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W3MEPEHUE ®U3UYECKOM

U FTEOMETPUYECKOW
PACXOAMMOCTM NNA3EPHOIO
MYYKA

BO BPEMEHU

M.B.Py3ut, 000 "JIAMET"

Pab6oTy BbICOKO3HEpPreTU4YeCKUX J1asepos,
oxJ1aX[AaeMblX Yepes LUINHAPUYECKYIO MOBEPXHOCTb
Kpuctanna, conpoBoxgaet 3¢ ¢eKT TenJioBomn

JINH3bI, KOrpa ABYXMEpHbIA NOTOK Tenaa ¢opmMupyeTt
napa6onun4yeckum npopusb TemnepaTypHOro
MckaxkeHMs. Takas IMH3a yXyallaeT Ka4yecTBo
BbIXOASLLEro Jly4a U OrpaHUYMBaeT ero BbIXOAHYIO0
MOLLHOCTb. Mpun 3ToM 60nbluas yyeBas Harpyska

Ha BHYTPEeHHME ONTUYeCKUe 3/IeMeHTbl B psje ciyvyaeB
Bbi3biBaeT TepMopaedopmMaLUm B 3TUX d1eMeHTax

n, Kak cnepcrteue, cyuleCtBeHHble UamMeHeHUs
NpOCTPAHCTBEHHbIX MapaMeTpPOB BbIXOAHOI0 NMyyKa

B TeYeHMe nycka. B ctatbe npeasioxeH mMeTos
KOJINYeCTBEHHOM OL,eHKM NOA06HbIX USMEHEHUA.

3MepeHHe PacXOLUMOCTH (UIIMPUHBI YIJIO-
BOT'O pacIpefiesieHUs) Ta3epHOro U3JydeHHUs
CJY>KUT [JISI OLleHKH TeIIOBOKM Harpys3KH,

HCIIBITBIBA€MOK ONTHYeCKHMH 37IeMeHTaMH Jla3epa.

M3MepeHHe PacXOAMMOCTH (IIMPUHBI YIJIOBOIO pac-

Ipefe/leHUs]) H3/Iy4YeHHUS MeToAoM (GOKaIbHOIO

ISITHA, T.e. [10 pasMepy AHUaMeTpa Iy4Ka, olpefens-

€MOMY B COOTBETCTBHM CO CTaHZApToM [1] B poKasb-

HOM IJIOCKOCTH CoOHpaoIer THH3bI, JaeT IIpeCTaB-

JIeHHe TOJIPKO O ITOJIHOM PacXOJAHUMOCTH.

Ho B pacxogumocTs, B obmem ciaydae, BHOCST
BKJIa]J, Be OCHOBHbIe KOMIIOHEHTHI:

« Odusmuueckas 0y, obycioBleHHas AUPAKLIHEH,
HaJIMYMeM MHOTHX MOJ, U HeOLHOPOLHOCTSIMH
B aKTUBHOM Cpee;

» reoMerpuueckas 6, o6ycioBieHHas KpPHUBH3-
HOM BOJIHOBOTO QPOHTa Ha BBIXOAHOM aIlepType
nasepa.

IlonHas pacxoAUMOCTb O SIBISIeTCS CBEPTKOH
obeux cocraBnsgomux (060KMX YINOBBIX pacIpefie-
JeHHUH), T.e. OIpefeNnsieTCsl CyMMOH II0 KBaApaTHU-
HOMY 3aKOHY: 02=042+0.2.

