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o(pnqua;rrnofo onrroHeuTa Ha Aucceprarlurc

Ca$ponoeofi Elenrr Cepreennrr

<TneproreJlbHble KBaHTpoHbI c AtroAHoft Haraqxoft 6:rzNsero LIK-guanazona, pa6oraroqr4e B

IIrI4poKoM TeMrleparypHoM ll{ana3oHe 6es axrzsHoft crrcreMbr repuocra6vilLrsaprr>>,

rlpeAcraBneHHylo Ha coI4cKaHI4e y9eHofi creneHI,t KaHIr4Aara $ra:nro-uareMarrarrecKr4x HayK no

crrerluanbHocrra 0 1 .0 4 .2 I <IIas epuar $u:uxa>

{uccepraqn.f, rIocBttIIeHa, B ocHoBHoM, paspa6orxe KBaHTpoHoB c nonepeqnoft IzoAHofi

HaraqKofr 14 KoHAyKTnnHofi cucrenaofi oxnaxlenr,rs co cla6o r43MeHflrorJ\u:vrucs. napaMerpilMr,r

BbIXoAHoro Lr3nyqeHr4s. B reMneparypHoM .Ur,raniBoHe oKpyxarcqefi cpe4rr or - 50 4o * 50 oC u

co3AaHI'Iro MareMarI,ttlecxofi MoAenI4 .qJIt onucaHtrfl vtx pa6oru a onpeAeneHr.rr Kpr{Tr.rqecKr4x

napaMerpoB. Knanrponu AaHHofo rlalra Mo)nHo rrcrroJrb3oBarb Ans co3AaHkrfl. ycvlrureteit u

regeparopoB HaHoceKyrlJ[Horo r4MrrynbcHoro na3epHoro u3nyr{enns druxHero IzlK-lqrarra3oqa,

cnoco6nux anexBarHo pa6orarr B AoBonbHo rrrvpoKoM Ar4ana3oHe reMneparyp c cyuecrBeHHbrM

npelrMyl{ecrBoM peanl{3allul{ oxnaxAeHr.rr aKTT4BHOTO sJreMeHTa nocpeAcrBoM TerrJroorBoIa qepe3

vcrlonHyeMylo !'nfl Sonycuponxn v3nyqenur At4oIoB HaKarrKr.r \uilv11p2qecKyro

leftrcocan(fl4poB).Io nI,IH3y v orcyrcrBt4r nprrMeHeHra.f, AorronHr4TeJrbHbrx aKTrrBHbrx cr4creM

repuocra6unu3aglz.kt.

Anropona rrpeAnoxeH KoMrIJIeKcHrrfi uareuaryrqecrzfi rroAXoA Anr MoAenkrpoBaH:zfrpa6orrr

co3AaBaeMbIX KBaHTpoHoB, co.4epxarrlufi pacuerbr pacilpeleneHr4r znnepcnoft HaceJreHHocrrr B

axrusuoft cpeAe, paclpeAeneHlrt reMrleparypbr B gneMeHTax KBaHTpoHa, a raK)Ke, B 3aBr4clrMocrr,r

or 3aAaqu ycvrnerlldfl I4II,I feHeparlzr4 na3epHoro r,r3nrreHr4-s, olpeAeJreHpul rrapaMerpoB aKTr4BHofo

sneMeHTa Iz :refirocan$uponofi JILIH3II 4rrl $opurzpoBaHr.rr olHopoAHofo r{Jrr{ napa6o:ruuecKofo

npoorarls paclpeAenenvx xoso(fzquenra ycl,IneHr.rr n arcrzeHofi cpeAe, roroprrfi c.na6o 3aBr.rcr.rr or

Ir3MeHeHVfl AJIITHrI BonHbI HaKarrKr{ nrnepHbrx ArroAoB c reMneparypofi n' paccMarpr4BaeMoM

Azana3oHe. Molelruoe onpe.4eneHlle orITLIManbHbrx [apaMerpoB pe3oHaropa, TaKrrx KaK

Koe(p$LIrIHeHrbI nporycKankrs. Bhlxo.qHoro 3epKana r4 HarraJrbHoro xos(f(pzqlreHra rrporycKaHr4{

Hacbllrlarcueroct rrorJlorrlTeJrlr, c qeJIbIo orHoBpeMennoff nrareuMn3arJvrr4 gHeprrrr4 reHepr{pyeMbrx

I4MrlynbcoB I,I MITHI4MLI3aTMA ed raglrenenvrs, c reMneparypofi nosnorrer co3.4aBarb r,rMrrynbcHrre

n€[epHbre prcrorrHr4Kr4 c 3aIaHHbrMr4 rrapaMerpaMr,r BbrxoAHoro Lrcnyrrclg^nfl, Koropbre c:ra6o 3aBr.Icrr

oT TeMrrepaTypbr B paccMaTpr,rB aeMoM ArrarriBoHe.



