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1. Onucanue (poHIA OLIEHOYHBIX CPeACTB (OLEHOYHBIX MATEPHAJIOB)

®oHJ OIICHOYHBIX CPeACTB (OLIEHOYHBIE MaTepHalibl) BKIIOYACT B ce0si KOHTPOJIbHBIC 3a/1a-
HUSE ¥ (MJTH) BOMPOCKI, KOTOPBIE MOTYT OBITh MPEIIOKEHBI 00yJaromEeMycsi B paMKax TEKYIIEero
KOHTPOJISL YCIIEBAEMOCTH U MPOMEXYTOUYHOW aTTeCTAllMU MO JUCIHMIUIMHE (MOIYJI0). YKa3aHHbIC
KOHTPOJIbHBIC 3a7aHus U (MJIH) BOIPOCHI TO3BOJISIOT OLEHUTh JOCTHKCHUE O0YYAIOIIMMCS TUIAaHH-
PYEMBIX Pe3yJabTaToB OOYYCHUS IO TUCHUILUIMHE (MOJYJIIO), YCTAHOBICHHBIX B COOTBETCTBYIOILCH
paboueii mporpaMmme TUCHUIUTHHBI (MOIYJIs), a TaKkKe CPOPMUPOBAHHOCTH KOMICTEHIINMH, YCTaHOB-
JICHHBIX B COOTBETCTBYIOLIEH OOIIEH XapaKTepUCTHKE OCHOBHOM mpodeccruoHanbHOM 00pa3zoBa-
TEJIbHOW MPOrpaMMBl.

IlosiHbIE HAUMEHOBAHMSI KOMIETEHIIMM M MHIUKATOPOB UX JOCTUKEHHUS IPEICTABIICHBI B
o01el XxapakTepUCTHKE OCHOBHOM MPO¢heCcCHOHATBHOM 00pa30BaTEIbHOM MPOTPAMMBEI.

2. OneHo4YHBIE CPeCTBA (0L €eHOYHbIE MATEPHAJIBI) JAJIs MPOBEAEHUs TEKYIIEro
KOHTPOJISl YCTIEBAEMOCTH 00Y4Ya0IIUXCs M0 JUCHUILIHHE (MOLYJII0)

2 cemecTp

Ilepeyenb KOHTPOJILHBIX 32JaHUI H (HJIH) BOMPOCOB JUIsA OLeHKH COPMUPOBAHHOCTH KOM-
nereHnun OIIK-1 (koHTpoJHpyeMblii HHANKATOP AocTH:KeHUsI komnerenuu OITK-1.1)

1. KonTponbHOE 3a/1aHue. 3aMuIInTe COOTHOIICHNE HEOTIPENeAEHHOCTEH Il MPOCKIIMA MOMEHTA
UMITYJIbCa Ha 0Ch Z ¥ KoopauHatel x: A L, [A,y=7? OObicHHUTE, KaK OIYYUTh 3TO COOTHOLIE-

HUC.

2. KonTtposnbHslii Borpoc. B nose siapa aroma Bogopoaa ¢ = ke/ I BomHOBasI QYHKIIHSI SJIEKTPOHA
3alUChIBacTCs B BUje (r , 6,¢) =f (r) Dﬁm (9,(1)) , TIIe Y|m (6, ¢) - chepuueckue Gynkiun. Kakoit
BUJI UMeeT paauanbHas QyHkius f (r) ? Uro npou3oin€r, ecnu paauanbHOEe KBAHTOBOE YUCIIO Ny,

BXOJISIIIIEE B 3TO PELICHUE MIEPECTaHeT OBITh LETbIM?

3. KonTponbHslii Borpoc. Kakoil BUI UMEIOT BOJIHOBbIE QYHKIMU Y U Py 3IEKTPOHA B aTOME

k?me*
BOJZIOPOJia, COOTBETCTBYIOIIUE ABYM HU3IIMM pa3pelIeHHbIM YPOBHAM dHeprun By = —— 5 u
2h
k2me*
E, = — ? Kak otu QyHKIIMHU 3aBHCAT OT KoopauHar r,0 u ¢ ?
8n

4. KOHTpONBHBIH BOITPOC. MOXKHO JIM OJJHOBPEMEHHO OIPEACTUTh (M3MEPUTH) SHEPTHIO U MTPOCK-
J105030] LZ Op6HTa.HBHOFO MOMCHTA UMITYJIbCa Ha OChb Z 1 9JICKTPOHA B aTOMC BOAOPOJAd, YUYHUTHIBAA,
YTO JJICKTPOH — PCIITUBUCTCKAA ‘IaCTI/IHa? MosxHO 1 IIpU 5TOM U3MCPUTH ITPOCKIUIO HA OCh VA
npoeknuu S, ero cnuHa? [IpoeKIiio Kakoro BEKTOpa Ha 0OCh Z MOYKHO OIPEICINUTh OHOBPEMEHHO
¢ ’Hepruen? OTBET 000CHOBATH.

5. Kontponbaslii Boripoc. UTo Takoe CIUuH-0pOUTaIbHOE B3aUMOJICHCTBHUE U HA CKOJIBLKO MTOTYPOB-
HEH OHO pacIIenUT KaXKAblil ypOBEHb SHEPTHU B aTOME BOAOPOAa?

