Jlexuisg Neld

Ilna3zmoBi xBuJi B TBepaux rtinax. [linazmonn.

Ha nomnepenHix JeKMisX po3risgaluch eIeMEeHTapH1 30yI)KeHHS B TBEPAUX
TiJlaX, OB’ s3aHi 3 KOJIGKTUBHUM PyXOM HEUTPAIBHUX aTOMIB, MOJIEKYJ YU BAKKUX
ioHiB. KBaHnTamMu mmx ejeMeHTapHuX 30y/keHb € (POHOHM ab0 MOJSIPUTOHHU.
Posrnsinemo Ttemep 30ymKeHHS, MOB’S3aHI 3 KOJEKTUBHUM PYyXOM €JEKTPOHIB
BIJIHOCHO BaXXKHMX 10HIB y TBEpAUX TiJax, K MpaBwuiio, B Metanax. L{i enemeHnTapHi
30y/DKeHHSI 3yMOBIICHI KYJOHIBCHKOIO B3a€EMOJIEI0 MIXK €JICKTpOHAMH U
TMO3UTHBHUMH 10HAMHU. IM BifMOBIZAIOTH MO30BXKHI XBHUJI, 5IKi OTPHMANH HA3BY
TUTa3MOBHX XBHJIb. KBaHTH TIa3MOBHX XBHJIb HA3WBAIOTh MJIA3MOHAMM.

[1n1a3MoB1 KOJMBaHHS HE Jy>K€ BUCOKHX YacTOT BHHUKAIOTH B METajax Ta
HaIBIPOBITHUKAX, TOOTO, B TBEPAUX TUIAX, SIKI MalOTh EJICKTPOHH, CIA0KO
MOB’s13aH1 3 10HaMU. B OCHOBHOMY CTaH1 €JIEKTPOHHM IOBHICTIO KOMIICHCYIOTh
MO3UTUBHUI 3apsl 10HIB 1 KOKHA €JIeMEHTapHa KOMIpKa KpUCTaly HEWTpasbHa.
Hexaii V, - cepenHe 4uciao €IeKTPOHIB B OAUHMIN 00’ €My KpHCTaldy, BIANOBIAHE
TaKOMYy HEUTpaJIbHOMY CTaHy. BiIXuieHHs ducia eJIeKTPOHIB V BiJ cepeaHbOro

3HA4YEHHs V, NPUBOJUTH A0 HNOPYIIEHHS HEUTPAIBLHOCTI i MOSIBI €NEKTPUYHHUX CHJI,

o0 HaMararOTbCs BiI[HOBI/ITI/I piBHOBaFy. Tak BHUHUKAIOTh KOJMBAHHS I'yCTUHHU

€JIEKTPOHIB BIAHOCHO ii CEpeHbOT0 3HAYEHHS V.

Y Hainpocrimiii Teopii IJIa3MOBUX KOJMBaHb, po3poOieHid bomowm 1
[TaitHCOM, 1 B HU3IIl HACTYMHUX POOIT 1HIIMX aBTOPIB, MO3UTUBHO 3apsJKECHI 10HU
TBEPJAOrO TijIa 3aMIHIOIOTHCSI OAHOPIAHO PO3MOAUICHUM MO3UTHBHUM 3apsioM i3
I'YCTUHOIO, PIBHOIO CepeHiil ryCTHHI 3apsay eneKkTpoHiB. Taka Moaenb TBEpAOTO
TiJla HA3UBAETHCS MOJEJLIIO KeJie. BareHTH1 eIeKTpOHM i eIEKTPOHU MPOBITHOCTI
PO3TISAAIOTECS AK €JIEKTPOHHUM Tra3, pO3PUIKYBaHHS W CTHCKYBaHHS SIKOTO
BITHOCHO CEpEAHbOTO 3HAUEHHS MPHUBOIATH 10 MO3AO0BXKHIX KOJIMBaHb. ['ycTHHA
eNIeKTPOHIB y TBepaoMy Tini mopsaxky 10°°cm™ ma Biaminy Bin manoi rycrunm

enextponiB (~10cm™) y 3Buuaiiniit rasosiif miasmi. 3a BHCOKOI TI'yCTHHH
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eJIEKTPOHIB KIHETHMYHA €HEPTis X «HYJIHOBOT'O PyXy» 3HAYHO MEPEBUIIY€E CHEPTitO
iX TEMJI0BOro PyXy, TOMY OCTaHHIN MOYKHA JI0 YBaru He Opatwu.

