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VlucruryranarepHofi Qururor Cu6upcrcoro orAeneHr,rg Poccuficrofi araAeuuv HayK

Ha Ar,rcceprarlr{ro B BnAe HayqHoro AoKJraAa Myxuna VIn.ana Bopuconuqa <<OuruMlr3aqus n

rrprrMeHeHue urrep6rreBbrx Jra3epoB qnn SopnrnpoBaHrrs QerrrocercyHAHoro u3flyrreH[q c

nrrcorofi uurconofi u cpegHefr Moqnocrbro)), npeAcraBJreHnyro Ha co?rcKaHrle y.r€uofi crerreHr4

AoKTopa Qr.rsuxo-uareMarlrqecKr.rx HayK rro cnerlr{anbHocrr.r 0l .3 . I 9 - na3epHarr (f nsrar<a.

.{r,rccepraq[ouHas pa6ora B BrrAe HafrHoro AoKnaAa Myxlrna Llsana Bopuconuua

nocBrrrleHa pa3Br,rrrrro MeroAoB nccre4onanrfi Marepr.raJroB, aKTuBlrpoBaHHbrx uoHaMr.r

urtep6ut, co3AaHr,rrc Ha rrx ocHoBe nzBepoB c srrcorofi nraroeofi z cpe4ueft MorrlHocrbro,

upeo6paroBaHllro Lr3ilyqenus, urrep6uenrx na3epoB n Qervrrocexyn4urrfi Ar4arra3oH

AnI,ITeJIbHOCreit U UX [pr,rMeHeH[ro Anr reHepaqvv Lr yculrurua (ferraroceKynAHoro r.r3nyqeHr4r c

srrcoroft nuronofi n cpe4Hefi MorrlHocrbro.

Arcryamnocrb reMbr

flonrrurenue oAHoBpeMeHHo cpe4ueft v nuronoft MorrlHocrr.r na3epHoro r.r3nyqeHr.r.fl

tBJlterc.f, oAHI,IM rts BaxHbIx HanpaBneHrafi parnzur.f, nzrlepHoft Qzsuxr.r. OAnnna us Har,r6oree

nepcrIeKTI{BHbD( HarlpaBneHuft oguonpeMeHHoro'yBenr,rqeHr,rr KaK cpe4ueft, TaK r,r uuxosofi

MoIIIHocTLI flBrflerc . I,IcrroJrb3oBaHr{e r.rrrep6uenrx Jra3epHbrx cpeA B coqeraHr,r}r c 4uo4nofi

nara.rroft. flpu atou A.n.s o6ecnetleHr,rr nucorofi e(f(fexruenocrv reHepar\krLr H ycvrneHufl,

nzBepHblx LIMrIynlcoB oAHy I,I3 onpeAenrrcqux poleft firpaer o[Tr.rqecKoe KarrecrBo arcrzeHofi

cpeAbl. flosroruy axTyitrlbHoit sntsercs, KaK 3aAarra Ar,raruocrlrKr,r na3epHbrx Marepr{zrnoB, TaK 14



rlccneAoBaHr.re cloco6oB Lr3roToBJIeHI,It nupoKoanepTypHbrx aKTuBHbrx gneMeHToB c BbICoKI,IMI,I

Te[no0r,r3r,rqecKr.rMlr pr na3epHbrMr.r xapaKTepucTr.rKaMr,r.

Co.reraH[e rexHoJloruft ugroronneHr,rr r,rrrep6r,ressx ArIcKoBbx aKTI,IBHbx ereuenron (n

ToM rrrcJre, KepaMrrrrecrux) c Kpr{oreHHbru oxJraxAeH}reM u uoulnofi Ar,roAnofi narci.Ixofi

rro3BoJrrror Ha cefoAHs[IHI,Ift AeHb co3AaBarb na3epHbre ycraHoBKrr KvJroBarrHoro ypoBHt

cpegHefi MorrlHocrr.r c eneprzefi LrMrrynbca B eAr.rHrrrlbr r,r AecrrKr.r gNoyreft.

Kponae roro, pa3Jrr,rrrubre MeroAbr r,r noAxoAbr r cnoco6au nenunefinoro BpeMeuHolo

pacrrxeHr.rr u c>Karr4fl. rrMrryJrbcoB, a raKxe neruneftnoe upeo6ptl3oBaHr,re Lr3nyqeHus

urrep6uenux na3epoB B rsnyveHue cylepKoHTt4HyyMa LrMeror cBolr, cBs3aHHbre c

uacrura6upoBaHr{eM, orpaul{qeHvrs., vr rrccJreAoBantrfl. B AaHHoM HanpaBneHr4r,r no-npe)KHeMy

ocTaroTcr aKTyanbHhrMrr.

flpuuenenne nrrep6zenux Jra3epoB c sHcorcofi cpe4ueft MorrlHocrbro B co3AaHilu

(feuroceryH,qHblx I{crorIHI,IKoB Lr3ryqeHvrn) B ToM rrr{cJre B yHlrKanbHhrx MaJroqrauonrrx Sc

BbrcoKor,rHTeHcr,rBHbx KpyrrHoMacurta6nrrx na3epHhrx ycraHoBKax Mr.rpoBoro ypoBHs

oTaHoBLITCT nCe 6Oree aKTyaIrbHbrM.

Crpynrypa r,r coAep]KaHrre Arcceprarlnn

.{uccepraqufr B BvAe HafrHoro AoKJraAa cocrorrr r43 BBeAeHur, ocHoBHoro coAepx(aH[s

pa6oru, cocro.flqero H3 qerblpex fJIaB, 3aKJrloqeHr,rr, cIrplcKa nl{TeparypH us 78 uauuenonanrafi

14 cIIrIcKa nl{Teparypbl KBaprllnefi Ql u Q2, n roropoft r.r3JroxeHbr Marepuzrnbr Ar,rcceprarl\4Lr Lr3

31 nauueuoBaHus. O6rquft o6rena pa6orrr - 6l crpanuqa, B ToM qucne 33 pncynr<a.

