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Abstract

The present article is devoted to finding out what negative effect the ethanol soutibave as a source of
fluid in pregnant females for prenaddvelopment of the fetus , as well as its effect on the behavorial responses
of their progeny. In the article one task is put : to analyze dynamics and to reveal features of behavioral reactions
on open field models in 3@ay-old rats. In the article theesults of the analyses of behavorial reacti@msthe
open field model) of the offspring of female rats receivedin the second (prefetal period) stages of pregnancy of a
12% ethanol solution instead of the usual drinking water.
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Abstract
Thearticledescribes the dependence between proliferative activity ofreeibf fibroblasts and characteris-
tics of the environment change. It was shown the optimal ratio of the volume of conditioned medium to be replace.

Keywords: the culture of human fibroblastgrowth curve

Introduction method [2]. For the study was used explant skin 50
It was repetedly noted that with a complete re-yearold male donor. The source was a fragment of the
placement of the medium with a fresh one in a mondissue of the anterior abdonal wall, removed during
layer culture, the growth of cells is retarded. At thehe excision of the hernia and to be disposed of.
same time, it is not possible to prevent the marked in-  Cultivation was carried out under conditions of 37
hibition by substrate enrichment or the introductonoA C, CO2 concentration of 5%
specifc stimulants (growth factors) into the medium.DMEM / Ham F12 with the addition of 10% fetal bo-
At present, there is no uniform algorithm for changingine serum in an incubator #8yo, Japan).
the environment, many researchers rely on their expe- Growth characteristics were determined by the
rience in carrying out these manipulations. For stunmethod of constructing growth curves and determining
dents, it is important to know the peculiaritiestoe  the doubling period of the cell population. Separate
ratio of replaceable and conditioned media for propéime points are not always sufficient to monitor culture
culture management, taking into account the charactegrowth, however, growth curvesmain the most im-
istics of the cell line. portant approach for assessing cell growth. To con-
The purpose of the study is to develop an algastruct the growth curve, cells were plated in Petri cul-
rithm for changing the medium in cell culture to opti-ture plates (35 mm). Five experimental groups were
mize cell growth. identified in which the medium was changed to a dif-
Materials and methods ferent volume depending on thenfluence of the cul-
The studies were performed on human fibroblastiture. Group No. 1 is designated as control, the medium
cells. Primary culture was obtained by the originalvas changed in it according to the generally accepted
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method (the volume of the medium replaced in percent
is equal to the confluence of the culture) [3]. In groupand various cellular metabolites accumulate in it. When
No. 2 and No. 3the percentage of changeable mediumeplacing the medium with a higher percentage, a
amount

was increased by 10% and 20% compared withthecogpr e at er

trol group. In groups No. 4 and 5, the volume of thenay affect theéncrease the rate of cell division, as with

changeable medium was reduced by 10% and 20% thg daily renewal of the medium, the cells will continue
compared with the control. Every 2 days microscopito divide, despite the high concentration of cells per
monitoring of thestate of the culture and counting ofunit area [3]. At the same time, the change in the total
volume of the medium will not contribute &n increase
in proliferative activity, since some substances formed
The doubling time of the population was calcu-as a result of cellular metabolism (fibronectin protein)

cells in the Fuchfosenthal chamber in 461d repeti-

tion were carried out.

lated by the formula [1]:
td =

x

where td is the population doubling time, is th
number of cells athe beginning of the time interval, x
is the number of cells at the end of the time interval,

the time interval.

using Excel. To assess the significance of differenc

between groups, the MaiWhitney st was used.

When the error probability was p <0.05, the differenceg1@nding the medium when overclocking a culture, for
gxample, when receiving a primary cell culture. At high

cell density, the volume of conditioned medium must
g reduced, since a large number of metabolites are
ormed, which must be removed, replacing the new me-
tended for &hange (increase or decrease) changed, t&!™M With growth factors that contribute to the activa-
tion of cell division.
If there is a need for inhibition of cell culture, for

between the mean values were considered significan

Results and discussion

In the course of cell culture management, sever
trends were observed: as the volume of medium i

proliferative activity of the cells changed. With an in-
crease in the volume of the medium to be replaced, with

2-At-x,

of

cel

As cell cultures grow, the environment is depleted

ul

ar

promote the growth of cultures and cell adhesion to the
surface of the substrate [3].

On the basis of the data obtained, an atlgor for
é:hanging the medium was derived depending on the
confluence of the cell culture (Fig. 2). The medium
ghange according to the average curve is recommended

when the cell culture is planned. At the same time, the
Statistical processing of the data was carried ofP!ume of the replaceable medium vii: equal to the

&onfluence of the cell culture.
It is recommended to use the upper curve for

subsequent viewing of the culture, the confluence w&&ample, when prepagrfor cryopreservation of cells,
it is possible to use the third curve of the proposed al-

higher than with a decrease in volume.

Thus, he doubling time of the population per |Oggorithm. It is recommended to start the medium change

of the medium replaced to 75% contributesh® &cti-

vation of cell division.

lation.
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Fig.1. Growth curves of fibroblast cultures when changing the unedd a different volume

phase for group No. 1 takes 70 hours, for groups No,‘@h 50% confluence, in which the medium will be sig-

and 3, 59 and 60 hours, for groups No. 4 and 5, 112 aftiicantly depleted and the proliferative activity of the

114 hours. This confirms that an increase in the volurrﬁ,EIS will be reduced. The volume of the medium to be_
replaced should be less than the volume of the condi-

tioned medium with a low confluence of the cell popu-

i d
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Fig. 2. Dependence of the volume of the medium change being replaced on the culture confluence
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the medium depending on the confluerfethe cell enchymaktemcellsof thehumanendometriunduring
culture, which can be used both in the ordinary marprolonged cultivation do not undergo spontaneous
agement of the cell culture and in various studies.  transformation ¢ .P. Domning I.1. FridlyanskayaV .l.
2. The ratio of substrate / metabolites has a signizemelkq N.A. PugovkinaZ.V. Kovaleva V.V. Zenin,
icant impact on the activity of cell division. The accu-T.M. Grinchuk N.N. Nikolsky // Cytology. - 2013.-
mulation of metabolites negativedffects the prolifer- Volume55,No. 1.P. 69-74.
ative cell 6s activity; howeyo®f jidhgirjcomptzesddzepc! as
also gives a negative result. To disperse the culturelitOIls j dzls No 2345781 c¢cutftsmtss f sd

is necessary to increase the amount of substrate, i.e.fnezj Is ts ¢ Cyde/ /18 dzdzj Isj dz dL 8B
crease the number of new environments. The volume $0.02.2009.Makeev O.G., Ulybin A.l., Zubanov P.S.
the mediunto be replaced should be minimized wherP at e n't No. 2345781 AMethod fo
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Abstract

The article deals the results of studies of in vitro cytotoxicity of boron containing compounds normal cell

culture. It show the minimal toxic concentrations for each afgenising cell lines.
Keywords: boron neutron capture therapy, cell line.