Po3rnsiHeMO TOBroxXBUJIbOBI IJIA3MOBI KOJMBAHHS B 130TPOITHOMY KpPHUCTAJI.
Jlis  TakuxX JOBrOXBWUJIBOBHX KOJHUBaHb €JEKTPOHIB CEpPEAOBUINE MOXKHA
pO3IJIsiIaTH SIK HemepepBHE. 3MiHY T'YCTUHHU €JIEKTPOHIB BiHOCHO CEpEeIHbOTO

3HA4YC€HHA V, MOXHa 3alucaTtu y BI/IFJ'IH,Z[i:

V(r.t)—ve =VdivR (r ,t), L)

ne R (I‘ ,t) BEKTOP MaJIOTO 3MiIllICHHS
r
r-r'=r R ()
€JIEKTPOHHOTO Ta3y 31 CBOr0 HOPMaJIbHOTO MOJI0KEHHS.

ChpaBni, 00'e€eM eneMeHTapHOI KOMIPKHU V' 3a takoro 3wmimenus

BHU3HAYA€CTHCA HaCTyr[HI/IM YUHOM.
V oV =Vx|T

I
ne | - asxo0iaH mepexoay r—r

| = o (r)) - ) +6R_(r) :1+6R—(r):1+divR(r)
ar, or, or. ’
oTxe
I=1-divR(r),  V'=V(1-divR(r)),
i, HacamKiHewp,
v(rt)=—21 = k =, (L1+divR(r t))

V'(rt) V(1-diR(r.t))

Skimo € - OAMHWYHUN TO3UTHUBHUM 3apsij, TO 3MiHAa TYCTHHHM EJIEKTPUYHOTO

3apsAy a€ThCA BUPA30M:



I =p(rt)-p, =—evdivR (r ,t). )

3MiHa TYCTHHHU €JICKTPOHIB TMOPYIIYE HEUTPAJIbHICTh €JIEMEHTapHOI KOMIpKH.

3’ SIBASETHCS €IEKTPOCTATUYHUN TMOTEHITIaN ¢(r,t), 10 3aJ0BOJILHSIE PIBHSHHS

ITyaccona:

Ap(r,t)=-4mp(r t)= drev diR [ ). (3)

[ToTenmianpHa eHepris, M0 BUHUKAE MPU 3MIIMIEHHI €JIEKTPOHIB, Oy/Ie CKIIamaThucs

31 3MIHU TIPY>KHOI ¥ €IEKTPOCTATUYHOT €HEPT1id

U :%jdr{y(divR)2 +¢5,0}, @)

Je ) - MOIyJIb MPYKHOCTI (Came TaKuii, sIK BiH BUBHAYAETHCS B TEOPIi MPY>KHOCTI,

HanpuKIaa, y Kypci Jlangay) Oe3 ypaxyBaHHs 3apsaiB. Mu OyaemMo po3risaaTv
TUIBKHA IIO3J0BKHI 3MiIIeHHs, ToOTO, moknamatu FOtR =0. Skmo m - maca

€JIEKTPOHA, TO KIHETUYHA €HEPris IX 3MIIIEHHS Aa€ThCS BUPA30M

% :
_TOIdTRZ' (5)

IpumycTumo, mo Kpuctan Mae Gopmy Kyba 3i cToponoro L Ta 06’ emom V = L°.

JI71s1 3py4HOCT] BBEIEMO IUKJIIYH1 TpaHUYH1 YMOBH. Toi XBHIIbOB1 (DYHKITIT

W, (r)= %exp(ikr ) | ©

A€ KOMIIOHCHTH kX MarOTb 3HA4YCHHA

27,
L )

2n,
(|X:O,'|_'l,12,..), L (|y:O,il,iZ,..)



27t
L

Z, (|Z:O,il,12,..)