Bo nseAeHl{u olpeAeneH lrpeAMer r,rccneAoBaHrrr u o6ocnonaHa aKTyanbHocrb reMbr

Al{ccepralluonnoft pa6otsr; c$oprraynr,rpoBaHbr rlenb v ocHoBHbre 3allaqu uccJreAoBaHlrr;

rIpLIBeAeHbI 3alquqaeMble [oroxeHr.r.f,; g:ana orIeHKa uayuuoft HoBr.r3Hbr [onfreHHbrx

pe3ynbraroB I,I ux npaKTllqecrofi qenuocrr,r; [pr.rBeAeHbr cBeAeHLrr o6 anpo6aquz pa6oru;

rlpeAcraBnen xparrr,Ift o6sop crpyKTypbr Ar.rcceprarluu u o[peAeJreH Jr]rrrHrrfi sxraA aBropa.

B nepnofi ruraBe Aucceprallvrr4 B BuAe HayqHoro AoKnaAa paccMorpeHbr onrr.rqecKr,re pr

na3epHble xapaKTepLIcTLIKLI UrrpOKOnOJrocHbrx na3epHbrx cpeA, aKTr.rBr.rpoBaHHbx r{oHaMr.r

urtep6ux. flpe4craueHo orrucaHlle npl,IMeHreMbrx n pa6ore ocHoBHbrx MeroAoB r,rccJreAoBaHrrt

umep6uenblx na3epHhx cpeA c yqeroM r,rx oco6eunocreft, orrkrcbrBaercx pa:pa6orannrrfi MeroA

I{3MepeHI,It rerIJIo[poBoAHocrLI Marepr,ranoB. IIpu prccreAoBaHnsx ucnoJrb3oBaJrr.rcb raKxe

craHAaprHble MeroAbI I{3MepeHLIt paccefl:akrs., Salonux v [onspr.r3arl]roHHbD( ucxaNenzfi

I'I3nyqeH[s, QotomouLIHecIIeHIII{u Lr Apyrvre. Teuueparypa o6paaqoB BapbprpoBzrnacb Brrnorb Ao

Kpl{oreHHbx reMlreparyp. flpI,teeAeHrt p$ynbrarbr usuepeur,rfi xapaKrepr,rcrr.rK na3epHbx

KepaMI'IK: o[TI,ItIecKLIX norepb (nououleuue u paccetuue), crreKTpanbHbrx xapaKTepr.rcrrrK r4

eQ(fextnnnocrll na3epnofi reneparlur.r B o6patqax Yb:YAG, r.r3roroBJreHHbx B ?I3 VpOPAH n



Yb:(La)YzO3, ra3roroBJreHHbrx B I4XBB PAH r,r I,I3 YpO PAH. Kporr,re roro, B uocleAneft

r.r3MepeHo BpeMt xLI3HLt Bo36yxAeHHoro cocTosHllq npllMecHoro uouaurrep6ut.

Bo nropofi uane Ardcceprarluvt B Bu1Le Haylmoro AoKnaAa orlllcblBalorcs cuoco6rr

o[TprMr,r3arlr4r.r reoMeTp]rpr aKTLTBHbTX 3JIeMeHTOB r,Irrep6ueerrx na3epoB. onucana

patpa6oranHiur rexHoJlorrall I,I3roroBJIeHI4r roHKocrepxHeBblx aKTUBHrIX 9JIeMeHToB Kpplcrzlnna

Yb:YAG ArraMerpoM 1 uu u Alranoft Ao 40 MM I,I3 o6tenanofi 3aroroBKLI 6es up I{MeHeHpI{

MeroAa Mr{KpoBbrrflrvrBanufl. flom.rponxa 6oronofi noBepxHocrl{ o6ecleq}IBaer BoJIHoBoAHoe

pacupocrpaHeHLre HaKaqKr.r, a oplrruHzrrrbHblfi cuoco6 oxJraxAeHlrfl rIo3BoJUIer pa6orarb npI'I

[peAenbHo srrcoKofi renrosofi' Harpy3Ke roHKocrepxueBoro aKTltBHoro oneMeHTa. B

4nyxnpoxognoft cxeMe ycvrnenufl rrpoAeMoHcrpr.IpoBaHo ycllneHlle SeuroceryHAHbIX

r.rMnynbcoB co crreKTpanbHo ofpaHu.reHHoft AJrr4TeJrbHocrblo 280 0c ao MI,IJIJII,IAXoynbHoro

ypoBHr eHepruu c yBenilqeHr.reM cpeAnefi uolrlHocru I,I3nyqeHLIt c 5 .qo 50 Br. Brruomtenrr

r,rccJreAoBaHkrs. kr cpaBHeHue xapaKTepr,rcTl,IK ToHKOCTepXHeBbIX yCI4nI,ITeJIbHbIX UO4ynefi ua

ocHoBe Yb:YAG, Yb:YzOl u Yb:CaFz, I,I3roToBJIeHHbx tlo aHzIJIorI4tIHofi rexuolorru, B

pexr.rMe pefeHepaTLIBHOf O y CI,,.I[eIIIJ['

Orn4e.raetct, rrro oAHLIM u3 nyqmux pelreHr4fi e o6racrv BbIcoKoMoIrIHbIX na3epoB

rBJrrrorcr Ar,rcKoBbre Jra3epbr, o6ecnequsarcul[e rou6unaqr,Ilo BbrcoKoft cpegueft MoIrIHocrLI,

srrcorofi e(f(perrunuocrr4, xopouero KarrecrBa IIyqKa u 6onrurofi aneprypbl. flpu pa:pa6orre

TaKr,rx gJreMeHToB BbrrroJrHeHo LrccJreAoBaHr.re eQQerra uerunefinoro Ao[oJIHIdreJIbHoro

TerrJroBbrAerenns. B BbrcoKoJrer[poBaHHnx o6pa:qax, paspa6oraH MeroA MoHTaxa ALIcKoBoro

aKTrrBHoro gJreMeHTa Ha BbrcoKorennonpoBoAnrrfi paAl,Iarop (nonvrpucraJlJll,IqecKufi zurvral,

xap6opyn4) .repes ynbrparoHrufi crofi Qorouorltl,repHoro Knet. Outuuugauut ToJIITILIHII

aKTT4BHOTO gJIeMeHTa r,r qlrcJra npoxoAoB HaKaTIKI,I BbrrroJrHsnacb Ha ocHoBe qI,IcJIeHHoI'o

coBMecrHofo pe[reHr.r.rr ypaBneHr,rs rerrJrorrpoBoAHocru u 6utancHbrx ypanueuuft, c yqeroM

a(f (f erra ycv JreHHoro crroHTaHHoro r.r3nytreHr,rr.

