


Oo0opoTHas cTopoHa TUTYJabHOro Jucra PITY ][

I. PaGouasi nporpaMMa nmepecMoTpeHa Ha 3aceJaHHH Kadeapsl:

[IpoTokoi oT « » 20 1. Ne

3aBenyrontwii kKadeapoi

(moamucp) (N.0. ®ammms)

I1. PaGouasi nporpaMma nepecMOTpeHA Ha 3acefaHHN Kadeaphl:

IIpotokomn oT « » 200 1. Ne

3aBenyrontwii kadeapoi

(moarmucs) (1.0. Oamuus)



ABSTRACT
Specialist’s/Master’s degree in 03.03.02 Physics
Course title: Atomic Electron and Vibrational Spectroscopy
Instructor:
At the beginning of the course a student should be able to:
To master this discipline, knowledge of the student is required, which was acquired
when studying the general course of physics, in particular, the sections Optics and
Atomic Physics.
To successfully study the discipline "Atomic electron and vibrational
spectroscopy"” the following preliminary competences should be formed for
students:
» readiness for self-development, improvement of their qualifications and skills
(OK-6);
« the ability to realize the social significance of their future profession, to
demonstrate high motivation to perform professional activities (GC-8);
* the ability to use scientific and technical information, domestic and foreign
experience in the field of research, modern computer technologies and information
resources in its subject area (PC-1).
Learning outcomes:
-the ability to use basic theoretical knowledge of the fundamental sections of
general and theoretical physics to solve professional problems
-the ability to understand and present the information received and present the
results of physical research
-ability to use specialized knowledge in the field of physics for the development of
specialized physical disciplines
Course description:
Objective: Acquaintance with the principles of atomic and molecular spectroscopy,
with the systematics of atomic and molecular spectra, the study of electronic states
and chemical bonds in diatomic and polyatomic molecules, taking into account the
symmetry properties of the equilibrium configuration of molecules when
classifying vibrations by their symmetry, and using characteristic vibrations to
identify compounds.
Main course literature:
Main literature:
1. Molecular Spectroscopy: Fundamentals of Theory and Practice: Tutorial / Ed.
prof. F.F. Litvina. - M .. SIC Infra-M, 2013. - 263 p. /I
http://znanium.com/catalog.php?bookinfo=352873
2. Shpolsky E.V. Atomic Physics, v.1. Introduction to atomic physics. - SPb .: Lan
publishing house, 2010 // http://e.lanbook.com/view/book/442/ 3. S. Frish. Optical



spectra of atoms: a textbook. - SPb .. Lan publishing house, 2010. - 656 p. //
http://e.lanbook.com/view/book/625/

Additional literature:

1. Theory of optical spectra: study guide / A. M. Leushin; M-Education and
Science Ros. Federation, Feder. Education Agency, Kazan. state un-t.? Kazan:
Kazan State University Publishing House, Part 1: Classical methods.? 2007? 107 s.
2. Kamalova D.I. Lectures on applied infrared spectroscopy: a tutorial / D.l.
Kamalova, M.Kh. Salakhov. - Kazan: Kazan State University, 2009. -167 p.

3. Molecular spectroscopy of biological environments: studies. manual / V. M.
Sidorenko.? M.: Higher. shk., 2004.? 190 s.

Form of final knowledge control: exam



AHHOTAIIUAS

Pabouast nmporpaMMa JUCHUIUIMHBI « ATOMHAs 3JIEKTPOHHAs U KoseOaTenbHas
CIIEKTPOCKOMUs pa3padboraHa s cryAeHToB 4 kypca Hampasienus 03.03.02
«Dusukay, cnenuanuzanun «DyHIaMEHTaTbHAsS (U3HKa» B COOTBETCTBUU C
TpeboBanusiMu OC BO no naHHOMY HanpapiEHUIO.

JucrunnHa «ATOMHAs OJEKTPOHHAs U KojieOarelibHas — CIEKTPOCKOIIHSD)
otHOCcUTCSA K paszneny b1.B.J[B.6 quciumams o BeIOOpY yueOHOTO TUTaHa.

OO6miass TPyJOEMKOCTh  OCBOCHMS JHUCHMIUIMHBI cocTaBisgeT 144 wdaca.

Y4eOHBIM TIJJAHOM  TMPEIyCMOTPEHBI  JIeKIMOHHBIE 3aHsaTHsS (18 d9acos),
npakTrdeckue 3aHaTus (36 yacoB), camocTosTebHas pabora cryaenta (90 gac.).
JucnuninHa peanusyeTcst Ha 4 Kypce B 7 ceMecTpe.
Lenpb: O3HaKOMJIEHHE C NMPUHIMIIAMHA aTOMHOW Y MOJIEKYJISIPHOM CIIEKTPOCKOIINH,
C CHUCTEMATHUKOW aTOMHBIX W MOJIEKYJISIPHBIX CIIEKTPOB, U3yUYEHUE SJICKTPOHHBIX
COCTOSIHUHA W XWMHYECKOW CBSI3U B JIByXaTOMHBIX M MHOTOATOMHBIX MOJICKYJIaX,
y4e€T CBOWCTB CHMMETPUHM pAaBHOBECHOW KOH(HUTypamuu MOJEKyJd Mpu
Kiaccuukanmyu KojaeOaHW 1O UX CHUMMETPUM, a TakXKe UCIOJIb30BAaHUE
XapaKTEPUCTHYHOCTH KOJIeOaHNUN TSl HICHTU(DUKAIIN COCTMHCHHM.

JUis OCBOEHHUSI JAAHHOM IHCUUIUIMHBI TPeOYIOTCS 3HaHUs OOydarolerocs,
MpUOOPETEHHBIC MPU M3YYEHUW O0OIero Kypca (U3MKH, B YaCTHOCTH, Pa3/eiioB
Ontuka, AToMHas pusmka.

JInsg  yCHemHOro HW3y4eHUs JUCUUILIMHBI «ATOMHas »DJEKTPOHHAs U
KoJie0aTeNbHasi CIEKTPOCKONUSD) Y OOyHaroIIMXcsl JOKHBI OBbITh C(OPMUPOBAHBI
CJIEyIOIIME IPEIBAPUTENbHBIE KOMITETECHITHH:

® TOTOBHOCTh K CaMOpAa3BHTHUIO, TIOBHIIICHUIO CBOEH KBaNUPUKALUUA U
mactepctBa (OK-6);

® CIOCOOHOCTh OCO3HAaBaTh COLMAJIBHYIO 3HAUYMMOCTb CBOEHM Oymyieit
npodeccuu, IEMOHCTPUPOBATH BBICOKYIO MOTHBAIIMIO K BBHITOJTHEHHIO
npodeccroHansHol aestenbaoctr (OK-8);

® CIOCOOHOCTh  WCIONB30BaTh  HAyYHO-TEXHUYECKYIO  HH(OpMAIHUIO,

OTEYECTBCHHBIH W 3apyOEKHBIM OMBIT TIO TEMAaTUKE MCCICIOBAHMUS,

COBPEMEHHbIE KOMITbIOTEPHBIE TEXHOJIOTMH U MH(GOPMAIIMOHHBIE PECYPCHI B

cBoeii mpeamerHoit oomactu (ITK-1).



