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YBesnuenue AMuTeabHOCTH UMIyJibca reHepaiuu CuBr-i1azepa
npu paboTe B I[YTOBOM peKUME
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IIpescTaBieHbl 9KCIIEPUMEHTATbHBIE PE3YIBTATHI OMEPATHBHOTO YBEIMUEHNS [IUTETbHOCTH IMITYJIbCa U3JIyUe-
HUA J1a3epa Ha mapax 6poMuaa Meau Gosee ueM B 3 pasa (0 250 HC) 3a cueT U3MEHeHUsT PeKUMa BO3GY>KIEHMS.
Metoa MO3BOJAET YBEJIUUUTD [IUTEIbHOCTh uMIysbca B 2 pasa (o 100 HC) ¢ coOXpaHeHUeM SHEpPrud M3JIyYeHHs.
PaccmaTpuBaeTcss BO3MOKHOCTDb HCIIOJIb30BAHMS IIyra UMILYJIbCOB JJISL IIPeIBAPUTETBHON IUCCOIMAIIN MOJIEKY.TIbI
6pomMuaa Menu. VcciaegoBaHo BIMSHNE KOJHYECTBA MMITYJIbCOB B IIyre U 3aJ€PiKKH MeXAY MOCTeAHUM HUMILYJIbCOM
I[yTa U MMIIY/IbCOM BO36Y>K/IEHUS Ha TeHepal[lIoHHble XapaKTepPHCTUKH aKTUBHOIO dJeMeHTa Ha HapaX GpOMHIA Me[i.

Knwouesvie cnoga: pmurenbHocth uMImysbca, CuBr-masep, ycusieHue, yrupabieHue reHepaiueil; duration,

CuBr-laser, amplification, continuous control.

BBeaenune

OpHoil M3 TeXHWYECKUX 3aja4y TIpu pa3paboTKe
CUCTEM Ha OCHOBE aKTHUBHBIX Cpell HAa CaMOOTpaHWYeH-
HBIX TIEPEX0JaX aTOMOB METAJLIOB SIBJISIETCS peaJii-
3aIMsI ONEPATHBHOTO YIIPABJIEHUS MapaMeTpaMu H pe-
sxkuMamu redepauun (ycmenus) [1—3]. Ynpasiaenune
sHeprueil M3Jay4eHus: BOCTPeGOBAHO B CHCTEMAaX MUK-
poo6paboTku MatepuayoB [4], B Meauiuue [S] u apy-
rux o6JacTsaX. YBeJWyeHHe [JTUTEJbHOCTH HUMITYJIbCa
TeHepallui MOJKET HCIOJb30BaThCs Ha TIPaKTHKE IS
moBbIIeHNs KadecTBa mydyka B MOPA-cuctemax [6]
3a CYET yMEHbBIIEHUsI PacXOJUMOCTH B 3aalolleM Te-
Hepatope. KpoMme 3Toro, yBeJuveHHe AJTUTEIbHOCTH
UMITyJIbCa YCHJIEHUS aKTUBHBIX CpeJ Ha Iapax Me-
TAJUIOB HEOOXOJMMO [IJI BU3YaJU3aluu  yAAJTeHHBIX
06BbEKTOB U TPOIECCOB B CXeMe MOHOCTaTHYECKOTO
snaszepHoro Mouurtopa [7,8]. TakuMm o6pa3oM, TOUCK
TEXHUYECKNX pellleHuil, MO3BOJISIONNX OllepaTHBHO
U3MEHSATD [IUTEJBHOCTh MMITYJIbCA M3JIyYeHWUs U YCH-
JIEHUST aKTHUBHBIX CpeJl Ha TlapaX MeTaJlJIoB, TpeNCcTaB-
Jgsger co6oil aKTyanbHYI 3aJady IIPHUKJIAIHOTO Xa-
pakTepa.

