MIHICTEPCTBO OCBITH 1 HAYKH YKPATHH

MIHICTEPCTBO OCBITH I HAYKH YKPAIHH
XapkiBcbkui HanlioHaIbHAN yHiBepcuTeT iMeni B.H. Kapa3zina
[HCTUTYT BUCOKHX TEXHOJOTH

Kadenpa maTepiasiB peakTopodyayBaHHs

“3aTBepoxxyto”

IIpopexTop

3 HABYAJILHOT Ta iIHHOBALIIMHOT pOOOTH
M.O. A3apeHKOB
“ 7 2008 p.

POBOYA ITPOTPAMA HABYAJIbHOI JUCLIUTTJIIHA

«Diznuna kpucranorpadis»

Hanpsimy miarotoBku 6.040204 - ITpukiagHa ¢isuka
cneniamnisanii «®diznuHe maTepiago3HaBCTBO"

(p13UKO-TEXHIUHOTO (PAKYJIBTETY

erHI/ITHO—MOIIy.TH)Ha CUCTCMA

oprasisarii HaBYaJIbHOTO MPOIIECY



Xapkis — 2008



«®iznuyna _kpucraiorpadis». Poboua mnporpama HaBUYajdbHOT AMCHUIUIIHK IS
CTYAEHTIB 3a HanpsiMoM miarotoBku 6.040204 «[Ipuknagna gisuka». 2008 . - 15 c.

Pozpob6nuk: Kipiuenko B.I', kanaunat ¢isuko-MaTeMaTHUHHUX HAyK, OOIEHT,

JOLIEHT Kadeapu MaTepiaiiB peakTopoOyayBaHHSI.

Poboua nporpama 3aTBepakeHa Ha 3aciiaHHi Kadeapu MatepianiB peakTopoOy 1yBaHHSI.
[TpoTtokon Ne 6 / 2007 — 2008 Bix 15 ciunst 2008 poky.

3aBinyBau Kadenpu (M.O. A3apeHKOB)

(3 2 20 p

CXBaJIeHO METOAUYHOI0 KOMICI€I0 (Pi13UKO-TEXHIYHOTO (haKyJIbTETY

[TpoTokom Ne Bim. ” 20___p.

“ ” 20__ p. 'onosa ( M.M. IOnaxoB)

3aTtBepaxkeHo BueHoo panoio (pi3sMKO-TEXHIUHOTO (PaKyIbTETY
ITpotoxon Ne 1 Big 16 ciuns 2008 p.
T'onosa (1.O. T'ipka)




1. Onnc HaB4YasbHOI OUCLUUMIHN

XapaKkTepUCTHKA

ra.]'[y{’;b 3HAaHb, HAIIPsM HiHFOTOBKI/I, . .
HaBUaJIbHO1 JUCIHHUITIIIIHHA

HalimeHnyBaHHS1 OKa3HUKIB . g o
OCBiTHBO-KBaTi(hiKaliHHUN PiBEHb

OenHa ghop.ma Ha8UAHH

["any3p 3HaHB

0402 ®i3uko-MaTeMaTHYHI HAyKH HopmaTusna
Harpsim miarotroBku

6.040204 IIpuknagna gizuka

KinbkicT KpeauTiB — 2

Monynis — 2 CreniajapHICTh Pik nidzomoexu:
(JIeknii, camocTifiHa poboTa) |(mpodeciiiie CrpsIMyBaHHS): 3-1
3arajibHa KibKicTh roguH -  (Pi3H4He MaTepiaJo3HABCTBO Cemecmp
81 6-1

Jekuyii
THKHEBHX TOJIUH IJIsl NEHHOT 34 ron.
(opmu HABuAHHS: OcBiTHbo-KBaTibiKauiiHmil pipeny: | CaMocmitina poboma
Ay AUTOPHUX — 2 Gakanasp 47 ron.

CaMOCTIHHOI poOOTH

crygenra — 2,5 Bun koHTpomO: icnuT

®i3nyHa KpHucTajorpadisi € 6a30Bo0 (pi3UYHOI0 AUCLHMIUIIHOI B MpOgeciiHif OCBITI (paxiBUs 3
(pizuku TBepHOro Tija, (Pi3UKH KOHAEHCOBAHOTO CTaHY, (Pi3MYHOTO MaTepialo3HABCTBA, HAHO(I3UKHU Ta
HAHOTEXHOJIOT1H, MPUKIANHOT (DI3UKH, y HOBUX Traiy3six (PpisUKH 1 NMpHKJIagHoi ¢isuku. HasBHICTB
MOBHOIIIHHOTO 3HaHHS (Di3UYHOT KpHcTanorpagii € 00OB’SI3KOBOIO ISl CBiIOMOrO Ta SIKICHOTO
3aCBOEHHSI 3HaHb 31 CHEliaJIbHUX JUCLHMIUIIH, SIKi CTAHOBJISITb OCHOBY OCBITH MalOyTHbOro OakasiaBpa,
crieljaiicta Ta Marictpa y rauysi (¢i3ukd TBEPAOro Tija, (i3MYHOrO MaTepiajo3HABCTBA, MPUKJIATHOL
(pi3uKH Ta HAyKO EMHHUX (Pi3UKO-TEXHIYHHUX TEXHOJIOTIH.

[IpoTarom mocToro cemMecTpy BHBUYAIOTbCSI TaKi PO3IAUIM: CTPYKTypa 1[€aJbHOrO KpHUCTaja,
MPOCTOPOBI 1 KPUCTaNIUHI T'PATKH; TPAHCISLIAHA CUMETPisl 1 JBOMIPHI KPUCTAJM; TOUEYHI TPYyNH i
rpatu bpage; KpUcTaliyHi TPUMIPHI CTPYKTYPH 1 IPUKJIAAU KPUCTANIUHHX PATOK; onepauii CUMeTpit i
€JIEMEHTH CUMETpil; TPyIH CUMETpil; TOYEUHI Ta MPOCTOPOBI I'PYIH; KPUCTaIOrpadiuHi ToueyHi rpynu
1 mpoctoposi rpynu PenopoBa; OCHOBH I€OMETPIYHOT KpHUcCTajiorpadii; reoMeTpisi Ta NepeTBOPEHHS
rpaT; reOMETPHUYHI 3aKOHOMIPHOCTI aTOMHOT OyJOBH KPHUCTAJiB; KPUCTAJiUHI CTPYKTYPH MPOCTHX Ta
CKJIQJIHMX PEUOBHH; OCHOBH KPHUCTAIO(I3UKH 1 KPUCTATOONTHKH.

CrtpykTypHe soriude Micue Kypca «®isHuna kpucranorpadis» nepen kKypcamu «Pisuka
TBepaoro Tifa», «CTpyKTypHO-IU(pakuidHui aHamiz», «®Di3uyHi METOOW  JOCJIiIKEHHS»,
«EnexkTpoHHa CTPYKTypa CIUIaBiB TEpeXiIHHUX MeTaliB» Ta Ticiasad KypciB «3arajbHa (pisHKa»,
«EnekTponunamika». BHBUEHHsST Kypcy € HEOOXiAHHUM [Jil BHBUEHHSI OCHOBHHUX pO3AUIIB (Di3HUKH
TBEPAOTro Tijga 1 (pI3UYHOrOo MarepiasiosHaBcTBa. be3 3HaHb OCHOB (pi3HMYHOI KpHcTasorpadii
HEMOXKJIMBO CcpopmMyBaTH 0a30BHMH HAayKOBHH CBITOIJIAN (paxiBLsl y MaTeplaJlo3HABCBKHMX Tajy3six
NPUKJIATHOT (PI3UKH.

