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PE3IOME

0. H. Naze6bHan. OcobeHHOCTH coaeprKaHMA NOATOTOBKMN Oy AyLLMX SKONOrOB.

B cmamee uccnedyemca npobaema noG20mosKU Creyuaaucmos 8 3Kos02u4ecKol
cehepe. PaccmompeHbl  dudaKmuYeckue  acriekmel  rpoyecca  (hopMupo8aHUA
npogheccuoHanbHO KoMemeHMHbIX crneyuaaucmos 8 BY3e. AKuUeHMuposaHo 8HUMAHUe HA
ocobeHHocmsax npenodasaHus Kypca «MoHuUmopuHz oKkpyxaroujeli cpedbr», hopmuposaHuu
npogeccuoHanbHeIXx KomnemeHyuli 6yOyusux 3Ko10208.

Knioyesble cnoea. rnpogheccuoHanvbHas  No020mMoeKa,  KOMIEemeHMmMHOCMo,
npogeccuoHanbHAA KOMMIEMeHMHOCMb, MPogeCccCUOHAsIbHbIE KOMMemeHyuu, npuHyunsi
oby4yeHuA, crneyuanbHele OUCUYUMNAUHbI, YUK MPOPEeCccUOHANbHO-0PUEHMUPOBAHHbIX
ducyunauH, cooepicaHue npogeccuoHanbHol No020mMo8KuU 3Kos102d.

SUMMARY

0. Lazebna. Features of preparation for future ecology.

Article is devoted to training in the environmental field. We consider the didactic
aspects of the process of professionally competent professionals in higher education.
Accentuated the features of teaching the course «Environmental Monitoring», the formation
of professional competencies for future environmentalists.

Key words: training, competence, professional competence, professional competence,
principles of teaching, special courses, a series of professionally-oriented courses,
maintenance training ecologist.

Y[IK 372.853

M. I. JluceHko, O. B. MaTtBiltuyK
HauioHanbHU TEXHIYHNI
yHiBepcuTeT YKpaiHn «KMI»

AHA/I3 BUBYEHHA KOPNYCKYNAPHUX BNACTUBOCTEM CBITNA
B NIAPY4YHUKAX TA NOCIBHUKAX 3 ®I3UKU

Y cmammi po32naHymo cmaH 8ucsimaeHHA KOpyCcKyAapHUX eaacmusocmeli ceimaa 8
nidpy4yHUKAx ma nocibHUKax 3 ¢hi3uku 071 30207bHOOCBIMHLOI MA B8UWOI WKoAU. AHANI3
rMoKasas, wo 8 binbwocmi 3 HUx Kopnyckyaa ceimaa (¢pomoH) npedcmaesseHa ymeopeHHAM,
/I0KAsi3080HUM 8 HECKIHYeHHO Masnomy o06°emi (MamepiasbHOK MOYKOK), | MoHicMio
OMOMOMCHIOEMbLCA 3 KBAHMOBOK YACMUHKOI0. 10103 eHHA homoHa 8 NPocmopi Ha OCHOB8I Y€l
mo0es1i onuCyeMbCA iMOBipHICHUMU 3aKoHamu. Takuli cmaH cynepeyumes K8aHMo8Il meopii.

Knrouoei cnoea. pomoH, KBGHMOBA meopis, HacmynHicme.

MNocraHoBKa npobnemun. Y cratTi npoaHanizoBaHo noHag 30 nigpyyHuKis
3aranibHOI $i3MKM (B TOMY YMC/i HaBYa/IbHMX MOCIOHWKIB) HA NPeAMET BUCBITNEHHSA
Temn «KOpNycKyNsipHi BNACTUMBOCTI eNeKTpoMarHiTHoro nons, ¢oToH» (Has3Ba
y3arasibHeHa). OcTaHHi BUAAHHA NiAPYYHMKIB CBiAYaTb NPO HE33a[0BINbHUI CTaH
NpeAcTaBNeHHA B HUX UI€El TemMU. BUCBITAEHHA 3YyNMUHUNOCL Ha PIiBHI PO3BUTKY
HAaYKWN ABAAUATMX POKIB MUHYAOro cToniTra. Moaanswini, nicna AsaauAaTUX POKiB
PO3BUTOK Ii3NYHOI HayKu, no-nepwe, nNigTBEPAMB HOBMMM  AOCAIAAMU
KOPNYCKYNAPHI BNACTMBOCTI €/1eKTPOMArHiTHOro BUMNPOMIHIOBaHHA, Mo-Apyre,
3HAYHO PO3BUHYB Teopito ¢OoTOHA. Lle WMPOKO NpencTaBneHO B Nigpy4YHMKAX
KBAHTOBOI MeXaHiKM Ta KBAHTOBOI eNeKTPoAUHaMIKK. AK NigcymMmoK, matoTb micue
PO36iXKHOCTI B BUKNAAAHHI. Ha cTaplimx Kypcax BULLMX HaBYa/IbHUX 3aKNaaiB npu
BMBYEHHI KBAHTOBOI MEXaHiKM TPAKTYyBaHHA MNOHATTA «GOTOH» MNPMHUMNOBO
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BIAPI3HAETbCA Big, MOHATTA, OLEP)KAHOrO B LWKOAI Ta HAa MOJOALMX Kypcax
NPW BUMBYEHHI 3arasibHOi Qi3MKK, TaKMM UYMHOM MAE MiICLUE MNOpPYLUEHHS
HACTYNHOCTI Y BUBYEHHI TEMMW.

BuKknaa oCHOBHOro marepiany. B 38’A3Ky 3 TMMm, WO Ccy4yacHa KBaHTOBA
Teopis GOTOHA He NpeAcTaBAeHa Hi B 0AHOMY 3 MiAPYYHUKIB 3arasibHOI Pi3nKH,
MU PO3rNAHEMO CNOYATKYy BMCHOBKM Teopii, NOTIM NpoBeAeMO MOPIBHANbHUM
aHani3 BUKMAAeHHA TEMM B NigPYYHUKAX | HABYA/IbHMUX NOCIOHMKaX.

3yNMMHMMOCb Ha BMCHOBKAX Cy4aCHOI KBaHTOBOI Teopii KOPNyCKYAAPHUX
B/IACTUBOCTEN €/1eKTPOMATHITHOIrO nona. 3py4yHO PO3TAAHYTU OCHOBHI BMCHOBKM
BYEHHA NPO POTOH B ICTOPUYHOMY PO3BUTKY TOMY, LLO PO3DiKHOCTI B BUKIAAaHHI
3B’A3aHi came 3 iCTOPIED PO3BUTKY BYEHHSA NPo GOTOH. TOMY CTUCAO PO3rNAAAEMO
PO3BUTOK TEMW BUXOAAYM 3 AAT NepLumx nybnikauin pesynbTaTis.

