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CBEPXOCTPASA ®OKYCUPOBKA -
MU® WU PEAIBHOCTD?

C.H.Xunos, 000 "Jlasepsapuoparypc”,
www.LaserVR.ru,
0.J1.T0n08K08 K.¢.-M.H., golovkow@mail.ru

Bonpoc 6e3onacHoCcTy Npu paboTe ¢ 1azepHbIM
M3/IyYEHUEM U ero peLleHue NopoXX[AtoT NOCTOSAHHbIE
cnopbl B cpefe noJsibsoBaTesnen U paspaboTunkos
NasepHbIX NpM60pOoB U ycayr. Barnaabl, oueHKn

M HOpMaTMBHbIe JOKYMEHTbI Ha NpeAesibHO AONYCTUMbIA
ypoBeHb (MAY) 1 MakcMmanbHO AOMYCTUMYIO
akcnosuumio (M,3) nasepHoro nsny4eHus pasnnyaroTcs
Mexay coboi. MpeacTtaBneHbl pacCy>KAeHUS 0 NPUYMHAxX
NPOUCXOXAEHUS OCHOBHbIX pa3/inymin B Hopmax MNAay-
M/ B BUAMMOM AMana3oHe sla3epHoro Ussiy4yeHus.

orrpoc 6e30macHOCTH IpH paboTe € Jla3epHBIM

H3/lydeHHeM BO3HHK C IIOSBJIeHHeM IIepBOro

7asepa U aBTOMAaTH4eCKH IPHUBeI K CO3JaHHIO
JOBOJIBHO CTPOMHOK CHUCTEMBI B3IJISIOB, OLIEHOK U HOP-
MaTHBOB, KOTOpble B OKOHYATeIbHOM BHJe 6bLIH cHOp-
MynupoBaHel B ANSI Z-136.1-1976 u IEC-825, ¥ JOKUIU
[0 Halllero BpeMeHHU 6e3 CylieCTBeHHBIX M3MeHeHMH,
YTO TOBOPHUT O KadecTBe MPOJAeNaHHOM Y4YeHBIMU
pabotel. Ho B KoHIle 80-X HEKOTOphIE OTeYeCTBEHHbIe
YMBI COBEPILIIIHN OTKPBITHE "Ha KOHYHKe IIepa’ - CBEPX-
ocTpast POKyCHPOBKA J1a3ePHOr0 HU3/y4eHHUs B I1asy [1],
KOTOpas pa3Bejia HaC C IIPOIPecCHBHBIM YejloBeue-
CTBOM, OyJeM HaJieeTcsl, 4YTO He HaBCerja.

UTo >Ke TaKoe CBepXocTpasi pOKyCHPOBKa? YeoBeye-
CKHMH IJIa3 B OITHYEeCKOM IIJIaHe MOXKHO IIpeJICTaBHUTh
KaK HeKHH CJIOKHBIN OOBEKTUB C OITHYECKOM CHJIOKM
50-60 AIITp, COCTOSIIME M3 POTOBHIIHI, XpyCTaIHKa,
CTeKJI0OBH/HOIO Tejlla M BXOJHOH IepeMeHHOH AHa-
dparmel guameTpoM 1,8-7,5 MM (110 HEKOTOPBIM [aH-
HBIM 1-8 MM) - 3pavOK ILTIOC BeKH (IIPUILYP), YTO B COBO-
KYITHOCTH [J151 IIPOCTOTBI MOKHO 3aMEHHTh U/Iea/IbHOM
JIMH30M, 3a6bIB O IIOITIOLIEHUH, PACCeSTHUM U ITPOUHX
OITHUYECKUX MCKAKeHHUSX. ITO U II03BOJIKJIO YYeHBIM-
TeOpeTHKaM IIPeJIIO/IOKUTh, UYTO IIPHU PaCIIONOKeHHUH
HeabHON achepHrYecKOM JIMH3bl ONTHYECKOM CHJIOH
60 anTp (peasbHO MPH AaKKOMOJALIMK Ha OecKoHed-
HOCTb 50 JIITP) I10 XOAY OAHOMOZOBOTO JIa3epHOIo ITyuKa
C IepeTsKKOM, HaXOAsIIeHcs Ha OecKOHEYHOCTH,
71a3epHOe H3/ly4YeHHe MOKeT CPOKYCHPOBATLCA B IIATHO
nrameTpoM 10 MrM. COIIacCHO TeOPHH 3TO TaK, HO IIPU
cobMI0eHNY HeKOTOPBIX IPeJIOoChIIOK, a HMeHHO:
OYaMeTp Iyuka MeHblle 3pauka (IUdpakuus) U Jer-
CTBHe IIPOUCXOAHUT B AATbHEH 30He z>>Lp.
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ULTRAFINE FOCUSING:
MYTH OR REALITY?

