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«DU3NKO-TEeXHUUECKUE Hp06HeMLI B HAYKE, IPOMBILIJIEHHOCTH U MEAULIUHE.

WUHM#eHepHan WwKona Heck y
Poccuiickuii u MEXKAYHAPOAHBIN OIIBIT IIOATOTOBKU KaJpOB»
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TOMCKWA NOAWUTEXHUYECKMA YHUBEPCUTET

A STUDY OF DIFFERENT HTTR FUEL COLUMNS LOADING SCHEMES
M.A. Abed
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin Ave. 30, 634050
E-mail: atef0101431@sci.asu.edu.eg
High temperature engineering test reactor (HTTR), one of generation IV reactors, is a promising technology

for electricity production and heat supply for high temperature industries such as hydrogen production and coal

gasification since it has a maximum outlet temperature of 950°C [1].
During the initial criticality problem of HTTR benchmark problems, the number of fuel columns for the first

criticality has been evaluated with fuel columns loaded clockwise from the outer region into the inner region [2], while
in actual loading the core is symmetrically loaded to provide a symmetrical flux and power distribution, three scenarios
of possible of different annular core loading has been studied. The annular cores are thin annular core, thick annular
core, and fully loaded core, which represents 18, 24, and 30 fuel columns cores, respectively. We used the HTTR
benchmark model from IAEA-TECDOC-1382 [2] with homogenized fuel compact simplification and MCU-PTR
code with contentious fuel energy spectrum. The change of effective multiplication factor at different fuel loading

schemes presented in fig. 1.
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Fig. 1. Change of effective multiplication factor at the symmetric fuel loading approach to the first criticality for
different fuel loading schemes

Accordingly, it's preferable to start the loading from the outer region into the inner region as such a loading
scheme has the lowest rate of increment of reactivity to prevent higher values of the multiplication factor during the
start-up, which could result into an uncontrollable state of the reactor core.
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PROJECTED NUCLEAR SECURITY ASSESSMENT OF ADVERSARY ULTIMATE LIMITATIONS
P. A. Amoah, M. N. S. Ansah
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin Ave. 30, 634050
Email: Amoah@tpu.ru
A nuclear security conceptual projection assessment of the limitations improvised for adversary pathways at
nuclear facilities has been researched on and discussed. A hypothetical facility, DaPaRay, has been chosen for this
research. Various elements of risk assessment and a description of various adversary groups, whose main aim is often
theft or sabotage or both, has been used to guide the definition of the scope of this research. In quantifying the risk,
elements such as vulnerability, threat and consequence or impact of events were assessed for consideration. The
adversary groups which consists of scenarios of external and internal (i.e. insider threat) capabilities, have been
considered. A Security Risk Assessment Tool (SRAT) has been employed for this research. SRAT classifies the
criticality of this research as important and the crisis response capacity as excellent, placing the threshold at a level 12.
An Assessment of a Projected Adversary Ultimate Limitation (PAUL) of the inherent risk and residual risk showed
that about 50% of adversary issues considered had an unrealistic and doubtful probability, an unlikely or very unlikely
descriptor mode of occurrence, with minor or no serious injuries to staff, and with a minimal loss or damage to facility
assets, and little or minimum delay, in the next 2 to 5 years of the facility’s routine operation. About 30% of adversary
issues had a high or expected probability of occurring with a very likely or likely descriptor mode of occurrence with
an impact of severe injuries or even death of staff, major or complete destruction of facility assets leading to a severe
disruption or closure of the facility, which could occur any day or within any week. About 20% of the adversary issues
considered had a reasonable probability of occurring with a moderately likely descriptor mode of occurrence, which
had an impact but of non-life-threatening injury to staff members, with a loss or damage to some assets, causing some
delays and disruptions once a year or once a month. The percentages obtained are to be used in forming a markov
chain which comprises of a combination of probabilities and matrix operations. A long run distribution vector is
expected to be generated from the transition matrix that will be formed from the transition diagram of the probability
tree. The resultant distribution vector will aid nuclear security researchers in projections related to adversary activities
and their limitations. The projected adversarial activities are therefore expected to be met with the respective facility
specific designed response.
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EFFECTIVENESS OF THE DESIGN AND IMPLEMENTATION OF A PHYSICAL PROTECTION
SYSTEM AT A RADIOLOGICAL FACILITY
M.N.S. Ansah, P.A. Amoah
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin str., 30, 634050
E-mail: michaelansah67@gmail.com
Useful applications of nuclear and radioactive materials in energy production, medicine, research and
industry, to improve human lives around the globe is essential and continues to be in demand. There is a potential risk
of it being use for the wrong purposes when it falls into the wrong hands such as terrorists” groups and this is a growing
concern the world seeks to address by enhancing nuclear security. A deliberate act of theft or destruction against a
nuclear and radiological facility could threaten public health through exposure to radiation. Physical Security Systems
(PPS) are effectively employed to avoid or lessen loss of assets with great importance in various fields of interest such
as the nuclear and radiological centers. The effectiveness of physical security systems is evaluated as the probability
of a security system to detect and defeats an adversary along a given path. The PPS design permit the combination of
protection elements working together to guarantee protection rather than regarding each security element distinctly.
Most of these hospitals have in their facility a temporary storage unit where disused radioactive sources are kept.
Hospitals that provide radiotherapy services, makes use of the radioisotopes °Co, *¥’Cs and *Ir, or LINAC and X-
ray machines. Enactment of the PPS design addresses the systematic and integrated securing of resources in
anticipation of adversary attacks, rather than reacting to adversary actions after they occur. An Integrated Physical
Protection System (IPPS) is necessary to consolidate of all sub systems, sensors and elements related to protection
system for an effective security environment of a radiological facility. Radiological and nuclear facility holding
Category | and Il nuclear materials is advised by IAEA to have a central alarm station to prepare against any sabotage
or theft issues since any of these unauthorized actions could lead to a potential radiological health hazard to the
environment. The security sub-systems that are often integrated into IPPS are, access control, intrusion detection,
CCTV surveillance, emergency door monitoring system etc. The access control sub-system employs intelligent card
readers and interfaces with the PC based central controller which is done through some form of communication
network. This paper considers the basic and effective elements required for physical protection system for a
radiological center. It will serve as base guidelines for the decision makers in the establishment of an effective physical
protection for a radiological center. Integrated Physical Protection System features are put together and properly
analyzed to help in making vital decision when securing a radiological facility. The designing and implementation
IPPS help identify areas of vulnerability that can be remedied and practices that can be improved during the risk and
threat assessment exercise.
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ASSESSMENT OF NORM IN FRUITS AND VEGETABLES FROM HARTBEESPOORT, MAFIKENG
AND PRETORIA MARKETS
V.K Gouws'?, R.D Mavunda? and M. Mathuthu?
ICentre for Applied Radiation Science and Technology, North-West University,
South Africa, Mmabatho, Cnr Albert Luthuli & University Drive,
North-West University (Mahikeng Campus), 2046
2NECSA-South African Nuclear Energy Corporation SOC PTY,
South Africa, Pretoria, R104 Pelindaba, Madibeng Municipality,
North West Province, Elias Motsoaledi Street Extension (Church Street West), 0240
This study aims to measure the activity concentration in fruits and vegetables collected from local markets
in Hartbeespoort, Mafikeng and Pretoria. The gross alpha and beta activity concentration in fruits and vegetables
collected from Hartbeespoort, Mahikeng, and Pretoria have been evaluated using Oxford proportional gas-flow series.

A total of 4 fruits and 7 vegetables samples from these areas were analysed. Hartbeespoort, Mafikeng and Pretoria

activity concentration of gross alpha and beta in fruits were 0.527 + 0.182 Bq.g* and 10.015 + 0.576 Bq.g%; 0.181 =

0.053 Bg.g*t and 9.520 & 1.449 Bq.g™ and 0.184 + 0.006 Bq.g™ and 9.351 +2.281 Bq.g™* respectively. Hartbeespoort,

Mafikeng and Pretoria sample results for gross alpha and beta activity in vegetables were 0.218 + 0.150 Bq.g* and

10.099 + 2.435 Bq.g%; 0.222 + 0.137 Bq.g* and 12.029 £ 1.718 Bq.g* and 0.175 £ 0.191 Bq.g™* and 11.099 + 2.238

Bq.g? respectively. The highest gross alpha and beta activity in vegetables was found in Mahikeng and the highest

gross alpha and beta activity in fruits was obtained in Hartbeespoort. The results obtained are higher than the WHO

[3] standard limit of 1.0 Bqg.g™* for gross beta and 0.1 Bq.g™ for gross alpha, however these results are comparable to

the reported results in [1] and [2]. The neutron activation analysis (NNA) was used to identify naturally occurring

radioactive material (NORM) by means of gamma spectrometry analysis using (HPGe) detector. The results showed
that the highest average activity concentration in fruits were 1.015+0.627, 1.024+0.634, 0.049+0.025, 2.700+0.674

Bg.kg? and the highest average activity concentration of 238U, 234U, 2%°U and 2*?Th in vegetables were 1.662+1.406,

1.674+£1.419, 0.076+0.064, 4.228+1.302 Bq.kg™* and respectively. The levels of activity concentrations of 23U, 234U,

235U and 2%2Th are higher in Hartbeespoort followed by Mahikeng and Pretoria. The activity concentration of 23U,

234y, 235U and %*2Th were lower than the world average values reported in UNSCEAR report of 2000 [4].
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ANALYSIS OF EFFECT OF COOLANT INJECTION PARAMETERS ON MITIGATION OF REACTOR
CORE MELTING ACCIDENT USING PCTRAN
Chuanbin Li
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin str., 30, 634050
E-mail: gg1075356371@gmail.com
So far, three nuclear accidents of the highest hazard level have occurred in the world, and the causes are all
caused by the meltdown of the core caused by the loss of water, resulting in a radiation disaster. Therefore, it is
important and necessary to study how to inject coolant after the accident to avoid as much as possible serious results.
First, we use software PCTran to simulate the process of LOCA running with blockout and other setting, then simulate
the process about different injection rates at same water levels and the same injection rate at different water levels and
the cooling effect of the coolant after the fuel has been fully melted. Finally we can get the relationship between
coolant injection parameters and effects of cooling. After a series of repeated experiments, we found that the coolant
injection rate and injection time have a direct impact on the accident mitigation and whether the container will be
melted through.
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NECESSARY NUCLEAR SECURITY MEASURES FOR THE CONSTRUCTION AND OPERATIONS OF
A NUCLEAR POWER PLANT IN THE FEDERAL REPUBLIC OF NIGERIA
Orumo B. Kenoll*?, Furo E. Ebiere'?
National Research Nuclear University Moscow Engineering Physics Institute,
Russia, Moscow, Kashirskoe hwy, 31, 115409,
2 Nigeria Atomic Energy Commission,
Nigeria, Abuja, Asokoro, Kwame Nkrumah Cres, 9, 900231
E-mail: orumokenoll@yahoo.com

The Nigerian economy needs adequate power for its growth since commercial, Industrial and Domestic
activities all rely on electricity for its daily needs and smooth operations. Demand for nuclear energy is on the rise in

Nigeria as a credible option in ensuring the availability of great amounts of energy. This optimism about nuclear
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energy in Nigeria necessitates the need for adequate measures on the security of the country’s nuclear material and
facilities [1]. This study addresses the necessary security measures for the Nigerian Nuclear Power Plant Project. The
article analyses the fundamental security measures in developing a Nigerian Nuclear Power plant Project, seen that
insecurity posed by local terrorist groups, kidnappers, and armed bandits may affect the smooth operation of the
nuclear power plant [2].

The imperatives of ensuring greater nuclear security in Nigeria lies in the fact that the country has embarked
on an ambitious civil nuclear program with nuclear infrastructure that needs to be secured adequately, using
radiological materials in many sectors and chances of their misuse cannot be ruled out. Above all, Nigeria is situated
in a volatile region, and hence, vulnerable to nuclear terrorism [3].

Therefore, this study takes a comprehensive look at the approach to nuclear security in Nigeria, and
critically examines the security measures that the country has to put in place [4, 5]. Particular focus is placed on the
evolution and strengths, as well as weaknesses, of the country’s nuclear security institutions, instruments, practices,
and culture. Since the strengthening of Nigeria’s nuclear security governance is an ongoing endeavor, the article puts
forward many policy recommendations.
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PREDICTION OF THE BIOACTIVITY OF PLA AND CALCIUM PHOSPHATE COMPOSITES
N.E. Toropkov, T.S. Petrovskaya
National research Tomsk Polytechnic University,
Russia, Tomsk, 30 Lenin Avenue, 634050
E-mail: net2@tpu.ru
In In the last decade, poly (L-lactide) and calcium phosphates (CPh) biocomposites have attracted much
attention due to their ability to exhibit osteoconductive and osteoinductive properties, biodegradability and sufficient
mechanical strength [1]. However, the low miscibility of apatite in the polymer phase, does not allow to obtain
composites with a high content of the mineral phase. In our previous studies, we have reported ways of introducing
CPh into the polymeric matrix up to 30% wt to produce 3D-printed products. Here we describe a composite with a
mineral phase content (up to 50%) in a polymer matrix. Our approach includes the introduction of sorbitol and
glycerol, which contribute to the uniform distribution of CPh in PLA, which ensures the stability of 3D-printing and

mechanical strength of the composite [2].
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The purpose of this study was to obtain a composite based on PLA with the introduction of CPh in the amount
of up to 50% with the preservation and improvement of mechanical properties, as well as comparative testing of
bioactivity in vitro of materials with different content of CPh.

The samples were printed by the method of layer-by-layer melt deposition on a 3D-printer Ultimaker2 with
a modified print head. Mechanical tests were performed by using various setups: compression and flexural on Instron
5985 and Charpy impact tests on Instron CEAST 9340. The properties of bioactivity and bio-mineralization were
evaluated by immersing samples of composites in a simulated body fluid (SBF). Solutions was prepared in accordance
with the instructions of the International Organization for Standardization 1SO / FDIS 23317.

Table 1 shows the strength characteristics of the samples obtained with the set printing parameters. The
compressive strength of composite samples increases from 5542 to 6442 MPa (by 16%) with an increase in the CPh
content from 10 to 50. Impact strength of Charpy increases by 84% in this series of compositions and varies from 3.9
+0.5t05.2+0.5 kl/m2.

Tab.1. Mechanical properties of PLA and composites PLA/CPh

The ratio, wt.% Compressive strength, | . . strength, MPa Impact strength of
CPh PLA | Glycerol MPa ’ Charpy, kJ/m?
0 100 0 52 42 3.9
10 88 2 55 43 4.09
30 66 4 62 46 5.11
50 44 6 64 47 5.21

Sample testing in SBF revealed that samples containing CPh showed a marked increase in weight during the
first seven days of incubation in the SBF. The sample containing 30% CPh had a weight gain of 22%, the sample
containing 50% CPh had a weight gain of 45%. Pure PLA samples showed no increase in weight during this period.
At the end of 28 days the increase in weight was: 23% 67%, 83% for PLA/ CPh (10%), PLA/ CPh (30%), PLA/ CPh
(50%), and 12% for pure PLA. X-Ray test indicates presence of mostly hydroxyapatite on the samples surface and
some amount of other calcium phosphates and amorphous phase. Thus, samples containing more CPh as a mineral
phase form a richer apatite layer.

In order to ensure stable printing and acceptable values of mechanical properties of composites depending
on chemical homogeneity of filament, sorbitol and glycerin were introduced into its composition at the stage of
mixing. Mechanical characteristics of the composites of the developed compositions correspond to and exceed the
natural bone parameters and considerably exceed the characteristics of calcium phosphate ceramics. 3d-printed nets
made of PLA/CPh showed higher biological activity at contact with SBF than pure PLA.

Thus, the increase in the share of CPh in the composition with PLA up to 50% leads to improvement of
mechanical properties and bioactivity of the composite material in test in vitro.

The reported study was funded by RFBR, project number 19-33-90188.

REFERENCES
1. D.T.M. Thanh, P.T.T. Trang, etc. Effects of Porogen on Structure and Properties of Poly Lactic
Acid/Hydroxyapatite Nanocomposites (PLA/HAp) // Journal of Nanoscience and Nanotechnology — 2016 — Vol.
16, — pp. 9450-9459.

14



- WHMeHepHan WKoNa «DuU3MKO-TEXHUYECKHE NTPOOJIEMBI B HayKe, IPOMBIIUIEHHOCTH U MEULMHE.
I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXayHapOIHBIA OIBIT IOATOTOBKA KaJJpOB)

TOMCKWA NOAWUTEXHUYECKMA YHUBEPCUTET

2. S.N. Nazhat, M. Kellomaki, P. Tormala, K.E. Tanner, W. Bonfield, Dynamic mechanical characterization of
biodegradable composites of hydroxyapatite and polylactides // Journal of Biomedical Materials Research —
2001 — Vol. 58 — pp. 335-343.

THE DYNAMICS OF ENERGY RELEASE IN A HYBRID REACTOR OPERATING WITH GDT-FNS IN
A PULSE-PERIODIC MODE
I.V. Shamanin?, S.V. Bedenko?, V.M. Shmakov?, V.V. Knyshev?, 1.0. Lutsik?, S.D. Polozkov*
INational Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin st. 30, 634050
2FSUE «RFNC - VNIITF named after Academ. E.I. Zababakhiny,
Russi,a Snezhinsk, Vasilyeva Avenue, 13, 456770
E-mail: shiva@tpu.ru

Specific characteristics of a spatial hybrid thorium reactor with an extended neutron source based on the
magnetic trap were studied in the work. The researched “fission—fusion” reactor facility is essentially a hybrid reactor
with the reactor core which consists of the fuel blocks assembly of the unified construction of high temperature gas-
cooled thorium reactor HTGR and a long magnetic trap (GDT-FNS) which permeates the near-axial reactor core
region [1]. In the researched configuration of the hybrid unit the high-temperature plasma pinch is formed in the pulse-
periodic mode. At certain pulse ratio (duty cycle) it should be expected that fission “wave” diverging from the axial
region of the system and spreading over the fuel assembly volume is formed in correlation with the pulsed source of
fast D-D neutrons by time. Thus, at such conditions it is essential to research the fission “wave” spreading process
and, consequently, the formation of energy release distribution in the assembly volume.

The work studies the stationary and spatio-temporal characteristics of neutron fluxes and the energy dynamics
of the stadied facility. The research result shows: (1) At the moment of the facility start-up for “cold” blanket GDT-
FNS should provide steady intensity of D-D neutrons generation in the range from 1016 to 2 x 108 neutrons per
second from the total plasma column. (2) When the pulse duration is 1 ms and pulse ratio is 2, GDT-FNS, which
operates in the required range of D-D neutrons generation, will provide warming of the blanket with the speed of 10
(K x h1), that meets the requirements of thermal technical engineering reliability at cold start-up. (3) To maintain
kerf(t) at constant level GDT-FNS should constantly power the reactor core with additional neutrons, while the intensity
of D-D neutrons generation should grow continuously during the whole fuel campaign. The stationary neutron-
physical characteristics and the spatio-temporal propagation of the fission wave were modeled using the PRIZMA
software package developed at the Federal State Unitary Enterprise RFNC-VNIITF named after Academician E.I.
Zababakhin. It can be stated that the obtained results proved the possibility of using the program software PRIZMA,
developed in VNIITF to provide the whole list of full-scale computations of hybrid facility neutronic characteristics
in various operation modes of the thermonuclear neutrons plasma source.

RFBR (project Ne 19-29-02005 mk) supported this work.
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H3YUYEHUE BO3MOKHOCTH UCIOJIb30BAHUSA 'EQJIOT MU MTOPO/I JJISI OLIEHOK
PAJJOHOOITACHOCTH TEPPUTOPUM 3ACTPOMKHU

I1.9. Anbmskos, K.O. CraBunkas, H.K. PepkakoBa

HauuonaneHeli uccinenoBatenbckuil TOMCKHM NOTUTEXHUYECKUNA YHUBEPCUTET,
Poccus, r.Tomck, nip. Jlenuna, 30, 634050

E-mail: shilovaxeniya@gmail.com

Hambonee 3HaAYMMBIM HCTOYHUKOM PaTHOAKTUBHOTO H3ITyUEHHS SBISCTCS MHEPTHBIA Ta3 pagoH Rn-222 u
€ro J0YEepHHE MPOAYKTHI paclaja, Co3Aaomue 0oee MOJOBUHEI 1036l OT BCEX MPUPOAHBIX HCTOYHUKOB. B CBsI3M ¢
STHM B HAcTOsIEe BpeMsl IIPU MPOU3BOJCTBE MHIKEHEPHBIX M3BICKAHUI MPOBOAATCS PaJAUALIOHHO-IKOJIOTHUECKUE
UCCIICIOBaHMSA, COCTAaBHOM 4YacThIO KOTOPBIX SIBJIETCS OLEHKa PaJOHOOMACHOCTH Y4YacTKOB 3acTpoiiku. B
Poccuiickoit ®enepannu Nnpu NpHUBEIEHHHM OLEHOK H3MEpSIOT IUIOTHOCTh moroka pagoHa (IIIIP) nHa 3emHoi
nosepxHocTH. K HacTosAmeMy BpeMeHU Cpein HCCIeA0BaTeNe, 3aHUMAIOIUXCSl U3MEPEHUAMH PajioHa, CI0KUIOCh
MHEHHE, 9TO Ha KOJIMYECTBO BBIICIAIOIIETOCS C IOBEPXHOCTH TPYHTOB paJ0HA 3aBHUCHT TIABHBIM 00pa3oM OT
reosoruu Tepputopuu [1]. OnHako, UccIeN0BaHMs, OCBSIIEHHBIE BBIXOAY PaloHa C IOBEPXHOCTH TPYHTOB PAa3HOTO
THIIA, TPaKTUYECKH OTCYTCTBYIOT. B pabote mnpencraBineHsl pe3ynbTatsl u3Mmepenus IIIIP Ha moBepxHOCTH
JIECCOBU/IHBIX CYTJIMHKOB, O€JOIl TJIMHBI, TIMHHUCTBIX CIAHIEB, IECYAHO-TPABHUMHBIX OTJIOXKEHHUH, CKAIBHOTO
W3BECTHSKA, TJIMHUCTOTO M3BECTHIKA, aHAC3UTO-0a3aIbTOBOrO MOpGUpPUTA U KBAPIIUTOB. V3MepeHUs: MPOBEACHEI C
MOMOIIBI0 M3MEPUTENBHOr0 KoMIiulekca Anbdapan Ilmoc. B pabore Takxke NpoBeAeHb U3MEPEHMS YIECIbHON
AKTUBHOCTHU paJiys U BJIAXKHOCTHU I'pYHTa.

HHH TPYHTOB, COCTOAMINX U3 MCJIKUX MCCYHAHBIX W TJIMHUCTBIX YaCTHII, 06Hapy>KeHa JOCTAaTOYHO CHJIbHas
3aBucuMocTs [ITIP oT BnaxHocTH. B nccnenoBanuy mokazaHo, 4YTO IpU OJJMHAKOBOH BIIAYKHOCTH IPYHTOB KOJIUYECTBO
BBIJICTISIFOLIIETOCS] C €r0 TIOBEPXHOCTH paJioHa OTJIMYaeTcst Oonee yeM Ha mopsnok. Camble Oomblve 3HaYSHUS
IUIOTHOCTH NMOTOKa pagona ~ 800 MBk-M2c™! 3aperncTpupoBaHsl UIs aHIE3UTO-0a3aIbTOBOTO MOP(QUPHUTA U KBAPIHTA,
HanMeHblnee 3HaueHne ~ 40 MBk-M2c™! — IS IECCOBMIHBIX CYTJIMHKOB M TJIMHUCTBIX CNAHIEB. [Ipu M3MepeHusx
TPYHTOB C HU3KOH BIaXHOCTHIO (2...6 %) NMpONopIHOHAIbHON 3aBUCUMOCTH MEXAY YACIbHON aKTHBHOCTHIO pajus
1 KOJIMYECTBOM paJiOHa, BBIACIIONIETOCS Ha MOBEPXHOCTH TPyHTA, He HaOmomaercs. Ha ocHOBe mosryueHHBIX
Pe3yabTaTOB MOXKHO MPEIMOIOKUTh, YTO THI TPYHTA U €ro (hU3ndYecKkue CBOWCTBA, B TOM YHCIIC €r0 JHUCIICPCHBIN
COCTaB M TNPHUPOAHYIO BIAKHOCTh HAa TNIyOMHaX 3ajeranust (QyHAAaMEHTOB 3JIaHMH MOJXKHO IOJIOKHTH B OCHOBY
KJIacCH(MKAIMN y4acTKOB 3aCTPOMKH IO CTETIEHH PaIOHOBEIX pUCKOB. COOTBETCTBYIOMIAast HHPOPMALHS MOXKET OBITH
MPe/I0CTaBIICHA OPTraHU3AIMAMH, OCYIIECTBISIOIIMMH MPOEKTHO-U3BICKAaTENbHbIE pabOTHl HA y4acTKax 3aCTPOUKH.
[IpennoxeHHslid B paboTe MOAX0J] K OIEHKE PaJOHOBBIX PHCKOB IMO3BOJIUT M30€XKaTh NPOBEACHHS TPYJOSMKHX
W3MEpEeHul pagoHa W, TakUM oOOpa3oM, CHHM3UTh (PMHAHCOBBIE, MaTepHalbHBIE W TPYIOBBIE 3aTpaThl Ha
CTPOUTENBCTBO.

HccnenoBanue BBITIONHEHO npu (HHAHCOBOM mojaepixkke PODU B pamkax HaywHoro mpoekra Ne 19-35-
90044.

CIIUCOK JIMTEPATYPBI
1. Watson Robin J., The use of mapped geology as a predictor of radon potential in Norway / Watson Robin J.[et.al.]
[/ Journal of Environmental Radioactivity-2017.VVol.166(2). -P.341-354.
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TOMCKWA NOAWUTEXHUYECKMA YHUBEPCUTET

NPUMEHEHHUE METOJA CB-CUHTE3A IIPU ITOJYYEHHUE KOMITIO3UTOB HA OCHOBE
CUCTEMBbI W-B
M.M. banauxos, M.C. Ky3nenos, A.A. [lepmukun
HauuonaneHeli uccinenoBatenbckuil TOMCKHM NOTUTEXHUYECKUNA YHUBEPCUTET,
Poccus, r.Tomck, mp. Jlenuna, 30, 634050
E-mail: kms@tpu.ru

Vcnonp30BaHne aTOMHOW YHEPTETHKH HEPa3pBIBHO CBA3aHO ¢ HOHM3UpYyIomuM mmyderneM (M), kotopoe
MPUCYTCTBYET Ha BCEX ATAIaX SAEPHO-TOILIMBHOTO IUKIA. VIOHM3MpYIoIIee N3IydeHne MoIpa3ielsieTcsl Ha YeThIpe
TPYIIIbL:

—  TsDKENbIE MOJOXKUTENBHO 3apsKEHHBIE YaCTHIIBI: OCKOJIKH JEJICHHS U 0.-YaCTHUIIBI;

— JIErKue 3apspKeHHbIE YaCTHUIIBI: JIEKTPOHBI U IO3UTPOHBI;

— (doronHOe M3NyUeHHEe: POTOHBI pa3INYHBIX SHEPTUH;

— HEUTPOHHOE M3NTyUCHHE: TEIUIOBEIC, IPOMEXYTOYHEIC U OBICTpBIC HEUTPOHHI [ 1].

B kagectBe Hambomnee »(QeKTHBHOTO cpenctBa 3amuThl oT VUM MCHONB3YIOT SKpaHbl, YMEHBIIAIOIINE
WHTCHCUBHOCTh mM3MydeHHs. POTOHHOE W HEHTPOHHOE HM3ITyYCHHS, HANPOTHB, UMCIOT OOJBINNE IJIMHEI mpodera
MPaKTUIECKH BO BCEX BEIIECTBAaX. BRIOOp MaTepraioB A SKpaHOB 3aBHCHUT OT THIIA HAJICTAFOUINX YACTHII, TaK IS
3alIMUTHI OT OTOHOB UCTIOJB3YIOT MaTEPUAIIBI, COJEPIKAIINEC XUMUIECKUE DIIEMEHTHI C OOJIBIIUM aTOMHBIM HOMEPOM,
TaKkMe KaK CBUHEL, BOJb(GpaM W pa3iiuuHble cTand. [y 3amuThl OT HEHTPOHHOTO W3IIyYEHUS NPUMEHSIOT
BOJIOPOIOCOIEpIKAIIINE CPEJIbl: BO/IA, MOJIMATHIICH, MapaduH U JIp., TaK K€ BO3MOXKHO HCIIOJIb30BaHHE DJIEMEHTOB,
CHJIBHOIIOTJIOIIAIOIINX HEHTPOHBI, TAaKUX Kak 60p U kaaMmuit [2].

OOBIYHO HEUTPOHHOE U3ITYUCHHE COIPOBOXKIACTCS (POTOHHBIM, TIOATOMY JUISI 3aIUTHI OT HUX IIPUMEHSIOTCS
KOMOWHAIIMY Pa3IMYHBIX MAaTePHAIOB MM KOMIO3UTH. OIHAM H3 TAaKUX MaTEPHAJIOB sBISLETCS OOpH. Boibdpama
(WB). Hanmume B coequHeHNH BOb(paMa MO3BOJSET UCIOIB30BATh JaHHBIN MaTepHal IS 3alIUTH OT (POTOHHOTO
n3nydeHus, a 6opa — oT HelHTpoHHOTO. K TOMY *XKe, JaHHOe cOeMHEeHNE 001aJaeT BRICOKOM TNIOTHOCTRIO, TIOpsiiKa 16
r/cM3, YTO MOJIOKUTEIHHO CKA3bIBAETCSl HA €r0 3alUTHBIX CBOMCTBAX.

Haunbonee mepcrieKTUBHOW MaTepHaOBEIUECKON TexHOoJoTHed ansi monydeHuss WB MOXHO cuuTaTth
METOJZIOM CaMOPaCIPOCTPAHSIONIErocsi BhicOKoTemneparypuoro cunre3a (CBC). B pamkax maHHOW paOOThI
npeacTaBiIeHbl ocobeHHocTH CB-crHTe3a KOMITO3UTOB Ha 0cHOBE cucTeMbl W-B.

HccrenoBanue BhITIOTHEHO TpH (hrHAHCOBOU momaepkke PODU u TomMckoit o0macTu B paMKax HAYIHOTO
npoekra Ne 19-43-703022/19.

CIIUCOK JIMTEPATYPBI
1. Becnanos, B./. BzaumoselicTBue HOHM3NPYIOMIUX U3TyYEHUH ¢ BemecTBOM: yaeOHoe mocobue / B.W. becnanos;
TOMCKHI TMOJNWTEXHUYECKH YHUBEPCHTET. — 5-¢ u3A., JAon. — Tomck: MWsmarensctBo Tomckoro
MOJIMTEXHUIECKOTO YHUBepcuTeTa, 2014. —427 c.
TonyGes, b.1. Jlo3umeTpus 1 3alIUTa OT HOHU3UPYIOMINX M3TydeHH: yaeOHuK st By30B / b.1. 'ony6eB; moa. pen.

E.JI. CronspoBoii. — 4-e n3z., mepepad. u gon. — M.: Dueproaromuzaar, 1986. — 464
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TOMCKWA NOAWUTEXHUYECKMA YHUBEPCUTET

MATEMATHYECKOE MOJAEJIMPOBAHHUE IMPOLECCA CB-CUHTE3A BOPCOJAEPKALINX
KOMIIO3UTOB
M.M. banaukos, M.C. Ky3nenos, A.A. Ilepmukun
HanuonaneHbli uccnenoBatensekuil TOMCKUNM NOTUTEXHUYECKUN YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: kms@tpu.ru
Komno3uTsl Ha ocHOBe 60pa HAILIN IHPOKOE IPUMECHEHNE B TEXHUKH PaIMalliOHHON 3aIUTHI Oaromaps
cnocoOHOCTH  m3oToma  Oopa-10  »ddexTrBHO  moriomares  HEWTpoHBl.  Hambomee — mepcrieKTHBHOU
MaTepuasoBEAYECKOM TEXHOJOTHEH ISl MONyYeHHsT KOMIIO3UTOB Ha OCHOBE 0Opa MOXKHO CYHMTAaTh METOJOM
caMopacIpoCTpaHsIoNIerocs BeicokoTeMmepatypraoro cuuate3a (CBC) [1]. B pamkax naHHO#M paOOTHI MpeICTaBICHBI
0COOEHHOCTH MaTeMaTHUecKoro MoaenupoBanus CB-cuHTe3a koMno3utoB Ha ocHoBe cucteM W-B u B-C.
Jlnist pacdeTa y3710B HCIIOJIb30BaAJIaCch CIEIyIONas CXeMa Iepecuera:

n
n+l _ 2 n + ur,i,j
i 2z,i,j

j'Ar+uP"i'j +f(i,n) At+U];

ie [1; (. —1]; je [L‘ Jinax —1],
rae i, j, N— HOMep TOYKH IO OCH Z, I, t COOTBETCTBEHHO; — BTOpask PA3HOCTHAS MPOU3BOJHAS 0 KOOPAMWHATE Z —
[EHTpaJbHAs PAa3HOCTHAS IPOU3BO/IHAS TI0 OCH T; BTOpasi pa3HOCTHAs MPOU3BOHAs 10 KoopauHate I; f(i,n) — anamor
MOTU(PHUIMPOBAHHON (PYHKIIMH TEIUIOBBIX HCTOYHHKOB B pasHOCTHOM Buae; Az, Ar, At — mar mo ocm Z, I, t
COOTBETCTBEHHO; Imax, jmax, — YUCIIO HHTEPBaNIOB pa3duenus otpeska [0; H], [0; R] cooTBeTcTBEHHO.
[IpoBeneHHBIH TECT HA CXOAUMOCTH CXEMBI ITOKa3al, 94To pacueT cxoxurcs mpu mare 0,001 cexynuasl (Puc.