Teuarzra Akrcceprar*.", KoHeqHo, aKTyaJIbHa, ee npaKT[qecKar HanpaBneHHocrb pI

IIeHHocrb oqeBVAHbI' B qacruocrvt, B pa6ore Hapflry c pe3ynbr araMu gKcrrepr4MeHTaJrb'brx

I4ccrIeAoBaHHft. cnerrpaJlbHbx H 3HeprerI4qecKl,rx [apaMerpoB u3nyqeHur na3epgbx A]roAHbx
pellreroK B reMneparypHoM Ar4aniroHe or - 50 Ao + 65 oC raxxe npeAcraBneHrr pe3ynbrarbr
uccneAoBanzft npe4loxeHHbrx cxeM yclrnvrerrs. 14 reHeparopa Q.{d3*:yAG na3ep c naccrannofi
uo4ynxquefr .uo6porHocrz) I'IMlyJIbcHofo vsnyl,eHv4 Koropbre 6es axrrznHofr crrcreMbr
oxnax'IleHrlf, orHocnTelrso cra6znruo pa6orurLr B TeMrreparypHoM Aua[a3oHe or - 50 ao + 50 "C.
c npuueHeHI4eM [accI4BHoro oxnaxAeHlreM aKTr4BHoro 3JreMeHTa npr4 noMorrl v wnprHrpn.{ecxofi
lefixocan0uponofi rIzH3bI npoAeMoHcrplrpoBaHa Bo3MoxHocru cra6zlrnofi r.euepaqr4' rzMrrynbcoB
na3epHofo t43Jrln{eHI4'f, Anl4TenbHocrblo HecKoJIbKo HaHoceKyHA c qacro roft 25 fU u nzxosofr
MolqHocrbro Ao 40 MBr, B lr.rarra3oHe reMneparyp or _50 Ao +50 .C ogeprr4_{ LrMnynbca
He\loHoroHHo I'I3MeH'f,JIacb B rlpeAenax or 95 lo 140 lr,4N, Aocrr4ruu{ MaKcrrMyM a npureMrreparype

'fEoJHbD( penr€:rox HaKavKI4 rloptAKa 17 oC (coornercrByer rnr4He BoJrHbr g0g,9 HM). B
pacc\{arpl{BaeMoM TeMneparypHoM Ar4aliuoHe 6es [pr4MeHeHr4r xrrAKocrHoro oxJraxneHr4,
Teoperl{llecKl4 npoAeMOHCTpIzpoBaHa BO3MoXHOcrb peanu3ar\vu cra6z:r-uuoro KBaHTpOHa c
rl\fin--rbcHofi naxaqxofi or 4ecxr[ na3epHblx peur€rox cyrrauapnoft nalcoeofi MorrlHocrbro HaKasKH

'ro 20 rBr flpld AnpITeJIbHocrrI u qacrore cneAoBaHr{s r{MrrynbcoB 250 MKc H 50 fu
COOTBETCTBEHHO.

o'uuofi vB nau6onee 6rusxzx x Aannoft Ar4cceprarlula flBrrflercs, .4rrcceprarl us II.II.
Huxo-taee' <Keaumpouat meepdomenunutx na3epos c usMeHtteMbrM pacnpedeneHtte.ryr

toaQQu4ueHma ycureHun B aKmuGHoM eneMeHme)) (Mocrcea, 2016), Ha Koropyro aBTop ccbrJraercr.
B pa6ore rI'il' Hzro:raena 6rrn orucaH cnoco6 e$sexrunnoro yrrpaBneHr4-rr upoSznerra

xoeQSnqueHTa ycrlneH^-{ KBaHTpoHa c eodnuwa oxnaucdeuueM Lr krsMeHeHr4r pacxoAr'Mocrr'
BbrxoAHoro rI3nr{eHI4{ sa c'rer nepecrpofiKI4 rnI,IHbI BonHbr HaKaqKr4 nocpeAcrBoM t43MeHeHr4,

