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Y)lK 535:539.2:621.383 
0.£ KOBAflEHKO, A.B. XOM4EHKO, 

B.r. TY30BCKII/Jl/, 11/.A. KOPHEEBA 

Bflllls:IHIIIE rA30BbiX nPIIIMECEiil 
HA cPOT03flEKTPIII4EGKIIIE CBOIIICTBA 

TOHKOnflEH04HbiX HAHOCTPYKTYP 
nonYnPOBO.QHIIIK - .Q1113flEKTPIIIK 

JfccJiejJOBaH MeXaHH3M B03,aeifCTBHH ra30BbiX IIpHMeceif Ha rjJOT03JieKTpH'!eCKHe 

CBOMCTBa TOHKOIIJieHO'!HhiX HaHOCTpyKryp IIOJiyiipOBOjJHHK - jJH3JieKTpHK, IIOJIY'!eH

HhiX 3JieKTpOHHO-JIY'!eBhiM HCIIapeHHeM B BaKyyMe. Jf3y'!eHO BJIHHHHe IIapOB aMMH

aKa H BOjJhl Ha OIITH'feCKHe H rjJoT03JieKTpH'leCKHe CBOMCTBa HaHOCTpyKryp. floKa3a

Ha B03MO)f(HOCTh HCIIOJih30BaHHH ,aaHHhiX CTpyKryp B Ka'feCTBe CeJieKTHBHhiX ,aaT'!H

KOB ra3a. 

BBe,n;eHHe 

IlOBbillleHHbiH MHTepec K CMCTeMaM, IIOJiyqMBlllMM Ha3BaHMe ":meKTpOH

HhiH HOC" [1, 2] o6ycJIOBJieH lllMpOKMM CIIeKTpOM MX B03MO:>KHbiX IIpMMeHe

HMH BO MHOfMX OTpaCJI5IX HayKM M TeXHMKM [3 - 7]. 3TH IIp1160pbi ¢opM11py

IOTC5I Ha OCHOBe Ha6opa ,n;aTqi1KOB ra3a (MYJihTI1CeHCOpHOH C11CTeMbi), reHe

pHpyiOil{I1X rrepB11qHhiH Cl1fHaJI, 11 ycTpOHCTBa paCII03HaBaHI15I o6pa30B, o6-

pa6aThiBaiOil{11X MYJihTI1CeHcopHhiH c11maJI. O,n;Ho:H: 113 ocHOBHhiX rrpo6JieM 

pa3pa60TK11 IIO,ZJ;06HhiX ycTpOHCTB 5IBJI5IeTC5I IIO,n;6op qyBCTBI1TeJihHOfO MaTe

pMaJia ,ZJ;JIR 113fOTOBJieHI15I ceHcopa. MaTep11aJihi, 11CIIOJih3yeMhre B rrpoMhilll

JieHHhiX ,n;aTqi1Kax, o6brqHo He rrp11ro,n:Hhi ,ZJ;JIR TaK11X rreJieH:, TaK KaK o6Jia,n:a

IOT HI13KOH CeJieKTMBHOCTbiO 11 Tpe6yiOT orrpe,n;eJieHHOfO pe:>KI1Ma pa60Tbi [8]. 
IIepcrreKT11BHhiM HarrpaBJieHI1eM pa3BI1TI1R rrp116opoB ":weKTpOHHhiH Hoc" 

5IBJI5IeTC5I ¢opM11pOBaHI1e CeHCOpHbiX C11CTeM 113 O.ll:HOT11IIHbiX qyBCTBI1TeJib

HbiX 3JieMeHTOB, pacrroJio:>KeHHhiX Ha o,n;HOM Kp11cTaJIJie [2, 9, 10]. B 3TOM 

cJiyqae ,n:aTqi1KI1 MYJihTI1CeHcopHoii CI1CTeMhi 11MeiOT e,n;I1HhiH TI1II cl1rHaJia, a 

BapMarrrm CBOHCTB M BbiXO,ll;HbiX xapaKTepMCTMK ,ll;OCTMraeTCR rryTeM COOTBeT

CTBYIOil{ero Bbr6opa BHyTpeHHMX rrapaMeTpoB M ycJIOBMH pa6oThi. IIo,n;o6Hhi

MM CBOHCTBaMM o6Jia,n;aroT TOHKOIIJieHoqHhre HaHopa3MepHbie cTpyKTYPhi, 
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C03.QaHHbie Ha OCHOBe .QII3JieKTpiiqecKOII MaTpiii(hi, CO.Qep:>Kaii(eii ITOJiyiTpo

