YK:539.1
EKCIIEPUMEHTAJIBHI 3AJTAYI 3 BUKOPUCTAHHAM HOBITHIX
THO®OPMAILIMHUX TEXHOJOT'TA HA CYYACHOMY YPOIII ®I3UKH
Muxosna CAJIOBUM (Kiposorpan), €sreniii PY JEHKO

(M. Onexkcanapin)

Cmamms npucesuena npobiemi GUKOPUCMAHHA HOBIMHIX MEXHONO02I HABYAHHA HA
cyuacnomy ypoyi @izuxu. Akmyanvuicme OO0CHIONCEHH NONS2A€E Y HeoOXIOHOCmi opeanizayii ma
peanizayii (i3uuHo20 eKxcnepumenmy 3 eKCHepUMEHMANbHUMU 3a0aUaMy ) CepeoHix HABYATbHUX
3axknadax 3 amomuoi ma sdepuoi gizuxu. Taxuil nioxio 3HA4HO AKMUBIZYE NPOYEC BUKOPUCTIAHHSL
Mmooenell i MOOeno8anHs, abcmpazysanms, ioeanizayito U ananoelii. Cmeopenus ideanizo8aHux
006 ’€kmis, 30Kpema, 63aEMONEPemaeopets eleMeHMapHux YacmuHoK, AKI He iICHYIOmb ) 00 €KmueHii
OilicHocmi, ane AKI Marms NeeHi npoobpasu 6 pearbHoMy c8imi 00NoMa2armev )y Nepulomy
Habaudxcenni Oiumu 00 icmunu. Y cmammi NOOAHO HACMUHY eKCNepPUMEHMANbHUX 3a0ay
PO3POONECHUX HA O0CTIOaX MOOENbHO20 Xapakmepy. lemoncmpayii 30iliCHIOIOMbC Y OUHAMIYHOMY
peoicumi. Memoro oanoi cmammi € 00IPYHMYBAHHA HEOOXIOHOCMI GUKOPUCIAHHS HOBUX
iHopmayitiHux MexHONo2I Ma GUKOPUCHAHHA eKCNePUMEHMATbHUX 3a0ay Ni0 4ac 6UBYEHHS
S0ePHUX NpoYecie QizuKu 8UCOKUX eHep2ill.

Knrouoei cnosa: nosi inghopmayitini mexnonoeii, Mooento8anis, 00caiou, eKCnepumMeHmanibHi
3a0aui.

Cmamvsi noceswena npobieme UCNOIL30BAHUS HOBEUMUX MEXHON02Ull 00yYeHUs Ha
COBPEMEHHOM YpOoKe Qu3uku. AKmyarbHOCMb UCCIe008aHUs 3aKTIOYAeMCs 8 HeoOX00UMOCmu
OpeaHu3ayuU U pearusayuu QU3ULECKo20 SKCNePUMeHmda ¢ IKCNEPUMEHMATbHLIMU 3A0aYamMu 8
CPEOHUX VHUEOHBbIX 3A8e0eHUX N0 AMOMHOU U s0epHol ¢u3uku. Taxkou nooxoo 3HAYUMENbHO
aKkmueusupyem npoyecc UCHOIb308AHUSL MoOelell U  MOOeIUpo8anus, abcmpasuposanus,
uoeanuzayuu u  anwanrocuu. Cozoanue  UOeANUIUPOBAHHLIX  00BEKMO8, 6  UYACMHOCMU,
B3AUMONPEBPALYEHUL  DTIEMEHMAPHLIX YACMUY, KOMOopbvle He CYUecmeylom 6 00beKmueHo
0eticmeumenbHOCMuU, HO KOMopble UMelom onpedeieHHble NPpooopasbl 8 PeaibHOM MUpe NOMO2Aom
8 Nep8OM NPUOUNCEHUU DOUMU 00 UCMUHbL. B cmambe npedcmasiensl 4acms IKCnepuUMeHmanibHblX
3a0au paspaboOmaHHblX HA ONLIMAX MOOEIbHO20 Xapakmepa. emoncmpayuu nposoosimcs 8
ounamuyeckom pedicume. lLlenvio Oanuou cmamoeu sA61emMcs 000CHO8AHUE HEOOXOOUMOCMU
UCNONb308AHUSL HOBLLX UHDOPMAYUOHHBIX MEXHONOSULL U UCNOIb30B8AHUSL IKCNEPUMEHMATbHBIX 3A0aY
npu U3yYeHUU I0ePHbIX NPOYECco8 PU3UKU 8bICOKUX IHEPIUIL.

