCS B CPeJie CBETOBOTO MyYKa BO BCEBO3MOKHBIX
HanpaBieHusx. Paccesnue cBera 00ycIOBICHO HEOAHOPOAHOCTBIO CPEIbl U B3aUMO/ICHCTBUEM CBETA C
YacTUIIAMU BEIIECTBA, MPU KOTOPOM M3MEHSETCS HaIpaBlIEHUE pacIpOCTpaHEHHUs, dYacToTa U
IUIOCKOCTh KOJIEOaHUI CBETOBOI BOJIHBI.

PenTreHoBckoe u3jiyueHue — 3JIEKTPOMATHUTHOE M3JIYyYEHHE OYEHb BBHICOKOW YaCTOTHI (MM OYEHb
KOpoTKO# umiHbl Bomuel, A = 10 — 10® A. Orkpsito Hemenknm ¢usuxom B.Pentrenom (1895).
Paznuuaor mopmosnoe U xapakmepucmuueckoe peHTreHOBCKOe H3JlydyeHHe. B peHTreHOBCKOM
JMara3oHe Ha TEepelHUil IJIaH BBICTYNMAIOT KBAaHTOBBIE CBOWCTBA 3JEKTPOMATHUTHOTO H3IIyYCHHUS.
Haxoaut mmpokoe npumMeHeHHEe B MEIUIMHE, B Ne(EKTOCKONHUH, B CTPYKTYPHBIX HCCIEIOBAHUSAX U
np.

Peppakuusi cBera - HCKPUBICHHUE CBETOBOTO Jiyda B Cpel€ C HENPEPHIBHO MEHSIOIIHUMCS
nokasamesnem npeiomieHus ceemd.

TepmuHoM «cBeT» 0003HAYAIOT HE TOJBKO GUOUMbBIU c8em, HO U DIEKTPOMArHUTHOE H3IIy4YEHUE
JIpyrux auana3oHoB (MH(pakpacHoe U yIbTpaduoeTOBOE U3NyYCHHE, penmeeHo8cKue ayyu). Takum
00pa3oMm, 3TOT TEPMHUH UCIIOIB3YETCS KAK CAHOHUM BBIPAKEHHS «QJIEKTPOMArHUTHOE U3ITyUYEHUEH.
CBeToBOIi JIy4y - JUHHS, BIOJb KOTOPOH pACIpPOCTPAHACTCS TIOTOK SHEPIHH, HCITYIICHHBIH
ucmounuxom ceema. B mpo3padHoil OTHOPOAHOMN cpelie CBETOBOM Jy4 Bcera npsaMoinHeeH. B cpene
C TUIABHO HM3MEHSIOIIMMUCS ONTHYECKUMHU XapaKTEPUCTUKAMU CBETOBOHM Jyd HCKpuBisercs. Cwm.
Takxe Pegpaxyus ceema.

CkopocTh cBeTa B BaKyyMe - CKOPOCTb PaclpoCTpaHEHMsI CBeTa B Bakyyme ¢ = 299'792'458 wm/c.
CkopocTh cBeTa B BaKyyMe - IpeJelibHas CKOPOCTb pAacCHpOCTPaHEHUs JOObIX (U3UUYECKUX
B3aUMO/JICUCTBHU.

TenuioBoe u3JIydeHHe — 3TO 3JEKTPOMAarHUTHOE H3JIyY€HHE HArpeTbiX Tel. 3aKOHBI TEMJIOBOTO
U3IIydeHHs 00BsCHSET kganmosas meopus M.I1nanka (1900).

TopMO3HBIM PEHTI€HOBCKHM M3Jy4eHHEM Ha3bIBA€TCS KOPOTKOBOJIHOBOE 3JIEKTPOMArHUTHOE
U3JTy4YCeHHE, BO3HUKAIONIEE B PEHTICHOBCKOW TpPYyOKE MpPH PE3KOM TOPMOXKECHHUU MABIDKYLIUXCS C
00JIBIIONH CKOPOCTBIO HJIEKTPOHOB MOBEPXHOCTHIO aHOAA (aHTHKaToda). He 3aBucHT oT MaTepuana
aHTHUKATO/IA.

Yroa nageHusi — yroja MexIy MaJaloLUIM JIyYOM U MEPHEeHAUKYISIPOM, BOCCTAHOBICHHBIM B TOYKE
naJieHusl.