Introduction obtained from the explant of tlekin of a healthy 58

Modern approaches in the treatment of cancerearold male donor after signing voluntary informed
cause the need to create methods that would providensent. Tissue disaggregation was performed by an
targeted destruction of transformed cells withlbarm- enzymatic method according to the original method [1].
ing the neighboring tissues and the body as a whole. Cel | s were cul tured at
This effect is achieved by bormeutron capture ther- incubator (Sanyo, Japan) midity with daily macre
apy (BNCT), which is already used in medical centerand microscopic control using an inverted Olympus
in Sweden, the Czech Republic and the United StategsX41 microscope at x40, x200. The change of medium
research is continuing in Japan, Angjaa, England, I1t- was carried out every 3 days at 60% of the total volume.
aly, Israel and starting in Russia. The uniqueness of the To determine the cytotoxic effect, cultured cells of
technique lies in the selective death of tumor cellshe fibroblastic diferen were planted in Petri dishes
while normal cells that are in close proximity remairwith an adhesive coating (Sarstedt). The determination
intact. of the minimum toxic dose was carried out in 3 phase

As a result of neutron irradiation, stablelB cap- with a wide range of concentrations and the gradual
tures thermaheutrons, forming the nucleus® in an identification of the border between the toxic and sub-
excited state. Removal of the excitation of the nucleusxic doses. To obtain reliable data in each group used
formed occurs almost immediately through its disinte3 replicates. The control group was represented by in-
gration into particles with a short linear run, whichtact fibroblasts. In accordance with the recommenda-
leads to an explosielike destruction of cells. tions of the International Nomenclature Committee on

Preparations for BNCT should have low toxicity, the classification of cell death [3], the assessméthe
selective penetration and accumulation in tumor cellsytotoxic effect was based on morphological criteria.
Since the selection of such substances requires the ameter 24 and 48 hours, the cultured cells were stained
ysis of a large number of bor@ontaining molecules, according to the Romanovsky method. Object visuali-
it is necessary to use the fastest methodsg;iwdllow  zation was performed using an Olympus CX41 micro-
determining the amount of a substance that accumseope with x100, x400, x1000
lates in normal and transformed cells, as well as con- The sampls of GL-63 and GL57 provided for
centrations that have a minimal toxic effect. In this reevaluation were transferred to the Department of Or-
gard, the most effective are the studies on cultured hganic and Biomolecular Chemistry of the Chemical
man cells. Technological Institute of Ural Federal University. For

The purpose of the gy is to work out an algo- the introduction of substances into the culture, they
rithm for determining the minimum toxic dose of po-were previosly dissolved in the culture medium used
tential drugs for BNCT. when working with the cell line under study.

Materials and methods Results and discussion

We used the culture of human dermal fibroblasts
(7-12 passage). The culture of dermal fibroblasts was

37

A
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Fig. 1. Culture of human fibroblasts 24 hours after the introduction of the samp&GA- concentra-
tion onflBidc ohgc e/nt ration of 10 Og [/ n

Cytograms of cultures of the control group are repracuolizationof the cytoplasm, impaired cell mem-
resented by fibroblasts of different degrees of differerbrane structure, pycnosis of the nucleus was noted. An
tiation. There is a predominance of process cells witihcrease in the concentration of the substance was ac-
pronounced cellular contecand a weltontoured nu- companied by a predominance of mature cells of the
cleus. fibroblastic differen. Thus, the test substance can be
Sample GL63 had a pronounced toxic effect onused&d a maxi mum concentration 0
the culture of human fibroblasts using concentrationsxposure of no more than 48 h.
above leg / ml. Deterioration in cell adhesion, an in-
crease in the number of cells with signs of cell death:
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Fig. 2. Culture of human fibroblasts 24 hours after the introduction of the samp GA- concentration 15
Og [/ -endnc@ntratixdeD. 20 Og [/ ml

The study made it possible to work out the algoehemical groups relative to each other. Probably the rel-
rithm for the primary assessment of the cytotoxicity oétively high toxicity of substances associated with the
the ingested substances, including morphological analse of cesium in the synthesis of samples to increase
ysis of samples, the establishment of a barrier betwe#re water solubility of substances.
the subtoxi@nd toxic concentrations and the allowable  Conclusion
time range for each concentration. 1. Thealgorithm determined in the course of the

The results indicate a low toxic effect of the -GL work allows to obtain reliable data in a relatively short
57 sample compared with the &3 sample, which time, to identify the degree of toxicity of the studied
may be due to the different structure of the moleculesibstances and to identify areas for further research.
under study, includinghe spatial arrangement of the 2. The use of sample G&3 at a concentratioof

1 eg / ml &rivd asamplcon@lentrati



12 Norwegian Journal of development of the International Scienc@#2018

/ ml with an exposure of not more than 48 hours is pes& . Patent No. 2345781 fAMethod

missible on human cell lines. The data obtainedwillree ul t ur ed [/ / Bul l etin of |l nvent
duce the duration of detection of LD50 in a series of 2. Atej " ded t . C. skdz sktc® Y dots
experiments on animals, as wellesablish the accu- 1 € OCIsdyj ME ) tckz€tso Gdednfkodsy H f j to.

mulation of test substances in normal and tumor cellst R [ [ . ] OB = telZDIsHEEAG. W 691 fry
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Abstract

Bioinformatic studies of the relationship betwedée incidence (IPC / 100 thousand) of pancreatic cancer,
the frequency of occurrence (FO) of various polymorphic alleles of genes I, Il of xenobiotic metabolism and cell
receptors, as well as the daily consumption rates of various products were carrildeogeneral and specific
features of these bonds are revealed. Genetic and environmental risk factors and resistance to the incidence of
pancreatic cancer were determined.
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Keywords: pancreatic cancer, incidence rates per person / 100 thousand, population frequencies of gene
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Cdj (r=0,92), Ytilstsdz diBf stk dd yidtsdadatzg 2 { fssEse-d Is j dz
LOIjdz LO-2805FBHO (1990 MmMddzr-sbr 0, B) Hipa WOL d S s d szls(

—

wwWdud

1ted MisObdMmisduj MS 52 B o] iy JH OO S d3 o f KN} iz H 5 Y dzts
dzv dzd § Otede’ § Cttetej dzvydd fYEleEl) o hkepagaj dsmbsd o (v 1) Odz
Mewird f Isjjog,J dajlaimf jtic @ fgthyd | ®IT BF @s O &5 dz’dn ©53 (rs1042522Arg

2
HOdzdzr = dzj oMiGcHO | SH Y] deiprddd M@ s tedpty el Q' sadsizisly cO©Od3j Isdzr § é
Codz. 15 oded BOded j 1 tod dad GPAAP 133 &F Y d{d3tep 3CEr WL 48522 Pr o)
ydjdasr Ststetej dzvydd r, dzj Pz Gzs3 0 & g © 0z G2 8 dzdz’ J s WL(
Bgsh 4B Bdztsy | Mise j dedets @ s to | dzdeg th) Mg bsdizidats & dzdzts@ daO dief{Ld® ,  dzd B s
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v OB dzdyo 1
ststetej dzw ydosdadzr § St WWduydjdalsr wfdtedsj dzO (r )tc Qfitsdy 2 E€HsL W W
Nd dZEHtsydets? Y idziLr d miodnls@dedsildzjo X lsdsjj dgt®al dis § st 2 dzw yc