Knroueswie cnosa: Hosvie ungopmayuonHvie mexHoai02Uu, MoOeIUPo8aHue, IKCnepuMeHmbl,
IKCNEPUMEHMATIbHBLE 3A0AYLL.

The article devoted to the use of new learning technologies in modern physics lesson.
Relevance of the research is the need of the organization and implementation of physical experiment
experimental tasks in secondary schools of atomic and nuclear physics. This approach significantly
intensify the process of using models and simulations, abstraction, idealization and analogy. Create
idealized objects, including interconversions of elementary particles that do not exist in objective
reality, but with some prototypes of real-world help to reach a first approximation to the truth. The
article of experimental tasks designed experiments to model character. The demonstrations are
carried out in dynamic mode. The purpose of this article is the justification for the use of new
information technologies and the use of experimental problems in the study of nuclear processes
high-energy physics.
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IMocranoBka mnpodjeMu. My BBaXKAaEMO, IO BYHUTENIb IMMOBUHEH BOJOJITH
HOBITHIMHU 1HGOPMAIIMHUMU TEXHOJIOT1SIMH, SIKI € BAarOMOIO OPraHiYHOK YaCTUHOIO
METOJIMKYU HaBYaHHS (13UKHU y cepeAHii mKkoi. Buknanay mnoBUHEH BUXOUTH 3 TOTO,
M0 YiTKE PO3YyMIHHS YUHSMHU €KCIIEPUMEHTAIBLHOTO XapakTepy (Hi3MUHUX 3aKOHIB Ma€
BHU3HAYaJIbHE Mi3HABaJIbHE 1 CBITOTJIsAHE 3HaUueHHs Toal pi3uKa BUCTyIa€e HAYKOIO PO
MPUPOY, @ HE JIUIIE CUCTEMOIO CBITOTVIAHUX MOOYIOB, HAYKOIO, IO MPHUIICTUTIOE
IYMKY TPO MEXi 3aCTOCyBaHHS (PI3MYHMX 3aKOHIB 1 TEOpid, BIIKPUBAE MEPCIIEKTUBU
MOJIANILIIOTO PO3BUTKY HAYKH.

B opramizamii Ta peamizamii BUBYEHHS (DI3MKM TOBHHEH MOCIIIOBHO
BUKOPUCTOBYBATHUCS MisTbHICHUM MiaXiJ. [le o3Hauae kap iMHATBLHUN IEpexij BiJl CYyTO
1H()OPMaLIHO-TIOACHIOBAJILHOTO ~ XapakTepy BHUKJIAJaHHS, OPIEHTOBAHOTO Ha
nepenavdy roTOBUX 3HaHb, 0 TiSUIbHICHOTO, CIPSIMOBAHOTO HA PO3BUTOK MTi3HABATIHLHUX
CHUJI 1 TBOPYMX 3/11I0HOCTEH, CIIOCOO1B MUCJICHHS Ta AisUIbHOCTI YUHIB.

HaBunTy y4yHIB 3aCTOCOBYBATH 3HAHHS y MPaKTUYHIN NISUIBHOCTI Ta MPOIEC]
Mi3HAHHS — BaXJIMBE 3aBJaHHA HaByaHHsA (i3uku B 1mkomi. OcobivBe Miciie B
HaBYAJIBLHOMY IPOIIECI IM1J1 Yac BUBUEHHS (DI3UKH BIABOJUTHCS PO3B’A3aHHIO 3a/1a4.

