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1. EJIM M1 3AJJAYY JUCHUTLINHBI

Heaun ocBoOeHNS AUCHUNIIMHBI (MOAYJISA):

OBtajieHre OCHOBaMHU M COBPEMEHHBIM COCTOSTHHEM (DM3UKH KOHJIEHCHPOBAHHOTO
coctosinusi (PKC) BemectBa. PKC OypHO pa3zBuBaeTCs B MOCIEIHIE TOABI M aKTyallbHa KaK ¢
(byHIaMEHTAIbHOM, TaK U C IPUKIATHON TOUYEK 3peHHs. ITa 00JaCTh HAYKH OTKPBIBAET IIUPOKUE
BO3MOKHOCTH JUISI TPUMEHEHHS KOMITBIOTEPHBIX METO/I0B, B TOM YHCJIE€ METOJJ0B KOMIIBIOTEPHOTO
MmoenupoBanus. Haubounee pazpadoranubim pazaenom OKC sBnsercs pusnka TBEpIOTro Tema.
®du3znKa )XUIAKOTO COCTOSIHUS, a TAKIKE SIKCIEPUMEHTAIIbHBIE METO/1bl, McnoJib3ytoluecs B OKC,
OCTAIOTCS BHE I0JIA 3peHus. JJaHHBIN CIIELIKYpPC BOCIIOJIHSET B TOW UJIM UHOW CTEIICHU YKa3aHHBIN
pooert.

3agaun:

1. 3HAKOMCTBO CTYJICHTOB C COBPEMEHHBIMH YKCIIEPUMEHTAIBHBIMI METOJIAMH,

BKJIIOYAst PEHTT€HOCTPYKTYPHBINA aHAJIN3 ¥ aTOMHO-CHUJIOBYIO MUKPOCKOIIHIO,

2. KOMILJIEKCHOE U3y4YEeHHE OCHOB (DU3HMKH TBEPIOTO Tella U (PU3UKH KHUJIKOTO

COCTOSIHUSI.

2. MECTO JUCIMIIJIMHBI B CTPYKTYPE OOII
Hukin (pa3nen) OIl: B1.B
TpeGoBanus k npeaABapuTeIbHOI MOATOTOBKE 00y4al01Ierocs:

MaremaTuyeckui aHaiu3

AHanuTHuYecKas reoOMeTpHsl U JMHeHas anreopa
BekTopHbIi 1 TEH30pHBIN aHAIU3

Mexanuka

MonexymnsipHasi pu3uKa

DIIEKTPUYECTBO U MAarHETU3M

Onruka

duznyeckas Kpuctamiorpapus

JAucuuninHbl (MOAYJIHM) M MPAKTHKH, VISl KOTOPbIX OCBOCHUE JAHHOM M CIUIINHbBI
(MoayJisi) He00OX0AMMO KaK MpealecTBYIOLIee:

duzunka KOHACHCUPOBAHHOI'O COCTOSAHUA, 0COOEHHO (1)I/I3I/IK8. TBEPAOTO TCJId, OUCHb TECHO
CBs3aHa C LCJIbIM pAIOM TCXHUYCCKUX HpPIJ'IO)KCHHfI. MoKHO maxe CKa3aThb, YTO Halla
OUBUIN3alUsA ABIACTCS TBCpI[OTCJ'ILHOfI, XOTs B HIEPCIICKTUBE BO3MOKHO U3MCHCHHNEC AKIICHTA B
CTOPOHY (I)I/ISI/IKI/I KHUIKOro COCTOAHHUA U HAHOCUCTEM. COOTBeTCTBeHHO, CTYACHTaM, O6y‘laIOH_[I/IMC$I
110 JaHHOHU CIICOMNaJIbHOCTH, HeO6XOI[I/IMO BJIaACTh OCHOBHBIMH INOHATHUAMU ®KC u 3HaTH
OCHOBHBIC METOJbI U3YUCHUS CTPYKTYPHBIX U NHBIX XaPAKTCPHUCTUK KOHACHCUPOBAHHBIX TCII.

HOCKOJILKy JIaHHBIN npeaAMET N3y4acTCAa Ha 3 KYypcC€, OH OPUCHTHPOBAH HA IICPBOHAYAJIBHOC
3HAKOMCTBO C COBPEMCHHBIMHU 3KCIICPUMCHTAJIbHBIMU METOJaMHA ®KC. COOTBCTCTBCHHO, JaHHBIN
KYpC HEC IMpeAnoaract, 4YTo CTyACHTBI CAMOCTOATCIILHO ITPOBOJAT COOTBETCTBYIOIIINEC
OKCIICPUMCHTAJIbHBIC UCCJICJOBAHUS. 3HAKOMCTBO C SKCIICPUMCHTAJIbHBIMU YCTAHOBKAMUA
OCYHICCTBIIACTCA B OCHOBHOM B BUJIC BKCKprI/Iﬁ B J'Ia60paTOpI/II/I (I)I/ISI/IKO-TCXHI/I‘-ICCKOFO n
XHUMHUYCCKOI'O (I)aKy.TIBTCTOB. B 3alavy NNpakKTHKyMa BXOOUT U3YYCHHUEC OCHOB MCTONOB U 06pa60T1<a
PE3YIBbTATOB CIICKTPOCKOIMMUYCCKUX U UMHBIX S9KCIICPUMCHTOB.

