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Beryn

B Ham yac HayKOBO-TE€XHIYHOI pPEBOJIOINII, AOCIIKEHHS HAyKU TakK
CTPIMKO YIPOBAKYIOTHCS B MaTepiajbHe BUPOOHHUIITBO Ta KUTTSA, IO 1HOII
CKJIaIaloThCs MapagoKcalbHI cuTyamii. A came sike-HeOyap Gi3UUHE SBHUIIE,
[0 TMOCJIYXHUJIO OCHOBOIO HOBOTO BHAY BUPOOHHUIITBA, I1HTEHCHUBHO
BIPOBA/UKYIOTHCS B TEXHIKY Ta MOOYT, OJJHAK 3HAHHS MPO 1€ SBUIIE Ta HOTO
BiJOMICTh B IIMPOKHUX KOJaX SIBHO HEIOCTATHHO.

[ToniOHa cuTyamis CKJIagaeTbCAd 3 PIAKUMHU KPUCTAJdaMU Ta 3HAHHSIMU
npo HUX. 3apa3 MNPUCTPOi, 110 3aCHOBAHI Ha OCHOBI PIJKUX KPUCTAJIB,
CTPIMKO BIIPOBAIKYIOTHCS B TEXHIKY BinoOpaxkeHHs 1HPopmauii. [louyanock
MacoBE€ BIPOBAJKEHHSI MPUCTPOIB, IO MICTATh PIAKI KpUCTajdud, B MOOYT.
[lepcrekTHBY MacOBOTO BIIPOBAKCHHS PIAKUX KPUCTAJIB B HAIIE KUTTS IIIC
Oiunpm OaratrooOpa3Hi Ta MacmTaOHI: BiJl TEPMOMETPIB 10 TEJIEBI30OPIB.
[Ipomiec BHpOBAJKEHHST HAYKOBUX JOCIHIPKEHb B NPAKTUKY Ta MacoBe
BUPOOHUIITBO i€ TYT HACTIJIbKU IIBUAKO, IO BIAMOBIHI JOCATHEHHS Ta
BiJIOMOCTI HE€ 3HaWIIJIM MOKH IO HAJCKHOro BiloOpakeHHS HaBITh B
nporpamax By3iB. TuMm yacoM pifKi KpUcTaau, a00 PIAKOKPUCTATIYHUN CTaH
pedoOBHHHU, 3 PI3UYHOI TOUYKH 30Py € cCaMOCTiIHUN (a30BUN eTam, HE MEHII
BAXXJIMBUM 1 IIKaBUH, HIK yciM A00pe BIAOMHM CTaH PEYOBHUHU: TBEPJHH,
piAKuil Ta razonoaiOHui. B neskux BigjHOCHHAX, B Mi3HABAJILHOMY acCMeKTI,
BOHO € HABITH I[IKABIIINM.

Hayka Ta 11 DOCATHEHHS aKTUBHO BIUJIMBAalOTh HA HAIIE XUTTS, TOMY,
K MPaBuUJIO, MiJIBUILIEHUNA HAYKOBUN 1HTEPEC 0 TOTO YU 1HIIOTO 00'€KTYy UM
SBUIIA O3HA4Yae, MO0 el O00'€eKT YM sABHUIIEC NPEIACTaBIsI€ BEIUKHI
NpakKTUYHUNU 1HTEepec. B 1mboMy BiJIHONIEHHI HE € BUKJIIOUYEHHSIM W pIiaki
kpuctanu. [[ikaBiCTh A0 HHUX TEpII 3a BCE 0OOyMOBIEHA MOXKJIUBOCTIMH iX
e(peKTHBHOTO 3acTOCYBaHHS B psal raimy3edl BUPOOHWUYOT iSTBHOCTI.
BripoBajmkeHHS PpIiAKMX KPUCTaIiB O3HA4a€ EKOHOMIUYHY €(EKTHUBHICTb,
OpOCTOTY, 3pYydHiCTb. B ganili poOOTI pO3rIAsSHEMO CTPYKTYPY PIAKHX

KpHUCTaJIB. iX BJIACTUBOCTI Ta 3aCTOCYBAHHS iX B HAIIOMY >KHUTTI.
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AKTYaJbHICTh TEMH MOTO JOCJIAKEHHS 3yMOBJIEHA:

. MIBUJKUM  PO3BUTKOM  PO3pPOOKH  TPUCTPOIB, B  SAKHUX
BUKOPHUCTOBYIOTh TEPMOTPOIIHI P1JAKI KpUCTANIH;

. HEJIOCTaTHIM pPIBHEM 3HAaHb BJIACTUBOCTEH PIAKUX KPUCTAIB;

. JTOCII)KEHHSIM ~ BJIACTHBOCTEH  JI€JIEKTPUUYHOI MPOHUKHOCTI
PIAKUX KPUCTATIB 32 JOMTOMOTOI0 TEMIIEPATyPH.

O0’eKkT aoCaigKeHHA — JIOCHIJKEHHS BIUIMBY TEMIlepaTypu Ha
J1EJTEeKTPUYHY IPOHUKHICTh PIAKUX KPUCTAJIB.

IIpeamMeT gocaig:KeHHS - HEMAaTUYHI P1IKI KPUCTAIH.

MeTow Mmaricrepcbkoi po0OTH €  JOCHIIKCHHS  BIUIUBY
TEeMIIEpATypu Ha JIEJEKTPUYHY MPOHUKHICTh HEMATUYHUX PIAKUX

KpHUCTAIIB.

BigmoBiiHo a0 mnpeamMera Ta MeTH BH3HAY€HO OCHOBHI
3aBJAHHA JOCTiAKeHHA:
. OTJisAd JiTepaTypud H0J0 OyIOBH 1 BJIACTUBOCTEM HEMATHUYHUX

PIAKUX KPUCTANIB;

. JNOCHIJPKEHHSI  ICHYIOUMX  HEMAaTUYHUX  PIAKOKPHUCTAIIYHUX
CIICMCHTIB;
. CTBOPEHHS HEMAaTHYHUX PIAKOKPUCTAIIYHUX €JEMEHTIB Tia

OCHOBI ICHYIOUHMX MOJIEJICH.

ExcnepuMeHTa/IbHI pe3yJabTaTu:

HaykoBa HOBU3HA:

[IpakTnyHe 3HAYeHHSsI: PO3BUTOK CYyYacHOI HAyKM 1 TEXHIKHU
HEMOXJINBO YSBUTH 0e€3 cucteM oO0poOku 1 BimoOpaxkeHHs iHdopmMaIrii.
30kpeMa, BaXXJIMBE 3HAYEHHS Ma€ I1HJAUKATOpPHA TEXHIKA: BiJ MPOCTOTO
NPUCTPOIO, IO BiJoOpakae aBa CTIUKUX CTAHU CHUCTEMHU J0 TEJIEBI31MHUX
€KpaHiB, BEJIUKHX €KPaHIB KOJEKTUBHOTO BUKOpHCTaHHsA, nucmieis EOM.
0 MOXYTh BigoOpakaTu BEJIUKY KIJIbKiCTh iHoOpMaIllii, ska IIBUIKO

3MIHIOETHCS, 1 T.]I.



PO31JI 1. TeopeTu4Ha 4YacTHHA

1.1 IcTopist BiAKPUTTHA PiAKHUX KPUCTAJIB

VY 1888 pomi 6otanik PeitHuTiep omyOmiKyBaB CBOi CIIOCTEPEKEHHS PO
MOBEJIIHKY TIPU 3MiHI TeMIepaTypd CHHTE30BAaHOTO HHM XOJecTepiaOeH30ara.
Kpucranu 1i€i pedyoBUHM TUIaBUWIMCH Tpu TemmepaTypi 145,5°C, nepexoasun B
MyTHY piauHy. Ll piguHa npu moaajgplIoMy HAarpiBaHHI CTaHOBUJIACH MPO30POIO
npu 178,5°C Tta ¢ mnojmaidblIMM MIABUIIECHHSM TEMIIEpaTypu 3ajHIIaIach
HE3MIHHOI0. B mpolieci 0X0JI0/KEHHS B PIAUHI 3BISUIOCH OJakuTHE oapOIeHHs
npu 178,50C, sike mBUAKO 3HUKaNO, W piguHa MmyTHUIa. Komm temmepatypa
nocsarana 145,50C, 3HOBy 3sBisIOCH Take (apOyBaHHs, HICIs 4YOro HacTymaia

KpHUCTaTi3alis.

3pa3ku Pelinutuepa nocnimxkyBaB (i3uk JleMaHH y MONSpPU30BAaHOMY
MIKPOCKOITI Ta BCTaHOBHMB, IO piAWHA SKY JOCHIDKYBaJIM B MYTHOMY CTaHI
NPOSIBJISIE ONTUYHY aHi3oTpomito. JlochHipkeHHI HHUM M-a3oKcudeHeTon, -
a30KCHAHM30JI, OJICaT aMOHII0, CTUJIOBUN edip M-a30KCUOCH30MHOT KHUCIOTH B
MEBHUX TEMIIEPATYPHUX 1HTEpBAJIaX MaJH, 3 OJHOTO OOKY, BJIACTUBOCTI PIJTUHHU, a 3
JPYroro, B 3BSI3KY 3 ONTHYHOKO aHI30TPOIIIEI0, 110 NEPEKOHANO WOTr0 B TOMY, IO
el HOBUW, JO IOTO Yacy HEBIJIOMHUW CTaH pPEYOBHHM, SKUW BiH Ha3BaB
pinkokpucramiyauM. CrouaTky JleMaHH MOMMJIKOBO BBaXaB, IO PEYOBUHHU B
TaKOMY CTaHl MaloTh Jy)X€ pyXoMy OO€MHY KpHUCTaliyHy pemntky. OpHi
eKCIEPUMEHTATOpH, Kl BHBYAJIM LI PEYOBHHM, BBaXKAJIM, 1[0 MAaIOTh CIPaBY 3
eMYJIbCISIMH, SIK1 CUJIBHO PO3CIIOBAJIM CBITJIO, 1HIII 110 B PEUOBUHAX YTBOPIOIOTHCS
MIKPOKPHUCTAJIU, 10 OTOYEHHI INIIBKOI PiauHU, a00, HAaBHaKW, KpaIull PiauHU,

OTOYEHH1 MIKPOKPUCTAIIYHOIO 0O0JIOHKOIO.