On[cHsaercs co3AaHI,Ie 14 IrpI,IMeHeHI,Ie KoMlo3rITHbrx A]rcKoBbrx aKTktBHbx 3ne-

MeHToB BbrcoKogHeprer[qecKr{x ycunlrrereft, reouerprtr Koropbrx rro3BoJurer BbrBoAr,rrb qacrb

nroMr,rHecrleHrlI,rIl r.r3 r.rHBepcsofi o6racru 6laroAapr orcyrcrBkrro rroJrHoro BHyrpeHHelo

orpax(eHur Ha rpaHrdrle Me)rqy neruponaunoft v HeJrerupoBaunoft qacr.rrMr,r aKTrdBHoro

gJreMeHTa. ,{rx nonu[reHr{r (fynrquonaJrbHocrlr AracKoBbx aKTr,rBHbrx gneMeHToB rrpu rrx

LrcrroJrb3oBanvrvr B BbrcoKogHepferr,rqecKr,rx nir3epHbrx crrcreMax parpa6oraHa opr{rr.rHzurbHiur

rexHoJrorrrr repMoAr.r(ftfysr.ronnofi cnaprn Kpr.rcrannos Yb:YAG u YAG utm can$upa,

no3BoJlltrcruar v3foraBJruBarb o6parqrr Ar,raMerpoM Ao 20 MM. Ha ocHoBe 4opa6orru

MHorolpoxoAnofi TeJlecKo[uqecroft cxeMbr parpa6orau opurunalruuft cnoco6

3Haql,ITerbHoro yBenl,IqeHilt KoJII{qecrBa rrpoxoAoB qepe3 gucrconufi arrneHrrft gJIeMeHT.



Tperun rJraBa Ar.rcceprarlur4 B Bnp.e HayqHoro AoKnaAa nocBrrrleHa r4ccJreAoBaHlrrM

xapaKTepr.rcrr.rK Kpr.roreHHoro A cKoBoro na3epa c sHcorofi cpegueft H nurosofi MorrlHocrbro.

[nr oqenrra s(f$erruBHocrr{ npr.rMeHeHr{r Kpr{oreuHoro ox;raxAeHr.rr 6rrr sHnonHeH pacqer

garaceHnoft gHepruu vt ycvnenvs, B ArrcKoBbrx vt KoMrro3r.rrHbx Ar.rcKoBbrx aKT[BHbrx

gJreMeHTax [pr,r Herrpepsrnnofi HaKarrKe c yrreroM Te MrreparypHbrx 3aBvcr,rMoctefi ocnogHrrx

TepMoonrr.rqecKux r.r ninepHbrx xapaKTeplrcrr.rK, a rarcKe e$Serra yCVl. flora:ano, qro

orrrr,rMaJrbHar ronrquHa aKTr,rBHoro 3JreMeHTa cocraBJrrer 0.8 MM u He Moxer 6urs

3Haqr.rreJrbHo yBenr.rqeH a L:e-sa repMoHaBeAeHHbx s Q Q exron.

flpn parpa6orre rarepnbro ycvrnurenfl, c Kpr.rcrirnnrrqecKr.rMr.r aKTLrBHbrMr,r sneMeHTzrMt4

Yb:YAG BbInoJIHeH ptA Hccne oeaHufi rro ycr{neHr.rro HaHoceKyHAHbrx na3epHbrx LrMlynbcoB B

KplroreHHo oxnax,qaeMbrx Ar.rcKoBbrx aKTr4BHbrx ereruenrax. B paMKax r,rcclegonanzfi

rIcIroJIb3oBaJIocb 2 noAxo,qa. Ha pauuux gralax HccJreAoBanufi 6ru pa:pa6oran saAarouufi

Yb:YAG reHeparop pa6or rqrft B pexr,rMe MoAynsqun go6poruocru c pasrpy:roft

pesonaropa. B 3aKJllotlureffi oft qacrr,r r{ccrelosaHr.rfi Kpr4oreHHbrx na3epoB B KaqecrBe

3aAarcIqero ucroqHl,rKa LIcIIoJIb3oBulJIct BonoKounufi lpeurocexynAnrrfi na3ep c pacrrxeHlreM

plMnynbca ro - 2 nc o6reuurruu 6perroBcKr.rMr.r pernerKaMu r.r [ocneAyro[IuM ycr.rneHlreM

cvffHara go - rvr.{x ypoBH.rr B pereHepaTr.rBHoM ycr,mr,rTene.

Paspa6orana na3epHzul clrcreMa c Kpr,roreHHbrM oxnaxAeHlreM Ar.rcKoBbrx Yb:YAG

aKTIIBHrIX 3JIeMeHToB, B roropoft LI3n) reHpre $opunpyercr B Kpr.roreHHoM 3aAalouleM

reHeparope LI HanpaBnflercs. n xpuorennrrfi npeAycr,rnr.rrenb c KoMrro3r.rrHhrM AHcKoBbrM

aKTIIBHrIM gJIeMeHToM. [.ns eQQexrznuoro rr3BreqeHr.rs gHeprfiu peanu3oBaHa

MHorolpoxoAHat cxeMa ycr4nenufl. Ha ocHoBe reJrecKorra c uepeHocoM u:o6paxenux.

