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BO3PACTHBIE OCOBEHHOCTHU 3ABOJIEBAEMOCTH 3JIOKAYECTBEHHBIX
HOBOOBPA30OBAHUI )KEHCKOI'O HACEJIEHHAS BOPOHEKKCKOM OBJIACTH 3A 10 JIET
HABJIOJEHUSL

Pe3tome.

PerymnsapHsIit aHaMHM3 JaHHBIX TOCYAAPCTBEHHOW CTATUCTHKH IO3BOJIIET OPTaHU3aTOPaM 3IPaBOOXPAHCHUS
U cIyk0e TIIaBHOTO CIENHANNCTa UMETh TOYHBIN MPOTHO3 U 3()()EKTUBHO MCIIONB30BaTh OOKETHBIC CPEICTBA
Ha Pa3BUTHC OHKOJOTHMUYECKOU ciyxObl. KpoMme 3TOro, mosBisieTcss BO3MOXKHOCTh pa3pabaThiBaTh U BHEAPSTH
TOJILKO T€ MPOTpaMMbl, KOTOPHIC HAIPABJICHHbI Ha yIydllleHHE TOoKa3aTelled OKa3aHWs TMOMOINY MalueHTaM
3HO u ynyuIieHuio cCTaTUCTUYECKUX MTOKa3aTesei.

Crparerus pa3Butus 3npaBooxpanenus 10 2020 roga, B KOTOpO# 4€TKO OMpeieNieHbl 3aa4u M0 OHKOJIOTH-
4ecKoil ciayx0e, MODKHA YAYUIIUTh CUTYAIHIO 10 PAaHHEMY BBISBICHHUIO 3JI0KAYeCTBEHHBIX HOBOOOpPA30BaHMI,
W3MEHHTH MPOMOPIIMI0O KOHTUHICHTOB HAKOIJICHUS B CTOPOHY PaHHHX CTaJIuil paka, a TaKKe YBCIUYHUTH S-TH
JICTHIOIO BBDKHBAaEMOCTh B CIIy4ae MOCTAHOBKH TUATHO3a 3JI0KAUYECTBEHHBIX HOBOOOpazoBaHmi (manee - 3HO)
[1]. B paboTe mpoBOIUTCS aHANN3 CTATHCTUYECKUX TAHHBIX IO 3a00JIEBAEMOCTH W COCTOSIHAIO OHKOJIOTHIECKOM
TIOMOIIIN 3JI0KAYeCTBEHHBIX 3a0oieBannii B BopoHexckol obnactu, B cpaBHeHnH ¢ LleHTpanpapiv Dexepais-
HbIM OKpyroM u Poccueit 3a nepuon 2006-2016 rr. [IpeacrapieH aHanu3 AaHHBIX TOCYIapCTBEHHOM MEIULIMH-
CKOM cTaTuCTHKH 10 popme Ne 7. JI7st pacueTa CTaHAApTH30BAHHBIX TIOKa3aTelei 3a001eBaeMOCTH HUCTIONB30BaH
MHPOBOM CTaHJApT BO3PacTHOTO paclpenesieHus] HacesjeHus. Pacuer mpupocra/yObuin mokasareneit 3a 10-
JICTHUH TIEPUO]] IPOBOIIIICS C MPEABAPUTEIHHBIM BhIPABHUBAEM JHHAMHUYECKUX PAIOB. PaccuuTaHsl CTpyKTYypa
3HO u 3aboneBaeMoCTb 10 Bo3pacTaM H moiy. OHKOJIOTHYecKas CTaTHCTHKA MO3BOJISIET MPOCIEINTh CUTYAIHIO
C COCTOSTHHEM OHKOJIOTHYeCcKOoil momou B BopoHexxckoil ob61actu Ha mpoTspkeHnH nocneaux 10 jer.

Kniouesvie cnoea: 3noxauecmeennvle Ho86000pa3zosanus, dmudemuonozus, 3abonesaemocmv 3HO, scenuyu-
Hbl, CMAMUCIUKA.

Danilov V.M.

post-graduate student of the Department of Oncology and specialized surgical disciplines of the

Institute of additional professional education of the Federal state budgetary educational institution of higher
education “Voronezh state medical University named After N. H. Burdenko " of the Ministry of health of the
Russian Federation

Abramov S.1

chief specialist of Department of medical statistics « Central Research Institute of organization and In-
formatization of health care* of the Ministry of health of the Russian Federation

AGE THE INCIDENCE OF MALIGNANT NEOPLASMS OF THE FEMALE POPULATION OF
THE VORONEZH REGION, FOR 10 YEARS OF OBSERVATION

Abstract.

Regular analysis of state statistics data allows health care providers and the chief specialist service to have
an accurate forecast and effectively use budget funds for the development of cancer services. In addition, it is
possible to develop and implement only those programs that are aimed at improving the indicators of care for
patients ZNO and improve statistical indicators.

The strategy for the development of health care until 2020, which clearly defines the tasks for the cancer
service, should improve the situation for early detection of malignant neoplasms, change the proportion of the
contingents of accumulation towards the early stages of cancer, as well as increase the 5-year survival in the case
of diagnosis of malignant tumors (hereinafter - ZNO) [1]. The paper analyzes statistical data on the incidence
and the state of cancer care for malignant diseases in the VVoronezh region, in comparison with the Central Fed-
eral district and Russia for the period 2006-2016.
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The analysis of data of the state medical statistics in the form Ne 7 is presented. The world standard of age
distribution of the population is used for calculation of the standardized indicators of morbidity. Calculation of
growth / decline indicators for the 10-year period was carried out with preliminary alignment of dynamic series.
The structure of ZNO and incidence by age and sex are calculated. Cancer statistics allows tracing the situation
with the state of cancer care in the VVoronezh region over the past 10 years.

Key words: malignant neoplasm, epidemiology, incidence and statistics, female.

MaTtepuaJbl M METOABI.

B 2016 r. B BopoHexckoit 001acTé ObLIO BBISB-
neHo 65 779 ciaydaeB 3HO, u3 Hux B 47,6% y Myx4uH
u B 52,4% y xenmuH. IIpupoct nokasarens cocTaBuI
B nenoMm 33,5%, y myxuun 28,4%, y xenmuH 38,4%
[2]. Ha xoner; 2016 roma mox AXCHaHCEPHBIM HaOIIO-
JIeHreM B BOpOHEKCKOM OHKOJIOTHYIECKOM AHCIIaHCe-
pe coctosio 65 779 manmMeHTOB ¢ OHKOJIOTHYECKUMHU
3a00JICBaHUAMY, 32 NECATHICTHE YHCIO TaKUX MalH-
€HTOB Bo3pocio mouTH Ha 50% (47,5%). [lox nucman-

450
400
35

]

300

25

o

200

15

]

]

o

CEPHBIM HAOJIOJCHUEM B MEIUIIUHCKHUX YUPCKICHHUIX
obnactu cocrout 2,8% Hacenenus (PD — 2,4%, [IOO
—2,6%).

ITokazarens 3aboneBaemoctr 3HO nHa 100 ThIC.
Hacenenus B 2016 r. B o0nactu coctaBun 434,4, 4to
ropaszzmo Beime nokasarens u mo PO u OO (4094,
413,7). B nuHaMuKe MmokaszaTesss OTMEYaeTCs 3HAYH-
TenpHOE mpeBbimenne ypoBHsI PO [3] u LIDO B 2014
n 2015 rr. IIpupoct mokazarens coctasun 29,7%, B
PD 21,8 u [IPO 13,0. (puc 1) [4-14].

100
5

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

mPOCCHMA mBopoHexcKas obnactb

mLUTO

Pucynox 1. Juuamuxa «2pybozo» noxkazamens saboresaemocmu 3HO na 100 moic. nacenenus 6 Boponesicckotl
obnacmu, [[@O, P®.

VY JKeHIIMH «rpyObli» moka3zarens 3a0oJeBaeMo-
crtu 3HO B 2016 1. coctaBun 420,8 Ha 100 ThIC. XKEH-
CKOT0 HACEJICHUs, YPOBEHb 3TOr0 IMOKA3aTels BBILIE
aHajorn4Horo no P® (414,6), Ho HIXKE CpPEIHEro 1o
PO (424,0). Ho mpupocT mokazaTemnst 3a IEpuo
2006-2016 rr. B BopoHexckoit obnacti HanOOIbIINi
- NIpU CPABHEHUM CO CPEJHEPOCCUICKUM U CPEIHUM

mo PO - u cocraBun 35,8% (PO — 24,3, IPO —
15,0). (puc. 2).

Ilpu cpaBHeHHMH ypOBHS TOKa3areined 3abolieBa-
€MOCTH MYKYHMH U JKCHIIUH — B BopoHexckoi obOna-
CTH HAOJIOAAeTCsl 3HAYMTEIBHOE MPEBBINICHIE TOKa-
3areNs y My>K4HH, TorJa Kak B P® B meixom TakoBoro
MIPEBEIIICHNS HE HA0TI0JaeTCSl.



Lim
6 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #8(36), 2018 =28

460

440

420

400

380

360

340

320

2009

2010

Boponesxcran 06a.,

2011

2012 2013 2014 2015 2016

Pucynox 2. Junamuxa «2pybozo» nokazameis 3aboreeaemocmu 3HO myscuun u dcenuyur 6 Boponesiccroti
obnacmu, P®, [[OO

B peiituare nokasareneii «rpyObIx» mokazarenei
3abomneBaemoctt 3HO cpemyt My»KCKOro HaceJIeHHUs
Tepputopuii, Bxomamux B LIPO, Boponexckas 00-
JlacTh 3aHUMaeT 12 MecTo, a IO MPUPOCTY MOKa3aTesst
3a jpecsruierue - 8 mecto. Cpean XKEHCKOTo Hacese-
Husg [[PO B peliTuHre mnokasarens 3a00JI€BaeMOCTH
3HO Boponexckast o6nacte 3aHMMaeT 16 MecTo, a 1o
IIPUPOCTY IOKA3aTeNIsd 5 MECTO.

[Ipu aHanu3e cTaHAApPTU30BAHHBIX MOKa3aTeleil,
KOTOpBIE CTaHAAPTHU30BAHBI 10 MHPOBOMY CTaHIAPTY
BO3pacTHOTroO pacmpeneneHust HaceneHus (M. Segi),
mokaszatens 3aboneBaemMoctd 3HO B Boponexckoit
obmactu B 2016 r. He MpeEBHIMIAET CPEAHEPOCCUICKII
(244,9) u cocrasuser 235,9 ma 100 THIC. HaceneHus,
HO BhIIIe cpeguero mo LPO (228,7). Onnako, npu-
POCT TOKa3aTens 3a ACCATHIICTHE 3HAUUTENbHO BHIIIE
u pased 20,4%, yem o P® B niennom u [IAO- 10,5% u
6,8% cootBercTBeHHO. [0 peiTunry nmpupocra ¢ 2006
. CTaHAapTU30BaHHOTO MOKa3aTels 3a00JeBaeMOCTH
Ha 00a noja BopoHexkckasi 0071acTh 3aHUMAET 5 MeCTO
B PO, a no ypoHto nokazares 15.

B xenckol nomyssiun Boponekckoit obmacti
YpPOBEHb CTaHAAPTU30BAHHOTO MOKa3aTens 3aboieBa-
emoctu 3HO B 2006 T. cpeau teppuropuii OO Obin
OJHHUM M3 HauMeHbIux 171,8, ycTynas nums nokasa-

tenro Brmagmvupcekoit 171,2 n TamboBckoit obmactu
169,7 ma 100 TbIC. )XeHCKOro HaceieHus. B 2016 r.
9TOT MOKa3aTelb TaK K€ HAXOOUTCS Ha HEBHICOKOM
s DO yposre, 215,2, 3anumas 14 Mecto, 3HA4H-
TENbHO YCTyHas CPEIHEPOCCUHCKOMY IOKA3aTeIto
227,0. IlpupocT CTaHAAPTU30BAHHOTO IIOKa3aTess
3aboneBaemoctd 3HO y sxenmuH Boponexckoit 00-
JIACTH 32 JIECATH JIET TaKKe, KaK U y MYKYMH 3HAYH-
TEJNBbHO MPEBBIIIACT TAKOBOW B cpeaHeM 1o Poccuu u
PO 26,7%, 14,8% u 11,0.

[HoBo3pacTHble mMoka3areau 3a00J1€BaeMOCTH
B BOpoHe:kckoii o61actu 3HO.

Xapakrep KpHUBBIX, OTPAXKAIOIIUX MOBO3PACTHBIE
mokazarenu 3aboneBaemoctit 3HO B 2016 1. m1st 060-
ux nojoB B IO u P®D, B 1eaoM HUIASHTHYCH, MUK
MPUXOJANUTCS HA BO3paCTHYIO rpymmy 75-79 ner
(1430,0 u 1509,3 cooTBeTcTBeHHO), B BOopoHexckoit
00J1acTH OTMEUaeTCss HEKOTOpOoe 1iaTo B Bo3pacte 70-
74 u 75-79 net (1284,1 u 1274,7) (puc. 8).

IIuk mOBO3pacTHEIX TOKa3aTened 3aboieBacMo-
cti 3HO MyX4MH Takke IPUXOAUTCS Ha BO3PACTHYIO
rpymmy 75-79 ner, Ho B Boponexxckoit obmacti ypo-
BEeHb TNoKazatess Hike, yeM no [{PO B nenom u PO
(1988,9,2119,5 u 2268,0).
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Pucynok 8. Ilosospacmuuie nokasamenu 3abonresaemocmu 3HO ¢ P®, [[@O u Boponedsicckou obaracmu na 100
Mylc. COOMBEMCMBYowe20 Haceienus, 0oa nona (a), scenwunst (8), 2016 2.

V sxeHmuH B BopoHexckol 001acTH OTMedaeTes
OoJee MoJIOTHIT TOIBEM YPOBHS IMOKa3aTels, HaunHas
¢ Bo3pacTHO# rpymmbel 60-64 roga (808,8) mocturas
muKa B Bo3pacte 75-79 ner (963,7). [lokazaTens 3a60-
neBaemoctd B LU®O u PO B 3T0H ke BO3pacTHOU
rpynne cocrasuser 1139,8 u 1184,1 coorBeTcTBEHHO.
3a 10 nmeT TeHIEHIUHU paclpeaeiieHus] MOBO3PACTHBIX
nokazarenel 3aboneBaemoct 3HO MyX4uMH W JKEH-
mmH B BopoHeXCKOW 00NacTH CyIIECTBEHHO HE HU3-
MEHHJIHCH.

IIpu cpaBHEeHUHM MOBO3PACTHBIX IMOKa3aTeseu 3a-
6oneBaemoct 3HO pa3nuuHBIX JOKAIM3AHUNA Y
KeHIMH Boponexckoit obmactu 2006 u 2016 rr.,
MOJKHO OTMETHThH CHIDKECHHE YPOBHSI ITOKa3aTelei mpu
3HO »xenyzaka Bo BceX BO3PACTHBIX IpyMIax, KpoMe
crapmmx 80 JeT U crapiie, HauOOJbIee 3HAYCHUE B
2006 r.89,8 B BO3pacre75-79 ner, B 2016 r. 67,1 B
Bo3pacte 80-84 roma. IIpu 3HO obomouHOW KHIIKH
YBEJIMYCHHE YPOBHS TOKa3aTeNs HaOIIOAaeTCs C BO3-
pactHOW Tpymmsl 55-59 met — B 2006 r. manmee uaer

MIOCTETICHHOE YBEJIMUYESHNE MOKa3aTelsl 10 MaKCuMyMa
57,3 B Bo3pacte 80-84 rona, a B 2016 r. peskuii poct
nokazarens 10 99,6 B Bozpacte 75-79 net. [Ipu 3HO
Tpaxeu, OpPOHXOB, JIETKOTO OTMEYAETCs] aHAJIOTMYHAsS
TEHAEHIU — JI0 BO3pacTHOM rpynnsl 55-59 ner 3Ha-
yeHue nokasarened u 2006 r. u 2016 r. umMerT cxo-
*Kue ypoBHH, 3aTeM B 2016 r. oTMmedaeTcs pe3Kuit
poct moxkazarenst mo 59,8 B Bo3spacte 75-79 net, B
2006 r. pocT ToKa3aTelNs MJIaBHBIA, MAKCUMYM OTMeE-
4yaeTcsl B TOW € BO3PACTHOM IpyIIle, HO YpOBEHb
3HAUUTENBbHO HWXeE -35,6. [Ipu 3aboneBaHusIX MEHKH
MAaTKH 32 JIECATHIICTHE OTMEYAETCs CABUI MaKCHUMyMa
rokazaTesst B 0ojee MOJIoJible BO3pAacTHbBIE I'PYIIIBI B
2016 r. makcumyMm 36,0 ormeuaercst B Bo3pacte 40-44
rona, a B 2006 r. makcumyM 28,0 oTmeyancsi B BO3-
pactHoil rpymne 65-69 ner. HekoTopoe «omomoxe-
HHUE» MuKa 3aboyeBacMocTH oTMedaeTcs U npu 3HO
smyanka B 2016 T. OH oTMedaeTcs B BO3pacTHOH
rpymre 45-49 ner, HO ypoBeHb ero 35,3 HEeCKOJIBKO
HIDKE YPOBHSA MakcuMmyMa 38,3 B BO3pacTHOW TpyIie
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50-54 roma B 2006 r. MakcumyM mokasaTeiis 3a0oJre-
BaeMocT 3HO Tena MaTku 3a HCCIeAyeMBIi ITepHOT
TaK)Ke HECKOJBKO CMECTHJICS C BO3PACTHOW TPYIIIIBI
55-59 mer B 2006 r. (90,5) Ha Tpymmy 65-69 ner
(145,0) B 2016 r. YpoBeHs MOBO3PACTHBIX IOKa3aTe-
et 3aboneBaemMocti 3HO MIMTOBUIHON eJIe3bl B
nenaoMm B 2016 r. Beime yem B 2006 r., OTMEUYarOTCS
JBa MakcuMmyMa 26,5 B Bo3pacte 35-39 net u 27,7 B
BO3pacTHOH rpynmne 55-59 net, B 2006 r. nuk 3aboe-
BAaeMOCTH HPUXOJMIICS Ha Bo3pacT 60-64 roma u co-
ctaBisut 19,3 Ha 100 ThIC. COOTBETCTBYIOIIETO BO3pac-
Ta.

BriBoaBI.

Takum oOpazom, B Boponexckoit obmacta y
JKeHIUH 1pu 10- eTHeM HaOIIOACHUN MBI 3a(HKCH-
poBayiu CHUXEHHE YpoBHs nokazateneid npu 3HO xe-
JyJKa BO BCeX BO3pacTHHIX rpymmax, 3HO obomouHoit
KHIIKH YBEJIWYCHHE YPOBHSA IIOKa3aTeNns C PE3KUM
poctoMm 10 99,6 B Bo3pacte 75-79 net, u mpu 3HO
Tpaxeu, OPOHXOB, JIETKOI'O OTMEYaeTCsl aHAJIOTWYHas
teraeHuus. [Ipu 3aboneBaHusAX LIEHKW MaTKU 3a Je-
CATUJICTHE OTMEYAeTCs CABUI MaKCHMyMa MOKa3aTess
B Ooiee Moiozple BO3pacTHBIE Ipymmsl. Hexoropoe
«OMOJIOKEHHE» TTHKa 3200JIEBAEMOCTH OTMEYAETCSI U
npu 3HO smaamnka. MakcuMyM mokasartesst 3aboeBa-
emoctu 3HO Tena maTku 3a UCCIEAYEMBIM MEPUOL
TaK)Ke HECKOJIBKO CMECTHJICS C BO3PACTHYIO TPYIITY
55 u crapiue B rpynmy 60 u crapiue.
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IMMUNE STATUS OF PATIENTS WITH COMORBID PATHOLOGY

Summary. Chronic obstructive pulmonary disease (COPD) and cardiovascular diseases are considered as
the leading causes of death and mortality in developed countries, the clinical significance of which increases
progressively as far as the aging of population. In recent decades was formed COPD in a combination with met-
abolic syndrome (MS), which is another global disease of civilization and progress, which was a blend of over-
weight or obesity with hypertension, lipid and carbohydrate metabolism and diabetes. To correct the main mani-
festations of dyslipidemia as a major component of MS has been successfully using the statins all over the world.
The aim of current study was to determine the effect of atorvastatin on parameters of cellular and humoral im-
mune system and the functional activity of immune cells in patients with COPD, combined with arterial hyper-
tension (AH) and MS. The study involved 43 patients with A group of COPD, combined with AH and MS and
75 patients with B group of COPD, combined with AH and MS. All patients were evaluated by indicators of
immune status, which included the tests of I and Il levels as required by the Memorandum of WHO. We estab-
lished the immune corrective role of statins (atorvastatin) in the treatment of patients with COPD, combined with
AH and MS, which is the presence of anti-inflammatory action, reducing the symptoms of autoimmune disor-
ders, reducing the relative content of activated lymphocyte subpopulations and elimination of imbalance of the

immune complexes.

Keywords: Chronic Obstructive Pulmonary Disease, Arterial Hypertension, Metabolic Syndrome, Atorvas-

tatin, Immunity.

The problem and its setting. Chronic obstruc-
tive pulmonary disease (COPD) and cardiovascular
diseases are considered as the leading causes of death
and mortality in developed countries, the clinical sig-
nificance of which increases progressively as far as
the aging of population [1, p.367]. Thus, according to
the WHO in 2005 in the world among all deaths 30%
occupied by cardiovascular causes, 13% - cancer, 2%
- diabetes and 7% - COPD. It is believed that over the
next 10 years, COPD will take second place as a cause
of death in the population [7, p.347]. Also, COPD and
Arterial hypertension (AH) have the same pathogen
feature as subclinical inflammation, which include
disturbances in different parts of immune system.

Analysis of recent research and publications.
One of the classic features of a patient, who suffers
from COPD, always has been reduced body weight as
a result of muscular dystrophy, which is caused by
disorder of metabolism under the influence of system-
ic inflammation, hypoxia, and prolonged use of B2-
agonists [2, p.13]. However, in recent decades was
formed COPD in a combination with metabolic syn-
drome (MS), which is another global disease of civili-
zation and progress, which was a blend of overweight
or obesity with hypertension, lipid and carbohydrate
metabolism and diabetes. Overweight alongside smok-
ing are the main risk factors for general morbidity and
mortality all over the world. Thus both overweight
and smoking may interact synergistically and be asso-
ciated with the development of insulin resistance, oxi-
dative stress, and increased content of cytokines and
other inflammatory markers, which currently leads to
endothelial dysfunction, cardiovascular disease and
high risk of other diseases [1, p.368; 6, p.47]. In recent
years, we can see active developing of the study of
systemic effects in COPD when patients with this dis-

ease showing signs of diseases of the cardiovascular
system and features of MS [6, p.46]. Arterial hyper-
tension (AH) is one of the main components of MS,
which has the great influence to the development of
COPD, results of the disease. To correct the main
manifestations of dyslipidemia as a major component
of MS has been successfully using the statins all over
the world. The appearance reductase inhibitors of 3-
hydroxy-3-metylhlyutaryl-coenzyme A, or statins,
have made a revolution in the treatment of hypercho-
lesterolemia. Statins are drugs that are most common-
ly prescribed to treat these conditions because of their
effectiveness in reducing the content of low density
lipoprotein (LDL) and good tolerance and safety of
use.

Identification of previously unsolved prob-
lems. It is known that chronic inflammatory changes
in the immune system combined with changes in lipid
metabolism in blood, liver, adipose and other tissues.
In the scientific literature it is discussed two main
mechanisms of integrating lipid metabolism and im-
mune responses, one of which is associated with the
synthesis of cholesterol and other - with activity of
superfamily of nuclear X-receptors. It is proved that
statins have a multipronged effect - anti-inflammatory,
immunomodulatory and antiatherogenic.

Purpose of work — to determine the effect of
atorvastatin on parameters of cellular and humoral
immune system and the functional activity of immune
cells in patients with COPD, combined with AH and
MS.

Materials and Methods. The study involved 47
patients with A group of COPD and presence of the
metabolic syndrome (group 1) and 81 patients with B
group of COPD and metabolic syndrome (group 2),
the average age was 51,3 +4.2 years. All the patient
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had the 11 stage of AH. The diagnosis of COPD is es-
tablished according to the Order of Ministry of Health
of Ukraine Ne 555 [4, p.12]. The diagnosis of MS was
established on the basis of detailed anamnesis, clini-
cal, laboratory and instrumental methods in identify-
ing the main criteria for the syndrome on the recom-
mendations of the International diabetes Federation
(IDF), 2005 [3, p.5]. All patients were examined dur-
ing remission of COPD and were treated with basic
therapy of prolonged inhaled anticholinergic drugs
and short on-demand drugs without inhaled cortico-
steroids. To correct the existing violations of lipid me-
tabolism in MS, patients were treated with atorvastatin
at a daily dose of 10 mg. To achieve the target blood
pressure levels, all patients with AH received enalapril
at a daily dose of 20 - 40 mg, if not successful it was
added amlodipine in dose of 10 mg. The control group
consisted of 36 healthy persons randomized by age
and sex, with no signs of MS, AH and COPD. All pa-
tients were evaluated by indicators of immune status,
which included the tests of | and Il levels as required
by the Memorandum of WHO [5, p.26]: quantitative
assessment of the major populations and subpopula-
tions of lymphocytes, determination of activated sub-
populations of lymphocytes CD54 +, CD95 +, HLA-

DR +, CD25 +, levels of pro-and anti-inflammatory
cytokines determine spontaneous and mitogen-
induced lymphocyte proliferative activity, the level of
circulating immune complexes (CIC) of different mo-
lecular weight in the serum and the phagocytic activity
of peripheral blood neutrophils, the concentration of
serum immunoglobulins (IgG, IgA, IgM). Immuno-
logical examination was performed twice before car-
rying statin therapy and in the dynamics after 3
months of continuous use.

Results and Discussion. As a result of studies,
we found that in the first group of patients with COPD
| stage combined with MS, the main indicators of
lymphocyte populations did not have probable differ-
ences in the values of the control group (p>0,1) and
did not significantly change in the dynamics of treat-
ment (Table 1). The relative number of T, B lympho-
cytes and NK-cells had no significant differences in
the values of the healthy people. The same trend was
found for the percentage of key immunoregulatory
subpopulations - T-helper and T-cytotoxic lympho-
cytes/ suppressor whose content in the peripheral
blood of patients in group 1 parameters consistent
treatment of the dynamics of the control group (p>
0,1).

Table 1

The content of basic and activated populations and subpopulations of Lymphocytes in the peripheral blood of
patients with COPD with AH and MS in dynamic of treatment (M+m)

Group 1 (n=47) Group 2 (n=81)
Indicators Before treat- Before treat- Control
After treatment After treatment | group (n=36)
ment ment

Leukocytes, 10%n 6,24+ 1,13 6,11+ 1,18 6,36+ 1,19 6,25+ 1,09 6,76 = 0,82
Lymphocytes, % 33,26 + 1,31 32,85+ 1,27 41,15+£2,75 * 36,4+2,18*x 31,64 £3,90
CD3+ lymphocytes,% 64,73 + 3,45 65,28 £3,21 61,30 £ 2,86 64,55 + 3,68 65,85+ 6,55
CD4+ lymphocytes, 35,40 + 1,84 34,74 + 1,65 41,78 £ 1,86* 37,62+ 126%x | 33,23 +3,90
CD8+ lymphocytes, 22,48 £ 0,96 22,13 £ 1,04 17,24 + 0,85* 18,28 £0,95 21,50 +£2,01
CD4+/CD8+ 1,57+0,11 1,56+ 0,10 2,42+0,13* 2,07+0,11*x 1,55+ 0,29
CD22+lymphocytes,% | 25,54+ 1,17 24,93 £ 1,15 31,45+1,13* 27,56 £ 1,12 24,03 £ 1,50
CD16+lymphocytes,% 16,29 + 0,87 17,03 + 1,01 16,92 + 0,93 17,34 £ 1,02 18,85 +2,30
CD25+lymphocytes,% 12,31+0,24* 9,03 +£0,56 x 15,61+0,45* 11,74 £ 0,36* x 8,96+0,39
C;';’:;ERJ' Vmpho- | 14 72 0.31% | 12812032x | 17,61£020% | 1547£021%x | 12,3+1,27
CD95+lymphocytes,% | 4,98 +£0,12* 3,14+ 0,09 x 7,35+ 0,11%* 5,16 £ 0,08* x 3,04+0,09
CD54+lymphocytes,% | 18,36 £0,61* | 14,28 +0,37*x 21,02+1,01* 17,73 £0,89* x 11,07+1,65

Notes: - probability of difference of about the control (p<0,05);
X- Probability of difference in dynamic of treatment (p<0,05);

n- Number of patients

In the patients of the second group relative con-
tent of CD3 + and CD16 + cells in peripheral blood
was not significant differences in the values in healthy
ones as well as the dynamics of treatment, but it was
discovered phenomenon of B-lymphocytosis, when
the relative number of CD22 + cells exceeded the rate
of the control group at 23, 59% (p <0,05). In the dy-
namics of statins treatment was observed decrease in
the percentage of CD22 + cells at 12,37% (p <0,05),
but with a significant predominance over the number
of healthy patients to 12,81% (p <0,05). In patients of
the second group was found fundamental imbalance of
immunoregulatory subopulyations relative predomi-
nance of CD4 + T cells, leading to growth rate immu-

noregulatory index to 35,95% compared with healthy
individuals. Such disturbances in the immune status
are inherent, usually in patients with asthma when the
basis for the pathogenesis of allergic inflammation is a
reverse airflow obstruction, combined with the exces-
sive formation of IgE. In our group of patients during
the dilated bronchial test repeatedly confirmed irre-
versible airflow obstruction with no or little increase
forced expiratory volume in 1 second (FEV1), which
is one of the main criteria for the diagnosis of COPD.
Thus, these changes in the immune system that are in
imbalance contents of T-helper cells and T-
lymphocyte cytotoxic / suppressor due to the presence
of AH and MS, for which are typical autoimmune
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changes. In the dynamics of inclusion atorvastatin
treatment was a significant decrease in immune regu-
latory index of 1,17 times, but it remained higher than
the standard values at 25,12% (p<0,05). The content
of activated lymphocyte subpopulations of CD25 +
phenotype in patients of group 1 before treatment ex-
ceeded the control group on the rate of 37, 4%
(p<0,05), but in the dynamics of treatment with
atorvastatin inclusion it decreased by 26,6% (p<0,05)
to normative values. In group Il of patients the per-
centage of CD25 + lymphocytes exceeded the stand-
ard value at 74,2% (p<0,05), in the dynamics of treat-
ment significantly decreased by 24, 8% (p <0,05), but
remained above the level of healthy individuals to
31,03% (p <0,05). Similar changes were characteristic
of activated HLA-DR +lymphocytes, the content of
which in the first group of patients was higher than
grandstanding healthy individuals at 16,44% (p
<0,05), and the second - to 43,17% (p<0,05) in the
dynamic of treatment both parameters significantly
decreased by 12,98% and 12,15%, but in the second
group it remained significantly higher than in healthy
individuals at 25,77% (p <0, 05). Number of activated
lymphocytes that express FAS-receptor in patients of
group 1 was significantly higher than the value of
healthy individuals at 38,96 % (p<0,05) and dynamic
of treatment significantly decreased to normative val-
ues, while in the second group of patients was higher

than normal - at 2,41 times (p<0,05), in dynamic of
treatment decreased, but exceeded the rate in the con-
trol group in 1,70 times (p<0,05). The relative number
of CD54 + subpopulation of lymphocytes in both
groups of patients to treatment exceeded the rate of
healthy persons in 1,66 (p<0,05) and 1,90 times
(p<0,05), in dynamic of treatment decreased the quan-
tity of this subpopulation of lymphocytes however,
their number exceeded the level of healthy individuals
at 29,01% (p <0,05) and 60,16% (p<0,05).

As it can be seen from the data presented in Ta-
ble 2, spontaneous proliferative activity of lympho-
cytes in both groups of patients was increased without
significant differences between them. In the dynamics
of treatment was probable decline of index of sponta-
neous RBTL in group 1 (p<0,05) at 1,49 times the
values of healthy individuals (p>0,1), while in the
second group - only 1,16 times (p<0,05), which ex-
ceeded the control group at 35,77% (p<0,05). The in-
dex of stimulated PHA RBTL in group 1 had probable
difference from healthy individuals in dynamic of
treatment, and in patients of the second group during
the primary examination, it was raised to 11,76% (p
<0,05), and in dynamic of treatment significantly de-
creased to values of healthy individuals. Phagocytic
activity of neutrophils, which was estimated by count-
ing the number of phagocytes (NF) and phagocytic
index (FI) in both groups of patients, was reduced.

Table 2

The indicators of functional activity of immune competent cells in COPD patients with AH and MS in dynamics

treatment with statins (M £+ m)

Group 1 (n=47) Group 2 (n=81) Control arou
Indicators Before treat- After treat- Before treat- After treat- (n:S%) P
ment ment ment ment

RBTL spontaneous,% 2,87+0,12 * 1,9240,11%* 3,18+0,11* 2,74+0,09*x 1,76+0,61
RBTL with PGA,% 80,24+ 3,16 78,17+£3,21 89,41+3,22* 79,45+3,06 80,0+4,70
Phagocyte’s 502+0,16% | 5,61+0,18x 4,68+0,17* | 531£021*x | 6,50+ 0,60
Number (NP)
;I‘agocyte index (P1). | 55 680075+ | 632412.84x | 5126:252% | 60.214243x | 69.80+7.20

Notes * - probability of difference of index due to the control (p<0,05);
X - Probability of difference of index in dynamic of treatment (p <0,05);

n- Number of patients

The dynamics of treatment in group 1 figure NP
increased by 11,75% (p<0,05), and PI - by 20,04% (p
<0,05) to the values of the control group. In the sec-
ond group also occurred partly recovery parameters:
phagocytic number increased to 13,46% (p<0,05), and

the phagocytic index - by 17,46% (p<0,05), but did
not reach the level of the control group.

Influence of statin therapy on serum concentra-
tions of 1gG and CIC is given in Table 3.
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Table 3
Dynamics of humoral immune system indicator’s in patients with COPD, combined with AH and MS (M+m)
Indicators Group 1 (n=47) Group 2 (n=81) Control group
Before After treat- Before treat- _
After treatment (n=36)
treatment ment ment

Ig G, g/l 14,75+ 0,98 14,95+1,08 16,28+1,17* 16,36+1,05* 12,68+1,42
Ig A, g/l 1,31 +0,12 1,34+0,11 1,06 £0,13* 1,02+0,18%* 1,52+0,19
IgM, g/l 0,96 + 0,06 0,97+0,09 0,95+0,10 0,97+0,11 0,98+0,09
CIC large (> 19 S), 23,02460,41% | 35,14£0,81%x | 21,17+0,49% | 33,75%1,12% x 51,7+3,12
conventional units
CIC medium (11-198), | 55,28 %2236 | 45 73,1 2oux | 61,5502,34% | 46,9451,63 %x | 34,5422,02
conventional units
CIC small (<11 5), 4320+1,64% | 18,96£0,73%x | 52,37+1,72% | 2439+1,05%x | 10,94+1,13
conventional units

Notes * - the probability of difference of the index in the control (p<0,05);
X - the probability of difference of the index in the dynamics of treatment (p<0,05);

n -number of patients

As can be seen from the data presented in Table
3, patients of group 1 in the dynamics of treatment
with the inclusion of atorvastatin was seen likely
changes in serum levels of 1gG, IgM, IgA, their con-
centration is consistent with normative values (p>
0,1). In group 2 patients found an increased content of
serum IgG and significantly lower than the control
group level data IgA, the dynamics of treatment there
was no significant change in both indicators, which
may be due to the formation of antibodies in response
to antigenic stimulation of microbial frequent exacer-
bations of COPD. In both groups, the patients with
primary immunological study revealed an imbalance
of serum CIC with a significant prevalence of patho-
genic CIC content. Atorvastatin had a significant posi-
tive impact on content as pathogenic and physiologi-
cal CIC. In group 1 content of the average molecular

CIC significantly decreased by 29,37% (p<0,05), and
small - to 127,95% (p<0,05), while increasing the con-
tent CIC large - at 52,65% (p<0,05). In group Il pa-
tients the level of pathogenic CIC small and medium
size was significantly higher than those of the healthy
subjects and those of the group 1, the dynamics of
inclusion atorvastatin treatment decreased their level
respectively 1,31 (p<0,05) and 2,15 times (p<0,05),
but both values significantly higher than levels in
healthy individuals in 1,36 (p<0,05) and 2,23 times
(p<0,05). The level of physiological CIC large size
was reduced, and the dynamics of treatment increased
to 1.59 times (p<0,05), but has not reached the per-
formance of the control group and remained lower at
1,53 times (p <0,05). Serum levels of cytokines in
patients with COPD, combined with AH and MS, in
dynamics of treatment are presented in Table 4.