2. Mera Ta 3aBIaHHSI HABYAJIbHOI JHCIHIUIIHH
Meta: 3acBoiTH TeOpeTHYHI 1 (pi3WYHI OCHOBH CTPYKTYPHOI KpHcTasnorpadii, OCHOBHI METOJIH
BU3HAUEHHsI TpaToK bDpaBe, TpaHCHALIMHUX 1 CHMETpPIHHHUX TMPUHUMIIIB OyIyBaHHS iJeajbHUX
KPHCTAJIB, €JIEMEHTIB CUMETPIl, BU3HAUATH CTPYKTYPY 1€aTbHUX JBOMIPHHX Ta TPUMIPHUX KPHCTAJIB,
KpucTanorpadiuHi TOYeyHi i MPOCTOPOBI IPYIH 11€aJbHUX KPUCTaJIiB, 3HATH OCHOBHI 3aKOHOMipPHOCTI
aTOMHOT OyIOBH iJiealbHUX KPHUCTaJiB i OCHOBH €KCIEPHUMEHTAJIBHOIO IOCJiJKEHHS! Pi3HOMaHiTHHX
TUMIB KpUCTaIYHUX rpatok. CopMyBaTH y CTYIEHTIB 3arajbHy Ta IPEIMETHY KOMIIETEHTHICTb B
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ranysi (pi3MKH KPUCTAJIiB, HABUKH aHAJi3y CUMETPIMHHX Ta CTPYKTYPHHX CITiBBIJHONIEHb B 1/1€aJIbHUX
KpHUCTajlax, BMiHHSI BH3HAYaTH OCHOBHI XapaKTEPHUCTHKH KpHUCTaJIB 3a Jornomoron PenopiBcbKoi
KJacuiKalii MpOCTOPOBUX TPy 1 [OOCHIAKYBAaTH CTPYKTYpPHI THIHM KPUCTAJIB Ta KPHUCTaTIuHi
CTPYKTYPH MPOCTUX TA CKJIAJHUX PEUOBHH.
B pe3ynbTaTi BUBUEHHSI 1aHOTO KYPCY CTYAEHT MOBUHEH
3HATH:
¢  (i3UUHI OCHOBHM CTPYKTYpPHOI KpUcTajorpadii; THIIM KpHUCTaJeBHUX TIpaToK; rpatu bpase;
TPaHCJISALIMHI 1 CUMETpPiMHI NpUHUMIK OyayBaHHS 1€aJbHUX KPHUCTaJIiB; €JeMEHTH CHUMETpIi;
KpHUcTanorpadiuHi TOUeYHi i MPOCTOPOBI IPYIH 1A€aJbHUX KPHUCTAJIIB; OCHOBHI 3aKOHOMIPHOCTI
aTOMHO1 Oy IOBH i[1eaTbHUX KPUCTAIIB.
BMIiTH:
¢ BHM3HAYaTH CTPYKTYpPY 1A€AJbHUX IBOMIPHHX Ta TPUMIPHHMX KPHUCTaJiB; aHaJi3yBaTH CUMETPIHHI
Ta CTPYKTYPHI CHIBBIAHOLIEHHS B 1€aJbHUX KPUCTalax; BOJIOAITH BMIHHSIM BU3HAUaTH OCHOBHI
XapaKTepPUCTHKH KpPUCTaJiB 3a aonomMoroiln PenopiBcbKoi KJacHdiKalil MPOCTOPOBHX TPYI;
JOOCJIAKYBATH CTPYKTYPHI THIH KPHUCTAJIB Ta KPUCTAIUHI CTPYKTYPH MPOCTHX Ta CKJIATHHUX
PEUOBHH.

3. IIporpama HaBYAJIBLHOI JUCIHILTiIHH

3micToBuii moayab 1. Kpucranm i KpucTaniyHi rpaTKH
Tema 1.
Bcmyn.

Kpucranorpagis - Hayka npo KpuUCTaid i KpHcTaliuHy OymoBy matepii. bynoBa i ¢isnuni
BJIACTUBOCTI KPHCTaJiB, MPOLECH iX yTBOpeHHs. CHMeTpisi, CTpyKTypa 1 MOpOJoris KpPUCTAJIB,
YTBOPEHHSI M PICT KPUCTaliB, (pi3UUHI BJIACTHUBOCTI KpHUCTaiiB. Pi3HuHI BJACTHBOCTI KPHUCTAJIB, SKi
3ajieKaTh Bl aTOMHO-KPHUCTQJIIYHOI CTPYKTYpH. IIOCSITHEHHSI KPUCTAJO(MI3UKH SIK OCHOBA PO3BUTKY
(izumi TBepporo tisa. HanBaxuBimi 3 METOMIB JOCTIIKEHHS B KpHUcTayorpadii: rOHIOMETPHUHHH,
XximMiuHuH, ¢isuuani. OCHOBH MaTEMaTHYHOTO amaparta Kpucrtajorpadii - Teopis TIpyn CHMETpil
KPHUCTAJIIB 1 TEH30pHE OOUYMCIICHHSI.

Tema 2.
OcHoBHI NOHATTA (Pi3HUHOT KpHcTaIOrpagii

[Mpukmer kpuctanorpacdii. OcHOBHI po3niikd Kpuctaigorpadii. PisuuHa KpucTtajorpadis.
I'eomeTrpuuna kpuctanorpadis i kpuctanoreHes. Kpucranodisuka. Kpucranoximis. Kpucranoontuka
Ta KpUCTaJoakycTHKa. [IpukiamHa Kpuctamorpadiss - MeTOAM H amapatypa JAjisi BHPOLIYBaHHS
KpUCTaliB 1 BHUKOpPHUCTaHHS 1X y TexHiui. Hanoxpucranorpadisi, Oiokpuctanorpacisi, KOCMiuHa
KpucTanorpadisi. 3araibHi BJACTUBOCTI KPHUCTANiUHMX Tiln. [OHHI,  KOBaJeHTHi, MeTajeBi Ta
MOJIEKYJISIPHI KPHUCTAJIH.

Tema 3.
I'pamxa bpase i deomipni kpucmanu
Kpucranorpagiuna crpykTypa 1 mnpoctopoBi rpaTH. TpaHcisuiina cumetpis. ['pyna
TpaHchsuii. 'patka bpase. [IBoMipHi KpucTaau. OCHOBHI BEKTOPH. [IBOMipHI TOU€YHi IrpynH. [IBoMipHi
pemiTku bpage. [IBoMipHi KpucTanorpadiuti rpynd. JJBoMipHI TpOCTOPOBI IPYITH.