CyTHICTh 3HOB BiIKPUTOTO CTaHYy PEYOBUHH MOTJIM MOSICHUTH TiJIbKHU
TOJAaTKOBI eKcnepuMeHTandbHl ¢akTu. PesynapTatu mnojaibliux pooiIT

JlemanHa Tta lllenka n03BOJMIM BCTAHOBUTH, IO MOBA M€ MPO HOBUM, IO
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ObOTO Yacy HEBILAOMUM TEpMOAMHAMIYHUNA CTaH PEYOBUHH, SIKUU
BiIPI3HAETHCS BiJ 3BUYAWHUX PiAWH HE TIIBKH ONTUYHUMH, alle U 1HIIUMH
G13MYHUMHM  BIIACTUBOCTSIMHU, HANpPHUKIAJ] EJEKTPUUYHUMHU Ta MaArHiTHUMHU.
dopaeHaep He3abapoM CHUHTE3yBaB 0arato 3 PiAKOKPUCTAIIYHUX PEUYOBHH 1
BCTAHOBUB, 1110 1I€, B OCHOBHOMY, OpTaHI4H1 MOJEKYJIU BUTATHYTOI (pOpMHU.
Knacudikaris piikux KpucTaliB

Pinkuii xpuctam - e NPOMIXKHHUM CTaH MIXK TBEpAUM TiJIOM Ta
pigunoto. lleit arperaTHudl cTaH € TEPMOJMHAMIYHO CTIAKHUM. ﬁOMy
OJHOYACHO MPUTAMaHHI1 SIK BJIACTUBOCTI PIAUHU - TEKY4iCTh, B'SI3KICTh, TaK 1
KpUCTaJIIB — MPYKHICTh, aH130TpoImid Ta 1H. CneuudivyHicTh UbOTO CKIAAY
PEUYOBHHHU MOSICHIOETHCS 0C00JIMBOI0 OyaoBoro Mmozekyn. Ll monexkynu
MOXYTh MaTH pi3Hy ¢opmy, ane OlabIIoCTlI 13 HUX MNpUTAMaHHA
najanvkornoaioHa BUIOBXKEHA Gopma Ta miaocka y BUTIAAL aucka. Ilepriuit
TUI MOJIEKYJ, 00€pTal0YUCh HaBKOJIO JOBIoi OCl, YTBOPIOE LMIIHAP 3HAUYHOT
BUCOTH 1 Majoro aiamerpa (puc. 1, a). Ilnma ¢dopma, sika Mae 1ie Ha3By
JTUCKOTUYHI MoOJeKynu (puc. 1.06), Ha BIAMIHY BiJ TaJTUYKOMOAIOHUX
PO3TaIIOBYETHCS HE B3J0BXK OCEM, a B3JOBXK BUAIICHOT MJIOIMIHHU.

Pinki kpucrtanmm MoXHa oTpuMaTH abo0 3a JOIMOMOTOIO0 IJIABJIICHHS -
BOHU Ha3UBAIOThCS mepMomponHumy, abo 3a JOIOMOTOK PO3UYHHY
ITBEPJIOKPUCTATIYHUX T — BOHHM JiOomponHi piaKl KpUcTadu. Ax Tak 1 1HII
MOXYTh YyTBOPIOBAaTH NOJIOHI 3a CTPYKTYpOIO PEUYOBHUHHU 13 CBOEPITHOIO
OyZI0BOIO MOJIEKYJ Ta iX po3TamryBaHHSIM. BigmoBigHo mao mporo Bci PK sk
TEPMOTPOTNHI, Tak 1 JIOTPOMHI (3aJeXHO BiJ PO3TAIIyBaHHS MOJIEKYN)
TiIATbCS Ha Takl TUmU: Hemamuuni piaki kpuctanu (HPK), xorecmepuuni

piaki kpuctanu (XPK) rta cmexmuuni pinki kpuctanu (CPK), me ix

6)
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Ha3uBAaKOTh BiI[HOBiI[HO HCMATUKHU, XOJICCTCPUKHN, CMCKTHKH.

Puc. 2 Knacudikartist piIkux KpucTasiB

TepmorponHi PK icHylOTh y BH3Hau€HOMY IHTEpBajl TEMIIEPATYP.
Akuio Temneparypa piJKoro Kpucraiaa BUXOJAUTh 3a MEXI1 1aHOTO 1HTEpBaly,
BiH NIEpEeTBOPIOETHCA abo0 y TBepAMH KpuUCTal (HHMXKYE TEMIEpPaTypHOTO
IHTEepBaJly 1CHyBaHHsA Me30(¢a3u), abdo B 130TpONHY piAuHy (BUILE BiJ
TEMIIEPAaTypPHOTO 1IHTEpBAIY ICHYBaHHS Me30(ha3n).

Temmneparypa 3a skoi BiOyBaeThCsl TMepexiJ] pPEYOBUHHU 3 TBEPIOTO
KpucTajla B PpPIAKOKPUCTAIIYHUM CTaH, HA3UBAETHCSI TEMIIEPATYPOIO
nnaBineHHs (Ty,). 3a miei TeMnepaTypu pyuHY€eThCs JallbHIW TpaHCHAIMINHUI
NOpsiIOK 32  30€pexkeHHs  JajJbHbOTO  OPIEHTALIAHOrO  MOPSAIKY
(plAKOKpHUCTANIYHUM CcTaH). 3 TOJalbIIMM MIABUIIEHHAM TeMMepaTypu
3HUKAa€ JalieKuid TOpsSI0K B opieHTanii mosekynsapHux oced 1 PK
NEepEeTBOPIOETHCS B 130TPONHY piauHy. Temmneparypa, 3a skoi BiiOyBaeTbCs
dbazoBuil mepexidg piAKOro KpucTajla B 130TPONHY pIiAWHY, HA3UBAETHCS
TEMIIEPATYPOIO MPOCBITICHHS.

[CHYIOTH PIAKOKPHUCTAIIUYHI PEUOBUHH, Y SAKUX MiJ Yac HArpiBaHHS YU
OXOJIOJKEHHsI He BiI0yBalOThbCs 000poTHI mpouecu.Takl KpUCTAIN MOXYTh
mijg yac oxoJyiojpkeHHs Bigpasy nepeuitu 3 [P B TK. Skmo PK ¢dasza Bunukae
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K y pa3il HarpiBaHHS, TaK 1 MiJ Yac OXOJOJXKEHHsS, TO Taki PiAKI KpUCTAJIH
Ha3UBAIOTHCA eHanmiomponnumu. SIKmoO piakokpucTaididyHa (a3a BUHUKAE
abo mix HarpiBaHHs, a00 OXOJOJXKEHHS, TO TaKl KPUCTAJIM HA3UBAIOTHCS
MOHOMPONHUMU.

VY neskux piIKOKPUCTATIYHUX PEUYOBHUHAX ICHYIOTh TaK 3BaH1 3BOPOTHI
dazu. [IpogaBisOTHCS BOHU Yy MOBTOPIOBAHOCTI (a3 3a 3MiHU TEMIIEpaTypH.
Hanpukman, micis miABUIICHHS TeMIIEPaTypu CMEKTHK MEPETBOPIOIOTHCS B
HEMAaTHUK, MOTIM HEMATHUK 3a NMEBHOI TeMMEPATypU MEPEXOAUTh Y CMEKTHUK T.
1H. 1 JuIIe 3roJoM (3HOBY X TAaKW 3a MEBHOI TeMIlepaTypu) BiAOYBa€THCS
nepexi B 130TpomnHy piguHy. Take cnenudiuHe mnepeTBopeHHs (a3
noB’s3aHe 13 OCOOJHMBUMHM  MUKMOJCKYJSIPHUMH  B3a€EMOJISIMU, IO
BiaOyBarOThCS B Me30(]a3si.

PinkokpucTaniuyHi pedOBUHU BOJIOAIIOTH BIACTUBICTIO MOJIIMOP(]i3My,
sKa MPOSIBISETHCA B TOMY, III0O OJHA 1 Ta camMa PIAKOKPUCTAIIYHA PEYOBUHA
3a PI3HUX TEMIEpPaTypHUX YMOB Moke BoJioAiTh pizHumu PK-dazamu,
HAaNpUKJIQJ, TMiJl Yac HarpiBaHHS TMEPEXOJUTH 13 TBEPAOTrO CTaHy B
CMEKTHKH, 3 TOMAJBIINM ITiIBUIICHHSAM TEeMIIEpaTypd B HEMATHUK 1 JIHIIE
MOTIM B 130TPOTIHY PiJIHHY.

Icuye me onmHa 1mikaBa ¢asa, sika € OKpeMHM (pa30BUM CTAHOM. —
OnakuTHa (pa3a. BoHa BUHHMKAE i Yac OXOJOKEHHS XOJIECTEPUHY Y ME)Xax
TEeMIIEpATypH MEePEexXoay 13 130TPOMHOT PIAMHHA A0 XOJECTEPUIHOTO PiIKOTO
KpUcCTajga 1 NpOsBISIEThCS B Tomy, 1o 3pa3zok PK 3abapmiroeTbcs B
O0nakuTHUM Koip. IloB's13aHO 1€ 13 OCOOJMBOCTAMU BiJOMBAHHS CBITJIa BiJ
MOBEPXHI 3pa3Ka, IKU Ma€ B e MOMEHT crierudidyny 0ymaoBy.

Jlnsg XapakTepHCTUKU pO3TallyBaHHS MOJICKYJT B Me30(]a3ax BBOIATH
OJWHUYHUNU BEKTOpP # , AKUHA BKA3y€ HAMPSIMOK MEpPEBaXHOI Opile€HTAIlll
JIOBTUX OCEN MOJIEKYII. Horo MNPUKAHATO HA3UBATH «IUPEKTOPY.

ko y TBepAUX KpHUCTajlaxX CIOCTEPIraeThCcd AalbHIA MOPANOK Y
pPO3MIIIEHH] YaCTUHOK Yy OyAb-sSKUX TPbOX B3aEMHO NEPIEHIUKYJISIPHUX

HalpsiIMKax, TO B PIAKUX — B OJHOMY HampsMmi (OJHOBICHHUM IanbHIN



nopsAaok). JIupekTop € XapaKTEepUCTUKOI JalbHbOTO TOPSAAKY B
po3TamryBaHHI MoJiekys, Tomy PK kmacudikyroTs 3aiexHO Bij opieHTarii
JUPEKTOpA MO BIJHOIIECHHIO O IIEHTpPa Mac MOJIEKYI.

XomecTepu4Hi piAKlI KPUCTAId YTBOPIOIOTHCA B OCHOBHOMY 13
3’€IHaHb XOJiecTepuHy Ta iHmux crepoiaiB. Ctpykrypa XPK taka cama, sik 1
HEMAaTHUKIB, ajie 1O0JAATKOBO 3aKpydyeHa B HANPAMKY, NEPHECHIUKYISIPHOMY J10
JNOBITUX OCEM MOJIEKYJ. Takui Hanpsm, NEPINEHAUKYIJISIPHUN 1O JOBIUX OCEU
MOJIEKYJI 1 B3JIOBX SIKOTO MEPIOJIMYHO 3MIHIOETHCS OpPIEHTAIlllA JUPEKTOPA,
HA3UBAETHCS XOJIECTEPUUHOIO BICCIO.