Ta yTBOPIOIOTH TTOBHY OPTOHOPMOBaHYy cucTemy (pyHKIlii. Po3kiameMo 3MimeHHS
R (r ,t) 3a 1€I0 CUCTEMOIO OPTOHOPMOBAHUX (DYHKIIIN

R(r,t):%;mt)e(k)exp(ikr), -

ne €(K) - omuHWYHMI BEKTOp TMO3J0BXKHBOI IMOJSIPU3AIii, IO 3aJ0BOJIBHSIE
HACTYITHUM YMOBaM

e(k)=e-k), e (k=1 kile(k).
I3 yMOBHU JIIICHOCTI 3MillIEHb BUTLIMBAE PIBHICTh
A=A,

I3 (7) BuTiKae, mo
divR (r,t) :iW;Ak (t) (ke (k) explikr ). ®)

Po3knageMo moreHmian ¢(I’ ,t) 3a TI€I XK OPTOHOPMOBAHOK CHUCTEMOK (DYHKITIN

(nus. (6))

4(r 1) :%;@ (t) exp(ikr ) o

I3 piBasHHS [Tyaccona (3) npu 3 ypaxyBanHsM (8) 3m00yaemMo

#o=0 ¢ =0 (ke(k) A, KZEO g

3 ypaxyBanusM (7) - (10)noreHmianpHa eHepris (4) 3BOIUTHCS 10 BUTIISY:

1
U :EZ{k2V+4ﬂech>2}A< Ay (11)
k



Kinetnyna x eHeprisi HaOyBae BUTTISIY
my N
— 0
K== AA, . (12)
2 %
Haragaemo, 110 narpanskian cucteMu L OyayeThes 3a perienToMm:

L=K-U.

Tomi i3 (11) ta (12) 3 ypaxyBaHHsAM TOro, IO piBHSHHS Jlarpamka MoKHA
(dbopMaIbHUM YUHOM OTPUMATH 13 TarpaHxkiaHy

NPHUIAIEMO JI0 HACTYIIHUX PIiBHAHB PYXY:
mvoA +{k?y+4mevil A =0
0 14 0 .

[Moxnamarouu gani

A =-w (K) A,

OTPpUMYEMO 3aKOH ,Z[I/ICHCpCﬁ I71a3MOBHX KOJIMBaHb B 00JIaCTi MaJINX 3Ha4YeHb K

C()z(k):CUZ‘FLkZ’ (13)

" my,

e

- KBaJpar MJ1a3MOBOI YACTOTH.

3azHaunmo, 1o npu € — 0 enekrpocraTryHi ePEeKTH MPOMAIAI0Th i



k) =k L= (k)

Taka 3aneXHICTh CIIBMANA€ 13 3aKOHOM JUCHepCli YaCTOTH AJIi 3BYKOBHX XBHJIb,
0 PO3MOBCIOUKYIOTECA B Tasi 31 mBHAKICTIO /) / MV, . 3nauenns

JyImy, ~500cm /cek k.. ~10°cm™. Tomy

Wy ~ 500%cek ™. JIs OLiHKM BEIMYMHM ILIA3MOBOI YaCTOTH HNPUMMEMO 0
yearn, mo Vo =10P%cm™ m=9010%%. ; e=5010?Crcs.
Tomi wp = ZD-Omcek_l, hwp :1236. Otxe, C()p = a%\c, 1 BUXOIUTD,
0 JMCIIEPCis MIA3MOBUX XBUIb AyXK€ Maja. BimHocHa 3mina w(k) B MeXKax

. . 10—3
nepm01 30HHU EleIJIIOCHa MCHIIIA 3a .

V3araqpbHEHHH IMITyJIbC, CIPSDKEHHH JIO KOMIDIEKCHOI 3MiHHOT A,

3HAaXOJUTHCS Y BIAMOBIAHOCTI 10 3arajibHOTO MpaBUJa;

5 _3(K-U)
0A

Tomy knacuyHa QyHKIisA ["amMiIbTOHA AJI TU1a3MOBUX KOJIMBaHb, BUPAXKEHA yepes

= mVOA—k .

y3arajgbHeH1 KOOPAMHATHU 1 IMITYJIbCH, BU3HAYAETHCS BUPA3OM:

H(P,A):$ZPkP_k+mv02w2(k)AkAk_ 1)

