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TpaANLMOHHbBIM 3/1IEME@HTOM KOHCTPYKLLUKN

He-Ne n ppyrux rasopaspsiiHbix n1a3epos
SIBNSeTCA LWIMHAPUYECKUA aKTUBHbIW 3/1IEMEHT.
Bbi6paHHasa ¢popMa anemeHTa cBsizaHa ¢ popmon
ob6pasylolLerocs ra3oBoro paspsaa v 1JakoHM4HOM
TexHoJioruem usrotosneHusa. OgHako 6onee 40 netr
Hasaj Haya/icsa NpoMbILJIeHHbIN Bbinyck He-Ne
la3epoB 3I/INMTUYECKOro U NPSIMOYroJibHOroO
ceyeHun. Torpa xe NoSBUAUCHL Ny6ankaumm

06 aKTUBHbIX 3/IeMeHTaXxX C U3MeHsoLWencs
npoaosibHOM reomeTpuen. Npaspa, npeanpusaTms-
M3roTOBUTE/IN HE CTPEMU/IUCHL peasin3oBaThb
nopo6Hble peweHus. Bbi1o 1M Takoe pelleHue
OWMNB60YHbIM?

epBhIe CTAaThH, IOCBAIIeHHEBIe He-Ne 1a3sepy

C MPSIMOYIOJABHBIM M 3IIHNTHYECKHUM

cedenuem [1,2], ykasblBaJu Ha Psj Ipe-
MMYIIeCTB TAaKHUX CeYeHHH.

B o630pe [3] cobpaH 60nBHION CIIHCOK HCTOY-
HUKOB II0 3TOM TeMaTHKe. OCHOBHBIM JOCTHKe-
HUeM B MAaHHOM HaIlpaBJleHUHU 6blI0 ob6HApY-
>keHUe GOPMBI IIONlepeuHOro cedeHHUs paspsia,
IIPU KOTOPOM yCH/IeHHe H3JIyueHUs J1a3epa pe3ko
BO3pacTaJlo.

[IouTH OJHOBPeMEeHHO IIOSIBHJIACh Hes COrJa-
COBaTh MPOJONBHYIO GOpPMYy pa3psifia C KayCTH-
KOM II0JISI Pe30HaTopa, TaK Kak B Ta30paspsagHbIX
nasepax OOBIYHO HCIIONB3YIOTCS U CcHepUUecKHUe
3epKaja (HanpuMep, [4]). 3mech ToXKe MOSABISANIACH
BO3MOKHOCTb YJIyUIIUTbh SHepreTHU4Yeckue Xapak-
TePUCTUKU Jia3epa. 0CobeHHO BHUAHBIM 3TO CTa-
HOBUTCS, €C/IU COIIOCTAaBUTh aKTHUBHBIE 3JIeMeHTHI
psanom (puc.l). B LMIUHAPe 3HAUKTe/NbHAS YacTh
paspszia He oxBadeHa IIOJeM pe3oHaTopa, KpoMme
TOrO, yCHJIeHHe MeHblle, YeM B HM)KHHUX aKTHB-
HBIX 371eMeHTax. HamoMHHKM, 4To B He-Ne n1asepe
ycuaeHHe 0OpaTHO MPOMOPLMOHAIBHO PafgHyCy
paspsana. B KoHyce 3TH HeJOCTAaTKU yCTpPaHEeHHBI,
HO BO3HHUKAIOT TeXHOJOTrHYeCKHe TPYLHOCTH
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Cylindrical active component is traditional for

the He-Ne laser and other gas-discharge lasers. It

is connected with the form of gas discharge and
easiest fabrication technique. However, more than
40 years ago the He-Ne lasers with elliptical and
rectangular cross-sections started to be researched
and even produced by the industry. At the same
time the publications on active components with the
changeable longitudinal geometry occurred. But the
industry did not respond to them. In our report we
are going to show that apparently it was error which
should be corrected.

irst articles which covered the He-Ne laser

with rectangular and elliptical cross-sections

(1, 2] pointed at a number of advantages of such
cross-sections.

Large bibliography regarding this issue is
collected in the review [3]. Discovery of the form
of discharge lateral cross-section under which the
amplification of laser radiation sharply increased
was the main achievement in this area.