®u3nKa HaHO- U TETEPOCTPYKTYP
TexHomornueckast NpakTUKa

®u3nKa NOJIyIPOBOJHUKOB U JIUAJIEKTPUKOB
®Pu3nKa KpUCTaJUIOB

Adpo- ¥ TUAPOJUHAMUKA



Hayuno-uccnenoBarenbckas pabota

IIpenaumuiomHas mpakTUKa
3. OBBEM JUCHHUIIVINHBI

O01as TPyI0eMKOCTh 33ET
Yacos 110 yueOHOMY IUIaHY 108
B TOM 4YHCJIe:

ayJIMTOPHBIC 3aHATHS 68
CaMOCTOsTEIIbHAs paboTa 20

4. INTAHUPYEMMBIE PE3YJIBTATbBI OBYYEHMUS 110 JUCHUIIJIMHE,
COOTHECEHHBIE C INTAHUPYEMBIMU PE3YJIbTATAMU OCBOEHUA
OBPA3OBATEJIBHOU ITPOI'PAMMBI

[1K-2.1: TIpoBOAUT 3KCIIEpUMEHTATIBHBIC UCCIECIOBAHUS C IPUMEHEHUEM Hay4YHO-
UCCIIEIOBATENECKOr0 000PYI0BaHUs B COOTBETCTBUU C YTBEPKACHHBIMU METOANKAMU

[1K-2.2: Ananusupyet pusnuecKue siBICHHUS U IPOIECCH B 00acT (pru3uku
KOHJICHCUPOBAHHOI'O COCTOSIHUSL U COCTABJISIET OTUET O TEME UCCIIEI0BAaHUS WIH 10 pe3yJibTaTaM
IIPOBEJICHHBIX IKCIIEPUMEHTOB

5. BUJAbI KOHTPOJIA

Bubl KOHTPOJIsI B CEMCCTpaAx:

3a4eThl | 5

6. AA3BIK ITPEIIOJJABAHUA
SI3BIK NIpenoaBaHus: pyCCKU.

7. CTPYKTYPA M COAEP)KAHUE JUCHUTIJIMHBI (MOYJIST)

Kon HanmenoBanue pa3aesios u Bun Cemectp | Hacos | Hcrou- | Ilpumeuan-
3aHAT. TeM 3ansatus | / Kypce HUKH ue

Paszgen 1. 1. Tlomartue o
KOHJICHCHUPOBAaHHOM  COCTOSIHHH

BeEIlEeCTBa, 0COOEHHOCTH
TBEPJIOTO U KUJKOTO COCTOSTHUH.
ArperarHbie COCTOSIHUS
BEIECTBA. Knaccudukanus
KOHJICHCUPOBAHHBIX TEJI 110 TUITY
XUMHYECKOU CBSI3H.

OcCO0EHHOCTHA IBMKEHNUS YaCTHIL
B KpHUCTaUIaXx U JKUIKOCTSIX.
[TonsiTre o OMMKHEM U AallbHEM
nopsiake. PaznenbHast ¢yHKIUS
pacnpezeneHus KaK
KOJIMUECTBEHHAs Mepa OJIMKHETro
HOpsi/IKa B KUAKOCTSIX

11 |1 [Tonstue o|Jlex 5 2 JIT.1JI1.2
KOHJICHCUPOBAHHOM  COCTOSIHUM JI1.3J12.1
BEILECTBA, 0COOCHHOCTH
TBEPJOTO U )KUJIKOTO COCTOSIHUIN

1.2 |1 [Tonstue o|Cp 5 4
KOHJICHCHPOBAaHHOM  COCTOSTHHH
BEIIECTBA, 0COOEHHOCTH

TBEPAOTo U ) KUJIKOTO COCTOSIHUH




Pasnen 2. 2. OCHOBBI
KpHUcTaorpaduu. Ha6op
ornepanuin CUMMETPHU.
IIpumuTHBHBIE SAYCUKHU.
OcHOBHbIE THUTIBI
KpHUCTaIOrpaduIeckux

pELIETOK. [Tonoxenue u
OpUEHTAlUS IJIOCKOCTEN B
KpHUCTaUIaxX. IIpoctslie
KPUCTAIJIMYECKHE  CTPYKTYpPBI.
Peanbuble KPUCTaJUIMYECKUE

CTPYKTYpBIL.

2.1

2. OcHOBBI KpHcTaIorpaduu

Jlex

2.2

2. OcHOBBI KpHcTaiorpaduu

JIa6

2.3

2. OcHOBEHI KpHcTauiorpaduu

Pasnen 3. 3. Tumel cBsseil B
KpHCTasIax. Kpucranibt
MHEepTHBIX ra3oB. Cuibl Ban aep
Baanbca. VoHHBIE KpHCTaUIBI.
Brruncnenus MOCTOSIHHOM
Mapnenynra. OObeMHBIH MOJYIb
YIPYTOCTH. KoBanenTHsie
KPUCTaJUIbI. MeTammyeckue
KpUCTaJUIbl. ATOMHBIE PAJUYCBhI.

3.1

3. Turbl cBsI3€ii B KpHCTALIaX

Jlek

3.2

3. Turbl cBsI3€ii B KpHCTAILIAX

JIa0

3.3

3. Turbl cBsI3eii B KpHCTALIAX

Cp

Paznen 4. 4. ®oHOHBI 1 KONIEOaHUS
peumierku. KBaHTOBBIN XapakTep
kosiebaHuil pemerku. Heynpyroe
paccesiHue ¢doToHOB Ha
aKyCTHYECKUX ¢doHOHaX.
JlokanbHble (OHOHHBIE
KosieOaHus

4.1

4. doHOHBEI W KOJIeOaHUsd
PEIICTKHU.

Jlex

4.2

4. doHOHEI W KOJIeOaHUsd
PEIICTKHU.

JIab

4.3

4. doHOHEI W KOJIeOaHUI
PEIICTKHY.