BO.QHIIKOBhie HaHoqacTIII(hi [ 11]. 
II pou:ecchr a,n:cop6U:IIII II ,n:ecop6U:IIII ra30B ITpoTeKaiOT B ITPIIITOBepxHOCT

HhiX CJI05IX HaHOKpiiCTaJIJIOB, IT03TOMy, qeM 60Jibiiie OTHOIIIeHIIe ITJIOII(a.QII 

ITOBepXHOCTII TaKIIX KpiiCTaJIJIIITOB K IIX 06beMy, TeM Bhiiiie qyBCTBIITeJib

HOCTh ,n:aTqiiKa II TeM 3¢¢eKTIIBHee era pa6oTa. IIpii a,n:cop6u:IIII MOJieKyJI 

ra3a, o6Jia,n:aiOII(IIX ,n:oHopHhiMII IIJIII aKI(eiTTopHhiMII caotl:cTBaMII, ITpoiicxo

.ll:IIT II3MeHeHIIe IIIIIpiiHhi ITOTeHI(IIaJibHOrO 6apbepa B6JIII3II ITOBepXHOCTII Ha

HoqaCTIII(hi ITOJiyiTpOBO.QHIIKa, o6ycJiaBJIIIBaiOII(ee II3MeHeHIIe ycJIOBIIII ¢oTO

reHepai(IIII 3JieKTpOHHO-.QbipoqHbiX ITap II, KaK CJie.QCTBIIe, II3MeHeHIIe ¢oTO

ITpOBO.QIIMOCTII CTPYKTYPhi B u:eJioM [ 12]. LI.II3JieKTpiiqecKa5I MaTpiiu:a ITPII 

a,n:cop6I(IIII Ha ITOBepXHOCTII ITJieHKII MOJieKyJI ra3a TaK)J{e II3MeH5IeT CBOII 

TOKOITpOBO.Q5III(IIe CBOIICTBa [ 13]. I103TOMY ITpii paCCMOTpeHIIII BOITpOCOB ITO

BhiiiieHII5I 3¢¢eKTIIBHOCTII pa60Tbi II CeJieKTIIBHOCTII qyBCTBIITeJibHOrO 3Jie

MeHTa He06XO.QIIMO yqiiTbiBaTb pOJih BCeX BJIII5IIOII(IIX ¢aKTOpOB. 

B HaCT05III(eii pa6oTe ITpe,n:CTaBJieHhi pe3yJihTaThr IICCJie,n:oaaHII5I Mexa

HII3MOB B03,n:eiicTBII5I ra30BhiX ITPIIMeceH. Ha ¢oTo3JieKTpiiqecKIIe caoH.cTBa 

TOHKOITJieHoqHhiX HaHOCTpyKTyp CdSejiTOJIII3TIIJieHTepe¢TaJiaT (I13T<D) II 

CdTejii3T<D, c¢opMIIpoBaHHhiX 3JieKTpOHHo-JiyqeBhiM IICITapeHIIeM B BaKy

yMe. YKa3aHHhre CTPYKTYPhi ITOJiyqeHhi ITyTeM ITOCJioiiHoro (3a 100-500 I(IIK

JIOB) oca)J{.QeHII5I KOMITOHeHT II3 ,n:ayx He3aBIICIIMhiX IICTOqHIIKOB. CyMMapHa5I 

TOJIII(IIHa ITJieHOK cocTaBJI5IJia- 0,5 MKM. IIoJiyiTpoao,n:HIIKOBa5I ¢paKI(II5I ITpe.n:

CTaBJI5IJia co6oi1. OT.QeJihHbie qaCTIII(hi pa3MepOM 4 ... 6 HM, KOTOpbiH OI(eHIIBaJI

C5I ITO BeJIIIqiiHe roJiy6oro C.QBIIra IIIIIpiiHhi 3aiTpeii(eHHOII 30Hhi [ 14]. 

