MuHHCTEpCTBO HAYKH U BBICIIEro oOpazoBanus Poccuiickoit denepannn
denepanbHOE TOCYAapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHUE
BhICIIero oOpa3oBanusi «HoBocHOUPCKUiA HAITMOHATBHBIN UCCIIEOBATEIBCKUAN
rocyaapcTBeHHbIN yHUBepcuteT» (HoBocuOupckmii rocymapcTBenHbiil yausepceutet, HI'Y)

dusnueckuii haKkymbTET

™N COTJIACOBAHO

\ \ Hexan ®EH

\\\ Pe3nukos B. A.
Toonucw \._\

5 okts0ps 2020 T.

PABOYAS ITPOI'PAMMA JIUCIIUTIJINHBI
ATOMHBIA MIPAKTUKYM

HarpaBieHue noarotosku: 04.03.01 Xumus
HaIpaBJIeHHOCTH (MPOohUih): XuMuUs

dopma 00yueHuUs: OUHAsA

PazpaboTuuk:
JIOIIEHT
n.¢.-m.H., Memxkos O. U.

3aBenytomuii kageapoit oomei puzukun OO HI'Y
n.¢.-m.H., ipod. [Torocop A.T.

PykoBoauTens mporpaMmbl:
I.X.H., 1o1. EMenssgHoB B.A.

HoBocubupck, 2020
1



Conep:xkanue
1. [TepedyeHs IaHUPYEMBIX PE3YIHTATOB OOYUYCHHS IO TUCIUTIIINHE, COOTHECEHHBIX C
TUTAHUPYEMBIMH PE3yJIbTaTaMU OCBOCHUSI 00Pa30BATEIEHOMN MPOTPAMMBI ........eeveerereeirenereaneeannnes 3

2. MecTo TUCHHUIUIMHBI B CTPYKTYPE 00Pa30BATEIBHOM MIPOTPAMMBI ....c..eenveeneerereieenreenrenieenaeeneenne 3

3. TpynoeMKoCTh NUCHUILIMHBI B 3aYETHBIX €AUHHUIIAX C YKa3aHUEM KOJMYECTBA aKaIeMUYECKUX
4acoB, BBIJICTICHHBIX HA KOHTAKTHYIO padoTy 00y4aronierocs ¢ mpernojaBaTesieM (o BUgam

Y4eOHBIX 3aHATHI) U HA CAMOCTOSATEIBHYIO PAOOTY OO YHATOIIIETOCS ...eevvveeerreerereeernreeennreeennreeennns 4
4. ConeprkaHue TUCLHUIUIMHBI, CTPYKTYPHUPOBAaHHOE 110 TeMaM (pazzienam) ¢ yKa3aHUEM

OTBEJICHHOTO Ha HUX KOJMYECTBA aKaJJEMUYECKIX YacOB U BUAOB YUEOHBIX 3aHATHUH................... 4
5. ITepeueHD YUCOHOM JIATECPATYPBI ....veeeerreerereeeureeessreeessseeasseessseessseessseeesssesesssesssssessssesssssesssssees 7

6. IlepeueHb yueOHO-METOANYECKIX MATEPHUAJIOB IO CAMOCTOSTENILHON paboTe 00yJarommxcs..8

7. IlepeueHs pecypcoB HHPOPMALMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTn «HTepHeT»,
HEOOXOAUMBIX JUISL OCBOCHUS TUCIIHIITIMHDBL «....eentineienrientieieenteentesetesseeteennesueetesasesseenseennesneenseennenne 8

8. Ilepeuenb nHGOPMAIIMOHHBIX TEXHOJIOTHH, UCTIONB3YEMBIX MTPH OCYIECTBICHUU
00pPa30BaTENBHOTO MPOLECCA O AUCHIUIIIIHE «..c..evvvenreenrieirenteentenitenseeseennenueesesaeesseeseensesseenseennenne 8

9. MarepuanbHO-TeXHHYECKast 6a3a, He0OXO0AMMas ISl OCYIIECTBICHUS 00Pa30BaTEILHOTO
MIPOIECCA MO JIACIIMTIIIITHE ....vveeeeuerreeessunereeeannsseeessanseeesssnsseeesasssseesssnssseessnnsseesssnssseesssnsseeessnssseessnnssns 8

10. OueHouHBIE CpecTBa ISl TPOBEACHUS TEKYIIETO KOHTPOJIS U TPOMEKYTOUHOM aTTeCTalluN
IO JIAICIIHATITIITHE . ....eeeeeeveeeeeeeeeeeeesaeeeeeeeeeeeeesasanaaesseeeesssnannasesesssasannnansesessssnannnssssssesssnnnnaessseesrenes 9



1. IlepeyeHb nJaHUPyeMbIX pe3y/JIbTATOB 00y4eHHUS 110 JUCHHUILINHE, COOTHECEHHBIX C
IUIAHMPYEeMbIMH Pe3yJ1bTATAMM 0CBOEHHUSI 00pPa30BaTe/JbHOMH NPOrpaMMbl

Pe3ynbTarel ocBOEHUS
00pa3zoBaTenbHON MTPOTrPaMMBI
(KOMITETEHITHN )

Nuaukatopel

PesynbpTarhl 00yueHus o
JUCLUIUINHE

b-OITK-4. Cioco6eH miaHupoBaTh
paboThl XUMHYECKOMN
HaIpaBJICHHOCTH, 00padaThIBaTh U
WHTEPIPETHPOBATH IMOTYICHHBIE
pe3yJbTaThl C UCIOJIb30BaHUEM
TEOPETUYECKUX 3HAHUU U
MPAKTUYECKUX HABBIKOB PEILICHUS
MaTEeMATHYECKUX U (PU3NIECKUX
3agau

b-OI1K-4.1. Ucnonb3yeT
0a30BbBIE 3HAHUS B
001aCTH MAaTEMATHKU U
(bu3uKy npu
MJIaHUPOBAHUH pabOT
XUMHUUECKOM
HaIPaBJICHHOCTH
b-OI1K-4.2.
O06pabaTtbIBaeT JaHHBIC C
MCIIOJIb30BaHHEM
CTaHJApTHBIX CIIOCOOOB
ANIPOKCUMAIIAN
YHCIIEHHBIX
XapaKTEPUCTHK
b-OIIK-4.3.
HMuTeprpetupyer
PE3YIbTAThl XUMHUYECKHUX
HAOIIOIEHUH C
KCII0JIb30BaHUEM
(bU3UYECKUX 3aKOHOB U
MpEeICTaBICHUI

- BJIafieeT 0a30BBIMH METOJAAMHU
M3MEPEHUH CIIEKTPAJIbHBIX
BEJIMYMH U aHallu3a SBJICHU,
CBSI3aHHBIX C AaTOMHOW (PU3UKOU;
- YMEET OLIEHUBAaTh OCHOBHbBIE
MOTPEIIHOCTH PE3YJIbTaTOB
M3MEPEHUIl PU BBIMOJTHEHUN
TabopaTOpHBIX PadoT;

- IEMOHCTPUPYET HABBIKH PAaOOTHI
C COBPEMEHHBIMU MPUOOPaMU U
000pyI0BaHNEM, 3HAKOM C MX
(U3HYECKUMU XapaKTEPUCTUKAMHU
U IPUHLUIIAMU pabOThI, yMEET
MUTAHUPOBATH XOJ1 BHITIOTHEHHUS
M3MEPEHUI.

