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MeToaunka BbIBO/AA 3aKOHA PafiMOAKTUBHOIO
pacnaga u 3akoHa NOTNOLWEHNA U3NYyYeHNid
C MCNONb30BAHMEM CBOICTBA NOKa3aTebHOIA
YHKLWUN NpU N3YYEHUN (PU3UKN B CUCTEME
cpeaHero npoeccuoHanbHOro o6pa3oBaHus

1M denepanbHoe rocyaapcTBEHHOE OHOA>KETHOE 06pa3oBaTeNbHOE YUpeXKAeHNE
BbICLLUEr0 06pa3oBaHms «MaiKoncKuid rocyapCTBeHHbIA TEXHONOrMYeCKUiA
yHVBepcUTeT», I. Maiikon, Poccuiickas ®egepauns

AHHOTauuA

B cooTBeTcTBMU C 06pa3oBaTeNibHbIMK cTaHgapTamm ®FOC CIMO npegnonaraeTca 03HAKOMUTb
CTYAEeHTOB npodeccMoHanbHbiXx 06pa3oBaTe/ibHbIX OpraHM3auunii co cBoCTBaMU PagMOaKTUBHbIX
N3NYyUYEeHWU, X NPAKTUUYECKUMU MPUMEHEHUAMMU, & TaKXKe C HEKOTOPbIMU NOHATUAMW SO3UMETPUN U
3alnTbl OT TaKUX U3NYYEHUIA.

O6 aKkTya/nbHOCTM 3TOI TeMbl MOXHO CMOPUTbL BECbMa J0Nro. Ho B cBeTe NocnegHUX COObITWI
OHa 04eBMAHA.

"ny6oKoe 0CBOEHMe BCEro 3TOro Martepuana HeBO3MOXHO 6e3 N3yyYeHUs 3aKoHa pafno0aKTUBHOIO
pacnafa v 3aKoHa NoraoLWeHNs U3NYYEHWIA.

Mpob6nema nccnefoBaHUA: 3aKOH pPagMOaKTUBHOIO pacnaja v 3akoH NOrnowWweHnus n3nyyeHunii
BbIPAXAOTCA C MOMOLL LI 3KCnoHeHUnanbHoii GyHkyun N =N@—tn | =le—Xu 06bIuHO He usnara-
l0TCS B Kypce (hM3NKM CpefHNX cneLnanbHbliX y4ebHbIX 3aBefieHnii. B nyyliem cnyyae BbluepymnBa-
eTCA COOTBETCTBYHOLMIA rpagmk, HO 6e3 o60cHOBaHUSA. MpeacTaBaseTCcA, YTO 3TO BbI3BAHO ABYMS
NPUUYNHAMK: BO-NEPBbIX, NPU 3aMNUCK IKCMOHEHLMANbHON PYHKLMN NCNONb3YeTCA OCHOBAHWE Ha-
TypafbHbIX 10rapuMoB - YUC/O €, HEM3BECTHOE YUaLllMMCA CPeHEro 3BeHa; BO-BTOPbIX, Bbilley-
MOMAHYTble 3aKOHbl 0ObIYHO BbIBOAATCA MyTEM pelwleHus gudepeHLnanbHblX YPaBHEHUNA, 4TO
[aneko BbIXOAWUT 3a paMKWM NporpaMmbl Mo matemMatuke. Mexzay Tem 06a aTu 3aTPyAHEHUS NIErKo
NpeofoneTb, MCNOMb3YA U3BECTHbIE CTYAEHTaM CpefHero npogeccnoHanbHOro o6pasoBaHnsa CBO-
CTBa NOKasaTeNbHON PYHKLUN.

Llenb nccnegosaHus: paspaboTarb MeTOAMKY BblBOAA 3aKOHa pafM0akTMBHOr0O pacnaja v 3akoHa
MOTNOLEHNS N3TYYEHWIA, MCNOMb3ySA CBOWCTBA NOKA3aTe/IbHOM PYHKLMW; NPOBECTU Mefarornyeckunii
3KCMEPUMEHT C Lie/1bi0 BbiiBNEHMA Npo6eMbl YCBOEHUS cTyeHTaMum CIMO npegnaraemoro matepmana.

MeToabl nccnefoBaHWA: TeOPETUYECKOE 060CHOBAHME; pacyeT; CONOCTaB/ieHNe BENNUNH; rpadu-
YecKmWii aHann3 IKCMepMMEHTaNbHbIX AaHHbIX; 0600LLeHNe IKCMepUMEHTaNbHbIX PaKTOPOB Mccefo-
BaHUS N UX 0ObACHEHNE.

