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MOIINHBIE TBEPADTEJ/JIBHBIE JIASEPBI
C PABHOMEPHBIM IOITEI'EYHBIM PACIIPEAEJIEHAEM
HHTEHCHBHOCTH 1 MAJIOHU PACXOIMMOCTHIO HITYUYEHHUS

Bnepsrie  HccleqoBaHE |kpuctamnst  KGA(WO4), ‘Nd** =u
NaLa(MoO,), :Nd3* xax axrusHLIe ({pessl MoOIOHEIX 1a3epoB. Ilokasana sdex-

THBHOCT M [IEPCIICKTHBHOCTb MCIIOE BOBAHUA 3THX KPUCTAIIOB. M3ydyeHa auHa-
MHKa T¢HEPALMH TaKKX JIA3EPOB B ITPEL IOXKEHHOM ONITHHECKON CXeMe Pe3oHaTOpa U
oceturens. [Tomywensl Xopomas cTen PHb OXHOPOXHOCTH TIONEPETHOTO PACTIpee-
JICHHS MHTEHCHBHOCTH B ITydke ¥ 6mi Bkast K TU()PaKITHMOHHON YITOBAS PACXOAM-
MOCTE M3ITyYeHHs ¢ FHeprueit no 60 I k.

'

Beenenne. Kpucramisl xammii-ragonusuesoro sonsdpamara (KI'B) u
HaTpuii-nTaHTaHOBOTO MoamMOaaTa ;HJIaM), aKTHBUPOBAaHHLIE HEOAMMOM
(KGd(WO,), :Nd** mNaLa(MoO,), :Nd*"), npumensrorcs B ka4ecTBe akTHB-

HeIX cpen (AC) orHocHTensHO Heaasilo [1]. JlazepHEle CBORCTBA 3THX KPHCTAN-
7108 GBLIH M3y4eHBI JOBOIBHO NoApo€ Ho. U3BecTHO, uto KpucTamtel KI'B ormwm-
qaloTcs GONBIEH SHEPreTHYECcKOH 3()PEeKTHBHOCTEIO, YeM KPHCTaJUIBI aTIOMO-
HTTpHeBoro rpaHara ¢ HeonuMoM (MAT) [2]. Onrako OHM CYIIECTBEHHO yCTyma-
10T Kpuctayuiam MAT 1o TeronpoBoa HOCTH — BaYKHOM [UIs TBEPAOTEIBHEIX J1a3e-
pos xapakrepuctuke. Mccnenosamis kpucraiuios KI'B B nasepHEIx cHcTeMax ¢
6onbmoli cpenHel MOIHOCTEIO H3ITY* €HUA HAM HE H3BECTHBL.

Kpucrannsl HJIaM, Hapsagy ¢ ManDii TEIUTOIPOBOAHOCTEIO, HMEIOT HECKOIIb-
KO MeHblllee 3HaYEHME CEYEHMd J1a3pHOTo Iepexona, 4eM KpHcramwiel MAT.
OnHako OTHOCHTENBEHO HM3Kas TEMIIpparypa Kpucrannmsamuu KI'B u HJIaM
(1075 1 1050 °C cOOTBETCTBEHHO) ND3BOJAET MONYYaTh 3TH MOHOKPUCTAJLIBI
JAOCTaTOYHO KPYIHBIX Pa3MEpPOB BEIC DKOTO ONTHYECKOTO KauyeCTBa IPH 3HAYM-
TEILHO MEHBIINX 3arparax, 4eM y ppucramnoB HAIL, uwro cymecTBeHHO nis
MoIHbIX Jazepos. Kpucramns! HIlalV | xapakrepusyrorcsa taxoke 60jiee BEICOKOH
CTEIEHBIO ONTHYECKOH OHOPONHOCTY |, 4eM KpucTamtsl KI'B.

Hormomenne noHoB HeomuMa B Ma rpunax KI'B u HJ1aM oTMyaeTcs oT Kpuc-
TawioB UAT Gonee NIMPOKMMH U MEH!le M3PE3aHHBIMM CIIEKTPAILHBIMHU TI010Ca-
MH. 3TO CIOCOGCTBYET JyHIIeMy «Y¢BOSHHIO» HITydeHHs JaMIl HAaKa4KH, 9TO
BaXHO, IMOCKOJIbKY 10 CHX I1Op JIaMIIO] ias HAKAYKA OCTaeTCs PaclpOCTPaHEHHEIM
BHJIOM BO36Y)XI€HUs aKTMBHBIX LIEHT OB B TBEPAOTENBHEIX Ia3epax.
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Taxym 06pa3zoM, yIHTEIBaA BEIIEH3IIOKEHHOE, IPEACTABILETCA EPCIeKTHE-
HBEIM HCCIIEOBaHHE BO3MOXKHOCTH IpuMeHeHms kpuctaunos KI'B u HJTaM B ka-
YeCTBE aKTHBHEIX Cpell JUTA MOIIHEIX TBEPAOTENIBHBIX J1a3epPOB, XOTSA OHH M YCTY-
narot kpuctamnaM AT no TemnodusuyecKAM XapaKTepPHCTHKAM.

