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1.1 Leab QIMCHUNIMHBI. TO3HAKOMUTH CTYJIEHTOB C OCHOBHBIMH MOHSITHSIMH, METOAAMH U
3aKOHAMU KBAHTOBOW MEXaHUKH, MPOJAEMOHCTPUPOBATH BO3MOKHOCTbh UX IPUMEHEHUS B PEILICHUU
mpo0yieM COBpEMEHHOW XHUMHUHU, CHOPMHPOBATH y CTYJIEHTOB MPEICTaBICHHUS O COBPEMEHHBIX
KBaHTOBO-XMMHUYECKUX pacyeTax.

1.2 MecTo aucuumiunbl B cTpykrype OOIL:

JucuuminuHa «BBeneHne B KBAaHTOBYHO XHMMHIO» OTHOCUTCS K JUCHUUIUIMHAM 4YacTH,
dbopmupyeMoli yuacTHuKamMu oOpa3zoBarelbHbIX oTHOIIeHHH 070ka b1 (b1.B.06).

1.3 ucuMniuHa HampaBJjieHa Ha (oOpMHpOBaHMe CJeAylouuX Kommerenuuii: YK-1;
OIIK-3; TTIK-1:

- YK-1. CnocobeH OCyIIeCTBIATh MOUCK, KPUTUYECKHI aHAIN3 W CUHTE3 HH(MOpMAIHH,
MPUMEHSTh CUCTEMHBIN MMOAXO0/ AJIsl PEHICHUs TOCTAaBICHHBIX 33/1a4, HHAMKATOPAMH JOCTHUXCHUS
KOTOPOU SABJISIETCS:

e VK-1.1. AHanu3upyer 3a7auy, BbIAeNss ee 6a30Bble COCTABIISIONINE,

e VK-1.2. Ompenensier, WHTEPIPETUPYET U DPAHKUPYET HHPOpMaImio, TpeOyemyro yis
pelLIeHKs TOCTABJICHHOM 3a/1a4u;

e VK-1.3. OcymecTBiusieT MOMCK MHPOPMALUHU IJsl PEIICHUs, MMOCTABICHHON 3a1aud IO
Pa3IMYHBIM THUIIaM 3alPOCOB,;

e YK-1.4. Ilpu o6paboTke uMHpOpManuu oTiIH4yaeT (akTbl OT MHEHHUH, MHTEpIIpeTaluii,
OLIEHOK, (hOpPMHUPYET COOCTBEHHBIE MHEHUSI M CYXJICHUS, apTyMEHTHPYET CBOM BBIBOJBI U TOUKY
3pEeHMs], B TOM YHUCIIE C IPUMEHEHHEM (PUI0CO(CKOro MOHITUIHHOIO anmapara.

e YK-1.5. PaccmarpuBaeT W mpejiaraeT BO3MOXKHbIE BapUaHThl PELICHUs IOCTABICHHOMN
3aJ1a4yM, OLIEHUBAs UX JOCTOMHCTBA U HEIOCTATKU

- OIIK-3 CnocobeH mpUMEHSTh pacyeTHO-TEOPETHUECKUE METOJbl JJIi U3yueHHsI CBOMICTB
BELIECTB U MPOIIECCOB C UX YYaCTUEM C UCIOJIB30BAaHUEM COBPEMEHHON BHIYMCIUTEIBHON TEXHUKH,
HHIMKATOPAMH JOCTHKEHHS KOTOPOH SIBIISIETCS:

e OIIK-3.1. [TpuMeHsieT TEOPETUUECKUE U MOIY3IMIIUPUYECKHE MOAETHN MIPU pEeIIeHUH 3a7a4
XUMHYECKON HAMPABICHHOCTH

e OIIK-3.2. Ucnonp3yeT craHmapTHOE MpOrpaMMHOE oOecrieueHrue NP PEIICHUU 3a]ad
XMMHUYECKON HAIPaBICHHOCTH

— IK-1. Buageer cucremodl (yHIaMEHTAIbHBIX XUMHYECKMX TIIOHSATHH U 3aKOHOB,
HHIMKATOPAMH JOCTHKCHHS KOTOPOH SIBIISIETCSA:

e [IK-1.1. IloHumaeTr OCHOBHBIE NPHUHLMIBI, 3aKOHBI, METONOJIOTHIO H3Y4YaeMbIX
XUMHYECKUX TUCIMIUINH, TEOPETHUECKUE OCHOBBI (PU3MUECKHX U (PU3UKO-XHMUYECKUX METOOB
UCCIIEIOBaHUS.

o [1K-1.2. Ucnonb3yer ¢pyHIaMEHTaIbHbIE XMMUYECKHE MTOHATUS B CBOEH PO eCcCHOHATBHON
NeSITeIbHOCTH

o[IK-1.3. HWHrepnperupyeT mOJy4YE€HHbIE pe3yJbTaThl, HCHOJB3Yysl 0a30Bble MOHATUSA
XUMHYECKUX JUCLUUTUINH

1.4 IlepevyeHnn MJIaHNPYeMBbIX Pe3yJIbTATOB 00y4YeHHMS.

B pe3ynbrare nzydeHus AUCUMILIUHBI CTYIEHT JIOJIKEH:

—3HaTh:

* Hayaja KBaHTOBOW TEOpPHUH, IPUMEPHI IPUMEHEHUS KBAHTOBOW MEXAHHKH;

* OCHOBbI MH(GOPMAIIMOHHBIX TEXHOJOTUH, OCHOBHBIE BO3MOXKHOCTH M TMpaBuja paboThl CO
CTaHJAPTHBIMH NPOTPAMMHBIMH MTPOJYKTaMH NPH peIIEHUH MPO(pECCUOHATBHBIX 3a/1a4;

* OCHOBHBIE MCTOYHHMKH HMH(OpMAIMM [JIs peuieHus 3afad npodeccnoHambHOM cdepsl
NESTENbHOCTH;

* CTaHJAapTHbBIE ONEpaINH IO Mpe/IaraéMbIM METOJUKaM

- Ymern:



e aHAJM3HUPOBATh 3a/ady, BBIICNAS €€ 0a30Bble COCTABJISIOLINE: MPUOJIMKEHHBIE METOJbI
pewienus ypaBHeHus Lllpenunrepa, MeTo]] BO3MYILEHUS, BApUAllMOHHBIE METO/bI, OCHOBHBIE ITyTH
BBEJICHUSI NPUOMIDKEHUI: YIPOUICHHE aHAIUTUYECKOro BHJA MPOOHBIX BOJHOBBIX (YHKIH,
NpUOIMKEHHOE BBIYMCICHUE WHTETPAJOB, IMapaMeTpu3alus Ha OCHOBE HKCIEPUMEHTAIbHBIX
JTAHHBIX;

e TIPOBOAMTH MEPBUYHBIN MOUCK WHGOPMAITUH JIJIsl pelICHHs MPOQECCHOHANBHBIX 3a]1a4;

* NPUMEHATH CTaHAAPTHOE NpOorpaMMHOE oOOecledeHHe IPH PEHICHUH XUMHUYECKUX H
MaTepUaIOBETUECKUX 3a/1a4, IIPU MOATOTOBKE HAYUYHbIX ITyOJUKAaLUN U 10KIa/10B;

e BbIOMpaTh METOABl JMATHOCTUKHM BEIIECTB W MAaTepUajoB, IMPOBOJUTH CTAaHIAPTHHIC
U3MEpEHUsl.

—Baanern:

* HaBBIKAMH IpU 00paboTke MH(GOpPMALKMK OTIAMYaTh (aKkThl OT MHEHHUH, MHTEpHpeTaIuii,
OLIEHOK, (hOpMHUPOBaTH COOCTBEHHBIE MHEHHSI U CYXACHHUS, apryMEHTHUPOBATh CBOHM BBIBOJBI U
TOYKY 3pEHHs, B TOM 4YHUCJE C MpUMEHeHHEeM (pumocoCKoro MOHATUHHOrO ammapara. HaBBIKAMH
paboThI ¢ HAYYHBIMH U 00pa30BaTEILHBIMU ITOPTAIAMHU;

e 0a30BbIMUM HAaBBIKAMU TMPUMEHEHHUS CTaHAApTHOTO MPOTPaAMMHOIO oOOecredeHus s
00pabOTKH Pe3yIbTaTOB UCCIIEIOBAHUN U TMPEICTABICHUS HX HAYYHOMY COOOIIECTBY;

* HaBBIKAMM IUIAHUPOBAHUS, aHAJIU3A.

1.5 O0masi TpyA0eMKOCTh JMCHUILINHBI «BBeneHne B KBAHTOBYIO XHMUIO» COCTaBISET 5
3aueTHbIX equHULIbI (nanee — 3E) (180 uacos).

[IporpaMmMa npegycMaTpuBaeT U3y4eHHUE MaTepralla Ha JIEKIMSIX U J1Ja0OpaTOPHBIX 3aHITHUSIX.
[IpenycmoTpena caMmocToATeIbHas paboTa CTYIEHTOB MO TemMaM M pazaenam. [IpoBepka 3HaHUM
OCYIIECTBISAETCS (PPOHTAIBHO, MHIUBUYAJIBHO.

1.6 00beM QM CHUIIMHBI ¥ BU/IbI YUeOHOU AeSITe IbHOCTH

O0beM IMCHMIJIMHBI M BUABI Y4e0HOM e TeJIbHOCTH

Buj yueoHoii padoThl Bcero yacos Cemectp 8
OO11ast TpPyA0EMKOCTh 180 180
AyZIUTOpPHBIE 3aHATHS 86 86
JIekuun 44 44
JlaGopatopHble paboThI 42 42
CamocrosrenbHas pabora 58 58
Bwut uToroBoro KOHTpOJIS 36 36

IK3aMeH

2 YYEBHO-TEMATHUYECKOE IINTIAHUPOBAHHUE

YuyeOHO-TEMAaTHUECKUH ILJIAH

Bcero AyIuTOpHBIE Camocr
Ne HaunmeHnoBanue TeM (pa3aesioB) 4acoB 3aHATUA OsITEJIbH
an
Jlekuun | Jlaboparto | paGora
pHbIE
3aHATHS
1 2 3 4 B 6




BBenenune. OcCHOBELI KBAHTOBOH MEeXaHHKH

Hayana kBanToBoO# Teopuu. ['mmnoresa [lmanka.
KopnyckynsipHO-BOJHOBOM Iyalu3M W3JIy4YCHHUS.
Teopus H. bopa.

KopnyckyasipHo-BoJIHOBOM AyaJu3M
MHKpoOYacTHl. YpaBHeHue ne bpouns. [IpuHnmn
JIOTIOTHUTEIIbHOCTH. [TpuHIMI

HeonpeneneHHoctu. YpasHenue [peaunrepa.

Jlaboparoprnass pabora 1. Hauama KBaHTOBOI
teopud.  KopryckynspHO-BOJHOBOH  Jyaju3M
MHUKPOYACTHII.

IHocTyaaThl KBAHTOBOW MEXaHUKHU
MaremaTtnueckuil annapar KBaHTOBOW MEXAaHHKH.
Onepatopel u  ux cBoiictBa. Oneparopsl
(U3NYECKUX BEJIUYMH.

JlaboparopHas pabota 2. [TocTynaTsl KBAHTOBOM
MEXaHHKH.

YacTHble  CIyYal  pelleHUs] YPABHEHUA
HIpeaunrepa. JIBr>xeHue YaCTULBI B
MOTEHIUATbHOM AIIMKE (omHOMEpHAs u
TpexmepHast 3amaur). OJIHOMEPHBIM >KECTKHI
poratop. Cepuueckuii porarop. ["'apmoHHUeckuii
ocimuiATop. [loHsTHE 0 KBAaHTOBBIX YHCIIAX.

OcCHOBEI KBAHTOBOM XHUMHH

OnHO3/1eKTPOHHBIE aTOMBI. VYpaBHeHue
HIpenunrepa ans aroma Bojopona. Ilepexon k
chepuyeckuM KoopanHaTaMm. HaxokneHwe Buia
(GyHKUIHUH.

JlaGopatopnast pabora 3. UYacTHble ciy4au
peneHus ypaBHEHUS [Ipenunrepa.
OaHO31EKTPOHHBIE ATOMBI.

KonTposbnas padora Ne 1
Tema: [locmynramvl keanmogou xumuu

Cuctema KBaHTOBBIX 4YHCENl. ATOMHasi OpOUTAIb.
I'papuueckoe  m3z00pakeHHEe  paJuaIbHOM U
YIJI0BOM YacTel BOJHOBOM (PyHKIIUU.

Pacuer cpennux BenuuuH. CpenaHee u Hamboee
BEPOSITHOE PACCTOSTHUA AJEKTPOH-sApo. CpemnHmne
3HAUYCHUS IOTCHIUAIPHOM, KHUHETUYCCKOH U
nosHoM dHepruil. Teopema Bupuana. CrnexkTpsl
BOJIOPOJI0NI0A00HBIX aTroMoB. [IpaBuia oTGopa.

MHOro03/1IeKTPOHHBbIE aTOMbI.  ['aMHJIbTOHUAH
MHOTO3JIEKTPOHHOI'O aToMa. Hynesoe
npubmkenne. OTHOAIEKTPOHHOE MPUOIKCHHE.
Bapuarnuonnsrii  Meron. BomHoBble  QyHKIMH
XapTtpu. Metoa caMmOCOIIaCOBAHHOTO OIS

[Tpuauun IMaymu. Onpenenurenu Ciatepa. Meton
Xaptpu-®oka.  AtomHbple  opbutamuCisrtepa.
OddexTuBHOE IIIaBHOE KBAHTOBOE YHCIIO U 3apsi.




Koncranra SKpPaHUPOBAHUSI. [Torenuunan
noHu3auu. CpoiCTBO K AJIEKTPOHY.

KonTpoasnas padora Ne 2
Tema: Booopooonodobnvle u MHO2021eKMPOHHbIE
amomol

KBaHnTOBBIE YHMCIa MHOTOARJIEKTPOHHBIX AaTOMOB.
CnuH-opOUTaNIBHOE  B3aUMOJEHCTBUE.  TepMBI.
CnexTpbl. ATOMBI B MATHUTHOM U 3JIEKTPUUECKOM
MOJISIX.

JlaGopatopnas pabora 4. Pacuer cpemHux
BEJIMYMH. MHOr03J1EKTPOHHBIE aTOMBI. KBaHTOBBIE
YKCJia MHOTO3JIEKTPOHHBIX aTOMOB.

Teopusi XUuMHYECKOH CBSA3HM

VYpaBHeHue lpenunrepa  mis MOJIEKYII.
[Ipubnuxenne bopua-Onnenreiimepa. Meroa
BaJICHTHBIX CBsi3ed. Pacder MoseKyisl BOLOpoJa.
YTO4YHEHHUE pacyYETOB.

JlaGopaTopHass pabora 5. Teopus XUMHYECKOH
CBsI3U. MeTo1 MOJIEKYJISIPHBIX OPOUTAJICH.

Meton  MoziekysspHbIX — opOurtaneil.  OOmue
nonoxxenus. Ilpubmmxenune JIKAO. VYpaBHenus
Pytaana. BpiOop 0a3ucHBIX aTOMHBIX (DYHKIIMHA.
DNEeKTPOHHAsE KOPPESILIMSL.

Pacuer Mosekynsl Bopopoaa mo wmerony MO
JIKAO. Bexosoe ypaBHEHUE, BEKOBOM
onpenenurens. BonHoBas (yHKUMS W 3HEprus
OCHOBHOTO COCTOSIHHSI MOJIEKYJIBI BOJIOPOJIA.

MosnekysipHble opburtanu TOMOSIJIEPHBIX
JIByXaTOMHbIX Mouiekyid. Knaccudpukanus MO.
OneKTpoHHbIe KOHpUrypauun monekyn. CBoiicTBa
OCHOBHOT'O COCTOSIHUSI MOJICKYJL.

JlabopaTopnast pabora 6. Pacuer wmoeKybI
Bogopoaa no merogy MO JIKAO. MonekynsipHbie
OopOHUTAIIM TOMOSIIEPHBIX JIBYXaTOMHBIX MOJIEKYJL.

['ereposinepHble ABYXaTOMHBIE U MHOTOATOMHBIE
MOJIEKYJIBI.

Pacuernbie MeTOoAbI KBAHTOBOM XUMHUH

OOmass XapakTEepHUCTHKAa HEIMIHPUUYECKUX U
MOJY3MIMPUYECKUX METOJO0B pacyeTa.

Meton MOJEKYJSIpHBIX — opOuTaneid  XFIOKKeJs
(MOX). OCHOBHBIE MTOJOKEHHUS.

JlaGopatopnass  pabora 7. TereposimepHbie
JBYXaTOMHbIE W  MHOTOATOMHBIE  MOJIEKYJIBI.
MeTton MOJEKYJSIpHBIX — opOuTanmeld  XIOKKels
(MOX).

Pacuer ko3¢ ¢unMeHTOB NpU aTOMHBIX OpOUTANISIX
B Metosie MOX. Onedunsl. IlonueHsl.

JlaboparopHas padora 8. Pacder xoadduiueHToB
MIPU aTOMHBIX opOuTANIIX B MeToae MOX.




Pacder a5eKTpOHHON MIIOTHOCTH, 3apsia, MOpsIKa 2 2
CBSI3U, MHJIEKCA CBOOOIHOM BaJICHTHOCTH.
AnHyJeHbl. DHepreTuyeckue guarpammoel MO. 2 2
OHepreTuyeckue KpUTEpUH apOMaTUYHOCTH.
JlaGopaTopHass pabGorta 9. Pacuer smeKTpoHHOI 8 4 4
IUIOTHOCTH, 3apsiia, NOpsAKa CBA3M, HHJIEKCA
CBOOOJHON  BAJIEHTHOCTU. AJIbTEpHAHTHBIC
HEaJIbTEPHAHTHbIE YIJIEBOJAOPOIBI.
[Tpumenenne merona XIOKKENsI IPU KOPPENALUU 2 2
(bu3HYECKUX CBOMCTB COMPSIKEHHBIX CUCTEM.
Jlaboparopuas pabora 10. [Ipumenenue merona 6 4 2
XIOKKeNsl MpU Koppersinuu (U3NYECKUX CBOWMCTB
COMPSIKEHHBIX CUCTEM.
Pacuer peaKnOHHON CIIOCOOHOCTH 2 2
AIEKTPOHHBIX CHCTEM. DnekTpodunsHoe,
HYKJIeO(pHIIbHOE, paIuKAThHOE 3aMEIICHHUE.
Jlaboparopuass pabora 11. Pacuer peakmuoHHOI 4 2 2
CIOCOOHOCTH 77-3JIEKTPOHHBIX CHCTEM.
KountpoJsbHnas padora Ne 3 2 2
Tema: Pacuemwl 6 pamxax memooda MO
OK3amMeH 36
UTOrO 180 44 42 58
HNuTepakTHBHOE 00yUYeHHe MO TUCHHUILINHE
Bun Popma KoJu-Bo
Ne HaumenoBanue Tem (pa3zaesioB) HHTEPAKTHBHOI'0
3aHATHA 4acoB
3aHATHA
1. MaremaTnueckuil anmnapar KBaHTOBOM JIK Jlekuus-nuckyccust 2
MexaHuku. OnepaTopsl U UX CBOICTBA.
Omnepatopbl pU3HMUECKUX BEIUYHH.
2. JlabopatopHas pabota 4. Pacuer cpegHuX JIb Pa360p KOHKpETHBIX 4
BEJIMYUH. MHOr03/1eKTpOHHbIE aTOMBI. CUTyalui
KBaHTOBbIE YNCIIa MHOTORJIEKTPOHHBIX aTOMOB.
3. JlaGoparopHas pabota 5. Teopus XUMHUYECKOH JIb Paz00p KOHKpETHBIX 4
CBs3U. METOJT MOJIEKYJIIPHBIX OpOHTAJICH. CUTYyalHil
4. Metoa MonekyIsIpHBIX opOouTaneit. Oomue JIK Jlexknus- 2
nonioxkenusd. [Tpubmkenue JIKAO. YpaBuenus KOHCYJIbTalUs
Pytaana. Bo16op 6a3uCHBIX aTOMHBIX (DYHKIIUH.
DIEeKTpOHHAsE KOPPEISALHSL.
S. JlabopaTopHas pabotra 6. Pacuer MmoieKysbl JIb Pabota B manbIx 4
Bojgopoga mo  wmerony MO  JIKAO. rpymnmax
MomnekynsipHble  OpOWTamM  TOMOSIEPHBIX
JIByXaTOMHBIX MOJICKYI.
6 JlabopatopHnas pabora 7. TereposmepHbie JIb Pabota B manbIx 4
JIByXaTOMHBIE W MHOTOaTOMHBIE MOJIEKYJIBI. rpymnmnax
Mertox MONEKYJISpHBIX opOuTaneidr XIOKKes
(MOX).
7. JlabGopaTopHas pabora 8. Pacuer JIb Pabota B MabIx 4




KOA(DPUIIMEHTOB TMPU aTOMHBIX OpPOHWTAIAX B rpyIimax
metose MOX.

8. AHHYJIEHBL. DHepreTudyeckue auarpammol MO. JIK Jlexnus- 2
DHEpreTUYeCKue KpUTEPUU apOMaTUYHOCTH. KOHCYJIbTaIlUsl

9. [Ipumenenne metona XrOKKes Mpu JIK Jleknus- 2
KOppessuu PU3nIeCcKX CBOMCTB KOHCYJIbTaIUs
COIPSIKEHHBIX CUCTEM.
UTOro 28

3 COAEP KAHUE TEM (PA3JIEJIOB)
| BBEJJEHAE. OCHOBbI KBAHTOBOM MEXAHUKH

BBenenue. OCHOBBI KBaHTOBOM MEXAHMKM W KBAaHTOBOM XuMuu. KBaHTOBas Teopusl Kak
OCHOBA TCOPETHUYECKOTO (PyHIaMEHTa COBPEMEHHON XUMHYECKON HAYKH.

Hauana xeanmosoii meopuu. OCHOBHbBIE JTallbl Pa3BUTHS KBAHTOBOW Teopuu. Makpomup.
Onucanve B paMKax KIACCUUECKOM MEXaHMKM M D3JeKTpoJUHaMHKU. BoiHoBas Teopus
JIEKTPOMArHUTHOrO u3iaydeHus. M3mydyenue aOcomoTHO dyepHoro Ttena. I'mmoreza Ilnanka.
VYpaBuenue, nocrosHHas [Inanka, ee GU3NIECKUN CMBICIT.

Kopnyckynapro-eonnosoii oyanuzm mukpoyacmuy. IKCIEPUMEHTAIIbHBIE MOATBEPKICHUS
KOPITYCKYJISIPHBIX CBOMCTB M3iydeHus: porodrpdext u apdext Komnrona. [lomeiTka npuMeHeHus
TMIIOTE3bl KBAHTOBAHUS JUIs CO3/1aHus Teopuu crpoeHus aromoB (H. bop).

['mnoresa npe bpoins o JIBONCTBEHHOW TMPUPOJE MaTEpPUH. DKCIEPUMEHTAIbHBIC
JI0Ka3aTeJIbCTBA BOJIHOBBIX CBOMCTB 3JIEKTPOHA U IPYrMX MUKpoudacTul. Bonnsl ae bpoiiis.

[Mpuammn  HeompeneneHHocTH [ei3eHOepra kak (QyHIAaMEHTAIBHBI 3aKOH TPUPOJIBL
IIpumepsl  pelicTBUA  NpuUHLUINA  HeomnpeneleHHOCTH. (OCHOBHBIE  CIEACTBHS — IIPUHIIMIIA
HeonpezaeneHHocTu. [Ipunnun gononuutensHocty ( H. bop). Ero posb B Teopun no3nanus.

Ilocmynamul keanmoeou mexanuxu. MaTeMaTUUYEeCKUH anmapaT KBAHTOBOM  MEXAaHHKH.
Omneparopsl. Hekortopsie cBoiicTBa omeparopoB. CrojkeHue, YMHOXXEHHE OIEepaTopoB,
BO3BeZieHHE B creneHb. KommyTaTop, anTukoMMyTaTop. CoOCTBEHHbIE (YHKIMU U COOCTBEHHBIE
3HAYEHUS ONEepPaTopoB. DPMUTOBBI ONIEPATOPHI.

[IpyHIMO COOTBETCTBUS M OHEpPaTOpbl (PU3MUYECKMX BETUYMH: KOOPAMHAT, HMITYJIbCOB,
MOMEHTOB HMITYJIbCOB, KMHETHMYECKON M MOTEHLMAIbHOW SHEpPruu U UX cBoilcTBa. OmnepaTtop
Jlannaca. Oneparop I'amunbroHa. [Ipumepsl COOCTBEHHBIX (YHKLNH pa3IMyHBIX OMEPaTOPOB.

OcHOBHBIE MOCTYJIaThl KBAHTOBOI MEXaHUKHU.