[lepexin no oneparopa ['amiibTOHAa B TPEACTABICHHI 4YHUCET 3alOBHEHHS

TUTa3MOHIB 3/iiiCHIOEThCS B (14) mepeTBOpEeHHIMMU:

~ ) o a
A - A= 2m|/0a)(k) (ak +a—k), (15)



~ .1 Atr A
R - PR =i Eha)(k)mvo(ak -4, ),

e é; 51 é.k - OO3IBCHKI OINEpaTopyd HAPOJKEHHS W 3HUILECHHS ILJIa3MOHIB 13

XBUJILOBUM BEKTOPOM K . TakuM 4uHOM, 3100y1EMO:

. e 1
H =2 hofk) && +5 ). (16)
k

CrartioHapHi CTaHU KpUCTATy € (PYHKIIISIMA YUCEJ 3allOBHEHHS IJIA3MOHIB

N, . BakyyMHHI CTaH XapaKTEPU3Y€ETbCS BEKTOPOM ‘O> VY 1upoMy cTaHl HyJIbOBa

€HEPris IJIa3MOHIB JIETKO BUPAXOBYEThCH:

~ 1
(01A]0 =3 X ncfk).
KBaz[paT aMHJ'IiTy,Z[I/I HYJIbOBHUX KOJIMBAHb BU3HAYACTHCS BUPA3OM

A A h 2
AR ==

IHoepxHuesi miaasmonu. Ilinasmonnni pesonanc. Ilinazmonika.

Edexr moBepxHeBoro miazMoHHoro pesonancy (IIITP) mpuseptae yBary
JOCHTITHUKIB TPOTIATOM OCTaHHIX 2-3 JIeCSTHIITh. 3HAYHUM IHTEPEC IO OO
SBUIA 3YMOBJICHUNM MOMJIMBICTIO JIOCUTh MPOCTUMHU 3acOo0aMM ITIJIBUIIUTH Ha
KUTbKAa TOPAIKIB aMIUTITYy €JIeKTPOMAarHiTHOI XBHJII Ha MEXI PO3AUTYy IBOX
cepenouil, 1o poouts [1I11P Haa3BHYaHO YyTIMBUM J0 BIACTUBOCTEH MOBEPXHI,
TaKuX, SK IIOPCTKICTh, HAsABHICTh a0OCOPOOBaHOI pPEYOBHMHM ¥ ONTHYHUX
BJIACTUBOCTEH cepefoBUIa Ouasl rpaHull po3aitry. Pi3uuHi Ta MaTeMaTH4HI

