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ABSTRACT

Bachelor’s degree in 11.03.04 Electronics and nanoelectronics

Course title: Physics of condensed state.

Basic part of Block, 4 credits

Instructor: G. S. Kraynova, Cand. of Phys. and math., Docent, Professor
Department of physics of low-dimensional structures. School of Natural Sciences of
Far Eastern Federal University.

Learning outcomes:

GPC-1 - the ability to provide adequate current level of knowledge in the
scientific picture of the world based on the knowledge of the basic provisions, laws
and methods of natural Sciences and mathematics.

PC-2 - the ability convincingly to choose and implement effective methods of
experimental research of parameters and characteristics of devices, circuits devices

and systems electronics and nanoelectronics of various functional purposes.

Course description:

The basis of this course is to study basic concepts in physics the crystalline
state, the properties and characteristics of the main types of crystals, the motion of
electrons in a solid, the energy conditioning structure. Part of the course "condensed
matter Physics" aims at introducing students to the field of physics of disordered

media: glassy, amorphous, silica and metallic glasses.

Main course literature:
1. Anfimov, IM, Kobeleva, SP, Konovalov, MP, Osipov, Yu.V., Orlova,
M.N., Spitsyna, L.G. Solid State Physics: a collection of problems // M .: Publish-
ing House MISIS, 2011. - 70 p.
http://www.iprbookshop.ru/56591.html

2. Baikov Yu., V. M. Kuznetsov. Condensed matter physics // M.: Binom. La-
boratory of knowledge, 2011, 294 p.


http://www.iprbookshop.ru/56591.html

http://lib.dvfu.ru:8080/lib/item?id=chamo:668131&theme=FEFU
3. Physics of surface. Theoretical models and experimental methods / M.

V. Mamonova, V. V. Prudnikov, and I. A. Prudnikova. Moscow, Fizmatlit, 2011. —
400 p.
http://lib.dvfu.ru:8080/lib/item?id=chamo:663084&theme=FEFU
4, V.A. Goldade, L.S. Pinchuk. Condensed matter physics / Minsk: Belarus
science, 2009. — 648 p.
http://www.iprbookshop.ru/11505.html

5. Yu.A. Strekalov, N.A. Tenyakova. Solid State Physics: Study Guide // Mos-
cow: ITs RiOR: Infra-M Research Center, 2013. - 307 p.
http://znanium.com/catalog/product/363421
6. Belko V.N., Tutov E.A., Nikishina A.l., Abramov A.V. Physics of the con-

densed state in examples and tasks: a tutorial // Voro-nezh: Voronezh State Univer-
sity of Architecture and Civil Engineering, EBS DIA, 2017. - 79 p.
http://www.iprbookshop.ru/72951.html

Form of final knowledge control: exam.


http://lib.dvfu.ru:8080/lib/item?id=chamo:668131&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:663084&theme=FEFU
http://www.iprbookshop.ru/11505.html
http://znanium.com/catalog/product/363421
http://www.iprbookshop.ru/72951.html

AHHOTAIMSA

YuaeOHnas quciuminHa « Ou3uka KOHISHCUPOBAHHOTO COCTOSIHHS pa3paboTaHa 1is
CTylIeHTOB 3 Kypca OakamaBpuata mo HampasieHutro noaroroBku 11.03.04
DONeKTpOHUKAa ¥ HAHOAJIEKTPOHUKA B COOTBETCTBHUM C TpeOOBaHUSIMHU
0o0pa30BaTeNBLHOTO CTaHAApPTa, CaMOCTOSTEIBHO ycTaHaBiuBaeMoro JIBOY,
YTBEPKJIEHHOTO MIpuKa3oM pekropa oT 18.02.2016 Ne 12-13-235.

OOmmas TpyT0eMKOCTh OCBOCHUS TUCITUILUIAHEI cocTaBiisieT 4 3E (144 dvaca).
VY4eOHbIM IIaHOM MpeayCMOTpeHsbI Jiekiuu (18 yacoB), 1aboparopHbie paboTh (36
4acoB), mpakTudeckue 3auatus (18 gacos), camocrositenbHas pabora cryaeHra (72
yaca, BKJII0Uas MoJr0TOBKY K 3k3aMeHy 36 vacoB). Juciuninna «du3nka KOHJIeH-
CUPOBAHHOT'O COCTOSIHHS» BXOJHUT B 0a30BYIO YacCTh ITMKJIA AUCIUIUIMH 00pa3oBa-
TEJIbHOM MTPOTPAMMBI, Peaau3yeTcs Ha 3 Kypce, B 5 cemecTpe.

OCHOBOI JaHHOTO Kypca SIBJIETCS U3YyYEeHUE OCHOBHBIX MOHATUN B 00J1acTH
(bU3UKY KPUCTALTUYECKOTO COCTOSIHUS, CBOMCTB M XapaKTEPUCTUK OCHOBHBIX THUIIOB
KPUCTAIJIOB, JBMXCHHS SJICKTPOHOB B TBEPJOM TeJ€, 30HHON SHEPreTH4ecKou
CTpyKTYpbl. YacTh Kypca «OU3HKK KOHJIEHCUPOBAHHOTO COCTOSIHUSD TMPECIIENYET
11eJ1h BBEJICHUS CTYJICHTOB B 00J1aCTh (DU3UKH Pa3yNOPATIOUCHHBIX CPEJl: CTEKIIOMNO-
TOOHBIX, aMOP(HBIX, KBAPIIEBBIX U METAIUTMYECKUX CTEKO.

N3yuenune aucrumuinabl « DU3UKH KOHISHCUPOBAHHOTO COCTOSIHUS Oazupy-
eTCsl Ha CIICAYIONINX MEXKIPEAMETHBIX CBs3ax. HeoOxoaumo 3HaHME TepMOIHUHA-
MUKH U CTaTUCTUYECKON (PUBUKH, DJIECKTPOJIUHAMHUKHN, KBAHTOBOW MEXAHUKU U W3-
OpaHHBIX BOMPOCOB 10 (hU3MUECKON KUHETUKE. Tak ke mpe/noiaraeTcs 3HaHUE pas3-
JIeJIOB MAaTEMAaTHYECKOr0 aHallu3a, JUHEHHON anreOpbl U reomeTpun. Tpedyercs
MIPUBJICUCHHE CIICIIUATBLHBIX METOJI0B MAaTEMaTUKH, U COOCTBEHHO, KypCOB CIICIIH-
anpHOCTH. C JIPyroil CTOPOHBI JaHHAS JUCIUIUIMHA SBJISETCS CTAPTOBBIM KYypCOM
IIPY U3yYCHUH MPOPUITHHBIX JUCIUIUIMH JICKTPOHUKH M HAHORJICKTPOHHUKH.

JucrunirHa HanpaBieHa Ha (hopMupoBaHre MPo(HeCcCHOHATEHBIX KOMIIETEH-

MM BBINTYCKHUKA.



Heab u3yyeHus TUCUMILIAHGI - QOPMUPOBAHKE Y CTYJECHTOB 3HAHUI, YMEHUI
" HaBBIKOB, COOTBETCTBYIOIINX TpeOOBAHUIM KBTI (PUKAMOHHOM
XapaKTEPUCTUKH, BBEJACHUE CTYACHTOB B 00JacTh (DU3UKU Pa3yMOPSA0UYECHHBIX
Cpell: CTEKJIOMOI0OOHBIX, aMOP(HBIX, KBAPIEBBIX U METANIMYECKUX CTEKOM.

3agaun:

e YCTAHOBJICHUE CBA3EH MEXKy CBOMCTBAMU UHAUBUIyaTIbHBIX aTOMOB U MO-
JIEKYJI U CBOMCTBAMH, 0OHAPY>KMBAEMbIMU MPU 00bETMHEHUH ATOMOB WJIK MOJIEKYJI
B aCCOLIMAIMU B BUJIE PETYJISIPHO YIOPSAOUYECHHBIX CUCTEM — KPUCTAILIOB;

e 00BSICHEHUE CBOMCTB KPUCTAIUIOB U aMOP(HBIX TBEPJIbIX TEJI, ONMUPAsCh Ha
npocThie GU3NUECKUE MOJICTH,;

e 3HaHNE 3aKOHOB JBKECHUS JIEKTPOHOB B TBEPJIOM TeJie, 30HHOM SHEPreTH-
YECKOMN CTPYKTYPBHI.

JI1s1 yCcremHoro u3y4eHust AUCHUIIMHbI « DU3UKN KOHJIEHCUPOBAHHOTO CO-
CTOSIHUS Y 00y4YaroUuXcs JOJDKHBI OBITh CPOPMHUPOBAHBI CIIEYIONIUE OOIIEPO-

(beCCI/IOHaJIBHBIe )51 HpO(l)CCCI/IOHaJIBHBIG KOMIICTCHIIUU.

Koa u Aranbl GOPMUPOBAHUS KOMIETEHIIUH

(¢popmypoBka

KOMIIETeHIHH

OIIK-1, cnoco6- | 3naer CTPYKTYPY TBEPIBIX TEJI HA aTOMHOM YPOBHE M 3aKOHBI
HOCTb TIPEJICTABIIATh 3TOr0 CTPOEHHs; (HOPMYIUPOBKY U AHATMTHYECKUIA BHUJI
aJleKBaTHYI0 ~COBpe- MOTEHIINAIIOB B3aNMOJIEHCTBUS PA3IMYHBIX TBEP/BIX TE;
MEHHOMY  YPOBHIO 3aKOHBI, ONHCHIBAIOIIHME JTUHAMUKY KPUCTAIMIECKOM pe-
3HAHHT Hay4HYIO IIETKH; 30HHYIO TEOPHUIO U JPYTHe CBOWCTBA TBEP/IBIX TEIl
KapTHHY MHPa Ha OC- | YVyeer | aHAIM3UPOBATH CTPYKTYPY TBEPJBIX TEJ C TOCIEMYIOIUM
HOBC 3HAHMS OCHOB- OIMCAHMEM MX CBOMCTB HA OCHOBE 3aKOHOB HX MOCTPOE-

HBIX TIOJIOXCHUH, 3a- HHS HA AaTOMHOM YPOBHE, CTATHCTUYECKHUX 3aKOHOMEPHO-

KOHOB M MCTONOB CTell TIOBEIEHNUS AIEKTPOHHOTO aHCaMOJIst
€CTEeCTBEHHBIX HAYK 1

Brnangeer | MeTogamMu TEpMOIWHAMHUKH W CTAaTHUCTHYECKOW (PU3MKH

MaTEMAaTUKU .

JUTSL OTIMCAHMS CTPYKTYPbI TBEPABIX TEN U UX CBOMCTB
[1K-2, ctocoGHOCTh 3Haer HEOOXOJUMBIE CBOWCTBA TBEPABIX TEI M CBI3b UX CO
apryMEHTHPOBAHO CTPYKTYPOUM JIsi MCIOJB30BAaHUSI WX B DJIEKTPOHUKE U
BBIOMpATh U HaHODJIEKTPOHHKE




peann30BbIBaTh HA
MPAKTUKE YPPEKTHB-
HYIO METOJUKY JKC-
[EPUMEHTAIBLHOIO
HCCIIeIOBAaHMS Mapa-
METPOB U XapaKTepu-
CTHK IIpUOOpOB,
CXEM, YCTPOWCTB U
YCTaHOBOK 3JIEKTPO-
HUKHU ¥ HAaHODJICK-
TPOHUKH PA3IMYHOIO
(hYHKIIMOHATILHOTO
Ha3Ha4YEHUs

Ymeer apryMEHTHPOBAaHO (OPMYJIMPOBATH CBOMCTBA TBEPABIX
TEN JUIsl UCHOJIb30BAaHUS UX B DJIEKTPOHUKE U HAHOZJIEK-
TPOHUKE B CBA3U C UX CTPYKTYpOU

Bnaneer | 3akoHaMM Y NPUHLMIIAMU [TOCTPOEHMSI TBEPABIX TEN C

YHUKaJIbHBIMU (PU3UYECKUMHU CBOWCTBAMH JUISI HCIIOJIB30-
BaHUS UX B OINpPENENEHHBIX O0NACTAX 3JIEKTPOHUKH U
HaHOJJIEKTPOHUKHU

I[JUI (1)OpMI/Ip0BaHI/IH BBIINICYKA3aHHBIX KOMHGTGHHHﬁ B paMKax AU CHUIIINHBI

«®Duzuka KOHACHCHUPOBAHHOT'O COCTOAHUA ITPUMCHAIOTCA CICAYIOIHNC MCTOIBI aK-

TUBHOTO/ UHTEPAKTUBHOTO OOYUCHUS:

e JISKIIUS TIpeCcC-KOH(EpEHIIHS

e KOJIJICKTUBHAA MBICIIMTCIIbHAA ACATCIbHOCTD

e IpOOJIEMHAs CUTYaLUS.

A Taxke HHAWBUAYAJIbHBIC MCTOAbI AKTUBHOI'O 06y‘-IeHI/IH:

@ BBIIIOJIHCHUC ITPAKTHUYCCKUX 3a/a4.

|. CTPYKTYPA U COAEPXKAHUE TEOPETUYECKOM YACTH KYPCA

1. BBeaenue (1 uac).

CoBpeMeHHbIe

JJEKTPOHUKOU U

(18 YACOB)

npoOiemMbl  (PU3UKK  TBEPAOTO TeNa, CBA3aHHBIE C

HAaHOXJICKTpOHUKOHN. [lepcniekTuBHBIE MaTrepuanbl s

QJICKTPOHUKHN M HAHOJJICKTPOHHUKHU.

2. CumMeTpusl CTPYKTYPbI KPUCTAJLIOB (2 yaca).



IIpocTpaHcTBEHHass  pemieTka —  TJABHBIA  JJEMEHT  CUMMETPHUH
KPUCTAJUIMYECKUX CTPYKTYyp. Tunel pemerok bpase. Onpenenenue anemMeHTapHON
A4elky — ssuerku bpase. [IpumuTtuBHAs, ycnoBHas siueiiku bpase.

TpaHCIALIMOHHBIE JIEMEHTBI CUMMETPHM — IIIOCKOCTH CKOJB3SIIErO
OTPaXXEHMS, BHUHTOBBIE OCH. 230 DIPOCTPAHCTBEHHBIX TIPYIIIAX CHMMETPUHU

KpuUCTaJlJIOB. HpaBI/IJ'IBHBIC CHUCTCMBbI TOYCK, UX XaPAKTCPUCTHKU.

3. Tunsl cBsizeil B kpucrawiax (3 yaca).

Kpucrannel nHepTHBIX Ta30B: cuiibl BaH-aep-Baanbsca-JIoH0Ha, B3auMHOE
OTTAJIKNBAHUE AaTOMOB; PABHOBECHBIC MTOCTOSHHBIC PEIIETKH, SHEPTUS CBSI3H.

HNonuble KpucTtamibl: dSHeprus ManenyHra, BBIYMCIEHUE ITOCTOSHHOU
ManenyHra; 00beMHBIH MOIYJIb YIIPYTOCTH.

KoBanieHTHBIE KpUCTAIIBI, METAJUIMYECKUE KPUCTAIUIBI, KPUCTAJJIbI C
BOJIOPOJAHBIMU CBSI3MH.

4, DjaeMeHThI (PU3UIECKOI CTATUCTUKMH (2 Yac).

CrocoObl  onucaHusi MaKpOCKOIHWYECKOM cucTteMbl. HeBbIpoXkaeHHbIE U
BBIPOXKJICHHBIE KOJUICKTUBBI. YUHCJIO COCTOSHUNM it MHUKpodacThll. DyHKIHS
pacnipeienieHus Uit HEBBIPOKIACHHOrO rasza. DyHKIUsS pacnpeaeneHust s
BBIPOXKJIEHHOTO Ta3a (pepmuoHoB. DyHKIMS pacnpeeNeHus s BBIPOXKICHHOTO

rasa 0030HOB.

5. Ilunamuka pemerku (3 yaca).

[TonsitTue 0 HOpMalbHBIX KoyieOaHUsX pereTkd. CHeKTp HOPMAaJbHBIX
kojeOanmii pemetku. [loHaTrne o ¢oHOHAX. JIMCTIEPCHOHHBIC COOTHOIICHUS JIJIS
dbonoHoB. Konebanust B pemeTke u3 OJMHAKOBBIX aToMoB. CriekTp KoyieOaHuii B
CTPYKType cO cJoXHbIM Oa3ucom. Ilonstue o 3o0Hax bprommosHa. DoHoH-
DJIIEKTPOHHOE  paccesHWe KaK  HCTOYHHMK  DJCKTPUYCCKOTO,  TEIJIOBOTO

COIMPOTHUBJICHUA.



Cratuctuka (OHOHOB M TEIJIOEMKOCTh permieTku. Teopust Jlebas.
3akon JlebGas. 3aBucumocTh Temmeparypbl [lebas or Temmeparypsl. OOnacTh
IpUMEHUMOCTH Teopuu Jlebas

TermnoeMKoCTh 3JIEKTPOHHOTO rasa. TemnoBoe paclMpeHue TBEPIbIX Tell.
TennonpoBOAHOCTH TBEPABIX TEI.

6. 3oHHasi Teopus TBePAbIX TeJ (4 yaca).

DHepreTUueckue ypoBHU CBOOOIHBIX aTOMOB. O000IIECTBICHUE AIEKTPOHOB
B Kkpuctamie. Teopema bioxa. Dueprus @epmu. YpoeHb @Depmu. OrneHka
3aBUCUMOCTH dHepruun @depMu 0T TeMmmeparypbl. DHEPreTHUECKUN CIEKTP
3JIEKTPOHOB B KpUCTAJLJIE. 3aBUCUMOCTb SHEPTUU 3JIEKTPOHA OT BOJIHOBOT'O BEKTOPA.
OddexTuBHas Macca 3JEKTpOHA. 3amoJIHEHUE 30H 3JeKkTpoHamu. [IpoBOHUKW,

AUBJICKTPUKHU U IOJIYIIPOBOJHHKH. CBGpXHpOBOIII/IMOCTL. CBerTeKyLIeCTB.

/. MarnuTHble CBOMCTBA TBepaAbIX TeJ (3 yac.)

MarHuTtHoOe€ noje B MarHeTukax. MarauTHele cBoKicTBa aToMoB. [Ipupona
JMaMarHeTu3Ma, mapaMarieTusma, peppoMaraetuamMa. AHTU(GEPPOMArHETU3M.
Oeppumardetusm. Oepputsl. MarauTHbIN pe3oHaHc. [IoHATHE O KBAaHTOBOU

AIIEKTPOHUKE.



. CTPYKTYPA M COJIEP)KAHUE MPAKTUUYECKOW YACTH
KYPCA (54 UAC.)

JIABOPATOPHBIE PABOTbI (36 yacos).

1. Omnucanue CHUMMETPUM  KPUCTANIMYECKUX  CTPYKTYp 1O  HX
IPOCTPAHCTBEHHBIM MOJEJISIM — BBIOOP 3JIEMEHTAPHOMU SIMEUKH, ONPEEICHUE TUIIa
pemietkn  bpaBe, moacdyer uucia  (QOPMYJBHBIX ~ €IUHMI], OIpENEICHHE
KOOPJMHALMOHHBIX YACEJI 1 MHOTOIPAHHHUKOB, OIIMCAHUE CTPYKTYPBI KpUCTaJIa B
TEPMHHAX IUIOTHEUIINX YIIaKOBOK, ONPEAEICHUE TUIIA CBS3H.

2. Meron 5OpEHLIEBOM MMKPOCKONMH B HCCIEAOBAHUU PaCIpEEICHUS
BEKTOpAa HAMAarHUYEHHOCTH IIJIAHAPHBIX CPEI.

3. KoppensuuoHHBII W aTTpaKkTUBHBIM aHANU3 MAarHUTHOW CTPYKTYPHI

IUIaHAPHBIX CPCA.

IMPAKTUYECKHUE 3AHATHUA (18 HACOB).

1. OcHoBBI KpUCcTaLIIOXUMHUH (6 YacoB).

ATOMHbBIE U HOHHBIC paguychl. OCHOBHBIE TOHSTUS KPUCTAJUIOXHUMUHU:
KOOPAMHAIIMOHHOE YHUCII0, KOOPAUHAIIMOHHBIA MHOTOIPaHHUK, YUCIIO0 (hOPMYJIbHBIX
€AVHULL.

Tunbl CBA3M B KPUCTAUIMUECKUX  CTPYKTypax, UX  pa3Iuydus.
['omonmecMuueckne W TeTEpPOJIeCMUYECKHE CTPYKTYyphl. KoopauHanunoHHbIE
MHOTOTPaHHHKHU.

Teopuss NUIOTHEHIIMX YNAKOBOKIIAPOB: JBYXCIIOWHBIE M TPEXCIIOWHBIE

CTPYKTYpBI.

2. OcHOBHBIE THIIBI XUMHYeCKOii cBsi3H (6 4acoB).
Mertammnueckas cBA3b. KoBajeHTHast CBsi3b. VIOHHBIE  KPHUCTAJLIBI.

KpI/ICTaJ'IJ'IBI HHCPTHBIX TI'a30B — MOJICKYJIAPHBIC KPHCTAJUIBIL. I'omo- wu
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FeTepO,Z[CCMI/I‘{CCKI/Iﬁ TuIbl CBsI3U. (CoIlocTaBJIeHUE Pa3IMYHbIX BHIOB CBA3U.

Knaccuduxkanus TBepIbIX TEIN M0 XapaKTepy TUIA CBSI3U.

3. TemnoBbIe cBoOiicTBA TBepABIX TeJ (6 YacoB).
Crnektp HoOpManbHBIX KojeOanuit pemerku. Ilonarue o QoHoHax.
TemnoemMkocTh TBepAOro Tena. TemIoeMKOCTh 3JIEKTPOHHOro Tasza. TermaoBoe

PaCHInpCHUC TBEPAbIX TCII. TermoeMKoCcTh TBCPABIX TCII.

