
OT3hIB

<<Tnep4oreJrbHbre

pa6oraroque B

o SuqnairHero onnoneHr a Ha Aucceprallulo C aQpononofi Enesrt C epreenuu

KBaHTpoHbI c AnoAnofi uarcaqrofi 6luxnero I4K-Auaua3oHa,

[urpoKoM TeMIIepaTypHoM AHarIa3oHe 6es arrunnofi cucTeMbl

reprraocra6urrr43alglz,'vlL, flpeAcraBneuHyrc Ha coucKarrue yreHofr creneHrl KaHAuAara

Quruxo-uareMarrdqecKlrx HayK ro cnequalrbHocrl{ 0I.04.21- <Jla:epnax $usuxa>>

HauoceryHAHbre rBepAoreJrbHbre Jr€Bepbr. 6ruxnero nn$parpacHoro lil<-

nasepuOfi AuoAnofi HaKa.rxofi HaXoA.nT Bce $oluue upuuenenufi B

p€tsnr{rruoro Ha3HaqeHufl. CyrUeCrnyloIque KBaHTpOHbI UMeIOT

)KlrAKocrHoe oxJrDKAeHLre Kpucr€lJrJra H Marpnq. Ycrpoficrna, pa6oraroqlle B pexs.IMe

oAr4HorrHbrx BbrcrpeJroB ulrvr c olpeAeJlennofi .Iactorofi noBTopeHlit B TeqeHve

HelpoAoJDKuTeJrbHoro BpeMeHr4, 3a KoTopoe He ycIIeBaeT IIpoucxoALITb [epelpeB,

rro3BoJrrror r,rs6exarb upI{MeH ennfl, )KLIAKocTHoro oXJIa)K AeHvfl.

CuequQura r{crroJrb3oBaHnfl Jra3epHblx reHeparopoB Bo nHena6oparopHbrx

ycJroBrrflx naxlaAunaer rpe6oBaHr4e ua pa6orocnoco6nocrb I43JIfIarcIrIHX cl4creM B

rxrapoKoM reMneparypHoM Ar{ara3oHe nop.lAra 100 "C. A ycnou4e olpaHl,trlenHoro

3neKTponorpe6leur{rr r,rcKJrroqaror Bo3Mox(Hocrb aKTI4sHofi TepMocra6unuza\uu.

Ha ceroAnsuHufi MoMeHT He cylqecrByer KBaHTpoHoB

paooraroqr{x B .ulaarl€tgoHe or - 50 Ao + 50 oC 6es

repuo cra6 krrru3arpr4r4 p a6 oraro ulr4x B p e xLIM e M rH o B eHH o fi roro sH o crkI.

no paclpeAeJreHl,rrc r,rHBepcHofi nacelennocrl{ B aKTI{BHoft cpe4e, TepMoAlIHaMI{qecKkII'I

pacrrer, a TaKXe IIOIICK OITIIMaJIbHbIX napaMeTpoB pe3oHaTopa flBffIoTCt

KounlercHoe MareMaruqecKoe MoAeJIupoBaHlIe, BKJlloqalouee B ce6s' pacqerbl

nocJIeAyIouIaJI paspa6oma nrrcorosQ@errunuux

neo6xoAnMbrMlr r{HcrpyMeHTaMu, noirrurarolqllMlr KarlecrBo parpa6otK}I KBaHTpoHoB.

Taruu o6pa:ou, co3AaHI{e rouulercnofi MareMarl4.recxofi MoAeJIII

TBepAOTeJIbHbIX' KBaHTpOHOB

u

c

noJry[poBoAHr{KoBofi naraqrofi Honoro [oKoJrenvrfl,, paurlr{peH}re nx Synrq}IoHEuIbHbIx

Bo3MoxHocrefi, Aocrr.rxeHr{e prx pa6orocuoco6nocru B IIrupoKoM TeMrleparypHoM

.rlriala3oHe or - 50 Ao + 50 oC 6eg arrusuofi cucreMbl TepMocra6unusarJuu H

xI4.IIKo cTHo ro 9XJI axA eH kTfl , flB IIfleTC.f, aKTyuuI r HO fi z a4aqefi ,.

,{uccepraquoHH€1fl pa6ora CaQponosoft E.C. cocrol{T rI3 BBeAeHvrfl., rrflTvr rJIaB'

Alrala3oHa c

ycrpor{cTBax

c Ar,roAHofi naraurofr,

artusnoft clrcreMbl

3aKJrrorreHrrfl, 6larogapuocrefi, crrl4cKa rry6nnraquft vr c[]IcKa IIur]IpyeMoI4



JILITeparypbI I43 131 ncro.rHuKa. Marepual r{3JroxeH sa ll4 crpaHr{qax, coAepxur 73

HnJrrocrparJkrr4 u 6 ra6lzq.
Hayruar HoBr{3Ha n nar,r6onee BaxHbre pe3yJrbrarbr, rroJrfrgHHbre aBTopoM 14

rIpI{BeAeHHbre B A}rcceprarluousofi pa6 ore, 3 aKJrroqaercr B cJreAyrouleM.

flepnoe. CogAaHHaf, MoAeJrb MareMarr4rrecKoro MoAeJrr4poBaHaf, TBep.{oreJrbHbrx

JIa3epoB c AutoAnoft Hara.mofi, orJrraqaroulanc , r{crroJrb3oBaHlreM unoxurerefr
Jlarpauxa AJr{ HaxoxAeHr,r.f, ycJroBHoro sKcrpeMyMa peureHnfi TpaHcrIeH.{eHTHbrx

ypannenufi, orrr4cbrBaroultx

IlapaMeTpbr pe3oHaropoB c 4o6pornocrn, nu6nparr

eQ$erruBHyro reoMerpr{ro 9JIeMeHTa, ocyuecrBJltrb

TepMoAr.rHaMlrqecKr{ft pacuer.

