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BPHO AHpeKTopa 

<l>H3HKO-TeXHOnomqecKOfO HHCTHTyTa p AH 

0T3biB Be)lymeii opraHH331.1HH 

na AHCcepTa~:mo CeMeHeHKO Bllqecnasa JleoHosHqa 

«Mo,!1enHposamie naHo3neKrpoMexaHHqecKHX AeTeKTopos Teparep~esoro 

H3nyqeHHll», I1pe,!1CTaBneHHYIO Ha COHCKaHHe yqeHOH CTerreHH KaH):(H,[jaTa qm3HKO

MaTeMaTHqecKHX HayK ITO crre~HMbHOCTH 01.04.03- pa,!1HOqlH3HKa 

B ):(HccepTmHH B.J1. CeMerreHKo TeopeTHqecKH HccneAyeTcll HOBhril: THrr 

Bb!COKOTeMrrepaTypHb!X ]:leTeKTOpOB Teparep~eBOro H3nyqeHHll, rrpe,!1CTaBJiliiOIDHX 

co60H MHKpO- H HaH03neKTpOMeXaHH'IeCKHe CHCTeMbl CO CBll3aHHblMH 

MexaHH'IecKHMH H rrna3MeHHbiMH pe3oHaTopaMH. Tipe,11naraeTcll o6mnil: rro,11xoa ,11nll 

MO):(ennpoBaHHll ):(aHHb!X yCTpOHCTB, B qaCTHOCTH, paCCMaTpHBaeTCll BOI1pOC 

B03HHKHOBeHHll B HHX rrapaMerpH'IeCKOH HeyCTOH'IHBOCTH. Bbi6paHHall TeMa 

HCCne,!10BaHHH 6e3yCJIOBHO aKTYMbHa l1 OTHOCHTCll K TaKHM BaJKHb!M HarrpasneHilliM 

Bb!COKOH TeXHOnOfHH KaK: pa3pa60TKa CHCTeM o6pa60TKH CHrH<IJ10B B Teparep~eBOH 

o6nacTH qacTOT, pacmnpeHHe o6nacTn rrpaKTnqecKoro ncrroJib3oBaHHll MHKpo- H 

HaHO:meKTpOMeXaHHqeCKHX CHCTeM, a TaKJKe HOBbiX nepcneKTHBHbiX MaTepHMOB Ha 

OCHOBe yrnep0,11a- rpa<j>eHa H ymepO):(HbiX HaHOTpy60K. 

OJ.\HHM H3 Han6onee sepOliTHbiX rrpHMeHeHHH ]:leTeKTopos paccMarpnsaeMoro 

THITa liBnlleTCll peMH3a~Hll CHCTeM KOMMYHHKa~HH C aBTOHOMHbiMH 3neKTp0HHb!MH 

ycTpOHCTBaMH Manoro pa3Mepa. 3To o6ycnosnerro TeM <j>aKTOM, qTo, HeCMOTpll Ha 

ITOTeHI.\IlMbHO Bb!COKYIO eMKOCTb HH<j>OpMa~HOHHOfO KaHana npH Hecymeil. qaCTOTe 

Teparep~esoro ,11nana3orra, nponycKHall cnoco6HocTb, o6ecneqnsaeMall 

HaHo3neKrpoMexarrHqecKHM AeTeKTopoM, BBHAY AOCTaToqHo 6onbmoro speMeHH 

penaKca~HH MexaHH'IeCKoro pe3oHaTopa, OKa3biBaeTCll rropliAKa l M6HT/c. TeM He 

MeHee, ):(aHHall BeJIHqHHa Ha 3-4 I10pli,!1Ka Bbiiiie, qeM Ta, KOTOpyiO MOJKHO 6b!JIO 6b! 



.li,OCUiqh, YICIIOJih3Y5l .ll,pyriie, aHaJIOfifqHhie ITO q)'BCTBIITeJihHOCTYI II IIIYMOBhiM 

xapaKTepiiCTIIKaM BhiCOKOTeMrrepaTypHbie Teparepu,eBhie MIIKpO.ll,eTeKTOphi. 

