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OEM-[IPAVBEP

ANS MUTAHUSA NA3EPHDIX
AWOA0B B KOPNYCE
BUTTERFLY

A.J1.Bepxosues, A.P.Taiioco de aoc Canmoc,
3.C.IIasnosa, OO0 QELAJL, Cankm-Ilemepbype

KomnaHua OO0 ®E[AJ 3aHMMaeTcs pa3paboTkom
M NPOU3BOACTBOM J1a3epHOM 3/IEKTPOHUKMU.

FnaBHoe HanpaBaeHue OO0 PEAAJ B nocnegHue
roabl — Npn6opbl AN NMTAHUSA N1a3epHbIX AUOA,0B.
KomnaHusg, BbinyckarwoL,as KoMmnakTHbie OEM-
AparBepbl C AManasoHOM BbIXOAHbIX TOKOB 20-100A
M BbIXOAHbIX HanpsXxeHu 0-40 B, npuctynuna

K co3gaHuio OEM-gpaniBepa gna NUTaHUSA Na3epHbIX
Anopos B kopnyce butterfly.

Ba ToJa Ha3aJ KOMIIAHHS BBIIIYCTHIIA
TUHEeNKY KOMIaKTHBIX OEM-IpaliBepoB
C OHAIla30HOM BBIXOAHBIX TOKOB OoT 20 A
o 100 A ¥ BBIXOOHBIX HAIpsSKeHUH oT 0 1o 40 B.
B mpomioM rogy Hadaauck paborsl 1o paspaborke
HoBoro OEM pparBepa A/l NHTAaHUS JIa3epHBIX
nuonoB B Kopmyce butterfly (pumc.l). 3toT Kopmyc
SABJISIeTCSL CAMBIM PacIpOCTPaHEHHBIM AJIS jlasep-
HbIX OUOL0B C MOLIHOCTSIMH OoT 10 MBT mo 800 MmBT
u bonee (puc.2). OH COCTOUT M3 Ja3epPHOr0 NHOJA,
BCTPOEHHOI'0 TEPMO3JIEKTPHUUYECKOr0 OXJIaJUTess
[lenbrbe (TEM), TepMUCTOpPa U GOTOIIEKTPUIECKOTO
OTCJ/IeKHBAIOIero YyCTPOUCTBA.
OCHOBHOE OTJIMYHE 3TOr0 KOpIlyca OT APYyIHUX
B TOM, 4TO OH obecmeumnBaeT 6osiee 3dPeKTHUB-
HBIM TeIJOOTBOJ Ja3epHOro JHoAa 3a CUYeT yBe-
JTUYeHHOHN IUJIOIAAH KOHTAaKTa 37eMeHTa IlejabThe
C KOpIIyCOM JIa3epHOro Monynas (OCHOBHAsl TeIlIo-
OTBOJASIIASI IIOBEPXHOCTh — HUKHAA). [as 3TOro
3JIeKTPUYeCKHe BBIBOABL IlepeHeceHbl Ha OOKOBBIE
rpaHH, HO TaKoe TeXHHYeCKoe pelleHUe YCIOKHAeT
OpPraHM3alHI0 Pa3beMHOI0 COeJUHEeHHU S J1a3epHOro
MOAYJSl C MJIAaTOU yIpaBAeHHs. JHOABI B KOpIIyce
butterfly mupoko mpumMeHSIOTCS B TeleKOMMYHHU-
Kalluu (BOJIOKOHHO-OIITHUYeCcKasl CBsi3b, IONYIIPO-
BOJHMKOBBIE ONTHYECKHe YCHIHUTEeNH), MeJHULHe
(MeIULIMHCKAsS [OHarHOCTHYecKas allapaTypa,
HCCIe0BaHMe KPOBH, [epPMaTOJIOTHSI), IIPOMBIII-
JIEHHOCTH (CIIeKTPOCKOIIMS BBICOKOTO paspelleHusl,
oIrpefeseHHe yTedeK MeTaHa B IIaxXTax U Tpybo-
IIpoBOAaX, OIpeleieHHe KOHLIeHTPAalluh aMMHaKa
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OEM-DRIVER
FOR POWER SUPPLY OF
BUTTERFLY LASER DIODE MOUNTS

