
Or:ur oQuquaJrrHoro olrroHeHTa
Ha Ar.rccepraqnro Barnuna Cepren Mapxonuva

"Br,rcoxoorlQercTrrBHbre Jra3epHbre u3JryqareJ* Ha ocHoBe KprcraJIJroB grofiuux rca.nufi-
peAKo3eMeJrr,HLlx no.nrQpauaroB, axruBIrpoBaHHI,rx uoHaMrr ryfluq II fofl[,MI|[r,

rrpeAcraBJreHHyro Ha corlcrcaHfi e yu6uofi crerreHu

. AoKTopa Snruxo-*rareruaruqecxlxHayK,
cneqrraJrr,Hocr[, 1.3.19 -,rarepnar rfnrura

Axrya.rruocrr reMr,r Ar4cceprarluouuofi pa6oru ceprer Mapxonuva Baruur<a, nocaruleHuoii
asrcoxoaQ<!exruBHbrM Jra3epH6rM x3JryqareJr.f,M Ha ocHoBe (pr4craJrJloB 4nofiHsrx ralufi-
peAko3eMeJlbHbrX nOlr$pauaroB, arTr.rBr{poBaHHbrx }toHaMx -tyr!19. u roJlrMar, He Bbt3brBaer
coMHeHHfl. Teua pacr<psrra B Auccepraqr{u KoMrrJreKcHBrM rroAxoroM Syu4aueura,rsui,rx
acne(ToB n:aullo4eficrnu, ItoHoB "ryrrufl. u roJIbMI4, B aHl43orponHr,Ix Kpl,Icra!'rJluqecxltx
Marpl'Iqax, u ps4oM npa(Tl'IqecKrrx pe3ynbraroB, npeAcraBnrrcunx gHa.rurenbHr,rfi HHTepec AJu
pa:pa6orxz otfrferruauux na3epHbrx rrcroqHr4(oB c ssrcoxofi cpe4uefi MorrlHocrrro reHepaqsu
B CneKTpaJr6HoM AHana3oHe 1.8 - 2.1 vxv. 3ro HarrpaBJreHHe aKryirnbHo B Mr4pc, H

tpopuaponarrze ero aKTyanr,Hocrr4 .flBJrrerc.s, B ToM qr4cre, :acryroii Ar.rccepraHTa. orrr.rerr.ru
Tal(xe [epc[eKTI'lBbI npuMeHeHl'i, na3epoB I{ crrcTeM Ha I4x ocHoBe: MeAHLII.IHa, onTurlecKil.
no(aqur, nporuao4eftcrrue clrcreMaM tr4K Uane4eur.ra u ua6aro4euua, sroloruvecrufi
MOHI4TOPI'HT, B TOM III,ICJIE O6TTAPYNETTUE B3PLIBqAT6IX BEIUECTB, IIPHMEHEH}IE B KATiECTBE

xcToqHr4KoB HaKaqKr.r AII,THHOBOJTHOBbTX JIa3epoB.

flepefi4eu r< no4po6uouy alraausy pa6or:u.

Beeleuue coAepxl'IT I{parK}'Io rlcropl4lo noucra e<f rfenu4BHbrx rBepAoreJrbHlrx Jra3epubrx

cpel co cseronofi uaxavrofi, o6:op cnequa,rsnsx rou$urypauua axrr.rBHr,rx gJreMeHroB

(4acroorre MoryJru, uzna-clo6rr u r.n.), pa:luuubrx pexHMoB feHepaqfllr, BKJrloqa, 6srorpyro
nepecrpoftrcy IIo cneKTpy, MoAynrur4ro go6poruocru. Orueqensr uau6olee [HTepeoHbre
TBepAOTeJILHbIe Kp[cTaIIUqecKI.Ie MaTpHIIEI, B KOTOpI'IX ]IOHbI-aKTLIBaTOpbt Me]OT 6Onsllrrae
ceqeHI,L nepexoAoB s o6racru AJILTH BoJrH reHepaqur{ r.r HaKaqru4. Haxoneq, Ha3BaHa rpyrlla
MoHoKJIITHHbx Kpr4craJrJroB 4nofiatx nolrrlpauaron KirJrr.t{ co crpyrrypnofi r}opuynoft
KRe(WOa)2, r,qe Re : Gd, Y, Lu (n corparqenHoM Bapr.raHre KReW) e (aqecrBe M.rtpat\ u
TpexBaneHrHbre r.roHr,r-axrrrBarop6r 0.Jd3+, Yb3+, Tm3+, Ho3+ u gp.) B KaqecrBe nerupfotrlux
ao6asoK (creneus JrerupoBaHu, tr.roNer 6srrs AocraroqHo 6onruofi). Bo nregenun
o6cyN4arorc.a rleJlr{ x 3aAaqrr pa6orsr, HoBr.r3Ha pe3yJrr,TaroB, TeoperaqecKils u nparTr.rqecxa,
3uaqr.rMocr6 pa6orbr, naa6olee ,pKr4e pe3yn6Taru, luuur,ri BKnaA aBTopa, anpo6aqr.ra xa
MexAyHapoaHrlx rontpepeuqurx, a raKxe r43nor(eHbr 3arqr4ruaeMble [oJIoxeHr4r.

flepnan flraBa rrocBs IeHa pr.(y Qu:uuecxux, omuqeoKux 11 r'epMoMexaurrqec(]rx
xapaxTepucrlr( (pr4craJrJroB AgofiHHx Itarufi-peAro3eMe:rtnr,rx nolltlpaMaroB. B lepnou
laparpa@e l . l . ua npuuepe Kpr4crannoB 4noilnrrx (arr.ri peAKo3eMe:umx nolsrlpanaron
KReW, Re = Gd, Y, L paccuorpeun cr.rHre3 H crpyKrypHlre xapaxreplrcrltKlr o6pasqon

KpllcrannoB. Cqerau arra,rzs (laxropor, olpeAemrotqlx (aqecrBo Kpr.rcranna: Kore6auprs

TeMlepaTypbr B pacflnaBe, Bbr3brBaroqlre HeoAHopoAHocTr.r B Kp cTa,'rJre, repMxrrecKr.re

HafiprxeHl4r, BBoA rxrora 3arpaB(r4 qepe3 uarpy6ox, nrparorqr.rfi pom "gaSOysuoro sar:sopa", a