fsdzd B3steW L o Odzdzj| N r t(N-2) p<
Odzdzj-te X OL' Bj sOB tsczd L df
CYP1A211+154 17 -0,13 -0,49 0,628432
CYP2C19*3 33 -0,31 -1,83 0,076909
CYP2C9*2 26 0,50 2,80 0,009897
CYP2D6*t 23 0,29 1,40 0,175383
CYP2E1*5B 19 -0,21 -0,88 0,391535
rs2031920 s/ T 64 0,29 2,40 0,019464
rs3813867 G/C 62 0,16 1,27 0,208845
CYP3A5 13327 33 -0,63 -4,52 0,000084
Odzdzj -z 2 OL' (Bj sOB sz L df
WNAT2 W jdtslsd 52 -0,37 -2,78 0,007772
NAT2*4 26 -0,10 -0,48 0,634372
NAT2*5b 30 0,30 1,66 0,107642
NAT2*6c 26 0,12 0,61 0,546547
NAT2*7d 29 0,00 0,01 0,991383
COMT+472 20 0,32 1,44 0,165818
GSTM1*0 41 -0,35 -2,31 0,026567
GSTT1*0 20 -0,19 -0,83 0,415704
GSTP1 43 0,28 1,83 0,073947
MTHFR+665 35 -0,22 3,78 0,000525
UGT1A1*28 41 0,52 -1,29 0,205239
Odzdzj dzd G j detse toj yj fsstets
ADRB2+79 28 0,39 2,19 0,037505
HTR2A
rs6313u / T 163 0,21 0,72 0,476207
CRTC3
rs3862432 wu/ T 184 0,39 5,68 0,000000
FTO
rsl075440 ¢/ G 162 0,57 6,24 0,000000
DRD3
rs6280 s/ 184 0,48 -0,15 0,878426
VDR
Bsml b rs1544410 A/G 110 0,07 0,08 0,791383
rs3890733 T 110 0,65 2,74 0,008141
MTNR1A
B rs4601728 ¢/ G 162 -0,39 -5,33 0,000000
A rs2165666 /T 162 0,46 6,60 0,000000
P53
rsl042522 Argl/tro 33 -0,55 -3,77 0,000669
rs8073498 wu/ T 184 0,02 0,21 0,830929

NCsddu) Msp Gl jo@ba d 5 dzdz’ 2 C 5L WY mals fasd & § i &g 82D, ©dzs fls d

2. RMMdzj Hso Odzdj SO KEgescld & s, fdots, Cws¥j, v
Yqj dstsds L OB @y b @) fsiphy dzizonSuQasR e § - 3 L Y dotkdas),
@jLr q CEdscquineddd Qo ksl Q) di-@F 1§60 L q (1=
6 O dq p<005)-tedf, w2yt d ¥ quqdbGEOud]

Il tjLidz Oy dmMmdzj H 5o Qiglzdj? flpadislOflzse fizp dizts X ¢ IS fztk- dzr ¢ 2 d S

Ndlsjd dzr j Ststetej dzv ydtsdeder P, 8 W vith dlsr, 4B Hts 0 SPyYrH s Y Ms €
0,67; p<0,05) ®iyHEZ s LOCEBROIsHY | dyOYdSEBPHFL, Wb dts
dzjLr d dsttkowdf bt sty digd wdzkzds g e ¢ O, Okl setd , &OMd
Ists o s dd 3 tsldesmwismw: 1+ dzjteedw, fHtotslsjidd, SOkt jd ,
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BOMds, &"Ns BOLORO, &GtEksOEG" §j dits] uj Swsc ) Jeyds d , .,
@t ftesHEZC ST, MOR Ots, dOjidsdztisjdzd ok s tisg) ", j f (tCksQE{gEd yoO 2) .
v OB dZzd yoO 2
ststotej dzv ydisdeder | S WWdydddalsr s#fdtedsi 20 (r) dBjyHE s7 ftec
Gdqur]qudBdtdZWudtSdder B WOEIststeOdzd

odH" fJtesHECIktses d dklstedj dzlstse r t(N-2) p <

L dzj e dwv % 160 0,65 12,89 0,0000
Ydte % 160 | 0,45 10,44 0,0000
flesls j ddz % 160 | 0,60 | 11,43 | 0,0000
B M EEJYnsdzO/ Hj dz 160 | 0,32 |8,16 0,0000
BY Ms Cdol. o] W)f§ts 2O/ H j d&’ 160 | 0,41 |8,99 0,0000
CECrEE PemisdzO/ H j dz 160 |-0,36 |-2,84 | 0,0050
tcddy § j thisdzO/ H j dz 161 |-059 |-540 | 0,0000
fhjddy0 ¢/ §jtemsdzO/ Hj dz 160 | 0,39 | 855 0,0000
COtelstsY jd&z G/ §jtemMsdO/ Hj d 160 | 0,65 | 11,95 | 0,0000
SE®ROT G/ §jtemtsdzO/ H j dz 160 | 0,45 | 8,44 0,0000
ydlsteemy j tmisdzO/ H j dz 160 | 0,60 | 7,27 0,0000
wedzsCd G/ §jtemMsdO/ Hj d 160 | 0,32 [ 13,16 | 0,0000

' BO fj Mdsso 5H&OY G/ § j emsdzO/| 160 | 041 | 0,75 0,4554
6’ BO BstemMCOW 6/ §jtmsdzO/ Hj dz2 | 160 | -0,36 | 5,89 0,0000

WAyt G/ §jemsdzO/ Hj d@ 160 | -0,59 | 14,10 | 0,0000
O BEE Y emMsdzO/ H J d@ 160 | 0,38 | 9,43 0,0000
pddzs G/ §jemsdzO/ HJ dz 160 | 0,57 | 10,04 | 0,0000
fdotc ¢/ §jtemMsdzO/ Hj dz 160 | 0,58 | 9,56 0,0000
BOMdzs Misd G/ §J thsdd/ Hj d 160 | 0,16 | 5,79 0,0000
CW) 6/ §jemsdO/ Hj d@ 160 | 0,67 | 9,77 0,0000
BOMdzts § sHMisdzdz] udetsy G/ § j emtsdz0 160 | 0,38 | 7,77 0,0000
BV M BOLOMRO 6/ §jmsdd/ H] dz 160 | 0,03 | 0,36 0,7176
BV Mts Modde d e/ §jtemMsdzO/ Hj dz 160 | 0,59 | 10,79 | 0,0000

BedksC s yj d ds] G/ §JmsdO/ Hj d 160 | 0,25 | 9,20 0,0000
BsdsCts BBJLY ) dedetsj G/ § j temtsdd 160 | 040 | 7,24 0,0000

M’ @/ § jemMsdz®/ Hj dz 160 | 0,65 | 12,77 | 0,0000
Bstej ftesHESIT 6/ § jtemsdzO/ Hy dz | 161 | 027 | 4,43 0,0000
Bie/ §j emsdzO/ HJ dg 160 | 0,59 | 9,31 0,0000

MOROt (1SodoOdj dgls) ¢/ §jemsdO 160 | 045 | 7,51 0,0000
BOMkzs sdzdoCotsj G/ §j emsdz®/ 4| 160 | 044 |5/18 0,0000
sofshd ftetsuydy G/ jtmsdO/ Hj dz@ | 160 | 041 | 9,29 0,0000

&l ¢, Ug M@ M 2O/ H j d& 160 | 0,20 | 7,78 0,0000
Wy dBiEdef | M dzO/ HJ dz 160 | 0,26 | 6,19 0,0000
o JISRAG / § j oM dzO/ H j dz 162 | 0,58 | 7,53 0,0000
] s iifsald § j MG dz0/ H j dz 162 | 0,28 | 4,92 0,0000
NjdzjL s xdo 5l disen/ i jtaaditzog@/ o] dz' | 162 | 054 | 10,73 | 0,0000
NjdzjLts wOmMsdl, e dYg ehbR@E @ b 162 | 006 |-164 |0,1025
HiWwduydls' {djtedd % 160 | -0,64 | 6,93 0,0000
BOMdzs Mdzdo sydes] G/ § j emsdeO/ H 4| 160 | 0,60 | 7,94 0,0000
BSBGEO/ §jj 6MEdzO/ HJ dz 160 |-0,26 | -0,25 | 0,8003

I BtsL dzOyj dePs dY QY .

