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Hsnooicenvl  KOHCmMpyKyus U 8O3MOJNCHOCMIU — PA3PAOOMAHHBIX  ABMOPAMU  MEPALEPYesblx  J1A3ePHbIX
yemarnoeox Ha ocnose 2azopaspsaonvix HCN u DCN nazepos ¢ onunoil éonnvt usnyuenus 337, 190 u 195 mxm,
NPeOHA3HAYeHHbIX ONid  OUOMEOUYUHCKUX —UCCAed08aHull. Paccmompensi  cucmemvl  8bICOKOYACMOMHOU U
HU3KOYACMOMHOU HAKAYKU 1a3ep08, CNocoO08 KOHMPOJA ONUHbL BOIHbL U NIABHO20 USMEHeHUs Kod(duyuenma
NPONYCKaHUs 8bl800H020 3epKaia pe3oHamopa. Onucano 0onoiHumenvHoe K8asuonmuyeckoe o6opyoosanue 0.
JIA3ePHBIX  YCMAHOBOK, 6 YACMHOCMU, NPOSPAMMUPYEMBLI  MOOYJISMOp, NO360JAI0WULL  NPeodpas0evleans
HENnpepuleHOe JIA3epHOe U3TYYEHUe 6 UMMNYIbCHOE C YNPAGIAEMbIM U MOYHO KOHMPOJIUPYEMbIM UBMEHEeHUeM

yacmomvl C1e008aAHUSL UMNYILCOS, CUCEMA A8MOMAMUYECKOU CMadUIU3ayuy MOWHOCMuU U Op.
Kniouegvie cnosa: cazopaspsionvlii mepazepyesulili  jasep, KEA3UONMUKA, aMAIUMYOHAs MOOYIAYUs,

buomMeouyuHCKUe UCCTIeO0B8AHUSL.

Beenenne

Teparepuessie HCN nazepsl, paspabo-
TaHHBIe B VIHCTUTYTE pagrio(M3UKK H DJIEKTPO-
Huku HarmoHanbHOM akajieMuu HayK YKpauHbI
(UPD> HAHY), ycrnemHo npUMEHSIOTCS B
OMOMEIMIIMHCKAX UCCIIE0BAHUSX, TIOATBEPIHB-
mux Owmoyorndeckyo 3Gh(EKTUBHOCTh Tepa-
repleBoro JazepHoro uanydeHus [4, 10].

Teparepuessle ra3opaspsiiHble  Ja3epbl
TIOKa eIl SBISAIOTCS TPOMO3AKUMHE, TOPOTOCTOSI-
oMM M CJIOXKXKHBIMH B O6CHy)KI/IBaHI/II/I ycCra-
HoBKaMu. Jlnsg Oosee IIMPOKOro BHEAPECHUS
TaKAX JIa3epOB B MEIHUIIMHCKYIO TPAKTHKY
MIPOBOJUTCS JajbHEHIee COBEPIIEHCTBOBAHNE
ux HOTpe6I/ITeJ]I)CKI/IX Ka4yeCTB — IIOBBIIICHHEC
HaJe)KHOCTH, CHWXKEHHE CTOMMOCTH U DPACIIH-
penre QpyHKIMOHATIBHBIX BO3MOXHOCTEH Jazep-
HbIX YCTAaHOBOK, IIPpUHUMAKOTCA  MEpPBI IO
MOBBIIICHUIO y100cTBa padoThl ¢ HUMH. C 3TOU
nensio B MIPD HAHY pa3paboTtansl W HCITHI-
TaHbl Ja00paTOpPHBIE TeparepleBble Ja3epHbIe

YCTaHOBKH, ONTHMM3HPOBAHHBIE JUIA TIPOBE-
JeHHusT OMOMEOUIMHCKMX  HCCIEeNOBaHUN ¢
NalueHTaMHu, J1a0OpaTOPHBIMH  KHUBOTHBIMH,
OMOJIOTMUECKUMH  KYJIBTYpaMH M MEAULMH-
CKUMH TIpernaparamu. Hmke omucanel 0coOeH-
HOCTH MX KOHCTPYKIHMH M BO3MOXKHOCTH,
KOTOpPBIE OTH  YCTAaHOBKM  IPEIOCTaBISAIOT
HCCIIEZIOBATEIIIO.