OOwiee ypaBHEHHE BOJHOBOIO JBM)KEHUS M ero nmpuMeHeHue LlpenuHrepom amst onucanus
JBWKEHUS] MUKpouyacTULl. DYHKIIMU COCTOSHUS (BOJHOBBIE (PYHKIIUN).

CranuonapHoe ypasHeHnue Illpenunrepa. BonHoBas (QyHKIUS Kak pelIeHUE YpaBHEHHS
Hlpenunrepa. Murepnperanuss BoiHOBOM ¢yHKuMH, mnpeanoxeHHas M. bopaom. CoiicTBa
BOJIHOBON (QYHKIUHU. OJNEKTpOHHas IUIOTHOCTh. ['paHMuHas u y3noBas NOBEpXHOCTH. Poib
ypaBHeHus llpenuHrepa B KBaHTOBOM MEXaHUKE.

BeposiTHOCTH pe3ynbTaToB U3MEpEeHHs PU3NUECKUX BEIMUNH, CPEAHHE 3HAUYSHUS.

Yacmuvie cnyuau pewenus ypasuenus Lllpeouneepa (TOYHO peliaeMble 3a1a4un)

[Ipocreiimume npumepsl MPUMEHEHHS KBaHTOBOW MexaHMKU. CBOOOJHOE NBHKEHHE YaCTHLL.
[TorennmaneHblil 6apbep U 3pdexT TyHHenupoBaHus. KBaHToBas uHTepdepeHuus. JBuxeHue
YacTULIBI B MOTEHIMAJIBHOM sIIMKe (OAHOMEpHass M TpexmepHas 3anauu). ['apMoHMuUeckuii
ocrusTop. OnHoMmepHbI kecTkuit potarop. Cdepudeckuid portarop. [loHsTHE O KBaHTOBBIX
YUCJIAX U BBIPOXKIAECHHOM COCTOSIHMHM. 3aKOHOMEPHOCTH W BBIBOJIbI, CIECIYIOIIUE U3 I1OTYyYaeMBbIX
peLIeHui.

[TpuOnkeHHbIe METO/IbI B KBAHTOBOM MEXAaHMKE: BapUallMOHHBIH METOJ U TEOpHs
BO3MYILIEHUM.




Il OCHOBBI KBAHTOBOM XUMHUH

OonoanekmponHvle amombl

VpaBuenue Illpenunrepa pns aroma Bojopoja. [‘aMuiIbTOHMAH B NPHOIMIKEHUU
HenoABMKHOTO sinpa. [lepexoxn k chepuyecknm KoopauHaTaMm. Pasienenne BoiHOBON (QyHKIIMK HA
palualbHy0 U YIVIOBYIO cocTapistomue. Haxoxxnaenune Buaa QyHKUMH paguaabHOM M yIJIOBOM
COCTaBJISIOLIHX.

Cucmema xeanmoguvix uucen. Ilonarue atomHolopOutanu. ['paduueckoe uzoOpaxkeHue
panuaNbHOM M YIJIOBBIX YacTel BOJNHOBOM ()YHKIMH aroma Bojopoxaa. Paauanbuble QyHKIMH U
panuanbHble QYHKIMU pacIpeeseHHsl aToMa BOJOPO/Ia.

YactHble ciydau peuieHus ypasHenus llpenunrepa. J[BuskeHne yacTHUIbl B TOTEHLIUAILHOM
sSImuKe (OAHOMEpHas M TpexmepHas 3amaun). OmHoMepHBIM xkecTkuid portarop. Cdepuueckuit
potarop. I'apmonnyeckuit ocunmiATop. IloHaTHE O KBAHTOBBIX YHMCIIAX.

I'maBHOE KBAaHTOBOE YMCIIO M JHEPrus aromMa BOAOPOZAA. YTJIOBOM MOMEHT M MarHUTHBIN
opOuTanbHBIE MOMEHT aroma. OpOWTaTbHOE W MAarHUTHOE KBAHTOBBIC YHCHA. Y3JI0Bas
NOBEPXHOCTh. CBsA3b YMCIa Y3JI0BBIX IOBEPXHOCTEH ¢ OPOUTAIBHBIM KBAHTOBBIM YHCIIOM.

VY4yer nBwxeHuUs sjapa aToMa BoJIOpoAa. PazneneHue IBHKEHUH sAApa M 3JIEKTPOHA.
IIpuBenennas macca. M3oronuueckuii 3¢ pexr.

Pacuem cpeonux eenuuun. Cpennee n HanOoJiee BEPOSTHOE PACCTOSHUE 3JIEKTPOHA OT spa.
CpenHee paccTOsIHUE AIPO-IIIEKTPOH.

CpenHue 3HaYeHUs] NOTEHUUAIbHOM, KHHETUUECKON U MOJIHOM 3Hepruil. Teopema Bupuana.
CpenHsist CKOpOCTb IBUKECHHUS JJIEKTPOHA.

[lepexompl 3JEKTpOHA MMOJ BIMSHUEM 3JEKTPOMAarHUTHOTO W3MydeHwus. llpaBuma orGopa.
BiusHue BHEHNIHETO TOJSA: CHATUE BBIPOXKIEHUS W PACLICIUICHHE CHEKTPaIbHBIX JIMHUU B
MarHMTHOM M 3JIEKTPUYECKOM IOJISIX.

CoOCTBEHHBIII MOMEHT KOJMYECTBa JABMXKEHHs 3JeKTpoHa. CIMHOBOE KBaHTOBOE YHCIIO.
MaruautHoe CIIMHOBOE  KBAaHTOBOE  YMHCIIO. CucreMpl  TOXIECTBEHHBIX  YacCTHII.
AHTHCHUMMETPUYHOCTb BOJTHOBOHM (DYHKIIUH JUIS CUCTEMBI JJIEKTPOHOB.

MHnozoanexkmpornnvie amomvi. | aMUIIBTOHHAH MHOT'O3JIEKTPOHHOTO aTOMA.

VYpasuenue lllpeaunrepa 1uisi MHOTO3JIEKTPOHHBIX aTOMOB.

HeBo3moxxHOCTE TOYHOro pemenuss ypaBHeHus [llpenuHrepa uisi MHOTO3JIEKTPOHHOMN
cucrembl. HyneBoe mnpubmmwkenne. OHOIIEKTpoHHOE mnpuOIKeHre. OJHOAIEKTPOHHBIE
BOJIHOBbIE (PyHKIIMM XapTpu. MeTosa caMoCOrylacOBaHHOIO MOJIS.

[Tpubnuxennsle Metoabl pemeHuss ypaBHeHus Ilpenunrepa. Meton BO3MyILEHHS.
Bapuanuonssie Merosbl. OCHOBHBIE ITyTH BBEIEHUS MPUOIMKEHUMN: YIIPOILIEHNE aHATUTHUYECKOTO
BUJIa POOHBIX BOJHOBBIX (DYHKIMH, MPUOIMIKEHHOE BBIUMCIEHUE WHTETPAJoB, MMapaMeTpu3anus
Ha OCHOBE 3KCIEPUMEHTAIbHbBIX JaHHBIX.

Ipunyun Ilaynu. Onpenenurenn Ciatepa. YcoBeplIEeHCTBOBaHHE MeTona XapTpu Pokom.
[IpubnuxeHHple aHaMUTUYECKHWE (DYHKIMM aTOMHBIXOpOuTaneld. ATomHble opOutanuCriarepa.
D¢ dexkTuBHBIE TIIABHOE KBAaHTOBOE 4Mcio M 3apsan. Koncranra skpanupoBanus. [loteniman
noHuzauu. CpoACTBO K AJIEKTPOHY.

@akTopbl, BIUAIOIIME HAa HSHEPrHI0 AaTOMHBIX OpOUTATed MHOTOAJIEKTPOHHBIX ATOMOB.
DHepreTuyeckrue ypOBHU MHOTOAJIEKTPOHHBIX aTOMOB. [IpMHIMI MOCTpOEHHSI NEPUOAMYECKOM
cucteMmsl dniemenToB .. Menneneena.

Keanmosvie uucna mmuocoanekmponnvix amomos. CHuUH-OpOUTAIBLHOE B3aUMOJICHCTBUE.
Tepmbl aToMoB. CHEKTpbl MHOTO3JEKTpOHHOTO aroma. [IpaBuna orGopa. MHOTr031E€KTPOHHBIN
aTOM B MarHUTHOM M 3JIEKTPUUECKOM MOJIAX.

111 TEOPUA XUMHUYECKOM CBSI3U

Ypasnenue  lllpeouncepa  onsn  monexyn.  llpubmmkenume  bopua-OnmenreiiMepa

(ammabaruueckoe npubnmxkenue). [loreHnnanpHas KpUBas.



Pacuer  monekynbsl  Bomopoma [eiitiepom u  Jlonmonom.  CummeTrpuyHas U
AHTHUCHMMETPUYHAS BOJIHOBBIC (YHKIUH. METOJ BAJICHTHBIX CBsI3€d. YTOUHEHHBIC pPAaCYCTHI
MOJIEKYJIbl BOJOpPOAA IO METOAY BAJICHTHBIX CBS3eU.CHHITIETHOE U TPUILIETHOE COCTOSHHE
MOJIEKYJIbl BOJIOPOAA.

JIoCTOMHCTBA U HEAOCTATKU METO/a BAJICHTHBIX CBSI3EH.

Memoo  monexkynsapuvix  opoumanei Xwxkens (MOX). OcCHOBHBIE  TIOJIOKECHUS
Merona. [IpubnmkeHune MMHEHHOW KoMOMHamMKM aTtoMHbIXopOWTanel. [IpaBuia cocTaBieHUS
JTUHEHHBIX KOMOUWHAIIMIA AaTOMHBIX OpOUTANICH.

Pacuer xoadpurmentor npu aromubix opourtainsax B meroae MOX. Onedunsl. [TonueHsr.

VYpaaenust Pyraana. YpaBuHeHust Pyraana st oTKpheITBIX 000si0uek. BeiOop 0a3ucHBIX
aTOMHBIX (YHKUUN. DNeKTpoHHasi Koppensuus. Metoa KOH(DUTypallmOHHOTO B3aUMOJCHCTBHSL.
MeTtoa MHOTOKOH(UTYPAITMOHHOTO B3aUMOJICHCTBHSA. MeTo1 TeOpUr BO3MYIICHUH.

Pacuem monexynvt 600opooa no memody MO JIKAO. KynoHoBckuii, 0OMEHHBI
UHTErpaibl, UHTErpajbl NepeKpbiBaHUs. BekoBoe ypaBHEHHME U BEKOBOW  ONpEAEIUTEINb.
MonekynsipHble OpOUTaI U SHEpreTudeckre ypoBHU. OCHOBHOE U BO30YXKJICHHBIE COCTOSIHHSL.
MonekyJsipHbIE TEPMBI.

Monexynapnvie opoumanu 2oMosA0EPHbIX 08YXAMOMHBIX monexyn. Knaccubukarus
MOJIEKYJISIPHBIX OpOuTaneil mo cummeTpuu. G- U n-OpOutanu. CBS3BIBAIOLINE, PA3PHIXJISIONINE,
HECBS3BIBAIONINE OPOUTATIH. DHEPTreTUYECKHIE JUarpaMMbl MOJICKYJIAPHBIXOpPOUTATICH.

T'emeposidepuvie 08yxamomHvle U MHO20AMOMHbBIE MOTEKY L.

Teopema I'enpmana-@elinmana. Teopema BupHana M NOPHUPOAA XUMHYECKOW CBS3H.
DnexTpocTaTHueckas Teopema.

MounekynsipHble  OpOMTaTM MHOTOATOMHBIX MOJeKyJ. JIuHeilHble, yriaoBble, IUIOCKHE,
NUpaMHuIaibHbIEe U TETPAdIPUUECKHUE MOJICKYIIbI.

IV PACYETHBIE METO/IbI KBAHTOBOM XUMWHN

Obwas xapakmepucmuxa HeASMIUPULECKUx Memooos pacyema. IlomysMIupudecKie METO b
pacuera MOJIeKYJI.

Memoo monexynapuvix opoumaneti Xiwoxkensi. OCHOBHBIE TOJOXEHUS M JIOMYIIEHUS.
[IpumeHeHne K MOJIEKYJIaM C CONPSKEHHBIMU CBA3SIMHU.

Pacuem koagpdhuyuenmos npu amommnvix opoumansax 6 memooe MOX. Onegunvi. [lonuensi.

Pacuem snexkmponnou nromumocmu, 3apsaoa, nNopaoka  CéA3U, UHOeKcad C8000O0HOU
8AIEHMHOCHIU.

Annynenvi. Dnepeemuyeckue ouazpammsvi MO. DHEPreTUUECKUE KPUTEPUH apOMATHUYHOCTH.
Pacyer u3nyeckux CBOWCTB COMPSHKEHHBIX COCTUHEHUH (MOTEHIMANbl HOHU3AIWU U CPOJICTBO K
ANEKTPOHY, 3JEKTPOHHBIE CIEKTPhl MOIIOMmEeHNs). WHAEKChl peaklMOHHOW CIOCOOHOCTH T-
COTIPSIKEHHBIX MOJIEKYJ. AHHYJICHBI U TTOJIMEHBI.

DONeKTpoHHasi IUIOTHOCThb, 3apsAlbl Ha aToOMax, IMOPSJOK CBS3U, MHIEKC CBOOOJHOMN
BaJICHTHOCTH, MOJICKYJISIPHBIE TUAarPaMMBI.

AJnbTepHaHTHBIE U  HeaJbTepHAHTHBIE  yrieBogopoasl. CBoiicTBa  aNbTEPHAHTHBIX
YTJIEBOJIOPO/IOB.

DHEPreTHYecKue KPUTEPUU ApOMATHYHOCTH. XIOKKEJIEeBCKas H J[proapoBckasi 3HEPruu
pe3oHaHca.

Ilpumenenue memooa Xiokkens npu KoOppensyuu @QuaUyecKux Cce0UCME CONPIHCEHHBIX
cucmem. IloTeHIIMAIBI MOHU3AMK U CPOJCTBO K JIEKTPOHY. DJIEKTPOHHBIE CIEKTPBI TOIJIOIMICHHUS.

Pacuem TlpubnvxeHue W30JUPOBAHHOM M pPEArHPYIOMICH MOJIEKYJBbI. DIEKTpoPHIbHOE,
HYyKJIeOpUIIbHOE, paluKaIbHOE 3aMElICHHUE.

CIIMCOK JIMTEPATYPbI

1. BapanoBckuii, B.J. KBanToBasi MexaHuWka ¥ KBAaHTOBas XUMUA: y4yeOHOe mocoOue s

ctyn. By30B / B.W. bapanosckuii. — M.: Axagemus, 2008. — 382 c. (14 7k3.)
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2. apytuna, O.K. 3agaun u ynpaxHeHUs MO OCHOBAM KBaHTOBOW MEXAHUKH M KBAaHTOBOH
xumun: yaeoHoe nmocobue / O.K. Hlapytuna. — bnarosemenck: u3n-so BI'TIY, 2010. — 203 c. (30
9K3.)

4 METOAUYECKHUE PEKOMEHJIAIIUU (YKA3ZAHUA) JJIA CTYAEHTOB I1O
U3YUYEHWIO YUYEBHOMW JUCHHUIIJIAHBI

[Iporpamma mnpu3BaHa IOMOYb CTyAeHTaM, oOydaromumcsi 1o HampasiaeHuio 04.03.01
«XuMHsI», B OpraHU3alUU CaMOCTOSTEIILHON padOThl IO OCBOCHHIO JMCIUILIMHBI «BBeneHue B
KBAaHTOBYIO XUMUIO».

Hucuunnuna «BBegeHue B KBaHTOBYIO XMMHIO» U3ydaeTcs B 8 cemectpe Ha 4 kypce. Ona
npejcTaBisieT co0oil HayalnbHOE BBEACHHE B OCHOBHOM pa3lesnl COBPEMEHHOW TeopeTH4ecKOon
XUMUHU, 0€3 3HaHHUSA KOTOpPOro padoTaTh B XMMHUU HEBO3MOXKHO, KaK HEBO3MOXXHO B HACTOSIIEE
BpeMs paboTaTh B ECTECTBEHHBIX HayKax 0€3 3HAHUS MAaTEMAaTHKHU.

Llenbto mepBoro pasjena JUCHUIUIMHBI «BBeleHHe B KBAaHTOBYIO XUMHIO» SBIISETCS
MOCIIEI0BATEIbHOE M3JIOKEHHE HEPENATUBUCTCKONM KBAaHTOBOM TEOPUU HA OCHOBE HEOOIBIIOrO
guciia TmocTyjaaToB. [Ipu 3TOM OTOOpaH MUHUMAIBHBI OO0BEM CBEICHHA, HEOOXOAMMBIN ISt
MPaBUJIBHOTO TOHMMAHHUS COBPEMEHHOM KBAaHTOBOM XMMHUHU. OTOT pasjesl JAUCLUILUIUHBI
IIpeIoaraeT 3HaHUE CTYJIEHTaMH KJIACCUYECKOW MEXAaHHUKHU U KJIACCHYECKON 3JIEKTPOJMHAMUKU.
KBanToBas MexaHuKka omnepupyeT JeTalbHON HH(OpMalMel O CTPOCHUU BEIIECTBA, YTO MO3BOJISAET
ell OOBSICHUTH M TPEJICKa3aTb MHOTHME CBOWCTBA XMMHYECKHUX COCIMHEHHU, B TOM YHCIIEC TaKHeE,
KOTOpBIE HEIMOABIACTHBI KIIACCHUYECKON TEOPHH, HAIPUMEP CBOMCTBA BO30YKIECHHBIX COCTOSTHHIA.

Llenbto BTOpOro pasnena JUCHUIUIMHBL SBISETCS H3JI0KEHHUE OCHOB KBAaHTOBOW XMMHMH —
paszena TEOPEeTUYECKONM XUMHH, B KOTOPOM CTPOCHHME U CBOMCTBA XMMHUYECKUX COCAUHEHUN, UX
B3aUMOJICVICTBHUSL M TMPEBPALLCHUS PACCMATPUBAIOTCS HA OCHOBE IMPEICTABICHUNA KBAaHTOBOW
MEXaHUKH U HKCIIEPUMEHTAJIbHO YCTAHOBJIEHHBIX 3aKOHOMEPHOCTEH, B TOM YHUCJE ONMUCHIBAEMBIX
KJIACCUUECKOU TeOopUel XUMHUYECKOTO cTpoeHusa. OaHo W3 Hanbosee BaXKHBIX €€ HaIlpaBiICHUN —
M3YUYEHUE DJIEMEHTAPHBIX AKTOB XUMHUYECKHMX MPEBPALICHUM, BBIACISEMBIX B IOCJIEIHHE TOJbI
OTIIETbHO KaK XHWMHUYecKas JuHamMuKka. «BBelneHHe B KBAHTOBYIO XHMHIO» HCIOJIB3YET
MaTeMaTUYeCKUi amnmapar U METOAbl KBAaHTOBOM MEXaHMKHM AJIS ONUCAaHUA U pacuera CBOWCTB
XUMUYECKUX COCJAMHEHHI, HAuMHas C aTOMOB M TPOCTEHIIMX MOJEKYyld M KOHYas TaKUMH
BBICOKOMOJIEKYJISIPHBIMU COCTUHEHUSIMU, KaK, O€IKH, M KOHJACHCHUPOBAHHBIMH CpeJlaMH, B KOTOPBIX
y’K€ HEBO3MO)KHO paccMaTpUBaTh OT/AEIbHbIE HU3KOMOJIEKYJISIPHbIE ()ParMEHTHI.

JlanHast yueOHasi AUCHUIIIMHA UMEET CIIeAYIOIINe 3aJauu:

e l3yueHre OCHOBHBIX MTOCTYJIATOB U MaTEMATUYECKOIO allrapaTa KBAHTOBOU MEXaHUKH;

¢ l3yueHue mpuOIMKEHHBIX METOJIOB PEIICHUS KBAHTOBO-MEXaHUYECKHX 33]1aY;

e l3yueHre OCHOBHBIX MOJIOKEHUN KBAHTOBOW XUMUU;

e (OCBOEHHE HEIMIMPUYECKUX U MOIYIMIUPUUYECKUX METOJIOB HM3YUYEHUS AIEKTPOHHOTO
CTPOEHHS aTOMOB U MOJIEKYJI, KAUeCTBEHHOUW TEOpUHN PEAKIIMOHHOM CITOCOOHOCTH.

B pesynbrare uzydenust iucuMiuinHbl «KBaHTOBasi MEXaHUKA U KBAHTOBASI XUMUS» CTYIEHThI
JIOJIKHBIL:

3HaTh:

- OCHOBHBIE TTOCTYJIaThl KBAHTOBOW MEXaHUKH;

- Crioco0bl ONUCaHNs COCTOSIHUN MUKPOCHCTEM;

- CniocoOsb! onucanusi GU3NYECKUX BETNYHH;

- CBoiicTBa cOOCTBEHHBIX (DYHKIIUH OmepaTopoB (GU3NUECKUX BEIUYUH;

- SIBHBIN BUJT OTIEPATOPOB OCHOBHBIX (PH3NYECKUX BEITUYHH;

- OU3MYECKYI0 HHTEPIIPETALUN COOTHOIIIEHU HEONPEIEIIEHHOCTEH U BOJIHOBBIX (DYHKITUH;

- OCHOBHBIE TTOJIOKEHUS KBAHTOBON XHMUH.

YMeTs:

- IlpuMeHATHh COOTHOLIEHNS HEONIPEAEICHHOCTEN AJIs ITOIYYEHUs OLEHOK ITPH
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pEIICHNN 33124,

- ITucars oneparop I'amunpToHA U1 1H000H MUKPOCHCTEMBI;

- Ilucars ypaBaenue lllpénunrepa g aTOMOB U MOJIEKYJI,

- IIpuMeHATh B MPOCTHIX CIyYasiX MPUOIMKEHHBIE METO/IbI PEILICHHS
ypaBHeHul llIpéaunrepa;

- Pematp ogHOMEpHBIE 321241 HA OTHICKAaHNE COOCTBEHHBIX (DYHKIUN U

COOCTBEHHBIX 3HaUCHMUIA;

BbITh 03HAKOMIIEHHBIMU:

- C npuOinXEeHHbBIMH METOJaMH NOCTPOEHUS! YPaBHEHHUM JBM)KEHUS CIOXHBIX aTOMHBIX U
MOJIEKYJISIPHBIX CUCTEM;

- MetonaMu HaxXO0X/A€HUS KOOPJUHATHBIX U CIIMHOBBIX BOJIHOBBIX (DYHKIIHIA;

- MeronaMu oCTpOEHMsI MATPUYHBIX 3JIEMEHTOB OIIEPAaTOPAa MOMEHTA KOJIMYECTBA JBUKCHHUS
U €r0 IPOCKIINIA;

- Hesmnupuueckumu 1 noaysMIUpUUIECKMMHA METOIaMU U3y4EHUS

JIEKTPOHHOT'O CTPOEHUS aTOMOB M MOJIEKYJI;

- Metogamu annabaTu4eckoro U CaMOCOTJIACOBAHHOTO MTPHOIIMKEHHUS.

Jlexuuu OXBaTBIBAIOT BCE TEMbI, BHIHOCHUMBIE HA dK3aMEH, U CO3Jal0T OCHOBY Ul U3y4YEHUS
TEOPETHYECKOT0 MaTepuasa. Marepuan JIeKIMH ¥ IMPOYMTAHHOE B yUEOHHKAx 3aKperuisercss Ha
1a00paTOpHBIX paboTax, MPU HAMMCAHUU TECTOB, KOHTPOJBbHBIX U NMPOBEPOUYHBIX PabOT U aHAIIU3E
omnOok. KaXnplii CTYIeHT HOJDKEH A0O0bIBaTh YacTh 3HAHWKA CaMOCTOSTENBHO: TOAOUPATH
IIpUMEpPHI U3 yUeOHUKOB, TOCOOUI 1 MOHOTrpaduil A1 NOATBEPIKICHHS T€X MM UHBIX MOJIOKEHHH,
BBIBOJIUTh MAaTEMAaTUYECKNE YPABHEHUS, pElIaTh 3a/1a4H.

[IoMMMO TEKCTOBOIO MAaTepHalIOB COIEPKUTCS PsAJ BCIOMOIATEIbHBIX MAaTEpUAIIOB B BUJE
CXEM, PUCYHKOB, TaOJyull, AMAarpaMM. ODTU MaTe€pUallbl, JEMOHCTPUpPYEMbIE Ha JIEKLHUAX, MOPOI
TPYAHO TIOJIHOCTBIO M KayeCTBEHHO 3amucaTh B KOHCIEKT. Bocmosibp3oBaBmIUCH yueOHO-
METOJINYECKUM KOMIUIEKCOM, MOXHO JOTOJHHUTH KOHCIIEKTbI, a Ha JIEKIIMM COCPEIOTOUYMTHCS Ha
o0CyX/1aeMOM MaTepHaie.