S.L.Hilov, O.L.Golovkov, LaserVR

The safety issue and its decision cause constant
disputes among users and designers of laser
devices and services during the work with laser
radiation. There are differences among reviews,
estimations and regulatory documents on the
maximum allowable limit of a laser radiation.
Arguments on reasons of main distinctions

origin in norms of discrete elements method and
maximum allowable limit in a visible range of laser
radiation are presented.

he safety issue arose with the first laser
occurrence during the work with a laser
radiation and it automatically led to crea-
tion of quite streamlined system of views, estima-
tions and standards that are formulated in ANSI
Z-136.1-1976 and 1EC-825 in the final form and they
have survived until now without essential changes.
This fact indicates the quality of the work done by
scientists. But in the late eighties some domestic
minds have made the following discovery with
the point of their pen: ultrafine focusing of a laser
radiation in an eye [1] has separated us from pro-
gressive mankind. We hope that this is not forever.
What is the ultrafine focusing? A human eye
can be presented as a certain composite lens with
the optical power of 50-60 diopters from the opti-
cal point of view, consisting of cornea, crystal-
line lens, crystalline humor and input variable
diaphragm with 1.8-7.5mm diameter (according to
some information it is 1-8 mm diameter), i.e. eye
pupil plus eyelids (squint) that it is possible to be
replaced simply with an ideal lens in total, hav-
ing forgotten about absorption, scattering and
other optical distortions. This allowed scientists-
theorists to assume that the laser radiation can
be focused in a spot with a diameter of 10 microns
when arranging an ideal aspheric lens with 60
dioptres optical power (it is practical at accommo-
dation on 50 dioptres infinity point) on the course
of a single-mode laser bunch with the constriction
which is on infinity point. According to the theory
this fact is confirmed only when observing some
prerequisites, i.e. diameter of a bunch is less than
eye pupil (diffraction) and an action occurs in a
distant zone z>>Lp.
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st vckoMort QORycHpoBKM B D=10 Mxm (1) mis
IJIUHBI BOMHBL A=0,5 MKM, [JIMHA IIOTyKOHQPOKAIb-
HOTO pe3oHarTopa Lp coctaut 1,74 M. IIpu HabnogeHUN
C pacCTOsIHUA MopsaKa z=6-10 M AUaMeTp BXOLHOIO
ny4ka d, (2) B I71a3 COCTaBUT 5 MM.
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D=6F ;M%;0=—~ |, @
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rzie 6 - SHepreTHYecKast paCXOLHUMOCTb I10 YPOBHIO 1/e2,
F.;, ~ GOKyCHOe pacCTOsIHUE I71a3a,
M? - M-dpaxTop (mis TEM,, M?=1, rumepraycc,
M?2=5-10, FlatTop M?=30-40).

d, - “LTP"; d,-d,~6,, @

rae z - TeKylass KOOpAHHATA [0 IVIa3a OT BBIXOJHOIO
3epKana, d, - JuaMeTp MepeTssKKU Ha BBIXOAHOM 3€p-
KaJIe I10 YpoBHIO 1/e?. Ml HUKaKasi aKKOMOJALIUSI HIUEero
He MeHseT 1 He yMeHbIlIaeT AUaMeTp IIy4Ka, Iomnazga-
IOIIEero Ha CeTYaTkKy. PeaJibHOCTH JAjIeKO J0 TeOPHUH -
BCe pa3Mepkl ropaszio boselre.

ABTODPBI CBepPXOCTPOM (QOKYCHPOBKH JIa3epHOIO
M3JIy4eHUs B I71a3y He NPHUAyMaId HUYero JIy4lIero,
YeM ITPOIIOPLIMOHAIBHO YHTH OT 06IeNpUHSThIX M]3,
Iaxke He obpaljas BHHUMaHMe Ha YIJIOBOK pa3Mep
ConHuLa npu HabmofneHUU ¢ 3eMiH (yIJIOBOM pasmep
Congna 0,5°). JHepreTuyecKkas IUIOTHOCTh MOLIHOCTH
COTHEYHOH 3HEePruH Ha 3emite Ps=1000 Bt/m?, a Tak KaK
a3 GoKycHpyeT u3ly4ueHue B IATHO oT 0,3 1o 1,4 MKM,
TO BO3bMEM IVIOTHOCTb MOIITHOCTH COJIHEUHOM 3HEPryH,
BOCIIPHHHUMAaeMOH I71a3oM, 500 Bt/m2. IIpu cule r1asa
60 ANTp Ha ceT4aTKe I7la3a CTPOMTCS HM300pakeHHe
Conuua gramerpom 150 MkM. Ilpu nuameTrpe 3payka
I71a3a 2 MM B Hero Ipoxonut 1,5 MBT. I1I710THOCTh MOIII-
HocTH (3) paBHa 84 MBT/MM?, unu 21 M/K/MM?, TIpH
OJINTEeJIBHOCTH 3KCIio3uiuu 0,25 c.
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Coart g(7,5107)

For required focusing of D=10 mkm (1) and for
a wavelength A=0,5mkm, the length of semiconfo-
cal resonator Lp should be 1.74m. When observing
a distance of z=6-10m the diameter of an entering
bunch of dz (2) to an eye should be 5 mm.
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Where 0 is the energy divergence at 1/e 2 level,
F,, is an eye focal distance,
M?is an M index (for TEM,, M?= 1, super-
Gaussian beam M2= 5-10, FlatTop M?= 30-40)

d, - “LTPK; d,=d,~0,, @)

where z is the running coordinate from a front
mirror to an eye, d, is a constriction diameter on
an output mirror at 1l/e? level. Any accommoda-
tion changes nothing, and it does not reduce beam
diameter on retina. Reality is far from theory eve-
rything is much greater.