- YMeeT IPUMEHSTh COBPEMEHHBIE
MpuOOPHI 17151 MPOBEACHUS
Pa3IMYHBIX CHIEKTPATBLHBIX
M3MEPEHUI B IIMPOKOM
nmuamna3zoHe J1juH BoJiH (YO,
BUMMbIH cBeT, UK).

- yMeeT POBOJUTH U3MEPEHUS
XapaKTePUCTHUK 3apsHKEHHBIX
gactuill, sieaui JIIP u IMP.

- 3HA€T OCOOCHHOCTH N3MEPEHUS
1 00pabOTKHU PE3yIbTAaTOB JIs
CIIy4alHBIX BEJIMYUH.

- UMEEeT HaBBIKU MPUMEHEHUS Ha
MPaKTUKE TPOQeCcCHOHATBHBIX
3HAHUI TEOPUU U METOJ/IOB
(bu3UYECKUX UCCIIeIOBAaHUN HA
COBPEMEHHOM Hay4YHOM

000py/IOBaHU.

2. MecTo TUCHHUILINHBI B CTPYKTYype 00pa3oBaTe/ibHOH IPOrPaMMBbI
JucuumiuHa «ATOMHBIN NMPAKTUKYM» OTHOCHUTCS K YacTU <«IUCHUIUIMHBI (MOJIYIIN)»,

dbopMupyeMoil ydacTHUKaMH OOpa30BaTENbHBIX OTHOIICHUH,

A ABIAETCA 00s3aTeIbHON

nucnurinHoi mpodeccuonansHoro 1wkiaa OOIl mo nHampaenenwto moarotoBku: 04.03.01

XUMHUS

JucuuninuHa «ATOMHBIA NPAKTUKYM» OMHUPAETCS Ha CIACAYIOIIME AUCIUIUIMHBI TaHHOU

OOITI:
e MaremMaTHueCKHIl aHAIIN3;
o @du3mkKa;

e ®duznueckas XuUMHUs.



Pe3ynbTaThl OCBOCHMS JUCUHUIUIUHBI «ATOMHBIM MPAKTUKYM» HCMOJIb3YIOTCS

cienyomux aucuumnHax ganaoi OOIL:

o dusnka;
Teoperrnueckas 3NEKTPOXUMUSL U UHCTPYMEHTAJIbHBIE METO/Ibl aHAJIH3A;
CrpoeHune HeOpraHMYECKUX BELIECTB;
OyHKIHOHAJIBHBIE MATEPUAIIBI;
®u3nuecKue METO/Ibl UCCIIEI0BAHUS TBEPIBIX TEI;
Teopernueckue U SKCIEPUMEHTAIbHBIE METObI UCCIIEAOBAHUS B HEOPTaHUYECKON
XHMHH;
DuU3NYECKUE METOIbl YCTAHOBJIEHUSI CTPOCHUSI OPTaHUYECKUX COCTUHEHUM;
Du3nYecKue METObI B KaTAIH3€e U aICOPOIINH;
Pannanuonnas Xxumus;
DoTOXUMUS;
HayuHno-uccnegoBarenbckas MpakTHKA.

3. TpyaoeMKoCTb IMCHUILIMHBI B 324e€THBIX €IMHULAX C YKa3aHHEM KOJIN4YeCTBa
aKajgeMMYecKHX YacoB, BblJIeJIEHHbIX HA KOHTAKTHYIO padoTy o0yualomerocs ¢
npenoaasareseM (10 BHAaM y4eOHbIX 3aHATHII) 1 HA CAMOCTOSITEJILHYIO PadoTy
o0yuaronierocsi
TpynoemMkocTh AUCHUIUIMHBL — 1 3.€. (32 u)
dopma MPOMEKYTOUHOM aTTECTAUU: 5 CEMECTP — 3a4ET

Ne Bun nearensHocTH CeM:CTp
1 Jlexmum, u -
2 |[IpakTuueckue 3aHATH, U -
3 [laboparopHble 3aHsTHS, U 32
4 3aHsATHS B KOHTAKTHOUW (hopMe, U, U3 HUX 24
S 13 HUX ayJIUTOPHBIX 3aHATUH, U 24
6 B DJIEKTPOHHOH (opme, U -
7 KOHCYJIbTAIMH, Yac. -
8 MIPOMEXKYTOUHASI aTTeCTaIus, U -
9 |CamocTosTenbHas paboTa, yac. 8
10 Bceero, u 32

4. Conep:kanue THCHUILUINHBI, CTPYKTYPHPOBAHHOE 10 TeMaM (pa3/iesiaM) ¢ yKa3aHHeM
OTBEJCHHOI0 HA HUX KOJIHYeCTBA aKAJeMHYECKUX YACOB H BH/I0B Y4eOHbIX 3aHATHI

Bunapl yae6HOM pabOThI, BKITIOYAs
CaMOCTOSITENbHYIO paboTy CTyJCHTOB
U TPYAOEMKOCTH (B 4acax)
Ne Paszen AMCUHILINHBL £l = =
0] <
z ¢ 2 N :
o2 2 = 2
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5 | = = %
1 = S D o O
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S =
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O
TexHuka 0€30MacHOCTH, 1 1 1
1 BBOJIHBI MHCTPYKTaX H
BBEJICHHE B MPAKTHKYM




o) AToMHas U MoJieKyJsipHast | | 1-2 4 2
CIEKTPOCKONUS

WNunuBuIyanbpHas padoTta ¢ 1 1-2 2
3 npenogasarenemM. Craua
J1a00PaTOPHBIX padoT.

4 MarauTHbBIEe CBOHCTBA 1 1-2 4 2
aTOMOB

WunuBuayansHas pabora c 1 1-2 2
5 npenoaasarenem. Crada
1a00paTOPHBIX PadoT.