HccnenyeMele na3epsl HMEIOT IPELICKEHHYIO aBTOpPaMM KOH(HTypanuio pe-
30HaTOpa ¥ OCBETUTENA [3], B KOTOPO# peanusyeTcs MEXaHH3M KOMIIEHCALIWM BITH-
SHHS HA TeHEePALUIO BEIXOMHOTO U3TydeHNA TepMO3(dEKTOB, HABEAESHHRIX H3ITY-
yeHueM Hakadku B AC.

M3BecTHB! pa3TM4HbIE 1a3€PHEIE CXEMB], YMEHBIIAIONINE KK KOMIIEHCHPYIO-
IIMe BIMAHHE 3THX dddexToB. [IpuMepoM MOKET CIy>KUTH KOH(HUTypauus, rie
reHepUpyeMoe H3ITyHeHHE PacIIpOCTPAHAETCs 3Ur3aroo0pa3Ho B IUIACTHHYATOM
aKTHBHOM 3/1eMeHTe (AJ), MCIBITEIBAA IICVIHbIE OTPAKEHHS OT €ro GONBIINX rpa-
Heii [4, 5]. B Takux cxemax MOMy4eHO MOLTHOE H3Ty4eHHE C [IONEPEYHEIM PABHO-
MEpPHEIM pacrpe/ie/IEHHEM HHTEHCHBHOCTH U TU(PakKLUMOHHON pacXoauMOCTEIO
Imy4Ka.

Cy1liecTBEHHBIM, Ha Halll B3[IIA I, HEXOCTATKOM TaKOM CXEMBI SBIIAETCA TO, YTO
Gonbmme rpaHH aKTHBHOM ILTACTHHBI MPEeNCTaBNAIOT coboii oTpaxaromue mo-
BEPXHOCTH pe30HaTOpa. JTO HajlaraeT BBICOKHE TpeGOBaHMA HA Ka4eCTBO HX 06-
paboTku, ompesends TakuM 06pa3oM BBEICOKYIO cTouMocTs AD. Kpome Toro, B
CXeMe CIIOKHO PELIaeTCs BOMPOC OXNaKAEHUA aKTUBHBIX Cpell, TaK Kak Heobxo-
JUMO IOR0GPaTh OXTKAAIOILYIO CPELY ¢ KAK MOXKHO GOMBIIMM OTIHYMEM 3Have-
HUS ee IToKa3aresid npenomneHus ot AC,

B npennaraemoit HaMu cxeMe pesoHaropa (puc. 1) ansa pa6oTel MexaHH3Ma
KOMITEHCAIIMH HEOOX0iuMa CHMMETPHS HABEIECHHEIX JIAMITAMH HaKaqyky / Terio-
BBIX I'PaJIMEHTOB B aKTUBHEIX IUTACTHHAX 2. DTO 06eCIIeINBACTCS CHMMETPUYHEIM
PacIojIoKEHHEM JIaMIT MeKTy IMapallieNsHBIME UM TUTaCTHHAMM, 9TO CIIOCO6CT-
ByeT TaKXe MOBBHIIEHHIO 3()()EKTHBHOCTH MCIIONB30BAHUA M3TYUeHUS HaKadKy
[6]. Pe3onaTop o6pa3syercs AByMs ILIOCKAMH 3€pKANIaMH 3, 4 M IPU3MOI TIOTHOTO
BHYTPEHHETO OTPKEHHS J. 3epKajia U IpI3Ma PacIoararoTcs o pasHble CTOPO-
HEI OT OCBETUTENA ¢ AD,

CBeT B IpU3Me UCTIBITEIBAET HEYETHOE HHCIIO OTPAKEHMUIA, M OHA IIepeBOpaTH-
BaeT 10 OTHOLIEHHIO K ONTHYECKOH OCH Pe30HaTOpa KapTHUHY IONEPEYHOTO pac-
TIpeieIeHUs HHTEHCHBHOCTH (DOPMHPYEMOTo M3Ty4eHus. [Ipy Kax10M M3 MHOTO-
KparHeIX 0GXOM0B Pe30HaTOpa MATy4eHHe B3aUMOLEHCTBYET C IUIACTHHAMH, B
KOTOPBIX TEIUIOBHIE IPAJMEHTHI IIPOTHBOIMONOKHO HampasieHsl. [Ipu ycnoBuu
NMHEAHOCTH IpagMEHTOB abeppalliy M3.TyYeHHs, HAaKOILICHHBIE B IUIACTMHAX,
JOJDKHBI KOMIIEHCHPOBAThCH.

HaHHas KOHQUTYpaLWs OTIHYAETCS NPOCTOTOM, KOMITAKTHOCTBIO H OTCYTCT-
BHEM OTMEYEHHBIX BEHILIE HENOCTATKOB J1a3ePOB C 3ar3aro0GpasHEIM MPOXOIOM

= N N
AN
- D-
=K DN — 7

7777777777777 777777

Puc. 1, Onrudeckan cxeMa pe3oHaropa: ] — TaMIbl HaKauky: 2 — [1aCTHHE! AKTUBHBIX 3JIEMCHTOB;
3, 4 — BEIXOIHOE ¥ ILIOTHOE 3epKala: 5 — Ipu3Ma; 6 — OTpaKaTelh
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uayqyeHns yepe3 AC. B maneHeiimeM s yno6cTsa nmpeiaraeM Ha3eIBaTh 1aH-
Hyto koHurypamuio SIP-naszep (Sandwich Inversing Path laser).