1).

Lar 0,001 c:

™, 1500

Puc. 1. Cxooumocmo cxemot
Hccnenosanue BeimoiaHeHO npu ¢puHaHcoBOH noanaepxke PODU u Tomckoii o61acTu B paMKax HayqYHOTO
npoekta Ne 19-43-703022/19.
CIIMCOK JIMTEPATYPbI
1. Camconos I'.B., Cepedpskopa T.1., Heponos B.A. Bopunsr. / I'.B. Camconos, T.W. CepebpsikoBa, B.A. Heponor
— M.: Atomm3gart, 1975. — 376 c.
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TOMCKWA NOAWUTEXHUYECKMA YHUBEPCUTET

ONPEAEJEHHUE HHAEKCOB XAYHCO®WJIJA OBFBEKTOB, U3I'OTOBJIEHHBIX METOJIOM

MOCJONHOI'O HAIIPABJIEHUS, C PASHBIMHU KOS®®UIIUEHTAMHA SKCTPY3UU

E.A. Bymwvuna, 10.A. 3y6xoBa, H0.M. UepeneHHuKoB
HanuonanpHelii uccnenoBaTesbckuii TOMCKUM NONUTEXHUYECKUM YHUBEPCUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail:eab60@tpu.ru

Ocoboe BHHMaHHE B COBPEMEHHOM MHpPE IMPHUKOBAHO K OOpbOE C OHKOJOTHYSCKUMH 3a00JCBaHUSAMH,
KOTOpasl MOXET OCYIIECTBIATHCS C IOMOIIBIO JTy4eBOW Tepamuu. [l yCIEIIHOTO NMPOBENEHMS TAKOTO JICUECHHS
HEeo0X0IMMO MPOBOAUTH IUIaHUpOBaHKe 00aydeHus. [lnaHupoBaHue JTyyeBoil Teparuu npeACTaBisieT co00il ToMCK
HaWIydllIero BapuaHTa NPOBEICHUs Kypca Jy4eBOW Tepanuu. Takoil MOMCK OOBIYHO MPOBOJSAT pacyeTHBHIMU
METOJIaMH ¥ SKCHEPHUMEHTAIBHBIMH C IOMOIIBIO ()aHTOMOB, KOTOPBIE COCTOSIT M3 TKAaHEIKBUBAJICHTHOTO MaTepHaja
[1].

OnHaxo, IIaHUPOBaHKE JTyIEBOM Teparnuy CTAHOBUTCS O0JIee CI0KHBIM, 3HAYHUT, U BEpUPHINPOBATH TAKUE
IpOLEAypHl TPYAHEE, MOITOMY CYIIECTBYET HEOOXOIMMOCTh B CO3AaHUM MHIWBHAYalIbHBIX (aHTOMOB. B manHOM
WCCIIEZIOBaHUH TIpe/UIaraeTcss N3roTaBINBaTh MHANBUAYaJIbHBIE (DAHTOMBI M3 TKAaHE3KBHBAICHTHBIX MaTEPHAJIOB C
MIOMOIIBIO aJIUTUBHBIX TEXHOJOTHUH, TIOBTOPSIONIINE aHATOMHIO YeJIOBEKa. B KadecTBe MaTepnanoB Ul IMHUTAIHN
pa3IMYHBIX OPraHOB U TKAHEW MalieHTa OyIeT UCTIOIb30BaThCsl Pa3INYHbIHN IUTACTHK [2].

UroObl M3roTaBIMBaTh HHAMBUIYaIbHbIE (DAHTOMBI C BBICOKOM TOUHOCTBIO, HEOOXONMO 3HATh, KaK 3aBHCHUT
XapakTep B3aMMOJECHCTBHS M3IYYSHHUS C M3JEIHSAMHU OT MapaMeTpoB MX M3TOTOBJIEHHS. J[s TOro 4ToOBI OLIEHUTH
XapakTep B3aMMOJCWCTBHS M3JIY4YEHUs C BELIECTBOM, OyIeT HUCIOJb30BaThes MIKana XayHcduiga (MHAEKCHI
XayHc(minga), KOTOpas SBISIETCS IIKaJOH OciaOleHWs pPEeHTTEeHOBCKOTO W3JIyYeHHs II10 OTHOLICHHIO K
JUCTHJUIMPOBAaHHOM Boxe. B kauecTBe mapameTpa H3rOTOBJIEHHS H3JEIMH B JaHHOH padoTe HcCiIemoBalcs
k03¢ ¢punnent sxkcTpy3un. KoahdpuuneHt sKkcTpy3un — 3T0 CKOPOCTh IPOAABIMBAHMS IUIACTHKA Yepe3 popmupyroee
otBepcTre 3D-npuHTEepa M ero KOJIMYeCTBO.

Jlis nccnenoBaHus 3aBUCUMOCTH XapaKTepa B3aUMOACHCTBUS M3IYUECHUS C M3ACIUAMHU OT IapaMeTpoB MX
W3TOTOBJICHHS] HEOOXOIUMO ONPENENIUTh WHIEKCH XayHC(uia 0ObEKTOB, H3TOTOBIEHHBIX METOJOM IMOCIOIHHOTO
HarpasJIeHUsl, C Pa3HbIMHU K03 DUIIMEHTaMH SKCTPY3HH.

HccnenoBanue BBIMOIHEHO 3a cuet rpanTa Poccuiickoro HaydHoro ¢onaa (mpoekt Ne 19-79-10014).

CIIMCOK JIMTEPATYPbI
1. Kimmanos B.A. PaguoOunonornueckoe 1 JO3UMETPUIECKOE NIAHUPOBAHNE JIyIEBOM U PAIHOHYKIIUIHON TEPAITHH.
Yacte 1. PammoOmonorndeckue OCHOBBI JIydeBOW Tepamuu. PaanoOHolormdeckoe M JI03MMETPHUYECKOE
TUIAHUPOBAHWE TUCTAHIIMOHHOM JIy4eBOW Teparuy My4KaMd TOPMO3HOTO M raMMa-H3IydeHUsI U DJIEKTPOHAMH.
Yuebnoe nocodue. M.: HUSY MUDU, 2011. - 500 c.
2. Kpacubix A. A., Bepuyk . 10., Xypasnes [I. B., Munoituukosa 1. A., 0. M. Uepeneunuukos, C. I'. CtyueOpoB
O1ieHKa BO3MOYKHOCTH M3TOTOBJICHHUSI MaTEPHAJIOB, IIPUTOAHBIX IS YCTPOWCTB OBICTPOrO NPOTOTHUIIMPOBAHUSI, C

3aganubiMu KT-unnexcamu // SAnepnast ¢pusuka u nmxkuaupuar. — 2017. — T. 8. — Ne 1. — C. 91—95.
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TOMCKWA NOAWUTEXHUYECKMA YHUBEPCUTET

PA3PABOTKA MOBWJIBHOI'O TEHEPATOPA OIITO2JIEKTPHYECKHNX CUT'HAJIOB
B.B. byiineBuy, A.A. Jlepurinazon
HanuonanpHeli uccnenoBaTesbckuii TOMCKUNI NONUTEXHUYECKUN YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: ivanov@tpu.ru

CrnoxHble (QU3MUECKHEe YCTAaHOBKH, Takhe, Kak, Hampumep, TepMmosnaepHbiii peakrop KTM, 3agacryro
TpeOyIOT MPOCTHIX, HO 3()(HEKTUBHBIX TEXHUIECKUX PEIICHUH. SIpKUM NMPUMEPOM CIYXKHUT NMPEIMET HCCIIECTOBAHUS
JTAaHHOH pabOTHI.

HeoTbpemiieMoii YacThIO BCET0 )KU3HEHHOTO LIUKJIA 000PYIOBAaHUSL, OT U3TOTOBJICHHS IO MOHTa)Ka M HAJIAIKH,
SBJSIETCS TECTHPOBaHHE PaOOTOCIOCOOHOCTH ammapaTtHOro M MpOrpaMMHOro obOecnedenusi. Eciau roBoputh 06
ycTpoiicTBax, ucnons3yronmxcsi B ACYTII TokamakoB, TO, Kak MPaBUIO, AN MX TECTHPOBAHUS HCIIOJIB3YIOTCS
(yHKIMOHAJIBHBIE [€HEPATOPhI CHI'HAJIOB POU3BOJILHO (opMbl. Ha sTamne pa3paboTku 1 paboThl C NPOTOTUIIAMH HE
NPEACTABISIET HWKAKOM  TPYIHOCTH  HCIONB30BaTh  NMPOQECCHOHATBHOE AOPOroCcTosee  JTabopaTopHOE
obopynosanue. Ho Bo BpeMst MOHTaXa M HAJIAJAKH HA IEPBOE MECTO BBIXOIUT HE CTOJILKO TOYHOCTH M HA/IE)KHOCTD
TeHEPaTOpOB, CKOJIBKO MX MOOWIBHOCTH, aBTOHOMHOCTh W YHHUBEPCAIbHOCTh. VIMEHHO 3TH CBOHCTBA BBIOpAHEI
aBTOPaMHM B Ka4eCTBE OCHOBOIIOJIATAIONINX IS pa3pabaThIBAEMOr0 T€HEPATOPa ONTOAIEKTPHIECKUX CHTHAJIOB.

B nenom, reHepaTopsl HMITYJILCOB XOPOLIO HOAXOAAT HE TOJIBKO JUIsl IPOBEPKH 000pyJ0BaHMUs, TpeOYIOIIEro
OILIGHKU PEaKIMM B BUJE MEPEXOAHBIX MPOIECCOB HA BO3JEHCTBHE UMITYJILCOB HANIPSKEHHSI C BHICOKOM CKOPOCTBIO
HapacTaHus, HO U AJI TECTUPOBAHUS YCTPOHUCTB, UCTIONB3YIOIINX AUCKPETHBIE CUTHANBI B KAUeCTBE YNPABJIAIONINX.
He Bcernma peusb uaeT cTporo o0 3JeKTpUYECKUX CHrHajax. YacTo, ¢ LeNbl0 yBEeIMYEeHUs TTOMEXO3alHIICHHOCTH
KaHajla CBS3M, B (DM3MUECKMX YCTAaHOBKaxX THIA «TOKAaMaKk» MHCIONB3YIOTCS OITOBOJIOKOHHBIC JIMHUH, a,
CJIC/IOBATENIBHO, AJISI TECTHPOBAaHMS OOOpPYNOBAaHMS BKJIIOYEHHOTO B IIOJIOOHBIH KOHTYpP, HEOOXOAHWM T'€HEpaTop
ONTHYECKUX CUTHANOB. TakuM o00pazoMm, pa3pabaTbiBaeMblii THOPWUAHBIH Te€HEpaTop CTaHET HE3aMEHUMBIM
MHCTPYMEHTOM JJIsl TECTUPOBAHHS TOA00HBIX BHJIOB 000PYIOBAHHS.

Kpowme BeIIIenIepeYrCIeHHBIX TPEUMYIIECTB, pa3padaThIBaeMblil FeHepaTop UMeeT YIOOHBIM U MOHSATHBII
MOJIb30BATENLCKUH HHTEP]EHC Ha OCHOBE OECIIaATHOrO MOOWIIBHOTO PHIIOKEHUSI M COTIPSIraeTCsi CO cMapT(OHOM 110
ayauo BbIxony. B nanbHeiilem miaHupyeTcss BHEIPEHUE MOAYJIbHON ME30HUHHON CUCTEMBI.

Pabora BEImONTHEHA TipH TOAIepKKe MUHHCTEpCTBA HAyKH U BhIciiero oOpazoBaHus PO, Cormamenne Ne
075-11-2019-013 ot «11» oxts16pst 2019 r. Unentudukatop npoekra RFMEFI58519X0007.

CIIUCOK JIMTEPATYPBI
1. ®puman P. BomokoHHO-ONITHYECKUE CUCTEMEI cBsi3u. — M.: U3marensctBo, 2001. — 30c.
2. OcHOBHBIC TEXHOJIOTMH Tiepemaud onrtideckux curHamoB. — URL: https://www.cabeltov.ru/articles-about-
cable/osnovnye-tekhnologii-peredachi-opticheskikh-signalov/ (nata o6pamenust 27.07.2020)
3. Tpunoxenuss Ha cmaprdon. — URL: https://geekbrains.ru/posts/kak-sozdat-prilozhenie (mata o6pamenus
27.07.2020)
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TOMCKWA NOAWUTEXHUYECKMA YHUBEPCUTET

HCCJIEJJOBAHUE OCOBEHHOCTEM PEXKUMA CAMOPACIHBIJIEHUS ITPU PABOTE
MATI'HETPOHHBIX PACIIBIJIMTEJBHBIX CUCTEM C UCIHTAPAIOHIUMUCSA
METAJUVIMYECKUMHA MUIIEHSAMUA
I'.A. Bneiixep, B.I1. KpuBo6okos, [I.B. Cunenés, B.A. I'pynunus, P.B. [Tonos
HaunonaneHelil uccnenoBatenbckuil TOMCKHM NOTUTEXHUYECKUNA YHUBEPCUTET,

Poccus, . Tomck, mp. Jlenuna, 30, 634050

BrImoHeHB! MccenoBaHUs MEXaHM3MOB M 3aKOHOMEPHOCTEH (YHKIMOHHPOBAHHA pa3psla MpH padoTe
MarHeTpOHHOW pacmbsumHTeNbHON cucteMsl (MPC) B pexxume camopacmbuieHHs 0e3 Hamycka pabodero rasa.
Ycranopneno, uto MPC cnocoOHa paboTats 0e3 momauynm pabouero rasa, €Ciii JOMOJHUTEIBHO K PACHBUICHUIO
co3/1aéTcs MCIapeHue WK CyOaMMaIus MUILICHH, 32 CYET KOTOPBIX KOHIICHTPAIXsA aTOMOB BOJIM3U MOBEPXHOCTU
MHUIIIEHH CTAHOBUTCS TOCTATOYHOM Ui moaaepxanus paspsaa. Ha npumepe MPC ¢ pacniaBieHHBIMU MEIHBIMU H
aJIOMMHUEBBIMU MUIICHSIMH, MOMEIIEHHBIMUA B TUTJIM, a TAKXKE C ropsiueil TBEpAOTEJIbHOW XpPOMOBON MHILIEHBIO,
oTIpeieIeHbl MUHAMAIEHO HE00X0INMBIE 3HAUYSHHS MOITHOCTH, HAYMHAS C KOTOPBIX BO3MOXHO (PYHKIIMOHUPOBAHHE
pa3psnma O6e3 Hamycka pabodero raza. OOHapyKEHO, YTO IOPOTOBOE 3HAUCHHE MOIIHOCTH B 3HAUUTENFHON CTETICHU
3aBHCUT OT BEUICCTBAa MHIICHH, CTECNICHH UYEPHOTHI MOBEPXHOCTH THTIIA (I KUAKO(PA3HBIX MHIICHEH) W BUAA
WUCTOYHHKA THTAaHUS. BBIIBIEHO, YTO TEPMOIIEKTPOHHAS SMHUCCHS HE SBISETCS HEOOXOTUMBIM (PAKTOpPOM B
MOJICPKAHUK Pa3psia MarHETPOHA, pabOTAOIIETO Ha Mapax BEIICCTBAa MHUIIICHH.

BbuT0  yCTaHOBJICHO, YTO KOI(PQUIMCHTH 3PO3UM METALIMYCCKUX MHUIICHEH NpU UCHAPCHUU WM
CcyONMMaIMK JTOCTUTAl0T HECKOJBKHX JECITKOB aTOMOB HAa HOH, YTO HA MOPSJOK BHIIIEC, 4eM KO3()(HUIIHCHTHI
pacnbUieHus. BeleCcTBHE 3TOTO OCaXKACHHUE MOKPHITUI B YCIOBUIX CaMOPACIbUIEHUS MPOUCXOAUT 0€3 CHUKEHUS
CKOPOCTH OCQXKICHUS 10 CPABHEHHIO CO CIyYasMH y4acTHs pabodero rasa. B skcmepnMeHTax W C MOMOIIBIO
pPacuyéToB ONPENENIEHO, YTO CKOPOCTH OCAXKIEHUSI MEIHBIX, ATIOMUHHEBBIX U XPOMOBBIX MOKPBITUH MPUMEPHO Ha
MOPSIOK TPEBBIMIAIOT CKOPOCTH OCAXKICHUS, HMEIOIINE MECTO IIPH OOBIYHOM PACTIBUICHUH OXJIa)KAaeMBIX MHIICHEH
C aHAJIOTHYHBIMM 3Ha4YeHUIMH MomHoct MPC.

HccnenoBanuch IIIOTHOCTH MMOTOKOB OCAXKAAEMBIX YaCTHII M SHEPTHH B YCIOBHSIX HHTEHCHBHOTO UCTIAPESHHUS
mutierd. [loydeHo, 4To B pacCMOTpeHHOM juana3zoHe MoiHoctd MPC Gnaroaaps ucnapeHuro (Ui cyoauMaIium B
cilydyae XpoMa) TUIOTHOCTh MOTOKa OCAXKJAEMBIX YAaCTHUI[ BO3PACTAET MPUMEPHO Ha MOPs oK. OCHOBHOW MCTOYHUK
SHEPruu, MOCTYNAKLIEH Ha MOAJIOKKY — TEIUIOBOE U3JIyY€HUE CO CTOPOHBI MUILIEHHU. BenunHa cyMMapHOTo noToka
SHEPrHH TPUMEPHO OIMHAKOBasS KaK IPH pAacIbUICHHH MHUIIEHH B aTMocdepe aproHa, Tak M B PEXHMeE
camopacIblieHHs. BbIsiBJIeHa BO3MOXKHOCTD YIIPaBI€HHU KHUHETHYECKON COCTABIISIONIEH SHEPTETUYECKUX IIOTOKOB Ha
MOJJIOKKY IMyTEM MPUIIOKEHUS K HEH OTPULATEILHOrO MOTEHLIMaNa cMelleHNs. [IIOTHOCTE HOHHOTO TOKa CMELIEHUS
Ha TIOJJIOKKE SIBJISIETCS MPUMEPHO OJMHAKOBOM KaK B Cllydae OCa)/ICHUs C HAIyCKOM aproHa, Tak U B PEXHME
MOJIHOTO CaMOPACTIEUICHUSI.

CTpyKTypHBIe B QyHKITHOHATIbHBIC XapAKTEPUCTUKN TIOKPHITHIA POAHAIM3UPOBAHBI B 3aBUCIMOCTH OT BHJIa
WCTOYHHKA MUTAaHUSA U aTMoc(epsl B Kamepe (pachbUIeHHe ¢ TOMOIIBI0 pabodero rasa mpu gasinexnn 0,18-0,4 [1a u
B PEKUME IONHOTO camoropacubuieHuss npu naBieHnd 0,01 Ila w Hmke). BvIACHMIOCH, YTO B yCIOBHSAX
WHTCHCUBHOTO HWCHapeHHs (WIH CyOJIMMaIii) HE IMPOCIC)KHBACTCS 3aMETHO BBIPAKEHHOTO BIHSHUS (DakTopa
CaMOpAaCIbUICHUS U BUJIa UCTOYHUKA TUTAHUS HAa KPUCTAIUTMUECKYIO CTPYKTYPY M CTPYKTYPY POCTa HCCIEA0BaHHBIX

IUIEHOK. O,Z[HaKO MOJIYUCHbI CBUACTEIILCTBA YJIYUYHICHUSA IoKa3aTejeh SHCKTpI/I‘{eCKOﬁ MPpOBOAMMOCTH AJId MEIHBIX
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MOKPBITHI, TBEPAOCTU U KOPPO3UOHHON CTOMKOCTH XPOMOBBIX IOKPBITHH, OCKIEHHBIX B YCJIOBHSX MOJIHOTO
camopacIsiieHus pH nasieHnn B kamepe 0,01 Ila u Hke 1Mo cpaBHEHHIO ¢ OCaXIEHHEM B aTMOc(]epe aproHa.
HccnenoBanusi  BBINONHSUINCH TPH  MOJAEpKKe Tpanra Poccuiickoro ¢oHma ¢yHIaMEHTaIbHBIX

uccienosannii Ne 18-08-00454.

MATPHUYHBIE 3JIEMEHTBI TOKOB IEPEXOJJA MOIHOCTHU U3J1IYYEHUSA TEMHOI'O
®OTOHA 3JIEKTPOHOM B 3JIEKTPOMATI'HUTBIX NOJISAX CIIEIUAJIBHOT BUJA
U.B. BoponuwnxuH, A.1O. Tpudonos

HaunonaneHeli uccnenoBatenbckuil TOMCKHM MOTUTEXHUYECKUNA YHUBEPCUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail: IVV1211@yandex.ru

[lpu wuccrenoBaHMM JAWHAMUKH YIAJCHHBIX TalaKTUK BO3HUKJIO IPOTUBOPEYHE MEXKIY JaHHBIMU
HAOJIOZICHUSI U TEOPETHICCKUMHU MPECKa3aHUsIMU. PellieHne MaHHO# MpoOJieMbl BO3MOXKHO C MOMOIIBIO BBEICHHUS
MOHSITUSL CKPBITON MAcCChI, BIIOCJIEACTBUM Ha3BaHHON TeMHO# MaTepueil. B Hacrosiiee BpeMs Takoil moaxo[ crai
oOmmenpuHATHM [1,2].

[o aHanoOruu co CTaHIAPTHON MOJIEIBIO HA OCHOBE CIIOHTAHHOTO HAPYIICHHS KaaTMOPOBOYHON CHMMETPUH

U (1) MOXXHO BBCCTH BCKTOPHYIO MACCHUBHYIO YaCTHUIy MEAUATOP, KOTOpasA OTBCHACT 34 BBaHMOHeﬁCTBHC MCIKAY

BUJIMMBIM CEKTOPOM M TEMHOW Marepuel MmyTeM KWHEeMaTHYECKOTO CMEIIMBAaHHS C 3JIEKTPOMAarHUTHBIM (POTOHOM
[2.3]
B pabote Ha ocHOBe 0000MIeHHOTO Tarpamkuana [1]:

1

L, = —% F,F* +!/7{]/” (io" —en) - MW} +%TFWF'W S FLF” +%A§M A A" +;?{7/# (io" —g'A*)- Ml};(,

A

OBUTH MOJTy4EeHB MaTPUYHBIE HJIEMEHTHI TOKOB IIEPEX0/1a ISl MOITHOCTH M3JIyYeHHUs] TEMHOTO (DOTOHA 3JIEKTPOHHOM
B (hopme (DyHKIIMOHATA OT KIACCHUYECKOH TPAEKTOPHHU HM3JIyHaIOIIero 3JIEKTPOHA ¢ yYEeTOM KBAHTOBBIX ITONPABOK,
CBSI3aHHBIX C OT/a4ei M3JTy4aeMOoro TEMHOTO (DOTOHA M KBAHTOBBIM XapaKTE€POM JIBIKEHHS 3JIEKTpoHA. Pe3ysbTaTs
TMOJIYYCHBI B DJICKTPOMArduTHBIX MOJISAX O6H_ICFO BUAA, IIPU YCJIOBUH, YTO HX MOTCHIHAJIBI INTAAKHC (byHKL[I/II/I BMCCTC
CO BCEMU ITPOU3BOIHBIMU.
BonHoBast (GyHKIHS 3JCKTpOHAa ObUIa PAacCMOTPEHAa B KBA3WKIACCHYECKOM MPHOIMKEHHH METOIOM
KOMIUIEKCHOTO pocTka MacjioBa 1 yJI0BIETBOpPSET ypaBHeHHIO Jlupaxa ¢ TounocTsio g0 O(A52), 1—0 [4].
Jst omy4eHHBIX (yHKIMOHANIOB, PEIINB BapHAlMOHHYIO 3a/1ady, MOKHO HalTH TPAeKTOPHIO YaCTHIIBI B
QJICKTPOMArHuTHOM I10JIC, JJIA KOTOpOﬁ MOIITHOCTH CIIOHTAHHOT'O U3JIYyYECHUSA TEMHOT'O q)OTOHa MaKCHMaJIbHA.
HccrnenoBanue BBITIOTHEHO TpH (puHaHCOBOU monaepkke PODU u TomMckoit o6acTu B paMKax HAYIHOTO
npoekra Ne 19-41-700004.
CITMCOK JIMTEPATYPbBI
1. S.N. Gninenko, Search for MeV dark photons in a light-shining-through-walls experiment at CERN — Phys. Rev.
D 89, 075008 —Published 8 April 2014.
2. D. Banerjee et al. (The NA64 Collaboration), Search for vector mediator of dark matter production in invisible
decay mode — Phys. Rev. D 97, 072002 — Published 4 April 2018.
3. Holdom B. Two U (1)’s and epsilon charge shifts //Phys. Lett., B. — 1986. — T. 166. — Ne. 2. — C. 196198.
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4. Bagrov V.V. Belov V.V. Trifonov A.Yu. Theory of spontaneous radiation by electrons in a trajectory coherent
approximation // J.Phys A: Math. Gen. 1993.Vol 26, No 22. P. 6431-6449.

OOPMUPOBAHUE TEPANIEBTUYECKOI'O IIOJISA 3JIEKTPOHOB C IOMOLIbBIO
KOJIJIMMATOPA, U3TOTOBJEHHOI'O METOJAMU TPEXMEPHOM ITEYATH
A.A. 'puropseBa, A.A. bynasckas, F0.M. UepenieHHIKOB
HanunonaneHelil nccnenoBaTebckuil TOMCKUI NONUTEXHUUECKUM YHUBEPCUTET,
Poccus, r.Tomck, mp. Jlenuna, 30, 634050
E-mail: agrigorieva@tpu.ru

JlygyeBast tepamus (JIT) ¢ mpuMeHEHHEM 3JICKTPOHHBIX MYYKOB, WCIONB3YETCS IS JICUCHHUS OIMyXOJCH,
PacIoJIOKCHHBIX Ha MOBEPXHOCTH KOXM win BOim3u Hee [1]. IIpeumyiiecTBoM mpuMeHeHUs 3iaekTpoHHOM JIT
ABJIACTCA TMNPOHUKHOBCHHUE Iy4YKa OJJICKTPOHOB Ha 3aJJaHHOC 3HA4YCHHC Fﬂy6I/IHI)I B 3aBUCHUMOCTU OT OHCPIruu
9JEeKTPOHOB. JlaHHAas O0COOCHHOCTH IMO3BOJISET AOOWUTHCS PABHOMEPHOTO pAacHpedelicHHs NO3Bl B ILIAHHPYEMOM
o0BeMe 00TydeHNs, IPU 3TOM CYIIECTBEHHO CHIDKAs JO30BYIO Harpy3Ky Ha 37I0pOBBIC TKaHU U Oprassl [1].

B JIT 3ammuta HOpMadbHBIX TKaHEH OT OONyYeHHS U TOYHOCTH JOCTaBKH JTO3BI IMEET BayKHOE 3HadeHHe [2],
OTCIOJ]a BO3HUKAET HEOOXOIMMOCTh (POPMHIPOBAHUS MOJICH N3ITyUeHHUS CI0XKHOM popmbl. Ha ceromusmmamiA 1eHs pu
npoBeneHun ceaHcoB JIT aieKTpOHHBIMH IydKamMd ()OPMHPOBAHHE MONEPEYHOTO NPOQWIA OIS OOIydeHHs
OTPaHMYMBACTCS NPUMEHEHHUEM CTaHAAapTHOrO HaOopa amIuIMKaTOpOB MPSIMOYTOJIbHOW WM IMIMHAPHYECKON
(hopMbI, OJIOKOB M3 CBUHIIA, HHIUBUIYATbHBIX METAIUIMICCKUX KOTUMATOPOB [3]. OMHAKO, HCIIOIh30BAHUE TAHHBIX
croco0oB [yt HOPMUPOBAHUS MOTIEPEYHBIX MPOQPHIICH ITEKTPOHHBIX MyYKOB TEPANEBTUUCCKOTO HA3HAUCHHUS HMECT
PST HETOCTATKOB, KOTOPBIE CHIDKAIOT 3(h(heKTUBHOCTH Mporeayp 3ekTponHoit JIT.

Pemennem maHHOM MPOOIIEMBI MOXKET CTAaTh H3TOTOBJIICHUE HHAMBHYaTbHBIX KOJUTMMHPYIOMIUX YCTPOUCTB
npu nomony 3D-mewatu. [locpeacTBOM MpUMEHEHHST TEXHOJOTHIA TPEXMEPHOH MMeYaT BO3MOXKHO H3TOTaBJIHBATH
MIePCOHATM3UPOBAaHHBIE OOBEKTHI ISl MEIUIIMHCKUH IIeNieil 3a KOpOTKuil cpok. Mcmonp3oBaHue NaHHOTO MOJX01a
TMOBBICUT TOYHOCTH AOCTAaBKHU JO3bI IIPU MNPOBECIACHHUU CCAHCOB 3HeKTpOHHOI‘/'I JIT M, KakK CJIC€ACTBUC, YBCIUYUT
3¢ (HEKTUBHOCTH JICUEHMUSI.

B pamMkax JaHHOTO HcClieIoBaHusl ObLIM U3TOTOBIIEHBI J[Ba KOJIMMATOPa MHMBUAYaIbHOM KOH(UTYypaunun
W3 MeTaJlIa M TUIACTHKA ISl PeaTbHOTO KIMHUYECKOTO Cirydas. MeTaTndecKuil KOIUTMMAaTOp OBLT U3TOTOBIICH NPH
MOMOIIIM CTaHAAPTHOIN TEXHOJOTHH M3TOTOBJICHHUS KOJUIMMATOPOB, a IUIACTHKOBBIA — C WCIIONE30BAaHHEM METOJIOB
TpexMepHOH meyatd. s cpaBHEHHs METOIOB OBUIM TONYYEHBI TOIMEPEYHBIC MPOQMIN SJICKTPOHHBIX ITYYKOB
TEPaNeBTHYECKOTO JIMHEHHOTO YCKOPUTEIS HCCIIEAYEMBIMH 00pa3aMu.

HccremoBanune BBITIONHEHO 3a cuet rpanta Poccuiickoro Hayusoro Gpouma (mpoekt Ne 18-79-10052).

CIIUCOK JIMTEPATYPBI
1. Garibaldi C. et al. Recent advances in radiation oncology // Ecancermedicalscience. — 2017. — T. 11. — C. 785.
2. Khan F. M., Gibbons J. P. Khan's the physics of radiation therapy. — Lippincott Williams & Wilkins, 2014. — 572
c.
3. Wojcicka J. B. Technical Note: On Cerrobend shielding for MeV 18-22 electron beams // Medical Physics. —
2008. —T. 35. — Ne.10 — C. 4625-9.
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IMMPUINIKAMPOPACYJIb®OHATHBI - HOBBIE CTPOUTEJIBHBIE BJIOKH OPTAHUYECKOI'O
CHHTE3A
K.J. Epun, A.H. Camxues, E.A. KpacHokyTckas

HanuonanpHeli uccnenoBaTesbckuii TOMCKUN NONUTEXHUYECKUM YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: ans14@tpu.ru
Apwi- wm rerepoapuicyiab(poOHATH SBIAIOTCS BOCTPEOOBAHHBIMH IOIYNPOAYKTAMH JUIi CHHTE3a
(hapmaneBTHUECKNX cyOcTaHnmi. Ha ocHOBaHME pe3ynbTaToB Ooiiee paHHHUX HcciienoBaHui [1-3] pazpabortaH psin
paHee Hem3BecTHBIX nupuaiIKamdopacynsponaros (Pyr-O-SO,Cas) peakiyeil Ana30THPOBAHUS AMHUHOITUPUITHOB
B npucytctBum kamdopacynbpokucinorsl (CasSOsH) (cxema 1). C paBHBIM ycHexXoM B peakIUH MOXET OBITh

UCIIOJIb30BaH Kak parieMar, Tak ¥ HHIUBHIyanbHble sHaHTHOMepbl CasSO3zH.