Yron mnpejgomJieHHsi - YroJl MEXIy MPEJIOMIEHHBIM JIy4OM CBETa U MEPHEeHIUKYISIPOM,
BOCCTaHOBJICHHBIM B TOUYKE TaIeHHS (TIPEITOMIICHHS).

YpaBHeHue JiHIITeHHA U BHEIIHEro ¢omosggexma MpeAcTaBiIsieT coO0H CIeICTBHE 3aKOHA
coxpaHeHust sHeprun: hv = A, + (MV?/2) — sreprus portona (hv) HueT Ha coBeplIeHHe pabOTHI BEIXOA
(Ag) 1 9aACTHYHO TIEPEXOIUT B SHEPTHIO (OTOAIEKTPOHA (mv%/2).

DoTOHOM HA3bIBACTCS KBAa3WYACTHIIA, BBEJCHHAS IS TOTO, YTOOBI OOBSICHUTH KOPITYCKYISIPHBIE
CBOWCTBA JIEKTPOMArHUTHOTO M3IydeHus. POTOHY NPUIIUCHIBAETCA HEPTus € = hv ¥ uMmynbe p =
hv/c, rme v — gactoTa cBeTa, C — CKOPOCTh CBETa B Bakyyme, a h = 6,62-10‘34 Jx/c — nocmosinnas

IInanka. ®OTOHBI — K6aHmbl HIEKTPOMATHUTHOTO TMOJNIA. ONeKmpomazHumHoe 83aumooelcmeaue
OCYIIECTBIISIETCS MyTeM 0OMeHa JOTOHAMH.
doToMeTpUYeCKHEe BeJIHYHMHBI - CHJIa CBETa, OCBEIIEHHOCTb, CBETOBON TMOTOK, SIPKOCTb,

KOA((UIIMEHT MPOMYCKaHUs U KOOPPUIIMEHT OTPaKEHHUSL.

®0T03/IeKTPOHBI — FJIEKTPOHBI, BRIPBAaHHbIE CBETOM U3 METaJlla PU BHELUIHEM (homoaghghexme.
®oT103¢dexkTOM  Ha3bIBACTCA  rpynmna  SBJICHUH, BO3HUKAIONIMX MpPU  B3aUMOACHCTBUU
AIIEKTPOMArHUTHOTO H3JIy4YeHUs C BemecTBOM. Pasnmuuator BHemHHMH (PoTo3(d(dekT (BbIphIBaHUE
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9JIEKTPOHOB W3  MeTaJyla MNpu  OO0NydeHuHu), BHYTpeHHHH  (oTodddekr (yBemuueHue
AIIEKTPONPOBOJHOCTH  TOJYNPOBOAHUKA TpPH OO0MydyeHHMH) U (OTOralIbBaHUUECKUH APPEeKT
(BosnukHOBeHue JJIC mpu oOaydeHun p-n-nepexoma). DorodddekT oOBICHIETCS Ha OCHOBE
KBAHTOBBIX MpenacraBicHuid. [lepByto Teopuro BHemHero ¢Gotodddexra cozman A.DiHmreiH (1905).
CMm. Vpasnenue Diinwumetina onsn enewne2o pomosghghexma.

XapakTepucTHYeCKOe pPEeHMZeHO6CKOe U3/lyYeHue BO3HUKAET TIPU  JOCTATOYHO BBICOKOM
YCKOPSIOIIEM HaMpsDKEHUM Ha PEHTTeHOBCKOM TpyOke. MexaHU3M CBOAMTCS K BBIPHIBAHUIO
AJIEKTPOHOB C BHYTPEHHHX AJIEKTPOHHBIX 000JI0YEK U K IIEPEX0ay Ha 3TH MECTa AIIEKTPOHOB C IPYTHX
obOosouek aroma. ChHekTp Takoro usnydeHus nuHeddarbiii. [losBnseTcs Ha (oHE CIUIOIIHOTO
TOPMO3HOTO PEHTTEHOBCKOTO CHEKTpa Kak Ha0Op CHIEKTpaibHBIX JMHHUNA. 3aBUCUT OT MaTepuaa
AHTHUKATO/IA.

XpoMaTnueckoil moJisApu3alueil  Ha3bIBAaCTCA COBOKYNHOCTH  SIBJICHHM, COMPOBOXKIAIOILINX
UHTEPEPEHIIHIO MOJIIPU30BAHHOTO CBETA (TIOSBICHUE OKPACKH IKPaHa).

