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ATIIITAPATYPA 1 METO/IbI OITUYECKOM IVUATHOCTUKN OKPYKAIOIIEN CPEJIbI

YK 621.373.8

CucremMa BO30Y3KIE€HHSI aKTHBHBIX CPe/ Ha MapaX MeTaJLIOB
/LIS peaau3aliid HeTUNIMYHBIX Pe’KUMOB TeHepaluu
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Hucmumym onmuxu ammocgepovr um. B.E. 3yesa CO PAH
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nocye gopa6otku 17.05.2024;
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IIpo6iema pacmmpenus (yHKIMOHATBHBIX BO3MOXKHOCTeIl Ja3epoB B IeJIOM, U Ha IHapaX MeTalIoB B 4aCTHO-
CTHU, OocTaeTcs aKTyasjbHoil. Ee pellleHue cBsI3aHO Kak C HcC/IeJoBaHUeM KUHETHKH IIPOLIECCOB B Ja3epHBIX cpelax,
TaK U ¢ pa3paboTKoil HOBBIX cucTeM Bo30OysxkaeHHs. IIpeacraBieHbl pe3y/IbTaTbl CO3AAHIS M IPUMEHEHUS CUCTEMbI
BO30Y:K/JIeHHsI aKTHBHBIX CpeJ] Ha TapaxX MeTa/IoB, KOTOpas COCTOMT U3 TpeX MCTOUYHHKOB HAKaYKH, CHCTEMBI CHH-
XPOHH3AIMM M TIPOrPAMMHOTO o6ecliedeHHs. DBbICOKOBOJBTHBIE UMIYJIbChI (DOPMUPYIOTCS TpeMsl He3aBHCHMbI-
MM HHBEPTOPaMH, KOMMYTAllUsl OCYIeCTBJAETCS ¢ IOMOUIbIO THPATPOHOB. PaccMOTpeHbI OCHOBHbBIE BO3MOXKHOCTH
CHCTeMbl U IepCIeKTUBbl ee UCIONb30BAHUA [ pealu3allii HeTUIMYHBIX PeXMMOB TeHepaluu. JKCIIepUMeH-
TaJTbHO YAAJIOCh YCTaHOBHUTDH, 4To B cMecu CuBr+ Ne+ HBr renepamus coxpaHsercs NpH BpeMeHaX peslaKCcalluu

mopsaka 5000 Mkc.

Knouesvie caosa: nasep Ha mapax MeTaslJIOB, I[yTOBBII PEXUM, PEXHM OJNHOYHBIX UMITYJIbCOB, YIIPaBJeHNe
rereparueii; metal vapor laser, train-pulse mode, single-pulse mode, continuous control.

BBeaenne

Jlazeppl Ha Tapax MeTaIJIOB M WX TaJOTEHW/OB
HAXOJAT UIMPOKOE TPUMEHEHNEe B PA3JINYHBIX 00JIaCTIX
Hayku u TexHuku [ 1, 2]. Baarogaps renepain ussryde-
HUST Ha HEOGXOMMOI [IJITHe BOJIHBI TaKHe Jia3ephbl MPH-
MEHSIOTCA B psfie MeIUIMHCKUX TpuioxkeHuit [3, 4].
[lepcrieKTHBHBIM HANPABIEHHEM SIBJISIETCS HCIOJIB30-
BaHUE JIa3ePOB B JIEPMATOJIOTUU IS YIAJeHUs COCY-
JIUCTBIX W TIUTMEHTHBIX Ae(EKTOB KOKH, a TaKKe I
BHYTPHUIIOJIOCTHOTO JIeYeHUsT M (HOTOANHAMHUYECKOI Te-
pamuu [5, 6]. Jlazepbl Ha Mapax MeTaJJIOB BO3MOJKHO
MPUMEHATH /st oborarieHus ypana [7, 8], B 1esnsx 1e-
penaun wHboOpMaru u ajag cBa3u [9—11]. B mpombrm-
JIEHHOCTH WX WUCTOJb3YIOT S MPEIU3NOHHOW MUKPO-
o6paborku Matepuasos [12], moydeHnus: HaHoUCIIEPC-
HbIX TopormkoB [13, 14]. B mayke ja3epbl Ha Tapax
MEeTaJJIOB TPHUMEHSIOTCS JOCTATOYHO IIHPOKO, B TOM
YicJie 18 1eJiell JTa3epPHOTO 30HIUPOBAHM aTMOC(hepPHI.
MaJsast [1JINTeIbHOCTD UMITYJIbCa U3JYYeHUs JTAeT BO3-
MOJKHOCTD HCIIOJIb30BaTh MOJAO0GHBIE JIa3ePHbIE CHCTEMbI
IUTST BBICOKOCKOPOCTHOH boTorpacdnn u BU3yaInsauu
6bIcTpompoTeKaonux mpoieccoB [15, 16]. Tlocrennee
B CBOIO OYepe/lb SBJSETCS TEPCIEKTUBHBIM CPEICTBOM
Hepa3pynIaonero KOHTPOJIA.