TaKIIM o6pa30M, MO)I(HO KOHCTaTH:pOBaTh aKTYaJihHOCTh II rrpaKTifqeCK)'lO 

3HaqifMOCTh TeMhl .li,YICCepTaiJ,IIOHHOH pa60Thi. 

;lJ,IICCepTaiJ,II5I COCTOYIT Yl3 BBe.[(eHII5l, qeTbipex fJiaB, 3aKJIIOqeHII5l II 

rrpiiJI~)I(eHIIH. B rrepsoi1: rnase paccMoTpeHhi Haii6onee qacTo BCTpeqmoiii;H:ec5l B 

peaJihHhiX IIpiiJIO)I(eHII5IX TYIIIhl MIIKpO,n:eTeKTOpOB Teparepu,eBOfO YI3JiyqeHII5l, 

pa6oTaiOIII;IIe rrpii KOMHaTHOH TeMrrepaType. Bhl,n:en5leTc5l TPII KJiacca TaKIIx 

ycTpOHCTB: MY1Kp060JIOMeTphi, .[(YIO.[(hl lliOTTKYI, a TaK)I(e ,n:eTeKTOphl Ha OCHOBe 

rroneBhiX TpaH3IICTopoB. B pe3yJihTaTe rrpose,n:eHHoro o63opa .n:enaeTC5l BhiBO.[( o TOM, 

qTo HYI O.li,Ha Yl3 IIpiiBe.[(eHHhiX CXeM He 06Jia.[l,aeT O.[(HOBpeMeHHO TaKIIMYI 

rrapaMeTpaMII, KaK BhiCOKa5I qyBCTBH:TeJihHOCTh II HYI3KOe BpeM5I peJiaKCaiJ,IIYI, 

KOTOpbie MOfJIYI 6hi o6ecrreqH:Th B03MO)I(HOCTh ee YICIIOJih30BaHH:5l B CYICTeMaX 

KOMMYHIIKaiJ,IIII c 3JieKTpOHHhiMII ycTpoi1:cTBaMII MaJioro pa3Mepa. 

Bo BTOpOH rJiaBe OIIYIChiBaeTC5l CXeMa MY1Kp03JieKTpOMeXaHH:qecKOfO ,n:eTeKTOpa 

.ll,JI5I rrpiieMa Mo,n:yniipoBaHHoro Teparepu,esoro II3JiyqeHII5l, o6'h5ICH5leTC5l rrpiiHu,wrr 

ero pa6oThi, paccqiiThiBaiOTC5l xapaKTepiiCTIIKII, a TaK)I(e <iJopMyniip)'lOTC5l o6III;He 

MeTO.[(hl MO.[(eJIH:pOBaHH:5l ycTpOHCTB II0.[(06HOfO BII.[(a. Ilpii cpaBHeHH:YI MO)I(HO 

ycTaHOBYITh, qTo q)'BCTBIITeJihHOCTh paCCMaTpiiBaeMOfO ycTpOHCTBa COOTBeTCTByeT 

3HaqeHII5IM qyBCTBIITeJihHOCTYI ,n:pyriiX Teparepu,eBhiX .[l,eTeKTOpOB, pa6oTaiOIII;YIX IIpii 

KOMHaTHOH TeMrrepaType. ,l(aJiee B .li,YICCepTaiJ,IIYI IIOKa3hiBaeTC5l, qTo IIpii 

orrpe,n:eJieHHOH MO.[(YI<lJH:KaiJ,IIYI CXeMhl ycTpOHCTBa, MO)I(HO .[(OCTifqh cyiii;eCTBeHHOfO 

yBeJIIfqeHII5l q)'BCTBH:TeJihHOCTYI .[l,eTeKTY1pOBaHH:5l IIpii BpeMeHH: penaKCaiJ,H:YI IIOp5I.li,Ka 

