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OHNEHOYHBIE MATEPHAJIBI PA3PABOTAUJI:

MoanucaHo 3NeKTPOHHON nognuckio $TEOY BO «HUY «M3IU»

Ceefenua o Bragensue L3N M3aKn

Bnageney Kopones I.B.
IIpenonaBarenb Maermvbarop €35b2607-KorolevPavV-75bc 149 I1.B. KopouieB
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TTO/ITUCH)

COI'VIACOBAHO:

PyKOBOI[I/ITeJIB MognucaHo anekTpoHHo nognuceio ®TEOY BO «HUY «M3U»
w Ceenewun o Bragensue L3N M3aKn A.C'

06Pa30BaTeHBH0H z Bnageney, Omntpues A.C.
IIpOrpaMMblL MOl ¢ WaeHTndrratop R8d0ce031-DmitriyevAS-aaaeae2 HMI/ITpI/ICB
(IOIKHOCTB, YUeHasl CTETICHb, YICHOE (moamucs) (pacudpoBka

3BaHKE) TTO/ITUCH)

MognucaHo anekTpoHHo nognuceio ®TEOY BO «HUY «M3U»
w Ceenennn o enagensue L3N M3K

3aBeHyIOH-IHH Bnageney My3unHa H0.10. IO.IO.
BLIHyCKaIOH_[eI?I Ka(be[[pbl WaeHTuduraTop Re86e9a56-Puzina-4d2acadl HySI/IHa

(OIKHOCTB, YYEHAs! CTETICHb, YYEHOE
3BaHKE)

(moamucs)

(pacuudpoBka
TTO/ITUCH)



OBILIASA YACTD

OLIGHO‘-IHBIG MaTCpualibl 1O AUCHUIUIMHEC TMPCAHA3SHAYCHBI [JId OLCHKU: HOOCTHIKCHUA

06y‘laIOH_[I/IMI/ICH 3aIllJIAHUPOBAHHBIX PE3YJIbTATOB 06y‘IGHI/I5[ 110 JUCLHUITIIINHE,

q)OpMI/IpOBaHI/ISI 3aIlJIaHUPOBAHHBIX KOMHGTGHL{I/Iﬁ " YPOBH: OCBOCHUA NUCHUIIJIMHBI.

oTalia

OHGHO‘IHBIG MaT€purabl 110 JUCHUINIMHE BKIOYAIOT OLHCHOYHBLIC CPCACTBA IJIA IMPOBCACHUA

MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. [TK-3 ['0TOB K pacyeTHO-3KCIEPUMEHTATPHOMY aHAIM3y OCOOCHHOCTEH MPOIECCOB B
HaHOPa3MEPHBIX CUCTEMax
N/1-4 I'oTOB aHAIM3UPOBATH MPOLIECCHI B3AaMMOCHCTBHS YACTHUIl HA TOBEPXHOCTH
MaTepuaoB U B KOHACHCUPOBAHHOH (aze

N BKJIFOYACT:
AJIS TEKYIEro KOHTPOJIA YCIIEBAEMOCTH

Popma peanuzanuu: 3anuTa 3aJaHus
1. Pacyer xapakTepuCTHK apOBOM MJICHKU IPU KUIIEHUU CBEPXTEKYUEro rejus Ha
MOBEPXHOCTAX cPepruyecKuX U IMINHIPUYECKUX HarpeBaresei (Pemenue 3amayq)

Dopma peanuzanuu: YcrHas popma
1. [Tpunumne! pu3nku KoHACHCUPOBaHHBIX cucTeM (Komnoksuym)
2. DnemenTsl pusznueckoit kuHeTrku. Yacts 1 (KomrokBuym)
3. Dnementsl ¢puznyeckoit kunetuku. Yacte 2 (Komnoksuym)

BPC nucuuminHbl

7 ceMecTp
Beca KOHTPOJIBHBIX MEPONIPUATHI, %o
HNunexc KM-1 | KM-2 | KM-3 | KM-4
Paznen aucuumuimab
KM:
Cpok KM: 4 8 12 16
DnemMeHThl GU3NUECKON KHHETHKU
OCHOBHBIE TIOHATHS U ONIPEICICHUS + +
Kunernueckoe ypaBHeHue boiabimana + +
[TocTanoBka 3aiauu Juist ypaBHeHus bonbiimana + +
OcHOBBI (PM3HKHU CBEPXTEKYUYECTH U MPOLIECCHI IIEPEHOCca B
He-I1
I'ennii — KkBaHTOBAS JKUIKOCTD +
[TocTanoBka 3aaun o pacuete Teriooomena B He-l| +

[TpuHIMIIBI U3UKH KOHIEHCUPOBAHHBIX CUCTEM




[TapameTpbl KOHICHCUPOBAHHOTO TEJIA +
Kpucrammmyeckas penerka +
TennonpoBoAHOCTh KPUCTAITHYECKON PELIETKH +
(IMPIEKTPUKH)

Bec KM: 20 20 20 40

$OO611as yacte/J1J1s1 MPOMEXKYTOUHOM arTecTanuud




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMIIETEHIIUH pe3ysbTaTel  00y4eHMsI IO
JUCIUILINHE
I1K-3 N-4rk-3 I'otoB | 3HaTh: OnemenTsl puznyeckoit kunetuku. Yacte 1 (KomnokBuym)
aQHAJIM3UPOBaTh  MPOLECCHI | OCHOBHBIE METO/bI DOnemeHTsl puznyeckoit kunetuku. Yacts 2 (KommokBuym)
B3aMMOJICICTBUS YacTULl HA | ONUCAHUS [IpuHumns! pu3nku KoOHAEHCHpOBaHHBIX cucTteM (KosmokBuym)

HIOBEPXHOCTU MaTEpUANIOB U
B KOHJICHCUPOBaHHOM (a3ze

KOHJCHCHUPOBAHHBIX CUCTEM
U pacyera ux CBOWCTB
CIocoOBI pacyeTa MpoIEeccoB
MepeHoca B yCJIOBUSIX
CYILLIECTBEHHOU
HEPaBHOBECHOCTH

YMeTs:

BBITIOJTHATH PAcueThl
TEeIJIoMaccoIepeHoca B
raszax mpu Jito00i cTeneHu
TEPMOIUHAMHYECKOMN
HEPaBHOBECHOCTH
BBITOJIHATH PACUEThI
TeriomMaccornepenoca B He-

Pacuer xapakTeprcTUK ApOBOH IUICHKH MPH KUIIEHUH CBEPXTEKYYETO
Tellvsl Ha TIOBEPXHOCTAX C(HepUIeCKHX U MIIMHIAPUICCKUX HarpeBaTeei
(Pemenue 3amay)




