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Beryn
[lepcriekTHBHICTH 3aCTOCYBaHHS HOBITHIX
TEPMOCJTICKTPHYHUX  MaTepialiB  CTaBUTh  Iepen

HAayKOBIIIMH 337ady JOCIIUKEHHS HHU3BKOPO3MIpHHUX
cucteM. BusBieHO, IO y TakMX CHCTEMax MOXIIHBO
HE3aJIC)KHO 3MIHIOBATH 3HAa4YeHHA KoedimieHTa 3eeOeka
(S), emextpo- (o) 1 rtemmompoBimHicTs () A
MiBUIICHHS BEIMYUHU TEPMOECIEKTPUIHOI TOOPOTHOCTI
Matepiany 7= oly Ha BiaMiHy Bim 3-MipHHX
KPUCTATIYHUX TBEPAUX T, Yy SAKUX Bapialis LUX
BEITMYHMH 0OMEXY€EThCs 3akoHOM Binemana-®panna [1].

ITepenbavaroun MOBEAIHKY MePioUIHOT
HAITiBIIPOBITHUKOBOI HAHOCTPYKTYPH, HEOOXiTHO 3HATH
CHEKTp CHeprii i BIACTHBOCTI ii OKpPeMOi CTPYKTypHOI
OIMHUIII — KBaHTOBOi SIMH, JI€ pyX HOCIIB 3apsamy
oOMexyeTbcsl B onHOMY Hampsimi. lle mpusBomuth 10
KBAaHTYBaHHS KBa31lIMITyJIbCY 1 CHEKTPY €Heprii HOCIiB y
IIbOMY HampsiMi, [0 BH3HAYAE KBAHTBO-MEXaHIYHUI
CIIEHApil Ui PI3HUX SBHILL.

HamniBnpoBigHuKOBI
3aCTOCOBYIOTHCS B SIKOCTI MaTepianiB IS
OTITOETICKTPOHIKH, TEPMOEIIEKTPUKHI Ta IHIIAX
HarpsMkiB. HenaBHo Oyio 3adikcoBaHO iCTOTHHH picT
TEPMOENEKTPUYHOI ~ JOOPOTHOCTI B HAJpEIIITKaX,
6azoBanux Ha crnonykax 1V-VI [2,3].

VY poborax [4,5,6] mocmimkyBamucs OKHCIIOBAIbHI

cnonmyku |1V-VI  mmpoxo

mporiecH,  SAKi  BimOyBalOTBCA  HAa  TOBITPI ¥
HaHocTpykTypax PbTe ta PbS. 3okpema, BusiBIeHO, IO
BOHH CHJIBHO BIUTHBAIOTh Ha 3HAYCHHS

TEPMOENCKTPUYHUX MapaMeTpiB Ha IOYATKOBHX eTarax
eKCIO3HMLIi 3pa3KiB Ha MOBITPs. 3 YacoM 3HAUYEHHS BCiX
TEPMOENICKTPUYHUX HapaMeTpiB BUXOASATh Ha HACHUCHHS
1 3aJIMIIAI0THCS CTAMMU.
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VY mnanoctpykrypax PbTe 3a paxynox audysiitaux
MpPOIIECiB  poCTe KOHIIGHTpAIlisl HOCIiB P-THIy Ta
3HMKYEThCS KOHIEHTpalii Hociie n-tumy [4,5]. Ile
MPU3BOJNUTH JIO 1HBEpCii 3HaKy OCHOBHOTO HOCIs BiJ N-

JI0O P-TUMY Y BHUNAAKy T[IOYAaTKOBO EJICKTPOHHHX
HAHOCTPYKTYp. 3 METOK HIBEIIOBaHHS HHUX e(eKTiB
KOHICHCAT [MOKPHUBAIOTh 3aXMCHUM Im1apoM EUS,

ToBUIMHOKW Y ~30 HM, sIKa € IJIKOM JIOCTaTHBOIO ISt
TOro, 100 MOBHICTIO YHHUKHYTH Jii KucHIO [6]. Taxwuii
3aXMCHUH Iap OJHOYACHO BUCTYMNAE B SKOCTI OIHOTO 3
Oap'epiB, IO YTBOPIOE KBAHTOBY sIMy JUIS HOCIiB
HaHOCTPYKTYpPH.