Taxxe yMeHbrxeHue MaxcuMaJrrnofi revneparypbr pacrBopa-pacnnaBa. B pe:y.nurare



orITIrMU3arrlIH yciroB[fi CrrHTe3a u rexHoJrorHH Br,rpaulr.rBaHnq 6rr.nu no,ryuenrr
BbICOKOKatiecrBeHHr,re xpynuora6apr,rnure crpyKTypHo-coBep,,reHH[,re Kp,ncraJIJrbr
ABofiHHx xa,rr.rfi-pegxoreMeJr6,Brx BoJrBOpaMaroB. Bo nropou naparpa@e,iprr"r"r",
ocHoBHbre rfr'r:uvecxze u orrrr.rqecxue napaMerpbr Kpr.icrannoB KRe(woq)2. flpune4eu' crexrp
roDroqeHr4.s Kpr'rcraJrna KYW u cneKrp I]poflycxaHr4s Kp]icril,lfla KLuw. B cuny uu:xofi
cllMMerpr{}r (npocrpanc.rrenua-r rpynna 2lm) Kpr.rcrturJrbr KReW .f,tsJrsrorc,
AByJlyqenpeJroMJrrroqr.iMr.r. Tpu oprorouanlHLrx oca onru.lecrofi r.{HAaKarpr,rcbr (x, y, z) Nn
MoHor(JrxHHbx Kpr.rcra!'IjroB TpaAr4[tt4oHHo o6ogua.rarotc.s xax Np, N,r z Ng, fipr, groM
cooTBeTCTByIOUUe [oI{a3aTeJIH IIpenOMJleHI.L OTBeqaIoT ycnoBrrlo l.lp < nm < ng.
BsaznaopacnoroxeHr4e Kprrcra!'rJrorparlrEvecrzx ocefi a, b, c u ocefi onruqecxofi r,rHAxKarprrcbr
Np, Nm u Ng u pa,:rr.rerra ocefi Nm u Ng na tfparueure Kpr.rcrannr4qecxoii 6ynu S%Trn:KLuw,
nupesauuofi BAolrb ocrT b. Ocr Np coBnaaaer c b u neprenrurynrpHa noauponauuofi
nJlocKocrr.r 6ylz. Ilpaee4eHu xos@tfuqueu',r luuefiHor.o pacmr.rpeHrrs rpzcral,ron KReW.
Corracso AaHHbrM, rrpeAcraBneHHbrNr s Ta6rral\e 1.1., xoarlQuque,,r rlrHefiuoro pacuupeHrrs
BAoJIr, ocrr b (ocr cuuuerppr, BToporo noprA*a [010]) cyrqecrneHHo MeHbrrre aHarol.]rqHbrx
BeJrr'rqr'rH Ars ocefi a [100] u c [001]. 3ro Moxer Bnz.,rrr, Ha repMoMexaHqqecKrre HanprxeHr.rr, B
ToM qzcJre nopor pa3pyueHr.r, Kpr.rcraJlJla fiptr ero HeoAHopoAHoM HarpeBe. B Ta6:ruqe I .3
rIpI'rBeAeHr,r 6a:onrre rfasu.recxue xapa*repr.rcrr.rKr.r KpHcraJrJroB KRew. B rapanparle 1.3.
orucaHa cxeMa 3(cnepEMeHTanLHOfi yCTaHOBKX rro r{3MepeHr4ro repMo-onrHqecKlTx
r<oe$tfuqueuron B KpxcraJrne KLuw. B BrrBoaax K f:rase I orMeqaercs Bo3MoxHocrb
cyrqecrBoBaHn, B Kpr,rcrarnnax onpeAeJreHHbrx ualparleulrfi, [p]r paclpocrpaHeHr.r[ IIo
KoropLrM TeMleparypHrre rpaAaeHTr,r He Brfisror ua Qasony,ro crpyKTypy cBeroBoro Jlyqa c
coorBercrB)aroulefi 4lr.ruofi BoJrHhr r4 nolrpu:aquefi (arepua,rruue uanpae;leunr), raxue
HAIIPABJIEHU' ITOTYT 6Srrr, rlCttONb3OBAHI,] NPX ONTI,IMI,I3AIII-IH AKTI,IBHI,IX 3JIEMEHTOB AJIg
Jra3epHbrx uuyvarelefi co cnepxcra6u.nr,HrlrM IlpocrpaHcrBeHHbrM upoelr.reu.

Bo nropofi rJraBe paccMorpeHbr cneKTpocKonr4r{ecrr4e xapaKrepr.rcrrr(H Kpr4craJrJroB gnofiur,rx
ralufi-pe4ro:euemusx nors$paMaroB, aKTr.rBHpoBaHHbrx ,,oHaM Ty rnuu u ro;rrrraus. B
naparpa$e 2.1. o6cyx4aercs crpyKrypa 3Heprerr.t qecKrrx yponHefi rpexBareHrHbrx HoHoB
Tynus lr roJrbMzr. flocr<oli,ry 5f gJreKTpoHHLre o6o:ro.rKr.r 3r{paHr.rpoBaHbl or
BHyrplrKprrcrzlnJrllqec(ofo noJu s-, p- u d nuemHulru o60louxauu, BuA cneKTpoB IlofnoxleHr4s
L nroM HecueHL(Hr4 perKo3eMejrr,Hbrx HoHoB c,ra6o gaaucut or rr.rra I4 crpy(Typbl
KpaoTarraqecKofi uarpuqrr. B vactuocra, KorliqecrBo rrrrapKoBcKr.rx no4ypoouei
onpeAeJrrerc, czulr.rerpzefi BHyrprrKpr.rcralrJrxqec(ofo fioJrr, coBnaAarouefi c :roraasuoii
CUVUETPUEfi KPI{CT'TNJIA, II KBAHTOB},IM qI4CJIOM I4OHA J. IIPUNE4EU PSA 3KC EPI,IMEHTOB C

naMnosofi saraqrofi B aBlxMr.rxpoHHoft o6racru cnexTpa AJUI KpncrtrnnoB 5%Ho:KGW, 3%-,
5%Ho:KYW u 3%Ho:KLuW. B naparparfe 2.2. o6oyxga*:Tc, cne,.rpr,r norJrouroH,{,
nloMaHecueHrlr,rlt I4 HeHacrrrleHHoto ycureHr4s. o6cy>x4aerca aHr43orporlH, norspx3auuoHHr,rx
xapaKTepEcTlIK nroMaHecqeHl{I4r4 KpI,ICTanJra It ee BJIHTHLIe Ha Ce.IeHHe r.r3JlyrraTefibHbtx
flepexoAoB. B naparparle 2.3. o6cyx4arorc.s ocHoBHbre oco6eHuocra n:aulrogeficrnul zoHon
TyJtr4a lr rojrbMrr{ B n }epHbrx Kpr,rcrannzx. PaccuorpeHlr c:ryuaii caa6oro ypoBHs HaKaq(
(npu6ruxeuue napHoro nsauuo4eftcrnur uonon) c yqeroM Kpooo-peJraxcaqrroHHbrx npoueccoB
I'I an-KoHBepcuH, c:ryvail Kopor(oro r.rMfiynbca HaKaqKH, r.rMnynbcHo-[epuo4uuecxoii HaKa.rKI,I.

B naparpa$e 2.4. nogpo6Ho u3Jrataercs rexHr.r(a :ll3MepeHul', olpeaeJreHu, nr,rHeruqec(Hx
KoHcraHT r4 pon6 Kpocc-peJra(caqliu B (pr.rcrannax Tm:KReW. Buno4u x flrane 2: glr
rcpynHora6apururrx crpyrsypHo-coBeprrreHHBrx r{pucrar'rJtoB ceMeiicrsa KReW,