B [7, 9] coobimaercss 0 MOAyYeHUU IJIUTETHHOCTH
umnyJabca udaydenns 100 HC TpW CHIDKEHUH YaCTOTHI
caenoBanus uminyiabcoB (UCHU) Bo3Gy:xkieHus 10 3—
5 kI s sasepoB Ha mapax 6pomuma Memu. B [9]
3a CYeT OTPaHWYeHUs PA3PSTHOTO TOKA U YMEHBIIEHMS
YUCHU 6pbl1a [OCTUTHYTA AJIUTENBHOCTH MMITYJbCA W3-
saydeHus 320 He. Ha npakTtuke noBblllleHNe JJIUTETbHO-
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CTH YCUJIEHUS WMILYJbCOB [JII TIOCTPOEHUS JIa3epPHBIX
MOHHUTOPOB OBLIO BIIEpBble peasn3oBaHO B[7]. Bbuio
[OKA3aHO, YTO YBeJWYeHWEe [[IUTEJbHOCTH WMITYJIbCa
CBEPXU3JIyYeHHUs TT03BOJIIET NMPOBOANUTH BHU3YAJIU3AINIO
00BEKTOB, PACIOJOKEHHBIX HA 3HAUYNUTEJBHOM pac-
crostHnu (CBBINIE 5 M) OT perucTpUpYIOIIel ammapary-
pei. IIpu atom 3a cuer cumkenuss YCU HabJionaa0ch
u3MeHeHNe YCUJIUTEJIbHONW XapaKTepUCTHKU, KOTOPOe
BBIPAKaJoCch B G0Jblliell HEOJHOPOJHOCTU TPOMIIT
yeunenus. /[ns obecneueHNs BO3MOXKHOCTH yIIpaBJe-
HUSI SHEPTETUYEeCKUME TapaMeTpaMH Cpefbl, [JIHTeb-
HOCTbIO 1 (popMoil umitysabca usiayderus (ycuieHmus)
MEPCIEKTHBHO HWCIOIb30BAHNE JOTIOJHUTETbHBIX HM-
MyJbCHBIX MCTOYHUKOB BO30YKAEHUs, 4TO OBLIO MPO-
JIEMOHCTPHUPOBAHO B psge pabot, Hampumep [4, 10—13].
JlocTaTouHO IWIUPOKUE BO3MOKHOCTU JJisI M3MEHEHIHS
mapaMeTpOB TeHepaluu, a Takxke /IS UCCJeTOBAHUS
KIHETHKHU TPOIIECCOB, TPOTEKAIONINX B aKTUBHOI cpe-
Zle, JaeT IyTOBBI pexuM Bo36ykmenus [1, 2, 14—17].

Ilensp HAcTOSIIEH PabOTHI — HCCJIeIOBAHIE BO3MOK-
HOCTH yBeJMYEHUs [JIUTEJbHOCTU MMITYJIbCA U3JIYy4eHHsI
TEPMOCTATHPOBAHHOTO aKTHBHOTO 3JieMEHTa Ha Iapax
6poMuJa MeIM 32 CYeT M3MeHEeHMsI pekuMa BO30YK/e-
nug. [lna puccormanuu Mostekysn CuBr ucrosbsyercs
I[yT MMIYJbCOB, U3Jy4eHHUE OT KOTOPBIX TacHUTCS JO-
MOJTHUTEJNbHBIM UMIYJIbCOM MpeanoHusanuu. Ilocie
MOCJIeJTHETO UMITYJIbCA IIyTa C PEeTyJIupyeMoil 3amepsk-
Koit opMuUpyeTcsa HMMIYJIbC BO30YXKIeHUsI, obecme-
YIBAIOIIHIT JTa3epHYIO TeHePaInio.

TexHuka 3kcrnepuMeHTa

B axTtuBHBIX cpelax Ha IIapaX TaJIoreHnJ0B Me-
TaJIJIOB UMITYJIbC BOSéy)KJ_'[eHI/IH obecIieynBaeT He TOJIBKO