BszaumopeiicrBue 1 3-4 2 1
6 3J1eKTPOMATHUTHOI O
H3JYYEHHUS C BEIECTBOM

WunuBunyansHas pabora c 1 34 2
7 npenonaBareneM. Coada

nabopaTtopHbIX pabor. 3a4eT ¢
OIICHKOMH.

JIBH:KeHE 3apsKeHHBIX 1 3-4 2 1
8 YACTHII B JIEKTPUYECKHX U
MArHUTHBIX MOJISIX

WunuBuayansHas pabora c 1 5-6 2
9 npenonaBareneM. Coada
71a00PaTOPHBIX padoT. 3auer ¢
OIICHKOM.

10 PaauoakTUBHOCTH 1 5-6 2 1

WunuBunyansHas pabora c 1 5-6 2
11 npenoaasarenem. Craua
nabopaTtopHBIX pabor. 3a4eT ¢
OIICHKOM.

12 dDu3nKa TBEPAOro Tejia 1 5-6 3 1

WNunuBuyanbpHas padorta ¢ 1 5-6 2
13 IpenoaaBaTeeM.
O6umiiz3auer.

Hroro 24 8

Conepma}me AUCHUIIIMHBI:

B npaktukyme opranmzoBano 19 maGopaTopHbIX paOOT, M3 KOTOPBIX OOyYarOIIHICS
JOJI?KEH BBITIOJIHUTH 5 pa60T M0 Ha3HAUCHUIO NpCroJgaBaTCIIs. PaGOTbI JOJI’)KHBI OXBAThIBATH
OOJIBITMHCTBO Pa3/eiIOB TUCIIATUTHHEL.

l.ATOoMHasl CHEKTPOCKONHUSI

1.1 3mMepeHHe CBEPXTOHKOM CTPYKTYPbI ClIEKTPAJIbHBIX JIMHHIA.

Iens paboOTBI — HCCEOBAHUE CBEPXTOHKOH CTPYKTYpBl JMHHMM pTyTH 5461 A= A ¢
nomotnbio uaTEphepomerpa Padbpu-Ilepo.

1.2 U3y4eHne CTPYKTYPHI CIIEKTPOB HIEJOYHbIX MeTAJIOB HA npumepe Na u Cs.

Iens pabotel — mccraenoBanue ontudeckoro crmektpa Na u Cs. M3ydeHue cepuaibHBIX
3aKOHOMEPHOCTEH B CIEKTpPEe U AYOJICTHOU CTPYKTYPHI JIMHUM; ornpeaeneHne d3hPeKTUBHOTO
3apsina ajapa Na u Cs.

1.3 Onpeaesienne JHEPruM AUCCONMAIMN MOJIEKYJIbI oA,

Ilenp pab®oOTBI — HCCIIEOBAaHUE CTPYKTYpPHl CIEKTpa TIOTJIOUICHUS MOJIEKYJbl Hoja,
YCTAQHOBJICHHE 3aKOHOMEPHOCTEH 3JEKTPOHHO — KOJIEOATENbHO — BpalllaTeIbHBIX MEPEX00B
B JBYXaTOMHOH MOJIEKyJe, OIpeJeIeHUEe CIEKTPOCKOMMYECKUM METOJIOM JSHEpruu
JUCCOLIMAIlMU, BEIUYMHBI KOJeOaTelbHOIO0 KBAaHTA M IOCTOSSHHOW aHTapMOHUYHOCTH

KOJIeOaHMH 11 MOJIEKYJIBI [; B OCHOBHOM M 3JIGKTPOHHO-BO30YKJIEHHOM COCTOSTHHSIX.
5



1.4 KomOuHaumoHHOe paccesiHue.

Lenb paboThI — M3y4eHUE SBJICHUS CIIOHTAHHOTO KOMOMHAIIMOHHOTO PACCESHUS CBETA U
orpeeneHne co0CTBEHHBIX YacToT Kosnebanuit Mosekynsl CCly.

1.5 U3y4eHne cepuaJbHbIX 3aKOHOMEPHOCTEH B CIIEKTPe BOIOPO/AA.

Lenp paboTel — HaOMIONEHHE W HIECHTU(UKALKS CIIEKTPOB CHOHTAHHOTO H3ITyYCHHUS,
BO30Y)KIAEMOro 3JIEKTPUYECKUM pa3psiioM B Mapax BOAOPOJa MpPU HUZKOM JIaBJICHHH,
W3MEpPEHHE JUIMH BOJH JUHUK cepun baibmepa m omnpezeneHne mocTosHHOW Pumbepra;
MU3MEPEHHE U30TOMMNYECKOr0 CIBUra JIMHUMI CIEKTPOB BOJAOPO/IA U AEHUTEPHSL.

1.6. Bo30y:xnenue u nonuszauusi atromoB. OnpiT @Ppanka — ['epua.

Ilenp paboTBl — HWCCIEAOBAaHHE IMPOLIECCOB HEYNPYroro B3aUMOJCHCTBUS 3JEKTPOHA C
aTOMOM, OIpE/eICHNEe MOTEHIMAIOB BO3OYXKACHUS W MOHM3ALMU aTOMa aproHa METOAOM
AJIEKTPOHHOIO yjapa.

2. MarHuTHBIE CBOIICTBa ATOMOB

2.1 U3yuenue npocroro 3¢pPexra 3eemana ¢ ucnoabzoBanueM [13C — kamepbl.

[enb paboOThl — M3yUEHHUE CTIEKTPATBHBIX U MOJISIPU3ALUOHHBIX XapAKTEPUCTUK U3TyUCHUS
BEIIECTBA, TOMEIICHHOTO B MAarHUTHOE TT0JIE HAa MPUMEpe CUHTIIeTa KaaMus A = 643.8 HM;

OIMPCACIICHUC 3aBUCUMOCTHU BCIIMYUHBI PACIHCTIIICHU S JIMHUH OT HAIPs’>KCHHOCTU
MAarduTHOI'O I10JI4.

2.2 JIIP-cniekTpomerp.

HCJII: pa60T1>1 — UCCIICAOBAHUC ABJICHHUSA 3JICKTPOHHOT'O IMTapaMarHuTHOTO PE30HAHCA B
00BEeMHBIX 00pa3Iax.

2.3 SIMP.

Lenb paboOThI — HccIeI0BaHUE SIBJICHHUS SIIEPHOTO MAarHUTHOTO PE30HAHCA U CIIMHOBOTO
Ixa.