R
X NaNO,, CasSO3H
E _NH2

N

paste H,O,2-2.5h

R\ /\
> E /)—OSOZCas
N" 40-84%
2,3,4-n3omepsbl; 7 npMmMepoB
Cxema 1.

Brepsrie nokaszano, uro Pyr-O-SO,Cas B npuCyTCTBHU OCHOBAaHUS MOTYT 110/ ACHCTBUEM CIIUPTOB MOTYT
¢ ycrmexoM mpeBpamarscs B ankokcumupumuubl (Pyr-OAlKk). Tlpu stom oOHapyxkeHo, uYTo 2- u 4-
nupuanIkaMmopacyib(oHaTel B yKa3aHHOM TMpeBpaiieHdn 00pa3yloT cmech Ttayromepos: Pyr-OAlk u N-
ankmwipuoH. Ilo-BuaumMomy, oz neficTBUEM OCHOBaHMSA NMPOXOIHUT THAPOIN3 C 00pa30BaHUEM MOHA MUPHIOHHS
u cootBercTBYIOIIEro 3dupa kampopacynbdokucaorel (Alk-O-SO,Cas). INocneanuii MOXET aNKUIMPOBATH HOH
MUPHUIOHUS KaK 0 aTOMY KHCJIOPOAA, TaK M 110 aTOMy a30Ta IMKJA. JlaHHOe MpeaIosIoKeHne o TBEpKaaeTcs,
B3anMoJieiicTBreM 2-mmpuaminkamdopara (1) ¢ monpommndopomunom B npucytctBun KoCOs: monydeHa cmech 2-

n3onponuiIokcunupurna (2) u 1-uzonpornunmupuaun-2(1H)-ona (3) (cxema 2).

| X _Cas -Pr-Br, K,CO; || +
o2 N O‘< N

NGO \b MeCN ©
Cxema 2.
Paborta BoeInonHeHa npu nojaaepxke PODU (mpoekt Ne 17-03-01097).
CIIMCOK JINTEPATYPbBI
1. Krasnokutskaya E.A., Kasanova A. Zh., Estaeva M.T., Filimonov V.D. A new synthesis of pyridinyl
trifluoromethanesulfonates via one-pot diazotization of aminopyridines in the presence of
trifluoromethanesulfonic acid. // Terahedron Lett. — 2014. Vol. 55.—P. 3771-3773.
2. Kasanova A. Zh., Krasnokutskaya E.A., Beisembei P.S., Filimonov V.D. A Novel Convenient Synthesis of
Pyridinyl and Quinolinyl Triflates and Tosylates via One-Pot Diazotization of Aminopyridines and
Aminoquinolines in Solution. // Synthesis. — 2016. — VVol. 48. — P. 256-262.
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TOMOTPA®NYECKOE NUCCJIEJOBAHMUE CJOXKHOI'O KAJIMBPOBOYHOTI'O OFBEKTA,
U3IrOTOBJIEHHOI'O METOJOM TPEXMEPHOM INEYATHU
10. A. 3y6koBa, E. A. Bymmuna, A. A. I'puropnea
HauuonaneHeli uccinenoBatenbckuil TOMCKHM NOTUTEXHUYECKUNA YHUBEPCUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail: yaz8@tpu.ru

Ha ceropnsmHuit AeHp JedeHNE OHKOJOTHYECKUX 3a00JIeBaHUIA 3a9acTyIO MIPOBOIAT C IOMOIINBIO JTYIEBOI
Tepanuu. B CBSA3W ¢ TeM, YTO MMeeTCs BEPOATHOCTh HETATHBHOTO IPOSIBICHHS HOHM3HPYIOMIETO U3IYICHUS, ITO]
pa3pylIalIyUM ASHCTBHEM MOTYT OKa3aThCs HE TOJNBKO 3JI0KAYECTBEHHBIC KIETKH OIyXOJIH, HO U 310POBBIE KIETKU
opranusma [1]. Takum 00pa3oM BO3HHMKaeT HEOOXOIMMOCTH B IIPOBEICHHU JO3UMETPHYECKOTO IUIAHUPOBAHUS
npouenyp JiydeBoil Tepanuu. [IpoBeseHHe TOAOOHBIX MPOLEAYP MOXHO OCYIIECTBUTH C IOMOUIBIO
TKAaHEIKBUBAJICHTHBIX J03UMETpUYECKUX (aHTOMOB. [lomoOHBIE (aHTOMBI NPEACTABISIOT CO0OI Mojenb Tena
YeIoBeKa, MPEIHA3HAUYCHHYIO IS W3MEPEHUs IMOTJIOMIEHHONW 03Bl HOHM3HPYIOUIETO0 M3IydeHus. Mcnonp3oBaHue
(haHTOMOB TIO3BOJISIET OLICHUTD PACIIPECIICHHE 03I B 00IyICHHOM O00BEKTE.

Jo3umeTpudeckne (GaHTOMBI H3TOTABIMBAIOTCS W3 TKAHEOKBHUBAJICHTHBIX MAaTEPHAIOB, 00JamaromInx
COCTaBOM OJIM3KUM K OHOIIOTHYecKUM TKaHsIM. OHH BBITIOTHSIOTCS KaK B BUJE MPOCTBIX T€OMETPUIECKUX (HUTYD, TaK
U UMHUTHPYS OUepTaHUA Tena yesioBeka. PaHTOMBI, TOBTOPSIOIINE CBOWCTBA M pa3Mephl OTAEIbHBIX OPIaHOB U TKaHeH
W H3TOTABJIMBAIOIIMECS HAa OCHOBE TOMOTrpaMYECKUX JaHHBIX MAlMEHTa, HAa3bIBAIOTCS WHAWBUIYaTbHBIMH.
ABTOpamu paboTs! [2] IpelIoKeHO Co3AaBaTh TaKUe (GaHTOMBI C IIOMOILBIO TIPUMEHEHUS TEXHOJIOTUH TTOCIOHHOTO
HaIlJIaBJICHUS.

Jnis uccinenoBaHUs BO3MOXKHOCTH peald3alliil MPEIIOKEHHOTO MOAX0Ma OB CO3MaH KaTHOpOBOYHBIH
00BEKT ¢ NWIMHAPHUYECKAM CEUCHHEM, COACPKAIINN yJaCTKH MIECTH Pa3IHUYHBIX IUIOTHOCTEH, PacIioiioKEHHBIX
CIIOKHBIM 00pa3oM. KamnOpoBodHBI 00BEKT H3TOTABIMBAJICS C TOMOIIBIO YCTPOUCTBA TpeXxMepHoii meuaTu Original
Prusa i3 MK3 u3 uncroro [IJIA mractuka (mommnaktun) u [1JIA mumacTika ¢ MegHOH mpuMechio. JlONOTHUTEIEHO
BapbUPOBAICS KOAPPUIMEHT 3ar0THEHHS AT KaXKJOH 30HbI M3JSIIHS.

Tomorpaduueckre TaHHBIC CIOKHOTO KaJTHOPOBOYHOrO OOBEKTa OBUIM MOJYYCHBI HA KOMIIBIOTEPHOM
ToMorpage MeMIMHCKOT0 Ha3HayeHus Siemens Somatom Emotion 6. C nomolisio nporpaMmHoro nakera RadiAnt
DICOM Viewer ObuTH OIIpeieTICHBI 3HAYCHUS MHIIEKCOB XayHCchmina A KaXIoi 30HB 00BeKTa. BBUTH ToTy4eHs
KaJHOpOBOYHEIE 3aBUCHMOCTH HHACKCOB XayHC(HIAA OT ITApaMeTPOB U3TOTOBIICHHS OT/IEIEHBIX 3JIEMEHTOB 00bEKTa
C Y4€TOM UX B3aUMHOTO PacCIOI0KEHUS.

HccnenoBanue BBIMOIHEHO 3a cuet rpanTa Poccuiickoro HaydHoro (ouna (mpoext Ne 18-79-10052).

CIIUCOK JIMTEPATYPBI
1. Knmumanos B.A. Pannobuonornaeckoe 1 J03MMETPHUUECKOE TIIAHUPOBAHKE JIyY€BON U PATHOHYKIIMIHON TepaIuu.
Yacte 1. PammoOuomorndyeckue OCHOBBI Jy4eBOW Tepamud. Paguo0HOIOTHYEeCKOe W JTO3UMETPHUYECKOE
TUTAHUPOBAHNE AMCTAHIMOHHON JIy4eBOH Tepamuy MydKaMH TOPMO3HOTO M TaMMa-M3Iy4YeHHS W JJIEKTPOHAMHU.
YyeOHoe mocobue. — M.: HUAY MU®U, 2011. 500 c.
2. Kpacueix A. A. u 1p. Pa3paboTka crioco6a SKCIiepuMeHTaIbHOH BepUBUKAIIH JO3UMETPUICCKOTO TUNIAHMPOBAHUS
mydeBoii Teparnuu //CoopHuk MarepuanoB XII Bcepoccuiickoil KOH(pEpPEHIIMH MOJOABIX YYEHBIX-OHKOJIOTOB,

nocesimieHHod mnamstH akagemuka PAMH HB BacuibeBa «AKTyasnbHble BONPOCH (yHAaMEHTAIbLHOH |
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KIIMHUYECKOW OHKoJIoTHnY, 2728 anpens 2017 r., r. Tomck/mox pen. E. JI. HoitazonoBa, J. B. Tamaxunckoro,

H. B. Uepapmanesoit. — Tomck: M3x-Bo Tom. yH-Ta, 2017.-150 c. — 2017.

MOJAEJIUPOBAHMUE ITPOINECCA IINIASMOXUMHUYECKOI'O CUHTE3A HAHOPA3ZMEPHBIX
CJIOKHBIX OKCUJIHBIX KOMIO3UIUM «PuO2-ThO>-MgO» JIJIA TIJIY TOHUM-TOPUEBOT' O
JUCIIEPCUOHHOT O AAEPHOTI'O TOIIVIMBA
K.C. HBanos, 1.10. HoBocenos, A.E. TuxoHos
HanumonaneHelil nccnenoBaTebckuil TOMCKUI NONUTEXHUUECKUM YHUBEPCUTET,

Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail: ksi5@tpu.ru

Jng  panpHeWniero pasBUTHSA SACPHOM OHEPIETUKU IIEPCHEKTUBHBIM  SBIISECTCA IUIyTOHUN-TOPUEBOE
nucnepcuoHHoe sipepHoe TomuBo (HSAT) u3 okcumoB Aensuiuxcs MeTasioB (IUTyTOHWH, TOpPHIi), paBHOMEPHO
pacrpeseneHHbIX B OKCHIHOW MaTpHIle, MMEIOIIEH BBICOKYIO TEIUIOBOJHOCTh M HHU3KOE CCUCHHE PE30HAHCHOTO
noriomeHus HeHTpoHoB [ 1]. [Ipn ucmoms30BaHAN U30TOTIOB TOpHii-232 U TUTyTOHUNH-239 oTmagaeT HeOOXOIMMOCTD
B JIOPOTOCTOSINEM HM30TOITHOM OOOTAlIeHUH W IOSBISIETCS BO3MOXHOCTh CO3JAHUSI SHEPreTHUECKHX YCTAaHOBOK
cBepxmaioit (mo 10 MBT) u manoii (no 100 MBT) MommHOCTH.

B oTnuume oT mpuUMEHSEMBIX METOAOB TMOIYYEHHs CIOXHBIX OKCHUAHBIX Kommosuimii (COK) mytem
Pa3fenbHOTO MOJNyYeHHS M MEXaHWYECKOTO CMEIICHUS OKCHAOB METaloB, IiazMoxuMmudeckuil cuHte3 COK u3
JUCTIEPTUPOBAHHBIX BOJHO-OPTaHUYECKHUX HUTPATHBIX pacTBopoB (BOHP), BKmouaromux opraHuyeckuii KOMIOHEHT
(cTIUpTHI, KETOHBI), UMEET CIEAYIOIINE MPEeUMyIIecTBa [2]: 0OJHOCTaAMHHOCTh, TOMOTEHHOE pacnpeeneHue a3 ¢
3aJJaHHBIM CTEXHOMETPUUECKIM COCTaBOM, BO3MOXHOCTb aKTHBHO BJIMATH HA pa3Mep X MOP(OIIOTHIO YaCTHII, HU3KHE
9HEPro- U TPYI03aTPaThl.

B pabore mpexacTaBneHbl pe3yibTaThl MCCIEAOBaHWI mpolecca IuazMoxumudeckoro cuutesa COK u3
JCIIEpTUPOBaHHBIX pacTBOpoB BOHP, BKirouaronyx areToH U cMeIlaHHbIE BOAHBIC HUTPATHBIE PACTBOPHI CaMapust
(BMecTo muTyTOHHMS), Lepusi (BMecto Topus) U MmaruHus. [loarorosnennsie pactBopsl BOHP monasamuce (300 n1/4)
4yepe3 JUCIEePraTop B peakTop Iuia3MeHHOro mMonyis Ha 6aze BU®D-minazMoTpoHa, TJe B BO3AYIIHO-TNIA3MEHHOM
notoke 1pu temrneparypax >1000 °C ocymectBisiics cunre3 COK, 3aTteM B y3ie «MOKPOii» OYUCTKH MPOUCXOIUIIO
UX PEe3Koe OXJaXKICHHE («3aKallka») ¢ 0O0pa3oBaHHMEM BOJAHBIX CYCIICH3HMH, KOTOpHIE OTCTaWBalIN, (QUIBTPOBAIH H
npokanuBanu B TeueHue 20 MuHyT mpu Temneparype 150 °C. B xome wmcciiemoBaHWA TPOBOAMINCEH JIa3epHAs
mudpaknus Bogabix cycnensuit COK, ckaupyromas 3;ieKTpoHHas MUKpockomnusi, B2 T-ananu3 u peHTreHoha3oBbIit
aHAIM3 TOJYYEHHBIX ITOPOIIKOB. YCTAaHOBJIEHO, YTO TPH pacxojie BOABI Ha «3akalky» (2,8 kr/c), wacrore
qucnepraropa (50 ') u pasnuunbix 3HaueHusx a=Sm/(Sm+Nd) yeenuuenue gonu MgO (10...30 %) B cocrase COK
«SmM;03-Ce203-MgO» mpuBOAXT: K CHUKEHHUIO pa3Mepa dactull Boausix cycrnensuit COK ¢ 9,4 o 7,4 MM (nipu o =
0,1); ¢ 12,9 no 5,3 mxm (ipu a. = 0,2) u ¢ 6,6 10 4,7 mxm (ripu o = 0,3). TIpu 3TOM pasmep «3epen» B yactuax COK
He npebimaeT 90 HM, YTO MOATBEPKAACT MIA3MOXUMHUYECKHi cuHTe3 HaHopasMepubix COK u3 pacteopos BOHP.

Pabora BeInONHEHA NpH pUHAHCOBOI MonAepkke Poccuiickoro Hay4dHoro ¢onza (mpoekt Ne 18-19-00136).

CIIUCOK JIMTEPATYPBI
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1-OKCUIIUPUIUHIAAZOHUMN CYJIb®OHATHI: CHHTE3 U XUMUUYECKHUE IIPEBPAIIIEHU S
A.K. KacanoBa, A .H. Canxues, E.A. KpacHokyTckas
HanumonaneHelil nccnenoBaTebckuil TOMCKUI MONUTEXHUUECKUM YHUBEPCUTET,
Poccus, r.Tomck, np. Jleanna, 30, 634050
E-mail: asiyakass@mail.ru
Conu nMa3oHUS SBISIFOTCS BaXXHBIMH CTPOMTENILHBIMH OJOKaMM OPraHMYecKOro CHHTE3a M BCE 4Yalle
UCTIONIB3YIOTCS B CHHTE3€ (hapMalneBTHYecKuX cyocTanumii. HenaBHo Hamu pa3paboTaH HOBBIH KilacC apOMaTHYECKUX
coJell JMa3oHMs — apeHAna3oHuil cynbpoHathl (To3unartel, Tpudmartel) [1, 2]. IlokazaHa uX yHUKalbHas
PacTBOPUMOCTH B BOJHBIX U OPTaHHUCCKUX Cpejax, 0€30MacHOCTh NPU XpaHeHuu. 1{enbro TaHHOI paboThHI SBJISCTCS
CHHTE3 U HCCJIEOBAHNE paHee HEM3BECTHBIX TeTePOAPCHINA30HUH CYyIb(OHATOB — MAPUINHIANA30HAN TO3UIATOB,
TpudnatoB U xKamdopacynsporaroB. HM3BecTHas mpoOiieMa — HEYCTOWYMBOCTh MHUPHAWHANA30HUEBBIX COJCH —
pemanacs nmpeaBapUTeIbHBIM OKCHIUPOBAHUEM HUCXOIHBIX aMHHOTIMPUINHOB. MBI BIIEpBBIC CHHTE3UPOBAIN P 1-
OKCHINHPUANHANA30HIH CYTh(QOHATOB (TO3MIATOB, TPH(PIATOB 1 KaM(popacyap(pOHATOB) peaKiueii THa30THPBAHUS

aMHUHOIMPHUINH-1-0KCHI0B B IPUCYTCTBUU COOTBETCTBYIOIIMX KHUCIOT (cxema 1).

R ) R
|\/\—NH BuONO, R“SO3H N l\/\_ﬁ:N _ )
_NH, , = [ gN=NosoR
N/ AcOH, 40 min N/
) i 60 - 96%
(0] 0]

5 2,3,4-n3omepbl
R“SO3;H=TfOH, TsOH, CasSO3;H

Cxema 1.

HOKaSaHO, YTO BCC CHHTC3UPOBAHHBIC COJIM JICTKO BCTYHNAIOT B TUIHUYHBIC JISI AMA30HUCBBIX coJieit
mpeBpamieHus (a30coueTaHune, UOJUPOBaHUE, a3UIUPOBaHKE). B oTiHyMe OT apoMaTHYECKUX KapOOIMKINIECKUX
coyell Jna3oHus |-OKCHAMUPHINHANA30HUH CyIb(hOHATH He BCTymalT B Pd-kaTanmsupyembie peakiiu Kpocc-
coueranusi (Xeka, Cy3yku, CoHorammpa), a BOCCTaHaBIMBAIOTCSA N0 |-okcumupuauHOB. OOHApy»XeHO, UYTO
MAPUANHANA30HUEBBIC COJIM B OTJIMYHE OT apeHI[I/IaSOHI/Iﬁ CyHL(bOHaTOB npu B33PIMO}ICIZCTBI/II/I C pearcHramMu
FpI/IHLﬂpa B OTCYTCTBHC MNAJIJIAJUCBbIX KOMIIJICKCOB C 06p330BaHI/I€M IPOAYKTOB C-C-coueTaHus.

Paborta BoeImonHeHa npu noaaepxke PODU (mpoekt Ne 17-03-01097).

CIIUCOK JIUTEPATYPbI
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Applicability // Org.Lett. — 2008. — Ne 18. — P.3961-3964.
2. Filimonov V. D. et al. Synthesis, structure, and synthetic potential of arenediazonium trifluoromethanesulfonates
as stable and safe diazonium salts //European Journal of Organic Chemistry. — 2019. — Vol. 2019. — Ne. 4. — P,
665-674.

27



| WMHMeHepHaA WKona «DPU3NKO-TEXHUUECKHUE MTPOOIEeMbl B HayKe, IPOMBIIIICHHOCTH U MEIHULIUHE.
I AAEPHbIX TeXHONOruin Poccuiickuii 1 MeXayHApOAHBIM ONBIT HOATOTOBKH KapOB»

TOMCKWA NOAWUTEXHUYECKMA YHUBEPCUTET

MOJEJIUPOBAHUE MNPOLUECCA IINIASMOXUMHUYECKOI'O CUHTE3A HAHOPA3ZMEPHBIX
OKCHJIHBIX KOMITIO3UIUI «UO,-MgO» JJIsI JUCITEPCAUOHHOI'O REMIX-TOIIJIMBA
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[pumensemoe Ha ADC TpaTuIMOHHOE SASPHOE TOIUTMBO U3 00OTAIIICHHOTO 110 H30TOIY ypaH-235 muokcuaa
ypaHa, WMeeT HH3KYI TEIUIOIPOBOJAHOCTh M KOPOTKMI LMKI WCHOJb30BaHUA.. [IpencraBiser uHTEpecC
UCIIONIb30BAaHUE PETCHEPHPOBAHHOIO ypaHa, OOOTalleHHOrO0 M0 W30TOmy ypaH-235, A H3TrOTOBICHUS
mucniepcuonHoro REMIX-romnuBea B Buie IMoKcHIa ypaHa, paBHOMEPHO PACIPEICICHHOTO B OKCHIHOW MaTPHIIE C
BBICOKOU TETIOBOJIHOCTBIO 1 HU3KUM CEUEeHHEM PE30HAHCHOTO MOTJIONEHUSI HEUTPOHOB [1].

B oTnnume oT mpuMeHseMbIX METOJIOB MOJy4deHHsI OKcuAHbIX Komno3uimii (OK) Ha ocHOBe pa3aenbHOro
MONYYCHNSI M MEXaHHYECKOTO CMEIICHWS OKCHIIOB METaJUIOB, IUIa3MoxuMmuueckuii cmaTe3 OK B BO3mymrHO-
TUTa3MEHHOM TIOTOKE W3 JUCIIEPTUPOBAHHBIX BOJHO-OPTaHUYECKUX HUTPATHBIX pacTBopoB (BOHP), Brmowaromimx
OpPraHUYECKUH KOMIOHEHT (CITUPTHI, KETOHBI), IMEET CICTYIONIIe MpenMyIiecTBa [2]: OAHOCTaAMHHOCTD, BEICOKAs
CKOpOCTh, TOMOTEHHOE pactpeneieHne (a3 ¢ 3aJaHHBIM CTEXHOMETPHUECKUM COCTaBOM, BO3MOXKHOCTh AKTHBHO
BJIMATH Ha pa3Mep U MOP(OJIOTHIO YaCTHUIl, HU3KUE SHEPrO- U TPYI03aTPAThI

B pabote mpejactaBieHbl pe3yiabTaThl UCCIACIOBAHUN Ipolecca IIasMoxumuueckoro cunresa OK w3
JICTIEPTUPOBAaHHBIX pacTBOpoB BOHP, BKitouaromux aleToH U CMEIIaHHbIe BOJAHBIC HUTPATHBIE PACTBOPHI HEOIUMA
(BMecTo ypana) u maruus. [loarorosneHnsie pactBopbl BOHP moxasanuce (300 j1/4) yepe3 aucnepratop B peakTop
TUTa3MEHHOTO MOy Ha 6a3ze BUD-m1a3MoTpoHa, Te B BO3MYNIHO-TUIA3MEHHOM TIOTOKE IIpH Temreparypax >1000
°C ocymectBisiica cuare3 OK, ganee B y3iie «MOKpO¥» OYHCTKH MPOUCXOIMIIO UX PE3KOE OXIIAXKICHHE («3aKaIKay)
¢ obpazoBaHmeM BoAHBIX cycnier3uid OK, KoTopele oTCTamBaiy, PUIBTPOBAIH U MPOKATMBAIHN B TeueHHe 20 MUHYT
npu Temrepatype 150 °C.

B xome wucciaenoBaHuil MPOBOAWINCH Ja3epHas audpakims BoaHbIX cycnensuii OK, ckanupyroimas
ANIEKTPOHHAsE MUKpockonust, BOT-aHanu3 u peHTreHo(pa3oBbIil aHAIN3 MTOJYYEHHBIX TOPOLIKOB.

YcTaHOBIIEHO, YTO MPH PacXo/1e BOJIbI Ha «3aKaliky» (2,8 kr/c) u yactore nucrepraropa (35 I'y) yBenuuenue
COJIeprKaHusl MaTpUIBl B Buje okcuaa maraus S5, 10, 15, 20, 30 u 50 % B coctaBe OK «Nd>203-MgO» npuBoauT:
COOTBETCTBEHHO K 00pazoBaHmio yactull OK B BogHBIX cycrieH3msX pasmepoM 13,0; 9,4; 7.3; 6,8; 5,1 m 4,7 mxm. [pu
9TOM YZeJIbHasl MOBEPXHOCTD MOIYYEHHBIX MOPOLIKOB coctaBiseT 19,5; 18,0; 17,1; 15,2; 14,6 n 11,2 MYr a pasmep
«epen» B yvactuax OK — 39; 42; 45; 53; 56; 73 u 123 HM., 4YTO NMOATBEPXKIAET IUIa3MOXUMHUYECKUI CHHTE3
Ha"opasMmepHbIXx OK u3 nucneprupoBaHHbix pactBopoB BOHP.

Pabora BhINONIHEHA TTPH (PHMHAHCOBOH mojiepxke Poccuiickoro Hayunoro ¢onma (mpoekt Ne 18-19-00136).
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B pabote [1] paccmarpuBaeTcsi AUCIIEPCHOHHBIA TOIUIMBHBIN 3JIEMEHT BBEICOKOTEMIIEPAaTypPHOH TOPHEBOI
PEaKTOPHOW YCTAaHOBKH SKCIUTYaTHPYEMBl B CBEPXUTMHHOW KamMmaHuu. [lo pesymbraTaM MCCIeIOBaHUN KaMIaHUS
OJTHOY TOTLTMBHOM 3arpy3ku cocraniset 6osee 8 net (3000 add. cyT.) paboThl 6¢3 MOMIUTKH U TIEPErpy3KH aKTHBHOM
30HBI, @ BBIFOpAaHUE H3HAYAJIBHOTO Jemsierocss wuzoroma jgocturaer ~ 90 % [1]. DOxcruryatanus
MUKpOKancyaupoBanHoro tormea (MT) B JaHHOM peKUMe CONMPOBOXKAAETCS MOBBIIIEHUEM TEPMOMEXAaHUYECKUX
Harpy3o0K Ha TOKphITHsI kepHa MT, B cpaBHEHHE C MPUBBIYHBIMU PEKUMAMU SKCILTyaTallisi ¥ YPOBHEM BBITOPAHUS
[2].

B nanHoif paboTe pa3pabaTeIBaeTCs pacyeTHO-IKCIEPUMEHTAIBHAS MOEIh, IO3BOJIAONIAs YIECTh BIMSHUAC
ra3000pa3HBIX MPOIYKTOB JIEJICHUS W MX COCTUHCHUN Ha TEIUIO(PH3MYECKHE CBOWCTBA TPa()UTOBOTO TOIUTMBHOTO
KOMITaKTa SICPHON 3HEProycTaHOBKH ¢ MT, B YCIOBHSX CBEPXIJIMHHBIX peXHMaxX paOoThl M OONBINNX TITyOHMHAX
BhIrOpaHusi. Pa3zpabaTbiBacMasi MOICIIb MO3BOJISCT IPOBECTH OLICHKY I'PAJMCHTOB JaBICHUS Ha rpaHuile pasnena MT
U TpaUTOBON MATPHIIBI C YYCTOM TEPMOMEXAHHUCCKUX HAMPSKCHUN BOSHUKAIOIIUX MPU CBEPXIJIMHHONW KaMITaHUU
TOIUINBA.

JlaHHas MOJeNb y4YUTHIBACT IUPQPY3UI0 TMPOAYKTOB JCIACHHUS U OOPa3yIOMIMXCS COCAMHCHHIA,
HMOHW3AIIMOHHYIO U TEIUIOBYIO HArpy3Ky Ha MaTepuansl MT, i Jokaau3anmto ra3000pa3HbIX COSAMHEHIHA B TONIIITHE
PaBHO JBYM JUTHHAM CBOOOTHOTO IpoOera B IEPBOM 3aIIUTHOM Oy(EpPHOM CII0e, ISl OCKOJIKOB JISICHUS U TSKEIIBIX
3apsHKEHHBIX YaCTHIL, JIETSIIUX C OBEPXHOCTH TOILIMBHOIO KepHa [3-4].

HccrenoBanue BEIONHEHO Tpu (uHaHCOBOU moanepkke PODU B pamkax HayuHoro mpoekrta Ne 19-38-
90132.
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OnmHMM M3 CHOCOOOB IOBBIIICHUS XapaKTEPUCTUK TOPEHUsS] BHICOKOIHEPreTHUECKUX MaTtepuanoB (BOM)
SIBIIICTCSA UCIIOJIb30BaHHE KaTalU3aTOPOB MM MOPOUIKOB METAJUIOB M MX OKCHAOB B COCTaBE TBEPJOr0 PAKETHOTO
torunBa [1-3]. B paboTe npezcraBieHbl pe3yabTaThl TEPMOANHAMUYECKOTO PacueTa BIMSHUS J00aBOK YUCTOro Oopa
Ha XapaKTepUCTHUKU TOPEHHUs BBICOKOIHEPreTHYecKWx marepuanoB (BOM) Ha ocHoBe mepxjopara M HHUTparta
AMMOHHSI, aKTHBHOTO TOPIOYEr0-CBS3YIOLIEro M nopouikoB amomuuus Al, Turana Ti, maraus Mg u Gopa B. C
HCIIONIb30BaHUEM TIPOTPaMMBI TepMOJMHaMHU4ecKkoro pacuyera «Teppa» paccunTaHsl mHapaMeTpsl TOPEHUS H
PaBHOBECHOTO COCTaBa KOHJACHCHPOBaHHEIX MpoaykToB cropanus (KIIC) mogensHBIX coctaBoB BOM. PaccmoTpeHsr
COCTaBbI TBEP/bIX TOILUIMB, B KOTOPBIX BapbUPOBAJIOCh cooTHomeHne meramwioB (Al/B, Ti/B, Mg/B, Al/Mg/B).
OmnpeneneHbl 3HAYSHUS TEMIIEPATYPBl TOPEHUs Tad B KaMepe CropaHus, MyCTOTHOTO YAEIbHOTO UMITyJIbca J Ha cpese
COIlIa U MAaCCOBOM JTOJM M, KOHICHCUPOBaHHBIX MPOTYKTOB cropanus BOM.

YcraHoBNIeHO, 4TO A1 cocTaBoB BOM Ha OCHOBE JBOMHOTO OKHCIHMTENSI M aKTHMBHOTO TOPIOYEro-
CBS3YIOILETO YBEJIMYEHHE COICp)KaHUs O0pa B COCTaBe TBEPJOrO TOIUIMBA NMPUBOJIUT K CHIDKEHHIO TEMIIEPaTypHI
ropernss BOM. Jlns cocTaBoB, comepkamux Metamunaeckoe roprodee Ti/B u Mg/B, HabronaeTcs NOBEIICHUE Tad B
JManasoHe cojepXaHus O0opa B cocraBe Merayuimueckoro roprodero 20-32% wm 5-15%, coorBercrBenHo. [lis
coctaBoB BOM, coxepxamux mobasku merawioB Al/B=55,5/44,5, Mg/B=52,9/47,1 u Al/Mg/B=37,5/37,5/25,0,
MOJTy4eHbl MaKCUMaJIbHBIE 3HAUEHHS Y/IENBHOTO UMITyJIbca Ha cpe3e coruia. OJHaKo, TaHHbIE METAUTM3HPOBaHHBIE
coctaBel BOM o6pasytor noctarouno 6osbinoe konndectBo KIIC Ha cpese comna. CocTaBbl TOIUIMB, COJIEpIKaIIIE
J00aBKM METANIOB C BBICOKOW KOHIeHTpamueir Gopa Al/B=20/80, Mg/B=15,8/84,2 u Al/Mg/B=8,6/8,6/82,8,
cHmxkaroT Maccoyto oo KITC B 3,5, 3,2 u 3,4 pa3a o cpaBHeHHIO ¢ 6a30BbIMH cocTaBaMyu BOM Ha 0CHOBE YHCTOTO
amoMuHus, Maraus 1 Al/Mg cruiaBa, COOTBETCTBEHHO.