218 © Tpury6 M.B., [lumaku B.A., Tpounxuit B.O., Kapaces H.B., 2021



BO30y:KJ€HNEe aTOMOB MeTa/la, HO ¥ IUCCOLUAIINIO
MOJIEKYJIbI TajioreHuia. [Ipu 3TOM OIIEHUTD pacipefe-
JieHUue SHePrUU UMITYJIbca BO3OYKIEHUS MEXKIY ABYMS
STUMU TIpOIleccaMi BecbMa 3aTpyaHuTenbHo. [IIupokoe
pacrmpocTpaHeHHe IOJIYYUJI pEXKUM BO30YKIAEHUS
caBoeHHbIMH uMmyabcamu [1—3, 18], korga muccorma-
g MoJieKyJ 6poMuja MeAun U BO30OYKIeHHE aTroMa
Mean WHUIUUPYIOTCS HUMITYJIbCaMU OT [IBYX HCTOYHU-
KoB. B pamkax Hacrogmeil paGoThl MpeaBapHTeTbHAS
HapaboTKa aTOMOB MeJU OCYIIECTBJSIACH C TIOMOIIBIO
I[yra WMITYJbCOB, (DOPMUPYEMOr0 HCTOYHMKOM MHUTA-
Hug 1 (MTI1) (puc. 1). Crexyer o6paTuTb BHUMaHUE

VIl
WITI2

BJIUSIHUE UCTOYHUKOB He BHOCHUJIO MCKAKEHUS B IOJY-
yaeMble pe3yJIbTaTbhl. AKTUBHBIN 3J€MEHT Ha Mapax
6poMmIa Mequ TIpeCTaBiIsgeT cO60i Ta3opaspsaaHYIo
py6ky (T'PT), mauHa aktuBHOiT 30HBI — 90 cM, qHa-
MeTp aKTUBHOI B30HBI — 5 cM, AaBJjeHme OydepHOTO
raza HeoHa — 30 Topp. TeMIlepaTypHBI peskuUM cTabu-
qusupoBaicad ¢ nomoibio 111 /[-perysgatopoB ¢ To4yHO-
cThio *2°. B XO/le sKcIiepuMeHTa TeMIlepaTypa BHEII-
Helt cTeHKW cocTtaBiaana 750° C, TeMmmepaTypa KOH-
TeifHepOB ¢ GPOMUIOM MeJM YCTaHABIMBAIACH MCXO/S
U3 MAKCUMyMa MOIIHOCTU TeHepaluyl B WMILYJIbC-
HO-TIePHOINYEeCKOM peknMe. B Xojle aKclepuMeHTa
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Puc. 1. Anroput™M paGoTbl HCTOUYHIKOB BO36Y K IEHUS

Ha TO, YTO aHATIM3 OCOOEHHOCTell BO3OYKIEHUsI B IIy-
TOBOM peXKUMe W €r0 BJIUSIHUE Ha JHepPreTHYecKHue Xa-
PAKTEePUCTUKN aKTHUBHOI cpelbl Ha TapaxX OpoMuja
MeIu He WCCIeJOBATHCH B Hamreil pabore. AMIIHATYIa
HaNpPSUKEHNs, 10 KOTOPOH 3apsiKajcs HAKOIUTETbHBII
konzaencarop WII1, cocraBnsma 14 kB. Vcrounuk mm-
tanus 2 (MT12) popMupoBas UMILYJIbCHI [JIA HOJHOTO
TameHns M3JAyYeHNsS OT ANCCOIMUPYIOMNX MMITYIbCOB.
[TapaMeTpbl HMITYJbCOB NOJAGUPAJIUCH IKCHEPUMEH-
TaJIbHO JJI TOJHOTO TallleHusd U3JyYeHUS B XOJe IKC-
nepumenta [ 14]. Kommuectso mmmysbcoB B 1myre (N)
BapbupoBasioch oT 50 g0 400. Ilocse mocseaHero uM-
nyJbca IyTa ¢ peryanpyemoii 3ajgep:xkkoit (1) ciemo-
BaJ WMMITYJbC BO30YXKIeHUS, HOPMUPYEMbIil HCTOU-
HukoM muTanus 3 (MII3). EMKOCTb HaKOIHTEJIbHOTO
kougencaropa WII3 cocraBasma 1650 nd, makcu-
MaJbHOE HalpsLKeHHe, 0 KOTOPOTO 3apsKajach eM-
KocTb, — 14 kB.