3. B3anmopeiicTBHe H3/Iy4eHHUs ¢ BelIeCTBOM

3.1 Tepmuueckasi aKTHBALUs 3aMeJICHHOH (pi1yopecueHIIMN B CJI0KHBIX MOJIEKYJIaX.

Llenp paboThl — WHCCIEIOBaHME 3aKOHOMEPHOCTEH 3aTyXaHus (OTOIIOMHHECHEHIINN
MOJIEKYJIbl € OJIM3KO pPAacIONIOKEHHBIMH BO30YKICHHBIMHU 3JEKTPOHHBIMU COCTOSIHUSMU
(pmyopecuienHa HATpusi), OKCIEPUMEHTAIBHOE OIPEJCICHUE IOCTOSHHONM BpPEMEHH
3aMeJUICHHOHN (IyOpECICHIINH U SHEPTUH €€ TEPMUUECKON aKTUBAIUH.

3.2 Buemnuii porodnexkrpudeckuii Gporodrpdexr.

Llenp pabGoThl — u3ydeHHE (PU3MUECKOIO0 MEXaHU3Ma M 3aKOHOMEPHOCTEH BHEIIHEro
¢dorosnexTpuuyeckoro 3(pQexra; 3HAKOMCTBO C YCTPOHCTBOM U MPUHIUIIOM JCHCTBUS
(OTO3TEKTPOHHOTO YMHOXKHUTENS; UCCIIEAOBAaHNE 3aBUCUMOCTH (POTOIIEKTPOHHOTO TOKA OT
HANPSDKEHUS; SKCIIEPUMEHTAIbHOE ONPE/EIICHNE NOTEHLUAIOB 3allUpaHusl s pa3InyHbIX
4acTOT M3JIY4EHUs; orpeesieHue paboThl BBIXOAA KaToJa M OLleHKa moctosHHou Ilmanka;
nmpoBepka 3akoHa CToJieToBa; onpeneseHne KpacHou rpanuiibl (oTodddekra.

3.3 Onpenenenue ko3 PpuuueHTa yCUICHUSA ONTHYECKOT0 KBAHTOBOI0 FreHepaTopa.

Lenp pabGotrbl — wu3ydyeHHe (UBMYECKUX NPUHLHUIIOB CHEKTPAIbHBIX KBAaHTOBBIX
TE€HEPATOPOB;

3HAKOMCTBO C YCTPOMCTBOM U IIPUHLUIIOM JACUCTBUSA TIeIM-HEOHOBOIO Ja3epa;
UCCIIEJOBAHUE YCUJIEHMSI DJIEKTPOMATHUTHOTO W3JIY4YEHMs] IPU TNPOXOXKIAECHUU UEPE3



AKTUBHYIO CPEJy; SKCIIEPUMEHTAILHOE ONpe/ieicHre KOA(P(UITMESHTOB YCHIICHUS U3TyICHHS
¢ mmuHaMu BOJIH A = 3,39 mxm, A = 1,15 Mmxm 1 A = 0,63 MKM.

4. JIBM:KeHM e 3apSIKeHHBIX YaCTHI] B MATHUTHBIX U JIeKTPHYECKHUX MOJIAX

4.1 KBagpynoabHbIii Macc CIEKTPOMeETP

Iesnb paboThI — 3HAKOMCTBO C METOJJaMH MacC-CIEKTPOCKONNH, U3y4EeHUE IPUHIIUIIA
paboThI KBaAPYIOJBHOIO MacC-CIIEKTPOMETPA, aHAJIM3 COCTaBa I'a30B Macc-
CHEKTPOMETPUUYECKHM METOJIOM.

4.2 Indpakuus 3JIeKTPOHOB.

[esb paboThI — 3HAKOMCTBO C MPUHLIKNIAMH Pa0OThI 3JIEKTPOHHOTO MUKPOCKOTIIA, U3yYCHHE
BOJIHOBBIX U KOPILYCKYJIIPHBIX CBOWCTB JIEKTPOHOB.

4.3 OnpenesneHue yaeJbHOI0 3apsi/ia 3J1eKTPOHA METOI0M MATHUTHOM (POKYCHPOBKH.

Lenb paboThI — H3MEPEHKE YACTBHOTO 3apsi/ia 3JEKTPOHA [0 COOTHOIIEHUIO CKOPOCTH
9JIEKTPOHOB, BEJIMYMHE MAarHUTHOT'O TOJISI U paJyca OBOPOTa.

5. PaanoaKkTHUBHOCTD

5.1 U3mepenue 1uiuHbI Mpodera ajnbga-4yacTuil.

Lenb paboThI — 3HAKOMCTBO C SIBICHHEM €CTECTBEHHON PalOaKTUBHOCTH, PACCMOTPEHUE
MexaHu3Ma o — pacnaaa. OnpezneneHne AIUHBI TPoOera o — YacTUIl B BO3yXE.

5.2 U3mepeHnue 3Heprum 6eTa-pacnajga MeToA0M MOTJIOIIEHHS.

[{enb paboOThI — H3MEPEHHE MAKCUMATIBHOM YHEPTUH SJIEKTPOHOB, HCITYCKAEMBIX TIPH 3 —
pacnaze, ¥ onpeeieHre MIPUMEHEHHOTO PaIi0aKTUBHOTO [ — UCTOYHUKA. V3yueHue
B3aMMOJICICTBHUS SMEKTPOHOB ¢ BerecTBOM. CpPaBHEHHE C TOMOIIBIO KPHTEPHS )
MOJIYYEHHBIX IKCIIEPUMEHTATbHBIX TAHHBIX C SMIUPUUECKON SKCIIOHEHIUATbHON
3aBHCUMOCTBIO.

6. ®u3uka TBEpPAOro TEJNA

6.1 UcciienoBanne NOBepXHOCTH TBEPABIX TeJl METOAAMH TYHHEJIbHOI U AaTOMHO —
CHJIOBOM CIIEKTPOCKONUHU

Lenb paboThI — OCBOEHHME CKaHUPYIOIIEH 30H10BOI MuKpockonuu (C3M) kak MeToaa
UCCIICIOBaHMS TOBEPXHOCTH TBEPBIX Tell. M3yueHne npuHIumna paboThl CKaHUPYIOIET 0
TyHHENbHOTO MuKpockona (CTM) u atroMHO-cuiioBoro Mukpockona (ACM). MccnenoBanue
MOBEPXHOCTU 00pa3lia — TOHKAas MJIEHKa OKCUA aJlOMUHUS Ha IIOBEPXHOCTH MPOBOISIICH
MOJIJIOKKH aTIOMUHHI-COIepKallero CIuiaBa.