PesynbTaTbl nccnefoBaHusa: paspaboTaHa MeTOAMKA BbIBOAA 3aKOHA PafM0aKTMBHOIO pacnaja v
3aKOHa MOr/IOWEeHNSA U3NYYEHUIA C UCMONb30BaHNEM CBOICTBA NOKa3aTeNbHON (YHKUWUW; pesynbTat
nefarornyeckoro akcnepumeHTa noATBepAn aPHeKTUBHOCTL pa3paboTaHHON METOANKN.
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KntoueBble BbIBOAbI: U3 MPeS/I0XKEHHOW CTaTbl MOXHO 3aK/OUNUTL, YTO NPesCTaBNeHHbIA METOs,
BbIBO/}A 3aKOHA PaAMOaKTMBHOIO pacnafa 1 3aKoHa Mor/IOLLEH NS U3/TyUYeHWIA C UCMONb30BAHUEM CBOIA-
CTBa NOKa3aTe/IbHOW (DYHKLMM MOXET 6biTb NPUMEHEH NPenofaBaTeNiMu Npu N3y4YeHUU pasgena
«PafjM0aKTUBHbIE U3NYYEHUS» KaK A5 CTYAEHTOB NPOdecCMOoHanbHbIX 06pa3oBaTe/IbHbIX OpraHu3a-
UMIA, TaK U yyawmxcs wkon (Kypc noBbILLEHHOTO YPOBHS).

KnoyeBble C/10Ba: nornolieHne n3nyyeHuii, pafgmoakTBHbIA pacnag, S4po, aToM, ()OTOH, aHep-
rus, nepuog nonypacnaga, noTok, PyHKLUS, PaAr0aKTUBHOE BELLECTBO, AAEPHbIE CUIIbI, Napanieb-
HbI€ NMYYKW, IKCMOHEHTA
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Abstract

In accordance with the educational standards of the Federal State Educational Standard for
Secondary Professional Education, it is intended to familiarize students of professional educational
organizations with the properties of radioactive radiation, their practical applications, as well as with
some concepts of dosimetry and protection from such radiation.

The relevance ofthis research can be debated for a very long time. But in light of recent events
it is obvious.

Athorough mastery ofall this material is impossible without studying the law ofradioactive decay
and the law of absorption of radiation.

The research problem: the law ofradioactive decay and the law ofabsorption ofradiation are expressed
using the exponential function N=N_0 eA-At) and i=leA(-p%) and are usually not presented in the course of
Physics in secondary specialized educational institutions. At best, an appropriate schedule is drawn, but
withoutjustification. It seems thatthis is caused by two reasons: firstly, when writing the exponent function,
the base ofnatural logarithms is used - the number e, which is unknown to intermediate students; secondly,
the above laws are usually derived by solving differential equations, which is far beyond the scope ofthe
mathematics curriculum. Meanwhile, both of these difficulties can be easily overcome by using the
properties ofthe exponential function known to students of secondary vocational education.

The purpose ofthe research is to develop a methodology for deriving the law of radioactive decay
and the law of radiation absorption, using the properties of the exponential function; to conduct a
pedagogical experiment in order to identify the problem of students’mastery ofthe proposed material.

The research methods used are theoretical justification; calculation; comparison of quantities;
graphical analysis of experimental data; generalization of the experimental factors of the study and
their explanation.
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The research results: a methodology has been developed for deriving the law ofradioactive decay
and the law of radiation absorption using the property of the exponential function; the result of the
pedagogical experiment confirmed the effectiveness ofthe developed methodology.

Key conclusions: from the proposed article we can conclude that the presented method for
deriving the law of radioactive decay and the law of absorption of radiation using the property ofthe
exponent function can be used by teachers when studying the section «Radioactive Radiation» for both
students of professional educational organizations and school students (advanced level).