Po3B's3yBaHHsS 3a7mad € HEBIA'€MHOIO CKJIAJOBOIO YAaCTUHOK HABYAIBHOTO
nporiecy, 60 103BoJisge hopMyBaTH 1 30arauyBaTy (i3UUHI OHSATTS, PO3BUBAE (PI3UUHE
MUCJICHHS Y4YHIB, iX HaBWUYKM 3aCTOCYBAaHHS 3HAHb Ha TMpaKTHI. Y TpoIreci
pO3B'si3yBaHHSA 3a/ady  (OPMYIOThCS  MPalENtoOHICTh, JIOMUTIUBICTE PO3YMY,
CaMOCTIMHICTh Y CY/IKEHHSX, BUXOBYEThCS IHTEPEC N0 HAaBYAHHSI, 3arapTOBYETHCS
BOJISL 1 XapakTep, PO3BUBAETHCS BMIHHS aHAI3yBaTU SIBUINA, Yy3arajbHIOBATH
BIIOMOCTI TpO HUX Tomo. Po3B's3yBaHHA 3alady € CHocOOOM TMEpeBIpKH 1
CUCTEMaTH3allll 3HaHb, Ja€ MOXJIHUBICTh PAI[IOHAILHO TPOBOJIUTH TOBTOPEHHS,
PO3LIMPIOBATH 1 TOTIUOJIIOBATH 3HAHHS, CIIpHsiE (DOPMYBAHHIO CBITOTJISIAY, 3HAHOMUTh
3 TOCATHEHHSIMU HAyKH, TEXHIKHU.

Yce 1e 103BOJsiE TOBOPUTU TPO PO3B'SI3yBaHHS 3a7ad SIK METOJ HaBYaHHS.
BBaxatots, 1m0 63 po3B'sa3yBaHHs 3a/1a4 Kypc (Pi3UKH HE MOXKE OYTH 3aCBOECHHA.

®di3uuH1 3a/1a41 BUKOPUCTOBYIOTHCS TSI

o CTBOPEHHS MPOOJIEMHUX CUTYaIli};

L HOBi)IOM.HeHHSI HOBUX 3HAaHb,



o (opMyBaHHS MPAKTUYHUX YMIHb 1 HABUYOK;

o MepeBIpKM TIAMOWHW 1 MIIHOCTI 3aCBOEHHS 3HaHb, TOBTOPEHHS 1
3aKpIIJICHHS MaTepiany;

o PO3BUTKY TBOPYMX 3A10HOCTEH yUHIB Ta 1H.

Po3B's13yBaHHs 33a4 € CKJIaJ0OBOIO YaCTUHOIO MAI’Ke KOKHOTO YPOKY.

Came mig yac po3B’sAI3yBaHHS 3ajlay 3a0e3MeuyeThCsl €AHICTh 3aCBOEHHS
TEOPETUYHOTO MaTepialy 3 HWOro MNpakTUYHUM 3acTocyBaHHSIM. OcoOJIMBO 11€
CTOCY€ETbCS EKCIIEPUMEHTAILHUX 3a/1a4.

[Ipotiec po3B’si3aHHS 3a7a4 3 MCUXOJIOTIYHOI TOYKU 30pYy — 1€ MOCHIJOBHUMN
nepexiy 00’exTa BiJ OJHIET MPOOJEMHOI CUTYyaIlll /10 1HIIOI IUIIXOM MOJIEIIFOBAaHHS
MEepIIOi CUTYalli 1 IPUUHATTS MOOYA0BaHOI MOJieNl 3a 00 €KT pyroi cuTyarii. Jleski
IICUXOJIOTH CTBEPKYIOTh, 110 KOYKHA OCOOMCTICTh IOBUHHA OTPUMYBATH 3310BOJICHHS
B1J1 BUPIIICHHS 3aBAAHHS 1 «BIAUYBATH yCIiX». 3aAadl 3 P13UKU MAOTh IPUBAOIIOBATH
YUHIB SK CBOIM 3MICTOM, TaK 1 «Kpacor0» METOJIB PO3B’s3aHHS, AKi JT03BOJSIOTH
nependaynuTy ad0 BIKPUTH SIBUIIE IPUPOAHN YK BIACTUBOCTI T11. 3aBAaHHS K Oy.ib-
AK€ MOJO0JIAHHSA TPYIHOILIB MPEACTABISIOTh TAKOXK 1 «CIIOPTUBHUM 1HTEpecy». BoHu
MOBHUHHI OyTH ITOCHJIBHI 1 BOJIHOYAC ITIKaBI.

