
OT3hiB O(J>ID.J;HA.JihHOrO OITIIOHEHTA 

K. ¢.-M. H. )l{ypaarresa MaKcHMa Ifu:KorraeBH'Ia 

Ha ,n;HccepTanruo CeMeHeHKO BHIJecrraaa JieoHOBH'Ia 

«Mo,D.errHposmae HaH03JICK11JOMeXaHJi{qeCKHX ,D.eTeKTopoB TeparepneBoro InrryqeHmi>>, 

rrpe,D.CTaBJieiiHOH K 3all(llTe Ha COHCKaHHe yqeHOH CTCIIeHH KaH,li.H,D.aTa tPH3HKO-MaTeMaTH'ICCKHX 

HaJK IIO CIIeD;HaJibHOCTH 01.04. 03 - pa,n;Hot]_)H3HKa 

,l(HccepT<mHOHHM pa6oTa CeMeHeHKo B. n. IIOCBm:IJ;eHa pa3BHTM.I:O MeTO,li.OB 

MaTeMaTH'ICCKOfO MO,D.errHpOBaHH.si pa60Tbi MHKp03JICK11JOMCXaHH'IeCKHX ,D.eTeKTOpOB 

' TeparepD;OBOfO ,li.Haiia30Ha .H H3y'IeHHIO oco6eHHOCTeH KOJie6aHHH 3JieKTpOHHOH IIJia3Mbi IIpH 

B03,D.eHcTBHH BbiCOKO'IaCTOTHoro 3Jiei<11JOMarHHTHoro H3nyqemrn. IIepexo,11. B o6rracTb 

cy6TeparepO:OBbiX H Teparepi(OBbiX qaCTOT OTKpbiBaeT HOBbie B03MO:>I<HOCTH B HHt]_)OpMaTHKe, 

CHCTeMaX CB.si3H, pa,D.HOBH,D.eHHH H HHTepCKOIIHH, MOJieKyJI.sipHOH CIICKTIJOCKOIIHH, acTpOc}lH3HKe, 

,MC,lJ.HI(HHe, 6ROJIOraH H ,D.pyrMX o5rraCT.siX Hayt<H H TeXHHKH. MHorHe BH3YaJibHO Herrpo3paqHbie 

.HeMeTaJIJIH'ICCI<He MaTepMallbi qacTM~O IIpOIIyCKaiOT HJIH IIOKa3bmaiOT MOJICKYIDipHbrH 

pe30HaHC B Teparepl(OBOM ,[(HaTia30He. B qaCTHOCTH, BO,[(.s!HOH nap H ,n:pyrMe MeJIKHe IIOJI.sipHbiC 

MOJieKyJibi HMCIOT CHJibHOe Bpaii(aTeJibHOe IIOfJIOID;eHHe Ha TeparepD;OB.biX 'IaCTOTaX. TaK I<aK 

Teparepu;oBbe H3JiyqeHHe He HeceT B ce6e TaKyiO yrpo3y 3.D:OpOBbiO H 6e3orracHOCTH, Kar< 

HOHH3Hpyrom;ee H3JiyqeHMe (~0 .siBJI.siCTC.si IIp06JieMOH peHTreHOBCKOH BH3YaJIH3a_uMH), OHO 

MQ)I<CT HCIIOJib30BaThC.si B HCHHBa3HBHOH TOMOrpat]_)HH HJIH CIIeK11JOCKOIIHqecKOH 

'xapatcrepH3anHH 6:aonornqecKMX MaTepHarros. .l(o HacTOam;ero BpeMeHH B Pocci:II:I H 3a 

py6e:>I<OM He pemeHa rrpo6rreMa C03,11.aHI:Ia Ha,z:{e)!(HbiX H KOMIIaKTHhiX ycTpoifcTB c xopomeif 

qyBCTBHTeJibHOCThiO H BbiCOKOH 3JICK1'pOMarHHTHOH 3t]_)t]_)eKTHBHOCTbiO ,I:(JI.si ,[(eTei<TI:IpOBaHH.si B 

T!:o: ,n:HarraJdHe 13 mnpoKOH rronoce qacTOT. TaKHM o6pasoM, TeMa ,[(I:IccepTau;noHHoro 

HCCJie,[(OBaHR.si .siBJI.sieTO.si aKTYaJil>HOH. 