Table 4

Serum levels of cytokines in patients with COPD, combined with AH and MS, in the dynamics of complex

treatment (M+m)

Group 1 (n=47) Group 2 (n=81)
Indicators Before treat- Control group
Before treatment | After treatment ment After treatment (n=36)
TNF-q, or/mi 123,6 +£9,5* 61,5+5,7*x 126,9+7,5* 77,9+3,12%x 42,34+4,9
IL-1B, nr/mu 110,6+7,1* 54,7+6,8 x 105,1+6,8* 72,6+3,82%x 39,42+4,5
IL-6, ir/mn 36,2+1,6* 17,8+1,9*x 68,3+£2,2* 24.7+1,31*x 10,314+2,3
IL-4, /v 22,4+1,7 24,7+1,8 17,5+1,1% 22,7412 x 25,4243 3

Notes * - the probability of difference of the index in the control (p<0,05);
X - the probability of difference of the index in the dynamics of treatment (p<0,05);

n -number of patients

As can be seen from the data presented in Table
4, patients of group 1 in serum was found increased
proinflammatory cytokines TNF-o at 2,92 times (p
<0,05), IL-1p - at 2,81 times (p<0,05) and IL -6 - to
3,51 times (p<0,05) compared with healthy individu-
als. The dynamics of the combined treatment was sig-
nificant reduction in serum levels of proinflammatory
cytokines, which, however, still higher than standard
rates. In the second group of patients was also found
growing content of proinflammatory cytokines, but
the degree of increase was uneven with a significant

prevalence of elevated levels of IL-6 (6,62 times
relative standard values). The dynamics of treatment

decreased serum concentrations of TNF-a at 1,64
times (p<0,05), IL-1p - at 1,46 times (p<0,05) and IL-
6 - at 2,77 times (p<0,05). However, their level is sig-
nificantly lower than in healthy individuals. In the
second group of patients with primary immunological
study found reduced levels of anti-inflammatory IL-4,
which after treatment was significantly increased to
1,3 times the level of healthy subjects (p> 0,1).

Conclusions.

1. Established immune-corrective role of statins
(atorvastatin) in the treatment of patients with COPD,
combined with AH and MS, which is the presence of
anti-inflammatory action, reducing the symptoms of
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autoimmune disorders, reducing the relative content of
activated lymphocyte subpopulations and elimination
of imbalance of the CIC.

2. In patients with group B COPD, combined
with AH and MS, appear to be more profound changes
in the immune system, which is a partial recovery af-
ter a 3-month course of therapy with atorvastatin.

3. Revealed changes in the immune system and
their partial recovery under the action of atorvastatin
is the basis for the use of immune modulators in these
patients.
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T'onuapyx Hamania Ilempisna
Kanouoam meouunux nayx,

2ono8uull pikap Kuiscbkozo micokoeo nono2o6ozo 6younxyNe 1

Kosuoa Hamansa Pomaniena
Jlikap akywep-zinekonoe
Kuigcvroeo micbkozo nonozogoeo 6younxyNe 1

OPTIMIZATION OF THE MANAGEMENT WOMEN WITH ANOMALIES OF LABOR
ACTIVITY
ONTUMI3BAIIS BEAEHHS )KIHOK 3 AHOMAJIISIMHA MTOJIOTOBOI JISIJIBHOCTI

The article deals with the history of labor genera with anomalies of labor activity. The most common causes
of the occurrence of abnormalities in labor activity are established. Approaches of conducting women with

anomalies of labor activity optimized.

Key words: cesarean section, anomalies of labor activity

VY poboTi mpoaHaizoBaHO iCTOpIi MOJOTIB POMAUICH 3 aHOMANISIMHU TOJOrOBOI MisUTbHOCTI. BCTaHOBIICHO
HalJacTill MPUYWHN BUHUKHEHHS aHOMAJIiH MOJIOTOBOI MisTbHOCTI. ONTHMI30BaHO MiAXOAU BEJASHHS KIHOK 3

aHOMAJIISIMM I10JIOTOBOI JIisIbHOCTI

Knrouosi cnosa: kecapie pozmun, anomanii noio2osoi disnbHocmi

OpnHi€ro 3 HalakTyalbHIIIMX MPOOJeM cydacHOI
MEepUHATAIBHOI MEAUIMHU € TATOJIOTISl CKOPOTIMBOI
JSUTBHOCTI MAaTKH, sSKa CIIOCTEPIraeTbesi y KOXKHOT
'’ stro1 KiHkH [ 1, 2].

Jis po3pobku HaiiOimpm edexTuBHOI Mpodinak-
THKH 1 Teparii aHomautiit momorosoi misuteHOCTI (ATT/L)
noTpiOHi yHIaAMEHTaIBHI 3HAHHS PO MEXaHI3M CKO-
POYECHHS MIOMETpPif0 Ha MOJEKYISIPHOMY 1 KIITHHHO-
My PiBHi, a TAKOX PO3yMiHHS MPOLIECIB, 0 BEAYTH 110
CTPYKTYPHHUX 3MiH y MM MaTKH Mij] 9ac IOJIOTB.

[IpoTsiroMm OCTaHHIX YOTHUPHOX JAECSTHIITH CKO-
POYEHHS TiJIa MaTKM 1 PO3KPHUTTS IIMHKK MaTKW MiJ
4ac I10JIOTIB PO3TJIISLIAIH EPEBAYKHO 3 TAKMX TEOPIM:

- KOHTpaKuii — peTpaxuii — AMCTpaKiii;

- «TiApaBIIYHOTO KIUHYY;

- IOTPIMHOTO HM3XIHOTO Tpaai€HTa», IpH
SIKOMY XBHJISL 30Y/DKCHHS BiJl BOMIS PHTMY, IO PO3-
TAaIlOBAaHWH y NPaBOMY pO3i MAaTKH, MEPEeXOJUTh Ha
JBUH KyT MaTKH, TiJIO 1 HIKHIA CETMEHT.

JudepennianpHa MiarHOCTHKA TiMOTOHIYHOI Ta
rinepToHiuYHOi TUCQYHKIT MAaTKU 3aJINIIAETHCS OJHI-
€10 3 HaWBAXIMBINKNX TPOOIEeM aKymIepcTBa.
Ile 3ymMOBIIEHO THM, IO 3HAYHI CKJIAHOIII, OB’ sI3aH1
31 BCTAHOBJICHHSIM TOYHOTO KJIIHIYHOT'O JiarHO3y, He-
PIIKO € MEepenIKoa0I0 MpH BUOOPI BIPHOT TAKTHKH Be-
JICHHS pOALTh [3,4].

VY OunbIIOCTI HOPMATHUBHUX aKTiB Ta HaBYAJILHO-
METOJMYHOI JiiTepaTypu audepeHIiaabHy AiarHOCTH-
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Ky PEeKOMEHAYIOTh 3aCHOBYBAaTH Ha aHaji3l 4acTOTH,
CHJIH, TPUBAJIOCTI TepelMiB Ta iHTEpBaIy MiXK HUMHU
[5, 6].

3pocTaHHs IIFOTO YCKJIAAHEHHS B OCTAaHHI Jecs-
TIIITTS 3MYCIJIO BITYM3HSHHUX 1 3apyOKHHUX BUCHHUX
3affHATHCS BUBUYCHHAM IaHOI MpoOJeMu, ajie 10 Tere-
PILIHBOTO Yacy AIHCHO e()EeKTHBHUX IUIAXIB PIIICHHS
He 3HakaeHo. Yncao abaoMiHaIbHUX ITOJIOTIB, MiCIs-
OTepariiiHuX 1 MICJISAMONIOTOBUX YCKIIAJAHEHb, @ TAKOXK
JIUTSYa 3aXBOPIOBAHICTh B JaHIM Ipymi 3aJUIIacThCs
BKpaii Bicokor [6-8].

Meta po0oTH: BUBUCHHSI 0COOJIMBOCTEH BEICH-
HS JKIHOK 3 aHOMAJTISIMH IOJIOTOBOI JisJIBHOCTI Ha 0asi
THUTIOBOTO MiCBKOTO ITOJIOTOBOTO OYIHHKY.

Martepianu Ta MeToau. Y Tpolieci BUKOHAHHS
poboTtu OyJ0 BHBUEHO Ta MpOAaHATi30BaHO AMDEpEH-

iOBaHUHN MIAXIX BEAEHHS XIHOK 3 aHOMAaTisIMH II0-
JIOTOBOI IisTBHOCTI.

BaritHux kiHOK Oyno po3moziieHo Ha 2 miarpy-
ITM 32 TIPUHIIUTIOM PaHIOMiHi3amii:

miarpyna 1 — »iHKH 3 aHOMAaNiSIMA TTOJIOTOBOT Mi-
SUTBHOCTI, MOJIOTH Y SIKUX BEJM 33 3arajbHONpPUNHS-
TUM ajroput™mom, (n=150)

miArpyna 2 — ®iHKH 3 aHOMAJiSIMU TTOJIOTOBOT Mi-
SUTBHOCTI, TIOJIOTU Y SIKUX BEJIH 32 PO3POOJICHUM ajro-
putMoM, (n=150)

[Tpu anHamizi po3poKEHHS JKIHOK 3 aHOMAIIISIMH
MOJIOTOBOI AISLTBHOCTI (Tabim. 1) Oyrio BCTaHOBIIEHO,
o B rpymi 1 kecapiB po3tuH ctaHOBUB 95,3+1,7 %, a
B rpymi 2 — 80,0+3,3%. Kinbkicts (izionoriyHux mo-
noris B 4 paszu Bumuit B rpymi 2 (20,0+3,3 %) B mopi-
BHsIHHI 3 Tpymoto 1 (4,7£1,7 %).

Tab6mmms 1

BenenHst moJioriB y :KiHOK 3 aHOMAJIisIMHU N0JIOT0BOI TisNILHOCTI

JocnimkyBasi miarpynu

ITatooris

A6c. (%+m2%)

1 2
A6c. (%+m%)

KecapiB po3tuH

143(95,3+1,7)

120 (80,0+33)

®di3zioorivyni moaoru

7(4,7£1,7) 30 (20,0+3,3)

B nopanbiomy, Hamu OyB NpOBENEHUI aHai3
MOKa3aHb JI0 MPOBEJCHHSI KECapeBOro PO3THHY Yy XKi-

HOK 3 aHOMAaJIiSIMH TI0JIOTOBOI JISUTBHOCTI y JTOCHIIKY-
BaHuX miarpymnax (puc. 1).

40 A

10 -

& Migrpyna: 1

EMigrpyna: 2

Puc. 1. Ocnosni nokasanmns 0o KP 'y podine 3 anomaniamu nono2o8oi 0isiibHocmi

[Ipu mpoBeneHHI aHaNi3y BHUSBIEHO BiIMIHHICTH
PO3MOITy YaCTOTH OCHOBHUX MOKa3aHb 10 KP y mo-
POAIIb 3 aHOMAJIISIMU TOJIOTOBOI JISIIBHOCTI y TpyHax
(p<0,001 3a xpurepiem xi-kBaapat). Y CTPYKTYypi mo-
Ka3aHb /0 OINEPAaTHBHOTO PO3POKEHHS HaWBUIIMI
BIJICOTOK CTaHOBMJIA NMEPBHHHA CJIAOKICTH IOJIOTOBOL
IisutbHOCTI, mo ckmana 57,3+4,0% ta 59,3+4,0% y
niarpymi 1 ta miarpyrmi 2 BimOBiIHO.

Barome Miciie Takox 3aiiMae MokazaHHs BTOPHH-
Ha cJaa0KICTh MOJIOTOBOI MISNIBHOCTI 13 AUHAMIKOIO 10
30umemenns 3 24,0+£3,5% mo 35,343,9 % y Biamosin-
HUX JOCITIIKYyBaHUX MIATPYIax.

Heo06xigHO BiAMITHTH 3HAYHI 3MiHH Y CTPYKTYpi
MTOKa3aHb J0 PO3POKEHHS IUIIXOM Omeparlii kecapis
PO3THH Y JTaHOi KOTOPTH KiHOK. Tak, KUTbKICTh IOKa-
3aHb JUCTOIS IIMHKA MaTKH 3MEHIIHIOCH 3 8,7+2,3%
no 0,7+0,7% y migrpymi 1 Ta 2 BIAMOBIIHO, a TIOKa-
3aHHS JTUCKOOPJMHOBAHA TOJOTOBA [ISUTBHICTH, IO
cmanana 10,0£2,4% y rpymi 1, Oyno 3BexeHe 10
4,7£1,7% y tpymi 2. JlaHa TCHACHIIS MOSCHIOETHCS
pO3poOICHHAM HOBUX KpHUTepil BimOOpy KaHAMAATYP
JI0 TIOJIOT030yKEHHS Ta BIIPOBAKECHHIM KOMILIEKC-
HUX MIXO0JIB 10 OIMIHKY 3PiIOCT] MUHKHA MaTKH.

3BepTae Ha cebe yBary HasBHICTh BEJIHKOI KiJlb-
KOCTi ITaTOJIOTiYHOTO TIPENiMiHApHOTO Tepioay, o B
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CepeaHbOMY CTaHOBHIO 26,0+2,5% y mocmimKyBaHIX
miarpymax. OcoOnuBHiA iHTEpeC MPEACTaBIAIOTh NaHi

Mpo KJIHIYHMKA Tiepebir TMoJIOTIB Yy JKIHOK i3
MATOJOrTYHUM TIpeJiMiHapHUM TepiogoM (Taldi. 2).

Tabmums 2
Kainiuanii nepedir mosoris y xiHOK i3 maToJ0riYHUM npeJiMiHAPHUM NepiooM y A0CTiTKYBaHUX TPyl
JocmimkyBasi miarpynu
[TaTomoris 1 2
Abc. (Y%om%) Abce. (%£+m%)
IMepBuHHA CIAOKICTh 12 (30,8+7,3) 9 (23,1+6,7)
BropuHHa cabKicTh 5(12,8+5,4) 2 (5,1£3,5)
I[PICKOOp,Z[I/I.HOB.aHa OJIOrOBa 9(23,146.7) 4 (10,324.,9)
JisIBiCTB
Crpimki osorn 7 (17,946,1) 3 (7,744.3)

HecrpusiTnuBa cuTyalliss KOHCTaTOBaHa B XKIHOK
i3 TATOJOTIYHUM NpeNiMiHApHUM HepiogoM Yy
miarpyni 1 TponikoBaHMX 3a 3araJbHONPHHHATHMH
JKYBaJbHO-TPODITAKTHYHUME  3aX0JaMu. Y HHX
CIOCTEPIrajJuch Ppi3HOMaHITHI MOPYILICHHS
CKOpOYYBaJIbHOI aKTHBHOCTI MAaTKH, II0 Malld MicCIe
npakTHIHO y 84,6+5,8% Bumankis. /lye MOKa30BOO
€ 1 CTpPyKTypa MHOpYIICHb CKOPOTIMBOI aKTHBHOCTI
MaTKd 3 TMEPEBAKECHHSAM IEPBUHHOI  CIaOKOCTI
(30,8+7,3%) i BHUCOKMUM pIBHEM JHUCKOOPAHHOBAHOL
mojioroBoi  mismeHOCTI  (23,146,7%) 1 cTpiMKHX
nosoriB (17,946,1%) y rpymni 1.

Jana cwuryanis 3minmnacs  (p<0,001) micns
BIIPOBA/DKCHHST HaMH  pO3POOJICHOTO  aJIrOpPHUTMY.
KinpkicTh mopynieHb CKOPOTINBOI aKTHBHOCTI MaTKH
3HM3WIAch y JBa pasu y rpymi 2. Tak mnepBHHHa
cadKicTh ctaHoBwia 23,1+6,7%, BTOpUHHA CITa0KICTh
— 5,14£3,5%, nUCKOOpAMHOBAHA IMOJIOTOBA iSUTBHICTH
—10,3+4,9% i ctpimki monoru — 7,7+4,3%.

B momanemoMy Hamu Oylio mpoaHali30BaHO
YacTOTy aKyIIEPChbKOI MJOMOMOTH 1 ONEpaTUBHUX
BTPYYaHb Yy JKIHOK 3 MATOJIOTIYHHM HpeNTiMiHApHUM
MIEPioIOM Y TOCTIHKYBaHUX Tpymax (Tadu. 3).

Tabmuug 3

BenenHs moJI0TiB y KiHOK 3 HaTOJOTTYHUM NpeiMiHADHUM nepiooM

JocnipkyBasi miarpynu

[Matosnoris 1 2
Abc. (%+tm%) Abc. (Y%£tm%)
[Tosoro30ymxeHHs! 19 (48,748,0) 14 (35,945,7)

KecapiB po3tiH

18 (46,2+8,0) 9 (23,1£6,7)

®di3zioorivyni moaoru

2 (5,1£3.5) 16 (41,0£7,9)

Yacrora TMONOr0o30y/pKEeHb  3MEHIIHIACH 13
48,7+8,0% y migrpyni 1 no 35,9+5,7% — y miarpymi 2;
piBeHBb KecapeBa po3THHY i3 46,2+8,0 % npu BUKOpH-
CTaHHI 3araJlbHONPUIHATOI METOAWKH 3HU3UBCS 0
23,1+6,7 % — mpum 3acTOCyBaHHI 3alpOIOHOBAHOTO
ITOpuTMy. 3BepTac Ha cebe yBary NMOKa3HHUKH KiJlb-
KOCTi (pi3ioNmOriYHMX TONOTiB y migrpym 1 -
5,143,5%, a y migrpymi 2 — 41,0+7,9%, 1o CBiAYUTH
npo eeKTHBHICTh 3aCTOCYBAHHS PO3POOJICHOTO aJIro-
pHUTMY.

OTxe, K TMOKa3alu pe3yiIbTaTH IPOBEICHUX
KINHIYHAX JOCHIJPKEHb, MAIEHTKHA 13 HATOJOTIYHHM
OpeTiMiHApHAM  TEpioAOM  CKJIQNaloTh  TPYILY
BUCOKOTO  PHU3UKY INOJO  PO3BUTKY  aHOMAJIii
MOJIOTOBOT JisUTBHOCTI.

B mopanemomy Hamu Oyio BUSIBICHO, IO TIe-
peaJacHuil po3puB IUIOOBHX OOOJIOHOK CIIOCTEpiraB-

cs1y 38,7+4,0% B migrpymi 1 ta 40,7+4,0% — B miar-
pymi 2, a paHHE BWIMTTS HaBKOJIOILIIIHUX BOJA Y
25,34+3,6% Ta 27,3+3,6% BiANOBIAHO.

Orxe, BUIIEHABEAEH] 1Bl 03HAKM MOYKHA BBa)Ka-
TH BaXJIMBUMH MPOTHOCTHYHHMHU IPEAUKTOPAMHU
aHOMAaJTI# TTOJIOrOBOT JiSUIBHOCTI.

B mopanpimoMy Hamu OyJI0 IPOBEAEHO OLIHKY
3plIOCTI MIMKWKKA MaTKU y *KIHOK 3 IepeYyacHUM po3-
PHBOM IUIOJOBUX OOOJIOHOK Yy JOCHIKYBaHHX IIiJr-
pynax (tabn. 4). OcobnuBoi yBaru 3aciiyrOBy€ HasiB-
HICTh BENUKOI KUTbKOCTI iHOK i3 [IPITO 3 He3pinoro
Ta HEJIOCTATHHO 3PUIOI0 MUHKOI MATKU Y JBOX ITiJT-
pymnax, 110 MOXXHa OIIHIOBAaTH SIK OJWH 3 (haKTopiB
PO3BHUTKY aHOMaJIili CKOPOTINBOI (DYHKIIIT MaTKH.

Tabmuus 4
Ouinka 3pinocTi MUk MaTKH 32 KaJ010 bimona y xinok i3 IIPTIO y gocaixkyBaHux miarpynax
Hespina Henocrarnpo 3pina 3pina
[Miarpymu (0-2 Gaunis). (3-5 Gauis). (6inbIe 6 Gaiis).
Abc. (%+m%) Abce. (%+m%) Abce. (%+m%)
1 8 (13,8+4.5) 21 (36,2+5,3) 29 (50,0+6,6)
2 5 (8,243,5) 21 (34,4+6,1) 35 (57,4+6,3)

Y jpochimKyBaHMX TIATPYINax CrocTepiraiach
BEIIMKa YacTOTa MaTOJIOTil HaBKOJOIUIITHUX Box (0Oa-
TaTOBOJIA Ta MaJOBOAJA). 30Kpema, y miarpym |1
OaraToBoms crocrepiranoch y 28,0+£3,6% >xiHOK, a

manoBo I — 7,3£2,1%. Y miarpyni 2 naHi NOKa3HUKHA
cranoBunu  25,3+3,6% Ta 6,7£2,3% BiOOOBIAHO
(Tab6:.5).
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Tabmuusg 5
XapaKTepuCcTHKA HABKOJIOILUTITHUX BOJ

TTiarpymm Bararosomus Mamosoaas CsiTii H/B MekoHiansH1 H/B
AoGc. (Yotm%) AoGc. (Yo+m%) AoGc. (Y%0£+mY%) Aolc. (Y%£+mY%)
1 42 (28,0+3,6) 11(7,3£2,1) 107 (71,3+3,7) 43 (28,7+3,7)
2 38 (25,3+3,6) 10 (6,7+2,3) 109 (72,7+2,6) 41 (27,3+2,6)

Takoxx OyB mpoaHai30BaHWK XapaKTep HaBKO-
JOILTITHUX BOJ. Tak, HassBHICTh MEKOHIIO Yy HaBKOJIO-
TUTITHUX BOJAX CIOCTEPIrajiich MPAKTHIHO B KOXKHOI
TPETHOT JKIHKH.

Otxe, 3 BHIIEC HAaBEJCHOTO BUILIMBAE, 110 Oara-
TOBOJS YU MaJIOBOJIA, & TAKOXK MEKOHIaJIbHI HaBKO-
JIOILTiHI BOAM € (PaKTOPOM PU3UKY PO3BHTKY aHOMa-
Jiii mosoroBoi fisutbHOCTI. [1pn HasBHOCTI X04a 6 ox-
HOTO 3 JIaHMX IIOKa3HHWKIB TIOBHHEH IPOBOJIUTHUCH
OUTBII peTeNhbHUN HATIIAA 32 POAUIICIO Ta CBOEYACHE 1
HeraiiHe pearyBaHHS Ha 3MiHH XapaKTepy MOJIOTOBOT
ISITBHOCTI.

Ha MoMeHT mo9aTky moJjoroBoi AisIBHOCTI y I10-
CIIDKYBaHUX TPYyMaxX MH OLIHWINA 3PiTiCTh MIHHKH
MaTkH 3a mkanor bimona (tabdn. 6). Cmin BiAMITHTH,
mo y miarpym 1 y 11,6 % cnocrepiranace He3pina
IIMiiKa MaTKd Ha MOMEHT II0YaTKy MOJIOTOBOI Misiiib-
HOCTI, @ y miarpyni 2 — JaHuil NMOKAa3HUK CTaHOBUB
4,7 %. 1l TeHIeHINsI CBIMYUTH MPO BIPOBAKCHHS
HOBHX IIAXOIIB 0 HMIATOTOBKYU HIMMKKA MaTKU. Takox
HEOOXITHO BiAMITHUTH, BUCOKHI IIOKAa3HUK HEIOCTAT-
HbO 3p1iJIOi IMMHKK MaTKH, 10 B CEPEIHHOMY CTAaHOBUB
36,5 % y mociipKyBaHUX MIATpyax.

Tabmuus 6
Ouinka 3pijiocTi IKHKY MATKY 32 mKaJow bimona
Higrpymm Hespina Henmocrarapo 3pina 3pina
(0-2 6asiB) (3-5 GaiB) (6inbIre 6 Gaiin)
Abc. (%£Em%) Abc. (%£tm%) Abc. (%£+m%)
1 17 (11,345,6) 56 (37,3+3,9) 77 (51,4+4,1)
2 7 (4,7+1,7) 53 (35,345,9) 90 (60,0+4,0)
BucHOBOK: 3. Cooley S. How effective is amniotomy as a

BripoBapkeHHsT po3pO0JIEHOTO HAMHU ANTOPUTMY
BEJICHHS TOJIOTIB y JKIHOK 3 aHOMANiSMHU IOJIOrOBOT
JisuTbHOCTI  to3Bommiio  Ham  3MeHmmtd  (P<0,001)
kimbpKicTh KP Ginpme, Hixk B 5 pasi (3 20,9+£2,1% B
2001 pomi mo 4,0+0,7% B 2015 pomi), BP=0,19 (95%
B10,13 -0,28).

BariHanpHi OJOTH YCIIMIHO 3MIHCHIIN B MiaT-
pyni 1 B 4,7%, poainb, a micist 3acTOCYBaHHS pO3p00-
neHoro anroputmy 20,0+£3,3% - B migrpym 2. TobTo
3a pPaxyHOK BIIPOB/KEHHsS PO3POOJICHUX HAMHU TaK-
THK BEJCHHS Ta JIIKyBaHHS MMATOJOTIYHOTO MpesimMiHa-
pHoro mnepioay Ta [TPTIO Baajgocs CyTTEBO 3MEHIIIUTH
(p<0,001) kinpkicts onepamiii, BP=0,84 (95% BI 0,77
—-0,92).

Buxopucrana Jjireparypa:

1. Markin LB. Pediatrics, Obstetrics and
hinekolohiya. Prevention weakness of labor activity.-
2014 (2): 80-82.

2. Radzynskyy VE Obstetric risk. A maximum
of information mynymum danger to the mother and
mladentsa. 2011: 285 .

means of induction of labour? - Ir J Med Sci. -
2010(179) 3: 381-383.

4. Kostin I Materials conference
"Akusherskaya aggression. Causes. Effects. Ways and
overcoming"”. Arzamas. Akusherskaya aggression in
modern treatment and prevention ucherezhdenyyah
rodovspomozhenyya . 2009.

5. Ostafiychuk SA, Henyk NI, Drohomyretska
NV. Actual issues of pediatrics, obstetrics and
gynecology. Affiliate birth as prevention of obstetric
and perinatal complications 2014(1) : 150-152.

6. Mapkin JI.b. [Ipodinakruka ciadkocti moso-
roBoi misutbHOCTI /JI.B. Mapkin, M.M. Kyueposa //
[eniarpist, akymepcTBo Ta rinexosnoris.— 2014, — Ne 2.
—C. 80-82.

7. Pamsunckuit B.E. Akymepckuii puck. Makcu-
MyM HH(OpManuy MHHHUMYM OIACHOCTH JJISI MaTepH
u mutagenna / B.E. Pagsunckuii. — M., 2011, — 285 c.

8. Cooley S. How effective is amniotomy as a
means of induction of labour? / S. Cooley, M. Geary,
M. O’Connell // Ir J Med Sci. — 2010. Vol. 179. Ne 3.
—P. 381-383.




L
EES})

=
228 \yschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #8(36), 2018 17

123 Shelekhov A.V., ¥*3Dvornichenko V. V., *¥Rasulov R. 1., 'Radostev S. I.,
Morikov D.D., ! Zakharov A.G., "Medvednikov A. A., 3 Ushakova 1. V.
IState Budgetary Institution of Health Care " Regional Oncological Hospital”

Chief medical officer Professor Victoria Dvornichenko V.

2Irkutsk state medical University
Department of Oncology and radiation therapy

Head of the Department doctor of medical Sciences, Professor Viktoriia Dvornichenko
3Irkutsk state medical Academy of postgraduate education head of the Department doctor of medical Sci-

ences, Professor Viktoriia Dvornichenko

COMPARATIVE ANALYSIS OF CYTOREDUCTIVE OPERATIONS IN OVARIAN CANCER 3C
STAGE.

Relevance of the problem:

Ovarian cancer occupies the 5th place in the
structure of cancer mortality in women, and the mor-
tality rate of patients with ovarian cancer in the first
year after diagnosis is 35%. The incidence of ovarian
cancer increased from 56.9 cases per 100,000 popula-
tion in 2003 to 74.6 in 2017 [1] in Russia. In 75% of
cases, the disease is diagnosed at stage I111-1V in young
patients. Standard surgical treatment of ovarian cancer
is commonly understood as the following operational
scope: the extirpation of the uterus with appendages
and omentektomiya (which in practice is performed in
the amount of resection of the greater omentum, para-
aortic and pelvic lymph node dissection, combined
with multifocal biopsy of the peritoneum [2]. This
surgical volume is indicated in I-Il stages of the dis-
ease, but in most patients at the time of diagnosis,
stage Il of the disease is noted, where extirpation of
the uterus and resection of the greater omentum can
not be an adequate surgical option. An increasing
number of oncological surgeons are inclined to choose
the maximum possible cytoreductive intervention,
with the removal of all visually defined foci of tumor
screening [3], which qualitatively affects the overall
life expectancy and relapse-free survival [4].

The aim of the work: introduction to the prac-
tice of Irkutsk Regional Oncology Hospital the appli-
cation of cytoreductive surgery for ovarian cancer
stage 3C.

Material and methods: present study is prospec-
tive in nature, made on the basis of Irkutsk Regional
Oncology Hospital, the operation period of 2013 —
2018. The study included 85 patients diagnosed with
stage 3 ovarian cancer.

All patients before the treatment stage were ex-
amined by standard organs and systems, including
verification of malignant process.

The following regimen was used as neoadjuvant
and adjuvant chemotherapy regimen: Docetaxel 75
mg/ m2 /1 hour per 1 day, cisplatin 75 mg / m2/ 2
hours per 1 day every 3 weeks.

In addition to the use of standard and combined
surgical procedures, we applied the procedure of hy-
perthermic intraperitoneal chemotherapy (HIPEC).

The procedure HIPEC was carried out on the ap-
paratus of the Performer HT® [RAND, Medolla
(MO), Italy].

The temperature conditions at the procedure of
HIPEC ranged from 40,50 to 42,50 C according to the
sensor installed in the abdominal cavity. Drugs of

choice were justified by a number of studies [5,6]. We
used the drug Cisplatin from a dosage of 75 mg / m2
[71.

The method of the procedure was selection of the
optimal volume of lavage fluid, as well as selection
and calculation of the dosage of the chemotherapy
drug [5]. Then, after the implementation of the surgi-
cal volume, the drainage systems were set up: 2 drain-
age along the diaphragmatic surface (installed on the
solution supply) and 2 drains in the small pelvis (in-
stalled on aspiration). The temperature probes were
placed on the inlet and outlet of the drainage system, 1
sensor was installed in the abdominal cavity, and 1
sensor was installed in the esophagus. After reaching
the required temperature of the liquid (of the order of
41.5 — 42 0C) began the process of filling the abdo-
men and holding the circulation of the solution before
reaching the phase of "plateau”. Approximately this
period of time varies within 15-30 minutes depending
on the growth-weight indicators. An additional point
of the intraoperative benefit is the additional heating
of the patient with an air gun at a temperature of 450 °
C. After reaching the desired temperature, the neces-
sary dosage of the chemotherapy drug was introduced
into the circulating medium. The course of the work-
ing procedure in all cases was 90 min, the flow rate
ranged from 1000-1500 ml / min. After the procedure
circulation, sampling was performed of the solution
from the cavity of the abdomen without further rinsing
with sterile solutions. Drains were installed for dis-
charge, the average term of their setting was 4-6 days.

After a comprehensive treatment, all patients un-
dergo follow-up with mandatory control of the level of
tumor markers in the dynamics, the implementation of
the entire volume of the necessary diagnostic proce-
dures. The first control examination in patients is car-
ried out 4 weeks after the end of adjuvant chemother-
apy. In the future, the multiplicity of the examination
is 3 months during the first year after treatment, and
the next two years 1 every 4 months.

The calculation of the parameters of the effec-
tiveness of the proposed treatment methods was per-
formed in accordance with the requirements of the
CONSORT (Consolidated Standards of Reporting
Trials). Survival of patients in clinical groups was cal-
culated by Kaplan-Meier method.

Result of work:

Patients included in the study were divided into 2
groups.
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Control group (CG): patients diagnosed with
ovarian cancer stage I11-53 people, where the first
stage was performed 3 courses of neoadjuvant chemo-
therapy; then surgery was performed in the volume of
extirpation of the uterus with appendages, resection of
the greater omentum. Then, in the same scheme in the
postoperative period, adjuvant chemotherapy was car-
ried out in the amount of 3 courses. This group re-
cruited over the period 2013-2018. This treatment
strategy up to 2016 was the main.

The basic group ( BG) were patients diagnosed
with ovarian cancer stage 111 (n = 32), where the man-
datory component of the operation was cytoreductive
intervention, including not only extirpation of the
uterus with appendages, omentectomy, but also re-
moval of parts of the organs involved in the tumor
process. This group was recruited for the period 2016-
2018.

BG was subdivided into the basic group 1 (BG
1), 18 patients who underwent only cytoreductive sur-
gery (CS), after 3 courses of neoadjuvant chemothera-
py; then surgery was performed; then, according to the
same scheme, in the postoperative period, adjuvant
chemotherapy was carried out in the amount of 3
Ccourses.

The basic group 2 (BG 2) - patients diagnosed

stage performed cytoreductive surgery with HIPEC
technology, then in the postoperative period 6 courses
of adjuvant chemotherapy.

All patients of the basic group underwent diag-
nostic laparoscopy with mandatory calculation of peri-
toneal carcinomatosis index (PCI). PCI was the main
criterion for distribution of patients in the main group
by subgroups 1 and 2. The maximum size of the tumor
node for each of the 13 regions of the parietal and vis-
ceral peritoneum was calculated to determine it.

At the peritoneal carcinomatosis index up to 14
patients were distributed to the basic group 2, where
the first stage was performed by CS. In PCI more than
14 patients were included in the basic group 1, where
treatment began with 3 courses of neoadjuvant chemo-
therapy, as the implementation of patients in this
group of complete or optimal cytoreduction was
doubtful.

Ovarian cancer staging was conducted according
to the classification of FIGO (2010 edition).

Median age in the CG was 55 years, in the BG —
56 years. The comparative analysis of CG and BG
(BG1+BG2) we have not identified significant differ-
ences in the distribution of patients by age.

To analyze the results of neoadjuvant chemother-
apy in CG and BG 1, we used the RECIST system 1.1.

with ovarian cancer stage Ill, 14 people who first
Table 1.
Analysis of the results of neoadjuvant chemotherapy in the study groups at the system RECIST 1.1
Groups - Apgwe_r
Partial Stabilization Progress
CG 14 35 4
BG1 7 18 3
In the comparative analysis of the results of neo-
adjuvant chemotherapy in CG and BG, we did not
reveal significant differences.
Table 2.
The volume of cytoreduction in the study groups.
The amount of debulking
Groups _ Full _ Optimal _ Suboptimal_
(macroscopically, the tumor is (residual tumor size <10 (residual tumor size >1
not determined) mm) cm)
CG 0 0 53
BG 30 2 0
The results of cytoreduction in BG are signifi-
cantly different from those in CG.
Table 3.
The median duration of the operation, PCI, days postoperative hospital stay in the studied groups.
Groups median detjtggtr:czrr]n?;)the oper- PCI postoperative hospital stay
CG 105 7,5 7
BG 1 2375 8 12
BG 2 470 11,5 22

In the analysis of the table presented, in the se-
quence of CG-BG 1- BG 2, there is an increase in the
median duration of surgery, PCI, postoperative hospi-

tal stay, which indicates more difficult conditions for
performing cytoreduction in BG 2 (patients without
neoadjuvant chemotherapy).
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Table 4.
The volume of surgery in the study groups

Surgery volumes CG (n=53) BG 1 (n=18) BG 2 (n=14)
Extirpation of the uterus with appendages 53 (100%) 18 (100%) 14 (100%)
Omentectomy 53 (100%) 18 (100%) 14 (100%)
Peritoneumectomy 0 18 (100%) 14 (100%)
Rectum resection 0 7 (38,9%) 10 (71,4%)
Colon resection 0 1 (5,5%) 4 (28,6%)
Resection of the small intestine 0 3 (16,7%) 6 (42,8%)
Bladder and ureter resection 0 2 (11,1%) 2 (14,3%)
Splenectomy 0 1 (5,5%) 3 (21,4%)
Appendectomy 0 0 1 (7,1%)

As can be seen from the data presented in the ta-
ble, the highest percentage of comined operations was
performed in BG 2, then in BG 1.
Table 5.
Postoperative complications in the study groups.
Complications CG BG 1 BG 2

Phlegmon of the anterior abdominal wall 1 -
Intra-abdominal abscess 1 -
Intra-abdominal hematom - 1
Failure of anastomosis - 1
pancytopenia - 1
myocardial infarction - 1
Total % of complications 3,8 28,6

In the analysis of postoperative complications,
more complications were diagnosed in BG 2. In the
BG — 2 was death of 1 (7.1%) patient. It was noted as

a result of postoperative peritonitis (colorectal anas-
tomosis failure).

