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CRYO F—PHR AUTOMATED CRYOGENIC PLANT
FOR CERTIFYING THE CHARACTERISTICS
OF OPTICAL FILTERS AND PHOTODETECTORS

Introduction. Defense technology industries rapidly growing, the problem of certification of optical filters and photode-
tectors becomes very relevant.

Problem Statement. Certification of the characteristics of optical filters and photodetectors at the metrological level
is complicated by the fact that measurement results obtained in a series of consecutive experiments are practically
incomparable.

Purpose. An ideal solution of the whole complex of problems is to create an automated cryogenic plant for certifying the
characteristics of optical filters and photodetectors within the temperature range from 2.5 to 300 K, in single experiment.

Materials and Methods. The material of this research is a design of the cryogenic part of the plant. Its efficiency is de-
termined by analyzing the thermal balance of modules and by the method of certification of filters and photodetectors in
single experiment.

Results. CRYO F—PHR plant has been proposed, its cryogenic part consists of a functionally completed fully rotating
cassette module with a holder of photoelectric sensors and a module with fully rotating cassette with filters. Each module
has shields and is equipped with its own system for cooling and maintaining the desired temperature, as well as with current
collectors and identifiers of the number of photodetector and filter in the operating position.

Conclusion. The plant design and the corresponding research methodology provide a solution to the whole complex of
problems related to certifying the parameters of optical filters and photodetectors in the temperature range from 2.5 to
300K, at the metrological level, in single experiment and simulating their real operation in normal conditions. Due to advan-
tages of the design and efficiency of certification in a single experiment, the proposed plant significantly surpasses the
known analogs.

Keywords: optical cryogenic plant, certification of the parameters of optical filters and photodetectors.

Research in the field of cryogenic instrument | one of the most complicated physical experiment
making for the creation of devices and testing | problems.
of experimental techniques for studying the pro- Designing of cryostat configurations is based
perties of optical materials and the development | on a series of studies [1, 2]. It is essential to de-
of optical filters and photodetectors made of them | velop a method for calculating and creating inte-
is of significant importance for the formation of | grated plants and cryostats with a long service
science-intensive high-tech products. Studying | life, which have been described in [3, 4].
the characteristics of optical materials and prod- The world leading institutes and corporations
ucts made of them at cryogenic temperatures is | have designed and created many different con-
figurations of liquid nitrogen and helium cryo-
© DEMISHEV, A.G., 2019 stats with controlled temperature for the study of
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Fig. 1. Appearanceof cryostats
of Cryostat KP series

the characteristics of op-
tical filters, photodetec-
tors, as well as for laser
and Mossbauer studies.

The development of
small  continuous-flow
cryostats and the corre-
sponding experimental
technique was a decis-
ive and significant stage;
the subsequent break-
through was the creation of small-size cryostats
based on close-loop microcryogenic systems.

Thus, the three lines of studying and certifying
the characteristics of optical filters and photode-
tectors have been subsequently formed in the
cryogenic instrument making, in particular:

+ Plants based on liquid nitrogen or helium cryo-
stats;

+ Plants based on small continuous-flow nitro-
gen or helium cryostats;

+ Plants based on close-cycle microcryogenic
systems.

The majority of them has been developed by
world leading companies and Ukrainian R&D in-
stitutes: Oxford Instruments Limited, SHI Cryo-
genics (USA-Japan), JANIS RESEARCH COM-
PANY, INC. (USA), CryoMech (USA), Sumitomo
Cryogenics Group (Japan), Verkin Physical-Tech-
nical Institute of Low Temperatures of the NAS
of Ukraine (Kharkiv), Institute of Physics of the
NAS of Ukraine (Kyiv) and Galkin Donetsk
Physical-Technical Institute of the NAS of Uk-
raine. Their developments have been described in
[5—10], as well as in catalogs and on the official
websites of the institutes.