* Huxomait Bukroposuu Kapaces (nvk@iao.ru); Buaau
mup Ouerosuyu Tpourkuii (qel@iao.ru); Buxrop AHartosbe-
By umaku (dimaki@iao.ru); Makcum Buxroposuu Tpury6
(trigub@iao.ru).

BaskHag 3a1aua ¢ TOYKH 3peHHS TIPAKTUYECKOTO HC-
MOJIb30BaHUST TTOJAOGHBIX CpeJl — MOBBINIEHIE YACTOTHO-
SHEPreTHYECKNX XapaKTePUCTHK Jia3epOB Ha Iapax
METaJIIOB, KOTOPBIE 3aBHCSAT KAaK OT KOHCTPYKIIUN aK-
THUBHBIX 3JIEMEHTOB JIa3€POB, TaK U OT MCTOYHHKOB ITH-
TaHusA. B HacToslee BpeMs TPUMEHSIOTCS HWCTOYHUKH
MUTAHUSA PA3JNYHBIX Tomojoruii. HampuMep, 17 BbICO-
kogactotHoro CuBr-yazepa akTUBHO HUCHOJb3YIOTCS
MOJIYIPOBOTHUKOBbIE MCTOYHUKEN Hakauku [17, 18],
a Takke Ha OCHOBE MOMIYJSTOPHBIX JIAMII U TaCUTPO-
HOB [19, 20]. Eme oamH m3 3aciayKMBalOINX BHUMA-
HUST CcHOCOGOB BO3OYKIEHUS — WCIOJIb30BaHUE He-
CKOJIBKNX MCTOYHUKOB [21—23]. Takoil moaxo 1mo3Bo-
JITeT OIIePATHBHO YIPABJATb JHEPTUeH WU3JIydYeHus.
MeHsIsT OTHOCUTEJIBHOE BPEMSI CJIeOBAHUS MMITYJIbCOB
U UX SHepPreTHYecKue IapaMeTpbl, YIAaeTcs U3MEeHSITh
UHTEHCUBHOCTb M3Jy4YeHUsI BILIOTH [0 ITOJHOTO TI0/1aB-
meHus [24]. MeHee pacmpocTpaHeH cIocob yIpaBiie-
HUSI TTapaMeTpaMU TeHepalii ¢ MOMOIIbI0 WH/YKIIMOH-
HOTO pa3psi/ia WK MPUIOKEHIsST BHEITHETO0 MarHUTHOTO
mossg [25—27]. BecbMa TepCIEeKTUBHBIM CITOCOGOM
YIPaBJIEHIS CYNTAETCSI TIPUMEHEHNE I[yTOBOrO PesKuMa.
V3MeHss 9MCIO UMITyJIbCOB B IyTe M CKBAJKHOCTD ITY-
TOB, BO3MOKHO PEryJIMPOBATb CPEIHION MOIIHOCTD U3-
JIy4eHUs B JJOCTATOYHO IMUPOKUX Tipefesnax [28].

C TIOMOIIIBIO PA3JHMYHBIX TIOX0/I0B K BO30OYKIEHUIO
OBLII TIOTyYeHbI 3aC/IyKUBAOIINE BHUMAHUS Pe3yJ/IbTa-
TeI. Hanpumep, B pa6ote [29] mokaszaHbl BOZMOKHOCTH
MOBBIIIEHNS Y/I€TbHBIX XapaKTEPUCTHK aKTUBHOW Cpe-
JIbl Ha TapaxX 6poMua MeIu 3a CYeT JOMOJHUTETHbHOTO
MIPEIMOHN3AIIOHHOTO UMITYJIbCA, a TaKKe YIIPaBJIeHUS
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aMIUIUTYHBIMU U CIIEKTPAJIbHBIMU MApaMeTpaMu U3JIy-
yeHus (COOTHONIEHUEM aMILIUTY/bI HA JIMHUSAX W3-
JIyYeHHUst).