Table 6.
Stages of treatment of patients with BG after CS (as of April 2018).
BG 2 (total 13)
Stage BG 1 (total 18) 1-death in postoperative period

Receive chemotherapy 6 (33,3%) 8 (61,5%)

Follow-up 6 (33,3%) 5 (38,5%)

Progression is revealed 4 (22,2%) 0

Did not appear at the reception (missing) 0 0

Died 2 (11,1%) 0

The median follow-up (months.) 8,0 4,5

The analysis of relapses revealed that 31 patients

In BG 2 recurrences of the disease at the time of

had a relapse of ovarian cancer in 1 year of follow-up
in CG, which amounted to 58.5% of patients with the
total number of CG, the median of relapse was 6
months.

In BG 1 relapse was detected in 4 patients
(22.2%), the median recurrence was 7 months, which
is significantly different from the results of CG.

examination were not revealed. The differences in the
clinical groups, no significant.

The decrease in the relative risk of relapse in 1
year of follow-up in the BG 1 was 87.6% with a
confidence interval of 95% from 1,077 to 6,432
compared to CG.

Pic. 1. The calculation of recurrence-free survival
according to the method of Kaplan-Meier
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As follows, from the presented figure, the
cumulative share of survivors in BG 2 for 12 months
is significantly different from CG and BG 1.

Discussion: it should be understood that the
impact on the tumor mass only by the procedure of
HIPEC is not a radical treatment. From our point of
view, it is advantageous to perform complete
cytoreduction at the first stage of complex treatment
of ovarian cancer with subsequent adjuvant
chemotherapy. Optimal, or better complete

cytoreduction allows to reduce the volume of resistant
tumor mass with weak blood flow and to minimize it
and to conduct the first course of treatment with
chemotherapy on the remaining tumor cells.
Performing an  incomplete  volume  of
cytoreduction significantly increases the percentage of
recurrence of the disease: 58.5% of recurrences per 1
year of follow-up compared with 22.2% when
performing full or optimal cytoreduction, the absence
of recurrence of the disease, with the initial complete
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cytoreduction.  However, the percentage of
postoperative complications and cascading increases
significantly when performing the primary debulking.

It is likely that PCI is an important indicator that
determines the treatment tactics and prognosis of the
disease.

This article presents the first experience of using
the technology in our clinical practice, but now it can
be noted that the use of cytoreductive surgery
procedure must necessarily reflect a multidisciplinary
approach to treatment, with the mandatory
participation of doctors of different specialties.

Conclusion: Full results and conclusions on the
clinical comparison of the survival of these groups
will be presented later. The plans to continue to master
this technique, to expand the area of application of
technology, to implement its own recommendations.
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RESULTS OF THE APPLICATION OF THE ALGORITHM FOR SURGERY FOR THE
PATIENTS WITH THE FIRST DIAGNOSTED BOUNDED LUNG TUBERCULOSIS

PE3YJIbTATH 3ACTOCYBAHHS AJITOPUTMY HAJTAHHS XIPYPTTUHOI JIOIIOMOT'HA
XBOPHUM HA BIIEPIIE JIATHOCTOBAHU OBMEXEHHW TYBEPKYJIbO3 JIETEHD

AHoTtanis: Byno copmoBaHO anropuTM HaJaHHSA XipypriyHOi JONOMOTH XBOPWM Ha BIIEpIIE IiarHOCTO-
BaHUH OOMEXEHUH TyOepKyJIb03 JIeTeHb. Y BiMOBIIHOCTI i3 3a3HAUYEHUM aJTOPUTMOM, Yepe3 6 MICSIB BiJl MO-
4yaTKy JIiKyBaHHA Oynu BimiOpani 326 XBopuX, sIKi MaJy MOKa3aHHA 0 XipypridyHOTO JIiIKyBaHHS, HE MaJlK IIPO-
THUIIOKa3aHb 1 He MOTpe0yBaJI J0AAaTKOBOI IepesonepaniifHol miaroTosku. 3 ix yucna 85 Oynm oneposasi, 241
CKJIAJIN TPYITy MOPIiBHAHHSA. Y TepMiHu 6, 12 1 18 MmicswiB BiJ MOYaTKy JIKyBaHHS OLIHIOBAJIM HasBHICTh aKTHB-
HOTO TYOEpKyJBO3HOI'O MpOLECY 3a KIIHIYHMMHU O3HAaKaMHM, OaKTepiOBHUIUICHHSIM, PEHTTEHIBCHKOIO KapTHHOIO.
BcraHoBineHo, 1110 cBO€YacHe XipypriuyHe BTpy4YaHHs 3a0e3Meqmio ycIiliHe BUIiKyBaHHSA y 94,1 % xBopux Ha
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TepMmiH 18 Mic. Bix mowatky Ximioreparii mopiBasHO 3 24,9 % y He ONEpOBaHMX MAIIEHTIB 3 MOKA3aHHAMH 10

XipyprigHOTO JIiKYBaHHSI.

Knrouosi crosa: mybepxynvos nezens, Xipypeiute NiKy8auHs.

Summary: An algorithm was developed for providing surgical care to patients with the first diagnosted
bounded lung tuberculosis. In accordance with our algorithm, 326 patients after 6 months of conservative treat-
ment, who had indications for surgical treatment and had no contraindications for surgical treatment and also did
not require additional preoperative preparation were selected. Of these, 85 were operated and 241 were like the
comparison group. In terms of 6, 12 and 18 months from the beginning of treatment, the presence of an active
tuberculous process according to clinical symptoms, bacterial excretion, and X-ray pictures was evaluated. It was
established that opportune surgical intervention provided successful cure in 94.1% of patients for a term of 18
months from the beginning of chemotherapy, compared with 24.9% in unoperated patients with indications for

surgical treatment.

Key words: pulmonary tuberculosis, surgical treatment.

Berym.

[IpoBigaa 3amada xipyprii TyOepKyIb03y JETCHb
MOJIITAa€ Y BWIJIIKOBYBaHHI XBOPHX Ha JECTPYKTHUBHI
dopMu TyOepKyIb0O3y, OCOOIHBO — SIKi SIBISTIOTHCS
posmnoBcrokyBauamu iHdpekuii. B 60-ti — 80-Ti poku
MHHYJIOTO CTOPiY4sl HE BUHUKAJIO CYTTEBUX MEPELIKO
Npu BUKOHAHHI wi€l 3amavi. AHTHOaKTepiajgbHa Te-
parist 3a0e3neyyBana BuiIiKyBaHHs 85-90 % XBopux, a
xipypriuni meroau — 10-15 % xBopux, 110 3aIMIIaIHN-
ca [1, 3, 6]. TyOepkympo3HY IHQEKIIO BIABAIOCST
VCIIITHO KOHTPOJIIOBAaTH. Ajie ocTaHHI 15 pokiB
eMiIeMiONIoOTIYHA CHUTYyalisd MO0 TYOepKyIbho3y IOTip-
mmtaca.  [ligBumunack 3aXBOPIOBAHICTh, 30UTHINU-
Jach KUTBKICTh XBOPHX Ha MONIMPEHI JECTPYKTHUBHI
(dhopMu TyOSpKyINb03y JIETEHb 1 YHCIIO XBOPHX 3 TOCT-
PO TPOrpecyrodYrM TYOEpKYIhO30M 1 JIIKAPCHKOIO pe-
3ucTeHTHicTI0. Cepen BIeEpIIe BUSIBICHUX XBOPHX
JKapchKa pe3rCTeHTHICTh cTaHoBUTH 30-50 %, a y
XBOpUX 3 XpoHIUHMMH (opmamu pocsrae 80-100 %
[1, 11, 12].

Ha c¢oni mikapcekoi pesuctentHocTi MBT
CIIOBUIBHHUIIOCST PO3CMOKTYBaHHS 3alaJbHUX 3MiH 1
pyOILIfOBaHHS KaBEpH, YaCTIille CHOCTEPIraroThCs
BUIIAJIKH, KOJIM HE BAAETHCS 3yNHMHNUTH NPOTPECYBaHHS
TyOepKyb0o3y Ha (oHI XimioTepamii. 3a3HaveHi MpH-
YMHU y 0aratbOX XBOPHX HE JO3BOJIAIOTH CTBOPHTH
YMOBH JJIsI 3aCTOCYBAaHHS XipypriuHOTO BTpyYaHHS
PE3eKIIHOTO XapakTepy. [ '0J0BHOIO 3aMOPYKOIO TO-
3UTHUBHOTO PpE3yJbTaTy iX BHKOHAaHHS SBIISETHCS
crabimizaiiss TyOepKyIb03HOTO MPOIECy 0 OIepairii.
XipypriuHe BTpy4YaHHS JOBOAMTHCS BHUKOHYBAaTH B
YMOBaxX IMiJBHIICHOTO iH(EKIIHOTO HaBaHTAXCHHS,
TOMY 30UIBIIyETHCS 1 HMOBIpHICTB MicisonepaniiHol
peakTHBalii TyOepKyJIb03HOTO IIPOLECY, MLITUTaIbHA
JEeTaJdbHICTh. Y 3B’S3KY 3 IIMM BiJIMIYa€ThCS TCHICH-
I1is1 10 3MEHILCHHS YHCJIAa XBOPHX, SIKMX HAMPABIISIOTH
Ha XipypriuHe JiKyBaHHS.

VYckiaaHeHHs, ki BHHUKAIOTH i 9ac Orepanii i
B MICISONEpaifHOMY Nepiojli, CHOHYKAIOTh XipypriB
IIYKaTH HOBI IIJSIXU 10 yAOCKOHAJICHHS PE3eKIil Jie-
TeHb, JI0 YTOYHEHHS CBOEYACHHMX IOKa3aHb JI0 OIe-
pamiii, B IepIry 4epry — y XBOPHX 3 BIEpIIe TiarHo-
CTOBaHWM JECTPYKTUBHUM TyOepkyiabo3oM. Cepen
HUX MoTpely B XipypridyHOMY JiKyBaHHI BH3HAYAIOThH
B Mexax Bix 10,0 % mo 35 % [6, 7]. He3axarouu Ha
e, pe3eKuii JIereHb BUKOHYIOTHCS TUIbKH Y 2,9 % —
15,0 % xBopux [4, 10].

Taky HemOCTaTHRO BHCOKY XipypriuHy aKTHB-
HICTh HOSICHIOIOTH HECBOE€YACHUM NPU3HAYCHHSIM XBO-

PUM XipyprigHOTO JIKyBaHHS Ta iHITUMH MPHIAHAMHA
[6, 7, 10].

Hi B xoro He BHKINKae CyMHIBIB, IO TIPU Hee-
(eKkTUBHOCTI XiMioTepamii, XBOpi 3 KaBEpHO3HUM i
(i0pO3HO-KaBEPHO3HUM TYOEPKYJIb030M JIereHb IOo-
BUHHI MiAnsraté Xipypriunomy BTpydansio [1, 4, 7].
B Toli ke yac 3 MpUBOAY TYOEPKYJIOM € Pi3Hi AYMKH.
Hesiki ¢THu3iaTpu, BBaXKalOTh, IO PE3eKLil MOTpiOGHO
MIPOBOUTH TUIBKHM NPU TyOepKyJomi B (a3i po3nany,
3 TiJI03pOI0 Ha JECTPYKIIIO, 3 KPYITHUMH TIPOTPECYIO-
YUMH TyOEpKyJIOMaMH, a TaKOX y BHIagKaX, KOJIH
HEMOJJIMBO BiApi3HuTH ii Bix Heomtasmu [3, 10].

B miteparypi OOCTaTHRO BHKIAJCHI MOKAa3aHHS
JI0 pe3eKIil JereHb Ipu TyOepKympo3i. YacTime BCho-
r0 BUAUIIOTH [IOKa3aHHA: IpsIMi, PO3IIHPEHI,
HEBIAKIAAHI 1 MiHIManbpHI [7]. Pifme KopHCTyOThCS
MOKa3aHHAMH BiJHOCHMMH, abcomoTHuMHu [3, 6, 7].
HaBomsaTh pi3Hi Ha3BM MOKa3aHb, aje MIAXOAM B iX
BU3HAYCHHI Y XBOPHX TYOEPKYJIb0O30M 3aJIHIIAIOTHCS
enuHAMH. baraTo B 4oMy Iie 3aJIeKHUTh BiJ KIiHIYHOT
(dbopmu TYOEpKyIbo3y, Iepediry i MouMpeHocTi mpo-
necy. [Ipn pomy B miTeparypi NpUBOAATHCS BEIBMHU
Pi3HI TOTIAAN 3 IPUBOAY TPHUBAJOCTI XiMioTeparii 10
ormeparnii. Tak, yacTHHa aBTOPIB TPUBANICTh XiMioTe-
pamii go omeparii BU3HAYarOTh B 6-12 MicAmiB Bij 1mo-
YaTKy JIKYBaHHS XBOPHX 31 BIIEpIlE AiarHOCTOBaHUM
JIECTPYKTUBHHUM TyOepKyIb030M JiereHs [2, 8, 9].

[Insixy migBUIEHHS XipypPrivyHOi aKTHBHOCTI B
NOAAIBIIOMY HEOOXIJHO PO3IJsIaTH B PO3LIMPEHHI
NOKa3aHb JI0 Pe3eKlill JIereHb y BIEPIIE BUSBICHUX
XBOPUX JIECTPYKTHBHUMHU (opmMaMu TyOepKyibo3y,
0co0JIMBO y 0Ci0 3 acomianbHOIO IOBEAIHKOI, SIKi
3JI0BXKHMBAIOTh AJIKOTOJIEM, 3 I[yKPOBUM IiabeToM, 3
JBOOIYHMMH OOMEXEHHMH ITpOllecaMy, BIPOBAKEH-
HSIM B IIUPOKY NPAKTHKYy HOBHX OPraHo30epiraroumx
orepalriii, Koancoxipypriuaux BTpy4ass [5, 11].

OTxe, BHUpINICHI JaleKko HE BCi MUTAHHA
XipypriuHOTO JIKyBaHHS XBOPHX Ha JIECTPYKTHBHI
¢dopmMu TYyOepKyIbO3y JIeTeHb, HEMAa€ IiX MOBHOTO
BHCBITJICHHS B JIiTEpaTypi, 0COONNBO — HA Cy4aCHOMY
ertami. Hemae exnHoi mymku y BHOOpI ONTHManbHUX
TEPMIHIB 1 METOMIB MepeaomnepaliiHol ImiIrOTOBKH.
BigmoBigHo, po3poOka cTaHAAPTHUX IMITXOAIB O
MIPU3HAYCHHS Ta MPOBEACHHS XipypriyHOTO JTiKyBaHHS
y 3a3HaUEHOT0 KOHTHHI'€HTY € TOCTPO aKTYaJILHOIO.

Meta po6oTH: OLIHNTH €(pEKTHBHICTH 3aCTOCY-
BaHHS CTaHAApTy HAJaHHS XIPYpriyHOi JOIOMOTH
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XBOpPUM Ha BIIEpIIe JiarHOCTOBAHHWNA TYOEpPKYJIbO3
JICTCHb.

Martepianu i meToau.

JocmimkeHHs TPOBONWINCS Y TPhOX perioHax
YkpalHH 3TiIHO yroj MpO CYMICHY HAyKOBY IisiTb-
HICTB BiAZNIeHHs TopakanbHoi Xipyprii HIOII AMHY
3 KWiBCBKUM HEHTPaNIbHUM MICBKHM NPOTHTYOEpKY-
JBO3HUM JMCHaHCEpOM, J[HIMpONeTpoBCHKUM oOJac-
HUM KIIHIYHUM JKYBaJIbHO-TIPODUIAKTHYHAM
00’enHaHHAM «DTH31aTpis» Ta acoliallielo TopaKalb-
HUX XipypriB JIbBIBIIMHK.

o o6miky Oyio B35STO BCiX XBOPHX Ha BIEpIIE
JIIarHOCTOBAaHUH TyOepKyJIh03 JereHb y 1-3 koroprax
2006 p. y JIpBiBCHKiH, JHIIPONETPOBCHKIA 00IACTIX
ta M. Kuegi. Jlani npo o0k Ta pe3ynbTaTH JiKyBaHHS
orpumyBaimcs Bix perioHanpHux L[JIKK. Ha ocHoBi
pexomenaaniii BOO3 ta MO3 VYkpaiau momo po-
3p00KMA CTaHAAPTHUX IMPOTOKOJIB, a TaKOXK 3
ypaxyBaHHSIM TaKUX MPOTOKOIIB, Aitouux B Pocii i
binopycii [7, 9, 13] Oyno po3poOieHo cxemu st
MiATOTOBKY MOJIEJICH MallieHTa Ta KJIIHIYHI IPOTOKOJIH
X Xipypri4yHoro JiiKyBaHHS, IO, Y CYKYITHOCTI yTBO-
PHIIO aNrOpUTM HaJaHHS XipypridHOi JOTOMOTHU XBO-
pUM Ha TYOepKyJhO3 JIeTeHb. Y BIIIOBIOHOCTI i3 3a-
3HAYCHUM alTOPUTMOM, depe3 6 MICSAIIB Bil MOYaTKY
nikyBaHHs Oynu BimiOpaHi 326 XBOpHX, sSKi MalH MO-
Ka3aHHS [0 XipypridHOTO JIIKyBaHHS, HE MaJH IPOTH-

MOKa3aHb 1 HE MOTpedyBajdW IOMATKOBOI Meperore-
pariitHoi migroroku. 3 ix umcna 85 Oynm omepoBaHi
(B cepenHROMY — Uepe3 6 MICAIIB BiJ MOYATKY JIKY-
BaHHS), 241 ckmanu TpyIy mMOpiBHAHHA. Posmoxin y
rpynu O0yB BumaakoBuM. OmiHKa e(heKTUBHOCTI JIKY-
BaHHS XBOPUX 000X TPy IMPOBOIUBCS Y TEPMiHH 6, 12
i 18 micsmiB Bix Horo moyarky. OLiHIOBaJ M HASBHICTh
AKTHBHOTO TyOEepKyJIbO3HOTO MPOIECy 3a KITHIYHUMHU
O3HaKaMHM, OaKTepiOBHIIUIICHHS 3 MIKpOOiOJIOTI4HOIO
XapaKTEePUCTUKOIO, PEHTI€HIBCbKY KaPTUHY JIETCHb.
Pesynpratn 00cTe)KeHb HAKOIMYYBAJIMCS Ta CTa-
THUCTUYHO 00poOssuIics Ha nepcoHansHii EOM 3 BH-
60poM onTHUMaNIBHOTO KpuTepiro. Hakonmuenns, 30e-
peXeHHS Ta MaTeMaTHyHa 0OpoOKa JaHMX BHKOHYBa-
JUCS 3 JOMOMOTOI0  JIIEH3IWHUX MPOTrpaMHHUX
npoaykris makery Microsoft Office Professional
2000, minensis Russian Academic OPEN No Level Ne
17016297.
JocmimKkeHHs
JePKOIODKETY.
Pe3ysbTaT Ta 00rOBOpEHHS.
B Mexax kiIiHIYHOI anpoOarlii cCTaHaapTy HaJaH-
HS XIpyprivyHOl JOIIOMOTH XBOPUM Ha BIEpILE AiarHO-
CTOBaHMII TyOepKyJib03 JIETeHb OYJIO BHKOHAHO
XipypriuHi BTpy4aHHS Y 85 XBOPHX B TPHOX pPETiOHAX
VkpaiHu. XapakTepHCTHKa TyOepKyJbO3HOTO Ipo-
Lecy B OIICPOBAaHUX XBOPHUX MPEACTaBIICHA B Ta0M. 1.

BUKOHYBaJIUCA 3a KOIITHU

Tao6mmms 1

XapakTepucTuka TyOepKyIb03HOTO MPOIIECY Y XBOPUX ONEPOBAHKX 3 MPUBOIY BIEPIIE AiarHOCTOBAHOTO TY-
OepKyIb03y JIeTEHb

M. Kuis Aninpo- JIbBiBCHKA 06 Bcroro
XapakTeprucTHKA MPOLECY METPOBCHKA OOJI.

abc. % abc. % abc. % abc. %
OnuHn4Ha TyOepKyIoMa 3 9,7 3 10,0 3 12,5 9 10,6
OMHUYHA TOPOXKHUHA ECTPYKIIIT 4 12,9 3 10,0 3 12,5 10 11,8
Ty6epxymoma(u) 3 ¢hibpo3oM, Bo- 8 258 9 30,0 6 250 23 271
THUILAMU
[MTopoxxHuHa nectpykuii 3 Gpidpo-
30M, BOTHHIIAMH, MHOXKHHHI I10- 12 38,7 12 40,0 9 37,5 33 38,8
POXKHUHU
HupoTrunnii mporec 2 6,5 2 6,7 2 8,3 6 7,1
JIo6iT, Ka3eo3Ha ITHEBMOHIS 2 6,5 1 3,3 1 4.2 4 4.7
Beroro 31 100,0 30 100,0 24 100,0 85 100,0

XapakTepucTHKa ONepaTHBHUX BTPy4YaHb, BUKO-
HaHUX Yy XBOPUX HA BIIEpIlE JiarHOCTOBaHWH TyOep-
KyJIbO3 JIET€Hb, IIPEJICTABIEHA B Ta0I. 2.

BuznaueHHs ToKa3aHb 10 XipypriyHoro Jiky-
BaHHs, BHOIp BUY omepallii, 00’eM pe3exIii, TeXHiuHi

0COOJIMBOCTI Ta iH. BU3HAYAIINCS 3TiHO PO3po0IIeHO-
ro craHjgapTy. [HTpaonepamiiHUX Ta MicisONeparini-
HUX YCKJIaJHEHb HE criocTepiraiocs. Yci XxBopi Oyiu
BUIMCaHI 3 XipyprivHOTO CTaILliOHApy B 33/I0BUILHOMY
CTaHi.




24 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #8(36), 2018

|
EEST| |

Tabmums 2

OrniepaTuBHI BTpyYaHHs, BUKOHAaHI Y XBOPUX Ha BIEPIIE NiarHOCTOBAaHUH TyOEpPKYJIb03 JIeTeHb

M. Kuis JHinpo-TIeTPOBChKa JIpBiBCHKA 00, Bceroro
Bun oneparii 001.

aoc. % aoc. % aoc. % abc. %
IPesekirist cermenTa(iB) 10 32,3 9 30,0 8 33,3 27 31,8
UTobexkToMist 11 35,5 11 36,7 9 37,5 31 36,5
IKombGiHOBaHa pe3eKis 3 9,7 3 10,0 2 8,3 8 9,4
[THEBMOHEKTOMIS 5 16,1 5 16,7 3 12,5 13 15,3
Cuvymeranma - ped 6,5 2 6,7 2 8,3 6 7.1
BEKIis
ExcrpamneBpaibHa 2 6.5 2 6.7 1 4.2 5 5.9
TOPaKOILIACTHKA
/IBOOIUHA pe3eKIis 1 3,2 2 6,7 1 4,2 4 4.7
IBcroro 31 100,0 30 100,0 24 100,0 85 100,0

Orminka 6e3nocepeHb0l epeKTHBHOCTI 3aCTOCY-
BaHHS CTaHNAPTy HaJaHHS XIpypriuHOi JOMOMOTH
XBOPUM Ha BIIEpIIE BUSBICHUN NECTPYKTUBHUU Ty-
0epKy/bo3 JIereHb BUKOHYBAJIACs LUIIXOM MPOBEJICH-
HSl KOTOPTHOTO aHaji3y Iepediry 3aXBOpPIOBaHHS Yy
326 nauieHTiB i3 cyuineHoi BuOipku I — III xoropt

2006 p., skuM OyI0 TIOKa3aHEe OINepaTHBHE JiKYBaHHSI
(85 — omeposani), 241 — He omepoBaHi), a TAKOXK 3a
BHU3HAYCHHAM KJIIHIKO-PEHTTCHOJIOTTYHOTO PE3yIbTaTy
JIIKyBaHHS.

Pe3ynpraT KOrOpPTHOTO aHaji3y MpeCTaBiIeH] B
Tabun. 3.

Taommus 3

XapakTepucTHKa TYOEpKyJILO3HOTO IPOLECY Y XBOPUX ONEPOBAHMX 3 IPHUBOAY BIIEPIIIE 1iarHOCTOBAHOTO TY-
OepKynb0o3y JIETCHb

12 wmic. 15 wmic. 18 wmic.
[Moxazumk OTepoBaHi HE OTIepOBaHi OTIepoBaHi HE OTIepOBaHi OTIepoBaHi HE OIIepOBaHi
abc. % abc. % abc. % abc. % abc. % abc. %

¥ cmitrie 85 | 1000 | 48 | 199 | 8 | 976 | 51 |212 | 80 | 941 | 60 | 249
ITiKyBaHHS
Hepnaua -~ | 00 | 111 [461| - |00 | 8 |340| 1 | 12 | 48 | 199
ITiKyBaHHS
Hepepearie -~ | 00 | 46 |[191| - |00 | 60 | 249 | — |00 | 75 |311
ITiKyBaHHSI
Bubynu — 0,0 12 5,0 2 2,4 14 5,8 4 4,7 17 7,1
[Momepin — 0,0 24 | 10,0 — 0,0 34 | 141 — 0,0 41 | 17,0

Jlo HeBpayi JiikyBaHHs OyJIO BilHECEHO Yci Bapi-
aHTH HeBlaui (32 Mas3KkoM, TNOCIBOM, KIIHIKO-
PEHTTEHOJIOTIYHMM  pe3yJIbTaToM). YCIIIIIHe JIKY-
BaHHS TaKOX Imepeadayano JOCATHEHHS BUIIIKYBaHHS
K 3a pe3yJabTaTaMH OaKTepioJOTidHOro, TaK i KIiHi-
KO-PEHTTEHOJIOTTYHOTO 0OCTEKEHHSI.

Jlo 3acToCyBaHHS OIIEPATUBHHUX BTPY4aHb, Yepe3
6 Mic. Bij moyarky JIiKyBaHHs, BCI XBOpI Mainu pe-
3yIbTaT «HEBJAya JIKYBAaHHS», B 3B’A3KY 3 4UM iM
OyJ10 3anpOIIOHOBAHE OTIEPATHBHE BTPYYaHHS.

Sk BuaHO 3 Tabn. 3, ycmimHe JIiKyBaHHS B OIle-
poBaHux xBopux cknaio Big 100,0 % gepes 12 mic. 10
94,1 % udepe3 18 wmic. Big Woro modatky, HeBaada
nikyBaHHA — 1,2 % 4epe3 18 mic. (1 Bumagox pennau-
By TyOepKymbo3y Ha (OHI XiMiOPE3HCTEHTHOCTI Ta
IykpoBoro niadery). [IpoTsarom 3a3HadeHoro mnepiomy
4,7 % xBopuxX BHUOYNH 3-TiJ CIOCTEPSIKEHHS 1,
BiJITIOBiZTHO, HE OYJIK BiHECEHI J0 KOJHOTO 3 BHIICB-
Ka3aHWX BapiaHTiB. Y OCHOBHIH rpymi He criocrepira-
JIOCsI BUNIAJIKIB TIEpepBaHOro JIiKyBaHHs. JleTaapHOCTI
TaKOXK He 0yII0.

VY He onepoBaHMX NALIEHTIB MOKAa3HUK YCIIIIHO-
ro JIiIKyBaHHS 4depe3 12 Mic. Bi HOTO MOYaTKy CKIIaB
19,9 %, gepe3 18 mic. — 24,9 %; T006TO, MPUOIU3HO Y

YBEPTi XBOPUX 3 HEBAAYEIO JIIKYBaHHS 332 CTAHOM Ha 6
MiC. JIIKyBaHHS BJQJIOCS JIOCATTH 3a0BUIBHOTO pe-
3yJbTaTy MPOTSICOM HACTYIHHX INECTH MicsiiB. ITo-
Ka3HHMK HeBJadi JIiKkyBaHHs 3HU3UBCsS Big 41,1 % depes
12 mic. mo 24,9 % dvepe3 18 mic. OmHAK 3 MOTOBKEH-
HAIM TEpMiHy XiMioTepamii ICTOTHO 30iIbIIMIACS
YacTKa XBOPHX, IO IepepBaly JIiKyBaHHS (depe3 18
MicC. BiJl moyatky XiMioreparmii mepepBaHe JiKyBaHHS
CriocTepirainocs IMpakTUYHO Y KOKHOTO TPETHOTO XBO-
pOro 3 HeBJauero JIIKyBaHHS), a TAaKOX IiABHIINIACS
JIETaJIBHICTB.

IIpn po3TIIsIIi BiIMiHHOCTEH KITiHIKO-
PEHTTeHONIOTIYHOTO Tepediry Mmporecy y omepoBaHUX
1 HE ONepOBaHMX XBOPHX TaKOX CHOCTEPIrajucs
ictoTHi BigMiaHOCTI. Cepell omepoBaHUX XBOPHUX. SIK
OyJl0 3a3HaueHO BHINE, CHOCTEpIiraBcs JIHWILE OJAWH
BHIIQJIOK HEBJadi JIKyBaHHA. XBOpWUH, Ha JIIHCHUI
4ac, OTPUMY€E MPOTUTYOEPKYJIbO3HY TEpamiio 3 IpH-
BOJly pelUauBY TyOepKynbo3y (iH(}IIbTpaTUBHUH Ty-
Oepkynbo3 Se 37iBa) y He omnepoBaHii jereni. Jlaui
Ipo Tepedir mpouecy y He ONEpOBAaHHMX XBOPHX 3
HEBJAYCH0 JIKYBaHHSA y TCPMIiHH, IIO BiAMOBINAIOTH
TepMiHaM OOCTEXEHHS OIIEPOBAHUX XBOPHX, MpE-
cTaBJIeHi B Ta0ImI. 4.
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Tabmuus 4

AHaJti3 KIiHIKO-PEHTICHOJIOTYHOTO Iepediry TyOepKyIb03y JISTeHb y HE OIEPOBAHMUX XBOPHX MPOTsrom 12 — 18
MICSIIIB BiJf HOYATKY JIKyBaHHS

Tokas 12 mic. 15 mic. 18 mic.

KASHIK abc. % abc. % aobc. %
KinmpkicTh XBOPHX 3 HEBIAUECIO JTIKYBaHHS 111 | 100,0 | 82 | 100,0 | 48 | 100,0
[IporpecyBanHs mporiecy 31 | 279 | 22 | 268 | 13 | 27,1
30epexeHHs1 0aKTepiOBUAUICHHS IPU CTA0IIBHIN PeHTTeHKAPTHHI 47 | 423 | 34 | 415 | 22 | 458
ig;lz;?ceﬁm OaKTepioBUIIICHHS IPH IO3UTUBHIH PEeHTTeHIN- 16 14.4 12 146 6 125
HeratuBHa peHTreHIHAMIKA TIPU BiICYTHOCTI OaKTEPiOBUAIIICHHS 17 15,3 14 17,1 7 14,6
VYceknagHeHHS 22 19,8 21 25,6 16 33,3
Ipumitka.

% — BiZICOTOK BiJ] 3araJbHOTO YHCJIAa XBOPHX 3 HEBJAUCIO JIIKYBAaHHS Y BiIMIOBITHIH MEPio CIIOCTEPEKEHHS.

Maiike y TIOJIOBUHM XBOPHX CIIOCTEpiranacs
crabimizamis mepediry mporecy 10 12-ro Micsis Bif
MOYaTKy  JIKyBaHHs, ane  30epirajocs  Oak-
TepioBUAITICHHS Ha (OHI TOPOKHUHHHX Ta (iOpPO3HUX
3MiH y JIeTeHi 1, y MoJanblioMy, iX CTaH iCTOTHO He
3MiHIOBaBCs. 30epeKeHHs] OaKTepiOBHUIUICHHS NpHU
MO3UTHBHIN PEHTTCHOJIOTIYHIA IHHAMIII cIriocTepira-
JIOCs y TAIi€HTIB 3 HASBHICTIO JIOKAJILHOI JECTPYKIIT Y
JIereHi i, sIK MPaBUIIO, CYIIPOBOIKYBAIOCS JIOKAJIbHAM
cnenuivHIM eHAoOpoHXiTOM. Y Omm3pko 15 Bin-
COTKIB XBOPHX OaKTEepiOBHILICHHS MPUITHHAIOCS, ajie
nporpecyBaii  (piOpO3HO-LIMPOTHYHI  3MiHH, IO,
Maiike y MOJOBHHHU 3 HUX INEPIOJUYHO YCKJIaJHIOBa-
ncs HecnenudiuHuM 3amanbHuM mpoiecoM. [Iporpe-
CyBaHHsI IIPOLIECy HaifyacTillle MposBIISLIIOCS 3aCiBOM Y
paHille He ypaKeHi YaCTKH JiereHi Ha 0OLli OCHOBHOTO
npouecy; y 16 XBopux crocrepirascsi 3aciB y MpoTH-
JISKHY JIETeHIO (3 HUX y 8 — 9epe3 18 mic. Big moyaTky
JiKyBaHHs). Y OUTBIIOCTI 0Ci0 MPOTpPEeCyBaHHS CYIIPO-
BOJDKYBAJIOCS IIPOSIBAMY IHTOKCUKALIIITHOTO CHHIPOMY
PI3HOTO CTYIEHIO TSHKKOCTI.

YcknagHeHs nepediry Ty0epKyap03y y onepoBa-
HUX XBOPHX MPOTSTOM IEPiofy CHOCTEPEKEHHsS He
Oyno. XapakTepuCTHKa YyCKIaJHEHOro mnepediry
B/TH y He omepoBaHMX XBOPHX 3 HEBJAUCHO JIIKY-
BaHHS B TEPMiHH, IO BIAMOBIJAIOTH TepMiHaM o0CTe-
JKEHHsI OTIEPOBaHUX XBOPHX, IIPEICTABICHI B Ta0II. 5.

Bci  ycknmamHeHHS moOTpeOyBanM  JTOJATKOBHX
JKyBaJFHUX 3aXOMIB Ta iCTOTHO TMOTipIIyBald IPO-
THO3 3aXBOPIOBaHHS: Ha (pOHI BHHUKJIMX YCKIIaIHEHb
Tpammincst ONMM3bpKo MoNoBHHA (46,3 %) IeTambHUX
BHIAKIB. Y OUIBIIOCTI 3 XBOPHX BHHUKIH BiTHOCHI
ab0 aOCONIOTHI MPOTUIIOKAa3aHHS [0 PpaJuKaIbHOTO
XIpyprivuHOro JIIKyBaHHS.

OTxe, y pe3ysbTaTi KOTOPTHOTO aHAIli3y Pe3yiib-
TariB JikyBaHHs xBopux Ha BJITH nerens 3 HeBnaueto
JIIKyBaHHS 4epe3 6 Mic. BiJi HOTo MOYaTKy 1 HasBHICTIO
nmoKazaHb a0 Xipypriunoro smikyBanas (100,0 %),
BCTAaHOBJICHO, IIIO NPU NPOJOBXKEHHI KOHCEPBAaTHBHO-
rO JIIKyBaHHs 3a3HA4E€HOTO KOHTHHIEHTy 1o 18 wmic.
HE3aJI0BIJIbHI Pe3yJbTaTH crocTepirarotecs y 68,0 %
XBOPHX, B T.4. JIeTalbHICTh — B 17,0 %.

Tabmuus 5

AHaIi3 KIiHIKO-PeHTIeHOJIOT9HOTO TIepediry TyOepKyIb03y JIETeHb Y HE OIIEPOBaHUX XBOPHX MpoTsrom 12 — 18
MICSIIB BiJl IOYATKY JIIKYBaHHS

Hoxasiux 12 mic. 15 mic. 18 mic.
aoc. % aoc. % abc. %
KimpKicTh yCKITaTHEHB 22 100,0 21 100,0 16 100,0
BuriTHWIT TUIEBpAT 7 31,8 5 23,8 3 18,8
CIIOHTaHHHUY TTHEBMOTOPAKC 6 27,3 5 23,8 2 12,5
[TiomHEBMOTOpAaKC, eMITiEMa TUIEBPH 6 27,3 7 33,3 7 43,8
KpoBoxapkaHHsi, JIereHEeBa KpOBOTEUa 3 13,6 4 19,0 4 25,0

[pumitka.