A.L.Verkhovtsev, A.R.Gayoso de los Santos, Z.S.Pavlova,
FEDALLtd, St. Petersburg

Fedal Ltd is engaged in development and production
of laser electronics. In the resent years, the principal
direction for Fedal Ltd is the devices for power supply
of laser diodes. The company releasing compact OEM-
drivers with output currents ranging from 20A to 100A
and voltage outputs ranging from OV to 40V has begun
to produce OEM-drivers for power supply of butterfly
laser diode mounts.

o0 years ago, the company released a line of com-
I pact OEM-drivers with output currents ranging
from 20A to 100A and voltage outputs ranging
from 0 V to 40 V.Since last year, the company has been
working on the development of new OEM-driver for
power supply of butterfly laser diode mounts (Fig.1). This
mount is the most common for laser diodes with the
power ranging from 10 MW to 800 MW and more (Fig.2).
It consists of a laser diode, a built-in Peltier cooler ele-
ment (TEM), a thermistor, and a photo-electric tracing
device.

The main difference of this mount from others is that
it provides more effective heat sink of the laser diode due
to increased area of contact of Peltier element with the
laser module mount (where the main heatremoving
surface is the lower one). For this purpose electric out-
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Puc.1. Mpumep pacnuHosKu AasepHbix 0U0008 8 Kopnyce
butterfly

Fig. 1. Example of pin assignment of butterfly laser diode
mounts

DOI:10.22184/1993-7296.2017.611.76.80



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
NN LASERS AND LASER SYSTEMS
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

OJiss TUCTAHIIHMOHHOTO 06Hapy>1<e-
HHS B3PbIBUATBHIX BEIECTB, BOJIO-
KOHHO-OIITHYeCKHe OAaTYHUKH

Cdepbl npuMeHeHUs
Scope of application

IaBJleHUs, OepopMallUH, TeM-
ImepaTyphl, BpalleHHs, OITHYE-
CKasi MEeTPOJIOTHUS U CEHCOPUKA).

Ha ocHOBe 3aIIpocoB IIOTeH-
LIMaJbHBIX 3aKa3uukoB OEM-

HBIX JHOMOB B Kopmyce butterfly

TenekoMMyHMKauns
Telecommunications

BO/IOKOHHO-ONTUYeCKas CBS3b
Fiber optic communication

= Monyn OBOAHUKOBbIE
™

npaﬁBepa I8 IIUTaHKUSA Jla3ep- \C.. | onTnyeckne ycuantenu
_ Semiconductor fiber amplifiers

N ~

MpoMbILWNEeHHOCTb
Industry

“/ \‘ CreKTpOCKONWs BbICOKOTO pa3peLleHus

\a _/ High resolution spectroscopy

OnpeaeneHne yteyek MeTaHa
@ B LWaxTax v Tpybonposoaax

Detection of leak of methane
) in mines and pipelines

OBIJIO COCTABJIEHO TeXHHYeCKoe

P

3afjaHMe. BOJBIIMHCTBO 3aKa34H-
KOB IJIAHMPOBAJIO IIHUTATh JIa3ep-
HbBle OuOoObl TOKOM mJo 750 MA.
IIpy 3TOM IpebsIBISIIUCh BBICO-
Kre TpeboBaHHUS K CTabUIBHO-
CTH 3JIeKTPUYECKHUX
TPOB K HH3KOMY YPOBHIO IIYMOB.
Takue TpeboBaHUS OBIIN Xapak-
TePHBI 17151 3aKa30B [/151 Ta3ePHBIX
OHOMOB, HCIIONb3yeMBIX B CeH-

MeauumnHckoe o6opyaoBaHme
Medical equipment

—=. MeavunHckasa
@ AvarHocTMyeckas annaparypa
Medical diagnostic equipment

IIapamMe- @ MccnenoBaHue KpoBu
LJ

_/ Blood examination

» [lepmatonorus
&y Dermatology

OnpegeneHne KOHUEHTpauum
@ amMMumaka ans AUCTaHLMOHHOIO
06HapY>KeHMS B3PbIBYATbLIX BELLLECTB

Determination of concentration of
ammonia to remote detection of explosives

| nedopmaumm, TemnepaTtypbl, BpaLLleHus
Y/ Optical fiber sensors of pressure, deformation,
temperature and rotation

\ BONOKOHHO-ONTUYECKMEe AaTYNKWN AABIEHUS,
@

N OnpegenieHne yTeyek MeTaHa

@ B LLaxTax 1 Tpybonposoaax

Optical metrology and sensory properties

&

copax M 33[aIIMX T[eHepaTo- :
pax. 3ampocel, CBA3aHHBIe C pas-
paboTKOM KpeIlJIeHUS MOZYJI,
CHJIPHO Pa3lIHYalIUCh MeXAYy

