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3anpononosano rabopamopHuii npakmuxym 3 Qisuku piokux kpucmanie [1], pobomu 3 aKoeo nponoHyemvcs 6KuOYAMU
00 CRUCKY BUKOHYBAHUX POOIM 5K Y KYpCi Qi3uKu, max i nio yac 8ue4enHs cneyianoHux OUCyunin, Hanpuxiao, «3acobu 6izy-
anizayii gumipioeanvroi ingpopmayiiy, «Mamepiam enexmponHOT mexXHiKU» ma IHWUX, Wo 8U84aAIoms CmyOeHmu, sKi Ha8ua-
iomuvcst 3a cneyianvnocmamu «Enexmponni cucmemuy, «Paodioenexmponni anapamuy, «Memponozcia ma ingopmayiino-
suMipioganvri mexronoeiiy, «Enexmpouni npucmpoi ma cucmemuy. ¥V aabopamopnomy npaxmuxymi npedcmasnero 10 na-
bopamopnux pobim 3 ¢isuxu piokux Kpucmanie. Busuenns izuxu piokux xpucmanie ma ix 3acmocy8anms Cymmeso niogu-
wumo gaxogy ni020moeKy cmyoeHmis i macicmpanmis, sSKi 6U84AIOMs IHGOPMAYitiHI MEXHONO2Il, 3auUMaromscs po3pooKoio
CyHacHux npucmpois 8i0obpasicents iHgopmayii Ha OUCNAEaX HA OCHOBI PIOKUX Kpucmanis. 36epHeHo y8azy Ha 3ACMOCy8aHt-
Hsl PIOKUX KPUCMATIG SIK NEPBUHHUX NEPEemBopIosais 0l CEHCOPI8 y PIOKOKPUCMANTYHIL eleKmpOHiYyi.

Kniouosi cnosa: nemamuuni pioki kpucmam, cmekmuuni pioKi Kpucma, xoniecmepuymi pioxki Kpucman, eneKxmpoon-
muyni epexmu, echexmu y piOKux Kpucmanax.

Puc.: 4. bion.: 5.

IIpeonosiceno rabopamophbwiii NPAKmMuKym no gusuke sHcuokux kpucmaiog [1], pabomer uz komopoeo npeoiazaemcs
BKIIOUAMb 6 CHUCOK bINOTHAEMbIX pAOOM KAK 6 Kypce QU3UKU, MAK U NPU U3YUeHUU CReyuaibHblX OUCYUNTUH, HANPpUMED,
«Cpeocmea susyanusayuu usmepumensHou ungpopmayuuy, «Mamepuanvl S1eKmpoHHOT MEXHUKU» U OpY2UX, KOMOpble U3)-
uaiom cmyoenmol, 00yHAIOWUECS NO CHEYUATLHOCAM « DNeKMpoHHble cucmembly, «Paouosnekmponnvle annapamoly,
«Memponoaus u un@opmayuoHHo-uIMepUMenbHble MEXHONOUUY, « DNeKMPOHHbIE YCMPOUCMEad U cucmemsly. B rabopamo-
pHOM npaxmukryme npeocmagiensvt 10 nabopamopmwix pabom no gusuxe sHcuokux Kpucmannos. Mzyuenue uzuxu scuokux
KpUCmaiiog u ux npumMeHenue cyuecmseeHHo nosbLCUm NpogeccuonHanbHylo H0020MOBKY CIyO0eHmo8 U MA2UCMpPanmos, uzy-
YAIOWUX UHDOPMAYUOHHBIE MEXHON02UU, 3AHUMAIOUUXC PA3PAOOMKOU COBPEMEHHBIX YCMPOUCME OMOoOpaxicenus ungop-
Mayuu Ha OUCNIIEAX HA OCHOBE ACUOKUX Kpucmannos. O0paweno 6HUMAaHue Ha npuMeHeHue HCUOKUX KPUCMALI08 8 Kayecmee
nepeutHo20 npeodpasoeamens 0Jisi CEHCOPOB 8 HCUOKOKPUCIANTUYECKOU DNEKMPOHUKE.

Kniouegvie cnosa: nemamuueckue dcuokue KpUcmanivl, cCMekmuiecKue dHCuoKue Kpucmanisl, Xonecmepuveckue icuo-
Kue Kpucmaiinsl, s1eKmpoonmuyeckue sgghexmol, 3¢hgpexmul 6 sHCUOKUX KPUCMALNAX.

Puc.: 4. bubn.: 5.