1. Jlazepsl W TeXAMKa 3KcHepH!ienTa. B kayecrBe AD HcIONB30BAIMCH
napsb! Iwiactul U3 MoHokpuctauioB KI'B (koHueHTparus wneonuma 3 at. %, pas-
Mepbl 90 x 40 x 8 Mm) 1 HJIaM (3 art. %%, 90x 37 x 8 MMm). Kaxxnas mapa nnactun
BBIpE3allach M3 OHOM KpucTamyeckpit Oymu. [ITacTUHBI U3 MOHOKPHCTAILIIOB
KI'B npu BEIpe3aHAH OPHEHTHPOBAIMCE TaK, YTOOBI KPUCTATUIOTpadHdecKas OCh
b 6bina HanpapJeHa NapajUIenbHO OONE MIOH IPaHHy, a ¢ — MEPNEeHANKYNISIPHO 606~
MM TUTOCKOCTAM rnacTus. Inactunel 13 kpuctamwios HJlaM ereipezanucek BIomb
HATIpaBIIEHHS pOcTa. BOKOBEIE MOBEPXIIOCTH IIaCTHH U3rOTABINBAIACE MATOBbI-
MH (1LIepOXOBATHIMHU) TS ITONABICHHS FEHEpAlUH APA3HTHEIX MO, Y3KHe GOKO-
BbIE IIOBEPXHOCTH HE TEIUIOM3ONMMpPOHANHCh. Hakauka ocymiecTBisimack TpeMs
TOCIEN0BATENIFHO COCAMHEHHBIMU UMIXYILCHBIMH TaMTIaMH THia UDTI-800.

B oboux nazepax UCIIONE30BaHE INOCKUE 3epKaiia ¢ mporyckanueM 3 u 30 %
Ha 4acToTe reHepalu. J[pyruM s/eMEHTOM PE30HATOpPa ABJISETCH CHENHAILHO
paccuHTaHHAs MPH3Ma C TPEeMs MONHIIMH BHYTPEHHUMH OTpaskeHHIMH. OITH-
YecKas [UIMHA Pe30HATOpa COCTARIISUIA IPHMEPHO 1 M.

OnTuMu3anus 31EMEHTOB PE30HATOPA, CHCTEMEI OXJIXKTEHHA M HAKAYKH JIa-
3epoB He npoBoaunack. HeakTHBHBIE HHOTEpH Ha OTPaKEHHUAX OT BHYTpHpPE30Ha-
TOPHBIX MOBEPXHOCTEN cOCTaBILNM ~57 %, IO3TOMY pe30HATOPHI MO BO3IMOXK-
HOCTH HAaCTPaMBAIIMCh TaK, YTOOBI 3TH IIOBEPXHOCTH OBUIH IT€ pHIEHAUKYISAPHEI O
THYECKHM OCAM PEe30HATOPOB. AKTHBE(bIE IUTACTHHBI ¥ JIAMIThI HAKAYKH B JIa3ep-
HOW roJIOBKE OMBIBAJIMCh IIOTOKOM XJIa/|areHTa (IMCTHIUTHPOBAHHAS BO/IA C KpacH-
TENEM, OTCEKalOMMUM YD-4acTh U3y eHUs HaKadkd). XapakTepHas BEIHYHHA
3a30pOB MEX1y HUMH ObLTa CIMIIKOM Benrka (6onee 3 MM), 9To6sl 06ecednTh
CKOPOCTH ITOTOKA KHIKOCTH, He0OXON¥MBIE JUTS TEIUTOOTBONA B PEsKHUME paboThl ¢
YacTOTO! MOBTOPEHUA HMITYNECOB rerbparm 6onee 1 I'm. Cosnanye cienmans-
HOIO KBapLEBOTO MOHOOGJIOKA OCBETHTENS NI YBEIMYEHHA CKOPOCTH IOTOKA
XJIaareHTa B 3a30paxX IO3BOJHT IOHBICHTE YaCTOTY HOBTOPEHMS HMITYJILCOB
reHepaIuy 10 JeCATKOB repll.

Hsyyenue addexruBHOCTH neitcTims SIP-cXxeMbl IpoBOAKIOCE B CPaBHEHUM
€ KOHTpOoABHEIM Ja3epoM (KJI), orrrHueckas cxema KOTOporo 6hiIa TAKOH Xke, 3a
HCKIIOYEHHEM CHELMANBHOH IPU3MBl, BMECTO KOTOPO#M CTaBHIAach OOBIYHAA
90-rpagycHas npusMa ¢ JByMs HOJHBIME oTpakeHusMH. Takum o6paszom, B KJI
OTCYTCTBOBAJIO «IEPEBOPAYUBAHHE) BOJHOBOIO (PPOHTA, U IpH 0OXO/IE BOTHOM
PE30HAaTOpa KOMIICHCAIIMOHHEIN MeXaEM3M He paboTall.