Pik 1905 — A. EMHWTEMH ycCnilWHO TMOACHIOE OCHOBHI B/IaCTUBOCTI
doToedeKTy Ha OCHOBi MNOHATTA «KBAHT cBiT1a» (Kopnyckyna cBitnaa).
3anponoHoOBaHA MOAe b YCMNiWHO NOACHIOE OCHOBHI BAACTUBOCTI poToedeKTy,
ane BCTYMa€ B NPOTMPIYYA 3 XBU/IbOBOK TEOPIi€ElD. binblwicTb Bigomux ¢isunkis
Toro 4acy, B Tomy uucni, Hobeniscbki naypeat M. [MnaHk Ta B. BiH,
3anepeyyBanu iCHyBaHHA KOPMYCKYAAPHUX BAacTuBocCTen CBiTa. OCHOBHMM
aprymeHTom  AnA  3anepeyvyeHHA  BUCYBajsacb  OOCKOHaAICTb  Teopii
eN1eKTPOMArHiTHMX xBuab Makcsenna. [ani mm nobaymmo, WO B LbOMY
onoHeHTM A. EMHWTEMHA 4YacTKOBO Manu pauilo, Npu LUbOMY CnpaBeamBoO
BBarkaTW, WO rinoteda A. EMWHWTeMHa Bunepegmna cBiM 4yac. AK [OOKa3
HecnpaBeA/MBOCTI Teopii KBaHTyBaHHA CBiTNa, Hanpuknag, B Bikinegii [6]
HaBeAEeHi NMOCMNAHHA HA eKCNepuMMeHT 3 gMPpPaKLIii CBiT/Ia 3 eHepriel 04HOro
¢doToHa (1907 p.). loaamo TaKoK, WO Ni3Hille KBAaHTOBA TeopiA niaTBepamna
dopmyny EnMHwTenHa ana ¢otoedekTy 6e3 BUKOPUCTAHHS KOPMNYCKYNAPHUX
Bnactmeocten cgitna (Hanp., [9]), a noTim TeopeTMyHo 06FpyHTYyBana Horo
rinotesy, BMXOZAYM 3 HOBMX NO3UUiN. CTaH HEBU3HAHHA KOPMYCKYAAPHUX
BN1ACTMBOCTEN CBiTNa icHyBaB go 1923 p.

Pik 1923 - A. KomnToH nybnikye pesynbTaTM CBOIX BigOMUX
€KCNepUMEHTIB 3 pPO3CilOBAaHHA PEHTreHiBCbKOro BUMNPOMIHIOBAHHA Ha
pPEeYOBUHI. XBUNbOBA TEOPIA HE MOXKEe MOACHUTU 3MiHY AOBXUHWU PO3CIAHOI
XBUNi. KopnyckynapHa Teopia eNeKTPOMArHiTHoOro BUMNPOMIHIOBAHHA Ue
NoACHIOE 6MCKyYe: aocnigm i Teopis.

Pik 1924 — /1. pe Bponnb NPOMNOHYE rinoTesy Npo XBWUAbOBI BNACTUBOCTI
KOPMYCKYA i Le NOBHICTIO NiATBEPAXKYETbCA Aocnigamn. O4yeBMAHO WO, rinoTesa
ne bponna € TBOpUYNM NPOJOBHKEHHAM rinoTe3n EMHWTEMHa.

Pik 1926 — BUHUKHeHHA Ha3Bu «dotoH» ([. Jlbioic). E. LpeaiHrep
OOTpUMytouncb rinotesn ge bponna Gopmyntoe XxBUAbOBE PIBHAHHA AN
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OMNUCaHHA PYyXy MiKpo4yacTMHOK, M. BOpH BCTAHOBAOE 3B’A30K XBWUIbOBUX
BN1AaCTUBOCTEM 3 IMOBIPHICHUM XapaKTEpOM PyxXy Kopnyckyn (CTaTUCTMYHa
iHTepnpeTauis XBUAboBOi QYyHKLi). BypXN11MBO PO3BMBAETLCA KBAHTOBA MEXaHiKa —
HayKa, AIK Bigomo, 6a3yeTbCA Ha XBM/IbOBMX BAACTUBOCTAX KOPMycKyn. Ha uin
OCHOBi pobuTbcA cnpoba y3rogMTU KOPMYCKYNAPHI BNAacTMBOCTI CBiTAa 3
XBUABOBMMM i, AK HACNIJOK, (GOPMYNIOETbCA KOHLEMLIA KOPMYCKy/APHO-
XBWIbOBOrO Ayanisamy. MOBHA TOTOMKHICTb XBWMAbOBUX Ta KOPMAYCKYNAPHUX
B/IACTUBOCTEN KOPMYCKY/N Ta €/1€KTPOMArHiTHOro nosA. 3rigHoO 3 MOMOXEeHHAMM
KOPMYCKY/IAPHO-XBUNbOBOrO Ayaniamy, GOTOH BBAXKAETbCA YTBOPEHHAM, €Heprif
AKOrO CKOHLEHTpOBaHa B MajsoMy O06’emi npocTopy. «APOOMHKOW», 3a
BUCNoBneHHAM bopHa. MNMonoxeHHA $OoTOHa B MPOCTOPI NiANAra€ iMOBIPHICHUM
3aKOHaAM, NYCTMHA eHeprii eNeKTPOMAarHiTHOro nonsa B 3aAaHil TOYLi BBAXKAETbCA
NPONOPLIMHOK KOHUEeHTpauii ¢oToHiB B Ui Toyui. Came us moaenb PpoToHa
HaMWMpLLE NPeACTaB/eHa B NigPYYHMKAX 3ara/ibHOI Pi3nKM.

Pik 1927 — noponatv npoTMpPIY4YA Mi¥K KBAHTOBMMU Ta XBWIbOBUMU
BNIACTUBOCTAMW CBiTNa BAANOCA aHraimcekomy ¢ismky M. Lipaky. Ao
eNeKTpoMarHiTHoro nons [ipak 3acTtocyBaB MaTeMATUUYHUIM anapaT KBAHTOBOI
MEXaHIKKU, AKMN HA TOM Yac yXKe byB A0CTaTHbO PO3BUHEHWUMN. 3rigHO 3 Teopi€Elo
Penea-[IxiHca, [ipak po3rnAgae none B BUrAAAI HECKIHYEHHOI KiNbKOCTI
CTOAYMX E/IeKTPOMArHiTHUX XBWAb B neBHOomMy o06’emi (pesoHaTtopi) [19].
EneKktpomarHiTHe none cTaBUTbCA Y BigMNOBIAHICTb MeXaHiYHiIn cuctemi. Habip
CTOSAYMX XBW/Ib €KBiBaNeHTHUIM Habopy ocumnaTopis, AKi ONUCYHOTbCA B
KNACUYHIN MeXaHili y3ara/ibHeHMMK KoopamHaTtamu. CyKyMHICTb OCLMAATOPIB
npeactaBnae cobok HECKiHYEeHHY KiNbKicTb cTyneHiB csoboau, eHepris nons
po3noinaeTbca no cTyneHax cBoboan (ocumnaTtopax). BuKopucTaBlK
PO3paxyHKOBMIM anapaT KBAHTOBOI MeXaHiku, [ipak 3amiHMB Yy3arajbHeHi
KOOPAMHATU KNACUYHOI MEXaHiKM BignoBIAHUMM KBAHTOBO-MEXAHIYHMMM
onepatopamu (NpUHUMN BIANOBIAHOCTI), oAepKaB Ta pPO3B’A3aB PIBHAHHSA
LpepiHrepa ana enekTpomMarHiTHMX KonmeaHb. Ha OCHOBI pO3B’A3Ky 3HalAEHO
XBUNbOBI PYHKLii Ta eHeprito ocumnaTopis. HaBegemo ogeprkany popmyny ana
NOBHOI eHeprii enekTpomarHiTHoro nons E:

E=>) nhy, +thvk
k=1 2i3 (]_)

ne N — crana Nnaxka, Y« — BnacHa yactoTa KonmeaHb K-Toro ocumnaTtopa,

Ve _ keant eHeprii, "« — uine pgomaTHe uYMCNO, AOPIBHIOE KiNbKOCTI
KBAHTIB eHeprii ocumaatopa.