B pe3ynbrare u3ydeHHs JAHHOW JUCHUIUVIMHBI Y CTYIEHTOB (POPMUPYIOTCS

CIIemyIonMe OOIIEKYIbTYpHBIE/ 00IIe00pa3oBaTebHbIe/ MPOPECCHOHATBHBIC
KOMIETEHIIUU (3JIEMEHTBI KOMIIETEHIIUN ).

Koa u ¢popmysiupoBka

dranbl GOPMUPOBAHUS KOMIIETEHIIUN

KOMIeTeHIHH
OIIK-3 CIIOCOOHOCTBIO | 3HaeT IPUPOAY aTOMHBIX U MOJIEKYJISIPHBIX CHEKTpPOB;
UCII0JIb30BaTh 0a3oBbIe o0nagaTb  TEOPETHYECKUMH  3HAHUSAMH 00
TEOpETUYECKHE 3HAHUS SHEPreTUYECKUX COCTOSHHUIX aTOMOB, MOJIEKYJI
(GyHIaMEHTaIBHBIX pa3/esIoB U NIepPeXoax MEKIy HUMH;
ofmell W  TeopeTHyecKou | Ymeer aHAJIM3UPOBaTh ATOMHBIE CIEKTPhl JIEMEHTOB
buzuku JUIS peuieHus [Iepnonnueckoit cucremsl JI.MI. MeHnneneesa;
npodecCHOHATIBHBIX 3a1a4 OIpeNleNIATh CTPOCHHE U IapaMeTphbl MPOCTHIX

MOJIEKYJI U3 CHEKTPOCKONUYECKUX JAHHBIX.
[1K-4 CHocoOHOCThIO | Brazmeer NPaKTUYECKUMHU HaBbIKAMU B 00JaCTH aTOMHOM
HOHNMATb u U3J1arath U MOJIEKYJSIPDHOM CIIEKTPOCKOIHMM, METOJIaMU
HOJy4aeMyt0 MH(POPMALUI0 U pelIeHUs] pacyeTHBIX 3ajay, CBSA3aHHBIX C
IPEe/CTaBIATH PE3YJIbTaThI U3ydeHHEM  CTPOCHMS  MOJEKYl M  HX

(bHSI/I‘leCKI/IX HCCIICOBaHUM

[TK-1 CIIOCOOHOCTBIO
UCTIOJIb30BaTh
CIIeUaTN3UPOBaHHbIC 3HAHUS
B oOmactu  QuU3MKH U
OCBOEHUS PO UIBHBIX
(bU3NIECKUX TUCIUIUIHH

JJIEKTPOHHBIX, KoJsieOaTenbHbIX "
BpallaTeNIbHBIX  CIIEKTPOB, HMHTEpPIpETanuen
OKCIIEPUMEHTAIBHBIX [JaHHBIX B ONTHYECKOU
ATOMHOW M MOJIEKYJIIPHOM CIIEKTPOCKOIINN

st hbopMupoBaHUs BBINICYKAa3aHHBIX KOMIIETCHIIMM B paMKax JUCIUTIIMHBI

«ATOMHasi DJIEKTpOHHAasT W  KoseOaTenbHas —CIEKTPOCKOMUSD  TPEIyCMOTPEHBI

CJICAYIOIINE METO/bl AKTUBHOTO/MHTEPAKTUBHOTO OOyYeHHUs:  JeKIus-Oecena;

rpynnoBasi KOHCYJIbTAMs (7151 IPAKTUYECKUX 3aHATUN).

. CTPYKTYPA U COJAEP)KAHUE TEOPETUYECKOMN YACTH

Jleknuonuble 3anaTusa (18 yac)

Tema 1. CniekTp aToOMa BOJ0POAA  BOJAOPO/A0NOI00HBIX ATOMOB.

Cnexktp Bojopoaa. YpoBHU sHepruu atoma. CrnektpaibHble TepMbl. J(narpamma

I'porpuana. Cepuanbhbie 3akoHOMepHOCTH. [IpaBuna orGopa. Cepum Jlaiimana,

banemepa, Ilamena. ToHkas cTpykTypa cnekTtpa Bogopoja. JISMOOBCKHiL CIIBHT.

[Tpuniun Ilaynu. 3anosHeHue 37EKTPOHHBIX 000JioueK. CBOMCTBA AJIEMEHTOB C

3aII0JIHEHHBIMU M HE3aIIOJJHEHHBIMUA 000JJOYKaAMH.

Tema 2. Ilepuoanyeckas cucrema 3j1emeHToB .M. MenneneeBa. CioxeHue




OpOMTAJBLHBIX U CHHHOBBIX MOMEHTOB.

Cucremaruka CIEeKTPOB MHOT'OXJIEKTPOHHBIX COCTOSIHHM. JIGKIIMOHHOE 3aHsiTue (4
yaca(oB)): [leppoanuyHOCTh CBOMCTB 371IeMEHTOB. CHEKTPHI 1IEIOYHBIX METAIIJIOB U
CcX0aHBIX ¢ HUMU MOHOB. CnekTtpbl Ag, Cu, Au. CrexkTpsl MIEI0YHO3EMETbHBIX
anemeHToB. Criektpel Zn, Cd, Hg. Tumbr cBs3u. CocTosSHUS SKBUBaJCHTHBIX
AJEKTPOHOB: 2 3JeKTpoHa, 3  a3yekTpoHa. HopmanpHOE — cocTosiHHE
aTOMOB.MyJIbTUILIETHI B CLIEKTPaX.

Tema 3. CieKTpbI 3J1IEMEHTOB ¢ 000J109KamMu P, p2, p3, p4, pS, p6 (MHepTHBIE
raspl). CnekTpbl 3JeMeHTOB ¢ jAocTpamBawmmumuca d- u f-odosouxkamm.
BepoiTHOCTH  CHOHTAHHBIX W  BBIHY/KICHHBIX  IEPEXO0B  MEXKIY
cocTosiHuAMU. JlunoabHoe n3iaydyenue. Cuia ociiuiIAToOpa.