HccrenoBanve BHIONHEHO TIpH (prHAHCOBOM moguepkke PODU, mpoext Ne 19-33-90015.
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Wznenust ¢ pa3BuUTO MOBEPXHOCTHI0 HAa OcHOBe monuterpadropaTiieHa ([ITDD) mo mpuymHe BBHICOKOI
XMMHUYECKOH, TEPMHUYECKOH yCTOHYMBOCTH W THUAPOGOOHOCTH HAXOAT HIMPOKOE NPHUMEHEHHE Ui OYHCTKH
COpPOCHBIX Ta30B, MEMOpPAaHHOW M OCMOTHYECKOH IUCTWIUIALMM, pa3[esieHus BOJHOM M opraHudeckux ¢as,
¢unpTpanmn kuciaor u wenoded [1]. B pexoHcTpykTHBHO Xupyprum Matepuaibl u3 I[ITOD Onaromaps
OMOMHEPTHOCTH M CBOUM JUAICKTPUYECKUM CBOICTBAM MCIONB3YIOTCA B KauecTBE MPOTE30B COCYAOB, CTCHOK
KJIaIIaHOB cep/Iia, MeMOpaH B CTOMATOJIOTHH, INTACTUYECKON XUPypruu U T.A4. OCHOBHBIMU METOIaMH H3TOTOBJICHUS
SBJISTFOTCSI METO/IBI TEPMOMEXAaHNUYECKOIT 00pabOTKH, Ta3epHOIl absIuK 1 IpUMEHEHHe opoodpasoBateneil. Taxxke
JUISL TIOTyYECHMSI HOPUCTHIX HETKaHBIX MAaTepHaJIOB IIMPOKO HCIIONB3yeTcs METOX 3eKTpodopmoBanus. OmgHAKO
npsiMoe atekTpoopmoBanue [ITPD HEBO3MOKHO MO MPUIMHE OTCYTCTBUSI HOAXOAAIINX PACTBOPUTENEH U BEICOKOH
BS3KOCTH €T0 paciuiaBa. B maHHOW paboTe OMUCHIBACTCS METOJ MoydeHus mopucTeix [ITDD MemOpaH u3 BomHOU
cycnenzuu [ITOD ¢ BonokHOOOpa3yomuM moJmMepoM — nmonuBuHUIOBBIM criupToB ([IBC), a Taxke nccienoBaHsl
0COOCHHOCTH UX CTPOCHHUSL.

Jnst popmMHupoBaHMsT HETKAaHBIX MaTepHaJOB HCIOJIB30BAJIICS Pl MPSAIWIBHBIX PACTBOPOB C Pa3IMYHBIM
conepxanueM cycrnenzuu ©-4J1 u sogaoro pactsopa [IBC. ®opMupoBaHie HETKaHBIX MaTePHAIOB OCYIECTBUIOCH
MeTonoM anekTpopopmoBanms (Nanon NF-101, Anonus). [Tocie dopmupoBarus o0pa3usl HarpeBatuch a0 360 °C,
W3mepenne BSI3KOCTH MPAIMIBHBIX PacTBOPOB IPOBOJMIOCH C ITOMOIIBIO CHHYCOMJAIbHOTO BHOPOBUCKO3UMETPA.
HccnenoBanne Mopdosornn chopMHUPOBAHHBIX MAaTEPHAJIOB OCYLIECTBIISUIOCH C HCIIOIb30BAaHUEM CKaHHPYIOIIETO
anekTpoHHOT0 MuKpockomna (JEOL JCM-6000, Amonws).

W3 pe3ynbTaToB HCCIEAOBAHUN CIEAYET, 4TO CHOPMHpPOBAHHBIE MeMOpaHbl 00JaJal0T CTPYKTYpOH,
XapaKTepHOW JUIS TOPUCTBIX MaTepHaloB, MOJYYEHHBIX MeTOoAoM ayiekTpodopmoBanus. I[locie crekanus
HaOJII0aeTCs MPUCYTCTBHE MOP, OHAKO Ha BOJIOKHAX TOSBIISETCS OOJIbIIEE YHCIIO Pa3phIBOB M HeoqHOpogHOCTEl. C
YBEJIIMUEHUEM cojiepxkaHus cycnensun O-4J[ yMeHbIIaeTcsl TuaMeTp BOJIOKOH, UTO SIBJISIETCS CIEACTBUEM CHIKEHUS
BSI3KOCTH MCXOJIHBIX PACTBOPOB 32 CUET MEHBIIETO COlepKaHMs BOJIOKHOOOpa3ytotero noinmepa — [IBC. CoriacHo
MOJTyYSHHBIM JJaHHBIM BO3MOXHO co3/lanne MeMOpaH n3 [ITDD BeinieonucanHbIM METOJIOM.

HccrenoBanue BEIONHEHO Tpu (uHaHCOBOU moanepkke PODU B pamkax nayuHoro mpoekrta Ne 20-03-
00171

CIIUCOK JIMTEPATYPBI
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164-198 c.
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PA3PABOTKA YMCJEHHOMN MOJEJH JIEKTPOHHOI'O TEPAITEBTUYECKOI'O ITYYKA
MEJMIIMHCKOI'O JUHEMHOI'O YCKOPUTEJISA

B.C. Konapatsea, A.A. I'puropseBa, . A. MunoitunkoBa

HanuonanpHelil uccnenoBaTesbckuii TOMCKUN OIUTEXHUYECKUI YHUBEPCUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050
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JInHeliHble YCKOPUTENN 3JIEKTPOHOB YCHEINHO NPUMEHSAIOTCA U NPOBEIEHHs Iy4eBOM Tepanuu NpU
JICYCHNH OHKOJOTHYEeCKHX 3abomeBaHuil [l]. YiydmeHwe 3IeMEHTOB M CHCTEM, T€HEPHPYIOIIUX JIIEKTPOHHOE
W3JTy4eHNE, HOBBIE KOMIIBIOTEPHBIE TEXHOJIOTHH, METOIbI BU3YaIH3al[K M CIIOCOOBI (POPMHUPOBAHUS JO30BOT'O IOJI,
MO3BOJIMIIN YCKOPHUTB IIPOrPECC B COBEPLICHCTBOBAHUYU METO/IOB JIEUEHUS ITyIKaMH JIEKTPOHOB [2].

DJEeKTPOHHOE H3JIyYeHHE HalUIO LIMPOKOE IpUMEHEHHE B JIyu4eBOW Tepamuu, OJylarojmapsi CBOUM
0COOCHHOCTSIM B3aUMOJICHCTBYS ¢ BeuiecTBOM. [Ipu ieueHny 3110Ka4ecTBEHHBIX 00pa30BaHU ITyUYKaMH AJIEKTPOHOB
JocTrraeTcs 00JbInast 0THOPOIHOCTB 036l B 00JIaCTH O4ara ¥ MEHbIIAas 1030Basi Harpy3Kka Ha KpUTUYECKUE OPTaHb
1 OKpY’KaoIllie 30pOBBIE TKaHU [3].

OcoOeHHOCTH B3aMMOJECHCTBHS JJIEKTPOHOB C BEIIECTBOM MOCIYXWIM MHPUYNHONH CTPEMHUTEIHHOTO
pa3BUTHs 00JIACTH 3JIEKTPOHHO-Ty4eBON Tepanuu. [1o3ToMy HE0OXOIMMO pa3paboTaTh Kak HOBBIE TEXHHUYECKHE
pemeHus Ui TOYHOM JOCTaBKH J03bI, TaK M HOBBIE METOJIbI OOTyUeHHS.

Ha sTane nporao3upoBaHMs pe3yJbTaTOB MHTEIPAIlM HOBBIX PELICHUH YHHBEPCAJIbHBIM HHCTPYMEHTOM
CTAaHOBHUTCSA YHCJIEHHOE MojenupoBaHue. CylecTByeT MHOXKECTBO METOAOB MOJEIMPOBAHUS B3aUMOJEHCTBUA
MOHHM3HMPYIOIEr0 M3Jy4eHUs] C BEIIECTBOM. TaKkue pacyeThl HCIOJIB3YIOTCS BO MHOTHMX OONacTsiX, a MMEHHO B
MenunuHe, (pu3nKe, XUMHH W MHOTHX JPYTHMX. JTO IO3BOJIAET MOJYYUTh KOJNYECTBEHHBIE XapaKTEPHCTHKU
3¢ dexroB B3auMoneiicTBUsL. TOUHBIM pacyeT MOTIOMEHHON 1036l M Mpoduiei Iydka MOXET OBITh BBIIIOIHEH C
nomomplo uHcTpymeHTapus GEANT4 ¢ mpumenenmem wmerona Momnre-Kapno. UucnenHoe MozenupoBaHue
MO3BOJISIET YYECTh CJIOKHYIO TEOMETPHIO CHCTEMbI ()OPMUPOBAHUS TEPANEBTUYECKUX ITyYKOB, OCOOCHHOCTH
B3aMMO/ICHCTBHSA 3JIEKTPOHOB C BELIECTBOM U OIIEHUTH pacIpeAeieHNe 1036l BHYTPH MHUILICHH.

B pamkax maHHOro MccliienoBaHus Oblia pa3zpaboTaHa YMCICHHAs MOJIENb, MO3BOJSIONAs MOJAEINPOBATH
MONepeyHbIi MPoQUIIb U MPOLEHTHYIO MIIyOMHHYIO /103y JUIsl 3JIEKTPOHHOTO TEpPaleBTHYECKOro IyYKa B BOAHOM
(harTOME C HcTIONBE30BaHKeM HHCTpyMeHTapuss GEANTA4.

HccnenoBanue BBIMOIHEHO 3a cuet rpanTa Poccuiickoro HaydHoro ¢onaa (mpoext Ne 19-79-10014).
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KJIMHUYECKOTO JIMHEHHOTro yckoputens / Meauuutnckas texnuka. — 2019. — Ne. 5. — C. 35-38.
2. Thwaites D. 1., Tuohy J. B. Back to the future: the history and development of the clinical linear accelerator
//Physics in Medicine & Biology. — 2006. — V. 51. — Ne. 13. — P. R343.
3. Kiumanos B.A. Jlo3uMerprdecKkoe MIaHUPOBaHHUE JTydeBoi Tepanuu YacTs 2. J[MCTaHIIHOHHAS JTydeBast Teparnus
My4YKaMH 3apsDKEHHBIX YacTHIl U HEHTpOHOB. bpaxurepanus u paguoHykiIuaHas Tepanusi Y4ebHoe nmocoodue. —

M.: HUAY MU®U, 2011. - 328 c.
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JlOCTIOKCHHS B 3KCTIEPUMEHTAIILHON TEXHUKE TIO3BOJIAIIM CO3/1aBaTh JIOBYIIKU CIOKHON (OPMBI, B KOTOPHIX
B TEUCHHUE UIUTEIHLHOI'O BPEMCHH MOXKHO yIEpXKHBAaTh 003¢-3UHINTCHHOBCKUI KOHIeHcaT. Hanpumep, onHUM U3
CIOCOOOB CO3/IaHMsI OJJHOMEPHOW MOTEHIUAIBHOM sIMBI U1 003€-KOHJICHCATa SIBJISETCS CO3/1aHHE TaK Ha3bIBAGMBIX
YCPCAHCHHBIX II0 BPEMEHHU JIOBYIICK 3a CUCT HUKIHNYHOI'O NEPEMEIICHUA JIOKaJIbHOM HOTCHHH&J’ILHOﬁ SAMBI B
npoctpaHctse [1].

JuHamuka 003e-5HHIITCHHOBCKOTO KOHAEHCATa B IOTCHIMAJIHHOH JIOBYIIKE XOPOIIO OIHMCHIBACTCS
Mognenbio ['pocca-IlutaeBckoro. Ilpm 3TOM ommcaHWe NWHAMHUKH KOHAEHCATa CO CIIOKHOW TeoMeTpueH, ruie
CYIIECTBEHHO BIIMSHIE HEMTMHEHHOTO B3AaUMOJICHCTBUS, SBISICTCS CJI0KHOM MaTeMaTHUECKON 3a/1a4ueil 1 Ha IPaKTHKE
0OBIYHO OIpaHUYHBACTCS JUIIb MPSMBIM YUCIEHHBIM pelieHueM ypaBHeHus ['pocca-IlutaeBckoro (cM. Hamp. [2]).

OZ[HI/IM N3 TaKuUX HIPOLECCOB ABJIACTCA paCIIMPCHHUC KOHJACHCATa B OHHOMepHOﬁ HOTCHHI/IaﬂbHOﬁ SaME,
KOTOpOE MPOUCXOJUT UCKITIOYUTEIHHO 3a CUET HeJIMHEHHOTo B3auMoieicTusl. [IpencraBnennbiit Hamu B [3] moaxon
M03BOJISIET HAa OCHOBE KBa3MKJIACCUUECKOT0 IPHONIMKEHHS [UIsl HelloKanbHOU Mojesnu ['pocca-ITurtaeBckoro nomy4nuTsb
MPOCTYIO MOJICNTb ONHCHIBAIOIIYIO JUHAMUKY 3aIlOJIHEHHS KOHJCHCATOM JIOBYIIKH O€3 pelIeHus CaMoTo ypaBHEHUS
I'pocca-ITuraeBckoro. IlokazaHo xopormiee coriache KBa3HKIACCHYECKOTO OIMUCAHUS C OSKCICPUMEHTaIbHBIMH
pe3yabTaTaMy M C YHCICHHBIMH pPEIICHUSMH HEJOKalbHOTO ypaBHeHHs [ 'pocca-IlutaeBckoro. B wactHOCTH, OHO
MO3BOJSIET C XOPOMIed TOYHOCTHIO pPACCUUTATh XapaKTEPHUCTHUSCKUE BpEeMEHa 3arloIHEHUS KOHJCHCATOM
MOTEHIMAJIbHOM sIMBL. Takke 0OTMEYEeHBI 0COOCHHOCTH yueTa (PEHOMEHOJIOTHUECKOTO 3aTyXaHusl.

HccnenoBanue BbINoNHEHO Npu (GrHAHCOBOM moiepxkke PODU u Tomckoit obnactu, nmpoekt Ne 19-41-
700004.
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PEKOHCTPYKIUSA 'PAHUIIBI, [IOJIOKEHHUS U TOKA IIJIA3BMbI B TOKAMAKE KTM 110
JJAHHBIM MATHUTHOM JUATHOCTHUKH
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PexkoHCTpyKIMst ITpaHULBI M TOJIOKEHHs IUIa3Mbl B TOKaMakaX SBIIIETCS OJHOM M3 Ba)KHEHINMX 3a7ad
00pabOTKU SKCIIEPUMEHTAIBHBIX JaHHBIX, pEIIeHHEe KOTOPOil HE00X0IMMO I aHam3a dKkcriepuMenTa. CymecTByer
0O0JIBIIOE KOJMYECTBO METOJNOB PEKOHCTPYKLUUHM TPaHHULBI IIa3Mbl, OOJBLIIMHCTBO W3 KOTOPHIX OCHOBaHbI Ha
00paboTKe JaHHBIX M3MEPEHUI MATHUTHOW JHAarHOCTHUKH Tokamaka [1]. B cocta m3MepeHHii BXOIAT TOK IIa3MBbl,
TOKM OOMOTOK M BaKyyMHOM KaMepbl 3JICKTPOMarHUTHOW CHCTEMbI YCTAHOBKH, a TaK)K€, MAarHUTHBIH MOTOK,
KOMIIOHEHThI MarHUTHOTO TIOJIS ¥ IpyTHe XapakTepucTHKH noiisi. OcobeHHocTs Tokamaka KTM 3axitogaercs B ToM,
YTO TOK IUIa3MBbI HE MOXKET OBITh U3MEPEH B PE3yNbTaTe MPSIMOTr0 U3MEPEHUs, H3-3a HAJIMYMS B BAaKyyMHOW Kamepe
TOKOIPOBOJAIINX KOHCTPYKLIMOHHBIX 3JEMEHTOB, PpACIONOKEHHBIX BHYTPH H3MEPUTEIBHOIO  KOHTYpa,
CJICIOBATENIFHO, TOK IIa3Mbl JOJDKECH OBITh HAM/ICH B X0/I€ PELICHHS 331a4X PEKOHCTPYKIIMH TPAHUIIBI U TTOJI0KEHHS
masMel. s pemenus 3aJa4 peKOHCTPYKLIMM HaMK OBbLT BBIOpaH M MOAMU(HIMPOBAH METOJ TOKOBBIX HUTEH [2],
METOJl OCHOBaH Ha 3aMEHE IIa3Mbl U TOKOIPOBOSIIIUX 3JIEMEHTOB KOHEYHBIM HAOOPOM BHUTKOB, BEIMYMHA TOKOB B
KOTOPBIX OMpENENIIeTCs HA OCHOBE 00pa0OTKH JaHHBIX M3MepeHui. [locie HaxokIeHUsT BCeX HEM3BECTHBIX TOKOB,
CTPOUTCS KapTa MAarHUTHOTO IOTOKa M OIpeNeNseTcss TpaHulla IUIa3Mbl, KaK KpalHSAsS 3aMKHyTas MarHUTHas
MOBEPXHOCTh, LIETMKOM M TOJHOCTBIO 3aKJIIOYCHHAs B OOJIACTH OTPaHMYCHHOM JTHMMHUTEPOM BaKyyMHOI KaMmepsl
ycraHoBkH. Ha puc. 1 moka3zaHsl KaJgpbl peKOHCTPYKIUH IPAHULBI, IOT0KEHUS U TOKA I1a3Mbl, B Pa3HbIE MOMEHTBI

BpeMeHH paspsaa Ne3669 tokamaka KTM.

1=2005 mc, Iy = 24.8 KA 1=2009 Mc, Iy = 38,9 KA 1=2017 me, [ = 483 KA 1=2025 me, Iy =70,2 KA =

m TN - w - m W - [ -
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037 mc, I = 96,3 KA 1=2049 mc, [ = 67.3 KA
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Puc. 1. Kaopvl pexoncmpykyuu epanuysl niamul paspsaoa Ne3669 moxamwaxa KTM

PabGora BeImoNHEHa NpU (GUHAHCOBOH mojepkKe MHHHCTEpCTBa HayKu M BbIculero obpasoBanusi PO,
cornamenue Ne 075-11-2019-013 ot «11» okts16ps 2019 r. Unentudukarop npoexra REMEFI58519X0007.
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BaxkHeHMM HampaBICHUEM AEATENIHOCTH JII0OOr0 roCyaapcTBa SIBJISETCS OXpaHa 3[0pOBbs HACEIEHUS.
Oco0bIii HHTEpEC NPEICTABISAET paJHalliOHHas 0€301aCHOCTh, CBSI3aHHAsI C IPUPOIHBIMHA HCTOYHUKAMH H3ITyYEHUSL.
K ducny TakMx HMCTOYHHKOB B MEPBYIO Odepellb OTHOCUTCA pPagMOaKTHBHBIN ra3 pamoH. PajgoH mpencrasiser
CEPBE3HYI0 yrpo3y i 3[0POBbsS HACEJICHUS, IMPOKUBAIOIIEr0 HAa HIDKHUX 3TaXax 3JaHui. B cBsA3u ¢ 3tuM npu
MPOEKTHPOBAHUN M CTPOUTENHCTBE 3[aHUI MPOBOAATCS OLEHKH PAaJOHOBBIX PHCKOB Ha ydYacTKax 3acTpoHku. B
cTpaHax EBpomsl npu npoBeneHNH OLEHOK M3MEPSIIOT 00BEMHYIO0 akKTUBHOCTE pajioHa (OA) B TOYBEHHOM BO3IyXe
[1] Ha riry6unax 0,8...1 M. I3MepeHus IPOBOAST B TOUKAX, PACIIONIOKECHHBIX Ha pABHOMEPHOM CETKE Ha PACCTOSTHHIX
10 10 M, 9TO SIBIAETCS HOCTATOYHO TPYAOEMKHUM. 3aTpaThl Ha n3MepeHnst OA MOKHO CYIIECTBEHHO CHU3HTH 3a CUET
HCIIOJIb30BaHUsI U PY3MOHHON MOIEH TIepeHOca paJioHa Yepe3 rPyHTHI [2].

Junst pacuéra OA Ha 3a7aHHOI riyOMHE HYXHBI 3Ha4eHUsT KOAQPUIHEHTOB AnpPY3UH M SMaHUPOBAHUS
pazoHa, KOTOpbIE U3MEPSIOT B JIaDOpaTOpPHBIX ycioBUsAX. OJHAKO B X0/ NOATOTOBKM OOpa3lOB K M3MEPEHHSIM
HapylIalTCs eCTECTBEHHAs BIAXKHOCTh U MOPHUCTOCTh TPYHTOB, OT KOTOPBIX 3aBHCHUT BBIXOJ pafoHa. B maHHOMH
paboTe IpHUBEICHBI Pe3yIbTaThl OLECHOK Ko3((duimeHToB auddy3nu U SMaHUPOBAHUS, MOJIYUYECHHbIE B yCIOBHAX
MPUPOJHOTO 3aJIeTaHMs CYTJIMHKOB. OIIEHKH OCHOBAHbBI Ha M3MEPEHHUIX aKTMBHOCTH PaJloHA B TIOYBEHHOM BO3JyXe
Ha JBYX, OTJIMYAIONINXCS B 1Ba pa3a riayonHax (0,4 M u 0,8 M) [2]. i3MepeHus BBITOTHEHBI B OCHOBAaHUH (yHIaMEHTa
CTposierocs 3/anus Ha riryoune 1,5 M. B pabote npuBeneHb! 11uana3oHsl U CPEeAHUE 3HAYCHUS TUNIOTHOCTH CYXOTO
TpyHTa, TMOPUCTOCTH, yJEIbHOW aKTHBHOCTH Paaus M OTHOCHTEIBHOM BIQXXKHOCTH TPYHTa, a TaKKe IHAINa30H U
cpennue 3HaueHus koadduurenro nuddysun u amMaHupoBaHus. B ciiydae CpaBHUTEIBHO OHOPOIHBIX TPYHTOB
HCIOJIb30BAaHUE METOMa «IBYX TiuyouH» u auddys3uonHoi Mozenu mno3Bosser paccuutath OA pamoHa Ha
MPE/ICTABISIIONINX HHTEPEC TIyONHAaX U, CIIeI0BATENbHO, H30€XaTh TPYIOEMKHUX H3MEPEHHUH 3TON BEJIMYHHBI HA BCEH
TUIONIAIM yJacTKa 3acTporkn. OTMETHM, UTO AJIsI HACEIEHHBIX TEPPUTOPHH XapaKTepHBI 0CaJOYHbIE TUIIBI TPYHTOB,
3ajileraHie KOTOPBIX OOBIYHO XapaKTepu3yeTcs OONIBIION rOPU30HTAIBHON MPOTSHKEHHOCTHIO M TOJIINHOM, TIO3TOMY
Ha HeOOJBIINX TEPPUTOPHUSIX 3aCTPOHKH YCIOBHS OHOPOIHOCTH I'PYHTOB OOBIYHO BBITIOTHSIIOTCSL.

HccnenoBanue BBITIONHEHO NpH (rHAHCOBOM mojaepxkke PODU B pamkax HayuHoro npoekra Ne 19-35-
90044.

CIIUCOK JIMTEPATYPBI
1. Mazur D., Measurements of radon concentration in soil gas by CR-39 detectors / Mazur D. [et.al.] // Radiation
Measurements- 1999. Vol.31. -P.295- 300.
2. Ryzhakova Nadezhda K., A new method for estimating the coefficients of diffusion and emanation of radon in
the soil // Journal of Environmental Radioactivity-2014. Vol.135 -P.63-66.
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TOMCKWA NOAWUTEXHUYECKMA YHUBEPCUTET

PA3PABOTKA MATEMATHYECKOM MOJIEJIA JIEKTPO3PO3MOHHOT' O ITPOIIECCA
BOJOOYUCTKH
HU.C. Hanexunn
HauvonaneHelil uccinenoBatenbckuil TOMCKHM NOTUTEXHUYECKUNA YHUBEPCUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail: kun9@tpu.ru

OuncTKa BOAHBIX HCTOYHUKOB OT BPEIHBIX IpUMeceH, ¢ KaKIBIM ['0JIOM, CTAHOBHUTCS Bce OoJiee akTyaabHOI
U TpyHOoeMKoH 3aauei. CeroHs NCTI0Ib30BaHUE IIEKTPUIECKON SHEPTHU B (PU3UKO-XUMHUIECKAX METOIaX OUUCTKH
BOJIbI COCTABJISIET OCHOBHYIO KOHIEMIIMIO HOBBIX MeTO0B. OTHUM U3 TAKUX METOJIOB SIBISIETCS] METOJ] OUUCTKH BOJIBI
0a3upyroIIHiics Ha 3JIEKTPHYECKOM 3po3un. Llenbio naHHOW paOoTHI sIBIsieTcs pa3paboTka MaTeMaTHYECKOH MOJIEeH
AIIEKTPOIPO3MOHHOTO Tpoliecca OYMCTKHU BOAbL. B nanpHelieM pa3paboTaHHas MaTeMaTH4eckasi MOJelb mpolecca
OyzeT ucnosip30BaHa I ONTUMU3ALIUU SHEPro3aTpar Ha MPOIecC BOJOOUUCTKH.

B pesynprare amanmm3a OBUIO BBIICICHO TPH CTAJAWU HPOTEKAHUS MOICITHUPYEMOTO TEXHOJIOTHYECKOTO
npouecca. Ha mepBoil cTraguu NpoUCXOOUT PAacpOCTPaHEHHUE JIEKTPUUECKUX Pa3psAloB MEXIY METAIMYECKHUMHU
IIapUKaMH B MEXKAICKTPOIHOM IIPOCTPAHCTBE Oaka-peakTopa BOJOOYHCTHON YCTAaHOBKH, Ha BTOPOH cTaauu
MIPOMCXOIUT 00pa30BaHUE AIEKTPOIPOIUOHHBIX TYHOK HA MTOBEPXHOCTHU MIAPUKOB M 00pa30BaHME MPOIYKTOB IPO3UH,
Y TPEThS CTaIHs — 3TO MPOTEKAHNE XMMUYECKUX PeaKIMii OKUCIEHHS U COPOLIMH BPEIHBIX ITPUMeECeii, CoiepiKaInuXxcst
B OYHIIAEMOM BOJHOM PacTBOPE.

Jdnst  pa3paboTKu MaTeMaTH4eCKOW MOJENH paclpoCTPaHEHUS DJIEKTPHYECKUX PpaspslgoB  MEXKIY
METAJUIMYECKUMH IIapuKaMH B MEXAJICKTPOJHOM IPOCTPAHCTBE OBLT HCIOJIB30BaH METOJl BEPOSTHOCTHBIX
KJICTOYHBIX aBTOMATOB. [Iporecc popMUpoOBaHHS SPO3HOHHBIX TYHOK Ha MMOBEPXHOCTSAX METALIHYCCKUX MIAPUKOB U
BBIJICJICHUS ITPOAYKTOB IIEKTPUICCKOM 3PO3UH OBUT OIMUCAH C TOMOIIBI0 OCHOBHEIX (PH3MYECKUX 3aKOHOB. KnHEeTHKA
XUMHYECKUX PEaKIMi OKUCICHHS MPOAYKTOB AJIEKTPOIPO3UHM U OCAXKACHUS NpHMeceil Oblla OmmMcaHa CHCTEMOM
mudQepeHraIbHbIX ypaBHeHuUH [ 1].

PaspaboTanHass mMaremaTHueckas MOJeNb Obula peanu3oBana B makere MatlLab. B xome paGotsr Gwuim
COTIOCTaBJICHBI SKCIIEPUMEHTAIbHBIE JaHHBIE U PE3yJIbTaThl MOAEIHPOBAHUSA. PacxoxIeHne MeXIy MOJyIeHHBIMU
JaHHBIMM cocTaBmIO He Oosiee 5 %. IlomyueHHBIE pe3yibTAaTHl SBISAIOTCA HPUEMJIEMBIMU UIS JalbHEHIIero
HCIIONB30BaHUS Pa3pab0OTaHHOW MaTEeMAaTHIECKOH MOJENU NP ONTHMH3AINN SHEPro3aTpar 3JIEKTPOIPO3HOHHOTO
MPOLIECCa OYUCTKHU BOJIBL.

HccrenoBanue BEIONHEHO Tpu (UHAHCOBOH moanepxkke PODU B pamkax HayyHOro mpoekra Ne 16-31-
00085 mon_a.

CIIUCOK JIMTEPATYPBI
1. Nadezhdin I.S., Papasidero D., Goryunov A.G., Manenti F. Optimisation of EDM process for water purification //
Chemical Engineering Transactions. — 2016. — Vol. 52. — P. 325-330.
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HNCIIOJb30BAHUE CAMOPACITPOCTPAHAIOMEI'OCA BBICOKOTEMIIEPATYPHOI'O
CUHTE3A JJIs1 IIOJIYYEHU S KAPBUJIA BOPA
A.A. Tlepmukun, M.M. banaukos, M.C. Ky3Henos
HauuonaneHeli uccinenoBatenbckuil TOMCKHM NOTUTEXHUYECKUNA YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: aap71@tpu.ru
KapOun 6opa Hamén mmpoxoe pacrpocTpaHCHHE B ANSPHON TEXHUKE Oiaromapsi BBICOKOW CIOCOOHOCTH
uzotona B nornomars HelTponbl. CyIeCTBYET HECKOJIBKO METOI0B Hojydenus B4C, HO Bce oHU 1160 ABIAIOTCS
JOPOTOCTOSIIIMMH,  JTMOO  OTJIMYAIOTCS  OONBIIMM  COJEp)KaHHEeM IpUMeced, HCIOJIb30BaHUE  METoJa
caMopacIpoCTpaHsIoNIerocs: BeicokoTeMneparypHoro cunteza (CBC) nmo3Bonut n3bexaTh JaHHBIX npodieM. OqHOM
u3 ocobenHocreil CBC siBisieTcsl CHIIbHOE BIIMSHUE MApaMeTpOB MPOXOXKICHHs CHHTE3a HAa KOHEUHbBIE MPOAYKTHI.
Bosnukaer HeOGXO}II/IMOCTb OMpPCACIICHNUA ONTUMAJBHBIX MApaMeTpOB JI1 CHHTE3a COGL[I/IHCHI/Iﬁ C IIOMOULIBHO
MaTeMaTH4ecKoro Monenuposanus. Ilpocredimme mMatematndeckue monenu npoxosxkaeHus CBC GasmpyroTcs Ha

ypaBHEHHH TEIUIONpoBoAHOCTH [1]:

0 . r
a(c~p«u)=dlv(/1~grad(u))+ f(r.umn),
rae C — yaenbHas TEIIOEMKOCTh; p — IUIOTHOCTL; U — TeMIEpaTypa; A — KO3 (PUIMEHT TEILIONPOBOJHOCTH;

f(F,u,n7) — QyHKIKS TEIUIOBBIX HCTOYHHUKOB; I — paJHyc BEKTOP; t — BpeMsi; 77 — MaccoBas J0JIs NPOLYKTa.

JUytst OTECaHus CKOPOCTU XUMUYECKOM PEaKMU MOJKHO BOCIIONIb30BATHCS CICAYIOIINM YPaBHEHUEM:
dn
=k(u)-¢(n),
" k(w)-o(n)
rae k(u) — TemmepaTypHO-aKTHBAIIMOHHAS (QYHKIHS; ¢(#) — KHHETHYIECKass PYHKIHS XUMHYECKOM PeaKIuu.
Jlnst BepudHUKAIMKA TOCTPOSHHON MOJENH OBUTH TPOBENCHBI JKCIEPUMEHTHI O CHHTE3Y JaHHOTO
coeauuenns. CHHTE3 MHHUIMUPOBAJICS JIOKAIBHBIM IIOJBOIOM TEIUIa BOIb(PAMOBOI CIHPANbIO, TeMIEPATypHBIH

PCXKHUM  KOHTPOJHUPOBAJICA KOMIIICKCOM BOJ'II)(bpaM'peHI/IeBBIX TepMonap. Pacuérnas m OKCIICPUMCHTAJIbHAA

TepMOTrpaMMBbI IPUBEJICHB! Ha PUCYHKE 1.

o 1500
e DKCIIEPHMEHT Mopens
=
51000 A
=
)
=
E 500 . .
0 1 2 3
Bpewms, ¢

Puc. 1. Temnepamypnuiii pescum npomexanus CB-cunmesa 6 cucmeme B-C

HccnenoBanue BeimoiaHeHO npu ¢puHaHcOBOH noanaepxke PODU u Tomckoii obiacTu B paMKax HayqYHOTO
npoekta Ne 19-43-703022/19.