Paboueii mporpammoii gucHUIIMHBl «BBeneHHME B KBAaHTOBYIO XHMHIO» IPEAyCMOTpEHa
caMmocTosiTeNbHas paboTa cTy/1IeHTOB B o0beMe 58 yacoB. CamocrosTenbHas paboTa MPOBOAUTCS ¢
Le/IbI0 YIUIyOJIEHUS 3HaHUH MO0 AUCLUUITIIMHE U IPelyCMaTPUBAET:

- YTEHHME CTYJEHTaMH pEKOMEHJOBAHHOM JUTEPAaTypbl U YCBOEHHE TEOPETUYECKOTO
MaTepuasa JUCIUILUIMHBI;

- pelleHne 3a1ay;

- IOATOTOBKY K JJaOOPAaTOPHBIM 3aHATHIM;

- paboty ¢ IHTEepHeT - HCTOYHHKAMU;

- IOATOTOBKY K BBIIIOJHEHHUIO TECTOBBIX 3aJJaHUI U cljaue IK3aMeHa.

Marepuan, 3aKOHCHEKTHPOBAHHBIA Ha JEKIUSAX, HEOOXOJUMO JOMOJHATH CBEIEHUSAMH U3
JUTEPaTypHBIX MUCTOUYHUKOB, MPEACTABICHHBIX B paboueil mporpaMMe NUCHUIUIMHBI «BBeneHue B
KBaHTOBYIO XUMHIO». [ yCIIEIIHOrO0 YCBOEHUS Ka)KIOrO0 M3 BOIPOCOB JAJIS CaMOCTOSTENBHOIO
M3Yy4eHMs], IPUBEICHHBIX B TaOuIle, clelyeT CHayajla Mpo4YuTaTh PEKOMEHJOBAHHYIO JIUTEPATYpPy
U TIpY HEOOXOIMMOCTH COCTABUTh KPATKUN KOHCIIEKT OCHOBHBIX MOJIOXKEHUH, TEPMUHOB, CBEJICHUH,
TpeOyIOUINX 3alIOMUHAHMS U SBISIOLIUXCS OCHOBOIOJATAIOMIMMU B ’TOMBOIIPOCE U ISl OCBOCHHUS
MOCJIEAYIOIUX Pa3JIesIoB Kypca.

Pexomengaumuu mo padore ¢ TUTEPATYPO:

[Tpy m3yueHUH IUCHMIUIMHBI 0CO00O€ BHHUMAHHUE CliefyeT OOpaTUTh Ha PEKOMEHAyeMble
MpOrpaMMoil y4eOHUKH U yueOHbIE TOCOOMS, METOAMUYECKHE Pa3pabOTKH J1JabOpaTOPHBIX 3aHATHI, a
TaK)Ke€ Ha CIIPaBOYHYIO JINTEPATYPY, IPUBOAUMYIO B CIIUCKAX JINTEPATYPHI.

Y4eOHO-MeTOANYeCKOE 00ecTieYeHHe CAMOCTOSITEeIbHOIH PadoThI CTY/ICHTOB 10
AMCIHUILIHHE
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HaumenoBanmue
pa3aeJia (TeMbl)
JMCIMILTHHBI

®opMbI/BUABI CAMOCTOATEIBLHOM
padoThbI

KoaudecTBO
9acoB, B
COOTBETCTBHUH C
Y4eOHo-
TeMAaTHYEeCKHM
IJIAHOM

Bsenenne. OcHOBBI
KBaHTOBOU

MCXaHUKHU

N3yueHne 0CHOBHOM JINTEpATypPhI
N3yuenue JIOIIOJTHUTEILHOU
JUTEPaATyPhI

Odopmierue 1abopaTopHO pabOTHI
[ToaroroBka otueTa 1Mo 1a060PaTOPHOI
pabote

[ToaroroBka Kk KOHTPOJILHOM paboTe
[ToaroTroBka K 9K3aMeHY

12

OCHOBBI KBaHTOBOU

XUMHUHU

N3yueHne 0CHOBHOM JINTEpATypPhI
Nzyuenue JOTOTHUTEITLHON
JUTEPATYPHI

Odopmnenne nabopatopHoit paboThI
[MonroroBka or4era 1mo aabopaTOPHOI
pabote

[ToaroroBka Kk KOHTPOJIBHOM paboTe
[TonroToBKa K SK3aMeHy

14

Teopus XUMHU4ECKON
CBS3U.

N3yueHne 0CHOBHOM JIMTEpaTypPhI
N3yuenne JOTIOJTHUTEIbHOU
JUTEPaTyphI

Odopmiienne nabopaTopHoil paboThI
[ToaroroBka oryera 1o gabopaTopHOi
pabote

[ToaroroBka K OTBETaM IO TECTY
[ToaroroBka Kk KOHTPOIBHOU paboTe
[ToaroroBka K 3K3aMeHy

Pacuetrnnie MeTONBI
KBAaHTOBOM XMMHUH.

N3yueHne 0CHOBHOM JINTEpaTyphl
N3yuenue JOTIOJIHUTEIbHON
JUTEpaTyphl

Odopmienne mabopaTopHOil pabOTHI
[ToaroroBka otueTa Mo 1a060paTOPHOI
pabote

[ToaroroBka k OTBETaM MO TECTY

[ToaroroBka K KOHTPOIBHOM paboTe
IToaroroBka K 3K3aMeHy

18

UTOoro

58

5 TPAKTUKYM IO JIMCHUIIJIMHE

Inan 1aGopaTopHBIX 3aHATHIH

Ne
n/

Tema 3ausaTus

Tema n1a6opaTopHoii pa6oThI

Bcero
JacoB

13




| | Benenue. OCHOBBI kBanToBOM | Hauaina KBaHTOBOU TEOPHHU. 4
MEXaHUKH KopnyckysipHO-BOJIHOBOH  yaJIU3M
MUKPOUYACTHII.
ITocTynaTel KBAHTOBOM MEXAHHUKH. 4
Il | OcHOBBI KBAaHTOBOI XUMUU YacTHble Cilyyau pelleHUs ypaBHEHUS 4
[Ipenunrepa. OHOPIEKTPOHHBIE
aTOMBI.
Pacuer CpeIHuX BEJIMYHH. 4
MHOro31€KTpOHHBIE aTOMBI.
KBanrtoBbie qucna
MHOT'03JIEKTPOHHBIX aTOMOB.
11 | Teopuss XUMHUYECKOH CBS3H Teopust XuMHUECKOW CBsI3HM. MeTon 4
MOJIEKYJISIPHBIX opOuTaseil.
Pacyer Mmonekynbl Bojopoja IO 4
Merony MO JIKAO. MonekynspHbie
opbutanu TOMOSIEPHBIX
JIBYXaTOMHBIX MOJIEKYJI.
IV | PacueTHble MeTO bl KBAaHTOBOM XUMuu | ['eTeposiiepHble  ByXaTOMHBIE U 4
MHOTOaTOMHBIE MOJIEKYJbl. MeTtoz
MOJICKYJISIPHBIX OpOHTaneil XIOKKems
(MOX).
Pacuer ko3 pHUIMEHTOB TP ATOMHBIX 4
opbutansax B metosne MOX.
Pacdyer  271€KTPOHHON  IUIOTHOCTH, 4
3apsna, TOpsKa CBsSI3M, UWHAEKcCA
CBOOOHOM BaJICHTHOCTH.
AJbTepHAHTHBIE M HealbTEpPHAHTHBIE
YIJIEBOJIOPOABI.
IIpumenenne merona XIOKKens IpU 4
KOppesiuy  (PU3UYECKUX  CBOMCTB
COMPSKEHHBIX CHUCTEM.
Pacuer peakimoHHOHN CIOCOOHOCTH 7- 2
IEKTPOHHBIX CUCTEM.
UTOro 42
JIaGopaTopHbIii NPAKTHKYM
Ne Tembl Jlurepartypa Bun 3ansaTui
1 | Jlabopatopuas pabora 1. Hauana | [1]c. 4. JlaboparopHas
KBaHTOBON Teopuu. KopnyckynspHo- pabota
BOJIHOBOI! JTyaJli3M MUKpPOYACTHII.
2 | Jlaboparopnass pabora 2. Ilocrynarsr | [1] c. 30. JlaGopatopHas
KBAaHTOBOW MEXaHHKH. paborta
3 | Jlaboparopuass pabora 3. UYacrtusie | [1] c. 32. JlaGopatopHas
ciIy4au pelieHus ypaBHEHHUS paborta
[IIpenunrepa. OnHOAJIEKTPOHHBIE
aTOMBI.
4 | JJaboparopuass pabora 4. Pacuer | [1] c. 32. JlaboparopHas
CpPEIHUX BEJIMYMH. MHOIO2JIEKTpOHHbBIE pabota
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aTOMBI. KBaHnTOBEBIE qucjia
MHOT'O3JICKTPOHHBIX aTOMOB.

5 | JJaboparopuas pabora 5. Teopus |[1] c. 64. JlaGopaTopHas
XUMHUYECKON CBSI3H. Meton paborta
MOJICKYJISIPHBIX OpOUTAJICH.

6 | JlJabopatopuas pabora 6. Pacuer | [1] c. 88. JlaGopaTopHas
MOJIEKYJIBl BOoAOpoaa mo meroay MO pabora

JIKAO. MonekynsapHble  opOUTaIN
TOMOSIJIEPHBIX IBYXaTOMHBIX MOJICKYJI.

7 | JJaboparopuas pabora 7.1 [1] c.92. JlaGopaTopHas
['ereposiiepHbie JIByXaTOMHbBIE " pabora

MHOTOaTOMHBIE  MOJIEKYJIbl.  MeTon
MOJICKYJSIPHBIX ~ opOuTaneld  XFIOKKels

(MOX).

8 | Jlaboparopuast pabora 8. Pacuer | [1] c. 100. JlaboparopHas
ko3 purmeHToB npu ATOMHBIX pabora
opoutansix B metojge MOX.

9 | Jlaboparopuas pabora 9. Pacuer | [1] c. 128. JlaGopaTopHas
DIIEKTPOHHOM  IUJIOTHOCTH,  3apsna, pabora
nopsijika CBSI3U, HWHJAEKCa CBOOOIHOM
BAJICHTHOCTH. ATNbTepHAHTHBIC u
HEAJIbTCPHAHTHBIC YTIICBOJIOPOIBI.

10 | JIaGoparopuas pabora 10. IIpumenenue | [1] c. 120. JlaGopaTopHas
MeTona XIOKKeIsT TpU  KOPPEISLIuU pabora
(bU3MYECKUX  CBOMCTB  COMPSKEHHBIX
CHCTEM.

11 | Jlaboparopnass pabora 11. Pacuer | [1] c. 154. JlaGopatopHas
PEaKIMOHHOM CIIOCOOHOCTH - paborta

SJICKTPOHHBLIX CHUCTCM.

[1]. HMapytuna, O.K. 3amaun m ympakHEHUS 1O OCHOBAaM KBAHTOBOM MEXAHMKU M KBAaHTOBOU
xumun: yueobnoe nocodue / O.K. lllapytuna. — biarosemenck: u3a-so bI'TTY, 2010. — 203 c.
JIABOPATOPHAS PABOTA Ne 1 (4 yaca)

HAYAJIA KBAHTOBO TEOPHU. KOPITY CKYJIIPHO-BOJIHOBOM Y AJIN3M
MUKPOYACTHUL]
Bonpocs! k 1a0opaTopoMy 3aHATHIO:
1. BBeneHue B KBAaHTOBYIO TEOPHIO. DIEKTPOMATHUTHOE H3JIyYEHUE
2. W3nydeHue abCOMIOTHO YEPHOTO Tea
3. Teopusa bopa
4. MarpuuHas Mexanuka [ 'eiizenOepra
5. T'unote3a ne bpoitsis u BonHOBasg Mexanuka llIpeaunrepa
JIABOPATOPHA PABOTA Ne 2 (4 yaca)
[IOCTVJIATEI KBAHTOBOM MEXAHUKU
Bonpocs! k 1a0opaTopoMy 3aHATHIO:

. OCHOBHBIE IOHATUS U TIOCTYJaThl KBAHTOBON MEXaHUKHU
. IIpocreiire oqHOMEPHBIE 3aJa4l
. MareMarnueckuii annapat KBaHTOBOM MEXaHUKHU
. Matpu4HoOe IpeACcTaBICHUE ONIEpaTOPOB
. OnHOMEpHOE IBUXKEHHE. 3aa4a O TAPMOHUYECKOM OCHHIIIATOPE
. lleHTpanbpHOE 1OJIE U MOMEHT KOJIMYECTBA MICKTPUYECTBA

AN DN B~ W N —
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7.
8.
9.

JIBrOKeHHE YaCTHIIHI B IICHTPAJTBLHOM T10JIC
Teopus MOMEHTa KOJUYECTBA DJIEKTPUUECTBA
AToM BoJIOpOA

10. BHeniHee 351eKTpOMarHuTHOE 110J1e
11. Coun

1.
2.
3.
4.
5.
6.

1.
2.

JIABOPATOPHAS PABOTA Ne 3 (4 yaca)
YACTHBIE CJIVUAU PEIIEHMA YPABHEHUA IHPEJIUHI'EPA.
OHOSJIEKTPOHHBIE ATOMBI.
Bomnpocsl k j1adopaTopomMy 3aHATHIO:
VYpasuenue lllpenunrepa
Tounble pemenuss ypaBHeHus Illpenunrepa
[Tpubnuxennsie pemeHus ypaBHenus Lllpenunrepa
Teopus rpynn
DNEKTPOHHBIE COCTOSIHUSI aTOMOB
BonHoBoe ypaBHEHHE 7151 MHOTOAJIEKTPOHHBIX aTOMOB
JIABOPATOPHAS PABOTA Ne 4 (4 yaca)
PACYET CPEJHUX BEJIMYNH. MHOI"OSJIEKTPOHHBIE ATOMbBI. KBAHTOBBIE
UNCJIIA MHOI'OQJIEKTPOHHBLIX ATOMOB
Bonpocsl k 1a60paTopoMy 3aHATHIO:
OpOurtanu aTtoma remaus
Boz0yxnennoe cocrosiuue aroma He. [lonnas BonHoBas GhyHKIus,

BKJIro4aroniasi CIinH

3.
4.

1.
2.

DNEKTPOHHBIE COCTOSIHUSI MHOTO3JIEKTPOHHBIX aTOMOB
DNEeKTPOHHBIE COCTOSIHUS U TEOPHUS BO3MYILICHUN
JIABOPATOPHAS PABOTA Ne 5 (4 yaca)
TEOPHS XUMHNYECKOM CBSI3U. METOJ] MOJIEKVJISIPHBIX OPEUTAJIENA
Bonpocsl k 1a60paTopoMy 3aHATHIO:
DNEeKTPOHHBIE COCTOSTHUS MOJIEKYJI. MoJieKyia Bogopoaa
DNEeKTPOHHBIE U SAJIEPHBIE COCTOSHUS Moyekyn. [Ipubmmkenue

bopua—OnmnenreiiMepa

NN W

O 002N N b W~

. Meron I'aiitinepa—Jlonnona. Teopus BaJ€HTHBIX CBA3EH

. Meron MoneKyIspHBIX OpOuTaneil ¥ pacdeT MOJIEKyIbl BOJOPOIA
. DNEKTPOHHAs1 KOPPESLMS

. BappanvoHHBI METOX M TeopeMa BHpHasia

. CBS13b 2JIEKTPOHHBIX U SJEPHBIX COCTOSTHUI

JIABOPATOPHASI PABOTA Ne 6 (4 uaca)
PACUYET MOJIEKVYJIBI BOIOPOIA 110 METOAY MO JIKAO. MOJIEKVYJISAPHBIE
OPBUTAJIM TOMOAJEPHBIX IBYXATOMHbBIX MOJIEKYJI
Bonpocsl k 1a6opaTopomMy 3aHATHIO:

. BBoiHBIE MaTeMaTHUECKHE CBEICHUS

. [Ipubmmkenne muHelHOM KOMOMHAIMK aTOMHBIX opouTaneit (JIKAO)

. [Ipubnmxenue HeB3aNMOEHCTBYIOIINX IEKTPOHOB

. DJIeMeHTB CHMMETPUH MHOTOATOMHBIX MOJIEKYJI

. CummertpuszoBannsie JIKAO. I'nbpuauzanms

. MeToz HanoxeHust KOH(pUrypamuii

. CriuHOBBIE BBIPOXKAEHUS. MYJIbTUILIETHI

. Meron camocoriaacoBaHHOTO MO

. IIpubnuxeHHbIe BBIPAXKEHUS JJI1 MaTPUYHBIX 3JEMEHTOB omneparopa Xaptpu-Poka. Bo3zMoXHOCTD

MMOCTPOCHUA HOHyBMHHpH‘-ICCKOfI TCOPHUH IJICKTPOHHBIX 000JI0UEeK

JIABOPATOPHAS PABOTA Ne 7 (4 yaca)

16



I'ETEPOAJEPHBIE IBYXATOMHBIE 1 MHOI'OATOMHBIE MOJIEKVYJIBI. METO/{
MOJIEKVJISIPHBIX OPEUTAJIEN XFOKKEJIS (MOX)
Bomnpocsl k j1adopaTopomMy 3aHATHIO:
. KauecTBeHHOE paccMOTpeHNE TOMOSIIEPUBIX IBYXaTOMHBIX MOJIEKYJI
. CBs3pIBaloNIfe U Pa3phIXJSIIONINE MOJIEKYJISIPHBIE OpOUTaIH
. DNEeKTpOHHBIE KOH(MUTYpALUU
. CUMBOJIBI MOJIEKYJISIPHBIX TEPMOB
. DIEKTPOHHOE CTPOEHNE MHOTOATOMHBIX MOJIEKYJI
. Hesmmnmpuueckue pacuersl
Mertoapl, BKIIIOYAIOUTUE AOTIOTHUTEIbHBIC TPUOIMKEHUS
MeToa MOJEKYISIPHBIX OpOUTaIeH XFOKKEIS
JIABOPATOPHA PABOTA Ne 8 (4 yaca).
PACYET KOO®OPUIMEHTOB [1P1 ATOMHBIX OPBUTAJIAX B METOAE MOX
Bonpocs! k 1a0opaTopoMy 3aHATHIO:
Koadunuents JIKAO B BEeKTOpHOI 1 MaTpH4HOI (opmax
Wutepnperanus BoaHOBHIX GyHKIUH B hopme JIKAO
Martpuia IIoTHOCTH MEPBOro MOpsAKa
XapTpu-(hOKOBCKHE PACUYETHI MOJIEKYJI
MHTEHCUBHOCTH 3JIEKTPOHHBIX CHEKTPAIbHBIX IEPEXOA0B MOJIEKYJI
JIABOPATOPHAS PABOTA Ne 9 (4 yaca).

PACYET DJIEKTPOHHOM INIOTHOCTH, 3APSJIA, TIOPSJIKA CBSI3U, UHIEKCA
CBOBOJIHOM BAJIEHTHOCTHU. AJIbTEPHAHTHBIE U HEAJIbTEPHAHTHBIE
YI'JIEBOAOPO/bI

Bonpocs! k 1a0opaTopoMy 3aHATHIO:
. Beruncnenue reoMeTpuu OpraHndecKux COeINHEHNN
. Pacuer noreHnuanos HOHU3aMU
. PacueT MHIEKCOB peakIIMOHHOM CITIOCOOHOCTH
. Beruncnenue rennor oOpazoBaHus
. Pacuert TemnoBbIx 3()(heKTOB OpraHMYeCcKUX peakuuit
. Pacuer noBepXHOCTEN NOTEHIIMAIIBHOW SHEPTUH U NTEPEXOJHBIX COCTOSTHUI
. PacdeTs! 17151 cucTeM ¢ BOJOPOAHBIMU CBSA3SIMHU
JIABOPATOPHAS PABOTA Ne 10 (4 gaca).
IIPUMEHEHUE METOJIA XIOKKEJIS ITPU KOPPEJIAIINN ®U3NYECKNX CBOVCTB
COIIPAXKEHHBIX CUCTEM
Bonpocs! k 1a0opaTtopoMy 3aHATHIO:
. [IpuHIIUIIBI KaYE€CTBEHHON TEOPUU MOJICKYJISIPHBIX OopOuTaen
. BzanmoneiictBue AByx opOuTanei
. B3aumopeiicTBue HeCKOJIbKUX opOuTaneit pparMeHToB
4. [MocTpoenne opOUTaNEH CIOKHBIX MOJIEKYJT
4.1. OpOuTtanu cBs3ei u rpynn
4.2. MonexymspHble OpOUTAIN ITUIICHA U MOHA METOHUS
4.3. OpOuTtany MUKINYECKUX CHUCTEM
4.4. OpOutanu MeTalIoopraHudeckux gpparmenToB. M3omo0anbHas aHaIorus
4.5. Tlonusapuyeckue OpraHNuYeCKUe MOJIEKYJIbl U MOHBI
5. YcToiuMBOCTh MONMAAPUUYECKUX CTPYKTYp M TpaBUia CYETa CKEJIETHBIX M BaJIEHTHBIX
AJIEKTPOHOB

W N =

JIABOPATOPHAS PABOTA Ne 11 (2 yaca).
PACYET PEAKIIMOHHON CIIOCOBHOCTHU 7-3JIEKTPOHHBIX CUCTEM
Bomnpocsl k j1adopaTopomMy 3aHATHIO:
1. Hekchl peakiiMOHHOM CIIOCOOHOCTH TT-COTIPSKEHHBIX MOJICKYJI
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2. O0mue orpaHuYCHUS
3. Ilpubnuxenue U30IMPOBAHHON M pearupyromeil MOJIeKyIIbl
4. DnexTpoPrIbHOE 3aMEIICHHE
5. HykneodunbHoe 3amenienne
6. Peakiiuu pagukaibHOTO 3aMEIIECHUS
7. Peakuuu pucoeIMHEHUS
8. beH3o:1, HUKIONPONEeHOH, TPUa3uH, MOPHHH
6 JIMJAKTUYECKHUE MATEPHUAJIBI 1JIs1 KOHTPOJISI (CAMOKOHTPOJIA)
YCBOEHHOI'O MATEPUAIJIA
6.1 OueHo4HbIe CPEACTBA, IOKA3ATEJM U KPUTEPUH OLlCHUBAHUS KOMIIETCHIIM
Hupekc OuenouHoe Ioka3aTenu Kpurepun ouenuBanus
KoMmIeTe Cpe/ICTBO OlleHMBAHUS c¢()opMHPOBAHHOCTH KOMIIeTEeH NI
HIIUH
VK-1 OtueT 1O Huskwnii — CTaBUTCH, ecau JONYIIEHBI
1ab0paTOpHON | HEYNOBJICTBOPHUTENb | CYIICCTBEHHbIE  OmMMOKH (B XOJ]€
pabore, HO DKCIIEPUMEHTa, B  OOBICHEHUH, B
YCTHBIN OTBET odopmiieHuu  paboTHI, [0 TEXHHUKE
Ha 0e3omacHOCTH, B paboTe C BEIIECTBAMHU U
nabopaTopHOM npubopamu), KOTOpPhIE HE HUCHPABISIOTCS
3aHATUU JIaXe M0 YKa3aHUIO MPEeno/1aBaTels.
[Toporossbiii — | cTaBuTCA, €CaM  JOMYWIEHBI OJHA-IBE
YVAOBIETBOPUTENILHO | CYIIECTBEHHbIe  OomuOKku (B Xo0je
OKCIICPUMEHTa, B OOBSICHEHUH, B
odopmieHUn  paboTHI, M0 TEXHUKE
0€30MacHOCTH, B pabOTe C BEIIECTBAMU U
npudbopamu), KOTOpbIE HCHPABISIIOTCSA C
MTOMOIIBIO MPETOIaBaTENsl.
bazoBrlit — xopomio | a) paboTa BBIIONHEHAa TMpPaBWIBLHO, 0e3
CYIIIECTBEHHBIX OMIMOOK, C/ICNIaHbI BHIBOIBI,
0) JMOMyCTUMBI: HETMOTHOTa MPOBEICHHUS
i opOpMIIEHUST SKCIIEPUMEHTA, OJIHA-/IBE
HECYIIIECTBEHHbIE OIIMOKH B TMPOBEICHUU
wi  opopmIIeHMH  JKCIIEpUMEHTa, B
mpaBuWiIax paboThl C  BENIECTBAMH U
npudopamu
Bricokuii — oTTM4HO | @) padoTa BBINOIHEHA IOJHO, MPAaBHILHO,
0€3 CYIIECTBEHHBIX OIIMOOK, CHCJIaHBI
BBIBOJIbI;
0) PKCIEPUMEHT OCYIIECTBIICH TO TUIAHYy C
Y4eTOM TEXHHMKH O€30MacHOCTH M IPaBUI
paboOThl C BelleCTBAMH U NpUOOpaMu;
B) HMEIOTCS OpPraHU3AIMOHHBIC HAaBBIKU
(moaep>kuBaeTCsl YMCTOTa pabovyero mecra
U TOpAJOK Ha  CTOJNE, DKOHOMHO
HCHOJIb3YIOTCSI PEAKTUBBI).
Konrtponbnas | Huzkuit — JOMYCTHJI ~ 4YUCIO OHIMOOK U
pabota HEYJOBJIETBOPUTENb | HEJOUYETOB MPEBOCXOJIIEE HOPMY, MpHU
HO KOTOpOM MOET OBbITh BHICTABIIEHA OLIEHKA