Teopito [ipaka Ha3mMBalOTb TAaKOX KBAHTOBOK TEOPIEID eNeKTPOMArHiTHOro
nons (boToHa).
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PosrnsHemo nepwy cymy piBHAHHA (1). LA cyma ob6rpyHTOBye ifeto
EMHWTEeNHa npo KOpNyCKy/APHI BNACTUBOCTI €/IEKTPOMArHITHUX KOJ/IMBAHb.
OcumnAaTtop NPUMMAE TiIbKU OUCKPETHI 3HAYeHHA eHeprii — KBaHTWU eHeprii,
nponopuirHi yactoTi. KiAbKiCTb KBaHTIB 3aneXWUTb Big CTyneHA 36yarKeHHA
ocumnnaTopa. Hanpuknag, B abcontoTHO YOPHOMY TiNli PO3NOAiN KBaHTIB eHeprii
no ocumnaTopax nianarae posnoainy bonbumaHa i 3 pisHAHHA eHeprii (1) nerko
oaepatn dopmyny MnaHKa. Cam aKT AMCKpeTM3aLii eHeprii CTOAYMX XBU/b
LWiNKOM 3acnyeHo HasuBaloTb rinotesoto EnHwreriHa [35]. Ak Bigomo,
e/1eKTPOMaArHiTHe nosie B KNACUYHIN e/IeKTPOANHAMILL MA€E eHeprito Ta imnysbC,
ane pgnsa nonAa, WO KBAHTYETbCA, €Hepriai NPUMMAE OUCKPETHI 3HAYeHHS;
aBTOMATUYHO, ANCKPETUIYETLCA | IMMY/IbC.

3yNMHMMOCb Ha BigAMIHHOCTAX Teopii [ipaka 3 nonepegHiMn TeopiamMu.
3rigHO 3 Teopieto [ipaka eHeprii POTOHA He KOHLEHTPOBaHa B MEBHiM TOYuj
npoctopy (He maTtepia/sibHa TO4YKa), GOTOH PO3MNOAiNEeHNA NO BCbOoMy 06’emy, B
AKOMY iCHYE eIeKTPOMArHiTHe none; GOTOHN KPO3MiLLAHI» B MPOCTOPi TOMY, WO B
Oyab-AKiA  ToYli iCHYHOTb KO/AMBAHHA BCiX 6€e3 BWHATKY CTOAYUX XBW/b.
CnocTepiratv icHyBaHHA GPOTOHA MOXK/INBO NMPU B3aEMOAITI GOTOHA 3 KOPNYCKYN0t0
JINLWE B TilM TOULI, A€ 3HAaX04MUTbCA KOpMycKya. [poiftoCcTPyEMO LLe PUCYHKOM.

N~
1 1
A B

Ha pucyHKy niBopyYy cxemaTuyHO 3006pakeHO po3noAin KeagpaTa
HaMpy»XeHoCTi  eNeKTPMYHOro NnonA  B34OBX OAHOMO 3 HANPAMKIB
(ropusoHTanbHa npAMa), Hexalh B LbOMY HaMNpPAMKY BK/IaZa€TbCA OZHA
[OBXMHa XBUJi | eHepria Uiel ctoaYoi xBUANi AOpPiBHIOE ABOM POTOHAM; AiHiA 2
BiAnoBigaae ABom ¢oToHam, niHia 1 — ogHomy. Hexal B Touui A 3HaxXoAUTbLCA
06’eKkT, WO noravMHae oguH ¢OToH. 3rigHO 3 Teopielo [ipaka NOrMMHAHHA
BiaOyBa€eTbCA 3i BCbOro 06’emy, B AKOMY 3HAXOAUTLCA eNEKTPOMArHiTHe none, B
TOMY 4uCAi, 3 TOYKM B. B pesynbTtaTi NicnA NOrMMHaHHA 3a/UWAETLCA OAMH
¢doToH, AKkomy Bignosigae niHia 1 (pMcyHoK npaBopy4). BigHoCHO B3aemogii 3
06’eKTOM, TO MMOBIPHICTb B3aEMOAII B 3a4aHil To4li NpocTopy nponopuinHa
FYCTUHI eHeprii eneKkTPoOMArHiTHOro nona B Ui Touui, ane MnorJAMHAHHA
BiaOyBa€eTbcA 3i BCboro o6’emy. AKWO O06’€EKT 3HAXOAMTbCA B BY3/i CTOAYOI
XBWAi, MMOBIPHICTb NOF/IMHAHHA LOPIBHIOE HY/H0. 3BEPTAEMO TAaKOXK yBary Ha Te,

WO BY30/1 CTOAYOI XBUAI AinnTb GOTOH Ha YacTMHM (ABi B HaloOMy BUNaZAKy), a
NOrNMHAETbCA, ab0 36y AKYETLCA GOTOH, AK EAMHE LiNe.
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Mpu nosAicHeHHI iHTepdepeHLii Ta audpaKuii cBiTAa, HaNpuKnaa, B AoCniai
FOHra, 3rigHO 3 KBAHTOBOI TEOPIEID GOTOH MOXKE NPOXOANTU OLHOYACHO Yepes
obuasi wWinvHu. Lle mMo)KHa npeacTaBUTU TakKMM YMHOM. [kepeno cBiTha,
HanpuKnag, BUXigHe A3epKano aasepa, eKpaH 3 4BOMA WiIMHaMKM Ta eKpaH aAnA
CNOCTEepPEXKEeHHA YTBOPIOKOTb Pe30HATOP, B AKOMY CTBOPHOIOTLCA CTOAYI XBWUAI.
BTpaTn eHeprii pe3oHaTopa KOMNEHCYIOTbCA AXKepenom cBitna. KoXKHa cToava
XBWUANA i, BiANOBIAHO, KOXeH POTOH 3HAX0A4ATbCA B YCiX TOYKAxX pe3oHaTopa, B
TOMY 4YuCAi, B 060X LWifMHaX. |[HWKUMKN choBamMK, €NIEKTPOMArHITHI XBUNi — Ue
nepw 3a BCe XBWJi, KBAHTOBI BAACTMBOCTI MPOABAAIOTLCA MNPU B3AEMOAII 3
peyoBMHOO. OcOb6AMBO NPOABAAETLCA PI3HMUA MiXX GOTOHOM Ta KOPMYCKYAOO
npuM nepexogi A0 MAKPOCKOMiYHOI Teopii. KBaHTOBIM KOpNyckyni B
MAKPOCKOMIYHIM Teopii CTaBUTbCA B BigMNOBIAHICTb MIKPOYACTUHKA, fAKa
PYXAaETbCA MO KNACUYHIM TPaAEKTOPIl, POTOHY B KNacu4HiK Pi3uui BignoBiaae
HeobmeXKeHa B NPOCTOPi Ta Yaci NJIOCKa MOHOXPOMATUYHA XBUAA.

Po3paxyHKu Teopii [ipaka niarBepaytoTb Teopito EMHwTenHa ana
doToedeKTy Ta Teopito KomTnoHa, ane 3 NO3ULIA KBAHTOBOI MEXaHIKW;
PO3pPaxXyHKM NOACHIOOTb TAKOXK iHLWIi A0CNIAN NO B3AEMOAIT CBiT/1Ia 3 PEYOBUHOIO
He BCTyNaloum B NPOTUPIYYA 3 XBUIbOBOIO TEOPIEHOD.