1 o-2 
. MC. TaK)I(e B ,n:aHHOH rnaBe paccMaTpiiBaeTC5I Borrpoc B03HYIKHOBeHYI5I 

rrapaMeTpH:qeCKOH HeyCTOHqifBOCTYI B YICCJie.ll,yeMOM Tillie .ll,eTeKTOpOB Ha OCHOBe 

MIIKpO II HaH03JieKTpOMeXaHH:qecKH:X CYICTeM. PacqeT IIOKa3hiBaeT, qTo BeJIH:qH:Hhl 

IIOpOrOBhiX aMIIJIYITY.[( CYifHaJia BO BCeX paCCMaTpH:BaeMhiX CXeMaX .[(OCTaToqHo 

BeJIIIKYI II COCTaBJI5IIOT OT COThiX .[(OJieH .[(0 O.[(HOfO BOJihTa, TeM He MeHee, OHYI MOryT 

6hiTh' .[(OCTYifHYThi B OT.[(eJihHhiX KOHKpeTHhiX ycTpOHCTBaX IIpii OTHOCH:TeJihHO 

HeBhiCOKOH YIHTeHCYIBHOCTYI BX0.[(5IIII;ero YI3JiyqeHH:5l. 

B TpeTheH rnase orriichmaeTc5l crroco6 Mo,n:eniipoBaHYI5I pacrrpe.n:eneHHhiX 

pe30HaTOpOB rryTeM YIX rrpe,n:CTaBJieHII5l B BII.[I,e 3KBYIBaJieHTHhiX COCpe,n:OTOqeHHhiX 

OCIJ,YIJIJI5ITOpOB. <l>opMaTihHO .[l,aHHa5l rrpou,e,n:ypa IIpOY13BO.li,YITC5l Ha OCHOBaHHH 

pa3JIO)I(eHII5l KOMIIJieKCHOH <iJYHKIJ,YIYI JIH:HeHHOfO OTKJIIIKa paCCMaTpH:BaeMOH 

pe30HaHCHOH CYICTeMhi B p5I.[( JiopaHa 11 IIOCJie.[()'lOIII;ero IIOYICKa <iJyHKIJ,YIYI 

JIOpeHIJ,eBCKOfO BYI.[(~ KOTOpa5I HaH:6onee 6JIII3KO IIO.li,XO.[(YIT K qJieHy pa3JIO)I(eHH5l 

MIIHyc-rrepBOH CTeiieHH:. 0,n:HaKO, KaK OTMeqaeTC5l B .[(YICCepTaiJ,IIYI, CaM rrpou,ecc 



HaXO)l(.ll:eHIUI KOMIIJieKCHOH <)_}yHKIJJUI mmeifHOfO OTKJIHKa cyru:eCTBeHHbiM o6pa30M 

3aBHCHT OT THIIa ypaBHeHHH~ KOTOpbiMH OIIHChiBaiOTC5l KOJie6aHH5I B KOHKpeTHOM 

pe3oHaTope. B rnaBe paccMaTpHBaeTc5l rrpocToil CJiyn:Iail, Kor.na cHcTeMa 

OIIHCbiBaeTC5I 06hiKHOBeHHbiMH .ll:II<}l<)_}epeH~IfaJibHbiMH ypaBHeHH5IMH If 

B036y)l(.ll:aeTC5l JIH60 BCJie.ll:CTBHe rrepeMeHHbiX rpaHWIHbiX ycJIOBHH, JIH60 BHeiiiHHM 

pacrrpe.neneHHhiM B03.neilcTBHeM. IIocne.nHHil CJiyn:Iail .neMOHCTpHpyeTC5l Ha rrpHMepe 

B036y)l(.ll:eHH5I MHKpOKaHTHJieBepa BHeiiiHeif pacrrpe.neJieHHOH CHJIOH, C KOTOpbiM 

peryJI5IpHO IIpHXO.ll:HTC5I CTaJIKHBaTbC5I IIpH MO.nemlpOBamm MHKpO- If 

HaH03JieKTpOMeXaHlfqecKHX ycTpOHCTB. 