The proposed laboratory workshop on physics of liquid crystals [1], the laboratory works of which are to be included to
the list of works carried out both in the course of physics and in mastering special subjects, like "Visualization ways of data
measurement,” " Materials of electronics" and others that are studied by the students in the following specialties "Electronic
systems", "Radio electronic devices", "Metrology and information-measuring technologies", "Electronic devices and
systems". The laboratory workshop contains 10 laboratory works on physics of liquid crystals. Physics of liquid crystals
studying and their application will significantly improve the professional training of students and undergraduates who
master the information technologies and create modern information display devices based on liquid crystals. Attention is
drawn to the liquid crystals usage as a primary transducer for sensors and in liquid-crystalline electronics.

Key words: nematic liquid crystals, smectic liquid crystals, cholestic liquid crystals, electrooptical effects in liquid
crystals.

Fig.: 4. Bibl.: 5.

IlocTanoBka nmpodsemu. HeoOxinHO BIpoBa)KyBaTH y HaBUAJIbHUNA NPOLIEC BUBYEHHS
GI3UKM pIAKUX KPHUCTAIIB K Cy4yacHHX MarepiaiiB 1 i 3aco0iB BioOpaskeHHs 1HQopMarii
SK IaTYUKIB, PEECTPATOPIB XIMIYHUX PEYOBHH TOILIO.

AHaJi3 ocTaHHiX J0c/iIKeHb 1 mybdaikaunii. Y madoparopHomy npaktukywmi [1] mpen-
ctaByieHo 10 nabopatopHuX poOIT 3 GI3UKH PIIKUX KPUCTAIIB.
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Buninennss He BHpilleHMX paHille YacTHH 3arajbHoOi nMpodiaemu. BuBuenns ¢izuku
PIAKUX KPHUCTAJIB Ta iX 3aCTOCYBaHHS CYTTEBO HIIBHIIUTH ()aXOBY MIIATOTOBKY CTYJEHTIB 1
MaricTpaHTiB, K1 BUBYaIOTh 1H(OPMAIliHI TEXHOJOrIi, 3aliMalOThCs PO3POOKOI0 CYydaCHUX
MIPUCTPOIB B1IOOpaXkeHHs iHPOpMaIlii.

Mera cratTi. ['0710BHOIO MeTOIO 1i€T pOOOTH € 3BEpHEHHS yBarud Ha akTyaJbHICTh BU-
BUEHHS (DI3UKU PIIKUX KPUCTAJIIB, IO 3HAXOATh LIMPOKE 3aCTOCYBaHHS B Haylll 1 TEXHIL, Ta
BIIPOBA/PKEHHS B HaBUAJBbHUN NPOLIEC CTYAEHTIB 1 MaricTpaHriB iHGOpMAIIHHUX TEXHOIOTIH
BUKOHAHHS BIJIIOBIIHOTO JIAOOPATOPHOIO MPAKTUKYMY .

Bukaan ocHoBHOro Martepiany. OJHUM 13 NUSIXIB [OJAJBIIOIO BJIOCKOHAJIEHHS BUKJIA/IaH-
HS (I3UKU Ta JUCLMIUIH CIEIiajdbHOI MIATOTOBKU € MOTJIMOJICHHS 3B’SI3KIB OCBITH 3 HAYKOIO.
3HAUYHUM JOCATHEHHSIM OCTAHHIX JECATWIITH € 3aCTOCYBAHHS PIAKMX KPHCTATIB Yy Cy4acHUX OIl-
TUYHHUX TEXHOJIOTIAX. PiKl KpuCTaiu MaroTh HE3BHYAiHI, YHIKAJIbHI BJIACTUBOCTI MOPIBHSHO 3
TPaJIULIMHUMM ONTUYHUMM MaTepiajlaMi, IO Ja€ MOXJIMBICTH IUIABHO KEPyBaTu ONTHYHHMU
XapaKTepUCTUKAMU: CBITJIONPOIYCKaHHAM, CBITJIOPO3CIIOBAH-HSIM, TOJIIPU3ALIIEL0, 3aJIOMJICHHSM,
BIIOMBaHHSM, CBITJIa, KOJLOPOBUMHU Mapamerpamu. Lle kepyBaHHsI MOXHA 31iCHIOBATH PI3HUMU
CUTHAJIAMH: EJICKTPUYHUMH, CBITJIOBUMH, MEXaHIYHUMH, TEIUIOBUMH, MATHITHUMH, XIMIYHUM
BIUTMBOM. PigKki KpucTaiu BUKOPUCTOBYIOTHCS B ONTHYHUX €JIEMEHTaX, L0 CKJIadal0Th HOBY
eJIeMEeHTHY 0a3y, B ONTMYHHUX CUCTEMAX 3 HOBUMH (DyHKIIOHAIbHUMHU MOYKJIMBOCTSIMU.