,l(MCCepTa_nHOHHa.si pa6oTa COCTOI:IT H3 BBe,D.eHI:UI, ll.siTH rrraB, 3aKJIIO'ICHH.si, IDITH 

npHJIOJKeHHH I:I CIII:ICKa HCIIOJib30BaHHbiX HCTOlffiHKOB. 

fiepBaSI I'JiaBa ,I:(HCCepTa_ni:IJil IIOCB.siiD;CHa 063opy MCTO,[(OB MaTeMaTM'ICCKOrO 

MO,I:(CJII:IpOBaHH.si cym;eCTBYIOID;HX CXeM ,[(CTCKTHpOBaffiUI Teparepi(OBOfO H3JiyqeHH.si: 

6oJIOMeTpbi, ,[(HO,[(bi IliOTTI<I:I, IIOJICBbie TpaH3HCTOpbl C BbiCOKOH IIO,[(BH2KHOCTbiO 3JieK11JOHHOB. 

Truoi<e o6cyiK,[(aiOTC.si peaJIH3YCMbiC Ha Tei<JmHH MOMCHT rrapaMeTpbi ,[(eTCI<TOpOB 

Teparepu;oBoro I:I3JJyqeHHa 

Bo BTopoii rJiaBe paccMorpemr cxeMI>r MHKp03JICKTIJOMexamP:.reci<oro ,n:eTeKTopa 

MO.D:YJII:IpOBaHHOfO Teparepn:eBOfO H3JI)rqeHH.si Ha OCHOBC IIOJICBOfO TpaH3HCTOpa C BbiCOKOH . 
no,n:BHJKHOCTF:.IO 3JICK11JOHOB. IIonyqeHo . aHaJIJiiTJilqecr<oe BbrpaJKeHHe .nm on:eHI<H 
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· tJYBCTBiiTeJThHOCTH .n;e:reK:ropa H. H3ytieHbl YCJIOBH51 B03HHKHOBeHIDI rrapaMe:rpWieCI<OH 

Heyc:rOHIJHBOCTH. 

TpeTLSI rJiaBa ITOCB}lmeHa l}?opMyJIHpOBaHHIO 061.IIID{ IT.PHHUHITOB MO.I(eJI.RpOBaiiH51 

M.RKpo::meKTpoMexaHHqeciGiX .n;e:reK:ropoa :reparepueaoro H3JiyqeHH.si. IloKa3aHo, q:ro .n;aHHDre 

, yc:rpOHCTBa M02I<HO npe.n;CTaBHTb B B.RJJ;e CB513aHHbiX .n;pyr C ,npyroM MeXaHWieCI<OfO H 

rrJia3MeHHoro pe3oaa:ropoa. Ilp:a Bo36y~eHH:H BbiCOKoqac:roTHoro rrJia3MeHHoro pe3oHa:ropa 

MO.D;yJI.RpOBaHHbiM C.RrHaJIOM, B036)')I<.ZJ;aiOTC51 KOJie6aHIDI HH3KoqaCTOTHOfO MeXaiiH'IeCI<OfO 

pe3ona:ropa, I<o:rop:r:.Ie B caoiO oqepe,D;D npeo6pa3YIQTC51 B BhiXOJJ;HOH carHan .n;e:reK:ropa. 

PaccMo:rpea cnoco6 MO,D;eJIHpoBaHIDI .n;e:reK:ropa nocpe.n;c:rBOM cae.n;eHIDI o6mrx 

pacnpe.n;eneHH:OIX pe30HaTOpOB K 3KBHBaJieHTHbiM COCpe.I(OTO'IeHHhiM OCUHJIJI5ITOpaM, 

YCTaHOBJieHIDI THITOB CB513H Me.D;y HHMH, a TaiOKe xapaK:repH3YIQIUHX HX KOHCTaHT. 

· 06cyii<:.n;aro:rcH .n;Ba aap:aaH:ra B036yJK.[(eHIDI pe3oHa:ropa. Ilepahl:H - B036yJK.[(eHHe 3a cqe:r 

nepeMeHHbiX rpaHH'!HbiX ycJIOBHH. B:ropoH - B036yJK.[(eH.Re BHeiiiHHM 3aBHC5IID:eM OT BpeMeHH 

B03.I(eHCTBHeM (pacnpe.n;eneHHOH CHJIOH). 