I1l. YYEBHO-METOIAMYECKOE OBECIIEYEHUE
CAMOCTOSTEJIBHON PABOThI OBYYAIOIIUXCSI

VY4ebHo-MeTonndeckoe 00eCIeueHUe CaMOCTOSTENIbHOW paboTsl 00yuaro-
nmxcs 1no aucuurinie «Ou3uka KOHAEHCUPOBAHHOTO COCTOSIHUS» MPEACTaBICHO
B [Ipunoxxenuu 1, BkItoyaeT B ceOsi:

- XapaKTEPHUCTHUKY 3aJaHUM JJI1 CAaMOCTOSITENIbHON Ppad0Thl 00y4YaroIIUXCs U
METOAMYECKNE PEKOMEH IallUU 10 X BBITIOJIHEHHUIO;

- TpeOOoBaHMs K MPEICTABICHUIO U O(OPMIICHHIO PE3YyJIbTaTOB CaMOCTOS-
TEJIbHOU padOThI;

- KPUTCPHH OLCHKH BBIIIOJIHCHHA CaMOCTOSITEJIbHOM pa60TI>I.

IV. KOHTPOJIb JOCTUXXEHWS IIEJIEM KYPCA

Ne KonTpoaupyemsble pa3aesnbl / Koabl 1 3Tansl OueHo4HbIe CpeacTBa
n/n TeMbl AU CHUIITUHBI (opmupoBanus TeKy il IPOMEKY-
KOMIeTeH Ui KOHTPOJIb | TOYHAA aTTe-
crauus
1 Tema 1. Cummerpus CTpyk- OIIK - | 3Haer BBIIIOJIHEHUE | DK3aMEH,
Typbl KPUCTAJIIOB 1, nabopatop- | Bompock 1 -7
[K-2 HOM paboThl
1 (ITP-6)
yMeeT KOHTPOJIb-
Hble PaOdOTHI
Ne 1-4 (ITP-2)
BJIaJIC€T | BBHIMIOJIHEHUE
JIOMAIIHUX

11



3aJaHuN

(TIP-7)

Tema 2. Turmbl cBsi3elt B Kpu-
CTaJulax.

OIIK -

[1K-2

3HaACT

Huckyccus
(YO-4)

yMmeeT

Pabora Ha
MpaKTH4e-
CKUX  3aHsi-

tusix (YO-1)

BJIagCCT

BBIITOJIHCHUC
JIOMAaITHUX
3aJaHuK
(TIP-7)

IK3aMEH,
BOIIPOCHI 8 -
12

Tema 3. DnemeHTsI puznye-
CKOM CTaTHCTHUKH.

OIIK -

[1K-2

3HaACT

WH/IUBHULY-
aJbHBIC 3a/1a-
st (YO-1)

yMeeT

KOHTPOJIbHAS
pabora (IIP-
2)

BJIAACCT

BBIITOJIHCHHUC
JIOMAIITHUX
3aJJaHuH
(TIP-7)

IK3aMeH,
Bompockl 16 -
22

Tema 4. JlunaMuka pemeTK.

OIIK -

[1K-2

3HACT

KOHTpPOJIbHAS
pab6ora (ITP-
2)

yMeeT

Huckycens
(YO-4)

BJIagcecT

BBIITOJIHCHUC
JOMAaIIHUX
3aJaHuH
(TIP-7)

9K3aMeH,
BoIpochl 13 —
15, 23-29

Tema 5. 3oHHas Teopus TBEp-
JIOTO Tena

OIIK -

I1K-2

3HaACT

MMpaKTHU4C-
CKHE 3aHATUA

yMeeT

Huckyccns
(YO-4)

BJIagcCT

BBIITOJIHCHUC
JOMAaIIHUX
3aJaHuH
(I1P-7)

9K3aMeH,
Bonpocs 30 -
34

Tema 6. MarauTHble CBOICTBA
TBEPAOTO Teia

OIIK -

[1K-2

3HaACT

BBITOJIHEHUE
nmabopaTop-
HBIX paloT 2,
3 (T1P-6)

yMeeT

IMpaKTHU4C-
CKHE 3aHATUA

(VO-1)

BJIAJIEET

BBIITOJTHCHHUC
JOMAIITHUX
3aJaHui
(I1P-7)

9K3aMeH,
BOTIPOCHI 35 -
45

12




Bormpocs! ¥ TUIIBI 3a1aHUN K 9K3aMEHY, TUIIOBbIE KOHTPOJIBHBIE 3aJaHus, Me-
TOANYECKHE MATEPUAIIBI, ONIPEACIISIIOIINE IPOLIETYPbI OLICHUBAHUS 3HAHUW, YMEHUI
Y HaBBIKOB U (WJIM) ONBITA JIEATEIBHOCTH, a TAKKE KPUTEPUU U MOKA3aTEIH, HEOO-
XOJUMBIE JJI OLICHKH 3HAHWW, YMEHUH, HABBIKOB U XapaKTePU3YIOLIUE 3Tarbl Gop-
MHUPOBaHUSl KOMIIETEHIIMI B IMPOLIECCE OCBOECHMSI 00pa30BaTEIbHON MPOrpaMMBbL,

npenacrasieHsl B [Ipunoxenun 2.

V. CHUCOK YYEBHOM JIMUTEPATYPbI © TH®OPMAIIMOHHO-
METOINYECKOE OBECIIEYEHHUE JUCHUIIVINHBI

OcHoBHas JuTEeparypa
(onexmponnvie u neuammvie uzoanus)

1. Audumon U.M., Kobenera C.I1., Konoanos M.II., Ocunos 10.B., Op-
noBa M.H., Cnuipina JI.I'. ®usuka tBepaoro tena: coopuuk 3anay // M.: U3na-
tenbckuit lom MUCuC, 2011. — 70 c.
http://www.iprbookshop.ru/56591.html

2. HO.A. baiikos., B.M. Ky3nernon. ®u3uka KOHIEHCUPOBAHHOTO COCTOSTHUS
// M.: bunowm. JlabopaTopus 3HAHUH, 2011, 294 C.
http://lib.dvfu.ru:8080/lib/item?id=chamo:668131&theme=FEFU

3. ®usuka noBepxHOCTU. TeopeTnyeckue MoIeIH U SKCIIEPUMEHTAIbHbIE Me-
toasl / M. B. Mamonoga, B. B. [Ipynuukos, U. A. [IpynaukoBa. M., ®uzmatiur,
2011. - 400 c.
http://lib.dvfu.ru:8080/lib/item?id=chamo:663084&theme=FEFU

4. B.A. T'ompnane, JI.C. Ilunuyk. ®u3uka KOHAESHCUPOBAHHOTO COCTOSIHUS /
Munck: benopycckas nayka, 2009. — 648 c.
http://www.iprbookshop.ru/11505.html

5. HO.A. Crpekanos, H.A. TenskoBa. ®usnka TBEpAOro Tena: Y4eOHOE 0Co-

oue // M.: U1 PUOP: HUILI Undpa-M, 2013. - 307 c.
http://znanium.com/catalog/product/363421
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http://www.iprbookshop.ru/56591.html
http://lib.dvfu.ru:8080/lib/item?id=chamo:668131&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:663084&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:663084&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:663084&theme=FEFU
http://www.iprbookshop.ru/11505.html
http://znanium.com/catalog/product/363421

6. benxo B.H., Tyro E.A., Hukumuna A.W., A6pamoB A.B. ®usuka KOH-
JICHCUPOBAHHOT'O COCTOSIHMS B IPUMEpax U 3ajadax: yueoHoe rnocodue // Boponex:
BOpoHEX)CKMI TOCyAapCTBEHHBI apPXUTEKTYPHO-CTPOUTEIBHBIA YHUBEPCUTET,
9bC ACB, 2017. - 79 c.
http://www.iprbookshop.ru/72951.html

JlonoJiHUTEIbHAS JINTEPaTypa
(neuammvie u snexmponnvie uzoanus)

1. H. Amxpodt, H. Mepmun. ®@usuka tBepaoro tena // U3a. M.: Mup, 1979.
Yacts 1, 2.
http://lib.dvfu.ru:8080/lib/item?id=chamo:67373&theme=FEFU

2. Peiokun B.B., TutoB B.A., CmupsOB C.A. ®u3uka tBepaoro tema: CTpykTypa
U cUMMeETpHs TBepIbiX Test. Konebanus kpuctamindeckoit pemerku. Todednsle e-
(beKkThl. DIEeKTPOHBI B TBEPJOM Teie: YueOHoe mocodue / BaH. roc. XMM.-TEXHOJL.
yHHUBepcHTeT. - BanoBo, 2001. - 100 c. http://window.edu.ru/resource/532/69532
OK HB AB®Y: http://lib.dvfu.ru:8080/lib/item?id=chamo:31459&theme=FEFU

3. Y. Kurrens. BBenenune B ¢pusuky tBepaoro tena // 3. M.: Mup, 1978, 792 c.
http://lib.dvfu.ru:8080/lib/item?id=chamo:63726&theme=FEFU

2. A.A. A6pukocoB. OcHOBHI Teopur MeTauioB. M., ®uzmatnur, 2009. — 589
C.

http://lib.dvfu.ru:8080/lib/item?id=chamo:288852&theme=FEFU

3. 3agaun no ¢usuke TBepaoro tema. Ilox pex. I'. Ix. Tonmemuma//U3a.
M.:Hayka, 1976, 432 c.
http://lib.dvfu.ru:8080/lib/item?id=chamo:669025&theme=FEFU

4. Jx. 3aitman. [IpuHuuns! Teopuun TBepaoro tena // U3a. M.: Mup, 1974, 472
C.

http://lib.dvfu.ru:8080/lib/item?id=chamo:57998&theme=FEFU

5. JIx. bnetikmop. @usuka tBepaoro tena / M. : Metamnyprus, 1988, 608 c.

http://lib.dvfu.ru:8080/lib/item?id=chamo:56763&theme=FEFU
6. A.C. IaBeinoB. Teopus tBepaoro tena. M3a. M.: Hayka, 1976, 640 c.

http://lib.dvfu.ru:8080/lib/item?id=chamo:61617&theme=FEFU
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http://www.iprbookshop.ru/72951.html
http://lib.dvfu.ru:8080/lib/item?id=chamo:67373&theme=FEFU
http://window.edu.ru/resource/532/69532
http://lib.dvfu.ru:8080/lib/item?id=chamo:31459&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:63726&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:288852&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:669025&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:57998&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:56763&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:61617&theme=FEFU

1. P. Vaiir, T. JIxxe6emn. JlanbHuii mopsiok B TBepAbIX Tenax. U3a. M.: Mup,
1982, 448 c.

http://lib.dvfu.ru:8080/lib/item?id=chamo:668967&theme=FEFU
8. Y. Kutrens. KBanToBas Teopus Bepasix Ten // U3a. M.: Mup, 1967, 492 c.

http://lib.dvfu.ru:8080/lib/item?id=chamo:667883&theme=FEFU

V. METOIAUYECKHUE YKA3AHUA 11O OCBOEHUIO
JAUCHUITJINHBI

B o0rmieit Tpymoemkocty quctuiuinebl 144 vaca (4 3E) ayaquTopHbIe 3aHATHS
COCTaBIISIIOT 72 4Yaca, BKItoudas Jiekiuu (18 wacoB) m mpaktuyeckue 3aHatus (18
gac.), JlabopaTopHbIe 3aHATHs (36 4acoB).

[To nucuuIIMHE NpeycMOTpeHa BHEAYIUTOPHAS CAMOCTOsITENIbHAs paboTa B
o0beMe 45 yacoB Ha BeCh Kypc AMCHUILUIMHBL. Kpome Toro, B mepuoj 3K3aMeHalu-
OHHOM CeCCHUH, TUTAHUPYETCs 27 YacOB Ha MOATOTOBKY K IK3aMEHY.

Pacniucanue aynuTOpHBIX 3aHATUN BKIIIOYAET B HeAento 4 yaca. PekomeHnay-
€TCS YUaIIUMCsI TUIAaHUPOBATh BHEAYIUTOPHYIO CAMOCTOSITEIIBHYIO pabOTy B 00heMe
2,5 yaca B yueOHYIO HEJIEIIO.

JIist yrmyONeHHOTO M3YYEeHHS TEOPETHYECKOTO Marepuaja Kypca JIHUCIH-
TUTMHBI PEKOMEHIYIOTCSI MUCTIOJIB30BATh OCHOBHYIO U JIOTIOJHUTENIBHYIO JIUTEPATYPY,
YKa3aHHYIO B IPUBEICHHOM BBIIIE TIEPEUHE.

PexomeH10BaHHBIE HCTOYHUKHU JIOCTYITHBI CTYJICHTAM B HAyYHON OMOIHOTEKE
(Hb) IB®Y, a taxxe B anektpoHHOM Onbnuroreunoit cucreme (ObC) [PRbooks.

Hoctyn k cucteme OBC IPRbooks ocymectusiercss Ha caite
www.iprbookshop.ru mox yuaérueimu qanHbIMU By3a (JIBDY):
norun dvfu, mapoas 249JWmhe.

JIJIst TOATOTOBKH K DK3aMEHaM OIIpe/ielieH IepeueHb BOIIPOCOB, MPEACTABIICH-

HBIN HHKC, B MaTCpHUaJIax CI)OHI[a OOCHOYHBIX CPCACTB AUCHHUILINHBI.
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http://lib.dvfu.ru:8080/lib/item?id=chamo:668967&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:667883&theme=FEFU
http://www.iprbookshop.ru/

VII. MATEPUAJBHO-TEXHUYECKOE OBECITEYEHUE
JTUCHUATIIMHBI

OO0pazoBaTenbHBIN MPOIECC MO AUCHUIUIMHE MPOBOAUTCA B JICKIIMOHHBIX
ayauTopusx kopmyca L u maGoparopun maTepuanoBedeHHUS U KpUCTaiorpapuu
kadeapsl Gusnku HU3KopazMepHbix cTpykTyp (Kammyc JIBDY) ¢ BO3MOKHOCTBIO
WCITOJIb30BAHUS MPE3CHTALMNA. 3aJaHusl JUIsl CaMOCTOATENbHON pabOThl U HEKOTO-
pbI€ TJaBbl JIEKIMOHHOTO Kypca MPENOCTAaBISIOTCSA CTYyJAEHTaM B paclie4aTaHHOM

BUAC.

16



[Tpunoxenue 1

MHWHHCTEPCTBO OBPA30BAHMA 1 HAYKU POCCHUIICKON ®EJEPALIMU
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTENbHOE YUPEKICHHE
BBICITICTO OOpa30oBaHUs

«/1aJIbHEeBOCTOYHBIN (eepaibHbIN YHUBEPCUTET»
(ABDY)

HIKOJIA ECTECTBEHHBIX HAYK

YYEBHO-METOJUYECKOE OBECHEYEHUE CAMOCTOSTEJIBHON
PABOTbBI OBYYAIOIIUXCA

o ITMCIUMIIJIMHE «Pu3uka KOHIACHCHUPOBAHHOI'0 COCTOSAHUA

Hanpagiyienue noaroroBku 11.03.04 DyiekTpoHNKa 1 HAHOJIEKTPOHUKA

dopma NOATOTOBKYU OYHAS

BiaaaguBocTok
2016



JlaGoparopHblii npakTukyM. IIpakTudeckue 3aHsiTus.

B Tedyenme cemecTpa CTYIEHTHI BBINOJHSIOT  JiabopaTopHbIE pPaOOTHI,
MIPOBOJASTCS MPAKTUYECKUE 3aHATHS.

Ha nepBoM 3aHsTMM mnpenonaBaTelb 3HAKOMUT C MPABHIAMH TEXHHUKHU
0e301acHOCTH B Ja00paTOPUU U C MOPSIKOM BBIMIOJTHEHHS JTaO0OPaTOPHBIX padoT.

Ilepen kaxabIM 3aHATHEM CTYIAEHTHl JOJDKHBI HM3YYUTh TEOPETHUECKHUE
OCHOBBI pa0OTHI, YSICHUTH COJEp>KAHHE, 1I€JIb W MOPSAOK BBITOJHEHHS PadOThI,
3arO0TOBUTH HEOOXOUMBIE TAOTHUIIBI.

B Hauvane 3aHATHII HpoBEpsETCS TOTOBHOCTh CTYACHTOB K BBIITOJIHEHUIO
paboThl B 00bEME KOHTPOJIBHBIX BOIPOCOB. HenmoAroToBlEHHBIE CTYIEHTHI K
BBITNIOJIHEHUIO JJAOOPATOPHBIX pabOT HE JOMYCKAIOTCA.

Bxitouenue 1abopaTOpHBIX YCTAHOBOK JIOMYCKAETCA TOJBKO C pa3pelieHUs
IPEno1aBaTelIs.

[locne BbIMOAHEHMST pabOThl CTYAEGHT MPENbABISET MPENOoIaBaATEIIO
NOJIy4eHHbIE  pe3yibpTaThl. llocme  moamucHM  OPOTOKOJA  AKCIIEPUMEHTA
IpernoAaBaTesieM CTYAEHThl BBIKIIOYAIOT J1a00paTOpHYK YCTAHOBKY U CHAIOT
pabouee mMecTo.

3amuTa BhINOJHEHHBIX U 0()OPMIIEHHBIX Ja00paTOPHBIX padOT MPOBOJIUTCS B
BUJIE MHJIMBUyaJIbHOTO COOECEOBAHUS 10 €€ CONEPIKAHMUIO.

[IpakTryeckue 3aHSATHS TPOBOASATCS B COOTBETCTBHUH ¢ pabouel mporpaMMon
JUCUMIUIMHBL B BUJAE PELICHUS 334a4, pPacCMOTPEHHS HEKOTOPBIX TIJaB
TEOPETHUYECKON YacTH Kypca.

[lepen KaKapIM NPAKTUYECKUM 3aHATHEM CTYJIEHTY BBIJAETCS TeMa, 110
KOTOPOW OH JOJDKEH MOATOTOBUTHCS, TO3TOMY 00CYXKJI€HHE BOIIPOCOB MPOXOAMT B
dbopme mauanora, COBMECTHOTO pEIIEHUs IOCTaBJIEHHBIX 3anad. KoHTpoib 3a

YCBOGHHMEM MaTepuaja OCYIIEeCTBISIETCS MyTEeM MPOBEICHUS KOHTPOJIBHBIX PadoT.
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XapakTepuCcTHKA 3aJaHUI JJI1 CAMOCTOSITEJIbHON PadoThl 00y4aOIUXCHA U
MeTOAMYeCKHe PEKOMEHIAIMHU 10 UX BHINOJIHEHUIO

3aiaHusl 1 METOAUYECKUE PEKOMEHAALMH JIJIi CaMOCTOATENIbHON padOThI
00ecrneurnBaOT MOATOTOBKY K KOHTPOJIBHBIM paboTaM, BHIIIOJHEHUE JOMAIIHHUX 3a-
JIAHUU 110 ONPEAEICHHBIM pa3iesiaM JUCIHUIIINHEL. TUIIOBbIEC JOMAIHUE 3aJaHus U
BOIIPOCHI K KOHTPOJBHBIM padOTaM MPUBEJIEHBI B MPOrPaMME U METOJIMYECKHUE YKa-

3aHUAX.

TpeGoBanus K npeacTaBjIeHNI0 U 0()OPMJICHUIO Pe3yJIbTATOB
CaMOCTOAITeIbHOI PadoThI

Pe3ynbTaThl caMOCTOSITENIbHON padOThI OTPAXKAKOTCS B MUCbMEHHBIX paboTax,
oTYeTax Mo JOMAIIHEMY 33JJaHUI0, B 3aIIUTE KOHTPOJIbHBIX padoT.

KoHTponbHble paboThl 0 IUCHUIUIMHE MPOBOAATCS HAa ayJAUTOPHBIX (Ipak-
TUYECKUX) 3aHATHUSAX MO ONPEIETEHHBIM pa3jenaM JUCHUILIMHBI, COIPOBOXKIAETCS
CaMOCTOATEJIBHON NOJATOTOBKOW CTY/IEHTOB.

K npencraBnenuto 1 opopMIEHUIO OTYETA MO JOMAIIHUM 33JaHUSM MPEIb-

SBJIIOTCS CIEAYIOLIME TPeOOBAHMUS.

CTpykTypa oT4YeTa N0 MPaKTHYEeCKOH padore

OT4eTsl O TOMAITHUM paboTaM MPEACTABISIOTCS B OTACIBHON TETPaIH, KO-
TOpasi o TpeOOBAHUIO CIaeTCs MPENOIaBaTeNto B TeueHue cemectpa. Hanuuue BbI-
MOJIHEHHBIX JIOMAIIHUX 3a/1aHUi SBJISIETCS 00s13aTEIbHBIM YCIOBUEM JIOMYCKa K IK-
3aMeHy.

OTtuer mo gomamiHel paboTe AOKEH ObITh 00O0OIIAIOIIMM JTOKYMEHTOM,
BKJIFOUATh BCIO MH(GOPMAIUIO TI0 BBHITIOJHEHHUIO 33/IaHUM, B TOM YHKCJIE, TOCTPOCH-
HBIC JUarpaMMsbl, TaOmuipl, rpaduka u T. 1. O0sS3aTeIHHBIM YCIOBUEM SIBIISCTCS
dopMynupoBKa (pU3MUECKUX 3aKOHOB, HCIONb3YyEMbIX IMPU PELICHUH OINpeAeiCH-

HBIX 3aJa4.
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PCKOMCH,Z[YCTCH B OCHOBHOM 4YacTH OTYETa AcJaTb IPOMECKYTOYHBIC

IMOACHCHU: ITPpU pCHICHNN KOHKPCTHBIX 3a1a4 1 BBIBOJC (1)OpMYJ'I.

Kpurtepuu oieHKH BBINOJHEHUSI CAMOCTOSITE/IbHON PadoThI
Oyenugarnue 0OMAWHUX pabom npo8ooUmMcs o KPUMepUsIM:

- TIOJIHOTA M KayeCTBO BBIMOJHEHHBIX 3aJJaHU B COOTBETCTBHH C TpeOOBa-
HUSIMU,
- KadyecTBO 0OpPMIICHUS OTYETA,

- OTCYTCTBHE (PAKTUYECKHX OIIHOOK, B TOM YHCIIE apUPMETUUECKUX.