VYenixu y AOCTHIIKEHHIX PIIKUX KPUCTAJIIB Ta AOCSATHEHHS Y YMCEJIbHUX 3aCTOCYBAaHHAX
(nucruiei KoMI’r0TepiB 1 HOYTOYKIB, €KpaHU IUIOCKUX TEJIEBI30piB 1 MOOIBHUX TeNepOHIB Ta
1H. ) 3po0mH iX 1ikaBUMU 00’ €KTaMU M1J1 Yac BUBUEHHS y BUILIN miKoJi [2].

Tomy Hamu po3poOseHui 1abopaTopHUi NPAKTUKYM 3 (I3UKU PIIKUX KpHCTaliB, poOOTH
SIKOTO MU BKJIFOYAEMO 10 CIIMCKY BUKOHYBaHHUX POOIT AK Y Kypci (Pi3UKH, TakK 1 il 4ac BUBYEH-
HSl CHEIAIbHUX TUCIUIUIIH, HANpHKIAJ, «3aco0u Bizyamizallii BUMIpIOBaJIbHOI 1H(POpMAaIii»,
«Marepianu €JeKTPOHHOI TEXHIKM» Ta IHIIWX, 110 BHBYAIOTH CTYJICHTH, SIKI HABYAIOTHCA 3a
cnemiansHOCTsIMU «EnekTponHi cuctemm», «PamioenekTpoHHi anapatm», «MeTpoJioris Ta H-
(dopMalliifHO-BUMIPIOBAJIbHI TEXHOJIOT1», « ENEKTpOHHI IPUCTPOT Ta CUCTEMI.

VY nmaGopatopromy npaktukymi [1] mpencraBieno 10 madopaTopHuX poOIT 3 GI3UKHU pil-
KHUX KPHUCTaJIB, y SIKHX OMHCAHO PIAKOKPUCTAJIUYHUN CTaH PEYOBUHH, €JIEKTPOONTHUYHI edek-
TH B PIAKUX KpHCTanax. 3BEPTAEThCS yBara Ha 3aCTOCYBaHHS PIIKMX KPUCTANIB y AUCILIESIX
SIK TIEPBUHHUX NIEPETBOPIOBAYIB JIJIsl CEHCOPIB y PIAKOKPUCTANIYHIN eneKTpoHini [3].

VY nepiuiit 1abopatopHiil poOOTI BUBYAIOTHCS TEKCTYPH PLAKUX KPUCTATIIB METOIO0M IOJIS-
pHU3aIiitHOT MIKPOCKOITIi 32 JOIOMOTOI0 €JIEKTPOONTHYHOT KOMIPKH TUITYy CEHABIY (puc. 1).
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Puc. 1. Konghieypayis enexkmpoonmuynoi Komipku muny ceHogiu: 1 — CKIsaHi nioKIaoxu 3 HanuieHUMU
nposopumu erekmpooamu, 2 SnOyuu In,0;; 3 — dienexmpuuni npoxIaoKu

VY npyriii 1abopatopHiii poOOTI CTYIEHTH HABYAIOTHCS 3a TEKCTYPOIO BU3HAYATH arperar-
HI CTaHU PEYOBHMHH, IO Mae Me30(a3y 1, HarpiBalOUM Ta OXOJIOJKYIOUU 3pa3Ku 3 PIIKUMHU
KpHCTajaMu, CriocTepiratoTh ¢azoBi neperBopenns. [lepmmm 3pa3kom y mabopatopHiii podo-
T1 € HEMAaTUYHHUNA PIAKUA KpucTtan 4-n-neHtmwi-mianooipenin (S1b) 3 Temneparypuum iHTEp-
BasioM Me30¢azu 22...35 °C, BiH € 10CUTb CTaOUIBHOIO CIIOJIYKOIO 1 BUKOPUCTOBYETHCS B TEX-
HOJIOTIT PIIKOKPUCTATIYHUX AUCIUICiB. [pyrum 3paskoMm y 1l jgaboparopHiii poOoTi €
HEMAaTUYHUH PIIKUHA KpUCTaI n-MeTOKcuOeH3mniaeH, n-Oytunanuiin (MBBA) , mo mae tem-
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nepaTypHuii iHTepBan icHyBaHHS Me30(aszu 21...47 °C. Tperiii 3pa3ok — 11e X0JIECTEPUHOBHMA
edip neraproHoBoOi KUCJIOTH — XOJIECTEpUIINEIaproHar, o nepedyBae y Me30(ha3HOMY CTaHi
B Temneparypuomy iHTepBam 78...91 °C. Ll pedoBuHa Mae X0JIECTEPUYHY Ta MOHOTPOITHY
CMEKTUYHY — A ¢a3y.