Brrnoluenacepvs.3Kc[epI,IMeHToB trpr{ r,rMrrynbcHofi z neupepHsHofi HaKaqKe Ha pa3Jrr.rr{Hbrx

qacrorax rIoBTopeHHt na3epHblx rrMrrynbcon. [ocrurHyra gHeprr.rs B r{Mrrynbce go 150 rvrr{N

npu qacrore rloBropenlrs 400 fq z ao 90 u,{x npn I xfq qacrore rroBropeHr.rs, c l5%o

onrllqecKzul e$Qexrunnocrbro oKoHetlHoro ycnnlrrels. Anam,r3vpyercfr' qro pocr gHeprprlr B

LlMnynbce rtpu yMeHbIxeHHo qacrore noBTopeHvr ofpaHlrrrr.rBaercfl Brr4sHr.reM e(fQer<ra

YCI'I e AI4cKoBbIX aKTLIBHrIX gneMeHTix, a rpu HenpepbrBHofi naxaqre pr I xfq qacrore

IOBTOpeHI,IS - 3aKI,IIaHI,IeM XI,IAKOIO tBOTa B npOTOtIHOft CUCrerrae OXJIaXAeHI4' aKTuBHOfO

3JIEMCHTA.

B rpuoreuHoM ALIcKoBoM na3epe BbrrroJrHeHbr Ao[oJrHr4TeJrbHbre r.rccJreAoBaHr,rs c Yb:YAG

KepaMI4qecKI,IMLI SJIeMeHTaMlr Ar.raMerpovr 20 MM ra ronulunofi 1.4 rr,ru c 5Yo AolupoBaHr,reM,

LI3roroBneHHbIMI,I n la6oparopr.ru AMRC HaursHcKoro TexnolorprqecKofo Yuunepcurera

Cuuranypa. OrMe'reHo, qro Ant [oBbrrrreur{r unronofi Morrluocrr.r Kpt4oreHHbrx netepoB

rlyreM ycvnenils. nzBepHbIX r{MrrynbcoB MeroAoM CPA 6onee orrrlrMulJrbHo rrpr,rMeHeHr{e



KepaMr.rqecKr.rx nonyropooKcr.rAHbrx na3epHbrx cpeA. Brruornesrr sKcnepr.rMeHTanbHbre

prccJreAoBaHrlr ycvrner^ns. nupoKorroJrocHbrx (6onee 1.5 HM) qr.rplupoBaHHbrx na3epHbrx

r.rMnynbcoB B KpHoreHHo oxJrax,qaeMoM Ar.rcKoBoM aKTr4BHoM gJreMeHTe ug Yb:YzO:

9erneprar rJraBa AvcceprarlLtu B BuAe HayqHoro AoKnaAa [ocBrrrleHa pa3Br,rrt4ro vr

uccneAoBaHr{ro MeroAoB HeJrrrHefinoro ytnupeunfl, crreKTpa r.r3nyqeHr4s urrep6uenbrx na3epoB t4

efo upeo6pa:oBanufl. neruneftno-olrrrrrecKlrMr4 MeroAttMr,r B pa3nr.rtrHbre clreKTpilJrbHbre

Araa[i]3oHbr c flocne.qyrouleft rolrnpeccuefi go Qeuroceryn4nofi AJruTeJrbHocrr.r. B nocreAnena

naparpa(fe uetneproft HraBbI o[[caHbl, ocHoBauHbre Ha BhrrroJrHeuHbrx B Ar{cceprarlr4rr

r4ccJreAoBaHlrrx, piupa6orannrre v gKc[epuMeHTzrJIbHo peanl,BoBaHHbre cxeMbr rrpr4MeHeHr,r.f,

urrep6aenbrx n€BepoB B craprosofi .racrl,I BbIcoKoI,rHTeHcr,rBHbx Serr,rroceKyHAblx na3epHbx

CI,ICTEM.

,{m 4ouonHLITeJIbHofo yMeHbrrreHr{s AJrr{TeJrbHocrlr lrMnynbca Qc umep6neBoro na3epa

BlepBble oKc[epI,IMeHTEurbHo anpo6uponau cnoco6 nemaneftuoft cauoxou[peccLtkr r.r3nyqeHr4{ B

Kpl,Icrzlnne KDP. flora3aHo, rrro aHoMzIJIbHas. Aucnepcvfl, B Kpr.rcranne KDP Ha Anr,rHe BoJrHbr

1030 HM o6ecnequnaer caMoKoMnpeccrrc Sc r,rM[ynbcoB rarrep6uenoro na3epa rprl r4x

nelusefinoM yIxLIpeHuI{ co cxarlreM AJruTeJrbHocrr,r r{MrryJrbca He Meuee 3 par (c 280 Qc lo 94

$c ) 6es yMeHbrIreHLIt nLIKoBofi trrolqnocrr4 r,r3JryqeHus. TaKofi rroAXoA r,rMeer rrper,rMyrrlecrBa

AJI' BbICOKOMOITIHbTX na3epHblx CPTCTeM, nocKoJrbKy He r.rcrroJrb3yeT qLIpIIupyrcIIIue 3epKana.

Paspa6oraHa opI{rLIHaJIbHiuI napaMerpr{trecKrur cr{creMa Soprr,ruponaHr.rq Miuroqr.rKnoBbrx

Sc nrr,rnynbcoB pa3nvqHblx c[eKTpanbHbx Ar.rana3oHoB HarrprMyro l,rs cy6-uc urrep6uenoro

na3epa HaKatIKI,I. 3xcnepnrueHTtrJrbHo rroKiraHo, rrro x3nyqeuue cy6-uc urrep6zenoro nurepa c

npLIMeHeHI,IeM reHepaIII,Ikt cy[epKoHTr.rHyyMa r.r AirnbHeftruux nelunefiurrx upeo6pasonanufi

Moxer 6rrrr upeo6pasonano n (penaroceKyHAHbre r.rM[ynbcbr Anr.rrenbHocrrto 20-40 Sc c

nepecrpal.IBaelraofi IIeHTparIbHoft ArtIuoft BoJrHbr B Avana3oHe or 650 Ao 2400 urra.

