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AKTYyaJIbHOCTh TeMbI

Monekynsapuo nponupoBanusie monumepsl (MJII) mpeacraBiasior coOoi TBepablid
pacTBOp HU3KOMOJIEKYJIIPHOIO COEJMHEHUs (JO0NaHTa) B mojuMmepe-cBsa3ke. B Hacrosmee
BpeMsl MOJ00HBIE MOJMMEPHl LIMPOKO HCIONB3YIOTCA B KAaueCTBE TPAHCIOPTHBHIX CJIOEB B
TAaKUX YCTPOMCTBAX KaK MHO)KMTEJIbHBIC amaparbl U JIa3epHbIe MPUHTEPHI, MHOI'OCJIONHBIE
MOJIMMEPHBIE CBETOM3JTYUAIOLIME AMOAbl MHAMKATOPOB MH(OpMauuu OOJBIION IUIOMIALM, A
TaK)Ke€ B MOAYJIATOPAX CBETOBBIX ITYUYKOB.

Jlns onpeneneHuss NMOABMIKHOCTH HOCUTENEH 3apsga (OCHOBHOW XapaKTEPUCTHKU
TPAHCMOPTA) TPAAMLMOHHO MCIOIb30BAIM ONTHUYECKHI BapHaHT BPEMEHHU IMpoJieTa KaK MpH
NpsAMOM MOHM3ALMU MOJIEKYJ JionaHTa B TOHKOM (mopsjaka 0,2 MKM) NpUIoBEpPXHOCTHOM
cloe, TaKk M TNPH MHKEKIUW TOABWIKHBIX HOCUTENEeH 3apsga (OObIYHO, ABIPOK) U3
CrielrabHOro reHepauoHHoro cios. B tedenue 10 ner, Hauunas ¢ 1980 r., nmpoBeneHb
MHOTOUYUCIIEHHBIE  UCCIICIOBAHUS TEMIIEPATYPHOM, IIOJE€BOM M  KOHLEHTPALMOHHOM
(OTHOCHTENBPHO MOJIEKYJT JOMmaHTa) 3aBHUcUMOcTer mnoaswkHocTH B MJIII, mpemmoxena
moaenb rayccopa Oecropsaka (MI'B) mns mHTEprnipeTauuMu MOMYYEHHBIX PE3YJIbTaTOB, a
Takke Oazupyromuiica Ha Hel popmanusm aunonsHOro 6ecrnopsiaka. B 1998 r. npeanoskena
mozaens aunonbHoro crekna (MJIC), no3BonuBmias BrepBeie OOOCHOBATH IOJIEBYIO
3aBUCUMOCTh MOJIBMOKHOCTH MO 3akoHy I[lyma-®DpeHkens, 3TOro KpaeyroibHOrO KaMHS
dopmanusma aumnonsHOro Oecmopsiaka. Ilomysmnupudeckue (opmysisl, NMpeayioKeHHbIE B
ITUX  MOAENAX i O0pabOTKM  IKCIIEPUMEHTAJIbHBIX  JAHHBIX, OTHOCATCS K
KBAa3UPAaBHOBECHOMY PEKHUMY TPAHCIOPTA € MPAKTUYECKH MOCTOSHHOMN MOABHKHOCTBIO.

PaspaGorannas B MHMDOM pagnaumoHHO-MHAYUMPOBAHHAs METOAMKA BpPEMEHHU
NpOoJIETa, UCTIOB3YIOIIAs MyUYKH MOHOAHEPreTUYECKHUX JIEKTPOHOB B IMANA30HE SHEPTUA OT
1 no 50 k3B, mo3BomMna CymIECTBEHHO PACIIMPUTH SKCIEPUMEHTAIbHBIE BO3MOKHOCTH
U3YYECHHUS TPAHCIIOPTA HOCUTENICH 3apsija B HEYNOPSAOYEHHBIX OPraHMYECKUX CHCTEMax U
YCTQHOBUTh TOT (PakT, UYTO B [ACHCTBUTEIBHOCTH TPAHCIOPT HOCHUTENEH 3apsga B
OonpmHcTBe M/IIT AIBNIsIETCS HEPABHOBECHBIM, IMPU KOTOPOM MOJABMYKHOCTE M KOA((ULIHEHT

auddy3un He SBISAIOTCSA NOCTOSHHBIMM BETUYMHAMM.



B nutepatype 3TOT BONPOC Tak ¥ HE MOMYUYMI JOKHOTO BHUMaHUA. C TOUKH 3peHUs
JIEKTPOONTHYECKOTO0 YCTPOMCTBA HESABHAs 3aBUCHMOCTH TOABMIKHOCTH OT TOJIIIMHEI
TPAHCIIOPTHOI'O CJIOSI MOKET OBITh JIETKO NOAKOPPEKTUPOBAHA IPU NIPOBEACHUN WHIKEHEPHBIX
HCMBITAHUI ele Ha 3Tane ero paspaborku. C HayyHOW TOUKHM 3PEHHUs ATOT BOMPOC MMEET
(yHnaMeHTanbHOE 3HAUEHUE, TOCKOJIbKY OIpeieNeHue MapaMeTpoB Monenei Tpedyer
Ternepb NMPUMEHEHUS HE MOJYIMIUPUYECKHX (OpMyI, a MOJTHOMACIITAOHBIX YHMCIIEHHBIX
pacueroB Mojened ¢ TMOArOHOYHBIMH TapaMeTpaMu M MOCIEAYIOUIMM CPaBHEHHEM
MOJYYEHHBIX PE3YJIbTATOB C JKCIEPUMEHTOM. YUUTHIBAS MHOrO(AKTOPHOCTh 3a/1a4H, MBI
CTAJIKUBAEMCS MPH €€ PELICHUH ¢ IpoOIeMOi HEOAHO3HAYHOCTH Ul 3HAYEHUN mapameTpoB
MO/JIEJIH.

[lepeuncnennbie BbIIe OOCTOATENBCTBA CBUAETENBCTBYIOT 00 aKTyalbHOCTH
NpOBEAEHUs HCCIENOBaHMI B o0OsiacTH TpaHcropTa Hocutened 3apsaa B M/II ¢ ocoObim
BHUMAHHUEM K BOMPOCY O POJIM HEPABHOBECHOCTH TPAHCIIOPTA B 3TOM (PU3MUYECKOM SIBJICHHH.

Ilesb padoThI

YcTaHOBIIEHHE XapaKTepa BJIMSHUSA HEPAaBHOBECHOCTH TPAHCIIOPTa HA TEMIIEPATypPHO-
MOJIEBYIO 3aBHCHUMOCTh MOABMIKHOCTU Hocutened 3apsma B MJIII u Oumonekymnsphyio
PEKOMOMHAIIUIO B HUX.

JInis nocTHIKEHUS MOCTABJICHHOW LEJIH PEIISHbI CIIEAYIOIINE 3a/1a4H
. [Ipoananu3upoBaHbl CYIIECTBYIOIIME MOJEIM TpaHCNopTa HocuTenel 3apsaaa B M/,
UCIONb3YEMBIE JUISI  OMUCAHUS TEMIIEPATypPHO-TIOJNIEBONW  3aBUCUMOCTU  IMOJBUIKHOCTH
Hocurenei 3apaaa B M/IIT u GumosniekyiapHON pekOMOMHAIMKU B HUX.

o Ha ocHOBe MOJENM MHOTrOKPaTHOrO 3aXBara BBIMOJIHEHBI PACYEThl BPEMSAIPOIETHBIX
KPUBBIX ¢ mapamerpamu s moaenbHoro M/II1 B mmpokom unTepBane nonei u remmneparyp
KaK U OZHOPOAHOIO, TaK M JABYXCJIOWHOro oOpa3ua mojMMmepa, U NpoBEAEeHO CPAaBHEHHE C
CYLIECTBYIOIIMMHU IKCIIEPUMEHTAIBHBIMH JIAHHBIMH.