AorIupoBaHHLIx rpexBa!'IeHTHbIMH uoHaMrr "ryJtus u roJrI,MI|q, HafiAeH[,r ceqeHfiq
JIa3epHbIX IepeXOAOBT BpeMeHa 2l(l|3Hli Il BelrUqIlHbI OcHoBHbIx KHHeTIqeCK[x I(OHcTaHT
napHoro B3a[MOAeiiCTB[f llOHOB. MOHOXI]UHna, cr.rMMerpus HMeer BhrpaxeHHyro
AHI,I3OTPONUrc CIIEKTPOCKONIIqECKUX NAPAMETPOB I-IOHOB TYITNUfl TOJIbMI,I' B 3TI,IX
KpI'ICTarruqecKI4x Marprlqax. AHoualruo Br,rcoKr4e 3HaqeHu, ceqeHfl tl3ryqareJrbH6lx
nepexoAoB 'Fo --- 'Hu t4ouoB TyJrr{s z 517 .- 5Is lronon rorr,Mas B AB}xMr.rKpoHHor o6racrz
cfle(Tpa B HecKoJIbKo pa3 npeBblrxaer aHaJIorHqHr,Ie Berl4rrhHLI Ar, lxupoKo pacnpocrpaHeHHr,rx
KpHcrannoB YAG, YAP. YLI], n nosao,r.rer peanu3oBar6 pe)KlrMhr HMnynbcHofi reHepaql{u c
HAHOCE(YHAHOfi AJII,ITEJIbHOCTI,IO NA3CPHI,IX }IMIIYJIE,COB. CEqErr[Iq ITOsIDIITIUHCHTOB

HeHaclrueHHoro ycHJreHrrs IroHoB roJrLMHs fi TyJUrus [o3BorqrcT peaJrr{3oBarb
HerlpepblBHyrc flepecrpofiKy AJTTIHLI BoJrIrbI reHepaq[u B crrer(TpaJrr,Hr,rx Arrarra3ogax
2020...2100 nnr lr 1800...2000 utr, coornercrBeH,o. Kprcra,r,ru Tm:KReW, Ho:KReW,
Ho:Tm:KRew rBrqrorcq [epcneKTrBHr,IMIr ofl'r'rrqecxrrMu MarepraJraMn a.trs
nepecrparrBaeMLrx Jra3epHr,rx ur.lyvare,reii AByxMr.tKpoHHoro Ar{arra3oHa.

B rperrefi r,rane o6cyNgaercr etf@err tforor*roii JraBr4Hr,r B Kpucrannax xa,rufi-urrplreerrx u
rarufi-aT rep6r.rii-r.rrrpxeBbrx norlrlpairaaron, a(rxBHpoBaHHhx rynfieM. ooronHaf, JraBLrHa -3To npoqecc, npr.I KoropoM norJroureur{e B (pr,rcranne o4Horo r}oroua np}rBoAr,rr x ucflyc(aHr.rrc
MHOXeCTBa Apyrux. 3ror etfQercr ucnonr3yercq B cnerlHaJrr.r3HpoBaHHbrx ra3epax, f,4e
IlorJ'IouleHlte r]orouoe 3anycxaer uenHy]o pea(rrHro, Koropalr B KoHeqHoM Lrrore npr.rBoal4T r(
erlrlerrr'reuofi reHepaqua u3ryqeHus. Kpoue roro, ucnyc(aeMr,re rporonsr zuercr 6o,ree
BhlcoKyio gHeprulo, qeM norJrolrleHusre (npeo6pasoBaHr.re c noBbrrrreHr.reM uacroru). ,{lx
co3AaHr4q Qorolruofi ranuHrr o6urso ucnoJrh3),ror lraHTaHor.rAbr. B naparparpe 3. 1 . o6cyx4aercr
ocHoBHbIe oco6ennocrn arr-KoHBepclroHHbrx cxeM HaKaq(H aKTrrBHbrx cpe4. Ha flpr.rMepe
qny<racraguoft HaKaqKr{ Kpr4cranna Nd:LaFr noKa3aHo, KaK 3aceJreHxe yposur aD:lz

npol4cxoAI'IT B pe3ynbrare rlocneAoBarenbHoro IIofJlouIeHr-rq KBaHToB HaKaqRrr c 4auuofi ao:rurt
800 u 590 HM, a .ra3epHas reHepaqlrl flpoucxoAr-rr c Aruuofi no.nnsr 380 uu. llpuae4euu
orlTrlrlecKr,re cxeuu rforonuofi aasuHtr An, Kpr{criurJloB Pr:LaCl: u Er:YALO. Oruevaer.c.u, uro
stpserrznuocrs o6pasonanua rforouuoft JraBr.rHbt B KpHcrannax Pr:LaC13 AocraroqHo Bbrcol(a.f, Ir

Aocrllraer 25ok, t.e. raN4uil uerneprsrfi KBaHr HaKaq(u yqacrByer n o6pasonanr.lu rloroHHofi
JIaBItHbr. flaparpa$ 3.2. nocnarqeH poJrr.r Kpocc-penaKcarll l B MexaHr.r3Me rf oprrauponauu.a

rforonno raBI4HLI. flaparpar! 3.3, rocenqeu 3KcrrepuMeHraJrhHbrM r.rccJreAoBaHr4sM Kr,rHerr.r1a

$oronnofi JraBr.rHbr B npucranne 7%Tm:50%Yb:KYW. Ha ocuosaHuu pe3ynr,TaroB

K,rHerl,Iqec(ux 3KclepI,IMeHToB cAeJraH B6IBoA o roM, qro B pexLIMe $oronuoi naBlrHbl Mo)I(er
6r,rrr nonyreua neclua 6o:rurag rrHBepcr4, 3ace;reuuocrefi, BrJrorb Ao 90%0. Eonee roqnue
oIIeHKH BeJrrrqr4Hbr HHBepcrrH 6u:ra uo:ryvensl a naparparfe 3.4., rae raccneAoBaJrr,rcb

rosrptfuquenrsl yc rle:,:,rs u or[r]exruouocrr o6pa:onanur r]oronnofi JraBHHbr. Brraogsr r flaoe
3: 3xcnepulreuraJrbHo noriBaHo, rrro pa3B[Tue r]orouuofi JraBr4Hr,r B Kpr4craJrrax 1ll:KReW u

Tm:Yb:KReW [p]r r4x Ha(aqKe u3JryqeHr.reM HeoAr-rMoB6rx Jra3epoB c Alr.trofi so,'rHsr 1064 uNr

npoucxoArrr no cJreAyroueMy MexaHr.r3My. flpu ouent uanofi naqa.nrsoit gaceleusocru

Ir.re'racra6uar,uoro ypoBHs 3Fa 
1nc.:re4crur.re r<oHe.rHofi reMneparypr,t Kpr4cranna unfi nepeHooa

3Heprull or urrep6ul x ryru.to) rorJrorrreHr{e KBaHTa HaKaqKr.r c sneprraefi -9400 cm-l 3aceJrrer

fpynly ypoBHefi 3F.r,lFz, oTKyAa npor{cxo4ur 6r,rcrpui 6e:us:ryrare-nI,}rsrfi nepexo4 ua

ypoBeHb lHo c nocne4yroqefi rpocc-pe:rarcaqnefi na ueracra6u:rsusrfi yponeus 3Fa. B
pe3yJrr,TaTe 3Tr.1x IlpoqeccoB noHrorqeHr4e KBaHTa HaKaqxr4 c anrrHofi soaHH 1064 uN.{ c

ue:racra6umuoro ypoBHs 3F4 yu"rrrruu", 3aocJreHHogrr, sToro ypoBHr! npa sToM LruoJro uoHoB



Ha ypoBHe 3Fo uavuuae, 3Kc[oHeHrIu aJrbuo 6srcrpo Bo3pacra.l.b. 3tf Qer<r $orouuoii laalrHu
I'IMeer noporoBufi xapar<rep, [ocnoJlbKy ]IHTeHCTaBHOCTb KpOCC-peJraKCaqr.roHHf.tx npoqeccoB