3HauHUN NMPUKIaJHAN MOTEHIIall HU3bKOPO3MipHUX
CTPYKTYp 3yMOBIIIOE iHTEpeC IO HUX 3 OOKy 0aratbox

JNOCTITHUIBKAX rpym. Tak, 30KpeMa, BHBYCHHS
toBmHANX  (d)  3amexHOCTEW  TEPMOENIEKTPHIHUX
napametpis  PbSe 'y  cTpykTypi KBaHTOBOi sIMH

KCI/PbSe/EUS [7] BusiBIsic BHpa3sHO HEMOHOTOHHHIA,
OCHMJIAIIHHUN XapakTep KPWUBHUX, IO CBITYUTH TIPO
HasBHICTh PO3MIPHOTO KBaHTyBaHHS. ABtopu [8]
xapakTep O-3aNMEXKHOCTEH  KIHETHYHHX HapaMeTpiB
kBantoBoi simu  KCI/POS/EUS n-tuny mnoscHIOIOTH
KOHKYPCHIII€I0 MiX pO3MIpHUM KBaHTYBaHHSM 1 SBUIIEM
nepkorinii. Lle o3Hadae, mo mporecu camMoopraHizamii
CIWIBHO  BIUIMBAIOTh Ha  TOBIIMHHI  3aJIGKHOCTI
TEPMOEJIEKTPUYHHUX TapaMeTpiB y HaHOCTPYKTypax. Y
poGoti [9] BusBIEHO, IO OCHMIALINHI O-3a7€XKHOCTI
TEPMOCJIEKTPUYHHUX TapaMeTpiB TeTepOCTPYKTYpu N-
PbTe/p-SnTe/n-PbTe  moB's3ani 3 PO3MipHHUM
KBaHTYBaHHIM rasy JIETKUX JIPOK KBaHTOBOI simu SnTe
31 cTiHKaM# 00MeXeHOI BUCOTH.

3 iHmoro Ooky 1udysiiiHI TpolecH KHCHIO
OPHU3BOIATE 11O YTBOPEHHS JICNEKTPUYHOTO INapy Ha
HOBEPXHI KOHICHCATY, KU MOXXHA TAaKOX PO3IIISIATH
0ap'epoM y CTPYKTYpi KBAaHTOBOI IMH. Y [JbOMY BUIIAKY
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TEXHOJIOTIYHUI TIpouec, MOB'A3aHuil 3 (opMyBaHHIM
KBaHTOBHUX SIM, 3HAYHO CIIPOILYETHCS.

MerToro maHoi poOOTH € TOCIiIKEHHS 0COOIUBOCTEH
[MOBEIIHKHU pany TOBIIUHHUX 3aJI€)KHOCTEN
TEPMOCIICKTPUIHUX ITapaMeTPiB HAHOCTPYKTYpP CTaHYM
TENYPUAY P-THITY, OCAIKCHUX Ha MiAKIAIKH 31 CIFOIH.

. Meroanka eKciepUMeEHTY

3pa3ku Ul JOCIKEHHS BHPOIIYBAJIM 3 IApoBOI
(ha3u METOIOM BIAKPUTOTO BUIIAPOBYBAHHS y BaKyyMi Ha
cBixi ckomu (001) cironu-myckoBit Mapku CTA.
Temneparypa BUNapHHUKa IiJ 4ac OCaJDKEHHS CKiajana
T,=700°C, a TeMmneparypa MiAKIaIOK 3MiHIOBajacsi B
mexax T,=(150-250) °C.