«3»
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[ToporoBbiii —
YAOBJIETBOPUTEIBHO

€CIIM CTYJIEHT MPABWJIBHO BBIMOJHWI HE
MEHEe MOJIOBUHBI PabOTHI WU JOIYCTHII:
He Oosiee ABYX TpyObIX OmMMOOK; WM HE
Oonee onHOM TpPyOOW M OAHON HErpyOOit
OMIMOKH U OJTHOTO HEJIOUeTa; WK He OoJiee
JIBYX-TPEX HETpyObIX OIMMOOK; WA OJTHON
Herpy0oi OMMOKU U TpeX HEAOUYETOB; HIIH
[IPH OTCYTCTBHUU OIMIHUOOK, HO MPH HATUIHH
YEThIPEX-TISITH HEJIOUETOB.

ba30BsIii — X0po1o

CTYJIGHT BBINOJIHWI PabOTy MOJHOCTHIO,
HO JIONYCTHJ B HEH: He Oojee OIHOU
Herpy0oil OIMOKK 1 OTHOTO HEI0YeTa UK
He 0oJiee BYX HEJI0UYETOB

Bricokuii — OTIIMYHO

pabota BhINOIHEHA 0e3 OMMOOK, yKa3aHbI
BCE pacyeTHble (QOPMYyJbl, EIAUHHULIBI
u3MepeHusi, 0e3 OmMUOOK BBITOJTHEHBI
MaTeMaTHYeCKUe pacueThl

Tect Husknii — | KommyecTBO mpaBHUIBHBIX OTBETOB HA
HEYJOBJIETBOPUTENb | BOIPOCHI TecTa MeHee 60 %
HO
IToporosslii — | KosinuecTtBO NpaBWIBHBIX OTBETOB Ha
YK-1 YAOBJIETBOPUTENILHO | BOIIPOCHI TecTa oT 61-75 %
ba3oBeIii — xopomo | KonmnuecTBO NpaBWIBHBIX OTBETOB  Ha
BOITPOCHI TecTa oT 76-84 %
Bricokuii — omiimuHo | KonuyecTBO MpaBWIBHBIX OTBETOB HA
Bonpockl TecTta oT 85-100 %
OIIK-3 OrtueT 110 Huzknii — CTaBUTCH, ecian JIOMYIEHBI
mabopaTopHO | HEYNOBJIETBOPHUTENb | CYIIECTBEHHbIE  OmHUOKM (B X0je
pabore, HO OKCIIEPUMEHTa, B OOBSCHECHUH, B
YCTHBIM OTBET odopmieHUH PpaboTHI, M0 TEXHUKE
Ha 0€30MacHOCTH, B pabOTe C BEIIECTBAMU U
nabopaTopHOM npudbopamu), KOTOpble HE UCHPABISIOTCS
3aHSATUU JIaXKe 110 YKa3aHUIO TTPEnoaaBaTes.
[Toporossiii — CTaBUTCS, €CJIM JOMYLIEHbl OJHA-
YAOBJIETBOPUTENILHO | IB€ CYIIECTBEHHbIE OIMMOKU (B XOA€

HKCIIEPUMEHTa, B  OOBSICHEHMH, B
obopmieHUn PadOTHI, Mo TEXHUKE
Oe3omacHoCTH, B paboTe ¢ BEUIeCTBAMU U
npudopamu), KOTOpbIE HCIHPABISIIOTCSA C
ITOMOIBIO MPENOAABATEISL.

ba3oBsIi1 — XOpomo

a)paboTa BBIMOJIHEHA TMPABWILHO, 0€3
CYIIECTBEHHBIX OLIHOOK, C/I€TaHbI BEIBOIBI;

0) JIOITY CTUMBI: HETIOJIHOTA
MIPOBEICHUS Wi odopmienus
SKCTIIEPUMEHTA, OJIHA-J[BE HECYIICCTBEHHBIC
OIMOKH B TPOBENEHUH WM O()OpMICHUU
SKCIIEpUMEHTa, B TIpaBWiIax pabOThl C
BEIIECTBAMH U NPHOOpaMu
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Bricokuii — oTJIMYHO

a) paboTa BBINOJHEHA IOJHO, MPABHJIBHO,
0e3 CYIIECTBCHHBIX OLIMOOK, CIEIaHbI
BBIBO/IbI,

0) SKCIEPUMEHT OCYIIECTBIICH IO
IUIaHy C y4YETOM TEXHHUKH O€30MacHOCTH U

npaBuil  pabOTBI €  BEHIECTBAMH U
npubopamu; B) UMEIOTCS
OpraHu3aIOHHbBIE HaBBIKH

(mommepkuBaeTCsl YMCTOTA Pabovero MecTa
U TNOpPAJOK Ha  CTojie, HSKOHOMHO
WCHOJIb3YIOTCSI PEAKTUBBI).

OIIK-3 Konrposnbnas | Huskuit — JOIYCTWJI ~ 4YUCIO OHIMOOK U
pabora HEYJOBJIETBOPUTENb | HEJJOUYETOB IPEBOCXOSALIEE HOPMY, IpHU
HO KOTOPOH MOXKET OBITh BHICTABJICHA OLEHKA
«3»
[Toporossiii — €CJIM CTYJEHT MpPaBUIbHO BBIIOJHWI HE
YAOBJIECTBOPUTENILHO | MEHEE IMOJOBUHBI Pa0OThl WIIM JOMYCTHIL:
He OoJiee ABYX TIpyObIX OIMUOOK; WM HE
Oonee omHOM Tpy0Ooil W omgHOU HErpyOou
OIIMOKY U OJTHOTO HEJloueTa; WK He Oosee
JIBYX-TpeX HErpyObIX OMMOOK; WU OJHOMN
Herpy0oil OImMOKU U TPEeX HEIOUYETOB; WU
IIPU OTCYTCTBUU OMIKUOOK, HO MPH HATUYHH
YEThIPEX-TISITH HEJJOUETOB.
ba3oBeIi1 — XOpo1o CTYJEHT BBIIIOJIHUI pabOTy MOJHOCTHIO,
HO JONYyCTHWJI B Hel: He Oosee OAHOMN
Herpy0oi OIMOKY U OJTHOTO HEJIOYETa UITN
He Oosiee IBYX HETOYETOB
Bricokuii — oTnmuHO | paboTa BbINOJMHEHA 03 OIMOOK, yKa3aHbl
BCE pacyeTHble (QOPMYyJbI, EIUHULIBI
u3MepeHusi, 0e3 OmMOOK BBITOJTHEHBI
MaTEMaTHUYECKNAE PACUETHI
Tect Huszkui — | KomnuecTBO mpaBUIBHBIX OTBETOB Ha
HEYJIOBJIETBOPUTEND | BOIpOCH TecTa MeHee 60 %
HO
[ToporossIii — | KosinuecTBO NpaBWIBHBIX OTBETOB Ha
OIIK-3 YJIOBJIETBOPUTENBHO | BOIPOCHl TecTa oT 61-75 %
ba3oBelil — xopomo | KonnuectBO NpaBWIIBHBIX OTBETOB  Ha
BONPOCHI TecTa OT 76-84 %
Boicokuii — ornnuHo | KommyecTBO  NpaBMIIBHBIX  OTBETOB  HA
Bompockl Tecta ot 85-100 %

[IK-1 OTueT 1o Huzkuii — CTaBUTCH, €ClIt JIOIYIIEHBI
a00OpaTOpPHON | HEYJIOBJIETBOPUTENb | CYIIECTBEHHBIE  OMMOKKM (B Xojze
pa0ore, HO HKCIIEPUMEHTa, B  OOBSICHEHMH, B
YCTHBIN OTBET opopmiieHUn paboTHI, 10 TEXHUKE

Ha
1a00paTOPHOM
3aHATUU

0e3omacHOCTH, B paboTe C BEIIeCTBAMHU U
npubopamu), KOTOpPbIE HE HCIPABIISIIOTCS
JIaXKe 10 YKa3aHUIO MPETNo/1aBaTellsl.
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[ToporoBbiii —
YAOBJIETBOPUTEIBHO

CTaBUTCS, €CIM JOMYIIEHbl OJHA-
JIBE CYLIECTBEHHble OIIUOKKH (B XoJe
JKCIIEPUMEHTa, B  OOBSICHEHMH, B
odopmMIIeHUU  PpaboTHI, 0 TEXHHUKE
Oe3omacHocTd, B paboTe ¢ BEeUIECTBAMU U
npudopamu), KOTOpbIE HCIPABISIOTCSA C
OMOUIBIO MPENO01aBaTEsL.

ba30BbIii — X0po1o

a)paboTa BBIIOJHEHA TNPaBWIBHO, 0€3
CYIIECTBCHHBIX OIIMOOK, C/IC/IaHbl BBIBOJIBI;

0) JIOITyCTUMBL: HETIOJIHOTA
[POBE/ICHHUS WITH ohopmteHUs
OKCIIEPUMEHTA, OJ[HA-JIBE HECYIIICCTBEHHBIC
OIIMOKKA B TPOBEICHUH WK O(OPMIICHUN
OKCIIEPUMEHTa, B TMpaBWiaXx paboThl C
BEIICCTBAMH U IPUOOpaMu

Bricokuii — OTIIMYHO

a) paboTa BBITIOJHEHA TOJHO, MPAaBUILHO,
0e3 CyILIECTBEHHBIX ONIMOOK, CJEIaHbI
BBIBOJIBI;

0) SKCHEPUMEHT OCYIIECTBIIEH IO
IUTaHy C YYETOM TEXHHKH OC30MacHOCTH U

OpaBusl  paboOTbl € BEIIECTBAMU U
npubopamu; B) UMEIOTCA
OpraHHU3allOHHbIE HaBbIKH

(momeprxuBaeTCs YMCTOTa pabodyero Mecra
U TOpAJOK Ha  CTojie, OKOHOMHO
MCHOJIb3YIOTCSI PEAKTUBBI).

[1K-1

KonTponbHas
paborta

Huskuit —
HEYJIOBJIETBOPUTEIIb
HO

JOMYCTHJI YUCIO OMIMOOK U
HEJ0YETOB TPEBOCXOJAIICe HOPMY, MPH
KOTOPOM MOKET OBITh BHICTAaBIIEHA OLIEHKA
«3»

IToporossrii —
YAOBJIETBOPUTEIBHO

€CIT CTYNEHT TMPAaBWJIBHO BBHIOJHWI HE
MEHee MOJIOBUHBI pabOThl MU JOMYCTHII:
He Oosiee ABYX TpyObIX OMMOOK; WM HE
Oonee onHOM TpyOOW M OAHON HerpyOoit
OLIMOKH U OJTHOTO HeJl0ueTa; WK He Ooee
JIBYX-TpeX HErpyObIX OIINOOK; WM OJHOMN
HErpyOoOi OIMOKHU U TPEX HEIO0YETOB; WU
NP OTCYTCTBUU OMIMOOK, HO TIPU HAJTUIUHN
YeThIPEX-TISITH HEJI0UETOB.

ba3oBblii — xopo1o

CTYJEHT BBIMIOJHUI pPabOTy MOJHOCTHIO,
HO JIOMYyCTHJI B Hel: He Oosiee OHOM
Herpy0oii OIMOKHN U OTHOTO HEeI0YeTa UK
He 0oJiee IBYyX HEI0UYETOB

Bricokuii — oTIIMYHO

paboTa BbIMOTHEHa 0€3 OMMOOK, YKa3aHbI
BCE pacyeTHble (OPMYJIBI,  CIUHHUIIBI
u3MepeHusi, 0e3 OIMMUOOK BBIMOJIHEHBI
MaTEeMaTHYECKHAE PACUCTHI

ITK-1

Tect

Huzkuii —
HEYJOBJIETBOPUTEIIb

KommgectBo IMpaBHUJIBHEIX OTBCTOB HA
Bonpockl Tecta MeHee 60 %
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HO

[ToporoBbiii - KonnuecTBo mpaBUiIbHBIX OTBETOB HA
YJOBJIETBOPUTEIBHO BONIPOCHI TecTa OT 61-75 %
ba3oBblii — x0po11o KonnuecTBo mpaBUIIbHBIX OTBETOB Ha
BONPOCHI TecTa OT 76-84 %
Bricokuit — OTIMYHO KosmmuecTBO npaBUIIbHBIX OTBETOB HA

Bompockl Tecta oT 85-100 %

6.2 IIpoMeskyTOYHAsSI aTTECTALUS CTYAEHTOB 110 AMCHUIINHE
IIpomexxyTouHass arrecrauus SBISETCA IPOBEPKOM BCEX 3HAHUM, HABBIKOB U YMEHHMU
CTYACHTOB, NPUOOPETEHHBIX B IpoOLecCe H3Y4YEHUs AUCHUIUIMHBL. DopMol NpoMeKyTOUHOH
aTTecTaluy 10 JUCLUILIMHE SIBISIETCS SK3aMEH.
Jla oueHuBaHus pe3ysIbTaTOB OCBOEHUS JUCLUILUIMHBI IPUMEHSAETCS CIENYIOUINE KPUTEPUU
OLICHUBAHMS.
Kpurtepun onieHUBaHNS YCTHOI'O OTBETA HA JK3aMEHe

Ounenka «5» (OTJIMYHO) CTaBUTCS, €CIIN CTYICHT:

1. MONHO pacKpbITO COAEpIKaHUE MaTepuaa OUeTa;

2. MaTepuaj U3JI0KEH IPaMOTHO, B OIPEJIEIICHHOMN JIOTUYECKOM MOCIIe10BaTEIbHOCTH, TOUYHO
UCIOJIb3YETCS] TEPMUHOJIOTUS;

3. 1OKa3aHO YMEHHME WJUIIOCTPUPOBATH TEOPETHUUECKHE IIOJOKEHHUS KOHKPETHBIMU
IIpUMEpPaMU, IPUMEHSATh UX B HOBOW CUTYallUU;

4. TpPOAEMOHCTPUPOBAHO YCBOEHHE pPAaHEE M3YUYEHHBIX COIYTCTBYIOUIMX BOIIPOCOB,
c(OPMHPOBAHHOCT M YCTOHYHMBOCTh KOMIIETEHIIMI, YMEHHI U HABBIKOB,;

5. OTBET IPO3BYyYaJl CAMOCTOSITENILHO, 0€3 HaBOASIIUX BOIIPOCOB;

6. TOMyLIEHBI OJIHA — JIB€ HETOYHOCTH IIPU OCBELICHUH BTOPOCTENIEHHBIX BOIIPOCOB, KOTOPHIE
HCIPABIIAIOTCS 110 3aMEYaHUI0.

Ouenka «4» (XOpo1I0) CTaBUTCS, €CIIH:

OTBET CTYAEHTa YIOBIETBOPSET B OCHOBHOM TpPEOOBaHMSIM Ha OLIEHKY «5», HO IpPHU 3TOM
UMEET OJUH U3 HEIOCTATKOB:

1. B U3J0XEHUH TOMYLIEHbl HEOObIINE MPOOEIBl, HE NCKA3UBILIUE COAEpKAHUE OTBETA;

2. JOMyLIeHbl OJUH — JiBa HEJOYEeTa IIPU OCBEUIEHUMM OCHOBHOI'O COJEP)KaHUS OTBETA,
HCIIPABJIEHHBIE 110 3aMEYaHUI0 SK3aMEHaTOPa;

3. nomymieHsl ommMOka uiau Oojiee JABYX HEJOYETOB IPU OCBELIEHHH BTOPOCTENEHHBIX
BOIIPOCOB, KOTOPBIE JIETKO UCIPABIIAIOTCS 110 3aMEYaHUIO dK3aMeHaTopa.

Ounenka «3» (y10BJI€TBOPHUTEIbHO) CTABUTCS, ECIIN:

1. HEmoJHO WJIM HETIOCJIE0BATEIbHO PACKPBITO COAepkKaHNe MaTepHalia, HO oKa3aHo ob1ee
IIOHMMAaHHUE BOIPOCAa U IPOAEMOHCTPUPOBAHbl YMEHHUS, JOCTATOYHBIE JJIS NAJbHEHIIEr0 yCBOCHUS
Marepuana;

2. UMENUCh 3aTPyIHEHUs MU JIOMYIIEHbI OIMOKHU B ONPEIeICHUH MTOHITUH, HCTIOJIb30BaHUU
TEPMHUHOJIOTMH, UCIIPABJIEHHBIE NTOCIIE HECKOJIBKUX HAaBOASAIIUX BOIIPOCOB;

3. mpu HEMNOJHOM 3HAaHMM TEOPETUYECKOTr0 MaTepuaja BbISBICHA HEIOCTaTOYHAs
c(OPMHPOBAHHOCTh KOMITETECHIIMN, YMEHUI U HABBIKOB, CTYACHT HE MOXKET NPUMEHUTH TEOPHUIO B
HOBOM CHUTYyaIlUH.

Onenka «2» (HeyA0BJICTBOPHUTEIBHO) CTABUTCSI, ECIIH:

1. He pacKpbITO OCHOBHOE COJIep’KaHNe YUeOHOro MaTepuania;

2. OOHapyXeHO He3HaHHE WM HENOHUMaHue OoJbllel WiIM Haubonee BaXKHOW YacTh
y4eOHOro MaTepHana;

3. JomymieHsl OIIMOKH B OINpENeJIeHUH TOHSATHH, MPU HCHOJIb30BAHUU TEPMHUHOJIOTHH,
KOTOPBIE HE UCIIPABIICHBI ITOCIIE HECKOJIBKUX HAaBOASAIINX BOIIPOCOB.
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4. He copMUPOBaHBI KOMIIETEHIIUU, YMEHUS 1 HaBBIKU.
TPEBOBAHUS K ®OPME OTYETA 110 JIABOPATOPHOM PABOTE

®opma otuera. OTUeT JOIKEH COEPKATh Ha3BaHUE, 1IeNb paboThl, OMKMCaHUE X0a PadoOThI,
pacuerbl, Tabmuiyy, BeiBoA. K maboparopHOi paboTe MOIKHBI OBITH pa3o0paHbl BOMPOCH K
3anaThio. JlaGoparopuass pabGora 1. Hauvana kBanToBOM Teopuu. KoprycKyJsipHO-BOJIHOBOM
Jyajau3M MUKPOUYACTHII.

Bonipocskl k J1al0opaTOPHOMY 3aHATHIO:

1. BBeneHue B KBaHTOBYIO TEOPUIO. DJIEKTPOMATHUTHOE H3JIy4E€HUE

2. N3nyuyenue aOCOIIOTHO YEPHOTO Teja

3. Teopus bopa

4. MarpuyHas MmexaHuka I eizenOepra

5. T'mnoresa ae bpoitns u BonHoBas mexanuka [lpenunrepa

JlabopaTopHas padora 2. [locTynaTel KBAHTOBOM MEXaHUKH.

Bonpocs! k 1a00paTopHOMY 3aHATHIO:
. OCHOBHBIE IOHATUS U TIOCTYJIaThl KBAHTOBOI MEXaHUKHU
. [Ipocreiimme oqHOMEpPHBIE 3a1a41
. MareMarnueckuil annapat KBAaHTOBOM MEXaHUKHU
. MaTtpuyHoe npecTaBiIeHHUE OIepaTOpPOB
. OnHOMEpPHOE JBUKEHHUE. 3a/1auya O TAPMOHUYECKOM OCLHILISATOPE
. LleHTpanpHOE 110JIE€ 1 MOMEHT KOJIMYECTBA AIEKTPUUECTBA
. JIBMKeHre 4acTUILbl B LICHTPAJILHOM T10JIE
. Teopust MOMEHTa KOJIMYECTBA FIEKTPUUECTBA

9. AToMm Bopopoaa

10. BHemiHee 37eKTpOMarHuTHOE T0JIe

11. Coun

JlabopaTtopnass padora 3. YactHeie ciyyam pemieHus ypaBHeHus Ilpemgunrepa.
OAHOAIEKTPOHHBIE ATOMBI.

Bonpocs! k 1a06opaTopHOMY 3aHATHIO:

1. Ypasuenue lllpenunrepa

2. Tounsle pemenust ypaBHeHus lllpenunrepa

3. Ilpubnmxennsle pemeHuss ypaBHeHus Ilpenunrepa

4. Teopus rpynn

5. DNEKTpPOHHBIE COCTOSIHHUSI aTOMOB

6. BonnHoBo€ ypaBHEHHE JIsl MHOTOAJIEKTPOHHBIX aTOMOB

JlabopaTtopnasi paGora 4. Pacdyer cpenHHMX BEIMYMH. MHOTOMIEKTPOHHBIE AaTOMBI.
KBaHTOBbIE YnCIIa MHOTO3JIEKTPOHHBIX aTOMOB.

Bonpocs! k 1a00paTopHOMY 3aHATHIO:

1. Op6uTanu atoma reust

2. Bo30yxnenHoe coctosinue aroma He. Ilonnas BonHoBast pyHKIms,

BKJIIOYAIONIAs CIIMH

3. DNEKTPOHHBIE COCTOSIHMSI MHOTOXJIEKTPOHHBIX aTOMOB

4. DNEeKTpOHHBIE COCTOSHUS U TEOPHUS BO3ZMYILEHUIN

JlaGopaTopnasi pa6ora 5. Teopust xuMmudeckoi cBs3u. MeTol MONEKYISIPHBIX OpOHUTAaNEH.

Bonpocs! k 1a060paTopHOMY 3aHATHIO:

1. DnexTpoHHbIE COCTOSAHUA MOJIEKYJ. MoJleKyia Bogopoia

2. DNEeKTPOHHBIE U sIEpHBIE COCTOSHUA MoJeKynl. [Ipubnuxenue

bopna—OnnenreiiMepa

3. Meton I'alitnepa—Jlonnona. Teopus BaleHTHBIX CBA3EH

0O I AN N B~ WK =
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4. MeTo1 MOJIEKYJISIPHBIX OpOUTANIEH U pacueT MOJIEKYJIbl BOJOpO/Ia
5. DnexTpoHHask KOpPesIus
6. BapuanoHHelii METOA M TeopeMa BUpHaja
7. CBs13b JIEKTPOHHBIX U SJEPHBIX COCTOSTHUI
JlaGoparopnass padora 6. Pacuer wosekynsl Bomopoaa no wmeronxy MO JIKAO.
MornexymsipHble OpOUTAIN TOMOSZICPHBIX IBYXaTOMHBIX MOJICKYJI.
Bonpocskl Kk J1a00paTOPHOMY 3aHSATHIO:
. BBoHBIE MaTEMaTHUECKHE CBEICHUS
. [Ipubmmwkenne muHeHON KOMOMHAIMK aTOMHBIX opOouTaneit (JIKAO)
. Ilpubnmxenne HeB3aMMOICHCTBYIOIINX AIIEKTPOHOB
. DIEMEHTbl CAMMETPUU MHOTOATOMHBIX MOJIEKYJI
. CummerpuzoBannbie JIKAO. ['ubpuauzanms
. MeTon HanoxeHus KOH(GUTYparuii
. CiuHOBBIE BBIPOXKI€HUA. MYJIBTUILIETHI
. MeTo camocoriacoBaHHOTO OIS
9. TlpubnwxkeHHBIE BBIPAKEHUS UIsI MATPUYHBIX SJEMEHTOB ormeparopa Xaptpu-doka.
Bo03MOXHOCTH TOCTPOCHUS TOMYIMIUPHUUECKON TEOPHH JIEKTPOHHBIX 000JI0UYEK
JlabopaTopHasi padora 7. ['ereposiiepHble JIByXaTOMHBIE W MHOTOATOMHBIC MOJIEKYJIBI.
MeTton monekynsapHbix opourtaneiit Xrokkens (MOX).
Bonpocs! k 1a00paTopHOMY 3aHATHIO:
1. KayecTBeHHOE paccCMOTpPEHHE TOMOSIIEPUBIX IBYXaTOMHBIX MOJIEKYJI
. CBs3pIBalONIMEe U Pa3phIXJSIIOIINE MOJIEKYJISIPHBIE OpOUTaIH
DneKTpoHHBbIE KOHUTYpaluu
CHMBOJIBI MOJIEKYJISIPHBIX TEPMOB
DNEKTPOHHOE CTPOEHUE MHOIOATOMHBIX MOJIEKYJ
Hesmnupuueckue pacuersi............... 234
MeTo/1b1, BKIIOYAIOIIUE TOTIOJIHUTENbHBIE TPUOIMKEHUS ..... 230
MeTton MonekynsipHbIX opouTaneil XtoKKels. ........ 239
JlaGopatopnas padora 8. Pacuer xo3duiMeHTOB mpu aTOMHBIX OpOUTANSAX B METOE
MOX.
Bonpocsl k 1a00paTopHOMY 3aHATHIO:
1. Koapounuentst JIKAO B BekTOpHOI 1 MaTpuuHOM popmax
2. Hnrepnperanus BOJHOBBIX pyHKIM B popme JIKAO
3. Marpuna mioTHOCTH MEPBOTo MOpsAKa
4
5.
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. XapTpu-(pOKOBCKHE pacyeTbl MOJIEKYJI
WMHTEHCUBHOCTH 3JIEKTPOHHBIX CHIEKTPAJIbHBIX IEPEXOI0B MOJIEKYJI

JlabopaTopHnasi paGora 9. Pacuer 51eKTpOHHON IUIOTHOCTH, 3apsijia, IOpSAAKa CBS3H,
MHJIEKCa CBOOOIHOM BaJIEGHTHOCTU. AJIbTEpHAHTHBIE U HEAIbTEPHAHTHBIE YTIIEBOAOPO/IBI.