The authors of ultrafine focusing of a laser radia-
tion in an eye have invented nothing better, than
to to abandon the discrete elements method, even
without regard for the sun. Angular scale of the sun
is 0.5°. Energy density of solar energy power on the
earth is Ps=1000 W/m? as an eye focuses on radia-
tion from 0.3 to 1.4 microns. Let us accept density
of power of the solar energy received by an eye for
500 W/m?. Having 60 dioptres eye power, the image
of the Sun with 150 microns is built on a retina. Hav-
ing 2 mm eye pupil diameter, 1.5 mW sun energy
passes through it. Power density (3) is equal to
84 mW/mm? or 21 mJ/mm? in case of radiation during
0.25 sec.

103
P =i= 1,5-10 3)

Coar 5(7,5:102)
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CoBeplIeHHO OYeBHJHO, YTO MPSIMOH B3IJIAL
Ha COJMHIe B 3eHUTe OmaceH /i 3peHusa. ECiu npu-
HATH YCJIOBHE, YTO IIPH GOKyCHPpOBKe 10 MKM OIIaCHO
usnydenue 0,1 MBT, To paspelleHHas IIJIOTHOCTb
MOILHOCTH B I7a3 (4) paBHa 1,27 Br/MM?. BBIIISAUT
JIOBOJILHO CTPaHHO.

p-L . OLI” @
i (0,5:107)

A BO3MOXXHA M Takas POKYyCHPOBKA JIa3€pHOIO
H3/1y4eHUs Ha CeTYaTKY I71a3a B Pea/IbHOM JKU3HU?

B 3asgB/eHHAX, COOEPKAIIUXCS B PA3HBIX BEPCHUAX
PAcCykKIeHHI O Jia3epHOI 6e30macHOCTH r-Ha JKei-
ToBa [.U. [1-3], ecTb coObLIeHHUS TO O HEKUX JAHHBIX
OT Bpavell, KOTOpble Ha CBOeH allllapaType pasriasafent
MHUKPOIIOBPEKAEHU S CeTYATKH I71a3a IOCTHPOBIIUKOB
He-Ne nasepoB, To 0 HeKoeM CBepXOIpefeleHHOM
3KCIIepHMEHTe, HJIM IIPOCTO "OIMHCATKU' IIPO IJIHMHY
BOJIHBI H3Jy4YeHMs TelHMN-HeoOHOBOro jasepa [l1, 2],
WK 3aMeYaHHUe, YTO "NpeJie/IbHO JOMyCTHMBbIe SHep-
reTU4eCcKHe mapameTpsl s ja3epos 1-To, 2-TO U 3-TO
KJIACCOB OT/IMYAIOTCA aJeKBaTHO pasnuuuam IIIY-
MII2", 4To HUUero obIIero ¢ peaJbHOCTHIO HE MMeeT
(3]. EcTh BOIIPOCHI K aBTOPY TEOPHH M KOHEUHO K COaB-
TOpaM, KOTOphble C MaHHaKaJbHBIM yCepAueM 3aHH-
MaIOTCS ApUPMETHUKOH U, BULHO, (1abo pa3buparoTcst
B JIa3epHBIX JIy4aX, a II0OTOMY IIpe/II0/laraloT II0BpesK-
JeHHe CeTYATKH IJla3a OT Ja3epHBIX Iy4KoB He-Ne
Jasepa, KOTOpble Ja’ke TPYAHO 3aMeTHUTh HeBOOpY-
SKeHHBIM I7Ia30M. HarmomMwuHaeM, 4YTo AaHHBIN IIY
SB/ISIeTCS. Pe3y/bTaTOM aINPOKCHUMAIUKM (3KCTpaIio-
JSILIMM) peanbHBIX Pe3y/lbTaToB H3MepPeHHH QOKy-
CHPOBKH JIa3epDHOI0 H3Jly4eHHs Ha CeTdaTKe IJasa
nu3 obnactu 150 MKM B 065acTh IpenIonaraeMoro
OHaMeTpa ocTpor GOKyCHPOBKU 10 MKM [1].

OTedecTBeHHble U 3apybeskHble AaHHBIE H3Me-
peHuI 70-x U 80-X TOLOB OTHOCSTCS K AHAIa30HY
MMHMMaJIbHO BO3MOKHBIX JHAMETPOB IISTHA Ha CeT-
yaTke - oT 50 MKM 10 150 MKM, M 3TO peajbHOCTh
B IIOJaBIsomeM OoJbIIMHCTBe ciy4aeB.Paspabor-
yuKU ANSI Ha Bce omM6KU ellle BBeJM 10-KpaTHBIM
TUTHeHHUYeCKUH 3amac.