ExcrniepuMeHTanbpH1 3a7a4i € OJHUM 13 PI3HOBUIIB BIPOBAIKEHHS (DI3UYHOTO
EKCIIEpUMEHTY Tpu BUBYEHHI (i3uku. be3 (izuyHOro excriepuMeHTy ypok (i3uku
BTpayae CBOIO OCHOBHY NPUBAOJIMBICTb, SIKA MOJISITA€ B TOMY, 1110 YY€Hb Ma€ 3MOT'Y caM
MEPEKOHATUCS B ICTUHHOCTI ICHYIOUUX TBEPUKEHb, «IOTOPKHYTHUCH» 10 MPHUIA/IB,
3MBYBaTUCh 100AUYE€HOMY, 3aMUCIUTHCh HaJ HUM. 3alydeHHs Y4YHIB [0
CHUCTEeMAaTUYHOTO BUKOHAHHS €KCTIEPUMEHTAIFHUX 33124 103BOJIsIE CHOPMYBATH B HUX
TaKi €KCIIEpUMEHTaJIbHI BMIHHA, SIK YMIHHSI CIOCTEpIraTH, YMIHHS KOPHCTYBaTHUCH
BUMIPIOBAIFHUMU TIPUJIAJIaMU, YMIHHS BUKOHYBATH JOCII TN,

YV HayKoOBiil JiTEpaTypi JOCUTH MOBHO c(hopMoBaHUM (PI3UYHUN EKCIEPUMEHT Ta
EKCIIEpUMEHTAJIBHI 3a/1a4i 3 TaKux po3aiiB (izuku Ik «MexaHikay, «MojekysipHa
bizuka», «Enektpukay, «Ontukay. IlkinbHuidi GI3UYHEANT  eKCIEPUMEHT Ta
eKCIIepUMEHTaJIbHI 3a/1a4l 3 po3auty ¢i3uku «KBaHnToBa Qizuka» y cuiy creuudiku

PO3pO0IICHUI HEAOCTATHRO.



Tomy MeTOI0 1aHOT CTATTI € OOTPYHTYBATH 1 BUSHAUMTH LUISIXU 3aCTOCYBaHHS
HOBUX 1H(GOpPMAaLIMHUX TEXHOJIOTIH MpH peanizallii npo0IeMu CTBOPEHHS KOMILIEKCY
EKCIIEpMMEHTAIILHUX 3a71a4 3 po3ainy «KBaHTOBa (i13UKay.

Buxosun 3 moCcTaBiICHOI METH, MU TIOCTABUJIN 3aBIAHHS:

1. 3aificHUTH aHadi3 METOAMYHOI Ta CHELIaJbHOI JiTepaTypu 3 mpodiem
BUKOPHUCTAaHHA 1H()OPMAaIIITHO-KOMYHIKAI[ITHIX TEXHOJIOT1i HaBYaHHS.

2. Po3poOutu cuctemy JOCHIIIB Ta €KCIIEPUMEHTAIBHUX 3a7ad 3 peajizarii
3aymy.

Bukiaaa ocHoBHoro marepiaay. Ockilbkd HOBI 1H(OpMAIIiiHI TEXHOJOTI]
naBuanHs (HITH) BxirovaroTe yHiBepcasibHI 3aco0U ompaifoBaHHs 1H(opMarlii, To
BIIKDUBAIOTHCS TEPCIEKTUBU IIMPOKOi AudepeHuianii HaBYaHHS, PO3KPUTTS
TBOPUOI'O MOTEHLIANy, MI3HABaJIbHUX 3[10HOCTEH KOXHOTO OKPEMOI0 YYacHUKa
HaBYaAJILHOTO Ipolecy. 3a paxyHoK HasBHOCTI B ckiaal HITH nanepen po3poOnenux
3aco01B aBTOMAaTU3allli pyTUHHUX, TEXHIYHUX ONepalliii, BAKOHAHHS SIKMX HEOOX1IHE
17 9ac JOCTIKEHHS PI3HOMAHITHHX IIPOIECIB 1 SBHUII, MOKHA 3HAYHO 3MCHIIHUTH
HaBYaJIbHE HABAaHTAXCHHS, HAJATH HABUAIBHIA JISJILHOCTI TBOPYOTO, JIOCIIIHOTO
XapakTepy, IO TPUPOTHO TPHUBAOIIOE YyUHA, PE3yAbTaTH SIKOI TMPUHOCATH
3aJI0BOJICHHS, CTUMYJIIOIOTH MI3HABAJIbHY aKTUBHICTb.