[lenp paboTel — co3gaHWe CUCTEMBI BO30OY KIECHUS
aKTUBHBIX CpeJ Ha IIepeXoJaX aTOMOB MEeTAaJJIOB I
peanm3anuu HeTUIHYHBIX PEXUMOB TeHepalui U yCH-
JIEHWS ONTHYECKNX CUTHAJIOB.

B paMxax [aHHOTO WCCTIEOBAaHUS CO3/aHA YHU-
BepcaJbHasg CHUCTeMa NUTAHUS, IIO3BOJIAIONIAS peasi-
30BbIBATh HETHIUYHbIE PEXMMbI HAKAYKN AKTHBHBIX
cpell Ha TepexXo/laX aTOMOB MeTAJJIOB, a UMEHHO IIyTO-
BBIIl U pEeXUM BO3OYKIEHUS OJUHOYHBIMU HMITYJIbCA-
Mmu. IlpeacraBieHbI HeKOTOpbIe 3KCIIEPHMEHTAIbHBIE
pe3yIbTaThl NPUMeHEeHUsT pa3paboTaHHOH CHUCTEMBI I
CuBr-nasepa.

IJKcnepuMeHT

CucrteMa BO30YsKIeHHS BKJIOYAET B ceOs TpU He-
3aBUCUMbBIX HCTOYHUKA HaKauku. Kaxk[plil HCTOYHUK
COCTOUT U3 IIOJIyMOCTOBOTO MHBEPTOpa, IpeJHa3HAueH-
HOTO [IJIsI MMITYJIbCHOH 3apsg/IKil HaKOIUTEeJIbHOTO KOH-
nercaropa. Iludpossie cucrembr ynpasienus (DCS
u PC) mpeaHasHadyeHbl [ YIPABJIEHUs IlapaMeTpaMu
3aps/a HaKONUTEJbHBIX KOH/IeHCAaTOPOB I (DOPMUPOBA-
HUA UMIIYJIbCOB 3allyCKa BbICOKOBOJIbTHBIX KOMMYTATO-
POB, KOTOpble HacTpauBaloTca HesaBucuMo. [lna cun-
XPOHU3AIUN COBMECTHOI PaGOThl MICTOYHUKOB CO3/IaHbI
udpoBas cucTeMa yrnpaBJeHUs U MPOrpaMMHOe o6ec-
meyerne. CxeMa cHCTeMbl BO36Y:KAEHUS NPH HaKadyKe
Ha rasopaspaauoil Tpy6ke (I'PT) mokazana Ha puc. 1.

Ucrounnukn mnurtanusas PS1—PS3, mu3obpaskeHnbie
Ha puc. 1, umeror equnylo TonoJoruo. HakonurenbHble

Ophir Plate Plate

kongencatopbl  (C1—C3) sapskaoTcss ¢ NOMOLIBIO
6ao0koB 3apaga (HV1—HV3), kaxkzabpiii u3 KOTOPBIX
COCTOMT W3 HHU3KOBOJIbTHOrO BhimpamuTenrss (LVR),
nosyMoctoBoro uuBepropa (DC-AC), MNOBBIIAOIIETO
umiyabcaoro tpaucdopmaropa (SUPT) u  BbIcOKO-
BosbTHOTO BhimpamuTeisa (HVR). B kauecTBe BBICOKO-
BOJIbTHOTO KOMMYyTaropa BbIcTymaeT Tuparpon TGI1-
1000,/25. CxeMbl ylpaBJieHHs WHBEPTOPOM W 3allycKa
tupatpoa (CS1—CS3) uMeoT WIEHTHYHYIO KOHCT-
pyknuio. MakcuMaibHOe HalpsUKeHHe 3apsaa HaKOI-
TeTbHOTO KoHIeHcaTopa — 15 kB. UYactoTta ciemoBa-
HUS UMITYJTbCOB MOKET M3MEHATHCS; MaKCHMAJbHOE ee
3HAUYeHUe OIpe/iesizeTcss KOMMYTaTOpOM M COCTAaBJISIeT
15 k. [l peanusanuu HEKOTOPBIX DPEXUMOB pabo-
TBI UCTOYHUK TuTanus PS1 MokeT paboTaTb B I[yTOBOM
pexuMe; MaKCHUMAaJbHO BO3MOJKHOE KOJUYECTBO UM-
nysabcoB B 1yre — 30000.