® Onpenenena posib MOJUMEPHON MaTpHIlbl B hOpMUPOBaHHUHK NTepexoaHoro Toka B M/IIT
NpU NPOBEICHUM MCCIEAOBAHUNW C MCIOJb30BAHUEM PAAMALMOHHO-MHIYMPOBAHHOIO
METOJa BPEMEHU IMpOoJieTa MPU KOPOTKUX BPEMEHAX TMOCIAE MPOXOKIASHUS HMITYJIbCa

U3JTyUEHUS.



Hayuynast HOBHU3HA

Bnepeie METOAOM UMCIEHHOrO MOJACIMPOBAHUS C HCIOIB30BAHUEM MOJIEIU
MHOI'OKPAaTHOTO 3axBaTa C MPEANMCAHHON IOJIEBON 3aBUCHMMOCTBIO 4YacTOTHOro (pakropa
MOKAa3aHO, YTO HEPABHOBECHOCTh TPAHCMOPTA OKAa3bIBACT CHIIBHOE BIIMSHME HA XapakTep
npossierus dddexra [lyna-Openkens 8 MIII. Tak, npy UCTUHHOM 3HAYEHUU KOHCTAHTBI

)1/2

[Tyna-®Openkens 0,39 (Mxm/B)"“ ee 3HaueHue, HaliaeHHOe 0OPaOOTKOM pacueTHBIX KPUBBIX,

3aMeTHO Bhime, a umenHo 0,52 u gaxe 0,7 (Mxm/B)Y2

JUISL MOZIEJTA MHOTOKPATHOTO 3aXBaTa ¢
rayCCOBBIM pacIpeae/ieHHeM JIOBYIeK o sHepruud (MM3-r) ¢ mapaMeTpoMm pacrpeneacHus
0=0,123 u 0,165 3B cooTBETCTBEHHO. DTO JAae€T OCHOBAHME CUMUTATh, YTO MPHU OMPEICITCHUH
napamerpa [lyna-Openkens He0OXOAMMO YYUTHIBATh HEPABHOBECHBIN XapaKTep TPaHCIOpTa
HocuTenei 3apsana 8 M/IIL.

BnepBbie mokazaHo, 4YTO MOJAEIbL MHOIOKPAaTHOTO 3axBara i JBYXCIIOMHOM
cTpykrypsl o6pazua MJIIT npencka3piBaeT mocTOAHCTBO ()OPMBI TOPHU3OHTAJIBHOTO IJIATO HA
BPEMAINPOJIETHBIX KPUBBIX TIPH M3MEHEHUM OJIEKTPUYECKOrO0 TOJA  TOJNBKO  JUIA
9KCIIOHEHLMAJILHOrO, HO HE rayccoBa pacnpejesieHus JIoByleKk no sHepruu. IlomoOGHoe
pa3nuuue MOXeT ObITh pPEeKOMEHIOBaHO i auddepeHuanum THUMA SHEPreTUYECKOro
pacnipenenenus gopyuek B M/II1.

Teopernuecku MOKa3aHO M AKCIEPUMEHTAJILHO MOATBEPIKICHO, YTO OMMOJIEKYJ/IApHAas
pexoMOuHauMa M30BITOYHBIX HOCUTENEH 3apsaa B YCIOBUAX HEPAaBHOBECHOIO TPAHCIOPTa
SBJISIETCSI KBA3WJIAH)KEBEHOBCKOW IIPU €€ TPaKTOBKE B pamkax mojaenu Poyza-®ayiepa-
Baiicoepra (P®B) npaxe B MJIII ¢ npeaenbHO HU3KOM KOHIIEHTpAUMEN JOMaHTa
(mo 6 mac. %).

BniepBbie yCTAaHOBIEHO, YTO HMOHMW3ALMA MNOJIUMEPHOW MATpPUIBI B pagualiOHHO-
UHAYLUMPOBAHHOM METOAE HE OKa3blBACT 3aMETHOr0 BJIMAHMA Ha TPAHCIOPT IBIPOK IO
MoJieKysiaM gonaHTa. IlokazaHo, uyto mpu sHepruum Oecriopsinka, Oonbmieir 0,11 3B,
TpancnopT Hocutened 3apsga B MJIII aBnseTrca HepaBHOBECHBIM B THIHYHBIX YCIOBHAX
NPOBEJEHUS BPEMSNPOJIETHOro sKcnepumenta (remmneparypa 293 K, mome 5-60 B/mkwm,
TosiuHa 00pa3uoB 10-25 MKM) HECMOTpPsl HA TO, YTO HA KPUBBIX NMEPEXOJAHOr0 TOKA MOKET

Ha0JTr0 1aThCs TFOPU30HTAJIBHOEC IJIATO.



HayuHasi u npakTHYeCKasi 3HAYUMOCTb PadoThI
1 [TonmyyeHHbIE B AMCCEPTALMM TEOPETHUECKUE PE3YJIbTAThl MOKHO HCIOIB30BATH JUIS
OLICHKU PpaboTOCIOCOOHOCTH TPAHCHOPTHBIX CJIOEB B CUJIBHBIX JJIEKTPHYECKUX MOJIAX B
MHOJKMTEJIbHBIX  ammnaparax, Ja3epHbIX NPUHTEPAX M MHOTOCIOMHBIX TMOJMMEPHBIX
CBETOAMOJAX MYTEM OMNPEIETCHUsl ONTHUMAJIBHBIX IapaMEeTpPOB MOJEIM U HMX MPOBEPKU HA
OKCICPUMEHTANIBHBIX  pe3ysbrarax. Pe3yapTaTel MOXKHO mnpumeHATs B MHcTHTYTE
¢usnueckoit xumun u anekrpoxumun PAH um. A .H. ®pymkuna, [{entpe ®oroxumun PAH,
HUAY MUOU, Ouzuueckom uncturyre PAH um. [1.B. Jlebenesa.
Z JlanbHeHmmM pa3BUTHEM YUCIICHHOTO MOJAETMPOBAHKUS TPAHCIIOPTA HOCUTEIEeH 3apsiaa
MOXKET ObIThb aHanmu3 MoauduuupoBanHoi Moxenu POB B wactu ydera mnonesoit
3aBUCUMOCTH YaCTOTHOro (hakropa Uis ONMHMCAHUS PATUALMOHHON 3JIEKTPOMPOBOIHOCTH
KOH/IEHCATOPHBIX MOJTUMEPOB THIA MOJUCTUPOIIA B CBEPXCHIIBHBIX IEKTPUIECKUX MOJIAX.
OcHoOBHBIE 110J107KeHHs], BBIHOCHMbI€ HA 3aLHUTY
1. Ou3nKo-MaTeMaTHIeCKas MOJIENb, O0OBACHAIONIASA CUIIbHOE BIMSIHIE HEPABHOBECHOCTH
TpaHcropTa Ha xapakrep npossienus 3¢dexra [Tyna-Openkens 8 M/II1, u nokaspiBaromas,
YTO TMPU HMCTUHHOM 3HaueHMH KoHcTauTel Ilyna-®penkens 0,39 (Mmxm/B)Y? ee 3nauenue,
HaiiieHHOe 00paboTKOM pacueTHBIX KPHUBBIX, 3aMeTHO Bhimie, coctaisisa 0,52 u gaxe
0,7 (Mmxm/B)Y2 nns MM3-r ¢ 6= 0,123 u 0,165 3B cOOTBETCTBEHHO.
. Pe3ynpTaThl YHCIEHHOTO MOJEIMPOBAHMUA, TOKa3biBalommMe, 410 dSddexkTuBHbIi
napamerp G CHHIKAETCs C YBEJIMYEHUEM 3JieKTpudeckoro noss, cocrasiisis 0,119 (5 B/Mkm) u
0,079 »B (100 B/MKkM) mpu HEW3MEHHOM MCXOZHOM OSHEPreTHYECKOM pachpeneieHUuu
nosymek ¢ 0= 0,13 3B.
3 ®usnyeckas MOAEIb MHOTOKPATHOTO 3axBaTa /sl JBYXCIOWHOIN CTPYKTYpbl oOpasua
noJimMepa, 0OBACHAIOLIAS MOCTOSHCTBO (POPMBI TJIATO MPH U3MEHEHUH 3JIEKTPHYECKOTO TOJIA
HA 2 mopsAjAKa I SKCHOHEHLIMAJIBHOrO, HO HE TrayccoBa pAaCHpe/IeNieHUs JIOBYIIEK IO
YHEPIUH.
4. Ou3nKo-MaTeMaTU4YeCKass MOJENb, OOBACHAIONIAs KBA3WJIAHKEBEHOBCKMU Xapakrep
OMMONEKYIAPHOM  pekoMOMHAUMKM  M30BITOYHBIX  HOCHUTENEH 3apsga B YCIOBHAX
HepaBHOBECHOrO TpaHcnopta B M/IIT ¢ npenenbHO HU3KOM KOHIEHTPALMEH 10IaHTa.
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Anpodauusi padoThI