MNapanenbHo 3 Teopieto [ipaka A0 aHANOrYHUX BMCHOBKIB MPMBOAUTL i
CMiBBiAHOWEHHA HeBW3HayeHocTel pgna  ¢oTtoHa [35].  disnyHui  3micT
cniBBigHOWEHHA Ans  ¢GOTOHIB, BipHiWe, AnA eneKkTPOMArHiTHUX  XBW/b,
NPUHLUMMNOBO BigpPI3HAETbCA Big, $i3MYHOrO 3MICTy ANA KBAHTOBMX YACTMHOK. AK
BiAOMO, CMiBBiAHOLWEHHA HEBU3HAYEHOCTEN — cniBBiAHOLWEHHS en3eHbepra — B
KBAHTOBIM MeXaHilj BBeAEHO A1 KBAHTOBMX YACTUHOK i € HACNiAKOM XBUNbOBUX
B/1TACTMBOCTEN KOPMYCKY/I; HEBM3HAYEHICTb MPUTAaMaHHa, NepLL 3a BCe, KOIMBHOMY
(xBunboBomy) pyxy. ilicHO, AN KOJIMBaHb HEMOXK/IMBO TOYHO BU3HAYMUTM YACTOTY
33 HECKiHYeHHO ManuM NPOMIXKOK 4Yacy. [pu nepexopi A0 KoopauHATK X Ta
JOBXUHU XBWAI 4 [OnA eneKTPOMArHiTHMX XBWAb CMiBBIAHOLIEHHA BM3HAYae
B3aEMO3B’A30K BiACTAHI Ha AKilA BUMIPIOETbCA AOBXMHA XBWUAI 3 TOYHICTIO i

BUMIiptOBaHHA. MaTeMaTM4YHO CNiBBIAHOLWEHHA MA€ BUMNAA,;
2

A c
AX-AA>— AX-Av=—
Az Az (2)
ne HEBM3HAYEHICTb KOOPAMHATU, AOBXMHW XBUAI Ta
yactotn; ¢ — wBMAaKicTb cBiTNa.

AX, AL Ay

MopiBHAEMO cniBBiAHOWEHHA AnA ¢$OTOHa 3i CniBBIAHOWEHHAM ANA
KopnycKyn. [lns KBaHTOBMX YACTUMHOK CNiBBiAHOLWEHHA NOB’A3aHO 3 TOYHICTIO
O4HOYACHOrO BM3HAYEHHA KOOPAMHATWM Ta iIMMyNbCy YacTUHKM (MaTepianbHOI
TOYKM). KopnycKyna ma€e XBUAbOBI BNACTUBOCTI, a/ie HEMOXK/IMBO NPeACTaBUTH ii
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B BWUIrNAAi YTBOPEHHA 3 XBWUAb. BoHa npeactaBnAe cobow YTBOPEHHA,
obmerkeHe B NPOCTOPi 3 IMOBIPHICHMM XapaKTepoMm 3HaxoArKeHHA B Til, abo
iHWIiM Touui. YvcneHHi pocnign niaTBepAXyoTb OOMEXeHHA KOPMNyCKyau B
NPOCTOPI i HAMNPOCTILWOIO i MOAENNI0 € MaTepiasbHA TOYKA.

LLlono ¢oTOHa, TO TaKe TPaKTyBaHHA XMOHe. 1N eNeKTPOMarHiTHOI XBUAi
CniBBiAHOLWEHHA HEe NOB’A3aHe 3 KBAHTOBMMMW BAACTUBOCTAMMW. L& BAACTMBICTb
XBWAbOBOTO pyxy. HesaneKHicTb Big, KBAHTOBUX BNACTUBOCTEN CMNiBBIAHOLWEHHA
MaTeMaTMYHO MiATBEPOKYETbCA BiACYTHICTIO cTanoi MnaHKka B dopmynax (2).
ABTOMAaTU4YHO, CNiBBiAHOLWEHHA NEPEeHOCUTbLCA Ha KBAHT eHeprii (Ha ¢OTOH).
Mpy NOWWpPEHHI NAOCKOI XBWUJI B HAanNpAMKY X, eHepria ¢OTOHa i, BignoBigHO,
NOBXWHa XxBWAi, abo u4acTtoTa BM3HA4YeHi TOYHO — GOTOH Mae byTtwm
po3noaineHMm no HeckiHYeHHOMy 06’emy. AKWO MOBa Mae NPO 3aMKHEHUM
06’em, TO TPAKTYETbCA CMiBBIAHOLWEHHA, AK MiHIMasibHE 3HAYEHHS BiACTaHi, Ha
AKIM MOX/AMBA CTOAYA XBWAA 33a4aHOI OO0BXWHM (4acToTM) i, BiANOBIAHO,
MO/INBICTb iICHYBAHHA OCUMAATOPA 3 33a[4aHOK AOBXUHOK XBUAI HA TaKiM
BiacTaHi. KoXHa cToAYa XBUAA 3a4aHOI AO0BXKUHU (KOXKEH OCUMNATOP) MOMKeE
MICTUTU B COBi HECKiHYEHHY KinbKicTb PpOTOHIB B 3aneXKHOCTI Big eHeprii (abo
amnaiTyaum KonumeaHb). He icHye pocnigHoro niaTBepArKeHHsA noAibHOCTI
$OTOHA A0 MaTepiasNbHOI TOYKM i, AK BiA3HAYaNOCb, CNOCTEPIraeTbca POTOH
vwe ToAi, KOAM MOTMHAETLCA KOPNYCKYNoK. Bmxopayum 3 uUbOro, NAOriYHO
BBaXaTW po3noain eHeprii OTOHA B NPOCTOPi HEMNEPEPBHUM, HaBITb, AKLLO HE
3Ba*kaTh Ha Teopito [Aipaka. B 3ragaHux gocnigax KOHra po3mip ogHi€i WinnHu,
abo BiACTaHb MiXK HUMK 3aBXKAM MEHLI 338 KPO3MIpP» eNeKTPOMArHiTHOT XBUAI, i
$GOTOH HE MOXKe NMPOXOAUTU TiNbKN Yepe3 OAHY i3 LLi/INH.