MO>XHO B peanbHOCTH XOTSI OBl MPHUOIH3UTHCS
K MOMEHTY OCTPOH GOKYCHPOBKH! ABTOPBI OCTPOL
$OKYCHPOBKHU ITPeAIIONAraioT, YTO Ha Poiab apbHTpa
IpeTeHAyeT Cy6BEKT, I7a3 KOTOPOro IIPOH3aeT Jy4
nasepa. O4eBHIHO, IpeAIOaraeTcsi, YTO OITHYe-
CKas OCb I7a3a, KaK OINTUYeCKOro yCTPOMCTBA, U OCh
JIa3epHOro Jiy4ya coBIlafaroT. To ecTh paccMaTpuBa-
eTCs CUTyaliKsi, KOI/la OIepaTop ICTHUPYeT pe30HaTop
Ja3epa ¢ MOMOIIBI0 KOJUTMMALIHOHHOIO (KOJJIMMAaTOP-
Horo [1]) meToza.
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It is obvious that the direct view of the sun
in a zenith is dangerous for sight. In case of
accepting the condition that when 10 microns
focusing 0.1 mW radiation is dangerous,
the allowed density of power in an eye (4) is
equal to 1.27 W/mm?. It looks quite strange.

P 0110° . @)
7-(0,5-107)

And is ultrafine focusing of laser radiation on
eye retina possible in real life?

Statements contained in different versions
of discussing on laser safety of Mr. C.I.Zheltov
include statements on certain data obtained
from doctors who have found some microdam-
ages of eye retina of He-Ne lasers adjuster, and
about certain overdetermined experiment, or
just misprints on wavelength of helium-neon
laser radiation [1,2] or the note that "maximum-
permissible energetic parameters for lasers of
the Ist, 2nd and 3rd classes differ according to
distinctions of discrete elements method and
maximum allowable limit". These statements
have nothing to do with reality [3]. There are
some questions to the author of the theory and
certainly to co-authors who have maniac dili-
gence when deal with arithmetic, and who obvi-
ously have little understanding of laser beams,
and therefore they consider an injury of eye
retina made by laser beams of He-Ne laser and
they are difficult to see with the naked eye. It
should be reminded that this maximum allow-
able limit is a result of approximation (extrapo-
lation) of real results of laser radiation focusing
measurements on an eye retina from the area of
150 microns to the area of estimated diameter of
10 microns ultrafine focusing [1].

Domestic and foreign measurements data of
70th and 80th belong to the range of minimum
possible spot diameters on a retina from 50
microns to 150 micron, and it is a reality in most
cases.

ANSI developers have included a 10-time
hygienic allowance for all errors.

Is it possible at least to approach to ultrafine
focusing in reality? Authors of ultrafine focus-
ing suppose that duties of a person of which
include placing his eye on optical axis that it the
same as a laser beam axis pretend to be a subject,
i.e. it is referred to laser resonator adjuster who
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Onuiem CTaHOAPTHYIO TE€XHO-

JIOTHIO IOCTHPOBKH KOJJIMMAIIHOH- Pe3oHaTop Mnas
HBIM MeTOomoM. Jljis HabmomeHus Laser resonator Eye

[a) PN 3
OTPaskeHHOr0 CBeTa OT OA/IbHEro \ S| 3

3epKajia HY>XHO Pa3bOCTHPO-

BaTh OIM>KHee 3epKasio, YTOORI
OHO He [aBajio O6JIMKOB OT CTEHOK,
obpasyromux obpamieHHe aKTHUB-
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HOM cpefbl (KaIlM/UIsipa B Ta30BOM
nasepe). Jlamee HY>KHO BO3OyAHTH
aKTI/IBHYIO CPE,ELY, HOHY‘-II/ITI) ITIOTOK
CcBeTa U 00s3aTe/IbHO BOCIIONIb30-

Puc. Onmuueckas cxema 06ay4eHust cem4yamiu 2aa3a
Fig. Optical Diagram of Eye Retina Radiation

BaTbCS TEMHBIMH (Tydllle 3aIlHT-

HBIMH) OYKaMHM. Ilocjie BBIIIOTHEHHS IOCTHPOBKH
IJIyXOro 3epKajia C IIOMOIIbI0 AHONTPHUIHON TPYOBI
IIepexo/isT K IOCTHPOBKE BBIXOZHOIO 3epKajia, KOTOpoe
BO3BPAIIAIOT Ha CBOe MECTO U IIpeIBAPUTENIbHO FOCTH-
PYIOT "Ha XOJIONHYIO" 10 KPecTy, COBMelllast OTpaskeHHe
KpecTa OT 3epKaJia C CepeJHUHON BHIMMOIO Yepe3 pas-
PSOHBIN KaHa/l 3epKaJia, IIOACBEYEHHOIo C 06paTHOM
CTOPOHBI pe3oHaTopa. BHHMaHHe (!), ecnu reHepanus
He TOSIBJISITCS, TO Yepe3 IIyXoe 3epKaJIo IIPOM3BOAUTCS
ee TIOMCK KOJUTMMAI[HMOHHBIM CIIOCOOOM B 3aIIHUTHBIX
OYKax. ITO CTAaHAAPTHAs IOCTHPOBKA Ta30BBIX J1a3€POB

uses collimation method (collimator [1]) in his
work.