% — BiZICOTOK BiJ] 3araJIbHOTO YHCJIa XBOPHUX 3 HEBJAUCIO JIIKYBAHHS Y BIIOBITHHUI MEPiOJ CIIOCTEPEIKEHHS.

BkitoueHHs1 y JiKyBaHHSI XipypriuHHX BTPYYaHb
3a pO3pOOJIEHNM CTaHJapTOM 3a0e3NeymsIo yCIilIHe
nikyBaHHS y 94,1 % XBOpUX IIpU BiACYTHOCTI YCKJIaa-
HEHb 1 JIETAIBHOCTI.

TakuM 4YMHOM:

— TPOJOBXKEHHS KOHCEPBATHBHOTO JIIKYBaHHS
mo 18 wmic. y xBopux Ha B/ITH nerens 3 HeBmauero
JiKyBaHHS yepe3 6 Mic. Bij HOTO MOYaTKy i HasIBHICTIO
MOKa3aHb 10 XIPYPri4YHOTO JIKyBaHHS 3a0e3MeYMIIO
ycrimHe JikyBaHHs y 24,9 % XBopHX; HeBjaya JIKy-
BaHHs cknana 19,9 %, nepepBane JiKyBaHHS CIOCTe-
piranocs y 31,1 %, neranpHicts — 17,0 %;

— BKJIIOYEHHS XipypriuHMX BTpy4YaHb 3a PO3pO-
OJICHUM CTaH/IAapTOM Y KOMIIJIEKCHE JIIKYBaHHS 3a3Ha-
YEHOr0 KOHTHUHI'CHTY 3a0e3Ieunio, Ha TepMiH 18 mic.
BiJ HOro MOYATKy, ycIimHe JikyBaHHA y 94,1 % xBo-
PHUX TIpH BiACYTHOCTI yCKJIaJHEHb 1 JETATBHOCTI.
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Kagpedpu mexnonozii xapuyeanns,

Xapxigcokuil OeparcasHuil YHisepcumem xapuy8anHs ma mopeieni
Konecnixoea Mapuna Bopuciena,

KAHOUOam mexHiuHUX HayK, 00yeHm

Kagedpu mexnonozii xapuyeauns,

Xapxigcokuil 0epaicasHuil YHisepcumem xapuy8anHs ma mopeieni

STUDY OF STRUCTURAL-MECHANICAL PROPERTIES OF STARCH DISPERSIONS
KLASTERIZATSII FOR SWEET SAUCES

JIOCJLPKEHHSI CTPYKTYPHO-MEXAHIYHUX BJIACTUBOCTEN OKJIECTEPU30BAHUX
KPOXMAJIbHUX JUCHEPCIi JJISI COYCIB COJIOJKHUX

Summary. Analytical review of information sources, monitoring of modern trends in the development of
sauce technology determined the relevance of the development of sweet sauces and the prospects of the use of
physical modification of starches.

Investigated the structural and mechanical properties of starch physical modification of waxy maize "Pri-
ma" and tapioca "Endura”, "Indulge”. It is experimentally established that the regulation of starch content allows
to create pasteurized starch dispersions with the properties of liquid dispersions, medium density dispersions and
viscous dispersions. Determined that klasterizatsiya starch dispersion based on starches, "Prima", the "Endura"
show stability in the interaction with citric acid and sugar white. Effective viscosity in the presence of 5...30%
sugar is characterized by an increase of 1.5 times. The limit values of pH for prescription mixtures, which are not
less than 3.0.

Key words: physical modification of starch, starch dispersion clasterization, model system.

AHoOTAaNisA. AHATITHYHAM OTJIAIOM iHQOPMAIIHHUX HKEPeI, MOHITOPHHTOM CyYacHUX TCHICHINN PO3BUTKY
TEXHOJIOTiH COYCiB BH3HAYCHO AKTYaJbHICTH PO3POOKH COYCIB COJOJKUX Ta MEPCHEKTHBHICTH BUKOPUCTAHHS
KpOXMaliB Qi3ndaHoi MomudiKarii.

JocmimkeHo CTpYKTYpHO-MEXaHigHI BIACTHBOCTI KpoXMaltiB (hi3MIHOT MOJU(IKAIIIT i3 BOCKOBOI KYKYpYA3H
«Primay i tamiokoBi «Enduray, «Indulge». ExcriepiMeHTaNbHO BCTAaHOBIJIEHO, IO PETYIIOBAHHS BMICTY KpOXMa-
JIFO TO3BOJISIE CTBOPIOBATH OKJICHCTEPHU30BaHI KPOXMAIbHI JUCIIEPCii 3 BIACTHBOCTIMH PiIKUX AHMCIEPCii, AuC-
nepcii cepeHbOl I'YCTHHH, TYCTHX JUCIEPCii.

Bu3zHaueHo, 1110 oKieicTepru30BaHi KpoXMalbHi aucrepcii Ha 0CHOBI kpoxmaitiB «Primay, «Endura» mposis-
JISIFOTH CTaO1NMBHICTH Mi/T 9ac B3a€MOJIiT 3 KUCIOTOIO JIUMOHHOIO Ta IyKpoM OinmmM. EdexTnBHa B’SA3KIiCTh Y MpH-
cyTHOCTI 5...30% IyKpy XapakTepu3yeThCsl MiBUIICHHSAM 3Ha4eHb y 1,5 pa3iB. BusHaueHi rpaHuvHI 3HAYSHHS
pH s penenTypHUX CyMiIei, siki CTAaHOBIATH He MeHII 3,0.

Knrouoei cnosa: xpoxmani gizuunoi moougixayii, oxieticmepuso8amni KpoXmaibHi OUCNepcii, MOOenbHi Cu-
cmemu

IMocranoBka mnpodJemu. HaiiGinpmy yacTky
IHHOBaLlil y TEXHOJIOTISIX COYCIB peani3oBaHO B Maio-
He3ax 1 TOMaTHHUX coycax, a PO3poOJIeHHs TEXHOJOTT
COYCIB COJIOJIKHX HAa ChOTOJIHI CIPSIMOBAHO INEpPEeBaX-
HO Ha BIOCKOHAJEHHS X Xap4oBoi HiHHOCTI. [IpoTe B
Cy4acHHX YMOBaX 3MiHIOIOTbCSI BUMOTH JIO aCOPTUME-
HTY, TEXHOJIOTIYHOCTI BUPOOHHUIITBA, CTIO)KMUBHHUX BJIa-
CTHBOCTEH COYCiB, ki MOBHHHI 30epirath cTabiibHI
MTOKA3HUKH ITiJ[ TI€10 ECTPYKTUBHUX YNHHUKIB.

Coycu coloaki € 0araTOKOMIIOHEHTHOIO CHUCTE-
MO¥O, SIKa MiAJAE€THCS CYTTEBUM 3MiHAM IIiJ[ €0 TeX-
HOJIOTIYHUX YMHHUKIB. BaKIMBUM IOKa3HMKOM SIKOC-

Ti COYCIB € KOHCHUCTCHIIISI — CKJIaIHUN O0aratodakrop-
HUH TOKa3HUK, (POPMYBaHHS SKOTO 3aJEKHUTh BiJ KO-
JIOIZTHOTO CTaHy, CTYIEHS JUCIIEPHOCTI TOIIO.

Po3yMiHHS YMHHUKIB, 32 SIKHX PYyWHY€ETHCS KOH-
CHCTEHIIIs, € J{y’Ke BOXJIMBUM Uil OOIPYHTYBaHHS Ta
KEpyBaHHS TEXHOJIOTi€r0 coyciB [1-5]: MexaHivuHwii
abo TeMmepaTypHHH BIUTUB; KUTBKICTh CYXHX pedo-
BHH, HAsBHICTh 1 PpEe3yJNbTAaTHBHICTH BUKOPUCTAHHSA
PETYJIATOPIB KOHCHCTEHIIi1, 3HaUeHHs pH, BIUIUB ee-
KTPOJITIB.

OfHUM 13 KITACUYHUX METOMIB 3aro0iraHHs pyii-
HYBaHHIO JIUCIIEPCHOI CHCTEMH € ITIJBHUIIEHHS BMICTY
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cyxux pedoBuH. Llei migxim HaigacTilie 3acTOCOBY-
€ThCS B KOHCEPBHIH MPOMHUCIOBOCTI 3 METOIO Ofep-
JKaHHSA B’SI3KO-TyCTOi a00 ApariernonioHoi IpoIyKIIii 3
BMICTOM cyxux pedoBHH 65—70%. OCHOBHUM HEJOIMi-
KOM KOHIICHTPYBAaHHS CyXHX PEUOBHH IIIIXOM yBa-
PIOBaHHS € 3HIDKEHHSI ITOKUBHOI I[IHHOCTI MPOIYKIIii,
CKJIaJTHICTh KOHTPOIIIO SKOCTi, a TaK0X Hee(h)eKTUBHE
BUKOPHCTAaHHS €HEPropecypciB, L0 € EKOHOMIYHO
HEJIOIUTbHIM.

Bupimennio npobineMun 3abe3nedeHHs cTalinib-
HOCTI JTUCIIEPCHUX CHUCTEM CIIPHSE BBEICHHS 3aI'yCHHU-
KiB, III0 3B’S3yIOTh PIAMHY Ta MiJABHUINYIOTh B’A3KICTh
cuctemu. AHaui3 iHpopMamiHHUX HKepen [6 — 8] cBi-
JIUTh, IO MW IMiIXix Ma€e CBOI IepeBaru Ta HEmOi-
KH: 3 OJTHOTO OOKY, BUKOPHCTaHHS 3aryCHUKIB CKOPO-
9y€ TPUBAIICTH TEXHOJIOTIYHOTO MPOIIECY MOPIBHIHO 3
yBaproBaHHAM. AJie migbip Ta OOIPYHTYBAaHHS BHIY
3aryCHHKa Ma€ CIHMPATHCS Ha OICp)KaHHI MEBHUX Op-
raHOJICNITHYHUX eEeKTiB.

AHaJi3 ocTaHHIX J0CJHiI:KeHb Ta myOJaikauiii.
BaxJIuBOIO B TEXHOJIOTii BUPOOHHUIITBA COYCIB COJIOJ-
KUX € XapakTepHCTHKa AMCIepCii: B’SA3KICTh, Mill-
HICTh, TEMIIEPATypa 3aryIICHHS, CXUIbHICTh 0 CHHE-
pe3ucy B MpoIieci BUPOOHUITBA Ta 30epiraHHs, 37aT-
HICTb copOyBaT ¥  JecopOyBaTH  apoMaTH4HI
PCUYOBHHH Ta Xap4uoBi OapBHUKH, TEPMOMEXaHIUHI
BJIACTHUBOCTI, CTAICTh PEOJIOTIYHIX BIACTHBOCTEH.

XapuoBi IHTpENi€HTH MOJiCaXapUAHOI TPHPOIH
MPEICTAaBICHO IIHPOKAM aCOPTHMEHTOM, IIPOTE pe-
3yJIbTaTH cucTeMarn3anii iHdopmanii Ta 1ocBigy po-
00TH Xap4yoBUX BUPOOHUITB MOKAa3ald, 10 HAHO1Ib-
11Ie MPaKTUYHE 3aCTOCYBAHHS HA0YJIH KPOXMAJIi.

BuKOpHCTaHHS HATHBHUX KPOXMAJiB OOMEKEHO
BHACIJIOK iX (i3MKO-XIMIYHMX 1 (yHKIIOHAIBHO-
TEXHOJIOTIYHUX BilacTuBocTed [9]. Binbmiicte HaTHB-
HUX KpOXMalliB (KapTOIUITHHUH, 3€pHOBi) MICTITH IO
25% amino3u, a Xap4oBi IPOAYKTH 3 IX BUKOPHCTaH-
HSM SIK 3aT'yCHHKIB Ta TeJCyTBOPIOBAYiB XapaKTepH-
3YIOTBCSI HU3BKOIO TEXHOJIOTIYHOIO CTa0UIBHICTIO Ta
BUSBJSIFOTH BHUPAXXEHY TEHICHIII0 JI0 CHHEPE3HCY
[10].

IIpobnema 3abe3reucHHs CTaOLIBHOCTI, 3amo0i-
TaHHsI «CTapiHHIO» KPOXMaJbHUX KIIEHCTEPIB 1 relliB €
KJIFOYOBOIO JIJIsl XapYOBUX MPOAYKTIB (Y TOMY 4YHUCII 3
TPUBAJIUM TEPMIHOM 30epiraHHs, 3aMOPOKEHHX).
VYurinbHEeHHS CTPYKTYPH, BUIIICHHS BOJIH, ITiBUIICH-
HS KaJIAMyTHOCTI, 3MiHa OpPTaHOJICNTHYHHUX XapaKTe-
PUCTUK Xap4yOBHX NPOIYKTIB € HETaTHBHUM HACIiJ-
KOM TIpoliecy perporpazaarii kpoxmamo [11; 12].

BrnactuBocti Ta MexaHi3Mm ctalimizamii okielic-
TepU30BaHUX KpoxmaibHuX aucnepciit (OKJI) 3a3na-
YEHO y BEJIMKiH KiJIBKOCTI €KCIIEPUMEHTAILHUX POOIT
Ta a”HamitmaHUX orianiB [10-12]. CdopmymsoBaHi
TEOPETHUYHI TMOJIOKEHHS TIPO BJIACTUBOCTI Ta CTaH
KPOXMAaJII0 3HAHIIIH BigoOpaskeHHs B mpansax M. Pix-
tepa, M.M. Tpery6osa, A.I Kymmana, B.C. I'prone-
pa, H.IT. Ko3pminoi, H.I'. 'ymok, JI.B. babidenko ta
iH.

AJle Ha CbOTOJIHI MMPAKTHYHI JOCIIIPKESHHS Ta PO-
3pO0OJICHHST HOBHX (DYHKIIOHAJIbHO-TEXHOJIOTTYHUX
IHTPENIIEHTIB CIIPSIMOBAHI Ha MiIBUIICHHS €(PEKTHBHO-
CTI Ta PO3MIUPEHHS TEXHOJOTIYHUX MOXKIUBOCTEH iX

BUKOPHCTAHHS, PE3yIbTATUBHICTh Bifl YHPOBAIKCHHS
TEXHOJIOTIH.

Bunijiennsi HeBUpilleHUX paHille YacTHH 3a-
rajibHOI MpoodJeMu.

Ha punky icHye mmpoxuii acOpTUMEHT KpOXMa-
7B MOIM(IKOBaHMX, SKi 3aJI€)KHO BiJf METOAY MOJIH-
¢ikariii, amanToBaHO 1O TIEBHOTO TEXHOJOTIYHOTO
npouecy npoaykry. IIpote oOrpyHTyBaHHS pelenty-
PHOTO CKJIaay COYCIB COJIOJKHUX MOBHUHHO 3I1HCHIOBA-
THCh 3 YpaxyBaHHSIM cHeuu(iKd BIACTHBOCTEH Ta
GyHKIIH KpoxManiB Moau(diKOBaHUX, IO peatizy-
I0ThCS B TEXHOJIOTIYHOMY IIOTOLI Ta 0a3yBaTHCh Ha
ACTIEKTHOCT] 1X BUKOPHUCTaHHSI.

PerymoBaHHa (i3uKO-XIMIYHHX Ta (YHKIIOHA-
JIbHO-TEXHOJIOTIYHUX BIACTHBOCTEH HATHMBHUX KPOX-
MaJIiB JOCATAETHCS IIIAXOM iX XiMiuHOI, (Qi3WIHOI Ta
(hepMeHTaTHBHOT MOAMDIKAIlii, YHACTIIOK YOrO CYT-
TEBO PO3IIUPIOIOTBCA cepu ix 3acrocyBanus [9].
Amnani3 cyyacHux HaykoBux nanux [10; 12] nemoHcT-
PYe€, 1O Ui OJepaHHA MOAU(DIKOBAHHUX KPOXMAIiB
BUKOPHCTOBYIOTh HACTYIHI BHIHM XIMI4HOI 0OpOOKH,
Ta iXx koMOiHamii: eTepudikaiiss ouTOBUM i OypIITH-
HOBHM aHT1JIPHIOM, CYMIIIIIIIIO aHT1IPHUIIB OIITOBOI Ta
aIUIIHOBOI KHCJIOT, AHTLAPHIOM OKTCHWJISHTAPHOL
KHCIIOTH; 00poOKka (ochopunxiopuaoM, TpumeTado-
charom 1 TpunomidpocharoM HATPIFO 3 YTBOPEHHIM
CKIQJHHUX eQipiB MOXIAHHX; eTeph(ikallisi OKCHIOM
MPOIIIJICHY 3 YTBOPEHHSAM MPOCTHX e(]ipiB; KHCIOTHA
MoaudiKaIlis XJIOPUCTOBOJIHEBOIO Ta CipYaHOIO KHC-
JIOTAMH 3 YTBOPEHHSIM NPOAYKTIB Tifpoiizy, abo mep-
MaHraHATOM KaJlil0 Ta TIMOXJIOPUTOM HATPII0; OKHUC-
JICHHSI T'III0XJIOPUTOM HAaTPIlo.

Hapsiny 3 umcenbHUMH mepeBaraMu MOIU]IKO-
BaHMX KPOXMAJIB ICHY€ i HU3Ka HENOJIKIB, SIKI BIUIU-
BalOTh Ha (DOPMYBaHHSI TEXHOJIOTTYHHX OOMEKEHb Yy
BHKOpPUCTaHHI. TakK, OKHCICHI KpOXMalli BUSBIITIOTH
TEHJICHIIIIO /10 TIOTEMHIHHS BHACTIJJOK TEMIIEpaTypHO-
ro BIUIUBY abo mpw 30epiraHHi . s mpuroTyBaHHS
(pPYKTOBHX HAYHHOK Y SKOCTI 3arylIyBadiB BHKOPHC-
TOBYIOTh €TEpU Ta €CTepH KpOXMaio. BeeneHHs B
CTPYKTYPY KPOXMAaITIO XIMIYHUX PATUKAIIB IiIBUIILYE
NPO30PICTh KJIEHUCTEpiB Ta cralbiinbHICTH TpH 30epi-
raHHI, nepeMilllyBaHHI, HU3bKUX 3HaueHHsX pH, Ha-
rpiBaHHI, 3aMOpPOKYBaHHi-BiATalOBaHHI. bijbliicTh
BUJIIB MOJM(IKOBAHOTO KPOXMAIIO BiTHOCHTHCS M0
miarpynu 3mutux. Kiefictep 3mmTOrO Kpoxmaiio €
Oi7bII B’3KUM, MA€ «KOPOTKY» TEKCTYpY, CTIHKUH 110
PI3HMX 30BHILIHIX BIUIMBIB — BHUCOKHX TEMIIEPaTyp,
TPUBAJIOTO HAarpiBaHHs, HU3bKUX pH, MexaHiYHNX Ha-
BaHTAXXEHb.

I'pyna xomnaniii «Ingredion» [13; 14] BupoOise
cepito iHHOBamiiHUX KpoxmaiiB «Novation» 6e3 iHae-
kcy «E», SKi XapaKTepHu3yIOThCS HAWBUIIIOI0 TEXHOJIO-
TIYHOIO CTIHKICTIO Ta MaKCHUMAaJBHOIO CTaOiIbHICTIO.
Y mMpOKOMY TEXHOJOTIYHOMY CIIEKTpPi Pi3HOI 3a MpH-
3HAYCHHAM MPOAYKII (coycH, Cymu, ppyKTOBi Hamo-
BHIOBAYi, MOJIOYHI MPOAYKTH) 32 YMOB iHTEHCHBHOTO
MEXaHIYHOTO Ta TEePMIYHOTO BIUIMBY KPOXMaJi
«Novation» HeKIapyrTbCsA SIK IHTPEHIEHTH, 3IaTHI
copMyBaTH Ta 3a0€3MEUMTH IEBHY CTPYKTYpy. Lli
BUAM Kpoxmaiio Bimnosimatoth [locranosi 834/2007
€C 1 ToMy MOXYTb MapKyBaTHCS SIK «opraHiuHi» [15].

CyuacHuii criocid BUpOOHHUITBA KPOXMaIIiB cepii



L
E=®  \schodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #8(36), 2018 29

«Novation» monsirae B TepMOOOPOOIi KPOXMAIBHOT
CyCIIeH3i1 0 TeMIiepaTypH Kieicrepu3sallii 3 MiHiMa-
JBHOI0 TPUBAJICTIO BUTPUMYBaHHS Ta HACTYITHHUM
posnmIeHHAM y cymapui. [Ipu 1poMy 3epHa Kpoxma-
JFO 3TUIIAIOTHCS LITMMH Ta HEMOIIKO/DKSHUMH, 5K
mig 9ac excTpysiitHoi 00pobku. Kpoxmairi miei monu-
¢ikamii MaroTh (QYHKII] KIACHYHUX KPOXMAJiB, IO
3/1aTHI 3B’3yBaTH BOJIOTY.

JocnikenHst Gpi3uKo-XiIMIYHUX OCHOB 3arymlieH-
HS Jucrepcii Ta BHBYEHHS CY4YacHHX TEXHOJOTiH
OTpUMaHHS KpoxMmayiB ¢i3uuHoi Moaudikamii 103Bo-
JIsle IPOTHO3YBATH MEPCIEKTUBHICTh TX BUKOPUCTaHHS
B TEXHOJIOTIi COYCIiB COJIOIKHX.

3 ypaxyBaHHIM MeXaHi3My Ta (i3UKO-XIMI9HHX
MPOIIECiB, TMepedir SKMX MPU3BOTUTH IO 3HIKCHHS
cTiiikocTi 3a HU3BKUX 3HadeHb pH (2,0-5,5), MexaHiu-
HOTO BIUIUBY, TEIIOBOI 0OpoOKH, 30epiraHHs COYCiB
3a HU3BKUX TeMIIepaTyp cpopMyJIbOBaHO BHMOTH, 3a
SIKAX KPOXMaJIb SIK 3aT’yCHUK MOXKE OyTH BUKOPUCTaHO
B CKJIQJli COYCIB COJIOJIKUX HA OCHOBI IIOJJOBO-SITiHOT
CHPOBUHH HE3aJIe)KHO BiJ| BUJY CUPOBHHH, 3 SIKOI BiH
BUPOOJISETHCS: MOHOAMCIIEPCHICTh KPOXMaJbHUX 3€-
PEH; HU3bKHUIT BMICT aMiJIO3H.

Mera crarti. MeToro crarTi € HOCHIDKEHHS
BIUIMBY TEXHOJIOTIYHMX YHHHHUKIB Ha CTPYKTYPHO-
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MEXaHIuHI BJIACTHBOCTI OKJICHCTEPHU30BAHUX KpOXMa-
JILHUX TUCTIEPCiH, SIK CTPYKTYPHOI OCHOBH COYCIiB CO-
JIOIKUX.

Jlns JOCSTHEHHS IOCTaBJICHOI METH HEOOXiTHO
BHPIIIUTH TaKi 3a/1adi:

- MpoaHaNi3yBaTH Cy4YacHi TEHICHIi PO3BHUTKY
TEXHOJIOTI COYCiB COJIOAKHMX Ta 1X BHKODHCTaHHS B
TEXHOJIOTIYHOMY THpolieci BUPOOHHILTBA KyJiHApHOI
MIPOAYKIIIT;

- BCTAaHOBUTH 3aKOHOMIPHOCTI BIUIUBY IYKpy Oi-
JIOTO, KUCJIOTH JINMOHHOI, IEKTHHY Ha TiApOAMHAaMI4-
HI mapameTpu Kiedcrepusamii Ta (yHKIIOHAIBHO-
TEXHOJIOTIYHI BJIACTUBOCTI MOIEIBHUX CHCTEM Ha OC-
HOBI KkpoxmMaliB ¢iznanoi mogudikamii (KOM).

Buknan ocHoBHoro marepiaiy. s oOrpyHTy-
BaHHS BUIY Ta BMICTy KPOXMAaNIO Ul 3arylieHHs W
cTabimizamnii cOyciB COJOJKMNX BH3HAYCHO 3MIHU eeK-
THUBHOI B’SI3KOCTI MOJEIBHHX CHCTEM «KPOXMallb—
BOJIa» 3aJIEXKHO Bif BMicTy kpoxmaito (puc. 1). Ocki-
ek OKJl sSBISIIOTE COO0I0 HEHBIOTOHIBCHKI PiTUHH,
TO CIIOYATKy BU3HAYAJM B'SI3KICTh PO3YHMHIB 33 PI3HUX
KOHIIeHTpaIlii (2—8%) 3a1eXHO BiJ MIBUAKOCTI 3CYBY
3a nocTiitHo1 Temmnepatypu 70+2°C.
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Puc. 1. 3anesicnicmo eghexmuenoi 6 ’sazxocmi OKJ] 6i0 emicmy kpoxmanio: 1 — KyKypyo3saHo2o
AMIIONEKMUH08020; 2 — i3 60CK0801 KyKypyO3u « Prima»,; 3 — maniokosoeo «Endura»; 4 — manioxosozo
«Indulge» (3a y=50c™).

EKcriepuMeHTalbHO BCTAaHOBJICHO, IO PErylito-
BaHHS BMICTY KpOXMallto j1o3Bosrsie ctBoproBatn OKJ]
3 BJIACTHBOCTAMHM Dpiikux mucrepciii (Bix 2,0 mo
3,0%), cepennroi ryctunu (Bix 3,5 no 8,0%) Tta ryc-
tux (Big 7,0 no 8,0%), siki 3aKpiluIeHO SK MmapameTpu
PELENTYPHOTO CKIAAY COYCIiB i3 BapiaOEeIbHOI KOH-
CHCTEHLIIEO.

Takum YMHOM BH3HA4YeHO, 1m0 B’s3kicTh OKJ] Ha
ocHOBI kpoxmaitiB «Prima», «Enduray, «Indulge» Bu-
mra, Hix OKJ] Ha 0CHOBI KyKypyA3sTHOTO aMiJIOTIeKTH-
HOBOT0.

VY miteparypuux manux [18; 19] Bimomo, mio
YMOBHU KJeiicTepr3amnii KpoXMaio 3ajexars BiJ 3Ha-
4yeHHs pH: HaBiTH HeBeJIMKa 3MiHA KUCIOTHOCTI MOXeE
MPU3BECTH JI0 JIy’KE BUPAKECHUX 3MiH Y IIPOLIEC] YTBO-
penns OKJI.

Kucnory, siki BUKOPHCTOBYBAJIMCS JIJIsI MOJIEITIO-
BaHHS Ipollecy, BUOpaHi Ha OCHOBI HACTYITHOTO: CO-
JISIHA  KHCJIOTA  XapaKTEPU3YEThCS MaKCHMAJIbHOIO
KoHcTaHTOIO rinponizy (k=100); nMMoHa KucIoTa Mae
HaliBuiy Tingpomisytouy 3aatHicte (k=1,72) cepen
IHIIMX OpPTraHIYHUX KHUCIIOT i, KpIM TOTO, € OJHIEI0 3
HaWITONIMPEHIIINX; OI[TOBa KHCJIOTA € Halciadmowo 3
kucaoT (rimponizHa BiactuBicTe k=0,40), ame BoHa
BXOJIUTh JI0 CKJIany OaratboxX MIOMiB 1 srim (s0iyK,
LUTPYCOBHX).

KpoxMans MICTHTh 9acTHHY IOMIIIOK, KHUCJIOT,
(docdariB, MO 3HIKYIOTH KOHIICHTPAIII0 KHCIOTH B
po3unHi. BimuB pi3HHUX BHAIB KUCIOT BHU3HAYAIM 32
MOKa3HUKaMu ¢()EeKTUBHOI B’ SI3KOCTI (puc. 2).
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Puc. 2. 3anexcnicmo epexmuenoi 6 szxocmi MC na ocrnosi kpoxmanie: 1 — KyKypy03sHo20 amiloneKmuHo8020;
2 — i3 6ock060i KyKypyosu «Primay; 3 — manioxosozo «Enduray, 4 — manioxosozo «Indulge» (3a y=50c™)

I3 HaBeneHMx JaHMX 06aynMMo, IO 332 YMOBH BBe-
JICHHS JI0 CUCTEMH COJITHOI KHCIIOTH 32 KOHLIEHTpALIi1
0,03 M B’s3ricte OKJl Ha OCHOBI BCiX KpOXMaiiB
CYTT€BO 3HIKYETHCS HE3AIEKHO Bi X KOHIEHTpAL.
IMOBipHO, II€ HOSICHIOETHCS AECTPYKIIEI0 KPOXMalb-
HHX THOJicaXxapu/iB, PU bOMY CHOCTEPIraeThes 3Me-
HILEHHS KUIBKOCTI BHCOKOMOJICKYJISIPHHX PEYOBHH 1
HAKOIMYCHHS JEKCTPUHIB 3 PI3HOI0 MOJICKYJISPHOIO
Macoro [18; 20]. Lle no3Bosisie 3pOOUTH BUCHOBOK, IO
ripoJIi3ytoya 3JaTHICTh COJISTHOI KMCIIOTH HaiiBHMIIA,
[I0 BIUIMBA€ Ha CTPYKTYPHO-MEXaHIYHI BJIACTHBOCTI
OK/I.

Cra0inbHUMHU 3HAYCHHSIMH e¢(EKTHBHOI B’ I3KOCTI
xapakrepusyrotscst OKJI, 1o ckilamy SKMX yBeAEHO
cTa0Ki OpraHiYHiI KUCIOTH — SIONyYHY, BUHHY Ta OII-
TOBY.

3 ommsigy Ha onepKaHI JaHi BCTAHOBIJICHO, IO
HaWOUIbII CTIHKMMHU 10 BIUTMBY JIMMOHHOI, sIOJTy4YHOT,
BUHHOI Ta o1roBoi kucyiotr € OKJ] Ha 0CHOBI Kpoxma-
niB «Primay, «Endura», «Indulge», siki B mporieci ria-
pOIi3y BUSIBISIIOTH CTIHMKICTh, IMOBIPHO, 332 PaxyHOK
MoHojmcnepcHocTi 3epeH. EdexrusHa B’si3kicts OKJ]
Ha OCHOBI Kpoxmaiio «Prima» 3a yMOBH B3aemopii 3
JIMMOHHOIO KHCJIOTOO 3HIKYeThest Ha 30,0%, 3 s10iy-
yHOIO Ta BUHHOI — Ha 11,0%, 3 ouroBoro — Ha 3,2%.
ExcrniepuMeHTanbHO BCTaHOBIICHO, 0 B’si3KicTh OK/]
Ha O0CHOBI kpoxmaito «Endura» 3a yMoBH B3aemonii 3
JUMOHHOIO KHCIIOTOIO 3HMKYyeThes Ha 41,1%, i3 510-
nygHoro — Ha 32,0%, i3 BUHHOIO Ta OITOBOIO — Ha
7,5%. EdextuBna B’s3kicth OKJl Ha OCHOBiI Kpoxma-

mo «Indulge» mix BIUIMBOM JTUMOHHOI KHUCIIOTH 3HH-
xKyeTbes Ha 34,0%, s0myaHoi — Ha 25,0%, BUHHOT — Ha
6,5%, orrroBoi — Ha 2,0%.

Edexrupra B s3kxicte OKJ] Ha 0CHOBI KpoXMaio
KYKYPYA3SHOTO aMiJIOTIEKTHHOBOTO 32 YMOBH B3a€MO-
Il 3 JIMMOHHOK KHCJIOTOK 3HWXKYeThcs Ha 50,0—
55,0%, i3 somyuyHoro Ta BuHHOIO Ha 30,0-35,0%, 3
o1ITOBOIO — Ha 25,0%.

Jlnst BceOiYHOro OOIPYHTYBAaHHS BUKOPHCTaHHS
KPOXMAJIIB Y TEXHOJIOTI] COYCIB COJIOJKHX yBa)KaeMo
3a HEoOXiJHE JOCIIINTH BIUIMB IIYKPY Ha PEOJIOTIUHI
xapaktepuctukun OKJl. Konmerrtpamito mnykpy (0-
40%) BuOpaHO HA OCHOBI AIarHOCTHKH PEIENTYp Mpo-
IYKTIiB — aHAIOTIB (puc. 3).

Jns OKJ] Ha OCHOBI KPOXMAI0 KyKypyI3SHOTO
amMuToreKTHHOBOTO (1) 3HAUYEHHS B S3KOCTI IIOCTYIIOBO
3poctae 3a KOHIEHTpamii mykpy Oimoro 5,0-30,0%,
ITCJISL YOTO CIIOCTEPIraeThesi oro 3HmkeHHs. Lle Mo-
JKHA TMOSICHUTH JETiIpaTyBalbHUM €(EeKTOM LYyKpy B
niamazoHi koHieHTparii 25-40%.

Edexrupna B’s3kicth it OKJl Ha OCHOBI KpoX-
MaJliB i3 BOCKOBOI KyKypya3u «Primay, TarmiokoBHX
«Enduray» ta «Indulge» 3a nasBrHOCTI 5-30% IuyKpY
XapaKTepU3y€eThCs TMIJBUIICHHSIM 3Ha4€Hb, IMOBIPHO,
32 paxyHOK HAaKONMYEHHS CYXHMX PEYOBHH. I3 minBu-
meHHsM KoHueHTtpauii 30-40% yci kpuBi BHpiBHIO-
I0ThCS, MATBEP/DKYIOUHN CTaOUIBHICT KIIEHCTEepy I0-
JI0 YTPUMYBAHHS Caxapo3H, YTBOPIOIOYM MEXY TEKy-
yocti OK/I.
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Puc. 3. 3anesxcuicmo egpexmusnoi 6'azxocmi OK/ (C=8,0%) 6i0 xonyenmpayii yykpy 6irozo ona OK/ na
OCHO8I Kpoxmanig: 1 — KyKypyo3saH020 aMiIONeKMUH08020, 2 — i3 80CK080i KyKypyo3u «Primay,; 3 — maniokogozo
«Enduray, 4 — manioxoeozo «Indulge» (3a y=50c™?)

OHi€I0 3 OCHOBHHUX BJIACTUBOCTEH MEKTHHOBUX
PCUOBHH € 3aTHICTH JO MiJBHUINCHHS B’SA3KOCTI, fKa
3aJIeKHUTh BiJl IPUPOJN MEKTHHIB, TEMIIEPATYpPH, KOH-
LEHTpallii, HassBHOCTI CYMyTHIX PEYOBUH — MOHOIYK-
piB, OpraHiuHHUX KHCIIOT, coJjicii Tormo. Jlas mocmi-
JUKEHHsI Ha piBHI MoJeli BUOpaHO s0JyYHUI BUCOKO-
eTepu(iKoBaHMI MMEKTUH Yy KOHIEHTpaniix Bix 0,5 mo
3,0% y KOMITO3UIIi 3 JOCTIIHUMHE 3pa3kaMu KpoXma-
mro 8% KoHIeHTpaii (puc. 4).

2.0
1.0

0.0

ExcriepuMeHTanbHO JI0BECHO, IO 32 YMOBH 30i-
JIbIIEHHS. KOHIEHTpalii nektuny a0 3,0% B’s3KiCTh
MOJICIIBHUX CHUCTEM MigBHUINYeThC B 2,0 — 2,5 pasy
JUIsL BCIX JOCTiKyBaHuX cucteM. [Ipudomy cytreBe
MiJBUICHHS 3HAYCHb B’SI3KOCTI CIIOCTEPIra€ThCs 3a
KOHIICHTpAIlli NeKTHHY B cucTeMi Buiie HiX 1,0%.
OcobmuBo g TenaeHnis npuramanaa OK/] Ha ocHOBI
KpOXMAlll0 3 BOCKOBOi KyKypymu «Primax» (2), me
3HAYCHHSA B’SA3KOCTI MigBUINYIOTECA 3 4,5+0,1 mo
6,8+0,2.