AOJTXHa KOM[eHCr4pOBaTE r43JryqaTer6Hbre [epexoAEr B ocHoBHoe cocTo.,IH]Ie, 31,-4 -+ 3H6.
Cor.nacno rroJryqeuubrM pe3yrbraraM, o[TrrM[3aurrq cocraBa KprrcraJrJroB Tm: KReW u
napaMerpoB [uny,rscnofi Haxaqrfi lo3Boflser rroJryqlrrl uHBepclrn race.nennocrefi ua
yponue 707o...90'/" npu rcnaHroso rQoexurnuocru {oronuoii JraB[H],r Ha ypoBHe
10,..15%. Cnerrpocxonuvecxue napaMerpbr Kpr,rcrarnoB Yb:Tnr:KYW r.r Tm:KYW,
olpeAeJreHHsle no KlIHerLr(e pa3BLrrul dorounofi JraBr.rHrt a Heuacbtrr-(euHLtM ros$$uqueuralr
yculreuus Kpr4crannoB, coBnaAaror B npe.qeJrax oKcneprrMeHraJrbHofi norperxHocru (10...15%) c
ar{aJIorItqHBrMI4 Berr,IqI4HaMI4, LI3MepeHHbIMI.l nO CTaHAapTHbIM CIIeKTpOCKOnI,IqeCKLiM

MeroAxKaM. .(anuoe o6crorreJlbcrBo MoxHo paccMarpflBarb KaK rrpqMoe rroATBepr(Aeuue

AOCTOBepHOCTT{ I{ B3arrMOCOrJraCOBaHHOCTtr CneKTpOCKOIlflrreCRr.rx fi Kl|HeTUqeCKHX

rrapaMerpoB Jra3epHr,rx KprrcraJrJroB Tm : KReW.

f.nana 4 flocBrnleHa tvrana-cns6 Jra3epr,r Ha ocHoBe Kpr.rcraJr,ron Tm:KLu(WOa)2. B laparpa@e
4.1. npeAcraBJreH Ha6op 6a-soesre rourlurypaquu a(rr.rBHbrx sJreMeHToB MourHbrx

TBepAoreJlbHbrx Jra3epoB c Ar.roAHofi uaxaqroii c ypoBHeM BbrxoAHofi Morrluocru Ao Aec{TKoB
KHJIoBarr - SneMeHToB rpruoyrolruoft $opurr c IroJII,rpoBaHHbrMlr 6orossrN{r.r noBepxHocrrMu
(c:r:6) u roHKr.rx ancroB. B Aansofi rnaBe paccMorpena cls6 reoMerpu, flplrBoAqrltut K

sQrlerrunuofi KoMneHcaIIlIIr Qasoosx repMo-oflruqecrnx llcxaNeurEfi r,r coorBercrByrcrqeMy
yMelrbrrreErrro onrr4qecKofi cunr,r repMr,rqecKoii :rnHsr,r. llaparparf 4.2. nocssueH cxeMe HaKaqKr.r

a raKxe Lr3MepeHr.rrc TelJroBofi rr.rH36r a(Tr.rBHoro c:rs6-sletresra H3 Kpr.rcranJra 5%Tni:KLuW
(cpes Nm). flo4po6uo onucaHo npocBeTJreHrre, MoHrax( 3JreMeHTa, HaKaq(a. Oriraeveuo, u.r.o

Qopuraporauue rer:roeofi Jrr,rH36t ur.rJrr.rHApHqecKoro rura o6yclooaeHo, [pe)KAe Bcero,
oAHoMepHbrM pacnpeAenerrr4eM rpalneHra reMneparyp, r.e. .rro renroo6MeH qepe3 BepxHroro u
HlrxHroro rpauu cls6a He3Harrr.rreneH. B naparparle 4.3. asvepeuur flapaMerpLr reHepaqr,ru r.r

cnerrpbl rr3n) reuru cng6-greMenros 57oTm:KLuW 4rrl Nm- Ir arepManbHr,rx (AT) cpe:on. !m
Nm-cpesa cneKTp reHepaqr4r4 r{eHTpr.rpoBax Ha AJrr.rHe BonHbr 1910 HM, oH,qocraror{Ho ysoK (He

6onee 2 uu) u tparruvecru He MeHserc, npr4 3aMeHe 3epKirn. C[eKrp reHepauuu AT-cne6a,
Hanporr.rB, AocraroqHo clrnbHo 3aBr,rcr,rr or roa@rluquenra nponycKaHr4q BbrxoAHoro 3epKana.

3ru oco6ennocrrl c[e(TparbHo-reHepaq]roHHr,rx xapaKTepucrr.rK o6yciroBreHrl TeM, B cr{ny
3Haq rerbHofi aHr.r3orpo[]ru (p]tcraJrJroB Tm:KReW Ha BeJrurrr,rHy Kogoouq]reHTa
HeHacbIIIIeHHoro ycvreHus 6yAer uu.rrl He ro:rbKo AJrr,rHa BoJrHr,r, Ho n opueHTarlus
Kpllcrarura. flaparpar[ 4.4. nocnxrqeu oco6euuocrrM reHepaq]r]t Mr.rHr.r-cJr36a Nm-cut
5%Tm:KLuW B pexuMe [accr4BHoi Moaynrqr{u 4o6porHocru Kpr.rcri}JrJroM C12*:ZnSe.

Orueueuo, qro Br,rxoAHtur MoxlHocrr, r.r o{tferraauocrb feHepaq[u racclrBHoM pexr{Me

HaI<aqKx Motyr 6uru 3Haqr4TeJrr,Ho yBeJrr.IqeHbI flpu ourHMI.I3aIIHH flapaMerpoB

Hacblrllamll{eroc, florJrorr.ITeJL H coorBercrByrorqeii xoppexrlrpoBxe repMr4qecr(r4x Jrr.tH3,

OopMlrpy,rorquxc, B a(rrrBHoM 3JreMeHTe n Kpr4cranne Cr2*:ZnSe. flaparparp 4.5. anaausupyer
napaMeTp6l nerpepr,rnuofi reHepaquu Mr4rrrraTropHbrx cTepxHeBbrx sJreMeHToB 14 nnacTHH u3 b-
cut Tm:KReW. Bsrno4r,r K lrtaee 4: Hecrr.rorpr Ha cpaBHr.rreJrr,Ho He6orLrxr4e 3HaqeHr4q

TerlJlonpoBolHocrrl r.r Mr.r(porBepAocrr.r KpucrannoB .4BoiiHr,x raauft-pe4roseuelr,nr,x
no:rs<[pavaron, onTriMr.r3rrpoBaHHbre r]o reoMeTpHrr rr KoHrIeHTpaU]rr4 aKTrrBHbre fJreMeHTr,I

Tm:KLuW rrtl3Borsror rroJrytrrn'B MyJrLTHBarrHyro reHepaqrlrc a gayx*rurponnoil
o6,!acT[ cneKTpa c rroJrHbrM KII! ua ypoBHe 30...407u, npu orou MaKcr.rMaJrbHaq Br,rxoaHarr

MorIIHocTb 6uaa noryveHa An.s MaHr4-cJ1g6os. Taxofi pesynLTaT o6ycnoBneH, [pe)r(Ae Bcero,



cy IecrBeHHbrM yBenr4qeHr.reM nJror{aaa 60r<osrx nonepxuocrefi aKTr-rBHOrO ClS6-sreueura no
cpaBHeHr.Irc CO CTaHAaprHbIMt4 I(OH(}r4rypaqrrrMr,l, qro o6ecnequro erf@enrueurrfi renJroorBor a
rr.ruguualrgr,rfi nepetpeB Jra3epHoro KpucTanna.