VY yerBepTOMYy 3pa3Ky JOCHIIKYETHCS CIHOJyKa 3 cepli NoXiiHuX (enunoensoary . Bona
YTBOpPIOE MOHOTpOIHY cMeKTUYHYy C a3y, ToOTO mij yac HarpiBaHHS NJIABUTHCA B HEMATHK
npu 51 °C, nani nepeTBoproeThes B 130TponHy piauHy npu 89 °C, moTiM mnpu MOBUIBHOMY
OXOJIOJXKEHHI NepexoIuTh B cMeKTHK C Ta kpucTanizyerbes npu 34 °C.

VY Tperiit Ta yeTBEPTIiH TAOOpaTOPHUX POOOTAX BUBYAOTHCS TMOJHOBI OPIEHTAIIIIHI €JIEKT-
poontuyHi epextu: S-epekt Ta B-edexr.

[Tin yac BUKOHAHHS LMX POOIT CTYJEHTH 3HAUOMIIATHCS 13 3aKOHOMIPHOCTAMHM Iepediry
S-edexty Ta B-eexTy BIiAMOBIAHO 3a CIMOCTEPEKEHHIM IMOJABIHHOTO MPOMEHE3ATIOMIICHHS,
BUKOHYIOTb PO3paxyHKU MOJYJI NPY>KHOCTI AJis AeopMallii HONepeyHOro BUTHHY, €JIEKT-
PUYHOT KOTEPEHTHOT TOBXKUHU 11 S-e(eKTy.

s B-edexty 01epKylOTh €KCIIEPUMEHTAIBHUM IIISIXOM HOro MOpPOroBY HAIPYTy 1 HO-
PIBHIOIOTH 1i 3 TEOPETUYHO PO3PAXOBAHUM 3HAYEHHSIM.

I’sita poOoTa mpucBsSYeHa BUBUEHHIO €JIEKTPOONTUYHUX €(EKTIB, [0 BUHUKAIOTh y He-
MaTUYHUX PIIKUX KpucTajax 3 Ag < 0 miJ BIVIMBOM €JIEKTPUYHOTO CTpyMY mpoBinHocTi. [Tig
yac il BUKOHaHHS CTYJEHTU BU3HAYAIOTh KPUTUYHY YacTOTY, 110 BIIJUIE€ aHOMAaJIbHY OpIEH-
Tall0 MOJIEKYJI B1l HOPMAJIbHOT B 3MIHHOMY €JIEKTPUYHOMY I10JIl, CLIOCTEPIraloTh SIBULIE AU-
HaMIYHOTO PO3CISTHHS CBITJIa Ta BU3HAYAIOTh HAIIPYTY 3a IKOT BOHO BUHHKAE.

VY mocTiii po6OTI BUBUAETHCS MPOLIEC MEPEXOAY XOJIECTEPUUHOI (a3 B HEMATUUHY Mif
JIE€I0 30BHIMTHBOTO €NEKTPUIHOTO 1moJst. [1ix gac 1i BUKOHAHHS CTYJIEHTH CIIOCTEPIraroTh JBO-
BUMIPHY IPOCTOPOBO-NIEPIOANYHY AepopMaliio (CITKa), OACPKYIOTh TEKCTYPY «BIIOUTKIB
NaybliB» Ta BU3HAYAIOTh MOPOTOBY HANPYTY, 3a SIKOi 3’ sBIsEThCS 1 Tekcrypa. [loTim, moc-
TYHOBO 30UIbLIYIOYHM HANPYTy, CIOCTEPIraloTh XOJECTEPUKO-HEMATUUHUN MEpexi] Ta BU3HA-
4aroTh Woro noporoy Hanpyry Uxpm. (puc. 2).
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Puc. 2. Poskpyuyeanms xorecmepuuroi cCnipaii 308 HIWHIM eleKMPUYHUM NOJIEM, NePReHOUKVIAPHUM
00 oci cnipani. E — nanpyoicenicmo 308HIUHb020 eeKMPUYHO20 ROJVL. A — Neped PO3KPYMKOI CRIPALL;
06— HanpyofceHicmb 308HIUHLOSO ENeKMPUUHO2O0 NOJIA docmammsi OJist xojaecmepuxKo-HemamuiHozo nepexody
VY cboMiit poOOTI CTYIE€HTH 3HAMOMIISITHCS 3 MPOIIECOM MEPEHOCY HOCIB 3apsly B PIIKUX
KpHUCTaJIaX 1 BU3HAYAIOTh TEMIIEpaTypHUI 1HTEepBaJ ICHyBaHHS Me30(da3u. BuznauaoTs Benu-
yuHy eHeprii akTuBaiii AE enexTponpoBigHOCTI y Me30(a3i B €JIeKTPOH-BOJIbTAX.
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VY BocbMil po6OTI H1eThesl PO OCOOIUBOCTI NPOITyCKaHHS Ta BIOMBaHHS CBITJIA XOJIeC-
TEPUUHUMU PIAKUMU KpUCTANaMU, BU3HAYAETHCS JOBXKHMHA XBUJI CEJIEKTHUBHO BIIOUTOTO CBI-
TJa i KpOK cripaii X0JIeCTEpUYHOTO P1IKOrO KpPUCTAITY.