0,0 0.5 1.0

Puc. 4. 3anesxcnicmo epexmugnoi 6 asxocmi OKJ/] 6i0 konyenmpayii nekmuny 0 OK/] na ocHosi kpoxmanig:
1 — kykypyO3sHO2O AmintonekmuHo8020, 2 — i3 60cKk080i KyKypyos3u «Primay, 3 — manioxkosoeo «Enduray, 4 —
manioxosozo «Indulge» (3a y=50c™)

BucnoBku. JlociiukeHO 3aKOHOMIPHOCTI 3MiHH
(i3uKO-XiMIYHHUX, CTPYKTYPHO-MEXaHIYHUX Ta (yHK-
LIOHAJILHO-TEXHOJIOTIYHUX BJIACTHBOCTEH OKIIEHcTe-
pU30BaHUX aucriepciit Ha ocHoBI K@M mia BIummBOM
TEXHOJIOTIYHUX YMHHUKIB. BCTaHOBIIEHO 3aKOHOMIp-
HOCTI BIUTUBY IIyKpy O110TO, OPTaHIYHHUX KHCIIOT, I1e-
KTUHY Ha TiIpOAMHAMIYHI apaMeTpH KielcTepu3aril
Ta (PYHKIIOHATIFHO-TEXHOJIOTIYHI BIACTHBOCTI Xapyo-
BUX CHCTeM Ha ocHOBI KOM.
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®EHOMEH KAPBUJIOOBPA30OBAHUS HA CMAYUBAEMOM ATIOMUHHUEM KATOJIHOM
IOBEPXHOCTH
THE PHENOMENON OF CARBIDE FORMATION ON THE ALUMINUM WETTED CATHODE
SURFACE

The abstract: The article shows a phenomenon of formation carbide and synthesis aluminum wetted coat-
ing in the surface layers of the carbon cathode. It has been offered to discuss mechanisms of formation carbide of
aluminum Al.Cs and its transformation into some subsurface carbon oxide substances. The analysis has been
conducted of the characteristics of carbide formation in different conditions of synthesis of the wetted surfaces.
The obtained data gives a possibility to make adjustments to the technology of high-temperature electrochemical
synthesis of the aluminum-wettable layer of binary and ternary compounds, which allows to bring developed
technologies to commercial conditions.

Key words: aluminum carbide, carbon oxide suspension, titanium boride, aluminum, cathode, wetting coat-

ing.

AunHoTanusi: B cratbe oOcyxaaercs peHOMEH COBMECTHOIO KapOumoo0pa3oBaHMsl M CHHTE3a CMadyHBae-
MBIX JTIOMHHHEM MOKPBITHI B MOBEPXHOCTHBIX CJIOSX YIJIEPOIHOTO KaToza. [IpemiaraTcs K 00CyKISHUIO Me-
XaHU3MbI 00pa3oBanus kapouna amomunus Al4Cz 1 ero TpancopmMalvi B KapOOOKCHIHBIE IIPUITOBEPXHOCTHBIE
cybcranmmu. [IpoBeaen ananus ocobeHHOCTEH KapOua000pa3oBaHus B Pa3IHMYHBIX YCIOBUSX CHHTE3a CMavYMBa-
eMbIX MOKPBITHI. [loslydeHHbIE CBE/IeHHs Jal0T OCHOBAaHHS BHECTH KOPPEKTUBBI B TEXHOJOTHIO BBICOKOTEMIIE-
paTypHOTO 3JEKTPOXUMHUYECKOTO CHHTE3a CMAYMBAaEMOI0 aFOMHHHEM CIIOSI IBOWHBIX U TPOHHBIX COCIMHCHHUIA,
YTO MO3BOJISIET IPHOJIN3UTD Pa3padaThIBAEMYIO TEXHOJIOTHIO K KOMMEPYECKUM KOHIMIIMSIM.

Krouesvie crnosa: xapouo amomunus, KapboOKCUOHAL CYCneH3us, Oubopud mumana, amoMUHUL, Kamoo,
cmMauusaemoe HOKpuimue.
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Beenenue

B pabotax [1-3] mpencTaBieHbl KOMILICKCHBIC H
CHCTEMAaTHYeCKUe HCCIEeIOBAHMUS CO3JaHUS CMayuBa-
eMBIX aIOMHUHMEM TOKpbITHIA Ti—-B—C Ha yritepoaHomM
KaToJe 0 JBYM HaIlpaBJICHUSIM:

e MeTox MOCIENOBATENBHOIO IEKTPOOCANKIE-
HHUS KOMIIOHEHTOB COCIJMHEHHs (TUTaHA H
oopa)

e Meron 3IEKTPOXUMHYECKOTO OOpPUpPOBaHMS
YIIIEPOATHTAHOBOM KaTOJHOM MOBEPXHOCTH.

JletanbHO pPaccMaTpPUBAINCh PE3YJBTATHI dIIEK-

TPOXUMHUYECKUX HPOLECCOB, ISl 0OCYXKACHHS Tpe-
CTaBJICHBl MEXaHU3MBI JJIEKTPOXHUMHIECKOTO U XUMH-
YEeCKOTro CHHTE3a COCIMHECHHH, OTBETCTBEHHBIX 32 3(-
(eKT cMauMBaHHS ATIOMUHHEM YIJICPOIHOTO KaToga.
OpHako TeMaTHYECKHEe paMK{ MOJIYYCHHOW HHGOp-
Maliy He MO3BOJMIM OOCYIUTh Ype3BBIYAHO Bax-
HYIO Po0JIeMy MapajuiesIbHO WAYIIMX MPOLECCOB 00-
pasoBanusi kapOuma amomunus AlsCs Ha yriepome u
JIOKAJIBHBIX YYaCTKax KaTOAHOI'O IMPHUIIOBCPXHOCTHOT'O
cios. HemoornieHka 3THX 0OBEKTHBHO CYILECTBYIOLIUX
MPOLIECCOB MOXKET HEraTHMBHO OTPa3UThCs Ha KOHEY-
HBIX PE3YyJIbTaTaX CHUHTEC3a CMadYWBaCMbIX HOKpLITHﬁ.
B Hacroseii paboTe, ¢ IOJydYeHHEM HOBBIX JaHHBIX,
cllenaHa IOIBITKA 3aOJHUTE 3TOT MpoOe B HOHUMa-
HUM JEHCTBYIOIMX MEXAHU3MOB BBICOKOTEMIIEPATYD-

HOTO DJEKTPOXMMHYECKOTO CHHTE3a CMadMBAEMBIX
TIOKPBITHH HA KaTOJIHOW MOBEPXHOCTH AIFOMHUHHUEBBIX
AIIEKTPOIIH3EPOB.

PesynbpraTsl uccieqoBaHui

B__memode nocnedosamenvrozo _snekmpooca-
JHCOeHUsT COeOUHeHUl mumana u bopa TpPeroiaraeT-
Csl, UTO TEPBBIH OCaKAAaeMblil KOMIIOHEHT Ha KaToll-
HOW YIJIepOoJHOW MOBEPXHOCTH B TEUEHHE JOCTATOY-
HOTO IlepuoAa o0pa3yeT COOTBETCTBYIOLIMH CIOH
AKTUBHOW MOAJOXKKH U3 cBoux Kapbumor (TiC wmu
B4C). Cnenyromuii 51eMEHT B3aUMOACUCTBYET C S3TUM
KapOWIHBIM CIIOEM W YIJIEPOAOM Karonxa 1o oOpas3o-
BaHWs coequHeHui B cucreme Ti-B-C. dopmuposa-
HHE CMauyUBAEMOT0 MOKPHITHS MPOUCXOJHUT TOJIBKO Ha
MIOBEPXHOCTH YTJICPOJHOTO KaTO/a, B OTPAHUYCHHBIE
CPOKH ITyCKOBOTO IIEpHOAA M C BBICOKUMH KOHIICH-
TpALMsIMU TUTAaHa U OOpa B SIEKTPOJIHTE.

MHOro4HCIEHHbIE MOIBITKH B ONPEIEICHHBIX
YCIIOBUSIX DJICKTPOJIM3HOIO JKCHEPHMEHTA IIOJNYYHTh
cwiontHoi Ti—B—C cioil Ha YIJIEpOJHON MOBEPXHO-
cTH "ycmemHo" 3aKaHYMBAJIUCh BU3YaJbHBIM CMauu-
BaHMEM KaTolla TOJICTHIM CJIOEM DJIEKTPOJIMTHYECKH
OCaKICHHOTO amoMuHuA (puc. 1).

Pucynox 1. Buewnuti 6u0 kamooa nocie sxcnepumenma

Ho mpu OmkaiiieM paccMOTpEHHH cCMaddBae-
MOCTh OblTa KBATH(DUIIUPOBAHA KaK "TICEBJOCMAaYHBa-
€MOCTh", TOCKOJIbKY KOHTAKT aIIOMHHHS C TIOBEPXHO-
CTBIO peaM3yeTcsl Yepe3 MaJOMOABIDKHYIO AJIEKTPO-
JUTHYIO TIPOCIOWKY AMCKpeTHO#H Tomuuubl 50-200

Aluminum

Carbon

MkM (puc. 2). IlomoOHBI pe3ynbTaT AOCTHTANCS B
paborax [4, 5] 6e3 m3ydeHHs] cocTaBa MPOCIOWKH H
0e3 O0OBsICHEHHs TPHUYMH TaKOro siBieHHs. bbuia
MIPEANPUHSITA TONbBITKA MPOSCHUTh MEXaHHU3M '"TICEB-
JOCMadnlBaeMOCTH".

Electrolyte interlayer
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P®DA ananu3 He oOHapyKHBal B MpoOax MOBEPX-
HOCTH OXKHJAEMBIX COCAWHEHHH, KOTOpBIE MOTIHN
OBITH OTBETCTBEHHBIMH 332 CMaunBaeMOCTh — TiBy u
TiC. Ha ¢oHe npuCYTCTBHS aIFOMUHHS Ha KaTOJE 3TO
OBLITO CIOPIIPHU30M, KOTOPHINA TpeOoBan 00bsacHeHu. C
stoit nensto npennpunaT SEM-EDS ananu3 ygacTkoB
00pa3ioB Ha rpaHMle amoMuHui-Kkato. [TosnemeHT-

HBIN COCTaB 3JIEKTPOJIUTHOMN MPOCIOUKHU OMPEIEIISIICS
SHEPrOANCICPCHOHHBIM aHATU30M TI0 JIMHUH CKaHU-
poBaHHUS U3 00JACTH ANOMUHUS B OOJNACTh yIIIepoja
(xpacHast muHHA puc. 2). Ha mepexomIHoM JOKaIbHOM
y4acTKe HaOIF0Jaioch pe3Koe YBENIWYCHHE KOHICH-
tparmit Na, Al u F, xotopsrii cootBetcTByer 150 MKM
MPOCIIONKE AJIEKTPOJIMTA MIETIOUHOTO cocTaBa (puc. 3).
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Line scanning point with a pitch of 75 microns

Pucynok 3. Hsmenenue konyenmpayuii KOMnoHeHmos oopasya

Ho eme Oonee mHTEpeceH NPUMECHBIH cOCTaB
atoro ciost. Ha pucyHke 4 moka3aHbl KOHILEHTpAIH-
OHHBIC YPOBHHM AaKTHBHBIX KOMIIOHCHTOB HENOCpEa-
CTBCHHO B OOJIaCTH 3JICKTPOIUTHOM mpocioiikn. Kax
ClefyeT U3 IPEACTAaBJICHHBIX JTaHHBIX, B IMPOCIOMKe
MOT'YT MPUCYTCTBOBaTh YacTHIIbI KapouaoB 6opa B4C
u tutana TiC. Ho B Touke 10 3JIEKTPOIUTHOTO CIIOS
Jlajiee B YIIIEPOAHOM TeJle TUTAH MPAKTHYECKH OTCYT-

ctByer (0,3% ar.), a COOTHOLIICHNE ATIOMUHHMS K yTJIe-
poay Omu3ko k coctaBy kapOuma amomuuus AlsCs.
[TosToMy Hambonee BEpOSITHBIM CIIEAYET CUHTATh
HACBIIIEHUE 3TOTO CJIOSI PAaCTBOPCHHBIM KapOHIOM
TIOMHHUS, KOTOpBIH ObuT OoOHapyxeH PDA B mo-
BEPXHOCTHOII Mpobe oOpasia B kosmdecTse 3,22 macc.
%.
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Pucynox 4. Cooepoicanue npumeceil 8 21eKmpoIumHol npociolike oopazya

CocTaB 2IE€KTPOJUTHOM MPOCIOWKH, NMPHU yCIO-
BUM CBSI3BIBAHUS YaCTH yIJIepoja OOpOM M THUTAHOM,
MOXHO onpeaenuth kak I,2NaF-0,33A41F3-0,33Al4Cs.
O4eBUIHO, YTO 3TO COEAMHEHHE SIBIISIETCS MIPOJYKTOM
pacTBOpeHHs KapOua IIOMUHUS B KPHOJIUTE!
0,33Al,C3(tB) +0,33AlF3(x) +1,2NaF(x) =
N31,2A|1,5CF2,2(p-p) (l)
Takum ob6pa3om, copMHPOBaHHAS B 3TOM 3KC-
MEPUMEHTE MPOCIOIKa MEXIy aTIOMUHHEM H YTIepo-
JIOM TIPEJCTaBISAET COO0M CMECh NMPOAYKTOB PacTBO-
peHus KapOuIa aJfoMUHUS ¢ KapOoumaMu Oopa U THUTa-

Ha (Al4C3+B4C+TiC). U 310 03HaUaeT, 4TO MOSIBICHHE
JNIEKTPOJIUTHOW MPOCIOWKH MEXIYy allOMUHHEM U
YIIEPOAHOI TOBEPXHOCTBIO MPOUCXOIUT MOCIE TOSIB-
JICHUS CJIOS AIFOMUHHMS Ha KaToJe.

Cnocob snekmpoxumuyeckoe0 60puposanus_ye-
JePOOMUMAan08020 _kamoda TPeIIoNaraeT BOCCTa-
HOBJICHHE OOpa Ha KaTOJHOM MOBEPXHOCTH, KOTOPAs B
CBOEM COCTaBE MMEET METaUTMIECKHH THTaH W €ro
OKCHABI. BH3yanbHO, NPHCYTCTBHEM AIIOMHHHEBOTO
CJIOSI Ha KATOJE MOCJIE MCIBITAHUI MOATBEPIKICH d(-
(bekT cMadyuBaHUs yriiepogHoM moBepxHocTH (Puc.5).
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Pucynox 5. Ilonepeunviii paspes obpasya .

MeTtonamu peHTreHodaszoBoro ananmmza u SEM-
EDS wuccnenoBaHuii MOBEPXHOCTHOTO CJOs KaToJla
obnapyxensl TiC u TiBz, 0TBETCTBEHHBIC 3a 3P (eKT
CMa4yuBaHMA. DJIEKTPOHHAsE MUKPOCKOIHS Ha KaXIOM
n3 00pa3noB (MUTH(OB) MPOBOTIINCH HA ydacTKax

Wattable
layer Ti-B-C

Jnst TOATBEpIKICHUST M YTOYHEHHsSI JIOKAIBHOTO
pacIloNoKeHNUs CMaYMBAaeMOTO  CJIOSl  MPOBOAMIICS
EDS-ananu3 3TOoro M APYyrux y4acTKOB. AHAIU3 CBH-
JIETEAbCTBYET O MPUCYTCTBUM ABOUHBIX 1181 04+32) H
TPOWHBIX coenuHeHuii B cucteme Ti—-B—C, coctaB Ko-
Topbix cooTBeTcTBYeT TiB73Ca1 u TiBgaCga. Mexay
cinoem Al u cnoem Ti—-B—C kaxue-1160 Apyrue BKIIO-
YyeHus! 1 (azbl OTCYTCTBYIOT, YTO CBHAETEILCTBYET O
MOJIHOM CMAauMBAEMOCTH KaTOJHOM IOBEPXHOCTH
AITOMHHHUEM.

Ho unTepecyromas Hac obmacts ToimuHo# 100-
200 MKM, HAcCBHIIIEHHAasT KapOWIHBIMH COCIMHEHUSMU

Electrolyte
interlayer

Pucynox 6. Muxpocmpyx

TpaHuIpBl aTrOMUHUKE—Yyriaepoa. Ha mpencraBieHHOM
ydacTke obpasia (puc. 6) IpuUCyTCTBHE CMauyHUBaeMo-
TO MOKPBITHS TPOCIIEKUBACTCS OTUETINBO. Buzyaib-
HO MOJKHO Pa3lIM4MUTh OOJIACTH PA3IUYHOU KOHTpPACT-
HOCTH.

_— 100pm JEOL
X 10.0kV COMPO SEM

ypa obpasya (x55)

1 KOMIIOHEHTaMH JIEKTPOJINTA, BU3YaJIIbHO Habmroma-
eTcs TI0JI CMaYMBACMbIM CJIOEM, T.€. MEXy yTJIepo.l-
HBIM MAacCHUBOM M IUIOTHbIM ciioeM Ti—-B—C. Beige-
JICHHBIM y4acTOK JIMHUM CKaHUpPOBaHMSA Mexny 11 u
15 Toukamm (puc.6) MO3BOJISET ONpPENEIHUTh COCTaB
sroro cnosi. CoorHomenue snementoB Al:C:O mo
KpasM 00JacTH y NMOBEPXHOCTH YIJIEPOIHOTO Tella U
CMauMBaeMOT0 CIJIOS COOTBETCTBYET COCTaBY OKCH-
kap6unos amomunust 0,33A1,03+(2+3)-A14Cs.
4/3A1,05(18)+1/3Al4Cs(TB) = AlsO4C(1B) (2)
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Pucynok 7. Pezyrnoemamuvl EDS-ananuza no nunuu cnekmpos meoicy mouxamu 11 u 15

Touka 14 oOHapy>KMBaeT COOTHOLIEHUE HJIEMEH-
TOB, TIPUOJIM)KEHHOE K KapOHIly aJFOMHHUS, KOTOPBIA
MOXHO TpencTaBuTh, Kak Al34Cs. B Touke 13 coot-
HOIIICHWE KOMIIOHEHTOB OOJiee BCETO COOTBETCTBYET
coctaBy 3NaF1,741F3°0,33Al4Cs, KOTOpBI MOKHO
sarmucath Kak NazAlzCFg. D10 coemunenue no One-
rapay [6, 7] sBaseTcs NPOLYKTOM PacTBOPEHUS Kap-
OnIa aTrOMHUHUS:

AlsCs(B) + 5AIF3(k) + 9NaF (k) = 3NaszAlsCFs (3)

AnprepratuBHo Gudbrandsen oOnapyxui [8],
uto NazAlsCFg SBIsIeTCS MPOIYKTOM 3IICKTPOXUMHYE-
CKOT'O PacTBOPEHMs yIiIepoja Ha KaToje:

C + 3AlF3 + 4Na+ + 4& = NaszAls;CFs + NaF (4).

Bnocnencreun Upenkosa ¢ coaBropamu [9] mpo-
AHATM3UPOBAIN TPOIYKTHl peaKIUU PACTBOPCHUS yT-
nepoxaa u AlsC3 B KpHOITUTE METOJIAMU PEHTTEHOBCKOM
mudpakomu 1 UK-cnekTpockonmu. Bein cremaH BBI-
Boj, uto NasAlzCFg sBisieTcst IpOJYKTOM pacTBOpe-
HUS Kak yriaepoza, tak u AlyCa.

OO0cyxaeHue pe3yabTaToB
IIpu anekmpoxumuyeckom 6occmanosieHuy Ok-
cud08 mumana u 60pa W3 KPUOIUTOBOTO paciiiaBa
cunte3 TiB; u TiC Ha HEOJHOPOAHOI MOBEPXHOCTH
YIJEPOJHOTO KaTOJa MPOUCXOIUT TOJBKO Ha JIOKAIb-
HBIX y4acTKax, (QU3NYeCKH U DHEPreTHYECKH YJOBJIe-
TBOPSIIOIINX YCIOBUSAM OCaXKIICHHS KOMIIOHEHTOB II0-
KpbITH. HemocTaTowHble CMa4YMBAIOIIUE CBOWCTBA
TAKOW IMMOBEPXHOCTH MPHUBOIAT K TOMY, YTO IMPHCYT-
CTBYIOIIHI (UIBTPAT ICKTPONIUTA Tepepacipenes-
eTcst B 00beMe KaToda M OTTECHSET CJION aJFOMUHUS
OT MOBEPXHOCTH CHayajia Yepe3 y4acTKH, HE HMEIO-
e CoeAMHEeHN KapOua/06opuaa TuTaHa, a 3aTeM 110
JIOCTUKEHUU ONPEICICHHON TOJIIIMHBI, U 10 BCEH
noBepxHOCTH. CO3MIaI0TCsl YCIOBUA ISl 00pa3oBaHUs
Kap61/1;1013 AJIIOMUHHAA 110 XOpOoHIO M3BECTHOMY MEXa-
My [10-20]:
4NazAlFg+ 12Na(s C) + 3C = Al4C3 + 24NaF. (5)
Ho Ha moBepXHOCTH KaToAa MPEBATHPYIOIINM
Oyzer mporecc MPSAMOr0 XUMHYECKOT'O B3aMMOJICH-
CTBHSI HCXO/IHBIX JIEMEHTOB!
4Al + 3C = AlLCs (6)
WIH albTEPHATUBHO MPOUCXOINUTH 3JICKTPOXH-
MHYECKHH MpoLece:
4AIRT+ 3C + 128 = Al4Cs. (7

OO0pasyromnuecs Ha MOBEPXHOCTH KaToja ¢par-
MEHTBl CMauUBAaEMOr0 CJIOSI — TUOOPHIBI U KapOHbl
TUTaHA, a TaKke KapOUa aTIOMHHHUS PACTBOPSIOTCS B
AIEKTPOIIUTHON TPOCIOWKE MEXIY KaTOAOM H allto-
munuem, obpasys Al-Ti-B-O-C rycryio cycnensuto
(TixCy, TixBy, AlBy, Al,O,C, AlxCy u ap.). Ota cycneH-
3 C DJEKTPOHHOW MPOBOIUMOCTBIO, IMO-BHINMOMY,
1 SBISIETCS TOM cyOcTaHmmel, KOTopas B OTpaHUYICH-
HBIX BPEMEHHBIX YCJIOBHSX DKCIIEPUMEHTA BBI3BIBACT
CMauyMBaHHUE KaTOJHOI MOBEPXHOCTH aroMuHueM. Ho
IIPU JUTUTEIIFHOM MPOLIeCcCe B MHAYCTPHAIBHOM AJICK-
TPOJIM3Epe CIIOM cycrneHsuu 06e3 moamutku Ti-B-C
COCIMHEHUSIMH 3aMEHHUTCSA Ha OpJUHAPHYIO MPOCIOH-
Ky 3JIEKTpOJIUTa C TMOCJIEeAYIIIe norepei cMaunBa-
HUS aJTIOMUHHEM KaTOJTHOW MOBEPXHOCTH.

[IpoTrBOTIONOXKHAS CHUTyallUsl CKJIaIbIBaCTCS B
BAapHAHTE JJIEKMPOXUMUYECKO20 OOpuposanus Kd-
MOOHOU VeiepOOmUmano8oll nosepxHocmu. 3a orpa-
HUYEHHOE BPEMsI IKCIIEPIMEHTA 3TOT METO TO3BOJISI-
eT co3aath Ti-B-C cMmaunBaeMblii ClION Ha MTOBEPXHO-
ctu karoma. OJHOBPEMEHHO CJIOH 3JIEKTPOJINTA,
TOYHEE CJIIOKHBIN pacTBOp OKCUKApOUIOB oOpa3yercs
MOJ] CMAa4YMBaEMBIM CIIO€M. VICTOUYHHKOM aJIFOMHUHUS
Ul KapOuI000pa3oBaHMs CIIY)KHT CMauyUBaIOLIAN
KaTOJ] MeTaJll, KOTOPbIH OCaKIaeTcsl Ha ero IMoBepX-
HOCTH W TPOHHWKACT dYepe3 TMOpHI TiBo-MOKPHITHSL
Hanmawe nop B cMauynuBaeMoM cioe yOeAUTENbHO J0-
Ka3aHo B yKe yIoMsHyToH pabore [3].

IIpu KOHTaKTe NEKTPOIUTA OJHOBPEMEHHO C YI-
JIEPOIOM KaToJla U C MOKPHITHEM B €r0 CI0€ MOXKET
BO3HMKaTh TpaJUEeHT KaTOAHOro TNoTeHIMana. Ha
HIDKHEW HOBEPXHOCTH CMAuMBaeMOro TOKpPBITHS Oy-
JIeM MMETh aHOJHBIM MoTeHIuald. B ycnoBusx cocy-
IIECTBOBAHMS AIOMHUHMA M yIiepoja HUAYT 3JIEKTPO-
XHUMHWYECKHE TPOIIECCHI:

44l — 4AP* + 12é — B 30He DIEKTPONHUTA HOJ
MTOKPBITHEM, U

12é + 3C — 3C* — Ha yriepomHoi HOBEPXHOCTH
O] TMOKPBITHEM, C MOCIEAYIOIIEH peakuuel B dIIeK-
TpOJIMTHOH (aze:

4APR* + 3C* — AlsCs(TB). (8)

Ho B mpuHIMNIE, NMPOHUKHOBEHUC ATIOMUHUS B
TIOPBI CMayMBaEMOT'0 MOKPHITUS AT OCHOBAHHMS CUH-
TaTh, YTO 0Opa3oBaHWe KapOHIa aTfOMUHUS BO3MOXK-
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HO W TIPH KOHTAKTE aTOMapHOTO METailla C YTiepos-
HOM NOBEPXHOCTHIO:
4Al + 3C = AlLCs 9)

Hakomerne W poCT CIIOSL 3TOTO COEAWHEHHS
MOJKET MPHUBECTH K OTCIOCHUIO MOKPHITHSA U €ro pas-
pywenuto. Ho, ¢ apyroil cTopoHsbl, B 3JIEKTPOIUTHOM
CJIOC MOJI CMAYUBACMBIM MOKPBITHEM MOTYT HITH Ta-
paJuleNbHbIe MPOLIECCHI, MOJABISIONINE 00pa3oBaHHUe
KapOuaa amoMuHus. PacTBopeHHBIC THTaH (U3 KaTo-
Ja) u 0op (IMEKTPOOCAKAACTCS) B BUJIC CBOMX OKCH-
JIOB TaK)KE B3aUMOJICHCTBYIOT C PACTBOPCHHBIM aJTiO-
MUHHEM 10 O00pa3oBaHUs 3JCMCHTAPHBIX THTaHA W
6opa

B,0Os + 2Al = AlL,Os; + 2B (10)
3TiO; + 4Al = 2Al,05 + 3Ti (12)

U TIOCIEAYIOMIETO B3aMMONEHCTBHSA HX MEXIY
co0oii 10 obpa3oBanus 6opruaos TuTaHa TiBo.

poxykter peaxmmii (9) u (11) mpu 960-1000°C
MOT'YT pearupoBarh 10 00pa3oBaHMs KapOuaa THTaHA!

AlsCs +3Ti = 3TiC +4Al (12)

CymmapHas peakuus ypasHenui (9), (11) u (12):

3TiO, + 4Al + 3C = 2Al,03 + 3TiC AGi300k = -
375 xJIx/Moib, (13)

TePMOANHAMHYCCKH OJArompusTCTBYeT IOJIaB-
JICHHUIO POCTa W HAKOIICHUS TBEPIOH M paCTBOPEHHON
tazsr Al4Cs.

B pesymerate coeawHeHHs KapOuma amOMUHHS
OyayT TpaHCHOPMHUPOBATHECSA B CIOKHBIH COCTaB CO-
enunennii u3 TiB,—TiC—Al,O3 u He TONbKO B TOBEpX-
HOCTHBIX CJIOSIX, HO U B 00beMe MEX3epEeHHOTO Ipo-
CTPaHCTBA KaToJa. ITOT MPOLEeCC PACTIHYT BO BpeMe-
HM,  KOTOPOrO  HEIOCTaTOYHO B  YCJIOBHSAX
Ja00paTOPHOTO IKCIEPUMEHTA, HO JIOCTATOYHO B pe-
AIBHBIX HHIYCTPUAIBHBIX YCIOBHIX B COOTBETCTBUU C
W3BECTHBIM criocobom [21].

3akitoueHue

Anamu3 ¢eHoMeHa KapOumooOpa3oBaHHS B pas-
JUYHBIX yCIOBUSAX CHHTE3a CMAaYMBAEMBIX MOKPHITHH
MO3BOJHII ¢ OOJBIICH TONHOTOHM MOHATh MEXaHHU3MBI
nproOpeTeHNsl YTIASPOTHON KAaTOIHOHN ITOBEPXHOCTHIO
CMa4MBaIOIIMX CBOMCTB. IIpu 3IEKTPOXMMHUYECKOM
BOCCTaHOBJIEHUH Ti ¥ B Ha HEOAHOPOIHOM yriepos-
HOW TOBEPXHOCTH, CMA4MBAIOIINE CBOICTBA KaToaa
00eCIeunBalOT He JOKAIbHO MPUCYTCTBYOIIHE Ti-B-
C coenuHeHus1, a KapOOOKCUOHASL NPOCILOUKA CYCNEeH-
3uu cnoxuoro cocrasa Al-Ti-B-O-C.

OOpa3oBaHue Ha IMOBEPXHOCTH KAaToIa Kore-
PEHTHOTO CJIOSl IBOMHBIX WM TPOMHBIX COEIMHEHUH B
cucreme Ti-B-C He wuckmouyaer nossieHue KapOuaa
ATIOMUHUS B TeJle KaToJa T0J] CMaYMBAEMbIM CIIOEM.
Ho nammuue 1wioTHOro cios M HaneKHBIA 3ddekrt
CMauYMBaHMs AJTIOMHHHEM CO3[0aeT YCJIOBHUS Ui IIO-
JIABJICHUS] HETATHBHOTO PAa3BHTHS Ipolecca Kapoumo-
obpasoBanus 10 WHAUBUIyansHOU (aser Al4Cs wm B
BHAE €€ pAcTBOPOB B (UIbTpATe JIICKTPOJIUATA
Na3AI3CF3.

ITonydennsie cBeneHUsI 0 peHOMEeHe KapOua000-
pa3oBaHUs JAlOT OCHOBAHHS BHECTH KOPPEKTHBHI B
TEXHOJIOTHIO BBICOKOTEMIICPATYPHOTO 3JICKTPOXHMHU-
4ECKOI'o CHHTE3a, CMauyMBaeMoro aaromuauem 1i—B—C
CJIOSL Ha MOBEPXHOCTH YrierpaduroBoro karoma. ITH

KOPPEKTHBBI MPUOIHNKAIOT pa3padbaThIBAEMYIO0 TEXHO-
JIOTUIO K KOMMEPYCCKUM KOHIUIIUAM.
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KAHOUOam mexHiuHUX HayK, 00yeHm

Kagedpu mamepiano3Haecmea i mexHono0z2ii memanie
Hayionanvuuti ynieepcumem xopabne6yoysanms
imeni aomipana Makaposa

THEORETICAL JUSTIFICATION OF ENHANCEMENT OF TECHNICAL AND ECONOMIC

AND OPERATIONAL INDICATORS OF ELEMENTS OF FLOATING FACILITIES FOR
RADIOACTIVE CARGOES

TEOPETUYHE OBTPYHTYBAHHS NIIBUIIEHHA TEXHIKO-EKOHOMIYHHUX 1
EKCIUTYATAINIMHUX ITOKA3HUKIB EJIEMEHTIB IIVIABYYUX CIIOPY [ VIS
PAJJIOAKTUBHUX BAHTAXIB

Abstract: The article gives a theoretical justification of technical and economic and operational indicators
of modernized blocks of biological protection of floating facilities, which are intended for storage and loading of
radioactive cargoes, in particular which are with final heat release. To this end, technological measures have
been developed for the implementation of constructive changes and a technological comprehensive coefficient
has been developed, which takes into account mass minimization, material costs, rational use of materials, com-
plexity of work execution and complexity of structures; tense-deformed state of a tank with liquid cargo has been
analyzed; according to the results of the allocation of temperature fields and air streams, compliance with the
conditions of thermal safety has been determined.

Keywords: floating facilities, radioactive cargoes, technical and economic indicators, energetic criteria,
technological criteria.

AHoranis: B crarti HanaHo TeopeTHyHe 0OIPYHTYBAHHS TEXHIKO-€KOHOMIUHHX 1 eKCIUTyaTaliHHUX oKa3-
HHKIB MOJICPHI30BaHUX OJIOKIB 010JIOI1YHOT0 3aXMCTY IUIABYYNX CIIOPY/]I, TPU3HAUYEHHX JUIsl 30€epiraHHs Ta nepe-
BaHTa)XEHHS Pa/li0aKTUBHUX BaHTAXIB, 30KpEMa 3 OCTATOYHUM TEIUIOBHIUICHHAM. Ji1 11boro po3pobieHo Tex-
HOJIOTIYHI 3aXO0/M 100 peaizarlii KOHCTPYKTHBHUX 3MiH Ta BU3HAUYCHO KOMIUICKCHUH KOE(ili€HT TEXHOJIOT Y-
HOCTi, II0 BpaxOBYe MiHIMI3allil0 MacH, MaTepiaJbHUX BHUTPAT, pallioHAIbHE BHKOPUCTAHHS MaTepiaiB,
TPYJIOMICTKICTh BUKOHAHHS POOIT i CKIIJHICTh KOHCTPYKILIH; POaHaIi30BaHO HANPYKEHO-1eOPMOBaHHUI CTaH
IUCTEPHH 3 PIAKUM BaHTAXKEM; 3a pe3yJbTaTaMH PO3MOILUTYy TeMIEpaTypHHUX ITOJIiB Ta MIOTOKIB MOBITPS BU3HAUE-
HO IOTPUMAaHHS YMOBaM TETUIOBO{ OE3MeKH.

Knrouoei cnosa: niagyui cnopyou, padioakmueni 6aHMAdICi, MexXHiKo-eKOHOMIYHI NOKA3HUKU, eHepeemUYH
Kpumepii, Kpumepii mexHoa02iuHOCMmi.

IMocTaHoBKa MPoGJIEeMH.

[IpoGnema cTBOpEeHHs creliali30BaHUX IUIaBY-
9uX 00 €KTIB ISl PallioaKTHBHUX PCYOBHH IOB’si3aHA
3 HEOOXIIHICTIO NMEPEBAHTAXKEHHS Ta KOPOTKOYACHOTO
30epiraHHs BiJICOPTOBaHUX PaJiOAKTHBHUX BiIXO/IB
ATOMHHUX €JEKTPOCTAHIIHA, CHHCAHOTO OO0JIaJHAHHS

ray3eBux J1abopaTopii, TEXHIYHUX PIOUH 3 METOIO
NoJIasbIIol mepepoOku abo 3axopoHeHHs. BaHraxHa
30Ha, Ie PO3MILIYIOThCS IIUCTEpHH abo Oaku 3 pagioa-
kTuBHMMH BaHTaxamu (PAB) BimokpemitioroTbest Gio-
JIOTIYHUM 3aXUCTOM, KM JJIsi BUIMAJKIB 30epiraHHs
BHCOKOAKTUBHUX PAB Mae Burisja 3anuBku 3 pajia-
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MiHHO CTIHKOTO OETOHY, OOMEXEHOTO KOPITyCOM i3
miakoBanoi crami [1]. KoHcTpykTHBHI 0COOIMBOCTI
010JIOTIYHOTO 3aXUCTy € TAKIMH, [0 HOTO HE MOMKIIH-
BO PO3JUIMTH Ha OKpeMi ¢parMeHTH, TOOTO IOCIHif-
HHMIT 00’eKT BBakaeTbest O010koM. TOBIIMHHM 010JIOTiY-
HOTO 3aXHCTy PO3PaxOBYIOTHCS, BUXOISYM 3 MaKCH-
MalbHO HeOe3MeyHuX xapakrepuctuk PAB, 1o
MPU3BOJUTH 10 301NBIICHHS Macora0apuTHHUX TOKa3-
HHUKIB BCHOTO OJIOKY, OOMEXYIOYM 3aBaHTaXCHICTh
IUIaBY4O0l CIIOpPY/HM, 30KpeMa 4epes3 J10JaTkoBe obuali-
TyBaHHS 3aC00aMH NPHUMYCOBOTO OXOJIOJUKEHHs. Ye-
pe3 Te, mo OUIBLIICTH MIaByyux 0a3 moOymoBaHO Ta
nepeoOIagHaHo IiJ TIaBydi TeXHigHi ciopynu y 60-
70 pOKH MHUHYJIOTO CTONITTS i € MOPAJIEHO 3aCTapiiu-
MU TpoOJeMa OHOBJICHHS (PIIOTy BUMarae CTBOPEHHS
HOBHX TPOCKTIB, SKi BIAIOBIAATUMYTh Cy4acHHUM BHU-
Moram 30epiranHs Ta TpaHcrmopTyBaHHsS PAB, makcu-
MaJIbHOIO IPHCTOCOBAHICTIO N0 iX €HEPreTHYHHX Xa-
PaKTEepUCTHK 1 arperaTHOro CTaHy.