MosepHemocb go dopmynn (1) i posrnsHemo apyry cymy. Lle cyma
OVNCKPETHUX EHEeprin, TakK 3BaHUX, «HY/NbOBUX KOAMBaHb». HexaWn, 30BHilLHI
Axkepena 36yarKeHHA Ko/MBaHb BifcyTHI, To6To N = 0 gns KOXHOro ocumnaaTopa,
TOAj NepLla Cyma TeX A0PIBHIOE HYAK0. AK MOKa3ye Apyra Cyma, KOXKeH OCuMnATop
3[INCHIOE KO/IMBAHHA, AKe 3aBXAM iCHYE. EHepria «BiYHOro KO/IMBAHHA» OAHOrO
ocuunATopa [AOPIBHIOE MOMIOBUHI  eHeprii  ¢oToHa. Ymcno ocumnatopis
HECKiHYeHHe, B pe3ynbTaTi, HECKIHYEHHA CyMapHaA eHepria HYNbOBMX KOJIMBAHb.
Cam $aKT HEeCKiHYEHHOCTIi CyMapHOi eHeprii He € YMMOCb 0COBAMBUMM TOMY,
O eHepria 0bYMUCNOETLCA 3 TOYHicTIO A0 cTanoi. lMpu onuci B3aemogaii
BUMNPOMIHIOBAHHA 3 PEYOBMHOK BM3HAYAETbCA Pi3HULA EHeprin, apyra cyma B
Pi3HUL CKOPOYYETbCA, TOMY B TEOPIi eHepria Hy/IbOBUX KOAMBaHb byna B3ATa 33
NMo4YaToK BiAJiKy i He BpaxoByBanacb. Ane 3’SBMANCH HOBI A0CAIAW, ANA NOACHEHHA
AKUX BUKOPMUCTOBYOTbCA HY/IbOBI KONIMBAHHA. Big3HaumMmo, Wwo nonepegHi Teopii
€/1eKTPOMArHiTHUX XBUNb He nepeabayatoTb HY1IbOBUX KOZIMBAHb i NOACHUTU HOBI
pocnign HesgaTHi. CTUCNO 3ynMHUMOCH Ha pe3y/aibTaTaX LMX A0CNIAiB.
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Y. XayctoH B 1934 p. cnoctepiras B cepii banbmepa ana atoma BOAHHO
HEe3HaAYHY 3MiHY OBXWH XBW/b BUNMPOMIHIOBAHHA MOPIBHAHO 3 TEOPETUYHMMMU
nepeabavyeHHAMU. HeaocTaTHA TOYHICTb TOrOYaCHOI BUMIPHOBAIbHOI TEXHIKM He
AaBaJsia MOXKANBOCTI OCTOBIPHO BCTAHOBUTU CaM PaKT 3MiHU LOBXMHM XBUAI Ta
BUMipATHK oro. MNoBHa A0CTOBIpHICTL ogeprKaHa B 1947 p. B gocnigax B. /lemba
Ta P. Pizepdopaa. PagiodismuHumm metogamm CTMMynbOBaHO NPAMUIA Nepexis,
MiXK piBHAMW eHeprii 2S5 Ta 2P aToma BoAHIO | BUMipAHA eHepreTuyHa BiACTaHb
Mi)K HMMM, Ha TOM 4acC BiANOBIAHO A0 iCHYHOYIM Teopii eHepria UMX PiBHIB
noBuHHa byna 6 cniBnagatv. BumipaHa pi3HMUA eHepriit BiANoBiga€e 4acToTi
1057 Mrlu. Le po3yenneHHs PpiBHIB Ha3MBAETbCA JIEMOIBCbKMM 3CYBOM.
BuyepnHe TeopeTuMyHe nosicHeHHsA 3cyBy aaB . bete [19]. 3riaHo 3 1ioro
TEOpI€El, Ha PYX e/IeKTPOHa No opbiTi HaKNaAAETbCA AO0AATKOBO XaOTUUYHUI pyX
eNeKTPOoHa NiA, Aieto pAyKTyauin eNleKTPOMArHiTHOro nosa Hy/J1bOBMUX KOJIMBAHb.
B pe3ynbTaTi 3millyeTbcA piBeHb eHeprii 2S; nonoxeHHA piBHA 2P npu ubomy
MalKe He 3MIHIOETbCA. TeopeTuyHe 3HAYEeHHA YACTOTHOrO 3MIlLeHHA MiXK
PIBHAMMW 3 BEIMKOK TOYHICTIO 61M3bKe A0 BUMIPSAHOTO, B 3B’A3KY 3 LM, TEOPIt0
NnembiBCbKOro 3CyBY /1I0rYHO BBaXATW NPaBUIbHOK. TaKUM YMHOM, AOCAigM Ta
iX MOACHEHHA NiATBEPAKYIOTb iCHYBAaHHA HY/JIbOBUX KOJIMBAHb, WO OAHOYACHO €
nigTBEPAKEHHAM MNpPaBUAbHOCTI Teopii ¢oToHa [ipaka. Ha ocHosi Teopii
HY/1bOBUX KOIMBaHb OYAYETbCA TAKOXK Teopia Pi3nYHOro Bakyymy.

MpoaHaniayBaBLWW NiAPYYHUKM | NOCIOHUKM 3 Di3UKM ANs 3araIbHOOCBITHLOI
Ta BMLWOI LWWKOIM MM YMOBHO NOAIAWMAN iX HA ABI rpynn 32 pOKamMm BUAAHHA: nepLua
rpyna —BuaaHHa go 1990 p. [14, 20, 22, 24, 27, 28, 32-35]; apyra — BugaHHsA nicns
1990 p. [1-8, 10-13, 15-18, 21, 23, 25, 26, 29-31]. OcHoBOlO Ans noAiny B3ATO
yac nybnikauin Teopii Aipaka ana ¢GoToHa B HayKoBOMY ypHani B 1927 p. i B
HayKoBMX BUAaHHAX B 1956 Ta 1959 pp. [19]. B nigpy4yHUKM 3 KBAHTOBOI MeXaHiKu
TEeopito BK/HOYEHO Ha NoYaTKy wictaecatmx pokis [9, 19].

Po3rnag nigpyyHMKIB MUHYAMX POKIB MOYHEMO 3 aTOMHOI ¢i3nKm Makca
BopHa [34] Ta E. LWnonbcbkoro [32], sKi Hanbinble BAAMHYAM HA CTaH
BUCBITIEHHA TeMW B 3aranbHin ¢ismui. Lli BnaaHHa snepuwe 3’ssuance B 1933 Ta
1944 p. Ta HeogHOPA3oOBO nNepeBMAaBanuUCb. B  HMX OTOH NOBHICTIO
OTOTOKHIOETbCA 3 KBAHTOBOK KOpNycKynot. [logamo A0 BMKAALEHOrO
nocunanHa [34] Ha pocnign Meliepa-Tepnaxa no ¢otoedekty Ha ApPiOHUX
MeTaNiYHMX KpynUHKax. Hesposyminum ana xsnnboBoi Teopii 6ys Ton daKT, Wwo
doToenekTpoHu 3'aBnanucb 6esnocepeaHbO NicaAA BMUKAHHA CBiTAa. BianosiaHo
[0 XBM/IbOBOI Teopii po3noain eHeprii nagato4oi xBuai mae 6yTn piBHOMIPHUM No
06’emy MeTanivyHOT KPYNUHKM | HAKONUYEHHSA eHepril AN1A BUKOHAaHHS eN1eKTPOHOM
poboTn BMXOAY NOBMHHO TPWUBATM AEKiNbKa CeKyHA. TomMy MpW MOSICHEHHI
doToedeKTy XBU/IbOBA TEOPIA BIAXMNEHA, @ CBITN0BMWN NOTIK PO3rNIAAAETLCA, AK PyX
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APODOUHOK i3 CKOHLUEHTPOBAHO B HUX eHeprieto. Take He4OCKOHANEe TPAKTYBAHHS
chopMyNbOBAHO Ha MOYATKY PO3BMTKY Cy4aCHOI KBaHTOBOI Teopii. B noganbwomy,
KBAaHTOBAa MeXaHiKa 3Morna noAcHUTM ¢GoToedeKT, BUKOPUCTOBYHOUM TisIbKM
XBUNbOBI BIACTUBOCTI CBiTNA. B KBAHTOBIM MeXxaHiLji 064YMCNOETBCA MMOBIPHICTb
nepexoAiB eNeKTPOHa MiXK PiBHAMM eHeprii aToma. MNpu 0buncneHHi B TEOPETUYHY
dopmyny BXOAUTb BEKTOPHMM NOTEHUia/Nl  €/IeKTPOMArHiTHOrO nosnfd, He
060B’A3KOBO KBaHTOBaHWMN. dPoToedeKT B Teopii po3rnagaeTbca, AK nepexia,
€NIeKTPOHa 3 AUCKPETHOro piBHA B 006n1acTb HenepepBHOro cnekTpy. dopmyna
EMHWTENHA Npn LbOMY € HACNiZAKOM XBU/IbOBUX BNACTMBOCTEM KOPMYCKYA, a He
KOPMYCKY/IAPHMUX B/IACTMBOCTEN CBiTNa. [lapanenbHO iCHYE CTpore MOACHEHHS
doToedeKTy 3 TOUKM 30pYy KOPMYCKYNSAPHOI TEopii CBiT/Ia Ha OCHOBI Teopii [ipaka.
3a3HauMmo, WO MNpPU Nepexodi A0 KAAaCUYHOro HabnaukeHHs d¢oToedeKT
€KBiBa/IEHTHUA  PE30HAHCHOMY MOMMHAHHIO CBITIA  BUCOKO A06POTHOMO
KOJIMBHOK CUCTEMOIO, 34aTHOK HAKOMMUYUTU LOCTATHIO EHEPTit0 32 KOPOTKMM Yac.