B r'nane 5 paccuorpeuu c[eKrpa,rbHo-reHepaqaoHHr,re xapaxreprrcrr.rKr, ryJ,r,eBbrx Arrc*oBr,rx
JIa3epoB Ha OCHOBe r(prrcraJrnoB gnofiurx xa,rufi-lrcreqneasrx oomrlparr.raron. B naparparle 5.1
IIOI(a3aHbr ocHoBHbre r<onrlzrypaqulr HaKaqK,r ar.rcroBbrx Jra3epoB r.r rrx HaKaqKx. orMe.reuo
ocHoBHoe /IOCTOI-IHCTBO TOHKI4X AI4Cr{OB trBrrs.eTcfl - npaxT qecl(z HeotpaHIlqeHHaJI nJtorqalb
ax'rasHofi o6lacru. 3ro saxtHo ans non)AeHlu sbrcoxoii nuxoguofi MouHocrrr (:ua.rure6uoii
sueprua) na3epH6x r{Mnyn6coB. B naparpatfe 5.2. I,au rparxuii o6sop reopuu roHKr.rx .qr.tc*oB
(no,r.x relrnepar:yp r.r HanprxeHr.lfi, ycu:reuuoe cnoHTaHHoe r.r3nyqeHr.re, apeAeJrbga;r MoruHocrb
reHepaquu). orlreueno, 3aBr.rcr4Mocrb reMleparyp6r n rfa-ronoro sa6era or roJnur.rHbr AxoKa
IrMeer KBaAparr'rvuufi xapaxrep, B To BpeM, KaK BeJrrrqlrHa nauprxenufi (uponopquonaaruar
tpaAI,IeHTy reuneparyp) MeHrerc.f, c ro:rqraHofi ar.icKa [paKTr4rrecru luuefiso. B naparpa(re
5.3. npe4craueHa rexHoJlotu, Ir3roroBJre,r4.s a(Tr4BHblx lJreMeHToB, oflprcaHbr fiepBbre
sKcnepl'rMeHrbr c ar.rcKoBbrMrr na3epaMr.l 15%oTm:Kyw. B uaparparle 5.4. r.rccne40naHu
CneKTpanhHO-reHepaqUOHHLle xapa(Tepl-ICTLII(x AI-ICKOBbIx JIa3epOB Ha OOHoBe 3nItTa(cuiIJtLHr,rx
crpyKTyp 5 .. .l5yo 'fn-r:KLuWKLuW. Orveqeso, qro ucroJrb3oBanlre 3nrrraKcr.rarr,Hbrx 14

KoM[o3r'rrHbD( crpyr(Typ runa Tm:KLuW/KLr-LW raxxe cyqecrBeHHo ynyquaer rrapaMerpbr
rcHepaqlll4. orueqeua Bo3MOXHOCT6 CO3AaH[' MLIHI4arrOpHbrx oAHoqacrorHblx MxKpoqun-
JIa3epoB c MoHoJlr.rrHbM pe3oHaropoM. llaparparjr 5.5. ucc;re4yer fiapaMerpbr rcHeparlu]r
KoMIIo3I'ITHBIX aKTr4BHBrx 3JreMeHToB 5%Tm:KLuWKLuW, r.r3roroBJreHHbrx MeroAoM
4r.rSrly:aouHofi cBapKrr. !r.t drlepeuuaansua, srlrler<rlrnHocrs (oMrro3r,rrH6x crpy*ryp
HecKoJrbKO Bbrrre 3flnraxcHa,rsHsrx (a cpeAHeM ua 10-15%), qro, no ncefi aepor rocru,
o6ycnon:reuo rrrlareJrbHbrM KoHTponeM KaqecrBa Ha [peaBapr]TeJrbHoM 3Tale or6paronxu
Kpl'IoTaJrrr4r{ecKoro Marepr{ana 4,rr 4urf rfysuoHHoro cpalqr.rBanux. Blrno4sr rc fnase 5:
flponegeunue KoMrrJrexcHbre crlerTpaJrhHo-reHepauuoHH're rxcrreprMeHTr,r co BceMIr
TlrrraMrr AI|cKOBr,rX CTpynryp Ha ocHoBe gnofinsrx xa"ruii-pegxoreMe,'rEHbrx
nonrspauaronr Jren[poBaHHr,rx ryJrueM, [oxa3a!'ru 6,raronpuntrrr,re [epcne6TnBbl rrx
Ircrlorl3oBaHHfl A,'Ifl co3Aallllq My,'rBT[BarrHLrx Jra3epHbrx rrcroqHrrKoB,
IrepecTpauBaeMsrx B rrrlrpoxoM cnerTpaJrr,HoM Arrarra3oHe, -l.g_2.0 *rxu. B qenou,
aI'ICKOBbIe gJIeMeHTbI Ha OCHOBo roHr(r4x KplrcrzlJrJlllqecKr,rx ntregor gaa6olee npocrbr B

H3roroBJreHr4r.r u o6ragaror cpaBHr4TeJrbHo sHcoKofi 4asrf epeuqr.ra,rsuofi erlrferrunuocrbro Ha
yponue 35%...500/0, nloruoc'rr gHeplocr,eMa reueprzpyeuoii onrH.Iecxori MotrlHocTll cocTaBrrer
- 300 Br/cru2. IJereooe ucloJrb3oBaHr,re rarux x3Jryrlarenen - nepecrpauBaeMsre r4croqHuKl.r
u3JIwellufl 4,rx onruuecrofi cB.f,3I.I, cKpbITOrO qeneyKa3aHlu u r.n. ,{ucronr,re 3JreMeHTbr Ha
OCHOBE gNI,ITAKCU AJII,HLIX I.I KOMNO3}ITHL]X CTPYKTYP 6OIEE C OXrrrr B I,I3TOTOBJIEHIIX, HO

o6ecnequnaror 3HarrlrreJrr,Ho :ryruufi 3Heproc6eM, ao - 1 r<B,r:/cu2 I,Ix reuepaquoHHbre
naptMerpbl npr.r6:rasarersHo oaxHaKoBbr, c ne6o:buuu lrpeuMyuecrBoM KoMno3r4ToB no
4uQtpepenqraa;rrHoi e@rlexrannocru, cocrae,rguqefi upr4 ourr.{Mr.r3arrr4r, flapaMcrpoB
pe3oHaropa Eo 560 no orHolxeHr.rrc r nor,rorqenuoi MoulHocrlr HaKaqKLI. B cn.ny 6o,rrruoii
onrnqecroii rlJroruocrrr u nrrcomoii rQ$erluouocr[ reHepauttrr KaK 3rrrrraxcuaflr,Hbre,
Tar u KoMrro3urnbre crpyxryprt Tm:KLuWKLuW qs,'rqrcrcq flepcfler(TrrBHr,rM[
Jra3epHbIM{ MarepHaJraMn Ars noMlaKTHr,rx ArrcKoBr,rx N:.nyuare,reii AByxMHKpoHHoro
AI{arIa3oHa (f850...f950 uru) c ar,rxoauofi ruouluocruo Ha ypoBHe 10...100 Br. .{,rr
KoMno3rrrHbrx crpyxTyp o6ocHoBaH u 3xcnepr{MerrraJrr,Ho rroATBepx(AeH uoeblfi reeexr



ymnpeHl.rs cfie(TpaJrbHofi flo,'rocbr reHepaqu[, o6ycroB,'reHHr,ril ua,rH.rl{e]}t BHyrpeHHr{x
HallpflxeHllfi, a TaKxe rrpoAeMoHcTpr]poBaH Jra6opaTopurrfi npororull H3nyqarem c
co6crBeHHofi urupraHoft cner<rpa 6oaee 200 nu.