Keywords: absorption of radiation, radioactive decay, nucleus, atom, photon, energy, half-life,
flux, function, radioactive substance, nuclear forces, parallel beams, exponential

For citation: Siyukhova D.B., Demina T.I. Methodsfor deriving the law of radioactive
decay and the law ofradiation absorption using the property ofthe exponentfunction when
studying Physics in the system of secondary vocational education // Vestnik Majkopskogo
gosudarstvennogo tehnologiceskogo universiteta. 2023. Volume 15, No 4. P. 128-134. https://
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BBefeHMe. Pasgen «®usnka aToMHOrO
Aagpa» - OA4WH M3 caMblX TPYAHbIX B y4ebHON
thnsnke. O6bEKTUBHAA CIOXHOCTb U HEOObIY-
HOCTb U3y4YaeMblX ABAEHUA NPUBOAUT K 3HAYUN-
Te/flbHbIM 3aTPYAHEHUAM B YCBOEHUW MaTepua-
na. CneumndukayyebHoro matepmana pasgena
«DUN3MKa aTOMHOIO0 Afpa» 3aKn04aeTcs B TOM,
YTO B HEM M3y4arTCA LOCTATOYHO CIOXHble
06bEKTbI - aTOM U aTOMHOE AP0, 3/1eMeHTap-
Hble yacTuubl. C TPYAHOCTAMM CTANKNBAIOTCA
N YUYUTENA - CNIOXHbIE ABMEHUA HYXXHO 3HaTb
M NMOHWMaTb AOCTATOYHO rNy6oKo, 4Tobbl fO-
CTYMHO OBBACHATbH UX CBOUM YYEHUKaM.

Tak, no MHeHuto 3.. MacTtponaca u
HO.I'. CnHpaeeBa, COBPEMEHHbIe AOCTUXKEHUA
HaYKW N TEXHUKW, OTPOMHbBIE TEMMbI NpUpoOCTa
HOBOM MH(OpMaL K ONpeaensatoT NepecMoTp
cofepxaHua NpeimMeToB, U3ydYaemblX B Cpef-
HUX cneumanbHblX YY4ebHbIX 3aBefeHUAX.
PacwupeHune Kpyra BONpoOCOB COBPEMEHHON
(OM3NKKN CTABUT B 3aTPYLHUTENbHOE MOJIOXe-
HWe CKOpee MpernojaBaTenif, Yem yuyalluxcs.
B03MOXHOCTb 06CY>XAEHNS HOBEMWNX JOCTM-
XEeHWUN HayKn B pamkKax y4yebHOro npegmeta
TpebyeT OT Npenojasaresns CAMOCTOATENLHOTO
pacwupeHnus Kpyrosopa v UCnonb30BaHUS
HEeTPaAULNOHHbIX TEXHONOT NI 06yYeHNA.

OcCHOBHasA YacTb. 3akoH pacnaga paguo-
aKTMBHOTO BellecTBa Bbipaxaetca Gopmy-

non N f(t) =2 I"Ijl/lﬂﬂlOCTpl/lpyeM ee BbIBO/]
No

Cneayunm cy>XaeHneM.

MycTb MMeeTCs HEKOTOpas Macca pagmo-
aKTUBHOIO BeW,ecTBa, coAepaljas O4YeHb
6onbwoe yncno sgep. MpeanosoXum, 4To
B HEKOTOPbLIA MOMEHT, MPUHATLIA HamMu 3a
Hayano oTcueta BpemeHu, oHa cogepxmnt NO
Aflep, a N0 UCTEYEHUN MPOMEXYTKa Bpeme-
Hu tloctanyTtca Hepacnaswumuca N sagep,
CNnefoBaTebHO

N1 =NOF (1), 1)

MycTb npoiigeT ewe Bpems t Torga uu-
C/MI0 HepacnaBWmMxcsa agep

N2=NJ(b) =NJitOfIV) . ©)

C Lpyroi CTOPOHbI, YNC/IO SAEP, HE NOA-
BEPrHYBLIMXCSA pacnajy B TeYeHNe BPEMEHMU
t=t +1 moxHo paccumTatb Tak (puc. 1)

N2=N f (1 + 3. 3)

CpaBHuBas BblpaxeHuns (2) u (3), umeem:

IGIIGa) = /(E! + £%) 4

MokasbiBaem, YTO PYHKLMA YAOBNETBO-
pAaloLLas 3TOMY ypaBHEHWI0 eCcTb NoKasaTesb-
Hasg PyHKUMA
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fit) =akt (5)

rge a - nw60e NONOXUTENIbHOE YUCNO, He
paBHOe efMHULE, YTO COOTBETCTBYET yCNO-
BUIO (4).

afctia*ta= ak~1+4

MOCKO/MbKY Macca pajM0akTUBHOIO BeLecT-
Ba CO BpeMeHeM yO6bIBaeT, TO MmokasaTesiem
cteneHun (npu a > 1) 4OMKHO 6bITh OTPULA-
TenbHoe yncno [3].

