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1. BBEAEHUME

JlanHOe MeToMYecKoe ocoOue MOCBSIIEHO BOMPOCAM BBIMOJHEHUSI KYPCOBOM
paboThI MO TUCHHUILIMHE «MaTepuanbl U 3IEMEHTHI JJIEKTPOHHOU TEXHUKNY, a TaKXKe
npaBuiIaM opopMIIeHHS OTYEeTa MO JaHHOM paboTe u popme ee 3alTUThI.

[leapto KypcoBoOil pabOThI SIBISIETCS CHCTEMaTH3allvs, pacllupeHue W
3aKpEIUICHUE TEOPETUYECKUX 3HAHUM CTYJACHTOB II0 HA3BaHHOM [HUCLUIUIMHE H
NOJIyYEHUE HABBIKOB IPUMEHEHHUS TOJIYYEHHBIX 3HAHWI Ha MPHUMEPE PEIICHUS
KOHKPETHOH HHXKEHEPHO-PACYCTHON 3a/Jaydl 3JICKTPOHHOTO MPUOOPOCTPOCHUs, a
TAK)K€ NPHOOPETEHHS] HMMHM HABBIKOB CaMOCTOSITEIbHOM paboThl M aHajau3a
IIOJIyYEHHBIX pe3yJbTaToB.  M3510)KeHHBbIE B nocoouu METOAUYECKUE
PEKOMEHJAMN TakK€ HAIPaBJICHbl HAa IIOJyYEHUE HABBIKOB IIPEICTABIICHHS €€
pe3yNbTaTOB ISl OOCYXJEHHS Ha Hay4dHbIX KOH(EpEeHIUSX, CUMIO3UYyMax,
COBELLAHUSX.

[Ipyu  pemeHun  KypcoBOol  pabOTbl  CTYOEHT  JOJDKEH  IPOSBHUTH
CaMOCTOSITEIIBHOCTh U TBOPYECKYK) HWHHIMATUBY, a MPHUHATHIE UM pELICHUS WU
BBIBO/IbI JJOJKHBI OBITh ApIYMEHTHPOBAHO PALIMOHATIbHBIMHU.

BrimonHeHne KypcoBoi paboThl CTPOUTCS MO TIOITAITHON CXEME, UTO CBSI3aHO C
Pa3JIMYHBIM YPOBHEM 3HAHHUS Y CTYIAEHTOB MCXOJHOI'O TEOPETHYECKOI0 MaTrepuasia
TUCHUIUIMHBI, YMEHHS MPOTPAMMHUPOBATh U HABBIKOB BIIAJICHUSI BBIYMCIUTEIBHON
TEXHUKOW KOHKPETHBIM, & TAKXKE Pa3JIMYHBIM UHTEPECOB CTYAEHTOB K OIIPEACICHHON
00J1aCTH 3HAHUU.

OpHOli M3 Ba)XHOW COCTaBIAIONIMX YCHEIIHOM paboThl CTyAeHTa Haj
KYpPCOBBIM 3aJJaHHEM SIBJSIETCS MCIIOJIB30BAHME CHCTEMHOIO II0AXO0JAa K HEW,
NpaBUIbHOE IJIAHWUPOBAHUE BPEMEHU Ha BBIMIOJIHEHHE OTIENbHBIX 3TANOB PadOTHI.
Hcxons U3 CIOKHOCTH KypCOBOM paboThl, Mpeasiaralorcs Cieayrollue MpuMepHbIe
COOTHOILIEHHs] BPDEMEHHBIX 3aTPaT Ha BBIIIOJHEHHUE €€ OCHOBHBIX JTAIlOB:

- U3y4EeHHUE JUTepaTyphl M0 TeMe KypcoBoi paboTsl - 20%;
- COCTaBJIEHUE AIrOPUTMA pacyeTa 3JIEKTPOHHOro 3neMeHTa — 10%;

- TPOBEIECHUE TEOPETHUUYECKOTO pacyeTa nmapameTpoB diemMmeHTa — 20%;
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- IMPOBEAEHUE YHUCIECHHBIX PACUETOB MapaMeTpoB 3aemMenTa — 20%;
- aHaJIM3 MOJYYEHHBIX PE3YNIbTATOB, BBIBOJABI — 10%:;

- odopmiienne otuera o padore — 20%.
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2. OBIIIME CBEJEHHUS O KYPCOBOH PABOTE

2.1. 3aga4u KypcoBoii padoThl

[locraBnenHass Ha KypCOBYIO paboTy Ieib JOCTUTAETCS peIICHHEM
CHEAYIOUIUX 3a/1ay:

- 3aKperuvieHue M yriryOJaeHue TEOPETUYECKUX 3HAHUM, MMOTYYEHHBIX CTYACHTaAMU
IIPU OCBOEHHH TEOPETUYECKOTO MaTepuana AUCLHUILIMHBL «Marepuansl u
AJIEMEHTBI AJIEKTPOHHON TEXHUKN» B (hOpME ayAUTOPHBIX 3aHATUH: JICKIUH U
IIPAKTHK;

- NpUOOpPETEHHE ONbITa CaMOCTOATENbHOM pPabOThl C HAyYHO-TEXHHYECKOW,
CIpaBOYHOU M naTeHTHOU Jutepatypoi, [OCTamu u T.4.;

- TNPAKTHYECKOE NPUMEHECHHWE  3HAHWM, IIOJyYEHHBIX IPU  H3yYECHUU
0011e00pa30BaTEIbHBIX U obuienpodeccuoHanbHbIX JUCLUIUINH,
UCIIOJIb30BAHUE CPEACTB BBIYMCIIMTEIBHON TEXHUKHU, TECOPETUUECKUX METOLO0B
pacyera, a TaKK€ YMEHHE aHAIM3UPOBATh PE3YJbTAThl pacdyeTra C MO3ULINAN
COBEpUIECHCTBOBAHUS Pa3padaThIBAEMOI0 JIEMEHTA 3JIEKTPOHHON TEXHUKHU;

- BbIpa0OTKAa M 3aKpeIUICHHE HAaBBIKOB IOCTPOCHUS LENU JOTUYECKUX
pacCyXJeHUl B IIOUCKOBBIX CHUTyalUsX, a TakKKe TIPAMOTHOIO U
J0Ka3aTEIbHOTO W3JIOKEHUS pe3yslbTaToB paboOThl, HUX OTCTaWBAaHHUE B

AUCKYCCHSX U O6H_ICCTB€HHBIX BBICTYIIJICHHUX.

2.2. TemaTuka KypcoBbIX padoT

KypcoBas pabGora mo aucuurimHe "Matepuaibl U 3JIEMEHTHlI AJEKTPOHHOU
TEXHUKH" BBIMOJHAETCS IO TPEM HAIPABJICHUSM.

llepeoe nanpasnenue BKIIOYAET B ceOs 3aJaHUS MO ONMPEACIICHUIO0 OPUEHTALUN
KPUCTALTHYECKOTO o0pasiia 3aJaHHON TOYEYHON CUMMETPUU W Pa3MepoB, MPHU
KOTOPOM 00eCIeunBaloTCsl SKCTpeMaTbHbIe 3HAUCHU I OJTHOTO MITM HECKOJIBKHUX €ro

(U3UYECKUX CBOMCTB.
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Bmopoe nanpasnenue  BKIO4WaeT B ce0s 3aJaHUS MO ONPEACICHHUIO BHUAA
TEH30pa, OMHUCHIBAIOIIETO 3a/laHHOE (PM3MUECKOE CBOMCTBO KpPHCTAJJa C M3BECTHOM
TOYEYHON CHUMMETpHEH, a TakKe BBIUMCICHUIO BEJIMYMHBI 3TOrO CBOWCTBA MpHU
M3BECTHBIX BHEIIHUX BO3JCHCTBUSIX.

Tpemve nanpaenenue OOBENUHSIET YCIOXHEHHBIE 3aJaHUS MO BBIYHCIICHUIO
BEJTUYUHBI (PU3NYECKOTO CBOMCTBA KpHCTAJJIa 3aJaHHON TOYEYHOM CHUMMETPUHU U
3a/IaHHBIX YCIIOBUSX BHEIIHEro BO3/AeUCcTBUA. [10q00HbBIE 3a1aHNs] pacCMaTPUBAIOTCS
B y4eOHO-METOIUYECKUX TTOCOOUSAX K JaHHOMY KypCYy.

B kypcoBoii paboTe peKOMEHAYeTCsl MCHOJIb30BaTh HOBEUINKME MPOTrpaMMHbBIC
MPOAYKThl  (TEKCTOBbIE BBIYUCIUTEIBHBIE U TpaUUYECKUEe PEAAKTOPHI) IS
BBITIOJIHEHUS PACUETHO-TEOPETHUYECKOM YacTu paboTel U €€ odopMieHHUs B
MOSICHUTENbHOW  3amucke. PaboTy  KenaTeabHO  IETUKOM — BBIMOJHUTH — Ha
NEPCOHAIBHOM KOMIIBIOTEPE C NPUMEHEHHEM TEKCTOBOro penakropa Word u
BCTPOCHHOI'O B HETO peJlakTopa POopMyIL.

Tematnka KypcoOBBIX palOoT (opmupyeTcs U3 OaHKa 3aMpoCOB PA3TUYHBIX
OpraHu3alliii Ha pelIeHWe KOHKPETHhIX 3anad. CTyIeHT BBIOMpaET TeMy
CaMOCTOSITENIbHO, OJHAKO, TMTpPHU BHIOOPE TEMBI  YUYUTHIBAETCS CTETCHb
MOJITOTOBJIEHHOCTH CTYJIEHTa, €r0 Y4acTHE B HAyYHO-HCCIIEIOBATEIbCKUX paboTax

kadenpsl, B paboTe CTyIEHUYECKOTO KOHCTPYKTOPCKOTO OIOPO.

2.3. Texnuueckoe 3aJaHue HA KyPCOBYIO padoTy

B Texnumueckom 3amanuu (T3) Ha KypcOBYyHO pabOTy H3JIOKEHBI CIETYIOIIUE
COCTAaBJISIFOLIHE:
® 1OAPOOHOE OMMCAaHUE HA3HAYEHUS JIEMEHTA dJICKTPOHHOU TEXHUKH,
® pa3BepHyTO€ 00OCHOBaHHE (PUIMUECKUX IMApaMETPOB KpUcCTaiuia U (WJIN)
DIIEMEHTA,;
® BOIPOCH, TpeOylolMe AETATBHOTO PACCMOTPEHHSI JJisi  YCHEIIHOTO
BBITIOJTHEHUSI paOOTHI;

® TICPCUCHDL H€O6X0)II/IMOFO HIUIFIOCTPATUBHOI'O MaTcpuajia.
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PykoBoauTenb NpoeKkTa COBMECTHO CO CTYIEHTOM BBIJEISIET B 3a/JaHUK Hanboiiee

BA)KHBIE MOMEHTHI JIJISl UX JACTaIbHON U YyriyOJeHHOU MPOpabOTKH.

2.4. IlpumepHasi CTPYKTYypa KypcoBoii padoThl u ee 00beM

KypcoBas pabota B o01ieM ciryyae J0KHA COAEPIKATh:

- TekcTtoBbld ToKyMeHT (TJl) - HayYHO-TEXHMUYECKUU JIOKYMEHT, COJep Kalluid
CUCTEMATU3UPOBAHHbBIC JTaHHbIC 0 BBITIOJTHEHHOM CTyICHTOM
HCCJIEIOBATENbCKOW paboTe, OIMUCHIBAIOIIUNA TMPOIECC €€ BBIOJIHEHUS U
MOJTYYEHHBIC PE3YIIbTATHI;

- rpaguyeckuil MaTepHall.

[Ipumeyanus:

1 HeobxomumocTh TmpeacTaBieHus rpadUueckoro maTepuana OnpeaesseTcs

3aJIaHUEM U YCIIOBUSIMH 3aITUTHI PaOOTHI.

2. PabGora ™MoxeT OBITh TOJHOCTHIO WJIM YaCTUYHO TMIPEACTABJICHA Ha
TexHuueckux Hocurensx gaHHbeix OBM (I'OCT 28388), eciu 3TO yCTaHOBJIEHO
3aJlaHUeM (JIOKYMEHTOM, ONPEACISIONIUM TEMY, COJEpKaHue, OOBEM MU CPOKH
BBITIOJTHEHUS CTYJIEHYECKOW pabOThl MO JUCHUILIAHE).

- JIEMOHCTpPalMOHHBbIE JUCTHl (TIaKaThl) - CIyKaT Uil HArJsgHOro
IpeICTaBIICHUs MaTeprasa padoThl TIPH €€ MyOJIMYHON 3aluTe;

- YEPTEXKU U CXeMbl. YEpTEXKU U CXEMBbI, B 3aBUCHMOCTH OT XapakTepa paboThl,
MOTYT MPEJCTABIATHCA KaK HA OTIEIbHBIX JUCTaX, HCIOIb3YEMbIX MPHU MyOIUIHON
3allliTe, TaK U B COCTaBE MOSICHUTEIBHOW 3alTUCKU K KypCOBOM padoTe.

O0beM  3amuCKM  ONpeNeNsieTCs CYIIeCTBOM  paboThl, OJHAKO HauboJiee
npuemsieMblii 00beM ot 20 1o 35 muctoB dpopmara A4. B 3amucky He UMEET CMBICIIA
MOJTHOCTBIO TIEPENUCHIBATh KAKOW-TMOO0 TEKCT U3 APYTMX UCTOYHUKOB WU MOAPOOHO
u3jaraTh CojAep)kaHue y4eOHWKOB, MoOHorpaduil u yuTepatypbl. Tem He MeHee,
COBEpIIIEHHO HEOOXOJWMO WMETh B 3alUCKE XOTS Obl KpaTKoe, HO KOHKPETHOE
OIKCaHUE CYHUTHOCTH PacCMaTpUBAEMOr0 METOJIa BHIYMCICHHS MapaMeTpOB KpUCTAIlIA,
NporpaMMbl 1O YHUCIEHHOMY pEIIEHUIO CHUCTEM YypPaBHEHHM, NPUHIUIY paboThI

pa3pabaTbIBAEMOro 3JIEMEHTAa WM YCTPOWCTBA 3JIEKTPOHHON TexHUKU. [lpu sTOoM
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CIIEAYEeT MOJIHOCThIO UCMOJIb30BATh IpaUuecKre MaTepuaibl: YEepTEKU U CXEMBI, a
Ipy HEOOXOAMMOCTH JOMOJHATh UX HU(PPOBBIMH puUCyHKaMH U (oTorpadusMu B

TCKCTC 3aIllMCKU.

2.5. Teopernueckoe 000CHOBaAHUE PelIEHUS

JlauHbIil pazznen BKIOYAET B ceOs aHANU3 3aJaHus M BbIOOP METOJa pelleHUs
ITIOCTABJICHHOW 3aJ1a4Hu.

AHanu3 3aJaHusl MPOM3BOJUTCS HA OCHOBE W3YYEHUS JIUTEPATYyphl, KAK B BHUJE
MoHorpa¢ui, Tak U cTaTell B HAYYHOU NMepUoIUYEcKor reyaTtu. B Tom citydae, eciau
Ha 3TOM CTaJuu padOThl MOSBISETCS CYLIECTBEHHO HOBBIM METOA peuieHus (Bcei
3a/layd WM €€ YacTu), HOBBIM NPOrpaMMHBIA MPOAYKT WJIM YCTPOMCTBO, TO B
JOTIOJTHEHUE K M3YyYEHUIO JUTEPATYPbl MPOBOJUTCS MATEHTHBIA MOUCK C IEJbIO
IIPOBEPKU MUPOBOI HOBU3HBI PEILICHUS.

Cnenyer oOpaTuTh BHHMMAaHME HAa HOBHU3HY CO3/1aBAEMOr0 IMPOTPAMMHOIO
IPOAYKTa WU pa3padaTbIBAEMOT0 3JIEMEHTA WM YCTPOICTBA 3JIEKTPOHHON TEXHUKU.
HoBu3Ha 3akiioyaeTcsi B pealu3aldd HOBBIX (PU3MUECKUX NPUHIUIIOB, HOBBIX
busnueckux 3PpQPEeKToB, HOBBIX MyTEH A TOCTHXEeHUS uenu. Ilpu aTom Onaromaps
BBEJICHUIO WM YYEeTy HOBBIX ¢u3nueckux 3(h(EKToB Wiu (PU3NUECKHX CBOMCTB
KpUCTaJUIa JOCTUIaeTCsd HOBOE KAaYECTBO B O0OpaOOTKE CUTHAIOB WJIM 3HAYMTEIHHO
YIIyYILAIOTCSl YMCIIEHHbIE 3HAaYEHUsl HKCIUTyaTallMOHHBIX MApaMETPOB 3JIEMEHTOB. B
MEepBOM MPUOIMKEHUH B KypCOBOM paboTe HOBHU3HA MOXET OBITh peaan3oBaHa
nyTeM JIOKJaJa Ha KOH(epeHIuu, ONnyOJMKOBaHUS CTaThbh B  HAy4YHOU
NEPUOJNYECKON I€YaTH, a TAK)KE HAlMCaHUs 3asgBOK HA IIOJIE3HYIO MOJENb, Ha
aBTOPCKUE CBUICTENIHCTB HA M300PETECHUSI.