Crtpoenue 37eKTPOHHBIX 000si04eK CHEeKTphbl AJIEMEHTOB C OJAHUM M JIBYMS P-
anekTpoHaMu. CHEKTPHI 3JIEMEHTOB C TPEMs U OOJIBIIUM YUCIOM P-3JIEKTPOHOB.
CrekTpbl aTOMOB € 3aMKHYTOH AJIEKTPOHHOM 000J04Koi. CHEKTpbl aTOMOB C
noctpauBarorieiicss d-o6010ukoit. CrieKTpbl 3JIEMEHTOB TPpyMIibl jkene3a. CIeKTphl
AJIEMEHTOB ¢ JocTpauBaronieiics f-000104koil.

Onurcanue W3Iy4YeHHUs U MOIJIOLIEHUS] CBETa aTOMaMHU C TIOMOIIbIO BEPOSITHOCTEN
nepexo10B. IHTEHCUBHOCTh CIEKTPANIbHBIX JIMHUHN. [TOHATHE CUITBI OCITUILISITOPA.
Tema 4. lllupuna ypoBHei JHePrun U cieKTPaJbHbIX JuHUM. KosedaTenbHas
CTPYKTYpPa JJIEKTPOHHBIX MOJIOC. BpamareJbHasi CTPYKTypa 3J1€KTPOHHBIX
1oJIoC.

3aBUCHUMOCTh UHTEHCUBHOCTH CHEKTPAJIbHBIX JIMHUN OT paclpeieeHUus MOJIEKY
M0 DJHEpPreTuYeckuM coctosiHusiM. Cymma 1o cocTosHHSAM. OTHOCUTENbHAs
3aCEJICHHOCTh KoJie0aTeNbHbIX ypoBHEH sHepruu. OTHOCHUTENIbHAsI 3aCeIEHHOCTD
BpalllaTeNIbHBIX YPOBHEW HHEPrHH. OJIEKTPOHHBIE TMEPEXOAbl JABYXaTOMHBIX
Mosekya. KonebarenpHast CTpykTypa 3JIeKTpoHHBIX mojioc. Cepum Jlemanmapa.
Pacnpenenenre WHTEHCHUBHOCTH B  DJIEKTPOHHO-KOJIEOATENbHBIX  CIIEKTpax.
[Tpuanun @panka-Kongona. BpamarenbHas CTpyKTypa 3JE€KTPOHHOIO MEPEXOoAa.
Oo6pazoBanue kanta. OrreHenue nojioc. Juarpamma ®@optpa. KomOuHannonHele

COOTHOIIICHMH. OHpeI[eJIeHI/IC BpalaTCJIbHBIX ITOCTOAHHBIX.



Tema 5. IIpuHIUNBI IOCTPOEHUSI FJIEKTPOHHBIX KOH(PUTYpALIMIA.

Omnpenenenue MEKTPOHHBIX COCTOSIHUM U3 pa3beIMHEHHBIX aToMOB. OnpeneneHue
MOJIEKYJISIPHBIX TEPMOB H3 COCTOSSHUM OO0BeAMHEHHOro aroma. OmnpeneneHue
MHOT000pa3usi TEPMOB 10 JIEKTPOHHOU KOH(PUTYpaIuu.

Tema 6. MHoroaromMHble MOJIEKYJbl. JJIeMeHTbl CUMMMETPHMU M TO4YeYHbIe
rpynnbl CHMMETPUM MOJeKYJ. Bpamenue u BpamarejJbHble CHEKTPbI
MHOI0aTOMHBIX MOJIEKY.I.

®opMa U pa3Mepbl MHOTOATOMHBIX MOJieKyd. CUMMETpUsi MOJIEKYJ U OCHOBBI
Teopun rpynn. TodedHble Tpynnbl HU3LIEH, CPEJHENM M BBICHIENM CHMMETPUU.
OO1ue BBIBOJBI O CHMMETPUM MOJIEKYJIbl. BpallieHne MHOroaToMHBIX MOJIEKYJI.
BpamarenbHble CHEKTpbl JUHEHHBIX MOJEKYJI. Mosekylsbl TUna chepuyecKkoro
BOoJlYKa. MoJiekysbl THIIa CUMMETPUYHOIO M aCUMMETPUYHOIO BONUYKA. DPQeKT
[ITapka.

Tema /. Konte6aTebHbIe ClIEKTPbI MHOTOATOMHBIX MOJIeKyJl. KoJsebaTenbHas
3aJa4a I MOJIEKYJ NPH y4yeTe CBOMCTB CHMMETPHU. XapaKTepUCTHYHOCTh
KO0JIeOAHMH MHOTO0ATOMHBIX MOJIEKY.I.

Hopmanbhble koJie0aHusi MHOTOATOMHBIX MoJieKy1. Kinaccugukanus HopMallbHbIX
KoJieOaHWM MHOTOATOMHBIX MOJIeKyl mo ux (opme. Knaccuueckoe penieHue
3a/layd O MaJIbIX KOJEOAHMSIX MHOTOAQTOMHBIX MOJeKysl. KBaHTOBOMEXaHMYECKOe
pelieHre Koyie0aTeIbHOM 3a1auHu.

OO01muMe npUHLIMIBI KIacCU(PUKALMKU KoieOaHuid Mo ux cummeTrpun. KoopauHaTsl
cumMMmeTpuu. Pemienune 3amaun 0 KoyeOaHUSX MOJIEKYJ NpPU ydeTe CBOMCTB
CUMMETPHH.

[ToHsiTHE O XapaKTEPUCTUYHOCTU YACTOT KOJIEOAHUN MOJIEKYISPHBIX (PparMeHTOB.
Xapakrepuctuueckue 4actorsl MK-mornomeHns OCHOBHBIX KJIACCOB COECIMHEHHM.
CTpyKTYpHBIN MOJIEKYJISIPHBINA aHaU3 10 UHGPAKPACHOMY CIEKTPY MOTJIOIIECHUS.
Tema 8. DieKTpOHHBIE COCTOSIHUSIT MHOIOATOMHBIX MOJEKYJIDJIECKTPOHHbBIE
COCTOSIHAA M XHMMHYECKas CBSI3b B MHOIOATOMHBIX MOJIEKYJIax. BaleHTHOCTb
aToma. sp-, Sp2, Sp3-rubpuauzanus opOutanei. Knaccudukanusi 3J1eKTPOHHBIX

nepexonoB. Tunuuynbsle xpomodopsl. IlpuMeHeHne 3NEeKTPOHHBIX CIIEKTPOB



MIOTJIOIICHUS.