XPK MoxHa po30UTH Ha WApHU, Y KOKHOMY 3 SIKUX MOJIEKYJH OyIyTh
pO3TalIOBYBAaTUCS Maiike mapajielibHO OJHa 10 OAHOI. AJle NpHU Mepexoal
Bi mapy [0 Imapy JIUPEKTOp TOBEpPTAEThCA HAa HE3HAYHUH KYT.
Y TBOPIOETHCS TBUHTOBA CTPYKTYpPA, KA XapaKTEPU3YEThCS KPOKOM cHipail i
no3HadaeTbcsa — P. SIKio ysBHO HanpaBUTHU Bichk Of B3J0BX X0JECTEPUUHOT
OCl, TO BUSABHUTHCSA, IO KyT MOBOPOTY AUPEKTOPaA €JiHIHHOKW (YHKIIIEIO
BigcTani.Kpokxonecrepuunoi cmipamni P JOpiBHIOE BiJICTaHI B3JIOBXK
XOJIECTEPUYHOI OCl, Ha AKId AUPEKTOP MOBEpTa€TbCA Ha KyT 360° 1 Moxke
JOCSITaTH AEKIIBKOX COTEHbh MAaHOMETPIB.

Haii6inpm BmOpsSIKOBAaHUMHU € CMEKTHYHI PiJIKI KpucTaiu (BiJ Tpell.
«cMmermay — MuiI0). BoHu HIOM IBOMIpHI KpUCTAJIM; LIEHTPU MaC MOJIEKYI
pO3TallloBaHl B MIapax, ajie AUPEKTOp M KOXKHOTO IIapy BXKE€ HE JIEKHUTh B
IJIOIIMHI IIapy, a CTBOPIOE 3 HUM JesKUil KyT 0) (puc. 6.B). 3a xapakTepom
BnopsaakoBaHocTi B mapax CPK ninsTbca Ha AB1 Tpynu: 3 HECTPYKTYPHUMU
Ta 13 CTPYKTypHUMHU mmapamMu. CMEKTHKH 13 HECTPYKTYpHUMH IIapaMu
XapaKTepU3ylThCs TUM, IO I[EHTPU Mac MOJIEKYJ B IIapax po3TalloBaHi
xaoTu4yHO. Takow B 3arajipHOMY € cyuyacHa kinacudikamis PK. Xoua cunres
Ta MONIYK HOBUX PIAKOKPUCTATIYHUX MaTepiajiB TPUBAE, IO TPU3BOIUTH 10
BIIKPUTTSA HOBHUX PIAKHX KPHUCTANIB, SKI HE BIHCYIOTHCS B JaHy CXEMY. iX

HAa3WBAaOTh €CK30THYHHUMHU MGSO(I)aBaMI/I.



1.2 .IlpakTH4He 3aCTOCYBAHHA PiIKMX KPHUCTAaJiB

Pinkuii kpucranm - mnpomikHa ¢aza (mMe3zodasza) MikK 130TPOIHOIO
PIAMHOIO 1 KPUCTAIIYHUM TBEpAuM TijloMm. Pimki kpuctamm me ¢aroinm,
MOJIEKYJIM SIKMX TE€BHMUM YHHOM BIOpPSJAKOBaHI, TOOTO ICHy€ TIeBHaA
cuMmeTpis. Sk HacmigoOK, ICHY€ aHI30TPOMis MEXaHIYHUX, EJIEKTPUYHHUX,
Mar"HiTHUX Ta ONTUYHUX BJIACTUBOCTEH pedoBHH 1BOro kjiacy. [loemnyroun
BJIACTUBOCTI pIiAUH Ta TBEPAUX T (TEKYy4diCTh, aHI30TpOMisl), pPiaKi
KpUCTaJIM  NPOABISIOTH cnenudiyHi edekTtu, Oarato 3 SAKHUX HE
CIIOCTEpPIraloThCsi y piAMHAX Ta TBEPAUX TuIaX. 30KpeMa, B PIAKHUX
KpucTajiax CIIOCTEpIraeTbCs no/iBifiHE IPOMEHE3AJIOMIICHHS,
biekcoenekTpuunuii epekt, nepexia Opeaepikca.

OnHe 3 BaXJIMBUX HAMpPsIMIB BUKOPUCTAHHS PIAKUX KpUCTAIIB -
tepmorpadisa. IlinObuparoun  ckiag  PLAKOKPUCTAIIYHOTO  PEUYOBUHH,
CTBOPIOIOTh IHAMKATOPH JUISL PI3HHUX J1alMa30HIB TeMMEpaTypu 1 AJds PI3HUX
KOHCTPYKIIIH.

Hanpuknan, piaki KpucTajld y BUMISAlI IUIIBKM HAaHOCATH Ha
TPAH3UCTOPH, IHTETPaJbHI CXEMHU 1 JAPYKOBaHI MJIATH EJIEKTPOHHUX CXEM.
HecnpaBHi e1eMeHTH - CUJIBHO HarpiTi abo XO0JIOAHI, HEMpalowyi - BiApa3y
MOMITHI O SICKPaBUM KOJIIPHUM TUJISIM.

HoBi MOXJIMBOCTI OTpuUMalu JiKapi: PIAKOKPHUCTATIYHUN 1HIUKATOP
Ha MIKipl XBOPOTO MIBUIKO J1arHOCTY€ NPHUXOBaHE 3amajiecHHs 1 HaBiTh
NyxJHUHA.

3a J0MOMOTOI0 PIAKUX KPUCTAIIB BHUSABISIOTH MapU IMIKIJIUBHUX
XIMIYHUX CHOOJYK 1 HeOe3meuHi [JIs 3J0pOB'S JOAMHU TamMMmMa - 1
yabTpadiosieTOBEe BUIPOMiHIOBaHHSA. Ha OCHOB1 piAKUX KPHUCTaliB CTBOPEHI
BUMIpIOBayYl  THUCKY,  JETEKTOpH  YIbTpPa3ByKy.  Aje  HaWOiabII
O0aratooOingwoya 00JIacTh 3aCTOCYBAaHHS PIAKOKPHUCTAIIYHUX PEYOBUH -
iHpopMalniiiHa TexHika. Big mnepmux iHAMKATOpiB, 3HAMOMHX BCIM IO

€JIEKTPOHHOMY FOJUHHHUKY, 10 KOJbOPOBUX TEJEeBI30piB 3
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PIAKOKPUCTATIYHUM €KPaHOM pPO3MIPOM 3 TMOUITOBY JHUCTIBKY HPOMNIIIO
Juie Kinbka pokiB. Taki TeneBi3opu AalOTh 300pa)KeHHS AyXe BUCOKOI
SKOCTI1, CIIO)KMBAIOUYM MEHITY K1JbKICTh €HEPTI.

EnextpoHHa Tpa. €JNEKTPOHHHH CIOBHHUK 1 TeleBi3op. YCHOiXH B
po3poOIll MAaTPUYHHUX PIAKOKPUCTATIYHUX JUCIJICIB 3pOOMIN MOXKIUBUM
CTBOPEHHS 1 MacoBe BUPOOHHUIITBO MOJIOHUX ITOP B MIHIATIOPHOMY, Tak OuU
MOBUTH, KHUIIEHbKOBOTO BUKOHaHHSA. Hampuknan, Bcim Bimoma rpa «Hy.
MOCTpUBAil!», OCBOEHA BITUM3HSIHOIO MpoMucioBicTiOo. ["abaputu 1iei rpu.
K Yy 3alUCHUKA, a OCHOBHHUM HOTO €JIEeMEHTOM € pPiAKOKPHUCTATIYHUN
MAaTpUYHUMN JHUCIUIEN, HA SKOMY BUCBIUYIOTHCA 300pakK€HHs BOBKa, 3aMIlf,
Kypell 1 €40k, 10 KOTHUJIHUCS MO XKo0JoOax. 3aBJaHHA IpaBls, HATUCKAIOUU
KHOIMKHM YIpaBJI1HHSA, NPUMYCUTH BOBKAa, MEPEMIIIAOYUCh B X0100a 110
*KoJ00a, JOBUTH s€YKa, M0 CKOUYIOTHCS 3 ’K0J001B, B KOLIUK, 1100 HE JATH
iM BmactTu Ha 3emyto 1 po3outuca. TyT ke BiJA3HAUYMMO, W10, KpIM
pPO3BaXXaJbHOTO TMpPHU3HAUCHHS, I Irpalika BUKOHY€ pOJb TOAWHHUKA 1
OyauibHUKA, TOOTO B IHIIOMY PEXHUMI POOOTH HA AUCTIET «BUCBIUYETHCS
yac 1 MOX€E MoJaBaTuCs 3BYKOBUW CUTHAJ B HEOOXITHU MOMEHT 4acy.

[lle omuH Bpaxawouuil TpUKIa] e€PEKTUBHOCTI  CIOJYyYEHHS
MaTPUYHUX JUCIIIEIB Ha PIAKUX KpHUCTalaX 1 MIKPOEIEKTPOHHOI TEXHIKHU
Nal0Th Cy4acHI1 €JEKTPOHHI CIOBHUKH, SIK1 moyanu Bunyckatu B Amnownii. Lle
- MiHIaTIOpHI OOYHCIIOBAJIbHI MAIIUHKU PO3MIPOM 13 3BUYAWHUU
KUIIIEHbKOBHI MIKPOKAJIBKYJISITOP, B MaM'ATh SKUX BBEJCHI CIIOBa Ha JIBOX
(abo O1bIIE) MOBAX 1 AK1 3a0€3MeueHl MAaTPUYHUM JUCIJICEM 1 KJIaB1aTypoIo
3 andasiToM. Habuparwdu Ha kiaBiaTypi CJIOBO Ha OJHINM MOBi, OTPUMYEMO
Ha gaucniei #oro mnepeknan iHmoro MoBorto. Ilepexiag Moxe OyTu i
O03BYUYECHU.

BuMorun p0 MaTpuyHOro nAuCIIesi, BUKOPHUCTOBYBAHOTO SIK €KpaH
TEJEB130pa, BUSABISIOTHCS 3HAYHO BUILMMHU SK MO MIBUIKOII1, TaK 1 O YUCITY
€JEeMEHTIB, UMM B OINHCAaHUX BHINE EJIEKTPOHHIM Irpamii 1 CIOBHHUKY-

nepekianadi. BiamoBigHO a0 TeJNEBI3IWHOTO CTaHIApTy 300pakeHHs Ha
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ekpadi ¢opmyeTrbes 3 625 psakiB (1 mpuOmMu3HO 3|i3| TAKOTrO XK YHCIA
€JIEMEHTIB CKJIaJa€ThCsl KOXKEH PAMOK), a 4ac 3amucy ogHoro kaapy 40 mc.
Tomy mnpakTh4Ha peajizaimis TeJieBi3opa 3 PIAKOKPUCTATIYHUM EKpPaHOM
BUSIBJISIETHCSI BaXYUM 3aBAaHHSAM. SnoHchka ipma -BurotoBioBad «CoHI»
Hajarojuga BHUPOOHHUIITBO MIHIATIOPHOTO, TaKOTo, IO YMIIIAEThCS
NpakKTUYHO Ha JOJOH1 TelieBi3opa 3 po3MipoM ekpaHy 3,6 awoimiB. Bixke
cTBopeHi TeneBizopu Ha PK sk 3 KpynmHIiIMMH e€KpaHaMH, Tak 1 3
KOJILOPOBUM 300paKECHHSIM.