B nigpyyHukry bopHa [34] 3raayeTbca ogHMM peyeHHAM Teopia [ipaka i
TPUBUMIPHICTb PoTOHa (He MaTepiasibHa TOYKA), AK «...YNCTO abBCTPaKTHY
KoHuenuito». Take BiAHOWEHHA MOACHIOETLCA HE3BUYHICTIO Teopil dipaka ana
CY4YaCHMKIB i BiACYTHICTIO gocnigiB Ana ii niaTBepAXKEHHA.

Y [32] pomaTKoBO A0 BUKNAAEHOro BMBYAOTLCA GAYKTyaLii GOTOHIB, AKi
MOBHICTIO OTOTOXHIOKOTbCA 3 (AYKTYyaLiAMM MONEKYN iaeanbHOro rasy. lpwu
BMBYEHHI He BPAXOBYETbCA iICHYHOUYA MiXK HUMM pisHMUA. HanpuKknaa, monekynu
ieaNbHOro rasy B3aEMOAIOTb NPU 3iTKHEHHAX, @ GOTOHU Be3nocepeaHbO MiXK
coboto He B3aemoAitoTb. Joaamo TaKoK, WO GAyKTyauii eneKTpoMarHiTHoOro
NOAA NIErKo ONUCYOTLCA B PaMKaX XBUAbOBOIT TeOpil.

BuknageHa Touka 30py B 6inbwomy, abo meHWwoMy 06cA3i NOBTOPHOETLCA B
[4,10, 13, 14, 20-22, 24, 29, 33] Ta nepeHocutbea B [1,2,5,7, 8,11, 12, 15-18, 23,
25, 26, 30, 31]. 3ynnHMMOCH Ha BiAXMAEHHAX Bif, y3ara/JibHEHOI TOYKMN 30pY AeAKUX
3 Hux. Tak B [14] niakpecnioloTbcA TpyAHOLW, MOEAHAHHSA KOPMYCKYNAPHUX Ta
XBUIbOBUX BNACTUBOCTEN (OTOHA-APOOUHKK. B nigpydHukax ansa suwoi [22, 23]
Ta cepegHboi [21] wWKonM cnpaBeg/IBO CTBEPOMKYETbCA TOM  aKT, WO
KOPMYCKYNAPHi BNaCTUBOCTI GOTOHA NPOABAAIOTLCA NPU B3AEMO,iT 3 PEe4OBMHOI0, a
XBU/IbOBI — B ABMLWAX iHTepdepeHLUii Ta Andpakuii. Ane npu UboMy aBTOpPU He
BiAXxoAsaTb Big moaeni ¢oToHa — APOOUHKN.

AK PisnyHMN 06’eKT, 3B’A3aHUIM 3 €N1eKTPOMArHiTHUM BUNPOMIHIOBAHHAM, 3
eHeprieto E=hv, naHo BusHaueHHs poTtoHa B [20]. Lle npaBuAbHO, ane BU3HAYEHHS
HOCUTb HEe KOHKPEeTHWUM xapakTep. [ani CTBepAXKYETbCA HEMPUUHATHUM
npeactaBneHHA ¢GOTOHAa B BUMAA4i  AEAKOro, pPO3MnoAineHoro B MNPOCTOPI
ob’ekTa i HemoXnuBicTb po3rnagatm ¢GOTOH B  BUMALI  «...NPOCTOPOBOI
obnacti, 3aMOBHEHOI €NeKTPOMArHiTHUM nosem..». CTBepArKYETbCA TaKOXK
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HEMOXIMBICTb CMIBCTaBNEHHA POTOHY HAMPYMKEHICTb €/1eKTPUYHOIO NOAA, AKUM
XapaKTepPM3YETLCA CBITNI0BA XBMAA. TaKe TBepPAKEHHA AiaMeTpanbHO NPOTUIEKHE
Teopii [ipaka, 3rigHO 3 AKOK POTOH iCHYE B MPOCTOPI, A€ 3HAXoAuTbCA none. B
npotunexHictb [20], B &i3nuyHin Teopii € 6arato npuKnagisa ob6YNCNEHHSA
HaMpPYyXeHOCTi e/IeKTPUYHOTO MOoNA, BUXO4A4YM 3 eHeprii poToHa [19].

Y niapydHuky [24] npeactaBneHo ¢OTOH, AK  «uyr» XxBWuab. Lle
HenpPaBuAbHO 3 AEKiNbKOX NpuYMH. Hasemo Auwe Te, WO  «uyr»
XapaKTepPU3YETbCA CMNEKTPOM YacTOT, B TOM Yac, AK YacToTa POTOHA MAE TiNIbKM
oaHe ¢ikcoBaHe 3HaYeHHA. Bia3HauMmo, WO B LbOMY € i paLiOHaNbHE 3epHO:
$OTOH He BBAXKAETbCA MATeEPia/IbHOK TOUKOIO.

Benukunm iHTepec npeactaBnse To4yka 30py P. denHmaHa, B MOro
nigpyyHukax [27, 28] po3rnsaHyTa KOpPOTKO, ane i3 BWUCBITAEHHA BWUN/IMBAE
O4YeBMAHA CXUAbHICTb A0 KoHuenuii ¢oTtoHa [ipaka. MOTiK eneKTpomarHiTHOI
eHeprii NpeacTaBNAETbCA, AK MOTIK POTOHIB, WO HEe BCTYMaE B NpPOTUPIYYA 3
Teopieto [ipaka; Kpim TOoro, ANnA 3HaxXxoO4XKeHHA IHTEHCMBHOCTI CBiT/a
PO3rNAAAETLCA «...OKpeMMN GOTOH, WO Nafa€, XapPaKTePU3YETbCA MEBHOMO
aMNAiTy4ol NonagaHHA...», a He MMOBIPHICTIO, fIK Ue NMOBMHHO BUXOAUTU 3
TEeopii KOpPNyCKynApHO-XBMIbOBOro Ayanismy. Mogeno ¢OTOHa B BUrNAAi
APOOUHKKN He 3ragyeTbea.