YepHbIM Ha3bIBACTCS HICATHU3MPOBAHHOE TEJNO, MOTJIOMIAIONIEe BCIO MaIal0IIyI0 Ha ero MOBEPXHOCTh
PHEPTUI0. YCTapeBlllee Ha3BaHWE YEPHOrO Tena — abCONIOTHO 4YepHOe Teno. PeanbHble Tema He
SBIIIOTCS UYEPHBIMHU; IMOBEPXHOCTh, XOPOIIO IMOTJIOMIA0As CBET B BHAMMOM JAHANa3oHe, MOXKET
TUIOXO TOTJIONIAaTh B HH(PpaKpacHOM.

Iddexrom KomnrTona (1923) Ha3piBaeTcsl yBelIMUYEHUE ATUHBI BOJIHBI PEHM2EHOBCKO20 U3NLYYeHUs
IIPH PACCCHBAHWMM HA JIETKMX aTOMax (Ha IMOYTH CBOOOIHBIX 3JeKTpoHax). Dddext KomnrToHa nerko
OOBSICHSIETCST Ha OCHOBE KBAaHTOBBIX IMPEACTABICHUI IMyTeM NPUMEHEHHS 3aKOHOB COXPAaHEHUs
SHEPTUU ¥ UMITYJIbCA JJISl CHCTEMBI «PEHTTCHOBCKUI (POTOH + 3JEKTPOH OTJAuM.

Jddext Dapagess - BpalleHHE IJIOCKOCTU MOJSPHU3ALUU JIMHEHHO TOJSIPU30BAHHOTO CBETAa IMPHU
POXOXKJICHUU €0 Yepe3 BEHIECTBO, MOMEIICHHOE B MPOAOIbHOE MarHuTHOE mosie. OTKpbUT SBICHHE
anrnuickuil  gusuk M.Dapaneit  (1845). Dddext chirpan BakHYIO pOJIb B YTBEPXKACHUU
AIIEKTPOMArHUTHOHN Teopuu cBeTa. LIInpoko mpuMeHseTcsl B TEXHUKE U B AKCTIEPUMEHTAIBHON (PU3HKe
(M3y4yeHHe CTPYKTYPHI BEIIECTBA).

«ATOMHas (puzuka»

A/IpOHAMM HAa3bIBAIOTCSI YACTHUIIBI, KOTOPHIE MOTYT y4acCTBOBAaTh B cuibHoM 63aumoodeiicmeuu. K
aJipOHaM OTHOCSATCS HPOMOHbI, HEUMPOHbL, Me30Hbl U HEKOTOPBIE AP. YaCTUIIBI.

AHHUTHJISIIMEH HA3bIBaeTCSd B3aMMHOE YHUYTO)KCHHE YaCTHUI] U aHTHYACTHI], B Pe3yJIbTaTe KOTOPOTO
o0pasyrotcst pomonsi. Hanpumep, aHHUTWIISIIAS DJIEKTPOHA M TIO3UTPOHA MPUBOAUT K 00OpPa30BaHUIO
IByX (poToHOB. CM. Taxxke [Ipunyun 3apsa006020 conpsaiceHus.

I'/1100HBI — KBa3MYaCTHIIbI, IEPEHOCUUKHU CUTLHO20 83AUMOOCUCMBUSL.

I'paBuTanimoHHoe B3auMojeilicTBHe — OIHO U3 YETBIPEX (HYHOAMEHMANbHBIX 63aUMOOelcmaeul,
camoe ciiaboe mo wuHTeHcuBHOCTH. [Ipucyme Bcem Ttenmam Bcenennoii. Camoe W3BECTHOE €ro
NposIBIIEHUE — BCeMHpHOe TsAroTeHue. CoriacHo Haubosee pacpOoCTPaHEHHOM TOUKE 3pEHMs], HOCUT
OOMEHHBII XapaKTep: MEXaHU3M CBOAMTCS K OOMEHY KBa3UYaCTHIIAMHU — SPABUMOHAMU.
B3aumonpeBpamaemMocTb - (GyHIAMEHTAILHOE CBOMCTBO 3JeMeHTapHbIX uacTull. Ilpu pacnane
YaCTHUIIBI IPOMCXOIUT HE Pa3I0KEHNE YACTHIIBI HA COCTaBHBIE YacTH, a POXKJIEHNE HOBBIX YacTHIl. Tax,
HampuMep, B pe3yjbTaTe pacrhaia Heumpoua Ha NPOMOH, IIeKMpPOH W AHTUHEUTPUHO MPOUCXOAUT
MMEHHO POXKIEHUE IPOTOHA, SJIEKTPOHA U aHTUHEWTpuHO. Henb3s cka3aTh, 4TO HEUTPOH COCTOMT W3
ATHX YaCTHIL.