Naturally, the configurations of cryostats in
each area and the corresponding experimental
techniques have both advantages and disadvan-
tages and specific fields of application where they
are successfully used. The author’s research is fo-
cused on the development of small-sized cryostats

for certifying the characteristics of optical filters
and photodetectors. In this case, it should be no-
ted that the experience gained while creating
integrated plants based on liquid cryostats with
a controlled temperature, as well as while con-
ducting optical studies in the magnetic field of
superconducting solenoids, the most notable of
which have been presented in the abovementio-
ned studies is of paramount importance in terms
of elaborating the configurations and experimen-
tal methodology and improving the respective
software. An unusual option of the combination
of liquid and continuous-flow cryostat configura-
tions for optical studies in the magnetic field of
superconducting solenoid has been considered in
[11]. This modular principle for creating an inte-
grated plant has become widely used while for-
ming many basic laboratories for research in lon-
gitudinal or transverse magnetic field. Each labo-
ratory is created on the basis of a cryostat with a
long service life, has an open-end warm hole with
a built-in cryomagnetic system with a conven-
tional solenoid or solenoid in the form of Helm-
holtz rings. Also, all laboratories are equipped
with a small continuous-flow cryostat with sev-
eral variable sample holders. In fact, the small
continuous-flow cryostat of this type is an inde-
pendent functional module that is freely inserted
into a cryostat through the open-end warm hole.
For replacing the sample, there is no need for de-
frosting the whole cryomagnetic system, since it
is enough to defrost and to disassembly the con-
tinuous flow cryostat only, which is very conve-
nient for users. In this case, the sample holder
that is mounted on heat exchanger and mechani-
cally fixed to it, can be replaced, if necessary.
From the author’s point of view, the approbation
of methodology for measuring temperature du-
ring the dynamic process of temperature control
[12—14] was a useful issue. The complete expe-
riment automation was facilitated by the deve-
lopment of a device for measuring the level of li-
quefied helium based on a superconductive level
sensor [15] and a microcomputer-based device
for measuring and controlling temperature [16],
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Fig. 2. Appearance of cryostats: a, b, and ¢ models

which was further improved by the use of built-in
microprocessor board.

When designing configurations for any of the
specified types, to ensure the reliability of mea-
surement results in terms of comparing similar
optical characteristics of filters and photodetec-
tors made of identical and, especially, of different
materials, using similar technologies at different
enterprises, has become a problem of particular
relevance. The problem is that measurement re-
sults obtained in a series of successive experi-
ments on one cryostat, on different equipment by
different researchers, with the use of different
techniques are difficult to compare, since in se-
quential experiments, the temperature of filters
and photodetectors is measured based on the
temperature of their holders. In precision measu-
rements, it is very important to prevent a “light-
shorting” of the photodetector from the sur-
rounding structural elements. In such experi-
ments, it is crucial to ensure a high vacuum that
prevents depositing cryo-sediments on the sur-
faces of filters and photodetectors.

The first fundamental development of Galkin
DonPTTI of the NAS of Ukraine was the Cryostat
CP series of cryostats protected with copyright
certificate [17]. The appearance of the Cryostat
CP cryostats is shown in Fig. 1.

The cryostats enable studying the transmis-
sion coefficient of filters in the range of tempera-
tures from 2.5 to 300 K using liquefied helium or
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from 65 to 300 K using liquefied nitrogen. The
cryostat has become the basis for equipping re-
search facilities with serial optical spectropho-
tometers. On its basis, several structural modifi-
cations of cryostats have been designed to study
the characteristics of single round and wedge fil-
ters, photodetectors, and radiating elements.

A significant progress in studying the charac-
teristics of filters and mirrors within one experi-
ment was to create small-sized cryostats with a
controllable temperature, equipped with several
warm windows on the outer casing and with a
mechanism of partial rotation of the holder with
a sample. A series of cryostats of this configura-
tion has been presented on the website of Oxford
Instruments Limited.

The appearance of cryostats developed by
Galkin DonPTT of the NAS of Ukraine (models a
and b) is shown in Fig. 2.