BunisieHHs1 HeBUpilIEHUX paHilI YACTHH 3ara-
JbHOI Mpo0JieMu.

ITocraHOBIII Ta pO3B’sI3aHHIO 3aja4, OB’ A3aHUX
PO3pO0OKOI0 paIlioHATFHOI KOHCTPYKILii 070Ky 0ioJo-
TIYHOTO 3aXHUCTy JUIS IUIABYYHX CIIOPY[, NMPHUCBSIYCHO
pobotu [2, 3], y AKHX 32 IPOCKTHUH KpHUTEPiik 0OpaHO
0OMEXEHHSI TTOTY>KHOCTI OCTAaTOYHOTO TETUIOBUAITICH-
HS PaJi0aKTHBHUX BaHTaXIiB. 3a pe3ylbTaTaMH MOJe-
JIFOBAHHS IPOEKTHOI CUTYalii MPOMOHY€ETHCS 3MEHIIH-
TH TOBIIMHKA OeToHHOI 3amuBké 3 800 mo 200 MM Ta
3aMiHMTH Matepian nucrepH st PAB: 3amicte Hep-
xagitodoi cram mapku 12X18H10T (I'OCT 5632-72
BUKOPHCTOBYBaTH BYTJICLIEBY CTallb 3BUYAHHOI SIKOCTI
Mapku BCt3cn (I'OCT 5521-93). Jlns 3abe3neueHHs
HEOOXiHOT pamialfiiiHol Ta XiMIiYHOI CTIMKOCTI Ha
BHYTPIIIHIO IOBEPXHIO LIUCTEPH PEKOMEHJIYEThCS Ha-
HECTH 3aXWMCHHH Iap MEeTaI-CKISTHOTO EJIEKTPOIyro-
BOT'O MOKPUTTS TOBLIMHOIO A0 2 MM [4]. [IpoTte mpak-
THUYHA peatizallist pe3yIbTaTiB 3a/1ad MPOCKTyBaHHS HE
MOIIHBa 0€3 TEOPETUIHOTO OOTPYHTYBAHHS TEXHIKO-
E€KOHOMIYHHUX Ta eKCIUTyaTaliiHIX TTOKA3HUKIB.

CyuacHa mpakTtuka [5—7] BHOOpY paimioHaTbHIX
KOHCTPYKTUBHHMX pIillIeHb IPHUIIPOCKTYBaHHI CYJICH,
€JIEMEHTIB Ta  KOHCTPYKLiil  IPYHTYeTbCS  Ha
PO3B’sI3aHHI ONTHMI3AIHUX 3a7a4 i po3poOIi Tex-
HOJIOTIYHUX PEKOMEHJAlliii 3 BH3HA4YEeHHSIM Marepia-
JHLHUX BUTpAT 1 HE0OXigHOi minHOCTI. Iy mporo 3a-
CTOCOBYIOTBCSI MOJIENi: €KOHOMIUHOI e(peKTHBHOCTI 3
BapTICTIO JKUTTEBOIO LHUKJIA CyJIHA SIK PECYPCHOTO
nokasHuka [5]; MinHOCTI 3 po3poOKo0 eheKTUBHUX
NPaKTHYHAX PEKOMEHJAlid 111010 BHTOTOBJIEHHS 1
MOHTa)Xy MOZYJIIB Ha CyIHI 3 BUKOPHCTAHHSIM IIepc-
NEeKTHUBHUX MaTepianiB [6]; oNTUMalbHOrO MPOEKTY-
BaHHS CTaJIeBUX KOHCTPYKIi 32 KOMIUIEKCHUMH MO-
kasuukamu [7]. B po6ori [8] aBTOpH HABOISTH TEXHi-
KO-€KOHOMIYHE OOIPYHTYBaHHS 3aMiHU MaTepiaiiB, 1e
SK ONTHMI3allifHUHA MapamMeTp OO0paHO KOMIUIEKCHHUN
Koe(illi€eHT TEXHOJIOTIYHOCTI, IO BPaxoOBYye MiHiMi3a-
{10 MacH, MaTepiaJbHUX BUTPAT, PalioOHaJbHE BHKO-
pHCTaHHS MaTepiayiB, TPYAOMICTKICTh BUKOHAHHS
poOiT 1 cknagHicTh KOHCTpYyKUid. [IpoTe migBHIICHHS
SKCIUTyaTalifHuX BUMOT JI0 OJIOKiB Oi0JIOTIYHOTO 3a-
XHUCTY SIK BEJIMKOBAHTKHHMX EJIEMEHTIB IIIaByYHX

CTIIOPYJl BUMArae J0JaTKOBOT'O PO3B’sA3aHHS (PYHKINO-
HaIbHHX 3a7ad.

Meta po0oTH — HagaTH TEOPETHIHE OOIPYHTY-
BaHHS TEXHIKO-€KOHOMIYHHX 1 eKCIDTyaTaliHHUX MO-
Ka3HHUKIB OJOKiB OiOJIOTIYHOTO 3aXHCTy Ha OCHOBI
BBEJCHHA KOMIUIEKCHHX IIOKa3HHKIB IIOJ0 BHOOPY
palioOHAILHOTO ~ KOHCTPYKTMBHOTO  pIillEHHA  Ta
PO3B’sI3aHHSA 3a/1a4 TEXHOJIOTIYHOCTI, MIITHOCTI 1 Ter-
JIOBOT O€3IEeKH.

JI7is 11bOT0 HEOOX1THO:

1) po3poOUTH TEeXHOMOTIUHI 3aX0IH 00 peai-
3amii KOHCTPYKTUBHHUX 3MiH OJIOKa 0i0JIOTIYHOIO 3a-
XHCTY;

2) BUKOHATH aHai3 Hampy»XeHO-1e()OopMOBAHOTO
CTaHy LUCTEPHH NPH 3aNIOBHEHHI ii pinkumu PAB;

3) BU3HAYNTH BIUIMB 3MEHINEHHS TOBIIUHU Oe-
TOHHOTO INapy Ha HOUPKYJIII0 MOTOKIB IMOBITPS Ta
PO3IOIT TEMIIEPATYPHHUX TIOJIIB 3 METOIO TOTPUMAHHS
YMOB TEIJIOBOi OE3MEKH.

BukJiiajg ocHOBHOro Martepiainy.

Xapaxmepucmuxa 610Ky 6ionoziunozo 3axucmy i
Memoou O0CTIONHCEHHS.

IIpoekTHE MOCTIIKSHHS MOICPHI30BAHOTO OJIOKY
010JIOTIYHOTO 3aXUCTYy BHKOHAHO Ha TPHUKIAJI TIIaB-
0a3m, AKy y 3apyOiKHIM HpakTHIl 3aCTOCOBAaHO IS
TpHUBAJOro 30epiraHHs BHUCOKOAKTHBHHUX BiIXO/IB,
30kpema pinkux PAB, BiAmpampoBaHOTO SAEPHOTO
MaJIABa, TEXHOJNOTiyHOTrOo yctaTkyBaHHS [1]. Lle € He-
CaMOXi/lHE CYZHO 3 HACTYIIHUMH PO3MIpEHHSIMH: JOB-
skuHa L = 5,8 M; mupuna B = 11,5 m; 3 Bucota 6opTa
h =6 ™), e pagioakTHBHUI BaHTaX PO3MIILYETHCS Yy
JIBOX '€PMETHYHO 3aKPUTHX CTAJIEBOI0 KPHIIKOK TO-
BIIMHOK 300 MM IMIIHAPUYHUX IIUCTEPHAX TiaMeT-
pom 3,6 M i BUCOTO!O 3,4 M, 110 BUTOTOBJICHI 3 BYTJe-
neeoi crani BCt3 (I'OCT 5521-93) Ta po3ramoBaHi B
cepeanHi O1OKy OioyorigyHoro 3axwcrty. Ha BHyTpim-
HIO MOBEPXHIO IMCTEPH HAHECEHO INap TOBIIMHOIO 2
MM METAI-CKJITHOTO EJIEKTPOJyrOBOTO IOKPHUTTS Ha
OCHOBI CYIUTBHOTATHYTOTO ApoTy Mapku CB-AMrS
(FOCT 7871-75); BHYTpilIHSA MOBEPXHS KPUIIKA IIHC-
TEPHU OOJHMIIFOBaHA IIAPOM CKJIOAITIOMIHIEBOTO KOM-
HO3UIIIHHOTO Marepiay, BUTOTOBJIEHOTO 32 TEXHOJIO-
riero mopomikoBoi Meranyprii [9]. Ha Biaminy Bix cy-
THa-poToTHIY (pHuC.l) 3a pe3yiapTaTaMH pPO3poOOK
aBTOpa, BUKJIaAEHUX B poboTax [2, 3] 3MeHmieHo to-
BIIHHY O6eToHHOTO mapy 1o 200 mm. Bupimenss noc-
TaBJICHUX y CTaTTi 3aB/JaHb CHPSMOBAaHO Ha MiJBH-
LIEHHs Ha BiAMIHY BiJl IPOTOTHITY HACTYITHUX TEXHi-
KO-CKOHOMIYHHMX 1 eKCIUTyaTalliiHUX MOKa3HUKIB
6710Ky 010JIOTIYHOTO 3aXMCTY: MacorabapuTHHX HOKa-
3HUKIB 1 TOB’S3aHUX 3 HUMU MaTepiaJlbHUMH BUTpa-
TaMy Ta co0iBapTiCTIO; MPUCTOCOBAHICTIO 10 BaHTaX-
HUX OTIepaliii; pO3MHUpPEHHS aCOPTUMEHTY BAaHTAXIB i
KUIBKICHMX TIOKa3HUKIB BaHTaKO0O0ITY; MOMXIWBICTh
30epiranas PAB y TBepaoMy Ta pigKoMy arperatHo-
My CTaHax; IOJICTTIEHHS TEXHOJOTIYHOTO OOCIyTOBY-
BaHHS; MOXJIHUBICTh 30epiranas PAB 3 meBHHM ocTta-
TOYHUM TEIJIOBHIIJICHHIM 0e3 00JaHAHHS TUIABYYIHX
CIIOpyJ, JOAATKOBUMH 3ac00aMH INPUMYCOBOTO OXO-
JIOJPKEHHSI.
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Puc. 1. Koncmpykmuena cxema 86aHmasicHoi 30HU NAA8Y40I CHOPYOU-NPOMOMUNY:
1 — noositinuii 6opm,; 2 — kpuwka,; 3 — 308HIWHIl KOpHYC,
4 — pemonna 3anuska; 5 — yucmepnu 01 PAB; 6 — PAB, 7 — nodsiiine 0Ho

3a MeToaM JOCIIPKEHb B POOOTI 00paHo: CUCTe-
MaTEXHIYHUHA MiJXi7 3 BBEACHHSIM KOMIUIEKCHOTO KO-
edimienta texunosoriunocti [10], mpoekTHE mOCTI-
JokeHHst [11], sike IPYHTYEThCS Ha aHaJi31 JaHUX PO3-
paxyHKoBo-rpadiuHOi MoJeni 3 BHCHOBKAMH Ta

MPOTIO3HUIISAMHE II0JI0 MOAATIBIINX PO3POOOK, aHATITH-
HaTIpy>KHO-

YyHO-TpadiuHe OLIIHIOBaHHS

ne(OPMOBAHOTO CTaHy Ui 17€albHO MMIIHIPUIHOT
o0osonku [12], YKCIIOBE MOJEIIOBAHHS 3 BHKOPHC-
TaHHSM METOAY cKiHueHux 00’emiB [13]. ITocraBneHi
3a/a4i PO3B’A3aHO JJIsI TEOMETPUYHOT MOJIEI OMUHO-
YHOT IUCTEpHH 3 0araToIIapOBOIO TEILIONPOBITHOO
cTiHKoMO (puc. 2).

Puc. 2. l'eomempuuna modens 00uHOUHOL yucmepuu 3 6a2amouaposor menjionpogioHo CMIHKOIO

Pospobra i oyinka egpexmusnocmi mexHonoiy-
HUX 3ax00i8 w000 peanizayii KOHCMPYKMUBHUX 3MiH
3MIACHIOETHCS 32 KOMILICKCHHM KOE(DIilliEHTOM TEXHO-
JIOTIYHOCTI, KU 3a pe3yibTaTaMHd NOOYIOBH HOMO-
rpam [8] ckimagae 6,0...7,0; oro cKI1agOBi MOKa3HUKH
npoaHaiizoBaHo B Tabxa. 1. PesynpraTn moxasanu, mo
3MCHIIICHHS TOBIIMHU OeToHHOrO 1mapy 3 800 mo 200

MM crpusie ckopodeHHIo Ha 30 % marepianoeMHOCTI,
MPOTE YCKIAJHCHO TEXHOJIOTIYHI MOKAa3HHWKH: 301J1b-
uieHHst Ha 20 % TpyznomictkocTi hopmyBaHHs OETOH-
HOTO Iapy UHIIHIPUYHOI (OPMH TIOB’SI3aHO 3 BIIalll-
TYBaHHSAM 3HIMHOI OTaTyOKH HaBKOJIO IIACTCPHH, SKa
CKJIAJA€THCA 31 CTAJIEeBMX JIMCTIB TOBIIMHOKO 5...10
MM, 110 3’€IHYIOTBCSI MK COOOI0 3a JI0ITOMOroI0 00B-
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TiB, 200 CITOK 3 pO3MipOM KOMIpKH 5x5 MM abo 8x§
MM, SIKa HATATYETHCSA Y3I0BXK YCiii 0OMeXyBalbHIN
TIOBEPXHIi, 3QJIMAIIAI0YH 3a30p y 5...7 MM A TepMid-
HOTO po3mupeHHs. Bubip mapku OeToHHOI cymimmi
TPYHTYETBCSA Ha BiANOBITHOCTI BHMOTaM pamiamliitHOi
CTIMKOCTi, MOPO30OCTIHKOCTi, BOJOHEPOHUKHEHOCTI 1

TepMiHy CiIy’)xOu He MeHIT Hix 50 poKiB: I IIOTO
pexomenmoBaHo 6eronn mapku M500, M700 (krac Ha
ctuckanusa B50), F300, WS [14], Ha sxuii 10AaTKOBO-
IO HAHOCHUTHCS BOTHE3aXHCHE IOKPUTTS TOBIIUHOIO
rapy 1 MM, JUist 90T0 PEKOMEHYETHCS 3aCTOCOBYBATH
naroBHeHi cumikatamu Hf, Sc, Yb dap6u [15].

Tabmuus 1
KomruiekcHi MoKa3HUKHM TEXHOJIOTIYHOCTI 0JIOKY 010JI0TIHHOrO 3aXUCTy
Ioka3HuKu Kpurepii oriHioBaHHS KoperyBanus

M i . .

., = — — BinHoueHHs uncroi Macu kouc- | Ckopouenus Ha 30 % ma-

M i TEPiaJIOEMHOCTI;, 3HUKCHHS

M . . . M ) yABiUi Macu OCTOHHOI 3a-

aTCP1aJIOMICTKOCT1 TPYKIT ; /10 HOMIHAJBHOTO 3HAYEHHS Macu

MHi i-ro MaTepiaJIy JJIA BUTOTOBJICHHSA KOHC-

nuBKM (TIpM LIiIbHOCTI Oe-
tony 2298 xkr/m® [14]) Ta
Macu OJIOKy

CkJ1aJHOCTI KOHCTPYKIIT

TPYKIIH
0
n
KCJI - nH5 .Ke
e Ke — Koe(QiLi€HT, 10 BpaxoBye rabapuTH | Y MOPIiBHAHI 3 IPOTOTUIIOM

JOCIiAHOT KOHCTPYKIil; N — KIJTbKICTh CKIAHO0-
. 6 . .

BHX CJIEMEHTIB KOHCTPYKIii; N"’ — KiIbKicTh

CKJIQJIOBHX €JIEMEHTIB KOHCTPYKIii KOHKYPEHT-

HOTO aHaJora (TpafMIiiiHoro BUILY)

HE 3MIHEHO

T,
Ky =1-_t

a

Ha 20 % ycxmagHeHO Tpy-

TexHOJIOrYHOCTI KOHC-
TPYKLIi 32 TPyAOMiCTKiC-
TIO

BU]).

Ae T i — 4ac MiAroroB4oi 0OPOOKH Mepes MOH-

TaXeM UIS JOCHITHOT KOHCTPYKIIIi; T ¢ — dac

HiAroToBUOi 0OPOOKH Iepesi MOHTaKEM LISl KOH-
KYPEHTHOT KOHCTPYKIIi aHaiora (TpamuiiiHui

JIOMICTKICTh  POOIT 11070
¢dopmyBaHHS OETOHHOI 3a-
nuBKH, Ha 15 % — 3a paxy-
HOK HaHECEHHS eJIEKTPOIy-
TOBUX TOKPHUTTIB 3aMiCTh
nakodapOoBmx

3amiHa sakodapOOBOro MOKPUTTS, SIKHH 13 cepe-
JVHU OyJIO 3aXWINEHO IMCTEPHY, BUTOTOBIEHY 13 He-
prKaBirouoi cTaji, Ha HOBE METAJI-CKIISTHE EJIEKTPOIy-
TOBE MOKPHTTSI, OB’ A3aHO 3 15 % 30inbIIeHHAM KOe-
(hilieHETy TPYIOMICTKOCTI, IO BUKIUKAHO 3MiHAMHU Y
TEXHOJIOTIYHOMY TIPOIeci, KU BKIFO4Yae B ceOe BH-
TOTOBJICHHSI BEPTUKAJIBHUX IUCTepH Ayia PAB sik He-
BiJl’€MHOT YacTUHU OJIOKa, Jie 3aXUCT BHYTPINIHIX TO-
BEpPXOHb 3a0e3Meuye HaiiHy eKCITyaTallilo Ta MOX-
TuBiCT,  30epiraHHs Ha  IDIABYYUX  CIIOpyJax
IIMPOKOTO aCOPTHMEHTY BaHTaxiB. [lepen HaHeceH-
HSM METaJ-CKIISTHUX TIOKPUTTIB 3IiHCHIOETBCS CTPY-
MHUHHO-a0pa3nBHa 00poOKa BHYTPIIIHBOI IOBEPXHI
IUCTEPHH, MICJIS SIKOI HE NMOBHHHO 3aJIMIIATHCH 3ay-
CEHIIIB, 3aJMIIKOBOTO (IIfoca, paKOBUH, TPIlIWH, 3Ba-
proBaJbHUX OpH30K. [l yHUKHEHHS yTBOPEHHS KOH-
JICHCAlliIfHOTO IIapy BOJIOTH, SKWUH NPHU3BOAMTH 1O
3HIDKEHHS! MIITHOCTI 34YEIUICHHS NOKPHUTTS Ha HallHu-
JIIOBAJIGHOIO TIOBEPXHEI0, HEOOXIHO MiATpUMYBATH
TeMmmeparypy B Iiexy Ha piBHiI kimHaTHOI (18+2 °C).
SIKI0 HaHEeCEHHS MOKPUTTS BiIOYBA€ThCS HA CyaHi (Y
BHITQJIKy PEMOHTY) a00 y MPUMIIICHHI 3 MEHIIOI Te-
MIIEpPaTypol0, OCTATHHO MONEPETHHOTO HATPiBAHHS
nmoBepxHi 10 100...120 °C. Sk mxepeno HarpiBaHHS

MOXe OyTH BHKOPUCTAHO CTPYMiHb MPOJAYKTIB 3roO-
PSHHSL €JIEKTPOJYroBOro amapary Oe3 Imojadi Hamlu-
JIIOBaJIbHOTO Matepiainy. [Ipn BUrOTOBIEHH] IMCTEPHU
TIOKPHUTTSI HAHOCUTHCSI BUKIIFOYHO HAa BHYTPIMIHIO 00-
KOBY ITOBEpPXHIO, Ha ii IHO — micis 3’eXHaHHS 3 (QyH-
JAMEHTHOIO TUINTOI0. [l HammieHHs BHYTPILIHIX
TIOBEPXOHb IMCTEPHM SIK TUI OOEpTaHHS 3aCTOCOBY-
eThcsi 00epTadu. ToBmMHA TIapy 3a OAWH MPOXiJ CTa-
HoButh 0,10...0,25 MM, TOOTO JjI HANUJICHHSA O =
1,5...2 MM mporiec 3AiHCHIOETHCS y ACKiIbKa MPOXO-
niB. KoHTpons TOBIIMHM APy MOKPHUTTS BUMIPIOETh-
Cs y TPbOX MEpeTHHax (10 TPH BUMIPY Yy KOKHOMY
neperuHi). Ilicns 3akiHYeHHS MpOIECy HAIWJIEHa TO-
BEPXHS OYMIIYETHCS 32 JIOTIOMOTOI0 METaNIeBOT LIITKH.
[TpoBeneHi 3a reoMETPUYHUMHU PO3MipaMH MoOjie-
neid (puc. 1 1 2) OWiHOYHI PO3PaxyHKH JIOBEIU 3HH-
JKEHHsI Macu OETOHHOI 3aJIMBKH (TIpH LIUIBHOCTI OeTo-
Hy 2298 kr/m® [14]) 6inbmr Hix yasiui. Bpaxosyrouu
Te, 110 Macy 0JI0Ka y MOPiBHAHHI 3 ICHYIOUNMH Bapia-
HTaMH 3HWXEHO, Y POOOTiI HE BHKOHYIOTBCS PO3paxy-
HKH MiCII€BO1 MIiITHOCTI IJIaBy4Y0i TEXHIYHOT Oa3m.
Ananimuuno-epagiune oyYinOBAHHS HANPYIHCEHO-
depopmosanoeo cmamny YOOCKOHANEHOI YUCMEPHU 3
PAB. Peamnizanisi po3po0JIeHUX KOHCTPYKTHBHHX 1 Te-
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XHOJIOTIYHUX 3aXOiB JUIsl BHUIAJKIB 30epiraHHs Ha
IUIaBy4YuXx cropyaax pinkux PAB moB’s3aHa 3 Bupi-
IIEHHAM JIOJATKOBHX 3aBJaHb IOJO aHANi3y Hampy-
JKeHO-N1e()OPMOBAaHOTO CTaHy 0Oaka 1O TOBEpXHi Oe-
TOH—CTaJIb—TIOKPUTTA. 3aMiHa Marepiany Oaka (Ifuc-
TEepHH) TpH 30epiraHHi TOBIIMHHM WOTO CTiHKH Ta
3MeHIeHHs 10 200 MM TOBIIMHHA OCTOHHOT 3aJIUBKH,
30KpeMa B paliOHi JJHa LUCTEPHU (pHC. 2) y BUMAIKaX
30epiraHHs PiAKMX pPaaioaKTUBHHX BaHTAXIB MOXeE
BUKJIMKATH JeopMalii CTIHKM B 30HI HHXKHBOTO BY3-
Ja. AHaniTHYHO-TpadiyHe OLIHIOBaHHS HaNpPYXKEHO-
nedopmosanoro crany (HJIC) crinka—1HO, BUKOHAHO

X
Mx
Q
X ) P,
Wix)
@
Po Qy
7
0 | Y
My

Wa)

qly)

a

Ha MPUKJIAIl iealbHOl MWTIHIPHUIHOT 000JIOHKH, BCe-
CHMETPUYHO HABAaHTAXXEHOI IiIPOCTaTHYHHM THCKOM
6e3 ypaxyBaHHS (Pi3UUHOI i reoMeTpHUIHOI HETiHiiHO-
cTi Martepiany koHcTpykKuii [ 10]. Po3paxyHkoBa cxema
(puc. 3, a) BpaxoBye paiiaqbHe MMEPEMIIICHHS CTiHKH
Wy; BeprukampHe nepemimenHs gauma Wy; THCK pi-
muHA Py Ha BUCOTI x; THCK piauHu P Ha JHO, TOOTO
npu x = 0; peakuito omopu ((Yy), a Takox M, My —
3rHHaNBHI MOMEHTH Ta Qx, Qy — momepeuHi cuiu y
CTIHKM (32 KOOPJHMHATOIO X) Ta JHHUIII (32 KOOpAUHA-
TOIO Y).
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Puc. 3. Pesynemamu ananimuyno-epagiunoeo oyinroeanns HJJC cminka—owo:
a — pO3pAxXyHKo8a cxema; 6 — HanpysjtceHHs 6 Cminyi baxa

V3aranpHeHe nudepeHniiine piBasHHEA [10] 3a-
MKHEHOI KPYroBOi HWTiHAPUIHOT OOOJIOHKH, sSKa 3HA-
XOJHUTHCS Mif MIi€I0 BiCECHMETPUYHOTO TiJIPOCTAaTHY-

d 4(0 (E6em '§6em +Ecm
D +

Oy +E

HOTO HABAHTAXKCHHS, 3 ypaXyBaHHIM 0OaraToiapoBoi
CTIHKH OyIe MaTH BUTIISI

o))

dx*

ne D — mmninapuyna skopetkicts; P(X) — iHTeH-
CUBHICTb 30BHIIIHFOTO HABAHTAKECHHS, X — KOOPIMHA-
Ta BUCOTH NPOTHHY; I — pajiyc IMIIHAPHYHOTO Oaka;
Eser, Ecr, Enop — MOLYIIb IPY’KHOCTI BiIOBiAHO OeTo-
HY, CTaJli, METaJI-CKIISTHOTO MOKPHUTTS; Jgem, Ocmy Onoxp —
TOBIWHA IIapy BiJNOBITHO OETOHY, CTalli, METa-
CKJISTHOTO TOKPUTTS; (® — 3HAYCHHs MPOTHHY Y pajia-
JIBHOMY HANpsIMKY, SIKHH BU3HAYAETHCS SIK

or2
o=——"—X, (2)

E€K85€K6
Jie p — TYCTHHA PIIUHU; Jexs — CKBIBAJIEHTHA TOB-
IIMHA CTIHKH, BU3HAYAETHCS K

5e1<3 = 56em + 5cm + 5no;<p? Eexs — €xBiBajeHTHUI

MOJYJIb TIPY>KHOCTI OararomapoBoi CTiHKH Oaka (BH-

> nokKp 5n0;<p) o= P(X) ’
3HAYEHO 32 CepeHIMM 3HAYCHHSIMH); X — KOOpIMHATA,
€KBiBaJICHTHA BUCOTI CTiHKH.

[Ipu mocTaHOBI 33734l BUCYHYTO MPHITYIICHHS,
0 BiJIbHA MOBEPXHsS PIIMHU € IUIockor. Kpim Toro,
HE BPaxOBaHO PyX PIIWHHU BHACHiIOK Kadyku. Cum,
TIO3HAYEHI y PO3PaxXyHKOBIH CXeMi, NPHKIAaJar0ThCs
OJTHOYACHO; €KBIBAJICHTHY CTIHKY CJIiJl BBAYKATH JKOP-
CTKOI0. 3a/ady po3B’S3aHO AK BiCICHMETpUYHY, Y Ji-
HIHIA TIOCTAHOBIII 32 JOTIOMOTOI0 METOAY CKIHYCHHX
eneMeHTiB. Iy 3aBOaHHA TiAPOCTAaTHYHOTO HAaBaHTa-
JKeHHsS 00paHO HACTYNHI MapaMeTpH: BHCOTa 3aBaH-
TakeHHs1 — 3,5 M; paziyc muriHapuuHoro 6aka — 1,8
M; TyctuHa pigunau — 1140 xr/m®; 3nadenns rpasita-
uiftHoi crtanmoi — 8,91 kr/(M-c);riipocTaTuyHe HaBaH-
taxkeHHs — 40 x[la 3agauy po3B’si3aHO METOIOM CKiH-
yeHux enemeHTiB [13] (puc. 30); pe3ynbTaTu HaBeneHI
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y BUIJIANI PO3MOJTY HAIMpPYXEHb MO BUCOTI CTiHKH.
Pospaxynku 3a hopmyioro (2) mporuHy JOBEITH SKOP-
CTKICTh IWITIHIAPUYHOI CTIHKK depe3 OCTOHHWIA Imap.
OpeprkaHi pe3ynbTaTH TOKa3ald JIiHIHHICTE TOOYHO-
BaHOI MOJIENi; pO3paxyHKOBa ITOXHOKa IIOB’A3aHa 3
NPUONM3HUME 3HAYCHHSIMH CKBIBAJICHTHUX MOIYIB
NPY>KHOCTI.

Bnaue 3menwenna moswunu bemony na menno-
BULl CTNAH 8AHMAIICHOT 301U TIPOAHAIII30BAHO HA TIPHK-
Ja/ii MOZIEIIOBAHHS TETUIOBHX IIPOIECIB I KOHCTPY-
KIii OJIOKY 3 BKIIAACHUMH IHCTepHAMH (puc. 3), 1e 3a
METY AOCIIKEHb MOCTABICHO BU3HAYEHHS TEMIIEpa-
TYpHUX IOJIB Ta 0€3MMeYHOT MUPKYIALIi TOTOKIB MOBI-
Tpsl MK IUCTEPHAMH Ta KOPITycOM OJIoKa 010JI0TidHO-
T'O 3aXHCTY.
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Puc. 3. Po3paxynxoea cxema 015 MOOen08anHs NPoyecie menioooMiny y 6AHMAICHIN 30Hi N1agy4oi cnopyou
(6apianm 3 8KIAOEHUMU YUCMEPHAMU):
1 — noositinuii 6opm, 2 — kpuwka; 3 — 308HIUHIT KOPNYC,;
4 — gxnaoeni yucmephnu ona PAB; 5 — eanmadsic;, 6 — noositine 0Ho

Po3paxyHku 1nokaszaiy, 110 3MEeHIIEHHS TOBLIIMHH
6erornoro mapy a0 200 MM cpusTHME OLTBIN iHTEH-
CUBHIHM IHUPKYJIAIl MOBITPs MK muctepHamu 3 PAB
Ta KOPITycOM OJIOKa 010JIOTIYHOTO 3aXHCTy.3a Pe3yib-
TaTaMH YMCIOBOTO MOZETIOBAHHS BU3HAYEHO HEOJHO-
pimHicTs po3moainy moisiB Temmneparyp (Tabi. 2) mo
00’eMy BaHTa)XHOi 30HM IUIABY4YOi CHOPYIW: Haid-

01T PO3IrpiTOrO € YacTuHa Mozedi (puc. 2), Habnu-
J)KeHa /10 KpuIIKH, e Temmeparypa PAB cknanae
337...690 K; y mpocTopi HOABIHHOTO AHA TEMIIepaTy-
pa 3HauHo Hikye — 290...330 K, mo mnosicHIoeTbes
IHTEHCHBHUM 3HIMAHHAM TEIUIOTH 32 PaxyHOK KOH-
BEHKTHBHOT'O TEIIOOOMIHY.

Tabmmms 2
CepeHi 3HaYCHHS TEMIIEPATYP Y BaHTAXHINA 30Hi
Temmeparyph y BanTaskniii 301 HoTty:xHicTh TenoBuaieHHs, Q
2 kBt 8 kBt 20 kBt
T Banrtaxy, K 337 450 690
T crinku nucrepuu, K 320 410 570
T noBiTpst iz Kpuiikoo, K 350 470 690
T 30BHI kpuiku, K 330 350 450
T noBiTpst BcepeinHi 0J10Ka 325 390 450
T0s 30BHI KOpIyCy, K 315 350 410...370
T moxsitinoro 6opry, K 310 310 330
T nongiitnoro aua, K 290 290 290...330
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Bracnmigok ek30TepMiuHHX peakiiid y ToBIiTpi
MOXYTh BUHUKATH CKYMUYEHHS IIKIIJIUBHX Ta HeOe3-
MEYHUX PEYOBHH, 110 30UIbIIYE PU3UK BHUHUKHEHHS
aBapiiHUX cutyamii. [IpoTe Taka KOHCTPYKIis CHpHUs-
TUME BiJIBEJCHHIO TEIUIa 3aBISKH ITOTOKaM IIOBITpA,

SAKi OMHBAIOTh CTIHKH ITUCTEPHH 31 MIBUAKICTIO
0,23...0,38 M/c Ta IMPKYIIOIOTH 31 MIBUAKICTIO
0,1...0,2 M/c y mpocTopi MiX 30BHIIIHIM KOPITyCOM
OJIOKY Ta IUCTEPHOIO, K IIe TOBEIEHO y Tabm. 3.

Tabmums 3
CepenHi 3Ha4eHHsI IBUAKOCTEH ITOTOKIB MOBITPs Y BAHTaKHIH 30H1
HIBuaKicTH MOBITPS y BaHTAKHii 30Hi, M/c Hory:xuicTs Ten1osuxinenns, Q
i 2 kBt 8 kBt 20 kBt
V Ojist CTIHOK IIMCTEPH 0,082 0,23 0,38
V mij KpUIIKOIO 0,16 0,24 0,58
V y3110B3K KOpIycy OJioka 0,24 0,1 0,2
V 6inst moiBilHOTO OOPTY 0,082 0,11 0,14
V y nojgiiiHoro aHa 0,05 0,05 0,05
OpnepkaHi pe3yNbTaTH IOKa3ald MOJKIUBICT Jlireparypa

Oe3neuHoro 30epiranus y BianosigHocti 3 [IpaBuiamu
MATI'ATE PAB 3 octaroyHuM TEIUIOBUAIJICHHSIM JI0
8 kBT (Quir = 230 xB1/M%) Ge3 104aTKOBOTrO yIaITy-
BaHHs 32c00aMH IIPUMYCOBOT'O OXOJIOXKEHHS.

BucHoBku

1.3a pesympTaTaMu JOCTIIKEHbP KOMITICKCHHUX
MOKAa3HHUKIB TEXHOJOTIYHOCTI OJ0Ka Oi0NIOTIYHOTO
3aXUCTy HAaJlaHO TEOPETHIHE OOTPYHTYBaHHS AJIS PO3-
POOKH TEXHOJIOTIYHUX 3aXOMIB, SKi MOJATAIOTh y 3a-
MiHI Marepially BepTHKaJIbHOI IIUCTEPHU 3 HEPIKaBilO-
4oi crtami mapku 12X18H10T nHa ByriemneBy crajb
mapku BCt3 3 HaHeceHMM Ha BHYTPIIIHIO ITOBEPXHIO
METaNI-CKIISTHUM €JIeKTPOAYTrOBUM IMOKPHUTTSIM, 3MEH-
IICHHI TOBLIIMHU OeToHHOro mapy 3 800 mo 200 mm,
10 Jla€ 3MOT'y 3HU3UTH Macy 0Jioka Oibllie HIK Yy JBa
pa3u Ta 30epiraTé BaHTaXi MiABHIICHOI MILTEHOCTI,
30KpeMa pijKi.

2. EQeKTUBHICTh 3MCHIIICHHS TOBIINHU OCTOHHO-
ro mapy MITBEPIKEHO pe3ylbTaTaMH TEOPETHIHUX
JOCTIKEHb HANPYyKEHO-1e(h)OpPMOBAHOTO CTaHY CTiH-
Ka [OUCTePHH (3 METaN-CKISIHUM TOKPHTTSAM) — IHO,
aHaTiTUUHO-TpadiyHe OLIHIOBAaHHS SKOTO 3 1o0yno-
BOIO €IIOp MPOTHHY Ta BU3HAYCHHSM HAINPYXEHb B
CTIHII M TI€F0 BiICECUMETPUYHOIO TiAPOCTATUYHOTO
HaBaHTaxeHHS 10 40 klla 3 ypaxyBaHHsAM Oararoma-
POBOI CTIHKM MOKa3aJ0 MOXIHMBICTH 30epiraHHs pij-
kux PAB 3 rycrunoro no 1140 Kr/mS.

3. JloBeneHO MOXIHUBICTH 30epiraHHs Ha IUIABY-
YUX cropyaax 0e3 oOiagHaHHS 3ac00aMHU IPUMYCO-
BOT0 0X0JI0JkeHHS PAB 3 nmuTtoMuM ocTaTouHuM Te-
IWIOBM/IiIEHHsM Ha piBHi 230 kB1/M3: pesynbratu po-
3paxyHKIB IIOJ0 PO3MOAITY TeMIepaTypHHX IOJIB i
MOTOKIB MOBITPS Y BaHTAXXHINA MiATBEpIIN e()eKTHB-
HICTh 3MEHIIEHHS TOBIIMHU OETOHHOTO Imapy, o
MO3UTHBHO BIUIMBA€ HA BiIBEJCHHS TEIIa 3 PO3irpi-
TUX JIJSTHOK MOTOKAMH MUPKYITIOI0YOTO TOBITPS.

