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HOPMATMBbI NO IA3EPHOM
BE3OMNACHOCTM:

UCTOKHW, YPOBEHD,
NMEPCMNEKTUBDI

I.U.Keamos, 0.¢.-M.H.,
Hucmumym ¢usuku um. 5. . Cmenaxosa
HAH Beaapycu, MuHck

BeepeHune B 2009 roay Ha Tepputopuun CHI konuu
eBponenckoro ctaHpapra IEC 60825-1-2007 Safety
of laser products napanienbHO C AeNCTBYOLWUMU
CaHUTapHbIMU HOPMAaMU U NpaBUIaMun

nos0XWA0 Havyano Hepasbepuxe B HOPMaTUBHOM
3aKkoHopaTenbCcTBE. Y3aKOHEHHblIe HOPMaTUBbI
cofepxXaTt KOMMJIeKC B3aMMHO UCK/IIOYaloLWnX
Tpe6oBaHUN. AKTYya/lbHOCTb BOMpOCAa B TOM, 4TO
nopo6Has HenenocTb o6ULerocyaapCcTBEHHOrO
YPOBHS BoOb6Le cTasia BO3SMOXHOM U3-3a
UrHopupoBaHus npob6nem 6e3onacHoCcTn

nopen, sKCNJyaTUpyYHOLWUX 1a3epHYI0 TeEXHUKY

C HacTynseHneM nepuopa "nepecTtpomkun”,

TO eCTb elle paHblLle BBeAeHUS cTaHAapTa ner

Ha naTHaauaTb. B Poccuun oTCcyTCTBYEeT HayyHoe
COMpOBOXAeHUe 3ToM Npobaembl, He cylLecTByeT
OTBEeTCTBEHHOI 3a ee pelleHUue gencTeyowen
ro/sioBHOM opraHuMsauuu. Ecnm octaBuTb BCe Kak
ecTb, cMTyauus 6yaet AMHAMUYHO YXYALIATbLCS.

BBEAEHWE

3amuUTa OT OTKPBITOIO J1a3epPHOLO0 M3IyUYeHHUs
SBJIsSIeTCS 4YacTblo 6onbmION IMpobaeMbl, KOPHHU
KOTOPOM yXOAST IN1y6OKO B KOMMepUYeCKHI Xapak-
Tep MHAYCTPHAJBHOIO HMCIIOJb30BaHUS JIa3ePHBIX
TeXHOJIOTHH. KX BHeJlpeHHe IIPUBEJIO K BO3SHUKHO-
BeHUIO HOBBIX HCTOUYHHKOB YIPO3 3/I0POBBIO UesIo-
BeKa, HEIIPUBBIYHBIX [JIS1 KJIACCUYECKHX MeTO[0B
obecrieuenus 6e3omacHocTu [1-7]. B mpegmnarae-
MoK cTaTbe obcy>kpaeTcsl psifi BOIIPOCOB, CBSI3aH-
HBIX C YCA0BUAMH 6e30macHOM 3KCIIyaTalluu
Ja3epHOM amlmapaTypel U GopMHUPOBAHHEM COOT-
BeTCTBYIONIEN HOPMAaTHUBHOM 6a3bl.

Ha TeppuTtopuu POCCHM K COIO3HBIX TOCYLapCTB
NeHCTByeT HeCKOJIbKO IPOTHBOPeYMBEIX HOpPMa-
THUBHBIX JOKYMeHTOB [1]. IIpru4yeM 3alaHHUPOBaH-
Hoe Ha 2017 rom wusmaHue o6HOBIeHHBIX CaHU-
TapHBIX HOpPM U mpaBuia - CaHIIuH 2.2.4.3359-16
[2] HUKOouM 06pa3oM CHTyaIMI0 He HOpMaJH3yeT.
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STANDARDS FOR LASER SAFETY:
SOURCES, LEVEL, PERSPECTIVES

G.L Zheltov, Dr. Sci. in Physics and Mathematics,
B.I.Stepanov Institute of Physics, NAS of Belarus,
Minsk

Adoption in the territory of the CIS in 2209 in the
territory of the CIS of a copy of European standard

IEC 60825-1-2007 Safety of laser products in parallel
with the existing Sanitary Standards (Public Health
Regulations) has laid the foundation to confusion

in the normative legislation. The both of legalized
standards contain the whole complex of mutually
excluding requirements. Relevance of the issue is
that this absurd of nation-wide level has become
possible because of ignoring the problems of safety

of the people operating laser technology after period
of "perestroika"” that is, for about fifteen years even
earlier. In Russia there is no scientific maintenance

of this problem, there is no operating parent
organization responsible for the solution the problem.
The situation will dynamically worsen unless resolved.

INTRODUCTION

Protection against open laser radiation is a part of
a major problem which roots deeply to commercial
nature of industrial use of laser technologies. Their
implementation has led to emergence of new sources
of threats to health of the person, unusual for
classical methods of safety [1-7]. This article discusses
a number of problems connected with conditions
of safe operation of laser equipment and forming
corresponding regulatory base.

There are some inconsistent normative
documents in the territory of Russia and Union
States [1]. On top of everything, the edition of the
updated Sanitary Standards and the Rules SanPiN
2.2.4.3359-16 (2] planned for 2017 does not normalize
situation whatsoever. The source of contradictions
is introduction of 2009 of the Russian language
version of the European standard of the International
Electrotechnical Commission IEC 60825-1-2007 Safety
of laser products - Part 1: Equipment classification.
Requirements and user guide. It was positioned as
GOST R IEC 60825-1-2009. The latest version of this
standard with small improvement of translation
quality is GOST IEC 60825-1-2013 (hereinafter referred
to as GOST IEC). GOST IEC in many parameters is
inadequate to "Sanitary standards and rules of the
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HCTOYHUK IPOTUBOPEeYHUN - BBOJ B [eHCTBHUe
B 2009 rony pycCKOSI3bIUHON BEepPCHHU eBpOIlel-
CKOTO CTaHZapTa MeXAYHapOgHOH 3/1eKTpPOTex-
HU4YeCcKon KoMuccuu IEC 60825-1-2007 Safety of
laser products - Part 1: Equipment classification.
Requirements and user guide. OH MO3UIIMOHUPO-
Baics Kak 'OCT P M3K 60825-1-2009. IlocienHss
BepCHsl 3TOr0 CTaHAapTa C HeGOABLIIMM Yylydulle-
HHeM KadecTBa mepesonga - OCT IEC 60825-1-2013
(manee - TOCT IEC). TOCT IEC mo MHOTHUM Ilapa-
MeTpaM HeaJeKBaTeH ILEI;ICTBYIOH_LI/IM B CHT
B mepuoj 1991-2016 romoB "CaHHUTAapHBIM HOpMaM
Y IIPaBH/IaM YCTPOMCTBA U 3KCILJIyaTalluH JIa3epoB
Ne5804-91" (manmee CaullmH-91). Benuuuusl IIOY
obnydyeHHs ria3, ompejensieMble yKa3aHHBIMHU
OOKYMeHTaMH, B OTHEJbHBIX CydasiXx pasiHhdva-
IOTCSI HA HeCKO/IbKO IOPsiAKOB (!). BosHUKaeT Macca
BOIIPOCOB 0 IIpaBoBOoM cTaTyce CanlluH u neneco-
obpasHocTu ucnonszoBanus I'OCTa IEC B nmpeno-
>KeHHOM BH[Ie.

CoBepILIEHHO OYeBHUHO, YTO BBeJEeHHIO HOBOTO
CTaHAApTa, CBSI3aHHOTO C OXPAaHOH 3/0POBbS
M0meN, OO/KeH OBl IHpefumIeCTBOBATH HeTallb-
HBIM aHA/IK3 Pa3IUYUN YIOMSHYTBIX JOKYMEHTOB
Y IIPHUYUH, 00YCTIOBUBIIMX 3TH pa3au4us. TaKoi
aHa/lIK3 C INpHUBJIeYeHHeM CIeLHaTHUCTOB COOTBET-
CTBYIOIleTO NPOPUIIS [0 MOMM JaHHBIM He IIPO-
Boguicsi. TakuM obpasom, BOIPOC O TOM, UeM
MBI IJIATUM 33 YHUQUKALMIO HAIMX HOPMaTHBOB
C 3aIlafHOEBPOIENCKUMHU aHAJOTAMHU, IIPOUTHO-
pupoBaH. IIpobieMa COIOCTaBIeHUSI U IOCIedy-
IOIIMI IIPOrHO3 MOTeHIJMaJbHBIX II0C/IeACTBUI
Hepa3beprxH, BHOCUMOMN COBMeCTHBIM BBefleHHeM
yKa3aHHBIX JJOKYMeHTOB, — JOCTaTOYHO 06beMHad
3ajada. B paMKkax >KYpHa/AbHON CTAaTbH MOSKHO
IIOMIBITATLCS BBIAENIHUTb YacTh HaHbollee OCTPBIX
MOMEHTOB U IyHKTHUPHO HaMeTHUTb BO3MO’KHEBIe
IIyTH YIy4YIIeHHUs CUTyallH.

[IpuBefleHHBIN B CTaTbe CIIMCOK JIUTePaTyphl
o obcy>kJaeMon npobnieMaTHKe JaneKo He II0JI0H.
O6mupHBIE 00beM HHOOPMALIMKU O JOCTYIIHBIX
nybIuKaUsIX MOXHO HAaNTH, HallpUMep, B 00b-
eMHOM MoHorpaduu [3]. B Heil moapobHo mpen-
CTaBJIeHBI HU/EO0JIOTUS U HayuHas 6a3a KaK IepBBIX
aMepHKaHCKHUX, Tak H 6ojee MO3OHUX 3amaJHO-
eBPOIeNCKUX HOPMATHUBHBIX JOKYMeHTOB, OIIpe-
mensiiomux 6e3omacHble ycloBUSL IpH pabote
c 1azepaMu. JI0OCTaTOYHO OOIIHMPHBIH CITUCOK JTUTE-
paTypsl IpHIOKeH K Aokaany [4]. M3 mocaegHUX
MOHOTpadui, MO-BUAKMMOMY, MOXKHO PeKOMEHJO0-
BaTh KHHUTY [5], BKIOYAIOMYI0 pa3fie, MOCBSIIeH-
HBIHM 6€30MaCHOCTH IPH 3KCIIyaTalluH JIa3epHOM
amnmnaparypsl. MCTOpPHUS M IPUHIUIIBL IIOCTPOEHHUS

i g

device and operation of lasers No. 5804-91" existing
in the CIS during 1991-2016 (hereinafter referred
to as SanPiN-91). The MPE (Maximal Permissible
Exposure) values of radiation for eyes determined by
the specified documents in some cases differ by some
orders (!). There is a mass of questions of legal status
of SanPiN and expediency of use of GOST IEC in the
suggested form.

Itis obvious that the detailed analysis of differences
of the mentioned documents and the reasons which
have caused these differences had to be preceded
by the introduction of the new standard connected
with health care. Such analysis with involvement
of specialists of the corresponding profile was not
carried out according to my data. Thus, the question
of how we pay for unification of our standards with
the Western European analogs has been ignored. The
problem of comparison and the subsequent forecast
of potential effects of the confusion brought by joint
introduction of the specified documents is a rather
volume task. Within the article it is possible to try
to allocate a part of the most critical moments and
roughly plan possible ways of improvement of this
situation.

The references provided herein on the discussed
perspective are not full. The extensive information
content about available publications can be found, for
example, in the bulky monograph [3]. It represents
the ideology and scientific base both the first
American, and later Western European normative
documents defining safe conditions during the work
with lasers in detail. Rather extensive bibliography
is provided in the published report [4]. From the last
monographs, apparently, it is possible to recommend
the book [5] including the section devoted to safety
when operating laser equipment. The history and the
principles of creation of SanPiN-91 are briefly stated
in article [6]. The current adjustments of the European
and American standards are, as a rule, discussed in
the Health Physics magazine and on the web-site of
ICNIRP (International Commission on Non-lonizing
Radiation Protection) http://www.icnirp.org/.

This article draws attention to disagreements in
assessment of maximum permissible values of the
power radiation characteristic between SanPiN-91
and of IEC standards, as well as (as far as possible)
the sources of these disagreements. "Pathogenesis’
of disagreements is closely connected with history
of creation of the discussed documents. Therefore
duplication of some materials from article [6] was
inevitable. We will focus on the analysis of problems
of safety at single direct irradiation of eyes with
collimated flows of monochromatic radiation and we
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CaulluH-91 kpaTKo H3/10KeHBl B cTaTbe [6]. Teky-
IiHMe KOPPeKTHPOBKH eBPOMNEHMCKHUX M aMepHKaH-
CKHUX HOPMAaTHBOB, KaK IIpaBHJIO, 0OCY>KAAIOTCS
B xypHane Health Physics u Ha camte ICNIRP
(International Commission on Non-lonizing
Radiation Protection) http://www.icnirp.org/.

B mpenyaraeMoH CTaTbe OCHOBHOe BHHMaHUe
OyneT ymeneHO Pa3HOITIACUSM B OLleHKe IIpefle/IbHO
JOIYCTUMBIX 3HAaYeHHMH 3JHepreTH4YeCcKHUX Xapak-
TEePUCTHUK H3NyYeHHs Mexnay CanlluH-91 u HOp-
maTtuBaMmu IEC, a TaksKe (I10 Mepe BO3MOXKHOCTH)
HMCTOYHHKAM 3THUX pa3HoOITacuu. '[laToreHes" pas-
HOIVIACHI TeCHO CBsI3aH C HCTOPHel CO30aHHUs
obcy>kgaeMbIX AOKYMeHTOB. [lo3Tomy Ay6nupoBa-
HMe HeKOTOPBIX MaTepHaJIoB U3 CTaThH [6] okasa-
n0Ch Hen36e>KHBIM. MBI OTPAaHUYHMCS aHATHU30M
npobnem 6e30mMacHOCTH MPU OLHOKPATHOM, IIpS-
MOM 06/Iy4eHHH TI7a3 KOJUIMMHPOBAHHBIMHU II0TO-
KaMH MOHOXPOMAaTH4eCKOro H3JIydeHHUSs U bymeMm
HCII0JIb30BaTh CJIefyIOIlHMe TePMHHBI H COKpallle-
Hus: NAY (DpegenbHO AONMYCTHUMBIKM ypOBEHB) -
3HaYeHHe SHepPreTHYeCKOH XapaKTePUCTUKH HU3IY-
YeHUsI, BO3/leHICTBUe KOTOPOTo, B JaHHOM Clydae,
Ha I/la3a 4ejioBeKa CO3[aeT OMAaCHOCTb IIOTEeHIIU-
aJIBHOTO Heob6paTHUMOro IOBPeKAeHUsI HaTHUBHOMU
CTPYKTYPBl TKaHeM (M HHBIX HU3MeHeHHH B opra-
HH3Me 4YeJloBeKa) C BEPOSTHOCTBIO, He IIpeBbIIIA-
omen 0,1%. Jas obo3HayeHU S COOTBETCTBYIOLIHX
XapaKTePUCTHUK HCIONB3YIOTCS 0003HAUeHHUS
C mHAeKkcoM "may": Eny (Br/M?) - 06/1y4eHHOCTb,
HmY (I>R/M?) - SHepreTHUYecKas SKCIIO3UIUS, QHHy
(IK) - sHeprus usniydyeHus. MAD (MaKCHMalIbHO
OOMyCTUMas 3KCIO3UIIMS) - TePMHH, HCIOIb3Y-
eMBIHl B PYCCKOSI3BIYHOM BepCHH CTaHAapTa IEC,
O03HAYAIMIMH II0 CMBICAY TO ke, uTo IIJIY. Haiee,
4TOObI 06/IeTUHUTL CPaBHEHHe BeJIMUHH, peKOMeH-
JyeMBIX pacCMaTpHBaeMBIMH AOKyMeHTaMH, MBI
6Y,ZLEM HMMeHOBATh KakK M]/IJ 3HaUeHUSsI, OTHOCSIIIH-
ecqa K ctaunapTy 1EC (Ey,,, Hysy Qupo) U, COOTBET-
cTBeHHo, 11V, orHocgamuecs Kk CanlluH-91 (E
H

nny’
oy’ any)~
nOpOFOBbIe 3Ha4YeHNUsda >3HepretTunvYeckKux XxXapak-

TEPUCTUK N1a3epHOro U3NyYeHUs — 3HAUEeHUS SHep-
reTUYeCKUX XapaKTepPUCTUK IIOTOKA M3/IyueHHS,
BO3JelICTBHE KOTOPOTO Ha TKaHHU I/a3 BbI3bIBaeT
MHHHMaJlbHble (HHUXXe YTOYHHUM), 0PTaTbMOCKO-
nudyecku HabiniomaeMsle, HeobpaTHMble H3Me-
HeHUs TKaHeH C BepoSTHOCTBIO 50%. HcxonHble
XapaKTepPUCTUKHU CBETOBOIO IIOTOKA H3MePSIOTCS
B IIJIOCKOCTH POTOBHIIBI I'1a3a. PUKcALKS IIOBPeX-
NeHUH CeTYaTKHU HJIM POTOBHIIBI OCYIeCTBISeTCs
Yepes onpejeleHHbI N HUHTepBal BpeMeHH (00BIYHO
4yepe3 1 yac). DTH BeJIUYHHB 0003HAYAIOTCS KakK
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will use the following terms and abbreviations: PLI
(permissible level of irradiation) is a value of the
power radiation characteristic which impacts (in this
case) the eyes of the person creating risk of potential
irreversible damage of native structure of tissues
(and other changes in human organism) with the
probability not exceeding 0.1%. For designation of the
corresponding characteristics, MPL index is used: Ep;
(W/m?) - irradiance, Hp; (J/m?) - power exposure, Qp;
(J) - radiation energy. MPE (maximum permissible
exposure) is the term used in the IEC standard, having
the same meaning as PLI. Hereinafter, in order to
facilitate comparison of the values recommended by
the considered documents we will denominate MPE as
the values relating to the IEC standard (to Epg, Hype,
Qupp) and, respectively, PLI shall relate to SanPiN-91
(Epri, Hprp Q-

Threshold values of power characteristics
of laser radiation shall mean the values of power
characteristics of radiation flow which impact on
tissues of eyes causing minimum (as will be specified
below) ophthalmoscopically detected irreversible
changes of tissues with probability of 50%. Initial
characteristics of luminous flux are measured in
the eye cornea plane. Injuries of retina or cornea
are determined through certain interval of time
(normally in 1 hour). These values are designated
as EDg, (irradiance), HDs, (power exposure), QDs,
(radiation energy).