Jlna camocmoamenbHo20 03HAKOMIEHUSL CIYOeHMAM 6bIHECEHbl eMbl, KO-
mopuvle Ovlu 3amMpPoOHYmbl 8 OPy2UX Kypcax HaAnpaeieHus noo2omoeKku «Inek-
MPOHUKA U HAHOIJIEKMPOHUKA).

1. Ynpyrue cBoiicTBa KpUCTAIIIOB.

VYrpyrue BoHbI B KyOMYECKUX KpUCTAIIaX. DKCIEPUMEHTAIBHOE OTIpe/IeTICHUE
YIPYTUX NOCTOSIHHBIX.

2. TlomynpoBOIHUKOBBIE KPUCTAILIEI.

CobcTBeHHas MPOBOANMOCTD. 3amnpelieHHas 30Ha. KoHreHnTparus coOCTBEHHbBIX
Hocutenei. [IpumecHass MpoOBOIUMOCTb, MPUMECHBIE COCTOSIHHSI. DHEPreTUYECKUE
30HBI TEPMaHUs U KPEMHUSI.

3. CBepXIpoBOANMOCTb.

DxcnepuMeHTanbHble (hakThl. TeopeTnyeckoe pacCMOTPEHUE.

4. JIlnamMarHeTH3M U IMapaMarHeTU3M.

Huamarnetusm, popmyina JlanxkeseHna. [lapamaraetusm, popmyna JlanxeBeHna u
3akoH Kropu. [lomydenne HU3KHX TeMIepaTyp METOJIOM aanabaTudecKoro pa3mar-
HUYMBAaHUS MapaMarHUTHBIX COJEH.

5. @eppomarHeTusM u aHTU(HEPPOMArHETU3M.
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deppoMarHUTHBIA MOPSAI0K. MarHutHas CTpykTypa (eppumarHeTukoB. Mar-
HUTHAs CTPYKTypa aHTHU(EeppoOMarHeTUKoB. deppoMarHuTHbIE JOMEHBI.

6. Toueunsie nedeKThI B TBEPIBIX TEIaX.

Bakancuu kpucramumueckoi pemetku. LlenTpsl okpacku. [Iponeccrr ynopsigo-

YCHU.
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[Tpunoxenue 2

MUWHHUCTEPCTBO OBPA3OBAHMS U HAYKU POCCUIMCKOM ®EJIEPALIMU
denepanbHOE rOCyJapPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPESIKICHUE
BBICIIETO 00Pa30BaHUs

«JlabHeBOCTOYHBIN (eaepaibHbII YHUBEPCUTET
(IBDY)

IIKOJIA ECTECTBEHHBIX HAYK

®OH/I OHEHOYHbLIX CPEJACTB
N0 JUCHMILVINHE «DU3UKA KOHICHCHPOBAHHOIO COCTOSIHUS

Hanpasiienue noaroroBku 11.03.04 JjieKTPOHUKA M HAHOIJIEKTPOHUKA

®opmMa NOATOTOBKH OYHAA

BaaauBocTok
2016



MMacnopt ®OC

Koa u Atanbl GOPMUPOBAHUS KOMIIETEHIIUH
(¢popmympoBka
KOMIIETeHIHH
OIIK-1, crnoco0- | 3Haer (OpMYIHPOBKY U aHATUTUYECKUNA BUI (PU3MUECKUX 3a-
HOCTh  TPEJCTABIATH KOHOB 10 JAHHOMY pa3Jieiy;
aleKBaTHYI0  COBpe- IPaHUIIBI IPUMEHEHHST (PU3HUYECKUX 3aKOHOB; METO/IbI
MEHHOMY YPOBHIO 3Ha- PEIICHUS] KOHKPETHBIX (PU3MYECKHX 3a/1a4
HIN HayuHYIO KapTHUHY | Yyeer BBIJICIISITh OCHOBHBIC JJaHHBIC HCXO/IHBIX 3a/1a4, aHa-
MHpa Ha OCHOBC 3HAHHA JIM3UPOBATh IOJYYEHHBIE PELIEHUS B KOHTEKCTE II0-
OCHOBHBIX TOJIOKCHHI, CTABJICHHOM 3a/1a4M;
3aKOHOB H MCTOZIOB BLIOMPATH BO3MOYKHOE IPABUIILHOE PEIICHHUE;
€CTECTBEHHBIX HAyK | » -
Bnageer 0011l XapaKTEPUCTUKON HAYYHOIO OTYETA I10 JIaH-
MaTeMaTHKK . .
HOM KOHKPETHOM TeMaTHKe, pasieiny (U3uKH;
TEXHOJIOTHEH MOArOTOBKH PE3yJIbTaTOB PabOThI K
BHEIIHEH OLIEHKE — MyOINKAIUH;
TEXHOJIOTHSMH MOATOTOBKU KPATKOTO COJIEPIKAHUSI
cBOEi paboTHI B BH/IE MPE3CHTAIN
[K-2, cioco6HOCTS ap- | 3HaeT HEOOXOIMMbIE CBOWCTBA TBEPBIX TEI M CBSI3b UX CO
TYMEHTHPOBAHHO  BbI- CTPYKTYpPO# JJIsl KCIIOJIb30BAHKS HX B YJIEKTPOHHUKE U
Oupath W peaan30BbI- HAHODJIEKTPOHHKE
BaTh HA TMPAKTHKE 30- | yyeer apryMEeHTHPOBaHO (OPMYITUPOBATH CBOMCTBA TBEP/IBIX
bexTuBHYIO MeTOMUKY TeJ U WCIOJb30BAHKS MX B DIICKTPOHUKE M HAHO-
SKCIICPUMCHTAIILHOTO AIIEKTPOHHKE B CBS3H C UX CTPYKTYPOIi
HCCIIEIOBaHMsl  Tapa-
Brageer | 3aKOHAMH U MPUHIIMIIAME [TOCTPOEHHS TBEP/IBIX TEI C
METPOB M XapaKTepH- N
YHUKATBHBIMA (DU3MYIECKUMH CBOMCTBaMH JJISI HC-
CTHK MPUOOPOB, CXEM,
. MOJIB30BAHUSI X B OMPEICICHHBIX 00IACTSAX JIEKTPO-
YCTPOWCTB H YCTaHO-
HHKE U HAHODJIEKTPOHUKE
BOK OJIEKTPOHHKH U
HAHODJIEKTPOHHUKH pa3-
JINYHOTO GyHKIIHO-
HAJIBLHOTO Ha3HAYEHHS
Ne KonTtpoaupyembie pa3nest / Koasbl u 3Tansl OueHovHbIE CpeaCTBa
n/n TEMbI THCHHILIAHBI ¢dopmupoBanus TeKyuuii npoMeKy-
KOMICTCHIIHH KOHTPOJIb | TOYHAA aTTe-
cranus
1 Tema 1. Cummerpus cTpyk- OIIK - | 3Haer BBIIIOJIHEHUE | DK3aMEH,
TYpbI KPUCTAIIOB 1, naboparop- | Bompockl 1-7
[1K-2 HOW paboThl

23




yMeeT

KOHTPOJIb-
HbIE paboThHI
No 1-4

BJIagCcCT

BBIITIOJIHCHHC
JOMAaIIHUX
3aIaHUN

Tema 2. Tumnsl cBsi3eil B KpH-
cTajjiax.

OIIK -

[1K-2

3HACT

JAUCKYCCUs

yMeeT

Pabora Ha
paKkTHye-
CKUX  3aHd-
THSX

BJIagCCT

BBIITIOJIHCHUC
JOMAaITHUX
3aIaHUN

JK3aMeH,
BOTIPOCHI 8 -
12

Tema 3. DnemenTs! pusuue-
CKOM CTaTUCTHUKHU.

OIIK -

[1K-2

3HacCT

WHIUBUIY-
aJIbHBIE 3a/a-
HUS

yMeeT

KOHTPOJIbHAS
pabora

BJI1aacCT

BBIIIOJTHEHHE
JOMAaIIHUX
3alaHUN

9K3aMeH,
Bompock 16 -
22

Tewma 4. lunaMuka pemeTK.

OIIK -

[1K-2

3HaACT

KOHTPOJIbHAA
pabota

yMeeT

AUCKYCCH

BJIagcecT

BBIITOJIHCHUC
JOMAIITHNUX
3aIaHUN

9K3aMeEH,
Bompocs! 13 -
15,23 -29

Tema 5. 3oHHas Teopus TBEp-
JIOTO Tena

OIIK -

I1K-2

3HaACT

MMpaKTU4C-
CKHE 3aHATUA

yMeeT

JIACKYCCUS

BIaJIeeT

BBITIOJTHEHNE
JOMAaITHUX
3aIaHUN

9K3aMeH,
Borpocsr 30 -
34

Tema 6. MarautHele CBOUCTBA
TBEPAOIO TENa

OIIK -

[K-2

3HACT

BBIIIOJIHEHHE
nabopatop-

HBIX pabort 2,
3

yMeeT

MpaKTH4e-
CKHE 3aHATUS

BJaJeeT

BBIIIOJIHEHHE
JOMAaITHUX
3aJaHuN

9K3aMeH,
BOIpPOCHI 35 -
45
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IIkana oneHUBaHUs YPOBHS C(POPMHUPOBAHHOCTH KOMIIETEHIIMI

Kon n Jrtansl GOPMUPOBAHHSA KPUTepUH 1noKa3areyu 0aJ1bI
¢opmynupoBka KOMIIeTeHIUH
KOMIeTeHIuH
OIIK-1, cmo- | 3Haer CTPYKTYPY  TBEp- | BOCIPOM3BOAWUTH | CHOCOOHOCTHh MOKa3zaTh 0a30- | yIo-
cobHocTs mpex- | (IOPO- | JBIX Tel Ha aToM- | U OOBSICHATB | BbIC 3HAHUS U OCHOBHBIE YMe- | Bie-
cTaBusTh  anek- | TOBBIA HOM ypOBHE W 3a- | y4yeOHBI Mare- | HUS B HCIOJIb30BAHUU: TBOPH-
BATHYIO COBDC- ypo- KOHBI 9TOTO CTpoe- | prait ¢ TpeOye- | - HOAPOOHBIN aHamu3 M pas- | TEIbHO
BEHB) HUS; ¢dopmynu- | MOl  cTemeHblo | OOp OCHOBHBIX 3a7ad BCex
MCHHOMY . POBKY W aHaIUTH- | HAYYHOM TOYHO- | pa3/iesioB AUCIHILINHEI,
YPOBHIO 3HaHUH YEeCKHUI BUJI TTOTEH- | CTH M MOJHOTHI - IPUMEHEHHE COOTBETCBYIO-
Hay4YHYIO Kap- 1IMAJIOB B3aUMO- 11X 3aKOHOB
THHY MHpa Ha JeHCTBUS  Pa3Ind-
OCHOBE 3HAHHS HBIX TBEPIBIX TEI;
OCHOBHBIX TIOIO- 3aKOHBI, OIHCHIBA-
. IOINe  JUHAMHK
PCHITH,  3AKOHOB KpHIiCTaﬂﬂi[d‘leCKOf/lIy
1 METOJIOB ecTe- PEIIETKI; 30HHYIO
CTBEHHBIX HayK TEOpHUIO U (Qu3Hude-
1 MaTeMaTHKU CKHe CBOMCTBa
TBEPABIX TeJl
yMeeT BBIJCITATh  He- | peliaTb  THUIHY- | CIIOCOOHOCTB MIPUMEHUTD | XO-
(po- o0XoavMble  NaH- | Hple 33Ja4d Ha | 3HAHMS M MPAKTUYECKHE yMe- | POILO
IBUHY- | Hble, aHAJW3UPO- | OCHOBE 3HAHWS | HUS B 3ajgadax, BBHIOOp H
TBIH) BaThb  CTPYKTYPYy | 3aKOHOB OCHOB- | OOOCHOBaHHE CTPAaTETMU pe-
TBEPABIX TEI; HBIX  pa3/eNioB; | MIEHWH MO BCEM paszesiaM
OIINCHIBATH OOBSCHATh NONY- | AUCIUIUIMHBI, HUCIIONB3YS 3a-
CBOHCTBA TBEPHBIX | UYCHHBIC pE3yNb- | KOHBI ¥  MaTeMaTHYECKHe
TEJl Ha OCHOBE 3a- | TaThl Ha jabopa- | mpeoOpazoBaHUA
KOHOB UX IIOCTPOE- | TOPHBIX W MpaK-
HUSI Ha AaTOMHOM | THUECKHMX 3aHs-
YPOBHE, CTaTHCTH- | THSX
YEeCKUX  3aKOHO-
MEpPHOCTEN  IOBE-
JICHUSI  DJIEKTPOH-
HOTO aHCcaMOIIs;
JlenaTh  aHaJH-
THYECKHE TIpeodpa-
30BaHUsI C UCIOJIb-
30BaHUEM psija 3a-
KOHOB
BIIafieeT nIyOOKMM 3Ha- | pemarb  yCJloX- | CHOCOOHOCTB MIPUMEHUTD | OT-
(BbICO- | HMEM | TIOHUMa- | HEHHblE  HEeTH- | (AKTHMYECKOE W TEeOpeTHue- | JIMYHO
KHH) HHEM BCEX 3aKOHOB | MUYHBIC 3aJaydl | CKOE 3HAaHWE, MPAKTHYECKHE
JCIUILIMHBI, Ha OCHOBE NMPHO0- | yMEHHs MO aHalIu3y U pelle-
METOJIlaMH Tep- | PETeHHBbIX  3Ha- | HHIO 3aJ]a4, KCIHOJb3Ysl 3Ha-
MOJJMHAMUKHU U | HUIf, YMEHUH U | HUSL 3aKOHOB IOCTPOCHHS
CTaTHCTHYECKOH HaBBIKOB TBEPABIX TeJl, yMEHUE 00bsIC-
(u3mMKH 115 omHca- HUTH TOJIyYCHHBIE PE3yJib-
HUS CTPYKTYPBI TaThl
TBEPABIX TeI U UX
CBOMCTB
[K-2, cioco6- 3HAeT HEoOX0/MMbIe 3HaeT HeoOXoAu- | CIOCOOHOCTH IMMOKa3aTh 0azo- | yIo-
HOCTh aprymen- | (IOpO- | CBOWCTBA TBEPABIX | Mble  CBOWCTBA | BbI€ 3HAHHMA M OCHOBHbBIC yMe- | Bile-
THPOBAHO TOBBIH | TeMl M CBA3b WX CO | TBEPABIX TeN JUIA | HUS B MCTIONB3OBAHNM: TBOPH-
CTPYKTYPO#l sl | DNEKTPOHUKH | TEJILHO
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BBIOMpATH U pea- | ypo- WCTIONb30BaHMUSA WX | HAHOIJIEKTPO-
JIN30BBIBATH HA BCHB) B OJICKTPOHUKE U | HUKH C Tpelye-
npakTHKe - HaHORJICKTPOHUKE | MOM  CTENeHbIo
(beKTUBHYIO Me- ;(;‘;I;IOCTH H 107
TOAMIY DKere- ymeer apryMEHTHPOBaHO | pemiath  3aJaddl | CIOCOOHOCTh MPUMEHHTH T0- | XO-
PUMCHTAIBHOLO | (ypo- (hopmynupoBaTh Ha OCHOBE 3Ha- | JIyUCHHbIC 3HaHUS YMEHUs B | POILIO
Hccle0BanuA JIBUHY- | CBOMCTBa TBEpAbIX | HUM, 3aKOHOB Ha | MPAKTHUYECKUX 3a/1ayax, BbI-
napaMeTpoB U TBIN) TN JJIS UCTIOJNB30- | MpaKTHKe 6op 1 00OCHOBaHHME CTpaTe-
XapaKTEPUCTHK BaHMWSA UX B JJIEK- THU PEIICHUH 10 BCEM pasie-
pUGOpOB, cxeM, TPOHMKE W HAHO- JaM TUCTUILTHHBI
YCTPOHCTS 1 3NIEKTPOHHKE B CO-
YCTaHOBOK JJICK- OTHOIEHIN € HX

CTPYKTYpOil
TpOHUKH H BIafeeT | 3aKOHAMHU M MPUH- | peliaTh YCIOXK- | CIOCOOHOCTh  HPUMEHHTH | OT-
HaHO3JICKTPO- (BBICO- | HUMaMU IOCTpOE- | HEHHbIE HeTu- | (JaKTHYeCKO€ W TeopeTHde- | JIMYHO
HUKH pa3ind- KHU) HUS TBEPJBIX TENl C | MUYHBIE 3a/Ja4yd | CKOE 3HaHME, MPAaKTUYECKHE
HOro (hyHKIHO- YHUKQIbHBIMH (H- | HAa OCHOBE IPHOO- | yMEHHS MO aHAINU3y U pellle-
HAILHOTO HA3HA- 3MYECKUMM CBOW- | pETEHHBIX  3HA- | HUIO 3aJad, peajH30BbIBAThH
S— CTBaMHU JJIsl HC- | HUH, YMEHHH U | UX Ha IPaKTHKE

MOJIb30BaHUSI UX B | HaBBIKOB

OTIpeZIeIeHHbBIX 00-

JACTSX  JJIEKTPO-

HUKH ¥ HaHOJJIEK-

TPHUKH

MeToauueckue MaTEepHAJIbI, ONPEACIHAIOIIUE NIPOUECAYPLI OICHUBAHUA

3HAHUI, YMEHUI U HABBIKOB

Tekymasi arrectaums cTyAeHTOB. Tekymas aTTecTauus CTYJEHTOB O JIUC-
nuIiiHe «Pu3nKa KOHJIEHCUPOBAHHOTO COCTOSIHUS) MPOBOJUTCSI B COOTBETCTBUU
C JIOKaJIbHBIMU HOpMAaTUBHBIMU akTamu JIBDY u sBisieTcs 00s3aTeIbHOM.

Tekymas arrectauus o AucUUIUIMHE «DPU3HKa KOHAEHCUPOBAHHOIO COCTO-
SIHUSD» TTPOBOJIUTCS B (POPME KOHTPOJIBHBIX MEPOMPUSATUM ( 3alMTa MPAKTUYECKUX
(IToManTHuX), KOHTPOJIBHBIX PabOT, TECTUPOBAHKE) MO OICHUBAHUIO (DAKTUYECKHUX
PE3yNbTaTOB 00YUYEHHUS CTYACHTOB OCYIIECTBIIACTCS BEAYIITUM MIPETO/IaBATEIIEM.

OObeKkTamMu OIIEHUBAHUS BBICTYIIAIOT:

- yueOHast TUCITUTIINHA (AKTUBHOCTH Ha 3aHSATHUSAX, CBOCBPEMEHHOCTD BBITIOJ-
HEHMUSI Pa3JIMUHBIX BUOB 3aJaHUM, TOCEIIAeMOCTh BCEX BUIOB 3aHSATHM 1O aTTECTY-
€MOU JUCUUILINHE);

- CTETIEHb YCBOEHHUS TEOPETUUECKUX 3HAHUM;

- YPOBEHB OBJIJCHUS MPAKTUUECKUMHU YMEHUSIMU U HaBbIKAMH 110 BCEM BU-

naM y4eOHO# paboThl;
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- pe3yJbTaThl CAMOCTOSITEIbHON PabOTHI.
OueHrBaHue pe3yIbTaTOB OCBOCHHUSI IMCUUIIIMHBI HA dTale TEKyIIe arre-

cTanuu MMpoBOAHUTCA B COOTBETCTBHUH C UCIIOJIB3yCMbIMU OLICHOYHBIMHA CPCICTBAMMU.

KpuTepun oieHKH 10 KOHTPOJIBLHBIM padoTam

OueHnBaHKe 3alIUThl KOHTPOJIBHOW PaOOThI MPOBOAUTCS MOCIIE HAIUCAHUS
paboThl Ha ayTUTOPHBIX 3aHATHUSAX, N0 ABYXOAJUIBHOM IIKaJIE: «3aYTEHO», «HE 3a-
YTEHOY.

OneHKa «3a4T€HO» BBICTABIISIECTCA CTYEHTY, €CJIA OH IPEICTABIIIET K 3aILUTE
KOHTPOJIBHYIO pab0Ty, YAOBJIETBOPSIONIYIO0 TPEOOBAHUAM 10 IOCTABJICHHBIM 33/1a-
HUSM, IO O(DOPMIIEHHIO, IEMOHCTPUPYET 3HAHUE (PU3MUECKUX 3aKOHOB, BIIAJICHHUE
HaBbIKaMU padoThI ¢ (OpMyIaMH, yMEHHUE OOBSICHUTH MOTYYEHHBIN pe3yibTar.

OueHKa «HE 3a4T€HO» BBICTABIISIETCS CTYJIEHTY, €CJIM OH HE 3HAeT (pu3nye-
CKHX 3aKOHOB, JIOITYCKAaeT CYIIECTBEHHbIE OIIUOKH B pad0OTe, MPEICTABIISAET OTUET C

CYIICCTBCHHBIMHA OTKIIOHCHUSAMU OT ITPaBHJI O(bOpMJ'IGHI/IH ITMCBbMCHHBIX pa60T.

Kpurtepuu oieHKH NpaKTHYECKUX (IOMANTHUX) 3aJaHUI

OrneHrBaHKE TOMAITHUX 3aJaHAH MPOBOAUTCS HHANBUAYATLHO.

Bce nomamrnue 3agaHus IPEACTaBISIOTCS B OTCIBHOW TETPaand U OlCHUBA-
IOTCS 10 CUCTEME «3aUTCHO» / «HE 3aUTEHO.

B pamkax Tekymero KOHTpOJIsS YPOBHS YCBOCHHUSI 3HAHHH 11O TUCITUTIIIMHE JI0-
myckaeTcst pe3ynbrar He Huke 80% pereHHbIX 3a/1a4, BXOASIMHX B 0710k «Jlomart-

HHUE 3aaHUI».