OTtpumani HaHOCTPYKTYpPOH JIOCTIIKyBaJIHCS
METOJaMH  aTOMHO-CHJIOBOI  Mikpockomii (ACM) 3
nonomororo Nanoscope 3a Dimention 3000 (Digital
Instruments, USA) y pexxumi mepiogduHOro KOHTAKTY.
BumipioBaHHs [IpoBeAeH] B IEHTPaIbHIA YaCTHHI 3pa3KiB
3 BUKOPUCTAHHAM CepiifHuX kpeMHieBux 30HAIB NSG-11
13 HOMIHaJIBHAM PaJiiycoM 3aKpyrieHHs BicTps 10 10 HM
(NTOMDT, Pocis).

BumiproBanss CJICKTPUIHHUX napaMmeTpiB
MPOBOIIIOCS Ha TMOBITPI IpU KIMHATHIA TeMmOepaTypi y
MOCTITHOMY MAarHITHOMY TOJi. BuMiproBaHmid 3pa3ok
MaB YOTHPH XOJUTIBCBKI 1 JIBa CTPyMOBI KOHTaKkTU. B
SKOCTI OMIYHMX KOHTAaKTiB BHKOPHCTOBYBAJIWCS ILTIBKH
cpibna. Ctpym uepes 3pa3ku ckianaB ~ 4 MA. MarHiTHe
HoJIe HampsSMILUIOCS TEPNeHIUKYJSIPHO 10 TOBEpXHi
KOoHJeHcaTy npH iHaykuii 1,4 To.

XommBCchbKa — PYXJIUBICTH  oOpaxoByBamacsi — SIK
p=Ry-c. KoHmeHTtpamis HOCiiB P-THITy BH3HAaYanacs
CITIBBiJHOIIIEHHIM p=A/(Ry-€), BBAKAIOUU 11
BIJITIOBIZTHOIO peaybHill KOHIICHTPAIIl 32 paXyHOK 3HAYHO
MEepeBaXAIOYOr0 OJHOTO THITy HOCIS 1 NpHiMaroun
tdakrop Xomra A=1. Bci 3pa3ku IeMOHCTypBaIA
MPOBIAHICTG P-TUIY.

1. Pe3yabTaTu qoc/aiaKeHHs

Ha puc.1 300pakeHO 3aleKHICTh KiHETHYHHX

KoeilieHTIB Bif TOBIIUHA HAaHOCTPYKTYP
(0001) CTA/SnTe mpu ximHatHii Temnepatypi. s
MTUTOMOT €JIEeKTPOIIPOBIIHOCTI (puc. 1,a)

CIIOCTEPITalOThCS JBA YITKUX MAKCUMYMH TPH TOBIIHHAX
Xmax1=404 HM Ta Xmao=67/8 HM 1 1OBa MIHIMYMH MpH
TOBIIUHAX Xmini=229 HM, Xpmino=564 um. Ilpu 1pomy
Ma€eMO pi3Ke 3pOCTaHHS MPOBIAHOCTI, TMOYMHAKYUA 3
200uM [0 MEHIIMX TOBINMH. JIIS  TOBIMMHHOL
3anexHocTi koedienra Xomna (puc. 1,6) TaKOK MOXKEMO
OJTHO3HAYHO TOBOPUTH MPO ICHYBAHHS JBOX MaKCUMYMIB

1  [IBOX MIHIMYMIB. Xmx1=D45 HM, Xmaxe=839 HM,
Xmim=714 M, Xnyip=1086 M. VYV d-3anexsocti 1is
pyxiuBocTi HOCiiB (puc. 1,8) BHIHO TpH MakCUMyMH i
TpH MIHIMYMHU: Xmax1=427 uM, Xmax2=861 HM,
Xmaxa=1622 HM; Xmint=183 uMm, Xmin=675 HM,
Xming=1209 um. JIist  KOHIIEHTpamii BHSBJICHO JBa
MakCUMYMH 1  TpU  MIHIMYMH.  Xmaq=306 HM,

Xmax2=710 BM; Xin1=156 HM, X/ine=553 HM, Xying=818 um
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(puc. 1,r). Tyt Mae micrie pi3ke 3pOCTaHHS KOHIICHTpAIIi]
JUI TOBIIMH MEHIIMX BiJ] TOBIIMHHU MEPIIOr0 MiHIMyMy
119um. [Jlns  xoedimienta  3eebeka  (puc. 2,a)
3a(DiKCOBaHO JBAa YITKUX MAaKCHUMYMH Xmax1=102 HM,
Xmax=D067 HM 1 OgBa  MIHIMYMH  Xping=425 HM,
Xming=720 HM.