Almost at the same time the idea of coordinating
the discharge lateral form with the caustic
of resonator field appeared because as a rule the
spherical mirrors were used in gas-discharge lasers
too (for example, [4]). Also the opportunity to enhance
the energy characteristics of laser occurred here.

It is seen from the comparison of the active
components in Fig. 1. Considerable part of discharge
in cylinder is not covered by the resonator field; in
addition, the amplification is less than in bottom
active components. It will be recalled that the
amplification in He-Ne laser is inversely proportional
to the discharge radius. These shortcomings can be
removed in cone but the technological difficulties of
manufacturing occur, and thus the component cost
grows. Sectional component is intermediate according
to the amplification and manufacturing complexity.

As the amount of sections increases it approximates
to the cone in both parameters. At early stages the
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H3rOTOBJIE€HUS, CJeJoBaTeNbHO, pacTeT CTOM-
MOCTb 371eMeHTa. CeKIJMOHHBIH 3JIeMeHT SIBsIeTCS
IIPpOMEeXXYTOUHBIM I10 YCHJEHHIO H CJIOXKHOCTHU
HU3rOTOBJIEHHUS.

C pocToM uucia ceKUUN paboume XxapakTe-
PUCTHUKH AaKTHBHOTO 3JieMeHTa NpUbIuXKa-
I0OTCSI K XapaKTepUCTHKaM KOHHUYECKOro 3Je-
MeHTa I10 obouM mmapameTpaM. DKCIIePHMEHT,
npoBefeHHHHN A.A.QPefoTOBEHIM ellle B 1974 rony
B JIeHUHTPaJACKOM 3JeKTPOTeXHHYECKOM HHCTH-
TyTe, [T0Ka3aJ, YTO POCT MOLUHOCTHU B KOHUYECKOH
M IBYXCEKLIHOHHON TPybKaxX MOXKET yBeJTHUYHUTHCS
B 1,5-2 pa3a. Bo3sHHKIIAasA 3ajayda IOHATH Mexa-
HH3M TaKOTO sIBJIeHUS IToTpeboBaia cBOero pele-
HUs. C OCHOBHBIMHM MeTOJaMHU U pe3ylbTaTaMHU
pacyeTa MOXHO IO03HAKOMHUThCA B pabote [3].
PacuyeThl yCHJIEHHSI B MHOTOCEKIIMOHHBIX aKTHB-
HBIX 3JIeMeHTax IIpefcTaBleHEl B paborax [5, 6].
Pe3ynpTaThl IIOKa3ajd, 4YTO B ABYXCEKI[MOHHOM
3/71eMeHTe POCT YCH/IeHU S 10 CPaBHEHUIO C LIUIUH-
OIPHUYECKHM 3JIeMeHTOM MOMKeT COCTaBUTH 10-20%.
[ToCKONBKY B 3KCIIepHMeHTe Habmiomanock 6oiee
CHJIPHOE yCHJIeHHe, CTaJI0 OYeBHJHO, YTO KpoMe
reoMeTpHU cCJiefloBao 6Bl y4uecTh KaKHe-TO APY-
rue GakTopshl. IIpexxe Bcero - TeMIepaTypy rasa.
He 3arpomMoxkjas Hame coobmeHue GopMynaMu
U pacyeTaMH, KOTOpble JOCTATOYHO IIOMHO IIPH-
BelleHBl B paboTax [1-6], o6paTuM BHHMaHHe Ha
elle OJHO HaIlpaBJieHHe IOUCKa. [Ipu Iepexone
OT LUJHUHAPHUYECKON IeOMeTPUH K KOHHUUYECKOU
MBI ycrmemHo 6opemcs co cTparaMu, Ho obier-
YyaeM YCJOBUS BO3HHUKHOBEHHS PeakKTHUBHBIX
KonebaHUN B paspsge [7]. OHU ompenensioT
MHHHMAaJbHBIN TOK, IPHU KOTOPOM 3aropaeTcs
pPa3psal, U NPOBOLUPYIOT Pa3JIMYHbIEe HEYCTOMYH-
BOCTU B paspsifie, 4To 6e3yCI0BHO CKa3bIBaeTCs
Ha KadeCTBe H3JIydeHHUs jasepa. [IpU yMeHblle-
HUU JHaMeTpa paspsifa pacTeT KPyTH3Ha Iaja-
IOI[ero0 y4acTKa CTaTH4YeCKOHM BOJAbT-aMIIEpHOU
XapaKTepUCTHUKU pa3psma, UYTO CIOCobCTByeT
HEyCTOMYHBOCTSIM, B TOM 4YHC/JIe PEaKTHBHBIM
KRonebaHUSIM.