IIpomexyToyHass arrecTtauusi CTyAeHTOB. [IpoMexxyTrouHas arrecranus
CTYJEHTOB I10 JUCHUIUTNHE « PU3MKa KOHAEHCUPOBAHHOTO COCTOSHUS» IIPOBOAUTCS
B COOTBETCTBUH C JIOKAJIBHBIMU HOPMATUBHBIMU akTamu [IBDY u sBisercs obs3a-

TEJILHOMU.
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HpOMC}KYTO‘IHaH arrecrTagusd 1o JUCHHUIIINHE «®Dusnka KOHACHCUPOBAHHOT'O
COCTOAHMA» ITPOBOAUTCA B BHUJAC 5K3aMCHA, (I)opMa OK3aMCHa — YCTHLIﬁ. Ka}KIILIﬁ

OwteT JaHHOM PabOTHI BKIIIOYAET3 TEOPETUIECKUX BOMPOCA.

KpI/ITepI/II/I BBICTABJICHHUA OLCHKHU CTYJACHTY HA 9K3aMCECHE 110 JTUCHUILIMHE

«Pu3uka KOHIACHCHUPOBAHHOI'O COCTOSHUSI):

Onenka  3K3a- TpeboBanus k chopMUPOBAHHBIM KOMITETCHIIUAM

MEHa (cran-

JapTHas)

«OTIMYHO OreHKa «OTIMYHO» BBICTABIIACTCS CTYJACHTY, €CJIM OH INIyOOKO M IPOYHO

YCBOWJI IIPOTPaMMHBINM Marepuaisl. lcdepnsiBaronie, IOCIEN0BATEIBHO,
YETKO U JIOTUYECKU CTPOMHO MPUMEHSET €T0, YMEET TECHO YBS3bIBATH TEO-
PHUIO C IMpaKTHYECKUMH BorpocaMu. CBOOOJIHO CHPABISETCS C JONOJIHU-
TEJIbHBIMU BOIIPOCAMM I10 BCEM pa3feilaM AUCLUILINHBI, IPOBOAUT CBS3b
MEXIy HUMH, IIPUYEM HE 3aTPYAHSIETCS C OTBETOM IIPU BUIOU3MEHEHUH
3aJaHUM.

«XOopouro» OHGHKa «XOpOMO» BBICTABJIACTCA CTYACHTY, €CJIM OH TBCPJAO0 3HACT MaTcC-
puall, rpaMOTHO U IO CYHIECTBY MMPUMCHSACT €TI0, HE JOITYCKas CYIICCTBCH-
HBIX HeTOQHOCTeﬁ, MNpaBUJIBHO HNPHUMECHACT TCOPCTHYCCKUC ITOJIOKCHUA
IIpu OTBCTAX Ha AOIIOJIHHUTCIIbHBIC BOIIPOCHI, BIaaAcCCT HeO6XOI[I/IMBIMI/I
HaBbIKaMU U IIpUEMaMU (1)I/ISI/IKI/I KOHACHCUPOBAHHOI'O COCTOSAHUA.

«YyHAOBJICTBOPHU- OI.[GHKa «YOOBJICTBOPUTCIBHO» BBICTABIISICTCA CTYACHTY, €CJIIM OH UMCCT
TCIIBHO) 3HAaHUA TOJBKO OCHOBHOTI'O MaT€puaja, HO HEC YCBOUJI CMBICJIa (1)I/ISI/I‘I€CKI/IX
3aKOHOB, JOITYCKA€T HETOYHOCTU, HEAOCTATOUYHO IMPABUJIBHBIC (I)OpMy.]'II/I—
POBKH, HAPYLICHUA JIOTUKH U ITOCIICAOBATCIBHOCTH B U3JIOKCHHUU MAaTCPU-
aJia, UCTIBITBIBACT 3aTPYAHCHUS O6H.ICI>1 HpO6J'I€MaTI/II(I/I 3aJla4, pelracMbIX B
(1)I/ISI/IK€ KOHACHCHUPOBAHHOI'O COCTOSHUA.

«HeynoBieTBO- | OleHKa «HEYJOBJIETBOPUTEILHO» BBICTABIISIETCS CTYIEHTY, KOTOPBIA HE
PHUTEILHO 3HAET 3HAYUTENIBHON YacTU IPOrpaMMHOT0 MaTepuaia, A0MyCKaeT cylle-
CTBEHHBIE OIIMOKH, HEYBEPEHHO, C OOJIBIINMHU 3aTPYAHEHUAMHU (HOPMYIIH-
PYET OCHOBHBIE 3aKOHBI.

OueHovHbIe cpeacrea aJjs leOMe)KYTO‘IHOﬁ aTrecranumu

(BOIPOCHI K IK3aMEHY)

1. Kpucrannmaeckoe coctossHue. MaKpOCKOIMYECKUE XapaKTePUCTHKH:
rabuTyc KpucTaia, mpocras, KOMOMHUPOBAHHAS KPHUCTAITMYECKHE (hOPMBI, 30Ha, OCh
30HBI KpucTaimia. | 3akoH Kpuctammorpadguu - 3aKOH TMOCTOSIHCTBA YTJIOB (TIOHATHE
UJCabHO PA3BUTOTO, HCKAXEHHOTO KpHUCTAUIOB). Jloka3arenbcTBO 3aKkoHa Bymbda-

bparros.
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2. [TonsiTue ennHUyHOTO HanpasieHus. Kpucrannorpadguueckue kKaTeropuu,
cuHronnu. OmnpeneneHne Kjiacca CHMMETPUU.

3. [IpocTpaHCTBEHHass pelIeTKa — TJIABHBIA  3JEMEHT CUMMETPUU
KPUCTAJUIMYECKUX CTPYKTYp. Tumsl pemerok bpase.

4, Omnpenenenue 31aeMEHTapHOU suelku — sueiiku  bpase. IlpumuTnBHAs,
ycinoBHas s4enku bpase.

5. [TpaBwibHBIE ~ CUCTEMBI  TOYEK, UX  Xapakrepuctuku.  OOmue
npencrasiieHus 0 230 MpOCTPaHCTBEHHBIX IPYIIIaAX CHMMETPHUU.

6. OCHOBHBIE TOHATUS KPUCTALIOXMMHH: KOOPJAMHALMOHHOE YHCIIO,
KOOPAMHALIMOHHBIA MHOTOTPaHHUK, YUCJIO (POPMYJIbHBIX €AUHHII.

7. [IpyHIMN TUIOTHEWIIEN IAPOBOM YIIAKOBKH. /[ByXCIOMHBIE, TPEXCIOMHBIE
CTPYKTYpbL. [Ipumepsl.

8. OcCHOBHBIE TUIBI CBA3€H B KpUCTAUIaX. KpHCTalUIbl MHEPTHBIX Ta30B.
Cwuibl Ban-nep-Baansca. [lorenunan Jlenapna-/lxxoHnca.

9. dusnueckre CBOMCTBA MHEPTHBIX KPUCTAIIOB: CKUMAEMOCTh, 00 bEMHBIN
MOZYJIb YIIPYTOCTH.

10. OCHOBHBIE TUIIBI CBsI3€l B KpHcTaiax. MIOHHBIE KPUCTAJIBL. DHEPTHs
Manenynra. O0beMHBIN MOAYJIb YIPYTOCTH.

11. OcHOBHBIE THIIBI CBSI3€W B KpucTaiIaX. KoBaleHTHBIE KPUCTAILIBI.

12. OCHOBHBIE THUINBI CBSI3€l B KpHUCTaIaX. MeTajuIM4eCKUEe KpPUCTaJLIbL.
Kpucramuibl ¢ BOZOpOIHBIMU CBSI3SMHU.

13. Jlunamuka pemierka. TernnoeMKOCTh pENIETKN P IOCTOSSHHOM JIABJICHHH,
3aBUCHMOCTB OT TEMIIEPATYPHI.

14, Konebanus pemerku u3 1eNoYKy OJMHAKOBBIX aroMoB. KosebarenbHbie
MO/JIbl OJTHOATOMHOW PELIETKH.

15. Konebanuss TpexmepHoro kpucramia. JlucrnepcuoHHbIE  KpUBBIE.
DOHOHHBIN CIIEKTP.

16. DneMeHTbI dbusnueckoi CTaTUCTHKHU. DepMUOHBI, 0O30HBI.

BripoxkaeHHbIE, HEBBIPOKICHHBIE KOJUIEKTUBBIL. [ NIOTHOCTH COCTOSIHUM.
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17. @yHkuus pactpeaeneHns Makcsemuia-bonbMaHa 11 HEBBIPOKIEHHOTO
rasa.

18. BoiBon ¢ynkuuum pacnpenenenuss ®depmu-upaka. Dueprus Depmmu.
@OyHKUMA pacrpeneneHus UIsl BBIPOXKAECHHOTO raza ¢gepmuoHoB. [lonHas ¢yHKIus

pacnpenenenua ®epmu-/upaxa.

19. Bnusiaue temnepatypsl Ha pacnpenenenne @epmu-lupaka.

20. 3aBUCHUMOCTh XMMHYECKOTO IIOTECHIMAIA BBIPOKJIECHHOTO Ta3a oOT
TEMIIEPATypHI.

21. CusTue BoIpoXaeHUS. HEBBIPOKAECHHBIN 3JIEKTPOHHBIN ras.

22. BoiBog  gyHkmuum  pacnpeaenenus — boze-OiHmTeitHa.  DyHKIUA

pacnpeneneHus 1l BBIPOKIEHHOTO Ta3a 0030HOB.
23. TeruoBble cBOMCTBA TBEPbIX Tel. [ToHATHE 0 HOPMATBHBIX KOJIEOAHUAX

pemieTku. Akyctuueckue. Ontudyeckue KojaeoaHus.

24, CrnekTp HOpMalbHBIX KosieOaHui pemerku. [lonsrue o poHOHAX.

25. Teroemkocth TBepaoro Ttena. 3akoH Jliomonra-Iltu, 3akon JleGas.
Temneparypa Jlebas.

26. TennoeMKoCTh 3JIEKTPOHHOTO rasa.

27, TemnmoBoe pacuimpenne TBEPAbIX TEI.

28. TennonpoBoIHOCTh TBEPABIX TEN (IUDTIEKTPUKH).

29. TernonpoBoTHOCTH TBEPABIX TEI (METAILIIBI).

30. 30HHAs Teopus TBEPIABIX Tel. DHEPreTHUECKHe YPOBHU CBOOOTHBIX
aTOMOB.

31. OO60011IeCTBICHIE DJIEKTPOHOB B KpHUCTAJUIE. DHEPreTHUYECKUH CIEKTP

AJIEKTPOHOB B KpucTasie. [loHaTue s3HepreTuuecKom 30HHI.
32. DHepreTUYecKuil CIEKTP JIEKTPOHOB B KpUCTaILIE. 3aBUCUMOCTh SHEPTUU

9JICKTPOHA OT BOJITHOBOI'O BEKTOpA.

33. OddexTrBHas Macca JIEKTPOHA.
34. 3anonHeHue  30H  3JeKTpoHaMH.  [IpOBOJHUKH,  JMDIIEKTPUKH,
MOJTYTIPOBOHUKH.
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35. MarsuTHbIe XAPAKTCPHUCTHUKU: MarHUTHBIN MOMCHT, HaAMAarHHM4€HHOCTB.

MarnsuTHas IMPOHUIACMOCTb, MAIrHUTHAS BOCIIPUUMYHNBOCTD. CBs3b MCKIY HUMU

36. deppoMarHeTUKH, TUaMarHeTUKY, TapaMarHeTUKH
37. ['uctepesuc. KospuuruHas cuia.
38.  Buasl MarHeTHKOB: MarHUTOMSTKHE W MArHUTOXXECTKHE MaTepHalbl,

CUJIbHBIC U C1a0ble MAaTHETHKH.

39.  Jlomensl. Bwuabl goMeHHBIX CTpykTyp. Ilome pasmMarHMYMBaHWA.
PasmaramuauBaromnuii paxktop.

40. OOmenHas sHeprus. MarauToctaruyeckasi SHeprusi.

41. MarauTtokpuctasinueckass aHu3oTpornus. [loHsTHe aHW30TpONHMM THUIA
JieTKast OCh, JIETKas TUIOCKOCTb.

42. [[IupuHa JOMEHHON TPAaHUILIbI, PHEPTHUS JOMEHHON T'PaHUIIbI.

43. 180-rpamycusie gomennble Tpanuilkl Hems, brnoxa. 180-rpamycubie
JIOMEHHBIC TPAHMIIBI C TIEPETSHKKAMU

44, Metonbl HaOMIOACHUST JTOMEHHBIX CTPYKTYyp. JlopeHiieBa MUKPOCKOMHS
CJIOXHBIX JOMEHHBIX CTPYKTYP.

45. MukpomarauTHasi CTpyKTypa — psiob HaMarHUYEHHOCTH

THbI 3aJaHUH K IK3aMEHY
JK3aMeHAIIMOHHBINA OmiteT Ne 1

1.  OcHoBHbIE THIIBI CBSI3€H B KpUCTaiUiaX. Kpucramibl nHepTHBIX ra3oB. CHUITBI

Ban-nep-Baanbca. [lorenuuan Jlenapaa-/[>xoHca.

2. 3aBHUCHUMOCTD XUMHUYCCKOT'O IIOTCHIIMaJia BBIPOKIACHHOT'O rasa oT

TCMIICPATYPhI.

IK3aMEHAIIMOHHBLINA Onyier Ne 9
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1. D1eMEHTBI buznyeckon CTaTUCTHUKH. DepMHOHBI, OO030HBI.
Bripoxk1eHHBIE, HEBBIPOKICHHBIE KOJUIEKTUBBL. [IIOTHOCTH COCTOAHUM.

2. TenmonpoBoIHOCTh TBEPABIX T (IUDJISKTPHUKH).

Tunosble 3a1aHusl K JOMAIIHUM padoTam

JlomamHee 3aganune Ne 3.

1. Xapakrepuctudeckas Temneparypa @p Jlebas ansa Bonbdpama pasua 310
K. Onpenenuts MIMHY BOJHBI A (OHOHOB, COOTBETCTBYIOMKX YacTOTe V=0,1 Vmax .
BblunciuTh yCpEIHEHHYI0 CKOpPOCTh 3ByKa B Boib(pame. Jlucrnepcueir BOJNH B
KpHUCTaJUIe MpeHeopeyb.

2. OnpenenuTs OTHOCUTEIIBHYIO aTOMHYKO Maccy Ar KpuCTallla, €Cld
U3BECTHO, YTO paccTosHue d Mex Ty OJIMKAWITMH COCETHUMU aTroMaMu pasHo 0,304
HM. Pemierka 00BEMHO-TIEHTPUPOBAHHAS KyOMYeCcKOW CUHTOHMU. [LIOTHOCTH
KpHCTalIa paBHa 534 kr/m>,

3. Haiitu sHepruto € oHOHA, COOTBETCTBYIOIIETO MAaKCUMAIbHOW H4acTOTE
®max Jle0asi, ecm xapaktepuctuueckas temneparypa @p Jlebas pasna 250 K.

4, Breruncnuts sHepruo @epmu, OTCYUTAHHYIO OT JTHA 30HBI MPOBOJIUMOCTH,
npu temneparype T=0K 11 BajneHTHBIX ANEKTpOHOB HaTpusi. OUEHUTH
MaKCUMAaJIbHYIO CKOPOCTb 3JEKTPOHOB Vmax pu T=0K. IlnotHOCTH Hatpus p=970

Kr/M°.

JlomaniHee 3aganue Ne 5.
1. OmnpenenuTh mapaMeTp a pemeTKH U paccTosare d Mexay OnvKalIImMu
COCEJHUMH aTOMaMM KpHUCTajula Kajbliusl (pelieTka TpaHeleHTPUpPOBaHHAs

KyOuueckoi cuHronnu). [IIoTHOCTE p KpucTamia kanbius pasHa 1,55%103kr/me,
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2. OnpenenuTh KBAa3UUMITYJIbC [P (OHOHA, COOTBETCTBYIOUIETO YaCTOTE
®=0,l0max . YcpelHeHHass CKOpoCcTh V 3ByKa B Kpuctaiuie paBHa 1380 w/c,
xapakTepucTrdeckas temmneparypa Op Jlebas pasaa 100 K. {ucniepcueit 3ByKOBBIX
BOJIH B KpUCTaJLJIe IpeHeOpeyb.

3. Beraucnuts sHepruro depmu, OTCUUTAHHYIO OT HA 30HBI MMPOBOJAUMOCTH, TIPH
temneparype T=0K nns BaJieHTHBIX 3JIeKTpOHOB HaTpus. OLIECHUTh MAaKCUMAJIbHYIO

CKOPOCTb AIEKTPOHOB Vmax ipu T=0K. TTnotHOCTH HaTpus p=970 kr/m>,

Tunosbie 3a1aHUsI K KOHTPOJIbHBIM padoTam

Konrpoabnast padora Nel

1. [lokaxxute HAa  PUCYHKE, KAaKUMH  OCHOBHBIMU  TPAHCIALUSIMU
XapakTepu3yercs Kyonueckast 00bEMOLIEHTpUPOBaHHAS perieTka? Yemy paBeH nepuos
MOBTOPSIEMOCTH 3TOM PEIIETKU B PA3IMYHBIX HAIIPABICHUSIX

2. [lokaxkute HAa  PUCYHKE, KaKUMH  OCHOBHBIMH  TPAHCIISIUSIMHU
XapakTepu3yeTcs Kyouueckas rpaHelleHTpupoBaHHas pemietka? Uemy paBeH mnepuoj
MOBTOPSIEMOCTH ITOM PEUIETKH B PA3IUYHBIX ?

3. [lokaxxuTe Ha  pUCYHKE, KAKUMU OCHOBHBIMH  TPaHCISILUSIMU
XapakTepusyercs pomOuyeckas 0a3zoleHTpUpoBaHHas pemietka? YeMy paBeH mepuon
MOBTOPSIEMOCTH 3TOM PEIIETKH B Pa3IMYHBIX HAMPABICHUSX ?

4, CrenaiiTe TPOEKIUIO HECKOJBKHX CMEXHBIX SUEEK  TEeTparoHalbHOU
00BEMOIICHTPUPOBAHHOM PEIIETKU Ha IIOCKOCTH (XY) u (XZ). Paccuunraiite paccrosinue
Mexay Onuxalmmmu y3iaoBeiMu ceTkamu cepuit {110} m {011}, ecnu nepuoawb
noBTopsieMoctu peuietku B HanpasieHusix [100] u [001] paBHBI, cOOTBETCTBEHHO 3,2

u5,6.
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5. [Tokaxxute B BHUAC IIPOCKIHWKN Ha T'OPHU30HTAJIBbHYIO INNIOCKOCTH CHUCTCEMY
TOYCK, CBA3dHHYIO BepTI/IKaHLHOﬁ OCbIO CHMMCTPHUH 41, 0003Hayas KaXAYI0 TOYKY

KOOpAUHATOM 1o ocu Z.

6. N3o00pa3zute B mpoekinu Ha miockocTh (011) mpocTpaHCTBEHHYIO TPYIIITY
i 11 111
P4. BoiBeaMTE NMpaBUIILHBIE CUCTEMBI TOUeK ¢ Koopamuaramu: 400, 4 40, 22 2 y

OIpCACINTC UX KPATHOCTD.

KounrpouabHas padora Ne2

3anucaTh CTPYKTYpPHBIE KJIACCHI:

nenu wiv cios (3agava 1) U KpUCTAUIMYECKON CTPYKTYpHI (3aaava 2),
IPOEKIMU KOTOPBIX MOKAa3aHbl Ha pUCYHKax. B 00oux cilydasx paccMOTpeTh ABa
BapuaHTa: A U B - aTOMBI pa3HbIX 27€MEHTOB, A U B - aTroMbl oHOTO 251eMeHTa. B
3aja4ve 2 yka3aTh TUI PELIETKU (JaTh MOSICHEHMS).

OOocHOBaHMEM  peIlIEHUsl SBISETCS M300paK€HUE  PACIOJIOKEHUS
BaXHEHMILINX 3JE€MEHTOB CUMMETPUU Ha (DOHE PaACIOJIOKEHUS aTOMOB (€CIH IpH
TOM PHUCYHOK OKAa3bIBA€TCSl MEPErpyXeH, MOKHO H300pa3uTh PACMOJIOKEHUE
JIIEMEHTOB CHUMMETPHUH OTAENBHO). ClelyeT MMETh B BUIY, YTO B HEKOTOPBIX
cly4astX JJid COINOCTaBJIEHUS TIOCTPOCHHOIO pHUCYHKa CO CTaHJIApPTHBIM
U300paKeHHEeM TpyNnbl  HEOOXOAMMO MEpPEeHECTH Hadano KoopauHaT. HyxHo
TaK)K€ Y4ecTb, YTO Ui HPOCTOTHI YacTO H300pakaroTCs HE BCE 3IIEMEHTHI
CUMMETPHH, BXOISIINE B TPYMILY, & JIUIIb "TOPOXKIAIOIIHE.

3apaua 1

HapucoBaTh npoekuuio s4eiku, onpeaeanuTb KOOPAUHALMOHHbIE YUCiIa U
KOOPJIMHALIMOHHBIE MHOTOIPAHHUKH B OITUCAHHOM HUXE CTPYKTYpE; AaTh OMMCAHUE
cTpykTyphl B TepmuHax [IIIY - [THIK, eciin oHO BO3MOkKHO. BbIpa3uts Ni10THOCTH
BEILECTBA Yepe3 KPUCTANIOXMMHUYECKHE paauychl (yKa3aTb THIl HCIOJIb3YyEMbIX
paguycoB).

3agaua 2
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HapucoBaTh mpoeKIMIO SYEUKH, ONPEACIUTh TUIl PEUIETKA U XapakTep
CTPYKTYpPbl KPUCTAJIOB, UMEIOIIMX OMMCAHHOE HUXKE CTPOCHHUE.