OCHOBU 11bOr0 edekTy OyiM 3'scoBaHi JOCHTh JaBHO, ajle Baromi MNPaKTUYHI
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3aCTOCYBaHHS JIAHOTO SIBUIIA IMOYAJH 3'IBIIITUCS JIUIIE TPOTATOM OCTAHHIX JIECATH
- M'ATHAAUATA POKIiB. 30KpeMa, SBUIE TOBEPXHEBO-TUIA3MOHHOTO PE30HAHCY
OCTaHHIM YacOM aKTUBHO BUKOPHUCTOBYETHCS JJIsi CTBOPEHHSI CEHCOPIB XIMIYHUX 1
010JI0TYHUX PEUOBHH, MOTPeOa B SIKUX HEYXHIIBHO 3pOCTA€ 3 PO3BUTKOM 1HIYCTPil
1 mikpoOiosorii. Ile oOymMOBIEHO SIKICHUM MepexoioM O10J0TIYHOI HAyKH BIJ
JOCIIDKEHHsT O10JIOTIYHMX CTPYKTYp M0 BHBYEHHS Oe€3MocepeHboi B3aeMOIii
oiomosniekyn. [loBepxHEBO-IIJIa3MOHHMI PE30HAHC BUHUKAE 332 YMOBU PIBHOCTI
IMITYJIbCIB TIOBEPXHEBUX ILJIA3MOHIB 1 KOMIIOHEHTH BEKTOpa IMIyJIbCy (HOTOHA,
napajnenbHii MIOIMIKHI TUTIBKH. IMIyNnbe Miia3MOHA 3alIeKUTh BiJ MPOILECIB, IO
IOPOTIKAIOTh Ha TOBEpPXHI IUTBKM, HAMpHKIad aacopOIii Ha HbOMY pI3HHX
6iomoutexy. IMmynbc GoTOHA y CBOIO Uepry 3aJIeKUTh BiJl KyTa MaJiHHSA Ta HOTO
eHeprii, To0TO MOBXWHU XBWUJi. [loBepXHEBI MMJIa3MOHM — 1€ XBWJI 3MIHHOT
TYCTUHH €JIEKTPUYHOTO 3apsiay, sIKi MOXYTh BHHHKATH 1 TONIMPIOBATHCS B
CJICKTPOHHIN IJIa3M1 METATy y3JI0BXK MOT0 MOBEPXHI a00 y3/I0BK TOHKOI METajIeBOi
wiBky. [loBepxHEBI MIa3MOHM MOXYTh TMOPYLIYBaTHCS i BIUIMBOM
MOJIIPU30BAHOTO CBITJIA, SKIIO MPOEKIS XBHWJIBOBOTO BEKTOpa (OTOHIB Ha
IUIONIMHY METaJIeBOl TUIIBKH JOPIBHIOE XBUJIHLOBOMY BEKTOPY TOBEPXHEBOTO
wrasMoHa. [Ipu 1mpoMy 3HaYyHA YacTMHA €HEprii CBITJAa IMEPETBOPIOETHCS Ha
€HEeprilo IUIa3MOHIB, Yepe3 10 IHTEHCUBHICTh BIOMTOTO CBITIA pizko mazgae. Lle
SIBUIIIC HA3WBAIOTh IMOBEPXHEBO - IUIA3MOHHUM PE30HAHCOM. SIKIO MeTajieBa
TUTIBKA TOCUTHh TOHKA, TO 3HAYHA YACTHHA 3aTyXalo4yoi B METaJli €JIeKTPOMAarHiTHOI
XBWJIL JIOCsiTae MpOTWiekHOI moBepxHi metany. | Ttoxi IIIIP crae uyrnuBum 10
BJIACTUBOCTEHN TOTO CEPENOBHUINA, IKE KOHTAKTYE 3 METAJIOM 3 TIPOTUIIC)KHOTO OOKY
ITiBKK. Big enekTpu4HOi mosspu3aiii 1bOTr0 CEepeloBUINA, 30Kpema Bia ii
JIENEKTPUYHOI CTaJOl 3aJI€KUTh MOJ0XKeHHS MiHiIMyMy KpuBoi [1I1P. Bumiproroun
MOJIO’KEHHSI a00 3pyIIEeHHS MiHIMyMYy, MOXKHAa 3 BEJIHKOI TOYHICTIO BHU3HAYATH
3MIHM II1€1 JIeeKTPUYHOI TMOCTIHHOI a00 MOKa3HUKa 3aJOMJICHHS CEpeIOBHIIIA.
BrnactuBocTi  NOKani3oBaHMX IJIa3MOHIB KPUTHYHO 3ajexarh Bil (opmu
HAHOYACTHHOK, III0 JT03BOJISIE HACTPOIOBATH CHUCTEMY IX PE30HAHCIB Ha €(DEKTHBHY

B3aEMOJIIIO 31 CBITIIOM a00 €JIeMEHTAPHIUMHU KBAHTOBUMH CHCTEMaMH. Y JTaHWUM dac
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SIBUIIIC TTOBEPXHEBOTO IIJIA3MOHHOTO PE30HAHCY IIUPOKO 3aCTOCOBYETHCA TIPH
CTBOpEHHI XiMIYHHMX 1 Oiojioriuaux ceHcopiB (OioceHcopiB). [Ipm KoHTakTi 3
01000'ekramu (JIHK, Bipycu, anTHTiIA) MI1a3MOHIB €()EeKTH T03BOJISIOTH OLIBIIT HIXK
Ha MOPSAIOK 30UIBIINTH 1HTEHCHUBHICTh CUTHAJIB (uIyopecueHIlii, ToOTo 3HayHO
pPO3IIUPIOIOTH ~ MOXJIMBOCTI  BUSBJICHHS, iAeHTU(]IKamii Ta  J1arHOCTUKH
010J10T1YHUX 00 '€KTIB.
[ToBepxHEBE MIIA3MOHHE KOJICKTUBHE 30y KEHHS B MPUIIOBEPXHEBUX IIapax
METaNliB, Yy3rO/UKCHE pPO3MOBCIODKEHHS XBWJI  €JIEKTPOHHOI TYCTHHH W

€JIEKTPOMATHITHOTO TIOJIS.