0CHOBHa5I qaCTb 

3¢¢eKTIIBHOCTh B3aiiMO.QeiiCTBII5I ra30B C ITOBepXHOCThiO HaHoqacTIII(hi 

B CTPYKType "IToJiyiTpoao,n:HIIK - .QII3JieKTpiiK" MO:>KHO ou:eHIITh, cpaBHIIBa5I 

pa3Mepbi o6JiaCTII JIOKaJIII3ai(IIII ITpOCTpaHCTBeHHOrO 3ap5I,n:a B KpiiCTaJIJIIITe 

(IIJIII ,n:e6aeBCKYIO ,ll;JIIIHY) C era pa3MepaMII. 1.JeM 60Jibiiie pa3Mephi o6JiaCTII 

JIOKaJIII3ai(IIII ITpOCTpaHCTBeHHOrO 3ap5I,n:a ITO OTHOIIIeHIIIO K pa3MepaM KpiiC

TaJIJIIITa, TeM cyii(eCTBeHHee 6y,n:eT II3MeH5IThC5I ITOBepXHOCTHOe 3JieKTpiiqec

KOe coiTpoTIIBJieHIIe ITJieHKII ITPII B3aiiMO,n:eiicTBIIII c ra3aMII. KoHI(eHTpaU:II5I 

CB060.QHhiX HOCIITeJieii 3ap5I,n:a B 06beMe ITJieHKII ITO HaiiiiiM OI(eHKaM COCTaB

JI5IJia -10 11cM-3, ITPII 3TOM L ""1 MKM. B TaKOM cJiyqae BJIII5IHIIe ra3oB Ha 

3JieKTpo¢II3IIqecKIIe caoiicTaa CTPYKTYP ,n:OJI:>KHO 6hrTh cyru:ecTBeHHhiM, TaK 

KaK pa3Mephi o6JiaCTII JIOKaJIII3ai(IIII ITpOCTpaHCTBeHHOrO 3ap5I.Qa COII3Mepii

Mhi C TOJIII(IIHOH ITJieHKII II 3HaqiiTeJihHO ITpeBbiiiiaiOT pa3Mepbi KpiiCTaJIJIII

qecKIIX 3epeH B ITJieHKe [15]. 
Ll.eH.cTBIITeJihHO, ITPII IICcJie,n:oaaHIIII caoiicTB TOHKOITJieHoqHoii CTPYKTy

phr B CXeMe ,n:aTqiiKa (piiC. 1 ), IT05IBJieHIIe ra30BOH ITpiiMeCII B KaMepe ITpiiBO

.QIIJIO K o6paTIIMOMY II3MeHeHIIIO 3JieKTpiiqecKIIX caoH.cTB ITJieHKII, qTo o6yc

JiaBJIIIBaJio II3MeHeHIIe ¢oTOTOKa CTPYKTYPhi, KOTOphrii periicTpiipoaaJIC5I c 

ITOMOII(hiO CeJieKTIIBHOrO yciiJIIITeJI5I. B KaqecTBe ITpiiMecetJ: 6hiJIII IICITOJih30-

BaHbi ITaphr BO.QHOro pacTBopa aMMIIaKa IIJIII BO.Qhi. IIpii 3TOM 6hiJIO o6Hapy-
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)l{eHO, 'ITO rraphl aMMI1aKa I13MeH5IIOT He 

TOJihKO cpOTOTOK, HO I1 TeMHOBOH TOK B 

CTPYKType. HccJie,ll,oBaHH>I rroKa3aJII1, 'ITO 

yBeHM'IeHMe TeMHOBOH IIpOBO)J,I1MOCTI1 

CB>I3aHO C o6pa30BaHI1eM Ha IIOBepXHOC

TI1 o6pa3ua a,ll,cop6HpoBaHHoro rrpoBO,ll,>I

mero CHO>I. Il03TOMy, )J,H>I I1CKHIO'IeHI15I 

TeMHOBOH COCTaBH>IIOIUeH rrpOBO,ll,I1MOCTI1, 

I13MepeHI15I cpOTOTOKa IIpOBO)J,I1HI1Ch IIpi1 

o6JiyqeHI1I1 o6pa3Ua MO,ll,YHI1pOBaHHhiM 113-

Jiy'IeHHeM. Pe3yHhTaThi Hccne,ll,oBaiiH>I 3a

BI1CI1MOCTI1 I13MeHeHI15I cpOTOTOKa CTpyK

Typhl CdSeji13T<D OT KOHUeHTpaUI1I1 ,ll,e

TeKTHpyeMOH IIpi1MeCI1 IIpi1Be)J,eHhl Ha 

p11c. 2, me M =I- I 0 , a I I1 I 0 - MO,ll,YHI1-

poBaHHhiH TOK B IIpi1CYTCTBI1I1 fa30BOH rrpi1-

MeCI1 B aHaJII13I1pyeMOM o6neMe I1 B aTMOC

cpepe cyxoro B03)J,yxa COOTBeTCTBeHHO. 