Bounna, conocTaBnsemas ¢ 1100bIM ABIKYIIUMCS MUKPOOOBEKTOM.

JNauna Boaubl jae-Bpoiias A = h/mv, rne h — nocmosunas I[Ianka, p = MV — UMIYIbC
MUKpoYacTHIlbl. OOIIenpruHsATast TPAKTOBKA: BOJHBI Jie-BpOiiIst — BOJHBI BEPOSTHOCTH.

I'paBUTOHAMM Ha3bIBAIOTCS TUIIOTETHYECKHE KBA3UYACTHIIBI — IMEPEHOCUUKH  2pasumayuoHHO20
s3aumooeticmeusi. I paBUTOHBI — KBaHTHI TPABUTAI[IOHHOTO TIOJISI.

JledeKTOM Macchl Ha3bIBACTCS PAa3HOCTh CYMMBI MAacC HYKIOHO8, BXOJSIINX B COCTaB SApa, U MacChl
sapa.

KBaHTOBOIi MexaHMKO# Ha3bBaeTcs MeXaHHKa OOBEKTOB AaTOMHOIO M SAEPHOrO MaciiTaba.
HepeasiTuBucTCKAasi KBAHTOBasi MeXaHUKa co3naHa B 1923-26 rr. lllpeguarepom u ['eitzendeprom.
B ocHOBe KBaHTOBOI MEXaHHUKH JIE)KUT HECKOJIBKO MOCTYJIATOB, B TOM YHCJIE YTBEPXKIAECHUE O TOM, UTO
COCTOSIHME 4YacTHIBI (MHUKpOOOBEKkTa) omnuchbiBaeTcs VY-(yHkmuein — KOMIUIEKCHOW —(yHKIHEH
KOOpJMHAT U BPEMEHH, KBaJApaT MOIYJs KOTOPOW HHTEPHPETUPYETCS KaK IJIOTHOCTh BEPOSTHOCTHU
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00HapyXUTh YaCTHUILy B JAHHOM MECTE IIPOCTPAHCTRA.

KBantoBas Teopusi Bo3Hukia B 1900 rony npu o0bsICHEHUN 3aKOHOMEPHOCTEH menioso2o uznyueHus
(M.IInank). Kak BBIICHUIIOCH, A3TH 3aKOHOMEPHOCTH MOXHO OOBSCHUTH, TOJBKO MPHUIIHCAB
AJIEKTPOMAarHUTHOMY H3JIYYEHUIO KOPIYCKYJIIpHBIE CBOMCTBA (M3J1y4€HHME IPOUCXOAUT OTIEIbHBIMU
NOpUUSMU — KBaHTaMH, SHEPrus KBaHTa MPONOPIHMOHAIbHA YacToTe u3mydeHus). CMm. Takxke
Ilocmoannas Ilnanka.

KBaHTOBBIE YMC/Ia — LIETOYHCICHHBIE [TapaMETPhl, ONPEACIIAIONINE 3HAYCHHUs] HEKOTOPBIX BEJIMYUH,
XapaKTEepU3yIOIIMNX MUKpooOBEeKT. Hanmpumep, sHEprus 3/1eKTpoHa B aTOME ONPEEIIAETC KBAaHTOBBIM
YUCJIOM N ¥ IPUHUMAET TUCKPETHBINA PsiJl 3HAYCHU.

KBapku — yacTuiibl, U3 KOTOPBIX MOCTPOEHBI a0powusi. B cBOOOJHOM COCTOSIHMHM HE HaOJII0Ial0TCA.
[TepeHOCUMKH B3aUMOIEHCTBUS MEXY KBapKaMu — 2nioonbl. CM. Taxoke CunbHoe g3aumooeticmaue.

K nenToHaM 0THOCSTCS JIETKHE YacTULIbI, HE YYACTBYIOIUE B CUTbHOM 63aUMOOelcmeuu 1 UMEIoIIne
cnun 1/2. K nentoHaM OTHOCATCS 3JIEKTPOHBI, MIOOHBI, TAOHBI U COOTBETCTBYIOIIME UM aHTUYACTHUIIHI.
HeiitpuHo — »ieMeHTapHas YacTULA, HE YYacTBYIOLIAasg B CUJIBHOM M B 3JIEKTPOMarHUTHOM
B3auMOJecTBUHM. MOKET NPe010JIeBaTh OTPOMHBIE PACCTOSHUS, HE B3aUMOJECHUCTBYS C BEILIECTBOM.
HeiTpoHbI — TsKEINbIE 3JIEKTPUUECKH HEUTPAJIbHbIE YaCTULIbI, BXOJAIIME B COCTaB aTOMHOTO spa.
Hyxnonbl — o0111€€ Ha3BaHUE NPOMOHOE U HEUMPOHOS.