Ha ourose QeruroceryHAHbx H tII,rKoceKyHAHbrx urrep6zenbrx nuulepon paspa6oraua

craproBat qacrb QerraroceryHAuofi rasepuofi cr4creMbr 2-urna crreKTpanbHoro Alrala3oHa c

Mynbrl,ITepaear-rHoft uprronoft MolrlHocrbro. Brruolnenbr r.rccJreAoBa[vs. uapaMerpr4rrecKoro

ycvnenufl. Qerr,rrocenyHAHblx I{MIIynbcoB c rleHTpanbnofi Anunofi sorHrr - 2 uxvr u naxaqxoft

rrr.r Ko ceKy HAHbrMtr uMrrynbc ztM u urt ep6ueB oro nir ep a.

Pa:pa6oraua HoBarI craproBar{ crrcreMa Anr na3spHoro KoMlJrerca PEARL, o6ecneuuBaroqarr

olrrllqecKylo cI4HXpoHLI3aIIurc 20-tu SeuroceryHAHoro crrrHurJra v HaKar{KLr, a raKxe

y[paBneHl4e BpeMeHHHrra npo(funeM [IMIIynbca HaKatrKn. OrNae.raercq, rrro [epBbre pe3ynbrarbr

tIcIIoJIb3oBaHLIt nonofi crapronofi cucreMbr B puBoBbrx Bbrcrpenax AeMoHcrpr{pyror

3HaqllTenbHoft pocr nzrosofi MolrlHocrr.r u cra6ulsHocrrr or r.rMnynbca K nMnynbcy.



B raoepruaroqefi .racru rJraBbr olucaH TaKXe 4uzairs parpa6orannofi na ocHoBe BbIIroJIHeHHbx

uccle4onannft cxeMbr crapronofi cLrcreMbl AJII Meracafienc ycraHoBKl't XCELS. [uzafiu

ocHoBaH ua rou6uHarluu BoJIoKoHHbx r{ TBepAoreJIbHbx cocraBJltroq[x u HaIIeneH Ha

.rlocrr,rxeHr.re srrcoxoft cra6lurnocrr.r uapaMerpoB l,I3nyqeHr4fl. u Bo3MoxHocrl{ ynpaBneHlJ.fl' vtMu

B llrrrpoKoM ALIaIIa3OHe.

B rarclroqeHrrlr [epequcneHbr ocHoBHbIe pe3ynbTaTbl, [OnyqeHHble B AllCcepraquoHnoft

pa6ore.

Hayunar HoBn3Ha pery;r'rraron pa6orrr

B 4uccepraquz B oAHoM pa3Aene o6reAuuenbl HayqHzla HoBI43Ha I,I IlpaKTl,IqecKaf,

3HaqgMocrr (crp. 7). llpu eroM B pa3Aene upeo6laAaer on?IcaHlle rexHoJIoruqecKI'IX

4ocruxenr,rft, HecoMHeHHo BaxHbrx Anr [paKTLIqecKI,IX npuloxenlrft vr cla6o orpa)KeHa

HayqHaf, HOBI,I3Ha IIpeAcTaBneHHbIx B ALICCepTaIIuu LICCJIeAOnanUfi .

Teryr He MeHee. MoxHo orMerI,ITb HecKoJIbKo uar,r6olee I4HTepecHbIX HaytIHbIX

pe3ynbTaroB.

Parpa6orauu u oKcrrepr{MeHTzrJrbHo peaJII{3oBaHbI HoBbIe MeroAbI AI4arHocrI'IKI'I

TepMoorrrr,rqecKtrx csoftcrs (reulonpoBoAHocrl,I, uelr.Iuefinoro rerlJloBblAeleuur) nrrep6uenrx

aKTLrBHbrx cpeA.

CogAanu u prccJreAoBaHbr rronuKprrcrarrJrr{qecrne (repauuvecrue) ulrep6uenble na3epHble

cpeAbr B reoMerpr,rr{ ToHKoro crepxHr, [onyqeHHble rag o6reunofi sarorosKll 6es [pI4MeHeHI'Is

MeTOAa M[KpoBbIT flrvBaH.vlfl.

Parpa6oraHa rexHoJror[r repvro4uQtlysuounoft cBapKLI KoMTIo3I,ITHrIX AI'IcKoBbrx

aKrr,rBHbD( oneMeHToB, B ToM rrr4cJre r,r3 pa3HopoAHblx Marepl4anos Yb:YAG/Sapphir.

Bnepnue gKclepr.rMeHTaJrbuo rrpoAeMoHcrpl,IpoBaHa Bo3MoxHocrb uelunefinofi

caMoKoMupeccr4r4 250 Qc lrMflynbcoB urrep6nenoro Jla3epa B Kpllcriulne KDP Ao AnI'IrenbHocrI'I

MeHee 100 $c 6es yuenuleHl,It [I'IKosofi NIoqHocrI'I ll3[yqeH]Is.

Paspa6oraHa HoBarr cxeMa npeo6pasoBareJlfl cy6nuroceKyHAHblx I,IMnynbcoB

urrep6ueerrx na3epoB r (fervrroceKyuAuble I,IMlyJIbcbI AJII,ITeJIbHocrbIo 20-40 Sc c

rrepecrp:MBaemoft rleHTpanbHofi AruHoft BoJIHrI B ALIarIuBoHe ot 650 ao 2400 uru.

Parpa6omna HoBarr craproBuur crrcreMa \nfl Jlzrepuoro KoMnJIeKca PEARL,

o6ecnequnarcu4fl onrr,rqecKyro cprHxpoHlr3arlurc 20-ru tlervrroceryHAHoro ctIrHuIJIa I{ HaKaqKrI, a

TarcKe ynpaBneHr.re BpeMeHHurra npoQzneM LIMrIyJIbca HaKatIKIa. Pa:pa6otatt lluzaitle craprorofi

cr.rcreMbl An.f, N{eracafieHc ycraHosru XCELS.