Tema 9. CieKTpbI JJIOMHUHECHEHIIUMN.

Knaccudukanus pa3audHblX BHAOB JTIOMHHECHCHIMH. DayopecreHIus U
dbocdopecuieHIusI. CnekTpaibHble 3aKOHOMEPHOCTH MOJICKYJISIPHOM

JmoMHHecHeHIInn. KnHeTrnka JIIOMUHECIICHITNN.

I1.CTYKTYPA U COJJEP)KAHUE NPAKTUYECKOH YACTH
KYPCA (36 ugac.)

e Coueranue HHGHOPMAIIMOHHBIX JIEKIUH ¢ MPOOJIEMHBIMU;

o [IpoBeneHue npoOIEMHBIX CEMUHAPOB;

e lcnosib30BaHKE WHTEPAKTUBHBIX AJICKTPOHHBIX YUE€OHBIX MATEpHUAJIOB Ha
JICKITUSX, CEMUHAPAX U MPAKTUYECKUX 3aHSITHUAX;

L HpI/IMCHGHHe KOMITBIOTCPHOI'O MOACIUPOBAHMA PC3YJIbTATOB SKCIICPUMCHTA

TemMbl ceMuHAPOB

1. M3y4yeHnue crekTpa aTomMa BOJAOPOJIa M OMNpENETICHUE H30TOMUYECKOTO
CIABUTA JINHUW U3JTy4YECHUS

2. Busyanuzanus CHEKTpalbHBIX JTUHUN HM3TydeHUS aTOMOB PTYTH, HATpHA,
KagMUsI MU HEOHA W HMX COOTBETCTBUE JuarpaMMaM YpPOBHEH SHEpPruu
['porpuana.

3. IleproaudHOCTH CBOMCTB 31eMeHTOB. CHEKTPHI IMIEIOYHBIX META/UIOB H
CXOIHbIX ¢ HuMH HOHOB. Cnektpel Ag, Cu, Au. Cnexrpsl
IEJIOYHO3EMENBHBIX dJieMeHTOB. CriekTpsl Zn, Cd, Hg.

4. OnpeneneHue BpalllaTeIbHBIX MOCTOSHHBIX M MEXKAaTOMHBIX PAaCCTOSTHUUN
JIBYXaToMHBIX Mosiekyl 1o MK-®ypee cniekTpaM MorjaonieHusl.

5. OnpeneneHue MOJIEKYJISIPHBIX IMOCTOSHHBIX IO JJICKTPOHHBIM CIIEKTpaM
MOTJIOIICHUS MOJIEKYI.

6. Unentuduxanus oprannyeckux coenunenuii no MK-dypone ciekrpam

JlaGoparopHbie padoTnl (_/ 4ac.)

JlaGopaTopHble pabOTHI IO TAHHON TEMATUKE HE TIIAHUPYIOTCS.



I1l. KOHTPOJIb JOCTUXXEHMS LIEJIEH KYPCA
KOHTpOIBHBIE U METOMYECKUE MATEPUAIIBI, @ TAK)KE KPUTEPUU U MOKA3ATENH
HEOOXOMMbIE /IS OLEHKU 3HAHWUW, YMEHUN, HABBIKOB M XapaKTEPU3YIOIUE STaIlbl
dbopMHpoBaHUS ~KOMIETEHIIM B  TIpolilecce OCBOEHHUsT 00pa3oBaTesbHOMN

MPOTrpaMMBblI MpeIcTaBIeHbI B [[punoxennn 2.

IV. YYUEBHO-METOIAMYECKOE OBECIIEYEHUE JUCIUIIJINHBI

OcHoBHas JuTepaTypa:

1. MonekymnsipHasi CIEKTPOCKOIMS: OCHOBBI TEOPUHM U TpaKTHKa: YdeOHoe
nocobue / Ilon pex. npod. @.®@. Jluteuna. - M.: HUL] Uudpa-M, 2013. - 263 c. //
http://znanium.com/catalog.php?bookinfo=352873
2. Inonwsckuit O.B. AtomHas ¢usuka, T.1. BBenenue B aromuyto ¢pusuky. - CII0.:
WznarensctBo " Jlawp", 2010 // http://e.lanbook.com/view/book/442/ 3. ®pui
C.2. Onruueckue CrekTpbl aToMOB: YueOHoe mocooue. - CII6.: U3paTenscTBO "
Jlans", 2010. - 656 c. // http://e.lanbook.com/view/book/625/

JlonoJiHUTeIbHAS JIUTEpPaTypa:

1. Teopus onTHYEeCKHUX CIEKTPOB : ydeOHOe mocobue / A. M. Jleymun ; M-Bo
oOpazoBanus u Hayku Poc. @epeparnuu, denep. areHTCTBO MO 00pa30BaHMIO,
Kazan. roc. yH-r .? Kazawp : MHM3xp-Bo KaszaHcKOoro rocynapCcTBEHHOIO
yHuBepcureta, Y. 1: Knaccnueckue meronsr .7 2007 .7 107 c.

2. Kamanosa /WM. Jlekuuu 1o mOpUKIAAHOW HHPPaKpaCHOM CHEKTPOCKONUU:
yuebHoe mocoome / J[.M. KamamoBa, M.X. CamaxoB. - Kazaub: Kazanckuii
rocyJapcTBeHHbIN yHuBepcutet, 2009. -167 c.

3. MonekymnsipHasi CIEKTPOCKOMHUST OMOJIOTUYECKHX cpex : yuel. mocodue / B. M.
Cunopenko .? M. : Beicu. mik., 2004 .7 190 c.