Let us describe the standard technology of
adjustment made by collimation method. For
observation of reflected light from remote mirror
it is necessary to disadjust a near mirror to avoid
glares from the walls forming a border of the
active medium (capillary in the gas laser). Fur-
ther it is necessary to excite the active medium,
to receive a light flow and surely to use tinted
glasses (better protective goggles). After non-
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BUIMMOIO AHAIla30Ha, YTO U SIBsETCsl, COBCTBEHHO,
IpeMeToM paszopa. TakoH Crocob IOCTHPOBKU ITPH-
MeHSeTCsl KpakiHe Pe/IKO M aKTyasleH B CAMBIX CJIOKHBIX
pe30HaTopax — OZHOMOIOBBLIX M "KPHBBIX , KOIZa Heob-
XOZMIMO BBIBOAMTBH Ha OCh pe3oHaTOpa pabouee Teso
B OIITUMYM YCHJIeHHUS. [71a3 Hy>KeH TOJIBKO JIJISl CIesKe-
HHS 33 UHAUKATOPOM MOIIHOCTH, TaK KaK IeHepallHio
II0JTy4aloT OOBIYHBIM CKAaHHPOBAHHEM BBIXOLHOIO 3€p-
Kajia B pacKad4Ky I10 IByM OCSIM, 10 MaKCHMyMa. YTo ke
B CYXOM OCTaTke - MH$ O MHKPOIOBPeKIeHHUU CeT-
YaTKU I71a3a IOCTHPOBIIMKAMU ra30BbIX JIa3€pPoB, Hapy-
IIMBIIMMU TEXHOJIOTUIO IOCTHUPOBKU. M 9TO He equH-
CTBEHHBIN MH.

Bo3bMeM K/IacCHYeCKHH IIHPOKO PACIPOCTPaHEH-
HBIM I0/yKOHQOKA/IbHBIN pPe30HaTop ja3epa, H3/yde-
HHe KOTOpOro, KaK H3BeCTHO, sl yoobcTBa B 6071b-
IIMHCTBE C/y4YaeB BBIXOAMT uepe3 IIIOCKOe 3epKaJlo.
IIpu IOCTHPOBKE TAKOIO Pe30HATOpa Ja3epHOoe H3Jlyue-
HHe MOKeT II0IIacTh Ha He3alIUIIeHHbIH 3alIUTHbIMHU
OYKaMHM I71a3 IOCTHPOBIIMKA, KOTOPBIM HaXOAMUTCS
MaKCHMaJIbHO OJIM3KO K BBIXOZHOMY IUIOCKOMY 3ep-
Kasny (20-30 mm). IlepeTs>KKa JIa3epHOrO IydKa IIOTY-
KOH(OKA/IBHOI'O Pe30HaTopa HaXOAUTCS Ha IIOBEpPXHO-
CTH IIJIOCKOrO 3epKaja. ONTHYecKast cCxeMa o0yueHus
CeTYATKH IJIa3a IIpefiCTaB/ieHa Ha PUyHKe. [IoCTpOUM
K/IacCHYecKye ypaBHEHHUS /ISl MePeTsDKKHU, YIIOBOK
PacXomMMOCTH, PaJHyca KPUBU3HBI BOTHOBOIO GPOHTA
rayCccoBbIX J1yueH (5 7):

o = 0) + (Z / 1((1)01)2, ©)

R=z+(kw§1)2/z, ©6)
1 1 1

ITRE @)

IIpumeM z=F,; , Toraa roay4uM:

k*wg, +F2
DZ - 01 T , T=

2 2
k*wj,

])2 2

k’wg, +F
- 2, K2 e
" +k°D

1 2 _
Ko? F, 1 o=
Wop

B pesynbraTte umeem 0, = w2, [TpuxonuM K 00Iens-
BECTHOMY pe3yJ/IbTaTy — He MOJKeT JIa3epHoe H3/TydeHHe
II0JIYyKOH)OKAIBHOIO pe30HaTopa CPOKYCHPOBATHCS
Ha CeTYaTKY IVIa3a IOCTHPOBIIMKA, TaK KaK IIepeTsskKKa
rayccoBa Jiy4a IIOIIaJaeT B IVIOCKOCTb, PACIIONOKEHHYIO
BOMM3KM (HOKAIBHOM IUIOCKOCTH IIa3a. AKKOMOJALIMS
JTUINBb MeHsIeT He3HAUMTe/TbHO JHaMeTp IISTHA B GoKyce,
HO ITPH 5TOM YBOIUT IIePETSIKKY C CeTUATKH.