JlazepHast ycTaHOBKa SIBIISIETCS KOMILIEK-
COM, COCTOAIIUM M3 psia cucteM. [J1aBHBIE U3
HUX - JJa3epHBIA U3ITydaTeslb, CUCTEMa NTPOKAYKU
aKTUBHOIO  BEILECTBA, CHUCTEMa  HAKaudKH,
KBAa3HONTHUYECKHN TPAaKT M CHCTEMa KOHTPOJIA
JIa3€PHOTO M3ITYYCHUS.

JlazepHblIii H31y4aTenb
OcCHOBY J1a36pHON YCTaHOBKU COCTAaBJISIET
ra3opaspsiAHbIN J1a3epHbIN u3Mydarens (puc. 1),
CMOHTHPOBAHHBII B YHHBEPCAJILHOM KOPITyCE.

Puc. 1. JlazepHblii H3Ty4aTe b
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B xopmyce ycTaHOBJIEHBI JIa3epHBIA pe3o-
HaTOp W TraszopaspsiiHas TpyOka. JlazepHsrit
pezonarop mnuHOW 1,2 M oOpa3oBaH JBYMS
3epKallaMH, 3aKPEIUICHHBIMH B FOCTUPOBOYHBIX
y3nax. B TeparepueBbx ja3epax NpUMEHSIOTCS
METaJNTMYecKue 3epKalia, a JUis BBIBOJIA H3ITY-
YEeHUS U3 Pe30HATOpa — METAIUIMYECKHE 3epKalia
C OTBEPCTHSIMH W MPOBOJIOYHBIC PELIETKH.
KOcTupoBouHBIE y3/1bl YCTAHOBJICHBI HA HHBApPO-
BBIX CTEpXKHSIX C CHCTEeMOH TepMOCTadH-
JIM3aLKH.

[TockonbKy B TeparepleBblX Jlazepax pac-
CTOSTHME MEX[IY IpPOJOJIBHBIMI MOJAaMH pe30-
HaTtopa OoJbllle, 4YeM eCTeCTBEHHas LIMPHHA
Ja3epHOM JIMHUM, TeHEepaLusi BO3MOXKHA TOJIBKO
NPU OTIPEJICIICHHBIX JMCKPETHBIX JITMHAX JIa3ep-
HOro pe3oHaropa. [loaTomy, KpoMe IOCTHPOBKU
3epKasl, TpeOyeTcs TakKe TOYHas HaCTpOWKa
paccTosiHUsL MeXay HUMH. [l 3TOro omHO U3
3epKall CHAOXEHO CHEeNUAILHBIM MHUKPOMETPH-
YECKMM MEXaHHW3MOM IIepEeMEIICHUs] BIOJb OCH
pe3oHaTopa ¢ TOYHOCTBIO OTcdyera 1 MKM H
JIMana3oHoM TepemMerieHust 6omee 1 MM. D10
JaeT BO3MOKHOCTb HU3MEpATh MAJUHY BOJIHBI
U3JIy4YeHHUs] C TOYHOCThIO okono 0,2 MkM (10
PAcCTOSHUIO MEXIY JAECSThIO IIOJTYBOJHAMH).
VY COBepIICHCTBOBAHHBIM MEXaHU3M IepeMelie-
HUus (puc. 2) TO3BOISET NPOM3BOJIUTH Oolee
IPELUU3UOHHYI0 IEPECTPOHKY OTHOCHUTEIIBHO
HEHTpa JTUHUHU (10 CyMMapHOMY HaOery BOJIHBI
BJIOJIb pe3oHaTopa) [6].

Puc. 2. YcoBepuieHCTBOBAHHBIH MeXaHHM3M
nepeMelieHUsl 3epKaja Ppe30HaATopa, YCTAHOB-
JIEHHBIH Ha OCTUPOBOYHOM Y3lIe Jiazepa

B mporecce paGoThl ja3epa paccTOsSHUE
MEXIY OTPaKaTeJsIMU PE30HATOpa  JOJIKHO
MOAJICP>)KUBATBCSL  IIOCTOSIHHBIM ~ C  BBICOKOM
TOYHOCTBIO. [l pocTkeHust Xopolieil cra-
OWJILHOCTH BBIXOJHOM MOIIHOCTH H3JTy4YCHUS
pe3oHaTop Jlazepa NOpU AJMHE mopsaka 1 M