NuTepHeT-pecypcesnl:

American Institute of Physics (AIP) - http://scitation.aip.org/

Elsevier (Science Direct) - http://www.sciencedirect.com/

Hayunas snektponHas Oubnuoreka - http://www.elibrary.ru

9BbC ZNANIUM.COM - http://znanium.com/

DnekTpoHHO-0MOIMOoTeuHas cucteMa M3matensctra "Jlan" - http://lanbook.com/



http://znanium.com/catalog.php?bookinfo=352873
http://e.lanbook.com/view/book/625/
http://scitation.aip.org/
http://www.sciencedirect.com/
http://www.elibrary.ru/
http://znanium.com/

V. METOIUYECKHUE YKA3AHUA 110 OCBOEHUIO
AU CHUITJIMHBI

e D(ddexTUBHOE N3yUEHHE KypCa MIPEAIOIAraeT PEryIsipHOE MOCEIIEHNE
3aHATHN U CUCTEMAaTU4ECKOE TOBTOPEHNE MaTEpHalla, H3J1aracMoro
IPEroiaBaTesieM Ha JEKIUY;

e AJITOPUTM U3yUYEHUS JAHHOUN TUCUUIUIMHBI COCTOUT B METOJUYECKOM
M3YYEHUHU MaTepHalla Kypca ero peryJiipHOM MOBTOPEHHUHU B YaChI
CaMOCTOSITENIbHOM pabOoThl, a TaK K€ MOCELIEHNUE KOHCYJIbTAallUH C
IIpENoAaBaTeleM;

e PaboTa c yka3zaHHOI IUTEpaTypOil TOJKHA OCYIIECTBISATHCS MPEXKIE BCETO
B PaMKax JIEKIIMOHHOTO Kypca;

e [loaroToBka K 3a4€Ty M IK3aMEHY JOJDKHA IPOXOJUTH PETYIISIPHO B TEUYEHUU

CEMECTPOB OTBEAEHHBIX ISl 3aHATHM.

VI. MNEPEYEHb MH®OPMAIIMOHHBIX TEXHOJIOTHM U
MNPOT'PAMMHOTI'O OGECIIEYEHUA
[Ipu ocymecTBieHnn 00pa30BATEIBLHOTO MPOIECCAa HMCIOJIB3YIOTCS CIpPaBOYHAs

CHCTEM 3JICKTPOHHBIX pecypcoB IBOY www.dvfu.ru

VIl. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYUEHHUE
JUCHUIIJINHBI
Y4eOHo-MeToAMYEeCKas TUTEpaTypa sl JaHHON AUCHUIIIMHBI UMEETCSl B HATMYHUH
B 3JIEKTpOHHO-0MOMMoTeuHor cucteme "ZNANIUM.COM", noctyn K KOTOpoOH
npegoctaBieH crygeHtam. ObC "ZNANIUM.COM" conepXuT Npou3BeACHUS
KPYITHEUIINX POCCUMCKHUX YYEHBIX, PYKOBOAUTEIEH TOCYAAPCTBEHHBIX OPraHOB,
npernojaBaTeNiell  BEAYIIMX BY30B  CTPaHbl, BBICOKOKBAIU(UIIMPOBAHHBIX
CIEIUAINCTOB B Pa3IM4HbIX chepax OuzHeca. DoHa O6MOIMOTEKH CHOPMHUPOBAH C
Y4E€TOM BCEX M3MEHEHHMIl 00pa30BaTElbHBIX CTAHAAPTOB U BKIIOYAET YUECOHUKH,
yuebHsie mocobus, YMK, wmonorpabuu, aBropedeparbl, IUCCEpPTALINH,

OHIUKIOINCANH, ClloBapu H CIIpaBOYHUKMH, 3aKOHOAATCIIbHO-HOPMATHBHBIC


http://www.dvfu.ru/

JIOKYMEHTBI, CIEMaIbHbIE MEPUOANYECKUE W3JaHUs W HW3JIaHUs, BBITYCKaeMbIe
u3gaTenbcTBaMu  By30B. B Hacrosmee Bpemsa OBbC ZNANIUM.COM
COOTBETCTBYET  BCeM  TpeOoBaHMsIM  (eAepadbHbIX  TOCYAapCTBEHHBIX
oOpa3oBaTeNbHBIX CTAHJAPTOB BBHICIIETO TPO(HECCHOHATBHOTO 00pa30BaHUs
(®I'OC BIIO) HOBOro moOKOJEHUS. YUeOHO-METOMWYECKas JUTeparypa s
JAHHOW TUCUIMIUIMHBI UMEETCA B HAJUYUU B JIEKTPOHHO-OUOIMOTEYHON cCUCTEME
M3parenbctBa "JlaHp" , JOCTym K KOTOpOMl mpenocTaBiieH cTyaeHTam. ObC
N3narenscTBa "JlaHp" BKIIOUaeT B ceOs AIEKTPOHHBIE BEPCUM KHUT U3/1aTEIbCTBA
"Jlanp" W Apyrux BeAYLIMX M3JIATEIbCTB YYEOHOW JUTEpaTyphl, a TaKxKe
AIEKTPOHHBIE BEPCUU MMEPUOJNUECKUX U3JAHUN 110 €CTECTBEHHBIM, TEXHUYECKUM U
rymanutapubiM Haykam. OBC WM3narennctBa "Jlawp" obOecneumBaeTr IOCTyn K
HAay4YHOM, y4eOHOW JHTepaType U HAyYHbIM MEPUOJUYECKUM H3JIaHUSIM 10
MaKCHUMAJIbHOMY KOJUYECTBY MNPO(PMIBHBIX HAIMpPaBICHUN ¢ COOJIIOJACHUEM BCEX
aBTOPCKUX U CMEXKHBIX MpaB. YUeOHast ayIUTOpHUS JJi MPOBEICHUS JICKIIMOHHBIX

3aHITUN.



IIpunoxenue 1

MMHHCTEPCTBO OBPA30BAHUS 1 HAYKH POCCUNICKOM ®EJIEPAIIN
denepanabHOE rOCYJapCTBEHHOE ABTOHOMHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIIETO0 00Opa3oBaHUs
«/labHeBOCTOYHBIN (eaepaibHbII YHUBEPCUTET)

(IBOY)

IIKOJIA ECTECTBEHHBIX HAYK

YYEBHO-METOJUYECKOE OBECIHEYEHUE CAMOCTOSATEJBHOM
PABOTBI OBYYAIOLHINXCA

10 TUCIHATUTNHE « ATOMHAs 3IEKTPOHHAS U KOJIeOaTeIThHAS CTTIEKTPOCKOTIHS
Hanpasaenue noaroroBku - 03.03.02 ®uszuka
®opmMa NMOArOTOBKH (04HAaA)

BaaauBocTok
2016



CamocTosiTenbHast paboTa BBIIOIHIETCS MO 3aIaHUIO MPENOJaBaTENs B Ay JUTOPUH
win BHe ayautopuu. OOydaromiemycs HEOOXOJIHMMO: - BBINOJHSATH BCE 3aJlaHUs,
BBIHOCMMBIE TpEMNoJiaBaTejeM sl CaMOCTOSITENBHOTO paboThl; - AaKTHUBHO
paboTtath ¢ y4eOHOHM JIUTEepaTypol; - BRIHOCUTh Ha TEKYUIUE KOHCYJbTAllUU BCE
HESICHBIE BOIIPOCHI; - MOATOTOBKY K 3K3aMEHY MPOBOAUTH IO 3K3aMEHAIIMOHHBIM
TEOPETHUYECKUM BONPOCAM, IPEIAOCTABIECHHBIM JIEKTOPOM; - MPU NOATOTOBKE K
HK3aMEHY BCE HESCHbIE MOMEHTHI HEOO0XOIUMO (PUKCHUPOBATh W BBIHOCUTH Ha

MNpCASK3aMCHAIMOHHYIO KOHCYJIbTAllUIO.