OpepxaHi HayKOBI pe3yNlbTaTH CHPSMOBaHI Ha
MiJBUIICHHS TEXHIKO-€KOHOMIUYHUX 1 eKCIUTyaTalliii-
HUX TIOKAa3HHKIB €JEMEHTIB OiOJIOTIYHOTO 3aXUCTy
IUIaBY4YMX CIIOPYA, Taki sIK 3HWKEHHS Macoradapur-
HHX TTOKa3HHKIB, PO3IIMUPEHHS aCOPTUMEHTY BaHTAXIB
3a paxyHOK MOXIIMBOCTEH 30epiranHns pigkux PAB Ta
PEUYOBMH 3 OCTaTOYHUM TersioBuaineHHsM. [Tonanpori
JOCIIJDKEHHS. TIOB’si3aHi POo3po0KOI0 OpraHizauiiHo-
TEXHIYHUX 3aXOJiB 1 MPOTHO3YBAHHAM JUHAMIKH €KO-
HOMIYHOT €()eKTUBHOCTI.
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A3zapoe Cepein Ieéanosuu

00KMOPp MEXHIUHUX HAYK, CMAPUWUL HAYKOBUL CNiIBPOOIMHUK
nposioHULl HayKogull cnigpodimuux, Incmumym s0eprux oocrioxceno HAH Ykpainu

Cuoopenko Bonooumup Jleonioosuy
KAHOUOam mexHiuHUX HayK, 00YeHm

npogecop kagedpu npoginaxmuru noxcexc ma Oe3neKu HeummeoisibHOCI
HacenenHs, Incmumym 0epocagrHoco YRpagiiHHa y cihepi YusinbHO20 3aXUCmY

3adynan Onexcii Cepeiiiosuy

HauanbHuK yewmpy, [depaxcasHutl HaAyko8o-00CIIOHUL ITHCIMUMYM CRey38'a3Ky
ma 3axucmy iHpopmayii

ASSESSMENT OF ENVIRONMENTAL CONSEQUENCES IN OPERATION
OF STORAGE FACILITIES FOR SPENT NUCLEAR FUEL

OIITHKA EKOJIOTTYHUX HACJIIKIB IIJI YAC EKCILTYATAIII MOKPOT'O CXOBHIIA
BIJINPAIIBOBAHOI'O AAEPHOI'O ITAJIMBA

Abstract. Forecast calculations and analysis of radiation effects on environmental components during the
operation of a wet storage of spent nuclear fuel have been carried out. It is shown that in the normal operation of
the storage facility, the radiation effects on the environment are insignificant. However, in case of accidents, the
severity of the environmental consequences will be significant for the environment and preventive measures
should be applied.

Keywords: ISF, principles and criteria of ecological safety, spent nuclear fuel, nuclear fuel storage facility.

AHoTauis. [IpoBeieHO MPOTHO3HI PO3pPaxXyHKH W aHANI3 pagialifHUX BIUIMBIB HA KOMIOHEHTH HABKOJHIII-
HBOTO CEpEeOBHIIA B MPOIECi eKCIITyaTallii MOKPOTO CXOBHIIA BiAIPAI[bOBAHOTO siAepHOTO MaynmBa. [Tokaszano,
0 B YMOBaxX HOPMaJIbHO1 €KCILTyaTallii CXOBHUIIA pajialliiiHi BIUIMBH Ha HABKOJIMIIHE CEPEJOBHINE HECYTTEBI.
[IpoTe y BunagKy BUHUKHEHHS aBapiil TSOKKICTH €KOJIOTIYHHMX HACIIJIKIB JUIS JOBKULISA Oyze CyTTeBa, TOMY He-
00XiZIHO 3aCTOCOBYBATH IIPEBEHTHBHI 3aX0/1 3aXUCTY.

Kniouoei cnosa: CBAII, npunyunu i kpumepii be3nexu, gionpayvosane si0epHe namueo, cxosuuje s0epHozo
nanuea.
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IMMocranoBka npodaemu. Ha tepuropii Ykpainu
3 METOIO CTBOPEHHS BIIACHOTO SIIEPHO-TIAJTMBHOTO ITH-
KIIy eKcITyaTamii 30ymoBaHO Ta (YHKIIOHYE MOKpE
CXOBHIIE BiANPANEOBAHOTO SIEpPHOTO ManuBa YopHO-
omrscekoi AEC (CBAII-1). IlpuuwHH, MO MOXYTh
MIPHU3BECTH 10 BUHUKHEHHs aBapii Ha CBAII-1, MmoxxHa
PO3IIIUTH Ha 30BHIIIHI 1 BHYTpimmHi. /[0 30BHIIIHIX
BIZTHOCSATBCSL PAITOBE NPUIMHEHHS 3a0e31eueHHs 0e3-
aBapiiiHOi Ta OesmepebiitHoi pobotu CBAII-1, ctu-
XiiHI JIMXa, Pi3HI NPOSIBU TEPOPU3MY, BIHCHKOBI KOH-
¢niktu Tomo. Cepen BHYTPILIHIX NPUYMH 0coONMBE
3HAYEHHS MalOTh 3HAYHMHA (I3MYHUI 1 MOpabHHUI
3HOC OOJNagHaHHS, NOPYIICHHS TEXHOJOTIYHOI Ta BH-
POOHHMYOI TUCIHIUTIHN, HEIOCTaTHA KBamidikamis 00-
CIIyTOBYIOYOTO MIEPCOHATY, TIPOEKTHO-
KOHCTPYKTOPCHKi TIOMIIIKH 1 HEJOPOOKH Ta iH.

st 3a0e3nedeHHs 6e3nedHOro (GyHKIIOHYBaHHS
CBAII-1 BOHO MOBHHHO BiAIOBIiNATH BCIM Cy9acHUM
BUMOTaM 3 0e3MeKH SIK 32 HOPMaJbHUX YMOBaX €KC-
TuTyaTaii, Tak 1 mijg yac aBapidHux cutyauisx. Jlo nux
BUMOT HaJIeXKaTh:

- 3a0e3IeueHHs SIepHOi Oe3NeKH;

- 3a0e3reueH sl pajialiiHoi Oe3rneku (MpUAHAT-
HUM piBHEM HOTYXXHOCTI JIO3H 10HI3YIOWOTO BHIIPOMi-
HIOBAaHHS Ha TOBepxHi Oaceliny ButpuMmku (BB) Ta
TIOPSIZT 3 HUM);

- 3a0e3neueHHs TEIUIOBOI Oe3meku (IOomycTUMOL
TeMIepaTypu 0O0IIOHOK TEIUTOBUILISIOUNX CIICMCHTIB
(TBEJI) i enementis bB);

- 3a0e3reueH s HaAiiHOCTI (repmeruyHocti BB i
IUTICHOCTI HOTO BMICTY) ITiJ 4aC CTATUYHUX 1 JMHAMI-
YHUX HaBaHTAr.

AHaJi3 ocTaHHiX Jocjil:keHb i myOJikaiii.
Han mpo6iemoro nocnimkenus Oesnexu CBSIIT mpa-
IIOIOTh 0araTo BITYM3HSIHMX 1 3aKOPJOHHHX CIIEIliaTi-
CTIB Ta HAyKOBIB. Pi3HI acrekTu Ta OKpeMi Mmiaxoau
JI0 JOCIHiKEHHS i€l mMpoOJeMH BUCBITICHO Yy YHCe-
npHUX mpausx [1], ame depes Te, w0 1el mnporec €
Oe3mepepBHUM, TOCTIHHMM 1 HaJ3BUYAHO aKTyalb-
HUM, IOCIIPKEHHS TpHBaloTh. HeoOXimHO 3a3HAYHTH,
IO JUTS MOAIOHOTO SAEpHO pajiamiiHo HeOe3[MeTHOro
00'€eKTYy KOMIUICKCHA OI[iHKa OE3IeKH 3a JOMOMOTOI0
JIEKITBKOX KPHUTEPIIB JI0 [IbOTO HE BUKOHYBAJIACS.

Buninenns HeBUpilIeHUX YACTHH MPOOJIEMH.
Agapii Ha YopuoOunbebkiiik AEC (1986) 1 Ha AEC
Fukushima-Daiichi (Amonist) [2, 3] cTanu momrroBxom
Juist neperysiny ¢inocodii omiHKM Oe3NeKu sIepHUX
YCTaHOBOK, KOHLEHTpALil 3yCHJIb MI>KHAPOAHOI CIIi-
JBHOTH IIOJI0 IHTEHCUBHOT'O OOMIHY JOCBIZIOM Ta Cy-
YaCHUMHU HAI[lOHAJbHUMH JIOCATHEHHSMH Yy Taiysi
0e3revHOro BUKOPUCTAHHS SAEPHOI eHeprii, miaroro-
BKH HU3KH ()yHIAMEHTAIFHUX KOHBCHIIN MiJ €riJIor0
MAT'ATE, Ha sIKuX ChOTOAHI OyZyeThCS MiNKHAPOA-
HUW pexuM 3a0e3lmedeHHs sIepHOi Ta paaiamiiHol
Oe3mexm.

@opmyJIlOBaHHs Mijeld crarTi. Meroro maHoi
poOOTH € PO3KPUTTS ACMEKTIB, IO CHPHUIIOTH OOMe-
KEHHIO IIKIJIJTUBOTO BIUIMBY aBapiiHUX BHUKHUIIB
CBJIII-1 Ha HaBKOJUMIIHE MPHUPOJHE CEPENOBUILE Ta
3J10pOB'sl JIIOAUHU.

Bukaan ocHoBHOTO MaTepiany. [[ini i 3a60anns
3abe3neuenns exonociynoi 6esnexu. OCHOBHOIO Me-
TOI0 3a0e3NeyYeHHs] €KOJIOriyHOI Oe3neku B Ipoleci

excrryararii CBSII-1 € 3amo6iranHs HEKOHTPOJIBO-
BAHOTO PO3BUTKY SIEPHUX pEaKIlil i MOIIUpPEHHS pa-
miamii. CBAII-1 e OesmeynmM, sKOIO pamiariiftHAi
BIUIUB BiJ HPOTO Ha IIEPCOHAN, HACEICHHS 1 HAaBKOJIH-
IITHE CEPEJOBHUIIE HE NMEPEBHUIYE BCTAHOBICHHX MEX
3a HOpPMaJbHOI eKCIUTyaTallii i ImiJ Yac MPOeKTHHX
aBapiii Ta OOMEXYeThCSI NPUIHATHUMHU 3HAYCHHIMH
ITi/1 9ac Ba)XKHX (3alPOEKTHUX) aBapii.

Exonoriuna 6e3nexka CBAII-1 noBunHa 3a0e3me-
YyBaTUCh Ha BCIX eTamax HOro >KUTTEBOTO LIMKIY BiJ
MIPOEKTYBaHHA 10 3HATTS 3 ekcruryatauii. Ilig wac
MIPOCKTYBaHHS 3aKJIaJalOThCsI OCHOBH EKOJIOTTYHOT
6e3meunoi ekcruryaranii CBAII-1. [nsa uporo B mpoe-
KTi B MMOBHOMY 00cCs31 BPaXxOBYIOTHCS OCHOBHI IIPHH-
WO €KOJIOTIYHOI OE3MEeKH, a TaKOXXK BHUKOPHCTOBY-
IOTBCSI CHCTeMH Oe3eKH i Taki MPOeKTHi pillleHHs 3a
SIKHX YCTaHOBKa Ma€ BIIACTHBOCTI CaMO3aXHIIEHOCTI,
3YMOBIICHHMH (DI3UIHAMH 1 TEXHIYHIMH XapaKTepHUC-
THKaMu oOyianHanHg 1 cucreM CBATI-1.

BianoBimHO 10 HpUHLUITY T[NIMOOKOEIIEIOHOBA-
HOTO 3aXHCTy JUIsl 3amo0iraHHs a0o OOMEKEHHs He-
CHPUSTIUBUX HACTIIKIB 300iB 1 BIIMOB TEXHIYHHX
3ac00iB 1 TOMUJIOK MEPCOHAITY Nepen0avyaeThes KiibKa
mociigoBHUX piBHIB 3axucty CBAII-1. HaitBaxkimsi-
II0OI0 BHMOTOI0 NPHHIUITY TJIHOOKOCIIEIOHOBAHOTO
3axXHCTy € Oprasizamis psaay Qi3udHuX Oap'epis, IO
MTOBHMHHI 3aM00ITTH MOMIUPEHHIO TPOIYKTIB MOIUTY B
HaBKOJIMIITHE CEPEJOBUINE i/ Yac IX MOTEHNIHHO MO-
JKJIIMBOTO BUTOKY 3 TMajduBHOI Kommo3umii. Y CBAII-1
HasiBHA TaKa CHUCTEMa IOCIII0OBHUX Oap'epiB Oesmeky,
o 3abesneuye HajiiHE YTpPUMaHHS pPajiOaKTUBHHX
PEYOBHH y 3alaHuX oOcsrax abo mexax cropyxa [4]:

- NaJIMBHA MaTPULIS;

- obononku TBEJIiB;

- KOP/IOHU TEpIIOro KOHTYPY TEIUIOHOCis (Kop-
IIyC peakTopa, TpyOOonpoBoaAM Ta - OOJagHAHHS CHC-
TEM HEPILIOTro KOHTYPY);

- TepPMETHYHE OTOPOJKCHHS JIOKAII3YIOUMX CHC-
TeM Oe3neKu (HampuKiIal, 3aXUCHa 000JIOHKA).

Kosxxen ¢iznmunmii 6ap'ep MPOEKTYETHCS 1 BUTOTO-
BIISIETHCS 3 YpaxXyBaHHSIM CHEUIAIbHIX HOPM 1 IPaBHII
Juisi  3a0e3MedyeHHs] WOoro MiJBUILNEHOT HaAiHHOCTI.
Amnanizyroun 0e3reKy, HEOOXiJHO IEepPeKOHATHCS B
e(eKTUBHOCTI 1IMX Oap'epiB sSK B yMOBaX HOpMaJbHOL
eKCIITyarallii, Tak i B aBapiiiHux curyarisx. Tak, mis
3abe3neuenns niricHocti TBEJIy sik 6ap'epy Oesmexun
HEeoOXi/IHa MiATPUMKA 3a/laHOTO TEMIIEPAaTypHOTO pe-
XKHUMY Horo poOOTH, a TaKoX)XK 0OMEXEHHSI MEeXaHIuHO-
ro Ta KOpO3iifHOro BIUIMBY Ha 00OJNOHKY. s mporo
BCTaHOBJIIOIOTH IPOEKTHI MEXI Ha 3amac 10 KpU3u
TEMI000MiHY, TEMIIEpATypy MalnBa, BHYTPIIIHIN THCK
razy miz 000J0HKOI0, Hanpyry i Aedopmarito 06o0i0-
HKHM, HaKOIHMYEHY BTOMHY, IMKJIYHY IOIIKOJDKYBa-
HICTB TOIIIO.

B mporeci ekcrutyaramii Gap'epu Oe3rnexku TO-
BHHHI niepeOyBaTH B Tpare31aTHOMY CTaHi, o 3a6e3-
nedyeTses miarpumkoro mapamerpis CBAII-1 B 3ama-
HUX MPOEKTHUX MEXax, a TaK0XK KOHTPOJIEM I[iTIICHO-
cTi Ta edexkruBHOCTI Oap'epiB  Oesmexu. Kpim
BCTaHOBJICHHS (i3uyHMX Oap'epiB Oe3neku mnependa-
YaloThCS TEXHIUHI Ta aJIMiHICTpPaTHBHI 3aX0/H 10 30e-
PEKEHHIO Tpane3faTHocTi uux Oap'epiB. Takox, He-
3BaKAIOYM HAa BCl BXKUTI 3aXO[M LIOAO 3ar00iraHHs
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aBapisiM, TUIAHYIOTBCSl 3aXOM IIOA0 3aXHCTy Hace-
JICHHS 1 HaBKOJIMIIHBOTO CEPEIOBHINA B pa3i pyHHY-
BaHHA Oap'epiB. Ha puc. 1 cxematnaHo 300pa)eHO

OCHOBHI KpHTepii 3a0e3redeHHs Oe3leku B Ipoleci
excruryararii CBAII-1.
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Pucynox 1 — Ocnosni kpumepii 3ab6e3neuenns 6esnexu
6 npoyeci excnayamayii CBAIT

st 3a0e3neuenns 0esnexku CBAII-1 HeoOXiqHO:

1) oOrpyHTYBaTH MOTOYHKI PiBEHH OE3MEKU CXO-
Buiia BSIT (B mepion 10 #Oro KOHCepBaIlil i 3aKpuT-
Ts1) 1 BU3HAYNTH HEOOXINHICTh BTpYUYaHHS I 3a0e3-
TIeYeHHsI pafiamiiHoi Oe3neKu MpaliBHUKIB (TIepcoHa-
7y) 1 HaCeJICHHS,

2) mpoBecTH 3a HEOOXIAHOCTI BCi MPAKTHYIHO
3[IACHEHHI 3aX0OM 3 METOK IIiJABHUINEHHS OC3MEKH,
CIpsIMOBAHI Ha peasti3allito HACTYIHUX NPUHIIUIIIB:

- HENEepEeBHIIEHHs JIONMYCTUMHUX MEX IHAWBIIY-
aNBHUX 703 ONPOMIHEHHS MPAIiBHUKIB (MIEpCOHATY) i
HaceJeHHS (IPUHIUI HOPMYBaHH);

- MiATPUMAaHHS Ha MOJIMBO HU3bKOMY PiBHI 3
ypaxyBaHHSIM EKOHOMIYHHX 1 COIiaIbHUX (haKTOpiB
IHAMBiTya bHUX 03 ONPOMIHEHHS 1 YHCJIa ONpPOMi-
HIOBaHMX 0OCi0 3 HaceJeHH (TIPUHIIMIT ONTHMi3aIlii);

- 3MCHIICHHS IIKiUIMBOTO BIUIUBY B Pe3yibTa-
Ti 3HW)KEHHS J103 IMOBHHHO OyTH JOCTATHIM IS 00-
IPYHTyBaHHs 30WTKIB i BUTpaT, B TOMY YHCIi COIlia-
JHHHUX, MOB'SI3aHUX 3 TAKAM BTPYYaHHSM;

3) obrpynryBaTH goBrorpusany 6esnexy CBAIT i
BHU3HAYNUTH HEOOXITHICTh BTpy4YaHHS IS 3a0e3rnedeH-
HS pajianiifHOTO 3aXUCTY HACETICHHS;

4) npuitHATH, 32 HEOOXiTHOCTI, BCi MPAKTHIHO
3MIMCHEHHI 3aXO0My IMOJ0 3a0e3MeYCHHS OBTOCTPO-
koBoi Oe3nexku CBJIII.

06'exmu 0ocniodcens. OO'€KTOM HOCITIKEHb €
pamianiiiHi BIUIMBY HA TOBKULIS MijJ 9ac eKCIUTyaTamii

CBJIII-1 Ha Tepurtopii YOpHOOMIBCHKOI 30HH BiA4y-
xenHs (U3B) y Bumaakax BUHHMKHEHHS aBapiiHHX
cuTyaliii B mpoueci ekcruryaraunii. Ha eramni excrutya-
tarii CBAII-1 ekonoriuna 6e3meka Ha Tepuropii Y3B
— paioaKTHBHO 3a0pyIHEHA TEPUTOPIs, e 3a00poHe-
HO TIOCTifHE NPOXKMBAaHHS NWBUILHOTO HACEJICHHS,
3a0e3nedyeThcsl BEACHHSIM TEXHOJIOTIUHUX DPEXHUMIB
BiJINIOBiTHO IO TEXHOJIOTIYHOTO PETJIaMEHTY, IHCTPYK-
it 3 excruryaTanii Ta IHIIMMH perjiaMeHTYIOYHMHU
JOKyMeHTaMH. Baxxi1MBOIO yMOBOIO O€3NeKH eKcIuya-
Tallii € TaKOX HasIBHICTh HEOOXiJHOTO PIiBHS MiATOTO-
BKH IepcoHay ¥ oprasizamnii po0Oit. Etan excruryara-
nii € HaTpuBamimmM B kuTTeBoMy nukii CBAII-1.
Ilig wac po3rismy NMUTaHHSA EKOJOTiYHOi Oe3mexku B
npoueci excruryaranii CBSII-1 BpaxoByBasoch Ha-
cTymnHe [5]:

1) HopManbHa eKCIUTyaTalliss — 3BEACHHS 10 Mi-
HIMYMY paJiOaKTHBHUX BHKH[IIB, IPUTAMaHHHUX I(bO-
My DPEXHMY, 32 JIOTIOMOTOI0 3a0e3NeUeHHs MPaBUIIb-
HOro (PYHKIIOHYBAaHHS CHCTEM Ta O0JIa[HaHHS, TIOIe-
pPeDKEeHHS BiIMOB 1 aBapiii;

2) MOpyIICHHST HOPMAalbHOI eKCIUTyaramii BHa-
CIIJIOK BHHUKHEHHS BIIMOB Ta IHIMAEHTIB — 3a1o0i-
TaHHS IX MEepepoCTaHHS B MPOEKTHI aBapii I 4oro
HEOOXiTHO AOTPUMYBATHCS BINNOBITHUX IHCTPYKIIH,
KOHTPOJIIOBATH BaXIIUBI 1151 O€31EKH ITapaMeTpH;

3) BUHMKHEHHS MPOSKTHUX aBapiil — 3amobiranus
iX HepepocTaHHs B 3alpPOEKTHI, 10 3a0e3NeuyeThes
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BUKOHAHHSAM 1HCTPYKIIIK 1 Tporeayp 3 ynpaBliHHS i
JikBimamii aBapiid, KOHTPOJIEM TPaBHILHOCTI (PyHKIII-
OHYBaHHS CHCTEMH OC3IIEKH;

4) BUHWKHEHHsI 3alIPOCKTHHX aBapiii — 3BeICHHS
JI0 MiHIMyMY BIUIMBY pasiallii Ha IepcoHall, HaceJIeH-
HS | HaBKOJIMIIHE CEPEJOBHUINE 3a JIONMIOMOTOI0 BBe-
JICHHS B JIil0 TUIaHIB 3aX0JIB IIO/0 3aXUCTy MEepCOHa-
Jy Ta HaceJeHHs, TOTPUMAaHHS IHCTPYKUIH Ta iHCTPY-
KIi# 3 ypaBiIiHHS 3alIPOEKTHIMH aBapisiMH.

B xoni ananizy 6esnexku CBSIII-1 posrnsaaeTses
JIOCTATHICTh 3aKJIaJ€HUX B MPOEKTI 3aX0MIB 100 I0-
MepeDKEHHS TOPYLICHb PEKUMIB HOPMAJIBHOI eKc-
TUTyaTarii, a TaKoX JOCHIHKYIOThCS MOTEHIIHHO MO-
JKJIMBI aBapiiHI CUTYyamii miJ 9ac pi3sHUX ITOYaTKOBUX
TIOIIHA.

Paoiayitini ennusu na doekinis 6 ymosax Hopma-
JIbHOT excniyamayii. AHaNi3 CBITOBOTO IOCBIZY MOK-
poro 36epiranas BAII mokasye, mo B Oe3aBapiitHIX
ymoBax 30epiranus BJSIII B xoHTeliHepax abo Mony-
JISIX 3@ PEryJIPHOTO KOHTPOJIIO iX TePMETHYHOCTI 1
3miH B TBEJlax € mpakTHuHO 0e3MmeYHOI0 TEXHOJIOTi-
eto [6]. Ilix yac HopManbHOi ekcrutyaranii CBSII-1
MOJKJIMBUHN BHUXIJ 130TOIIB IE3if0 32 PaxyHOK nedek-
TiB B obononkax TBEJIiB. ¥V mpomy pasi Bukup Oynme
npeacTaBieHuit B ocHOBHOMY i30TomoM ¥'Cs (>94%)
i cknane 8,2-108 Bx/pik.

Paoiayitini enausu na 006KiNIA 8 YyMOBAX NPOEK-
muoi maxcumanvroi agapii. Ilig 4ac MomenrOBaHHA
MaKCUMalbHOI mpoekTHOol aBapii (MITA) Oymo posr-
JSIHYTO TaAiHHA (B MOMEHT NEpEeBaHTaXEHHS) OJHi€l
BIZIPaIbOBaHOi TemioBuAIA0490i 30ipku (BTB3) 3
posrepmeruzauicto Bcix TBEJIiB y pa3i oxHouacHoi
BiIMOBM CHUCTEMH CIICLIBEHTHJIALLI.

Bucora Bukuay pamionykmiais ckiana 40 m. Bu-
X1J1 aKTUBHOCTI MiJ] yac aBapiit 3 oaniel BTB3 (manuBo
PBIIK-1000) 6ys npuiinsatuii HacTynuauii, bk (x10%°):
103Ru — 86,21; Ru — 13,32; 13Cs — 477,3; ¥Ce —
186,11; 10La — 161,32; °Sr — 7,4; ¥"Cs — 363,34; &Kr
— 189,07. 3a KOHCEpBATHBHUAM ITiAXOIOM (ITOCTIHHMIA
HANpSIMOK BITPY, MPUPOAHUN PO3Maa i Mirparis pa-

TIOHYKJIIZIIB HE BPaXOBYIOThCS) MaKCUMaJbHE I0JaT-
KOBE€ pajioaKTHBHE 3a0pyIHEHHS MPHIETINX TEPUTO-
piit i3oTomamu 1esito 3a 30-piyHMA mepio] ekcIurya-
tauii CBATII-1 we nepesumuts 12 Bx/M? [7], mo e
HEXTOBHO MaJIOK BEINYUHOIO.

Heo0xigHo BpaxoByBaTH Te, IO IIiABHIICHHS
KOHLIEHTpaLil paJioHyKJIiiB Y HOBITPi Oy/e KOPOTKO-
YaCHUM 1 HE MpH3Bele J0 HEeOC3MEUHUX BIUIMBIB HA
HaBKOJIMIIHE cepepoBuiie. Ha HaiOmmk1oMy KOpIoHi
U3B (12 kM B miBAEHHO-3aXiIHOMY HAaNpsIMKY) B 3a-
JIOKHOCTI Bil METCOPOJOTIYHMX YMOB IOBEPXHEBE
3abpyauenns rpyary *¥7Cs cknaze Big 10 1o 90 Bx/Mm?,
mo Bignosinae (30-50)% Big cydacHoro (oHOBOTO
piBHS 3a0pyIOHEHHS TPYHTOBOTO IOKPHBY i HE TIPH3-
BeJle 10 3MIHH CTaTyCy X TePUTOPI.

TakuM YHHOM, TOJIOBHHM KpPHUTEPIEM EKOJIOTid-
HOTO OOTPYHTYBaHHs O€3IeKH B MPOIIeCi eKCILTyaTartii
CBAII-1 € MoxmBicTh 3a0e3MEeYCHHST MiHIMAIBHOTO
30MTKY B pa3l BUHMKHEHHs pafianiiiHux aBapiil. Po3-
paxyHOK pajialiifHNX BIUIMBIB Ha MOBITPSHE Cepesio-
Buie y pasi MIIA nokasye, mo o0'eMHa akTUBHICTh
130TOMIB €310 Ha HaiOmmKkIoMy Kopmoni U3B gocs-
rae esmunnu (10-50) Br/me,

Paoiayitini ennueu na oosxinna nio uac 3anpoe-
kmuoi asapii. Tlig 4ac MOJENMIOBAaHHS 3alpPOSKTHOI
aBapii (3[1A) OyB mpHuiHATHII CIICHApii A iHHAS JTiTa-
Ka (3ampaBka manmuBoM 50%) Ge3mocepeHpO Ha 3aii-
300eTOHHI MOIyHi moBHicTIO 3amoBHeHI BTB3 3 mo-
JaTbIIMM TOPIHHAM aBialiiiHoro nanusa [8—10].

3rigo 3 pexomenmanismu MATATE [11] mus
MOJICITIOBaHHsI Ta PO3PaxyHKIB PO3CIIOBaHHS PaJioHY-
KJIi1iB B aTMocdepi 3aCTOCOBYBaacst MOJCIb TU(y3il
INackBi/uta, 110 3aCHOBaHA HAa CTATHCTHYHOMY (Ta-
YCCOBOMY) po3moaiai momimok. Hukuye HaBeneHO
OIUC BHXIJHMX YMOB JUIS MOJICNIIOBaHHS Ta OL[IHKH
pamianiitanx BrumBie CBAII Ha HaBKOIWIIHE cepermo-
BHIIe (KOHCEpBATHBHHUU Minxin). Bukwum y moBiTps
PamiOHYKJIIIIB ITiJ] 9ac 3aIPOEKTHOI aBapii HaBEICHO Y
Tabm. 1 i3 3a3HaYCHHSAM HYKIIJIHOTO CKJIaIy.

Tab6mus 1

Hyxkaignuii ckjaaj i aKTHBHICTb OKpeMHX HYKJIiIiB

Pamionyxming AKTHUBHICTB, Bk
905y 9,810
£ 9,810

106RY 2,1°10%?
106RN 2,1°10%?
134Cs 5,0°10%
187Cs 1,2° 10
144Ce 1,3 10%?
144pr 1,3 10%?
¥7pm 3,0°10%
238py 5,4°10%
2%y 45104
20py 6,2 10
2Am 8,5°10%

bnok-cxema opranizanii po3paxyHKiB XapakTe-
PUCTHK 3a0pyAHEHHS NOBKIUIA i Yac aBapiiHOTO

BHKHJY PaJiOHYKIIiIB HaBEACHA HA PHC. 2.
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BucotHuti BHKHT
PaTiOHYKJII/TIB

Apapiiiauii BUKAA
PaTIOHYKIITIB

A 4

YpaxyBaHHS acpoJHHAMIYHOI TiHi

~

KonreHTpanisa paJioHyKIi/TiB B
MOBITPi
B 30Hi aepOJUHAMITHOL TiHi

KomnmnenTpartis B moBiTpi

3a6pyaHeHHS IPYHTY,
CyXe OCITaHHS Ta
BUMHUBAHH OIIa/1aMHU

AepoJMHAMIYHA TiHb
sik 00'eMHe JKepesio

Konnentparist B moBitpi

3a0pyaAHEHHS IPYHTY,

Cyxe ocigaHHs i
BUMHBAHHS OIIAJJAMH B
aepoTMHAMIYTHIH TiHI

OCiL[aHHﬂ, BHUMHBaHHA

Pucynox 2 — Fnok-cxema opeanizayii po3apaxyHKie Xapakxmepucmux 3a0pyOHeHH s
nogimps i ipyumy nio uac asapitnozo euxudy iz CBAII-1

OO0'eMHa aKTHBHICTh PAIIOHYKIIZIB Yy MOBITPI
JUISt MUTTEBOTO BUKHAY € QYHKIIS Yacy:

C(t):Qo GO(t)’ 1)

ne Qo — iHTerpajbHa BeTUYHHA MUTTEBOTO BHKH-
ny, bk; Go(t) — dakrop, mo 3a1exuTh BiJ yacy, Me-
TEOPOJIOTIYHOTO PO30aBICHHS /IS MUTTEBO BUKHHY-
Toro o6'eMy jomimku, M. DakTop po30aBIECHHS

Go[M®] Xxmapu BuKMAY 3a7a€Thcid  (OPMYJIONO:
_ 2 2
GO(X’y’Z’t): 32 F(X) ex _1 (X 2Vt) + zy X
(2n)" o, (t)o, (t)o, (1) 2 o%(t) oy (1) o
_(z—H)2 _(z+H)2
x4 exp —2622 a +exp —2022 0 ,

ne X, Y, Z — KOOpAWHATH TOYKH y mpoctopi; V —
MIBUAKICTH BITPY, M/C; t — yac, 1110 MUHYB Hicisl BUKHU-
1y, ¢; H — BucoTa XMapH BUKHLy HaJl 3eMJIEIO Ha Bijc-
taHi x, M; F(X) — ¢yHKUiS BHCHaXCHHS XMapu;
OX, OY, GZ — CTaHJAPTHI BIIXWIEHHS PO3MOIIIY J0Mi-

IIKH B XMapi JUMOBOTO BHKHAY B HAIPSAMKY BiJIOBi-
JTHUX KOOPIMHATHHX oceid, M. Lli koedimieHTH xapak-
TEpU3YIOTbCS MOHOTOHHO 3POCTalOYMMH (QYHKIISIMU
yacy, X BUJ 1 po3Mip 3aJie)KaTh BiJ MMOTOJHUX YMOB i
BU3HAYAIOTBCSl 32  HACTYNIHUMH  (OpMyJIaMu:

o> =S +0,02(1+0,03k, ) HVt +ss?(Vt)’, 3)

ae ki — xoedinieHT HOHOBOT TypOYIEHTHOCTI; SSi
— KyTOBI ucnepcii HanpsIMKy BITPY, IO 3aJeXaTh BiJl
cTaHy cTiiikocti atMocdepu; H — Bucora ueHTpa xma-
pu; V — po3paxyHKOBa MIBUAKICTH BITPY.

Bapro ninkpecnuTy, o y 3a3Ha4eHUX GopMyax

I IECTIepCii mepIua cknanoBa S? XapakTepu3ye IHc-
MEPCit0 JOMIIMIKK B MOYATKOBHI MOMEHT 4acy, Jpyra
— BIJTNIOBIZIa€ 32 MEXaHI3M PO3CIFOBaHHS JOMIIIKH JIPi-
OHOMAcIITaOHOIO TYypOYyJEHTHICTIO, a TPETsl — Bpaxo-
BYE BHECOK BEIMKOMACIITAOHUX BUXOPIB.
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Jnst unHHEMKA posBenenHs Go [M°] xMapu BUKH-  Mydqy:
Iy Ha piBHI 3emuti, BBaxkatouu z=0, orpumaemo Qop-
2F (x 1 (x=Vt)* 2 H?
GO(X, y1t)= 7 ( ) EXp _- ( 5 ) + > —+ 2 . 4)
(2n) ", (o, (o, (t) | 2( o) o () o’(t)
Jlnst KOHIEHTpALi paaioakTUBHOro 3a0pyaHeHHs  mkepena Bukuay (Bxk/m®) maemo:
MOBEPXHEBOT'O MPOLIAPKY MOBITPSI HABKOJIO 00'€MHOTO
X — At
Mat (t =T, - y j )
Cv(x,yt)= ex y - (5)
T SY(X+%, ) Sz(X+X%,)V 2sy(X+%,)
JI1st OLIHKK TYCTHHHU MOBEPXHEBOTO 3a0pyAHEH-  HAMHU OTpUMaHa Taka popmyra:
Hsl 3eMJII BHACJIIIOK CYXOTr0 OCaJDKEHHS 10 MOMEHTY T’
yz
E(x,y)= exp| ———= |; (6)
() nsy(x)sz(x)V 2sy(x)’
T
FT(T)=[F(t)dt; %
0
X — At
Slv(x,y,T)=Vg lat Qut E(X+ X, y) FT T_TO_T . ®)
BBaxatouu z=H, orpuMaemo:
F(x)
GO(X’ y’t): 32 X
(2m) " o,(t)o, (t)o: (t)
, ©)
X EXp vy, Y 1+exp 2H"
D) 2 2 )
2\ o(t) o) o;(t)

Mapamerp crilikocti atMochepu S [c2] ans pis-
HUX KaTeropii nmpuiiMaemo sx $=8,7 - 10~ — mua xare-
ropii J| Ta s=1,75° 1073 — ms karteropii F. InTeHCcHB-
HICTh oCiTaHHA JIOMITIIKH Ha TIOBEPXHIO
C's [Bk/(c* M?)] BHACIJOK CyXOro OCiilaHHs JOpiB-
HIOE:

C, (x.y,t)=V, C(x,y,t), (10)

ne C — mpu3eMHa 00'eMHa aKTUBHICTH B TOYIII XY,

Br/m3; Vy — MBHAKICTH CyXOro ocimaHHs, m/c. s

MPaKTUYHUX PO3PaxXyHKIB PO3CIIOBaHHS BUKHIIB MO-

’KHa npuiimatu Vg=2 cMm/c Juisi ra3onojioHoro nony,

0,8 cM/c myist IHIIUX HYKITIZIB Ta JUTs IHEPTHUX pajiioa-

kTuBHUX ra3iB Vg=0. ['ycTuHY moBepxHeBOro 3a0py-
92(x)

S(x,y)= _[ C, (x,y,t)dt;

91(x)

HEHHS OJIEP>KUMO IHTETPYBAHHSM 32 YaCOM 3arajibHOT
IHTEHCUBHOCTI OCiTaHHS JOMIIIOK Ha ITOBEPXHIO 3€M-
JI:

o0

S(x, y)=_[Cs'(x, y,t)dt.