Hcenone3opanuck aBa THIIA UMITY)T 5COB HAKAYKH: OIHUH — KOJIOKOJIOOGpasHbIil
HAMIyNBC UIHTENHOCTRIO 180 MKd, Apyrod — IpsSMOYronbHBIA HMMITYIbC
~1000 mxke. ‘

OHEpPrus Na3epHOTO H3TYIEHHs! B HMITYJIECE H3MEPSIIACh TBEPAOTENLHEIM Ka-
nopumerpom UKT-1H. KuneTnka reHepaliuy 1a3epoB perucTpHpoBanack ¢ mo-
MolBIo aBuHHOTO (hotoauona JID-2 u ocumnorpada C1-70 Ha GoTOMIEHKY.

JvHamuka OmwkHed W nanbHel 30H U CIEKTPa BBIXOIXHOTO M3NYYEHHS pe-
THCTPHPOBAJIACh CBEPXCKOPOCTHOM Karepoit CPP-2M Ha uHbpakpacHyo dhoTo-
mieHky 1-1070. TIpu perucTpaumy CiEKTpaIbHBIX XapaKTEPHUCTHK MCIIONB30BA-
nuck stanonsl Padpu—Ilepo ¢ obnactio cBoGoaHoM nucnepeuu ot 1 1o Sem .

2. PesynwraTel m obcyxknenHs. 2.1. Duepzemuveckan s¢hdpexmusnocme
kpucmamwios KI'B u H/IaM. Ha puc. 2 1 3 oKa3aHbl 3aBUCHMOCTH 3HEPTHH BbI-
XOIHOTO H3JTy4EHHs OT SHEpruH Hakatku 1s SIP-nazepor Ha xpucramnax KI'B
(xpusbie 1) 1 HJIaM (xpuBbie 2) /s pR3HBIX HMITYTHCOB HAKAYKH.
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35 MKc t

8 MM

Puc. 4. Tloxanposbie pa3BepTKH pacHpeicNeHId MHTCHCHBHOCTH M3nydeHus KJI Ha kpucramiax
KI'B: a - B 6mmkuelt 3oHe; b — B JaNLHeH 30HE

Korna pnurensHOCTs HMITynECOB Hakauky Maina (180 mxc) u 6nm3ka ko Bpe-
MEHH XXH3HH BEPXHETO YPOBHS JIA3EPHOIO MEepeXo/a, SHEPT s UMITYIECHOTO H3Ty-
yenus SIP-nazepos Ha KI'B 1 HJIaM nocturaet sHauenuit 20 u 8 [k npu audde-
pesmuaneHeix KI1/] 2,5 u 2,0 % cooTeeTcTBEHHO.

B cmyuae ummyneca Hakadk# 1 Mc (ibi1a oydeHa 3Heprus BHIXOAHOTO H3JTy-
yenmsa 61,5 [x nna kpucraymoB KI'B u 31,5 [k nns kxpucramnos HIaM B um-
mynece npu quddepenmuansaeix KI1L cootsercTrenno 2,5 1 1,6 %.

2.2. Jeonmoyua uznyvenus 8 Gnudxcreil u Oanvreti 30Hax. B MOMEHT Hayasa re-
HepalliM U3my4aeT Masas obnacts Beeit aneprypbt AD SIP-nasepos. Uepes Heko-
TOpOE BpeMsi FeHepalHs PacIpoCTpaHsieTcs Ha BClo aneprypy. Usimyuenue KJI B
IpoLiecCe pa3BUTHs FeHEPALMM 3aHUMAET JIMHIb 9acTh aneprypsl. Ilocite okoHya-
HHS TAKOro IEPEXOJHOrO MpOoLecca patupee/eHue U3TyYeHHs KaK B GIKHeH,
TaK ¥ B JaJIbHEH 30He yKe IPAKTHIECKA He MEHAETCS B TEUEHUE BCETO MMITYIIbCA
Hakavkd. Ha puc. 4-6 npesncrapieHs! NOCIEN0BATENEHOCTH KAIPOB MMEHHO U3
9TOro NEPHOMA Pa3BEPTOK PACIIPENEIICEM MHTEHCHBHOCTH B GIIIDKHEN H JaIbHeH
30Hax BbIXoAHOro M3amydenus KJI Ha xoucramnax KI'B, a Takxke SIP-nasepos Ha
kpuctajuiax KI'B u HJIaM. Y KoHTpOIT5HOTO Jlazepa peskKuM reHepalMH ycTaHaB-
THMBaeTCA CIyCTa MpUMepHo 60—80 MKc: rociie Havana reHepauuw, y SIP-nazepos
TIepeXONHAIN npoLece B 2—3 pa3a Kopcde. ITO Mbl CBA3BIBAEM C TEM, YTO NOIIE-
pedHoe pacnpesiesieHHe K03 GHIMEHT:) YCHIICHUS 3a ITOTHBIA 00X0X pe3oHaTopa
KJI cunbHO HeomHOPOIHO, a B SIP-n1a3epe 3Ta HEOMHOPOOHOCTE pacnpeaeIcHUs
3HaYUTENBHO CriIaXKeHa. JleACTBHTEIEHO, H3ITyYeHHe npH o6xone SIP-pesonaropa
nonanaet B mwiacTuHsl AC, OlHa M3 KOTOPLIX HAKAYMBAETCA C OMHOM CTOPOHHI,