Pasnen 5. 5. Paccesnue
PEHTI'€HOBCKOTO U3ITY4eHUs,
JJIEKTPOHOB U HEUTPOHOB B
KHUJIKOCTSIX M TBEPHABIX TeJax.
PaccestHue peHTreHOBCKHX JIyden
CBOOOJHBIM  JJIGKTPOHOM |
cBOOOIHBIM aToMOM. PaccesHue
AJIEKTPOHOB CBOOOJIHBIM aTOMOM.
Paccesnue MEJICHHBIX
HEHUTPOHOB Ha CBOOOIHOM sifpe.
ITapamerpsl, omnpeneneHus IO

KPHBbBIM HUHTCHCHUBHOCTH.
Onpenenenue HapHOH
KOPPEJSILIMOHHOM GbyHKIMN.
Onpenenenue byHKUIMi
pacupeneneHus 3JIEKTPOHHOU

IJIOTHOCTU JJISI  MOJIEKYJISIPHBIX
KUJKOCTEH U aMOPPHBIX TEI

5.1

5. PaccesHue peHTIeHOBCKOIO
U3ITy4eHUs, AJEKTPOHOB u
HEUTPOHOB B JKUAKOCTAX U
TBEP/bIX TeJaX.

JIek

5.2

5. PaccesHue peHTIeHOBCKOIO
U3ITy4eHUs, AJEKTPOHOB u
HEUTPOHOB B JKUAKOCTAX U
TBEP/bIX TeJaX.

JIao

5.3

5. PaccesHue peHTIeHOBCKOIO
U3ITy4eHUs, JJEKTPOHOB u
HEUTPOHOB B JKUAKOCTAX U
TBEP/bIX TeJaxX.

Cp

Pasmen 6. 6. MWccnenoBanue
CTPYKTYPHBI KUAKOCTEW. MeTobl
T paKuu PEHTI€HOBCKUX
Ty4ei. OOmme  ypaBHEHHS
T paKIum. Amnmapatypa.
Monoxpomaruzauusg. Cucremsl
JIETEKTUPOBAHUA. AHanus
JTAHHBIX, HEKOTOpbIE
AKCIIEPUMEHTAIbHBIE
pe3yNbTaTHI.

6.1

6. MHccnemoBanue CTPYKTYpBI
JKUJIKOCTEN.

Jlex

6.2

6. MHccnemoBaHue CTPYKTYpBHI
JKUJIKOCTEH.

BIET

6.3

6. MHccnemoBaHue CTPYKTYpHI
JKUJIKOCTEN.

Paznen 7. 7. Meron paccesHus
HelTpoHOB. Teopuss Ban Xoga.
Bpemennbie  KOppensIIMOHHBIE
GyHKIINH. TpanuionHele
skcnepuMeHThl.  HccnenoBanue
CTPYKTYpbI METAJIJIOB.

7.1

7. Meron paccestHUSI HEUTPOHOB

Jlek




7.2 |7.Meroa paccessHust HeMTpoHOB | JIab 5 4

7.3 | 7.Meron paccessHus Heititpono | Cp 5 2

Paznen 8. 8. Dnexrponorpadus
KOHJICHCHPOBAHHOTO  BEIIECTBA.
Merononoruueckue

0COOEHHOCTH 3JIEKTpOHOTpaduu.
Wudopmanus, mnomxydaemas u3

KpHUBOU MHTEHCUBHOCTH.
CrpoeHue KHUIKMX METAJJIOB.
OnexTpoHorpadus
MOBEPXHOCTHBIX CJIOEB.

8.1 |8. Onektponorpadwus | JIex 5 4
KOHJICHCUPOBAHHOT'O BEIIIECTBA.

8.2 |8. DOnexrponorpadus | Jad 5 2
KOHJICHCHPOBAHHOTO BEIIIECTBA.

8.3 |8. Onexrponorpadus | Cp 5 2

KOHACHCHUPOBAHHOI'O BECHICCTBA.

Paznen 9. 9. Hpyrue
IKCIEPUMEHTAJIbHbIE  METOJBI.
N3yuenne  KOHIEHCUPOBAHHBIX
TEJI METOJIOM pAacCesHUs CBETa.
VibpTpa3ByKoOBbIE METO/IBI.
SInepHbIli MarHUTHBIA PE30HAHC.
ONEKTPOHHBIM  MapamMarHUTHBIN

pE30HaHC.
Wn¢pakpacHas CIEKTPOCKOIIHUS.
ONEeKTPOHHBIN MHKPOCKOIL.

ATOMHasi cuIoBasi MUKPOCKOIIHSI.
TyHHEIbHAsT MUKPOCKOIIHS

9.1 |9. [pyrue nskcnepumeHTanbHbIe |JIek ) 4
METOBI.

9.2 |9. [lpyrue skcnepumeHTanbHbIe |JIab 5 2
METObI.

9.3 |9. [pyrue nskcnepumentaibHble|Cp 5 2
METObI.

8. OHEHOYHBIE MATEPHAJIbI JI51 IIPOBEJEHWA TEKYIIEA N
MPOMEXYTOYHOU ATTECTALIUUN

8.1. OneHo4HbIe MaTEepPHAJIbI IJIs1 IPOBEACHUA TEKYIIEH aTTeCTAUI

3amanue:

IToATOTOBUTE M NIPEICTABUTH MPE3EHTALMIO 10 OJTHOMY U3 YKCIIEPUMEHTAIbHBIX METO0B
HCCIEA0BAHUS KOHJAECHCUPOBAHHBIX CUCTEM.

Crnioco0 aTrecranuu: yCTHBIN

Kpurepun onenku:

Bricokuii ypoBens (3 Oanna) - [Ipe3eHTtarus moaroToBieHa Ha BBICOKOM YPOBHE, €€
MIPEACTABJIICHUE TAKKE 3aCIyKUBACT BBICOKON OLICHKH.