B 'le:rsep:roii rJiaBe aa npHMepe HEMT c I(HJIHH.n;pMecKH:M 3aTBOpHbiM 3JieK:rpo.n;oM a 

,(KBa3H)O,D;HOMepHOfO pe30Ha:ropa Ha OCHOBe O,D;HOCTeHHOH yrnepO,D;HOH HaHO:rpy6KH peiiieHa 

. 3a,D;a'!a CBe,D;eHH51 ITJia3MeHHbiX pe30Ha:ropoB, BXO,zvrmHX B HCCJie.D;yeMble yc:rpOHCTBa, K 

COCpe.n;OTO'IeHHhiM OCI(HJIJI5ITOpaM. ,L(JI.si HaxO)K,D;eHIDI KOMTIJieKCHOH I}?YffKI(HH JIHHeHHOfO 

OTKJI.RKa ycneiiiHO IIpHMeH5IeTCJf MeTO.I( fa.rrepKH:Ha C HCIIOJTh30BaHHeM :rparOHOMeTpaqeCKHX 

6a3HCHhiX I}?YffKUHH. llccne.n;ye:rc.si B03M02I<HOCTb HCIIOJih30BaHH51 MeHee 6onee rrpOCTbiX 

rrp.R6JIH)Kenn:r:.rx aHan.R:raqecmx Mo.n;eneii .n;mr onacaHIDI Kone6aHaii B pe3oaa:ropax c nenhro 

YMeHl>IIIeHIDI TpY,UOeMKOCTH H BpeMeHH pacqe:ra Ha KOMTibiOTepe xapaKTepHCTHK yc:rpOHCTB Ha 

HX OCHOBe. 

B mnoii rJiaBe npe.n;c:raaJI5Ie:rc.si cxeMa BbiCOKoqyac:rBHTeJIE>Horo .n;e:reK:ropa 

Mo.n;ynHpOBaHHoro :reparepneaoro H3JiyqeHIDI Ha ocHoBe .D;Byx rrapa.rrneJThHE>IX yrnepo,D;HhiX 

HaHo:rpy6oK. HcrroJII>3Y51 pa3BHThiR B .n;accep:ranaoHHOM accne.n;oBaHHH :reope:rH'IecKaii rro.n;xo.n;, 

pacctJa:r:r:.maro:rc.si xapaK:repHCTHKH .n;e:reK:ropa. Ha ocHoBe rrpaBe.n;eHHhiX aHaJIHTH'!eCKHX 

oueHOK c.n;erraHo 3aKJIIOqeHHe, q:ro no tJYBCTBHTeJThHOCTH .R MOIUHOCT.R, 3KB.RBa.JieH:rao:H IIIYMY 

.I(aHHOe yc:rpOHCTBO COOTBeTCTBye:r HaHJiyqiiiHM MHKp060JIOMe:rpaM, a ero BpeM.si penaKCaUHH 

rrpH 3TOM aa 3-4 rropR.n;Ka MeHDIIIe, qeM y Mm<po6onoMe:rpoa H coc:rasmre:r -10 MKC, q:ro MO)KeT 

o6ecrrerrn:r:r, npneMJieMyiO CKOpOCTh nepe.n;arrn .I(aHHbiX B KOMMYffHKauHOHHhiX IIpHJIO)l(eH.R.siX. 

B 3aKJIIO'leuuu c<f?OPMYnHPOBaHbi ocHOBHhie pe3yni>:ra:rDI, nonyqeHHhie B pa6o:re. 

Hau6oJiee sa~LIMH HQBLIMH pe3yJILTaTaMH, rronyqeHHhiMH as:ropoM, 

npe.n;c:raamno:rcR cne.n:YIQrn:He: 
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1. CcpopMyrrnpoB.aHbi o6m;ne npHHI(Hil&I Mo.n;errnpoBaHH.si H pacqem xapaKTepncnrn: 

MHKp03JieKTpOMeXaHHt!eCKHX J(eTeKTOpOB MOJJ:YITHpOBaHHOfO Teparepi(OBOfO H3JIYtJeHH.si 

2. C¢opMyiTHpOBaHbi ycrro;sH.si B03HHKHOBeHH.si napaMerpnt!ecKoii HeycToiitJHBOCTH B 

MHKpo:meKTpOMeXaHHt!eCKOH CHCTeMe, COCTOID!leii H3 TpaH3HCTOpa C B:biCOKOH IIOJ(BH)KHOCTbiO 

3JieKTpOHOB, CHa6)JCeHH0fO IIOJ(BIDKHbiM yrrpyrHM 3aTBOpOM B BHJ(e MHKpOHaHOKaHTI:IJieBepa 

( CB.H3aHH:Oie JJ:pyr C JJ:PYfOM MCXaHHtJeCKHif: H IIJia3MeHH:OJii pe30HaTOp:bi) 