35 MKC t

Puc. 5. TlokanpoBele pasBepTKH pacrpeneieH i HHTEHCUBHOCTH u3myqenus SIP-nazepa Ha xpuc-
tamnax KI'B: a—» 6mikseit 30He (TEMHOE IATEO — OT CKONIa HA TOPLIE OHOM U3 ITACTHH AKTHBHEIX
3JIEMEHTOB); b — B NaLHEH 30HE

108



35 MKc t

8 MM

1 Mpan

1 Mpan

Puc. 6. IlokaapoBele pa3BePTKH PACTIPEACICHAA HHTCHCHBHOCTH H3nmydenus SIP-mazepa Ha kpuc-
Tamnax HllaM: a, b— B OmwkHel n nanbHe# 30HaX npy 1,4-KpaTHOM NPEBBINIEHMH HAKAYKY HAJ
TIOPOTOBOM: ¢, d— B ONMXHEH W AaSIbHEH 30HAX NP 5-KPATHOM TIPEBHILECHUM IOPOra

apyras — ¢ apyro#, B To BpeMs kak y KJI obe miacTuHEI BO36y)IaroTCs ¢ OOHOM
CTOPOHEL.

TTocnenoBarensHOCTH KaApOB Ha PHUC. 4, a U 5, b IOKa3bIBAIOT, UTO pacmpesie-
Jienne u3mydeHus B naneHew 3oHe uis KJI (puc. 4, b) mMeer HempaBWIbHYIO
dopMy, IpoCIIeKUBAETCS NONOCATasA CTPYKTYPa, YTO CBHAETENLCTBYET O HATMIMH
B M3ITyYEHUH MOJ ¢ GONBIIMMH 3HAYEHHSIMH TIOTIEPEYHbBIX MHIEKCOB. B oTmrume
OT 3TOro nAaTHO M3mydeHus SIP-nmasepa (cM. puc. 5, b) Golree TOKAIM30BaHO, H €r0
MOTIEPEYHEIH pasMep Ha MOMyBRICOTe B 5,6 pa3a (IpH 5-KparHOM IIpeBHIIEHUN
1opora) MpeBRIMNAaeT IU(PAKIMOHHEIN IIpeieNl, PaCCUMTAHHEIN IS alepTypsl
0,8 cM 1 paboueit JUTMHE BONHEI reHepaiii. COOTBETCTBYIOLIMH pasMep MATHA y
KJI npeBrimaert stot npenen B 30 pas.

OnropoaHocTs 3anonHeHus aneprypst AD SIP-nasepa Ha kpucTamnax HJTaM
ObLTa HECKOJIBKO JTyqIe, 4eM Ha kpuctauiax KUB. Ha puc. 6, ¢ 1 d npeacTaBleHb!
TIOKANPOBBIE Pa3sBEPTKU PACIIpEICNICHAA M3IIy4eHHs 3TOro Jlazepa B OIMDKHEN U
JanpHed 30HaX NPH 5-KpaTHOM IpEBBINIEHHH MOpora (pasfiMuyve B MHTEHCHB-
HOCTH IISTEH Ha MPUBEICHHBIX Pa3BePTKaX 00yCIOBIEHO TEXHHYECKUMH ITPUYH-
HaMM perucrpaiuu). Pacnipenenenie MHTEHCHBHOCTH IO amepType KpHCTala
BBICOKOOAHOPOAHO. M3 NeHCHTOrpaMMBI OZTHOTO M3 KaJIpOB Pa3BepPTKH OHKHEM
30HBI (puC. 7, @) CIEAYET, YTO YCPEAHEHHBIE 0 KOOPOMHATE OTKIOHEHMS OT
CPERHEro 3HAYCHHS HMHTEHCHBHOCTH COCTABIAIOT +3 %. Hamu Obu10 3aMedeHO
yBenM4eHue OAHOPONHOCTH 3allONHEHHMs! alepTyphl NPH MOBBIIIEHHH SHEPTHH
HaKa4KH (Cp. ¢ puc. 6, a). [Ipy 5-KpaTHOM IPEBEIICHAN IOPOTA PACHIpEIEICHHS B
RanbHen 30He (CM. pHC. 6, d M 7, b) HMEIOT MOYTH KPYIIyIo GecCTPYKTYpHYIO
dbopmy, KoTOopas CBHIETENECTBYET O MAJIOM YHCIIE IIONEPETHEIX MO B H3TyYeHHH
aToro nasepa. IloNoBMHA ymia pacXoXMMOCTH MydKa Ha TMONYBBICOTE 3[€Ch
cocTasisieT okono 500 Mpan, gro B 6,2 paza mnpeBelmaeT AHQPPAKIMOHHEIH
Ipefies, pacCYMTaHHbIA Ansa anepryphl 0,8 CM ¥ COOTBETCTBYIOIIEH 9AaCTOTHI
HM3TYYESHUS TeHepariu.