Monoxns a=2 n K ——",nonyymm

t
/ICO=2T

Torga 3akoH pagMoakTUBHOrO pacnajga
npumeT BUA:

N = NO2~ T (6)

BbIACHUM CMbICA BENYUHBLI T. 4N 3TOT0
yuTeMm, 4To T MMeeT pasMepHOCTb BPEMeHHU,
M60o nmokasaTefnem CTermeHW LO/MKHO 6bIThb
6espasmepHOe BblpaxeHue (4ucno). Ecnu
t=T, 10

N =NO-2-1 = —
n 2

WTtak, T- ato nepuog nonypacnaga, T. €.
BpeM$, B TEUEHME KOTOPOro pacnagaercs no-
NOBWHA pagnoakTUBHOIO BeuiecTsa. 'pauk
3aKOHa pajnoakTUBHOIO pacnaga n3obpaxex
Ha pUCYHKe 2.

BbiBegeHHbIi Takum 06pa3oM 3aKoH
pafnMoaKTUBHONO pacnaja npekpacHo Noj-
TBepXgaetca Ha onblTe. OfHaKO 3TO BEPHO
NMVWb JO TexX nop, NMoKa Mbl MMEeM [efio Co
3HAYNTEeNbHbLIMW Maccamy pajuoaKTUBHOTO
BellecTBa, CofepXawmnmmm orpoMHOe MHO-
XecTBo Afep. B cnyyae manoro yucna agep
Mosy4YeHHbI 3aKOH pacnaja, O4eBUAHO,
6yneT cnpaBefiuB NUWb NPUGAMXKEHHO [4].

Ha pucyHke 3 n3obpaxeHbl pesynbTaThbl
Habn eHWA 32 pacnajom M30ToNa TpaHcy-
paHoBOro anemeHTa thepmus MFMZR Boino
nonyuvyeHo 47 apep, KoTopble pacnanucb B
TeyeHue 19 yacoB. Kaxpgblil akT pacnaga
pernctpupoBancsd cyeT4nkom. Kak BUAHO 13
puUCyHKa, yXe HauyumHada ¢ 10 agep, BMecTo
3KCMOHEHLNanbHOW KPMBOI NolyyaeTcs CTy-
neHyaTbli rpaduk. OgHaKO ero xopn 611M30K
K X04Yy 3KCMOHEeHTHl [5]. Mpn 3HAUYNTENBHOM
Xe yucne agep aKCnepuMeHTanbHas Kpusas
(haKTUYECKMN CNNBAETCA C IKCMOHEHTOM.

Mnnoctpupys 3aKoOH pafguMoakTUBHOIO
pacnaga, Mbl MPUHWMaNN, YTO OTHOLWEHMUE
yucna Hepacnaswmxca Afep K UX nepeoHa-
4anbHOMY YMCAY 3aBUCUT TONbKO OT BpeMe-
HW, HO He 3aBUCUT OT uucna agep [6]:

N *
w J(})=2T

370 03HayaeT, UTO A4pa PafNOaKTUBHBbIX

aToOMOB pacnajalTca camOnpou3BONbHO, He
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BAUAA APYT Ha gpyra. MpuynHa 3akirovaeTcs
B OTCYTCTBMU B3aUMOAEWCTBMA MEXAY Afpa-
MU, MOCKO/NbKY pagumyc AeicTBUA AA4EPHbIX
cun (« 10-15 M) NnpuMepHO B CTO ThiCAY pas
MeHbLIe paccToAHUA MeX Ay HUMU (« 10-10m).

AKTWBHOCTb PafinoakTMBHOrO nNpenapara
n3MepseTcd 4Ymcaom pacnagos, COBepLlal-
WMXCA B HEM 38 €AUHULY BPEMEHU:

roe A t- npomexyTok spemeHun, AN - uu-
CNno Ajep, pacnajarWwmnxcsa 3a 3To BPeEMSA.
EguHuueli aktuBHoctu B cucteme CU cny-
XUT | pacnag/c, BHeCUCTeMHas egnHuLa -
1 kwopu = 3,7 . 100pacnag/c,