Tema 4.
OcHoeHI 6eKmMOpu i MpumipHi Kpucmanu
Knacudukanis kKpucrtamuyHux rpartok. [Ipukigaad KpUCTaJiYHUX TPHUMIPHHX CTPYKTYP.
Ingykuidni rpani kpuctany. OLIK kpucraniuna pemitka. I'LIK kpucraniuna pemitka. Koopaumaniiine
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http://uk.wikipedia.org/w/index.php?title=%D0%9A%D0%BE%D1%81%D0%BC%D1%96%D1%87%D0%BD%D0%B0_%D0%BA%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D1%96%D1%8F&action=edit
http://uk.wikipedia.org/w/index.php?title=%D0%9A%D0%BE%D1%81%D0%BC%D1%96%D1%87%D0%BD%D0%B0_%D0%BA%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D1%96%D1%8F&action=edit
http://uk.wikipedia.org/w/index.php?title=%D0%9F%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%B0_%D0%BA%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D1%96%D1%8F&action=edit
http://uk.wikipedia.org/w/index.php?title=%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BE%D0%B3%D0%B5%D0%BD%D0%B5%D0%B7&action=edit
http://uk.wikipedia.org/w/index.php?title=%D0%A4%D1%96%D0%B7%D0%B8%D1%87%D0%BD%D0%B0_%D0%BA%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D1%96%D1%8F&action=edit
http://uk.wikipedia.org/w/index.php?title=%D0%A2%D0%B5%D0%BD%D0%B7%D0%BE%D1%80%D0%BD%D0%B5_%D0%BE%D0%B1%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D1%8F&action=edit
http://uk.wikipedia.org/w/index.php?title=%D0%A2%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D0%B3%D1%80%D1%83%D0%BF_%D1%81%D0%B8%D0%BC%D0%B5%D1%82%D1%80%D1%96%D1%97_%D0%BA%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D1%96%D0%B2&action=edit
http://uk.wikipedia.org/w/index.php?title=%D0%A2%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D0%B3%D1%80%D1%83%D0%BF_%D1%81%D0%B8%D0%BC%D0%B5%D1%82%D1%80%D1%96%D1%97_%D0%BA%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D1%96%D0%B2&action=edit
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http://uk.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB
http://uk.wikipedia.org/wiki/%D0%A4%D1%96%D0%B7%D0%B8%D1%87%D0%BD%D1%96_%D0%B2%D0%BB%D0%B0%D1%81%D1%82%D0%B8%D0%B2%D0%BE%D1%81%D1%82%D1%96
http://uk.wikipedia.org/w/index.php?title=%D0%A1%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%B0_%D1%96_%D0%BC%D0%BE%D1%80%D1%84%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F_%D0%BA%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D1%96%D0%B2&action=edit
http://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BC%D0%B5%D1%82%D1%80%D1%96%D1%8F
http://uk.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%B8
http://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D0%BA%D0%B0

yucjo. ['ycThHa ynakyBaHHsSI aTOMiB B KpHUINTaJeBHX rpaTkax. PemiTka 3 06asucoMm. Marpuuhe
300pakeHHsI rpaTok bpage.

Tema 5.
Enemenmapui i npumimueni uapyuku. Indexcu Minaepa.
Enementapna komipka kpuctany. [lpumituBHa uapyHka. IlpumiTuBHa uvapyHka Birnepa -
3entua. [Ipsama ta obepuena rpatu. OGepHeHa rpaTka sik rpatka bpase. Ilepma 3ona Bpumoena.
ArtomHi omuHY. [Haekcu Miepa. [lo3HaueHHs1 HanpsIMiB Ta MJIOLIMH.

Tema 6.
AHani3 KpucmaaiuHux cmpykmyp i onepauii cu mempii.

AHaJi3 KpUCTaJIIYHUX CTPYKTYp. YMmoBH bperra. @opmymosanns Jlaye. ExcnepumeHTasnbHi
mMeTond. [TooynyBannst EBasbny. Atomuuii popmdakTop. TpumipHi rpatu bpase. Oneparii cumeTpii.
Enementn cumertpii. I'pynu cumertpii. Ilpenenshi rpynu. Toueuni Ta mpocTopoBi rpynu. 32 ToueuHi
TpyIy.

3micToBuii Moaysb 2. I'eomerpuuna kpucTagorpadist i kpucranodizuka

Tema?7.
Kpucmaniuni cucmemu ma kaacu cumempii.
Kpucraniuni cucremu Ta kjacu cumetpii. [loBopoTHi oci Ta tpancusmii. CiM KpHCTaTiuHHX
cucteM Ta 14 rparok bpase. Kpucranorpadiuni rpynu cumetpii (mpoctoposi). Tabnuus Keni. Teopis
MaTPHUYHHX 300pakeHb ISl KIHUEBHX rpyIM. XapaKkTepH 300pakeHb.

Tema 8.
Kpucmanozpagpiuni moueuni zpynu.
Kpucranorpagiuni Toueuni rpynu. Ommc Ta 300paxkeHHs ToueuHux rpymn. Kiacudikanis
toueunux rpyn (K). I3omopdism rpyn K. 306paxenns: Toueunux rpyn K. 300paxkeHHs] IUKIIYHUX TPYI.

Tema 9.
IIpocmopoei zpynu Dedoposa
[TpoctopoBi rpynu ®Pepopoa (D). Bnactuocti rpyn @. I'pynu Bpase. 'omomopdizm
NPOCTOPOBHUX Ta TouyeuHHUX rpyn. [IpuHIMIM BHBOAY MpocTOpoBHX Ipym. Yucno denopiepkux (D)
rpyn. Homenknatypa rpyn ®. Ilpuknan rpynu 32 - rpynu kBapuy. IIpuBogumo Ta HEnpuUBOIMMO
300pakeHHs 1 6asucHi yHKIi1. [IpaBHIIbHI CHCTEMH TOUOK MPOCTOPOBUX I'PyI. PO3MMpEeHHs MOHSATTS
CUMETPII.

Tema 10.

OcHosu zeo mempuunoi Kpucmanozpagpii.
OCHOBHI BHBOAM T€OMETpPUUHOI KpHcTanorpadii. Kpucraniynuii MHOrorpasHuk. ['oHiomeTpisi.
l'eomeTpisi Ta mepeTBOpeHHs] TpaToK. ['eoMeTpHuHi 3aKOHOMIPHOCTI aTOMHOI OyJOBH KpPHCTAJiB.
KpucraniuHi cTpyKTypH NPOCTHX Ta CKJIaJHHX PEYOBHH.



Tema 11
Ocnosu Kpucmanogisuxku.
OcHoBHu KpHCTanodi3uku. TeH30pHUH OMHC BJIACTHBOCTEH KPUCTaiB. BIMB cuMeTpil KpUcCTasliB
Ha 1X BJACTUBOCTI. MarHiTHi BiacTuBOCTi. Enextpuuni BiactuBocTi. [lonstpusamisi. Tensop
negopmaniit. [Ipyxnicts. ONTHYHI BJIACTHBOCTI.

4. CTpyKTypa HAaBUAIbHOI JUCHHIUTIHA

KinpkicTs rogud

Ha3su monyiB i Tem Henna ¢popma
Ycpor y TOMY YMCJI
0 b)| vl nab |iHO| cp
1 2 3 4 5 6 | 7
Mogyas 1 Kpucranu i kpucraniyHi rpaTka
Tema 1. Beryn 2 1 1
Tema 2. OcHOBHI NOHATTS (Pi3MUHOT KpUcTasorpadii 6 4 2
Tewma 3. I'patka Bpase i ABOMipHiI KpucTanu 8 4 4
Tema 4. OCHOBHI BEKTOPH 1 TPUMIPHI KPUCTAH 4 2 2
Tema 5. Enemenrtaphi i npuMiTHBHI 4apyHKH. [Hgekcu Muinepa | 6 4 2
Tema 6. AHani3 KPUCTATIYHUX CTPYKTYP 1 onepanii CUMETpii. 7 3 4
Pa3om 3a moaynem 1 33 18 15
Moayab 2 T'eomerpuuna kpucranorpadis i kpucranodizuka