OcHOBHBIE  pe3y/lbTaThl  OUCCEPTALMH  JOKJIAABIBAIMCH HA  MEXKAYHAPOIHOM
koH(pepeHmu "Paauaumonnas ¢usuka tBepaoro tena" (r. Cesacromonb, 2013 r.) u Ha
pacIMPEHHBIX HAy4YHBIX CeMHHapax (¢ mpuriameHueMm crneumanuctoB u3 MIY u PAH)
Y4ebHo-uccieaoBaTenbCckoi aboparopunn @yHKIMOHAIBHON 0€30MaCHOCTH KOCMHUYECKUX
anmapartoB u cuctem MWUOM HUY BIID (2014 u 2015 rr.).

Ilyomkauuu

Marepuansl, OTpakarOlIM€ OCHOBHOE COAEPIKAHUE JUCCEPTALUU, H3JIOKEHBI B 6
HAYYHBIX MyOJIMKaLMsIX, B TOM YKCie 5 cTarel B )KypHanax u3 nepeuns BAK.

CTpykTypa u 00beM auccepTauuu

Jluccepramuss COCTOMT M3 BBEACHHWS, YETHIPEX TJ1aB, OOMIMX BBIBOJOB, COHEPIKUT
99 cTp. MaAIMHONMCHOrO TEeKCTa, BKMouYas 25 wunoctpauuii, 4 TaOMUIBl M CIHCOK

HUTUPYEMOU tuTepaTypsl U3 138 HauMeHOBaHUIA.

OcHoBHoe coaepxkaHue padoThbl

Bo BBeaeHnn 00OCHOBAHA aKTyaJlbHOCTh TeMbI, C(OPMYJIUPOBAHBI IIEJIb U 3adaud
HCCHCHOB&HHﬁ, ONnpeacICHbl HaydyHasd HOBHU3HA MW IIPAKTHYECKass NIEHHOCTL PE3YJIbTATOB
paboThl, MPeACTaBIIEHbI OCHOBHBIE MOJIOKEHUS, BHIHOCUMBIE HA 3aLLUTY.

B nepBoii riiaBe npeacTaBlieH JIMTEPATYPHBIA 0030p MO COBPEMEHHBIM MpobieMam
TpaHCIOpTa HOCUTENIEH 3apsAfa B MOJEKYJAPHO  JONUPOBAHHBIX MOJIUMEPAX W
OMMOJIEKYJIApHON peKkOMOMHAUMU B HUX. PacCMOTpEeHbI OCHOBHBIE TEOPETUYECKUE MOJIENIH
NPBDKKOBOTO TPAHCIIOPTA, BKIIFOUas (PEHOMEHOIOTMUECKYIO MOJIe/Ib MHOIOKPATHOTO 3aXBaTa,
MOIU(DUIIUPOBAHHYIO B MOCJIEIHEE BPEMS UTSI OMUCAHUSA MYJTb-(PPEHKEIEBCKON 3aBUCUMOCTH
NOJBM)KHOCTH  OT  anekTpuueckoro nond. [logpoOHo  aHanu3upyercss  pa3BUTHE
METOAOJIOTHYECKUX OCHOB METOAMKHU BPEMEHU IIPOJIETA (OHTH‘ICCKOﬁ U pagualMOHHO-
WHIyLHUPOBAHHOW), BKJIOYAs BAapUAHTHI C OOBEMHOW TIeHepalued U ¢ pPeryjJupyeMoit
TOJILLIMHOW 30HBI T€HEePaLIUH.

Bo BTOpOIi ri1aBe ONUCHIBACTCA METOAMKA MCIBITAHUNA U NPUTOTOBJICHUsA OOpa3LoOB
MJIIT ¢ ux kparkod XapakTepuCTHKOW. Meroauka wHCmbITaHWA paspaborana Ha 0ase

ANEKTPOHHO-JIyueBoro  arperata  DJIA-50. IlapameTpbl  yCTaHOBKH: JUIUTEIBHOCTH
7



NPSAMOYTOJIbHBIX UMITYJIbCOB u3itydeHust ot 20 mkc 10 1 mc; Tok B myuke 10 3,0 MA; 3Heprus
YCKOPEHHBIX MOHOHEPreTHUYECKUX MEKTPOHOB OT ~1 10 50 x3B. Ocrtarounsiii BakyyMm B
paboueil kamepe yCTaHOBKM, B KOTOPOI pacrojiaraercsi U3MepHUTeNbHas sS4elka, Mopsaka
102 Tla. Wcnonp3oBaau OAMHOYHBIE HMIYIbChl M3TydeHHs. VICTIBITAHMS TPOBEJECHHI B
TOKOBOM pEKUME€ pPErucTpauyy IpU KOMHATHOW Temmepatype. Jluamerp koimumaropa
HEMOCPEACTBEHHO Ha BXOJE B U3MEPUTENIbHYIO AueiKky cocTaisul 30 mm. Cxema ycTaHOBKH

nokasaHa Ha puc. 1.

ALIl —3BM

13 :;8%_17

H L
Lk
S}i
I_O\
J
w
3
2
=

- 12

Puc. 1. bnok-cxema ycranoBku DJIA-50: 1 — snexkTpoHHas mymika; 2 — BbICOKOBOJIBTHBIM
UCTOYHUK MHUTAHUS JIEKTPOHHOM MYIIKH, 3 — MOAyJaaTop; 4 — 3amarouuii reneparop ['5-35;
5 — ocuwmiorpad C1-48 b; 6 — BakyymMHbIE JJIEKTPUYECKUE pazbeMbl; 7 — auadparma;
8 — 3acnonka; 9 — mccaemyeMblii oOpa3en ¢ HambUIEHHBIMHU 3JieKTpoaaMu; 10 — mumuHap
®dapanes; 11 — BakyymHbie TOkOBBOABI, 12 — pabouas kamepa; 13 — HUCTOYHMK IMHUTAHMUA,

14 — 650K MpeBAPUTETHLHOTO YCUIICHHUS.