IIpu MansIx npesbimenuax nopora reHepanmy (1,4-kparHoe, oM. pHc. 6, a u
b) HabmonaeTcs eCTECTBEHHOE CHWXXEHHE YIIOBOH PACXOIMMOCTH Iydka (CM.
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Puc. 7. RencurorpamMmel pacnpesencHuii n3nydenus SIP-nazepa Ha kpucrannax HJIaM: a — Ha
TOPLIE IVIACTHHEI aKTHBHOTO 31eMEHTA (] —nonepek M 2 — BAONE IIUPHHEI IUIACTHHEL): b — 10 yritam
({ —nonepex 1 2 — Bj10)Ib IHUPHHEI [TACTHHEL, 20 mabp YKA32HO JUTS TOMIMHGI [TacTHHEL 0,8 cM)

puc. 6, b) (M3-3a YyMEHBUICHUA MOLIHOCTH H3JIYYEHHS HAKAYKH H CHYDKECHMS
BCJICZICTBHE 3TOTO TEIUTOBBIX HCKaskeHUH B AC). B BRIXOAHBIX IyYKaX pasiiduuMa
HEYCTOMYHBAs BO BPEMEHH CTPYKTYpa B OTIMYHE OT KapTHHBI [IPH BEICOKOM 3HED-
MM Hakaykd. TeM He MeHee ITyYKH HMeEIOT KOMITaKTHYIO (popMy, a monepedHsle
pasMepel — MEHBINE YEM INPH BHICOKMX SHEPrHiAX HaKauKW: IIONOBHHA YITA
PacxoMMOCTH, COOTBETCTBYIOLIETO 95 % pasMepa nmaTHa, cocTasiseT 280 Mpaa i
OTIIMYAETCA OT IpeentbHOro B 3,5 paza, COOTBETCTBYOLIME STUM KAPTHHAM pac-
TIpefieNIEHHs H3TyYEHHUs 10 TOPIY KPHCTAJUIA TakxkKe (IYKTYHpPYIOT B OTJIHYHE OT
TaKHX )K€ paclpeieIeHUM CBETA IPH BEICOKHX MPEBBIIICHUSX TOPOra FeHEPALIMH.

Taxum 06pa3oM, MOXXHO CKa3aTh, UTO B CMBIC/IE CTALIMOHAPHOCTH MOMEpPEd-
HBIX W YyIIOBHIX pacmpenencHui ceera SIP-cxema paGoraer TeM adexrurHee,
YEM BHIIIE IIPEBEINIEHHE NTOPOTa, YTO CCITIACYETCA C pe3yNIETaTaMM MCCIIEIOBAHMSA
JOWHAMHKH CIIEKTPA H3TY4YECHHUA H KHHETHKH €r0 HHTEHCHBHOCTH (CM. HIDKE).

ITpu noporoBeIX 3HEPrysaX HAKAYKE HaOIIIOAI0CE YBEIMYEHHE YIIOBOM pac-
XOMMOCTH H3JTyYE€HHs, HO Y>Ke H3-3a TCTO, YTO BOIM3H IOpora reHepupyeT He BCA
aneprypa aKTHBHEIX 3JIEMEHTOB, a €€ MAJIbIE YaCTH, YTO MOATBEPXKIANOCEH KapTH-
HO# OIMKHEH 30HEL.

2.3. Deontoyusa cnexmpa usnyyenwi KOKMpPoILHo20 Aasepa u SIP-nasepa na
kpucmauiax KI'B. CnexTp BRIXOAHOIC H3JIy4eHMs Ja3epoB (MHTErpallbHbI 10
aneprype AC) uccrenoancs npy pa3uHbIX IPEBHIIEHAAX MOPOTa FreHEPaIHH.
Koacbtbnuuem OTpaxkeHMs OT 3epkan uHTepdepomerpa Pabpu — Iepo Ha pabo-
qeif NTHHE BOJHBI 1a3€POB COCTaBIAN (0,965, YTO COOTBETCTBYET 3HAYEHMIO pe3-
kocTH npuMepHo 88. ITpy 3TOM mmMpHHa Ha MOyBBICOTE armapamon dyHKIH
nHTep(pepOMeTpa ¢ 061acThI0 CBOGOIHON AUCIepcHH 2,5 cM ™ COCTaBIseT MpH-
mepHO 0,06 cM™' (uacToTHoe paccrosHEe MEXAY IpOIOILHBIMH MOIAMH
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Ja3zepHOro pe3oHaropa nopsaka 0,005 cm 1), JIMTenEHOCTS MMITYITbCA HAKAYKH
180 Mmxc.

Coexrp 3Ny e HHs KJI mpeacraensget co0ok MOMOCH! C HHTETPANLHOI IMHpH-
Hoii oxono 1 cm !, Crekrpanphas nonoca renepamuy SIP-azepa mupe — OKolo

1.5cm L Cam d)alcr IMHDOKOI'O CHEKTDhA FEHEDAIIMH OO0OMX J1a3eDOB XabaKTeneH
CKOIIbKO pa3 Kopode, UX IOJIOKEHHWE Ha YaCTOTHOHM OCH OOJIEE YIOPSIO4YEHO.