6. KonTponbHbIii Bonpoc. YeMy paBHBI pacCTOSHUS MEKAY COCETHUMH MOAYPOBHIMH, 00pa30BaH-
HBIMU TIPH pacuieuieHu ypoBHs 3d B aTOMe BOAOpPOJa B TOHKYIO CTPYKTYPY?



7. KoHTponbHEIi Borpoc. C TOMOIIBIO MOAXOIAIINAX (GOpMYIT OOBSICHUTE, SHEPTHS KAKOTO aToMa —
naparesus Wi oprorenus —6onpiie v noyemy? Kakum GyeT aToM reius B OCHOBHOM COCTOSIHUU
—oprorenueM uiu naparenuem? [Touemy? OTBeThI 000CHOBATS.

8. Kontponbablii Boripoc. UTo Takoe camocoriacoBaHHoe mojie Xaptpu? Kak oHo cBsi3aHO ¢ KyIo-
HOBCKHMM M OOMEHHBIM MHTETPAJIOM M 3a4eM ero BBOJAT? Kak 3To0 mosie cBs3aHO CO CBOHCTBAMHU
CUMMETPUHU BOJIHOBOM (PYHKLIMHU AJIEKTPOHOB aTOMHBIX 000104eK? CBONCTBAa CHMMETPUH WU aH-
TUCHUMMETPHHU KaKOW YaCTH BOJHOBOH (DYHKIMU (CIIMHOBOM WIJIM KOOPAWHATHOM) BayKHEE JUIs OIpe-
JieTIeHUs1 CBOMCTB 1oJisi XapTpu? OTBETH 000CHOBATH.

9. KonTpounbHsiii Borpoc. [1o kakoii npuanHe 3aBUCUMOCTh E ( f)) SHEPTUHU BJIEKTPOHA B PELIETKE

TBEPJIOTO TeJla OT €r0 UMIYJIbCca Ha FPpaHuUIle 30H bpuitiosHa oTim4aeTcst OT napadoaInuecKomn?
Yemy paBHa npousBoanas 0E/0P Ha rpanuie 3086 BprwintooHa u mouemy?

10. KonTtponbHblii Bonpoc. B ueMm 3akimtouaercst aquadatnueckuit npuHuun bopaa-Onnenreiimepa,
U KaK ero MpUMEHUTh K pacy€Ty YpOBHEH SHEPIUH B KPUCTANINYECKOM TBEPJIOM Tele?

Ilepeyenb KOHTPOJILHBIX 3aJaHUI H (HJIH) BOMPOCOB JUIsA OLeHKH CHOPMHUPOBAHHOCTH KOM-
nereHnun OIIK-1 (koHTpoMpyeMblii HHANKATOP TocTH:KeHUsI KomneTreHuu OIIK-1.2)

1. KonTponsHoe 3ananue. Haiiti coOcTBeHHBIE (PYHKIIMHM U COOCTBEHHBIEC 3HAUEHUS OIlepaTopa

d .
A=X Gd— . Kakum o6pa3zom 310 cienats? ByneT im criekTp coOOCTBEHHBIX 3HAYCHUH TaKOTO OTepa-
X

TOpa HEMPEPHIBHBIM WU JAUCKPETHBIM?

2. KonTponbHoe 3a1anre. MUKpoUyacTHIla COBEPIIACT OAHOMEPHOE ABMKEHUE BJONL ocu X . Haiftu
coOcTBeHHBIE PYHKITMU U COOCTBEHHBIC 3HAYCHHS OTIepaTopa f)x MPOEKIIMU UMITYJIbCA Ha 3Ty OCh,
€CJIY BBINIOJIHEHO FPaHUYHOE yclIoBUE (X) =y (X + a) . Kakum o6pazom 310 cnenats? byner nmu

CHEKTP COOCTBEHHBIX 3HAYCHUI TAKOTO ONEPaTOpa HEMPEPHIBHBIM WIIM JUCKPETHHIM?

3. KontponpHoe 3aganue. MuKpoyacTriia CoBepIIaeT OJHOMEPHOE ABMKEHUE BIOJIb ocu X . Haitu

coOCTBEHHbIE (GYHKIIMH U COOCTBEHHBIE 3HaUeHUs oneparopa E .,

MepHoro ABmkeHus. Kakum o6pa3om 3To caenaTth? byneT nmu cnekTp coOCTBEHHBIX 3HAUEHUH TaKo-
r'0 OIlepaTopa HEMPEPBHIBHBIM WIH JUCKPETHBIM?

KUHETHUYECKON SHEPIUU OJHO-

4. KoHTpoibHbIN Bonpoc. MOKHO JIM OJHOBPEMEHHO U3MEPUTH KBaJpaT MOMEHTA UMITYJIbCA MUK-
pOYACTHIIBI U IPOEKLIMIO €€ MOMEHTa HMMITYyJbca Ha och Y? JIjis 00bsCHEHUS BRIYUCIUTE KOMMYTa-

TOP OMEPaTOPOB ATUX BEIUYUH [Lz , Ly} .

5. KoHTponbHOe 3aaHue. DIEeKTPOH B aTOME BOJIOPO/1a HAXOIUTCS B BO30YXIEHHOM 3p-
COCTOSIHUY. 3alMIINTE SBHYIO 3aBUCUMOCTb BOJTHOBOM (DYHKIIMM ) 3TOTO 3JIEKTPOHA OT KOOPIM-

Hat r,0 u ¢ . [TocTpoiiTe KaueCTBEHHBIN IpadUK 3aBUCMOCTH BEPOSTHOCTH OOHAPYKEHHUS JJICK-
TPOHA OT KOOpAUHATHI I . KakoMy paccTOsSHUIO I COOTBETCTBYET MAaKCHMYyM 3TOro rpaduka?