5. IlepeyeHb y4eOHOM JTUTEPATYPHI
1. «AtomnHas ¢usuka. Meroauyeckoe mocodbue K TabopaTOpHbIM paboTam B 6 dYacTAX»
Hosocubupck, 2010 r.
2. «Atomuas Qusuka. Meronudyeckoe mocodue K nabopartopHbiM paboTam», HoBocuOHMpCK,
2005r.
3. Meronsl ¢pusnyeckux usmepenuii / [lox pen. P.M.Conoyxuna. HoBocubupck, 1975.
4. Tabmune pusznueckux BenuuuH: Crpas. nox pen. U. K. Kukounna. M.: Atomuzaar, 1976.
5. Kopones @. A., Ogunnos B. . OnTuxka u cnekrpockonus. M., 1956. T. 1.
6. Konipepman I'. SAnepusie Momentsl. M.: I, 1960.
7. EnpsiiuieBny M. A. AToMHas 1 MojieKyJsipHast criekTpockonus: 3-e usa. M.:KomKnura, 2006.



6. IlepeyeHb y4eOHO-MeTOAUYECKHUX MATEPHAJIOB 110 CAMOCTOSITEIbHON padoTe
00y4arouuxcs
Jlist caMOCTOATENBbHOM paboTHI CTYIGHTOB Ha KOMIIBIOTEPAX MPAKTHKyMa Pa3MEILICHbI OMUCaHHS
7a00paTOPHBIX PpabOT C KpaTKUM H3JI0KEHWEM TEOPHH H3y4aeMOro SBJICHUS, 3aJIaHMs,
peKOMeHI[aI_[I/II/I K BBIIIOJTHCHHU O ITOCTAaBJICHHBIX 3ajJa4, KOHTpOJIBHBIe BOHpOCBI JJIs
CaMOIIOITOTOBKHU. HTY MOJJIEPKUBACT 0azy JAHHBIX CIIEKTPaIbHbBIX JIMHUHN
http://www.grotrian.nsu.ru/ru

7. IlepeyeHnb pecypcoB HH(POPMAITMOHHO-TEJIEKOMMYHUKAIIMOHHOM ceTH « UHTEepHET),
HEO00XOIUMBbIX /1JI5l 0CBOCHUS THCIHUTLINHBI
7.1 Pecypcel cemu Humepnem
OcBoeHUE TUCHUILTUHBI UCTIONB3YIOTCS CIEAYIOIIUE PECYPCHI:
e JJIEKTpOHHAas WH(pOopMaMoHHO-00pa3oBarenbHas cpeaa HI'Y (BUOC);
e 00pa3oBarenbHbIC HHTEPHET-TIOPTAIIBI;
e UH(POPMAIMOHHO-TEJICKOMMYHUKAIIMOHHAs ceTh VIHTEpHET.

7.2 Cospemennvie npogheccuonaivnuvle 06a3vl OAHHBIX:
http://www.grotrian.nsu.ru/ru

8. Ilepeyenb MHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yEeMbIX NPH OCYIIECTBJIECHUHU
00pa3oBaTeIbHOI0 Mpouecca 1Mo JMCHUIIMHE
8.1 Ilepeuensv npocpammnozo odecneuenusn
Windows, Microsoft Office, MathCad. Cnernmanu3upoBaHHOe porpaMMHOE 00ecrieueHust ISt
peanuzanuu Kypca He TpeOyercs.
8.2 Ungpopmayuonnwie cnpasounvie cucmemol
He ucnonb3yrores.

9. MaTepuanbHO-TeXHH4YecKasi 6a3a, HeoOXxoAuMasi /151 OCYLeCTBICHHA 00pa30BaTEILHOIO
npouecca no AMCHUILINHE

Jnis peanu3anvy JUCHUIUIMHBI «ATOMHBIA TNPAKTUKyM» HCHOJB3YIOTCS CHElHaIbHbIC
HOMEIIECHUS:

1. JlabGoparopuu nisi TPOBEACHHUA MPAKTUYECKUX 3aHATHH, TEKYIIEro KOHTPOJI,
MPOMEXKYTOUYHOM aTTECTAILIUH.

2. Tlomemenuss g XpaHeHHs M NPO(UIAKTUYECKOrO OOCIYy)KHBaHUS y4eOHOTO
00opyToBaHuUs.

VYueOHble  1a0OpaTopuM  YKOMIUICKTOBAHBI  CIICLUAIM3MPOBAHHOW  MeEOENbl0 |
71a00paTOpPHBIM 00OpYNOBaHMEM JJIsi OOecledYeHus NpenojaBaHMs IUCLUUIUIMHBL, a TaKxkKe
TEXHUYECKUMHU CPEJICTBAMU OO0YUEHUs, CITY KALIUMHU JJIsl IPECTaBIeHUs yueOHOH nH(OopMaIiu
10 AUCLUIUINHE.

3. IlomemieHust U1 CaMOCTOSATEIbHOM paboThl 00yUYaIOIIUXCSL.

Jns mpoBeaeHus 1a0OpaTOpHBIX pabOT MO AMCHUUIUIMHE «ATOMHBIM NPaKTHKyM»
UCTIONB3YIOTCS 22 11ab0paToOpHbIE YCTAaHOBKM B COCTaB KOTOPBIX BXOIAT 4 ONTHYECKUX
MoHoxpomatopa MJIP 41,0ntuyeckuii cnektporpadp HWCII 51, Monoxpomarop YM2,
Crniexktporpad 3JeKTpOHHOro mnapamarHutHoro pesoHanca (OIIP), Cnextporpad saepHOro
MarHuTHoro pe3oHaHca (SIMP), kBanpymonapHBII Macc CHEKTPOMETP, MOJIYIPOBOIHUKOBBIC,
nepecTpanBaeMblil reJinii HEOHOBBIH J1a3ep, pa3Hble THIIBI CIEKTPaIbHBIX Jamil (Oosee 10 BUIOB)
MOIIHBIE MAarHUThI C IEpeCcTpauBacMbIM MarHUTHBIM IOJeM, 5 ocuusuiorpados, 8§ nU(POBBIX
BOJIFTMETPOB, 2 CTaOMJIM3MPOBAHHBIX HMCTOYHMKOB MUTAHUS, 2 CTaOWIM3aTOpa HANPSKCHHS,
pa3nuuHble 00pa3libl U AETEKTOpPhbl Ul PA3JIMYHBIX BUIOB H3Iy4eHus, 11 mnepcoHalbHBIX
KOMITBIOTEPOB JUIsI aBTOMATHU3aLUU U3MEpeHuil, 6 MU(POBBIX BUACOKAMEP U MOHUTOPOB IS
BU3YaJIbHOTO KOHTPOJS CIeKTpockonmuuecknx Habmonenmid, 3 AIIIl (amamoroBo mudpoBbIX
npeoOpasoBareneit mpousBoacTBa MAD CO PAH) 2 cucremsl aBTomatu3anuu Ha ocHoBe ALIIT
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National Instruments, a Tak >xe anmapaTypa u3rotosieHHas B uHctutyrax CO PAH u B
HoBocubupckom roCyJapCTBEHHOM YHUBEPCUTETE. 16 J1a00paTOPHBIX pabor
KOMITbIOTEPH3UpOBaHbl. Bcee mabopaTopHble pabOTBHl COOTBETCTBYIOT TPEOOBAHUSAM TEXHHUKH
0€30MacHOCTH.