OnbiT Pe3epdopaa mo pacceMBaHHUIO 0-4acTHI] TOHKOW 30J0Toi ¢onbroit (1911) mo3Bommn
HNOJATBEPANTH SACPHYIO MOJEINb atoma. ['oBopsT, uto Pesepdopa oTKpbLT aTOMHOE SIITPO.
IlepuoguyeckuM 3aKOHOM Ha3bIBaeTcsl 3aKoH, OTKpbIThIN J[.M.MenneneeBsim (1869), cormacHo
KOTOpOMY (U3HYECKHMEe M XHUMHYECKHE CBOIMCTBAa JJIEMEHTOB HAXOAATCS B MEPUOIUYECKOM
3aBHCHUMOCTH OT 4HCJa MPOTOHOB B sAApe (T. €. OT MOPSJIKOBOIO HOMEpa dJeMEHTa B TaOuuiie
MengeneeBa). CMbIC 3aKOHAa INOMOIJIA TOHATb K6aAHMOGas Mexanukd. 1lepuonnyHOCTh CBOMCTB
00BSCHSICTCS TE€M, YTO MPH MEPEX0/ie OT aTOMA K aTOMY BO BHEIIHEM 3JIEKTPOHHOM CJIOE MOSBIISIFOTCS
OJIMHAKOBBIE TPYIIIBI AEKTPOHOB (BaJIECHTHBIE JIEKTPOHBI).

Hocrosinnas Ilnanka h = 6,62-10'34 JIx/c — onna u3 QyHAaMEHTANbHBIX (PU3NYECKUX KOHCTAHT,
BBezieHHass M.Ilnankom B 1900 romy amst oOBbsICHEHHS 3aKOHOB TEIUIOBOTO M3iydeHus. [IpucyrcrByer
BO MHOTHX COOTHOUICHHSX Keanmosou mexanuxu. IloctossHayro h = h/2n Takke HasbIBalOT
noctostHHOM [imaHka.

IIpuHUMND 3apsiAOBOro CONPSKEHHsS] IVIACHT: KaXK1as 3apspKEHHas JJIEMEHTapHas 4acTULa MUMEET
AQHTUYACTUIly. DTOT NPUHILMII PACHpPOCTPAHSAETCS Ha HEUTpajbHbIE YaCTULIBI HEUTPOH M HEUTPHUHO.
Hanpumep, Ui mpoTOHa aHTUYACTULEH SABIISAETCS aHTUIIPOTOH, JUIsl HEUTPOHA — AaHTUHEUTPOH, IS
AJIEKTPOHA - MO3UTPOH U T. 1. YacTHUIbl U aHTUYACTUIBI UMEIOT OJUHAKOBYIO Maccy, BpeMs *KHU3HHU,
CIIMH, IPOTUBOIIOJIOXKHBIN 110 3HAKY 3JIEKTPUUECKUN 3apsi/l, MATHUTHBI MOMEHT U HEKOTOPBIE IPYTHe
xapaktepucTuku. [Ipu BcTpede 4acTullbl ¢ aHTUYACTHUIIEH TPOUCXOIUT aHHUUAYUSL ¢ OOpa30BaHUEM
Y-KBaHTOB.

Ipocreiimas ¢opmynupoBka npunuuna Ilayam: B arome He MOXET OBITh JBYX JJIEKTPOHOB,
HaXOJALIMXCS B JIBYX OJUHAKOBBIX CMIAYUOHAPHBIX COCMOSAHUAX, ONPEAEIsIeMbIX HA0OPOM UEeTBIPEX
KBaHTOBBIX umcel, TiaaBHoro (N), opouransHoro (l), MaruuTHOrOo (M)) ¥ cnMHOBOTO (Ms). [IpUHIUITY

[Taynu nomumsstoTcs ¢hepmuonvr (3MEKTPOH — (GEpMHUOH!) M HE TOIUUHSIOTCS 6Oo30mbl. B
HEPEJSITUBUCTCKOW KBAaHTOBOM MexaHuKe NpuHIMN [laynm paccmaTpuBaeTcss Kak JONOJHUTEIbHBIN
MOCTYJIAT.