Tema 7. KpucrtasniuHi CHCTEMH Ta KJI1acH CUMETPIi. 10 4 6
Tema 8. Kpucranorpadiuti ToueuHi rpymn. 8 4 4
Tema 9. Ilpoctoposi rpynu degoposa. 8 2 4
Tema 10. OcHOBH reoMeTpHUYHOI KpUCTanorpadii. 10 2 6
Tema 11. OcHOBH KpHCTaNIO(]I3UKH. 14 4 10
Pa3om 3a moaysnem 2 48 16 30
Ycboro roguH 81 | 34 47

8. Camocrifina pobdota



Ne 3/m Hasea Temn KinpkicTs rogun
1 [Bctyn 1
2 |OcHOBHI MOHATTS (pi3HUHOT KpHUCTATOrpadii 2
3 |I'patka Bpase i ABOMipHI KpUCTaJH 4
4 |OCHOBHI BEKTOPH i TPUMIipHI KPHCTAIH 4
5  |EnemeHTapHi i mpuMiTHBHI uyapyHKH. [HaekcH Minepa 6
6  |AHaJi3 KPHCTATIYHAX CTPYKTYP i oneparii CHMeTpii. 4
7 |KpucTajiuHi CHCTEMH Ta KJacH CUMETPil. 6
8  |[KpucrasnorpacdivHi ToueuHi rpynu 4
9  |IIpoctoposi rpynu Penoposa. 4
10 |OcHOBH reoMeTprUuHOT KpUcTaIorpadii. 10
1T |OcHOBH KpUCTaNO(i3HKH 2

Pazom 47

9. InguBinyajibHe HABYAJIbHO-IO0CIiIHE 3aBaAHHS — He TepeadaueHo.

10. MeToau HaBUaHHS
Jlekuit, momaInHi 3aBHaHHs Ha PO3B’ sI3yBaHHS 3a7a4 Ta iHAWBIAyaJbHI TBOPYI 3aBHAHHS.

11. MeToau KOHTPOJIIO
[ToTouHe OMMUTYBaHHSI, TECTYBaHHsI, OL[HIOBAaHHS BHKOHAHHS CAMOCTIHHHX JOMAIIHIX 3aBJaHb,
MiACYMKOBHUH KOMOIHOBaHHH MHCbMOBHH iCIIHT.

12. Po3nonin 0aniB, sikKi OTPHMYKOTD CTYJ€HTH

[TincymKoBui
[ToTouHe TecTyBaHHS Ta caMOCTiHHa poOoTa CeMECTPOBHH Cyma
KOHTPOJIb
(eK3aMeH)
Moaynb 1 Moayib 2
Tl T2 T3 T4 T5 T6 T7 T8 T9 TI0 | T11
4 4 4 4 4 4 4 6 6 10 10 40 100
S s = 24 S = 36

T1, T2 ... T12 — Temu MOIyJIiB

JLJ1st KOKHOT TEMH MOAYJIB (hOpMaMU KOHTPOJIIO HAaBYAJIbHUX 3000y TKIB CTYAEHTIB MOXKYTb OYTH:

. ay IMTOPHI KOHTPOJIbHI Ta TECTOBI pOOOTH;
. IIOMaIIIHI 3aBIAHHS;

. ayJUTOPHE MOTOYHE OMUTYBAHHSI;

. OLIIHKA aKTUBHOCT1 pOOOTH Ha JIEKLiSIX.

JIJ1s1 KO3KHOTO MOJyJIsl MiHIMaJIbHa KiJIbKICTh OaJiB, sIKi MOBUHEH HAOpaTH CTYAEHT 11 3apaxyBaHHSI
MoAyJisl, cTaHOBUTb 50% BiJl 3arajibHOT CyMH OaJiiB 32 MOAYJIb.

YMoBa gonycky 10 MiACYMKOBOIO CEMECTPOBOIO KOHTPOJIIO: 3apaxyBaHHsI BCIX MOAYJIiB.

Banu 1151 oLiHKK 3HaHb CTYAEHTIB PO3paxylOThCsl TAKUM YHHOM

Ne Bug pobotu dopma KOHTPOJIIO Yucno 6aniB
1. BinginyBaHHS JeKUiA KoHucniekt 18
YyacTp B HaBYasIbBHOMY TpoLECi OriHKa aKTHBHOCTI Ha 3aHATTAIX, 18
MOTOYHE OMHUTYBAHHS




3. KonTtponbHi poboTH Orminka 3a podoTy 12
4. JomariHi 3aBJaHHs Ouinka 3a poboTy 12
5. 3anik 40
Y Paszom 100
Ixana oniHIOBaHHSA
Cyma Gaiis 3a BCl OriHka 3a HalliOHAJIBHOIO IKAJIOK
BHJIM HaBUAJIbHOL .
HiSTBHOCTI Ouinka ECTS JUISL EK3aMEHY, KYPCOBOT AL SATIRY
MPOTArOM poOOTH (IPOEKTY),
ceMecTpy MPaKTHKH
90 — 100 A BiJIMiHHO
80-89 B 5
70-79 C R 3apaxoBaHO
60-69 D .
3aJI0BUJIbHO
50-59 E
1-49 FX HE3aJI0BiJIbHO HE 3apaxOBaHO

13. MeTomnuHe 3a0e3ne4eHHs

KoHcnekT nekuii (qpykoBaHa Korlisi, YaCTKOBO B €JIEKTPOHHIH popmi). OMopHiI KOHCNIEKTH

JIEKLIH, METOAWYHI PEKOMEHalii 1O KypCy, IO BUBUAETHCS.

HapuanbHO-MeTOIMYHI BUJJAHHSI YHIBEPCUTETY:
Kpucramnorpadguueckuit TBUTTEP. DNeKTpoHHas popma. - Xappkos: XHY,2010. - 102 c.
3.3. 3pimaH. OCHOBBI CTPYKTYpPHOH KpHcTaiorpacduu. ¥YuebHoe nocobue. - Xappkon: XI'Y, 1991 .-
113 c.

HaBuanbHO-METOIUYHI BUOAHHS 1HIMUX HABYAJIbHHUX 3aKJIAiB:
Bunnanuenko T.I'. Kpucrtanorpadis. Bum. 1, 2: CumeTpist KpUCTamiuHUX OaraTorpaHHuKiB. — JIbBIB.
Bupasanunii nentp JIHY im. IBana ®@panka, 2002. — 124 c.
Konoxos B.IO., I'oronagze U.A., [lcxy 3.B. Metonpl uccienoBaHusi MaTepHaioB U MPOLIECCOB.
Yuebnoe nmocobue - Mocksa: MI'YII, 2007.- 228 c.
bubnroreka mnporpaMMm I M3yueHHsS] CTPYKTYpbl M COCTaBa BEIIECTB TH(PPAKIUOHHBIMH
MeTogamH : Yueb.-metoa. nocobue / [log pen. b. M. lenpuna, H. I1. )Kugkosa; M. U3n-so MI'Y,
1989.

14. PekomeH0oBaHa JiiTepaTypa
ba3oBa

H. Amkpogt, H. Mepmun. @usuka teepaoro tena. Tom I. M.: «Mup». 1979. -400 c.
Mackonbckasa M.IL. Kpucramiorpadus. M.: Beicias mkosa, 1984.-376¢.
Jlanpay JI.I., JIngmmn E.M. Cratuctuueckas ¢dpusuka. M: Hayka, 1976,c.436-485.
Kuttens Y. Benenue B ¢usuky tBeproro tena. M.: Hayka, 1988, ¢.15-149.
boxkuii I'.b. Kpuctamnoxumus. M.:MI'Y, 1979.-375c.
ITpanitBonbg I'.Teopus rpynn B pusuke tBepaoro tena.M.:Mup, 1991.-262c.