Cpennuii ypoBens (2 6amia) - [lpe3eHTanyst moroToBjaeHa Ha BHICOKOM YPOBHE, HO €€
[IPEACTABICHUE HE 3aCIy’KUBACT BICOKOU OLICHKU

Huzkuii yposens (1 6amn) - IMeeTcst psiji 3aMedyaHuii Kak MO caMoil pe3eHTalum, Tak 1 Mo
€€ IPEICTaBICHHUIO.

3aganue:




Hcrnonb3ys cipaBOYHYIO TUTEPATYPy, COCTABUTH TAOIHITy TEIJIOEMKOCTH TIPOCTHIX BEIIECTB
Y CJIeNIaTh MOTUBUPOBAHHOE 3aKIIOUEHUE O CTETICHH BBITOTHEHUS 3akoHa [(romonra u [1tw.

Croco0 arrecTanui: MUCbMEHHBIA

Kpurepuu oneHku:

- 3aj1aHue BBIMIOJHEHO aKKypaTHO, MPpOaHAIM3MPOBaHa CTETNICHb BBITIOJTHUMOCTH 3aKOHA
Hrononra u IItu — 3 Gamna

- 3ajaHue BHIMOJHEHO (OPMAIIbHO, OTCYTCTBYET aHAIN3 BEIOPAHHBIX TAOJUYHBIX TAHHBIX -
2 bamna

- 3ajjaHue BHINOJHEHO ()OPMAIIBHO W HE BIIOJHE aKKypaTHO — 1 6asmn

1. Texymuii KOHTPOJIb YCIIEBAEMOCTH

Bompocs! 11t npoBepky 3HaHUM ITPU OCBOEHUM JUCIUIUIMHBIL:

OCoOEHHOCTH CTPYKTYPHI U IBUKEHHUS aTOMOB B KHJIKOCTSIX.

PagnanbHas GpyHKIMA pacnpeneneHus.

Pa3sHOBUIHOCTH pELIETOYHBIX TEOPHUM KUJKOCTH.

[Ipupona MeXMOIEKYIIPHBIX CUII OTTAIKUBAHUS.

Yem 00bsCHSETCS TEIUIOBOE PaCIIUPEHUE KPUCTAILIIOB?

B yem 3akioyaroTcsi OCHOBHBIE OTIMYHSI KBAHTOBOM TEOPHUH TEIIOEMKOCTH [lebast
0T Teopuu DUHIITENHA?

7. 3axon [romonra u Iltu.

3aauu U1l IPOBEPKHU YMEHUI MPU OCBOEHUU TUCIUILINHBI

3ananue 1. Onpenenenre BpamaTeIbHON OCTOSIHHONW, MOMEHTA MHEPLUU U MEXKbSAEPHOTO
paccTosiHusA AJis JBYXaTOMHBIX MOJIEKYII

1. [To3HaKOMUTBCSI C OCHOBHBIMU MOJIOXKEHUSIMU TEOPUH BpalllaTEIbHBIX CIIEKTPOB HA
OCHOBE MOJIEJIN KECTKOTO pOTaTopa

2. Ha ocHOBe M3y4€HHOI TeOpuHr BBIBECTH pacueTHbIE (POPMYIIbI AJIs OJTyUEHUs
XapaKTePUCTHUUECKUX MOCTOSHHBIX JUIS H3Yy4aeMOI0 BELIECTBA.

3. Mcnonp3ys naHHbIE ONBITA IO U3MEPEHUIO BOJHOBBIX YHCEN /111 KOHKPETHOTO
BEIIECTBA, COCTOSIIETO U3 IBYXaTOMHBIX MOJIEKYJI, PACCUMTATh BPAIIATEIbHYIO TOCTOSHHYIO,
MOMEHT MHEPLUH U MEXbAJIEPHOE PACCTOSHHUSL.

4. CpaBHUTD MOJIyYE€HHBIE PE3YJIbTAThl C UMEIOIIUMHUCS CIIPAaBOYHBIMU JAHHBIMU, €CIIH
TakH CcymecTBYIOT. OOBSICHUTH BO3MOYKHBIE PACX 0K ICHUSI.

3ananue 2. Pacuer 4acTOT NepBbIX JIMHUNA BO BPALIATEIbHOM CIIEKTpE MOJIOIIEHUS
JIByXaTOMHOM MOJIEKYJIbI

1. [To3HaKOMUTHCSI C OCHOBHBIMU MOJIOXKEHUSIMHU TEOPUH BpalllaTeIbHBIX CIIEKTPOB HA
OCHOBE MO/IEJIN KECTKOTO pOTATOPA.

2. Ha ocHOBe M3y4€HHOI TeOprHr BBIBECTH pacueTHbIe (POPMYIIbI AJIs OTyUEHUs
4acTOT CIIEKTPa 0 UMEIOLIUMCS XapaKTEPUCTUYECKUM MOCTOSTHHBIM JJI H3y4aeMOro BEIIECTBA.

3. ITo nmMeromuMcs XapakTepUCTUYECKUM TTOCTOSIHHBIM, JIJIS1 YKa3aHHOTO
IpenojaBaTesieM BEIIeCTBa, PACCUUTATh YAaCTOThI MEPBBIX TPEX JIMHUN BO BpaAIlaTeIbHOM CIIEKTPE
MOTJIOLIEHUS.

4. Tlo nonay4eHHBIM pe3yIbTaTaM CAENATh BHIBOJ O BO3MOXHOCTU IPUMEHEHUS TOW WIIH
MHOU 00JIACTH CHIEKTPOCKOIUY JUIsl U3YYEHUS TaHHON XapaKTepUCTUKU YKa3aHHOTO BEIIECTBA.