M3BECTHO, YTO 4YMC/IO pacnajar wmnxcs
A4ep NPoONOpPUMOHANTBHO UX 06WEMY Yucny
M 06paTHO NMPOMNOPLMOHANBHO MEPUOAY
nonypacnaga. [eicTBUTENbHO, YeM 00Nb-
We nepuop nonypacnaja, TeMm MejfieHHee
pacnafjaeTcd faHHOe pajuoakTWUBHOe Be-
W ecTBO, C/Ief0BAaTE/IbHO, TEM MEeHblUe ero
aKTUBHOCTbL [4]. [T03TOMY MOXHO 3anucaTh

Q=kf = 06937

roe K- kospguumneHT NnponopLmoHanbHOCTH.
Ero uncneHHoe 3HaveHune (K= 0,693) MOXHO
coobwmnTb 0byvatrowmmcs 6e3 fokasaTenbCcT-
Ba. K npumepy, | r pagna Ra2b c nepuofom
nonypacnaga [ = 1620 net = 5,11 . 1010¢
ob6nagaeT aKTUBHOCTbIO - 1 Kiopu. [eincT-
BUTEJIbHO,

| 0693602-MB
2= B6.501-100

Cnepyet 06paTuTb BHUMaHUE CTYLEHTOB
Ha TOT (PaKT, 4YTO aKTMBHOCTb NO60Oro npe-
napata CO BpeMeHeM yb6biBaeT. s 3Toro
nogctasum B opmyny (7) 3HavyeHue N u3
3aKoHa pacnaga (6), nonyuum

361-10lo3—  » 1(toopw)

®dopmyna3akoHa NOrNOLEHMA 414 NOTO-
Ka MOHU3NPYHLWNX U3NYUYeHNA (Hanpumep,
6eTa-vyacTuy uam ramma-goOTOHOB) MOXeT
O6bITb MONIyYeHa COBEPLIEHHO aHajo0rMyHo

3akoHy pacnaga. Mycts NO- uncno potoHos
(Mnn Kakmx-nnb6o vacTuy), najgarwwmx Ha
NnacTuHy ToNnwmnHOW XTI (puc. 4) Tak Kak
HEKOTOpOe 4Yucao POTOHOB MOFNOTUTCA, TO
OCTaBLIasicA YacTb Bblpa3nTcA TakK:

Nx = A0 bl ©)

Ecnu noctaBUTb PSAOM NAACTUHKY W3
TOrO Xe BeWecTBa TONWMHOK X2 TO

N2= NJixJ = NofOcOKxJ (o)
C LPYroOi CTOPOHBI,
o2 =Aro/ (g 1+ x2}, (11)

OTKYZa, YYMTbIBasi CBOMCTBA MOKAa3aTeNbHOI
(hYHKUMM, nonyyaem

X
fix)=21
n
X
N = N02~I, (12)

roe L - TonuwuHa cnos nonoBMHHOIO norno-
L eHns.

Puc. 4.

Mpu paccy>XAeHWN Mbl yYuUTbiBaNU
TONbKO TONWMWHY NOraowWarWwero cnos,
HO He YUYUTbIBA/IM PACCTOAHUA OT Cn0A A0
MCTOYHMKA, T. €. PaKTUUYeCKN Benu pacyer
4Na napannenbHOro ny4vka (N0CKOW BOJIHbGI).
Mbl He NPUHUMANU BO BHAMaHNe TakxXe TOT
(haKT, 4TO 3apsAXKeHHble yacTuLbl (anbga- num
6eTa- yacTuubl) MMET KOHEYHYI, 4YacTo
BeCcbMa Manyt LAUHY cBobogHOro npobera.
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[elicTBUTeNbHO, MPUYMHA NOTNOLLEHNS 3a-
K/loyaeTcs B TOM, YTO 3apAXKEeHHbIe YacTulbl,
LBUTascb B BeL,ECTBE, MOHU3NPYIOT BCTPEY-
Hble aTOMbI, Ha YTO PAacxXofyeTca UX KuHe-
Tnyeckasa aHeprua. Korga cKopocTb vacTuy
CTaHeT OYeHb Mafnoi, OHWM HeATpanusylTCH,
YTO MPMBOAUT K 0cnabneHunto nyyvka [7]. Mpwn
He/Tpanmsauum BCeX 4acTuL MY4YOK MOrno-
TUTCHA MOMTHOCTbLIO, MPUYEM C/I0EM KOHEYHOW
TONWMHBLI. HaKOHEL, Mbl He YYu CNOXHOTO
MexaHu3Ma NornolweHnsa ramma-gpoTOHOB.
MoaTtomy 3aKoH nornoweHus (12) npurogeH
NMNWb ANA Y3KUX napainenbHbIX NMYYKOB
M3Ny4yeHnin, NPOXOAALNX Yepe3 He 0YeHb
TONCTbIe CNOW MOr/joWarLWwero BewecTsa.
OnblIT NoOKasbiBaeT, YTO YeM 6oNbLWe MA0T-
HOCTb BellecTBa p, TEM MEHbLIYI TONWMNHY
MMeeT CNoli MOTIOBUHHOTO MOrNOWeHNS, T. €.