)ln>I orrpe,ll,eneHH>I Me- Dl 
xaHI13Ma B03,ll,eticTBI1>I ra3o

BhiX IIpi1Meceti Ha cpOT03HeK-

Tpi1'IeCKI1e CBOHCTBa TOHKO

IIJieHO'IHhiX HaHOCTpyKTyp 

~ 

I13Y'IaJiaCh 3aBI1CI1MOCTh cpa- 80 
TOIIpOBO)J,I1MOCTI1 CTPYKTYP 

OT I1HTeHCI1BHOCTI1 3aCBeTKI1. 

Ehwo o6Hapy:>KeHo, 'ITO co-

CTaB ra30BOH cpe,ll,hl BHM>IeT 

Ha xapaKTep HIOKC-aMrrep- 40 
HhiX xapaKTepi1CTI1K (JIAX): 
rrp11 rroMerueHI1I1 CTPYKTYP 

CdSejii3T<D 11 CdTe/ 

II3T<D B KaMepy c aMMHa-

KOM I13MeHeHI1e yrJia HaKHO-

0 

5 

a-

7 

qJ 
'Q 2 

-----(,' :'~~ 3 
,' I I \ ' c;:: ;;:::> 4 
\ \ 1 I I 
\ \ 1 I I 

I 

P~~:c. 1. CxeMa 3KcrrepHMeHTaJibHOH 

yCTaHOBKII: 1 - reHepaTOp, 

2 - CBeTO,ll,IIO,ll,, 3 - ,ll,Ma<l:JparMa, 

4 - co6~~:parom<UI JIHH3a, 

5 - HH,ll,MeBbie 3JieKTpO,ll,bi, 

6 - HCcJie,ll,yeM<UI cTpyKTypa, 

7 - IIO,ll,JIO/KKa, 8 - HCTO'IHMK IIHTa

HH5I, 9 - CeJieKTHBHblll YCHJIIITeJib 

6 

10 c; 06_ % 20 30 
Ha JIAX B norapHcpMH'Iec

KOM MaCUITa6e )J,H>I HeKOTO

pbiX o6pa3UOB )J,OCTI1faHO 

15% (p11c. 3, a). 
PHc. 2. 3aBIICIIMOCTb OTHOCIITeJibHoro H3MeHeHH5I 

TOKa <i:JoTOIIpOBO,ll,IIMOCTII OT KOHU:eHTpaU:IIH aMMIIaKa 

,ll,JI5I cTpyKTyp c co,ll,ep/KaHrreM rroJiyrrpoBO.ll.HIIKa 20, 
50 II 90 06. % ( KpiiBbie 1, 2, 3 COOTBeTCTBeHHO) H 

KOHU:eHTpan:rrrr rrapoB BO.ll.hi .ll.JI5I CTPYKTYPhi 

C CO,ll,ep/KaHIIeM IIOJiyrrpOBO,ll,HIIKa 

50 o6. % (KpiiBaH 4) 
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PHc. 3. JIAX TOHKOIIJieHO'IHhiX CTPYKTYP CdSejiT3T<D B cyxoM B03t<yxe (1) 
H B rrapax aMMHaKa (2). TOJIII.(IIHa IIJieHKII 0,75 HM; COt<epJKaHIIe IIOJiyrrpOBOAHIIKa: 

a) 50 o6. %, 6) 25 o6. % 

Heo6hiqHo Bem1 ce6H B ,[(aHHOM cJiyqae TOHKOIIJieHoqHhie o6pa3~hi, co

.[(ep)Kaml1e HI13KYIO KOH~eHTpa~l110 IIOJIYIIPOBO,[(HI1KOBOH ¢paK~I111: 3aBI1CI1-

MOCTh ¢oTOTOKa OT OCBemeHHOCTI1 B 1Ip11CYTCTBI111 rrapOB aMM11aKa B HaqaJie 

pOCJia KBa,[(paTI1qHO (p11c. 3, 6, Kp11Ba51 2), 3aTeM ee xapaKTep CTaHOBI1JIC51 

TaK11M )Ke, KaK B cyxoM B03.[(yxe (p11c. 3, 6, rrp51Ma51 1 ). TaKoli xapaKTep JIAX 
CBI1,[(eTeJihCTByeT 06 o6pa30BaHI111 orpaHI1qeHHOfO KOJII1qeCTBa peKOM611Ha