7. CopemenHas kpuctaiorpagus./B 4-x tomax. [Tox pea. b.K.Bainmrernna. M.:Hayka,1979.

8. JI. II. Jlanmay, E. M. JIudmmu. Teopetnueckas ¢usuka. Tom V. Cratuctnueckas dusuka I. , M.,
«Hayka», 1976 (I'maBa XIII) .

9. M.M.Ymanckui, 3.K. 3onmna. COOpHUK 3a/a4y MO PEHTTeHOCTPYKTYypHOMY aHaiuiy. M.: U3n-Bo
MI'Y.: 1975. 232c.

10.  IOx. Hai. ®usnueckue cBoicTBa KpucTamwioB. M.: «Mup». 1967. 386 c.

IlonoMi>kHa

1.  Hessarsix I'. I'., Bypxanos I'. C. BeicokouHCTBIE TYrOIUIaBKHE H peaKHE MeTalIbl. — MOCKBa:
Hayka, 1993. — 224 c.

2. TexHnosorust noaynpoBogHukoBoro kpemuus / Ilon penakuuen 3. C. anbkeBUya. —
Mocksa: Metamnyprus, 1992. — 408 c.

3.  Tuxunckun I'. ®., KoBtyH I'. I1., Axaxa B. M. IlosiyueHne CBEpXYHCTBIX PEAKHUX METAJIIOB.
Mocksa: Metamnyprus, 1986. — 161 c.

. Ilmnec b.4. Jlexkuuu no cTpykTypHOMYy aHanmsy. - X.: XI'V, 1967.

5. ¥Ymanckuit 4.C., Ckakos I0.A., UBanos A .H., Pactopryes JI.H. Kpucramiorpacdpus,
peHTreHorpacdusi 1 9JeKTpoHHasi MUKpockonusi. M.: Metamnyprus, 1982. — 632 c.

6. Heeponosa B.H., PekeBuu I'.Il. Teopus paccesiHusi peHTreHOBCKUX Jyued. M., MI'Y, 1972.
—244 c.

7. dudpakuus peHTTeHOBCKHX Jyuer B cBepxpemeTkax / A. B. Konmakos, U. P. [IpyaHHKOB ;

M. Usp-Bo MI'Y 1992. - 128 c.

Jlunicon I'., Kokpen B., Onpenenenne cTpyKTypbl KPUCTAILIOB, NEp. € aHri., M., 1961;

9. 4. C. Ymanckui, FO.A. CkakoB. ®usrKa METAJIOB: aTOMHOE CTPOEHHE METAJJIOB U CIUIABOB,
Atomusgart, 1978

10. ®usmnueckoe metawoBeaenue / [log pen. K.Y .Kana u [1.Xaaszena. - M.: Metannyprus, 1987.
-621c.

11. MetamioBegeHue U TepMmuueckas oopadotka cranu. CripaBounuk B 3 1. [lon pea. M.JL.
bepwmreina, A.I'. Paxmraara. - M.: Metamnyprus, 1991.

=

15. Incpopmariiiini pecypcu

1. http://www. 01:10.1016/j.physb.
2. http:/ http://www.mnh.si.edu
3. http://en.wikipedia.org//
4. doi:10.1103/RevModPhys.75.949
16. 3aBnaHHs 1Jisi KOHTPOJIbHHX Ta JOMAIIHIX PooiT
3asnannga 1.

Ne 1. 3anumiTe OCHOBHI BeKTOpH rpatok Bpage: mpocToi KybiuHOT, 00’ €MHOLIEHTPOBAHOI KyOiuHOT,
I'PaHEeLEHTPOBAHOT KyOHUUHOT.

Ne 2. SIka cTpykTypa € HauOinbm migpHOW 3 BKasanux? I[lpocta kybiuna, OLIK,I'LIK, ctpykTypa

anMaszy. Bubip miaTBepauTh po3paxyHKaMH.

Ne 3. HaBeniTh KOOpIuHALIIMHI UMCIa Ta KoedilieHTH 3anoBHeHHs s Takux rpatok: 'K, OLK, T1K,

anmazsy, ['TIY.
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http://dx.doi.org/10.1103%2FRevModPhys.75.949
http://en.wikipedia.org/wiki/Digital_object_identifier
http://en.wikipedia.org//

3aBnanns 2.
Ne 4. o coboto ysBisie uapyHka Birnepa-3e#tua 11st Oyab-sIKUH 1BOMipHUM rpaTku bpase?

Ne 5. dxke igeanpHe cniBBigHOmeHHs ¢/a s 'Y rpatku?

Ne 6. SIka ymoBa /1151 iCHYBaHHSI MHOKHHH BEKTOPIB MPSIMO1 1 00epHEHO1 rpaTok?
Ne 8. SIk noB’ s13aHK BEKTOPH MPSIMOI Ta OOEPHEHOT rpaToK ?

Ne 9. 4k Bu3HavawThCs 1HAEKCH Misiepa AJis1 aTOMHUX TJTOIIHH ?

Ne 10. Sk momivyaroTbCsl MIOMMHK KyOiYHOT rpaTKu?

3asmannsa 3.
Nell. SIx momivalThCs HarpsIMU KyOI1UHOT TpaTKu?

Ne 12. Yomy nopiBHIOE 00’e€M eJleMEeHTapHUH YapyHKH rpaTku Bpase?
Ne 13. AHani3 KpUCTAIUYHHUX CTPYKTYP.

Ne 14. YmoBu bperra.

Ne 15. ®opmymoBanns Jlaye.

3anauns 4.
Ne 15. ExciepumeHTaIbHI METOIH.

Ne 16. ITob6ynyBanust EBanbiy.

Ne 17. Atomuunit popmdakTop

Ne 1. TpumipHi rpatu bpase.

Ne 2. Onepauii cumeTpii.

Ne 3. Enementn cumertpii. I'pynu cumeTpii.

Ne 4. TlpenenbHi rpynH.

Ne 5. Toueuni Ta NpoCTOPOBI IPYIH.

Ne 6. 32 Toueuni rpynu.

Ne 7. KpuctaniuHi CHCTEeMH Ta KJIaCH CHMETPIl.
Ne 8. [ToBOpOTHI OCi Ta TpaHCJIALIT.

3aBganns 5.
Ne 9. Cim kpucTaniuaux cuctem ta 14 rpatok bpase.

Ne 10. Kpucranorpadgiuni rpynu cumeTpii (IpocTopoBi).
Ne 11. Tabmuns Keoi.

Ne 12. Teopist MaTpH4HHX 300pakeHb AJIs1 KIHIEBUX TPYIL.
Ne 13. XapakTepu 300paxeHs.

Ne 14. Kpucranorpagiuni ToueuHi rpymnH.

Ne 15. Omnuc Ta 300pakeHHs] TOUEUHHX TPYIL.

Ne 16. Knacudikauist toueunux rpyn (K).

Ne 17. Isomopdizm rpym K.



Ne 18. 300paxennst Toueunux rpym K.
Ne 19. 300paskeHHs! LUKJIYHUX TPYII.
Ne20. KpucTtaniuavii MHOTOTpaHHHK.

3asaanns 6.
Ne21. I'eomeTpisi Ta NepeTBOPEHHSI IPaTOK.

Ne22. 'eoMeTpuuHi 3aKOHOMIPHOCTi aTOMHOT Oy 1OBH KPHCTAJIB.
Ne 23. SIky cumeTpito BiTHOCHO 0OepTaHHsI Mae TOYeYHa rpatka?
Ne 24. OnumiTh nepeTBOPEeHHsI CUMETPIT 3 LIEHTPOM iHBepCii?