JOJDKEH OBITh CTaOMIIM3UPOBAH 1O PACCTOSIHUIO
MEX]ly OTpakaTeJsIMHA B Tpe/esax HEeCKOIBKHX
MUKpoMeTpoB. [Ipu paboTe nazepa MPOUCKOMAAT
TeMIIepaTypHble M3MEHEHHs, TpeOyrole Moj-
CTPOMKHM IIMHBI pe3oHaropa. s ymporieHus
9TOW omeparuu B OHOMEIUITMHCKUX Jiazepax
pazpaboTaHa cucCTeMa JMCTAHI[MOHHOW TOJI-
CTPOWKH pe30HaTOpa M KOHTPOJS MOLIHOCTU
W3IYyUYeHHsI, TO3BOJIAIONIAs TIPOU3BOIUTH OTH
omepanui, HE TOAXOAS K  JIa3epHOMY
U3ITy4aTelto.

Onepanuio MOJACTPOUKH MOXKHO aBTO-
MaTH3UPOBaTh, NPUMEHHUB pPa3pabOTaHHYIO B
HUPD HAHY cucremy aBTOMaTHYeCKOW CTaOH-
JMU3AIMM  YPOBHA  BBIXOJAHOH  MOIIHOCTH,
BKIIIOYAIONIYI0 B Ce0S MHKDOKOHTpOJIEp |
HIarOBBIN BUTATElb, CBSI3aHHBIA ¢ MEXaHU3MOM
MEepEeMENIeHNs OJHOT0 W3 3€pKal JIa3epHOro
pesonatopa [3]. Ha MUKpOKOHTpOIIIE TTOJaCTCs
curHanm  oOpaTHOH  cBs3W,  (OpMHUPYEMBIi
JMATINKOM KOHTPOIIS JIA3€PHOTO H3IydYeHUS.
Cucrema crabmimmsanuu 6o obecreunBaeT
pabory Ja3epa Ha MaKCHMAaJIbHOM YpPOBHE
MOLIHOCTH HM3Iy4YeHHUs, JTHOO0 CTaOMIM3HPYET
MIOCTIETHIOI0 Ha 33J]JaHHOM YPOBHE.

Kpome moxactpoiiku peszoHaropa, i
NEepecTpOrKM Ja3epa Ha JAPYIryl0 JIMHHUIO
W3IYyYeHHsI, MOXKET MOTpeOOBaThCs M3MEHEHHE
kod(unmenTa TpOITyCKaHus BBEIBOJHOTO 3€p-
kajma. OOBIYHO 3Ta omepanys OCYIIECTBISIEeTCS
MyTEM CMEHBI 3epKal, 4TO TpeOyeT 4acTHYHOU
pazoopku masepa. [ wm3meHeHus Kodphu-
[IUEHTAa TPOITyCKaHUs 6e3 CMEHBI 3epKajl MOTYT
NPUMEHATHCST  CIIEHUANbHBIE CXEMbl PE30Ha-
TopoB. Eciim B KadecTBe BBIBOJIHOTO 3epKaia
UCIIOJIL3YETCsl MIPOBOJIOYHASl PElIeTKa, TO IUIaB-
HO peryJIupoBaTh KOXPPHUIUEHT MPOMYCKAHMS B
NIMPOKUX TpeAeNiax MOXKHO, TIPUMEHHB B
KadecTBe BTOPOro 3epkaja AByrpaHHbrd 90-
rpaJycCHblii OTpa)karesjb, I[OBOPAYUBAIOLIUHCA
BOKpYT ocu pe3oHatopa [1]. Eciu B pezonarope
MCTIOJIB3YETCS METAIUTMYECKOE 3ePKajl0 C BBIBOA-
HbIM OTBEPCTUCM, CMCUICHHBIM OTHOCHUTCIILHO
[EHTPAIBHON OCH PE30HATOpa, TO C TIOMOIIBIO
MOBOPOTA JIBYTPAHHOTO 3€pKajia MOKHO TIJIAaBHO
HU3MCHATHL BBIBOJ MOIINHOCTHU H3JIYUCHUA IIpU-
MepHo Ha 50% [8].