KepoBani onTtu4Hi TpaHcmapaHTH. Po3risHemMo MpuKIam AOCITHEHHS
HAyKOBHUX JOCHIJ)KEHb B MPOLIECI CTBOPEHHSA PIAKOKPUCTAIIYHHUX EKpaHiB,
BimoOpaxeHHs  iHdopMmallii, 30KpemMa  PIAKOKPHUCTATIYHUX  €KPaHIB
TeaeBi130piB. BiomMo, 110 MacoBe CTBOPEHHS BEJIUKUX IJIOCKUX €KpaHIB Ha
PIAKUX KpHUCTaldaX CTUKAETHCS 3 TPYAHOIIAMHU HE MPUHIMIIOBOrO, a YHUCTO
TEXHOJIOTIYHOTO XapakTepy. Xoda MPUHIUIOBO MOMKJIUBICTh CTBOPEHHS
TaKUX €KpaHIB MPOJEMOHCTPOBaHA, MPOTE B 3B'SA3Ky 3 CKIAAHICTIO iX
BUPOOHUIITBA MpPU Cy4YacCHIH TEXHOJOTIl 1X BapTICTh BUSBISETHCS IyXKe
BUCOKOIO. TOMy BHHHKJIA i7esl CTBOPEHHS NPOCKIIMHUX TMPHUCTPOIB Ha
PIAKUX KpUCTaJNaxX, B AKUX 300pakeHHs, OTPUMaHE Ha PIAKOKPUCTAIIYHOMY
€KpaHi Majaoro po3Mipy Morjgo 0 OyTH CHPOEKTOBAHO B 301JIbIICHOMY
BUTJISIZII Ha 3BUYAWHUM €KpaH, MOJIOHO 10 TOTOo, SIK 1€ BigOyBaeThCcs B
KiHOTeaTpl 3 KaJpaMH KIHOTJIIBKUA. BHUSBUIIOCKH, MO Taki MPUCTPOI MOXYTh
OyTH pealli3oBaHI Ha pIOKUX KpUCTanax, SKIIO BHUKOPUCTOBYBATHU
,,CEHJIBIUE€B1” CTPYKTYpHU. B SIKI pa3oM 3 IIapoM PIJAKOT0 KpucCTajiga BXOJUTh
map QoTonamiBnpoBigHUKa. I[lpudomy 3amuc 300pakeHHS B PIIAKOMY
KpUcCTaiai, 3A1MCHIOBAaHUM  3a  JOMOMOTrol0  (OTOHAMIBIPOBITHHUKA.
MPOBOJUTHCS MPOMEHEM CBITIIA.

[lpuamun 3anucy 300paXXeHHS JyXKe TMpocTuil. Y BiACYTHICTH
nigcBiuyBaHHs (OTOHAIMIBIPOBIAHUKA MOTO MPOBIAHICTH IYy)Xe Majia, TOMY
NPAKTUYHO BCS PI3HUIM IMMOTEHIIaliB, MOJaHa Ha EJIEKTPOIH ONTHYHOTO

ocepenKy, B SKUM IIe J0JaTKOBO BBEJCHUM Imap (PoTOHamiBIPOBIJHHUKA,
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najgae Ha 1Ubomy mapi (¢oroHamiBnpoBigHuka. Ilpu mincBidyBaHHI
dboTOoHAMIBOPOBIAHUKA HOTO MPOBIAHICTH PI3KO 3pPOCTA€, OCKUIBKU CBITIIO
CTBOPIOE B HIM J0JATKOBI HOCIi cTpyMmy (BUJIbHI €JIEKTpOHMH 1 Jipku). B
pe3ynbTaTi BimOYBAaETHCA TMEPEPO3MOALT CICKTPUIHOI HANpyru. Takum
YUHOM 3MIHIOIOTHCS ONTHUYHI XapaKTePUCTUKU PIAKOKPUCTATIYHOIO MIAPy B
pesyabTati aii cBiTia. SIcHO, 10 NpW IbOMY B NPHHIUNI MOXE OyTH
BUKOPHUCTAHUM OyIb-IKUH €JNEKTPOONTUUYHUN e(PeKT 3 ONHCAHUX BHIIE.
[IpakTuyHO, 3BHYaliHO, BHUOIp EJIEKTPOONTUYHOTO €(PEeKTy B TaKOMY
CEH/JBIYE€BOM TMPHUCTPOi, 3BAHOMY EJIEKTPOONTHYHHM TpPaHCIAPAHTOM,
BU3HAYAETHCS pPa3oM 13 HEOOXIJHUMH ONTHYHUMHU XapaKTEpPUCTUKAMU 1
YUCTO TEXHOJOTIYHUMHM NpUYMHAMHU. BaxiauBo, IO B ONUCYBaHOMY
TpaHCHapaHTl 3MiHA ONTHUYHUX XapPAKTEPUCTUK PIAKOKPUCTAIIYHOTO ILIapy
BiI0YBa€THCS JIOKAJBbHO - B TOYIl 3acBiyeHHS (oTOHAMIBIpOBIAHUKA. Tomy
TakKl TpaHCHApPaHTU BOJIOJAIIOTH Jy’kK€ BUCOKOI PO3JUIBHOIO 31aTHICTIO. Tak,
o0csr iH@opMalii, U0 MICTUTBCA Ha TEJIEBI3IMHOMY €KpaHi, MOxe OyTHu
3alMCcaHuil HA TpaHCIapaHTi po3Mipamu MeHme 1x1 cum.

Onucanuii cnoci0 3anucy 300pake€HHsA, KPIM BChOTO 1HIIOTO, BOJOJIE
BEJIUKUMHU SKOCTAMHU, OCKIJIBKHA BiH pOOUTH HEMOTPIOHOIO CKIAJIHY CUCTEMY
KoMyTalii, TOOTO cHUCTeMy TMiJABOJAa EJEeKTPUUYHUX CHUTHANIB, fKa
3aCTOCOBYETHCS B MATPUUYHHUX €KpaHaX Ha PiIKUX KpHUCTalax.

[IpocTopoBo-uacoBi  moxayastopu  cBiTia. KepoBani  onTuuHi
TpaHCHApaHTU MOXYTb OYTH BUKOPUCTAHI HE TIIbKH|HE JUIIE]| K €IeMEHTH
NPOEKI[IHHOTO MPUCTPOIO0, aje 1 BUKOHYBAaTHM 3HAauyHE 4YHUCIO (QyHKIIH,
MOB'SI3aHUX 3 TEPETBOPECHHSIM, 30epiranHsM 1 O0OpoOKOI ONTUYHUX
CUTHANIB. Y 3B'A3KY 3 TEHJCHIIAMHU PO3BUTKY METOJIB Mepeaadi oopoOku
iH(pOopMaIlii 3 BUKOPUCTAHHAM ONTUYHUX KaHaJIB 3B'S3KY, IO JO3BOJSIOTH
30UIBIIMTH MIBUAKOMIIO MPUCTPOIB 1 00'eM mepemaBaHoi iHQopMarii,
KEpOBaHl ONTUYHI TpaHCHApaHTH Ha PIAKUX KpHUCTaldax MpPeACTaBISIOThH
3HAYHUHN 1HTEpeC 1 3 mi€l TOYkH 30py. B mipomy BuUmanky ix e NpUHHATO

Ha3UMBaTU IMPOCTOPOBO-yacoBUMHU Moayasitopamu cBitia (1IUYMC), ab6o
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CBITIIOBUMHM KilanaHamu. [lepcnekTuBu 1 Macmtadbu 3actocyBands 1 1YMC B
OpUCTPOSAX 00poOKHM onTH4YHOI iH(OpMalii BU3HAYAIOTHCA THUM, HACKIIBKHU
CbOTOJHINIHI XapaKTepPUCTUKHW ONTHYHUX TPAHCHAPAHTIB MOXYTh OyTH
mokpameHi 'y  OlK  JOCSATHEHHS  MaKCHUMallbHOI  YYTJIHMBOCTI [0
BUIIPOMIHIOBaHHS, 1O yNpaBiis€e, MIABUIIEHHS MIBHIAKOIIT 1 TPOCTOPOBOTO
J03BOJIy CBITJIOBUX CHUTHaJiB, a TaKOX Jialna3oHy JOBXHUH XBHJIb
BUIIPOMIHIOBaHHS, B SIKOMY HaJiiiHO MpauioTh Ii mpuctpoi!. Sk Bxe
HaroJiolmyBajiaocs, OJHAa 3 OCHOBHHUX MpoOjieM - 1¢ mnpobsieMa IMBUAKOIT
PILAKOKPUCTANIYHUX €JEMEHTIB, NPOTE BXKE JOCATHYTI XapaKTEPHUCTUKHU
MOAYJIATOPIB CBITJIAa JO3BOJSIOTH a0COIIOTHO O€3YMOBHO CTBEPJKYBaTH, 110
BOHU 3aliMyTh 3HA4YHE MicCIl€ B cUCTeMax 0OpoOKu onTUYHOI 1H(OpMaIIii.

[Ipu BigmoBiAHOMY MminOOpi pexUMYy pOOOTH MOAYJISATOpa BOHU
MOXYTbh BHUJUISATH KOHTYpP HPOEKTOBAHOTO HAa HBOTI'O 300pa)keHHs. Ko
KOHTYp INEpeMIIaeThCcsa, TO MOXKHA Bi3yalizyBaTu Horo pyx. [lpu npomy
1CTOTHO, L0 JOBXXKMHA XBUJIl 3alMMCYIOYOT0 300pa’kK€HHSI BUIPOMIHIOBAHHS 1
MPOYUTYIOUOTO BUINIPOMIHIOBAHHS MOXYTh BiIpI3HATUCA. TOMY MOIYJISTOpH
CBITJIA J03BOJISAIOTh, HaMpukiami, Bi3yasi3yBaTu iH(pauepBOHE
BUITPOMiHIOBaHHS, a00 3a JOMOMOTOIK BUJIMMOTO CBITJa MOAYJIIOBATH MYYKHU
1HQpayepBOHOTO BUIPOMIHIOBAHHS, a00 CTBOpPIOBATH 300pak€HHS B
1HppayepBOHOMY Jliaa30H1 TOBXKHUH XBUIIb.