~110HHhiX ~eHTpoB, BJII151Ioml1x Ha cpoTorrpoBO.[(I1MOCTh rrJieHoK. Bepo51THO, 

ypoBeHh OCBemeHHOCTI1, 11p11 KOTOpOM 1Ip011CXO,[(I1T 113MeHeHI1e xapaKTepa JIAX, 
3aBI1CI1T OT COCTaBa OKpy)KaiOmeli cpe,[(hl, a TOqKa 113JIOMa Ha JIAX xapaKTe

p113yeT KOH~eHTpa~l110 IIp11MeCHhiX ~eHTpOB, o6pa30BaHHhiX B pe3yJihTaTe 

a,[(cop6~1111 ra30BhiX rrp11Meceli 11 :mepreTI1qecKI1e ypoBHI1 KOTOphiX Haxo,[(51T

c51 B 3arrpemeHHOH 30He CTPYKTYPhi. IIp11 11HTeHCI1BHOCTI1 cBeTa, cooTBeT

CTBYIOmeli ToqKe 113JIOMa JIAX, rrpo11cxo,[(I1T 11CTomeHI1e rrp11Mec11. 

MeTO.[(hi ¢oTorrpoBO.[(I1MOCTI1 He II03BOJI11JII1 o6Hapy)KI1Th rroJIO)I{eHI1e 

::mepreTI1qeCKI1X ypoBHeH, COOTBeTCTByiOmi1X TaKI1M IIp11MeC51M. 0.[(HaKO 113y

qeHI1e ¢oTOMO.[(YJI51~110HHhiX CIIeKTpOB rrporrycKaHI151 IIOKa3aJIO He60JihiiiOe 

(5-1 0%) 113MeHeHI1e K03¢¢11~11eHTa rrporrycKaHI151 B6JII1311 30Hhl IIpOB0,[(11MO

CT11 rrp11 rroMemeHI111 11CCJie.[(yeMoro o6pa3~a B rraphi aMM11aKa (p11c. 4 ). II a phi 

BO,[(hl II0.[(06HhiX 113MeHeHI1H B cpOTOMO.[(YJI51~110HHhiH crreKTp rrporrycKaHI151 

He BHOCI1JII1 11 He BJII151JII1 Ha HaKJIOH JIAX. KpoMe ::noro, rrp11 TaKI1X ycJIOBI1-

51X Ha6JIIO,[(aJIOCh 113MeHeHI1e xapaKTepa OIIT~eCKOfO raiiieHI15l cpOTOTOKa (p11C. 5). 
I1Hor,[(a 3¢cpeKT raiiieHI151 rrp11 BHeceHI111 11CCJie.[(yeMoro o6pa3~a B rraphi aM

M11aKa IIOJIHOCThiO 11cqe3aJI. 2.laJibHeHIII11e 11CCJie,[(OBaHI151 IIOKa3aJII1, qTo 1Ip11-

qi1HOH 11Cqe3HOBeHI151 OIITI1qecKOf0 raiiieHI151 51BJI51eTC51 113MeHeHI1e 3JieKTpOH

HhiX TpaHCIIOpTHhiX CBOHCTB IIOJII1MepHOH MaTp11~hl IIOMemeHHOH B ra30BYIO 

cpe.[(y. 
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PHc. 4. <DoToMo,nyJI5IIJ:IIOHHbie crreKTpbi B 
rrapax aMMIIaKa (KpiiBM 1) II B cyxoM 

Bo3,nyxe (KpiiBM 2). Co,nepJKaHIIe rroJiy
rrpoBO,nHIIKa - 90 o6. %; !1T/T - OTHOCII

TeJibHOe II3MeHeHIIe K03lPqlii~IIeHTa 
IIporrycKaHII5! IIJieHKII IIpii o6JiyqeHIIII 

cBeToM c 'A r ~ 633 HM 

PHc. 5. CrreKTpaJibHa5! 3aBIICIIMOCTb 
CTeiieHII OIITIIqecKoro rallieHII5! lPOTOTOKa 

cTpyKTyphr CdSejii3T<D B cyxoM 
B03_nyxe ( KpiiBM 1) II B nap ax aMMIIaKa 

( KpiiBM 2) 

IIpH 3TOM cJia60ToqHhiH 3cpcpeKT orrTHqecKoro rarneHI15l MaCKHpyeTcH CHJib

HOTOqHhiM 3cpcpeKTOM yBeJIHqeHI15I IIpOBO;:J:I1MOCTI1 MaTpi1I!bi. 

l13BeCTHO, qTo IIpi1 a;:J:COp6III1I1 Ha IIOBepXHOCTI1 IIJieHKI1 MOJieKyJI ra3a 

I13MeH5IIOTC5I 3JieKTpi1qecKHe CBOHCTBa rroJIHMepa [ 16]. IIepeHoc HOCHTeJieti: 

3ap.HJJ:a Me)KJJ:Y HaHoqacTHI!aMH rroJiyrrpoBOJJ:HHKa qepe3 JJ:I13JieKTpi1K ocyme