Puc.2. MpumeHeHue nazepHbix 0uodos 8 kopnyce butterfly
Fig. 2. Use of butterfly laser diode mounts

cobor. IToaToMy OBIIO IIPHUHSITO

pellleHHe IPeAyCMOTpPeTb BapHaHTHl MOAHUPHKA-
LUWH KpeIJIeHHH C YCTAaHOBKOM JIa3epHOro AHofa
B pasbeM Ha IIATy WIM IaKMKoM Ha IIaty (puc.3).
BaskHbIM mapameTp aas OEM gpariBepa - KOMIIAKT-
HOCTb. [abapuUThl ApariBepa, KOTOpble IIJITAHHPOBA-
JIOCh JoCTUYb, - 101,6 x61x15MM. Takske B OILIUIX
HeobxomMMo 6blIO MpefyCMOTPeTh HalHM4YHMe OXJa-
OUTessI, KOTOPBIK MOT 651 06ecreduTh CTaOUIBPHBIH
TeIIJIOOTBOJ.

Ha maHHBIK MOMEHT peajl30BaHO Be MOLUU-
Kalluu gparBepa: SF8025 (Tox mo 250 MmA) u SF8075
(Tok mo 750 MA). B 6nmkamiiee BpeMs IUIAaHHPY-
eTcsl K BBIIIYCKY AparBep SF8150 (Tok mo 1500 MA).
JparBep na3epHoro Axoda ocHoBaH Ha DC/DC
npeobpasoBaresie C BBIXOLHOM XapaKTePHUCTHUKOM
HMCTOYHHKA TOKa, YTO I03BOJIseT H3bexXaTh Heob-
XOIUMOCTH IIOACTPAaMBaTh HaIpsiKeHHe. st obe-
CIleYeHU st BBICOKOM CTabM/IBHOCTH M HU3KUX HIYMOB
[IPMMeHeH JINHeHNHBIN PerylIsiTop HallpsokKeHH .

B KadecTBe TepMOKOHTPOJIEPA TaK K€ HCIIOJb-
3yercss DC/DC mpeobpa3oBaTenb, IIOCTPOEHHBIH
Ha crmeuuanusupoBaHHom HIHMM-KoHTpoJIEepe, OH
obrazaeT HU3KUM YpPOBHEM IyJIbCallUM (MOPSAKA
2 MA). TepMOKOHTPOJI/IED MeeT BCTpoeHHBIH [TH]I-
peryJsiTop, KOTOPBIH CIIOCOOCTBYET OIITHMaJIbHOMY
BBIXOZYy Ha 3aJaHHBIM TeMIIepPaTypHBIM PeXKHM
U He TpebyeT HACTPOMKH.

puts are moved for lateral faces, but such technical
solution complicates the organization of a detachable
connection of the laser module with a control board. The
butterfly diode mounts are commonly used in telecom-
munication (fiber optic communication, semiconductor
fiber amplifiers), medicine (medical diagnostic equip-
ment, blood examination, dermatology), industry (high
resolution spectroscopy, detection of leak of methane in
mines and pipelines, determination of concentration of
ammonia to remote detection of explosives, optical fiber
sensors of pressure, deformation, temperature, rotation,
optical metrology and sensory properties).

Puc.3. lMpoekm 3D-modeAu dpatieepa cepuu SF8XXX ¢ pas-
HbIMU 8apUAHMamu KpenaeHusl Ad3epHozo ouodd

Fig. 3. Draft 3D-model of SF8XXX series driver with different
types of laser diode mount
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TexHnyeckne xapakTepuctTmky cepmm 8XXX
Table of 8XXX series specifications

SF8025 SF8075 SF8150
[MapameTpbl
Parameters B npogaxe B npopaxe CKopo B npogaxe
Active and preferred Active and preferred Coming soon
BbixogHOW TOK, MA 250 750 1500
Output power,
BbixogHOoe Hanps>xeHwe, B 05-3
Outputvoltage, !
BxogHoe HanpsxeHue, B 5
Input voltage,
BbixoaHon TOK TEC, A [0 +4
TEC output power,
BbixogHoe Hanpsi>xeHne TEC, B 10 +4
TEC output voltage,
LLlyMbl BbIXOAHOrO TOKA, MKA 10-15
Output current noise,%
TO4YHOCTb cTabunmsauum Toka, % 01
Current stability,% !
TOYHOCTb YCTAaHOBKW TOKA,% 1
The current accuracy,%
Mynbcaunm BbixogHoro Toka TEC, MA >-4
TEC output currentripple,
[nana3oH nsmeHeHmsa Temnepatypbl, °C
The range of temperature changes, °C Cea el
Aarumk NTC10, KOMm
Sensor
YnpasJieHue
AHanorosoe