B kauectBe npeamera uccienosanus BbiOpans! nonukapOonar (I1K), nonuposanHblit
apoMaTtrueckuM ruzapa3oHoM [IOI (nudeHunruapa3oH p-audTUIaMHHOOSH3AIBACTH/IA) TIPH
maccopor  gome  jgomanta  10-50% wu  momuctupon  (IIC),  monmupoBaHHBI
TTA (TputonuiaMuHOM) rpu MaccoBoi nojie aonanta 6—-30%. McxonHsie MmiIeHKH nmoinuMepa
npurotoBiiensl B Jjaboparopun ¢upmel “Eastman Kodak™ (CIIIA) nmo npusATON Tam
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texHonoruu. Crnou nomumepa TommuHon He 6onee 30 MKM HAaHOCHUJIM HA 3TUJICHUPOBAHHYIO
(orobymary. JlanpHeiimas oOpaboTka MJIEHOK W HU3MepeHus npoBeaeHsi B MUOM HUY
BIIID. [Tnenky monumepa otaensyiv ot (oroOymary, rmocjie 4ero u3 Hee Hapesanu o0pa3Libl
nuamerpom 40 MM, Ha KOTOpbIE TEPMUYECKHMM pPACHBIJICHUEM B BaKyyMe€ HaHOCHIIH
3NIEKTPOJIbI U3 AFOMHHMS TOJNILUHON nopsaka 50 HM (auaMeTp 37eKTpoaoB 32 MM).

[IpennokenHas MeToAMKa MO3BOJISIET peanu30BaThb BCE TPU  PA3HOBUAHOCTHU
BPEMSAIPOJIETHOIO JKCIIEPUMEHTA: KJIACCUYECKHM, C TPUIIOBEPXHOCTHOM TIE€HEepauueun
Hocutenen 3apsga (BIIM), ¢ odwemuoit (BIIM-2) u HakoHen, HEQABHO MPEIIOKEHHBIMN,
¢ peryaupyemMou TonmHOM 30HbI reHepauuu (BIIM-1a). Pacuersl TeMneparypHO-10iaeBoi
3aBUCUMOCTH MNOJABM)KHOCTU U YCTOMYMBOCTH TOPU3OHTAIBHOIO IUIATO MPU H3MEHEHUU
3JIEKTPUYECKOTO TOJISl BHIMOJIHEHBI MPUMEHHUTENbHO K MeToaam BIIM u BIIM-1a. U3yuenue
pOJIM TOJMMEPHOI MaTpULbl B (JOPMHUPOBAHUH MEPEXOJHOr0 TOKA, KaK U OMMOJIEKYJISPHOM
pexkomOunanuu B M/JII1, npoBeneHo ¢ ucnons3oBanuem Mmerona BIIM-2. Bo Bcex ciayudasx
JUISL TPEICTABJICHUS KPUBBIX MEPEXOJHOrO0 TOKA HCIOJNB30BAIU  JIOrapu(MUUECKHE
KoopauHathl 1g j-lgf, a Bpems mnposiera ONpenesyid IO IEPECEUYCHUID aCHUMITOT K
JIOTIPOJIETHOM U MOCJIENPOJIETHOM BETBSAM KPHUBBIX.

Ha puc. 2 npeacraBiieHbl KpUBBIE MEPEXOJHOrO0 TOKA, M3MEPEHHbIE B YHCTOM U
nonupoBaHHoM [1C npu o6nydeHrr npsMOyrojibHBIMU UMITYJIbCAMU 3JIEKTPOHOB C SHEpPrUeit
50 k3B mnurensHOCTHIO 20 MKC (AmuTensHOCTH (PpoHTOB HE Oosee 0,5 MKC, MOIIHOCTE JI03BI
o6mnyuenus 3,1x10° I'p/c, nocrosuuas BpeMenn usmepenus RC nopsaka 0,1 Mkc).

B IIC cymectByer 3ameTHas 3aaep:kaHHas cocrapisiomas PO (kpusas [ Ha puc. 2).
[Ipucyrcreue monekyn TTA npaxe B MUHMMaNbHOW KOHUeHTpauuu (6 mac. %) pesko

YMEHBIIAET €€ BENMYHMHY (KpuBas Z), HO YTO XapaKTE€PHO, NMPHU 5TOM CMaJ TOKa pPe3KO

sameusieTcs (CTereHHOH 3akoH craga [0 cMeHsercs Gojee MATKAM t-o.zs)_ Oto0
00CTOATENBCTBO UMEET PEIIAIOIIee 3HAYCHHUE, TTOCKOIbKY B YHCTON MOJIMMEPHON MaTpHIe
MPOJIET ABIPOK C TPYAOM HAGIIOJAETCA TOJABKO B OYEHb CHUIBHBIX Mojsx, 6onpmux 108 B/m
U B TOHKUX (Menblue 12 mxm) mnenkax. [Iponer asipok B [IC+6% TTA nerko nadnronaercs

B nosie 2-107 B/M B TuIeHKaX TOJIIMHON 28 MKM.



Y, OTH. eA.

10°
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1 10 100 1000
Bpems, Mkc

Puc. 2. Kpussie nepexoanoro Toka B yuctom (1) u gonuposannom I1C npu maccoBoit nose

TTA 6% (2), 10% (3) u 30% (4). Dnexrpuueckom nose 2-107 B/m.

[Tepexon k Gonee BbICOKOM crenenu ponuposanus (10 mac. %, kpusas 3 Ha puc. 2)

COMPOBOXKJIACTCS  PE3KUM  POCTOM  3aJICPKAaHHOM  COCTABJISIIOLUEH MW JajJbHEHIIUM

3aMeUICHUEM €€ Craja (t_0'14), YTO NPHUBOJUT K CYIIECTBEHHOMY COKPALICHHUIO BPEMEHH
nponera 10 80 mc B noste 2107 B/m (tonmuna ninenku 20 mxm). B o6pasuax [1C+30% TTA
YK€ MOJIHOCTHIO JIOMMHUPYET 3aJeprkaHHast cocTapiisromas PO (kpusas 4), a npoJieT AbIPOK
peanusyercs npu Bpemenax nopsaaka 100 mxc gaxe B mone 107 B/M npu TonumHe mieHKH
30 mxm. TIK obGnapaer o4yeHb HU3KON paAMAllMOHHOW 3JIEKTPONPOBOJHOCTBIO, OJU3KON K
MHHUMAQJIbHO BO3MOXKHOW B TBepaoi ¢ha3e W OHA HE OKa3biBACT BIIMAHUS HA XOI

BpemsnposieTHbIX KpuBbiX B [1K, nonuposannom /101
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B riaBe 3 BBHINONHEH TEOPETHUUECKUN AHAIM3 MOJIEBOM 3aBUCHMOCTH TOIBHKHOCTH
Hocutenen 3apsaga B MJIII ¢ yueTom HEpaBHOBECHOCTH TPAHCIIOPTA, a TaKkKe OOBEMHOM
pekoMOuHAUU HocuTeled 3apsma. J1s 3TOro MCHojib30BalM  YMCIEHHOE PpELIECHUE
YPaBHEHHWI MOJEJIM MHOTOKPATHOrO 3axBarta ¢ rayccoBbiM (MM3-r) U 3KCIOHEHIIMATIbHBIM
(MM3-3) pacnpenelieHUeM JIOBYLIEK IO JHEPrud MPH COOTBETCTBYIOIIMX HayalbHbBIX
ycinoBusAX (nmpoOsieMa TpaHUYHBIX YCJIOBUM peliaercs B KakKIOM KOHKPETHOM Ciyyae
oraenbHOo). KOHUEnuus TpaHCMOPTHOTO YPOBHS TMO3BOJsAET OOOCHOBAaTH BO3MOXKHOCTH
OMMCaHMsS TPBIKKOBOrO TpaHcmopTta Hocutened 3apsaa B MJIII B pamkax KBa3u30HHOM
MOJEJIM MHOTOKpaTHOro 3axmara. [Ipu mnpoBeaeHMM YMCIEHHBIX PAcyeTOB MapaMeTphl
Mojienied BbIOpaHbl Tak, YTOOBI PAcYETHBIE PE3YJIbTAThl BOCIIPOU3BOAMIM OIYOJIMKOBAHHbIE
nanHeie s mupoko uccneaosannoro MJIIT (30% D1 :1TIK).