KauecTBo myuka (ero $oKyCHpyeMOCThb) OIpefe-
7seTcsi TOABKO QH3MYeCKOH PacxXxoAHMOCTbIO. [eo-
MeTpHUUecKasl pacXogUMOCTb He BIHseT Ha KauecTBO
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MEASUREMENT OF THE PHYSICAL
AND GEOMETRIC DIVERGENCE OF
LASER BEAM

IN TIME

M.V.Ruzin, LLC"LAMET"

Thermal lens effect is intrinsic to high-energy lasers
due to cooling through the cylindrical surface of the
crystal, due to which a two-dimensional heat flux forms
a parabolic temperature distortion profile. Such lens
degrades the quality of the output beam and limits

its output power. In this case, a large beam load on
internal optical elements in a number of cases causes
thermal deformation in these elements and, as a
result, significant changes in the spatial parameters of
the output beam during the start-up. The method of
quantitative estimation of such changes is proposed in
the article.

he measurement of the divergence (the width of

the angular distribution) of the laser radiation

serves to estimate the thermal load experienced
by the optical elements of the laser. Measurement of
the divergence (the width of the angular distribution) of
radiation by the focal spot method, i.e. according to the
size of the beam diameter, determined in accordance
with the standard [1] in the focal plane of the collecting
lens, gives an idea only of the total divergence.

However, two main components contribute to
divergence, in general:

* physical 0, due to diffraction, the presence of many
modes and inhomogeneities in the active medium;

+ geometric 6,, caused by the curvature of the wave
front at the output aperture of the laser.

+ The total divergence 6, is the convolution of both
components (both angular distributions), i.e. it is
determined by the sum with respect to the quadratic
law: 0,2=0,,+6,2.

The beam quality (its focus) is determined only by
the physical divergence. The geometric divergence does
not affect the quality of the beam, but in a number of
applications of lasers (e.g., in optical locations) it must
be carefully controlled in order to achieve the required
total divergence.

For a separate measurement of the components of the
divergence, it is necessary to determine the hyperbolic
dependence of the beam diameter in the waist region
formed when it is focused by a lens or a mirror (also as in
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Iy4ka, HO B psfe obracTed IIpUMeHEHHs J1a3epoB
(HampuMep, B OIITHUYECKOM JIOKAIIMH) AOJKHA TIIA-
TeJIbHO KOHTPOJIHPOBATBCSI C LIeJNbI0 JOCTHKEeHHS
TpebyeMOo¥ IIOTHON PACXOLUMOCTH.

71 pasmenpHOTO H3MepeHHS COCTAaBJISIONUX
PacXoOUMOCTH HeobXOZUMO oOIpenenuTh rurepbo-
JIMYeCKYI0 3aBUCHMOCTh JHaMeTpa IIy4YKa B obnacTu
IepeTsKKU, GOPMHUPyeMOH IIPU ero GOKYCHPOBKE
JIMH30M WX 3epPKJIOM (TaK >Ke, KaK IIPH oIlpefielie-
HUHU KadecTBa Iyuka [1]). Ha puc.l nmpuBeneHsl 1Ba
BapHaHTa QOKYCHUPOBKHU Iy4Ka C IJIOCKKUM H BBIIY-
KJIBIM BOJIHOBBIM (QPOHTOM Ha BBIXOJHOM aIlepType
naszepa. TaM ske IpuBefeHbl 0003HAUEHU S BeIUYHH,
TPeOYIOLIUXCS IS AATbHEHNIIero U3/I0KeHHU .

IIpy OTCYTCTBHM IeOMeTPHYeCKOM PacXOgHMO-
cTu (Ipu 11ockoM GpPOHTe Ha BBIXOJe Jia3epa) U IIpU
He CJIHMIIKOM OOJIBIIOM PAacCTOSHUU L [0 JTHH3HL,
Ha JIMH3y IIOCTyIaeT IIOCKHHM BOJHOBOM (QPOHT,
M IUIOCKOCTh IIePeTSKKM MPAaKTHYeCKH COBIIAZAeT
¢ GOKaNBHOM IIJIOCKOCTHIO JIMH3KI. [loNHAs pacxomu-
MOCTH paBHa QU3HUECKOH U OIlpefiessieTCs JeleHHeM
nuametpa dy, Ha POKYCHOE PacCTOSTHHE IMH3BI F.