[Momemenust st caMOCTOATEIbHOW PabOThl OOYYAIOIIMXCS OCHAIICHBI KOMIBIOTEPHON
TEXHUKOW C BO3MOXKHOCTBIO MOJKIIOUeHUsI K cetu "VMHTepHer" m obecrnedyeHreM 0CTyIa B
AIIEKTPOHHYIO HHPOPMALIMOHHO-00pa3oBarenbHyto cpeny HI'Y.

MarepuanbHo-TeXHUYECKOEe oOecreueHrne 00pa30BaTeIbHOrO Mpolecca Mo JUCIUIUINHE
Ui OOydaloUIMXCs W3 4YHClIa JIMIl C OrPAaHUYCHHBIMM BO3MOXKHOCTSMH  3JI0OPOBbS
ocymiectBisiercss cornacHo «llopsaky opraHuzanud W OCYIIECTBJICHHS 00pa3oBaTelbHON
JESTENIbHOCTH TI0 00pa30BaTeIbHBIM MPOTpaMMaM JJisi WHBAJIUIOB M JIMI[ C OTPAaHUYCHHBIMU
BO3MOXKHOCTSIMU 3710p0Bbsi B HOBOCHOMPCKOM rocy1apCTBEHHOM YHUBEPCHUTETE.

10. OueHo4YHbIe CPEACTBA /ISl IPOBEACHHUA TEeKYIIEero KOHTPOJISI U MPOMEKYTOYH O
aTTecTALUM MO TUCHUTIIMHE

10.1 Ilopsaoox nposedenusn meKyuie20 KOHMPOAA U RPOMENHCYMOUHOU AMMmeCmauuu no

oucyuniaune AmomHbvIIL NPAKMUKYM

Texyuwyuii KoHmpoib ycnesaemocmu:

Texkymmii KOHTPOJIb OCYHIECTBISICTCSA KOHTPOJIEM ITOCCIICHHS 3aHATUH O00YyJaroluMcs,
BBITIOJIHEHHS JabopaTopHbIX paboT. B mporecce BhIMOTHEHUS JIAOOPAaTOPHBIX padoT
OCYILECTBIISICTCSI KOHTPOJb IO UX BhImosHeHHIo. Ilog HabmofeHueM mperojaaBaTens
0o0Oy4aroluics OCYIIECTBISET CaMOCTOSITENIbHOE BBIMIOJIHEHHUE TIIOCIEI0BATEIbHOCTH YETKO
cOpPMYIMPOBAHHBIX 3aJaHUW, MPEJICTABICHHBIX B ONUCAHUM J1TAOOpaTOpHOH pabOTHI.
JlaGoparopHble pabOTHI CAAIOTCS 110 MEpe MX BBIOJIHEHUS MOCIEI0BATENbHO, B CBSI3U C 3TUM, B
y4eOHOIl mporpamMMme IUCIHILIMHBI MPEIyCMOTPEHO BpeMs IS CaMOCTOSTENbHON paboThI
oOyuarolierocsi: Ha MOJArOTOBKY K cliaye U 0OpMIICHUIO SKCIEPUMEHTAIbHBIX PE3YJIbTAaTOB I10
BBITTOJIHEHHOM paboTe B BUJE OTYETA.

Ilpomescymounas ammecmayua:

[IpomexxyTouHass arrecranusi N0 JUCUUIIMHE «ATOMHBIA NPAKTUKYM» IPOBOJAUTCSA IO
UTOTaM 3aBEpUICHUsI MPOTpaMMbl JTUCHUUIUIMHBI B BHUAE 3ayeta. (OCBOEGHHME KOMIIETEHLIUU
OILICHMBAETCA MO JIBYXOa/IbHOM IKaye. 3aueT Mo AUCLUIUIMHE CTaBUTHCS B TOM Cilyyae, €clid
3asIBJICHHBIC TUCIUTUTMHON KOMIIETEHIIUU C(HOPMUPOBAHBI O0YUYAIOIIMMICS HE HUXKE TIOPOTOBOTO
ypoBHs. BriBog 00 ypoBHE cpopMHpPOBAaHHOCTH KOMIIETEHLUMN MPUHUMAETCS IMpernojaBaTesieM
Mo pe3yibTaTaM CHaHHBIX pa0oT. BreIMoNHEHHBIE paOOTHI JOKHBI OXBATHIBATH BCE pa3ieibl
JTUCIUIUIMHBI, U3 KOTOPBIX 00Yy4aroIuics JOJKEH BBIIOJIHUTH U CHaTh B BUJIE OT4YeTa 5 pabot
M0 Ha3HAYEHUIO mpernonaBarens. [Ipy BHIMOMHEHUH M CAAYU MEHbIIE S5 JTa0OopaTOPHBIX padoOT
3a4eT He CTABUTCS, KOTJ]a YPOBEHb YCBOCHHUS KOMIIETEHINI HE c(hOpMUPOBaH (HUKE ITOPOrOBOTO

YPOBHS1).