Y iHmomy pexumi poOOTH MOIYJISITOPH CBITIA MOXYTh BUIIISATH
o6nacTi, NiAaHl HECTAl[IOHAPHOMY OCBITJIEHHIO. Y IIbOMY pE€XHMiI poOOTHU
31 BChOT'O 300pakeHHs BUALISIOTHCS, HAIPUKJIIAJ, CBITIOBI TOYKA, IO TUIBKH
IepeMilmarnTbcss Mo 300pakeHH0, a00 MepexTiIWBI MOro JIiJISHKH.
MonynsTopu  cBiTIa MOXYTbh BUKOPHUCTOBYBATHCS SIK  MIJCUIIOBayl
SCKpaBOCTI cBiTiA. B 3B'A3Ky X 3 1X BHCOKOI MPOCTOPOBOK PO3MITbHOIO
3MATHICTIO iX BUKOPHCTAHHS BUSBISETHCS CKBIBAJIECHTHHUM ICUIIOBAYY 3
Jy’)Ke BEJIUKUM ducioM kaHaniB. [lepepaxoBaHi GyHKIIIOHAIBHI MOXIUBOCTI
ONTUYHUX MOAYJSITOPIB AaIOTh MiJACTaBY BUKOPUCTOBYBATH 1X B UMCICHHHUX

3aBJaHHAX OOpoOKM ONTHYHOI 1HQOpMaIlii, TaKuUX SK PO3Ii3HABaHHS

14



300paxeHHs, NPUAYIIEHHS TNEpPeIIKOJ, CHEKTPaJIbHUM 1 KOpeIsuiiiHuii

aHali3, iHTeppepoMeTpis.
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1.3. HaBimo notpioni PK

Y OyneHHOMY KHUTTI MH CTHKA€EMOCS 3 TOJMHHHKAMHU, TEPMOMETpaMHU Ha
PIIKHUX KpUCTaax. [HTepec 10 HUX Mepul 3a Bce 00YMOBIEHUN MOKIUBOCTSIMU 1X
e(pEeKTUBHOTO 3aCTOCYyBaHHS Yy psAIl Tamy3edl BHPOOHHYOI  JiSUTBHOCTI.
BrpoBamkeHHsT pIIKHX KPUCTAIiB 03HAYa€ €KOHOMIYHY €(EKTUBHICTb, MPOCTOTY,
3pYYHICTb.

Pinkuii kpuctan — 1e cneuudiuHud arperaTHUil CTaH PEUYOBUHH, B SKIH
BOHO IMpOSIBJIIE OJHOYACHO BJIACTUBOCTI KpucTana 1 piauHu. Jlaneko He Bcl
PEYOBHHH MOXYTh 3HAXOJIUTUCA B PIAKOKPUCTAIIYHOMY CTaHl. BUIbIIICTh peUOBUH
MOXXYTh 3HAaXOJUTHUCS TUIBKH B TPbOX, BCIM J100p€ BIJOMHUX arperaTHUX CTaHax:
TBEpJAOMY ab0 KpHUCTAIIYHOMY, pIAKOMy 1 razomoaioHomy. Jlesiki opraHivHi
PEYOBMHU, IO BOJIOAIIOTH CKJIATHUMH MOJIEKYJIaMH, OKPIM TphOX Ha3BaHHUX
CTaHIB, MOKYTh YTBOPIOBATU YETBEPTHH arperarHui CTaH — PIAKOKPHUCTAJIIUHE.
[le#i cran 3MIACHIOETHCS MPHU IUIABJIEHHI KPHUCTANIB JeskuX pedoBuH. [Ipm ix
IJIABJICHHI YTBOPIOETHCS  PIAKOKpUCTaIiyHA (a3a, 10 BIAPIZHAETHCS Bij
3BUYaiHuX piguH. Llg dasza icHye B iHTepBajii BiJ TeMIlepaTypu IUJIaBICHHS
KpUCTaja 0 AESKOi BUIIOI TEeMIEpaTypH, MPU HArpiBl A0 SKOi PIAKANA KpUCTal
nepexoanuTh B 3BUYAWHY piauHy. [lomiOHO 3BUYAMHIN pinuHI, PIAKANA KpUCTal
BOJIOJIIE TEKYYICTIO 1 mpuiiMae Gopmy cyauHu (cocyaa), B Ky BiH MOMIIICHUN.
[{um BiH BIpI3HAETHCA BijJ BIAOMHUX BCiM KpucTtaiiB. [IpoTe HE MUBISYUCH HA IO
BJIACTHUBICTh, OO0'€IHYyI04y MOro 3 pIOAMHOIO, BIH BOJIOJIE€ BIIACTUBICTIO,
XapaKkTepHOw sl KpucTtamiB. lle — BHOpsaKkyBaHHS B TMPOCTOPI MOJEKYI,
yTBOpIOOUMX KpucTan. [IpaBma, 1e BHOpsSAKYyBaHHS HE Take TIOBHE, K B
3BUYAMHUX KpHUCTajgaX, MPOTE€ BOHO ICTOTHO BIUIMBAE HA BJIACTHUBOCTI PITKHX
KpUCTaJiB, YUM 1 BIApI3HSAE iX BiJ 3BUYallHUX pinuH. HemoBHe mpocTopoBe
BIIOPSAJIKYBaHHSI MOJIEKYJI, YTBOPIOIOUHX PIIKUI KPHUCTaJ, BUSBISIETHCA B TOMY, L0
B PIIKMX KpPHCTajlax HEMa€ IMOBHOTO MOPSAKY B MPOCTOPOBOMY pO3TAllyBaHHI
LEHTPIB TSKIHHS MOJIEKYJI, X04a YaCTKOBUHM MOPsiA0OK Moxke OyTH. Lle o3Hauae, 1mo
y HUX HEMA€ KOPCTKOI KPUCTAIIYHOI peunTku. ToMy piaki KpUCTalu, MoAI0HO A0

3BUYAWHUX PIAUH, BOJOIIIOTH BIACTUBICTIO TUTMHHOCTI.
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OO00B'A3KOBOIO BJIACTUBICTIO PIAKUX KPUCTaNiB, MO 30IMXKye iX 13
3BUYAWHUMH KpHUCTaJaMH, € HasBHICTh MOPSIJAKY MPOCTOPOBOI Opi€HTAIlil
MoJeKyJl. Takuil MOpsiAOK B Opi€HTalii MOKEe BUSBIATUCA, HAPUKIAL, B
TOMY IO BC1 JOBTi OCl MOJIEKYJ B PIAKOKPUCTAIIYHOMY 3pa3Ky Opi€HTOBaHI
oaHakoBo. L[i Monexylu MOBUHHI BOJIOAITH BUTATHYTOIO (opMmoro. Okpim
IPOCTOr0 HAa3BAHOTO BHOPSAAKYBAaHHS OCEH MOJEKYJ, B PiAKOMY KpHUCTai

MOJKE 31HCHIOBATHUCS CKJIATHIIINNA OPIEHTAIIHHUN TTOPSIJOK MOJIEKYI.
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Po3xin 2. MeToaAn BUBYEHHSI CTPYKTYPH PiAKHX KPUCTAJIB

2.1. Metoa I cnekTpockomii

JUiss  BUBYEHHA  PIAKMX  KPHUCTAJIB  3aCTOCOBYIOThCS  CTaHIApTHI

CIIEKTPOCKOMIYHI METOIH.

B mepiog 1HTEHCHMBHOTO JOCTIIKEHHS ME30MOP(GHOTO CTaHy pi3HHUX
pPEUYOBHH BUKOHAaHMH psii poOiT Metogamu [Y cniekrpockomii. HaliBaxkiuBiii 3 HUX
pobGotu Payninca it Teitnopa, Tameka il Binbsimca, Maiiepa it 3ayne, Maiiepa i
Enrnepra. /locnimkeHHs NpOBOAMINCH B IIMPOKOMY CIIEKTPaJbHOMY J1ara3oH1
Bix 650 1o 10000 cm-1. IIpu BuKOHAHI OLTBIIOCTI BKa3aHUX POOIT PEUOBUHHU, IIIO
BUBYAIOTHCSA MIABEPIIUCh Jii  E€JIEKTPUYHOIO W MAar”iTHoro moiiB. byio

BUKOPHUCTAHO TaKOX MoJisipu3oBaHe [Y BUTpOMIHIOBAHHS.

Bcranosneno, mo iH(GpadepBOHI CIEKTPU HEMATHUYHUX 1 XOJECTEPUUHUX
PIAMH MaJio BIAPI3HSAIOTHCS B1J CIEKTPIB 130TPOIMHUX PIJIMH, OTXKE, CYTTEBUX 3MIH
B MDKMOJICKYJISIPHIN B3a€MOJIii OJIMIKHBOTO TMOPSAKY TPH TEPEXOAl PEUOBHUHU 3
130TPOMHOTO CTaHy B Me30oMop(HEe He crocTepiraerhes. [ CMEKTUYHUX PIAUH,
HABIAKW, BIJMIYEHI 3pYLIEHHS MIKiB, IO BKa3ye Ha 3MIHM B LIbOMY BHIIAJIKY

MIKMOJIEKYJIIPHUX CHJT OJIM>KHBOTO MOPSIZIKY.

Maitep 1 Enrnepr, mnpoBoasud JOCHI/DKEHHS B MOJSPU30BAHOMY
1H(payepBOHOMY CBITi, MIATBEPIMIN HASABHICTH CYTTEBUX 3MIH B CIIEKTpax
norymHaHHs. 1{i 3MiHM 3aj1e’KaTh BiJl Opi€HTAIlii MIOCKOCTI MOJIIpH3allii CBITIa, 10
najae Ha pIAKUA KPUCTAJI MO BIJHOIIEHHIO K OPIEHTAIlll MOJIEKYJ B HEMAaTHKaX, 1110

BHUBYAaIOTh.

doprnenaep HamMaraBcs 3HAWUTH BIAMIHHICTh MDK CHEKTpaMH 130TPOITHOI
PIAVMHYU ¥ PIIKUX KPUCTAJB, 3aCTOCOBYIOUHU JIJISl IIBOTO KBAPIIOBUN CIIEKTPOCKOIL,

OJTHAK JJI JOCTIPKEHUX 3pa3KiB i€l BIAMIHHOCTI HE OyJI0 BUSBIICHO.
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2.2. MeToa peHTIreHOCTPYKTYPHOI0 aHAJIi3y

AHaJ3 piIKUX KpHUCTaliB, mpoBeaeHu JImaaeHoM 1 XIOKKelIeM ojpa3y X
MICNS  BIAKPUTTSA SBJIGHHS Judpakxiii peHTreHIBCBKUX IPOMEHIB, HE JaB
3aJI0BUIHUX pe3yibTaTiB. He cnocrepiranach pi3HUIS MK JA(DPaKIIAHOIO
KapTUHOIO P1JIKOTO KpUCTalia ¥ BIAMOBIIHOT pEHTTEHOTPAMOIO 130TPOITHO1 PiJIUHHU.
3aMICTh YITKHUX 1 BY3bKUX JU(PPAKUINHUX KUIELb, IO 3BUYAHHO OTPUMYIOTH Ha
pPEHTreHorpaMax KpHUCTAIIYHUX [OPOLIKIB, OyJauM OTpHUMaHl MIUPOKI PO3MUTI
kutbl. Jlekinpka mizHime Karp 1 KacT Takok He BHSIBUIM CYTTEBOi BiAMIHU B
Ju(pakIitHIX KapTHHAX 130TPOMHOT PIAVHM 1 piAKUX Kpuctamnis. Kact moBigomus
TOJ1, 110 PO3MOLT IHTEHCUBHOCTI Ha 3HIMKY B 3aJIeKHOCTI BiJl KyTa qudpakiii s
HeMaTu4yHOi (pa3u neKiIbKa 3pYyIICHO MO 3PIBHSHHIO 3 aHAJIOTTYHHM PO3MOA1IOM

JUTSI Ti€T 5K PEYOBUHU B KPUCTAIIYHOMY CTaHI.