IIpumep 3apanus:

No3

(0Ch LIerTH)

LO—O,
o—0
o—0
o—0
o—0

|
N

KonTpoJasnasi paora Ne3
Onpenesenne Tuna pemerok bpaBe (MHAMBHIyanbHBIE 3aJaHUS 1O
KapTOYKaM).
[TpumMep KOHTPOJIBHOTO 3aJaHHUS:

4.4. Ha puc. 4.3 npuBegess! IpOEKIUY 3JIEMEHTAPHBIX AYEEK TET-
paroHaybHbIX KpuctamnoB. Ompemenurth Tum peierox Bpass.

Puc. 4.3. K zamaue 4.4

KonrpoabHasi padora NedS

Bapuanr 1
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1. Dueprus cBsizu. [IpoBecTH cpaBHUTENBHBIN aHAIU3 YHEPTUU CBSI3H aTOMOB
JUTSL pa3JIMYHBIX AJIEMEHTOB MEPUOANYECKON TaOIHIIBI.

2. 3amucaTh MOTEHIMAI B3aUMOACHCTBHS aTOMOB KPUCTAJIJIOB MHEPTHBIX
ra3oB. [loscHuTh Bce BenuuuHbl. YeM OOyCIIOBIEHO HAJMYUE CHJI MPUTSHKEHUS U
OTTAJIKMBAHUS B 3TUX KpUCTAILIAX?

3. Beruncnuts noctosHHyo MajenyHra sl TMHEHHOM [IENOYKHU aTOMOB.

4. Kpuctaiisl ¢ BOJOPOJAHBIMU CBSI3SIMH.

5 Ilepekucs Bomopona H>O, m stunen Cp;Hs BcTymaroT B peakuuio ¢
obOpazoBanuem striieHrukosst CoHa(OH),. Kak usmenutcst sneprus csizu? Pacuer
caenartb Juist 1 Mouts.

6. Dneprum cBs3u: O-O 33 kkan/monp; C-C 83 kkan/momp; C-O 86

kkan/mMoiib; C=C 162 Kkaja/MoJb.

Kontpoabnas padora Ned

Bapmanr 1.
1. [lepeuncnuTe CHHIOHMM CpPEIHEW KaTeropuu KpucTauioB. Jlaiite ux
0O0IIy 0 XapaKTePUCTHUKY.
2. N3o6pazute OLK pemerky. O003HaubTEe MHIEKCH BCEX aTOMOB.
3. JlaHbl KpuCTaUIbl TPUKIWHHOW, TPUTOHAIBHOW, MOHOKJIWHHON U

KyOM4eCKO# CHHTOHMIA. PaccTaBbTe KpUCTAIIIBI 110 MEpe YOBIBAaHUS UX aHU30TPOITHH.

4, JlaiiTe onpeneneHne NPUMATHBHOMN JIIEMEHTAPHOMN STYEHKHU.
5. Kakas omepauusi CUMMETPUU SIBJISIETCS TOXKIECTBEHHOM WJIM €IMHUYHOMU
onepanuei?
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KoppeasinnoHHbIN U ATTPAKTUBHBIN aHAJIU3

MATHUTHOM CTPYKTYPHI IUVIAHAPHBIX CPEa

Y4eOHO-METOAUYECKOE TOCOOUE K

nabopatopHoi pabote

BnagusocTok

2015 r.
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§1. lomeHHas1 CTPYKTYpa U
TOHKOE MATHUTHOE Pa30MeHue IUIAHAPHBIX Cpel

CnoxxHble JOMEHHBIE CTPYKTYPbl ONPEIEISIOTCS HEOJHOPOAHOCTHIO
CTPYKTYpPBl IUICHOK, BBI3BAHHOW YCIIOBHSMM HX IIPUTOTOBJIEHUA. B Teopum
JIOMEHHOM CTPYKTYpbI MPEIIOJIAraeTcs, 4To B KPUCTAJUIE UMEIOTCA JOMEHBI U
NEepPEXOAHON CIIOH MEXIy JAOMEHaMHu — AoMeHHas rpanuna (/[I) ¢ 6eckoHeduHO
MaJIOW TOJIIMHOM 110 CPABHEHHUIO C pazMepaMu JoMeHOB [ 1, 2]. IlupuHa oMeHHOM
CTEHKH M KOH(UTYypalusl CIIHMHOB B HEW OMpeNessioTCs B3aUMHOM OpHeHTaluei
CIMHOB B COCEIHUX JIOMEHAaX, aHU30TPOIUEH, KOHCTAaHTOH OOMEHHOro
B3aUMOJICUCTBHUS, JIOKaJIbHBIMU HEOJHOPOIHOCTAMU 17§ reoMeTpuei
(dbeppoMarHeTuka.

B pabote Jlannay u Jlugmmuna BriepBbie ObuIa IpeIokKeHa paBHOBECHAS

KOH(Urypanusi pacrpenesieHuss BEKTOpa HaMarHM4eHHOCTH, puc.l.la, m uderkas

MOACIIb I[F BCKTOP HAMAroHn4CHHOCTH M menser cBoe HaIlpaBJICHUC OT TOYKH K

TOUYKE BJOJIb HOPMAJIU K TPaHMIIE, a a0COIIOTHAs BEJIMYMHA €r0 M =M ocraercs
nocTostHHOM. 180-rpamycHbiMu JII' Ha3bpIBarOTCS TakHWe, KOTOPBIE Pa3ACiSIIOT JBa

JIOMEHa C MPOTUBOTMOJI0KHON OpUEHTallue HaMarHn4eHHocTu, puc.1.10.

a 6

Puc.1.1. Tunel JOMEHHBIX TPaHUI] B MATHUTHBIX CpeAax.

90-rpanycuoii JI" siBasieTcst Ta, B KOTOPOM YroJi, 00pa30BaHHBINA HAMPABICHUSIMH
HAMarHUYEHHOCTH JIOMEHOB 10 00€ CTOpoHBI OoT Hee paBeH 90° (puc.1.2). 360-
IPalyCHBIMA JOMEHHBIMU T'pPaHUIAMH HA3bIBAIOTCA TaKUE, B KOTOPBIX BEKTOP
HAMarHM4eHHOCTH oBopaunBaercs Ha 360°. OHK MOTYT NPUHUMATh OKPYTJICHHYIO

dbopMy 1 MOTYT OBITh 3aMKHYTBIMH [3-7].
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Puc.1.2. 90-rpagycHasi ToME€HHas IrpaHUIIA.

180-rpamxycusie JAI" B 3aBUCUMOCTH OT TOJIIMHBI 00pasiia moipa3aeisoTcs
Ha HECKOJIbKO BHJIOB. B MaccuBHOM oOpasiie [1, 2, 8, 9] crenkoii Baioxa HaspiBaroT
TaKylo, MpU MEPEXO0JIe Yepe3 KOTOPYI HOpMalibHas COCTaBIIAIONIASl CIIMHOB HE
UCHBITBIBACT H3MeHEHUH. CeBepHbII W IOKHBIM IONIOCHI HA IMOBEPXHOCTU
MaCCHBHOI0 00pa3lia pacIoyiokKEHbl OYE€Hb JAJEKO APYr OT JApyra, U MO3TOMY
DHEPIHUs MOJIEN PACCESHUsI OTHOCUTENIBHO MaJa.
biiox mepBbIM paccuuTan TOJIUIUHY U SJHEPTUIO CTEHKH [2]:
E=] A(d—szJrKsinzS dVv =4./AK,

dX (L.1)

& — yron mexay M u O.JL.H. (0Ch JIETKOro HAMArHUYMBAHUS);
A — mapaMeTp 0OMEHHOTO B3aUMOJICUCTBUS,

K” — HOCTOAHHAs aHU30TPOIINH;

X — KoopauHaTa, MepreHIUKYIISIPHAs TIOBEPXHOCTH CTCHKH.

B Tonkux MmarauTHbIX meHkax (TMII) n3-3a kpaitHe Manoi no CpaBHEHHUIO
C IpPYTrUMHU JIMHEWHBIMU pa3MEpaMH TOJILIMHBI CHUJIBHO BBIPAXKEHA aHU30TPOIHS
¢opmbl. Ilomrockl Ha TOBEPXHOCTH TOHKOM IUIGHKM pa3JeleHbl  TOJBKO
pPAcCTOSIHUEM, PaBHBIM TOJILMHE IJIEHKH, O3TOMY CBSI3aHHAs C HUMH DHEPrus
NIOJIEW paCCEsHUsI CPABHUTENIBHO BEJIMKA, IPUYEM OHA BO3PACTAET C YMEHBLIEHUEM

TOJIIIHUHBI. Tak Kkak OQHECPIrud pasMariHu4vMBarOmicro I10Js1 B HaAIIPpaBJICHHH,

(M2

NCPHNCHAUKYIIPHOM  IINICHKEC, OYCHbL  BCJIHMKA CpaBHCHHIO C

272M3 D/, D — tonmmua, | —

COOTBETCTBYIOLLIEH SHEPTUEH B INIOCKOCTHU IIEHKH (
JVHEHHBIH pa3Mep IUICHKH) MOXKHO MPEANoJIOKUTb, 4YTO CIHMHBI OyayT

paciojiaratbCsa B INIOCKOCTH ITJICHKH.
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Heenb ¢ moMonipio npuOIMKEHHOTO paBeHCTBa [2] moka3aj, 4TO PHEpPrusi O4YeHb
TOHKUX IUIGHOK MHWHUMAaJbHA, €CIU OTCYTCTBYET KOMIIOHEHTa BEKTOpa
HAMArHUYEHHOCTH, TEPIEHUKYJIApHAsT TMOBEPXHOCTU TIUICHKH. OTH CTEHKHU

Ha3BaHbl cTeHkaMu Heeust. DHeprust 1oMeHHOM cTeHku Heens

y=4AK, +MZ/2p,) (1.2)

CpaBnauBas (1.1) u (1.2), Bugum, uto 3Heprust crenku Heenst 6onbiie, yem bioxa.
bbi10 OKa3aHo, 4TO KPUTHUYECKAs! TOJIMHA MJICHKU, HUXKE KOTOPOH ISl JOMEHa

39,/A/M,
BBII'OOJHCC HCCICBCKAA CTCHKA, paBHA

JI7s1 TONCTBIX TIEHOK YCTOMYHUBOM SBJISICTCS CTEHKA bioxa, a il TOHKUX — CTEHKa
Heens. B obGmactu TommmuH, TAe 00a 3TH ciydas SKBHUBAJICHTHBI, 0Opa3yeTcs
JIOMEHHAs CTPYKTypa, B KOTOPOU YepenyroTcs cTeHku bioxa u Heensa — nomeHHas
rpaHulla THNA «KOJKYeill mnpoBoJoOkM» (puc.l1.3), T.e. BHYTPU CIOXHBIX
JIOMEHHBIX CTCHOK HMMEIOTCA YYAaCTKH C MPOTHUBOIIOJOKHBIMUA HAIPABICHUAMU

BCKTOpa HAMAIrHM4YCHHOCTH.

ze e < -
—_— ‘*‘ g -~ X =
=5y ‘)‘ ~(‘ —— ;'{——' ) -

Y =) =

”” r ) K r (=) ’T‘_“ (i

[\ S g
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Puc.1.3. CTpykTypa TOMEHHOM IpaHULIbl TUIIA «KOJIFOUYEH MPOBOJIOKI.

Ob6nactu, pazgensiomue IMoa00HBIe ydacTku [18, 19], Ha3bBaroTCs
0JIOXOBCKUMHU. B OJIOXOBCKMX CTEHKaX OHH COCTOSAT M3 KOPOTKHX Yy4YacTKOB
HEEJICBCKUX CTCHOK M, HA00OPOT, B HEEJICBCKUX CTCHKAX — M3 KOPOTKHX YYaCTKOB

0JIOXOBCKHX CTEHOK (puc.1.3).
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Ps0b HAMATHHYEHHOCTH (TOHKAs MarHMTHAs cTpykTypa — TMC) BmecTe
¢ HamM4ueM cloxHoro Tuna I SBisercs 0COOEHHOCTBI0 MArHUTHOM CTPYKTYpHI
TMII BcnencTBre Mamoro pasmepa kpuctammuros 2b ~ 101 cm. Dddexrupubit
pajguyc IposBIeHUS 0OMEHHOro B3auMoeicTaus O ~ (o/f)Y?, rue o — KoHcTaHTa

OOMEHHOTO  B3aWMOJEHCTBUS, [x — KOHCTaHTa KpucTaiorpapudeckoin

anm3otponuu [2, 10]. Ecnu b >> 8, To Bekrop HamarHudeHHOCTH M B Kakaom

KPHUCTAJUIUTE YCTAaHABIMBACTCS BAOJB Jierkoi ocu. C yMeHbIIeHHEeM D Bo3pacTaer

B3aUMOJICHCTBHE KPUCTAUIUTOB, 1 M B coOCemHMX KPHCTAUIUTAX CTPEMHUTCS
YCTAHOBHUTBCS NApPAUIENIBHO JApYr Jpyry, HECMOTpS Ha NPOTHUBOJACUCTBHE

Kpucramuiorpapuuecko  anuzotponuu. Ilpu  3TOM  BO3HHMKaeTr  psOb

HamaraudenHoctd (M koreGuercst OKono CpPEIHEro HampaBJIeHHUs), KOTOPYIO
MO>KHO paccMaTpuBaTh Kak MHUKPOJIOMEHHOE pa30MEHue B IUIaHAPHBIX cpenax. B
CTaTHIECKOM ciyJae ypaBHCHHE, OTHUCHIBAIOIIEE pacrpeeneHue
HamarauuueHHocTH [10], umeert Bu;
[NiF, |= 0

;
H, = aV°N + B.ii(fi,M )+ H + 8,L(L, M)

rae He _ 3¢ (peKTUBHOE MAarHUTHOE TOJIE;

B — KOHCTaHTa OJTHOOCHOM aHW30TPOINUHY;

N — opr Boons O.JL.H.;

Bx — KOHCTaHTa KpUCTAIITpaUuecKo aHU30TPOIHH;
L=L(F)_ opt Broiab ocu O.JI.H., Meromuil pa3nMyHOe HAIpPaBJICHUE B PA3TUYHBIX

KpHUCTaJlIax.
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B paborax Wrnartuenko, I'odpdmana, Xapra moctpoeHa Teopusi psOu
HAMarHU4eHHOCTH, OCHOBHAsl 1I€Jb KOTOPOM — OmucaTh MarHUTHBIE CBOMCTBA
BEILIECTBA B 3aBUCHUMOCTH OT €0 PEaJbHOM CTPYKTYpHI. Pa3nnyaror JIMHENHYIO U
HEJIMHEHHYI0 Teopuu psiOu. JIMHeilHass Teopusi OMHCHIBAET HE TOJIBKO Mallble
OTKJIOHEHHMSI MAaTHUTHBIX CBOMCTB OT MOBEAEHUS OJHOTO JIOMEHA, HO M BKIIOYAeT
Cllydad BCEX CHJIbHBIX OTKJIOHEHHH, KOTOpPbIE XapaKTepHBI JUIsI TOHKHUX TUICHOK.
KonuuectBeHHOE 00BsICHEHUE AaeTCsl HEIMHEIHOM Teopuei, koTopasi pazpaboraHa
TOJIBKO YaCTUYHO.

Bcee 3¢ hexThl ps6u HaMarHU4eHHOCTH OMHCHIBAOTCS
muddepennnanbubiM ypaBHenuem (1.3):

i op K MC| &% (dp) | K
20w e o T (22 o K )
P% o A 2H |7 o | ox, 2H (13)

H — BHe1HEE T1OJIE.

@ —yron mexnay O.JLH. n H:
¢ — yron mexay O.JL.H. u cpenneii HaMarHMYEHHOCTHIO;

Ms — cpeHsss HaMarHUYEHHOCTb;

olr) _ JIOKJIbHBIE OTKJIOHEHHS] HAMAarHUYEHHOCTH OT CPEAHETO HAIIPABIICHUS;
X1 — HaIllpaBJICHUE CPEAHEN HAMATHUYEHHOCTH;
X2 — IIEPIICHIUKYJIAPHO X1 B IVIOCKOCTH IJICHKH;

K“ — OJHOOCHAA aHU30TPOIIHAA;

h(e) _ rome OJTHOTO JIOMEHa.

s pssOu 3a1aroTCs ABE €€ KOMIIOHEHTHI a) npoodoavhas (|[X1), T.e. GpoHT
BOJIHBI KOJICOAHMH HaMarHMYEHHOCTH COBIIQJAaeT C HANpPAaBICHUEM CPEIHETO
HamarauunBanus Ms (puc.l.4a); 0) nonepeunas (Lxi) — B kortopoiu [4,7,11]
KosiebaHus | Kk cpeiHeMy HaIlpaBJICHUIO HaMarHHUYeHHOCTH M.
Pemenue nuneitHoro auddepenuuansHoro ypaBuenus (1.3) maer daykryaruu
namarsnuersoctn AF). JlanpHelIIee ero pelieHue MoKa3bIBacT CYIICCTBOBAHHE

OI[HOPOI[HOf/'I 00J1aCTH HaMarHM4YEHHOCTH B BHUAC JJIJIMIICA.
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Puc. 1.4. IlpononpHas (a) u nonepeynas (B) psiOb HaMarHH4YE€HHOCTH.

Menbmas nosyochk Ry B3aumoneiicteus [10] amuurica npoxoauT BAOJb
CPEIHEro HAaMNpaBJICHUS HAMAarHUYEHHOCTH X; M 3TO COOTBETCTBYET JJIMHE
B3aNMMOJECUCTBUSI OOMEHHOI CUJIBI:

Al
K, ) (14)

bonpmias och NEpneHIUKYJspHA CpeIHEW HaMarHU4eHHOCTH (Rm¢) u
COOTBETCTBYET JUIMHE B3aUMOJECHCTBUS [TONIEPEUHOTO MOJISL PACCESHUSA:

_w [ AL
L ws)

Jis 80-20% Fe-Ni mrenox ¢ Ke=1510° snens d=1000 A, h(a)=l,

Rue/Rye =W, =30 .
g . 910 3HAYUT, 4YTO B3aMMOJACHUCTBYIOIIHC oOiractu MMpCACTaBIAIOT

co00# y3KOIOJIOCHBIE DJUIUIICHI, MEePIEHANKYISIpHbIE X1. [|THA BONHBI psaOu A

MOKET OBITH BbIpa’X€Ha U3 OJIMHbI B33HMOI[CI>1CTBH$I Rgc:

1
Ap = 2R =27 |

]
AR — JIMHHOBOJHOBAS KOMIIOHEHTA ps6u HamarHmyeHHoctu 1o (1.6) maer

NEPUOANICCKOC NBMCHCHHUC €C 110 3HAKY AUCIICPCHHU.
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B mocnenHee BpeMs B CBA3M C MHUHMTIOAPU3ALMEH 3allOMHUHAOIINAX
YCTPOMCTB, YBEIMYEHUEM IUIOTHOCTH 3JIEMEHTOB B CPEJlax NMaMATH BCTAIl BOIIPOC O
«TOHKOW» CTPYKTyp€ MarHuTHOro pazOueHus. MUKpOMarHeTuka aHAIU3HPYET
3aKOHOMEPHOCTH PaclpeleseHusl BEKTOPOB HAMAarHU4eHHOCTH B Kpuctaiuie [9]. B
3TOM CJIy4a€ HAaMarHMYEHHOCTh NPEJCTaBIsIeTCS Kak HeKoTopas (yHKUus

M(x,y,z,1t)

KOOPAMHAT U BPEMEHHU . I3 ycnoBus MuHMMyMa CBOOOAHOW SHEPTUU PU

3aJIaHHBIX YCJIOBHUAX HAXOAATCA IIAPaMCETPhI, IO3BOJIAIOINNC YCTAHOBUTL XapaKTCp

pacrpe/eleHns BEKTOpoB HamarunueHHoctd M B kpucramie [9].
MukpoMaraeTuka UMeeT npakTuieckoe 3HaueHne. OCHOBHAs 3ajiaya ee —
WCIIOJB30BaHue ISl 3anucu UHGOpPMAlUU CYOMUKPOHHBIX U €Ille 0ojee METKHUX
JIOMEHOB, T.€. KOrJla pa3Mep JOMEHOB COM3MEPUM C TOJIIUHOW JOMEHHON CTEHKH.
Paccmotrpum kpuctami, O.JLH. koTtoporo coBmamaeT ¢ BBIACICHHOW OCBIO

CUMMETpHUH KpucTaia (puc.1.5).

‘.\
1 7
!

Puc.1.5. Monenp noBeneHnss BEKTOpa HAMarHWYEHHOCTH B IUICHKE.

ITnockoctu JOMCHHBIX I'paHuII napaJiiCiIbHbI KOOpI[I/IHaLIHOHHOfI

IJIOCKOCTU (X1,X2), @ OCh X2 COBNAJAET C HANPABICHUEM HOPMAIIM K TpaHULIAM.

Opuenramus M 3amaercs monsapueiM ¥ 1 asumyTansEbiM ¢ yrioamu (puc.1.5). s

JI" bnoxa BekTopel M jexar B IJIOCKOCTSX, MapauieabHBIX IJIOCKOCTH TPaHHUII,

HOpMabHas kommonenTa Mn = M2 =0, 8=7/2, ¢ = olx;),

N3BectHO [3, 11-13], uTO 00BEMHAS TNIOTHOCTH CBOOOAHOM 2HEpruu f uMeeT BUI:

f = fo&,w + fa (17)

H
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de

A[ jz
obm
rie ) _ oGmennas SHEPI U, f=kW(p) _ SHEPTUs aHU30TPOIIHH.

Pemas BapHUAallMOHTIO 3a/1a1y OTHOCUTCIBHO @(5)’ MOJKCEM 3aIllMCaTb YpaBHCHHC

Ditnepa:
o 40| _ dW(p)
dé&? do

_ _ 2 _
rie & =%/ , & =D/d, : & =HAK _ mupuHa [AI'; D — nomynepuo i MarHuTHOH
CTpyKTypbl. OTKYAa

@
d
£+C = | P
(¢

1WWip)+C (1.8)

4

rie (3 JE— yria ¢ npu GpUKCHPOBAaHHOM & .