Bonpocs! k 1a00paTopHOMY 3aHATHIO:

1. Beiuncnenue reoMeTpun OpraHnYeCKUX COETMHEHUI

2. Pacuer noTeHMan0B MOHNU3ALINN

3. Pacuer nHIEKCOB pEaKIIMOHHON CITIOCOOHOCTH

4. BpruuciieHue TemioT o0pa3oBaHus

5. Pacuer TemioBbIX 3(eKTOB OPraHUYECKUX peakuit

6. Pacyer moBepxHOCTEN NOTEHIMAIBHON SHEPTUH U NIEPEXOIHBIX COCTOSIHUN

7. PacueTsl s cucTeM ¢ BOJOPOAHBIMU CBSI3SIMHU

JlaGopaTtopuas pa6ora 10. [Ipumenenue merona XroKKems MpHU KOPPETSLUH (HU3NIECKUX
CBOMCTB CONPS)KEHHBIX CHCTEM.

Bonpocs! k 1a00paTopHOMY 3aHATHIO:

1. IIpuHIMIIBI KAY€CTBEHHOW TEOPHH MOJIEKYIISPHBIX OpOUTAICH
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2. BzaumonericTBre IByX opOUTaNICH
3. B3aumoieiicTBre HECKOIBKUX OpOuTasell pparMeHTOB
4. TloctpoeHne opOUTANICH CI0KHBIX MOJIEKYJT
4.1. Opbutanu cBsA3el u rpynn
4.2. MoekysapHbIe OpOUTAIN STUIICHA M HOHA METOHUS
4.3. OpOurtanyu MUKIHYECKUX CHCTEM
4.4. Opbutanu MeTauI0opraHndeckux GpparmMeHToB. M3omo0anpHas aHAIOTUs
4.5. Tonusapudeckue OpraHUYEeCKUE MOJIEKYJbl U HOHBI
5. YcToiuuBOCTh MOJMAIPUUECKUX CTPYKTYpP M IpaBHJIa CUETA CKEJIETHBIX M BaJCHTHBIX
AJIEKTPOHOB
JlabopaTopuasi pa6ora 11. Pacuer peakiinoHHON CIIOCOOHOCTH 77-3JI€KTPOHHBIX CHCTEM.
Bomnipocskl Kk J1a00paTOPHOMY 3aHATHIO:
. IH1eKChl peakMOHHOM CITIOCOOHOCTH TT-COTIPSKEHHBIX MOJICKYJT
. O6mue orpaHnyeHUs
. Ilpubnmxenne U30IMPOBaHHON U pEarupyromeil MOJIeKyIIbl
. DnexTpouIbHOE 3aMelIeHIEe
. Hyxneo¢unbsHoe 3amenienue
. Peakuuu pagukansHOro 3amMenieHus
. Peakuun npucoennHeHus

. BeH3011, IUKIIONIPOIIEHOH, TpHa3uH, TOpPHH
6.3 TunoBbIe KOHTPOJIbHBIE 3aJaHHS UM HHBIE MAaTePHAJIbI, HE00X0JUMbIE /IS OLIEHKH Pe3yJbTATOB
OCBOEHHS THCIUIIHHBI

03N Ok W~

KOMILJIEKT 3AJJAHUM 1151 KOHTPOJIbHOM PABOTHI
KontpoabHnas padora Ne 1
Tema: [locmyramuvr keanmogou xumuu
Bapuanr 1

1. ITokaxkwute, uto (A + x)2 = A%+ 2xA +x%+1, rI[eA:%.

2. Berauciute KommyTatop [1/X, Pé?].

3. JllnHa OJHOMEPHOTO MOTEHIMAIBHOTO siuKa paBHa 10 HM. KakoBa BepoATHOCTD
HaXO0JIEHUS YacTUIIbI MeXTy X = 4.95 u 5.05 HM, eciii OHa HaXOJIUTCS B OCHOBHOM COCTOSIHUH?

4. PaccunTaiite pacCTOSIHUE MEXy IBYMs HU3IIMMU YHEPrETUUECKUMHU YPOBHAMHU MOJIEKYJIbI
KHCIIOpO/ia B EMKOCTH JUIMHOM 5 cM, 3HaueHHe 3Hepruu Beipaszute B Kk u k/[x/momns. [1pu xakoi
BENIMYMHE KBAHTOBOTO 4YWcia N dHeprus Mosekynbl paBHa 1/2 KT, ecmu T = 300 K? (k —
nocrosuHas bonsnmana 1.381-102% Tx-K™).

5. ®orosnexTpudyeckuil ekt ABISIETCS OCHOBOM CHEKTPAIBHOTO METO/a, HOCSIIEro
Ha3BaHWE (OTOIIEKTPOHHOU CHMEKTPOCKOMUU. PeHTreHoBckuit (OTOH C MIMHOW BOJHBI 150 1M
MIPOCKAKMUBAET BO BHYTPEHHIOIO YacTh aToMa M BBIOMBAET 31eKTpoH. CKOPOCTh MOCIEAHEro Obuia
u3MepeHa, U ObLIO yCTaHOBIEHO, uTo oHa cocTapiser 2.14-107 m-c. Kak mpouno Owl1 cBs3aH
3JIEKTPOH B aTome?

KonTtpouabnas paGora Ne 2
Tema:Bo0opodonodobHble U MHO20IIEKMPOHHbIE AMOMbL
Bapuanr 1

1. 3anummuTe 0603HaUEHUSI TEPMOB JUIsl KOHPUTYpALMii: @) OCHOBHOTO cOCTOsIHUS aToMoB Na
1 F; 6) BO36YKIE€HHOTO COCTOSHHSA aToMa yrnepoaa 1s22s22pt3pt.

2. HaiimuTe 3Ha4YeHWs KBAHTOBOTO YHCIA IOJHOTO OPOUTATBLHOTO MOMEHTa HMITYJIbCa,
BO3HHKAIONIETO M3 KOMOMHALIMHN OpOUTATLHBIX MOMEHTOB TpeX d-3JIEKTPOHOB.

3. Kakue 3HaueHrss JMOTYT OBITh OOYCIIOBJICHBI CIICAYIONUMH TepPMaMHU: 1s, 2p, 3P, °D, “D?
CKOJIBKO COCTOSIHUH, pa3nnyaromuxcs 1o My, MoxeT ObITh Ha KaKJI0M ypoBHE?

4. 306pa3uTe pacronokeHne HIeKTPOHOB B aTOME cephl I TepMa Do.
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5. Paccuuraiite mo mpaBuiam CidTepa MepBbIi MOTEHIMAT MOHM3AIMHM aToMa KUCIOPOJa.
OrtgerT BbIpa3ute B 3B.

6. Jlis 2S-COCTOSIHUS BOZOPOAONOI0OHOTO aTOMa PacCUuTalTe cpefHee 3HaUeHHe <I2>,

KonTtpouabnas pa6ora Ne 3

Tema:Pacuemwi 6 pamxax memooa MO

Bapuanr 1

1. CkoubKko y3510B uMeeTcs B HecBsizbiBaronieii MO ammminsHoOro paaukaia (CHa=CH-CH>-),
paccuMTaHHOM METOJIOM MOJICKYJISIPHBIX opOuTaneii Xrokkens./[alite 000CHOBaHHBIN OTBET.

2. KakoBo uucno BakautHeix MO B pacueTe MoJieKyibl HadTallHa METOAOM MOJIEKYJISPHBIX
opouranei X1okkens?OTBeT 000CHyHTE.

3. Iloctpoiite MOJEKyIApHYIO AUarpamMmy JUIsi MOJIEKYJbl THUJIEHA C yKa3aHUEM IIOJIHOTO
MOpSiAKA CBSA3H, DJIEKTPOHHBIX 3aps/I0B HA aTOMaX, HHJIEKCOB CBOOOIHOM BaJIEHTHOCTH.

4. KakoBo 4YHMCIO aTOMHBIXOpPOWTANEW, HCIONB3YEeMbIX B pacyeTe METOJIOM XIOKKEJs
moJiekyJisl Tosryosa (CsHs— CHz)?

IPUMEPHI TECTOBBIX 3AJTAHUM
OCHOBHbBIE MOHATHSI KBAHTOBOH MeXaHUKH
1. Bonnosas ¢pynkuus W({x},t) nomkHa ObITH

a) TOJIOKUTEITLHON
2 0) muddepenunpyemoi
B) JICHICTBUTEIIBHOM

T') aHTUCUMMETPUYHOU
2. OO6mume TpedoBaHus K BOTHOBOM ¢yHKIMU. BomHoBas dynkmus W({x},t) nomkHa
OBITh

a) OnpeeIeHHOM BO Bcel 0071acTh U3MEHEHUS TTEPEMEHHBIX
0) HeoTpULATETBLHON
B) KOHEUHOM
') OJTHO3HAYHOM

1) CAMMETPUYHOMN

a1 1 71T

€) aHTUCHUMMETPUYHOM
3. B kauecTBe eIMHHUIIBI MacChl B aTOMHOM cUCTEMe eTMHUIL (cucteMe XapTpH)
HCIIONb3YETCs

a) Macca MpoToHa
0) Macca HeWTpoHa
B) Macca aToMa BOAOpoJa (MIPOTHs)

r) 1/12 mMacce! atoma yraepoza 2C

171 1 T

1) Macca 3JIeKTpoHa
4. Ecnu u3MeHHTh 3HaK BOJTHOBOW (PYHKIMU (YMHOKHTH BOJHOBYIO (DYHKIHIO Ha —1),
IIOJIHAsI DHEPT S CUCTEMBL:

a) yBEIMUUTCS

-
0) HE U3MEHUTCSA
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B) YMEHBILIUTCS
') U3MEHUTCA B 3aBUCUMOCTH OT pacCMaTpHUBAEMOMN CUCTEMBbI

1) U3BMEHUTCS HEMpeACcKa3yeMbIM 00pa3omM
5. B KBaHTOBOI MeXaHHKE OJTHOBPEMEHHO HE MOTYT OBITh ONPE/EIICHBI C JIF000H

TOYHOCTBIO

1 7

a1 1 17

11 T

11 1 T

a) SHEprus U BpeMs
0) KOOpAMHATHI U CKOPOCTh
B) UMIIYJIbC U SHEPrus

T') UMITYJIBC U KOOPIMHATHI
6. CoOcTBEHHBIC 3HAYCHHS YPMUTOBA OIIEpaTopa BCcera
r N
a) 00pa3yloT HEMPEPBIBHBIH CIIEKTP
0) KOMIUICKCHBIE
B) JICHICTBUTEIIbHBIC
T') IOJIOXKHUTEITbHbBIE
1) OTPUIIATEIIbHBIC

€) paBHBI MEXKIY COOOM
7. Jns nuHeiiHoro onepaTopa A BEpHO

a) A(arfi+azfr)=aiAfi+aAf;
0) A(f1+f2)=AfAf,
B) Aaf = aAf

r) Afifo= Afi+Af,
9. JIJ11 KOMMYTHPYIOIIMX OrlepaTopoB A1 U A2 BEpHO

" 2) [AL AZ]=0
6) [A1, Ao]= [A2, Ad]
B) Aifi+Axf= AlAfif,
1) AtAf = ApAf
1) ArfiAcf= ArfAxfy

10. JIMHEeHHBIMHU ONepaTOPaMu SIBIISIFOTCSI
L) Af=—
f
"G Af=f

MHOT O3JIEKTPOHHBIN ATOM
OcHoBHbBIC IPUOTHIKEHUS
1. BI)Ipa)KeHI/ISI JJIdA 4JI€Ha B TaMUJIbTOHHUAHE, KOTOpBIﬁ OIMUCBIBACT KYJIOHOBCKOC

B3auMoIecTBUE N 3JIEKTPOHOB
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N N 1 N N 1 . .
Sy (<)) DI )
gy LT p il
i a 0 a]
=1 e e P-4
2. BBIpa)KCHI/IH JJI 4JICHAa B raMHUJIbTOHHUAHC, KOTOprﬁ OIMHUCBIBACT KUHETUYCCKYIO

sHepruro N 3JIEKTPOHOB
1Y ( & 62 52 |
__Z axz avﬂ GZE 222 (Iij)

a) 233 i=1 j=1 Ty
N N
1 |
B S =N BV R %) AN )
B) 253 r) =1 =1 Ty ’1,?1};
3. CooTBeTCTBHE MEX/y Ha3BaHUSIMH onepaTopOB u ux popmyrnamu (B cucteme
XapTpu AJisl OJTHOTO JIEKTPOHA)
Omneparop dopmyna
1. Koopaunara X 1( &* o LR
d=*  ody® oz
2. IlonHas sHEprus X
3. Kunetnueckast sHeprust J
J— I —
ax
4. IMITyJibC BJIOJIb OCH X 1( 8* FE o*
Y R N
2\ ox oy 0z
4. Ecnu {Ei} — Habop coOCTBeHHBIX 3HaueHuil ramuibronnana H B ypasaenun HYj =
EiVi, To

N
2k
=0 - monHas HEPrus CUCTEMBbI
0) Ei — oHeprust CHCTEMBI B i-OM COCTOSTHUH
B) Eo - 3Hepm;1 cuctemsl, a Einpu 10 BeJMYHHBI, HE UMEIOIINE (PU3MIECKOTO CMbICTA

NZ E,
r) - TIOJTHASI SHEPTHSI CHCTEMBI
1) Ei= Ejuis nro0bixi, )

-
MHOTI'O3JIEKTPOHHBIN ATOM
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ATOMHBIE OpOMTAIH

1. PammanbHas 4acTh BOJIHOBOM (DYHKIIMHU ONPEIEIAETCS KBAHTOBBIM YUCIIOM (KBaHTOBBIMH
yrciaaMu): a) N6)IB) mie)ms

2. DHeprust MEKTPOHHBIX OpOUTAJICH ONPEACISIOTCS TOIBKO OJHUM KBAaHTOBBIM YHCIIOM B
cucremax:a) H» 6) H* B)H™ r)H n)He e)He*

3.MHTerpan oT nmpou3BeeHMs IBYX aTOMHBIX paAuaibHbIX GYHKIMI R ¢ paznuunbiMu
3HA4YECHUSIMU N, IOJIyYEHHBIX B Pe3ybTaTe TOUHOTO peuieHus ypasHenus Lpenunarepa:

a) 3aBUCHUT OT YCIIOBU HOPMHPOBKHO) Bceraa paBeH 1B) Bceraa paseH 0

') paBeH 0ECKOHEYHOCTHT) 3aBUCHUT OT 3HaueHus |

4. BribepuTe npaBUiIbHBIE yTBEpkKACHUS. PaguanbHas cocTapisionas BOJIHOBOM (pyHKINUN

a) BXOJUT B COCTaB BOJHOBOW (PyHKIMHU 3JeKTpoHa B arome W (r,0,p) kak COMHOXKUTEI
Rn,i(r); 6) R—> 0 mpu r—o0; B)R—>ocompu r—>o0; T') BOJIHOBBIC PYHKIIUU ¢ OXUHAKOBBIMH R 1(I)
BBIPOXK/ICHBI 110 SHEPTUH

5. YrnoBas yacTh BOJHOBOM (PYHKIIMU ONPE/ICIIIeTCS KBAaHTOBBIMU yKciaMu:a) N;0)I;B)
mi;e)Ms.

6. DHeprus MEKTPOHA B aTOME TeJIHS OTPEACISIETCs 3HAYeHUEM KBAaHTOBOTO YHCIIA
(3HauEHMSIMHM KBaHTOBBIX umcel):a) N;0)l;8) my;2)ms.

7.Yucno y3710BbIX IOBEPXHOCTEN YII0BON COCTABISAIONIEH BOJHOBON (DYHKIIMU OpOUTAIH
2s:a) 0;0)1;B) 2;2)3.

8. Uucro chepudeckux y3I0BbIX TOBEPXHOCTEH PaIUATBHON COCTABIISIFOIICH BOITHOBOM
¢bynkiuu opoburtanu 3p: a) 0;6)1;B) 2;2)3.

9. Hucro rIocKuX y3JI0BBIX MOBEPXHOCTEH BOJTHOBOM (pyHKIMH opouTanu 3dyz:a) 0;6)1;B)
2;2)3.

10. CooTBeTcTBHE MEXIY 0003HAUYCHHUSIMU AJIEKTPOHHBIX OpOHTANEH M UX paldaIbHBIMA
byukuusmu pacrpeaenenus aP(r):

arr!
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apir)

TecT Mo KBAHTOBOI MeXaHHKe H KBAHTOBOI XMMHH
Hucmpykyus onsa cmyoenmos

Tecm cooeporrcum 25 3a0anuii, uz nux 10 3aoanuit — wacmo A, 7 3a0anuii — wacme B, 5
3a0anuit — yacme C. Ha évinonnenue mecma omeooumcsa 90 munym. Ecnu 3a0anue ne yoaemcs
6bINONIHUmMb Ccpazy, nepeuoume K cireoyrwouwiemy. Ecnu ocmamemcsa epems, eeprumecwv K
nponyuieHHbIM 3a0anuam. Bepno evinonnennvie zadanun wacmu A oyenusaromcsa ¢ 1 oann,
uacmu B — 2 6anna, uacmu C — 5 6annos.

YACTH A

K kascoomy 3a0anuio yacmu A 0anvl HECKOJIbKO OMEEmMO8, U3 KOMOPbIX MOJAbKO 00UH

eepHulil. Boinonnue 3aoanue, evloepume eepHvlit omeem u yKaxcume €20 6 0;1aHKe 0meenoe.

Al. YpaBHenue Ilnanka cBsi3biBaeT cieayromme pu3nyecKue XapaKTepUCTUKH:

a) DHepruo 1 Maccy. 0) IHTeHCUBHOCTD U3NYyUYEHUS U IJTUHY BOJIHBIL.

B) DHEPrUIO U YacTOTY U3TyUYEHUS. r) UMmynbe u ATUHY BOJIHBIL.

A2. CoorHomienue Jlyu Jle bpoiiis oTpaxkaer:

a) KopnyckynsipHO-BOTHOBOM Jyaian3M U3Ty4eHUs.

0) 3aBUCUMOCTb SHEPTHH MAIAIOIETO U3ITyYSHHUS U CKOPOCTH BBIOUTBIX 3JIEKTPOHOB.

B) KopmyckynsspHO-BOJIHOBOH Ayan3M MHUKPOYACTHIL.

r) 3aBUCUMOCTD JJIMHBI BOJIHBI M YaCTOThI U3JIy4EHHUS.

A3. ]I KaKMX MHOTOATOMHBIX MOJIEKYJI MOKHO MCII0Jb30BaTh MeTo MO Xiokkessn?

a) AJIKaHBI. 6) KapOoHOBBIE KUCTIOTHI M UX MPOU3BOHEIE.

B) AHHYJICHBI. r') AMUHBI.

A4. AToMHasiopOUTA/Ib XapaKTepu3yeTcss HA00POM KBAHTOBBIX YHCeJI:

a)3. 6)4. B)2. 1)S5.

AS. I'1aBHOE KBAaHTOBOE YUCJIO N ONpeaesier:

a) OHepruro 1 HanpaieHHOCTh AO. 0) DHepruto u cpeauue pazmepsl AO.

B) DHepruto u opOUTaIbHBIM MarHUTHBIN MOMeHT AQO. 1) OHepruto u popmy AO.

A6. ATOMHBIN TepM XapaKTepu3yer:

a) OcHOBHOe cocTosiHMe aroma. ©0) Bo3OyxaeHHoe coctosHue aroma. B) BanenTtHoe
cocTostHue aroma. T) OnpeneneHHOe SJHEPTeTUYECKOE COCTOSHUE aTOMA.

A7. JHeprust AO MHOT03JIEKTPOHHOI0 aTOMAa ONpeaeIseTCs:

a) 3HaYEHUSIMU TJIABHOT'O KBAHTOBOTO YHCIIA, OPOUTAIBHOTO KBAHTOBOT'O YHCJIA, MAaTHUTHOTO
KBaHTOBOT'O YHCJIA.

0) 3HaYeHWsIMH TJIABHOTO KBAaHTOBOTO YHKCJA, OPOMTAIBLHOTO KBAaHTOBOTO YHCIIA, 3apsIOM
anpa.

B) 3HAYEHUSMH TJIABHOTO KBAHTOBOTO YHMCJA, MAarHUTHOTO KBAHTOBOI'O YHCJIA, CIIMHOBOTO
KBaHTOBOT'O YHCJIA.

r) 3apsioM Apa, pazMepaMu opouTanu, popmoit opouTay.

AS8. YcToiiuuBO# HUKJIONPONECHWIbHON CHCTEMOM SABJISETCH:

a) Aunon. 0) Katuon. B) Pamukan.

A9. Ilopsinok cBSI3U B MOJIEKYJIe ONpeaessieTcs:

a) PazHuiieit Mex 1y 4nciioM 3JIEKTPOHOB Ha CBA3BIBAIOLIUX U pa3pbixiistromux MO.
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6) Yncnom 31eKTpoHOB Ha cBs3biBatomx MO. B) BceMu anexkTpoHamu B MOJIeKyIIe.
r) Pasnuneid mMexay 4MciIOM 3JEKTPOHOB HA CBS3BIBAOIIMX M paspbixiisommx MO, neneHHOM
MIOIIOJIAM.

A10. Oneparop I'amuiabTOHA — 3TO:

a) Oneparop kuHeTHYECKOW FHeprun.  0) Omeparop MOTEHIUATILHON YHEPTHUH.

B) OniepaTop MOJIHON SHEPTUH. r) Oneparop UMIyJsbca.
YACTH B
byovme enumamenvunl! 3aoanua vacmu B mozym 6vime 3-x munog:
1) 3a0anus, cooepicaujue HeCKOAbKO 6EPHBIX OMEEMO8;
2) 3a0aHuA HA YCMAHOBIEHUE COOMBEEMCMEUSL;
3) 3a0anus, 8 KOMoOPwvIX OMeem 00.J14ceH Oblmpb 0aH 6 sude Yucia, c106d, CUME0.1d.

B1. 3nas Bu BOJIHOBOI (DYHKIIUM, MOKHO PACCUYMTATD:

a) Pacnipenenenue 31eKTPOHHON TIJIOTHOCTH. 0). [loreHIman HOHU3AINH.

B) CpenHee 3HaYeHHE HEKOTOPOI (PU3NUECKON BEIHUMHEIL. T') 3apsn sapa.

B2. BostHoBasi pyHKIMS 10/I5KHA YI0BJAETBOPATH CJAAYIOLIHM YCJAOBHAM:

a) Heogno3znaunocts. 0) Koneunocts. B) HempepbIBHOCTB. r) YcioBrue HOPMHPOBKH.

1) 3aBUCUMOCTb TOJIBKO OT OJIHOM IepEeMEHHOM.

B3. CoorHomieHue HeonpeaeJeHHOCTEH peryJupyer TOYHOCTb OJHOBPEMEHHOI0
onpe/ieJIeHUs:

a) Maccel v 3Heprun.  0) DHEpruu U BpEMEHH PETUCTPAllMU.  B) DHEPrUu U TeMIIepaTyphl.

r) Koopaunats! u umnysibca. 1) MMmmynbca u Macchl.

B4.K TOo4HO pemiaeMbIM 32/1a4aM B KBAHTOBO MeXaHMKe OTHOCATCSH:

a) 3amaya O YacTUIE B MOTCHIIMAIBHOM SIIHKE. 0) 3amaua 0 MEpEeMENICHHH TOYKHU B
IpPOCTPAHCTBE. B) ATOM Bojopoja. I) Mosekyspubiii non Hz'. 1) 3amaua o skecTKOM poTaTope.

BS.ITosHoe opOuTanbHOE KBAHTOBOE YMC/I0 L /151 IBYX IKBMBAJICHTHBIX P-3JIeKTPOHOB
NPUHUMAET 3HAYEHUSI:

a)3,2,1.0)2,1,0. B)1,0,-1. 1)2,1,1.1)4,2,0.

B6.TepM 0CHOBHOI0 COCTOSIHUSI ATOMA YIJIEPO/Ja 3aNNCHIBAETCH B BUJIE:

a) °P1. 6)°Po. B)3D1. T)°Do.

B7.YcranoBuTe COOTBETCTBHE.