The next step in improving the configuration
was developing the model ¢ of small cryostats of
the Cryostat CPO series (Fig. 2), which has been
presented in the author’s certificate [18] and in
publications [19, 20]. These cryostats are equip-
ped with input and output windows for leading
beams and with a mechanism for partial rotation
of the sample holder. This enables to study the
coefficient of probe beam reflection by mirror at
the three fixed angles: 12, 45, and 60°. At the same
time, if a filter is fixed in the holder, it is possible
to study both the transmission coefficient and
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Fig. 3. Appearance of the cryogenic part of automated plant
for spectrophotometric studies
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Fig. 4. Appearance of the cryogenic part of CRYO F—-PHR
plant

the coefficient of mirror reflection by probe beam
filter within one experiment. This makes it pos-
sible to obtain important information for the de-
velopment of relevant materials and to improve
the technology for manufacturing optical filters
made of these materials. The cryostats give means
to study optical characteristics at sample temper-
ature ranging within 65—300 K, with the use of
liquefied nitrogen or within 2.5—300 K, with the
use of liquefied helium.

In experiments using the cryostats of both se-
ries, the incident beam re-reflection is prevented
by installing the incoming window at an angle of
more than 10° to the beam axis. An important as-

pect is that a non-metallic filter with a relatively
low thermal conductivity is installed in metallic
holder and pressed to it with a moderate force. As
a result, under a long-term irradiation of even a
small filter, along its thickness and radius, there
appear a few-degree temperature gradient. To re-
duce or to eliminate this effect, a shutter that is
open only while irradiating the sample is set in
the aperture of the protective screen. These prob-
lems have been thoroughly discussed in [20].

The development of a unique cryogenic auto-
mated plant for spectrophotometric studies [21]
has marked a progress in this field. The cryogenic
part of this plant is shown in Fig. 3. It should
be noted that its properties are very important,
inasmuch as the plant enables to measure within
one experiment the filter’s transmission or mir-
ror reflection coefficient and the indicatrix of pro-
be beam scattering by the samples (filter or mir-
ror) for angles ranging from 0 to 90° (in both
directions).

Despite the obvious advantages of the above
developments, all of them are designed to study
the characteristics of individual samples in a
series of successive experiments in which the
samples are replaced when the cryostat is dep-
ressurized.

The next step towards studying the characte-
ristics of filters and photodetectors within one
experiment was the creation of FPU cryostat. Its
design has both many advantages and significant
drawbacks. For instance, the holder of photode-
tector is cooled down with the help of a cold con-
ductor and is not protected from heat released by
neighboring elements, with its temperature not
dropping below 10 K. Similarly, the filter cart-
ridge is not protected from heat released by sur-
rounding elements and is cooled by a cool con-
ductor from its own cooled heat exchanger that,
in its turn, is cooled by a reverse flow of a coolant
from heat exchanger of the photodetector, with
cartridge temperature not falling below 30 K.

The ideal solution to the problem of research
and certification of the characteristics of optical
filters and photodetectors was the creation of
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CRYO F—PHR automated cryogenic plant. It was
designed to solve the complex of problems related
to improving the characteristics of existing and
creating new optical materials, upgrading the
technology for making filters and photodetectors,
researching and certifying their parameters at the
metrological level, within the range of tempera-
ture from 2.5 to 300 K, in the visible and infrared
region of the spectrum, within one experiment.
The plant has a modular structure and is based on
the advantages of the aforementioned cryostat
designs [22, 23]. This model has the final version
of configuration and method of experiment for
studying, within one experiment, the similar pa-
rameters of filters and photodetectors made of
identical or different materials with the use of
similar technologies, at different enterprises. Be-
low, there is a description of the design of the
cryogenic part of the plant and the method of ex-
periment using the plant. The appearance of the
cryogenic part is shown in Fig. 4.

The electronic part of the plant is made of uni-
versal details produced by various manufacturers
and is completed at user’s discretion. The soft-
ware is also selected individually. However, it
should be noted that both electronic and softwa-
re parts have a two-level structure. The first level
is a basic computer of the upper level, in which
the program of experiment is formed and research
data are accumulated and analyzed. The second
level is the devices and their software for accep-
ting and executing the upper-level computer com-
mands. The scheme of the cryogenic part is shown
in Fig. 5.