6. Kontponbaslii Boripoc. COCTOSSHIE MUKPOUYACTHUIIBI C MACCOM M, HAXOIAIIEHCS B OJJHOMEPHON
IPSMOYTOJIBHOM MOTEHIIMATLHON SIME ITUPUHBI @ C OECKOHEYHBIMU CTEHKaMHU

o pu X<0; X>a; 2 21X
U (X) = P OIMCBIBACTCS BOJIHOBOU (yHKIMEH (X) = \/: COS(—) . Uemy
a a

0O mnpu 0<x<a,
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paBHa BEpPOSATHOCTh OOHAPYKEHUS ITOM YaCTUIBI B COCTOSIHUU C HAUMEHbIIEH YHepTrueit
n? >
— . [ TX
E = 5+ B KOTOPOM HacTHIA JIOJDKHA UMETh BOJTHOBYIO (byHKIIHIO qu( X) = |Zsin| = |?Ka-
2ma a a

KUM 00pa3oM MO>KHO BBIYHCIIUTH TaKylO BEPOSTHOCTD?

7. KonTponbHblil Boripoc. COCTOSHUE MUKPOUYACTHIIBI C MACCOM M, HaXOAIIeHCsS B OTHOMEPHOIN
IPSAMOYTOJIBHOM MOTEHIIUATILHON SIME IIMPUHBI @ C OECKOHEYHBIMU CTEHKaMHU

oo mipu X<0; X> a,; . . 2 X
OITMCBHIBAETCS BOTHOBOW (yHKITHEH ) (X) =,/—cog§ — |. Uemy pas-
a a

U(X): 0O mpuO<x<a,

HO CpeIHEE 3HAYCHUE KUHETUYECKON YHEPTUN ATON YaCTHULIBI <EKI/IH> =?

8. KontponbHoe 3ananue. [IBe BOMHOBBIC (hYHKITUH l//io, i =1,2 COOTBETCTBYIOT OJJHOMY COOCTBEH-

HOMY 3HaueHu1o sHeprun Eg =1003B. [Tocne BitoueHHs JONOJHUTEIBHOTO B3aUMOACHCTBUS

Vi, V
11 12 , TIe V]_]_: 16
21 Vo
3B, V1= V21= 83B, V2= 4 3B, Beipoknienne ypoBHs Eg Obuto cHsATO. Haiitu pasHocte AE mexmy
I[ByMH IMOABUBIINMHUCA HA MECTC Eo HOI[ypOBHHMI/I 3HepI‘I/II/I.

-  n
V (onepatop BO3MYIIEHHUS) C MATPUYHBIMHU 3JIEMEHTAMH .[ (//io V(//(j)d3r =

9. KonTposbHslii Bompoc. Ha ckoibpko moaypoBHE#l paciieruisieTcs ypoBeHb sHepruu 4f B arome
BOJIOPO/JIA, €CJIM YYECTh TOHKYIO CTpYKTYpy? Kakumu OyayT 3HaUCHMsI SHEPIUH ITUX NTOAYPOBHEN ?
OTtBet 000CHOBATB.

10. Kontponsnoe 3ananue. Chopmynupyiire npaBuio XyHaa. [Ipu kakom ciuHe CUCTEMbI SHEPTHs
CHCTEMBI B3aUMOJICHCTBYIOLIMX JPYT € APYrOM 3JIEKTPOHOB OyAeT MUHUMaIbHOI? YeMy paBeH
CIHH aTOMA I'eJiis B OCHOBHOM COCTOSTHHHM, ¥ KaK 3TO COBMECTHUTH € MpaBmiioM XyHa? Bce oTBeTH
000CHOBATh.

IlepeyeHb KOHTPOJILHBIX 3aJaHUIT H (HJIH) BOMPOCOB JUISA OIeHKH ChOPMUPOBAHHOCTH KOM-
nerenuu OIIK-1 (koHTposMpyeMblii HHIHUKATOP A0cTHKeHUus1 KomneTeHun OITK-1.3)

1. KonTponrsHoe 3amanne. MUKpoOJacTHUIla HAXOAUTCS B OJTHOMEPHOU MPSMOYTOJIBHOM MTOTEHIIN-
oo mpu X<0; X>a,;

JIBHOM sIMe IUPUHBI @ ¢ OECKOHEYHbIMM cTeHKamu U (X) = 0 0 E€ cocrosHue ¢
npu < X< a.

. . . . 2 . [T
HaWMEHBIIICH YHEPTHEH ONMUCHIBACTCS BOJTHOBOM QyHKIMEH (X) =,[—sSIn| — |. Beruncaure
\a a

CPEIHIOI0 BEJIMYMHY KBAIpATa MPOECKLUUHA UMITYJIbCA HA OCh X B 3TOM COCTOSIHUU: < p)2(> = ? Bpruuc-

JUTE HEONPEENEHHOCTb 3TON NPOEKIMK uMIynbea: Ay Py =?