Br10op anasiora u npoToTUIia UMEET 1eJIbI0 HauOoJIee MOJIHO UCTIOIb30BaTh MPU
MPOEKTUPOBAHUU OIBIT MUPOBOTO MPUOOPOCTPOCHUS U JOKa3aTh MPEUMYIIECTBA
peajaraeMoro MpoeKTa yCTpoucTBa. AHAJIOroM pa3padaThIBAEMOTO 3JEMEHTa WU
YCTPOMCTBA 3JICKTPOHHOW TEXHUKHU HA3bIBAECTCS U3BECTHBIN JIEMEHT UJIM YCTPOUCTBO

OJWUHAKOBOIo € HHUM IIPCIHA3HAYCHMHA, HUMCIOIIICC MaKCHMAJIbHO Onu3Kue K
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3alaHHBIM MapamMeTpbl. OmHAKO aHAJIOT MOXKET WMETh JIM0O OTPAaHUYCHHOE YHCIIO
KOHCTPYKTUBHBIX TPHU3HAKOB, HUJACHTUYHBIX C TMpU3HAKAMU pa3padaThIBAEMOro
AJIEMEHTa WUJIM YCTPOMCTBA AJIEKTPOHHON TEXHUKHU, JHOO coBceM He uMeTh ux. [lpu
ATOM aHAJIOT JIa’K€ MOXKET OTJIMYATHCS IPUHLIUIIOM JI€UCTBUS.

Ha npumepe BbIOpaHHOrO aHajiora pa3pabOTUMK-3asBUTENb IOKA3bIBACT
JOCTUTHYTBHIA B JIaHHOM 00JIACTM HAy4YHO-TEXHMYECKUH YpOBEHb,  BCKPHIBACT
MPUHLIUNHAIBHBIE TPYJHOCTH, HE TTO3BOJISIONINE JOCTUTHYTh 33/IaHHBIX IMAPAMETPOB,
U aHaIM3UpyeT WX TMPUYUHBI; OOOCHOBBIBAET HOBOE (U3MYECKOE  WIU
KOHCTPYKTUBHOE PEIICHUE, YCTPAHSIOIIECEe YKa3aHHbIC TPYAHOCTH.

B ocranbHOl pa3paboTke MOPeasioKEHHOTO HAayYHO-TEXHUYECKOTO PEIICHUS
OOJBITyI0 poJib uWrpaer mnporoTtun. I[IporoTunom paszpabaTbiBA€MOTo HW3JEIHS
Ha3bIBACTCSI U3BECTHOE M3JIEIUE, UMEIOIIEee MAKCUMAJIbHOE YHCIIO KOHCTPYKTHUBHBIX
IPU3HAKOB, WJECHTUYHBIX C MpH3HAKaMU MpoeKkThupyeMoro wusznaenud. [lpu stom
POTOTHUI HE 0053aTENIbHO JIOJDKEH UMETh OJMHAKOBOE C MIPOCKTUPYEMBIM H37CIIHEM
npeaHazHayeHue. [IpaBuiabHbIN BEIOOP MPOTOTHUIIA JA€T BO3MOXKHOCThH MCIOJIb30BATh
BCE M3BECTHBIE W TOJIE3HBIE B JAaHHOM CIy4yae HAy4YHO-TEXHUYECKHUE PEIICHUS,
BIUIOTh /10 KOHCTPYKIIUU Y3JIOB U CHUCTEM U COCPEIOTOUUTH YCUIIHUSI pa3paboTyuKa-

3asIBUTENIS HA PEIIEHUN HAyYHO-TEXHUUECKOU MPOOIEMBI.

2.6. Tlopsaok BHINOJTHEHUS] KYPCOBOM padoThl

BrinonHenue KypcoBoil paboThl clielyeT HaUMHATh C O3HAaKOMJICHHUS M Toa0opa
mutepatypbl. KpoMe peKOMEHI0BaHHOM PYKOBOJIUTENEM JUTEPATYPbl HEOOXOIUMO
IIPOCMOTPETh COOTBETCTBYIOIIME Pa3zAeiibl B OMOIMOTEKAX YHHBEPCUTETOB, palioOHa,
ropoja: cHadaja IO KaTajory BbIOpaTh MOTEHLIMAIbHO BO3MOXHBIE HCTOYHUKU
uH(poOpMaIK, a 3aTEM B YUTAIBHOM 3aJie IPOCMOTPETh UX, ONPEAEIUB MOJIE3HOCTh
1T BBIOJHSIEMOM pa®oThl. OnpeenuB aHAIOIMYHBIM 00pa30M TEMAaTUKH HAayYHBIX
KYpPHAJIOB, PEKOMEHAYETCS MPOCMOTPETh WX C LEJIbI0 MOHUCKa HH(POPMAILIMOHHO
IIOJIE3HBIX CTaTel. BO3MOXXEH MOMCK TeMaTUYECKU OPUEHTUPOBAHHOM JIUTEPATYPHI

M0 pe3ylbTaTaM TNPOCMOTpa pePEepaTUBHBIX >KYPHAJIOB IO HWHTEPECYIOIIEMY
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HaIlPaBJICHUI0O HAayKH W TEXHUKHA. OTH JKypHaJbl HMMEIOTCS BO BCEX HAYYHBIX
OMOMMOTeKaX BBICIIMX YYEOHBIX 3aBEICHHSIX, W COJEpPKaT KpoMe Ha3BaHUS
UCTOYHMKA (KHMra, CTaThs, >KypHai) Kpatkuid pedepar. Ilo pesynpraTtam
JUTEPaTypHOTO TMOMCKA COCTaBISETCS KPAaTKUl 0030p JuUTepaTypbl MO BOMpOcaM,
CBSI3aHHBIM C BBIIIOJTHEHHUEM KYpPCOBOM paOOTHI.

[Ipu BBINMOTHEHUH KYpPCOBOM pabOThI CTYIEHT MO BCEM BO3HHMKAIOIIUM BOIpPOCaM
oOpaniaercs 3a KOHCYJIbTAllMEN K PyKOBOJUTENIO KypCOBOM pabOTHI.

[lo ucredeHuu IBYX HeNENb C MOMEHTa IMOJY4YEHHUsS 3aJaHus Ha KYpCOBYIO
paboTy CTYAEHT [OJKEH NpPEACTaBUTh PYKOBOAMUTEIIO OO30pHBIM MaTrepuan ¢
MMEIOIIMMUCS ONUCaHMEeM M (WJIM) pacueTaMd HOJO0OHBIX pa3padaThiBa€MbIM
AJIEMEHTY WIHM NpUOOpy, a TaKkKe TEXHUYECKOE MNPEUIOKEHHE IO TeME KypCOBOU
paboThl, KOTOpPOE SIBISETCA pe3yIbTaTOM aHaIM3a 3aJlaHus, 0030pa JUTepaTyphl U
COIIPOBOXAAETCSA JEMOHCTpale HaOpaHHOTO MO TeME padOThl MaTepuala, CXeMaMu
pealin3alny OTIEIbHBIX Y3JI0B MJIU BCETO pa3padaTbiBaeMoro npuodopa.

Crnenyrommii 3tan padoThI 3aKJIIOYAETCS B MPOBEJIEHUN HEOOXOAUMBIX PACUETOB
apamMeTpoB 3JEMEHTA, pa3pabOTKE CTPYKTYPHOM M NMPUHUMUIIHAAIBHBIX CXEM Y3JIOB
npubopa, B COIVIACOBAaHMM BOIPOCOB, MOAJIEKAIIUX pacueTy Ha IMEepPCOHAIbLHOM
KOMITBIOTEPE.

B cnyuyae BbIONHEHHWS pacdyeTHOM paboThl Jajee CcleayeT pacyeTHoO-
TEOPETUYECKHI dTam paboThl, a TIPH pa3padoTKe Mpudopa MM OTACIBHOTO €ro y3ia
pa3paboTKa TEXHUYECKOTO MPOEKTa HA OTAEJIbHYI0 COOPOUYHYIO €UHUILY, COTJIacHO
3aJJaHUI0, U BBINOJHEHHE COOPOYHOIO YepTexka JaHHOTrO y3ja U Crielu(UKALINH.

PabGoty Hax KypcoBoil paboOTOM ClieAyeT BBINOJHATh B MOPSIKE, OMPEIeICHHOM
VHAMBHUIYAJIbHBIM CETEBBIM IpaUKOM: pacHpeesIeHUH 3aTpaT BPEMEHH U CPOKOB
paboT, COCTaBIIEHHOM Ha HA4aJIbHOM 3TaIe BBIIIOJIHEHUSI KypCOBOM pabOTHI.

Kaxnomy cTyneHTy 1enecooOpa3HO  caMOMY COCTaBUTb WHJIIMBHAYalbHBIM
CeTeBOW IUIaH pabOThl HAJA MPOEKTOM, MCXOJAS U3 3TaloB IUIAHUPYEMBIX paboT U
BO3MOXHOCTEH HX BBITIOJHEHUS.

IlepByr0o 4YacTe MaTEepHAIIOB K NOSCHUTEIBHOW 3allMCKE CTYAEHT CAaeT Ha

MPOBEPKY PYKOBOJIUTENIO TPU HAIWYUM 3aJlaHus, BBeleHus, pedepara, 00630pa
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auTtepaTypel  Oonee 10  HamMEHOBaHMI, CXEMBl  pacyeTa  IapaMeTpOB
paccMaTpuBaeMOro  3JIEMEHTAa  BAaKyyMHOM  CHUCTEMBI, CTPYKTYpHOW  WJIU
NPUHIMIHAIBHOW CcXeM npubopa, 3aKIOYeHUus, CHUCKa JuTeparypbl Ooisiee 10
HAMMEHOBAaHUM.

BTopyto 4acte mpoekTa CTyIEHT CHAET Ha MPOBEPKY PYKOBOAUTEIIO IpHU
BBITIOJIHEHUU JICTAIbHOTO pacuera 3JIEMEHTa, Pe3yJbTaTOB COOPKH M HACTPOUKH
OTJENBHBIX Y3J0B pa3pabaTbiBaeMoOro Mpuoopa, HAIHMUYUU SKCHEPUMEHTATbHON
YacCTH, HAJIMYUU ITPOTPAMMBI JIJIs1 IEPCOHAIBHOTO KOMIIBIOTEPA.

Ilocne BBINOJHEHUS KypcOBOW pabOTBl CTYJEHT H €ro pyKOBOJMTEIb
MOANKCHIBAIOT MOACHUTENBHYIO 3allUCKy W JEMOHCTPAallMOHHBIM  Marepual.
PykoBonuTens Ha oOpaTHOM CTOpOHE 3aJaHHsl MOMEIIAeT KpaTKUi OT3bIB O padoTte
CTylICHTa HaJ KypcoBOMl  paboOTOi MPOEKTOM, B KOTOPOM OTMEYaeTcs
CaMOCTOSATENIBHOCTh ~ IPOBEICHHBIX  MCCIEJOBAaHUM,  pACUETOB,  BBIBOJOB,
CXEMOTEXHUYECKUX PEIIECHUN CTYyICHTA.

OO0s3aTeNbHbIM SBISETCS NPUIOKEHUE MPOTPaMMBbl, HAMMCAHHOW Ha JIFOOOM U3
UCTIOJIb3YEMBIX S3bIKaX MPOrpaMMHUpPOBaHUSA. ODTO MOMKET OBITh KOMIIBIOTEpHAs
rpaduka, TailMepHble MPOrpaMMbl, TPOTPAMMBbl BBIUUCIECHUN MapaMETPOB 3JIEMEHTA
AJIEKTPOHHOM TEXHMUKH, MPOTrpamMMbl YIpPaBiIEHUS NPUOOPOM WM €ro OTAENbHBIX
y3JI0B, PEKUMOB pabOThI 3JIEMEHTOB B IPUHLIMIIUATILHON cXxeMe Mmpuoopa.

CTyaeHT chaeT mnpenojaBaTeNl0 3aKOHYEHHYIO MOSCHHUTENbHYIO 3allldCKy Ha
[pPEIBApUTEIBHYI0 IPOBEPKY. B mNpHCYTCTBHM CTyneHTa MNpPOBEPSETCS HaIM4YNE
pa3ziesoB KypcoBOM palOOThl, HMX COOTBETCTBUE TEXHHUYECKOMY 3ananuio. I[lo
pedepaTy OLEHUBAETCS METOJ pEIIEHUs 3aladyd U MapaMeTpbl pPacCUUTAHHOTO
JJIEeMEHTa JJICKTPOHHOW TEXHUKH JIM0O TapameTpbl pa3paboTaHHOrO mpubopa.
[IpoBepsieTcsi HaJMyue CCBHUIOK Ha JUTEpaTypy, VYPOBEHb HCIOIb30BaAHUSA
BBIYMCIIUTEILHON TEXHUKH, YPOBEHb HCIIOJIb3YEMOI'O MATEMaTUYECKOIO arapara,
coomonenne 'OCT mpu odopmieHuu pUCYHKOB, cxem, Tabmuil. [IpoBepsiercs
HaJIM4M€ THUCBMEHHOIO JOKJIaJa Jis 3alllUThl KYpCOBOM pabOThl, ITUCKETHI C
JOKJIaIOM M OpHUTMHAIBHBIM pPHUCYHKOM B Qopmartax bmp, cdr, jpec, IByX

OIIMOHCHTOB CO CTOPOHLI CTYACHTOB. HpI/I OTCYTCTBUM IICPCOHATILHOI'O KOMIIBIOTEPA
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Ha 3allUTe CTYIEHT CJIaeT KOMHUCCHM JUCKETY M TIOSICHUTEIbHYIO 3alKCKy B
nucbMeHHOM Bujie. OpHAKO,  TUTYJIBHBIA JIUCT TMOSCHUTENBHOM 3alMUCKU H
IpOrpaMMbl  pPacyeToB IO TeME KypcOBOW pabOThl JOKHBI OBITH pacriedaTaHbl.
Uepe3 naBa AHS CTYJIEHT TMOJy4daeT MPEABAPUTEIIbHBIA OT3bIB Ha padoTy o
PaBUJILHOCTH PacyeToB U omuOKax. Eciin TakoBBIX HEMHOT0, TO Ha3HAYAETCs JaTa

pOBE/ICHUs 3alIUTHI B (hopmMe KOH(DEpEHIUH.

2.7. 3ammuTa KypcoBoii padoThbl
2.7.1. O0mue cBegeHUst

3amura KypcoBoi paboThl MPOBOAUTCA B (hopMe KOH(EPEHIUHU C MPUCYTCTBUEM
KOMHUCCHHU U3 2-3 mpernojaBaresieil, B IOJHOM COOTBETCTBHM C COCTABIICHHBIM paHEE
pacnyCaHueM M OYEPETHOCTBIO BBICTYNAIOIINX. 3alUTa BKIFOYAET JOKIad CTYACHTA
(5-7 MUHYT) 1 OTBETHI Ha BOIIPOCHI KaK WICHOB KOMUCCHH, TaK U MPUCYTCTBYIOIIMX.
PexoMenayemMasi mpoJOKUTEIBHOCTD 3alIUThl OJJHOM KypCOBOM pabOThl HE JOKHA

npeBbIath 10 MUHYT.

CtyneHTbl JUCTAHIIMOHHOW (OpMBI OOYYEHHS 3alUIIAIOT KYypCOBYIO padoTy
MOCPEACTBOM OTBETOB IO AJIEKTPOHHOM MOYTE Ha BOMPOCHI pyKOBOAUTENA. [0 3TOTO
CTYJICHT OTIPABJISIET B YHUBEPCUTET DJICKTPOHHBIN BapUAHT MOSICHUTEIBHON 3aITUCKU
K KypcoBo# pabore, 0(hOpMIICHHON B COOTBETCTBHH C TPEOOBAHUSIMH, U3JI0KEHHBIMU

B JAHHOM METOJIHUYECKOM IIOCOOUH.

2.7.2. Ioxkaaa v npe3eHTAlUs

B nmoxnane cooOmiaeTcss TeMa KypcoBO# paObOThI, TEXHUYECKOE 3aaHKUE, KPAaTKOE
cojepkanre paboTel. B ero comepkarenbHON YacTH  HEOOXOAMMO OOOCHOBATH
aKTyaJIbHOCTh TEMBI, NMPAaBUILHOCTh BBIOPAHHBIX (DM3MUECKUX MOJCIICH IMPOIIECCOB,
pacyeTHBIX ¥ WHXEHEpPHBIX pemeHuil. Ocob0oe BHUMaHUE CIENYyeT YICIUThH
CaMOCTOSITEIIbHBIM ~ TBOPYECKMM  pa3paboTKaM, UX TEXHUKO-DKOHOMHUYECKOMY
obocHoBanuto. TeM He MeHee, HE CICAyeT 3JIOYMOTPEOIATh JIMYHOCTHBIMU

oboporaMu  peuyu, KPUTUKOBaTh 0€3  OOBEKTUBHBIX  TPUUYUH  PabOTHI
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MPEAIIECTBEHHUKOB, MPEYBEIMYMBATh 3HAYMMOCTh KaK OTIEIbHBIX 4YacTeu
BBITIOJTHEHHON paboThl, Tak U paboThl B 1enoM. st addexTuBHOrO MCmoabp30BaHMs
BPEMEHHM, OTBEACHHOIO Ha [JOKJAaJ, €ro CcieayeT MNpelBapUTEIbHO HAIUCATh,
BBIIIPABUTH 10 MPOJOJIKUTEIBHOCTH, COIEPKAHUIO U OTPENeTHpoBaTh. Jlomyckaercs
BO BpEMS JIOKJIaJla UMETh OTIIEYATAHHBIN €r0 TEKCT, KOTOPBIN CIEAYET UCIOJIb30BAThH
KAaK MOJCTPaxOBbIBAIONIMK MaTepual. Kak HCKIIOUEHHE €ro MOYKHO MpPOYUTaTh, HO
3TO HE TMPHUBETCTBYETCSA, TaK KaK OCTABIAET BIIEUATICHHE CJIa00ro BIaJACHUA
CTYJICHTOM MaTepHUaJioM KypCOBOM pabOThl U MOKET MOBJIUSTH Ha OIIEHKY pabOThI B
LIETIOM.

st ©6onee 1iiyOOKOro MOHMMAaHHUS yYaCTHHUKaMU KOH(EpeHLHH MNpoOJieMbl H
OCHOBHBIX pE€3yJbTaTOB €€ PELICHHs B IPOLECCe JOKIANa CIECAYET HCIOJIb30BaTh
JEMOHCTPALlMOHHBIN MaTepuasn B BUJE CIIAWI0B, IPOCUUPYEMBIX PUCYHKOB, TaOJIMII,
CXEM C IOMOIIBI0 KOMIBIOTEPHOTO NMpOeKTOpa. KoimuecTBo MmiakaroB, CIaiIoB HE
N0JDKHO npesbimiaTh 10. X nmpuMepHoe cofepkaHre TaKOBO:

Cnaiin Nel — Hazpanue paOoTbl ¢ ykazaHueM (paMUJIMU CTYJEHTa U HAy4YHOI'O
PYKOBOIMTENSI KypCOBOM paObOTHI.