IIpy HaIUYUU TeOMeTPHUYECKOH PacXOgHMOCTH
Ha IMH3Y [IOCTYIaeT BBIIIYK/IBIH (B JaHHOM IIPHUMepe)
BOJIHOBOM QPOHT U ITJIOCKOCTDH II€PETSISKKU YO AJISIeTCS
OT JIMH3Bl O IOJOXKeHUs Z,. Torma IosHas pacxo-
OUMOCTH O ompenensercs feleHHeM guamertpa dp
Ha $OKyCHOe paccTossHHe TuH3H F(O;=d;/F), a dusu-
yecKasl pacxogUMOCTb O, ompefensieTcsi, B I1epBOM
NpUOTHSKEHUH, [e/leHHeM QUAMETPA MePeTssKKU dg
Ha ee yhaneHue Z, ot 1uH3bl (0g=dgy/ Z,).

TeoMeTprUecKass PacXogUMOCTb O, B IlepBOM
NpUONH>KeHUH, OlIpefie/iseTcs 1o Gopmyiie:

B, =+/0% - 63,

YTouHeHHe 3HaYeHUM 04 U O LenecoobpasHo cze-
JaTh IIOTOMY, YTO OHH IIONIy4UeHHl be3 ydera yBe-
TAYeHUS JUaMeTpa Iydka, IIafAoIero Ha JIHH3Y
[0 CPaBHEHHUIO C AMaMeTpoM d, Ha BBIXOJHOM
amepType nasepa. DTO YyBeJlH4YeHHe, 0CObeHHO
npu OonpmIMX 3HAaueHHSX O U L, MOXXeT IIPHUBO-
IOUTh K CYIIeCTBeHHOMY 3aHM>XKeHHUIO 04 U, COOTBET-
CTBEHHO, K 3aBBIIIEHHIO 0. YTOUHEHHe JOCTUTAeTCs
yMHOXeHHeM 04, Ha IIOIIPABOYHBIN KO3QPUIIMEHT
(dp+6r-L)/d, ¢ mocnepytomuMm nepecueroM 6p. Ecinu
MOIIPaBKU BeJHKU (IpeBBIIIAOT 20% OT IepBOHA-
YaJIbHBIX 3HAaUeHUI), YTOUHEeHHe BHOBb IIOTyYeHHBIX
3HAYeHU U C/le[lyeT IIOBTOPUTE ellle pas.

IIpy reomMeTpHUYECKOM PaCXOJHUMOCTH, 00yCI0B-
JIEHHOM CXOJSIIIMMCS BOTHOBBIM QPOHTOM Ha BBIXOJ-
HOM aIlepType Jia3epa, IJIOCKOCTh II€PeTsIKKH PacIIo-
noskeHa 61MKe K JIMH3e, YeM $OKaIbHAS IIJIOCKOCTb.

i g

Puc.1. ®okycuposka ny4kos ¢ 2eomempuyeckoll pacxooumo-
Cmbio U be3 Hee

Fig. 1. Focusing of beams with and without geometric
divergence

determining the quality of the beam [1]). Figure 1 shows
two variants of beam focusing with a plane and convex
wave front at the output aperture of the laser. The same
notation is given for the quantities required for the
further presentation.

In the absence of geometric divergence (for a flat
front at the laser output) and for a lens not too far from
the lens L, the plane wave front arrives at the lens and
the waist plane practically coincides with the focal
plane of the lens. The total divergence is physical and
is determined by dividing the diameter d, by the focal
length of the lens F.

In the presence of geometric divergence, a convex
(in this example) wave front arrives at the lens and
the plane of the waist is removed from the lens to the
position Z,. Then the total divergence 6, is determined by
dividing the diameter dt by the focal length of the lens
F(0,=d,/F), and the physical divergence 6, is determined,
in a first approximation, by dividing the waist diameter
d;hby its removal Z0 from the lens (Gph=d;h/ Zy).

The geometric divergence 6, in the first
approximation, is determined by the formula:

O =+/04 05,

It is advisable to refine the values of Ggh and 0,
because they are obtained without taking into
account the increase in the diameter of the beam
incident on the lens in comparison with the diameter
dA at the output aperture of the laser. This increase,
especially at large values of 6, and L, can lead to a
significant underestimation of 6, and, accordingly, to
overestimation of 0,. The refinement is achieved by
multiplying 6, by the correction factor (d,+0g-L)/d,,
followed by recalculation of ,. If the corrections are large
(more than 20% of the original values), the refinement of
the newly obtained values is repeated once more.