Lraea 6 locBrr{eHa ar.rcKoBbrM Ilo:KYW Jra3epaM ar,rcorofi erf tf exrunHocru. Ilaparpar! 6. L
Hccneayer napaMerpbl reHepaufiu .4r4cKoBbrx Ho:KYW na3epoB Ha ocHoBe srrr.rraxcl{arbHbx
nJIeHoK c par:ruvuofi xoHqeurpaquefi roJtrMl4r. flaparpar| 6.2. paccrraarpunaer repMo-onrr.rKy

AzcKoBbrx Ho:KYW/KYW JriBepoB. llaparpa$ 6.3. paccuarpaBaer naccr,rBHyro Mo,qynrq ,
4o6poruocru .qlrcroBbrx Ho:KYW JrBepoB (cnerrprr reHepaqr4r.r 14 flapaMerpr,r cBeroBbrx
zulylrcon). flaparpa$ 6.4. uocrxrqen BHyrplrpe3oHaropnofi naravxe AHcKoBoro aKTr.rBHoro
gneMeHTa r.r3 Keprur4ru.r 1%Ho:YAC. Br,mo4rr K rrase 6: flpone4euuue 3rcnepr,rMeHTaJlbHBre

ucclleAoBaHr.r, reHepaqlroHHbx [apaMerpoB 3rrr.rraKcr,rirJrr,Hbtx crpyKTyp FIo:KYWKYW
IIoKa3a!.ru 3HarrHTerhH)'ro 3aBr.rcr.rMocr[, o(rr[exrlrnnocru reHepaquu or KoHqeHTpaqn]l roJrbMLrr.

B peNuue naccr-rsHofi MoAymqur{ 4o6poruocru na3epuoro pe3oHaropa nonynpoBorHrrroBbrM
HacLqaroqr,rMcs nomorurereM (SESAM) 6sra no:ryueu cra6ultnufi pexr,rM r4MnynbcHo-
nepuo4uuecrofi reHepaqlrrr Ha AnaHe sorHrr 2056 str c qacrorofi cneAoBaHr.l, 135 xlq
AnrrreJlEuocrhro 200 uc Ir snepruefi r.rMrrynbca 4 ux.{N. Ouruiuu:aqrl.r flapaMerpoB SESAM
AacT BO3MOXHOCT6 CyUIeCTBeHHO yBenHqUTb 3HeprUlO r,rMnynbcoB Lr coKpaTHTb I4x

AnurenbHocrb. BnyrpuperouaropHaq ((pe3oflarrcHaq)) cxeMa HaKaqKH foJr6MIteBblx
aKTIIBHT,TX 3JIeMeHTOB I|O3BOJISeT IIOJIyrtUTb r{OfepeIITHOe u3ryqeH[e cpa3y B AByx
oo.tacrsx cflexrpa: - 1.9 ruxru (ry"rufi) u - 2,1 uxru (ro,rsuufi). Tarr.re r43.nyqareJru

flpeAcraBnrlor I4HTepec Ars KoMraKTHr,rx nlrAapoB, AaJIr,HoMepoB I4 ct4creM 3KoJlof]tqecKoro
MOHr.rTOpr4Hra.

f,rana 7 paccMarpr.rBaer eneproo6ueu B co-a(rxBr4poBaHHbrx Kpr4craJrrax l'Io:Trn:KRew n
nplr6ruNenuu JroxaJrbHoro repMoAr.rHaMnqecKoro paBHoBecar. llaparpa<f 7. l. nocs.sueu
ocHoBHbrM oco6ennocrqr\4 Mo.(enr4 napHoro nsauuo4eiicrBuq uoHoB u npr6:ruNeuur
JIOKaJTbHOTO repMoAr4HiMHqecKoro pasHoBeca, An, coa(Tr.rBr.rpoBaHHbIx Kpr.rcraJrnoB. flaparpar[
7.2. nocnnqeu repMoAr,rHaMx(e 3Heproo6MeHa IroHoB Tynr{, r4 roJrr,Mrrs B (p}rcraJrJrax.

flaparpa$ 7.3. paccMarplrBaer ocHoBHbre oco6ennocru ,raeepuofi reHepaqur.r B co-
aKTnBr.rpoBaHHr,x (plrcrannax Ho:Tm:KI{eW. Bsloo4l,r x flane 7: llpr.r yclonau HHTeHcr,rBHoro
sneproo6lvreua n coa.KTLtBr4poBaHHr,x ryJII.IeM Ir roJrLMI.IeM aRTTTBHLIx cpeAax r{Ba3r.r-paBHoBecHoe
paclpeAeJreHr4e r,roHoB rro ueracra6uarurrM cocrorHr.rrM 'Fo, 

tl, MoxHo nonyqr4T6 B paMKax
MOACJII,I JIOI(A.,'II,HOTO TEPMOAI,IHAMUqEC(OTO PABHOBECZ', COTIACHO AET&TI,HOMY
TepMoALIHttMr4qecKoMy pacr{ery, qrcJro I,IoHoB roJIbMH, B cocrorHl4r.{ tl, pacrer
nponopqproHanr,Ho rrr.rcJry r.roHoB Tynr{s 3Fo rolor<o nprr MaJIbrx ypoBHsx no:6yN4euua. IIpu
yBeJruqeHr.rr4 I.{HTeHcLIBHocrI4 Haraqrr..i njHefiHaq npoflopuu.s Hapyuaercs B cropoHy
orHocr4TeJlbHoro yNreHbrxeHE, 3acereHHocrr4 ueracra6u:rsnoro ypoBHr tI, ao r"* nop, rroKa
loaaBJrrrouajr rracrL uoHoB ne nepefi4er na tteracra6ulrH[,te ypoBHr,r. Mo4elu Jlo(arbHoro
TepMoAtlHaMllqecKoro paBHoBecu.f, nonyarr4ra aocroBepHoe SKclepr4MeHTaJIbHoe
noATBepxAeHxe I'I MoxeT 6LIrs ucnortgoeaHa npu onrr4MlI3aul.tlr cocraBa coaKTLIBHpoBaHHbrx

aKTlrBHhrx sreMeHTOB ((pr4crannoB, KepaMHK. crexo,'r) .4lr JriBepHbrx uztyuaretei,r t
orrrrrriecKux ycl'uure,refi. 3gaqnreltuufi r4HTepec K co-a(Tr.rBr.rpoBaHHLIM ra3epHbrM cpeAaM
o6yc:roueu cyqecrBeHHbrM ynpoqeHzeM cxeMr,r HaKaq(r4 rroHoB roJr6MH, :a cuer lprlrofi
nepe,qaql4 3Heprxl4 oT I.loHoB TyJII{ff. B qacTHocTH, ItcuoJrr,3oBaHrre co-aKTrrBrrpoBaHHbrx
MareprraJroB [o3Borqer orKa3arBcfl or BcrIoMorare,'r6H6lx ryJrHeBblx Jra3epoB,



o6eclleqHBaIoulrx HHBcpculo 3aceJrcrrHoct'r.r H rcrlepaurrro r.rorroB roJrLMrrrr na rrepcxoae sl?

