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MUKpONH30Basi MUKPOCKOMUS — 3TO OTHOCUTE/IbHO HOBOE U MHOroO06eLLaloLLEee peLleHune 41 NpeogoneHns
AndpakLUMOHHOro npepena B onTMYeckor MUKpockonuu. bnarogapsa vMcnosb3oBaHuio chep U3 TUTaHaTa
6apusi BO3MOXHO MOJIy4eHMEe ONTMYECKUX M306paXKeHUN C paspelleHnemM B [ecTKM HaHOMETPOB.
CoBMeLLEeHHas 30HAOBAss U MMUKPO/IMH30Bass MUKPOCKOMNWUS TMO3BONSIET OCYLULECTBASTb PerucTpaumio
LUIMPOKOro crnekTpa ¢u3ny4ecknx U 6MOXMMUYECKMX MapaMeTpoB M3y4aeMbix o6pasuoB. CyliecTBEHHbIM
JOCTOMHCTBOM MeToAa SBNSIeTCS BO3MOXHOCTb HabnogeHus 6MomMaTepum Kak C UCNo/b30BaHMEM
METOK M MapKepoB, a TaKXe, YTO O4eHb CYLLECTBEHHO, U 6€3 HUX. DTO HeJOCTUXKUMO A1l MHOTUX APYruxX
TPaAULIMOHHbIX METOAOB MUCCNef0BaHUs. Vicnonb3oBaHuWe 1asepa Ha napax Meay B ONTUYECKOM YCTaHOBKe
[aeT BO3MOXHOCTb UCC/1eioBaTh 6Monornyeckme o6bekTbl C HU3KOM MHTEHCUBHOCTbIO CBETa.

The microlens microscopy is a relatively new and promising solution to overcome the optical microscopy
diffraction limit. It is possible to obtain the optical images with a resolution of tens nanometers using the
spheres made of barium titanate. Moreover, combining the probe and microlens microscopy makes it
possible to register a wide range of physical and biochemical parameters of the studied samples spectra.
The great advantage of this method is a possibility to study a biomaterial either using labels and markers
or not, which is essential. This is unattainable by many other conventional research methods. The use of a
copper-vapour laser in an optical scheme, makes it possible to study biological objects at low light intensity.
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BBEAEHUE
Bk/Ilo4eHMe MUKPOJIHH3bI B CUCTEMY OIITHYECKOTO
MHKPOCKOIIA I103BO/ISET IMOAYyYHUTh H306pakeHHe
ob6BpeKTa ¢ mpeososeHHeM AUPPAKIIHOHHOTO IIpe-
Iesna. B HacTosllee BpeMsi 3Ta BO3MOXKHOCTD pea-
TH30BaHa B TPAJUI[MOHHOM ONTHYECKON MHUKPO-
CKOIIMU IIPOXOZSIIIero U oTpaskeHHOro cBeTa [1-3],
HHTepdepeHLIMOHHON MUKpOCKOoIUHU (4], diyopec-
LIeHTHOM MUKPOCKOIHUH [5], KOHPOKATBHOM MUKPO-
CKOIIHHU [6] 1 pAaMaHOBCKOM MUKPOCKOITUH [7].
MUKPOIHH30Basi MUKPOCKOIIHUS OTKPHIBaeT
HOBble BO3MOKHOCTH HabniofeHHUS IPOLECCOB
B XUBOHN IPUPOJEe C pa3pelleHHEM B JeCSTKHU
HaHOMeTpPOB. IIpH 3TOM, B OTJIMYHe OT ONTHUe-
CKOM MHKPOCKOIIMH CBEPXBBICOKOTO pa3pelleHHUs
Ha OCHOBe IIPUMeHeHUS QJIyopeclleHTHBIX MeTOK,
B MUKPOTHH30BON MUKPOCKOIIHUHU HEO06XOIHUMOCTh
NpPUMeHeHHUs] MeTOK M KpacCHUTesel II0JHOCTHIO
ornajgaeTr. OfHAKO, IIPU AOCTHUXKEHUHU J0CTATOYU-
HOM SIPKOCTH M KOHTpacTa U300pa’keHHUs, CaMU
06BeKTEl OCBEIAIOTCS ONTHYECKUM H3JIyueHHeM
BBICOKOM MHTEHCHBHOCTH. DTO He BCer/a SIBJIsSeTCS
OOIYCTUMBIM IIpU HabaoJeHUH 6HMOTOTHYECKUX
06beKTOB. MHOTHe IIPOLIeCCH B SXKUBOM IPUpOJe
Heob6xomKMMO HabnofaTh IPU HEBBICOKOM ypPOBHeE
OCBeIeHHOCTHU. Takylo BO3MOXHOCTb [jaeT Mpej-
CTaBJeHHOe B HaCTOSIIeH CTaThe HHHOBALIMOHHOE
pellleHHe 3a CYeT COBMeUleHHSI MHUKPOIHH30BOMU