3ananue 3. M3yueHue kosebarenbHO-BpAIIATEbHBIX CIIEKTPOB ABYXaTOMHBIX MOJEKYI

1. ITo3HaKOMUTBCS C OCHOBHBIMHU TOJIOKEHUSIMHU TEOPUH KoJeOaTebHO-BpalaTeIbHbIX
CIIEKTPOB HAa OCHOBE MOJIEJIN HE )KECTKOI'0 POTaTOpa.

2. BeiBecTu OCHOBHBIE (hOPMYJIBI AJIS pacueTa TEPMOB K0JIeOaTeIbHO BpaIaTeIbHbIX
COCTOSIHU.

3. Onpenenutp 4acTOTy KOJI€OaHUH U CUIIOBYIO MIOCTOSHHYIO JJIs1  IBYXaTOMHOM
MOJIEKYJIbI, YKa3aHHOTO MPETo/iaBaTeNIeM BEIeCTBa, 0 U3BECTHOM MOCTOSIHHOM LIEHTPOOEKHOTO
PacTsDKEHUS U BpalllaTeIbHON TIOCTOSIHHOM.

4. OueHNTh NOJyYEHHBIA PE3YIIbTAaT.

AN



Bonpocs! 1 npoBepku 3HAHUM TPU OCBOCHUH JUCIIUILTUHBL:

1. Kimaccudukamus TBEpAbIX TEJ MO MPOBOANMOCTH.

2. OCHOBHBI€ MOJIOKEHNS 30HHON TEOPHH.

3. CobcTBeHHAs U PUMECHAsl IPOBOAMMOCTH MOTYIPOBOAHUKOB. [ToHsATHE O ABIPKE.

4. OcHOBHBIE MaTEpHUAJIbI JICKTPOHHON TEXHUKU: TepMaHUN, KPEMHU.

5. IlonynpoBOAHUKOBBIE COCTMHEHUS.

3anauu 1Sl IPOBEPKH YMEHUI MPU OCBOSHUU TUCIUTLINHBI

3ananue 1. Onenka nzotonuyeckoro 3¢dexra B crieKTpax JByXaTOMHBIX MOJIEKYJ

1. O3HaKOMHUTBCS C TEOPHUEH N30TOIMOB U BIMSIHUE W30TOMO3aMEIICHHBIX MOJIEKYJI Ha
BpalllaTeIbHbINA U KOJIeOATEeNbHBIN CIIEKTP.

2. HaiiTu MaccoBoe 4uCIIO U30TOIa, 10 U3BECTHBIM U3 OIBITA MEPBBIM JIMHUSIM
MOTJIOLIEHUS 1711 YKa3aHHOTO MIPENojaBaTesIeM BEIIECTBA.

3. Haiitu cMelieHre rnepBoi JIMHUY B CIIEKTPE YKa3aHHOMU MpernoaaBaTesieM
JIBYXaTOMHOM MOJIEKYJIbI IIPH 3aMEIICHUU OAHOM U3 HUX 00JIee TSHKEIBIM H30TOIIOM.

4. OueHnTh BIUSAHUE U30TOMNYECKOTO 3(h(ekTa Ha MOJIEKYISIPHBIE TOCTOSIHHbIE
Pa3IMYHbIX XUMHUUECKUX COCAUHEHUH.

3ananue 2. OnpenesneHne 3HEpruy JUCCOLUALUU Pa3InYHbIMU IKCIIEPUMEHTATbHBIMU
METOJIaMHU

1. [To3HaKOMUTCS € pa3IMYHBIMU METOJIaMU OLIEHKH SHEPTUU JAUCCOLMALINH 110
AKCIIEPUMEHTAILHBIM JaHHBIM.

2. MeToJ OLIEHKH 110 TpaHulle HAabJI01aeMOro 3J1€KTPOHHO-KOJ1e0aTeIbHO-
BpalllaTeIbHOIO CHEKTpa.

3. Meroa rpaduyeckoi SKCTPATIOJISIIIUH.

4. OLEHUTD PHEPTHIO IUCCOLMALINY IO UMEIOLIUMCS KOJIeOaTEeIbHBIM ITOCTOSIHHBIM IS
YKa3aHHOI'O BEIIECTBA.

5. Haiitu konebarenbHOE KBAHTOBOE YUCIIO, COOTBETCTBYIOIIEE SHEPTUU AUCCOLIMALINU
MOJIEKYJIbl BEIIECTBA, ONPEEIEHHON U3 ONbITa, KOTOPast BeJleT ce0sl Kak rapMOHUYECKUI
OCHMIIISTOP C U3BECTHBIM KOA(PPHUIIMEHTOM )KECTKOCTH.

3ananue 3. M3yuyeHne npuHIMIINATBHON ONTUYECKOM CXEMbI CLIEKTPAJIbHBIX IPUOOPOB

OcHOBHOE Ha3HAYEHHE CIEKTPAIbHBIX TPUOOPOB — Pa3I0KEHUE FIEKTPOMArHUTHOTO
M3JIy4eHUsl Ha €r0 MOHOXpOMaTH4ecKue cocTapisomue. CriekTpanbHble IPUOOPHI UCTIOIB3YIOTCS
JUISL KAaUECTBEHHOT'O aHaJIN3a CIEKTPAJIbHOTO COCTaBa U3JIyYE€HHUS U BbIIECICHUS U3JIy4YEHUS JaHHOU
JUITHBI BOJIHBL.