Ne 25. OnumiTh nepeTBOpPeHHs A3epKalbHOI CUMETPii7/

Ne 26. Posrnsapre Teopemy Llendaica.

SaBganns 7.
Ne 27. Ak BuBecTH KpHcTajorpadiyti TOUEUHi rpynu?

Ne 28. fki crniBBIIHOIEHHS Mi% CIMMOP(HHUMH, HECHMMOP(HHUMH Ta MPOCTOPOBHUMH I'pynamMu?
Ne 29. BnacTHBOCTI iA€aJIbHUX Ta pealbHUX KPUCTAJIB.

Ne 30. OnumiiTh BAACTUBOCTI TPYINH KBapILy.

Ne 31. HaBeniTe npukJaay onucy npoctopoBoi rpyny @.

Ne 32. TeH30pHHUH ONHC BIACTHBOCTEN KPHUCTAJIB.

Ne 33. BruiuB cuMeTpii KpUCTaliB Ha TX BJIACTHBOCTI.

Ne 34. MarHiTHi Bl1aCTHUBOCTI.

Ne 35. EnekTpuuHi BIaCTHBOCTI.

Ne 36. ITonsipusanis.

17. EKBAMEHAHIﬁHI BIJIETH.
Ex3amenanifini mHTaHHA i1 eK3aMeHaIliiHi 3amaui

XAPKIBCbKHH HALIIOHAJIbBHHUN YHIBEPCHUTET IM.B.H. KAPA3IHA
Crneuianbaicts 070203 "Ipuknaana ¢izuka" Cemectp 6
Cremamnisanis "®isuude MaTepiaji03HaABCTBO"
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Hapuasipaa mucrmruiiga "®isnuyba kpucraiorpadis”
EK3AMEHAIIIHHHAN BIJIET Ne 1.

1.Kpucramiorpadus, ee npeamer. Kpucramnnodusnka.
2.0Onpenenenre rpymnbl. Tabauma Koy,
3.V cyoBue bparra mudpakliii peHTTE€HOBCKUX JYUYEH B KPHCTAJIAX.
3aTBepAKeHO Ha 3acigaHHi Kadeapu MaTepialiB peakTopoOy IyBaHHsI, NPOTOKOJ Ne 4 Bij 21 uepBHs
2010 p.
3asinyBau Kadenpu Ek3amenarop

[Tpodecop M.O. AzapeHkoB noueHT B.I'.Kipiuenko

XAPKIBChbKWH HAIIIOHAJIBHUM YHIBEPCUTET IM.B.H. KAPA3IHA
Crneuiansnicts 070203 "IMpuknaana ¢isuka” Cemectp 6
Cremiamsanist "®isnyHe MaTepiaJo3HaBCTBO"
Haguasnsna picuprmunina " ®Disuuba kpuctanaorpadis

EK3AMEHAIIIMHUHA BIJIET Ne 2.

1. KpHCTaJUIBI: THIIBI KPHCTAIHYECKHUX CBSI3EH.
2.HU3omopdusm rpymm. IUKIHNYEeCKHe TPYIIIbL.
3.YcnoBue Jlays nudpakivii PEHTIT€HOBCKUX JYYCH HA KPUCTAJLIaX.
3aTBepIKEHO Ha 3acilaHHi KadelpH MaTepialiB peakTopoOy1yBaHHs1, MpoToKoa Ne 4 Bin 21 uepBHs
2010 p.
3aBigyBau Kadeapu Ek3ameHnatop

ITpodecop M.O. AszapeHKOB noueHt B.I'.Kipiuenko

XAPKIBCbKWHW HALIIOHAJIBHUW YHIBEPCHUTET IM.B.H. KAPA3IHA
Crneuianbnicts 070203 "Tpuknaana ¢gizuka" Cemectp 6
Croeniamizamisg "®i3HyHe MaTEPIAJIO3HABCTBO"
Haguanpaa gicuurmoniga " Pispuna Kkpuctajgorpadis "

EK3AMEHAIIIHHHAH BIJIET Ne 3.

1.HMoHHbIe ¥ METaJIHYECKHE KPUCTAJIIIBI.
2.Kpucratorpacdgudyeckas Touka. [Ipeodpa3oBaHHsT CHMMETDHH.
3 .AToMHBIH hopM-DaKTOD.
3aTBepaKEHO Ha 3aciilaHHI Kadeapu MaTepialiB peakTopoOy KyBaHHs, MpOoTOKoJ Ne 4 Bin 21 uepBHs
2010 p.
3aBinyBau Kadeapu Exk3amenatop

[Tpogecop M.O. Azapenkos nouent B.I'.Kipiuenko

XAPKIBCbKWH HAIIIOHAJIBHUH YHIBEPCHUTET IM.B.H. KAPA3IHA
Crneuiansnicts 070203 "IMpuknanna ¢isuka” Cemectp 6
Crenjamsanisa "®isHyHe MaTEPiaAJIO3HABCTBO"
HasuasnpHa micumroniga " @isuuba kpuctaiorpadis "
EK3AMEHAIIIHHUH BIJIET Ne 4.
1. Tpancasuus. TpaHCASMOHHAS CHMMETPHS.
2.I'pynna cuMMeTpHd KBapua.
3. OKBHBaJIEHTHOCTb hopmyJIUpoBOK Jlays u Bperra.
3aTBepIKEeHO Ha 3aciaHHi KadeIpH MaTepiasiB peakTopoOynyBaHHSs, MPpOTOKOJ Ne 4 Big 21 uepBHS
2010 p.
3asinyBau Kadenpu Ex3amenatop
IIpodecop M.O. A3zapeHKOB noueHt B.I'.Kipiuenko

XAPKIBCbKHUN HALIIOHAJIbHUM YHIBEPCUTET IM.B.H. KAPA3IHA
Crneuiansnicts 070203 "IMpuknaana ¢isuka” Cemectp 6
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Croemiammisamisg "®ispuge MaTepiaJio3HABCTBO"
Haguanbha gicuurniina " @isuyna kpucranorpadis "
EK3AMEHAIIIHHUH BIJIET Ne 5.

1.PemeTrku BpaBe. OCHOBHbIE BEKTOPBI.
2.Iloarpynns! ¥ Kjacchl. HopMaJibHbIE TPYIITIBL
3.Cepa IBajbaa.
3aTBepAKeHO Ha 3acigaHHi Kadeapu MaTepialiB peakTopoOy IyBaHHsI, NPOTOKOJ Ne 4 Bij 21 uepBHs
2010 p.
3asinyBau Kadenpu Ex3amenatop

[Tpodecop M.O. AszapeHkoB noueHT B.I'.Kipiuenko

XAPKIBCEKWH HAIIIOHAJIbHUH YHIBEPCHUTET IM.B.H. KAPA3IHA
Crneuianbnicts 070203 "Ipuknaana gizuka” Cemectp 6
Creuianizanis "®diznyHe MaTepiaJO3HABCTBO"
HasuasipHa micumroriga " @isuuga kpuctanorpadis "
EK3AMEHAIIIHHHAH BIJIET Ne 6.
1.JIByXMepHbIe TOUECUHBIE TPYIIIIBL.
2.0nucanre 7 KPUCTAINIMUECKUX CHCTEM M3MEHEHHEM CHMMETPHHU Kyoa.
3.Auerika Burnepa-3edTua.
3aTBepIKeHO Ha 3acilaHHi KadelpH MaTepialiB peakTopoOy1yBaHHs1, MpoToko Ne 4 Bij 21 uepBHs
2010 p.
3aBigyBau Kadeapu Ek3ameHnatop
[Tpocpecop M.O. AzapeHkoB noueHT B.I'.Kipiuenko

XAPKIBCbKHUH HALIIOHAJIbHUM YHIBEPCUTET IM.B.H. KAPA3IHA
Crneuiansaicts 070203 "IMpuknaana ¢isuka” Cemectp 6
Croeniamizamisg "®i3HyHe MaTEPIAJIO3HABCTBO"
Haguasnbna picuprmnina " ®disuuHa kpucrangorpadis "

EK3AMEHAIIIHHUHA BIJIET Ne 7.

