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MHepec K npo6neme nsyyeHus pacnpegeneHus
TemnepaTypbl BAOJb pa3psaga He-Ne nasepa Bbi3BaH
nccnenoBaHNEM BO3MOXHOCTU CO3,aHMS N1a3epoB

C HeTPaAULMOHHOW reoMeTpuein akTUBHbIX 3/IEMEHTOB.
M3yyeHa BO3MOXXHOCTb pery/impoBaHunsi 06Hapy>XeHHOM
HepaBHOMEPHOCTM pacnpegeneHns TemnepaTypbl.

eJIMHA-HeOHOBBIN Jia3ep Haubosee 4acTo

HCIIONIB3YeTCsl [JIS BUAMMOM 06JacTH CIIeKTpa

(0,63 mxM). AKTHBHas cpefa He-Ne nasepa mpen-
CTaBisieT CoOOM Ta3oByl0 CMeCh, K KOTOPOM B 3JIeK-
TPUYECKOM pa3psifie MomaeTcs HeobXomyumas 3Heprusl.
binaromapsi BBICOKOMY KadecTBY Jjyda He-Ne masep
IIHPOKO MCIIONB3YeTCSI B METPOJIOTMYECKHUX ILesX.
Kasajoch, ero xapakTepHCTHKH XOPOIIO H3BECTHHI.
H3MepeHH TeMIIEPATy PhI BIO/Ib AKTHBHOIO 9JIeMeHTa
He-Ne 51a3epa He 3aHMMaJ/Il YMBI HUCCllefioBaTeser. HMx
BHHMaHHe IIPUKOBBIBAJIM BOIIPOCHl M3MEHEHHS TeM-
[epaTypbl B aKTHBHBIX CpefaX MOIIHBLIX TBePLOTe/Ib-
HBIX JIa3epOB, I[e II0 IIOHATHBIM IIPUYHMHAM BO3HHU-
KaeT TeIioBas JKMH3a. OOHAKO HUHTepec K mpobieMe
pacmpeneneHus TeMIIePAaTyphl BIOJIb AaKTUBHOIO 3jIe-
meHTa He-Ne nasepa BbI3BaH HCC/IeJOBAHHEM BO3MOXK-
HOCTeM CO3[laHMs J1a3epPoB C HETPafUIIMOHHOM Teo-
MeTpHelt aKTHUBHEBIX 37eMeHTOB [1, 2]. H3BecTHO, 4TO
17151 obecriedeHH ST MeXaHHU3Ma FeHepalluy U3/TydeHH s
He-Ne s1a3epa TpebyeTcst CO34ATh YCIOBUS AJISI CTOIKHO-

Puc.1. Jlazep I'/1-110
Fig.1. Laser GL-T10
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TEMPERATURE EFFECTS
IN He-Ne LASER
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The interest in the problem of study of temperature
distribution along the discharge of He-Ne laser

is the result of the research of capability of
development of the lasers with non-traditional
geometry of active elements. The ability of
regulation of detected inhomogeneity of
temperature distribution is studied.

elium-neon laser is the most commonly

used laser for the visible spectral region

(0.63 pm). Active medium of He-Ne
laser is represented by the gaseous mixture,
to which the necessary energy is supplied in
electric discharge. Due to high quality of beam,
He-Ne laser is commonly used for metrological
purposes. It seems that its characteristics are
well known. The measurements of temperature
along the active element of He-Ne laser did
not occupy the minds of researchers. Their
attention compelled to the matters of
temperature variation in media of high-power
solid-state lasers where the thermal lens occurs
for obvious reasons. However, the interest in
the problem of temperature distribution along
the active element of He-Ne laser is the result
of the research of capability of development of
the lasers with non-traditional geometry of
active elements [1, 2]. It is well known that in
order to ensure the mechanism of He-Ne laser
radiation generation it is required to create
the conditions for the collision of electrons
with cold tube walls. In case of increase of the
diameter of gas-discharge tube, the generation
conditions deteriorate. However, in order
to develop the cone-shaped He-Ne laser the
dependences detected by us can help in the
increase of radiation power.