Control

* He TpebyeT NOACTPONKM HANPSIXKEHUS

* MATKMI 3aNyCcK

* perynvMpyembiii NOpor 3anTbl N0 TOKY

* 3aLUNTHBLINM 06paTHbLIN ANOA,

¢ 3aLMTHOE LWYHTMPOBAHMeE BbIXO4A

¢ BCTPOEHHbLIV M -perynatop, He Tpebyowmin HACTPOMKMN
OcobeHHOCTH * perynvpyemMoe orpaHuyeHue HanpsxeHmnsa Ha TEC
Features * no need to adjust voltage

e soft start

e adjustable current protection

e protective reverse diode

e crowbar circuit protection

e stationary PID controller, doesn't require setup

e adjustable TEC voltage limit

Based on the requests from potential customers of
OEM-driver for power supply of butterfly laser diode

Ha mnnarte PACIIOJIOKEHBL BCe HeO6XOJII/IMbIe
OpraHbl YyIIpaBJ/IeHH, II03BOJIAIOIKME HACTPOUTH

paboTy yCTPOMCTBA Ha HY>KHBIM PesKUM 6e3 HCII0Jb-
30BaHUS JOIOJHHUTETbHBIX BHEIIHHX CXeM YIIPaB-
JIeHHsI. 9TO MOXeT OBbITh [10/Ie3HO IIPX BCTPaMBaHUU
MOZyNsl B KOHEUHYIO CHUCTeMy MJIs Iiejlell MHHMa-
TIOPHU3allMM M YMeHbIIEHHS KOJIHMYeCTBA KOMIIO-
HEHTOB. AHAJIOTOBBIM Pa3beM AyOIHpyeT CUTHAJIBI
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mounts, the specification has been made. Most of
the customers were going to feed laser diodes with
current up to 750 mA. Thus, stability of electrical

parameters and low level of noise was highly required.

Such requirements were characteristic for the orders

for laser diodes used in sensors and setting generators.
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Puc.4. Apatigep cepuu SF8XXX
Fig. 4. SF8XXX series driver

yIopaBleHHUsI, a Takxe coobilaeT H3MepeHHEIe
Be/IMYMHBI JIJIs1 KOHTPO/ISI U COCTOSIHHU S YCTPOMCTBA.
HHTepderic nudpoBoro ymnpabBleHHS HaXOLHUTCS
B pa3paboTke.

B ycTpoiicTBe MCIIONB30BaH Psf 3aliUT, obe-
CIleYHBalom KX 6e30IacHOCTH JIazepHOro nuozma.Ha
IjiaTe IpefyCMOTpeHa IepeMblYKa, MIYHTHPYIO-
Imas BEIXOABI JpaKBepa, A/ 3aIMKUTEH Ja3epHOro
OKOoa OT CTaTHYeCKHUX Pas3psaloB IIPHU MOHTaxke
AHOoJa Ha IUIATy U NOAKJIIOYEHHH IJIATEl K JPYTUM
ycTporicTBaM (puc.4).

O6paTHBIM AUOA [ApaikBepa 3allUIAeT Ja3ep-
HBIM [AHOJ OT BO3HUKHOBeHHUSI 06paTHOro ToKa
M HCKJIIOYaeT IOsiBJIeHHe 0OpaTHOIo HaIpsSyKeHHSs
Ha BBIXOJe IpaliBepa.

=

The requests connected with a module mount develop-
ment largely varied. Therefore, it was decided to pro-
vide options of mount modification with installation
of laser diode in the board connector or by soldering
to a board (Fig.3). The important parameter of OEM-
driver is its compactness. Planned driver dimensions
are as follows: 101.6x61x15 mm. Also it was necessary
to provide a cooler which could provide stable heat
sink.

Two modifications of the driver, SF8025 (with cur-
rent up to 250 mA) and SF8075 (with current up to 750
mA), have been implemented so far. Soon it is planned
to produce SF8150 driver (with current up to 1500 mA).
Laser diode driver is based on DC/DC transformer with
a current source output characteristic enabling to avoid
voltage adjustment. The linear voltage controller is used
to ensure high stability and low noise.