1.JIByXMepHbIE KPUCTAILIOrpahHUSCKHE TDYIIIHL.
2. TpexmMepHbIe penieTKkH bpage..
3.PopmysinpoBka bperra nTHdpakIHH PEeHTIEHOBCKHX JTVYEH.
3aTBepaKEHO Ha 3acilaHHI Kadeapu MaTepialiB peakTopoOy KyBaHHs, MpOoTOKoJ Ne 4 Bin 21 uepBHs
2010 p.
3aBinyBau Kadeapu Ek3amenarop

ITpodecop M.O. AzapeHKOB noueHt B.I'.Kipiuenko

XAPKIBCBKWH HAIIIOHAJIBHUH YHIBEPCHUTET IM.B.H. KAPA3IHA
Crneuianbaicts 070203 "Ipuknaana ¢izuka" Cemectp 6
Creniamsanisa "®isHyHe MaTEPiaAJIO3HABCTBO"
HaguanpHa gicuurmoniga " Pispuna Kkpuctajgorpadis "
EK3AMEHAIIIHHHAH BIJIET Ne 8.
1.ITpuMHUTHBHAS U 3JIEMEHTApHAS TYCHKH.
2.Ilpoussenenue rpynn. [Ipumep.
3.I'pynna kBapua.
3aTBepKeHO Ha 3aciiaHHi KadepH MaTepialiB peakTopoOymyBaHHSs, MPOTOKOJ Ne 4 Bin 21 uepBHS
2010 p.
3asinyBau Kadenpu Exk3amenarop
[Tpogecop M.O. Azapenkos nouent B.I'.Kipiuenko
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XAPKIBCEKHH HAIIIOHAJIBHUHW YHIBEPCUTET IM.B.H. KAPA3IHA
Crneuiansnicts 070203 "Ipuknaana gisuka” Cemectp 6
Crenianmisania "®isHydHe MaTEPiaJIO3HABCTBO"
HasuasnpHa micumroriga " @isuuga kpuctaiorpadis "
EK3AMEHAIIIHHHAN BIJIET Ne 9,
1.JIByXMepHble MPOCTPAHCTBEHHBIE TPYIIIIBL.
2.Pe10POBCKHE IPYIIIIBL.
3.®opmynrpoBka Jlays audpakiid peHTTEHOBCKHX JIyUEeH.
3aTBepakKeHO Ha 3aciaHHi Kadeapu MaTepianiB peakTopoOyayBaHHs, MpoToKoJ Ne 4 Bijg 21 uepBHs
2010 p.
3aBinyBau Kadenpu Ek3amenarop
[Tpodecop M.O. AzapeHkoB noueHT B.I'.Kipiuenko

XAPKIBCbKHH HALIIOHAJIBHUW YHIBEPCHUTET IM.B.H. KAPA3IHA
Crneniansaicts 070203 "IMpuknaana ¢izuka” Cemectp 6
Creniamzanisa "®isnudHe MaTepiaJlO3HABCTBO "
Hagpuanpna micimriiga ' @isuyHa KpUcTangorpadid

EK3AMEHAIIIHHHAH BIJIET Ne 10.

1.0OIIK pemeTka,cCTPYKTYpPa, IIPUMEPBL.
2. IlpencTaBjieHys TPYIIIL.
3. KBagpat Kom.
3aTBepakKeHO Ha 3aciiaHHI Kadeapu MaTepianiB peakTopoOynyBaHHs, NpoTokoJ Ne 4 Big 21 yepBHS
2010 p.
3aBinyBau Kadenpu Ek3ameHnatop

[Tpodpecop M.O. AzapeHkoB noueHT B.I'.Kipiuenko

XAPKIBCbKHUH HAIIIOHAJIBHUM VHIBEPCUTET IM.B.H. KAPA3IHA
Crneuianbnicts 070203 "Ipuknaana gizuka” Cemectp 6
Croemiamisamisg "®isuuge MaTepiaJio3HaABCTBO"
HasuasipHa micumroriga " @isuuga kpuctanorpadis "

EK3AMEHAIIIMHAH BIJIET Ne 11.

1.I'TIK pemeTka, CTPYKTYpa, IPUMEPBHL.
2. IlpuBoIpMEIE H HENPHBOOUMBIE TDYIITHL.
3.14 pemeTok bpage.
3aTBepAKeHO Ha 3acigaHHi Kadeapu MaTepialiB peakTopoOy 1yBaHHsI, NpOTOKOJ Ne 4 Bij 21 uepBHs
2010 p.
3aBinyBau Kadenpu Ek3amenarop

[Tpodpecop M.O. AzapeHkoB noueHt B.I'.Kipiuenko

XAPKIBCbKHUH HALIIOHAJIBHUN YHIBEPCHUTET IM.B.H. KAPA3IHA
Crneuiansnicts 070203 "IMpuknaana ¢isuka” Cemectp 6
Cremiamsanist "®disnyHe MaTepiaJo3HaBCTBO"
Hapuanbna micumriiga ' @i3uuHa kpucTangorpadid
EK3AMEHAIIIMHHUH BUJIET Ne 12.

1.06patHas penieTka.
2.YcnoBrest OMTHOPOIHOCTH U AUCKPETHOCTH MPOCTPAHCTBA.
3.0nucanue 32 TOYEYHBIX TPYMIL.
3aTBepIKeHO Ha 3acilaHHi KadelpH MaTepialiB peakTopoOy1yBaHHs1, MpoTokoa Ne 4 Bij 21 uepBHs
2010 p.
3aBigyBau Kadeapu Ek3ameHnatop
ITpodecop M.O. AzapeHKOB noueHt B.I'.Kipiuenko
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XAPKIBCbKHWH HALIIOHAJIBHUW YHIBEPCHUTET IM.B.H. KAPA3IHA
Creuiansnicts 070203 "I[Mpuknaana ¢isuka” Cemectp 6
Crnemiamnmisanisa "®isuuHe MaTEPiaJI03HABCTBO"
Haguasnbsna picuprmutina ' ®Disuyna kpuctanorpadis

EK3AMEHAIIIMHUH BUIET Ne 12A.

1.KoopauHanuonHoe uncio. [pumepsl.
2.TwHIbl rpynn CHMETPHH.
3.0Omucanne PegOpPOBCKUX TPYIIIL.
3aTBepaKEHO Ha 3aciiaHHI Kadeapu MatepianiB peakTopoOynyBaHHs, NpoTokoJ Ne 4 Big 21 yepBHs
2010 p.
3aBinyBau Kadeapu Exk3amenatop

ITpodecop M.O. A3zapeHKOB noueHt B.I'.Kipiuenko

XAPKIBCbKWH HAIIIOHAJIBHUH YHIBEPCUTET IM.B.H. KAPA3IHA
Creuianbaicts 070203 "lpuknaana ¢gizuka” Cemectp 6
Creniamisanisa "®isHydHe MaTEPiaJIO3HABCTBO"
Haguasnpna gicimmoiiga ' @isuuda kpuctajgorpadis "

EK3AMEHAIIMHUH BIJIET Ne 14.