With the geometric divergence due to the convergent
wave front at the output aperture of the laser, the waist
plane is closer to the lens than the focal plane. The
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OmnpepneneHue PacxoqUMOCTU 0 U ee COCTABISIOMINX
0p U O IPOM3BOAMTCS AaHAJIOTMYHO C TOM JHIIb pas-
HUIIEH, YTO [IOIIPaBOYHBIN KO3)PUILIHMEeHT UMeeT BU
(dA_er'L)/dA.

Heob6x0OMMO OTMETUTD, UTO [ ayCCOB IMYYOK, JaKe
HMeIOIIMH IIJIOCKUIM GPOHT Ha BBIXOJHOM aIlepType
nasepa, 3a cyeT caMOAUPPaKLIHU, IIPOHIS PaccTosi-
Hue L 10 1uH3bI, IpuobpeTaeT KPUBHU3HY BOTHOBOI'O
dpoHTa Cc paguycoMm:

(Chy
R=L+— 42"
L
rae A - IyIMHA BOJIHBI JIa3ePHOT0 U3/yYeHHs.

OpHaKo YHCIeHHas OLleHKa /IS PeaIbHOIO BapH-
aHTa CXeMBbl M3MepeHUN I1apaMeTpOB BOJOKOHHOIO
nasepa (Hanpumep, A=1,07 MKM, d,=12 MM, L=10 M)
naet 3HaueHue R 6ornee 1 KM, 4TO menaeT mpeHebpe-
SKMMO MaJIOH pasHuLy Mexxay F u Z,.

[IpuBeeHHOE oIlpefefeHHe 3aBUCHMOCTH AHa-
MeTpa Iy4dKka B 00JIacTH IepeTsIKKH OOBIYHO IIPO-
HM3BOAMTCS IIPOJOABHBIM CKaHHpOBaHUeM (mocie-
OOBaTeJbHBIM H3MepeHHeM Mpoduis) Iydka
BIOJIb €ro OCH C IIOMOIIBI0 aHAJIKM3aTopa IIPOodHIIs.
OmHaKO y BBICOKOIHEpPreTUYecKHX Jia3epoB, H3-3a
TeIJIOBBIX TepMomebopManUi B OITHYECKOH
cxeMe, popma IepeTSSKKHU He 0CTaeTCs [IOCTOSTHHOM
B TeueHHe IIycka. [Io3ToMy ee IIpOAOIBHOE CKAaHU-
poBaHHe felaeT NPOCTPAaHCTBeHHBbIe IapaMeTpHl,
orpeneseHHble 10 GOpMe IEpPEeTSIKKU, He BIIOTHE
IOCTOBEPHBIMHU.

Ha puc.2 xayeCTBEHHO IIOKa3aHO, KaK MeHS-
eTcs rumnepbonnyeckasi 3aBUCHUMOCTh [JHaMeTpa
my4yka B 067acTH IMepeTsIKKU NPU H3MeHeHUH
busnyeckor U TreoMeTPHUYECKOHM PaCXOLHUMOCTHU
I10 OTAEJIBHOCTH.

HcxonHasi 3aBUCHMOCTh IIOKa3aHa 4YepHBIM
nBeToM. HaluuKe CyIIeCTBeHHON HCXOIHOM Teo-
MeTPHYeCKOH PacXoAuMOCTH (QPOHT Ha BBIXOLHOM
arepType ja3epa B JAHHOM C/Iydae — BBIITYKJIBIE) IIPO-
SIB/ISIeTCSl B 3HAUHUTE/IBbHOM yIa/JIeHHOCTU IIJIOCKOCTH
IIePETSISKKHU Z, 0T POKIBHOM IIJIOCKOCTH JTHH3HI F.