[Ipy mnpoBeleHMH YHCIEHHOIO aHAJIW3a MCIOJIB30BAJIM OJHOMEpPHOE OINUCaHHE
KJTACCUYECKOT0 BPEMSMPOJIETHOTO AKCIIEPUMEHTA B PekuMe Manoro curiana. Koopaunara X
OTCUUTHIBAETCA OT 00yuyaeMoro JIeKTPOAA M HAmpaBiieHa BIIyOb MOJMMEPA HOPMAJIBHO K
ero nosepxHoctu. Jlanee, pekomOMHALUMA 3apsA/0B OTCYTCTBYET, @ B YMEPEHHO CHJIBHOM
snektpuueckom mone (>10° B/m) npeneGperaem BKIamoM B PErMCTPUPYEMBIil CHIHAN
1 dy3MOHHONH KOMITOHEHTHI IBIPOYHOTO TOKA.

B 3TOM ciiywyae cuctema ypaBHEHH IPUHUMAET CIEAYIOLIMNA BU!

E
op/ot=(R /1t )M(E)/ M, - vopexp(—ﬁ) (1)
P=P+|pdE (2)
OP/ot+n,FO0R /0x=0 (3)

3nece  P(X,f) —monHas KOHUEHTpauus Jbipok, a B (X, f)—uX KOHUeHTpauus B
NPOBOAALIEM COCTOAHMM C IIOJBHIKHOCTBIO [, ¥ BPEMEHEM JKM3HM [0 3axsara T,.

[InoTHOCTH pacmpeesieH|s: 3aXBayeHHbBIX ABIPOK omuckiBaercs (yHkumen p(Xx, E,f), roe

E> 0-—3neprus nosymek, a M(E) —110THOCTh pacrpe/ieieHus JIOBYIIEK MO HEPTUU TPH

11



MX TONHOW KoHueHTpaumu M ). Yactorheiii QakTop pasen V,. U, Hakonen,

T — temneparypa u Kk — nocrosianas Bonbumana.
Kpome Toro, nauansusie ycnous umeror Bua B (x,0)=P(x,0) =6 5(x), rae d(x)—

nenpTa-QyHkuusa. PaccMoTpeHs! ABa TUIa pacrpeneneHus JOBYLIEK M0 SHEPT U

M(E) = %exp(—El E.) (MM3-3) (4)
M(E) = M, Eexp(—E2 /26°) (MM3-r) (5)
) T

rne E, w o mnapamerpsl pacnpenenenui. Jlna MM3-5 mucnepcHoHHBIH napameTp
o= kT/ E,.

[TnoTHOCTH TOKA paBHA ( € —3JIEMEHTAPHbIN JIEKTPUUECKUI 3apsi)

L

E
J0) = [ deB (x (6

0

Hcnonb3oBanue (opmyssr (6) mo3posser 000HTH HEOOXOAUMOCTh MOCTAHOBKU CTPOTHX
rPAaHUYHBIX YCJIOBMM Ha 3jekTpojax. /Iy YMCIEHHOro pelieHHss CHUCTEeMbl YpaBHEHUM
UCMONB30BAIM  METOJ KOHEUHBIX JJIEMEHTOB, peanu3oBaHHeii B makere COMSOL
Multiphysics, a B cinyuae ypaBHEHUH C OZHOW MPOCTPAHCTBEHHON NMEPEMEHHOW — B sApe
nmakera Matlab. B kauecTBe BBIUMCIMTENBPHOM MAUIMHBI HMCIOIB30BAIM  KJIACTEPHBIH
komnbroTep HUY BILID. Bpems pacuera ogHOro BapuanTa 3aHuMasno B cpeaem 40 MUHYT.

I[J'lﬂ MNOJIY4€HUA MMOJIEBOM 3aBUCUMOCTH MNOJABUXKHOCTHU THIIA Hyna-(DpeHKenﬂ
F/Z -
48 oC exp(B prdp ) IpHA NOCTOAHHOM TEMIICPATYpE HeoOXO0MMO BBECTH COOTBETCTBYIOIILYIO

IOJIEBYIO 3aBUCUMOCTDb YaCTOTHOI'O d)ak"ropa

Vo = Voo CXp(Bpp\/Fo) = Vookpr (7)
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[punsro, uro B,.= 0,39 (B/mxm)2 = 3,9-10 (B/m) 2. Kpome Toro, 6,= 102 m? (pexum
masoro curaana). Bee pacuerst orHocaTes k Temneparype 290 K (k7= 0,025 3B).

B ycnosusix kBazupaBHoBecus 1o 00HbIH BbIOOp o0ecnieuut [1D-3¢dekT ¢ ykazaHHBIM
BBIILE 3HAYEHUEM [}, , MOCKOJIbKY KBa3MPABHOBECHAs MOJABMIKHOCTbH NPONOPLMOHAIBLHA V,,
(ocTanpHBIE TMApaMETpPhl TMPEANONAraloTCs HE3aBUCALMMH OT nois). B cioydae MM3-3
CUTyalMs YCIIOKHAETCA, TaK KakK JUI 9TOr0 TUIIA MOJEIM KBa3UPAaBHOBECHAsS IMOJABUIKHOCTD

HUKOI1a He J0CTHraercs, nockoinbky U —> 0 npu £ —> . Tem He MeHee, U B 9TOM Cliy4ae

MOJKHO OXUJaThb CHJIBHOM IIOJIEBOM 3aBUCMMOCTHU IOJBM)KHOCTH, HO YK€ B pPEKUME
HEPABHOBECHOTO TpaHcropTa. PacueTsl mpoBemeHBl IS TPeX MOAENEH ¢ MapaMeTpaMu,

npuBeAeHHBIMH B Tabnuue 1.

Taomua 1. ITapamerpsl Teopernueckux mozenei (T=290K, Tonmmuna cios 20 Mxm).

Moznesb u, 102, Wy, ©F T,,C o, o
M%/(B ¢)
MM3-1 1 6-10° 3-10°! a=0.5
MM3-2 1 3,1-1012 31071 F=U19598
(a~ 0,5)
MM3-3 0,55 6,2-10" 48107 6= 0123 5B

Ha puc. 3 nosneBbie 3aBUCUMOCTH TNMOABMIKHOCTH mpejcTaBieHbl B [[M-koopauHaTax

lgu—F?, B KOTOpBIX 3aBHCHMOCTB uocexp(BF(')'/z) B 00JIacTH TMOJIeH, NpeBbIMAIOLIUX

1/2

9-10° B/m, cnpamnsiercsa ¢ Haknonom P=dlgp/dF)*. Oanako xak cnemyer u3 puc. 3

3Hauenusa B s Beex kpuBbiX (0,52 mig MM3-3 u 0,7 (B/mMxm) 2 nna MM3-1 u MM3-2)

3HAYMTEIBbHO OOnble MpUHATOrO 3Hauenus f,.= 0,39 (B/mxm) V2. U Tonbko B mpenene

F(; —> 00 3TH 3HAYEHMUS CTPEMATCS K TEOPETUUECKOMY 3HAUEHUIO.