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus

KM-1. DiemenTsl puznyeckoii knnetuku. Yacrs 1

@opmbl peaqu3anuu: YcTHas popma

Tun KOHTPOIBLHOT0 MeponpusTus: KomiokBuym

Bec konTpoabHoro meponpusitusi B BPC: 20

IIpouenypa npoBeeHHs] KOHTPOJBLHOIO MEPONPHUATHS: YCTHBIM OMPOC CTYIEHTOB IO TeMawm,
pa3o0paHHBIM B IEPBOM YacTH pazjeina "IaeMeHThl GU3HIeCKO KHHETHKH'"

KpaTlcoe CoA€cpiKaHuE 3alaHUA:
OTBeThTE Ha IMOCTaBJICHHEIC BOIIPOCHI KaK MOXHO boiee HO,Z[pO6HO

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3HaTh: CHoco0bI pacuera 1.0Omnpenenenne GyHKINU pacrpeeTeHUs MOJICKYT Ta3a
IIPOLIECCOB IIEpPEHOCa B YCIOBMSIX 0 CKOPOCTSAM. MaKcBeIOBCKas (PyHKITUS
CYIIECTBEHHOW HEPAaBHOBECHOCTH pacnpeseneHus

2.MowmenTsl pyHKIUU pacupeneneHus. Ces3b
MHUKPOCKOIMYECKOTO U MAKPOCKOIMYECKOT0 YPOBHEHN
OITMCAHUS

3.Kunernueckoe ypaBuenue bonbiimana. OCHOBHbBIE
JonyiieHus npu BeiBoje. [locranoBka 3a1au

4 MOMEHTBI UHTETpajla CTOJIKHOBEHU I
5.CyMmmaTopHbIe HHBAPUAHTHI U UHBAPUAHTHI
CTOJIKHOBEHHI

6.1naterpan cronkHoBeHuit. Ero crpykrypa
7.Pacuer MOMEHTOB UHTErpaja CTOJIKHOBEHUH IS
MAaKCBEJUIOBCKUX MOJIEKYJT

Onucanue MIKAJbI OLlEHUBAHUS

Ouyenka: 5
Huodienuii nopoe sévinonnenus 3adanus 6 npoyermax: 10
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISETCS €CIIH 3aJaHue
BBITIOJTHEHO B MOJIHOM 00'beMe WIIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4
Huodicnuii nopoe sevinonnenus 3adanus 6 npoyermax: 60
Onucanue xapaxmepucmuxu evlnoinenus 3Hanus: OLeHKa "X0opoIo" BICTaBISETCS €CITN
OOJIBIITMHCTBO BOIPOCOB PACKPBITO. BBIOPAHO BEPHOE HANIPABJICHUE JJIS pEIICHUS 3a/1a4

Oyenka: 3
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuku evinonnenus snanus: OneHka "ya0BIeTBOPUTEIHLHO" BBICTABIISCTCS
€CITH 3aJIaHUE MMPEUMYIIIECTBEHHO BBITIOJTHEHO

KM-2. DiemenTsl puznyeckoin knHeTuku. Yacrp 2

®opmbl peanuzanmuu: YcrHas Gpopma
Tun KOHTPOILHOr0 MeponpusaTHs: KomiokBuym
Bec koHTpOBbHOrO Meponpusitusi B BPC: 20




IIpoueaypa npoBeaeHHs] KOHTPOJBLHOI0 MEPONPHUATHS: YCTHBIM ONPOC CTYAECHTOB IO TEMaM,
pa3o0paHHBIM BO BTOPOW YacTH pazjeina "IaeMeHThl PU3NIeCKOr KHHETHKA"

KpaTlcoe CodcpiKaHUuE 3alaHUA:
OTBeThTE Ha IMOCTaBJICHHEIC BOIIPOCHI KaK MOYXHO Ooiee l'IOI[pO6HO

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

YMeTh:  BBINOJNHATH  PACUYETHI 1.Meroibl perieHnst KHHETUYECKOTO YpaBHEHUS

TEIJIOMaccoliepeHoca B razax mnpu Bonbimana

000 CTEIEHU 2.ANropuTM pelIeHNs KUHETUYECKOTO0 YPaBHEHHUS

TEPMOJMHAMHYECKOM Bonbiimana MOMEHTHBIM METOZIOM

HEPAaBHOBECHOCTH 3.Anmpokcumanuu QyHKIUN pacrpeIeIeHIs MOJICKY
ra3a o CKOpOCTSIM MpHU PELICHUH 3a/1a4 MOMEHTHBIM
METOJIOM

4 H-pynknus u H-reopema

5.Pemienne nuHeapu30BaHHON OJTHOMEPHOM
CTaLlMOHAPHOH 3a/1a4M O EPEKOHIEHCAIIU MOMEHTHBIM
MeTosioM. [lonydyeHue BbipaykeHUs 1J1s IUIOTHOCTU
noTOKa Macchl j. Ero acumMnToTuku

6.IloTeHumanel B3auMOJEHCTBUS OJHOATOMHBIX MOJIEKYJI
"7.MaKCBEIIOBCKUE MOJIEKYJIbI

OnucaHue MKAJbI OLleHUBAHUS:

Oyenka: 5
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapakmepucmuku blnonenus 3nanus; OueHka "oTIMYHO" BBICTABIISIETCS €CJIU 3aJJaHue
BBITIOJIHEHO B MOJIHOM 00BEME HJIM BBIIIOJTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: 60
Onucanue xapaxmepucmuxu evinoaneHus shanus: OueHKa "XopoIo" BBICTABIIAETCS €CIIN
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HANpPaBICHHUE JUIsl pELICHUs 3a/1a4

Oyenka: 3
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: S0
Onucanue xapaxmepucmuxu 6vinoaneHus snanus: OueHKa "y10BIETBOPUTEIBHO" BBICTABIIAETCS
€CJIM 3aJJaHle MPEUMYIIECTBEHHO BHIIIOJIHEHO

KM-3. IlpyHumnsl pU3MKH KOHIEHCHPOBAHHBIX CHCTEM

®opmbl peanuzanuu: YcrHas Gpopma

Tun koHTpoaABLHOr0 Meponpusitus: Komamoksuym

Bec konTposbHoro meponpusitusi B BPC: 20

IIpoueaypa npoBeleHHs] KOHTPOJbHOIO MepPONPHUATHS: YCTHBIH ONPOC CTYACHTOB IO TEMaM,
pa3o0paHHBIM B pasjese

Kpartkoe cogepixkanue 3a1aHusi:
OTBeTHhTE HA MOCTABJIEHHBIE BOMPOCKHI KaK MOXKHO 00Jiee MoapoOHO

KoHTpoJibHbIC BONIPOCHI/3aJaHUA:

3HaTh: OCHOBHBIE METOJIbI 1.Knaccudukamnusi KOHIEHCUPOBAHHBIX CUCTEM.
ONMCAHHUS KOHJICHCUPOBAaHHbBIX XapakTep CBsA3€H YacCTHI] B KOHJIEHCUPOBAHHBIX TeJlaX.
CHCTEM U pacueTa X CBOMCTB Pacnipenenenue 31eKTpoOHHOTO 3apsija




2.ITapaMeTpbl KOHIEHCUPOBAHHBIX TEJ: TapaMeTp
B3aUMOJICICTBUS, TapaMeTPhI

ne bpoiinga u ne bypa

3.CTaTHCTUYECKOE OIMMCAHUE CUCTEM MHOTMX YaCTHII.
KBanToBsie ctatuctuku boze-Oitnmrelina u @epmu-
Mupaxa

4.BbIp0>KI€HHBIN AJIEKTPOHHBIN ra3. MMiynbc u sHeprus
®epmu. TemmnepaTypa BBIPOKICHUS. DHEPTUS U
JTABJICHUE BBIPOXKIECHHOTO 3JIEKTPOHHOTI'O ra3a

5. TepmoarHaMuka CBOOOTHOTO HJIEKTPOHHOT'O Ta3a.
[1noTHOCTB YKCIa COCTOSHUN 3EKTPOHOB
6.2J1eKTpOHHAs TETIOEMKOCTh KpUCTasia
7.21€KTPOHBI B KPUCTAJUTMYECKOM pEeIIETKE.
OHEepreTu4ecKuil CieKTp 3JIEKTPOHOB B KPUCTAILIE.
3anpemieHHble 30HbI dSHeprui. Kimaccudukanms TBepIbIx
TEJI 10 30HHOU CTPYKTYpe

8.Kunernueckoe ypaBHeHHE JIJIs SIIEKTPOHHOIO ra3a
9.TennonpoBOAHOCTH JIEKTPOHHOI'O Ta3a B METajIax
10.3axon Bunemana-®pania
11.251eKTpOonpOBOIHOCTh 3JIEKTPOHHOTI'O T'a3a B
Metaiax. BeiBon 3akona Oma

12.3nemeHTapHble BO30YKACHUS U SHEPTeTUUECKUN
CIEKTP KOHJEHCUPOBAHHOIO Tesa. DOHOHBI
13.Konebanus KpUCTANIMYECKON PEIICTKH C OJTHUM
aTOMOM B 2JIEMEHTApHOM sTYECHKe

14.Konebanus KpUCTANIMYECKON PEIIETKH C ABYMS
aTOMaMU B DJIEMEHTapHOM suelike. AKYCTHUYECKHE U
ONTHUYECKUE MOJIbI

15.®ononbl. @oHOHHBIN Ta3. KBaHTOBas cTaTuCTUKA
(hoHOHOB

16.TenoeMKOCTh KpUCTAIIIMYECKON PEIIETKH. 3aKOHBI
rononra-Iltu u Jlebas

17.®oHHOHAs TEMIONPOBOJHOCTh

OnucaHue MKaJbI OlleHUBAHUS:

Oyenka: 5

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISETCS €CIIM 3aJaHue
BBITIOJTHEHO B MOJIHOM 00'beMe WIIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4

Huoicnuii nopoz evinonnenus sadanus 6 npoyenmax.: 60
Onucanue xapakmepucmuku evtnoanenus 3uanus.; OueHka "Xoponio" BbICTABISETCS €CIU
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABICHUE JJIsI pEIICHUS 3a/1a4

Oyenka: 3

Huoicnuii nopoz evinonnenus sadanus 6 npoyenmax.: 50
Onucanue xapaxmepucmuxu evinoaneHus sHanus: OueHka "y10BIeTBOPUTENIBHO" BHICTABIISAETCS
€CJIM 3aJJaHUE TPEUMYILIECTBEHHO BBITIOJIHEHO




KM-4. Pacyer XapaKTepHCTHK NAPOBOM IJIEHKU NPH KUIIEHNUH CBEPXTEKY4Yero reJius
HA MOBEPXHOCTAX chepryecKNX U HWINHAPUYECKUX HAarpeBaTeei

®opMbl peaau3anuu: 3aiinTa 3a1aHus

Tun KOHTPOJIBLHOT0 MeponpusiTus: Pemenue 3a1au

Bec konTpoabHoro meponpusitusi B BPC: 40

IIpouenypa mnpoBedeHHsT KOHTPOJBLHOr0 Meponpusitusi: HeoOxomumo pemuTh 3amauy,
NPUBEICHHYI0 B KpPaTKOM 3a/laHuM, B COOTBETCTBUU €O cBouM BapuaHTtoM OTBeTbl: Ne
BapuantaOtBeThl 1qw= 12311 B1/M2 2qw= 13646 B1/M2 3\deltall= 190 mxm 4qw= 51127 B1/m2
5qw= 59762 Bt/mM2 6qw= 54597 Br/mM2 7\deltall= 102 mxm 8\deltall= 415 mxm 9qw= 12269
Bt/M2, Q= 0.888 Br/M2 10gqw= 12856 Bt/m2 11\deltal 1= 140 mxm 12h= 20 cm 13\deltal1= 110 mxm
14gw= 38960 Bt/m2 15\deltal]= 140 mxm 16h=20 cm 17qw= 16283 Br/m2, Q=1.841 Bt 18h=6 c™m

Kparkoe cogepxxanue 3agaHus:
[Tnockuii WM MIMHAPUIECKUHN, WK ChEPUUECKUI HarpeBarTelb, UMEIOIINiA (eciau ¢popma ero
MIMHAPHYEcKas wiu ceprueckas) quamerp dw morpyxkeH B cBepxrekyunii renmit (He-11) Ha
riyOuny h. Ilpu nogaye TemioBoro NoToka MIOTHOCTHIO qW (UJIM MTOJIHON TETJIOBOM Harpy3Ku
paBHOI Q) HAa MOBEPXHOCTH HAarpeBaTessl BO3SHUKAET IJIEHKA [1apa, TOJIIMHA KOTOPOH
paBHa § (IIpU TETJIOBOM MOTOKE, PABHOM BOCCTAHOBUTEIILHOMY, § CTPEMHUTCS K HYIIIO).
PaccmarpuBaercs craiimoHapHoe IJICHOYHOE KutieHue. TeMmnepaTypa cBOOOIHOM MOBEPXHOCTH

He-1l — Tb. [1o 3amaHHbIM 3HAYEHUSAM MTAPAMETPOB MPOIIECCa KUTICHUS, B3SITHIM U3
MPUBEJEHHOM HIDKE Ta0. 1, onpenenute HEM3BECTHHIN apamMeTp (0003HAUCHHBIN 3HAKOM
«?»).
No

b, K

BapuaHTta | Tun HarpeBarens dw, mm | 8, mkm | h, e | qw, Bt/mM2 | Q, Bt

KoHTpoJibHbIE BONIpOChI/3aJaHUA:

VMeTh:  BBINIONHATH  PAcueThl 1.
Temnomaccornepenoca B He-11 | 1| Mnockmii [ 2.00 | —[0[25][ 2] |

2.
| 2| Tnockmii [ .95 -0 [50[ 2] |

3.
| 3 | mmmuapuueckuii | 1.95 [ 2.0 [ 2 [ 20 | 69077 | |

4.
| 4 | lnmmapuuecknii [ 1.95[2.0[0[20 [ 2] |

S.
| 5 | Immmapuueckuii | 1.90 [ 2.0 [ 100 [22 [ 2| |

6.
| 6 | Humunapuuecknit | 1.90 [ 3.8]185[23 [ 2| |

7.
| 7 | Unnnuapuueckuii | 1.80 [ 2.0 [ 2 [ 15 | 46015 | |

8.
| 8| Chepuuecknii | 1.80 [ 6.0 2[5 [2.0]




9.
| 9 | Chepuuecknit | 1.80 | 4.8 [515[3 | ?[ 2|

10.
| 10 | Tmockmit [ 1.80 [ —[0[20 ] 2] |

11.
| 11 | Coepuueckmii | 1.70 [ 6.0 [?2 [ 3] [1.0]

12.
| 12 | Cdeprmueckmii | 1.60 [ 40100 |2 | [25]

13.
| 13 | Cdeprueckmii | 1.60 [ 5.0 [?2[15] [3.0]

14.
| 14 | Lunuumpuyeckuii | 1.60 [40 [ 0[19[ 2] |

15.
| 15 | Iumunapuyeckwmii | 1.70 [ 3.0 [ ? [ 3[8862 | |

16.

| 16 | Lmmmumpuueckuii [ 1.90 | 2.8 | 100 | ? | 52220 |

17.
| 17 | Copeprraeckmii | 1.90 [ 6.0 [ 220 [5] 2 | ? ]

18.
| 18 | Cdeprueckmii | 1.90 | 5.0 [ 240 | 2 | 20318 | 1.6 |

OnucaHue MKaJbI OlleHUBAHUS:

Oyenka: 5

Huorcnuii nopoe sevinonnenus 3adanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OleHKa "0TINYHO" BBICTaBISETCS €CIIH 3aJaHue
BBITIOJIHEHO B MOJHOM 00BEME HJIM BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4

Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: 60
Onucanue xapaxmepucmuxu evinoaneHus snanus: OueHKa "XopoIo" BBICTABIIAETCS ECIIN
OOJIBIIMHCTBO BOIIPOCOB PACKPBITO. BBIOPAHO BEPHOE HAIIPABICHUE JJIS PEIICHUS 3a/1a4

Oyenxa: 3

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 50
Onucanue xapaxmepucmuxu evinoaneHus snanusa: OueHKa "y10BIETBOPUTEIBHO" BHICTABIIAETCS
€CJIM 3aJJaHue MPEUMYIIECTBEHHO BHITIOJHEHO

10




COJIEPKAHUE OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
7 cemecTp

@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

1. Kunernueckoe ypaBHeHue bosbiimana. OCHOBHBIE omylIeHUs ITpH BeIBOE. [locTanoBKa
3azay.

2. Pacder «BOCCTaHOBUTEILHOTO» TEIUIOBOTO noToka B He-1I mpu kunenuu. Gusnueckas
MIOCTaHOBKA. MaTeMaTnyeckoe OnrcaHue.

3. O1eHUTH BpeMsi KHHETUYECKOH peslakCalliy B JIEKTPOHHOM T'a3e BHYTPH KPUCTAJUIA HATPHS
npu T =295 K. Y enbHOE 37eKTpUYECKOE COTPOTUBIICHUE HATPUS

IIpoueaypa nposenenus

CTYZICHTI)I mo o4Yepcan BbITATUBAIOT 6I/IJICTI)I, PacCIioJIOKCHHBIC Ha CTOJIE TCKCTOM BHHUS.
3anuceIBaeTCA HOMCp ouiera u BpCM: Hadalla IIOAIOTOBKH OTBCTA. qepe3 OIIPCACIICHHOC BpCMs (HO
YMOJTYaHUIO T-IElC) CTYACHTHI C paCIIMCAHHBIMH OTBETAMHU IMOAXOJAT K HNPCIOAABATCIIIO U HAYUHAIOT
pacCKa3bIBaTb OMJIET CBOMMHU CJIOBAMH

L. Ilepeuenv Komnemenyuit/uHOUKAMOPO8 u KOHMPOALHBIX 60NPOCOB NPOGEPKU PE3YTbIANO8
0C80eHUA OUCUUNTUHDL

1. Komnerenuunss/Uuankarop: 1MJ1-4nk-3 '0TOB aHanu3upoBaTh NpoIecChl B3aUMOIEHCTBUS
YaCTHI] HAa TIOBEPXHOCTH MaTepUaJIOB U B KOH/IEHCUPOBAHHOM (haze

Bomnpocel, 3axanus
1.1. Kunetnueckoe ypapHenue boibiimana. OcHOBHBIE AOMYIIEHUs Tpu BbIBoje. [locTaHOBKA
3aad.
2. Pacuer «BOoCCTaHOBUTENHHOTO» TEIIOBOT0 nmotoka B He-1I mpu kunenuu. Gusnueckas
MOCTaHOBKA. MaTeMaTn4ecKoe OTHMCaHHUE.
3. OueHuTh BpeMs KHHETUYECKOH peslakcallii B ANEKTPOHHOM Ta3e BHYTPH KpHUCTalia HaTpus
npu T =295 K. Y aenbHoe 251eKTpUUecKoe COPOTHUBIICHUE HATPUS

2.1. Tepmomexanuueckuit 1 MexaHotepmuueckuii 3¢ ¢extsl B He-11. Cootnomenue Jlonnona.
2. DNEKTPOHBI B KPUCTAUTMIECKON pemieTKe. DHEPreTHUECKHH CIIEKTP AJIEKTPOHOB B
KpHcTaie. 3anpeneHHble 30Hbl 3Hepruid. Kiaccudukanus TBEpabIX TEJI MO 30HHOH
CTPYKTYpE.

3. CchopMynupoBaTh CUCTEMY YpaBHEHHI, TO3BOJISIONLYIO ONPEAETUTh BETUYUHY TEIIJIOBOTO
MOTOKA Yepe3 MIIOCKUN CITON pa3pe:keHHOro ra3a. COCTOSIHHUE 3TOr0 ra3a OMMChIBA€TCS
YEeTHIPEXMOMEHTHBIM JIBYXCTOPOHHUM MaKCBEJTHAaHOM ¢ mapamerpamu N1, n2, T1, T2. 3agaua
cranuoHapHas. M3BecTHBI: TeMIiepaTypbl HOBEpXHOCTEN Teop U Txon, pacCTOSIHUE MEXTY
HUMM L, CpeHss IIIOTHOCTH ra3a, HaXOAALIETOCS MEXKLY STUMH IIOCKOCTAMU P ¢p,. Ha
MOBEPXHOCTSAX TEINIOOOMEHA OCYIIECTBISETCS MOTHAs SHEpreTHYecKas akKOMOoJalus, T.€. Ipu
x=0 T1 = Teop, npu x=L T2 = Txon.