In general, these are two interconnected func-
tionally completed modules with adjustable tem-
perature, assembled in a single sealed housing
with a variable, warm input window. The module
(7) is a cartridge with a holder of photodetectors,
which has its own drive (72) and are fully rota-
table. The cartridge is surrounded by a split-de-
sign screen (77) kept at almost fixed temperature
with the help of its own built-in passive heat ex-
changer (8, by reverse flow of coolant from the
outlet of the cartridge heat exchanger (78). The
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Fig. 5. Configuration of the cryogenic part of the plant: 7 —
photodetector cartridge; 2 — filter cartridge; 3 — input win-
dow; 4 — shutter; 5 — bearing screen of the filter cartridge;
6 — heat exchanger of the second-stage of filter cassette;
7 — protecting shield of the filter cartridge; 8 — heat ex-
changer of the third-stage of photodetector cartridge; 9 —
heat exchanger of the first-stage of filter cartridge; 70 — heat
exchanger of the filter cartridge protecting shield; 77 — fil-
ter cartridge rotary drive; 72 — photodetector cartridge
rotary drive; 13 — heat exchanger of the first-stage of pho-
todetector cartridge; 74 — cryosorption pump; 75 — steam
release duct; 76 — coolant feed duct; 77 — screen of the pho-
todetector cartridge; 78 — heat exchanger of the photodetec-
tor cartridge; 79 — removable enclosure

module (2) has fully revolving filters and its
own thermostat system with screens. The input
window, photodetectors, and filters are replaced
when the cryostat is depressurized.

The temperature control systems of the car-
tridge holder with photodetectors and that with
filters are completely independent structurally
and functionally. The temperature control system
has a three-stage structure. The first stages are
the main heat exchangers (73) of the cartridge of
photodetector holder and the cartridge of filter
with built-in heaters (9), which are designed to
provide and to stabilize the preset temperature
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of coolant and to transfer it to the second-stage
heat exchangers. The second stage consist of pas-
sive heat exchangers (78) of cartridges with pho-
todetectors and those with filters (6), which are
designed to thermostat the cartridges at given
temperature. The third stage is represented by
passive heat exchangers (8, 70) designed to hold
the corresponding protective screens at a tem-
perature similar to that of the corresponding
working part (filter cartridges and cartridges of
photodetector holder). Liquefied helium is sup-
plied to the temperature control system using a
feed duct (76) through overflow siphon while
driving it using a vacuum pump or blowing out
using an excessive pressure created in the De-
war vessel. The outlet of the output duct (15) is
equipped with a heater that prevents unwanted
icing and moisturizing of the duct. The cryostat
is pre-evacuated using external equipment. Du-
ring the experiment, high vacuum in the system,
which prevents cryo-precipitation on the surfa-
ces of photodetectors, filters, and windows, is
ensured by a built-in cryosorption pump (14)
cooled by a coolant flow (liquefied helium or nit-
rogen).

The filter cartridge module (2) shown in Fig. 5
consists of a cartridge with a set of filters located
on the inner surface of the bearing screen (5) in
the housing of its own heat exchanger (6) that is
temperature-controlled by coolant flow from the
heat exchanger (9). Each filter to be used in the
next experiment is pre-mounted in the holder
of suitable size and then into the cartridge. This
configuration enables to insert simultaneously
several filters of different sizes into the cartridge.
The module is equipped with devices for identi-
fying the number of the corresponding filter in
the operating position. The bearing screen (9) is
equipped with a shutter (4) and with its own pas-
sive heat exchanger (6). This screen is used for
mechanical fixing of the cartridge with filters,
which can be rotated, temperature-controlled,
and protected against heat released by neighbor-
ing structural elements. At the same time, this
screen acts as a shield (77) protecting the cart-

ridge with photodetectors from heat released
from neighboring structural elements. Filters with
different bandwidth can be replaced in the ope-
rating position, in the course of experiment, fully
rotating the cartridge in both directions with the
help of its own drive (77). The coolant is fed to
the first-stage heat exchanger (9) with a built-in
heater of the temperature control system of the
cartridge with filters through the duct from the
output of heat exchanger (8) of photodetector car-
tridge. The screen (5) is surrounded by its own
shield (7) that is temperature-controlled using
the heat exchanger (70), by coolant reverse flow
from the passive heat exchanger (6). Having pas-
sed through the heat exchanger (70), the reverse
gas flow is led outward.