MHKPOCKOIIMHU C ONTHYeCKOM CXeMOM Ha OCHOBe
Jasepa Ha Iapax MeJu. B 5ToM pelleHHH OTpaskeH-
HBIH 0T 61M006'beKTa CBeT IIPOXOJUT Yepe3 aKTUBHYIO
cpeny nasepa U IIoay4aeT MHOTOKpPATHOE yCHJIeHHEe
APKOCTH. baarogaps 3ToMy Ioy4aeTcs spKoe H30-
6paskeHHe IPHU LIALsIIeM OCBeIleHUHU OHOIOTHU-
yecKkoro o6vexTa. [IpuMeHeHHe JOMOJIHUTETbHON
MHKPOTHH3bE B CXeMe I103B0JIsSeT [IOJYYUTh OIITH-
yeckoe M306paskeHHe, He OTPAaHUYeHHOe JUPPAK-
LIMOHHBIM ITpefesioM. IIpyu 5ToOM camMa MHKPOIHH3A
JIeHCTBYeT KaK OIITUYeCKHUH 3/IeMeHT, KOTOPBIH IIpe-
obpasyeT 3aTyxalolljre BOJHbI B O/IMKHel 30He B pac-
NIPOCTpaHSIOIIHeCs BOTHEL B Ja/IbHEH 30He.

PaHee Ha 6a3e ONTHYECKOI0 MHKPOCKOIIA Zeiss
AxioScope 40 ¢ ameptypor 0,9 U MHUKPOJHH3E
M3 TUTaHaTa 6apus HaMu 6BITU IPOBEIeHBI H3Me-
peHus Tonorpaduu MUKPOCXeMBI U OBIIU IOy~
YeHBl U300paskeHHUs C PA3IMYUMBIM IIATTEPHOM
B 150 HM [8]. TeoMeTpHUUecKHe U OIITUYECKHe II1apa-
MeTPBl CUCTeMBbI BH3ya/IM3allMH OKAa3bIBAOT CyIIie-
CTBeHHOE BJIMAHHE Ha Ka4eCTBO GOPMHPOBAHUS
nsobpaxkeHus. OmpefgeneHo, 4To mosne ob3opa
CHUCTeMBI BH3YyaJHM3allMKU C HCIONb30BAHUEM
MHKpoCchep MNPOHNOPLIMOHANBHO KBaJPaTHOMY
KOPHIO M3 JHaMeTpa MHUKPOJHH3b. Hampumep,
IIPU OCBeIlleHUH CBEeTOM C AJHUHOM BOJIHBL 500 HM
JTHH3bl pa3MepoM B 25 MKM, AHaMeTp mous 063opa
COCTaBJIsIeT BeJIMYHUHY OKOJI0 5 MKM [9].

INTRODUCTION

In order to obtain an image of
the object passing the diffraction
limit, it is necessary to include a
microlens in a microscope optical
scheme. Nowadays, it is realized
in the traditional transmitted and
reflected light optical microscopy
(1-3], interference microscopy [4],
fluorescent microscopy [5], confocal
microscopy [6] and Raman micros-
copy [71.

The microlens microscopy offers
new opportunities to watch the live
nature processes with a resolution
of tens nanometers. In this case,
in contrast to super resolution
optical microscopy based on the
fluorescent marks, the microlens
microscopy does not need the
markers and dyes at all. However,

when brightness and contrast of an
image become sufficiently high,
the objects are illuminated by the
optical irradiation of high intensity.
It is not always acceptable when
observing biological objects. There
are a number of processes in nature
which are necessary to observe at
low radiation level. In this paper,
we present an innovative solution
to realize this possibility combining
the microlens microscopy and a
copper-vapour laser in one optical
scheme. The idea is to pass the light
reflected from a biological object
through the laser active media
and receive a multiple brightness
gain. Due to this fact we obtain
a bright image using a low level
gently irradiation of the biological
object. Application of an additional

microlens permits to obtain an
optical image that is not limited by
the diffraction limit. Besides, the
microlens itself acts as an optical
element that converts the decaying
waves in the near zone into the
propagating waves in the far zone.
Earlier we conducted
measurements of the microchip
topography using Zeiss AxioScope
40 optical microscope with the 0.9
aperture and microlens made of
titanate barium to obtain images
of visible pattern of 150 nm [8]. The
geometric and optical parameters of
the visualization imaging system
produce a significant impact on the
image quality to be obtained. It is
determined that the visualization
system field of view is proportional
to the square root of the microlens
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(o)