13



3,0-10° 6,0-10° 9,0-10°
(F)'" (B1m)™
Puc. 3. BepxHss nmyHKTHpHas npsiMasi COOTBETCTBYET Teoperndeckoi [1d-3aBucumoctu
noABWKHOCTU.  IIITpUX-MyHKTUpHBIE  JMHUM  JUII  BEPXHMX  KpuBbIX 13
annpOKCUMHUPYIOT PACUYETHYIO IOJIEBYK) 3aBUCHUMOCTb MOJBMKHOCTU 3akOHOM [lyna-

®peHkers.

Teoperuuecknii ananu3 0COOEHHOCTEN TEMMEPATYPHOI 3aBUCUMOCTH TOJIBMIKHOCTHU €
yueroM 3¢ddekra Ilyna-Openkens npoBeneHo i mapamerpoB MM3-r, OIM3KUMH K
takoBeiM B 30% JIOT'IIK: o= 0,13 3B, p,= 4,4107 M¥B c¢), V4= 54-10"° ¢! u

)1/2

T,= 0,25:10" ¢. Kak u panbie, Beanunna f,. passa 3,9-10* (m/B)"%, no Toneko mnpu

KOMHaTHOM Temmnepatype. OOmee Boipaxkenue mid mnocroaHHou [lyna-Openkens B

COOTBETCTBUU C MOACJIBKO AUIIOJIBHOI'O CTECKJIA Bbl6paHO B CJICAYIOLIEM BHUAC
0
Bpr = 078[(1{—;)3’2 - 2}(69 feg)" (8)

3nech O ¢ OHEpPrus  AUIIOJIBHOI'O 6ecnopﬂm<a, OTBETCTBEHHAsA 3a IIPOUCXOKACHHUE

[1d-3¢dexra (oHA COCTABISET YacTh MOJHOW SHEPruM Oecropsaka G), €— 3JieMeHTapHbIi

-1/3
JJIEKTPUYECKHit 3apsan u P = (N,) ", rze N — xonnentpanus Monekyn nomadta. Ilpu

14



NPOBEACHUM PACYeTOB TONIMHA oOpa3ua npuHATa paBHOM 20 MKM, a MOBEPXHOCTHAS
IUIOTHOCTh T€HEPUPOBAHHBIX JBIPOK B TOHKOM MPUIIOBEPXHOCTHOM CJIO€, KaK M TPEKIE,
cocrasyser 102 m2.

Ha puc. 4 INPHUBCACHBI 3aBUCHMOCTH MNMOABUXHOCTH OT TEMIICPATYPbI B KOOPAHHATAX

-2
lgn — T, tummanpIx s MOENH rayccoBa Gecropsaka. AHATH3 THX JAHHBIX MOKA3HIBAET,
uto pacuerneie kpusbie i Fy= 10°, 10° u 10° B/mM X0pomo CrpsMIISIOTCS B yKa3aHHBIX

KOOpAMHATAX.

*

18
(1000/TY, K*

Puc. 4. TemneparypHas 3aBUCUMOCTb NMOABHIKHOCTH HOcUTeNe 3apsaaa. [IlyHKTUpHbIe JTHHUN

COOTBETCTBYIOT TCOpeTPIquKOi/'I 3aBUCUMOCTH C IMOATOHOYHBIM  IMApaMETpPOM GC.r-

Dnextpuueckoe none 10° (1), 106 (2) u 108 B/m (3, 4).

3HaueHus pacueTHOro mapamerpa o,, cocrasisor 0,119 (1), 0,116 (2) u 0,079 3B (3),

2
3aKOHOMEPHO CHIDKAsCh C POCTOM 3jiekTpuueckoro mnoms. Ormerum, uro mpu 1/ 77 — 0

annpOKCUMHUPYIOUIUE NPSAMBIE (HA PUCYHKE JaHbl MTYHKTUPOM) HE CXOASTCS B OJHOU TOUKE.

CrnpsMiIsiomas yHKTHPHAs TIpsiMast uist pacueTHol kpuoii 4 (0= 0,083 5B, F,= 10° B/m u

15



k,.= 40) npusoaut k 3Hauenuio 6= 0,072 3B. [lITpux-nmyHKTHpHas npsmMas NOCTPOEHa /Ul

0= 0,083 3B u coBmemiena ¢ kpusoit 4 npu 7'= 330 K.

Kpusbie Ha puc. 5, nepectpoeHnsie B koopauHartax Igu—1/7, mokaseiBatoT, 4to
Tenepb OHU cxoxarca B oaHoi Touke mpu 1/ T—>0, uro coBMECTHMO C KOHLENMIMEH
KOMITIEHCAIIMOHHOT 0 3(dekTa.

Takum oOpa3om, ydeT nmpeanucaHHO! MOJIEBOM 3aBUCUMOCTU YaCTOTHOro (akropa o
3akonHy I[lyna-®Openkens B yCHOBHUAX HEPABHOBECHOrO TPAHCIOPTA MO3BOJIAECT OOBACHUTH
HaOmonaemoe cHwkeHue 3(P(PeKTUBHON IHepruu Oecropsiaka € POCTOM 3IEKTPUUECKOrO
Nnojsg MNPU COXPAHEHUHM HEU3MEHHBIM MCXOOHOTO SHEPreTHYEeCKOro pacrpeeseHus

IPBIZKKOBBIX LICHTPOB.

w, M7 (B c)
10°
10°
ke, 3
._‘*._--
1 R TN
10 ..'-_~~~*‘- 2
%
*. Tk
10-14 1 *
* e
.
1 = 1
2 4
1000/T, K™

Puc. 5. TemneparypHas 3aBUCHMOCTH MOJABM)KHOCTH HocHTeneil 3apsma (cMm. puc. 4),

nepecTpoeHHas B koopamharax Igpu— 7. Dnektpuueckoe mone 10° (1), 10% (2) u

108 B/m (3).
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Jlng  TeopeTHueckoro - aHaiM3a  YCTOWYMBOCTH  TOPH30OHTAJIBHOTO  IJIATO  HA
BPEMANPOJIETHBIX KPUBBIX BbIOpansl MM3-r u MM3-3 s aByxcnoiHOM mozaenu oOpasua
M/IT ¢ napamerpamu Moaenu (Tabiuua 2), 00ecrneynuBaoMMU MOSBJICHUE TOPU30HTAIBHOIO
IJIaTO HA BPEMSAINPOJIETHBIX KPUBBIX B THIHUYHBIX YCJIOBHAX J1aO0OPAaTOPHOTrO 3KCIEPUMEHTA
(romumua cnos MIAIT L= 20 mxkwm, snekrpuueckoe noine F, = 2:107 B/m, temneparypa
T= 290 K). Tommumsa oO€IHEHHOrO NPHUIIOBEPXHOCTHOrO ciiosg (d) W 30HBI TeHepauuu

HocuTenelt 3apsaaa (1), Tak ke, KaKk U OTHOIIEHUE MUKPOCKONUYECKUX MOABUIKHOCTEN JBIPOK

(MOABMKHBIX HOCHTENEH 3apsana) B o0beme u o6eanenHom cnoe K=, /1y nogoGpansl B
XO#e TpeaBapuTenbHbIX pacueroB. Kospduument f,. npumsar pasueiv 0,39 (mxm/B)Y2,

[Tapamerp £, 3aBUCHMT OT 3JIEKTPUYECKOro mojis u m3Mmenserca or 1,74 (2 B/mxm) 10

248,5 (200 B/ Mxm).