The scheme of the cartridge module with pho-
todetector holder is shown in Fig. 6. The module
consists of a housing (6) with a built-in passive
heat exchanger (7), its cover (7), a built-in rever-
sible holder (3) with photodetectors (4) and its
own temperature control system with screens.
The cover (7) is equipped with current collectors
and devices (2) to identify the corresponding
photodetector number in the holder in the ope-
rating position. The photodetectors are located
on the holder flanks. The shutter (5) is located at
the inlet opening of the cartridge case to adjust
the gap for probe beam transmittance. The built-in
passive heat exchanger (7) is intended for kee-
ping fixed temperature of the holder with photo-
detectors. The coolant at a required temperature
is fed to the heat exchanger (7) from the first-
stage active heat exchanger of the photodetector
temperature control system. The cartridge case
acts as a heat exchanger of the holder with photo-
detectors and its shield that protects them from
heat inflows and overheating as well as from light
striking from the surrounding elements. This pro-
tects the cartridge from heat inflows and the pho-
todetectors from overheating, which ensures that
the photodetector temperature is equal to the mea-
sured temperature of the cartridge. The full revo-
lution of the holder in both directions is realized
using a drive unit (8).
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Within one experiment, the plant can operate
in two interconnected modes — the certification
of characteristics of cold filters and the certifica-
tion of characteristics of cold photodetectors. On
the casing, a filter with maximum bandwidth in
the range of the probe beam is installed as input
window. The filter cartridge contains a set of fil-
ters, the characteristics of which are studied. In
order to determine the comparative characteris-
tics, the set is advisable to contain filters made of
the same material at different times by the same
and by different manufacturers using identical
technology, several filters from each manufactu-
rer. Also, it is advisable to place nearby a set of
filters made of other material, by other manufac-
turers, at different times, using an alternative
technology, several filters of each type. In the car-
tridge cells, there are installed test filters with
preliminarily certified features. In the aperture of
the bearing screen of the filter cartridge there is
placed a standard shutter. Similarly, a set of pho-
todetectors, the characteristics of which must be
certified, are fixed in the holder of cartridge with
photodetectors. This set is advisable to contain
photodetectors made of identical material, at dif-
ferent time, by the same and by different manu-
factures, using their own technologies, several
detectors from each manufacturer. Also nearby
there are placed photodetectors made of other
materials, by other manufacturers, using alterna-
tive technologies, several photodetectors of each
type. At the same time, several test photodetec-
tors with preliminarily certified characteristics,
which are suitable for given purpose are installed
in the holder. If a cell with a standard shutter is
installed in the filter cartridge in operating po-
sition, it is possible to consecutively study the
characteristics of all photodetectors within the
whole bandwidth of the warm input window. The
adjustable aperture of photodetector cartridge
shutter enables studying the known effect of in-
creasing the sharpness of sight by reducing the
optical gap. In addition, the cartridge has a spe-
cial control position for consecutive installation
of photodetectors in such a way as to prevent
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Fig. 6. Configuration of the cartridge with photodetector

holder: 7 — cartridge cover; 2 — device of photodetector

number indicator; 3 — holder with photodetectors; 4 —

photodetector; 5 — shutter; 6 — cartridge case; 7 — passive
heat exchanger; 8 — rotary drive

their exposure to radiation. This enables to study
the noise characteristics of all photodetectors
and the whole measuring channel.