CITMCOK JIMTEPATYPbBI
1. Kassea A.I'. MakpoknmHETHKA: TMOHATHS, ONpEAETCHHs, NpMIoKeHus: ydeOHoe mocobue / A.l'. Kuszera. —

Tomck: M3a-Bo Tunorpagust OOO «C-tipunT, 2014. — 36 C.
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TOMCKWA NOAWUTEXHUYECKMA YHUBEPCUTET

BO3JENCTBUE UMITYJIbCHOI'O ITYUYKA C IIUPOKUM CIIEKTPOM KUHETUYECKHX
SHEPI'UI QJIEKTPOHOB HA E. COLI
A.B. INonockos, A.A. Kypunosa (beikoa), M.A. CepeOpeHHHUKOB
HauuonaneHeli uccinenoBatenbckuil TOMCKHM NOTUTEXHUYECKUNA YHUBEPCUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050

E-mail: poloskovav@tpu.ru

ONEeKTPOHHBIN ITy4OK SBISAETCSI BBICOKOTEXHOJIOTHYHBIM HHCTPYMEHTOM, BOCTPEOOBAHHBIM BO MHOTHX
OTpacisiX MNPOMBIIUICHHOCTH, B TOM 4HCIEe JuIi oOe33apakuBaHus. MMITyIbCHBIE YCKOPHTENH 3JIEKTPOHOB
OTJIMYAIOTCS KOMIIAKTHOCTBIO M HU3KOH CTOMMOCTBIO 10 CPAaBHEHHIO C YCKOPUTEISIMH HENPEPBIBHOTO JEHCTBHUSI.
Kumeuynas mamouka wmu Escherichia coli (E. coli) urpaer BakHyr pojib B COBPEMEHHOH MPOMBIIUICHHO!
MHUKpPOOHOJIOTHHU, OMOJIOTMYECKOH MHKEHEPUH U CUUTACTCSI YHUBEPCATIbHBIM OPIraHU3MOM JIJIsl CHHTE3a YYKEPOIHBIX
6enkoB [1].

O06paboTtka BogHEIX pacTBOpoB ¢ E. coli mpoBoamiack B KioBeTax (TommuHA ci1os Boasl 400 MM, Oorbire
cpenaero mpobera 3rekTpoHOB)[2] 1 MemOpaHax Tiira MOAC-MA-6 (TommuHa obpabdaTsiBaeMoro ciost 150MMm,
MEHBIIIE CPEAHETO Mpobera 3MeKTpoHoB). bakTepun mpedbiBay B cTalimoHapHOH (ha3e pocTa - Hanboee yCTOHINBOI
K BO3JICHCTBUIO HOHU3UPYIOIIETO U3ilydeHus [3].

VICTOYHHK 3JIEKTPOHHOTO NMydYKa - YCKOpHTENb AcTpa-M C IIMPOKMM CIEKTPOM KHHETHYECKHUX SHEpPruit

AJIEKTPOHOB B ITyuke [4], O cpelHuM MpoOETOM BIEKTPOHOB B BoJie 275MKM U cpenHelt 1030# 3kl p.

32 10°
30+ 10"
25
254 10° ﬁMemﬁpauu
N 5
9\3 204 E 10 KioBeTbl
P 17 o 10
= 154 g 1
11 —
10 10— é 10%
wi 1
] 5 > 10
—I 10°
0 0
T T M 1 v 0+ T T T T T T T T T 1
0 50 100 150 200 250 0 2 4 6 8 10 12 14 16 18 20
a) E (kaB) 6) Nosa (klp)

Puc. 1. a) Cnexmp sunepeuti snexkmponos nyuka, 6) Konyenmpayus MUKpoopeanuzmos om no2ioweHHol 003ol
Crepwmuszaruss E. coli B BBogHOM pacTBOpe M MeMOpaHHBIX (HIbTpax gocturayta mpu 12 xIp.
Bo3MoXHOCTH CTEpMIIN3aIMY BOIHOTO PacTBOPA C TOJIIMHOM OOJIBINEH cpetHero mpobera 3JeKTPOHOB OOBSICHIETCS
XMUMHUYECKHM MEXaHU3MOM 00e33apaknBaHMsl POAYKTAMH PaIHoJIn3a BOJIHOTO pacTBOPA.
HccnenoBanue BEIMOIHEHO NpH pUHAHCOBOM noanepxke PODU B pamkax HayuHoro npoekra moi_a Ne 18-
32-00184
CITMCOK JIMTEPATYPbBI

1. Onpenenurens 6aktepuii bepmxu B 2 1. T. 1: Ilep. ¢ anrn. / Ilox pexn. [Ix. Xoynra, H. Kpura, I1. Cauta, Jx.
Creiinu, C. Yuesamca — M.: Mup, 1997. 432 c.

2. Kurilova A. u ap. Application of Electron Beam for Wastewater Disinfection // Procedia Chemistry. — 2015

3. Tymansa M.A., Kaymanckwii [I.A. Panuannonnas crepmusanus. — M.: Menuiuna, 1974. 304 c.

4. Poloskov A. u ap. Energy depth distribution of pulsed electron beam with wide electron kinetic energy spectrum

for an aluminum target // J. Phys. Conf. Ser. — 2019
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MYJbTUCEHCOPHBIN KOMIIJIEKC MOJIEKYJISIPHOM JAUATHOCTUKHU OHKOJIOTUYECKHUX
3ABOJIEBAHUM
A.C. Tlonos*?, E.B. O6xoxckas?, B.1. Caukos?, B.U. Yepuos®

! HanroHanbHBII uccnenoBaTenbekuii TOMCKU HOIUTeX HUIEeCKUi YHHUBEPCUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050
2 HanuoHasbHbIH HccenoBaTenbekuii ToMcKuii rocy1apcTBeHHbIH YHUBEPCUTET,
Poccus, r. Tomck, mp. Jlennna, 36, 634050
$ HUU Omnxomnorun Tomckoro HUMII,
Poccus, r. Tomck, nep. Kooneparususiii, 5, 634009

E-mail: asptomsktpu@gmail.com

Ananus 06pa3u03 AbIXaHUsd ABJIACTCA OAHUM U3 TMCPCIHCKTHUBHBLIX MCETOJI0B paHHeﬁ JUarHoCTUKH
OHKOJIOTHYeCKuX 3aboneBanuil. OauH U3 CIOCOOOB aHaK3a 0OPA3IOB JbIXaHHs — Ta30Bast XpoMartorpadus Macc-
CIICKTPOMCTpPHAL. HeCMOTpH Ha TO, 4YTO €CTb OOJIBIIIOE KOJHMYECTBO pa60T, IIOKa3bIBAIOIINX 3(1)(1)6KTI/IBHOCTB 3TOro
METOAa IPpU AUATHOCTUPOBAHHWHU PAKOBBIX 3360H6B3HHI>'I, OH HE€ 06J1az[aeT Z[OCTaTO‘IHOﬁ MO6I/IJ'ILHOCTB}O; Ipe6yeT
OTHOCHTEJIFHO OOJIBIIIOTO KOJINYECTBA BPEMCHH, €CJIM HC HA CaM aHAJIN3, TO Ha UHTCPIIPETALUIO €TO PC3YyJIbTATOB; a
TaKXE HeO6XOI[I/IMO€ O60py,Z[OBaHI/Ie SABJIIACTCA JOPOTOCTOAIIUM U CIIOKHBIM B OKCILTyaTalluH. Ilo 3TiMm xe InpuaruHaM
HE TOJXOUT CUCTEMa ra30aHAIM3aTOPOB, OCHOBAHHAS Ha (PIIyOPOMETPHUYCCKUX AaTYMKAX, KOTOPBIC TOKE YCICIIHO
OPUMEHSIOTCS TP MArHOCTHUKE PAKOBBIX 3a00JIeBaHIIA HA OCHOBE BBIIBIXaeMOT0 Bo3myxa [1-2].

B kayecTBe HEMHBA3UBHOT'O METOAAa JUAarHOCTUKU paKa MOKET BBICTYIIATh SHCKTpOHHLIfI HOC — COBOKYITHOCTDH
ra3oBbIX JAaTYMKOB U OMPEICICHHOr0 MeToja o0paboTku mHpopMmanmu. B momasisronieM OONBIIMHCTBE padoT,
INOCBAIICHHBIX JHArHOCTHUKHM OHKOJOI'MYCCKUX 3a00/I€BaHUI € MNOMOIIIbIO aHalnu3a JICTYYUX OPraHuYCCKUX
COG,I[HHCHHﬁ, HCIIOJIb3YCTCA UCKYCCTBCHHAsA HCﬁpOHHaﬂ CCTh.

I/ICXOZ[SI W3 ITOCTaBJICHHOM 3aga4yu, HanboJee nNoAXOAAIIMM BAPUAHTOM aAPpXUTCKTYPbL HCﬁpOHHOfI CCTU AJidA
HO,I[O6HOF0 poJa 3aga4un KHaCCH(l)HKaLIHfI, OJIMKE BCETO noaxoauTt HeﬁpOHHaﬂ CCTh MPAMOI'O paCpOCTPpAaHCHHW TUIIA
nepcenTpoH. BXoaHOM €10l COOTBETCTBYET KOJIMYECTBY NPEABAPUTEIHHO 0OPaOOTaHHBIX BBIXOJHBIX CHUTHAJIOB C
JaTYHUKOB, BLIXO,E[HOﬁ — KOJIMYCCTBY npopa6aTLIBaeM1)1x JAUAarHo30B.

B HacToAlEEC BpPEMA PpaCTET HOTpe6HOCTI) B TaKUX AHArHOCTUYCCKHUX MCEIUIIMHCKHUX armapartax, Kak
My.TIBTI/ICCHCOpHHﬁ KOMIUICKC Ha OCHOBE DJJICKTPOHHOI'O HOCAa U I/ICKYCCTBGHHOﬁ HeﬁpOHHOﬁ cetn. OH MOXKeET
HCIIOJIB30BAaThCS B KIMHUYSCKOM IPAKTUKE, a TaKKC IAJIA CIICIKCHHSA 3a CTaAUSIMH MPOTCKAHUA oone3nu. Koneunoe
YCTPOHCTBO 00NaaeT BHICOKOH MOOMIIBHOCTBIO, TIOCKOJIBKY HE TPeOYeT KPYMHOTa0apUTHBIX 3JIEMEHTOB, KakK I
CeHCOpHOfI, TaK U AJIsd BEIYHCITUTEIIFHON YaCTH.

Pabora BbemonHeHa npu (QUHAHCOBOW MOAAepkKke MUHHCTEPCTBA HAyKHM W BBICIIETO OOpa30BaHUS
Poccuiickoit ®enepartun. Coramenue o npegocrasieHun rpanta Ne 05.604.21.0221, RFMEF160419X0221.

CIIMCOK JINTEPATYPbBI
1. Hirsch, F.R., Franklin, W.A., Gazdar, A.F. Early detection of lung cancer: Clinical perspectives of recent
advances in biology and radiology // Clinical Cancer Research. — 2001. — Vol. 7. — pp. 5-22.
2. Li, Z, Askim, J.R. & Suslick, K.S. The Optoelectronic Nose: Colorimetric and Fluorometric Sensor Arrays //
Chemical reviews. — 2019. — Vol. 119. — No. 1. — pp. 231-292.
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E-mail: aipl7@tpu.ru

BbImonHEeH CpaBHUTENBHBIN aHATW3 BO3JCHCTBUS IIydKa YCKOPEHHBIX aTOMOB M HOHHOTO ITydKa Ha

METAUTMIECKYI0 MHUIIEHb B MOJETH OMHAPHBIX CTONKHOBEHHH. [IokazaHo, 4TO 00IyYeHNE MUIICHH YCKOPEHHBIMHU

aToMaMH 0ojiee COOTBETCTBYET OOJYYEHHIO HEHTPOHAMM B SIIEPHOM PEAKTOpE IO CIIEKTPY NMEPBUYHO BBIOUTHIX

atomoB ([IBA), a¢dexTuBHOCTH ¥ MEXaHU3MY (DOPMUPOBAHUS paAUalIMOHHBIX edekToB. DHeprus [IBA B jxene3Hoi

MHIICHU NOclie 00JIydeHUs] YCKOpeHHbIMH atoMamu yriepoaa (aueprust 0.2-0.4 MsB) u neiitponamu (1-3 MaB)

paznuuaercst He3HauuTeNbHO | npeBbimaer 10 k3B. Oueprus [IBA mocie obmydenust nonamu ¢ sueprueit 0.2-0.4

M>5B we npessimaet 0.1 k3B [1]. Ha pucynke nokazana 3¢ eKTHBHOCTH Iepeqad SHEpTuH (IPOU3BEACHUE YSHEPTHH

IIBA Ha BCPOATHOCTDH paCCCHHI/Iﬂ) IIpu TOPMOKCHUHN PA3HBIX MOHOB U YCKOPCHHBIX 4aTOMOB B JKEIIe3HOM MUIIICHH.

BepositHOCT cTOKHOBEHNUS HoHA 1 [IBA HOpMann3oBaHa, mHTErpai no saeprusm [1BA (>10 3B) paBen enunuie.

SdchekTuBHOCTL (%/K3B)

10

voH C* 0.4 MaB

HeRTpoH
/ ;

atomC 0.4 Ms\B

-
T

voH C* atom C
O../?_ MaB 0.2 Maﬁ\\

1

1 1 1
0,01 0.1 1 10 100

Aueprus MNBA (kaB)

Puc. 1 3asucumocmo 3¢pgpexmusrocmu nepedauu Kunemuueckou snepeuu om snepeuu I11BA npu mopmodicenuu 6

Jlcene3Hol MueHu

BrimonHeHHBIE OKCIICPUMECHTAJIbHBIEC MCCJICIOBAHUA IIOKa3ajinh, 4YTO IIpH o6nyqu1/m IIY4YKOM aToOMOB

yraepozaa ¢ sHeprueit 250-300 k9B cpeaHee KOMUYECTBO paJUallMOHHBIX 1e()EeKTOB B Kackajle CMEIICHHs OJJHOTO

aToMma B 4-5 pa3 6ounblle pacyeTHBIX 3HadeHUH 110 nporpamme SRIM [2] a1 HOHOB ¢ TO# ke 3HEpTHEeH.

BeImoHEHHBIE HCCIeqoBaHus moanepxansl POOU, rpant 19-38-90001.
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TpagunroHHOE SOEpHOE TOIUIMBO M3 JHOKCHAA ypaHa, 00OTAIIeHHOro MO M30TOITy ypaH-235, uMeeT psin
HEIOCTAaTKOB: HU3Kas TEIIONPOBOAHOCTh, KOPOTKUII LUK MCHOJIb30BAHUS, OTPAaHUYEHHBIH pecypc M30TOINa ypaH-
235. IlepcrieKTUBHBIM SIBISETCS AUCHEPCHOHHOE sifepHoe ToruuBo ([IST) u3 okcunos aesiuxcs MeTauios (ypaH,
IUTYyTOHHI), PaBHOMEPHO PACIpECICHHBIX B OKCHIHON MaTpHIle, UMEIOLIe BBICOKYIO TEIJIOBOAHOCTh M HHU3KOE
MOTJIONEHUE HEUTPOHOB [1]. B oTimune oT mpUMEHSIEMbIX METOIOB MOJIYUYCHHUS CIOXKHBIX OKCHIHBIX KOMITO3UIIUN
(COK) myTeM pa3zienpHOTo IOJTydeHUS 1 MEXaHHUECKOTO CMEIICHHS OKCHIIOB METAIIJIOB, TNIA3MOXUMHYIECKUI CHHTE3
COK w3 nucneprupoBaHHBIX BOIHO-OPTaHMYECKUX HUTPATHHIX pacTBopoB (BOHP), Brimrouaromux opraHWYecKuid
KOMIIOHEHT (CHHPTBHI, KETOHBI), HMMEET CIEIyIoIne TIpenMylnecTBa [2]: OJHOCTaAMIHOCTb, TOMOTEHHOE
pacnpenenenne (a3 ¢ 3aJaHHBIM CTEXHMOMETPHYECKHM COCTaBOM, BO3MOXXHOCTh AKTHBHO BJIMATH Ha pasMep U
MOPQOJIOTHIO YaCTHUL, HU3KHE YHEPTO- U TPYA03aTPaThl.

B pabote mpencraBieHbl pe3yibTaThl HCCIEAOBAaHUI Mpolecca MiuasMoxuMmudeckoro cuHresa COK wu3
JUCTIEpTUPOBaHHBIX pacTBopoB BOHP, BKiMrouaromux amneToH W BOAHbIE HUTPATHBIE PACTBOPHI HeoxuMa (BMECTO
ypana), camapusi (BMecTo IutyToHus) U MarHus. [loaroroenennsie pactBopsl BOHP nmonaBanuce (300 1/4) yepes
JIICTIEPTaTOp B PEAKTOp IUIa3MEHHOro Monyns Ha 6aze BUD-mmazmoTpoHa, rie B BO3AYIIHO-TIA3MEHHOM MOTOKE
npu Temrneparypax >1000 °C ocymectsisuics cuate3 COK, 3aTeM B y3iie «MOKpPO#» OUUCTKH MPOUCXOIMIO UX PEIKOE
oxJaxaeHne («3akaiaka») c¢ obpasoBanmeM BoAHbIX cycrnensuii COK, kxoropele oTcramBaid, (WIBTpOBAIN MU
npokanuBanu B TeueHue 20 MuHyT mpu Temneparype 150 °C. B xome wmcciiemoBaHWA TPOBOAMINCEH JIa3epHAs
nmudpaxuus BoaHbIx cycriensuit COK, ckanupyromas aieKTpoHHas MUKpockonust, BOT-aHanu3 u peHTreHopa3oBbIit
aHanu3 nosydeHHslx nopoinkoB COK. YcraHoBiieHO, 4TO MPH pacxojie BOJbI Ha «3akaiky» (2,8 kr/c), dacrore
qucnepratopa (50 ') u pasnuunsix 3HaueHusx 0=SmM/(Sm+Nd) yseaudenue nomm MgO (5...50 %) B coctabe COK
«SmMy03-Nd203-MgO» mpuBour:

- (mpm 0=0,1) x cHmKeHuto pazmepa yacturl COK B BomHOM cycniensuu ¢ 13,5 mo 4,3 MKM, yBeTHUEHHUIO Sy
nopomkos COK ¢ 10,1 10 21,0 M%/r u cHixkeHuto pasmepa «3epen» 8 COK ¢ 79 1o 38 Hum;

- (mpm 0=0,2) x cHmKeHuIo pazmepa yacturl COK B BomHOM cycniensuu ¢ 12,9 o 5,3 MKM, yBeTHUEHHUIO Sy
nopomkos COK ¢ 10,0 5o 12,6 M%/r u cHmxeHnto pasmepa «zeper» B COK ¢ 79 10 63 HM;

- (mpu 0=0,3) x cHmwxkenuro pazmepa dyactur COK B BonHo#t cycnieHsuu ¢ 6,6 10 4,7 MKM, CHIDKEHHUIO Sy[
nopomkos COK ¢ 15,2 5o 11,9 mM?/r.

Pabora BeITONIHEHA TTPH (HMHAHCOBOM mojiepxke Poccuiickoro Hayunoro ¢onma (mpoekt Ne 18-19-00136).
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Hanmume Oombmmx KOHLEHTpAlMid pafgoHa B JKWIBIX WM MPOW3BOJCTBEHHBIX IOMELICHUSIX MOXKET
CIPOBOLIMPOBATH MOSIBJICHUE OHKOJIOTHYEeCKHUX 3a00s1eBaHui [1]. OCHOBHBIM HCTOYHUKOM PajioHa, IPOHHUKAIOIINM B
3JIaHUS U COOPYKEHHUsI, IBJSIFOTCS TPYHTHI B OCHOBaHMU (yHIaMeHTa 3aanuid. B Poccuiickoit @eneparu 1u1st olleHKH
PaZOHOOIACHOCTH Y4acTKa 3aCTPONKU MCTIONB3YIOTCS pe3yJbTaThl U3MEpPEHUs MIOTHOCTH moToka pamoHa (III1P).
OnHaKo, 3TOT COCO0 OLIEHKH MOJBEPraeTCcsl KPUTHUKE M3-32 OOJIBIION BapHaOeIbHOCTH Pe3yNbTaTOB u3MepeHuit [2].
CymiecTByeT MHEHHE, YTO OJHON M3 OCHOBHBIX HpHYMH n3MeH4YnBocTH IIIIP sBisercs BimsHME aTMoc(hepHBIX
ycnoBuidl. OHAaKO, BBIBOJBI, CACIAHHBIC HA OCHOBE paHEee NMPOBEJICHHBIX MCCIECIOBAaHUN O BIMSHUM aTMOC(EPHBIX
ycioBui Ha pe3yabTarbl u3mepenus I[IIIP umeror mporuBopeuuBbIM xapakrtep. Kpome Toro, He sicHO Kakue
napaMeTpsl aTMoc(ephl OKa3bIBAIOT HanboIIee CyIecTBEHHOE BIUsAHUE Ha 3HadeHus [1I1P.

B pabore mpoBeneHO cHCTEMaTHUECKOE HMCCIICAOBAaHUE 3aBUCHMOCTH pe3ynbTatoB m3mepenus [P or
TEeMIIepaTyphl, NABICHUS M BIAKHOCTH aTMOC(EPHOrO BO3JyXa, a TaKKEe OT KOJIMYECTBA OCAIKOB, BBIIABIIMX
HakaHyHe u3Mepenuii. smepenus npoBoauiu B jeTHue nepuosl 2014, 2016 — 2018 rr MeTogaMu HAKOMTUTENBHOM
KaMepbl M YroJIbHBIX aJcoOpOEepOB Ha IKCIEPUMEHTAJbHBIX IUIOIIA/IKAX, PacnoyioxkeHHbIX B I.Tomcke Poccuiickoit
®denepanuy; THN TPYHTOB — CYIVIMHKH, TJIMHBI M TJIMHHUCTBIE ciaHUbL. J{1st 0OpabGoTKHM pe3ysbTaTOB M3MEPEHHUH
UCIIOJIB30BaJIM PErPECCUOHHBIN aHAIU3.

B xone mpoBezneHus ucciae0BaHUs YCTaHOBIIEHO, YTO KOMILIEKCHOE BIMSHUE TEMIIEPATypbl U JaBJICHUS
aTMoc(epbl HE IO3BOJSIET BBIIBUTH KaKHe-JIMOO 3aKOHOMEPHOCTH DPE3yJbTaTOB M3MEPEHHs IUIOTHOCTH IIOTOKA
pazoHa B 3aBUCHMOCTH OT 3THX TapaMeTpoB. VICKIoueHHeM SBISETCS METOJ] YTOJIBHBIX a/IcopOepoB I KOTOPOTO
oOHapy’keHa 3aBUCHUMOCTH OT BiIakKHOCTH. Ha cpemHue 3HadeHHs u BapuabeabHOCTh pe3ysbTaToB n3Mepenus [111P
CIJIPHOE BIIMSTHHE OKAa3bIBAIOT Ocagku. OYeBHIHO, 3TO CBA3aHO C M3MEHEHHMEM BIA)XKHOCTH I'PYHTOB, OT KOTOPOH
3agucut [II1P. 3aBucumocts 3Hauenuid [1IIP ¢ moBepXHOCTH HCClIeIOBaHHBIX TPYHTOB OT KOJIMYECTBA BBIMABILIUX
HaKaHyHE OCaJKOB MMEET Pa3HbI XapakTep, 4To 00yCIOBICHO Pa3HOH CIIOCOOHOCTHIO TPYHTOB BITUTHIBATH BIIAry.

HccrenoBanue BEIONHEHO Tpu (uHaHCOBOU moanepkke PODU B pamkax nHayuHoro mpoekrta Ne 19-35-
90044.
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IMupuavH- ¥ XMHOJIMHTPUA3EHBI SBIIIOTCS BaKHBIMU MOJYIPOLYKTaMH, HAIIPUMED, NPHU MOIy4YEHUH HOJ-
(TOPIIPOU3BOAHBIX, KPOME TOTO, MPEACTABISIOT CaMOCTOSTENBHBIM MHTEPEC KaK MEAWIMHCKHE IperapaThl I
JIedeHMsI OHKOJIOTHIeCKHX 3a0oneBannii. Kak mpaBmito, TpraseHBI MOIYyYaloT IIPH B3aNMOACHCTBUH COJICH THA30HUS
C OpraHMYecKUMH OCHOBaHUAMH. OJHAKO M3BECTHas HEYyCTONUMBOCTH coJiell AMa30HMS NMUPUIMHOBOTO CKeEJeTa
ABJSIETCS OCHOBHOM NPUYMHONW JNeduIUTa HAAEKHBIX U I(PQPEKTUBHBIX METOJNOB CHHTE3a MUPUAUH- U
XUHOJMHTPHA3CHOB.

IToxa3zaHo, 4To B pe3yabpTarTe MOCIEA0BATEIFHOIO TUA30TUPOBAHUS 3 -aMUHONIMPHINHA U 3-aMUHOXUHOJIMHA
B mnpucyrctBun TpudTopmerancynbpokucinorsl (TFOH) obpasyercs comb aua3oHMs, YCTOWYHBOCTH KOTOPOI
JOCTAaTOYHA /ISl JaTbHEHIIETO B3aNMOJICHCTBHUS C TUITHIIAMHHOM C 00pa30BaHUEM COOTBETCTBYIOUINX TPHA3CHOB C
XOPOIIMMH BBIXOaMH (cxema 1); 2- 1 4-aMHHOTeTEepOIMKIIBI B YKA3aHHBIX YCIIOBHSX, BCICICTBHE HEYCTOMIMBOCTH

00pa3yromuxcs coNei AMa30HMUs, MPEBPALIATNCEH B 3PHUPHI TPUPTOPMETAHCYIBPOKUCIOTHI [1].

o NH, o N,* "OTf NS (
NP | BUONO, TfOH i@ ~F | H A~ Noy N
oy SN DMSO, SN rt., 4-5h. [::‘:‘ SN |

0°C, 15 min o
in situ 65-75%
Cxema 1.

MBplI BriepBbI€ NTOKA3aJIH, YTO MOCIIEA0BATENIHOE AMA30TUPOBaHKe 2- U 4- aMUHOIMPHIHH-1-0kcuoB (1, 2)B
npucyrcteun TfOH mpuBoguT K 00pa3oBaHHIO OTHOCHTENBHO YCTOWYMBBIX COJIeH IHA30HHs, CIIOCOOHBIX K

JAbHEHIIeMy B3aUMOICHCTBHUIO C TUITIIIAMIHOM ¢ 00pa30BaHHEM paHee He M3BECTHBIX TpHa3eHoB (3,4) (cxema 2).
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l MeCN, . rt,1h N —

o 0°C, 15 min in sit
(1,2) in situ (3, 4)

60-70%
Cxema 2
Pa6ora BeimonHeHa npu noaaepxke PODU (mpoekt Ne 17-03-01097).
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Aminoquinolines in Solution. // Synthesis. — 2016. — Vol. 48. — P. 256-262.
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B Hactosmee Bpems BeAETCS MOMCK ONTHMAILHOTO MaTE€pPUAlOBEAYECKOTO PEIICHHS JUIS TOJIEPAHTHOTO
TOIIJIMBA BOAO-BOASIHBIX SIAEPHBIX PEaKTOPOB, CTOMKOIO MY IITATHBIX YCIOBUX 3kcmryatanuu (360 °C, 18,6 MlIla)
U B ciydae aBapuiiHeIX cutyauui (no 1200 °C), B 3apyOexHoii nuteparype - accident tolerant fuel. KitoueBas
npobieMa, Haj pelieHneM KOTOpoi paboTaeT OONBIIOe KOIMYECTBO HAYYHBIX TPYIN M OpraHU3AIUi, COCTOUT B
MOUCKE 3alllMTHOTO MOKPBITHS MAJsi LUPKOHUEBBIX O000JIOUYEK TeroBbLnestomux sinemeHtoB (TBDJIoB) mpu
BO3MOJKHBIX aBapHHHBIX YCIOBUSX (HalpuMep, IIPH aBapHy ¢ MOTepel TEIUIOHOCUTENs). B ciiydae B3anMoneHcTBHA
UPKOHHUEBHIX CIUTaBOB (Hamp., D110, 3635, Zircaloy 4, M5 1 T.1.) ¢ mapaMu BOJBI IPH BEICOKOM TeMmepatype (boiee
860 °C) mpoucxoUT MHTCHCUBHOE OKHCIICHNE IIUPKOHUS, €0 OXPYITYHBAHNE, JOTIOJHUTEIBHBIA HAarpeB 000I09eK
TBOJIoB (T.K. peakius OKHUCICHHUS IMUPKOHHS - dK3oTepMmmieckas, -584,5 xJx/moxp mpu 1200 °C). INokpsitue,
UCTIONIb3YEeMOe JUIS 3alIUThl Zr 000JI0YeK OT OKUCIICHHMS, JOJDKHO 00NafaTh MajbM CEUYEHHEM 3axXBaTa TEIUIOBBIX
HEWTPOHOB, HU3KOW BOJIOPOJONPOHHUIAEMOCTBIO, BBICOKOH KOPPO3HMOHHOW W PaJHallIOHHOW CTOMKOCTHIO, OBITH
a/IFe3MOHHO TIPOYHBIM M MUMETh BBICOKYIO M3HOCOCTOWKOCTh. OcoOble TpeOOBaHHS NPEIbSBISIOTCS K CTOMKOCTH
MaTepHaJIOB K BEICOKOTEMIIEPATYPHOMY OKHCIICHUIO U PACTPECKUBAHUIO O] ASHCTBHEM MEXaHUIECKUX BO3/IeHCTBUI
(HanpuMep, Ha 3TaTe N3rOTOBJICHHS TEIUIOBBIISIIMIOMNX COOPOK MITH MPH LUKIMYECKUX AedopManusix Zr 000I04ek
B TypOyJIEHTHOM MOTOKE TEIUIOHOCHUTENS) W MHUKPOHANPSDKEHHH, CO3/1aBaEMbIX B IOKPBITHH 33 CUET pPa3HHIIBI
K03((UINEHTOB TEMIIEPaTypHOTO PAaCIIMPEeHHs MaTephaia MOKPHITHI M HUPKOHMEBOTo ciuiaBa. Ha cerogusamHmii
JeHb M3 PAacCMOTPEHHBIX MaTEepHAIOB Haubojee MOAXOAAIINM KaHIAMIATOM, YAOBIETBOPSIOINM YyKa3aHHBIM
TpeOOBaHUSIM, SIBJISIETCS IOKPHITHE HA OCHOBE XpoMma. B O0OJBLIOM KOJMYECTBE Hay4YHbIX pabOT IoKa3aHa
MEePCIEeKTHBA UCIIOIB30BAaHHS XPOMOBBIX MOKPBITHH TS 3aIIUTHI HUPKOHUEBBIX o0onodex TBOJIoB mpu mTaTHEIX
YCIOBHAX pabOTHI SAEPHOTO PEAKTOpa U MPH BHICOKOTEMIIEpAaTypHOM OKHCIeHUH. OIHAKO, KaK U s OOJIBIINHCTBA
METAJUIOB, NPH BBICOKHMX TeMIlepaTypax 3HA4MTENILHO BO3pacTaeT kodpduuueHt nuddysun xpoma B HUPKOHUH,
ocobeHHO B P-aze mmpkoHus. Bizammuas maud¢y3us aToMOB XpoMma W OUPKOHUS HPUBOIUT K (HOPMHUPOBAHUIO
MHTepMeTAHAHOTO ciosi ZrCrz u pocTy MUKpo3épeH ZrO; Ha TpaHHnax 3€peH XpoMa, 4To yCuiInBaeT nuddysuro
KHCJIOPO/Ia K IIMPKOHMEBOMY CIUIaBy. B pe3ynbTaTe 3TOro pacTpecknBaeTcs XpOMOBOE TOKpPHITHE, “‘OTKpPBHIBAETCS”
MPSAMOM JOCTYI KHCIOPOa K IUPKOHHEBOMY CIUIABY, ¥ MOKPHITHE TEPSET CBOM 3aIlIUTHBIE CBONCTBA.

Jns  pemeHust yKa3aHHOM MpoOJeMBl HEOOXOAMMO pa3paboTaTh HOBYIO CTPYKTYPY HOKPBITHS C
ONITUMAJIEHBIM 3JIEMEHTHBIM U (pa30BBIM COCTABOM C IIEITBIO MOBBIIICHIS KOPPO3NOHHON U paIHaliiOHHOMN CTOMKOCTH,
CTOHKOCTH K TEIJIOBOMY YAApy, TPEUIMHOCTOMKOCTH M H3HOCOCTOMKOCTH ITUPKOHHEBOIO CIUIaBa B INTaTHBIX
YCIOBUSIX SKCIUTyaTalliy U IIPH BO3MO>KHBIX aBapUHHBIX YCIOBHSX.

HccnenoBanue BhImoiaHeHO npu (uHaHCOBOM noanepxke PODU B pamkax HayyHoro mpoekta Ne20-21-

00037.