2. KoHTponbHOE 3a/1aHne. DJIEKTPOH B aTOME BOJIOPO/Ia HAXOIUTCS B BO30YKIEHHOM 2 S— COCTOSI-
HUH. 3alUIIATE IBHYIO 3aBUCHMOCTH BOJTHOBOM (DYHKIIMK ) 3TOTO 3JIEKTPOHA OT KOOpAUHAT I,0

u ¢ . [TocTpoiiTe kKayecTBEHHBIN TpaguK 3aBUCUMOCTH BEPOSITHOCTH OOHAPY>KEHHSI SJIEKTPOHA OT
KoopauHaThl I' . KakoMy paccTosHUIO I' COOTBETCTBYET MaKCUMYM 3TOTO rpaduxa?
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3. KonrponbsHoe 3ananue. Kakoit Bug uMeroT BosHOBbIE PyHKIMK Y U Y5 3IEKTPOHA B aTOME

2.4
k“me
BOJZIOPOJia, COOTBETCTBYIOIIUE ABYM HU3IIMM pa3pelIeHHbIM YPOBHAM dHeprun By = —— 5 u
2h
k?me?*
E,=- 7 ? Kak 3tu pyHKIIUY 3aBHCAT OT KoopauHar r,0 u ¢ ?
8n

4. KontposbHoe 3a1anre. MUKpOYacTUIa C MacCol M U ¢ 3apsAIoM (] HaXOJUJach B
OJTHOMEPHOH MPSIMOYTOJILHON MOTCHIIMAIIBHON SIME TUPUHBI & ¢ OECKOHEYHO BHICOKH-

2 . (7mx
MU CTEHKaMH (BOJHOBAast (YHKIIMS TAKOTO COCTOSIHUS {J =, [— Sin| — |). BHyTpu sMbI —
a a

BKJTIOUAIOT €J1a60€ 3IeKTPUUIECKOE TI0NIE C HATIPSUKEHHOCTBIO € M C TIOTEHIHATIOM ¢
(V = Q@ —>Heprus yacTHIilbl B TakoM moJie). Onpeenure, Ha KaKyio BEJIMYHHY U B KAKYIO CTOPOHY

CMECTUTCS IIPH 9TOM YpOBeHb 3Hepruu Egp = °h 2/ 2ma? 0CHOBHOTO COCTOSHHA? VYuectb, uTO

ijinZ {d{:(gZ_{sin( %) - co$ Z))/ .

5. KontponsHoe 3ananue. M3BectHo, uto I —3T0 paamyc-BeKTop | — o 3JIeKTpOHa B aTOME U3

| =1,2,...,N snexrponos. UTo Takoe caMocoriacoBaHHoe 1oje XapTpH B 3ToM atrome? Kakos ero

. 0) (-
¢duznueckuit cmpica? Kak ero BEIYUCINUTD, €CJIM U3BECTHBI TOJIBKO BOJIHOBBIE (PYHKIIMH ¢/|( ) (I’i )

OJTHODIIEKTPOHHBIX BOIOPOIONOIOOHBIX aTOMOB € 3apsaoM sapa +Z€7? 3anuiuuTe BhIpaKeHHE M0-
151 XapTpH U OMMILUTE MPOLETYPY BHIYUCIECHUS €r0 TOYHOIr0 3HaueHus. OTBEThl 000CHOBATb.

6. KonrponbHoe 3amanne. PaccmarpuBaeTcst 0THOMEPHBI KBAHTOBBIN TAPMOHUYECKUMA OCITUIUISITOD
¢ 9acToToil . BomHoBas pyHKIMs Y COOTBETCTBYET dHEpTruu E. B cocTosIHMYU ¢ BOJTHOBOM (yHK-

nueid ' sHeprus ocHUUIATOpa yBenndeHa Ha hw: E'= E +Aw. Haiigure oneparop A, CBS3bI-

Baromuii 3ti GyHkuun: ' = A ¥ 00BACHHUTE €ro PU3HUCCKHI CMBICIT.

7. Kontponbnbiii Boripoc. Kaknm 06pa3om u3 ypaBaenus Kneiina-I'opapona-doka, OnmuchIBarOIIETO
COCTOSTHUE PEISITHBUCTCKOM CBOOOTHOM 3apsKEHHON YacTUIIBI O cTMHOM O TOMy4YuTh YpaBHEHHE
JUISL OIIPEJICIICHNS BOJTHOBOM (DYHKIIMM 3TOM YaCTUIIBI, HAXOIALICHCS B 3JIEKTPUUECKOM I10JI€ aTOM-
HOTO siApa?

8. KontponbHoe 3amanne. Cuurasi, 4TO CaMOCOTJIACOBAHHOE T10JIe XapTpH st | —T0 AJIeKTpOHA U3
00OJIOUKH C TJIABHBIM KBAHTOBBIM YHMCIOM N= 3 aToMa ¢ 3apAa0oBbIM urcioM Z = 22 paBHO

_ 2ke2 9, .

0 i (I’i ) =—— e k=90107; e—s3apsn snexrpona; I; —ero ynanenue ot sapa, HailTh SHep-

r.
[

ruto otoro snekrpona E; (B 9B). Ykasanue: cpasuute yparenns Llpenunrepa 1uist 0fHOIIEK-

TPOHHOTO aToMa ¢ ypaBHeHueM lllpeaunrepa uisi yka3aHHOTO MHOT'O3JIEKTPOHHOTO aTOMa.