The CRYO F—PHR cryogenic automated plant
is configured as follows: its cryogenic part has a
modular structure. It consists of the functional-
ly completed cartridge module with a movable
holder of photodetectors and the fully rotatable
filter cartridge module. This configuration enab-
les independent consecutive replacement of fil-
ters and photodetectors in the operating position
and independent control of their temperature.
The method for automated control of experiment
that has been implemented with its help makes it
possible to carry out longstanding and large-scale
studies according to established program. Due to
the mentioned properties of the plant configura-
tion and the experiment technique, it is possible
to certify, at the metrological level, the character-
istics of the filters and ultra-sensitive photode-
tectors with an ultra-high resolution in identical
conditions of one experiment, within the range of



Demishev, A.G.

temperature from 2.5 to 300 K, for the whole
spectral range of the probe beam.

If necessary, the cartridge with photodetectors
can be cooled down to 1.5 K. Also, should the
need arise, the plant can be reconfigured to run on
liquefied nitrogen at a temperature of 65—300 K.

At the same time, the above properties of the
plant give solutions to the whole complex of prob-
lems related to studying the comparative charac-
teristics of materials and technologies for the ma-
nufacture of filters and photodetectors. As a result,
it enables the further improvement of materials
and manufacturing technology for creating pho-
todetectors and filters with enhanced parameters.

The advantages of the plant configuration and
the experiment method are important for addres-
sing the tasks of defense industry in terms of the
selection and metrological certification of the pa-
rameters of standard specimens of filters and ult-
ra-sensitive photodetectors with an ultra-high
resolution. In this aspect, during this experiment,
it is important to repeatedly check the characte-
ristics of the filters and photodetectors and to se-
lect the most promising filter-photodetector pairs.
As a result, it enables to simulate the real opera-
tion of both single filters and photodetectors and
their selected pair in the regular mode and to
form their metrological certificate for the whole
range of reception of a useful radiation signal.

It should be noted that for solving more limit-
ed tasks, two more modifications of the plants
have been designed, with the configuration of
cryostats, respective experiment techniques, and
software simplified significantly.

Firstly, this is the plant for certification of the
characteristics of a batch of filters. The configu-
ration is simplified due to the fact that instead of
the rotating holder of photodetectors in the cas-
sette (Fig. 6), only a fixed holder (3) with a test
photodetector (4) is provided. Accordingly, the
plant has no rotary drive of the holder of photo-
detectors and devices for indicating the number
of photodetector in the operating position, so the
experiment technique and software are simplified
as well.

The second one is the plant for certification of
the characteristics of the batch of photodetectors.
The design is simplified due to the fact that in-
stead of the rotatable filter cartridge (2) (Fig. 5),
the plant has only a fixed holder with an aperture
on the bearing screen () in the heat exchanger
(6). If necessary, a test filter may be installed in
this aperture. Accordingly, there is no need to ro-
tate the filter cartridge and devices indicating the
number of filter in the operating position, there-
fore, the experiment technology and software are
simplified.

The author gratefully acknowledges a signifi-
cant contribution of all employees of the Depart-
ment of Cryogenic Instrumentation of the Spe-
cial Design and Technology Bureau of Galkin
DonPTTI of the NAS of Ukraine for the creation
and implementation of all the above develop-
ments. Full-scale specimens of cryostats of Cry-
ostat KP, Cryostat KPO, and Cryostat FPU series
with catalogs have been presented at the Museum
of the Institute and on the official website of the
Institute.
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KPIOTEHHA ABTOMATH30BAHA YCTAHOBKA
JIJIST ATECTAIIIT XAPAKTEPUCTHUK OTITUYHUX MIJIBTPIB
TA ®OTOIPUMMAUIB «CRYO F—PHR»

Beryn. CrpiMkuii po3BUTOK 000POHHUX Trajly3eil TEXHIKM 3yMOBUB CYTTEBY aKTYaJlbHICTh IPOOJIEM aTecTallii onTid-
HUX QiabTpiB Ta hOTONMPHUITMAYIB.
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IIpoGremaTuka. Atecrailisi XapakTepUCTHK ONTHYHUX (DiIBTPiB Ta (hOTONMPUITMAYiB Ha METPOIOTTYHOMY PiBHI € TTpo6-
JIEMOIO, OCKIJIBKU Pe3yJIbTaTH BUMIPIOBaHb, OTPUMAHUX B HU3III TTOCiIOBHUX €KCIIePUMEHTIB, B3araJi MOPiBHATH IPaKTHY-
HO HE MOXKJIUBO.