Btopoe. Bnepnue BbrnoJrHenbr gKcnepr{MeHTaJrbHbre r,rccJreAoBanvs.

crleKTptlJrbHbrx u eHeprerr{qecKax napaMerpoB nAP CJIM-3 B reMreparypHoM

ALIarr€BoHe LT> 100 "C. YcranonJreHo, rrro r,r3MepeHHoe cMerrleHrre AJrLrHbr BoJIHII

u3ryqeHXf, Jra3epHbrx ALroAoB B paccMoTpeHHoM TeMnepaTypHoM Alrala3oHe

cocraBrser 0,28 uu/ oC. flpu erona ru]lilpil]Fla Ia Qoprraa crreKrpa I43Jrf{eHI{f, ocralorct

HeI43MeHHbrMr{, a eQQexu{BHocrb n,p naAaer c pocroM TeMfleparypbl.

Tperue. PeamlsonaHnas, cxeMa nonepe.rHofi HaKarrKH peruerKaMll JIa3epHbIx

nflru cropoH BoKpyr KpLIcr€uIJIa Nd3*:YAG ruEarraerpoM

oAsofi qunlaHApuqecrofi refirocan$uponofi rznsofi

Ar4aMerporvr 20 uu, QopMr{pyer ycrofiuunuft napa6onn.recrufi upooprJrb HHBepcHofi

HaceJreHHocru rrpr{ r,r3MeHeHurr reMreparypbr or * 50 ao + 50 oC, .rro o6ecleql4Baer

pa6orocuoco6socrr Nd3*:YAG Jr€Bepa c uaccunuofi uo4ynaqnefi ,qo6pornocru B

yK€l: aHHoM TeMrreparypHoM Ar,rantnoHe 6es axrueHofi TepMocra 6uxusa\uu.
rlereeproe. Pear[sonannafl. cxeMa nonepeqHoft Haxa.rKI4 peluerKaMpl JIa3epHbIx

AuoAoB, pacnoJroxeHHbrx c rrf,Tr4 cropoH BoKpyr KpI{cr€uIJIa Nd3*:YAG AnaruerpoM

5 uu u cQoxycupoBaHHbrx oAnofi rlr4Jrr,rHApu.recrofi refirocan{uponofi ruHsofi

Ar{aMerpou 50 uu, o6eclerrr{Baer oAHopoAHocrb npocrpaHcrBeHHoro paclpeAelreuvrfl

r,rHBepcHofi naceleHHocrr{ 6onee 90 % B nonepeqHoM ceqeHHLI Jla3epHoro KprIcrtlJIJIa,

qro no3BoJrrer ycuJruBarb Jra3epHbre LrMrryJrbcu 6eg I4cKaxeHI4x upo$nnf, rl1^rKa.

flsroe. Pearusosannrrfi cuoco6 KoHAyKTrIBHoro oxJrax(AeHl{f, aKTI4BHoro

gJreMeHTa KBaHTpoHa, orJrr{qarorywitcn ucrIoJIb3oBaHI4eM III{JIIlHApI{tIecrofi JILIH3II Ha

6ase lefirocanrhnpa B KarrecrBe renJroorBoAa, o6ecue.runaer cta6unrHyro pa6ory

Nd3*:YAG rcnanrpoHa c uuroeofi MorrlHocrblo Jla3epHofi AuoAnofi nara.rKr4 Ao 20 xB;

IIpoqeccbr

naccunuofi

HAKAIIKII

uo4ynxquefi

AKTI{BHOTO

feHepallttlrt, [IO3BOJI.[€T OIITI,IMLI3IIpOBaTb

AHOAOB,

5uu u

pacnoJroxeHHbrx c

cSorycupoBaHHblx



r{ qacrore rroBropenvrfl. Ao 50 fq 6eg rlcrroJlb3oBaHufl, xI{AKoro xJIaAareHTa Brryrpl{

Koprryca.

lllecroe. SxcnepurueHrtrJrbHo npoAeMoHcrprlpoBaHo, .no Nd3*:YAG Jla3ep c

norepeqHofi AzoAHofi Haraqrofi u [accr{BHofi rvro4ynrqraefi 4o6poruocrl{ reHepupyer

r{MnyJrbcHoe Jra3epHoe u3JrfreHr4e c rIpaKT}IqecKu HeI43Meusofi uoAonofi crpyKrypoir u

cra6nnrnocTbrc BbrxoAHofi sneprul4 He MeHee 70.o/o n revruepaTypHoM Aklana3oHe oT -
50 ao + 50 oC 6es arrusnofi cncreMbl repMocra6luu3allur.