CyTTeBa BiMiHA B PEHTreHOrpaMax PiIKMX KPUCTATIB 1 3BUYAMHUX PiJUH
orpumana Kactom 1 CrroapToM TpH AOCTIIKEHHI 3pa3KiB B EIEKTPUUYHOMY W
MarHiTHOoMy nojsx. Ju@pakuiiiHi Kiablsd Ha 3HIMKaxX PIIKUX KPUCTAIIB OYyJIu
pPO3/UICHI Ha CepIid, a Ha 3HIMKax 3BHYAWHMUX PIAWH 3aJUIIATUCh HE3MIHHUMU.
[le#t ¢akT aBTOpM MOSACHIOBAJIU PE3YJNHTATOM OpPIEHTALli JTOBTUX OCEH MOJEKYII
PIIKOKPUCTAIIYHUX PEYOBUH B HANpPSIMKY JO 30BHIIIHBOrO moJia. He3nauna
PI3HHIIS B 3HIMKAX PIAKUX KPUCTATIB 1 130TPOIHIM PIUHU CHOCTEPITAIH TAKOXK
['mamann 1 iHmi, a CTioapT CHOCTEpIraB HEBEJMKE 301IbIICHHS 1HTEHCUBHOCTI
3aTEeMHEHHS B TOJIOBHOMY MAaKCHMyMi Ha Iu(pakiiiiHii KapTUHI HEMaTHYHOI

PIIMHY IO 3PIBHSHHIO 3 130TPOIHOIO PIAMHOIO.

I'epman, gocHiKyrouM PifKI KpUCTadd Ha MpuOopax, IO JT03BOJISIOTH
BUKOHYBAaTH ONTHYHI CIIOCTEPEKEHHS W OJHOYACHO OTPUMYBATH PEHTTEHIBCHKi
3HIMKH TpU MEBHUX CTaOUII30BaHUX TeMIlepaTypax, OTpUMaB Ha pEeHTreHorpamax
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HEMATHUYHUX PIIKAX KPUCTAJIIB PO3MHTI KUIBLS, 1[0 HIYUM HE BIAPI3HSIIOTHCS Bif
KUJIeTIh Ha 3HIMKaX 130TpomnHoi piauHu. HaBmaku, Ha 3HIMKaX CMEKTHYHUX PIIKHX
KPUCTAIIIB BiH OTpYMMaB JBa THUIH AU(PPAKIIHHUX KapTHH: OJHY 3 PO3MUTHUMHU
30BHIIIHIMH ¥ BY3bKUMHU BHYTPIIIHIMU KUIBLISIMH, & APYTY 3 YITKUMHU 30BHIIITHIMU
KUTBIIMM ¥ MEHIII YiTKMMHU BHYTpilmHIMU. [lepmmit Tun nudpakiiiiHoi KapTHHU
OyB iM oTpuMaHuU{ mpu OUIBII BHCOKIA TemmepaTypi. Taka TeMmreparypHa
3aJeKHICTh AU(paKiiiHO] KapTUHM BKa3ye Ha 3aJICKHICTh CTYNEHI MOPSAKY

MOJIEKYJI OT TEMIIEPaTypy PEUOBHHH.

Opinens 1 ge bpoinb gocmimkyBaiu CMEKTHYHI PiJiki Kpuctanu. Bonu
NIATBEPAWIA IPUITYILIEHHS, 3pO0JIEHE 3 ONTHUYHUX CIOCTEpIraHb, 10 PEYOBUHH B
CMEKTUYHOMY CTaHl MaroTh mapysaty cTpykrypy. [lo ®pinento, TOBIIMHA IUX
mapiB nopsaaky 199um. Jlng KpucTamiyHOro CTaHy TOBIIMHA IAapiB B IHMX
pEUYOBHMHAX CKJaJla€ BeJWYUHY nopsAaky 162umM. IlpuumHy 1€l BIIMIHHOCTI
®pigenp TOSCHUB THUM, 110 B TBEPJOMY CTaHI OC1 MOJICKYJI HAXHMJICH1 0 TIOCKOCTI
mapiB, a B Me30MOpP(GHOMY OCl OpIEHTOBaHI MEPIEHIUKYJISIPHO JO IUIOCKOCTI

1apiB.

bepuna 1 Kpoydopn BuB4amM muM METOAOM KPHUCTAIIUHI PEUYOBUHU, IO
JAl0Th MpU HarpiBaHHi Me3o(da3zy. bynu nocimigxkeHH! HACTYNHI HEMATOrEHU: II-
a30KCHaH130J1, m-a3okcieneron, 1,5-mi- (M-MeTOKCIOEH3WINICH) aMiHO-HaTaliH.
VYcraHoBieHO, 10 MOJIEKYJIM B KPUCTaJaxX OPIEHTOBaHI HE B Imapi, a 30ya0BaH1
napajenbHO CBOIM OCSIM 1 iX IIEHTPH 3MIIIEHI BIJIHOCHO OJWH OJIHOTO TakK, IO
YTBOPIOIOTh JIYCKaTy CTPYKTypy. BodeBuab, 10 CTyMmiHb MOPSAKY MOJIEKYT B

Me30MOpP(GHOMY CTaHI HUXKYE, HIJK B TBEPJOMY KpUCTAJIi.

st BHUBYCHHS aTOMHOI CTPYKTYpH PEYOBUHU METOIOM
PEHTTEHOCTPYKTYPHOTO aHami3zy  OTpUMYIOTh  Ju(pakliiiHy  KapTUHY
PEHTIE€HIBCHKOTO BHIIPOMIHIOBAHHS, PO3CISHOIO PEUYOBHHOIO, IO BUBYAETHCA. L[5
KapTUHA TMpejacTaBise cobor nudys3Hi kuiblg. [lomokeHHs W 1HTEHCHUBHICTH

KUTEIb J03BOJISIIOTh BU3HAYUTH OyIOBY PEUYOBHMHH, IO PO3CIIOE PEHTTCHIBCHKE
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BUIIPOMIHIOBaHHs. J[J1 BHUKOHAHHS PEHTIEHIBCHKUX 3HIMKIB PIAKI KpUCTaIU

3aCTOCOBYIOTH CHEI1ajbHI TEPMOKaAMEPH.

Po3ain 3. Piaki kpucraam y mo0yTi

3.1. lucniei HA piIKUX KpHUCTAaJIax

Binomo, siK0I0 MOMYJSIPHICTIO KOPUCTYBAJIHUCS Pi3HI €JIEKTPOHHI ITpH, IO
3a3BUYail BCTAHOBIIIOIOTHCS B KIMHATI aTPaKIiOHIB B MICISIX CYCIUIBHOTO
BIIMOYMHKY abo oile KiHOTeaTpiB. YcCHiXH B PO3poOIl MaTpUYHHUX
PIIKOKPUCTATIYHUX JUCIUIEIB 3pOOMIM MOKJIMBAM CTBOPEHHS 1 MacoBe
BUPOOHMIITBO MOAIOHUX IFOp B MIHIATIOPHOMY, TaK OM MOBUTH, KHILIEHBKOBOMY

BUKOHAHHI.

[lepmoro Takoro rtpoto B Pocii crama rtpa Hy, mnoyekait!, ocBoeHa
BITUM3HSIHOIO MPOMUCIIOBICTIO. ["abapuTu 11i€i TpH, K B 3alUCHUKA, & OCHOBHUM
HOTr0 €JIEeMEHTOM € PIAKOKPUCTAIIYHUNA MaTpUYHUN JHUCIUICH, HAa SKOMY
BUCBIUYIOThCS 300pakK€HHS BOBKA, 3aMllsl, Kyped 1 S€YOK, IO KOTSTHCS IO
xoJo0ax. 3aBaaHHs JIIOAUHU IO TPa€, HATUCKYIOYH KHOTKHU yTPaBIiHHS, 3MyCUTH
BOBKA, TIEPEMIIIAIOYHCH B1J] )K0J100a 710 K0100a, JJOBUTH SI€YKA, IO CKAYYIOThCS 3
K0JIOOIB B KOp3WHY, a0M HE JaTh iM BIAcTH Ha 3eMiIt0 1 po3outucsa. TyT xe
BIJI3HAYUMO, 1110, OKPIM PO3BaXKAJIbHOTO MPU3HAYEHHS, 115 Irpalika BUKOHYE POJIb
TOJMHHMKA 1 OyIWiIbHHKA, TOOTO B IHIIOMY peXuMi poOOTH Ha AUCIUIET
BHUCBIUYETHCS 4Yac 1 MOXXE TOJIaBaTHCS 3BYKOBUW CHUTHaJl B HEOOXIJHUM MOMEHT

yacy.

[Ile onuH Bpaxkarouuii NMpUKIIa] ehEeKTHBHOCTI COI03y MATPUYHUX JTUCILICIB
Ha PIIKUX KPUCTANIaX 1 MIKPOENEKTPOHHOI TEXHIKU JA0Th Cy4YacH1 €JIeKTPOHHI
CJIOBHUKH 1 MIEpeKyIaaayi, ki moyaau BUnyckatu B Jnonii. Bonu € MiHiaTIOpHUMU
OOYHCITIOBAIbHUMHU ~ MAalllMHKAMHU ~ PO3MIPOM 13  3BUYAMHUI  KHUIIEHbKOBUM

MIKPOKAJIBKYJIATOP, B TIaMsITh SIKMX BBEJICHI CJIOBAa Ha JIBOX (a0o0 OuIbIlie) MOBaXx 1
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K1 3a0e3MedyeHi MaTpUYHUM JUCIUICEM 1 KiaBiaTyporo 3 ajidasiTom. Habuparoun
Ha KJaBlaTypl CJIOBO Ha OJIHIM MOBi, BU BMHUTh OTPUMY€TE Ha AHUCIUIET HOTO
MepeKiiaJl 1HIIOK MOBOIO. YSBITH COO0l, SIK IMOKpallae 1 IMOJETIIHUTHCS MPOoIeC
HaBYaHHS 1HO3EMHHUM MOBaM B IIKOJI 1 y BYy3l, SKII0O KOXXEH Y4YeHb Oyne
3a0€3MeueHn MOIOHUM CIIOBHUKOM. A, CHOCTEpiraroyu, sK IIBUJIKO BUPOOHU
MIKPOEJIEKTPOHIKM YIPOBAKYIOTbCSI B Halle >KUTTSA, MOXKHA 3 YIEBHEHICTIO
CKazaTH, [0 TaKWi Jac He 3a ropamu. JIerko mpeacTaBuTH 1 JOPOTH TOMAIBIIIOTO
BJIOCKOHAJICHHSI TaKUX CJIOBapiB-IIEPEBOIYMKIB: MEPEBOJUTHCS HE OJIHE CIIOBO, a
uine peudeHHda. Kpim Toro, mepekiam Moxe OyTH 1 o03BydeHuid. ClOBOM,
BIIPOBA/PKCHHS TAKUX CJIOBapiB-NIEPEBOIYMKIB OOILISIE PEBOJIIOLII0 Y BUBYEHHI MOB
1 TEXHII TIepeKIany.