Mera. [geasbHumM pillieHHAM CYKYITHOCTI 3a3Ha4eHUX TPOOJIEM € CTBOPEHHS KPIOreHHOI aBTOMAaTU30BaHOl YCTaHOBKU
TS aTecTallii XapakTepUCTHK ONTHYHUX (iTbTpiB Ta hoTonpuiiMadis B riarmazoni temrmeparyp 2,5—300 K B ymoBax oiHor0
€KCIIePUMEHTY.

Marepianu it MeToau. MarepiaioM po3poOKu € KOHCTPYKILisl KPIOTeHHOT YaCTHHU yCTAHOBKH, e€(DeKTUBHICTD SKOI BU-
3HAUYAETHCS AHAII30M TEIJIOBOTO OaJlaHCy MOJYJIB Ta METOAMKOW arecTallii (iabrpis Ta (hoTONpUiiMadiB B yMOBaX OIHOTO
€KCIIEPUMEHTY.

Pesyabsrat. Pospobieno Ta oxapakrepuszosano ycranoBky «CRYO F—PHR», kpiorenna yactua siKoi BUKOHaHa 3
(byHKI[IOHATIBHO 3aBepIEHNX MOJYJIiB KaceTu 3 TpuMadeM (hOTOIPHUIIMAYiB, 37aTHOTO 10 IOBHOTO 0OEPTAHHSI, Ta MOJLYJISI
Kacetu 3 (ibTpaMu, TAKOK MOKJIMBICTIO TIOBHOTO 06epTaHHs ocTaHHboI. KosKeH MOy/Ib 3 eKpaHAMU 3aXUCTy 00JIaiHAHO
BJIACHOIO CHCTEMOIO OXOJIOJIPKEHHST Ta YTPUMAHHS 3a/[aHOi TeMIepaTypH, a TAaKOXK CTPYMO3'€EMHUKAMHU I TIPUCTPOSIMH i7I€H-
tudikaiii Homepa doronpuiiMada Ta GiasTpa B pOHOUOMY MOJIOKEHH.

BucnoBku. KoHCTPYKIlist yCTAHOBKU Ta BiIIOBIIHA METOUKA JAOCIKEHD 3a0€311e4yI0Th PillleHHs] BChOTO KOMILIEKCY
npobiieM aTecTallil XapakTepUCTUK ONTUYHUX (BibTpiB Ta doTonpuiiMavis B gianasoni temmneparyp 2,5—300 K na mer-
POJIOTIYHOMY PiBHI B YMOBaX OJIHOTO EKCIIEPUMEHTY Ta IMITaIlifo iXHbOI peasbHOI POOOTH Y IITATHOMY PEKUMI. 32 HaIBHUMU
repeBaraMy KOHCTPYKILii Ta OllepaTUBHICTIO aTecTallii B yMOBaX OJ{HOTO €KCIIEPUMEHTY 3alIPOIIOHOBAHA YCTAHOBKA CYTTEBO
TIEPEBUIIYE Bi/IOMi aHATIOTH.

Kntouosi cnosa: ycraHoBKa KpiOTeHHA ONITUYHA, aT€CTallis XapaKTePUCTUK ONTUYHUX (iabTPiB Ta hoTonpUitMadis.
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KPUOTEHHAA ABTOMATH3NPOBAHHAA YCTAHOBKA
JUIA ATTECTALLU XAPAKTEPUCTUK OIITUYECKMNX OUJIBIPOB
1 ®OTOIIPUEMHUKOB «CRYO F—PHR»

Bsenenune. CrpeMuTesbHbINH pOCT 0GOPOHHBIX OTpACTIEil TEXHUKH 00YCIOBHII CYIIECTBEHHYIO aKTYaIbHOCTD TIPOOJIEM
aTTeCTAINN ONTUYECKHUX (DUIBTPOB 1 (POTONPUEMHUKOB.