Cnaiig Ne2 — IlocTaHoBKa 3aauv Ha KypCOBYIO pa0OTy MpU HEOOXOJUMOCTH C
PUCYHKaMH, NOSICHSIOILMMH €€.

Crnaiig Ne3 — PesynbTaThl TUTEpATypHOTO 0030pa, aIrOPUTM PEIICHUS MOCTaB-
JIEHHOU 3a/1a4H.

Crnaiin Ne4 — MeTonbpl peanu3alnuyl arOpUTMa, UCIOIb3yEMbIE aHAIIUTHYECKUE
pacyeTsl, BEIpaKEeHUs, (HOPMYJIbI.

Cmaiin NeS5 — [lonydeHHbIE pe3yJbTaThl C IEMOHCTPALMEN UX B BUAE PUCYHKOB,
rpaduKoB, YepTEkKEH KOHCTPYKIIHH, MOTYyYEHHBIE MATEMATHUYECCKUX BBIPAKEHUM.

CrnaiiniNe6 — BeiBopl 0 paboTe C BBIJICTIEHUEM OCHOBHOIO Pe3ysibTaTa, JUYHOTO
BKJIJla B PEIICHUH ITOCTABICHHOM 3aauH.

JIEeMOHCTpallMOHHBII MaTepuan CleayeT NMPOHYMEPOBAaTh U JE€laTh CCHUIKM HA

HETo B JIOKJIa/ie, YKa3bIBas MOPSIIKOBBIN HOMEp TlaKkaTa Wid cllaija.
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2.7.3. OTBeTHI HA BONPOCHI

[Io oxoHUaHHMM JOKJIaJa 4WIEHHl KOMHCCHU B COOTBETCTBHH C TEMOH W
COJIep’)KaHWEM TIPOEKTa, 3aJal0T CTYACHTY BOMPOCH], MO3BOJIAIONIAE OICHUTD,
HACKOJILKO TJIyOOKO MpopaboTaH UM MaTepual.

B orBerax Ha BONPOCHI CTYACHT JOJDKEH KOPOTKO M YETKO H3IIOKHTH CBOE
BUJICHHE 3aTPOHYTOH CTOPOHBI pa3zpabaThiBacMOW TEMAaTHWKH, HE BiaBasch (0e3
HEOOXOMMOCTH) B TOHKOCTH W JeTasd. OTBETHI JOJDKHBI J1aBaThCS B KOPPEKTHOU
dopMe ©Oe3 IUYHOCTHOW OIIGHKH W OMOLUKA BHE 3aBUCUMOCTH OT (HOpPMBI

IMTOCTAaBJICHHOI'O BOIIPOCA.

2.7.4. Kputepum olleHKH

[Tpu onieHKe KypcOBOil pabOThI U €r0 3aIUTHl YYUTHIBAIOTCS: CAMOCTOSITEILHOCTD
paboThl, OPUTHMHAJIBHOCTh M THIATEIBHOCTh MPOPAOOTKU (UINYECKUX MOJENeEH,
BBIMOJIHEHHBIX PAaCcyeTOB, MCIIOJIb30BAHUE CPEACTB BBIYUCIUTENIBHON TEXHUKH,
MPUHSTHIX TEXHUYECKUX PEUICHUH, Ka4ecTBO O(hOpMIIEHUS TIOSCHUTEIBHOMN 3aIHCKH,
ee coorBerctBue TpeOoBaHusiM ['OCT, 3HaHuMe OOUICHAYYHBIX M HHKEHEPHBIX
JUCIMILTMH MO0 TeME MPOEKTa, MOJHOTA U YeTKOCTh JOKJIaaa, MPABIIBHOCTh OTBETOB
Ha BOIIPOCHI, IMJAHOMEPHOCTh pabOThI HaJ KypCcOBOM pabOTOW M CpPOK 3allUThl
(m1oCcpoYHO, B CPOK, MOCIIE CPOKa 0€3 YBaXKUTEIbHBIX IPUYUHH).

[Tocne 3acemanrs KOMUCCHH €€ MpeAceaaTeNb COOOMAeT CTYICHTY OIeHKY. [Ipu
ATOM JaeTcsl KpaTKUi aHaiu3 paboThl U JOKJIaZa, OTMEUYAIOTCS UX JOCTOMHCTBA U
HEJOCTaTKH, BBICKA3bIBAIOTCA KPUTUYECKHME 3aMeuaHusi W moxenanus. Ecmm
KypcoBasi paboTa 3alllMIIaeTcs Mociie Cpoka 0€3 yBaXKUTEIbHBIX MPUYUH, TO OLIEHKA

IIpH IIPOYUX PABHBIX YCIIOBUAX MOXKCT OBITH CHIDKEHA.

3. TPEBOBAHUS K O®OPMJIEHUIO OTYETA
3.1. O6mme TpedoOBaHUS

[TosicHuTeNbHAS 3aMKCKa JOJKHA B YETKON M TOCTYIHOM JJIsi MOHUMaHUs (popme

pacKpbhIBaTh TBOPYECKUMW 3aMbICell pabOTHI, COAEpKATh OMUCAHWE METOJOB
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UCCIIE0BAHMS U (W) PACUeTOB, OMMCAHHUE MPOBEAECHHBIX SKCIEPUMEHTOB, aHAJIU3
pEe3yNbTaTOB 3KCIIEPUMEHTOB W BBIBOABI MO HHUM, TEXHUKO-3KOHOMHUYECKOE
CpPaBHEHHME PACCMATPUBAEMBbIX BAPUAHTOB PEUICHUIN. TEKCT JOJKEH COMPOBOXKIATHCS
WUTIOCTpaUSIMU: TpapuKaMu, pUCYHKaMH, CXeMaMH U T.II.

Teker 3anucku AofkeH ObITh HaOpaH Ha yiuctax ¢popmara A4 Ha KOMIBIOTEPE B
penaktope Word mpudrom Times New Roman Cyr. Pazmep mpudTra 3arooBkoB
rinaB u naparpados — 16 nukcen, xupHbIM mpudToM. TekcT maparpadoB HabupaeTcs
TeM >ke mpud@Tom c pasmepoM 14 mnwukcen. TekcT BbIpaBHUBaeTcs MO 00eUM
cTopoHaM. MIHTepBasn Me 1y CTPOK — MOJATOpA UHTEPBAIA.

®opMmyiibl HabUparoTes B peaakTope Gpopmyin «Equation 2 (3)». Kaxxnaa gpopmyia
OTHENSAETCS OT TEKCTa HHTEpBajaMu I0 6 IHKCEN CBEpXy M cHusy. Pa3zMepsl
HCIIOJIb3YEMbIX CUMBOJIOB TaKHe ke, Kak B Tekcte. KypcruBHOE HanrcaHue CUMBOJIOB
CJIeTyeT IPUMEHSTh TOJIBKO K CHMBOJIAM IPEYECKOTO MIpUPTA.

[TosicuutenpHas 3amMcka MeEperieTaeTcss «Imo IpeOeHKY», TUTYJbHBIM JHCT
ABISIETCST 00JI0KKOM. JKelarenpbHO 3allMTUTh IMOSCHUTEIBHYIO 3alMCKY 3allUTHON
IIJICHKOM.

CryaeHTbl AUCTAHIIMOHHON (hOpMBbI OOYUEHHS COCTABIISIOT TOJBKO 3JIEKTPOHHBIN
BApUAHT TNOSICHUTEIBHON 3alMCKU, KOTOPBIM HANpaBJIAIOT B YHHUBEPCUTET I10

AJEKTPOHHOM MOYTE JJI €T0 PACCMOTPEHHUS.

3.2. TUTYALHBIN JUCT NMOSACHUTEIbHOM 3aNMCKH

OOpaser 3aMoIHEHNs TUTYJIBHOTO JIncTa puBeAeH B [Ipuoxenun A.

3.3. Pedepar

Pedepar (I'OCT 7.9, T'OCT 7.32) He nomxkeH no o0beMy ObITH 0oJiee OJIHOTO
mucta A4. OH B 00s3aTeNbHOM TOPSAKE pa3MEMIaeTCs Ha OTACIBHOM JIHCTE

(cTpanune).
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3aronoBkoM ciyxut ciaoBo "Pedepar" (nms pedepata Ha MHOCTPAHHOM SI3BIKE -
COOTBETCTBYIOIIMA WHOCTPAHHBIM TEPMHH), 3alMCAHHOE C MPONHCHOW OYKBBI
CUMMETPHUYHO TEKCTY.

2. Pedepat momkeH cogepxaTh:

- CBEJICHUS O KOJIMYECTBE JIMCTOB (CTPAHUIL), KOJTUYECTBE WILTIOCTpAIIUii, TabJIuIL,
UCIOJIb30BAaHHBIX HCTOYHUKOB, MPUIIOKEHUM, TUCTOB rpad)uecKoro MaTepuania;

- IEpEYEHb KIIOYEBBIX CIIOB;

- TeKCT pedepara.

3. IlepeyeHb KIIOYEBBIX CJIOB JOJDKEH BKJIOYaTh OT 5 10 15 cioB wium
CJIOBOCOYETAHMM M3 TEKCTa, KOTOpble B HAMOONBIIEH Mepe XapaKTEpPU3YIOT €ro
coxepxkanue. KiroueBple cioBa INPUBOIATCA B HMMEHUTENBHOM IMAJEXKE U
3aMKUCBIBAIOTCS MIPOIMKUCHBIMU OYKBaMHU B CTPOKY UEpE3 3aIlsIThIE.

4. Tekct pedepara T0JKEH OTPaKaTh:

- 00BEKT HCCIeI0OBaHUS WM Pa3padOTKy;

- 11eJ1b pa0OOTHI;

- METO/bI UCCIIEA0OBAHMS U HCIOJIB3YEMYIO allllapaTypy;

- MIOJyYEHHBIE Pe3yJIbTaThl U UX HOBU3HY;

- OCHOBHbIE (hU3HUECKUE, pACUETHbIE, KOHCTPYKTUBHbIE, TEXHUKO-IKCILTyaTal|-
OHHBIC IIapaMEeTpPbl W XapAKTEPUCTHKM JJIEMEHTA 3JIEKTPOHHOW TEXHUKH WIN
pa3paboTaHHOTrO MpUOOPa;

- PEKOMEH/Ialliy 110 BHEJPEHUIO UM UTOTY BHEJPEHUS PE3yJIbTaTOB pabOThI;

- 00J1aCTH IPUMEHEHUS PE3YJIbTATOB PAOOTHI;

- SKOHOMHUYECKYIO 3(DPEKTUBHOCTD UM 3HAYUMOCTH pabOThI;

- POTHO3HBIE MPENOIOKEHUS O PA3BUTHUN O0BEKTA HCCIEAOBaHUS (Pa3pabOTKH);

- JIOTIOJIHUTENIbHBIE  CBeAeHUS (OCOOCHHOCTH  BBIMOJHEHUS W O0GOpPMIICHUS
paboTHI U T.11.).

Ecomu pedepar He COmepKUT CBEICHHMM 110 KaKOW-TMOO W3 IEePEUHCICHHBIX
CTPYKTYpPHBIX 4YacTed, TO 3Ta YacTh OIyCKaeTcs B pedepare, HO MpU ITOM

MMOCJICA0BATCIBbHOCTD U3JIOKCHUA COXPAHACTCA.
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5. Uznoxenue matepuana B pedepare MOKHO OBITH KpPaTKUM ©  TOYHBIM.
Crenyer n3beraTb CJI0KHBIX IPaAMMaTHUYECKHX 00OPOTOB.
Pedepar Ha pycckom si3bIke U pedepar Ha HHOCTPAHHOM S3bIKE O(POPMIIAIOTCS HA

OTACJIBbHBIX JIMCTAaXx.

3.4. JIucT TEXHHYECKOro 3aJaHUA

1. B xaxmoil pabore momwkHa OBITH pa3paboTaHa TeMa B COOTBETCTBHH C
3aJlaHueM, YTBEP>KJIEHHBIM 3aBeyIOIIUM Kadeapoi.

®dopma 3aaHus onpeensercs kadeapoi.

2. 3agaHue JOJKHO OBITh COCTABJIEHO HA PYCCKOM S3BIKE.

3. Ilocne yTBepKAEHUS 3aJaHHs BHOCUTHb B HETO M3MEHEHUS W JONOJHEHUS HE
paspeniaercs.

3amaHue Ha KypcoBylO paboTy odopmisiercs B BHie OjaHKa, COAEpIKallero
Ha3BaHHWE TeMbl pabOThl, HMCXOJHBIE JaHHBIE K KypCcOBOW paboTe, cojaep:KaHue
MOSICHUTENILHON 3aMMCKU, TPUIOKEHUW U TMEPEeUYeHb TIpauyecKoro marepuana.

®dopmMma Oanka 3aganus rnpuseneHa B [punoxenuu b.

3.5. Conep:xkanue

1. ConepxaHue [OOKHO OTpakaTb BCE MaTepualibl,  IPEICTaBISIEMbIE B
MOSICHUTEJILHOM 3aIlliCKe K KypCOBOM padoTe.

2. CnoBo "Coaepxanue" 3amuchbiBalOT B BUJIE 3ar0JIOBKAa CUMMETPUYHO TEKCTY C
MPONMUCHON OYKBBI.

3. B coaepxaHMM MEPEUUCISIIOT 3arojOBKH  pa3ziesioB, maparpadoB, CIIHCOK
MCIIOJIb30BaHHBIX UCTOYHUKOB, KaXXKJI0€ MPUIIOKEHUE U YKa3bIBAIOT HOMEPA
JIUCTOB (CTpaHUIl), HA KOTOPHIX OHU HAYMHAIOTCSI.

[Ipy HaMMYUK CAMOCTOSITENIBHBIX PACUETHBIX, KOHCTPYKTOPCKHUX, MPOTPAMMHBIX

Y UHBIX JOKYMEHTOB, MX HNEPEUUCIIAIOT B COJEPKAHUU C YKa3aHUEM MPUIIOKEHUMN.

Marepuanel, MNpeacTaBisieMble Ha TEXHUYECKUX HOCHUTEISAX JIaHHBIX IS

IICPCOHAJIBHBIX KOMIIBOTCPOB, JOJIZKHBI OBITH INEPCUYHUCIICHBL B COACPIKAHHMHU C
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YKa3aHHEM BHJa HOCUTENS, O00O3HAYEHUS] U HANMEHOBAHMS JOKYMEHTOB, UMEH U
(opMaTOB COOTBETCTBYIOMIMX (halJIOB, a TAK)KE MECTa PACIONIOKEHUS HocHuTens. B
KOHIIE COJIEpKaHUsl TEPEUUCISIOT TpadUuecKuil MaTepual, MNpPeAcTaBIIeMbld K
myOIMYHOM 3amuTe, ¢ ykazanuem: "Ha oTaenbHbIx nmrucrax .

Oo6pazen; odopmienus coaepxkanus npeacrasieH B [Ipunoxenuu B.

3.6. BBeaenue

B pasnene '"BBeaenue" ykasbpIBalOT OCHOBHYIO 1I€JIb  pabOThI, 00JacTh
MpUMEHEHUsI pa3pabarbiBaeMOi MpoOIeMbl, €€ HaydyHOe, TEXHHYECKOE 3HAYCHUE U
SKOHOMHUYECKYIO 11eJIeCO00pa3HOCTh Il HApPOAHOrO Xo3siicTBa. OmNHCHIBAETCA
pelIeHre TIOCTaBJICHHOW B TEXHUYECKOM 3aJlaHUM TpOoOJIeMbl HAa OCHOBAHHUU
JUTEpPaTypPHBIX UCTOYHUKOB. JlaeTcs KpuTuka HenocTaTkoB. CleayeT OTMETUTh, YTO
KPUTHUKYIOTCSI TOJIbKO T€ HEAOCTATKH, KOTOPBIE YCTPAHSAIOTCA B JAHHOW KypCOBOM
pabote. PacckaspiBaeTcsi Kak MOXHO 0oJieeé KayeCTBEHHO M OBICTPO PEIIUThH
MOCTaBJICHHYIO TIpo0aeMy. OObeM BBEACHUS HE JIOJHKEH NPEBBIIATh 2-3 CTPAHULIBI.

3aronoBok "BBenenue" 3anuchiBaroT ¢ ab3ana ¢ mponucHOM OYKBHI.

3.7. OcHoBHAA 4aCTh

CognepkaHre OCHOBHOW YacTH TMOSICHUTEIHHOM 3allMCKH K KypcoBOW paboTe
JIOJDKHO OTBEYATh TEXHUYECKOMY 3aJJaHUI0 U TPEOOBAHUSM, W3JI0KEHHBIM B JaHHBIX

MCTOANYCCKUX YKA3aHUAX.