DC/DC transformer built on the specialized PWM
controller is also used as a thermocontroller; it possesses
the low pulsation level (about 2 mA). The thermocon-
troller has the built-in PID-regulator which promotes the
optimal output to the set temperature mode, and does
not demand readjustment.

All necessary controls allowing configuring opera-
tion of the device to a necessary mode without addi-
tional external control circuits are located on the board.
It can be useful when embedding the module into the
final system for the purposes of miniaturization and
reduction of components quantity. The analog connector
duplicates control signals, and also reports the measured
values for control and device statuses. The interface of a
digital control is still under development.

A number of fuses ensuring safety of the laser diode
are used in the device. There is a jumper shunting driver
outputs for protection of a laser diode against static dis-

PHoTONICs N21/61/2017 79



i

3amuTa MO0 TOKy obecreunBaeT 6e30IacHYIO
paboTy sasepHOro guUoAa B JOMYCTHMOM MAJISI Hee
obmactTu ToKoB. IIpu cpabaThIBAHHUH 3aIlIUTHI
II0 TOKY TeHepaTop TOKA BBIK/IIOYAETCS, a BBIXOJ
myHTHUpyeTrcd. CompoTuBjaeHHe ImyHTa 2 MOM.
IIyHTHpPOBaHHE BBIXOZA II03BO/IsIeT 06e30IacCHUTh
Harpy3Ky Aaske B Cy4dae BBIXOZA U3 CTPOSI KOMIIO-
HEHTOB IpalBepa.

OrpaHH4YeHHe HAIPSIKeHUS TePMOKOHTPOJIIepa
I103BOJIIeT BBICTABUThH Oe3omacHoe AJISI TepModjie-
MeHTa MaKCHMaJIbHOE HaIlPsIKeHHe.

B panpHedIIeM KOMIIAHHMS IUIAHUPYeT PACIIHU-
PHUTb MOZIE/IbHBII PSZL, BBIIIYCTHUB JparBep 6e3 moca-
mouHoro mecta mog butterfly. Takas moguouramus
II03BOIUT IMHUTAaTh U TEPMOCTATUPOBATh JHOABI C
37leMeHTaMH [lenbThe B APYTHX THIIAX KOPIIYCOB.
KpomMe TOro 3TO IO3BOJIUT YMEHBUIHUTb TabapUThI
IOparBepa U peajn30BaTh ero B CTAHJAPTHOM THIIO-
pa3mepe half-brick 61x58x15 mM.

[puzAawaem nocemums HAc Ha ebicmaske "domo-
Huka-2017", komopas npoiidem 68 Mockee 28 ¢espans -
3 mapma. Hawa komnanusn bydem npedcmaeaena Ha Koa-
AekmusHom cmende mexHonapka CKkoakoso. Padvt bydem
npodemoHcmpuposams Bam Hosyl Aureiiky dpalisepos,
a makske 0Meemumy Ha 8ce 8aULL 8ONPOCHL.
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charges when mounting the diode on the board and con-
necting the board to other devices (Fig.4).

The driver return diode protects the laser diode from
emergence of reverse current and excludes emergence of
reverse voltage on a driver output.

Current protection ensures safe functioning of a
laser diode in area of admissible currents. When current
protection triggers, the current generator is switched off,
and the output is shunted. Shunt resistance is 2 mOhm.
Shunting of the output allows securing load even in the
case of driver components failure.

Restriction of thermocontroller voltage allows adjust-
ing maximum voltage safe to a thermoelement.

Further, the company plans to expand a model range
by producing a driver without butterfly mount seat. Such
modification will allow feeding and thermostat diodes
with Peltier elements in other mount types. Besides, it
will allow to reduce the driver dimensions and to imple-
ment it in a standard half-brick size: 61x58x15 mm.

We invite you to visit us at Photonics-2017 exhibition
which will take place in Moscow during February 28 -
March 3. Our company will be presented at the collective
stand of Skolkovo technopark. We are looking forward to
show a new line of drivers, and also to respond to all your
questions.