I'omosiiepHble IBYyXaTOMHbIE MOJIEKYJIbI M X YJIEKTPOHHbIE KOH(pUrypauuu

MoutekyJibl XapakTepHble IPU3HAKU
1. Oz A. KK(525)?(c*2s)?(n2px)*(n2py)?
2. N2 B. KK(525)%(5*2s)?(m2px) (m2py)*
3. B2 B. KK (625)%(0*28)%(12px)2(1:2py)4(62p2)>
4. C2 I KK(525)%(6*25)%(62p2)(m2px)X(m2py)A(m*2px) (n*2py)*
YACTbB C

Omeemut k 3ad0anuam yvacmu C Gopmynupyeme 6 c60000HOU Kpamkoii ¢hopme u
3anucwvieaeme ¢ 0J1aHK 0MEEMO8.

Cl. B 4Yem npuHUMNHMAJIBHOE OTJIMYHE MOJeJIeH, JIeKAIUX B OCHOBE KBAHTOBO-
MEXaHMYEeCKUX TeOpHuid onucanus xumuueckoi cesisu MMO u MBC?

C2. Kakue KBAHTOBO-MEXaHUYeCKHe METOABI pacyeroB Ha3BIBAIOTCHA
nojaymnupudeckumu? Ilpuseaure npumep.

C3. laiiTe onpenesieHue aTOMHOMOpOUTAIN?

C4. Kakoii puznyeckuii CMbICJ HMeeT KBaApaT MOAYJIS BOJTHOBON GyHKIMU?

CS. Cyminocts npudanxkenns bopua-Onnenreiimepa.
6.11Bonpockl K rocy1apcTBeHHOMY 3K3aMeHY
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1. KopnyckynasipHO-BOJHOBOW Ayalu3M W3IydeHUs U MUKpouacTull. Hauana KBaHTOBOIl Teopuw.
[Mpunuun neonpenenenHoctu ['eiizenOepra kak (yHIaMEHTAIbHBIM 3aKOH NMPHPOJBL. YpaBHEHUE
[penunrepa. BoaHoBas (yHKIMS, €€ CBOWCTBA.
2. KBanroBOoMexaHW4eckass TEOpHs CTPOCHHs aTOMOB. ATOMHas opoOutanb. KBaHTOBBIE umcia.
DHepreTU4ecKue ypoBHU MHOT'O3JIEKTPOHHBIX aTOMOB. T€pMBI.
3. KoBasentHas cBsi3b. CBOWCTBAa KOBaJICHTHON CBsi3W. MeETOJ| BaJIGHTHBIX CBsizel. Du3nmdeckas
uaes metoaa. JlocrouHcTsa u HejpoctaTku Metoaa BC.
4. Meton MonekymsapHbIX opOutanei. ®usnyeckas uaes merona. [Ipubmmxenne MO JIKAO.
Knaccudukanus MOJIEKYJISIPHBIXOpOUTANIEH. DHepreTu4ecKue JMarpaMmbl
MOJICKYJISIPHBIXOpOUTANEed. ODIeKTPOHHBbIE KOH(QUTYpauu MoJieKyl. [OMoHyKkieapHble U
reTepoHyKJIeapHbIe ABYyXaTOMHbIE MoJieKybl. JloctouncTBa meroaa MO 1pu 00bsICHEHHH CBOMCTB
MOJIEKYJI.

BOIIPOCHI K OK3AMEHY
1. Hauana xBanToBO# Teopuu. M3nyuenue adbconoTHO yepHorotena. ['unoresa [lnanka o kBaHTax.
VYpasuenue [1nanka.llocrossanas [Inanka, ee pu3ndecKuii CMBICII.
2. KoprnycKynsipHO-BOJTHOBOH Jyanu3M W3Iy4eHHUs. YpaBHeHHEDHHINTEWHa Isi (HOTOHOB.
DKCcrepuMEHTAIbHOE MOATBEPKACHUE KOPITYCKYJISIPHBIX CBOMCTB M3NydeHus (porodddexr).
3. Ddpdexr Komnrona xak NposiBICHHE KOPITYCKYJSPHBIX CBOMCTB AIIEKTPOMArHATHOIO
W3IIy4YEeHUSI.
4. IlpumeneHnue uaed KBaHTOBaHUs s co3nanus teopuu crpoeHusi atoma (H. bop). Pacuer
paauyca, CKOpPOCTH U DSHEPruu »JJEKTpoHa B aromMe Bojopoja. OOocHOBaHWE JIHHEHUYaTOU
CTPYKTYpBI CIIEKTpa aTOMa BOJOPOAA.
5. KopmyckynspHo-BOIHOBOM ayanu3m MukpouacTtull. I'unoresa Jlyu ne bpoiins o nBoiicTBeHHON
IPUPOJIE MaTepuu. OKCIIEPUMEHTAJIbHBIE J0Ka3aTebCTBA BOJHOBBIX CBOMCTB MHKPOYACTHII.
Bomnnsl ne bpoitns.
6. [puanmn nonomautensHOocTH bopa. Ilpunmun weompenenennoctu I'erizenOepra. ITpumepsr
JEMCTBYS NpUHLMIIA HeonpeneaeHHocTH. CleIcTBUE IPUHIINIIA HEOTIpeeeHHOCTH. Kitaccuueckast
1 KBAaHTOBAsl MEXaHUKH U COOTHOLLIEHUE MEXAY HUMH.
7. OOmee ypaBHEHHE BOJIHOBOT'O JBM)KEHHUS U ero npumeHeHue llpenuHrepom s omucaHus
JBUKEHMS] MUKpOYacTull. 3HaueHue ypaBHeHus Lllpennnrepa B KBaHTOBOM MEXaHHKE.
8. BomnoBas ¢ynkuusa kak perienue ypaBHeHus Ilpeawnrepa. MHTepmperanuss  BOJHOBOH
¢ynkuuu bopaom. CBoiicTBa BOJTHOBOW (PyHKIIMU. DJIEKTPOHHAs IJIOTHOCTh. [ paHnYHas U y31m0Bast
ITOBEPXHOCTHU.
9. TlocTtynaTsl KBAHTOBOW MEXaHUKH.
10. IonsiTue 06 onepaTopax. OnepaTopbl OCHOBHBIX (DM3HUECKUX BEIMUWH (KOOPAUHAT, UMIYJIIbCa,
MOMEHTa HMITyJIbca, KUHETMYECKOW W TOTEHIUAIbHON SHEPruM) W HX cBoiicTBa. Omeparop
Jlanutaca u oneparop I'amMuiibTOHA.
11. Pemienne  ypaBHenus Illpenunrepa st  OJHOMEPHOTO  MOTEHIMAIBHOTO  SIIHMKA.
3aKOHOMEPHOCTH U BBIBOJIBI, CIICAYIOIINE U3 TIOTy4aeMbIX pemieHui. TyHHeIbHbINH AP eKT.
12. Pemienne  ypaBHenmss lllpenwnrepa [uis  TpPEeXMEpPHOTO  MOTEHIHMATBHOTO  SIIIIUKA.
3aKOHOMEPHOCTH M BBIBOJbI, CIIEAYIOIIME W3 IOJydaeMbIX penieHuil. [loHsTHE O KBaHTOBBIX
YHUCIIaX U BBIPOKIEHHOM COCTOSHUH.
13. Pemenue ypaBuenus Llpenunrepa /uis 5KeCTKOro potaTopa. 3aKOHOMEPHOCTHU U BHIBOIBL.
14. T'apMOHUYECKUN OCITUILISATOP.
15. llogxon k pemenuto ypaBHeHus Illpemunrepa s aroma BOJOpoOJa B TMPUONTHKEHUU
HenoJBWXKHOTO siapa. [lepexon k chepuueckuM KoopauHaraM. PasieneHue BoiHOBOM QyHKIMHU Ha
paguaibHYIO U YITIOBYIO COCTaBISIOLLHKE.
16. Haxoxaenrne Buaa (GyHKIWA pagriaibHOM M YTJIIOBOH COCTaBIISIONIUX BOJHOBOW (DYHKIIHH.
Cucrema KBaHTOBBIX YHCENL.
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17. Ilonstue aromuoiopoutanmu. CriocoOsl rpaduueckoro H300paKeHUsT paauaibHON U YIIIOBOH
COCTABIISIOLINX BOJHOBOM (PyHKITMH. Y3JI0Basi MIOBEPXHOCTD.

18. ®usnuecknii cMbICH KBAaHTOBBIX yucex N, | , my . YrioBod M MarHUTHBIA MOMEHTHI
aroma.OCHOBHOE, BO30YK/I€HHOE, BHIPOXKICHHOE COCTOSIHHSI aTOMa BOJIOPO/IA.

19. CoOcTBEeHHBIE MOMEHT KOJMYECTBA JABMXKEHMsI 3JIEKTPOHA, CIUHOBOE KBAHTOBOE YHCIIO.
MarautHoe CIMHOBOE KBaHTOBOE YUCIIO.

20. Pacuer cpeanux BennuuH. Haubosee BeposTHOe paccTosHue 3JeKTpoHa oT sjapa. CpenHee
paccTosiHue SAPO-3JIEKTPOH.

21. CpenHsAs CKOPOCTb JBMKEHUS 3JeKTpoHa. CpelHue 3HaYeHMs MMOTEHUIHAIbHONW, KHHETHYECKON
U MOJHOM 3Hepruil. Teopema Bupuana.

22.Yyer [BHMXKEHHs sapa aromMa Bojaopona. Pasnenenue IBWXKEHUHM sAApa M DIEKTPOHA.
[TpuBenennas macc. M3oronuveckuii 3 dexr.

23. CnekTpsl ~ BOJOpOJONONOOHBIX  aToMoB.  Ilepexonabl  3/MEKTPOHOB  MOA  BIUSHHUEM
AJIEKTPOMArHUTHOTO M3ydeHus. [IpaBuia otbopa. BausiHue BHENIHEro MOJIs: CHATHE BBIPOKICHUS
U PACLICIUICHUE CIIEKTPAJIbHBIX JUHHUM B MArHUTHOM U JIEKTPUYECKOM IOJIAX.

24. YpaBHeHue [Ipenunrepa TS MHOT'03JIEKTPOHHBIX aTOMOB. lNamunsTOoOHMaH
MHOT'03JIEKTPOHHOTO aroma. HeBo3MOXHOCTh TOUHOrO pemieHus ypaBHeHus  lllpeaunrepa pns
MHOT'03JIEKTPOHHO cucteMbl. HyneBoe npubinxeHue.

25. Ypasuenue lllpeaunrepa A MHOTO3JIEKTPOHHBIX aTOMOB. OJHOJIEKTPOHHOE MPUOIIMIKEHHE.
OAHOAJIEKTPOHHBIC BOJHOBBIC (YHKIIMK XapTpu. MeTo]T CaMOCOTIIacOBAHHOTO TIOJISI.

26. IIpunnun [Maymu. Onpenenutenu Ciaatepa. Y coBepiueHCTBOBaHHE MeTosla XapTpu DokoMm.

27. IlpubmmKkeHHble aHATTUTHYECKHE (YHKIMK aTOMHBIXopOuTaneld. AToMmHeie opOuTanuCiarepa.
D¢ dexTuBHBIE TTTaBHOE KBAHTOBOE YMCIIO U 3apsl. KoHcTaHTa SKpaHUPOBaHMSL.

28. ®aKkTOphl, BIUSIOIMIME HA SHEPrHUI0 AaTOMHBIX OpOHTajeil MHOTOAJIEKTPOHHBIX AaTOMOB.
OHepreTuyeckue ypoOBHU MHOTOIEKTPOHHBIX aTOMOB. [IpumHinun mnoctpoenus Ilepnoanueckon
cucremsl /.. Menneneena.

29. CniuH-opOuTansHOe B3auMo/eiicTBrue. KBaHTOBBIE UnCiIa MHOTORJIEKTPOHHBIX ATOMOB.

30. TepMBbI MHOTOAJIEKTPOHHBIX aTOMOB. CIIEKTPBI MHOTOAJIEKTPOHHBIX aTOMOB. [IpaBuia orGopa.
31. YpaBuenne  Ulpenunrepa i MOJEKYIN. [Tpubmuxenne  bopra-OnmnenreiimMepa
(amnabatuueckoe mpuOIMKEHUE).

32. Pacuer monekynsl Bogopoaa I'eiitiaepom u JlongoHoM. CUMMeTpUYHAs U aHTUCUMMETPUYHAsS
BOJIHOBbIe (pyHKuMU. [loTeHnumanbHas kpuBas. 3HaueHue padoTsl 'eliTinepa u Jlonnona.

33. YTOuHEeHHBIE pacyeTbl MOJEKYJbl BOJOpPOJa MO METOJYy BaJEHTHBIX cBsized. JlocToMHCTBa U
HEJ0CTaTKH METO/1a BAJICHTHBIX CBA3EH.

34. OCHOBHbBIE  TOJIOKEHUS ~MeTOoAa  MOJIEKYJIpHbIXOpOuTaneil. AHajgorus ¢  Teopuei
MHOT03JIEKTPOHHOTO aTtoMa. llpubnmxkeHue nuHelHHOM KOoMOMHAIUM aTOMHBIX opoOutaneit (MO
JIKAO).

35. [lpubmmkerne MO JIKAO. VYpaBuenuss Pyraana. YpaBHeHuss Pyraana miisi OTKpBITHIX
obosnoyek. OrpaHNYeHHBIN U HeorpaHUYeHHBIH MeTo1 XapTpu-doka.

36. Bo16op 0azucHbIx aToMHBIX (yHKIMA B pasinoxennn JIKAO.  DiekTpoHHas KOPPESIus.
Metoa KOHGUTypallMOHHOTO B3auMoJieiicTBUs. MeToJ Teopun Bo3mylienuit Memnnepa-Ilneccera.
37. Pacuer monexymsl Bomopona no meroxy MO JIKAO. BonHoBast GyHKIHS U SHEPTHS OCHOBHOTO
COCTOSIHUSL.

38. Knaccudukanus MONeKyIsIpHBIX OpOMTanel JBYXaTOMHBIX TOMOSIEPHBIX MOJIEKYNI. G-, T-
OpOurtanu. CBs3bIBAIOIINAE, PA3PHIXJISIONINE, HECBI3BIBAIOIIMEOPOUTAIN. YeTHbIE, HEYETHBIC
opOuTanu. JHepreTH4ecKrue JuarpaMMbl MOJIEKYJISIPHBIXOPOUTAJIEH.

39. l'omoHyKII€apHbIE JBYXaTOMHBIE MOJIEKYJbl dneMeHToB |l mepmoma B wmerome  MO.
I'erepoHykieapHble JByXaTOMHBIE MOJIEKYJIBI.

40. Teopema I'enpmana-deitHMaHa.

41. Teopema BupHana u NpUpoia XMMUUYECKOH CBS3H.
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42. DnekTpocTaTuyeckas Teopema.

43. MonekysspHble OpOHMTAIN TMONHSICPHBIX MOJICKYJ. TpexXxaTOMHBbIC JTHHEHHBIE MOJICKYJBI B
metone MO. Tloctpoenue TpexueHTpoBbix MO s Monekyn 6e3 m-csizeit (BeH2) u ¢ m-cs3zsamu
(BeF2). Dueprernueckue auarpammsl MO.

44. MonekynsipHble OpOHUTaIM MONUAAEPHBIX MoJiekyn. YrioBele (H20) m Terpasapuyeckue
moJiekyiisl (CHa).

45. HesMmupudeckne W TMOTYIMIUPUUYECKUE METOABl pacdyera MoJiekynl. o-,z-IIpubmmkenue.
[TonysMIuprUYECKHITMETOIMONICKYIIPHBIXOPOUTAICH XFOKKEIS.

46. Pacuer osHepruii MoseKyJsipHbIX opOutaneir B Meroge MOX. Amnnynensl. Cucrema
LIUKJIONPONeHUIa. DJHEepreTuueckas JauarpamMma  MOJEKYJISpHbIXOpOUTanel. Y CTOHYMBOCTh
paaukana, KaTuoHa, aHMOHA.

47. Anunynensl B Metoge MOX. [IpaBuno Xrokkemnsi. ApOMaTUYHOCTh U aHTUAPOMATUYHOCTb.

48. Tlpumenenue Mmeroma XIOKKENS K MOJEKyJaM C COMNPSKEHHBIMH CBSI3AMH (HETpeeIbHbIe
yTJIEBOJIOPO/bI). DTUJICH. AJUTHIL.

49. Meton MOX. byranueHn. Briciue nojiveHsl.

50. IIpumeHeHHE KBAHTOBOMEXAHUUYECKUX PACYETOB B XUMUU (JIEKTPOHHAS TUIOTHOCTD, 3apsiibl Ha
aToMax, MOPSIIOK CBSI3H, MHJIEKC CBOOOAHONM BaJIEHTHOCTH, MOJIEKYJISIPHBIE TUArPAMMBbI).

51. AnbpTepHaHTHBIE M HealbTepHAHTHbIE YyrieBoaopoasl. CBoiicTBa aNbTePHAHTHBIX
YIJIEBOIOPOIOB.

52. DHepreTMYecKHe KpUTEPUH apOMATHYHOCTH. XIOKKeNeBCKas H J[ploapoBCKas SHEPruu
pe3oHaHca.

53. IlpumeHenue Metona XIOKKeEIs MPU KOPPEsiiuU (PU3NYECKUX CBOWCTB COINPSKEHHBIX CUCTEM.
HOT@HHI/I&JII)I HOHU3alUU U CPOACTBO K DJICKTPOHY. 3JI€KTpOHHI)I€ CIICKTPbI IOIJIOMICHHA.
54. PeakuuoHHasi CIIOCOOHOCTh /7-CONPSDKEHHBIX MojeKys. [lpubnmkeHue H30JMpPOBAHHON U
pearupyroleit MoJIeKybl. DIeKTpOPHIbHOE, HYKI€O(PHIbHOE, paAUKaTIbHOE 3aMeIlEHHE.

6.3.1. OLEHOYHBIE CPEJICTBA JJA ITPOBEPKU YPOBHA
COOPMHNPOBAHHOCTU KOMITIETEHLIMU OIIK-3

TecTsl cofeprkar ClIeayIOIINe TUTTHI 33/TaHUM

Tun 3apanusa Ne zamanua | Bec 3aganns Pe3yabTar oneHuBaHus
(6asn) (0a/IB1, MOJTyYeHHBIE 32
BbIINIOJITHEHHE 3a7aHus /
XapaKTePUCTUKA MPABUIBLHOIO
0TBETA)
3agaHus 3aKpBITOTO THUIIA 1,2,3,4 1 Gamn 1 6 - TmomHOE WpPaBHILHOE
c BEIOOpOM OJIHOTO COOTBETCTBHE;
npaBwiIbHOro orsera (1 — 0 6 — ocTanpHBIE CITyYan
4)
3ajaHus 3aKpBITOTO THUIIA 56,7 2 Oaiuta 2 0 - TmoJHOe TMpaBWIbHOE
C BBIOOPOM HECKOJBKHX COOTBETCTBHE
MPaBWIBHBIX OTBETOB (2 (mocenoBaTeIbHOCTh BapUAHTOB
u4) OTBETa MOKET OBbITH J1t000i1);
1 6 — ecnu nomymieHa ojHA
omnoOKa / OTBET MPaBUJIbLHBINA, HO
HE IOJIHBIN;
0 6 — ocTanbpHBIE CiTy4yan
3ajaHus 3aKpBITOTO THUIIA 8,9, 10 2 Oaiuta 2 0 - TmoJHOe TMpaBWIbHOE
Ha YCTaHOBJICHUE COOTBETCTBUE;
cootBercTBus (3 Ha 3 u 4 1 6 — ecmu JomymieHa oOJHA
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Ha4) omuOKa / OTBET NMPaBUIILHBIN, HO
HE IIOJIHBIHN;
0 6 — ocTaypHBIE CITyYaH
3anmanus 3akpeitoro twma | 11,12, 13 2 bajuta 2 0 — TmOoJHOE MpaBWIBHOE
Ha YCTaHOBIICHHUE COOTBETCTBHUE;
MOCIIEI0BATEIHHOCTH 1 6 — ecmu gomymieHa oOjHA
omuOKa / OTBET NMPaBUIILHBIN, HO
HE IOJIHBIT;
0 6 — ocTaypHBIE CITyYaH
3amaHus OTKPBITOTO THUIIA 14, 15 3 Gata 3 © — TmmonHOE MpaBWIBHOE
C KpaTKUM OTBETOM COOTBETCTBHUE;
0 6 — ocTanpHBIE CITyYaH

®opMmupyeMasi KOMIETeHIUS

NuaukaTopsl chopMHPOBAHHOCTH
KOMIIeTCHIIUH

OIIK-3 CnocobeH TPHUMEHSTh pacueTHO-
TEOPETUYECKHE  METOABl Il  U3YYCHMS
CBOMCTB BEIIECTB UM IPOLECCOB € HX
Y4acTHEM C HCIIOJIB30BAHUEM COBPEMEHHOU
BEIYHCIIMTEILHON TEXHUKHU

e OIIK-3.1. TlpumeHsieT TeopeTHUECKHUE U
TIOJTyIMITUPUYCCKHE MOJCIIA TPH PEUICHUH
3a/1a4 XUMUYECKOW HAIIPaBIEHHOCTH

e OIIK-3.2. Ucnons3yer cTaHIapTHOE MpPO-
rpaMMHOE O0OECTICYeHHE TIPU PEIICHUH 3a/1a9
XMMHYECKON HampaBICHHOCTH

Tecrt 1. mo AucCHUILIMHE
«BBEAEHUE B KBAHTOBYIO XUMUWIO»

1. Kakoii ¢usuyecknii cMbICJ HMeeT KBAaJApPaT MOAYJS BOJHOBOH (yHKUMH

KOOPAUHATHOM l'Ipe)lCTaB.]'leHI/II/I?

1) [loreHunanpHas SHEPTUS YACTUIIBI.

2) [110THOCTH BEpOSITHOCTH HAXO0KI€HUS YaCTUIIbI B JAHHOW TOYKE ITPOCTPAHCTBA.

3) Kunernueckas sHeprus 4acTHIIbI.
4) IlonHast HEPTHUsI CUCTEMBI.
Ortsert: 2

2. Yto onuchIBaeT NPUHIUI HeonpeaeJeHHOCTH ['eii3en0epra 1Jist KOOpAMHATBI M UMITyJIbca?

1) HeBo3MOXXHOCTP TOYHOTO OOIHOBPCMCHHOT'O HU3MCPCHHA KOOPAWHATHI U COOTBCTCTBYIOH_ICﬁ

IMPOCKIHHU UMITYJIbCA.

2) HeBO3MO>XHOCTB ONPENETUTHh TPAEKTOPUIO MUKPOUYACTHIIBI.
3) Oba yTBep>KIAeHMs BEPHBI U BHITEKAIOT OJIHO U3 JIPYTOTo0.
4) TonbKO HEBO3MOKHOCTD OIIPEJEIUTH TPAEKTOPHIO.

Otser: 3

3. YpaBHenue ae bpoiiisi yctaHaBJIuMBaeT CBSA3b MEKIY:

1) DHeprueii poToHA U €TO YaCTOTOM.

2) UMiys1bcOM MUKPOYACTHULIBI U IJTMHON BOJIHBI.
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3) KoopauHaTol 1 UMITYJIbCOM YaCTHIIBI.
4) CnMHOM ¥ MarHUTHBIM MOMEHTOM 3JIEKTPOHA.
Otser: 2

4. BoanoBasi ¢yHKHUS, ONHMCHIBAIONIASI COCTOSIHME YACTUIBI, [0JKHA YIOBJIETBOPSATH
YCJIOBHSAM:

1) OgHO3HaUYHOCTH, HENPEPBIBHOCTH, KOHEYHOCTH.

2) JIuHeWHOCTH, SPMUTOBOCTH, HOPMUPYEMOCTH.

3) duddepeHumpyeMocT, CHMMETPUIHOCTH, BEIIIECTBEHHOCTH.
4) IleprOAMYHOCTH, KBAHTOBAHUS, OPTOTOHAJILHOCTH.

Otser: 1

5. Kakue u3 nmepe4mnc/ieHHBIX NMOJIOKEHUI SIBJAIOTCA MOCTYJIAaTAMM KBAHTOBOW MeXaHUKH?
(BbiOepuTte TpH 0TBETA)

1) CocTosiHMe KBAaHTOBOM CHCTEMbI IIOJHOCTBIO OIMCHIBAETCS HOPMHUPOBAHHON BOJIHOBOM
¢bynkumeii V.

2) Kax0ii (hnuznyeckoit BeTMUYNHE CONOCTABIISACTCS IMHEHHBIH S3PMUTOB OIIEPaTOpP.

3) Cpennee 3HadeHHEe (U3UYECKON BEITMUUHBI PABHO CPEIHEMY apU(PMETHYECKOMY PE3yJIbTAaTOB
CepUH U3MEPEHUH.