3.7.1. JlurepaTrypHbliii 0030p

B sTom pazpene naeTcs KpaTkas XapakTEPUCTHKA JTUTEPATYPHBIX UCTOYHUKOB, B
KOTOPBIX HWMEIOTCS BOIPOCHI, IOJUICKANINE PACCMOTPEHHUIO IS  BBITIOJHEHUS
KYpPCOBOTO 3aJjaHusl: MMPUBOAUTCS COKPAIIEHHO OMKMCAHWE TEOPHUH pacCMaTpHUBAEMOMN
MpoOJIEMBI, OMHMCAHBI CXEMbl U TapaMeTphl MPUOOPOB U YCTPOUCTB OJM3KHE TIO

CBOEMY Ha3HAUYE€HMIO K pa3pabaThIBAEMOMY B KyYpCOBOM 33JIaHUU. 3]1€Ch K€ JOJIKHBI
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OBITh yKa3aHbl HEJOCTATKH ONMCAHHBIX AaHAJIOTOB M TIOCTABJICHA 3ajava TIo
YIYUYIIEHUIO MapaMeTpoB MpuOopa WU ycTpoilcTBa. UMCIIO ONHMCAHHBIX aHAJIOTOB
JOJDKHO ObITH He Oosee necsatu. [IpenmouyreHue cieayeT oTAaBaTh NEPUOIMYECKON

JIUTCPATYpPC, OIMMMCAHUAM IMATCHTOB UJIM aBTOPCKUX CBUACTCIILCTB.

3.7.2. AHAJIN3 UCXOTHBIX JAHHBIX

B sToM pa3zgene 000OCHOBBIBaeTCS BBHIOpAHHBIA METO]| PELICHHs] MPOOIEMBI, a
TaK)K€ [0CJIEI0BAaTEIbHOCTh JEHCTBUI 10 peajlu3alud pelieHus. 34eCh XKe
YKa3bIBAETCS MOTPEOHOCTh B YMCIICHHBIX pacyeTax WU TaOyJIMpPOBAHUH C MIOMOIIBIO
MEPCOHANBHOTO KOMITBIOTEpA HA OMNPEICIICHHBIX JSTanax BBIMOJIHEHUS KypCOBOU

paboTHI.
3.7.3. PacyeTHO-TeOpeTHYECKAS YACTh

B pacdeTHol yacTM mOCH€nOBAaTEIbHO H3JaraloTcsi BCE 3Talbl MPOBOJAMMOIO
aHAJIMTUYECKOro U (MJIM) YUCICHHOTO pacyeTa 00beKTa pa3paboTKH 110 BHIOpAaHHOH B
m. 3.7.2 cxeme. 31ech ke B cliydae HEOOXOAUMOCTH COCTABJISIETCS MIPUHIUNHATBHAS
cXeMa IPOCKTUPYEMOTO MPUOOpa MM YCTPOMCTBA, MPUBOAUTCS pacdeT dJIEMEHTOB

HpHHHHHHaHBHOfI CXCMEI PaCCUUTBIBAEMOT'O 00BEKTa BJIGKTpOHHOfI TCXHUKMU.

3.7.4. KoMnb1OTepHas 4acTh KypCOBOi padoThI

[Ipu BBINOJIHEHUH KYpCOBOM paOOThl BO3MOKHBI CUTYAIlMH, KOTJa JOCTUXKEHHUE
KOHEYHOI'0  pe3yjbTara  BO3MOXHO  TOJIBKO IPU  NPUMEHEHUH  CPEICTB
BBIYMCIIUTEIBHON TEXHHMKH, KakKk [JI AaBTOMATHU3alMHA  JDKCIEPHUMEHTAJIbHBIX
U3MEpPEHUN, MOJICTUPOBAHUM paccMaTpUBAaEMOM CHUTyallud, Tak W 00paboTKu
pPe3yJbTaTOB HKCIEPUMEHTA HA IIEPCOHATIBHOM KOMIIbIOTEpE. BhINOIHEHNE KypCOBOM
paboThl TpennoiaraeT pa3Hblii YpOBEHb KOMIIBIOTEPHOW MOJATOTOBKH CTYIEHTOB.
CamocTosiTennbHas WHULIMATUBA B UCIIOJIB30BAHUU MEPCOHAIBHOTO KOMIIbIOTEpA

MOTHUMAET PEUTHUHT PaOOTHI.
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3.7.5. O0cy:kaeHue U aHAJIN3 pPe3yJIbTATOB pacyera

B ngaHHOM 4YacTH NOSCHUTEIBHOW 3alUCKU AHAIU3ZUPYIOTCS IIOJYYEHHBIE B
OpeaplIyliuX maparpagax pe3yiabTaTbl € TOYKM 3PEHHUS HUX NPUMEHEHUs K
KPUCTAJUIaM Pa3JIMYHON TOYEYHON CUMMETPHH, PA3JIMYHBIX BHEIIIHUX BO3JICHUCTBUH, a
TaKK€ BO3MOYKHOCTH pEaM3allud B 3JIEKTPOHHOM IMPUOOPOCTPOCHUM KaK 3JIEMEHT
yCTpOMCTBa C 33JaHHBIMM (YHKIMOHAJIbHBIMA BO3MOXHOCTAMHU. B ciydae
MPOEKTUPOBAHUS CXEMOTEXHHMYECKOTO YCTpOMCTBAa B JAaHHOM Tmaparpade ordeTa
ONMCBIBAKOTCS DKCIIEPUMEHTAJIbHO H3MEPEHHBIE IIapaMETpbl ATOr0 YCTPOWCTBA H
CPaBHEHME UX C PACUYECTHBIMH 3HAYEHUSAMMU.

OOcyxJarTcsi TakKe NyTH TOBBIIMIEHUS HKCIUTyaTallMOHHBIX [apaMeTpoOB
PACCUUTAHHOIO DJIEMEHTA JJIEKTPOHHOM TEXHUKH, & TAK)KE€ BO3MOYKHOCTHU CO3IaHUS

Ha €ro OCHOBE CIEIUAIM3UPOBAHHOTO MPUOOpA UIIU YCTPOICTBA.
3.8. 3akaouenue

3aKJIIO4eHUE JOJDKHO  COAEpKaTh  KpPAaTKUME BBIBOJABI IO  PE3yjibTaTaMm
BBIIIOJTHEHHONW palOThl, OILICHKY TMOJHOTHI PEIICHUs TMOCTABJICHHBIX 3aj1ad,
PEKOMEHJAIMK TI0 KOHKPETHOMY HCIIOJIb30BAHUIO PE3YJIbTaTOB pabOThI, €&
SKOHOMMYECKYIO, HAy4YHYI, COIMAJIbHYI0 3HAYMMOCTh. YKAa3bIBAIOTCA TaK¥kKe
BO3MOXHBIE TMPUMEHEHHUS TMPOJEIAaHHON padOThl, BO3MOKHBIE OOBEMBI M PBHIHKU

cObITa MprbOpa WK yCTPONCTBA.

3.9. ClIUCOK MCII0JIB30BAHHBIX HCTOYHUKOB

3aroJ0BOK "Cnucok VICTIOJIb30BaHHBIX MCTOYHUKOB" 3aIUCHIBAIOT
CUMMETPUYHO TEKCTY C MPONUCHON OYKBBI. B CIMCOK BKIIOYAIOT BCE HICTOYHUKH, HA
KOTOpPbIE HMMEIOTCS CCBUIKM B  MOSCHHUTEIBHON 3amucke. VICTOUHHMKM B CHHUCKE
HYMEpYIOT B MOPSAJKE UX YIOMHHAHHUS B TEKCT€ apaOCKUMM LudpamMu 06€3 TOUKH.
Ccbulka Ha MCTOYHHMK MPEACTABIAECT COOOM MOPAIKOBBII HOMEpP LUTHPYEMOIO
HMCTOYHHKA, 3aKIIOYCHHBIM B KBaJpaTHbIE CKOOKM, Hampumep, [2] wmm [3-5].
IlopsinkoBbIi HOMEpP HCTOYHMKA ONPEACHACTCS Kak €ro HOMEp B CIMCKe

HCIIOJIB30BaHHBIX NCTOYHUKOB.
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Ceenenust 00 MCTOYHUKAX MPUBOAST B cooTBeTcTBHM ¢ TpeOoBanusimu ['OCT 7.1.
ITo TpeboBanusim ['OCT ycranaBiamBaeTcs ClaeAyOIUNA MOPSIIOK CCHUIOK.

Ccbuika Ha crateio B KypHane: @amuiusa, M, O. Ha3Banue crartbu, Ha3BaHue
’KypHaja, roj, HoMep, TOM, CTPaHHULIBI.

Ccbuika Ha kHuru: QPamwmnmus, M, O. Ha3BaHume KHUTM, HM31aTENIBCTBO, TOI,

KOHKPCTHAA CTpaHUILla UJIXW HOMCPD PUCYHKA B ATON KHUTE.

Cnucok HCnoJib30BaHHBIX HCTOYHUKOB

1. KoBanes B.B. Texuuueckuii aHain3: ynpaBjaeHUEe MPOIECCOM, BEIOOD
WHBECTUIIMHI, aHAIN3 BO3MOKkHOCTEN. M.: DHeprus, 2002. - 430 c.

2. TOCT 28388-89 Cucrema o00pabotku wuHpopmanuu.  J{oKymeHTH Ha
MAarHUTHBIX HOCHUTENSIX JMaHHbIX. [lopsiiok BeImosHeHUss u oOpamieHus. M3-Bo
crtanaaptos, 2001, 300c.

3.. AT

CchUlka Ha TATEHT WM aBTOPCKOE CBUAETENBCTBO JOJKHA UMETH CIEAYIOIIYIO
ctpykrypy: @amunua, W, O. Ha3zpanume. Homep mnareHTa wWin aBTOPCKOTO
CBUJIETEIBCTBA, HOMEP W TOj OrouieTeHs maTeHTHoW wuH(opMmanuu. KemaTeabHO
HCTIOJIb30BaHUE 3apyO0eKHBIX UCTOUHUKOB. CCBHUIKM MPUBOMASTCS HAa TOM S3bIKE, Ha
KOTOpOM HaredaTad maTtepuai. J[aHHble 1o 0030py JTUTEpaTyphl 0053aTEbHO BXOISAT

B CCBIJIKH.

3.10. Ilpunoxenust

B mpunoxenus pexkoMeHAYeTCS BKJIOYATh MaTepHAbl WIUTFOCTPATHBHOTO M
BCIIOMOTATENILHOTO XapakTepa, Kak MpaBUiio, UMeElomue Ooybiioi o0beMm (Ooree
CTpaHUIIbI).

B npuiokeHnst MOTYT OBITH TIOMEIICHBI:

- TabuIeI O0JTBIIIOTO hopMara;

- JOIMOJHUTCIILHBIC PACYCTEI;
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- OIIMCaHUs IPUMEHSAEMOI0 B pad0Te HECTAHAAPTHOIO METO/A PacyeTa;

- pacneyaTKy IporpamMM HJIA BBIBOJBI C IEPCOHAIIBHOIO KOMITBIOTEDA;

- OTYETHI O MATEHTHBIX UCCIICTOBAHUSIX.

Ha Bce nmpuioxeHus B TEKCTE JTOJKHBI ObITh JaHbI CCBUIKH.

[IpunoxeHus: pacnojiararoT B KOHIIE OTYET U 0003HAUAIOT B MOPSAJIKE CCHUIOK Ha
HuX B Tekcte. [Ipunoxkenus 0003HayaloT 3arjaBHbIMU OyKBaMH pyccKoro andasuTa,
HauuHas ¢ A, 3a HCKIIOYCHUEM OYyKB E, 3, I, O, 4, b, bL, b. Hanpuwmep:
"IIpunoxenue b".

Kaxnoe mpuioxkeHue clieyeT HauuMHaTh C HOBOTO JIMCTAa (CTpaHUIBI) C
YKAa3aHHEM HaBEpXy IOCEpEearHE CTpaHulbl cioBa 'llpwioxenue" wu  ero
0o003HaUeHUsA, a MOJA HUM B CKOOKax - "oOsi3aTenbHOE" (€ciu €ro BBIINOJIHEHUS
MPEAYCMOTPEHO 3a/IaHUEM ) WK "cripaBOYHOE".

[IpunoxeHnue TOJKHO MMETh 3aroJOBOK, KOTOPBIM 3allMCBIBAIOT CUMMETPUYHO

OTHOCHUTCIIBHO TCKCTA C HpOHHCHOﬁ 6YKBBI OTHGHBHOﬁ CTpOKOﬁ.

4. IPUMEPHI BBIIIOJIHEHUSA KYPCOBBIX PABOT

B nanHOl TnaBe paccMOTpPEHBI THIHUYHBIC 3aJaHUS Ha KYpCOBYIO paboTy
IIPUMEPBI BBIIIOJIHEHHS €€ PACUETHO-TEOPETUUECKON YacTH. IIpu mosryyeHuun cBoero
3aJJaHUsT PEKOMEHAYETCSI MPOCMOTPETHh JAHHYIO TJIaBy, OMNpPENENUTh TUI Baiero

3aJaHuA 1 Ha OCHOBAHHWH THIIA 3aJaHUA C(i)OpMI/IpOBaTI) CXCMY €T'O BBLIIIOJIHCHUS.

4.1. OnpenesieHne ONTUMAIBHON OPUEHTALIMH KPUCTAJLIIA

Cy1iecTBYIOT 3aJjauM, B KOTOPBIX CPEIH JBYX ONTUMHU3UPYEMBIX (PU3UUECKUX
CBOMCTB MEXAy HUMHU TpeOyeTcsl YCTAaHOBUTH BIOJIHE OMPEJEICHHO COOTHOIICHHE.

Kak npumep 3Toro tuma paccCMOTPUM CIEAYIONIYIO 3a]auy.

3apnanme 1. Kak crnemyer BwIpe3aTh IMJIACTUHKY W3 KpHUCTaIa, 4YTOOBI €&
yACJIbHOE COMPOTHUBJICHUE OBLIO MAaKCUMaJIbHBIM W TPU HArpeBaHUU H3MEHSIIOCH

MuHUMaNbHO. [Ipu sTOM 3asBieHHbIE (PU3MYECKHME CBOMCTBA BIOJL BBIOPAHHOTO
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HaIpaBJICHUS] B KPUCTAILIE JIOJKHBI COOTHOCUTHCS Kak «40%:60%) COOTBETCTBEHHO,
€CJIM M3BECTHO, YTO TEH30P JIMHEHHOTO PACIIUPECHHS KPUCTAIIA B UICXOJHOM CHCTEME

KoopauHat X, X;, X3 UMeEET BUI:

16 -8 0
laifj=|-8 32 0]-107°, 2pad™", (1)
0 0 70

a TEH30p YAENbHOW 3JIEKTPOINPOBOJHOCTH JTOrO KpPUCTAUIA HE 3aBUCHT OT

TCMIICPATYpPHI U B TOM K€ CHCTEME KOOpANHAT UMCCT BUI:

15 2 0
loi =2 22 of-107", (om™'-cm™") )
0 0 55

Pemenne. JlannHas 3amaua Ha omnpenesieHHe COOCTBEHHBIX BEKTOPOB U
COOCTBEHHBIX 3HAUYEHUN TEH30pa BTOPOrO paHra, OMHMCHIBAIOLIEIO OOOOLIEHHOE
dbu3uYecKkoe CBOWCTBO, CPOPMYJIUPOBAHHOE B YCIOBHUAX 3aJlaHUS: MHUHUMAaJbHAsS
ylenbHas TPOBOAUMOCTh (MaKCHUMAaJIbHOE COIMPOTUBIICHWE) U MUHUMAJbHAs €ro
3aBUCUMOCTh OT TeMIEpaTyphl. ITO 0000IIEHHOE (PU3NUECKOE CBOMCTBO COYETAET B
cebe mepBoe W BTOpoe (U3UYECKOE CBOWCTBO B YKa3aHHOM B YCJOBUU 3aJadd
COOTHOIICHHH. JTO OOOOIIEHHOE CBOWCTBO JOJDKHO OBITh O€3pa3MEepHBIM TI0
oueBuaHOM mnpuunHe. [losToMy sl MOJydeHUsT €€ TeH3opa Ieaecoo0pa3Ho
IpOHOPMHUPOBaTh TeH30pHI (1) U (2) Ha WX MaKCUMalbHbIC 3HAYEHUS U CIOXKUTH
MOJIy4YE€HHBIE pPE3yJbTaThl C 3asBIECHHBIMA B YCIOBUHU 3aJaydl KO3 UIIMEHTaMH.
ITocne »Toro mMOJMyYEHHBIM TEH30p OOOOIIEHHOrO (PU3MUECKOTO CBOMCTBA
HCCIIEyeTCd Ha COOCTBEHHbIE BEKTOPbI M COOCTBEHHBbIE 3HaueHus. HaumeHnblee
COOCTBEHHOE 3HAYEHUE OMNpPEAEIUT COOCTBEHHBI BEKTOp, BJAOJb KOTOPOIO
JIOCTUTAETCS 3aJIaHHOE 3HaueHne 000OIIEHHOTO CBOWCTBA.