General sequence of creation of the discussed
normative documents shall be reminded. The first
step, obviously, is the pilot study of dependency of
threshold power characteristics of laser radiation
on conditions of influence and properties of
the irradiated object. In relation to single laser
exposure of eyes it is the dependence of EDg, (HDs)
on exposure duration t in the range of, about,
1013<t<10* s, wavelengths A (180<A<10° nm) and
typical dimension of the irradiated area (diameter
of laser spot) d (about 10°<d<102 m). At the first
stage the eyes of laboratory animals are used as
objects of radiation in vivo. In our case it is rabbits of
pigmental breeds (usually chinchilla gray) and then
monkeys in testing experiment (most often rhesus
monkey).

Detailed pilot studies in all specified intervals of
parameters are tremendously bulky concerning their
volume. Therefore the technique consists of search
of some basic dependency, for example, EDs, (1) at
fixed A, d in interval of t, available to the existing
laser technology. Then based on the theoretical
models and the fragmentary researches, EDs, (A, d)
at the fixed t creates overall picture of EDg, (T, A,
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ED, (obnyuennocts), HDs, (3Hepretruueckas 3Kc-
nosunus), QDs, (SHeprus usnydeHus).

HamoMHHM B oOmUX YepTax II0CTIef0BATeNlb
HOCTh CO3JaHHS O0OCyXZaeMbIX HOPMAaTHBHBIX
OOKYMEHTOB. [IepBBIM IIATOM, OUeBUIHO, SIBISETCS
3KCIIepUMEeHTAaJIbHOe HCCIeloBaHHEe 3aBHCHMO-
CTeH IOPOTOBBIX 3HEPreTHUYeCKHUX XapaKTePUCTHK
Ja3epHOr0 H3Jy4eHHUSI OT YCIOBUM BO3[EHCTBUSA
M CBOMCTB 061yuaeMoro obpekTa. [IpEMeHUTENBHO
K OIHOKPAaTHOMY JIa3epHOMY 06Jy4eHHIO I71a3 3TO
3aBUcuMOCTU EDgy (HDgy) OT AIUTENBHOCTH 3KC-
MO3ULKMU T B MHTepBaje IpHUMepHo 1013<t<104
C, AIuHB BOMHBI A (180<A<10° HM) M XapaKTepu-
CTHYeCcKoro pasmepa obnydaemon obnactu (mua-
MeTpa nasepHoro nartHa) - d (mpubnu3UTENBHO
10°<d <102 M). Ha mepBoMm 3Tame B KayecTBe 00%b-
eKTOB 06/1ydyeHHS in vivo HCIONB3YyIOT r1asa nabo-
PaTOPHEIX KUBOTHBIX. B HallleM caydae 3TO Kpo-
JTUKH IMUTMEHTHBIX I0poJ (00BIYHO - MIMHIIKJIIA
Cephblil) M 3aTeM B I[OBEPOUYHOM 3KCIIeDHUMEHTe -
06e3bsiHBI (Jale BCeTo MaKaKa pe3syc).

JleTanpHble SKCIepPHMeHTa/lbHBle HCCIeL0BaA-
HHUS BO BCeX yKa3aHHBIX HMHTepBajax Iapame-
TPOB — HepeajbHas II0 obbeMy 3ajada. I[loaTomy
MeTOoAMKa COCTOUT B IIOMCKe HEKOTOPhIX 6a3so-
BBIX 3aBHCHUMOCTel, Hamnpumep EDg (1) npu
GUKCUPOBAHHBIX A, d B JOCTYIHOM [/ HMeIO-
IIeriCs 1a3epPHOM TeXHUKH HHTepBane T. 3aTeM
Ha OCHOBE TeOpPeTHYeCKUX MOfelel U ¢parMmeH-
TapHBIX HccaegoBaHUM EDqy(A, d) mpu dukrcupo-
BaHHBIX T QOPMHUPYIOT obmyto KapTUHY EDg(t, A,
d). Nanee, BBenst ompefeneHHble KOIOOUIIHEHTEI
TUTHEeHHUYeCKOro 3amaca 1 (omyckamo IofpobHO-
ctu), paccauTbiBaioT IIAY (M3) Kak E, =EDsp/n
(EME3=ED50/T]).

U B 3amafiHBIX CTPaHaX, U y HAC ObLJIO IPUHSATO
paspabaTeiBaTh I0J06HBIE HOPMAaTHBHBIE [OKY-
MeHTBl B 001Ie0CTYyIIHON popMe, OPHEHTHUPYSCh
Ha I10/1b30BaTe/sl C BeCbMa YMepPeHHBIMH aHalu-
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d). Further, having entered certain coefficients of
hygienic coefficients n (omitting details), PLI (MPE) is
calculated as Ep ;= EDgy/n (Eppp =EDso/1).

Both in the Western countries and here it was
common to develop similar normative documents in
accessible form, being guided by the user with very
moderate analytical skills. Therefore the specified
functional dependencies both for E,; and for E,p¢
have been approximated to simple functions. These
functions, in effect, have made standard basis.
Where such similar approximations can lead will be
demonstrated later.

Apparently, American standard ANSI Z-136.1-1976
American National Standard for the Safe Use of Lasers
was the first detailed document of the state level
devoted to the discussed problems. When developing
this document, the results of the researches
conducted not only in the USA, but also in countries
of Western Europe (Creat Britain, Germany, France,
and Sweden) have been widely used. Experimental
practices, principal and biological physics of the
American standard are practically fully used when
creating corresponding early IEC standards and their
subsequent modifications. Therefore the data provided
here with reference to ANSI Z-136 as the primary
source, fully relate to the European standards (unless
there is a corresponding note) and, naturally, to their
Russian counterparts.

VISUAL SYSTEM TRANSMISSION SPECTRAL
COEFFICIENTS

Tissues of anatomic elements of visual system of eyes
contain about 90% of water with small variations. It
defines spectral dependence of optical transmission
of normal eye of the person (fig. 1) at the site from
cornea to pigmental layer of retina (retinal pigmental
epithelium - RPE). RPE contains melano-protein
granules absorbing the main part of the visible
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THUYeCKUMH CII0CO6HOCTSIMU. [I03TOMY yKa3aHHBIe
QyHKIIMOHAIBHBIE 3ABUCHMOCTH U 15 By, 1 ATIS
E 5 QIIPOKCUMHUPOBATH IPOCTHIMH QYHKIHUSIMHU.
OTH QYHKIMU, B CYLIHOCTH, U COCTABJISA/IA OCHOBY
HOpPMAaTHBa. K 4eMy IpUBOAST I0J0OHBIE ANIIIPOK-
CUMalMH, yBUAUM HUXKE.

[To-BUAKMMOMY, II€pBBHIM OOCTOSITENIBHBIM [IOKY-
MEHTOM TOCYyZapCTBEHHOIO YPOBHS, IIOCBAIEH-
HBIM 0b6cyskmaeMon mpobreMaTuKe, ObII aMepH-
KaHCKHUH cTaHmapT ANSI Z-136.1-1976 American
National Standard for the Safe Use of Lasers.
I[Ipu pa3paboTKe 3TOro JOKyMeHTA MK POKO KCIIO/b-
30BaJIMCh pe3y/AbTaThl HCCAeNOBAHUM, IIPOBeleH-
HBIX He TonbKO B CIIIA, HO U B CTpaHax 3alafgHoHu
Epponsl (BenukobputaHuu, lepmanHumu, Ppan-
nuu u lBenuu). dPusnyeckue u 6HONTOrHUYECKHe
OCHOBBl aMEPHUKAHCKOr0O CTaHAApTa HapsAay C 3KC-
IepUMeHTaJbHBIMU HapaboTKaMU MpaKTHYeCKHU
B IIOJIHOM Mepe HCIIOb30BaJIHUCh IIPU CO3JaHHH
COOTBETCTBYIOIIHMX PaHHUX cTaHAapToB IEC U ux
nocnefyromux MoguduKkauui. IIo3ToMy OaHHELe,
IIpHUBeJleHHBbIe 3/leCh CO CChIIKOM Ha ANSI Z-136 Kak
Ha IepBOMCTOYHHK, B IIOJIHOM Mepe OTHOCATCA
K eBpOIIeMCKHM HOpMaTHBaM (eciHd HeT COOTBET-
CTBYIOLleH peMapkH) M, eCTeCTBEHHO, K HX PoOC-
CUHCKUM Jybasim.

CNEKTPAJ/IbHbIE KOOPDOULIUEHTDI
NMPOMYCKAHUSA 3PUTEIbHON CUCTEMDI
TKaHM aHAaTOMHUYECKHX 3JIeMeHTOB 3PHUTeJIbHOU
CHCTeMBl IJa3a COJepsKaT C HeOOJBIIMMU BapH-
auMaMHy npumMmepHo 90% BoAbl. ITO oOIpefesnser
CHeKTPa/IbHYK 3aBUCHMOCTH OITHYECKOTO IIPO-
IIyCKaHHS HOPMaJIbHOrO IJla3a 4ejoBeka (puc.l)
Ha y4acCTKe OT POrOBMIBI A0 IIMTMEHTHOTO CJI0s
ceT4aTKU (peTHHA/JbHBIM IIHUTMEHTHBIM SIUTe-
nuu - PII3). PIIS copepKUT MelaHO-IIPOTeHHOBBIE
TpaHy/Bl, IIOTJIOMIAMINKEe OCHOBHYIO YaCTh II0OIaB-
LIero B IJIa3 BUAKMMOIO M3Jy4YeHHUsA. UMEHHO 3TOT
y4aCTOK IIOBPEXXIAETCS B IIePBYI O4depedb, eClau
06/1y4eHHOCTh CeTYATKH IIpPeBBIIIAeT IIOPOroBOe
3HaueHHe,

H3nyuyeHue B HHTepBanzax A<350 HM
¥ A>1400 HM DOTJION[AEeTCS MNPEUMYIeCTBEHHO
poroBuuer. JlMamas3soH HpUMepHO 450-900 HM
SABsIeTCS Hauboslee OMACHBIM C ITO3HUIIMH IIOTEH-
LIMaIbHOr0 GOTOOBPEXKAeHHU S TKaHeH I1as. 31ech
CBETOBOM IIOTOK C MaJIBIMH IOTepIMH QOKyCHPY-
eTCsd Ha ceTyaTky. B ¢okyce masepHOro myudka mpu
IIMPOKOM 3payke yBeJlHYeHHEe IIJIOTHOCTH MOII-
HOCTH Ha OTpe3Ke POroBHIla - CeTYaTKa MOKeT
pocturath (3-5)-10%. CmeKTpanbHble AHAIA30HBI
350-450 Hm u 900-1400 HM mepexomHble. 3mecCh
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radiation entering the eye and is damaged first of all
if irradiance of retina exceeds the threshold value.

Radiation in the intervals of A<350 nm and A>1400
nm is absorbed mainly by cornea. Range of about
450-900 nm is the most dangerous from the point
of view of potential photodamage of tissues of eyes.
Here the luminous flow with small losses is focused
on retina. In the focus of laser beam when pupil is
dilated, the increase of power density at the site of
cornea - retina can reach (3-5)-10% Spectral ranges
of 350-450 nm and 900-1400 nm are intermediate.
There is final probability of photodamage of both
retina (with weakened radiation flow) and elements
of structure of eyeball (iris, crystalline lens, vitreous
body).

ANSI Z-136 standard contains simplified
differentiation of degree of danger of laser radiation
on spectral ranges. In the intervals of 180<A<400
nm and A>1400 nm were defined during researches
only by EDg, (QDs,) of photodamage of cornea, and
then adequate values of MAE of radiation of eyes
were established. In the range of 400<A<1400 nm
(visible and near Infrared range), the MAE values were
defined similarly, but, proceeding from conditions
of photodamage of retina and adjacent structures,
considering focusing of radiation flow by optical
system of eye.

UV-RADIATION IMPACT ON THE EYES

Impact on cornea of powerful UV-radiation in the
range from 180 to 300 nm (very approximately)
causes deep changes of structure of tissues at the
molecular level. These changes are close to those
arising after ionizing radiation. Time of natural
reparation is great therefore at repeated single
or repeated radiation the effect of accumulation
(summing) of the specified destructive changes is
implemented. As a result (when energy (power) of
radiation falling on cornea is less than MPE, single
radiation by laser impulse of the considered duration
of 1), the ANSI standard, and later SanPiN-91,
establishes maximum permissible daily radiation
doses irrespective of T and quantity of impulses at
their repetition. Strictly the term "exposition dose
of photon radiation” (J/kg) means total energy of
the photons absorbed by substance unit of mass
for the fixed time interval. For simplification of
metrological provision in the ANSI standard the
total maximum permissible Q,,pr radiation energy
passing through limited aperture is normalized
whereas SanPiN-91 normalizes total power exposure
on cornea Hp ;. Basic distinctions are not present
here. The choice of units of measurement has been



CylLleCTByeT KOHe4YHas BepPOATHOCTbL GOTOIIOBPEsK-
IeHus KaK ceTdyaTKd (ocsabieHHBIM IIOTOKOM
M3/Iy4eHHUs), TaK KU 3JeMeHTOB CTPYKTYpHl I/1a3-
Horo sibyoka (pagyskKa, XpycTalHK, CTeKJIOBUAHOE
TeJo).

B cranpgapre ANSI Z-136 mpuHATAa U COXpa-
HeHa [0 CerogHsIIHero AHs B cTaHmaprax IEC
yopoumeHHas AuddepeHIIMAMs CTeIeHU oOIlac-
HOCTH JIa3epHOr0 H3JY4YeHHs I[I0 CIIeKTPaJTbHBIM
JuarmnasoHaM. B HHTepBalax 180<A <400 HM
U A>1400 HM B X0Je UCCJIeLOBAHUN O pPeLesiIuCh
uckiaouuTenbHo EDq(QDg,) oTomoBpeskAeHUS
pOrOBHIIBI, a 3aTeM Ha 3TOM OCHOBe yCTaHaB-
JIUBAJIUCh aJeKBaTHbEe BeJHYHHB MJD obnyde-
HUS T71a3. B uHTepBane 400<A<1400 HM (BuUAH-
MBI U 6MMXKHUN UK-muamasoH) sHadyeHUe MJD
Oompenmensiioch aHAJOTUYHBIM ob6pa3zomM, HO HpHU
3TOM YYHUTBIBAJIUCh YCJIOBUS POTOMOBPEKIEHUS
CeTYaTKH U IpHUJIeKAIIUX CTPYKTYyp U OKYCH-
pOBKa IIOTOKa M3JIy4eHUS ONTHUYECKON CUCTEMOH
riasa.

BO3AENCTBUE HA IA3A U3JTYYEHUSA
YO-ANAMA30HA CNEKTPA

Bo3gericTBHe Ha poroBuILy MOIILHOTO
Y®-usnydeHus B HHTepBane oT 180 mo (oueHb
npubnusutensHo) 300 HM BBI3BIBaeT riuybokue,
Ha MOJIEKYISIPHOM YpOBHE, H3MEHEHHUS CTPYK-
Typbl TKaHed. DTH M3MEHEHHUS II0 XapaKTepy
61M3KH M3MeMHeHUSIM, BO3HUKAIOIIKM IIPU BO3-
0elCTBHUM HOHH3HPYyWOIlel paAHalHUU. Bpems
eCTeCTBEHHOM pellapallMM BeJHKO, II03TOMY IpHU
IIOBTOPHOM OJHOKPAaTHOM MK MHOTOKPAaTHOM
obnydeHHH peanusyercs 3PPeKT HAKOIIEHHUS

INDUSTRIAL POLICY

=

caused by the nomenclature and characteristics of
the equipment for measurement of characteristics of
laser radiation, widespread in the USSR during that
period.

Action of UV-radiation on bio-tissue, including
eye cornea, has been studied in the Soviet Union in
rather wide scales. The results of these researches
do not contradict to the standards established by the
ANSI and IEC in spectral interval from 180 to 350 nm.
Distinctions of the limit values of Hp ; recommended
by the "Rules" and the corresponding Qpr values
set by GOST IEC 60825-1-2013 (IEC 60825-1-2007) are
minimal.

Certain disagreements have arisen when assessing
the degree of danger of radiation impact on eyes
in the range of 350-450 nm (see fig. 1). They will be
considered further in section 5.

In the last decades, a number of photodestructive
processes (in particular, mutagenicity) specific
to impact of UV-radiation on bio-tissues has been
investigated, not taken into account when developing
the discussed documents. Therefore both the IEC
standards, and equally SanPiN-91, in the part
defining MPE (PLI) impact of UV-radiation on eyes
need to be essentially perfected.

ACTION OF VISIBLE AND NEAR INFRARED
RANGE RADIATION

ANSI, IEC standards

Fig. 2 shows basic dependence of threshold energy
of laser radiation of visible and near Infrared range
on exposure duration used in the first edition of the
ANSI standard. Experimental animals were rhesus
monkeys. The pupil is expanded medicamentally

PHoTONICs N21/61/2017 15
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400 425

(cymmupoBaHUs) HabloLaeMBIX
OeCTPyKTHBHBIX H3MeHEHHUH.

Kak crenctsue (B Tex ciaydasx, 100
KOT[a SHepPrusi HUJIH MOIIHOCTb 90
[IaIa0Iero Ha POTOBHIYy H3JY- g 80 -
4yeHHUs1 MeHbIIe MJID omgHOKpaT- 2 0l
HOro oO6JydYeHUs Jla3epHBIM § ol
MMITYJIbCOM PacCMaTpHUBaeMOH £
IOJIUTENbHOCTH T), B CTaHAapTe N 01
ANSI, a ganee u B CaulluH-91, S 40r
YCTAaHABIMUBAIOTCS IIpefebHO g 30
IOIMYCTHUMBIE CYMmouHble 0036l HU3I1Y- 5 20|
yeHuss. OHU He 3aBHUCIAT OT T S ol
M KOJIWYeCTBa HMIIYJIBCOB IIPU

UX IoBTOpeHHUHU. CTpPoro Tep- 0200 400
MHUH "IKcnosuyuoHHas doza ¢omon-

Ho20 u3aydenus” ([IK/KT) mompas-

yMeBaeT CYMMAapHYI 3HEpruio

$GOTOHOB, IIOIJIOIEHHBIX eJUHH-

LIeF Macchl BelecTBa 3a QUKCH-
POBAaHHBIN HHTepBaJ BpeMeHH.