CTBJI.HeTcH rrocpe;:J:CTBOM TYHHeJihHoro 3cpcpeKTa, IIOJJ:TBep)KJJ:eHIIeM qeMy MO

:>KeT CJIY)KI1Tb HeJIIIHeHHOCTb BOJibTaMrrepHbiX xapaKTepi1CTI1K TOHKOIIJieHoq

HbiX CTPYKTYP CdSejii3T<D I1 CdTejii3T<D rrpH rro;:J:aqe Ha HHX HMIIYJibC

Horo HarrpH)KeHI15l (p11c. 6). 
KpoMe 3Toro, rrpi1 yBeJII1qeHI1I1 TOJIIIII1- I, om11.eo 

Hbl CJI05I IIOJII1Mepa Me)K;:J:y HaHoqaCTI1IIaMI1 

rrpoBOJJ:HMOCTb CTPYKTYP rra;:J:aeT I1 rrpH TOJI

IIIIIHe [ "" 4 HM He cpi1KCI1pyeTC5I I13Mepi1TeJib

HbiMI1 IIpi16opaMI1. 0;:J:HaKcV'IIpi1 IIOMeiiieHI1I1 

IICCJie;:J:yeMbiX o6pa3IIOB B~pe;:J:y, HaCbiiiieH

HYIO rrapaMH BOJJ:bi, TeMHOBaH rrpoBOJJ:HMOCTb 

I1 cpoTorrpoBOJJ:HMOCTh CTPYKTYPhi IIOBbiiiia

eTCH. IIpHqeM I13MeHeHI1H B cpopMe crreKTpa 

cpoTorrpoBOJJ:HMOCTH He Ha6JIIO;:J:aeTC5l. B TO)Ke 

BpeM5I BOJibTaMrrepHbie xapaKTepi1CTI1KI1 IIpi1 

rro.n;aqe I1MIIYJibCHOfO Haiip5I)KeHI15l OCTaiOT

C5I HeJII1HeHHbiMI1. 3TO MO:>KeT CBI1;:J:eTeJib

CTBOBaTb 06 I13MeHeHI1I1 3JieKTpOHHbiX TpaHC

IIOpTHbiX CBOHCTB IIOJII1MepHOH MaTpi1I!bi, 

rrpii 3TOM MexaHI13M rrepeHoca 3ap5IJJ:a acTa

eTCH TYHHeJibHhiM. 

20 -

0 20 40 60 80 100 
U,B 

PHc. 6. BoiihTaMrrepHa5! xapaKTe
piiCTIIKa HaHOCTPYKTYPhi CdTe / 
II3T<D rrpH rro_naqe IIMIIYJibCHoro 
Harrp5!1KeHII5!. qacToTa IIMrry JibCOB: 
1 - 500 [~, 2 - 1 Kf~, 3 - 10 Kf~ 



76 BECHIK M,QY iMH A.A.KYilHWOBA N!! 2 (40) • 2012 • 

0TMe'-!eHHOe 11pe,ZJJIOJio:>KeHIIe 6niJIO 110.ZJ:TBep:>K.ZJ:eHo B xoae 3KC11epiiMeH

TOB C o6neMHOH reHepau;IIeH HOCIITeJieH liMI1YJihCaMI1 CBeTa I1 110CJie.ZJ:yiOru;eM 

pa3.ZJ:eJieHIIeM 11pOTI1BOI10JIO:>KHO 3ap5I:>KeHHhiX HOCIITeJieH 3JieKTpi1'-IeCKI1M 110-

JieM. B TaKIIX ycJIOBI15IX Ha 3Ha'-!IITeJibHhre paccT05IHI15l MorJIII 11epeMeru;aTbC5l 

HOCIITeJIII TOJihKO O.ZJ:HOfO 3HaKa, '-!eM 6niJII1 o6yCJIOBJieHbi Ha6JIIO.ZJ:aeMbie 3KC-

11epiiMeHTaJibHO IIMI1YJihChi ¢oTOTOKa. Ha piic. 7 110Ka3aHhi BpeMeHHhre pa3-

BepTKI1 liMI1YJibCOB TOKa, B03HI1KaiOru;IIe 11pi1 o6Jiy'-IeHI1I1 o6pa3IJ;a B6JII13I1 