1.Knaccudukanus Teepapix Ted. MeTaibl U JU3JIeKTPHKH, HOHHbIE U MOJIEKYJISIPHbIE KPHCTAJLIBL.
2.ITIY cTpyKTypa, CBOHCTBA, IPUMEPBDI.
3. Tpexmepnblie rpynnbl. Tabauna rpymnm.
3aTBepAKeHO Ha 3aciiaHHi Kadeapu MaTepiaiiB peakTopoOynyBaHHs, TpoTokoJ Ne 4 Big21 uepBHS
2010 p.
3aBinyBau Kadenpu Ex3amenatop

[Tpodecop M.O. AzapeHKoB nouent B.I'.Kipiuenko

XAPKIBCEKWH HAIIIOHAJILHUH YHIBEPCHUTET IM.B.H. KAPA3IHA
Crneuianbnicts 070203 "Tpuknansa ¢gizuka” Cemectp 6
Crneuianizanis "®di3nyHe MaTepiaJo3HABCTBO"
Hasuasnpaa micumroniga " @isuuba kpuctaiorpadis "
EK3AMEHAILIMHHA BUJIET Ne 15.
1.MaTpuuHOe npeacTaBiieHHe NpsiMor B 00paTHOH pemeTok bpage.
2.[TpaBuibHAS cHCTEMA TOUEK.
3.Crepeorpaduueckas NPOeKIHS.
3aTBepaKeHO Ha 3aciiaHHI Kadeapu MaTepianiB peakTopoOynyBaHHs, NpoTokoJ Ne 4 Big 21 yepBHS
2010 p.
3asinyBay Kadenpu Ek3amenatop
[Tpocecop M.O. AzapenkoB noueHT B.I'.Kipiuenko

XAPKIBCbKHH HAIIIOHAJIbBHUN YHIBEPCHUTET IM.B.H. KAPA3IHA
Crneniansaicts 070203 "IMpuknaana ¢izuka” Cemectp 6
Croemiammisamisg "®isnuge MaTepiaJio3HaABCTBO"
Hagpuanpna micimriiga ' @isuuHa kpucTangorpadid

EK3AMEHAIIIHHHAH BIJIET Ne 16.

1.51uetika Burnepa-3eritia. Ilepsas 30o5a bpunmooHa.
2.CemericTBa ToueuHblx rpynn. Kiaccudukarusi.
3.00paTHag pemeTka. JIBa onpenesieHus..
3aTBepAKeHO Ha 3acigaHHi Kadeapu MaTepialiB peakTopoOy KyBaHHsI, IPOTOKOJ Ne 4 Bij 21 uepBHs
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2010 p.
3asinyBau Kadenpu Ek3amenarop
[Tpocpecop M.O. AzapenkoB noueHT B.I'.Kipiuenko

XAPKIBCbKHWHW HALIIOHAJIBHUW YHIBEPCHUTET IM.B.H. KAPA3IHA
Crneuianbaicts 070203 "Ipuknaana ¢izuka" Cemectp 6
Croeniamizamisg "®i3HyHe MaTEPIAJIO3HABCTBO"
HaguanpHa gicuurmoniga " Pispuna Kkpuctajgorpadis "
EK3AMEHAIIMHUH BIJIET Ne 17.
1.2J1eMEHTh CHMMETPHH KPHCTAJIJIA K TOUSUHBIC TPVYIIIHL.
2.H3omopdubie rpynnsl K. MaTpHITE TeHEPATOPOB.
3.PemeTka ¢ 6a3sHcoM. DJeMEHThl CHMMETPHH KYOUUYECKOH PEIIETKH.
3aTBepaKEHO Ha 3acilaHHI Kadeapu MaTepialiB peakTopoOy KyBaHHs, NpoTOKoJ Ne 4 Bin 21 uepBHs
2010 p.
3aBinyBau Kadeapu Ek3amenatop
[Tpodecop M.O. AzapeHkoB noueHnt B.I'.Kipiuenko

XAPKIBCbKWH HAIIIOHAJIBHWUH YHIBEPCHUTET IM.B.H. KAPA3IHA
Crneuiansnicts 070203 "IMpuknaana ¢isuka” Cemectp 6
Crenjamisanisa "®isHyHe MaTEPiaJIO3HABCTBO"
HasuasnpHa micumroniga " @isuuba kpuctaiorpadis "

EK3AMEHAIIIMHHA BIJIET Ne 18.

1.Knaccudukanus KpucTamioB. MeTauibl U IW9IEKTPUKH, HOHHbIC U MOJIEKYJISIDHbIE KPUCTAJLIBL.
2.I1oBOpOTHBIC, HHBEPCHOHHBIE U 3epKajibHble Tpynmnbl K.
3.00paTHas pemeTka nepsasi 30Ha Bpumosna. [TprumMepsi.
3aTBepKEeHO Ha 3aciiaHHi KadeIpH MaTepialiB peakTopoOymyBaHHSs, MPOTOKOJ Ne 4 Bin 21 uepBHS
2010 p.
3aBinyBau Kadenpu Exk3amenarop

[Tpodpecop M.O. AzapeHkoB noueHT B.I'.Kipiuenko

XAPKIBCbKWH HAIIIOHAJIBHUM YHIBEPCUTET IM.B.H. KAPA3IHA
Crnenianbaicts 070203 "Tpuknaana ¢gizuka" Cemectp 7
Crnemiamnisanisa "®isHuHe MaTEPiaJI03HABCTBO"
Haguaspna gicumroiiga ' @ispuda kpuctajgorpadis "

EK3AMEHAIIMHUH BIJIET Ne 19.

1.ATOMHBIE INIOCKOCTH M HamnpapjieHust. Munexkce Mujiiepa.
2. ITpocTpaHCTBEHHbIE TPVl CHMMETDHH.
3. OKBHBAJICHTHOCTh (hopMyIipoBokK Jlays u bparra. IlocTpoenne DBaabaa.
3aTBepaKEeHO Ha 3aciiaHHI Kadeapu MaTepianiB peakTopoOynyBaHHs, NpoTokoJ Ne 4 Big 21 yepBHS
2010 p.
3aBinyBau Kadenpu Ek3amenatop

[Tpodecop M.O. AzapeHkoB noueHT B.I'.Kipiuenko

XAPKIBCbKHH HALIIOHAJIbBHHUN YHIBEPCHUTET IM.B.H. KAPA3IHA
Crneuianbnicts 070203 "Ipuknaana gizuka” Cemectp 6
Croemadisamisg "®isnuge MaTepiajI03HaBCTBO"
Hapuaspaa micummoriga " @isuuba kpuctaiorpadis”
EK3AMEHAIIIMHHAH BIJIET Ne 20.
1. KpHcTajulnyecKHe CUCTEMBI M pelneTkH bpage.
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2 ITpHHIKOBI BEIBOIA MPOCTPAHCTBEHHBIX TPYIIIL.
3.0003HaueHHE aTOMHBIX IUIOCKOCTEH Y HAMIPABJIEHHH.

3aTBepaKEHO Ha 3acilaHHI Kadeapu MaTepialiB peakTopoOy LyBaHHs, NpOoTOKoJ Ne 4 Bin 21 uepBHs

2010 p.
3aBigyBau Kadeapu
ITpodecop M.O. AzapeHKOB

Exk3amenarop
noueHT B.I'.Kipiuenko
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