4) PesynpTaToM M3MepeHUs] (PU3NYECKONW BEIUUYMHBI BCETJa SIBISIETCS COOCTBEHHOE 3HAYEHHE €€

oreparopa.
Orser: 1,2, 4

6. lasi aToma BoAOpoAa BOJIHOBbIEe (PpyHKIMHU (OPOMTAIHM) XAPAKTEPHU3YHTCH KBAHTOBBIMH
ynciaamu n, I, m. Kakue U3 3THX 4Hcesl ONpenesilOT JHEPTrUI0 JIEKTPOHA B KYJIOHOBCKOM
noJie sigpa? (BoibGepure 1Ba oTBETA)

1) 'maBHOE KBaHTOBOE YMCJIO N.

2) OpburanabHOE KBAaHTOBOE YHUCIIO 1.

3) MaruuTHOE KBaHTOBOE YKCIIO M.

4) B npubnmxenun ypasHenus Llpéaunrepa 6e3 pensTHBUCTCKUX MOMPABOK - TOJIBKO N.
Orser: 1, 4

7. Kakue U3 cjieqy0OUux onepaTopos siBJasA0TCsS I)pMuToBbivu? (BoidOepure Tpu oTBeTA)

1) OmnepaTop KOOpAHHATHI (X = X).

2) Oneparop umyJbca (px = -ih 0/0x).

3) Omteparop kunetHueckoit sueprun (T = - (h%/2m) V2).
4) Onepatop KOMIIJIEKCHOTO CONPSIKEHUS.

Otsert: 1,2, 3

8. YcraHnoBuTE COOTBETCTBHE MEKAY NNOHATHEM M €r0 ONpeieIeHueM:

1. Ilpunnun Ilaynu : A) 3amper Ha cyliecTBOBaHHE JIBYX (DEpMHOHOB B OJMHAKOBOM KBAaHTOBOM
COCTOSIHUH.

2. KopmyckynsipHo-BoaHOBOM nyanmu3M : b) CBOWCTBO MHUKPOOOBEKTOB MPOSBIATH B Pa3HBIX
YCIIOBUSIX KaK BOJIHOBBIE, TaK M KOPITYCKYJIIPHBIE CBOWCTBA.

3. [IpaBuio or6opa : B) Ycnosue, onpenenstomniee BO3MOXKHOCTh KBAHTOBOTO IEPEX0/1a.
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4. Teopema Bupmana : [') CooTHomIeHHE MEXKIYy CPEIHUMU 3HAYCHHSIMU KHHETHYECKOW H
MOTEHIIMAIBHON 3HEPrUM JUIsi CUCTEM C IOTEHLMAJIbHOM SHEPrUeH, SBIISIIOLICHCS OJHOPOJHOU
GbyHKIMEH KOOpAUHAT.

9. YcTaHOBHUTE COOTBETCTBHE MeXAYy (pU3MUecKOil BeJIMUYMHON U €€ KBAHTOBO-MEXaHUYECKUM
onepaTopoM (B KOOPAMHATHOM NPeACTABJICHHUN):

1. [Monnas sneprus : A) — (h*/2m)V? + V(x,y,z)

2. Kunernueckas sueprus : b) — (h?/2m) (6%/0x* + 0*/0y* + 6%/07?%)

3. Z-KOoMITOHEHTa OpOUTAIBHOTO MOMEHTa uMIyJibca : B) ih 0/0¢ (B cepruaeckux KOOpAHHATAX )
4. TlorenumanbHas sHeprus B osie V(x) : I') —ih (x 0/0y —y 0/0x)

10. YcraHoBUTe COOTBETCTBHE MEKIY KBAHTOBBIM YHCJIOM W (PU3MYECKOH BeJIUYHHOM,
KOTOPYIO OHO OTpe/ieisieT JJIf 3JIeKTPOHA B aToOMe:

1. I'maBHOE KBaHTOBOE YKCIIO (n) : A) DHEprus B BOJAOPOIONOI00HOM aToMeE.

2. OpburansHoe kBaHToBOe yucio (1) : b) Moayns opouTanTbHOr0O MOMEHTA UMITYJIbCA.

3. MarauTtHOe KBaHTOBOE 4Kciio (m) : B) Opuenranus opOUTaI-HOTO MOMEHTA B IPOCTPAHCTRBE.
4. CnuHOBOE KBaHTOBOE YKo (ms) : [') OpueHTanus cnuHa B IpOCTPAHCTBE.

11. Pacmosoxute 3Tanbl pemieHus ypaBHeHus Illpéaunrepa auasi aroma Boaopoaa B
cepuyecknx KOOPAMHATAX B NPABUJILHOM MOPSIAKE:

A) Beenenne chepudeckix KOOpIUHAT.

b) Pa3nenenue nepeMeHHbIX Ha paJualbHYIO U YTJIOBYIO YaCTH.

B) Pemenue yrinoBoro ypaBHeHuUs, IpUBoOsIIee K chepuaeckuM QyHKIHIM Yim(0,0).

I') Pemienue pagualibHOTO ypaBHEHUS, IPUBOALIEE K PaJHaTbHBIM QYHKIUAM Ry(r).

J1) Yder kBaHTOBBIX YHCEN N, |, m U TOCTPOEHNE TOTHON BOJIHOBON PYHKIMH Ynim(T,0,0).

12. YcraHoBuTE MOC/I€10BATEIbHOCTH ONepanuii npu pacuyere moJjekyabl H: meronom MO
JIKAO B MuHMMaIbHOM 0a3uce 1s opOuTaJieii:

A) TlocTpoeHue MOJEKYIIPHBIX OpOUTATIEH Y = Ci1(a + C2(e.

b) 3amuce BexkoBOro ypaBHEHHS M BBIUHMCICHHME MaTpPUYHBIX 3jeMeHToB  Hj,  Sj.
B) CocraBieHue cekyIsipHOTO OINpENeNuTeNIss U HaXO0XJEHHE KOpPHEH YpaBHEHHUS Ha HHEPIHIO.
I') [loncranoBKa HallZICHHBIX SHEPTU B CUCTEMY YPABHEHUI JUIsl ONpeieeHHs] KO3(PPUIIMEHTOB Ci,
Ca.

J1) Pacuer »sHepruu OCHOBHOIO COCTOSIHMSI C ydeToM 3anojHeHuss MO »3ieKTpoHaMH.

13. Pacnosio:xkure B XPOHOJIOTMYECKOM IOPs/AKE MOSIBJICHHE CJCAYIOIIMX Teopuil M
KOHI eI

A) I'mnore3a M. Ilnanka o KBaHTOBaHUM SHEPTUU OCLUIUIATOPA.
b) KBanroBas Teopus aroma H. bopa.

B) Unes kopnycKyJIsspHO-BOJIHOBOTO Jlyanu3ma Je bpois.

I') YpaBuenue Llpénunrepa.

14. Kakue aBa OCHOBHBIX THINA CHMMETPHM [J0JKHbI MMETh MOJIEKYJSIpHbIE OpPOMTAIH
TOMOSIICPHOI IBYXaTOMHOI MOJ1eKY.1bl (HanpuMmep, N2)?
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OtBer: CHMMETpUSI OTHOCHUTEIILHO IIEHTpAa WHBEPCUU (YETHOCTh g/U) M CHMMETPHS
OTHOCHUTEIILHO OCH, MPOXOIAIICH uepes sipa (o, T, J...).

15. 3anmmmure o00mMiA BHI raMWJIbTOHHMAHA (omepaTopa MOJIHOM JHepPruu) IJs
MHOI03JICKTPOHHOI0O aTOMa B AaTOMHBIX eIMHHUAX (TmpeHeOperasi PpPeJsATHBHCTCKHMH
3¢ pexramu).
Otser: H=13%; [-1/2 V- Z/I'i] + Zi<j l/I'ij
6.3.2. OLIEHOYHBLIE CPEJCTBA JUIA I[TPOBEPKU YPOBHA

CO®OPMIUPOBAHHOCTHU KOMITETEHIMH T1K-1

TecTbl coaepKaT CIeAYOUIME TUIIBI 3aJaHUI

Tun 3apanus Ne 3apanus | Bec 3aganus Pe3yabTar oneHuBaHus
(0an) (0a/J1B1, MOJTyYeHHbBIE 32
BBINOJIHEHHE 3aaHus /
XapaKTePUCTHKA MPABUIBLHOIO
O0TBETA)
3aaHus 3aKpHITOTO THUIIA 1,2,3,4 1 Oamn 1 6 — nmnonHOE TMpaBUIBLHOE
c BBEIOOpOM OIHOTO COOTBETCTBHE;
npaBuibHOTO OoTBeTa (1 — 0 0 — ocranbHBIC ClTydan
4)
3agaHus 3aKpHITOrO THIIA 56,7 2 Oaiuta 2 0 — TOJHOE TMpPaBUIBLHOE
C BBIOOPOM HECKOJIBKHX COOTBETCTBHE
MPaBUIBLHBIX OTBETOB (2 (Tmocne0BaTeIbHOCTh BapHAHTOB
u34) OTBETa MOKET OBITH J1t000i1);
1 6 — ecimu pgomymieHa OjfHa
omnOKa / OTBET MPaBUIIbHBIN, HO
HE ITOJIHEIN;
0 6 — ocTanbpHBIC CTyYan
3azaHus 3aKpbITOTO THUIIA 8,9, 10 2 Gamna 2 0 — TmOoNHOE TpaBWIBHOE
Ha YCTaHOBJICHHE COOTBETCTBHC;
cootBercTBus (3 Ha 3 u 4 1 © — ecnu [gomymieHa oOJHA
Ha4) omnOKa / OTBET MPaBUIIbHBIN, HO
HE IOJIHBIH;
0 6 — ocTanpHBIE CiTy4au
3amanus 3akpeiToro tuma | 11,12, 13 2 Gamna 2 0 — TmOoNHOE TpaBWIBHOE
Ha YCTaHOBJICHHE COOTBETCTBHE;
MOCJIeI0BATEeILHOCTH 1 6 — ecnu [gomymieHa ojHA
omnoOKa / OTBET MPaBUJIbLHBINA, HO
HE IOJIHBIN;
0 6 — ocTanbpHBIE CiTy4yan
3aaHusl OTKPBITOTO THUIIA 14, 15 3 Gamra 3 © — TmonHOe MpaBWIBHOE
C KpaTKUM OTBETOM COOTBETCTBHE;
0 6 — ocTranpHBIC CITyYan

®opmupyeMasi KOMIIETEH U

NuaukaToppl chOpMUPOBAHHOCTH

KOMIICTCHI MU
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IIK-1. Bnageer cucremoit pynnamenTanbheix | o [TIK-1.1. I[ToHMMaeT OCHOBHBIE MPHHIIMIIEL,
XUMHYECKHUX TIOHATUH U 3aKOHOB 3aKOHBI, METO/I0JIOTHIO M3y4aeMbIX
XUMHYECKUX JIUCIUIUIMH, TEOPETUYCCKUE
OCHOBBI (DM3HUECKUX U (PUIUKO-XUMHUYECKUX
METOJIOB MCCIICAOBAHHUS.

o [IK-1.2. Hcmonp3yer QyHIaMEHTAIbHBIC
XUMHYECKHE MTOHSTHS B cBoei
npodeccroHABHON IeATEeIPHOCTH

e [IK-1.3. HHrepnperupyeT IOJIy4YE€HHBIE
pE3yNbTAThI, HCIOJNB3Ys 0a30BbIC IOHSATHUS
XUMHYECKHUX JAUCLIHUILIINH

TecT 2. Mo JUCHUILIMHE
«BBEAEHUE B KBAHTOBYIO XUMUWIO»

1. KTo BIIEPBLIC BBCJI IOHSATHE KBaHTAa 3Heprml?

1) A. DiiHITeliH
2) H. bop

3) M. [Inank

4) JI. ne bpotinb
Ortser: 3

2. Yto onuckiBaeT NpuHIUN HeonpeaeaeHHocTH I'eiizendepra?

1) HeBo3MOXXHOCTH OJHOBPEMEHHOTO TOYHOTO OTPEICICHUS YHEPTUN U BPEMEHU
2) HeBO3MO>XHOCTH OJTHOBPEMEHHOTO TOYHOT'O OTPEAETIECHUS KOOPAUHATHI U
HMITYJIbCA YaCTUIIBI
3) JlonomHUTENBHOCTH BOJTHOBBIX U KOPITYCKYJISIPHBIX CBOMCTB
4) KBanToBaHNE€ MOMEHTA MMITYJIbCA DJIEKTPOHA B aTOME

Otser: 2

3. Kakoe KBaHTOBO€ 4K C/I0 onpenessieT GopmMmy aToMHON opOouTaIn?

1) 'maBHOE (n)

2) OpouransHoe (1)
3) MaruutHoe (m)
4) CriuHoBOE (8)
Otser: 2

4. Kakoe siBj1eHHEe HENIOCPEICTBEHHO 00bsICHsIeTC sl TUIoTe30i Ae bpoins?

1) ®oroaddekt

2) Audpaxiust 31€KTPOHOB

3) U3nyuyenue abCOMOTHO YEPHOTO Tela

4) Ctporo kpyrosbeie opOuTHI B atTome bopa
Otser: 2

4. Kakue W3 yTBep:KlAeHHiHl cnpaBelyiuBbl 1A BoJHOBoI ¢yHkuuu (V)? (Bonidepute
BAPHUAHTA)
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1) ¥ MokeT IpUHUMATH TOJBKO MOJOKUTEIILHBIC 3HAUCHUS
2) Ksagpat moayis [V)? umeeT Gu3HMUeCKuii CMBICI IIJIOTHOCTH BEPOSTHOCTH
3) ¥ MoxeT ObITh KOMIIEKCHO3HAYHOH (PyHKITHEH
4) ¥ onuchIBaET TOYHYIO TPACKTOPHUIO JABHIKEHHSI AJIEKTPOHA
OtBerT: 2, 3

5. lns oqHOMepHOI YacTUIbl B 0€CKOHEYHO IIy0OKOM NMOTEHIUAJILHOM SIIIIUKE XaPpAKTEPHO:
(BbiOepuTe TPH BapHAHTA)

1) DHeprus 4acTUIbI KBAHTYETCS
2) HanmMensb1iasi BO3MOXKHast SHEPTHsl (SHEPTUs HyJIEBBIX KOJIeOaHUi) paBHA HYJIIIO
3) BonHoBas ¢yHKIMS Ha TpaHUIIAX SIIKMKa OOpalaeTcs B HOJIb
4) V31161 BOTHOBOW ()YHKIIMM MOTYT HaXOJUTHCS BHYTPH SIHKA
5) DHepreTU4ecKuii CrieKTp HeTPEPHIBHBIM
Orser: 1, 3,4

6. Kakue u3 mepe4mnc/ieHHBIX MOJIOKEHUI SIBJSIIOTCS MOCTYJIaTAMU KBAHTOBOH MeXaHMKH?
(BbiOepuTe TPH BApHAHTA)

1) CocrosiHHE cHCTEMBI OITUCBHIBAETCS BOJIHOBON (DyHKIMEH

2) DneKTpOHbI IBUXKYTCS 110 CTALlMOHAPHBIM 0pOuTam 0€3 U3I1y4eHHUs

3) Kaxxoii ¢pu3nueckoil BeIMunHe COMOCTABISACTCS JIMHEHHBINA 3PMHUTOB OIIEPaTOP

4) Pe3ynbpTaToM M3MEpeHus (pU3MYIEeCKOi BEMUYUHBI MOXKET ObITh TOJILKO COOCTBEHHOE 3HAUCHHUE €€
oreparopa

5) DHeprus aToMa U3MEHSAETCS CKAYKOOOPa3HO MPH MEPEXO/IE AEKTPOHA MEKIY

opbuTamu

Orser: 1, 3,4

7. YcTaHOBHTE COOTBETCTBHE MEXKTY KBAHTOBBIM YHUCJ/IIOM H €10 (l)l/l3l/l‘-leCKI/lM CMBICJIOM:

1) I'maBHOe kBaHTOBOE umcio (n) : A) Onpezenser pa3Mep U OOILIYIO YHEPTUIO JEKTPOHHOM
opbuTtanu

2) OpOutansHoe kBaHTOBOe umcio (1) : b) Omnpenenser ¢opmy opOutanm U BeIUUUHY
OpOUTATILHOTO MOMEHTA UMITYJIbCca

3) MarnuTtHOoe kBaHTOBOE€ uucio (m) : B) Ompenensier opueHTaMo OpOUTAIBHOIO MOMEHTA
HMITyJIbCa B IPOCTPAHCTBE

4) CninHoBoe KBaHTOBOe yHcio (s) : ') Onpenenser NpocTpaHCTBEHHYIO OPUEHTALMIO CIIMHA
JIEKTPOHA
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8. ¥YcraHoBuTe COOTBETCTBME MeEKIAY CHCTeMONi/4acTHleil M peliaeMbiM YpPaBHEHHEM
HIpeaunrepa:

1. Yactuia B 0oAHOMEPHOM OECKOHEYHO IIyOOKOM siluKe : A) PernieHue onucbiBaeT KBAHTOBAaHUE B
Bujae E n~n?

2. I'apmonmyeckuii ocumuisiTop : b) Pemenune maer xBantoBanme 3Hepruu E n = ho(n+1/2)
3. Atom Bogopoja : B) Pemenue npuBoANT K MOSBICHHUIO TPEX KBAHTOBBIX YHCEN: N, |, m

4. XKectkuii potarop : ') Perienne npuBoAUT K MOSBICHUIO KBAHTOBOTO YHCIIAa MOMEHTA UMITYJIbCa
J

9. YcTaHOBHTE COOTBETCTBHE MEXKITY MeTOL[OM/l'lp]/IﬁJIH)KeHI/IeM M ero KJI4eBoH uaeeii:

1. Ipubnmxenune bopua-Onnenreiimepa : A) Paznenenue MBUKEHUS SJCKTPOHOB M SIEp BBUIY
OO0JIBILION pa3HHUIIBI B UX Maccax.

2. Metox camocoriacoBanHoro nosi (Xaprpu-®ok) : b) BoaHoByr0 GyHKINIO MHOTO3JIEKTPOHHON
CUCTEMBI NPEICTaBISIIOT B BUJE AHTUCUMMETPU30BAHHOIO IIPOM3BEICHMS OJHOIIEKTPOHHBIX
¢byskuuii (onpeaenurens CiaTepa).

3. Meroa monekynapHbeix opOutaneir Xiokkens (MOX) : B) m-31eKTpoHBI paccMaTpUBaIOTCS
HE3aBHCHUMO OT G-CKeJIeTa, HHTETPAJIbl IEPEKPHITUS U PE30HAHCHBIE UHTETPAJIbl IapAMETPU3YIOTCS.

10. YcranoBure HCTOPUIECCKYIO MMOCTECA0BATEJIBHOCTD PAa3BUTUSI KBAHTOBBIX Hjei:

A) I'unoresa Ilnanka o KBaHTOBAaHUU SHEPTUH OCHUIUISITOPA

b) IToctynarter bopa nns atoma Bompopoaa

B) I'nnotesa ne bpoiins o BoaHax maTepun

I') ®opmynupoBka npuHIMIA HeonpeaeneHHocTH I elizenbepra

11. Pacnomnoxure 3Tanbl pemeHusi 3agadu o moJgekyiae H: meromom MO JIKAO B
NPaBUILHOM NOPSI/AKeE:

A) 3anuce MonexynspHoit opoutanu kak JIKAO: y = cig1 + c202

b) Mcnonp3oBaHue BapuallmOHHOTO MPUHIUIA [Tl HAXOXKAECHUS KO3(D(OUIIMEHTOB C1, C2 U SHEPTHH
B) CocraBnenune cexyyisspHOro ypaBHEHUsSI U ONPEIEeTUTEINS

I') Pacuer sHEprun 0CHOBHOTO M BO30YX/I€HHOT'O COCTOSIHUI

12. PacnoJioskure B MNOpSAJAKe YyBeJHYeHHMS] CWIbI CBSI3bIBAHHMSA  JJIEKTPOHA B
MHOT'03JIEKTPOHHOM aToMe (€ y4eTOM NPOHUKAKIIEil CIIOCOOHOCTH):

A) 3d-anexTpon
b 3p-anextpon

B) 3s-anexTpon
I') 2s-3nexTpoH

14. Kakoe mpaBuwio or0opa (o opOMTAIbHOMY KBaHTOBOMY 4ucay l) ageiicrByer s
AUITOJIBHBIX OIITUYIECCKUX IEPEX0OA0B B aTOME BO}IOpOIla?

Otset: Al = +1.

15. PaccunTaiiTe JJIMHY BOJIHBI ¢ Bpoiijasi 15 3JIeKTpPOHA, IBMKYIIErocs co ckopocrbio 10°
Mm/c. (Macca ssekTtpoHa me < 9.1-107! kr, mocrosinnas Ilnanka h = 6.63-103* xk-c).
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OtBer: A=h/ (M v)=6.63-103*/(9.1-103'-10°) = 7.3-107'° m wum 0.73 =M.

6.3.3.

OLEHOYHBIE

CPEJICTBA

CO®OPMHPOBAHHOCTHU KOMIIETEHLIMM VK-1

TecTbl coaepKaT CIeAYOIIME TUIIBI 3aJaHUI

JJA ITPOBEPKH

Tun 3apanus Ne 3apanus | Bec 3aganus Pe3ysabTaTr oneHuBaHus
(6ana) (0a/JIB1, MOJTyYeHHBIE 32
BbIIIOJIHEHHE 3a]aHusA /
XapaKTePUCTHKA MPABUJILHOTO
0TBETA)
3aaHus 3aKpBITOrO THUIIA 1,2,3,4 1 Gayn 1 ©6 - monHOE mpaBWIBHOE
c BBEIOOpOM OJHOI'O COOTBETCTBUE;
npaBuibHOTO OoTBeTa (1 — 0 0 — ocranbpHBIC ClTydan
4)
3agaHus 3aKpHITOTO THUIIA 56,7 2 Oamia 2 0 — T1OoJHOE TMpaBUIBLHOE
C BBIOOPOM HECKOJBKHX COOTBETCTBHUE
MPaBUJIBHBIX OTBETOB (2 (mocneoBaTeNIbHOCTh BapUAHTOB
n4) OTBETAa MOKET OBITH JIH0OO0H);
1 6 — ecimu pgomymieHa OjAHa
omuOKa / OTBET NMPaBUJILHBIN, HO
HE IIOJIHbII;
0 0 — ocTajbHBIC CITyYan
3amaHus 3aKpBITOTO THUIIA 8,9, 10 2 dajuta 2 0 — TmoJHOE MpaBWIBHOE
Ha yCTaHOBJICHHE COOTBETCTBHE;
cootBercTBus (3 Ha 3 u 4 1 6 — ecimu gomymieHa OfHa
Ha4) omnOKa / OTBET MpPaBUIIbHBIN, HO
HE ITOJIHBIN;
0 6 — ocTanbpHBIC CITyYan
3amanus 3akpeiToro tuma | 11,12, 13 2 Oaiuta 2 0 — TmoJHOe MpaBUIbHOE
Ha YCTaHOBJICHHE COOTBETCTBHE;
MMOCJIE0BATEIBHOCTH 1 6 — ecnu [gomymieHa oOJHA
omnOKa / OTBET MPaBUIIbHBIN, HO
HE IOJIHBIN;
0 6 — ocTanbpHBIC CITyYan
3agaHus OTKPBITOTO THUIIA 14, 15 3 Gamna 3 © — TmonHOe TMpaBHIbHOE
C KpaTKUM OTBETOM COOTBETCTBHE;
0 6 — ocTranpHBIC CITyYan

®opmupyeMasi KOMIIETEeH U

NuaukaTopsl chopMHPOBAHHOCTH

KOMIICTCHI MU

YK-1. Cnocoben

IIOCTABJICHHBIX 3aaa4

OCYILIECTBIATh
KPUTHYECKUH aHallu3 M CUHTE3 MH(pOpMalnH,
MIPUMEHSTh CUCTEMHBIN OJIXO IS PeIeHUs

MTOUCK,

e VK-1.1. AHanu3upyert 3a1a4y, BbIICISS €€
0a30BbIE€ COCTABIISAIOLINE;

e VK-1.2. Omnpenensier, HHTEPIPETUPYET H
pamkupyer uH(pOpMaIHio, TpeOyeMyro A
peLIeHUs IOCTaBICHHOU 3a1a4H;

42

YPOBHA




e VK-1.3. OcymecTBisieT IIOMCK
uH(OpPMALMK IS PEIICHUS IOCTABJICHHOM
3aJIa4M 110 Pa3InIHBIM THIIAM 3aIPOCOB;

e VK-1.4. Ilpu o6pabGotke wuHpopMaruu
oTanyaeT (hakThl OT MHEHHUH, HHTEPIPETAIINH,
OLICHOK, ()OPMHUPYET COOCTBEHHBIC MHEHHS H
CYXJICHUS, apTyMEHTUPYET CBOU BBHIBOIBI H
TOYKY 3pEHHS, B TOM YHCJE C MPUMEHEHHUEM
¢bm10co(cKOro MOHITUHHOTO arIapara.

e VK-1.5. PaccmarpuBaeT u mpejiaraer
BO3MOYKHBIE BapUaHTHI peleHus
MOCTABJICHHOW  3aJaud,  OICHHBas WX
JIOCTOMHCTBA M HEIOCTATKU

Tect 3. Mo AUCHMNIUHE
«BBEAJEHHUE B KBAHTOBYIO XUMMHIO»

1. Kakoe u3 ciie1y0mx yTBepKAeHNH ABJISETCH MOCTYJIATOM KBAHTOBOW MeXaHUKHU?

1) DHeprus u3aydeHuss MOXKeT IPUHUMATD JII00bIe 3HAUEHUS.
2) PesynbraT n3Mepenus: GU3NIeCcKOi BETMUMHBI BCET/Ia PABEH €€ CPeTHEMY 3HAUCHUIO.
3) CocrosiHME KBAaHTOBOM CUCTEMBI ITOJTHOCTBIO OIUCBIBAETCS BOJIHOBOM (DyHKIIMEH.
4) TpaeKTopHsi MUKPOYACTULIBI MOXKET OBITh BHIYMCIIEHA C JTF0OOH TOUHOCTBIO.
Ortser: 3

2. Kakas runore3a 0bu1a BoIABUHYTA e bpoiiem?

1) DHeprust KBaHTyeTCsl IPONOPLUOHATIBHO YACTOTE.