OTpiiu;aTeJihHoro 3JieKTpoaa IIMI1Y JihCOM cBeTa a30THoro Jia3epa Jifl1-21 c 

.ZJ:JIIIHOH BOJIHhi 337 HM. B 3TOM Ol1hiTe 3JieKTpOHhi .ZJ:BIIraJIIICh qepe3 CTPYKTy

py, a .ZJ:bipKI1 11peiiMyru;eCTBeHHO 3aXBaTbiBaJII1Cb JIOBYIIIKaMII B6JII13I1 OCBe

ru;eHHOfO 3JieKTpO.ZJ:a. 

l13MeHeHIIe 3JieKTpOHHbiX TpaHC110pTHbiX CBOHCTB 110JII1MepHOH MaTpli

IJ;bi 11pi1 110Meru;eHIII1 o6pa3u;a B cpe.ZJ:y, HaCbiiiJ:eHHYIO 11apaMI1 BO.ZJ:bi, OTpa:>Ka

eTC5l Ha aMI1JII1TY.ZJ:e peJiaKCaiJ;liOHHOH KpliBOH (piiC. 7, 6), TOf.ZJ:a KaK 11pi1 

OCBeru;eHIIli 110JIO:>KI1TeJibHOf0 3JieKTpO.ZJ:a (qepe3 o6pa3eiJ; .ZJ:BI1faiOTC5l 11peiiMy

ru;eCTBeHHO ,l.l.blpKI1) B .ZJ:aHHbiX ycJIOBI15IX peJiaKCaiJ;IIOHHa5l Kpi1Ba5l He I13Me

H5IJiaCb. 

L_a_ 
6 
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PHc. 7. Ocu:IIJIJiorpaMMhi IIMIIYJibca 

tPOTOTOKa B cyxoM B031J:YXe (a) II B 

rrapax BO!J:hi (6) rrpii B036y)[{.n:eHIIII 

IIMIIYJihCOM cBeTa ,l(JIIITeJihHOCThiO 

10 HC II A ~337 HM. 
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PHc. 8. OcU:IIJIJiorpaMMhi IIMIIYJihca ¢oTOTOKa 

B cyxoM B031J:yxe (KpiiBa>I 1) 
II B rrapax aMMIIaKa (KpiiBa>I 2) 

llapnr aMMIIaKa BJII15IJII1 Ha ¢opMy KpiiBOH ¢oTOOTKJIIIKa. PeJiaKcau;IIoH

Ha5l Kpi1Ba5l COCT05IJia I13 .ZJ:BYX '-!aCTeH - 6niCTpOH I1 Me.ZJ:JieHHOH (pliC. 8). 
XapaKTepHOe BpeM5l 6niCTpOH COCTaBJI5IIOru;ei1: He 3aBIICeJIO OT COCTaBa OKpy

:>KaiOru;eH cpe.ZJ.hi II IIMeJio 3Ha'-!eHIIe 110p5I.ZJ:Ka 10 MKC. B 11piicyTCTBIII1 11apoB 

aMMIIaKa xapaKTepHOe BpeM5l Me.ZJ:JieHHOH COCTaBJI5IIOIIJ:eH yBeJIII'-IliBaJIOCb 110 

cpaBHeHIIIO ero 3Ha'-!eHIIeM B cyXOM B03.ZJ:yxe C 70 .ZJ:O 150 MKC. llpli'-IliHOH TaKOfO 

110Be.ZJ:eHI15l cpOTOOTKJIIIKa 5IBJI5leTC5l o6pa30BaHIIe 11pi1MeCHbiX IJ;eHTpOB 11pi1 a,l.l.

cop6u;IIII MOJieKyJI aMMIIaKa Ha 110BepxHOCTI1 TOHKOI1JieHO'-IHOH CTPYKTypu 

3Ta oco6eHHOCTb 11pi1MeCHbiX u;eHTpOB OTpa:>KaJiaCb I1 Ha JIAX 3ai1IICaH

HbiX 11pi1 pa3JII1'-IHbiX '-!aCTOTaX MO.ZJ:YJI5IU:I1I1 o6Jiy'-IeHI15l (piiC. 9). llapbl aMMII-



MAT3MATbiKA, ¢131KA, 51TinOIITI 77 

aKa rrepecTaBaJIH BJII15ITh Ha xapaKTep 3aBJ1CI1MOCTI1 cpOTOTOKa OT 11HTeHCJ1B

HOCTI1 113JiyqeHI15I y)l(e IIp11 qacTOTe MO,QYJI5Il{l111 06JiyqaiOIIl.efO CBeTa 10 Kfl{. 