L= —,

p

roe RO- KoaghULUMEHT NPoONOpLUOHaNbHO-
cTu. Torga 3akoH MOrNOWEeHNA NPUMET BUA:

(13)

pXx

N = NO-2~1b

Ans naHHoro tuna nsnydennii ROumeer
NPUMEpPHO OAHO U TOXE 3HAa4YeHUe AN BCEX
Bew,ecTB. CnepoBaTenbHO, CTeNeHb Ocna-
6nenns nyuka usnydenuit NO/N sasucnt
TONbKO OT TO/IWMHbI CNOS NOTNOTUTENS U ero
NNoTHOCTU[8]. Ha ocHOBE 3TOI 3aBUCUMOCTHM
CKOHCTPYWpPOBaAH psaf NPUGOPOB: TONMLL M-
HOMEpOB, NMJOTHOMEPOB, A4e(EeKTOCKOMNOB,
YPOBHEMEPOB U T. M. ITa Xe 3aBUCUMOCTb
No3BONSET 06bACHUTL, MOYEMY A/S 3L UTHI

(14)

OT U3NYUYeHUn ncnonb3yrTca nmbo cBuHeL,
obnapatowuii 60NbLWOA NAOTHOCTbIO, NMGO
TONCTble NAUTLI 6eTOHa.

MccnegyemblM mapameTpoM B nejaro-
r’MYecKOM 3KCMepuMeHTe, MPOBEAEHHOM B
mae 2023 rofa ABNSAETCHA YPOBEHb YCBOEHUSA
npeAnoXeHHOro yue6Horo matepunana. B pe-
3ynbTate aHanM3 610Ka 06w en nHGopmaynm
0 pecnoHfAeHTax Nokasas, 4To U3 y4yacTBOBaB-
Wux B HeM 67 cTtyaeHToB CMO: 54% obyuvato-
W MXCA NOJIHOCTbLIO CMPaBUINCL C 3afaHUEM;
28% cnpaBuauck c 3afaHnem 4actnuyHo; 18%
YYaCTHWKOB 3KCMEPUMEHTA He CMOINInN faTb
BEPHOro OTBeTa Ha NPeA10XeHHbIe BOMNPOCHI.

3aknwyeHue. Pe3ynbrat negarornye-
CKOro 3KcrnepuMeHTa NOATBepPAMUN 3 dek-
TUBHOCTb paspaboTaHHON meToamku. N3no-
XEHHbI MeTo4 MOXeT 6biTb MCNONb30BaH
npenogasatenamu ¢gpusnku CMNO npu BoiBOAE
3aKOHa pajMoaKTMBHOrO pacnaja v 3aKoHa
nornoweHus usnydyenuna. MicnonososaHue
mMaTepuanoB JaHHON pa3paboTKM MOMOXET
npenogasaTento 6onee rnyboko u copepxa-
TeNbHO NPOBECTU NEeKUUto, a UNncTpaumna
3aKOHOB ¥ aHanu3 rpauMkKoB nos3songeT
cTyneHtam CMO nonyuutb 60/5€e NONHYIO
KapTUHY NPOUCXOAALLUX NMPOLLECCOB MPU U3-
yuyeHun pasgena «du3mkKa atoma 1 aTOMHOr0
Aapa. PagnoakTUBHbIE U3TyYeHUA». TakKum
06pa3om, COBPEMEHHbIi YpOBEHb CUCTEMDbI
o6pa3oBaHua TpebyeT OT npenogaBaTens no-
CTOSHHOTO COBEPLUEHCTBOBAHUA He TONbKO
COOCTBEHHOIO YPOBHA 3HAHWIA, HO Y MOJEPHU-
3auMn MeTOAMKWN MpenofaBaHns, BHeLPeHMNA
HOBbIX (DOPM M MeTOLOB B YUebHbIli npouecc.
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