3. 10admdatsmis: § 5§ zdzv g & dedztss  diaj s Odeqdnadsignisd ¢ J tej d3j dadz’
SICOC A FoHY ) zHsydes?2 > j dagff V" osOsdzQ € aswls cdfyjj MeaPT dlsC e R2
d cjdjbdujmSdr WOCktstse (34%), o dsH]jdd cOdgwapds (j4 UYSH Lo

I tjLbd 50O tej sy fid Bizees ety ©dzBizd §f @t u 2,77 o ( T dd
Bsisd dL & dm@Cotdsd) lsfdts ke j dzzel s fltetzdzts § j -BisH j dzd ¢yl W j deslsdf O

fesHESkr d -GBEEYW), dzls' e
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v OB dZzd yoO 3
tOC O ftsHYJ dzlz

16

w

t Jetej Mind tsdadz” | WWduydjdalsr R2 o ddtsH j dzv A
dzj LOadMmddsr =  jtoj d3j dzdz” ~ .

(d3tsH j dzd dzdetsy j Mise j dedetsd s toj ctoj MMMd sdedes e s O dz0O dzd

BsHjdzd [ s

Ok segtsdz dz' § deOfdlkC(d

BYfMde | fosHECIST

ftosHlSlsT d dzzlsted j dalsT

Yyl WjidsksdfO NAT2, "'doskOo,

C 54

F.p

F(3,46)=7,8724 p<,00024
F(4,45)=8,5345 p<,00003
F(11,37)=11,106 p<,00000
F(12,34)=10,854 p<,00000

R2=,34 (34%)
R2=,43 (43%)
R2=,77 (77%)

R2=,79 (79%)

vsO0Cddz sBtOL 5d3, dL d&3j dagj ded i OF Wdddchizjtafismd O o defi 2@ 9 d Ybsts f oSG ¢

M 7 §jte)dsjdede 7 3SH dzd )1 St @OO O {ffstemy MaisEpdss 2 of § dzj LT
dzs2 >y jdzj Lt qLdsddavls f tesSylgeaitist Isd Ldagysarzy droOsiply dds S d3j 8 k2o
#O® 2 ddL Cd2 ftetsyj dals L dEiprdey dopfitshidsidH o digtsth jdigdL @ Odifnd 3F =
Coetsdz dz §j dzOf JIsC e, MOdzr 2 o' Ms¢d2 fHtsyjdls dL -
B deudopMbdyf pdzdgs? d3tsHj dzd [1 s .
Predicted vs. Observed Values
Dependent variable: nx
14 T T T T T T T
12 #ID3MNe 7]
w e
CroSaRR L
ANCHR bod gy
10 ¢ 25 i sz -
TR o nam, e
o S 0OCTHR - > 23
gl 007 © _‘xrz%prs_:a caalap' _ff./‘" -t e
.-J.'gi';'./k-!:‘mj-/. £
m’_;poél.w;fﬁ;‘w 2
O BB IR NP
[ -&:53-9’:.?
6t - T Rengms . Sennm .
@RBE T ez s ?
xac'é;/;-' i s .,:’ D O R
TypRnesvs” e i
- L I =5/
QO 4t s X Lpepean L4 0 i
g RETC ,’_f"' VJ,/ 3 -a-gva
S .-.,_/-' e g;@ TC?.P}? o é@lﬁ
o ,,/':i;:’j‘sz;/v o
< 9 5_/-”/ Oysbexicras S 4
o £ WD
% e /-g:./i s
w e, e &
> 'JB-'I:ECE'_&
0F .
_2 1 1 1 1 1 1 1
2 3 4 5 6 7 8 9 10
Predicted Values “©..95% confidence
AR, .1 1 fbkdwydtsdzdz OC e ks PJ gz sy pes® y jdziLr d ftetse
tcjetey MM sdedzes?2 dsH j dzd ¢ o MJ 1 tcts Olisdéniecand Fredidzedigaidsj dzls™ e . 1 to
&ZOBdzs HOJ 3" § d fJtetsedesL delzj di3r § Ektesodzd L OodMmddis2 4 tog

LOBBdAdz] 9 @ isMmisd
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Predicted vs. Observed Values
Dependent variable: nx
14
12 wpam 1
[¢]
ChosawR £
F0HR < s
10 5] ACTOHAR ; >
O Gepam e
(333CTaH __.x,;aa/fn /,,f
¥ repMEHaR L o
0000AR gresmmz O .7 _f,/’
XopSAp Hopeeran E > iy
8 | o) O P ot 4
s nn” oA
ety o SRR
B Py ,%ﬂ
i S o Y
6 F Sy ,/ S fereseRa R J
AT L <3
wmna03%v g g e LT
ol ,./” 5% '»:xf?ganfa
TWN"W aac'arsan "IE*'W Spasanan
O L xopER A~ = 3 ]
g 4 A < P-_.'/-’ _,a,g\ﬁ ‘
@ 2 ot norw&m« wATEn
2 H/%ggxep o M
@ o _\xanamaa
2 -;r mTa_i p mn%u—«
) 2 (i okt i ]
c oia
@ R
s [ % %
- Barnanew
&
0t ]
_2 1 1 1 1 1 1 1
2 3 4 5 6 7 8 9 10
: ¢ 0 -
Predicted Values ¢..95% confidence

AR| . BA@x@Oj 3" §j] Yosflkzdvydsdds § s)1 t©6OSBd § SHYJ dzzH sydats?
toj Gtoj Mind sdadets?2 BsH j dzd ¢ 3w M@bseivedintRsadiztddiatudsi. dzO staddt dgj Oui Glglzdjv : d
ftosedasL Jtelz j 3" | kZtsoaded LOoadMmddiss?2 f jtoj osj dedgsy st zdzv yd

sktejdzedj d rtesdedyud MSd2 OMsRRjGPir 2SOCHTHPFREB B8 By ©53 (1 ¢
WOCktsteOd3d ttdME O t0OCO UBHMQ@HM@SLMHB?@’EJ@ZMJ@@@J.@J’W({S@VJ
L Odzdz" BeH )] dastej yj f sstcORd ff 2Qdzdzj daMsdZB@FR:3GA 5165133 (r s 10
9 Odzd-PHD] destej yj flststetso BL ) 5O dZB S o] o] tc seO@Isj'j  sdzsy dIs§
tetso jdz@ Yo a qoacm;ogqqmgqmamoqserﬁ Clizj 5550 Hts O
polsstc’ Y ts5COL Odzd, -Ouplady df Lot o] thHsy | dzkz H 5y dats 2 XJdZJLr d dat
d

ssse i) fwishlse s s dsjls OO diieiss HOIA(S © of & O ik G fipls| @ <dzls 5 o .
s tS{kzotdd §HY | kA sydsdidqedr) f tslsj ddz, § Ol j d, vy

108] SY[1RY CsWd, dBWhts MmMeaddy d, Mmrt, o&iH,

I wjLbkd OIsj dOt@C OJ fEpaylgidasniQdzd@O Mdes GjcmfpysQuslzsdy’, dz' § M
zHBYdts? yjdzjL' EflsOdss dy d0si5@nNepde 05t § gtetey 2245 d HJ W dA
ydsdadz j fsdztsydlsjd d jsls s Gijck G e j dgdf datsdzt{rj miso j dzdets ¢ 5 tg
0,5 H& 0,7) Mowid €51 ¥ Ds0dz deEO( gy e tiscRiOn Wjdalsts lads 5 L
(s1) fh yombslsts2 o Mmist WP figidsends d dzi L YOl ) iy dodzds) dzf P te§ d3j dedze’ -