OnTHYHI BIACTUBOCT1 XOJIECTEPHUKIB MAIOTh OCOOJIUBOCTI, III0 € HACIIJKOM HasiBHOCTI CIIi-
paibHOI CTPYKTYpHU. BOHM ONTUYHO OJHOBICHI, MalOTh B1I’€MHY ONTHYHY aHI30TPOII0, Be-
JIMKY ONTHYHY aKTUBHICTb 1 CEJIEKTUBHE Bi1OMBaHHs cBiTia [2; 3].

Bunuknenns 3adap6osanocti mapy XPK min yac ioro ocBIT/IeHHSI OUTHM CBITJIOM MOYHA
MOSICHUTH, SIKIIO NPEICTaBUTH MOT0 K JUpakiiiiHy I'paTKy 3 CUCTEMOIO MapayeibHUX La-
PI1B TOBIIKMHOIO % 1 cepeIHIM MOKa3HUKOM 3aJIOMJICHHS 1.

OckinbKH BEIMYMHA KPOKY cHipani Juis e(ipiB XOJIECTEPHUHY 3HAXOJUTHCS B Jiala3oHl
JOBKHMH XBWIb BUJIUMOTO CBITJIA, TO MaJar0yl Ha 3pa30K MpoMeHl AudparyoTh Ha nepioand-
Hil CTpyKTYypi Xonectepuka. [Ipu npomy ymoBu audpakuii noaidHi 10 yMoB qudpakxiii peHr-
TeHIBCbKUX NPOMEHIB y TBEpAUX KpHUCTajax, 10 BU3HAYAIOTHCS CIIBBIIHOIIEHHSIM Bynbda-
Bperra. /11 xonecrepuka 1€ CIiBBIIHOIIEHHS MaTUME BUTJISL!

2dsin @ = mA. (1)

[1in yac HOpMaNbHOIO MaJIHHS CBITJA IIAp XOJIECTEPUKA CEJIEKTHUBHO B1I0MBA€ CBITIO 3
JIOBXKMHOIO XBWII, MO piBHA KpoKy cripaii. CHHTE30BaHO 0arato XOJECTEPUYHUX PIIKUX
KpucTaiiB 3 KpokoM p =~ 400 — 1000 um. Ay HUX A JIEKUTH Y BUIUMI1H 00JIaCTI.

CenextuBHE B1gOWBaHHg B 00yacTi Ap O3HA4a€, IO OCBITIIEHA OIIMM CBITJIOM IIJIOCKAa
ctpykrypa XPK Oyne 3adapboBana y koJiip, BIAIOBIIHUN Ag.

3MiHa KPOKY cripaii (4u KOJbOPY) € OCHOBOKO JJI 3aCTOCYBAHHS XOJIECTEPUKIB. Y O11b-
mocTi eipiB X0JIECTEpUHY KPOK CIIpaii 3MEHIIYEThCS 13 TEMIEPaTyporo (% <0), ane B
HEMAaTOXO0JIECTEPUIHUX CyMIllIaX MOKHA OJICPKaTH BC1 TPH THUIH 3aJI€KHOCTI P(t):