CucremMa NpoKavYKy aKTHBHOTO BellleCTBA

B xopmyce razopaspsaHOro Jia3epHOTo
U3JTy4aTellsl YCTAHOBJICHBI MEXaHU3MBbI TOIaYH U
pPEeryJIMpOBKH CMecH paboduX BEIIECTB, U3
KOTOPBIX MO/ BO3/ICHCTBUEM ra30BOI0 pa3psijia B
pe3oHaTope 00pa3zyercsi aKTHBHOE BEIISCTBO
(HCN, DCN). Pabounmum  BemecTBaMH
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ABIIIOTCA  A30T M YIVIEBOJOPOJACOJAEpIKaLINe
BEIIECTBA. A30T IOCTYNAeT W3 BO3IyXa, a
YIIIEBOIOPOIAMH MOTYT SIBJISITHCS, HAIpuMep,
alleToH, MeTaH, npomaH, Oytan u 1p. Pacxon
3TUX BELIECTB BEChbMa HE3HAUMTEJICH; A X
XpaHEeHHs ¥ TOoAadu pa3paboTaH psAx TOp-
TATUBHBIX YCTPOWCTB C aBTOMAaTHYECKOH II0-
Jayed W OTKIIOYEHMEM. OTH  YCTpOICTBa
COBMECTHO ¢ (hopBakyyMHBIM HAcocoM u
TpyOOIIPOBOZIOM COCTaBJISIFOT CUCTEMY IIPOKay-
KM aKTUBHOT'O BEILECTBA.

CucreMa HaKa4YKHu

B xopnyce nznmyuatens Mexy 3epKajaMu
pe30HaTOpa yCTaHABIMBACTCS paspsiiHas TPyoO-
Ka, B KOTOPOH C TIOMOIIBIO DJIEKTPOIOB
BO30y)KJaeTcsi Ta30BbI paspsia. DIEKTPOIbI
COBMECTHO C WCTOYHHKOM TOKa HaKadK{
00pasyroT cucTeMy Hakaukw Jazepa. B HPD
HAHY pa3pabotan psa cucTeM HaKadykd u
KOHCTPYKIIMH pa3psaHbIX TpyOok. Bce oHu
MOTYT YyCTa@HaBIMBATHCA B YHHUBEPCAIHLHOM
KopIyce u3nydatens. B TepareprieBoM Jjasepe
MOJKET MPHUMEHATHCS CUCTEMa BBICOKOYAC-
TOTHOH HaKayKW, HaKadKa TOCTOSHHBIM, IIepe-
MEHHBIM ¥ HMITYJIbCHBIM TOKOM.

BricokodacToTHas Hakauka OCYIECTBIIA-
€TCs C TIOMOINBI0 BBICOKOYACTOTHOTO TeHe-
patopa (13,6 MI'1) W DJIEKTPOIOB, YCTAaHOB-
JICHHBIX CHAapYyXM LEJbHOM pa3psiHOi TpyOKH.
Pa3zpabGoranbl 1Be CHCTEMBI BBICOKOYACTOTHOU
HaKa4YKu — C MOMOMLIBIO HMUIMHAPUYCCKUX DJICK-
TPOJIOB M C MOMOIILBIO TIPOBOJIOYHOH TpaHchop-
Mupytrouie cnupanu. LlunnHapuyeckue snek-
TPOJBl YCTAHABIMBAIOTCS CHApPYKU pa3psIHON
TpyOku. Ilpm nanHON anmmHE pe3oHaATOpa
UCIOJIB3YeTCs CXeMa C TPeMsl AJIEKTPOIaMHu.

B cxeme ¢ TpaHchopMupytomei cmm-
paibio Ui BO3OYXKIOSHHS paspsiga  CIyKUT
IMMPOBOJIOYHAA CIiMpajib, HABUTAs Ha pa3psAaHYIO
TpyOKy. JIJTMHA TIPOBOJIOKH COCTABIISET MPUOIH-
3UTEIHHO HYEeTBEPTh JUIMHBI BOJHBI BBICOKO-
qacTOTHOM Hakauku. OJMH KOHell cnupain
3a3eMiIeH. BBICOKOYaCTOTHBINM reHepaTop HaKad-
KA TIOAKJIIOYEH B TOYKE, HaXOAAIIeHcs B
HECKOJIBKUX BHTKaX OT 3a3eMJIEHHOTO KOHIIA
cnupany. CrniupajibHas cUCTeMa Hakadkud odec-
MIeYNBAET MOBBIIICHHYIO CTA0MIBHOCTH Ta30BOT0
paspsza, a Takke MO3BOJIET UCIOIb30BATh IS
HaKa4Ky IeHepaTopbl HU3KOH MOIIHOCTH.