Tabnmna 2. 3HaueHuss MapamMeTpoB MOJENEH, UCTIONb30BAHHBIX MPH MPOBEASHUH PACUETOB

(BpeMANpOJIeTHBIE KPUBBIE B dIeKTpUueckoM nojie 2-107 B/M npakTuuecku coBnanaoT).

[TapameTpsl MM3-r MM3-3
Hy, M*/B ¢ 2:10° 1-10°
Ty, O 1.5-101 3101
o, E, (oB) 0.13 0.033
Vigs € 2.510" 1-106
B o> (MKM/B)2 0.39 0.39
R 15 12
d, MxMm 2.5 2
1, MM 4 3.3

[Tpumeuanue. Tommuuna obpasua L npunsra pasHoi 20 MKM.
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U3 puc. 6 u 7 cnenyer uro BeIOpaHHbIH HAOOp MapamMeTpoB MOJCIH JACHCTBUTEIILHO
rapaHTHPyeT MOABJIECHHWE TOPH3OHTAIBHOTO IIATO B diekTpuueckoM monme 2:107 B/m s
000X BUAOB JIOBYLIEYHOro pacnpenenenus. Oanaxo, ecnu it MM3-3 miato npakTu4ecku
HE U3MEHAET CBOIO (JOpMY MPM U3MEHEHHH JIEKTPHUYECKOTO Mo, TO Ayt MM3-r 310 He Tak:
B CWIBHBIX MOJAX IUIATO MPEBPALLAETCs B HAKIOHHOE IUIEUO, a B CJIA0BIX (OTHOCHTEIBHO
0a30BOro 3Ha4€HMsA) OHO CTAHOBUTCA ropbooolOpasHbIM. B mocnennem ciydae onpeneneHue
BPEMEH MpoJieTa OKa3bIBaeTCsd HEeoAHO3HAuHbIM. OOparuM BHHUMaHHE HA TOT (PakKT, UTO
UCKQXXEHHE IUIATO 3aBHCHUT TOJIBKO OT MPUIIOKEHHOTO 3JIEKTPUYECKOro TMOjs, HO HE OT
KOHKPETHOI'0 3HA4Y€HHUs YacTOTHOro (akTopa (B mape KpuBbIX J U 6 Ha puc. 6 3TO paznuuue

JIOCTUTAET CTa pa3 3a CUET TOro, YTO NpPHU pacuere nocieanei kpusoit yure [1D-3¢ddexr).

J®/7(t)
8

t/t

0
Puc. 6. BpemsnponerHsie kpuBble, paccuutanibie ¢ yuetoM [1D-3¢dexra s aByXcnoiHoi
MOJEIM MHOIOKPAaTHOrO 3axBaTa C SKCIOHEHUHMAJbHBIM PACHpPENC/IEHUEM JIOBYILIEK [0

sHepruu. dnekrpuueckoe noje 2-10° (1), 2:107 (2), 5:107 (3) u 108 B/m (4).
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J07)(t)
%

1,2

t/t

0

Puc. 7. Bpemsanposnernsie KpuBbie, paccuuTanHbie ¢ yueroM (1, 3, 5) u 6e3 yuera [ID-
spdexra (2. 4, 6) and ABYXCIOHHOW MOJENM MHOTOKPaTHOrO 3axBaTa C TrayCCOBBIM

pacnpeiesieHleM JIOBYIEK Mo 3Heprum. Jnekrtpuueckoe mose 2:-10% (1, 2), 2:107 (3, 4) u
2108 B/m (5, 6).

B rinaBse 4 usyueHa OumonekyjisipHas pekomMOuHauus Hocuteneld 3apsaa B MIII c
npenenbHo Hu3kod koHueHtpauued aomanta (10% ADIIIK u 6% TTA:IIC), nanee Ha
NpUMepe NepBoro u3 Hux. [ ananmsa OMMONEKYISIPHON peKOMOMHALIMY B PaMKaX MOJIEIH

P®B paccuuThiBalOTCS KPUBBIE MEPEXOJHOrO TOKA JUIl HECKOJIBKUX 3HAYEHUH CKOPOCTHU

remepanmm Hocutened 3apsna g, (M>c'), KpaTHBIX JECATM M OXBaTHIBAIOIIMX JHANA30H

3HAUEHUH, NMPU KOTOPHIX BIUSHUE PEKOMOMHALMM B MHTEPECYIOLIEH HAc 00JIacTH BpEeMEH
(3aMeTHO MEHBIIMX BPEMEHM NpPOJIeTa) KaK MPAKTUYECKU OTCYTCTBYET, TaK M HAIEIKHO

INPOABIIACTCA. CpaBHeHne TCOPETUYCCKUX M OKCIIEPUMECHTAJIBHBIX KPHBBIX IIO3BOJIACT

onpenenuTh Ko3(puuuenT GuMoneKkyIspHON pekoMOMHaMK K, ¥ c/ienaTh 3aK/II0UEHHE O €€
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MexaHu3Mme. B kauecTBe I'lp06HOI‘0 3HAUYCHUA kr BblﬁpaHO €ro JIaH>KCBCHOBCKOEC 3HAQUCHHUC

er = (e/ €€, )W, , Toe €€, — abcomoTHAsA QUAIEKTpUUecKas npoHuaeMocts mienku M/IIT

Ha puc. 8 npuBeaeHbl OCHOBHBIE 3KCIIEPUMEHTAJIbHBIE PE3YJIbTaThl. TeopeTHYecKHe u
IKCIIEPUMEHTAIbHbI€ KPHUBBIE€ TMEPEXOJAHOr0 TOKA NP MUHHUMAJIbHOM CKOPOCTH OO0BEMHOM
2.0:-108 m3c! 10
resepanuu 2. M°C” COBMEIIATUCH MPU MC U CIYKWJIM ATAJIOHOM CPABHEHHUA IS
OCTaJIbHBIX KPUBBIX. BUIHO, UTO BIMSHME IJIOTHOCTH TOKA 3JIEKTPOHOB (MOILHOCTH J103b1) Ha
B KPUBBIX MEPEXOAHOTO TOKA XOPOIIO MPOCIEKUBAETCA.

Y om'm’

8

10

-3
10 Bpewmsn, ¢

Puc. 8. DkcrnepumeHTanbHbie (CIUIOLIHBIE) M TEOPETUUECKHE (LITPUX-ITyHKTUPHBIE)

kpuBbie nepexoaHoro Toka B 10% JIDI:IIK npu ckopoctu 00BbEeMHOW reHepauuu

8o=310% (1), 3-10% (2), 3-10% (3) n 9-10% M (4).

[IpencraBnsyio MHTEpPEC BBISICHUTH, HE BIMACT JIM KOHILIEHTpPAUUsA JOMaHTa (WiIu
ompenenseMas e apeddoBas MNOABMIKHOCTH JBIPOK) Ha Xapaktep OUMOJIEKYJIAPHOU
pexomOunHanuu. Camkenne BecoBoi nomu momanta 31 or 30% mo 10%, xorma apeiidoas

NOABMYKHOCTB JABIPOK ynana Oosiee yem B 300 pa3, mpakTUYECKH HE CKA3aJioCh HA XapakTepe
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OUMONEKyIApHON pekomOuHaimu. Kak u crenoBano 0kuaaTh, A 9TOrO MPUILIOCH CHU3UTH
mapametp [, MM3-r B 500 pa3 ot 10° go 2:10 m*(B ¢).