Is
€
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tOCO fHYJ dZEHBYds2 X Jdzj L 12 Antdli & TudsmingnteRs Hifvdasn Al INur-
&3 dzydoetsisd s71. wOd3r 2 dzd Lniing2 M, (Kazjslaingrdzls Hankirdsn d2y Hovasra E.
fMlsd © d&BsHj dzd ¢ OdzS ¢ tsdz! dg' CYP1lédQdvefsisriiuh@ tissudndd giadco ssmokigrsand
Cd2 sy dzls dL d3i dzyd o wifgls polyngponphisms offC¥RIzMiRAd ardpmtic hydrocarbon
[1s. receptor. //Pharmacogenetics. 2001 Aug6):5019.
vO0Cddz tsBOLtsdz, o { toj H tcO 3 Qydnts T, Mitstzsin)j E,Kawamoto ®,-Ogami
Btsdzj 9 Odzd ¥ cOCtsd3 f SHY J dziz A, ©3pkizE Kodayng dzYasumotday O iy Is -
okzels COSC Gjdailsdyd mS&dd, Is © 24. DetectioR df CxB TAY gepefipSlyangrphiénOus--
stster ing designed RFLP and distributions of CYP1A1l gen-
otypes in Japanese. //Int Arch Occup Environ Health.
g} Ru[s [RU[T OuUuUt 3:199567(4):25%.
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MATHEMATICAL SCIENCES

THE CONNECTION OF THE EULER T LAGRANGE EQUATIONS OF CLASSICAL DYNAMICS
AND DIFFERENTIAL EQUATIONS OF HYPERGEOMETRIC TYPE

Fimin N.
D.Ph., senior researcher, department of computational physics,
Keldyshinstitute of Applied Mathematics of RAS, Moscow

glc1? vt ol vy 1RrRE/ D[Pt Od s/ dvurRY[HS B T RLOGIfRSR R
FRAALT VARG 210 3m vt oy 1R LRICELLLS Ut RY B

Adqd&ddz 1.1 -
SOdzH dH Ol-BWE Y ROdUj MSdr dOES, MisOwh d2 d
slHjdz of ydMded I ! desI d 3. I-J- SJdzHr MO

Abstract

The possibility of establishing a connection of secordkr ordinary differential equations, whose solutions
are special functions of mathematical physics, and the {Ealgnrange evolution equations formse model
dynamical systems with the desired Lagrange kinetic potential, is considered.

O dzdzs s Oydw

t OMMdsOIstcdo O Ismw oL BB dzes s EmMisOdztso dzj dedw Mmow L d BT ¢
ets fstWHSO, tod " J ded v a3d Colstster A wg dzw s IO i ofj LyddSOdz! dz'd .
Lotsdzs ydesdzdz = ERZtwwpodzic@rdzy OC ddzy te@zj Cslstste’ 7 d@3sHj dzd dz" = HJ dzOc
Cddzj sdud MEdds fslsjdzydOdzsds [ OcteOdey O.

Keywords: kinetic Lagrange potential, hypergeometric type equations, complex extensicadjsait
equation.

sdzyjord mdsddjIsdyd Msd?2 flsy dzydoOodz [ OctcOdzy O, FtcOo dzj
Cli3f dzj S Mmdesy tOMh dtej dedy, MOBsMsf tow y j dedes bktcOo dzj dzd J .

tdlBudls’ otsftsh Wadztsd3('ﬁztd-JHml‘is1b<$fﬂiJ€UﬁJq’|5fg - k@ Oo dzj dzd J
sdyj M sEts qrsls,;dzuquzo | OdteOdey O ((dhdteds, BasMmiglzmBbodd od
bdsd 07, BdEBCEBY Y JORO) WOMEA il RS &P MM Bk, howeji2)

1. 1lojHjded sBiMfjydeOsh j2 HOdzdzr 2 TodH [EZteC

] ©OoBGilf@Q] Bllkzs EkMsOdsd @F O Qs MisdOH O N jets 5 Wit
"ddzise s dOdBtsdzj | kY Slte] Odds fzzidilz B O Mdz) dpd Odg! digorb? Ig defjv-3q
WikdC yd?2 &BOkj BOdui MEts?2 Kdisdhd j ( Odf ydOizsdy Btod £z dzC ydd.
uimedd, ydadditedud MSdi dOfpwg g N dely  wjdmso@iaf,, sy dets
fsdzddsd’ |JjcjdsOki O, [ judiRzyded), fiytgmls o jjlofPlsedd Hted3)y HE Mts
Bse kzls tGOﬁjfnd;sOlsthq@LOdztan@'OQ volieff [ Bt JefdlecpWdalz Is to j dzdzd R G dztsB Odz' dgf A W
BB Cdatse j dzdats e s H W W | to] dausfdRydz! dggseus0 iy lzdoPdesia szd e L Od issH j 2 fiyls
([rviEB2 fsteWHE O an’l]’JtsGJﬁd{;gjzljslsqudzjmﬁdsaﬁdfs4tlslq’1j@6tstctsfr]lsdzt52 i
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Abstract

Based on the conducted studies, reliable conclusions were made about the negative effect of regional oxygen
deficiency,especially in pathologies. The mechanisms of compensation for hypoxia in congenital heart diseases
are described. The mechanism of cutaneous respiration and the order of its inclusion during the hypoxia of the
organism are correctly described.
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METHODS OF INTRAOPERATIVE PROTECTION OF THE PATIENT TO AVOID
NEUROVASCULAR, HEMORRHAGIC, RESPIRATORY AND NEPHROLOGICAL COMPLICATIONS
DURING SURGERY ON THE THORACO-ABDOMINAL AORTA

Dehtiar V.,
Chanhli N.
Gl "Scientific Practical Children's Cardiac Center"
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Abstract

The modern development of diagnostics, the principles of conducting the intraoperative and early postopera-
tive period allowed to significantly reduce the mdtyahnd expand the indications for surgery on the theraco
abdominal aorta. Despite the application of various methods of protection, the risk of perioperative complications
remains high. The methods of intraoperative protection of the patient for avoafareeovascular, hemorrhagic,
respiratory and nephrological complications are presented.
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Abstract

Itis confirmed that the acceleration curves of inertial first and secondi@féeare, respectively, exponential
and Sshaped.

The possibility of identifying suctCF by their experimental acceleration curves is substantiated.
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Abstract

The results of tests of fuelements of a nuclear rocket engine (NRE) in the-V@search reactor in modes
simulating the natural conditions of the NRE reactor operation are considered. Both positive and negative effects
of thermal loading of fuel elements on their integrity hagerbestablished. The favorable role of the occurrence
of compressive macrostresses on the surfaces of fuel cells is shown.