Puc.1. Onmu4eckasi cxema na3epHo20 NPOEKUUOHH020 MUKpPO-
ckona Ha ocHosge JIMM ¢ ucnoab3osaHuem 0onoAHUMeAbHOU
MUKPOAUH3bI: 1 = KOpNyc akmueH020 3neMeHma, 2 — akmueg-
Hbll 3nemMeHm, 3 = N08OPOMHOe 3epKano, 4 — MUKpoo6BeKmus,
5 - MuKpoAuH3a, 6 — 06sekm, 7 — mpexkoopOUHAMHbIL CMoA
018 nepemelleHus 0bpasua, 8 - 8Heocegoe napaboauyeckoe
3epKano, 9 - 3kpaH

Fig.1. Optical scheme of a laser projective microscope based on
LPM using a microlens: 1 - active element case, 2 - active element,
3 - deflecting mirror, 4 — micro objective, 5 — microlens, G - object,
7 - three-axis table for displacement of a sample, 8 - off-axis para-
bolic mirror, 9 - screen

METO/bl UCCNEAOBAHUA

B HacTosimern pabore HaMu 6bly1a peasTr30BaHA OIITH-
yecKasi CxeMa Ha OCHOBe COBMeIIeHH I MUKPOTHH3bI
Y J1a3epPHOT0 IIPOeKIIMOHHOT0 MUKPOCKOIIa Ha OCHOBE

OIITUYECKOTO YCHUIMTe/Is jla3epa Ha Iapax Meau
(JITIM) [10]. OnTHM4Yeckasi cxeMa YCTAaHOBKH Ipef-
CTaBJieHa Ha puc.l. M3ny4yeHHe CBEPXCBETUMOCTH
aKTHBHOIO 3/IeMeHTa CpefHel MOIIHOCTBIO IIOpsiIKa
HeCKOJIBKHUX JIeCITKOB MUJIIUBATT C IIOMOIIbIO 06B-
eKTHBa C YHUCI0BOM amepTypor NA=0,65 Hampas-
J5eTCsl Ha TeCTOBBIM 06BEKT — XPOMOBO€ IIOKPBITHE
Ha cTeKJ/e 1160 MHUKpPOCXeMy C HAHOME@TPOBOH TOIIO-
rpadueri. XapaKTepHBIN pa3Mep Ioss ob3opa ycTa-
HOBKH - 10-20 MKM. [locie oTpaskeHHUS OT 06BbeKTa
HM3JIy4YeHHe BO3BpAIaeTCsl B aKTUBHYIO CPey U YCH-
JIMBAETCS 110 IPKOCTH 3a OJMH IIPOXO0J IIPHUMEPHO
B 1000 pa3. Ha BbIXO/le [10J1y4aeTCs CBeTOBOM IIYUOK,
HeCyIIUM yBelH4YeHHOe H300paskeHHe 06beKTa, CO
CpelHel MOIIHOCTBIO yke 1 BT u 6osee, B 3aBUCH-
MOCTH OT OTPa’KaTeJbHOU CIIOCOOHOCTU 06BEKTA.
YCTaHOBKa IT03BOJISIET IIOJIYUHUTH SIPKOe H300paskeHHe
obbeKTa Ha 3KpaHe IIONAIbIO IIOPsifKa 1 KB. M IIpH
MaJIo¥ IVIOTHOCTH 3Hepruu Ha caMoM obbeKTe. JTO
cxeMa JIITM Ha oTpaskeHHe. BriepBhie onTHYeCKas
CxXeMa IPOCBeYHBAIOILIEr0 JIa3€PHOr0 IIPOEKIIMOH-
HOT'0 MHKPOCKOIIa Ha OCHOBe aKTHBHOM CpeJbl 1a3epa
Ha mmapax Menu 6blia peanu3oBaHa B pabore [11].
JllaHHas cxeMa 6blJIa IpUMeHeHa /11 BU3yalu3a-
LMY U3MeHeHUsI CTPYKTYPbl HeFPOHOB BUHOI'PaHON
YAUTKHU B IIpollecce TeHepaluu UMH 3JIeKTPUYEeCKUX
MMITY/IbCOB [12].