2>0L <02 =0

JleB’sita poGoTa MpUCBIUYECHA BUBUCHHIO ABUILA IHTEPPEPEHLi MOIIPU30BaHUX POMEHIB
y KEpOBaHUX EJIEKTPUYHUM MOJIEM KOMIpKax 3 HEMaTUYHUM PIIKUM KpucTaioMm. Bimomo, 110
MIPOMEHI, MOJSIPU30BaHi B ABOX B3aEMHO MEPICHIUKYJSIPHUX TUIONIMHAX, HE 1HTEPDEPYIOTh.
AJe, SIKIIO 3BECTH 1l OPTOTOHAJIbHI KOJMBAHHS B OJHY IUIOLIMHY 1 CTBOPUTHU JIE€SKY PI3HHLIIO
(a3 MK HUMH, TO MOKHa CIOCTEpIraTu ocoOJMBI BJACTUBOCTI IHTEP(HEPEHUINHUX CMYT. Y
il poOOTI CTYJEHTH CIIOCTEPIraloTh KOJBLOPOBY IHTEep(EpeHLiiiHy KapTUHY HE3BUYANHOIO 1
3BHYAWHOTO MPOMEHIB, BUBUAIOTh 3aJIEKHICTh MPOIYCKHOI 3/[aTHOCT1 KOMIPKHU 3 MOJIIpU3aTO-
paMu BiJI JOBXXHMHU XBUII1 1 B KyTa MOBOPOTY aHaii3aTopa abo KOMIPKH.

VY necariit po6OTI CTyA€HTH BU3HAYAIOTh KOE(DILIEHTH B’ A3KOCTI PIAKUX KPUCTAIIIB METO-
oM Ctokca.

JlaGoparopHi poOOTH BIIPI3HAIOTHCS MPOCTOTOI0 BUKOHAHHA 1 HE MOTPEOYIOTh CKIATHOTO
oOnagHaHHA. BoHM TO3BOJIAIOTH CTyIEHTaM HE TUIbKH 3p03yMITH crieludiuHi 11t Gi3uku pii-
KHUX KPHUCTAJIB MOHATTA, TaKl K OplEHTALIMHUI NOPSAAOK, TUPEKTOP, HEMATUKU, CMEKTHKH, XO-
JIECTEPUKHU, TEPMOTPOIIHI Ta JIOTPOIIHI PIIKI KPUCTANIH, IUITaHAPHA Ta TOMEOTPOITHA OPIlEHTALLIs,
Me3odaza, nepexoan Opeaepikca Ta iHII, ajge i OUIBIT IITMOOKO OCATHYTH Taki 3arajabHO(I3H-
YHI TIOHATTA, 5K B’SI3KICTh, 3akOH HbloTOHA, 3akoH CToKca, MOJBIMHE MPOMEHE3aIOMJICHHS,
ONTHUYHA AaHI30TPOIIis, IPOIYCKHA 3JaTHICTh, JOBKMHA ONTHYHOI KOT€PEHTHOCTI, MOJIIPU3aLis
CBITJIA, 1HTEep(epeHLis MOJIPU30BaHUX NMPOMEHIB, (a3oBi nepexonu I ta Il poxy, poscisHHA
cBiTIa, nudpakuis Bynasda-bperra, enekTponpoBigHiCTh, €HEPTis aKTUBALlli Ta 1HIIIL.

VY npakTukyMi omnMcaHi NPHJIAAU Ta IPUCTPOI, 110 BUKOPUCTOBYIOThCS y poOOTax: MoJis-
pu3aLifHUI MIKPOCKOI, MIJCHIIIOBAY MOCTIHOTO CTpyMy, IU(POBUI BOIBTMETD, AuUEpeH-
1iajJbHa TEpMOTIapa Ta 1HIIe.

Sk oaHe 3 MPAaKTHUYHUX 3aCTOCYBaHb PIAKUX KPHUCTAIIB PO3IJISIHYTI KOHCTPYKII PLAKOK-
PUCTAIUHUX AUCILIEIB: MIOCKUX, THYUKHX (pHUC. 3), KOJLOPOBUX Ta IHIIMX.
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Puc. 3. Ilepepiz oucnues na enyukii nioknaoyi [4]: 1 — ceimno; 2 — nposopuil enekmpod; 3 — nonsapusayitina
niiexa,; 4 — nonimepHa niOKIaoKa; 5 — wap piokoeo kpucmaid, 6 — npoknaoxa, 7 — nojimepHe 60J0KHO,
8 — enyuke doicepeno niocgimru

Bkazano na nepeBary PK-nucruieiB Haj HIIMMU NPUCTPOsIMU BijoOpaskeHHs 1HPopMmauii [3]:

— BHCOKHM KOHTpPAcCT, IO J03BOJISIE CIIpUAMATH BimoOpaxkyBaHy IHGOpPMAIO Y HIHUPO-
KOMY Jliara30Hi OCBITJICHOCTI 1 KyTIB OTJISIAY;

— IIMPOKHH Jiana3oH BigoOpa)kyBaHUX KOJIbOPOBUX MapaMeTpiB 1 piBHIB Ciporo, Mo J0-
3BOJISIE OZIEP>KYBaTH 300paKEHHS, MAKCUMAJILHO BIATIOBIIHI BI3yaJIbHUM JIaHUM;

— IIMPOKHI Alana3oH po3MIpiB €KpaHiB;

— HU3bKE CIOXKUBAHHS €HEprii;

— JIOBIOBIYHICTb T4 HU3bKa BapTICTb.