Keywords: nuclear rocket enginduel elenents,strength thermal strength, residual stressesating section,
fuel assembly

Introduction Operating conditions of NRE fuel elements

Soviet version fuel elements of the space NRE re Operating conditions of fuel elements in NRE reac-
tor (NRE fuel elements) are casifige ceramic rods of tor (and test conditions of NRE fuel glents in IVG1
100 mm long, made of carbides and of carbigfephites reactor) are associated wibksential presence of thermal
of the uranium, ziraoium and niobium: (Zr,U)C, stresses in them, bause all the fuel element heat from
(Zr,Nb,U)C, (zZr,U)C+C [1, 2]. These fuel elementsthe internal energy is selected by the hydrogen flow
have a tweblade profile and twisted in the longitudinal pumped through the fuel assembly. The most intense heat
direction with a step of 35 mm (diameter of the circun removal from the surface of the fuel elem@neating a
scribed circle of a fuel element is 2.2 mm). They will b radial temperature drogo Tover its cross section) takes
used in fuel assemblies (FA), ¢aiming several sections place in the inlet HS, operating in the temperature range
of the heating (HS) 100 mm long inserted into the flowof fragile state, that means the first and second HS in the
ing gascooledtechnological channels of NRE reactoi6-cell FA or the first, second and third HS in thedl
core. FA.

During the working out of NRE fuel elements in In the course of theeactor steadgtate operation the
IVG-1 reactor 30 technological channeligh 8-cell or temperature drop in each fuel element increases from zero
6-cell fuel assembdis were installed. Each HS in the 8 to maximum and remains at that value during the-start
cell assemblies contaig9 fuel elements, and each HS(the parabolic form of the temperature distribution in
in the 6¢cell assemblies 151 fuel elements (beam diam- crosssection of fuel element is shown in Fig. T@mper-
eters of fuel elements in thecgll and 6cell assemblies aturedrop value is determined by the heat fagfrom
were respectively 47.0 and 29.7 mm). In thee8 as- the surface of a fuel element, thermal conidity o-0f
semblies the first five HS contain fuel elements cfuel element material and the radiusThis tempera-
(Zr,U)C, and the last three are fuel mknts of ture dropgX creates dangeroukermal macrostresses
(Zr,Nb,U)C; in 6cell assemblies the first four HS contair Gr with tensile component at the fuel element surface (see
fuel elements of (Zr,U)C+C, and the last two are fuel ethe diagram of axialr in Fig. 1). The values of the axial

ements of (Zr,Nb,U)C. and tangential tensile stresgegan be found [3, 4om
During the groad test of NRE fuel elements eaclthe formula: 5 5
IVG-1 reactor startip (of about 8 minutes duration) dr= EUR[2(liv) ] s/[4801EW],

corresponded to one of the reactor activation of spe whereUT coefficient of thermal expansioft i
NRE. In the trial tests of the I\/G reactor first core only Young'smodulus;vi Poisson's constant.
3 startups were performedpower starup (PS) ad two Thermal stressd% pose a real danger for fuel ele-
working startups (WS). And in the life cycle tests of thements operating only at temperaturesafi600 K, be-
second core the regulated number of steetups was cause in these conditions the fragile refractory carbides
made (that is, one PS and eleven WS). At that the mowwill not have elaxation capability of these time elastic
of WS startups in the lifecycle tests corresponded well macrostresses. If the strés®xceeds the tensile strength
to operating conditions of the reactor activations of spa of fuel element material there will be cracks on its surface.
NRE. Inparticular, the hydrogen temperature at FA outliCracks in themselves do not affect the ofi@naof the
reached 3100 K, hydrogen pressure at theamdtoutlet fuel elements, but thesppearance leads to very negative
of FA was ~10 and ~5 MPa, respectively, the maximu consequences, as in théuie the breakage of fuel rods
temperature drop along thadial cross section of fuel weakened by cracks by bending, bandage and vibration
element reached 250 K. loads (bending loads occur in the fuel elements in the
event of the longitudinal beams twisting in HS, and
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bandaei under the influence of radiation thickening o' strength increase was the same as the character of their
fuel elements). hardeing. Measurements of fuel elements thermal
strength by timelependent thermal loading (destive
temperature drogdr or the first criterion of thermal
strength was determined by rapid immersion of the pre
heated fuel rods in water) showed the more than twofold
increase in thermal strength of fuel elements of (Zr,U)C
in the first three inlet HS and the almost complete no
changeof the characteristics of fuel elements of (Zr,U)C
and (Zr,Nb,U)C in highemperature HS. The coinci-
dence of the change of the strengptidl thermal strength
of fuel elements on FA length is due to the fact that the
thermal strength of brittle materials products is linearly
related to theistrength.

The results of Xay measurements of the magnitude
and sign of axial residual stressgsn fuel elements of
two channels exposed to different uranium buprNp

Fig. 1. The radial distribution of temperatufethe ~ (No burmupi the nuner of uranium fission per a vol-
axial thermal stressed: and axial residual radiation UmMe unif) are shown in Fig. 3. In the measurements we
stressiirresulting in NRE fuel element at various used theleveloped nondestructive method [6] with photo
stages of its operatiomiflowing technological recording of the seisses in a special-iy camera. The
channels. measurements were made on the fuel elements which had
no surface cracks. When cparing the data in Fig. 3 and

Along with the negative aspect of hazardous thermn Fig. 2 we can see the satisfactory correlation of the
stresses presence in the fuel eleméeee is a positive Change in hardening levels of fuel elements along#he
sign consisting of fuel elements hardening due to the ¢/ength and the levels of compressive residual strésses
pearance of comprsise residual radiation macrostresse them: tohe maximal hardeninguigus and maximum
on their surfacesr (see diagram of axidlin Fig. 1). SU€SSesroCCur in the fuel elements of thiest three HS
Residual stresse arise again because of the presen(Of Poth channels.
of radial temperature dragl in the irradated fuel ele- Further, using only the fuel elements_fromlﬂsec-
ment, which provides radiation swelling hetexogity of ~tions of six channels, Xay study of theiranium burrup
the fuel element materiaDue to different rates of an- €ffect on the level of occurred stressewas conducted
nealing of resulting radiation defects volume of periptOut. It lturned out thao increase on an order (from
eral (cooler) regions of the fuel element will increas™2 - 1'4foF® . 1*1dig./onY) leads to the more than two-
stronger than the internal volume of (hotter) regions. Tt fold increase of stresses levgl This has led to express
will ensure the apmeance of compressive residuacONCemM for the integrity of the fuel rodsvatved in a
stresses on the fuel element surface arsiltestresses longerstate life tests at IV@ reactor with the second
inside, as the internal regions preventing excessive (COre. Indeed, a further significant increasélpburn-up
pansion of the surface regiomsll create an elastic com- the positive effect of increasing compressive stresses at

pression in them, and themselves time will be strettch the surfacesf fuel elements may be replaced by the
elastically at thsame. negative: a significant increase of the tensile axial

Trial tests of NRE fuel elements stresseglk inside of fuel elements could lead to their
Trial and life cycle tests of NRE fuel elements in ;d@mage into fragments at the &rof cooing aftercstart
flowing gascooled channels of IV@ research reactor UP (at the time of temporary stresses disappeatajice

showed that the state of the irradiated fuel elements t_ _.

great extent depends ¢ine specific modes of reactor ==

tests [5]. Thus, the fuel elements of (Zr,U)C and o

(Zr,Nb,U)C aftetthe trial tests in the channels witttéll \

fuel assemblies in the modes, significantly reduced com- < 6 \

pared to the nominal mode for NRE reactor, was discov- .

ered ina quite satisfactory condition: ace cracks and % \

breakage of the fuel rods were few events, the longitudi- al \ .

nal beams twisting of fuelements in HS were small, the 2 !
increase in the coefficient of gdgnamic resistance of \/,,

the cooing duct of fuel assemlas were also small. At 0 L4

1S11S21 83141851 861 S7) S8
Number of heating section
Fig. 2. The nature of fuel elements strength
changequiglison FA length after trial tests in three
startupsPS+2WS ofVG-1 reactor with the first
core.

the same time a significant pastadiation ircrease of
strengthlisand thermal strength of fuel elements, as well
as the presence of compsi® residual stresség on
their surfaces was recorded.