-r5Ir, 1, -2,1 lrrtnr. Onruvu:a(ur coc,raBa co-ar(TagHlloBarrHbrx artrHBrrl,rx cpeA aoJr)(rra
yqI'ITbIBarL BCe OCHOBHbIe MexaHLr3MbI eUeproo6lreua, I( qr4cny (orophlx orHocsrcs, upe)r(Ae
Boerc, Kpocc-peJraKcaqus 14 arr-KoEBepcrrr. AnurnuponauHr,re aKTuBHltre cpeAbr c ryJrleM r{
roJI6MIreM nar-r6o,ree qe,recoo6pasuo rrc[oJrr,3oBarr, B KoMrraKTHbtx MaJroMorrrHr,rx
u3flyqarerqx, rlpeAHa3HaqeHHLIx, HaIlpIrMep, A!'rfl crrcreM onruqecrcoii cnHrn, I{K_
cIIeKTpoMerprru, JrrIAapoB, SKoJroruqecKoro MoHHToprrHra rr Ma,roltHBa3HBnofi ueAuqnHr,r

- xupyprru, orfra.nruo,rourtr, KocMeroJroruu.

B 3ar.nrcqenlrlr neperrl4cneHbl peyJrbrarbr KoMnJler<cHoro IIccreAoBaHI,r, HoBLx na3epHbx
MarepaaJloB 4ra :@@exrunn6x fl3r)AareJrefi 4ay<ur.rxpounoro ar.rarra3oHa (nouorcrtruux
Kpl4crannoB 4nofinr,x xalufi-peAno:elreltuux oo,rrQpalraroa. aKTuBHpoBaHHbrx
TpexBaJleHTHr,rMn rroHaMlr ryJlrl, a roJI6Mal). flpu.noxeuue coAepxr.rr ABa aKTa BHeApeHxq.

.{zccepT aquouuaa pa6ora c.M. Baruura orrr-rqarcq uy6uHofi npopa6oma Marepr,raJra r.r

npeAcraBJrrer co6oi :aaeputeHHyro HaytrHo-xna,ruQlrxaquoHHyrc pa6ory. B pa6ore
Ir3ytreHr,I cnoficrna MoHoKJrr4HHbtX Kpr,IcraJIJIOB ASOfiUTTX Xa:rUfi-peqroeeuelrutx
ao:rrrlpalraroe, aror.rBnpoBaHHbrx rpexBalreHTHr,tMr4 r.roHaMr.t ryrruls, Lt forbMr4s (clerrprr
norJlorrleHr.r, u r.rsyreuul), r.r3yqeHbr n3auuoqeficrnux uouor (nolyveuu ocHoBHLre
KI'IHerr'IqecKEe lapaMerpbl rlx nsararraogeficrnr.Iq), repuo-oflr]rriecK]re napaMerpbr, ]r3yqeHbt
oco6essocru rfoplruponauux rforouuofi JraBr.rHbr. z:yveur,r csoficrga crs6or, crepNuefi,
AI,ICKOB I.I (OM[O3I.ITOB; NAPAMETPbI 3NHTAKCI4AJIbH6IX AI,ICKOBbX CTPYI(TYP C TOIbMI,IEM
(pezulr.coran pexr.rM naccfls]rofi Moayrsrluu ,Eo6porHocrr4). Mo.qels Jror(aJrrHoto
TepMoAuHaMU qec(oro paBHoBecu, noJryquJra aocroBepHoe 3Kcnepr4MeHTajrbHoe
noATBepxIeHLIe. r{ficreHHoe MoAeJlapoBaHr.re ocHoBHr,rx oco6eunocrefi o6rraeua sueprueft r
allr'r3orporrHhx Kpr.rcraJrnax rro3BoJrr4no 4o6rarsca xopouefi ToqHocrn orucaHr.r,
g(cnepr4MeHTaJrrHbrx pe3ynbraroB r4 noryrrr4Tb AocroBepHLre yg,aqers. rlusuuecrux
napaMerpoB. Kax4ar npo6:reua uccleaoBaHa rrrlareJrr,Ho rr AoBeAeHa Ao nparruKr.r.

Pe:y,rrraru Ar.rcceprarluoqHoi pa6orbr c.M. Barnura qBJrsrorcs HoBr,rMs g rrMercT nayvuufi
flpuopr,rrer Ha MoMeHT ltx ony6luronauu.r . LIs uux MoxHo BbrAe.Jrr.trb:

- flpe4roNeH r{ peaJrr.r3oBaH uonrrfi uerog }l3MepeHru repMuqecKux roer}$uquenron
onrl4rlecKoro ny"ru (TKOII). !:u xpacra,uon AsofiHLrx xa,ruii-pelroreue:rsnrx no.nrQpar,ra.roa
c ptBnuqHbIMI4 KOHUeHTpaUrIrMr4 r.roHoB-a(Tr4BaropoB BrrepBbre onpeAeJIeHbI cneropaJrbHlle
3aBr.rcr.rMocrr.r TKOfI e lrHrepBa!'re 400...2100 HM, cAeJraH BbrBoa o Hajrr{qpra B KpHcrilnnax
(arepManbHbrx) uanpanaeuufi c nyaenur',r TKOII;

- floryveu r4 npoauarr,r3r-rpogau roruslft ua6op 4auusx no cfleKTpoc(on]rqecKr.rM r.r

I(I4Herr,rqecKr4M xapa(Tepr4crxraM Kpr.rcraJrJron gaofiuux ra,rafi-pegxoseue:uHtx
oo:rrrlpauaron, a(Tr.rBr.rpoBaHHbrx r.roHaMr,r rynus. Lt rorbMus, Ha ero ocHoBe ctf opuy,ruponanrr
Kpr.rTepuu onTr.IMI43arlr.rll COCTaBa ar{TI,IBH6IX 3-[eMeHTOB;

- flponegenr,r KoMUreKcHLre lrccJreaoBaHr4, e@rlexra <rforoHuofi traBr4Hbr) B (pr.rcrannax
gnofiusx ralufi-urrpuenrrx u ralufi-ulrep6ui,t-utrpuenrtx no:rr(tpatra.roB, aKTr.rBr,rpoBaHHbx



TyJIXeM. 3rcnepuiueuranbHo rroxa3aHo, qro B pexraMe <rforouuofi raBlrHhr) Benrrqr,rga
LIHBepctlu gacelessoc.refi Tynr.r, Moxer Io crurar:r, 7 0... B\oh;

- .{nr rcpucra,uon grofiurrx Ka.,Tl4ft-peAKo3eMelrnstx ao:t(rpaMaroB c ryJrrreM BnepB.re
lpoBeleH cpanluarellurrfi aHaJIIr3 feHepaquoHHBIX xapaKrepr,rcrr4K pa3Jrr.rqHbrx Qoplr axranulx
3JIeMeHToB (uaacTl.lHu, 4ucnu, c:re6u, crepNuu), noJryqeHr,r peKop,EHLre arq aaHHoro Knacca
KpI4cTaJInoB BLIxoAHiul MolrlHocrb, BeJrIlqI'IHa 3Heproc6eMa t AI4ala3oH cnerrpa,rluofi
repecrpofirur;

- rlogpo6Ho I4ccJIeaoBaH pexaM flaccr,BHofi uogyrrquu rynrreBbrx na3epoB c floMourbro
Hacr'Iqarcquxcs nouorutelefi, rIoJIy{eHr,I cBeroBbte HM[ynbcbr c AJII,ITeJIbHocrLrc 7 Hc u
nuKosofi voutHocrsro 40 rBr.