The specialists know well the fact that within
the range of surface temperatures of glass
active element from 40 to 400 °C the increase
of He-Ne laser radiation power is observed with
the temperature growth [3, 4]. Of course, the
temperature of active element surface does not
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BEHHUSs 37IeKTPOHOB C XOJONHBIMH CTeHKaMH TPYOKH.
[Ipu yBelMYeHUM [JHaMeTpa ra3opas3psaHON TPyOKH
YC/IOBHSI TeHepallM{ YXYAIIAoTcs. Ho mist co3maHus
KOHycoobpasHoro He-Ne y1a3epa obHapy>KeHHbIe HAMH
3aBUCHMOCTH MOTYT IIOMOYb IOBBICUTb MOIIHOCTb
H3JTy9deHus.

CrienMaancTaM XOpPOLIO 3HAKOM TOT (aKT, 4YTO
B [AHaIla3oHe TeMIIepPaTyp IIOBepXHOCTH CTeKJISH-
HOT'O aKTUBHOIO 3eMeHTa oT 40 mo 400°C Habmroma-
eTC YBeJIMYeHHe MOLIHOCTU H31y4yeHua He-Ne 1asepa
C POCTOM TeMIlepaTypshl [3, 4]. EcTecTBeHHO, TeMIlepa-
Typa [I0BepXHOCTH AKTHBHOIO 37IeMeHTa He XapaKTepH-
3yeT OZTHO3HAUHO IIPOLIeCChl B aKTUBHOL Cpefie, HO 3TOT
IIapaMeTp SIBJISIeTCS. JOBOJIBHO YAOOHBIM [/1s Habioze-
HUI. Pe3ylbTaThl MCC/IeOBAHHUM 3aBHCHMMOCTH MOII-
HOCTH OT TeMIIepaTyphl U IIOMCK IIPUYHH 3TOH 3aBHCH-
MOCTHU HOIPOOHO M3/10KeHBI B KHUTe [5]. B M3BeCTHBIX
HaM paboTax OOBIYHO He ITPOH3BOIUIHCDH JIOKAJIbHBIE
HM3MepeHH s TeMIlepaTypbl. Fi3aMepeHHOe B O HOM TOUKe
WK YCpeSHEHHOe I10 HeCKOJIBKHUM TOUYKaM 3HadeHHe
TeMIIepaTypbl IIPUITHCHIBAIOCH BCEMY aKTHUBHOMY 3JIe-
MeHTY, MHOIZIA 34 BeJIMYMHY TeMIIepaTyphl IIPHUHU-
MaJy MHTerpajibHoe [T0Ka3aHHe TePMOCTaTa.

C momompio mupomerpa IR 260-85 6plna H3Me-
peHa TeMIIepaTypa BAO/Ib aKTHBHOIO 3/eMeHTa He-Ne
nasepa IJI-110 pnuHOM 30 cMm (puc.l). AKTHUBHBIN 37Ie-
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Puc.2. PacnpedeneHue memnepamypbl CmekAd no 0AuHe
aKMmUuBHo20 3AemMmeHma npu ecmecmeeHHOM 0XAdXK0eHuU
aKImueHozo 3nemeHma

Fig.2. Glass temperature distribution along active element in
case of natural cooling of active element
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MeHT (puc.l) 3aK/IIOYeH B LIMUIMHIPHYECKUN 6aJIyIoH
U HUMeeT XOJIOAHBIM KaTOJl, PAaCIIONIOKEHHBIN I1apasl-
JIeJIbHO OCHOBHOMY Pa3psiIHOMY ITPOMEXKYTKY. AHOZIOM
SIBTISIeTCS. MOJTUO/IEHOBBIN LIMUIMH/P, YCTAHOBIEHHBII
COOCHO OCHOBHOMY Pa3psiTHOMY ITPOMEXKYTKY. B mraT-
HOM paboueM pesKHMe Jia3epa 3HauUeHHUsI TeMIIepaTy pbl
0boHX KOHIIOB TPYyOKH 3/eMeHTa, He COIIPHUKACAIo-
IMXCSI C Pa3psoM, IIPUMEPHO OfMHAKOBbIE, ITO 06y-
CJIOBJIEHO €CTeCTBEHHBIM BO3[YIIHBIM OX/IasKAEHHEM.
Ho KoHel], pacIioNOsKeHHBIH 6/1rKe K KaTogHOMY bas-
JIOHYy, HarpeT Ha HeCKOJIBKO T'PajJycoB BhIme. MaKcH-
MyM OYHKIIUH pacIipefie/ieHHsl TeMIIepaTypsl pacrio-
JIKeH IPHUMEPHO B FeOMETPHYECKOM LieHTpe TPyOKU
(puc.2). IIpUHYAUTENIBHOE OXJIaKEHHe OHOTO U3 KOH-
LI0B TPYOKH IIPHUBOLU/IO COOTBETCTBEHHO K CHHUKEHUIO
TeMIIepaTypsl U B JIPYIHX TOUKAX JIsl BCeX 3HAUeHHUI
TOKa paspsiza.