IToxoxee moBeneHHe criekTpa Habmonanochk panee B pabore [8] (mpaena, npu
MeHee HIMPOKOM CIIEKTpe) IIPH MAJIOM YHCIie BO30YXASHHEIX HOMepeYHEIX Mox. B
JKcIepUMeHTax [ 8] Konu4YecTBO MONEPEYHBIX MOl KOHTPOJIHPOBAIOCE, U IIPH yBe-
JIMYEHUH MX YUCiIa HaOMoamuch KAPTHHBI 3BOJIIOLMH CIEKTPa, MOXOKHE Ha
obcyxnaemeie. Takoe moBeeHHE CIIEKTpa OOBACHAETCS yBeNHIeHHEM 3 eKTHB-
HOCTH BIIMSHMA TEXHUYECKMX BO3MYMICHUH, KOTOpEIE, KaK H3BECTHO, O0YCIIOBIH-
BAIOTCs1, B YaCTHOCTH, HAJIMYHEM B F€HEPALIMH OOIBIIOr0 YHCA IOIEePEIHEIX MO/,
ITockonexy ycnosus koHTpomsHOTo 3kcnepuMmenTta aAiad KJI u SIP-nmasepa 6putn
OIMHAKOBEIMH, OTCIO[Ia MOXKHO CIENATh BBIBOJ, YTO 0COOEHHOCTH 3BOIOLMH MX
CIIEKTPOB IeHEepaLii CBHAETENBCTBYIOT O CHIDKEHUH 3¢ EKTHBHOCTH eCTBHA
TEXHUYECKHX Bo3MyIIeHMH B SIP-1azepax v 0 3aMeTHO# CeNEKIMM TIOTIepEYHEIX
THITIOB KoleOaHMH.

Bxnan B 3¢¢eKTHBHOCTD TEXHMYECKMX BO3MYINEHHI MOTYT BHOCHTE BO3-
MOKHbIE cCBODOHEIE KoneOaHus macTHH AD, BO30yKIaeMble yIapHOiH BOITHOM OT
BCIIBIIIKY JIAMII Hakadky. OLEHKH, OCHOBAaHHBIE Ha CIIPaBOYHBIX JAHHEIX O Mepe-
naje AaBJICHUS B JIAMIIAX ITPH paspsaHOM Toke ~ 1 KA [9], noka3pBaroT, 4TO IIpH
SHEPruu Hakadk#d ~1 k/Dk B ygapHOH BOJIHE MOXKET BBIIENATHCH SHEPTHSA OT
OJHOTO 0 HECKOJBKHX AECATKOB JUKOyNeH. 3Ta 3HEprus MoYTH BCA CrocobHa
NEPEHTH B SHEPTHIO KOJNeOaHMIT MacTHH, NOCKONEKY MOCIEIHHE He 3alIMINEHbI
CHELMANBHEIM MOHOOIOKOM CHCTeMBl oxnaxaeHus. Konebanms rumactuH AC
MOTYT MOPOIUTH PAN CIOKHEIX MPOLECCOB, MO-Pa3HOMY BIMAIOIMX Ha 3¢dek-
TUBHOCTh TEXHWYECKMX BO3MYIIEHHI1, 4TO OyET O-CBOEMY PEaTH30BLIBATECS B
SIP-nazepe u 8 KJI. Hanmpumep, mepeMelneHus IIacTUHEI TIOMEPEK OCH PE30HATO-
pa B mponecce konebaHui MOXKET MPUBECTH K CIAXUBAHUIO MONEPeYHON CTPYK-
TypHI IPOCTPaHCTBEHHEIX «AKIp» HHBepcuH (ILH), coznaBaemoii B AC uHTepde-
peHImei monepeynsrx Moa. B KJI u3-3a cuMMeTpuu konebaHMii TUTACTHH H 0CO-
OeHHOCTEl reoMeTpuH nonepeusas crpykrypa IIJIU Gyner cMemarscs OTHOCH-
TeNbHO MHTEP(EpPEHIHOHHONH KapTHHBI ¢ 4acTOTOM KoNeOaHHii IIacTHH, a B
SIP-nazepe — c yABOEHHOHM HacTOTOM, YTO MOXET IOBBICHTH 3()(EKTHBHOCTD
crnaxupanusd [IJJH. C apyro# cropoHsl, konebaHus MIACTHH MOTYT IIPHBOIHTE K
JOCTaTOYHBIM BO3MYIIEHMAM IToKa3arens npeaomieHus AC, 4ToOk! CIIIaXHBATE
npononsHyo cTpykTypy IIJIH. B KJI Takue Bo3aMyIeHus npu o6xone pe3oHaropa
OymyT cxnaneiBathes. B SIP-nasepe oHu KOMITEHCHPYIOTCS 3a MOJI-00X0/1a (TaK KaK
JIy4H, IIPOXOIAIIME, HAIIPUMED, CIKaTyIO 00acTs B OAHOM ILTACTHHE, IIONANAIOT B
pacTsHyTy:0 0671acTh B JpyroH IUTaCTHHE), HO M3-32 U3MeHeHHs (a3bl HHTEpE-
PEHIMOHHAA KAPTHHA BHYTPH IUTACTHH COBEpIIaeT KoJeOaHus BAOIE OIITHYECKOH
OCH pe3oHaropa.