- B npu6:ruNenr.IH JIoKaIJrLHoro repMoAuHaMr4qecKoro paBHoBecru BrrepBrle [poBeAeH noruuft
pacqer 3aceneHHocrr.r Meracra6ullntrx ypoonefi Tyrfltfi u foJrbMI,L B co-Aonr,rpoBaHHLrx
Kp craJlJrax fipu npor,r3BoJrbHbrx ypoBHrx no:6yNgeuur. Ha srofi ocHoBe 6ruu
clpopuyauponaubr Kpnrepuu onrr4Mr.r3ar-(ux cocraBa r(plrorannoB AJrs He[pepbrBHr,rx rr
IrMlyJrbcHBrx JrBepHbrx us:ryuarelefi aByxMr.rKpoHHoro rr4a[a3oHa Ha fiepexoae sI, 

-> 
sl6 ,urruu

toJIbMr4s;

- Bnepnue npoBeAeHbl (oMnJIeKcHbre I4ccneAoBaHHs cleKTpaJlsHo-reHepaqrroHnbrx
xapaKTepr.rcrr.r( Ar,rcKoBbrx aKTr,rBHbx 3JreMeHToB Ho:KY(WOq): c Haxaql(ofi BoJroKoHHbrM
rynlleB6rM Jra3epoM, noJryqeHa reHepaqx, Ha Arr4Hax so.nti 2073 uu ra 2060 uu c
gas$epeHqua:rrnofi st[r[exrr.rnu ocruo ao 66%o;

- Ha ocgosaHr'ru acefi coBoKylHocrr4 flonyqeHHrix pe3yJrhraroB cAeJraH BrrBoa o
IOpCIeKTI.TBHOCTI.I ucnOrb3oBaH14, Kpl]craJlrroB 4eo uux no:rt$pauaroa, aKTxBr.rpoBaHHLrx
TyJII'leM I'I rOnbMI4eM, 4:r.r parpa6orrn KoMIIaKTIII,rx ]TCTOqHHKOB Jra3epHOrO I.I3rlrqeHr.rs c
nrrxognofi Morrruocrbro 50. . . 100 Br.

Bce 3rcleprrMeHT'r BbrloJIHeHbr Ha coBpeMeHHoM ra6oparopnou o6opygonauuu,
aocroBepHocrb pe3yJrbraroB [oATBeprqeHa cpaBHeHr.reM c poccuftcruuz u sapy6exnruu
uccneAoBaHHqMu, rry1Iilut<a\uei e nucoxopefiraHroBbIx perleH3apyeMbrx HayqHbrx u3llatsIusx,

AoKJraAaMr.r Ha MexAyuapoAHrrx ceMrrHapax u xourfepeuqurx.

.{uccepraqua cocror.rr r,r3 BBeAeH}u, 7 rrrau, 3axJrroqeH}i, 14 AByx npulorxeuufi (arrtr
nne4penz.e). O6qrlfi o6ter,a ,qrrcceprarluu cocraBJrrer 260 crpal t\, BKrroqa, 112 pucynxon, l1
ra6:ruq uo reKcry, crrr4cor nr4reparyprr us 279 +tau:rr,e:aoaartuit, a raxxe 46 pa6or no reMe
ar.rccepTarlru.

K gocT ouucrnau Ar.rccepraqr.rs C.M. Barnur<a, HecoMHeHHo, orHocsrc, JroruqecKtur cr:pofiuocrt
u3noxeHus Ma"fepl,/.uru, no4po6Hoe o6ocnosaH[e Bcex rroJro)r(eHr.rfi z armogon, crl.Irucrr.rarecKu
L rpaMMarr,rqecKu amepeuunfi TeKcr, xopouee o0opMreHne }rnnrocrparr4BHoro Marepr,rana -
pr4cyHroB, rpororpa$ufi u ra6luq.

AnropeSepar BnoJrHe orpaxaer ocHoBHoe coaepxaHr{e Arlcoep.r.aur.rr{.



B rcaqecrae 3aMeqa,r4, orMerlrM npr.rMeHeHrze xapronH'rx riupaNenafi (<ve'racra6z,n.a>
BMeCTO (Meracra6r'urrioro ypoBHfl), Ctp.222). c4e,:rauuue 3aMeqaHr.rq ue cuuxaror o6ulero
TIOJIOXIITEJI6HOIO BIIEqATJIEHI,I'.

.{uccepraqaouHoe r.rccJreAoBaHr,re Bar,r,ra ceprea Mapron,qa ,Brqerc.s :aneprueunofi HayqHo-
rna,ru(ruxaquouuoi pa60rofi, r r<o'ropofi coAepxarc, HoBbrc pe[eH]ts aKTyarr,Hbrx npo6nerra
crleKTpocxonEl4 U rarepuofi feHepaqllli aHH30TponH6IX a(TLIBT{bX CpeA, a coBonynHocrb ee
ocHoBH6rx pe3yJrbraroB [peAcraBJ]rer gnaqure,rlurrfi BKnar B o6racru pa:pa60ror Hoaoro
IIOROJIeHI4' Jra3epEblx I4CTOqHT4KOB AByXMXKpOHHO|O Alrana3oHa.

Pa6ora coorserc'rnye'r rpe6oe utusv n.9 <fro:rorreHlrs o noprAr{e np}rcy)r(AeHr4, yqeHbrx
c'reneuefi>, yrBepxAeHr{oro [ocraHoBreHxeM flpanare:Il,crna poccuficrcoi @e4epaquu or
24.09.2013 r. ]'l!842, a ee aBrop, Barul,x ceprefi Maprconuu, 3acJry)K4Baer rrplrcyxAeHr.re
yveuofi crenenu AoKropa <fasuxo-uareuaru rrecKrrx HayK no cflequanr,Hocrr.r 1.3.19 <Jla:epuaa
$usrEro.

Ot:rtg coctaszra:

4oxtop ([lrszro-MareMarr.rqecKux nayr (cnequanbHocrb orrrr,rKa 01 .04.05),

re4yrqufi uay.+rr,rft corpy.4Hr.rK

ra6oparopau :rarepnofi cneKTpocKonzu u na3epHbrx rexno:rorafi

Oe4epamuoro rocyaapcrBeaxoro 6ro4Nernoro yqper(AeHr4, Hayr{H

I4ucra, yra $zsrEKr, [onynpoBoAHuxoB rrM. A.B. pxaHoaa

Cu6upcroro or4elenul Poccuficlcofi axa4euuu uaylc (I4<DfI CO pAH)

*Qr,t lfg -
H.H. Py6qona

/6 oS.2o>q

floqr:osrrft anpec: 630090, npocnexr Aragelruxa Jlanpeurrega, I 3, Z@fI CO pAH,
rea. +7(383)333 -27 -69, etexrpoHHr,tfi aApec: rubtsova@isp.nsc.r.n
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