9. KonTponbHslii Bonpoc. OObsicHUTE, TOueMy 0OMEHHBIN HHTETpall, COOTBETCTBYIOIINI CBSA3YIO-
e MOJICKYJIIPHOM OpOHMTAIN UMEET OTPHIIATEIIbHBIN 3HAK. [loueMy sHEeprus B3auMoACHCTBUS CO-
CCAHUX aTOMOB B PCIHICTKE UMCCT MI/IHI/IMYM?

10. KonTtponbHslii Bonpoc. Kak paccuutaTs MosioskeHHe U IMUPUHY SHEPreTUYECKOM 30HBI IS
3JICKTPOHHOM MOACUCTEMBI B MeTOIe Burnepa-3eiitia?



3. OneHouHbIe cpecTBa (OIEHOYHbIE MATEPHAJIBI) 1JIsl TPOBEAEHUSI IPOMEKY-
TOYHOM ATTeCTAMH 00yJAIOIIUXCS MO THCHUILINHE (MOTYJIIO)

2 cemecTp

Ilepeyenb KOHTPOJILHBIX 32JaHUI H (HJIM) BOMPOCOB JUIsA OIeHKH COPMHUPOBAHHOCTH KOM-
nereHnun OIIK-1 (koHTpoJHMpyeMblii HHANKATOP AocTH:KeHUsI komnereHuu OITK-1.1)

1. KontponbHsiii Bonpoc. Yron ¢ (nepemMeHHas B cheprdeckoil cucteMe KOOpIHHAT) He orpee-
JE€H ¥ MOXET MEHsAThcs B penenax 0< ¢ < 211. YUemy paBHa HeoNpeaenEHHOCTh MPOSKIIMA MOMEH-

Ta umnynsca L, Ha ock Z? KakuM 06pa3oM MOKHO BBIYHCIUTE 3Ty HEONPEIEIEHHOCTD?

2. KoHTpOobHBIH Bompoc. B mose neHTpanbHbIX cril ¢ TOTEHIHANbHOM sHepruen U (r) pelenue

ypaBHenus lllpeaunrepa A + 2—?( E-U ) W =0 3amuceiBaeTCs B BUC
n

)] (I’ , 9,(])) =f (r) Eﬂm (G(I)) , TIe Y|m (G(I)) - chepuyeckue pyHkiun. Kakoit BU1 MMeeT ypaBHECHHUE
Ipenunrepa ans paauaabHOi yHkimu f (r) ? Kakoii Bux uMmeer 100aBOK K ITIOTEHIIMAIILHON

sHeprun (LIEHTPOOEKHAast SHEPTHsT)?

3. KourposabHoe 3amanue. OMHOMEPHBINH KBAHTOBBINM rapMonudeckuii ocrnisirop (U = rm)zxz/ 2)
MMEET JIBa HU3IINX Pa3pPENICHHBIX 3HaueHus sHeprun Eq =70y2 u E; =370y 2. 3anumure sBHYI0
3aBHCUMOCTH OT KOOPAMHATHI X OTHOIIEHUS COOCTBEHHBIX BOJIHOBBIX (QYHKIUI OCHUILISATOPA, CO-
OTBETCTBYIOIINX 3TUM YPOBHSM SHEPTHMU: Lpl(x) / Lpo(x) =7

4. KoHTposibHbIN Bompoc. JlnaroHaabHble MaTPUUHBIE 3JIEMEHTHI ONIEPATOPA BO3MYILEHU PaBHBI
Vi = 0. Kak BITIOUeHHE BO3MYIICHUS BIMsCT HA OCHOBHOWM (HU3ILHIA) YPOBEHb SHEPTUH: YBEIH-

YuBaeT? yMeHbIaeT? He u3MeHsIeT? OOBSICHUTh OTBET C MOMOIIIBIO (DOPMYJI, yUUTHIBAsI HECKOJIBKO
MOPSAAKOB TEOPUH BO3MYILICHU.

5. KontposbHsiii Bonpoc. Ha ckoibko moaypoBHE#l paciieruisieTcs ypoBeHb sHepruu 4f B arome
BOJIOPO/JIA, €CJIM YYECTh TOHKYIO CTPYKTYpy? Kakumu OyayT 3HaUCHMsI SHEPIUH ITUX NTOAYPOBHEN?
OTtBet 000CHOBATB.

6. KorrposbHblii Bonpoc. COCTOSHUE YIICKTPOHA B aTOME BOAOPO/A OnUCkIBacTes TepMoM 3dg) .

—

eh
Bo BHenIHeM MarHuTHOM nosie B OHEPIHUA TaKOI'o SJICKTPpOHA U3MCHACTCA Ha BEIIUUNHY 2— gmj .
m

Uemy paBna BenuunHa (pakTopa Jlanae g B aToM cinydae? Kakue 3HadeHHsI MOKET IPUHUMATH
KBaHTOBOE YHCIIO M ?