?\,w

AN,

H

®

g L

H Em E'|Ez:‘| u

2 2*
¥ X, Ez

EnexTpomMarHiTHi XBWIi, 10 BUKJIMKAKOTHCA IMOJSPU30BAHUM CBITJIOM B TOHKIN
IUTBINI  30JI0Ta ab0 1HIIOTO OJIATOPOAHOTO METAIy 1 PO3MOBCIOKYIOTHCS
napajenbHO A0 i1 moBepxHi. IX BIacTUBOCTI 3ajeKaTh BiJ HASBHOCTI Ha TUTIBIII

a71copOOBaHOI PEYOBHHM, 30KpeMa BiJ] MOKa3HUKA 3aJIOMJICHHS 111€1 pEYOBHHH.

[ToBepxHeBl1 TUIA3MOHU ICHYIOTh JIMIIIE B TEBHIM oOjacTi yacToT. i mmockoi
TpaHUIll PO3ALTY MDK METajJOM TIpaHMYHA 4YacTOTa IOBEPXHEBOrO IJIa3MOHA

BU3HAYAETHCS (POPMYJIOI0
£.(w)+1=0,

ne & (CU) - IleNeKTPUYHA MPOHUKHICT MeTaly. Y mozeni JIpyze 111 ymoBa nae:

a

_wp
IANCE
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ac wsp - 4aCTOTa NOBCPXHCBOI'O IIJIa3MOHY, C()p - I1IJ1a3MOBa 4acCToTa.

[loBepxHeBi MIa3MOHM MOXYTh 30y[KyBaTHCS CBITJIOM JIMIIE B YMOBax

MOPYIIEHOTO MOBHOI'O BHYTPIIHBOTO BIOUTTS.

Cna3sep — Jsia3ep Ha IJIa3MOHax

a)

SonoToe aapo

Obonouka M3
CUNMKATA HATPHA

I{]

[1na3MoHika - 0065acTh (POTOHIKH, 1110 MIBUJIKO PO3BUBAETHCS, BUKOPUCTOBYE
€JeKTPOMArHITHI 30ypeHHS, IO TMOMIMPIOIOTECS B3OBXK TOBEPXHI METaiB.
Edexktun mma3sMOHHOrO pe30HAHCY MOXHA BHUKOPUCTOBYBAaTH [JIsl CTBOPEHHS
JUKEpesl BUIIPOMIHIOBAHHS, 010CEHCOpPIB, (DOTOEIIEMEHTIB Ta IHTErPAIIBHUX CXEM
dortoniku [1]. OmHak Ais IUPOKOrO TMOIIMPEHHS TAKOTO THUIY MPUCTPOIB HE