TaxkuMm o6pasoM, cucTeMa IO3BOJISIET ONEPATHBHO
VIPaBJATh BPEMEHHBIMU W dHEPreTHIeCKIMH TapaMeT-
paMu J1a3epHOTO W3Jy4eHUS B JOCTATOYHO TTMPOKUX
npenesiax. Takske oHa couyeTaeT B cebe MPEUMYIIECT-
Ba I[yTOBOTO W JBYXUMIIYJbCHOTO PEXUMOB pPaGOTHI
(BoaMoskHOCTDh peryaupoBaTh kak UCH, tak u ami-
JIUTYZy W JUIATEJBHOCTb WMITyJIbca TeHepaiun). Bos-
MOKHO TaK)Ke peajn30BaTb HMMITYJIbCHO-TIEPUOTIEC-
kuit (Bce BpeMeHHbIE 3aJE€PKKH M aMILUIUTYIbl M-
Iy/IbCOB MCTOYHUKOB IHUTAHUS OJMHAKOBBI) PEKUM
paboThI Ja3epa.

PaccMoTpuM oWH W3 BapHAHTOB pean3aliil He-
TUTIMYHOTO pesknMa reHeparn. Mcrounnk nutanms PS2
MOJKeT TMO/IaBaTh WMIIYJbCBI C OIpe/eJeHHON 3ajep-
JKKOI OTHOCUTEJNbHO UMITYJIbCOB UCTOUHMKA PS1. Am-
IJIUTYZa UMIyJbcoB PS2 MeHblle, ueM aMILUIUTya

GDT Mirror

FEK-22

TGI1-1000,/25/

‘TGIHOOO/’ZS’E §

Puc. 1. CrpykTypHas cxeMa cHCTeMbI Bo3Gyxaenns: ucrounnkn nuranus (PS1—PS3); nakonurenpuble kongaencatopbl (C1—C3);

610k sapsaga (HV1—HV3); peryaarop nanpsskenus (Controller); HuskoBosbTHBIH Bbimpamuteab (LVR); momymMocTtoBoit nuHBep-

top (DC-AC); nosbimaomuii uMny.ibcubiii Tpancdopmatop (SUPT); BoicokoBosbTHBIN Bhimpamurens (HVR); cxema ympasie-

HUS UHBepTopoM 1 3amyckoM tupatpona (CS1—CS3); tuparpon (TGI1-1000,/25); uudposas cucrema ynpasienus (DCS); mep-

conanbHblii kKoMmbiotep (PC); ocrmmiorpad (Oscilloscope); onroBosiokonnsie kKaGesu (Optic fibers); matunk Hanpskenns (HVP);

naruuk Toka (CM); rasopaspsagnas tpy6ka (GDT); sepkano (Mirror); moaynpospautoe sepkaio (Plate); ¢dorosnemMenT koak-
cuaspubii (FEK-22); usmepurens ontudeckoit Morqaoctu (Ophir)
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nmnysabcoB PS1. Vcrounuk nutanus PS3 ocyuiectsiis-
€T HaKayKy aKTHBHOTO BelllecTBA. AMIUINTYa HaIps-
JKEeHHS TIPH MUHUMAJIBHOM BpeMEHH 3a/Iep:KKH MeXIy
IOCTAeJHUM HMIYJbCOM I[yTa M HMITYJIbCOM HAKA4KU
coctaBnger 14 kB. YacToTa cilefoBaHHS UMILYIbCOB
ncrounnka PS3 Bapbupyercs B 3aBUCHMOCTH OT 4HCJa
UMITyJIbCOB B IIyre OT HECKOJIbKUX corTeH repir (202 T
npu 50 wmmmysibcax) go agodeii repr (0,76 T npu
16000 wummysabcax). EMKOCTH HCTOYHMKOB IIMTaHUA
(C1—C3) oxunakossl u cocrasusior 1650 nd.