Jlpyrye IONBITKM HAHHU3aTh I71a3 Ha BUAHMBIH
JIa3epHBIM J1y4 MOSKHO IIPUPABHSATD K YIEHOBPEUTE/Ib
CTBY, U B PeaJIbHOM KHM3HHU OHM HACTOJIBKO MaJIOBEpO-
STHBI, YTO IIOYTH HEBO3MOXHBI. BeposiTHOCTH 0OHapy-
SKEeHU I, KOTOPOe MOSKET IIPUBECTU K HEMTPUSITHBIM 151
3[0POBBSI IIOCTIEACTBUSIM, HeKUM homo sapiens ("mocTo-

48 ®OTOHMKA N21/61/2017

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
APOMBDILWUNEHHAS MNOJIMTUKA I—
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

transmitting mirror adjustment by means of
diopter tube, an adjustment is made for output
mirror returned on the place and beforehand an
adjustment according to a cross position in a cold
state is performed, combining cross reflection
from the mirror with the middle of the mirror
visible through mirror’s discharge channel that
is illuminated from resonator reverse side. Atten-
tion (), if no generation appears, its search is per-
formed by a collimation method through a non-
transmitting mirror in goggles. It is a standard
adjustment of visible gas lasers, as is, actually,
matter of disputes. Such method of adjustment
is applied extremely seldom and is urgent in the
most difficult resonators, i.e. in the single-mode
and curved ones when it is necessary to bring a
working body to resonator axis at amplification
optimum. An eye is necessary only for tracking
the power indicator as generation is received by
means of a common scanning of an output mir-
ror by oscillation on two axes, to maximum value.
And there is a myth about eye retina microdam-
age by gas lasers adjusters violating the adjust-
ment technology in dry residual. And this myth
is not a single one.

Let us consider the common widespread semi-
confocal laser resonator where in most cases the
radiation escapes from a plane mirror, as we
know, for convenience. In case of such resonator
adjustment the laser radiation can get to adjust-
er’s eye unprotected by goggles which is placed
most closely to an output plane mirror (20-30 mm).
The laser beam constriction of the semiconfocal
resonator is on plane mirror surface. The opti-
cal layout of retina radiation is provided in fig.
1. Applying the classical equations to Gauss rays
(5,6,7):

o’ =l +(Z/kw01)z, (5)

R= z+(kwfn)2/z, (6)
1 1

IR E- 7)

I
Accepting z=F,, we obtain

2 4 2
~ k’wg, +E2

D - _ k2wg, +F2

DZ
nE and of, = 2

-1
r’ +k’D*

T Kog

As a result o, =0}, is obtained. A well-known
result is obtained, i.e. the laser radiation of the
semiconfocal resonator cannot be focused on a
retina of adjuster’s nearby eye as the constriction
of Gauss beam is near the eye focal plane. Accom-

2 2
ko),
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POHHUM B") HCTOYHHKA C PacXOmHUMOCTBIO 1 Mpar,
AHTEeHHOH (I71a30M) C IIPHeMHOM AUArPAMMOM HaIlpas-
JIeHHOCTBIO 10 yIJI.Ipajl. Ha PacCTOSHUH METPOB Ja’ke
B HEeBHJVMOM BapHaHTe (TeM 6osee IOMACTb IIOA JIy4
B BUJUMOM) HUUTOKHA, [IOPS/AKA OHOM MUJUITHOHHOM
IIPHU OAHOKPATHOM OTKPBITHHM I71a3a Ha 0,25 c. Bonee
peanbHO QOKYyCHpOBaHKE Ha CeTUaTKy Iasa u3obpa-
SKEHMS PacCesHHOTO OT IMpeAMeTOB JIa3epHOIo Jy4a,
HO B 3TOM C/Iy4ae 3HepreTHKa Ja3epHOro H3Iy4eHUs,
IoMafaIiasl B I7a3, Ha HECKOIbKO IIOPSIAKOB HIKE
3HepreTUKH IIPSIMOIO JIa3epHOro ay4a. M TyT ecThb cBo4
OTHIOAb He IIpocTas ClelUQUKa, CBSI3aHHAsl C Kore-
PEHTHOCTBIO K3/1yueHHUs (CIIeKJIbI).