BUCTA4YaJIO OJHOI'0O AY>KEC BAXIMBOIO C€JICMCHTA, a CaMC [KEpEia KOICPCHTHOI'O

BUIIPOMIHIOBaHHSI, CBOI'0 POy IUIa3MOHHOIO ja3epa abo crasepa (Bia aHTIIHCHKOT
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abpesiatrypu SPASER - Surface Plasmon Amplification by StimedaEmission of
Radiation). MoxnuBicTe CTBOpEHHsI criazepa Oyna mepeadavyeHa TEOPETUKAMHU Y
pobori [2], ne BiacHe i Oysi0 3anmpoBaHKEHO 1iek TepMiH. [IpormoHyBanocs: HaBiTh
BUKOPHCTOBYBaTH CHCTEMY TaKWX HaHOJa3epiB Ui CTBOPEHHS ' JTIBOPYKHX"
meTtamatepiaiiB [3] (Tak Ha3MBalOTL MeTaMaTepiaj, 0 MAa€ HeraTHBHUMH
KOe(iUieHT 32JJOMJIEHHSI €JEeKTPOMATHITHHX XBWJIb Y NEeBHHUX Jdiana3oHax
yacTor. Mertamarepiag - Oyab-IKMH MaTepiaj, CHpPOECKTOBAHMI |
peasi3oBaHMii TAKMM YHHOM, 00 MaTH BJIACTHBOCTI, fIKMX He MAKTh
npupoaHi martepiaau). Binx emumii koedimieHT 3asomiieHHs: PiBHSHHS
MakcBemia MaroTh  (I3UYHI  PO3B’S3KKM  JJIT  CEPEIOBHUIN 13 HETAaTUBHUM
Koe(]illIEHTOM 3aJIOMJICHHS, KOJIM JIICJICKTPUYHA Ta MarHiTHa MPOHUKHOCTI MalOTh
OJIHOYACHO HETaTHBHI 3HA4YeHHs. Y JaHOMY BHMAaJKy 3akoH CHesullyca TakKoxX
CIpaBeIIMBUI, aje KyT 3aJOMJICHHS CTa€ HEraTMBHMM. Marepianu, sKi
JEMOHCTPYIOTh HETaTHBHY pepakxilito, MO)KHa CTBOPHUTU IITYYHO 32 JOMOMOTOIO
3BHUYAHUX MaTepiajiB 3 MO3UTUBHUM KOE(IIIEHTOM 3aJOMJICHHS, aje MEBHUM
YUHOM 3MIHEHOI T€OMETPIEI MOBEPXHI a00 00’ €My cepeloBUINA, HANIPUKIIA, Y
nepioguyHuX (GOTOHHMX KpucTanax. OOTOHHMHA KpHCTaJ - 1€ Marepial,
CTPYKTypa SKOTO  XapakTepHU3Y€ThCS  MEPIOJUYHOI0 3MIHOK  TOKa3HUKa

3aJIOMJICHHS Yy ITPOCTOPOBHUX HAIIPAMKAX

[IpoTre Juiie BIAHOCHO HEJABHO TPyIl JOCHIIHHMKIB 13  KUIBKOX

yniBepcutetiB CILIA Bramocst CTBOpUTH peanbHO NpaIioodnii cnasep [4].

[Tpuctpiit cazepa BUIIISIa€ HEXUTPO: 30JI0TA YACTHHKA B OOOJIOHIII 3 KBapILy, IO
MICTUTh 3€JICHUI OpraHiuHui OapBHUK, SKUN CIY>KUTh aKTHBHUM CEPEIOBHILEM.
Po3mipu 3o0moToro sapa 14 HM, a TOBIIMHA OpraHiyHOI 000JOHKKH — 15 HM, y Hiil
MICTATBCSA OJM3bKO TPHOX THCSY JIIOMIHECIIEHTHUX MOJIEKYJ OapBHMKA. Komu Taki
YaCTHHKH, 3BaKEH1 y BOJI, MIACBIUYIOThCSA J1azepoM 488 HM, Ha MOBEPXHI 30JI0TOI
JaCTUHKH 30Yy/UKYIOThCA TUIa3MOHU. CHIIbHE 3racaHHs, BIIACTHBE IJIa3MOHAM,

KOMIIEHCYEThCS IOCUJICHHAM B aKTUBHOMY cepeloBulll. Mosa eneKTpoMarHiTHIX
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KOJIUBaHb, o y cnaszepi (puc. 1 6), BiamoBigae goBxuHI XBwIi cBiTia 520 aM. Y
IIbOMY BHUSBJISIETBCS OJIHA 3 UYYJOBHX OCOOJMBOCTEH IUIA3MOHHOTO PE30HAHCY:
KOJIMBaHHSI Ha ONTHYHIA 4YacTOTI MOXYTh 'BMIIIATUCA B PE30HATOPl PO3MIPOM
JIMIIE KiJTbKa JIECATKIB HAHOMETPiB (BHACIIIOK TOTO, IO MIBHAKICTH TUIA3MOHHUX
XBWJIb Ha TMOPSIOK MEHIIA 3a MIBUAKICTH CBiTIA). lle 103BOJISIE CTBOpIOBATH
HaHOJIa3epy 3 pO3MIpoM HabaraTo MeEHIIE JIOBXKHUHMU XBWJIl CBITJIa, WIO
BUIIPOMIHIOETHCS HUMHU, L0 JA€ MiJCTaBU AJS HaAlid Ha IIBHJKE BTUICHHS 11ed
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