3. B paMKax rrnHeiiHoii rn;upoJJ:HHaMHtJecKoH: Mo,n;eJIH pemeHa 3a,n:aqa o rrrra3MeHHI>IX 

Korre6aHH5IX JJ:BJMepHoro 3JieKTpOHHOro raJa B Kaaarre rrorresoro rpaH3HCTopa c 

I(HJIHH)J;pHt!eCKHM 3aTBOpH:biM 3JieKTpOJ(OM 

14. PemeHa 3a,r:J;a1Ja 0 B036y)!{):J;eHHH IIJia3MeHH:OIX KOJie6aHHii B CHCTeMe H3 JJ:Byx rraparrrreJibH:OIX 

· 3JieKTpHtieCKH CB.si3aHHbiX H KOHCOJibHO 3aKperrrreHHbiX OJ(HOCJIOHH:OIX yrrrepOJ(H:biX HaHOrpy6oK 

ITo JJ:HccepTai(HH HMeeTcx PM 3aMe'laHHii: 

1. HarrHlJHe IIOCTO.HHHOfO HaiipiDKeHH.H B paCCMarpRBaeM:biX B J(HCCepTai(HH CXeMax 

J(eTeKTRpOBaHU.si IIpHBOJ(}!T K Ii3MeHeHHIO KOHI(eHrpai(HH 3JieKTpOHOB IIpOBOJ(HMOCTH B 

, IIJia3MeHH:OIX pe30HaTOpax. ABTOpOM He paCCMOTpeH BOIIpOC BJIH.siHH.si BeJIH'IHHbl J(aHHOfO 

QlaKTOpa Ha TaKne XapaKTepHCTHKH J(eTeKTOpa, KaK C06CTBeHHM 'IaCTOTa KOJie6aHHH B ero 

IIJia3MeHHOM pe30HaTOpe, a TaiOKe Ha K03Ql<J?HI(HeHT, BblpiDKaiOIIJ;HH co6oii H3MeHeHHe 3TOH 

tJaCTOT:OI B 3aBHCHMOCTH OT JJ:e<J?opMai(HH MeXaHHtJeCKH KOJie6JIIOIIJ;HXC.H 3JieMeHTOB ycTpOHCTBa. 

2. B CXeMe J(eTeKTOpa Ha pHC. 21 (cTp. 79) IIOKa3aHO, 'ITO B:OIXOJ(HOH CHfHaJI CHHMaeTC.si C 

KOHI(OB yrnepO)J;HbiX HaHorpy6oK. 0.n;HaKO, IIpH pemeHHH ypaBHeHHii (185), OIIHCbiBaiOIIJ;HX 

.n;HHaMHKY 3JieKTpOHHOH IIJia3Mbl, aBTOp c~rnTaeT TOKli Ha KOHI(ax HaHOrpy6oK paBHbiMH HYJIIO 

'(rpaHHlJH:Oie ycJIOBH.H (186)). B TeKCTe J(HCCepTai(IiH He IIpHBeJ(eHa OI(eHKa BJIHmiiDI Ha 

XapaK.TepHCTHiill J(eTeKTHpOBaHH.H HaJIHlJH.H B:OICOKO'IaCTOTHbiX TOKOB qepe3 KOHTaKT Me:>I<.IJY 

HaHOTpy6KaMH H COeJ(HH.HIOIIJ;HMHC.si C HHMH MeTaJIJIHt!eCKHMH 3JieKTpOJ(aMH. 

3. ABTop BbiHOCHT 3a paMKH CBOero J(HCCepTanHOHHOfO HCCJieJ(OBaHH5I BOllpOC J(aJII>Heiimero 

:rrpeo6pa30BaHH.H, ycnneHH.H H nepeJJ:a'IH B:OIXOJJ:Horo CHrHarra rrpe,ll.llaraeMoro HM 

.n;eTeKTHpYJOm;ero 3.JJeMeHTa BHJTPH ycrpo:iicTBa. cy6MHJIJIHMerposoro pa3Mepa, Ha KOTop:orn 

J(erraeTc.si oco6:orn aKI(eHT rrpa o6ocHOBaHHH ai<Tyarr:oHOCTH 3am;nm;aeMoH: TeM:oi. TaKHM 

o6pa30M, BBHJJ:Y Ot!eH:O MaJIOH B:OIXOJ(HOH 3JieKrpHt!eCKOH eMKOCTH rrpe,ll.llaraeMOfO J(eTeKTOpa, 

rrapaMerp:oi JJ:eTeKTHpOBaHH.si (B rrepBYJO oqepeJJ::o myM B:OIXOJ(HOfO CHfHaJia H 

qyBCTBHTerr:oHoCT:o) caraarra nocrre nepBoro )Ke KacKa,n:a ycarreHH.H Moryr cym;ecTBeHH:OIM 

o6pa30M OTJIHt!aT:OC.si OT TeX, 1JTO 3a5IBJieHI>I B J(HCCepTai(HH. 