Ilpu yBenu4YeHHH OQHU3NYECKOM PACXOLUMOCTHU
(HampuMep, 3a CUYeT BO3PACTAHUS TeIJIOBBIX HEOLHO-
POOHOCTeN B aKTHBHOM cpefie [2]) yBenH4uHBaeTCs
OYaMeTp IePeTssKKU UM ruiepbona B obnacTu mepe-
TSOKKU (3e7IeHBIM I[BeT) CMeIaeTcs [0 BepTUKAIHU
BBEpX.

[Ipy KW3MEeHeHHU TeOMeTPHUUYEeCKOM PaCXOLHUMO-
cTh (HanpuMep, 32 C4YeT BO3HUKHOBEHHS TeIlJIo-
BOM JIMH3Bl Ha BBIXOJHOM OITHKe Ja3epa) Iepe-
TSIKKa Z, THUIEepOOoIBl CMeIaeTcsl [0 FOPU30HTAIH.
IIpy [OJIOSKUTEBHON TEIUIOBOM JHH3e Z, mpubnu-
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Puc.2. CmeweHus 2unepbonbl npu usmeneHuu dusuyeckol
u 2eomempuyeckoll pacxodumocmu

Fig. 2. Displacements of the hyperbola with a change in the
physical and geometric divergence

determination of the divergence 6 and its components
0y, and 6, is carried out in a similar way, the only
difference being that the correction coefficient has the
form (dA—Gg-L)/dA.

It should be noted that the Gaussian beam, even
having a flat front at the output aperture of the laser,
by self-diffraction, after passing the distance L to the
lens, acquires the curvature of the wave front with a
radius:

(wday

R=L+ 42"
L

where A is the wavelength of the laser radiation.

However, the numerical estimate for a real variant
of the fiber laser parameters measuring circuit (for
example, A=1.07 pm, d,=12mm, L=10 m) gives a value of
R more than 1 km, which makes a negligible difference
between F and Z0.

The above determination of the beam diameter
dependence in the waist region is usually made by
longitudinal scanning (successive measurement
of the profile) of the beam along its axis using the
profile analyzer. However, in high-energy lasers, due
to thermal deformations in the optical scheme, the
shape of the waist does not remain constant during the
start-up. Therefore, its longitudinal scanning makes
spatial parameters, defined in the form of a waist, not
entirely reliable.

Figure 2 shows qualitatively how the hyperbolic
dependence of the diameter of the beam in the waist
region varies with the physical and geometric divergence
changing separately.

The initial dependence is shown in black. The
presence of significant initial geometric divergence (the
front at the output aperture of the laser in this case is
convex) manifests itself at a considerable distance from
the focal plane of the lens F.
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>KaeTcst K GOKaIbHOM IVIOCKOCTH F
(KpacHBIH 11BeT) U QOKYCHOe pac-
CTOSIHHe TeIIOBOM JIMH3BI OIIpe- T
nensgercs mo opmyiie: .

ZoZy

E =
' Zg=2Zg

-1,
rae: Z,IOJOXKeHHe IIepeTs’KKHU
B Hayase MycKa, Z, - IOJOXKe-
HHe IepeTsKKH B KOHIe IyCKa;
L - paccTosiHHe OT BBIXOJHOU
amnepTypsl j1asepa mo cobuparo-
ILIeH JIMH3HI.

ITpu oTpUILIaTeIbHOM TEIIJIOBOK

waist region

Puc.3. Cxema o0Ho8pemeHHOU pezucmpayuu npoduast Ny4Ka 8 Yemblpex NA0CKO-
cmsx obaacmu nepemsKku
Fig. 3. Scheme of simultaneous registration of the beam profile in 4 planes of the

SKpaH 2 Kamepa 2

nuH3e Z, ymansercs oT GpoKaib-
HOM IUIOCKOCTHU F (CHHHUI 11BeT) U GOKYCHOe paccTosi-
He TeIJIOBOU JIMH3bI OIlpelle/iseTcs 110 GopMyIie:

24Z,
Z9-2

E.= +L.