Hay.uran rl flpaKTl{qecKafl 3lraquMocrr pa6otrt

Hayrnaa 3Harrr,rMocrr pa6oru o6ycloueua neo6xoAl,IMocrbro rtoryqeHIat KoMlnexcHbrx

gKcrrepprMeHTilJrbHbx AaHHbx o [apaMeTpax na3epHblx aKTI{BHbIX CpeA Ha OCHOBe pa3nI'Ir{HbIX

Marprlrl, nerupoBaHHbrx r,IoHaMu urrep6ug., rlrs. co3AaHLIt. na3epoB c nrrcorofi nuKosofi u

cpe4neft MoIrIHocrbIo.

B xoAe BbrrroJrHeHr,rr uccneAoBauuir, npeAcraBneHHbx e AaHHofi Aklcceprauvkr, poctr4rHyr ptA

uau6oree 3HaqLIMbIx [paKTLIqecKLIX pe3ynbraroB:

.{rt:r eQ$eKTlrBHoro ycvnenvfl, JrruepHoro r.r3nyqeHl,Is c gHeprlleft n uunynbce eAllHHIIrI

Mprnnr,rAxoyrcfi u cpe4neft rout"oar"ro B AectrKI,I Barr paspa6otana rexHonorurs co3liaHvfl

ToHKocrepxHeBbrx aKTr,rBHbIx gJIeMeHToB H3 HarrprMyn o6reuuhlx 3aforoBox 6es npLIMeHeHI4t

M eroAa MI,IKpO B bIT fll r4BAHUfl .

Pa:pa6orana opurlrHaJrbHiur rexHoJrornr co3AaHI,It ArlcKoBbrx JIa3epoB, He ycryrlaloufix lro

ocHoBHbrM xapaKTepr4crr.rKaM parpa6orrarra BeAyrrlux Haf{Hbrx rpyln. [.ns yJryqrreHl,It

xapaKTepucrlrK Ar,rcKoBbrx nrcepoB BbrrroJIHeH pflA pa6or lro orITIaMH3aIIuu reoMerpul,I

Ar.rcKoBofo aKTr.rBHofo gJreMeHTa r.r gKc[epuMeHTaJrbHo [poAeMoHcTpLIpoBaHbI TIpeLIMyIIIeCTBa

KoMno3LtrHbx aKTIIBHsD( gJreMeHToB AJrr pa6oru B pe)KI,IMe yculnenr4fl, BblcoKogHeprerplr{ecKl,Ix

I'IMlyJIbCOB.

B nenpeprrBHoM pe)r(uue pa6orbr MHoroMoAonofi rarepuofi reHepaquu B pe3oHarope c

AlrcKoBbM KBaHrpoHoM AocrnrHyra auQrlepeHrlnallbHar e(fQeru4BHocrb 60Yo c slxoAHofi

naaepuoft MorrlHogrbrc 600 Br Il sra MorrlHocrb orpaHI,IqLIBarIacb JITIIITI 4octynuoft MolrlHocrbro

HaKarrKr.r. C ucuomsoBaHzeM 2-x rnaurpoHoB B pe3oHarope AocrlrrHyr KLIJIoBarrnufi yponens

cpe4ueft MorrIHocrLI.

Buepnrre gKcneplrMeHTaJrbHo rrpoAeMoHcrplrpoBaHa Bo3MoxHocrb nerznefinofi

caMoKoMlpeccuu 250 Sc r,rMrryJrbcoB ramep6uenoro nrrepa B Kpr{cranne KDP Ao AnI{TenbHocrI,I

MeHee 100 Qc

Ha ocnoee uerranefinsrx B3avMoAeficrsufi pa:pa6orau npeo6paroBareJrb cy6-uc LrM[ynbcoB

urrep6uenrrx na3epoB n SeuroceKyHAubre r,rM[ynbcbr AJrr.rreJrbHocrbro 20-40 Sc c

nepecrpar,rBaeuofi rleHTpzrnbHoft Amrsoft BoJrHbr B Ar,rana3oHe or 650 ao 2400 nu.

llparruuecxa.r BaxHocrb npoBeAeHHbx B Ar.rcceprarluu gKcrrepuMeHTaJrbHbD( lr

reoperr,rqecKrrx nccJreAonanuft rroATBepxAaercfl parpa6orrofi u cosAaul,IeM Ha I,IX ocHoBe ptAa

yHuKzurbHbrx na3epHbrx cprcTeM :

. craproBzur qacrb $ervrroceryn4noft rasepuofi clrcreMbr 2-urrr,r cneKTpanbHofo AI,Iana3oHa

c MynbrLrrepaearrnoft uuronofi MorrlHocrbro;



. HoBarr craproBuur crrcreMa AJrs na3epHofo KoM[JIeKca PEARL, o6ecue'Iznarcqzul

olrr,rtrecKyro cr.rHxpoHr.r3arlurc 20-ru QervrrocexyHAHoro cI,IrHaJIa u HaKaqKI,I, a raKxe

yrrpaBneHlre BpeMeHHrrrvr npo(fr,rneM LrMrrynbca HaKatIKLL or I{M[yJIbca K LlMrlynbcy.

o guzaitu crapronofi ctrcreMbr rnfl ueracafienc ycraHoBKLI XCELS c srtcorofi

cra6ulruocrbro [apaMerpoB r,r3nyqeHr.rs r4 Bo3MoxHocrblo yrrpaBneHl{fl. nMv B Iu,IpoKoM

AIIana3OHe.

Pe:ylrrarrr pa6oru Moryr 6urr ncnoJrb3oBaHbl B HaytlHo-vccneAoBareJlbcKl,Ix

opraHr{3auusx: I/;ncnrryr Suszru aruoctfepbr I,IMeHI4 A.M. O6yxona PAH, Mfy, Zncruryr

o6rqefi (fusuru nMeHr,r A.M. [p&opoBa PAH, Llucruryr la:epuofi (fusuru CO PAH, POflU-

B HI4I4 3 (D, POTLI- B HT4VIT A .

Y gnccepraqun ecrb HeAocrarKlr, Koropble neo6xoAupro orMerrrrb.