Ha ocHoBi otpumanux 3Hauenb o(d) Ta S(d)
(puc. 1,a; 2,a) BHU3HAUEHO 3aJEXKHICTh KoedilieHTa
MOTY>KHOCTI P=S% Bix ToBmmMHHM IUTiBOK SnTe y
HaHocTpykTtypi  (0001) CTA/p-SnTe (puc. 2,6). Tyt
CIIOCTEPIraeThCs pi3kuit pict KoedirmienTa
TEPMOENEKTPUYHOI ~ TOTYXKHOCTI TPH  3MEHIICHHI
TOBUIMHH CTPYKTYPH, HOYNHAIOYH 3 BEJIMYMHH TEPILIOTO
MiHIMyMy. 3a(ikCOBaHO YOTHPH MAKCUMYMH 1 YOTHpPH
MIHIMYMH: Xmax1=396 HM, Xmax2=535 HM, Xmax3=1073 HM,
Xmaxa=1606 HM; Xmini=275 HM, Xmine=458 1M,
Xmina=848 HM, Xina=1252 HMm.

3a3HaunMO, [0 KOPEKTHICTH OJICpXKAaHUX ITaHUX
MiATBEPIKYETHCS d-3anexuocTsIMU AHAIIOTIYHUX
mapaMeTpiB MpH PI3HUX TeMIleparypax, OTPUMAaHHX B
paMKax JaHOTO EKCHEPHMEHTY.

3Bakarouu Ha CKJIaIHICTh BHUMIpIOBaHHS
koediienTy 3eeOka, BiIMITUMO, L0 APYTUil MAKCUMYM 1
apyruit  Mimimym y 3anexsocti S(d) mpakTuuHO
CHIBMAJAIOTh 3 BIANOBIAHMMU eKcTpemyMmMamu y d-
3aJIGKHOCTI HE3aJIe)KHO BUMIPSHOTO KoedimieHTy Xoina.
OueBHIHO, IO BiCYTHICTH MaKCUMyMYy y O-3aexHOCTI
koediienty 3eebeka (puc. 2,a) st toumu 800-900 HM
OB 'sI3aHa i3 HENOCTATHHOIO KIJIBKICTIO
EKCIICpPUMCHTATBHUX TOYOK.

[11.O0roBopenHs pe3y/jbTaTiB

Hani  excnepumenty (puc. 1,2) meMOHCTPYIOTh
HEMOHOTOHHHUH, OCHWIAMIMHUN XapakTep TOBIIMHHUX
3aJICKHOCTEH TEPMOCICKTPUIHUX IMapaMeTpiB CTPYKTYP
p-SnTe wa cmomi. Llimkom #MOBipHO, IO Taka ix

noBeiHKa OOyMOBJIEHa pO3MIpPHUMH e(QeKTaMu Y
kBaHTOBift smi  (KSI), yTBOpeHidi TMOTCHIHaTbHIMH
Oap'epaMu: CIIOASHOIO MiAKIAIKOI0 1 OKUCHUM IIapOM
Ha MOBEPXHI HAHOKPHUCTANITIB P-SNTeE, moaioHo 10 podiT
[7-9].