AHaJli3 3aCTOCOBHOCTI MEJaroriyHoro nporpamuoro 3abesmneuenns (I1113) abo
MIPOrpamMHOro 3aco0y 3arajJbHOTO MPHU3HAYEHHS B HABYAJIBHOMY IMpOLECI MOTpedye
anamizy III13 sk 3 morisay AWMAAKTHYHHX, IICHMXOJIOTO-TENAaroriYHMX BHUMOT, TakK 1
peanizoBaHocTi ga”oro 11113 Ha HagBHOMY anmapaTHoMy 3a0e3neyeHHi. Y OUIbIIOCTI
BUIIAJKIB TIOCTa€ TMpoOJieMa BCTAHOBIEHHS MPOTrpamMHOrO 3aco0y Ha HasBHOMY
anmapaTHoOMy 3a0e3MeueHHl Ta Horo KOHGITypyBaHHS sl €EKTUBHOTO BUPIIICHHS
HaB4YaIbHOI 3a7a4l [5 c. 28].

[Ipu upomy HITH patoTe 3MOTy TpOBECTH JECATKH EKCIIEPUMEHTIB Ta
MOCTaBUTH JO0 HUX BEJHKY KUIBKICTh EKCIEPUMEHTATbHHUX 3a7ad 3a MOPIBHIHO
HEBEJMKUN NPOMIKOK uacy MpW HIBUAKOMY 3BOPOTHOMY 3B'SI3KYy 1 Bi3yamizarii
pe3ynbTaTiB EKCIICPUMEHTIB.

[TpoTupiudsi, K€ BUHUKIO MiX 3pOCTAIOUMMH MOXIIUBOCTSIMHU 3ac00iB

omparoBanHs iHGopmariii 1 mcuxodi3i0J0TTYyHUMU 0OOMEKEHHIMH KaHATYy B3a€MOJIIi



JIOAUHYU 3 MPOTPAMHO-aNapaTHUMHU 3aC00aMM, CIIPUYMHUIIO TOSBY Ta MOIIWPEHHS
3aco0iB  Multimedia, TOHSATTA «BipTyajdbHa peagbHICTH». BoJHOYAC BHHHUKIIO
IPOTUPIUYS MDK JOCTYIHICTIO pe3yJbTaTiB oOIpalioBaHHs iHdopMalii Ta Bce
3pOCTalOuOI0 TMPUXOBAHICTIO CaMoOro Mporecy omnpamtoBaHHs iHdopmamii. [lpu
ctBopenHi HITH ¢i3uku npuxoBaHicTh omnpailtoBaHHs 1HGOpMaIlii, Ha HaIly JTyMKY,
HE 3aBXa1 OakaHa, OCKUIbKM Ha TIEBHUX €Tarax OJAHUM 3 OOOB'SI3KOBHUX PE3yJIbTaTIB
HaBYaHHS € (POpMyBaHHSA YMiHb 1 HABUYOK MPOBEACHHS (i3UYHUX BUMIPIOBaHb, a HE
JIMIIIE OTpAITIOBaHHS iX pe3ysbTaTiB [5 c¢. 34].

barato sBuIl B yMOBax MIKUIBHOTO (DI3MYHOTO KaOiHETYy HE MOJXKHA
npoaeMoHCcTpyBaTu. Lle Hampukian, sBHUILA MIKPOCBITY, a00O MPOLECH, IO IIBHJKO
B11I0YBaIOThCS, NOCHIAM 3 MPWIAJaMy, AKUX Hemae B (izuyHomy kaOiHeTi. litu
B1/IYyBaIOTh TPYJIHOII1, 00 HE B 3M031 YSIBUTH 111 SIBUILA, & KOMII'FOTEP MOKE CTBOPUTH
MOJIEJI1 SIBUIIL; K1 JOTIOMOXKYTh MOI0JIATH 10 IPOOIeMy.