[losBa B  HaIOMy Cy4YaCHOMY JKHUTTI  OpraHai3epiB, 3JaTHUX
HarpoMajpKyBaTH, 0OpOOJISITH 1 aHaJI3yBaTH 1H(GOPMAIIIIO JO3BOJISIE KOPUCTYBAYEBI
BECTH 1HJUBIAyaJlbHE IUIAHEPYBaHHS CBOIO Yacy, BpPaxOBYIOUM MOKIIUBICTh
BUKOHAHHS PSAY [1i, MNOBS3aHMX 3 KOHTaKTaMH, 3yCTpiuamMH 1 Tak jJaii
Opranaiizep 3aB4acHO Harajae Mpo HaCTaHHS 4yacy 1 AaTH 0COOJIMBO Bax

JIMBUX 3aXO/IIB.

Miniatiopusaiiiss BiIOyBa€ThbCsl B JIaHOMY BHIQJKy B OCHOBHOMY 13-3a
3MEHIICHHS JucCIies. SK BHUJIHO, PIAKOKPUCTATIYHUM TUCIJICH BUPIIIYE IO

3aj71aqy JyXe MPOCToO.
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3.2. BUroroBJjieHHsl iHTerpajibHUX CXeM

Co103 MIKPOETEKTPOHIKH 1 PIAKUX KPUCTAIIB BUSBISETHCS HaA3BUYAWHO
¢(DeKTUBHUM HE JIMIIE B TOTOBOMY BHpPOOi, ajge 1 Ha CTajaii BUTOTOBJICHHS
IHTErpadbHUX CcXeM. SK BiIOMO, OJHMM 3 €TalliB BHPOOHHIITBA MIKPOCXEM €
doTomiTorpadis, sKa MoJra€ B HAHECCHHI HA MOBEPXHIO HAIMIBIPOBIIHUKOBOTO
Marepialy CIelialbHUX MacoK, a IIOTIM Yy BHUTPaBICHHI 3a JOIMOMOTOIO
(doTorpadgiyHoi TEXHIKH TaK 3BaHUX JiTorpadiyHux BIKOH. LI BikHA B pe3ynbTari
MOJAJIBIIOTO TPOIECY BUPOOHUIITBA TEPETBOPATHCS B EIEMEHTH 1 3€THAHHS
MIKPOEJICKTPOHHOI cxeMH. Bia Toro, HacKiIbKM MaJli pO3MipH BiIMOBITHUX BIKOH,
3aJIEKUTh YHUCJIO EJIEMEHTIB CXEMH, SIKI MOXYThb OyTHM PO3MILIEHI HAa OAWMHUII
TUTONII HAMIBIPOBITHUKA, @ BIJl TOYHOCTI 1 SIKOCTI BUTPABJICHHS BIKOH 3aJICKHUTh

SKICTh MIKPOCXEMH.

He MeHII KOpHCHUM BUSIBUJIOCS BXKMBAHHS PIOKHX KPUCTATIB (Temep yxke
HEMaTUYHUX) Ha CTaJll KOHTPOJIO SKOCTI Jitorpadiunux pobit. s mporo Ha
HaIIBOPOBIJHUKOBY IUIACTHMHY 3 MPOTPABICHUMHU JITOrpapiyHUMHU BIKHAMHU
HAHOCUTBHCS OPIEHTOBAHMI IMAp HEMAaTWKa, a TOTIM N0 Hel NPUKIAAAETHCA
CJIEKTpUYHA Hampyra. B pe3ynpTaTi B MOJSIPU30BAHOMY CBITIII KapTHHA
BUTPABJIEHUX BIKOH BUPA3HO BI3yalli3yeTbCs. BIapII TOro, meil MeTona I03BOJIsE
BUSIBUTH YK€ MaJl MO Po3Mipax HETOYHOCTI 1 AedexTu mitorpadidyHuX pooOiT,

NPOTSKHICTD SIKUX BChOTo 0,01 MKM.
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3.3. PinkokpucraniuHi TejieBizopu

CTBOpEeHHS TeNeBi30piB 3 PIAKOKPUCTATIYHUMU E€KpaHAMH CTajl0 HOBOIO
ICTOPUYHOIO BiXOI0 BXHMBaHHs piakux kpuctaniB (LCD). TeneBizopu 11p0ro Tumna
CTAaIOTh JTOCTYIHIIIE ISl MOKYMI[IB, TOMY IO BiI0YBA€ThCS PETYNIAPHO 3HMKCHHS

I11H, 13-32 BJIOCKOHAJICHHS TEXHOJIOT1 BUPOOHHUIITRA.

Expan LCD - 1ie ekpan mpocBITHOTO THITYy, TOOTO €KpaH, sIKUW MiJCBIYYE 13
3BOPOTHOTO OOKY JIaMIOIO O170r0 KOJIbOpY, a Biuka OCHOBHUX KoibopiB (RGB -
YEpBOHUM, 3€JICHUM, CHUHINA), pO3TAllOBaHI HAa TPbOX MaHEISAX BIAMOBIIHUX
KOJIbOPIB, MPOIYCKAaIOTh a00 HE MPOIMYCKaIOTh 4Yepe3 cede CBITIO 3aJeKHO BIJ
npukiaaeHoi Hanpyru. Came ToMy BiIOyBa€ThCsl MEBHE 3alli3HIOBAHHSA KapTUHKU
(4ac BiATyKY), 0COOJMBO MOMITHE MPH MEPETIIsAll 0OEKTIB, IO IBHUJKO PyXatOThCS.
UYac BIATyKYy B Cy4acHUX MOJEISAX PI3HUTHCS BiJ 15Mc (MimicekyHau, 1Mc - ogHa
TUCAYHA CEKyHAM) 10 40MC 1 3aJIeKUTh BIJ TUIY 1 po3mipy maTpuii. Uum MeHie
el vac, TUM IIBHJIIIE MIHIEThCS 300paKEeHHs, HeMae sBUI ey 1

HaKJIIaACHHA KapTHUHOK.

Yac po6otu nmammu jjisi Outbinocti LCD-maneneit Maiike Ha MOYaTKOBIiM
sckpaBocti - 60 000 roauH (1€ BUCTAYUTh MPUOIU3HO HA 16 POKIB MPH MEperiisii
TeneBizopa mo 10 roguH B neHb). s MOpIBHSHHS: B IJIa3MOBHUX TeEJIEBI30pax
SCKPaBICTh 3a TOM K€ Yac 3MEHIIYEThCS] Ha0araTo CWIbHIIIE, a JUIsl KIHeCKOITHUX
TeneBizopiB (Buropsie mrominodop) mopir - 15000-20 000 roaun (mpubnu3HO 5

POKIB), TIOTIM SIKICTh TIOMITHO TOTiPIIYETHCSI.

[Tpuknanom nockoHaocTi Moxe ciyxutu ekpad LCD teneBizopa LG RZ-
231720 sxuit mepemae O61u3bKO 17 MUTBHOHIB KOJBOPIB, 3 BUCOKUM JO3BOJIOM
1280 x 768 mikceniB, 3 koHTpactHicTIO 400:1 1 sickpaBicTio B 450km/m. Lle -

IPEKPaCHUH 3pa30K PiIKOKPUCTAIIYHOI TEXHOJIOT].
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KyT orisimy B piAKOKpHCTANIYHUX TEJIEBI30pax OCTaHHIX MOJEJeH mocsrae
160-170 rpamyciB mo BepTUKali 1 TOPU3OHTANI, a 116 poOUTH MpobiemMy HabaraTo

MEHIII TOCTPOIO, YMM BOHA OyJia KiJIbKa POKiB TOMY.

HenonikoM piaKOKpUCTATIYHMX €KpaHIB € HasSBHICTh HEMPaILOI0UYNX
mikceniB. Hemparrorodi mikceni - MIKCeNi, SKi MOCTIHO BKJIIOYEHI B SIKOMYCh
OJIHOMY CTaHl1 1 HE MIHSIOTh CBif KOJIIp 3aJIe’KHO BiJ] cUrHaiy. Pi3HI BUpOOHUKH
JIOTIYCKaIOTh Pi3HY KUIBKICTh HEMPAILIOIOYNX MIKCETIB HAa €KpaHi, Mpo 110 MUIIYTh
B IHCTPYKUISX MO BUKOPUCTAHHIO ToBapy. Hampukiazn, B 1HCTpyKLIi MOxe OyTH
HAMMCcaHo "SKIIO Ha TMaHeJl BU BHUSBWIM HE OUIbIIE YOTUPHOX HEMPAIIOI0UMX
MIKCENIB, TO MaHEJIb BBAYKAETHCS MOBHICTIO Mpale3AaTHO". Y piAKOKPUCTATIYHUX
MOHITOpAax B3arajii He JOIMYCKA€ThCSl HasABHICTh HETIPAIIOIOYNX MIKCENiB, OCKUIbKU
Ha MOHITOP MH JMBHUMOCS 3 HabaraTo OMMK4oi BiACTaHI, HDK Ha TEJIEBI30p, 1

BiJIpa3y MOKE€MO PO3TIEAITH 11e "cMITTA".
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Po3xin 4.locaigxenHs AieJIeKTPUYHOI NPOHUKHOCTI B
HEeMATHYHHUX PiIKHUX KpHUcTajJax
4.1. locaixKeHHs1 3aJIe’KHOCTI TeMnepaTypH BiJ JAieleKTPUYHOT

NPOHUKHOCTI B piakomy kpucrauai E-7

Jlost TOCIIiIKCHHS BUKOPHCTOBYETHCS yCTaHOBKA, aKa
CKJIAJa€ThCA 3:

. mocyauHa /Jlroapa;

. TMYKa;

. KoMipka 3 cyMmimmio pigkoro kpuctany ZLi4801-000;

. TCHEepaTOp CHrHadiB HHU3bKOoUYacTOTHUH ['3-56/1;

. MIiCT 3MiHHOTO cTpymMy P5066;

CnoyaTKy BH3HA4YMJIU 3aJE€XKHICTh [1CJIEKTPUUYHOT NPOHHUKHOCTI
HAaMOBHEHOTO PIAKOTO KPUCTaNy BiJ 4YaCTOTH 3MIHHOTO E€JIEKTPUUYHOTO
TOJIS.