Kax 6p110 OTMedYeHO BbBINIE, I CHHXPOHU3AINN
pa6oThl MCTOYHUKOB HHUTAHUS KAKIABIH M3 HHUX IIO-
kmover K 1uudposoil cucreme ynpasienns (DCS) ge-
pe3 ONTOBOJIOKOHHBI KaGenb. CaMa cucTeMa yIpaBJie-
HUSI TIOJIKJII0YeHa K TlepcoHanbHoMy Komibiotepy (PC),
Yyepe3 KOTOPbIl M OCYIIECTBIISIETCS YIpaBjleHHe Bpe-
MEHHBIMH ITTapaMeTpaMi HMITYJIbCOB MCTOYHUKOB ITHTA-
Hust. C IOMOIIbI0 IPOrpaMMbl OIEpPaToOp MOKeT H3Me-
HATDb: YHICJO MMITyJIbCOB B I[yTe; BpeMs May3bl MeXIy
HUMITyJTbCaMH IIyTOB, a TaKXKe <«TacAMNMy» HMITYJIbCOM
U UMIIyJIbCOM UCCOLUAINN; BpPeMEHHYIO 3a/epiXKKy
MesKIy HOCTeAHNM UMIIyJIbCOM IIyTa M HMITyJIbCOM Ha-
KaukM, a TaKyKe HMITyJIbCOM HaKauKH U IepBbIM HM-
IyJIbCOM CJlejlyIollero 3a HUM Iyra. /lmarpamma pa6o-
TBI UICTOYHUKOB IIPEJICTaBJIeHA HA PUC. 2.
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Puc. 2. /lmarpamMMa paGoThl HCTOYHUKOB NUTAHHI: UMILY/IbCHI
ympasienus: Tpausucropamu (VT1, VT2) B uHBepropax, TH-
patporoM (TGI1); BpeMeHa 3a/lepsKKU MEXKIy WMILYJIbCAMH
nyra (t;), uMIyJabcaMu Aucconuaiun u Tamenus (t»), mo-
CJEIHUM WMITyJbCOM I[yra W MMIYJIbcOM Hakauku (t3),
FIMILYJIbCOM HAKQUKM U IIEPBBIM UMITYJIbcoM Iryra (,)

g peructparuu Hanps:kenus Ha ['PT ucmnosnb-
3yercs gaTyuk Hampsikenus: Tektronix P6015A (HVP)
¢ koapdunuentom mpeobpazosanus 1:1000; mas pe-
THCTpaIluu TOKa pa3psaga — gatauk Pearson TM 8450
(CM) ¢ koadduunenrom npeobpasosanus 1:10. B ka-
yecTBe CHCTeMbl PerucTpalluy HMIIYJIbCa BBIXOIHOTO
N3JTydeHns TPUMeHSeTcs KOAKCHAJIbHBIN (PoTOaTeMeHT
(FEK-22). /laHHBIE CO BCEX TpeX MAaTYMKOB MPUXOAT
Ha YeThIpeXKaHAIbHBIN oclusIorpad, 4eTBepThIil KaHaI
KOTOPOTo IpUHUMAaeT UMILY.Ibc CHHXpoHu3aIuu oT DCS.
Heob6xoauMo 3TO [JI peTUCTpAIM TOJBKO ITapaMert-
POB HMMITyJIbca HaKayku OT nctouHuka PS3. Buenrnuii

BH/I OCIWJIOTPaMMBI, OTOoOpaskaeMoll Ha 3KpaHe oc-
nmstorpada, mokasaH Ha puc. 3.
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Puc. 3. Ocuuitorpamma Hanpsbkenus (U), toka () u um-
nyJbca renepanun (G)

YHUKaJIbHOCTD JAHHOW YCTaHOBKU 3aKJII0YAeTCS
B TOM, YTO KaX[BIHf M3 TPeX HCTOYHUKOB BBLITOJHIET
ollpejie/IeHHbIe 3aJaul: MOXKHO pealn30BaTb pa3jnd-
Hble PeXXUMBI BO30Y:K/I€HUsI, KaK MMILYJIbCHO-TIEPUOIN-
yecKui, Tak U I[yTOBBIM.

ITockomnbKy aKcIlepHMeHTaIbHble JaHHbIE MOJIydYe-
HBI TIPH IIyTOBOM peXkuMe paboTbl Jasepa, HA OIHCA-
HUW JaHHOTO peXMMa OcTaHOBHMcA moapo6Hee. Ilep-
Bbiii ucrounuk muwuranus (PS1), dopmupyomuii yr
UMIIyJIbCOB, TIpeHA3HA4YeH /IS JUCCOIMAINN MOJIEKY.JI
CuBr, T.e. mosyyeHus aToMOB MedH. 3a CuUeT pery-
JINPOBAHUS KOJHMYecTBA UMITYJIbCOB B I[yre JOCTUTAeT-
¢ peryJHupoBaHNe KOJIYeCTBA aKTHBHOTO BelllecTBa
B I'PT. Kpome Toro cyuiectByeT BO3MOXKHOCTb H3Me-
HATb BpeMs Iay3bl MeKIy UMILyJIbCaMH B I[yTe; dHep-
THS UMIYJIbCOB JIOJUKHA OBITh JOCTATOYHOH /IS [IHC-
COIMAITY aKTHBHOTO BEIIECTBA.