Ouronnue floJroxeHfir, BbrHocr,rMbre Ha 3arrl]rry, He coBceM .r€rrco cQopuynupoBaHbl

1. B nepnoM 3arrlr4rrlaeMoM [oJroxeHr4r{ yrBepxAaercr : ((tITo [o3BoJlter o6ecnequnarr

niBepHyro reHeparlruo c an$Qepeuquamnofi e$rfenrr.rnuocrblo BbIIIre 35% n 4zcronoft

rcoMeTpI,IU aKTI,TBHOTO 3JIeMeHTa. )

B Aasuoft Qoprvryrurponxe He orrpeAeneHa BepxHst rpaHVIIa gocturuyroft

ara(f Qepenquaruroft eQQexrunnocru.

2. 3auluuaeuoe [oJroxenue 3 3Byrrur xar: <I4groroBJIeHLIe aKTLIBHbx gJIeMeHToB

ToHKocrepxnesoft reoMerpvr.r vr3 o6rerrruoft 3aroroBKrl 6es npI{MeHeHI4s MeroAa

Mr.rKpoBbrrrfr.rBaHr,rs o6ecnequeaer xoetfQuqlreHT ycfineHufr na3epHbrx uMrlynbcoB 6oree 11 pas

3a oAr,rH npoxoA B Kpr.rcrurnre Yb:YAG npu HenpepbrBHofi naraqre Ll3nyqeHvls, a raKxe

Bo3MoxHocrb co3AaHlrr aKTlrBubrx gJreMeHToB ToHKocrepxuenofi reoMerpl,Iu v3

flonr,rKpr{craJrJrr,rqecKr4x (reparvrl,Iuecxnx) umep6uenblx JIa3epHbIX cpeA.)

Ha nau B3ursA, "r,r3foroBreHr,rerr He Moxer o6ecnequearr xoeQQrrqpreHT ycurrenns'

rroJro)KeHlre c(!opnrynupoBaHo HeKoppeKTHo.

3. AuaroruqHo qerBeptog 3arru,IilIaeMoe IroJIoxeHHe, HaqilHaroqeecq c ((Lr3roroBJIeHI,Ie

MeroAoM rcprraoauQQy:uouuoft cBapKr.r...> raKxe c(foprvryrnpoBaHo HeKoppeKrno. Beporruo,

TaKofo pe3ynbrara [o3Borqer Ao6urrcs ucnonusbeaHue aKTvrBnbrx giIeMeHToB r,I3roroBJIeHHbx

yKa3aHHbrM o6parou.

B rlenoM Tperbe n qerBeproe 3arquulaeMbre [oJro]r(eHr.rr B rrpeAcraBJreHHbrx

(foprrrynrapoBKax, Hocrr cKopee rexuuqecxuft xapaKTep v rpe6yror AorroJrHr{TeJrbHbrx

KoMMeHTapraen, pasrxcHrroqr4x ux $yu4anaeHTuurbHocrb.



4. Ha crp. 38 aBTop yrBepxr,{aer <BrrnorHeHHbre gKcnepLIMeHTbI rIoATBepALInu

TeoperlrqecKlre pacrrerbr, corJracHo KoropblM Aasnufi rIoAxoA [peAcraBnser 6olrmofi

npaKrr.rqecrufi unrepec Anr rroBbrrrreHr.rs uurosofi MoIrIHocrI4 (feutocexyHAHbx HeoAuMoBbx

na3epoB c AJrr.rreJrbuocrbro ne 6olee 150 $c>. B srcuepuMenTax aBTopa [crIoJIb3oBaJIct

Kpprcrann KDP 6onrruofi 4lnnrr, B KoropoM npr{ BbrcoKrlx I4HTeHcLIBHocrqx 6yaer pa3BuBarbcs

cartaoooxyclrpoBKa. B 4ucceprarlulr He orpaxeHbr cuoco6u [peoAoneHus grofi upo6lerurr.

5. llpu paccMorpeHr,rr,r MeroAoB yMeHbruenur $a:onblx IrcKaxenuft uslyueHllt B KoMIIo-

3r,rrHoM ALrcKoBoM aKTHBHoM gJreMeHTe He paccMarpuBanocb BlrutflHrae 3JIeKTpoHHoft xoutuo-

HeHTbr, Koropoe Moxer 6Hrr gndqureJrbHbrM [pI,I BblcoKktx rIHTeHcIaBHocrtx.

6. Cr[rucru.recKoe o([oprraneune pa6oru co]rcKareJreM co3Aaer rlpertrcrBpls Lnfl

BocnpLrrrrrr r,r3JroxeHHofo Marepuana qurareJrro. B rexcre rrpl4cyrcrBylor MHoroqI4cJIeHHbIe

xaproHr,r3Mbr, B prAe cnytraeB yuorpe6leuux cpaBHrlTenbHbx xapaKTepucruK BeJII4qLIH

cor.rcKareJreM He Aaercq HX KoJrr,rqecrBenHofo Kpr{Tepr,rr. Cogepxarule 4,IccepralluoHHoro

Marepuana orpaxaer 6olrurofi o6reu r.rHxeHepHofi pa6oru, [poBeAeHHofi coptcrareJleM, a

pe3ynbrarbr Qu:uxo -uareMarr{qecK}rx rrccJreAosaHr,rft pacKpbrrbr s N{eurueft Mepe.

Ecrs rarcxce 3aMerraHrrg.

1. B rerccre Ar.rcceprarlulr coAeplKvtrcfl. MHo)KecrBo HecofJIacoBaHHbIX npe4roxenufi u

oneqaroK. Anrop uclonb3yer xaproHr,r3Mbr (<cne6onrte JIa3epbI)), (nopor LIHBepcu[),

(BbrcoKorpKtur)), ((crperqr.rpoBaHue), (KoM[peccupoBaHvre>>, Lr ap.). Crpub HarrrrcaHprq reKcra

3HarrurerbHo 3aTpyAH.rIeT ero [oHuMaHI4e.

2. Pucyuxu B TeKcre Ar,rcceprarl[u B [JroxoM pa3perueHr.ru, Bo MHorr.rx r.r3 Hlrx reKcr Ha

anuuficxoM s3brKe (pzc.l3, 19 u ap.).