1. O3HaKOMHUTCS C OCHOBHBIMHU IOJIO)KEHUSMHU TEOPUU JINHEHHOW ONTHUKH.

2. N3yunTh NpUHIMNHAIBEHOE BIUSHUE 3JIEMEHTOB ONTHYECKON CXEMBbI CIIEKTPAIbHbBIX
prOOPOB Ha BJIEKTPOMArHUTHOE U3TYy4€HHE BUJUMOTO TUana3oHa.

3. o ykxazaHuio npenojaBaTelis MOCTPOUTh ONTHUECKYIO CXEMY HEOOXOAUMYIO IS
MOJIyYEHUs ONPEAEIEHHOr0 ONTHYECKOr0 TPeoOpa3oBaHus.

3ananue 4. M3yueHne oCHOBHBIX XapaKTEPUCTUK CIIEKTPAJIbHBIX TPHUOOPOB

1. O3HaKOMHUTCSI C OCHOBHBIMH IOJIO)KEHUSMU BOJIHOBOM TEOpHUHU.

2. N3yunTh XapaKTepUCTHUKU CIEKTPAIBHBIX IPUOOPOB, C TOMOIIbIO KOTOPBIX MX
MO>KHO CpPaBHHBATh U XapakTepu3oBarb. CrieKTpaibHbIN Auana3oH. Jucnepcus. Paspemaromas
cioco6HocTh. CBeToCcHIIA.

3ananue 5. PaccMOTpeHHE OCHOBHBIX THUIIOB CIEKTPAIbHBIX MPUOOPOB, UX XapaKTEPUCTHK
U IPUMEHEHUS

1. I3yunTh OCHOBHBIE CIIOCOOBI IUCIIEPIUPOBAHUS CBETA.

2. CpaBHUTH BO3MOXKHOCTH PA3JIMYHBIX IPUOOPOB: MPU3MEHHBIE CIIEKTPAIbHBIE
npuOopHl, TMPPAKIUOHHBIE CLIEKTPAIbHbIE TPUOOPHI, UHTEP(EPEHIIMOHHBIE CIIEKTPAJIbHBIE
pUOOPBHI.

3. PaccMOTpeTh OCHOBHBIE KJIACCHUECKUE U COBPEMEHHBIE CIIOCOOBI PEruCcTpauu
CIIEKTPOB IOJyYEHHBIX B CIIEKTPAIBHBIX MPHOOpax.

4. OnpeneneHne KaueCTBEHHOIO M KOJIMYECTBEHHOI'O COCTAaBa BEILIECTBA I10 CIIEKTpam
UCITYCKaHUsI, OTJIOIIEHUS, OTPAXKEHUS MITH paccessiHus cBeta. M3ydeHne pa3muuHbIX GU3UKO-
XUMHYECKHUX CBOMCTB U CTPOEHUS BEILECTB.



8.2. OneHo4yHbie MaTepuAaJIbl 1JIsl IPOBEACHUS IPOMEKYTOYHOM aTTecTaluu

8.3. TpeOoBaHUs K PETHHT-KOHTPOJIIO

®opma NpoBeAEHUS FK3aMEHA: CTYIEHThI, OCBOUBILNE IPOrpaMMy Kypca, MOTYT IOJTY4YHUTh
OLIEHKY I10 UTOraM CEMECTPOBOM U MOJYCEMECTPOBON PEUTUHIOBOM aTTECTALIMU COTIACHO
«[Tonoxennro o peirTuHroBoit cucreme ooyuenus TBI'Y» (mporokon Ne8 ot 30 ampens 2020 1.).

Ecnu ycnosus «IIonoxeHuss 0 peUTUHIOBOM CUCTEME ...» HE BBIIIOJHEHBI, TO YK3aMEH
caaercs cornacHo «Iloy1oxkeHno 0 MPOMEKYTOUHOM aTTecTalluu (IK3aMEeHaX U 3a4eTax)
oOyJaromuxcs 1Mo mporpamMmam Boiciiero oopazosanus TBI'Y» (mporokon Nell ot 28 anpens 2021

r.)
9. YYHEBHO-METOJUYECKOE U UH®OPMAIIMOHHOE OBECIIEYEHUE
JTACLMILIMHBI (MOAYJIS)

9.1. PexomeHnayemas Jureparypa

9.1.1. OcHoBHas JUTEpaTypa

HIndgp Jlureparypa

JI1.1 |Cagenbes U. B., Kypc obmieii pusuku. B 3-x 11. Tom 3. KBanToBas ontuka. ATomHas
¢uzuka. dusnka TBepA0ro Tena. PU3nuKa aTOMHOTO sI/Ipa U dJIeMEeHTapHbIX yacTuil, CaHKT-
[etepOypr: Jlans, 2023, ISBN: 978-5-507-47045-7,

URL.: https://e.lanbook.com/book/322505

JI1.2 |Emmdanos I'. U., ®usuka tBepaoro tena, Cankr-Ilerepoypr: Jlans, 2022, ISBN: 978-5-
8114-1001-9,
URL.: https://e.lanbook.com/book/210671

JI1.3 |Maryxun B. JI., Epmakos B. JI., ®usuka tBepnoro tena, Cankr-IlerepOypr: Jlans, 2022,
ISBN: 978-5-8114-0923-5,
URL.: https://e.lanbook.com/book/210305

9.1.2. lonoJiHUTe/IbHAA JIUTEPATYpPA

Indp Jlureparypa

JI2.1 |Bnapgumupos I'. I'., ®usuka noBepxHoctu TBepabIx Ted, Cankr-IlerepOypr: Jlanp, 2022,
ISBN: 978-5-8114-1997-5,
URL.: https://e.lanbook.com/book/212228