B qeTBepToil rnaBe paccMaTpHBaeTC5I Borrpoc Mo.nenHpoBaHH5I IIJia3MeHHhiX 

pe30HaTOpOB. B CJiyn:Iae IIJia3MeHHhiX CHCTeM ypaBHeHH5I KOJie6aHHH IIJIOTHOCTH 

3ap5I.ll:a co.nep)l(aT COCTaBJI5IIOIIJ:JIO, Bbipa)l(eHHJIO lfHTerpaJIOM IIO BCeif o6JiaCTlf 

pe30HaTopa. 3TO o6ycJIOBJIHBaeT cyrn:ecTBeHHOe BJilf5IHHe KpaeBhiX 3<)_}<)_}eKTOB Ha 

peiiieHHe 3a.naqlf .ll:JI5I O.ll:HOMepHbiX If .ll:ByxMepHbiX pe30HaTOpOB, qTo, B qaCTHOCTH, 

MO)l(eT Bblpa)l(aTbC5I B HeTpHBllaJibHOH 3aBHCHMOCTH pe30HaHCHbiX qacTOT CHCTeMbl 

OT ee pa3MepoB. B rJiaBe paccMaTpHBaiOTC5I rrpHMepbi B036y)l(.neHH5I BbiHY)l(.ll:eHHbiX 

KOJie6aHHH B .ll:ByxMepHbiX If O.ll:HOMepHbiX IIJia3MeHHbiX CHCTeMaX, .neJiaiOTC5I 

BbiBO.ll:hl 0 IIpHMeHHMOCTH K .naHHbiM CHCTeMaM IIpH6JIH)l(eHHhiX MO.ll:eJieH, 

II03BOJI5IIOIIJ:HX IIpOBO.ll:lfTb HX aHaJIH3 B aHaJIHTlfqecKOM BH.ll:e, KOTOpbie B 

.ll:aJibHeiliiieM HCIIOJib3JIOTC5I rrpH MO.ll:eJIHpOBaHHlf MO.ll:H<}lH~HpOBaHHOH CXeMbl 

BbiCOKoqyBCTBHTeJibHOfO HaH03JieKTpOMeXaHlfqeCKOfO .neTeKTOpa. 

B II5ITOH rnaBe rrpe.ncTaBJI5leTC5I cxeMa HaH03JieKTpoMexaHuqecKoro .neTeKTopa 

MO.ll:YJIHpOBaHHOfO Teparep~eBOfO H3JiyqeHH5I Ha OCHOBe .ll:Byx rrapaJIJieJihHhiX 

yrnepO.ll:HhiX HaHoTpy6oK c MeTaJIJIHqecKoil rrpoBO.ll:HMOCThiO. B .naHHOM ycTpoilcTBe 

HCKJIIOqeHO HeraTHBHOe BJIH5IHHe KOHTaKTHb~ COIIpOTHBJieHHH Ha KOH~ax 

HaHOTpy6oK, a TaK)l(e rrpe.ll:CTaBJI5IeTC5I CXeMa <)_}opMHpOBaHH5I BhiXO.ll:HOfO CHfHaJia B 

BH.ll:e HaBe.ll:eHHOfO Haiip5I)l(eHH5I. PacqeT rrapaMeTpOB .neTeKTOpa (rrpH KOMHaTHOH 

TeMrrepaType) .naeT qyBCTBHTeJihHOCTh rrop5I.ll:Ka 106 
BIBT, MOIIJ:HOCTh, 

3KBHJ3aJieHTHYIO IIIYMY, ~ 1 o- 12 BT/~r~ H BpeM5I penaKca~HH ~ 10 MKC. ABTOp .nenaeT 

BbiBO.ll:, qTO TaKHe rrapaMeTpbi Bhl.ll:BHfaiOT .neTeKTOpbi paCCMaTpHBaeMOfO THIIa B 

KaqecTBe HaH60Jiee peaJibHbiX KaH.ll:lf.ll:aTOB .ll:Jl5I lfCIIOJib30BaHH5I B ClfCTeMaX 

KOMMYHHKa~HH C 6y.nyiiJ:HMH aBTOHOMHbiMlf 3JieKTpOHHbiMlf ycTpOHCTBaMH MaJIOfO 

pa3Mepa. 