KOHCTPYKI Ul CeKLHOHHOM TPyOKH MHpPaKTHU-
YeCKHU He TpebyeT HOBBIX MH KeHEPHBIX pelleHHUH,
[I05TOMY COCPefoTOYMMCS Ha HeH. Ha KopotT-
KOM yd4acCTKe Co3JaHHe KOHYyCa He MpeACTaBiseT
Gonpmux TpyAHOCTeM. IIOHATHO, 4YTO BOIH3HU
chepryeckoro sepkajsa 3Tta ¢opma BakHa O1d
MOBBIIIEHUS yCUIeHUS. [I03TOMY O Ha M3 HAIIUX
KOHCTPYKL MM [8] comep>KUT KOPOTKHUN KOHHUeE-
CKHM y4acToK BO6mu3u coepsl (puc.2a). B pesyns-
TaTe IPHUCYTCTBHE TAKOTO 3JleMeHTa obecreuynBaer

i1

a)

6)

Puc.1. 3804K0LUS AKMUBHO20 3AeMeHMa: a) — UuAUHAp; 6) -
KOHYC; 8) — d8e UuAUHApuUyecKUe cekuuu (KpacHbIM 8bideneHbi
aKmMueHble 3AeMeHMbl C 8HYMpPeHHUMU 3epKanamu, OpaH-
>KesblM — NoAe Pe30HAmMOopa, 3eAeHbIM — NoAe, 02PaHU4eHHoe
Kaycmukoti)

Fig. 1. Evolution of active component: a) - cylinder; 6) - cone;
8) - two cylindrical sections (red - active components with
interior mirrors; orange —resonator field; green - limited by
caustic)

experiment showed that the increase of capacity in
conic and two-section tubes can account for 1.5-2 times.
It was necessary to comprehend the mechanism.

You can become familiar with the main
methods and results of calculation in the paper
(3]. Amplification calculations in multi-sectional
active components are given in [5, 6]. You can expect
to obtain the amplification growth by 10-20% in
comparison with the cylindrical component. Since
the experiment gave more increase it was necessary
to take into account other factors besides the
geometry. First of all, gas temperature.

Not overloading our report with the formulas and
calculations which areinlarge quantities in specified
references we would like to direct your attention to
one more area of research. When passing from the
cylindrical geometry to the conical geometry we
successfully deal with stratums but simplify the
conditions for the occurrence of reactive oscillations
in discharge [7]. They determine minimum current
when the discharge is initiated and provoke different
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HebOJBIION POCT MOLIHOCTH H3JIy4eHHUS Ja3epa.
OcTaeTcsa eme ogHO ciaboe MeCTO CEeKI[MOHHOIO
AKTHUBHOIO 3JIeMeHTa - CKa4OoK JuaMeTpa B MecCTe
COeIUHEHUS CeKLUH. B 3ToM MecTe B paspsme
obpasyercss "HBOMHON 3/eKTPUYECKHH CJIOH",
KOTOPBIH I10 CYLIeCTBY SIB/ISIETCSI HCTOYHHUKOM ellle
OJHOTO BHJAA KosebaHUM B pa3psane - KonebaHUH
OIBOHHOIO cJiosg. DTHU KojebaHHsI, B CBOO oue-
penb, CIocob6CTBYIOT BO3HHMKHOBEHHIO PEaKTHB-
HBIX KoJebaHUM. Ce0BaTelbHO B KOHCTPYKILIUHU
MeCTO COeJHHEHHUS CeKLHUN ClIefyeT CIAagHUTh.
Torma mcde3aeT "ZBOMHOM 3JeKTPUUYECKHH ciaom”
U ellle HEMHOI'0 BO3pacTaeT YCUJIeHHe U3TyUeH U,
TakuM obpa3oM, BO3HHUKIJIA HIes CO3LAHUS LPY-
roy KOHCTPYKIUH (puc.26) [9].