TeMrleparypbl AI4oAoB HaKar{Ku. Errlo rroKa3aHo, rrro llepecrpofir<a AJIrrHbr BoJrHbr HaKarrKrr B

cpaBHllTenbHo ysKoM duanasoue IpI'IBoAI{T K I43MeHeHnro npoSnnx rcossszr]raeHTa ycLrne1ryfl u
TepMoolrl4r{ecKrlx HeoAHopoAHocrefr B aKTpIBHoM 3JreMeHTe vr, RaK cJreAcrBr4e, K cyrqecrBeHHoMy
t43MeHeHI{ro pacxoAl{Mocrlr BbIXoAHollo l43nyrreHu-s. O4naro BaxHbrM flBrflercfl ror Qap, vro
Bo3MoxHoctr' cta'unkrca]ler4 pacnpeAenenvx ross$zqueura ycunelvs. B ycnoBrz{x naccu1Hozo
oxnaucdeuua aKTI4BHoro 3neMeHTa npr4 nepecrpofirce Anr,rHbr BoJrHbr HaKaqKa B ruupoKoM

duanasoue He tBr.f,rocr s rofi pa6ore qenbro r{ [peAMerorra o6cyx4 eHlrs.. Telr He MeHee, c naoefi

ToqKrI 3peHnfl'' B cBere 6tuzocru reMarvK croIrJlo lrcronb3oBam pa6ory 2016-oro fora B KarrecrBe
cBoero poAa (ornpannofi TorIKIrt)), yAenI'ITb eff n o6sope 6o.nuue BHvtMalvrs. z irpoBecrlr 6o:re.e



rlo.4pooHoe cpaBHeHHe rlpeAnoxeHHbx Mo.4eneft KBaHTpoHoB, noAqepKHyB o6rrlr4e MoMeHTbr r4

oTJII{ql4f, rlcnonb3yeMbrx no,4xoloB.

[uccepraql4oHHa;l paOora IzMeer v psl. HeAocrarKoB, cpeArr Koropbrx MoxHo Bbrrenr.rrb

cneAyrorque:

1. B reKcre AI{ccepraIIVr4 B HecKoJIbKI4x Mecrax [p[cyrcrByror orcbrrrKr.r K (fopnrynar'r n

pI{cyHKaM c o[ru6oqHblMlr HoMepaMI4, Harrpr4Mep, ua c. 50 K ypaBHeHuxu (33), (15), (30)

BMecro (29), (8), (31) coornercrBeHHo, Ha c. 56 orcbrrrKa x Sopruyne (33) u pucyurcy 2.6

BMecro $opl'rynrr (35) u pllcynKa 2.7. Taxxe Bcrpeqaercr HecorJracoBaHrae -racrefi peqv u

' naIexHblx oKoHqaHuit (nau6oIrb:r'tar nnorHocrb B rrocJreAHervr a6saqe sa c. 67 - n verrrpex

Mecrax B Ilrecrv crpoqKax rexcra). O.qHoft uroit Ne 6yr<nofi "7" o6o3HaqeHbl TeMneparypa

(c. 35, (fopnyna (4)) u napa3llrHble norepr4 B pe3oHarope (c. 42, $opwry.na (13)), a 6yxeoft "p"

o6osHa-raercs nrlorHocrb (c. 35, (fopnayna (4)) v norapzQrra ornoureHr4.s raHBepcHbx

nacel€nnocrefi (c. 51, (popuyna (36)).

2. B Sopn'rynrlpoBKe 2iro rIyHKTa nayuHofi HoBr43Hbr z 1-oro rryHKTa nonoxeHzft, nuHoclzl,nx

Ha 3aIrII4Ty, coAepxarcs $pa:rr: <<Bnepearc npednotrceu uemod .A4ameMamuqecKozo

uodenupoeaHun na3epoe c duoduoil uarcartKoil, omnuqatou,tuitca ucnonusoeauueu uuoucumene;t

Jlazpautrca dna uaxocrcdeuu.n...>> v <<Modena l4ameA4amwtecKozo uodenupoeanun

maepdomenbHbtx ttasepog c duoduoil uercaurco[t, ommlHak)wa-flcn ucnorb3onaHueM

uuoucumeneil Jlazpau)rca dnn uaxocrcdeuu"r...>>. Jloruqno 3aKJrroqr4Tb. qro raqas.