Kak u mpu pemienun mepBoy 3ajaud, HAYWMHAEM COCTABJIICHHE OOOOIIEHHOM
(GyHKUIMU C TOrO, 4TO nepedpasupyeM 3aaHue Tak, 4ToObl OOBEAUHSIEMbIE CBOMCTBA
MPUHUMAJIN WM MaKCHUMaJlbHbIC 3HAYCHHs, WIM MUHUMAaJbHbIC. B HameMm ciydae

yA0OHO TOBOPUTH O MHUHUMAJIBHOW YJIEIBHONW TPOBOAMMOCTH oOpasla u
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MUHAMAJIGHOH €Tr0 YyBCTBUTEIHLHOCTH K Temmeparype. [loatomy o00600meHHoe

¢u3nUecKoe CBOWCTBO MOXKET OBITh TPEACTABICHO TEH30POM BTOPOTO paHra

HS,-/-H CJIEIYIOLLETO BUIA

1
|sif| = 40- WH"UH +60-
109 15 00| [[137 -6.9 00| [246 -54 00| (3)
=[1.5 16.0 00 (+|-6.9 274 00]||=-54 43.4 0.0

0.0 0.0 40.0 0.0 0.0 600 0.0 0.0 100.0

1
5106l =

Tenepr HEOOXOAMMO HAWTH MUHUMAaJIbHOE 3HadYeHHME TeH3opa (3). Jms storo
COTJIACHO METOJHWKE, ONMHMCAHHOM B y4eOHO-METOJINYeCKOM mocoOumu «Marepuaibl
AJIEKTPOHHOM TEXHUKHW U METOJAbI MX aHaim3a», Yacte 2. Tomck, TMII 1O, 2002,
cTp.24-32, Haitnem coObcTBeHHbBIE 3HAUeHUA. OJTHO COOCTBEHHOE 3HAUCHUE HAXOIUTCS

cpasy: S3 =100. [pyrue 1Ba HaXOJATCS U3 PEIICHUs] YPaBHEHUS
(24.6-sY43.4—5)- (5.4 =0
0] 051
s?-685-29.1=0.

Pemenue 3Toro ypaBHeHUsI TAKOBO

S12 = 34+1756+989.4 ~34++2745~34+5.2
51 =39.2: 5, =28.8. '
MuHuMaIbHOE COOCTBEHHOE 3HAUCHHE OKA3bIBACTCS PaBHBIM s, =28.8. Tenepp mid

3TOro COOCTBEHHOT'O 3HAYEHUS HaWJeM COOCTBEHHBIN BEKTOP U(U1 Us 0). st 3T0ro

pelIaeM CUCTEMY YPaBHEHUI:

(24.6 —sp)Uy —5.4U5 =0;
U12 + US =1 .

HOJ’IBSYHCI) HN3BCCTHBIM MCTOIO0M, IMOJTYHHUM:

4.2U;+5.4U, =0;
U12 + u§ =1 .
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4.2
Up === Uy~ -0.8U; .
°7 54" 1

U? +0.64U7 =1
1.0 1.0
U=+t—19 19 198
VT A+064 1.3
Up= 0.6.

Takum 006pazom, perieHrueM 3a1auu OyayT YeThIpe €AMHUYHBIX BEKTOPA:

u™o:8 06 o)

U8 -0 0}
U™ (058 06 o)
(08 -06 0

OngHako W3 3TUX  BEKTOPOB  TOJBKO  JIBA  YKAa3bplBAalOT  pasjIMYHbIC
KpUCTAJUIOTpa(MUECKUE HAMpaBIEHUSA, TOrAa KaKk JIpyrue JOyOJIMpyrOT —YyKe

yka3aHHbI€.. [03TOMy B KauecTBe pelieHus: BbIOepeM CIeayIolIre 1Ba BEKTOPa:

o8 0.6 0), U0 06 0). )

Takum oOpa3oM, OTBET Ha IOCTaBJIEHHBIM B 3ajadye BOMNPOC OyJEeT TaKOB:
COYETAaHUE MHUHHUMAIBHOTO YJEIbHOIO CONPOTUBIEHUS H €ro MHHUMAaJbHas
3aBUCUMOCTh NpU HarpeBaHuu B cooTHomeHUHn «40%:60%» mocturaercs B IBYX

HaIPaBJICHUX, 32/1aBA€MbIX €AMHUYHBIMU BeKTOpaMu (4).

4.2. OnpeaesieHue BUAA TEH30pa

3ajaHusl Ha ONpPEAENIEHWE BHJA TEH30pa TPEThEro WJIM YETBEPTOrO PAHIOB
BCTPEYAIOTCS BO MHOTHUX KYpPCOBBIX pabdOTax Kak OTIEIbHBIE COCTABISIOIINE

3ajaHUs.

3amanue 1. Omnpenenutb BHJI TEH30pa MbE30IJEKTPUUECKUX MOJYJIEH

KpucTajljia cyyibdara JUTHS, UMEIOIIET0 TOUCUHYIO IPYIIy CUMMETPUH 2.

Pemenue. I[aHHOG 3aJaHuC MOXXET OBITH BBITIOJIHEHO IIPUMCHCHHUCM MCTO/1a

OpsIMOM MIPOBEPKU B JEKAPTOBBIX KOOpAMHATaX (CM. ydyeOHOe mocoOue mo Kypcey
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«Marepuanel ¥ 3JEMEHTBI 3JEKTPOHHOW TexHukm». Tomck, TML 1O, 2007.).
[IprMeHuM ero K 3TOMy 3a1aHUIO.

JleiicTBue sneMeHTa CUMMETpHH OyJeM paccMaTpuBaTh Ha IpeoOpa3oBaHUU
KpUCTAIIO(PHU3NIECKON CUCTEMBI KOOPAMHAT, T.K. B KOHEYHOM CUYETE OHO HAIpPaBJIECHO
Ha BBISICHEHUE CHUMMETPHUYECKHUX CBOMCTB (PM3UUECKOTO CBOICTBAa TPETHETO paHra..

Och cUMMETpUHU BTOPOTO MOPs/IKa MOBOPAYMBAET KPUCTAIODU3UUECKYIO CUCTEMY

KOOpJUHAT Ha YroJl 180° BOKpYT Hayaja KOOpAUHAT MPOTUB YAaCOBOM CTpENKHU (CM.
y4eOHO-METOIMYECKOe MocoOre Mo Kypcy «MaTepuanbl 3JIEKTPOHHON TEXHUKU H
Metonbl ux aHamm3a»y. Yacte 1. Tomck, TMIL] JO, 2009, ctp.15-21.). CornacHo
CTaHIaPTHON yCTaHOBKE KPUCTATOPU3NIECKON CHCTEMBI KOOPJAMWHAT B KpUCTAIIaX
C TOYEYHOU Tpynmnoit cummeTpuu 2 (cMm. TaM ke cTp. 52-53, Tabnuna 1 u Tabnuna
2) cuctemMa KOOpAMHAT OepeTcss OPTOTOHATIBHOW M IO OCH CHMMETPHUU HaIPaBIIAETCS

KOOpJIMHATHAsA OCh Y. 3HAYUT, MaTpHIla IpeoOpa30BaHUs CUCTEMbI KOOPIUHAT OyIeT

HUMCTb BHUA.
-1 0 O
ICil=]0 1 0
0O 0 -1

CJ'ICI[OB&TCJ'H::HO, 9TOT DJJICMCHT CHMMCTPHH M3MCHACT HHACKCHBI TCH30pa

IepBOro paHra (IOJIIPHOTO BEKTOpA) CICAYIOIIUM 00pa3oM:
X—> =X,y >y, Z—>-Z. (5)

3Ha‘H/IT, KOMIIOHCHTBI TCH30pa BTOPOI'0 paHra JOJDKHBI H3MCHATHCA  Kak
IMPOU3BCACHHUC JIBYX BCKTOPOB. I/IH,Z[GKCBI KOMIIOHCHT TCH30pa BTOPOIO paHra

JOJIDKHBI npe06pa30BaTbc>1 I10 CJICAYIOIIUM IIpaBUJIaAM:

XX — XX, Xy — —XY, XZ = XZ,
YX = =YX, yY = Yy, ¥Z = -yz, (6)
ZX > ZX, ZYy —> —ZY, ZZ > ZZ
Opnako Haila 3ajladya — OTBICKAaHME BUJA TEH30pa TpeThero panra. I[lostomy
yTOOBl HAWTH 3aKOH NpPeoOpa3oBaHUsS MHACKCOB €ro KOMIIOHEHT HE00XOIuMO,

UCIIONB3Yys BbIpakeHue (8), MEepeMHOXKUTh TPU HHIAEKCA. B uTOre Mbl MOJIyYUM
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3% =27 coortHomenus Buaa (9), KOTOpPEIE U ONPENENAT TPeOOBAHHS HA PABEHCTBO
WIM HYJIEBOE 3HAYEHUE OTHEJIBHBIX KOMIIOHEHT TEH30pa TpeThero panra. CremaeM
310. IlepBbiii HAOOpP COOTHOLIEHWM [UIsi KOMIIOHEHT TEH30pa IOJYYUM, YMHOXKUB

cooTHomieHus (9) cnpaBa Ha X :

XXX —> —XXX, XYX — XYX, XZX —> —XZX,
YXX = YXX, YYX —> —YYX, YZX > yZzX, (7

ZXX —> —ZXX, ZYX — ZYX, ZZX —> —ZZX

Btopoit Habop cooTHouieHust nmoiyduM u3 (9), yMHOKHUB uX crpaBa Ha y. Torma

MTOJTYYHM:

XXy — XXV, XYY — —XYy, XZy — XZV,
YXY = =YXy, Yyy — Yyy, yzy — -yzy, (8)
ZXY = ZXY, ZYY — —ZYY, ZZY — ZZ).

[Tocnenuuii Habop nostyyaercs u3 Habopa (6) yMHOKEHUEM CTpaBa COOTHOIICHUI Ha

Z:

XXZ = —XXZ, XYZ — XYZ, X2Z = —XZZ,
YXZ — yXz, yyz — —yyz, yzz —> yzz 9)

ZXZ — —ZXZ, ZYyZ — ZYzZ ZZZ— —ZZZ

Ternepb MO MOMYYEHHBIM COOTHOILIECHUSIM (7)-(9) MOJydMM COOTHOIIEHUS ISt
KOMIIOHEHT T€H30pa TpeThero panra. [IpuHuun BeIBOIA HYJIEBBIX KOMIIOHEHT TaKOB:
ecau B cootHomeHusX (7) - (912) omuHakoBble KOMOWHAIIMM HWHICKCOB CBSI3aHBI

3HAaKOM «MHHYC», TO COOTBETCTBYIOIIAsA KOMIIOHCHTA PaBHA HYJIIO. Torna MOJIy4YHM:

d111=0, d131=0, dap1=0, d311=0, d331=0,
d122=0, d212=0, do32=0, d322 =0,
di13=0, d133=0, drp3=0, d313=0, d333=0.

Jns  3amucu  TeH30pa B MaTpUYHOM BHJIE HEOOXOJIWMO TPUMEHHTH
o6o3HaueHuss Poxrta, KOTOPhIE, OOBEAUHSS TTOCICAHUE JIBA MHACKCA, 3aMEHSIOT MX

OJIHUM IO TPaBUITY, U3JI0KEHHOMY B yueOHOM mocobuu mo Kypcy «Martepuanasl u
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AJEMEHTHl 3JEKTPOHHOM TexHukm». Tomck, TMIL O, 20095, ctp. 158. Torna

MOJTy4YUM

0 0 0 dy 0 dig
|dig||=| do1 doo dog O dos O
0 0 0 dgy O dag

[lomy4yeHHBII TEH30p HEOOXOJMMO CPaBHUTH CO CIPABOYHBIMU JIaHHBIMU,
U3JI0)KEHHBIMU B y4€OHO-METOAMYECKOM TMocoOuu 1o Kypcy «Matepuasl
AJIEKTPOHHON TEXHUKHW U METOJAbl MX aHaimm3a». Yacte 2. Tomck, TMIL JO, 2009,
cTp. 72. Buasl TEH30pOB MOJYYEHHOTIO M NPUBEAECHHOTO B CIPABOYHOM MaTEpHUalle
HECKOJIBKO OTJINYAKOTCS U3-3a TOTO, YTO B CIIPABOYHOM BapHaHTE C OCbI0 CHMMETPUN

BTOPOTO MOPSAKA COBIAAAET OCh Z, a HE OCh Y, KaK B JAaHHOU 3aJa4e.

BaHaHne 2. OHpGI[eHI/ITB BHUA TCH30pa IIbC303JICKTPHUUCCKHUX MOIIYJIefI

KpucTajuia cyib(huia KaaMus, UMEIOIIEro TOYSYHYIO TPYIIITY CUMMETPUU 3m.

Pemenue. [TockobKy B JAHHOM KPUCTAJJIE UMEETCS OCh CHMMETPHUU TPETHETO
MOpsiKa, TO UCIOJIb30BAHUE METO/1a MPSMOU MPOBEPKHU B AEKAPTOBBIX KOOPJIUHATAX
HEBO3MOXHO. 37eChb HEO0OXOIUMO HCIOJb30BaTh METOJA MPSIMOM MPOBEPKHU
IIUKJIMYECKUX KOOpJWHATaX. METOAO0JOTHs 3TOr0 BapHaHTa METoJa IOAPOOHO
paccMoTpeHa B y4eOHOM MOCOOuU Mo Kypcy «Marepuaiibl U 3JIEMEHTHI 3JIEKTPOHHOM
texHukn». Tomck, TMI] O, 2009. [IpogeMOoHCTpUpYyEM €r0o MPUMEHEHUE K HaAIlIEeMY
Cly4daro, KOrjla B TOUEHYHOM TpYIINEe KPUCTAUIa HMEETCs JIBa T'e€HepaTropa I'PYMIIbL:

OCb CUMMCTPHUHU TPCTHCTO MOPAAKA U IIJIOCKOCThL CUMMCETPHH.

ITnockocmov cummempuu. CHayana Tak XK€, Kak U B I[EpBOM 3ajaaue,
OTPE/ICIUM YCTAHOBKY KPHUCTALIO(PU3NUECKON CHUCTEMBbI KOOpJauHAT. B KkadecTBe
BAPHAHTA PA3MEUIEHUS IUIOCKOCTH CHUMMETPUM PAaCCMOTPUM HECTAaHIAPTHOE €€
MOJIOKEHHE: OCh X JICKHUT B IUNIOCKOCTM CUMMETPHUHU, @ OCb Z HaIpaBJI€HA IO OCH
CHUMMETPUM IIECTOr0 mopsiAka. B craHgapTHOM YCTaHOBKE IJIOCKOCTh CUMMETPHUU
JISKUT B KOOPAUHATHOM IUIOCKOCTH YOZ. PaccMOTpeTsh citydail TaKoro pa3MelieHus

IIJIOCKOCTHU CUMMCTPHH 110 U3J1aracMom HHUXKE MCTOJUKE HC MMPCACTABIIACT TPy da.
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Jlanee n3 Bcer TOYEUHOW T'PYNIIBI BBIIEIAEM €€ reHeparopsl. s rpynnsr 3m,
KaK Y€ YKa3bIBaJOCh, UMM SIBIISIIOTCS IIJIOCKOCTh CHUMMETPUH M OChb CUMMETPHUU
TPETHETO MOPAJIKA.

s yrpouieHnst JadbHEMIIMX BBIKJIAJOK HAYHEM PACCMOTPEHUE C JICUCTBUS
IJIOCKOCTH CMMMETPUU HA BHUJ TE€H30pa BTOpOro panra. Ilpu 3ToM BOCHOJIB3yeMCs
UJICOJIOTUEN, W3JI0KEHHOW B TMEpPBOM 3ajade, UMes B BHUIY, 4YTO MaTpula
peoOpa3oBaHUsl CUCTEMbl KOOPJMHAT IUIOCKOCTBIO CUMMETpPUHU, JIekKalled B

KOOPAMHATHOM TIOCKOCTH XOZ, UMEET BUJI:

1 0 O
ICil=0 —1 0.
O 0 1

OTO NPUBOIUT K CIAEAYIOIIEMY NPAaBUILYy MPeoOpa3oBaHUsl KOMIIOHEHT TEH30pa

IIEpBOTO paHra:
X—>X,y = -y, zZ—> Z.

CJIGIIOBEITGJIBHO, KOMIIOHCHTBI TCH30pa BTOPOI'O paHTI'a 6Y,Z[YT Hp606pa3OBBIBaTI)C5I I10

COOTHOIICHUAM:

XX = XX, XY — —XY, XZ = Xz,
YX = =yx, yy = Vy, y2 - -yz (10)

ZX = ZX, Zy — -2V, ZZ = ZZ

[lepBbIii HAOOP COOTHOIICHWM JJIT KOMIIOHEHT TEH30pa IMOJIY4YUM, YMHOXKUB

cootHotenus (10) cnpaBa Ha X:

XXX —> XXX, XYX —> —XYX, XZX —> XZX,
YXX — —YXX, YYX — YYX, YZX = —yZX, (11)
ZXX —> ZXX, ZYX —> —ZYX, ZZX—> ZZX

Btopoit Habop cooTHomenus noayuum u3 (11), yMHOXKUB ero copaBa Ha y. Torma

NOJTYYUM:
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XXy — —XXY, Xyy — XYy, X2y — —XxZJy,
YXY = VXY, YYY = =YYy, yZy — yzy, (11)
zZXy = =zXy, zZyy — zZyy, z2zy - —-ZZ).