UccnenoBanue ypaBaeHus (1.8) 115 MarHuTOOJHOOCHOTO KpUCTAJLIa MPU

YucTe MOCTOSIHHOM MarHUTHOM AHU3O0TPOIINH ITIOKA3bIBACT, YTO W((D) IIPUHUMACT

(2n-1) (2n-1),

HauOoJIbIIIee 3HAYCHHUE TTPU ¢=7r/2: U HauMEHbIIIEE TIPU p=7/2:

n=0+1+2 ['padruecku 3aBUCUMOCTD TpeJicTaBieHa Ha puc.l.6a. Beipaxkenue

B (1.8), crosimiee mo1 3HaKOM pajuKana, 10HKHO OBITh OOJIbINE HYJIA, T.€.:

C>-W(p)=-sinp (1.9)

CreoBatesbHO, MPEISIbHOE 3HAYCHHE, KOTOpoe MoxkeT npuauMath C = -1 [3].
%)

[Tpu -1 < C < (0 3aBUCUMOCTH 42/ o1 ? na da3oBoil TUuarpaMmMe NMpeCTaBIIsieT

3aMKHYTbIe KpuBbIe (puc.l.60), orpanudyeHHsie cenaparpucamu, npu C =0;

ueHTpbl cooTBeTcTBYIOT C =-1. Ilpu C >0 wumeercs cucreMa KpHUBBIX BHE

cenaparpuc.

Ecmu -1 < C < 0, mosyuaercs mepuouueckoe pemienne, ¥ MeHsercs B mpeaenax

ot % 1o %2, xoropsie oTIMYHBI OT O 1 7

C=-W(p)=-sin’p (1.10)
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Puc.1.6. I3sMeHeHne NOTEHIUAbHON YHEPT U W(p) (a) ¥ a3UMyYTaIBLHOTO

yria ? (6) 1is JOMEHHOM rPaHHIIbGI B MATHUTOOAHOOCHOM IIJIEHKE.

Pacnpenenenne marHuTHbix MOMeHTOB 1iJis -1 < C < 0 [3] mpencTaBieHo

Ha puc.l.7a. [leppognueckyro cucremy Takux 1" Ha3pIBalOT pACKPyYHMBAIOIIEH.

[Tpu C >0 u3meHeHue HampamieHHss M MPOUCXOTUT B OJHOM HAlpaBlICHHU.

Takoro Tuna pacupeaeneHne MPUHATO HAa3bIBaTh 3aKpydnBaronien cucreMon I

(puc.1.76).

Puc.1.7. Pacnpenenenne MarHuTHBIX MOMEHTOB B pacKpy4uBaroiiei (a) u

3aKpy4YuBaIoIIel (0) TOMEHHBIX TPAHUIIAX.
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JAI', obnactu BpalleHHs BEKTOpa HaMarHWYEHHOCTU — BUXPH, JIMHUU U
TOYKM bioxa OTHOCATCS B MarHeTMKax K TOIOJIOTMYECKH YCTONYMBBIM
HEJMHEWHBIM BO30YxkaeHusaM [14] (nedextam). DTu Bo30YKACHUS ONPEACISIOT
Henblii  psii QyHIAMEHTAJIBHBIX CBOMCTB MAarHMTHBIX —MaTepHalioB, a
TOMNOJIOTUYECKAs] YCTOMYMBOCTD, MO3BOJIAIONIAS CYUTATh MX JOJITOXKUBYIIMMH,
OTKpPBIBAET BO3MOXXHOCTh MCIOJIb30BaTh MX B KA4ye€CTBE 3JEMEHTOB NaMATU
3alIOMUHAIONINX YCTPOUCTB. MarHutHele Tomojorudeckue naedextsr [14]
COOTBETCTBYIOT PpEIIEHUSM HeNuHeHoro ypaBHeHus Jlanmay-Jludmmuma.
OnHAaKO TMpU ONPENENICHHBIX MNPUONMKEHMSIX €ro YJIaeTcsi CBECTH K
HEJIMHEHHOMY YpaBHEHUIO CUHYC-1"Op1oHa:

o A2, A2
AU =sin pU, A=0;+0,, (1.11)

rae U — HekoTopasi BeIMYMHA, XapaKTepU3yolias napameTp nopsijaka (B ciydae

(GeppUTOB 3TO TOJSAPHBIA WIM a3UMYTAIbHBIA  YIJIbl, OIKCHIBAIOIINE

pacrpeeneHue M); p=1,2,4 B 3aBUCHMOCTH OT pacCMaTpUBaeMON 3aJadM.
DTO ypaBHEHUE OIKCHIBAET pACHPEICICHNE HAMArHUYEHHOCTH B TOHKHX
MJIEHKaX ¢ TpeoOJiafjaloiel aHu30TpoNnuel «Jierkas IIockocThy. Cpenu
pemennii (1.11) ocoboe MecTO NMPUHAICKHUT TOMOJIOTHICCKUM JeheKTaM HIh
BUxpsAM. CTpyKTypa BHUXpS OKa3bIBa€T CYIIECTBEHHOE BJMSHHE Ha
JTUHAMHAYECKHE CBOMCTBAa JOMEHHOW TrpaHUIlbl. BuxpeBble pacnpeneneHus
HaMarHU4eHHOCTH, onrcbiBaembie (1.11), XapakTepus3yroTcs yCIOBUEM:

j(Vu)dl = 27k, dI = (dx, dy),

rae K — 3apsi BUXp.
Jns nmomydyenus ToHKoOW cTpyKTypbl I M sSaep BUXPEBBIX COCTOSHUAN
HEOOXOJMMO  MPOAHAIM3UPOBATh CHHTYJIAPHOCTh  PEUICHHUS  JMHEWHOTO

YPaBHEHHSL:

AU, =0 (1.12)
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Pemienre 3Toro ypaBHEHMsI YMCJIEHHBIMU MeToAamu [14] mokaszano, 4To
BO3MOXHBI CIIEAYIOIINE THUIIBI PACTIPEICICHUs] HaMarHM4eHHOCTH (puc.l.8).

Koudurypanuu (a) u (1) mpeactaBistoT co00il MPOSKITUN BpaIIaroIieil TOUKH
brnoxa, nns xoTopoi divM =0, (6) m (e) — mpoOeKIUU paCXOIAIICUCT U

cxoasuiencss Todyek bioxa, divMm =0, (B) mu (x), (r) u (3) — HPOEKIUH

divM #0

IIPOTUBOBPAILIAIOIIMNX TOYEK bioxa,

Puc.1.8. Tunel pacnpenenceHusi HaMarHM4YE€HHOCTH, OIMCHIBAEMBbIC

ypaBHEHHUEM CHUHYC-1'OpaoHa.

Taxke ObLIM HaWJEHBI BUXpeoOpasHbIe CTPYKTYPHI Pa3IHYHBIX THIIOB,
mpocTeifiiie U3 HUX HMEIOT Tomonormueckuii 3apam K=F1 [14]. Dro
nosryoeckoneunast 360°-/1I", Beixopsmias u3 nentpa Buxpsi. [loxydens u Oosee
CJIOKHBIC OJTHOBUXPEBbIC pereHus ¢ K = £2, +3, £4, KoTopble NPEICTaBISIOT

coo6oit k mommybeckoneunbrx 360°-J1", BBIXOIAIIMX U3 LIEHTPA BUXPSL.

§1.2. MeTox JiopeHLIeBOIl MUKPOCKOIIUM B UCCJIEIOBAHNH PaciipeieeHUus

BEKTOpAa HAMArHU4€HHOCTH.
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Kak Obulo moka3aHo BbIlIE, HAPSAY C MAKPOCTPYKTYpOH — JOMEHaMH U
JIOMEHHBIMH TpaHuiamu, B TII MOKHO BBIIETIUTH MUKPOJOMEHHOE pa3OueHue —
ps0b HaMarHM4eHHOCTU. [103TOMy M MIaHApHBIX CPEN BO3MOYKHO BBECTH
MOHSTHE TOJII BEKTOpa HAMArHUYEHHOCTH, a TaKKe OCOOEHHOCTH 3TOTO MOJIS.
Cpean pa3muyHbBIX METOJOB HCCIEAOBAaHUS MAarHUTHOM CTPYKTypbl (M-
CTPYKTYpbI) 0CO00€ MECTO 3aHUMAET JICKTPOHHBIN MUKPOCKOT, TTO3BOJISIOITUN
HamOoJiee TOYHO MPOCIEAUTH PpACIPEICICHUE, CTPYKTYpy TIOJII BEKTOpA
HaMarHU4eHHOCTH M(F) peanbHbIX TOHKHUX ciosix. s uccienoBanus M-
CTPYKTYPBI IUICHOK, a TaK)Ke MOIydeHHs n300paxeHus U 3p(HEeKTOB MarHUTHOTO
KOHTpacTa UCIOJIb3yeTCs] METO/1 JIOPEHIIEBOI MUKPOCKOIINHU, KOTOPBI OCHOBAH
Ha SBJICHMM OTKJIOHEHHUS JBWXKYLIUMXCS DJIEKTPOHOB IIOJ  JECHCTBUEM

HaMarHMYeHHOCTH oOpasia [8, 13, 15].

I/IBBGCTHO, MAarduTHBIA ITOTOK B IIPpUBOAUT K BO3HHMKHOBCHHIO CHJIBI

Jlopenna
C

KOTOpas ACHCTBYET MO/ NPSIMbIM YIJOM K HAlpaBJiICHUIO JBHXKEHHS 3JEKTPOHA
(v — CKOpOCTh JJIEKTpOHA, ¢ — 3apsii AJIEKTPOHA, ¢ — CKOPOCTh CBETA).
CrnepoBaTellbHO, MarHMTHOE II0JIE MCKPUBIISET TPACKTOPHUIO 3JIEKTPOHA, HO
HHEPrus JIEKTPOHA OCTAETCS MOCTOSHHOM.

PaccMoTpuM  9IEKTpOH, TAAarONIMii HOPMAJIbHO TUIOCKOCTH TUICHKH (B

HampaBJICHUU Z), OJHOPOJHAS HaMarHu4eHHocTh M koTOpoli mMMeeT

KoMnoHeHThl M, My, M, Boisib Tpex ocelt (puc.1.2.1).

AT AKIIHI ITyI0K

Oc¢h vV HOPMATHHA
ITTOCKOCTH YePTERA

My O / It odpazel] -

- E

Lo
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Puc.1.2.1. OTKJIOHEHUE 3EKTPOHHOTO My4YKa MJICHKOW, HAMArHUYEHHOW B

HaIpaBJICHUU Y.

Kommonenra My NPHUBOANT K YCKOPEHHWIO B HAINPABICHUH X, 3a1aBaeMOMy
. A4re
p.=——VM, H = mx

BBIPAKEHUEM c ,Tae Pr , M — Macca 3JIeKTpoHa IIPH CKOPOCTH V.

HOCKOHBKy OTKJIOHCHHUC MaJi0, Mbl MOXCM CHUHUTATb CKOPOCTH V HOCTOHHHOﬁ,

TOorga
4
x=""%tm,
mc

rae t — quuHa IIpOXOoAUMOTIO ITYTH. YTroj OTKIIOHEHMS B HaIpaBJICHUH X II03TOMY

COCTaBJISIET,
. g2 /a2 )2 M
¢X=§=ﬂMy=@ﬂtMy=4ﬂ6t(l v/c)1 M, =M
V. mcv ch m,Cv M
rie 4 — jumHa BomHBl M h — mocrosnHas Ilnanka. Ilpu yckopsromem

HanpsbkeHnn 100 kB gimHa BOJIHBI 2JIEKTpOHA 4=0,037 A; ans THMUYHBIX

3
deppomarauThbx Matepuanop M =10°/¢ tak uro mpm Tommmme o6Gpasua

t~2000 A, momcTaBnss COOTBETCTBYIONIME 3HAUeHHA €, C, h, Tmodydaem

W~2:10"pad oy o0pa3oM, 3TH OTKIOHEHHS IOCTaTo4HO Manbl. Ho,
HECMOTPS Ha MaJlyl0 BEJIMYMHY, OTKJIOHEHUS B MAarHUTHOM I10JI€ JIOCTaTOYHBI,
4YTOOBI BHI3BATh BayKHBIE 3P (HEKTH HA N300pAKEHUU.

OTKJIOHEHHE JJICKTPOHOB B MArHUTHOM ITOJIE MOYKHO HCIIOJIb30BaTh JIs
BBISIBJICHHUSI MArHUTHBIX JOMEHOB METOJIOM JIe(OKYCHPOBKH.

PaccMOTpUM TOHKYIO MarHMTHYIO IUIEHKY C¢ 180-rpagycHbIMu JOMEHaMH, B

-

I(OTOpOfI BCKTOP HAMAIrHM4CHHOCTH M mapauiCJICH IINIOCKOCTH INICHKH H
)IOMGHHOI\/’I rpaHuC W IMPOTHUBOIIOJJOXKCH IIO HAIIPABJICHHUIO B YCPCAYIOIIMXCS

noMeHax (puc.1.2.2).
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HaIpapJICHHE IagarQIIero IIy4Ka
A

.
LiL i
O X | ©®

obpazen

A B SKpaH
HEJOCTATOK H30BITOK
HHTEHCHBHOCTH  HMHTEHCHBHOCTH

Puc. 1.2.2. HaGnrogeHne MarHuTHBIX JOMEHOB METOJIOM J€(hOKYCHPOBKH.

B cMexHBIX JOMeHax Iy4oK OJIEKTPOHOB OYIET OTKIOHATHCS B
MPOTHUBOIOJOXKHBIX HAIPABJICHUX, YTO NPUBEAET K HEJOCTATKY AJEKTPOHOB B
TOUKE A U K U30BITKY JIEKTPOHOB BCIEACTBHE MEPEKPHITHS B Touke B. [losTomy
npu HAOMIOACHUM MAarHUTHOW CTPYKTYpbl TOHKOW IUICHKH METOJIOM
Ne(OKYCUPOBKM B IUIOCKOCTU AB TOJIOKEHHUS JOMEHHBIX CTEHOK OyayT
BBISIBJICHBI B BHJI€ TEMHBIX (M30BITOK 3JEKTPOHOB) WM O€NbIX (HEAOCTATOK
37eKTpoHOB) JIMHUHN. Takue JII' COOTBETCTBEHHO HA3bIBAIOT KOHBEPIEHTHBIE WIIH

nvuBepreHTHeie (puc.1.2.3).

Puc.1.2.3.  JIOpEHIIMUKPOCKOMIUYECKOE  HW300paKEHHE  MarHUTHOU

CTPYKTYPbI TOHKOM TUICHKH.
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HyXHO OTMETHUTB, UTO MIHUPUHA U300PAKEHHON CTEHKH OyIET 3aBUCETh OT
CTeTeHU Ne()OKYCUpPOBKH U OT paclpeAesieHus] HaMarHUUYE€HHOCTH BHYTPH
nomMeHHou creHku [8]. [lpudem, ecnu n300pakeHUE MArHUTHOW CTPYKTYpBI
HenodokycupoBaHo (T.e. HaOmomaercs B miockoctd C/[), To Oenble
(KOHBEPreHTHBIC) TPAHUIIBl CTAHOBSTCA YEPHBIMU (JIMBEPICHTHBIMH), a €CIIU
nepedoKycupoBaTh, TO KOHTPACT Oy1eT 0OpaTHBIM.

MeTton JIOpeHIIEBOI MUKPOCKOITUY UJI€ATBbHO OIXOIUT JIJISl UCCIENOBAHUS

I[OMCHHOﬁ CTPYKTYPbI B TOHKHX IINICHKAX, IIO3BOJIIA TOYHO OIIPCACIINTD

HarpaBJICHUC BCKTOPA HAMArHM4YCHHOCTHU M B KOHKPCTHBIX JOMCHAX. Ps0n
HaAaMaronm4€HHOCTH JaCT BO3MOXHOCTHb OIIPCACIINTL JIOKAJIbHOC HAIIPaBJICHHC

HaMaroHn4CHHOCTH HCIIOCPCACTBCHHO IIO I/I306pa)K€HI/IIO. B Takux mieHkax

BeKTOp M JIeKUT He CTPOro B HANpPABICHUH OCH aHU30TPOIMH, & UCIIBITHIBAET
HEKOTOpbIE (PIIYKTYyallMu OTHOCUTEJIBHO HEE B IUIOCKOCTH IIeHKHU (puc.l.2.4),

YTO CBSI3aHO C MEJIKOKPUCTAJUIMYECKON CTPYKTYPOH HCCIIEyEeMbIX OOBEKTOB

1, 2, 10].

A R m ;
/.1 !y ‘/'l - ’/(' L Al 0.JI1.H.
Sl by, T

—

Puc. 1.2.4. ®nykTyanuu BeKTOpa HaMarHMYEHHOCTH M B IUIOCKOCTH TUICHKH

OTHOCHTEIBHO ocu anu3orpornun (¥ — yroa qucrepcun M),
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B pe3ynbraTe Takoro moBeleHHs BEKTOp M MOXXHO pasioXuTh Ha JBE
KOMIIOHEHTBI: M|, OTBETCTBEHHYIO 3a (OPMHUPOBAHHE KOHTpPACTa JIOMEHHBIX
rpaHul, W M, TakXe BbI3BIBAIOIIYIO OTKJIOHEHHE BJIEKTPOHOB OT
NPSIMOJIMHEMHOTO IBY>KEHHUSL. [Ipy 5TOM MOSBIISIONIMIICS YepHO-0€Nblii KOHTPACT
MUKPOMAarHUTHON CTPYKTYpbI Ha JIOPEHIIEBOM M300pakeHa MJICHKU U €CTh PSOb
HaMarHu4eHHocTu. T.K. B popMUPOBAHUU U300paKEHUsT «psIOM» BHOCUT BKJIaJ

M (F

norepeyHas COCTaBJIAIOIIAsA ), TO B JIOKAJIBHBIX Y4YaCTKaxX IIJICHKH BCKTOP

HAMarHU4eHHOCTU MEPIEHIUKYISIPEH «BOJOKHUCTOI» CTPYKTYpE, a cama psOb

HAMarHUYEHHOCTH, TMPEJICTABIIAIONIAsS TOHKYK CTPYKTypy Bektopa M,

NEPHEeHANKYJIIpHA JOMEHHBIM rpanuiaM. Ctpyu psiOu HamarHudeHHocTH, [10],

o0pa3yloT cucTteMy poMOOB, Majas JAHaroHalib KOTOPBIX M €CTh Aro —
JUTMHHOBOJIHOBAsI KOMIIOHEHTA [2], OIpEeICIISAOIIAst JIACTICPCUIO
HaMmarHuueHHocTH. [lepuon  depHO-0enbiX CTpyll — KOPOTKOBOJHOBAS

KOMIIOHCHTA pH6I/I ZLR , KOTOpasd OTpaxXacT JUCIICPCHUIO aHU30TPOIINH.

Jlabopamopnas padoma évinonnaemcs 6 cieodyrouieii noci1e006amelbHOCmu:

BoccraHoBiieHne pacnpeaeseHUs BEeKTOPa HAMAIrHUYEeHHOCTH.

Hcnonb3yst TOPEHIIMUKPOCKONMMYECKUE H300paKeHUs! MAarHUTHOM CTPYKTYpbI
TOHKMX IUIGHOK B HCXOJHOM W HAaMarHM4eHHOM (BO  BHEIIHEM
NEPHEHANKYJIAPHOM TOJI€) COCTOSHUSIX, BOCCTAHOBHUTH IIOJIE  BEKTOpa
HAMarHUYEHHOCTH B 00OpasIie.

IIpoBecT KauyeCTBEHHBIM AaHAJIN3 IIOJIYYEHHOW MAarHUTHOM CTPYKTYPBI,
0003HaYUTh OCOOCHHOCTH MOBEJACHHS BEKTOpa HAMAarHUYEHHOCTH B IOMEHAX U
JIOMEHHBIX TPaHULIAX.

IIpoBecTr KOJIMYECTBEHHBIN aHAIU3 OJIYY4EHHOU MarHUTHON CTPYKTYPBI.
CpaBHUTh XapaKTEpUCTUKA MAarHUTHOM CTPYKTYpbl TOHKOM TUIEHKH B

pa3MarHu4eHHOM (MCXOJIHOM) U HAMarHM4€HHOM COCTOSIHUSIX.
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KoppeasimnoHHbIi aHAJIU3.

Hcnone3yss JMHUM CEUYEHUS, MOMYyYUTh HECKOJBKO pealn3aiuii ¢
pacTpoBOro M300pa)KEHWS MAarHUTHOM CTPYKTYpbI, Hampumep, BAOIb OCh
JIETKOTO0 HAaMarHMYMBAaHMS M TOJ pa3iuuHbIMH yriamu K Hel. [IpoBectu
JMArHOCTHKY KaXKJI0M pean3allii, UCIOJb3Ys MOHSATHE CIy4aifHOTO IMpolecca.
BriOpate  (1OsSICHUTH CBOM  BBIOOp) peald3alldd, TMpUeMIIeMbIe IS
aTTPAaKTUBHOTO aHaiu3a. Vcmomnp3ys ommcaHue, MPEIIoKEHHOE K KaxaAoOMy
JOPEHIIMUKPOCKOITMYECKOMY H300paKE€HUIO, OLEHUTh JUIMHY peaju3aluu B
MUKPOMETpaXx.

[TomyunTh Ha MOHUTOPE TPaPUKU KOPPEISILIMOHHBIX (DYHKIIHIA CITy4ailHOro
npouecca. OOBSICHUTh HUX TOBEICHHWE M CBS3aTh C XapaKTEPUCTUKAMHU

COOTBETCTBYIOIIETO CIYYaiHOTO MpoIiecca.

ATTpPaKTHBHBIN aHAJIN3.