KomMm'toTepHe MOIeTIOBaHHS 1a€ 3MOT'Y CTBOPUTH Ha €KpaHl KOMII't0Tepa KUBY,
HAOYHY I IMHAMIYHY KapTUHKY (Pi13MUHOTO AOCHiTy a00 SBUIIA, SIKE BAXKKO MOSCHUTU
«Ha TaJbLAX», 1 BIAKPUBAE JJIS1 BUMTENS IIMPOKI MOMIJIMBOCTI JJIsl YAOCKOHAJIECHHS
YPOKIB.

Cnin 3a3HaUMTH, MO T KOMI'TOTEPHUMHU MOJEISIMUA PO3YMIEMO KOMITHOTEPHI
nporpamMu, fKi IMITYIOTh (GI3WYHI JOCHIAM, sBHUIA a00 17eadi3oBaHi MOJEIbHI
CUTyallli, 10 TPaIISAIOThCA y (I3MUHUX 3a7adyax. BOHM JIerko BIUCYIOThCA Yy
TPaAUIIIHUI YPOK.

Buxonsun 13 ychoro BHINE CKa3aHOTO MH 3yMUHWIUCS Ha MOMKJIHMBOCTI
KOMIT'IOTEPHOTO MOJIETIOBaHHST (I3MYHUX SBUI 1 MPOIECIB 3 po3auty (i3uku
«KBanToOBa i3uKa» st TOCTAHOBKU CUCTEMH €KCIIEPUMEHTAJIbHUX 33]1a4 3 PO3JILTY.
Ane came 1o co01 MOJIETIOBAHHS OKpeMHUX (PI3MUHUX SIBUIIL 1 MPOIIECIB HE MOXKE OyTU
epeKTUBHUM Yy 3acTocyBaHHI. ToMy, CHMpalOYuCh Ha MIPKYBaHHA 3 TOYKU 30Dy
METOJMKU BUKIANaHHA (I3UKHM, UUUII0 HAmoi poOOTH B IIbOMY HAMpsiMi CTaJlo
CTBOPEHHSI KOMILUIEKCY 3MOJEIhOBAaHUX JEMOHCTPALid y BHUIJISAL MPOTPaMHOIO
MeAaroriyHoro 3aco0y roTOBOTO 1O BUKOPUCTAHHS.

Ha namy ayMky omucaHi JeMOHCTpalii pa3oM 13 eKCHepUMEHTAIbHUMHU

3a/1a9aMH € OCHOBHHUMH B JaH1M TE€MI, X04a II¢ JIaJeKO He BCl IEMOHCTpAIlii, Ikl MOYKHA



CTBOPUTH B JIaHOMY IPOTPAaMHOMY CEPEIOBHINl ONUPAIOYUCh Ha HaBYAIbHUN
Marepial.

Hocainu Pezepdopaa. Crouarky 300paxyerbcsi OomOapayBaHHs aibga-
JaCTUHKaMH 30JI0TO1 TuiacTHHKU (puc.l). [ToTiM Tex came MoKa3yeThCcs Ha OJHOMY
atomi. EnexTpoHHa 000J10HKa HE 300paXkeHa y 3B 3Ky 3 TUM 11100 HE 3arpOMaj[KyBaTH
mamtoHok. [ocmian Pesepdopna HaArnsgHO AEMOHCTPYIOTH TakKUM 1CTOPHYHO
BAXJIMBHUM (akT, K mepexia Bia mozeni OynoBu atoma TomcoHa 1m0 Teopii OyaoBu
atoma Pesepdopna-bopa (mnanerapna moxenp OyaoBu atoma). Llei mocmia nae
MO>KJTUBICTh MEPEHTH BiJ JaBHO 3aCTapuIUX IUJIAKaTIB 1 CXeM 10 BIpTyaJabHOI J110YO0i

MOJIENI.
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Puc.1. bombapayBanHs anb(ha yaCTUHKaMHU 30J10TOI IIJIACTUHKA

ExcnepumeHnTanbHa 3ajavya: BU3HAUUTU KYT BIAXWUIIEHHS SApa TENII0 MPHU
MIPOXOJ/KEHHI Ha BIJICTaHi S Bif sapa 3070Ta.