4. B n:erroM J(HccepTanH.si HanHcaHa xopomRM Hayqm,IX .si3:0IKOM a aKKypaTHO o<J?opMrrena. 

0J(HaKO, B TeKCTe BCrpet!aiOTC.si OIIetiaTKH, a TaiOKe aHrJIHHCKHe 0603HatJeHH.H eJ(HHHI( 

H3MepeHH.si. 

3 



C.nemtHHble 3aMeqamnr He CHM)!(aJOT HayqHoll: ueHHOCTM ll o6meH: BhlCOKOH Ol(eHKll 

.nwccepTal(HOHHOR pa6oTbi. ,I(nccepTal(MJI CeMeHeHKO B. Jl JIBJIJieTcJI 3aKOHqeHHhiM HayqHhlM 

Tpy.noM, BhmorrHeHHb!M Ha Bb!COKOM HayqHoM yposHe. Pe3yJII>TaTbi rrpose.neHHbrx asTopoM 

llCCJie,!IOBaHHH JIBJUUOTCJI HOBbiMM M npe,!ICTaBJIHIOT 3HaqnTeJibHbiR MHTepec KaK B HayqHQM 

OTHOIIIeHHM, TaK n c npaKTMqecKoli TO~M 3peHHJI. OcHOBHhre pe3yJihTaTI,I .naccepTauamiHoro 

HCCJie,!IOBaHHJI csoespeMermo ony6JIMKOBaHbl B peueH3HpyeMhrx poccal!cKMX, 

peKoMeH,!IOBaHHhlX BAK, M Me)!(.!lyHapO,!IHbiX HayqHI>rx ll<ypHarrax, Heo.nHoKpaTHo 

,!IOKJial(biDaJIMCh HB pOCCMHCKMX M Me)!(.!lyHBpO,!IHhlX KOHijlepeHl(HJIX. AsTopeljlepaT ,!IHCCepTal(MPl 

npBBHJihHO orp~aeT ee co.nepll<aHMe. 

,I(nccepTal(HOHHaJI pa6oTa CeMeHeHKO B. JI. rroJIHOCThlO y.nosrrersopJieT seeM 

Tpe6osaHMJIM BAK, rrpe.nbJIBJIJieMhiM K KaH.!IM.!IaTCKHM .nnccepTal(HJIM, a ee asTop, 3acrry)!(HBaeT 

rrpacy)!(.!leHHJI eMy yqeHOR CTeiTeHn KaH,!IH,!IaTa ljlM3HKO-MaTeMaTMqecKMX HaYK IIO 

CIIel(MaJibHOCTII 01.04.03- pa.nnoljlH3MKa. 

O!)JnuHaJibHhlli orrrroHeHT, 

,I(oueHT Kacpe,!lpbl KBaHTOBOR ljlH3HKllll HaH03JieKTpOHHKH 

cpaKyJihTeTa 3JieKTpOHHKllll KOMIIblOTepHbiX TeXHOJIOrMH MJ.J:::JT, 

KaH,!IM,!IaT cpll3.-MaT. HaYK, 

ITo.nrracb M.H. )!{ypasrresa y.noCTosepHIO. 

Ha'!arrbHllK OK MI13T 

CBC){CHHH 06 OI!IHUHaJihHOM OIIIIOHCHTC 

<D I1 0: )!{ ypasrres MaKcnM HnKorraesnq 

Y'!eHaJI CTeneHb: KaH.!IH.!IaT cpH3HKo-MaTeMaTH'!ecKHX HBYK 

CneunaJibHOCTb: 01.04.10- cpn3HKa uorryrrposo,!(HHKOB 

! M. H. )!{ypasrres! 

12.05.2015 

! C.B. 3a6o:roTHhiR I 

IJoqTOBhlli anpec: 124498, r. MocKsa, r. 3erreHorpa.n, nrromanh IlloKHHa, ,!(OM 1 

TerredJOH: (499) 710-86-65 

Azmec 3JieKTpoHHoli no'!Tu: maxim@org.miet.ru 

HaaMeHoBaHne opraHH3a!JHH: ,Pe.nepaJibHOe rocy.napCTBeHHoe BBTOHOMHOe o6pa3oBaTeJibHoe 

yqpe)!(.!leHne BbiCIIIero o6pa30BaHHJI «Hal(HOHaJibHbiR HCCJie):IOBaTeJibCKMH YJIHBepCMTeT 

((MocKOBCKHli HHCTIITYT 3JieKTpOHHOH TeXHHKH» 

l!OJI)!(HOCTb: .liOUeHT Kacpe):lpbl KBBHTOBOH cpll3HKH H HaH03JieKTpOHHKH 
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