HOCJ’ICILHHI?I Ha60p HOJIleaeTC}I U3 Ha6opa (10) YMHOX(GHI/IGM cnpaBa COOTHOHIGHI/Iﬁ

Ha z:

XXZ —> XXZ, XyZ — —XYyZ, XZZ — XZZ,
YXZ — =YXz, YyyZ — yyz, yzz — —yzz, (12)

ZXZ — ZXZ, ZYyZ — —ZYyZ, ZZZ— ZZZ

Tenepp mo nonydeHHbIM cooTHoeHUusiM (10)-(12) moaydrmM COOTHOIICHUS
JJI1 KOMIIOHEHT TEH30pa TpeThero panra. [IpuHUMN BbIBOJA HYJIEBBIX KOMIIOHEHT
aHaJIOTMYEH BBIBO/Y, OTMCAHHOMY B MpebIAyIeH 3aaade. [I[puMeHuB ero, noiaydum:
dip1=0d1g =0, do11=021=0, do31=0dp5=0, d3p1=0d36 =0,
di12=016=0, dig2=014=0, dopp =020 =0, d312=036 =0, d3zo=0d34 =0,
diog=di4 =0, 013 =05 =0, dpg3 =023 =0, d3gp3 =034 =0.
CnenoBaTesibHO, BHUJ TEH30pa BTOPOTO paHra 3a CYET IJIOCKOCTH CUMMETPHH,
COBITQJIAIOIICH C KOOPJAMHATHOM INIOCKOCThIO XOZ, B oOo3HaueHus doxrta Oyner
MMETh CJIEAYIOIMNN BUL:

diy diz dig 0 di5 O

[dil=| 0 0 0 dag 0 dbgl. (13)
d31 d3p d3z 0 ad3z5 O

B pe3ynbraTe NpUMEHEHUS CHUMMETPUNHBIX OrpaHUYEHUMN, HAKJIaJbIBAEMbIX Ha
dbu3uYecKoe CBOWCTBO B KPHUCTANJIE, MMEIOIIEM IUIOCKOCTh CHUMMETPUHU, YHUCIIO
HE3aBHCUMBIX KOMIIOHEHT TE€H30pa TPEThero panra ¢ 27 ymeHblunaock 10 10. Bua
ATOTO TEH30pa MOJHOCTHIO COBNAJAET C BUOM, IPUBEICHHBIM B CIPABOYHUKE, €CIIH

Y4eCTh 3aM€HY Y - ocH, Ha X.

Ocv cummempuu mpemuoezo nopsaoka. Tenepb HEOOXOAUMO K TEH30py BUAA
(13) npuMeHUTH ONepalKilo CUMMETPUUYECKOrO0 MpeoOpa3oBaHus OCbI0 CUMMETpPUU
TPETHETO MOpsAAKAa. BBeleHHE HHUKIMYECKHX KOOPAMHAT IO3BOJISIET 3TO CHENATh.

OI[HElKO Ha ITPAKTHUKC HCO6XOI[I/IMO 3HATb 3aKOH npeo6pasoBaHI/m HC INHUKIIMYCCKHUX
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KOMITOHEHT, a JIeKapTOBbIX. M 371€Ch OKa3pIBaeTCS MOJIE3HBIM TO OOCTOSITEICTBO, YTO
KOMITOHEHTBI TEH30pPOB IMpeoOpa3yloTcs KaK MPOU3BEICHUE COOTBETCTBYIOMIETO
paHry TeH30pa 4Yucia KOOpJuHAaT. VMIMEHHO Ha STOM OCHOBaH H3JaracMbIil HUXKE
croco0 mepeBoia MUKINYECKUX KOOPAUHAT B JEKaPTOBBI KOOPIUHATEHI.

Bbyaem 0603HavaTh NMUKINYECKUE KOOPIUHATHI KaKk & U 77, KOTOPBIM B METO/IE
MBI JIOTOBOPHJIMCH IPUITUCHIBATh HHACKCHI «1» U «-1», COOTBETCTBEHHO (CM. yueOHOE
nocodbue no Kypcy «MaTepuaibl U 3JIEMEHTHI AJIEKTPOHHON TeXHUKW». ToMck, TMI]
HO, 2009. ctp. 103). Koopaunare z npunucbiBand uHAeKC «0». TeH30pHBIE
KOMITOHCHTBI B IUKJIMYECKOM Oaszuce Oyaem 0003HayaTh (PUTYpHBIMH CKOOKaMH C

ko3 durmentom, Hanpumep  af&n j. Ilpu 3ToM copepkumoe (PUTypHBIX CKOOOK

YKa3bIBA€T, KAaKW€ HWHJCKChI HMMEET JaHHas KOMIIOHEHTa, a KodhduiueHt a -
YUCJICHHOMY 3HAYEHUIO JAHHON KOMITOHEHTHI.

C conpepkumbiM (UTYPHBIX CKOOOK (HMHIEKCAMH) MOXXHO TIIPOJIENIbIBATH

TOXECTBEHHBIC MPEOOpa30BaHUs BUJIA:
{E={x=iy}={x}-i{y},
{n}={x+iy}={xj+ify}.

Ecnmu B ¢durypHbie ckoOKM BXOIUT JIBa WM 0oJjiee MHACKCOB, HEOOXOIUMO
POU3BOJIUTHh WX MEPEMHOXKEHUE. DTO JENNaeTcsi OOBIYHBIM CIIOCOOOM, HO C OJHUM
YCIOBHEM: HENb3d MEPEeCTaBlATh MECTAMU COMHOMKHUTENU, T.K. 3TO O3HAYaeT
MIEPECTAHOBKY MHCKCOB. MHUMYIO €AMHUILY | MOXHO MEPECTaBIAThH B JTFOO0E MECTO

U JJaXKe BBIHOCUTH 3a CKOOKH. Hampumep,
(& ={(x=iy)(x=iy)}={xx}={yy}-i{xy}—i{yx}. (14)

CkoOKkM  {nn} HEMNOCPEACTBEHHO TMOJy4YaloTcs u3 Bblpakenus (14)

IIOCPEJICTBOM KOMIIJIEKCHOTO CONPSKEHHUs, T.€. U3MEHEHUEM 3HAaKa MHHMOW YacTH.
DTO MO3BOJIUT B JIBAa pa3a COKpATUTh BbuKciieHus Buaa (14) sasoe.

3aMeTHM ellle, YTO, IOCYNUTAB, CKaKEM, CKOOKH

{&n }= {00} +{xyy J+{yxy }—{ yyxJ+il{ xxy J—{ xyxJ—{ yxx}—{ yyy ] (15)
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MOXHO Cpa3y 3amucaTh KOHEYHBIE BBIPAKEHUS A CKOOOK {&né )} m {n&f ). Jns
ATOTO HEOOXOJMMO CJeJaTh COOTBETCTBYIOIIME MEPECTAHOBKUM W B MPaBOM 4YacTH
paBeHcTBa (15): mis CKOOKM {&né } HYKHO TIOMEHSITh MECTaMU BTOPOW M TpETUH
MHJIEKC BO BCEX CKOOKaX MPAaBOM YaCTH, a Ik CKOOKHU {n&E } - IEPBBIM U TPETHIA.

Tenepp mepeiineM K pacCMOTPEHMIO BHJA TEH30pa TPETHErO paAHra,
WHBapUaHTHOTO OTHOCUTEIIBHO OCH CUMMETPHUH TPEThEro nopsaka. B odmem cioydae
TEH30p TPETHETO paHra UMeeT 27 HE3aBUCUMBIX KOMIIOHEHT. VX 4KCIIO yMEHBIIAETCS
3a CYET HAJIMYWsl Y HETO BHEUIHEW CUMMETPHUU, ONMPENCIIEMON B MEPBYIO OYEPEIb
TOYEYHOU TPYNIION CUMMETPUHU KpUCTaJIa. 3HAYUT, B OOIIEM CIydae B UKIUIECKUX

KOOpAHaTax TCH30P TPCTLCIO paHra COCTOUT M3 TPCX «CJIOCB», PA3JIMYAOIINXCS

SHAYCHUCM IICPBOI'O MHACKCA KOMIIOHCHT TCH30pa. OO003HaUYMM CJIOH KaK dg, d77’ dz

B 3aBHCHMOCTH OT TOTO, KaKOW MHIEKC B CJIO€ OCTACTCSI HEU3MEHHBIM: &, 17 WM Z.

HOBTOMY HCpBBIﬁ cliou TCH30pPa TPCTHCI'O paHra MOKHO 3aIINCaTb B BUAC!:

ds =|dg,| = arf &2 }+ ax{ &en }+ ag{ &z} + ag{ éné }+ as{énm )+

(16)
+ag{enz)+ap(szé )+ aglézn)+ agfEz2) .
BTopoii cioit Oyaer uMeTh CIIeIYIONIYyI0 CTPYKTYPY:
dy = dz, | = br{n&s }+ ba{nén }+ by {néz}+ by f{nné }+ bs{nnn }+ (17

+bg{nnz}+b;{nzé }+bg{nzn}+bg{nzz} .

Tpetuit cinoit hopmMupyercss U3 KOMIIOHEHT, B KOTOPBIX IEPBBIM MHACKC MPUHUMACT

3HAa4YCHUC Z:

d, =Hd¢72H =ci{z&E }+eo{zén}+cg{zéz}+cqf{zné }+C5{znn }+ s

+cCgl{znz}+cy{zZ }+cg{zzn}+c9f{zz2} .
[Tonublit TeH30p OyAET MpeACTaBIsAThL CO00i cymMMmy BhipakeHuit (16)-(18):

d=d§+d,7+dz:

=& M+ ax{&n }+ag{ &z} +an{éné }+as{énn }+
+ag{énz}+ar{izé}+ag{ézn}+ag{ézz}+
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+by{nés }+ bainén }+ b3{néz}+ by{nné }+ bs{nnn }+
+bg{nnz}+bz{nzé }+ bg{nzn }+ bg{nzzj+
+e1{ 288 }+ ol zén }+ c3{ 28z} + caf Zné J+ C5{znn } +
+Cg{znzj+c7{zZ }+cg{zzn}+cofz22} .

(19)

B nonyuyenHom BelpaxeHun (19) mms TeH3opa TpPEThEro paHra B LHUKIMYECKUX
KOOpAMHATAX €CTh KO3(PQUIUEHTHI, KOTOpPHIE CBSI3aHBl MEXAy cOOOH uepe3
OICPAaLlMI0 KOMILIEKCHOIO COIpSDKEHUs. JIeHCTBUTENBHO, II0  ONIPEACICHUIO
LIUKJIAYECKHE KOOPJIMHATEI & U 77 ABISIIOTCA KOMIUIEKCHO-COIPSKEHHBIMU, TO3TOMY
[EPECTAaHOBKA HX MECTaMH Yy KaKOH-IMOO KOMIIOHEHTBbI TEH30pa 3KBUBAJICHTHA

omnepaly KOMIUJIEKCHOTO CONpPSDKEHHUSA. 3HAUYUT, KOMIIOHEHTa {&&£} TOYHO paBHA
KOMIUIEKCHO-CONPSIKEHHOM KoMroHeHTe {nnn}. IlpocmarpuBasi Bwipaxkenue (19),
MOKHO BBIJICJIUTH €r0 CJaraeMble, KOTOPBIE OTIMYAKOTCSA TOJBKO TOJIOKEHUEM

KOOpAHHAT f N 71 B CIIMCKC HWHICKCOB. Tor,ua IIpupaBHUBasA HX CO 3HAKOM

KOMINJICKCHOT'O COIIPSKCHUA, ITOJTYYUM CICAYIOIIHC COOTHOIICHUA:

a=bs, ap=by, a3=bg, as=bs, a5 =0y,

as = b3, a7 = bg, ag =by, ag= b,

C{=Cs, Cp=Cy, C3 =Cg, Cy =Cg.
3nece cuMBOJI (*) O3HA4YAaeT KOMIUJIEKCHOE CONpSIKEHUE, T.€. Yy MHHMMOM 4YacTu
Ko3(puimenTa, TOMEUYEHHOTO 3BE3/104KOM (*), 3HAK MEHsAeTcd Ha OOpaTHBIA. DTH
COOTHOIIEHHMSI MO3BOJIAIOT YMEHBIIUTD YUCIO HE3aBUCUMBIX KO3(ppumenton a0 14.

Kak cnenyet nosib3oBatbesi BeipaxkeHueM (19) mist onpeneneHns: 0IMHAKOBBIX

KOMIIOHEHT B JEKapTOBBIX KOOpAMHATaX, MPOJAEMOHCTPUPYEM Ha IMpUMeEpe. 3aKOH
M3MEHEHUS HUKIMYECKUX KOOPAMHAT NPH IEUCTBUM OCH CUMMETPHUH IIPOU3BOJIBHOIO
MopsiIKa HMeeTcss B yuyeOHOM MocoOuu 1o Kypcy «Marepuanbl U 3JIEMEHTHI
ANEKTPOHHOM TeXHUKMW». Tomck, 2009, ctp. 105. OH yTBepKaaeT, 4TO OTIWYHBI OT
HyJss OyAyT TOJIbLKO T€ KOMIIOHEHTHI TEH30pa, CyMMa LHKIMYECKHUX HHJIEKCOB
KOTOPBIX paBHA HYJIO WIM JEIUTCA HA MOPSAJOK OcH 0e3 octaTka. TakuMm oOpas3om,

OTJIMYHBIC OT HYJI HUKIMYCCKUC KOMIIOHCHTBI TCH30pa TPCTHEI'O paHIra B KpUCTAJIIIC
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C OCbIO CUMMCTPUHU TPETHCTO pPaHTa, IOJUKHBI UMCTh CYMMY HUKIMYCCKUX MHIACKCOB

i «0», uinu « 3. BeinuiieM 3TH KOMIIOHEHTHI:

{000} ={zzZ}, {111} ={nyn}, {(1}={&Z},
{101} = {nzé}, {110} ={néz}, (110} ={Enz}, (20)
{101} ={&zn}, (0N} ={zné}, {ON}={zén}.

OcTalibHbIE KOMITOHEHTBI PaBHbBI HYJIIO. CJ'IeI[OBaTGJ'IBHO, TCH30pP TPCTLCI'O paHTa B

KpucTtauic, UMCIOIIEM OCb CUMMCTPHUH TPCTHETO ITOPAIKaA, 6y,Z[€T NUMCTb BU:

d=af&& }+a {nqn}+b{ Enz}+ by {néz}+ bof Ezn }+ bo{nzé }+
+by{zén J+ b3{zné }+cf zzZ).

21

3neck k03¢ duIMeHTsl npu GUTypHBIX CKOOKax g yao0cTBa 0003HAYEHBI HE Tak,
Kak panee. B Boipaxkenuu (21) xkospdunmentsl a, a*, by, b', by,... - IPOU3BOILHEIE

KOMIUIEKCHbIE KOA(DOUIIMEHTH. 3aMEHUM IUKJIMYECKUE KOOPJIUHATBHI &, 7 UX

BBIPOKCHHUSIMU 4Y€pe3 JIEKapTOBbI KOOPAMHATHI X, J¥, Z W packpoeMm ckoOku. Torga

MTOJTYYHM:

d=(a+a")-[{xxj—{xyy}—{yyx}—{yxy }]+

+i(a—a")-[{yyy}—{ xxy }—{ xyx}—{ yxx}]+

+(by+ by )-[{ xxz}+ { yyz}]+ i2(by - b )l xyz} - { yxz}]+ (22)
+(by +b3)-[{ xzx}+ { yzy}]+ i2(by — b3 |{ xzy} - { yzx}]+

+(bg + b3 )-[{ zxx} + { zyy }]+ i2(bg — b3 [{ zxy} — { zyx}]+ cf z22}.

3aMeTuM, 4YTO CyMMa KOMIUIEKCHO-COMPSIAKEHHBIX KOI(P(MUIIMEHTOB JacT

HGﬁCTBHT@HBHO@ YHUCJI0, 4 UX Pa3HOCTb — MHHUMOC!

a+a* = Re(a)+ilm(a)+ Re(a)- Im(a) = 2 Re(a);
a-a*=Re(a)+ilm(a)- Re(a)+ilm(a)=2Im(a)

SAcHo, uYto KO3(p(UUMEHTHI, cTosuMe Tmepes (QUrypHbIMU CKOOKaMu,
COCTABJICHHbIMU M3 HWHIEKCOB X, ¥, Z - COOTBETCTBYIOLIME KOMIIOHEHTHI B
NEKapTOBBIX KOOpAHHATax. Eciin paccMaTpuBaeMblil TEH30p d BELIECTBEHEH, T.€. €T0

MHHMas 4acTh paBHa HYIO, TO KO3QOUIMEHTsI @ ¥ &, b U b" U T.J. SBISIOTCA
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KOMIUIEKCHO COTPSDKEHHBIMH — YHCIIaMH, T.K. CIyXar KodduiumeHtamMmu mpH
KOMITJIEKCHO COTIPSDKCHHBIX (PUTYPHBIX CKOOKaX.

CornacHo BbIpaKeHHIO (22) MHOTME M3 KOMIIOHGHT TeH3opa d, B CHIy
CKAa3aHHOTO BBIIIE, OKA3bIBAIOTCS CBSI3aHHBIMU APYT ¢ ApyroM. Pa3 mmeercs oOmmit
MHOXHUTeTbr B (18), crosmmuii mepex KBagpaTHOM CKOOKOM, B  KOTOPOM
NEPEUUCIISIOTCS UHIEKCHl B (PUTYPHBIX CKOOKaX, TO ATO O3HAYaeT: JAaHHBIM 0OIIuii
MHOXUTEJb €CTh TO OTIWYHOE OT HYJS YUCIO, KOTOPOMY PAaBHBI BCE KOMIIOHEHTHI B
KBaJIpAaTHBIX CKOOKAX, T. €. KOMIIOHEHTBI B KaXXJI0M Mape KBaJpaTHbIX CKOOKaX paBHbI

apyr apyry. Tak, HanpuMep, U3 NEPBOM CTPOKU BbIpakeHHUs (22) cneayer:

[xxx]==[xyy I; [xxx]=—[yxy [} [xxx]==[yyx].

DTO B CBOIO OYEPE/b O3HAYAET:
0111 =—0122, O111=—0212, O111=—0221.

[IpuMeHss 3TOT MOAXOJ K APYTUM CTPOKaM BbIpaKEeHHS (22), TOIYYUM CIIECTYIOIINE
COOTHOILICHHS, CBSI3bIBAIOLIME KOMIIOHEHTBI TEH30pa TPETHETO paHra B JIEKApTOBBIX

KOOpJIMHATAaX:

[xxx]=—[xyy]; [xxx]=—=[yyx]; [xxx]=—[yxy];
[yyy]=—[xxy]=—[xyx]=—[yxx];
[xxz]=[yyz]; [xyz] =—[yxz]; [xzx]=[yzy];
[xzy] =—[yzx]; [zxx] =[zyy]; [zxy]=—[zyX].