METO/IMYECKUE YKA3AHUS JJISI OBYYAIOLIUXCS MO
OCBOEHMIO JTUCHUNIAHBL.

CtyfeHTy HEOO0XOJUMO HAyYMUThCS YETKO KOHCIEKTUPOBATh H3JIaraeMblii Ha
JIEKIIUU MaTepHual — BBIICIATh TEMbI Pa3IeiioB, MOA3aroJI0BKHU, PUCOBATh Tpaduku
B XOpoIlIeM MaciiTade, Tak Kak 3TO MO3BOJIMT Jydllle TOATOTOBUTHCSA K IK3aMEHY.
N3yuenue kypca Hag0 HAaYyMHATh C NEPBOM K€ HENCIH 3aHATHN, TaK Kak H3-3a
0oJbIIOro o0beMa M3ydaeMblii MaTepuall MpernojaeTcss oYeHb cxkaTo. Marepua,
v3JaraéMblid B Hayajie Kypca, HOCTOSIHHO MCIOJIB3YETCSl B TEUEHUE BCETO Kypca U
MOCIIEYIOIIETO U3YUYEHHS CIIEIUAIbHBIX TUCIUILIVH.

PexoMmenganuu no OCBOCHHIO TUCIUILIIAHBI HA JICKIIMOHHBIX 3aHSATUSX:

- Tepel OYepenHON JIeKIued HEoOXOIUMO MPOCMOTPETh IO KOHCIEKTY H
PEKOMEHIOBAaHHOW y4eOHOM JIuTepaType MaTepuail NpeablayIiei JIeKIInu,

- 0erno O03HAKOMUTHCS C COJEPKAHMEM OYEPETHOM JIEKIUU IO OCHOBHBIM
MCTOYHUKAM JINTEPATYPhl B COOTBETCTBHUH C paboueil IporpaMMon TUCITUTIITUHBL,

- MpU 3aTPYJHEHUSIX HEOOXOJUMO OOpaTUThCA K JIEKTOpY MO Tpaduky ero
KOHCYJIbTAlMM WJIA HAa MPAKTUYECKHUX 3aHATUAX. PEeKOMEHmanuu mo OCBOCHMIO
JUACIUILIIAHBI HA TPAKTUYECKUX 3AHSATUSIX:

- Ha 3aHSTHUS HOCUTh KOHCIIEKT JICKITUI U PEKOMEHI0BaHHBIN COOPHUK 3a]1a4;

- 0 OYEPENHOTO MPAKTHYECKOTO 3aHATHUS IO KOHCIEKTY W PEKOMEHIOBAHHOM
y4eOHOH JuTeparype npopadoTaTh TEOPETUUYECKUN MaTepual, COOTBETCTBYIOIINN

TCMBbI 3aHATHA,



- B HaYaJIe 3aHATHIA 331aTh MPENOo/IaBaTeI0 BOMPOCHI 10 MaTepHUaly, BHI3BABIIEMY
3aTpyJHEHUS B TMOHWUMAHWM M OCBOCHHM TPU PEIICHWH 3a1ad, 3aJaHHBIX IS
CaMOCTOSITENTLHOTO PEIICHUS.

Jis  ycremmHOW cladW dK3aMeHa CTYACHTBI JOJKHBI PEryJsipHO paboTaTh B
COOTBETCTBUM C TpadUKOM OpraHW3alud ayJIUTOPHOW H CaMOCTOSTEIbHOMN
paboOThI:

a) oTpadOTaTh MPOMYIICHHBIE TIO0 YBAXUTECIBHON TpUYUHE PAOOTHI B TEUCHHE
ceMecTpa;

0) BOBpeMs caaBaTh WHAMBUIYaJbHBIC 3aJlaHUS U OTYETHl IO MPOJEIaHHBIM
paboTaM, TOMHHUTH, YTO HEOTPAOOTAHHBIEC TEMBI JICKIIUN U MPAKTUYECKUX 3aHATUM

BBIHOCATCA Ha 5K3aMCH.



IIpunoxenue 2

MMHHUCTEPCTBO OBPA30BAHUS 1 HAYKH POCCHUHCKOI ®EJIEPALIMU
denepanabHOE rOCYJapCTBEHHOE ABTOHOMHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICILIETO TTPO(ECCHOHATEHOTO 00pa30BaHus
«/labHeBOCTOYHBIN (eaepaibHbII YHUBEPCUTET

(ABDY)

IIKOJIA ECTECTBEHHBIX HAYK

®OH/I ONEHOYHbLIX CPEJACTB

M0 TUCITUTUINHE «ATOMHAS JIEKTPOHHAS U KOJIeOaTeNTbHAsI CIICKTPOCKOTIHSD)
Hanpasienue moarorosku - 03.03.02 ®usuka

®opmMa NMOArOTOBKH (0O4HAaA)

BaaauBocTok
2016



MMacnopt ®OC

Koxa u ¢popmyupoBka

dranbl GOPMUPOBAHUS KOMIIETEHIIUN

KOMIEeTeHIIUH
OIIK-3 CIIOCOOHOCTBIO | 3HAET MPUPOAY ATOMHBIX M MOJIEKYJSPHBIX CIEKTPOB;
UCII0JIb30BaTh 6a30BbIe o0nagaTb  TEOPETHMYECKUMH  3HAHUAMH 00
TEOpETUYECKHE 3HAHUS HHEPreTUYECKUX COCTOSHHUAX aTOMOB, MOJIEKYJI
(byHaaMEHTANBHBIX  PAa3JeIoB U Tiepexo/iax MeX1y HUMH;
olmell W  TeopeTHyecKou | Ymeer aHAJIM3UPOBaTh ATOMHBIE CIEKTPhl JIEMEHTOB
bu3uKu JUIS peuieHus IIepnonnueckoir cucremsl .M. MeHnneneesa;
npodecCHOHATBHBIX 3a1a4 OIpeNeNIATh CTPOCHHE U IapaMeTpbl MPOCTBIX
MOJIEKYJI U3 CIEKTPOCKONMYECKHX JAHHBIX.
[1K-4 CHOCOOHOCThIO | Brazeer IPaKTUYECKMMHU HaBbIKAMU B 00JAaCTH aTOMHOM
OHUMATh U u3JaraTh U MOJICKYJSIPHOW CIIEKTPOCKOIHUHU, METOJaMHU
HOJy4aeMyl0 MH(POPMALUIO U pellIeHUs. pacueTHbIX 3aJay, CBSI3aHHBIX C
NpEACTaABIIATD pe3ynbTaThl U3y4YCHHEM  CTPOCHHS  MOJCKYI H  MX
buznyecKkux ucciaer0BaHu ANEKTPOHHBIX, KoJsiebaTenbHbIX "
BpalllaTeJIbHbIX ~ CIIEKTPOB, MHTEpIIpeTanuen
[TK-1 CIIOCOOHOCTBIO 9KCIIEPUMEHTANBHBIX JaHHBIX B ONTHYECKOU
UCIIOJIb30BaTh ATOMHOW M MOJIEKYJIIPHOM CIIEKTPOCKOIINN