Puc.1. Mpsmoe nponyckaHue UHMPAoKyASpHbIX CMpPYKMYyp HA 0Mpe3Ke po20uud —
nuameHmHbil 3numeauti cemyamxu (Geeraets W.J., 1968 [7])

Fig. 1. Direct transmission of intraocular structures on the site cornea - retinal
pigmental epithelium (Geeraets W.J., 1968 [7])

600 800 1000
[nnHa BoNHbI, HM / Wave length, nm

1200 1400

st obnerdyeHus MeTpoyorHUde-

cKoro obecriedeHHs B cTaHAapTe ANSI HOpMHUPY-
eTCd CyMMapHas IpefebHo JONYCTUMAas SHeprus
usnydyeHus Q,,,, NpoxXofsmias 4yepe3 OrpaHUYEH-
HYI0 ameprypy, Torma kak B CaHIIMH-91 - cym-
MapHas 3HepreTH4YecKas 3KCIIO3HILMSA Ha pPOro-
BuLie Hy, . IIpUHIUIHANTBHBIX PAa3TUYUH 3/€Ch
HeT. Bribop equHUIL M3MepeHHs OblI 06yC/IOBIeH
HOMEHKJIAaTypOH U 0COOEHHOCTSIMH pacIpocTpa-
HeHHoM B CCCP ammapaTypol AJisg H3MepeHHs
XapaKTePUCTUK J1a3€PHOr0 U3yUYeHUs.

JlericTBue Y®-pajuanuu Ha 6MOTKaHH, BKIIIO-
yasg PpOroBHIy Iya3a, H3y4danocbh B COBETCKOM
Coro3e B [JOCTAaTOYHO IIMPOKHUX MacmrTabax.
Pe3yyspTaThl 3THX HCCIefOBAHHUM He IIPOTHBOpe-
YyaT HOpMaTHBaM, YCTAaHOBJIEHHBIM CTaHZApTaMHU
ANSI u mosgHee IEC B CHeKTpalbHOM HHTepBaje
oT 180 o ~350 HM. Pa3au4yMsa HpelelbHbIX BeIH-
4uH Hp,, pexoMeHAyeMbiX "[IpaBHIaMuU’, U COOT-
BETCTBYWOUIUX 3HAUueHUU Q,,,, 3aJlaHHBIX CTaH-
naptom I'OCT IEC 60825-1-2013 (IEC 60825-1-2007),
MHUHKMMAaJIbHBEL.

OmnpepneneHHble pasHOITACUSA BO3ZHUK/IH MPU
OIleHKe CTelleHH OMaCHOCTH BO3JeHCTBUS Ha I1a3a
M371y4eHHUsl B MHTepBase 350-450 HM (cM. puc.l).
OHu 6yAyT pacCMOTPEHEI fallee.

B mociegHHe [eCATH/IETUS MCCIeNOBaH Pl
doTomecTPpyKTUBHBIX IIpolleccoB (B YaCTHOCTH,
MYTareHHOCTD), CIeLUPUUHBIX A/ BO3AeHCTBHUS
Y®-paguanuu Ha 6MOTKaHU, He IPUHSATHIX BO BHU-
MaHHe IpU pa3paboTke obOCyKAaeMBIX [OKYMeH-
ToB. IloaTomMy Kak craHgapThl IEC, Tak M B paB-
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(mydriasis). It is supposed that diameter of laser beam
is less than the diameter of eye pupil. Pulse energy
Q ()) of the radiation entering pupil was measured.
The technique of measurement of threshold power
characteristics of laser radiation is suggested by
E.S.Beatriss & G.D.Frish in 1973 [8]. It has been further
developed, improved and used by many researchers,
including in our country.

During experiment, the chosen site of eye bottom
of animal has been irradiated with a series (usually
a line from 7-10 impulses) of single impulses with
step-by-step increase (reduction) in radiation energy
between series. Through the set time interval (10
minutes and/or 1 hour) availability or absence of
visible violations of structure is recorded in
the alternative form "yes - no". The changes, for
example, coagulate, is manifested in the form of
gray spot on a rather dark background of retinal
pigmental layer (RPE). For the ophthalmoscopy
technique used at that period (fundus-camera, Retina
Phot, non-reflex ophthalmoscope, slit lamp plus
Goldman’s lens) the spot with the diameter of 20-25
Hm was a spot at least distinguishable against not
uniformity of pigmentation of eye bottom. A range
of radiation energies is selected so that a pointed
series of radiations included both 100 percent absence
of visible violations of structure of tissues of eye
bottom and 100 percent availability. The received
results were subjected to statistical analysis used for
calculation of value of radiation energy QDs, causing
ophthalmogically visible photodamage of tissues of
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Hot cTeneHu CaHIIMH-91 B yacTH, onpefensome
M3 (I10Y) BO3meCTBUS Y®-u3nydeHHUs Ha rilasa,
HY>KIAIOTCS B CyIIecTBeHHOM fopaboTke.

D,EVICTBI/IE NM3NTYHYHEHNA BUANMOTI O

N BZIMNOKHEITO MK-AUATA3OHA CINEKTPA
CraHpgapTbl ANSI, IEC

Ha pmc.2 mokasaHa yIIOMHHaBIIasiCsa BelIle 6aso-
Basi 3aBUCHUMOCTb IIOPOTOBOH SHePruH ja3epHOTo
M3/1y4YeHH I BUAHUMOTO U 6nuskHero MK-nuamasoHa
OT JIJINTEJIBbHOCTH 3KCIIO3UIIMH, HCIOJb30BaHHAaL
B NepBOM pefaKuuu cTaHAapra ANSI. Ilogombit-
Hble KMBOTHBIe - 00e3bsHBI pe3yc. 3padoKk pac-
IMKHpeH MegHKAaMeHTO3Ho (Muzpuas). Ilogpasyme-
BaeTCsd, YTO AHAMeETP JIa3epHOro Iy4YKa MeHbIIe
JuaMeTpa 3pauka Iya3a. M3Mmepsiiachk 3HEprus
umnynabca Q (JX) M3/IydeHHUs], BXOJSILEro B 3pa-
4oKk. MeTomuKa H3MepeHMSs IOPOTOBBIX 3Hepre-
THYeCKHUX XapaKTepPHUCTHUK Ja3epPHOT0 H3/y4eHUs
npennoxeHa E.S.Beatriss & G.D.Frish B 1973 rony
[8]. BiocsencTBHM OHA bbliIa pa3BUTa, fopaboTaHa
M HCIOJb30BaHAa MHOTHMH HCCIAeOOBaTeISIMU,
B TOM YHCJIe U B Halllel CTpaHe.

B xome 3KcIepHMeHTa BBIOPAHHBIM yYacTOK
[JIa3HOTO AHA SXHUBOTHOIrO 06ydasncsi cepUsIMH
(06BI9YHO - CTPOUKA K3 7-10 UMITY/IBCOB) OLHMHOUYHBIX
MMIIYJIbCOB C IIOIIATOBBIM yBeJH4YeHHEM (YMeHb-
IIeHHeM) SHePIruH HU3Ty4eHHs OT CEPHM K CEepHH.
Yepe3 3afaHHBIM HHTepBaja BpeMeHH (10 MHUHYT
u/unu 1 9ac) B aJiTepHAaTUBHOM ¢popMe "ma'-"HeT"
dUKCHPOBAJIOCh HAJKYKEe HUIH OTCYTCTBHE BUIU-
MBIX HapylIeHHUN CTPyKTypbl. Hanuuue H3MeHe-
HUH, HalpUMep KOary/asiT, IIPOSBISIOChE B BHJE
ceporo msiTHa Ha OTHOCHTEJIbHO TeMHOM ¢QoHe
nurmeHTtHoro ciaost (PII3) cetyaTKH. [IJIs HCIIONb-
3yeMOHU B TOT IIepUOJ, TeXHUKHU 0PTaTbMOCKOIIUPO-
BaHUS (PyHAyc-KaMmepa, peTUHODOT, bespedeKc-
HBIM 0PTaTbMOCKOII, LIe/ieBas JaMIla IIJIIOC THH3a
FongMaHa) MUHHMAJIbPHO PasAiHYKMMBIM Ha QoHe

i g

eye bottom with confidence level of 50%. To receive
one experimental point on the schedule presented on
fig. 2, about 40-50 applications are required.

Naturally, in the following years these basic
dependencieswerereplenished with new experimental
data, including in picosecond interval t [9]. Sources of
errors of the measurements which have caused the
seeming rise in threshold energy in the nanosecond
range of exposure duration have been understood.
Thus the approximations shown in fig. 2 for MPE
have remained invariable till now (in the given
interval 1) and have been successfully used in the IEC
standards.

With all due respect for creators of experimental
base and particularly ANSI Z136 standard, it is
necessary to point some restrictions of use of the
results presented in fig. 2. It shall be reminded that
diameter of waist of the Gaussian beam focused by
optical system of eye lies in the range from units to
~10 pm (R.Gubisch, 1966; M.A.Ostrovskaya, 1969;
G.1.Zheltov, 1989 et al [4]). The situation when
extremely sharp focusing of laser radiation on retina
is implemented is rather trivial. In this case an eye
has to be accommodated to an object located (adjusted
for chromatic aberration) slightly closer (farther) than
the waist of initial Gaussian laser beam. In practice
of operation of laser equipment in most cases it is an
accommodation on the object located in the working
room.

In the 70-80th years of the last century neither we,
nor our colleagues in the Western Europe and in the
USA had the technical means providing operating
control of local fluctuations of pigmentation of
tissues and at the same time space characteristics of
laser beam within units of micrometers. The partial
compensation of changes of refraction of eyes of
laboratory animals under mydriasis (medicamentous
dilation of pupil), as a rule, was used so that diameter
of d of laser beam at the eye bottom had order of
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HeOJHOPOJHOCTeN MUIMeHTAallUM IJIa3HOTO JHa
CYUTAJIOCh MSATHO AUaMeTpoM d,=20-25 MKM.

Juamna3oH IMepecTPOMKH SHEpPruy H3Ayde-
HUs moxbupancss TakuM ob6paszom, 4YTOOBH cepuu
obnyueHUN BKIIOYANIHU Kak 100%-Hoe OTCYTCTBHE
BUIMMBIX HapyUIeHHH CTPYKTyphl TKaHell Ija3-
HOTO OgHa, TakK U uX 100%-Hoe Haauuyue. KoM-
IIJIEKC IIOJIyYeHHBIX pe3yabTaTOB IIOABeprajcs
CTAaTHUCTHYeCKON 0b6paboTKe, Ha OCHOBE KOTOPOHU
BBIYMCJISIOCh 3HAUYeHHe SHepruu QDg, u3yyeHus,
BBI3BIBAKOIIEro OQPTalIbMOCKOIHMYECKH BHAHUMOE
doTomoBpeskAeHUe TKaHeN I1a3HOro JHa C JloBe-
PUTeNbHON BePOSTHOCTBIO 50%. ISl MoONydeHUs
OJHOM 3KCIIEpUMEHTabHON TOYKHU Ha rpaduke,
IIpefCTaBIeHHOM Ha pHc.2, TpebyeTcsi IpHUMepHO
40-50 ammaMKaI M.

EcTecTBeHHO, B IOCTeAYIOUIHe ToAgbl 3TH 6a3o-
Bble 3aBMCHMOCTH IIOIIOJHHU/INCh HOBBIMH 3KC-
IIepUMeHTAa/JbHEIMH [OaHHBIMH, B TOM YHCJIe
B MUKOCeKYHIHOM HHTepBaJe T [9]. BpIIKM MOHSTEH
HCTOYHHUKH OIMO0K HM3MepeHHH, 00yCIOBHBIIUX
Ka>KyIIHUKCS o4 beM [IOPOrOBOM SHePrUH B HAHOCe-
KYHJHOM AHala30He JJIHUTeJIbHOCTeH 3KCIO3UIIUH.
IIpu 3TOM ITOKa3aHHBIE HA PHUC.2 ANIIIPOKCHUMALIUH
st M1 ocTalnrch HeEM3MEHHBIMU 10 HACTOSIIEero
BpeMeHH (B IIpHBelleHHOM HHTepBaje 1) U biaro-
[I0JIYyYHO IIepeKoYeBaik B CTaHAAapTHI IEC.

[Ipu BceM riybodarmieM yBasKeHHH K CO3/a-
TeNSIM S3KCIIePUMEHTAJbHONU 6a3bsl U COBCTBEHHO
crangapra ANSI Z 136 Hao yKa3aTh Ha HEKOTOphIe
OTrpaHHYeHM s MCIIONb30BaAHHS Pe3yJbTaTOB, Ipel-
CTaBJIeHHBIX Ha pHuC.2. HamoMHIO, YTO AHaMeTP
IepeTsKKH IayCCoBOro Iy4ka, CGOKyCHPOBAHHOTO
ONITHYECKOM CHUCTEMOH TIJla3a, JIeXXMT B HHTep-
Base oT efuHHIL 1o ~10 mMxm (R.CGubisch, 1966;
M.A.OctpoBckag, 1969; I.M.>Kentos, 1989 u MHoO-
rve apyrue [4]). CuTyauus, Npd KOTOPOK peasu-
3yeTcs IpefelbHO ocTpasg GOKYCHPOBKA JIa3ePHOLO
M3JIyYeHHs Ha CeTYaTKy, JOCTATOYHO TPUBHAJIbHA.
B sTOoM ciydae ria3 moykeH OBITH aKKOMOZHUPO-
BaH Ha IpegMeT, PACIOJOKeHHBIN (C IOIpaBKOH
Ha XpOMaTH4ecKyIo abeppalinio) HeCKOIbKO bIIkKe
(manplle) mepeTs>KKH HCXOLHOIO rayccoBa jasep-
HOT'O IIy4YKa. B mMpaKkTHKe 3KCIJIyaTallluH Jla3epPHOH
anIaparypsl 3T0 B OOJBIIMHCTBE CJlydaeB aKKO-
MoOZalLMs Ha IIpegMeThl, PacIlo/iO’KeHHBIe BHYTPHU
pabouero momerieHus.

B 70-80-x romax IIpOLIJIOr0 BeKa HHU MBI,
HH HalllK KoJUJIeTH Ha 3amnafe 1 B CIIIA He pacmona-
rajyd TeXHUYeCKUMH CpelCTBaMU, obecriedrnBalo-
IIMMH OIlePaTHBHBIN KOHTPOJIb JTOKAJIBHBIX QIIOK-
TYyallMX MUTMeHTAlUUHU TKaHeHu U OJHOBPeMeHHO
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SHeprua, nonagarowas B rnas, Ix
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[ANnTenbHOCTb 3KCNO3MLUK, C
Exposure Duration, s

Puc.2. 3asucumocmu nopoz08ol 3HepauU U3Ay4eHust om oAu-
meAbHOCMU 3KCNo3uLuU 9451 06e3bsiH (pesyc) u coomgemcmay-
rowue annpokcumayuu 04 AN, ycmanosneHHbie ANSI Z136
(0603HaueHus: Kpy>kku — A=1064 HM, K8Badpambl — 8UAUMbiLi
duanasoH cnekmpa. My6aukyemcs u3 [3] ¢ paspewerus
asmopa D.Sliney, 1982)

Fig. 2. The dependencies of threshold energy of radiation on
exposure duration for monkeys (Rhesus) and the corresponding
approximations MPR established by ANSI Z 136 (designations:
circles = A =1064 nm, squares - visible range; published

from [3] with the permission of the author D.Sliney, 1982)

50-80 pm. In the specified interval of the sizes of the
irradiated area local fluctuations of optical density
of retinal pigmental epithelium were automatically
averaged, and the zone of destruction of tissues (above-
mentioned gray spot with a diameter of 20-25 pm)
with small error corresponded to maxim of the power
density (energy) of laser beam in the axial area.

Later we have shown (fig. 4) that basicexperimental
data about the dependency of threshold energy of
laser photodestruction of tissues of eye bottom due to
exposure duration recorded in fig. 2 are adequate to
diameter of the laser beam focused on retina in the
interval (50-80 pm) stated above.

The minimum diameter of distribution
of irradiance of retina on the exp (-1) level at
direct radiation of pupil with the Gaussian beam
of visible range has order of 10 microns [4]. The
size of threshold energy of photodamage of
retina Qup. (Quap) in the first approximation is
proportional to square of the irradiated area of
pigmental epithelium RPE, or, otherwise, ~ d2.
Thus, there are serious bases for the statement that
the impulse of laser radiation, with the energy
positioned as threshold energy in fig. 2 with sharp
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IIPOCTPAHCTBEHHBIX XapaKTePHUCTHK JIa3epHOIro
IIy4YKa C TOYHOCTBIO OO0 eJUHHI, MUKPOMETPOB.
B skcmeprMeHTe, KaK IIpaBMJIO, HMCIIOJIb30BaIach
YacTH4YHasl KOMIIEHCAllUs HM3MeHeHHU pedpak-
MU I71a3 71a60paTOpHBIX KUBOTHBIX IIPU MHUMAPHU-
ase (MeOIMKaMeHTO3HOM pacUIMpPeHHH 3padkKa)
TaKUM obpa3om, uTo6s guaMeTp d j1a3epHOro
IIy4YKa Ha IIa3HOM JHe MMeJI opsaaoK 50-80 MKM.
B yka3aHHOM HHTepBaje pa3MepoB 0b61ydaeMol
obnacTtu 0KanbHBIe (GAIOKTYal[MH OINTHYECKOMH
IIJIOTHOCTH IIMIMEHTHOIO JSIIHUTeIMsI CeTYATKHU
aBTOMAaTHYeCKHU YCPemHSJIMCh, a 30Ha HeCTpyK-
LMK TKaHel (yIIOMHHaBIIeecsl cepoe ISTHO JHa-
MeTpoM 20-25 MKM) C HeDOIBIION MOIPeIIHOCTHIO
COOTBETCTBOBAajla MaKCHUMY IIIOTHOCTH MOIIHO-
CTH (3HePruM) Ja3epHOro Iydyka B IIPHOCEBOH
obmacTu.