Sopn'rynupoBKa [peAnoJlaraer cpaBHeHr4e rrpeAnaraeMoro MeroAa r,r BbrAeJreurre KaKr.rx-To

omnuquil or coorBercrByloq[x anbrepHarr4Bubrx rroAXoAoB. B pa6ore MeroA uHoxure:reft

JlarpauNa rlplzMeHtercfl. Anfl nonrreHr4s rpaHcrleHreHTHoro ypaBHeHrax c qenbro olpeAeneHr4t

MaKcl4ManbHofi nrrxo4Hoft eneprull Bbrxolnofo na3epHoro lrMnynbcanpv 3aAaHHoM 3HaqeHVr4

loporonofi uHnepcnoft HaceJIeHHocrH. O4uar<o cpaBHeHr4e noAXoAoB MoAenr4poBaH4s. B

Al4cceprallvll He rIprIBoAI,ITct v r<arcze-ru6o [per4MyrrlecrBa r{crroJrb3oBaHr4r B MoAenrI

MnoxraTeJrefi JlarpauNa ne o6cyN Aarorafl .

3. Ha crpaHl{qe 57 coAepx{I4Tct cneAyloqee yrBepxAeHrre: <<Ce,teuue nozJrou4eHun o(1)

Kpucmarror JtezuponaHHozo uoHaMu Nd3*, ucnonb3yeMbrx 6 Kaqecmne aKmuBHozo eneMeHma

na3epHozo zeHepamopa, npaKmuqecKu He saaucum om me^4nepamypbt>>. flanuoe yrBepxAeHr4e,

Ha llofi B3rJIqA, crIpaBeAnI4Bo B AocraroqHo y3KoM ,4r.{ana3oHe r43MeHeHr4{ TeMneparypbr

aKTr.,rBHoro sJreMeHTa, a Ans. rrccneAyeMoro Arrarra3oHa or -50 ao +50 "C ouo He frBrrflercfl

BtIoJIHe o6ocnosaHHblM, TaK KaK crIeKTpilJIbHbIe IrvIHLrr4 ceqeHtz;{ rlofnoqeHr4s yurl4ptlorct c



A+.

TeMrleparypoft 14 aMnnvry!.a nuxa o()") e6rrllsu 808,5 HM npr4 pa3orpeBe rrpereprreBaer rrorrrr.r

AByKparHoe yMeHbIIreHIze (crur., HarIpI,IMep, pa6ory RenPeng Yan et.al. "Measuring the

elevated temperature dependence of up-conversion in Nd;YAG" // IEEE Journal of selected

Topics in Quantum Electronics, vot. 2l(I), . 60120g, 2015 (DoI;
I0'l109/J5TQ8.2014.2336776)). Kponre roro, cIIeKrp ceqeHr4.f, rrroMLrHecrr eHrrvr raKxe

rlperepleBaer I'I3MeHeHrIt C reMrreparypofi (cu., Harrpr4Mep, Y. sato and T. Taira,
"Temperature dependencies of stimulated emission cross sectionfor Nd-doped solid-state laser

materials" // opt. Mat. Exp., vol. 2(8), p. 1076, 2012 (DoL. 10.1364/oME.2.001076)). vIz

Tofo, qro npo llocnerHHfi $axr B AIaccepraIIIrI4 Her HrIKaKrrx yrroMvnaHr,Ifi, Moxuo 3aKnro\rrrrb,

qro 3Ta 3aBI4CI'IMOCTb raKxe HITKaK He yqr.rrbrBanacb rrpu MoAenl,rpoB aHvrkr. oAuaxo

3Kc[epI'IMeHTaJIbHbIe pe3ynbrarbl, rlpeAcraBneHHbre a pa6ore, roBonbHo xopor[o cornacyrorc,

c pe3ynbraraMn pacueron, norrreHHbrx c ucloJrb3oBaHr4eM npe4noxenHoft MoAenu.

BosA'roxHo, yqeT u3MeHeHVs reMrleparypHbrx ganzcznrocrefi ce.reH[fi rrorJrorrleHr4r u

IroMI'IHeCIIeHIII'II4 LI_He npl,IBe4er X cyuecrBeHHbrM r43MeHeHr.rrM pe3ynbraron pacv€ron, reu
He MeHee, clll4Taro' uro yuer I4 AeranbHrtit a:r'aluz BKnaAa grl4x 3aBr4cr,rruocrefr uor 6u
cyqecrBeHHo ycoBeprleHcrBoBarb npernoxeHHyro B pa60re MoAenb.