9.3.1 Ilepeyenb NPOrpaMMHOI0 odecneyeHus

Kaspersky Endpoint Security 10 ans Windows

Adobe Acrobat Reader

Google Chrome

WinDjView

OpenOffice

Mozilla Firefox

Notepad++

Python

OIO|IN|OO|O|PBD|WIN]|F-

Origin 8.1 Sr2

=
o

Mathcad 15 M010

o
o

MATLAB R2012b




9.3.2 CoBpemeHHbIe IPodecCHOHATBbHBIE 023bI JAHHBIX U HH(POPMAIIMOHHBIE CIIPABOYHbIE
CHCTEMBI

OBbC TBI'Y

9BC «JIa"b»

OBbC «YHuBepcuterckas OMOIHOTEKa OHIIANHY

9BbC «IOPAUT»

a1l Bl W N -

9BC «ZNANIUM.COM»

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJIMHBI (MOY JIS)

AyauT- Oob6opynoBanue

3-228 KOMIUIEKT y4eOHON MeOesu, MepeHOCHON HOYTOYK, MPOEKTOP, IKpaH

11. METOJUYECKUE MATEPHAJIbI VIS OBYYAIOLUXCSI IO OCBOEHUIO
JUCLMUIINHBI

JI71st BBIMOJTHEHUSI TIPAKTHYECKHUX 3a/IaHUI CTY/ICHTAM PEKOMEHIYETCS CAMOCTOSITEIIHHO
BBIOPATh MPUBBIYHYIO TS HUX CPEy pa3paboTKu mporpaMM. B KauecTBe TAKOBBIX CTYIEHTHI
MOT'YT UCIOJIb30BaTh cpeny paspaborku Delphi wiu Builder. B stom ciyuae st Bu3yaiusamnuu
BBIYMCIICHUH CTYJEHTBI MOTYT HCIIOJIB30BaTh MAKET MateMatiudeckoi rpaduku Origin.

C ueNbIo SKOHOMHUH BPEMEHH CTYJCHTaM PEKOMEHIYETCs UCIIOIb30BaTh MATEMATHUCCKUE
naketsl Maple u Mathcad. Biarogapst MOIIHON HHTEIUIEKTYAIBHON Cpejie MPOrPaMMUPOBAHUS
CTYJEHTBI MOT'YT TIOJIHOCTBIO COCPEIOTOUUTHCSI Ha pa3pabOTKe W MCCIICIOBAHUH MATEMATHUCCKUX
MOIeJIei, MUHYS 9Tall HAIIMCAHHUS BCIIOMOTATENIbHBIX TTOIPOrpaMm o 1uddepeHInpoBaHIIO
HHTETPUPOBAHMIO ¥ T.1. J[yist OBICTPOil BRIPAOOTKH HEOOXOJMMBIX HABBIKOB UCIIOIB30BAHUS ITHX
MAaKeTOB K JAHHOMY METOIUYECKOMY KOMIUICKCY MTPUIIATAIOTCs SIEKTPOHHbBIE YICOHUKH 1O
JTaHHBIM TTaKETaM.

[TepeveHs MporpaMMHOTO 0OecTieYeH s, pa3pabOTaHHOTO Ha (DaKyyIbTeTe

[Tporpamma st MOJIEKYJISIPHO-IMHAMHYECKOTO MOJICITUPOBAHHUS TIPOIIECCa
AnUTaKcuanbHOro pocta (paspadorana B.M. CamconoBbim 1 M.IO. ITymkapem);

[Tporpamma st MOJIEK Y ISIPHO-IMHAMHYECKOTO MOJICITHPOBAHHUS 3BOJIOIUH MAJIBIX CHCTEM
(pa3pabotannas B.M. CamconoBsiM 1 B.B. J[poHHUKOBBIM);

IIpoMeXYTOYHAS ATTECTALIUA

Bomnpocs! 1151 mpoBepKy 3HaHWUN TP OCBOCHUH JTUCIIUATIITUHBI:
[loHsiTHE O KOHAEHCUPOBAHHOM COCTOSIHMH BEIIECTBA.
Oco00EHHOCTH TBEPJIOTO U KHIKOTO COCTOSIHUN. ATperaTHbIE COCTOSIHUSI BEIIECTBA.
Knaccudukanus KOHACHCUPOBAHHBIX TEJ MO0 THITY XUMHUYECKOU CBSI3H.
Oco0eHHOCTH IBIKEHHS YaCTHI] B KpUCTAIIaX | KUAKOCTsIX. [ToHATHE O OFKHEM U JaIbHEM
MOpsIAKE.
OcHoBBI KpHUcTaIIIOrpaduu.
Turbl cBsI3€1 B KpUCTAIUIAX.
7. DOHOHBI ¥ KOJICOAHUS PEIICTKH.

3amauu Uit IPOBEPKU YMEHUN MPU OCBOCHUH JTUCHUTLITUHBI

3amauva 1. [Tokazars, uto a1 nmoTeHnuana Jleanapn Jxorca d = 1.12a.