CornacHO PHCYHKY, OYeBHJHO, YTO eC/IH KOH-
TPOIHUPYeTCS TOABKO IIOHAsL PAaCXOLHMOCTH
(mo muameTpy myuka d B QOKaJbHOM IIIOCKOCTH
F), To HeBO3MOXHO YCTAaHOBUTb NPUUUHY ee H3Me-
HeHHUSI U IPHHSTh COOTBETCTBYIOIIME MePHI IJISI ee
KOPPeKLIUH.

ITpubop CHUIIIX (cpeAcTBO U3MePeHHUI SHEPreTH-
YeCKUX M IMPOCTPAHCTBEHHBIX IapaMeTPOB Jia3ep-
HOTO M3JIy4eHHs) IIpefHa3Ha-

As the physical divergence increases (for example, due
to the increase in thermal inhomogeneities in the active
medium), the diameter of the waist and hyperbola in
the waist region (green) increases vertically upward.

When the geometric divergence is changed (for
example, due to the appearance of a thermal lens on the
output optics of the laser), the waist Z; of the hyperbola
is displaced horizontally. With a positive thermal lens,
Z, approaches the focal plane F (red color), and the
focal length of the thermal lens is determined by the
formula:

ZogZg

F, - -L,

ZO _ZO

YeH [/ H3MepeHHI 3SHepruu
HIMITYJIbCHOTO JIa3epHOr0 H3Jyde-
HUS U LIMPHHEL [Ty4YKa Ta3epHOro
y3nydeHus. [IpUHIUI AeHCTBUSA
npubopa OCHOBaH Ha Ipeobpa-
30BaHHH QJOTO‘—IYBCTBI/ITQHBHBIM
MaTpUUYHBIM IIpeobpa3soBaTeseM
pacmpezieleHUss UHTeHCHBHOCTU
Jla3epHOro M3/1y4deHHUs B IIOIepey-
HOM Ce4YeHHHU Iy4kKa B IIHPOBbIe
KOZBl M IOCTefyoImel ux obpa-
60TKe C IIOMOIIBID KOMIIBIOTEpA.
Hsmeputenr CHIIIX-2, yKoM-
IIJIEKTOBAaHHBIM JBYyMsSI H3MepH-
TeJIbHBIMU KaMepaMH, I103BOJIseT
KOHTPOJIMPOBaTh BO BpeMeHHU BCIO
runepboIUyecKyl0 3aBUCHMOCTb
OyaMeTpa Iy4Ka B 0671acTH Iepe-
TSOKKHM 3a cueT OJHOBPeMEeHHOIO
M3MepeHHUsT MNPOPUIS B YeThl-
pex IIOCKOCTSIX B 3Tok obia-
CTHU. BapHaHT COOTBETCTBYIOLIEH
CXeMbl C HCIIONb30BAaHHEM 4YeTHl-
pex OITH4YeCKHX KJIHHbEB, ABYX

Puc.4. MNpoguau ny4ka, 3apezucmpuposaHHble 8 Yembipex NA0CKOCMSX 0baacmu
nepemsiKKU
Fig. 4. Beam profiles registered in the four planes of the waist region
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Puc.5. M3meHeHue onmu4eckol CuAbl menaosol AUH3bI

Ha 8bIx00e 00HOM0008020 AA3epa MOULHOCTIbIO 1,7 KBM
Fig. 5. Change in the optical power of a thermal lens at the
output of a single-mode laser with a power of 1.7 kW

IUPPY3HO-OTPA’KAOIIKUX 3KPAHOB M [BYX Kamep
[IpHBeJEeH Ha PUC.3.

B maHHOM Cjy4yae Ha Ka>kKJIOM 3KpaHe CO3[aeTCs
10 ABa HNpodUIA IIyUyKa, COOTBETCTBYIOIIUX Pa3/iny-
HBIM CeYeHHSM OCHOBHOIO mIy4yKa. Ha puc.4 maHbI
n306paskeHUsT YeThIpeX ISITeH, B YeThIpeX IIJIOCKO-
CTIX IIy4Ka, IOoJay4YeHHBble H3MepuTenem CHIIIX2.
Kaskapiil mpodunp obpabaTeiBaeTcsi ¢ moMoIbio 10
usMeputess CHUIIIX-2 110 OTAe/TbHOCTH.