[To3ske HaMU 6bI7I0 ITOKa3aHoO (pHc.3), uTo 6aszo-
Bble 3KCIIepUMeHTa/JIbHble JaHHble 0 3aBUCHUMOCTHU
[IOPOTOBOM JHEpPrUH Jja3epHOH (OoTomeCcTPyKIHH
TKaHeH I/Ja3HOro JHa OT [JIMUTeJBHOCTH 3KCIIO-
3ULMH, 3aQUKCUPOBAHHbBIe Ha PHC.2, aJeKBaTHBI
araMeTpy CPOKYCHPOBAHHOTO Ha CeTYATKY
JIa3epHOro Iy4Ka B YKa3aHHOM BBIIIe MHTepBaje
(50-80 MKM).

i g

focusing (d =10 pm) will lead to serious injury of retina
with probability of 100%.

These notes were repeatedly published, discussed
both open and private at the different conferences.
The main counterarguments were low probability of
event of extremely sharp focusing of beam on retina
and availability of large (about 10) hygienic coefficient
n upon transition from threshold energy of radiation
of QDs, to Qppe. There were no objections on the
essence of problem. Actually the problem is live and
is still acute.

First domestic standards

The researches of mechanisms of destructive action
of powerful optical radiation on different bio-objects
(primarily, tissue of eyes) were conducted in the USSR
in wide scales practically after the birth of lasers. It
is worth mentioning that the first-ever industrial
medical device for laser ophthalmologic surgery
(ophthalmologic coagulator) has been released in the
USSR in 1962. One of first-ever laser operation, laid the
foundation not only for ophthalmologic, but also for
laser surgery in general, has been carried out at the
scientific research institute of eye diseases and tissue
therapy named after V.P.Filatov, Odessa (hereinafter
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Puc.3. bazosas 3asucumocms QD50(t) das CaHUMApHbIX
HOpM U npasua ycmpolcmea u 3Kcnayamauyuu Aa3epos
N22392-81(dAuHa 80AHbI 1064 HM, duamemp NAMHaA Ha
cemyamke d =150 MKM, N000ONbIMHble XXUBOMHble — KpOAUKU
WUHWUAAG Cepblll; pa3HbIM CUMBOAAM COOMBemMcmaym
cepuu usmepeHuli, NpoBedeHHbIX 8 pa3HOe 8pems))

Fig. 3. Basic dependency of QD50 (t) for Sanitary standards
and rules of the arrangement and operation of lasers No.
2392-81 (A =1064 nanometers, diameter of spot on retina of
d is =150 microns, experimental animals - rabbits chinchilla
gray; different symbols are correlated with the results of series
of measurements taken at different times)

MUHHMaNbBHBIN JAHaMeTpP paclpefeleHUs
06/1y4eHHOCTH CeTYaTKHU I0 ypoBHIO exp(-1) mpu
npsiMoM 0bOnydeHHHM 3padka [ayccoBBIM IIy4KOM
BUJHMOTO JHalla30Ha CIIeKTPa, KaK YIIOMHUHAJIOCh,
“MeeT IOPsAAOK 10 MKM [4]. BeTu4MHA IOPOroBOU
SHEPrHUU QOTOMOBPEXEHHS CeTUATKU Quyy(Qyy,)
B IIePBOM IIPHUOIMKeHUHU [IPONOPLHOHATbHA KBa-
npaty obiydyaeMoll IUJIOIIAAH MHUTMEHTHOIO SIIH-
Tenus PIID MIM, MHBIMHU CJIoBaMH, ~d2. TakKUM
obpa3oM, HMeIOTCSI Cepbe3Hble OCHOBAHHUS IJIs
yTBepXKIeHHS, YTO HMIYJAbC JIAa3€pHOIO0 H3JY-
YeHHS C D3HeprueHr, IMO3HLHOHHPYeMOH Kak
[IOpOroBasi Ha PHC.2, NPHU OCTPoH GOKYCHPOBKe
(d~10 MKM) npusedem K cepbe3Hoil mpasme cemuamcu
c sepoamuocmbto 100%.

9TH 3aMe4dyaHHUsS HEOAHOKpPAaTHO MybiHKo-
BaJIHCh, OOCYXHANTHUCh U OTKPHITO, XU IIPHUBATHO
Ha pa3sIHUYHBIX KOHPepeHUUAX. OCHOBHBEIE KOH-
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referred to as Filatov Scientific Research Institute) in
October, 1962. The doctor who has carried out it (later
becoming professor) L.A.Linnik has been awarded
the corresponding certificate of the American society
of ophthalmologists.

To the middle of the 80th, efforts of number of
the organizations of medical and biophysical profiles
have accumulated rather extensive experimental
material and theoretical models of both destructive
and therapeutic action of laser radiation on live
objects. The conditions of safe operation of laser
technology were dictated by local rules, methodical
recommendations and specifications.

The priority of development of the domestic
normative document on laser safety of nation-wide
level, certainly, belongs to the creative union of
the State Optical Institute named after S.I.Vavilov
(Russian abbreviation is GOI) and Department of
Ophthalmology of Military-Medical Academy named
after S.M.Kirov (MMA). During this work, the data
of domestic and foreign works on the discussed
problem have been generalized and own pilot
studies on animals in rather large volume have been
conducted.

The laser unique for that period developed and
made in GOI has been used in the experiment
providing control of exposure duration in the interval
of 1071°-101 sec. During researches methodical
recommendations have been created and programs
of statistical processing of experimental data
have been improved. A number of priority results
has been received when studying mechanisms of
destructive action on bio-tissue supershort (about
10710 5) radiant pulses, and in some other areas close
to the discussed subject. The development of the first
domestic Sanitary rules and regulations for design
and operation of lasers No. 2392-81 was completed in
1981 (hereinafter referred to as the SanPiN-81) which
was one of the final achievements of great practical
value

The basic dependence of QDs, (1), used when
developing the specified document, is shown in
fig. 3. The results of experiments are certainly
reliable. Here, unlike the data provided in fig.
2, all measurements are executed on one laser
installation having stable space characteristics of
radiation flow, not depending on exposure duration.
The researches have been conducted by uniform
technique of the same group of researchers (the
subjective factor is excluded). Thus the animals of
one genetic line kept in identical conditions have
been used. These results have persistent value as
a contribution to the general base of experimental



TPapryMeHTHl IPOTHUB 3THX YTBepKIeHUH - HU3-
Kasi BEPOSATHOCTb COOBITHSI CO3[laHHUS IpefeslbHO
OoCTpor QOKYCHPOBKH Iy4YKa HA CeTYaTKe W HaJIU-
yue 6Gonpioro (mopsiaka 10) koadduiHeHTA TUTH-
@HHYeCKOro 3aIlaca I IIPH Iepexofe OoT II0POroBoM
sHepruu wusnydeHus QDsy K Q,,,. Bo3pakeHuwu
o cymecTBy npobiemsl He 6b10. CoBCTBEHHO
npobemMa >KKMBa U 34 paBCTBYeT IO-IIPeXKHEMY.

NMepBble oTeyecTBeHHble HOpMAaTUBDI
HMccnenoBaHUS MeXaHHU3MOB JeCTPYyKTHBHOIO eH-
CTBHS MOIIHOIO OIITHYECKOTO M3JIyYeHHs Ha pas-
nu4yHble 6M006BeKTH (Ha TKAHHU IJIa3 B IIEPBYIO
ouepenp) Benuch B CCCP B mMHUPOKKUX Macmrabax
INpakKTU4YeCKHM BCJAel 3a POXIeHHEeM Jia3epos.
YMeCTHO BCIIOMHUTB, UTO IePBBIM B MHpe IpoO-
MBIIIJIEHHBI M MeJUIIMHCKHUM anmnapar AJs jdas3ep-
HOM OQPTanbMOXUPYpPruu (0HTaspMOKOATYISITOP)
611 BeinymieH B CCCP B 1962 rony. OmHa U3 IIepPBBIX
B MHpe Jla3epHas ollepallks, IOJIOKHBIIAS Ha4yaJlo
He TO/JIbKO OPTanbMo-, HO KU Ja3epHOH XHUPYP-
ruu Boobie, 6blia nposegeHa B HHMM rimasHbIX
6one3Hell M TKaHEBOH Tepanuu um. B.Il.Owuna-
ToBa, Opmecca (manee - HUU ®dunatosa) B okTA6pe
1962 roma. IlpoBoAMBHIMI ee AOKTOp (BIIOCien-
ctBuHu npodeccop) JI.A.JIMHHUK OB yLOCTOEH
COOTBETCTBYIOLIEro cepTUPUKATa AMEPHUKAHCKOIO
obmecTBa 0PTATBMOJIOTOB.

K cepegune 80-X romoB yCHIMAMHU psja opra-
HU3aOUH MeIULIMHCKOTO U 6robu3nveckoro mnpo-
bunert 6plJ HAKOIIEH AOCTATOYHO OOIIMPHBIM
3KCIIEPUMEHTAJIBHBIN MaTepuan U pa3paboTaHbl
TeopeTUUYeCKHe MOJeaH KaK JeCTPYKTHBHOIO, TaK
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Puc.4. 3asucumocmb nopo2060U 3HepzuU u3AyyeHust om oua-
mempa 06ay4aemoli 06aacmu cem4amiu(dAUHA 80AHbI
A=1064 HMm, dAumeAbHOCMb UMnyAbca T=2-1073 ¢; cNAOWHAS
Kpueas coomeemcmayem pac4emHbim 3Ha4eHUsIM)

Fig. 4. Dependency of threshold energy of radiation on
diameter of the irradiated retina area (A=1064 nanometers,
1=2-1073s; continuous curve corresponds to design values)

data about destructive action of laser radiation on
eye retina.

Unfortunately, similarly to the data of American
and Western European colleagues (fig. 2), provided
dependencies have restrictions of applicability for
PLI assessment. These restrictions are caused by
rather large magnitude of diameter of the retina
area irradiated during experiment (d~150 pm). As
apparent from comparison of dependency of QD;, (1)
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[ TepaleBTHYECKOr0 [eHCTBUS JIa3epHOTO H3JY-
YyeHHUS Ha >KUBBIe 00beKTHI. YCI0BUSA Oe30IlacHOM
3KCIIJIyaTallu{ J1a3epHOHM TeXHUKH JUKTOBAJIHCH
JIOKQJIPHBIMHU IIPaBUJIAMHU, METOLUYECKUMHU PeKO-
MeHJALUUSIMHU U TEXHUYEeCKUMHU YCTOBUSIMH.

[IpuoputeT pa3paboTKU 0TeUeCTBEHHOIO0 HOP-
MaTHBHOIO JOKYMeHTa II0 Jia3epHOH besomac-
HOCTH obmerocymapcTBeHHOro YpoBHs, 6e3-
YCJIOBHO, IPHHAJIEXHUT TBOPUECKOMY COI03Y
FOCyAapCTBEHHOIO ONTHYECKOr0 HHCTUTYTA
um.C.H.BaBunosa (FOU) u xadexpsl odTanb-
MOJIOTUM BOeHHO-MeOHMIIMHCKON aKaleMHHU
uM.C.M.Kuposa (BMA). B xone 3Toil paboThl
65111 00061IeHBl JAHHBIE OTeYeCTBeHHBIX U 3apy-
6e>KHBIX MOCTHXXeHHUIN B obmacTu obcyskmaemon
npob1eMbl M IIpoBefeHBl COOCTBEHHBIE 3KCIIe-
PUMeHTA/JbHBIEe HCCIENOBAaHHS Ha >KHUBOTHBIX
B IOCTATOYHO 60JbIIOM 06BeMe.

B oKkcmepuMeHTe IpPUMeHeH YHHKAIbHBIN
Ha TOT IIepHOof ja3ep, pa3paboTaHHBIN U HU3LOTOB-
neHHBI B I'OH, obecneuMBAIOMIUN YIpaBieHHUe
IOIUTENBHOCTBIO 3KCIIO3UIIMM B HHTepBase 10710-
107! ¢c. B xome Mcc/lIeLOBaHUI OBIIM CO3LaHBl METO-
OHu4YeCcKHe PeKOMEeHIALMH U yCOBepUIeHCTBOBAHBI
IIPOTPaMMBI CTAaTHUCTHYECKON 00paboTKU 3KcIle-
PUMeHTa/JbHBIX OaHHBIX. IlonydeH Habop mpu-
OPUTETHBIX Pe3yJbTAaTOB KaK IIPU MU3yYeHHUH MeXa-
HHU3MOB [eCTPYKTHBHOIO JeHCTBUS Ha OMOTKAHU
CBEPXKOPOTKHUX (rmopsiiKa 10710 ¢) MUMIIyIbCOB K37y~
YeHUSI, TaK U B psfie OPYTrux obrmacrer, 6IHU3KUX
K obcykpaemon TemaTuke. OOHUM K3 UTOTOBBIX
OOCTH>KeHUH, MMeBIIHX 6oybIIoe MpaKTHYeCcKoe
3HaueHHe, OblsIa 3aBepuieHHas B 1981 romy paspa-
60TKa IepBbIX OTeueCTBEHHBIX CAHUTAPHBIX HOPM
M IPaBHUJI YCTPOMCTBA M 3KCIUIYAaTALUHU JIa3epoB
Ne 2392-81 (manee - CanIInH-81)

Ba3oBas 3aBucUMOCTh QDgy(T), HCIIOIB30BAH-
Has Ipu pa3paboTKe YKa3aHHOTO JOKYMeHTA IIOKa-
3aHa Ha pHUC.3. Pe3ynbTaThl 3KCIIEPUMEHTOB, be3yc-
JIOBHO, HaJeXHBI., 31eCh, B OTIMUHE OT JAaHHBIX,
IIpPUBEIEeHHBIX Ha PHC.2, BCe H3MepeHUSs BBIIION-
HeHBl Ha OJHOM JIa3epPHOH YCTaHOBKe, HMeIleH
CcTabu/IbHBIE, He 3aBUCAIIKE OT OJIUTEeIbHOCTH IKC-
IIO3WLIMKU IIPOCTPAHCTBEHHBble XapaKTePUCTHKH
[I0TOKA H3/1y4deHHUs. HcclemoBaHUs IIPOBeeHBI
10 eJMHOU MeTOLHKe OJHOHM KM TOH >Ke IPYIIIIOH
rccienoBarened (MCKIKOYAETCS CY6beKTHBHBIHN
dakrop). IIpyM 3TOM HCIIONB30BAIUCh KUBOTHBIE
ONHOM TreHeTHYEeCKON JIMHHUH, CoAepsKaliuecs
B OJMHAKOBBIX YCJIOBUSIX. DTH Pe3y/JbTaThl HMeEIOT
HeIlpexoAsilee 3HaUeHHe KaK BKJIAJ B obmryro 6a3sy
3KCIIePUMEHTAJNBHBIX AAHHBIX O AeCTPYKTHBHOM
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presented in fig. 2 and 3, the increase (reduction) in d
leads to changes not only of QDs, value itself, but also
to serious "deformations’ of nature of dependency of
QDs, on exposure duration .

It is obvious that with correct problem definition
basic dependency of threshold energy (or other
threshold power radiation characteristics) on exposure
duration have to be adequate to the conditions
extremely dangerous from positions of potential
photodamage of the irradiated object. Neither ANSI
and IEC standards, nor domestic SanPiN-81 meet this
requirement, unfortunately.

Rules and regulations for design and
operation of lasers No. 5804-91 (SanPiN-91)
Guidelines for laser safety of the second generation
were developed in our country in the late nineties
within the extensive and many-sided State program
devoted to safety of the personnel when operating laser
technology practically in all spheres of application
(science, industry, medicine, army, etc.). The list of
problems from biophysical bases of interaction of laser
radiation with live objects to potential occupational
diseases and technical (metrological) control in the
workplaces has been considered. The program had
no world analogs as for depth of study and the list in
coordination the solved tasks until today, I believe.

About 10 organizations have participated in
performance of task according to the section of the
Maximum Permissible Levels of Radiation of Eyes
and Skin Program. Pilot studies on animals (rabbits)
were conducted by tandems COI-MMA, Institute of
biophysics - Central Research Institute TOCHMASH,
Institute of physics (IF) NAS of Belarus - V.P.Filatov’s
Scientific Research Institute. Experiments on apes
have been carried out by the latter organizations on the
basis of Scientific Research Institute of Experimental
Pathology and Therapy (Scientific Research Institute
EPIT, Nursery for monkeys, Sukhumi) with the
involvement of specialists from lead establishments
of the USSR of medical and biophysical profiles. The
amount of financing has provided not only carrying
out pilot studies (including field), but also creation of
the special equipment including lasers with control
of exposure duration and spectral distribution of
radiation, system of transport and targeting of
radiation flows during the experiments on animals
and some other.

The initial concept of new edition of SanPiN-91 was
a product of collective discussion of the participating
organizations, including, certainly, SanPiN-81
developers. The main point in this concept was
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OeNCTBUHU Ja3epPHOTO H3JIyYeHHsI Ha CeTYaTKy
riasa.

K coxkajeHHI0, aHAJIOTMYHO OAaHHBIM aMepH-
KaHCKHUX M 3allaZlHOeBPOIIeMCKUX Koyler (pHc.2),
IIpe/CTaBIeHHble 3aBUCHMOCTH HUMEIOT OrpaHUYe-
HUS IDPUMEHHUMOCTH [ oleHKHU IIJIY. OTu orpa-
HUYeHHUS 00yCI0BINBAIOTCS JOCTATOUHO 60/BIION
BeJIMUMHOM JHaMeTpa obnydaeMoM B 3KCIepH-
MeHTe obnacTu ceTyaTku (3mech d~150 MKM). Kak
BUJHO M3 COIIOCTaBJIeHUS 3aBUCHUMOCTeH QDs,(t ),
IpeACTaBAeHHBIX Ha PUC.2 1 3, yBelIHM4YeHHe (YMeHb-
meHHe) d DPUBOAUT K M3MEHEHHSM He TOJIBKO
cobcTBeHHO 3HaueHUH QDsy, HO M K Cepbe3HBbIM
"mebopManusamM’ xapakTepa 3aBHCHMOCTH QD
OT OJIUTETbHOCTH 3KCIIO3UIIUHU T.