B 0003HaueHUSIX KOMIIOHEHT TCH30pa 9THU COOTHOIICHUA UMCIOT CJIGIIYIOH_[I/Iﬁ BUA:

O111=—0122; di11=—0221, dj11=—0212;
Oppo = —0y 10 = —O4 o1 = —Co11;
020 =—0112=—0j24 211 (23)
0113 = do23; di23 =—0213, di31=0232;
0132 =—0dp31; 311=03pp; 312 =—0321 .
KomnonenTa dis3 SABISETCA HE3aBUCUMOM OT JAPYIMX KOMIIOHEHT BEJNMYHMHOW. B

o00o3HaueHuax PoxTa, YUYUTHIBAIOIIUX BHYTPEHHIOIO CUMMETPHUIO TEH30pa IO mape

MOCJIETHUX UHACKCOB, COOTHOMICHUS (23) BBITIISAAT CASAYIOIMUM 00pa3oM:
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di1=—012; d11=—02g;
dop =—0djg; dop =—0oq; (24)
di5=doy; di4=—dos;

d31=03p; 036 =—03p -

Takum 00pa3oM, paccMaTpuBaeMblii TEH30p TPETHETO paHra B KPHUCTAIE C
TOYEUHOM TPYNIONA CUMMETPUM 3m M 3aJlaHHBIM HECTaHJAPTHBIM PaCIOJIOKEHUEM

IUIOCKOCTEH CUMMCTPHUHU UMCCT CHCI[y}OHlI/IfI BUA:

dy ¢y 0 0 ds O
ldil=| © 0 0 dg 0 -2d|. 25)
d3y d3y dzgz 0 0 O

3apanme 3. OmnpenenuTh BUJ TEH30pa YOPYIHX IMOCTOSHHBIX KpHUCTaJIa

HUOOAaTa JUTHS, UMEIOIIET0 TOUCUHYIO TPYNIy CUMMETpUU 3m.

Pemenune. IlockosibKy B JaHHOH 3amaye TpeOyeTcs ONpenenuTh BUJ TEH30pa
YETBEPTOTO paHra JJisl KpUCTajyla T'€KCaroHaJbHOW CHHTOHMHM, TO HPUMEHEHUE
M3JIO)KEHHOTO BBIIE METOJA MNPSIMOM IPOBEPKH B LUKIMYECKUX KOOpAMHATaX
MPUBEAET K TPOMO3JKHUM BBIPAKECHHUSIM, a 3HAYUT, YBEIMYUT KaK O0BbeM
BBITIOJIHAEMBIX TIPEoOpa3oBaHUi, TaK U BEPOSTHOCTH OmMOKU. [lodTomMy H3I0KHUM
OPYTyI0 BEPCHUI0O NIPUMEHEHUS METOJa MNPSIMOM TMPOBEPKHM B IUKIHYECKUX
KoopauHatax. [IpomemMoHCcTpupyeM €ro ImpMMEHEHHME K HalleMy CIIy4yar, KOrja B
TOYEYHOW TpyNIe KpHUCTAUIa MUMEETCA JIBa T€HEpaTopa IPyHIbl: OCh CHUMMETPUHU

TPETHCTO MOpAAKA U IIJIOCKOCTh CUMMCTPHUH.

ITnockocmos cummempuu. CHavalla Tak >K€, Kak M BO BTOpOM 3ajaaue,
OTIPE/ICIUM YCTAHOBKY KpHUCTANIO(PU3UIECKON CUCTEMBbI KOOpAUHAT. B cTanmapTHOM
YCTAHOBKE IUIOCKOCTh CUMMETPHUH JIEXKUT B KOOPJIMHATHOU IIIOCKOCTH YOZ. Jlanee
W3 BCEM TOYEYHOW TpYIIbl BbIAECIHsAEM €€ re’eparopsl. g rpynmsl 3m, uMu
SIBJISIFOTCS TIIOCKOCTh CAMMETPUU U OCh CHMMETPUM TPETHETO TTOPSIKA.

Jns yrpouieHnss JadpHEMIIMX BBIKJIAJOK HAYHEM PACCMOTPEHHUE C JIEUCTBHSA
IJIOCKOCTH CMMMETPUU HA BHUJ TE€H30pa BTOPOro panra. IIpum 3ToM Bocmolsib3yemcs

UJCOJIOTUEN, U3JIOKEHHOM BO BTOPOM 3ajade, MMes B BHIY, 4YTO MaTpula
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mpeoOpa30BaHUs CHUCTEMbl KOOPJAWHAT TUIOCKOCTHIO CHMMETPHH, JeKameld B B
miockoctu YOZ. OpThl U KOOPAWHATHI B HOBOW CHCTEME O0O3HAYUM TEMH XKE
CHMBOJIAMH, HO CO INTpuxamu. Ecim mpu 3ToM mpeoOpa3oBaHWU BEKTOp HE

HU3MCHHUIICA, TO TOTAa BBIIIOJIHUTCA PABCHCTBO!

X-B+y G +zBy =X Bty By + 28y (26)
Haﬁ,ﬂeM MaTpungy KOCHHYCOB OaHHOI'O Hp606p330BaHI/I5I CUCTCMbI KOOpPAWHAT
IIJIOCKOCTBIO.

1

00
ICi|=0 1 O
0 0 1

Torna HOBBIE OpTHI, ompexaensieMble Mo Qopmyiie €y =Cjyk- €, OYyIyT HMETh
CIIeAYIOIIAMN BU:
Sr=-8 =8 & =6,

Torna BelpaxkeHue (29) nepenuiiercs B BUIE

X-@+y-&+z-63=—X-6p+y-6x+2-63 . 27)
Tak kak Oa3ucHbIE BEKTOpPbI HE 3aBHUCST JAPYr OT Jpyra, TO IOJy4aem, 4TO
K03 (PULUHEHTHI IPU COOTBETCTBYIOMNX 0A3MCHBIX BEKTOPAX PABHBI:

X=-x;y =y, Z=2z

CnenoBaTenbHO, KOMIOHEHTHI BTOPOT'O paHra npeo0pa3yroTcs Kak Mpou3BeaeHUs

JIBYX KOMIIOHEHT BEKTOpa 1o cienyoiieit popme:
[xx]'=[xx] [xy]'=-[xy] [xz]=-[xZ]
[yx]'==[yx] [yy]'=[yy]l [yz]'=[yz]
[zx]'=-[zx] [zy]'=[zy] [zz]'=[zZ]

3anuieM 3aKOH MPeoOpa3oBaHUs KOMIOHEHT JJIsl TEH30pa YETBEPTOTO paHra:

[xxxx]' =[xxxx] | [xyxx] =—[xyxx] | [xzxx]' =—[xzxx]

[xxxy]' ==[xxxy] | [xyxy]'=[xyxy] | [xzxy]'=[xzxy]
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[xxxz] =—[xxxz]

[xyxz]' =[xyxz]

[xzxz]' = [ xzxz]

[xxyx] = —=[xxyx]

[xyyx]' = [xyyx]

[xzyx]' = [xzyX]

[xxyy]' =[xxyy]

[xyyy]'=—[xyyy]

[xzyy] =-[xzyy]

[xxyz]' = [xxyzZ]

[xyyz] =—[xyyz]

[xzyz]' =—[xzyz]

[ xxzx]' = —[ xxzx]

[xyzx]' = [xyzX]

[xzzX" = [xzzX]

[xxzy] = [xxzy]

[xyzy] =—[xyzy]

[xzzy]' =-[xzzy]

[xxzz]' = [ xxzz]

[xyzz] =—[xyzz]

[xzzZ] =—[xzzZ]

OTO TOJBKO OJHUH ClloM - CcJou «X», QI CIOSL «Y» U «2» DIJICMCHTHI 6y,Z[YT C
O6paTHI>IM 3HAaKOM, 4€M JJIsI CIIOS «X». I[J'IH KOMIIOHCHTOB MaTpHIbl YIIPYTHX

IIOCTOSSHHBIX B CUMBOJIMKE DoXTa IMOJIYYUM:

Ci1=Cy1 C12=Cq2 C13=Cq3 Ci4=Cis Cy5=0 Cis=0
Ca1= Co1 Cao=C2 Co3= Coz3 C2s=Ca4 C25=0 Co6=0
C31= C31 Cgzo=C3zz C3z3=C3zz3 Cgz4=C3zs C35=0 C3=0
Ca1= C41 Cup=Cso Cuz=Cs3 Cus= Css  Cus5=0 Cs=0
Cs1=0 Cs2=0 Cs3=0 Cs4=0  Cs5= Cs5 Cse= Csg
Ce1=0 Ce2=0 Ce3=0 Cea=0  Ce5= Ces Ceo= Cos

YuuthiBas CUMMETpUIO Cjjy MO TMEPECTaHOBKE Map WHACKCOB, MOJIYYUM

Cop =Cp, CiienoBaTenbHO, BHJ MAaTPHUIBl YIPYTUX IOCTOSHHBIX 32 CYeT

IJIOCKOCTA CHUMMETPHUH, COBMAJAONIEH ¢ KOOPAUHATHOM IIOCKOCThIO Y0Z, B

o6o3HaueHusXx PoxTa OyJaeT TAKOB:

Ci1 Ci2 Cig G4 0 O
Cia Cop Cp3 Cy 0 O
IC.5] = Cig Co3 C33 Cz4 0 O
Cig Coq4 C3q4 C4g 0 O (28)
0 0 0 0 Cg5 Csg
0 0 0 0
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Ocb cummempuu mpembe20 nopsioka. Jlisi BBIACHEHUSI OTrPaHUYCHUH,

HaJlaracMbIX Ha KOMIIOHEHTHI TEH30pa Cjj HalMIMeM OCH TMopsjka 3, yI00HO

npousBecTy (popmaTbHOE MpeoOpa3oBaHUe, BBES KOMIUIEKCHBIC KOOpAWHATHI &£,77. K

5THM HOBBIM KOOpAMHATaM MpeodpasyeM Takke U TeH30p Cjjy, B €r0 KOMIIOHEHTaX

HHJICKCHI TPOOEraroT Ternephb 3HaueHust ¢&,77,Z. Kak moka3aHo B yueOHOM MOCOOHUH,
npu 1noBopore Ha 120° BOKpYr OCH Z HOBBIE II€PEMEHHBIE IOJBEPrarOTCA

peoOpa30BaHUIO

2r; —er; (29)
5!263 .5’. 77,:63 ‘77’. Z’=Z,.

OTIUYHBIMH OT HYJII MOT'YT OBITH B CUl1y CUMMCTPHUH KpUCTAJlJIa TOJIBKO TC H3

KOMIIOHEHT Cjjij, KOTOPBIE HE MEHAIOTCS [PU 9TOM TIpeodpa3oBaHuy. 3aluIleM 3aK0H

Hp606pa30BaHI/I5I MUKIIMYCCKUX KOMIIOHCHT TCH30pa YIIPYIUX IIOCTOSHHBIX IIPH

noBopoTte Ha yroi 120° Bokpyr ocu Z u3 (29):

rr o = .. . . ’ ’ ’ ’ . 30
Ay =expli-(a+b+c+d)-120 ].5,0 8/,8 + & Agped (30)

Ck'/ =exp[120 i/]5k'/.
Torna umeem:
(exph 20 i(a+b+c+ d)J— 1)- Asbed =0.

CormnacHo 3TOMY BBIPaKEHUIO OTJIMYHBIMU OT HyJsI OyAYyT T€ KOMIOHEHTBI TE€H30pa,

JUISL KOTOPBIX BBIMOJIHAECTCS YCIOBUE
(exp[1 20 i-(a+b+c+ d)]—1): 0.

Ho ¢ npyroit croponsl umeem

exp[360 i(%ﬂ -1,

a+b+c+d
————— |— LIEJI0€ YUCJIO WU HYJIb.

eciu (
3
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Takum 00pa3oM, OTIIMYHBI OT HYJSI TOJBKO T€ KOMIIOHEHTHI TEH30pa YETBEPTOrO
paHra npu noBOPOTE BOKPYT OCH CUMMETPHUHU (Z), CyMMa MHJIEKCOB KOTOPBIX paBHA
HYJIIO WM JCJIATCA Ha MOPSAOK OCH, PaBHBIA TPEM. 3alMIIEM OTJIMYHBIE OT HYJIA
KOMIIOHEHTBl TEH30pa, WHBAPUAHTHOIO OTHOCHUTEIBHO TIPYIIIBI IOBOPOTOB B

HHKHHH@CKOﬁ CUCTEMC KOOPJAHUHAT OTHOCUTCIIbBHO OC CUMMCTPHUHN 3:

{zzz3, {néné ), (nn& ), (nézz}, {nzéz}, {&&&z), {nmnz}

YuuTtsiBasg MIOCKOCTh CUMMETPUH M, BXOSIIYIO B TOUYECUHYIO TPYIILY CUMMETPHUH,
moay4yaeM, 410 X =-Xx; y'=y; Z=z, wid a1 BeIumuuH ¢&,n: &' —-n, n'><&.
ITockonbKy Tpu 3TOM TIpeoOpa3oBaHuMM {EEE z)— {nnnz}, TO STH KOMIIOHCHTHI

JOJDKHBI OBITH paBHBL. Takum 00pa3zoMm, KpHUCTaUIbI 3m 00JaJal0T BCETO IIECTHIO
HE3aBUCUMBIMU MOJAYJISIMU YIPYIOCTH, U BECh TEH30p OYyIEeT IpEenCTaBiATH COOOM

CYMMY BCCX OTIIMYHBIX OT HYJISI KOMIIOHCHT:
Ciji = a1{ zzzZ3 + ao{énén }+as{&nn }+ as{nzz}+ as{ znz}+ ag{ &&& z}+ ag{nnn 2},

rac & dag — 3HAYCHUS KOMIIOHCHT TCH30pa.

st Toro, 4ToOBl HAMUCATh BBIPAKEHHE JJISI CBOOOJHOW JHEPrUH, HAIO
cocTaBUTh cyMMmy 1o (opmyne ¥ =Cjym: EjxEjm> B KOTOPOU HHIEKCHI MPOOETaroT

3HaueHus ¢&,7,z. [lockoapky HEOOX0IMMO BbIpa3uTh ¥ yepe3 KOMIIOHEHThI TEH30pa
nedopmalii B KOOpJIMHATax X, y, Z, TO HX HEOOXOJUMO BBIPA3UTh Yepes

KOMIIOHEHTHI B KOOpAWHATAX &, 77, Z. DTO MOXHO CJieJIaTh, BOCIIOJIb30BABIIUCH TEM,
YTO KOMIIOHEHTBI TEH30pPa &) MPeoOpa3yroTcs Kak MPOU3BEIEHUS COOTBETCTBYIOIIUX
nByx koopausart. [Ipogemonctpupyem 31o. Tak r06ast KOMIIOHEHTA C UHACKCAMU 777]

OyneT mpeoOpa3oBBIBATHCS CIEAYIONIUM 00pa30M:
nn=(x+ iy)‘2 = x° —y2 + 2ixy .
Ortcrona cienyer, 4to
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AHANOTMYHO TMOCTyNMmaeM JUisi JpYruX KOMIIOHEHT TeH3opa aedopmanmii. B
pe3yJIbTaTe MOJIyYUM CIEAYIOLIee BbhIpakeHue Uil 3Hepruun V. bosee nmoapoOHO o
BBIPQXKEHUM JJI1 DHEPTUU J1€(POPMHPOBAHHOTO COCTOSHUS KpUCTaJa MOXKHO
nountats B kHure Jlangay JILJI., Jlupmmun E.M. Teoperuueckas ¢usuka 1. VII

Teopusa ynpyroctu. — Mocksa: Hayka, 1987r. - §10.

1 2 (31)

Y= Eszzzgzz +2Cens (Exx + Eyy )2 +Cppe [(exx — €yy )2 + 45)2(y] +

2 2
+ 2C77§zz(5xx TEyy )ezz+ 4ane§z(5xz + ‘9yz)+
+ 4Cnrmz[(5xx —Eyy )gyz - 2("“xygxz]

OHeprus 1ehOpMUPOBAHHOTO KPUCTAJJIA SIBJISETCS BEILIECTBEHHOW BEIMYMHOM.
IlosToMy, mnpupaBHAB K HYJIO MHUMYK 4YacTb BbIpaxkeHus (31), nomyyum
CJICAYIOIINE PABEHCTBA ISl yIPYTUX MOCTOSHHBIX Cjj:

{zzz3={zzz3;{ xxxx} = { xxyy };{ xxxx } = { xxyy }; { xyxy } = { xxxx};

{xxzz}={yyzz};{ xzxz}={yzyz};{ xxyz} = ~{ yyyz};{ xxyz} = ~{ xyyz};

OTHn PaBCHCTBA IIOJYYCHBI C YYCTOM CHUMMCTPHUHU TCH30pPA Cijk/' 3anuieM PaBCHCTBA

4cpC3 CUMBOJIUKY ®doxra:

C11=Co2, C33 =C33, C11=Cq2, Cgg =Cy1,
Ci3 =Co3, C44=Css, Cig=—Co4, Cg5=-C14.

Tenepb NPUMEHUM 3TH PE3yJIbTATHI AJI1 MaTPULBI (28)

Ci1 CG1 CGg Gy 0 O

Ci1 Ci1 CGg =G4 0 O

o D (32)
Cia -C4 0 C4g O O

0 0 0 0 Caq4 Cyg4

0 0 0 0 Cy Ci

Tenepr marpunia (32) mpencraBisier coOOW OKOHUYATEIBHBIM BUJ MaTPHUIIBI

YOPYTUX MOCTOSIHHBIX TOUeYHOU rpynnbl 3m B o6o3HaueHusix doxra.