Ha 6a3e 1aHHOM YCTAaHOBKHU C ITIOMOIIBIO MHKPO-
cheprl fuaMeTpoM 12 MKM IOJIy4eHO U300paskeHHe
o6pasna KaauOpPOBOYHON pelIeTKH.

I[Ipy HMCHONB30BAHUH MHUKpPOCOeph gHa-
MeTpoM 12 MKM H C [IOKa3aTeJjieM IIpejioM/ieHusd 1,9

diameter. For example, using the 25
pm microlens and light wavelength
of 500 nm the diameter of the field of
view isabout 5 pum [9].

RESEARCH METHODS

In this paper, we present the opti-
cal scheme consisting of a combi-
nation of microlens and laser pro-
jecting microscope based on copper-
vapour laser optical amplifier (LOA)
(10]. The optical scheme is shown in
Fig.1. The active element super lumi-
nous density radiation of the aver-
age power about a few tens milli-
watts is directed onto a test object
(chromium coating on glass or a
microchip with nanotopography)

using the object lens objective with
a NA=0.65 numeric aperture. The
characteristic dimension of the field
of view is 10-20 pm. After reflection
from the object, the radiation comes
back into the active medium and its
brightness is amplified by approxi-
mately one thousand times in a sin-
gle-pass. Depending on the object
reflectivity, we obtain a light beam
that carries the enlarged object
image with an average power out-
put of already 1 watt and more. This
device allows you to achieve a bright
object image on a 1 square meter
screen at a low power at the low
power density on the object itself.
This is the reflection LOA scheme.
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The optical scheme of a laser projec-
tive microscope based on the cop-
per-vapour laser active medium was
firstly realized in [11]. This scheme
was applied to visualize the French
snail neurons structure changes
during its electrical pulses gener-
ation [12]. An image of a calibra-
tion grid was obtained with the
use of this device and a 12 pm dia.
microsphere.

The focus distance of the 12 pm
dia. microsphere at the refraction
index 1.9 is determined by the
formula [13]:

f= D _63pm. O

‘n-1

N |
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$OKyCHOe paccTOsIHHe COCTaB/IsleT B COOTBETCTBUU
¢ dopmyron [13]:
f=B~L=6,3MKM. (1)
2 n-1

dokycHoe paccTosHue f m3MepsieTcs OT ILeH-
Tpa MHKPOJIHMH3bI, N1 ~ [I0Ka3aTeJIb IPeJIOMJIEHU .
B cooTrBeTcTBUHU ¢ dopmynoH (1) dokyc pacmona-
raeTcs Ha pacCTOAHHUH B 0,3 MKM OT IIOBEPXHOCTH
MHKPOTHH3BEL.

JlanpHelIlee yBeJlHYeHHUe pa3pelIalonier CII0-
CO6HOCTH YCTAaHOBKM BO3MOKHO IIPU HCIIONb30Ba-
HHUM aTOMHO-CHJIOBOM MHKPOCKOIMHU. B HacTos-
Ilee BpeMs HaMHU OCYyIeCTBJIeHO MOZe/IHPOBAHUE
OIITHMAJ/IbHOTO COBMeIeHU s CXeMbl TPaJHuIIHOH-
HOTO OITHYeCKOIr0 MHUKPOCKOIA, MUKPOJIHH30-
BOU ONTHKH, CUCTeMBI IPeJM3HOHHBIX ITlepeMelle-
HHUHU U 30HA0BOTO MHKpOCKomIa. IIpoBefeHEl pac-
YyeThl paspellamlell criocobHOCTH MUKPOIUH3 [14].
MeTponoruyeckas rnopepka mniaatrGopmsl 6HOHaAHO-
CKOIIMH OCYIeCTB/IeHA C IIOMOLIbIO IIapalae/lbHbIX
HM3MepeHHU Ha 30HJJ0BOM MHUKPOCKOIIE.

CHHXPOHM3AL U ONITHYECKHX, 30HAOBBIX H3Me-
PeHHH NPOBOLUJIACH C IIOMOIIBI0 BBICOKOIIPOM3-
BOAUTENIBHOI0 LUPPOBOro KOHTpoJJIepa (Ha 6ase
FPCA - field programmable gate array - Xilinx
Spartan 6). PaspaboTtaHa nudposas cucrtema cbopa
JaHHBIX U yIIpaBJIeHUs IapaMeTpaMU C alallTUB-
HOM obpaTHOM CBs3bI0 Ha 6ase "II0 PeMTOCKaH
Onnann" [15-16].