OueBUJHO, YTO IIPU KOPPEKTHOH IIOCTaHOBKE
3amauu 6a30Bble 3aBUCUMOCTH IIOPOTOBOM SHEPrUu
(MM MHBIX IIOPOrOBBIX SHEpPreTH4YeCKHUX XapaKTe-
PUCTHUK H31y4eHUsI) OT JJIMTeJIbHOCTH SKCIIO3ULI UK
IOJKHBI OBITH a/leKBATHBI YCIOBHSM, IIPeJle/IbHO
ONACHBIM C IIO3HLHH IOTEeHLHAJbHOIO (OTOIIOB-
pexxmeHus: obnydaemoro obrvekTa. HHU cTaHAApTH
ANSI u IEC, Hu oTeuecTBeHHBIe CaHIIMH-81 sToMy
Tpeb6oBaHUIO, K CO’KAIIEHUIO, He YIOBJIeTBOPSIOT.

i g

the creation of basic dependence of EDy, (QDs,) on
exposure duration for conditions of the most adverse
accommodation of eyes (extremely "sharp" focusing
of radiation flow on eye bottom). As noted above, we
had no the technical means to provide operating
control of primary, small photodamages of retina
directly when carrying out experiments. However, by
the beginning of the project the experimental and
analytical technique of measurement of dependence
of EDs, (QDs,) on diameter of laser spot at eye
bottom has already been developed and approved [4].
Diameter of spot of d varied in limits available within
measurement limits (~40-500 pm). The size of the
threshold power characteristic for d=10 pm was
calculated by extrapolation method.

In order to illustrate the method, the results
of experiments on measurement of QDg, during
radiation of eye bottom of monkeys and rabbits by
the laser with the wavelength of 1,064 pm at pulse
width of 2-1073 s are given in fig. 4. By the results of
all measurements given in fig. 4 only one (!) point on
graphics of basic dependence of QD (1), corresponding
to A=1064 nm, t=2-107 is received (QDs,= 4:107*]). It
shall be mentioned that 6 large rhesus monkeys from

PHoTONICS N21/61/2017 23



i1

Hopmbl 1 NnpaBuaa ycTponcTBa

M 3Kkcnayatauuu nasepos N25804-91
(CaHMuH-91)

HopMaTuBH 10 na3epHO 6e30I1aCHOCTH BTOPOTO
IIOKOJIeHHUsl pa3pabaTsiBajikCch B Halllell CTpaHe
B KOHIIe 90-X roJI0oB B paMKaX OOMIKMPHON U MHOIO-
rpaHHou [ocygapcTBeHHOM IIPOrpaMMBlI, IIOCBS-
meHHON obecredyeHHI0 6e30IacCHOCTH IIepCOHasa
IIPH 3KCIIJIyaTallMH JIa3epDHOM TeXHHMKH IIPaKTH-
YeCKH BO Bcex cdepax ee INpHUMeHeHHs (Hayka,
[IPOMBIIIJIEHHOCTb, MeHUIIMHA, apMUs U T.n.).
PaccMaTpuBacs LIMPOKUN IepedyeHb IpobieM -
0T 6KM0odH3NUeCKUX OCHOB B3aMMO/JIEHCTBHUS /1a3ep-
HOTO H3JIyYeHHUS C KUBBIMH 00beKTaMHU [0 IIOTeH-
IHaTbHBIX MNPodeCcCHOHANbHBIX 3a60leBaHUU
U TeXHHUYeCcKoro (MeTpoysoruydeckoro) obecmedve-
HHUSI KOHTPOJs Ha pabounmx mecrtax. IIporpamma
1o r1ybrHe IPopaboTKU U IIepevyHIO COIJIACOBAHHO
pelllaeMBIX 3aJa4y He MMeJjla M, IyMap, He UMeeT
[0 HaCTOAIIero BpeMeHH MHPOBBIX aHAJIOTOB.

B BHIIOOJHeHMHM 3afaHuUA IO pasgeny Ilpo-
rpammbl "[IpefieIbHO IONYCTHMBIE yPOBHU 00Iy-
YeHHs IJ1a3 U KOKH' y4acTBOBAJIO IopsifKa 10 opra-
HH3alKH. JKCIepHMeHTaJ/ibHble HCC/IefOBaHUS
Ha >KMBOTHBIX (KPOJIKMKaXxX) INPOBOLMIK TaHIeMBI
FOU -BMA, HHcTUTYT buodusuku M3 - ITHHHU
TOYMAII, NM® HAH Bbenapycu - HHUHU B.II.duna-
TOBa. DKCIIEPUMEHTHEl Ha MpHMaTax BBHIIIOMHSIIA
IocJIefHsIS Iapa opraHu3anui Ha 6asze HUHU sKc-
IepHMeHTalbHOM IMATOAOTHHU K Tepanuu (HHH
SIuT, IIutoMHUK o06e3bsiH, I. CYXyMH) C HpHU-
[JalleHHueM CIIeIMa/lMCTOB M3 BeAYIIHX y4pesk-
JeHHH CCCP MeOMIIMHCKOTO U O6MOPH3IUUYECKOro
npoduneir. O6veM ¢JHHAHCHpOBaHHS obecme-
YU/ He TOJIBKO IpPOBefeHHe SKCIePHMeHTa/Ib-
HBIX HCC/IeJOBaHMUH (B TOM 4YMC/Ie Ha Bble3je),
HO K CO3[laHHe CIIelHMa/IbHOM alIapaTypbl, BKIIO-
Yaloller /a3epsl C MepeCTPONKON IJIHUTEeNbHOCTH
3KCIIO3HUIUM K CIEeKTPAaJbHOTO COCTaBa H3Jyde-
HHs, CUCTeMbl TPAHCIIOPTAa U HaBe[eHH S II0TOKOB
H3Jy4eHUSs B OKCIIEPHUMEHTAX Ha SKUBOTHBIX U P
OpyrUX.

HcxonHasi KOHLeNLMs HOBOM pedakuuu CaH-
[InH-91 - OpPOAYKT KOJIJIEKTUBHOIO OOCYXIeHUS
OpraHM3allMH-y4aCTHHUKOB, BK/IOUas, 6e3ycioBHO,
paspaborunkoB CaHIIMH-81. OCHOBHOM IYHKT
B 3TOM KOHIENIHH - Co3/laHue 6a30BOM 3aBHUCH-
MocTH ED;((QDsy) OT AJIUTENBHOCTH 3KCIIO3UIUU
O7s ycinoBUM Haubonee He61arompusiTHOM aKKo-
MoZauuu ria3 (IpemenbHO "oCTPoH” POKYCHPOBKH
II0OTOKA H3/y4eHHUs Ha I/a3Hoe OHO). Kak oTme-
YeHO BBIIIe, MBI He paclojaraaiu TeXHU4YeCKHMHU
cpencTBamMu, 06eCrnedMBAOMIMMU ONePATUBHBIN
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one litter were used in the experiment for obtaining
information (fig. 4), weighing 6-8 kg. It is necessary
to add, about, 10 rabbits. It shall be reminded that
for obtaining similar information by the technique
(fig. 2 and 3) common for that period, there were
enough 40-50 laser applications in one eye of one
animal. Thus, adoption of the concept about the most
adverse accommodation demanded essential increase
in volume of researches and, respectively, expenses.
And, nevertheless, this concept has been accepted.

To end up with the discussion about expediency
of adoption of the specified concept, there was
information about recording by ophthalmologists of
multiple dot scotomas (coagulates) in paramacular
area of retina of eyes among the persons professionally
involved in adjustment of the gas lasers using the
collimator method increasing during that period. It
was helium-neon laser which power was significantly
lower than MPE established by the IEC standard.

When discussing the concept, the practical value
of unification of domestic guidelines with foreign
standards was considered for sure. The priority by
degree of the importance has been given to care of
human health. The results received in the course
of pilot studies rather well fitted into the database
which is available for that period created by domestic
and foreign colleagues. Fig. 4 shows the results of
QDs, measurements taken directly from schedules
in fig. 2 and 3 for t = 2'1073 s. These data are adequate
to values of diameters of laser spot at eye bottom in
the first case to the predicted d = (5-8)-10 m, in the
second measured d = (15-16) 107 m. The fact that the
basic QDs, values received in the assumption of the
most adverse condition of accommodation of eye were
about 5 times lower than those used in the ANSI and
IEC standards is prominent (fig. 4).

Fig. 5 shows the fragment of the resulting
dependency HIp;; (Hypp) on exposure duration. As a
result of difference of the approaches considered above,
Hpp, is by 3-10 times lower for different conditions
of radiation of eyes than H,p;. These variations
are partly caused by choice of size of coefficient of
hygienic reserve n by the developers of the ANSI and
IEC standards. This choice is not discussed in the
comments to this standard known to me.

The main definitions of classes of danger of lasers
in SanPiN-91 and IEC standards are close. However,
the established maximum permissible power
parameters for lasers of the 1, 2 and 3 classes differ
adequately to the distinctions of PLI - MPE. Both
considered documents, as it was noted, are oriented to
simplification of their use by means of approximation
of real, sufficiently "soft" dependency of EDs, (1) (fig.
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KOHTPOJIb IIePBUYHBIX, Ma/IbIX POTONOBPEeXXIeHHUH
CeTYaTKH HeIlOCPeACTBeHHO IIPU IIPOBeLeHHH IKC-
nepuMeHTa. OJHAKO K HadaJly IPOeKTa yxxe 6blaa
pa3paboraHa u ompoboBaHa 3KCIIEPHUMEHTATbHO-
AHAJIMTHUYeCKass MeTOJAHMKAa H3MepeHHS 3aBHCHU-
MocTu EDg,(QDs,) OT AHaMeTpa Jla3epHOro MSTHA
Ha IJa3HOM fAHe [4]. lmaMetp msiTHa d BapbUpO-
Ba/ICs B JOCTYIHBIX IS H3MepeHHUH IIpefesax
(~40-500 MKM). BelHMYHMHa IOPOroBOM 3HepreTH-
YeCKOHN XapaKTepPUCTUKHU Ay d =10 MKM BBIYHCIIS-
J1aCh METOZ,0M 3KCTPAIIOISALIUH.

Jng UAnoCTpallMu MeTOo4a Ha PHC.3 IpUBe-
JleHbl pe3yJbTaThl 3KCIIePHMEHTOB II0 H3Mepe-
HUO QDs, Ipu 06/1ydeHU U I71a3HOTO AHA 0be3bsH
U KPOJIHKOB Ja3epOM C OJIHMHOU BONHBE 1,064 MKM
IIPU JJIUTEeNIBHOCTH MUMITyaIbca 21073 ¢. ITo pe3yis-
TaTaM BCeX M3MepeHHH, NIPHUBeJeHHBIX Ha PHC.3,
IoJiyueHa To/lbKo ofHa (!) TouKa Ha rpaduke 6aso-
BOM 3aBHUCHMOCTH QDs, (1), COOTBeTCTBylomIas
A=1064 HM, T1=2-107 (QDgo=4-10"* II’x). 3ameuy
B IMOpAAKe NPHMeYaHMs, YTO [/ IOJy4YeHUS
nHPopMmanuu (puc.3) B 3KCIepUMEHTe HCII0Ib30-
BaHO 6 KPyIHBIX 06e3bsiH — pe3yc, BecoM 6-8 KT,
ogHoro momerta. K 3ToMy HYXHO N0OAaBUTb IIPH-
MepHO 10 KpOIHMKOB. BCIIOMHHM, YTO AJis IIOyYe-
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2, 3) on linear symmetric or power functions. Thus
in places of "breaks’ of approximations (intervals
of 10°-1073 and 1071°-10® s), the size of hygienic
coefficient is artificially increased, approximately,
by 3-5 times without physically and physiologically
reasonable necessity.

Example of solution of specific problem
based on GOST IEC

As example of application of the IEC standard, we
will consider a simple problem about choice of limit
power of two laser pointers with lengths of waves of
radiation of 534 and 640 nanometers. Let’s be guided
by the possibility of natural protection of eyes at
direct laser irradiation on the basis of unconditional
blink reflex with characteristic delay time of t=0,25s
(the 2nd class of danger in accordance with GOST
IEC). According to this standard (Table Al), MAE of
radiation in spectral interval of 500-700 nanometers
with exposure from 1073 to 10 s is defined by ratio of
Hpag = 18-t%7° J/m?. Therefore (as is easily shown) the
power of lasers, safe for the eyes used in pointers
should not exceed, about, 1 mW (1073 W). It belongs
to radiation with lengths of waves both of 534 and
640 nm.
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HUS NoNOoOHOM HHOOpPMALMU IO TPALHUIIKMOHHOHN
Ha TOT Iepuop mertomuke (puc.2 u 4) 6v1yI0 mocTa-
TO4YHO 40-50 y1a3epHBIX ANIIJIMKAIIUEA B OOHOM IJia-
3UKe OJHOIO >XMBOTHOro. Takum obpasom, mpu-
HSITHe KOHLEIIINH 0 Haubosee Heb6IaronpusTHOM
aKKoOMOJAaLMK TpeboBao CyLeCTBEHHOTO YBeIH-
yeHUS 06beMa HCCIeZOBAHUM U, COOTBETCTBEHHO,
3aTpar. M TeM He MeHee 3Ta KOHIeNUHXs Oblia
IIpHUHATA.

3aKJIOYUTEABHBIM aKKOPAOM  JHCKYCCHHU
0 1e/1ec00Opa3sHOCTH NPHUHSTHS YKAa3aHHOH KOH-
LeIHuY IIOCAYXKHIa HHPopMauusa 0 QUKCALUH
opTanbMOJIOTaMKU MHOXeCTBEHHBIX TOYeUHBIX
CKOTOM (KOATry/IsITOB) B IIapaMaKyJIsipHOM obnacTtu
CeTYATKH Ij1a3 y ML, HPodecCHOHAJIBHO CBA3aH-
HBIX C IOCTUPOBKOM Ta30BBIX JIa3epOB, HCIIONB3Y-
IOIMX PAaCIPOCTPaHEHHBIHM B TOT MEPUOA KOJJIHU-
MaTOpHBIM MeTof,. Peup IJa O reJlHH-HEOHOBBIX
Ja3epax, MOIIHOCTh KOTOPBIX ObIla CyIecTBeHHO
Hu>Xe M]3, yCTaHOBJIEHHOTO CTaHgapToM IEC.

IIpu o6CykIeHHUH KOHIeIILIMH, pa3yMeercs,
YUYHUTBEIBAJIaCh MPaKTHYeCKas LEeHHOCTb YHUPHU-
KaIlMX OTe4eCTBEHHBIX HOPMATHBOB C 3apybesxk-
HBIMH CTaHJapTaMu. [IpHOpHUTET 10 CTeIleHHU 3Ha-
YUMOCTH OB OTHAH 3aboTe 0 340pOBbe JIOLEH.
[Tony4yeHHBle B IpoOLiecce SKCIepHMeHTa/JIbHBIX
HCCIeJOBAHUU Pe3yJbTaThl AOCTAaTOYHO XOPOILIO
BIIMCHIBA/IMCh B UMEIOIIYIOCS Ha TOT Iepuof 6asy
NaHHBIX, CO3JAaHHYK OTeYeCTBeHHBIMH H 3apy-
6eskHBIMHM KonjneraMu. Ha puc.3 mNoKa3aHH
pe3ynbpTaThl M3MepeHHUHU QDs,, B3sATble HeIlocCpes-
CTBeHHO U3 rpaduKoB Ha puc.2 u 4 a1 t=2-10"3c.
OTH JaHHBIe aJeKBAaTHBl 3HAYEHHSM JHaMeTPOB
JIa3epHOro IATHA Ha IJIa3HOM [JHe B IIePBOM CJIy-
4yae mpenckasaHHomy d=(5-8)-10 M, BO BTOpOM -
H3MEePEHHOMY d=(15-16)-10> M. KoHCTaTHpPyeM TOT
dakt, uTo 6a3oBbie 3HaueHUS QD;, MONyUeHHBIE
B IIpeJII0JIOKeHH U 0 Haubosiee HeOIAarOIPUSITHOM
COCTOSTHMUM AaKKOMOJALMHM TIJia3a, OKa3aJIHCh Npu-
MepHO 8 5 pa3 HUXe meX, YTO MCIIONIb30BaHBl B CTaH-
naptax ANSI u IEC (puc.3).

Ha puc.5 moxkasaH gparMeHT pe3yabTUPYIOIIKUX
3aBUCUMOCTEH HMY(HMM) OT IOJIUTENIbHOCTH 3KCIIO-
3SUMU. Kak cjlefcTBHe pasHOCTH IIOAXOLO0B, pac-
CMOTpeHHEIX Bbme, H;, B 3-10 pa3 HuXe H,,,
OJIs. Pa3sJIH4YHBIX YCIOBHUM 061y4deHHUs ria3. ITH
BapHAlMHU OTYACTH 06yC/IOBIEHBI BRIOOPOM BeslH-
YUHB THUTHEeHHUYeCKoro Ko3ooHUIlMeHTa 3alaca I
paspaborunkamu ctaHzaproB ANSI u IEC. JToT
BEIOOp B M3BeCTHBIX MHe KOMMEHTAPUSIX K 3TOMY
CTaHAAPTY He obcyskgaeTcs.