ITocie umnyabca WII3 craemosana mnaysa (T),
BO BpeMs KOTOPOH IPOHUCXOMUI 3aps/l HAKOIUTEIbHBIX
emkocreit ITI1 u UTI2, u npouecc noropsiics. [lam-
TEJIbHOCTD TIay3bl B YCJIOBUSX 9KCIIEPUMEHTA COCTAB-
saana 40 mke. Famenne uMiynbcoB usmnydenus or WII1
UCTIOTb30BAJIOCh 7T Gojlee TOYHOTO M3MepPEHMS MOII-
HocTH TeHeparmu oT MI13. Bremnsaa tepMocTabuimsa-
IS aKTHBHOTO 3JIeMEHTAa I03BOJIAJIA COXPAHATH Tell-
JIOBOII peXMM IIPU M3MeHEeHNH KOJM4YecTBA MMILYJILCOB
B 1myre. Cuemyer otMmerutb, yto UCU WUII3 3aBucur
or N u t. YCH uyra cocrapnsiia 10 k. Ilpu nHeo6-
XOJMMOCTH OHa MOKeT ObIThb yBenumdeHa a0 20 kliI.
YacroTa ciemoBaHUS WMITYJIbcoB Bo30Oyskaenus WII3
cocraBysa 25,6 I mpu 400 mmmysiscax B myre u 202 Iy
mpu S50 UMITyJIbCax.

Bce wmcTOYHHKH TIpeACTaBJAIOT COo60H cxeMy
C UMITyJIbCHBIM 3apgioM paboueil eMKkocTH. B3amMHOe

MaKCHUMYM MOIIHOCTU TeHepaluu HalJIoJaIcs IpH
TeMmmeparype 450° C.

WMnyibebl Bo30YKIEHUST PETUCTPUPOBATUCH C T0-
MoIIbI0 JaTtunka Toka Pearson TM 8450, matumka Ha-
npsukenns Tektronics P6015A u ocumsutorpada LeCroy
Wave Jet 324. VMmmyJibcbl U3JIyueHUsI PerUCTPUPOBA-
JINCh KOaKkcHaJbHbIM (doTtoaneMenToM DK-19. Momur-
HOCTh U3JIydeHus1 u3Mepsiiach ¢ momoribio Ophir 3A-
PF-12. JlnurenbHOCTh MMIIyJIbCa TOKA M TeHepaluu
u3MepsIach Mo oclHuitorpaMmaM mno yposHIO 0,1
OT aMILIUTY/THOTO 3HAYEHUS M3MepsieMOU BeJIMYUHBI.

PesysbTaTel H 00Cy:KAeHHE

Ha puc. 2 mpeacraBieHbl OCHUJJIOIPAMMBI UM-
nyjabcoB Toka I n HampsikeHuss U nakauku MII3
n usnydeHus: G IpHU PA3JUYHBIX 3HAYEHUSX T [
caydas 400 uMILyJIbCOB B IyTe.

W3 ocmumanmorpaMM BHAHO, YTO yBeJWdeHHe T
IIPUBOJUT K POCTY JITUTENbHOCTH UMITYJIbCA M3JIy4eHUs
G. Ilpu atoM HabmomaeTcs yBeaUdeHIe aMIUINTYALI Ha-
npspkennst U wa TPT, cHmkeHne aMIIUTyZbl U pPOCT
JITTeTbHOCTH MMITyJIbca ToKa [. YBerandeHue 3ajiepik-
KN HIPUBOANT K yYMEHBIIEHWIO IpeJNMITyTbCHOH KOH-
IeHTPAINN 3JIEKTPOHOB, YTO yBEJMYWBaET CONPOTHB-
senne 1ia3mbl [1, 3]. IIpu atoM Ha ociuaIorpaMme
UMITyJIbCA TOKAa HAYMHAeT HPOSBJIATHCS TapMOHUYeEC-
Kas COCTaBJIAIONIAS, YTO CBSA3aHO, IO HAIleMy MHEHUIO,
¢ M3MeHeHNeM TO0OPOTHOCTH KoJie6aTeJbHOTO KOHTYPA,
o6pasoBanHoro ['PT u paspamupiM kouTypoMm MII3.
AHasornyHasg cutyanust HabJII0/JaeTcss U IPH MeHbIIeM
KOJIMYeCTBe UMIyJbcoB B Iyre. Ha puc. 3 mpuBegeHbl
OCLUJIIOTPAMMBI, IOJIy4eHHble s ciaydas 100 uMirysib-
COB B IIyTe.