CHeIUATH3UPOBAHHbBIC 3HAHUS
B obmactu  (u3WKU U
OCBOCHHUS npOoQHUIBHBIX
(1)I/I3I/I‘I€CKI/IX JUCHUITIINH

No | Konrtponupyemsie OueHouHbIE CpecTBa -
n/m | MOmynu/ pa3aensl / Koppr 1 sTamnst HaUMEHOBAHHUE
TEMBbI TUCITUTUINHBI dbopMupoBaHUS TEKYIIHH IIPOMEXKYTOU
KOMITETEHIINI KOHTPOJIb Has
aTTecTaius
1 Temnr 1-4 OIIK-2, IIK-4 YCTHBIN OIIPOC 3aIImuTa
pedepara
YCTHBIH OIpoC 3aImTa
pedepata
YCTHBIN OIpoC KOHTpPOJbHAs
pabora
2 | Temsr 5-9 [1K-1, T1IK-4 YCTHBIA OIIPOC 3alInuTa
pedepata
YCTHBIH OIpoC 3aImTa
pedepata
YCTHBIH OIpoC KOHTpPOJIbHAs
pabota




IIkana oneHUBaAHUSA YPOBHSA C(POPMHUPOBAHHOCTH KOMIIETECHIIM A

Kon U | JTansl KpUTepuu MOKa3aTen
t¢opmyauposka ¢opmuposa
KOMIICTCHUINH HHUA
KOMIIETCHIIN
)1
Kaxk MIPOBOJUTE | HEOOXOMUMYIO IS HPOBEACHHS (H3WIECKHX
3HaeT ¢busngeckue 9KCIEPUMEHTOB HHPOPMALHIO
(moporoBbIit 9KCTIEpPUMEHTBI, COCTABIATh
YPOBEHB) OTUCaHue MPOBOJUMBIX
TIK-1  cmocoOHOCTBIO HCCle0BaHmi
HCIIOJIb30BATh IIpoBomute  (u3HYECKHE | COCTAaBIATH OIKCAHUE IPOBOJAUMBIX
CIENUATN3NPOBAHHEIC 9KCIIEPUMEHTBI, COCTABIATh | UCCIIEIOBaHUM
3HaHMs B obmactu | YMCCT OIHCaHUe MPOBOJAUMBIX
dusuku s oceoenms | (IPOIBHHYTbINH) HCCIIeI0BaHMI
NpOUIBHBIX
(bu3HIecKIX M =
eToaMu NPOBE/ICHUS | METOJAMH  TIPOBEICHUS  HCCICNOBAaHUN |
JIACTHTLTHE bm3HIecKux QHAIN30M PE3yJIbTaToB
BIIaneer 5KCTIEPMMEHTOB,
(BbICOKNIT) COCTABJIEHHS OTYETOB U
aHAIIN3Y PEe3yNIbTAaTOB.
TEPMHHOJIOTHIO OCHOBHBIE IIpaBWJIa MOATOTOBKH OTYETOB IO
TEXHHYECKHE CPEICTBAa Ul | HAyYHO-HCCIEI0BATEIHCKOH pabore,
3HaeT H3MEpeHHS OCHOBHBIX | TpeOOBaHHMS K HAay4YHBIM NyOJIHMKaUMsIM H
(IOporoBbIit rmapamMeTpoB 00BEKTOB | MpEe3eHTALMAM; CTaHAAPTH oopMiIeHUS padboT
YPOBEHB) HCCIIeIOBAHUS;
MIPAaKTUYECKHE MPUIIOKEHHS
TEeXHUYECKHX CPEJICTB
IIK-4  CrocoGHOCTBIO peuiath 3amaun | GopmyaHpoBaTh UTOTH MPOBOJUMBIX
HOHMMATE M M3JIAraTh MIPUKJIATHOTO U | HCCIENOBaHMH B BHAE OTYETOB M HAyYHBIX
noJy4aeMyio yMeeT TEOPETHYECKOT0 XapakTepa; | MmyOauKaui, BEIpadaThBaTh PEKOMEHIAINH 110
uH(OpMALUIO u | (mpoaBumyTelf) | MOTB30BATHCS TabNMuIamy, | MPaKTHYECKOMY HCIIOJIBb30BAHHIO ITOIYYEHHBIX
Tpe/ICTABISTD METOJUIKAMH, KaTaJloTaMH | PE3yJIbTaToB.
pe3yabTaTh
usnaeckux . OCHOBHBIMH HaBLIKAMH TOJTOTOBKM 0030pOB M OTYETOB 10
HCCIIENOBAHIH MaTeMaTUIECKUMH pe3y/bTartaM — MPOBOJAMMBIX  UCCIIEIOBAHUI,
MeToJaMH 00paboTKH MOATOTOBKH HAy4YHBIX ITyOJIMKAIMIA 1 3asBOK Ha
BIIAJIeeT pe3yIbTaTOB YKCIIEPHIMEHTa | M300peTeHHsI.
(BBICOKHIT) HaBBIKaMHU
CaMOCTOSITETBHOM PabOTHI C
y4eOHOH 1 HaydHOI
JINTEPATYPOH.
OIIK-3 cnocoOHOCTEIO OpUPOAY  ATOMHBIX U | MepeoBON OTEUECTBEHHBIH U 3apyOeHbIN
UCIIOJIb30BaTh 0a30BbBIE MOJICKYJIAPHBIX  CIIEKTPOB; HayI{HbIP'I OIIBIT B Hqu)eCCHOHaHBHOfI Cq)epe
TEOPEeTHYECKHe 3HAHHSA | 3HAeT 06Mafath TEOPETHICCKUMH | jogrennHoCTH.
(hyHIaMEHTaNBHBIX (TIOpoTroBBIi 3HAaHUSMHU 00
pa3nmenoB  obmed ® | ypOBEHb) SHEPreTHIECKIX
TeopeTH4ecKkoil Qu3nku COCTOSTHUSIX aTOMOB,
JUIS perieHus MOJEKYyI H  IIepexoiax
PO eCCHOHATBHBIX MEX]1y HUMH;
3a1a4 QHAIM3UPOBATh  ATOMHBIC | HHTEPIPETHPOBATH aTOMHBIC M MOJIEKYJISIPHBIS
CIIEKTPbI SJIEMEHTOB | CreKTpBI, IPUMEHATH 3HAHWS B aHATMTHYCCKUX
Tlepuonuieckoit  CHCTEMBI | yiengx 1 payuHoil paboTe, SKCIEPUMEHTANBHO
ymeer " AH Mennencesa; [oay4aTb M  aHaJUM3UpOBAThL AaTOMHBIE M
(IpoABUHYTHI) | ONpenensiTh CTPOSHHE U
TTapaMeTpBI mpocteix | MOTEKYTAPHEIE CIIEKTPEI
MOJIEKYT u3
CIEKTPOCKOMHYECKUX
JTAHHBIX.
BanCeT MPAaKTUYECKUMH HaBBIKAMH | MPAKTUYECKUMH HaBBIKAMU B O0JIACTH aTOMHOI
(Bblleomﬁ) B o0mactu aroMHOH H 1 MOJIEKYJISIPHOH CIIEKTPOCKOIIUU