11-11 BEJIOPYCCKO-POCCHUMNCKUU
CEMUHAP "I10JIYIIPOBOJHUKOBBIE
JIA3EPBI U CUCTEMBI HA UX OCHOBE"

C 22 no 26 mast 2017 roga B MunHcke NponaeT 11-1n benopyccko-
POCCUIMCKNIA CEMUHAP, MOCBSILLEHHbIN NMOAYNPOBOAHMNKOBbLIM
Jlazepam 1 cucTemMam, Co3LaHHbIM Ha UX OCHoBe. OpraHmnsa-
TOPOM CeMuHapa BbICTYNUT VHCTUTYT dusmkm nm. b.N.Cre-
naHoBa HaumMoHanbHOM akageMum Hayk benapycu.
MnaHuMpyeTcs, 4TO Hay4yHoe MeponpuaTue byaet
COCTOATL M3 0630pOB, perynspHbIX YCTHLIX COOBLLEeHWI
W CTEHAOBbIX AOK/JA[0B, OXBATbIBAOWMX LUMPOKUI Kpyr
BOMPOCOB MO $U3MKe, TEXHMKE U MPUMEHEHMIO NOYMPO-
BOAHMKOBbIX 1a3epoB. MaTepuansl byayT BKAOYATL B €69
nHdOpMaLMIO NO NasepHbIM AMoAaM, nasepam C dfek-
TPOHHbIM U OMTUMYECKUM BO3BYXAEHWEM, TEXHOMOrUAM
noslyNpOBOAHUKOBBLIX MaTepmanoBs, reTepoCcTpyKTyp U pas-
HOO6Pa3HbIX OMNTO3/1EKTPOHHbLIX YCTPOMCTB, CO34aBaeMbIX
Ha 1X OCHOBE, a TaKkXe Mo APYyruMm T1nam noayrnpoBoLHN-
KOBbIX UICTOYHUKOB U MPUEMHUNKOB M31y4eHnst. CpOK OKOH-
YyaHus pernctpaunm 01.04.2017.
bosiee nogpobHas nHboOpMaumsa o ceMmHape pasmeLleHa
no cnegyowemy Beb-agpecy: http://www.semiconductor-
lasers-and-systems.by/ru
J1.KpambKo, cekpemapb cemuHapa
“MMoAynpoeodHUKOBbIe Ad3epbl U CUCmeMbl HA UX 0CHose"
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I'PA®EH U TPEHHE

padUTOBLIN MOPOLLUOK LLUMPOKO MCMONb3YEeTCS B KAYecTBe
TBEpAOWN CMasku Uan Ana AobasneHns B XUAKME CMA30y-
Hble MaTepunanbl. HelaBHWe 3KCNepUMEHTbLI NOKasanu, YTo
TpeHwe Uribl aTOMHOro CUN0BOIr0 MUKPOCKOMA O rpadpuTo-
BbI 0bpasel, yBe/IMYMBAETCS N0 Mepe YMeHbLUEHMS Yncna
rpadeHoBbLIX C/I0EB B 3TOM 06pasue, AOCTUras MakCMMyma
B npefesie 04HOro efMHCTBEHHOro C/10s. BbinosiHeHHoe
B pa6oTe [S.Li et al. — Nature, 2016, v.539, p.541] (Kutan,
CLUA, TepMaHns) KOMMbIOTEPHOE MOAENNPOBaHME MO3BO-
JINNO YCTAHOBUTL MPUYUHY 3TOro 3ddekta. Okasanoch,
YTO BCe [1e/10 — B T’MBKOCTN MOHOCN0S rpadeHa. N3rmubascs
npw ABUXXEHUM MO HEMY 30HAA W UMbl, OH TeM CaMbIM
CO3A4aeT ABMXKYLLLEMYCS 06beKTY AONONHUTENbHbIE NpensT-
CTBMS. BoobLe, HA MMKPOCKONMYeCcKOM MacwTabe nobas
peanbHasi NOBEPXHOCTL SIBISETCS LWepoxoBaTon. MIMeHHOo
Takue LepoxoBaToCTW, 3aheBas Apyr O Apyra, npuBo-
[OST K BO3HUKHOBEHMIO HAaNpaB/eHHOW NPOTUB [ABUKEHMUS
CUAbI TPEHMS U K COOTBETCTBYHOLLEN ANCCUMALNMN SHEPTUN.
B rpadeHe e K 3TOMy KJ1acCnyeckomy MexaHusmy gobas-
NaeTcs ewe M B3auMOAencTBME C U3TMOBHLIMU NCKAKEHU-
AMWU MOHOCN0S. MoKa He BMOJIHE MOHATHO, KaKyk pofb
34ecb UrpaeT NoaaoxKa.

J1.0neHos, IMepcT, 2016. N2 23-24