2) DNeKTpOoH B aTOME JBUKETCS 110 CTAllMOHAPHBIM OpOUTaM.

3) CBet 06naiaeT Kak BOJHOBBIMHU, TaK U KOPIYCKYJISIPHBIMHU CBOICTBaMHU.

4) JIro60¥ MUKPOOOBEKT 00J1a1aeT KOPITYCKYJISIPHO-BOTHOBBIM JAYyalTIU3MOM.
Ortser: 4

3. Il.]'[fl YaCcTHIBI B TPEXMEPHOM MOTCHUHUAJIBHOM ANIUKE C 0eCKOHEYHO BBICOKMMH CTE€HKAMH
JHEPIrusi 3aBUCHUT OT:

1) TonpKO OT IJTaBHOTO KBAHTOBOT'O YHUCIIA.
2) Tpex HE3aBUCUMBIX KBAaHTOBBIX YHCEN, KaXk/10€ U3 KOTOPBIX CBA3aHO C JIBUJKEHUEM I10 OJTHOM U3
KOOpJIMHAT.
3) A3MMyTaJIbHOTO U MArHUTHOI'O KBAHTOBBIX YHCEI.
4) Paguyca sinuka, HO HE OT €ro OPMBI.
Ortser: 2

4. ®u3nyecknii CMBICJ KBaJpaTra MoOAyJs BOJHOBOH (pynkunuu |P|> B Touke mpocTrpaHcTBa
3aKJII0YAETCSl B TOM, YTO 3TA BeJIMYMHA NPONOPUHMOHAJILHA:

1) DHepruu 4acTuIbl B 3TOM TOUKE.

2) Mmynibcy 4acTHIIBI B ATON TOUKE.
3) BeposiTHOCTH OOHAPYKHUTH YAaCTUITY B TOM TOYKE (TUIOTHOCTH BEPOSITHOCTH).
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4) CKOpOCTH YaCTHUIIbI B 3TOW TOYKE.
Ortser: 3

5. Kakue U3 nepe4mnc/JeHHbIX BEeJINYHH SBJSAIOTCA KBAHTOBBIMU YHCJIAMH, ONHCHIBAIOIMMU
3JIEKTPOH B aToMe BOAOPOAa B pamMkax pemieHusi ypaBHenusi lllpeaunrepa? (BoiOepurte 2
BAPUAHTA)

1) MarautHOE ciiHOBOE (M_S).
2) Op6utansuoe (1).
3) Papuansuoe (n_r).
4) I'maHoe (n).
5) Bpamarensnoe (J).
OtBeT: 2, 4

6. Kakue M3 cielylIuxX NPUHLIHMIIOB/COOTHOIIEHUH SBJAKTCA (yHAAMEHTAJBHBIMH ISl
KBaHTOBOM Mexanuku? (Boibepure 2 BapnanTa)

1) [IpyHuMI cyneprno3uuy COCTOSHUM.

2) Ilpunnun HeonpeaeneHHocTy I eizendepra.
3) 3aKkoH coXpaHEHHUs MaCCHI.

4) YpaBuenne Hrrorona (F=ma).

Orser: 1, 2

7. B Meroae camMocorjiacoBaHHOro mnoJjs (Xaprpu-®oka) AJs1 MHOI03JIEKTPOHHBIX aTOMOB:
(Bb10epuTe 3 Bapuanra)

1) DAexTpoH [BMXKETCS B YCPEAHEHHOM TIOJ€, CO3/1aBaéMOM SJIPOM U BCEMH OCTaJbHBIMU
AIIEKTPOHAMH.
2) BomHoBas (yHKIHS BCEro aroMa 3aluChIBAETCS Kak IPOW3BEACHHE OIHOIJIEKTPOHHBIX
opOuTanei.
B) Koppensainonnas sHeprus y4uTbIBaeTCsi TOUHO.
4) Yyer npunnumna [laynm npuBOAWT K MPEICTABICHUIO BOJIHOBOW (DYHKIIUH B BUJIE OTIPEIEIUTEIS
Cmarepa.

Otser: 1,2, 4

8. ¥YcraHoBuTe cOOTBeTCTBHE MeKAY (U3NUYECKOl MOAe/IbI0/00bEeKTOM M KIIIOYeBBIM
pe3yJIbTaToOM IS Hee.

1. Atom Bogopoxa mo bopy : A) DHeprus oOpaTHO HPONOPLMOHATIBbHA KBAJpaTy TIJIaBHOTO
KkBaHTOBOTO uncna: E n~ 1/n?

2. Yactuua B 0THOMEPHOM suke : b) DHeprus mponopruoHaibHa KBaJpaTy KBaHTOBOTO YHMCIA:
E n~n?

3. JIuneiHbIil rapmoHnYeckuid ocmusATop : B) Dueprus kBantyercs: E n=ho(n + 1/2)

4. Atom Bogopona o lIpemunrepy : I') YrmoBoit MoMenT smexTpona kBantyercs: L = hvV(1(1+1))

9. YcTaHoBHTE COOTBETCTBHE MEKIY METOIOM B KBAHTOBOM XMMHUM U €r0 OCHOBHOI1 H/1eeil.
1. Meron BanentHoix cBsazeit (BC) : A) Monekyna onucbiBaeTcsi Kak cHUCTEMa

B3aMMOJICHCTBYIOIINX aTOMOB, a CBsI3b OOpa3yeTcsl Mapoi 3JEKTPOHOB C aHTUMAPAIICIbHBIMU
CIIMHAMU.
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2. Meron momekynspubeix op6utaneit (MO) : b) Momnekyna oOpasyeTcs Npu TEepeKpbIBAHUU
aTOMHBIX OpOHTaiei ¢ oOpazoBaHueM OpOuTaieH, MPUHAIICKAINX MOJIEKYJIE B IIEJIOM.

3. Ilpubmmxkenue bopHa-Onnenreiimepa : B) Pasznenenue 371eKTpOHHOTO M SIEPHOTO JIBHIKCHHM.
4. Meton Xrokkenst : I') IIpuOmarkeHHBIH T-3MEKTPOHHBIA METOJA Ui CONPSDKEHHBIX CHCTEM,
npereOperatonuii 1uddepeHuanbHbIM NepeKPhIBAHUEM.

10. YcraHoBHTE COOTBETCTBHE MEKIY KBAHTOBBIM YHMCJIOM JIEKTPOHA B aTOMe M (PU3HUYECKOM
BeJIMYNHOM, KOTOPYIO OHO OIpe/eJisieT.

1. I'maBuoe (n) : A) Pazmep 1 noJHYIO SHEPTUIO OPOUTAIIH.
2. Op6utanshuoe (1) : b) ®opmy opOuTanu (OpOUTATBLHBIN YTIIOBOM MOMEHT).
3. MarunutHoe (m_I) : B) IIpocTpaHCTBEHHYIO OpPUEHTALUIO opOuTainu.

11. PacnoJio:kure MCTOPUYECKHE ITANbl PA3BUTHS KBAHTOBOI TEOPHMH B XPOHOJIOTHYECKOM
nopsiike (0T caMOro paHHero K caMoMy IMO3/HEMY).

A) I'mmoresa Ilimanka 0 KBaHTOBAaHUM SHEPTHH.

b) Teopus aroma bopa.

B) I'nnotesa ae bpotisnis 0 BOJHOBBIX CBOMCTBAaX BEIIECTBA.
I') ®opmynuposka ypasaenus Llpeaunrepa.

12. Pacnosioxkure 3Tanbl pacyera 3JeKTPOHHOW CTPYKTYPbI MHOI03JIEKTPOHHOIO aToMa B
MeTOo/Ie CAaMOCOIIaCOBAHHOIO0 MoJisl (XapTpu-doKa) B JOrHYeCKOi MocJ1e10BaATEIbHOCTH.

A) 3aanne HayaIbHOTO MPUOIMKEHUS JUIsl aTOMHBIX OpOUTAaNei.

b) 3anucek nosnHo# BoHOBOM (yHKIMH B BUE onpeaenutens Criatepa.
B) Pemiennie 01H031€KTPOHHBIX yYpaBHeHUH Poka.

I') Pacuer HOBOro 3(h(peKTUBHOTO MOTEHIIUATIA.

J1) IlpoBepka cxonuMocTu opOuTaneil 1 SHePIuu.

13. Pacnosoxkure marm pemeHusi ypaBHeHusi Illpenmnrepa pusi atoma Bogopoaa B
cepuyecknx KOOpAMHATAX B JIOTHYECKOM MOPSIAKe.

A) Benenue cepuuecknx KOOpaAuHar.

b) Pa3nenenue nepeMeHHbIX Ha paJualIbHYIO U YTJIOBYIO YacTH.

B) [Tonyuenue Buaa paauanbHbeIX GyHKIMH (osmHOMBI Jlareppa) u cepruueckux rapMOHHUK.

I') Tloxy4yeHne KBAaHTOBBIX Yuces N, |, m U3 ycnoBUH KOHEYHOCTH U OJHO3HAYHOCTH PEILICHHH.
J1) HopmupoBka BoJTHOBOM (hyHKIIUH.

14. CdopmynupyiiTe npuHuun HeomnpenejgeHnoctu [eiizenbepra s KoOOpAMHATBHI M
UMITYJIbCA.
OtBet: Ax*Ap > h/2 (unu h)

15. Yemy paBHa HyJeBass JHeprusi (JHeprusi OCHOBHOIO0 COCTOSIHHSI) KBAHTOBOIO
TApMOHHUYECKOr0 OCHILISITOPA € YACTOTON ®?
Otser: Eo = (1/2)he
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7 HIEPEYEHb TH®OPMAIIMOHHBIX TEXHOJIOT Ui, NUCIIOJIb3YEMBIX
B ITPOLECCE OBYUYEHUASA

NudopmanuoHHbie TEXHOJOTHH — O0ydYeHHE B AJICKTPOHHOW 00pa3oBaTeNIbHOW Cpene ¢
IENbI0 paCHIMpPEHUs] J0CTyna K O0O0pa3oBaTeNbHBIM pecypcaM, yBEIMYEHUS KOHTAKTHOTO
B3aMMOJICICTBUS C MpenojiaBaTesieM, MOCTPOCHHS] MHIUBUIYAJTbHBIX TPACKTOPUN MMOATOTOBKH,
O0OBEKTUBHOTO KOHTPOJISI U MOHUTOPUHTA 3HAHUN CTYICHTOB.

B  oOpazoBatenbHOM  Ipolecce MO  JAWCHUIUIMHE  HCHOJB3YIOTCA  CIIEAYIOIINe
MH()OPMALIMOHHBIC TEXHOJIOTUHU, SIBJISIONINECS KOMIIOHEHTAMH OJIEKTPOHHON HH(OPMAIOHHO-
obpazoBarenbHO# cpenbl BITIY:

e Odunmansseiii caiit BI'TIY;

e Cucrema atekrponHoro ooyuenus @I'bOY BO «bI'TIY »;

e (CucreMa TeCTUpOBaHUS Ha OCHOBE equHOro noptana «HTepHeT-TecTupoBaHus B cdepe
oOpa3zoBaHUs WWW.I-exam.ru;

e Cucrema «Antumnaruar.BY3y;

e DJEKTPOHHBbIE OMOTNOTEYHbIE CUCTEMBI;

o MynbTUMEANIHOE COMTPOBOXKICHUE JICKIIHIA.

8 OCOBEHHOCTHU U3YYEHUSA JUCUUITJIMHBI UHBAJIMJAAMU U JIMINAMMU C
OI'PAHUYEHHBIMHA BO3MOXHOCTSAMMU 3/10POBbS
[Ipu oOyueHuMM mHMII € OrPaHUYEHHBIMH BO3MOXHOCTSIMHU 3]I0POBbSI NPHUMEHSIOTCS

aJlanTHBHBIE 00pa30BaTENbHBIE TEXHOJOTHM B COOTBETCTBUU C YCJIOBUSMH, W3JIO0KCHHBIMH B
pasnene «OcoOeHHOCTH peanu3alu o0pa30BaTEeNIbHOW MPOrpaMMBbl Ui MHBAJIUAOB U JIMI C
OTPaHUYECHHBIMH  BO3MOXXHOCTSIMH  3JIOPOBBS»  OCHOBHOM  00pa3oBaTENbHOW  MPOTpaMMBbI
(McroNB30BaHME CHELMANbHBIX YYEOHBIX MOCOOMH M IUIAAKTUYECKMX MaTepuajoB, CIELUAIbHBIX
TEXHUYECKHX CpeACcTB OOydeHHs KOJUIGKTUBHOTO W  WHAWBUIYAIBHOTO  IIOJb30BaHMUS,
MIPEJOCTaBIEHUE YCIYI aCCUCTEHTa (IIOMOIIHUKA), OKa3bIBAIOIIETO 00YyYarOIMMCS HEOOXOIUMYIO
TEXHUYECKYIO TOMOUIb U T. I1.) C Y4ETOM MHAUBHUIYaIbHBIX OCOOEHHOCTEN 00yYaromuXcs.

Jns  oOydarounmxcss C OrpaHWYEHHBIMH BO3MOXKHOCTSMHU 370POBbSl  NPEIYyCMOTPEHBI
cienyromuye (GopMbl OpraHU3aluy MeAarornyeckoro npoiecca u KOHTPOJIs 3HaHUM:

- JUIs CIIabOBUISAIINX:

obecrieunBaeTcst MHANBUIYaIbHOE paBHOMEpHOE ocBerieHne He MmeHee 300 mokc;

JUI  BBIIOJIHEHMS KOHTPOJBHBIX 33JaHUM TNpPH  HEOOXOAMMOCTH  IPEIOCTaBISAEeTCS
YBEJIMYHUBAIOIIEE YCTPONCTBO;

3aJJaHMs Ul BBIMOJIHEHUs, a TaKKe MHCTPYKIHMU O MOPSAAKE BBINOJHEHUS KOHTPOJIBHBIX
3a7aHuil 0QOPMIISIOTCS yBETHYSHHBIM pupTOoM (pazmep 16-20);

- JUI TIyXUX ¥ cIa00CTbIIIaluX:

o0ecrnieunBaeTcs HaJIMYUE 3BYKOYCHJIMBAIOIIEH amnmapaTypbl KOJUIEKTUBHOTO IOJIb30BaHUS,
Opu  HEOoOXOAMMOCTH  OOyYarolMMCS TPEeAOCTaBIseTCs 3BYKOYCHJIMBAIOIIAs — ammaparypa
WH/IMBUYaTBHOTO MTOJIb30BAHMS;

- JUIA JIAL C TSDKENBIMU HAapYLUICHUSAMHU PEUM, TIYXHX, CIa0OCIBIIIANINX BCE KOHTPOJIBHBIC
3aJJaHHS 110 KEJAHUIO MOTYT MPOBOIUTHCS B TUCBMEHHOU (hopMme.

OcHoBHOW (GOpMOI OpraHm3aly MeIaroruyeckoro IMporecca siBIsSeTCs WHTETPUPOBAHHOE
oOydeHne UHBAIMJIOB, T.€. BCE 00yUarorecs y4arcs B CMEUIaHHBIX TPYIINaxX, UMEIOT BO3MOKHOCTh
MOCTOSIHHO OOIIaThCsl CO CBEPCTHUKAMH, JIErye aJalTUPYIOTCS B COLIYME.

9 CIIMCOK JIMTEPATYPbI U UH®OPMAILIMOHHbBIX PECYPCOB
Jlureparypa
9.1 OcHOoBHasI IMTEPATypa
1. bapanosckwuii, B.1. KBaHTOBass MexaHWka M KBAaHTOBas XHWMHS: y4eOHOE mocoOue ist
crya. By3os / B.W. bapanosckuii. — M.: Akagemusi, 2008. — 382 c. (14 sk3.)
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2. apytuna, O.K. 3agaun u ynpaxHeHUs MO OCHOBAM KBaHTOBOW MEXAHUKH M KBAaHTOBOH

xumun: yueoHoe nocobue / O.K. Hlapytuna. — bnarosemenck: u3n-so BI'TIY, 2010. — 202 c. (30

9K3.)

9.2 Jlono/IHMTEJIbHAS JINTEPATYpPa

1. I'pubos, JI. A. KBanroBas xumus: YueOuuk / JI.LA I'pubos, C.I. MymrakoBa. — M.:

«T"apnapuxu», 1999. — 389 c. (40 3k3.)

9.2 ba3bl JaHHBIX U MH()OPMAITMOHHO-CIIPABOYHbIE CHCTEMbI

1. Caiit o xumuu http://www.xumuk.ru
2. Karaior oOpa3oBareabHBIX HHTEpHET-pecypcos http://www.edu.ru
3. DnekrponHas Oubauoreka mo xumuu http://www.chem.msu.su/rus/elibrary/

9.3 DJIeKTPOHHO-0UOJIHOTEYHbIE PeCypPChl
Polpred.com O630p CMU/Cnpasounuk https://polpred.com/news
3BC «Opaiit» https://urait.ru
10 MATEPUAJIBHO-TEXHUYECKAS BA3A

I[J'ISI IIpOBCACHUA 3aHATUH  JEKIUOHHOIO TUIIA, TPYHIIOBBIX W HWHAHWBUAYAJIbHBIX

KOHCYJIbTallMi, TEKYLIEro KOHTPOJS M MPOMEXKYTOYHOW aTTECTALMU HCIIOIb3YIOTCS ayJAUTOPHH,
OCHAIlEHHbIE yueOHOI MeOenblo, ayAUTOPHON JOCKOHM, KOMIIbIOTEpOM(paMH) € yCTaHOBJICHHBIM
JIMIEH3UOHHBIM CIEIMATM3UPOBAHHBIM IPOIrPAaMMHBIM 00€CTIeYeHUEM, KOMMYTAaTOPOM JJIsl BbIXOAA
B JIEKTPOHHO-OUOIMOTEYHYIO CUCTEMY U JIEKTPOHHYIO HH(OPMALIMOHHO-00pa30BaTEIbHYIO CpeLy
BI'TIY, MynpTUMEAMMHBIMU MPOEKTOPAMM, 3KCHO3UIMOHHBIMH JKpaHAMH, Y4eOHO-HATJISIIHBIMU
nocoOusMu (TabuuLbl, MyJIbTUMEIUIHbIE Tpe3eHTanun). s nposeaeHus 1ab0paTOPHbIX 3aHATUN
TaKXe UCIOJIb3yeTCs:

Aya. 219 «A». JlabopaTopusi XMMH4€CKON TE€XHOJIOTHMH

Cron nmaboparopHslii 2-mecT. (12 mrT.)

Cryn (24 w.)

Cron mpenogasatens (1 mrt.)

Cryn npenogasatens (1 mr.)

[Trorutp (1 mT.)

Aynuropnas aocka (1 mr.)

KommbroTep ¢ yCTaHOBJIEHHBIM JIMIIEH3MOHHBIM CIIEIIUATM3UPOBAHHBIM  TPOTPAMMHBIM
obecniedyeHueM (3 1mirt.)

8 - moproBblii koMmyTaTop D-LinK 1st BeIX0Aa B 3MEKTPOHHO-OMOIMOTEUHYIO CUCTEMY H
AIEKTPOHHYIO HH(POpMAIIMOHHO-00pa3zoBarenbuyto cpeay BITIY (1 miT.)
Mynsrumeuiinsiid npoektop SHARP -10 X (1 mT.)

[TpunTep nazepusit «KCANON» (2 mT.)

DKCHO3UIMOHHBIH dKpaH (HaBecHO#) (1 miT.)

SIMP-cniekTpomeTp HU3KOro paspeumenus «Crun Tpak» (1 mr.)

Becwr GF-300 (1 mT.)

Becnol Topcuonnbsie BT-100 (1 mT.)

Bucko3umerp (4 mirt.)

HNonomep (3 mT.)

Kongykromerp annon-4120 (3 mr.)

K®K-2 (1 mr.)

JIroxkemep (1 mT.)

Memanka marautHas [1-3-6100 (2 mt.)

Monynb «Tepmudeckuii ananusz» (3 wr.)

Monyns «TepmocTtaT» (3 mit.)

Monyns «YHUBEpCATbHBIA KOHTPOJIIEPY (3 mIT.)

Monynb «9aeKTpoxuMush (3 miT.)
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Monynb yHUBEpcaabHbIN (6 1IT.)
Ha6op cut KIT-131(1 mr.)
[Tonapumerp (1 mt.)
[Torentmometp (1 mit.)
e Ilentpudyra naboparopuas OITH-8 (c poropom) (1 miT.)
e [lltaTuB 1151 3JIEKTPOOB (2 1IIT.)
e Dkcukarop ¢ kpaHoM (1 mT.)
e  Monuynb «O0menadboparopHsbliiy (1 mT.)
Cnexrpodoromerp (1 mr.)
Cnexrpodporomerp KOK-3KM (1 mir.)
Kommiekt apuomerpos (1 mit.)
Metponowm (1 mit.)
MocT peoXopIHbIN ¢ COCYA0M
Tepmocrar TC-1/80 CITY (1 mT
VY4eOHo-HarIgIHbIe TOCOOUS - Ciaiiibl, TAOJINLbI, MyJIbTUMEIUIHBIE IPE3EHTALUHU 110
mucuuiuiiHe « KBaHTOBast MEXaHUKA M KBAHTOBAST XUMHSD)
e IlltaruBel 115 IPOOUPOK, HarpeBaTeIbHBIC TIPUOOPHI, Tab0paTOpHas oCcyaa

XUMUYECKUE PEAKTUBHI M0 TEMATHKE JIA0OPaTOPHBIX padboT

CamocrosTenpHas paboTa CTYISHTOB OpraHM3yeTCsl B ayJUTOPUAX OCHAIICHHBIX
KOMITBIOTEPHOU TEXHHMKOW C BBIXOJOM B 3JIEKTPOHHYIO MH(GOPMAIMOHHO-00PAa30BaATEIbHYIO CPEIy
By3a, B CHCIHMAJIM3UPOBAHHBIX JIAOOPATOPUSAX MO IUCHUIUIMHE, a TaKKe B 3aJaXx JOCTyNa B
nokanbHyto ceTh BI'TIY, B 1abopaTopuu NCUX0I0ro-neJarornyeckux UCCcae0BaHui u Jip.

JIuneH3noHHOE MTPOrpaMMHOE OOeCTieueHHe: OTepalMOHHbIe CUCTEMBI cemeiicTBa Windows,

Linux; opucHsie mporpammbl Microsoft office, Libreoffice, OpenOffice; Adobe
Photoshop, Matlab, DrWeb antivirus u T.1.
Pazpabotuuk: XKunkos B.B., kanauaat XuMHYeCKHX HAyK, TOLEHT Kadeapbl XUMHH.
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11 IUCT UBSMEHEHHUH U JOITOJTHEHUM

Yr1Bepxkaenue usmenenni u gonoanenui B PII/1 nias peanuzanuu B 2024/2025 yu. r.
PII/] nepecmoTpena, oOCcyxkaeHa u ogoOpeHa mis peanusanuu B 2024/2025 yueOHOM romy
Ha 3acenanuu kadeapsl xumuun (mporokon Ne 8 ot 30 mas 2024 r.).

Yr1Bepxkaenue usmenenni u gonoanenuii B PII/1 nias peanuzanuu B 2025/2026 yu. r.
PIIJ] nepecMmoTpeHna, oOCyxkaeHa u ogodpeHa mis peanusanuu B 2025/2026 yueOHOM romy
Ha 3acenannu kadeapsl xuMuu (mpotokon Ne 6 ot 26 mapta 2025 1.).

YrBepxkaenue usmenenni u gonoanenui B PII/1 nias peanuzanuu B 2026/2027 yu. r.

PIIJ] nepecMmoTpeHna, oOCyx)aeHa u ogodpeHa mis peanusanuu B 2026/2027 yueOHOM romy
Ha 3acenanuu Kadeapsl xumuu (mpotokosn Ne 8 ot 13 mas 2026 1.).

49