3. B rercre ecrb pa3HotITeHr.Ir:

Ha crp.ll npo rpr4MecHbrit uow urtep6ut HanucaHo ",{pyrofi naNnufi HeAocraroK -
Harr.rq[e [ornouleHr4fl lr3nyqeHufl ug nos6yx4euHoro cocrofl:avtfl>>. B ro xe BpeMs ua crp.27

yrBepxAaercs (L'IoH urrep6ur^ xapaKrepr{3yercs ue6oruuruir.r KBaHroBbM 4eSerrou (-9%) u

orcyrcrBr.reM rrorJrorqeHlrs rr3 nos6yN,uenHoro cocrosHr{s)). ,{auuoe pa3HoqreHue rpe6yer

paerrcnennfi.

4. B paraere <HayvHa{ HoBr.r3Ha r.r npaKTr.rqecKair 3Haqr.rMocrb> yKa3aHo, qro AJlfl

rrccneAoBaHr,rr onrrrqecKr,rx KepaMr,rK prcrroJrb3oBarJrcr (BHoBb pa:pa6orannrte MeroAbr

uccneAoBaHur HoBbrx urrpoKorroJrocHbrx urrep6uenrrx cpeA>. Hro 3Haqr,rr ((BHoBb

parpa6oraunrre>?



5. Ha crp. 5 nanucano (orKpbrBaer Bo3MoxHocrLI crlJrbHoro ynyqureHl,Lfi

TepMoorrrr,rqecKux H na3epHbrx xapaKTepr4crlaK)). I{ro raroe "cl,Irbnoe ynyqilreHl'Ie" B gaHHoM

cnyuae?

6. Ha crp. 8 orMeqaercx <C npuMeHeHr.reM grl,Ix MeroAoB pirpa6orano HecKoJIbKo

na3epHbrx ct4creM c oAHoBpeMeHHo sHcorofi cpegnefi MoulHocrblo u gHeprueft s IlMrlynbce.

Taxue naBepHbre crrcreMbr 6ylyr orrrI,IMaJIbHbIMI,I Ant npLIMeHeHHt B KaqecrBe I{3ryqeHzt

HaKatrKr.r HoBoro noKoJIeHrIt rfeuroceryHAHblx [apaMeTpI,IqecKpIX na3epoB).

Anrop He pacKpbrBaer Kpr.rrepr{u orrrr,rMaJrbuocrl,I naaepHofi c}IcreMbl.

7. Ha crp.l2 HarrilcaHo k[nr u3MepeHr,rs uccneAyeMufi o6pareq roMelqaerct MexAy

AByMr LI3BeCTHbIMr,r orrTI,IqecKr,rMI,I gJIeMeHTaMI,I C MaKCITMaJIbHO BO3MO?ICHbrM TeIIJIOBbIM

KOHTAKTOM)).

Karos rpurepufi KaqecrBa rerrJroBoro KoHTaKTa LI KaK ero xapaKTepLIcrI{KLI BJI}ItIor Ha

pe3ynbrarbl uruepenuft ?

flepe.rucneHHbre 3aMeqaHr,r.f, He cHr.rxtuor o6uteft uoJloxllTenlnofi oqeuKla BbIIroJIHeHHoro

Ar{ccepTarl}roHHoro uccJreAoBaHr{r vt He BJII{'IOT Ha BbICOKyIO HayqHyIO 3HaquMocTb

[onyqeHHbrx aBTopoM pe3yJlbTaroB.

3arcnro.reHlre

OcHonHrre HafrHbre pe3ynbrarbr AocraroqHo IroJIHo orpaxeHbl n 31 ouy6rytronanuofi

crarbe n pe(fepzpyeMbrx xypHzrflax, BKJrrorreHHbrx B flepetleHb BAK, B ToM tII,IcJIe B xypHanax

rrepBoro (Ql) ra Broporo (Q2) rnaprHlefi no MexqyHapo,quoft 6ase Scopus 3a rlocneAHne l0 let

r.r AonoxeHbr Ha ceMr,rHapax I4lI@ PAH, BcepoccnftcKl,Ix I4 MeNayuapoAHblx xou(pepenqurx.

CoAepNaune Ar4cceprarlulr, HafrHbre rtoroxeHus u c(fopnryn[poBaHHble BbIBoAbI AaroT

ocHoBaHr,re [oJrararb, trro rlenb r,rccneAoBaHr.rr Aocrl,IrHyra, a c(loprr,rynupoBaHHble B

AV CCepTarIVrV 3AAAqr4 yCneIXHO pelxeHbl.

Conorynnocrb [oJryrreHHbrx aBTopoM pa6oru pe3ynbraroB Moxer 6rIrs xsarll(fuqnponaua rax

HayqHoe AocTuxeHple BbIcoKoIo ypoBHt.

,{uccepraqlrr yAoBnerBopser nceu rpe6oBaHr4sM <<floroNenus o [optAKe rlpl4cyx,(eHllt

yuenrrx creueneft>, yrnepxgeHHoro flocranosneHr.reM llpannrenrctna Poccuficroft (De4epaqzu

or 24 cemx6px 2013 rota Il! 842 (c lr3MeHeHHtMLI Ha 26 cenrt6px 2022 roga),

rrpeAbflBn.rreMbrM K.qr,rccepraur.rsM Ha coilcKaHue yu€uofi crerIeHI,I AoKTopa HayK. Anrop pa6oru,

Myxuu I4nau Bopuconuv, Aocror{H [prcyxAeHr.rs yueHofi crerleHv AoKTopa Susuxo-

MareMarr4qecKr,rx HayK no cnequzlnbHocrr 01.3.19 - na3epHuul Qusura.

,{uccepraqur Myxuua LI.B. rr or3brB na ue€ o6cyNAeurr u o4o6peHbl Ha 3aceI.anukr

HayqHoro ceMr.rHapa @egepalruoro rocyAapcrBeHHoro 6roANernoro yqpexAeHllt HayKIr

l0
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