[ToTiM gocHiguIu 3aleXHICTh JICJEKTPUUYHOT NMPOHUKHOCTI BiJ

TeMnepaTypu B HAIOBHEHOMY P1IKOMY KpHCTAJIl.
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4.2.00po0Oka pe3yJbTaTiB

Ta0onums 1
v, Ty C1 C2 <C> 3
200 5 5 51 37,4812
300 5,5 5,6 5,55 | 41,6041
400 5,71 5,71 5,71 | 42,8035
500 5,8 5,8 5,8 | 43,4782
600 5,82 5,82 5,82 | 43,6281
700 5,87 5,86 5,865 | 43,9655
800 5,9 5,9 5,9 44,227
900 5,95 5,95 5,95 | 44,6026
1000 6 6 6 | 44,9775
1100 6,1 6,1 6,1 | 45,7271
1200 6,2 6,19 6,195 | 46,4392
1300 6,3 6,28 6,29 | 47,1514
1400 6,4 6,4 6,4 | 47,976

TMpu t=15°C, U=6B
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pacpik 3anexHiCTb JieNeKTPUYHOI MPOHMKHOCTI Bi YacToTH

50 +
48 [}
I/
I/
46 - ./
I/
/
"
c 44 ././l
l/
42 e
| ]
40 -
38 -
| |
36
T T T T T T T T T T T T T
200 400 600 800 1000 1200 1400
YucroTa, Ny
Tabauis 2
v, Ty, Cc1 c2 <C> €
200 4,9 5 4,95 | 35,6071
300 5,55 5,6 5,555 | 40,1424
400 5,7 5,7 5,7 | 41,2293
500 5,79 5,8 5,795 | 41,9415
600 5,82 5,7 5,76 | 41,6791
700 5,88 5,9 5,89 | 42,6536
800 5,9 5,9 59| 42,7286
900 5,97 5,9 5,935 42,991
1000 6 6 6| 43,4782
1100 6,1 6,1 6,1 | 44,2278
1200 6,2 6,2 6,2 | 44,9775
1300 6,3 6,3 6,3 | 45,7271
1400 6,4 6,4 6,4 | 46,4767

Tpu t=30°C, U=6B
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Mpadhik 3anexHiCTb AienekTpnYHOIT NPOHMUKHOCTI Bif 4acTOTK

48
46 ./.
/./
44 4 .
|
4 ././.
42 ./l\./
€ 404 -/
38
36
| |
34 4
32 4
30 T T T T T T T T T T T T T
200 400 600 800 1000 1200 1400
YucrtoTa, Ny
Ta0muus 3
v, Iy Cc1 c2 <C> €
200 5,1 4,7 4,91 36,7316
300 4,7 4,25 4,475 | 33,5457
400 4,2 4,1 4,15 | 31,1094
500 4,1 4,05 4,075 | 30,5472
600 4,07 4 4,035 | 30,2473
700 4 3,95 3,975 | 29,7976
800 3,9 3,9 3,9 | 29,2353
900 3,85 3,85 3,85 | 28,8605
1000 3,8 3,8 3,8 | 28,4857
1100 3,75 3,7 3,7 | 27,7361
1200 3,65 3,6 3,625 | 27,1739
1300 3,5 3,5 3,5 | 26,2368
1400 3,4 3,4 3,4 | 25,4872

ITpu t=40°C, U=6B
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38 Mpadik 3anexHicTb AienekTpn4YHOT NPOHUKHOCTI Big 4acToTn
u
36
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1 N 1 1 1 1 1
200 400 600 800 1000 1400
YucroTta, Iy
Ta0onuus 4
v, 'y el €2 €3 £

200 37,4812 |35,6071 | 36,7316
300 41,6041 |140,1424 | 33,5457
400 42,8035(41,2293 (31,1094
500 43,4782 141,9415 (30,5472
600 43,6281 (41,6791 30,2473
700 43,9655 (42,6536 (29,7976
800 44,227 (42,7286 (29,2353
900 44,6026 42,991 [28,8605
1000 44,9775143,4782128,4857
1100 45,7271 |1 44,2278 27,7361
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1200

46,4392 |44,9775127,1739

1300

47,1514 | 45,7271 |126,2368

1400

47,976 46,4767 |1 25,4872

Mpadbik 3ane>kHocTiAieNnekTpuyHOT NPOHUKHOCTI Big TemnepaTtypu
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BucHoBku

Pinki kpuctamm pedoBHHH, IO BOJOIIOTH OJHOYACHO BIIACTHBOCTSIMH SIK
piIMH (TEKYYiCTh), TaK 1 KpucTamB (aHizoTporris). [To cTpykTypi piiKi KpUCTaIHU €
piAMHAMHU, CXOKMMH Ha JKeJie, [0 CKIAJal0ThCsl 3 MOJEKYN BUTATHYTOI (hopmu,
MIEBHUM YHWHOM BIIOPSIKOBAHMX Y BChOMY o00emi 1mi€i piguau. Haiftbinpm
XapaKTepHOIO BJIACTUBICTIO PIIKUX KPUCTAJIB € 1X 37aTHICTh 3MIHIOBaTH
OpIEHTALII0 MOJIEKYJ MiJ BIUIMBOM EJIEKTPUYHUX TOJIB, HIO BIAKPHUBAE MIMPOKI
MO>KJIMBOCTI JIsl BXJKUBAHHS iX B TPOMKCIIOBOCTI.

1o cBOiX 3aradbHUX BJIACTUBOCTAX PIAKI KPUCTAIA MOYXHA PO3IUIMTH Ha JB1
BEJIUKI TPYIIN:

1. TEpMOTPOITHI PIJKI KPUCTANIH, 110 YTBOPIOIOTHCS B pe3yIbTaTl HarpiBaHHSA
TBEPJ0i pEYOBUHH, 1 110 ICHYIOTh B IEBHOMY 1HTEpBaJIl TEMIIEPATYp 1 TUCKIB;

2. JMOTPOIHI PIJIKI KPUCTAJIH, IO MPEACTABISAIOTH CO00I0 ABOX a00 OLIBII
KOMIIOHEHTHI CHUCTEMH, L0 YTBOPIOIOTHCSI B CYMIIIAX CTEPKHEBUJIHUX MOJEKYJ
JTAaHO1 PEYOBMHM 1 BOAM (200 IHIIKX MOJSPHUX PO3UMHHHMKIB). L1 cTepkHEeBHIHI
MOJIEKYJIM MalOTh Ha OJHOMY KIHIIl TIOJISIPHY TPYITy, a OUJIbIlla YaCTUHA CTEPKHS €
THYYKHM T1IpO0(QOOHUM BYIJIEBOJHEBUM JIAHLIOTOM. Taki pe4OBHMHHM HA3UBAOTHCA
ampidinamu.

TepMOTpONHIpiIKK KPUCTAIIN MIAPO3AUISIOTHCS HA TPU BEJIUKI KJIacH:

1. HemaruuHi piaki KpUCTaid. Y LHMX KpHUCTaldax BIJICYTHIN JdajeKkuid
NOPSAZIOK B PO3TallyBaHHI LIEHTPIB TXKIHHSA MOJIEKYJ, y HUX HEMae€ IapyBaTol
CTPYKTYpH, 1X MOJIEKYJIM KOB3alOTh O€3MEpPEepPBHO Yy HAIpPsMi CBOIX JOBI'MX OCEH,
o0epTaroyuch JA0BKOJIA HUX, ajie MPU 1[bOMY 30€pIraloTh Opi€EHTALINHUI MOPSIOK:
JIOBT1 OC1 HAmpaBJICHI y370BX OJIHOTO MEPEBAKHOTO HampsiMy. BoHU MOBOASTHCA
noAiOHO 10 3BMYAWHUX piauH. Hematwuni a3y 3ycTpiyaroThCsl JIMILE B TaKUX
pEYOBHHAX, B MOJICKYJI IKUX HEMA€E BIAMIHHOCTI M MPaBOIO 1 JIiBOKO opMamH, ix
MOJIEKYJIM TOTOXHI CBOEMY JI3€PKATBHOMY 300pa)KEHHIO (aXUpaJIbHI).

2. CMEeKTHYHI piJIKi KPUCTAIM MalOTh IIAPYBATy CTPYKTYpPY, IIAPU MOXKYThb
NepeMilaTUCsl OJUH  BIAHOCHO OAHOTO. TOBHIMHA CMEKTHYHOTO  IIapy

BHU3HAYA€TLCA OOBXHUHOIO MOJICKYJI (HepCBa)KHO, JOBKHHOIO Hapa(biHOBOI“O
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XBOCTA), MPOTE BA3KICTHCMEKTHKIB 3HAYHO BHINE YAM B HEMATHKIB 1 MIIJILHICTH TIO
HOpMaJi JI0 MOBEPXHI MIapy MOKE CUIIBHO MIHSATHUCS.

3. XosecTepuyHi piiki KPUCTAIM YTBOPIOIOTHCS, B OCHOBHOMY, 3€JHAHHSMU
XOJIECTEpHUHY 1 1HIMMX cTepoiaiB. lle HemMaTwuHi piaKi KpUCTAIH, ane iX JOBTi OCi
MOBEPHEH1 OJUH BIJHOCHO OJHOTO TaK, IO BOHMU YTBOPIOIOTH CHipali, JyXe
YyTJIUBI 10 3MIHU TEMIEPATYPH YHACIIOK HAI3BUYAHO MaJIOl eHEeprii yTBOPEHHS
miei crpykrypu (mopsaka 0,01 Jx/Mine). XosecTepuku sCKpaBoO 3a0apBieHi 1
IIOHAMMEHINIa 3MIHAa TeMIepaTypu (10 TUCAYHUX M0Jb Tpaayca) HABOAUTH JI0
3MIHHM KPOKY cIlipaJi 1, BIAIOBIAHO, 3MIHM 3a0apBJICHHSI PIIKOTO KpHUCTAa.

OTxe, Npu OJAHAKOBIN 4acTOTI, ajie PI3HINA TemmOeparypl, AleJeKTpUUYHA
NPOHUKHICT, B  PIAKUX  KpHUcTallax € pi3HOl0, TOOTO Tmpu
t=15°Cnaienextpuuna mnponukHicTh PK 3poctae, npu t=30°CBoHa
3poctae MeHme, a npu t=40°CnienekTpuyHa NPOHUKHICTh 3HAYHO

3MEHIIYITHCA.
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Hdoxarku

I[J'Ii[ BHUKOHAaHHA HpaKTI/I‘-IHOI YaCTHUHHU BUKOPHUCTOBYBABCH:

e ['eneparop cur"aniB Hu3bkovyacToTHUM ['3-561

L R U VI

e [locynuna {oapa




JI>xepesio mOCTIHHOTO CTPYMY
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