3.1. Pacnpoctpanenue 3Byka B He-II. Cuctema ypaBHEeHMI, OMTUCHIBAIOIIAS ATO SIBICHUE.
Cxopoctb 1-r0 u 2-T0 3ByKa.

2. TernoeMKoCTh KpUCTAILIIMUECKON pereTku. 3akoHbl Jrononra-Iltu u lebas.

3. B onHOMEpPHOI 3a/1a4€ 0 NEPEKOHICHCAIIUH, ONTMCHIBAEMOM YETHIPEXMOMEHTHBIM
npuOIKeHNEM B BUE IBYXIIOTOYHOTO MaKCBEIIMAaHOM ¢ mapameTpamu nl, n2, T1, T2,
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HE00XO0IMMO OTIPE/IeIUTh KOMIIOHEHTHI TeH30pa JaBlieHus Pyy 1 PXy 17151 HEKOTOPOH TOUKH X,
rae N1 =5n6,n2 =3n6, T1 =4T6, T2 = 2T0.

4.1. VI3smeHeHue JaBiIeHMs U TEMIIEPATYPbl B MOHOXPOMATUYECKOU BOJIHE 1-T0 M 2-T0 3BYKa.

2. ®ononbl. PoHOHHBIN Ta3. KBaHTOBas cratucTHKA (DOHOHOB.

3. B ogHOMEpHOI 3a712a9€ 0 MEPEKOHICHCAIIUH, OTUCHIBAEMON YE€ThIPEXMOMEHTHBIM
MPUOJIKEHUEM B BHJIC IBYXTIOTOYHOTO MaKCBEIJIMAHOM C mapaMmerpamu nl, n2, T1, T2,
HE00XO0IMMO OTIPENICIUTh TeMIIepaTypy ra3a 7T st HeKoTopo# Touku X, rae Nl = 4n6, n2 =
2n6, T1 =9T6, T2 = 4T6.

5.1. Onpenencnrie GpyHKIUU pacpeaeTICHUs] MOJICKYJ Ta3a M0 CKOPOCTSIM. MOMEHTHI (DyHKIIHH
pacupeneneHus. CBsi3b MUKPOCKOIIMYECKOIO U MAKPOCKOITUYECKOr0 YPOBHEHN ONMUCAHMUSL.

2. lIByxckopoctras moaens JI.J1. Jlanmay; monymieHus (MPeAmoIoKeH s ) 1 MAaTEMAaTHYECKOE
ONMCaHUeE.

3. Kpucramnnueckas pemierka HOBapeHHOM COM — TPaHeEHTPUPOBAHHAs KyOu4ecKasl.
Mopaeinb CTpYKTYpbl XJOPUCTOIO HATPUSL MOKHO ITOCTPOUTH pacroJiarasi HOInepeMEHHO HOHBI
HaTpUs U XJIOpa B y3JIaX MPOCTON KyOudeckou pemerku. HaliTu paccTosHue MeX1y

Boruncnute napametp ae bpoiis s nonos Hatpus U xiopa rnpu T=290 K. Cnenatp BbIBOA 0
KBaHTOBOM WJIM KJIACCUYECKOM MPUPOJE HOHOB B KPUCTAJLIE IOBAPEHHOM COJIN.
6.1. Kputnueckue ckopoctu B He-ll.
2. Kunerndeckoe ypaBHEHUE JUIs 3JIEKTPOHHOTO ra3a. TernaonpoBoIHOCTh 3JEKTPOHHOTO ra3a
B MeTajutax. 3akoH Bunemana-®paniia.
3. B oqHOMepHOI cTanoHapHOH 3a1a4e 0 MEePEKOHCHCAIMN COCTOSIHUE TIapa OIUChIBACTCS
JIByXCTOPOHHHMM MaKCBEIJIOBCKUM pacupezeneHneM ¢ napamerpamu N1, n2, T1, T2. Ioxyunte
BbIpa)KEHUE [UI TEMIIepaTyphl [1apa, OMUChIBAEMOro Takol ¢pyHkuuel pacnpenenenus. [Ipu
KaKHX YCJIOBHSX 3TO BBIPAKEHUE MOKHO UCIIOJb30BaTh JJIs ONpEAEIeHUs] TEMIIEpaTyphl I'a3a B
3aJa4e O TEIJIONEPEHOCE YePE3 CIION pa3peKEHHOro rasa?
7.1. NnTerpan cronkHoBeHui. Ero crpykrypa. Pacuer MOMEHTOB HHTErpaia CTOJIKHOBEHUN
JUISI MAKCBEJIJIOBCKUX MOJIEKYII.
2. Cuna B3auMHOTO TpeHUs ['oprepa-Memmnaka. @u3ndeckas CynHOCTh. KadecTBeHHBIIH
BBIBOJI BBIPAXXEHM IS CWJIBL. PacdeT Terionepenoca ¢ yueToM B3auMHOIO TPEHUSI KOMIIOHEHT
He-11.
3. Onpenenuts sHEepruto Gepmu, Temneparypy PepMu U TaBICHUE BHIPOXKIECHHOTO
JIEKTPOHHOTIO ra3a B KpucTauie Kainus npu temnepartype 335 K. ITnotHocts kanus p=851