OcHOBHBIE OIIpeieIeHU I KJIaCCOB OIaCHOCTH Jia3e-
poB B CanIInH-91 u ctanzapre IEC 6nu3ku. OgHaKoO,
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Puc.5. IpedenbHo donycmumble 3Hepzemu4eckue IKCno3uuuu
NpsiMo20 06Ay4eHUS 2Ad3 NOMOKAMU AA3EPHO20 U3NYHEeHUS:
coz2nacHo CanlMuH-91 - cnaowHble Kpusble; C02AACHO CMAH-
dapmy IES 60825-1:2007 (TOCT IEC 60825-1-2013 - nyHKkmup-
Hble Kpuble

Fig. 5. Maximum permissible power exposures of direct
radiation of eyes by the flows of laser radiation: according to
SanPiN-91 - continuous curves; according to IES 60825-1:2007
(GOST IEC 60825-1-2013) - dotted curves

From positions of modern ideas of action of laser
radiation on eyes, both the calculation procedure and
the end result essentially have 3 serious mistakes. In
particular, as it was noted above, the basic principle of
the IEC standard is the assumption of focusing of flow
of laser radiation on retina in a spot with a diameter
of 50-70 um. Such size of spot is characteristic for
eyes of the person with violation of refraction of 0,5-1
dioptries who has forgotten to put on glasses and
meditatively looking into the distance. Possibility of
extremely sharp focusing of radiation, for example,
when using laser pointer in rather small rooms is
certainly real. In this case accidental entrance in
the eye of a person with 1 mW of laser radiation is
injury-causing.

Second factor is as follows. Laser radiation in
green spectral range (here - 534 nanometers) is
unambiguously more dangerous to eyes, than in
red one. It is caused by that the absorption index
of the melanin defining spectral properties of
retinal pigment epithelium is, approximately, twice
higher for A = 534 nanometers, than for A = 640
nanometers. With radiation absorption by tissues
(with other things being equal) the speed of heating
of the environment adequately increases and the
speed of denaturation of proteins of cells of pigment
epithelium increases significantly. In the absence
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yCTaHOBJIEHHBIE IIpe/leJIbHO AOIYCTHMBble 3HepreTH-
YeCcKHe IIapaMeTphl AJid jia3epoB 1, 2 1 3-T0 K/IacCoB
OTJIHYAIOTCS afleKBAaTHO pasauyuam I1IOY - M.

O6a paccMaTpHUBaeMBbIX JOKYMeHTa, KakK OTMe-
YajJ0Ch, OPHEHTHPOBAHB Ha YIPOIleHHe HUX
HCIIOJIB30BAHUS IIOCPEACTBOM aIlIIPOKCHUMALUU
peaspHOM, HOCTATOYHO "MSTKOH' 3aBUCHMOCTH
EDgy(t) (puc.2, 4) NpoCcTHIMHU JTHHEMHBIMHU HIH
CTemeHHBIMU QYHKUHUSIMH. IIpu 3TOM B MecTax
"U3/70MOB" ANMNpOKCHUMALUN (37eCch HUHTEPBAJIBI
1075-1073 1 10719-1078 ¢) Be1MYMHA TUTHEHUYECKOT 0
Ko3pPHuIIMeHTa 3amaca UCKYCCTBEHHO yBelHUYeHa
IIpUMepHO B 3-5 pa3 6e3 pusnvecku U PU3HONOTU-
yeCKH 060CHOBAaHHOM HeOOXOAMMOCTH.

Mpumep peweHns KOHKPeTHOM 3a4a4u

Ha ocHoBe NOCT IEC

B KauecTBe IpHMepa IpUMeHeHHsa cTaHmapTa IEC
pPacCMOTpPHUM IPOCTYIO 3aJauy o Bblbope mpenesb-
HOM MOIILHOCTH /IBYX JIa3ePHBIX yKa30K C JIMHAMH
BOJMH u31y4YeHHd 534 u 640 HM. BygeMm opHeHTHU-
POBaThCS Ha BO3MOKHOCTb €CTeCTBEHHOH 3l UTEHI
IJ1a3 IPU IPSIMOM OOJTyd4eHHUH J1a3epoM Ha OCHOBe
MUTaTe/IbHOTO pediiekca C XapaKTepHbIM Bpeme-
HeM 3amasgbiBaHug t=0,25 ¢ (2 KjJacc OoIacHOCTHU

i g

of information on position of the developers of the
IEC standard equally probable two mistakes are
represented. If rated value of MPE was assumed safe
for radiation in green area of range, the hygienic
coefficient n around 600-700 nanometers is unfairly
overestimated by several times. Otherwise the
probability of photodamage of eyes of the persons
by pointer radiation A=534 nanometers additionally
increases.

And the third important circumstance which is
also important. It is necessary to remember that time
of protective blink reflex (0,15-0,25 s) when developing
the ANSI standard has been defined under conditions
of impact of the powerful, bright flash of white light
adequate to nuclear explosion or analogs [3]. Similar
serious researches of reaction of eyes to specific laser
influence are unknown to me. The main radical
differences from the specified conditions are caused
by laser (monochromatic) exposure of small (in the

extreme case measured by tens of pm) retina sites.

From experience of my colleagues (in rare instances
negative), the influence of visible laser radiation in
particular on peripheral departments of retina does
not cause feeling of discomfort. Apparently, it is
possible to explain spot paramacular injuries of retina
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1o TOCT IEC). CoryiacHo 3TOMY CTAHIAPTY (Tabnurna
Al moxymeHTa), M3 U31y4eHHUS B CIIeKTPAIBHOM
uHTepBase 500-700 HM IIpHU OIMTEJIBHOCTH 3KC-
no3unuu ot 1073 mo 10 ¢ orpenensieTcss COOTHOIIe-
HueMm H,;,=18-t%7> JIxx/m2. OTKyJga /erko rmokxa-
3aTh, 4TO be3oImacHas AJjs I71a3 MOLIHOCTE J1a3epoB,
KMCII0/Ib3YeMBIX B YKa3Kax, He [JOJI’)KHA IIPeBHIIIaTh,
npumMepHo, 1 MBT. 3TO OTHOCHTCS K M3JIy4YEHHIO
C IJIHMHAMHM BOJH Kak 534, Tak ¥ 640 HM.

C MOo3MLMH COBpeMeHHBIX IIpefCTaBIeHHUU
0 IeMCTBHUHU JIa3epHOro HM3/Jy4eHHUS Ha IJa3a, KakK
Ipoleaypa pacdeTa, TaK U KOHEUHBIN pe3yabTaT
MMeIOT B OCHOBe TPU Cepbe3Hble OmMHOKU. B "act-
HOCTH, KaK OTMeYaJIoCch BblIIe, 6A30BBIM IIPHUH-
numnoM Hopmatusa IEC gBisercda mpexnIrioynosxke-
HHe 0 QOKYCHPOBKE II0TOKA JIa3€PHOr0 U3JIyUYeHHU
Ha CeTYaTKy B IATHO guamerpomM 50-70 MKM.
Takoy pasMep HNATHA xapaKTepeH [Jid I1a3 4eJo-
BeKa C HapylleHHeM pedpakuuu 0,5-1 AUONTPHUH,
3abBIBIIEr0 HaJeTh OYKHM M 33aAYMUYKUBO B3Hpalo-
mero B 6eCKOHEYHOCTb. BO3MOSKHOCTbD IIpe/ieIbHO
OoCTpoHd (QOKYCHPOBKH H3Jy4YeHHSd, HaIpHUMep,
IIPY MCIOJb30BAHHUHU J1a3ePHOH yKa3KH B OTHO-
CUTEeNbHO HeDONBIIMX IOMeINleHUSIX, De3ycloBHO,
peanbHa. B 3TOM ciydae ciydaliHoe MolajJaHHe
B I[JIa3 C/IyIIaTe/sl Ja3epHOro M3Jy4eHUSI MOIIHO-
CThI0 1 MBT TpaBMOOIIaCHO.

BTtopon ¢dakTop. JIazepHoe H3/l1y4eHHe B 3ejle-
HoU ob6mactu cmektpa (3meck - 534 HM) ofHO-
3Ha4yHO Ooyiee OmMacHO JJs I/1a3, YeM B KPacCHOH.
910 00yC/lIOBIEHO TeM, UYTO IIOKa3aTelb IIOLJIO-
IeHHs MeJIaHHHA, OINpelesiollero CIeKTpab-
Hble CBOMCTBA IIMTMEHTHOTO OSIHTeNHus CeT-
YaTK{ NIPUMEPHO B IBa pa3a BhIIIe 41 A=534 HM,
yeM 149 A=640 HM. IIpu morjomeHUM H3IyYe-
HUs TKAaHSIMH aJeKBaTHO Bo3pacTaeT (IpU IIPo-
YMX PaBHBIX YC/IOBHSX) CKOPOCTh HarpeBa Cpefbl
U CYIIeCTBEHHO YBeJIHYHUBACTCS CKOPOCTb AeHATy-
palMy IPOTEHMHOB KJIETOK IITMTMEHTHOIO 3IIHTe-
nug. IIpy OTCYTCTBUHM HHOOPMAILIMU O IIO3HUIIUU
paspaboTuuKoB cTaHAaprTa IEC paBHOBEPOSITHBIMH
IpeACTABASIOTCS ABe omUOKH. Ecium HOpMHUPO-
BaHHOe 3HaueHHe M/ID mpexmonaranochk Hesomac-
HBIM JUIS U3/IY9eHHUs B 3eJIeHOM 06acTH CIIeKTpa,
TUTHeHHYeCKU N Ko3QPUILIMEHT 3amaca 1 B palioHe
600-700 HM HeoIlpaBJAHHO 3aBHIIIEH B HECKOJIBKO
pa3. B IpOTHBHOM Cjiy4yae BepPOSITHOCTh POTOIOB-
PeKAeHMS I71a3 CIyllaTener U3/Jy4yeHHeM yKa3KHU
A=534 HM [IOIIOJTHUTEJIBHO BO3PaCTaeT.

M TpeTpe, Ha HaIl B3IJ4[, HeMaJOBaskKHoe
obcTosiTenpcTBO. HeobXomMMO BCIIOMHHTH, UYTO
BpeMsl 3aLIMTHOrO0 MHTIaTelbHOIo pediekrca (0,15-
0,25 c¢) mpu paspaborke ctaHmapta ANSI 6bL1I0

28 ®OoTOHUKA 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

mentioned above among adjusters of gas lasers by the
absence of unconditioned blink reflex upon influence
of collimated flow of laser radiation. Obviously, the
considered problem deserves detailed studying, and
the concept of "natural protective reaction” in relation
to impact of the laser on eyes shall be specified.

Example of solution of specific problem
based on SanPiN-91

Omitting calculation parts, we will provide final
recommendations of SanPiN-91 for the limit
power of lasers in the conditions considered
above. They are as follows: Pp;(A=534 nm)=10"* W;
Py (A=640 nm)=2-10"*W. They consider the possibility
of "sharp" focusing of radiation flow on retina, and
distinction in degree of danger of radiation for two
spectral ranges is mitigated. Time of blink reflex
(with heavy consciousness of own powerlessness in
an attempt to offer something best) is left similar, as
accepted in the ANSI (IEC).

SPECTRAL INTERVALS OF 350-450 AND
900-1400 NM

IEC standard

With the distribution of flow of laser radiation in the
eyeball two processes are completed: on the one hand,
increase in power density (irradiance of environment
E, W/m?), caused by focusing, and on the other hand,
the reduction of this value determined by spectral
absorption index of k (A), m. In the visible spectral
range the k is not enough, and in essence the action
of this factor is ignored. In near UV and Infrared
ranges where values of k are about, 10771073 m,
such ignoring is inadmissible. Depending on ratio
of the specified factors, the action of laser radiation
can be dangerous not only for cornea and/or retina
of the eye, but also for intermediate intraocular
structures, such as iris, crystalline lens, vitreous
body. Pathogenic action of such radiation on eyes
is, for example, an occupational disease common
both in our country and in the western world [3],
namely beam cataract, both among glass blowers
(UV-background), and among the employees of
hot workshops in metallurgy, forge masterful, etc.
(IR-background).

In ANSI Z136 and IEC standards these factors are
not considered. Apparently, even when developing
the concept of the American standard, it was decided
to define a border of visible and UV-range on a
wavelength of A=400 nanometers. The subsequent
aspiration to simplify the use of the standard has
led to an assumption that laser radiation with
wavelength A>400 nanometers are dangerous only to
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olpefesieHO IPH YC/IOBUSIX BO3MEHCTBUS MOII-
HOM, SIPKOM BCIBIIIKK Oesoro cmBeTa, ajeKBart-
HOM aTOMHOMY B3pBHIBYy HJIM aHajoraM [3]. AHaro-
TUYHBbIe, Cepbe3Hble UCC/IeOBAHUS peaKL U I1a3
Ha crienuduUUeckoe ja3epHoe BO3eHCTBHe MHe He
M3BeCTHBI. OCHOBHBIe KOPeHHBbIe OT/IMYHUS OT yKa-
3aHHBIX YCJIOBHI 06YC/IOB/IE€HBl J1a3epHBIM (MOHO-
XPOMaTHUYeCKHM) 0bnyueHHeM MaJblX Y4acTKOB
ceT4aTku (B Ipele/bHOM Cjy4dae, H3MepsIeMOM
B [ecsiTKaX MHKPOMeTpoB). Ilo OHmBITYy KoJjjer
(B OTHeNPHBIX C/IydasiX Ile4a/IbHOMY) BO3JelCTBHE
BUIKMMOIO JIa3epPHOTO H3/Iy4eHHsI B 0COOeHHOCTHU
Ha nepudeprveckue OTHEIbl CETUATKU He BBI3BI-
BaeT ONYyLIeHHUS AHUCKOMbopTa. OTCYyTCTBHEM
Oe3ycI0BHOro MHUTraTenbpHOro pediekca Ha BO3-
OenCTBHe KOJJIMMHUPOBAHHOIO IIOTOKA JIa3€pHOIO
M3JIy4eHUS, IIO-BUAHMOMY, MOXHO OOBSCHHUTH
YIOMSIHYTBIe BBHIIIe TOUeUHBbIe IMapaMaKyIsSpHbIe
TPaBMBI CETUATKH Y IOCTHUPOBIIHKOB I'a30BbIX J1a3e-
poB. OueBHAHO, paccMarprBaeMas mpobiema
3acay>kuBaeT 06CTOSITEIBHOTO M3yUeHUs, a IIOHS-
THe "eCTeCTBEHHAs 3alMTHAas peakUHs IIpHUMe-
HUTEJBHO K BO3JEHCTBHIO Jia3epa Ha Irila3a Tpe-
byeT yTOuHeHHS.

NMpuMep pelieHUs KOHKPeTHOM 3a4a4un

Ha ocHoBe CaHlMnH-91

Omyckasi feTaau pacyeTra, IpHUBeJeM KOHeUHBIe
pexkomenpanuu CaHIIuH-91 g1 npepenbHOU
MOIIHOCTH JIa3epPoB B YCJIIOBUSIX, PACCMOTPEHHBIX
Bblllle. OHU CJefyIOIIHe: PHHY()\=534 HM)=10"* Brt;
Pmy()\=640 HM)=2-10"* BT. 3[1ech yuTeHa BO3MOX-
HOCTB "0CTpo¥" GOKYCHPOBKH IIOTOKA H3JTy4YeHHUS
Ha CeTYaTKy M CMSATYeHO pa3jU4YHe B CTeleHU
OIIACHOCTH H3JIyUeHUS [N ABYX obracTed cIek-
Tpa. BpeMs murartenpHoro pediexca (C TSKeIbIM
CO3HaHMUeM coOCTBeHHOro 6ecCHUIHS B IIOIBITKE
IIPe/IOKUTh YTO-TO JIydlllee) OCTABJIEHO aHAJO-
TUYHBIM, IPUHATOMY B ANSI (IEC).

CMNEKTPAJIbHbIE UHTEPBAJ1bl 350-450

N 900-1400 Hm

CraHpapT IEC

[Ipy pacHpoCTpaHEHHUM IIOTOKA JIA3€pHOTO0 M3IY-
YeHHs] BHYTPU IJIa3HOTO sI6710Ka KOHKYPHUPYIOT
IBa Ipoliecca: C OJAHON CTOPOHBI, yBelIHYeHHE
IJIOTHOCTH MOINHOCTH (0671y4eHHOCTH cpensl E,
Bt/M?), obycinoBieHHOe QOKYCHPOBKOH, U C IpY-
rOM, yMeHbIIEeHHe 3TON BeJIMYHHBI, OIlpPe/iesisieMoe
CIIeKTpPaJIbHBIM II0Ka3aTesneM mornomeHus k(A),
Ml. B BupmMom obnactu crnekTpa k mano, u men-
CTBHMEM 3TOro pakTopa Io CYLecTBY IpeHebperaor.
B 6nukHux Y®- 1 UK-nuanasoHax, Irae 3HadyeHUs
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retina. Respectively, with A <400 potential possibility
of photodamage of cornea only is considered.

For the illustration of "operation" of this
assumption we will consider the values of Hypp (J/m?)
taken at a rough estimate from the last edition of
the state standard specification IEC 60825-1-2013 for
A=400+AN nm (AA is small) and duration of laser
impulse of t=10" s, characteristic for semiconductor
lasers. The calculated value of HMPE for A=400+AAis
equal 5-107 J/m?. At the same time for A=400-A\ the
magnitude of HMPE grows up to 560 (!) (J/m?).

Apparently, comments are needless here. MPE
relation for the next spectral ranges exceeds 5 orders
here. With increase in exposure duration this relation
only grows. Such "jump" is adequate to the repeated,
also justified local increase (reduction) in hygienic
coefficient in the borderline area.

Besides, it is necessary to take into account that
the spectral transmission of optical system of the eye
for radiation with the wavelength of 400 nanometers
is 4-5% (see fig. 1). Therefore, with power exposure
on cornea of Hypz=560 J/m? beam load of retina
is equivalent to influence of external radiation
flow in visible range with the value of H of about
20 J/m?. Maximum permissible power exposure for
such radiation flow focused on retina is given above
(5'107 J/m?, that is by 3-4 orders of magnitude less).
Thus, MPR established by the IEC (ANSI) standard
for UV-range in the vicinity of 400 nanometers
ensures safety of cornea of eye, but thus guarantees
with probability 100% the heaviest injury of retina.
Closer, but less pronounced roughnesses take place in
intermediate Infrared range.