7. KoutponbHsliii Bonpoc. Chopmynupyiite npaBmiio XyHna. [Ipy kakoM CliMHE CHCTEMBbI YDHEPTUs
CHCTEMBI B3aUMOJICHCTBYIOLIMX PYT € APYIOM 3JIEKTPOHOB OyAeT MUHUMaIbHOI? YeMy paBeH
CIHH aTOMa I'eJiis B OCHOBHOM COCTOSTHHHM, M KaK 3TO COBMECTHUTH € MpaBmiioM XyHa? Bce oTBeTH
000CHOBATh.
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8. KonrponbHoe 3amanue. C TOMOILIBIO MOAXOIAMINUX (POPMYIT OOBSICHUTE, SHEPTHs KAKOTO aTomMa —
naparenus Win optorenus —Oombiie u nouemy? Kakum OyneT aTom refust B OCHOBHOM COCTOSTHAN
— oprorenueM uiu naparenuem? [louemy? OTBeTH 000CHOBATH.

9. KoHTponbHbIii Borpoc. B uém cyTh MeTo1a THHEHHOM KOMOMHAIINHN aTOMHBIX OpOuTasei u ka-
KHM 00pa30M HaXOJST CBA3YIOIINE OPOUTAIHN B KPUCTALTNYECKOM TBEPAOM Teme?

10. KonTpomasHsiit Bopoc. Uto Takoe 30HBI bpuiurosHa 1 mouemMy 3JeKTPOH ¢ UMITYJIBCOM U3 Tep-
BOM 30HBI bpHiut09Ha MOKET UMETh HECKOJIBKO 3HAYEHUN SHEPTUH?

IlepeyeHb KOHTPOJILHBIX 3aJaHUI H (HJIH) BOMPOCOB JUISA OIeHKH ChOPMUPOBAHHOCTH KOM-
nerenuu OIIK-1 (koHTpoMpyeMblii HHIHMKATOP A0cTH:KeHUus1 KomneTeHun OITK-1.2)

1. KonTposnbsHoe 3aanue. MukpovacTuiia COBepiIaeT 0JJHOMEPHOE JBUKEHUE B1OJIb ocu X. Halitu
coOcTBeHHBIC (PYHKIMU M COOCTBEHHBIC 3HAUeHUs orepaTopa A= X+ P, . Kakum o6pazom sto cre-

nath? ByneT mu ciekTp cOOCTBEHHBIX 3HAYEHUI TaKOTrO OIepaTopa HEMPEPHIBHBIM WU TUCKPET-
HBIM?

2. KontponbHoe 3ananue. Haiitu cobcTBeHHBIE (YHKIIMU M COOCTBEHHbIE 3HAYCHHUS OTIepaTopa Lf

KBaJjpaTa MPOEKLMM MOMEHTa UMITyJIbca Ha och Z . Kakum oOpa3zom 310 cienars? byner iau cnektp
COOCTBEHHBIX 3HaYEHHI TaKOro orepaTopa HEMPEPHIBHBIM WU TUCKPETHBIM MIPU YCIOBUH, UYTO

W(d)=w(p+2m?

3. KonrtposnbHoe 3a1anue. 3aMuiumTe COOTHOICHUE HEONPEAeAEHHOCTEN Al MPOESKIIMA MOMEHTA
UMITyJIbCa Ha OCh Z ¥ KoopAauHatThl x: Ay L, [A X=>7 OObsICHUTE, KaK OJIYUYUTh 3TO COOTHOIIIE-
HHE.

4. KoHTpoabHbIi Borpoc. MOKHO JIM OJTHOBPEMEHHO U3MEPUTH KOOPAMHATY Y MUKPOUYACTHUIIBI U
MPOEKIHIO €€ MOMEHTa UMITyJIbca Ha ochb X7 J{71s1 00bsICHEHHSI BBIYMCIUTE KOMMYTATOpP OIeparo-

POB ATUX BEJIIMYUH [y, Lx] .

5. KontponbHoe 3amanne. COCTOSHUE MUKPOUYACTHUITHI C MAaCCOM M, HAXOAIIEHCS B OJHOMEPHOMN
IPSMOYTOJIBHOM MOTEHIIMATLHON SIME IIMPUHBI @ C OECKOHEYHBIMU CTEHKaMHU

oo mpu X<0; X>a,;

. . 2 X
U (X) = OIHCBIBACTCS BOJHOBOU (yHKIMEH Y (X) = \/: co§ — |. Ompenenu-
0 nmpmuO<x<a, a a
2
TE BEPOSATHOCTh OOHAPYKEHUS ITOM 4acTUIIBI B COCTOSHUU C 3Hepruei E, = 5 1+ B KOTOpOM
2ma

2 . (21
YacTHLA J0JDKHA UMETh BOJTHOBYIO QYHKIHIO Uy (X) = ,[—sin| — | ? Kakum 06pa3omM MOKHO
a a

BBIYUCIIUTH TaKyI0 BEPOSITHOCTDH?

6. KontponbHoe 3amanre. MUKpouacTHUIla HAXOJUTCSA B OJHOMEPHOM MPsIMOYTOJIbHOMN MOTEHIIU-

. o mpu X<0; Xx>a; __
QIBHOU sIME IUPHUHBI @ ¢ OeCKOHEYHBIMU cTeHKamu U (X) = 0 0 Eé€ cocrostHue ¢
npu U< X<a.

. . o . . [ TX
HaMMEHBIIeH YHEPTUell OMHChIBaeTCs BOJHOBOM (yHKIMEH (X) == sm(—j . Beraucnure
a a
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CPEIHIOIO BEJIMYMHY KBAJApATa MPOECKUHUHA UMITYJIbCA HA OCh X B 3TOM COCTOSIHUU: < p)2(> = ? Bpruuc-

JUTE HEONPEENEHHOCTh 3TON NPOEKIMK uMIynbea: Ay Py =?