[Tokazano, uto OumonekyisipHas pekoMOMHauus W3OBITOYHBIX HOCHTENEH 3apsaa,
reHepUpOBaHHBIX B 00beMe 00pa3ia MOJIEKYIAPHO JOMUPOBAHHOrO mosiukapOoHaTa, Oiu3ka
K KBa3WJIAH)KEBEHOBCKOW Ja)ke MPH MpeoebHo HU3KO0l BecoBO# mone nomnanta (6—10 mac. %),
M MOKeT OBITh YCHEIIHO ONHCAaHA B paMKaX MOJEIM MHOTOKPaTHOrO 3axBaTa MpH
napameTpax MOIENH, ONPeIeIEHHbIX HE3aBUCUMO BPEMSIIPOJIETHBIM METOIOM.

B auccepranmu Takike BBIIIOJIHEH TEOPETHUECKUN aHAIW3 JAHHBIX MO PaJIMALMOHHO-
UMITyJIbCHOM dmekTpornpoBoaHocTu (PUD) I1C B cBEpXCHIIbHBIX JIEKTPUUECKHUX MOJIAX, TAK U
HE TMOJIyYMBIIUX Pa3yMHOro OOBACHEHUsA. YYeT MNPEeANUCAHHON MOJIEBONW 3aBUCUMOCTH
yactotHOoro (akropa no 3akony Ilyna-®penkens B moaenu PD®B mno3Bonser 00BACHHUTH
HA0II01aeMYI0 HETUHEHHYIO 3aBUCUMOCTD 3JIEKTPONPOBOJAHOCTH OT JIEKTPUYECKOrO MO U
OJIHOBPEMEHHO OOBSACHUTH CYLIECTBEHHOE YCKOPEHHME CIaja 3aJep’KaHHOM COCTaBJISAIOLICH
0e3 npuBiieUeHUsA peKOMOMHALMHU, KOTOpas Oblj1a MOJIHOCTHIO YCTPAHEHA.

OcHoOBHBIE BBIBO/IBI.

1 BbisiBIEHO CHJIBHOE BIMSHME HEPABHOBECHOCTH TPAHCIIOPTa HA TEMIEpPaTypHO-
NIOJIEBYIO 3aBUCUMOCTb IMOABUIKHOCTH Hocutener 3apsaa B M/III u ux Oumoneky/spHyIO
pekomOuHauumio.  [IpoBeneHO  YMCIEHHOE  MOJEIMPOBAHME  CWIIBHOIO  BJIMSHUSA
HEPAaBHOBECHOCTH TPAHCIIOPTA C HMCIOJB30BAHUEM MOJEIM MHOIMOKPAaTHOrO 3axBaTa C
MpeANUCaHHOM MOJIEBOI 3aBUCMMOCTHIO YaCTOTHOIO (pakTOpa OT AJEKTPUYECKOrO MOJIs.

2. MeToaom YHMCIEHHOrO0 MOJAETUPOBAHMS MOKA3aHO, YTO HEPABHOBECHOCTH TPAHCIIOPTA
HOCUTEJIeH 3apsijia OKa3bIBAET CUJIbHOE BJIIMSAHHE Ha xapakrep nposieienus 3¢gdexra [lyna-
Openkens B MJII. Tak, npu wuCTUHHOM 3HauyeHMH KoHCTaHTH [lyna-®penkens
0,39 (Mxm/B)"? ee 3nauenue, HaiineHHOe 0OPaGOTKON PACUETHBIX KPUBBIX, 3AMETHO BBHIIIIE,
coctasias 0,52 u gaxe 0,7 (Mkm/B)Y2 qns MM3-r ¢ 6= 0,123 1 0,165 3B cOOTBETCTBEHHO.
[loka3zano, uro mpu omnpexaenenun napamerpa [lyma-Openkens HeOOXOAMMO YUYUTHIBATH
HEPaBHOBECHBIN XapakTep TpaHcnopra Hocurenei 3apsaa B M/II1.

3 YuceHHOE MOJCIMPOBAHKME TMOKa3aio, 4yTo 3((EeKTUBHBIN MapaMeTp G CHHYKAETCS C

yBEIUYCHUEM 3jieKTpudeckoro nojs, cocrapisasa 0,119 (5 B/mxm) u 0,079 3B (100 B/mxm)
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NpU HEM3MEHHOM MCXOJHOM SHEpPreTHUecKoM pacnpeneneHuu joBymek ¢ o= 0,13 3B.
[TonyueHHBIMHE pacueTaMu 0OBICHEHBI UMEIOIINECS KCIIEPUMEHTAIbHBIE JaHHBIE.
4, Y CTaHOBJIEHO, YTO MOCTOSAHCTBO (POPMBI IUIATO MPU U3MEHEHHUH 3JIEKTPUYECKOTO OIS
Ha 2 mopsaka HAOMOZaeTcss TONBKO Ui OSKCIOHEHIMAJBHOrO, HO HE TrayccoBa
pacrnipenesieHus JoByIeK no 3xeprur. [lonodHoe paznuyue MoxkeT ObITh UCIOIB30BAHO TS
g depeHuraluy THIIA SHEPreTHUECKOro pacnpeaeneHus jopyuiek B M/II1.
3 [Toka3zano, uto OuMOEKyasapHas peKoMOuHAIuMsA W30BITOYHBIX HOCUTENEH 3apsaa B
YCJIOBHSIX HEPABHOBECHOT'O TPAHCIIOPTA SBJISETCS KBA3WJIAHKEBEHOBCKOM TP €€ TPAKTOBKE B
pamkax mozaenun P®B, nmaxe B MJIII ¢ npemenbHO HM3KOM KOHUEHTpAalMeW JIOMaHTa
(o 6 mac. %).
6. OKCNEPUMEHTAJIbHO ~ JOKA3aHO, UTO MOHU3AlIMA MOJIMMEPHONM  MaTpullbl B
paiMaliOHHO-UHAYLUMPOBAHHOM METOJ€ HE OKa3bIBaeT 3aMETHOr0 BIIMAHMUA HA TPAHCIOPT
JIBIPOK MO Mojekyynam jaonanta. [loareepkaeHo, 4Tto mpu sHepruu Oecnopsiaka, OobLICiH
0,11 »B, Tpancnopt Hocuteneit 3apsma B MJII1 sBnsiercss HEPaBHOBECHBIM B THITHYHBIX
YCIOBHSX IIPOBEACHUSA BPEMANPOJIETHOro HsKcnepuMeHnrta (temmeparypa 293 K, mnosne
560 B/mkm, Tommuunaa oOpa3nos 10-25 MkM) HECMOTPS Ha TO, YTO HA KPUBBIX MEPEXOAHOTO
TOKa MOKET HAOJII0JaThCSA TOPU30HTAIIBHOE ILIATO.
7 [Ipemioxena momudukamms wmoxaenu PDOB paaumanmoHHOW 37€KTPONPOBOIHOCTH
NOJIMMEPOB IYTEM BBEICHHA B HEe IMOJIEBOM 3aBUCUMOCTH YaCTOTHOrO (hakTopa mo 3aKOHY
[Tyna-®Openkenss ¥ npoaeMOHCTpUpoBaHa 3(P(PEKTUBHOCTH ATOrO IPUEMA HA MPUMEPE
paZiMalMOHHO-UMITYJIbCHOM  JIEKTPONPOBOAHOCTH  MOJIMCTUPOJA B CBEPXCHMIIBHBIX
IEKTPUUECKHUX TOJISAX.
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