B npo4onxeHlre K rIpeAbIAyrIeMy 3aMeqaHr4ro o Brrvrfl:uvtpr reMrreparypHbrx 3aBuc1auocreft

ce'reHzff fIorJIoIrIeHrIfl vI lrroMlrHecrleHrlt4r4 Ha feHeparlurc u ycr4neHr4e vanyqelrrfl xopomo

6ruo 6rr uponecrrl rl3MepetrrlLr [percraBr.nr n pa6ore cneKTpbr BbrxoAHofo rgn.'1rcHuflnplr

pa3nI4r{Hbx reMneparypax aKTI'IBHoro sJIeMeHTa. f.cuo, qro Arr pflAa npr{Menesnfi r.r3MeHeHVe

crleKTpa BbIXoAHoro n3nyrrerrus. KBaHTpoHa He rBnrercr Kpr4Trzqnirrr,r SaxropoM, oAHaKo,

HecoMHeHHo, qro B paMKax Al'Icceprallzounoft pa6orrr sror aHzrnus 6str 611 6olee qeu

yMecTeH.

B euno4e 2 x fnane 5 co4epxurct yrBepxAeHrre: "...na3ep c nonepeqHoit duoduofi uaxa,trcoit

u naccu9Hoit uodynaqueil do1pomHocmu zeHepupyem uMnynbcHoe nasepHoe usnyqeHue c

nparcmuqecrcu ueusueuuoil aodoeoil cmpvrcmypoit u cma1unuHocmbro eaixoduoil oHepzuu He

n4eHee 70 % 6 men4nepamypHoM duanasoue om _50 do +50 oC...,,. Onnaxo B TeKcre

TIpHBoAI'ITct roJIbKo o4no H:o6paxeHlle I43MepeHuoro npo$ul.rr rrHTeHcr4BHocrr4 Bbrxo4Horo

nir3epHoro I43nf{eHLI{, n Her HI{KaKI4X rroATBepxAenzfi uocrorHcrBa ero Mo.4oBofi crpyxryprr

n pa6oueu Al{ana3oHe reMneparyp KBaHTpoHa. Taxxe B Ar4cceprarlur4 Huqefo He foBop prrcfl o

pacxoAlrMocrI4 kr KarrecrBe BbIXO.4HOTO I,r3nyqeHu.f,, KOTOpOe B niBepHbrx rexHoJrorlz.f,x

onkrcbrBaercr napaMerporra M2.

5.



B rlenoM Ar4cceprarlr4fl ocraBJrrer rlonoxvreJlbHoe BneqarneHkIe. Anropou npone4€n

AoBonbHo 6o:61rofi o6reu pa6or, a*urns nllTeparypbl, rIoJryrIeHbI rIpaKTurIecKIr IrHTepecHbIe

pe3ynbrarbr. YKg-salrFmre 3aMerraHurr He yManslor Aocrolzncre pa6oru. Cropee, oHI4 B ocHoBHoM

no4ueprunaror ypoBeHb crroxHocrr4 rroAHLIMaeMbIx B Alrccepralluv npo6lelt. Anrope(pepar

AocrarotrHo [oJrHo orpaxaer Marepuanbl AIrccepraIII4I4. Teua pa6orrr coorBercrByer

crreurraJrbHocru 01 .04.2I - Jla:epnax (pusuxa.

[zccepraqrroHHalr pa6ora yAoBnerBopter BgeM rpe6oeallurrr,t <<llonoxenu.s o

lp[cyxqeHr4rr ] {eHbrx creneHefi>>, yrBepxAeHHoro nocraHoBJIeHI{eM llpanzrelrcrna Poccuficr<ofr

(De4epaquu or 24.09.2013 r. Ilb842, rpeAbsBrseMblM K ALIccepraIII4tM Ha corlcKaHue yreuofr

crerreHr4 ;(ia]F^Avllara HayK, a ee anrop Ca(pponona Enena CepreenHa 3acnyxplBaer rlpl4cyx4eH'vs

yueHoft crerreHra KaHIr4Aara Susuro-uareMarllqecKllx HayK rlo cleqrlaJlr,Hocrl'{ 0I.04.2I -

Jla:epnax $u:uxa.
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