[TapanyienbHass perucTpanusga OpodPuIs IydKa
B YeThIpeX IIJIOCKOCTSX II03BOJIsIeT OLIeHUTDh He TOJIBKO
H3MeHeHHe 0oDeHX COCTaB/ISIOIMIUX PACXOLUMOCTH,
HO 1 M3MeHeHHe BO BpeMeHHU KadyecTBa I1y4Ka, oIlpe-
IensieMoro mapaMmerpaMu M? u BPP. Ilpuuem Kak
OISl HeIIpepBIBHOIO peskuma paboThl, Tak U [
MMIIYJIbCHO-TIEPUOLHYECKOTO.

OueBHUIHO, YTO QOKYCHBIC PACCTOSHHUS TEIIJIOBBIX
JIUH3, OIpeAeasieMbIX II0 BhIIICIIPHBeLeHHBIM (pop-
MyJaM, O4YeHb BeJHKH H II03TOMY HeymoOHBI IJIs
IIOCTPOeHHUSI UX BpeMeHHBIX 3aBUCKHMoOcTel F(t) (Bce
HauMHAIOTCA ¢ 6eckoHeuHOCTH). [opasgo HarmsgHen
B 3TOM CMBIC/Ie BBIIISIAAT BpeMeHHbIe 3aBUCHMOCTH
COOTBETCTBYIOIIEH ONTHYeCKOH CcHIbl D(t)=1/F(t)
TeIIOBBIX JIMH3, II03BOJIAIOIIKE OLIeHMBATh, KpoMe
TOr0, U CKOPOCTb HapaCTaHMSI ONTHUYECKOM CHUJIBI
Ha pPa3/IMYHBIX BPeMEHHBIX OTPe3Kax IeHepalHuHu.
I[To HalleMy OIIBITY, yLOOHEH BCero OLleHHUBATh OIITHU-
YeCKyIo CHJIy TeIIOBBIX JTHUH3 B OOPATHBIX KHJIOMe-
Tpax (KM1).

B KavecTBe HJ/IIIOCTPAllMM OMHCAHHOK BBHIIIE
MeTOAWKU H3MepeHHH Ha pHC.5 IpuBefeHa onHa
U3 peanMu3allUU H3MeHeHHS OINTHUYECKOH CHJIBI
IIOJIOKHUTEBHOM TeIlJIOBOM JIMH3bl, BO3HHKAIOIIEH
Ha BBIXOJHOH OIITHKE OJHOMOJOBOI'O BOJOKOHHOI'O
Jlazepa MOIIHOCTBIO 1,7 KBT.

Ha Hava/jbHOM y4YacTKe OJIHUTEJIBLHOCTBIO OKOJIO
20 c onTHYecKas CUIA HapacTaeT CO CpeJHEeH CKOpO-
CThIO IopsaKa 0,5 KMl/c. 3aTeM 0 KOHIIA 110-cexyH -
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where: Z; is the position of the waist at the start of the
start; Z, is the position of the waist at the end of the
start; L = -distance from the output aperture of the laser
to the collecting lens.

With a negative thermal lens, Z,is removed from the
focal plane F (blue) and the focal length of the thermal
lens is determined by the formula:

Z,Z.
Z%0_,1.

ZO_ZO

F, =

According to the figure, it is obvious that if only
the total divergence (by diameter of beam d in the focal
plane F) is controlled, it is impossible to establish the
cause of its change, and take appropriate measures for
its correction.

The SIEPH device (a means of measuring the energy
and spatial parameters of laser radiation) is used to
measure the energy of pulsed laser radiation and
the beam width of laser radiation. The principle of
operation of the device is based on the conversion of the
intensity distribution of laser radiation in the beam
cross section into digital codes by a photosensitive
matrix converter and their subsequent processing by
a computer. The SIEPCH-2 meter, equipped with two
measuring chambers, allows controlling the entire
hyperbolic dependence of the beam diameter in
the waist region in time due to the simultaneous
measurement of the profile in four planes in this
region. A variant of the corresponding scheme using
four optical wedges, two diffuse reflecting screens and
two cameras is shown in the fig.3.