AHiriisagis 4vactuHok. [lpu BHUBUEHHI TeMH NP0 €JIEMEHTapHI YaCTUHKHU
BBOJUTHCS HOBE JOCUTH 1H(GOPMATUBHE TOHSTTS — AHITUIAIIS Tapu YacTUHKA-
aHTHuacTuHKa. Lle € oauH 13 BUAIB B3a€MONEPETBOPEHDb €JIEMEHTAPHUX YaCTHHOK Y
KBaHTH TOJIsI. AHITUIALNS Tap BJIACTHUBAa YCIM YacTUHKAaM, y SKUX Xoda O OJuH
G13uuHMil 3apsAn (JIENTOHHUM, OapiOHHMI, €NEKTPUYHUN) HE NOpiBHIOE Hyro. He
aHITUTIOIOTH JIMILIE HEUTPaAIbHI YACTUHKHU, Y AKUX AaHTUYACTUHKU TOTOKHI YACTHHKAM
(boton, HeWTpampHuii mioH). Ilpm amHiriIAmii YacTHHKA 1 aHTUYACTHHKA
MEePETBOPIOIOTHCS Y KBAaHTU TOTO TIOJSI, SIKE BIJAMOBIAAE THUITY B3aEMOIII MiXk
YaCTUHKAMM: TIPH €JIEKTPOMArHiTHIA — y (DOTOHH, TIPY CHUIIBHIN — Y IMOHHU, TIPU CIIA0KIH

—y 6030HHU. [2, ¢.485]



AHITIALIIS TApU YaCTUHOK MTOKa3aHa Ha MPUKJIaAl MPOTOHA 1 aHTUnpoToHa. [lpu

B3a€EMO/II1 IIUX YACTUHOK OTPUMYIOThCS ABa (hoToHA (pHC.2).

® ® o0

Puc.2. AHIriasiis 4acTHHOK

ExcnepuMeHTaIbHA 3aa4a: BUSHAYUTH €HEPTiI0 (POTOHA.

Cunre3 peyoBuHM. [IOHATTS MPO CUHTE3 PEYOBUH JAOLLIBHO OyJ0 O MoYaTH 13
peakxiliii CHHTe3y peyoBUH 5Kl MpoxoAsaTh Ha CoHIl npu Temneparypax 5-10 mun. K,
10-15 mnn. K, 15-20 min. K. [2, ¢.485]

VY naniii geMoHCTpalli HarJIsIIHO TOKa3aHO 3MICT CHHTE3y reiito (BOJAHEBUI
nukn) npu temneparypi 5-10 min. K (puc.3).

ExcnepuMeHTaIbHI 3a1a4i:

1. 3Banmcatm  piBHsHHa  peakuii (P+P—D+e'+ve, D+P—>He+ty,
SHe+3He—*He+2P);

2. 3naiiTu aedekTt Mac;

3. OOuMCIUTH KUIBKICTh €HEprii, ska BuAlIMIAcA (TOTIMHYJAcs) MiJ dYac

JTOCIIYy.