.
8.1. IlocTanoBka 3agaun o pacuete Terooomena B He-1I. Pexxum conporusnenus I1.J1.
Kanuupr.
2. KoneOaHus KpUCTAJUTMYECKOM PEIIeTKU C IByMsI aTOMaMH B 3JIEeMEHTapHOU sUeike.
AKyCTHYECKHE U ONTHUYECKHUE MOJIBI.
3. CchopMynupoBaTh CUCTEMY YpaBHEHH, TO3BOJISIONLYIO ONPEAETUTh BEIUYUHY TEILJIOBOTO
MOTOKA Yepe3 MIIOCKYIO IUIEHKY Napa reins, pa3Aessiollylo HarpeBaTeab U CBEpXTEKyUuil
renuid. 3agada cranuoHapHas. CoCTOsIHME Napa ONUCBIBAETCS YETBIPEXMOMEHTHBIM
JIBYXCTOPOHHUM MaKCBeJTHaHOM. VI3BEeCTHBI: TONIIMHA MapoBoi ieHku d, Temmeparypa
mexdaznoit mosepxnoctu He-ll-nap Ts, remnepaTtypa noBepxHocTu HarpeBarens Tw (mpuuem
Tw >>Ts). Cunraercs, 4TO Ha 3TON MOBEPXHOCTH OCYILIECTBIISIETCS MTOJIHASL SHEPreTHYecKas
AKKOMOZALHSL.
9.1. Onmcanue cranpoHapHOro Terutonepenoca B He-1I mpu maMuHapHOM IBMXEHUH
HOpPMaJIbHON KOMIIOHEHTBHI.
2. DIEeKTPOIPOBOIHOCTH JEKTPOHHOTO ra3a B MeTayuiax. Beios 3akona Oma.
3. [lomyunre BeIpayke€HHE /Ui IOTOKA SHEPTHH 'a3a, ONMKUCHIBAEMOT0 AIUTUIICOUIAIbHBIM
pacrpeeIleHueM:
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(1 YR o) | (e —u) 22+27 |
f=n | |expy— : .
\27RT | \27RT_) | | 2RT  2RT, ||
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[Tpu KaKux ycJIOBUSX 3TOT IOTOK SHEPTUU PABEH COOTBETCTBYIOIIEH BEITUUYHMHE, ONPEACIEHHON
10 MaKCBEJIJIOBCKOMY PaCIpeeICHUI0?

10.1. Oxcnepumentsl ¢ He-11, cnocob6cTBOBaBIIINE TOSBICHUIO JBYXCKOPOCTHON MOJICIIH.
3aBUCHUMOCTB OT TEMIIEPATyPbl INIOTHOCTEH HOPMAJILHOM U CBEPXTEKY4Yell KOMIIOHEHT.

2. DneMeHTapHbIE BO30YKACHUS M SHEPTeTUYECKUN CIIEKTP KOHJCHCUPOBAHHOT'O TeIa.
DOHOHBI.

3. Onpexnenute BeIUYNHY BOCCTAHOBUTEIHHON TEIIOBOM HATrpy3KH MpH kurieHuu renus 11 na
HUJIMHAPUYECKOM HarpeBaTese IuaMeTpoM 2 MM, PacioyIoKEHHOM ropu3oHTanbHo B He-11 Ha
riyoune 20 cM oT cB0OOIHOM Mex(a3HOlM MOBEPXHOCTH, UMeroIei Temnepatypy 2 K.

11.1. BeiBo ypaBHEHMS, ONUCHIBAIOIIETO CTAIlMOHAPHBIN TeruionepeHoc B He-11 Ha ocHOBe
YpaBHEHUH JBYXCKOPOCTHOM TUAPOJIUHAMUKH.

2. KoneGaHus KpUCTaJUIMYECKOM PEIIETKH C OJTHUM aTOMOM B 3JIEMEHTApHOU sueiike.

3. IomyunTe BBIpayKEHHE ISl TEMIIEPATYPHI T'a3a, OMKUCHIBAEMOTO AIUTHIICOUIATbHBIM
pacupeeNneHueM:

fe o 1 VP -jexp !_ (2, —u) . g +E |'

\27RT | \27RI.) | | 2RT 2RT, ||

L .y

[Tpu KakuX yCIIOBUSIX 3TO pacHpeeIeHHe CTAHOBUTCS PaBHOBECHBIM?

12.1. Pemenue nuHeapu30BaHHONW OJTHOMEPHO cTallMOHAPHOM 337a4YM O MEPEKOHICHCAIUH.
[MonyueHue BbIpaXKEHUS VIS TNIOTHOCTH MOTOKA Macchl j. Ero acuMnToTHKH.

2. Knnaccuguxkarysi KOHAEHCUPOBAHHBIX CHCTEM. XapakTep CBA3eH 4acTull B
KOHJCHCUPOBAaHHBIX Telax. Pacnpeesenue 3J1eKTpOHHOTO 3apsija.

3. B kauectBe cepxiuenu B axkcnepumente [1.JI. Kanuisl o uccnenoBanuo
TEPMOMEXaHUYECKOI0 3P PeKTa NCIOIB3YETCs MOPUCTast TPOOKa, COCTOSIIIAs U3 cTa
KanuuisipoB. JuameTp kaxaoro kanusuisgpa 3 MKM, a €ro JUIMHa

0,5 cm. Pasnocts yposaeil He Il Bo BHEIIHEM U BHYTPEHHEM COCYaX COCTABIIAET 6 CM.
HcTouHMK MUTaHUs CO3/1a€T HAIPSDKEHUE HA HarpeBarese, pa3sMenieHHOM BO BHYTPEHHEM
cocyne, senuuuHoi 0,5 B. HaiinuTe BenMunHy TOKa B IIETIH HarpeBarelis, 00ecreqnBaroero
CTallMOHAapHbIE YCI0BUs 3KcniepumenTa. Termonputokamu k He I u3 okpysxaromen cpebl
npenedpeus. Temneparypa He Il paBusiercs 1,9 K.

13.1. TloTeHIMaITBI B3aUMOICHCTBHUS OJTHOATOMHBIX MOJIEKYJI. MaKCBEUTOBCKHE MOJICKYITHI.
2. ITapameTpbl KOHJCHCUPOBAHHBIX TEJI: MapaMeTp B3aUMOAEHCTBUS, MapaMeTpsbl e bpoiins u
ne bypa.

3. Ilpu cranmoHapHoM OeclyMOBOM KUIIEHHM Ha MJIOCKOM HarpeBartesie, HOrpy>KeHHOM B
renwuii I Ha rmyouny h = 0,5 m, o6pa3oBasnacek maposas rieHka. Tosmaa 3Toi mwieHku d ¢
TEYECHUEM BPEMEHHU OCTACTCs MOCTOSHHOU. YeMy paBHa BEIMYHMHA YAEIBHOTO TEILIOBOIO
MOTOKA, BBIJIEISIEMOr0 HarpeBaTesneM W, Ipyu KOTOpoil obecriednBaeTcs Mojiep KkaHme
3aganHoro 3Ha4yeHus d ? Temneparypa mexdasHoit noBepxHoctu renuii [I-map Ti paBHsieTcs 2
K. Cunraercs, 4To Ha MOBEPXHOCTH HATPEBATENS OCYIIECTBIISETCS MOJIHASI SJHEPreTHYEeCKas
AKKOMOJIaLHs.

14.1. Metoap! pemieHusi KHHETUYEeCKOTo ypaBHeHUs bosbimana.
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2. CtaTucTHYecKoe OMHUCaHNE CUCTEM MHOTUX yacTull. KBanTtoBsle cratuctuku boze-
Oitnmrerina u ®epmu-Jupaxa.