Onucanue Kpumepueg u WKa1 OUEHUBAHUA UHOUKAMOPOE OOCMUIICEHUS PE3)/IbmMAamoe
00yuenusn no oucyuniune «AmomHwlil RPAKMUKYM)

Tabauua 10.1

Kon Nuauxkarop Pe3yabTat 00yueHus mno OueHo4yHoe
KoOMIIeTe JUCUMILINHE CpeaACTBO
HIIUH
Bb-OIIK-4 | b-OIIK-4.1. Mcnomb3yer - BIazieeT 0a30BBIMH METOJAMHU | 3a4éT

0a30BbIC 3HAHUS B 00JACTH
MaTeMaTHKH U QU3MKH MTPU
IJIaHUPOBAHUU PaboT
XUMUYECKOI HaNpaBJIEHHOCTH
B-OIIK-4.2. O6pabatsiBaeT
JIAaHHBIE C HCTIOJh30BAHHEM
CTaHIAPTHBIX CIIOCO00B
ANMpPOKCUMAITIH YUCICHHBIX
XapaKTePUCTUK

B-OIIK-4.3. UatepnpeTupyeT
Pe3yNbTaThl XUMHUYECKHX
HAOJIOJICHHIA C MCTIOJIb30BaHUEM
(hU3MYECKUX 3aKOHOB U
MPEJCTaBICHUIN

WU3MEPECHUI CIICKTPaTbHBIX
BEJIMYWH W aHAJIH3a SIBIICHUI
ATOMHOM (PHU3HKH;

- YMEET OIICHUBATh OCHOBHBIC
MOTPEITHOCTHU PE3YJIbTATOB
WU3MEpPEHHH TIPU BBITIOTHEHUH
abopaTOPHBIX PabdoT;

- IEMOHCTPHUPYET HABBIKH
paboThI C COBPEMEHHBIMHU
pudopamMu U 000PyIOBaHUEM,
3HAKOM C UX (PH3UICCKIMH
XapaKTePUCTHKAMH U
NPUHIMIIAME PabOoThI, yMeeT
TUTAHUPOBATH X0/ BHITIOJTHECHHS
W3MEpEHNH.

- YMEeT MPUMEHSATh
COBpEMEHHBIE TPHOOPHI IS
MIPOBEJICHHS PA3IMYHBIX
CIICKTPAILHBIX U3MEPCHUI B
HIMPOKOM JIAIIa30HE JIJIMH BOJH
(YO, Bunumerii ceet, MK).

- 3HaeT OCOOCHHOCTH
U3MEpeHUS U 00pabOTKH
Pe3yIBTATOB JIJIS CIyYaiHbIX
BEJIMYMH.

- IMECT HaBBIKH MTPUMCHEHHS Ha
npakTuKe NpodhecCHOHATBHBIX
3HAHWUU TEOPUH U METOJIOB
(hM3MUECKUX UCCIIEIOBAaHUN Ha
COBPEMEHHOM HAay4YHOM
000pyTOBaHUH.

pe3ynbmamog ooyuenusn

Tunoevie KonmponvHble 3a0aHUA U UHBLE MAMEPUATbL, HE0DX00UMBbLE 01 OUEHKU

[lepeueHb TPUMEPHBIX KOHTPOJIBHBIX BOIIPOCOB U 33JaHUM /ISl CAMOCTOSTENbHOM paboThI

(B 0OBEMe 9acoB, MPEAyCMOTPEHHBIX 00pa30BaTEIbHBIM CTAHIAPTOM M pa00OUYNM yIeOHBIM
TUTAHOM JIAHHOW JUCIUTUTHHBI):

1. TIlokasath Ha quarpamme ['poTpuraHa JUHUIO PTYTH, PETUCTPUPYEMYIO B

9KCIICPUMCHTC.

2. Teopus ToHkoro pacuieruienus (LS-B3aumoaeiicTBre), OlieHKa M0 HOPSIKY

BEIMYMHBL. XapakTepHas BennuuHa Uit Na u Hg.

3. Teopusi CBEpXTOHKOTO paCILIEIJIEHUs, CBI3aHHOTO C B3aMMOJIEHCTBHEM C MATHUTHBIM

MOMCHTOM sApa. OHCHKa I10 IOPAAKY BEJIMYUHBI, CPABHCHHUE C TOHKUM
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10.
11.

12.
13.
14.
15.
16.
17.

18.

19.
20.

21

22.

23.

24.

25.

26.

27.

28.

paciuernieHueM. XapakTepHas BeJIM4nHa 1J1 HaTpud U pryTH. [lokaszarts, 4to B
cpaBHeHHHU ¢ HaTpueM CTC pTyTH NpUMEpHO COOTBETCTBYET OLIEHKE.

CrpoeHue 3JIeKTPOHHBIX 000JI0UEK aTOMOB HIETIOYHBIX METAJUIOB. Brimucarh
3anosHeHne o0ooyek Na.

Tonkas cTpykTypa criekTpa aroma Na. Bkiiax B pacuieruieHue ciiHa u
PENATUBUCTCKUX MONPABOK.

KpaTkast Teopust CTpyKTyphl IEPEXON0B B ABYXaTOMHOM MOJIEKYJIE.

OOBsACHUTH JBa cI10c00a CIEKTPOCKOIIMYECKOT0 ONPEAEICHNs YHEPTUN AUCCOLUALINH
JByXaTOMHOH MOJICKYJIBI.

Kpatkas kiaccuueckasi Teopusi KOMOMHAIIMOHHOTO PacCesHus

Kpatkas kBaHTOBas Teopusi KOMOMHALIMOHHOTO pacCcesHUs

OTnuuus MEXIy p3I€eBCKUM U KOMOMHAIIMOHHBIM PACCEsTHUEM.

Kakue monenu aroma cymecrsoBanu? ChopMmynupyiite uX JOCTOMHCTBA U
HenocTaTku. KakoBbl ObUIH 3KCIIEpUMEHTANIbHBIE IPEANIOCHUIKH (POPMUPOBAHUS ITHX
Mojeen?

N3no0xuTe COBpEMEHHBIE B3TJISA/IbI HA YCTPOMCTBO aTOMA.

Uemy nmpoTuBOpeYaT B KJIACCUYECKOM JIEKTPOAMHAMUKE TTOCTyaThl bopa?

Uro He yuuThIBatOT nocryiartel bopa?

KBanroBas Teopus a¢dexra 3eemana

OO6®BsacHUTH puHIUT paboTsl nHTEpdhepomerpa Dadpu-Ilepo.

N306pa3zute cxemy ypoBHEH aTomMa BOJIOpO/ia B MATHUTHOM 10J1e 1 ero crektp DIIP ¢
Y4E€TOM CIIMHA ITPOTOHA.

OneHuTe MarHUTHOE I0JI€, BEI3BAHHOE HAJIMUYUEM Yy Apa aTOMa COOCTBEHHOTO
MarHMTHOTO MOMEHTA, Ha yIaJICHUM OT siipa MOpsiiKa pa3Mepa aroma.

KBanroBas Teopust AMP.

Knaccuueckas teopust AMP.