PO3rnsHeMo CTaH BUCBIT/IEHHA TeMW B Cy4YaCHUX BMAaHHAX [1-4, 6-8,
10-13, 15-18, 21, 23, 25, 26, 29-31]. B ocHOBHOMY, M1 aHaNi3yEMO YKPAiHCbKi
BUAAHHA. MpouuTyeMo BM3HauYeHHsA GOTOHa i3 nmigpydHuka [8]: ¢poToH — KBaHT
eHeprii  enekTpomarHiTHoro nonA. Take BU3HA4YeHHA MpaBW/bHe, ane AgnAa
PO3yMiHHA NOTPiOHI AeTanbHiWi NoAcHeHHsA. B BuaaHHax [1, 2, 4, 7, 8, 11, 15-18,
26, 30] doToH po3rnapaEeTbes CTUCNO; B yCix 63 BUHATKY BMAAHHAX ABHO, abo
HesABHO GOTOH NpPeACTaB/NEHO IOKANi30BaHO YaCTUHKOW (4pO6UHKOID).

Y [5, 7, 11] BuKknageHHn Big6MBaE 3aranbHUIA CTaH | BTOPUTb PO3MIAHYTUM
BUOAHHAM MWHY/AMX POKiB, ane Tema BUKNALEHA WupLie, TOMY 3yNMMHUMOCH
Ha HuX. Haronocumo, AK nNO3UTUBHMIK aKT, WO BMepwe cepes YCix
Nigpy4YHMKiB 3aranbHoi ¢i3nkK, B BUAaHHI [11] BMBYAETbCA CNiBBiAHOWEHHSA
HeBM3HayeHocTen gna ¢otoHa. Mpu po3rnaai cnieBigHoweHHA Ana GOTOHaA
BUKOpUCTaHa ¢opmyna [enseHbepra Ta ii TpaKTyBaHHA [ANA KOPMYCKyA.
HEMOIMBICTb O4HOYACHOIO BM3HAYEHHA KOOPAMHAT Ta imnysbey. Mpu ubomy,
TAKOX AK i AnA Kopnyckyn, $OTOH npeactaB/ieHMN B BUMNALI XBUIbOBOMO
nakeTta, To6TO NOBTOPKOETLCA Nomuaka 3 [24]. MoAacHMmo ue. MakeT XBUAb
QHA/IOTIYHO 3 «KLYroM» XBW/Ib MA€E CNEKTP YacToT i, BiANOBIAHO, CNEKTP eHeprin,
a GOTOH 3a BM3HAYeHHAM Ma€ iKCOBaHY 4acToTy Ta eHeprito. Lani npu
nepexoai Ao iHTepdepeHuii Ta Andpakuii POTOH OTOTOKHIOETLCA 3 KBAHTOBOH
YacTUHKoW. MNpogemoHCcTpyemo ue umutatoto 3 [5, 7]: «...kBagpaT amnnityau
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CBIT/IOBOI XBWNi BW3HAYa€ WMMOBIPHICTb MonagaHHA (GOTOHA B AaHy TOYKY
NoBepPXHi, TOUYHIlLe — MMOBIpHiCTb 3HaxoAXKeHHA ¢poToHa B 06’emi dV npocTopy,
LLLO BK/IKOYAE TOYKY, AKY PO3rNA4atoTh...».

HaBeseHi TBepA)KeHHA BCTynae B npoTupiyua 3 Teopieto [19]. B Teopii
CneuiaZibHO gNA  TaKOro  BUMAAKYy [AO0BefeHo, Wo ¢GOTOH He MOoXKe
KOHLLEHTPYBAaTUCb B HECKIHYEHHO Masomy ob’emi. KBaHTOBa efNeKTpoAuHaMiKa
AO0BOAUTb, WO HAMPY)KEHOCTIi €eNEeKTPMYHOro Ta MarHiTHoro nonis Ana
$OTOHA-APOOUHKM  MOBMHHI  NPAMYBAaTUM A0 HECKIHYEHHOCTI B camomy
$OTOHI i OQOpPiBHIOBATM Hy/NO B TO4YKax, Ae POTOH BiACYTHIM. Takmi po3noAin
BeZle 40 NOPYLUEHHA 3aKOHY 36epekeHHA eHeprii. AKLLO A1 KBAHTOBOI YaCTUHKMU
MOX/IMBE 0OYMUCNEHHA CepeaHbOro 3HayeHHA KoopAuHaTtW, To AnAa ¢oToHa
Take O0OYMCNEeHHsS HEKOpPeKTHe i, BiAnoBiAHO, MOHATTA NPO WMMOBIPHICTb
3Haxo4yKeHHA ¢oToHa B TiM, abo iHWIA Touyui NPOCTOPY TEX HEKOPEKTHE.
Kpim Toro, 6e3nocepegHbO [Aas CBITAOBOI XBW/I MOHATTA amnaiTygu He
BM3HA4YeHO, CKOpille BCbOro, MOBa MAe MPO aMMITyay HANpPyXeHOCTi MnoAs
(eNEeKTPMYHOro Ta MarHiTHOro).

OnAa nNOpPIBHAHHA pPO3rNAHEMO BMCBITAEHHA TeMM B  MiAPYYHUKY
aMepUKaHCbKMUX aBTopiB [25], HewoaaBHO NepeknageHoOMy Ha POCiCbKy. B
HbOMY CMOCTEPIra€TbCA TaKa K CXWAbHICTb po3rnAgath ¢GOTOH B BUMNAAI
MaTepianbHOI TOYKN. Hanpuknag, B 3a4a4i 3 BU3HAYEHHS KiNbKOCTi GOTOHIB, WO
nagatoTb Ha OAMHMULIO MJOLLI MNOBEPXHi; 3a4a4va WWMPOKO npeacTaBaeHa i B
YKPaAiHCbKUX BUAAHHAX. Buxoaaum 3 10ro, Wo KOXKeH PpOTOH po3noaineHun no
BCiM NOBEPXHi, B TaKih nNoOcCTaHOBLi 3adaya HeBipHa. [locTaHOBKa Oyae
NPaBUIbHOI, AKWO MOBA MTMME MPO B33AEMOAIID €/IeKTPOMArHiTHOI XBWUAi 3
peyoBuHol. [nA 06’eKTiB, WO MOMKUHATL (BUMPOMIHIOOTL) CBIT/O,
PO3MIlLEHNX HA MOBEPXHi, AINCHO, OAMHUUSA N/OLWi MOBEPXHi MOr/IMHAE
(BMNPOMIHIOE) NEeBHY KiNbKiCTb POTOHIB.

BUCHOBKU. B po3rnaHyTMx nigpy4yHWKax 3aranbHoi ¢i3vKM HaBepeHi
NPaBUAbHI NOACHEHHA OCHOBHMX B/IACTMBOCTEN PoTOEdEKTY Ta iHWNX AOCNiAiB
Mo B3aEMOZ,ii CBiT/1a 3 PEYOBUHOI, BUXOAAYM 3 KOPMYCKYAAPHUX BAACTUBOCTEMN
cBiTna. Ane cami KOpNyCKYNApPHi BAACTUBOCTI TPAKTYIOTbCA HEBipHO. Kopnyckyna
ceiTna (PoTOH) Npw y3aranbHEHHAX MOBHICTIO OTOTOMKHIOETbCA 3 KBAHTOBOIO
YaCTMHKO, JIOKANi30BAHOI B MPOCTOPI: KOPNYCKYAAPHO-XBUIbOBUA Ayani3m.
MobyaoBaHa Ha Lilh OCHOBI TeOpiA BCTYNaEe B NPOTUPIYYA 3 XBU/IbOBOK TEOPIEID
CBiTNa i He 34aTHA NoACHUTU gocnia lemba-Pizepdopaa.