TaK KaK OTBeTCTBeHHhiMH 3a 6hlcTphre rrpou:ecchr >IBJI>IIOTC>I u:eHTphr peKOM-

6HHaU:H11 (T.H. S-l{eHTpbi), a 3a Me,QJieHI-Ihie - l{ei-ITpbi IIp11JIJ1IIaHJ15I (T.H. 

r-u;eHTpbi) ( 17], TO 113 aHaJIJ13a peJiaKCal{HOHHhiX Kp11BhiX 11 JIAX CJie,n:yeT, 

qTO ra30Bhle IIp11MeCJ1 C03,QaiOT Me,QJieHHbie l{eHTpbi IIp11JII1IIaHI15I ,QJI5I OCHOB

HhiX HOCHTeJieH 3ap>I,n:a. 
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A 

~ 
A A 

10"' 10"' 10"6 

110' ]to' 10"' 
2 

10·8 )()"8 Jo·" 
I,, 11, 1¢ 

10·9 Jo·' 10·9 

10·10 ](j"!O 10·10 
JO' 102 JO' 10' to' to' 10' t0 3 to' to' to' to' to' to' to' 

.7K L .. 7K 
L .11< 

L 

PHc. 9. JIAX TOHKOIIJieHoqHhrx CTPYKTYP CdSejiT3T<D B cyxoM B031J:yxe (1) 
rr B rrapax aMMrraKa (2), 3arrrrcaHHhre rrprr pa3JirrqHoli. qacToTe MOIJ:YJIJIU:rrrr o6JiyqeHrr5! 

3aKJiroqemre 
AHaJIH3 rrpe,n:cTaBJieHHhiX ,n:aHHhiX II03BOJI>IeT c,n:eJiaTh BhiBO,n: o TOM, qTo 

a,n:cop6U:115I MOJieKyJI ra3a Ha IIOBepXHOCTI1 TOHKOIIJieHoqHOH HaHOCTpyKTy

pbi IIp11BO,Ili1T K o6pa30BaHI1IO orpaHJ1qeHHOfO KOJIJ1qecTBa Me,QJieHHhiX pe

KOM611Hal{I10HHhiX l{eHTpOB, KOTOphie o6ycJiaBJII1BaiOT II05IBJieHJ1e B 3arrpe

lll.eHHOH 30He ,n:orroJIHHTeJihHhiX ::mepreTJ1qecKHX ypoBHeii. IT p11qeM rroJio

)l(eHHe 3TI1X ypOBHeH 3aBJ1CI1T OT BH,Qa ra3a. lJOJIJ1MepHa5I MaTpHU:a TaK)l(e 

113MeH>IeT CBOH ToKorrpoBO,Il>Illl.He CBOHCTBa rrp11 rroMelll.eHHH cTpyKTYPhi B 

ra30BYIO aTMoccpepy. ITpe)l(,n:e Bcero, yJiyqrnaiOTC>I 3JieKTpOHHhre TpaHcrrop

THhie CBOHCTBa MaTp11l{hl, IIp11 3TOM TYHHeJihHhiH MeXaHJ13M TOKOIIepeHOCa 

coxpaH>IeTC>I. 

TaKHM o6pa3oM, TOHKOIIJieHoqHhre HaHOCTPYKTyphr rroJiyrrpoBo,n:HHK-,n:H-

3JieKTp11K MOfYT 6hiTh 11CIIOJih30BaHhl B KaqecTBe BhiCOKOqyBCTBHTeJibHhiX 

ceJieKTI1BHhiX ,QaTqJ-IKOB ra30BhiX IIpHMeCeH, rrpJ-IqeM xapaKTep11CTI1KI1 TaKHX 

yCTpOHCTB MO)l(HO l{eJieHarrpaBJieHHO IIO,Q611paTh IIp11 113fOTOBJieHI111 qyB

CTBHTeJihHOfO 3JieMeHTa. O,n:HHM 113 Ba)l(HhiX rrpeHMYIIl.eCTB TaKHX ceHcop

HhiX C11CTeM 5IBJI5IeTC5I TO, qTO 11X CT011MOCTh rrpaKTJ1qeCKI1 He rrpeBhiiiiaeT 

CTOI1MOCTI1 OT,QeJibHOfO ,QaTqJ-IKa, a 11CIIOJih30BaHI1e COBpeMeHHhiX M11KpO- 11 

HaHOTeXHOJIOfi1H II03BOJI5IeT pa3pa6aThiBaTh 3TH ycTpOHCTBa B TOHKOIIJie

HOqHOM 11CIIOJIHeHH11 C MaJibiMH pa3MepaMI1, MaCCOH 11 HI13KI1M 3HeprOIIOT

pe6JieHHeM. 
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