Ob6benrMHeHHEe 30HIOBOM U MHUKPOIHMH30BOM
MHKPOCKOIIUM B eIJHUHOHN YCTAaHOBKe II03BOJseT

The focus distance f is measured

Puc.2. N306paceHus mukpocgep u3z mumaHama 6apusi Ha no-
8epXHOCMU Mecmogo20 obvekma. [Mepuod pewemku 6 MKM
Fig.2. The titanate barium microsphere images on the test object
surface. Grid period is 6 ym

NO6UTHCS 3HAUUTEIBHOIO pe3yabTaTa: BpeMeH-
HOTO OBICTPOMENCTBHUS Ha YPOBHe JOJeH MKC,
6onpioro mosis 0630pa B COTHU MUKPOH, 3bdek-
TUBHOIO MAaHUIIYJIUPOBAHUS C OHO06BEKTAMHU.
HMcronp3oBaHUe YCTAHOBKU B 6MOMEIUIIMHCKUX
HCCIeJOBAaHUSX OTKPBIBA€T HOBBle YHHUKAJIbHBIE
BO3MOXKHOCTH I10 HeIlIOCpeACTBEHHOMY Habnioze-
HUIO MOJIEKY/ISIPHBIX MeXaHH3MOB QYHKIMOHHU-
POBAHUS KUBOM MAaTepPUHU, U3YUEHHUIO PAa3BUTHUS
BUPYCHOM MHEKLIUM, CKPUHHUHTA JIEKAPCTB U Jp.
Hcmosnp30BaHUE B ONITUYECKON CUCTEMe a3epa
Ha [apax MeJHu IaeT CylUeCTBeHHOe IPeUMYIIeCTBO

from the center of the microlens,
n - refraction index. According to
the formula (1), the focus is located
at a distance of 0.3 pm from the
microlens surface.

Further increase of the device
resolution ability is possible due to
using the atomic force microscopy.
Presently we have simulated the
optimal alignment of the scheme
consisted of the traditional optical
microscope, microlens optics,
precision displacement system, and
probe microscope.

Calculation of the microlens
resolution ability has also been
made [14]. Metrological calibration

of the bionanoscopy platform was
carried out by making parallel
measurements using a probe
microscope.

The high-performing digital
controller (based on FPGA - field
programmable gate array -
Xilinx Spartan 6) was used to
synchronize the optical and probe
measurements. The digital data
collection system, which also
controls parameters and has
an adaptive feedback based on
FemtoScan Online software, has
been developed [15-16].

The substantative result was
achieved by combining the probe
and microlens microscopy in a single

device to obtain a high response time
of microseconds fractions, wide field
view of hundreds of micrometers,
and efficient manipulations with
the biological objects.

The use of the device in
biological research opens new
unique opportunities for the direct
observation of live nature molecular
mechanisms, study of the viral
infection development of a screening
of drugs, etc.

CONCLUSIONS

The significant advantage in the
biological objects observation
is provided by including a cop-
per-vapour laser into the optical
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Puc.3. V1306paxkeHue monozpaguu muKkpocxempl € pacnoaokeHHoU Ha Hell MUKPOAUH30U: a = MUKPOAUH3a 0dem yeeAudeHHoe U30-
bpa>keHue nepuoOU4eCK020 penbeda, pasmep MUKPOAUH3bl 12 MKM, 6 — pazau4umoe paccmosiHue Mexxdy noAocamu cocmasasiem

0K0A0 150 HM (ommeueHo KpacHbiMU MemKamu)

Fig.3. Topography image of a chip with a microlens: a — microlens forms the enlarged image of the periodic relief. Dimension of a microlens
is 12 um; 6 - distinguished distance between the strips about 150 nm (shown by red marks)