MOJIEKYJIIPHOM
CHEKTPOCKONUY, METOJaMU




pelleHHs. pacueTHBIX 3ajad,
CBA3AaHHBIX C U3y4YCHUEM
CTPOCHUS MOJIEKYT H HX
3JIEKTPOHHBIX,
KOJIe0aTeIbHBIX it
BpalllaTeJIbHBIX  CIIEKTPOB,
HUHTEpIIpeTanueit
9KCIEPUMEHTAILHBIX
JIaHHBIX B  OINTHYECKOM
aTOMHOM M MOJIEKYJIApHOU
CIIEKTPOCKOTIHH

MaTepHaJI AJIsA TIPOBEACHUSA HpOMe)I(yTOqHOﬁ arTrecranmmn

Cﬂaqa MaTcCpuajia Bbl IIPOHCCCC TCKYIICTO KOHTPOJIA H HpOMe}KYTO‘IHOI‘/’I

aTTeCTallMy OCYILECTBISIETCS B BHJy YCTHOI'O OIpOCA, HANMCAHHUA pedepara U

KOHTPOJIbHBIX pa60T 10 MATHOAILHOM CUCTEME.

Bonpocsl kK IpoMeKyTOYHOM ATTeCTAlMU:
Knaccuduxanus ¢us. METOJIOB MO 3a/1auaM U O0BEKTaM.
Knaccuduxkaiuys MeTog0B uccieoBaHuil o (hU3NIECKUM OCHOBaM.
B3aumocBsi3p npUpoAbl NEPEXOJIOB B CHEKTPAIBHBIX METOJIaX C Juara3zoHaMu
AIIEKTPOMArHUTHOT'O U3TyUCHHUS.
[Ipsimas u oOpaTHas 3aauu B (PU3UYECKOM SKCIIEPUMEHTE.
MaremaTudeckoe MOJISTUPOBAHKE MPU PEIICHUN 0OpaTHOM 3a/1auHu.
[IpuMepbl BAMSHUS CHUMMETPUM TP PELICHUHM CIEKTPalIbHBIX 3aJad.
CrnenctBue HMHBApUAHTHOCTA — ONEpaTopa »JHEPTHMM IO OTHOLIEHUIO K
npeoOpa3oBaHUSIM CUMMETPUH.
DneMeHTHI U TPe0Opa3OBaHUS CUMMETPHH MOJIEKYI.
OmnpenesneHue rpyInbl, HEKOTOPbIE CBONCTBA TPYMII.
[IpeobpazoBanus cummerpun HyO kak TodewHass Tpymra CHMMETPHUH, €€

CBOMCTBA.

10.I'pynna cummeTtpun Mosekynsl NH3.

11.TTpeoOpa3oBanus KOOpPJWHAT, SKBUBAJICHTHBIE MPEOOPA30OBAHUSIM CUMMETPUU

rpynisl C2v.

12.ITpeoOpa3oBanus KOOpPJMHAT, SKBUBAJIEHTHbIE MPEOOPA30BAHUSIM CUMMETPUU

rpynibl C3V.



13.IIpexacraBienus rpyii, IPUBOAUMbBIEC U HEMPUBOJAUMBIE MTPEICTABIICHHUS.

14.0OcHOBHBIE CBOMCTBA HEMPUBOIUMBIX MPEACTABICHUM.

15.Knaccudukarus TOYEUHBIX TPYIIT CUMMETPUH, 0003HAUYCHUS HETPUBOIUMBIX
MPEICTABJICHUM.

16.ntepnperanus QorosnekTpoHHbix crnektpoB H20 u CH4 B TepmuHax
CUMMETPU30BaHHBIX MOJIEKYJIIPHBIX OpOUTasei.

17.MudpakpacHplii CIEKTp NOTJOIICHUS MOJeKyl Buaa MX4 u cummerpus
KOJICOaHMIA.

18.OCHOBBI METOI0B ATOMHOM CIIEKTPOCKOIHH.

19.MeTo/1bl ONITUYECKOMN AIEKTPOHHON CIIEKTPOCKOIIHH.

20.PeHTreHoBCKast SMUCCHOHHAS CIIEKTPOCKOMHUS MOJIEKYIL.

21.®0TO2NEKTPOHHAS CIIEKTPOCKOIHUS BAJCHTHBIX W OCTOBHBIX DJIECKTPOHHBIX
YPOBHEM.

22.0OCHOBHBIE METOJIbI CIEKTPOCKOIUH 3JIEKTPOHHBIX COCTOSTHUI TBEPIBIX TET.

23. MeTtoapl CTPYKTYPHOTO aHaJIn3a TBEPABIX TEIl.

24 MeTo/IbI SIEKTPOHHON CIIEKTPOCKOMUHU TTOBEPXHOCTH TBEPABIX TETI.

25.JIndpakIMOHHBIC METOJIBI B MCCIICIOBAHUH TTIOBEPXHOCTH.