VBesnuenne mimreapHoctH umnyabca renepamun CuBr-nazepa npu paGorte B [yroBoM peskume 219
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Puc. 2. VIMIyabchl HalpsKeHHs, TOKA U TeHepalluu HpH 3a-
nepxkke: a — 5; 6 — 1000; 6 — 2000 Mkc, pia N = 400

Ha ocumiiorpamMme Toka Takske HabJiofgaeTcd Tap-
MOHHNYeCKasl COCTABJAION[AsA, IIPU ITOM IEPHOJ KoJje-
6aHuil ocTasCcsl HEM3MEHHBIM W He 3aBHCHUT OT KOJIYe-
CTBa UMIIYJIbCOB B 1lyTe U BPEMEHHOIl 3a/JlepPKKU T. ITO
CBUJIETEJIBCTBYET O HEM3MeHHOU BeJNMYNHe DPeaKTUBHBIX
KOMTIOHEHTOB, (DOPMUPYIOMNUX Pa3PSAAHBIIT KOHTYP.

[lanee 6bLIO yCTAaHOBJIEHO BJMSHUE T Ha MHapa-
MeTpbl UMITyJIbCOB BO3OYXKIEHUS U WU3JIYYEHUs TNPHU
Pa3JIMYHOM KOJIMUecTBe MMITyJbcoB B Iiyre. Ha puc. 4
IIOKa3aHa 3aBHCUMOCTb aMIUIMTY/bl HAIpPSIXKEHUs
na I'PT or 7.

Poct T npuBOAUT K yBeJUYEHUIO aMILIUTYAbl Ha-
npskennd Ha ['PT, uro cBs3aHo ¢ pesnakcaiueit 1mias-
MBI B MEKUMIYJbCHBIH TIEPUO/, TaK KaK YMEHBITAeTCs
TIpeJUMITyIbCHAs KOHI[EHTpAIlld 3JIeKTPOHOB. AHAJIO-
TUYHAs CUTYaIs HaGJoJaIach Npu paboTe B JKIYyILIEM
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Puc. 3. VIMnynbebl HalpskeHHUsI, TOKa U TeHepallud IpU 3a-
nepxke: a — 5; 6 — 1000; 6 — 2000 Mkc, gaa N = 100
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Puc. 4. 3aBucumoctb ammuty bl Hanpspkenus Ha [PT ot Bpe-
MEHHOIl 3aJlep>KKI
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peskume [17]. Ilpn BapbupoBaHUHM T aMIUIATYa HM-
nyabca HanpsikeHus Ha ['PT mpakrtuyeckn He MeHS-
eTcsl NPU U3MEHEHUU KOJMYeCTBA UMIYJbCOB B IIyre
or 100 mo 400. Ilpn ymenpmenun N go 50 mpomucxo-
AT CHUKeHWe aMIUINTYyAbl HampsokeHus. Ha marmm
B3TJISIT, 3TO MOJKET ObITh CBSI3aHO C MeHbIlleil KOHIIeH-
Tpalueii aToOMOB MeJu M, Kak cJie/IcTBUe, GoJiblieit
KOHI[eHTpaIlell 3JIEKTPOHOB K MOMEHTY TOCTYTIJIeHUS
ummyabca WII3 mo cpaBHeHHIO ¢ GONBIIMM YHCJIOM
UMITyJIbCOB B IIyre. JTOT BONpOC TpeOyeT JOTOJIHU-
TEJIbHOTO MCCJIeJOBAaHUSI C IIOMOINBIO METOJO0B Ma-
TeMAaTUYeCKOTO MOJEJUPOBAHUS KUHETUKH TJIa3Mbl
aKkTUBHOTO 2JeMeHTa [19].