ITocTpoeHHe MONafaHHUs B I71a3 4e/loBeKa Jasep-
HOT'O U3/Iy4YeHH s, II0JIO’KEHHOE B OCHOBY OIpefie/IeHUS
IIAY-MI3, u BCe, YTO IIOJ 3THM IIOAPa3yMeBajoCh, -
OYeHb YIIpOLIeHHAs abCTPaKLMs, U He HMeeT OTHOIIe-
HUSL K 3peHHIO (CMOTPH COOTBETCTBYIOLIYIO IUTEPATypy
10 3PeHHUI0). Bce 3TH YIpOILEHUS O HeIlOABHKHOCTH
IJIa3HOro SIONIOKA AOCTAaTOYHO CAMOCTOSITENIBHO YsKe-
CTOYM/IN HOPMBI, KOTOpble XODOLIM pa3Be ISl OKYyJIH-
CTOB-TIPAKTHKOB U aTPOIIMPOBAHHOIO IMAIMeHTa B Olle-
PalLlMOHHOM CTaHKe. HeobpaTHMble IOBpeXIEHHUS
I7a3a y 4ejoBeKa ja3epoM (MO/HAsl IOTepsl 3peHHs
ONHUM I7Ia30M) — 3K30THKa, 3a 40 jieT HabmomeHUs
B MHpe KMeJIoCh IIATh CIy4YaeB — BeIMUMHA IIpHeMIie-
MOr0 pHCKa IIpeHebpexkuMO Masa (IecSTHMH/IIHOH-
Ha). Y IaXTepoB CMEPTHOCTD —~ O/IHA [leCSITUTBICSYHASI.
HanomuuM 4to II[Y 3TO ypOBeHb SHEPreTHYeCKOro
BO3/IEHCTBHS, KOTOPOE BbI3bIBAET IIOBPeXKIeHHe HaTHB-
HBIX TKaHeH ¢ BeposiTHOCThi0 0,1%. HempHUSATHOCTHU
CJIy4aloTCsl He TOJBKO C TeMH, KTO He YHTaJl IIPaBHII,
HO U C TeMHM, KTO He CMOT H/IH He ycIleJl IIPoYHTaTh
70 KOHIIA BCe 6e3pafiocTHBIE TOMa IeYaJIbHBIX KOHCTA-
TAL[U¥ IPOILJIOLO OIIBITA.,

Hrtak, 6oppba C mpH3pakaMH BO HMS 3[0POBbS
WM 4Yero ellle, KaK BCeIAa, MOPOKIaeT apudMeTHUe-
CKUX 4ynoBuIl (He OymeM BCIIOMHHATh PO XPOHU-
yeckoe obnyueHHe — TOXXe OTedeCTBeHHOe 3aboseBa-
HuUe). Be3obuiHble Ha MepBBIN B3I/ TpebOBaHUS
NPUBOAAT K OTHIONb He 0e300HMOHBIM CIeICTBUSIM,
Ioryiomass MacCy 3HEprud, I[e-TO IO0-HAaCTOSIeMYy
HeobXOIMMON [I/I5 IIPeIOTBPALeHH I IeICTBUTETIBHBIX
HeITPUSTHOCTEH.

Bo-iepBBIX, OCTAIOTCS BOIIPOCH II0 HEBHINMOMY,
HO CTOJIb OYeBHIHO OIACHOMY AJISI I71a3 H3/y4YeHHIO,
IIPOTUB KOTOPOIO y Uel0BeKa HeT peLlelTopoB. MHTyH-
THBHO He IIOHSTHO II04eMy JJI BUAKMMOIO JHala30Ha
(stpkui cBeT) 6epyT guadpparmy 7 Mm. CKopee BCEro 3TO
elne ofuH 10-KpaTHBIH 3amac B ITY.

Bo-BTOpBIX, cCaMa KIacCUPUKAIIH I OTTACHOCTH BeCbMa
ycsioBHa. Hampumep, cortacHo MK, j1a3ep MOIITHOCTBIO
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modation only changes slightly a spot diameter in
focus, but at the same time it takes away a con-
striction from a retina.

Other attempts to place the eye on a visible
laser beam can be equated to mutilation, and they
are so improbable that they are almost impossible
in real life. The probability to find 1 Mrad source
divergence with 10 deg antenna (eye) angle recep-
tion diagram with consequences at distance of
meters even in invisible form by some homo sapi-
ens "foreigner B" (especially to get into a beam in
visible form) is insignificant, and it is about one
part in a million in case of single eye opening for
0.25 sec. Focusing of the image of the laser beam
scattered from objects on eye retina is more real,
but in this case the energy of a laser radiation
getting into eye is several times lower than the
energy of a direct laser beam. And there is not
simple particularity related to radiation coher-
ence (speckles).

The creation of laser radiation hitting into a
human eye as an integral part of determination
of discrete elements method and maximum allow-
able limit, and everything that was implied is a
very simplified abstraction related to ophthalmol-
ogy (see the appropriate literature on ophthalmol-
ogy). All these simplifications on eyebulb immov-
ability have independently toughened norms
which are convenient for ophthalmologist expert
and for a patient for whom Atropinum was applied
in the operational machine. The permanent dam-
age of human eye made by laser (total loss of sight
of a single eye) is rare phenomenon. Five cases in
the world have occurred for 40 years of observa-
tion. The value of the acceptable risk is extremely
low (one part in ten million). Death rate of miners
is one part in ten thousand. Let us remind that
maximum allowable limit is the level of energy
deposition which causes damage of native tissues
with probability of 0.1%. Troubles happen not only
to those who have not read rules, but also to those
who could not or have not managed to read all vol-
umes concerning troubles of last experience up to
the end.