[IpenosKeHHBle HOBIIECTBA MAAAyT OXHIae-
MBIH 3deKT yCHIeHHUd, IPeXAe BCero B IJIHH-
HBIX Jla3epax, HallpHMep B BBIIIYCKaeMBIX IIPO-
MbInijieHHocThio 'H-25, TH-40 , TH-50. Hageemcs,
[IPOMBIIIJIEHHOCTD HAC YC/IBIIIUT.
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a)

Puc.2. Hosble KOHCMPYKUUU aKMUBHbIX 3AeMeHmo8: a) — [8];
6)-[9]
Fig. 2.New constructions of active components: a) - [8];

6)-[9]

instabilities in discharge which undoubtedly affects
the quality of laser radiation. When decreasing the
discharge diameter the slope of dropping section of
the discharge static current-voltage characteristic
grows which favors the instabilities including the
reactive oscillations.

Sectional tube practically does not require new
technologicalsolutions; therefore, we will concentrate
our attention on it. On the short section the formation
of cone offers no difficulties. It is understandable that
it is more important for the amplification increase
close to the spherical mirror. Therefore, one of our
constructions [8] contains short conical section close
to the sphere (Fig. 2, top active component). As a
result, such component ensures the slight growth of
laser radiation power. One more weak point of the
sectional active component remains - the diameter
leap in the junction of sections. "Double electrical
layer" is formed in this part of discharge which
becomes the source of another type of oscillations in
discharge - oscillations of double layer. In turn, they
favor the occurrence of reactive oscillations. This spot
should be smoothed out. Then the "double electrical
layer" will disappear and the radiation amplification
will increase by several points. It was implemented
in other construction [-] which is shown in Fig. 2,
bottom active component.

First of all, the listed innovations will have an
effect in long lasers, for example in lasers TH-25,
TH-40, and TH-50 produced by the industry.We hope
that the industry will hear us.
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KPYIJIBIM CTOJI 10 OIITOBOJIOKOHHBIM TEXHOJIOTHUSIM

B ToproBo-npombiwneHHoi nanate PO npo-
Wwen Kpyrbii CTON Ha Temy: “"BHeapeHue
OTEYECTBEHHbLIX ~ ONMTOBONOKOHHLIX  TeXHO-
NOTWA [AAS YCKOPEHUS MOJEPHU3aLnM  3Ko-
HOMWKK".  OpraHu3aTopamu  MeponpuaTus
BLICTYNUAW: [TOAKOMUTET MO Pa3BUTUIO WHHO-
BaLMOHHOrO MpeanpuHUMaTenncTea Komutera
TNN PO no pa3suTMIO YacTHOTO Mpeanpu-
HUMATeNbCTBA, MANOro M CpegHero 6Hu3Heca
M OkcnepTHas  cekuusi - KoHCynbTaTUBHOMO
CoBeTa Mo 3Hepro3ddekTMBHOCTU npu npep-
cegarene Komuteta [0CyAApCTBEHHOW AyMbl
N0 3HepreTuke.

B 3acesaHuu Kpyrnoro CTona yyacTsoBaau
60 npeacTaBuTENed BeAyWMX OTEYECTBEH-
HblX KOMMAHWA, [1apnameHTCKoro LeHTpa,
OCYAApCTBEHHOW  AyMbl,  FOCYAAPCTBEHHbIX
kopnopauuii, uHcTuTyToB PAH. Ben BCTpedy
npepcefarens [logkomuteTa no  pasBuUTUIo
WHHOBALMOHHOTO npeanpuHUMAaTenLCTBa
BukTop Manai.