B 3BOMIOLMM CTIEKTPa SIP-nazepa Habmonamuce ciabble U3MEHEHHH, BbIpa-
XKarolyecs B GOMBIIEM Pa3MBITHH BHYTPEHHEH CTPYKTYpbI B CIIEKTPATBHOM TIo-
JI0Ce ¢ MOBBINIEHHEM 3HEPTHM HaKauyKH, Ha9WHAS C 3-KPATHOTO MPEBLIIIEHHS 110~
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1

Puc. 8. OciumIorpaMme! HHTEHCHRHOCTH M3Myderns: a—KJInpu S-KparHoM npeBHIIeHHn nopora
reHeparmy; b, c— SIP-nasep npu 2- ¥ 5-KpaTHEIX MPEBLILEHHUAX TOPOra FreHEPALHH

pora reHepauuu. JTH cabble H3MEHEHHA B IMHAMHUKE CTIEKTPA COMPOBOKIAIHCE
Goltee 3aMETHBIM yTyqIIEHHEM BH/IA OCLIALIONPAMM HHTEHCHBHOCTH H3ITy4eHNs,
KOTOPBIE PETHCTPHPOBANIMCH OJHOBPEMEHHO C MMHAMHUKOM crekrpa. Ha puc. 8
TIOKA3aHEB! OCIMILTOrpaMMbl UHTEHCHEHOCTH [t KJI u SIP-nasepa npu 2- u 5-
KPAaTHBIX NPEBRIMEHHAX opora. (OCuInorpaMMel a— ¢ GbUIH HONYYeHB! C IIPH-
MEHEHHEM Pa3IHIHBIX HCTOYHHKOB HAKAYKH, YTO 00y CIOBIIIO X hopMy (TIpsiMo-
YTOJBHYIO M TpeyronbHy10).) ¥V KJI Habmonatorcsa sHaUYHTEBHEIE XA0THUECKHE
MMMKH € MOYTH HE3aMETHO M IIOCTOSHHOM COCTABNIAIONIE ! CHTHANa, B TO BpeMs Kak
y SIP-nazepa — 3HauMTeNbHas MOCTOMHHAS COCTABJSIOLIAS C 30—40-npouenr-
HBIMH OCTaTOYHBIMH ITyJIECALUAMH (CM. pHC. 8, b), KOTOpBIE YMEHBIIAIOTCA C II0-
BBILICHUEM 3HEPTHH HaKa4dku (CM. put. 8, ¢). Bo3MOXKHO, YTO 3Ta 3aBUCHMOCTH
BBI3BIBACTCS CHIDKEHUEM (D ()EKTUBHOCTH BIMAHNS TEXHIYECKMX BOIMYIICHHH 3a
CYET pOCTa BKJIA/Ia, CBA3AHHOTO C KONeGaHUAMH aKTHBHBIX [UTACTHMH (AMILTHTYIA
KOTOpLIX yBETMYHBACTCA C MOBLILIEHUEM SHEPIHH HaKAauKH), U MX JEHCTBHS, CIVIa-
JKuBaromero crpykrypy ITJIH.

3axmovenne. Ha 0OCHOBaHMM BBITIEHIOKEHHOTO MOXHO CIENATh CIEYIO-
M€ BBIBOARLI.

YeraHoBeHa BOIMOXKHOCTB CO3/aius Ha 0cHOBe kpHcTawtos KI'B u HJlaM ¢
HEOJMMOM MOIIHBIX JIa3€POB C BBIXO,JHBIM H3JIyYEHHEM BHICOKOIO KAYeCTBA M
BBICOKOI1 DHEpreTH4ecKoii 3¢ (heKTHBHOCTEHIO.

Pesynbrarer uccnenosanus SIP-ckeMb! MOUIHBIX TBEpIOTEIBHBIX J1a3epoB,
XapaKTEPHCTHK IMy4Ka H3Ny4eHHs, 0COOEHHOCTEH SBONIOLMM CIEKTPa W MHTEH-
CUBHOCTH CBHIIETENECTBYIOT 06 a(derTuBHOM pabore SIP-naszepos B mpucyTCT-
BHH MOIIHOM HAKAYKH U TIPH BBHICOKKX 3HEPTHAX BEIXONHOTO H3TYYEHHA. JTH
PE3YNIETATEl MOKA3BIBAIOT, YTO IpuMecHenHe SIP-cxeMbl MO3BOMMT cosmaBark
MouIHbIe 3G QeKTUBHBIE TBEPAOTENbHEIE FEHEPATOPHI C OHOPOIHEIM H3ITyYeHHEM
HH3KO# PaCXOQMMOCTH M CO CPeHEN MOIHOCTEIO ~ 1 kBT,

ABTOpSI BhIpaxkator 6Gnaromaprocts C. I. Paytnany, ®@. A. Kyznenosy 3a
HHTEpeC K pabore u ee momnepxky, B. ®@. Hecrepenko 3a mpenocraBieHHbIe
o6pasus kpucramios HJIaM u B. JI. YroxaeBy 3a monessubie obcyXIeHus.

PaGora BemonHeHa mpu nomnepxke MunMCTepcTBa Haykun P® (rpamt
Ne 33100).
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