44


mailto:sidelevdv@tpu.ru

WMHMeHepHaA WKona «DPU3NKO-TEXHUUECKHUE MTPOOIEeMbl B HayKe, IPOMBIIIICHHOCTH U MEIHULIUHE.
I I AAEPHbBIX TexXHoOnorum Poccuiickuii 1 MeXayHApOAHBIM ONBIT HOATOTOBKH KapOB»

TOMCKWA NOAWUTEXHUYECKMA YHUBEPCUTET

®OPMHUPOBAHUE ®YHKIIMOHAJBHBIX AJIOMUHHUEBBIX IOKPBITUH ITPU
MATHETPOHHOM PACIIBIJIEHUU C KOMBUHUPOBAHHBIM UCTOYHUKOM IIUTAHUSA
I.B. Cunenés
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E-mail: sidelevdv@tpu.ru
Jns popmupoBaHus (PYHKIIMOHAIEHBIX METAIUIMYSCKUX IOKPBHITHHA TPEOYIOTCS HOBBIE TEXHOJIOTHYECKUE
npréMBI, OpUEHTHPOBAHHBIC Ha PACUIIMPCHHE THAIla30Ha TEXHOJOTHYECKIX MapaMeTpoB CHCTeM HambuieHwst. OHO
U3 TaKUX HAIMpPAaBJICHUN COCTOWT B CHI)KCHUHM pabOdYero JaBJICHHS PACIBUIATCIBHBIX CHCTEM, YTO MOXET OBITh
peaM30BaHO C MOMOIIBI0 KOMOWHANMU cnab0- M CHIBHOTOYHBIX HMITYJIbCOB. HacTosimas paboTa mocBsiicHa
H3YyYCHUIO MEXaHW3Ma PACIBUICHHUS AaTIOMHHACBOW MHUIICHH B CpEJC aproHa Ipd KOMOMHHPOBAHHOH cxeme
anekTpudeckoro nmuTanus. Ha puc. 1 mpencTaBieH MexaHW3M MOJJACpXKaHUs Ta30BOr0 pa3psjia MPH PacHbUICHUH

aITFOMUHIECBON MHUIIICHU B cjrydac KOM6HHPIpOBaHHOI>i CXCMBbI JJICKTPUICCKOI'O IMMUTAHUS.
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Puc. 1. Mexanuzm noodepaicanus 2a306020 pazpaoda npu pacnvlieHuu aTiOMUHUEBON MUWLEHU

C mOMOIIBI0 METO/IOB ONTHYECKOH CIEKTPOCKONHH IJIa3Mbl Ta30BOTO pa3psizia, 30HJOBBIX HCCIIEIOBaHNH,
JAHHBIX 10 CKOPOCTH OCAXJICHUS MOKPBITHH, aHAJIM3a OCHMIUIOTPaMM ObUIM BBISBIEHA 4 CTaJuN CYIIECTBOBAHUS
razoBoro paspsiga. Cragus | — ¢popmupoBaHue c1abOTOYHOTO paspsizia, COCTOSMIETO NPEUMYIIECTBEHHO M3 HOHOB
aprona. OH NoAJep)KUBaeTCs 3a CUET BTOPUYHON HOH-3JIEKTPOHHON SMHMCCHU U NPH MOHW3aIWH aprona. CKopocTh
OCaX/IeHUs 3/1ech HeBenrka. Ctagust 2 — mepexof] OT ¢1abo0- K CHIBHOTOYHOMY pa3psiiy ¢ GOPMHPOBAHHUEM BBICOKOM
IUIOTHOCTH 3apsDKEHHBIX 4YacTHIl. B 3TOM pexkume IocTHUraeTcss MaKCUMajlbHas CKOPOCTh OCAKICHHS IHOKPBITHIM.
Craans 3 - mpu WHTEHCHBHOW APO3UHM MaTeprasia MUIICHH MPOUCXOIUT (a) BBIMEIIEHHE aTOMOB M FMOHOB aproHa
MOTOKOM aTOMOB AQJIIOMUHUS, HAlpaBlICHHBIM OT MHIICHH K TOMJIOXKKe; (0) mepexoj Iula3Mbl OT Ta30BOH K
Mmetandeckoi. Craaus 4 - B KOHIE CHIIBHOTOYHOTO UMITYJIbCa HaOJo1aeTest qpeiid rma3mMbl K CTEHKaM KaMepbl, eé
pexoMOMHAIM, BO3BpAT ra3oBoi aTMoc(ephl B MPOMEXYTOK MEX/Ly MUIIEHBIO U MOJIOKKOH. OcTaTouHas razma
UCTIONBb3YyeTCsl Ul (OPMHUPOBAHMS HOBOTO CHILHOTOYHOTO HMITyJbca, oOecrieunBasl CHMIKEHHE Ppa3psaHOTO
HaIpsOKEHUs, YMEHBIIEHHE BEPOSTHOCTH NEepexoja paspsia B JYrOBOH, CTAaOMIBHOCTH TOKa paspsijia, CHIXKCHHS
pabouero HampspkeHHsA. B KOHEUHOM cué€Te, 3TO MOJOXHTEIHHO CKa3bIBaeTCS Ha CKOPOCTH OCAXKICHHUA U
(hyHKIIMOHAJIFHBIX CBOWCTBAX aFOMUHHEBBIX MOKPBITHI.

HccnenoBanue BbINONHEHO Npu GrHAHCOBOI mouepxkke PODU B pamkax HaydHoro mpoekta Nol8-38-
00676 mon_a.
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TOMCKWA NOAWUTEXHUYECKMA YHUBEPCUTET

T'OPEHUME BBICOKOOHEPTETUYECKUX MATEPUAJIOB, COAEP KALIINX BOPUbI METAJIUIOB
U. B. Copokun?, A. T'. Koporkux! 2, B.A. Apxurnos?
'HauunonanpHslif HccneaoBaTeabekuii TOMCKUI MOMMTEXHUYECKUI YHIUBEPCHTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
2HanmonanbHelit HecieoBaTeNbekuii TOMCKUIM rocy1apCTBEHHBINH YHUBEPCHTET,
Poccus, r.Tomck, mp. Jlenuna, 30, 634050
E-mail:korotkikh@tpu.ru
O¢pdexkTHBHBIM METOIOM TIOBBIMICHHS DJHEPreTHYECKHX  XapaKTePHCTHUK  BBICOKOIHEPTETHICCKUX
marepuanoB (BOM) siBisieTcst MCnonb30BaHUE MOPOIIKOB O0pa 1 OOPHUIOB METAJUIOB, KOTOPHIE 00J1a/Ial0T BBICOKUMH
3HAYCHUSIMH YJEIbHOI SHEPTHH, BBIICIAEMOM B IPOIecce OKUCIeHUs U ropenus [1-4]. B pabote H3ydeHbI MOPOIIKH
amopdHoro 6opa 1 GOPUIIOB ATIOMHHUS, KOTOPBIE 00ABIISUIMCH B COCTAaB TBEP/OrO TOILUIMBA HA OCHOBE IepXJiopaTa

U HUTpaTa aMMOHMs, aKTHUBHOTO TOproyero-cBasyiomero. bopuas! amomunns 6summ nonydesst B HUM IIMM TI'Y

(Tomck) ¢ uctionmszoBarneM CBC-merona. [IpoBeneHa cepust SKCIIEpUMEHTANBHBIX UCCIICAOBAHHN MPOIIECCa TOPEHUS

METaJUTM3UPOBAHHBIX COCTABOB TBEPAOTO TOILIHMBA B a30Te mpH AasieHIsX p = 0,5-7,0 MIla. OnpenencHpl 3HAUYCHAS

CKOpPOCTH TOPEHHS M CTETIEHHOTO TOKAa3aTellsl JJIs UCCIEAYeMBIX cocTaBoB BOM B O0MOe IMOCTOSITHHOTO aBJICHUS.

YcTaHOBIIEHO, UTO TOJIHAS 3aMeHa ITOPOIIKa aTFOMHUHUS Ha aMopdHEIA 6op B coctaBe BOM yBennumBaeT ckopocTh

ropenust oopasua B 1,9-3,2 pasza npu m3menenun gasieHus ot 0,5 go 7,0 MIla. Ilpu 3ToM moka3aTenb CTCICHH B

3aKOHE ropeHus TomuuBa yeenunduaercs ¢ 0,58 mo 0,84. [1pu 3amene anroMmunust Ha 6opus amromunust AlB; u AlB1»

CKOpOCTh TopeHus coctaBoB BOM yBenuumBaetrcs 1,2—1,6 pasa B yka3aHHOM [uamna3oHe IaBJICHUS, OJHAKO

MOKa3aTesb CTETIEHH OCTAETCs TIOCTOSTHHBIM.

HUccrenoBanvue BHIONHEHO TIpH prHAHCOBOM moguepkke PODU, npoext Ne 20-03-00588.
CIIUCOK JIMTEPATYPBI
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nano-aluminized composite rocket propellants // Combustion, Explosion and Shock Waves. — 2005. V. 41. — P.
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4. Chintersingh K.-L., Schoenitz M., Dreizin E.L. Boron doped with iron: Preparation and combustion in air //
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E-mail: shilovaxeniya@gmail.com

Hambornee 3HAYMMBIM HCTOYHUKOM PaTHOAKTUBHOTO H3ITyUEHHS SBISCTCS MHEPTHBIA Ta3 pagoH Rn-222 u
€ro JI0YEepHUE MPOAYKTHI paclajaa, Co3aaroImue 0osee MOJOBUHEL 1036l OT BCEX MPHPOAHBIX HCTOYHHKOB. B CBsI3H ¢
3THM B HACTOSAIIEE BPEMs NPH MPOW3BOJCTBE MHKEHEPHBIX M3BICKAHMH IPOBOAATCS PaANallOHHO-3KOJIOTHIECKUE
UCCIICIOBaHMsA, COCTAaBHOM 4YacThIO KOTOPBIX SIBJIETCS OLEHKA PaJOHOONACHOCTH Y4YacTKOB 3acTpoiiku. B
Poccuiickoit deaepanuu i OIIEHOK NOTEHIMATIBHO palOHOOMACHOCTH y4acTKa 3aCTPOMKHU UCTIONB3YIOT INIOTHOCTh
MOTOKA paJioHa, M3MEPEHHYI0 Ha 3eMHOH moBepxHocTH. K HacTosimeMy BpeMeHH cpenu HcciefoBaTeneii,
3aHUMAIOIIUXCA U3MEPEHUSAMH PajioHa, CJIOKUIOCh MHEHHE, YTO Ha KOJUYECTBO BBIACIISIOIIEIOCS C MOBEPXHOCTU
TPYHTOB pajioHa BiusieT reonorust tepputopud [1,2]. OmHaKo, WCCIIETOBAHUS, MOCBSIICHHBIE BBIXOIY paloHA C
MOBEPXHOCTH TPYHTOB Pa3HOTO THIIA NPAaKTHIECKH OTCYTCTBYIOT. B paboTe mpencTaBieHs! pe3ynbTaThl H3MEPEHHS
IUIOTHOCTH TTOTOKA PaJoHa Ha TIOBEPXHOCTH JICCCOBHIHBIX CYTJIMHKOB, O€JI0 TTIMHBI, TIMHUCTHIX CIAHIIEB, IIECUYaHO-
TPaBUHHBIX OTJIOKCHUH, CKaJbHOTO W3BECTHSKA, TIIMHUCTOTO M3BECTHSKA, aHIE3UTO-0a3albTOBOTO MOpdHpHTa U
KBapIUTOB. M3MepeHHs MIOTHOCTH NMOTOKA pajioHa MPOBEAEHBI METOJOM HAKOMMTENBbHOM KaMephl ¢ MOMOILBIO
u3MepHTeNbHOr0 KoMiuiekca Anbdapan [limroc. B paboTe Takxke npoBeieHbl H3MEPEHHS YACIbHON aKTHBHOCTH Pauist
U BJIQXKHOCTHU TPyHTa. B uccienoBanny nokas3aHo, 9T0 B 3aBUCUMOCTH OT BHJIa IPYHTA KOJUYECTBO BBIICIIAIOLIETOCS
C ero MOBEPXHOCTH PajfioHa OTJIMYaeTcs Oosee yeM Ha mopsaok. Camble OonblIMe 3HAYE€HHS TUIOTHOCTH IOTOKa
panona ~ 800 mMBk-M2c™! 3apermcTpUpOBaHbI Il aHIE3UTO-0a3abTOBOIO MOPQUPUTA M KBAPIHMTA, HAMMEHBIIEE
3HaueHue ~ 40 MBk-M2c™! — 17151 IECCOBU/IHBIX CYTJIMHKOB M TIIMHUCTBIX CJIAHIEB. JJIsl [PYHTOB, COCTOSIIMX M3 MEJIKUX
MEeCYaHBIX M TJIMHUCTBIX YacTHL, OOHApY)Ke€Ha JOCTATOYHO CHIIbHAsl 3aBUCHMOCTH IUIOTHOCTH IOTOKA PajJOHA OT
BII@XHOCTH. [IpH M3MepeHHsX TPYHTOB C HU3KOH BJIAXXHOCTBIO (2...6 %) MPONOPIMOHAIBHON 3aBUCHMOCTH MEXITy
YIIeJIbHOM aKTHBHOCTBIO PaJIHisi U KOJIMUECTBOM PajioHa, BBIICJISIOIIETr0Cs Ha IOBEPXHOCTh IPYHTA, HE HaOIII0aeTCsl.
Bun rpyHTa, B TOM 4HCIie €r0 MUHEPAIbHBIN U JUCIIEPCHBIM COCTaB, a TAaKXKe MPUPOIHYIO BIAXKHOCTh Ha TITyOHMHAX
3ajeranusi (GyHJaMEHTOB 3JIaHUH MOXHO TOJIOKHTh B OCHOBY KJIACCH(HKALUH YYaCTKOB 3aCTPOUKH IO CTEIEHH
pamoHOBBIX puckoB. CooTBercTByromas HHMOpMamuss MOXeT OBITh IPENOCTAaBICHA OPraHU3ALMSIMHU,
OCYIIECTBIISTIOIMMH MPOEKTHO-M3bICKATENILHBIE pabOTHl Ha y4acTKax 3acTpoiku. [Ipe/uoskeHHbIi B paboTe moaxom
K OIIEHKE Pa/IOHOBBIX PUCKOB MO3BOJIUT M30€XKaTh MPOBEIACHUS TPYAOEMKNX U3MEPEHNH pasioHa U, TaKUM 00pazoM,
CHM3UTH (PMHAHCOBBIE, MaTepUaIbHbIE M TPYIOBBIE 3aTPATHl HA CTPOUTEIBCTBO.

HccnenoBanue BBITIONHEHO MpH (HHAHCOBON monziepkke PODU B pamkax HaydHoro mpoekra Ne 19-35-
90044.

CIIUCOK JIMTEPATYPBI
1. Mazur D., Measurements of radon concentration in soil gas by CR-39 detectors / Mazur D. [et.al.] / Radiation
Measurements- 1999. Vol.31. -P.295- 300.
2. lIghedefa M., Soil gas radon concentrations measurements in terms of great soil groups / Ichedefa M.[et.al.]

/lJournal of Environmental Radioactivity — 2013, VVol.126 - P.165-171.
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ABapus Ha ADC dyxycuma-1 B pe3ynbraTe MOTepH TEIJIOHOCUTENS Aajla CEphe3HBIH TOIUOK B 00IaCTH
pa3pabOTKM MOKPBHITHH [UIA 3alUTHl TEIUIOBBIACILIONINX 351eMeHTOB (TBDJIb) BOJO-BOISHBIX IHEPreTHUECKHX
peakTopos [1]. Ha cerogusimHuii [eHs akTUBHO pa3pabaTbiBaroTcs MOKphITHs Ha ocHoBe Cr, SiC, CrN, TiN/TiAIN u
JIpyTHE, 32 CYET BBICOKOH CTOWKOCTH K OkucieHuio [2, 3]. CymiecTBEeHHBIM HEIOCTATKOM HAaHECEHHWS IOKPHITHA
ABJSIETCS UX IUIOXast a[re3usi ¢ UPKOHUEBBIMHU CIIABaMH, TOTOMY HapALY C TEXHOJOTUSIMH HAHECCHUS TIOKPHITHH
pa3pa6aTLIBa10Tc;1 METOAbI MO}II/I(l)I/IKaHI/II/I MOBEPXHOCTHU ITYUYKaMH 3apsiKCHHBIX 4YaCTHIL. BricokonHTEHCHBHAS
HUMIIJIaHTalusA  HU3KOOHEPICTUYCCKHUX HOHOB THUTaHa MOXKCT OBITH  MCITOJIb30BaHA JUIIA (bOpMI/IpOBaHI/IH
MOZLI/Iq)I/IHI/IpOBaHHOFO CJ104, o6ecnqu/IBa}omero TIOBBIINICHHBIC MCXAaHUYCCKHUC U TpI/I6OJ'IOI‘I/I‘IeCKI/Ie CBOMCTBaA
IUPKOHUCBLIX CIIJIABOB [4] O]IHaKO, HUCCICO0BAaHUA CTOMKOCTH IMUPKOHHUECBLIX CIIABOB C UMINIAHTUPOBAHHBIM CJIOEM
THUTAHa HE TPOBOIIINCH paHee. TakuMm o0pa3oM, LENbI0 HACTOSIMIEH PaOOTHI SBISETCS HM3YYEHHE HPOLECCOB
BBICOKOTEMIIEPATYPHOTO OKUCIICHHS! IMPKOHKUEBOTO ciutaBa D110 MoauunnpoBaHHOTO TUTAHOM.

Jis uccrenoBaHust OBLTH TIOATOTOBICHBI 00pa3Ipl MUPKOHKEBOTO crmaBa J110 pasmepom 20x20%2 MM.
VoHHas MMIUTaHTAIMsI THTaHA OCYIIECTBILSUIACh HAa YCTAaHOBKE, pa3paboTaHHOW B TOMCKOM IOJMTEXHHYECKOM
YHHUBEPCHUTETE, NPHU CIEAYIONMX NapaMeTpax: IUIOTHOCTh MOHHOTO Toka — 100 MA/cM?, IIPOJOIKHTENIBHOCTH
UMITyJIbca — 5 MKc; Temneparypa — 973 K; ¢pumoenc — 5,6x10% non/cm?. BbicokoTeMIIEpaTyPHOE OKUCIIEHUE 0OPA3IIOB
OCYILECTBIISIOCH B BO3AyiHOHM armocepe mpu 873 K B Teuenre 10 yacoB u B OTOKe BOoAsiHOTO mapa mpu 1373 K B
teueHue 10 wmmuyT. Ilo pesynpTaraM HCCIENOBaHUS OBUIO YCTAHOBIEHO, YTO CTOMKOCTh K OKHCIICHHIO
MMITIAHTHPOBAHHOTO CIUIaBa 3HAYUTENILHO HM)KE, YEM Yy HCXOAHOTrO mupkoHHeBoro cmaBa D110. OxHako, mpu
BBICOKOTEMIIEPATYPHOM OKHCJICHHH B BOJITHOM Iape HaOojaeTcst yBelnnieHHe KOPPO3HOHHON CTOHKOCTH, IIPUPOCT
Macchl cHmkaetcs 1o 10,1 mr/cm?, Takke yCTaHOBIIEHO, YTO BHICOKOTEMIIEPATYPHOE OKHCIIEHHE B CPEJIE BOISHOTO
mapa CcoOmpoBoXkmaeTcs (opmupoBaHueM opTopoMmOmdeckoi ¢aszpl TiZrOs4, koTOopas uMeer OoJiee IUIOTHYIO
MHUKPOCTPYKTYpY TIO CpaBHEHHIO C okcugamu ZrO;. OKCHUIHBIA CJIOH HMIUIAaHTHPOBAHHOTO oOpas3la HMeeT
HEOJ/IHOPO/IHYIO CTPYKTYPY TIOBEPXHOCTH, a Ha TPaHUIIE pa3jiea OKCHI/MEeTall OOHAPYKEHO CYIIECTBEHHO MEHBIIIE
TPELIHH, YeM B 00pa3iax nupKkoHneBoro cruiaBa J110 6e3 uMIuiaHTanmy.

HccnenoBanue BbINONHEHO NpH (rHAHCOBOH nognepxke PODU B pamkax Haydnoro npoekra Ne 18-48-
703034.

CIIMCOK JIMTEPATYPbI
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2. Sidelev D V, Kashkarov E B, Syrtanov M S and Krivobokov V P 2019 Surf. Coat. Technol. 369 69.
3. Tang C, Stueber M, Seifert HJ and Steinbrueck M 2017 Corros. Rev. 35 141.
4. Ryabchikov A |, Kashkarov E B, Pushilina N S, Syrtanov M S, Shevelev A E, Korneva O S, Sutygina A N and
Lider A M 2018 Appl. Surf. Sci. 439 106.
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A E. Tuxonos, B.1. Pactopryes, A.A. Kapenrun
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B oTimame oT mpuMeHseMOoTo SISpPHOTO TOIUIMBA U3 AUOKCH/IA YpaHa, 000TaIeHHOTO TI0 H30TOITy ypaH-235,
MMEIOIIEr0 HU3KYIO0 TEIIONPOBOIHOCTh, KOPOTKUN LIUKI MCIOJBb30BAaHMs M OTPaHMYCHHBIN pecypc W30ToIla ypaH-
235, NepCIeKTUBHBIM SBISIETCSl YPaH-TOPUEBOE IUCTIEpCHOHHOE siaepHoe ToruiBo (JST) u3 okcuaoB nensmuxcst
MeTaJuIoB (ypaH, TOpHil), pABHOMEPHO paclpe/ieIeHHBIX B OKCUIHOW MaTpHIle, UMEOIIeil BRICOKYIO TEIJIOBOAHOCTh
W HHU3KOE CEYEeHHE PE30HAHCHOro morolneHus HetponoB [1]. Ilpu ucmonbp3oBaHUM H30TOMA TOPHIL-232 He
TpeOyeTcsl JOpOTrOoCTOsIIIEe H30TONMHOE OOOTAlIeHHE M TOSBISIETCS BO3MOXKHOCTH CO3JAHUSI HHEPrETHUECKHUX
ycTaHOBOK cBepxmaioi (o 10 MBt) u mamnoii (mo 100 MBT) MomrHOCTH.

[Tma3smMoxumMudeckuii cuHTE3 CIOKHBIX OKCUAHBIX Kommo3zmnuit (COK) w3 mucreprupoBaHHBIX BOIHO-
OpPTaHWYECKUX HUTpaTHBIX pacTBopoB (BOHP), BKmOYarommx OpraHWYeCKHH KOMIIOHEHT (CHHPTHI, KETOHBI), B
OTIIMYHUE OT NpUMEHsAeMbIX MeTo10B nosrydeHnss COK myTem pa3fenbHOro MOIydeHUsl 1 MEXaHHYEeCKOTO CMEIICHUS
OKCHJIOB METaJJIOB, UMEET CIIEAYIONINE JOCTOMHCTBA: OJHOCTAJAMHHOCTh, TOMOTEHHOE pacmpeneieHue a3 c
3aJJaHHBIM CTEXUOMETPHYECKUM COCTaBOM, BO3MOKHOCTh aKTHBHO BIIUSITH Ha pazMep U MOP(OJIOTUI0 YaCTHL], HU3KHE
SHEPro- U Tpyno3aTpatsl [2].

B pabore mpexacTaBneHbl pe3yinbTaThl MCCIEAOBaHWI mpolecca IuazMoxumudeckoro cuutesa COK u3
JCIIeprupoBaHHbIX pacTBopoB BOHP, BKIItOYaromux aneToH 1 CMEIIaHHbIe BOAHBIE HUTPATHBIE PACTBOPHI HEOJMMA
(BMecTo ypaHa), nepus (BMecTo Topus) u Maraus. [logrotosiennsie pactBopsl BOHP nomasamics (300 i1/9) uepes
JIICTIEPTaToOp B PEAKTOp IUIa3MEHHOro Monyns Ha 6aze BUD-nmazmoTpoHa, rie B BO3AYIIHO-IIA3MEHHOM MOTOKE
npu Temneparypax >1000 °C ocymectsisiics cunre3 COK, nanee B y3ie «MOKpOW» OUYUCTKH IPOUCXOIHIIO UX PE3KOE
oxJaxJaeHue («3akaiaka») ¢ oOpasoBaHueM BoaHbIX cycneH3uii COK, koropelie oTcramBamu, (QuibTpoBaIu H
npokaiuBaiu B reueHne 20 MuHyT rpu remneparype 150 °C.

B xome mccrnemoBaHWid NMPOBOMWINCH JTa3epHas mudpaknus BomHeix cycreHsuii COK, ckaHumpyromas
aneKTpoHHas Mukpockonus, BOT-aHanmu3 n peHTreHo(a30BbIi aHANN3 MTOJYIEHHBIX ITOPOIIKOB. Y CTAHOBJIEHO, YTO
[P Pacxojie BOJIbI Ha «3akaiky» (2,8 kr/c), yacrore pucnepraropa (50 ') u paznuunsix 3nauenusx o=Nd/(Nd+Ce)
yeemmuenue goau MgO (10...30 %) B coctaBe COK «Nd203-Ce203-MgO» npHBOIHT: K CHIXKSHHIO pa3Mepa YacTHUIl
BoanbIx cycnienzuit COK ¢ 9,8 no 9,3 mxm (ipu o = 0,5); ¢ 8,9 Mmxm 10 6,8 mxMm (ipu a. = 0,6) u ¢ 6,6 MkM 110 4,7 MKM
(mpu o = 0,7). [Ipu »1OM, pasmep «3epen» B dactunax COK me mpeBpimaer 70 HM, YTO MOATBEpIKIACT
1a3MoXuMmudecknii cuare3 HaHopasMepHbix COK u3 pactBopos BOHP.

Pabora BeITONIHEHA TTPH (HMHAHCOBOM mojiepxke Poccuiickoro Hayunoro ¢onma (mpoekt Ne 18-19-00136).

CIIMCOK JIMTEPATYPbI
1. Anexcees C.B., 3aiinieB B.A., Toncroyxos C.C. ucnepcuonHoe sinepHoe TomuBo. — M.: TexHocdepa, 2015. —
248 c.
2. Novoselov I. Yu., Karengin A.G., Babaev R.G. Simulation of Uranium and Plutonium Oxides Compounds
Obtained in Plasma // AIP Conference Proceedings. — 2018. — V. 1938. — P. 1-5.
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MOBEPXHOCTHASI MOJIU®PUKAIIUS MTOJTUMEPHBIX W3JIEJTUA TA300BPA3HBIM ®TOPOM.
OB30P JINTEPATYPBI
W.0. Yconsuepal, H.A. Benos?, JI.C. INamkesuy?
! HaumonanbHe1i uccnenoarebekuii TOMCKHA TONMMTEXHUYECKHI YHHBEPCHUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050
2Cankt-TleTepOyprekuit monutexHuyeckuii yausepeuter Ilerpa Benukoro,
Poccus. r. Caakr-IletepOypr, yu. [lomurexamueckas, 29, 195251
E-mail: iou2@tpu.ru

[epdTopupoBaHHbIe MOIUMEPHI UI'PAIOT OIPOMHYIO POJb B COBPEMEHHOW NMPOMBIIIIEHHOCTH. OHAKO MX
HOMEHKJIaTypa OTHOCHTENILHO y3Ka, YTO CBS3aHO C OTPAaHWYEHHBIM HaOOPOM HPOMBIIIJICHHBIX (JTOPOMOHOMEPOB —
TeTpadTOpITHIICH, reKcad TOPIIPONUIIEH, TeKCaQTOPIPONMIICHOKCH U HEKOTOPBIE JpYyTHE.

B Toxe BpeMsi IIMPOKOE NMPUMEHEHHE HaXOAUT MoAM(UKAIMs TMOJUMEPHBIX H3AEIHH Ta3000pa3HBIM
¢Topom. B 3TOM Ciydae Ha MOBEPXHOCTH MOJHMMeEpa-TipeKypcopa (opmupyercss ciiod mnephTOpHpOBAHHOTO
HoMMepa, KOTOPBIA MMEeT CBOWCTBA (XMMHUYECKas CTAOMIBHOCTD, aJr€3MOHHbBIE, OapbepHBIC U JIp.) CYIIECTBEHHO
OTJIMYAIOIINECA OT CBOMCTB UCXOAHOTO noaumepa [1, 2].

OOBbI4HO mporuecc MoIU(pUKAIIN TIPOBOIAT IIpu Temneparype He Boime 100 °C, ucnons3yst pTop B cMecH ¢
MHEPTHBIMH I'a3aMH, KHCIOPOJOM U JIp. YTIIEpOJI-yIIepOAHbIe HACKIIICHHBIC U d3(UPHBIEC CBA3U IPH 3TOM OCTAIOTCS
CTaOMJIBHBIMU, KpPaTHBIE YIIIEpOJ-yIIIEPOIHbIE CBA3M (TOPHUPYIOTCS, BOAOPOJ 3ameriaeTcss GTOpoM, reTepoaTOMBbI
(cepa, KpeMHHIA, a30T U Jp.) BRITECHSIIOTCS U3 MOJIUMEPHON CTPYKTYPHI.

3a BpeMeHa opsiJika JECATKOB MHUHYT Ha MMOBEPXHOCTH MOJIMMEPHOTO H3eIHst (POPMUPYETCSI CIIOH TITyO0KO
¢ropupoBanHoro mnonmumepa TommmHOH 10 10 mxM. [locme srtoro mpomecc ¢GTOpHUpPOBaHWSA JIUMHTHPYETCS
TBEpRodazHoil muddysuer ¢propa ckBo3b IIEHKY NMEepHTOPUPOBAHHOTO MONHMMEpPA M €ro CKOPOCTh CTaHOBHUTCS
peHeOPEIKUMO MAJIOM.

C ucnonb30BaHNUEM OITMCAHHOM METOIUKH OBUTH MOIU(HUITMPOBAHBI M3/IETHS U3 MTOJIMITHIICHA H JIp.

IToBepxHOCTHasT MOAU(UKALKS HaIIa TMPAKTHUECKOE NMPUMEHEHHE JUIS TOBBIIICHNS OapbepHBIX CBOWCTB
MOJIMMEPHBIX TOIUTMBHBIX 0AKOB aBTOMOOMIICH.

Pabora BbImoMHEHa mpu mojjepkke MMHUCTEpCTBa HayKH M BBICIIEro oOpa3oBaHus Poccuiickoi
®eneparun B paMkax npoekra FSWW-2020-0020.

CIIMCOK JIMTEPATYPbBI
1. Hazapo B. I'. IloBepxHocTHast Moau¢uKanus MOIUMEpoB: MoHorpadus/ M-Bo 00pa3oBaHMS M HayKH
Poccuiickoit ®enepanun, DenepanbHOe areHTCTBO MO 00pa3oBaHUi0, MOCKOBCKHII roc. YH-T mevyatu, MocKBa,
2008.
2. XapuronoB A.Il. VYnyuimieHue mMOTPEOUTENILCKMX CBOWCTB IOJMMEPHBIX H3JENUN METOJOM MPSIMOTO

¢dropuposanust // Xumus ¢propa. — Tomck, 2015. — C. 162-166.
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TOMCKWA NOAWUTEXHUYECKMA YHUBEPCUTET

BJUSAHUE HU3KOTEMIIEPATYPHOM IIJIA3MbBI ATMOC®EPHOT' O IABJIEHUSA HA
MOBEPXHOCTHBIE CBOMCTBA IIEHOK NOJIMKAIIPOJIAKTOHA
E.O. ®ununnosa, H.M. MBanosa
HanuonanpHelii uccnenoBaTesbckuii TOMCKUM NONUTEXHUYECKUM YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: bosyheo@tpu.ru

OnmHMM W3 MEPCHEKTHBHBIX HANPABICHUN B JICUCHUH OYJIE3HOW KEPATONATHH SIBISETCS HCIOIb30BAHHUE
KJIETOK, CIIOCOOHBIX 3aMECTUTH NE(PEKT IHAOTEIHAIBHOTO CJIOS POroBHisl. OTHAKO KIETOYHOE KyJIbTHBUPOBAHUE U
Hocyielyloliee HacjlauBaHWE KIETOK Ha BHYTPEHHIOIO ITOBEPXHOCTh POroBOM 000J0YKHM 0€3 HCII0JIb30BaHUS
MOJIOKKH MPpoOIeMaTnyHo. B CBs3M ¢ 3TUM, HCIIOJIB30BaHUE OHO/IETPaJUPYEMOTro IMOJHMMEpa — HOJIMKAIPOIaKTOHA
- B KauecTBE BPEMEHHOI'0 MaTepuaya JUIs KJIETOK MOKET SBJATHCSA aJbTEPHATUBOM HEPACTBOPUMBIX INOJIMMEPOB,
UCIIOJNIb3YyeMBbIX B KepaTomuiacTuke. Tak Kak MOBEPXHOCTH IUICHOK IOJHMKAIIPOJAKTOHA HMMEIOT THApOopOOHbIC
CBOHCTBA, TO BO3HUKAET BONIPOC O MOAN(UKAIINK MaTepHajIa 1 CHIKEHUH 3HAYEHUsI €T0 KPaeBOro yIiia CMauynBaHUs,
YTO JOCTUTAETCS ITyTeM TIa3MEHHOM 00paboTkn 6e3 n3MeHeHHsT 0ObEeMHBIX CBOICTB nonuMepa. Llens nccnenoBanms
— M3y4eHHE BINSHHS HU3KOTEMIIEpaTypHOH I1a3Mbl aTMOC(HEPHOTO JIaBJICHMS Ha IOBEPXHOCTHBIE CBOHCTBA IJICHOK
MOJIMKANPOJIAKTOHA.