7. KonTponbHoe 3a7aHue. B HEKOTOpoil MOTEHIMATIBHON M€ 11 MUKPOUYACTHUIIBI C Maccoi M cy-
IIECTBYIOT TOJIKO TPH Pa3peIICHHBIX YpoBHS sHeprun £1= 13B, E>= 43B u E3= 93B. BrimouaroT
JIOTIOTHUTEIBHOE MaJioe Bo3MyleHne. ONpenenuTe Ha KaKylo BEJIMYMHY U B KaKyl0 CTOPOHY CMe-
CTUTCSI OCHOBHOW YPOBEHb HEPTUHU E1, €CIIM MaTPUYHBIEC 3JIEMEHTHI OIIEPATOPA BO3MYILICHHUS

i Vim Vi V3
I‘/Iio Vl//?d?’r = V21 V22 VZ , TJe V11: V22=O, V33= V12: V21: O,33B, V13= V31: O,ZBB, V23=
V31 Va2 V3

V3= =0,15B. YuecTs aBa mopsika TEOPUU BO3ZMYIIICHUH.

8. KoHnTponbHoe 3a1aHue. 3anuinuTe TepM OCHOBHOTO COCTOSTHUS aTOMa a30Ta N%4. C nomouisro

KaKUX MPaBUJI MOKHO OIPENIEIUTh 3TOT TepM? KakoBa ero MynbTHILIETHOCTE? 3a4eM BBOJAT TEP-
MBI?

9. KontponbHoe 3aganue. Onpenenure pacCTOSTHUS MEXKIY COCETHUMHU MOTypOBHSAMHU, 00pa30BaH-
HBIMH [IPU paclIeryIeHuH ypoBHs 30 B aTOMe BOIOPOJia B TOHKYIO CTPYKTYPY?

10. KontponbHoe 3aanue. C TOMOIIBIO CBA3YIOIUX OpOHUTael 00bsICHUTE, TOUYEMY KPHCTAILIH-
YEeCKUE TUAICKTPUKH 00JIaIal0T OOIBIION TBEPAOCTHIO U XPYNKOCTBIO, @ METAIIIBI — IIJIACTHYHBI.

Ilepeyenb KOHTPOJIbHBIX 32JaHUI H (HJIM) BOMPOCOB JUIsA OIeHKH COPMHUPOBAHHOCTH KOM-
nereHnun OIIK-1 (koHTpoJHMpyeMblii HHANKATOP AocTH:KeHUsI KomneTreHuu OIIK-1.3)

1. KonTponbHoe 3amanue. MukpodacTriia COBepIiaeT 0JHOMEPHOE JIBUKEHUE BIOJIb ocu X . Haiitu
coOCTBeHHBIC (PYHKIIMU M COOCTBEHHBIC 3HAYEHHUS OTIEPaTopa Py MPOSKIMU UMITYJIbCa Ha 3Ty OCh,

€CJIN BBITIOJTHEHO IpaHuYHOE yciaoBue Y (X) =y (X + a) . Kakum o6pazom sto cnenats? byner nu

CHEKTP COOCTBEHHBIX 3HAUYEHUH TaKOTO ONepaTopa HEMPEPHIBHBIM WU AUCKPETHBIM?

2. KontponbHOe 3a1anne. DIEKTPOH B aTOME BOJIOPO/Ia HAXOIUTCS B BO30OYKIEHHOM 3p-
COCTOSTHUH. 3aIUIIINATE SBHYIO 3aBUCHMOCTD BOJTHOBOH (DYHKITMH ) 3TOTrO 3JIEKTPOHA OT KOOP/IH-

Hat r,0 u ¢ . [locTpoliTe KauecTBEHHBIN TpauK 3aBUCUMOCTH BEPOSITHOCTH OOHAPYKEHUSI JJICK-
TpPOHa OT KOOpAMHATHI I' . KakoMy paccTOsIHUIO I' COOTBETCTBYET MAKCHUMYM 3TOTO Tpaduka’?

3. KonrponbHoe 3aanue.B o1HOMEpHOH NPSAMOYrobHONM NOTEHIIMATIBHOMN sIME IIIH-
pHUHBI & ¢ OECKOHEYHO BHICOKMUMHU CTEHKaMU B OCHOBHOM COCTOSIHUHU C SHEpruen

Ep = °h 2/ 2ma? HAXOJMJIACh YaCTHIIA C MacCOi M U ¢ 3apsaaoM  (BosHOBas
2 . (X

(GYHKIIMS TAKOTO COCTOSIHUSA (J =, [— SIN| — |). BHyTpH sIMbI BKIIIOYHIIH cJIadoe
a a

ANIEKTPHYECKOE MOJIE C MTOTCHINATIOM @ = @ Sin(ﬂx/ a) . Onpesiennte Ha KaKkyro Be-
JIMYUHY U B KaKyI0 CTOPOHY CMECTUTCS [IPU ITOM YPOBEHB dHepruu Eq? Ykazanue: npu BbIYHCIIC-

HHH CJIeJIaTh 3aMEeHY MepeMeHHON ¢ = COS( X/ a) :