IIpomMe:kyTOYHBIMU 0030HAMHU HA3BIBAIOTCS KBA3UYACTHUIIBI, IEPEHOCUYUKH C1a0020 83AUMOOEUCMBUSL.
IIpoTOHBI — MOJOXKUTENBHO 3apsKEHHBIE TSKENbIE YAaCTHUIIbI, BXOJSIIME B COCTAB aTOMHBIX fJIEP.
Ywuciio mpoTOHOB B SIAPE OMPEAEIISET €ro 3apsii U XUMHUYIECKHUE CBOMCTBA aToMa.

PagnoakTMBHOCTBIO HA3bIBAECTCS MPOIECC CAMONPOU3BOJIBHOIO MPEBPAIICHHUs] aTOMHOIO siapa B
JIPYToe SIAPO, COMPOBOKIAIOIIMICST MUCITyCKAaHUEM 2eMeHmapHulx dacmuy. PaanoakTUBHOCTE sep,
CYILIECTBYIOIIMX B MPUPOJIC, HA3bIBAETCS €CTECTBEHHOM, a PaJMOaKTUBHOCTH SIAEP, MOJYUYECHHBIX B
pe3ynbTaTe s10epHoll peakyuu, Ha3bIBAETCS NCKYCCTBEHHOM.

CuibHoe B3auMo/1eiicTBHe TIPUCYIIE TSKEIbIM YacTuIaM (IpOTOHaM, HEHTpoHaM | T. 11.). Haubonee
M3BECTHOE €T0 MPOSIBIICHUE — SIEPHBIC CUJIbI, YACPKUBAIONIME HYKJIOHBI B SAPax aTOMOB U K8APKU B
aoponax. HocuT OOMEHHBIM XapakTep: MEXaHH3M CBOJUTCA K oOMeHy erroonamu. CHUIBHOE
B3aMMO/JICUCTBUE — KOPOTKOJCHUCTBYIONIEE, JEHCTBYET HA PACCTOSHUAX MOPSIAKA 10 M. Cwm. Taxxke
DynoameHmanvHvie 83aUMOOeNUCmBUs.



CkopocTh cBeTa B BaKyyMe - CKOPOCTh PacIpOCTpaHEHHS CBeTa B Bakyyme ¢ = 299'792'458 w/c.
CkopocTh cBeTa B BaKyyMmMe - IIpeleibHas CKOPOCTh PACIPOCTPAaHEHHS IIOOBIX (pU3MUecKux
B3aUMOJICUCTBUIA.

Cnaboe B3amMojeiicTBHe TIPHUCYIE BceM dacTHiam, kpome ¢oroHa. HocuT oOMeHHBINH Xapakrtep:
MEXaHHU3M CBOJUTCS K OOMEHY npomedcymounvimu 6030Hamu. Hanbonee U3BECTHOE €ro MpOsIBICHUE
— Oera-pacmaj HEUTpOHA.

Ciabdoe B3aumMojeiicTBUE — KOPOTKOJCHCTBYIOIIEE, IEUCTBYET HA PACCTOSHUSIX MOPSIIKA 107 M. Cwm.
TaKkxke @yHOaMeHmanbHble 83aUMOOeUCMEUS.

CooTHouleHue HeollpeaeeHHOCTel yCTaHaBIUBAECT npeenbl OJTHOBPEMEHHOT'O
SKCIIEPUMEHTAILHOTO  ONpPENENeHUs TMap HEeKOTOpbIX BenuyuH. Hampumep, mnpousBeneHue
HEOMpeACNIEHHOCTEH KOOPAMHATHI M HMMITYJIbCA YAaCTHIIBI HE MOXET OBbITh MEHBIIE NOCMOSHHOU
Inanka.

CnekrTpajibHble CepuHM — TPYINbl CIOEKTpaIbHBIX JHMHUK. Hampumep, B cmnekTpe Boaoponaa
HaOmonarores cepuu Jlaiimana, bansmepa, [lamena u np.

CnuH — COOCTBEHHBI MEXaHHMYECKUI MOMEHT YaCTHUIIbL. YacTHUIIBI C ENBIM CIMHOM (B eauHuax h, h
— nocmosinnas Ilnanka) Ha3bIBAIOTCS O030HAMU, C TIONYLENbIM — hepmuonamu. Hanpumep, 3MeKTpoH
(crimH 1/2) — Tammysbi hepmuoH, GoToH (cnuH paBeH () — THMHYHBINA 0030H.