[Mnénku mnonukanponakroHa (PCL) Osum mosydensl u3 pactBopa PCL, pactBopenHoro B CHCla.
Mopundukanuss noBepxHoctn PCL mpoBogunmack myteM o00paOOTKM IUICHOK HHU3KOTEMIIEpATypHOH IIa3MBI
atMocdepHoro nasieHus. Bpemst o6pabotku cocraBwio 30c. JlaHHBIE O CTPOCHHU MOBEPXHOCTH IUICHOK U ¢
IIEPOXOBATOCTH OBLIM MOJY4YeHbl C momolsio Mukpockona «Olympus Lext Ols 4100» (CHIA). IIpodunsb
IIEPOXOBATOCTH MOBEPXHOCTH cTpomics B mporpamme Gwyddion 2.47. KpaeBoil yron cMadmBaHUS H3MEPSIICS C
nomomnisio npudopa «KRUSS Easy Drop DSA 20» (Tepmanus).

B pesynbrare IpoBENEHHBIX HCCIIEIOBAHMH BBISIBICHO, YTO BBUIMTHIE IUICHKH Ha ocHoBe PCL wmmeror
ToTorpaUIecKn pasHble CTOPOHBI IIOBEPXHOCTH: Oosiee penbeHY0 — BHEIIHIO U TJIaJKyI0 BHYTPEHHIOIO, YTO
OoTpaxkaeTcs B MapaMeTpax MIepoXoBaToCTH (cpemHss ImepoxoBaTocTh (Ra) BHemmHed ctoponbl — 0,025 MkM,
BHyTpenHeit — 0,015 mxm). Moandukanus mia3mMoi B 2,6 pa3 yBelIMYMBaeT NIEPOXOBATOCTh BHEUIHEH U B 3,2 pa3
BHYTpeHHEH cTopoH mmieHOK Ha ocHoBe PCL. Ilnenku Ha ocHoBe PCL o6mamaror cBoiicTBaMH, OJNU3KMMHU K
rupodoOHBIM, HE3aBUCHMO OT CTOPOHBI IIOBEPXHOCTH (CpelHee 3HaueHHWE KpaeBOro yria CMadMBaHHA 110 BOJE
75,6+0,88). Moaudukanus mia3Moi yBeIHdruBaeT THAPOPHIFHOCTh MaTeprala, CHIKask KpaeBOH yroll CMadrBaHUS
B cpexHeM Ha 12,5° (Ha 16,5%), a TakKe yBeIMUMBAET 3HAUCHHS TOBEPXHOCTHON 3HEPTHHU B OOIBIIEH Mepe 3a cueT
MOJIIPHOM COCTAaBIISIOLIEH.

HccnenoBanue BBITIONHEHO MpH (rHAHCOBOM moaaepxkke PODU B pamkax HayuHoro npoekra Ne 20-08-

00648.
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MOJEJHUPOBAHUE IMPOLECCA INVIASMOXUMHNYECKOI'O CUHTE3A HAHOPA3ZMEPHBIX
CJIOKHBIX OKCUJIHBIX KOMIO3UIUM «UO2-PuO,-Y203» IJISI YPAH-ILTYTOHUEBOT'O
JUCIIEPCUOHHOTI'O AJEPHOI'O TOILJINBA
H.C. Xomnenosckuii, A.A. Kapenrun, A.J]. I[lobepexHrKOB
HanuonanpHeli uccnenoBaTesbckuii TOMCKUM NONUTEXHUYECKUM YHUBEPCUTET,

Poccus, r. Tomck, mp. Jlernna, 30, 634050
E-mail: nsh4@tpu.ru

[IpropuTeTHEIM HampaBIEHUEM pa3BUTHA SACPHON SHepreTwku B Poccum sBmsercs cozmanme ADC ¢
peakTopaMu Ha OBICTPBIX HEWTPOHAX, HCIOIB3YIOIUX YPaH-TIIyTOHHEBOE AUCTIEpCUOHHOE siiepHoe ToruBo (JAT)
B BHJE CJIOKHBIX OKCUIHBIX KoMnosuimid (COK), BKIIOYAaIOMMX OKCHUABI JEIIIIIMXCS METAIIOB (ypaH, TUTyTOHHMN)
pacrpeie/IeHHBIX B MaTpPHUIE C BBICOKOH TEMJIOMPOBOJHOCTHIO M HHU3KHM CEYEHHEM PE30HAHCHOTO MOIVIONICHUS
HeUTpoHOB [1]. B oTnn4ne 0T npuMeHsAEMBIX METOJIOB TIONYUEHHUs CIOKHBIX OKCHAHBIX komnosunuii (COK) nyrem
Pa3eNbHOTO MOJTYYCHHS M MEXaHHYECKOTO CMENICHUS] OKCHJIOB METayuloB, ImasMoxumudecknii cuate3 COK u3
JMCIIEPTUPOBAHHBIX BOJHO-OPraHNYECKUX HUTPATHBIX pacTBopoB (BOHP), Bimtouaronix opraHn4ecKuii KOMIIOHEHT
(cTiUpTHI, KETOHBI), UMEET CIEAYIOIINE MPEUMYIIECcTBa [2]: OMHOCTaAMHHOCTE, TOMOTEHHOE pacmpenencHue ¢as ¢
3aJJaHHBIM CTEXHOMETPHIECCKUM COCTaBOM, BO3MOKHOCTH AaKTHBHO BIHSATH Ha pa3Mep ¥ MOP(OIOTHIO YaCTHL], HU3KNE
SHEPro- U TPYyI03aTPaThl.

B pabote mpencraBieHbl pe3yibTaThl HCCIEAOBAaHUI Mpolecca MiuasMoxuMmudeckoro cuHresa COK wu3
JUCTIeprupoBaHHbIX pacTBopoB BOHP, Bitoyaromux aneToH 1 CMeIIaHHbIe BOIHBIC HUTPATHBIE PACTBOPHI HEOANMA
(BMecTo ypaHa), camapusi (BMecTo IUTyToHMs1) 1 MarHus. [lonrorosnennsie pactBopsl BOHP nopasanuce (300 i1/4)
yepe3 AWCIIEPraTop B PEakTop IUIa3MEHHOTo MoAyns Ha Oaze BU®D-muasmoTpoHa, rae B BO3IYIIHO-TUIa3MEHHOM
notoke pu temreparypax >1000°C ocymectsiscs cuate3 COK, 3aTeM B y31e «MOKPOI» OUUCTKU MPOUCXOIIIO
UX Pe3Koe OXJXKICHHE («3aKalka») ¢ 0Opa3oBaHMEM BOJIHBIX CYCIICH3WMH, KOTOPbIE OTCTaWBallv, (PUIBTPOBAIH U
npokanuBanu B TeueHue 20 MuHyT mpu Temneparype 150 °C. B xome wmcciiemoBaHWE TPOBOIMIINCH JIa3epHAs
nudpaxuus BoaHbix cycnensuit COK, ckanupyromast aJieKTpoHHas MUkpockonus, bOT-aHanu3 u peHTreHo(pa3oBbiit
aHaJIN3 MTOJTyYCHHBIX MTOPOIIKOB. Y CTAHOBJIEHO, UTO IIPH PACXO0/I€ BOABI Ha «3aKaJIKy», yacToTe nucnepratopa (50 I'm)
U pasnugHbx o= SM/(Sm+Nd) yBenunuernne momau matpuist B Buae Y203 (10...30 %) B cocraBe COK «Nd203-Sm203-
Y203» npuBoIUT:

- (mpu .= 0,1) x cHIKEHUIO pa3Mepa dacTull BOAHBIX cycrieH3uit COK ¢ 12,1 Mxm 10 4,3 MKM, YBETHYCHHIO
Syn nopomkos COK ¢ 5,5 10 7,8 M%/r u cHmxeHuIo pazMepa «3epen» B COK ¢ 147 um a0 115 um;

- (mpu o = 0,3) K CHIKEHUIO pa3Mepa yacTuil BogHbIX cycrieH3uit COK ¢ 13,6 mxm g0 10,2 MKM, yBETHUYCHHIO
Syn nopomkos COK ¢ 6,9 1o 8,6 M%/r u cHmxeHuIo pasmepa «3epen» B COK ¢ 118 um 10 93 HM;

OTO MO3BONIAET YTBEPXKAATh, YTO IUIA3MEHHas INepepaboTKa AWCHEprHpOBaHHBIX pacTBopoB BOHP B
BO3JIyLIIHO-TUIA3MEHHOM MMOTOKE HPUBOAMT K IIIA3MOXUMHUYECKOMY cuHTe3y HaHopazmepHbix COK.

Pabora BeITONIHEHA TTPH (HMHAHCOBOM mojiepxke Poccuiickoro Hayunoro ¢onma (mpoekt Ne 18-19-00136).

CIIUCOK JIMTEPATYPBI
1. Anexcees C.B., 3aiinieB B.A., Toncroyxos C.C. ucnepcuonHoe sinepHoe TomuBo. — M.: TexHocdepa, 2015. —
248 c.
2. Novoselov I. Yu., Karengin A.G., Babaev R.G. Simulation of Uranium and Plutonium Oxides Compounds
Obtained in Plasma // AIP Conference Proceedings. — 2018. — V. 1938. — P. 1-5.
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HNCCIEJOBAHUE HECTAIIMOHAPHOI'O CBY PA3PSAA
A.A. 1xel, C.A. Cocnosckuit?, A.A.Jlykanun?
'HauunonanwHslii nccnenopareabekuii TOMCKUIA MOMMTEXHUYECKUH YHUBEPCHTET,
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?HauuoHanbHbli HccleqoBaTelbekuit TOMCKMiA rocy1apcTBEeHHBIH YHUBEPCHUTET,
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ssa777@mail.ru

Brlcokue Temmbl pa3BUTHS HEPTEXUMUYECKOW, XUMHYECKOH 1 (papMarieBTHUECKOI OTpaciield, yBeIndeHue
HOMEHKJIATYpbl XUMHYECKOW NPOIYKIIMH HEYKIOHHO MIPUBOJT K POCTY MOTpebIeHUsT XuMuiecko npemnaparos. Co
CTOYHBIMH BOJ@aMH OT HE(PTEXMMHUUYECKOH, XHMUYECKUX U (HapMaleBTUYECKUX IPOU3BOACTB, JieueOHO-
NpoUIAKTHYECKUX YUPEXKICHUH M S>KUBOTHOBOAYECKMX (epM XHMMHYECKHME BEIecTBa IONAIalOT B BOJOEMBI.
CoBpeMeHHbBIE METOIbl OYMCTKH BOAHBIX CTOKOB OKA3aJINCh HEI((EKTHBHBIMH B OTHOLICHHH PANd XUMHUYECKHX
IpenaparoB. JTH MpenapaThl CIIOCOOHBI BBI3BIBATH THOETh MUKPOOPTaHN3MOB CHCTEM OMOOYMCTKH CTOYHBIX BOJI, &
IpU TIONAJaHUM B BOJOEM HAHOCAT TSDKEJBIH ypoH ero duope u dayHe. B Hacrosmee Bpems Hamboiee
YHHUBEpCANbHBIM M IIMPOKO MPUMEHSEMBIM METOJOM OYHCTKM CTOYHBIX BOJ SBISETCS Owosormdeckas u
ANIEKTPOXUMHYECKass 0YUCTKU. OJHUM M3 CIIOCOOOB MOATOTOBKU BOJIBI [UIsi OHOJIOTHYECKOM U DIIEKTPOXUMHYECKOM
OUYUCTKHM MOTYT CIYXXHUTh IPOLECCH AECTPYKIUH CUHTETHYECKONH OPraHUKU IMpPU JEHCTBUU aKTUBHBIX PaJHKaJIOB,
Co3JaHHBIX B arMmocdepHoit mrazme CBY- paspsima B pe3ynbraTe BBICOKOW 3HepreTuueckoil 3¢ddexTuBHOCTH
TUIA3MOXUMHYECKUX PEaKIMid, MPOTEKAIOIMX B Pe3yJbTaTe KoJeOaTeJbHOro BO30YXKIEHHsS MOJIEKYJl BEIECTBa B
CBY-mna3me. OgHa U3 IPUYMH 3TOTO MHTEPEca 3aKII0YaeTCsl B HOBBIX BO3MOXKHOCTSIX, KOTOPBIE OTKPBIBAET 3TOT
paspsa JUIA TPAaKTUYECKOTO HCIONb30BaHUs. OCHOBHBIMHM pa3psOHBIMH IIPOJYKTAMH SIBIISIOTCS aKTHUBHBIC
OKHMCJINTENH: KOpOTKOkuBymme dactuubl O, -OH u n1pyruwe, CnocoOHbBIE BO3AEHCTBOBATH Ha PACTBOPHI
HerocpeacTBeHHO Bo BpeMsi CBU- anektpopaspsagHoii 00paboTku Bo3myxa. Llenmsio HacTosieid paboThl SBHIIOCH
UCCIIE0OBAaHNE JIECTPYKIMK BOAHBIX pactBopoB mukimodenaka (CisH11CIoNO), xak MomensHOro BelecTsa,
MPECTaBIISIONIETO OCOOYIO CIOKHOCTh IPH OYUCTKU CTOUHBIX BOJ, B YCJIOBUSAX BO3JEHCTBUS aKTHBHBIX PAHKAJIOB,
co3/aHHBIX B MazMe atMocdepHoro CBU-paspsa. Takke Ha BBIOOP 3TOrO BELIECTBA MOBIHSIIO BO3MOXKHOCTBIO
IPSMOTO CIIEKTPO(OTOMETPUUYECKOTO OTpeneNeHus B uHTepBayse MmuH BoiaH 200—600 HM ¢ HCHONB30BaHHEM
crektpooTomMepa. AHaNIM3 ONTHYECKHX CIHEKTPOB TMOTJIOMIEHHUS BOJHOTO pacTBOpa AWKIO(EHaKa IoKa3ail
MPOTEKaHNEe MPOIIecca AECTPYKIUH, COIIPOBOXKIAIOIIETOCS CHI)KEHHEM HHTEHCHBHOCTH TOTJIOMIEHHs B 06mactu 590
HM W YBEJIMYEHHEM MHTEHCUBHOCTH rorsonieHus B oosactu 200 HM. CornacHo JIMTepaTypHBIM JaHHBIM CHIDKEHHE
WHTEHCUBHOCTH TIOTJIONIeHus B obmactm 590 HM 0OYCIOBIEHO JECTPYKIMEH IO ayKCOXPOMHBIM TpyIIaM
Haubosnpmme n3MeHeHns cocTaBa MOJISIEHOTO pacTBOpa MpH Bo3zeicTBUH mwa3Mbel CBY- pa3psia momy4yeHs! B cpeze
BO3Ayxa. B mokmame mpeactaBieHB! 0030pHBIE ITaHHBIC, JaHHBIE SKCIIEPHMEHTOB, JAaHHBIE IKCIEPHMEHTAIBFHOTO
000pyI0BaHNs, aHATUTHIECKUE JaHHBIE, O0IIME BBIBO/IBI, BEIBOIBI O IEPCIIEKTUBAX HCIIOIB30BAHMUS ATON TEXHOIOTUH
W CIIMCOK nuTeparypsl. [lokasana pusnko-xumudeckas 1 MaTeMaTiueckas MOJAEINb Ipolecca.

PesynbraTel ObUIM IOJTydEeHBI B paMKax BBINOJIHEHHs TOCyAapcTBEHHOro 3ananus MunoOpHayku Poccun,

npoekT Ne 0721-2020-0028.
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TOMOI'PA®UYECKAS BU3YAJIN3ALIMS OBBEKTOB C PASHOM
PEHTTEHOKOHTPACTHOCTbBIO
O.C. YepHoBa, A.A. bynasckas, A.A. I'puropsena
HauuonaneHeli uccinenoBatenbckuil TOMCKHM NOTUTEXHUYECKUNA YHUBEPCUTET,
Poccus, r. Tomck, nip. Jlennna, 30, 634050
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Ha cerommsmuuii neHs ToMorpadus SBISETCS OTHUM M3 CaMbBIX 3(PQPEKTHBHBIX METOIOB THATHOCTHKH
pa3nmuuHbIX 3aboneBaHUil. BBICOKas TOYHOCTH ITAaHHOTO METONA JaeT BO3MOXKHOCTH HCCIICIOBATh OTIEIBHBIC
COCTABIISIFOIIUE YEIOBEYECKOT0 OpPraHu3Ma, MO3BOJIsIs BHISIBUTH MalleHlie MaToJoTuu B uX cTpykrype[l]. Paznoro
poJia OpraHbl UMEIOT Pa3IHYHYIO0 PEHTTCHOKOHTPACTHOCTh, [IO3TOMY HEOOXO0IMMO aHATU3UPOBATh paboTy ToMorpada
Ha CIICIMATM3UPOBAHHBIX MaKeTaX, KOTOPhIC HA3BIBAIOTCS (paHTOMAMHU.

B MemunmHe pPEHTTCHOKOHTPACTHOCTH ONPEACISIETCS MyTeM OOJydeHHsl HCCICIyeMOro OOBeKTa
PEHTTCHOBCKUM alIIapaToM ¢ TMOCIEAYIoIel mposBKoil CHUMKOB[2]. Ha 0cHOBe MOJYyYeHHBIX JAaHHBIX OMPEACIAeTCs
COOTHOIIICHHE MEXTY (oTorpaduaeckoii IIIOTHOCThIO OOBEKTa U TOJIIMHOW MaTepHala, MPUHATOTO 3a CTaHAapT.

B nanHO# paboTe OBIIO IPOBENEHO HCCICIOBaHHE OOpPA3LOB Pa3sHON PEHTTEHOKOHTPACTHOCTH C IICIBIO
ompenereHus cocraBa (paHTOMa HAa OCHOBE HM300paKEHHMH, IONYYSHHBIX C ITOMOINBI0 MMITYJIECHOTO HCTOYHHKA
PCHTTCHOBCKOTO HM3JIydeHHsI ¢ (DUKCHPOBAHHBIMU 3HAYCHHUSIMHU HAMPSHKCHHUS M TOKa, paBHbIMH 70 kKB u 2 MA,
COOTBETCTBCHHO, M Ta30pa3psIHOTO NETEKTOpa H3lydcHus. B Xxome 00pabOTKM pe3ybTaTOB OBLIH COCTABIICHBI
TaOJIUIIBI, BKITFOYAtOIHe B ceOs nanubie RGB-npoduieit 00pa3ioB MaTepraioB U TECTOBBIX MOJICIICH.

B pesynbraTe ObUT ompesesicH cocTaB (haHTOMA, COCTOSIIETO M3 YSThIPEX PAa3IUYHBIX MAaTCPUAIIOB, IYTEM
CpaBHEHUS INIOTHOCTH NMPOCBEYHUBAHHS TECTOBBHIX 00Pa3I0B M MaTepHAIIOB TAHHOTO (paHTOMA.

HccnenoBanue BBIMOIHEHO 3a cuet rpanTa Poccuiickoro Hay4dHoro ¢onaa (mpoekt Ne 19-79-10014).
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CIHHEKTPAJIBHBIE XAPAKTEPUCTUKHU ITOJAPU3AIIMOHHOT' O U3JTYUYEHUS B OBJIACTH
«OKHA ITPO3PAYHOCTU BO/bI»
M.B. IlleBenes, A.C. Konskos, b.A. Anekceen
HanunonanpHeli nccnenoBaTesbckuii TOMCKUI NONUTEXHUYECKUM YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: mvshev@tpu.ru
VHTEeHCHBHBIE 1 MOHOXPOMAaTHYECKHE NCTOYHUKHU M3JIyYSHHS B CIIEKTPAIBLHON 00JIACTH «BOZISTHOTO OKHa»
HEOOXOMMBI JUIsl pelICHUS Pa3IMYHbIX MPHUKIaIHBIX 3a/1ad. OZHUM U3 MEPCHEKTUBHBIX UCTOYHUKOB M3JIyYECHUS B

paccMaTpuBa€MOM IHAIIA30HE YAaCTOT ABJIACTCA MOJAPU3AITMOHHOC HM3JTYUYCHHE, BOZHUKAIOMICEC NPU IMPOXOXKIACHUN

54


mailto:osc6@tpu.ru

1 WHMeHepHan WKona «DU3uKO-TeXHUIECKHE NMPOOIEMBI B HayKe, MPOMBIIUIEHHOCTU U MEAUIIMHE.
I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXayHapOAHBIHA OIBIT IIOATOTOBKU KaJpOB)

TOMCKWA NOAWUTEXHUYECKMA YHUBEPCUTET

3apsia Yepe3 TOHKYIO IUIACTUHKY. B sHepreTnueckoil 061acTi MATKOTO PEHTTEHOBCKOTO M3Iy4eHHs, BOJIN3H KpaeB
(hoTOTOTIOIEHNS BEIIECTBA PAANATOpa, peanbHas 4acTh AMINIECKTPUYECKON NMPOHHUIAEMOCTH MOJKET IPEBBIIIATH
eIMHMILLY, 1, KaK cliecTBUe, Kpurepuil Tamma-®DpaHka OyaeT BBITONHATECS. TakuM 00pa3oM, OJTHOBPEMEHHO OyieT
TEHEpUPOBAThCA [Ba TUIA IOJSAPU3ALMOHHOIO W3JIy4YEHMs: IIEPEXOJHOE HU3IydyeHUEe U u3lydeHue Basuiosa-
YepenkoBa. B 3TOM Jo0Knaze Mbl IPEACTABISIEM PE3YJBTAaThl TEOPETUYECKOIO MCCIEAOBAHUS CIIEKTPaIbHBIX
XapaKTEPUCTUK MOJIIPU3aLIUOHHOIO U3JIy4eHHs AJIL IBYX Cllydaes, korga kpurepuil Tamma-®paska peanusyercs u
HE BBINIOJHAETCA. B pamkax mpencTaBieHHOW pabOThI MBI IPOAHAIN3UPOBAIN BIUSHNAE TOJIIMHBI U yIJla HAKIOHA
panmaTopa Ha CIEKTP BO3HHMKAIOIIETO M3Iy4deHHs. JlJI1 OmMcaHus CBOMCTB MOJIAPH3ALMOHHOTO HU3IY4EHUS WU
KOMIUIEKCHOH ITU3IEKTPUIECKOH MPOHUIIAEMOCTH MBI UCIIOIB30BAIM METO/I MOISPU3AINOHHBIX TOKOB [1] 1 Mozens
XeHke [2], COOTBETCTBEHHO.
HccnenoBanue BbINONHEHO NpH (rHAHCOBOH mognepxke PODU B pamkax HaydHoro mpoekta Ne 18-32-
00385 mon_a.
CIIUCOK JIMTEPATYPBI

1. Kapnogen /I.B. K Teopun monspru3anioHHOTO U3IYICHUS B cpelax ¢ pe3kumu rpanumamu // dKITO. — 2011, —

T.113. —Bom. 1 (7). — C. 36-55.
2. Henke B.L., Gullikson E.M., Davis J.C. X-ray Interactions: Photoabsorption, Scattering, Transmission, and

Reflection at E=50-30,000 eV, Z=1-92 // Atomic Data and Nuclear Data Tables. — 1993. — Vol. 54. — Issue 2. —

P.181-342.

MOJAEJIUPOBAHUE CUCTEMBI YIIPABJIEHUS BEPTUKAJIBHBIM ITOJIO)KEHUEM I1JIA3MBI C
HUCIIOJIb30BAHUEM HEYETKOI'O PETYJISITOPA
P.b. Mumkuna, B.M. I1aBioB
HanuonaneHsli uccnenoBaTenbekuil TOMCKHA NOTUTEXHUYECKUHA YHUBEPCUTET,
Poccus, r.Tomck, nip. Jlenuna, 30, 634050
E-mail: rbs2@tpu.ru

Cuctema ympasnenus 1iazMoii TOKAMAKa sBiseTcss COBOKYIHOCTBIO OOJIBIIOTO YHCA IMOJCHCTEM,
MPE/ICTABIISIONIMX CO00H KOHTYPBI yIpaBJIeHHs I1a3MEHHBIMH MporieccaMu (popma, TOK, MON0KEHHE TIIa3Mbl U T JI.).
B TOKAMAKe KTM mna3ma nmeetr D-o6pa3nyto ¢hopMmy, BEITSHYTYIO 1O BepTUKaind. CTaOMIN3aIus MOI0KEHHS
TUIa3MBbl BEPTHKAIIM SIBISETCS CIIOXHOW 3ajaueii, 11 e€ pemeHus Tpedyercss 00ecnednTh BBICOKYI0 TOYHOCTh M
ObIcTpOACiicTBHE CHCTEMBI yrpaBieHus [1].

B Hacrosimee BpeMs CyIIECTBYeT BO3MOXHOCTb HCIHOJIB30BaHUS KOMITBIOTEPHOTO MOJICIIUPOBAHUS C
MPUMEHEHNEM METOOB YIpaBJIeHHS 0O0BeKTaM M 00paboTkm MH(OpMAIH, HE HCIIONB3yEMbIX paHee, TaKuX Kak
HEHpPOHHBIE CETH M HeueTKas Joruka. Ha TaHHBIII MOMEHT yXe CYIIECTBYIOT IMPUMEPH! YCIEUTHOTO MPUMEHEHHUS
MEXaHM3MOB HEUETKOTO BBIBOJIA B CHCTEMaX YIpaBJeHus mia3moii [2, 3].

B pamxkax naHHO# paboTHI OBLTO IPOBEICHO MOJICIMPOBAHIE PAOOTHI CHCTEMBI YIIPABICHUS BEPTUKAIHHBIM
MOJIOXKEHHUEM IUIa3Mbl C MHCIOJBb30BAaHUEM B HEH HEUETKOro peryisaropa Ha OCHOBE anropurmMa MamiaHH.
MonenupoBanne OblIo TpoBeseHO B cpene rpaduueckoro moxenuposaHus SIMULINK ¢ ucnonb3oBaHmem
BCTPOEHHBIX CPEJICTB peasli3alliil HEUETKUX PEryIATOpPOB. B ononHeHne ObI1 HaMcaH IporpaMMHBIH KOJT Ha SI3bIKe

Cu, peanu3yOLUi HeYeTKHil peryastop noxooHo peanusauuu B Fuzzy Logic Toolbox — paciuupenust Kk MATLAB.
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PaboTa BEIMOTHEHA TIpH TIOIIep)Kke MUHKMCTEPCTBA HayKX M Bbiciiero odpasoBanus P®, Cornamenue No
075-11-2019-013 ot «11» oxts16pst 2019 1. Unentudukatop npoekra RFMEFI58519X0007.
CIIMCOK JIMTEPATYPbI
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PA3PABOTKA BECKOHTAKTHOI'O UBSMEPEHMSI KABEJIEM NOBBIIIEHHOM HAJIEXKHOCTH
JJISI ATOMHBIX CTAHIIAM
Li Hongda'?, C.A. Cocnosckuit®, C.B. Tiopun*
Shenyang ligong university, China, Shenyang, 6 Nanping Middle Rd, Hunnan Qu, Shenyang Shi, 110168
2HarnuoHa bHBIH HCCIIeM0BATEIHCKII TOMCKHUI MOMUTEX HUIECKU I YHUBEPCHUTET,
Poccus, r. Tomck, nip. Jlenuna, 30, 634050
SHauuoHnanbsHbli necienoBatenbekuii TOMCKHit ToCy1apCTBEHHBIA YHHBEPCHUTET,
Poccus, r.Tomck, nip. Jlenuna, 36, 634050
4000 HIIK "Asuop",
Poccus, r.Tomck, yi. bakynuna, 26, Tomck, 634003
ssa777@mail.ru
DKOHOMHUYECKas IOTPEOHOCTH B OTHOCHTENBEHO HEIOPOTOH 3NIEKTpoIHeprur B Poccnu, a Takke 3a pyoexoM
B HacTOsiLee BPEMS MOCTOSIHHO YBEIMYMBAETCA. B CBSI3U C 3TUM CTPOUTENHCTBO HOBBIX ATOMHBIX CTaHIMM, Kak
OJIHOTO U3 OCHOBHBIX MCTOYHHMKOB JHEPIUHU SBJIIETCS NPUOPUTETHBIM B Poccuu. B HacTosiiee Bpems B Pocculickoii
®Denepanuu pabotaer 38 sHeprobiokoB ADC obmieit MomHOCTEI0 30 'BT. OnHUM 13 BaXKHEHWIIUX DIIEMEHTOB B
CHCTEME SJIEPHOIO PEeaKkTopa SIBISIIOTCA KaOeibHas cucTeMa. AKTYalbHBIM SBJISIETCS pa3paboTKa TEOpPEeTHYECKUX
MoJIeJIeil, METOTMK W KOHCTPYKIHNH KaOeIbHBIX M3/ICTHIA, OTIMYAIOIINXCS TOBBIIIEHHON HAICKHOCTHIO, OTBEUAIOIIAM
BCEM COBPEMEHHBIM KPHUTEPUSM O€30MAaCHOCTH. MHOTOYNCICHHBIME HCCICIOBAHUSIMH IMOKAa3aHO, YTO 3TO MOXKET
OBITh JOCTHTHYTO C TIOMOIIBIO CO3JAHHS HOBBIX METOJOB KOHTPOJI KaOCNBHBIX W3JENUi MpPU UX MPOU3BOJCTBE.
Takum 00pa3zoMm, B HACTOsIIEE BPeMs, B CBS3H C IOBEHIIICHHEM YpPOBHs TpeOoBaHHN K OE30MACHOCTH aTOMHBIX
CTaHIUH, pa3paboTka KaOEeNbHBIX W3JENUIl MOBHIMIEHHONH HAIEC)KHOCTH SBISIETCA akTyanbHOW 3amadeif. Crocob
peanmu3yercsi cieaylomuM obpa3oM. Uepe3 OTBepCTHE, BBIIOJIHEHHOE IO IEHTPY B KOpITyce YCTPONCTBA JUIA
OECKOHTAKTHOTO HW3MEPEHHUS CMEIICHHS TOKOBEIYIIEro IIPOBOJHHMKA, NPOTATHBAETCS Kabenb, ComepKaIui
TOKOBEAYIIMA MPOBOAHUK (kuiny). [Ipw 3TOM B mamsTH yCTPOWCTBA TOCJE MPOBEIACHUS KaTUOPOBKU XPAHATCS
9JIEKTPOMAarHUTHbIE KOOPAMHATHI MUHUMYyMa HEW30JIMPOBaHHOM >KuJibl. [Ipu momoiy HHAYKTOpa HAa TOKOBEAYLINit
MPOBOTHUK HABOJUTCSA TOK 33JaHHOHM 9acTOTHl B (QOpMBI. OCYIIECTBISAA MUKIMYECKOE KOoJeOaTeIbHOE ABIDKCHHE
U3MEPUTEILHOW CHCTEMBI, OTHOCHTEIBHO IMPOXOASAIICTO B U3MEpPSEMOW 30HE KaOels MPOUCXOIUT CHHXPOHHOE
CHSITUE TMOKa3aHUU YPOBHS HaNpsOHKEHHS C JEKTPOMArHUTHBIX JATYMKOB M COOTBETCTBYIOIIMX 3THUM IOKa3aHUAM

KOOP/MHAT TIOJIOKEHUS Kabemst B n3MepsieMoi 30He. 13 onpeneneHHbIX 3IeKTPOMAarHUTHEIX KOOPINHAT MUHIMYMa
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HEHU30JIMPOBAHHOM >KMIIBI, XPAHAIIMXCS B TIAMSATH YCTPOMCTBA, M BBIYHCICHHBIX Ha 3Tale KaJHMOPOBKH YCTPOICTBa,
BBIYUTAIOTCSl TEKYIIHE 3JIEKTPOMArHUTHBIC KOOPAWHATHI MUHHMMyMa paboueld n30aMpoBaHHOW xwuibl. [locie
00paboTKN pPe3yNbTaTOB H3MEPEHUI ONpeseNnseTcss CMENIeHHEe TOKOBEIYIIEro IPOBOJHHKA OTHOCUTEIBHO
TeOMETPUYECKOT0 IIEHTPa n3MepsieMoro kadeis. Pe3ynbraTel n3MepeHuil B rpaduueckoM BHIE OTOOpaXkaloTcs Ha
skpaHe OBM wmiu 11000r0 MOPTATHBHOTO YCTPOMCTBA ISt BBIYUCICHUH M 00paboTku naHHBIX. JlaHHBIH cnocob
MOXeET OBITh WCIOJIb30BaH IIPH IMOBBINICHUH KadecTBa U 3(PPEKTUBHOCTU MOCTPOCHHSI M3MEPUTEIBHBIX CHCTEM B
o0sacTi KabeTbHOTO MPOX3BOJICTBA U ATOMHBIX CTAHIIMH M B MHBIX OTPACIIAX aTOMHOH MPOMBIIIIEHHOCTH.
PesynpraTel OBUIM MOJTydIEHBI B paMKaX BBITOJHEHHS T'OCYAapCTBEHHOTO 3amaHust MunoOpHayku Poccum,

npoexT Ne 0721-2020-0028.