. UeM onpezensieTcs BEpOSATHOCTH IMEPEXO0I0B MEXK/TY FIEKTPOHHO-BO30YKICHHBIMHU

COCTOSIHUSIMU B MOJIEKYJIax?

MOKHO 111 OIIPEEIUTD SHEPTUIO TEPMUYECKON aKTUBALUU MOJIEKYJIbI U3 U3MEPEHUU
a0COTIOTHBIX HHTEHCUBHOCTEH UTMHHOBOJIIHOBOW U KOPOTKOBOJIHOBOM 1MOJIOC?

B ueM mpuHIIMTIHATIBEHOE OTANYHME BHENTHETO (POTOIIEKTpUUIECKOro I deKrra oT
JIPYTUX MEXaHU3MOB OCBOOOKIEHUS 3JIEKTPOHOB U3 TBEP/BIX TEJ MO JeiCTBHEM
3JIEKTPOMArHUTHOTO U3IydeHus (00pa3oBaHKE IEKTPOH - MO3UTPOHHOM Maphl,

s dext Komnrona)?

Bocnonbp30BaBImIKMCh 3aKOHAMH COXPAHEHUS SHEPTUU U UMITYJIbCA, TOKAKUTE, YTO
CBOOOIHBIN 3JIEKTPOH HE MOXKET MOTJIOTUTH (POTOH.

[Ipu kakux yciaoBUSIX Cpella HAUMHAET YCUIIMBATH MPOXOIAIIEEe Yepe3 Hee
AJIEKTPOMArHUTHOE U3ITy4yeHUe?

[ToueMy He yaaeTcs co3AaTh MHBEPCHON HACEIEHHOCTH C TOMOIIBIO ONTHYECKON
HaKaykH B ABYXYPOBHEBOM CHCTEME aTOMOB?

Kaxkoii MexaHu3m co3/1aHusi MHBEPCHON HACEJIEHHOCTH MCIIOJIb3YETCA B TEIIHii-
HEOHOBOM Jiazepe?

OObsicHUTE, B KaKHX €IMHUIIAX U3MEPSETCS Macca HOHA, B UM (PU3NYECKUIN CMBICIT
9TON BeNMYMHBI. KakoB CMBICII MACCOBBIX YMCEIN, TPUBOIUMBIX OOBIYHO B KJIETKAX
Tabnuibl MenaeneeBa?
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29. Uto Takoe U30TOMbI, YEM OTIUYAIOTCS U30TOIBI OAHOTO AJIEMEHTA C pa3HON MacCOM?

30. KakoBo npumepHoe cofepKaHie U30TOMNOB B IPUPOJIHON CMECH Ul YIIEpoaa, a30Ta,
Kuciopoja’?

31. BonHoBble cBOMCTBa 371eKTpoHA. [[n1Ha BonHbI 1€ bpoiins i aIeKTpoHa, CpaBHEHHE
C JUIMHOMW BOJIHBI CBETA B BUAMMOM JIMAMA30HE U C JJIMHOW BOJIHBI PEHTTEHOBCKHUX
nyuqeil. TeopeTudeckast pazpeliaronias CioCOOHOCTh JIEKTPOHHOTO MUKPOCKOIA.

32. Kakue CymecTBYIOT CIIOCOOBI OTpeIeTICHUS yIeTLHOTO 3aps/ia AIeKTpoHa?

33. Cuna, AeicTBYyIOIIas HAa YAaCTUIy B MArHUTHOM MoJie. HanpaBieHnue cuibl.

34. Kak uzMmeHsercs nojiHasi KHHETHYECKasi SHEPTUs YacTULIbI IPU ABMXKEHUU B
MarHuTHOM T1oJie?

35. Ouenure AIUHY IpoOera 3JIeKTPOHOB.

36. Kak paGorator katymmku ['enpmronbua? Kak MOXHO M3MEpUTh MarHUTHOE 1oJie?

37. Kakoit Habmonaemslit ekt npu B-pacnazie NOKa3bIBAET, YTO 3TO TPEXUACTHUHBIN
pacniaa?

38. B-pacnaj sBISETCS TPUMEPOM MPOSIBICHUS C1a00T0 B3aUMOJICHCTBUS, OOBSICHUTE
noyemy?

39. HazoBuTE OCHOBHBIC 3aKOHBI COXPAaHEHHsI, KOTOPBIM MOUMHSETCS B-pacna.

40. Kakue BaykHbIE pe3yabTaThl ObLUIH MOIYYEHBI IPU H3YYCHUN PACCESIHUS 0-YaCTUL Ha
TOHKHUX

41. mumieHsx?

42. Kakoii OCHOBHOM ME€XaHU3M MOTEPU SHEPTUU O-HACTHIIBI B CPEIE, KAKUe JIPyTue
MPOLECCHI TOTEPU IHEPIUU 3apsHKEHHON YacTullbl Bbl 3HaeTe?

43. Kakue 4acTuIlbl UICITyCKAIOTCA PaIMOaKTUBHBIMU siApamMu’?

44. Kak OIleHUTh CPETHEKBAAPATUIHOE OTKJIOHEHHUE 110 PUCYHKY TUCTOIPAMMBI?

45. Yemy paBHO CpEIHEKBaIPATHYHOE OTKJIOHEHHE, €U QYHKIIUSI paciipeaesICHHs
MMEET BU/JI CTOJIMKA IIUPUHON S?

46. Kakoe KOJIHM4IecTBO aTOMOB > Pu JIOJI’KHO OBITH B UCTOYHHUKE Ol-4aCTHII, YTOOKI 3a
BpeMs U3MEpEeHUs 1 yac onmpeaenuTh Mepruo moaypaciaaa ¢ TOUHOCThIO 1 roa?

3amaHus 111 CaMOCTOSITEIFHON paboTHI.

1. IlogroroButh kpaTkuii oT4ET (2-3cTp) O JMAabopaTopHOU paboTe, Kak O HAyYHO-

HCCIIE0BATENIbCKON paboTe ¢ Y4€TOM 4YacoB, MPEAYyCMOTPEHHBIX pabdOuYuM y4eOHBIM
IJIaHOM JaHHOU nuctuIuinHbel B HI'Y.
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JIner akTyanusanuu padoyeil NporpaMMsbl AU CHHUIIIMHBI
«ATOMHBIH NPAKTHKYM»

Hata u Ne
XapaKkTepuCTUKa BHECEHHBIX MPOTOKOJA YYEHOTO [Toanuce

U3MEHEeHMH (C yKa3aHHeM IYHKTOB JOKyMeHTa) | coBeTa PakynbTera OTBETCTBEHHOI'O

€CTECTBEHHBIX HayK
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