B pe3yJihTaTe aHaJIH3a co.nep)l(aHH5I .ll:HCcepTa~HH MO)l(HO c.nenaTh BhiBO.ll: o TOM, 

qTO B Hell Ha OCHOBaHHH IIOCJie.ll:OBaTeJibHOfO IIO.ll:XO.ll:a IIOJiyn:IeHbl HOBbie, <)_}H3HqeCKH 

3HaqHMhie pe3yJihTaThi, KOTOpbie B p5I.ne CJiyn:IaeB B rrpe.nene H rrpH rrepeceqeHHH 

06JiaCTeif rrapaMeTpOB 3a.naqH rrepeXO.L1:5IT B H3BeCTHbie 3aKOHOMepHOCTlf If 



pe3yJibTaTbl LlpyrrrX aBTOpOB, YeM llO):{TBepiK):{aeTC5! HX ):{OCTOBepHOCTb H 

060CHOBaHHOCTb. 

)J,11ccepTaurr51 rrpowna arrpo6aumo Ha p5!Lle rrpe):{CTaBI1TeJibHbiX Hay'!HbiX 

KOH<jJepeHU11H, 6biJia ):{OJIOiKeHa Ha HayciHb!X CeMI1Hapax, KaK B PocCHI1, TaK 11 3a 

py6eiKOM. 

BMeCTe C TeM, CJie):{yeT OTMeTI1Tb HeKOTOpb!e 3aMe'!aH115! B OTHOWeHI1H 

rrpe):{cTaBneHHOH pa6oTbr: 

I. Tip11 pac'leTe ):{06poTHOCTI1 3neKTpoMexaHI1YecKoro pe3oHaTopa Ha ocHoBe 

MeTaJIJII1YeCKOH O):{HOCTeHHOH yrnepO):{HOH HaHOTpy6KI1 aBTOp He YYHTbiBaeT 

KOHTaKTHOe COI1pOTI1BJieHI1e. 

2. Bbr6op ypaBHeHI1H ):{Jl5! Ol111CaHI15! ITJia3MeHHbiX KOJie6mmfi B MeTaJIJll1'!eCKHX 

HaHOTpyOKaX C JIHHeHHbiM 3aKOHOM ):{11C!lepc1111 HOCHTenefi Tpe6yeT, Ha HaW 

B3fJI5!):{, 6onee o6CT05!TeJibH010 OOOCHOBaHI15!. 

3. )J,JI5! rrpaKTI1YecKoro rrprrMeHeHI15! rrpewraraeMbiX yCTpoficTB uenecoo6pa3HO 

6brno 6hi paccMoTpeTb sorrpoc He;u6eiKHoro TeXHo.rromYeCKoro pa36poca 

napaMeTpOB 11 B03'-'!0)KHOCTI1 HaCTpOHKH. 

Y Ka3aHHbie 3aMeYaHI15! He CHHiKa!OT o6urefi UeHHOCTl1 /1HCcepTaUHOHHOH 

pa60Tb! 11 He BJIH5!IOT Ha OCHOBHble ee pe3yJibTaTbl. 