3agaua 2. [loka3ars, 4To U3

U =350(y) = NG |36 - 2G|

CJICOYET, UTO T4 < d wuHalTH BBIPAKCHUC, CBA3BIBAIOIICC nu oa

el A

o o



3anaua 3. C ucnonb3oBanueM BblpakeHuss d = 1.12a ans paBHOBECHOTO PACCTOSIHUS MEXIY
OMKalIIMMU  COCelIMHU, BBIBECTH (DOpMyNy [UIs SHEPrMHM CBSA3M U CPaBHUTH pe3yjlbTaT C
npuOIMKEeHHOH  (hopMyTon

Ee=—U=>N(+£)12 = 6Ne

3amaua 4. Beiectu dhopmyny
Nag? p
U=-"(1-£)

Ro Ro
JUISL TIOJTHOM DHEPIUM KPUCTAIUIMYECKON PEIIETKH, rae Ry — paBHOBECHOE PACCTOSIHUE MEKIY
OnMMKaNIIUMU COCEeIIMHU.
3anaya 5. PaccuuTath o U1t 0ECKOHEUHOM 1IETIOYKH HOHOB IPOTUBOIIOJIOKHOIO 3HAKA.
3anmaua 6. [IpeneOperass BKIaJAOM CHJI OTTAJIKHUBAHUS, OLECHUTh MOJIAPHYIO SHEPTHUIO CBSI3HU B
monokpucramze KCL. PaBHOBecHOE paccTosiHIe MExXIy OmmKkaimumu cocensimu Ry = 3,147 A.
3amaua 7. Ha kybudecknii kprctam nagaer usinydenne ¢ A = 1,54A. Orpaxenne nabmogaercs
npu 6,,;, = 11°. Haiitu nocrostanyto pemetku d.
Bormpocs! i1l NpoBEepKU 3HAHUM IIPU OCBOECHUHU JUCIUIUINHBL:
1. PazgenpHas (yHKIMS pacrnpeneieHHs KaKk KOJIMYECTBEHHAss Mepa OJMKHEro mopsijika B
KUIKOCTSX.
2. PaccesiHHe pEeHTT€HOBCKOTO H3JIyY€HHs, DJIEKTPOHOB M HEUTPOHOB B JKUAKOCTSIX M TBEPHABIX
Temnax.
3. Ompenenenne paguadbHONH (QYHKIUM pacHpenesieHusl U3 SKCIEPHUMEHTOB IO PACCESHUIO
PEHTI€HOBCKHUX JIy4eil.
HccnenoBanue CTpyKTYpHI )KUAKOCTEH. MeToa Mudpakini peHTTEHOBCKHX JTy4ei.
Metop paccestHUsI HEUTPOHOB.
OnexrpoHorpadus KOHISHCHPOBAHHOTO BEIIECTBA.
Jpyrue 3KkcriepuMeHTaIbHbIE METO/BI.
3aauu U1l IPOBEPKU YMEHUI PU OCBOEHUU TUCIUILINHBI
3azmaya 1. V3 BeIpakeHuUs 17151 SHEPTUU JIEHHAPI-HKOHCOBCKOI0 KpUCTalia

U=1500y) = 1N [5,G5)2 - 3,65
MONYyYUTh (HOPMYNY AJI SHEPTUU CBA3M B JOMYIIEHUH, UYTO 73 = d, U YTO YUUTHIBACTCA
B3aMMOJIEHCTBUE TOJIBKO C OJMKAHIIMMH COCENIMHU.
3anaya 2. MloHHBIE KpUCTAJUIBI COCTOSIT U3 TOJIOKUTEIBHO U OTPULATENBHO 3aPSKEHHBIX HOHOB.
DT UOHBI cPepuueck CHUMMETPHYHBI, a CHJIIAMH B3aUMOJIEHCTBUS MEXIY HHUMHU SBISIOTCS
[EHTPATbHBIE KYJOHOBCKHE CHJIBI U HEKHE CHJIBI OTTAIKUBAHUS, MPHPOJIa KOTOPHIX HE MOXKET OBITh
OmHCaHa B paMKax KIacCH4ecKkod Teopuu. 1109TOMy BBIpaKEHHE /IS SHEPIUU B3aUMOJCUCTBUS &;j

MEXIy IBYMs MOHaMHU [ M j B Kpuctajuie coctaBa XY, o0pa3oBaHHOM U3 MOHOB C 3apsjaMu +e U
— e, COJICPKUT J1Ba WICHA U 3alIUChIBAETCS TaK:

No ok

e? b
&ij = + T_ + Ty
L ij
Ie T;j — PaccTOSHUE MEXIy NIBYyMs Pa3HOMMEHHBIMH MOHAMH, a b M m — sMIUpuyeckue
KOHCTAHTHI.
I/IBMepHH rij B €AMHHIAX PpAaCCTOAHUA 1" MEXKIOY OMMKANIITIMHU coceasaMu, T.€. 1mojiaras
rij = aijr,
U CyMMHpPYS TI0 BCEM HOHaM MPH j # I, HaXOAW DHEPTHIO &; -TO MOHA B IOJIE BCEX IPYIHX
HOHOB!:

Trac

A=Zia[j1, B:bZai_j”.

JE) J#Fl
Ecan paCCManI/IBaeMI)II\/II -BIH MOH 3apsKCH OTPULATEIIBHO, TO IJIKOCBI U MUHYCBI B TIOCIICAHEM
BBIPQXKEHUM ISl MOCTOSIHHOM MajenyHra A OTHOCATCS COOTBETCTBEHHO K IMOJIOKUTEIBHBIM U
OTpULATCIIBHBIM HOHAM.
W3 BelpakeHUs I & BBITEKaeT, 4YTO TMoyHas »Heprus pemerkun U(r) kpucramia,
coaepxaiiero 2N MOHOB paBHA



U@ = Ne = NS
r)=Neg =—-N(———

' rorn

€CIIM TIPEAINOJIOKUTh, YTO N JOCTaTOYHO BEJIMKO, YTOOBI MOXHO OBUIO TNpeHeOpeyb
MOBEPXHOCTHBIMU (P PEKTaMHU.

[Tokasate, uro sHeprusi pemietku U(ry), COOTBETCTBYOLIAsS PABHOBECHOMY KpaTdaiiiemy
PaCCTOSIHUIO MEXy HOHAMH T = T, 3aJJaeTCs B BUJIE:

NAe? 1
Uro) = —— (“a)
0