Y  BuUmaaKy HECKIHYEHO  BHCOKOro  Oap'epy

CNIEKTPOHHE OOME)KCHHS MPHU3BOJUTh IO KBAaHTYBaHHSI
TIOTIEPEYHOT CKIIAZOBOI KBa3i-iMITynbCy 1 (opMyBaHHS
CHEPreTUYHUX MiJI30H y JaTepalbHOMY HampsMky. Toxi,
IPY BUKOPUCTAHHI HaOMIKCHHS e(EKTHBHHUX Mac, PiBHI
SHEeprii JaroThCs:
= 2h2* Fc)l_i 2 +Lki<2 +Lk§
m, 2m, 2m,
me M, — ed)eKTHBHA Maca IMepHeHIUKyIApHOro 10 K
pyxy; Ky Ky i mx*, my* — KOMIIOHEHTH XBHJIBOBOTO
BEKTOpa Ta e(EeKTHBHOI MacH mapajiensHoro no K
pyxy.
3 (1) BumgHo, mo npu 3MmeHiieHHi ToBiuHE (d)
CTPYKTYp, eHeprii ocHoBHoro crany K (N=1)
3MILIYIOTHCS 10 BUIMX 3HAYCHb.

, )
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Puc. 1. 3anexHicTs MUTOMOI TIPOBiMHOCTI 6 (a), Koedirienta Xomra Ry (6), pyxnusocti p (B) Ta KOHIIEHTpAIIii HOCIiB
N (r) Bix ToBuIKHY TiBOK SNTey HanocTpykTypi (0001) CTA/p-SnTe mpu T=300 K.
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Puc. 2. 3anexnicts koedinientin 3eebeka S) (a) i TepmoenexTprusoi motyxkHocti S (6) Bix ToBIMHK TiBoK SNTE
y HaHocTpykTypi (0001) CTA/p-SnTe npu T=300 K.

Ockinbku SNTe — BUPOIDKEHHMH HaMiBIPOBIIHUK, YTBOPIOIOTh ~ BHPO/DKCHHN  JipkoBHi  ra3  (mio
TO yMOBa KBaHTYBaHHS BUPaKAEThCS Yepe3 XBHUIIIO MaoMMOBIpHO UTst BaxkKuXx aipok) [10].
Depmi Ag: 3 MeTor0 TMepeBipKM aJeKBAaTHOCTI OIHMCaHOL
_h Mojieni KBaHTOBOI sMu y poborax [7,8] s
le = \/ﬁ 2 HaHOCTPYKTYp Ha ocHoBi cmonyk I1V-VI 3a Bimomoro
F eHepriero epmi &f 1T MOHOKPUCTAJIIB NMPOIIOHYETHCS
1 gmcio 3allOBHEHHUX mi3oH y raaakii K5 TosmmHOO BH3HAYATH TCOPCTUYHE 3HAYCHHS IMEPIOHIB OCIMIIALIN
d Oyze pisHe (Adop). IIpu mpomy cyrTeBi posbixHOCTI y IX
N :E =§ ome 3) BEJIMYMHAX IIOB'3YIOTh 13 3HAYHOI CIIPOLICHICTIO
I h o Mozmemi KS Ta He 30BCIM KOPEKTHHUMH IiIXOZaMHU
a nepiosl OCUMIIALIN BU3HAYAETCA CITIBBITHOLIEHHAM: [7, 8. . )
1., _ h Ha Hallly yMKY, piBeHb <.1.>epM1 A1sl HAHOCTPYKTYP
Dd=—=—F—. (4) Y 3HaYHIH Mipi 3aJI€KUTH Bij 1X TOMOJIOTII Ta PO3MIpIB,
2 Y8me, AKi, y CBOK 4Yepry, BH3HAYAIOTHECHA TEXHOJIOTTYHHUMH
Tyr & — eHepris piBag Depmi. ¢akropamu BupomuryBanus (puc. 3, 4). Tak, y Hamomy
3 (3), (4) BumuBae, mo npu (HiKCOBaHiM TOBIIUHI BUIIAJIKY, MEXaHI3MU pOCTY 1 Xapakrep (OpMyBaHHS
crpykrypu  (d) 3pocramma pieaa  Pepmi  (gf) HAHOCTPYKTYp P-SnTe Ha ckomax (0001) crromu-
MPU3BOOUTE 1O 30UIBIICHHS dYHcla  3acelieHUX MYCKOBIT ~ CyTTEBO  3al€kXaTh BiJl  TEMIEPaTypH
ninpisuis (N) i 3MeHIIeHHs nepioxy ocumwranii (Ad). ocajuxenHs (T;) (puc.3) Ta toBmuum (d) (sacy
Binomo, 110 BajieHTHA 30Ha SNT € MIiCTUTh MiA30HH oca/pkenHs) (puc. 4) KOHIEHcaTy.