YacTh 3HEPrHU OT WMILYJbCOB auccoruamuu (0T
ucrounnka PS1) Gyzer npuBoanTh K Bo36YKIEHUIO aK-
THBHOTO BellleCTBA M, KaK CJe/ICTBHE, K ITOSIBJICHUIO Te-
Hepaluu. JTy TeHepalyio Uil yIo6CTBa HM3MepeHHs
cpeiHeil MOIHOCTH HEOGXOMMO TIO/IAaBUTDh C ITOMOIIBIO
uctoyHnka TmTaHusa PS2. JlaHHBIT MCTOYHHUK popMu-
pyeT mepeJ UMIYJIbcOM Juccolanun (0T HCTOYHHKA
PS1) «racaumuit> umiyabc. [IpUHUUI TalleHUS reHe-
pamy 3aKTioyaeTcs B 3aceJeHHH MeTacTaGMJIbHOTO
YPOBHA W ToCJeIyloleil ero peJsaKcalliyl /IS BOCCTa-
HOBJleHud TeHepanuu [24]. Takke uMeeTcss BO3MOK-
HOCTb H3MEHATb BpeMs May3bl MeXKIy <«TacAlUM» M-
IIYJIbCOM ¥ MMITYJIbCOM JIMICCOIHAINH, YTOOBI O100PaTh
MoMeHT HanboJiee 3(pHeKTHBHOTO MOABIEHNUSI.

Wcrounnk nuranusgs PS3 ocyliecTBisieT Hakauky
aKTUBHOTO BelllecTBa. VIMIyJbCc OT 3TOTO HCTOYHHKA
(UMILyJIbC HAKAYKK) CJELYeT TOocJe IPOXOKIEHUs IIy-
ra. Ilpm aToM cymIecTByeT BO3MOKHOCTb W3MEHSTDH
BpeMEHHYIO 33/J[eP’KKY KaK MesKIy MOCJIeJHIM NMITYJIb-
COM IIyTa U HUMITyJIbCOM HaKa4K{, TaK U MeXIy HM-
IMyJIbCOM HAKAYKU ¥ TIEPBBIM HMITYJIBCOM CJIeyIOlIero
3a HuUM Ifyra. VI3MeHeHUe BpeMeHHOI 3a/lepiKKU MeXAy
moCAeJHIM HMITYJbCOM I[yTa M HUMIIYJbCOM HAKA4KU
MO3BOJIIET BapbUPOBATh JJIUTEIBHOCTh HMMITyJIbCa Te-
Hepalun.

Cucrema B036y>KI[6HI/I$I AKTUBHBIX Cpe/l Ha IMapax MeTaJ/UIOB /Jisl peajiu3allud HETUIINYHBIX PE’KUMOB reHepainuu 701



Anpobanusi cucteMbl IPH HaKavKe
CuBr-1azepa

Pa6ora ncroyHnmka nuTaHWS Oblla HCIBITAHA HA
crangaptHoM CuBr-nasepe, a Takke Ha Jlazepe C MO-
qudunupoBanHoil KuHetHkol (¢ BomoponcoaepKaiieit
no6askoii HBr). CyTe skchmepuMeHTa 3aKJiO¥asach
B olleHKe 3(PPeKTHBHOCTH BO30OYKIEHUSI IPU PA3HOM
yucjae umiyabcoB B 1yre N (400—100 wumiyabcos)
U Pa3HOM BpPEMEHHU 3aepPKKU MesKIy IIOCJTeJHUM M-
IyJIbCOM IIyTa M UMILyJIbcOM Hakauku. Huske mpusese-
HBI pe3yJIbTaThl, HoxydeHHble 411 N = 200 MMITy/IbcoB.
I'pacdukn manpsxenus Ha [PT nmpu pasHbIX BpeMeHax
3a/Iep:KKU TIpe/ICTaBIeHbl Ha puc. 4.
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Puc. 4. 3aBUCHMOCTb HANPSKEHMSI OT BPEMEHH 3aflepsKKH
npu Hainuun (cepasg KpuBag) u orcyTcTBun (UepHasi KpuBas)
BoJOpo/COoepsKalleil 106aBKu

Kaxk Bugno us puc. 4, B o6oux ciaydaax (mpu Ha-
JMYUM U OTCYTCTBUU A0GaBku HBr) Hanpsskernue yse-
gmanBaetcd. [Ipnm Hammunn go6aBKH HabJIogaeTcs CTa-
O6UIM3aInsT HANPSIKEHUs, 4TO CBS3aHO €O CTaGHIn3a-
Iuell COMPOTUBJIEHUS Pa3pAJHOTO KaHala, B TO BpeMs
Kak 6e3 J06aBKM HaIpsDKeHHe IIPOAOJDKAeT pacTH
13-32 YBEJUYEHUsS] COMPOTUBJIEHUS KaHAJIA TPU YBeJH-
YeHUU 3a/lepKKu. PoCT comlpoTuBieHust 06GbSICHSIETCS
CHIDKEHHEM TIPe/IBIMITYIbCHON KOHIEHTPAITNH  3JIeK-
TPOHOB.