SanPiN-91

By the beginning of development SanPiN-91, the errors
of the ANSI and IEC standards noted above, certainly,
were revealed and published. It was unacceptable
to adopt the American scenario in its original state.
On the other hand, domestic developers were in
conditions of number of the restrictions connected
with terms of performance of task, the amounts
of financing (researches of impact on radiation
eyes in the range of 350-450 nanometers originally
were not planned). Purely psychological orientation
to unification of the document with the western
standards and already mentioned intent to make the
documen extremely available to the user was also an
important factor.

By the results of discussion it was decided to shift
demarcation of visible and UV-ranges from 400 to
380 nanometers. Thus the principles of rationing of
PLI were unchanged, proceeding from conditions of
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k mmeroT mopsimoxk mpumepHo 107-1073 ml, Takoe
npeHebpeskeHHe HeAOIYCTHUMO. B 3aBHCHMOCTH
OT COOTHOLIEHHUS YKa3aHHBIX GaKTOPOB AEHCTBHUE
JTa3epHOT0 H3JIy4YeHUS MOXKeT OBITh ONaCHBIM
He TOJIBKO IJISI POTOBHUIIBI M/UJIH CETUATKU IJa3a,
HO M [AJIs1 NPOMEXYTOYHBIX HHTPAOKYISPHBIX
CTPYKTYp, TaKHX KaK pagyXkKa, XPyCTaIUK, CTe-
KJIOBHHOeE Teso. [IaTOreHHBIM /IeHCTBHEM TaKOIo
M3JIydeHHUs Ha IJa3a sBIsSeTcs, HamopHUMep, pac-
IIPpOCTpPaHeHHOe U y Hac, U Ha 3amnage [3] npodec-
CHOHaAbHOe 3abomeBaHHe - JydeBasi KaTapakTa
KaK y cTekjaoAyBoB (Y®-poH), Tak U y paboTHU-
KOB TOPSIYMX ILI€XOB B MeTaJIyPTHUH, Ky3HEeUHBIX
MacTepcKUX U apyrux (MK-doH).

B ANSI Z136 u pmanee B ctaHgaprax IEC 3Tu dak-
TOPBL He YYUTHIBAIOTCI. [I0-BUAKMMOMY, ellle IpHU
pa3paboTke KOHLEMLIUMK AMEPHUKAHCKOTO CTaH-
napTa 6bLIO pelleHO MPUHSTH B KaUeCTBe FPAaHHUILBI
MeXAY BUAMMBIM M Y®-muUama3oHAMH CIEKTpa
OIUHY BoMHBI A=400 HM. [locnenyomee cTpemie-
HHe yHIPOCTHUTH II0Jb30BAHHE HOPMATHBOM IIpH-
BeJIO K JOIYIIeHHUI0 O TOM, YTO Ja3epHOe H3Jyde-
HUe C JJHUHON BOJHBL A>400 HM OIIaCHO TOJIBKO
nnast cetuaTku. COOTBeTCTBeHHO, IpU A<400 pac-
CMaTpHBaeTCsl IMOTEHIIMaJibHAasS BO3MOXHOCTH
boTOonOBpesKIeHHU S TOIBKO POTOBHIIEL.

i1 unnocTpanuu "paboTe” 3TOrO gomyilue-
HHS PAaCcCMOTPHM 3HAa4YeHHUS MKCHMAaJIbHO JOIIY-
CTUMBIX 3KCIO3MUMH (H,,, [K/M?), B3siThle "Ha
BCKI/I,ELKY" M3 [ocaeiHeN pelaKLMU cTaHgapTa IEC
onsg A=400+AN HM (AN Majo) U OJUTEIBbHOCTH
Ja3epHOro MMIyiabca t1=10"% ¢, xapaKTepHOH [
IIOJIYIIPOBOJHUKOBBIX JIa3epoB. PacdeTHoe 3Hade-
Hue Hy , 11 A=400+ANHM cocTaBUT 5 1073 [[5k/M2,
M aHAJIOTUYHO 114 A=400-AA HM - 560 (1) I>k/m2.

[To-BUIHUMOMY, KOMMEHTAPUU 3/eCh U3NTHUIIHU:
oTHomeHHe H,,, A1 COCeACTBYIOUMUX CIIeKTPasb-
HBIX oOjacTeil 37ech IIpeBBHIIIAeT 5 IIOPSIIKOB.
IIpu yBeIHUYeHHUU AJIUTENIbHOCTH 3KCIIO3UIHUH 3TO
OTHOILIEHUEe [OIOJHUTENIbHO pacTeT. Takoé "cka-
YoK' aJleKBaTeH MHOTOKPAaTHOMY, TaKXKe He HMe-
IoleMy 0ob6OCHOBAHUS JOKaJIbHOMY yBeJIHYeHUIO
(yMeHBIIEHUIO) TUTHMEeHHUUYecKoro KodddunmeHta
3araca B IOTPAaHUYHOM 06/1acTH.

Kpome TOro, HeobxoJMMO IPHUHSITH BO BHHMa-
HHe, YTO CIIeKTpa/IbHOE IPOIIyCKaHHUe OIITUYeCKOHN
CHCTEeMBI IJ1a3a A/ U3Jy4eHHUs C JJIHMHOK BOJHBI
400 HM uMeeT mopsifmok 4-5% (cm. puc.l). Cie-
IOBATeJIbHO, IIPU SHEPreTHUYeCKOM 3KCIIO3UIIUU
Ha porosuue H,;,=560 [I>k/M? ny4eBasi Harpyska
Ha CeTYaTKy S5KBHMBAJeHTHA BO3/IeHMCTBUIO BHeEII-
Hero IOTOKa H3/JIy4YeHHUsS B BHUAMMON obnacTu
CIeKTpa C BeIHUYMHONM H mpumepHo 20 [Ik/M?.
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photodamage of cornea by UV-radiation on the one
hand, and destructive action of visible light on retina
from the other hand.

As the transmission of optical system of eye
in the range of 380 nanometers is close to zero [7],
the problem of safety of retina has been solved.
However, transfer of the specified demarcation has
increased the area of unfairly overestimated hygienic
coefficient by 20 nanometers due to approximation
of real dependence H,;p; (A). A little softened sharp
(contradicting to the laws of nature) change of MPL
around 380 nanometers has remained, there were
(and still are) unstudied and unaccounted conditions
of photodamage of intraocular structures to front
piece of eyeball, both in UV and near IR-radiation.

These and a number of similar problems have
been supposed to solve in the course of subsequent
completion of Construction Norms and Regulations.
However, as we know, after 1991, the works in the
discussed area have been stopped. Americans and
later Europeans have not brought (or nearly have not
made) the amendments in the standards offered by
us. Discussion of the reasons is beyond this article.
However we will note that in later development of the
American standards of safety (e.g., ICNIRP, Guidelines
on Limits of Exposure to Broad-band Incoherent
Optical Radiation (0,38-3 pm), 1997) the border of
UV-range is transferred to 380 nanometers.

DISCUSSION, CONCLUSIONS,
RECOMMENDATIONS

In the author’s opinion both compared the document:
ANSI-Z136 (later IEC) and the SanPiN-91 deserve
extreme respect. They are based on profound and hard
work in the field of knowledge, new to the mankind.
Therefore some miscalculations and roughnesses are
inevitable on the first steps. SanPiN-91 takes more
advantageous position in this case as the standard
of the second generation which is making use of
experience, development and practical application
of the ANSI standards and SanPiN-81. A number of
the inaccuracies discussed above caused by the level
of understanding of problem during this period has
been eliminated. The new sections and standards
based on the results of the unique researches of state
of health of the persons which are professionally
working with laser equipment, not having analogs
in the West, have been added. These researches have
been conducted, in particular, by Moscow Scientific
Research Institute named after F.F.Erisman, Central
Research Institute of Labor Protection of the All-
Union Central Council of Trade Unions, Leningrad
Scientific Research Institute of Occupational Health
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IIpefenbHO OOMYyCTHMas SHepreTHYeckas 3KCIIO-
SULMSA [OJIg TaKOro IIOTOKA H3JIy4YeHHUs, COHOKy-
CUPOBAHHOIO Ha CeTYATKy, KaK II0OKa3aHO BHIIIE,
coctaBnset (5-1073 [Ik/mM?, To ecTh Ha 3-4 mopsazka
MeHbIIe). TAKUM 06pa3oM, JOMYCTHMBIE IIpefebl
MU3JIyUYeHH I (OITH), yCTaHOBJIEHHBIE CTAHOAPTOM
IEC (ANSI) mns Vd-guamasoHa B OKPECTHOCTHU
400 uM, obecreuMBalOT 6e30IIaCHOCTD POTOBHIIEI
rjaasa, HO IIPU 3TOM IFapaHTHPYeT C BePOSATHOCTHIO
100% Ts>KelneHIIyl0 TPaBMY CeTYAaTKH. BiIH3KHe,
HO MeHee SPKO BBIpa’keHHBbIe IIePOXOBATOCTH
MMeIOT MeCTO U B IlepexongHom MK-muamasoHe.

CaHlnH-91

K Havany paspaborkm CaullnH-91 oTMedeHHBIe
BBIIIe IIOTPeIIHOCTH cTaHAapToB ANSI u IEC, be3-
yCIIOBHO, OBI/IM BBISIBIEHBI K 0OHAPOMOBAaHBEI. IIpH-
HSITb aMepHUKaHCKHUU CLleHapUH B MepBO3JaHHOM
Bu/le 6b1710 HenpuemyeMo. C JPyror CTOPOHBL, OTe-
yeCTBeHHBble pa3paboTYMKHU HAXOAHIHCH B YCIO-
BHUSX psifla OTPAHUYeHHH, CBSI3aHHBIX CO CPOKAMH
BBIIIOJTHEHHUSI 3aJaHHus, ob6beMaMH OQHUHAHCH-
poBaHHUs (McCIelOBAaHUS BO3JeHCTBUS Ha Iasa
M3ly4yeHuss B HHTepBajne 350-450 HM IepBOHa-
4YaJbHO He IUIAaHHPOBANUCh). OIpelenleHHYIO
poJib, MO-BHUAMMOMY, MIPaja YHCTO IICHXOJIOTH-
yecKas OpHeHTalus Ha YHHQUKALHIO JOKyMeHTa
C 3amagHBIMHM CTaHAAPTAMH H yXe 0OCYXKIaB-
1Iascsd yCTaHOBKAa CHeJaTh HOPMAaTHUB IIpelejibHO
JOCTYIIHBIM [JIJI [10JIb30BaTEIA.

B utore obcykaeHHUs 6BIJIO IPUHSITO KOMIIPO-
MHCCHOe pelleHHe CABHHYTH IPaHHUIy pasjesna
BUIHMOro u Y®-guamna3zoHoB oT 400 go 380 HM.
IIpx 3TOM IIpenJjarajoch OCTaBUTb B CHJIe IIPUH-
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at the enterprises using lasers in technology processes
(welding, cutting of materials), in the watch-making
industry, in scientific and medical institutions and
other areas. By the results of these researches for the
first time in world practice SanPiN-91 determines
safe working conditions of the specialists who are
constantly using laser technology. In the Western
Europe and in the USA these conditions are currently
normalized by the special documents which often
have lower legal status, than state standard.

Thus, there are all objective bases to give preference
to SanPiN-91 when settling the controversial issues
connected with assessment of degree of danger and
working conditions during operation of specific
laser equipment. Further it is offered to look at the
problems of both Russian and European standards for
laser safety under a bit different angle.

From the positions corresponding to modern
achievements in the development of the metering
(diagnostic) equipment and laser technology, the
methods of measurement of EDy, and the subsequent
calculation of MPL (MAE) which described in detail
in the previous sections look primitive and archaic.
Measurements were essentially made "at-glance";
statistical processing improved the situation, but did
not change it fundamentally. The need to check, at
least fragmentary, the received dependency with use,
for example, of OCT (optical coherent tomography),
ultrasonic methods of high resolution and modern
systems of visualization and photoregistration of eye
bottom seems to be obvious.

The general scientific, including physical, base
(i.e. a set of ideas of mechanisms of interaction of
laser radiation with bio-objects) in the discussed
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LUIBl HOpMHpoBaHUA IIJIY, ucxons U3 yCIOBUU
doTomoBpexkAeHUS POroBULIBl YP-H3/lydeHHEM
C OJHOMN CTOPOHBI, U AeCTPYKTHUBHOTO HeHCTBUS
Ha ceT4aTKy BUJMMOIO CBeTa, C PyroH.

IToCKONBKY IIPOIyCKAaHHE OIITHYeCKON CUCTeMBI
rrasa B AuamnasoHe 380 HM 61u3Kko K HyIo [7],
npobnema obecredeHHUs: 6€30MaCHOCTH CeTYATKHU
6bi1a pemeHa. OfHaKo, IIepeHOC YyKa3aHHOM
TpaHUIBl pa3fena yBelH4YMJI 067acTb HeoIpaB-
NAHHO 3aBBIIIEHHOTO KO3UIIMEeHTa TUTHeHU-
YecKOro 3amaca Ha 20 HM 3a CcYeT allpoKCcuMa-
LHMH peasbHON 3aBUCUMOCTH Hp, (A). Ocranoch
B HeCKOJIbKO CMSITUYeHHOM BHZe pe3Koe (IPOTH-
Bopedallee 3aKOHaM >XMBOH NPHUPOAE]) H3MeHe-
Hue IIJIY B paroHe 380 HM. OcTanuch (4 ocTa-
IOTCSI) HEeH3yUeHHBIMU U HeyYTeHHBIMH YCJIOBHS
boTonOBpeXXAeHUSI HHTPAOKYJISPHBIX CTPYKTYP
B IIepeflHeM OTpe3Ke IJIa3HOro sg610ka Kak YP-, Tak
U 6nr>KHUM UK-H31ydeHneM.

9TU W PAf aHAJOTMYHBIX 3afay IIpejIosara-
JIOCh PELIUTH B IIPOLiecce IOCIeAYIOMeHr fopaboTKU
CaulluH. OgHaKo, KakK H3BeCTHO, mmocie 1991 roma
paborsl B obcyskmaemor obinactu ObIIKM Ipekpa-
meHbl. AMEPUKAHIIBI U UAYIIHe B UX KUJIbBaTepe
eBpOIlelIlbl He BHeCAH (MM IIOYTH He BHECIM)
Ipe//io>keHHble HaMM IIONPaBKH B CBOU HOpMa-
TUBBI. O6CyXXZeHHe MPUYUH BBIXOAUT 32 PAaMKHU
HacTosimel cTaTbu. OJHAKO OTMETHM, 4To B 6osee
IIO3JHUX pa3paboTkax aMepHUKaHCKHX CTaHAAp-
ToB 6e3omacHocTH (HanpuMep, ICNIRP, Guidelines
on Limits of Exposure to Broad-band Incoherent
Optical Radiation (0,38-3 MkMm), 1997) rpaHuua
Y®-guamasoHa mepeHeceHa K 380 HM.

OBCYXAOEHWE, BbIBO/Abl,
PEKOMEHAOALUN

Ha Ham B3rasg ob6a cpaBHHUBAaeMBIX [OKY-
MmeHTa: ANSI-Z136 (mo3xke IEC) m CanIlmH-91 -
3aCy>XKMBAIOT B BBICIIEM CTeIleHH yBAKUTEIbHOIO
OTHOIIEHHUS. 32 HUMHU CTOUT OosbIIasi U HeJser-
Kasi paboTra B HOBOM [/ 4esoBedecTBa obimactu
3HaHUM. [I09TOMYy Ha IIepBBIX IIarax KaKHe-TO
IIPOCUeTHl U IIepPOXOBATOCTHU HeH3b6eKHBI. B aToM
mnaHe CaHIIMH-91 3aHHMMaeT Oosee BBITOLHYIO
IIO3HIIMI0 KakK HOPMAaTHUB BTOPOr0 IIOKOJEHHS,
HCIIONB3YIOMUI OIBIT Pa3paboTKU M IpHUMeHe-
HHS Ha IpaKkTHKe cTaHAapToB ANSI u CanllnH-81.
Psim obcyskmaeMbIX BbIIIe HETOYHOCTEM, 06yC/oB-
JIEHHBIX yPOBHEM IIOHHMMAaHHUS IIpobiieMBl B TOT
nepuon, 6bl1 ycTpaHeH. [lobaBieHBl HOBBIE pas-
Ienbl 1 HOPMAaTHBEL, OCHOBAHHBIe Ha pe3yabTaTax
YVHHUKAJIBHBIX, He HUMEIOIIUX aHAJIOr0OB Ha 3amaje,
HCCIeJOBAHUN COCTOSIHUS 3[0POBBSl JIHI, IIPO-

32 ®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

documents corresponds to the level of 70-80th,
The last decades have presented many serious
achievements and new opportunities of development
in this scientific direction. These achievements are
connected, in particular, with essential expansion
of laser application in medicine. Here physical and
physiological problems of influence of laser radiation
are considered with the most different parameters
on tissues and bodies, both locally and at the level
of reactions of organism in general. The developed
concepts and modern methods of the researches can
be certainly used when updating standards for laser
safety.

The research conducted in insufficient volume
when developing of SanPiN-91 remains relevant
owing to, as a rule, a lack of laser technology with
necessary parameters during that period. It concerns
mechanisms and conditions of photodamage
of tissues by radiation in intermediate spectral
intervals, near and far IR range, as well as, certainly,
conditions of photodamage of tissues by laser
impulses of picosecond and femtosecond duration.
The data presentation form in the considered
documents including the considered simplifications
and approximations is absolutely inadequate to the
level of the modern user mastering the computer
practically from a five-year age.

The general conclusion is obvious. The considered
normative documents both domestic, and Western
European need radical reconstruction. Such
reconstruction demands forming of the accompanying
Program of researches and corresponding
financing.