IIpoGremMaTuka. ATTECTAIIMN XapaKTEPUCTHK ONTHYCCKUX (DUIBTPOB U (DOTOMPUEMHUKOB Ha METPOJIOTHYECKOM YPOB-
He SIBJISIETCsI TPOOJIEMOI, TaK KaK Pe3yJIbTaThl M3MEPEHUIL, TOJIYYEHHbBIX B PSI€ TOCIEI0BATETbHBIX IKCIIEPUMEHTOB, CPAB-
HUTb TIPAKTUIECKU HEBO3MOXKHO.

Iexs. VeanbbiM pelienneM COBOKYITHOCTH OIPEIeTEHHBIX TPOOIIEM SIBJISIETCS CO3/IaHIe KPHOTEHHO aBTOMATH3H-
POBAHHOHN YCTAHOBKH JIJISI ATTECTAINHT XaPAKTEPICTHK ONTHYECKNX (DHIbTPOB 1 GOTONPUEMHIKOB B [IIalla30He TEMIIEPATyp
2,5—300 K B yc/I0BUSIX OJIHOTO 9KCTIEPUMEHTA.

Marepuaisr 1 MeToabl. Marepuasom pa3pabOTKU sIBJSIETCS] KOHCTPYKIIMSI KPUOTEHHON YacTH yCTaHOBKH, addek-
THBHOCTb KOTOPOI OIPEEJISICTCST aHATIM30M TETJIOBOT0 Gaiafca MOy Ieil 1 METOAMKO# aTTecTanuu GuIsTpoB 1 hoTorpu-
€MHUKOB B YCJIOBUSIX O/IHOTO 9KCIIEPUMEHTA.

Pesyabratel. Paspaborana n oxapakrepusnposana yctanoBka «CRYO F—PHR», kprorennast 9acTb KOTOPOH BbI-
nosrHeHa 13 GYHKINOHAIBHO 3aBEPIIEHHBIX MOJIYJISI KACCETBI C MOJTHOCTBIO BPAIIAEMbIM jiepskaTesieM (GOTOIPHEMHIKOB 1
MO/LyJIs [IOJTHOCTBIO BpalaeMoil KacceeTbl ¢ pusrbrpamin. Kax bl MOy Ib ¢ 9KpaHAMU 31U Tl 00yCTPOeH cOOCTBEHHOM cuc-
TEMOI OXJIAXK/IEHNUS U TOJIIEPKAHNS 33IaHHOI TEMIIEPATYPBI, & TAKKE TOKOCBEMHUKAMU 1 YCTPOICTBAMU MIEH TH(MUKAINN
HoMepa (oronprueMHnKa 1 GUIBTPa B pabodeM MOT0KEHUH.

BoiBozbl. KOHCTPYKIIMS yCTAHOBKM ¥ COOTBETCTBYIONAS METOMKA UCCIEA0BAaHIIT 06eCednBalOT PEIeHHE BCEro
KOMILJIEKCA TIPOOJIEM aTTECTAIINN XaPAKTEPUCTHK ONTHIECKIX (DUIIBTPOB 1 (DOTOIPHEMHUKOB B INATIA30HE TEMITEPATyp 2,5—
300 K Ha METPOJIOrMYeCKOM YPOBHE B YCIOBHUSIX OJJHOTO SKCIIEPUMEHTA 1 UMUTAIIUIO KX PEaTbHOI paBOThI B IITATHOM PEsKH-
Mme. Ilo cymiecTByIOmmM OCTOMHCTBAM KOHCTPYKIIUU U ONEPATHBHOCTBIO MPOBEIEHUS ATTECTAIIMH B YCIOBHIAX OJHOTO
IKCIIEPUMEHTA TIPEJITTOKEHHAST YCTAHOBKA CYIECTBEHHO ITPEBOCXOIUT N3BECTHBIE AHAJIOTH.

Knwueevie croea: ycTaHOBKA KPHOTEHHAs ONTHYECKAsT, aTECTAIINS XapaKTEPUCTUK ONTUYECKUX (DUIBTPOB U GoTO-
[IPUEMHUKOB.
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