B HabnmomeHuu O6UOJIOrUYeCKUX 06beKTOB. UX
BH3yaIM3aLHs MOXET IIPOBOJUTHCS B YCIOBHUSIX
cnaboii 0CBeIeHHOCTH. B TpaJUIIMOHHON MUKPO-
JIMH30BOM OIITHKE [IJIs LOCTHXXeHHUS HeoOX0qMMOro
KOHTpPAaCTa UHTEHCUBHOCTH CBeTa KM3-3a obpa3oBa-
HUsI GOTOHHOM CTPYH AOCTHUraeT GOMBLUIUX 3HAUE-
HuH. [Ipyu HabnoneHUU 6HOIOTHYeCKUX 06BEKTOB
3TO MOXKeT IPUBOJUTH K UX [IOBPEKIEHHUIO U JJake
cropaHumpo. [Ipu UCIIOIb30BAHUHU JIa3epa Ha Iapax
MeIU B ONTUYECKON CUCTeMe YHAeTCs I0aydYaTh

scheme. The visualization of these

BBICOKMM KOHTPACT IPH CYIIeCTBEHHO MeHbIIeHn
CTeIleHHU OCBeleHHOCTH obpasua. J1o, 6e3ycIoBHO,
671aroTBOpPHO BIHsIET Ha BeCh X0 Hab/I0JeHUH I1po-
L1eCCOB B KM BOH IIPHUPOJe IIPU BHICOKOM IIPOCTPaH-
CTBEHHOM pa3pelleHHUH Ha ypoBHe 1/4-1/8 fnHUHBI
BOJIHHL.

I[TonHOLleHHOe COBMeIleHHWe MHUKPOJHH30BOU
TeXHOJIOTUH, OITUYECKOIO YCUIUTE/ISI Ha OCHOBE
7asepa Ha lapaxX MeJH U aTOMHO-CHJIOBOIO MHUKPO-
CKOIIa I103BOJISIeT IIOJYYUTh PeKOPJAHBIe IapaMeTpPhl

objects can be carried out at low
illumination. In traditional micro-
lens optics, when the required con-
trast is to be achieved, the light
intensity reaches high values due
to the photonic jet formation. In
case of biological objects this phe-
nomenon can lead to their dam-
age or even combustion. It is pos-
sible to obtain a high contrast at
low sample illumination using a
copper-vapour laser in the optical
system. It produces a good effect
on the observation process of the
biological objects in vivo at high
spatial resolution on the 1/4-1/8
wavelength.
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Integral combination of the
microlens technology, an optical
amplifier based on a copper-
vapour laser and an atomic force
microscope permits to obtain the
highest parameters to observe
the biological object not only
in air, but also in liquids. The
reachable technical parameters
are:
 optical resolution of 25-50 nm,
+ spatial resolution of atomic

force microscopy in three coor-

dinates X-Y-Z is 1-1-0.1 nm,
 temporary resolution of atomic
force microscopy of 1 ms,
« microlens microscopy tempo-
rary resolution of 1 ms.

Prospective models of combined
microscopy are: a high-speed
FemtoScan X atomic force
microscope and a copper-vapour
laser as an optical amplifier.
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EQUIPMENT FOR NANOINDUSTRY

I10 H36)'[I0,IIEHI/IIO 3a OMOJOTUYECKUMHU JKHUOKO-
CTSAIMH He TOJIbKO Ha BO3AyXe, HO U B JKUAKOCTH.
JocTUuraeMmeole TexXHUYECKUE I1apaMeTpBhI:

OIITHYEeCKOe pa3penreHue 25-50 HM,
IIPOCTPAHCTBEHHOE pa3pelleHne aTOMHO-CHIIO0-
BOM MHUKPOCKOINMH II0O TpPpeM KOOpAHHATaAM
XY-Z-1-1-0,1 uM,

BpeMeHHOe pa3pellleHHe aTOMHO-CHUJIOBOKM MUKPO-
ckonuu - 1 mc,

BpeMeHHOe pa3pelleHHe MUKPOTHH30BOM MUKPO-
CKomuu - 1 Mc.

[TepCrIeKTUBHBIMU MOJENSIMHU [IJIs COBMeEIeH-

HOM YCTaHOBKHU MHKPOCKOIIUH SIBJISIIOTCS GBICTPO-
JeNCTBYIOI UK aTOMHO-CHUJIOBOM MUHKPOCKOI
"®emToCKaH X" U l1a3ep Ha I1apax MeJH B KayecTBe
OIITUYECKOTO YCHUJIUTEIS.

B/IATOAAPHOCTH
HccaedosaHue 8binonHeHo npu Gpurarcosoii noddepskke PODPH
u JIoHdoHCK020 Kopoaesckozo Obuwecmasa Ne 21-58-10005.
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Iekaapauus o KoHPAUKMe uHMmMepecos. Asmopbl 3028190
06 omcymcmeuu KOHYAUKITO8 UHMEePecos UAL AULHBLX 0MHO-
wieHuil, komopeble Mo2Au bl nosAuams Ha pabomy, npedcmas-
AeHHYH0 8 daHHOI cmambe.
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