Teopuss bopa (1913) — nepBas nNpuUMUTHBHAs KBAaHTOBAas MEXaHUKa BOJOPOJHOTO aTromMa |
BOJI0POJ0NIOA00HBIX MOHOB. bop npokBantoBan atoM Pesepdopna. Teopuss oObscHsAIA BOAOPOIHBIN
crekTp (MO3BOJIsIa PACCYUTATH MOJIOKEHHS CIIEKTPAIBHBIX JTUHHI), HO HE MOTJIa O0BSICHUTH CHEKTPHI
Oosiee CNMOXKHBIX aToMoOB. Teopus bopa Oblma SKIEKTHYHOW, TaK Kak CoOJEpkaja KBAaHTOBBIC
(HeKJ1accMYecKre) TMOCTyJaThl M B TO K€ BpEMs HCIOJb30Baja MPEICTaBICHHUS U 3aKOHBI
KJIACCHYECKON (U3HKH (ITOHATHE «OpPOHTa», «TPACKTOPHs», HCIIOIh30BaJIa BTOPOil 3ak0oH HbhroTOHA U
np.).

TepMosiiepHbIMH peaKNUsIMH HA3bIBAIOTCA AK30TEPMUUYECKHUE s0epHble peaxkyuu CUHTE3a JIETKUX
a1ep, B pe3ysbTare KOToporo oopasyrorcs Oolnee Tskenble sypa. Hampumep, mpu cMHTE3€ M30TOMOB
BOJIOpoa oOpa3yercs renuid. [IpoTekaroT Takue peakiuy Ipyu OYeHb BHICOKUX TeMIIepaTypax Mopsaka
10’ - 10°K.

YpaBHenue llIpenunrepa — OCHOBHOE YpaBHEHUE KBAHMOBOU MEXAHUKU, TIO3BOJISIONICE PACCUUTATh
Y-¢pynxkiuto. M3-3a KomoccaabHBIX MATEMATUUECKUX TPYIHOCTEH TOYHOE PEIICHHE YPABHEHUS MOXKHO
MIPOBECTH TOJIHKO B HECKOJIBKUX CITydasx.

DOTOHOM HA3BIBACTCS KBA3WYacTHIIA, BBEACHHAs ANl TOTO, YTOOBI OOBSICHUTH KOPIYCKYISpHBIC
CBOMCTBA AJIEKTPOMATHUTHOTO U3NydeHusi. DOTOHY MPUITHCHIBACTCS SHEPTHUsS € = hv 1 UMIynbC P =
hv/c, rne v — yacrora cBeta, C — CKOpPOCTh CBETa B Bakyyme, a h = 6,62-10'34 Jx/c — nocmosinnas
IInanka. MOTOHBI — KEAHMbI SJIEKTPOMArHUTHOTO NOJSA. JDIeKMPOMASHUMHOE 63auUMOOeucmsue
OCYIIECTBIISIETCS TyTeM oOMeHa (pOTOHAMH.

CyumecTByer 4erbipe THNA (yHAAMEHTAJBHBIX B3auMojeiicTBuii. B mopsake yMmeHbIICHUS
WHTEHCUBHOCTHU: CUIbHOE, JJIeKMpOMAasHUmMHoe, ciaboe W epasumayuoHuoe. | paBUTAIIMOHHOE
B3aUMOJICHCTBUE OOJaaeT MpeaeIbHO MaJIOW WHTEHCUBHOCTBIO, HO HWIrPAaeT BAXHYIO pOJIb BO
BcenenHol u3-3a KOJI0CCAIbHBIX MacC KOCMHYECKHX O0BHEKTOB.

XapakrTepucTuyecKoe peHMm2eHO6CKOe Uu3ly4YeHue BO3HUKAET TPU  JIOCTATOYHO BBICOKOM
YCKOPSIIONIEM HAMpsDKEHHH Ha PEHTTEHOBCKOM TpyOke. MexaHuU3M CBOAHWTCS K BBIPHIBAHUIO
AJIEKTPOHOB C BHYTPEHHHX 3JIEKTPOHHBIX 000JIOUEK U K MEPEX0/ly Ha ATH MECTa IJIEKTPOHOB C APYTHX
obonouek aroma. CHekTp Takoro usnydeHHUs iuHeddarbiii. [losBrisercs Ha (QoOHE CIUIONIHOTO
TOPMO3HOTO PEHTICHOBCKOTO CIEKTpa Kak HaOOp CHEKTPalbHBIX JIMHUHK. 3aBUCHUT OT Marepuasa
aHTUKAaTO/1a.