Jlist 3aco0iB BimoOpakeHHs iH(popmallii KOJEKTUBHOIO KOPHUCTYBAaHHS €JIEKTPOONTUYHI
e(eKTH B PIIKOKPUCTATIUHUX MaTepiajax BHUABIISIOTHCS HAN3pYUHIMIMMH Ta HaWBUIIHIIU-
MU B €prOHOMIYHOMY, TEXHOJIOTIYHOMY, EKOHOMIYHOMY IUIaHAaX, OCKUIbKHU J1al0Th 3MOTY pea-
Ji3yBaTH MPUHIIMIIOBO HOBI 3ac00M BigoOpaxeHHs iH(popmallii, 1110 3aiiMatoTh 0co0JIMBe, ca-
MOCTIHE Miclle y JaucIielHid TexHinl. Jlns oxepkaHHs 0araTOKOMIPHOTO JHCIUIES
BUKOPUCTOBYIOTh TPUXOJIECTEPUUHI P1IKI KPUCTAIU 3 PI3HUMHU KpOKaMH, 110 3abe3mneuye ojie-
pKaHHS YEPBOHOIO, 3€JICHOTO 1 CHHBOTO KOJIbOPIB.

BaxxmBumu € ManoradapuTHi BUCOKOTHGOPMATHBHI €KPAaHU 3 BJIACHOIO [1aM’ ITTIO, peai-
30BaHl Ha €JIEKTPOONTHYHUX €(eKTax y IHAYKOBAHHUX XOJIECTEPUKO-HEMATHUYHUX PIIKOKPHC-
TaJTIYHUX CyMIIIax.

Edexr cenexkTuBHOTO BiIOMBaHHS CBITJA IIMPOKO BUKOPHUCTOBYETHCS B TEPMOIHJIUKATO-
pax Ha YMCTUX XOJIECTEPUYHUX PIIKUX KpUCTalaX.

[Ipu upoMy 3MiHAa KpOKy cHipajii XOJIECTEpUYHOIO PIAKOTO KpHCTala BiJ TeMIepaTypu
MIPUBOJUTH A0 3MIHU CHEKTPAJIBLHOTO CKJIaay BIIOMTOrO CBITJIA 1, IK HACHIIOK, JA€ MOKIH-
BICTh BU3HAUUTHU TEMIIEPATYPY 3@ KOJIPHUM CKJIAJIOM BLAOUTOTO CBITJa. AJie 11 00CTaBHHA
YHEMOKJIMBIIIOE€ BUKOPUCTAHHS YUCTUX XOJIECTEPUUHUX PIIKUX KPUCTAIIB SIK €JIEKTPOONTHY-
HOTO Marepiajry JJisi CydacHUX 3aco0iB BimoOpaxeHHs iH(opMairii, mo cTabiIbHO MPaIto0Th
y LIKPOKOMY TEMIIEpaTypHOMY IHTEpBaJIl.

Tomy y 3acobax BimoOpakeHHs iHGOpMaIlii BUKOPHUCTOBYIOTh XOJIECTEPUKO-HEMATHUHI
PIIKOKPHCTAJIIUHI CyMIIlll, B AKUX CTA0LIbHA JOBXUHA XBUJI1 CEJICKTUBHOTO BiIOWBAaHHS CBIT-
Ja y UIMPOKOMY TeMIepaTypHOMYy Jiana3oHi, Ta MOJKHa peasli3yBaTh XOJIECTEPUKO-
HEMaTUYHUI (a30BU Nepexia MiJ] A1€10 eNeKTPUYHOTO MOJI.

V BiiiCbKOBOMY 3aCTOCYBaHHI HOBUM € CTBOPEHHSI TAHOPAMHUX JUCIJIEHHUX NaHeeH, 110
PO3MILIYIOThCS Ha 110jI0Max (puc. 4) Ui HaJ roJIOBOIO; KOMaHIHUX CUCTEM Y BUIVIAAL iHPOP-
Mamiiaux nanenen. Jucmiei Ha ocHoBi PK BUTpuMYI0TH OUTBII )KOPCTKI YMOBH BIMCHKOBOTO
3aCTOCYBaHH, BKIIOYAOYH KIIMAaTUYH1 1 MEXaHI4HI BIUIUBH.
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1§ X
Puc. 4. Hawonomnuii oucnneii [5]