4. KontponbHoe 3amanue. [Ipemmoxure cnocod onpeneneHus coOCTBEHHOW (PyHKITMU oTiepaTopa
Sy MpoekLuy cruHa Ha ock X? Kak HOpMUpOBaTh Takyto (QyHKIUIO?
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5. Kontponbnsiii Bonpoc. Bapuannonnsiit Mmeton Xaptpu-Doka mo3BoJseT MOTYyIUTh IS
N — s1ekTpoHHOrO aTomMa CHCTEMY YpaBHEHHMIA

N
-~ 0 @ - . ~ 0 .
Hi( ) +Yii — Ei)l//i iZYijl/lj =0, 1=1,2...,N,rge Hi( ) —oneparop I'amunbsroHa | —ro
j#i
3JIEKTPOHA C PAJNYC-BEKTOPOM [j , B3aUMOCHCTBYIOIIETO TOJIBKO C SAPOM. 3allHIINTE IBHOE BbI-

paxenue Juis mojiei Xaptpu Y Takol KBAHTOBOMEXaHHYECKOW CHCTEMBI C TIOMOLILIO OTIEPATOPa
B3aUMOJACUCTBUSA | —“TO M | —TO 3JIEKTPOHOB. UeM ABIISIOTCSA OIS XapTpU — KYJIOHOBCKMMH WIH

oOMeHHbIMH HHTerpajgamMu? KakoB ux ¢pu3ndeckuit CMbICT?

(0)

MWJIBTOHA | —TO 3JEKTPOHA, B3aUMOICHCTBYIONIETO € SAPOM aTOMa U HE B3aUMOJEHCTBYIOLIETO C
OCTaJbHBIMHU JJIEKTPOHAMH aToMa. UTOOBI ONPEIeTUTh pa3pelieHHOE 3HAYCHUE YHEPT I Ei I —To

6. KontponsHoe 3aanue. Mimeercst MHOrodeKkTporHast cucrema (arom). Hi’ —omeparop I'a-

3JIEKTPOHA M €r0 BOIHOBYIO (YHKIHIO {J/j BapHaLMOHHBIM METOAOM XapTpPH, HA0 BBIUYHUCIIUTH Ba-
pHUaIuio HeKOToporo (pyHKIMOHANA. 3aUIINTE BEIpaXeHHE 3TOr0 PyHKIHOHANa. B yem coBnaza-
FOT U 4eM PasiiiyaroTcs MeTo Xaprpu u Meto Puria? Kakue ypasHenus st onpezenenus Ej u

{J; momyuatcs nocne BEIMHCICHUS BapUALIINA?

7. Kontponbubiii Boripoc. O0bsicHUTE, TOYeMy OOMEHHBIA UHTETPaJl, COOTBETCTBYIOIIHNH CBSA3YIO-
1Iei MOJIEKYJISIpHOU OpOUTaNy UMEET OTpHULIATeNIbHBIN 3HaK. [loueMy sHeprus B3auMoIeiiCcTBUS CO-
CEIHUX aTOMOB B pEUIETKE UMEET MUHUMYM?

8. KontpomnpHoe 3amanue. DHEprusl 3IEKTPOHA B BOAOPOIOIIOJOOHOM HOHE HEKOTOPOTO aToMa
(OTMH AIIEKTPOH B aTOME) B OCHOBHOM cOCTOSIHUM paBHa —218,03B. DHepruu anekTpoHHoi 000-
JIOYKH TeJIMeno00HOTro HOHA TOro jke aToMa (IjBa DIICKTPOHA B aTOME Ha TOM ke M0JJ000JI0UKe) B
napa- ¥ OpTO-COCTOSTHUSIX PaBHbI, COOTBETCTBEHHO, —916,85B 1 —916,45B. Haiitu oTHOIIEHNE

‘Q/N BCJIMYHMH KYJIOHOBCKOI'O U 00OMEHHOTI0 HUHTCIpaJIOB IJIA FG.HI/IGHOI[OGHOI‘O HOHAa.

9. KontponbHslii Bonpoc. 1o kakoit mpuuune 3aBucumocts E ( f)) OHEPIrUU JJIEKTPOHA B PELIETKE

TBEPJIOTO TeJla OT €r0 UMIYJIbCca Ha FPpaHuUlle 30H bpuiutiosHa oTIm4aeTcst OT napadoaIndecKomn?
Yemy paBna npoussoanas 0E/0P Ha rpanuile 30861 Bpuinioona u mouemy?

10. KonTpomabHsiil Borpoc. Kak 1mo BEIYHCICHHONW 3aBUCUMOCTH YHEPTUH CIEIIIICHUS PEIIETKH Me-
TaJljla OT MEKaTOMHOTO PAaCCTOSIHUS BBIYUCIUTH KOA(PPUIIMEHT C)KUMAEMOCTH MeTajuia?

4. OueHovHbIe cpeacTBa (OLEHOYHbIe MATEPHAJIbI) [IJIsl MPOBEIEHHS POMEKY-
TOYHOM ATTEeCTAMH 00yJaroIIUXcs (3AIIUTHI KYPCOBOii padoThI (MPOeKTAa)) Mo
AUCHUILINHE (MOTYJIIO)

3aHATUS YKa3aHHOTO THIIA HE IMPEIyCMOTPEHbI OCHOBHOW IpodeccuoHanbHO 00pa3oBa-
TEJIbHOW MpOrpaMMON.