3acefaHue 0TKpbina npepceparenb
Komutera TNMN PO no passuTMio yacT-
HOro npeanpuHUMaTeNnCTBa, manoro
W cpefHero 6usHeca Hapexpa Kapucanosa.
B CBOeM BLICTYNNEHUM OHA KOCHyNachb Mpo-
bnembl  pasBUTMS  MeXaHW3Ma  MOAAEPXKN
MCI - komnnekca Mep QUHAHCOBOTO Xapak-
Tepa, Haj KOTOpbIM B HacTosLee Bpemsi pabo-
TaeT MuH3KoHoMpassuTug Poccuun. Komnaekc
Mep paccmaTtpuBance 23 aerycta 3Toro roga
Ha 3acefiaHuu TIpaBUTENbCTBEHHOW  KOMMC-
CMM O BOMPOCaM KOHKYPEHUWUW 1 pasBuTus
MCM. Mo ero utoram BbiAN MPUHATBE BAXKHbIE
peleHns B WHTepecax COBEpLIEHCTBOBAHUA
GuHaHcoBon noadepxkn MCM, B yacTHOCTM:
CHIKEHME CTOMMOCTH KPEUTHbIX Pecypcos (He
Bbile 10% rof0Bbix), Co3faHue defepanbHoro
rapaHTUnHOTO GOHAA, UCNONb30BaHME CPeACTB

(OoHAA HALMOHANLHOTO HAAroCOCTOAHUS AAS
yaewesnennsa kpeautos ans MCI u ppyrue.
OpHako HepasHO  MuHduH  3abnokuposan
NpeANOXEeHNe 0 BBEEHUM HANOrOBbIX KAHUKYA.
O6LACHAS, YTO AN OTCTAMBAHUS WHTEPECoB
MCI  HeobXxoAMMO MMETb apryMeHTMPOBAH-
Hble foka3atenbctBa, H.KupcaHosa npussana
Y4aCTHUKOB NPOAHANU3MPOBATL BO3MOXHbIE
NepcnekTUBLI POCTa CerMeHTa 3KOHOMUKM, CBS-
3aHHOTO C BOMOKOHHO-OMTUYECKUMU TEXHONO-
TMAMM, ONpeaennTb Kpyr npobnem, ¢ KOTOpbIMU
CTaNKMBAIOTCS OTeYeCTBEHHbIE NPOU3BOAMTENN
npu BLIBOAE CBOWX BOMOKOHHLIX W3AEANA Ha
0TEeYeCTBEHHbIN PbIHOK.

B Hayane BCTpeyM y4aCTHWKM pacckazanm
0 CBOEIN NPOAYKUMM (pacnpefieneHHble AaT4uKu
nepumMeTpa, BOMOKOHHO-OMTUYECKME AATYMKU
pedbopmauuit, Temneparypbl, AaBneHus, BU6pa-
UMiA). BO MHOTOM OHa He YCTyNaeT, a MHOrAa
W NpeBOCXOAUT MUPOBLIE aHAnoru. [MpekTop
no npowssoactey "HMM CrapauHK" AnekcaHap
Kannan coobwmn 06 onbiTe EBponbl, COrMACHO
KOTOPOMY BMAHO, 4TO PpOCT nNOTpebuTenei
BOMOKOHHbIX AATYMKOB MAET C Bonbluen CKopo-
CTblo, YeM POCT noTpebuTenen kabenein CBS3M.
KOHKypeHTHble mpenmyLyectsa npogykuum "HINM
CrapnuHk” (paguyc marnba 30 MM, TepMOCTON-
KOCTb A0 250°, pajvaLMOHHAs 3ALUNLLEHHOCTD,
25-NeTHUA rapaHTUPOBaHHbLIA pecypc paboTbi)
npubaBnsioT KOMNAHWW YBEPEHHOCTb B Mpa-
BUILHOCTY BbIBPAHHON CTpaTEruy.

Cepreit  CemeHoB, 3aBefylownin  nabopa-
Topuer HLUBO PAH, npeactaBun Hosewwme
pa3paboTki BOMOKOH C HU3KOW YyBCTBUTENb-
HOCTbIO K BOAOPOZY. Takue BONOKHA B OTAUYME
OT CTAHAAPTHLIX KBAPLEBbIX BONOKOH MO3BOAST
MCNoNb30BaTh CO3AAHHLIE HA MX OCHOBE AATHMKM
B ra3oBblX CKBKMHAX, TEPMOSAEPHbIX peakTo-
pax 1 B XUMUYECKOM NPOU3BOACTBE.