Ha puc.5, ¢ u 6 npeacTaBleHbl 3aBICAMOCTH
HEPTUU WMITYyJIbCA WU3JIy4YeHUsS U ero AJUTeTbHOCTH
OT T.
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Puc. 5. 3aBUCHMOCTb: @ — 9HEPrUHU reHepaluu; 6 — IJUTeNb-

HOCTU UMITyJIbCa reHepaluu oT BpBMeHHOfI 3aJlepKKN

W3 3aBucuMocteil Ha puUC. 5 BUIHO, YTO SHEPTUS
UMITYJIbCA W3JIy4eHUs] MMeeT SIBHO BBIPAKEHHBIH Mak-
CHMYM IpH 3ajiep:kke 175 MKc, 4TO, BeposTHee BCe-
ro, CBSI3aHO CO BPEMEHEM BOCCTAHOBJIEHUSI MOJIEKYJIbI
6pomua Mean [16]. Irtor dakt 6ymer meTaspbHO H3Y-
YeH MEeTO/IOM MaTeMaTHYecKOTO MOJeTHPOBAaHUS. 3a-
BUCUMOCTb 3JHEPTUH HUMIIYJIbCA OT 3a[€PKKU MMeeT
UIEHTHYHBI XapaKTep B HCCJEJIOBAHHOM JHATIA30HE
KOJIMYeCTBA UMITYJIbCOB B IIyTe. Y BeJIMUeHre 3aePIKKI
10 500 MKC TIPUBOAMT K YBEJUYEHHUIO [JTUTETbHOCTH
UMITyJIbca B 2 Pa3a OTHOCHTEJbHO HCXOJHOTO 3Have-
Hus. [Ipu 5TOM aHeprusi UMITyJibca IPUHUMAET 3Have-

HUe, paBHOE 3HEPTUH W3Jy4YeHUs NpPH HYyJIeBoil 3a-
nep:xke. CreflyeT 3aMeTHTb, YTO yBeJIWYeHWe UMITYJIb-
coB B 1myre ¢ 200 go 400 mpuBoIuT K MeHblIeMY
pOCTY 3HEpruu W3Jy4YeHHsd, 4YeM yBeamueHue or S0
1o 100 u or 100 mo 200 uMmynabcoB. DTO KOCBEHHO
ToBOpUT 00 0o6ecreveHn: CTAIHOHAPHOI KOHIIEHTPAIun
aTOMOB Me/JIl B OCHOBHOM coctosiHuu nipu N > 200.

JlmMTeIbHOCTD UMITyJIbca TeHepaliii MOHOTOHHO
pacTteT ¢ yBeJWYEeHHEM 3aJepKKH U cJab0 3aBHCUT
OT KOJIYecTBa MMIyJabcoB B Ityre. Ilpu Hysnesoil 3a-
Jlep:KKe 9TOT TapaMeTp cocTaBigeT Topsaka S0 He
u pocruraer 150 He mpu 3agepskke 1500 mxc. Ero
3HAYEHUs TIPAKTUYECKN OJMHAKOBbIe (pacXosKieHue He
npesbimaer 10%) MPH KOJHYECTBE WMITYJIbCOB B IIyTe
or 100 mo 400. B ciayyae, korga KOJHUYECTBO HM-
MyJIbCOB B IIyTe cocTaBisgeT S0, NIHTETbHOCTb WM-
myJabca JgocTuraeT 3HaueHWs 150 HC Tpu  3amepikke
1000 Mxc.

C yd4eroM TOTO, 4YTO 3a YKa3aHHBIE WHTEPBAJbBI
BpeMenn (mo 2000 MKc) TeMIepaTypa rasa IOYTH He
MeHSIeTCSI, MOXKHO B3aKJIOUHUTh, YTO OCHOBHOH BKJAJ
B yBeJWYeHUe JJIUTETHHOCTH WMITYyJIbCa W3JIyUeHUs
MOJKEeT BHOCHTD ITIPEJUMITYJIbCHASI KOHIIEHTPALUS 3JeK-
TPOHOB. YBelUYeHUe 3a[epXKKH BeleT K ee YMeHb-
IIEHUI0, YTO, B CBOIO 0Yepe/b, MPUBOJNT K U3MEHEHUIO
TapaMeTPOB MMIIYJIbCOB BO36YKAEHUS: POCTY JTHTENb-
HOCTH HUMIIyJbca TOKa BO30Y:KAEeHUS, YMEHDIIEHIIO
CKOPOCTH €To HapacTaHUA, POCTY aMILIATYIbI HATpS-
skenud Ha ['PT. 910 Xopomo coryacyercss ¢ Ipyrumu
pa6otamii [7, 9], B KOTOPBIX yBeJIHYeHNE JJIUTETHHOCTH
UMITyJIbca WM3JIy4eHusi HalJ0aeTcss TPU CHUKEHUU
YaCcTOTBI UMITYJIbCOB BO30Y:KIeHUsI. DTOT (haKT Mpej-
[oJIaraeTcsl JeTaabHO U3YYUTHh C UCHOJb30BAHHEM Me-
TOOB MaTeMaTHYecKOTO MOJEJHPOBAHUSI Ha OCHO-
BAaHUU TIOJyYEHHBIX 3KCIEPUMEHTATBHBIX Pe3yJIbTaToB.