JIETKAX 1 BaXXKHUX Aipok. [IprpomHRO MPHITYCTUTH, MO0
KBaHTOBO-PO3MIipHiI e(eKTH MOB'I3aHI 3 OOMEKCHHIM
JIETKUX JIPOK 3 MEHIIOK e(EeKTHBOHOI Macomw, SKi
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Puc. 3. ACM 306paxkenns i mpodinorpamu HanocTpykTpyp (0001) CTA/p-SnTenpu T,=700°C, t=5xB i
Temneparypax ocampkenas 11,°C: a — 150, 6 — 250.
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Puc. 4. ACM 306paxenns i npodinorpamu Hanoctpykrpyp (0001) CTA/p-SnTe npu T,=700°C, T,=250°C i yacy

ocakenns t, xs: a—2, 6 —30.
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3okpema, mpu  T1,=700°C i3  MiIBHUIICHHAM
temneparypu ocamkenns T,=(150-250)°C, npu waci
ocapkeHHs  t=5xB., 3rigHO pe3ynbraTiB  ACM
JOCIIKeHb, MEXaHI3M pOCTy 3MIHIOETBECA Binx Bawn-
nep-MepBe  (KOHZEHCAT  MOKPHBAE  MiAKIAIKY
CYLIJIbHUM [IapOM Ha OKpemuX 11 aiisHkax (puc. 3,a)
no ®onpmepa-Bebepa (picT okpeMHX HaHOYTBOPCHD)
(puc. 3,0). 30inblieHHs yacy t ocamkeHHs (TOBIIMHU)
KOHJICHCATy npu HOCTIHHUX TeMIiepaTypax
sunaposysanss (T,=700°C) i ocamxenns (T,=250°C)
Bejsie JI0 3pOCTaHHS BEJINYNHH OKpPEMHX
HAHOCTPYKTYPOBaHUX KpUCTANTiB (puc. 4). ko npu
t=2xB  po3Mip  CTOBMYATHX  HAHOCTPYKTYp Y
natepanpHOMy — HampsaMmky — ckmagae  (90-100)um
(puc. 4,a), To Bxe npu t=30 XB iX pO3MipU 3pOCTAIOTH
n0 ~500 um (puc. 4,0). 3ayBakuMO, IO MPHU IBOMY
IIOPOXOBATICTh MOBEPXHI 3HAYHO 3MCEHINYETHCS: Bif
~45um g0 ~22um (puc.4). VY 3Bs3ky i3
BUIIIE3a3HAYCHUM JUIS Oap’ €EpHUX HAHOCTPYKTYP OLTBIT
ONpPAaBIAHO POOUTH  OLIHKY 1X  CHEPreTHYHHX
XapaKTePUCTUK 3a 3HAYCHHSIMHU TMEPIOMiB OCIWIISAILIN
(Ade) TEpPMOENEKTPHYHHMX TMapaMeTpiB, BU3HAYCHHX
Ha ekcrmepumenti (puc. 1, 2). Ilpu upomy eHepris,
BU3HAYCHA LUIIXOM MiJICTAHOBKH €KCIIEPUMEHTAIbHUX
3HaueHb TnepiogiB ocummsnii (Ady,) y Bupas (4),
CKJIaiae f:F=1,4-1O'5 eB. 3asHaunmo, mo BoHa (&f)
CYTTEBO BIIPI3HAIOTHCSA BiJ BENIWYHHU eHepriit depmi
st macuBHux MoHokpuctanis (0,35eB) [11]. Ile
MiATBEPIDKYE  HEOOXINHICTHP  BpaxyBaHHA  iHIIHX
NPWYHH, SKi BIUIMBAIOTh HAa PO3MIpHI €PEKTH y MaHUX
CTPYKTypax. Y JaHOMY BHUIaJKy HHUMH BUCTYHAlOTh
pO3MipH 1  TOMOJIOTIYHI  BIAMIHHOCTI  OKpPEMHX
HaHoyTBOpeHb (puc. 3,4). 3a ymoBH, mo AUPy3is
KUCHIO  CYNPOBOJDKYETbCS ~ YTBOPEHHSIM  TOHKOTO
azcopOOBaHOrO  HIapy Ha  MOBEPXHI  KOXHOTO
HAHOKPUCTAJIITY, KBaHTYBaHHS €HEePreTUYHOTO
CIIEKTPY JIPOK MaTUME MicCIle B MeKaxX Horo o0'emy.
3ayBakMMO, L0 MNpu aHamii3i O-3anmexHOCTEH
TEPMOCJICKTPHYHUX MApaMeTpiB HAHOCTPYKTYp, CIif
BpaxyBaTH  IPOLECH  CaMOBIOPAAKYBaHHs,  sKi
BU3HAYaTUMyTh 1x Makcumymu [12]. Kpim Toro,
KBaHTYBaHHS CHEPreTUYHOTO CIICKTPY y
HAHOCTPYKTypaxX 3yMOBJIOE 3HAYyHE MOKPALICHHS
3Ha4YeHb TEPMOCJIEKTPUYHUX IapaMeTpiB 3a YMOB