Ha BbIOpaHHO# peanu3anuu MOCTPOUTh CEMENCTBO (ha30BbIX TPAEKTOPHUI
(®T) u ompemenuth uX CTPYKTYpy. llpocinenuTs IUHAMHUKY W3MEHEHUS
(a30BOro MopTpeTa B 3aBUCUMOCTH OT caBUra T. [1o BO3BMOKHOCTH 0003HAYNTH
ONTUMAJbHBIA CIBUI T, IIOCJIIE KOTOPOrO HE IPOUCXOIUT 3HAYUTEIBHBIX
n3MeHeHuil «kiyoka»y DT. OObsacHuTh, mouemy cemeirictBa OT Ha3bIBaIOT
MCEBA0ATTPAKTUBHBIMUA MHOXKECTBAMMU?

Hcnone3ys rmaBHoe cedyeHue IlyaHkape, MOJy4YUTh T'HCTOTPAMMBbI
pacupeneneHusl OTOKa IepecedyeHuil riaBHoro cedyeHus llyankape OT s
HECKOJIbKHAX CIBUTOB T (ompeneseHHbIX Mperno/iaBaTesieM).
[IpokoMMEHTHPOBATh WX TUHAMUKY B COOTBETCTBHHM C M3MEHEHHEM (Da3oBBIX

KpPHUBBIX, II. 1.

ATTpPaKTHBHBII aHaJIu3. KounuyecrBennbie XapaKTepUCTUKH

INCEBJ0ATTPAKTUBHLIX MHOKECTB.
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OOBbsICHUTB, 3a4ue€M BBOJATCA HMHTErpajibHble ¢GyHKUMH Mepbl JleGera
(UJIDOM). TToctpouts NJIIOM miist paznuuHbix T. BeiOpath 6a30ByrH0 KpHUBYIO,
MOSICHUTB CBOM BBIOOD.

[TpoBecTnn Merpuzanmio Jie0eroBckux (yHkmuil. Omucath MOBEIACHUE
kpuBoit L(k).

BriBectn (aitn otuera. Mcmonb3ys MIMHY KOHKPETHOW peau3alluu C
pacTpoBoro n300pakeHus, MOIYYSHHOTO B 1.1, 1 uHpopMmaIuio (aiina oTyera,

PaCCUYUTATb MAI'HUTHLBIC ITapaMCTPbl CUCTCMBEI.
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NucTpykuus noan3oBareis k nporpamme «KAPMM»

BxrounTe KoMIbproTEp.

[Tocne 3arpy3ku pabouero skpaHa, Ha pabo4yeM CTOJIE OTHIIMIUTE MaINKy

«APMM». JIBaxkJ1bl MIEIKHATE KypCOPOM MBIIIKK HA 3TOM MAaIIKeE.

3aTeM B TMOSBHUBIIEMCS OKHE JABAXKIbl WICIKHUTE MBIIIKOM Ha (aiin

armi.exe.
& APMK - 18] ]
fle Edt Yew Hep
[ 3 aPMU R =
0 ::jrn
{=] Ru
115 object(s} 20748

Jlamee mpou3onaeT 3arpy3ka nporpamMmMsl.
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B nporpamme cymniectByet detbipe okHa. Ilociie Toro kak Bl BblOepeTe
daitn, B seBom BepxHem (JIB) okHe Oymer  mpeacTaBiICHO
JIOpEHIIMUKpOCKOoNMYeckoe pactpoBoe uzoOpaxenue. [IpaBoe Bepxnee (I1B)
OKHO OyJeT cozepxaTh B ceOe rpaduk peanusaiuu, MoJy4YeHHbIN TPU TOMOIIU
muHuu cedyenus. Hwxuee neBoe (HJI) OkHO copepuT MyHKTHI ynpasieHus. B
HkHeM npaBoM (HII) okne OyayT oToOpakaThbesi Bce MOCHEayonme rpaduku.
Jns Hayana pabotel BeiOepute NMyHKT B HJI okHe «OoTKpwITH daiim» Jlamee
BBenuTe Ha3BaHue ¢aima (B Bume pic* *bmp, rme * — 310 HOMEpa
nzoopaxkenuit). [ns mpumepa BBeaute «pic3 lL.bmp» M HaXMUTE KHOIKY
«Enter»  Ha  kjmaBMaType, IOCIE€  3TOrO BBl  Cpa3y  yBUIUTE
JIOpEHIIMUKpOCKoNYeckoe n3oodpaxenue B JIB okHe.

UToOBI MpOBECTH TUHUIO CEUCHUs, BbIOEpUTE MMYHKT «BBOA KOOpAMHATY U
Haxmute «Enter» (manee .J/), B JIB okHe mosiBUTCS KpacHbld Kypcop. Ilpu
MOMOIIM KYPCOPHBIX KiaBuill U kiaBuiu «Ctrl» mepemMecTuTe ero B HY>KHYIO
TOYKY U300paXeHUSI U HAXKMUTE J, 3TO OyJeT Havyajuo Ballel JJUHUU CEYEHUS.
Ecnu BbI Oyniete nepeMeniatb Kypcop B KaKyr0-HHUOYb CTOPOHY, TO Bbl YBUIUTE,
KaK 32 KypcOpoM TSHETCS KpacHas 1oJjioca. JTO M €CTh Balla JIMHHUSI CEUEHUS.
Bri6epute KOHEUHYIO TOUKY JIJIsl Balllero ceueHus u HaxMute ). Cpasy, Kak BbI
10 mponenanu, B [IB okHe mosBUTCA peanu3anus, MOCTPOCHHAs IO Balleu
JMHUU ceveHus. [lpumeuanue: OnunHa TUHUY cedeHusi O0IHCHA Oblmb He MeHbUule
3/4 scezo uzoopasicenus, m.e. npumepro > 200 mouex.

Jlnst Toro 4roObl yBUAETh KOP(GYHKINIO, BbIOEpUTEe MyHKT «KoppensuronHas
GyHKIUS U HAKMUTE .

3arem mosiyuuM (a3oBbIM MOPTPET NpPU MOMOUIM NyHKTa «Da3oBbIii
nopTper». B naHHOM cllydae CyIIECTBYeT BO3MOXHOCTb MEHATH IMapaMmeTp
C/BUTA IMPHU MOMOIIN KYPCOPHBIX KJIaBHUII «BJIEBO» U «BIPABO», U MPOCIEIUTH
TUHAMUKY W3MEHEeHHs (a30BbIX TpaekTopuid. l[locme TOro, kak BB Bce
MPOCMOTPENIA, HAI0 HaXKaTh KIABUILY «Esc», 4TOOBI MpEeKpaTUTh padOTy C

JTAaHHBIM ITYHKTOM U MEPENTH K CIEAYIOLIEMY.
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Boibeputre  crnenyrommii  myHKT — mporpammbl - «['mctorpamma  moToka
nepecedyeHuit». J[aHHBIM TMYHKT peanu3yeT B ceOe CTATUCTUKY MepeceueHui
raBHOro ceueHus IlyaHkape, KOTOpPYIO BBl JOJDKHBI HAaOJIIOJaTh Ha 3KpaHE
MoHuTOpa. Kak u B ipeapiayneM ciryyae, MOKHO ITPU MOMOIIY KJIaBHUIII «BJIEBOY
VI «BIIPABO» HAOIIOATh CTATUCTUKY IPU Pa3HbIX T. {15 OKkOHYaHUs pabOThI C
ATUM MYHKTOM TaKke HEOOXOMMO HaXKaTh KIaBUILY «Escy.

Crnenyromuii TyHKT MporpaMMel — rnoctpoenue mep Jlebera. Beioepem myHKT
«Meps1 Jlebera» u Haxkmem . Ha rpaduxe Bbl momyuute 10 KpuBbIX, npu
MOMOILM KYPCOPHBIX KJIABHII «BBEPX» W «BHU3» MOXXHO BBIOpAaTh OJHY U3
KPHUBBIX B KauecTBE 0a30BOM, KOTOpas B IporpaMMe BbljieJIeHa KPACHBIM LIBETOM.
Korma BbIOOp OKOHYEH, HEOOXOIMMO HaxaTh kiaBumy . Tem cambim
3aKperuisisi BBIOOp 0a30BOM KPUBOM.

Jlanee HEoOXOIHMMO BBINOJHUTH NYHKT «MeTpu3auus» W MOJYyYUTh
pe3ysbTaT Ha 3KpaHe. JlaHHBIM MYHKT SIBJISETCS MOCIEAHUM B IUIaHe cOopa
CTATUCTUYECKUX JTAHHBIX JIJISl OJTHOTO CEYECHHUSI.

[Ipeanocneauuii myHkT — «BbIBOg oTueta B (ailm». DTy omeparuio
HE00XO0MMO MPOU3BOANTD, YTOOBI COXPAHUTH BCE JJAHHBIE O IOCTPOCHHOM BaMHU
ceyeHuH. BriOepemM 3TOT MyHKT; MOSBUTCS MEHIO, IJI€¢ HEOOXOIMMO MPUCBOUTH
uMs Juis ¢aiina (mpumep: datal.txt).

Ecnu HEeoOXonuMO MPOBECTH €IlE€ HECKOJBKO CEYEHHMM MO OTKPHITOMY BaMU
U300paKEHHIO, TO HEOOXOIUMO BCE BBIMIOJIHATH TaK KaK OMKCAHO C 1.7.
Ecnu Hy>kHO Jpyroe nzodpaxeHue, TO He0OX0JUMO BBIIOJHSATS C 11.6.

Ocobennocmu npozpammol.

[Tpou3BOANTH MOCTPOEHUE TAHHBIX MOKHO B JIFOOOM MOCIEA0BATEILHOCTH,
KpoMme 1.12.

CTpoWTh JIMHHIO CEYCHHMS TakK, 4YTOObI OHA HE TIOMajaja Ha IOJIHUCH B
dotorpadusix. Takxke cienuTh, 4TOOBI JIMHUS HE TIEpeceKana Kakue-HUOyIb
nedeKThl Ha U300pAKEHUSX.

BriBo maHHBIX B (haityt OyeT BHIOTHATHCS B TOM CITydae, €CJIA BBITIONHEH 11.12.

JlaHHOW MHCTPYKIIUUA JOCTATOYHO JJIsl pabOTHI C IPOTPAMMOM.
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MHWHHCTEPCTBO OBPA30BAHMA 1 HAYKU POCCHUIICKON ®EJEPALIMU
denepanbHOE TOCYIaPCTBEHHOE ABTOHOMHOE 00pa30BaTeIbHOE YUPEKICHNE
BBICITICTO OOpa30BaHUs

«/1aJIbHEeBOCTOYHBIN (eepaibHbIN YHUBEPCUTET»
(ABDY)

HIKOJIA ECTECTBEHHBIX HAYK

IJIOCCAPUI

no AucHMILINHe «Pu3uka KOHAKHCHPOBAHHOI'O COCTOAHUSN

11.03.04 — «1eKTPOHUKA U HAHOIJIEKTPOHUKA»

BiaaaguBocTok

2015T.
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I'noccapui

AMop@dHbIe TBepabIe Tejia - 3TO TBepAble Tena, PU3nYecKre CBOMCTBA KOTOPBIX
OJIMHAKOBBI 110 BCEM HAIpaBJICHUSAM (HAOII01aeTCsl M30TPONUS CBOMCTB). [{1s HuUX,
KaK U JUIS KUAKOCTEH, XapakTepeH OJMKHUIA MOPSAIOK B PACIIONIOKEHUN YACTHIL; Y
HUX B OTIIMYHE OT KHUJIKOCTEH MOABUKHOCTH YACTHUI] IOCTATOYHO Majia. AMOP(HBIE
TBEp/Ible TeJa (CMOJIa, CTEKIIO U JP..) SIBISIOTCS MEPEOX0NaXKACHHBIMU KUJIKOCTSIMU
Y HE UMEIOT YETKO BBIPAKEHHBIX CBOMCTB KPUCTAJLIOB.

AHTH(EppPOMAarHeTu3M - MarHUTOYIOPSIOYEHHOE COCTOSIHUE KPUCTAININYECKOTO
BEILECTBA, B KOTOPOM BCE€ WJIM YaCTh COCEIHHUX aTOMHBIX MarHMTHBIX MOMEHTOB
HalpaBJICHbl ~ AHTUNAPAIUIEIBHO, YTO CYMMApHBIA  MarHUTHBII ~ MOMEHT
AJIIEMEHTapPHON MAarHUTHOM SYEHKH KpUCTaJlla paBeH HYJIO (MJIM COCTABIISIET MAJYIO
OO  aToMHOro  MomeHrta). Ocb, BIOIb  KOTOPOH  OpPUEHTHPOBAHBI
aHTU(EPPOMArHUTHO-YIOPSI0UECHHbBIE aTOMHBbIE MarHuTHbIE MOMEHTBHI,
Ha3bIBAETCS OCHIO AHTH(PEPPOMArHeTU3Ma.

BioxoBckas JOMEHHAasA CTEHKA - 00J1acTh (cnoit) BHYTpHU
MarHUTOYIOPSIIOYEHHOTO BEIIECTBA, pa3leisiolias CMEXHble TOMEHbl. BHyTpu
TOH 00JaCTH MPOUCXOJUT MOBOPOT BEKTOpa HAMarHM4eHHOCTH M oOT ero
HaIpaBJ€HUs] B OJHOM JIOMEHE K HallpaBJEHHUIO B coceaHeM aomeHe. [loBopoT
OCYUIECTBJISIETCS. TpPH  MPOJABMXKEHHHM  BIOJIb HOPMaiM K TMOBEPXHOCTH
pa3eAoIero cios TakuM 00pa3oM, YTO HOpMajibHas cocTaBisitonias M octaéres
HETPEPBIBHOM, T. €. HA TOBEPXHOCTHU bI0OXOBCKON TOMEHHON CTEHKH HE BO3HUKAIOT
MarHUTOCTATHYECKUE MOJIOCHI.

Bo030H - yacTrna ¢ HenaplM 3HAaYEHUEM CIMHA. BO30HBI MOTIUMHSIOTCS CTATUCTHKE
bo3ze — DiiHiTeliHa, KOTOpasi I0MyCKaeT, YTOObl B OJJHOM KBAaHTOBOM COCTOSIHUM
MOTJIO HAXOJAUTHCSI HEOTPAHUYEHHOE KOJIMYECTBO OJMHAKOBBIX YaCTHII.

Bakancuss - nedext kpuctaiia, IpeACTaBISIONIMI COOOH y3ela, B KOTOPOM
OTCYTCTBYeT atoM (HoH). MHade roBOpsi, BakaHCHsi — MECTO, TJie B Ciydae
UJCaTbHOIO0  KpHUCTallla JIOJDKEH — pachoJiaraTbest atoM  (MOH), HO B

)IeﬁCTBHTCHBHOCTH €ro B 3TOM ITIOJIOKCHHUH HET.
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BajieHTHBIE 3JI€KTPOHBI - BAJCHTHBIMU 3JEKTPOHAMHM HA3bIBAIOT JJIEKTPOHBI,
HaXO/JISAIIMECs Ha BHEIIHEH (BajieHTHOM) 00010uke aToMa. YeM MeHbIle BaJIeHTHBIX
AIIEKTPOHOB UMEET JIEMEHT, TEM JIerue OH OTIAET ATH ANIeKTPoHbI. 11 Hao0opoT, ueM
OO0JIbIIIE BAJICHTHBIX JIEKTPOHOB COJICPKUTCS B ATOME XMMUYECKOTO 2JIEMEHTA, TEM
Jerde OH TMpHOOpeTaeT AJIEKTPOHBI. [lOJHOCTBIO 3amOJIHCHHBIE BHEIIHUE
ANIEKTPOHHBIE OOOJOYKHM MMEIOT HMHEPTHBIE Ta3bl, KOTOPBIC MPOSBISIOT
MHUHUMAJbHYI0O  XMMHYECKYI0  aKTUBHOCTb. [lepHOIMYHOCTD  3amOJIHEHUS
AIIEKTPOHAMH BHEUIHEH JJIEKTPOHHOM OOOJOUYKH ONpEEsieT NEPUOIUYECKOE
M3MEHEHHE XUMHUECKIX CBOMCTB 2JIEMEHTOB B Tabiuie Menzaeneesa. KonnuectBo
BaJICHTHBIX AJICKTPOHOB (MaKCHUMallbHasi BJICHTHOCTh) PaBHO HOMEPY TPYHIIbI B
nepuoAndeckon Tabnuie MenpaeneeBa, B KOTOPONM HAaxXOAUTCS XHUMHYECKUN
aeMeHT (KpoMe IMOOOYHBIX TOATPYIII).

BexTop broprepca - koimuecTBEHHas XapaKTePUCTUKA, ONUCHIBAIOIIAS UCKAKEHUS
KPUCTALTMYECKON pelIETKU BOKPYT IUCIOKAIUU.

Beiciiasi kaTeropusi KpUCTAJIOB - KPUCTAIUIBI BBICHIEH KATETOPUU HE HMMEIOT
€VMHUYHBIX HAMpAaBJICHUN, y HUX O00s3aTENbHO €CTh HECKOJBKO OCEH MOopsaKa
BBIIIE, YeM 2. DTO BBICOKO CUMMETPUYHBIE KpUCTAILIBL. JIFOOOMY HampaBJICHHUIO B
KpUCTAJJIC  BBICIIEM  KAaTErOPUU  COOTBETCTBYIOT  JPyrue CHUMMETPUYHO
HKBUBAJICHTHBIC HAIPABJICHUS.

I'pynnbl TpaHcasiuMid - MapajuielbHbIE NEPEHOCHI, MPU CIBUTE€ HA KOTOpbIE
KpUCTAJUIMUECKasi CTPYKTypa COBMECTUTCA camMa c coOoi. TpaHciasauuoHHas
CUMMETpHUSI KpUCTAJJIa XapakTepu3yercs pemérkoil bpase. B 3-mepHoMm ciyuae
BCEr0 BO3MOXKHO 14 ThnoB peméTok bpage.

JluamMarHeTusM - CBOMCTBO BEIECTBA HAMAarHUYMBAThLCSI HABCTPEUY HAIMPABJICHUIO
JEUCTBYIOIIEr0 HA HETO BHEIIHETO MATHUTHOTO TOJIA.

JlucrepcuOHHOE COOTHOILIEHHE - DTO CBSI3b YaCTOTHI M BOJIHOBOT'O BEKTOPA BOJIHBI.
DTOT 3aKOH BBIpaXaeT CBS3b BPEMEHHOW M MPOCTPAHCTBEHHOW MEPUOJIUYHOCTH

BOJIHBI.
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JloMeHbl - MakpoCKONM4Yeckas 00JacTh B MAarHUTHOM KpHUCTaJJIE, B KOTOPOU
OpUEHTAalMsl BEKTOpA CIIOHTAHHOW OJHOPOAHOW HAMArHWUYEHHOCTH WJIM BEKTOpA
anTudeppoMarHeTusma (mpu Temmneparype Hike Touku Kropu wmm Heens
COOTBETCTBEHHO)  OMNpEACICHHbIM 00pa3oM  TOBEpHYTa WJIM  CIABUHYTa
OTHOCHUTEJIBHO HAIPaBJICHUHW COOTBETCTBYIOLIETO BEKTOPA B COCEIHUX IOMEHAX.
JloMeHBI CymIecTBYIOT B (eppo- U aHTU(HEPPOMATHUTHBIX, CETHETOIIEKTPUUECKUX
KpUCTaJUIaX U APYTUX BEUIECTBAX, 00JIIal0MIUX CIOHTAHHBIM JATbHUM HOPSIKOM.
EauHuYHbIC HANIPABJIEHMS - €IMHUYHBIM HAIIPaBJICHUEM B KPUCTAJJIE HA3bIBAETCS
€IMHCTBEHHOE HE MOBTOPSIIOIIEECs HallpaBiieHHue. B kpucTamiax MoxeT ObITh OJTHO
€AMHUYHOE HANPABIICHHUE, TPU, MHOKECTBO €IMHUYHBIX HAIIPaBJICHUI U HU OJTHOTO.
3akon bioxa - (3akoH 3/2) - TemnepaTypHas 3aBUCUMOCTb CaMOITPOM3BOJIBHON
HaMmarHudeHHoctu M nist peppomarnetukoB B oonactu temmneparyp T << Tc (Tc -
touka Kropn).

3akon Bunemana-®panua - 570 QU3NYECKUN 3aKOH, YTBEPKIAIOIIMMA, YTO IS
METAJJIOB  OTHOIIEHHE Kod(duumeHta TermaonpoBogHoctu (MuO0 TeH30pa
TEIJIONPOBOJAHOCTH) K YAEIbHOW 3JIEKTPUYECKOW MPOBOAMMOCTH (JINOO TEH30DPY
IPOBOAMMOCTH) IPONOPLUOHAIBEHO TEMIIEPATYPE.

3akon /lebdasi - yTBEP)KIAET, YTO MPU HU3KUX TEMIIEpATypax TEMIOEMKOCTh
TBEPJOro Tejla BO3pacTaeT MPONOPLUUMOHAIBHO KyOy TemmnepaTyphl. 3akoH Jlebas
CIPABEJINB IS TUAJIEKTPUKOB U MOJYIPOBOJIHUKOB IIPU TEMIIEPATypax, HAMHOTO
MEHbIIUX Temneparypsl Jlebas.

3akon /Jrosionra u IlTu - (3aKOH MOCTOSHCTBA TEIIOEMKOCTH) — SMITUPUIECKUAN
3aKOH, COTJIACHO KOTOPOMY MOJISIpPHAS TEIUIOEMKOCTD TBEPBIX TEN PU KOMHATHON
TeMriepaType oimska k 3R.