So, the fight against ghosts for health or for
something else creates as always, arithmetical
monsters (let us do not remind a chronic radiation
that is domestic disease too). Requirements that
are harmless at first sight lead to serious con-
sequences, and absorb the mass of energy, that
is necessary somewhere for preventing serious
troubles.
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501 MBT OTHOCHTCS K 4-My KJIaCCy OIIAaCHOCTH, a 499 MBT -
K 3-My KJIacCy OMACHOCTH (M1l CpaBHeHHUS: 4-M KJacc
orracHocTH, comiacHo CauITuH 5804-91 - 50 Br [3]). Benp
peub UAET TOIBKO O MOTEHLIMA/IBHOM YIpo3e, U OTHIOAb
He MUJIO BBIIISIIUT NIPHUHA/IIESKHOCTD K OLHOMY KJIaccy
OIacHOCTH 20 KBT HEBUIMMOTIO JIy4a TeXHOIOTHUEeCKOTo
HerpepbiBHOro CO,71a3epa M IOMYyBaTTHOTO BHHMOIO
nasepal? I[IoHsTHe K/Iacca OIMACHOCTH yKa3blBaeT TOIbKO
Ha HeobXOmMMOCTh Iy6ke aHAJIU3HPOBATH JIA3€PHO-
OIACHYIO 30HY, a He JleJIaTh 13 9TOro KaKHe-TO KaTacTpo-
dryeckye BBIBOEL.

ITo MHeHHIO Xe coaBTopoB [3] CanIIuH 5804-91, Bce
IIpeZie/IbHO SICHO U IOHSTHO: 'K KoHIy 80-x B CCCP 6111
II0JTy4YeHbl IlepeJloBble M0 TeM BpeMeHaM pe3y/bTaTkHl,
KOTOpBIe 0OOBeKTUBHO, & BOBCE He K3-3a YbHUXJIN60 aMbu-
LMH KM [0 KAKOMY-TO yKa3aHHUIO CBBIIIe, OKAa3aJIKCh
JKeCcTue 3aIlaffHbIX HOPMAaTHBOB. YTBEpXKAATb HEYTO
obpaTHOe - 03HauaeT 06BHUHSATH B HeIOOPOCOBECTHOCTH
yUeHbIX Me[HKO-OHO0IOru4eckoro Mpodust i HHKeHe-
POB-TIPaKTHKOB, IOTPATHBIIMX 3HAUUTe/IbHbIE OTPe3KH
CBOeM >KM3HM U JOCTaTOYHO KPYIIHBIE CYMMBI TOCYAap-
CTBEHHBIX JIeHeT Ha co3/laHue ocHoB JIB B Poccun’”.

U3 mpenpsiB/ieHHBIX Ha 0bo3peHue KentoBsiM I.H.
IDAHHBIX He Hab/MoaeTcs HUKAKUX IIepe/IoBbIX Pe3y/b-
TaToB (1], a BOT >KeJlaHHe OKa3aThCsl 'BIepefy EBPOIIBI
BCeH' C OCTPOM GOKYCHPOBKOM M HeOIarompHsITHOM
AKKOMOZIAITHEH C COOTBETCTBYIOIIEH el "apuPpMeTHKOM "
HaJIHIIO.
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First of all, there are questions concerning
invisible, but so obviously dangerous radiation for
eyes, against which the person has no receptors.
Intuitively it is not clear why 7 mm diaphragm
is used for the visible range (bright light). Most
likely it is one more 10-time allowance in maxi-
mum allowable limit.

Secondly, the hazard classification is itself very
conditional. For example, according to an Interna-
tional Electrotechnical Commission 501 mW laser
belongs to the 4th class of hazard, and 499 mw
one belongs to the 3rd class (for comparing, the
4th class of hazard, is 50 W according to SanPiN
5804-91 [3]). It is only about potential threat, and
20 kW invisible beam of the technological continu-
ous CO, laser and 0.5 Watt visible laser that belong
to one hazard class are quite bad facts. The concept
of a hazard class indicates only a need to analyze
a laser and dangerous zone more deeply, but not to
make any disastrous conclusions.

According to co-authors [3] of SanPiN 5804-91,
everything is extremely clear: "By the end of the
80th in the USSR advancing results were obtained
and at that times the results were more exacting
than the western standards without prejudice and
not because of someone’s ambitions or according
to any administrative instruction. To claim some-
thing opposite means accusing medico-biological
scientists and expert engineers who spent the con-
siderable parts of lives and rather large amounts of
state money for creation of bases of laser safety in
Russia".

From the data shown on a review by C.I.Zheltov,
no advanced results [1] are occurred and a wish to
be "ahead of the curve" with ultrafine focusing
and unfavorable accommodation with correspond-
ing "arithmetic" are available.

PHOTONICS N21/61/2017 57