Hardening of fuel elementgaidUs in three inlet
(low-temperature) sections (HS HS2, HS3) reached
almost 100 %, in four outlet (higiemperature) sections
it was small (Fig. 2). Theature of fuel elements thermal
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Fig. 3. Residual stresséron the surfaces of fuel
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Life cycle tests of NRE fuel elements
In contrast to the first core of I\XE reactor the sec-

The question on the danger of expected excessOnd core fuel elements tested in modes close to the nom-

growth of stressedr in the fuel elementsvas resolved inal operation of NRE reactor, there was a sigafft
only after the completion of their life cycle tests in thidegradation of the initiastate, especially noticeable in

second IVGL reactor corayhen the Opportunity to_)gy |0W-temp§rature H'S.'and HS2. In particular, the fuel
measurements of stressasin fuel elements wittNp  €lements ithese sections had numerous cracks and dam-

burrrup in awide (from~2 L% @ ~2 L # @iv./cn?) age, and the longitudinal beams twisting in HS and the
range. To do this, inddition to data on the fuel element:number of failures of fuedlements were increased with

of (Zr,U)C tested in the six channels of IMGeactor first  increasing the number of reacttartups. For example,
core, Xray diffractometric parameteneasurements of after 6 starups the angles of beams twisting of fuel el-
the magnitudes and signs of axial residual strefsas €ments reachedbout ~20A, and the
the surfaces of fugllements of (Zr,U)C+C tested in lew fuel elements was approximately 80 %. Destroyed fuel
temperature HS of eleven channels of F¢@actor sec- €lementsin HS-1 and HS2 were small (&5 mm in

ond core, were performedFig. 4. The measurements length) and slightly mixed fragments of ratist signifi-

were carried out on the selected integer fuel elements ¢ cantly’ hundreds of perceiitincreased the coefficient

taining no surface cracks.
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Fig. 4. The levels of residual stressg®n the

surfaces of fuel elements of (Zr,U)C+C and (Zr,U)C
dependinon Nbburnru p i n
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The results of measuremeditgin Fig. 4 data for the

t he

1
Pta n $two sections of &ell FA were damaged byacks and de-

of gasdynamic resistance #te entrance of FA cooling
duct. The fuel elements in the remaining foigh-tem-
perature HSemained intact, or were damaged only to
large (30 mm length) fragments without mutuaptiise-
ment, their strength decreased with increasing tempera-
ture and duration of exposure duethie degradation of
the surface material by erosiand hydration.

It is obvious that the original cause of the negative
situation in the inlet HS is the lack of thermal strength of
carbidegraphite fuel elements at the temperature of the
fragile state. Indeedhe level of thermal strength of these
fuel elements is such that the cracks appear in them even
atheat loadsjs higher 5 MW/n# (see shaded dangerous
region in Fig. 5). That is why the fuglements of the first

stroyed during testa IVG-1 reactor second core, and the
fuel elements in the first three sections afell assem-
blies remained intact during the tests in the first core.

first core fuel elements araarked with blue dots) indi-
cated that the continuous growth of the radiation dose up
to uraniumburnu p  a b ofidiv./c2flwasOnot ac-
companied by continuous growth of compressive
stressesir on the surface of a fuel element (and tengile
inside) to excessively high values. Therease of stresses

Ur (fuel element material swelling heterogeneity in-
crease), as seen from figure, was stopped after burning
of ab d’div./cnB (Indicated by dotted line) before
reacting 200 MPa, that #hinates the risk of failure of

Os, MW/m?

in their internal regions.
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Consequently, for the elimination of a failure of fue Such positive effect of PS stanp was recorded
elements in the first two sections etéll assemblies and among the fuel elements tested in the 1Y@ actor
prevent processes of grinding and mixing of the fra( fourth core (Fig. 7): hardening of fuel elements in HS
ments it is necessary, as seen in Fig. 5, to increase the 1 and HS2 after the tests iIRS+2WS and 2WS
itial thermal strength of thiiel elements of (U,Zr)C+C amounted to ~35 % and ~20 %, correspondingly.
approximately doubly. As the level of thermal strength
brittle carbide material can be increased by increasing its 40
strength, in [7] the possible ways of firardening of fuel 30
elements by thermal, radiation and combinatiorhious 20 ~ NN
were analyzed. Among the possible radiation methods the 10 Q\

% 1 ‘ 3
way of fuel elements strengthening by residual radiation £ o __Lle_ T\ Ll‘
stressesik in which the fuel elements ofd&ll FA were A 5 ‘

— I
o PS+2WS

(]

>

previously irradiated th burnu p a b ofdiv/end L 1 0 o ]
in a mode of decreaspdwer(at average heat load on FA -20 L)
lengthgs about 4 MW/rd), was pointed to. Prieradiation -30

is carriedout in the shape of the first stan (FS) of NRE -40

space facility located in orbit. Double hardenafgcar- 181 182 183 184 18 186

bidegraphite fuel elements of letemperatureHS . Number of heating section
achieved during FS stamps must esure absence of Fig. 7. Change of fuel elements s_trengﬂ@juson FA
cracks and breakage in the subsequent reactor activations./€ngth of two channels tested in the fourth core

A comparison of the change of fuel elements of IVG-1 reactor.
strength after reactor tests in only a feww(ojking start
ups (NWS) and after the tests in thevorking starups . REFERENCES: .
with prior power startip (PS+nWS) [5] can serve as ar, 1+ A-G. Lanin, LI. Fedik. Selecting and us-
experimental substantiation of the proposed method (s'ng mat_engls fqr nuclear ro_cket engine reactor /
Fig. 6).Startup PS of IVGL reactor regarded here as thYSPekhiF i zi cheski kh Nauk, 2011,
startup FS of NRE reactor, but instead of the propos&3lo'334' .
doublehadening of fuel elements of inlet HS (as in F¢ 2.1.l. Deryayk(_), V'V'. Che_rnyadev, N.V. Gorin,
startup) only one and a half hardenings occurs in pet al. Charac@enstlcs of identifying the fuel rods of
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fuel elements in HR and HS2, achieved in a relatively 105. .
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the required 100 %). However, it is noticeable that the, 4 I-I- Fedik. High temperature carbide structures
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Abstract

The paper addresses results of the experiments to clarify the reasons and mechanisms of radiation hardening
of rod carbide and carbieraphite fuel elements made of (Zr,Nb,U)C and (Zr,U)C+C under conditions of their
radiation in helium ampoules of RA reseh reactor.

Keywords: nuclear rocket engine, fuel element, sealing insert, heating section, irradiation, strength, fusion
fragments, hardening.