3. Onpenenure npu Kako riyOrHe morpyskeHus B renuit 11 muockoro HarpeBaTens Ha HEM
OCYILECTBIIAETCS CTAllMOHAPHOE OECIIyMOBOE KUIIEHUE JIUIsl BEIMUMHBI YJIEIbHOTO TEIJIOBOIO
noToKa, Beiiensemoro Harpeareiaem QW = 7,8 °105 Br/m2. Ilpu stom 3navennn qW
o0ecreynBaeTcsi MOCTOSHCTBO TOJIMHBI TAPOBOM IICHKH JUIsl HCKOMOM IITyOUHBI IOTPY>KEHUS
HarpeBarens. Temneparypa mexdasHoi noBepxunoctu renui 11 - map Ti paBusiercs 2 K.
Cuuraercs, 4TO Ha NIOBEPXHOCTH HArpPEBATENs OCYILECTBIISICTCS ITOJIHAs YHEPreTUIECKast
AKKOMOJALIMSL.

15.1. H-¢pynkuus u H-teopema.

2. BeipoxieHHBIH 37eKTpOoHHBIH ra3. UMnynsc u sHeprus @epmu. TemnepaTypa BHIPOKICHHUS.
OHeprus U AaBJIEHUE BBIPOKIECHHOTO IEKTPOHHOIO rasa.

3. Ilpu xoMHaTHOH TeMIiepaType cpeHss AIMHa CBOOOJHOrO npodera (ooHOHA B KpUCTaslie
MIOBapEHHOM COJIM B YETHIPE pa3a OoJIbllie IOCTOSIHHOW €ro peleTKy, KOTopasi paBHa

5,64 A. Beruncnutb K03 (GUIMEHT TEII0NPOBOIHOCTH 3TOr0 KpUCTalia, €ClId INIOTHOCTh
comu p=2165 kr/m\placeholder:..;° u ckopocts 3Byka B kpuctamuie C3s=5000 m/c.

16.1. MoMeHTHI HHTErpalia CTONKHOBeHHH. CyMMaTOpPHBIE HHBAPHAHTHI M HHBAPHAHTHI
CTOJIKHOBEHUU.

2. TepmoarHaMuKa CBOOOIHOTO JIEKTPOHHOTO ra3a. [IIoTHOCTh yrcia cocTostHuN
3JIEKTPOHOB. DJIEKTPOHHAS TEIJIOEMKOCTh KpUCTala.

3. Chopmynupyiite cucteMy ypaBHEHHH /ISl ONPEAETICHHSI BOCCTAHOBUTEIBHOTO TEIIOBOTO
IIOTOKA IIpH KuneHuu renus Il Ha mapoBom HarpeBartele.

17.1. Meroap! perieHnst KHHETUYECKOTo ypaBHeHUs bonbiimaHa.

2. KonebaHus KpUCTAJUTMYECKON PEIIeTKH C OHUM aTOMOM B 3JIEMEHTapHOM sueiike.

3. Chepuueckuii HarpeBaTeIb TUAMETPOM 4.8 MM IOTPYKEH B CBEPXTEKYUHIA TeITU Ha
riyouny 28 mM. I[lpu nogaue teroBoii Harpy3ku paBHoit 0.588 BT Ha nmoBepxHOCTH
HarpeBaTelisi BO3HUKAET IUIeHKa mapa. TemmnepaTrypa cBobo o noBepxHocTH 1.70 K.
Ouenute TeMieparypHblil iepenaj B resinu 11 u onpenenuTe TONIUHY NapOBOM ITUIEHKH.
18.1. Dxcnepumentsl ¢ He-11, cnocoGcTBOBaBIINE MOSBICHUIO IBYXCKOPOCTHOM MOJIEINH.
3aBUCHUMOCTB OT TEMIIEPATYpPBI IIIOTHOCTEH HOPMAIbHON U CBEPXTEKYUYEH KOMIIOHEHT.

2. TepMoarHAMHKa CBOOOIHOTO 3JIEKTPOHHOTO ra3a. [IIoTHOCTh uncia cocTOSHUN
AJIEKTPOHOB. DJIEKTPOHHAs TEINIOEMKOCTh KpUCTAJLIa.

3. Ha narpeBanue metamumueckoro npeamera maccoit 100 r ot 20 no 50°C 3arpayeno 8300
JIx. Onpenenutsb, U3 KAKOTO METaJlJ1a U3rOTOBJIEH MIPEIMET, €CIIU YKa3aHHBIA MHTEPBAJ
TEMIIEPATyp BbIIIE XapaKTEePUCTUUECKON TeMIIepaTyphl.

MarepuaJsl 1JIs1 NIPOBEPKHU OCTATOYHBIX 3HAHUM

1.laTh knaccuduKauo KOHIEHCUPOBAHHBIX Tell
OtBeThI:

I'a3

Kunkocts

TBepnoe Teno

CaepxnpoBoasIue Tena

Kongencar boze-Diinmreiina
Bepusiii otBeT: Bee, kpome rasa
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2.Yro Takoe Temneparypa Jlebas?
OTtBeTsI:
¢dusnyecKas KOHCTaHTa BEIIECTBA, XapaKTePU3YIOIIas TeMIIepaTypy, Ipu KOTOPOit
BO30Y>KIAOTCs BCe MObI KOieOaHUM B TBEPIOM Tee
TeMIiepaTypa TBEPJOro KPUCTAUIMUECKOTro Tela (BEIIeCTBa), MPU KOTOPO OHO COBEPIIACT
Iepexo/] B KUAKOE COCTOSTHUE
TeMIlepaTypa, Ipu KOTOPOI HE KPUCTAILTU3YIOIIEECS UM HE yCIIeBaloIee
3aKpUCTANIN30BATHCS BEIIECTBO CTAHOBUTCS TBEP/IBIM, IIEPEXO/Sl B CTEKII000pa3HOe
COCTOSIHUE
BepHnblii oTBeT: pu3nyeckas KOHCTaHTa BEIIECTBA, XapaKTePU3YIOIlas TEMIEPATypy, IPU
KOTOPO# BO30Y>KAAI0TCs BCE MOJIBI KoJieOaHMi B TBEPIOM Tere
3.B dem cocTouT ¢uznueckuii cMbIca mapamerpa ae bypa?
OTBeThI:
BEJIMYMHA, OMHUCHIBAIOIIAS] BEKTOP MOJISPU3ALNUN FIEKTPOMATHUTHBIX BOJIH
OTHOIILICHUE JUTMHBI BOJIHBI JIe bpoiliis, CBSI3aHHOM C YacTULIAMH, K PACCTOSIHUIO MEXKITY HUMHU,
ONpeIesIeMOMY MEKATOMHBIMU CUJIAMU
0Oe3pazMepHOe YHCII0, ONPEACIIAIONIee MOBEICHUE KUIKOCTHU 0] BO3JACHCTBUEM IpaIueHTa
TEMIIepaTypbl
BepHplil 0TBET: OTHOLIEHUE JITIMHBI BOJIHBI € bpoilyis, CBA3aHHOW C YaCTULIAMU, K
PACCTOSIHUIO MEKy HUMH, ONPEAEIIIEMOMY MEXKATOMHBIMU CHJIAMU
4.YTo Takoe KBa3uyacTuia?
OTBeTHI:
cTaOWIbHAsl OTPULIATETIHLHO 3apsKEHHAs DJIEMEHTapHAas YacTUIIA
KBAHT KOJUIEKTUBHOT'O KOJIEOAHUS MJIM BO3MYILIEHUSI MHOTOYACTUYHOM cHCTEeMBbI, 001a1at01ni
OnpeAeIEHHON SHEPIUEN U, YaCTO, UMITYJIbCOM
HeJenuMas 4acTh KaKoW-1100 BEeTUYUHBI B U3HKE
BepHbliit OTBET: KBaHT KOJJIEKTUBHOTO KOJI€OAHUS MJIM BO3MYIIIEHUS MHOTOYACTUYHOM
CUCTEMBbI, 00JIaJar0IINii ONPeIeIEHHOM SHepruei 1, 4acTo, UMITYJIbCOM
5.UT0 Takoe SHEePreTUYECKHi CIEKTP KOHACHCHPOBAHHOTO Tea?
OTBeTsI:
COBOKYITHOCTH BCEX JIMAMA30HOB JIEKTPOMArHUTHOTO U3TyYEHHUs B 3aBUCUMOCTU OT YaCTOTHI
WJIU JJTUHBI BOJIHBI
Ha0Op BO3MOKHBIX SHEPT€TUUECKUX YPOBHEW KBAHTOBOW CHCTEMBI
HaOOp 3HAUYEHUI MacC FIEeMEHTAPHBIX YaCTHI]
BepHrlii 0TBeT: HA00p BO3MOKHBIX SHEPIeTUUECKHUX YPOBHEN KBAaHTOBOM CHCTEMBI
6.Yto Takoe (hoOHOHBI?
OTBeTHI:
KBa3W4acTHUIIa, MPECTABIAOMAs cO00i KBaHT KOIEOATENFHOTO IBYKEHUSI aTOMOB KpHCTAaJIa
dbyHIaMEeHTaJIbHAS YaCTUIlA, KBAHT JIEKTPOMATHUTHOTO U3ITYUECHUSI
KBa3M4yacTULa C LEJIbIM 3HAUEHHEM CIIHA
BepHrIit 0TBET: KBa3W4yacTHUIlA, PEICTABIISIONIAst COOOM KBAaHT KOJICOATEIHPHOTO JIBHIKCHHS
aTOMOB KpHCTaJlJa
7.Kaxk 3akon Jlebast omuChIBAaET TEIUIOEMKOCTh TBEPIOTO Tena?
OTBeThI:
JOITYCKaeTcsl onucaTenbHast popMyIHMpoBKa WIH B BUE (HOPMYIIbI

1274 T

BepHblil 0TBET: IpH HU3KHUX TEMITEpATypax TEIUNIOEMKOCTh TBEPIOTO TEJIA BO3PACTAET
MPONOPIMOHATIEHO KyOy TeMIepaTypbl
8.UTo Takoe BBIPOKIECHHBIN AIEKTPOHHBIN Ta3?
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OTBeThI:
MaTepus, LIEJTMKOM COCTaBIIEHHAS U3 DJIEKTPOHOB
ra3 B 3JIEKTPUYECKOM T10JIE
0030HHBIN a3
BepHblil OTBET: MaTepusi, LIEIMKOM COCTaBIICHHAs U3 3JIEKTPOHOB
9.YTo0 Takoe sHepreTuyeckas 30Ha?
OTBeTHI:
11000€ BO3MOXKHOE COCTOSIHHE, B KOTOPOM MOXKET HAXOJUThCSI KBAHTOBAs cCUCTEMa
KBa3MHENPEPHIBHASL COBOKYITHOCTh OJJHOYACTUYHBIX COCTOSIHUN B YHEPTETUYECKOM CIIEKTpE
KOHJIEHCHUPOBAHHOM CpeJIbl
pacnpeefieHie MHTEHCUBHOCTH 3JIEKTPOMArHUTHOTO U3JIYYEHUS 110 YacTOTaM WIIH 10 JUTMHAM
BOJIH
BepHbplil 0TBET: KBa3MHENPEPBIBHAS COBOKYITHOCTh OJJTHOYACTUYHBIX COCTOSIHHUM B
SHEPIreTUYECKOM CIIEKTPE KOHIEHCUPOBAHHOM CPEJIbl
10.Yem o6ycnoBieHa 3J1€KTPOIPOBOIHOCTh MeTasuia?
OTBeTHI:
MEepeHOCOM aTOMOB
MIEPEHOCOM MOJIEKYII
MEPEHOCOM 3JIEKTPOHOB
MIEPEHOCOM JBIPOK
BepHb1i1 OTBET: IEPEHOCOM IIEKTPOHOB

11. Onucanue wikanvt oyenusanus

Ouyenka: 5
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 70
Onucanue xapaxmepucmuxu 6blnoiHeHus 3Hanus: PaboTa BeIMoIHEHA B paMKax "MPOABUHYTOr0"
ypoBHs. OTBETHI JaHBI BEPHO, UETKO CPOPMYITUPOBAHHBIE OCOOCHHOCTH MPAKTHUECKUX PEIICHHI

Ouyenka: 4
Huodienuii nopoe sévinonnenus 3adanus 6 npoyermax: 60
Onucanue xapaxmepucmuxu 8blnoaneHus 3nanus: PadboTa BeImogHeHa B paMKkax ""0a30Boro"
ypOBHS. BONBIIMHCTBO OTBETOB JJaHbI BEpHO. B uacTu MaTepuaia ectb He3HAUUTEIbHbIE
HE/IOCTAaTKU

Oyenka: 3
Huoicnuti nopoe evinonnenus 3aoanus 6 npoyenmax.: S0
Onucanue xapakmepucmukuy 6blnoaneHus 3uanus: PaboTa BeIIOJIHEHa B paMKax "MmoporoBoro”
ypoBHs. OCHOBHAs 4acThb 3a/1aHUs BHIIIOJHEHA BEPHO. HA BOMPOCHI YIIIyOJEHHOTO YPOBHS

II1. Ilpaguna évicmasnenun umo2060i OUEeHKU no Kypcy

HTorosas oneHKa IO KypcCy BBICTaBJISIETCS Ha OCHOBE OLIEHKH 3a ITPOMEXYTOUHYIO aTTECTalUIO.
Bo3MoskeH ciyudail, Korga B CHIIy 3HAQUUTENIBHO OTJIMYAIOLIEHCS TEKyIleld OIIEHKH MOXET OBbITh
MIPUMEHEH MOBBIIIAIOIINNA WIIH MOHMKAIOIMNN KOAPPUIIUEHT
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