Pinki kpucTanu MarOTh BUHATKOBO BUCOKY YYTJHUBICTh O 3MIHHU BIIOPSIKOBAHOCTI T [Ti-
€10 30BHIIIHIX YMHHUKIB, 1[0 Y€Pe3 BEJIUKY ONTHYHY aHI30TPOIII0 CEPEAOBUILA JIETKO PEECT-
pyeTbest onTUUHO. TOHKI IUTIBKU PIIKUX KPUCTANIIB 100pe MOIJIMHAIOTH a3y 13 OTOYYHOUOTO
CEpEIOBHINA 1, IK HACTIIOK, 3MIHIOIOTHCSI ONTUYHI BIACTUBOCTI IDTIBOK, MEPII 32 BCE — CEJIEK-
THUBHE BIIOMBAHHS, 10 MOXXHA BUKOPUCTOBYBATH JIJIsl BUSIBJICHHS 3a0py AHEHHS MOBITps [3].

VY npakTUKyMi pO3IJISAAI0THCS JIIOTPOIIHI 1 MOJIIMEPHI Pi/IK1 KpUCTaIH.

Kosxna po6oTa mpakTUKyMy MICTHTH 3aBIaHHS J0 POOOTH, KOHTPOJBHI MUTAHHS JJIs1 BU-
3HAa4YE€HHsI CTYIIEHsI TOTOBHOCTI CTYI€HTa 0 BUKOHAHHS pOOOTH Ta i1 3aXHUCTY.

BuBuenns ¢Gi3uku pigkux KpUCTATIB Ta iX 3aCTOCYBaHHS CYTTEBO MIABUIIUTE (DaxoBy Mif-
TOTOBKY CTY/IEHTIB 1 MAariCTpaHTiB, K1 BUBYAIOTh 1H(OpPMaIIiiH1 TEXHOJIOT1i, 3aiiMatoThCs Po-
3p00OKOI0 CyJacCHHUX MPUCTPOIB BimoOpaXkeHHs iH(opMaIii.

VYci nabopaTopHi poOOTH TOMIOMAararoTh CTYJACHTaM TJIMOIIE OCSITHYTH OCHOBHI (Pi3WdHI
3aKOHOMIPHOCTI Ta HAOyTH €JIEMEHTAPHUX HABUYOK MPOBEACHHA EKCIepUMEHTY. BoHH Mo-
YTb YCIHIIIHO BUKOPUCTOBYBATHCS Y CHELIaIbHOMY NPAKTUKyMI «D13UKa PIIKUX KPUCTAIIB)
Ha CTaplIMX Kypcax yHiBepcuTeTiB. Okpemi poOOTH TaKoXK MOXKYTh OyTH BUKOPHUCTaH1 B Kyp-
ci 3arajbHOi (13UKU BUIIOT mIKoyM. HailG b Baanumu At 1poro € came posnum «Tepmo-
JUHaMIKa Ta MOJIEKYJIIpHa (Qi3uKay, «EnexTpuka» i «OnTuka.

BucnoBku i npono3uuii. Y myOmikaiii Ha1aHo 3arajabHI BIJOMOCTI PO PIAKI KPUCTAIIH,
PO3BUTOK JIUCIUIEHHUX TEXHOJIOT1H, ONMCAHO MIHUPOKI MOKIUBOCTI IX BUKOPUCTAHHS B €JIEKT-
POHIIIL

Cnucok BUKOPUCTAHMX JIsKepeJt

1. Jlabopamoprui npakTukyM 3 (izuku pigkux kpuctaiis / M. 1. ['punierko, O. B. MenbHUYyK,
M. B. Momens, O. M. Ilycrosuii, O. B. Poro3za. — Hixun : Bunagaunreo HJLY im. M. I'oross, 2013.
— 141 c.

2. Ipuyenxo M. I. ®i3uka pinmkux KpucTaiiB : HaBu. nocionuk / M. 1. [punenko. — K. : Akane-
mist, 2012, — 272 c.

3. Pioxoxkpucmaniyna enektpoHika : MoHorpadis / 3a pexa. npod. 3. [orpu. — JIbBiB : Anpiopi,
2010. - 532 c.

4. Tomunun M. I'" Iucrinen Ha xuakux kpucramiax / M. I'. Tomuun, I'. E. Hesckas. — CII6. :
CIIoI'yY UTMO, 2010. — 108 c.

5. Flightgear On-Line, the website for the collector of military flightgear. Helmet Sight Battle
[EnexTponnuii pecypc]. — Pexxum noctymy : http://www.flightgear.dk/helmetsight.htm.
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