Esrenmnit LLapoBapuH, 3amecTuTenb ree-
panbHoro Aupekrtopa 3AO "TeonTukc', NoAHSA
BAXHYIO npobnemy cepTUdMKALMA NPOAYKLNM.
TaK KaK CyLiecTBylowmMe LeHTpbl CepTudukaLm
06CAYXMBAKOT TONbKO Kabenw CBA3W, TO nony-
YUTb CEPTMONKAT HA AaTYMK AepopMaLii, Tem-
nepatypbl, AaBNeHWs, BUOpALMA B HUX HEBO3-
MOXHO. OTCYTCTBME COOTBETCTBYIOLLMX LIEHTPOB
cepTuduKaLmMM Co34aeT YCNOBUS, Korga w3-3a
pybexa B Poccuio MAET NoTOK AaTuuKos, obna-
AAIOLLNX HACTO rOpa3Ao XyALMMU NapameTpamu.
[ng npeofoneHns TPYAHOCTEH NPOABUXEHUS

nNpoAyKuMM TpebyeTcs CO3haHWe COOTBETCTBY-
IOWMX TOCYAAPCTBEHHLIX  CePTUGMKALMOHHBIX
LieHTpoB. OC06eHHO 3TO Kacaetcs cepTuduka-
LMW BONOKOHHBIX pacnpefeneHHbX AATYUKOB
nepumeTpa.

[mpektop 00O "T8" Bnagumup Tpelwmkos,
HeCMoTpA Ha ycnex cBoero 6u3Heca, nopgep-
Xan 3T0 MHeHue W [06aBUA, YTO MHOXECTBO
WHOCTPAHHLIX KOMMNAHWIA CTaBAT cebe Lenbio
3aBNAfETb POCCUACKAM  PbIHKOM  BOSIOKOHHO-
ONTHYeCKNX TexHonormin. Hanpmep, B Kutae npu
roCyAapCcTBEHHON MNOAAEPXKKe CO34aHO npea-
npusTue Huawei, KpeauTyemoe ¢ MUHUMANLHON
CTaBKOW B 3,5%. [Lpyrod MOLUHbIA KOHKYpEHT
OTEYECTBEHHLIM MPOU3BOAUTENSIM — KOMMAHWS
Alcatel.

Cepreii YepHoB, 3amecTuTeNb reHepab-
Horo aupektopa "HMM AsTomatnka-C" oTmMeTHN
ApYroil HegocTaToK paboTbl rocyAapCTBEHHbIX
CYyX6: BCe MUPOBbIE METPOMOAUTEHb KNAZyT
CUNoBble Kabenn BMecTe C KBApLEBLIM BOMOK-
HOM, KOTOpOe ABASETCA AAT4NKOM BO3rOpPaHMS
CUNOBOTO 3N1eKTpUYeckoro kabens. B poccuit-
CKOM METPONOAUTEHE 3TO OTCYTCTBYET.

[\na pa3BuTMA  OTPACciM BONOKOHHO-OMTK-
YecKUX TeXHOMOTWI HeobXoAMMO TOYHO oOmpe-
penutb U chopmMyaupoBaTh CTOAMe nepeq
Heit npobnembl. O6 3TOM rosopun Bnagummp
Nenckui, npes3naeHt Knyba MHHOBALMOHHOIO
pasBuTus. O6CyXAannch pasanyHbie  Hopmbl
06beAnHeHNs NpesnpuHUMaTenel B COBPEMeH-
HbIX YC/I0BUSIX.

YYaCTHUKN KPYrnoro CTona Bbipasuin yAoB-
NeTBOPeHUe  COCTOSBLUIMMCS  OBCYXAeHMEM,
NONe3HbIM 06MEHOM MHEHWUSIMW U OMLITOM AN
UCMoNb30BaHMS B JanbHenwen pabote. bbino
NPUHATO pelleHne 0 NpoBedeHn 04epesHOro
Kpyrnoro ctofa no TemaTuke ONTOBOMOKOH-
HbIX TEXHONOTWI B Aekabpe 2013 roga — AHBape
2014 ropa.

B.[lmutpues, H.NcToMUHA
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