O0e TH cucTeMbI 00€CIIEYNBAOT MIPOITYC-
KaHMEe TOKa HaKadKW CKBO3b CTEHKH Pa3psIHON
TpyOKH, YTO TMOBBIIIAET HAJEKHOCTH JIA3EPHOTO
n3nydarens. OHaKO pH padoTe TaKUX J1a3epoB
B KIMHUYECKHX YCIOBUAX BO3HHKAIOT MPOO-

JeMbl BBHJy HEOOXOIMMOCTH SKPaHUPOBAHHUS
YCTaHOBKHA OT BBICOKOYACTOTHBIX JJIEKTPOMATr-
HUTHBIX TTOJIEH.

Jns  pemieHust 3TUX [poOJeM  HaMH
pa3paboTaHa cucTeMa HAKaYKd IE€PEeMEHHBIM
TOKOM HH3KOW YacTOTHl (HECKOJBKO JIECATKOB
kl'), He co3maromias paguomnomMex. B aToit
cHCTEMEe pelleHa MpobiieMa MPOIyCKaHMs TOKa
HU3KOW YacTOThl CKBO3b CTEHKHM pa3psIHON
TpyOKH [5] mpu MOMOIIN <OGKHUAKUX» 3JIEKTPO-
JI0B. B anexTpomax MCHONB3yeTcs SIeKTPOIIUT,
MIPUJIETAIONINH K TOBEPXHOCTH Pa3psSaHON TpyO-
KM ¥ THTEHCUBHO OTBOJSIINN OT Hee TEeIuIo.

Pa3pabotana Takke cuCTeMa HaKauKu
IpU TMOMOIIM KOAKCHAJIBHBIX 3JEKTPOJIOB [2].
Jnst BO30OY»KJEeHUsI Ta30oBOTO pa3psiaa B Hel

UCIIOJBb30BaHbl J[BA AJIEKTPOJa, TI€PMETUYHO
YCTAHOBJICHHBIX CHAapy>KH pPa3psAAHON TpyOKu

(puc. 3).