Bcero rro pe3y.rrhTaTaM ):{HCcepTaUH11 orry6nHKOBaHo 14 rreYaTHbiX pa6oT B 

Be):{)'Ili,HX Ha)'YHO-TeXImYeCKI1X OTeYeCTBeHHblX ll :IIeiK.:J)'HapO.'!Hb!X l13):{aHl15!X, H3 

HHX 6 B c6opwiKax TPYLlOB MeiKilYHapOilHbiX KoH<jJepeHUI1H. TaKiKe B paMKax 

pa6oTbr HaL{ ):{11ccepTaU11ei1 ee aBTopoM 6brno pa3pa6oTaHo nporpaMMHoe 

o6ecrreYeHI1e (cBl1):{eTenhcTBO N2 2012616595, 3apemCTp11poBaHo B PeeCTpe 

nporpaMM 23.07.2012 r.). 

ABTOpe<jJepm rrpaBI1JlbHO 11 IJO,lHO OTpaiKaeT COi\ep)!(aH!le .:mccepTaUH11. 

MaTep11an ):{11CcepTaU1111 113JimKeH JromYeCKI1 Bb!BepeHo, ):{OXO):{Yl1BO, pe3ynbTaTaM 

LJaHa aJ)eKBaTHa5! (p11311YecKa5! HHTeprrpeTaU115!, MaTeMaTI1YeCI<I1e MeTOJjbl H 

IlOJ)XOLJbl OOOCHOBaHbl H Bep11<jJ11U11pOB8Hbl. )J,HCCepTaHT IIp05!BHJI Ce65! KaK 

CJIOiKI1BWHHC5! ycreHb!H, cnoco6Hbli1 pemaTb 11 CTaBI1Tb CJIOiKHbJe <jJI13HKO

MaTeMaTI1YeCK11e rrpo6neMbi Ha cospeMeHno~o.r HayYHOM yposHe. 

Pe3yJibTaTbl ):{11CcepTaUH11 MOryT 6biTb HCI10Jlb30BaHbl B 11HCTI1TyTaX 

Pocc11i1cr<ai1 aKaJ)eMI111 HayK cDT11AH, cDT11 11M. 11o<jJ<jJe, 11cDTI CO PAH, B 

Hccnei\OBaTe.%CK11X YHI1Bepc11TeTax MfY 11M. J1oMouocosa, McDT11, M113T, 



MH<l>Ii!, AKa]:(cMIP-!ecKHH yrmsepcHTeT, a TaKJKe B n:pymx ycrpeJK,1CHH51X, 

3aHHMa!OII(llMHCll rrpo6JieMaMH C03J:(aHH51 H BHCJJ:pCHH51 HCTO'fHHKOB H HpHCMHHKOB 

Teparepuosoro H3nycreHHll. 

Pe3yJihTaThi .n:HccepTaUHOHHOH pa6oThi 6hJJIH paccMoTpeHhi Ha HaycrHoM 

CCMHHape <l>Tl1AH «flepCITCKTIIBHh!C TCXHOJIOr!UI II YCTPOHCTBa MIIKpo- II 

HaH0:3JICKTpOHHKH» 14 anpelll! 20 15r., a HaCTOll!.UHH OT3h!B 6b!Jl o.uo6peH Ha 

3ace.n:aHIIH YcreHoro coseTa <l>Tl1AH 28 anpeJ!l! 2015r., npoTOKOJI N2 5-15. 

ITpe.n:cTasneHHal! pa6oTa y.n:osneTBOpl!eT seeM TPe6osaHIIl!M BAK P<l>, 

npeJJ:ol!BJll!CMblM K J:(IICCepTaUHl!M Ha COHCKaHHC ycreHOH CTCITCHH KaHJ:(H)laTa 

<\JH3HKo-MaTeMaTIIqecKHX uayK, a ee aBTop, CeMeHeHKO BHcrecnas J1eoHOBH'f, 

3aCJIYJKHBaCT npHCBOCHllll y<IcHOH CTCITCHH KaHJJ:IIJ:(aTa tjJH3llKO-MaTeMaTH'fCCKllX 

HayK ITO CIICI(llaJibHOCTII 01.04.03- pa.D:IIOtjJH3HKa. 
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