INEPEPABOTKA TEXHOJIOTHYECKUX U TEXHOI'EHHBIX PACTBOPOB B YCJIOBUAX
BBICOKOTEMIIEPATYPHOTI'O PACIIBIVIMTEJIBHOI'O PEAKTOPA
Yu Xiaolin!, C.A. CocroBckwuii?, B.1. Caukos?
"HarmmoHaneHBIH HUcchenoBaTenbckuii TOMCKHH MOMUTEXHIYECKUT YHUBEPCHUTET,
Poccus, r. Tomcek, np. Jlenuna, 30, 634050
’HanuoHanbHblii HccenoBatenbekuit ToMcKuii rocy1apcTBEeHHbIH YHUBEPCHUTET,
Poccus, r.Tomck, np. Jlenuna, 36, 634050
ssa777@mail.ru

[TpousBoncTBa, CBA3aHHBIE C XMMUYECKOH 00pabOTKOM pyA M METAIOB, SIBISIFOTCS OJHUMH M3 HauboJjee
BPEIHBIX ISl OKpYyXatoieit cpensl. [loaTomy Bonpockl 3 (heKTHUBHON yTUIIU3AIUH KUAKHX TEXHOTEHHBIX OTXOJI0B
(’KTO) B Hacrosmiee BpeMsi OCTAIOTCS BecbMa akTyanbHBIMU. s Tpynmsl npoMbinuieHHBIX JKTO mpuMeHeHne
MEXaHHYECKOT0, OMOXMMHYECKOTO, (HM3MKO-XMMHUYECKHX W JIPYTMX METOMOB OYHCTKM 3a4acTyi0 He MAaér
TIOJIOKUTENIBHBIX pe3ynbTaToB. OCOOEHHO 3aTpyAHHUTENbHA yTHiM3anus ranorencopepxammx JKTO, ¢ 6onpmum
Ha0OPOB ¥ BBICOKOI KOHIIEHTpanne MUHEPAIbHBIX BEIIECTB. B 3THX Cirydasx MpUMEHSIOTCS TEPMUIECKAE METOMbI
00e3BpeKMBaHMS, 3aKJIIOYaloNieecs B OKHUCICHHH TPH TOBBIIIEHHOW TeMIlepaTrype NpuMecedl B >KHAKOCTH C
00pa30BaHNEM HETOKCHUYECKHX COoeAuHEHUH. OIHUM M3 TEPMHUYECKUX METOJOB 00€3BPEKUBAHMS MPOMBIIITICHHBIX
KTO sBnserca TepMOXHUMHUYECKOE O0E3BpEKMBAHHE, MPOBOJMMOE B BBICOKOTEMIEPATYPHOM pPaCHBUINTEIHHOM
peakrope (BPP). CyTp 3TOro Merona 3akiodaeTcsi B TOM, YTO JKHIKOCTh B PAcIbUIEHHOM COCTOSHMM BBOJIWTCS B
BBICOKOTeMIepaTypHyto 300y BPP. Ilpn 3ToM Karum >KHAKOCTH HOJHOCTBIO MCHAPSIIOTCS, TOKCHUECKHE MPUMECH
MOZIBEPTAIOTCSl TEPMOXMMHUECKOMY Pa3IOKEHHI0O M OKucieHuro. Cojepkamuecs B JKHAKOCTH MHUHEpabHbIE
npuUMecH o0pa3yloT TBEp/bIE YaCTHUIbI, KOTOPBIE YHOCSTCS C Ta3aM{ M YJIABIMBAIOTCSA B (QMIBTPAMOHHOM OJIOKE
ycTaHOBKH. Ha 3TOM MpHHIMIIE TOCTPOEHBI NMPOLECCH], WAYIIME B ammapaTrax Mo pereHepanud oTpabOTaHHBIX
TPaBHJIIBHBIX PACTBOPOB METALIYPTHYECKUX MNPEANPHUATHH. B OCHOBE STHX MPOIECCOB JIEKHUT MHPOTHAPOIN3
0TpabOTaHHOTO PacTBOpPa B PACHBUIMTEIIFHOM TEPMOXHMHYECKOM PEAKTOpE C MOCIEIYIOIUM OTIeICHHEM TBEPIOH
(ha3bI B BUIE€ BEICOKOIMCIIEPCHOTO MOPOIIIKA M KOHACHCAIMEH MapoB KUCIOTHI B MACCOOOMEHHBIX KOJIOHHAX. B Hamem
ciryqyae BPP paGortan B pexuMe HHCXonsero mnpsMoroka. IIHeBmarmueckas (OpcyHKa, dYepe3 KOTOPYIO
BIIPBICKUBAETCS PACTBOp, pacloyarajgach B LEHTPE KpBILIKH peakropa. Ilomada peareHTa-TeIIOHOCUTENS
MPOMCXOJUIa Yepe3 TaHTeHIMAIbHOE OTBEPCTHE BEPXHEH 4acTU paclbUIMTENbHON KaMmepbl. CTEHAOBBIH PEaKkToOp
paboTai ¢ IOJHBIM YHOCOM TBepJoH (ha3bl. B kadecTBe onpexensiomeil npuHUManach TeMIepaTypa a’po30JIbHOTO

MOTOKa Ha BBIXOJIE M3 peakropa. B xome pabGoTel Obuta mpoBeaeHa cepHsl IKCIHEPUMEHTOB MPU Pa3IMIHBIX
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TeMIepaTypax M MOJIYYEeHBI 00paslbl TBEPAOTO W JKUAKOTO MPOAYKTOB pereHeparuu. JIUTenbHOCTh OTIENBHOTO
OTIBITA OTIPEEIATACH KOMTUIECTBOM TBEPAOTO H )KHUIKOTO MPOAYKTA, KOTOPOE JOIDKHO OBUIO OBITH TOCTATOYHBIM IS
aHanu3a ero cBoHcTB. [IpuBoAsITCA MPpUMEPHI UCTIONIB30BaHUS TOJIYYEHHOTO MOPOIIIKA.

B Hacrosiee Bpemsi mpopadaTbiBaeTcsl MIa3MOXUMUYECKasl CXeMa Ipoliecca pereHepaun oTpaboTaHHBIX
(dTopcoaepKaIMX PacTBOPOB TUTAHOBBIX, CTEKOJNBHBIX M PYAO IepepadaThiBaeMbIX MPOU3BOJICTB, C BO3BPaTOM
pereHepupOBaHHON KUCIIOTBHI.

PesynbraTel ObUTH MMOITydeHBI B paMKaX BBHIIIOJHEHHS TOCYJapCTBEHHOTO 3amaHus MuHoOpHayku Poccun,

npoexT Ne 0721-2020-0028.

AHAJIN3 DO PEKTUBHOCTHU IMPUPOJHBIX I''IMH KAK BAPBEPOB U151 PACITPOCTPAHEHUS
PAO
B.® Msbikun, Ban Lainyss, 1.B. Tykcos
HanuonanpHelil nccnenoBaTesbckuii TOMCKUI MONUTEXHUYECKUM YHUBEPCUTET,
Poccus, r. Tomcek, np. Jlenuna, 30, 634050
E-mail: caylun1224@gmail.com

PasBurne aroMHOI SHEPreTHKH MPHUBOAWT K HAKOIUICHHIO 3HAYUTEIHHBIX KOJIHYCCTB PAaTUOAKTUBHBIX
orxon0B (PAO). [ToTeHnmansHast ONMACHOCTh aKTHHUAOB COXPAHSAETCS COTHH Thicad jerT. s mokammsanuu PAO
HeoOxomuMma pa3paboTrka 3()(HEKTUBHBIX M IKOJOTMYCCKH Oe30macHbIX MeTonoB. OOIIeNpU3HAHHO, YTO
3¢ GEKTHUBHBIM CITOCOOOM OOpAICHHSI ¢ TAKUMH OTXOJIAMH SIBIIICTCS Pa3MEIICHUE UX B FCOJIOTUMICCKUX (POPMAIIUSX,
coJieprkanux riuHel. Llenp uccnenoBanus — oreHka koddduuueHToB nquddys3us pa3anyHbIX KATHOHOB B TIIMHUCTBIX
MHHEpasax, HCHOJIB3YEMBIX Kak O0apbep aist Jokanu3auud PAO.

Pacnpoctpanenne PAO cBs3HO ¢ nuddys3uei paJioHYKIUIOB B TIMHE W B TIOPax, a TaKKe MEPEHOCOM C
IOMOIIBIO IIOTOKOB BOJbL. Y CTAHOBIEHO, YTO MPU IIOTHOCTHU Gonee 1,5 r/M® IIMHMCTBIE MUHEpabl IPAKTHYECKH HE
TPOHHIIAEMBI JUTs BOIHI [1]. Boibiiast 9acTh paqnoHyKINAOB (¥7Cs, %°Sr, mzoroms! Pu u U) copOupyercs Ha TIHHE 32
c4ét ooMeHa noHaMu. CKOPOCTh MOHHOTO OOMEHA 3aBHCUT OT TEPMOJUHAMUKHA OOMEHA, COCTaBa W KOHICHTPAIHU
pacTBopa, OT COPOMPYEMBIX HOHOB M MOHHOH (hopmbl rMHEL. bonee 3¢ pexTuBHO 00MEH KaTHOHOB MPOUCXOIUT U3
HEHUTPAJIBHBIX PACTBOPOB [2]. DTO CBSI3aHO C TE€M, YTO HOHBI METAIUIOB HE KOHKYPYIOT ¢ H* 3a akTHBHBIE IICHTPBHI.

Jist otieHkH BenauHbI Ko3ddunmenta audy3un KaTHOHOB PaIHOHYKIINIOB BHYTPH KPUCTAJUTUTOB HJUTATA
OIICHUBAII PHEPTHUIO CBS3HM MEXKCIOCBBIX HOHOB C MIHEPAJIOM C TIOMOIIBIO TIPOTPaMMBI IS KBAHTOBO-XHUMHUYECKUAX
pacuetoB Materials Studio. B Tabmume mpuBemeHBI 3HEPTUH KYJIOHOBCKOW CBSI3M MHUHEpala WILINTa ¢ HOHAMH
MeTayuIoB. M3BECTHO, YTO KOOPAMHAIMOHHBIC YHCIIA 3aBUCST OT HMOHHBIX paanycoB. KoopIWHAIMOHHBIE YHCIA
yKa3aHBl B CKOOKaX, a paJWychl NpPHBEICHBH B aHrcTpemMax. YeM OoibIe WOHHBIA Paguyc, TeM Ha OoJblice
paccTosIHUE Pa3JABHUIAIOTCS 1B COCEIHMX CJIOS aTOMOB MUHEpasa, & CyMMapHas SHEPTrHsl CBSI3M PACUCTHOM sSTUCHKU

yMeHbInaetcss. MakcuManbsHast SHepTHst CBsI3U Haburomaercst uist noHa Na®.

Tabnuya 1
HOH Li Na K Rb Cs Fr Sr Ra
SHEPTHA | 53 930 | -28,390 | -26,293 | -25,813 | -25,374 | -25,290 | -26,515 | -25,819
CBs3H, K3B
UOHHBIA
camrye, A | 108 (8)|1,32(8)| 1,65 (8) | 1,75 (8) | 1,88 (8) | 1,94 (6) | 1,40 (8) | 1,62 (8)

BI/IHHO, YTO € YBCIIMYCHUEM paJnyCa KAaTUOHOB MICJIOYHBIX 3JIEMCHTOB JHCPIHA CBIA3U YMCHBLIIACTCH.
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OnHako, TUTHN BBITTAIaET U3 3TON 3aKOHOMEPHOCTH. Bo BTOpOM mepuo/ie Takke HabIoJaeTCsl KOOPIUHAITUS MEXKITY
SHEeprueil CBSI3M M MOHHOTO paanyca. DHeprus, HeoOXoammas Ul IPeoIoJICHUS HOHOM Oapbepa B AJIEMEHTAPHOU
syeiike WJUIMTA CBS3aHa C HOHHBIM paanycom. B JOKJIaAC MPUBOJUTCA aHAJIUM3 IPOLECCOB, IMPUBOAAIINX K
yMeHbIIEeHNI0 KodddunuenTa nudpy3nn KaTHOHOB PaJUOHYKINAOB Yepe3 UILIHT.
HccnenoBanus BHIIONHSUIMCH B pamMkax rpanta PO®U 16-08-0024616.
CIIUCOK JIUTEPATYPbI
1. Matusewicz, M., Olin, M. Comparison of microstructural features of three compacted and water-saturated swelling
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2. Leng Ya., Henderson M.J., Courtois J. at all. Sorption of plutonium on geological materials associated with a
Chinese radioactive waste repository: influence of pH // Journal of Radioanalytical and Nuclear Chemistry. — 2016.
—V. 308. — P. 895-903.

JIABEPHAS JIEBAKTUBAILIMS ITOBEPXHOCTEN TB3JIOB
B.A. Xan!, B.®. Mpunxun?, J.M. Xopoxopun'?, M.C. KysHernos!
'HanmoHansHBIN HCCIeqoBaTENbCKUi TOMCKHII MOMATEXHUYECKHI YHUBEPCHUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050
2 depiepanbHOE rocyIapCTBEHHOE YHUTAPHOE NpeAnpusTue «OpHO-XUMUYECKUH KOMOUHATY,
Poccus, r. XKenesznoropcek, yi. Jlenuna, 53, 662972
E-mail: dmh1@tpu.ru

B Hacrosiee BpeMs MEPCICKTUBHBI SACPHBIC PEAKTOPHI 4-TO MOKOJICHHUS, TAKUE KaK OBICTPhIC HATPHEBHIC,
HCIIOJIB3YIOIINE MOKC-TOILUTUBO. [IPOM3BOCTBO MOKC-TOILIMBA UMEET MHOXKECTBO TEXHOJIOIMYSCKUX OCOOCHHOCTEH
1 KOHTPOJIFHBIX OTIepaliii, He XapaKTEePHBIX JJIs TEXHOJIOTHH ToIuTiBa Ha ocHoBe UO».

MOKC-TOIUIMBO  COAEPXKHUT IUIYyTOHUHM, KOTOpelid B ~180000 pa3 axkTHBHEE MNPUPOJHOrO YpaHa,
MPETepPIICBAIOIINN B OCHOBHOM ol-pacman. [losToMy momagaHWe MeNbYalliiX YacTHI[ TOIUIMBA HAa BHEIITHIOIO
MOBEPXHOCTh TPYOKH TBAJIa, BHOCHUT O0JIbIIOE O-3arpsi3sHeHne. [[03TOMy Ipu MPOU3BOICTBE TBJIOB C MOKC-TOTLTUBOM
TpeOyeTcsl KOHTPOIb IIOBEPXHOCTHOTO 3arps3HEHHUS O.-aKTUBHBIMU PaJIHOHYKITHIAMH.

Ipu 3arpy3ke TpyOKH TOIUTUBHBIM CTOJIOOM MHKPOYACTHUIIBI TOTLIHBA MOTYT MOMACTh HA TOpel| TpyOku. [Ipu
MOCIEAYIONEN PUBApPKE 3ariylIKd BO3MOXKHO TIONaJaHHe MHUKPOYACTHUI] B CBAPHOHN IIOB 3arIyIIKH. 3arps3HEHHE
TB2JIa TPEACTABIIACT W3 ce0s MUKPOUYACTHIIBI MOKC-TOIUIMBA HAXOMAIIUECS HAa TIOBEPXHOCTH TPYOKH, a TakKe
BKITIOYEHHBIC B 00hEM CBAPOYHOTO IIIBA 3aTTYIIKH TBAJIA.

W3BecTHa TEXHOJOTHA AE3aKTHBAIMHM TPYOKH TB3Ja, BKIFOYAIONIAs MPOTUPKY IMOBEPXHOCTH TB3Ja Yepe3
TKaHEBBIC YHCTAIINE 3JIEMEHTH KapTpumka [mateHT PONe2605540]. OngHako, MeTO HEe 0OeCIeUnBacT yIalCHHE
PaMOAKTUBHBIX MBUTUHOK, YACTHYHO YTOIUICHHBIX B 00EM CBapHOTO IIBA 3arTYIIKH TBAJIA.

Jlns ne3akTMBalMM CBapHOTO IIIBa MPEJIaraeTcsl HCIOJb30BAaTh JIa3epPHOE HCIAapeHHe MOBEPXHOCTH
000I0YKM TBAJMA. 3ajada HCCIENOBAaHHUS — ONTHMHU3AIMS TApaMETPOB JIA3€PHBIX HMITYJILCOB, TO3BOJISIONIAX
MaKCHUMaJbHO YMEHBIIINTh AKTUBHOCTH CBAPHOTO I11Ba TPYOKY TB3JIa TPY MUHIMAIILHOM YBEITUICHUH [IEPOXOBATOCTH
MMOBEPXHOCTHU TPYOKH.

CrasnbHble CIUIaBbl U OKCUJIBI YpaHa, IUTyTOHUS OTIUYAIOTCS TEII0EMKOCTBIO, TEMIIEpaTypamu IUIaBIeHUs U
kutieHus. CeIeKTHBHOMY HCIAPEHHI0 MHKPOYACTHI] OKCHUIOB CIIOCOOCTBYET WX MEHBIIAS TEIUIONPOBOIHOCTH H
BBICOKMI K0?()(UIIMEHT MOTIIOMIECHHS JIA3€PHOTO HM3IyYeHHs Ha paboyeil JUTHHE BOJHBI. MeTaibl U OKCHIBI

MCTAJUIOB HArpeBarOTCd ¢ pa3H0171 CKOpPOCTBIO H3-3a TOT'O0, YTO HMCIKOT PA3HBIC II0KA3aTC/IM NPCIOMIICHUA U
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TEIIONPOBOJHOCTE. DTO TIO3BOJSIET CEJIEKTUBHO HCHAPSATh BHEIPEHHBIE B METAJUI MHKPOUYACTHIBI OKCHIOB,
HaXOJAIIUXCA B TOBEPXHOCTHBIX CIIOSIX CBAPHOTO IIBA.

J1 3KcriepUMEHTaIbHBIX UCCIIEJOBAHUN UCIIOIb30BaHbl UMITYJIbCHBIM JIa3€p HA CTEKJIE C HEOJUMOM, JINH3A,
MO3ULUOHUPYIOILEE YCTPOUCTBO C 3aKPEILUICHHOW IIIIACTUHOM, IMUTUPYIOLIEH CBAPHOI 1I0B TB)JIA.

B noknane oOcyxImaroTcsi dKCIIEpUMEHTabHBIE PE3YJIbTaThl W MOJENb IPOLECCOB, NMPOTEKAIOMINX Ha
MOBEPXHOCTH CBAPHOTO II1BA, B 00beME KOTOPOTO COJIEPIKATCS IMOTYIPOBOIHUKOBBIE MUKPOYACTHIIBI, IPH O0JIydEHUH
UMITYJIbCHBIM JIa3€PHBIM H3JIydeHHeM. KOHTpoIb OCTaTOYHON aKTUBHOCTH MOBEPXHOCTH MPOBOIHIM C MOMOILBIO
ramMma-crekrpomerpa. Kparepel, oOpasyromuecs Ha HOBEPXHOCTH METalia HpH OOMydeHHH (OKYCHPOBAHHBIM
JIA3€pHBIM HM3IIy4YEHHEM, PACCMATPUBAIIU C PA3IMYHBIM YBEIUYEHHEM C MOMOIIBIO CKAHUPYIOIIErO 3IEKTPOHHOTO
MHKpocKorna. [ y0rHy KpaTepa Ha MOBEpXHOCTH TPYOKH TB3JIa OLIEHUBAIIU C IIOMOIIBIO ONTHYECKOT0 podHIIoMeTpa.

HccnenoBanus BHIIONHSUIMCH B pamMkax rpanta PO®U 16-08-0024616.

HCCJIEJOBAHUE MUKPOCTPYKTYPbI M3EJINI, HAITIEYATAHHBIX C IOMOILBIO TEXHOJIOI A
CEJIEKTUBHOI'O JIABEPHOI'O ILTABJIEHUST
B.®. Mpiukun, K.T. [lukepyH
HanmonaneHelii nccnenoBaTebckuil TOMCKUI MONUTEXHUUECKUM YHUBEPCUTET,
Poccus, r. Tomcek, np. Jlenuna, 30, 634050
E-mail: shikerunk@gmail.com

ATOMHAs SHEPTETUKA SIBJISICTCS TUHAMUYCCKH PAa3BHBAOIICIHCS OTPACIbi0 — MOBBIMACTCS 3((EKTHBHOCTD
SNEPHBIX TEXHOJOTHH, pa3padaThiBAlOTCS OE30TXOJAHBIE TEXHOJOTHH. JTO CTUMYJIUDPYET pa3BUTHE HOBBIX
HaHpaBHCHI/Iﬁ, HalipuMep, ailIUTUBHBIX TeXHOHOFI/Iﬁ, CBA3aHHBIX C JIA3CPHBIM IJIABJICHUEM NIOPOIIKA.

[Tpu ncmob30BaHNK TEXHOJIOTHH CENIEKTHBHOTO JIa3€PHOTO IIABJICHNUS, B MUKPOCTPYKTYPE METAITHIECKUX
3arOTOBOK BO3HHKAIOT JiehexTsl. Hanmmune nedekToB HeraTHBHO CKa3bIBAeTCsl HA MEXAaHUUECKUX CBOMCTBAX M3/IEIHH.
JedexTs!l mpeacTaBisioT n3 cedsl CIeAyIoNe BKITIOYCHNUSI.

1. I"a30oBBIe MOPHI, BOSHUKAIOUINE MPU HEMOJIHOM BBIXOJ/E T'a3a U3 paciuiaBa. ITo MOPHI cheprUIecKOi
(hopMBI, KOTOPBIE OCTAIOTCS U 1OCTIE TOT0, KaK METAJUT 3aTBEPEET.

2. Iopsl, KOTOpBIE BO3HMKIM B PE3yJIbTaTe HEMOJHOTO IMPOIUIABICHHUS CIOS MOPOIIKA. DTO MO OOJIbIISH
4acTU IJIOCKHE MyCTOTHI B MECTAX, T/IE, B PE3y/IbTaTe IUIaBICHN, HE MPOM30IILIO CIIHSTHUSL YaCTHI] IOPOLIKA C TIPEeIbLIYIIIM
croeM. Pacrionararorest Takue mopsI MepHeHMKY/ISPHO HAIIPaBJICHHIO POCTa 3arOTOBKHL.

KonmuecTtBo mop B 00beMe 3aroTOBKHM XapaKTEpU3yeTCsl TOHATHEM MOPHUCTOCTH. BBICOKMII mokasareib
MOPHUCTOCTH CYIIECTBEHHO YXY/IIAEeT TaKMe XapaKTEPUCTHUKH, KaK: MPOYHOCTh, YHPYTOCTh, BI3KOIIACTHIHOCTH.
[TosTomy mops! orpaHu4uBaeT (YHKIHMOHAIBHOE NPUMEHEHHE W3JICNINH, M3TOTOBJIEHHBIX NPH IIOMOIIM METOJa
CENIEKTUBHOT'O JIA3EPHOTO IUIABIICHHUS.

B pabote mpuBOASATCS pe3yNbTaThl UCCIECTOBAHUA 3aBHCHUMOCTH MEXAaHHYECKHUX CBOMCTB OT OpHEHTAIMH
3ar0TOBOK OTHOCHTEIIFHO pabodeii IiaTgopMbl SKCIIEPUMEHTATBHOM yCTaHOBKU. AHami3 MuKpouunpos u3 Ti—6Al-
4V [1] moxa3sIBaeT, 4TO MpPH BBIPALIMBAHUN 00pa3iia MPSIMOYTOIbHON ()OPMBI, HAIIPABICHNE 3€PEHHON CTPYKTYPHI
COBIIQJIaCT C HaNpaBJICHUEM BBIpAIMBAaHUA. B cilyyae ¢ M3rOTOBIEHUS TOHKHMX 3JIEMEHTOB, 32 CUET MX MEHBIIETO
CEUeHHs], MPOTEKAIOT MHbIE TEIUIOBBIE MPOLECCH], YTO BIMSACT Ha (GOpMHUpPOBaHHE MHUKPOCTPYKTYpbl. Hampasnenue
pocta u ¢opma 3epeH B TaKOM CIIydae 3aBUCHT OT yIJIa HAKJIOHA 3JIEMEHTa KOHCTPYKIIMH OTHOCHTEJIFHO JIa3€PHOTO
Jyda.

Taxum 06pa30M, MUKPOCTPYKTYpa HU3ACTIUA 3aBUCUT OT TCEXHOJOIHMU BOBHCﬁCTBHﬂ Ha CIIOH nopo1ika ¢
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MMOMOIIIBIO JlazepHOTo Jiyda. [t hopMupoBaHHS U3ENNS C 3aJaHHBIMA CBOMCTBAMU HEOOXOIUMO ONITHMH3UPOBATH
TapaMeTpHl JTIa3epHOTo M3IydeHus [2, 3].

B nokianme mpMBOIMTCS aHAJIH3 TPOIECCOB, MPOTEKAIOIMINX HAa TOBEPXHOCTH (OPMHPYEMOTO H3IETHS, B
3aBUCUMOCTHU OT MHTCHCHUBHOCTHU Ha MOBEPXHOCTU ACTAHN, NJIMHBI BOJHBI U JIIUTEIIBHOCTH UMITYJIBCOB JIa3€PHOTO
M3JTy4EHUs Ha MOPOLIKU Pa3IMYHON MUKPOCTPYKTYpbI. [I0Ka3pIBatoTCsl BO3MOXKHOCTU aAAUTUBHBIX TEXHOJIOTHUH.

HccrenoBaHust BEIIONHSIIACEH B paMkax rpanta PODU 16-08-0024616.
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2. Kunze K., Etter T., Grésslin J., Shklover V. Texture, anisotropy in microstructure and mechanical properties of
IN- 738LC alloy processed by selective laser melting (SLM). // Mater. Sci. Eng. A. 2015. Vol. 620. P. 213-222.
3. Thijs L., Kempen K., Kruth J.P., Van Humbeeck J. Fine structured aluminum products with controllable texture
by selective laser melting of pre-alloyed AlSi10Mg powder. // Acta Mater. 2013. Vol. 61. No. 5. P. 1809-1819.

OINPEJAEJIEHHUE BA3KOCTH KUJAKOI'O CTEKJIA ITPU ITIOJITYYEHUU ITIOPUCTOT'O
CTEKJIOKOMIIO3UTA HA ET'O OCHOBE
B.U. Cemenosa, O.B. Kazpmuna
HanuonanpHelil nccnenoBaTesbckuii TOMCKUI NONUTEXHUYECKUN YHUBEPCUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050

E-mail: stebeneva valeriya@mail.ru

[IpenmyniecTBa nony4eHusi KOMIIO3UTOB HA OCHOBE HEOPraHMYECKON MAaTPULIbl B BUJIE )KUJIKOTO CTEKJIA 3TO
9KOJIOTUIHOCTH, IOXKAaPOOE30IIaCHOCTh, HA3Kasi CTOMMOCTD | JIp. VIMEIOTCS TEXHOJIOTHYECKHUE CIIOKHOCTH, CBSI3aHHBIC
C U3MEHEHHUEM PEOJIOTUYECKUX CBOMCTB KUJKOCTEKOJIbHBIX KOMIIO3UIIMI IPU TBEPACHUU CUCTEMBI, YTO 3aTPYIHAET
(hopMUpOBaHKE MOPUCTOHN CTPYKTYPHI C 3aJaHHBIM pa3MepoM U (HOPMOI TTOp, TOJIIIMHOW MEKITOPOBO# IEPErOPOIKH.
OCHOBHOM PEOJOTHUECKON XapaKTEPUCTUKON TaHHOW CUCTEMBI SBIISIETCS BI3KOCTD.

Hens pa®oThl — OMPEJeNUTh BSI3KOCTh KUAKOTO CTEKJIa B 3aBUCHUMOCTH OT €r0 COCTaBa M TUIOTHOCTH TIO
9KCIIPECC METOTUKE MPH MTOTyYSHHH TOPHCTOTO CTEKIIOKOMITO3HTA TI0 paHee pa3padOTaHHOW TEXHOJIOTHH.

JJis morydeHus CTEKIIOKOMIIO3HUTA HCIOIH30BAH MOPOIIOK H3MEIbUEHHOTO 0O TAPHOTO CTEKIIA, KUIKOES
HATPUEBOE CTEKJIO, ra3000pa30BaTellb M THAPOKCHI HATPHSA, KOJMYECTBO KOTOPOTO MEHSJIOCH H, KaK CIICICTBUE,
M3MEHSJIUCh MOJIyJIb M BSI3KOCTh JKHJIKOTO CTekja. VICXONHBIMM JaHHBIMH JJIs pacueta Kodpduimenra
JIMHAMHUYECKON BSI3KOCTH BBIOpAHBI INIOTHOCTH XKHUJIKOTO CTEKJIA (IO apeoMeTpy) U MPOAOJDKUTEILHOCTh UCTEUSHUS
JKMJKOTO CTEKJIa M3 CTEKJISHHOW BOPOHKH (3arpaumBaerTcs okojo 2 wmuH.). Ilo dopmyrne 1 paccuursiBacTcs
CHJIMKATHBIN Momyib crekia [1], manee mo ¢opmynam 2 u 3 yTOUHSIOTCS KOHCTAHTBI B 1 W, 1 OKOHUYATEIbHBIN

pacuer BsI3KocTH 110 popmyie 4 [2].

M = 3,175 — 125 (p=1385) ("T‘ms) 1)

B=21,77—-195-M @)

W, = 20,93 - M — 46,39 ©)
B

Lnu = 5w, 4

rae M — cunmKkaTHBIN MOAYJb; P — INIOTHOCTD KUAKOI'O CTCKJIA, F/CM3; T — OPOAOJLDKUTCIbHOCTD UCTCUCHMS, CCK.; L —

K03 PHUIMEHT AMHAMUYECKOU Bs3kocTH, [1a-c; B u W, — KOHCTaHTHI.
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PaccunranHoe 3HaueHne BsA3KocTu cocTaBwio 1,3 Ia'c cormacyercst ¢ SKkCepHUMEHTaNbHBIMH 3HAYCHUSIMA
BA3KOCTH, TMONYYEHHBIMH C TIPHMCHEHHWEM pPOTAIMOHHOTO BHcKozuMeTpa bpykdmmsma DV-II (0,9 — 1,5 Tla'c B
3aBUCHMOCTH OT CKOPOCTH BpalCHUs MIMUHEI). TakiuM 00pa3oM, BI3KOCTb JKHJIKOTO CTEKJIa MOXKHO PaCCUMTHIBAT
B 3aBUCHMOCTH OT KOJIMYECTBa BBEJICHHOI'O T'MJPOKCHIA HATPHS, YTO MOXET CIY)KHTh TEOPETHUYECKOW 0azoil s
MO/JICIUPOBAHMA U peasln3alliy Mpoliecca HU3KOTEeMIIEPaTypHOTro MOIY4YEeHNUS TOPUCTOTO CTEKIOKOMIIO3HUTA.

HccnenoBanue BHIOIHEHO NPU (PUHAHCOBOMW MoAepKKe HayqHOTro poekta PODU Ne 19-33-90099.
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