Puc. 3. KoakcuajbHbIii 3JIEKTPOJ CHCTEMbI
HAKa4YKH

HapyxHas TOBEpXHOCTh  DJIEKTPOJIIOB
CHaO)KeHa  BO3NYIMIHBIM  pamuatopoMm. [lox
JJIEKTPOJIaMU B CTEHKAX pa3psAgHON TpyOKH
BBITIOJTHCHBI OTBEPCTHS, Uepe3 KOTOPBIC pa3psim
MPOHUKAET BHYTPb TPyOKH. MexXTy 3IeKTpo-
JlaMH M CTEHKaMHU pa3psIHOW TPyOKU UMeeTcs
3a30p, KOTOPBIA CIy>)KAT JUJIS  JTUKBHJAIHH
JIOKAJIBHBIX TIEPErPEeBOB dJIeKTposa U Tpyoku. C
MOMOIIBI0O TaKUX AJIEKTPOJOB MOXKHO OCY-
IIECTBIISATh HAKAYKY TOCTOSHHBIM TOKOM, IIepe-
MEHHBIM WJIH WMITYJICHBIMH TOKaMH JIFO0O0H
gacToThl. [Ipu Hakauke TokoMm ¢ gactotoit 50 I'1g
yaaeTcsi MaKCUMAaJbHO YIPOCTUTh HCTOYHHUK
MMATaHWS W TIOBBICHTH €r0 HAACKHOCTH. [lpum
TAaKOM HaKauke Jia3epHOC M3JIyUYCHHE OOBIYHO
TEHEPUPYETCs] B BHUJAE HMMITYJIBCOB C YacTOTOM
cnenoBarns 100 I'm. Pa3pabGorana meronmka,
MTO3BOJISIONIAs CHU3UTH YacTOTy HMMITYJILCOB IO
50 I'm myTem mOopaOOTKU MCTOYHUKA MUTAHUS, a
TaKke MNOBbICUTH yacToTy Ao 200 I'n myTtem
TIePECTPONKH pe30HaTOpA.
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KBa3znontuuyeckuii MoayJasiTop u nepeaayua
H3JIYy4YeHUs] K 00beKTaM HCCIeI0BAHMS
Jlnsg  wm3ydeHus: BO3JEHCTBUS Teparep-
[IEBOTO U3TYUYCHHUS HA >KUBBIC OPraHU3MBI YaCTO
TpeOyeTcs Tojada H3IYYCHHS B HMITYJIbCHOM
peXUME € U3MEHSIOIIECHCS 4YacTOTOH crleno-
BaHMsI MUMIYJLCOB. IlepeBoa mMcTOUHUKA Tazep-
HOTO W3Iy4YeHHs] B TPeOyeMbIil HMITYIbCHBIN
PEXUM T'€HEpaLUH CBSI3aH C PSIOM TEXHUUECKUX
npobsem. [loaToMy ropasmo mpoiie, UCIoNb3ys
HEIMpPEpPbIBHBIA  peXUM TreHepalud, MOAyJIu-
poBaTh M3JIYyYEHHUE C IOMOILBIO KBa3UOITHU-
geckoro moxaysitopa. st atoro B UPD HAHY
pa3paboTaH MEXaHWYeCKHUI KBa3UOITUYCCKUI
aAMIUTUTYIHBIM MOAYJISITOP TeparepleBoro u3iy-
YEHHUs, HCIOJb3YIOIIMI IIAaroBblil JBUraTelb,
YIOPaBISIEeMBIA  CBSI3aHHBIM € MIEPCOHAIBLHBIM
KOMIIBIOTEPOM MHKPOKOHTPOJIEPOM (pHC. 4).

Puc. 4. IIporpaMmmMupyemMblii aMIVIUTYIHBIH
MOJYJIATOP, YCTAHOBJICHHbII B KBa3MONTHYECKOM
TpakTe

Mogynsarop obOecrieuyrBaeT PperyJupoBKY
gactoTel Moxaymauuu or 0 mo 30 I'm c
nuckperHocTbio 0,015 I'u. Cucrtema ynpaBieHUs
MOJIyJIATOPOM, COBMEIIEHHAs C KOMIIBIOTEPOM,
JTaeT BO3MOKHOCTb IpPOTPaMMMpPOBATH PA3JINY-
HBIE PEXHMMBI U3MEHEHUSI YaCTOThl MOIYJISLUH,
YTO pacCHIMpSET BO3MOXHOCTH HCCIIEIOBaHMA.
TouHass M ¢ MaJON JUCKPETHOCTBIK pEryJiu-
pPOBKa 4acCTOThI MOJYJISIUKM JaeT BO3MOKHOCTB
WCCIIEZIOBATh 3aBHUCHMOCTB IIPOIIECCOB, MPOUC-
XOISIIMX B 00Jy4aeMbIX 0OBEKTax, OT YaCTOTHI
CIIEIOBaHHSA MMITyJIbCOB W3IMyuyeHHs. Pery-
JUPOBKA YaCTOTHl MOIYJISLMH, KPOME MPOYETO,
MO3BOJISIET OTCTPAMBATHCA OT TIOMEX, KPAaTHBIX
YacTOTe CeTH, YTO o0ecreuuBaeT padoTy
M3MEpUTEIbHON anmapaTypsl ¢ MUHUMAJIbHBIM
YPOBHEM IIyMa M TIOBBIIIAET €€ YyBCTBH-
TENBbHOCTh. DTO aKTyaJIbHO KaK B MEAMLUHCKUX,
TaK ¥ B PU3NUECKUX UCCICIOBAHMSIX.