Introduction

Soviet version fuel elements of nuclear rocket en-
gine (NRE) must have high level of radiation re-
sistance because they should keep their operability for
about 30 000 hours while running a bimodal NRE un-
der energetic mode. Under the radiation resistance of
NRE fuel elements it is commonly understood the abil-
ity of these prodcts to maintain the original dimen-
sions, integrity and strength [1] for a long time (in terms
of low-level reactor irradiation in an inert coolant under
the temperature of about 1200 K). Therefore, the NRE
fuel elements were being tested in RA reactoruneli ,
ampoules for about 5000 hours in order to identify theirFig. 2. Layout of fuel elements and sealing inserts in
levels of radiation resistance. In these tests, fuel ele- each of seven HSs from each of thirty seven RA

ments (FE) were simultaneously both subject of re- reactorampoules.
search and fuel for RA research ampoule reactor.
The tested NRE FEs, made by powder metgjiu Life tests for fuel elements are performed in the

technique, looked like longitudinalyvisted plates of ampoules filled with helium to a pressure of ~0.45
100 mm long, with diameter of 2.2 mm and a twist pitclvPa. In the tests, the reactor power was maintained at
of 30 mm (Fig. &). Each heating section (HS) in eachg level close to 300 kW providing intensive exposure
resource reactor ampoule was equipped with 151 rogg fyel elements by thermal and fastutrons ~{0'2
respectively. Bundle of fuel elemisninserted into the 5,4 ~3,40012 cn?@?, respectively. The temperature of
HS graphite holder is tightened with 12 sesylindri-  FEg jrradiation was in the range from ~750 to ~1600

cal carbide sealing ZrC inserts around the periphefgrewith (depending on placing a particular of the re-
(Fig. 1b). Wherein all inserts are inserted into a holdegcior core).

so that their semtylindrical surfaces were in contact During the tests, comprising 114 differént

with fuel _elemets and flat surface contacted with th%ngth reactostartups, it was periodically monitored
holder (Fig. 2). degree of keeping the initial FEs dimensions, their in-
tegrity and strength which are periodically discharged
from the reactor fuel elements separate, for which pur-
pose the fuel elements of some ampoules were occa-
sionally unloaded in order to identify the radiation
changes in their length, diameterD and strengttss.
In addition, changes in such FEs parameters asmass
densityo, electrical resistancB, Young's modulug,
microhardnessly, lattice perioda,, and state of micro-
structure were monitored under irradiation to clarify the
reasons for the proposed decrease in FEs durability.
Totally 19 resource ampoules with operating time
Ufrom 1 till 4803 hwere unloaded from the reactor

) . b while the tests were baj realized. Research findings
Fig. 1. External view of NRE fuel elements (a) and of FEs irradiated justified a high radiation resistance of
sealing inserts (b). NRE FEs under conditions simulating their use on the

power mode of the bimodal NRE.

Neither cracks nor color and structure changes
were found on the surface of theefielements, as well
as FEs warps and breaks were hardly available regard-
less of the fact that the FEs bundles were longitudinally
twisted in the angles in the HSs reaching 30 degrees
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through in places. (Twisting forms were attributedto Radi at i on changes in i niti
the periodic crimmg and mitigating of the FEs bundlesstrength were conséded depending on the uranium
affected by periodic thermal cycles occurred in HSsQurnupNeand E6 s i rr adi aturxoThe t e mper

While running through about ~5000 h, relatively lowburnup(number of uranium fissions per unit volume of
radiation changes were stated in all the FEs paramet&is) was determined by the formula
when their changes were traced. Ne=/unl S, 1)

In this case, the ovdfapositive nature of the wherej 1. is intensity of thermal neutron flux, i
changes in separate FEs parameters was consiste¢arating time ands i macroscopic fission crosses
the fact that almost every dose dependence of theggction amounting from0.8 to~1.0 cm for fuel com-
changes (at the irradiation temperature close to 1200 Ksitions of NRE FEs. The temperatusg wasdeter-
were getting or have already reached the saturation. #ined by calculation based on the known data regard-
particular, sotropic radiation swelling of the fuel ele-jng material composition of fuel elements and energy
ments has already stabilized at ~1.4 %. Thus, these fgtease distribution in fuel assembly of the ampoule
sults indicated that NRE FEs would keep their opergtaking into account the thermocouples mounted inside

Convincing proof of what as said became results Results and discussion
of FEs life tests where FE.s radiation ha_rdening py upto \while studying the irradiated FEs it was found in-
~ 40 % [2, 3] was found' instead of t_helr softgmn_g €Xcreasing strength (hardeninm/ds) by all carbide and
pected. In connection with determining positive '”ﬂu'carbidegraphite FEs with a depth of burndy ex-

ence of the hardening on the radiation resistance of thgeded-2110¢ cnm® and the magnitudesp &/ts were
fuel elementst was attempted to experimentally stateaqual to 2040 % herewith.

_ Firstly, hardening levels of (U, Zr, Nb)C and (U,
Materials and methods Zr)C+C fuel elements, being tested under identical con-

Materials being tested were sintered refractory Ziljitions of one ampoule up to the values closéNto
conium carbides, niobium, uranium, sintered refractoryere always the samdgspite the more higher initial
uranium and zirconium carbiegraphite and sintered syrength of carbide FEs compared to carigjdphite
refractory zirconium carbide. These fuel and construgs e s . Secondly, FEso® hardenin
tion (uraniumfree) materials related to im&titial al- o5, temperature and dependenced/dis = f(uir) al-
loys and have therefore high brittleness (the tempergays looked like horizontal lines for the FEs from each

ture of transition from brittle state to ductile one exampoue as shown in Fig. 3 for FEs from ampoule #11.

FEs was & wt%. Uranium contentin (Zr,Nb,U)Candj n g | evel s means that for

(Zr,U)C+C FEs was in the rangefn about 9 10-19  hardening in each ampoule can take hardening value
wt%. This difference was due to the obligatory presyyerage for all the FEs from this ampoule, whigm
ence of the three zones of radial profiling of uranium h e'n be used to construct the
concentration in every NRE reactor core HS (thesgardeningep s = f(Ng). The results of such a con-
three concentration areas can be easily discerned in figryction are shown in Fig. 4. It is clearly seen that the
2, where FEs locations middle zone are blackenedmg x i mum FE6s hardening is rea
and locations in central and peripheral zones are whitey jife tests: at a depth of burnup 26 cni® after
~ Used in the paper method of determining the radisnout 20 hours of the test (reference information con-
ation changes in FEs included in the measurements ofg  p i nogerafing @me achieved in each of 19 re-

such FEs parameters lasD, m, 9, R, E, Hv, &, Ssbe-  source ampoules is shown in Fig. 4 on your right).
fore and after the test. It is obvious that the results ob-

tained are more reliable by using nondestructive meas- ¢ s

~ O
5 =
()
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5. 88
uring methods (when each separate fuel element could ¢ © A ®s L AL
be individually certified before and after the test) rather % 4 oo L
than by using destructive nietds (when only separate 2 5

manufactured FE batch could be certified). Unfortu-
nately, only the first six from listed above parameters
could be measured by nalestructive method, s&sof 10
interest to us was certified aserage strength ratio of
the FEs fronsome manufacturing batches. 900 1000 1100 1200 1300 1400
To this end, average ratios of initial hardening Fi denind level i O .

while FE®&s twisting was d'g%%%g mgsa\gs_o;c_grple%r}g%arfﬁe FEO6s
batch being used inipi | e tests (F Egbra? &R as " lqﬂonn%g%i@poue llupto

made on the basis of 15 mm that made it possible t h'e depth o¥c umbersgnear the 3 A10

obtain from 4 to s measurement values per one FE). points dent_)te amount .Of single measurements of
FEs from different batches had various levels of initial hardening for irradiated fuel elements).
strength ranged from ~100 to ~200 MPa by carbide

graphite FEs and from ~150 to ~300 MPa by carbide

FESs).

i (U,Zr)C+C
i (U,Zr,Nb)C
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