Hi oanH 3 nigpy4yHUKIB HE PO3rNA4a€E KBAaHTOBY TEOPitO e/1eKTPOMArHiTHOro
nona [ipaka, abo ii BMCHOBKM, X04a KBaAHTOBa Teopia ¢OTOHA pPO3BUBAE
nonepeaHi Teopii i BBAXAaETbCA MNPaBUIbHOK B (i3NYHIN Hayui. TakoX He
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3ragyetbCcA B MiAPYYHMKAX anbTepHATMBHA Teopia ¢oToedeKTy B KBAHTOBIN
MeXaHiL,i Ha OCHOBI XBM/1IbOBUX BNACTUBOCTEN CBIT/1a.

Ha npotuBary A0 BMKnageHoro, Teopia [ipaka po3rnsgae
eNeKTpoMarHiTHe noJse, AK HenepepBHe B NPOCTOPiI — NPUPOAHA BNACTUBICTb
XBMAbOBOTO pyxy. KBaHTyeTbCA /nuwe eHepria. ¢(OTOH — KBAHT eHeprii
eNeKTPOMArHiTHOro nonA. TaKMM YMHOM, Y3roAKylTbCA KOPMYCKYAAPHI
B/JIACTUBOCTI CBiT/1a 3 XBU/IbOBMMWU. KBaHTOBA TeopiA eNeKTPOMarHiTHOro nonsA
[ipaKka ycniwHo noscHoe pocnig Jlemba-Pizepdoppa. PewTta pocnigis no
B33aEMOZii CBiTIa 3 PEYOBMHOK MNOACHIOKTLCA KBAHTOBOK Teopieto [lipaka
napanenbHoO 3 XBWAbOBOK. KBAHTOBO-MexXaHiYHWIM Ta XBWUAbOBUM Nigxoau
nigTBepaxytoTb dopmyny EMHWTENHaA ana poTtoedekTy.

BUHWKae HeobXigHICTb MNepeoCcMUCNEHHA KOPMYCKYASPHO-XBUIbOBOTO
Ayaniamy 3 ypaxyBaHHAM pe3ynbTaTiB KBAHTOBOI TeOpil eNeKTPOMarHiTHoro
nonda. 3rigHo 3 Teopieo, GOTOHM 3HaxoAATbCA B OO’emi, sAKMKA 3aMmae
enekTpomarHiTHe none. bykBasnbHe poO3ymiHHA POTOHA B  BUIAAAI
JIOKa/i30BaHOT KOPMNYCKYM HENPUMHATHE. AK HACMigOoK, MOHATTA iMOBIPHOCTI

3Haxo4XKeHHs GOTOHA B 3a4aHiM TOULI NPOCTOPY HEKOPEKTHE.
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3. bap’axtap B. I. ®isuka. 11 knac. AkagemiyHui piBeHb. MpodinbHUI piBEHb !
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18. Nesuu B. T. Kypc Teopetnyeckoit ¢umsmkmn : 1. 2 / Nlesny B. T., BaosuH 0. A.,
MamnuH B. A. — M. : Hayka. [nhas. pea. ¢pus.-mar. aut., 1962. — 820 c.

19. MatBeeB A. H. ATomHa ¢i3uKa : y4eb. nocob. ana crya. sysos. / A. H. MaTsees. —
M. : Bbicw. wk., 1989. -432 c.
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PE3IOME

M. I. JlbiceHKko, A. B. MaTBMAUYK. AHaNM3 U3yYEHUA KOPNYCKYNAPHbIX CBOMCTB CBETA
B yuebHMKax n nocobumax no pusmke.

B cmamee paccmampusaemcsa COCMOAHUE U3/10HEHUA KOPIyCKYAApHbIX ceolicma
ceema 8 y4ebHuUKax u nocobusx 008 obweobpazosamesnvHol u sbicuwell WKoAbI. AHANU3
y4ebHUKo8 U nocobuli nokasas, ymo 8 60abWUHCMEe U3 HUx Koprnyckysaa ceema ((pomoH)
npedcmasneHa 06pa308aHUEM, [IOKAAU308GHHbIM 8 6GECKOHeYHo Mmasaom obveme
(mamepuanbHoli moykol), u nosHocmoblo omoxcdecmensemcs ¢ KeaHmoeol yacmuyel.
lMonoxceHue ¢omoHa 8 npocmpaHcmee HA OcHose smol Mooenu onuceleaemcsa
8EPOAMHOCMHbLIMU  30KOHAMU. Takoe nosoxeHue 8cmynaem 8 [pomusope4yue C
KeaHmosol meopuell.

Knrouessie cnosa. pomoH, KBAHMOBAA MeOPUA, MPEeMCmMBEHHOCMb.

SUMMARY

M. Lysenko, O. Matviichuk. The analysis of studying of corpuscular properties of light
in textbooks on the physics.

The state of delivering the «Photon» theme in general physics textbooks (including
tutorials) is investigated in the paper. The analysis textbooks shows that in majority of them
the light corpuscle (photon) is represented as the formation being localized in infinitely small
volume (mass point) and is fully identified as the quantum particle. The photon position in
the space on the base of this model is described by probability laws. Such condition
contradicts to quantum theory.

Key words: photon, quantum theory, succession.

V/IK 378:59(075.8)

H. l. Jlykawosa
Hi*kMHCbKMI aepKaBHNUI
yHiBepcuTeT imeHi Mukonu lForonsa

BIAOGPAXEHHA B NPOPECINHO-METOAUYHIN NIATOTOBLI
MAMBYTHIX YYUTENIB XIMIT MPOBJIEMU PO3BUTKY
METOAUKU HABYAHHA XIMIT B YKPAIHI

Y cmammi npoaHani3o8aHO pPO38UMOK MemOoOUKU HABYAHHA XimMii 8 YKpaiHi y
doxcoemHesull ma padsaHCbKUll nepiodu; OKpecaeHo HAnpAMu OnaHy8aHHs Uiei memoouyHoi
cnaduwuHU cmyoeHmamu-ximikamu y npoueci ix npogeciliHo-memoouyHoi nidcomosKu y BH3.

Knrouoei cnoea. memoOuKa HaBYAHHA Ximil, WKinbHA XimiyHa ocsima, npogeciliHo-
MemooOuYHa nidcomosKka cmyodeHmis.

MNoctaHoBKa npob6aemu. 3miHM B MeTO40NO0Tii WKINbHOI XiMiYHOT OCBITH B
YKpaiHi BMMaratoTb 3MiH i B NigroToBui neaaroriyHMxX Kagpis. Ha cydyacHomy
eTani NpPoBiAHMM OCBITHIM KOHCTPYKTOM Moaeni manbyTHboro daxiBua €
KOMMNETEeHTHICTb. [lpodecitHa  KOMMETEHTHICTb  yyuTeNnss  BM3HAYAETbCA
rapPMOHIMHUM MOEAHAHHAM 3HAHb HaBYaNbHOI AUCUMMNNIHW, METOAUKMU i
AVOAKTUKM BUKIAOAHHA, @ TAaKOX YMiHb i HAaBMYOK Ky/lbTypu negaroriyHoro
cninkyBaHHA. Y <¢opmyBaHHI npodeciMHOT KOMNETEeHTHOCTI ManbyTHbOro
Buntena ximii y BH3 BM3HauyanbHy ponb Bigirpa€ HaByasbHA AMCUMNIHA
«MeToauKa HaBYaHHA XiMmii». B aKkomy Hanpami moxce 8iobysamucs 3micmose
36a2a4yeHHA yiei ducyunniHu, wob niccomysamu gpaxieus 3 HanEHHUM piBHEM
npocgeciliHoi KomnemeHmMHocmi?
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