Bce peaJru3oBaHHbre cxeMbr nouepe.troft HaKaqKI{ u cxeMbl, pacqerHble

MeroAr{K}r MoryT 6urr ucnoJrb3oBaHbl AJII co3Aanvlfl. KoMnaKTHbIX TBepAoreJIbHbIX

Jra3epoB Lr ycunr{TeJrefi p€t3rurrHoro Ha3HaqeHLIt, rITo onpeAenser 6onruroe

IIp aKTl4qecKoe 3HarIeHI{e AnccepTaIIIaoHHOI{ p aO OTbI.

B Ar{ccepraquounofi pa6ore MoxrHo orMerurb cneAyloune 3aMeqaHl4tr 14

HEAOCTATKI'I:

1. B srcnepr{MeHT€urbHoM nJraHe He I4ccJIeAoBaH BapI{aHT I4c[oJIb3oBaHVfl' AIrfl

TaK Ha3brBaeMbx ((rlBerHbrp) JIa3epHbIX Marpllq [Irfr Ilenefi paclllupeHl4fl

TeMrreparypHoro Al{ala3oHa pa6oru KBaHTpoHa.

2. Tar rar Borrpocbr rerrJroBoro cocrof,Hrlt SJIeMeHToB KBaHTpoHa gBJltrorct

oAHr4Mr4 r{3 OnpeAeJr.flrorrlr{x, Ar{ccepraHTy I1pu [poBeAeHHLI sKCnepI{MeHTOB CJIeAOB€LIO

6u [pr{BJreKarb coBpeMeHHbre MeroAbI rennoeofi AI{arHocrI{KI{, HanpplMep

TeIIJIOBL[3IIOHHbIe.

3. Ha prcyHKe 1.15 necorJracoBaHbr rroArrlcu rpol{3BoAureJlt c npllBeAenHoft

SororpaQuefi rsaHTpoHa c Ar4oAHofi Hara.mofi u xI,IAKocrHbIM oxJIaxAeHI'Ieu A3

pa3rr{rrHblx [poI{3BoAI{TeJIeI{.

4.8 pa:4e nax2.3.7 n2.3.8 npucyrcrByer HecornacoBaHHocrb HoMepon Sopruyl.

5. He6onbrur{e 3aMeqaHr{r MoxHo cAeJlarb rlo reKcry pa6orlr.'HeoAHorparHo

lrcrroJrb3yercr BbrpaxeHrde (oBepAoremnrrfi KBaHTpoH), [pllHflTo (KBaHTpoH Anfl

TBepAOTeJrbHOfo na3epa>).

Oflue.reHHbre HeAocrarKr{ H 3aMerlaHLrs, He cHl4}Karor o6urFo BblcoKyro oIIeHKy

rrpeAcraBnennofi Al,IccepralluoHnofi pa6orrt. Pesylrraru pa6oru E.C. CaQpoHonofi

[porrrJrr4 AocraroqHyro arpo6aquro u ortyltmKoBaHbl n 10 HayrHrx pa6orax' I43 lF-iux 4

crarblr B u311a1vr;ax, kTHAeKclrpyeMbrx B HaItrrIoH€IJIrnofi 6u6nuorpaQuuecrofi 6aze

AaHHbrx Ha1n{Horo rllrrr4poBauus PI,IFilL 3 uz Koropblx B pel{eH3l{pyeMblx n3l.aHr4[x,

!



peKoMeHAoBaHHbx repeqHeM BAK. Pesynrrarrr pa6oru AoKJraAbrBarrncb Ha

poccuficxlEx u MexAyHapoAHbrx rcou$epeHrlr,rflx. Teuarura Ar{cceprarlur{

coorBercrByer crrerlrl€urbHocrn 0I.04.21 <<Jlasepuar Qusurca>>, a reKcr anrope$epara

KOppeKTHO r4 rroJrHo OTpaXaeT ee coAep)KaHr4e.

,{uccepralluoHHat pa6ora yAoBJrerBoprer BceM rpe6onaHuxna BAK,
npeAbtBJI.[eMbIM K KaHAr,rAarcKrrM AlrcceprarlurM, a aBrop CaQponona Enena

C.f. Pe6pon

,,J ( >) anpeir.f, 2022 r.
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llo.{nucr HaqaJrbHr4Ka orAeJra AO |HII <<[{eurp KelAurua>>

Y.reHHfi
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IO.JI.CrraupHoB

Cepreenua 3acJlyxlrBaer npucy)K4eHr4rr crerreHr.r KaHAr4.qara Srasuro-MareMarr4qecKux

HayK rro cnerlr{€rJrbHocrr4 01.04.2I - <<Jla^:epnar Quoura>>.

O{uquanrsrrfi onnoHeHr,

AOKTOp TeXHItqeCKr4X HayK,

HAqAJIbHI{K OT.UEJIA

AO fHIl <I{enrp Ker4ul$a>>

A.r.H.Pe6pona C.f.