3
Do He
Puc.3. Cunres peuoBruHM
®otoedexT. B3aemopitouu 3 eIeKTPOHOM MeTally, (POTOH MOKE OOMIHSITHCS 3

HUM eHeprieto i immynbcoM. PoToeeKT BUHUKAE Y BUTIAJKY HEMPY>KHOTO 31TKHEHHS

dboToHa 3 eneKTpoHOM (puc. 4).
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eB po6oTa BUXOAY AOBXWUHA XBUAI

Puc. 4. ®otoedexr

[Tpu Takomy 3iTKHEHHI (JOTOH MOTJIMHAETHCSA, a MOr0 E€Hepris NepeaaeThes
eJNIeKTpOHY. TakuM YMHOM €NEKTPOH OTPUMY€E KIHETHUHY €HEprilo He MOCTYIOBO, a
onpa3y. EHepris nornmuHyToro pOToHa MOK€ BUTpAyaTHCh HA BIAPUB €JIEKTPOHA BiJl
aToma B cepeAnH1 MeTany. BigipBaHuii eJeKTPOH B3a€EMOISATUME 3 IHITUMU aTOMaMU
MeTajy, BTpavyaroyd CBOIO €HEpriio, sika Oyne ITW Ha HarpiBaHHs. EJNEKTpoH, sSKHii
BUWJIITA€E 3 METATy, MaTUME MaKCUMAaJIbHYy KIHETUYHY €HEPTilo TO/l, KOJIU B CEPEIHHI
aToMy BiH OyB BUIBHUM 1 ITPU BUJIITaHHI 3 aTOMY HE BUTpayaB €Heprii Ha Terio. Toxui:

2
% =hov—-A. Y naHiif Moaeni BUIbHI €IEKTPOHU BUALIECHI PO3MIPOM 1 TPAEKTOPIEIO.

BaxnuBum ¢akToOpoM HAOYHOCTI CIYT'YIOTh aBTOMAaTH4YHI MaTeMaTU4YHl PO3PaxXyHKH
eHeprii GoToHa i MIBUAKOCTI eNeKTpoHa. [2, ¢.239]

ExcnepuMeHTaJIbHI 3a1a4i:

1. Buznauutu eneprito oToHa.

2. BuzHaunTy MBUAKICTH (DOTOENEKTPOHA.

Puc.5. bombapayBaHHs eJ1eKTpOHAMH aToMa PTYTI
Hocainu ®panka i I'epua. Atomu pTyTi OG0MOAPAYIOTHCS EIEKTPOHAMH,

€HEpPrilo SKUX MOKHA 3MIHIOBaTH 3aaaBlid Hamnpyry (puc.5). PiBeHb KiHETHYHOI



€HEprii eJICKTPOHIB B €JIEKTPOH-BOJIBTAX BIAMOBIAAE HATIPY3i KaToA-ciTKa. 4,9 (9,8) eB
[Ie Ta €HEprisg €JEeKTPOHa, SIKy aTOM PTYTI MOXE MOIJIMHYTH, B 1HIIMX BHIIaJKax
POXOJIUTh MPYXKHE BIIOMBAHHSA, IIPU IKOMY €JIEKTPOH HE BTpaya€e CBOEI KIHETUYHOI
eHeprii. [2, ¢.304]

ExcnepuMeHTaJbHi 3a1a4i:

1. BU3HauUnTH €HEPriio eNeKTPOHA.

2. Buznauutu eHepriro ¢poToHa.

BucnoBku. TakuM 4MHOM, 3aJy4y€HHS YYHIB JI0 CUCTEMAaTUYHOTO BUKOHAHHS
eKCIIepUMEHTaIbHUX 3a7a4 3 BukopucTanHsM HIT matore mMoxiauBicTh GopmyBatu
rIIMOOKI ¥ MIITHI 3HAHHS; YCB1JIOMUTH NMPAKTUYHE 3aCTOCYBAHHS BUBUCHOI'O MaTepialy;
GbopMyIOTh MPAKTUYHI BMIHHS Ta HaBUYKHU; JalOTh 3MOTy IIOBTOPIOBATH,
3aKpIIUIIOBATH, y3arajabHIOBaTH MaTepiai; pO3BUBAIOTH TBOPYI 3/1I0HOCTI YUHIB; TAalOTh
MOJKJIMBICTh TOTYBAaTUCh JI0 30BHIIIHBOTO HE3aJEKHOTO OIIHIOBAHHS Ta OJIIMITIAN;
MIJBUILYIOTh €()EKTUBHICTh YPOKIB (DI3UKHU 1 B LUIOMY KypCy HaBYaHHS (13UKU.
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