3akouenue

B pa6orte ucciie[oBaHbl BO3ZMOMKHOCTH YBeJIUYeHUS
JIUINTEJBHOCTH WMITyJIbCa W3JIyYeHWS aKTHBHOTO 3Jle-
MeHTa Ha TapaxX OpoMHJa MeIu 3a CYeT U3MEHEHUS
pexxnMa Bo30y:kIeHusa. Pazpaborana cucteMa, BKJIO-
qaomasg B ce6s TpW UCTOYHUKA MUTAHWSI, AJITOPUTM
paboThl KOTOPBIX HE3aBUCHMO H3MEHSIETCS MPOTpaMM-
HBIMH cpejicTBaMu. VcIoJ/ib30BaHNe TPeX HCTOUYHUKOB
BO3OYKJEHUsT [T HapaGOTKU MeTasia paboyero Be-
1IeCTBa, TAlleHUsI TeHepalmu U BO30Y:KIEHUS aTOMOB
MeTajljla TO3BOJIIeT He3aBUCUMO M3MEHSTh IapaMeTphl
IJIa3MBbl U 3HEPTHIO BO30YKIAEHWUSI B IIIMPOKOM YaCTOT-
HoM muamaszoHe. /[lng cosgaHus TpebGyeMoil KOHIEH-
Tpauuu atomoB Mean (auccoimanuu Mosekyabl CuBr)
WCTOJIB30BAJICS IyT WMITYJIbCOB, TapaMeTPbl KOTOPBIX
(UCHU u sHeprus, samacaeMad B HAKOIHUTEJbHOM KOH-
JleHcatope) ObUIN MPUOIIKEHbBI K UMITYIbCHO-TIEPHO-
JINYECKOMY DEKUMY pabOTbl aKTUBHOTO 3JieMeHTa. JKC-
MepUMeHTaIbHO TTOKa3aHO, YTO B AHMAalla3oHe KOJInde-
cTBa MMIyJabcoB B Iyre or 50 mo 400 3aBucmMOCTb
JUTATETBHOCTH UMITyJIbCa U3JIYy4eHUs OT 3aJeprKKN
mmocJie TOCJeHEeT0 MMITYJIbca IIyTa [0 HMITyJIbCa BO3-
O6y:KJIeHNd HOCUT WIeHTHYHBIH Xapaktep. OTamuns
3aKJTI0YAIOTCSI B 3HAUEHUW JHEPTUM WMIyJIbca TeHe-
paiuu, 4YTo, Ha Halll B3TJS[, CBI3aHO ¢ OOJIbIIei
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KOHI[eHTpanuell aToMOB MeAHM B ciydae OOJBIIETO
KOJIMYecTBa MMIYJBCOB B IIyTe. IJKCIEPUMEHTATHHO
ITOKa3aHa BO3MOJKHOCTb YBeJIMYeHUS HMIyJIbca W3-
ayderus B 2 pasa (mo 100 HC) mpu coXpaHeHUH €ro
dHepruu. MaKcUMaJIbHO MAOCTUTHYTA JJIUTEIbHOCTD
uMmnyabca 230 HC, TpPHU ITOM 3HEPTUS H3JIYYEHUsS
yMeHbIIIaeTcsl B 3 pa3a OTHOCHUTEJbHO MCXOJHOTO 3Ha-
YeHUsI.

WccnenoBanne BO3MOSKHOCTH YBEJNYEHUS -
TEJIBHOCTH UMITYJIbCA U3JyYeHUs] BBINOJHEHO 1pu du-
HancoBoll moanepxke PH®D (mpoext Ne 19-79-10096).
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