€ BaKJIMBUM y
HaHOMAaTepPia03HABCTBI.

TEPMOEIEKTPUUHOMY

BucnoBku

1. TlokazaHo, 110 IS HAHOCTPYKTYp SnTe Ha ciromi
3aJIe)KHOCTI  MPOBiMHOCTI, KoedimieHa Xoia,
PYXJIUBOCTI, KOHIIEHTpaIlii, koedirienta 3eebeka Ta
TEPMOEIEKTPUYHOI ~ HOTY)KHOCTI  BiJl TOBIIMHHU
JIEMOHCTPYIOTh ~ HEMOHOTOHHY,  OCHMJIILIHHY
MOBEIiHKY, sSKa IOB's3aHAa 13  PO3MIpHUM
KBaHTYBaHHSIM CIIEKTPY €HEprii JIeTKUX IIpoK Yy
KBaHTOBHX SIMax.

2. 3anporoHOBaHO MOJENb KBaHTOBOI SIMH, IO
nependavyae HasABHICTH [BOX Oap'epiB. CHIIBHO
30arayeHoro Ha akMeNnTOpHI IEeHTPU Iapy Hixa
BILUTMBOM KHCHIO Ha MOBEPXHI CTPYKTypH ciromaa/p-
SnTe Ta cioasHOT i IKIaIKH.

3. IlokazaHo JOIiNBHICTH BU3HAUECHHS eHeprii Depwmi,
BUXOISYN 3 EKCIICPUMEHTAJIBHO BH3HAYCHOTO
nepiofy ocuusmii d-3a7exHOCTed KiHETHYHHX
IapaMeTpiB, a HE 3 TEOPETUYHUX MIPKYBaHb, K 1€
poOuItocs y mormepeaHix podoTax.

4. BusBIeHO BU3HAYANBHY pOJb  PO3MIpiB i
TOIIOJIOTIYHUX BiIMiHHOCTEHN OKpeMHuX
HAHOYTBODPEHb a TaKOK Mpo1LIeCiB
CaMOBIIOPSAKYBAHHSI HAa XapakTep TOBLIMHHHUX
3aJIeKHOCTEH  TEPMOENEKTPUYHHUX  IapaMeTpiB
HAHOCTPYKTYp SnTe.

Poboma uacmrxoeo ¢inancyemoca MOH Vkpainu
(0eporcasnuii peecmpayivinui nomep 0109U001414) ma
AP MOH Vkpainu (Oepocasnuii peecmpayitinuil
nHomep 0109U004505).

FOpuuwun 1.K. — acnipaHnr;
Yag ak I.1. — acmipasr;
Jucrwk FO.B. — acmiipaHr;
Xapyn JI.T. — acmipasr.
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