In this case, on each screen, two beam profiles
are created, corresponding to different sections of
the main beam. Fig. 4 shows the images of 4 spots,
in 4 planes of the beam, obtained by the SIEPCH-2
measuring device. Each profile is processed using the
software of the SIEPCH-2 meter separately.

Parallel registration of the beam profile in four
planes makes it possible to estimate not only the
variation of both components of the divergence,
but also the change in the beam quality in time,
determined by the parameters M2 and BPP, both for a
continuous mode of operation, and for a pulse-periodic
operation.

It is obvious, that the focal lengths of thermal
lenses, determined by the above formulas, are very
large and therefore inconvenient for constructing their
time dependences FT (t) (all begin with infinity). Much
more evident in this sense are the time dependences of
the corresponding optical force D(t)=1/F(t) of thermal
lenses, which make it possible to estimate, in addition,
the rate of increase of the optical force at different time
intervals of generation. In our experience, it is most
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HOr0 IIyCKa OHA OCTaeTCsi IIPUMEPHO Ha OLHOM
ypoBHe: D(t)~10 KM (3kBHBaIeHTHOe PpOKyCHOe pac-
CTOSIHHe TeIlJIOBOM JIMH3HI F1(t) =100 m).

Y MHOTOMOJIOBOTO BOJIOKOHHOIO jia3epa MOIIHO-
CThI0O 5 KBT M3MeHeHHs BO BpeMeHH reoMeTpHyYe-
CKOM PaCcXOAMMOCTH, II0 HAIIMM HabIoOmeHUIM,
BBIPA>KEHBI CyIlleCTBeHHO MeHee. Ho 3aTo Habiio-
IaeTcsi 3aMeTHoe (IOpSiAKA 7%) yBenuvyeHHe (H3U-
YeCcKOM PacXOJMMOCTH B TedeHHe IIePBBIX CeKyH[
reHepalyH.

TakuM obpa3oM, MapaJjelbHOe M3MepeHHe IIpo-
¢uns cGoKyCMpOBAaHHOIO Iy4YKa B 4YeThIpex ceye-
HHUSX JaeT BO3MOXKHOCTb KOHTPOJIHPOBATh Aedop-
MallM{ IepeTsI>KKU CPOKYCHPOBAHHOIO IIy4uKa
BO BpeMeHH. [Ipu 3TOM LIMPHUHA MePeTs>KKH Koppe-
JTHPYyeT C U3MeHEeHUSIMHU QHU3HUUeCKON PACXOLUMOCTH,
a CMellleHHUS MepeTsKKU BAONAb OCU Iy4YKa OJHO-
3HAYHO OIIpefle/III0oT HM3MeHeHHUSI reoMeTpPHYecKOM
PaCXOIHMOCTH.
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convenient to evaluate the optical power of thermal
lenses in reverse kilometers (km?).

As an illustration of the measurement procedure
described above, Fig. 5 shows one of the realizations of
the change in the optical power of a positive thermal
lens arising on the output optics of a single-mode fiber
laser with a power of 1.7 kw.

At an initial section of about 20 seconds, the optical
force increases with an average speed of about 0.5
km?/s. Then, until the end of the 110-second start, it
remains approximately at the same level D(t)~10 km?!
(the equivalent focal length of the thermal lens
F.(t)~100 m).

In a multimode fiber laser with a power of 5 kW, the
time variation of the geometric divergence, according to
our observations, is much less pronounced. But there is
a noticeable (about 7%) increase in physical divergence
during the first seconds of generation.

Thus, the parallel measurement of the profile of
the focused beam in four sections makes it possible
to control the deformation of the waist of the
focused beam in time. In this case, the width of
the waist is correlated with changes in the physical
divergence, and the waist shifts along the beam
axis uniquely determine the changes in geometric
divergence.
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