Jns nepenaun U3mydeHUs: OT UCTOUYHUKA K
00JTy4aeMbIM 00bEKTaM HCIIONB3YETCS] KBA3HOTII-
TUYECKHI TPAKT HA OCHOBE IMOJIOTO JUAJIEKTPH-
YecKoro JyuyeBoaa [7]. B ormene xBa3monmTuku
NPD HAHY pa3zpaboran 1ensiii psjg  yHU-
KaJbHBIX KBAa3HONTHYECKUX CHCTEM U DJIEMEH-
TOB [9], TO3BOJIAIOMINX MPOU3BOIUTH Pa3IUHBIE
MaHUNYJSIUH C Ja3epHbIM u3nydeHueM. Jlazep-
Hasl yCTAaHOBKAa MOXXET CHaOXaThCs JENUTEIIMA
Jy4a, TIO3BOJISIOIIMMHU HAIpPaBIATh H3IydeHHE
[0 pa3HbIM KaHaJlaM U B Pa3IMYHBIX MPOIOP-
[USAX; aTTEeHI0ATOPAMH, BHOCAIIMMHE 3a/laHHOE
ocrmabieHne M3IyYeHUs; KBa3HONTHYECKUMU
npeoOpazoBaTeIsiMi, YBEIMYMBAIOLIMMHU JINOO
YMEHBIIAIONIMMHA CEYCHNE TIyYKa W3ITyUYCHHS,
MaHUITYJISTOPAaMA ¥ CKaHATOPaMH, I103BOJIAIO-
IIMMH M3MEHATH HAaIMpaBJICHUE TeparepleBoro
W3Iy4YeHus 0e3 epeMeIIeHus J1a3epa.

BriBoabI

bruomenuimHCKMEe J1a3epHbIE YCTAHOBKH,
paspaborannsic B PO HAHY, mno3BomsaoT
MOJIYYHTh JIA3€PHOE U3IYUCHUE C IITUHON BOJTHBI
337 wMkM, MomHOCTBIO 10 10 MBT ¢
BBICOKOYACTOTHOM Hakaykod u g0 5 MBT mpu
HaKauKe ITOCTOSHHBIM M TIEPEMEHHBIM HH3KO-
YaCTOTHBIM TOKOM. [lpu wucmonp3oBaHuU B
KadecTBe padOYMX BEHIECTB JEHTEPUPOBAHBIX
COCTMHCHUN [JTMHA BOJHBI HM3IYYCHUS yMCHbB-
mraetcs g0 190 wmm 195 MxM. DQQekTuBHBII
JUaMeTp Ty4YKa WU3IY4YeHHsI OOBIYHO COCTaBJISICT
okomo 1 cMm.

JIuteparypa

1. BoanoBomubiii ra3osbrii jazep / FO.E. Ka-
meneB, B.K. Kucenes, E.M. Kynemos u ap. / A. c.
CCCP Nel111657 ot 1989 r; MK HO01S3/08, 3/22.

2. Ta3zopospsanuii cyOMimiMeTpoBuil nazep /
M.®. [laxos, B.K. Kicemso, €. M. KynemoB Ta iHm.
/| exnapamliifHuii TAaTeHT YKpaiHM Ha BHUHAXIJ
Ne55720; m. w1 HO1S3/097 Big 15.04.2003. Brox.
Ne4.

3. Taszopo3psmgauii cyOMiTIMETPOBHH Jazep 3
3oBHImHIMU enekTpogamu / M.®. Jlaxos, B.K. Ki-
cenboB, €.M. Kynemos Ta inur. / [Tatent Ykpainu na
BuHaxig Ne60384; m. ka1 HO1S3/097 Bix 15.10.2003.
bron. Nel0.

4. Kucene B.K. ABromarnueckas craOuiu-
3anUsi MOIIHOCTH CyOMHJUTMMETpOBOro Jjaszepa /
B.K. Kucenes, C.B. Mmspaxu / Pamnodusuka wu
anekrponuka. —2006. — T.11, Nel. — C. 120-123.

5. Kucenes B.K. I'unepBblcokoyacToTHas Ja-
3epHas YCTAHOBKa A1 OMOMEAMIMHCKUX HCCIeo-
Banuii / B.K. Kucenes, E.M. Kynemos, B.Il. Pa-
nuoHoB // Pagwodusuka u snekrponuka. — 2002, —
T.7, Nel. — C.133-136.

OOTOBIOJIOITA I ®OTOMEIUIINHA, 1,2 °2010

113



OI3UKO-TEXHIYHI OCHOBU

PHYSICS FND ENGINEERING IN

®OTOBIOJIOTII TA ®OTOMEAUIIMHA PHOTOBIOLOGY AND PHOTOMEDICINE

6. Pamgnonos B.II. CyOMHUIMMETPOBBIH J1a3ep
C IUJIaBHOM MNEPeCTPOMKONM YacTOTHl M3Iy4eHHs B
mpenenax KoHTypa ycwineHus // Pammodmsuka u
anexrponuka . — 2005. — T.10, Nel. — C. 150-153.