DJIeKTPOMAarHUTHOE B3aUMOJECTBHE — OJHO W3 YETBIPEX (HYHOAMEHMANbHBIX 83AUMOOEUCNBUIL.
JlelicTByeT TOJNBKO MEXKIy SJCKTPUYECKH 3apsHKCHHbIMHM dacTullaMd. HocuT oOMeHHBIN xapakTep:
MEXaHM3M CBSI3aH C 00MEHOM ghomoros. CaMoe N3BECTHOE €T MPOSIBICHNUE — KYJIOHOBCKUE CHUJIBI.
DJIEKTPOH — MeJlbyaiillias OTpULATENBHO 3apsKEHHAs 4acTULA, BXOAIAs B COCTaB aTOMOB.
DJieMeHTAPHBIMH YAaCTHI[AMHU Ha3bIBaeTcs OOJbIlas rpyIa cyobsIepHbIX YacTHUILl, KOTOPbIE yXKe He
paccMaTpUBAIOTCS Kak OeCCTPYKTypHBIE 00pazoBaHMs («KUPIHYUKW» MUpO3[aHus). B Hacrosmee
BpeMs1 n3BeCTHO 0K0JI0 400 351eMEHTapHBIX YaCTHUL.

OHeprusi CBSA3M — DHEPrus, KOTOPYIO HAA0 3aTpaTHTb, YTOOBI pA3JAEIUTh SIPO aromMa Ha
COCTaBJISIFOLIUE €ro YacTullbl. PacueT s3Hepruu cBS3u MPOU3BOAUTCS C MOMOIIBI0 cooTHOIEeHust AE , =
Am-c?, rze Am — oeghexm maccwl, C — CKOpOCMb C8ema 8 8axyyme.

SlnepHasi MoiesIb aTOMA IPEAIOIAraeT HAJIMYME B aTOME IOJIOXKUTEIBHO 3apSKEHHOI'O MAaCCUBHOTO
a71pa, B KOTOPOM COCpPEA0TOYEHA MMOYTH BCSI Macca aToMa, U OTPULATENBHO 3aPSKEHHBIX JIEKTPOHOB,
Bg)amawmuxcsi BOKPYT $jpa 110 KPYrOBBIM MJIU JUIMNTHUECKUM opoutaM. Pasmeps siapa nopsaaka 10°
B, pa3Mepbl aroma — 10™ M. Mogennb BHYTPEHHE IPOTHBOPEUYMBA: BPAILAIOIIMIICSA 3JIEKTPOH
JIOJKEH M3JIydaTh 3JIEKTPOMATHUTHBIE BOJIHBI, TEPSATh 3HEPTUIO U, B KOHIE KOHIIOB, YIIaCTh Ha SJIPO.
Brixon u3 nonoxenus Obut Haiinen bopoM. CM. Takxe Onvim Pezepghopoa n Teopus Bopa.

SlnepHoii peakumMed Ha3bIBACTCA MPOLECC CHIBHOIO B3aWUMOJCHCTBHUSA aTOMHOIO sapa ¢
3JIEMEHTApPHOU YaCTULEH WU IPYTUM SJIPOM, IPUBOISAIIUN K IPEBPALLICHUIO aTOMHBIX sJIEP.
SlnepHble CHIIBI YIEPKUBAIOT HYKIOHb! B SAPax aTOMOB. DTO HE CUJIbl B HBIOTOHOBCKOM ITOHUMaHHH,
MO3TOMY JIYYIlle TOBOPUTH O CUILHOM G3aumooleticmeuu Mexay HykioHamu. OO0nagaioT CBOMCTBOM
3apsI0BOM HE3aBUCHMOCTH, T. €. JACUCTBYIOT OJUHAKOBO B CHUCTEMAaX MPOMOH-NPOMOH, HEUmpoH-
HeumpoH, NPOMOH-HeUmMpOoH.

SlnepHblil peakToOp — YCTaHOBKA, B KOTOPOW OCYIIECTBIISIETCS yIpaBiseMas HenHasi peakiusl 1eIeHUs
anep. SlnepHbple peakTopbl — MOLIHBIE UCTOUHUKU HeumpoHo8 W Heumpuno. B peakTopax moiy4aror
HCKYCCTBEHHbIE PaJJMOAKTUBHBIE JIEMEHTHI.