0

(11)

O6uuncneHHs S(X,y) MOKHa OpraHi3yBaTd OijibIl
panioHAIBFHO, SIKIIO0 BU3HAYUTH BEPXHIO 1 HIDKHIO Me-
X1 IHTErpyBaHHs 110 t, BpaxoBYyIOUH, [II0 XMapa BILIH-
Ba€ Ha TOYKY (X, y) TUIBKM Y Iepioj, KOJIM BOHA IPO-
XOIUTh MOONM3Y Bif wi€l ToukHu (puc. 3):

(12)



L
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gl(x)z\%(x—?,cx(x));

g2(x)=\%(x+3csx(x+3csx(x))).

(13)

(14)

Pucynox 3 — Jlinii pisnie 2ycmunu noeepxneeozo 3abpyouenns (5x/xm?)

AHami3 pagianifiHoro BBy y pasi 3[IA moxa-
3aB (puc. 3), 0 MakCUMalbHe JOJaTKOBE MOBEPXHEBE
3abpyaHEHHs IpyHTOBOro nokpuBy *3’Cs jmocsrae Be-
avuannn 500 kBx/M? 1 Gyne crocTepiratucs Bike Ha
Bigcrani ~3000 M Big o0'ekra, TOOTO B pasi po3mi-
menHs CBSII-1 ne na Tepuropii U3B, a B iHmIOMY
paiioHi YkpaiHu, Takuil pO3BUTOK IMOJiil NpHU3BIB OU

JI0 paji0aKTHBHOTO 3a0pyAHEHHS MPU3HAYCHHX IS
3a0yI0BH TEPUTOPIl 1 3HAYHOTO MATEPiaIbHOTO 1 MO-
pasibHOTO 30UTKY. J{03M Oyn0 po3paxoBaHO Ui Pi3-
HUX Kareropiii crabigpHOCTI armocdepu 3a Ilac-
kyioM-T'idhdopaom Ta cepefHix MIBUIKOCTEH BITPY
(1,2-1,6 m/c), w0 xapakTepHi ATl JAHUX KaTeropii
(tabm. 2).

Tabmuus 2
IIpornozoBana no3a (M3B) 3a nepuui 10 xid micas asapii
Bincrans, Kateropis crifikocTi 3a ITackyimtom-T'idpdopaom
KM A B C D E F
1,0 13,70 17,20 27,10 34,1 42,70 58,4
3,0 5,6 6,8 9,4 10,4 33,6 42,9

AHaui3 panianiifHOro BIUIMBY Ha OBEPXHEBI BO-
I MOKa3aB, 10 y pa3i TAKOro PO3BUTKY IOiil Ha Te-
puTOpii 3aToIuNOBaHOi 3amwtaBu p. [lpun'sate ocsae
6mm3bKo 7,5-10° Bk i30TOmiB 1e3ilo, Mo 3HAYHO MEH-

11 BEIMYUHHU 1i CyMAapHOTO BHHOCY 3 PiUHHM CTOKOM
— 108 PBk.

Crierudpika BUPOOHHYIMX YMOB Ha MiANIPHEMCT-
Bax, po3TamoBaHuX Ha Tepuropii U3B, crpuse ¢op-
MaJBHOMY «IIOM'SIKIICHHIO» pajiamiiHuX BIUIHBIB Ha
ix mepcoHanm y pa3i BuHMkKHeHHs MIIA i 3I[IA
(tabu. 3).

Ta6muus 3
JlonaTkoBi 1030Bi HABaHTA’KEHHS HA MePCOHAJ CycCiaHIX 00'eKkTiB
N yac HOPMaJILHOI eKkctyaTanii i MoxauBuX aBapisx y CBAII-1
KoHTposbHi piBHI Icuyroui 1o30Bi I}[Izngézzeif:? MIIA 3MA
O0'ext Ha I IPUEMCTBAX HaBaHTAKECHHS N ’
U3B [12], M38/pik [13], M38/pix HOpMaJIbHUX YMO- M3B/piK M3B/pik
’ ’ Bax, M3B/piKk
CBJIII-1 17 3,01 7-107 4,7 49,3
g‘[’;‘é’g‘“ KopmycH 17 3,01 7-10° 2,9 258
Kowmmzexe 18 0,14 5:10°2 13 12,3
«BexTop»
T3PB 18 164 2-10° 08 75
«bypsikiBKa»
SRR 17 3,01 7-10°% 03 43
Mianprevicrsa s 2,3-15 0,1-39 3-10°8 0,02 12
M. YopHoOwmmi

Bennuuna iHAuBigyanbHOI e(EKTHBHOI EKBiBa-
JNeHTHOiI go3u BHachigok MITA Ha xopmoni 10-
kimometrpoBoi 30HM YAEC (Ha Bifactani 2 KM Bif
CBISIII-1) B 3aieKHOCTI BiJi METEOPOJIOTIYHUX YMOB

ckimane Big 1,3 mo 4,7 m3B, a mus 3I1A — Big 12,3 10
49,3 Mm3B. V 1poMy pasi Ha HaHOIMKIOMY KOPHOHI
U3B (na Bigctani 12 xm Big CBAII-1) inguBigyanpHi
e(deKkTUBHI ekBiBaseHTHI mo3u aius1 MIIA OynyTh Ba-
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pitoBatu B iHTepBani Big 0,02 mo 0,8 M3, a mus 3[1A
—Bixg 1,2 mo 7,5 M3B [14]. lani mpo #MOBIpHICTh Tie-

PEBUIICHHS PIYHOTO JiMITy 03U BHacmimok MITA i
3I1A mist HaceaeHHs HaBEAEHO B Ta0I. 4.

Tabmug 4
JlogaTKoBi 1030Bi HABAHTA’KEHHSI HA HACeJeHHS B pa3i MOKINBOI aBapii
3 MAKCUMAJIbHUMH HACTiIKAMH
Meska 71031 ONpoMiHeHHS JlogaTkoBi 1030Bi HaBaHTa-
Bincrans Big CBAII- JKEHHS Ha HACEJICHHS 111 Yac MIIA, 3IIA,
1, xm HacemeHHA [13), HOPMaJIBHOI eKcIuTyaTalii, M3B/pik M3B/pik
M3B/pik M3B/pik

30 1,0 1,5-10°° 7-10° 1,6

40 1,0 1,0-10°° 5-10° 0,9

70 1,0 4,0-10°° 2:10°° 0,07

BucHoBknu i nmpono3unii. OTxe, 3 JaHUX HaBe-
JeHuX B Tabin. 2—4 BHIHO, 11O TpuBana Oe3aBapiiiHa
HopManpHa ekcruryaraniss CBSII-1 npaktuyHOo He
YMHWIA paJialliiHuX BIUIMBIB HA HABKOJHIIHE CEpe-
jqosumie. OQHAK, Y BUIAAKY MOJXIHBOI 3allpOCKTHOI
paniamiitHoi aBapii TSKKICTh CKOJOTTYHHX HACIIIKIB
Oyze 3HA4HA I JOBKULIS 1 HEOOXITHO 3aCTOCOBYBa-
TH IIPEBCHTUBHI 3aX0/1 3aXHCTY.

Takox HEOOXiTHO 3IIMCHIOBATH PETYISIpHE BIO-
CKOHAJICHHS CHUCTEMH IIONEPEPKCHHS HaJ3BHYalHHUX
curyamiit Ha CBSII-1 i cucremu pearyBaHHS Ha papi-
aIfiitxi aBapii.

BpaxoByloun akTyanbHICTh JaHOTO MUTAaHHS B
MEePCIEKTHBI MOJANIBIINX JOCHIIKEHb NOLIIBHO HpO-
BECTH OIIIHKY Tero¢izuuHoi 6e3neku bB CBAII-1.
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SYNTHESIS OF COMPLEX COMPOUNDS OF DIVALENT COPPER WITH HISTIDINE AND
ARGININE LIGANDS, INVESTIGATION OF THEIR PROPERTIES AND INFLUENCE ON
PHYSIOLOGICAL PROCESSES OF WHEAT SPROUTS

Summary: New complex copper compounds with ligands (histidine and arginine) with the composition
[CuCL,L (H20)] H20, [CuCl;L,], [CuCl,L (H20)] 3H20 were synthesized. It is shown that the composition of the
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complexes obtained depends on the ratio of the initial components. The composition and structure of the com-
plexes were studied by chemical analysis, IR spectroscopy, and thermogravimetry.
Key words: histidine, arginine, copper oxide, amine groups, complex compounds

AnHoranusi: CHHTE3MPOBaHbI HOBbIE KOMIUICKCHBIC COCAMHEHUS MEAW C JHMraHaamu (TUCTUAMH U
apruanH) ¢ coctaBoM [CuCI2L (H20)] H20, [CuCI2L2], [CuCI2L (H20)] 3H20O. Iloka3aHO, 9TO COCTaB
MOJYYCHHBIX KOMIUICKCOB 3aBUCHUT OT COOTHOIICHHUS UCXOJHBIX KOMIIOHEHTOB. COCTaB U CTPYKTypa KOMILICKCOB
M3yYaIUCh XUMHUECKUM aHanu3oM, UK-criekTpockonue 1 TepMOTpaBUMETPUCH.

Knrouegvie cnosa: cucmudun, apeunuH, OKCUO Meou, aMUHOZSPYNNbl, KOMIIEKCHbIE COCOUHEHUs

INTRODUCTION

The chemistry of complex compounds of transi-
tion metals with multidentate ligands, which simulta-
neously contains several donor atoms, is not only the-
oretical but also of practical interest, since in addition
to the unusual properties of such complexes, the struc-
ture and types of binding of multidentate ligands with
different metals give a new impetus to the develop-
ment coordination chemistry as a whole. Among the
coordination compounds, the complexes obtained on
the basis of biomaterials take a special place. This is
due to the fact that they play an important role in
many biochemical processes and therefore are widely
used in plant growing, animal husbandry, and phar-
macology. In turn, the study of the properties and
structure of coordination compounds of metal ions
with organic ligands containing various donor centers
was an important factor in the development of new
approaches to their physico-chemical research. [1-3]

On the other hand, complex compounds of many
transition elements, including copper, can possess a
wide range of useful properties, for which the chemis-
try of complex compounds has not yet been sufficient-
ly studied [4-6].

In this paper, we present methods of synthesis
and study of the properties of copper (I1) complexes
with ligands (histidine and arginine)

Physical measurements

The composition and chemical structure of the
synthesis products obtained are studied by physical-
chemical analysis methods: elemental analysis (ICP-
MS); X-ray phase analysis (diffractometer (Germany)
D-2 Phaser firm Bruker); IR spectroscopy ("Specord
M-80" brand Carl Zeiss). The spectra of the reaction
solutions in the IR and UV regions were recorded on
the Nicolet 1S10 spectrometer and the Evolution 60S
spectrophotometer, manufactured by Thermo Scien-
tific Spectronic (USA). Differential thermogravimetric
analysis was performed on a derivative (NETZSCH
STA 449F3 STA449FSA-0622-M).

Wheat seeds have been soaked in the solution of
the complex within 24 hours. Control seed were
soaked with water. Control and experimental seeds
germinated on filter paper in Petri dishes at 20 ° C

incubation conditions. Germination rate and energy of
germination were determined. The content of chloro-
phyll and the activity of the photosystems were deter-
mined according to the works (1,2).

EXPERIMENTAL PART

Synthesis -[CuClzL2]

A sample of 0.85 g (0.005 mole)-CuCl, 2H,0
was dissolved in a two-necked flask under reflux in 30
ml of ethyl alcohol at a temperature of 60 ° C, and
1.55 g (0.01 mole) of ligand L-histidine - (in a molar
ratio of 1: 2) previously dissolved in 20 ml of ethyl
alcohol. The resulting mixture was heated for 2 hours,
then cooled to room temperature, filtered and put on
crystallization. The beige-colored crystals were fil-
tered, washed several times with the mother liquor,
then 10-15 ml with acetone and dried in a desiccator
over sulfuric acid until a constant weight was estab-
lished.

Synthesis -[CuClz2L2]2H20

To a beige color solution obtained by dissolving
0.85 g (0.005 mole) -CuCl;, - 2H0 in 20 ml of ethyl
alcohol, 1.55 g (0.01 mole) of ligand L- histidine dis-
solved in 30 ml of ethyl alcohol (in a molar ratio 1: 2).
The solution was heated for 2-2.5 hours at a tempera-
ture of 60 ° C. Further, the synthesis process was car-
ried out according to the above described procedure.

Synthesis -[CuCl:L(H20)] 3H20

According to the above procedures, 1.74 g (0.01
mol) of ligand L- arginine (molar ratio 1: 1), previous-
ly dissolved in 20 ml of ethyl alcohol, was added to
1.71 g (0.01 mole) -CuCl;, 2H,0 dissolved in 30 ml of
ethyl alcohol, alcohol. The resulting mixture was
heated for 2 hours, then cooled to room temperature,
filtered, washed several times with the mother liquor,
then 10-15 ml with acetone and dried in a desiccator
over sulfuric acid until a constant weight was estab-
lished.

Elemental analysis

The elemental analysis results for the synthesized
complexes confirm the 1:1 , 1:2 ratio metal-ligand.
The elemental analysis data of the metal-ligand com-
plexes are pointed up in Table 1.
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Table 1.
Elemental analysis results the complexes
Symbolic Molecular %Cl %H %N %Metal
formula Weight | cajc. | Meas. | Calc. | Meas. | Calc. | Meas. | Calc. | Meas.
[CuClyLs] 445 1595 | 15.01 | 4.04 | 3.12 | 9.44 9.21 | 1437 | 14.18
[CuCl2L2]2H20 571 12.43 | 12.21| 3.85 | 3.21 | 7.36 711 | 1121 | 11.01
[CuClzL(H20)] 3H,0 3H.0 381 18.63 | 18.16 | 5.71 | 5.01 | 14.69 | 14.17 | 16.79 | 16.29

RESULTS and CONCLUSION

To determine the coordination character of the
synthesized complex compounds formed between the
ligand and the coupler, IR spectroscopic analysis was
carried out. In the primary amine, the absorption spec-

tra of the covalent vibrations of the NH bond as a
function of the spectra of co-ordination absorption
oscillations vnn = 3273.64 cm™, 3139.56 cm™ shift to
the lower area and the intensity is weakened, and von
= 3447.72 cm! refers to the residues of the solvent,
alcohol
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Fig.1. IR spectra of complex/CuCI2L2]-2H20 ; L-arginin

When the IR spectra of the free ligand are aligned
with the spectra of the complexes obtained, an obvi-
ous change is observed. The absorption bands due to
the valence vibrations of the OH bond to the carboxyl
group of the arginin 3300-3500 cm™ in the mollusk
disappear, and instead of the absorption bands vcoo =
1632.77 cm™ ; 1352 cm? relating to the carboxylate
ion.

To determine the composition and thermal stabil-
ity of the synthesized two complexes [CuCl,L (H20)]
H0, [CuCl;L,] 2H,0 and [CuCl,L,] a thermal analy-
sis was carried out and were determined. Complexes
are stable up to a temperature of 170°C. The thermal

decomposition of [CuCl;L;]2 H2O begins at a tempera-
ture of 170°C, with a mass loss of 2.65%, in the sec-
ond stage, a decrease in mass corresponds to (3.91%),
and this refers to 1 mole of water. In the third stage,
mass loss is 14.93% and this corresponds to 1 mole of
ligand. At a high temperature, the destruction of com-
plexes begins, which passes through several stages
and in all cases of thermal processes the final product
is CuO.

A solution of the complex [CuCl,L;] in a concen-
tration of 0.01 m and ultraviolet absorption spectrum.
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Fig. 2 a) the decrease of absorption of the wavelength range from 500 nm to 900 nm; b) the increase of
absorption of the wavelength range from 400 nm to 900 nm.

Thermocouple analysis was carried out to deter-
mine the composition and thermal stability of the
complexes under study. Despite the fact that the deri-
vatograms of the complexes are identical, they differ
substantially in the nature of the thermal decomposi-
tion. Results of thermogravimetric and X-ray phase
studies have shown that the thermal decomposition of
complexes occurs in three stages and in all cases the

third stage of thermolysis is accompanied by oxidation
of copper oxide.

Biological activity of complexes

The germination of seeds treated with copper
chloride complex with amino acids identified in sev-
en-day seedlings, content of chlorophyll and the activ-
ity of the photosystems were determined in two weeks
seedlings (Table 2).

Table2.

Effect of Complexes CuCl; -histidine and CuCl; - arginine on seed germination, chlorophyll content and activity
of photosystems (PSI, PSII) in wheat leaves

Activity of Activity of
. Germination, Chiorophyl Chlorophyll PSII PS I
Variants a+b
% (ma/g leaf) a/b mkmol Oz/ mg | mkmol O./ mg
99 chl. hour chl. hour
Control 85 6.75+0.2 2,5 72+2 125+4
CuCl; -histidine 96 8,95+0.2 2,8 90+3 150+6
CuCl; - arginine 92 7.25+0.3 2,6 85+2 135+3

As it is seen from the Table 1, the seeds treated
with CuCl; —histidine and CuCl; — arginine have high
germination rate and high activity of photosystems.
These complexes also had a positive effect on the
chlorophyll content, as well as the ratio of Chlorophyll
a / Chlorophyll b.

The stimulating effect of low concentrations of
copper chloride and manganese sulfate solution on
germination energy, germination and seedling growth
was noted by several authors (1-2). In these investi-
gates has been indicated that low concentrations of
copper chloride and manganese sulfate has a positive
effect on the synthesis of chlorophyll and carotenoids,
increased functional activity of chloroplasts.

Thus, the histidine and arginine complexes with
copper chloride accelerated the germination of wheat
seeds and increased the chlorophyll content in leaves,
and also increased the activity of photosystems of
chloroplasts.
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CHUHTE3 N-APWJI-6- METUJIYPAIIRJI-5-CYB®OHANIOB 1 X BUOJIOT'MYECKAS
AKTUBHOCTbD

SYNTHESIS OF N-ARIL-6-METHYLURACY L-5-SUBFONAIDS AND
THEIR BIOLOGICAL ACTIVITY

IIpoBeneHo wuccleoOBaHME pPEAKIUM B3aMMOACHCTBHS ApPOMATHYCCKHX IIEPBUUHBIX AaMHUHOB C 6-

MeTmitypanmi-5-cynsdoxiaopunom (MYCX). IlokazaHo, 4rto ymoOHell Bcero NmpoBOJMTH B3aUMOJEHCTBHE 6-
METHITypanmi-5-cynb(poxaopuaa ¢ NepBUYHBIME apOMAaTHYECKUMH aMUHAMU B CPeie HHEPTHOTO OPraHMYeCKOro
pacTBOopHTENL. B KauecTBe pacTBOpHTENEil MPEIIOKESHO UCIIONB30BaTh UCIIONB30BAaTh YETHIPEXXJIOPUCTBIN YT-
aepon, XJIopoGopM, XIOPUCTBI METHIICH, IHXJIOPITaH,, YKCYCHYIO KUCJIOTY B IPHCYTCTBHM aleTaTa HaTpHs,
nupuAnH u apyrue. [IpeaBaputenbHble HCclieIoBaHUs (MCTIOIb30BaHKHe porpamMmbl PASS) nokasanm, 4rto cpe-
JIM TIOTyYSHHBIX COCAMHEHNH UMEIOTCS TaKUe, KOTOpPBIE MPOSBISIOT aHTHOKCUIAHTHBIC CBOMCTBA U MOTYT OBITH
UCIIOJIb30BaHEI B KAYECTBE IUTOCTATHKOB.

Knroueevie cnosa: 6-wemunypayun, 6-wemunypayui-6-cyisgoxnopuo, N-apuicyrvgonamudwl, mexanusm
peaxyuu, buonocutecky aKmugHble 6eujecmsd

The interaction of aromatic primary amines with 6-methyluracil-5-sulfochloride (MUSH) was studied. It is
shown that it is most convenient to conduct the reaction of 6-methyluracil-5-sulfochloride with primary aromatic
amines in an inert organic solvent. As solvents, it was suggested to use carbon tetrachloride, chloroform, meth-
ylene chloride, dichloroethane, acetic acid in the presence of sodium acetate, pyridine and others. Preliminary
studies (using the PASS program) showed that among the compounds obtained there are those that exhibit anti-

oxidant properties and can be used as cytostatics.

Key words: 6-methyluracil, 6-methyluracil-6-sulfochloride, N-arylsulfonamides, reaction mechanism, bio-

logically active substances.

CynbamunHble npenaparsl 0071aJaloT XUMHUO-
TeparneBTHYECKOi aKTMBHOCTBIO NPU WH(EKLUIX, BbI-
3BaHHBIX TPAMITOJIOKUTEIBHBIMA U TPAMOTPHUIIATEINb-
HBIMHU OaKTEpPHSIMH, HEKOTOPBIMH NPOCTEHIITMMHU (BO3-
Oyautenu Mausipuyd U TOKCOILIa3MO03a), XJIAMHUIUSMH
npu Tpaxome, mapatpaxome) [l, 2]. Cynsdamugnabie
npenaparsl 00JIaIal0T ITMPOKUM CHEKTPOM aHTUMHUK-
pobHoro nelictBusi. OHM OKa3bIBAIOT OAKTEPHOCTATH-
yecknil 3QQeKT B OTHOIIEHWH CTPENTOKOKKOB, CTa-
(PMIIOKOKKOB, MEHHUHI'OKOKKOB, TOHOKOKKOB, KHIIEY-
HOH ITaJIOYKH, MAJIOYeK JU3EHTEPHH, OpronHoro Tuda,
XOJIepHOTO BUOpHOHa 1 1p. [3].

ITocne Toro xak cymbhamuI MOIYIHI HpHU3HA-
Hue, HaunHas ¢ 1930-X ToJJ0B XUMUKH CUHTE3UPOBAITH
TBICSYH POACTBEHHBIX €My BEIIECTB, NCCIECAOBAIN HX
3¢ (HEKTUBHOCT, B KadeCTBE OaKTEPHOCTATHUECKHUX
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areHToB, T.€. BEIIECTB, CIIOCOOHBIX MpeKpamarh pac-
npoctpaneHre uHdexuwii. Ho mMeaunuHckoe mnpume-
HeHue Hanuy b 20 u3 HUX. Bputo ycraHoBieHo,
YTO MHOTHE U3 3THX COSAMHEHHUH 00J1a1al0T JaHHBIMHU
CBOWCTBAMM M B HAcTOsIIEe BpeMs CyIb(paMuaHbIE
IpenapaTsl MPOYHO BOILIM B MEAWIIMHCKYIO TPaKTH-
Ky. OOHapyXeHO, 4TO Cyab(arUpUINH SBISETCS Je-
YeOHBIM CpEJICTBOM IIPU ITHEBMOHHH, BBI3BIBAEMOM
MUKPOOpPraHU3MaMH IHEBMOKOKKaMHM, a TaKxke Mpu
JPYTUX THEBMOKOKKOBBIX 3a00JIEBaHUSIX U TOHOPEE.

Cpenu aMuzi0B CyJIb(QOHOBBIX KHCIIOT HaHJICHBI
BEIECTBA C pa3nuyHoil ¢usnonornyeckoit. [llupoxoe
MIpUMEHEHHE I JIe3UHEKITNH HaXOIAT XJIOPaMUHBI
T u b dopmynsr
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Nx cunmbHOE OaKTEpUITMIAHOE JEWCTBHE OCHOBA-
HO Ha CIMOCOOHOCTH BBIIEISTH aKTHUBHBIA XJIOp. DTH

Ar-SO,NH, + HOCI

Muorue amupaTHdeckue U apoMaTHYECKHe
cynb(hoHaAMHIBI 001aAAI0T TePOUIIMIAHBIM JICHCTBHEM,
HO IIMPOKOTO NMPUMEHEHUs KaKk repOUII/IbI OHH TT0Ka
He Hanu [5, 6-11].

B 1934 r. HemeTkuli XUMHK ¥ OHOXHUMHK
Gerhard Johannes Paul Domagk (1895-1964), moka-
3a] XHMHOTEPANCBTUYECKUE CBOICTBA OJHOTO U3
HEPBBIX CyNb()aMHUIOB — NPOHMO3UA — TIPU JICUCHUN
CTPENTOKOKKOBBIX HMH(pekmuii. bruto oTMeueno mei-
CTBHE 3TOTO IpeTapara W MpU MHEBMOKOKKOBBIX, IO-
HOKOKKOBBIX, KUIICYHON NMAJOYKH, MaJOYKH AU3EHTE-
puu, OprOIIHOrO THU(A M HEKOTOPBIX APYrHX HH]EK-
. B aTOM ke rogy mpoHTO3mMI OBUT CHHTE3MPOBAH
Marunconom M.B. u Py6rno O.O. mon Ha3Banuem
KpacHoOro crpenrouua. Bckope ObLIO yCTaHOBIEHO,
4TO Jie4yeOHOe JIeHCTBIE POHTO3MIA HE BCeil MOJIEKY-
JIOH, a TOJBKO OTHICIUIIEMO OT Heé MeTaboauTa —
aMun Cynb(aHWIOBOH KHUCIOTH (CynbhaHWIAMuUN),
KOTOPBIH TPUMEHSETCSI CAMOCTOSATENIBHO M CHHTE3H-
poBarHOro B CCCP mon Ha3BaHmeM 0eIoro CTpenTo-
u/a.

HenocratkoMm cymiecTByromux cynb()OHAMHIOB
SBJSIETCS TO, YTO IPEHMYIIECTBEHHOE OOJBIIMHCTBO

H
CHj

H
~ Y
HNJJrHSOSCI - HCl :r\ll/ |
] ]

6-MeTtuypanun
cynb(OKHCIOTa

Husmre cynnbGoKnucioTsl — 0OBIYHO KPHUCTA-
JIMYECKHE TUTPOCKONINYHBIE BEIIECTBA, XOPOLIO pac-
TBOPUMBIE B BOJIE. SIBISIOTCS CUIIBHBIMY KUCJIOTAMHU,

%,

4

o™
0

Cynbdorpynmna -SOsH umeeT TeTpa’apuvecKkyro
KOH(UTYpAIWIO, IJIUHBI CBSI3€H KHUCIOPOJI-Cepa CYJib-
(donar-annonoB RSO3 oMHAKOBBEI W  COCTaBISIIOT
0,142 um, yrinet O—S—O0 ~108-110°. B UK-cniekTpax
Cynb(OKHCIOT HPUCYTCTBYIOT XapaKTEPUCTHYECKHUE
ITOJIOCBI ACUMMETPHUYCCKUX U CUMMETPUYCCKUX KOJIC-

CH,

SO4H

6-MeTunyparui-5-

"
n———-=2a
0.182 i

BEIIECTBA IOJIYYAIOT XJIOPUPOBAHHEM COOTBETCTBY-
FOIIMX aMUHOB B BOJIHO-IIEIOYHON cpene [4]:

NaOH
— Ar-SO,NCINa

U3 HUX SIBJSIFOTCS] IPOU3BOIHBIMH aHUIIMHCYIb(OKHUC-
JIOTBI, IIpU MeTaboJIM3Me TaKuX IpernapaToB B Opra-
HU3ME MOXKET IOMaJIaTh AHWJIMH, KOTOPBIN SIBISETCS
CWJIBHBIM $IZIOM JUIS JKMBBIX OpraHusMoB. [loaTom
HUMEET CMBICII ITOHCKA MPEenapaToB ¢ TaKOH ke Jieued-
HOW 3((PeKTHBHOCTHIO, HO MEHEE TOKCHYHBIX IO OT-
HOIIEHUIO K )KUBBIM OPTaHU3MaM.

Hawmu pa3paboTaH JerKOIOCTYIHBINA CIIOCO0 T10-
TydeHus 6-MeTmrypammi-5-cynbhoxiopaa (MYCX) ¢
BBICOKUM BBEIXOmoM [12]. JIng yBenmmdeHus BbIXona
MVYCX 1 noBbIIIEHUS €r0 KauecTBa OKa3ajJoCh, YTO
Jy4Ile BCEr0 PEaKLHUI0 B3aUMOJICHCTBUSA XJIOPCYIb-
(OHOBOI KHUCIOTHI C METHJIYpPALMIOM JIydlle BCEro
MIPOBOJIUTH B MHEPTHOM OPTaHUYECKOM PacTBOPHUTEIE.
Takum pactBopuTenem okasaics 1,2-TuxiIopaTaH.

OOBIYHO M apoMaTHYECKHE ¥ TIeTepOLUKINYe-
CKHE COEAMHEHUS IPU B3aMMOJEHCTBUU C XJIOPCYIIb-
(OHOBOW KHCIIOTOW pearupyroT OBYXCTymeHdato. Ha
TIEpBOH CTAUU MPOUCXOIUT 3NIEKTPOPUIBHOE CYIb-
¢upoBarre ¢ oOpazoBaHHEeM CyITb(pOKHCIOTH. Ha
BTOPOIl CTaanu 0Opa30BaBIIASCS METHITYPALMIICYIIb-
(okucioTa pearupyeT ¢ H30BITKOM XIOPCYTbHOHOBOI
KHCJIOTHI, IPEBPALIACTCS B CYIb(POXIOPHU.

H
OYN CH,
+hsocl —= || £ S0,
S\
| // >cl
e} O

6-Metwitypanui-5-
cynbhHOXIopUa

XOPOIIIO PaCTBOPUMBIMH B BOJIe, Kak U ux conu. Ca-
MO CHIIBHOU CYNTB()OKUCIOTOH ABIIsIeTCs TpudTOopme-
tancyibdoxuciaora CFzSOzH

)

\(’)

GaHmii npu 1340—1350 u 1150—1160
cM ! cooTBeTCTBEHHO, B crekTpax AMP xumudecKkuit
CIIBUT TIPOTOHA CyJbdorpymisl coctaisier 11-12 m.a.

Ha ocroBe MYCX 1 HEepBHYHBIX apOMaTHIHBIX
amMuHOB Ar-NH> cHHTE3MpOBaHO 3HAYUTENHLHOE KO-
yecTBO N-aprii3aMen€HHbIX:

H H
O _N.__CHs O _N.__CHy
HN | S//O +A-NH, — ™ HN | S//O
L g (|) g oA
1-13

raoe Ar = C6H5 (1); 0-02N-C6H4 (2), M-OzN-C5H4 (3), n-OzN-C6H4 (4); n-Br-C6H4 (5);
I’l-NaOsS-C6H4 (6), 0-CH3-C6H4 (7); M-CH3-C6H4 (8), n—CHg—C5H4 (9), 0-CH30-C6H4 (10);
M-CHsO-C5H4 (11); n-CH30-C5H4 (12); n—C2H50-C6H4 (13)


https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BB%D0%B8%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%AF%D0%9C%D0%A0
https://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%81%D0%B4%D0%B2%D0%B8%D0%B3
https://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%81%D0%B4%D0%B2%D0%B8%D0%B3
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BeposATHEIM MEXaHU3MOM 3aMELIeHHsS B 3TOM
Cllydae SIBISETCS CHHXPOHHOE OMMOJICKYISIpHOE 3a-
Memenne Ttuma Sn2. McxomHoe cOCTOSHHE CYIlb-
(boxiIopra 0TBeYaeT HCKAKCHHOMY TETpadpy € YKO-
poueHHOM S—O-CBA3BI0 3a CUET T-CBI3BIBAHUS pPT-
9JIEKTPOHOB KHCJIOPO/Aa BaKaHTHOH dm-opOWTANBIO
cepbl. 3aloJIHEHHBIE OpPOWTANM TEPEKPHIBAIOLIETOCS

kl
k
o) CHs T oo
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Hykneodun npucoequHsATCS K aTOMy Cepbl U 00-
pa3yer MNEeHTaKOOPIUHUPOBAHHBIN HHTEPMEAMAT, U3
KOTOPOTrO Jlajiee SIUMHHUPYETCS yXOAsiias rpymmna. B
NPUHIMIE TAKOW MPHUCOCAWHEHUS BO3MOXEH y aro-
MOB 3JIEMEHTOB, COJIEPIKAIINX BaKaHTHbIE d-0pOuTaIN
Ta6mmma 1.

HyKJIeo(dHIa MOTYT TIEpEeKpPhIBATHCS C BaKaHTHOU dr-
opbutansio ceppl. Hambomnee BEpOSATHONW MOJIEIBIO
MIEPEXOTHOTO COCTOSHHS OYyIeT SBISATHCS TEOMETPHUS
TPUTOHATBHOM OMIHPaMHUIBI C BXOISIICH M YXOISAIIeH
rpynmnamMi. BONBIIMHCTBO 3KCIIEPUMEHTANBHBIX JaH-
HBIX OTBEYAIOT MexaHu3my tuma Sn2 [13, 14].

.
a H%/*

(pocdop, kxpemHHii, cepa), KOTOPbIE MOTYT TIOBHIIIATH
CBOE KOOPAMHAIIMOHHOE YHCIIO 10 IATH. OIHAKO KO-
JIMYECTBO TAKUX COCOUHEHUH Yy Cepbl OrPaHHYCHO
[15].

DU3UKO-XUMHUYCCKUE CBONCTBA U 3JIeMEHTHBIHN aHanu3 N-apwi-6- meTuinypaiui-5-cynbhoHaMuI0B:

H
Ox N CHs
HN P
I //S\HN-Ar
° P ——
AHANI3 EH:H’....I-.I-.ELE %
Ne n/m Papnkan Ar T.r. °C | Bexon, % Haitzzr it S Bpyrro-dpopmyna
C H N
46,81 | 3,94 | 14,94 | 11,40
! /© 239-240 88,5 46,74 | 4,02 | 14,88 | 11,51 C1H1N:04S
40,49 | 3,09 | 17,17 | 9,83
2 j@ 281-282 74,2 4058 | 301 | 17,11 | 9.89 C11H10N4O6S
O,N
40,49 | 3,09 | 17,17 | 9,83
3 \© 253-254 69,8 4054 | 316 | 1711 | 9.96 C11H10N4O6S
NO,
40,49 | 3,09 | 17,47 | 9,83
4 \©\ 268-269 85,1 4039 | 302 | 1725 | 9.99 C11H10N4O6S
NO,
36,08 | 2,75 | 11,47 | 8,76
5 \©\ 331-332 77,3 36,01 | 281 | 1137 8.86 C11H10BrN30O4S
Br
34,47 | 2,68 | 10,96 | 16,73
6 \©\ - 837 | 3451 | 262 | 10,89 | 16,93 | CuHioNsOrS:Na
SO3Na
48,81 | 4,43 | 14,23 | 10,86
7 D 221-222 74,3 489 | 439 | 1431 | 1098 C12H13N304S
HsC
48,81 | 4,43 | 14,23 | 10,86
8 \© 200-201 78,5 4888 | 447 | 1418 | 1074 C12H13N304S
CHj
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48,81 | 4,43 | 14,23 | 10,86
9 \Ej\ 256-257 93,4 4875 | 4.45 | 14.16 | 10,93 C12H13N304S
CHj
46,30 | 4,21 | 13,50 | 10,30
10 215-216 88,3 46.38 | 418 | 1342 | 1043 C12H13N30sS
H5CO
46,30 | 4,21 | 13,50 | 10,30
11 \© 266-267 91,7 4624 | 419 | 13.45 | 1041 C12H13N305S
OCHj,
A 46,30 | 4,21 | 13,50 | 10,30
12 ©\ 271-272 93,6 4621 | 425 | 1358 | 10,23 C12H13N30sS
OCH,
4799 | 4,65 | 1291 | 9,86
13 \©\ 241-242 74,6 4811 | 461 | 1282 | 978 C12H15N30sS
OC,H5

OKcnepuMeHTaIbHas 9acTh!

B tpexropnoit xonde od6pemom 250 mi ¢ obpat-
HBIM XOJOAWJIBHUKOM U TEPMOMETPOM DPACTBOPSIOT
0,05 monp mermnyparmicyinspoxiaopuaa (MYCX) u
0,06 Mons mepBHYHOrO apoMaTHuyeckoro amuaa 100
MJI MHEPTHOI'O OpPraHWYECKOTO PacTBOPHUTENS (IHOK-
CaH, IMXJIOPITaH, XJOpodopMm, YKCyCHas KHCIOTa,
nupuanH). IlonydeHHyI0 cMech HarpeBaroT A0 KHIIe-
HUS U BBLAEPKUBAIOT B TeueHue 3-44. [1o okoHuaHuu
BBIZICPIKKH, OXJIAKAAIOT, M, BBINABIINN OCalOK OT-
(UIBTPOBBIBAIOT, POMBIBAIOT M cymmaT. Cyxoi oca-
JIOK B3BEIIMBAIOT M ONPEACIAIOT XMUMHUUYECKHE U (H-
3UYECKHe KOHCTaHThI, KOTOPbIE NPUBEJICHBI B TaOIHIIe
1.
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