[TpimMep ocrIorpaMMBbl Ha TIpeleTbHOM BpeMe-
uu 3agepxkn (2000 Mxc) masg 200 UMIyJIbCOB B ITyTe
MoKa3aH Ha puc. 5. Takoe BpeMs 3a/IepKKU ObLIO BbI-
6paHo, TOCKOJBKY UMIyJibc TeHeparun (G) nasepa 6e3
BOJIOPO/ICO/IeprKAIlell T06aBKH 3HAYNTETHHO MCKA3UICS
1o ¢opme (10 cpaBHEHUIO € PHC. 2), a €ro aMILIUTYy1a
3aMeTHO cHu3MIach (puc. 5, @). OmHAKO XOPOIIO BUJI-
HO, YTO HMIYJbC TeHepalluu Jasepa ¢ MOAUMHUIUPO-
BaHHON KmHeTHKO# (puc. 5, 6), HECMOTPS Ha HCKasKe-
HUS, TO aMIUINTy[e IPeBOCXOAUT WMITyJbC Ha
puc. 5, a. BoJyiee Toro, NIUTENBHOCTH MMITYJIbCA TeHe-
pamun SBHO BO3pOCJa MO CPAaBHEHHIO CO CTAHAAPTHBIM
3HaueHueM B 50 Hc. Taxike 3aMeTHO U3MeHeHUe op-
MBI MIMITYJIbCA, YTO MOKET OBITb CBSI3aHO C KUHETUKOI
TIPOIECCOB U BPEMEHHOI AMHAMUKOW WHBEPCHH Hace-
JerHOCTH. Ha OCHOBe TOTy4YeHHBIX JAaHHBIX OBLIN TI0-

CTpPOeHBI TpadpMKN 3aBHCUMOCTH JIHTEJIBHOCTH HM-
IyJIbca TeHepalluy OT BpeMeHHu 3ajepxkkn (puc. 6).
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Puc. 5. OcruuiorpaMMbl IS BpeMeHH  3aepXKKu 1T =
= 2000 mMxc mpu 200 ummyabcax B Iyre: mpu orcyrcrsun (a)
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Puc. 6. 3aBUCHMOCTH [JTUTETBHOCTU WMITYJIbCA U3IYUEHUS
OT BPEMEHH 3ajlepKKu NpH Hainuun (cepasg KpUBas) U OTCYT-
creun (YepHast KpUBasi) BOJOPOJACOIepIKalIeii 106aBKI

BusiHo, 4TO [JMTEBHOCTD MMITYJIbCA MOXKET H3-
MEHSTbCS B BecbMa IMIMPOKUX IIpejlesiaX, OT CTaHAapT-
vbIxX ang CuBr-masepa 50 mo 250 He, a amg Ja3epa
¢ MoauduIMpoBaHHOil KMHeTHKOH — 10 200 HC. OmHAKO
B TIOCJeJHEM CJIydae ecTb BO3MOKHOCTD JaJbHeHIIero
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yBeJMYeHUs BpeMeHU 3aJep:KKU U, KakK CJIeJCTBUE,
JUTATETbHOCTH UMITyJIbca. CBg3aHO 3To ¢ 6oJIbleit aHep-
rueil BBIXOJHOTO U3JIy4eHHs, YTO MOATBEPIKIAeT puC. 7.
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Puc. 7. 3aBucuMocTn sHepruy UMIIYJIbca U3Jy4YeHUS OT Bpe-

MeHH 3a/lepsKKU pu Hajauunu (cepasg KpUBas) M OTCYTCTBUH
(uepHas KpHBasi) BOIOPOACOIepsKAINel 106aBKH