3akon Kropu - onucelBaeT MarHUTHYH BOCIHPUUMYHMBOCTH IapaMarHETHKOB,
KOTOpass MNpH IIOCTOSSHHOM TemIepaType JUisi 3TOro BHJAa MaTepuajoB
NPUOJIM3UTENIBHO MIPSIMO MPONOPLUHUOHATBHA MPUIOKEHHOMY MArHUTHOMY MOJIIO.
3akoH Kropu mocTyaupyer, 4To Ipu H3MEHEHHWH TEMIIEpaTypbl M IOCTOSHHOM
BHEIIHEM TMOJE, CTeNeHb HAMAarHWYE€HHOCTH MapaMarHeTMKOB  OOpaTHO

MPONOPILIMOHANIBHA TEMIIEpATYypE.
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3ona Bbpumosna - otoOpaxeHnue sueiiku Burhaepa-3eiitiia B oOpaTHOM
npoctpancTBe. B mnpuOmmbkeHnun BoiaH broxa BonHOBas  (QyHKUUS UL
MIEPUOANYECKOT0 TOTEHIIUAJIA PEMIETKY TBEPAOTO TEJIA OJHOCTHIO ONMUCHIBACTCS €€
MoBeJICHHEM B mepBoil 30He bpummosna. Ilepas 3ona bpuimitosHa (yacto
Ha3bIBacMas MPOCTO 30HOW bpumiosHa) MOXKET OBITh MOCTpOEHAa Kak OO0BEM,
OTPAHUYEHHBIA IUIOCKOCTSIMH, KOTOpPBIE OTCTOSIT HA pAaBHBIE PACCTOSHHUS OT
paccMaTpuBaeMoro y3jia 00paTHON PemETKY 10 COCEHUX y3710B. 30Ha bpuiuttosHa
— MHOECTBO TOYEK B OOpAaTHOM MPOCTPAHCTBE, KOTOPHIX MOKHO JOCTUTHYThH U3
JTAHHOTO y3J1a, HE TIepeceKas HA OJTHOM OPIrTOBCKOM MIOCKOCTH.

Hounplil paguyc - xapakTepHbIA pa3Mep MapooOpa3HbIX MOHOB, MPUMEHSIEMbIN
JUIS. BBIYHUCIICHUS MEXATOMHBIX PACCTOSIHUMA B HMOHHBIX coenuHeHusx. [lonsitue
VIOHHBIN paJinyC OCHOBAHO Ha IIPEIIIOI0KEHUH, YTO pa3MeEPbl HOHOB HE 3aBUCAT OT
COCTaBa MOJIEKYJ, B KOTOpble OHM BXOonaiaT. Ha Hero BiMseT KOIUYECTBO
ANIEKTPOHHBIX O0OJOYEK U TIUIOTHOCTh YIAKOBKM aTOMOB U HOHOB B
KPUCTAJUIMYECKON PELIETKE.

KospuutuBHass cuia - HanpsHk€HHOCTh HC MarHWUTHOTO mMOJIsl, B KOTOPOM
dbeppoMarHuTHBI o0Opasell, MEepBOHAYAIBHO HAMAarHUYEHHBIH 10 HACHIIICHHUS,
pa3MarHM4nBaACTCHL.

KpaTHOCTBH TOYEK - YMCIIO TOYEK OOIIEro MOJIOKEHUS, TpeoOpa3yroumecs Ipyr B
JpyTa Mo AEUCTBUEM BCEX OINEpalliid CAMMETPUH IPYIIbI, IPUXOIAIIECECS HA OTHY
AIIEMEHTAPHYIO AYEHKY.

Kpucrasibl HOHHBIE TPEJCTABISIOT COOOM KPUCTAJUIBI, COCTOSIINE M3 HOHOB,
CBSI3aHHBIX MEXIY COOOM ANMEKTPOCTATUYECKUM MPUTSKECHUEM.

Kpucranibl KoBajleHTHBIE - KPUCTAJUIMYECKUE BEILIECTBA, B KOTOPBIX BCE ATOMBI
00BeIMHEHBI KOBAJICHTHBIMU CBSI3IMH, 00Pa3yIONMMU TPOCTPAHCTBEHHBIN KapKac
(TOMOJIECMUYECKYIO KPUCTAUIMYECKYIO CTPYKTYpPY). OOBIYHO HMEIOT aXypHYIO

CTPYKTYpY, B HUX OTCYTCTBYET IUIOTHAS YIIAKOBKA.
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Kpucramisl merayinyeckue - KPUCTAUIMYECKUE BEIIECTBABA, BCE ATOMBI
KOTOPBIX 00BEMHEHBI METATNIMYECKUMHU CBSA3SIMU - BaJICHTHBIE 3JIEKTPOHBI METaLIa
JIEJIOKAJIM30BaHbl IO BCEMY MPOCTPAHCTBY KPUCTAUIMYECKOW  PEIIETKH,
oOpazyeMoil  ero  MOJIOKUTEAbHBIMU  HOHaMHU. CTPYKTypbl  KPHUCTAILJIOB
METAUINYECKUX XaPAKTEPU3YIOTCA IUNIOTHOM Y IJIOTHEMIIEN YIIAKOBKAMH.
Kpucramisl MojekyjJasipHble - KpHUCTaUIbl, OOpa30BaHHBIE MOJEKYJIaMHU,
CBS3aHHBIMH CHJIAMH MEXMOJICKYJISIPHOTO B3aHUMOJICUCTBUA. OJTO TJIABHBIM
o0pa3oM BaH-Jep-BaaIbCOBHI CHUIHI.

Marneron bopa - equHHIAa 3JIEMEHTAPHOTO MAarHUTHOTO MOMEHTa. MarHuTHbIN
MOMEHT 3JIEKTPOHA KpaTeH MarHeToHy bopa pg. CieioBarenbHo, [l UTPAET POJIb
AJIEMEHTAPHOIO MATrHUTHOTO MOMEHTa — «KBaHTa» MAarHUTHOTO MOMEHTa
AIEKTPOHA.

MaruuTHasi aHU30TPONMS - 3aBUCUMOCTh MAarHUTHBIX CBOMCTB (peppOMarHeThka
OT HAMNpaBJICHUS HAMAarHUYEHHOCTH IO OTHOIIEHHUIO K CTPYKTYPHBIM OCSM
o0pasymoIero ero Kpyucrasia.

MaruuTocTpukuMs - U3MEHEHHE QOpMBI U pa3MEpoOB Tejla IMPU  €ro
HaMarHMYWBaHUU.

MarHoH - KBa3MuyacTWIla, COOTBETCTBYIOIIAS AJIEMEHTAPHOMY BO30YKICHUIO
CHUCTEMbl B3aMMOJICUCTBYIOIIUX CHOUHOB. B Kkpucramiax ¢ HECKOJIbKUMHU
MarHUTHBIMH ~ MOJApPEIMIETKAMU  (HampuMep, aHTU(QEeppOMArHeTHKax) MOTYT
CyIIECTBOBATh  HECKOJBKO  COPTOB  MAarHOHOB, MMEIOIIUX  pPAa3JIUYHbIC
DHEPreTUYECKHE CHEKTpbl. MAarHoHbl TOAYMHSIOTCS CTAaTUCTHKE boze —
OWHIITEHA.

Husmas kaTeropusi KpUCTAJJIOB - K HU3IIEH KaTerOpUu OTHOCATCS] KPUCTAJUIBI, Y
KOTOPBIX HET OCE CUMMETPUH MOPSIAKA BBIIIE YEM 2, a €AUHUYHbBIX HAMPABICHUN

HECKOJIBKO.
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HopmanbHble Ko1e0aHusi - Ha0Op XapakTEpHBIX JI KOJIEOATEIbHOU CHUCTEMBbI
TUINIOB TapMOHUYECKUX KojeOanuil. Kaxkmoe u3 HOpMalbHBIX KojeOaHU
¢uznyeckoil  cucTeMBl, HampuMmep, KoJiebaHWii aTOMOB B  MOJIEKYJax,
XapakTepusyercss cBoed uactoToil. Takas yacToTa Ha3bIBaeTCs HOpPMalbHas
yactota. Habop 4acToT HOpMalIbHBIX KOJIEOAHUM COCTaBJIsIET KoJieOaTeNbHbIN
cnekTp. [IponsBonbHOE KONEOaHUE PU3NUECKONW CUCTEMBI MOKHO MPEICTaBUTH B
BUJIE CYNEPIIO3UIIMA HOPMAIbHBIX KOJIEOAHUH.

IlapamarseTusM - CBOMCTBO BEHIECTB (MapaMarHETUKOB), MOMEIIEHHBIX BO
BHEIIIHEE MATrHUTHOE M0JIe, HAMAarHMYMBAaTbCsl B HAIPABICHHUH, COBIAJAIOIIEM C
HaIIpaBJICHUEM HTOTO TOJISI.

Ilepexoanbie MeTamabl - xumudeckue »sieMeHThl 16 u VIO mnoarpynn
MEPUOANYECKON CHCTEMBI 3JEMEHTOB. B mepexogHbIX MeTamiax. BHYTPEHHUE
000JIOYKM aTOMOB 3aloOJHEHbl TOJBKO YacTHUYHO. PasnuuaroT d-meramibl, y
KOTOPBIX MPOUCXOAUT nocTeneHHoe 3anoinenue 3-d (ot Sc 1o Ni), 4-d (ot Y no Pd)
u 5-d (or Hf no Pt) - mogo6osouek, u f-MeTaiibl, y KOTOPBIX 3amonHsoTes 4f-
moA000I0UKH (peaKHUe 3eMIu, WK JaHTaHouasl, oT Ce 1o Lu) u 5f-mogobonouxu
(aKTUHOMIBI).

[lnoTHelimasa ynakoBKa WHIAPOB - €CJIM aTOMbI NPEACTaBUTH B BHUJE MaJbIX
TBEPJIBIX HEC)KMMAEMBIX I1apOB, MEXIY KOTOPBIMU JEHCTBYIOT CHJIbI B3aUMHOIO
OPUTSHDKEHUST W OTTAJIKWUBAaHUS, TO OCOOCHHOCTH CTPOCHMSI OOJBIITMHCTBA
KPUCTAJJIOB MOKHO YCJIOBHO paccMaTpHUBaTh KaK MPOCTPAHCTBEHHYIO YMaKOBKY
Takux mapos. [1lapsl ykiaapIBaroTCs Tak, 4TOOBI yITaKoBKa 001aiana Hanbobien
CUMMETPHUEN U KOMMIAKTHOCTBIO. JTO YCIOBUE BBIMIOIHAETCS, €CIU KaXKIbli 1Iap
COMNPHKACACTCS C IIECThIO Imapamu. I[lpum 3TOM B IMJIOCKOM Cll0€ KaXKIbId IIap
OKPY)KEH IIECThIO TPEYTOJbHBIMH JIyHKaMU (IIyCTOTaMM), a Kaxjas W3 JIYHOK —

TpeMsl IIApaMHU.
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IHonymera/uibl - BEIIECTBA, 3aHUMAOIIME IO JJIEKTPUYECKHM CBOWCTBAM
MIPOMEKYTOUYHOE TIOJIOKEHUE MEKIYy METaUlaMd M TMOJYyHNPOBOJHMKAMH. [[s
MOJIYMETAJVIOB  XapaKTEepHO CJIaboe TEPEeKPHITUE BAJICGHTHONM 30HBI W 30HBI
MPOBOAUMOCTH, YTO NPUBOOUT, K TOMY, YTO MOJYyMETAUIBl OCTAKOTCS
MIPOBOJTHUKAMH BIUIOTH 10 a0CONIOTHOTO HYJS TEMIEpaTypbl M K Majioi (1o
CPAaBHEHHMIO C METa/IAMK) KOHIIEHTpauuy Hocutenei Toka (108—10%cm-3).
[MoaynpoBoaHMKH - MaTepuas, KOTOPBIA IO CBOEU YACIbHOM ITPOBOAUMOCTH
3aHAMAET NPOMEKYTOYHOE MECTO MEXIY IMPOBOJHUKAMU W JIHAICKTPUKAMHU U
OTJIMYAETCs OT MPOBOJIHUKOB CUJIIbHOM 3aBUCUMOCTBIO YAEIbHOU IPOBOAUMOCTH OT
KOHIICHTpAIIMK TPUMECE, TemmepaTypbl W BO3ICHCTBHS pPa3JIMYHBIX BUIOB
n3nydyeHuss. (OCHOBHBIM CBOMCTBOM TOJYNPOBOJHUKA SIBISIETCA YBEJIMYECHUE
AIEKTPUYECKON IPOBOAUMOCTH C POCTOM TEMIIEPATYPHI.

IIpaBwibHas cucTEMA TOYEK - CUCTEMOUN SKBUBAJICHTHBIX MO3ULIMHI - HA3bIBACTCS
COBOKYIIHOCTh TOYEK, IIOJYYEHHAs PA3MHOKEHUEM MCXOJAHOM TOYKH BCEMU
orepanusMi CUMMETPUU JaHHOM MPOCTPAaHCTBEHHOW Tpynmbl. [Ipu sTom nmobas
omnepanus, MEepeBOMAIIAs OJHY TOYKY B JPYTYHO, NPUHAJICKAIIYIO 3TOW XKe
IIPAaBUJIIbHOW CHUCTEME, IPUBEAECT K COBMEIIEHUIO BCEX OCTAJIBHBIX TOYEK JaHHOU
CUCTEMBI, T. €. Mpeo0pasyeT JaHHYIO CUCTEMY B caMO€ ceOsl.

IIpsiMmoe 00MeHHOE B3aUMO/IeiiCTBHE - B3AMMOJICHCTBAE TOXICCTBEHHBIX YaCTHII
B KBAaHTOBOM MEXaHUKE, MPUBOJSAIIEE K 3aBUCUMOCTH 3HAUYECHUSI SHEPTUN CUCTEMBI
yacTul OoT €€ moyiHoro cnuHa. IIpencraBnsger coOOi YUCTO KBAHTOBBIM 3(deKT,
MCUE3al0LIMU PU NPEAETBHOM MEPEXOIE K KIIACCUUECKON MEXAHUKE.
Pacnpenesnenue bo3ze-JiiHTeiiHa - onpeaesser pacupeielICHHe TOXKIECTBEHHBIX
YaCTHI] C HYJIEBBIM WJIH 1ETOYUCIICHHBIM CIIMHOM (TaKOBBIMH SIBJISIIOTCS, HAIPUMED,
(GOTOHBI) 1O DHEPreTHUYECKUM YPOBHSAM B COCTOSIHUM TEPMOJUHAMHYECKOTO
paBHOBecuda. Cratuctuka bo3ze-OiHIITeiHA CBs3aHAa C KBAHTOBOMEXaHUYECKUM

IMPHUHOUIIOM HEPAZINIUMOCTHU TOXKICCTBCHHBIX YaCTHII.

66



Pacnpenenenuin ®@epmu-/Aupaka - KBaHTOBAS CTATUCTHMKA, NPUMEHsSIEMAs K
CUCTEMaM TOXICCTBEHHBIX (EPMUOHOB (YAaCTHUIl C TOJYLUEIbIM CIHUHOM,
NOJUMHAIOIIMXCA NpuHUMIy 3anpera [laynm); omnpenenser CTaTUCTUYECKOE
pacnpenenenre GepMUOHOB MO YHEPTETUYECKUM YPOBHIM CUCTEMBI, HaX0AA1eHCs
B TEPMOJMHAMHUYECKOM PAaBHOBECUU; IO3BOJISIET HAWTHU BEPOATHOCTb, C KOTOPOH
(dbepMHOH 3aHUMAET NaHHBIM SHEPTETHUYECKUI YPOBEHb.

Pemerka bpaBe - Ha3piBaeTCcs HAO0Op DJIJIEMEHTAPHBIX TPAHCIALMM WU
TPAHCISMOHHAS TPYyMMa, KOTOPHIMH MOXET OBbITh IMOJIydeHa BCA OECKOHEeuHas
KpUCTaJUTNYeCKass pemeTka. Bece Kpuctammyeckne CTPYKTYpbl ONHUChIBaKOTCS 14
pewéTkamu bpase, 4uCII0 KOTOPBIX OIPAaHUYMBAETCSI CHMMETPHUEH.

CuHroHus - (0T TpeYECKUX GUV, «COrJacHO, BMECTE, PAAOM», U YOVIO, «yromy —
«CXOJHOYTOJBHOCTBY) —  KiIaccupukanus KpucTauiorpaduyecKux Tpymd
CUMMETPHH, KPUCTAIUIOB U KPUCTALIMYECKUX PEIIETOK B 3aBUCUMOCTH OT CUCTEMBI
KOOpJIMHAT (KOOpAMHATHOro pemnepa). ['pynmel CHUMMETpUM C  €IMHOMN
KOOPAMHATHON CUCTEMOI 00BbEIUHSAIOTCS B OJIHY CHHTOHHUIO.

CnoHTaHHasi HAMArHUYEHHOCTb - COOCTBEHHAasi HAMATHUYEHHOCTh MAarHUTHOTO
BEIIIECTBA, HE 3aBUCSALIAs OT BHECIIHUX YCJIOBUHU.

Temneparypa Jlebasi - Temneparypa, Ipu KOTOPOW BO30YKIAIOTCS BCE MOJbI
KoJeOaHuil B TaHHOM TBEpPJOM Tene. JlanbHelilee yBeIuueHue TeMIepaTypbl He
MPUBOAUT K TIOSIBJICHHIO HOBBIX MOJ KOJICOAHWM, a JIMIIb BEAET K YBEIMYCHUIO
aMILUTUTY YK€ CYLIECTBYIOIIMX.

da3oBble Mepexo/bl - MEPEXo/l BEMIECTBA U3 OJTHON TEPMOJIMHAMHYECKOU (a3l B
JPYTyIO0 IPU U3MEHEHUN BHEIIHUX YCJIOBHU. C TOYKH 3pEHUS IBUKEHUS CUCTEMBI
no @a3zoBoi aMarpamMMmMe TpH HM3MEHEHWHM €€ WHTEHCUBHBIX IapaMeTpoB
(Temmeparypbl, naBieHus) (a30BbI TEpPexoj]] MPOMCXOAUT, KOTJIa CHCTeMa
nepecekaer  JIMHWUIO, pasfensiomyro  aBe  (asel.  Ilockonbky — pa3Hble
TEPMOJIMHAMHUYECKHUE (Pa3bl ONMUCHIBAIOTCS PA3IUYHBIMUA YPABHEHUSIMU COCTOSTHUS,
BCET]a MOXHO HAaWTH BEJIMUMHY, KOTOPasi CKAaYKOOOpa3HO MEHsETCs pu (pa3oBoM

nepexo/ie.
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@®epMHOH - yacTHIA (MM KBa3W4acTHLA) C MOJYLEJIbIM 3HAYEHHEM CIIMHA.
[Tpumepsl GpepMUOHOB: KBapKH, JIENTOHBI, 3JIEKTPOHBI, JBIPKU (KBAa3MYaCTHUIIBI B
NOJIyIPOBOJHUKE). DepMUOHBI MOAYHUHSIOTCS cTratuctuke ®epmu — Jlupaka: B
OJTHOM KBaHTOBOM COCTOSIHUM MOKET HAaXOJWUTbCA HE 0o0Jjiee OJHOW YacCTHULIBI
(npunnun [Taynm).

@eppoMarHeTu3M - MArHUTOYMOPSAOYEHHOE COCTOSIHHE BEIECTBA, IPU KOTOPOM
BCE MArHUTHbIE MOMEHTBI AaTOMHBIX HOCHUTEJIEH MAarHeTu3Ma B BEIIECTBE
napajuielbHbl 1 OHO 00J1aJae€T CaMONPOU3BOJIbHON HAMAarHUYEHHOCTBIO.

@oHOH - KBAa3UYACTHUIIA, NIPEJICTABISET COOOM KBaHT KOJIEOATEIbHOTO JBUKCHHUS
aToMoB Kkpuctauia. CnuH ¢oHOHa paBeH Hymo (B eauHunax h). DoHoH
NPUHAIIEKUT K YUCITy OO30HOB U OMHUCHIBAETCS CTATUCTUKOMN bo3e-DiiHiTeliHa.
Yacrora [ledas - MakcUMallbHasl 4acToTa, ¢ KOTOPOM MOTYT KOJeOaTbCs aTOMbI
OKOJIO CBOMX IOJIOKEHUN PAaBHOBECHS.

46. JHeprusi depmu - >HEPrUs, HUKE KOTOPOM BCE COCTOSHHSI CUCTEMBI
YacTUI] WM KBa3M4YacTUL, MNOAUUHSoOmUXCs cratuctuke Pepmu - Jlupaka,
3aMOJHEHBI, @ BBIIIE - MYCTHI B OCHOBHOM COCTOSIHUM IpPU aOCONIOTHOM HYJIE
temriepatypbl (T = 0 K). Ins uneansHoro raza depmuoHoB DHeprus depmu
COBIIAJAET ¢ XUMUYeCKUM noreHuuaioM npu T = 0 K, 310 yBennueHue sHepruu
OCHOBHOTI'O COCTOSIHUSL CUCTEMBI TPU J0OABIEHUN OJJTHOM YacTHUIIbl. DHEprust Pepmu
UHTEPIIPETUPYETCS KaK MaKCUMalbHast SHEPTUsi (epMHOHA B OCHOBHOM COCTOSIHUU
py a0CONMIOTHOM HYyJIE TEMIEPATYD.

47. dddexTBHAA Macca - BEIMYMHA, HMEIOLIAA Pa3MEPHOCTh MAaCChl,
XapakTepu3yronias JUHAMUYECKHE CBOMCTBAa KBazuuyacTull. Hampumep, nBH>KeHHE
AJIIEKTPOHA MPOBOAMMOCTUA B KPHUCTAJUIE MOJ IACHCTBUEM BHEIIHEH CHJIBI U CHIL,
JNEUCTBYIOIIUX CO CTOPOHBI KPUCTAIUIMYECKON PEIIETKH, B PSAE CIYy4acB MOKET
ObITh OMMCAHO KaK JIBM)KEHHE CBOOOJHOIO AJIEKTPOHA, Ha KOTOPBIA ACHCTBYET
Tosibko cuia F, Ho ¢ D¢ dexTuBHON Maccoid m™, OTAMYHON OT Macchl m CBOOOIHOTO
AJIEKTPOHA. DTO OTIMYHUE OTPAKAET B3aMMOJCIHCTBUE JIEKTPOHAHA TPOBOIUMOCTH

C PELIETKOM.
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