7. VYcukoB A.S. Dnextponuka u pannodusuka
MHUJUIMMETPOBBIX U CYOMHIUIMMETPOBBIX PaIHOBOJIH
/ ASl. Yeukos, D.A. Kanep, U.JI. Tpyrens. — Kues:

V.K. Kiseliov, Ye.M. Kuleshov, V.I. Makolinets et
al. // Ukraine Symp.Proc. — 2007. — Vol. 2. — P. 907-
909.

9. Kiseliov V.K The resonator of the terahertz
laser with smooth adjustment coupling / V.K. Ki-
seliov, V.P. Radionov // Proc. 4 Int. Conf. on
Advanced Optoelectronics and Lasers (CAOL 2008).

Haykosa nymka, 1986. — 368 c. — Alushta, Crimea, 2008. — P. 310-312.
8. Influence of low-energetic submillimeter

laser radiation on posttraumatic skin wounds /

TEPAT'EPL]EBI JIA3EPHI YCTAHOBKH JJJIA FIOME/IUYHUX JJOCIIJPKEHD
B.K. Kicenvos, C.B. Mispaxi, B.Il. Padionog
Tnemumym paoiogpisuxu ma enekmponixu im. A.A. Ycikosa HAH Yrpainu,
61085 Ykpaina, m. Xapxis, éyn. Axao. [Ipockypu, 12,
men.: 380-57-720-33-35,
E-mail: kiseliov@ire.kharkov.ua

Onucani KOHCMPYKYIs | MOMCIUBOCMI PO3POOIEHUX aBMOPAMU MeEpazepyesux Na3epHUx YCMAaHOBOK,
cmeopenux Ha ocHosi HCN i DCN nasepie 3 006dicunorw xeuii eunpominiosanus 337, 190 ma 195 mkm, ski
npusHayeri 0aa 0IoMeOuyHUX 00CaiOdCceHb. Pozenanymi cucmemu 6ucoKouacmomHol i HU3bKO4acmomHoi HaKayku
Jazepie, KOHMPONIOBAHHS OO0BJUCUHU X6UNI Ma NIABHOI 3MIiHI KoeiyicHmy npoxo0dceHHs 6ugiOH020 O3epKand
pe3oHamopa. 3anponoHo8aHo 000amKo8e KeazionmuyHe 0ONAOHAHHS, 30KpeMda Npo2pamo8anuli MOOYAAMOp, ujo
00360/1A€ nepemeoplosamu  HenepepeHe Jd3epHe BUNPOMIHIOBAHHA & IMNYIbCHE 3 Kepo8aHOW i MOYHO
KOHMPONbOBAHOI 3MIHOI0 YACMOMmMU CAIOV8AHHA IMNYIbCIB, cucmema agmomMamuynoi cmabinizayii nomyscHocmi
ma inut.

Knrouosi cnosa: 2azopospsonuil mepacepyesuti 1azep, KeAazionmukd, amniimyoHa mMooyiayis, 0iomeouyHi
00CniONHCEeH S,

THz LASERS FOR BIOMEDICINE RESEARCH
V.K. Kiseliov, S.V. Mizrakhy, V.P. Radionov
Institute of Radiophysics and Electronics of A.J. Usikova NAS of Ukraine,
61085 Ukraine, Kharkov, Akad. Proskura Str., 12,
tel.: 380-57-720-33-35,
E-mail: kiseliov@ire.kharkov.ua

The design and potentialities of THz lasers for biomedicine at the base of gas-discharge HCN and DCN
lasers with 337, 190 and 195 um radiation wavelengths are described. The systems for high/low frequency laser
pumping, wavelength control and smooth variation of transmission coefficient for output resonators mirror is
considered. The additional quasi-optical instruments are presented. The programmable modulator which transforms
continuous laser radiation into impulses with fine controlled variation of pulse repetition frequency, automated
laser power stabilization system are described etc.

Key words: gas-discharge THz laser, quasi-optics, amplitude modulation, biomedical investigations.
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