KoHe4uHo, cpa3y HaIlpalllMBAeTCsS THIIOTe3a O BJIM-
SIHUH TeIUIOIIPOBOAHOCTH CTeK/JIa Ha pacIpeleeHHe
TeMmIepaTtypsl. C ILieJIbl0 IIPOBEPKH THIIOTe3bl OBLIO
pellleHO ypaBHEHHE TeIlIOIIPOBOAHOCTH. AKTHBHBIH
3/IeMeHT Ta30BOro Jla3epa paccMaTPHBAJICS KaK Heorpa-
HUYeHHBIN IMIHH/P. [IpaKTHYeCKH HHUIMHAP MOKHO
CUMUTATh HEOIPAaHUYEHHBIM, €CIM ero AJHWHA 3Ha4H-
TeJIbHO DOoJIbllle pajinyca ero OCHOBAHUS, YTO CIIpaBel-
JIMBO [JIS Ia30BOrO Jla3epa. B pesy/ibTaTe YMC/IeHHBIX
SKCIIEPHMEHTOB OBbITIO yCTaHOBJIEHO, 4TO B He-Ne yase-
Pax [ITHHOM OKOJIO MeTpa, KaK M OKUJA/IOCh, IIOSIBTIe-
HUS B LIEHTpe 3/leMeHTa MaKCHMyMa TeMIIepaTyphl
He Habmiomaercsi. B pabore [7] mokasaHo, 4TO KOHYCO-
obpasHas Tpybka B He-Ne sa3zepe obecriedrBaeT MOII-
HOCTb H3/TyueHHs B 1,8 pa3 Gosblie, yeM LIMUIMHIpUYe-
CKasi KOHCTPYKIUs. HCIIONb30BaHHE TeMIIepaTypPHBIX
5pPeKTOB JIOMONHHUTENBHO IIOMOXKET YyBeTHYeHHUI0
MOII[HOCTH.
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give explicit characteristics to the processes
in active medium but this parameter is quite
convenient for observations. The results of
studies performed in the area of dependence
of power on temperature and search for the
reasons of such dependence are set forth in the
book [5]. The papers known by us usually do not
contain the local measurements of temperature.
The value of temperature measured at one point
or averaged by several points was attributed to
the active elements as a whole; sometimes, the
integrated reading of thermostat was applied
as the temperature value.

Using the pyrometer IR 260-85, the
temperature along the active element of
He-Ne - laser GL-110 with the length of 30 cm was
measured. Active element (Fig. 1) is mounted in
cylindrical container, and it has cold cathode
located in parallel with the main discharge gap.
Molybdenum cylinder installed in alignment
with the main discharge gap serves as anode.
Under normal operating conditions of laser, the
values of temperature of both edges of element
tube, which do not touch the discharge, are
approximately identical. It is stipulated by
the natural air cooling. But the edge located
closer to cathode cylinder is heated by several
degrees. Maximum of temperature distribution
is located approximately in geometrical center
of the tube (Fig. 2). Forced cooling of one tube
edge resulted in the respective temperature
decrease at other points as well for all values of
discharge current.

Of course, the hypothesis of the influence
of glass heat conductivity on temperature
distribution suggests itself. For the purpose
of check of this hypothesis, the equation of
heat conductivity was solved. Active element
of gas laser was considered as unrestricted
cylinder. Practically, the «cylinder can
be deemed unrestricted if its length is
significantly greater than the radius of its
base, which is applicable to gas laser. As
a result of numerical experiments, it was
established that, as expected, in He-Ne lasers
with the approximate length of one meter the
occurrence of temperature maximum in the
element center is not observed. In the paper
[7] it is shown that cone-shaped tube in He-Ne
laser ensures the radiation power by 1.8 times
higher than cylindrical construction. Use of
temperature effects additionally enhances the
power increase.