Creation of the normative document integrated
with a simple, available for modifications computer
program can be the acceptable decision, in my opinion.
It is absolutely necessary to refuse all simplifying
assumptions and current approximations. The
program shall be based on real experimental and/
or rated dependencies of threshold energy (or other
threshold power characteristics) from radiation
source parameters. In the far UV- and IR-ranges
there shall be boundary conditions of photodamage
of cornea, in the visible area - of retina, respectively,
without any simplifications of function of optical
transmission [7]. In intermediate spectral intervals
it is reasonable to use two or three dependencies
defining the conditions of photodamage of cornea,
retina or other intraocular structures and to choose
the most potentially dangerous option. Thus the
choice of conditional border of UV-visible range does
not influence the end result and has purely directory
character. The input of the program includes passport
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deccruoHaNnpHO PaboTAOLIUX C JIa3epHOM alIapa-
TypoHu. ITH HCCAeJ0BaHHUS MPOBOJHU/IHCH, B 4aCT-
HoCTH, MockoBckuM HHH um.®.®.Jpucmasa,
LIIHHHH oxpausl Tpyaa BICIIC, JIeHMHIpPaACKUM
HHMH rurveHsl Tpyha Ha OPeAHPHUATHSAX, UCIIONb"
3YIOIIMX JIa3epbl B TeXHOJOICHMYECKHX IIpoleccax
(cBapka, pe3Ka MaTepHasoB), B HACOBOK IIPOMBIII-
JIeHHOCTH, B HaY4YHBIX U MeJHIUHCKUX yUYpeKae-
HHUSX U APYyTrux obnactsax. [lo pesynbpraTaM 3THX
HCCIeJOBAaHHUMN BIepBble B MHPOBOHM IIPaKTHKe
B CauIInH-91 ompeneneHsl 6e3omacHble YCJIOBHS
paboThl CIEMATHCTOB, IOCTOSHHO KCIIONB3Y-
IOIMX Ja3epHyo TexHUKY. Ha 3amage u B CIIA
3TH YCJIOBHUS CeroJHs HOPMHPYIOTCS CIleLihajlb-
HBIMHM JOKYMeHTaMH, 4aCTO MMeKIHUMHU Oojee
HU3KHUH IIPaBOBOM CTATYC, YeM FOCyJapCTBeHHBIH
CTaHAApT.

Taxum 06pa3oM, ecTh Bce 06beKTHBHBIE OCHOBA-
HHuA oTAaTh npennouyTteHure CanlluH-91 mpu paspe-
IIeHHUH CIIOPHBIX BOIIPOCOB, CBSI3aHHBIX C OLleHKOH
CTelleHH OMACHOCTH U YCJIOBHH TpPyJa Impu paboTe
C KOHKPeTHOM JIa3epHOH alIapaTypoH. [anee
IpeAaraeTcs B3IJISHYTh Ha IpobieMsl U Ppoc-
CHHUCKHX, U eBPOINEeHCKHX HOPMAaTHBOB IIO Ja3ep-
HOM 6e30MaCHOCTU II0J, HECKOJIbKO HHBIM YIJIIOM
3peHus.

C IO3HUIIMH, COOTBETCTBYIOIIUX COBPeMEHHBIM
OOCTHKeHHSIM B Pa3paboTKe H3MepUTeNbHOMN
(AUarHOCTUYeCKOM) alapaTypsl U Jla3epHOH Tex-
HHKH, MeTOAbI H3MepeHUsd EDgy U mocienymoiero
pacueta IIOY (MI13), Tak r[o,upo6Ho OIIMCAaHHBIE
B IpeAbIAYLMX pa3fenaX, BBIIIAAAT IIPUMUTHB-
HBIMU M apXaHM4YHBIMH. M3MepeHHS IO CYINeCTBY
Ienanuck "Ha rnasok’, cTaTucTudeckas obpaborka
ylydllajga CUTYallHMIo, HO He HM3MeHsIa ee IIPUH-
LUIHanbHO. OueBUAHA HeobXOOUMOCTb IIpOBe-
PUTB, XOTs1 61 GparMeHTapHO, MONyUYeHHbIe 3aBU-
CHMOCTH C HCIIOJIb30BaHHMeM, Hamnpumep, OKT
(omTH4YecKoM KOrepeHTHOM TOMOrpadHH), yAbTpa-
3BYKOBBIX METOJOB BBICOKOI'O pa3pelleHHs, COBpe-
MEHHBIX CHCTeM BH3yaJIM3alMHU U GOTOpPerucrpa-
LIMH IJIa3HOTO JHa.

ObuleHayuyHasi, B TOM 4Hcle ¢u3ndeckass 6asza
(1 MMew B BMJY COBOKYIIHOCTb IIpeACTaBIeHHUI
0 MeXaHH3MaX B3aHMOJEMNCTBHUS JIa3epDHOIO H3Jy-
4yeHUs ¢ 6M006BeKTaMu) 06CysKaeMbIX JOKYMEHTOB
COOTBETCTBYeT ypoBHIO 70-80-x romos. IlocienHue
JecATU/IeTHS MOJAPHUIKM HeMaJio Cepbe3HBIX JOCTH-
KEHHIH U HOBBIX BO3MOKHOCTeH pa3BMTHUSI 3TOTrO
HAy4YHOro HampaBaeHHA. OTMedeHHBIE HOCTHKe-
HUS CBSI3aHBI, B YaCTHOCTH, C CYIIeCTBEHHBIM pac-
IIKMpeHHueM IIPUMeHeHHs Jla3epoB B MeJIHIIMHe.
3hecy pacCMaTpUBANIKUCh QU3HUeCKHe U GU3HOJIO-
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rudeckue npobieMsl BO3LeHCTBUS J1Ia3epHOTO H3IY-
YeHHs C CaMBIMH pa3JIHYHBIMU I[IapaMeTpaMH
Ha TKaHH M OpraHbl - KaK JIOKaJIbHO, TAK ¥ Ha YPOBHE
peakuHuil opraHh3Ma B LieJoM. Pa3BHUThle KOHIIeI-
LMY U COBPeMeHHbIe MeTOBI HCC/IeJlOBaHU M, be3yc-
JIOBHO, MOTYT OBITB HCII0JIb30BAHBI IPU OOHOBIEHUHU
HOPMAaTHBOB I10 JIa3epHOH He30I1acHOCTH.

AKTyaJIbHBIMHU OCTAIOTCS HCCIeLOBaHHUA, IIPO-
BeJleHHBbIe B HeJIOCTATOYHOM obbeMe B ITepHOJ pas3-
pa60TKH CaulluH-91, BCmemcTBHe, KaK IIPaBHIIO,
OTCYTCTBHSI B TOT IIepHOJ Ja3epPHOM TeXHHUKH
C HeobXOLMMBIMU MapaMeTpaMHU. ITO Kacaercs
MEeXaHHU3MOB U YCIOBUH (QOTOIOBPEXAEHUS TKa-
Heu H3Jy4YeHHeM B IepexXOJHBIX CIEeKTPaJIbHBIX
HHTepBajaax, B 6nMKHeHr U ganbHen UK-obmacTax
CIekTpa, a Takxke, 6e3ycaoBHO, yciIoBUH GOTO-
IIOBPEeXAEHUS TKaHEH Jla3epPHBIMHU HMIIYIbCaMU
OUKO- U GeMTOCeKYHAHOrO AHalla3oHa OJHUTeNIb-
HocTu. PopmMma MHpencTaBleHUS AAHHBIX B IIPU-
BeJeHHBIX 3[eCh JOKYMeHTaxX, BKIKYapIlas pac-
CMOTpeHHble YIOPOLIeHUS U alNPOKCHMMAallUH,
COBepIIeHHO HeaJeKBaTHAa YPOBHIO COBPeMEHHOIO
[10JIb30BaTe 51, OCBAMBAIOLIEr0 KOMIIBIOTEpP IIpaKk-
TUYeCKHU C MATUJIIeTHEI 0 BO3pacTa.

O6IIMHA BBIBOL OYEBUIEH. AHanu3supyeMble
HOPMAaTHBHbIe JOKYMEHTHl KaK OTe4YyeCTBeHHEIE,
TaKk U 3allaJlHOeBPOIEeNCKHe HYKAATCS B KOpeH-
HOM PpeKOHCTPYKIHHU. Takasi PeKOHCTPYKIHUSA
TpebyeT GOPMHPOBAHHSI CONYTCTBYIOIIEH IIPO-
rpaMMBl MCCJIeJOBAaHHN H COOTBETCTBYIOIIETO
GUHaHCHPOBAHHA.

IIppeMeMBIM pellleHHEeM, Ha MOH B3TJI4],
MOXKeT CTaTh CO3JaHMe HOPMAaTHBHOIO JOKYMeHTa,
COCTABHOM YacThi0 KOoToporo OymeT Hec/IOXHAs,
OOCTyHIHas A1 y3aKOHeHHBIX MOAHGHKALIUMU,
KOMIIbIOTepHAsI mporpaMma. Heobxomumo coep-
IIeHHO OTKAa3aThCsA OT BCeX YHIPOINAKIHX [OIY-
IeHUH U HBIHENIHMUX allllPOKCUMalui. B ocHOBe
IIPOrpaMMBI JOJIKHEL OBITH peasbHbIe 3KCIIepUMeH-
TaJIbHble H/WUJIA pacdyeTHBble 3aBUCUMOCTH IIOPOro-
BOM 5Hepruu (MJIM JPYyTUX IOPOTOBBIX SHEPreTHUe-
CKUX XaPaKTepPUCTHUK) OT IIapaMeTpPOB UCTOYHHUKA
usnydeHus. B mansHux Y®- u HK-obmactax
JOJIKHBL OIIpesensiThCd MOrPAaHHUYHBIE YCIOBUS
boTomOBpesKIeHUSI POTOBHUIIBI, B BUAKMMOMN ob6a-
CTH - COOTBETCTBEHHO, ceT4YaTKu be3 Kakux 1ubo
yIOpoleHUN QYHKLHUHU OINTHYECKOro IPOIYyCKa-
HUS [7]. B IepexXOoAHBIX CIeKTPaJbHBIX HHTep-
BajiaxX ILenecoobpa3HO HCIIONB30BAThH JBe, e€CIH
HY>XHO TPH, 3aBUCHMOCTH, ONpeJelsioline ycio-
BUSI QOTONOBpPeXAEeHHs POTOBHUILIBI, CeTYaTKHU
HJIM MHBIX UHTPAOKY/ISIPHBIX CTPYKTYP U BBIOPaTh
Haubosee IIOTEeHLIMAJAbHO OIIACHBIM BapHaHT.
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data of radiation source, the output includes the
results of calculation of PLI, danger class, distance
within which the source is dangerous to eyes (NOCR),
and any other demanded information. Certainly the
considerations stated above are only reference. There
is suspicion that inclusion of the computer program
in the structure of the normative document can
contradict to any state standard specification from
ancient times. It is necessary to be ready to resistance
to pathological official bureaucracy.

Let’s note that the similar program oriented to
the dependency set in SanPiN-91 has been created,
approximately, in 1990 under the leadership of
Professor B.N.Rakhmanov. It was a very useful
development which has remained in limited circle
of users, probably, only because there were no due
measures to distribute it. Today the problem of
creation of the normative document can be solved.
In some years when we lose many SanPiN developers
for the natural reasons (cherished memory of the
passed away), it will be much more difficult to solve
such problem. It is in many respects caused by the
fact that in connection with reduction of volume of
the discussed researches in this country (and abroad
as well) the average link (age of 30-40 years old) of
specialists in the field of interaction of radiation with
bio-objects (laser-tissue interaction) has not increased.
Training of new generation requires time.

Forming of the coordinate European-Russian
Program for safety during the work with lasers
including basic researches, amendment of the
existing documents and the subsequent joint
development of the updated international standards
seems to be ideal (forgive me being naive). Such
decision includes both safety of the personnel and
smooth harmonization of standards. Involvement of
"arbitration judge", for example, China showing great
interest to the discussed problems in recent time can
be reasonable.

More feasible (and urgently necessary in essence)
is stimulation of the researches aimed at providing
safe operation of laser technology in the state
scale. Argumentative evidence-based updating of
hopelessly outdated standards in the field of laser
safety has to become one of the most important
practical results of such researches. It is worth
mentioning that when developing State "Strategic
program for photonics and its applications”, accepted
in 2014 in Russia and comprehensively covering the
most important directions of development laser
technology (including medical), apparently, have
not considered the health protection of the people
servicing such equipment.



IIpu 3TOM BHIOOP YCIOBHOM IpaHHULBl YO-BUIU-
MOro JAuala3oHa CHeKTpa He BJHSeT Ha KOHeY-
HBIM Pe3yabTaT U MMeeT UHMCTO MHPOPMAI|HOHHO-
CIIPaBOYHBIM XapaKTep. Ha BXoJe HPOrpaMMEBI
BBOJSITCSL IIACIIOPTHBIe JaHHBIe MCTOYHHKA H3JY-
YeHHsI, Ha BBIXOJAe - pe3yabTraThl pacyera IINY,
KJIacca OMACHOCTH, AUCTAHIIUS, B IIpefenax KOTo-
POM MCTOUHMK OIlaceH [Js IJa3, U nobas gpyras
BocTpeboBaHHasgd HHPoOpMalUsg. PasyMeeTcs Mmpu-
BeJleHHBbIe BhIIIe CO06paskeHHs - 3TO TOJIBKO 3CKH3.
EcTh nomo3peHUe, YTO BKIIOUEeHHEe KOMIIBIOTePHOH
IPOrpaMMBbl B COCTaB HOPMAaTHBHOIO AOKYMEHTA
MO’KeT IIPOTHUBOPEUYUTh Kakomy-nrbo OCTy "Bpe-
MeH OuakoBa U MoKkopeHbsi Kppima'. Hy>kHO OBITH
TOTOBBIMHM K COIPOTHBIEHHIO IMAaTOJOTHUYECKOMY
YUHOBHHYbEMY OIOPOKPATHU3MY.

OTMeTHUM, 4TO MomobHas mporpaMma, OpHeH-
TUPOBAHHAs Ha 3aBUCHUMOCTH, 3afgaHHble CaH-
I[IuH -91, co3maBanach nmpumepHo B 1990 rony
oA pyKoBoAcCcTBoM IIpodeccopa b.H.PaxmaHoBa.
9To 6Bla OdeHb Ioje3Hasi pa3paboTka, ocTas-
mmasicds B OTPAaHHYEHHOM Kpyre IOJb30BaTesleH,
BUIHUMO, TOJIBKO IIOTOMY, UTO He OBIJIO IPHUHSTO
IOO/IKHBIX Mep IO ee pacHpocTpaHeHUI0.CeromHs
3a/ladyy IO CO3JaHMI HOPMAaTHBHOIO MOKY-
MeHTa B IpeA/JOKeHHOM BBIIIe BHJe ellle MOXHO
pemuTh. Yepe3 HeCKOJIbKO JeT, KOrJa MBI IIOTe-
psieM IO eCTeCTBeHHBIM NPHUYMHAM MHOTHX pas-
paborunkoB CaHIIMH (cBeTiast MaMSTh yKe yIIen-
IIKMM), PeIIUTh TaKyIo 3a/a4y 6ymeT 3HAUUTEIbHO
C/IOKHeHM. DTO BO MHOIOM OOyC/IOBJIEHO TeM, UTO
B CBSI3M C COKpallleHHMeM obbeMa o6cyskaaeMbIX
McclefoBaHUM y Hac (KCTaTH, M Ha 3amafe Toxe)
He BBIpallleHO cpenHee 3BeHO (Bo3pacT 30-40
JeT) CIeLHaauCTOB IO IpobaeMaM B3aHUMOJEH-
CTBUSI H3Ny4deHHUs ¢ 6buoobekrtamu (laser-tissue
interaction). ObyueHHe HOBOIO IOKOJEHHS Tpe-
fyeT BpeMeHH.

HpeanbHBIM (IPOCTHUTE 3a CTPOUTENIBCTBO 3aM-
KOB Ha IIecKe) MpeAcTaBiseTcd POpMHUpOBaHHe
KOOPAMHHPOBAHHOM eBPOIENCKO-POCCHMHCKOM
IIporpaMMBl I1o obecredeHHI0 6e30MaCHOCTH IIpHU
paborTe c maszepaMu, BKIOYaloleHn 6a30Bble HcCe-
NOBaHUS, KOPPEKTHUPOBKY CYIIEeCTBYIOIIUX MHOKY-
MEHTOB M IIOC/e/yIONyI0 COBMECTHYI pa3paboTKy
OOHOB/IEHHBIX MeXJYHapOJAHBIX CTaHAAPTOB.
Takoe pelleHHe IpejaraeTr kKak obecredeHue 6e3-
OIIACHOCTH IepCcoHaNa, TaK U 6eCKOHPIUKTHYIO
yHUQUKAIIUI0O HOPMAaTUBOB. LlesecoobpasHEIM
MoOskeT ObITh IpuBIedeHHe "TpeTelcKOro CynbH’,
HanpuMep KuTasi, mposiBASBIIEr0 B HeJaIeKOM
npomyioM 60aBIION HHTepec K o06CyskaaeMou
npobieMaTHKe.

INDUSTRIAL POLICY

Bonee peanpHBIM (@ IIO CYLIeCTBY - HACTOS-
TeJIbHO HeOOXOAHMMBIM) CerofHS SIBISETCS CTH-
MyIHpOBaHHE B TOCyJapCTBeHHOM MacmTabe
HCCJIeJOBAHUH, HAINPaBIeHHHX Ha obecredeHHe
6e30macHON SKCIJyaTallMH JIa3ePHOM TeXHHUKH.
OOHUM M3 Ba’KHEHIIHX IPaKTUYECKUX Pe3yJib-
TAaTOB TaKHX MCCIeNOBAHMUH MOJIKHO CTaTh JOKa-
3aTelbHOe, Hay4HO obOCHOBaHHOe OOHOBIEHHe
be3HaJeXXHO YCTapeBIIMX HOPMAaTHBOB B cdepe
nasepHON 6€30IaCHOCTH. 3aMeTHUM, YTO IIPH pas-
paborke TocymapcTBeHHOM "CTpaTern4yeckod IIpo-
rpaMMBl II0 TeMaTHKe QOTOHHUKH M ee IpPHUMe-
HeHHUN', NPUHATON B 2014 rogy U BCeCTOpPOHHe
OXBaThHIBAIONIeH Ba’kKHEHIIMe HAaIpaBlIeHHUS pas-
BUTHS JIa3ePHON TeXHHUKHU (B TOM YHCJIe MeJHLIHUH-
CKoM), 06 oxpaHe 3[0pOBbS JIOJeH, 06CIyKHUBAIO-
IHX 3Ty TEXHUKY, II0-BUJAHUMOMY, He IIOAYMAaIH.
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