I'pacduk gns CuBr-nmazepa Ge3 BopopojconepKa-
nielt 106aBKI UMeeT XapaKTepHbIN UK. BeposiTHO, 3TO
CBSI3aHO CO BpeMeHeM BOCCTAHOBJIEHHSI MOJIEKYJ Gpo-
Muza Meau. KpoMe Toro moAarBepiKAaercs, 4TO reHepa-
IUST COXpaHsgeTcsl Aaske IPU IpPeJeJbHOM BPEMEHHU 3a-
JEP>KKA. IJTO MPOTHBOPEYHUT WM3BECTHBIM BKCIIEPIMEH-
TaJIbHBIM PE3yJIbTaTaM, KOTOPbIe YTBEPKIAIOT, YTO TIPH
3a7iepskKax 6ojiee 600 MKC BBIXOIHOE WM3JIydeHUe Tpo-
naznaer. /[lannpni addexr tpeGyer GoJee TIIyGOKOro
TeOPeTHYeCKOro aHaIn3a. JKCIepUMeHTaIbHbIe pe3yIb-
TaThl MO3BOJINJIN YCTAaHOBUTH OCOGEHHOCTH KUHETHKH
IJIa3Mbl Jia3epa IMPH OTHOCHTETbHO OGOJBIINX Iay3ax
MesKIy UMITyJIbcaMu Bo36y:xaenus [30].

3akaoueHnne

[IpencraBiena cucrteMa, NUpeJHA3HAUYEHHAS ST
peanm3anuu HETHIUYHBIX PEeKUMOB BO30Y:KIEHUS aK-
THBHBIX cpeJl Ha TapaxX TaJOoTeHHZ0B MeTamwaoB. OHa
BKJTIOYAaeT TPH WMCTOYHHKA HAKA4YKH, SHEpTeTHdecKue
U YacTOTHO-BPEMEHHbLIe IIapaMeTpbhl KOTOPBIX MOTYT
U3MEeHATCS He3aBHCHMO ApPYT OoT Jpyra. Kaskipii mc-
TOYHUK HMMeeT CJIelyIOIIIe TIpe/ieJbHble XapaKTePUCTH-
KHI: MaKCUMAaJbHOE HAIpsLKEHUe 3apsIKU HAKOIHUTEb-
Horo KoHzleHcaTtopa 15 kB; MakcuMasbHas 4acToTa cJie-
JoBaHUS UMITyTbcoB 15 k1.

OmHO W3 TpHUMeHEHUil CHCTeMBl — peanu3alus
MOHOUMITYJTbCHOTO PeKNMa TeHepalliy HpH IpeaBapH-
TeJbHON MOATOTOBKE CpeAbl. JKCIEePUMEHTATbHO I0Ka-
3aHa BO3MOXHOCTDb UCIIOTb30BAHUA I[yTOBOTO pesKUMa
paboThl VTSI AMCCOLMAINY AKTUBHOTO BelllecTBa. YTI-
paBJieHUe KOHIIEHTpallleil aKTHBHOTO BeIeCTBA MOKET
OCYIIECTBJIATBCS IIyTeM W3MeHEHUS YHCJIAa UMITYJIbCOB
B Iyre. B gaHHOM sKCcIepHMeHTe ONTHMAaJbHOE 3HaYe-
HHe KOJIMYecTBa MMITYJIbCOB B I[yTe HAXOJWUTCS B IIpe-
nemax 200—400. MoHOUMITYJIbCHBIH peskKUM  PaBGOTHI
TIO3BOJISIET YTIPABJATD JJINTETHHOCTBIO UMITYJIbCca TeHe-
parmm 3a cyeT M3MeHEHNS BpeMeHH 3aJepXKKHU MeXIy
IMOCTAeJHIM HMITYJIbCOM I[yra W HMIIyJIbCOM HAKauKH.

MaxcuMasJbHO JOCTHTHYTAs JUIHTEJbHOCTh HMILYJIbCa
U3Jy4eHUs B JAHHOM JKcrepuMeHTe — 250 HC, 4TO
B IIATH pa3 GoJibliie crangapTHoro 3Hauenust st CuBr-
Jlasepa.

IKCIlepUMeHTAIbHbIE Pe3YJIbTaThl BBISIBUIM P
oco6eHHOCTell KUHETHKM ILIA3Mbl Jla3epa B IIEPBYIO
ouepe/b Mpu GOJIBIINX BpeMeHaX pesakcaiuu (MexKuM-
IyJIbCHBIA Hepuoa). ITO MOATBEP:KIAET HePCIEKTHB-
HOCTDb TIOJOOGHBIX CXeM BO30OYKIeHUS 1 (dyHIAaMeH-
TaJbHBIX HCCJeOBaHUil. B fanpHelineM NaaHUpyeTCs
[IPOBe/IeHNe TIOOGHBIX IKCIEPUMEHTOB /IS Jiadepa Ha
mapax 4ucToil Meau, B TOM 4ucJe s GoJiee [[eTaTbHO-
rO U3YyYeHHs MeXaHHM3MOB, OIIpeJeJIsIONUX JJIUTeNb-
HOCTb MMITYJIbCA T'eHepaluu.
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