45

4.3. BorunciieHue BeJMYMHBI (PU3NIECKOro CBOMCTBA

KypcoBble paboThl IO 3TOMY HaNpaBIEHUIO MPEACTABIAIOT COOOM 3ahaud IO
TUIOBBIM TeMaM Kypca «Marepuanbl U 3JIEMEHTBl 3JEKTPOHHOW TEXHUKH» C

YCIIO)KHCHHBIMHU YCIIOBUAMM.

3ananme 1. Ha ckoJIbKO M3MEHUTCS TEMIEpaTypa HaXOASIIEHCs MPU KOMHATHOM

TeMIepaType IpsMOYTOJIbHOM [IACTHHBI KPUCTAILIA pasMepamu (5x5x0.5) cM® mpu

MOMEIIEHUU €€ B DJCKTPUUECKOE I0JIE€ BEIMYUHOM 2.10° B/cm, nexamiee B
mockoctn X;0X; 1 HanpanenHoe 1o yrioM 90° k ocu X;. OpToroHanpHas cucTeMa
KoopauHaT X, XoX; OpHEeHTHpOBaHa MO CTOPOHAM IUIACTHUHBL [lmacThHa BhIpe3aHa
TaK, YTO HOPMalb K €€ MOBEPXHOCTH COCTABJSET yrol 45° ¢ OChI0 CHMMETpPHH.

PaccmartpuBaeMblii KpUCTAUI HMMEET TOUCYHYIO TPYIy CHMMETPHUH 4, BEKTOP
nuposnexrpudeckux kodpounuentos (0, 0, y3) co 3nauenumem y;=15 en. CI'CE,

3HAYEHMSI OTHOCUTEJIBHOM NMAJIEKTPUUECKOW MpoHUIaeMocTell €3 =16.8, g =12.6.
_ 3
VYnenpHas IJIOTHOCTH €ro BemiecTBa p=4.4 T/cM” , yaelbHas TEIJIOEMKOCTh ¢=2.2

kas/T-K. [lpu nepeBoje eauHul] TemionpoBogHocTH B cuctemy CH yyecTs, uto 1

kan/K=4.19 JIx/K.

Pemienne.  Haumnaem  paccCMOTpeHHME C  ONPEACICHHUS  TOJOXEHUS
KPUCTAIIO(QU3MUECKONM CHCTEMbl KOOpPAMHAT B JaHHOM KpucTayuie. Ilockonbky
U3BECTHA TOYEYHAs Tpylnma CUMMETPUM KpUCTa/sla, TO MOXHO BbIOpaTh
CTaHAAPTHYIO YCTAHOBKY KpUCTAUIO(PHU3NYECKON CUCTEMbI KOOpAUHAT (CM. y4yeOHO-
METoauYecKoe mocobue 1o Kypcy «MaTtepuansl W 3JIEMEHThl  3JIEKTPOHHOU
texuuku». Yacte 1. Tomck, 2009, Ilpunoxenue 1). B paccmarpuBaeMoM ciyuae
rJIaBHasi OCb CHMMETPHUHU HAIMPABISAETCA MO KPUCTALIOPU3UUECKON OCH Z, a2 OCH X U
Y pacnonararorcsi B NEPIECHAUKYISIPHOW IUIOCKOCTH. SICHO, 4TO B 3TOM CUTyalUH

BEKTOP MUPOITEKTPUUECKUX KOIPPUIIMEHTOB OPUEHTUPOBAH MO OCH Z.

OTpIcKaTh HMCKOMOE H3MEHEHHE TEMIICPATYPLI MOXKHO, BOCIIOJIB30BaBIINCH

BBIPAKEHUEM JIJIS DJIEKTPOKATIOPUUIECKOT0 3 (PeKTa, OMMyCTUB B HEM 3HAK «-»:
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ATz(_oE):—pTTVyoEoCOSa. (33)

311eCh p - MJIOTHOCTH BEILECTBA, C- YyAENbHAs TEIUIOEMKOCTh KpHUCTauia, V- 00beM
IUIACTHUHBI, y - MOJYJIb BEKTOpa MHPOIIEKTPHUUECKUX KOIPPUIIUEHTOB, « - Yrodi

MEXIY BEKTOPOM 3JIEKTPUYECKOIO IOl M BEKTOPOM MHUPOIIEKTPUUECKUX
Ko3puueHToB. Bce BXoismue B JAHHOE BBIPAXEHUE BEIMYMHBI H3BECTHBI.
[ToaTomMy noznctaBum ux B (33), yuuThiBas pazMepHoOCTh B cucteme CU:

AT=L;/~E-COSa:
pcV

-5
500 15197 510810232 _

4.4.22.10°.4.19-(5x5x0.5)-10°°  47-3
3002 107°

- 108 =
4.4.22.419-(1x5x0.5) 4z

30v2  10° 42

_ - 103 ~ 330.
4.4.22.419 7 1274

Takum o6pa30M, B PC3YIBTATC IPUIIOKCHUSA IJICKTPUYICCKOI'O ITOJIA IINTACTHHA

M3MEHUT CBOO Temneparypy Ha 330 K.

3adaua 2. Onpenenutsh BEIUYMHY U HAMPABJICHUE MOJSIPU3ALUUU IIACTUHBI

KpHCTaJJIa TOYEYHOU CUMMETPUH 32 IIPU JEHCTBUM HA HEE MIOBEPXHOCTH OJTHOOCHOTO
CXKATUsA BEINUMYMHOU o = 3.10° H/M?, ecmm TEH30p MbE30MOAYJIEW JTaHHOTO

KpPUCTAJIJIa UMEET CICTYIOINN BU;
di1 —diqy 0 digy O 0
ldi|=| O 0 0 0 -—dyg —2di4
0 O 0 O 0 0
[lmactuHa BBIpE3aHa Tak, 4TO B CTaHAAPTHOU

YCTAaHOBKE KpHUCTAIOTpaduyecKoil CHUCTEMBI

KOOpAHWHAT HOPpMAJIb K IMOBCPXHOCTHU IIJIACTHHBI

COCTaBJIIET MPOU3BOJIBHBIN YTOJI & € OCBIO X3,

Puc.1. a 0Chb Xy BIOJIb HOBEPXHOCTH IIACTUHBI.
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KoMmIoHEeHTBI BEKTOpa NOJNApU3aLMU P ONpenensioTCcs ypPaBHEHUEM

MPSIMOTO MHE303JIeKTprUIecKoro 3 dexra
Pi = djjo j-
bynem cunrare, 4TO JEUCTBYIOLIEE YIIPYTO HAIPSKEHUE JIEKUT B INIOCKOCTH Xo0X3,

T.€. JEHUCTBYIOIAsl CHJIa UMEET KOMIIOHEHTHI I_—'(O F> F3) Torga TeH3op ymnpyroro
HaIPSHKEHUST MOXKET OBITh MPEICTABIICH B BUE

0O O 0
Haij: 0 n5 nmngl-(-op) .
0 nong n%
BbIBOJ 3TOro TEH30pa AHAJIOTMYEH H3JI0)KEHHOMY B 3ajade 1 Ha omnpezaeseHue
(GU3MUEeCKUX CBOMCTB KPHUCTAUIOB, OMUCHIBAEMBIX TEH30paMU BTOPOTO paHra,
M3JIO)KEHHOU B ydyeOHO-MeTonuueckom nmocoouu (cM. B.H. JlaBeioB. Marepuansl u

3JIEMEHTHI AJEKTPOHHOM TexHuku. YacTth 2. Tomck, 2009, c. 20).
N, =—Sina, Ng =Ccosa .

Torna siBHBIN BU TEH30pa YIPYTUX HAMPSKEHUHN OYET TAaKOB

0 0 0
Haij: 0 (sina)? -—sinacosa|-(—oq) .
0 -sinacosa  (cosa )2

Moayne BekTOpa MNOJSpU3ALMM HAWIEM KakK KBaJpaTHbIM KOPEHb W3 CYMMBI

KBaaApaToOB €I'0 KOMIIOHCHT:
P =P’ +P5 +P§ .

[Ipu 3TOM ¢ y4eToM HEHYJIEBBIX KOMIIOHCHT TE€H30pa YIPYTUX HAMPSHKCHUN KaXKast
KOMITOHEHTa OyJeT paBHa (j, k=1, 2, 3)

Py =djjxo jk = 122022 + d123023 + d132032 + 0133033 =
1 1

= 01202+ 501404+ 01404 + 01303 =

—ld 2 : 2

= |dy5 sin“ a — dy4 Sina cosa + dy5 cos= a |- op) .

CornacHo BHAY TEH30p MbE30MOAYJIEH KpUCTAIA IUIACTUHBI Mhe30MOAYIb dj3 =0,
TOraa



48

P, = [d1 o SiM? o — dy 4 Sinax COSaJ-(— op) -
Crnenyromiye KOMIIOHEHTHI BEKTOPA MOJIApU3alluu OyayT paBHBIL:

P> = 0 jk0 ji = 0200020 + 203023 + Go32032 + 0233033 =
1 1

= U0 +§d2404 + §d24<74 +dp303 =

_ ) . 2

= [dzz Sin“ a — doy Sina cOS o + dog COS 0(]-(— 0'0) .

P3 = d3 0 jk = 0300002 + A323023 + A332032 + 0333033 =
1 1

= d3p0p + §d34<74 + §d34<74 +d3303 =

_ ) . 2

= [d32 Sin“ a — dz4 Sina cOSa + d33 €OS a]-(— 0'0) .

OI[HEIKO, CTOAIMMUC B MJAHHBIX BBIPAXKCHUAX IIbC3MOAYJIH pPaBHBI HYIIIO. HOBTOMY
IMOJIy4HuM:

P2 :O" P3 =0 .

OKOHYATENBHO MMOJTYYHM:

‘I_D‘ :\/P12 +PE+PE =|P|= ‘{dms"”z a—%sm%f}ﬁo

(34)
= |:d1 1 sin2 a+ %sinZa}ao.

Uccnenyem sty dyHKIuo Ha MakcumyM. Jlist aToro npoauddepeHurpyeM mno yriy

¢ M IpUpaBHsIEM MPOU3BOJIHYIO K Hyt0. Toraa

2dyqsinacosa +dy4 cos2a =0.

[IpeoOpazyeM qaHHOE BBIpAKEHUE K BUY

dy1 5in2a + dy4 c0s2a = \|dZ, + d?, sin2a +6)=0 ,

o1
rue g =—-.
A€ 19 d

14

Orcrona HaiiieM, Yto 2a + 6 = 7 WM

T 1 d11
o =—-——arclg| — |.
2 2 dig

MoOKHO MOKa3aTh, YTO HAWUJEHHBIM YroJ COOTBETCTBYET MAKCUMYMY MCCIEIyEMOU

GyHKUHUU.
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Takum 00pa3oM, MAaKCMMaJbHOE 3HAYEHHE MOJAPU3ALUUA KPUCTAIUINYECKON

IJACTUHBI JIOCTUTAETCSl MPU OTCTYIUICHHH €€ OpPHUEHTAllMd OT OCH CUMMETPUH
TpeThero mopsaka Ha yroda, MeHbmmii 90° Ha BenMuMHY, ONpeIeIeMyIO

COOTHOILICHHEM  TbE30OMOAYJIeH  diq, djg4. OTOT pe3yabTaT OTPAXKAET TO
00CTOSATENIBCTBO, YTO MPUIIOKEHHOE K IIJIACTHHE YIIPYTroe HampsHDKEHHE COCTOMT Kak
W3 NPOJIOJBLHON, TaK U CABUTOBOM KOMIIOHEHT, KaXJask U3 KOTOPBIX JIA€T CBOM BKJIAJL
B nossipu3anuio. [Ipy HM3BECTHBIX 3HAYEHUAX ITHUX MbE30OMOAYJEH ONTHMAaIbHbBIN

YToJI UL IOJIYYCHUA MaKCHUMaIbHOM moJsIpu3ani MOKCT OBITH KOHKPCTU3NPOBAH.

3aoaua 3. OnpenenuTh KpucTaiorpadguueckoe HarpaBiIeHHE, 3aJaBacMOE
€IMHUYHBIM BEKTOPOM N, BIOIb KOTOPOTO BEIMYMHA (DPU3MYECKOTO CBONCTBA,

3aJaHHOT'O B KpHCTaJ'IJIO(bI/I?)I/I‘{eCKOﬁ CUCTCMC KOOPpAHNHAT TCH30pOM

10 2 0
il=2 15 o
0 0 55

IIPUHHAMAET 3Ha4YeHHE, paBHoe 20.

Pewienue. Jlannas 3aga4a sBisieTcss OOpaTHOM MO OTHOIICHUIO K BHIYUCICHUIO
HOPMAJIbHOM COCTaBJIAIOLIECH 3aJaHHOT0 TEH30pa B HAINIPABJIICHUHU 33IJaHHOTO BEKTOpa
eMHUYHON JJIUHBIL. B paccMmaTprBaeMoM ciydae MOCTaHOBKA 3aJayd TaKOBA: HANTH

KOMIIOHCHTBI CAMHUYIHOI'O BEKTOpa B(I’ll n2 n3), €CJIM U3BCCTHO, 4YTO (I)YHK]_II/IH

T,-jn,-nj =20, (35)
eciu
nZ +n3+n5 =1. (36)

B nmanHOM ciydyae mMeeM TpU HEW3BECTHBIX BEIMYUHBI - Nnj, JJIS HAXOXKICHHS
KOTOpBIX MMeeM JBa ypaBHeHus: (35) u (36). Iloatomy Oyaem pemiath 3aaauqy,
OTBICKHBAsI PEIICHUS] B KOOPJAMHATHBIX IJIOCKOCTSX, YTO O3HA4YaeT OOpalleHHeM B

HYJIb O)IHOﬁ N3 KOOpAWHAT OTBICKMBACMOI'0O CAMHUYIHOI'O BEKTOPA.
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Cnyuaii 1. Bynem cuntath ny=0. Torna u3 ypaBuenus (35) Haiizem
ngng + T33n§ =20.

N3 ypaBHenus (39) noaydum

4TO ITO3BOJEICT HCKIIIOUUTH OOHY IICPCMCHHYIO U ITIOJTYYUTH OJHO YPABHCHHUC C OI[HOﬁ

HEU3BECTHOU
2
T33+(Top —Ta3)n5 =20.

Ortcroz1a HaaeM OJIHY U3 KOMIIOHEHT €IMHUYHOTO BEKTOPa

=z | 138720 _, 138 _ 593,

Hpyras komroHeHTa OyJeT paBHa

ny= 0.35.

Takum 00pa3oM, TOJYyYUSIM YETHIPE BEKTOpPa, M3 KOTOPBIX JBa MOBTOPSIOT
KpUCTaJUIOrpaUuecKue HaIpaBlICHUs, YKa3aHHbIE JAPYTUMHU JBYMs BEKTOPAMHU.

[ToaTOMY BBIOEpEM B KQUECTBE PELLICHUSI BEKTOPHI

n™(o 0.93 0.35) "0 093 0.35).

Cmywair 2. bymem cuutath no,=0. Torma cucrema ypaBHEHHW IS

onpeaeneHus: KOMIOHEHT BEKTopa OyaeT

T-| 1n12 + T33n§ =20:

2 2
n +n3_1.

Pemaem ee TeM ke MCTOAOM, YTO M B IICPBOM CJIydac, TOraa moJaydnM:
n=+ Ts3-20 _, /ﬁ =+0.88
T33 - T4 45 :
n3 =0.48

CHGI[OB&TGHBHO, CAVMHHUYHBIC BECKTOPLI AJIA 3TOI'0O ClIy4dasd 6y,Z[YT
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n*(0.88 0.0 0.48) n*(-0.88 0.0 0.48).

Cmyuaii 3. bynem cuntath ng =0. Toraa cuctema ypaBHEHUH ISl HAXOKICHUS

KOMIIOHCHT CAMHUYHOI'O BCKTOpA ITPUMCT BU/I:

T1 1n12 + T22n§ + 2T1 o2MNo = 20 :

n12+n§=1.

3amMeHa 0JJHOW KOMIIOHEHTHI Yepe3 IPYTyro IPUBOJUT K YPAaBHEHHIO BUJA!

> > 5
[0y + Top — Topni —20=-2Tom\1-nf .

ITocne IIOACTAHOBKHN YHMCJICHHBIX 3HAYCHUMN U O4YCBHIHBIX Hp€06p330BaHHﬁ IIOJIy4YUuM

5n12 +5=4n1,/1—n12 .

Ilocne BO3BemeHMS JI€BOM W MPAaBOM YACTEM OTOrO0 YpPaBHEHHsS B KBaaApaT M

0003HAYCHHUSA X = n12 IMOJIy4YHuM

25x2 +50x +25=16x(1- X).
JlaHHO€ ypaBHEHUE MIPEACTABISICT COOOM KBaJpaTHOE YPAaBHEHHE BUIA:

41x° +34x+25=0.

Ero pemenue naer

—34++/1156-4100
82 '

X12 =
OtpuniaTeabHOE 3HAYEHUE AUCKPUMHUHAHTA O3HAYAET, YTO JIAHHOE YpaBHEHUE HE
VMEET JICMCTBUTEIBHBIX PEIICHUM.

TakuM 00pa3oM, pelIeHHEM IIOCTABIEHHOW 3aJaud SIBIAIOTCS  paHee

HAWJICHHBIC BEKTOPHI

n(0.0 0.93 0.35) n"lo.0 —0.93 0.35) .

n*(0.88 0.0 0.48} n*(0.88 0.0 0.48) .
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